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IMMAHOBHI OJTUHA JITATHKJIA CHUIII
TA OIUHAJIISITAKJIACHUKH!

B 11-my kjaci Bu BuBUaTmMeTe €JEeKTPOAUHAMIKY, KOJUBAHHA i XBUJIi, KBAHTOBY
¢isuky Ta actpoHoMmiro. TeopeTHuHHII MaTepiaJ IBOTO IMiAPYYHWKA AOIIOMOYKE BaM
3pO3yMiTH ¥ TOSCHUTH BiANOBiAHI mpollecu, SBUINA, 3aKOHU Ta Teopii. 3BepraiiTe
yBary Ha TeKCT, BUAiJIeHNI HamiB:KUPHUM mIpudToM i Koabopom. Ile ¢isuuni it acTpo-
HOMiuHI TepMiHM, O3HAUEHHs, BaKJWBi mpaBmiaa i 3aKoHH, AKi Tpeba mam’sTaTu
i BMiTH 3acTOCOBYBaTH.

ITigpyunuk micTuTh 6araTo igrocTpairiii, y HbOMY OIIMCAHO AOCIiau, AKi BU MOKeTe
BUKOHATY CaAMOCTiHHO UM 3 JOIIOMOT'OI0 BUMTeJsI ab0 BUMTENbKM. BuKoHaBIIM iX, BU

Ve

rubIIe 3po3yMmiere GisMUHMI 3MiCT ABUII, IIT0 BUBYAIOTHCI. PyOpuKa «Yu 3Hae-

Te BM, II0...» MICTUTH IIiKaBi GaKTH, AKi MJOBOAATH, III0 B IPUPOAL Bce BimOyBaeThcA 3a
3aKkoHaMu (Di3MKU Ta acTpPOHOMIl.

—]
Hanpurinmi kosxzoro maparpada €

«3amUTaHHA 0 BUBYEHOTO», 11100 IIe€peBi-

puTH, K BM 3aCBOIJIM MaTepiajl, a TaKOXK 3aKpinmuTu cBoi 3HaHHS. TaKOK € 3aBIAHHS
I pobOTH B IPyIax, 3aBAAHHS IJIA JOCTiMKeHHSA Ta BUKOHAHHS HaBYAJbHUX ITPOEKTiB.

Y pyOpuii ’ «Po3B’s13yeMoO pa3oM» HaBeIEeHO aJITOPUTMHU Ta 3Pa3KU PO3B’A3Y-

BaHHA HaWBaKJIMBIMIMX BUAIB (PIBMUYHUX Ta aACTPOHOMIUHUX 3ajgad. Y HiAPYUHUKY €
3amaui, BOpaBU ¥ 3aIUTAaHHS PiBHUX PiBHIB CKJamgHOCTI: A — Ha 3akpimieHHs, b —
TBOPUYOI'O XapaKTepy, a TAaKOXK 3aZjavi HIiABUINEHOr0 PiBHA CKJANHOCTi, HaJ AKUMU
Tpeba MoOMipKyBaTH.

Jns1 BUKOHAHHSA 3aBAAHb-IOCIIAKEHDb 3 IT03HAUKOIO @ noTpi6HO Bigmrykatu imdop-

Malrifo i3 3amamoi Temu B IHTepHeTi um JOAATKOBiH JiTepaTypi, a Ojid OeAKUX — CTBOPU-
TH MYJbTHUMEIifiHy IIpeseHTallil0 i pesyabTaTH CaMOCTiiiHOI poGoTu IpeseHTyBaTH. Han

Y .
3aBOAHHIMU 3 IIO3HAYKOIO AOIIIBHO IIOIIPpaIfIOBaATH B I1apax a00 HEBEJIMKUX rpynax.

Posp’a3yBaHHA (GisWYHMUX Ta aCTPOHOMIUHUX 3aJady — Ile OJHE 3 BAKJIMBUX yMiHb,
1o hOPMYETHCS y IIpoIleci HaBUYaHHA (isumKu i1 acTpOHOMIil, TOMYy HaIPUKIiHII miapyd-
HUKa nojgaHo «lIpakTmkym 3 po3B’a3yBaHHA (DiSUYHHMX Ta aCTPOHOMIUHMX 3amad», Ie
HaBe[eHO 3arajbHi aJIrOpUTMU 3 PO3B’A3YBAHHA 3aa4 i3 eJIeKTPOAUHAMIKY, KOJINBAHD
i xBuJIb, KBAaHTOBOI (hismKu Ta actponowmii. Ile momomoske BaM CKJACTH IIJIaH PO3B’d-
3aHHS 3a7adi.

Bukonyroun 3aBganusa 3 pyOpUKH | «IlepeBip cBOI0O KOMIIETEHTHICTH», B OTPHU-

Ma€Te HABUYKHU, SKi JOIMOMOXKYTh BaM y MaliOyTHBOMY PO3B’A3yBaTH peaibHi IpodJie-
MU 1 3a0e3meunTy 3M0POBUM CIOCIO JKUTTH.

Po6otu (hi3MuHOr0 NMPaKTUKYMY COPUATHMYTDH IOTJINOJIEHOMY PO3YMiHHIO 3aKOHO-
MipHOCTe# (hisMUYHMX SBUII Ta HaBYATh BUKOHYBATH HOCJiau ii 6€3IIeYHO0 KOPUCTYBaTH-
cA BUMIipIOBAJBLHUMU IPUJIALAMU.

Sxkmio BuHMKHE moTrpeba [gidHATHCA IIPO AKUICH Di3MUYHWUI UM aCTPOHOMIUHUI Tep-
MiH ab0 IpaBMJIO, CKOPUCTAUTECA NPeOMemHO-IMeHHUM NOKAHCLUKOM.

HawmaratiTeca 6yTu MakCUMaJIbHO CAMOCTIHHMMHK B 3aCBOCHHI MaTepiany.

I mamamryiiTteca Ha Te, IIT0 BUBUEeHHA (DiBMKU I acCTPOHOMIii — Ile HeJerKa mparisd.

IITacnueoi eam dopozu 0o 3HAHB!



EJIEKTPOAVIHAMIKA

Mu xcueemo y ceimi, y axomy 8i00y8a0MmMvCsa Pi3HOMAHIMHI elekmpPOMazHimHL A6U-
wa, AKi € KopucHumu, ae iHodi i wkxidausumu 0as nodunu. Cb0200Hi MU He MOHCeMO
obiiimucs 6e3 nobymosux esekmponpunadis, erekmpomparcnopmy mouo. IIJo6 ompuma-
mu wucmi pevosuHu nompibHa enexkmpoenepeia. Ilpunadu, Axi 6UKOPUCMOBYHOMbCS
6 meduyuni, daromov 3mozy nposecmu 0iazHOCMUKY OP2aHi3MYy AI00URU. 3a80aKU poGOmi
2enepamopié Ha eNeKmpPOCMAHYIAX MU MAEMO OCEimaeHHA 6 O0Ydienax, 6npoadicernHs
MexXHON02IYHUX npouecié Yy pisHux cpepax upoOHUYMEA MOULO.

§ 1. EAEKTPOMATHITHA B3AEMOAIA.
EAEKTPUYHE MNMOAE. 3AKOH KYAOHA.
HATIPYXXEHICTb EAEKTPUYHOIO TTOAA

3 kypcy ¢isukm 7-9-x KjaaciB Bu AgisHaiamcs, 1Mo Bci Tijga, AKi Hac orouy-
I0Th, CKJIAJAIOTHCS 3 aTOMiB, a aTOMU MOKYTb 00’€IHYBATHUCA B MOJEKYJHU.
Ho ckaamy Bcix 6e3 BUHATKY aToMiB (i MOJIEKYJ) BXOAATH TaK 3BaHi ejieMeH-

TapHi YaCTUHKW — HaNMEHIII YaCTHHKU PEYOBWHU, IO MAIOTh €JeKTPUYHI

3apAnu, — esreKkmporu i npomornu. EleKTpoHU MaOTh HezamueHUill 3apan,
a IPOTOHM — TaKWil caMUil 3a 3SHAYEHHAM, ajie NO3UMUBHUIL.

Enexktpor (Binm rpem. mAegktpov — «dHTap», «Oypmi-

TUH») — cTabijbHa ejieMeHTapHAa YaCcTHUHKA 3 HeTaTUBHUM

eJIEKTPUUYHUM 3apsamgoM e = —1,6021892(46)-107° Kux i

macoio m, = 9,1095-10 3! kr
Tenmep mpuUragacMo BIACTHUBOCTI 3apAIKeHUX TiJ.
I[oc.um 1. 3ap§{,[[I/IMO HATHPAHHAM 00 XyTpO e60H1TOBy

5 ~@® '_’E oy, AU i migBicumo ii Ha HuTHi. KMo migHEeCTH HO Hei
OHIT OHIT  r1ak camo 3apamKeHy iHITY e6OHiITOBY manmuky (mazn. 1.1),
Maun. 1.1 TO NMAJWYKHU BiAIITOBXYBATHMYThLCA OFHA Bim omHOI. Km0

IO 3apsamKeHol e00HITOBOI HMaJMUYKK HiJHECTH 3apAIKeHy
TePTAM 00 IIMOBK UM CyXHull Iamip CKJIAHY DaJUYKy, TO
NaJuYKU IIPUTATYBATUMYThBCA OgHA n0 omHOl (Mana. 1.2).

OTmixe, OTHOMMEHHO 3apAdKeHi Tija BigIITOBXYIOTHCH, a
Pi3HOMMEHHO 3apA;sKeHi Tina — NPUTATYIOTHCA.

fAxmo sapamxeHi tima siduwmosxyromuvcs abo npumszy-
IomobCs, TO KaKyTh, IO BOHU B3aEMOMIIOTH MiXX CO0OI0.
IIpuragaemMo B3axKoH B3aeMOMil, KNI eKCIepUMEHTAJILHO
BigkpuB y XVIII cr. ¢ppaunysskuii yueruii lllapas Kymon
Maax. 1.2 (1736-1806).

e @
Eo6onir CkJio



EAEKTPOAMHAMIKA

Cuna B3aemMofii JBOX 3apAMKeHUX HEPYXOMUX Til, pO3MipaMHM AKHX MOKHA
3HEXTYBaTH IMOPIiBHAHO 3 BiICTAHHIO MiX HUMM, IMPAMO IIPOIMOPIiiiHA 3HA-
YeHHAM IXHIiX 3apamiB i o0epHeHO NPOIOpIiiiHA KRaapaTy RigcTaHi Mixk
HMMH Ta HaIpIMJI€HA B3OBK JIiHil, L0 croaydae Ii Tijia.

MaremaTuHO 3aKOH RyJIOHa 3allMCYIOTh TaK:
F==F qlg2 ,
r

ze ¢, ¢, — TOYKOBi 3apAAu, IO B3a€MOJIIOTh; I' — BiJICTaHb MiX HUMU; B —
Koe(illieHT, AKUHN 3aJIe:KUTh Bifl BuUOOPY OAWHUILL BEJIWYMNH, IO BXOAATH IO
saxony, k = 9-10° H-m?/ Kun®.

Posrinanemo merasbHile came ABUINE €JIEKTPUYHOI B3aeMOii.

Hocaig 2. 3akpinuMo MeTaseBy KyJi0 Ha CTepP:KHi emexTpomerpa (mazi. 1.3)
i sapagumo ii Bix ebGoHiTOBOI majamuku, moreproi 06 xyrpo. Crpinka Bigxmiisd-
€ThCS BiJl MOJIOMKEHHSA PiBHOBArW, Ile CBIIYUTH IIPO Te, IT0 KYJA MA€ eJIeKTPUY-
Huii 3apan. IligBicuMo Ha TOHKiII HUTIIL JIETKY, BUTOTOBJIEHY 3 (DOJIBIU TiJIb3y
i mounemo migHOocuTHu ii mo KyJuai. Ha meBHi#l Bimcrami momiTmmo, 1o rigbaa
OPUTATYETHCA A0 KYJi, YHACJIIOK YOr0 HUTKAa BiAXUJUTHCA BiJi BepPTUKAJb-
HOT'O IIOJIOYKEeHHS.

Mu sBuKJu mo TOrO, IO Ais OAHOIO Tijla Ha iHIIe BimOy-
BAETHbCS BHACJIILOK 0e3lMocepeIHbOT0 KOHTAKTY MiK HUMMU.
Tax, BaroH mouHe pyXaTHCS JIKUIIE TOMi, KOJU JOKOMOTUB
Oyme TAITH YK IITOBXaTH #oro. M’sauY 3MIiHMTL HAIPAMOK
PYXy B TOIi MOMEHT, KOJIU JOTOPKHEThCA M0 HOru (pyrbdosricra
yy CTifiKu (IITanru) BopiT.

Aruil mexarnizm 83aemodii 3apadxcenux min? Bignosink Ha
Ile 3alUTaHHA JaB aHIVIIMCHKUI (pismc Maiikn dPDapangeit
(1791- 1867), OCMUCJIMBIIIA BCi Bijomi Ha TO¥ uac 3HaHHA 3
€JIEKTPUKY 1 AIHIIOBIIYN BUCHOBKY IIPO iCHYBAHHS €JEKTPUY-
HOTO IIOJIA K BUIY MaTepii.

EnexTprune mose — ocobsmBa popma marepii, Hepo3pUB-
HO TIOB’si3aHa 3 YCAKUM eJIeKTPUUHUM 3apAaoM. Uepes ejek-
TpUYHE ToJe BifOyBaloThCcA BCi eJIeKTPUUHiI B3aeMoOii.

Cunm, 3 AKMMH eJIEKTPUYHE IoJIe i€ Ha 3apAdKeHi Tijla, Ha3UBAIOTh eleK-
MPULHUMU CULAMU.

HocimKeHHA eJIEKTPUYHOTO IIOJIA MOYKHA ITPOBOAUTH, IIOMIII[Aal0UM B IIOJIE
HeBeJIMKi 3apsamkeri Tisa. Ile MoKyTh OyTH JIETKi 3apAmKeHi KYJIbKHU UM TiIb3H.
Taki Tima Mu gaJji HasuBaTUMEMO HPOOHMMU 3apagamMu (YABHUMU 3apsaia-
MU, BJIacHe eJIeKTPUYHE I10Jie AKUX JOCUTH cjlabKe IMMOPiBHAHO 3 AOCJIiIKYyBa-
HUMU). 3a iIXHBOIO JOIOMOTOI0 BUABJSIOTL HASBHICTH €JIEKTPUUYHOrO MOJISI B
mauiit Tourni mpocropy. IIpo HasgBHICTL MOJIA CBiMUUTH AiA Ha 3apsaAsKeHe TiJo
IIeBHOI CHJINU.
i eIeKTPUYHOTO MOJIA Ha 3apSA/IsKeHi Tijla € OCHOBHOIO XapaKTEePUCTUKOIO
€JIEKTPOMATHITHOTO IOJIA.
SKIO0 B KOHKPETHY TOUKY €JIeKTPUUHOTO II0JISA TOCJIiJOBHO ITOMIIIIaTH IIPO06-
Hi 3apazu ¢, Q2> -5 Qo AKI MaioTh DisHi 3HaYeHH:, TO HA HUX 3 OOKY IOJs
OyayTh miATHM pisHi cuin; Fl,Fz,...,F SIKm10 3HAWTM BimZHOIIEHHS KOXKHOI i3
IUX CUJ O 3HAUEHHs IIPOGHOrO 3apsAdy, Ha AKUI Ai€ LA CUJa, TO OTPUMAEMO
) F _F F
onHe Ii Te caMe 3HAUEHHS: —— = —— = ... = —=,
ql q2 qn

. F
Ile osHauae, IO BiJHOIIEHHSA — XapaKTepPHU3ye eMCKTPUYHE II0Je, aliKe
q



Po3zaia 1

BOHO He 3aJIe)KUTh BiJ 3HAUEHHS BMIII[EHOT'O B JAHYy TOUYKY IIOJSA IIPOOHOTO
3apAny i Mae ofmHe Ui Te caMe 3HAUYEHHS IJIs KOHKPETHOI TOYKU JaHOTO MOJIA,
ajie B PiBHUX TOUKAaX IIOJIA MOJKEe MATH PidHi 3HAUeHHI.

dDizuuny BeIWMUMHY, AKAa BU3HAUAETHCS BiJHOIIEHHAM CHUJIU, IO i€ Ha
3apdAm, YMillleHu#l y JaHy TOUKY II0JISI, 0 3HAUEHHSA IILOTO 3apAly, Ha3WBaIOTh
HaIpPySKeHiCcTI0O ejieKTPpUYHOro moJsa. [losHauvaroTe Hampy:KeHicTh JiiTepoio E

i BU3HaAUawTh 3a (popmyJow: E = —,
q
Hanpyaucenicmv enexkmpuinozo nons — BeKTOpHA ¢(ismuyHa BeJIHUYHMHA,

AKA € OCHOBHOI KiJBKiCHOI XapaKTepUMCTHKOI eJIeKTPHUUYHOrO IIOJIAd.
Ii Ha3MBaIOTH CHIOBOIO XAPAKTEPUCTHUKO MOJA.

OpuHuIeo HampyKeHocTi eaekTpuuHoro moasa B CI € 1 BoabpT Ha 1 merp
(1B/1m):1H/1 Kn=1B/1m.

HampsamoK BeKTOpa HAIpPy:KeHOCTi 30iraeTbcs 3 HAIPAMKOM CHJIU, 3 AKOIO
moJie Ji€ Ha MO3UTUBHUM IPOOHUIM 3apsAl, POSMIINEeHUH y JaHiM TOUYIl IOJs.

SIk1o mosie CTBOPEHO HEPYXOMUM TOYKOBHUM 3apALOM ¢, TO Ha IPOOHMII 3a-

Dot

pan q giatume cuaa F = 5-- TOMYy 3HAQYEHHS HAIIPY}KEHOCTL eJIeKTPOCTaTHY-

HOT'O II0JIA, CTBOPEHOI'O HEPYXOMMNM TOYKOBUM 3apAA0M, BUSHAYAaTUMETHCA TaK:
E-kT,
r

ne E — HanpyseHicTb exekTpuunoro moius; k= 9-10° H'MZ/KJI2; g, — TOUKO-
BUIl 3apAm; r — BiAcTaHb MiK 3apamgaMmu.

Has Toro 1106 BUSHAYMTY HANPYKEHICTH eJIeKTPUYHOTO MOJIA, CTBOPEHOTO
CHCTEMOIO0 HEPYXOMUX TOUKOBUX 3aPSAMKEHUX TiJ, CJIil BUXOAUTH 3 MPUHIIUITY
CYNepPIO3uIlii, 3TiHO 3 AKUM:

IIOBHA HAIIPYKEHICTh IOJIA B TOUYIli JOPiBHIOE T€OMETPUUYHIN cyMi HAmpy-
SKEeHOCTeM IT0JIiB, CTBOPEHNX y JaHil TOYIli OKPpeMUMH TOYKOBHMU 3apamiKe-
HumMu tinavmu: E = E + E, +...+ E .

EnexTpruHe moJsie MOKHa 300pakaTu, ITPOBOASYM BEKTOPUW HANPYIKEHOCTL
B KOKHi#1 fioro Touri. IIpore Take rpagiuHe 300pakeHHA € HE3PYUHUM, TOMY
III0 BEKTOPM HANPYIKEHOCTi HAKJIAAAIOTHCA ONWH Ha OJHOTO i crmocrepiraerbcs
3amyTaHa KapTHUHA.

Maiiksn @apaneil 3aTPONOHYBAB OiJILIIT HAOYUHUHA METOJ 300Pa’KEHHS eJIeK-
TPUYHUX MOJIiB 3a JOIOMOTOIO CULOBUX JNiHilL (NiRill Hanpyxcerocmi).

CuoBi siHii TOUKOBUX 3apsOiB € ONPAMUMH JiHisIMHU, IO IIPOXOIAATH Uepes
i sapanu.

Cunogi niHii erekmpuinH020 nons — ue ysIBHI KPHUBi, JOTUYHI [0 AKUX
Y KOJKHiM TOUIli 30iraloThCs 3 HAIPAMKOM BEKTOpPa HAIIPY KEHOCTI.

BBarkaeTncsa, 1m0 cuioBi JiHII moumHAOTHCSA Ha IIO3UTHUBHO 3apAIKEHUX
Tijax i 3aKiHUYIOThCA Ha HEraTHUBHO 3apsamKeHux (Mai. 1.4).

JIiHil HaNpyXeHOCTi He IMepeTHHAIOTHCHA, aJl?Ke B KOMKHIill TOUIll ITOJIA BeK-
Top E Mae jullle OOWH HATMPAMOK. 3 TOTO, K T'YCTO PO3MiITeHi cuioBi Jimii
B IIOJIi, MOKHA CYyJUTH IPO HAIPYKEHICTH MOJIA.

Omxe, cuioBi Jimii garoTs HAOUHY KapTUHY posno,umy eJIeKTPUUHOTO II0JIs
y IpOCTOpi: W{iABHICTH CHJIOBUX JIiHiil Ta IXHINl HAIPAMOK XapaKTepHU3yoTh
3HAUEHHA i HAIPAMOK BEeKTOpa HAIPYKEeHOCTi eJIeKTPUYHOTO IOJA B KOMKHIil
vioro Tourri. CujoBi JiHII eJeKTPUYHOTO IIOJIA Hille He IIepeTHHAIOTLCS, BOHU
MOJKYTb TiJIBKU CXOAUTHUCS A0 3apAny ab0 PO3XOAUTHUCS Bil HHOTO.



EAEKTPOAMHAMIKA

8 Ak

©®

Maun. 1.4

Ha masmonky 1.4 moxkasaHo NpPUKJIAAW JiHiN HANPYKEHOCTi ITO3SUTUBHO Ta
HeraTUBHO 3apsaIKeHuX KyJabok (Mmai. 1.4, a, 6), IBOX Pi3HONMEHHO 3apAIKe-
HUX KYJbOK (MaJ. 1.4, 8), IBOX OOJHOMMEHHO 3apAIKeHUX KYyJaboK (Maj. 1.4, 2),
IBOX ILJIACTHH, 3apAgM AKUX OJHAKOBI 3a MOAyJieM i MPOTHJIEKHI 3a 3HAKOM
(man. 1.4, 0).

EnexkrTpuune moje, y AKOMY HANPSAMOK i 3HAUeHHS HAMPYKEHOCTI B ycix
TOUYKaX OJHAKOBi, Ha3MBAaIOTh 00HOpiOHuUM. B omHOpigHOMY moJi cuioBi Jgimii
mapaJjieJibHi ofHa OAHili, MAalOTh OJHAKOBUII HAIPSIMOK, OOJHAKOBY IIiJbHICTE.
IIpukiazoM OZHOPIAHOTO MOJA MOJKEe CJAYryBaTH IIOJIe MisK JBOMAa IIapajeib-
HUMHU MeTaJIeBUMHU IJaCTHHAMHU 3 OJHAKOBUMMU 32 3HAUEHHSM i MPOTUIEKHU-
MU 3a 3HAKOM 3apagamMu (maj. 1.5). + -

EnexTprune mose He Mae MeXX, BOHO iCHy€ B yCiX TOUKax |, ]
npocTopy. SIKII0 ¥ KaXKyTh IIPO IIeBHY MeXKY, TO MaloTh Ha

yBasi IeBHY TOUYKY IIOJIA, yV SAKil IpUIagW BiKe HEe MOKYTb
BUSABUTH IIe TIOJIE.
Ha ocuosi sakony KyioHa i mpuHIIUITY cynepoo3uilii mosis
MOJKHa BUBHAUUTHU HANPYKEHICTh MOJIA MPAKTUYHO Oyb-IKOI
CYKYIOHOCTI 3apAmKeHUX TiJ. Mauan. 1.5

[—
SANMATAHHA 0O BUBYEHOIO

1. fIk mposABIAETbHCA B3aEMOisA 3apPAMKEHUX Tia?

. Chopmyroiite 3akoH Kyioma.

. IITo Taxe enexkTpuuHe moJe?

. IITo € 0OCHOBHOIO XapaKTEPUCTUKOI €JeKTPOMATHITHOTO IOJIA?

. IITo Ha3uBaiOTh IPOOHUM 3apPAIOM?

. IlTo Taxke Hanpy:KeHicTh edexkTpuuHoro mojsa? IIlo Boma xapaxkrepusye?
. Ik BuBHaUaETHCA HANPYKEHICTH €JIeKTPUUHOTO MOJIsA?

. ¥V uoMy IOJATra€ IIPUHIIUI CYIEePIO3UIii?

. Aki aimii HasuBaOTL cUIOBUMU?

. fIke eneKTpuUYHe MMOJe HA3UBAIOTH OMHOPiZHUM?

COWTDOULAWIN

[y

@ 3Hangitb B 400aTKOBMX Mxepernax, IHTepHeTi BiqOMOCTi Npo BNAUB eNeKTPUYHOro Nonsi Ha
XuBi opraHiamu. CTBOPITb MyNsTUMELINHY NPe3eHTaLilo Ta Npe3eHTynTe ii knacy.

4Yu 3HAETE BU, WLO...

Benuke 3Ha4YeHHs Hanpy)XeHOCTi NO6nM3y BiCTPS Ha 3apsgXEHOMY MPOBIOHUKY
CMPUYMHSIE ABULLE, BIOOME K «eNeKTPUYHUN BiTEpPY.

B atmocdepHOMy MOBITPi 3aBX4un € HEBENMKa KiNbKiCTb NO3UTUBHUX MOHIB i Biflb-
HUX €NeKTPOHIB, AKi BUHUKAIOTb Mig BNSIMBOM KOCMiIYHMX MPOMEHIB, BUNPOMIHIOBAHHSA
pagioakTMBHUX PEYOBWH TOLO. Y CUIIbHOMY eNekTpMYHOMY noni 6ing BicTpA NO3UTUBHI
MNOHW pyXarTbCsH i 3aXON0Th 32 COOOK MOSIEKYNN MOBITPS, YTBOPIOOYM «ENEKTPUY-
HURM BiTEPY. AKWO 6ins BiCTpA PO3MICTUTU MONYM’st CBiYKW, TO BOHO Nif Oi€t0 «BIiTPY»
Oyne BigxunaTucs.
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§ 2. PEHOBUHA B EAEKTPUHYHOMY T[10ALl.
NMPOBIAHUKW | AIEAEKTPUKU B EAEKTPUHHOMY TOAI

PeuoBuHa, BHeceHa B eJIEKTpUYHE IIOJie, MOKe icTOTHO 3MiHuUTHcA. Lle
OB’ sI3aHO 3 THM, IO BOHA CKJAMAETHCA i3 3apAMKeHNX YaCTUHOK. 3a BimcyT-
HOCTi 30BHIIIIHBOT'O MOJISA YACTUHKYU POBNOALIAIOTECA BCEPESUHI PEYOBUHU TaK,
III0 CTBOPIOBAHE HUMU eJIeKTPUYHE I10Je JOPiBHIOE HYJII0. 3a HasIBHOCTI 30BHIIII-
HBOT'O II0JIA BiIOyBa€THCHA MEPEPOSIOALI 3apALKEHNX YACTUHOK, i B PeUOBUHI
BUHUKAE BJIacHe eJIeKTpUUHe moJie. IloBHe eIeKTpUYHe I10Jie CKJIATAETHCI Bif-
HOBIZIHO MO0 HPUHIIMOY CYIIEPIO3UIlil i3 30BHINIHBOTO IIOJIA i BHYTPIIIHLOTO
MOJisA, AIKEe CTBOPIOETHCA BCEPEIUHIi PEUYOBMHU.

PosrigHeMO IBa KJlacu PEUOBUH: npogidHuKuU i Oierexmpuru.

OcHOBHa OCOOJIMBIiCTHL IPOBIZHUKIB — Ile HaABHICTH BIJIbHUX 3apsAmIiB
(e1eKTpoOHIB), IKi OepyTh ydYacThb y TEIJIOBOMY PYyCi i MOMKYTh mepeMiliyBa-
- THCA MO BChOMY 00’€MYy IIPOBiIHHEKA.
E, = E, TumoBMMU IPOBIJHUKAMH € MeTaJiu.
3a BifcyTHOCTi 30BHIITHBOTO MOJS B
OyAb-AKOMY eJieMeHTi 00’eMy IPOBij-
HUKaA HeraTUBHUUN BiJIbHUI 3apdAn
KOMIEHCYETHCSA MO3UTUBHUM 3aps-
IoM iOHHUWX T'DaTOK. ¥ HOPOBITHUKY,
BHECEHOMY B eJIEKTPHUYHE I10Jie, Big0y-
Bae€ThCA MEPEPO3MOLiJI BiIbHUX 3aps-
IiB, YHACJHiJOK YOT0 Ha IIOBEPXHi mpo-
BiflHMKAa BUHUKAIOTh MNO3UTUBHI i
HeraTHUBHI 3apanu, IO He KOMIIEHCY-
orbea (mas. 1.6). Ileii mpoiiec Ha3u-
BAIOTh EJAEKMPOCMAMULHOK IHOYKUi-
€10, a 3apAnu, M0 3 SABUJUCA Ha
TMMOBEPXHi MPOBiAHUKA, — [IHOYKYIlHU-
MU 3apadamu.

IagyKmifiHi 3apAIM CTBOPIOIOTH CBOE
BJIACHE II0JIe, AKe KOMIIEHCY€E 30BHIIITHE
mojie B ychboMy 00’eMi mpoBigHuKa (yce-
penuni mpoBigHmKa). IloBHeE esieKTpo-
cTaTHUHEe II0Jie BCEepeAUWHi ITPOBiAHUKA
IOPiBHIOE HYJIIO.

Yci BHyTpimHI obsacti mpoBimHUKA,
BHECEHOTO [0 eJeKTPUYHOIO IMOJIf, 3aJHIINAIOThCA eIeKTPOHeHTpalbHuMU. SIKIIO
BUJAIUTU JeAKUN 00’€M, BUILIEHNN yCepeaIrHi IPOBiTHIKA, i YTBOPUTU HOPOIKHI-
HY, TO eJIeKTPUYHE II0Jie BCepeauHi IMOPOKHUHY JopiBHIOBaTUMe HY 0 (Mas. 1.7).
Ha mpomy I'PyHTYETBCS €IeKTPOCTATUYHUM 3aXWCT — UYYTJIHUBL IO €JIeKTPUYHOTO
TIOJIA TIPWIAAYW JIA YHUKHEHHS BILIMBY IIOJIS IIOMIIAIOTh Y METaJIeBi AITUKH.

Ha Bigminy Big npoBigHUKIB y miesekTpukax (i3osAaTopax) HeMae BiIBHUX
€JIeKTPUYHUX 3apALiB. BoHM CKJIaIal0ThCS 3 HEHTPAIBHUX aTOMiB ab0 MOJIEKY.I.
3apsamKeHi YaCTHHKKM B HeHTpajJbHOMY aToMi 3B’s3aHi ogHa 3 OZHOIO i He
MOXKYThH IEepeMilllyBaTUCA ITil Ai€l0 eJIEKTPUYHOrO TOJIA.

IlikxaBoro BJIACTUBICTIO Mi€JIEKTPUKIB € iXHA MOJAPHU3AILiA IIiJ mi€0 ejeK-
TPUYHOTO IIOJIA.

Maun. 1.7

IHonsapusayis dienekmpurxa — ABUINE BOOPSITKOBAHOIO ME€PEOPi€HTYBaHHS
MOJIEKYJI JieJJeKTPUKA IIiJ Ti€l0 30BHIIIHBOTO €JIeKTPUYHOTO IIOJIA.

VY pesyabTarti nonapnsauﬁ pasoM 3 MoJIeKyJIaMU nepeposno,ai.nmo'rbca i ixHi
eJIEKTPUIHO 3apap;meH1 yacTuku. OTiKe, IO B OJHOMY HANPSMKY BiJHOCHO
CHUJIOBUX JIiHIiII TOJIS HepeBasKaioTh IIO3UTHUBHO 3apsAM:KeHi YacTUHKM, a B IIPO-
TUJIEKHOMY — HETaTUBHO 3apAIKeHi.
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ITikaBo, 110 B pe3yJbTaTi TMOJAPU3AIlii B Hi€JeKTPUKY 3’ SIBJISETHLCS BJIACHE
eJIEKTPUYHE TI0JIe, sIKe CIIPAMOBAaHEe IIPOTMJIEKHO IO 30BHIIITHBOTO, K I CIIPUYU-
HUJIO ITI0 MoJIsIpuaailtito. I xoua BHYTpPIlITHE IT0JIe 3HAYHO MEHIITe BiJ 30BHIiITHBOTO,
cnocTepiraeTbecA epeKT JOCUTH iCTOTHOTO OCJIabJIeHHST OCTaHHBOTO.

Cepen TBepAuX OieJIeKTPUKIB iCHye I'pyla PeUOBHH, AKi MOMKYTh TPUBaJIUl
yac 30epiratu HaeJeKTPM30BaHUH cTaH (OyTH MOJSPU30BAaHMMU) 3a BicyTHOCTI
30BHIIITHBOTO E€JIEKTPUYHOrO II0JIA. [X HasuBaioTh exexkrperamu. [lomiOomHi Bia-
CTMBOCTiI MAalOThb psAl opraHiunmx (mapadiH, OmKOIMHUII BiCK, HEMJIOH, €0OHIT
TOIIO) i HeopraHiuHuX (cipka, GOpHE CKJIO TOI0) PEUYOBUH.

Taxa BJIacCTHUBICTH €JEKTPETIB 3yMOBJE€HA THM, IO BUHUKAE 3aJUIITKOBA
HOJIAPU3AIlid, OCKIIbKM Ha IIPOIecH MIOJIAPU3allii Ta Jemojsapusaliii morpibeH
pisuuit yac. IlpuckopuTu mporiec AeHOJIAPU3AIlil MOMKHA ILJIAXOM HiABUIITEHHA
TeMIepaTypu mieqekTpuka. dac s0epeskeHHs IoJspusallii 6e3 momitHoro ii
3MEHIIIeHHSA B Pi3HUX eJIeKTPEeTiB pisHuii. ¥ JeAKNX eJeKTPeTiB BiH MoKe csara-
TH KiIBKOX OEeCATKiB PoKiB. EjJeKTpeTu 3acTOCOBYIOTh AK AKepesa IIOCTiHHOro
€JIEKTPUYHOTIO MOJISI ¥ TEeXHilli, 30KpeMa B eJeKTporpadii.

s XxapaKTepUCTUKU [TieJEeKTPUKIB YBOAATH IOHATTSA [TieJeKTPUYHA IIPO-
HUKHICTB.

Hienekmpuuna nponukHicme (OierekmpuuHa cmana)
cepeIoBHUINa € — 0e3po3MipHa BeJIUWYMHA, N0 XapPaKTEePHU3YE
isomAwiiiHi BaacTuBOCTi cepemoBuina. BoHa mokasye y CKijib-
KU pasiB B3aeMOMia MiK 3apAgaMU B OTJHOPIZHOMY CepeqOBUIITL
MeHIITa, Hi’K Y BaKyyMi.

HiesexkTpryHa MPOHUKHICTH NeAKNX JieJEKTPUKIB 3a EBHOL
TeMIlepaTypu HaOyBae BeJMKMUX 3HaueHb. CIlouaTKy Taky BJjac-
THUBIiCTh OYJIO BUSIBJIEHO Y KPMCTAJIiB CEIrHETOBOI COJIi, i ToMy Bci
IieJIeKTPUKY I[HOTO TUITY OTPUMAJIU HA3BY CETHETOCJIEeKTPHUKMH.
ITeit Tepmin yBiB y Hayky Irop Kypuaror (1903— 1960) y 30-x
porax XX crT.

HieneKTpuyHa IITPOHUKHICTH CETHETOBOI COJIi MOYKEe IIePEBUIIYBATU JieJIeK-
TPUYHY TPOHUKHICTH BAKYyMY B KiJbKa THCsY pasiB. Bona moMiTHO 3MiHIOETHCSA
3i 3MiHOIO HAIIPYKEHOCTI 30BHIIITHLOTO €JeKTPUYHOI'O MOJIA.

AnoMasibHO BeJIMKa JieJeKTPUYHA TPOHUKHICTH CEerHETOEJEKTPUKIB CIpUYU-
HeHa BUHUKHEHHAM y I[IUX PEYOBUH Yy IIEBHOMY iHTepBaJIi TeMIIepaTyp BUPaKeHOl
cnouTaHHOI (caMomoBiibHOI) moasipusalrii. HaBiTs 3a BifcyTHOCTiI 30BHIIIIHBOTO
€JIEKTPUYHOTO TOJs OKpPeMi MiJMIAHKM KpPHCTAJa CEerHeTOeJIeKTpPuKa (JIoMeHM)
BUSBJISAIOTHCS IIOJAPU30BAHUMU, ajie B Pi3HUX HaIpAMKax. TomMy B IIiJioMy BecCh
KPUCTAJI CETHETOEJEKTPUKA ITOBOIUTE cebe TaK, HiOW BiH 30BCiM He HOJISPU30Ba-
Huii. ITig miero eJeKTpUYHOrO MOJIA BigOyBaeThCA 3MiHA HAIPAMKY IIOJAPU3AILii
(8amina opieHTalii) JOMEHIiB — BOHU IIOBEPTAIOTHCS B HATPAMKY ITHOTO TOJIS.
CermeToeIeKTPUK YaCTKOBO 30epirae cBOIO MOJIAPU3AIliio i TOAi, KOJIM 11Oro BUaA-
JIATY 3 IIOJIA.

BusBiseTbes, 10 JOMEHH € B CETHETOEIEKTPUKAX JIIIIE B IIEBHOMY iHTEpBasIi
TeMIlepaTyp i caMe sa IUX TEMIEPaTyp y HUX 36ep1r'a10'r1>ca CerHeTOeJIeKTPUUHIL
ByacTuBOCTi. Hampukiiam, cerHeToBa Cijib Mae Ii BJIACTWBOCTI JIUIIIE 34 TEMIIepa-
Typu Big —15 mo 22,5 °C.

CermeToeIeKTPUKY BUKOPUCTOBYIOTH [IJI BUTOTOBJIEHHSA T'€HEPATOPiB i mpwuii-
MauiB yJIbTPA3BYKOBUX XBWJIb Ta iHIINX PAJiOTEXHIUHUX ITPHCTPOIB.

BuBuenns BiacTuBOCTEll TBepOUX Mi€JIEKTPUKIB IIOKA3aj0, IO AEedKi 3 HUX
MOJISIPU3YIOTHCA He JIMIINEe 3a JOIIOMOTOI0 eJIEKTPUYHOrO IOJsd, a W y ImpoIleci
medopMmarrii BHacIimok MexaHiuHOI mii Ha HUX.

ITeop
Kypuamos

—
3ANMATAHHA 0O BUBYEHOIO

1. ITo BixOyBaeThbCA 3 PEUOBUHOIO, BHECEHOIO B €JIEKTPUYHE IT0Jie?
2. YuM BifipiBHAIOTHCA MPOBIAHUKY BiJ mAiesleKTpUKiB?

Hocnigite, y SKMX rany3sx BUKOPUCTOBYIOTLCS AieNeKTpUKn.
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§ 3. PObOTA 3A YAC MNEPEMILWLEHHSA 3APAAY
B OAHOPIAHOMY EAEKTPUYHHOMY MOAI. NMOTEHUIAA
EAEKTPUHHOIO MNMOA4. PIBHULUA NMOTEHLIAAIB

Ha xoixeH 3apsanm, po3MilneHu#l B eJIEKTPUYHOMY IIOJi, Ai€ cmia, Imig mieio
Kol BiH mepemimiyerbesi. Ilim wac pyxy 3apany ejieKTpUUYHE II0Jie BUKOHYE
IeBHY pPoOoTYy.

EnexkTpruuHe moJie HEPYXOMUX 3apALiB Mae Ty HaA3BUUAMHY OCOOJIUBICTB,
110 po0OoTa CUJ I[HOTO IOJA Ha MIIAXY MiK JBOMAa AOBiIIBHMMHU TOUKAMU 3aJie-
JKUTH JIMIIIE BiJl ITIOYATKOBOTO Ta KiHIIEBOTO IIOJIOMKEHHS IIepeMiIlleHHA i He
3aJIeKUTD Big dopmu muasaxy. Cuiosi mosas, AKi MaroThk IIi 0CO0JIMBOCTI, HA3M-
BalOTh MOTEHIiAJbHUMM.

P060Ty CHJI eJIEKTPUYHOTO IIOJIS MOKHA POSIIIALATH fAK 3MiHY IOTEHIiasb-
HOi eHeprii, Ky Mae KOXXKHe 3apsjKeHe Tilo, 110 nepe6yBae B IIbOMY €JIeK-
TPUYHOMY [OJi. SIKIO MOSHAYNTH HOTEHNiaJbHY €Hepriio 3apAJIKEHOTO Tma,
10 IIepeMiIlyeTbCcs Mif Mi€l0 eJeKTPUUYHMUX CHJI, Yy IIOUaTKOBili 1 KiHIesBiit
TOYKaxX TpaekTopii Bizmosizumo W, i W,, To poboTa CHI €JeKTPUYHOI'O IOJIA
BUBHAUYATHMEThCA 3a Qopmynow: A = W, - W, = — (W, - W,).

PisHi mpoOui sapagm B maHili Touli mOJsA MATHUMYTh PisHi IMOTEHIiaJbHi
ereprii. BogHouac BigHOIIEHHS ITOTEHIIAJIbHOI eHeprii mpoOHUX 3apsAmiB OO
iXHiX 3HAUEHb AJIA HAHOI TOUKU IIOJIS € BEJIUUYNHOIO CTAJIOHO.

Dizuuny BeJMUYNHY, KA BU3HAYAETHCA BiJHOINIEHHAM HOTEHI[iaJbHOI eHep-
rii mpobHOTO 3apAmLy, IO MICTUTLCA B AAHili TOUIll €JeKTPUUHOTO IIOJA, OO
3HAUeHHA 3apsaAy, Ha3WBAIOTh IMOTEHIiaJIoM. w

IToreniian mosHavaioTh JIiTEPOO @ i 3aNUCYIOTh Yy BUTJIAMI: @=—.

IToTenIiianm € ckaJApPHOIO BeJIMUYNHOIO. IloTeHITialy TOYOK MHOJISI MO3UTHUBHO
3apAMKEeHOro Tijia MaloTh JOoJaTHe 3HAUYeHHS, a HeraTUBHO 3apAIKeHOT0 —
Bim’eMHe 3HAUEHHS.

Onunurneio nmoredniany B Cl € 1 BoasT: 1 B = 1 Ix/1 Ka.

Ilorenrianm xapaxkTepusye eJeKTPUUYHE II0JIE B JAHIA MOro TOYII Ta € MOro
€HEePreTUYHOIO0 XapaKTePUCTUKOIO.

SIKII0 mO3HAYMTHY IIOTEHIiaJN TOUOK, Y AKUX ImepebyBaB IIPOOHUIT 3apsAml 10
i micaa BUKOHaHHA PoOOTH CHJIaMU €JeKTPUUYHOTO II0JIS 3 MOro mepeMilleHHs,
BipmoBizHO @, i ¢, Ta BpaxyBaTu, mo W = g, To MOKHa 3alucaTu:

A=W, - W, =q(¢, - 9,).

3HaueHHA Iiei PoOOTM IIPOMHOPIliliHEe 3HAUEHHIO IIEePeMIIIlyBaHOTO 3apAnxy
1 BaJIe’KUTH BiJ TOTO, 3 IKOI B AKY TOUKY IIePEeMilllye€ThCA 3aps.

DizuuHy BEJIUYHHY ((pl - (p2) Ha3WBaIOTh Pi3HUYeEI0 NOmeHyianié i BU3Ha-
YAaIOTh BiTHOIIEHHAM POOOTH 3 MEPEeMilleHHA MPOOHOTO 3apiaAdy 3 IMOYATKO-
BOI TOYKM B KiHIIeBY J0 3HAUYE€HHSA IIHOT0 3apAMy:

A
((P1 - (Pz) =—-
q

3HaueHHA MMOTEHIiaJbHOI eHeprii 3ajie:KuTh Big BuOOPY mouaTKy ii Bimmiky
(BuboOpy HYJIBOBOTO PiBHA MOTeHIIiaJbHOI eHeprii). OT:Ke, 3HaUEHHSA IIOTEHIia-
Jy 3aJIe:KUTHh BiJg BuUOOPY TOUKM, y AKill IMOTeHIiaJ mopiBHIOE HYyJi0. Takoro
TOYKOIO y (hisuIli BBasKalOTh TOUKY, IIO MICTHUThCA B HECKiHUEHHOCTI.

Tomy moTeHI[iaJ JaHOI TOUYKU €JEKTPUYHOTO MOJSI MOKHA BUSHAUUTH 5K
¢isuuHy BeJIMUYMHY, IO IOKAa3y€, SAKAa PO00TA BUKOHYETHCA EJICKTPHUYHHUMH
cUJIaMHU MijJ Yac NMepeMilleHHS OJUHUYHOTO IO3UTUBHOTO IIPOOHOTO 3apsamy
3 JaHOI TOYKH B HECKiHUEHHICTH.
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IlomATTA «HeECKiHYeHHiCTH», de NPHUHHATO BBakaTu ¢ =0, (isUUHO He
Bu3HaueHo. ToMy Iig yac 3HaxXOI:KEeHHSA MOTEHI[iaJy B AOBLABHIN TOUIi moJsa
3aBKAIU JONYCKAIOTh HETOUHICThL HA 3HAUEHHS IIOTEHIIially B TOYIli, IKY BBa-
JKalOTh PO3MIiIIIeHOI0 Y HecKiHueHHOCTi. IHaKIIIe Kamyuu, IIOTeHIliaJ JoBiIbHOI
TOUYKHM IIOJIA BU3HAUAIOTH 3aBiKAM 3 TOUHICTIO OO CTAJOr0 3HAYEeHHA. ToMy
MOHATTSA «IOTEHI[ial» Y IIbOMY PO3yMiHHI (isnyHO He BUBHAUeHO. BiibIin ToU-
HUM ¥ OJHO3HAUHUNM IIOHATTSAM € «PiBHUIA MOTEeHIiaJiB» AK (pisuuHa Beu-
YyHA, 0 BU3HAYAETLCSI POOOTOI0 IIif Uac IIepeMileHHs IIPOOHOTrO 3apsamy
q = 1 K Misk ToukamMu mosis 3 moTeHIiajaMu ¢, i @,.

Ha mpaxTuii spyymHo BBa)KaTH, IO IIOTEHIIial S3eMJi HOpiBHIOE HYJIIO.
ITe momycTtmmo, ocKibKU mif dac Oyab-IKUX PO3PAXyHKIiB BasKJIMBO 3HATHU Pi3-
HUIIO ITOTEHITiaNiB MiK JeAKMMN TOYKAMHU €JIEeKTPUUYHOIO II0JIsI, a He abCoJIoT-
He 3HAUEeHHSA IIOTEHIliaJiB y IIMX TOUYKaX. BUMIipIOIOTL PI3HUIIO TOTEHI[iaJiB
3a3eMJIEHUM €eJIeKTPOMETPOM, IIOPiBHIOIOUM IIOTEHITiaJl 3apsamsKeHOro eJeKTpPOo-
MeTpa 3 IOTEHIiaJoM 3eM.JIi.

PisHMII0 NOTEHIIialiB B €JIEKTPHIHOMY HOJi HA3WBAIOTH HANPYZOI0.

ITosmauators Hanpyry Jitepoio U. Opgunurieio Hanpyru B CI € 1 Boast (1 B).
A . .
Bpaxosyoun, moU=— i A=qgEd, MmaeMo0 3B’A30K MiK HaIIpyroio i Hampy-

JKEeHiCTIO €JIEKTPUYHOI'O IIOJIA:
— U
E = P — Py _

d d
YueHi goMOBUJINCS IIPOBOAUTH IIOBEPXHI TaK, IMOO Pi3HUIA IIOTEHIIiaJIiB
IJIs OBOX CYCimHixX moBepxoHb OyJia Bciogu ogHa ¥ Ta cama. Toxai 3a rycToTOO
€KBIIIOTEHIIaIbHUX IIOBEPXOHbL MOYKHA TiMTH BHUCHOBKY IIPO 3HAUEHHS HAIPY-
JKEHOCTi IIOJIf: IO T'yCTiIlle PO3MillleHi Ii mMOBEepxXHi, TO INBUAIIE 3MiHIOETHCS
MMOTEHIiaJ I yac mepeMilfeHHsa B3JOBK HOPMAJi M0 MOBEPXOHB i Ime GijabIia
B IIbOMY MicIi Hanmpy:xeHicTs E.

[A—
3AMNMUTAHHA 0O BUBYHEHOIO

1. dx BusHAUNTH POOOTY CHJI €JI€KTPUUHOIO MOJSA?

2. [TatiTe o3HaUeHHS MOTEHITiATY.

3. fIkux 3HaUeHb MOKe HaOyBaTH MOTeHIiaax?

4. IlTo Taxke pisHUIA IMOTEHIIATIB B €JIeKTPUUYHOMY II0Ji?
5. ki oguuaUIi Hanpyru B cuctemi CI?

YU 3HAETE BU, LLO...

Yce XuUTTA NOOWHY OTOYYHTb MPUPOAHI aTMOCHEpPHi enekTpu4Hi  nons.
Halisickpasille nposiBnsie cebe enekTpuyHe none nigyac rpo3u. Todi ioro Hanpy»XeHicTb
nobnusy 3emni gocarae 10 kinoBonbT Ha meTp (kB/Mm). Ane i B 6e3xmapHy morogy
HanpyXeHiCTb aTMOCHEPHOro nons B cepegHboMy cTaHoBuTb 130 B/m.

Y4yeHi BCTaHOBWAW, WO MOTEHLIMHO Hebe3nevyHuM € nepebyBaHHS NAUHM
B €NeKTPUYHOMY MOofi, HAaNpyXXeHicTb AKoro nepesuilye 25 kB/mM. TyT MoxHa npautoBa-
TU TiMbKK i3 3aCTOCYBaHHAM 3ac00iB iHAMBIAYaNbHOIO 3aXUCTY.

BeaneyHnm € piBeHb HanpyXeHocTi enekTpuyHoro nons (0,5 kB/M) B Xutnosux
OyniBnsx, ge nwoguHa nepebyBae HeobmexeHun 4vac. Hanpuknag, enektpokoBpa
CTBOPIOE piBeHb HanpyxeHocTi Ao 0,2 kB/m. [JonycTvMui piBeHb HanpyXeHOoCTi B pano-
Hax >XMTnoBoi 3abynosu ctaHoBuTb 1 kKB/M. A ocb y Micusax (He3abygoBaHi TepuTopii,
cinbcbKkorocnogapchki yrigas, ki Mano BiaBigyoTb ntoam) 6e3neyHunin piseHb BCTaHOB-
neHo o 15 kB/m, y BaXXkogoCTYMHUX, MPaKTUYHO HenpoxigHnx micuax — 20 kB/m.

He 3Hato4m nNpo Te, SK BNMBA€E Ha OpraHiaM enekTpuyHe nosie BUCOKOI Hanpyru,
neski nognm B 30HI JIEM o6nawToBylOTb ropoan, Ae AOBro i 4acTto npautolTb.

11
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Lle HenpunycTtumo! HagiTb npodecioHanam, wo 3a cnyx6o0Bum 060B’A3kOM 3filic-
HIOOTb KOHTpomnb i pemoHT JIEl, go3BoneHo npautoBatn He Ginbwe Hixk 1,5 rog
Ha AeHb, AKWO HanpyXeHicTb TaM carae 15 kB/m, i He Ginblie Hix 10 XxB 3a Hanpyxe-
HocTi go 20 kB/m.

Y 30Hi enekTpuyHoro nons JIEMN He 6axaHo rynaTtu, katatuca Ha numxax, ocob-
NUBO LiTAM Ta Nogam 3 ocnabneHo cepueBo-CyaNHHOK cucTemoto. Lle ctocyeTbes
i Micbknx TepuTopii, Yepes3 SKi NPOXoAATb BUCOKOBOMbLTHI MiHii. MNoTpiGHO Makcu-
ManbHO O0OMEXMTu cBOe nepebyBaHHA B Takmx Micusax. HouiBni 6e33actepexHo
3abopoHeHoO.

XoTinocsa 6 3acTeperTu cagiBHUKiIB-amaTopis, W06 BOHU He ByayBany MeTaneBux
OyamHouKiB, capanymkiB ansa 3depiraHHs iHBeHTapto Ha TepuTopii JIElN. JoTuk oo Takoi
crnopyau, HaBiTb SKLWO MOAMHA i30rbOBaHa Bif 3eMni, Hanpuknag ryMoBuMM B3YTTAM,
MOXe 3aBgaTy HeOEe3NeYyHOro Ans XUTTS YPaKeHHS CTPYMOM.

§ 4. EAEKTPOEMHICTb. EAEKTPOEMHICTb NMAOCKOIO
KOHAEHCATOPA. 3’€AHAHHSA KOHAEHCATOPIB.
EHEPTIA EAEKTPMHYHOIO NOAA

AKIo i3osboBAHOMY IIPOBIAHUKY OyIOb-IKOI ()OPMM HAZaBaTH IIOCJIiTOBHO
3apanu ¢, 2q, ..., nq, 30iIbIIYIOUN 3araJibHUIN 3apAfd, TO MOTO HMOTeHIIiag Oyre
30isbBITYyBaTHCA.

Hocain. 3’scyemo, Bijg Yoro sajie;KUTh IIOTEHIIiaJ 3apsaAKeHOoro Tija.
JJisa mbOoTO CKOPUCTAEMOCS ABOMA €JeKTPOMEeTPaMu, KOPIyCcH AKUX 3a3eMJie-
HO. Ha cTep:KHAX eJIeKTPOMETPiB 3aKPilIMMO MeTaJeBi IMMOPOKHUCTI KyJi pis-
Horo miamerpa (maj. 1.8). 3apagumo MeTajeBy KyJbKYy Ha i30amifiniii pyd-
i Big BMCOKOBOJBTHOTO IIepeTBOpioBaua ab0 eleKTPO(OPHOI MalluHU
i mouHemMo BHOCUTH ii B IIOPOKHUHY MEHIIIOL 3a miamerpoM Kyii (manx. 1.8, a),
a)X OOKHN He TOPKHEMOCS He BHYTPimIHLOI moBepxHi KyJai. Bech zapsan
3 KyJbKHU TIepeiijie Ha 30BHIIIHIO IIOBEPXHIO KYJi, €JIEKTPOMETP IIOKaKe IeB-
He 3HaueHHA mnoreHniaay. IIpopobuBmim avHajsoriunmit gocaim 3 OijbIIoiO

P A P A
Py e —
| T ——— |
1 | : P = T :
|

P - o ¢, F———== | |

' | | | |

| h > 0 . | I >
0 q 4, q q q, q, qs q

Mauan. 1.8



EAEKTPOAMHAMIKA

Kyaero (man. 1.8, 6), Mmu mobauumo, 110 CTPIJIKKU 000X €JIeKTPOMETPiB Bigxu-
JSIOTHCS, ajie Ha Pi3HUN KyT. 3HOBY 3apsaAUMO KYJbKY i IIepeHeceMo MOPIIiio
3apsaay Ha IMOPOYKHUCTI KyJIi, iXHi 3apsaau 36iabiaThbcsa BABiUi, a eJeKTpoMe-
TPHU MOKAKYTh 30iIbINIeHHs mOoTeHIiaay. AKIMo MOBTOPIOBATH TaKi Aiil KijbKa
pasiB, To cmocTepiraTuMeMo BigmoBigHe 30iJbIIIeHHS MMOTEHIiaJNiB KyJab. Bim
Oyme IPOMOPIIiAHNY 3HAUEHHIO iIXHLOTO 3apAny, IO MOKHAa BigoOpasuTu Bif-
noBiguumMu rpadikamu. Aje morenmian 6iapinoi KyJai O6yme 30idbiryBaTmcsa
noBiybHiIE, HidK MeHIIOi. OTiKe, rpad)iky 3aJI€KHOCTI IOTEHITIaAy KYJb Bif
3apany OyayTh pisummu (maa. 1.8). IlpoanasiszyBaBIiu pesyJbTaTH MOCIiAY
Ta rpaikm, MOKHA OiATH BUCHOBKIB: IOTEHIiaJ KOMKHOI KYyJIi OPSAMO IIPO-
mopuitiauii ii sapaxy; xKoedillieHT HPOMOPIINHOCTI A Pi3HUX KYJIb Mae
pisHi 3HaueHHH.

OT:xe, BiIHOIIIEHHS 3apALy IPOBiTHWMKA OO MOr0 HOTEHIiaNy AJA PisHUX
KyJb Oyzne pisHe. Ile BimHOIIIEHHS HA3UBAIOTH EACKMPOEMHICMIO NPOBIOHUKA.

Enexmpoemnicmio npo6idHuKa HA3HUEAIOTH BeJIUYHHY, IKA BH3HAYAETHCSI
BiTHOIIIEHHAM 3apsAay IMPOBIMTHUKA ¢ M0 HOro IOTEHIiady ¢:

c-1.
0}

IIpoanasisyBasinm I1i Jocaigy Ta OoTpuMaHe PiBHAHHS, MOKHAa CKasaTHu, IO
€JIeKTPOEMHICTh KyJi 6inbioro giamerpa 6inbima. ¥ XVII-XVIII cr. exekTpu-
Ky YABJIAJU AK aHAJOT PiAWHU, IO MOYKE «BJIMBATHCA» Y IMPOBiTHUK i «BUJIN-
BaTHUCA» 3 HBOrO. EJEKTPOEMHICTHL HNPOBiZHMKA 3aJIE}KUTH Biflf MOro po3MipiB
i (hopmu, He 3aJIe;KUTH BiJ MaTepiaay, arperaTHOro cTaHy, (QOpMU Ta PO3MipiB
TOPOKHUH ycepeanHi mpoBimuuka. Ile mogcHIOETbCA TUM, IO HAIJIUIIOK 3aps-
IiB PO3MOAiNISIETHCA JUINE HA 30BHIIIHINT HMOBepXHi mpoBigzHMKa. EaeKTpoeM-
HiCTH IIPOBiIJHMKA He 3aJIeXKUTh TaKOMK BijJ 3apAny, PO3TaIlIOBAHOTO HA IIPOBiM-
HUKY, Bifl HOro IIOTEHIIianly, aJjie 3ajJeKUTh BiJ IXHBOrO CHiBBiIHOIIIEHHS.
CkasaHe He cymepeduTh (GOPMYJi, OCKiJIbKY BOHA JIUIIEe IIOKA3YE, IO MOTEHIIi-
aJl TpOBiMHWKA TPAMO MPOIOPIIHHUHA A0 HoTo 3apany it 06epHEeHO IMPOMOPILiii-
HUUN 00 eJIeKTPOEMHOCTI.

Opunuriero enexkrpoemMuocti € 1 dapaxg (1 ®). o oamHUITI0O HA3BAHO Ha
yecTh aHrIilicbkkoro ¢isuka M. Dapagmesda, AKuiti 3poOUB B3HAUYHNI BHECOK
Y BUBUYEHHS €JeKTPUUYHUX SBUII.

Tino mae emuicts 1 dapax, axmio 3i 3MmiHol0 ioro sapany Ha 1 KyJoH
moTeHIiaa 3MiHOeTheA Ha 1 BoasT: 1 @ =1 Ka/1 B.

3HauenHsa eMmHOCTi Tiia 1 @ nyske BelmKe, TOMY Ha IPAKTHUI[l BUKOPUCTO-
BYIOTH OOWHUIIL €MHOCTi, KpaTHi dapany:

1 mikpodapan = 1 mr®d = 10 ® ®; 1 mikodapaz = 1 nd = 102 @.

Benmury eleKTpOEMHICTh, MAIOTh CUCTEMU 3 ABOX ITPOBIAHUKIB, AKi HasuBa-
I0Th KOHIeHcaTopaMu (Bix jat. condenso — «3ryuryio»). Kongeacarop — aBa
OPOBITHUKY, PO3AiJIEHI IITapoM mieJIeKTPUKA, TOBIIMHA AKOTO MaJja IIOPiBHAHO
3 posmipamm npoBigHuHKiIB. IIpoBimHUKU
Ha3WBAIOTh OOKJIaAKaMMu KOHJeHCATOopa.

KaacudikyioTh KOHIeHCATOPW 3a TUIIOM
IiemeKTpuKa B KoHAeHcaTopi. Tum miesnex-
TPUKA BU3HAUa€ OCHOBHI eJeKTPUYHi Iapa-
MeTpH KOHAeHCAaTOpiB: omip isossamii, cra-
OiMBHICTL €MHOCTi, BeJMUYMHY BTPAT TOIIO.
Ha wmamonky 1.9 300paskeHO KOHIEHCATOPU
pisHOTO THTY.

Haitnpocrinmm KoHIEHCATOPOM € IJIOCKUH
kongencarop. Ilnockuili kondencamop —
cucreMa 3 IBOX ILUIOCKMX IIPOBiTHMX ILjac-

13
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THH, PO3MIIIEHNX IapajieJIbHO OMHA OOHINW Ha MaJiii MOPiBHAHO 3 po3MipaMu
IUTACTHH BifcTaHi i po3gijieHMX IIaApoM JieIeKTpUKAa.

EnexTpruune 1mojie ILIOCKOIO KOHAEHCATOPA B OCHOBHOMY 30CEpeI KeHe MixK
maactuHamu (Maja. 1.10), ajge 6ina KpaiB ILIACTUH i B HABKOJIUIIIHBOMY CEPEmo-
BUIII TAKOXX BUHWKAE IIOPIBHAHO cjJabKe eJeKTpUYHE II0Jie, SAKe HA3UBAIOTh
ToJIeM po3citoBaHH:A. ¥ 6araThboX 3amayax MOYKHA HEXTYBAaTH IIOJIEM PO3CilOBaHHSA
i BBaxKaTHU, II0 €JIEKTPUUHE II0JIe IJIOCKOI0 KOHIEeHCATOpa ILIKOM 30CepeiKeHe
Mix Boro obokJagxamu (mai. 1.11).

3 ypaxyBaHHSIM PO3MipiB 00KJIaJOK IJIOCKOTO KOHAEHcaTopa i BimcTaHi Mix
HUMH eJIeKTPOEMHICTh ILIOCKOI0 KOHIAEHCATOPA BU3HAYAIOTH TaK:

C- €gyS ’
d
ne C — eJeKTPOEMHICTH IJIOCKOTO KOHAEHCATOPA; €, = 8,85:107'2 ®/m (emnex-
14 TPUYHA cTajia); € — [dieJleKTPUYHA IPOHUKHICTL; S — ILIOINAa OOKJIAAKU KOH-
IeHcatopa; d — BifcTaHb MiK OOKJaIKaMHU KOHIEHCATOpA.

1106 opmep:kaTm TOTPiIOHY e€JIEKTPOEMHICTH, KOHAEHCATOPU 3’€IHYIOTH Y
barapei. Ilixg yac mapajgeabHOTO 3’€THAHHA KOoHAeHcaTopiB (Mas. 1.12) Hanpyru
Ha KOHJeHcaropax opHakoBi: U,=U,=U, a sapazu gpopiBHIOIOTH @,=C,U
i g,=C,U. Tary cucTeMy MOKHA POSTJIALNATH AK €JUHUN KOHJEHCATOD eJIeKTPO-
emHicTIO C, 3apANKeHNH 3apANoM ¢ = ¢; + ¢, Ipu Hanpysi mix odknagxkamu U.

SBificu BUILINBAaE: C:% abo C =C, + C,.

Ilin yac mapajeabHOTO 3’€¢THAHHA KOHIEHCATOPIB IXHi €JEeKTPOEMHOCTI
IOIAIOTHCA.

O
T +q, C, g, C,

TWHIHHH WH|MH

Maan. 1.12

fAxio KoHmeHcaTopu 3’emHaTHM mocaimoBHo (Maja. 1.13), TO omHAKOBUMU
BUABJATHCA 3apAAN 000X KOHAEHCATOPiB: q; = ¢, = ¢, & HAIPYru Ha HUX AOPiB-

HIOBATUMYTh U. :‘Z_C1 iU :q—2.

C
Taxky cucreMy MOKHA PO3TJIANATH AK €IUHUHA KOHIEHCATOP, 3apAlKeHUM
3apAAOM ¢ IpH Hamnpysi mixk obkaagkamu U, + U, = U. Otxe,
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Ilix gac mocximoBHOro 3’€THAHHS KOH- l«— U, —>te«—U,—>
IeHCATOPIB AOJAIOTHCA IXHI 00epHeHi eex- : : :
TPOEMHOCTI. g2 -q >«

. e —qita 1 i

@DopMyn IJid MapaJieIbHOr0 Ta IIOCJIi- | 5 | 5 |
IOBHOTO 3’€THAHHSA CIPABAMKYIOTBCA [IJIA : > : > :

- 3 ’ _ —— —
OyAb-sIKOr0 UmcJia KOHIEHCATOpPiB, 3’emua | Lo
HuX y baTapero. o1 I I

Ha npakTuili BUKOPHCTOBYETHCS TAKOMK > >

. s ) ;
smilane 3’eHAaHHA KOHAeHcaropis. Ilocii-

IU TOKA3YIOTh, IO 3apIIKeHUN KOHIeHCa- 5 >
TOpP MiCTUTH 3amac eHeprii. C, b Cyh—>—
Enepria  3apAmskeHOro KOHAeHCATOpa Maun. 1.13
JOpPiBHIOE pOOOTI B30BHINIHIX CHII, AKY
MOTPiOHO 3aTPaTUTH, 00 3apATUTH KOH- +q
IEeHCATOoP.

ITpomec Bapsamxu KoHAeHcaTopa MOKHA
VSABUTHU SAK IIOCJIiOBHE IIepPeHeCeHHA JOCUTh
MaJIuX IOpHill 3apazy Ag >0 3 opHiel
OOKIamKky Ha immy (masa. 1.14). - _[l
Y 1eii camuii yac ogHa OOKJIaAKa IIOCTY-
IIOBO 3apAAKaE€ThCA IIO3SUTUBHUM 3apSAI0OM, Maun. 1.14
a igmia — mzeratTuBHuUM. OCKIIBKM KOXKHA
TOPILiAd MEPEeHOCUTHCA B YMOBAX, KOJIM Ha OOKJAAKaX yiKe € AesdaKuil 3apdan ¢,
a Mi’K HUMHU icHYe Aeska pisHuis morteHnianiB U=q/C, To mpu mnepeHeCeHHi
KOJKHOI mopIrii Ag 30BHIIIHI cuJii MalOTh BUKOHATH POOOTY:

AA:UAq:%Aq.

Ilicia 3akiHueHHA Ipolecy 3apanku eHepria W KorzeHcaTopa eMHicTiO C,

3apSYKEHOr0 3apAA0M ¢, BUBHAUAETHCA 3a (hOPMYJIOIO:

4l

* 2C
Sxmro Bpaxysatu criBBigHomerHAa ¢=CU, To Gopmysry, iKa BUPaKae eHep-
rifo 3apsamKeHOTO0 KOHAEHCATOPa, MOMKHA 3aIlMCAaTU TaK:

¢ _CU*_qU

“Tac 2 2

Enexrpuuny eneprito W ciig POSriIALaT AK TIOTEeHITiaIbHY eHepriio, II0
HaAKOIIMUYMUJIacAd B 3apAIKEHOMY KOHJIEHCATOPi.

KonpeHcaTopu 3acTOCOBYIOTH Y BCix ranysax ejieKTpoTexHiKu. BoHu BuUKO-
PHCTOBYIOTHCA OJIA IOOYIOBU Pi3HUX €JIEeKTPUUYHUX KiJ i3 4acTOTHO-3aJIEIKHU-
MU BJIACTUBOCTSIMH, 30KpeMa (PiIbTPiB, KiJl 3BOPOTHOTO 3B’SI3KY, KOJIUBAJILHUX
KOHTYPiB TOIIIO.

Ilig yac MIBUAKOTO PO3PAMKAHHSA KOHAEHCATOPA MOYKHA OTPHUMATH iMIOYJIbC
BEJINKOI IIOTYXKHOCTi, HaOPUKJAL y (oTocmansaxax, eJIeKTPOMATHITHUX IIPH-
CKOpIOBauaXxX, iMIOyJIbCHUX Jia3epax 3 ONTUYHOI HAKAUYKOIO.

SIKIIT0 KOHZEHCATOP MOYKe TPUBAIMH yac 30epiraTu 3apsam, TO 10ro MOKHA BUKO-
PUCTOBYBaTH SIK €JIEMEHT IIaM’sTi abo IIPHCTPiil 30epiranHs eJIeKTPUYHOI eHeprii.

KongeHncaTopu BUKOPHCTOBYIOTH K BUMipIOBaJIbHI IIepeTBOPIOBAYi, a came:
Y BUMipIOBaJbHOMY IIE€PETBOPIOBAYI MaJiMX IlepeMillleHb (MaJja 3MiHa BifcraHi
MiK OOKJIaZKaMU Ay:Ke IIOMITHO BIJIMBAE HA €MHICTh KOHIEHCATOPA), Y BUMi-
PIOBAJIBHOMY TI€PETBOPIOBAUYi BOJIOTOCTI IOBITpA, MepeBMHU (3MiHA CKJIAIy
IieJIeKTPUKA COIPUYNHAE 3MiHY €MHOCTI).
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3AMNMUTAHHA 0O BUBHEHOIO

1. IITo Take esekTpoeMHicTs, mpoBiguuka? Bim uoro Bona sane:xuth? SIK BoHaA
BU3HAYAETHCA?

2. IITo Take 1 dapan?

3. SIkuii KOHJeHCATODP HAa3WUBAIOTH IJIOCKUM?

4. 3a axo0 GOPMYJIOI BU3HAUAIOTh €JIeKTPOEMHICTh IIJIOCKOr0 KOHIeHcaTopa?

5. fAki Bugu KoHIeHcCATOPiB Bu 3HaeTe?

6. Ak BU3HAUAIOTH €JIEKTPOEMHICTH KOHIEHCATOPiB, 3’€QHAHUX IapaJiebHO?
ITocaimoBuO?

7. IIlo Take eHepria KoHgeHcaTopa? K BoHa BUBHAYAETHCA?

8. HaBenmiTh mIpuUKJIaAM 3aCTOCYBAaHHA KOHJIEHCATOPIB y TEeXHIIIi.

r"] POBOTA Y IPYMNAX

O6’egHanTecs y rpynu Ta BUKOHawWTe NpoekT «Bunan koHaeHcaTopiB Ta iXHE 3acTocyBaH-
HS B TEXHILi».

YU 3HAETE BU, LLO...

EkcnepumeHTanbHO [OBEAEHO, WO MOBepXHA 3eMni 3apsgXeHa HeraTuBHO,
a BepxHi Wwapu atMocgepy — NO3UTUBHO.

BigomMo, WO KNiTMHM N TKaHWHW OpraHiaMy TakOoX CTBOPKOTb HaBKOMO cebe
eneKkTpu4Hi nons. BumiptoBaHHA Ta peecTpaLito Lux NoniB LWMPOKO 3aCTOCOBYHOTb AN
JiarHocTyBaHHSA Pi3HMX 3axBOpOBaHb (enekTpoeHuedanorpadis, enekTpokapaiorpa-
dis, enekTpopeTrHorpadis ToLo).

Mu >xMBeMo y cnpaBXHbOMY NaByTUHHI, 3iTKAHOMY 3 BEMMYE3HOI KiNbKOCTi enek-
TPUYHUX NONIB, | AOBMMIN Yac BBaXkanu, O BOHU He BNIMBaKTb Ha opraHiamu. Mpote
TpyBanun BMNfIMB 30BHILIHbOrO €MEeKTPUYHOro NOMs Ha KMAiTUHM W TKaHWHW OpraHi3miB
Npu3BOAMTbL A0 HEraTMBHUX HACMiOKiB.

Tak, nig yac poboTn KOMM'IOTEPA Ha eKpaHi MOHITOpa HAaKOMUYYETLCSA eNeKTpUY-
HWUI 3apsg, SKUN yTBOPOE enekTpudHe none. EnekrpuyHe none CTBOPHOKOTL TAKOX KNna-
BiaTypa i KOMM'IOTEPHa MULLA, LLO eNeKkTpu3yTbes Big TepTs. [ig ynnmeom Lmx enek-
TPUYHMX MOSIB, HaBiTb YHACMiIQOK KOPOTKOYACHOI poboTy, Yy KOpUCTyBava 3MIHIOETLCS
ropMoHarsnbHUIM OH i GiIOCTPYMM MO3KY, LLIO CIPUYMHSE NOTiIPLLUEHHSA NaM’siTi, NigBULLEHY
cTomnoBaHicTe Towo. Lli nepwi cumntomm 3i 36inblieHHsM TpuBanocTi poboTn 3a
KOMM'IOTEPOM MOXYTb MEPETBOPUTUCH Ha 3aXBOPIOBaHHSA HEPBOBOI, CEpLIEBO-CYAUHHOI,
iIMyHHOI Ta iHLINX CUCTEM OpraHiamy.

Lo »x pobutn? EnekTtpMyHe nore MoXxHa nocnabuTtu, Hanpuknag nigBuLLyoYm
BOJIOrCTb NOBITPS1 200 3aCTOCOBYOYM aHTUCTATUKN. ECPEKTUBHILLMIA, ane 1 OpOXYNiA
BUXiO — LITYYHa MOHi3auid NoBiTps, HACUYEHHSA NOro NEerkMMmn HeraTUBHUMU NOHaMW.
I3 Lieto MeTo 3aCTOCOBYIOTbL FeHEpPaTOPU HeraTUBHMX MOHIB NOBITpst — iX Lie Ha3nBa-
I0Tb MOHI3aTOpamMn NoBITPS (aeporoHisaTopamm).

PO3B’AI3YEMO PA3OM

1. B ogHOpiZHOMY e€JIeKTPOCTATHYHOMY IMOJIi HA ONHAKOBiil Bimcrami Bin
IOBOX IIJIACTHH PO3MiIlleHi eieKTpoH i mpoToH. UM 3 OQHAKOBOIO IIBUIKICTIO
BOHHU JOCATHYTH IJIACTUH?

PosB’azauusa

Binpmry mBuAaKicTh MaTuMe eJIEKTPOH, TOMY IO BHACJIMOK MEHIIIOI Macu
BiH HaOyBae 3HAUHO OiJILIIIOTO IIPUCKOPEHHSI.

2. Maewmo aBa mozjatHi s3apangu q, = ne i g, = me. Bigcrans mixk 3apagamu — .
Sk moTpibHO poaramryBaTH TpeTiu 3apan ¢, o0 BiH mepebyBaB y piBHOBa3i,
AKINO 3apaAiu q, i g,: 1) sakpinieni; 2) BinpHi? BusHauuTu B IbOMY BUIAIKY
3HAYEHHA 3apAny ¢.
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PosB’azaunda

1) Ina TOrO 100 3apsm 6yB y piBHOBi:iSi, cuna F,, aka rie Ha HBOTO 3 OOKY 3aps-
Iy q,, Mae mopiBHIoBaTu cuii F,, Axa Aie Ha HbOro 3 OOKY 3apany ¢, (Main. 1.15).

>
>

<
<

1 L s .
q q, Maun. 1.15

1

q

1 @q__1 44
dnee, 1P 4neg, 1
. ne me .
Ockinbku, mo r, =1 —r,, TO q712 = q—g, a0 ——— = —, 3BiIKHK

(I-n) 1 (I-1) I

L Wm
* Jmn’

Hns crifikoi piBHOBaru 3apanx ¢ mae 0yTu momatTHUM. SIKIMO BiH 3MicTUThCA
3 IIOJIOKEeHHA piBHOBaru OJMiKYe OO 3apany (,, TO CHJA BiAIITOBXyBaHHSA
3 OOKy IIbOTO 3apsmy 30LIBIINTHCA, a 3 O0KY 3apALy ¢, — 3MeHIIUThCH, i 3apaz ¢
MOBEPHETHCA B MOJOXKEHHS piBHOBATIH.

2) ¥V npomy BUIAAKY 3apaAx ¢ Mae OyTu Bix'eMHuUM, ajie piBHoBara Oyne
HecTilikolo. SIKIo, HaIpUKIaL, 3apAf ¢, 3MicTuTheA B OiK 3apAAy ¢, TO cHia
OpUTATAHHA 3 O0KY 3apANy ¢ IePeBUIIUTH CUJIY BiAINITOBXYBaHHA 3 OOKY 3aps-
Iy ¢, 1 piBHOBara HOPYIIUTECH, IPUIOMY 3aPALH ¢, i ¢ BIMKHYTBCH, a 3apdan
q, TIOJIETUTh Yy HEeCKiHUYeHHICTb.

YMoBoOI0O piBHOBaru cucteMu Oyae piBHICTHL HYJIO CYMH CHJI, AKi miloTh Ha
KOMKHUH i3 3apAiB:

3a zakonom Kyiona:

Fi=Fy Fyy =Fy; Fy =Fy,

Je F, — cuna B3aemopfil sapanis q i q,; F, — cuia B3aemofii sapazis q i q,;
F,, — cuna B3aemopgii 3apanis q; i g,.
I3 mux piBHAHB 3 ypaxyBaHHAM TOrO, INO 7, + 7, = [, OTPUMy€EMO 3HAUYEHHH
ryir,, ax y sunagky 1. Ilorim sanucyemo:
1 ~q1;]2: qqzz; q—;:%,SBiaan=q17m 5
4nee, 1 dneggry,  1° 1 (\/E +Jn )

3. IlosuTuBHY 00KJIaAKy KOHAeHcaTopa eleKkTpoeMHicTio C; = 1 Mk® 3’enHa-
JIN 3 IO3UTHBHOIO O0KJIaJKOI0 KOHAEHCATOPA, eJIeKTPOEMHICTh AKOro C, = 2 MED,
a HeTaTUBHY — 3 HeraTUBHOIO. BusHauTe pisHuIrio norexirianais U Ha 3aTuCcKauax
Takoi 6aTapei KOHIEHCATOPiB, AKIIO A0 3’€AHaHHA HAIpyra Ha IepIIOMY KOHIEH-
caropi 6yna U; = 300 B, a mHa gpyromy — U, = 150 B.

Poss’azanu4a
Sapsj neploro KoHaeHcaTopa JOPiBHIOBaB N0 3’efaHanHAa ¢, = C,U,, a micaa
3’efHaHHA — (¢, = C,U. BigmosizHo 3apax gpyroro kKouzeHcaTtopa 6yB mo
3’egHaHHA ¢, = C,U,, micaa — ¢y = C,U. OcKinbKu 3’€qHAaHO ONHONMEHHO
3apAgKeH] OOKJIaJKM, TO 3a 3aKOHOM 30epesKeHHA 3aPARY: ¢ x+ Gox=q1 T 5-
C,U; +GU,
C, +C,

U = . IlincraBuBIIY 3HaYeHHA (PiISUYHUX BEJIUUYUH, OTPUMAEMO

200 B.
Bionosiov: U = 200 B.

17
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e
5] 3AIAYI TA BNPABU

Pigens A

1.1. Yomy 7niHii HATPYKEHOCTi €JIEKTPUUHOTO TOJIS He MEePETUHAIOTHhCA?

1.2. 300pasiTh KapTHUHY JiHifl HAIPYIKEHOCTi eJIEKTPUUYHOrO II0JA MiK ABO-
Ma 3apsajaMu y BUmagkax: a) ¢i —q; 6) ¢giq; B) ¢i 2q.

1.3. 3apan 0,1 mxKu nmepebyBae B eIeKTPUYHOMY TOJIi B TOYIli HANPY KeHi-
crio 5 H/Kn. fIka cuna gie ma meii sapsan?

1.4. YV pgeariit Touri mossa Ha 3apang 2 uKa gmie cuma 0,4 mxH. Busmaure
HaAIPYKEHICTh II0JA B Ii¥l TOYIIi.

1.5. fIke 3HaueHHsS TOYKOBOTO 3apsany, Ha SKUU OTHOPiZHE eJeKTPUUHE IOoJIe
Hamnpy:keHictio 600 kH/Kx xie i3 cuoro 083 MH?

1.6. Ha akiii Bigcraui Big sapany 1-10° Kia manpy:xeHicTb moJist HOpiBHIOE
300 H/Kna?

1.7. €EmHicTs KOHIeHcaTopa mopiBHIoe 40 nd. Bupasits 110 emuicTs y (apa-
Iax Ta Mikpodapamax.

1.8. BinokpemieHOMY NPOBILHUKY HAlaIU 3apial 1-107° Ku, sapagusuin
poro mo moteniiiaay 100 B. Busmaure eJleKTPOEMHICTE IPOBiTHUKA ¥ (hapagax,
Mikpodapamax i mikodpapagax.

1.9. Ha xouzgencaropi Hanucano: 100 nd; 300 B. Yu moKkHa BUKOpPHCTATH
el KOHAeHcaTop OJsa HakonuueHHs s3apany 50 uKna?

1.10. o AKoi HampyTu 3apAAUIN KoHAeHcaTop eMHicTi0O 20 MKD, AKINO BiH
orpumasn 3apang 4 mKiu?

1.11. HaiibinbIma eMHICTD IIKIJIBHOI AJeMOHCTpaIlifinoi 6aTapei KOHIeHCATO-
piB — 58 MK®. fAxuii 3apsn BoHA HAKONUYUTDh, SAKINO ii mpHUemIHATH IO IIOJIIO-
ciB mxepesa crpymy Hampyroxmo 50 B?

1.12. {Ix smiEuTHCA eJIeRTpoeMHiCTB MIKiJILHOTO PO3CYBHOI'0 KOHIEHCcATopa,
AKINO 30iJBIMIUTH BificTaHb MisK HOT0O IIJIacCTUHAMU?

1.13. Ilnoma IJIACTHH CIIOASHOIO KOHJIEHCATOpa 15 cm?, a Bigcramp Mim
maactuHamu — 0,02 cm. Ky eMHicTh Mae KoHIeHCATOP?

1.14. HJIaCTI/IHI/I KOHZeHcaTopa MaioTh mionty no 10 cm?. SIka ToBmumHA Ii-
eJeKTpuKa (Ca0aMn) MisK HUMU, KOJU €EMHICTh KOHIeHcaTopa cTaHoBUTEL 500 md?

1.15. BusHnauTe eHepriio KoHAeHCATOpPa, AKIIO0 fioro emuicts 0,25 MK®D, a pis-
HUIS moTeHitianiB misk miaactunamu 400 B. Akwuit 3apang mae KoHIaeHCATOP?

1.16. EmuicTs kKoHIeHCaTOpa 6 MK®D, a 3apsan 310 * Ki. BusHaure enepriio
€JIeKTPUYHOTO TOJIA KOHIeHcaTopa.

1.17. Bapsan KOH/ieHCaTopa 3,2-107% Ku, mampyra Ha o6kaagxax 500 B.
BuszauTe eHepriio eJeKTPHUYHOTO IIOJIsI KOHIeHcaTopa.

Pigens B

1.18. BusHauTe Hanpy’KeHIiCTh €JIEKTPUYHOTO IIOJIS B TOUIli, BimmasieHiit Ha
Bigcraus 10 cm Bi,Z[ TOUYKOBOI'O 3apAny, AKIIO B TOYILi, BigmaJjeHiil Big HbOro Ha
5 cM, HanpyKeHicTh JIOplBHIOG 40 B/m.

1.19. Bigcramp Mixk mBoMa ToukKoBuMH 3apsazamu +1-107 i —5-107° Kux
mopiBHIOE 10 cM. flka Hampy:KeHicTh II0JIsI, CTBOPEHOI'O I_II/IMI/I 3apAgaMu,
y TOUIli, IO MiCTHUTBLCS MOCEPeNUHi MixK HUMUI?

1.20. IBa omHakoBi ToukoBi 3apsagu mo 3 uKu posmimieHi Ha Bigcraui 6 cm
oouH Bim omHoro. BusHauTe HaIpy:KeHiCThL IOJITI B TOUIIi, IIT0 mepebyBae Ha
BimcraHi 5 cM Big KosKHOrO i3 3apﬂ,aiB

1.21. Hanpyﬁcemc'rb noJis MixK ABOMa IOPH30HTAIBHO po3MitieHMu 1JIac-
TUHAMHK JOOpiBHIOE 6° 10° H/RJI. Y moui mmx IJIACTUH 3aBHCIA 3apsagKeHa
nopormueKa Macoo 3-1078 r. fkuit sapsax mopomnHKH?

1.22. HabnusbTe maJielb 0 KYJIbKHU 3apAKEeHOTO eJIeKTPOCKOoIa. JIMCTOUKY;
sifimyrhesa. 3abepiTh maJjenb — i JUCTOYKM 3HOBY po3iligyThbedA. K moscHUTH
e siBuire?
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1.23. Koupgencarop meBimomoi emuocti C zapaguau g0 mampyru 100 B.
ITorim itoro s’efHaNM mapaJiesbHO 3 HE3apAJPKEHNM KOHIEHCATOPOM €MHICTIO
5 M®. Ilpu IbOMY HAIpyra Ha MepLIOMY KOHAEHCATOPi SMeHIIMIacA Ha 25 B.
Busuaure emuicts C.

1.24. 3 AKOI0 CHUJIOI0 B3a€EMOIiIOTH MJIACTHUHU ILJIOCKOr0 KOHIEHcaTopa ILJIO-
mero 100 cv?, Ko pisuuna moreniiaais misxk Humu 500 B, a Bigcrans 3 mm?

1.25. TlnocKkuii KOHAEHCATOP, BifCTaHb MiXK IJacTUHaAMHU sSkoro 1 cm, 3aps-
mxeno no manpyru 200 B. fIkoro Oyze Hampyra Ha KOHAEHCATOPi, SKIIO HOro
mJIacTuHU po3cyHyTu 10 10 cm?

1.26. BusHauTe 3apsn IIJIOCKOro KoHaeHcaropa emuicTio 0,04 MDD, AKIIO
HaAIpPy KeHicTh moJid B KoHAeHcaTopi 320 B/cm, a Bimcranp MiXK mjaacTMHaAMH —
2 MM.

1.27. Y ckisbKu pasiB 3MiHUTHCA €HEePris KOHJeHCATOpa, SKIO0 HAIPYTy Ha
HBOMY 30iapliuTu B 4 pasn"

1.28. 1loma KOXHO] 8 ILJIACTHH IJIOCKOT0 KOHAeHCaTopa cTaHoBUTH 200 em?,
a BimcTaHb MiK HMMHU OOopiBHIOE 1 cM. BusHauTe eHepriio mojs, SKIIO HAIPY-
skemicTs 500 xKB/M.

1.29. Sk 3MiHUTBCS €MHICTH IJIOCKOI'O KOHAEHCATOPA, SKIINO MiXK HOro IJIacTu-
HaMU PO3MICTUTH IIPOBiAHY ILJIACTHUHKY, TOBIIIMHOIO KOl MOYKHA 3HeXTyBaTu? 1K
Oyze BILIMBATHU Ha €MHICTL KOHIEHCATOPA Miclle pO3TaIllyBaHHS PO3MiIIIeHOol mIac-
TuHKn? Yu Oyne BIJIMBATH HA 3MiHY €MHOCTI TOBIIIHA PO3MIITEHOI ILIACTUHKN?

1.30. IlmacTuHEM TJIOCKOTO MOBITPSAHOTO KOHIEHCATOPA ILJIOIIEI0 S HIPUTATY-
I0ThCcA i3 cuyor F. Busmaure 3apsan KoHAeHcaTopa.

1.31. Ilnockmit mOBiTpAHUI KOHIEHCATOP i3 IIJIOIIeI0 mJjacTwH S i Bimcran-
HIO MixX HEMHU d 3apamsKeHo Ao Hanpyru U, micisa 4yoro Big’eqHaHO Bin AsKepe-
jaa. SIky pob6oTy Tpeba BUKOHATH, 1100 PO3CYHYTH ILJIACTUHU 10 BixcraHi d,?

€ Hanm uyuM 3aMucauTHCT D

1.32. JIBa TouxoBi oxHoiiMenHi sapamu 2:-1077 Ki i 3-107 Kx posramosasni
Ha mesakiil Biacrani y Bakyywmi. IIlo6 smenmmuTu Biacrtanb misk HuMu Ha 30 cwM,
Tpeba BukoHaTH poGory 102 II:x. BusHauTe mOYAaTKOBY BifcTaHb MiK sapagaMu.

1.33. IIpoToH, 110 JeTUTh YV HAIPAMKY OO0 ABiui HoHizoBaHoro sapa aroma
Tenito, v geaxiit Touri mossa 3 HampyskeHicTio 1 MB/M Mae miBuakicts 1 KM/c.
Ha arky maiimeniny BifcTaHb 3MOXKe IIPOTOH HAOJM3UTHUCA OO0 Axpa?

1.34. MajeHBKY KYJbKY, Maca aAkoi 1 r i sapang 0,15 mxKi, kunyTo 3 maJe-
Kol Bigcrami 3i mBuakictio 1 mM/c y coepy, sapamxeny sapamzom 0,3 mxKi.
3a SIKOro HaNMEHIIIOro 3HAaUeHHs pajiyca cdepu KyJabKa AOCArHe ii moBepxHi?

1.35. Ilicna 3’emHaHHS 3apAMKEHOr0 IIOBITPSHOTO KOHAEHCATOPa 3 TaKHUM
caMUM He3apAIKeHUM, ajie 3al0BHEeHHM [TieJJeKTPMKOM, HaIpyra Ha HBOMY
3MeHINuJach y 8 pasiB. BusHaure miejleKTpUUHY IIPOHUKHICTh mieJIeKTpHUKA.

§ 5. EAEKTPUMHUN CTPYM. EAEKTPUYHE KOAO.
3’€EAHAHHSA MNMPOBIAHUKIB

3 Kypcy (isuky 8-ro Kjaacy BU 3HAETeE, IO eJeKTPUYHIM CTPYMOM Ha3WBAIOTh
YIOPSAIKOBAaHUM (HAIPAMJIEHUI) DPyX 3apAmKeHMX UYaCTHUHOK. KEJIeKTpuuHwuii
CTPYM BUHUKAE, KOJIV BIIOPSAKOBAHO MEPEMIIYIOTHCA BiJIbHI €JIEKTPOHU B MeTa-
JIi abo MOH! B €JIEKTPOJIiTax TOIO. AJle AKIIO IIePeMill[yBaTH B IILJIOMY HEHTPaJIb-
He TiJIo, TO, He3BaYKAI0UM Ha BIIOPATKOBAHUN PyX BEJIMUE3HOI KiJIBKOCTI eJIeKTPO-
HiB 1 aToMHUX dAznep, eJIeIchI/IqHI/II‘/’I CTPyM HE BUHHKAE. IloBHuit 3apan, Axkuit
IEePEHOCUTHCH Yepes. OyIb-IKUMH IIepepis3 MpoBigHWKA, MTOPiBHIOBATHME HYJIIO, 60
3apsIM PiBHUX 3HAKIB HepeMuuon'rLCﬂ 3 OTHAKOBOIO CePEeIHBOIO IMIBUAKICTIO.

EnexTpuuHMii cTpyM Mae MEBHUN HANIPAMOK. 3a HAIPAMOK CTPyMy O0epyTh
HANIPAMOK PYyXy NMO3UTHUBHO 3apPAMKeHUX YACTHHOK. SIKIO CcTpyM yTBOpPUBCA
PYXOM HEraTHWBHO 3apAIKeHNX YaCTUHOK, TO HAIIPAMOK CTPYMY BBa’sKalOTh IIPO-
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TUJIEKHUM 10 HANPAMKY PYyXY YaCTMHOK. PO3pis3HAIOTH mOCTiHWMI i 3MiHHUHI
ctpymu. IIpu mocTifiHoMy CTpyMi uepes HNPOBIiTHUK y OyAb-AKi# #foro AiIaHITL
i3 wacoM IpPOXOAUTH OOHAKOBUII 3a 3HAUEHHAM 3apsak i B OJHOMY HAIPAMKY.
s icHyBaHHS €JIeKTPUYHOTO CTPYMY B IIEBHOMY CE€PENOBUIIli ITOBUHHI BUKOHY-
BaTHcA Taki ymoBu: 1) HasgBHICTH BiIbHMX HOCIIB 3apsAny (eIeKTpPOHiB, HOHIB
TOIIO); 2) HAABHICTL ¥ CEPETOBUIIL IIPUUNH, YHACIIIOK SKUX BLIbHI 3apAmKeHi
YACTUHKY IIEPEeMiIlyIOThCA B MeBHOMY HAIPAMKY, HAIpPUKJAA HaABHICTL eJieK-
TPUYHOTO I0JIA; 3) HASIBHICTH 3aMKHEHOTO KOJIa.

CTpyMm, AKIIO BiH icHye, 000B’A3K0BO IPU3BOAUTEL a00 40 BUHUKHEHHS Mar-
HiTHOrO mojdA, abo 40 HarpiBamHsA IPOBiAHKKA, a00 M0 3MiHM HOTO0 CTPYKTYpPH.

Bu B:ke 3HaeTe, 110 OyAb-AKUN 3apAAKEHUI TPOBIAHUK Ma€ MeBHUM ITOTEH-
miajg i B ycix Toukax IHOro IOBepXHi Ieii morTeHmian ogHakoBuii. Koam & y
NPOBiTHUKY iCHY€ CTpPyM, TO IOTEHIiaJl y HOro pi3HUX TOUYKax He Oyae omHa-
KOBMI — BiH 3MeHIIyeThcA (CIIAJA€) Y HANMPAMKY CTPyMY.

Y mpoBigHMKAaxX MaiiKe 3aBKAM IMOTPIOHO MiATPUMYBaATH CTPYM IPOTATOM
TPUBAJIOTO Yacy, TOOTO Ha IXHiX KiHIAX PisHUIIA IOTeHIIialiB He MOBHMHHA
3MeHIyBaTuca. Ilpuerpoi, y AKuX BigOyBaeThCA PO3LiIEHHSA 3apsamiKeHNnX
YACTUHOK, 32 PAXYHOK UOTO i MiATPUMYEThCS HeoOXifHa pisHUILA IIOTEHIIiaTIiB,
Ha3WBAaIOTh AKepeaaMu crpymy. Cuinm, AKi Ii0Th y AKepesi cTpymy, mepeHo-
CATh 3apAM Bil TOUOK 3 MEHIIIMM HOTEHIIiaJoOM OO TOYOK 3 OiJIbIIMINM IIOTEHIIi-
ajioM, BUKOHYIOUHM B Iieii uyac pobory. OTike, miKepeso CTPYMY € IKepeioMm
emeprii. Hampyry Ha KiHmAX mxepesa (pisHUIIIO HOTEHITiaJiB) Ile HA3WUBAIOTh
€HEePreTUYHOI0 XapaKTEePHCTUKOI CTPyMy. ¥ TrajlbBaHIiUHMX eJjieMeHTax Ta
AKYMYJISATOPaX B €JIEKTPUUHY €HEPriio IepPeTBOPIOETHCA €HEPTiA XiMiuHMX B3a-
eMopiii, y TepMoTeHepaTopax — TeIJIOBa €Hepris TOoIIIo.

EnexTpuuni KoJja, y AKUX IMiATPUMYETHCSI CTPYM i BUKOPHUCTOBYIOTHCA HOTO
BJIACTUBOCTi, CKJIQAIOThCS i3 AKepesia CTPyMY, CIIOKMBAYiB (HArpiBHUKM, OCBIT-
JIIOBaJIbHI IpUJIagu, eJIeKTPOABUTYHU TOII0), BUMipIOBAJIbHUX i PeryIioBaJIbHUX
OpUIamiB, BUMHUKAUIiB Ta iHIIUX €JIEMeHTiB, 3’€JHAHUX IPOBiTHUKAMU.

KinpkicHOIO XapaKTepHUCTUKOIO €JIeKTPHUUYHOTO CTPYyMy € Horo cuua I.

Cunorw cmpymy Ha3uUBaOTh (Pi3MUHY BEJIMYUHY, II0 XapPaKTEPU3Y€E IIBUI-
KiCTh IepeHeCceHHs 3apsaAay YacTHHKAaMH, SIKi CTBODIOIOTH CTPyM, 4Yepes
IMONePEeYHUH mepepi3 MpPoBiTHUKA:

A
=24,
At
e Ag — 3apsan, M0 NePeHOCUTHCS BiIBHUMU HOCIsIMU 3apsAmy depes3 Imomneped-
HUI Iepepis mpoBimumka; At — iHTepBaJ uyacy mepeHeceHHsA 3apany. Cuia

CTPYMY BKa3ye€, CKiJIbKU 3apAMKEHNX YACTHUHOK ITPOUIILIIO Uepe3 IIOIIEePEeUHUH
mepepis MPOBiAHMKA 3a OJUHUIIO Hacy.

I cTBOpPeHHS Ta iCHYBaHHSA €JEeKTPUUYHOrO CTPYMy HOTpPiOHa HaABHICTDL
BIIBHUX 3apAIKEHUX YACTUHOK (HOCIIB CTpyMy) — MO3UTMBHO a00 HEraTUBHO
3apAMKEeHUX, He 3B’A3aHUX B €IUHY €JIEKTPUYHO HEUTPAJbHY CHCTEMY, Ta
CUIu, IO CTBOPIOE 1 miaTpmMmye ixXHiIA ymnopsgkoBaHWil pyx. fIK mpaswmio,
TaKOI0 CUJIOI0 € cuja 3 OOKY eJeKTPUYHOTO II0JIA BCePeJUHI IPOBigHUKA, AKe
BU3HAYAETHCS €JEeKTPUUYHOI HANPYTol0 Ha KiHIAX IPOBiAHUKA.

st Toro 11106 cTpyM OYB TPUBAJINH, €HEPrid eJIEKTPUYHOTO MOJIsI Ma€E BeCh Uac
nomoBHIOBaTucA. ToO0TO MOTPibeH TaKWil HPUCTPii, y AKOMY IIeBHUI BU eHeprii
0e3mepepBHO IIEPETBOPIOETLCA HA €HEPrilo eJIeKTPUYHOTO IIoJisd. Takumil mpucTpii
HA3WBAIOTH [YKEPEeJIOM eJIEKTPOPYIiNHOI cuiu, abo asKepeoM CTPyMy.

3 Kypcy GdisuKu 8-ro Kjacy BM 3HaE€Te, IO CUJA CTPYMy Ha IiISHII KoJa
OpPAMO IIPOIOPIifiHA HPUKJIaJeHili Hampysi # obepHEeHO IIPOMIOPIliiiHA OIopYy

miel gimaugu: I = & Haragaemo, mo onip xapakTepusye 34aTHICTH IPOBif-

HUKa IPOTUJIATH HAIPAMJIEHOMY DYXY 3apAJKeHUX YaCTUHOK. YIepire Iff0



EAEKTPOAMHAMIKA

3aJIE}KHICTh CWJIM CTPYMYy Bif Hampyru u I I I,
omopy y 1827 p. BcTaHOBUB HiMenpKMii yye- ~— > > —
Huit I'eopr Om (1789-1854). Ha iioro yects (. Tt [
iji HasuBaiOTh 3akoHOM OMa ANd ALMIAHKHU | R, ' R, '
kKojsa. Imomi dopmyny maas saxony Owma : U, 'I U, 'I
samucyooTs Tak: U = IR. I | N

HobyToxk IR Ha3suBaOTh CHAAO0M HAIIPy- = U '
T Ha JiJggHIi KoJa. AKImo BoHa He MiCTUTH Mao. 1.16

IoKepesia CTPyMY, TO MOHATTA HANPyru i
cIany Hampyru 30irarmoTbcs. I,

Enexrpuuna eHepris Bing mKepesa cTpymMy
IepefaceThcA IO IIPOBOJAX CIIOMKMBAYAM: 'R—'
€JIEKTPOABUTYHAM, JaMIaM, HAarpiBaJIbHUM I 1 I
npuiaagaM, TejaeBisopaM, pamionpuiiMauaMm ——————9 A B —
TOII[0. 32 JOIOMOTOIO 3’€JHYBAILHIX IIPOBi- I,
HUKIiB i BUMUKAaUiB B eJIEKTPUUHE KOJIO YACTO
BMUKAIOTh TAaKOXK BUMIiDIOBAJIbHI ITPUJIAIN: D r——

|
aMIIepMeTpu, BOJIbTMETPU, OMMETPH, BaTMe- l R, '
TPH, JIUMJIbHUKH €JeKTPOeHePrii ToIro. !

Halimomupenimumu i HanmpocTimumu
TUIaM” 3’€THAHHA NTPOBITHUKIB € mocJi- Man. 1.17
JOBHE i mapaJjejibHe 3’€IHAHHSI.

ITix yac mocaimoBHOro 3’¢gHAHHSA €JEKTPHUUYHE KOJIO HEe Ma€ PO3raysKeHb.
¥Yci npoBigHVKY YBIMKHEHO B KOJIO IO Uep3i, oguH 3a ogunM. Ha mamonky 1.16
IIOKAa3aHo IOCJIiI0BHe 3’ €THAHHA ABOX IIPOBiJHUKIB, omopu akux R, i R, (Hanpu-
KJIag, 3 ABOMA JIAMIIOYKAMI, ABOMAa OOMOTKAaMM €JeKTPOABUIYHA TOIIO).

Cuna ctpymy B 000X IpoBigHMKax ogHakoBa: I = I, = I,, OCKiJIbKHU B IIpO-
BiIHMKAX IIiJ Yac IPOXOMKEHHS MOCTiMHOrO CTPYMY €JeKTPUUYHUN 3apsAml He
HAKOMMUYYEThCA 1 ueped OyAb-IKWU Iepepi3 MPOBiJHUKA 3a IMEeBHUU iHTepBaJ
Yyacy OPOXOIAUTHL OAWH i TOW caMuii 3apsAn.

Hampyra (abo pisHHIS MOTeHITIAIiB) Ha KiHIEX ITiel TiASHKY KoJia CKJIaTa€Th-
cd 3 HAIIpyT Ha mepmiomy i apyromy nposimaukax: U = U, + U,.

3acTocyBaBiiu 3akoH OMa AJs BCiel OiASHKY B IIJIOMY i A AiJIAHOK 3 OIIO-
pamu R; i R,, MOXXHa [JOBECTHU, 1110 IIOBHUI OIip IiJ "ac IOCJIifOBHOrO 3’€IHAH-

HS TaKWUN:
R=R, +R,
Ananoriuny ¢GopmyJsy 3aCTOCOBYIOTH i AJs OyIb-AKOI KiJBKOCTI IIOCJIiZTOBHO
3’e¢THAHUX TIPOBITHUKIB.

Hanpyru ma nposigaukax i ixHi omopu y BUIIAAKY HOCIiTOBHOTO 3’€JHAHHS
IOB’A3aHi CIIiBBiHOIIIEHHSIM:

U _&
U, R,

Ha mamionky 1.17 mokasaHo IapaJiesibHe 3’€IHAHHSA IBOX IIPOBIIHUKIB,
omopu akux R, i R,. ¥ npoMy BUIAIKy eJeKTPUUYHUN cTPYM | DPO3ralIy KyeThb-
ca Ha aBi vactTuHu. CHJay CTPyMy B IIEPIIOMY i APYyroMy MIPOBiIHMKAX IO3HA-
unmo I, i I,. Ockinpxu B Touli A — posranyXeHHi IPOBIAHUKIB (L0 TOUKY
Ha3WBAIOTh BY3JIOM) — €JEeKTPUUYHUIN 3apal] He HaKOIMUYYETHCA, TO 3apAI, IO
HaAXOAUTH 32 OAWHUIIO Yacy y By30JI, IOPiBHIOE 3apsAny, IO BUXOAUTH 3 BY3-
Ja 3a Toii camuii 4ac. Orxe, I = I + I,.

Hanpyra U na HpOBl,Z[HI/IKaX, 3’ (-JJIHaHI/IX mapaJjejibHO, OJHAKOBA.

B ocBiTntoBanbHiT Meperki miaTpumyeTrbes Hanpyra 220 B. Ha 1o manpyry
pospaxoBaHi mpuaagu, M0 BUKOPUCTOBYIOTh eJIeKTPUUHY eHepriio. Tomy mapa-
JeJibHe 3’€JHAHHSA — HAWIIOIMMUPEHIINWHA cmocid 3’eqHaHHsA Pi3HEUX CIIOXKMBA-
yiB. ¥ IbOMY BUIAAKY BUXiJT 3 JaAy OJHOI'O IIPHJIALy He BILIMBAE Ha POOOTY
iHIIMX, TOAi AK Mif Yac IOCJiZOBHOTO 3’€IHAHHS BUXiJ 3 JIaAy OZHOTO IIPHJIa-
Iy pO3SMHUKAae Bce KOJIO.
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3acrocoByroun 3akoH Oma 14 AinaHoK 3 onopamu R, i R,, MoHa g0BecTH,
10 BeJIUYMHA, obepHeHa 0 MMOBHOTO OMOPY AiNAHKU AB, TOPiBHIOE CyMi BeaH-

. . .1 1 1
YUH, 00epHEHUX MO0 OMOPiB OKPEeMUX IPOBIJHUKIB: —=—+ —.
R,R R R, R,
3Bigcu R:Rl—;. IIi cdopmysu MoKHaA 3acToCcyBaTU OO0 HapajejIbHOTO
+ Iy

3’enHaHHA OyAb-AKOI KiJBKOCTI TPOBIAHUKIB.
Cunu cTpymMy B IPOBiAHMKAX i iXHiI omopu y BUIAAKY ITapajejbHOTO 3’€1-
, . . I, R,
HaHH{A IIOB’A3aHI CIiBBIZHOIIEHHAM: — = —=,
I, R
R Ha npaxkTuii, mo6 sumiparu CHJIy CTPYMY B IpoBiz-
_( : )_:_ HUKY, aMIepMeTpP BMUKAITh MOCJIiTOBHO O IIHOTO IIPO-
Bimmmka (main. 1.18). Ane Tpeba maTu Ha yBasi, 1110 cam
amnepMmeTp Mae feaxuil omip R,. Tomy omip ginanku
Maan. 1.18 KoJia 3 YBIMKHYTHM aMIIepMeTPOM 30iJbIIyeThCsd, i 3a

HEe3MiHHOI HANpPyrW cujia CTPYMYy 3MEHIIYETHCA 3TiHO
iz saxomom Owma. IIlo6 ammepmerp SKOMOTra MeHIIIE

i BILINBAB Ha CUJY CTPYMY, AKWI BUMipIOIOTH, MOTO OIIip
pobaATh ay:ke manuM. Ille ciuig mam’sataty i HiKoaIu He

Hamazamucsa «BUMIPATH CHUJIY CTPYMY» B MepeiKi, BMu-

Kalouu aMIIepMeTP y PO3ETKY: CTaHEThCSA KOPOTKE 3aMU-

Maon. 1.19 KaHHA. Cuiia cTpyMy 3a MAaJIOTO OIOPY MPUJIALY HOCATHE

TAKOTO BEJUKOTO0 3HAUEHHA, IO OOMOTKA aMmepMerpa
3TOPUTD.

1106 BuMipsaTH Hapyry Ha MiJSHII KoJia 3 omopoM R, 1o HBOTO Iapajieib-
HO BMHUKAaIOTh BoJbTMeTpP. Hampyra Ha BoJabTMeTpPi 30iraTumMeThesA 3 HAIIPYTOIO
Ha fginaenoi xoiaa (main. 1.19). fxmo onip BosbTMeTpa R, To micid fioro BMu-

RR
KaHHS B KOJO OINp JiNSHKU Bxke Oyde He R, a R = ——2— < R.
R+ R,

Tomy wHampyra, sSKy BUMIpPIOIOTh Ha IIAAHII Kojia, 3MeHmuThbeA. 11106
BOJIBTMETD MOMIiTHO He CIIOTBOPIOBAB BMMipIOBAHOI HATIPYTH, HOTO OIip Mae 6yTu
HabaraTo OiJIBIINIA ITOPiBHAHO 3 OMOPOM JIIAHKK KOJa, HA AKiMl BUMipO€ThCSA
Hampyra. BoabTMeTp MOKHA BMUKATH B KOJIO, He PUSUKYIOUM, 110 BiH 3rOPUTD,
SAKIIO BiH pPO3paxOBaHUWU HA HAIPYTy, AKa IIePEBUIIYE HAIPYTy B MEpPeKi.

[
3AMNMUTAHHA 0O BUBYEHOIO

1. IITo Taxe enexkTpuuHuii crpym? AKwuii itoro HATPAMOK?

2. fKi € BUAY eIeKTPUYHOrO CTPyMYy?

3. Sk misHaTumcs, 10 CTPYM B IIPOBiTHUKY €?

4. fIx BuU3HAUAETHCS CHUJIA CTPYMY, IO IPOXOAUTH Uepe3 IONMEepeuHuil mepepis
npoBiguuka?

5. HasBiTh yMOBU CTBODEHHS Ta iCHYBaHHA €JIeKTPUYHOTO CTPYMY B KOJIi.

6. 3anuIriTh 3aKOHU MOCJiOBHOTO i mapajesbHOr0 3’€JHAHHSA IPOBIIHUKIB.

7. YoMy omip ammnepMmerpa Mae 6yTH MaJinii, a OMip BOJIbTMETPA — BEJIUKUII?

§ 6. EAEKTPOPYLLIMHA CUAA.
3AKOH OMA AAA TTOBHOTO KOAA.
NMPABUAO KIPXTO®A

SIKIO y HMPOBIZHUMKY iCHY€ eJIeKTPUYHE II0Jie, ajie He CTBOPEHO YMOB IJIs
WOro miATPUMKM, TO IEePEMillleHHA HOCiiB cTpyMy (eJIeKTPOHIB, MOHIB) 3a KOPOT-
KU Yac NPU3BEAEe A0 TOrO, IO II0Jie BCEepPeNVHi MPOBiIHWMKA 3HUKHE i CTpyM
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OPUNUHUTHECA. SIK BU B)Ke 3HAETE, 3a HAIPAMOK o} 0y
CTPYMY B3ATO HANPSAMOK PyXy IIO3UTWUBHO 3aps-
IKeHUX HOciiB. BoHm pyxaioTbcs B HAIPAMKY @—’ @"

HAIIPYKEeHOCTi IIOJIA B MPOBIIHUKY, TOOTO B OiK
3MEeHIIIeHHs ITOTeHIiay.

Ilepemimnienssa HoOCiiB cTpyMy B IPOBiZHUKY Oe3 P1 > ¢y
OiATPUMKHN €JeKTPUYHOTO II0JIA IIPU3BOAUTEL [0
BUDIBHIOBAaHHA IIOTEHITiaiB Y3[I0BX ITPOBiHUKIB.
Tomy, mjas Toro o0 migATPMMyBaTH CTPyM TPHBA- Maun. 1.20
Ju#A yac, Tpeba Bim KiHIA IPOBiZHMKA 3 MEHIIINM
HOoTeHIIiaJoM (HOCiI CTPYyMy BBasKalOThCA MO3UTHUBHO 3apAAKeHUMI) Oe3nepeps-
HO BiBOOUTH 3apAnU, SKi IPUHOCATHCA M0 ITHOTO KiHIlA IPOBIAHWKA CTPYMOM.
A 110 KiHIA 3 OiBIIINM IIOTeHIIiaJ oM OeslepepBHo ixX migBoauTu. IHaAKIIIE KaKy-
YH, MOTPiOHO 3POOUTH KPYroo0ir 3apsAmiB, 11100 BOHU PYyXaJaUCSA 3aMKHEHUM KOH-
Typom (mai. 1.20).

3aificHUTH TaKWi PyX HOCIIB CTPyMY TiJIbKM 3a HAABHOCTI eJIEKTPOCTATUYHOTO
moJIsI He MOYKHA. AJMKe PyX HOSUTHUBHO BapAMKEHNX HOCiiB cTpymy Bifg RlHuﬂ
MPOBiTHMKA 3 MEHIIINM I[OTeHI_IlaJIOM 1o KiHIIA TpOBiHMKA 3 OLIBIIIMM ITOTEHITi-
ajioM BifOYBA€THCSA NPOTHU MOil KYJOHIBCBKMX CHUJI — CHJI €JIEKTPOCTATHYHOTO
mossi. OTiKe, vy 3aMKHEHOMY KOJIi MaioTh OyTU OiIAHKH, e IIepeHeCeHHS MO3U-
TUBHUX 3apALiB BiIOyBa€ThCA IMIPOTHU CUJI €JIeKTPOCTAaTUUHOrO moJsi. Ilepemiiien-
Hs HOCIiB 3apsAAy HaA WX OiJIAHKAX MOJYKJIMBE JIKIIEe 3a JOIIOMOTOI0 CHJI HeeJeK-
TPOCTATUYHOI'O ITOXOMKEHHs, AKi HA3MBAIOTh CTOPOHHIMHU CHJIAMH.

Omike, IS TATPUMKU CTPyMy HOTPiOHI cTOpOHHI cmim, 1o AiroTh abo
B YChOMY KOJi, a00 Ha OKPeMHX HOro HiJTAHKAaX. BoHM MOMKYTb CIPUUYMHSATUCS
XiMiUHMMM mpoliecamMu, Audysieio HOCIiB cTPpyMy B HEOJHOPiTHOMY cepemoBUIITi
abo uepe3 MeKy MisK JBOMAa Pi3HOPIAHMMM pPEUYOBHWHAMM, €JEKTPUUYHUMHU abo
HeeJIEKTPOCTATUUYHUMH IIOJAMU, AK1 IMOPOMKYIOThCA 3MIHHMMM B Yaci MarHiT-
HUMH IIOJISMH.

CTopoHHI cuiau MOKHA CXapaKTepuayBaTH POOOTOI0, AKY BOHU BUKOHYIOTH
HaJ 3apsfaMu, IO MMEePEMIIyIOThCA 0 KOJY.

DizuuHy BeJIWUYHNHY, TKa BHU3HAYAETHCA POOOTOI0 CTOPOHHIX CHJI HAJX OXHU-
HUYHMM NO3UTHBHUM 3apAI0M, HA3UBAIOTh eleKMpPOPYULitiHO0 CULOI0
(EPC), mo mie B Koai a60 HA #Oro MiJXAHIII.

A
ITosuauarors EPC miteporo . Toxmi & = — . Opunauiiero EPC y CI € 1 BoasT (1 B):
q

1B=1 Ix/1 Ka.

Y Busuauendi EPC Mo:KHa TOBOPUTH TPO Ty AiAAHKY KoOJia, A€ AiI0Th CTO-
POHHIi cuau, a TAKOXK MOKHA FOBOPUTHU IIPO BCe 3aMKHeHe KoJio. I1i BusHauen-
HS eKBiBaJIeHTHI.

HificHo, mim yac pyxy 3apAfiB MisK TOJIIOCAMHU [I:Kepeja B 30BHIITHBOMY
KoJIi pobOTy BHKOHYIOTH TiJIbKM eJeKTPOCTaTH4Hi cuam F, . Y BHYTpIiIIHIiH
YaCTHHI KO0JIa po0OTy BHUKOHYIOTh AK €JIEKTPOCTATHAYHIi, TaK i CTOpOHHI cunu F,
(mag. 1.21). Ilpu mpomy pobGoTa eeKTPOoCTAaTHY-
HUX CuN A;, V 30BHIIIHBOMY KOJi opiBHIOE PoGoO- >
Ti €JIEKTPOCTATUYHUX CHUJI A,; MK TUMU CaMHUMHU N
MOJI0CaMM BCEPENUWHI MAKepesia, B3ATiH 3 IPOTH-
JIeKHUM 3HaKoM: A;, = —A,,. IloBHa pobGora B <«
YCbOMY KOJIi CKJIAAETHCS i3 CyMH POOiIT ejleKTpo-
CTAaTUUYHUX CUJI y 30BHIIIHIN migAHIL KoJsa i cun y
BHyTpimmHi#A ginsxii. OcTaHHSA CKJIaJa€ThHCA 3
po0OTH eJeKTPOCTATUYHUX CUI A, i poborm cro-
POHHIX cui A,,. Maun. 1.21
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IToBHa po6oTa BCiX cMJ y TOBHOMY KOJi JOPiBHIOE

+ — PoOOTi TiMTBKM CTOPOHHIX CHJI, Jle BOHHI IiIOTh.
I ﬂ\ I Cuina crpymy, nampyra i EPC — BelnuuHU CKaJISPHI.
R Boru mMoxyTh OyTH K [OSUTUBHUMY, TaK i HEraTUBHUMHU
3aJIe;KHO Bij BuOOpPY HANIPAMKY o6x011y KOHTYPY 3i cTpy-

MOM. SIKIIO0 HampAMOK CTpyMy 30iraerbcsa 3 BHUOpPaHUM

Maan. 1.22 MO3UTUBHUM HAIPAMKOM 00XOAY KOJIa, TO CHUJA CTPYMY €

nmo3utuBHOWO (May. 1.22). EPC gixepesia mo3uTUBHA, AKIIO

3 BUOpaHUM HAIPAMKOM 00XOAy KOHTYpPY 30iraeThcsa HAIPSIMOK CTOPOHHIX CHJI
y IaKepeJri.

EPC 3ocepemskena TiJIbKH BCepeAUHI m:xepesia, a Ii 3HaUeHHs He 3aJI€KUTh
BiZl cum CcTPyMy B KOJIi.

Posrnanemo maiimpocriiiie mosHe a00 3aMKHEHe KO0JIO, AKe CKJIATAeThCs i3
IoKepesa cTpyMmy (rajJbBaHiuHOrO ejieMeHTa ab0 aKyMyJisiTopa 4Yu reHepaTopa
CTPYMY), CHOKMBaUa CTpyMy — pesauctopa omopom R (mana. 1.22). Bynb-ake
Iexepeso crpymy mae EPC ¢ i omip r, AKuii Ha3WBaOTh BHYTPIIIHIM OIIOPOM
Ha BiAMiHY BijJ 30BHIIITHBOTO omopy R Koja. ¥V raibBaHiUHUX eJeMeHTaX I —
Ile OIlip PO3YMHIB €JEeKTPOJIITIiB i eJeKTPOAiB, y reHepaTopax CTPyMy — OIIip
00MOTOK.

IToxaxxemo 38’30k cuau crpymy I B Koiai, EPC # i moBHOrO Omopy R+r
Kojsa. [T IIbOTO CKOPHCTAEMOCS 3aKOHOM 36epemeHHa emeprii i 3akKoHOM
Hxoynsa—Jlenna (Bu BuByasiu y 8- My kiaci): @ = I2RA¢t.

Hexaii 3a yac At uepes molepeuHuil mepepis MPOBiZHMKA Ipoiiae 3apan Ag.
Toxi poboTy CTOPOHHIX CHJI 3 IepeMilleHHA 3apAny Aq MOYKHA BUBHAYUTHU TaK:
A, = “Aq. CkopucTaBIInCch BUSHAUEHHAM CUJIHN cTpyMy Aq = IAt, oTpuMaeMo:
A, = IAtL.

3a paxyHOK IIiei po0OoTu y BHYTPIIIHIiN i 30BHIMIHI# AilTAHKaX Ko0Jia, OIIOPHU
AKUX r i R, BUAiIAE€TbCA KiJIbKICTh TEILJIOTH, Ka 3a 3akoHOM I[:KoyJiia—JleHiia
IOPiBHIOE:

Q = I’RAt + I°rAt.

3rigHo i3 3aKQHOM 30e EDeKeHHS eHeprii A:Q. ITpupiBHaBIIN pPiBHAHHSA
A, =CTAt1Q = I?RAt + IPrAt, orpumaemo: & = IR + Ir.

I[o6yT0R CHJIH CTPYMY u onopy ,Z[lJIHHI-CI/I KoJia IR Ha3WBaIOTh CIAJOM Hampy-
ru Ha niit ginaami. Omxe, EPC ¢ mopiBHIOE cyMi cmafiB HAIPyT yV BHYTPIIIHiHA
i 30BHIIMHIN AiIAHKaX DOBHOTO KOJA.

Y 3aMKHEHOMY KOJIi IIOCTiifHOTO CTPpyMy cyMa CIaJgiB HAIpPyr y 30BHiNIHii
i BHyTpimHii mingHi KoJa € BeaumuuHOIO cTanor i mopiBHoe EPC mixepena
cTpyMmy. o
Ilepenmuniemo Bupas # = IR + Ir B iHnmomy Burisani: I =

R+r

Cuna cTpymy B MOBHOMY KOJi Bu3HadaeThcA BimnomeHHaM EPC koxa mo
HOro IMOBHOTO OIOPY.

ITeit 3akoH oTpMMaB Ha3BYy 3aKoHa OMa IJA MOBHOTO KoJia.

OTmixe, cuja CTPYMY B IIOBHOMY KOJIi 3aJIesKUTh Big Tphox BeaumuuH: EPC «,
oropy R 30BHINIHBOI i OMOPY r BHYTPIITHKOI MiIAHOK Kojsia. BHyTpimrHi# omip
IoKepesia CTPYMY He BILIMBAE MOMITHO HA CHUJIY CTPYMY, AKIIO BiH AyKe MaJInii
HOPiBHSAHO 3 OIIOPOM 30BHIMIHBOI yacTuHu Koja (R >>r). Ilpu 1nmbomy Hampyra
Ha 3aTHUCKadax J:Kepesa npubuausHo gopisHioe EPC: U = IR = «,

IIpore miz 4ac KOPOTKOTO 3aMUKAHHS (R — 0) cuya cTpymMy B KOJIi BU3HaUa-
€ThCA CaMe BHYTPillTHIM oOIIopoM AKepesa i mosxe gmocartu mpu EPC y kinbka
BOJIbTIB BEJIMKOTO 3HAUEHH, AKIIO OIIip Manuii (HampukJaam, r~ 0,1-0,001 Om).
IIpoBimHMKYN Opy IILOMY ILIABIATHCS, a JPKepesio BUXOIUTD 3 Jafy.

IIpaBuiao Rlpxroq)a. SKIO KOJIO MICTUTH KiJIbKA IOCIiOBHO 3’€AHAHUX eJle-
menriB, EPC axkux ¢, &y, &5, ..., &,, To noBHa EPC KoJa nopiBHIOE anrebpaiuniit
cyMi EPC okpemux ejgeMmeHTiB. I[yia BusHauenusa sHaka EPC Oyab-skoro mxe-
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pena crTpymy Tpeba cHoUYaTKy BUOpaTH TOAATHUI
HaIIpAMOK 00xony KoHTypy. Ha maimouky 1.23 momar-
HUM BBAXKAETHCA HAIPAMOK 00XOAY IIPOTHU PYXY CTPLJI-
KU TOOUHHUKA.

Ao mig yac 06xoay KoJja IIepexonATh Big Hera-
TUBHOTO IIOJIIOCA MIiKepeJia J0 IIO3UTUBHOIrO, To & > 0.
CTopoHHI cuJM BcepeauHi M)Kepesa BUKOHYIOTH IIPU
IbOMY HOAATHY Po0oTy. AKIIO K IIig uac 00X0ooy KoJia
MmepexonsTh BiJf IMOBUTHUBHOIO IMOJIOCA [A)Kepesia Mo
HeraTuBHoro, To & < 0. CTOpOHHI cuiaum BcepemuHi
I:Kepesja BUKOHYIOThH Bim’emHY pobory. Ins kona Ha Maun. 1.23
MaaoHKYy 1.23 mig yac 00Xoay KOHTYPY IIPOTH PYXY
CTPiJIKM TONMHHUKA:

&=+ S+ Sy = +

+ |44

s

&

Axmo « > 0, To 3rigHo 3 dopmysaoro I =

cuna crpymy I > 0, TobTo
R+r
HAIIPSAMOK CTPyMYy 30iraeThbcsa 3 HAIPAMKOM 00Xomy KOHTYpy. fkimo & < O,
HaBOAaKW, HATIPAMOK CTPYMY IIPOTUJIEKHUI HAIPAMKY 00X0Iy KOHTYpY. IloB-
Hui omip Kosa R mopiBHIOE cyMmi BCix omopis:
R =R+r +ry,+r,

—
SANMATAHHA 0O BUBYEHOIO

. ITo mpuiiHATO 3a HANPSIMOK PYXy CTPyMy?

. AKi cuau HA3MBAIOTL CTOPOHHIMM?

. YuM MOXKyTb OYTH 3yMOBJIEHi CTOPOHHI cuam?

. IlTo Take emekTpopylriiina cuua?

. Yomy mopiBHIOE ITOBHA Po6GOTA BCiX CHMJI ¥ MOBHOMY KOJIi?

. Big uoro me sanexxurs EPC i me Boua 3ocepemxena?

. [ITo Ha3WBaOTh CIAAOM HANIPYTHU B TiJAAHI Koja?

. ChopmyuioiiTe 3akoH OMa [Jid IIOBHOTO KOJIA.

. Big goro sane:xuts sHak EPC y sakoni Oma ajisa moBHOTro KoJia?
. Homy mopiBHIOE MOBHUIL OIip 3aMKHEHOTO KoJja?

[=N=No N JorkO §U NIV \UN

[y

§ 7. POBOTA TA NMOTYXHICTb
EAEKTPUHHOIO CTPYMY

ITpu BOpssAKOBaHOMY PYyCi 3apAmKEeHUX YACTUHOK Y IIPOBiTHUKY €JIeKTPUU-
He ToJjie BUKOHYe po6oTy. I[fo poboTy HasmBaioTh POGOTOI0 CTPYMY.

SKm10 posrigmaTH IOBiIBHY OIMSHKY €JIEeKTPUYHOTO KOJIa — ONHOPimHUI
OPOBIJHUK: HUTKY JaMIIA PO3’KapIOBAHHA, PE3UCTODP, OOMOTKY €JIEKTPOJABUTY-
Ha TOINO, TO MOKHA 3’sdAcyBaTH, IO 3a iHTepBaJ dyacy Al uepes3 IIOIepPeUHU
nepepis npoBizHMKa S mpoxoauTh 3apAn Aq. ToAi eleKTpuYHe II0JIe BUKOHYE

A
poGory: A = AqU. Ockinbku I = A_(tl , TO I[I0 POOOTY BU3HAYAIOTH 3a (POPMYJIO0:

A = TUAt,
ne I — cmaa ctpymy B KoJgi; U — Hampyra Ha OJiJaaHII Kojga; At — iHTepBat
yacy, mMPOTATOM AKOTO BUKOHYBaJiacid poboTa.

PoGoTa eleKTPMYHOr0 CTPyMy Ha TiJAHII KOJa BHU3HAYAETHCI T00YTKOM
CHJIM CTPYMY, HAIIPYTH Ta iHTEepBaJIy 4Yacy, IIPOTATOM SKOr0 I podora
BHKOHYBaJiacd.

3riguo i3 3axoHOM 30eperkeHHs eHeprii g podoTa Mae HOpiBHIOBATH 3MiHi
eHeprii posraaaysaHol ginaHKY Koja. ToMy eHepris, AKa BUAIIAETLCSI Ha Il

25
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OiaaHIl KoJja 3a iHnTepBaJ yacy Af, HOPiBHIOE POOOTI €JIEKTPUUYHOTO CTPYMY:
A = TUAt.

Sxmio Ha AiMAHIII KoJla He BUKOHYETHCA MexaHiuHa pobora i cTpym He
YMHUTH XiMiuHMX Oifi, TO BimOyBaeThCA TiIbKU HarpiBaHHS IPOBiAHUKA, AKUHI
BifiJa€ TEIJIOTy HABKOJUIITHHBOMY CEPEIOBUIIY.

AK axce ye iddysaemuvces? Bimomo, AKINO eJI€KTPOH HOTPAIIAE B €JIEKTPUU-
He IIoJie, TO BiH mOUYMHAe pyxaTmcsa 3 mIpucKopeHHAM. Ilicioa 3iTKHEeHHA
3 HOHAM¥ KPUCTAJIYHOI I'DAaTKU €JIEKTPOHU IIepefal0oTh MOHAM CBOIO €Hepriio,
i BHACIiIOK IIhOTO €Heprisfi XaoTHYHOTO PYXYy MOHIB 0ijid MOJIOKeHb PiBHOBATHU
30isbmryerbesi. Ile cBigunTh po 306iJIbINIEHHA BHYTPIITHBOI eHeprii mpoBigHMT-
Ka, TeMIlepaTypa SIKOr0 HiBUINYETLCS, i BiH HOUMHAE IepefaBaTU TEIJIOTY
HaBKOJIMMIHIM TiaMm. Uepes HEeBEJIUKUH iHTEPBAJ Yacy ITicJd 3aMUKaHHSA KoJa
IpoIleC YCTAHOBJIOETHCA, i TeMIepaTypa i3 uacom Iepecrae 3MiHmoBaTucA. o
MPOBIJHMKA 3a PaXYHOK POOOTU eJIEKTPUUYHOIO II0JIsA 0e3lepepBHO HAAXOIUTD
€Hepris, Horo BHYTPIIIHA €HEepTris 3aJuINacThCAd HE3MiHHOIO, OCKIJIBKM IIPO-
BIJHUK IIepenac HABKOJMIIHIM TijiaM KiJIbKiCTh TEILJIOTH, sSiKa JOPiBHIOE PO0O-
Ti exTekTpuuHOTO CcTpyMy. OTiKe, cuiBBimHOINIeHHA A = IUAt gyia poboTu cTpy-
My V BUIAAKY OJHOPiAHOTO TPOBiJHWKA BW3HAUYAE KiJIBKIiCTH TEIJIOTH, IIO
mepenacThbCsa IMIPOBIIHMKOM iHIITUM Tijam.

Axmro vy popmyai A = IUAt manpyry 3anucaTi yepes CUJIY CTPyMy abo CuIy
CTPYyMy uUepe3 Halpyry, CKOpPUCTABINUCH 3aKoHOM OMa IJida HiIAHKU KoOJia, TO
OTPUMAEMO TPHU eKBiBaJeHTHi (opMyam AJasA poGOTH eJeKTPUUHOTO CTPYMY:

2
A= IUAt=IzRAt=g— At =Q.

®opmyiny A = I?RAt 3pyYHO BUKOPHCTOBYBATH [JIS KOJIA 3 OCIiLOBHIM 3’€/I-

HaHHAM IIPOBiTHUKIB, TOMY HIO CHJa CTPYMY B YCiX HNPOBiZHMKAaX OJHAKOBA.

Hnsa mapaneabHOTO 3’€IHAHHA Kpallle BUKOPUCTOBYBATHU
2

U
dopmyny A = 53 At, ToMy 1110 HaIpyra Ha BCiX MPOBigHUKAaX

OIHAKOBA.

3aKoH, I0 BU3HAYAE KIIbKiCTh TENJIOTH, AKY BUILIAE
OPOBiTHUK 3i CTPYMOM y HABKOJIUIIIHE CEepelOBUIIEe, yIepIie
eKCIepPMMEHTAJIbHO BCTAHOBUJIMU AHIVIIHACBKHI  yUYeHUH
Msxenime axoyas (1818—-1889) i pociiicbruit yuenuit Emistii
Jlenn (1804-1865), Tomy BiH i oTpumMaB Ha3By 3aKOHA
Hxoynsa—Jlenta.

KinxpkicTs TemaoTu, SKy BHIiJNsS€ MPOBITHUK 3i cTpyMoMm,
BU3HAYAEThCA AOOYTKOM KBaJapaTra CHJIN CTPyMy, OIOPY
IPOBiTHNKA Ta iHTEpPBAaJy Yacy IIPOXOMKEHHS CTPyMY IIO
IPOBiTHUKY:

Q = I’RAt,
e @ — KiJIBbKiCTh TEmJIOTH, IO BUALINIACA Y HTPOBITHUKY;
I — cuna cTpymMy B OpOBiZHUKY; R — eJeKTPUYHUH OIIip
- v TpOBigHMKA; Al — iHTepBaJ Yacy IIPOXOAKEHHA CTPYMY IIO
Eminiil IPOBiAHUKY.
Jeny, 3axon [xxoyns—Jlenrna BuBemeHO i3 3aKOHY 30eperKeHHS

eueprii. @opmyna A =1 2RAt Iae 3MOT'y BUBHAUUTH KiJIbKiCTh
TEeILJIOTH, II[0 BUAIIAECTHCI Ha OyAb-AKill miIAHI eleKTpud-
HOTO KOJIa, AKe CKJAJA€ThCA 3 OyAb-IKUX IIPOBIIHUKIB.

Bynb-aKkuii coosKuBav eJeKTPUUYHOTO CTPyMy (JIaMIIOUKa, eJeKTPOABUTYH,
€JIEKTPOA3BiHOK TOIN0) PO3PaxXOBAHMIA HA BUKOPHCTAHHS MEeBHOI eHeprii sa
onuHUINI0 Yacy. ToMy pasom 3 poGOTOIO CTPYMY BaKJIMBe 3HAUEHHS MA€E ITOHAT-
TSI MOTYKHOCTL €JIEKTPUYHOTO CTPYMY.
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IHoTy:HiCTh €JIEKTPUYHOTO CTPYMY BHUIHAYAECTHCA BigHONIEHHAM pPOOOTH
cTpyMy 3a iHTepBaJ yacy Al g0 bOro iHTEpPBAJy Yacy:
A
At
Ilei#t BUpas nad MOTYKHOCTI MOKHA IIOJAaTH B KiJIBKOX eKBiBaJIeHTHUX (hop-
2
. U
MaX, BUKOPHUCTOBYIOUMN 3aKoH Oma mjad miaauxku Kojaa: P=IU =I?R=".

s GisBIIIOCTI eJIeKTPONIPUIIAIiB 3a3HAYEHO MOTYKHICTh, AKY BOHU CIIOMKU-
BalOTh, Ha IXHHBOMY KOpPIIyci a00 B TeXHiUHMX IIacIopTax.

S Bimomo, imeambHMX MAamIUH i MexaHi3MiB He icHye. TobTo He icHye
MalllMH i MexaHi3MiB, AKi 0 HOBHICTIO IepeTBOPIOBAJIM OAWH BUJI €HEpTii B
iHmui um reHepyBasu 6 emeprito. Ilim wac poGoTm TPHUCTPOIO 000B’SIZKOBO
YyacTHHA 3aTpaueHol eHeprii ge Ha HOJOJaHHA HeOasKaHMX CUJI OHOpPY YU
IIPOCTO PO3CiIETHCA B HABKOJUIIHE cepemoBuine. OTike, JUIle YaCTHHA eHep-
rii, aKy MU 3aTpPaTuJu, ife Ha BUKOHAHHS KOPUCHOI poOOTH, IJIsI BUKOHAHHS
AKO1 i 0yJIO CTBOPEHO IIeli IIPUCTPiii.

®DizuuHy BeJIUUYHMHY, IO IMMOKA3Y€E, IKAa YACTHHA KOPUCHOI poOOTH B 3aTpa-
4eHill, Ha3UBAIOTh Koediyiecnmom ropucnoi dit (KK]I).

Imakmie kakyuu, KK]l moxkasye, K e(peKTHBHO BHKOPUCTOBYETHCS 3aTpa-
yeHa pobora mmijg yac il BUKOHAHHSA, HANPUKJIAL, €JeKTPUUYHUM ITPUJIATOM.

KR/l — ¢disuuna BernuuHa, o XapakKTepusye epeKTUBHICTH eJIeKTPUUIHOTO
npuIaxy i moxKasye, AKa 4YaCTMHA KOPHMCHOI POOOTH B 3aTpaveHii.

KEK]I BusnauaeTbcda (AK i B MexaHilli) 3a ¢GopMyJIoio:

A P
n=-100% = —100%,
A P

3 3

Je A — xopucHa poboTa; A, — 3aTpadeHa poboTa; P — KopHCHAa IOTYXKHICTb;
P, — 3aTpaueHa NOTYKHICTb.

Ilepm wixxk Busnauatu KK][ meskoro mpumcTpoio, moTpiOHO BMBHAYUTHU, IO
€ KOPHUCHOIO0 POOOTOIO (AJIA YOro CTBOPEHO HPUCTPIiii) i 110 € 3aTpaueHoo pPobdo-
TOI0 (AKa pPoboTa BUKOHYETHCA ab0 KA eHeprid 3aTpavaeTbCs IJIs1 BUKOHAHHS
KOPUCHOI po0OoTH!).

j—
3AMUTAHHSA 0O BUBYEHOIO
1. IITo masuBaOTh POOOTOIO EJIEKTPUYHOTO cTPyMy? 3a SKuMHu (hopMyIaMu BOHA
BU3HAYAETHCA?
2. fIk moB’s13aHa Po6OTA EJIEKTPUYHOr0 CTPYMY 3 IIOTYKHICTIO CIIOKKMBaUa CTPYyMY?
3. Ik MoKHA BU3HAUYMUTHU HOTYIKHICTL CTPyMYy?

@ HocnigitTe Ta onuLWITh, SK NpaLoTb ENEKTPOBUMIPIOBanbHI NpUnaaun, 3okpema nivynnbHUK
eneKkTpoeHepril.

§ 8. 3AXOAU TA 3ACOBU BE3IEKU TMIA YAC POBOTH
3 EAEKTPUHHUMMU TIPUCTPOSAMU

Bynp-ake elexkTpuuHe KOJIO PO3PaXOBaHO Ha IIEBHY CUJy CTpyMy. SIKIIO 3
AKOICh TPUYMHU CUJa CTPYMY B KOJII IIEPEBUINUTH MONYCTHUMY, TO IPOTHU
MOXKYTBb IIEPErpiTHUCA, a IXHA iB0JIAIiA — cIaJaXHYTH.
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IIpuunHOI0 3HAYHOTO 30iJbITIEHHS
CUJIM CTPYMY B KOJIi MOKe OyTH OIHO-
YyacHe BMUKAHHS 0araTboX MOTYMKHUX
CIIOKUBAYiB CTPyMY (HAIIpUKJIAL, eJIeK-
TPOILIUTKY, €JIEKTPOIPACKY, IIPAJIBHOL
MaIllMHY, BOJOHATPiBHUKA) a00 KOPOT-
Ke 3aMUKaHHS.

Hocain. CxkiaameMo eJgeKTpUUHE
KOJIO i3 JsKepejia CTPyMy, €JeKTpUU-
HOI jaMmu, Kaoua. OguH i3 mTpoBoOaiB
IIBOTO KOJIA CKJAJAETHCSA 3 TOHEHb-
KUX IPOBiIHUKIB. 3aMKHEMO KJII0YU —
JamMna cBitutumerbcsi. Temep 10
3aTHCKAYiB JIaMOU IPUETHAEMO IIPO-

Maan. 1.24 Bim i 3HOBY 3amMKHeMO KoJo. Jlamma

3racHe, a TOHEHbKi IPOBIAHUKU PO3-

JKapATheA i cBituTuMyThes (Mana. 1.24) goTw, JOKM MU He PO3IMKHEMO KOJIO
ab0 BOHU He IIePeropATh 3i crajaxom.

Kopomrxum 3samukannsav HA3SUBAIOTH 3'¢IHAHHS KiHI[IB JLIITHKU KOJa IPO-
BiTHHKOM, OIIip AKOro Ay:Ke MAJHUI IMOPIBHAHO 3 OMOPOM JiJISHKM KOJIA.

KopoTke saMuKaHHA MOXKe BUHUKHYTH, HAIIPUKJIAI, il YaC PEeMOHTY IpPO-
BOAKM mim ctpymom (Maj. 1.25) abo B pasi BUIIaAKOBOrO 3iTKHEHHS OTOJIEHUX
TIIPOBOZIB.
28 Omip Kojsa mif yac KOPOTKOrO 3aMHUKAHHSA He3HAUHHI, TOMY B KOJi pi3ko

3poCTaEe CUJjia CTPYMY, BiJi YOTO ITPOBOAM MOJKYTH CHaJlaxHyTU. {18 YyHUKHEeHHA
IIBOTO B eJIEKTPOMepe:Ky 0O00B’sI3KOBO BMHUKAIOTh
3amo00isKHUKM.

AKxe npusnavennsa i aka 6ydosa 3anobiiHUKi6?

IIpuzHauenHs 3am00iKHUKIB — Bipasy BUMKHY-
TH JiHil0, AKIIO CHUJa CTPYMY PalTOM CTaHe O0iJib-
11010 3a AOIYCTUMY HOPMY.

TonoBHOIO wacTuHOIO 3amobisKHUKA € ApoTtuHa C 3
JIETKOILIABKOTO MeTasy (HAIpuKJIal, 3i CBUHITO),
posMiIlleHa BcepeguHI TOPIEIAHOBOI IpoOoku I1.
IIpo6xa mMae TBUHTOBY Hapisky H i meHTpajabHHH
Maan. 1.25 rkouTakT K. Hapisky 3’e¢IHaHO i3 IeHTpaJIbHUM KOH-

I TAKTOM CBUHIEBOIO JPOTHUHOIO. IIpoGKry BKpPY4YYIOTH ¥
MaTPOH, AKWI MICTUTBCA BCEPEAVHI IOPIEISTHOBOL
KopobOKu (Mmaj. 1.26).

Omxe, CBUHIIEBA APOTUHA € YACTUHOIO 3arajbHO-
ro Koja. ToBIMHA CBUHIIEBUX APOTUH pPO3paxoBaHa
— TakK, 10 BOHKM BUTPUMYIOTH II€BHY CHUJIY CTPYyMY,

"HampukJsan 1, 2, 3, 5, 7, 10, 13, 16, 25, 32 A

—] (man. 1.27). koo cuia cTpymMy B KOJIi HepeBU-

IUTH JOMYyCTHUME 3HAUEeHHS, TO CBUHIIEBA APOTHHA
Mauax. 1.26 POSILIaBUTHCS i KOJIO PO3iMKHEThCA.
3amo0i’KHUKY 3 MPOBiIHHMKOM, IO ILJIABUThCH,
. Ha3WBAaIOTh IJIABKUMHU 3aMO0iKHUKAMM.

i 7@.%_}% Ha wmamtonry 1.28 300paskeHO IJIaBKUU 3a1o-

‘ a\ p “‘;4;.” ¢ 6imHI/II§ i3 BCTaBKOIO, IKY B pasi meperopamHsa MOK-
oy, ,L[&&L ‘ Ha 3aMIHIOBATH.

% .. VY pisHMX mpuiIazax 3acTOCOBYIOTH PisHIi 3armobixk-

- X =) nuku (Maa. 1.29). Ha mamonky 1.80 moxasano 3amo-

Maux. 1.27 Ol’KHUK, i AKOTO I'PYHTYETHCS He Ha ILJIaBJICHHIi, a

Ha TeIJIOBOMY POIIIMPEHHHI TiJ IIiJl yac HarpiBaHHA.
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Mauan. 1.28 Maan. 1.29 Maan. 1.30

3BUYANHO, PO3TJIAHYTI 3am0o0iKHUKM CHOTOIHI BUKO-
PHUCTOBYIOTH PifKO, ajie MU PO3TJISHYJIN IX OYJOBY 3 TOUKH
30py (isukru.

IlepepaxoBaHi 3amo0iKHMKK BUTICHUJIN TaK 3BaHi aBTO-
matu (mana. 1.31), miga AKuUX I'PYHTYETHCA Ha TEILIOBOMY
posiupeHHi Tin mim wyac wmarpiBaHHs. Komm B Mepe:xi
BUHUKA€E€ KOPOTKE 3aMUKaHHS, aBTOMAT MUTTEBO BHMUKA-
€TbCcA. ABTOMATH 3PYYHi TUM, IO IX MOKHA MOHTYBATU B
eJIeKTPUYHUX IIUTKAX IMiauMu nakeramu (mas. 1.31).

Ilig vac poboTu 3 ejleKTpoIpUIATaMU IIOTPiIOHO CYBOPO
1 HEeYXUJIbHO OTPUMYBATHCS 3acCTEePEKHUX 3axO0miB.
SKI0 muM HeXTyBaTHU, TO BAIIOMY KUTTIO 3aTPOKYyBaTU-
Me cMepTeJbHA Hebe3leKa BHACIILOK MOMKJIUBOI eJieK-
TporpaBMu. EjxekTporpaBMa — ypasKeHHSA JIOJUHU €JIeK-
TPUYHUM CTPyMOM. BoHa BMHUKAaE IIiJ yac KOHTAKTy Tija Maux. 1.81
JIOOUHU 3 eJIeKTPUUYHUM KabejaeM, IPUIaJOM UK YCTaTKY-

BaHHAM, IO Tepe0yBalOTh Iiji HAIPYroo 3a YMOBUW iXHBHOI HecIpaBHOCTiI abo
TOPYIIIeHb TMPaBUJ 0e3MeKu i yac iIXHBOTO PEMOHTY i eKcILTyaTarrii.

¥V pasi ypa:keHHS eJeKTPUUYHUM CTPYMOM Ma€ 3HAUYEeHHA MOTO0 cuja, HaIpy-
ra, 4acrora, a TaKO)K Oararo iHINIMX YMHHUWKIB: Miclle ypasKeHHs, Yac BILJIUBY
CTPYMYy Ha OpraHisaM, cTaH HABKOJIMIIIHLOTO CEPEIOBUINA, OCOOJIMBOCTI OpraHis-
My, IIKipu, ogar mocrpaskaasaoro. Tigo goguHay — npoBigHuK. Ilig yac KoHTaK-
Ty YaCTHH Tijla 3 OrOJIEHMMHU IIpoBofaMu ab0 3 yCTaTKyBaHHSAM, II[0 IepedyBa-
IOTh IIi HAIPYroio, uepe3 TiJI0 IIPOXOAUTH CTPYM, [Oisi SAKOT0 MOxKe OyTHu
He0e3meuHoI0 3aJIesKHO Bijff 3HAUEHHS CUJIU CTPYMY.

Ctpym™m cuoio 0,6—1,5 MA JfogmHa BimfuyBae AK IOIMUITYBAHHS ITKipy UM SIK
CWJIBLHIII 00JIBOBi BimuyTTs.

CtpyMm cuyioo 5—25 MA MOKe CIPUYMHATH MUMOBiJIbHI HerepeOOpHi cymo-
Mu (CKOpOUeHHsS M’s3iB), uepes IO ypasKeHa JIOAWHA He MOYKe CaMOCTiHiHO
Big’emmaTuca Bim moxepesia HebGesnmeKu. OCKibKM M’ A3U-3TUHAYI CHUJBHIINL 3a
M’sI3M-PO3TUHAYL, TO IIiJ Yac KOHTAKTY 3 HECIPaBHUM eJEeKTPOIPUIAAOM U
KabejieM € PUBUK, M0 PYKa MHMOBOJIi 00XONUTh HeOe3MeuHy MOBEPXHIO. 3PO-
3yMiJIO, ITII0 Kpallle, AKIIO0 3 YBIMKHEHUM €JIEKTPOIPUJIAIOM BiOYBCSA KOHTAKT
TUJIBLHUM OOKOM [IOJIOHi: ypasKeHHSA CTPYMOM BCe OJHO CTAHEThCS, aJjie, KOJU
M’sI3U-3TMHAYI CKOPOTATHCS, PyKa BiICMUKHETHCA Bin msKepesia HeOe3meKu.

Crpym 50-350 MA Bukaukae ¢iopuiasamiro (6es3aagHi CKOpPOUEHHs) cepIid,
TOOTO PO3JIaJ CepIieBOi AisAIBHOCTI, am MO 3YIHUHKU CepIid.

Crymigp TpaBMaTHU3My 3aJ€KUTh Bijl MicI[ ypaskeHHA i Bix Toro, uepes aki
OpraHM MPOXOAUTH CTPYM. € KiJbKa HaANPSAMKIB MPOXOIKEHHS €JEeKTPUUHOTO
CTPYMYy uepe3 TiJIo JIOAWHU, IO JIiHii: HOra — HOra; pyKa — PYKa; pyKa —
"Hora. HaiiHeOesmeuHinie, KOJIM CTPYM IIPOXOIUTH Uepes cepiie.

Cryninb ypaskeHHS 3aJIeKUTh i Bix wacy mil ctpymy Ha opraHizm. CyTTeBe
3HAYEHHSA MiJ Yac eJeKTPOTPABMAaTU3My Ma€ CTaH HaBKOJMIIHHOTO CepeIoBUIIA.
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BoJoricTe, cTpyMonpoBigHa migjmora — yce e 30iJbIIY€E Aif0 CTPYMY Ha opra-
HisM gogmHu. Oco0IMBO He6e3IeYHO KOPUCTYBATHCA eJIeKTPOIPUIagaMu
B IIiICOOHMX IPUMIIEeHHSIX i HagBoOpi.

Hacaigku eneKTpoTpaBM 3aJiesKaTh i Biji cTaHYy OpraHi3aMy IIOCTPAa’KAajoro.
Cr’auinHA, XBOpoOJMBHUII CTAH JIIOOWHU, IOHUH BiK, ICHUXOJOTIYHMH CTpec
3MEHIIIYIOTEL OIip OpraHismMy i 30iJIBIIYIOTH CTYHiHb YPaKeHHs. 3pO3yMijo, 110
MeBHUM OmAr, HANPUKJAA T'yMOBI pyKaBMYKM abo I'yMOBe B3YTTs, MOMKYTb
3aXWCTUTHU YX CYTTEBO MOCJTA0UTU BIJIUB CTPYMY HA OPTraHis3M JIOAWHU.

Hopmamm BcTaHOBJIEHO 3HAUEHHA HAMWOINBINOI AOMyCTMMOI Hanpyzu mop-
KQHHA TTPOTATOM JOCUTH TPUBAJIOTO Yacy ii mii: majia mocrifiHoro ctpymy — 8 B
(ctpy™m mpoxomkeHHA 1 MA); nasa sMiHHOTO cTpyMy — 2 B (cTpyM mpoxomKeH-
Ha 0,3 MA). Buxogauum 3 Toro, 110 3HaUYeHHA €JeKTPUUYHOTO OHOPY JIJACHKOTO
Tijla MOJKe KOJIMBATHUCA B MelKaX BiJ cTa OMiB A0 KiJIBKOX HeCATKiB KijgooMmis,
0e3IIeYHOI0 BBAXKAIOTh MOCTifiHy Hampyry 25 B. ¥V mpumiineHHAX 3 migBuiie-
HOIO BOJIOTiCTIO 0e3IIeYHOI0 BBasKaroTh Hampyry 15 B.

HaBuanbauii ¢ismuHmii KabiHeT y IITKOJII HAJEKUTL A0 IPUMIINEHb 3 IIij-
BUIlleHOI0 Hebesmekoio. Ilin wac BuKOHaHHA Ja0OpaTOPHUX Ta iHIIUX POOIT
VYHi MaOTh CYBOPO AOTPUMYBATHCSA IIPABUJ €JeKTPOOE3IeKU, PO3MIIeHUX
y KOKHOMY KalbiHeTi )isMKM Ha cHeliaJbHOMY IIJaKaTi.

VciM, XTO KOPHUCTYETHCA EJEKTPUUHUM OOJIafHaHHSIM, OOCJIYrOBYE UM
PEMOHTYE 1Oro, 3aB:KIu Tpeda mamM’ATATH PO TaKe:

1. Iy:xxe HeOe3MeUYHO OTHOYACHO TOPKATHCA 00oOMa

i [ pyKaMu A0 JIBOX OTOJIEHMX ITPOBO/IIB.
! 2. HaiineGe3meuHinre TopKaTHCA OTOJEHOTO IIPOBO-
Iy, CTOSTYM Ha 3€MJIi, Ha BOJIOTili a00 0eTOHHIN mimJI03i.

3. Hebe3neuno KopucryBaTucs 3ilICOBAaHUMH eJeK-
TPUYHUMH TPUIagamMu. IX mMOBMHHI mepioguuHo mepe-
BipaTu ¢axiBui.

4. He mo:xxHa 30MpaTH, po30MpPATH YU HAJATOMIKY-
BaTH Oyah-II0 B €JIEKTPONPHJIANi, He Bix €IHaABIIN
oro Big mikepesa cTpymy.

5. He mMo:kHA po30upaTM BHMHKAadYi, PO3ETKH Ta
iHIlle 00JagHAHHA eJeKTpoMepe:Ki, He BHKPYTUBIIH
3an00iskHNKN a00 He BUMKHYBIIM aBTOMAT.

Ha zacrepeskuux smakax (majs. 1.32) sobpaskeno,
III0 KaTerOPUUYHO He MOKHA PoOUTH!

Ax nadamu nepwy 0onomozy ypaixceriil erexmpui-
HUM cmpymom A0UHI?

3amam’aTaiiTe: TiJ yac ypasKeHHSA eJIeKTPOCTPYMOM
BaKJMBa KOMKHA XBUJINHA, CJil HETaHO PO3IoYaTH

Maan. 1.32 PATYBaJIbHI 3aX01M, HaJaTH YPasKeHOMY IIEPIIY IOIIO-

mory. Hacamiepen moTpiOHO 3BiJIBHUTHM JIOOUHY Bifg

KOHTAKTy 3 IPOBOJIOM IIii HAIPYT0I0, MO0 AKOMY IIPOXOAUTH CTpyM. Ko 11e

BimOyJiocss B MPUMIllleHHi, e € BUMHKA4Y abo IITemncelib, MOTPiOHO BUMKHYTHU

CTPYM BUMHKaueM ab0 BUTATHYTHU INITEICeJbHY BUJIKY. SIKIIO BUIALOK CTaBCSA

y IpUMiIlleHHi, e HeMae BUMHKAYa, MOTPiOHO BUKPYTUTHU 3amobi:KHUKU abo
BUMKHYTHU TOJOBHUII BUMHKAY, 1[0 € Oiad JiuMIbHUKA.

¥V pasi Koy BUMHUKAYi PO3MIIIIEHO Oy:Ke JajieKo, a JIoauHa nepedyBac i cTpy-
MOM, PATYBAJILHUK HacaMmIlepel MOBUHEH y3yTH I'yMOBe B3yTTs a00 HamiTu I'yMOBi
PYKABUUKH, CKUHYTH 3 MOTEPIILIONO CyX0I0 AepeB’sTHOIO (UM 3 iHIITOro i3oJIsAIriiiHo-
ro MaTepiay) IMaJIuIeIo IPoBix abo mepepisaTy 10ro HOMKEM, ITepepybdaT COKMPOIO,
«IEePEeKyCUTH» TOCTPO3yOIsiMu. BapTo, omHAK, TaM’ATaTH, 1110 B yCiX IepesiueHunx
iHCTpYMEHTaX PYyYKM MalOTh OyTU BUTOTOBJIEHI 3 i30JIAIIAHOrO MaTepiaiy.

3BiILHUBINK HOTEPHiJoro Bim aii cTpymy, Tpeba IIOKJACTH HOT0 HA COUHY,
3BIILHUTU TPYAU BiJ OAATY, BUKJUKATU JiKapsa abo «IBUAKY AOIOMOTY», a
AKINO IIe HeMOXKJIUBO, TO MOTPi6GHO 3po0uTHU HOMY INITYy4YHE HUXaHHSI.
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1
SANMATAHHA 1O BUBYEHOIO

1. k110 BUHATH 3 BOAW YBIMKHEHUN eJIeKTPUUYHUI KU ATUIBHUK, TO HOTO CIIi-
pass moke neperopitu. IloscHiTs Yomy.

. IloscHiTh, U1 MOKHa 3aMicTh 3am00iKHUKA BCTABUTU TOBCTHUM IIPOBia abo mry-
YOK TOHKMX MiZHUX IPOBITHUUYKIB.

. ITosicHiTE, UM MOKHA HAJTWBATHU BOAY B €JIEKTPOUANHUK, YBIMKHYTHI Y MEPEKY.

. Yu MoKHA 3HiMAaTH IIPOBiJ 3 MOTEPIILJIOro 3a AOIOMOI'OI0 MOKPOI majauili abo
MEeTaJIeBOTO CTePIKHA?

o N

. 3 ﬂcyVITe AKi MOXYTb 6yTVI Hacnigku ail enekTpuyHoro CTpyMy Ha OpraHiam fnoanHn.

PO3B'SI3YEMO PA3OM - TTINEEES

1. YHaciaigoxk yBiMKHEHHS UYeproBOr0 CIOKHBavua Ha IiJIAHI, Je BOJbBT-

MeTpPOM BUMipIOBaJIMW HAIPYTYy, HOKA3W MOro sMeHIMuauCa. Jomy?
PosB’szanua

CrookrBau yBIMKHYJIHM IIapajielbHO MiJAAHIN, IM0 3MeHIIuao ii omip. Ilpm
HOCTiMHiN cuJi cTPyMy Ha OiJIAHIIL 3MEHIIIEHHS OIIOPY IIPU3BEJIO M0 3MEHIIIeH-
HA IIOKa3iB BOJIbTMETPA.

2. Axymynasarop (EPC = 6 B i BuyTpimwuii omip 0,1 OM) KUBUTH 30BHIiIITHE
KoJ10o ommopom 12,4 Om. fIKa KinbKicTh TemaoTu BugiauThbed 3a 10 XB y BchoMy
Komi?

PosB’saAsauHug

ce
. . O
3riguao i3 3akomoM OMa IJid MOBHOTO KOJIa CHUJa CTPYMy B HbOMY I =

R+r
KinpkicTs TeIJIOTH, 1110 BUAlIMIaC Ha SOBHIIJ_IHII/I OiISAHI, BUBHAYAETHCHA
3a popmynoio @, = I°Rt, Ha BHYTPimIHIA — Q2 = I’rt. OT:Ke, IOBHA KiIBKICTH
2
+r
IlimcTaBuBIIKM 3HaUueHHS (PiSMUYHUX BEJUUYHH, oTpuMaeMo @ = 1728 k.
Bidnogidv: 1728 k.

TemoTy TaKa: @ = @ + Q, = I*(R+ )t =

f—
== 3A[0AYI TA BMPABU

Pigenr A

1.36. BoasT™meTrp V; mokasye Hanpyry 6 B. ki mokasu ammepmerpa A i BOJIbT-
merpis V] iV, (mau. f.33)?

1.37. Boxpr™meTp nokasye 0,9 B. fIki nokasu amnepmerpis 4, i A, (man. 1.34)?

1.38. 3a rpadikoM 3aJIe:KHOCTi CHJIM CTPYMY B PeocTaTi Bij HOro oropy BU3HAU-
Te HATIPYTy Ha peocrari (MaJj. 1.35).

1 I, A
9 OM 6
R, 4
: @ —@——
6 Om 2 Om 2
R, >
0 2 4 6 R Om

3 Om

Maan. 1.33 Man. 1.34 Man. 1.35
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1.39. 3a rpadikomM 3ajJe;KHOCTI CUJIU CTPY-
I, Ay My B IIPOBiTHUKY BiJi HAIIPyTu OOYUCJIIITH OITip
0,4 npoBiguuKka (Maj. 1.36).
1.40. YoMy HUTKA €JEeKTPOJAMIIOUYKY CHUJIb-
0.9 HO pO3KapPIOEThCA, a IPOTH, IO HiJABOIATD
’ CTPYM, 3aJIUINTAIOTHCS XOJOAHUMHU, X0Ua uepes
JaMIIy i APOTH TPOXOAUTH CTPYM OAHAKOBOIL
> cuin?
0 2 4 6 8 y,B 1.41. B oOMOTIIi eJleKTPOABUTYHA, OIIip
Mao. 1.36 AKOL 0,75 Om, cuia CTpyMy 20. A. fxa Kinb-
- KicTh TeIJIOTHM BUAIJISAETHCA I[I€I0 OOMOTKOIO
3a 1 xB poboTu ABUTyHA?

1.42. TIig uac mepemimenns 3apany 20 Kia mo nposiguuky omopom 0,5 Om 6yito
BuKoHaHO poboty B 100 [»x. BusHauTe yac, IPOTATOM SKOI'O IIPOXOAUB CTPYM.

1.43. fIKy HIOTYKHIiCTH CIIOKHMBAE €JIEKTPOJIAMIOUKA, YBIMKHEHA B MeEpeKy
3 Hanpyroio 220 B, akimo omip ii HUTKKU B poskapeHomy cTaHi 484 Om?

1.44. EneKTpOABUTYH IIBEHHOI MAITUHYU PO3BUBAE MOTYKHiCTH 40 Br. AKumit
CTPYM IIPOXOIUTH Uepes ABUTYH, AKIIO BiH mpairioe mpu Hanpysi 127 B? Ckiab-
KU eHeprii BUKOPHUCTOBYE ABUTYH IpoTrArom 1,5 rom?

1.45. Koy uepes eJIEKTPOJIAMIIOUKY PO3:KapPeHHS IPOXOOUTH CTPYM OiJIBIITOL
CUJIN: Biipasy Iriciad BMUKAHHA i1 B Mepexy 4 depes KimbKa XBUJIUH? tIo1v1y‘7

1.46. Cuna c'rpzymy B METaJIeBOMY IIPOB 3.umxncy aongHIoe 0,8 A, nepep13
OpoBigHUKA 4 MM BBamamqn, mo B 1 ev® € 2,5-10%° BibHUX €JEeKTPOHIB,
BUBHAUTE CEePeqHIO IMBUIKICTh IXHBOTO YIOPAIKOBAHOTO PYXY.

1.47. BusHauTe CUJIy CTPYMYy B MiZHOMY IpOBiZHHKY mepepisom 10 mmZ,
AKIO CepeaHA MIBUAKICTh YIIOPSAAKOBAHOTO PYXY BiJIBHUX €JIEKTPOHIB JOPiB-
HIo€ 4,2 MM/c, a IXHS KiJIbKiCTh CTaHOBUTH 5-10%,

1.48. Ko JaMIOUKy *KUBUTU Bin esementa, o mae EPC 1,5 B, To po6o-
Ta CTOPOHHIiX cHJ B ejeMeHTi mopiBHoBatTmMe 18 [[:xk. BusHaure s3apsaz, Io
IIPOXOAUTH 34 Iieli yac uepes JIaMIIOUKY.

1.49. T'ansBaHiuaui exemenT 3 EPC 5 B i BayTpimuim omopom 1 OM 3aMKHY-
TO Ha HpoBigHUK omopoM 14 Om. fAka mampyra Ha KiHIAX OpoBigHmKa?

1.50. fAke sHaueHHS 30BHIIIIHBOI'O OIIOPY, AKINO reHepaTop, EPC akoro 230 B
i BuyTpimHii omip 0,1 Om, mogae B 30BHIIIIHIO YacTUHY KoJia Hampyry 220 B?

1.51. EPC mkepena 100 B. Ilpu soBHimHBOMY omopi 49 Om cusa cTpymy
B KoJIi mopiBHIoe 2 A. BusHaure BHYTpIiIlIHi# ommip msxepeJa i coajg HAIpPyru Ha
HbOMY. BusHauTe HaAmpyry Ha 3aTHcKauax ma:xepeiia cTpymy, mo mae EPC 2 B
i Buyrpimui#i omip 0,5 Owm, mo i micas mig’emHaHHA OO HBOTO 30BHIITHBOTO
omopy 4,5 Om.

1.52. fdxwuii BHyTpimIHIiN omip ememenTta, sakirno #oro EPC cranosuts 1,2 B
i mpu 3oBHiMIHLOMY omopi 5 OM cuia crpymy gopiBaioe 0,2 A?

Pigens B

1.53. Miguwuii i 3aisHMil IPOBITHUKY OTJHAKOBOI TOBKUHU Ta Iepepisy 3’el-
HaHi # yBiMKHeHi B Koyio. Uum pisHATbCA HANIPYTW Ha IPOBIZHMKAX y pasi
IXHBOTO IIOCJIiIOBHOTIO i ImapajieIbHOTO YBiMKHeHHA?

1.54. YHacaiJoKk oOpoOKM HPOBiJHMKA METOAOM BOJIOUiHHSA IHOro JOBXKMHA
36iapINIuIach y 5 pasis, a mJjoIa MoepevHoro mepepisy B CTiIbKY caMo pasiB
3MeHINNJIachk. ¥ CKiJIbKHU pasiB 3MiHUBCA Oomip IpoBigHmMKAa?

1.55. JTo mepe:xki 3 mHampyroio 24 B mig’emmanu aBa MOCJIiZOBHO 3’€¢THAHUX
pesucropu. Ilpu nmbomy cuja crpymy craja gopiBHioBatu 0,6 A. Komu pesuc-
TOpHU 3’€MHAIM IapaJjejbHO, CyMapHa cuJja cTpyMmy craJa 3,2 A. Busuaure omip
pesucTopis.

1.56. [IBa MpOBiAHUKY TiJ € THYIOTH A0 IAsKepeJsia IMOCTiHOI HalIpyTru CIovar-
Ky IIOCJiJJOBHO, a moTiM mapaJjenbHOo. Omip ogHOTrO 3 MPOBIAHWKIB y n pasis
Oinmbirmii Bifg iHIIoro. K 3MiHIOETHCA cuja CTPYMY B KOJi?
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1.57. 3araapHU Omip ABOX TOCJiJOBHO 3’(—3,1:[—
HaHUX OpoBigHUKiB — 5 OM, a napaJespHoO 3 e;[-
Haaux — 1,2 Om. Busnaure omip HPOBiAHUKIB.

1.58. AMHepMeTp i3 BHYTpIillIHIiM oOIIOPOM
0,72 Om pospaxoBaHno Ha cuiay ctpymy 0,5 A. Axy
MaKCUMaJIbHYy CUJIY CTPYyMY MOXKHA 6y,ue BUMIps-
TH aMIIEPMETPOM, AKIIO IapaJiebHO HOMY ITig’en-
Hatu 1ryHT omopom 0,08 Om?

1.59. BuszauTe cujay CcTPyMy B KOXKHOMY
3 pesucTtopis (Maj. 1.37), AKIIO HaIpyra MiK TOY-
xkamu A i B popiseioe 12 B, R, = R, = 8 Owm,
R, =10 Om, R, =6 Om, R, = 3 Om, Ry = 6 Om.

1.60. Busuaure posmojgisi cTpymiB i Hampyr
Mixk omopamm (Maj. 1.38), AKIIIO amMmepMeTp
nokasye 2 A, R, =20 Om, R, =10 Om, Ry =15 Om,

, =4 Om.
1.61. BuszauTe pos3momis cTPyMiB i Hampyr

Mim onopaMH (mas. 1.39), axkmo R, = 5 Om,
5 = 12 Om, R; = 3 Om, a BOJIBTMETD IIOKa3ye
2

Mauan. 1.38

1.62. Busumaure posmomin crpymiB i mHampyr
Mmix omopamu (maji. 1.40), aximo ammnepMeTp mokasye 5 A, R, = 2 Om, R, = 10 Om,
R;=150Mm, R, = 4 Om.

1.63. EjekTpuuHN HarPiBHUK Ma€ IBi OTHAKOBI OOMOTKH, AKi MOKHa BMU-
KaTHh B KOJIO OKpeMoO i pasom. fK ciuing 3’emmatu oOMOTKHM, 1100 HarpiBaHHS
BimOyBaJsocsa mBuzIie?

1.64. i mamnu omopamu 180 i 360 Om mim’emHanu mapaJjieIbHO B KOJIO
Hanpyroro 120 B. fky mory:kuicTh Oyme maTu Ko:kHa 3 Jamn? Ska Gyme
MOTYXHICTh, AKIIO JaMIXU 3’€IHATU IIOCJIiTOBHO?

1.65. TpamBaliHuii ABUTYH CIOKHBae cuiay ctpymy 110 A mpm Hampysi
600 B i posBuBae cuny taru 3 kH. BusHaute mBuUAKiCTH PyXy TpamMBaio Ha
ropus3oHTaJbHiN minauii, axkmo KK = 60 %.

1.66. JlijpT macoro 1,5 T migrimaersca wa Bucory 20 m 3a 0,5 xB. Hampyra
Ha s3aruckauax asuryHa cramosuTb 220 B, a iioro KKI[ — 90 %. Busmaure
CHUJIy CTPYMY B ABUTYHI.

1.67. Ha ckinbKu rpagyciB HarpieThbcA aJIOMiHi€EBUU ITPOBIAHUK i3 IJIOIIIEIO
TIOTIEPEYHOT0 Tepepisy 4,5 MM® micjid mMponycKaHHSA IO HOMY CTPYMY CHJIOIO
0,75 A nporarom 20 c? Beasxaru, 1110 Bij yciel eHeprii, 1110 BUA1JIAETHCA B IIPO-
BiIHUKY IIiJ Yac IPOXOMKEHHA CTPYMY, HABKOJUIIMTHHBOMY HOBITPIO IEPETAETH-
csA TIOJIOBUHA eHeprii.

1.68. Ilo cpiGHOMY ApOTY, 10 Mae mepepid 1 MM?, IPOXOAWUTH CTPYM CHJIOIO
1 A. OGuMCIiTh cepefHio MBUAKICTh Apei(y BiIbHUX €JIeKTPOHIB y I[bOMY APOTI,
MPUITYCTUBIIH, IO KOXKEH aToOM cpibja Jae onuH BiJIbHUM €JeKTPOH.

1.69. ¥ 70-x pokax XX cT. icHyBaJu €JIEKTPOHHI 00UYMCIIOBAJIbHI MaIlINHY,
y AKUX iMOyJIbC CTPYMY BiJ OJHOTO IIPHUCTPOIO OO0 iHIITOrO MaB IlepeaaBaTHCS
3a 10 c. Uu moskHa OyJio Iii MPHUCTPOIL 3’eMHATH APOTUHOIO 3aBHOB:KKU 40 cm?

1.70. 3umauenns EPC mkepesa cTpyMy dYacTO BH3HAUAIOTL 3a IIOKa3aMU

i
HiEE
b —

Man. 1.39 Maan. 1.40

Q
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BOJIBTMETPA, I’ €AHAHOTO MO 3aTHUCKauiB mKepesa. Uu TouHne sHaueHHA EPC
nae 1ein Hanmpocrimuii meron ii ominku? Illo mokasye BoJbTMETp, IIif’eaHAa-
HUH 10 3aTUCKa4YiB mxepesa?

1.71. Barapeiiky [Jifd KHWIIIEHHBKOBOI'O JiXTapwKa 3aMKHYTO Ha peocrtaT. Ilpu
omopi peocrara 1,65 Om Hampyra Ha HEOMY AopiBHIOE 3,3 B, a mpu omopi 3,5 Om —
3,5 B. Busnaure EPC i BuyTpinmHii omip 6arapeiiku.

1.72. Busnaure EPC i BHyTpimIHii omip rajbBaHiuHOro ejgeMeHTa, AKIIO IIPKU
30BHimEBOMY omopi 2 Om cuia crpymy B kKouri 0,6 A, a mpu omopi 1 Om — 1 A.

1.73. Bix reneparopa, mo mae EPC 40 B i BryTpimsiii onip 0,04 Om, crpym
HaIXOOUTEL IIO Ml,Z[HOMy Kabesro, mepepis saxoro 170 MMZ, 0 MiCIA eJIeKTPO-
3BaplOBaHHA, Bl/I/I[aJIeHOI"O Big reHeparopa Ha 50 M. BI/I3HaqTe HaIpyry Ha
3aTHCKauyax TeHepaTopa i Ha 3BapOBaJbLHOMY amapari, AKII0 CHUJa CTPyMY
B Koui cranoBuTh 200 A.

1.74. fIxa manpyra Ha mosrocax mxepesa crpymy 3 EPC, mio mopisuioe 1 B,
SIKIIO OIIip 30BHIiITHBOI YACTHMHU €JIEKTPUUHOTO KOJia JOPiBHIOE BHYTPIIITHHOMY
oropy Asxepesa?

€ napx wum samucamruHes D

175.Y BAIIIOMY posnopﬂ,zmceHHi 6a'rapeﬁ aKYMy.JIHTopiB 3 EPC, 1110 mopisHioe
BOJIBTMETD i BeTuKUii HaAGip pesrucTopiB HalipisHOMaHiTHimMX onopiB R;. Ak sa
AOIOMOrOI0 IIbOr0 o0JafHAHHS BU3HAUUTH BHYTPilIHIN omip r 6a'rape11‘7 Ilepe-
BipTe cmoci6 3a IOIIOMOTO0 JOCIimy.

1.76. Axymynarop mig’eqHaHO AJSA 3apAAKAaHHA B KOJo 3 Hampyroio 12,5 B.
BuyrpimHuiii omip akymynaropa 1 Om. dxka EPC akymysnsaTopa, SAKIIO IIijg gac
3apAaIKaHHA Yepe3 HbOI'0 IIPOXOAUTE CTPyM cuioio 0,5 A?

1.77. Hauvo 12 enementiBs 3 EPC 1,5 B i BuyTpimuaiMm omopom 0,4 Om. Sk
moTPiOHO 3’eAHATH ITi eJeMeHTH, 106 oTpuMaTH Bij 3i0paHoi 3 HUX Oarapei Haii-
OiJBIIy CHUJIy CTPYMY B B30BHIIIHBOMY KoOJIi, 1o mae omip 0,38 Om? Busmaure
MAKCHUMAJbHY CUJIY CTPYMY.

§ 9. EAEKTPUMHUMN CTPYM Y METAAAX.
HAATMPOBIAHICTb

IIpumnyiiienHsa Ipo eJIeKTPOHHY IPUPOAY CTPYMY B MeTajax 0yJio o6r'DYHTOBAHO
eKCIIepUMeHTaJIFHO Ha moyaTKy XX cr. ¥ 1901 p. Himenwskuit ¢isuxk Kapa Pikke
(1845-1915) mpoBiB mocurig i AifiTITI0B BUCHOBKY, ITI0 €JIEKTPOIPOBiTHICTE MeTaIiB
3YMOBJIEHA I€PEHECeHHAM 3apAIKeHIX YaCTUHOK, CILIPHIUX OJIS BCiX MeTasiB, Ta
He MOB’s3aHa 3 BigMiHHIiCTIO IXHiIX (QismuHMX i XiMiUHMX BJIacTHBOCTEIi.

HaitnepeKoHauBiIIIMMY moCaigaMu, SKi TiATBEPAKYIOTh €JIeKTPOHHUN XapaK-
Tep IPOBITHOCTI MeTasiB, € AOCJiAN 3 BU3HAUEHHS 3HAKa 3apsany Ta iHepTHOCTI
3apAMKEeHNX YACTUHOK, II[0 CTBOPIOIOTH CTPYM.

Y 1913 p. Bumatui ¢isuku Jleomim Maumeasmnram (1879-1944) i Muxosaa
ITananekci (1880-1947) mpoBesu gociif.

VueHi HamaBaaW KOTYIIIN 3 TPOBIAHUKOM IMIBUAKUX KPYTWJIBHUX KOJUBAHb
BiIHOCHO oOci, a KiHI[i ITPOBiAHMKA HOPHUETHYBAJW OO0 Hepyxomol TejedoHHOI
pr61c1/1 (maa. 1.41). ¥V Koui 3’saBisABCA €JIEeKTPUUHUIN CTPyM,
AKUI CIPUYMHAB TPICK y TenedoHHi# Tpy6ui. Humu gociisa-
Mu OyJI0 HMiATBEPYKEHO HASBHICTH Y MeTajax BIIBHUX eJeK-
TPUYHO 3apPAMKEeHUX YaCTUHOK, ITPOTE IIi JOCJIiu He BUABJIA-
JIY HAOPAMKY CTPYMY i 3HaKa 3apAny YaCTHUHOK.

HocaigreHHAMY, 0 CTOCYIOThCS €JIEKTPOHHOI IPOBiTHOCTL
MeTaJIiB, 3aliMaBCcsa ¥ yKpalHCbKUY yueHuii Auapiit MaauHoB-
ceimii (1884—-1937). Bin mpeacraBuB cBOIO iHTEpIIpPETAIIilo B3a-

© emopii BiIBPHMX €JEeKTPOHIB i IMOBUTUBHUX HOHIB y MeTajax.
Aﬂaplu . 3pobuB yTOUHEHHS 0 Teopii mocaimiB, aki BukoHaau 1916 p.
Manunoscvrull  gurpijichki pisuku Yapass Crioapr i Piuapx Toamen.
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Koss3ni konmaxmu

.

: Koesni konmaxmu |

Komywka Komywrka Komywrka
obepmaemucs SYNUHAEMbCA 3YNUHULACH
Maan. 141

Yueni gzaminmam Teae)oH UYTIUBUM
0aJiCTUUYHUM TaJIbBaHOMETPOM, 8 KPYTHJIb-
Hi KOJMBaHHA — IIBUJKUM OOEPTaHHAM
KOTYIIKY 3 BEJUKOIO KiJIbKiCTIO BUTKiB TOH-
KOT'0 IPOTY HABKOJIO BiacHOi oci (maj. 1.42).

Ilin uwac piBHOMipHOTO o0OepTaHHSA
KOTYIIIKKA TaJIbBAHOMETD He BUABUB €JIeK-
TPUYHOTO CTPYMYy, a IiJ dYac pPaIToOBOTO
raJJbMyBaHHA CIIOCTEPiraJucs BigXuJIeHHS
CTPiIK; raJpBaHOMeETpA. Hampamoxr Bigxu- Maon. 1.42
JIeHHS CTPiJIKM BKa3yBaB Ha Te, II0 CTPYM
y MeTajlaX 3YMOBJEHHUH pPYXOM HETaTHUBHO 3apAKeHUX YaCTUHOK. DByJo
BU3HAUEHO TAKOMK IXHIW mmTomMuil 3apsap (BiZHOIIeHHSA 3apsAny OO MacH dac-

TUHKH): e Lu,
- T

m gqR
Jle e — 3apsAj eJleKTPOHAa; M — Maca eJlleKTPOHa; U, — I0YaTKOBa IMIBUIKICTH
PyXy YaCTUHKW; ¢ — 3apsdAj YacTUHKW; L — moBKWHA MpoBigHMKa; R — omip
IPOBiTHUKA.

Jlocain mpoBoAMBCA 3 KOTYIIIKAMU 3 MifHOTO I aJlIloMiHi€BOTO IpPOTY.

Temep posriadHeMoO KJACHUUHY €JeKTPOHHY Teopiio merasniB. B ocHoBi Kia-
CUYHOI Teopii MPOBiAHOCTI MeTasiB € TaKi IOJIOKeHHA:

1. Meranm aK KpHUCTAJiuHe TiJIO € CHCTEMOIO IIO3UTHUBHMX HOHIB i BIIBLHHX
erexTpouiB. KpucramiuHy r'paTKy yTBOPIOIOTH PO3TAIIIOBaHI IPaBUJIbBHUMU
i JKOpCTKMMU pAAaMU HOHU, SKi 3IiICHIOIOTH TEIJIOBI KOJWMBAHHS HABKOJIO
HOJIOKEHHSA PiBHOBAru. YcepeauHi MOHHOI I'PATKU XAOTHUUYHO PYXAIOTHCA €JIeK-
TPOHU, CTBOPIOIOUN E€JIeKTPOHHUI ras.

2. EneKkTpoHHUII ra3 BBAXKAETHCA ieaIbHUM ra3oM, B3a€MOI€I0 MiK eJeK-
TPOHAMU MOKHA 3HEXTYBaTH, BPAXOBYEThHCA TiJIHKU B3a€EMOMidA 3 HOHAMU I'PATKHU.

3. EneKTpoHHUII ra3 onucyeThCcsa 3aKOHOM OJHOATOMHOIO ifeaJIbHOrO rasy.

4. YHaCIiIOK XaOTHUYHOI'O PYXY €JEeKTPOHIB y pasi BiCYTHOCTI eJeKTpUU-
HOT'O TIOJIA B MeTaJji HeMa€e MOMiHYIUOTro HAaIPAMKY IepeMillleHHs 3apAmiB.

35
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5. EnexTpoH HaOyBae eHeprii BIOPAIKOBAHOIO PYXy Hif Ai€i0 30BHIIIIHBOTO
€JIeKTPUYHOTO IMOJA TiIbKM HA MIJISAXY BiJIBHOTO MPOOIry.

ITosscHUMO eJIEKTPOIPOBIAHICTS, METAJIIiB HA OCHOBI KJIACMYHOI €JIeKTPOHHOIL
Teopii mpoBimHOCTI i, cmmparuuch Ha ii OCHOBHI IIOJIOMKEHHS, PO3TJIAHEMO
3aKOHOMIPHOCTI €JIEKTPUYHOTO CTPYMY B MeTajaax.

fAx foHM KpucTandiuHOI I'PAaTKU, TaK i eJeKTpOHU 0epyTh y4acTh y TeILIO-
BoMy pyci. MoHn S,Z[ifICHIOIOTL TeILJIOBi KOJMBAHHSA II00JM3Y IIOJIOMKEHb PiBHO-
Barm — BY3JIiB KPUCTAJIYHOI I'PaTKU. BiIbHI eJIeKTPOHM PyXalOThCS XaO0THUUHO
i mig wac cBOro PyXy CTHKAKOTLCA 3 HOHAMU I'PATKH. v pe3y.IIBTaT1 TaKUX
3iTKHEHb BCTAHOBJIOETHCA TEePMOAWHAMIiUYHA piBHOBara MiXK eJeKTPOHHUM
rasoM Ta HOHaAMU TI'PaATKU. 3TiAHO 3 KJACHUYHOIO TEOPi€l0, KA OIMCYE PYyX
€JeKTPOHIB y MeTajlaX, MOKHA OI[iHUTU CEPEeIHIO0 IBUAKICTH TEIJIOBOTO PYXY
€JIEKTPOHIB 3a (opMyJIaMu MOJEKYJIApPHO-KiHeTnuHOol Teopii. 3a KimmaTHOI
TeMIepaTypy BOHA BUABJIAETHCS IpuGIusHO piBHOW0 10° M/c. V 30BHIiIIHBOMY
€JIEKTPUYHOMY IIOJIi B METAJIEBOMY IIPOBITHUKY OKPIiM TEIJIOBOTO PYXY €JeK-
TPOHIB BUHUKAE iXHill ymopaakoBaHu# pyx. OMiHUMO IIBUAKICTH YIIOPAIKO-
BAaHOTO PYXY €JEKTPOHIB Yy MeTaJeBOMY IPOBIIHUKY, CKOPHUCTABIINCH IIPUIO-
MOM, SAKMA MH BUKOPHUCTOBYBAJMW MJid BUBENEeHHSA OCHOBHOTO pPiBHAHHSA
MOJIEKYJISIPHO-KiHeTUYHOI Teopii rasiB. ¥ pesyJbTaTi po3paxyHKiB BUSABUJIO-
cs, 10 IIBUAKICTH YIIOPSAIKOBAHOIO PYXY €JeKTPOHIB CTaHOBUTH 107 M/cC.

OT:Ke, MIBUAKICTH YIOPAZKOBAHOTO PYXy eJeKTpoHIB maiixke B 10° pasis
MeHIIa 3a IIBUAKICTh IXHBOT'O TEIJIOBOTO (Xa0TUYHOTO) PYyXy. AJie 3 TPaKTUKU
BiloMO, IIIO BCi €JIEKTPOIPHJIAAM, YBIMKHEHI B KOJI0, HOUMHAIOTL IPAIIOBATU
OTHOYACHO Bifpasy Iricjigd 3aMUWKaHHSA KO0Ja, X0U 0M fAK JajeKOo BiJl mepeMuKa-
ya BOHU mepedyBaju. 3BiACH BUILJIMBAE, IO INBUAKICTL IOIIMPEHHS €JIeK-
TPUYHOTO CTPYMY B HPOBITHUKY i IMIBUAKICTh BOOPATKOBAHOIO PYXY €JEKTPO-
HiB y HbOMY — IIe He ofHe Ii Te came!

KiaacuuHa Teopis OpoBiAHOCTI MeTaiB MeXaHi3M IPOXOIKEHHS eJeKTPUIHO-
ro CTPYMY B METAJEBUX IIPOBIJHMKAX IIOSCHIOE TaK. 3a BiJCYTHOCTi eJIeKTpHUY-
HOTO TOJIA Y IPOBiAHUKY €JIeKTPOHU 0epyTh yYaCTh Y TEILJIOBOMY (XaOTUYHOMY)
pyci. ¥ pasi cTBOpeHHs Ha KiHIISAX IPOBiAHWKA Pi3HUIIL MOTEHI[iANiB Ha eJIeK-
TPOHU [i€ eJeKTpuuyHa cuja F = eE, mo Hajgae iM IPUCKOpPEHHS, AKEe BOHU
IMIBUIKO BTPAUYAIOTh Uepe3 3iTKHEeHHS 3 MOHAMU KPUCTAJIYHOI I'PaTKU. ¥ Pe3yiib-
TaTi BCTAHOBJIOETHLCA NEeAKA CEepPeNHsI IITBUAKICTH BIOPAIKOBAHOTO PYXY eJeK-
TPOHiB, i HA3MBAIOTh CEPEeIHLOIO IIBUAKiICTIO mpeidy. AK BimoMo, TeIIoOBMI
PYX €JEeKTPOHIB He NPUIUHSETHCA HIKOJIM, TOMY €JeKTPOHU 3 BEJINUYE3HUMU
IMIBUAKOCTSAMU PYyXalOThCA B YCiX HANPAMKAX, i HA (JOHI I[HOTO XaOTUUYHOTO PYXY
BimOyBaeTbCs MOBiIBLHUI «Apelidh» y HANPAMKY €JeKTPUYHOTO MOJA. A IIBUI-
KiCTh IOIIMPEHHA €JeKTPUYHOIO MOJIA B HPOBITHWKY (AK i MIBUAKICTH mOIIH-
peHHA OyIb-IKOr0 eJIEKTPOMATHITHOTO BUIIPOMiHIOBAHHSI) CTAHOBUTH OJIM3BKO
300 000 ¥m/c. OToke, KOKeH BiJIbHUI €JEKTPOH MeTaly HOUYMHAE «Ipeid»,
BiIUYBIIK Jif0 €JIEKTPUYHOrO MOJIfA, MPAKTUYHO B MUTh 3aMUKaHHSA KoOJIa.

Knacuuna Teopia NOPOBIAHOCTI IIOSACHIOE TaAKOMK MexXaHi3M BUHUKHEHHS
€JIeKTPUYHOTO OIOPY MeTaJIeBUX HNPOoBigHUKIB. Omip MeTasiB 3yMOBJIEHUI B3a-
€MOJi€I0 eJeKTPOHIB, IO PYXalOThCA B MPOBIAZHUKY, 3 HOHAMU KPUCTAJTiuHOL
r'paTku. Y Ipoleci B3aeMoAii eJeKTPOHW BTPaAvalOTh YaCTHUHY eHeprii, aKy
BOHU OTPUMYIOTH B eJeKTpuuHOMYy mouri. I{a eHepris mepeTBOPHOETHCA Y BHY-
TpimHio eHmeprioo. BigmoBigHo, mig yac mMpoXOmKEHHA IO MeTaJIeBOMY IIPOBif-
HUKY €JeKTPUYHOr0 CTPYMY BiH HarpiBaeTbcs. 3 HiIBUINEHHAM TeMIepaTypu
posMax KOJIMBaHb HOHIB 3pOCTa€, i YACTIIIMMU CTAIOTh CHiByZapy €JIEKTPOHIB
3 omamu. TomMy MOKHA CTBEPIKYBAaTH, IIIO OIIip MeTaJIiB Ma€ 3ajiesKaTu Bifg
TeMIIepaTypu:

R = Ro(l + ocAT),
ge R — omip nposinanka s3a temnepatrypu T'; R, — omip IpoBigHHKa 3a TeM-
nepatypu 0 °C (273 K); o — remneparypHuii KoedimieHt omopy; AT — pisuu-
I TeMIepaTyp.
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V¥ mporieci HarpiBaHHA OpoBigHMKA e(peKTH Bix 30iJbIIeHHS HOT0 JOBKUHU
i momri mepepisy B3Ba€MHO KOMIEHCYIOThCSA, TOMY OIip B OCHOBHOMY 3MiHIOETH-
csA BHACJIIIOK 3MiHU IIMTOMOIO OHOPY. SajJeKHiCTh IIMTOMOT'O OIIOPY METaJy Bif
TeMIIepaTypy MOKHAa 3amucaty (popMyson p = p0(1+ocAT). 3MiHa TUTOMOTO
OIIOPY PEYOBUHU XapaKTepPU3YETHCA CTAJOI0 AJIA Iliel peHOBUHU BEJIUYUHOIO —
TeMIIepaTypHUM KoedillieHToM omopy o. BiH mopiBHIOE€ BigHOCHIiN 3MiHiI muTO-
MOT'0 OIOpPY MPOBifHMKAa mpu ¥oro HarpiBauHi Ha 1 K:

_P~ho
pAT

Ie o — nuroMmuii omip 3a Temneparypu T, = 273 K (0 °C); a p — nuTomuii omip
3a temneparypu 1.

H1s yucTuX MeTaJliB TeMIepaTypHi KoedillieHTu omopy BiApiSHAIOTHCA MaJo i
npubausHo popiBHOOTL 0,004 1/K. TemmeparypHi KoegillieHTH omopy cCILIaBiB
3HAUYHO MEHIIN, Hi’K Yy YMCTUX MeTasiB. ICHYIOTH choeliajibHi CIJIaBU, OIIip AKUX
MaliKe He 3MIHIOEThCS 31 3MiHOIO TeMIlepaTypu. TaKMMH CIIJIaBaMU € KOHCTAHTaH,
manranid. TemnepaTtypHuii KoedirienT omopy B MmaHraminy maiike B 400 paszis
MEeHIINH, Hi’K y Migi. BiacTuBocTi mux mMaTepiatiB BUKOPUCTOBYIOTBCS IJIS BUTO-
TOBJIEHHSA TOYHUX €JIEKTPOBUMIiPIOBAJILHUX IIPUJIAIIB Ta €TAJIOHIB OIOPY.

Y BuUMipOBaJIBbHMX CHCTEMAX Ta CHCTEMAaX aBTOMATH3AaIlil IJd BUMiplOBaH-
HS TeMIIepaTypy BUKOPUCTOBYIOTH TEPMOMETPHU OIOPY, IO JAIOTh 3MOTY BUMi-
poOBaTH TeMHOepaTypy 3 TOUHICTIO A0 TUCAYHHX UYACTOK rpaayca. TepmomeTp
OIIOPY CKJANAaeThCA 3 MJIATHHOBOI CIIipaJji, HaMOTaHOI Ha KepaMiuyHUI KapKac.
Cripasb BMIIlyIOTh ¥ CEpeqoBUIle, TEMIEPATYPY AKOT0 Tpeba BUMipATH. 3HA-
roun omip cuipani npu 0 °C (R,) Ta Bumiprotoun omip cmipaii (R) y cepefoBu-
I1i, 3a JDOIIOMOTOI0 (OPMYJaM OOUUCJIIOIOTH TeMIlepaTypy cepenoBuina. Tepmo-
MeTpaMHu OIIOPYy MOKHA BUMIipIOBaTH AK AysKe HUBbKi, TaK i MOCUTH BUCOKi
TeMIOepaTypu, AKi He MOXKHa BUMIPATU, CKOPUCTABIINCH PiIMHHUM TepMOMe-
TPOM.

Y 1911 p. romnamgcexuii pisux Ieiike Kamepiaiur-Oumec (1853—-1926)
y JlefizenchbKiit 1abopaTopii BiZKpUB HOBe SBUIIle — HAAMPOBiTHiCTE. 3rogom
BiH mepmuii oTpuMaB HAJHU3BKY TeMIepaTrypy i mpu —269 °C meperBopuB
reniit y pigumay. Hapemri 3’saBuiacs MOMKJIMBICTH OXOJIOJ-
JKyBaTH PEeUYOBWHHU B PiAKoMy rejii i BuBUaTtu ixHi BaacTu-
BoCTi B abCOJIIOTHO HOBiii o0JacTi TeMIepaTyp.

Y Toif yac 6araTo XTO BBa’yKaB, IO 3 HAOJMMKEHHAM [0
273 °C ejleKTpUUYHHUH omip OYIb-AKOro MeTaJly IOBUHEH
nmajaTyu g0 HyJs. Xoua IiATBepAUTH Iie HixTo He Mmir. Moxke,
piu v momimkax? BigmosigHuM mMeTasioM, AKUI MOXKHa 0YJIO
JOCHiIuTU B My:Ke UYMCTOMY CTaHi, YUeHUI BBaKaB PTYTh.
I mificHo: AK i mpopoKyBaJjia eJIeKTPOHHA Teopid MeTasis,
3 MOHMKEHHAM TeMIIepaTypH OIIip PTYTi 3aKOHOMipHO 3MeH-

[0

mIyBaBcs. Yce HIIo HopMaidbHO mo —4 °C, a mortim omip Ifafn eeu’;lemg_
IMOBHICTIO 3HUK. SHHK PAIITOBO, Bipady — CTPUOKOM. 0 Hft oc

YueHunii npuiiHAB Iie 3a TiATBEePIKeHHA CBOEI Teopii eek-

TPUYHOTO OIOPY i Ha3BaB HOBUI CTAaH PTYTi, AKWUIl BiH 3HAMINIOB, HAONpPosio-
Hum. Ase HesabapoMm 3’sCyBajIOCs, IO HAPaSOKCAJIBHUII CTPUOOK OIIOPY 10
HYJIS HEMOJKJIMBO MOSICHUTHU KOOHOIO Teopieio i mjo OmHec BiAKpuB 30BCiM He
Te, Ha III0 PO3PAXOBYBAaB.

IIlo morso smimuTHCA B MeTasi, YoMy 3a OesdKol Temieparypu (yueHwuit
Has3BaB il KPUTUUYHOIO) €JEeKTPOHAM Yy:Ke HiIlfo He 3aBa’jKa€ PyXaTUCh, YOMY
BOHU IIepecTaoTh B3aEMOMIATH 3 aToMaMM KpHCTaJiyHOI I'paTKW abo, K
KajKyTh (PisUKU, IEepecTaloTh PO3CiloBaTHCA Ha KOJUBAHHAX I'paTKu?

A Moxe, omip y PeUOBMHU BCe K 3aJIUIIIAETHCA, IIPOCTO CTAE€ TAKUM MaJIIM,
10 oro He BAAaeThcA HaBiTh BuMipaTu? I cam ¢isuk, i 6araTo ekcrmepuMeHTa-
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TOPiB HaMaraJucsA «CIiiiMaTw» IIeHdl 3aJUIIMKOBUI omip. BoHM BUKOpPHCTOBYBa-
JY HAWUYyTJAUBIIIL MeToau, Io0 II0 TOMY, AK 3aTyXa€ eJeKTPUUYHUH CTPpyM
B HAQANPOBIZHOMY KiJIbIIi, OIIiHNTH 3HAaUYeHHA omopy. Jocainu 1i 3aBepiiuincsa
3HAMEHUTUM eKciepuMmenToM KoJrin3a, ge HaAIpoBigHe CBUHIEBE Kijblie
3 eJIeKTPUUYHUM CTPYMOM 30epirasocs B pigkomy reJii 6Ju3bK0 TPhOX POKIiB.

Munymo 22 poxu, mepin Hixk OyJo 3pobJieHO APyre, He MeEHII Bpaykaroue
Bi,ELKpI/ITTH. Busasunocs: Ha,E[l'[pOBi,Z[HiCTB — IIe He TiJIbKU «i,I[eaJILHa TIPOBiI-
HicTb», ane # «ifeanbHuil niamarHerusm». Haragaemo, Imo niamMarHeTuku —
Ile PEYOBHHU, fAKi «He B Jajax» 3 MargiTHuUM mojgeM. Ilowmimieni B marmitue
moJjie, BOHU IPardyTh BUTICHUTHU MOTO0 i3 cebe i 3afiHATH B IPOCTOPi Take MOJIO-
JKeHHs, e HaOpy:KeHicTh mouasa MiHiManbHa. K imeanlbHUN giamMarLeTurk Ham-
TPOBIJHUK «HEe TEPIUTH» ycepenumHi cebe Hi HAWMEHIIIOTO MArHiITHOTO MOJIA.
Tak, 1e B 1933 p. OyJji0 moBemeHo, 110 HyJILOBUI OIIip i Hy/IbOBe MarHiTHe IIoje —
e IBi BJIACTHMBOCTI HAAIPOBiTHOTO CTaHY.

3a meAKMMU BJIACTHUBOCTSIMU, I'OJJOBHUM YMHOM MAarHiTHUMHK, HaAIPOBimHi
PEYOBUMHU CTAJX PO3ALIATH HA HAAOPOBIAHUKM HEPIIIOTO Ta APYroro poay. yci
PEYOBMHU 3 BUCOKMMHU KPUTUYHHMH TeMIepaTypaMu BUSABUJINCA HaIIPOBiI-
HUKaAMM IPYroro poxy. ¥ HUX € ¥ iHII BayKJWBi BJIACTHUBOCTi: BUCOKi 3HAUEH-
HS KPUTUYHOTO MarHiTHOTO MOJIA Ta KPUTUUYHOI rycTuHu cTpymy. 1110 11e o3Ha-
yae? DByao BimomMo: HaAOpOBiAHICTL MOMKHA «3PYHHYBaATHM», HE TiJIbKHU
OiABUINYIOUN TEeMIIEPATypy BUIe KPUTHUUHOI, ajie ¥ Jilouy MarHiTHUM IIOJIEM.
Tak 3pasKu WX CIOJYK 3aJUINAJIUCA HAAIPOBIAHMMM, HABITH SAKIIO uYepes
HUX B HAJICUJIBHOMY MarHiTHOMY TOJIi ITPOIIYCKAJNI CTPYMHU I'YCTHUHOIO 10 MiJib-
MoHa aMIlep Ha KBaApPaTHUI CAHTUMETP Iepepisy.

SBuie HAATPOBIAHOCTI BUKOPUCTOBYETHCSA B MPWJIaAAxX A (PiBSWUYHOTO
eKCIIEPDUMEHTY: HAAIPOBIAHMX TrajJibBaHOMETPAax i [eTeKTopaxX BUIPOMIiHIO-
BaHb, PE30HATOPAX 3 HAAMPOBIAHUM IOKPUTTAM IJIA MiKPOXBUJIBOBOI TE€XHi-
KW, IJIA JiHIHHUX OPUCKOPIOBAYIB BAXKKNX YACTHUHOK, MAarHiTHUX JIiH3aX IJId
€JIEKTPOHHUX MiKPOCKOIIiB, €JIeKTPOABUrYHAX Ha HAANPOBIAHUX MHiAITUIIHU-
Kax 0e3 TepTd, TpaHchopMaTopax Ta JiHigX Iepemadu 0e3 BTpaAT, MATHITHUX
eKpaHax, akyMyJsTopax eHeprii Torirmo.

[
3AMNMUTAHHA 0O BUBHEHOIO

1. XTo m0BiB, IIT0 HOCIAMU €JIEKTPUUYHOTO CTPYMY € €JIEKTPOHU?

2. fIxi mosIosKeHHs € OCHOBOIO KJIaCMYHOI Teopii mpoBigHOCTI MeTamriB?
3. ¥V oMy moJifirae Teopis mpoBigHOCTI MeTasiB?

4. YoMy y OpPOBIiJHUKY BUHHUKAE OIIiP €JIEeKTPUUHOMY CTPyMYy?

5. K 3ayeXUTH Omip MPOBiZHMKA Bix Temmepatypu?

6. IIlo Take muTOoMMUi omip MmeTanay?

7. 1o Take TeMmepaTypHUI KoedilieHT omopy mMeTamiB?

8. ¥V yomy mossirae sABUIlle HaAIPOBigHOCTi?

§ 10. EAEKTPMMHUM CTPYM Y HAMIBMPOBIAHUKAX

BigpisauTy HamiBUpPOBIiZHWMKU BiJ IPOBIZHWKIB MOMKHA 3a XapaKTepoM
3aJIE)KHOCTI eJIEKTPOIIPOBigZHOCTI Bim Temmeparypu. BumipioBamusa mim dac
IOCJiiB TOKa3yIoTh, 1[0 B TAKUX ejieMeHTax, Ak Cuiriniit (Si), I'epmaniit (Ge),
Ceien (Se) Toiro, i ixuHix cmoayxkax (PbS, CdS roio) nuTomMuii omip 3 migBu-
IIeHHSIM TeMIIepaTypu He 30iJbInyeThbcd, AK y MeTaJaiB (maJua. 1.43), a, HaBOa-
KM, pidKko aMeHINyeThbca (Maa. 1.44). Taxki peuoBuHM i Ha3WMBAaIOTH HAIMIBIIPO-
BiTHUKaMMU.

3 rpadika Ha MaadioHKY 1.44 BUAHO, IO 3a TeMIIEPATYyp, AKi HaGIMKAIOTE-
csA 10 abCOJIIOTHOTO HYJsS, MUTOMHU OIip HAOmiBIPOBIAHWKIB AysKe BEJTUKUIM.
Ile o3Hauae, 110 3a HUBBKUX TeMIIepaTyp HAIiBOPOBIAHUK € (paKTUUHO JieJieK-
TPUKOM. 3 IiABUIIEHHAM TeMIIePaTypPu MUTOMUM OIip IIBUIKO 3MEHIIYETHCS.
Y yomy K IpUUYMHA IIHOTO ABUINA?
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1106 sposymiTu MexaHidsM BUHUKHEHHS IIPOBiJHOCTI B
HaOiBOPOBiZHMKAX, CJIiJ POSIJIAHYTH OYIOBY HAIIiBIIPO-

BIIHMKOBUX KPHUCTAJIiB i mpupoxay 3B’a3KiB, IO yTPUMY-
IOTh aTOMH KpucTaja OAWH 0iJsg omHOro. K mpukJaan
posriaHemo Kpuctana Cuiirmiio. Po

Cuniniti — dvorupuBasieHTHU#N esemeHT. lle o3Hauae,

[0 B 30BHIiIIHiN 000J0HII aToMa € 4 eJeKTPOHU, SAKi 0
MOpPiBHAHO caabKo 3B’sa3aHi 3 aapom. Koskuuit arom Cuii-

IIifo Mae YOTHUPhOX HAMOMMKuUuX cycizis. CxeMy CTPYKTY- Maun. 1.43
pu KpucTaja Cnmuuo 3o6pameHo Ha MaaioHKy 1.45.

Mix Iaporo cycimHixX aToMiB 1CHye TaK 3BAHUI MAPHO- p
eJIeKTPOHHUIM, ab0 KOBAJIEHTHWH, 3B’A30K. B yTBOpeHHi
IbOI'0 3B’A3KYy Oepe y4acTh OOUH BAJIEHTHUII €JIeKTPOH Bif
KOJKHOTO aToMa, IO BifipBaBcA BiJ HBOTO (KOJIEKTUBi3y-

BaBCA KPUCTAJIOM) i pyXaeTbCcsa y IPOCTOPi MiK cycigHiMm
aromamMu. HeraTuBHUII 3apsA] IIUX €JEKTPOHIB yTPUMYE
nosuTusHi oum Cuiimiro oguH 0ijsg OmHOTO. 0 ;

He caix BBaskaTu, 110 KoJIeKTUBi30BaHAa mapa eJeKTpo-

HiB HaJIeKUThL ABOM aToMaM. KOMHHUII aToM yTBODPIOE Maax. 1.44
4 3B’A3KU i3 cycimgHiMM, i OyIOb-IKUIl BAJEHTHUN €JIEKTPOH MOMKe PYyXaTHCs 10
omxHOMYy 3 aromiB. IiHIIOBIIM OO CyCiZHBOTO aToMa, BiH MOMKe IepeuTu 10
HACTYITHOTO i TaK mepeMilllyBaTHCsS Y3IOBK YChOTOo Kpucraja. KoaekTuBizoBami
BaJICHTHI €JIEKTPOHU HaJIE}KaTh yChbOMY KPUCTAJY.

ITapHoenexkTpouHi 3B’ A3Ku Cuiimito JocUTh MIITHI # 38 HUBBKUX TEMIIEpPaTyp
He poadpuBaioTbcsa. Tomy Cuiiiiii 3a HM3BKOI TeMIIepaTypu He HIPOBOIUTDH eJIeK-
TPUUYHUII CTPyM. BajleHTHI eIeKTpoHH, IO 6epyTh y4yacTh y 3B A3KY aTOMIB,
MIiIlHO TIpPWB’sA3aHi MO KPUCTAJIUHOI I'DAaTKU, i B0BHIIIHE eJIEKTPUYHE II0Je
IIOMiTHO He BILIMBA€ Ha iXHill pyx. AHajioriuny OymoBy Mae Kpuctaya 'epmaHiio.

Big marpiBamns Cwuiimiio KiHeTMUHa eHeprid BaJIEHTHUX €JeKTPOHIB 30iJb-
IIYEThCSA i OKpeMi 3B’A3KH pPO3PUBAIOTHCA. JlesKi eJeKTPOHM 3aJIMIIaloTh CBOI
«yTOPOBaHI IUIAXW» i CTAIOTh BiMIbHUMU, IOAIOHO IO €JIEKTPOHIB y MeTaJIi.
B enexTpuuyHOMY IOJIi BOHM MEPEMilIalOThCSA MiK Bys3JlaMU I'DATKU, YTBOPIOIOUN
eJIeKTpUuYHUM cTpyM (Masa. 1.46).

IIpoBigHicTh, HAMIBIPOBITHUKIB, 3yMOBJI€HY HASBHICTIO B HUX BiJIbHHX eJIeK-
TPOHIB, HA3UBAIOTh €/leKMPOHHOI0 NPOGiOHICMIO.

3 MOigBUINEHHAM TeMIIepaTypu KiJabKicThb posipBaHMX 3B’sa3KiB i, 0TXKe,
BIIBHUX eJIEKTPOHIB 30inbmiyeThes. Ilim uac marpiBamaa sim 300 mo 700 K

KiJbKicTh BLIBHUX HOCIiB 3apsamy s6iapmyerses Bixg 1017 zo 10%* v 3. IIe copu-
YWHSAE 3MEHIIIeHHS OIOpPY.

fAxmo pospuBaeTbCA 3B’A30K, TO YTBOPIOETHCS BaKaHTHe Micle, Je He
BHCTaYae eJeKTpoHa. Vloro Ha3mBaIOTh AipKOI0. ¥ IipIli € HAAJUIITKOBUY ITO3M-
TUBHUHN 3apAj NOPiBHAHO 3 iHINMMU HOpMAaJbHUMU 3B’sas3kamu (Maj. 1.46).

ITono:xxenusa gipku B KpucTaji He € HeamimHuM. Taxkuii mpoiiec BigOyBaeTh-
ca OesmepepBHO. OQUH 3 €JIEKTPOHIB, 1110 3a0e3leuye 3B A30K aTOMiB, 3aiiMae
Micie gipKu i BiIHOBJIIOE TYT HapHOEJEeKTPoHHN 38’ A30K. IIpu niromy B MicIri,
3BiIKM IIePEecKOUYUB eJIEKTPOH, YTBOPIOETHLCS HOBa mipka. OTike, mipKa MoiKe
mepeMiliyBaTucA B KpuUCTAaJi.

Maan. 1.45 Maan. 1.46
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o o o o o ~ Ha maiionky }.'47'306pa;§<eHo Mexa-
Hi3M eJIeKTPOHHOI i AipKOBOI IPOBiAHO-

9%9 9%\9 Ooo(g cri. 3a BiZICYTHOCTI 30BHIIIHBOrO MOJS €
o0 i AN - @ | omuwH BinmbHUI eneKTPoH (—) i ogHA /Ilp-

] @) & 00 O o0 xa(+) (man. 1.47, a). Ilpn marmasausi

o (®) O | moxada BimOyBaeThbCs IepeMillleHHSA eJIeK-
TPOHiB. BifbHUH €JIEKTPOH IPAMYE IIPO-

@ @) TH HANPAMKY HAIPYKEHOCTI MmoJd. ¥
Man. 1.47 IIbOMY CaMOMY HAIPAMKY IepeMilry-

€ThbCS TAKOYK OIWH i3 3B’SI3aHUX eJIeK-
TpoHiB (Masu. 1.47, 6). Ile Burasamae AK mepexif AipKu B HAUPAMKY IIOJIA
(man. 1.47, 8).

SIKIII0 HATIPY KEHICTh eJIEKTPUYHOTO II0JIA B 3PAa3Ky JOPiBHIOE HYJIIO, TO IIepe-
MillfeHHA IipOK, PiBHOIIIHHE ImepeMillleHHIO IIO3UTUBHUX 3apALiB, BiqOyBaeThCA
Xa0TUYHO i TOMY He CTBOPIOE €JIEKTPUUYHUU CTPYM. 3a HASIBHOCTI €JIEKTPUIHOTO
I0JIsI BUHUKAE BIIOPAIKOBAHUN IIepPexXisl TipoK, i 0 eJJeKTPUUYHOT'O CTPYMY Bijlb-
HUX eJIeKTPOHIB MTOa€ThCA eJIEKTPUYHNI CTPYM, 3yMOBJIEHIH IIEPEXOI0M TipOK.
Hanpamork pyxy AipoK ODPOTUJIEKHUIN HAIPAMKY PYXY €JeKTPOHiB.

Otke, y HAIIiBIPOBIAHMKAX € HOCII 3apsAIiB ABOX THUIIIB: €JIeKTPOHU # OipKu.

HaniBnpoBiTHUKYM MAIOTh HE TiJIBKU €JIEKTPOHHY, a M TiPKOBY IMPOBiTHICTB.

Mu posrasaHyanm MeXaHi3M IIPOBIMHOCTI iZeanbHWX HANiBOPOBIAHUKIB, IO
He MAaOTh HisIKMX JOMIIIIOK.

IIpoBigHicTh HAMIBIPOBITHUKIB, AKi HE MalOTh JOMIIIOK, HA3UBAIOTH 6/1AC-
HOM npogidHicmio HaniénpoioOHuUKIE.

Biacua HpOBiJIHiCTL HaHiBHPOBi/IHI/IKiB 3a3BUUal HeBeJINKa, OCKiJIbKU
B HUX MAJIO BlJIbHI/IX eJIEKTPOHiB (Hanmpukiaz, y I'epmanito sa KiMHATHOI TeMIe-
paTypu n, = 3 10" cm®). Bogmouac KinbkicTs aromiB y 1 cm® Tepmanio —
6mspro 102 . OT:ke, KiNbKicTh BIIBHMX €JEKTPOHIB CTAHOBUTH HPUOIMU3HO
ONTHY ,Z[eCHTI/IMlJIprI[Hy YacTKY Bij 3arajapHOI KinbKoCTi aTomiB. BiacHa mpo-
BigHicTh, HamiBOpPOBiZHMKIB 6araTo B YoMy MOAiOHA OO IIPOBiAHOCTI BOSHUX
po3umHiB i posmaaBiB emeKTpoiaiTiB. B 000X BuIagxax KiJbKicTb BilbHUX
HOCiIiB 3apsany 30iJbIIyeThbCsa 31 30iIbIIIEHHAM iHTEHCHBHOCTI TEIIJIOBOTO PYXY.
Tomy i B HamiBIPOBIAHUKIB, i y BOAHUX PO3UMHiIiB a00 PO3IIJIaBiB eJIeKTPOJIiTiB
OPOBiAHICTE 30iMbHIyEThCA 31 30iJBINIEHHIM TeMIIEPaTypHU.

IcToTHA 0COGMBiCTh HAIIBIPOBiIAHUKIB IIOJISTAE B TOMY, IO B HUX 34 HASAB-
HOCTi DJOMIIITOK KpiM BJIACHOI IIPOBiMHOCTI BUHUKAE HOJATKOBA — JOMIIIKOBA
MpoBigHicTh. 3MiHIOIOUM KOHIIEHTPAI[il0 AOMIIIKM, MOKHa 3MiHIOBATH KiJb-
KicTh HOCIIB 3apAay TOTO YW iHIIOTO 3HAKA. 3aBAAKU I[HOMY CTBOPIOIOTHCH
HaAIIiBOPOBiTHUKM 3 IepeBasKHOI0 KOHIIEHTpAaIli€elo ab0 HeraTHMBHO, a00 IO3U-
TUBHO 3apAIKEeHUX HOCiiB.

BI/IHBnﬂeTBCﬂ, 10 KOJIU € [OMIIIIKH, HaIPUKJIAL aTomiB ApceHy, HaBiTb
AKINO IXHA KOHIEHTPALid AyXe Maja, TO KilIbKicTh BUIBHUX €JIEeKTPOHIB 3poC-
Tae B OaraTo pasiB. BigOyBaeTbcs Le 3 TaKOI IpUYIMHU. ATOMHU APCEHY MalOTh
5 BaJIGHTHUX €JIeKTPOHiB, 4 3 HUX 6epyTh yUacTh Y CTBOPEHHi ximMiuHOro (KoBa-
JIEHTHOTO0) 3B’A3KY IILOT'O aToMa 3 HAaBKOJUIITHIMM aTOMaMu, HATIPUKJIAJ 3 aTo-
mamu Curiniro. IT’aTuii BaJeHTHUN e€JEKTPOH BUABJISIETHCA CIAA0KO03B’sI3aHUM
3 aromoM. BiH Jjierko saimuiiiae atom Apceny i crae Binbumii (mas. 1.48).

ITig vac momaBamHA OHiEl JeCATUMIJILAOHHOI YaCTKM aTOMiB ApceHy KOH-
IIeHTpallid BLIbHUX eJeKTPOHIB NOPiBHIOBATHME 10 em3. Ile B Tucsiuy pasis
Oisbllle 3a KOHIIEHTPAI[II0 BiIbHUX €JeKTPOHIB Yy UMCTOMY HAIliBIPOBIZHUKY.

Homimmku, AKi JIETKO BifIaoTh €JIEKTPOHU i, OTIKe, 30iIbINYIOTH KiJIbKiCTh
BLIBHUX €JIEKTPOHIB, HA3WMBAIOTh JOHOPHUMU JOMIiIIIKaMU.

OcCKiZIbKY B HaAIIiBIPOBIAHWKIB 3 JOHOPHOIO JOMIIIIKOIO 0araTto eJeKTPOHiB
(mopiBHAHO 3 KiJbKicTIO Mipok), iX HasMBAIOTh HAIIBOPOBIAHUKAMHU 7N-TUIY
(Bim saT. negativ — «HeraTUBHUI»).
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Maun. 1.48 Maun. 1.49

Y HamiBIPOBITHUKY N-TUIy €IeKTPOHU — OCHOBHI HOCIl 3apanmy, a mipku —
HEOCHOBHI.

Armio AxK gomMimKy Bukopuctatu Impaiii, atroMm AKOro TpPUBAJIEHTHi, TO
XapakTep HPOBiITHOCTI HAIIiBIPOBiAHMKA 3MiHUTLCs. Temep MJA BCTAHOBJIEHHA
HOpPMAaJIbHUX TTapHOEJEeKTPOHHUX 3B’ A3KiB i3 cycimamu aTtoma IHpgito He BucTa-
yae eJeKTPOHA. YHACTITOK IIbOTO YTBOPIOETHCA [mipkKa. KiabKicTs mipok
y KpHCTaJi OOopiBHIOBaTHMMEe KijlbKocTi aTtomiB momimikwm (masa. 1.49). Taxi
IOMIIIIKY HA3WBAIOTh aKIENTOPHUMMU.

SKmI0 icHye eJeKTpUUYHE II0JIe, TO HipKHU IEePeMiIlyIoThCA MO IOJI0 i BUHU-
Kae OipKoBa MPOBiTHICTE.

HamisnmpoBigHuKY 3 IepeBakaHHAM TipPKOBOI MPOBITHOCTI HA/ €TEKTPOHHOIO
Ha3UBaIOTh HanieénpoeidHukamu p-muny (3 Jar. positiv — «IIOBUTUBHUI»).

Y HamiBIPOBITHUKY p-TUILY JipKU — OCHOBHi HOCII 3apAny, a eJIeKTPOHU —
HEOCHOBHI.

Bynemo posriagaru namiBnpoBigauk (Mas. 1.50), mpaBa yacTrHA SKOTO MiCTUTH
JIOHOPHi TOMIIIKM, y IIbOMY BUNAIKy BiH € HAIIiBIIPOBITHUKOM 7-THUITY, a JliBa —
aKIIENITOPHI MTOMIIIKY, TOM1 BiH € HAIliBIIPOBITHUKOM p-TUILY.

KoHTaKT IBOX HANiBIPOBiTHUKIB Ha3MBAIOTHh P-N-IEPEXOIOM.

IIpu yTBOpPEHHI KOHTAKTY €JIEKTPOHU YaCTKOBO IEPEeXOAATH 3 HAlliBIIPOBiAHM-
Ka n-TUILy B HAMiBOPOBIIHUK p-TUIY, a OIPKU — y 3BOPOTHOMY HANIPAMKY.
BinbyBaetrsca mporec nugysii, Takuit camuii, AK i mig yac 3iTKHEHHSA JBOX Pis-
HUX T'asiB, MOJEKYJIN AKUX IePEeMiIlyIOThLCS BHACIILOK TeILIoBoro pyxy. OT:xe,
HAIiBIPOBIAHUK N-TUITY 3apPAIMKAETHCSA TO3UTUBHO, a pP-TUIy — HETaTUBHO.
HMudysia npunuHdaeThCA Iicasa TOTo, AK eJeKTPUYHe IIoJe, 1[0 BUHUKAaE B 30HI
mepexony, IepPerIkoIKae IMoaJIbIIIOMY IIePeMillleHHIO eJIEKTPOHIB i HipoK.

VBiMKHEMO HaOiBIPOBIAHUK 3 p-n-IEePeXoAO0M B eJeKTPUUYHe KoJio (MaJ.
1.51). CrmouaTky mpueagHaeMo O0aTapeio Tak, 100 IIOTeHIiaJ HaIiBIIPOBIZHUKA
p-Tuny OyB IMOSUTUBHUMA, a n-tully — HeratuBHuil. [Ipu mpomy cTpym uepes
p-n-nepexin mepefaBaTUMETbCS OCHOBHUMU HOCiAMU: 3 NINAHKU n y OiIAHKY
P eJIeKTpOHAMU, a 3 NIJIAHKU p y OUIAHKY n gipkamu (Mmaju. 1.52). YHacxigok
IIHOTO IIPOBITHICTL YCHOTO 3pasKa Oy/ie BEJIMKOI0, a OIip — MaJIuM.

PosrasHyTHit mepexis HasWBaAIOTH NPAMUM. 3aJ€KHICTh CHJIM CTPYMY Bin
PiSHUIIL TOTEHIIiaJiB — BOJbT-aMIIEPHY XapaKTEPUCTUKY IPAMOIO Iepexony —
300parkeHo Ha MaJOHKY 1.53 cyIisbHOMO JiHiero.

ITepemxmemo moJttocu 6aTapei. ¥ mboMy pasi 3a Taxoi camol pisHUIII HOTeHIria-
JiB cuja CTPyMy B KOJIi Oyge SHAUHO MEHIIOI0, HijK HpPU IPAMOMY IIePeXofi.

3oHa
nepexoxy E'E

N\

O O

Maun. 1.50 Maan. 1.51 Maan. 1.52
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ITe 3ymoBIIeHO THM, IO €JIEKTPOHU Yepe3 KOHTAKT Iepe-

XOIATh 3 OUIAHKU P Y AUIAHKY 1, a OJIPKU — 3 AUIAHKHU

n y pinsaaky p. IIpore y HaIiBOPOBIIHWUKY p-THUITY MaJio

BUIBHUX €JIEKTPOHIB, a B HAIIBIIPOBITHUKY N-TUITY MaJO

nipok. Omke, uepe3 KOHTAKT IIEPEXOOATh He OCHOBHI
Hocii, a iXHA He3HaAUYHAa KilbKicTh (May. 1.54).

v ——— U YHacaioK 1poro mpoBigHicTE 3paska Oyae MaJjolo,

a Omip — BeJWKHM. Y TBOPIOETHCS TAK 3BAaHUU 3aIrip-

Man. 1.53 Hul 1map. Ileii mnepexis HasMBaIOTh B3BOPOTHUM.

. BosbT-aMIiepHy XapaKTepPUCTHUKY 3BOPOTHOTO IIEpPexo-

BamipHuit Iy 300paskeHo Ha MaJoOHKY 1.53 IITpUX0BOIO JiHicio.

ITro BiacTuBicTh p-n-mepexony BUKOPUCTOBYIOTH
IJA BUIPSAMJIEHHA B3MiHHOTO cTpymy. IIporarom
IOJIOBUHU IIePioay, KOJIM HOTEeHITial HAIliBIPOBiqHU-
Ka p-TUIly NOJaTHUMI, CTPYM BiJIbHO IIPOXOAUTH Yepes
p-n-nepexin. Y HacTyIHY IIOJIOBUHY II€Piofly CTPyM
TIPaKTUYHO AOPiBHIOE HYJIIO.

Bimomo, 110 B esleKTpOHHIiN jsiaMIli HOcil 3apaxy —

Man. 1.54 €JIeKTPOHU — BUHUKAIOTH YHACIIZOK TEpMOEJIEKTPO-

HHOI emicii. Ile morpebye cmemiasbHOrO mIMKepesia

eJeKTPUYHOI eHeprii Aasa po3KkapeHHA HUTKU KaToga. ¥ p-n-epexoji Hocil

3apANY YTBOPIOIOTHCA TOJi, KOJU Y KPUCTAJ YBOAATH aKIENITOPHY a00 TOHOPHY

momimky. OTxke, Bigmagae morTpeba BMKOPHCTOBYBATH I)Kepeso eHeprii miasa

oJlep:KaHHSA BiJIBHUX HOCIIB 3apamy. ¥ CKJIaIHUX cXeMaX 3eKOHOMJEeHA BHACJI-
IOK IIbOTO eHeprid O0yBa€e HOCHUTH 3HAUHOIO.

Y HamiBOPOBiZHMKAX €JNIEKTPUUYHHUU OIIip 3HAYHOI MipOI0 B3aJIEKUTh Bin

TemiepaTypu. 1[0 BiIacTuBiCTh BUKOPUCTOBYIOTH IJisi BUMipIOBAaHHSA TeMIIE-
paTypu 3a CHJIOI0 CTPYMY B KoJii 3 HamiBnpoBimHukoMm. Taki mpuianu Hasu-
BalOTh TepMicTopamMu ab0 TepMOpPE3UCTOPAMMU.
. Tepmicropm — ofHI 3 HaWNPOCTIMNNX HAIIBIPOBIAHUKOBUX IIPUJIAJiB.
Ix BuroroBifOTL 3 TrepMaHilo, cejeHy Tomio. TepMmicTopu BUIYCKAaOTh
y BUIVIAAiL CTepKHiB, TPyOOK, AUCKIiB, IIaii6 i HAMMCTHH PO3MipoOM Bil Kijab-
KOX MiKpOMETPiB M0 KiJIbKOX CAHTHUMETPiB.

HiamasoH BUMipHOBaHUX TeMIepaTyp OiJbIIIOCTI TepMiCTOPiB JIEXKUTH
y mesxax Bim 170 mo 570 K. IIpore € TepmicTopu Iy BUMIpIOBaHHSA IyKe
Bucokux (mo 1300 K) i ny:xe muspkux (8ig 4 mo 80 K) remneparyp.

TepMmicTopu 3aCTOCOBYIOTH AJIS AUCTAHIIIAHOTO BUMipIOBaHHA TeMIIepaTypH,
OPOTHUIIOMKEKHOI CUTHAJI3aIlii ToIIo.

EnexTpruna mpoBigHiCTh, HANMIBOPOBIAHMKIB HiABUIIYETHCA HE TIJIBKMW Bif
iXHBOTO HArpiBaHHSA, a U Bix iXHBOro ocBiTiieHHsA. IIpu ocBiT/IeHHi HamiBIIPO-
BiIHHKA CHJa CTPYMY B KOJi IIOMiTHO 30iJBIIIyEeTHCS, IO CBiAUYNUTEL IPO 30iJb-
IIeHHA MIPOBiAHOCTI (3MEHIIIeHHS OIIOPY) HAIIIBOPOBIAZHMKIB mim miero csiTia.
ITeit edeKT He MOB’A3aHUH 3 HarpiBaHHAM, OCKiJILKM BiH MOJKe cIocTepiraTu-
cA i 3a HE3MIiHHOI TeMmIepaTypu.

EnekTpuuna mpoBigHICTh 36ibIITYETHCA BHACTIOK PO3PUBAHHA 3B A3KiB Ta
YTBOPEHHSA BLIbHUX €JEKTPOHIB 1 AipoK 3a paXyHOK eHeprii cBiTisa, IIo mamae
Ha HamiBupoBigHUK. Ile sBUITEe HasuBawOThL horoesekTpuynumM edexrom. IIpu-
Jaau, y AKUX BUKOPHCTOBYIOTH (DOTOENIEKTPUIYHUN eheKT y HaliBOPOBiZHUKAX,
HasuBaioTh ¢Gorope3ucropamMu abo ¢oroomopamMu. 3aBAAKH MiHiaTIOPHOCTI
1 BUCOKIi#l YyTJIMBOCTi (hOTOPE3UCTOPU BUKOPUCTOBYIOTh Y HaWPi3HOMAaHITHITITX
rajys3sax TeXHIKHU AJiA peecTpallii i BumipioBaHHA cIa0KUX CBiTJIOBUX IIOTOKiB.
3a momoMorow (QOTOPE3UCTOPiB BUBHAUAIOTH SIKiCTh MOBEPXOHBb, KOHTPOJIIOIOTH
posMipu BHpPOOGiB TOIIO.

ChOrofiHi IIBUAKUMM TEMIIAMM PO3BUBAIOTHCS HAMiBIIPOBIAHUKOBI TE€XHOJIOTIT
BUPOOHUIITBA MiKpocxeM. I]e HaykoBa po3pobKa Ta BTiJIEHHSA B «KPEeMHii» Iiopas
IIBUAMIINX i MEHIIINX TPAH3UCTOPiB, CXeM 3B’ A3KY MiK HUMHU Ta iHIITNM «00paMJIeH-
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HAM» MiKPOCTPYKTYD Ha KPHCTAJi, CTBOPEHHS TEXHOJIOTi!l BUTOTOBJIEHHS MAaJIFOH-
Ka JIiHifl i TpaH3MCTOPiB Ha MOBEPXHI KPEeMHiI0, HOBHUX MAaTepiajliB Ta yCTaTKY-
BaHHA AJISA IIbOTO, a TAKOMK Trajy3b 3HAaHb IIPO Te, SIK BUPOOJATH MiKpOCXeMU
BUIIOI TKOCTi, MIBUAII, 3 OLIBIIIO0 KiJIbKICTIO IPUIATHUX KPHCTAJIB Ha ILJIACTH-
Hi, MeHIIIIM umcJioM gedeKTiB i posmiilieHHaM poboUnx IIapaMeTpis.

BinpmricTs KOMIIOHEHTIB 3BUYANHOI €JIEKTPOHIKM TaK CaMO 3aCTOCOBYIOTHCS
i B MiKpOeJeKTPOHIIli: pe3rucTopu, KOHAEHCATOPY, KOTYIIKN iHAYKTUBHOCTI, Iio-
IV, TPAHB3WCTOPU, iB0JATOPU i MPOBIMHUKMU, ajie B¥KEe Yy BUIVISAAL MiHiaTIOpHUX
OpUCTPOIB B iHTerpajbHOMY BUKOHaHHiI. Ilmpposi imTerpasbHi MiKpocxemm
B OCHOBHOMY CKJIA[alOThCS 3 TPAH3UCTOPiB. AHAJIOTOBi cXeMHU B OCHOBHOMY Mic-
TATH PE3UCTOPU Ta KOHAeHcaTopu. KOTyMIKM iHAYKTUBHOCTI BUKOPUCTOBYIOTHCS
B CXeMax, IO ITPAIIOI0Th HA BUCOKMX YACTOTaX.

—
SANMATAHHA 0O BUBYEHOIO

. ki pevyoBMHUM HaJeKaTh [0 HAIIBIPOBIZHUKIB?

. Onumrite 6ynoBy HamiBupoBigHuKiB. HasBiTh IXHI OCHOBHI BJacTUBOCTI.

. IITo Ha3uBaIOTh €JIeKTPOHHOIO mpoBigHicTI0? lipKOBOIO IMpOBimzHiCcTIO?

. OnunriTe MexaHi3M eJeKTPOHHOI i AipKoBOi mpoBigHOCTI.

. Axi pyxomi HOCiI 3apsa/aiB € B YMCTOMY HAIiBIPOBIAHUKY?

. IITo BimOyBaeThca mix uac 3ycTpiui eeKTpoHA 3 HipKOio?

Yomy oIip HaIiBIPOBiZHMKA 3HAYHO 3aJI€KUTh BiJl HASBHOCTI JOMIIIIOK ?

. Ky mDoMiIIKy — JOHOPHY UM aKIEeNTOPHY — Tpeda BBECTH, IIT00 OTPUMATU
HANiBOPOBiTHWUK n-THUIy?
9. dAki Hocii 3apsay € OCHOBHUMMU, a AKi — HEOCHOBHMMM B HAIIiBIPOBIIHUKY

3 aKIeIITOPHOI JOMIIIKO0I0?

10. ITo Take p-n-mepexin?

11. IlTo Take HamiBOpoBigHUKOBUM miox? fka itoro 6ymosa?

12. ki Bunu HamiBmpoBiAHUKIB Bu 3HaeTe? I[le BOHU 3aCTOCOBYIOTHCS?

00 1O T O N0 =

§ 11. EAEKTPUYHUMN CTPYM B EAEKTPOAITAX.
EAEKTPOAITUMHA AUCOLIALIA

PosrisgHemMo, K OPOXOAUTH €JIEKTPUUHHUU CTPyM dYepe3 piamHu. Ywumceri
PiIMHM He MPOIYCKAIOTh EJEKTPUUYHUUA CTPyM (ZUCTHUJIBOBAHA BoOja, IJIiIle-
puH, rac Toio). Ile mosicHIOETHCA THM, IO B TaKUX pPifMHAX MaJio HOCIiB
CcTpyMy — #oHiIB. BoHU ABJIAIOTH c000I0 aToMu abo IpylIu aTOMiB, V¥ AKUX He
BHUcTauae abo € HAJIWUINOK eJIeKTPOHIB MOPiBHAHO 3 HENTPAJIbHUMU YaCTUH-
Kamu. JAKIo B pignHi, HaIpUKJIaL y BOAi, POSUMHUTU Cijib, KMCJIOTY abo JyT,
TO BOHA CTAa€ eJIeKTpompoBimHoio. Ile mosicHIOETHCA THMM, IO I BIJINBOM
POBUYMHHHKA MOJIEKYJIM PO3UYMHEHOI PEeUYOBWHU PO3MAAAIOThCS (IMUCOI[iIOIOTH)
Ha Pi3HOWMEHHi HOHU.

Enexmponimuuna ducoyiayisa — 1e NIponec pos3many HeHTPAJIbHUX MOJIe-
KYJI PO3YMHEHOI PEYOBMHHU HA HOHH ITiJ BILNIMBOM MOJIEKYJ PO3YMHHHMKA Ta
TEILJIOBOTO PYXY MOJIEKYJI.

EnexTpuune mose MoJeKyJI POSUMHHUKA TOCIA0JIOE eJIeKTPUYHE II0JIe MOJIe-
KyJ po3unHeHol peuoBuHHU. TaK, MOJEKYJIU BOAM IIOCJA0IIOIOTh HOHHI 3B’ A3KHU
MOJIEKYJI PO3UMHEeHOoI peuoBuHU y 81 pas.

Pexombinayia (Moaisanisz) — mpoiuec BO33’€IHAHHA Pi3HOWMEHHUX HOHIB
y HeHTpaJbHi MOJEKYyIH.

SKIimo B mocyAuHy 3 €JIEKTPOJIITOM 3aHYPUTHU OBa €JeKTPOAN U HpUETHATH
IO HUX IKepeso cTpymy (Mmana. 1.55), To MisK eJeKTpomaMu BUHUKHE eJeK-
TpuuHe moJie. IlosuTuBHI #ioHHU, IO PyXalwThCA OO KaToma, — KaTiOHHU, a
HeraTHUBHi, II0 PyXaloThCA OO aHOAA, — aHiOHU.
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Enexmponimu — 1ue mNPOBiTHUKH,
Y AKX TPOXOMKEHHS CTPYMYy CIIPH-
YUHSIE eJIEKTPOJIi3.

Enexmponia — 1e OKHCHO-BiZTHOBHi
peakmii 3 BUZiJICHHAM Ha eJIeKTpogax
pevorunu. Ha karoxi mpu oMy BUTi-
JAE€THCA YHCTUM MeTaJl.

3 HigBUIIEHHAM TeMIIepaTypu eJeK-
TPOMPOBIAHICTL €JEeKTPOJIITIB 30iabIITy-
€ThCA YHACTiOK 30iJbIIeHHS IIBUIKO-
CTi TEIJIOBOTO PYXY MOJIEKYJ Ta OiIbII
iHTeHCUBHOI iXHBOI pyhHaIlii Ha HOHMU.
IIpu mpomy 306inMbBHIYETHCA KOHIIEHTPA-
mia HoHiB, IXHA PYXJHUBICTHL, IO Bejae
IO 3MEHIIIeHHS OIIOPY eJIeKTPoJiTy. Mexaniume 30iabIIeHHs KOHIIEHTPAIlil pos-
YMHEHOI PeUYOBUMHU TAaKOK 3MEHIIIYE OIIip.

Maiika dapageit eKcriepruMeHTAIbHO BCTAaHOBUB y 1834 p. 3aKOH eJIEKTPO-
Jaizy.

Maan. 1.55

SaxkoH Mapaneda mosATaE B TOMY, III0 Maca PEYOBUHU, AKA BUITIJIAECTHCA HaA
KOSKHOMY 3 €JeKTPOMiB, MPOMOpPIliiiHA 3HAYEHHIO 3apsay, IO IIPOXOTUTH
yepes eJIeKTPOJIIT:

m = kq,

e kB — eneKTpoXiMiuHMWI eKBiBaJIeHT PEYOBMHHU, IO BU3HAUAETHCA MAaCOIO
PEeYOBUHU, AKA BUMIISIETHCA HA KATOMAI HiJl yac MPOXOAKEHHA Uepes eJeKTpPOo-
JIT ONUHUIIL 3apAmy.

Sxmro npuitaaru, mo q = It, To dopmysna m = kq Habyxe Buraany: m = kIt.

EnexTposis 3acTOCOBYIOTH B ejleKTpoMeTaxyprii. B erekTposmiTuuniti BanHi
(BasrisHUI AMUK 3 BYTLILHUM JHOM), IO € OJHOYACHO KaTOAOM, BimOyBaeThcs
€JIEKTPOoJIi3 pya 3a BucoKux Temiepatryp (0au3bko 900 °C) mas oTpuMaHHSA
YUCTUX MeTaJiB. AHom — ByrinabHiI crepskHi. Tax oTpumMyOThL ajdOMiHil,
HaTpiii, Mmaruiii, 6epuiiii, Gprop, KambIliii Ta iHII MeTaIH.

EnexTposais Takox BUKOPHICTOBYIOTh [JIA OUMIIEHHS (padinyBaHHA) MeTa-
JiB. JI7s IBOrO OYMINEHMI MeTas BifJIMBAIOTE Y BUIVIAAL ILIACTUH Ta pOGJIﬂTI:
iX aHOZAMU B €JIEKTPOJIITUYHIA BaHHI. EJIeKTPOJIiTOM CIyrye PO3UMH COJIi IIHO-
ro merajay. JloOupaioTh HaANpPyry Mi’K aHOAOM i KaToAoM TakK, II00 TiIbKU
OUMIIeHNII MeTaJ IIePeX0IuB 3 aHOJA B PO3YMH i BUAiIsABCA Ha KaToxi. [Jomim-
KM BUOAJAIOTh Ha AHO y BUIJIALL Ocany.

l'anpBaHOmIacTHMKA, a00 eJIeKTPUYHE OCaAMKeHHA MeTaJly Ha NTOBEepPXHi
mpeaMeTa AJsd BiATBOpPeHHS Horo opmu, 3MiMCHIOETHCA TaK. 3 IIpeaMeTa 3Hi-
MalOTh CIIOYATKY 3JIiMOK 3 BOCKY, TillCy, ITIOKPUBAIOTH MOT0 IMIOPOIIKOM rpadiTy
IJis HaZaHHSA eJeKTpoupoBigHocTi. IloTiM 371im0OK MOMIIIal0Th B €JI€KTPOJIiTHY-
HY BaHHY, SKa MIiCTHUTh PO3UYMHEHY Cijb BigmoBimHOoro Mmetasny. Ilim uac enex-
TPOJII3Y MeTaJI eJIeKTPOJIITY BUALJIIAETHCA Ha ITOBEPXHI 3JIiNKa I yTBOPIOE MeTa-
JIeBy Koiiio mpeamera (6esimoBHi TpyOu, merasesi merasi ckiaamHol dopmu).

TambBaHOCTETiA — eJIEKTPUYHE OCAMKEHHS METAJIB AJIA IMOKPUTTA OJTHUX
MeTaJIiB IIapoM iHINMUX OJiA 03400JeHHA abo 3axUCTy iX Bim Koposii.

3a I0moOMOTr0I0 eJIeKTPOJIi3y MOKHA TPABUTH Ta MOJIiPyBATH IMOBEPXHi MeTa-
JIeBUX BHUPOOIB.

SlBuilie eseKTPOIidy BUKOPUCTOBYETHCA MJIsI BUTOTOBJIEHHS €JeKTPOJiTHY-
HUX KOHAeHcaTopiB. EjgeKTposiTnuHe pPO3KJaJaHHA BOAM Ha BOJEHBL i KUCEHb
IIUPOKO BUKOPUCTOBYETHCA AJA MOOYBAHHA BasKKOI BOmuU. Y 3BUYAMHIN BOmi
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3aBYKM B HE3HAUYHIN KIiJIBKOCTI € MOJIeKyJsu BayKKol Boau (Boma, y SAKin
3aMicTh BOZHIO MIiCTATBHCA HYKJIAWM BOIHIO-IEeHTEpilo 3 aTOMHOIO Macom 2).
YHacIiIOK eJeKTPOoJai3y KOHIIEHTPAI[isd BasKKOI BOAU B €JE€KTPOJIITI ITigBUIITY-
BaTUMETbHCH.

IlocTifinuit eJIeKTPUYHUIN CTPYM BUKOPHCTOBYIOTH IJIfA JiKYBaJbHUX ITiJIei.
Meron smikyBaHHA 3a HOIOMOIOI0 IIOCTiMiHOTO cTpymy MaJjoi cuau (mo 50 MmA)
Ha3UBaIOThH ra.nLBaHisan;ielo.

ITix wac ranbBaHisamil B pesysbTaTi MPOXOIKEHHHA eJIeKTPUIHOTO CTPYMY
4epe3 TKAHWHU OopraHismMy B KJIiTMHAaxX Bl/:[6yBaeTLcsl 3MiHa 3BUUYAiHOI KOHIIEH-
Tparii fioHiB. PYHKIiOHATbHUN CTaH KJIITUHU 3MiHIOETHCA, YUM i 3YMOBJIIO-
€ThCA TepaleBTUYHA [Aifd IOCTiHHOTO CTPyMYy.

OxHuM 3 pisHOBHUIIB rajbBaHizaIlii € ereKTpoopes — eJIEKTPOJIITHUHE BBe-
IeHHA JIKapChbKMUX PEUOBMH B OpraHidM uepes IIKipy abo cam30Bi 00OJIOHKH 3a
JIOIIOMOI0I0 IIOCTIiHiHOT'O CTPyMy. 3a IOIIOMOTOI0 eIeKTpodopesy uepes IIKipy
i coim3oBi 060sI0HKY B opraHism yBozATh ak nmosutusHi (Harpi#t, Kansiiii, koze-
iH, HOBOKaiH TOII0), TakK i HeratuBHi (Bpom, Wox, kodeiu Toiro) itonu. IIpuuomy
TO3UTUBHI HOHM 3aBKAU BBOAATHL 3 MO3WUTHBHOIO €JIEKTPOAA, a HeraTuBHI — 3
HeratusHoro. Cuia cTpymy mig yac eaekTpodopedy KOauBaEThbes Big 2 1o 50 MA
3aJIe’KHO BiJl XapaKTepy IIPOLeAYypPU Ta iHAMBiAYyaJIbHHX OCOOJHMBOCTEI XBOPOTO.

J—
3AMNMUTAHHA 0O BUBYHEHOIO

1. IITo Take enexTposiTnuyna aucorniamnia? Pexkombinamnisa? ExexTposis?
2. HassiTh peuoBuHU, AKi HAJIEKATh 4O €JIEKTPOJIITIB.

3. ¥ uomy mossirae 3akouH Papages?

4. Y saxux chepax 3aCTOCOBYIOTh ejieKTpoJid? HasemiTh mpuxaagu.

§ 12. EAEKTPUYHUMN CTPYM Y TA3AX

T'asm, Ha BigMiHy Big MeTasiB Ta €JIeKTPOJIITIB, 3a 3BUYAHUX yMOB CKJIaJa-
IOTBCA 3 €JIEKTPUYHO HENTPAJbHUX ATOMIB Ta MOJIEKYJ i TOMYy He € IPOBimHU-
KaMu eJeKTPUKH. HaenexTpusosaue TiJIo B CYyXOMY HOBiTpi 36epir'ae CBilt sapsz
niero 3oBHiMIHIX 30ymHUKiB. Ilpu mboMy iXHi MOJIEKYJIM II€PETBOPIOIOTHCS B
HO3UTUBHI MoHU. EJIeKTPOH, AKUI BigAiIMBCa Big HEUTPAJIbHOI MOJIEKYJIN, CTH-
KalouuCch i3 APYro HENTPaJbHOI0 MOJIEKYJIOI0, MOXKe 3 €THyBaTHCS 3 HEI Ta
YTBOPIOBATH HETAaTUBHUI HOH.

1106 #ionisdyBaTu atom (MOJIEKYyJy), Tpeba BUKOHATU PobOOTY (POOOTY IMOHI-
3arii) mpoTu cua B3aeMOAil eJIeKTPOHA 3 iHIMWMMU YaCTUHKaAMMU aToMa (MoJie-
Kyjaamu). 30BHIiIIHI 30yqHUKK, ab0 mKepesa eHeprii, AKi COPUUYMHSIOTH HOHi-
3allifo rasy, Ha3WBAIOTh HOHiIZaTOpPaMH.

ITpomec, akuit 3abesmeuye HoHizallilo rasy i mOJAJBIINNA PO3SBUTOK I'a30BO-
To po3pAnYy, Ha3UBAIOTh UOHI308AHUM.

fAx #fioHizaTOp AilOTH PEHTreHIiBCHKi MPOMeEHi, a TaKOK PaJioOaKTHUBHE BUIIPO-
MiHIOBaHHS, K€ BUBUYATHMEMO 3T0OJOM. 3a HOPMAJBHUX YMOB OTOYYIOUE IIOBi-
TP 3aBXKAY IIEBHOIO MipoI0 MOHiI30BaHE BHACIIJOK COHAYHUX ITPOMEHIB i KOC-
MiYHOTO BUIIPOMiHIOBAHHS (IIOTiK IIBUAKUX 3aPAJKEHUX YaCTUHOK, IIePEBAYKHO
IIPOTOHIB, fAKi morpamiaoTs Ha 3emuio 3 raubue Kocmocy).

Wonisania rasy MoskJmBa TaKOXK MiJ Ai€l0 NPUCKOPEHUX eJeKTPOHIB Ta
toniB (ymapHa ifoHisalris).

Hocmin. 3apaguMo (HaupukJIad, Bify eJeKTpodOopHOI MaIMHM) aaroMiHieBi
IWCKU, 3’€IHAHI IPOBiTHUKaMu 3 BUBoZaMu ejeKTpoMerpa (Mmaja. 1.56, a). Cmo-
cTepiraTuMemMo, M0 BiAXUJIEHHS CTPIJIKU €JIeKTPOMETpa 3aJIUIIaTUMEThCS CTa-
JUM, TOMY IO eJeKTPUUYHA IMPOBIAHICTL MOBITPA 3a YMOB KiMHATHOI TeMmmepa-
TYpHM Ta CyXOTO IOBITPS Ay’Ke Maja, i IMJaCTUHY IIOMITHO HE PO3PAMIKAIOTHCA.

Brecemo y mpocTip MiK guckaMu moJyM’s Bifl 3amajieHoro cipHuMKa abo cBiu-
ku (maa. 1.56, 6). IToGaumnmo, IO eJIeKTPOMEeTpP IIBUAKO pospsauBcd. OTike,
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Maun. 1.56

MOBiTpPs BHACJHIZOK 3HAYHOTO IIiABUINEHHS TeMIepaTypu HaOyJ0 IIpoBimHOCTI
1 3aMKHYJIO KOJIO, TOOTO B HATPiTOMY Tasi IPOXOAUTH €JIEKTPUUYHUMN CTPYM.

IIpoxomseHHA eJeKTPHYHOTO CTPYMY 4Yepe3 ra3 Ha3sHBAIOTh 2A306UM PO3-
paodom.

3ajyie’KHO Bij MexaHisMy HoHi3allii rasy po3pisHAIOTH cAaMOCTilHi i Hecamo-
CTiiiHi Ta30Bi po3pamu.

CaMocTiiHM#E rasoBUit po3pAL ni;[TpI/IMye caMm cebe i1 3bepiraerbca micasa
IpUNUHEHHsA Ail 30BHILIHBOrO ifoHiBaTopa, TOOTO Mif Yac PO3PAAY BECh 4ac
YTBODPIOIOTHCH BiJbHI BapA;KeHi YaCTMHKU. BOHM MOXXYThb BUHMKATH BHACJI-
IOK ymapHoi Ionisarrii.

Hecamocrifinuit ra3oBuil po3pAn He miATPpUMYe caMm cebe i BimOyBaeThCa mmif
VILINBOM 30BHIIIIHBOTO HOHiZaTopa. SIKIMo foHiBaTOp IlepecTae misiTu, TO PO3-
pPAL IPUMUHAETHCA.

PosrisaeMo BUau ra3oBUX PO3PAMIiB.

Toritounit pos3psA CIOCTEPiraeThesi 3a HU3BKMX THCKIB (mecAaTi i coTti gacr-
KH MijJiMeTpa PTYTHOrO CTOBIIUMKA) i HAIIpyTM Mi eJIeKTPOJaMH B KijJdbka
COTeHb BOJBTIiB. VI0oT0 BUKODPHCTOBYIOTH Y pPeKJaMHUX TpyOkax (main. 1.57).
fAxnro TpyOKa HalloOBHeHa HEOHOM, TO BUHUKAa€ UEePBOHE CBiTiHHA, AKIIO apro-
HOM — CHUHIOBATO-3eJIeHe. ¥ JlaMIlaX JEeHHOTO CBiT-
Jla BUKOPUCTOBYIOTH PO3PSAA Yy mapi pryTi.

Enexmpuuna Oyza — aBuUIle BUHUKHEHHHA
ACKPABOTO CBiTHOTO CTOBIIa Trasy Mi [JgBOMA
BYTiJIBHUMM €JIeKTPOJaMM 3a HMB3bKOI HAIpPyTHU.

Enektpuuny gyry «3amajioiTh» Tak. CrouaTky
30JIMIKYIOTh 1 BBOAATH y KOHTAKT BYTiJIBHI eJIeK-
TPOAM, 3aMHUKAIOUN KOJIO. ¥ HACJHIJOK TeILIoBOi mii
CTPYMY, IO ITPOXOJUTH Yepe3 TOYKOBI KOHTAKTU 3

Maun. 1.57 BEJIUKUM €JIEKTPUYHUM OIIOPOM, KiHIIi eJIeKTPOMdiB

PO3:KapIOIOTHCA OO0 CBiTiHHsS. 3 IMOBEPXHi eJIeKTPO-

IiB IpU IIbOMY BUJIITAIOTh 3 BEJIMKOIO IMBUAKICTIO eJIEKTPOHM I uepes3 3iTKHEeH-

HA HOHIBYIOTH Tad y MIPUJIETJIOMY HPOCTOpPi. SIKIMO eJIeKTPOoau PO3BECTU, TO

€JEeKTPUYHUHA CTPYM y KOJIi He 3BHUKAE, BiH IPOXOAUTH Yepe3 MOHi30BaHUI ras,
110 CYIPOBOIKYETHCA HMOT0 PO3KAPEHHAM i ICKpaBUM CBiTiHHAM.

Cuna cTpymMy B HEBeJUKill mys3i csarae KiJIbKOX aMmep, a B MHOTYXKHUX
Iyrax — KiJIbKOX cOoTeHb amIiep 3a Hampyru npubsausao 50 B.

ITixg yac ropinua ayru moBiTps (abo iHIKMI ras) Y TPOMiKKY MiK BYTLILHUMU
eJIeKTPOoJaMU PO3irpiBaeTbCcd A0 KiJIbKOX THUCAY I'paldyciB i, migHIMaOUNCh yTopy
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BHACJIIJOK KOHBEKI[il, BUI'MHA€ CBITHHII CTOBIIUUK
y dopmi amyru, 3a IO Ileli BUJ T'a30BOTO PO3PSIIY
# orpuMaB cBoio Has3By (main. 1.58). Hyrosuit pos-
pAL — TOTYKHeE JKepeso cBiTyia. Mloro BUKOPUCTOBY-
BaJI Y OPOKEKTOpax, NPOEKIiMHNX amaparax i KiHo-
amaparax. ¥ MeTaJyprii JOCUTh HOIINPEHi eJIeKTpoeyi,
y AKUX I)KepesioM TeIla € nIyroBuil pospsan. IHyrosuit
PO3pAA BUKOPUCTOBYIOTH [IJIsl 3BapIOBAHHA METAJIiB.

Kopornuil pospsd — 11e cBiTHa obJyiacThb, siKa Hara-
Iye KOopoHy. BiH yTBOpHOETHCS 3a aTMOC(HEPHOTO THC-
Ky m0o0Jm3y 3aroCTPeHMX YaCTHH IIPOBIAHUKA 3 BEJIU-
KHUM eJIEKTPUYHUM 3apsIoM.

T'as y nmbomy pasi HOHI3YIOTH yaapoM eJIeKTPOHH,
IPUCKOPEHi CUJIbHUM HEOJHOPITHUM eJeKTPUUYHUM
mojeM, siKe BUHUKAE MOOJIM3y 3arOCTPEHUX 3apsAsKe-
HUX MPOBigHMKIB (Masa. 1.59).

ITepen rposoro abo mig uac rpo3u YacTo Ha BicTpAX
i rocTpux KyTax BHCOKO MiTHATHUX IIpPeIMETiB claja-
XVIOTh CXOJKi Ha MIITOYKM KOHYCHU CBiTJIa, HAITPUKJIA
Ha BicTpax kKopabembHHX I1mora (man. 1.60). 3 mas-
HiX-ZlaBeH IIe CBiTiHHS Ha3WBaIOTh BOTHAMM CBATOTO
Easma.

KoponHuM po3pAgoM He MOKHA HEXTYBaTU, SKIIO
BHUCOKa Hampyra. Kosu € yacTuHU, 1[0 BHUCTYHAIOTh,
abo mysKe TOHKi ApPOTH, TO MOKe BUHMKHYTU KOPOH-
HUM pospan. Ile mpus3BoAUTE A0 BTPAT eJeKTPOeHEep-
rii. IlTo BuIa Hanpyra BUCOKOBOJIBTHOI JiHil, TO TOB-
IUMHA MaloTh OYTH APOTH.

IckpoBuii po3psaa BUHMKAE 3a BHCOKOI HANpPyru
MiK eJeKTpomamMu B moBiTpi (man. 1.61) i mae
BUIJIAN NyYKa fACKPABHUX B3UI3aronogioHux cmy-
JKOK, IO BiITaJIy;KyIOTHCS BiJ TOHKOTrO KaHaJy.

Ilixg yac ickpoBOroO pPo3psAAy ras HOHIZYIOTh yIapoM
MPUCKOPEHI CUJIbHUM €JIEKTPUYHUM II0JIEM eJeKTPO-
HU, I1I0 BUHUKAIOTh B OKPEMUX MICIAX Yy IIPOMiKKY
MiK eJleKTpomaMmu BHACJIiZOK HNPUPOSHOI HoHizarii
ToBiTPA.

3a TOIOMOrOI0 iCKPOBOTO PO3PSAAY MOKHaA 00po0-
JISITU OeTaji 3 TYyroIIaBKUX METaJIiB, TOMY IO BeJIH-
Ka eHeprisi IbOro po3psaAy BUALIAETHCA B MaJIOMY
00’eMi 3a mys:Ke mMaJyui intepsasa dyacy. Tomy Temmnoo06-
MiHY Mi’K 30HOIO PO3PALY i HABKOJMUIIHIM cepegoBU-
meM OPaKkTUYHO HeMae. Y MicIlli pos3pamy TeMmepary-
pa Merasly PisKo ImiABHUINYETHCS, i BimOyBaeThcsa HOT0
BUNIAPOBYBAaHHA.

IIlmasma — 1e ra3 y cTadHi 3 BHCOKHUM CTyHeHEM
momisarii. Il;masma, HaOpUKJIAL, YTBOPIOETHCS B IIO3U-
TUBHOMY CTOBIIi TJIifOUOTO PO3PAAY i B TOJOBHUX
KaHaJIaX iCKPOBOTO PO3pAny. ¥ HeHTpaidbHiil miaasmi
KOHIIEHTPAIlis eJeKTPOHIB 1 MOBUTUBHUX MOHIB OHA-
KOBa.

Koumenrpaiiia #HociiB cTpymMy B ILIasMi HeBeJIHWKa,
ajle BeJIMKA IXHA PYXJUBICTb, TOMY €JE€KTPOIPOBi-
HiCTh IJIA3MUW BeJWKA. 3a XapaKTepoM eJIeKTPO-
IPOBiZHOCTI IIa3Ma YIOAiOHIOETRCS N0 METaJiB, 0CO0-
JWBO 3a BHCOKOI TeMmmepaTypu. 3a OysKe BHCOKOIL

Maun. 1.58

Maun. 1.60

Maun. 1.61
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TemepaTypu (6JM3bKO KiJIbKOX MiJIbHOHIB I'pafyciB) aTOMM ITOBHICTIO OHi3Y-
IOTHCA — POBIIEILIIOITHLCA Ha eJIEKTPOHU i sapa.

YV mpupogi mirasma TpamaaeTbesa B KocMiuHMX Tinax. Hagpa sipox i Coniia
CKJIQJAIOTHCA 3 BOJHEBOI IIJ1a3Mu. 3aBAAKU CBOIM cIeru(ivyHUM BJIACTUBOCTAM
IJIa3My POSTJIANAIOTH K YeTBEePTUI CTaH PEYOBUHMU.

IITyuyso mjasMa CTBOPIOETHCA y TJIiIOUOMY Ta30BOMY PO3PsAli, Ia3zopo3psi-
HUX JIaMIIaX, Mac-CIIEKTPOMETPaxX, TePMOSIEepPHOMY CHHTe3i, iz dac poboTu
MWOHHUX IBUTYHiB, TeHepaTOpiB TOIO. 30KpeMa, IJIasMy 3aCTOCOBYIOTH Y TEPMO-
eJeKTPoHHUX i Mar"itomnasmonuHamMmiuaux (MIII) remepaTopax — IepeTBOPIO-
Bauax Tela 6e3mocepeHLO B €JEeKTPUUYHY €Heprilo (MUHAIOUX TePeTBOPEHH
B MeXaHiumy).

A—
3AMNMUTAHHA 0O BUBHEHOIO

1. Yomy 3a 3BUUANHUX YMOB I'asu € JieJeKTPpUKaMU?

2. IosicHiTh, YOMY MiJ Yac HarpiBaHHS YW ONPOMiHEHHS rasy PEeHTTeHiBCHKUMU
abo yabTpadiosieroBUMU IIPOMEHAMHU I'ad CTa€ IPOBimHUKOM?

3. Yomy mix yac HarpiBaHHs ra3y BiH IioHi3yeThCA?

4. 3 npunnHEeHHIM il fioHizaTopa ras 3HOBY CTa€ AieJeKTPUKOM. Homy?

5. fKwmii razoBuil po3pss HasuBaOTh camocriiinum? HecamocTiinum?

6. OnumriTe mporec BUHUKHEHHS eJIeKTPUYHOI TyTH.

7. 5Iki Bu 3HaeTe BUAM ra3oBUX PO3PAAiIB?

8. Koz BUHUKAE KOPOHHUMN po3pAn?

9. Illo Taxke mnazma?

Uu 3HAETE BU, LLO...

BnuckaBka — pocutb 4YacTte gBulle Ha 3emni. Ak nia-
paxyBanu BYeHi, WOAHS Ha 3eMHin Kyni BigbyBaeTbcs 6nM3bKO
44 000 rpo3 abo npnbnmM3Ho ogHa rpo3a Yyepes KoxHi 2 c. [po3un
HamnvacTilwe OyBatoTb y APYri NoNoBuHI AHA. TpuBanictb Ginb-
wocTi rpo3 — 6nu3bko 1 rog. OgHak y Tpomikax i ropax BOHWU
iHogi TpmBatoTb Ao 12-13 rog. Hanbinbly KinbKicTb rpo30BUX
OHIB — 220 Ha pik — 3adyikcoBaHO Ha ocTpoBi ABa. Y micTi CaH-
Ta-Mapia (wtat KanicdopHia B CLUA) rposa BigbyBaeTbca He
yacTiwe HiX oanH pa3 Ha 2 poku. LLlogHa Ha 3emHin Kyni cna-
naxye 6nm3bko 8 MnH 6nMckaBoK.

BonbTie cToBn | 6atapes Bigkpunn MOXIMBOCTI ANS LWKNPO-
KX eKCNEePUMEHTIB i3 CUMIbHUM enekTpu4HuMM cTpymoM. barato
BYEHUX BUFOTOBMSAMMW Taki Axepena CTpyMy i NPOBOAUNN 3 HUMU
uikaBi gocnigu.

Y 1802 p. npodecop lNeTepbyp3bkoi MegnKo-XipypridHOi
akagemii Bacunb lMetpoB (1761-1834) ckoHCTpytoBaB Hamno-
TY>HilWwy 6atapeto Toro yacy. BoHa cknaganacs i3 4200 migHux
i LMHKOBUX KPYXXKiB, YKNaAeHUX Yy YOTMPU OepeB’daHUX SLLUKWU.
MpuepHaBLLIM MiZHOK APOTUHO 0 NontociB 6aTapei gBa BYrinb-
HUX CTEPXHi (eENeKTpoan), y4eHuin Habnm3mB CTEPXKHI OAWH OO0
OAHOro i Nno6ayue, WO MiXX HAMU panToOM cnanaxHyrna sickpaBsa
ayra. BoHa ocgituna nabopartopito, MoMmiweHi B Hei wmaTku
MeTany Ayxe LWBMAKO CTanu nnaBuTucd. Tak Oyno BigKpuUTO
eneKTPUYHY Ayry.

Muxona Cnocib 3BaptoBaHHSA MeTaniB 3a AOMOMOroK €feKTPUYHOI
Bernapdoc ayrun 3anponoHysaB y 1881 p. ypoaxeHeub c. MoctoBoro Muko-
naiBcbkoi obnacTi BuHaxigHuk Mukona BeHappoc (1842-1905).

BiH 3anateHTyBaB 3aranom 6nm3bko 100 BUHaxopfiB y ranysi TpaHCNOPTY Ta eHepre-
TUKWN. Tak, y4EeHU CKOHCTPYIOBaAB BYrifibHi enekTpoaun pisHux dopm Ta KombiHOBaHi
enekTpoau (Byrneub—MeTan); 3anponoHyBaB chelianbHe NPUCTOCYBAHHA Ans 3Ba-
pIOBaHHA y BepTUKanbHOMY MOSIOXEHHI; yneplle BWKOPUCTaB eneKkTpomarHiT Ans
3aKpinneHHsa getanen, Wo 3Bapol0TbCH; CTBOPMB Kiflbka KOHCTPYKLiA 3BaptoBarbHUX
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HaniBaBTOMaTiB Ta aBTOMaTiB; po3pobus cnocodbu NigBoAHOro 3BaptoBaHHA Ta pi3aH-
HA MeTaniB, 3BaptoBaHHSA B ra3oBOMY CTPYMEHi, TOYKOBOIO i LLOBHOIMO KOHTAKTHOrO
3BaplOBaHHS.

§ 13. EAEKTPUYHUMN CTPYM Y BAKYYMI

MokauBicTh YIIPABIATH PYXOM 3apAIKeHNX YaCTHMHOK y BaKyyMi 3a Oomo-
MOTOI0 30BHIITHIX €IeKTPUUYHUX 1 MAardiTHUX II0JiB CIYI'y€ OCHOBOIO AJIS POOO-
TH eJIEKTPOHHO-IIPOMEHEBUX TPYOOK Ta iHIINX €JeKTPOBAKYYMHHUX IIPUJIAIiB.

Baxyymom Ha3HMBAaIOTHh PO3PiNkeHUI ra3, KOHIHEHTPAIisI MOJEKYI Yy AKOMY
TaKa MaJja, {0 BOHM He CTUKAIOThLCI OJHA 3 OTHOIO.

Tomy BakyyMm € imeanpHHM isosasaropoMm. OmZHAK SAKIIO BHECTH Y BaKyyM
BiJIbHI 3apsamKeHi UyacTMHKMU, HANIPUKJIAL €JIeKTPOHU, TO BiH cTae IPOBiIHU-
KoM cTpymy. Ilpum nmboMy pyxoM BiJIBHMX 3apfAmiB Yy BaKyyMi JIerKO yIpaBJsd-
TH, TOMY BOHU He CTUKAIOTHCA 3 MOJEKYJaMM PO3PiIKeHOTo rasy.

IIpuaagu, y SKUX eJeKTPUUYHUI CTPYM IPOXONUTH Uepe3 BakyyM, Ha3HRa-
I0Th eleKmpo6aKyyMHUMU.

I:xeperoM B3apamKeHUX YACTHUHOK MAJSA BaKyyMy MOKe OYyTH IIOBEPXHS
MeTaJly, Harpitoro mo Bucokux Temmepartyp (1500-2500 °C). 3a Takux Temie-
patyp YacTWHa BiJIbHUX €JEeKTPOHIB METAaJy BOJIOAI€ €HEeprie€r, AOCTaTHHOIO
IJIs TOTO, 100 po3ipBaTu BCi HaABHI 3B’SA3KM Ta 3aJUIINTH IIOBEPXHIO METaIY.
Ile aBuime, 1110 Harajgye BUIapPOBYBaHHA MOJIEKYJI 3 IIOBEPXHi pigfuHM, Ha3mBa-
IOTh T€PMOEJEKTPOHHOIO eMici€ro.

Haitnpocrimum eeKTpOBaKyyMHUM HPWJIALAOM € BaKyyMHUHN
niom — TIPUCTPil, IO TPOIYCKAE CTPYM TiJILKM B OJHOMY
HanpamMkKy (Mazi. 1.62). 3asBuuaii BaKyyMHUIT Aiog — Iie CKJIAHA
JaMIla, YcepeauHi SKOI CTBOPEHO BaKyyM, PO3MIIIEeHO BOJIb(ppa-
MOBY HUTKY — KaTo[ i MeTajieBui muiainap — auox. 11106 marpi-
T BOJIB()PaMOBY HUTKY Hiofja, depe3 Hel IpOIIyCKalTh CTPYM, i
B pe3yJbTaTi TepMOeJeKTPOHHOI eMmicil mopAn 3 po3KapeHOoIo
HUTKOIO 3’ABJISAEThCSI XMapa eleKTpoHiB. Tomy skIo mioxm miz-
KJIIOUUTU JI0 JKepejia CTPyMy, 3’€IHaBIIM HUTKY 3 MOTO Hera-
TUBHUM IIOJIIOCOM, a IWJIiHAP — 3 HO3UTUBHUM, TO €JIEKTPOHU 3
XMapu HABKOJIO HUTKM OyAyTh pyxaTucsd OO IIMJIiHApa i uepes
mionx mime crpym. IIpoTunerkie migKIIOUeHHSA — HUTKA 0 IO3U-
TUBHOI'O MOJIIOCA I:Kepejia CTPyMy, a IIWJIiHAP A0 HOro HeraTuB-
HOTO — He COPUYUHUTHL CTPYMY, TOMY II0JIe BCepeauHi aioxa Oyne BiAIIITOBXyBaTH
eJleKTpoHH Bixg mmrinapa. OTiKe, y BAKYyMHOMY HiOfi €JIEKTPOHN MOYKYThb PYXaTHUC
TLILKY B OTHOMY HAPAMKY — BiJl rapsA4oro KaToia A0 XOJIOTHOTO aHoja. BakyyM-
Hi Jiofm BUKOPMCTOBYIOTH IJIA MEPETBOPEHHSA 3MiHHOT'O CTPYMY B IOCTiMHUM.

EnexTpuune mosie Moike He TUIBKY COPUYUHATYI PYX 3aPAIKEHUX YaCTUHOK Y
BaKyyMi, AK Ile BimOyBaeThcA B JiOAi, a ¥ 3MiHIOBATH TPAEKTOPIiIO I[LOTO PYXY.

OCKiZIbKY eJIeKTPOHU y BaKyyMi He BifuyBalOTh KOSHUX BiTKHEHb, IXHS
MIBUJIKICTh B €JIEKTPOBAKYYMHUX IIPUIafaX MOMKe AOCATATH Ny»Ke BEeJIUKUX
3HaueHb. JIerko mopaxysaTu, II10 Y BAKYYMHOMY Hiofi, Mi¥X aHOAOM i KaTomom
AKoro npukJjageno Hanpyry 100 B, exexTponmu posramamThea g0 6,106 m/c,
110 B MiJbApAU pasiB Oijblile, HiK MIBUAKICTH iIXHBOT'O YIOPAAKOBAHOTO PYXY
B MeTaJsiax. Ilig uac raapMyBaHHS €JeKTPOHIB iXHA KiHeTHUHA eHepria Moike
MepexXoAUTH B €Heprilo BUIPOMiHIOBaHHA (HaOpPHUKJAL, PEHTreHiBCHKOTO),
TemJIOBy Ta iHmri ¢opmu eHeprii.

Posraspaioun muTaHHSA €JIEKTPUUYHOTO CTPYMY y BaKyyMi, moTpiObHO 3Bep-
HYTU yBary Ha SIBUIIE TEPMOEJIEKTPOHHOI eMicii.

Maun. 1.62
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TepmoenexmponHna emiciss — ABRUINE, 3yMORJIEHE TEIJIOBUM PYXOM BUJIbOTY
€JIEKTPOHIB 3a MeKi pedyOBMHHU.

TepmoeseKTPOHHA eMiciss cyTTeBa A (PYHKIIOHYBAaHHA BAKYYMHUX JIaMII,
y AKUX eJIEKTPOHU BUIIPOMiHIOIOTHCA HETaTHUBHO 3apAAMKEHUM Karoxom. [lid
301JIbIIIeHHA eMicii KaTo[ 3a3BUYall HigirpiBaeThbCcAd HUTKOIO PO3KAPIOBAHHSI.

Ilix yac marpiBaHHA MeTajly €HEPreTUUYHUM PO3MOIiJ eJeKTPOHIiB B 30Hi
MIPOBiAHOCTI 3MiHIOETHCA. 3’ ABIAIOTHCA €JIEKTPOHHU 3 €Hepri€ro, 110 IIePEeBUIIyE
piBennp @epwmi (3HAUEHHA €JEKTPOXiMiUHOIrO MOTEHITiaNy 3a HYJbOBOI TeMIIepa-
Typu). HesHauHa KiJIbKiCTh €JI€KTPOHIB MOXKe HaOyTH eHepriio, AKa IePeBUIIye
pobory Buxonmy. Takxi emeKTpoHU (TEPMOEJEKTPOHM) MOKYTL BHUUTH 3a MeXKi
MeTaldy, V Pe3yJabTaTi Yoro BHUHUKAE eMicisfg eJleKTpOoHiB. SHAUeHHS CTPYMY
TEPMOEJIEKTPOHHOI eMicii 3aeKuTh Bij TemMmepaTypu KaToaa, POOOTH BUXOLY
Ta BJaCTUBOCTeM moBepxHi. IleTasbHille MU PO3TIAHEMO IIe B PO3mijai 3.

3HaueHHA CTPyMy emicii HaiGiibIe 3aJeKUTh Bifl TeMIepaTypu KaToja.
OpHaxr 3i 30iJBIIEHHAM TEMIIEPATYPH Pi3KO 3pOCTa€ MIBUAKICTh BUIIAPOBYBaHHSA
MaTepiagy KaToja i CKOpOUyeTbCsI CTPOK itoro cuayskbu. TomMy KaToj HMOBHUHEH
mpaIoBaTl y CTPOr0 BU3HAUEHOMY iHTepBaJii poboumx Temieparyp. HumxHil
Mopir BM3HAYAETHCA MOXKJIMBICTIO OTPMMaHHA OakaHOol emicii, a BepxHifT —
BUIIAPOBYBAaHHAM a00 ILJIaBJIEHHAM MaTepiary.

CyTTeBO BIJIMBa€e Ha 3SHAUEHHS CTPYMY eMicii 30BHIIIIHE eJeKTPUYHE II0JIE,
saKe nmie 6imsa moBepxHi Karoza. Ile aBuinme orpumasno Ha3By ederta IIIoTTKi.
(BupuBaHHIO €JIEKTPOHIB 3 MeTaJIy IEPEeNIKOAKAae IMOTeHIiNHu 0ap’ep, AKUH
YTBOPIOETHCA 3a PAXYHOK EJEeKTPUUHUX CHUJI. SHUXKEHHS IIbOoTo Oap’epa mpu
30i/IbIIIeHHI MIPUKJIALEHOTO B3O0BHIIIHLOTO €JEeKTPUUYHOTO II0JA HA3UBAIOTh
edexrom IMlorTri). Ha enmexTpomH, 10 BUXOAUTH 3 KaTojga, 3a HAABHOCTI
30BHIIITHBOTO €JIEKTPUYHOTO TOJIA MiIOTh ABi CHJIM — €JIEKTPUYHOTO TAKIHHA,
sIKa IIOBEPTAE eJEeKTPOH Ha3al, i B0BHIIIIHHOI'O MOJA, IO IPUIIBUIIIYE €JEK-
TPOH y HANPAMKY Bif moBepxHi Karoma. OT:Ke, B30BHIIIHE €JeKTPUYHE IT0JIE
3MEHIIye NOTeHNiliHuii 6ap’ep, YHACJIZOK UYOT0 3HMIKYETHLCA PO0O0OTA BUXOLY
€JIeKTPOHIB i3 KaToma i 306iJbINTyeThCSA €JIeKTPOHHA eMicisd.

BriuB 30BHINITHBEOTO TPUCKOPIOBAJIILHOTO IIOJIA OCOOJMBO CUJILHO ITPOSABIIAETD-
cs y HaANiBOPOBIAHWUKOBUX KAaTOAAX 3 IMTOBEPXHEBUM IOKPUTTAM OKCUAAMU JIYK-
HO3eMeJIbHMX MeTariB. HamiBIpoBiZHMKOBI KaToau MaroTh IITOPCTKY ITIOBEPXHIO,
TOMY 3HAYHO 3POCTAE HAIPYKEHICTh 30BHIIITHLOTO EJEeKTPUYHOIO ITOJIA Oird
HEPIBHOCTEN ITOBEPXHi, IO CIIPUYMHAE IHTEHCUBHINIUEN PicT cTpyMy emicii.

—
3ANMATAHHA 0O BUBYEHOIO
1. dxwuit ras HA3UBAIOTH BAKYyMOM?
2, IITo Take TepMOeJIEKTPOHHA eMicisa?
3. HoMy BakyyMHUU JioJ IIPOIYCKA€E CTPYM TiJILKH B ONHOMY HAIPAMKY?
4. IlTo Taxke TepMoeJIeKTPOHHA eMicia?

@ CxapakTepusyinTe Ta NOpiBHSANTE YMOBU BUHWKHEHHS €NEKTPUYHOrO CTPYMY B Pi3HUX
cepenoBuLLax.

PO3B’SI3YEMO PA3OM B |

1. Yu BTpayae CBOIO TEIJIOBY €HEPTiI0 eJIeKTPOH ITiJl Yac 3iTKHeHHA 3 HoHaAMU
r'paTKu MeTaaxy?

PosB’azanua
Hi. Bin BTpavae TiJibKU He3HAUHY KiHEeTHMUHY €HEPTil0, AKOI BiH HaOyB mpu
HaIPAMJIEHOMY PYCi B €JIeKTPUUYHOMY MOJI.

2. IucTuiboBaHa BOJA HAaBITH IIic/id MOABIHHOI IIEPErOHKU TPOXU IIPOBO-
IUTH CTPyM. SK Iie moscHUTHU?
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PosB’aszanua

.o . PR -+
Hy>xe mMajia yacTMHA MOJIEKYJ BOOM AUCOIIilioOBaHA, i yTBopeHi ronm H' Ta
OH cupuuymHSOTHL HEBEeJINKY IPOBiAHICTL BOAM.

3. flka mpoBiAHicTH HAMiBOIPOBIZHWMKOBOrO MaTepiajly BHUIla — BJIaCHA YU
moMimkosa?

Poss’aszanuaga

HowmimrkoBa (3a TMX HEBUCOKHUX TeMIIepaTyp, 3a AKUX BUKOPUCTOBYIOTH
OinpHIiCTh HATIIBOPOBiHUKOBUX IIPUCTPOIB Ta €JIEMEHTIB CXeM).

4. YHACTiIOK TPOXOKEHHS eJeKTPUYHOTO CTPYMY Kpisbh PO3YMH MiTHOTO
KyIIOpoCcy Ha KaTomi Bumiauiaocda 52,8 r migi. AKuii 3apsas IpoiInoB Kpish eleK-
TPOJIIT, AKINO eJeKTpOXiMiuHmii ekBiBaseHT Mixi gopisuioe 0,33-107° xr/Ka?

PosB’azanu4a

1106 BusHauuTH 3apsan, AKUHA HPOUIIOB KPidh €JIeKTPOJIIT, CKOPHUCTAEMOCS
dopmymoro: g = It.

Y dopmyii, 1o Bupaxxkae 3akoH Papagea m = kIt, saminumo no0yTok It Ha
g 1 omep:KUMO BUpAa3 IJiA 3apany: q = m/ k.

ITigcraBuBmiv 3HaUueHHA DisMUYHUX BeJIUUYUH, oTpuMaeMo: ¢ = 160 aK.

5. YoMy eJIeKTPUUYHUIN CTPYM Y rasax Ha3BaJU eJeKMPUULHUM PO3PA0OM?
PosB’azaumusga

Tomy 110 Wig yac MPOXOAMKEHHA CTPYMY KPish ras Mi’K ABOMAa pi3sHONMEHHO
3apAMMKEeHUMH TijJlaMu IIi Tijla po3pAmMKalOThCs.

m—
5= 3A0AYI TA BMPABU

Pigenr A

1.78. flx BunuHE HA cepegHIO INMBUAKICTHL HANPAMJIEHOTO PYXY €JIeKTPOHiB
y MiZHOMY IPOBiZHUKY 30iJIbIIeHHSA CHJIM CTPYMY B HbOMY B k pasin?

1.79. Yu ommakoBa IOTYKHICTHh €JEKTPOIJIMTKM B TAKMX BUMNAIKaX: a) Ha
Hiff CTOITh IOCYAMHA 3 XOJIOAHOI BOIOI0; 0) MOCYAUMHHN Hemae?

1.80. Yu BUTpAUAETHCSA €HEPris eJIEKTPUUYHOI'0 CTPYMY Ha eJeKTPOJIiTUUHY
nucorriamiro?

1.81. fdxwuit fioHm Mae HANOIJIBIIY PYXOMICTh Y PO3UMHI €JIeKTPOJIITY?

1.82. Yu BuUKOHYeTBhCA 3aKOH [»Koyna—JleHiia mig yac IIpOXOmKeHHS CTPY-
MYy uepes PO3UUH eJIEKTPOJIITy?

1.83. Yu moKkHaA KopuUCTyBaTucsa 3akKoHOM OMa AJid OOYMCJIeHHS 3HAUEHD
CUJIM CTPYMY B PO3UMHI eJeKTposiTis?

1.84. [To I'epmaniio momain HeBeJIUKY KilbKicThb aTomiB Apceny. IIlo i oMy
€ OCHOBHUMM HOCiSIMU 3apfAJiB y TaAaKOMY HaAIiBIIPOBiTHUKY?

1.85. Maruii#i i Tenyp 3a temneparypu 20 °C MarOThL OIHTOMIi OIIOPH Bimmo-
Bigmo 0,04 i 5000 Om - m. fAka i3 MUX PEUYOBUH € HAIiBIPOBiIHUKOM?

1.86. Yomy moJsisipHe CAWBO MOYKHA CIIOCTEPiraTu TiJILKM y BEPXHiX Imapax
3eMHOI aTmochepu?

1.87. Y mioxmi esnexTpoH mimitae mo amoza 3i mBuakictio 8 MMm/c. Busmaure
aHOOHY HAIIPYTY.

1.88. YoMy oIrip eJIeKTPOJIITIiB 3MEHIITYETHCS 3 MiABUINEHHAM TeMIIepaTypu?

1.89. Yomy aja raJbBaHIYHOTO IOKPUTTA BUPOOY HaMUaCTiIlle 3aCTOCOBYIOTH
HiKeJb i xpom?

1.90. Yomy came BOAHI PO3UMHM COJiel, KUCJIOT i JyTiB € mpoBigHuKamMm?

1.91. Kosu B mocymuHi 3 €JIEeKTPOJITOM, e € Hocii cTpymy 000X 3HaKiB,
cTpymy Hemae?

1.92. YoMy eJeKTPOJIIT Y PO3UNHI UM PO3IMJIABIL € eJJeKTPUYHO HeHTpaJIbHUM,
Xoua BiH MiCTHTH BeJIMUYEe3HY KiJIbKicTh MOHiB 000X 3HAKiB?

51
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1.93. Yomy mim uac mIpoOXOmKeHHs CTPYMY Kpi3hb eJIEKTPOJIIT Ha eJTeKTPomax
BUIIJIAETHCA UNCTA PEUYOBUHA, IIT0 BXOAUTH M0 CKJALYy €JIEeKTPOJITY?

1.94. YoMy eJeKTPOIPOBiAHICT, HANIBIPOBIAHMKIB BUMipIOIOTHL IIpU CJa0-
KOMY OCBiTJIeHHi, Malijke y TeMpABi?

1.95. YoMy MiK ByriIbHUMHU eJIEKTPOAAMHU 34 HEBUCOKOI HAIIPyT¥d BUHUKAE
Ta30BUM PO3PAL — eJeKTpuuHa ayra?

1.96. YoMy mJis «3alaJIIOBaHHSA» €JIEKTPUYHOL YTy Ha ii eIeKTPoau IIogaioTh
BHCOKY HAIIPYTYy, a IJd MiATPUMaHHA CTPYMY B Ay3i Taka Hampyra He moTpioHa?

1.97. YoMy eJeKTPOCKOII, PO3MiIlleHnil HeJaJIeKo Bil moayM’si CBiUKU, AyKe
IMIBUIKO PO3PAIKAETHCA?

1.98. Kosu BUHUKAE KOPOHHUN PO3PIA?

1.99. Yomy 0co6nBO HeO0E3IeUHO MOTOPKATHUCS OO0 APOTiB 3i CTPYMOM MOK-
pumMu pykamm?

1.100. Ax yTBOpIOETHCS OJIMCKABKA MiK I'DO30BOI0 XMAapoOi0 Ta IIOBEPXHEI0
3emi?

1.101. I'posa 3acTaJja Bac y moJi. Hemogaik pocTe BHCOKe JIepeBO 3 MOI'YT-
HBOIO KpPOHOI0. Yu BapTo Oirtm M0 HLOTO, IT00 CXOBATHCA Bim moImy?

1.102. IIpoBiguuKu, 1110 3’€ JHYIOTh I'POMOBiABi L (0JIMCKaBKOBiABiN) i3 3a3eM-
JIEHOIO IIJIaCTHHOIO, BUABUJINCS po3ipBaHuMMH. Y1 3MOKe TAaKHil I'POMOBiABia
3aXUCTUTHU Bin GaMcKaBKuU?

Pigenr B

1.103. 3 mimi BUroTOBUJIM HPOBiTHUKM Pi3HOTO mepepidy, ajie OJHaKOBOI
moB:xkuHN ¥ Macu. IlopiBHANTE iXHI omopwu.

1.104. AmMnepmeTp BUMIPIOE CHJIYy CTPYMY B €JEKTPOILJIUTIIL 3 BiJKPUTOIO
cuipaaao. Um 3MiHATBCA HOT0 IOKAas3W, AKIIO CUJILHO IIOAYTH 3BEPXy HAa:
a) ammepmeTp; 0) eJeKTPOILIUTKY?

1.105. Yz MoKe HAAIIPOBIAHUK IIPOBOAUTH CTPYMU BEJMKOTO 3HAUEHHA?

1.106. [To mocyauHu 3 eJIEKTPOJIITOM MPUKJIALEHO cTaay Hampyry. Yu 3ae-
JKUTh CHJIa CTPYMYy B Hili Big Temmeparypu?

1.107. Yu € obOMekeHHA Ha HANPYTy, AKY MU IIOBUHHI IPUKJIACTU OO IIOCY-
OIVWHU 3 MiJKKUCJIEHOI BOMIOI0, I00 PO3KJIACTH BOAY HA BOAEHDL i KUCEHB?

1.108. 3 aKom MeTOI0 MeTaJieBi TpyOM BOMOBiIBOAIB IIPUEAHYIOTH IO BiJ'€M-
HOTO T0Jioca JsKepesa cTpyMmy?

1.109. fAxmo 3apAmKeHy CKIAHY MAJUUYKy HOTPUMATH HAJ 3alaJIeHOIO0 CIUp-
TiBKOIO, TO BOHA IIBUJIKO BTPATUTh CBiil 3apsan. Yomy?

1.110. Mo kiHIiB KOJa, IO CKJIAMAETHLCA 3 IOCJiJOBHO YBIMKHEHUX Tep-
micTopa Ta pesuctopa omopom 750 Om, momanau mampyry 20 B. 3a ximuarHOI
TeMIepaTypu cuJja cTpymy B kKoJuai 6yma 10 mA. Koau tepmicTop samypuiau
B rapA4y Bo#y, cuja cTpymy craja 20 MA. VYV cKijbKu pasiB smMimumBcsa omip
TepMmicTopa?

1.111. Axuit ouToMuii omip MOBMHHA MaTU AOMIIlIKa aJIOMiHil0 B KpeMHii
(3a Macoro, y BificoTKax), 100 KOHIIEHTPAIlid JipOK Y HbOMY CTAHOBHJIA D cm 32
IIpunycTuTu, 1110 B yTBOPEHHI AipKu Oepe ydacThb KOsKeH aToM AJrominiro.

1.112. V posuumni Aprearym (I) miTpaTy BHACJIiZOK IPOXOMKEHHSA 3apany
1 Kn ma xaromi Bupinsernca 1,118 mr cpidma. Busmaurte, sxka maca cpibia
BUIIIUTLCSA BHACJIiIOK IPOXO/PKEHHHA eJeKTPUYHOrO 3apany 500 K.

1.113. Ilig uac eJIeRTpomsy POBYMHY IUHK cyabdary Bumiamiaoca 2,45 r
IMUHKY. BusHauTe ejieKTpoxiMiuumii eKBiBaJieHT IIbOr0 MeTaly, SKIILO Kpishb
eJeKTpoJiT mporaroMm 60 XB IPOXOAUB €JEKTPUUHUI cTpyM 2 A.

1.114. fIxoro Oysna cuya CTPyMy I Yac eJeKTPOJidy PO3UMHY MiJHOTO
Kymopocy, akifo 3a 50 xB Ha Karoxi Bugiamiaoca 1,98 r migi?

1.115. Haiibinpily KiJIbKiCTh eJIeKTPUKHU, SIKY OAepP:KYIOTh IIiJ dac po3psam-
JKaHHA aKyMyJIsaTopa abo rajbBaHiYHOIO eJleMeHTa, Ha3WBalOTh EMHICTIO i BUMi-
PIOIOTH B aMIIep-roAuHax. BusHauTe, AKOI CUJIN CTPYM IIPOXOAUB KPis3h JYKHUHN
AKyMYyJIATOP €MHicTIO 42 A-rom mig uac #oro sapamKaHHA OpoTArom 2,8 ro.
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1.116. Enexrpoaizom mobyrto 3,3 Kr mimi. CkiabKu cpibia MOKHa omep:Ka-
TH, AKII0 IPONYCTUTHU KPi3h BiAHOBiAHUII eJEKTPOJIT TaKuil caMmuii 3apsana?

1.117. Kpisp posunH cipuanoi kucuaoru mpoiimwio 2-10° Ki exekrpuru, mo6
BUIIJIEHUM IIiJ] Yac eJIeKTPOJIi3y BOJHEM 3aIllOBHUTH 32 HOPMAJbHUX YMOB IIOBi-
TPAHY Kyaio. KU BaHTaM 3MOKe IMigHATU 1A Kyada? Egekrpoximiununii eksi-
BaJieHT BogHio mopiBHioe 0,0104 mr/Kia.

€ nHapx uuM samMucauTHCHE D

1.118. V wmigHOMY mpoBiHUKY o6’eMoM 6 cM® mif uYac IPOXOMIKEHHS IIO
HBbOMY IocTiiiHOro crpymy 3a 1 xB Buaiauaocsa 216 Ik temmoru. OOUMCIiTH
HAIIPY:KEHICTh eJeKTPUYHOTO IIOJIS B IIPOBiTHUKY.

1.119. VHacuaimok eJeKTpoJai3y CipuaHOKHCJIOTHOI'O IMMHKY HpoTdarom 1 ron
Buginuaoca 2,448 r muaKy. Hampyra B Mepeki, 10 AKOI i€ ITHYETHCA €JIeK-
TpoJiTuYHa BaHHA, Ha 6 B O6inbima 3a Ty, AKa moTpidHa OIS HOPMAJBHOTO
pexumy y BamuHi. JAKuii omip mpoBigHHKAa, 3’€IHAHOIO MHOCJiJOBHO 3 BaHHOIO
JJI 3MEHIIIeHHA HaIpyru A0 IOTPiOHOro 3HaUeHHH?

1.120. MonisaTop mocexyHuau yTBopioe B 1 cm® mosirps 5-10° O/ HOBAJIEHT-
HuX IoHiB. BuszauTe pob0Ty, HmOTPiOHY mOJisi CTBOPeHHs B 225 cm® moBiTpsa
BKas3aHOI KOHIIEHTpaIlil ffoHiB 3a yac JiKyBaJbHOI'O ceaHcy TpuBaJjicTio 15 xB.
ITorenmian #omizamii aromapuoro BogHio 13,6 B.

§ 14. B3BAEMOAIA CTPYMIB. MATHITHE TOAE.
Al MATHITHOTO TOAA HA MNMPOBIAHUK 31 CTPYMOM

Bu B:xe 3HaeTe, 1110 MijK HEPYXOMUMH €JIEKTPUYHUMU 3apPsi-
IaMU JOil0OTh CUJIW, Ki BU3HAUAIOTHCA 3a 3aKoHoM Kyiona. Ila
B3aEMOMisg BimOyBaeThCAa TaK: KOMKHHUI i3 3apAIiB CTBOPIOE
eJIeKTPUYHE II0JIe, IoJie OJHOr0 3apAAy Ai€ Ha Apyruil 3apsan i
HaBHaku. IIpoTe MijK eJIEKTPUUYHUMU 3apASAMU MOMKYTH JifATH
cuiu ¥ iHmoi mpupoau. Baaemomii Misk mpoBigHMKaMU 3i cTPy-
MOM, TOOTO B3aEMOMIl MiXK PYXOMHMHU €JeKTPUUYHUMU 3apsja-
MU, Ha3WBAIOTh MAarHiTHUMH.

YueHHs PO MarHITH Ta 1XHIO B3a€EMOMiI0 TPUBAJIUHA UaC PO3- [ ¥
BUBAJIOCA BIIOKDEMJIEHO, AK OJHA 3 Trajyseil HAYKM, &K HOKM  Igyc Kpicmian
HU3Ka BigKpPUTTIB i TeopeTmuHux nociimxenb y XIX cr. He Epcmed
IoBeJia OPraHiuyHuM 3B’A30K MATrHITY 3 eJIeKTPUKOIO.

OgauM 3 (yHZAMEHTAJbHUX JOBEJeHb E€IHOCTI eJeKTPUYHUX i MarHiTHUX
asuil € pesyabrar gocainy I'anmca-Kpicriama Epcrema (1777-1851), naTrcbkoro
disuka, axuii y 1820 p. BUsSBUB, 10 MATHITHA CTPiJIKa 3MiHIOE CBOE IIOJIOKEH-
Hs 1m00mM3y mpoBigHmKa 3i ctpymom (Mai. 1.63).

OueBugHUM OyJI0 Te, M0 NIPUUYUHOIO I[HOT'0 € EJIEKTPUYHUHA CTPyM —
HaIpPAMJEHUN PyX 3apAIKeHNX YaCTHHOK Y IIPOBIIHUKY.

Marwuitai aBuia xoua it ToB’sI3aHi 3 €JIEKTPUUHNME, IIPOTE HEe TOTOMKHI M.
Ile Tako:x MHiATBEPIKYETHCA MOCJIiTaMMU.
SKimo B3ATHM nBa MOBri mapaJiesbHI IpoO-
BiIHUKY 1 mpUegHATH iX [0 JKepesia CTpy-
MYy, TO MU TO6aYMMO, II[0 IPOBiMHUKM, IO
AKUX TPOXOAUTH CTPYM VY pi3HUX HaI-
PAMKAax, BiIIIITOBXYIOTHCS OAMH BiJ OIHO-
ro (man. 1.64, a), a AKIIO y IPOBiTHUKAX
CTPYM IIPOXOAWUTH B OJZHOMY HAIPAMKY,
BOHU TIIPUTATYIOTHBCA OJIWH O OJHOTO
(mai. 1.64, 6).

Maux. 1.63 EnexTpuunnuii cTpymM B OJZHOMY 3 IIPO-
BiTHMKIB CTBOPIOE HABKOJO cebe Mar"iTHe
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™\ i moJie, sIKe Ii€ Ha CTPyM y AOpyromy mnpoBimamky. Ilose,

: CTBOpPEHE EeJIeKTPUUHUM CTPYMOM JAPYroro IIPOBiZHWKA,
‘ i€ Ha MePIIUi.

) ] ( Or:xe, momiOHO DO TOro, AK y IIPOCTOPi, IO OTOUYE

‘ HEePYXOMi eJIeKTPUYHI 3apAau, iCHye eJIeKTPpUYHe MoJie, Y

L IPOCTOPi, IO OTOUYE CTPYMU, iCHY€E IIoJie, AKe HasuBa-
rl f IOTh MATHITHHM.

@
Maan. 1.64

h_rt
Bsaemomiro MixK mnporifHMKaMu 3i CTPpyMOM, TOOTO
® B3a€EMOJil0 MisK PYXOMHUMH €JeKTPMYHMMU 3apAdaMMu,
Ha3HMBalOTh mazihimnoio. Cuian, 3 AKMMH NPOBiTHUKH
3i eTpyMoOM AilOTH OAWMH HA OJHOT0, HA3WBAITh MdA2-
HIMHUMU CULAMU.

Maznimne none — 1e ocoo6auBa ¢opma Marepil, 3a TOIIOMOrOI0 SKOI 37ilic-
HIOETHCA B3A€EMOTIA MiK PYXOMHUMHU €JeKTPHUHO 3aPAIKeHMMH YaCTHHKAMM.

MaruitHe moJsie Mae Taki ocoOJIMBOCTI, AKi BiApisHAOTH #Horo Bim iHmmImx
IMOJIiB: MarHiTHe IIoJie 3aBKAU 0B’ dA3aHe 3 PYXOM 3apAIKeHUX YaCTHUHOK abo
TiJ; MarHiTHe WOJIe i€ HA PyXOMi 3apsaasKeHi yacTuHKU abo Tija.

Bu B:ke 3HaeTe, 110 ABa IMPOBIAHUKY 31 CTPYMOM B3a€MOJIiIOTh OOWH 3 OOHUM.
ITe sBUIEe MOACHIOETHCA TUM, IO CWJA, AKA Ji€ Ha KOXKHUU 3 ITPOBiTHUKIB,
3yMOBJIEHA MArHiTHUM II0JIEM, CTBOPEHUM CTPYMOM Apyroro mpoBimHuka. Tomy
3pO3yMiJjio, 10 KOJW MU IIOMICTMMO ITPOBiTHWK 3i CTPyMOM y MarHiTHe IIoJie,
HaOIPUKJIAJ y II0J€e MOCTiHOTO MarHiTy, To Ha HbOTO AigTuMe cuiia. IlepeBipumo
e Ha JocCJigi. 3aMKHYBIIIN KOJO, HPOIYCTHMO CTPYM IIO BiJIbLHO IifBiIieHomy
OPOBiZHUKY, IIT0 mepedyBae B MardiTHOMY IIOJIi migKoBomomi6HOro MarHity. Mu
HIOMiTHMO, III0 HPOBIAHUK mouHe pyxartucs (Maa. 1.65).

Axmo xx 3abpaTu MarHiT, TO NPOBITHUK 3YIUHUTHCA.
Ot:xe, 3 OOKYy MAr"HiTHOrO II0JA HA IIPOBIAHUK 3i cTpyMoOM
Iie cmya Tak camo, K i€ cuia 3 OOKY MArHiTHOT'O IIOJIS
Ha MAar"diTHY CTPiJIKy. SMiHIOIOUM HAIPAMOK CTPyMy abdo
HaNPAMOK CHUJIOBUX JIiHiYI MArHiTHOTO IOJIsA, MU IIOMidae-
MO, IO BMIHIOETHCSA 1 HANPAMOK pPyXy IIPOBiTHMKA, a
OTiKe, 1 HaIPsAMOK CHUJIH, IO Ji€ Ha TPOBiTHUK.

Hampamok cuau, 10 mie Ha OPOBIZHUK 3i cTpyMoOM Yy
MaTrHITHOMY MOJIi, MOXHa BU3HAUUTU, BUKOPUCTOBYIOUU
IPaBUJIO JIiBOI PYKH.

Pyky po3miiyioTh Tak, 1100 CHJIOBI JIHIT MOJIA BXOTUIN
B J0JIOHIO, & YOTHPHU HAJBIi 30irajmcsa 3 HAMPSIMKOM CTPY-

: My y IIPOBiTHUKY, TOIl BeJTUKHI Najelb, Binsegenuii Ha 90°,
e TMOKaKe HAaNMPSIMOK CWJIM, 11O i€ HA mpoBimHUK (Maj. 1.66).

f Pyx mpoBimHMKa 3i cTpymMOM y MarsiTHOMY IIOJ Iy:Ke
S IIIUPOKO 3aCTOCOBYETHCA B TEXHIIli: B €JIeKTPOABUTYHAX, Y

BUMIipIOBAJIbLHUX IPWIALaxX 3 KOTYIIIKOIO, ITIT0 00epTaEThC, i

Man. 1.66 B 0araTboxX iHINUX IPUCTPOAX.

A
SANMATAHHA 4O BUBYEHOIO

1. fIki Bzaemoaii HA3MBAIOTH MATHITHUMH i B YOMY iXHS BiIMiHHICTD Bif eJleKTpO-
CTAaTUUYHNX B3aEMOLiNn?

2. fAki mocaimy migTBEPAMKYIOTH iICHYBAHHS MArHiTHOrO moJsa?

3. fAki cuau HaswBaOTL MarHiTHUMN?

4. IlTo Taxke maruiTHe moJe?

5. Ik BusHAUMTU HAIPAMOK PYyXY IPOBIJHMKA 3i CTPYMOM y MArHiTHOMY IIOJIi?

Po3kpuinTe BAAMB MarHiTHOro Nosns Ha Xusi opraHiamu.
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§ 15. IHAYKUISE MATHITHOTO MOA4.
MNOTIK MATHITHOI IHAYKUII

EnexTpuune mosie xapakTepu3yeThCA BEKTOPHOIO BEJIMUYMHOIO — HAIIPYKe-
HicTIO eleKTpuuHOro moJs. IlorpidHa BeauumHA, IO XapaKTepHU3ye MArHiTHe
noJie KinbKicHo. XapaKTepUCTHKY MAarHiTHOTO IIOJIA Ha3WBAKOTh 6EKMOPOM
Mmaznimnoi in0ykyil i mosHauaTh JiTepoio B. CloyaTKy MU po3-

TJIAHeMO JINIIe HAIIPAMOK BeKTopa B. 3 xKypcy Qisukm 9-ro xia-

Cy BU 3HAETE, 1[0 MATrHiTHE IOJIe CTBOPIOETHCH AK €JIeKTPUIHUM

CTPYMOM, Tak i mocriiHmMu mar"iTamu. SIKmio Mixk mosrrocamu
miKOBOIIOAIOHOTO MarHiTy mifBicMTHM Ha FHYYKHUX JPOTaxX PaMKy N S
3i cTpymMOM, TO BOHA IOBEPTATMMETBHCA MOTHU, NOKW ii IJommHA

He BCTAHOBUTHCA MNEPIEHAMKYJIAPHO MO JIiHiM, AKI HanpsaMmJeHi

Big miBHiuHOTO moJfoca Oo miBmeHHOro (Maj. 1.67).

Omxe, miag MargiTHOTO TWOJIA € Ji€l0, IO OPi€EHTYe pPaMKy 3i
crpymoM. Ile MoKHA BUKODHCTATH NJfA BUSHAYEHHS HANUPAMKY  pro. 167
BEKTOpa Mar"iTHoi iHIyKIIii.

3a HampsAMOK BEKTOpPa MArHiTHOI iHAYKIii 6epyTh HAIPAMOK
Big miBgeHHOTO mMoJroca S A0 miBHiYHOro N CTPiIKHM, AKA BiJIbHO BCTaHOBJIIO-
€TbcA B MaritHomy moJi. Ileil HanmpsaMoOK 30iraeTbcs 3 HAMPAMKOM JOJATHOL
HOPMAJIi 10 3aMKHYTOTO KOHTYPY 3i ctpymom (Mmai. 1.68, a).

JdomaTHa HOpMAJIb, AKIIO i1 IOPIiBHATHU 31 CBEPAJIUKOM, HaIpsAMJIeHA B TOH
0iK, Kyau IIepecyBaeThCA CBEePAJHK 3 IPaBOI0 HAPi3KOI0, AKIIO Horo odepratu
B HAIPAMKY cTPyMy B pamii (maj. 1.68, 6).

Matounu paMKy 3i cTpyMoM ab0 MarHiTHY CTPiJIKY, MOKHA BU3BHAUUTU HAIIPS-
MOK BEKTOpa MaTrHiTHOI iHAYKIii B OyIb-AKill TOUIi moJisg. ¥ MArHITHOMY IIOJi
IPAMOJIiHITHOTO IIPOBiAHMKA 31 CTPYMOM MAartHiTHa CTPiJIKa BCTAHOBJIIOETHCS IO
IOOTHUHiN o Koia (maJu. 1.69).

Ilnomuua Koja mepHueHAUKYJIAPHA M0 HPOBiIHWKA, a HOTO IIEHTP JIEKUTh
Ha oci mpoBigHMKa. HampAMOK BeKTopa MarHiTHOI iHAYKIIii BCTaHOBJIIOIOTH 34
JIOTIOMOTOI0 MpaBuja cBepaauka. [IpaBuiio cBepaimka GopMyJIIOOTH TaK:

SKII0 HANPJAMOK IMOCTYNAJBHOTO PyXy CBEPAJIHNKA 30ira€ThCA 3 HANPSIMKOM
CTPYMY B IPOBiTHUKY, TO HATIPIMOK 00epPTaHHA PYYKH CBEpIJIHKA 30iracTh-
cA 3 HAIIPAMKOM BEKTOpa MATHITHOI iHIYKIIii.

ITomi6HO MO TOTO AK €JeKTPUUHI oA rpadiuHo 300pakaioTh 3a AOIIOMOTOIO
eJIeKTPUYHUX CUJIOBUX JIiHill, MATHITHI mOJIs 300pakaioTh 3a JOIIOMOTOIO JiHiHi
MarHiTHOl iHAYKIii (a00 MArHiTHUX CUJIOBUX JiHiif).

JIinii marmiTHOI iHAYKIil — 1e ysaBHI_JIiHiI, JOTUYHI 70 AKUX y HaHIil TOY-
i 30iraroThCcda 3a HAMPAMKOM BeKTOopa B y miit Tourri.

JIimii marmiTHOI iHAYKII MOHA 3POOUTH <«BUIMMHMHK» 3a IOIIOMOIOIO
3aJIiBHUX OIIYPOK. SIKIIO HA CKJIAHY IIJIACTUHKY, KPisb AKY MPOIYIIEHO IIpPs-

Maan. 1.68 Maun. 1.69
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MUY OPOBiJHUK 31 CTPyMOM, HACUIIATY 3aJi3HUX OIIYPOK i 3JIeTKA IMOCTYKATH
10 IIJIACTHHII, TO BOHM PO3MICTATHCS B3AOBXK CHUJIOBUX JiHil (Manx. 1.70).

3 mocJifiB BUMJIMBAE, IO JiHil MarHiTHOI iHAyKIil mpaMoro mposigumka 3i
CTPYMOM € KOHIIEHTPUUHUMU KOJIaMU, SKi JIeKaTh y IJIOIIWHI, TePIeHIUuKY-
JAPHiIN K0 HaAmpAMKY cTpymy. lleHTpm mmx Kija poaTalmoBaHi Ha Oci ImpoBif-
HUKa. 3a JOIOMOrOI0 3aJi3HUX OIIYPOK MOKHA OTPUMATHU 300pasKeHHs JIiHil
MarHiTHOI iHAYKIiI mpoBigHUKIB 31 cTpymMoM Oyab-sikoi dopmu (mas. 1.70).

Man. 1.70

Jlimii margiTHOI iHAYKIII 3aB:KIM 3aMKHEHi Ta OXOILIIOIOTHL HPOBITHUKM 3i
CTpyMaMmu.

Ile Bigpisuse ix Bix JiHiil HAITPYKEHOCTI €JIeKTPOCTATUYHOrO 110JaA. MarHir-
Hi OJIA Ha3WBAIOTh BUXPOBUMU. HanpAMOK JiHill marumiTHol iHgyKIIii moB’a3a-
HUH 3 HATPAMKOM CTPYMY B IIPOBimHUKY. HamrpaMoK cuioBuUX JiHiN MarHiTHO-
T'0 TI0JIS, IO CTBOPIOETHCS ITPOBIAHUKOM 3i CTPYMOM, BU3HAYAIOTH 3 IPABUJIOM
cBepIJInKa.

SIKIT0 TBMHT 3 MPaBOIO Pidh00i0 BKPYUYBATH B HATIPAMKY CTPYMY, TO HAIIPs-
MOK 00epTaHHs PYYKH I'BUHTA Oyae 3b0iratmcs 3 HaIpPsSIMKOM JiHi#l marmiTHOI
IHaYKITii.

MarniTHe moJie Ha3UBAaXOTh 0JHOPIOHUM, SKII0 BEeKTOPU MarHiTHOI iHmyKIil
B ycix iforo Touxkax ogHakxoBi (B = const).

ITpukragoM OgHOPiAHOTO MATrHITHOTO IIOJIA MOKe OYTHU II0Jie BCepeanHi colre-
HOiZa — KOTYIIKHU, HOBMKUHA AKOI 3HauHO Oijbina 3a ii miamerp (mau. 1.70, 8).
Jlimii marmiTHOI iHAYKIIiI OOHOPIZHOrO IIOJIA IapajieibHi, i IXHS MIiJIbHICTDL
CKpPi3b OmHaAKOBA.

3’sacyeMo, Bim 4oro 3aJeKUTH CHJa, IO Ai€ HA MPOBiTHWK 31 cTpymMoM Yy
mar"iTHomy moJuri. Ile HamM moTpiOHO M5 TOTO, 1100 JaTM BU3HAYEHHS MOIYJIS
BEeKTOpa MarHiTHOI iHZyKIIii.

TopusonTanbHO HifBillIeHUN POBIAHMK IepeOyBa€e B MOJIi ITOCTiMHOTO Mif-
KoBomoai6bHoro marHity. Ilose MaruiTy socepeKeHO B OCHOBHOMY MiK IIOJIIO-
camMu, TOMY MAarHiTHa cuJjia Ji€ MPAaKTUYHO JIMINIE Ha YaCTUHY IPOBiTHUKA
3aBAOBXKKM Al, posmimenoro 6esmocepesubo Mixk moarocamu. Cuay BuMipro-
IOTh 34 JOIIOMOTOIO CIIeIliaJbHOTO TMHAMOMETPA, OB’ I3aHOTO 3 MPOBIIHUKOM.
Bona HanpsMmJieHa rOPpU30HTAJJBHO i IEPIEeHANKYJIAPHO M0 IIPOBiAHMKA 1 JIiHiN
MarHiTHOI iHAyKIii. 36iAbINTy0OUM CUJIYy CTPYMY B 2 pasu, MOKHa TOMiTHUTH,
o u cujaa, AKa /:Lie Ha IIPOBITHUK, TaKOXX 36iJII>H_Iy€TbCH B 2 pasu. Bizsmemo
Ile OAMH MAarHiT i B 2 pasu 306iapIIuMO po3Mipu obJacti, me icuye marsirHe
moJie, i TMM caMuM y 2 pasu 30iJBIINMO MOBXKWHY YaCTHHU IIPOBiAHWKA, Ha
AKYy mie mar"itHe moJsie. IIpum mpoMy cmia TaKoK 30iabIINTHCS B 2 pasu. I,
HapeINTi, cujia 3aJIeKUTh BiJf KyTa, YTBOPEHOTO BeKTOpoM B 3 mpoBigHmMKOM.
Y npoMmy MOKHA BIIEBHUTHCS, 3MIiHIOIOUM HAXWJ HiiIcCTaBKU, HA AKill BCTAHOB-
JIEHO MarHiTHu, Tak, 100 3MiHMBCA KYT MisK IIPOBIZHMKOM i JiHigsMU MartiTHoi
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inpyrnii. Cuia gocArne MaKkCHMAaJabHOro 3HaYeHHA F, ., KOJIM BEeKTOp MarHiT-
HoI iHAYKLii Oyae NepIeHIMKYISIPOM 10 MPOBiIHUKA.

Omxe, MaKCHMMaIbHA CUJIA, IO i€ HA BiAPi3OK IpOBifHUKA 3aBIOBXKKU Al,
II0 AKOMY IIPOXOAUTH CTPYM CHJIOI I, IpAMO IIpoHOpIifiHa ZOOYTKY CHIN
CTPpyMy Ha [OBXKWHY Binpiska Al:

Foue ~ AL

et mocaiguuit hakT MOKHA BUKOPHUCTATH IJsA BU3HAUEHHA MOAYJA BEK-

Topa MarHiTHOI imgykmii. IificHo, ockinbku F,,. ~ Al, To BifHOIIeHHA —Z4X

He 3ajie;KaTUMe Bil cuJIM CTPpyMy B HPOBITHUKY, Bil HOBMKMHU BigpisKa IIpo-
Bimzuuka. CaMe TOMYy Ile BiZHOIIIEHHSA MOYKe XapaKTepu3yBaTH MarHiTHe II0Jie
B TOMY MicIli, ge mepebyBae BiApisoK HMpOBiAHUKA.

Modynem eexmopa MarHiTHoI IHAYKIII Ha3WRAIOTh RiTHONIEHHA MaKCH-
MaJIbHOI CHJIM, IO Ti€ 3 00Ky MarHiTHOTO IMOJI Ha BiApizok mpoBigHHKa 3i
CTPYyMOM, 0 JOOYTKY CHJIM CTPYMY HA TOBKWHY I[HOTO BiJpiska:

— Fmax .

IAl

Opunuiieio maruitaol inaykirii B CI € oqaa Tecaa (1 Ta): 1 Tn=1 H/1 A-1 m.
10 ogmHMIIO Ha3BaHO Ha YEeCTh BiJoMOro cepOchbKoro enekTporexHika Hikoan
Tecau (1857-1943).

Opnmieo 3 XxapaKTepHUCTUK BeKTOpa MarHiTHOI iHAyKIii € ii morik. Marwuir-
HUH IOTiK IO3HAYAIOTh JiTepoio @. PosrisgHeMo IJIOCKUI eJieMeHT IIOBepPXHi
mioieo AS, posmileHuii B ogHOpigHOMY MarmiTHomy moui (maJs. 1.71).

Maznimuum nomoxom @© Kpish MOBEpPXHIO S HA3UBaAIOTh (Di3MUHY BeINIH-
HY, AKa BU3HAYa€ThCA JOOYTKOM B, (Ipoekuii BeKTOpa MarHiTHOI iHAYKIil
HAa HOpMAaJb A0 IMOBEPXHi) i miomero 1iel moBepxHi:

@& =B,S = BS cosq,

e 00 — KYT MijK IepHeHIuKYJIAPOM IO ILIOLUHU 7 .
i BeKTOpOM iHAYKILii B.

Ockinpku B, = Bcoso — BeJWYMHA CKaJApHA,
TO CKaIApPOM ¢ i marmiTEME ToTik. MarmiTHWIT (o3
noTik @ xapakTepusye KidbpKicTh JiHiil MarHiTHOI
IHOYKIIii, [0 MPOXOaATHh KPi3h 1[I0 IIOBEPXHIO. /

I

s oqHOPiMHOTO TOJIS i MJIOCKOI ITOBEPXHi, IO S
NepneHJUKYJIApHa 10 BekTopa B, B, = B = const,
MaeMo:

@ = BS. Maun. 1.71
Oaununieio MmargiTHoro motoky B CI € omun
BeOep (1 Bo).
1 BeGep — mOTIK Yepes IJIOCKY IOBEPXHIO muomeo 1 M2, posmimeny mep-
NeHIUKYJIAPHO OO0 CHUJIOBHX JIHIA OJHOPiHOTO MATrHITHOTO MOJfA, iHAYKITid
. . 2
aAxoro gopisuoe 1 Tin: 1 B6=1Ta - 1 m°.

—
SANMATAHHA 0O BUBYEHOIO

1. JlaiiTe o3HaUYeHHA MOAYJA BEKTOpa MArHiTHOI iHAYKIIii.

2. Ilo rake mimii maraiTuoi imgyKIii?

3. ITo Take Mar"iTHUi MOTiK?

4. ki ommuuni iHgyKIii maragiTaoro moJjs i maruiTHoro moroxky B CI?
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§ 16. CUAA AMIIEPA. CUAA AOPEHLA

OnHUM 3 IPOABIB MArHITHOTO TOJIA € MOT0 CUJIOBA Aifd HA PYyXOMi eJIEKTPUY-
Hi sapaau Ta mpoBigHuKHU 3i cTpymom. ¥ 1820 p. Anpi-Mapi Ammep (1775—
1836) ycTaHOBUB 3aKOH, AKMUI BU3HAYAE CUJIY, IO Ai€ Ha Bimpi3oK mpoBimHMKA
3i CTpyMOM y Mar"iTHOMY IIOJIi.

OCKiJIbKY CTBOPUTH BiIOKpeMJCHHUI eJIeMeHT CTPYMY He MOXKHa, To AMIiep
BUBYAB MOBOJKEHHA PYXOMUX MPOTAHUX 3aMKHEHUX KOHTYPiB pisHoOi (opmu.
Bin ycraHoBuB, II0 Ha MPOBiAHUK 3i CTPyMOM, BMiIlleHHII B OJHOPigHE Mar-
HiTHe IoJie, iHAYKIIiA sxoro B, mie cumiya, IPOmOpIlifiHa MOBMKUHI Bimpiska
nposigauka Al, cuai crpymy I, KUl IPOXOAUTL IO IPOBIAHUKY, Ta iHAYKIIiI
Mar"iTHOro moJss B:

F, = Bllsina,
Ie 00 — KYT MK HaOPAMKOM CTPYMY B IIPOBIIHUKY i HaIpAMKOM BeKTopa B.
ITeit Bupa3 Ha3WMBAIOTHh 3aKOHOM AMmepa, a cuiy — cuiaoro Ammnepa. I[a cuia

T . .
MaTuMe MaKCHMaJIbHEe 3HAQUYEeHHs IIpu o :E' ﬂKH.IO IIPOB1IAHNK PO3MIIIIEHO

y3I0BXK JIiHiNT MaruHiTHOI iHAYKIIii, TO IIA cuja HOpPiBHIOBATHME HYJIIO.

Hanpamok cuiau AMnepa BUBHAYAETHCA 3a AOIIOMOIOIO IIPaBUJja JIiBOI PYKH,
3 AKUM BU O3HaliomujaucsA pauimie (guB. maju. 1.67).
fAx mMu BiKe 3’sAcyBaniu, MarHiTHe moJie B3a€MO/Ii€
Juille 3 IPOBIZHUKAMM, uYepes fAKi IIPOXOIUTH
CTPYM, i He BIJIMBAE HA MPOBiITHUKU 0e3 CTPyMYy.
Ile cBiguuTh Ipo Te, 110 MarHiTHe II0Je [i€e He Ha
MaTepiajy IPOBiTHMKA, a Ha 3apAMKEeHI YaCTUHKU
(eeKTpOHU YU HOHUM), AKIi B HHOMY IIepeMiIry-
IOTBCsA. ¥ TAKOMY BUIAAKY cujaa AMIiepa € pesyJib-
TYIOUOI0 BCiX CHMJI, fKi MifOTh Ha OKpeMi pyxomi
3apAMMKeHi YaCTUHKU.

Busmaummo cuay, AKa i€ Ha 3apAmKeHy
YaCTHUHKY, [0 PYyXa€ThCA B MATHITHOMY IIOJIi.
Hexait Ha IPOBiTHUK 3aBIOBMKKU [, 110 AKOMY IIPO-
XOIUTHh CTPYM cuJjoio I i AKuit MicTUTBbCA B MarHiTHOMY IIOJIi 3 iHAYKITiero B, mie
cuna F, = Bllsino. Ane cuia cTpymy Bu3HauaeTbes 3a dopmysoro I = envS.
Toxi F, = envSBlsino, ge nobytox Sl — 00’em mposiguuka, N = nSl — Kiib-
KicTb BapAmKeHUX YaCTUHOK, AKiI pyxaroThcd B IIbOMY IIpoBimHUKY. Toxmi cuay,
fIKa Ji€ Ha OJHY PYXOMYy YacTUHKY, MOKHA BU3HAUMNTH, HOALMMBIIU cuily F,,
sKa Jie HA BCi YACTUHKW, HA 3aTAJIbHY KiJIBKIiCTh PyXOMUX 3apAIKeHUX YaCTH-
HOK N:

Amnpi-Mapi Tenpix
Amnep Jlopeny

F .
F, == = evBsino.

N
Omxe, cuia, IKa i€ HA 3apAIKEeHY YaCTHHKY, 1[0 PYXA€ThCA B MArHiTHOMY
OJIi, NMPOMOPI[iiHA 3apAay YAaCTUHKH, IIBUAKOCTI il mepeMillleHHS Ta
IHAYKIiT MarHiTHOTO IOJIA:

F, = evBsina.,

IIro dopmyny Bmepiiie onxep:kaB roaaHAcbKuii (isuxk I'enpix Jlopemnis
(1853-1928), i Tomy ii masmuBaioTh popmyJoo JlopeHiia, a cuiay, sKa 00UuC-
JIIOETHCSA 3a ITi€l0 (GopMyJI0I0, HAa3UBAIOTH CUJIOKW JlopeHIia.

3 dopmMysM BUILIUBAE, 1[0 cuja JIOpeHIa 3aJeKUTh BiJl KyTa MisK HampaM-
KOM PYXV 3apsaA:KeHol YaCTUHKHU i HaOpPAMKOM BeKTopa iHAYKIIii MarHiTHOTO
mond. MaraiTHe mose He Aie Ha HepyxoMi sapamxeHi uacTuHku (F; = 0 npu

v = 0) i HA YaCTUHKH, AKi pyxXaloThbCcA B3MOBXK JiHIil inpyRuii moss (sm a = 0).
Cuna JlopeHma 6yZe MaKCUMAaJIbHOIO, SIKIIIO YaCTUHKA BJIiTae B MarHiTHe moJie
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HePIeHAUKYJIAPHO JO JiHii Horo iHAyKnil. ¥ npomy Bunasry F, = evB. fxio
mose ofHOpixHe (B = const), TO 3apAnKeHa YaCTUHKA OHI/ICYBaTI/IMe KOJIO
(mai. 1.72), ockiJbKU PyX Hif Oi€io cTajol CUJIM, HAIPAMJIEHOI IIif IPAMUM
KYTOM [0 IIBUIKOCTI PyXy, 3TifHO 3 APYTrMM 3aKOHOM AWHAMiKHU, iHIITUM OyTH
He mMoxke. Hampamox cuam JlopeHiia, AK i cuiam AmIepa, BU3HAYaEThCA 3a
IPaBUJIOM JIiBOI PYKH:

AKIIO0 JiBy PYKYy PO3MICTHTHM TakK, 100 cKiIagoBa MarHiTHol iHaykmii B,
MepPIeHIUKYIAPHA A0 IMBHIKOCTI PyXy 3apamy, BXOAMIA B JOJIOHIO, a
BUIPAMJICHI YOTHPM MaJbIi OyJau HANPAMJIEHI 3a PyXoM ITO3UTHERHOTO
3apany (IPOTH pPyXy HEraTMBHOIO), TO BimirHyTui Ha 90° BeIMKHH majenb
nokaske Hanpamok cuim Jlopenma F; , Axa gie Ha 3apsi, BMilleHHH y Mar-
HiTHe moJie (MaJj. 1.73).

IToTpibHO mam’ATaTu, IO Il CIPaABIKYETHCA MJIsA
MO3UTHUBHO 3aPAMKEeHUX YaCTHHOK. JIKII0 BU3HAUAETHCS
HanpaMoK cuiu JlopeHrIia, 1110 Aie Ha eJIeKTPOH (Yu iHITy
HeraTUBHO 3apAMKeHY UYaCTHUHKY), TO 3aCTOCOBYIOUH
mpaBujia, IIOTPiOHO 3MiHIOBATH HAIPSIMOK IIMBUIKOCTI
PYXy Ha OPOTHJIECIKHUI.

Hisa cunu JlopeHIa 3acTOCOBYEThHCA B 0araThboX MpUJia-
nax i TexHiyHMX ycTaHOBKax. Tak, 3MII[eHHS eJeKTpo-
HHOTO TPOMEHs, IO «MajJioe» 300pasKeHHs Ha eKpaHi Maon. 1.72
OUCIJIeS KOMII' IOTepa, 3AiMCHIOETHCA MATrHiTHUM II0JIEM T
cIeIiaJbHUX KOTYIIOK, ¥ SKUX IPOXOAUTH €JIeKTPUUHUI
CTPYM, IO 3MiHIOETHCA 32 IEBHUM 3aKOHOM. ¥ HaYKOBUX
IOCJIIIPKEeHHAX BUKOPHCTOBYIOTHCA TaK 3BaHI MUKJIIUHI
IPUCKOPIOBAYi 3apAIKEeHNX YaCTUHOK, Y AKUX MarHiTHe
moJie MOTYKHUX eJEeKTPOMATHITIB yTPUMY€E 3apsamKeHi
YAaCTHHKM HA KOJOBUX opbiTax.

ITpunnun #ii eJeKTPUYHUX ABUTYHIB OB’ A3aHUU i3
cuo0 Ammepa. PosriassHeMo Iie Ha IPUKJIALL KOJIEKTOp-
HOTrO IBUTYHA.

PobGora KOJIEKTOPHMX MOBUTYHIB IDPYHTYEThCA Ha Maun. 1.73
(dismuHOMY SBUINI — BTATYBaHHI a00 BUINTOBXYBaHHI
NIPOBiTHMKA 3 EJeKTPUUYHUM CTPYMOM Yy MATHITHOMY
moJti. IIo6 mpoBimHUK 3i cTpyMOM Ge3mepepBHO PyXaBCs
MiK ITOJIIOCAaMH MAarHiTy, oMy HaJaoTh (GopMu paMKu
(mai. 1.74), Ha o6uaBa 6OKM AKOI Mar”it gigTume omHO-
YacHO, ajie B IIPOTUJICKHUX HAIpPAMKaxX: onuH OiK paM-
KM BTATyBaTHMe, a IPYTUNl — BUIITOBXyBaTHMe.

Yepes miBobepTa paMKa 3yIUHUTLCSI. A 1100 BOHA i
majxi obeprajack y TOMY CaMOMy HAIPAMKY, y Iei
MOMEHT Tpeba 3MiHUTH HAIIPAMOK CTPYMY B paMiii, TOO-
TO MNOMIHATH MicIaMM KiHIII ApoTiB, IO HOiABOAATH

ooooogoo

o o0 o o o o

CTPyM Bix mxepema. . Maan. 1.74
s aBTOMaTUYHOI 3MiHM HAOPAMKY CTPYMY B paMili
YCTAHOBJIEHO CIeliaIbHUII IepeMHKad — KOJEKTOD.

Horo BuroToBisieHO i3 ABOX HANiBKPYIVIMX JIATYHHHX ItacTuH. [[o miactun
MIPUTUCHYTO KOB3HI rpadiToBi KoHTaKTH (IIiTKK), Yepe3 AKi 0 paMKKU HAIXO-
IUTHh €JEeKTPUUYHUN CTPyM. ¥ HIPOMUCJIOBUX KOJEKTOPHUX EJIEKTPOJABUTYHAX
paMKy i3 OpoTiB HaAMOTYIOTh y IIa3u, BUpisaHi B 3ajisHomMy ocepni. 3aJizo
OifcuiIoe MarHiTHe moJie, AKe mie Ha paMKy. Ty yacTuHy OBUTyHa, Ae HaMO-
TaHO pPaMKM, HasMBAIOTh AKOpeM, abo poropoM. OcKiabKKM OOMOTOK Ha SKOpi
KinbKa, TO # KOJEKTOP CKJAJAETHCSI 3 0araThboX i30JbOBAHUX OMHA BiJ OIHOI
i Bim Bajla gBUryHa JIaATYHHUX ILIacTuH. KOJEKTOD KOPCTKO 3aKpilJieHO Ha
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B

ary aKops. IJo KoJeKTopa IPUTHUCKYIOThCA 3a JOIOMOTO0 IIPY:KUH IpadiToBi

nritku. I'padiT aaa miTok i JaTyHb AJIS KOJeKTopa BUOpaHi ToMy, IO HiJ dac
o

OepTaHHsS pPOoTOpa IIi MaTepiaju Majo CTUPAIOTHCS, a OTIKe, i JOBIINI TepMiH
iX BUKOpPUCTaHHI.

IIimx vac poboTH ABUTyHA PYX AKOPSA IIE€PEIaE€ThCS
BaJly, a 3 HbOTO — 0e3mocepeHBO0 PoOOUUM OpraHaM
CIOKMBaUa.

Ox0JI0m:KeHHs eJIeKTPOABUIYyHA 3a0e3leuye BeHTHU-
JIATOP, KPUJIBYATKY AKOTO 3aKPilJieHO Ha Baiy.

30BHIilIHITT BUIISAA KOJEKTOPHOTO IBUTYHA MOXKe
Maan. 1.75 OyTu pisaum (maia. 1.75).

3AMNMUTAHHA 0O BUBHEHOIO

)

1. MaiiTe o3HaUeHHA cuiu AMmiepa.

2. fIx BusmavaeThca cuia Jlopenma?

3. 3a AKMMU IpaBUJIaMU BU3HAYAETHCSI HAIPAMOK cuiau Ammepa i cuau JlopeH-
na? Illo moTpi6bHO IpU IILOMY BpaxoBYyBaTu?

4. fxwnit mpuHIUO Iil KOJEeKTOPHOro ABUTYHA?

L) POBOTAY IPYNAX

O6’egHanTecs B rpynu Ta BUKOHaWTE NPOEKT Ha Temy «Pornb cunu Amnepa i cunu Jloper-
La B TEXHiLi».

YU 3HAETE BU, LLO...

«MpaBuno ceBeppanuka». Ha mantoHky 1.76 cxemaTM4yHO MNPOINCTPOBaAHO
«npaBuno ceepanunkar, ake Bigkpus k. Makceenn. [BUHT pyxaeTbCs BHU3 3a rOgWH-
HUKOBOIO CTPINKO (3 TOYKM 30py crnocTepiraya, Skui AMBUTLCHA B HanpsMKy MOCTy-
nanbHOro pyxy). Takn cammin HaNPsIMOK Ma€e MarHiTHUIA NOTIK, WO CNPUYMHSAE KOMO-
BUN CTPYM.

«MpaBuna npaBoi Ta niBoi pyku». [lo ABOX npaBun, ki Bigkpunu Amnep
(«npaBuno nnasusA») Ta MakcBenn («npaBuiio CBEpANIMKA») aHIMINCbKUIA BYEHUN,
dis3nk Ta enekTpoTexHik [. PnemiHr gogaB ABa iHWWX: «NpaBuna npaBoi Ta NiBoi
PYyKW» OAnst BU3HAYEHHSA HAaNpPsAMKY CTPYMY, MarHiTHOro noss i HanpsiMKy pyxy nposia-
HWKa nig BNAMBOM MarHiTHOro nons.

Ha mantoHky 1.77 nogaHo cxemy, WO inocTpye ui ABa npasuna dnemidra.

Hanpamok pyxy npoBigHWKA BM3HAYAETbLCA 3a «MNPaBUIIOM fiBOI pyku» (OBU-
FYH), HanpsMOK €NeKTPOPYLUIAHOI CUMK, iHAYKOBAHOI Yy 3aMKHYTOMY KOHTYpi npu
NOro nepemilieHHi B MarHiTHoOMy noni, BU3Ha4Ya€eTbCA 3a «NPaBUIIOM NPaBOi PyKN»
(reHepaTop).

& =)
T T
4D

I Man. 1.77

Maun. 1.76
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PO3EA3YEMO PASON T

1. dAki i3 3apaAmKeHNX KOCMIUHIX YACTUHOK 3 OiJIBIIIOI0 UM MEHIIIOIO ITIBUI-
KicTio pyxy, IO HPOJIiTAIOTh MOOJIM3Yy eKBaTOpiaJbHOI IJIOIMMHU 3eMJi, Haii-
OJimsKUe TPOHMKAIOTH A0 ii moBepxHi? Yomy?

PosB’asanua

Ockinbku pamiyc Koja, sIKe OIIMCY€E 3apsaiKeHa YacTHHKa B MATHITHOMY
moJi, r ~ v, To HauOJaMMKUYe 40 SeMJIi HiAJIeTATh HAWMIBUIIIL YaCTUHKH.

2, IIpamuii gpit 3aBgoBkKu 10 cM, y sKkomy mpoxoauThk ctpyMm 0,5 A, pos-
MilmeHu# B OOHOPIZHOMY MATHITHOMY IIOJIi IEPHIEHAWKYJIAPHO OO CHUJIOBUX
JiHiti. BusHauTe iHAYKIIil0 MATrHITHOTO MOJIS, SAKIIIO BOHO Ji€ Ha OPIT CUJIOIO
2,6 mH.

PosB’asanusa

Cuna, 3 AKOI0 OZHODPiHE MATHITHE TOJIE Ji€ HA IPAMUI TPOBIJHUK, BU3HA-
yaeThed 3a Gopmynoio: F, = Bllsina.

Fy
Ilsin o

HUX BeJUYUH, orpuMaemo B = 52 mTa.

3. ITpoToH, mpoxoasuy NPHUCKOPoUy pisHUIio moreHiiadis 400 B, Bieris
B omHopigme marmitHe moJie 3 imgykiiero 0,2 Tia i craB pyxarucsa o KOJIy.
BusmauTe pazmiyc KoJsa, 1o SKOMY BiH pyxascs.

3Bigcu BusHaAuuMO B = . IlizcraBuBIlIN 3HAUEeHHA BimomMux ¢disuu-

PosB’asanusa

Ha zapamxeHy yacTUHKY, sSIKa BJIETiJIa B MarHiTHe IIoJie i€ cuia JlopeHIia
F, =evBsina.
3a yMOBOIO 3aJlaui IPOTOH PYXaeThCA IO KOJY, ToAi cuia JlopeHra € moiie-
2
mv mv . mv

TpoBoio cuioo F = ——. Omxe, quB = ——, 3Bigku R = ———.
2 2 gBsin a

IIpoToH oTpuMaB IIBUAKICTH, MPOMIIOBIINM TPUCKOPIOIOYY Pi3HUITIO ITOTEH-
miamiB. 3a 3aKoHOM 30epe:keHHA eHeprii, pobora, AKY BUKOHYE II0Je IPHU
nepeMileHHi TPOTOHA, JOPiBHIOE KiHeTHUUHil eHeprii, HAOyTii TpPOoTOHOM, TOO-

mv® . .
To A=E_ = 5 A poboTa cui eJIeKTPUYHOTO IIOJIA IIPU HepeMileHHi 3apany
. mv® . 2qU

Bu3HauaeThbca 3a Gopmysoo A = qU. Toxi qU = 5 3BiIKM U = ,[—.
m
Orxe, paziyc Koja, II0 AKOMY pyXaBcd IPOTOH, BUSHAUMMO 3a (hOPMYJIOIO:

_ \2qUm

gBsina
ITigcTaBuBIM 3HAUYEHHS BigoMux (GisMUHUX BeJUUNH, oTpuMaemo R = 1,45 cwm.

j—
5 3ALAYI TA BMPABU

Pigens A

1.121. flx HanpAMJIEHO CTPYM y IPOBOZIaX, KOJIU CUJIM B3aEMOi1 HATTPAMJIEH]
TaK, SK Ha MaJoHKy 1.787?

1.122. fIx B3aeMomiloTh ImapaJjejbHi CTPyMHU, HAIPAMJIEHI Tak, IK 300paJke-
HO Ha MaJOHKY 1.79?

1.123. Ilo3uHauTe 3HAKAMHU «+» Ta «—» IIOJIOCHU AKepeJsa CTPYMY, AKe KUBUTD
coJieHoin, 100 cmocTepirajacs B3aeMomid Ak Ha mMaaioHKy 1.80.

1.124. fdka iggyKIilis MartgiTHOrO 1M0JId, 1110 i€ cuyoio 50 mH Ha mpoBigHUK

61



62

Po3zaia 1

@ O NS
® @
© O

Maax. 1.78 Maax. 1.79 Maax. 1.80

3aBIOBXKKHU 5 CM, YV IKOMY HIPOXOAUTH CTPYM CHJIOO 2,5 A, HANIpAMJICHUI 1Iep-
MeHIUKYJIAPHO OO JiHili Mar"HiTHOI iHAYKIii?

1.125. fdxa moB)KMHA aKTUBHOL YACTHUHH MPOBIIHUKA, AKIIO IPU CHJIi CTPYMY
B HboMY 4 A ma mboro agie cuioo 0,2 H marmirae mose, ingykiia akoro 0,5 Ta?
Hanpamku cTpyMy i mojid B3aEMHO IIepPIeHAUKYIAPHI.

1.126. ITpoBigauk 3aBmoB:xKu 40 ¢cM moMicTu/IM B MartiTHe moje MepHeHIu-
KYJAPHO A0 JiHi# MarHiTHOI iHAYyKIii. KOl cuam cTPpyM IPOXOAUTH y ITPOBi-
HUKY, AKIO Ha HBOTO [ie maruiTHe moJe i3 cuioo 0,8 H ta imgykitiero 1 Ta?

1.127. fIka cuna gie Ha mpoBigHMK 3aBHoB:xKKH 10 cM B OZHOpPigZHOMY Mar-
HiTHOMY moJi? MarxiTHa iHAyKIia moasa cranoBuTh 2,6 Tia, a cuma ctpymy y
npoBigHUKY AopiBHIOE 12 A. KyT Mik HanpaMKOM cTpyMmy i JiHigsMU iHIYKITii:
1) 90°; 2) 30°.

1.128. Ha mposiguuk 3aBaoB:xKu 50 cM i3 ctpymom cuioio 20 A, posmirie-
HUUM B OSHOPiZHOMY MarHiTHOMY HOJIi, IITo Mae MaruiTHy imgykmiio 0,1 Ti, mie
cuna 0,5 H. BusuHaure KyT MijK HaIpPAMKOM CTPYMY B IIPOBiTHUKY i BeKTOpOM
MarHITHOI iHAYKITii.

1.129. fxuii MarHiTHWH TOTIK IPOHUSYE IJIOCKY IOBEPXHIO Iomelo 50 cm?
opu iggykmii moaa 0,4 Tia, AKINO A IOBEPXHsS: a) IEePHeHAUKYJISIPHA I0 BeK-
Topa iHAYKIIii moJss; 0) po3TalmoBaHa A0 BeKTopa iHAYKIiI mig kyTom 45° 30°7?

1.130. Mar=iTHU# NOTiK y cepeanHi KOHTYPY, ILJIOIIA IIOIIEPEeYHOro Imepepisy
saxoro 60 cm?, cranoBuTs 0,3 MB6. BusHauTe iHAVKIIIO IOJS BCEPEAUHI KOH-
Typy. BBaxkarwu, 1o 1moje ogHOpPiIHE.

1.131. BusHauTe MarHiTHHI IOTIiK, IO MPOHU3YE ILJIOCKY HPAMOKYTHY ILJIO-
muHYy 3aBaoBKKHu 60 cM i 3aBmupIiiku 25 cM, AKINO MarHiTHa iHAYKIiS B ycix
ii Toukax mopisuioe 1,5 Ti, a BeKTOp MarHiTHOI iHAYKIIii yTBOPIOE 3 HOPMAJIJIIO
mo 1iei maomueEn KyT 90°.

1.132. BusHauTe 3HAK 3apsaAy YaCTHHKHM 3a HAIPAMKOM ii pyxy i Hampsam-
kKoM cusu Jlopenna (main. 1.81 i 1.82).

1.133. IIBuaKicTh eJeKTpoHA e HampaAMJeHa mo Hac (Maua. 1.83). ¥ axomy
HANIPAMKY BiIXUJIUTHCS €JEeKTPOH Mif miero marHiTHoro moJA? IaliTe BimmoBian
Ha IIe 3alUTaHHA, AKINO IBUIKICTH eJIeKTPOHA HAIPSAMJICHA B IIPOTHJIEIKHUI
0ix; mimii marmiTHOI iHZYKIIil HAIPAMJEHI B IPOTUIEKHUNA OiK.

1.134. fAka cuna mie Ha IPOTOH, IO pyxaeTbcA 31 mBuakicTio 10 Mm/c y
Mmargiraomy moui 3 iEgykitiero 0,2 Tia mepueHIMKYJIAPHO A0 JiHIA iHAYKIIii?

1.135. EneKTpoH pyxXaeThCsd y BaKyyMi B OJZHOPiZHOMY IIOJIi, MardiTHa
IHOyKIiA AKOorO 5° 107 T, 3i mBuakictio 1-10* KM/C, HAIIPSIMJIEHOIO IIepIIeH-
IUKYJISPHO 1Mo JiHiik ingykiii. BusHauTe cuiy, 1o mie Ha eJIeKTPOH.

0
000
O®,
O

Maan. 1.81 Maan. 1.82 Maan. 1.83
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Pigens B

1.136. Ha maxaionKy 1.84 300pakeHo MarHiTHe II0Je

IPAMOTO CTPyMY. a) SIKMii HAIPSAMOK Ma€ CTPyM y HIpO-

BigHUKY? 6) Yu € mose B Touri A? B) AKuii HATPAMOK

Ma€ BEKTOp MarHiTHOI iHAYKIII y OyaAb-aKil Touri mosrsa? @ o|A
r) BusHauTe HaIPSAMOK CHUJI, AKi Ail0OTH y IIBOMY IIOJi Ha

TOJIIOCH MAaTHITHOI CTPiIKH.

1.137. Yum BimpisHseThcA MarHiTHe IIOJie Big ejek-
TPOCTATUUHOTO? Man. 1.84

1.138. YoMy CcTpyMiHb PO3IJIABJIEHOI'0 METAJY, SKIIIO at. 1.
IPOITYCKATHU KPidb HBOTO CTPYM, 3BYKYEThCA (BMEHIITYETHCA IIJIOIA MOIIEPEUHO-
ro mepepisy)? K Mo)KHa 3acTocyBaTH Iie ABUIIE B MeTaayprii?

1.139. Ilo nBOX HeCKiHUEHHO NOBIruUX IapajieIbHUX HPOBiIHHKAX, BiCTaHb
MiX AKMMHU [/, B OZHOMY HaIIPAMKY IPOXOAATH cTpyMmu I; i I,. Busnaure ingyK-
Iil0 MarHiTHOTO IIOJISA B TOUIli A, sSKa JIEXKUTh Ha IIPOJMOBXKEHHI IIpAMOi, II10
CIIOJIyua€e IMPOBIAHWMKMU Ha Bimcrami S Bim mpyroro mposimHuka. BsaskaTtu, 110
00uaBa MPOBIJHUKU MICTATHCS Y BaKyyMi.

1.140. Crpym cuioio I, 110 IPOXOAUTE ¥ KiJIBIIi 3 MiZHOTO APOTY mepepizom
S, CTBOPIOE B IIEHTPI KiJdbIld iHAYKIiI0 MArHiTHOTO II0Js, 1110 JopiBHIOE B. fAKa
pisHHIA moTeHITiaJiB MiK KiHIIMHU IPOBiSHMKA, IO YTBOPIOE Kiabie?

1.141. Ona nepemimenna ma 0,25 M mpoBiguuka 3aBmoB:kKKu 0,4 M B omgHO-
pizmomMy MarmiTHOMY IoJi, iHAYKIisg axoro 1,25 Ti, 6ys0 BUKOHAHO POOOTY
0,25 k. fAKoi cuam cTpyM IPOXOAWB y IPOBIAHUKY, SKIIO BiH pyxXaBCs IIep-
MeHIUKYJIAPHO I0 I0Ja?

1.142. Y rOopuM30HTAJBHO PO3MIIIEHOMY IIPOBIiTHUKY 3aBIOBKKM 20 cMm
i macoro 4 r mpoxomuTh cTpyMm cuyolo 10 A. Busnaure iHAyKIIilo (MOZYJIb
1 HaIPAMOK) MATHIiTHOTO IIOJIS, YV SIKOMY Tpeba PO3MICTUTMH IIPOBIIHUK, IITO0
cuja TAXKIHHA 3piBHOBasKUJACA CUJOI0 AMIlepa.

1.143. fdxwuit MaTHITHUH TOTIK MPOHM3YE IJOCKY MPAMOKYTHY ILJIOIIAHY 3aB-
moexxkku 50 cMm i saBmupiiky 30 cM, KoM MarHiTHA iHAYKIlid cramoBuTh 2 Ti, a
BEKTOP MaTHITHOI iHAYKIIii yTBOpPIOE 3 HOPMAJLIIO A0 IIoIuHu KyT 90°, 45°% 0°?

1.144. EneKTpoH, AKUN Ma€ IIBUIKICTDL 1,9-10° M/C, BJIiTAa€ B OMHOPifHE
MaTrHiTHe II0JIe, IePIEeHINKYJIAPHEe 0 HAIPAMKY oro pyxy. IHIyKIia martir-
Horo mossi craHoButh 1,2:107° Ti. BusHaure pamiyc KPUBUSHH TPAEKTOPII
eJIeKTPOHA i MOT0 JOIIEHTPOBE IIPUCKOPEHHS.

1.145. TpaeKTopm eJIeKTPOHA € Ayroo KoJa pazgiycom 10 cm. Iagyxmia mar-
HiTHOro mous 1-1072 Ti. Busuaure mBuAKicTb PYXY eJeKTpoHa i mepion itoro
obepTaHHs.

1.146. EnekTpoH pyXaeThCcsad B OMHOPIAHOMY MAarHiITHOMY MTOJi, iHIYKIIid
axoro 4 mTi. Busnaure mepios o6epTaHHS eJIeKTPOHA.

€ Han uuM 3aMucauTHCA D

1.147. Ilo gpoTaHiii paMIti, 1110 Mae (opMy IPaBUJIBHOTO IIIECTUKYTHUKA, i€
ctpyMm 2 A. Ilpu nmpomMy B IIeHTPi paMKN YTBOPIOETHCA MATHITHE IIOJIE HAIPY-
sKeHicTio 33 A/M. 3HAUIITH HOBKUHY IPOTY, 3 IKOTO BUT'OTOBJIEHO PaMKY.

1.148. IIpoBigauk, 1o mae moe:xuuHy 1 M i macy 10 r, migBicuam Ha TOHKMX
nporukax. Ilim yac mpoxom:kKeHHSA B HBOMY CTPyMy 2 A BiH BiAXUJIMBCA B OJHO-
pPiIHOMY BEPTHUKAJIBLHOMY MOJi TaK, IO APOTHUKU yTBOpPuIU KyT 30° 3 BepTHUKAJI-
ao. fAka iHgyKIia Mar"giTHOrO 1moJIsa?

1.149. IIpoToH BJiTae B OGHOpiAHe MarHiTHe I0Jie TakK, III0 BEKTOP IIIBUIKO-
cTi cnpamoBauuii nig kyrom 30° mo miHi# imgyKIrii moss i pyxaeThcs TO CITi-
paui paxgiyca 1,5 cm. Ingykiis marumitaoro moJss 0,1 Ta. BusHaute KiHeTuuny
€Hepri IIPOTOoHA.

1.150. IIpo#ImioBIIN TPHUCKOPIOIOYY PisHUIIO IOTeHIliaJgiB 2 KB, eleKTpoH
BJiTae B OXHOpifHe MaruiTHe mose iHmykmieoo 2-10* T i pyxaersca B HbOMY
mo Koay. Busmaute pajmiyc KoJia, 1o AKOMY PYXaeThCA €JIEKTPOH.
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§ 17. EAEKTPOMATHITHA IHAYKLIS.
3AKOH EAEKTPOMATHITHOI IHAYKLI

SIk Bu BiXe 3HaeTe, eJEKTPUYHE IIOJI€ CTBOPIOETHCS €JIEKTPUYHMMU 3apsja-
MU, a MaTHiTHe ToJie — PYXOMUMM 3apsgaMu, TOOTO eJeKTPUUHUM CTPYMOM.
Mix HUMU icHye my:Ke TicHUIT B3a€M03B’A30K. MaruiTHe moJje, 110 3MiHIOETHCSA
B Uaci, MOPOKYe eJIeKTPUYHE T0Jie, a 3MiHHE eJIeKTPUYHE T0JIe TTOPOAKYE Mar-
HiTHe. Bes poro 3B’A3KYy MisK IIOJAMU PiBHOMAHITHICTH BUSABIB €J€KTPOMArHiT-
HUX cuJ He Oyjia 0 TaKomo IITMPOKOIO, SKOI0 BOHA € HacmpaBzi. He icHyBaso 6
aHi pamioxBuiab, aHi cBiTJIA.

Ilepmuii BupiniaabHUM KPOK y BiIKPUTTI HOBUX BJIACTHMBOCTEIl eJIeKTpoMar-
HiTHUX B3aemopiii 3po6uB Maiika Papaseii. Bin OyB yreBHeHUl B €AUHiN TPUPO-
Oi eJIEeKTPUUYHUX i MarHiTHUX ABUIIL. BaB,ZLSIRI/I nboMy (PisuK 3p061/IB Bi/I[KpI/ITTﬂ,
Ha SIKOMY I'DYHTY€ETbCs OyZ0Ba BCiX reHEpPaTOpiB €JIeKTPOCTAHIIN CBiTY, AKi mepe-
TBOPIOIOTH MEXaHiuHYy eHepruo B eHepriio enexTpuuHoro crpymy. Ile BinkpurTsa
Oyso 3pobsiero B 1831 p. ii oTpuMajio Ha3By SIBHIE €JIeKTPOMATHITHOI iHTYKIIii.

Aeuure enexmpomaznimnoi indyxyii — Ile BMHUKHEHHA €JEKTPUYHOTO
CTPYMy B 3aMKHYTOMY IIPOBiTHOMY KOHTYpPi, IKMi a00 PO3MillleHO HEPyXO-
MO B 3MiHHOMY MATHiITHOMY II0JIi, a60 mepeMillly€ThCsa B IOCTiHHOMY Mar-
HITHOMY TOJIi TaK, [0 KiJBKICTh JiHilli MarHiTHOI IHAYKIIiI, AKi mepeTuHa-
I0Th KOHTYP, 3MiHIOETHCS.

HBHme eJIe}chOMarHiTHoi iHI[yK]_Iﬁ q)apa,ueﬁ ILOCJIi,ZI;DKYBaB 32 JOTIOMOTOI0
ABOX 130JBOBAHUX oaHa Bijl OZHOI APOTAHUX cmpanen HaMOTaHUX Ha JepeB’d-
64 i xorymku (masx. 1.85). OxHy cmipass 6yJI0 3’€IHAHO 3 raJbBAHIYHOIO GaTa-
peelo, a IpPyry — 3 raJbBaHOMETPOM, SIKWUU Pee-
cTpye ciaabki crpymMu. ¥ MOMEHTH 3aMUKAHHSA Ta
PO3MUKaHHA KOJIa IepIIoi ciipaji cTpiska raJib-
BaHOMETpPa B KOJIi Jpyroi cuipaji Bigxuisasaack.
Buxonasmiu 6esiu mocaigiB, Papameit BcTaHO-
BUB, II[0 B 3aMKHEHUX MPOBIJHUX KOHTYypPax eJeK-
TPUYHUHN CTPYM BUHUKAE TiJIBKU TOMi, KOJU BOHU
posMimieHi B 3MiHHOMY MarHiTHOMYy IIOJIi, He3a-
JIeXKHO BiJ TOro, AK 3MIHIOETHCS i3 YacOM IIOTiK
iHOYKIii MargiTHOTO mOJIS.

CrpyMm, KMl BUHMKA€ Mix 9ac ABHINA eJIEKTPO-
MarHiTHOI iHOYKIil, HA3UBaIOTh iHOYKYILHUM.

IapyKmifinuit cTpyM y KOTYIIIIL 3 METaJeBOTO
OPOTY BUHUKAE TAKOMK IIiJ Yac 3SMiHU CUJIU CTPYMY
B APYTi#l KOTYyIIIli, MardiTHe 1oJjie K01 IPOHU3YE
mepiry KOTYHIKY. IHAVKIIWHUI CTPyM BUHUKAE
TaKOYK MiJ] 4ac PyXy KOTYIIKW BiJTHOCHO HEPYXO-
MOTO IIOCTiliHOTO MaruiTy. AKImo 3’egHaHa 3 rajb-
BAaHOMETPOM KOTYIIIKA pPYXa€eThCA IIOBiIBHO B
ONHOPiZHOMY IIOJi, TO IHAYKIIHHUIA CTPyM He
BUHUKAaE, 00 KiJIbKicTh cuIOBUX JiHi#l, 1110 Iepe-
TUHAIOTh KOTYIIIKY, BECh UAC 3aJININAETHCA HE3MiH-
HOIO.

ITossBa eJIeKTPUYHOTO CTPYMY B 3aMKHEHOMY
KOHTYPI miJ yac 3MiHM MarHiTHOTO IIOJIA, IKe M0ro
TTPOHU3YE, CBIAUYMTH IIPO Aif0 B KOHTYPi CTOPOHHIX
CHUJ HeeJIeKTPOCTATHUCTHUYHOI mIpupomu abo IIpo
BunukHeHHa EPC imgykmii. fBuima exexTpomar-
HiTHOI iHAYKIIil KiJbKiCHO OommMCylOTh HAa OCHOBI

Maun. 1.85
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BcTaHOBJeHHA 3B’ a3Ky Misk EPC imaykiii i marmiTaum noroxkom. Ils Beawum-
Ha 3aJIe’KUTh BiJl 3HaueHb BEeKTOpa He B OAHill TOUIli, a B yCiX TOYKAaX ITOBEPX-
Hi, 00MeKeHOl IIJIOCKUM 3aMKHEHUM KOHTYPOM.

IIprnunHa BUHUKHEHHSA iHAYKIIIMHOTO CTPYMY HOJIATA€E IIepIl 3a BCE B TOMY,
110 B 3aMKHEHOMY KOHTYPpi crmouaTky Bunukae EPC. A Bike morim mifg ii Brim-
BOM Y KOHTYpi, omip akoro R, IpPOXOIWTh iHAYKIIHHUIA CTPYyM — TaKWH,
&
+r
moKasajau, IO CWJia iHAYKIIHHOTO CTPyMy IIPONOPIIiiHA INBUAKOCTI 3MiHU

. AD AD
MAar"iTHOTO IIOTOKY v yepes MOBEPXHIO, OOMEKEHYy KOHTypoM: I, ~ IS
t

Omip mpoBifHMKA He 3aJIEXKUTh BiJ MIBUAKOCTI 3MiHM MarHiTHOTO IIOTOKY.

AKOTIo0 HOTpe6y€ saxou Oma JJId IIOBHOI'O KOJIa I=

. Hocnigm Papanesa

AD . . e AD
Oroxe, I, ~ E Tineku Tomy, mo EPC ingyrmii o ~ —t

3aKOH eJIEKTPOMATHITHOI iHAYKITiI chopMynbosano caMe miss EPC, ockinbpku
3a Takoro (OpMYJIIOBAHHS BiH BHUPAYKAE€ CYTh SBUINA, HE3AJIEKHOTO Bin
BJIACTMBOCTEH ITPOBIAHUKIB, V AKUX BUHUKAE IHAYKIIMHUN CTPYyM. ST1AHO i3
3aKOHOM eJIEKTPOMATHITHOI 1HIYKITii:

EPC iamykuii B 3aMKHEHOMY KOHTYPi JOPiBHIOE 3a MOIYJIeM HIBUIKOCTL
3MiHM MATHITHOTO IIOTOKY Yepe3 IMOBEPXHIO, III0 O0Me:KeHa KOHTYPOM:

AD
& =—
At
IIa dopmyna ommcye (GyHZaMeHTAJIbHUN 3aKOH IIPUPOAM — OCHOBHHIH

3aKOH eJICKTPOMAaTHITHOI iHAYKIii, fioTo Ie HasWBaiOTh 3aKoHOM Mapanes.
Ilig yac mpoBemeHHS DOCIiAiB 3 €JIEKTPOMATHITHOI iHAYKITII MOKHa ITOMi-
TUTH, IO CTPiJIKA HOPUJIAAY BIiAXUASAETHCA TO B OOWH OiK, TO B APYTrui, IO

CBiIUMTH HPO Pi3HI HANPAMKHU iHAYKIiHAHOrOo cTpymy (Mas. w
1.86, a, 0). ~
Pociticbkuit yuennii Emigaiit JleHn sactocyBas A0 siBHIIA < “\ ! B

\

eJIeKTPOMAaTHITHOI iHAYKIIiI 3aKOH 30eperkeHHsS i IepeTBO-
peHHA eHeprii i copmyaoBaB IIPaBUJIO: !

R @
iHAYKIiHHWI CTPYM, 10 BUHUKA€ B 3aMKHEHOMY KOHTYDI, (
NPOTHUAI€ 3MiHi MarHiTHOTrO IOTOKY, AKHH 30yIiKYy€E Iieu
CTPyM.

Kopucryouncs npaBuaom JleHila MoKHA BU3HAUUTHU
HanpaM iHgyKImiftHOTO cTpymy. IIpaBmio JleHnma € BusBom
3aKOHY 30eperKeHHsA i IepeTBOpPeHHs eHeprii B eleKkTpo-
MarHiTHUX mporecax. EHeprig iHAYKIIiHHOTO CTPyMy B
NPOBiJHUKY HOPiBHIOE Tiil poOOTi, 110 BUKOHYETHCS 3 IIOJO0-
JaHHS IIPOTHUAil MATHITHOTO II0JISA, CTBOPEHOIrO iHAYKITiii-
HUM CTPYMOM.

3acTocyeMo Ile IPaBUJIO OO0 3aKOHY eJeKTPOMATHiTHOI
IHAYKITIT.

Ha mamronky 1.87 306paskeHo 3aMKHeHUHN KOHTYp. [logar-
HUM BBaKaTUMEMO HAIPAM O00XOAYy KOHTypa IIPOTH DPYyXy
TOOMHHUKOBOIL cTpiaku. IlepneHguKyasap 40 KOHTypa 7 yTBO-
pIoe mpaBHil TBUHT 3 HampsaMKOM ob0xony. Hexaii marmiTHa Mauxn. 1.86
iHAyKIiga B HampaMJIeHa B3IOBXK MEPIEHANKYJISApa 10 KOHTypa
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i i3 wacom s6inbIIyeTHCA. Tomi @ > 0 i % > 0.

3rigao 3 mpaBuyiaoM JleHIa iHAYKI[IWHWI CTPYM CTBOPIOE MAarHiTHWUN TOTiK
@' < 0. Cunosi miHil Mar"giTHOro moJd IHAYKIIAHOrO CTPyMy 300paskeHO Ha
manoHKy 1.87 mrpuxom. OT:Ke, meit cTpyM I 3TiHO 3 TPaBUJIOM CBEepIJIHKA
HaOpAMJIEHUNA 3a PyXOM TOAMHHUKOBOI cTPinku (mIpo-
TH HaOPAMKY JgomaTHoro obxony), i EPC immyxmii

Hanpsamox / P . . A RS
BlJ €MHAa. TOMy B P1BHAHHI1 €JIEKTPOMAarHiTHOl 1IHAYK-

00x00Yy

. . . AD
¥y nif mae croaTm 3HaK MiHycC, AKUI BKasye, IO ¢ i N

MaTh Pi3Hi 3HAKWU:

B’ " L AD
0] = ———,
At
Man. 1.87 dAxmro B 3’eqHaHUX TOCTiTOBHO KOHTYpax BimOyBa-

IOTBCS OJHAKOBI 3Mimm margirEoro motoxky, To EPC
igaykiii B Hux gopisuioe cymi EPC imaykmii B Koix-
HOMY 3 KOHTYpPiB. OCKiIbKH 3MiHIOETHCA MATHITHHHN HOTIK y KOTYIIIL, IO
cKkJazaeTbcd 3 N OOJHAKOBUX BUTKIB IpoBigHmKa, To 3arambHa EPC imgykmii
o0yze B N pasiB 6inbiroio Bix EPC imgykiiii B okpeMoMy KOHTYPi:
& =-N g
At
Ile piBHAHHA MOKe HaOyBaTH i iHIIIOTO BUTJIALY 3aJIe;KHO BiJi XapakTepy
3MiHIM Mar"iTHOTo mOTOKY. A BUOAAKy HECTAIliOHAPHOT'O MATHITHOTO IIOJA,
KOJIM BEKTOP iHAYKI[iI MarHiTHOro II0JA 3MiHIOETHCA i3 YacoM 3a HEe3MiHHUX
ILJIOIII KOHTYPY Ta Horo opieuTairii (S = const, a = const):

., AB
&= cos o..
At

¥V pagzi sminu opienranii mosa (B = const) abo 3miHuM opieHTallii KOHTypa
B cTalioHapHomy moJi (S = const):
@, — &, BS(cosa, —cosa,)
At At ’
e 0y i 0y — KyTU MK IepHeHJUKYJIAPOM 0 KOHTypa i BeKTOpOM iHAYKILil
B IIOYATKOBUM i KiHIeBUII MOMEHTHU HaCy._

Sxmio marmiTHe mosie cramioHapHe (B = const), a opieHTamia KOHTYpPY
He3MmiHHA (0, = const), To EPC imgykmii Mo)Ke BMHUKATU BHACJIJOK 3MiHU
IJIOIII KOHTYPY, ii po3paxoByOTh 3a (pOopMYJIOIO:
_q§2_ @, — BS(S, _Sl)c

At At
me S; i S, — miomi KoHTypa Ha IOYATKY 1 HaIPUKIHI, HaOpUKIAL, PYXY
JiNSHKY KOHTYDPY.

3axkon Papaneda OaB 3MOTYy NOACHUTU BUHUKHEHHA BUXPOBUX CTPYMiB.
Buxposi crpymu, crpymm DPykro, HasBaHi Ha uvectb Jleoma DPyko, BUXPOBi
IHAYKIIIAH] cTPYyMHU, SKi BUHUKAIOTh Y MACUBHUX NPOBiTHMKAX HIPU 3MiHi Mar-
HITHOTO MTOTOKY, AKWH iX nmpoHusye. Ctpymu PyKo BUHMKAIOTH Mif Ai€0 3MiH-
HOTO eJIEKTPOMATHITHOT'O IIOJISI i 3a CBOEI (DiBMUYHOIO HPUPOAOI0 HiUMM He
Biipi3HAIOTHCA Bif iHAYKIIHHUX CTPYMiB, IIT0 BUHUKAIOTh y JIHIHHUX TPOBif-
HUKAax.

OCKiNbKY eJeKTPUYHUI OIip HMPOBIAHMKIB MaJuii, To cuja cTpyMmiB DPykKo
MOJKe HOCAraTH BeJUKUX 3HaueHb. 3TifHO 3 mpaBujoM JleHIla BoHU BuOuUpa-

o _
(:i =

& =

0s L,
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IOTh Y OPOBiTHUKY Takuii HaNPAMOK, I[00 NPOTHUCTOATH NIPUUYMHI, AKa IX
cupuuuHsae. ToMy B CUJIBHOMY MarHiTHOMY IIOJIi IPOBIAHUKU, AKi pyXaroThecd,
BUTPUMYIOTh CHUJbHE TaJbMYBaHHSA, SKe IOACHIOETHCA B3AEMOIIEI0 CTPYMIiB
dyko 3 mar"HiTHuM nojsieM. Ilei eheKT 3aCTOCOBYEThCA IJIA TaciHHSA KOJUBAHbDb
PYXJIMBUX YACTUH TaJIbBAHOMETPiB, ceiicMorpadiB ToIIO.

TemmoBa gissi crpymiB ®PyKO BUKOPHCTOBYETHCA B IHAYKIIMHUX Iedax: y
KOTYIIIKY, fAKa KUBUTHCS BiJi BUCOKOUYACTOTHOI OaTapei BeJIMKOI CHJIM, IIOMi-
MIAI0Th TiJIO—TIPOBIHUK, ¥ SKOMY BUHUKAIOTH BUXPOBi CTpyMu, AKi posirpisa-
I0OTh MOT0 [0 IIJIaBJIEHHS.

Y 6Garathox Bumagkax crtpymu Pyko mebarkaui, mikigmmei. 11106 yHUKHYTH
iX, HaIpUKJaI, AKOpPs TpaHchopMaToOpiB HAOMPAOTh 3 TOHKMUX ILJIACTHUH. 3 MO-
ABOIO (pepUTiB ITi IPOBIMHUKY CTAJIU BUTOTOBJIATU CYIIIIbHUMU.

SBuire eseKkTpoMarHiTHOI iHAYKINI IMIMPOKO BUKOPUCTOBYETHCA B CyYacHiit
TeXHiIi, mooyTi.

Hanpuknazn, B aeponmopty B pamMKax-merasorrykadax (mana. 1.88). fdAxmro
i yac OPOXOMKEHHA Macakupa UM HNAaCAKUPKU Uepe3 TaKy PaMKy CIIPaIlbo-
BY€ CUTHAJ, Ile 03HAYAE IO JIOJMHA Ma€ MeTajJeBi ImpeaMeTH, AKi 3MiHIOIOTH
Mar"iTHe IIoJie paMKH.

Y mBuaKicHMX I0i3zax Ha MHOBITPAHIA MOmYIMITL
(mazn. 1.89) Tpamguriiini MeTaseBi KoJicHI mapu 3ami-
HEHO MOBITPAHUMM IIiZHOMHUMU IIOAYIITKAMM, a 3BU-
yaliHi 3aJi3HUYHI KOJil — HAIIPSIMHOIO JOPi’KKOIO 3
HOKPUTTAM IIofioHMM 10 achanbry. Tax ycyBaeThbcs
TePTs IiJ Yyac KOUeHHs i 3a0e3meUyeThes TysKe BUCO-
Ka e(eKTUBHICTb, a TaKOMK CIPOIIYEThCA iHQPa-
CTPYKTYypa, IOTPiOHA A 3aKJamaHHSa HOBOI JiHii.

MikpoxBuiboBa miy € OZHMUM 3 HANMNOIIYJIAPHIi-
X I00yTOBUX ejieKTpompuiazniB. Ha Bigmimy Bix
iHITUX TPUCTPOIB (HAaIpPUKJIAL, AYXOBKU abo meui),
y MiKpOXBMJILOBili meui posirpiB mpoayKTiB BigOy-
BaEeThCsA He 3 IMOBEPXHi, a B 6inbIriii yacTuHi 006’€-
my. Pagioxsuiai Ha wacrori 2,450 I'T't; rmnbGoKo mIpo-
HUKAIOTh MalKe B yCi Xap4yoBi IPOAYKTH, YHACTITOK
Yoro vac mifirpiBy abo IpPUTroTyBaHHA iKi 3HAYHO

CKOPOYYETHCA.
Marmitai MaTepiasium 3acTOCOBYIOTH HOJIS 3alUCY
ingopwmartiii. MarumiTHu# 3ammc — cmoci® samucy

eJeKTPUYHUX CUTHAJIB Ha IIapi OKCHUIY 3aJisa uu
iHIIoMy MAarHITHOMY MaTepiaji, HaHeceHOMYy Ha
HEMATrHITHY OCHOBY: TOHKY IIJIACTUKOBY CTPiuKYy,
aJIIOMiHil, CKJIO TOIIIO.

Ilixg wac 3anmcy eeKTpUYHUI CUTHAJ Binm mKepe-
Jla CUTHAJy TMOJAETHCS Ha €JIEKTPOMArHiTHY TOJIiB-
Ky, IKa HaMarHiyye MarHiTHe HOKPUTTA HOCisd Bif-
HOBiTHO OO YACTOTH ¥ aMILIITyIM MigBeIeHOro
curgajay. IMoyabcu MOXKYTh OyTH 3BYKOBUMU, Bidy-
arpHEMH a0o HecTu IudpoBy iHdpopmarioo (mia
KoMmI’'toTepa, maj. 1.90).

Ilixg vac BiATBOPEHHSA HOCi# IPOITyCKAETHCA Uepes
Ty caMy abo iHIIy ToJIiBKYy, i ocTaTouHa HaMarHiue-
HiCThP MAaTHITHOrO IMIapy HOCiA iHAYKye B TroJiBIi
eJIEKTPUUYHUYN CUTHAJ, SKUHA Jaji IiICUII0ETLC.

s aHaAJIOrOBUX CUTHAJIB pisHOI uacTtoTu (aymio- abo BimeocurHasiB) cur-
HaJI I yac 3amucy Ta 3YWUTYBAHHA IIiJJISITA€ CIIOTBOPEHHIO, IKE KOMIIEHCYE
HEpPiBHOMIipHICTL aMILIITyIHO-YaCTOTHOI XapaKTepHUCTUKHU TPaKTy mnepemadi
CUTHAQJIy Ta HOCidA.

Maun. 1.90
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. 3ANMNTAHHA O BUBYEHOIO

1. IITo Take ABuUIIE eJeKTPOMAarHiTHOI iHAYKIii?

2. ChopmyaroiiTe mpaBuio Jleura.

3. Illo Take imgyKIifinuit crpym?

4. Y yoMy IOJArae 3aKOH eJIeKTPOMArHiTHOI iHAyKIii?

5. IITo Take BuxpoBi crpymu? K BOHM BUHUKAIOTH i /e 3aCTOCOBYIOTHCA?

MokaxiTb, L0 ABULLE eneKTPOMarHiTHOI iHAYKLiT € OCHOBOI PO3BUTKY €NEKTPOTEXHIKN.

§ 18. IHAYKTUBHICTb.
EHEPTIS1 MATHITHOTO TOAA CTPYMY.
'YCTUHA EHEPI'II MATHITHOTO T1OAA

SBuIle eJleKTPOMArHiTHOI iHAYKITiI cmocTepiraeThbes B yCix BUIIagKax, KOJIuU
3MiHIOETHCA MArHiTHUH IIOTiK uepes KOHTYpP. IIpoTe AKIO IIPOBiAHUK 3i cTPY-
MOM IiepeOyBa€ y BJIACHOMY MarHiTHOMY IOJIi 1 AKII[O Iie IoJie 3MiHIOEThCA, TO

B IPOBiAHUKY Ma€ 36y,micyBaTI/ICﬂ EPC impyxirii.
N\ BiiacHe marziTHe I0JIe TAKOTO IPOBiAHUKA 3aJIEKUTD
@ BiJ cuiu cTpymMy B HbOMY, TOMY B pasi aMiHu cuiau

CTPYMy B KOJIi B IpOBigHUKY 30ymKyeTbcsa EPC.
<>I Bunukuenns EPC y mposBigHuky mig uac sminum

CUJIM CTPYMy B HBOMY CaMOMY HasWBalOTh CaMo-
L iHgyKITieo.

~ Posrasuemo xoso (man. 1.91), ke cKIamaeTbCs 3
—_— barapei EPC, peocrara R, KOTYHIKK iHIYKTHUBHOCTI
I, L, ranpBanomerpa I' i kitoua K.
SK1I0 KOJI0 3aMKHeHe, TO MO rajabBaHomerpy I i
DR & K KOTYIIIi iHAYKTUBHOCTI L IPOXOAUTH €JIeKTPUUHUNI

|

— e cTpyM. ¥ MOMEHT PO3SMMKAHHA KOJa CTpiJKa rajb-
BaHOMETpa pPi3KO BigXWIAETHCA Yy NIPOTUIECKHUI
6ik. IlpuumHa BOrO B TOMY, IO, KOJH KOJO PO3-
MUKAEThCA, MaArHITHUU IIOTiK Yy KOTYWIIi 3MEHIIY-
€Thecd, cTBOopooun B Hilt EPC camoinaykiii. Ctpym
camoingykmii I, 3a mpaBusioM JleHIla mepemIKoskae CIaJaHHIO MarfHiTHOTO
IMOTOKY, TOOTO BiH HaIpPAMJEHUH y KOTYIII TaK caMO, K i CIIagfHUHA CTPYM
I,. Ileit cTpyM IOBHICTIO IPOXOJUTH Uepe3 rajJbBaHOMETD, aje 3a HaIpAM-
KOM, IPOTHJIEKHUM A0 HaIPAMKY I;.

Maun. 1.91

SBuie BUHNKHEHHS iHAYKOBAHOTO0 CTPYMY B KOJi BHACIiTOK 3MiHU CTPYyMY
B HbOMY Ha3WBAIOTh CAMOIHIYKYiEN.

CaMOiHAYKIIST — Ile OKpPeMUuil BUIIaJOK SABUII eJIeKTPOMAardiTHOl iHayKIrii.
T'padixk 3miEm cuam cTpymMy B KOJi B MOMEHT PO3MHKAHHSA IMOKa3aHO Ha
maaioaky 1.92. CTpyM IIOCTYIIOBO 3MEHINYEThCA Bin s3maueHHA I, Axke OyJio
mepesn PO3MUKAHHAM, A0 HYJA, HarpiBalouyu IPW IILOMY HIPOBimHuMKH. SAKIIMO
6 0o0MOTKA KOTYIIKKM OyJja BUTI'OTOBJEHA 3 HaJAIIPO-
1, A BiHOTO MaTepiasy i 3aKopoueHa THM CAMHM HPO-
BiIHUKOM, TO CTPYM y KOJi icHyBaB OM HeCKiHUeH-

HO IOBTO.
OCKiNbKM CaAaMOIHAYKIIiI — OKpPeMUH BUIIAIOK
sABUIIA eJIeKTpOMarHiTHol iHAyKIii, 3akon Papanesa
MO:KHa 3acTocoByBaTHu i aasa susHauenns EPC camo-
0 t, ¢ ingykiii. IIpuragaemo, 110 MargiTHUHN IIOTIK uepes
IJIONTY, OOMEXXeHy KOHTYPOM CTPYMY, IPOIOPIiii-
Man. 1.92 HU# cuii crpymy. ificao, @=BS, a maraiTHa iHayK-
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I[is MMOJIA, CTBOPIOBAHOI'O CTPYMOM, IPOMOPIIifiHA B yCiX BUIIAAKAX CIJIL CTPyMY,
To0TO0 B ~ I. OT:XKe!:
D =11,

ne L — kKoe@illieHT IpOHOPI[iAHOCTI MiK CHJIOIO CTPYMY B KOHTYpPi i cTBOpIO-
BaHUM HeIO IIOTOKOM MAarHiTHOI iHAYKIIiI yepes 1eil KOHTYD.

Koedimient L masuBaioTs iHdykmusHicmio npogioHuka, abo iioro xoegiui-
E€EHLMOM CAMOIHOYKYIL.

IapyKTHMBHiICTE TPOBIJHUKA B TaHOMY CEPEOBUIII BU3HAUAETHCA HOTO PO3-
mipamu i ¢opmoro. IHIYKTHUBHICTD NPAMOJIIHIAHOTO NPOBiAHMKA He3HAYHA,
IpoTe BOHA 30iJIBIIYETHCS, AKIIO 3 HHBOIO 3POOUTH BUTOK. IHIYKTHUBHICTD

3anuiiemo dopmyay aias odouucaeHHs EPC camoimaykirii:

B AD A(LI)
C}ci - _— = )
At At
dAxrmio ¢opmMa KOHTYPY He 3MiHIOETLCA, TO KoedimieHT camoivaykiii L e
. Al
cranum, Tonai &,; = —L —.
At

Takum umzaoM, EPC camMoiHAyKIil B KOJi mpomopiliiiHa IMBUIKOCTI 3MiHH
CHJIM CTPYMY B IIbOMY KOJIi.

SAxmro i—i =1, To |’d;i = L, T706T0 iHAYKTHUBHICTE — Iie (Pi3MUHA BeaUUYMHA,
saka BudHavaeTbcss EPC camoiHayKIrii, 1o BMHMKAe B KOHTYPi B pasi sminm
cunu ctpymy Ha 1 A 3a 1 c.

3a oguuuItio inaykTuBHOCcTi B Cl mpuiitasaTo oagun reupi (1 T'u). 3 dopmyan
BUJHO, 1110 1 reHpi — 1e iHAYKTUBHICTH MPOBiTHUKA, y AKOMY IPHU 3MiHi cuian
crpymy Ha 1 A 3a 1 ¢ Bunukae EPC camoimmykmii 1 B: 1 Tu =1 B-1 ¢/1 A.

EPC camoinaykirii, AKka BUHMKAaE MHiJ yac 3aMUKAHHS 1 pO3SMMKAHHS KoJIa,
y IeAKHX BUIAAKAX MOKe OyTH mocuThb 3HauHO. 1110 GinbIa iHIYKTHUBHICTD
KoJia, To Oinmbmia EPC i cuna ctpymy camoingykirii. Ock YoMy B pa3i BUMHKAaH-
HS PYOMJIBHUKIB, AKI PO3MHKAIOTH €JIeKTPUYHI KOJIa 3 HOTYKHUMU €JeKTPO-
MarHiTamMu, eJIeKTPOABUTYHAMU, TpaHChopMaTOopaMu Ta iHIIMMU TPUCTPOAMU
3 BEJIMKOIO0 iHAYKTHBHICTIO, MiK IXHIMM KOHTaKTaMM IIPOJiTa€ eJIeKTpuUYHAa
ickpa. Bona iHoxmi MosKe mepeiiTu B AyroBuii po3psAx i simcyBaTu pyOUIbHUK.
ITpuunHoOO IHOr0 € BUHNKHEHHA B KoJi Takol Beaukoi EPC camoinaykiii, 1o
MiX KOHTaKTaMU PYOMJIbHUKA IIPOOMBAETHCS IOBITPAHUIT HpOMiKOK. s
POSMUKaHHA TaKUX KiJl KOPUCTYIOTHCA MAaCJASHUMY BUMUKAUaMH’ i BiKUBAIOTH
IHIIMX 3acTepeKHUX 3aXO0/IiB.

MaruiTHe moJie HEePO3PUBHO IIOB’sdA3aHe 3 eJeKTPUUHUM CTPYMOM: BOHO
BUHHUKAE, 3MIiHIOEThCA 1 3HMKAE 3i 3MiHOIO cuau crpymy. OT:Ke, g yac samMu-
KaHHA KOJIa YaCTWHA eHePrii AKepesa CTPyMy 3aBiKIM BUTPAUYAETHCA HA CTBO-
peHHs Mar”HiTHOro moJsid. ToMy BOHO IOBMHHO MaTH €HEpPriio, II0 MOPiBHIOE
pob6orti, BUTpaueHiii crpymMomM Ha iioro crBopenHsa. Came eHepri€eo MarHiTHOTO
TOJIA IOSACHIOETHLCA SABUIE eJeKTPOMArHiTHOI iHAYKIIiI, 30KpeMa caMOiHIAYK-
mii. ¥V pasi samukamua KoJja iz mkepesaom mocriiimoi EPC cuna ctpymy He
Bifipasy mocsArae MakCUMAaJIbHOTO 3HAUEHHA (AKe BU3HAYaeThcA 3akoHOM Oma),
a TMeBHUH yac 306iJIbIITYETHCS, OCKiJIbKY YaCcTHHA eHeprii J)Kepesia BUTPAUAETh-
cAd B Ilell yac Ha CTBOPEHHS MAarHiTHOTO 1moJsa. [OCATHYBIIN MaKCUMAaJIbHOTO
3HAUEHHs, CHUJIA CTPYMY B KOJIi B)Ke He 3MiHIOEThCs. Ilpu mpomMy ImocTiiHUM
cTae i MarHiTHe ToJie CTPyMy, HOTO eHepris Tako:K He Oyae 3MiHIOBaTHCA.
JsKepeso cTpyMy BUTpauae eHepriio Jinile Ha IIiATPUMAaHHA IOCTiMiHOI cuaum
CTPyMYy, i IId YacTHMHA €Hepril IepeTBOPIOETHCA Y BHYTPIIIIHIO €HEPTiI0 IPOBif-
HUKiB, TOOTO BUTpavaeThCcA Ha ixHe HarpiBauHsa. Ilig yac posMuKaHHA KoJja
MarHiTHe IIoJie CTPYMY 3HUKAa€, OOHAK 3TiHO i3 3aKOHOM 30epesKeHHs eHeprii
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MOr0 eHeprisi mepeTBOPIOETHCSA B €HEPTiI0 CTPYMY CAMOIHAYKIIiI, AKWN mifcu-
JIIOE CTPYM, III0 BUMUKAIOTh.
Takum uymHOM, ABUIIE e.nelc'rpomarm'mm mny}cun IPYHTYETHCA HA B3AEM-
HHUX IePeTBOPEHHAX eHEepPriil eJeKTPUIHOrO CTPYMY i MarHiTHOro IOJ.
Eneprito MaraiTHOT0o moJisg KOTYIIKHK iHAYKTHBHOCTI MOYKHA 3HAWTH, BUXO-
IAYY 3 TAaKUX MipKyBaHb. Hexall micas po3MHUKaHHA KOJIa CTPYM 3MEHIIYETh-
cd i3 wacoMm 3a JiHiliHMM 3axkoHOoM. ¥ nbomy pasi EPC camoinaykilii mae Take
HOCTiliHe 3HAYEeHH:
AT I
&= =L-—,
At t
ne t — 4ac, 3a SKHMU cuja CTPYMY B KOJIi JiHiAHO 3MEHINyeThCA BiJ MOYaATKO-
Boro 3HaueHHa I mo O. I
3a me#l wac y KoJIi IDPOXOAUTEL eJleKTpUUYHUH 3apan g = —t. Ilpu mpomy
It LI LI*
2t 2
ITIa poboTa BUKOHYETHCA 3a PaxXyHOK €Heprii MarHiTHOTO IOJSA KOTYIIKU
iHIYKTHUBHOCTI.
Enepris W, MarHiTHOr0 moJiA KOTYIIKH iHIYKTHUBHOCTL JOPiBHIOE OTOBUHI
2
LI
IOo6YyTKY il iHAYKTHMBHOCTI Ha KBaApaT CUIM cTpyMmy B Hiii: W, = 5
JJIsg XapaKTepUCTUKM MarHiTHOTO II0JA BUKOPUCTOBYIOTH (DiSUUHY BeJIUYU-
HYy — TyCTHHY eHeprii.
T'ycTtuna eHeprii MarHiTHOTO IOJIs BUBHAYAETHCA 3a (hopMyJiaMu:
2 2
o - B® wwH® BH
- - - ’
2pou 2 2
le ® — T'yCTUHA eHeprii Mar"iTHOrO IOJd; |, — MarHiTHa OPOHUKHICTL pedo-
BUHU Y BaKyyMi; | — MarHiTHa TPOHUKHICTh PeUOBMHU; B — MarHiTHA iHAYK-
misg; H — Hanpy:KeHicTb MarHiTHOTO IIOJISA.

poboTa eJeKTPUYHOIO CTPYMY A = q&,; =

—
3AMUTAHHA 0O BUBYEHOIO
1. IlTo Taxe camoiHayKITisA?
2. ¥V aKuii MOMEHT iCKPUTh PYOMIBLHUK: I Yac 3aMUKaHHS UM PO3MUKAHHSA Koja?
Yomy?
3. Ilo Take iHAYKTUBHIiCTH?
4. HasBiTh OAMHUINIO iHIYKTUBHOCTI.
5. Koo, sike micTuts makepeso mocriinoi EPC, samxkuyau. Ha 1110 BuTpadaeTses
eHepris mxepesia IO i mic/as BCTAHOBJIEHHS IIOCTiMHOI CHIN CTPYMY?
6. Ik Bu3HauaeThcs eHepria mar"iTHoro moas? I'ycTtuHa eneprii marziTHOTO
moasa?

PO3B’513YEMO PAZOM _ THUS

1. BeanKaJIbHI/Iﬁ 3aJIi3HnI I_LI/IJIiHI[pI/IR, OigBillTeHUH Ha I[I/IHaMOMeTpi HaMar-
HiTHJIN Tak, 1L106 1I0ro miBHIiUHUI II0JIIOC 6yB 3BEPXY. I_II/IJuH,apI/Hc pOSMlCTI/IJII/I Ha
OI[HaROBII/I BigcTaHi Bim eKBaTOpa: MepIInii pas y HiBHIUHIN HiBKyJIi, Apyruit — y
nisgennHii. Koau mokasu guHamomerpa OyJau OiabIrimmu?

Poss’asanuga

Ilepmiuit pas, TomMy 110 HAIIPAMOK CHUJIM TSKiHHS 30iraeTbcs 3 HAIIPIMKOM
CKJIaIOBOI MPUTATAHHA IWJIIHAPUKA MATHiTHUM II0JIeM 3eMJIi.

2. fIkwuii sapsang mpoiife yepes MOIEPEUHH IIepepis 3aMKHEHOI'0 IPOBiTHNKA
omopoM 10 Om 3i 3minmoro marmiTHOro moroky Big 35 mo 15 mB6?
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PosB’sazanusa
3i 3MiHOI0 MarHiTHOrO MOTOKY B npoBimHUMKY BuHUKae EPC ingyKIrii

. AcD D -D <P
Gy =
At At
OCKiIbKY HIPOBIIHUK 3aMKHEHHI, TO B HbOMY Oy/e IIPOXOAUTU CTPYM CHJIOIO
1=5_ P-P
R RAt
Pasom i3 muMm cuiia cTpymMy AOPiBHIOE 3MiHiI 3apAny 3a OOWHUIIO YaCy:
A D, - D . D - D
=24 _1 "% 3Bigcn Ag = —+—2,
At RAt R

ITigcraBuBINy 3HAUEHHA BifoMuX (PisMuHUX BeJnuuH, orpumaemo: Aq = 2 mK.

3. Korymky nyske maJyioro omopy Ta iHayKTuBHicTIO 3 I'H mim’emmano mo
mxepeaa ctpymy, EPC akoro 15 B i gysxke manuii BHyTpimiHi#i omip. Yepes
AKUUN iHTepBaJ Yacy cuJja CTPyMy B KOTYIIIi gocsarHe 3HaueHHS 50 A?

Poss’aszanuaga

3a zaxkonoMm Oma 1Jist MOBHOrO Koja & = I (R + r) ne # — moBHa EPC y koui,
110 ,Z[OplBHIOG JJISL IBOTO BUNANKY cymi , — EPC mxepena i &, — EPC caMo-
iHAYKINil, AKa BUHMKAE MicJjsa mix’ €/I[HaHHH KOTYIIIKA J0 micepena. S=& + &y

Al
s =—L A_t BpaxoBynoun

£

EPC camoingykiiii BusHauaeTbcsa 3a (PopMyJIOH0 &

. .. Al
HoIepeHi CIiBBifHOIIEHHSA, OTPUMAEMO «, = —L i I(R+r). Ba ymoBOIO

. . . , Al , AT .
3ajaui onopu R i r gysxe maui, tomy ¢; — L— =0abo &; =L E 3BiIKM MOMK-

. . Al & . . .
Ha BU3HAUUTH IIBUAKICTH 3MiHM CTPyMY ~ = fl’ a moTriMm — uac, moTpioHmii
t
. IL
A7 30iIbIIeHHA CUJIM CTPyMy A0 3HaueHHA 50 A:t = —.
6}
1
ITigcraBuBIi 3HaUeHHA BiZoMux (QisMuHMX BeJauduH, oTpumaemo: ¢t = 10 c.

cn
F 3ALAYI TA BMPABU

=88
Pigens A

1.151. IITo craHeThCcA, KOJIU IO eKpaHa TeJieBidopa, SIKWUI IpaIlioe, IIigHe-
ctu marHiT? IlosicHITE.

1.152. Yomy mosigpHE CSANBO CHOCTEPIraETHCS B OCHOBHOMY B ITOJIAPHUX Paiio-
HaX 3eMHOI KyJIi?

1.153. YoMy KOpIyC KOMIIaca BUTOTOBJISIOTh 3 IJIACTMAacCH, JATyHi, aJioMi-
Hilo, aje He i3 sajiza?

1.154. Yomy MexaHiuHI TOZMHHUKYN He PEKOMEHIYEThCA 30epiratu mooausy
OpUIagiB, AKi MiCcTATh eJleKTpoMarHiTu?

1.155. MaruiTHa iHAYKIiA y OpycKy metany mopiBuioe 0,75 Tu, a ingykiria
30BHIIITHBOTO HaMaruiuenoro moJs mopisuioe 0,0375 Ta. AKy BimHocHY Mar-
HITHY IPOHMKHiCTHL Mae MeTaJ?

1.156. fAxoi ¢hopmu mparse Ha0yTM 3aMKHEHUU MTPOBIAHUK, IO AKOMY IIPO-
XOAUTHh CTpyM?

1.157. B omHOpizHOMY MATHITHOMY IIOJIi IIOCTYIIAJBHO PYXa€ThCS IIPOBi-
Huil KouTyp. Um Bumuxae EPC imaykmii y KoHTypi, AKII0 MartHiTHe IoJie:
a) ogHOpimHe; 06) HeogHOPigHE?
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1.158. {1k B3aeMOIiOTH CyCiHI BUTKM COJIEHOIA, KO 0 HIX
MIPOXOIUTEL CTPyM?

1.159. ¥V BzaMKHEHOMY BHUTKY JOpOTYy, III0 Ma€ OIIip
2:10"%2 Om, MUTTEBe 3HAUEHHS iHAYKI[IMHOTO CTPYMY CTaHO-

: BuTh 5 A. fAka EPC ingykiii?
@ 1.160. IIpAaMuii TPOBIAHMK 3aBAOBKKH 35 CM II€pETHUHAE
Maux. 1.93 onHOpPiZHE Ma_rg{iTHe 1'{0.}16“32:[ H_IBI/IJI.I‘C‘iCTIO 6 m/c TePIeHIUKY-
JSAPHO 10 JiHi#i MmarHiTHOl iHAyKIii. CaM IIPOBiZHUK TaKOMK
HepIeHIUKYJIAPHUN A0 JiHili mar"iTHOl iHayKmii. BusHaure
. . . iHIYKIi}0 MATrHiTHOTO IIOJIS, SKIMO MidK KiHIIAMU IPOBiTHU-

B Ka BUHUKAE pisHuIila moreHmiaais 12 mB.
. @. 1.161. BusHauTe pi3HUIIIO HOTEHITiaTIB, AKa BUHUKAE MiK
U KiHIAMEN KpPHUJ JIiTaka MmiJ Yac TOPU30HTAJBLHOTO MOJIBOTY 3i
mBuaKicTio 1200 KM/Tox, AKIMo po3dmax Kpua 40 m, a Bep-
. . . TUKAaJbHA CKJAZ0Ba iHAYKIII MarHiTHOro moJisa 3eMJi Jopis-
Hioe 50 mxTi.

Maan. 1.94 1.162. TIpoBigHe KinbIe MiCTUTHLCA B MAarHiTHOMY IIOJIi,
JiHil iHAYKIIl AKOTO IMepHeHAUKYJIAPHI J0 NJIOIIUHU KiJab-

®B

©0 O
ONONO)

B usa. AKuil HaopAMOK Mae€ IHAYKIIMHUI CTPYM IIig yac 30i1b-
@ HIeHHs Mar"iTHol imaykmii (masa. 1.93)?
1.163. IIpoBimme Kinblie mmepebyBa€e B MArHiTHOMY IIOJIi,

o

JiHil iHAYKIi] AKOro MepIeHANKYJIAPHI 10 Kiabra (majt. 1.94).
30iabITyeThCA YW 3MEHINYETHCA MAarHiTHa iHAYKIifg, SKIIO
@ IHAYKIIAHUE CTPYM Ma€ HAIIPSIMOK, K Ha MAaJIIOHKY?
1.164. BuszauTe HaOpsAMOK CWJI, AKi [IilOTh Ha MIPOBigHe
Maan. 1.95 . . . . . :
Kinbie (Mas. 1.95), aKImo iHAyKIliss MarHiTHOrO moJIA: a) 30i/Ib-
MIyeThCA; 0) 3MEHIITYETHCA.

1.165. 3a 2,5 mc Mar"HiTHM# IIOTiK, AKUI HPOHMU3YE KOHTYP, PiBHOMIipHO
cuazgae Bixg 10 go 5 mB6. Busnaure EPC ingyKirii B KOHTYypi.

1.166. ¥ xouTypi mpoBimnuka 3a 0,3 ¢ marmiTHumii moTik 3MiHHMBCA Ha
0,06 B6. fIka mBuakicts 3minm maruiTHOro mororky? fAxa EPC imgyximii B
KOHTYpPi?

1.167. MaruiTHuil TOTiK, III0 TPOHU3YE KOHTYP IIPOBiHWKA, PiBHOMipHO
smiauBed Ha 0,6 BO Tak, 1o EPC imaykiii crasa gopisaioBaTtu 1,2 B. Busznaure
qac, OPOTATOM SIKOTO 3MiHIOBABCS MATHITHUWH IIOTIK.

1.168. Busunaure iHIYKTHUBHICTL KOTYLIKM 3 OCEPAAM, AKIIO IPU IIBHIKO-
cti samiHu cuam ctpymy 50 A/c y Hiit 30ymxryerscss EPC CaMOiHAYKILii 20 B.

1.169. 3 akoro I.T.IBI/I/I[KICTIO BMIHIOETBCH CHJIA CTPYMY B KOTYIIIi iHIYKTUB-
HicTio 120 MI'a, akmio B it Buaukae EPC camoimaykiii 6 B?

1.170. ¥ xorymiii, iHIyKTUBHICTE AKO0iI cramoBuTh 0,6 I'u, cura crpymy 20 A.
Axy enepriro mae martiTHe mose 1iel xKoryimku? AK sMiHUTHCA eHepris MarHit-
HOTO TOJIsI, KOJIA CHJIA CTPYMY 3MEHIIINTHCA BABiui?

1.171. Ilo obmormi cosenoima iHgykTuBHicTIO 0,2 I'H TPOXOAUTH CTPYM
cuinoo 10 A. BusnauTe eHeprio MarHiTHOrO II0JIS COJIEHOIza.

1.172. CtpyM AKOI cuJim Ma€ MPOXOAUTH B OOMOTIIi Apocesis 3 iIHAYKTUBHIiC-
Ti0 0,5 ', 100 eneprisa mopisuioBasa 10 [:x?

Pigens B

1.173. dAxmio B mMar"iTHe I0oJle IMOTPANUTL €JIEKTPOH, BEKTOP IIIBUAKOCTI
SIKOT0 MEePIeHAUKYJIAPHUN OO0 HaNMpsAMKY MArHiTHOrO IIOJIs, TO BiH pyxaTwu-
MeThCS IO KOJIOBi#t TpaekTopii. [loBexmiTh 1ie.

1.174. Y Mac-cIeKTpoMeTpi OJHOPa30BO HOHi30BaHa YACTHMHKA PYyXaeThbCcs 31
mBuAKicTio 956 KM/c mo Koay miamerpom 20 cM B OZHOPiZHOMY MartHiTHOMY
moJti, imgykmia axoro 0,1 Txa. Busmaure macy 4acTUHKH.

1.175. Yuurenbka BUKOHAJIA AOCJIiJ: 3alaJleHNM CipHUKOM PO3KapuJja IoJi-
Ky 1 Habamsuia il 1o cTpiiku KoMmmaca. Pe3yabTaT mOCTiAy MOSCHITH.
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1.176. BusHaure MarHiTHy IPOHMKHICTbL HiKeJ0, KOJM BiJoMO, IO Mar-

HiTHUI moTik &,, AKUil IpoHU3ye iioro mepepis, y 2,4

pasa MeHIIN Bifi MArHiTHOTO HOTOKY P,, AKHUI IPOHUIYE

TaKUil caMuil mepepis crasi. Mar"iTHa OpoHUKHICTE cTa- C?
0

ai 670.

1.177. ¥V cKinmbKM pasiB MmiACUIUTHBCSA MarHiTHE IIOJie
BCEPEANHI KOTYIIIKH 31 CTPYMOM, AKIITO B KOTYIIIKY YBECTU
crajese ocepnsa?

1.178. Mix mosrocaMu MartHiTy pyXaeThCs MPOBIAHUK.
3a HaAOPSAMKOM HMOro pPyxXy i HampAMKOM iHIYKOBaHOI

B ubomy EPC BusuauTe mositocu maruity (maja. 1.96). g
1.179. Mix moJsfocaMW MAarHiTy PyXaeTbCcAd MPOBiTHUK
(mas. 1.97). BusHauTe HAIpAMOK iHAYKOBAHOI y IIPOBin-

Maun. 1.96

auky EPC.

1.180. 3aMKHeHU#I BUTOK JIPOTY MiCTUTHCA 0ijisi TPOBia-
HUKa 3i crpymoMm (maj. 1.98). Yu Oyme BUHUKATH Y IIPO-
BiIHUKY CTPYM, SKIITO: a) 00epTaTu BUTOK HABKOJO OCi, IIT0 Maan. 1.97
IIPOXOAUTL Uepe3d IIPOBigHWMK; 6) o0epraTu HABKOJIO OCi,
mapaJjejbHOl MPOBiIZHMKY; B) o0epTaTyu HABKOJO OCi, Iiep-
NeHAUKYJIAPHOI [0 IIPOBiTHMWKA; T') PyXaTH IIOCTYIAJIbHO I
mapaJjieJbHO TIPOBIAHUKY; M) PyXaTyu MOCTYHAJTBHO IEePIIeH-
IUKYJIAPHO OO MPOBigHUKA?

1.181. Ha mapajieabHi TOpPM3OHTAJbHI pelKH MIOHAHO
Hampyry, i mo npoBimHuKy AB (Mman. 1.99) mpoxomuThb
crpym cwmiaoro I. Ilig miero Mar"iTHOro IOJIA HPOBITHUK
PYXaeThCA 3 MIPUCKOPEHHAM a. BusHauTe iHAYKITit0 MardiT-
HOTO II0JIA, AKIIO ILJOIA IIOIIEPEeYHOT0 Iepepisy IpoBiaHM- Maux. 1.98
Ka JopiBHIOE S, a TycTUHA MaTepiany mpoBigauka p. Teprsa
He BPaXOBYBAaTH.

1.182. IlosicHiTh, YOMYy HarpiBaeThbCA IIMATOK METaJy

B MArHITHOMY IIOJIi, SKe IIIBUAKO 3MiHIOETLCS. X RCICKC)
1.183. ¥V 3aMKHeHOMY BHUTKY, BUTOTOBJIEHOMY 3 aJIOMi-
HieBOi npormHU 3aBAOBKKM 10 cM 3 ITOmepeuyHUM Iepepi- ® ® @B @

oM 1,4 Mm%, MarHiTHWI TOTIK 3meHmyeTbesa Big 10 mo
5 mB6 ympomos:xk 5 c. fIka cuiaa cTpymy, iHZYKOBAHOTO
Y BUTKY?

1.184. MarHiTHU# mOTiK uepe3 KoyKeH i3 50 0ogJHAKOBMX BUTKIB KOTYIIKHU
cragoBuTh 100 MB6. ITixg uac #ioro piBHOMipHOTO 3MeHINIEHHA YIpPomoB:xK 10 mc
y rkorymiri Buaukae EPC 200 B. [[o sxKoro sHaueHHA 3MEHIITYEThCA MarHiTHUH
moTiK?

1.185. Mar"iTHu# MOTiK Yepes KOHTYP 3aMKHEHOTro IpoBigHuKa omopom 30
MOwm 3a 2 ¢ 3miHioeThbesa Ha 12 mB6. flka cuia cTpymy, IO OPOXOAUTH Y IIPO-
BiIHUKY IIig yac 1miei aMiHM, AKIIO MArHiTHUH MOTiK 3MiHIOETHCS PiBHOMIpHO?

1.186. Korymka, sxka mae 1000 BuTKiB, posmillieHa B MarHiTHOMY IIOJIi.
MaruiTHuI TWOTIK, IO TPOHM3YE BUTKM KOTYIIKM, 3MiHIOEThCA Ha 2 MBO,
AKIIO CHJa CTPYMY B KOTYIIIL 3MiHOeThcss Ha 16 A. fIka iHAYKTHBHIiCTDL
KOTYIIKK?

1.187. ITix yac 36iJbIleHHA CUJIN CTPYMY B KOTYINI Bix 1 10 2 A yIpomoBx
10 mc y wmift Buaukae EPC camoinaykiii 20 B. fxa iHgykTUBHiCTS KOTYIIKM?
SKuit MarHiTHU TOTiK IPOHM3Y€E KOTYIIKY B MOMEHT Yacy, KOJIM CUJa CTPYMY
craHoBUTH 1,5 A, saxmo Bona mae 200 miijibHO HAMOTAHMX BUTKIB?

1.188. Korymka, omip skoi craHosuTh 50 OmM, a iHAZYKTUBHiCTR —
0,001 T, posmimiena B marmiTHomy moJi. IIig uac piBHOMipHOI 3MiHHK
MAarHiTHOTO IIOJIA MOTiK 4Yeped KoTymKy 306iasmuBcs Ha 1000 B6, i cmaa
cTpyMy y Korymmi s6inbmiuaaca Ha 0,1 A. fAxwuit sapsan mpoimioB 3a Ieit
Yyac mo KOTYIIIi?

Maan. 1.99
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1.189. Korymika, axka mae 1000 BuTkiB, posmimieHa
— |+_/ B Mar"iTHomy moii. MarHiTHu# noTiK, AKKUI IIPOHU3YE
p ~ BUTKH KOTYIIKH, 3MiHOETBHCS Ha 2 MBO, AKmo cmiaa

1

L CTPYMy B KOTYIIII 3MiHIO€ThCS Ha 16 A. fAxka imgyx-

Y Y " ¢ TUBHICTh KOTYIIIKU?
— 1.190. Ilix vac 3MiHM cuJIM CTPYMYy B KOTYIIIIIi,
R iggyxTuBHicTh gxoi 0,11 I'a, v 5,13 pasa eHeprisa mar-

HiTHOrO moas 3miHmiaca Ha 16,2 Jl)x. Busmaure
MOYaTKOBI 3HAUEHHSA eHeprii Ta cujam CcTpymy.

1.191. Conenoin saBmoB:xkkKu 50 cm i miamerpom
0,8 cm mae 20000 BuTKiB MigHOTO APOTY i MepebyBae IIiJ MOCTiHHOIO HAIIPYTOIO.
Busnaure uac, IPOTATroM SKOr0O B OOMOTIII COJIEHOIZa BUAIIUTHCA TaKa KiJlb-
KicTh TemnoTu, AKa AOPiBHIOBATUME €Heprii MarHiTHOTO IIOJIA B COJIEHOII.

1.192. fxuit sapan npoiine depes pesuctop R, (Mas. 1.100) micisa posMuKaH-
Ha kiaoua? EPC mxepena B = 12 B, suyTpimwii omip 7 = 1,5 OM, iHIyKTUBHICTD
rorymku L = 0,2 I'a, onopu pesucropiB R, = 7,5 Om i R, = 3 Om. OnnopoM KoTyIII-
K¥ MOYKHA 3HEXTYBaTH.

€ Hanm yuM 3aMucauTHea D

1.193. 'opusoHTaJbHUII METAJIEBUH CTepP:KeHb 3aBIOBKKHN 50 cM 00epTaeTh-
Ccs HABKOJIO BEPTHKAJBHOI OCi, IITO IIPOXOAUTL Uepes Horo cepeamuy. Hacrora
obeprauHs crep:kHsa 120 00/xB. fAKa pisHUIIA IOTEHI[iaJiB BUHHKAE MK KiH-
ISIMU CTEP)KHSA, AKIIO BEPTUKAJIbHA CKJIaJ0Ba iHAYKIIiI MarHiTHOTrO mojsa 3emJri
mopiBuaioe 50 MKTa?

1.194. 3i smino0 cuiu cTpymy Big 2 1o 14 A MaruiTHUI DOTIiK y KOTYIIIII,
axa mae 800 BurkiB, 36imbmryerses Big 600 mxB6 mo 3 mMB6. fAka imgyKTus-
HicTs Korymku? Axa cepegus EPC camoiHAyKIil BUHMKAE B KOTYIII, SKIIO
3MiHA cuau cTpyMy BimbyBaeThbcsa BOpPOmoB:k 160 mc?

1.195. IIpoBiguMii cTep:keHb 3aBHOBKKU 50 cM ITOMicTHUIM B MarHiTHe moJe
igaykiriero 2 To mepneHJUKYIAPHO A0 JiHiM MarmiTHol imaykmii. KiHii crepax-
Hs CIIOJIyYeHi THYYKUM APOTOM, IO MiCTUThCA mo3a mojseM. Omip Kosaa 2,5 Om.
AKy moTy:kHicTh Tpeba po3BuUBaTHU, 00 pyXaTu cTep:keHb mig Kyrom 30° mo
Jimift marmiTHOl imaykKIii 3i mBuakicTio 10 m/c?

Mauan. 1.100

NEPEBIP CBOIO KOMMETEHTHICTb B |
KouTpoasHi 3anuTtaHHsa

1. Yu MOKyTh CHUJIOBI JiHIl eJIeKTPUYHOTO IOJA: a) HOTUKaTHucsA; 0) mepe-
TUHATUCA; B) OYTU 3aMKHEHUMU?

2. Yu 0gHAKOBO IIBUAKO 3MEHIIIYEThCSA HAIPYIKEHICTh MOJIA 3 BigJaleHHAM
BiZl: a) TOYKOBOro 3apsnay; 0) cucTeMu 3 ABOX TaKMX CAMUX PiBHOUMEHHUX
3apAIiB, PO3MIIeHUX MOPAL?

3. fx zamexXuThb Bij BMOOPY TOUYKM BiIJIiKy: a) HOTeHIiaJ II€BHOI TOUKU
moJisd; 0) PiSHUIIA IOTEHIiAJIiB ABOX TOUYOK?

4. {1k ToukoBUIl 3apAJ Ji€ HAa MUJIbHI OyJILOAIIKY B MOBITPi Ta HA MOBIiTPAHI
OyanbaIku y Bomi?

5. Yu 3aMiHUTBHCA €MHICTH IJIOCKOTO KOHAEHCATOPa, SKIIO OfHA 3 MOro ILiac-
TUH 3MiCTUTBHCA IIapajeabHO?

6. fki mapameTpu BIJIMBAIOTH HA MaKCHMAaJbHY PO00OYY HAIPYTry KOHAEHCA-
Topa?

7. fIke 3’e¢mHAHHA KOHAEHCATOPiB — TOCJiJOBHE UM TapajieibHe — OiJbIlle
«00iThCs» TIP060I0?

8. Yu MoKHa TMiTHATH OHi€I0 PYKOIO CyYacHUM KOHAEHCATOP EMHICTIO KiJlb-
Ka (apan?

9. 106 36inbIINTH CUIY CTPYMY B KOJi yABiui, y4eHb YBIMKHYB IIOCJIiIOB-
HO 3aMiCTb OZHOI'O aBa ejeMeHTH 3 onHakoBoo EPC. Yu gocar BiHm meru?
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10. [IBa TPOBiAHWKY Pi3HMX OIMOPiB BMHUKAIOTH ¥ KOJIO OJAHOTO I TOTO CaMo-
ro JsKepesa HMOCTIHHOIO CTPYMy: OAMH pas IOCIiLOBHO, APYIUil — Iapasesb-
HO. Yu oxuakoBi KK]I HoKepesa OyayTh B 000X BHIAAKaX, AKIIO BHYTPilTHiNA
OIlip JKepesia Ay:Ke MaJuii i HUM MOKHA 3HEXTyBaTHU?

11. xxeiimc MakcBeJLT CTBEPAKYBaB, 110 €JIEKTPUUYHUN CTPYM — Iie Te, II0
CTBOPIOE MarHiTHe moJie. SIK e TBepAKeHHA CJif po3ymiTu?

12. 3 Bupasy maa moayas cuiau JlopeHma orpumaiiTe BUpas AJA MOILYJISA
cunu Ammepa.

13. € gBa BuaM cTaji: ofHA 3 BEJMKOIO 3aJUINKOBOIO iHAYKIIi€io, Apyra —
3 MOPiBHAHO HE3HAUHONO. fIKa 3 HMX Oijbllle MpUAATHA AJA BUTOTOBJICHHS
HOCTiHMX MATHITIB, a AKa IJda ocepab TpauchopmarTopis? Homy?

14. 3aMKHeHUII KOHTYP IIPOBIJHMKA PYXA€TbCS B HEOTHOPiAHOMY MarHit-
HOMY TOJIi B3JOBK JIiHiNl MarHiTHOI iHAYKIii moasa. [oBenits, mo EPC iggyK-
il B I[bOMY BUHOAJAKY HE JOPiBHIOE HY.JIIO.

15. Yu zanesxuts EPC imaykIiii B pyxoMoMy IIPOBIZHUKY, IO II€PETHUHAE
JiHii marmiTHOI iHAYKIii, Big #ioro omopy? A cuuaa crpymy? Homy?

16. 100 % cipuana KucaoTa — piAmHa HeesJeKTpomnpoBigua. IIpoTe posumH
ii y BoZi € XOPOIINM HPOBiTHUKOM CTpyMy. 3’sCyiiTe HPUUYUHY IILOT'0 SBHUIIA.

17. Illo — eneKTPOHU YU HOHUM — OiabIll ePeKTUBHI B MIPOIECi YTBOPEHHA
JIaBUH 3apAMIKeHMX UYAaCTHMHOK Mif uac ymapHOI HoHisarii, ska CYIpOBOIKYE
eJIeKTPUYHUI po3psan y razax? Yomy?

18. Yu OyayTh 3MiHIOBATHUCSA I Ji€i0 €JIeKTPUYHOIO IOJA iMITyJbC i Kime-
TUYHA eHeprisg Aipok, AK i exexTponis? Homy?

IITo s 3Hal0 i BMit0O poOuTH

@ S Bmiro moscHoBaTH (pisMuHi FBHINA i Mpolecu

1. fAka Boga — XoOJIOAHA UM Ta, I[0 KUIUTHL, Kpalle IPOBOAUTH CTPYM?

2. Yu 3MiHIOETHCA MPOBIAHICTS PO3UYNHIB €JI€KTPOJIITIB Bii BHUKEHHA IXHbOI
TeMIepaTypu?

3. Uu MOKHaA 3aCTOCOBYBATHU €JIEKTPUUHY OYyTy AJA 3BapIOBAHHSA MeTaJiB
nix Bomoro?

4. Y MoOKHA BUTOTOBUTH HAIMIBIPOBIZHMKOBUU Aiof TaKUM MaJIUM, II100
ioro He MO’KHAa OyJI0 MO0AUUTH HEO30POEHUM OKOM?

® § 3Har, AK 3acTocyBaTH 3aKOHU (hi3uMKU

5. Hu BUKOHYBaTuMeThbCA 3aK0oH OMa s JiJISHKK KoJa, OIip AKOI Ipomop-
MiAHWI TpUKJIaAeHid Hampy3i?

6. 3a AKUX YMOB [AJsI CUJIU CTPYMY, IO IPOXOAUTH MiXK ABOMA eJIeKTpoja-
MU, PO3IOiJIEHMMHU ra3oM, CIPaBIKyeTbcsa 3aKkoH Oma?

7. dKkuit 3 BUAIB CaAMOCTiiHOIO PO3pAAY B rasi MOKHA OIHCATH 3aKOHOM
OMa s 3B’sIBKY HAIIPYTU i CUJIU CTPYyMY?

® S BMil0 BMKOPMCTOBYBATH CXEMH €JIEKTPUYHUX KiJj

8. BoabT™mMeTp mokasye mampyry 12 B, ammepmerp — cumay ctpymy 1,2 A.
Axy morykHicTh cmoskuBae jammouka (maa. 1.101)?

9. fIKk npaBUJIBbHO BUMipATH 3HAYEHHA HEBiTOMOT0 OTIOPY, MalOUX BOJIBTMETD,
ammepmerp i mxepeao EPC 3 Bimomum BHyTpimHiM omopom (Maja. 1.102)?

R+ ® :
® o= ®

R
I —0; @

Maun. 1.101 Mauan. 1.102

O
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Maan. 1.103
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® S Bmiro uuratu rpagiku
10. Ha axomy rpagirky (mas. 1.103) 300paskeHo 3a€KHICTHL MUTOMOTO OIIO-
Py MeTajieBOro IMPOBiSHMKA Big TeMIepaTypu 3a OysKe HU3BKUX TeMmuepaTryp?

® {1 3Haro, AK MOTPiOHO PO3B’A3yBATHU 3amaui

11. Kougeucarop emuictio 6 Mxd, sapamxenunii 1o manpyru 400 B, 3’ex-
HaJIM IIapaJieJbHO 3 Hes3apAI:KeHUM KoHJeHcaTopoMm eMHicTio 19 MK®D. fdxoro
cTajia Hampyra Ha KOoHAeHcaTopax?

12. 3apsan mIockoro KoHaeHcaTopa mopisuioe 17,7 K, miomia o0KJIagoK —
10 cm?, Bigcramp Mixk HuMm — 3,5 MM. KoHIeHcaTop 3allOBHEHO CJIIOIOIO.
BusHauTre eHepriio eJIeKTPUYHOIO II0JIS B KOHIEHCATOPI.

13. Barapeio 3 aBox mocJigoBHO 3’e¢mHaHux enemeHTiB 3 EPC 2 B i BHy-
rpimmHiM omopom 0,5 OM KOKHHI 3aMKHYTO Ha pesucTop omopom 3 Owm.
BusHauTe IOTY)KHICTH CTPYMY B PE3UCTOPi.

14. fIxoi nuioii monepeusoro mepepisy Tpeba B3ATH HiKeJiHOBUH APIT 3aBIOB-
skKm 20 M, 1100 BUTOTOBUTH 3 HHOTO HarpiBHUK Ha 220 B, 3a momomoroxo AKOTO
moskHa Harpitu 2 g Boau Bim 20 °C mo kuminas 3a 10 xB opu KK 80 %?

® f BMil0 BUKOPMCTOBYBATH CIIiBBiTHOIIEHHA MiK (Pi3SMUHMMU BeJIUYMHA-
MM IiJ 9ac po3B’A3yBaHHA (Pi3MUHMX 3amayu

15. JTo KiHIiB IpAMOJIiHIHOTrO MiZHOT0 MPOBIAHUKA 3 IJIOIIEIO0 MOIEePEUHOT0
mepepisy 2 Mm? npukIazeHo Hampyry 6 B. BusHaure HaHGinbIIy CHIy, 3 SKOIO
oxHopimue marHitTHe mose imaykiiero 100 mTia Mmorxe aisiTu Ha 1eil HPOBiTHUK.

16. fIxy poboTy BuKOHYe omHOpigHe MarmiTHe moje imgykiriero 20 mTa min
Yyac IepeMilieHHa B HbOMY IIPAMOIr0 OPOBifHUKA 3aBHoBXKKHU 50 cM Ha BixcTaHb
10 cm, AKIMO IO HHOMY MPOXOAUTEH cTpyM cuisoio 10 A? Ilepemitenus Big6y-
BAEThCS B HANPAMKY Iii cuiau Amimepa, a MPOBiJHUK BeCch Uac yTBOPIOE 3 BEK-
e Y TOpoM MaruiTHOI iHAYKIii KyT 30°.

10 0] 17. MaruiTHuii morik uepesd KoxxHi 100 omHaroBUMX
BUTKiB KoTyiiku cranoBuTh 200 mB6. Ilix uac iioro pis-
HOMipHOTO 3MEHIIIEHHSA BIPOMOBXK D MC y KOTYIII[i BUHU-
4 / kae EPC 400 B. [lo aKoro 3sHaueHHs 3MEHIIIYETHCS Mar-
HITHUHN TOTiK?

18. MaruiTHui#1 NOTiK Yepe3 KOHTYP 3aMKHEHOTO ITPOBij-
aHuka omopom 100 MOm 3a 5 ¢ sminioerseda Ha 20 MmB6. fIka
cujia CTPyMy, IO HPOXOAUTH y IPOBITHMKY mix dac Iriel
3MiHM, SKIIO0 MaTCHiTHUH IIOTiK 3MiHIOEThCS piBHOMipHO?

® {1 3Halo0, AKi € CIIeKTpM MArHiTHUX IOJiB, i BMilo 1x
MaJI0BATH

19. Ha mamionky 1.104, a moxkasaHo MpPAMUM IPOBif-
HUK, II[0 IPOXOAUTh Uepe3 KapTOHHUII eKpaH, ILJIOIUHA
AKOT0 IEPIEHIMKYJIpPHA n0 IpoBimHmka. Ha MmamoHKY
1.104, 6 :xxuny mpoBifHWMKA PO3dijieHO HA ABi TiJIKM, IO
TAKOXK IIPOXOAATh uepe3 ekpadn. Ha mammoHKy 1.104, 8
300paskeHo TOpoifanabHEe JepeB’sHEe ocepasd, IIM0 Mae
Man. 1.104 CYIJIBHY OGMOTKY.

+0 0—



EAEKTPOAMHAMIKA

HamaumrofiTe B 30muTax CIEKTPU MATHITHUX IIOJIIB IIPA-
MOTO i PO3AiJIeHOro MPOBiZHMKA B MJIOIIMHAX €KPaHiB 1 Kap-
TUHY MAardiTHOTO IIOJA TOPOiZabHOI OOMOTKM B ILJIOI[MHI
MaJIIOHKA.

® § 3Haio, AK B3a€EMOTIIOTHh MiK CO0OI0 NMPOBITHUKHU 3i
CTPYyMOM

20. Ha mamtouky 1.105 mokasaHo KOTYIIKH, KiHIIi 00MO-
TOK AKUX JTOCHUTH JOBTi i 3aKpimieHi B cremiaibHIX 3aTUCKA-
yax. 3’eAHAHHS KiHI[IB KOTYIIIOK i3 I)KepejioM CTPyMY IIOKa-
3aHO Ha MaJioHKY 1.105, a. Busnaure xapaxTep B3aeMomii
KOTYIIIOK i HaMaJIIOUTEe B 30IINTAX CXEeMH 1XHiX MarHiTHUX
TOJIiB.

21. Ha mamroury 1.105, 6 3o6paskeno aBi korymku A i B.
Mix KoTymIKamMu ITiBiIlIeHO Ha TOHKWX T'HYYKWX HPOBiTHU-
Kax rKorymky C. Ycepenusi 1iei KOTYIIKY 3aKPillJIeHO CTPij-
Ky. BusHauTe mOJOMKEHHS ITi€l CTPiIKM IIim yac BUHUKHEH-
HA CTPYMY B yCiX KOTYIIKaX.

f—
E TECTOBI 3ABOAHHA

Bapianm 1

1. Ha axoMy 3 MaJIOHKIB eJeKTpUUYHE II0JIe TOUKOBUX 3apAAiB 300pasKkeHO
HEmnpasuinsao?

A B B T hi |
§+é» »)cg\«“ @ E}@/\’ >€€ 3«1 >06
2. CkinbKku eJeKTpoHiB yTBOpIoe 3apax 0,0016 Kia?

A2-10® B1,5-10"° B 5-10'® I 3-10" I 1-10'

3. BuszHauTe pisHUINIO IIOTEHIIIATIB MijK JBOMa TOUKAMU €JeKTPOCTATHUYHOTO
mMoJsi, AKIMO IiJ Yac ImepeMilleHHsa MixKk HuMu 3apany 4 MxKia cuam monsa
BUKOHaau pobory 1 mI[x.

A 0,004 B B 250B B25B r
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kB I 2,58

4

4. YcraHOBiTH BigmosBigHicTb Mik AU 1 dapan

Has3BaMU OJIWHUIL (iSUUYHUX BeJIU- b ¢q 2 BOJIBT

YuH i IXHIMU ITO3HAYEeHHAMH. B E 3 KyJoH
r ¢ 4 HBIOTOH HaA KYJOH

5. JlaMIouKa eJIeKTPUUHOTO JIiXTapuKa IIPaIfioe Bil aKkyMyJIsaTopa. ¥ cepeanHi
aKyMyJIsATOpA...

A cropoHHI Ta KyJOHIBCBKi CcH/IM BHUKOHYIOTH AOJATHY POOOTY HanI 3aps-
IKeHUMU YaCTUHKAMU

B cTopoHHI Ta KyJIOHIBCHbKiI CcMJIM BUKOHYIOTH Bifl’€MHY POOOTY HaM 3aps-
IKEeHUMU YaCTUHKaAMU

B cTOpoHHiI cMJM BUKOHYIOTH AOJATHY POOOTY HaJ 3apAMKeHHMHN YaCTHH-
KaMM, a KYJOHIBCBbKI cuau — Bimg’ eMHY

I’ cTopoHHI cuIM BUKOHYIOTH Bif’eMHY POOOTY HaJ 3apAMKeHNMU YaCTHH-
KaM", a KYJOHIBCHbKi CHMJIM — OOJaTHY

I TinbKM KYJOHIBCBKi CMJIM BUKOHYIOTH Bifi’€MHY POOOTY HaJ 3apAmKeHU-
MU YaCTUHKAMU
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6. Ha sxomy 3 MaJIIOHKIB IMOKa3aHO MOCJiOBHE 3’€IHAHHS TPHbOX IIPOBif-
HUKiB?

S ST R I

7. fIka cuia cTpyMy B eJIeKTPUYHIH JIAMIIOUITi, AKIIIO Uepes ii cmipasb 3a 5 XB
mpoxoauTs 3apazn 135 Ka?

A45A BO0,45A B9 A rooaAa J 100 A

8. B 00MOTIIi eJIeKTPUYHOTO ABUTYHA, omip Akoi 0,75 OMm, cuiaa crpymy 20 A.
fka KiJbKicTb TEmIOTH BHUALIAETHLCA IIi€l0 00OMOTKOIO 3a 1 XB poboTu ABUTYHA?

A 15 T:xx B 300 Ix B 18 xlx I' 18 I O 30 xx
9. YcraHOBITh BiAMOBiAHICTE MisK cHiBBiZHOIIIEHHAMU Ta (Pi3UUHNMU IIOHST-
TAMHU.
l

AR-= pg 1 zaxon Oma Aj1d MOBHOTO KoJla

BR=R,+R,*...+R, 2 EPC mxepesa cTpymMy

BI-= 7 3 omip n moCHimOBHO 3’€IHAHUX IIPOBiAHUKIB
+r
o ACT . .
re=—7 4 omip mpoBigHUKA
q

10. ITpu cuxai crpymy 1,6 A Ha Kartoxi 3a 10 XB Bigkgasaca Migb Macoro
0,316 r. BusuauTe eJIeKTPOXiMiuHMI eKBiBaJIeHT Mimi.

A 3,04- 106 kr/Kx B 3,3-10°° xr/Kn B 3,94-10° kr/Kx
r 3,94 107 xr/Kax I 3,94 107 xr/Kxn
11. Busuaure HanpAMOK cuau JlopeHIla, gKa Jie 3 OOKY
® ® ® @ warnirnoro mons mHa pyxomuit HeraTuBHUU 3apAn ¢. Bek-
®® @@ v Mar"iTHOI iHAYKIiI HampAMJIeHUI Big Hac, HepIeHu-
.@.—.—*. KYJSAPHO AO IUIOLIVMHY MaJiOHKA, BEKTOD IIBUAKOCTI PYXy
3 3apaAny JIeXKUTh y IJIOIIWHI MaJlOHKA.

® A yuuz B yropy B ympaso T yxiBo [ mo Hac

12. TIpoBigHUK, MO AKOMY IPOXOJUTL CTPYM CHUJIOI 5 A, poaMmimeHuii y
margiTHomy moJai imgykiiero 10 mTa. Kyt midk HanpAMKOM cHJIM CTPyMy i
BEKTOPOM Mar"iTHoi iHgykiii moasa — 60°. BuzHauTe mOBKMHY HPOBiTHUKA,
AKIIO IIoJie aie Ha Hboro i3 cuaoio 20 mH.

A0,12m B120cm BO0,46 m I 4,6 cm [ 0,46 c™

13. YcramoBiTh BifHOBiAHICTE MisK OAMHUIIAMHU (hiBUUHUX BEJIUYUH Ta IXHIMU
Ha3BaMU.

A iHIYKTUBHICTH 1H
b marmiTHa iHAYKITiA 2 BO
B MmarmiTHMI OOTiK 3Tu

I' cuna Jlopenia 4 Tn



EAEKTPOAMHAMIKA

14. B omHOpiZHOMY MArHiTHOMY IIOJIi, IO 3MiHIOETHCS, PO3MillleHa HEPYXO-
Ma IPOTAHA paMKa. BubepiTh mpaBUJIbHE TBEPAKEHH.

A AKIIO BEeKTOpP iHAYKIIII MArHiTHOTrO MOJIS MEPIeHINKYJIIAPHUN I0 IIJIOIIH-
HU paMKW, Y paMIli BUHUKAE iHAYKIIAHUN CTPyM

B aAKImo BeKTOp iHAYKIIII MarHiTHOTO MOJA MEPHNeHANKYIAPHUN OO0 ILJIOIIMN-
HU paMKW, MarHiTHUH IIOTiK Yepes ILIOIMUHY PAMKM BECh YacC HOPiBHIOE HYJIIO

B EPC imaykiii B paMIli 3ajJe:XuTh TiJIbKM Bil IJIOIINI paMKH

I iggyxRmifiHuii cTpyM y paMiii BUHUKAE 3a OyAb-AKOr0o MOJIOMKEeHHA PaMKHU

I EPC impykiiii B pamIli He 3aJIe;KUTh BiJ| IJIOINi paMKM

15. AKIo Po3iMKHYTH KJII0Y Y KOJIi JKUBJIEHHS IIOTYKHOTO eJIeKTPOMAarHiry,
cmocTepiraerbesa cusibHa ickpa. Illo ii cupuuunsae?

A EPC mxepena cTpymy

b EPC camoiHAYKIIii B KOTYIIIi €JIeKTPOMAarHiTy

B xaoTwuHUM pPyX BiIBHUX €JEKTPOHIB Yy IPOBiTHUKAX
I’ erexkTpocTaTuuHe IOJE

I eneKTpuyHi 3apAau

16. YKaxiTh opMyay A BUSHAUEHHS MardiTHOIO IIOTOKY.

2
Av=1 §r-2 gw- Ll p._ A2
At I 2

17. K morpi6bHO 3MiHMTHM iHAYKTHUBHICTL KOHTYPY MOJs TOTO, Io0 3a
HE3MIiHHOTO 3HAYEHHS CUJIM CTPYMY B HbOMY €HEpPTisd MarHiTHOT'O HOJIS 3MEH-
muaacsa B 4 pasu?

I @ =BScosa

A 36inpiuT; y 2 pasu
B smeHmmT; y 2 pasu
B s6igbpimuTu B 4 pasu
I’ smenrmnuty B 4 pasu
I 30inpmuTu y 8 pasis

18. Korymka mae 200 onggakoBux BUTKiB. Mar"HiTHuii oTiK, AKUHA IPOHU3YE
BUTKY KOTYIIKK TIpU cuii crpymy 8 A, mopiBHioe 3 mB6. fIka eHepria maruir-
HOTO TIOJIST KOTYIITKHU?

A 24 JTx b 4 Tx B 5 Ix T 1,2 IIx O 2,4 ITx

Bapianm 2

1. ¥V roumi M eNeKTPUYHOTO TOJIA ITO3UTHUBHOTO TOYKOBOTO 2
3apany nepedyBae eJIeKTPOH. ¥ AKOMY HAIPAMKY IIOYHE PyXaTHUCH
€JIeKTPOH, AKINO HOro MoYaTKOBA IIBUAKICTL HOPiBHIOE HYJIIO?

A Binm zapany B mepebGyBaTtume B cTaHi cmokooo B 1o sapany

I' maBkosio 3apany /[l mo cmipasi Bim sapamy

2. BusHauTe cuiy KyJIOHIBCHKOI B3aEMOii ABOX €JeKTPOHIB, IO MiCTATHCA
Ha Bizcrani 1 M.

A2310% Kn B2,3-10% Kn B2,3:10® Kx I'2,3-10 ® Kn [ 2,310 Kn

3. Kyubka, mo mae 3apsag +2-10°° Ku, y raci npursarye no cebe sapsagskeHy

OUJINHKY i3 cuioio 4 MmH. BusHauTe 3apan OUINHKYT, AKIO BicTaHb MiXK HeElO
i KyJapKoo 2 cM.

A0,198Kn B1,9sKx B -0,19 uKaxa I' -1,9 sKx O —0,19 mKun
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4. YcraHOBITH BifmoBigHICTS MidK criBBigHOIIEHHAMY Ta (Pi3UUHUMYU IIOHAT-
TAMU.

AF = k% 1 HaPYKeHICTh eJeKTPUUHOTO ITOJIA

eR
U .
BE-= d 2 eMHiCTh ILJTOCKOT'0 KOHIeHCcaTOpa
cU?
BW-= 5 3 saxou KyJsona
€gyS .
rc-= 4 4 eHepris eJeKTPUUYHOTO MOJA

5. AxuMu HOCIAMU eJeKTPUYHUX 3apALiB CTBOPIOETHLCSA CTPYM Y MeTajax?

A BiTBHUMUY eJIeKTPOHAMHU i MOBUTUBHUMU HOHAMU
B mosuTuBHUMU i HeraTMBHUMHU HOHAMU

B BiIbHUMU eeKTPOHAMU

I' HeraTUBHUMM HOHAMU

JI mosuTMBHUMU HOHAMU

6. YKaxiTh mapajesbHe 3’€JHAHHS TPHOX IPOBITHUKIB.

R E TR

7. EPC mxepena 100 B. Ilpu soBmimubomy omopi 49 OM cmia cTpymy
B Kouti i mopiBHIOE 2 A. Busmaure BHYTpillIHi#l omip m:KepeJia.

A0,10m B1Om B 10 Om I 100 Om I 0,01 Om
8. ¥V mkoiai ogaouacuo cBitutrbesa 40 gamm mo 60 Br, 20 gmammn mo 100 Br i

11 gmamno mo 40 Br. BusHauTe cuiay CTPyMy B CIiJIBHiIN yacTHMHI KoJa aJsd
manpyru 220 B.

A2A b 5,6 A B10 A I' 56 A 22 A

9. YcrauoBiTh BiAIOBiAHICTE MiK GismUHMMYN BeJIUYHWHAMHY i IXHIMYU OOTMHU-
IAMU.

A cuma crpymy 1 Om b EPC 2 A

B omip 3 Kn I' enexkrpuunuii 3apag 4 B

10. IITo Take ejeKTPoOJiTUYHA AucoIliamisa?

A 1mportec posmmamy MOJIEKYJ PO3UMHEHOI PEeUOBUHHM Ha OKpeMi HoHHM IIifg
BILIMBOM €JIEKTPUYHOI'O TOJIA ITOJSIPHUX MOJEKYJ BOAU

B mporiec posnany MoJIEKYJT POBUYMHEHOI PEUOBMHM Ha OKPEMi MOHM BHACTIIOK
MIPOXOKEHHSI CTPYMY Yepes eJIEKTPOJIIT

B posnang MOJIEKYJ I PO3UMHEHOI PEYOBUHY IIiJ] BIINBOM €JIeKTPUYHOTO OJId,

sIKe CTBOPIOE XKEepeJsio CTPYyMY

I' aBuitie pyxy IMO3UTHUBHUX 1 HETAaTUBHUX NOHIB €JEKTPOJIITY B IPOTUJIEIKHI
OOKU IIiJl BIJIMBOM €JIEKTPUYHOTO ITOJIS

[l mpolec IPOXOIKEeHHA CTPYMY B €JeKTPOJIiTi
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11. Yomy mpu AYroBOMY PO3PALL IJIA MPOXOMKEHHS CTPYMY Uepes ra3oBU
MIPOMi’KOK He MOTPiOHO BMCOKOI Hampyru?

A € BinbHIi 3apamKeHi YacTUHKU

b HaaBHICTH BiIPHUX €JIEKTPUUYHUX 3aPAILiB 3a0€3I1€UYETHCSI BHCOKOIO TEM-
epaTypoio

B esnekTponu i10HI3yIOTH HaBKOJO cebe ras

I' HaaBHicTh HOCiiB 3apamy 3a0e3neuyeThCs eJIeKTPOHHOIO eMiciero

12. ®iznuny BeqIMUNHY, [0 XapaKTepu3ye MArHITHI BJIACTUBOCTI pPeYOBU-
HU, HA3WUBAIOTh...

A MarmiTHOO iHIYKIIi€IO

b mieleKTpUYHOIO IPOHUKHICTIO cepeaoBUINa
B Mar"iTHUM IOTOKOM

I’ marmiTHUM moJeM

J Mar"iTHOIO IPOHUKHICTIO cepemoBUIlla

13. fIke cmiBBigHOIIIEHHA € MaTeMaTUYHUM 3aIllcoM MonayJ A cuiu Jloperma?

AF=q¢f BF=qBvsina BF =Bllsina I' F=uN IO F = ma

14. fIxa cuna gie ma Bimpisox mpoBigHmKa 3aBHoBkKKu 10 cM B omHOpPigHO-
My MartgiTHomy moJi ingykiiero 0,1 Ta, akmio cuna ctpymy v npoBimauky 1 A,

a KyT MiK HaIpPAMKOM CTPYMY Ta CHJIOBUMM JiHIIMU MAarHiTHOTO IIOJIA CTa-
HOBUTH 60°?

A0,866 H B8,66 H B8,66 mH I'5MH I 5 H

15. YerauoBiTh BiAIIOBIAHICTE MisK CIIIBBIAHOIIEHHAME Ta (Pi3MUYHUMU IIOHAT-
TAMU.

A F = quBsina 1 Mar"iTHa IPOHUKHICTH cepemoBHUIla
B

bpu= B 2 cuya Ammepa

B @ =BScosa 3 cua JlopeHia

I' F=Bllsina 4 Mar"iTHUA MIOTIK

16. Y mepyxoMmiii OpoTAHili pamili, I0 pos3MillleHa B MATHITHOMY IIOJIi,
BUHUKAE iHAYKIiNHUNA cTpyM. BubepiTh mpaBuJIbHEe TBEPAKEHHA.

A cuna cTpymMy MakKcHUMaJbHa, KOJIM MAarHiTHUH NOTiK uYepe3 paMKy He
3MiHIOEThCHA

B cuia cTpyMy IpsAMO IPOIOPIIifiHa OIOPY paMKU

B 110 moBisbHiNIEe 3MiHIOETHCA MATHITHUM IIOTiK UYepe3 paMKy, TO CHJA
cTpyMy OisbIma

I’ axmmo momia paMKuW IlapajieibHa JIiHiAM iHAYKIIil Mar"giTHOTO moJA,
MarHiTHU# MOTiK Uepe3 paMKy HOPiBHIOE HYJIIO

I 1110 MIBHUIIIE 3MiHIOETHCA MArHiTHUIM IOTIK yepe3 paMKy, TO MEHIIIa CHUJIa
CTpyMy

17. 3a 2,5 Mc MarHiTHU# TOTIK, SKUM MPOHM3YE KOHTYP, PiBHOMipHO cma-
mae Bim 10 mo 5 mB6. Busnaure EPC imaykiii B KoHTypi.

A2B B4B B0,2B 0,4 B 20 B

18. BusHauTe IIBUAKICTH 3MiHM MarHiTHOTO HOTOKY B cojeHoini 3 1000 Burt-
KiB mig uac 30ymkenus B ubomy EPC imgykmii 150 B.

A 15 B6/c B 0,15 B6/c B 1,5B6/c T 0,25 B6/c I 25 B6/c
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KOJIMIBAHHZI
TA XBUJII

Mu xncusemo y ceimi, 0e 8i00y6a0muvcs Pi3HOMAHIMHI KOLUBAHHS, 8 YCiX HANDAMKAX
nowupomscs mMexaniuui i erekmpomazuimui xeuni. bes Hux mu 6 HiY020 He Oayuau,
He yyau 0, He mozau 6 cayxamu padio, dusumucsa nepedaui no menegizopy. Cv0200Hi
8aXCKO yasumu, ax n00u pariue 06xodunucs 6e3 padio- ma mobinvHO20 36’ A3KY. ¥ Ubo-
My po3dini eu o3naillomumecs 3 Qi3ULHUMU OCHOBAMU, AKL ONUCYMb KOJLUBAHHA | XE6UJLL.

§ 19. KOAMBAAbHUM PYX.
FTAPMOHIYYHI KOAUBAHHA

SIK BU BiKe 3HaETe 3 IOIIEPEeAHIiX KJAaciB, KOJUBAHHAMHA a00 KOJHUBAJLHUMU
pyxaMu Ha3WBaIOTh TaKi BUOM MEXaHIYHOIO PyXy UM 3MiHHM CTaHy CHCTEMH,
AKi mepioguYHO MOBTOPIOIOTHCA B uaci. Hampukian, MexaHiuHI KOJHMBaHHSA
Tijla Ha OPYXKHUHi, KOIUBaHHA MasITHUKIB, KOJMBAHHSA CTPYH, BiOparii ¢yuma-
MEHTiB OyIiBeJsib, eJIeKTPOMAarHiTHI KOJMBaHHA B KOJUBAJbHOMY KOHTYPIi.

3a GisuuHOI0 IPUPOIOI0 KOJUBAHHSA MOIIJAIOTE HA MeXaHiuHi Ta eJIeKTpo-
Mar=iTHi, 3a XapakTepoM KOJHBaHb — Ha BiJIbHi, BUMYIIIEHi Ta aBTOKOJUBaH-
HaA. Xoua KOJIMBAHHSA AOCUTH PiBHOMAHITHI 3a cBO€I0 (hiSMUYHOIO IIPHUPOMIOIO,
ajJie BOHU MAalOTh CIIiJIbHI 3aKOHOMIPHOCTiI ¥ ONMCYIOTHCSA OJHOTUIHUMU MaTe-
MaTUYHUMU METOJaMU.

KosuBanusa nmputamMaHHi BciM aBuiiam mpupoau. IIyabcyioTh 30pi it 06ep-
TaloThcA maaHeTu COHAYHOI cucTeMu, y 3eMHilM aTMmocdepi Ta fioHOCchepi 1up-
KYJIIOIOTh IIOTOKH 3apAMIKeHNX i HeHTpalbHUX YACTHHOK, BiTpH 30YIKYIOTH
KOJIMBaHHS i XBUJII HA TOBEPXHI BOJONM. YcepeanHi Oyab-aKOT0 JKUBOTO Opra-
HisMy O6esIllepepBHO BifOyBalOThCA IIPOIECHU, SKi PUTMIUYHO IIOBTOPIOIOTHCSH,
HaIpUKJan OUTTS ceplid.

CBiTI0O — Ile TaxKo)X KOJHBAHHS, aje eJeKTPOMArHiTHi. 3a Z0IOMOIoio
€JIeKTPOMAaTHITHUX KOJIMBaHb, SKi IOIMIUPIOIOTHCA B IPOCTOPi, MOYKHA 37iic-
HIOBaTH PaJio3B’sA30K, pamiosioKallilo, IepemaBaTH TeJieBisilimi mepemaui, a
TaKOXK JiKyBaTH AesdKi XBopoOu.

Hagepneni npukjgagy MexaHiuHUX i eJIeKTpOMaI‘HiTHI/IX KOJIMBaHb 3 IIEPIIIOTO
HOTJIAAY MaoTh Maso cmigpHoro. Ilpore mix wac Ix mocmimxeHHS 0yJI0O BUSAB-
JIEHO LiKaBy 3aKOHOMIDHICTH: PisHi 82 (PiBWYHOI NPHPOAOIO KOJIMBAHHSA OIIH-
CYIOTHCSA OOTHAKOBUMHU MATEMATUUYHUMU PiBHAHHAMM, 1110 3HAYHO IIOJIETHIYE IX
BUBYEHHA.

IIpucTpoi, y AKX MOMKYTH 3AiMCHIOBATHCS KOJWBAHHSA, HA3WBAIOTh KOJM-
BaJBHUMH CHCTE€MaMHu. Dyib-fKa KOJIMBaJbHA CHUCTEMAa Ma€ IOJOYKEHHSA PiB-
HoBaru. Hepyxoma cmcTemMa 000B’A3KOBO IlepeOyBae B TAaKOMY IIOJIOMKEHHi.
Cama 1o co0i cucTemMa He MOXKe BUUTH 3 IIOJIOJKEHHS PiBHOBaru, AJsA IIHOTO
MOTPiOHWI BIJIMB 30BHIITHLOI CUJIH.



KOAUBAHHS TA XBUAI

Cepen ycix pisHoMaHiTHUX (GOPM KOJMBaHb BAXKJINBE MicClle HAJIEKUTh rap-
MOHIYHMM KOJHMBAHHAM. ['apMOHiUHI KOJMBaHHA — IIe HAWMIPOCTIIIi mepio-
IWYHI KOJWBaHHA. DBijbIrIicTh KOJMBaHBb, AKi TPaANJSIOTHBCA HA IIPAKTHII,
CKJamHi. 3 Kypcy MaTeMaTUKM BijoMO, IO OyAb-sKe CKJaJHe IepioguduHe
KOJIMBAaHHS € CyMOIO HAaWMIPOCTIiIIIMX TapMOHIUYHMX KOJHWBaHb (rapmoHik). I'ap-
MOHIYHI KOJIWMBAaHHA — €IWHUN TUN KOJIMBaHb, (popMa AKUX HE CIIOTBOPIOETH-
csl y TIpoIeci BiATBOpeHH.

Konueannsa, mig 4yac SKMX BeJIWYHHH, IO IX ONHCYIOTH, 3MiHIOKTHCA
i3 yacom 3a 3aKOHOM cHMHYca a60 KOCHHYca, Ha3HBAIOTh 2APMOHILHUMU.

ITepekonaemocss B IIbOMY 3a JOIOMOTOI0 KYJBKM, sIKa KOB3a€ B3JOBXK oOcCi
Ox, nipg miero cuau npysKHOCTI npy:kuHu F = —kx.
KosvBaHHA KyJBbKM MOYKHA pO3TJIALATHU

AK IPOEKI[I0 KOJOBOTO PYXY KYJIBKH (Mal. T —( ha \lu >
2.1) Ha Bichs Ox. Hexaiit A — pyxoMuii pajmi- 1 i F=0,_% 4
yC DOMOMi’XKHOTO KOJIa, IO BiAmoBimae mHaii- -7 % : ' '
OifBIITIOMY BiAXWJIEHHIO KYJBKM Bif] II0JIO- g i | -F, *
’KEHHs PpiBHOBarm x,,. JIKmo obGepraru =r §M ' —
KYJIBKY II0 KOJIY 8 TAKOI0 KYTOBOIO LIBUAKICTIO g | l:F =0
o, 11006 mpoeKIlia ii pyxy sbiragacs 3 pyxom 2T —_— >
KYJIbKHI Oifg aiero cuaIm mIpy:KHOCTI MPY:KUHU, i v |, F :F -0 ¥
TO ii MUTTEBe IOJIOKEHHS Oyle BU3HAYATUCS T A o >
piBHiCTIO X = X,,,, COS O. 4 | O |
Ilig uac obepramHsa pyxoMoro pajmiyca 3i LA N
CTAJI00 KYTOBOIO IIBHAKICTIO ® KYT ¢ MIX | Ai\
pazxiycom i Biccio Ox 30inbHIyETHCA IIPAMO O
IPOIIOPIifiHO A0 "acy: ¢ = of. x
IIpoexiis x pyxomoro pamiyca Ha Bick Ox
3MiHIOBATUMETHCA 34 3aKOHOM:
Maua. 2.1

X = X, COSOQ = X, .. COS L.

Anayioriuio MOMKHA TaKOM IIOPiBHATH
KOJIMBAaHHA TiHI KyJbKW, B3aKpimjaeHoi Ha
IVCKY, AKUH 00epTaeTbca 31 CTaJOI KYTO-
BOI0 MIBUJKICTIO ®, i KYJbKU NIPYKUHHOTO
masgTHUKa (majs. 2.2). MoskHa migioparu
TaKy IBUIKICTb 00epTaHHA AUCKA, IO PYX
TiHi KyJbKM Ha eKpaHi NIOBHicTIO 30irartu-
METBhCA 3 PYXOM KYJIbKHU IPYXXUHHOTO MAafAT-
HrKa. Tak caMo MOYKHaA IIOKal3aTu, IO IPO-
eKIlig pyxomoro paniyca nmucka OM Ha
BEPTUKAJIBLHUU JiaMeTP 3MiHIOBATUMETBLCS 3a
3aKOHOM:

X =X,,. 8in¢e = x,,. sinot.

ITpoexi1ii pyxomoro pazaiyca B 000X o1mrca-

HUX BUTAAKAX MOYKHA POSTJIANATH SK KOOP- Man. 2.2
OUHATH KYJbKU, AKa 00epTAEThCA IO KOJIY.

TakxuM 4YmHOM, y 3asHAaUEHMX BHHOAJKaX KOOpAMHATA Tija, AKe 3IiACHIOE
BLIbHI KOJMBaHHA, 3MIHIOETBCS i3 YacoM 3a 3aKOHOM CHHYca ab00 KOCHHYycA.
TI'padikom sasnesxkHOCTI KOOPAMHATHU Tija Bif Yacy BiAIIOBiZHO 10 X = X, ,, COS W
€ KOCHmHYycCoima, 300paskeHa Ha MAJTIOHKY 2.3.

BakamnBo0 XxapaKTepUCTUKOI KOJMBAJIBHOTO PYXY € aMILIITyda.

Amnnimyooro rapMOHIYHNX KOJHMBaAHb HA3WBAKOTh MOAYJIbh HAaWOiIBHIOrO
3MillleHHd Tija (KOJMBAJBHOI CMCTEMH) Bill IMOJIOJKeHHSA PiBHOBATM.
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AmmiTyga mMoske MaTH PisHI 3HAUEHHS 3aJI€KHO BiJ TOro, HACKIJIBKH MU
3MIIITyEMO TiJIO Bi;[ MMOJIOYKEeHHS PiBHOBAru B MOYATKOBUM MOMEHT Yacy, i Bijn
TOTO, AKA MIBUAKICTH HANAETHC IIPU IBOMY T1JIy Tammmmu caroBamu, aMILIiTYyIa
BUSHAYAETHCA [IOYATKOBUMY YMOBaAMU i IOpiBHIOE MHOMKHUKY 61.71;1 cuHyca 4u
KocuHyca (GyHKIII, AKMHA BiAIOBigae IIbOMY KOJUBAJIBLHOMY IIPOIIECY.

Yepes imTepBas uacy, IO AOPiBHIOE
nepiogy T, ToOTO 3i 30iIBIIEHHAM apry-
MEHTY KocumHyca Ha ®OT pyX IIOBTOPIOETH-
cd 1 KocuHyc HabyBae HoIepegHLOrO 3HA-
YeHHs. 3 MaTeMaTUKM BH 3HAETe,

X

T » . .
' 10 HaWMeHINHW# mepiog KocuHyca 27.
\ Ixma / . 2n
ol S~qp. T \3_7/: ; Orxe, oT = 2r, 3BigKu © = T = 27mv.
4 2 27 .
| T . TakuM YMHOM, BEIMUYNHA (0 — 1€ KiJlb-
Maux. 2.3 KicTb KoOJIMBaHBL Tija, aje _He 3a OTHY

CeKyHIy, a 3a 2m ceKyHA. li HasuBaoTb
IIMKJIIYHOI0, a00 KOJIOBOIO, YaCTOTOIO.
Ilpu samgamiii aMILTiTyAi rapMOHIUHMX KOJIMBAaHbL KOOPAMHATA KOJWBHOIO
Tija B OyAb-AKUH MOMEHT Yacy OJHO3HAYHO BU3HAUAETHCA apryMEHTOM KOCU-
Hyca (abo cumyca) ¢ = ot.

Beanuuny ¢, AkKa cTOITHh HiJ 3HAKOM KOCHHYyca a0o0 cHHYyca, Ha3WBaIOTh
¢a3o010 KOLUBAHD, IO ONMUCYIOTHCSI HUMH (GyHKIigMU.

Onunurnieio gasu € pamian abo rpamyc.

Bix dasum zame:xXuTh 3HaUeHHS He JINUIINEe KOOPAWHATH, a ¥ INBUIKOCTI, i
MIPUCKOPEHHS, 110 3MiHIOIOTHCSA TAKOMK 3a rapMOHIUHUM 3aKOHOM. ToMy MOXK-
Ha cKasaTu, II0 mpM 3aJaHiil aMmiaityni (pa3a BU3HAUYA€ CTAaH KOJUBAJBHOL
cucTeMH y OyAb-gKUil MOMEHT dacy.

. 2n t . t
Ockinbku ® = —, To @ = ot = 21 —. BigHomeHHa — MOKasye, AKa YacTUHA
T T T
mepiogy HPOMIMJIA Bifl MOYATKY KOJUBAHbB.
Bynp-axoMy 3HaYeHHIO Yacy, BUpaskeHOMY B YaCTHMHAX mepioay, Biamosimae
3HauyeHHA (pa3u, BUpakeHe B pagiaHax.

. T . i
Hampuknaazn, Koau mpoiife dac ¢ = 1 (uBepTh Iepiony), TO @ = 5

Ha rpagiky MoxkHa 300pasuTu

3aJIEJKHICTh KOOPOWMHATU KOJMBHOLI TOU-

/\ / KM He Bijg uacy, a Bix ¢asu. Ha masron-

Ky 2.4 TIOKas3aHO Ty caMy KOCHHYCOifmy,

0 INTI 3. 2n 57 ¢ 10 ¥ Ha MAaJIOHKY 2.3, ajle Ha TOPU30H-

2 2 2 TaJIBHIiH OCi BifKIameHo pisHi 3HAUYeHHA
dazu O.

Maun. 2.4 Bu Bxe 3HaeTe, IO [JIs rapMOHid-

HUX KOJWBaHL KOOpAMHATA Tija 3Mi-

HIOETLCS i3 yacoM BiZIOBiZHO OO0 3aKOHY KocumHyca abo cuHyca. IIpore mpu
IBOMY CJIii BpaxyBaTu HOHATTS (Pasm.

CuHnyc BipisHseThCs BiJ KocuHyca JHUIIe 3CYBOM apryMeHTy Ha IIiBIepion

i . b1 . .
(ma E): cos @ = sin ((er E] Tomy pua ommcy rapMOHIYHMX KOJIMBAaHb 3aMiCThb

. I
(bopmysnn X = X,,, COS®! MOKHA BUKOPUCTATH QOPMYIY x = X, Sin (oat + E]
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IIpore mpu mbomMy mouaTKoBa dasa, TOOTO sHaUeHHS a3y B MoMeHT ¢ = 0,
. T . . .
IOPiBHIOBaTHUME He HYJIO, a 5 3a3Buuail KOJIMBAHHS Tijla Ha OPYy:KuHI (abo0

MasiTHUKY) 30yI'KYIOTb, BUBOASYM IHOTO 3 TOJIOMKEHHS PiBHOBAarw, a MHOTIiM
BiIIIycKaioTh. ¥ IMOYATKOBUII MOMEHT 3MiIlleHHS BiJl HOJIOKEHHS PiBHOBAru €
MaKcHMaJbHE, TOMY OIIMCYBaTH KOJMBAHHSA 3PYUHiIlle (opMyJiow X = X, ., COS O,
BUKOPHUCTOBYIOUN KOCUHYC.

Tmma piu, Koy KoJuBaHHS Tija, IO nepe6yBae y CTaHi CIIOKOIO, 36y/:[>1cyro'rb
KOPOTKOYACHUM IIOIITOBXOM. Toai B mouaTKOBUII MOMEHT KOOPAMHATA TOPiBHIOE
HYJI0, i KOJIUBAaHHSA 3PYUHiIlle OIIMCyBaTu (POPMYJIOI0 3 BHKOPUCTAHHAM CHHYCa
X =x, . sin ot, ToMy W10 IPHU IIbOMY IIOUYATKOBa (hpasa MOPiBHIOE HYJIIO.

max
KonuBanus, ommcani piBHAHHIMN

X
. . . T
X=X, 8In0f 1 X=X, s1n(cot+— , 2
2/ 1 >N *
0

pisHATHLCA MiXK co0oio Jumiiie (paszamu.
Pisauna ¢as (3cyB ¢as) mmx Koau-

. i
BaHb JOPIBHIOE o> Ha wmanwoeKy 2.5 Maan. 2.5
moKas3aHo rpad)ikm 3aJIe’KHOCTI KOODAWHAT BiJ dYacy IJisg JBOX TapMOHIYHUX
T . . .
KOJIMBaHb, 3CYHYTHUX 3a (pazoio Ha 5 T'padik 1 BigmoBimae KoaWMBaHHAM, IO

Bi0yBaOTHCA BIAIIOBIAHO 40 3aKOHY CHUHYCOIAM X = X,,,, Sin of, a rpadix 2 —
KOJIMBAaHHSAM, II[0 BifgOyBarOThCA BiANOBiAHO [0 3aKOHY KOCHHYCOIIM

. T
x=x,, cosot=x,, sin (oot + Ej

106 BusHauuTu pisHUIIO (a3 IBOX KOJUBAHbL, iX Tpeba 3ammcaTu uepes
OJTHY TPUTOHOMETPUUYHY (PYHKI[if0 (KOocuHYC abo cuHyc). ¥ TapMOHIYHUX KOJIU-
BaHHAX KOOPJAMHATU Tijla Oro IMIBUAKICTH i IPUCKOPEHHA TAKOMK 3MiHIOIOTHCA
rapmoniuno. IIpoekmnisa mBugKocTi Ha Bick Ox Mae TaKkWil BUTJIAL:

. T
v, = —0X,,,, SIn®t = 0x,,, COS (cot + EJ
IIeuakicTs mixg yac rapMoOHIYHHUX
KOJHMBaHb 3MIHIOETBCA i3 yacoM rapmo- x, :fc
HiYHO, ajJe KOJMBAHHA INBUIKOCTI BHIIe- \ /‘\ /
pemskaoTs 3a (pa30r0 KOJIMBAHHI KOOPIH- ' Iy

0 |
HaATH Ha g @ :\/

Y mMomMeHT, KOJi1 KOOpAMHATA OdOPiB-
HIOE HYJIIO (MOMEHT IIPOXOMKEHHSA II0JIO- WX
JKeHHSA piBHOBarm), MOAYJIb  IIBHIKO- 0 \/
cri — MaKCUMaJbHUU, 1, HaBIAKW,
IIBUJKICTh TOPiBHIOE HYJIIO, KOJU KOOD- (0) '
JAVHATa MaKCHUMaJibHA 3a MoAayJieM (MaJi. a '
2.6, a, 0). MarkcumasbHe B3HAUYEHHA 5 L1
MIBUIKOCTI 3a MOAYJIeM, TOOTO aMILIiTyoy R RN
Upqy KOJIIMBAHD INBUAKOCTI, MOKHA 3alld- 0 / ! N/
caTy uepe3 AaMILIiTyAy aMmimenHa y (8)
BUTJIALL U, = OX,,,,

IIpoekmis nmpuckopeHHA Ha Bick Ox:

a, = 0°%,,, cos(ot + ).
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ITig wac rapMoHiYHMX KOJIMBaHb NMPUCKOPEHHS 3MiHIOETHCA TAPMOHIYHO. AMII-
JiTyJa NMPUCKOPeHHA &, = © X, ..

3a (ha3010 KOJMBAHHSA IPUCKOPEHHS BUIEPEIKAIOTh KOJUBAHHSA KOOPAWHA-
TH Ha T.

IIpruckopeHHs i KoopAWHATA 32 MOAYJIEM HA0yBalOTh MAaKCHUMAaJbHOTO 3HAUEH-
HS OJHOYACHO, ajie MAaloTh IITPOTUJIECKHI 3HaKM. Y TaKOMy pasi KaKyTb, IO

KOJIMBaHHSA BimOyBaioThbeca y mpotudasi (maa. 2.6, a, 8).

—2
SANMATAHHA 4O BUBYEHOIO

1. IlTo Ha3WBaIOTH KOJUBAJIBHUM PyXOoM?

2. ddxuM ABUINAM NPUPOAY MPUTAMAHHI KOJUBAJIbHI pyxu?

3. fIki KosMBaHHS HA3WBAIOTH TAPMOHIUHUMU?

4. fIx moB’s3aHa MUKJiUHA YacTOTa KOJUBAHb 3 mepiogom?

5. Illo Take aMILIiTya KOJIUBAHL?

6. IIlo Taxke dasa KomuBaHb? PisHumna gas?

7. Ak 3amiHOETHCA i3 YacOM IIBUAKICTh Y TapMOHIUYHUX KOJMBAHHIX?

8. Ak moB’sA3aHi IPUCKOPEHHA Ta KOOPAMHATA B FAPMOHIUHMX KOJHUBAHHAX?

§ 20. MATEMATUYHUM | NPY)KMHHUN MAATHUKMU.
NMEPIOA KOAUBAHb MAATHUKIB

3 momepenHixX KJIaciB BW 3HAETe, IO MaTeMa-
TUYHHM MAATHUKOM BBajKalOTh TOYKOBE TiJo,
migBillleHe Ha HEPO3TAMKHINA i HeBaroMmin HUTIII.
MaTteMaTHUHHI MAATHUK — Iie ITOHATTSA abcTpak-
THEe, TOMY III0 PO3MipM KYJbKU HabaraTo MeHIIIL
3a MOOBXKUHY HHUTKUN, IIUMM pO3MipaMu MOKHA
F , HEeXTYBaTH i PO3IIALaTH KYJIbKY AK MaTepiaJbHY
y TOYKY. PO3TATOM HUTKM TAaKOX MOYKHA HEXTYyBa-

TH, OCKLIbKM BiH Ay:ke majamnii. Mo)XKHa HeXTyBa-

TH i Maco HUTKU IMOPiBHSHO 3 MAcOI KYJbKMU.
_ -7 OT:xke, 3 HeBHUM HAaOJMKEHHAM MaTeMaTH4y-
FT HUM MafATHHKOM MOKHA BBAJKATH KYJBKY, oigBi-
mreny Ha HuUTHI (MaJy. 2.7). PiBHaHHA pyxXy Mare-

g
MaTHU4YHOI'0O MadATHMKA Ma€ BUIJIAO a4 =-——X.

Maun. 2.7 l

Pazom i3 1um, posriamaioun pyxX OPOeKINii Tija,
AKe piBHOMipHO 00epTaeThCA MO KOJIY, MOXKHA 3aIlucaTu: a = —© X. IIpupiBHIO-

F, =mg

.. 2 g 21 . 2 7'52 g .
foun Ii piBHAHHA, OTpUMaEMo o~ = —. IIpore ® = —, Topi ®" = —- = —, 3BiAKHK
l T T l
T =2n i
g

o dhopmysy nndA BUBHAUEHHS IIEPiOAYy KOJIMBAHb MATEMATUUYHOTO MAATHU-
Ka BUBiB i mepeBipuB Ha mociaigax rosuiamacbkuii ¢isuk Kpicrian Tioiirenc
(1629-1695), Tomy ii uacTo HasuBawTh opmyaoro I'toiireHca.

Ilepiom xonumBaHR MaTeMaTHUUYHOTO MASTHUKA 3aJI€KUTh JIUIIE Bil IIPHCKO-
peHHA BiJIBHOTO HmagiHHA B JaHOMY Micii 3emJui i Bif JOBKWMHM MasSTHUKA.
Ilepiom He s3ayeXUTH Bim aMILTITyAu KOJMBAHL i Bi Macu HigBillIeHOTO TATap-
us. Ile Jerxko mepeBipuTu Ha gociaifax 3 pisHumMym MadaTHuKamu. Ciin jawuiie
mam’ ATaTu, [0 PO3MipH TATAPIlT MAIOTh OYTH MaJNMU IIOPiBHAHO 3 JOBXKKUHOIO
mifgBicy i 1m0 MaauM Mae OYTH TAKOMK KYT BiAXWIeHHA MaATHHUKA Bil BepTHKa-
ai. 3 popmynau I'toiirerHca MOKHA JIETKO €KCIIEPUMEHTAJNLHO BU3HAUUTHU ITPU-
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CKOpeHHsA BimbHOTO maminuaA. s 1mboro Tpedba BUMIpATH TOB-
JKUHY MasTHUKA i IIepiosl Moro KOJMBaHb.

3ajie:kHICTD Iepiony KOJIMBAHL MaTEMATHUYHOIO MasTHUKA
Bil IPMCKOPEHHS BiJIbHOTO MHaliHHA BUKOPHUCTOBYETBHCS MIJIS
TOYHUX BUMIpPIOBaHb IIPUCKOPEHHA BILJILHOTO MAamiHHA Ha
noBepxHi 3emuti. Piu y ToMy, III0 TPUCKOPEHHSA BiJBHOTO
HmamiHHA y PiSHUX TOUKAX 3€MHOI IIOBepPXHi Ha OAHiil reorpa-
¢iuHifl IIMPOTi € HEOAHAKOBUM i 3aJIEKUTh, X0Ua 1 HEe3HAUHO,
BiJi TYCTUHY TOPiJ, 3 AKUX CKJIAZAIOTHCSA BEePXHi IIapu 3eMHOI
KOpH.

Ha npakTuri I1me BUKOPHUCTOBYIOTH TaK 3BaHi IPYKUHHI
MaAaTHUKHY (Maj. 2.8), mepiog AKMX BU3HAUYaeThcA 3a (popmy-

m .
goro: T =2n,|—, me m — wMaca TArapua; kB — KOPCTKicTb
IPYXUHN.

—
SANMATAHHA 0O BUBYEHOIO

1. ddxy KonuBaJIbLHY CHCTEMY HAa3WBAIOTh MATEMATUUYHUM MaSTHUKOM?

2. Big uoro 3ajeXuTh Iepios KOJMBAHb MATEMATHYHOIO MAasSITHUKA?

3. fK i yomy 3MiHUTBCA HmepPio] KOMMBAHHSA 3aJIi3HOI KYJIbKU, MiABilIIeHOI Ha HUT-
i, AKIO g Hero momicTuTy MargiT?

4. {IKy KoIuBaJbHY CUCTEMY HA3WBAIOTh HNPYKUHHUM MaSITHUKOM?

§ 21. BIAbHI TA BUMYWUIEHI KOAUBAHHA. PE3OHAHC

Posraagatoun rapmMoHiIUHI KOMTMBaHHA, MU HEeXTYBaJU BTpaTaMU MeXaHiuHOI
eHeprii y KOJMBAJbHIUX CHUCTEMAaX, TOOTO POSIVIAAANMN imeanbHi Bumagru. IIpo-
Te B pPeaJIbHUX CHUCTEMAX BTPATU MeXaHiuHOI eHeprii 3aBxkau icHyooTh. Bouu
CIPUYNHEHI HasABHICTIO TepTs, OIOPY CEPemOBUINA, YTBOPEHHAM MeXaHiUuHUX
XBUJIb ToIo. ToMy aMILIiTYyia KOJUBAaHb Y PeabHHX CHCTEMaX 3 YaCcOM 3MEeH-
IIYETHCS, i KOJMBAHHS, 3PEIITOI0, IPUIUHAIThCA. Hanpukiaan, 3 yacoM mpu-
OUHAIOTHCSI KOJWBAHHA TATAPIA Ha OPYXKUHI UM TOMJaJIli, AKINO ix dYac Bifg
yacy He MigIITOBXyBaTH. SIKIO B KOJUBAJBHINA CHCTEMi TiJI0O BUBECTHU 3i CTaHY
piBHOBaru i BigmycTuTH, TO BOHO 3AiliCHIOBATHME TaK 3BaHi BijIbHI KOJIUBAHHI,
SAKi 3aBKIHM € 3racalouuMu. ¥ POSTJIAHYTUX BUIAJKAX BLILHUX KOJVWBAHb Tija
OpUNyCcKaJocsd, IO Tijo, AKe KOJMBAETHCS, HE 3yCTPiUYae HA CBOEMY IILISAXY
JKOTHUX IIEPEeITKo]l. 3a TaKWX ifleaJJbHUX yMOB HMOTO TapMOHIYHI KOJIMBAaHHSA
MOXKYTh TPMBATH HEOOMEKeHO JOBro. 3a peaJbHUX YMOB PYyXy Tija, AKe 3Oiiic-
HIOE BiLJIbHI KOJWBaHHSA, 3aBXKIN IEPENIKOAMKAIOTh PidHI omopu, AKi CIIOBiJIb-
HIOIOTh KOJHMBaHHS 1 CHPUAIOTh IiXHBOMY 3aTyxaHHIO. Hampukiaan, TepTda
KOJIMBHOTO TiJjIa IIO iHINUX TijaX, 0 AKUX BOHO JOTUKAETHCA BHACJIITOK HEPiB-
HOCTI IIOBEePXOHb. 3racaHHsS KOJUBAHbL HaCTa€ TaKOXK uepes OIIip ImOoBiTpA, BOAU
Yy iHIIIOTO cepeaoBUINa, V AKOMY S3IiHMCHIOIOTHCA KOJMUBAHHA. Tepra Mix
YAaCTUHKAMU IIPY)KHOTO Tijia (IPYsKUH, Pecop), AKe € AKepeJOoM BiJHOBIIIOBAJb-
HOI CHUJIM IPYKHOCTi, TaKOX CIIPUSE x
3aTyXaHHIO BiJIbHUX KOJIMBAHb.

Posriamemo mokJamgHilIe BUIIANOK,
KOJIX TiJIO KOJMBAETHCA B CEPEIOBUIII,
0 UYWHUTHL NOPOTHUIII0 WOTO0 PYyXYy.
Ha Tino 3 6oxy cepemoBuinia mie cuia,
0 3aJIeKUTh Bil IIBUAKOCTI PyxXy
Tima i HampsaMmJeHa B 0iK, IPOTHIEHK-
HUH [0 HANPAMKY pyxy Tina. IIpukia-
IOM MOKe OyTHU Tarapenb, IIigBillIeHuHi
Ha MNOPYKUHI B IIOCYAWHI 3 PiIMHOIO
(man. 2.9). Maun. 2.9
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Sx1mo onip pigvHY BeJIMKUIT TOPiBHSAHO 3 BiTHOBJIIOBAJIBHOIO CHUJIOIO IPYIK-
HOCTi, TO KOJIUBAJbHUI PYyX Tijla B TAKOMY CepeJOBUIIi B3arajii HEMOKJIUBUM.
Tino, BuBemeHe 3 IOJIOKEHHA PiBHOBAru, IparHe 3afHATH MOJIOXKEHHSA CIIO-
KOIO, ITiAXOMAYM A0 IIHOTO IOJIOYKEHHS IIOCTYIIOBO, 0e3 KoJamBaHb. SIKII0 cuia
OIOpYy MaJia MOPiBHAHO i3 CHMJIOI0 HPYsKHOCTi, TO TijIO, BUBEEHE 3 MOJIOMKEHHA
piBHOBaru, movHe 3MilICHIOBATH B PiAWHI 3aTyXaouuil KOJIUBAJILHUNA PyX. Teo-
PETMYHO BCTAHOBJIEHO Ta €KCIePUMEeHTAJbHO IiATBEP[KeHO, M0 aMILIiTyxa
3aTyXalouYnxX KOJWBAHb i3 YacOM 3MEHINYEThCA. BaKJIMBO 3ayBasKWUTH, II0O
HeBeJIUKUI OIlip cepefoBUIla MaJi0 3MiHIOE IIepioj] BJIaCHUX KOJMWBaHb TiJja,
OJHAK iHTeHCUBHO I'aCHUTD IIi KOJMBAHHA.

3racaHHs KOJMBaHb y 0araThox BUNAAKax — 0OaKaHe Ta KOPUCHE SBUIIE,
B iHImMMX — HebaskaHe I IMIKigauBe. Y MePIIOMY BUIIAAKY 3TacaHHS KOJMBAHD
HaMaralmThCA CTBOPUTH Ta HiATPUMYBATHU 3a AOIOMOTOIO BiATIOBiTHUX Mexa-
Hi3MiB i mpucrTocyBaHb. ¥ APYIroMy BUIAIKY, HaBIAKH, yCYBalOTh 3racaHHS
3acobaMu, SIKi 3MEHITYIOTH BILJIMB TEPTSA U OMOPY CEPeIOBUINA, BUKOPUCTAH-
HAM B3MallleHHs, 3aMiHU TepTs KOB3aHHA TepTAM KOUEeHHS 3a JOIIOMOTOIO0
POJIMKOBUX MiAMIUITHUKIB TOIIO.

Bumywenumu KOAUGAHHAMU BBAXKAITH KOJIMBAHHSA, IO Big0yBaroThCa
i mi€ro 30BHINIHBOI IMepiogUYHOl CHIIN.

Hampuknaa, MoKHA B3ATH B PYKY KHHUMKKY i 3IiliCHIOBATHU HEIO BUMYIIEHi
KoauBaHHA. Ha KHMMKKY 3 OOKY PYKM OiATHMe 30BHIIIIHS IIepioguuyHa cuJja.
OmHak y TaKUX BUMYIIEHUX KOJMBAHHIX HEMAa€ HiuOro ocoOJIMBOrO i IIiKaBO-
ro. Iumia piu, Koy 30BHIIIHA NMepioguYHA cUJa i€ HA TijTO, AKe MOKe caMo-
CTiiiHO 3miliCHIOBATH BiJIbHi KOJMBAHHA (TaKi KOJIMBaHHA 3aBiKIM 3racaiodi).
IIpukaazomM MUX KOJWBAHL MOMKYTh OYTH XWTAHHSA OepeB HiJ mieio BiTPY.

YV KoIMBaJbHUX CHCTEMAaX MOMKYTh BUHHUKHYTH TAaKOX aBTOKOJIHBAHHSI —
He3racamui KOJIMBaHHA, AKi MOKYTbH iCHyBaTu B OyIb-sIKili cucTeMi 3a BifcyT-
HOCTi 3MiHHOI 30BHIIIIHBOI Aii, mMpUUYOMy aMILIiTyZa i mepiog KoJuMBaHbL BU3HA-
Yal0ThCA BJIACTUBOCTAMU caMoi cucTeMmu. IluM aBTOKOJMBAHHSA BipisHAIOTHCA
Bil BUMYIIIEHUX KOJHBaHb, aMILIITyZa i mepio AKX BU3HAUAIOTHCS XapaKTe-
poM B0BHINTHBLOI il (mpedikec «aBTO» i BKadye Ha Te, IO KOJWBAHHSI BUHUKAIOTh
y caMmili cucteMi, a He HaB’A3YIOTbCA 30BHIITHLOIO Ti€i0). ABTOKOJIMBAHHS Bij-
pisHAIOTHCA i Bif BiIbHMX KOJMBAHb (HAIIPUKJIAL, KOJUBAHD BiJIbHO IIigBiIlIeHO-
ro MasTHUKA) THUM, m10: 1) BiJIbHI KOJIMBAHHA IMMOCTYIOBO 3aTyXalOTh; 2) iXHA
aMILIiTyIa 3aJIe3KUTh BiJl IEPBUHHOTO «IIOIITOBXY», IO CTBOPIOE ITi KOJUBAHHA.
IIpukimamaMyu aBTOKOJMBAHL € KOJWBAHHS, II0 3TiMCHIOIOTHLCI MASTHUKOM
TOAVMHHWKA, KOJUBAHHS CTPYHM B CMHUYKOBUX a0O0 CTOBIIA IIOBITPA Yy AYXOBUX
MY3UYHUX iHCTPYMEHTAaX.

Aémokonueanna — KOJIMBAHHA, aMILIITyIa i mepiog IKMX 3ajieKaTh Bil
BJIACTUBOCTEH CaMOI CHCTEMH i He 3aJIeKaTh BiJf MOYaTKOBUX YMOB, HAIIPHU-
KJIaJ BiJ IIOYATKOBOIO 3aIacy eHeprii.

Cucremu, y AKMX MOYKJINBI aBTOKOJIUBAaHHA, HA3UBAIOTh aBTOKOJNBAJIBLHIMMU.

BrpaTtu eHeprii B aBTOKOJIMBAJIBHINA CHCTeMi KOMIIEHCYIOTHCS JIHUIIE HAIXO-
I:KeHHAM eHeprii Big mxepesna. BakauBum € Te, 110 aBTOKOJIMBAJIbHA CUCTEMAa
caMa peryJjioe HaAXOMKEeHHs eHeprii Bif mKepesa i miaTpuMye BCTaHOBJIEHUH
PEKUM KOJUBAHbB.

SAKIro TijJio B MOMEHT IIOYATKY il 3MYIIyBaJbHOI CHJIM OyJI0 HEPYXOMUM,
TO CIIOYATKY aMILIiTyZa HOoTro KOJMBaHb ITOCTYIOBO 30iJbINYyETHCI, a uepes
IIEBHUI Yac AOCATa€ MaKCHUMAaJbHOIO SHAUEHHS i maJri BiKe He 30iJIbIITyeThCA.

Kou wacrora 3amMymryBaJabHOI cuau 30ira€TbCs i3 4acTOTOIO KOJMBAHB Tija,
Ha siKe I CUJIa JIi€, TO IPU IILOMY aMILIITyJla KOJMBAHb HOCATA€ MaKCHMAJb-
HOTO 3HAYeHHS, AKe B 0araTto pasiB Moke MEepPeBHIIyBATH AMILIITYy BiIbHUX
KoJIMBaHb. Take ABUINle HA3WBAIOTH Pe30HAHCOM. B imeasbHOMY BUIIAAKY, KOJIU
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B CHCTEMi HEMAE OIIOPY, PE30OHAHC HACTAaE, AKIMO YaCTOTU 3MYIITyBAJIbHOI CHJIU i
BiIbHMX KOJMBAHb CHCTeMH 30irarorbcsi. AMIUIITY/a KOJUBAHb IPU LBOMY
HecKinueHHO 30inbinyeTrbes. Ilig uac Pe30HAHCY CTBOPIOIOTHCSH HAMCIPUATINBI-
i yMOBM AJA IepeJaBaHHS €Hepril BiJ BOBHIIIHBOrO AKepesa NEPiOANIHO
3MIiHHOI CHJIM O KOJMBAJIBbHOI CUCTEMH, ¥ AKiM MOKYTh BUHUKATH BiJIbHI KOJIH-
BaHHsA. ¥ KOJUWBAJLHINA CHCTEMIi, e He BUHNKAIOTh BLIbHI KOJMBAHHA, PE30HAHC
He CIIoCTepiraeTbcs.

AwmmniTyna BUMyIIeHUX KOJWBAHb MiJl YaCc PE30HAHCY 3aJI€KUTH He JIUIIIE Bif
3HAUEHHS 30BHIITHLOI 3MYIIyBaJIbHOI CUJIM, a ¥ BiJ TepTs B KOJUBAJIBHIN cuc-
TeMi. 3i 30LIbIIEHHAM 30BHIIIHBOI CHJIM 30iJbIIYETHCA M aMILIITyZa BUMYIIIE-
HUX KOJIMBaHb. BoHa HaOyBae miJ yac pe30HAHCY TAKOTO 3HAUEHHS, IJIA AKOTO
IomaTHa poOOTa 30BHIIMTHBOI CHJIM IIOBHICTIO KOMIIEHCYE BTpaTH eHeprii cucre-
MOIO BHACJIiZOK TepTA. OueBuUAHO, IIT0 MEHIIIe TepPTs B KOJUBAJbHill cCTEMi, TO
6inpIIoI0 Oyae aMILIiTyAa BUMYIIEHHX KOJHBaHB IJIs OOHiel ¥ Tiei camoi 30B-
HIITHBOI cuiu. 3aJIe’KHICTh aMILIITYyAU BUMYIIEHNX KOJUBAHDL Bil YacTOTH OJIA
TPhOX KOJUBAJILHUX CHUCTEM 3 Pi3HUMHU CHJIAMH TePTA i AJA OJHAKOBOI aMILITi-
TYyAW 30BHIITHBOI CHJIM TOKAa3aHO Ha MamioHKy 2.10.

Kpusa 1 Biznosimae cucremi 3 MiHiMaIbHOIO CHJIOIO TEPTS, KpuBa 2 — i3 cepej-

HBOIO, a KpuBa 3 — 3 MaKCHMAaJbHO. I3 mux rpadikiB BUIHO, 1[0 MEHIIIE TePT
B CHCTEMi, TO CHJIbHIIIIEe 30i/IBIITYEThHCA aMILIITYy/Ia BUMYIIIEHUX KOJHUBAaHb 3 HAOJIH-
JKeHHSIM CHCTEeMH 10 pesoHaHcy. SIKIo TepTd Maje, TO Pe30HAHC YiTKO BHpaiKe-
HUM, a AKINO BeamKe — HeuiTko. Koy uacTrora 3MiH 3MYyIIyBaJIbHOI CHUJIN B
CUCTEeMi JajieKa BiJ pe3oHaHCHOI, TO aMILIITyAa KOJIH-
BaHb Majia i Mai’Ke He 3aJIeKWTh Bil cuau omopy B X 4
cucreMmi. SIKIITO TepTsa TaKe BejuKe, IO HE BUHUKAIOTH
BiJIbHI KOJIMBAHHSA, TO PE30HAHC B3araji He cIiocTepira-
€ThCA.

Y 6GaraThox BUIIaJKaX PE30HAHC € KOPUCHUM SBH-
meM. Pe30HaHC BUKOPUCTOBYIOTH y Pi3HOMAaHITHUX
TuIax yacrtoromMipis. OcobanBO BaKJIMBY POJIbL BiH Bifi-
rpae y pagiorexHimi. OgHAK TPaILIAIOTHCA BUIIATKH,
KOJM pe3oHaHc Tpeba He OOIYyCKaTH, OCKiJIbKHU HOTO
HEBPAXyBaHHA MOYKe IIPUB3BOAUTHU [0 IEBHUX YCKJIAJ-
HeHb, HaBiTh 10 KaTacTpod. Tak, y Mauuecrepi 60 ocid
3pyHHYBaJX MicT ueped piuky IpBeinb, y AKOMY BUHUK-
JIV Pe30HaHCHI KOJIMBaHHA Hif miero BiTpy. ¥ 1850 pomi 0 ®p
3pyliHyBaBcsa AMMKepPChbKUU MiABiCHMN MicT, KOJU IIO
HBOMY KPOKYBaB OaTajblioH (PaHIIy3bKOI WiX0TH Man. 2.10
ynceabHicTio 500 0cib, mpu mpomy 226 ocib 3armHy.JIO.

ey

—
SANMATAHHA 0O BUBYEHOIO

1. fIxa BigMiHHiCTH MijK BiIBHMUMY i BUMYIIEHUMU KOJIUBAHHAMU?

2. YV yoMy moJisirae sBUILE Pe30HAHCY?

3. 300pasiTh i moscHITE rpadiky 3aJIeKHOCTI aMILIITYyAM BUMYIIEHNX KOJNBAHD
BiJl 4acTOTH 3MiH 3MYIITyBaJILHOI CUJIM IJA ABOX 3HAUEHb CHUJIU OIODPY.

@ 3Hangite y gogaTkoBux axepenax abo IHTepHeTi iCTopuYHi hakTh WKIANMBUX Hacnigkie
pes3oHaHcy.

§ 22. NOWUPEHHA MEXAHIYHNX KOAUBAHbDb
Y MPY)XKHOMY CEPEAOBMULLI

ITomupenHs KoJaumBaHb y CepPemOBUIINI HA3WBAIOTh XBUJHLOBUM IIPOIECOM.
BaxkauBo 3a3HAUNTH, 110 MOIIWPEHHSA XBUJIb HEe CYIIPOBOIKYETHCA IIePEHECeH-
HAM YaCTUHOK CepelOBUINa, — BOHU JIHUINE KOJMBAIOTHCSA HABKOJIO IIOJIOXKEHb
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piBaoBaru. Ilpore 3 xBumjeio mepeHO-
CUThCSA €Heprif, sKa IOIMINPIETHCI Y
IPOCTOPi Big mixepesia KOJIUBAaHb.

Hanpsamok mommpeHHA XBWJII Ha3u-
BalOTh IpOMeHeM. 3aJIesKHO Bil HAIIPAM-
Ky KOJIMBAaHb YACTUHOK II[OJI0 HAIIPAM-
Ky TIIOINIUPEeHHsS XBUJIi PO3PidHAIOTH
XBUJIi TOMEPEYHi i MO3M0OBIKHi.

Konu xBuiAa pyxaerbcsa Mo TPy KHU-
Hi, IPUITyCTUMO, 3JIiBa HAIIPaBO, IiJITH-
KM TPYKUHU KOJMBAIOTHCA Bropy i
BHU3, TOOTO B HAIIPSAMKY, IIepPIEeHIUKY-
aapHomMy (abo IomepeuyHOMY) IO PYXY
camoi xBuiai (mana. 2.11). Taky xBuJIo
Ha3WBAIOTH MOMEPEYHOIO.

OgHak He BCSIKa XBUJIS € IIOIEped-
Hoto. KonuBaHHA MOXKYTb BimOyBaTucs
1 B3IOBXK HANIPSAMKY HOIITMPEHHS XBUJIi.
Toxi xBMJIIO HA3WBAIOTHL HO3TOBKHBOIO.
Y mo3moBKHill XBUJII YaCTUHKHU cepeno-
BUINIA KOJUBAIOTHLCA B TOMY CaMOMY
HAIIPAMKY, y @KOMY TOIIUPIOETHCA
xBuJs. I1o300BKHI XBUJIL JIETKO CIIOCTe-
piraTu B M’AKiil pO3TATHYTIHN NPYy:KUHI,
MOYEPTOBO CTUCKAIOUM 1 PO3TATYIOUU
omuH ii Kimemns (maja. 2.12). Posrisase-
MO TPOIEC YTBOPEHHS IOTEePEYHOl XBU-
ai (man. 2.13).

Ilepmritt Toumi wHagaeThca KoJIU-
BaJbHUN PyX B0BHINIHLOI II€PiogmY-

HOI0 CUJIOIO, IO Ma€ IepioJ] KOJMBaHb
T. Yci TouKu cepeloBHINa HMOB’A3aHi MiK co000 HpyRHUMU cuiaaMu. Tomy
KOJMWBAHHA TOUYKM | COpUUYMHAE KOJWBAHHA TOYKM 2, 1110, Y CBOIO UEpTy,
CIPUYMHAE KOJUBAHHA TOYKH 3 i T. . — y MPYKHOMY CEPEJOBUIIi ITOIITUPIO-
€ThCSA XBUJIA.

ITix wac KoNMBAHB y CEPELOBHUINI, HAIPUKJIAL Y TBEPAOMY Tili, BUHUKAIOThH
IPYKHI CUIN (BimOyBaeTbCa Aedopmaris 3cyBy) Yepes uBepThb mEPioAy TOYKA 1
BiIXWMJINTBCA Ha MaKCUMATbHY BificTaHb BiJi TOJIO}KEHHS pPiBHOBaru i IouHe
pyxaTtucs BHHU3. ¥ el yac Touka 2 moumHae pyxatucs Bropy (masu. 2.13, 6). Ille
yepes YBEPTHb Hepiofy 3mimieHHA TouKW 2 Oy/le MaKCUMaJIbHUM, a TOYKa J I10Y-
He pyxartucs Bropy (maiu. 2.13, g). Touka 1 y 1eii MOMEHT JOCATHE IOJIOKEeHHS
piBHOBaru, Habyge MaKCHMAaJbHOI INMBHAKOCTI i HIPONOBXKYBATHME PYXaTHUCH
BHU3. HacrymHi (asu mporiecy 3a oguH mepiof igtoctpye mantoHOK 2.13, 2, 0.
SIKIIO eHepriA KoJamBaHb HE 3MEHIITYBATHMETHCA, TO I KOJMBAHHSA IIOMINPIOBA-
TUMYTBLCA Oaji. Y pasi mOomupeHHs MO3J0BXKHBOI XBUJIL TOUKM IPYsKHOTO cepe-
IOBUIIA TAKOMK 3MiMCHIOIOTh KOJIMBAHHS IITOJO CBOIX MHOJIOXKEHb PiBHOBAaru, aJe
IpU IbOMY KOJWBaHHS IX BiZIOYBAlOTHCS B TOMY CAMOMY HAINPAMKY, V AKOMY
TIOIIUPIOETHCA XBWJIA, TOMY il Yac MOIIMPEHHS MO3J0BXKHBOI XBUWJI CIOCTEpi-
ralOThCS B3TYINEHHA i PO3PIAKEeHHS YaCTUHOK CePEeJOBUINA, y SKOMY XBWJIA
MO PIOETHCS.

Ha mamonky 2.14 mokasaHO OCHOBHI ITapaMeTpH, AKMMU XapaKTepPHUu3yTh
NepiofMYHy CUHYCOIJaJbHYy XBUJIIO. BUIMi TOUKM XBUJIBOBOTO PYyXy Ha3WBAIOTh
rpedeHsIMU, a HIDKYI — 3amaguHaMu. AMILUTITyZa — Iie MaKCUMaJbHa BHUCOTA
rpebeHss UM TIMOMHA 3alaluHN, BUMipAHA BiTHOCHO HYJILOBOTO piBHS (abo
MIOJIOXKEHHSI PiBHOBArm); IMOBHUM po3MaX KOJMBAHb Bij rpebeHsd 0 3amaiuHu
IOPiBHIOE MOMBiHHIN aMILIiTymi.
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Bigcrans midk gBoma cycimmimm rpe-

OeHAMN HA3MBAIOTH JOBKMHOIO XBUJI A. T'pebins ; A _
HoB:xxmHa XBUJIL [JOpPiBHIOE BifcTaHi /INmiTma

MiK OyIb-AKMMU JBOMA IIOCJIiTOBHUMU I

OJHAKOBUMH 34 BUCOTOIO TOUKAMU XBU- A

ai abo Bimcrami Mmixk HaHOMMKUMMH Sanazuma

TOUKaMHU, AKi KOJMBAIOTHCA B OJHAKO- Maan. 2.14

BuXx (pazax.

CunycoimanbHi XBUJiI XapaKTepPU3YyIOThCA IIle YaCTOTOK XBWJI V, I SKOI0
PO3YMilOTh YacTOTy KOJHBaHb YACTUMHOK cepefoBuIna (UYacToTa KOJHBAHb IIOII-
JaBKa Ha moBepxHi xBuii). HacToTa XBUJII JOPiBHIOE KiJIBKOCTi IpebeHIB XBU-
Ji, AKi IpoXogATh Uepes HaHy TOUKY 3a OAMHUIIO Yacy (a00 KiIbKOCTi ITOBHUX
KOJIMBaHBb).

IllBuakicTIO XBUIIL VU HA3MBAIOTh HMIBUAKICTE IIepeMillleHHs rpebeHsl XBIUJIi.

IIBuakicTe XBUJIiL cJim BiApisHATHM Big MIBUAKOCTI YaCTUHOK CaMoOTO
cepeoBUINA. 3a MePiof, MPOTATOM AKOr0 XBUJS 3AiHICHIOE OJHE KOJHBAaHHSI,
TOGTO OMYyCKAEThCA 3 TpebeHs B 3amaguHy i 3HOBY IigHiMaeThcs Ha TpebiHb,

3araJpHUN NPUHINI, SKUI OMNCYE XBUJIbOBI BUIIA, yIIepIie chopMyII0BAB
cyuacHuk HrioroHa rosnauncekuii yuenuit Kpicrian I'ofirenc. 3a muM mpuHITT-
IIOM KOYKHA TOUYKA CEPeNOBUIIA, 0 K01 AilIio 30ypeHHdA, caMa CTa€ J¥KepPeioM
BTOPUHHUX XBWJIb. [JIsT TOTO 11100, 3HAIOUM IOJIOKEHHA XBUJIBOBOI ITOBEPXHi B
MOMEHT 4Yacy t, 3HAWUTU i MOJIO’KeHHs B HACTYIHUII MOMEHT 4acy ! + At, Tpeba
KOXKHY TOUYKY XBUWJIbOBOI IOBEPXHi PO3TJIANATU AK J¥KepeJ0 BTOPUHHUX XBUJIb.
IToBepxHsA, MOTUYHA 0 BCiX BTOPUHHUX XBWJIb, € XBUJIHOBOI IOBEPXHEI B
HACTYyIHMI MOMeHT uacy (Maj. 2.15). Ileil npuHIIUI OAHAKOBO IIiIXOAUTDH IJIs
OIMCY TIOMIVPEHHS OyAb-TKUX XBWJIb: 3BYKOBUX, CBITJIOBUX TOIIO.

Hna MexaHIUHMX XBUJIb HNPUHIIUI
T'rofirerca Mae HaoyHe TJIyMAdYeHHS:
YACTUHKU CEepPemoBUINA, M0 AKUX JOXO-
IATHh KOJIMBAaHHS, ¥ CBOIO Uepry, KOJIU-

BaIlOYNCh, HAJAIOTh PYXy CycimHimM wac- t+ At
THUHKAM CepPefOBHIA, 3 SKUMHU BOHU v-At 2
B3aEMOJIIOTh.

3a momomoroio npuHiuny I'tofireHca Mauan. 2.15

BCTAHOBUJIW 3aKOHU, SAKUM MiJIOPAI-
KOBYIOTLCS XBWJIi, IIT0 BigOMBAIOThCA BiJ MeKi JBOX cepemoBMIII.

1. Kyt BimbuBaHHS XBUJIi MOPiBHIOE KYTY TMaJiHHA XBUJIi.

2. Tagatounit TpoMiHb, BiIOUTUN MPOMiHB i MEPIEHAUKYJIAP, TPOBEIEHUNA
Y TOUKY HaJiHHS, JeKaThb B OAHIN IJIONIMHI (3aKOH BigOMBAHHSA XBUJIb).

)
3ANMUTAHHA 0O BUBYEHOTIO
1. ddxy XBUJI0 HA3WUBAIOTH IIONEPEUHOI0, IKY — IMO3J0BKHBOIO?
2. IITo Ha3MBAIOTH JOBKUHOIO XBUJIi?
3. Uu ofHAKOBOIO € JOBMUHA XBUJIb Ti€l camMol 4acTOTH B Pi3HMUX cepemoBHUINAX?
4. Y yomy nmossrae npuniun ['olirenca?

PO3B'A3YEMO PA3OM T

1. fk sMiHUTBCA mepiof BEePTHUKAJLHUX KOJMBaHb TATAPIA, IO BUCUTh Ha
IBOX ONHAKOBUX NPY'KMHAX, SKIIO HOCJiOBHE 3’€THAHHA NPYKWH 3aMiHUTH
napaJyieJbHuM ?
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PosB’sszaHH4da m
Ilepiong KosmuBaHB TATapisg Ha OpysKuHi T = 21 ’E’ Ie kB — KOPCTKicTh
MPYsKUHYA, AKA BUSHAYAECTHCA BiJHOIIEHHSIM CHUJIH, II[0 3yMOBUJIA BUIOBMKEHHS

F
MPYXUHU, OO IILOTO BUIAOBMKEHHA: £ = —.

x
dAKmo mocaimoBHO 3’emHAHO ABI OMHAKOBI NMPYMKUHU, SKi PO3TATYIOTHCS
. K F k .
cuiow F,, TO KOPCTKiCTh cucreMu k = ? = 2— = E, OCKIJIbKM JOBXXKHMHA KOXK-
x

HOI 3 IPYKUH 301IbIIyeThbes Ha x. [Ipu mapajenbHOMY 3’€IHAHHI OJHAKOBUX
Opy'KUH cuia F,, morpibHa gya 30inbIIeHHA JOBKHUHM 000X NPY'KHUH Ha X,
. . F, 2F
mae OyTu B nBa pasu Oisnbiia Big F, orixe, By, = 2 = =2,

x x

. y m 2m
Y BUMAAKY IIOCIiOBHOIO 3’€HAHHA NPYXKUH 1] = 27 E =2 7, a'y BUIa/-

Ky mapajeabHoro — 1, = 2711!%. 3Bigcu Fl = 2. Ilepion 3MeHIIUTLCA yABiUi.
2
2. MarepiaigbHa TOYKa Macol0 5 I' BUKOHY€E€ TapMOHiUHi KOJWBaHHA YacToO-
Tor0 0,5 T'm. Amniityna xKoauBanb 0,03 M. Buszaure: a) MIBUAKICTh TOYKH B
MOMEHT 4Yacy, KoJu ii aMmiieHHs gopiBHIoe 1,5 cM; 0) MaKcuMaJbHY CUIY, dKa
Iie Ha TOYKY; B) IIOBHY €HEPTil0 TOUKHU, KA 3JiMCHIOE KOJWBAHHAI.

PosB’asaHusa
1) PiBuAHHA 3MiIlleHHS TOYKHU, sSKa 30iMCHIOE KOJUBAHHSA, Ma€ BUTJIA

X = X,,,, sin (ot + ¢).
IIBuakicTh pPyxXy TOUYKHM B3MIiHIOETHCA 3a TAPMOHIYHMM 3aKOHOM

U =X,,,®C0S (oot + (p). 3uaroun, mo ¢ = 0, orpumaemo x =x,,, Sinot;

U = X,,,,0C0S ®T.

11106 BupasuTy MIBUAKICTH Uepe3 3MilleHHSA, TOTPiOHO BUKJIOUUTH i3 ITUX
piBHAHB yac. [lJyig mporo ImigHEeceMO IIi PiBHAHHSA A0 KBajaparTa, IepIe PiBHAH-

s 2 2 . .
HA TOAiIWMO Ha X,,,, APyre — Ha X, .0 i mogamo ix. OTpumaemo:

max
2 2 2 2

x v x v
st —5— = 1 abo st 535 = 1.
xmax xmax xmax 47-[ V xmax

. [ 2 PI—
I3 mporo piBHAHHSA BU3HAUYUMO U = 121tv4(X,, . — x° . IlifcTaBuBIIN 3HAYCHHA

¢disuunmx BesuuuH, ogep:kumMo v = +0,082 m/c. 3Hak «+» BigmoBimae Bumas-
Ky, KOJHU TOUKA BiIgaJsieThbcA BiJ MOJIOJKEeHHSA PiBHOBaru, 3HaK «—» BiAIOBi-
Iae pyxy TOYKHU [0 IIOJIOMKEHHS PiBHOBArWU.

2) Cuny, sAKa Aie Ha TOYKY, BUSHAYMMO 3a IPYruM 3aKoHOM HnioTo-
Ha F = ma. TIpuckopeHHsS TOYKH, HAKa KOJUBAETHCH, HTOPiBHIOE
a = —%,,,® sin (ot + ¢) = 4n°v’x,,,, sin (ot + ¢). Toxi cury, aka mie Ha TOU-
Ky, BH3Haummo 8a (opmynow F =-4n’v’mx,,,, sin(ot+¢), 8Biakm
E,..= —47t2v2mxmax. IlimcraBuBINIYN 3HAUEHHA (PISMUYHUX BeJIUUYUH, OTPUMAE-

mo F, . =1,48-107° H.

3) IloBHa eHepria TOYKM, IO KOJUBAETHLCS, MTOPiBHIOE cyMi KiHeTmuHOI i
HOTeHITiaJIbHOI eHepriil, AKi Mae TOYKa B JOBiIHbHUI MOMEHT 4yacy. ¥ MOMEHT
yacy, KOJIM KiHeTWYHA eHepris Jocsarae MaKCHUMAaJbHOTO 3HAUYEHHS, IIOTEHIIi-
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aJIbHA e€Heprisg mopiBHIOE HyJ 0. ToMy IIOBHA €HEPrisg TOYKM HOPiBHIOE MaKCH-

muv?
ManbHil KineTuuniéi eneprii W, = —£,

2
MaxcrManbHa IIBUAKICTh BU3HAUAETHCA 38 (POPMYJIOH U, = 2TVX, ., TOAL
noBHA eHepris 6yzxe gopismioBaty W = W, = 2n°mv®x’ . IlifcraBuBmu sHa-

yeHHS (PiBUYHMX BeJM4MH, oTpuMaeMo W = 2,22-107° 1K,

=
F 3ALAYI TA BMPABHU

Pigenr A

2.1. € xameprouu Ha 50, 126 i 440 I'i. BusuHauTre mepios KOJIMBAHb KOMK-
HOI'0 KaMepTOHA.

2.2. fAxy aMILIiTYAy, Iepios, 4acTOTy i MOYaTKOBY (pasy MaloTh rapMOHIUHi
KOJIUWBaHHSA, 3aMaHi piBHAHHAM X = sin(628¢ + 2)?

2.3. Busnaure smimieHHsa Kyabpku 3a 0,05 ¢, sxa s3milicHIoOe KOJIWMBaHHSA 3a
3akoHoM X = 5 sin600¢. x

2.4. YuM BimpisHAIOTBCA OAWH BiJ OJHOTO 9
KOJIMBaAJIbHI PyXH, rpadikum AKuUX 300pakeHo /\ /
Ha MaJoHKY 2.167

2.5. fArxuii mepioxg KoJMBaHb MA€ MASATHUK _(2) 3 \ty 9\/‘2

@

<Y

3aBIOBXKKMN 9,8 M, AKIIO HOro MOXXHA BBasKaTu

MaTeMaTUYHUM? sz
2.6. Maatuuk 3aBmoB:XkKu 150 cm 3a 300 ¢
pobuts 125 KosmBaub. BusHauTe MpUCKOPEHHSA 0 T 6 5 PR
BiJIBHOTO NMaAiHHHA. . s
2.7. fIxkuit mepion; BiMTBHMX KOJIMBaHb ITIPY- T
JKMHHOTO MAaATHUKA, AKIIO Maca BaHTaXYy ZfS ©
0,8 Kr, a :opcTkicTh nmpysxuam 20 H/Mm? 9
2.8. BusHauTe 4YACTOTY KOJIUBAHb BAHTAXY T
macoio 400 r, AKWMil TWiABiNIEHO MO TPYKUHU
sKopcTkicTio 160 H/m. 0 3 6 9 19
2.9. BusnauTe Macy BaHTayKy, KUl Ha mpy- -2l
JKUHi, mo Mae xopcTtricte 250 H/m, pobuts 4
20 kosmuBaHb 3a 16 c. T
2.10. BusHauTre mepionm i uwacToTy BiJIBHUX
KOJHBaHbL MaTeMaTHYHOIo MasTHHKA 3aBIOBMK- Maun. 2.16

KH 5 M.

2.11. IIpuuenyieHa [0 OPY:KUHU TUPS KOJUBAETHCSI BEPTUKAJIBHO 3 aMILIITY-
oo 4 cM. BusHauTe MOBHY €HEpriio KOJIUBaHb I'MPi, AKIINO KoeillieHT JKOPCTKO-
cti mpy:kuHu craHoBuTh 1 kH/m.

2.12. 1106 mOIMOMOI'TH BOMilI0 BUTSAI'TH aBTOMOOiJIb, SKUil 3acTpar y 6arHio-
i, KiJbKa JIOJell «pOo3TOUAYIOTH» aBTOMOOiJIb, MPUUOMY IIOIITOBXM, AK IIpa-
BIJIO, BUKOHYIOTH 3a KOMaHA00. Y1 Mae 3HaUeHHA, Uepes sIKi iHTepBaJau yacy
MOaeThCsT KoMaHaa?

2.13. ¥V AKUX cepemoBUIIaX IIOIIMPIOIOTHCS IIO3M0BKHI i momepeuri xBuri?
Yomy?

2.14. Nos:xkuHa xBuai nopiBHIOEe 0,1 M, a mBUAKicTs il mommupenua 0,5 m/c.
Busuaure mepios KoimBaHb.

2.15. Hosxkmuaa xBuii 10 M, epiog KonuBaub 2,5 c. IKa MIBUAKICTH HOIIN-
peHHA XBUJIi?

2.16. IIBuakicTe momupernua xBuiai 20 m/c, ii goBxkmua 40 m. fIka yacrora
KOJINBaHb?

2.17. XBuna iz gacroroo 600 I'm mommupioerbea 3i mBuakictio 320 m/c.
fAra poB:KkuHA XBUJIi?
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Pigens B

2.18. 3a 1 xB BukouyeTrbcsi 180 rapMOHIiUHMX KOJMBAHb, aMILIITy/la AKUX
CTAHOBUTH 7 cM, a ImodyaTKoBa (asa mopiBuioe 0, n/2, m, 3n/2, n. 3aOULIITH
PiBHAHHA TAaKWX KOJUBAHb.

2.19. BusHauTe 3MillleHHSA TOYKY IIPU rapMOHiuHOMY KoJsimBaHHI uepes 0,25
mepiony miciaa itoro mouatkKy; uepesd 0,6 mepiomy micia fioro mouaTky. ITouart-
KoBa (hasa JOPiBHIOE HYJIIO.

2.20. AMmaiTyna rapMOHIiUHOTO KOJMBaHHA TOUuKHU AopiBHIoe 10 cM, a uac-

. . 1
tora 20 I'm. BusHaure IMBUAKICTh i IPHUCKOPEHHSA TOUKH B MOMEHT Uacy 120 c;
1 1

c; — C.

80 40

2.21. MajeHnbKe Tijio poOUTH KOJUBAHHSA, IO OIHNCYIOTHCA PiBHAHHAM
x = 2sin (cos ot + 0, 5). Busnaure ammiriTyny, mepion, mouaTkoBy (hasy KOJH-
BaHb, 4 TAKOX MaKCHMAJIbHI 3HAUEHHS IIBUAKOCTI Ta MIPHUCKOPEHHS TiJja.

Xy 2.22. Busuaure 3a rpadpikamu (maa. 2.17)
MOYaTKOBY a3y KOMKHOTO KOJIMBAJIBHOTO
pyXy. S3amuImniTh PIiBHAHHA KOMKHOTO pPYyXY,
AKIOo X, = 5 cM; v =10 I'm,
ot 2.23. Amniityna konusaub 10 cMm, a uac-
@ tora 0,5 T't. 3anuiiriTe piBHAHHSA 3aJI€KHO-
cTi x = x(t) i mobyayiire fioro rpacdik. Busmnau-
Te ¢azy i amimnienns uepes 1,5 c. Uepes axuit
yac 3Mmimienusa oyze 7,1 cm?

2.24. YacTuHKa B3IIiMCHIOE TapMOHiuHi
KOJIMBAaHHA 3a 3aKOHOM CHHyca 3 mIepiomom
] 3 ¢, amILIiTy01I0 2 CM 1 MOYaTKOBOIO (pasoro,
| 1o popiBHIoe 0. 3anmuIriTh PiBHAHHS KOJIM-
! BaHb i mobyxayiiTe ¥oro rpadik. BcTaHOBITE,
: @) y SKi MOMEHTHM dYacy IIPOTSArOM IIePIIIOTO
| KOJIMBAaHHA TOYKA MOKe IepebyBaTu Ha Bif-
: craui 1 cM Bixg moJsioKeHHsS piBHOBAaru.
|
|
|
|
|
|

XA

<

ey
~

¢

XA

2.25. ToguHHENK, MasgTHUK AKOTO 3aBJ0OB-
JKKM gJopiBHIoe 1 M, mocrimrae s3a go0y Ha
> 15 xB. fIk Tpeba 3aMiHUTHU HOBKUHY MAATHU-
| ot Ka, o0 ToOZVHHWUK II0KasyBaB TOYHUI dac?
! 2.26. Mo muHaMoMeTpa TPUUYENUIN BaH-
: TaX, 1 IOKAXKUUK OIIyCTHBCH Ha 2,5 cm. ITic-
| JIS IIOTO BAHTAXK TPOXHU BiATATHYJIU AOHUBY
| i Bigmyctmau. VYTBopmJMCA KOJWBAHHSA
/\ : HABKOJIO IIOJIOYKEHHsA piBHOBaru. fIka ugacro-
IV Ta KOJUBAHbL?

0 ! . > 2.27. Bagraxx macomo 0,2 Kr, 1110 BUCUTh
[ O  ga MPy:KUHi, 3MIACHIOE KOIMBAHHA 3 aMILIi-
! O] Tymoio 5 cm. Busmaure mepiog KoJMBaHb
BaHTAXY, AKIIO IS BUIOBKEHHA MPYKUHU
Maun. 2.17 Ha 1 cMm morpi6Ha cuna 2 H. Sanumits pis-
HAHHA IIbOTO TAapMOHIYHOTO KOJIMBaHHA,

SKIITO BAHTAXK MMOYMHAE KOJUBATUCS 3 KPAHBOTO IMOJIOMKEHHS.

2.28. 11106 BigBecTHU roiaaky 3 JIOAUHOIO, AKa CUIUTDL HA Hili, HA BeJIUKUHA
KYT, TOTPiOHO IPUKJIACTH 3HAYHY CUJIY. JOMY PO3STOUAATH TOUIAJIKY IO TOTO
€caMOTO BiIXWUJIeHHS 3HAUYHO Jiermie?

2.29. XomuuK Hece Ha KOPOMICJII Bipa 3 BOIO0IO, IIepiof BJIaCHUX KOJIU-
BaHb AKux 0,8 c. 3a aKo0i IMBUAKOCTI PyXy Boja IIOYHE CHJIbHO BUXJIIOIIyBa-
THUCh, AKIIO JOBMKUHA KPOKY XJOIMUMKA HopiBHIOE 60 cMm?

I
I
I
I
I
I
I
I
XA |
I
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2.30. IToBa cmocrepirauky, 1o cToiTh Ha Oepesi piuxku, 3a 6 ¢ mpoiimnuio 4 rpe-
Oeni xBusab. Bimcramp Misk mepimm i uerBepTuM rpebenem 12 m. BusHaute
mepion KOJIMBaHb YaCTUHOK BOMAM, IMTBUAKICTH MOIIWPEHHS Ta MOBKUHY XBWII.

2.31. Pubaaka momitus, 1o 3a 10 ¢ momaaBoK 34iMicHUB Ha XBUJAAX 20 KoJIu-
BaHb, a BifcTaHb MiK cycigHimMu rpebeHsmMm XBuiab 1,2 M. fIKa mBUAKIiCTH
TOIITUPEHHS XBUJIL?

2.32. Big magiHHA KaMeHs Ha IIOBEPXHi BoAM BUHUKJIN XBuJai. Uu mgajiexo
Bif crocrepiraua BIIaB KaMiHb, SKIIO BifcTaHb MiK cycizmimMm rpebeHsamu
0,5 m i 3a 5 ¢ mo cmocrepiraua giimiao 20 XBuJIb?

2.33. JliBumHKa, mepebyBaioun Ha OGepe3i MoOps, BU3HAUMJIA, IO BifICTaHb
Mixk rpebHamu xBuab 12 M. Kpim Toro, BoHa migpaxysaja, 1o 3a 75 ¢ moB3
Hel mpoiimnao 16 rpeduiB. BusHauTe IMIBUAKICTD IMOITMPEHHS XBUJb.

2.34. BuszHauTe BifcTaHb MiK CYCiZHIMH TOUKAMM XBUJi, III0 IIepedyBaioTh
B OJHAKOBUX (pasax, AKIINO MIBUAKiCTH moinmupeHHs xBuiai 330 m/c, a yacTora
KoauBaHb 256 I'm.

2.35. Ilo moBepxHi BoAM HMOMIMPIOETHCA XBUJA 3i MIBUAKicTIO 2,4 M/c mpu
yactoTi KoauBaub 2 I'm. fAKa pisuuiig a3 y Toukax, ImMo JeKaTh HA OJHOMY
npoMeHi i Bigmaneni ogHa Bim ommoi Ha 90 cm?

€ Hag uMM 3aMucauTuca D

2.36. ITonepeuna XBuasA 3aBIOBXKKN 20 M IOIIMPIOETHCA B3JOBXK IPYIKHOTO
mAypa 3i mBuAKicTio 10 Mm/c. MakcumasibHe BiAXUI€HHA TOYOK IITHypa 2 CM.
Busuaute asy KosuBaHb, 3MillleHHA i IMIBUAKICTH TOUKHU, AKa MICTHUThCA Ha
Bifmcrani 48,3 M Big g)Kepeisia XBUJII B MOMEHT 4acy 5 c.

2.37. Touka 3AiMICHIOE KOJWBAHHA 34 3aKOHOM X = X,,,. Sinwt. ¥V medaruit
MOMEHT 3MiIl[eHHA TOUYKM AopiBHIOBaJIO 5 ¢cM. Konu (pasa KoiuBaHb 36iJbIITH-
Jack yaBiui, amimienHsa craso 8 cm. BuaHaute aMmiriTyny KOJMBaHb.

2.38. KosmBaHHA TOUYKM BifOyBalOTHCSA 3a BaKOHOM X = X, cos(mt + (p).
Y nmesaxuii MOMEHT 3MiIlleHHsS TOUKM TOPiBHIOE 5 cM, ii mBumakicts 20 cm/c,
IPUCKOpPeHHA mopiBHIOE 80 CM/C2. Buznaure amMmniaiTyay, IUKJIIYHY YacTOTY,
nepios KoamBaHB i a3y B POSTIIALYBAHUA MOMEHT UYacy.

§ 23. KOAMBAAbHMMN KOHTYP.
BUHUKHEHHA EAEKTPOMATHITHNX KOAUBAHbDb
Y KOAUBAABHOMY KOHTYPI

3MiHHI eleKTpUYHi 1 Mar#HiTHi oA He MOXKYTH iCHyBaTH OKpPeMO OIHEe Bin
OHOT'0, OCKiJIbKM B IIPOCTOPi, Me icHye 3MiHHe MarHiTHe IIoJie, 30yIKYEThCSA
eJIeKTpuUHe IoJe, i HaBmaku. OmHouacHi mepioanMuHi 3MiHM MOB’A3aHUX MiX
€00010 eJIEKTPUUYHOTO i MarHiTHOTO IOJIiB HA3UBAIOTh €JIeKTPOMATHITHUMHU KOJIH-
BaHHAMU. TakuMmM dYmHOM, 11100 OJep:KaTH eJeKTPOMATHITHI KOJMBaHHSA, Tpeba
MaTH eJIEKTPUYHE KOJIO, YV SKOMY €Heprid eJIeKTPUYHOI0 IMOJIsI Morjia O ImepeTBo-
proBaTHCs Ha €Heprilo MardiTHOTO IoJis, i HaBmaxku. OCKiJIbKM MAarHiTHe IoJie
30Cepe/PKeHe IMePeBakKHO B KOTYIIKAX, a eJIeKTPUYHEe — Y KOHIEHCATOPaX, Haii-
IpocTille KOJIO /s YTBOPEHHSA eJEKTPOMArHITHUX KOJIMBAHb MAa€ CKJIANATUCH 3
KoHIeHcaTopa i KoTymiku. Take KOJIO HasWBAIOTh KOJHMBAJIBHMUM KOHTYPOM.
AKTUBHUI OIIip TPOBiTHUKIB, 3 AKWX BUTOTOBJIEHO KOJUBAJILHUN KOHTYD, Mae
OyTHu MaJIuM, iHaKIle eJIEKTPOMATHITHI KOJIUBAaHHA He BUHUKATUMYTDb Y KOHTYPI.

HaiinpocTinmoo ycTaHOBKOIO, y SKill HOCHTH IPOCTO MOYKHA CTBOPIOBATH
€JIEKTPOMATHITHI KOJIMBAHHSA, € €JEKTPUYHE KOJIO, O CKJIAAY SKOT0 BXOAUTH
KOTYIIKA iHAYKTUBHICTIO L Ta KOHAEHCATOP €MHiCTIO C (max. 2.18).

11106 mosxkHa OyJi0 JeTrKO cHocTepiraTw 3a 3MiHaMM HAIPyTru Ha OOKJAaZKax
KOHZeHcaTopa, OO0 HHUX IIpuegHaHo BoabTMeTp V. KoauBamusa MmaioTh OyTu
JocuTh ToBisbHUMEH. ToMy B Takiil ycTaHOBII BUKOPUCTOBYIOTH KOTYIIKY
3HAYHOI iHAYKTUBHOCTI i KOHIEHCATOP BEJWKOI €MHOCTi, BOJIBTMETP 3 HYJIbO-
BOIO IIOJiJIKOI0 MOCEPEeINHi ITKAaJIU.

95
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Axmio samrHyT™M K04 K, To Kommencarop C 3apAguTbhbCcs Bif mykepeia
IOCTiMHOTO CTPYMYy & i BOJIBTMETP IIOKAXKe HaIpPyry Ha iioro obkJagkax. Ilic-
Js Bim'emHaHHSA OiKepesa JKMBJIEHHS BiJ JOCIiIKyBaHOTO KOJia, BOJBTMETP
MIOKa3y€e HaABHICTh KOJIMBAaHb HAIIPYTU, AKi IIBUAKO NIPUINHAIOTHCA. SHAUEH-
Hs i 3HAK HAIPyTru Ha 00KJaJKaxX KOHAeHcaTopa
3MiHIOIOTBCA, IO CBiAUUTH IIPO MEPiOAMYHY
nmepesapAaKy OOKJIAIOK KOHAeHcaTopa.

TakuM 4YMHOM, MOKHA [IiliTM BHCHOBKY:
AKIIIO CHUCTEMY BUBECTH 3i CTaHy piBHOBaru
(BapaguTu KOHAEHCATOP Bil CTOPOHHBOTO MIiKe-
pena), To Imiciaa Bim'emHaHHS IyKepesa B KOJIL
I\ BimOyBaTUMYThCSA KOJUBAHHS HAIPYTH.

K SKIMO eJeKTpOMAarHiTHI KOJMBAHHS MOKHA
Maux. 2.18 oflepyKaTy IIPOCTO, TO CIIOCTepiraTu Ix 3HAYUHO
ckyganmHimie. Amxe Oe3mocepeqHbO HE BUIHO Hi
S mepe3apAgKd KOHIeHcaTopa, Hi 30iJbIeHHA
CUJIN CTPYMY B KOTYINIi, Hi BUHUKHEHHS Mar-
HITHOTO YM eJIeKTpUUYHOTO Iojad. [lo Toro »x Bif-
Cc 3L OyBAIOTHCS €JIEKTPOMATHITHI KOJMBAHHA 3 AYKe
BEJIMKOIO YaCTOTOI0, $SKa 3HAYHO IIEPEBUIIYE

YacTOTy MeXaHiuHUX KOJHBaHb.
b ‘I & ) C}Ioc'repira'm i gJocrim:kyBaTu ejeKTpoMar-
HiTHi KOJMBaHHS 3PYYHO 3a MOIIOMOIOI0 eJeK-
Maun. 2.19 TPOHHOTO ocuuiaorpada (manx. 2.19). 3apagumo
Kougerncarop C Binm mkepesia IOCTIHHOTO CTPyMY
i 3aMKHEeMO HOro Ha KOTYIIKY iHZyKTuUBHOCTI L,
mapaJiesibHO AKill YBIMKHEHO eJIeKTPOHHUMA OCITH-
gorpad. Ha ekpaHi omep:XmMO KPUBY 3aJIEKHO-
cTi 3apsany (abo cuau cTpyMy B KOJIi) Bim uacy —
OCIIMJIOTPaMy KOJIMBaHbL 3apany (abo cuuau
cTpymMy). AMIUIITYya IIMX KOJWBAHb IITBUJIKO
Man. 2.20 3MEHIITYEThCS, TOOTO KOJMBAHHA IIBUIKO 3raca-

oTh (Mag. 2.20).

PoarisuyTi eJeKTpOMAarHiTHI KOJWMBAaHHA OTPUMAJIM HAa3BY BJIACHUX (BLIb-
HUX) KOJIMBAaHb, OCKIIbKY BOHU 3QiMCHIOIOTHCA BiIbHO, TOOTO 6€3 BIJIMBY 30B-
HimrELOI cuym. YacToTy BiJIBHUX KOJIMBaHb Ha3WBAIOTH BJIACHOIO YaCTOTOIO
KOJIMBAJIBHOTO KOHTYPY. BiacHi KOJIMBaHHSA € 3aTyXalUMMHU, IXHA aMILIiTyga
i3 yacom 3mMeHITyeThbCs. [I[pUUMHOIO 3aTyXaHHSA € Te, IO eHEePTid CTPyMy mepe-
TBOPIOETHCS Y BHYTPIIITHIO €HEepriio IpoBoAiB (OCKiJbKM BOHM MAalOTh OMip) i
BUTPAYAETHCA HA BUNPOMIHIOBAHHA €J€KTPOMATHITHUX XBUJIb.

—
3ANMATAHHA O BUBYEHOIO

1. IITo Ha3WBaOTh KOJUBAJTBHUM KOHTYDPOM?

2. HamaJsioliTe cxeMy yCTAaHOBKHU, Y AKilf MOMKHa CIIOCTEepiraTy eJeKTpoMaruiTHi
KOJIUBaHHA.

3. flxuii mpuianm ga€ MOMKJIMBICTH CIIOCTEPIiraTH eJeKTPOMArHiTHI KOJuMBAHHSA?

§ 24. TAPMOHIYHI EAEKTPOMATHITHI KOAUBAHHAL.
YACTOTA BAACHUX KOAUBAHb KOHTYPY

PosrismemMo mMexaHi3sM BUHMKHEHHS KOJHUBAHb Yy KOJUBAJIHLHOMY KOHTYDI.
II1o6 orpumaTu BiJbHI KOJMBaHHSA B MeXaHiuHill KoJuBaJbHIN cucremi,
OoTPiOHO HAmaTH IIili cUCTeMi eHepriio BiJ 30BHIIIHBOTO m:kepesia. ¥ IIpoleci
KOJMBAHb I €HEeprifd IIepioguyHO IIePeTBOPIOETHCS 3 IIOTEHITiaJbHOI B KiHe-
TUUHY, i HaBnaxku. 11106 KoJuBaIbHUN KOHTYDP BUBECTU 3i CTaHY €JIeKTPUUHOL
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piBHOBaru, Iifi KOIWUBAJbHIN crcTeMi TOTPiOHO TaKOXK HaJaTH MEBHY €HEepTiio.
Posrimanemo mocaioBHi cTazgil KoJMBaJIbHOTO IIPOIECY B ifeasi3oBaHOMY KOH-
Typi, omip AKoro ay:ke manauii R = 0. [[15 BUHUKHEHHS B KOHTYpPi KOJMBAHD
KOHJIeHCATOP IIOIlepeIHBO 3apAKaI0Th, HaJal0uu H0ro o0KJIagKaM 3apanu tq.

Toxi B mouaTkoBuii MmomeHT uacy ¢t = 0 (man. 2.21, a) MisK OOKJagKaMH KOH-

2

JeHCaTopa BUHUKA€E eIeKTPUYHe IIoJie, eHepria axoro: W, = g

2C
Axrio KOHJIEHCATOP 3aMKHYTH Ha KOTYIIKY iH;[yKTHBHoc'ri, TO BiH IIOUHE
PO3PAKATHCA i B KOHTypi BUHHKHe 3pocraiounii i3 uacom ctpym I. OTxe,
eHepI‘lH €JIeKTPUYHOTO IOJA KOHAeHcaTopa OyJe 3MEHIIIyBaTHCI, a eHeprid
MAaTHITHOTO ITOJIST KOTYIIIKN — 30iJbIITyBaTHUCH.

Basxarouu, mo R ~ 0, To BigmoBigHO 10 3aKOHY 30epesKeHHsI eHeprii moB-
2 2

Ha eHepridg KOHTYypy Oyme matu Burasan: W = g = . = const, ToMy III0 eHep-

2C
rid Ha HarpiBaHHA NPOBIAHUKIB y TaKOMY KOJMBAJbHOMY KOHTYPi He BUTpa-

T .
YaETbCsA. ¥ MOMEHT 4Yacy t = R KOJUM KOHAEHCATOp IOBHICTIO PO3PSAUTHCS,

eHeprid eJIeKTPUUYHOr'0 IIOJIA 3MEHIIUTLCA N0 HYJsd, a eHepria MarLiTHoOro

moJisi, a OTMKe, 1 cuJa CTPYMY, AOCATHe Haibigbimoro sHaveHHs (mana. 2.21, 0).

ITounnatoum i3 1ILOrO0 MOMEHTY YACy CHJIA CTPYMY B KOHTYpi OyZe sMeHIIyBa-

THCS, OTIKe, IIOUHe CJAOIIaTh MarHiTHe moJie KOTYHIKY If iHAyKOoBaHUI y Hil

CTPYM, AKUI NPOXOAUTHL ¥ TOMY CaMO-

My HaIOPAMKY, II0 ¥ CTPYM POBPAAKU

KoHZeHcaTopa. KoHgeHcaTOp IIOYHE

nepes3apaKaTUCa, IPU IIbOMY BUHUK-

He eJIeKTpUYHE IIoJie, AKe HaMaraTu-

MeTbCA IIOCJAa0UTHU CUJIY CTPYMY, AKUH @

3PEIITOI0 3MEHIIUTHCA [0 HYJAd, a

3apaAn Ha OOKJamKax KOHJeHcaTopa

mocarse maxcumymy (mana. 2.21, 8).

Hani Ti cami mporecu mOYHYTH BimOy- _

BaTUCA y B3BOPOTHOMY HANPAMKY —FE=0 -

(mag. 2.21, 2), i cucrema 10 MOMEHTY  E,; b PER— "““‘T

yacy t = T mOBEepHETLCA B IIOYATKOBUI T, pimmosarn
©

Ilonoskennsa___ 7.1 __
piBHOBaru

. 1BHOBarumu
crau (mau. 2.21, a). Ilicas mporo pos- Lz P

TIAHYTUN UK PO3PAAKM i 3apamKu
Emax %

KOHJIeHCcaTopa IIOYHE IIOBTOPIOBATUCH.
3 HOJ‘IOHCGHHH

fAx6u BTpaT eHeprii He OyJ0, TO B
KOHTYpi BimOyBanumcss © mepiogmuHi
He3aTyXawdi KOoJWBaHHA, TOOTO mepio-
IWYHO 3MiHIoBaaucsa (KoJumBaaucs) O
3apan ¢ Ha OOKJIAZKax KOHIeHCATOpa,
"Hanpyra U Ha KoOHJeHcaTopi i cmia
crpymy I, AKHA TIPOXOAUTH Uepes
KOTYIIIKY iHIYKTUBHOCTI.

OT:Ke, Y KOHTYPi BUHHUKAIOTDH €JIeK-
TPpUYHI KoamBaHHA 3 muepiogom T,
IPUYOMY IIPOTATOM IIEPINOI MOJIOBUHU
mepiofy CTPyM MPOXOAUTH B OJHOMY
HAMPSAMKY, IPOTATOM APYroi IOJOBU-
HU — y mpoTuiexkHomy. KoamBaHHSA
CYIPOBO/KYIOTCA — [€PETBOPEHHAMHU Maux. 2.21
eHepriii eJeKTPUUYHUX 1 MAaATrHITHHUX
TOJIiB.

ITono:xkeHusa __
piBHOBaru

Umax
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EnekTpruHi KOJMMBAaHHA B KOJWBAJHLHOMY KOHTYPi MOKHA IIOPiBHATU 3
MeXaHiYHUMU KOJMWBAHHAMHU HPYKUHHOrO MaATHUKA (Mana. 2.21), aki cympo-
BOI’KYIOTHCS IEPETBOPEHHAMY HOTEHITIaJAbHOL i KiHeTHUYHOI eHeprii MaATHUKA.

2

Yy IOIbOMY BUIIQAKY IIOTEHI[laJIbHA €HepPrid MadTHHUKa En = —— aHaJIOT'14YHa

2

0 eHeprii eJeKTPWMUYHOTO IOJA KOHJeHcaTtopa W, = q—, KiHeTuuHa eHepria

mv’ . ?
MasATHUKA E = 5 eHepril MarHiTHOro moJid KoTymku W, = 5 a IIBUJ-

KiCcTh pyXy MasgTHUKa — OO0 CUJIU CTPYMYy B KOHTYDi.

Poun imepmii masTHMKA OyJe 3BOAUTHCS OO0 CAMOIHAYKIII KOTYIIIKK, & POJIb
CUIU TepTHA, AKA Ji€ Ha MAATHUK, — OO0 OIOPY KOHTYPY.

Ilepeiinemo Tenep A0 KiJIbKiCHOI Teopil IpOIlECiB ¥ KOJIUBAJIbHOMY KOHTY-
pi. Busnaummo mepiox (abo YacTOTy) BIIBHUX eJEKTPUUHUX KOJUBAHbD.
Buxogauu 3 aHaJiorii Mik BiIbHMMMN MeXaHiUHUMU i €JIeKTPUUYHUMU KOJIU-
BaHHAMMU, MOKHA Bigpasy 3amucaTy BHpPas3 AJSA YaCTOTH i mepioay BilIbHUX
€JIeKTPUYHUX KOoJIMBaHb. OCKiJIbKM y (GopMYyJTi IUKJIIYHOI YAaCTOTHU BiIBHUX

. k . 1
KOJMBaHb TATapls Ha NPYKUHI o, = ,/— — BeJuUYMHa £k aHajoriuHa g0 —,
m C
a m — nmo iHgyKTmBHOCTI L, TO i yacToTra BiIbHUX €JEeKTPUUYHUX KOJUBAHb
1

Ma€ JOPiBHIOBATH My = ,/—.
LC

g nepiogy BiIbHMX KOJMBaHBb y KOHTYPiI MOKHA 3aIlMCaTH:

T = 2n =2nVLC.
®

ITro hopmyny HaszuBaioTh (hopmysaoro TomcoHa Ha dyecTh aHTUIiHICBKOTO (hisu-
Ka, IKWUY i1 BIiepIie BUBIB.

OrpumaHi pesysbTaTy OpaBuJbHi. IIpoTe BBakaTu iX CTPOTO HOBEIEHUMU
He MokHa. Tpeba mokasaTu, 1[0 PiBHAHHSA, AKe OMKUCYE €JeKTPUUHI KOJIMBAH-
HS B KOHTYpi, 3 MaTeMaTUYHOTro OOKYy He BiApi3HAETHCA Bij PiBHAHHA, AKe
onmcye BiibHI MexaHiuHi KosuBaHHA. JIullie micasa 1mboro MOKHaA CTBEPAKYBa-
TH, M0 MeXaHiuHi ¥ eJeKTPUYHi KOJMBAHHS IIiAHOPAIKOBAHI TUM CaMUM
KiJIbKiCHUM 3aKOHaM.

SK BimomMo, KoopAMHATA B MeXaHIUYHMX KOJMBAHHSX, KOJU B IIOYATKOBUN
moMmeHT (¢t = 0) BigxujaeHHA BiJ IIOJOKEHHSA PiBHOBarm MaKCUMAaJbHE, 3MiHIO-
€THhCA 13 YaCOM 3a TapMOHIYHUM 3aKOHOM: X = X, . COS ®yt.

3a TakMM caMUM 3aKOHOM 3MiHIOETHCSA i3 YacoM 3apsl KOHAeHcaTopa:

q = Q0. COS Oy,
Ie q,,, — AMILIITY]a KOJINBAaHb 3apAAy. 'apMOHIYHO KOJIMBAETHCA 1 CUIa CTPYMY:

n
i=1I,,, cos (ooot + Ej’

gel, .. = q,..00 — aMILIiTy[a KoruBaHs cunu crpymy. KonuBanusa cunu crpy-

q, i . .
T\ m mq My 3Mmimeni 3a ¢azoio Ha g 11010 KOJIU-
OW W w BaHb 3apany (maxa. 2.22) i, momibHO mO
i

KOJIMBaHb IIIBUJKOCTI PyXy TATapia Ha
Maan. 2.22 OPYKUHi, BUIEepeIKaloTh 3a (pasoio Ha

T
E KOJIMBaHHA KOOpAMHATH.
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IiticHo, yHACIiIOK €HEepreTMYHUX BTPAT KOJIUBAHHA OYyAYTh 3aTyXalOUNMMU.
o Gimpmuii omip R, To Ginbinimm Oyne mepion KoauBaHb. KosMBaHHA HaIpyTru
OyIyTh OMMCYBATHCA 3a TaKUM 3aKoHOM: u = U, . c0s ®gt.

—
3ANMATAHHA 0O BUBYEHOIO

1. ITpoBeniTh aHaMOTiI0 MijK €JIEKTPOMATHITHUMHY 1 MeXaHiYHNMU KOJUBaHHAMU.

2. 3anuIriTs piBHAHHA rapMOHIYHOI'0 KOJIMBAHHA 3apALy, CUJIHN CTPYMY 1 HAIpy-
T B KOJIUBAJIHLHOMY KOHTYDI.

3. 3a AK010 (GOPMYJIOI0 BU3HAUYAIOTEH BJIACHY YAaCTOTY BiJILHUX €JIeKTPOMATHITHUX
KOJUBaHb?

§ 25. BUMYLUEHI EAEKTPOMATHITHI KOAUBAHHAL.
PE3OHAHC

BinbHi KosmBaHHA, AKI MU B)Ke POIIVISAHYJHU, € IIEBHOKIO imeasizariero.
Peanbuuit KouBaJbHUNM KOHTYP 3aBKAU YNHUTH IIEBHUM OIpP €JEKTPUUYHOMY
ctpymy. ToMy YacTuHA HagaHOI KOHTYPY eHeprii OesmepepBHO IIE€PETBOPIOETH-
csg Yy BHYTPINIIHIO €Hepriio IIPOBOMIB, a YaCTUHA eHeprii BUIPOMIHIOETHLCS B
HaBKoJHIIHIN mpocTip. Ile o3Hauae, 110 BijbHI €JeKTPOMArHiTHI KOJMBaHHA
B KOHTYPi MPaKTUYHO 3aBKau € 3racatounmu. II{o 6inpimuii omip KOHTYpPY, TO
IMIBHU/IIE BiAOyBaeThCA 3aTyXaHHA. SIKIIO OIip KOHTYPY AYsKe BEJIUKUI, KOJIU-
BaHHA MOJKYTb 1 He BUHUKHYTU — KOHIEHCATODP PO3PAAUTHCA, a Iepe3apsA.-
JKaHHS Moro He BimOymeThbCH.

Oco0JMBO BasKJIMBi i IIIMPOKO 3aCTOCOBYIOTHCS ABTOKOJUBAHHSI — HE3aTYy-
Xaui KOJMBAaHHA, fKI HiATPUMYIOTHCA B KOJUBAJBHIN cHCTEeMi 3aBIAKU
IMOCTiHHOMY 30BHIIIIHBOMY [JsKepeJly eHeprii, MpuYoMy BJIACTHMBOCTI ITUX KOJIM-
BaHb BU3HAYAIOTHCS CaAMOIO CHUCTEMOIO.

EnexTpuuni aBTOKOJIMBAJIBHI CUCTEMHU IITMPOKO BUKOPHUCTOBYIOTHCA B Cydac-
Hifl TexHIIi A OTPUMAHHA HE3aTyXalouWX eJIEKTPOMATHITHUX KOJWBAaHbDb
BUCOKOI yacToTu. IIpuHIINTI il IIUX CHUCTEM CXOMKUU 3 IIPUHIIUIIOM il MexaHiu-
HUX aBTOKOJIMBAJIbHUX CHCTeM. EJeKTpuuHa aBTOKOJHBaJIbHA CHCTEMa Mae€
KOJIMBAJILHUNA KOHTYP, HiJCHJIIOBAY KOJMWBAHB i M)KepeJio eJeKTPUYHOI eHeprii
(6arapeiro). Misk KoJMBAJIbHHM KOHTYPOM i IificujioBaueM Ma€ iCHYBaTH 3BO-
pOTHUI 3B’SI30K — KOJMBAHHA 3 KOHTYPY HAAXOISATH Y HifiCUIIOBAY, IIiCHUJIIO-
IOThCS 3a PaxXyHOK [iKepeja eHeprii i moBepraioThbcsA Hasal y KOJUBAJIbHUHN
KouTyp. Iy:Ke BasKJIMBO, 11106 KOJMBAHHA, AKi HaAXONATH BiJA migcuiioBaua B
KOHTYP, 30iranucs 3a (ason 3 KOJIMBAHHAMU B CAMOMY KOHTYPi.

Icuye 6araTo aBTOKOJIMBAJIBLHUX CUCTEM SK 3 €JIeKTPOHHUMM JIaMIaMU, TaK
i 3 Tpamsucropamu. Ha mamioHKY 2.23 MOKas3aHO CIPOIIEHY CXEMY eJIEKTPUY-
HOI aBTOKOJMBAJBLHOI CHCTEMH — aBTOTe€HepaTopa eJeKTPOMAarHiTHUX KOJIU-
BaHb Ha Tpausuctopi. KoaumBanbuuii KoHTyp LC yBiMKHEHO OO0 m:KepeJja
nocrifinoi EPC mociigoBHo 3 TpamsuctopoM. B emiTep — 6a3oBe K0JI0 TpaH3U-
cTopa — yBIMKHyTa KoTymKa L, , IHAyKTUBHO 3B’sA3aHa 3 KOJUBAJIBHUM KOH-
TypoM. I1f0 KOTYIIIKY Ha3MBAIOTh KOTYIIKOIO 3BOPOTHOTO 3B’ aA3Ky. [lapasiesbHO
KOJIMBAJIBHOMY KOHTYPY YBIMKHYTO
€JIeKTPOHHUM ocruaorpad [IJs cIocTe-
PeKeHHs eJIeKTPOMAarHiTHUX KOJMBAHb.

T'eneparop KuBUTBCA Big mAKepesa N\
HOCTiliHOI HAIIPYTHU. (y l
Posraanyrti BuIlie KoIuBaHHA Big0y- L.3leL C

BaJIMCcs i3 wacToTaMu, AKi BI3HAUYAIOTh-
cdA IIapaMeTpaMu caMoi KOJMBaJbHOI t
cuctemu. 11106 y peasbHill KOJIUBAJIbHINA K
cuCTEeMi OoTpMMaTH He3aTyXalodi KOJIu- +2 ;—
BaHHs, Tpeba KOMIIEHCYBATH BTPATHU
eHeprii.

Man. 2.23
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Koaupauns, mo BHUHUKAIOTH i giero soBHimmHELOI EPC, axa nepiogumuno 3mi-
HIOE€THCS, HA3SHBAIOTHh 6UMYUEHUMU eLeKMPOMAZHIMHUMU KOLUGAHHAMU.

s Toro mo6 y KOJMBaJIbHOMY KOHTYPi BUHMKANN BUMYIIIeHI KOJIUBaHHA,
Tpeba M0 KOHTYPY miaBectu 3oBHimHIO EPC, aKa mepioguyHo 3MiHIOETHCS 3a
rapMOHIUHUM 3aKOHOM:

% _ <o
& = & ppax COS O,

Ao B AaKomMy-HeOyAb KOJMBAJIBHOMY KOHTYPi Bech dac [Ii€ TreHepaTop
3minzoro crpymy, To EPC rereparopa 30ymsKyBaTuMe B IILOMY KOHTYpPi 3MiH-
HUU eJeKTPUYHUU cTpyM i3 uactoror KosmBaHHs EPC remeparopa.

YacroTa mmx BUMYIIEHMX KOJHBAHb B3araji He 30iraerbca i3 4acTOTOIO
BJIaCHUX (BiIbHMX) KOJMBAHb KOHTYPY.

Ao g souimuaa 3mirna EPC mae mocrifiny ammiityny, To i BumyineHi
KOJIMBAaHHS B KOHTYPi BiZOyBAaTHMYTbCA 3 IIOCTiHOIO aMILIiTyZ0I0, TOOTO
OyIyTh HE3aTYXaIUNMMU.

TakuM YMHOM, V KOJUBAJILHOMY KOHTYPi MOXKYTBL iCHYBaTH ABa TUIIN KOJIU-
BaHb: BJIACHI KOJIMBAaHHS, YaCTOTA AKUX BU3HAUYAETHCA BJIACTUBOCTSIMU CAMOTO
KOHTYPY, HOT0 iHAYKTUBHICTIO i €MHiCTIO, Ta BUMYIIIEHI KOJMBAHHA, YacTOTa
AKUX BU3HAYAETHCA Ai0uoio B KOHTYypi EPC i moxxe OyTu mOBiIBHOIO.

ITpu 36am:keHHi yacTOTH BJIACHUX KOJMBaHb KOHTYpPY i wactoru EPC, mio
Iie B KOHTYpIi, crocTepiraerbcsa 30iJIbIIIEHHS CTPYMY B KOHTYPi, a KOJU HacTae
30ir yacToT, Oomip KOHTYPY CTa€ HAWNMEHIIMNM, a CHUJIA CTPYMY CTa€ HaHO0iab-
mroo. Takuii BUIIaJOK € 0COOJIMBO BaKJIMBUM, MOTO HA3WMBAIOTh PE30HAHCOM.

HBI/III.le piSROI‘O 3POCTaHHA aMl'IJIiTyJII/I BUMYIIIEHUX KOJMBaHb, KOJIHA YaCTO-
Ta iX HAaOJAMKAETHCA OO0 YaCTOTH BJIACHHUX KOJHMBAHb CHCTEMH, HA3UBAIOTh
pe3onancom:

1

0, = ——.
°JLc

3aJIe’KHICTh aMILIITYU CUJIM CTPYMY BiJ dacTo-
: TU OJA PidHUX OMOPiB IMOKAa3aHO Ha MaJIOHKY 2.24.
i OpuouacHO 31 30iJMBIIEHHAM CHJIM CTPYMYy I dYac
: pesoHaHCy pPi3KO 3pOCTaloTh HANIPYTW HA KOHAEHCca-
R, TOPi Ta KOTYMIIi iHAYKTMBHOCTI, AKi Ipum MajJoMy
bV aKTUBHOMY OIOpi B 6araTo pasiB IepeBUIIYIOTH 30B-

I max A

HIITHIO HAIPYTY.

—
SANMATAHHA 0O BUBYEHOIO

1. 3a AKUX YMOB B €JIEKTPUYHOMY KOJIi BUHUKAIOTH BUMY-
IIeHi eJIeKTPUYHI KOoJIUBaHHSA?

2, IITo Take aBTOKOJUBaHHA?

3. 3a AKUX YMOB BUHHUKAE €JIEKTPUYHUNA pe3oHaHC?

4. Y yoMy BigMiHHICTHL aBTOKOJIMBAHb BiJl BUMYIIIEHUX KO-
JIUBaHb i BIILHUX KOJUBaHb?

ey

0 ®g

Maan. 2.24

MigroTynTe MynsTMMeaiiHy NnpeseHTauilo Ha TeMy «Ponb aBTOKONUBaHb Y TEXHILi».

§ 26. 3SMIHHMM CTPYM. TPAHC®OPMATOP. .
BUPOBHUNLUTBO, MNMNEPEAAYA TA BUKOPUCTAHHA EHEPTII
EAEKTPUHHOIO CTPYMY

Ao emekTpuuHe KOJIO Him’emHaTw mo mKkepena sminaoi EPC, To Ha eex-
TPOHU B MPOBiIHUKY IIOUHE MiATH 3MiHHA cHMJIa, AKa IIPUMYCHUTh iX mepeMiIlyBa-
tucs. Ilpu mboMy pyX eJeKTPOHiIB Oyae TOUHO IMOBTOpIoBaTH XapakTtep 3mia EPC.
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3minHUU cmpym — 1e, 0 CyTi, BUMYyIIeHi KOJTUBAHHA €JIeKTPHYHUX 3aps-
OiB y MpOBimMHUKY mim micro mpurkmageHoi smiaaoi EPC.

3MiHHUI CTPYM 3a XapaKTepoM 3MiH CHJIM CTPYMY Mo:ke OyTH HalipisHoMa-
HiTHimuM. Ha#fibiasin BaKJINBUMU € CTPYMHU, CUJIA AKUX 3MiHIOETHCA 3a rap-
MOHIYHUM 3aKOHOM (3a 3aKOHOM CHUHYCA UM KOCHHYCA).

PosriamemMo 3aMKHeHHIH KOHTYP ILIOIIEI0 S B OJHOPiIZHOMY MAartiTHOMY
moui, iEayKmis axoro B. Koutyp piBHoMipHO oGepraerhess HaBKOJO oci OO’ 3
KYTOBOIO IIBHUAKicTIO ® (Maja. 2.25).

1,
&A . ¥

g;) ______ & > >

! v
Igt--f--5a-
// : \\\

0 e

Maun. 2.25 Maun. 2.26

MaruiTHu#I TOTiK, AKWUN HPOHM3YE KOHTYP, BU3HAYAETHCA 3a (hOPMYJIOIO
@ =BScosq, ge 00 — KyT MiK MepPIeHIUKYJIIPOM 7i OO0 ILJIOIIUHU KOHTYPY i
BeKTOpOM B.

¥ mporieci piBHOMipHOro 00epTaHHA KOHTYPY KYT IOBOPOTY O 3MiHIOETHCS
i3 yacoM 3a 3aKOHOM O = ®f, a MATrHiTHUH IOTiK, AKUU IIPOHU3YE KOHTYP, 3a
sakouom @ = BScosa. AD D, — P

V samMkHeHOMY KOHTYpi BuHMKae EPC imgykmii , = —— = 12 3ma-

At At
YeHHS AKOI y IeBHUH MOMEHT dYacy OyJae BuU3HAYaATHUCA 3a (QOPMYJIOI0:
& = owBSsina,

Ax BumimBae 3 dpopmynu EPC imgykiii, mo BUHUKae B 3aMKHEHOMY KOH-
Typi, AKUIH PiBHOMipHO 00epTaeThCs B OJAHOPIMHOMY MArHiTHOMY IOJIi, 3MiHIO-
€ThCS i3 yacoM 3a 3akoHOM cuHyca (Maj. 2.26). .

EPC inaykiii makcumanabHa nopu sin ot = 1, To6To mpu o = ot = 5

Beanuuny &, ,, = ®BS nazuBarore ammiitysaum sHadenHaM EPC inmykmii.

SIKOI0 TaKME KOHTYP 3aMKHYTH Ha 30BHIIITHE KOJIO, TO II0 KOJY IIPOXO.IN-
TUME CTPYM, CUJa i HAIPAMOK SIKOTO 3MiHIOIOTHCH.

MurTeBe 3HaUEHHS 3MiHHOTO CTPYMY, IITO0 IPOXOAUTHh aKTUBHUM omopoMm R,
BU3HAUYMMO 3a 3aKoHOM OmMma:

& 7
I= B %sinmt =1,,.sinot,

ge I, . — aMIIiTyAHe 3HAUEHHS CUJIMU CTPYMY.

IarepBaa uacy T, nporarom akoro 3minHa EPC 3aiiicHIOE OmHEe ITOBHE KOJIH-
BaHHSA, HA3UBAIOTHh NepPiodom 3MIHHO20 cmpymy.

KiapKicTh MOBHUX KOJIMBaHb, AKi 3MiMCHIOIOTHCA 3a 1 ¢, HAa3MBAaIOTh YA CMO-
moto 3MiHHO020 cmpymy V.
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IIpoxonsiun B KOJIi eJIEKTPUYHUI CTPYM BUSBJISAE TEILJIOBY, MAarHiTHY, MeXa-
HiuHy Ta iHmm aii. ¥ KoKHOMY BUIIAAKY IA Oisd 3aJeKUTH BiJl CUJIN CTPYMY.
VY pasi mpoxomKeHHA IOCTiMHOrO CTPYMY KiJIBKiCTh TEIJIOTH, M0 BUAIJIAETHCA
Yy IPOBiTHUWKY, IPONOPI[iiHA KBaJpary cuiau cTpymy. s sMiHHOTO CcTpyMmy,
abCcoJIIoTHE 3HAUEHHA SIKOTO 3MiHIOETHCA BiJ HYJIA OO aMILIITyJHOTO 3HAYEHHSI,
moTPiOHO 3HATH [AESAKWI eKBiBaJIEHT IIOCTiHOTO CTPYMYy, AKWN BUABJIAB Ou
TaKy camMy [nOifo, AK i samimHui# ctpyMm. Taxuii eKBiBaJeHT BCTAaHOBJIOIOTHL 3a
TemJIoBoIO fieto. Ilim yac mpoxoPKeHHA ITOCTIMHOTO CTPYMY B IIPOBIIHUKY, OIip
Axoro R, sa vac t BUAiIsAeThCA KimbKicTs Temaorn: @ = I°RE.

Cuny 3MiHHOTO CTPyMYy, IIPU IIPOXOIKEHHIi SKOT0 KpPish pPE3UCTOpP TOTro
camoro omopy R mporarom uvacy ¢ BUAIJIAETHCSA TaKa caMa KiJbKiCTh TEIJIOTH
@, Ha3sWBAIOThH AiI0U0I0 a00 e(PeKTUBHOIO.

Tob6To MOKHaA CTBEPAKYBATH, IO Ail0Uue 3HAYEHHS CHUJIM 3MiHHOTO CTPYMY
JOPiBHIOE CHJII IIOCTIHHOIO CTPyMy, IO BUIiJIsIE B IPOBITHUKY TaKy camy
KiJIBKiCcTh TemjIoTH, AK i 3MiHHUN CTPyM 3a TOW caMHuii 4ac.

3anuiieMo BiAMMOBiAHI CIiBBiZHOINEHHS MiK e(peKTHBHUM i aMIJIITyIHUM
3HAYEHHAMU CHUJIM 3MiHHOTO CTPyMY.

Bennumny, 1110 mTOpiBHIOE KBagpaTHOMY KOPEHIO i3 cepeqHBOrO 3HAUEHHS
KBaJpaTa CUJU CTPYMY, HAa3WBAIOTh MilOUMM 3HAYEHHAM CHJIU 3MiHHOTO CTpPY-

= I
my (edextusne): I, = Vi 2 -0,
V2
Bennumny, 110 mopiBHIOE KBagpaTHOMY KOPEHIO i3 cepegHBOrO 3HAUEHHS
KBajJpaTa HAIpPyru, Ha3WBAIOTh JiIOUUM 3HAYEHHSIM HANPYTH 3MiHHOTO CTPYMY

U
(ebextusme): U,, =i® = —2.
? J2

Y Koii 3MiHHOTO CTPyMy aMIepMeTpP i BOJBTMETP HOKAa3yIOTh He MAaKCH-
MaJIbHI (aMILTiTYyaHi) i He MUTTEB] 3HAUEHHSA CUJIM CTPYMY i Hampyru, a edex-
TuBHi (aitoui). Hanpurnag, axmo U, = 220 B, To U, = J2.220 B =311 B.

Iiss omep:KaHHA MHUTTEBUX B3HAUEHb CHUJIM 3MIHHOTO CTPYMYy i Hampyru
KOPUCTYIOThCSA OcIuiorpadom.

OpnHielo 3 Ba)KJIMBUX IlepeBar 3MiHHOTO CTPYMY HaJ MOCTiiHHM € Te, IO
CIJTy CTPYMY i Hapyry 3MiHHOTO CTPYMY MOYKHa B HAWIITUPIINX MEXax mepe-
TBopoBaTH (TpaHchopMyBaTu) 6e3 iCTOTHHX BTpAT MOTY:KHOCTi. I[JIs 3MeH-
IIeHHSA BUTPAT eJIEKTPUYHOI eHeprii B JiHiAX eJeKTpomepenayd CUJIy CTPyMy B
HUX 3MEHIIYIOTh, a HAIPyry 30iJbIIYIOTH IO COTeHb THUCAY i OijbIlle BOJIBT, a
B MICI[IX CIOKMBAHHA €JEeKTPOeHeprii Hampyry 3HMKYIOTH A0 HeoOXimHmx
3HAaUeHb (CuJjia CTPYMY IPU IIHOMY BiATIOBiTHO 36iJBIITYETHCS).

Tpancgopmamop — mpuIan, IPU3HAYEHUH I IEePETBOPEHHS ITapaMeTpiB
3MiHHOTO CTPyMY, L0 CKJIAJAETHCA 3 BUTOTOBJIEHOTO 3 M’IKOro hepomarute-
THKAa ocepAs 3aMKHeHOl ¢opMH, HA AKOMY BCTAaHOBJIEHO JABi OOMOTKHM —
IEePBUHHY i BTOPUHHY.

VYuepie TpaHchopMaTop CKOHCTpyoBaB y 1878 p. pocilicbKuii yueHui
ITaBmo fA6aouxoB (1847-1894), a Ha mouaTKy XX CT. HOro BIOCKOHAJIUIU
mpodecop Cemen Ycarmit (1875-1944) i mpodecop KuiBchkoro yuiBepcurery
Muxaiino doaiBo-Jo6poBoascekuii (1861-1919).

TpaHchopMaTOp CKJIATAETHCA i3 3aMKHEHOTO ocepada 3 epoMarLeTuKa, Ha
AKOMY PO3MIIYIOTh ABi (iHKOJIM OiJbINIe) KOTYIIKMN Yy BUTJIAIL OOMOTOK 3 IPO-
Ty. OgHY OOMOTKY, IKY BMUKAIOTh y IKEepeso 3MiHHOI Hampyru, Ha3mMBaIOTh
MIEPBUHHOIO0, APYTY OOMOTKY, 0 SKOI IPUEAHYIOTh «HaBaHTAKEHHA», IO CIIO-
JKMBa€ eHepriio, Ha3mBalOTh BTOPUHHOIO (MaJ. 2.27).

Po6Gora TpaHchopMaTopa I'PYHTYEThCA Ha ABUIIL eJeKTPOMAarHiTHOI iHAYKITii.
Posrnamemo mpuHnumn woro mii. Hexailt Ha BXim TpamchopMmaTopa IIOZAETHCS
smirHa Hanpyra U,. B ocepai Tparchopmaropa BHHHKA€ 3MIiHHNI MarsHiTHHN
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o
IKepesa

]

Maun. 2.27

o
CIIO}KMBAYA

MOTiK, AKWI IIPOHM3YyE i NMEePBUHHY, i BTOPMHHY OOMOTKM TpaHchopMaTopa.
Y mepBuHHIiN i BTOpUHHIT 00MOTKaxX BimmoBigHo BuHMKaoTh EPC camoinmyKiIrii:

ge N, i N, — kinpkicTs BUTKIB mepBHHHOI i BrOpHHHOI OOMOTOK.
BusnaunMo Hanpyru Ha BXOAi i Buxoni TpauchopmaTopa:

AD , AD
U =LR -¢, =R +N,— iU, =1,R,— & =1I,R, + Ny, —,
Ar Ar
ge R, i R, — BigmoBifHO omopu nepBUHHOI i BTOPHHHOI 00MOTOK TpaHchopMa-
Topa; I, 1 I, — cuiau cTpyMmiB, AKi NPOXOAATH IO IIePBUHHIN 1 BTOPHHHIN

00OMOTKAaX.

PosrisiHeMo BHUIAZOK, KOJM BTOPDMHHA OOMOTKa posiMkHeHa, Tobro I, = 0
(xosoctuii xim). TexHiuni TpaHchopMaTOopu KOHCTPYIOIOTH TaK, III00 BUKOHYBA-
gack ymoBa IR, << &;, To6TO OOMOTKH TpaHC(hoOpMaTOpa MAalOTh HeBeJHKUIl
aKTUBHUH OIip, ajie BeIUKY iHAYKTUBHICTh. IloaiiMBINIY ITIOUIEHHO OlHE HA OJHE

. u, N
PiBHSHHSA HAIPYT, OTPUMAEMO: — = ——.
U, N,

Hamnpyra ma xinmax mepBUHHOI 00MOTKHK TpaHchopMaTopa TaK BiTHOCUTLCS
0 HAIPYTX HA KiHIIAX #0ro BTOPUHHOI 0OMOTKU, AK KiJIbKiCTh BUTKiB IIePBUH-
HOI OOMOTKM BiJHOCUTBHCA 0 KiJBKOCTi BUTKiB BTOpuHHOI 00MOTKHU. Ile BimHO-

IIeHHA HAa3WBaIOTh KoedillieHToM TpaHncdopMaiiii: £ = &
2

Ao £ > 1, To TpanchopmaTop Oyae SHMKYBAIBHUM, AKIT0 £ < 1 — mix-
BUIIYBAJIbHUM.

Tpancpopmarop mepeTBOpIOE 3MIiHHUI €JI€KTPUYHUI CTPYM TaK, IO BiIHO-
IIIeHHA CUJIN CTPYMY A0 HAIPYyru MPUOIN3HO OJHAKOBE B MEePBUHHIiN i BTOpUH-
Hilf 0OMOTKaX.

3a I0TIoMOTroI0 TpaHCc(opMaTOpa BHUKYIOTh 3HAUEHHSA CUJIU CTPYMY i 36iB-
IIYIOTh HANPYTY Mg dac TIepe/IaBaHHA enekTpuuHoi eHeprii. Ile cupuse suH-
JKEHHIO TeIUIOBHX BrpaT (@ = I°Rt — 3aKoH Hexoyna—Jlenna). Bpaxosyroun,
[0 MOTY’KHICTH CHJIM CTPYMY BHBHAYAETHCA AOOYTKOM HANPYTH i CHIU CTPY-
My, TaKe BMEHIIEeHHA CUJIM CTPYMY He BMiHWUTH Ie€peJaHoi IOTYXHOCTI.

IlepesaBanHs ejeKTpOeHepril Ha BeJMKi BifcraHi 3AiCHIOIOTH IpU HAIIpPY-
rax y KiJbKa COTeHb THUCSIY BOJIBTiB. ['eHepaTopu MOTYKHUX €JEKTPOCTAHIIIN
BUPOOJIAIOTh CHJIYy CTPYMYy Hampyrowo Bim 6 mo 20 xB.

Ilepiri remeparopu 6yio crtBopero B 50-x porkax XIX cr., a Bike B 70-x
POKax movaJiocsd iXHE IPOMUCJIOBe BUPOOHUIITBO. Temep piBeHb BUPOOHUIITBA
1 cmosKUBaHHA eHeprii — HaWBa'KJIUBIIININ NMOKA3HUK PO3BUTKY NIPOAYKTUB-
HUX CHUJ cycHiJbcTBa. ['0JIOBHEe 3HAUEHHS IIPU I[HOMY MAa€ eJeKTPOeHepTis —
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HaWyHiBepcaJbHiIIa i Ha3py4YHiNIa AJIA BUKOPUCTAaHHA (hopMa eHeprii.

EnexTpoenepriro B YKpaini BupobasaoTs Ha TemnoBux (TEC i TEILL), rigpo-
(T'EC), aromuux (AEC) i BitrpoBux (BEC) esmeKTpocTanmiax.

H:xepesom eneprii Ha TEC i TEL] (TenoenekTporieHTpaab) € BYTiJIsd, ras,
Top(, MasyT Toito, Ha 'EC — moreHIiiajibHa eHeprisa Boau, migHAToI rpebJiero,
Ha AEC — samepHe majuBO, po3MillleHe B TeILTOBUAIIbHUX eneMeHTax (TBEJI)
AxepHOro peaktopa, Ha BEC — enepria BiTpy.

Hna mepenaBaHHA eJeKTPOEHEPTil BiJi eJeKTPOCTAHIIH BUKOPUCTOBYIOTH
TpaHchopMaTOPH AJIA IIiABUINEHHA HAIPYTH OO0 KiJIbKOX COTEHb KiJIOBOJBTiB.
Ha wmicmax cooKmBaHHA eJeKTPOeHeprii 3a momoMororm TpaHchopMaTopiB
HAIPyry 3MeHINyTh (May. 2.28).
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CyuacHa muBigizamia He MOMKe icHyBaTm 0e3 IIIMPOKOTO BUKOPUCTAHHSA
enexTpoeHeprii. IlopyIeHHs mocTavuaHHA eJeKTPOeHEPrieo BeJIMKOro MicTa
BHACJiIOK aBapii mapaJisye #oro *KUTTS.

ITonax 90 % eneprii, AKYy CHOMKUBAE JIOACTBO, OTPUMYIOTH BijJl CIIaII0BAHHS
ByTriniasa, "HadpTH, rasy. iasa mboro BUKOPUCTOBYIOTH TEIJIOBI €JIeKTPOCTaHIIIT,
Ha SKUX XiMiuHa eHeprisa majuBa IIepPeTBOPIOETHCSA B €JIeKTPUUHY. 3a PAXyYHOK
3TOPAHHSA IIaJWBa BigOyBaeTbCcs HarpiBamHA BOAU, IIEPETBOPEHHs ii B mapy i
HarpiBanHA napu. CTpyMiHb IMapu BUCOKOTO THUCKY CIIPAMOBYETHCA Ha POTOPHI
JomaTi mapoBoi Typ6inu i mpumyiye ix obeprarucsa. Porop TypOinu obeprae
poOTOp TreHepaTopa eJeKTPUUYHOTO CTPyMy. ['eHepaTop 3MiHHOTO CTPyMy Hepe-
TBOPIOE MEXaHiuHy €Hepriio B eHepriio eJeKTPUUYHOTO CTPYyMY.

3MiHHUHA CTPYM BijJ reHeparTopa II0 IIPOBiIHNMKAX HAAXOAUTH OO CIIOMKUBAUIB,
e eJJeKTPUUYHA eHeprisd IepeTBOPIOETLCS B iHINI BMAM eHeprii. 3a JOIIOMOIO0
€JIEKTPOIBUT'YHA 3MiHHOTO CTPYMY €HEpPTisf eJIeKTPOMAarHiTHUX KOJHBaHb IIepe-
TBOPIOETHLCA B MEXaHIUHY €Hepriio, a B JaMIlaX PO3KaploBaHHSA, y CIIipajasax
€JIEKTPOHATPiBaJIbHUX MPUJIAJIB €JIEKTPUYHA €HEeprid 3MIiHHOTO CTPyMYy Iiepe-
TBOPIOETHCA Y BHYTPIIIHIO eHeprito. EJeKTpUUHY eHeprilo IMIMUPOKO 3aCTOCOBY-
I0OTh V IIPOMMCJIOBOCTI, CiILCBKOMY T'OCIIOAAPCTBi, Ha TPAHCIOPTi TOIIO.

CyuacHa eJIeKTpOoeHepreTuKa Ma€ YuMaJjo mpobJsieM, 3yMOBJIEHUX BUCOKOIO
BapTiCTIO IMAJILHOTO, HETaTUBHUM BILJIMBOM Ha eKoJjoriito Toiro. Tak, rigzpoeHep-
TeTUYHI TeXHOJIOTil MaloTh 6araTo mepeBar, ajge € i 3HauHi Hemosiku. IIpuwmi-
poM, IOIIOBi ce30HU, HM3bKI BOAHI pecypcH MiJ yac 3aCyXU MOXKYTb CEPHO3HO
BILIMBATHU HA KiIbKicTh BuUpoOseHoi exeprii. Ile Moske cTaTu 3HAUHOIO IIPOOJIe-
MOIO TaM, e TiIPOeHepPris CKIaJae 3HAUYHY YaCTUHY B €eHEPTeTUYHOMY KOMILIEK-
ci kpainu. ByaiBHUIITBO rpedesib € IPUUNHOIO 0araThox IIPo0JieM: IepeceaeHHs
MEIIKAHIIB, MepeCUXaHHA IPUPOTHUX PyCeJ PivoK, 3aMyJeHHS BOJOCXOBWUIIL,
BOJHUX CYIEePeUoK MiK cycimmiMm KpaiHamm, 3HAYHOI BaApTOCTi IIUX IIPOEKTiB.
Byzaisaunreo 'EC Ha piBHMHHUX piuKax IPU3BOAUTHL A0 3aTOIJIEHHSA BEJIUKUX
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TepuTOopiii. 3HaUHA YACTHHA ILJIOII BOAOWM, II0 YTBOPIOIOTHCI, — MIiIKOBOIISI.
Y nmiTHi#T yac Imig BIJIMBOM COHAYHOI pajiallili B HUX aKTUBHO PO3BUBAETHCS
BOJsIHA POCJUHHICTDH, BiIOyBaeThbCs TaK 3BaHe IIBiTiHHS BOIU.

3miHa piBHSA BOAM, AKA HONEKYAU MOXOAWTH IO IIOBHOTO BUCYIITYBaHHSI,
MPU3BOAUTH M0 3arubesi pocamaHOCTi. I'pedii mepemikomKkaTh Mirparrii pu6.
Bararokackangui I'EC y:ke 3apas mepeTBOPUIN PiUKM HA HUBKY 03€pP, e BUHU-
KaioTh OojoTa. ¥ nux piuxkax ruxe pmba, a HABKOJIO HHUX 3MiHIOETHCA MiKpPO-
KJimar, mie 6iibllle pyHHYIOUN IPUPOIHI €eKOCHUCTEMU.

IMoxo mximauBocti TEC, To mig yac 3ropAHHSA MajaWBa B TEIJIOBUX IBUTY-
HaX BUILIAIOTHCA MIKiJINBI PEeYOBWHM: 3aKUC BYIJIEI[IO, CIIOJIYKH a30Ty, CIIO-
JYKU CBUHIIO, a TAKOK BUILIAETHCA B aTMochepy 3HAUHA KiJIbKiCTh TEILJIOTH.
Kpim Toro, 3actocyBamua maposux TypOix Ha TEC moTpedye BigBeaeHHS BeJu-
KWUX TJIOI ITii CTAaBKMU, ¥ AKUX OXOJOKYEThCA BigmpalnboBaHa napa. IllopiuHo
y CBiTi cmaroeTheAa 5 MJIPA TOHH Byrijad i 3,2 muapna ToHH HadTH, Ie CYIIPO-

BOIIKYETHCS BUKUAOM B armochepy 2-10'° Ik Temnotu. B armocdepy 1mopiu-
HO BuKugaetbcsa 20—-30 mupn TouH okcuay Kapbomy. 3a Takumx TeMIIiB 10
cepelVHM CTOJIITTS CepefHs TeMIlepaTypa Ha 3eMJi HigBUIMUThCA Ha KijJbKa
rpagycis, 10 IIpH3Bele I0 HellepeadaueHNX II00AIbHUX KJIIMATUYHHUX 3MiH.

Peanpuuit pagiamiiauii suaus AEC Ha mpupomHe cepemoBuilie € HadaraTo
(v 10 i Oinbire pasiB) MeHIIMM Biff MpUOyCTHUMOro. SIKIIO BpaxyBaTH €KOJIO-
riuHy mifo pisHOMAHITHUX eHeproasKepes Ha 3J0POB’S JIIOHeii, TO cepel HeBif-
HOBJIIOBAaHUX [KepeJs eHeprii pusuk Bing mpamoounx AEC minmiManbHUN K
IJIs IPAIiBHUKIB, HiAJbHICTh SKUX II0B’A3aHA 3 PI3HUMU eTalaMH SAePHOTO
HaJMBHOrO IUKJIY, TaK 1 s HacegeHHsa. I'obanbHUI pamiaiiiHuil BHECOK
aTOMHOI eHepreTMKM Ha BCiX eTamax ANePHOr0 MAaJIMBHOTO ITUKJY HUHI CTAHO-
BuTh 6susbko 0,1 % mnpupogHoro ¢ouy i He mepeBuinuTh 1 % HaABITL mpu
HaliHTeHCUBHINIIOMY ii PO3BUTKY B Mal0yTHHOMY.

Cepit03HUM HETOJIKOM aTOMHOI €HEPreTUKU € Pai0aKTUBHICTH BUKOPUCTO-
BYBAHOT'O HaJIMBa 1 MPOAYKTIB #ioro moxiny. Ile BuMarae cTBOpPeHHA 3aXUCTY
Bifi pisHOro THMOY PaAioOaKTUBHOTO BUIIPOMIiHIOBAaHHS, IO 3HAYHO IIiJBUIIYE
BapTicTh eHeprii, sxy BupobasioTs AEC. Kpim Toro, Ie ogHMM HeIOJiKOM
AEC e TensnoBe 3a6pyaHeHHs Boau, ToOTO ii HarpiBaHHS.

HosiTHi mocaimxeHHs cIpsMOBaHI IepeBasKHO Ha BUPOOJEHHS eJeKTPUU-
HOi eHeprii 3a paxyHok eHeprii BiTpy. CmopymiyioThcsi BEC mepeBaskHO
mocTiiHOTO cTpyMy. BiTpsHe KojiecOo IPUBOAUTH y PYyX AUHAMO-MAIIIUHY —
reHepaTop eJeKTPUUYHOI'0 CTPYyMy, SKHIN OMZHOYACHO 3apAIKac IapaJiesbHO
3’eIHaHI aKyMYJIATOPH.

Biomaca — 1e Bigxoau cibChbKOroCcmogapCchbKOT0 BUPOOHUIITBA (TBapUH-
HUIITBA, Iepepo0Hoi mpomucaoBocTi). OCHOBHOIO CHPOBUHOIO IJS BUPOOHMU-
nrBa Oiorasy € ruiii, AKMHA JOoCTaBIAOTL Ha Oiorasosi cranmii. I'osoBHUM
mpoayKToM OiorasoBoi cramIii € cymim ropioumx raziB (90 % cymimi —
meran). Ilfo cymimn mocTauarTh Ha YCTAHOBKM JJIs BUPOOJEHHS TEIJIOTH, Ha
eJIeKTPOCTAaHITii.

TensoBuil IMOTIiK COHSYHOTO BUIIPOMiHIOBAaHHSA, AKUI cArae 3eMii, mOy:Ke
Beaukwuii. Bin 6iabi ak y 5000 pasiB mepeBuiilye cymapue BUKOPHUCTAHHSA BCiX
BUIiB MAJIMBHO-eHEPTeTUUHUX PECcypciB y cBiTi.

Cepen mepeBar coHAYHOI eHeprii — Iii BiumicTh i BMHATKOBA eKoJIOTiuHa
yuctoTa. COHSAYHA eHeprid HAAXOAUTH Ha BCIO TOBEPXHIO 3eMJIi, JIUIIe TOJIAP-
Hi palioHu ILTaHeTH CTPpaKAaroTh Big il Hecrtaui. ToOTo mpaKTMUHO Ha BCiit
3eMHIil KyJi Jinille XMapyW Ta HiU 3aBaKalOTh KOPUCTYBAaTHCA HEIO HOCTIHHO.
Taxa 3araJbHOZOCTYIIHICTh POOUTH Iieli BUJ eHeprii HeMOKJIUBUM AJIS MOHO-
noJrizarii ma BigmiHy Bim HadgTH i rasy.

—
3ANMATAHHA 0O BUBYEHOIO

1. IITo Taxe smiHHUi cTpym? AKuUMU 3aKOHAMU BiH OonmUCyeTHCA?
2. Illo Take ammiaitTynue sHaueHHsas EPC ingykmii?
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3. Axwuii npuHIUI POOOTH TeHepaTopiB 3MiHHOTO CTPyMY?

. Ak BusuauvaeTbca EPC imaykiii, 1o BuHUKae B reHepaTopi?

. Iz woro ckiamaeTbca TpanchopmaTop i AKe HOro NpmM3HAYEHHA?

. Ha axomy ¢isuunomy saBuUIIi I'pyHTYyEThCA poboTa TpaHchopmarTopa?

. fAx BusHauuTH KoedimienT Tpanchopmarii?

. Ie BUKOPUCTOBYIOThH TpaHCchOpMaTOpPU?

. Ile BUpPOOJIsAETHCA €JIeKTPOEHEPTiA i AK BOHA MepesacThbCcAa OO0 CIoKuBaya?
. fAki npobysemMu cydacHol eHepreTuKu?

LW UL

§ 27. EAEKTPOMAIHITHE TNMOAE. EAEKTPOMAIHITHI XBUAI

Y 60-x porax XIX cr. MakcBeaa po3poOuB TEOpPilo eJeKTPOMATHiTHOTO
moJisg, 3a AKOI0 3MiHHe eJIeKTPUUHE II0Jie MOPOoAKye 3MimHe MarziTHe. Ili
HOJISI MAlOTh BUXPOBUI XapaKTep: CUJIOBI JiHiI moJs, AKe IOPOIKY€E, KOHIIEH-
TPUYHO OXOIJIEHI CUJIOBUMM JIiHIIMU IIOJIS, IO TOPOJKYETHCA. ¥ HACJIIIOK
IIbOTO YTBOPIOETHCS CHCTEMAa «IepellieTeHNX» MiK Cc000I0 eJeKTPUUYHUX i
MmarHiTHUX nouiB. [leaxe yaABIeHHA
PO XapaKTep 3MiHHOTIO eJieKTpoMar-
HiTHOTO TOJA MOKe JaTu MAaJIOHOK
2.29, AKUM € HiOM MUTTEBUM 3HIMKOM
IBOTO IIOJIA. .

IIpama uaimia E, BigoOpaskae mep-
BUHHE 3MiHHE eJIeKTPUYHE II0Je, KOJa
B y TOpM3OHTAJBHIN IJIOIIUHI — IIe
BTOPMHHI 3MiHHI Mar"iTHi moad, a
KoJjia E y BepTUKAJILHIN NIOIMUHI —
BTOPUHHI 3MiHHI eJTeKTPUYHI mOJ.

Maun. 2.29

MarxiTHe mMojie BHMHHKAE€ HABKOJIO MPOBiTHUKIB, Yy AKNX MPOXOIATH CTPYMH.
CujioBi JgiHii Mar"HiTHOro moJasA 3aBKIU 3aMKHEHi, 3BiJCH BHILIMBAE, IO
€JICKTPMYHI CTPyMM, SAKi IIOPOMKYIOTh MATHiTHE II0Jie, TAKOK MAIOTh OyTH
3aMKHEHHMMH.

IITo6 mepexoHaTHCsA B IIHOMY, PO3TJITHEMO BUMNAA0K, KOJU B eJeKTPUYHE
KOJI0 YBIMKHEHO KoHAeHcaTop. MiK oOKJIafKaMM KOHIEHcCATOpa 3apAnu Iiepe-
MingyBaTucs He MOKyTh. I1le mpusBOAUTE A0 TOTO, IO JiHil CTPYyMYy 00pPMBAIOTH-
cA 0insa moBepxHi OOKJIAIOK KOHIEHCAaTOpa, CTPYM HPOBIAHOCTI, AKUHA IPOXO-
OIUTH II0 IPOBiZHMKY, III0 3’€IHYyEe OOKJIAAKM KOHIEHCATOPa, PO3’€IHYEThCH.
Sxmio Hanpyra AKepeJsa cCTpyMy 3MiHHA, TO TpH 3aMuKaHHi Kiaoda K (mam. 2.30)
KOHIeHCATOp IIOIEePEeMiHHO 3apSAIKacThCAd i PO3PAMIKAETHCA, ¥ KOJi IPOXOIUTh
CTPpyM, JJaMIIOYKa, YBIMKHEHa B Ile K0JIo, cBiTuThcA. Ile cBiguuTh IIpo Te, IO
JiHil cTPpyMy 3aMKHEHi.

Mix obkJgamgkaMu KOHIZEHCATOpa 3SMIHHUNA eJeKTPUUYHUHN 3apsan CTBOPIOE
3MiHHe eJIeKTpUUYHe I0Je, sKke MaKcBesJ Ha3BaB CTPyMOM 3MillleHHA.

Cmpym 3miujenHA — 3MiHHe eJleKTPMYHE IoJe, SIK i cTpyM IpoBigHOCTI,
IIOPO KY€ MArHITHE II0JIe, CHJIOBi JiHil AKOro 3aBKIM 3aMKHEHI.

Omxe, eJIeKTPUYHE i MarHiTHe MOJIA B3a€MO3B’dA3aHi. 3MiHa OTHOro 3 HUX
mopom:kye apyre. Ili moiss — mpoAB €IMHOTO €JIEKTPOMArHiTHOTO MOJIS.

B3aeM03B’A30K €JIeKTPUYHOI'0 i MAarHiTHOTO MOJIiB 00YMOBJIIOE IIOIITUPEHHS
€JIEKTPOMATHITHOTO II0OJIA B IIPOCTOPi. YABiMO, IO V MPOBIJHUKY IPOXOIAUTH
3MiHHUN eJeKTPUUYHUNA cTpyMm. Toai HaABKOJIO IILOrO IPOBiIHMKA icHY€E 3MiH-
He MarHiTHe moJsie B (man. 2.31). Ile mose, y cBoO uepry, CTBOPIOE 3MiHHE

eneKkTpuuHe mmoje E B cycigHix mginsukax mpocropy. Ilorim sMiHHE eeKTpuY-
He II0Jie TMOPOMKYyE 3MiHHE MarHiTHe IIoJjie, siKe 3HOBY CIPUYMHSAE IOABY
3MIiHHOTO €JeKTPUYHOTO II0JA ToIlmo. OT:Ke, MOMIUPIOIOYNCH HAa HOBi TiMAHKU
IIPOCTOPY, eJeKTPOMAarHiTHe IoJie mepeMimiaeTbesa 3 obuacreit, Je BOHO IIOIi-
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HO icryBaso. IlIBuaKicTs mommpeHHA
€JIEKTPOMArHiTHOTO TMTOJIS JOPiBHIOE
npubausuo 300 000 xm/c.

Taxum YHHOM, eJeKTPOMAaTrHiTHe §§

moJjie MOJKe iCHyBATH CaMOCTiiiHO, He
Oynyuu 3B’sS3aHUM i3 3apsagaMu i cTPy-
mamu. Ile mepekoHAMBUI TOKas3 MaTe-
piaJIbHOCTI €JeKTPOMArHiTHOTO IIOJISA. o~ o
Y maTepiasibHOCTI eJIeKTPOMAarHiTHOTO

IIOJIsI TIEPEKOHY€E i TOM (haKT, II[0 BOHO Mau. 2.30 Maun. 2.31
Mae€ IeBHY eHepriio.

IMomupeHHS y MPOCTOPi €IeKTPOMATHITHOTO MOJA, Y AKOMY HAIIPYKeHICTh
€JIEKTPUYHOTO ¥ IiHAYKIiA MATHITHOTO IOJIR 3MIHIOIOTHCS IEPiOTUIHO,
HA3UBAIOTh e/1eKMPOMAZHIMHOW XEUNET0.

BexkTopu nHanpy:kenocti F i maraiTHOl iHAYKIIii B B €JIEKTPOMATrHITHIA XBUJIL
B OyIb-AKili TOYII IIPOCTOPY 3aB:KIW B3AEMHO IEPIEHAUKYJISIPHI, OCKiJIbKM
JIiHII HAIIPYKEHOCTi eJIeKTPUYHOTO IOJIA OXOILTIOITE JiHil iHgyKIil MaraiTHOrO
mosnsi. Kpim Toro, BOHU meprneHAWKYJIAPHI I 0 HATIPAMKY IOIIUPEHHS XBUJIb.
OTmixe, eJIeKTPOMAarHiTHI XBuiIi — mnomepeuHi. I'apMoHiuHa ejleKTpoMarHiTHa
xBUJIA TpadivyHO 300pasKaEThCA y BUTJIAAL JBOX CUHYCOIN, SIKi JeKaTh y B3aEM-
HO IEepPIEeHAWKYJIAPHUX ImomuHax (Mana. 2.32). OmHa cuHycoiza BimoOpaskae
KOJIMBAHHS BEKTOpPa HAIPYKeHOCTi E eJIeKTPUYHOI0 II0Js, a Apyra — BeKTopa
iggykmii B Mar"iTHOro mojsa (o0uaBa BEKTOPU KOJUBAIOTHLCA B OOHAKOBIiH (asi).

JAK y:Ke 3asHauasocAd paHillle, MKEPeJOM eJeKTPOMAarHiTHUX XBUJIb MOMKE
OyTu OyAb-AKHH eJeKTPUUYHUN KOJUBAJLHUUN KOHTYP ab0 IPOBITHUK, ¥ AKOMY
IPOXOAUTh 3MIHHUH €JeKTPUUYHUHN CTPYM, OCKIJIBKM IJIsI YTBOPEHHS €JEeKTPO-
MATHITHUX XBWUJIb TOTPIGHO CTBOPUTH B IIPOCTOPi 3MiHHE eJeKTPUUHE II0Jie
(cTpyMm 3mimeHHsA) abo BiAMOBiZHO 3MiHHE MarHiTHe moje. BumpomiHioBasiabHa
3IaTHICTH AsKepeJia eJEKTPOMATHITHUX XBUJIb BUSHAYAETHCA HOT0 (DOPMOIO, PO3-
mipamu i yacToTor KosuBaHb. 1100 BunpomiHIOBaHHSA O0yJI0 IMOMITHUM, ITOTPi0-
HO 301iJIBIINTH 00’€M IPOCTOPY, Y AKOMY CTBOPIOETHCS 3MiHHE eJIeKTpOMAarHiTHe
nojsie. TomMy O omep:KaHHA e€JeKTPOMATHITHHMX XBWJIbL He IPUIATHI 3aKpHUTi
KOJUBAJbHI KOHTYPH, OCKiJIbKN B HUX €JeKTPUUYHE IOoJie 30cepelKeHe Mik
OOKJIaKaMu KOHIEeHCAaTOpa, a MarHiTHe — ycepeAuHi KOTYIIIKY iHIYKTUBHOCTI.

Himensruit pisux I'enpix I'epn (1857-1894) y cBoix mociaizax, 3MeHIIYIO-
YW YKCJIO BUTKIB KOTYIIKU i IJIOIY MJIACTUH KOHIEHCATOPAa, a TaKOK PO3CO-
Bytouu ix (majy. 2.33, a, 6), 3AifiICHUB Iepexia BiJ 3aKPUTOTO0 KOJWBAJIbLHOTO
KOHTYPY J0 BiIKPHUTOTO0 KOJHUBAJIbHOTO KOHTYpPY (BiOpaTop I'eprma). Bin ckia-
IAEThCA 3 ABOX CTEP:KHIB, PO3ALIEHUX iCKPOBUM HpoMiskkoM (maj. 2.33, 8).
SKOI0 B 3aKPUTOMY KOJMBAJBLHOMY KOHTYPi 3MiHHE €JIeKTPHUYHE II0J€e 30Cepe-
I)KeHe BcepenmHi KoHmeHcatopa (Man. 2.33, a), TO y BiIKPpUTOMY — BOHO
3aM0BHIOE HABKOJMUINHII mpocTip (Maa. 2.33, 8), 110 iCTOTHO HiABUIITY€E iHTEH-

CUBHICTH €J€KTPOMATHITHOTO BUIIPOMiHIOBAHHS.

E
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Maun. 2.32 Maun. 2.33
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KosmBanusa B Takiii cucreMi miATpUMyIOThCA 3a
] B 3 paxyHok mxepesna EPC, yBiMKHeHOro mo OOKJIaIOK
KOHJIEHCaTopa, a iCKPOBUIl IPOMIiKOK 3aCTOCOBYETBHCS
IJIs TOTO, II00 B30LJBINUTKM PIi3HUITIO IIOTEHIiaJiB, IO
AKOI B IIOYATKOBHM MOMEHT 4dYacy B3apAmKaloTbCs
OOKJIAIKU KOHIeHcaTopa.
I I oTpuMaHHA eJeKTPOMArHIiTHUX XBUJb BiGpaTop
Tepuma B mig’egmyBanu mo imgyxkTopa I (mam. 2.34).
Koau mHampyra Ha icKpoBOMY IIPOMiKKY mocsraja Ipo-
OMBHOTO 3HAUEHHS, BUHUWKAaJa iCKpa, sSKa 3aMuKaja
00uaBi MOJIOBUHU BiOpaTopa, i B HbOMY BUHUKAJIU BiJlb-

[ Hi 3aryxamui KoamBanHA. IIpu 3HMKHEHHI iCKpU KOH-
Typ PO3MHUKaBCA 1 KOJWMBAHHA OpunuHaaucA. Ilorim
Man. 2.34 iHIYKTOpD BHOBY B3apAAKaB KOHIEHCATOpP, BHUHMKAJA

ickpa i B KOHTYypi 3HOBY CIIOCTepirajmcs KOJMBAHHS
ir.n. Ina peecrpallii eJeKTpoMarHiTHUX XBuJb I'epl BUKOPUCTOBYBaB iHIIINUH
BiOpaTop, sAKuii Ha3BaB pe3oHaTopoM P, 1[0 MaB TaKy caMy YacCTOTYy BJIACHUX
KOJIMBaHb, K i BUOpPOMiHIOBaJIbHUU BiOpaTop. Koam enexTpomaruiTHi XBuJIi
IOocATaJIW Pe30HaTopa, TO B MOro 3a30pi BUHMKAJIA €JeKTPUYHA icKpa.

A omep:kaHHA He3aTyXalUWX KOJUBAaHBL IMOTPiOHO CTBOPUTU aBTOKOJIV-
BaJIbHY cucTeMy, AKa 0 3abe3meuyBaJia mofavy eHeprii i3 yacToToo, IO JOPiB-
HIOE YACTOTi BJIACHUX KOJWBaHb KOHTYpPY. Tomy B 20-X poKax MHUHYJOTO CTO-
pivusd ImepedHIIM M0 TeHEePYBaHHS €JIEKTPOMATHITHUX XBUJb 34 JOIIOMOTOIO
€JeKTPOHHUX JiaMII. JlaMIIOBI reHepaTOpM JaBajii 3MOTY OJEPsKyBaTH KOJIU-
BaHHA 3aJaHoi (IPaKTUYHO OyIb-AKOI) IMIOTYKHOCTI i cMHyCcOimaJ bHOI hopMuU.

IIpuiiMmanusa eJIeKTPOMATHITHUX XBUJIb 3MiMCHIOETHCA 3a JOIOMOTIOI0 TAKUX
caMHuX BiIKPUTUX KOJUBAJBbHUX KOHTYPiB — BiOpaTopiB abo aHTeH, mOAiOHMX
IO BUIIPOMiHIOBAJIBLHOTO KOHTYpPy. Ilim mieto 3MiHHOrO €JIEKTPUYHOTO IIOJIA
€JIeKTPOMAaTrHITHOI XBUJIi Yy NpUAMaJbHOMY KOHTYPi BUHUKAIOTH €JEeKTpOMAar-
HiTHI KosuBamHA. A IXHBOTO SKiCHOTO IPHUMMAaHHA IIOTPiOHO, IMOO MpU-
UMaJIbHUYN KOJWBAJBLHUIN KOHTYP OyB HACTPOEHUI y PE30HAHC 3 IIepemaBasb-
HUM KOHTypoM. ToOTo 11106 BJjacHa 4acToTa KOJUBAHL KOHTYPY IPUAMAaJIbHOI
aHTeHU Oyja GJM3BKOI0 [0 YacCTOTH KOJWBaHb KOHTYPY IlepemaBajbHOI aHTe-
Hu. HacTpoioBaHHS HpUAMAaJbHOTO KOHTYPY B PE30HAHC 3MiMCHIOETHCA KOH-
IeHCcaTOpPOM 3MiHHOI €MHOCTI a00 KOTYIIIKOIO 3MiHHOI iHZYKTHUBHOCTI.

—
3ANMTAHHA O BUBYEHOIO

1. IITo HABMBAIOTH eJeKTPOMarHiTHUM nojeM? Yy MOKYTh €JIeKTPUYHI i Marxir-
Hi IOJIg iCHYBaTH BiJOKpPEeMJIEHO OJHE BiJ OZHOTO?

2. IITo Ha3MBAIOTL €JIEKTPOMArHiTHOIO XBUJIEIO?

3. Ik opienroBani BeKTOpu E i B OAMH BiIHOCHO OZHOI'0 B €JEKTPOMAIHIiTHil
XBUJIi?

4. o € mxepesioM eIeKTPOMATHITHUX XBUJb?

5. Ik mobynoBamo Bi6bpaTop I'epra, AKWi DpPUHIUTI Horo mii?

6. Sk smificHIOETHCA IPUIMAHHS €JIeKTPOMATHITHUX XBUJIb?

§ 28. BAACTUBOCTI EAEKTPOMAIHITHUX XBUADb

EnxexTpomMaruiTHi XBUJiI MOTJIMHAIOTHCS, BiAOMBAIOTHCSI i 3aJIOMJIIOIOTHCSH,
AK i Bei iHmi Bugm xBuab. Ile yerko cmocrepiratu.

PagiorexHiuni mpucTpoi HAaOTh 3MOT'Y HPOBECTH HAOUHI JOCTiIM 3 METOIO
BUABJIEHHS BJIACTUBOCTEH €JeKTPOMATHITHMX XBUJIb. [Ipm mbomMy HaliKparie
BUKOPHUCTOBYBATH XBUJIi CAHTHMETPOBOIO Iiallas3oHy, IO iX BUIPOMIiHIOE CIIe-
miansHUHA reHepaTop HanaBucokoi wactoru (HBY).

EnexTpomaruiTHi XBUJII BUIIPOMiHIOE PYIIOpHA aHTeHa B HAIIPAMKY OCi pyIio-
pa-ryuHoMoBIiA. [IpuiiManbHa aHTeHa, AKAa Ma€ BUTJIAI TaKOr0 caMOro PymIopa,
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YJIOBJIIOE XBWJi, IO TOIIUPIOIOTHCHA
B3JOBJK MOro oci. 3araJbHUMi BUTJIAL
YCTAHOBKU IIOKA3aHO Ha MAJIOHKY 2.35.
Pynopu posmityoTs ofuH IIPOTH OJHO-
To i micasa yBiMKHEHHS 3BYKY PO3MIIITy-
IOTH PisHi giesekTpuyHi Tisna. [Ipu mpo-
My HOMiUaioTh 3MEHINEeHHS I'yYHOCTI.

Ile cBiguuThr Tpo TeE, IO eJEKTPO-
MATHITHI XBHJi IIOIIMHAIOTHCA. Mauan. 2.35

SIKOI0 mieseKTPUK 3aMiHUTH MeTa-
JIEBOIO ILJIACTUHKOIO, TO XBWJII He JOCATATUMYTh IIpUMaya BHACJITOK BigOu-
BaHHA. 3BYKY He Oyzae uyTu. Bigbusauusa BigOyBaeThCs IIiJ, KyTOM, II[O JAOPiB-
HIOE KYTy HafiHHA, K 1 y BUOAAKY CBiTJIOBUX i MexaHiuHMX xXBuJb. 11100
mepeKoHaTucA B I[bOMY, PYIOPH PO3MIIIYIOTh IiJi OMHAKOBUMHU KyTaMU [0
BeJIMKOI'o MeTaJieBoro Jucra (Maja. 2.36, a). 3ByK 3HHKAae€ i Tomi, Koau 3abpa-
T JUCT ab0 IMOBEPHYTHU MOTrO.

EjgexkTpoMarHiTHi XBUJIIi BifOMBAIOTHCS.

EnexTpomaruiTHi XBuIi 3MiHIOIOTH CBill HATIPAMOK (3aJI0MJIIOIOTHCS) HA MEXKi
miemekTpuka. Ile ModKHaA BUABUTHU 3a JOIIOMOT'OI0 BEJIUKOI TPUKYTHOI IPU3MU 3
napaciny. Pymopu BCTaHOBIIIOIOTH IIiT KYTOM OAUH 0 OOHOTO, K i TOMi, KOJIU
IIeMOHCTPYBaJu BinouBamHsA. MerasieBuil JIUCT 3aMiHIOIOTH IpusMorio (Maj. 2.36, 0).
3abuparoun IpusMy abo IIOBepPTalouu ii, CIOCTepiraloTh SHUKHEHHS 3BYKY.

ExexTpoMarHiTHi XBUJIi 3aJI0MIIOIOTHCS.

Maun. 2.36

EnextpomarniTai xBuji — mnomnepeuni. Ile osmauae, mo BekTopu E i B
XBWJII €JeKTPOMATHITHOTO TOJIA NEePHeHAWKYJIAPHI 10 HAUPAMKY Ii momim-
peHHsa. KoJluBaHHS HaIPyKEeHOCTi eJIEKTPUYHOTO TOJIS XBUJi, SKa BUXOIUTD
3 pymopa, Big0yBaOTbCA B MMeBHill IJIOINHI, a KOJMBAaHHA BEeKTOpa MarHiTHOI
IHAYKIIl — y IepueHAuKYyJAPHiN 10 Hel MJIOIUHI. XBUJi 3 MeBHUM HAIPAM-
KOM KOJIMBAHb HA3WBAIOTh MOJApHM30oBaHUMHU. Ha manaoHKY 2.32 moKasaHo
noJiipu3oBany XBwio. [IpuiimMasbHUN PymoOp
3 IeTeKTOPOM IPUKNMAE TiJIbKM HMOJAPU30BaAHY
B INEBHOMY HANPAMKY XBwiawo. lle MoixHaA
BUABUTU, NOBEPHYBIIU IepeaaBaJbHUil abo
mpuiManbHUE pymop Ha 90°. 3BYK IpH IIHO-
My 3HUKHE.

ITonspusaniio crocrepiraioTs, poSMilLy0Yn
MiX reHepaTopoM i mpuiiMayeM PEINiTKy 3
mapajejJibHUX MeTajJeBUX CTep:KHiB (mau. 2.37).
PerriTky craBisaTh Tak, o0 CTepyKHiI Oyau
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TOPU30HTAJbHI a00 BepTHUKAaAbHi. B 0MHOMY 3 MOJ0KeHb, KOJMU eJeKTPUIHUH
BEKTOP IIapajebHUI CTeP:KHAM, ¥ HUX 30YIKYIOThCA CTPYMHU, YHACJIIZOK YO0
pelriTka BimOmBae XBMJIi MOAiOHO A0 CYIiJbHOI MeTaJsieBOi maacTuHU. AKIITO
BeKTOp E meprneHINKYJIPHUHN OO CTeP:KHIB, TO CTPYMHU B HUX He 30yIKYIOTh-
cA U eJIeKTPOMArHiTHA XBUJIA IIPOXOIUTh.

Binpmre BiacTHUBOCTEH €JIeKTPOMATHITHUX XBUJIb POSTJIAHEMO, BUBUAIOUHU
OIITHKY.

—2
SANMATAHHA 4O BUBYEHOIO

1. IlTo aBuAe cobor0 eleKTpoMarHiTHe moJie?
2. fIx yTBOPIOIOTHCA i MOIMPIOIOTHLCA €JIeKTPOMArHITHI XBUJIi?
3. HasBiTh BIIaCTHMBOCTI €JIEKTPOMATHITHUX XBUJIb, SKi BU 3HaETe.

[ocnigitTe BNAWB enNekTpoMarHiTHOro noss Ha oOpraHiam nioguHu.

§ 29. MPUHUUNIN PAAIO3B’A3KY, TEAEBAYEHHA
TA CTIAbBHUKOBOIO 3B’A3KY

Pamioss’s130K — mepenmaua Ta ImpuitoM iHdopMaIllii 3a JOIOMOT'0I0 PaliOXBUJIb,
SAKi MOIMPIOIOTHCS B IIPOCTOPi 6e3 IIPOBOMIB.

IIpunnun pagioss’sA3Ky TakKwWii: 3MIHHMI €JeKTPUYHUN CTPYM BHCOKOI 4acTo-
T, CTBOPEHUN Yy mepenaBajbHill aHTEHi, CIIPUYNHAE B HABKOJUIITHHBOMY ITPOCTOPi
IIBUIKO 3MiHIOBaHE €JIEKTPOMATHITHE II0Jie, IO IOIIMPIOETHCA Y BUTJIAMIL €JIEK-
TpoMaruiTHol xBwii. [locAraroun nmpuiiMajIbHOI aHTEHU, eJIEKTPOMAarHiTHA XBUJIA
COPUYMHSAE B Hill 3MiHHUI CTPYM Ti€i camMoi yacToTH, Ha AKill IIpaIioe mepemgaBad.

Hna spificHenHa papgiorenedOHHOTO 3B’SI3KYy IMOTPiOHO BUKOPUCTOBYBATH
BHCOKOYAaCTOTHI KOJIMBAaHHS, iHTEHCMBHO BUNIPOMiHIOBaHi aHTeHOI0. IlJ1s mmepe-
Iaui 3BYKY IIi BUCOKOUYACTOTHI KOJIMBAaHHS 3MiHIOIOTH 3a JOIOMOTOI0 €JIeK-
TPUYHUX KOJUBaHb HU3bKOI uacToTu (Ieli IIpoliec Ha3MBAIOTh MOIYJAIIIE€I0).

Y mpuiiMaui 3 MOAYJbOBAHMX KOJMBAHb BUCOKOI YACTOTU BUMINAIOTHCA
HUBbKOYACTOTHI KOJMWBAHHA (LleHdl IIpoIlleCc HAa3WBAIOTL JeTeKTyBaHHAM). [[o0y-
TUH y Pe3yJabTaTi AeTeKTYBAaHHA CUTHAJ BiflIOBiae TOMY 3BYKOBOMY CUTHAJY,
AKUN AiaB Ha MiKpogoH mepemaBaua. Ilicia migcuiieHHsS KOJMBaHHSA HU3BKOI
YacTOTH MOKYTb OyTH HEPETBOPEHi Ha 3BYK.

Haiinipocrima cucrema pagioresierpad@HoOro 3B’sA3KY, SAKY B3alIpOIOHYBaJU
I'ynpeapmo Maproni (1874-1937) i Oxexcanap Ilomos (1859-1905), mupoxro
3actocoByBajiacsa mouan 20 pokis. ITonsiranma Boma y BiampasIii cepiii sracamumx
€JIeKTPOMATHITHIUX KOJMNBaHb, JOOYTHUX Yy KOJHMBAJBHOMY KOHTYPi 3 iCKpOBMM
po3pagankoM. 110 crcTeMy iCTOTHO MOJINIMIMIIN TicjA BUHAWIEHHA TeHepaTopa
He3aTyXalouynxX eJIeKTPOMArHiTHUX KOJWBaHb. ¥ BIMKHYBIIU B KOJIO TeHepaTopa
TejerpaHu KJIOY, MOMKHA OyJO IepefaBaTH CUTHAJN 3 KOPOTKHUX i OiabIm
TPUBAJUX IMITYJIbCIiB €JIEKTPOMATHITHUX XBUJIb.

3mificHuTH Iepemadyy MOBU i MY3WKM, TOOTO pamioTenedoHHUII 3B’I30K,
BUABUJIOCS 3HAUHO BasKue. Piu y Tim, 110 KOJMBAHHSA 3BYKOBOI YACTOTH — IIe
mopiBHAHO MOBiMbHI KonuBauHA (Bim 100 I'm 1o KigmbKoOX Tucadu repir). A mMu
3HAEMO, IO IHTEHCUBHICTH BUIPOMIHIOBAHHSA €JE€KTPOMATHITHUX XBUJIb HU3b-
Kol JacToTu ny'Ke Masia. BunHukae cymepedyHicTb. 3 ofHOro 60Ky, BUCOKOYAC-
TOTHI XBUJi m0OOpe BUIPOMIHIOIOTHCA, ajie He MicTATh MOTpiOHOI iHGopmarrii
(MoBa abo MysmKa) i B HpuiiMaJbHiIN aHTeHi 30yI)KYIOTH YKMCTO TapMOHiUHIi
KOJIMBaHHA, TOOTO HAIOTh iH(popMAaIliio JuIlle IPo Te, IPaIlioe mepeaaBay UM Hi.
3 iHII0TO OOKY, €JIEKTPOMATHITHI KOJMBaHHA HMU3bKOI (3BYKOBOI) 4acTOTH KoJa
MiKpodoHa MicTATH MOTPiOHY iH(oOpMAaIlifo, aje AyKe ca1ado BUIIPOMiHIOIOTHCS.

IIsa cymepeuHnicTh Oysia poss’szama Tak. /A mepemaui eHeprii ejeKTpomar-
HiTHOI XBWJi BUKOPUCTOBYIOTH BHMCOKOUYACTOTHI KOJIMBAHHS, a KOJMUBAHHS
HU3BbKOI YaCTOTU 3aCTOCOBYIOTH JIVIIIE JJI 3MiHM BUCOKOYACTOTHUX KOJIMBAHD,
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a00, AK MPUNHSATO TOBOPUTH, HJs ix moxyJasaiii. Ha mpuiimanbHill cramiii 3
X CKJAJHUX KOJUBAHb 3a JOIIOMOT'OIO CIIeIliaJIbLHUX MEeTOHiB 3HOBY BUIiJA-
I0Th KOJIMBAHHA HU3BKOI YAaCTOTHU, AKi ITic/Isd mifcuJIeHHA IIOAAIOTH Ha T'yYHO-
moBenb. Ileit mpomec BupiseHHa iHdopmarii 3 DPUAHATUX MOAYJIHOBAHUX
KOJIMBaHb OTPUMAB Ha3BY AeMOIYJAIil, abo HeTeKTyBaHHA KOJUBaHb.

Mopgynsaiio xoamBaHb MOMKHA 3MiMCHIOBATH, 3MIHIOIOUM IXHIO aMILIITyIy,
yacToTy abo ¢gasy. PosrisgHemMo HaNNOMIMPEHIIINA BUA MOLYJIAIIl — aMILIi-
TYyAHY. AMILIITYAy KOJWBaHb €JIEKTPOMATHITHOI XBUWJII 3MiHIOIOTH BiIIOBiZHO
0 HU3bKOUYACTOTHOTO (3BYKOBOT'0) KOJHBAJBLHOTO MPOIECY, AKUN IIePefaEThCs
pasoM 3 eJeKTPOMATHITHOIO XBUJIEIO.

Hnsa spificHeHHA aMILIITYZHOI MOZYJAIlil eJeKTPOMarHiTHMX KOJIMBaHb Y
pazioTexHiIi ompalboBaHi pisHi crmocobu. OAHUM 3 HUX € 3MiHA HAIIPYTHU IKe-
peJia eHeprii aBToreHeparopa. s MbOro AOCTAaTHBO YBIMKHYTH IIOCJiJOBHO 3
JsKepesioM nocriiinol Hanpyru U, msxepeso, Hanpyra skoro U, sMiHIOETBCA 3a
IeBHUM 3aKOHOM (MaJj. 2.38).

v/

~U

iy Uo - Maax. 2.38

¥ wmicri mpuiiMaHHA CUTHAJMIB MiJi BIUIMBOM €JIEKTPOMATHITHOI XBWJIi Ilepefa-
Baya B aHTeHi mpuiiMada 30yIKYIOThCS MOIYJBOBAaHI CTPyMH BHUCOKOI UaCTOTH,
TOTOKHi cTpyMaM B aHTeHi mepefaBaua, aje ciaabrmri. OgHak I1i cTpyMu He TIpU-
IaTHi 115 6e3lmocepesHboro ofep:KaHuA curHany. JKImo, cKkamxiMmo, mig uac pagio-
TeJiehOHHOI TIepeaayvi M1 HAIIPaBUMO iX, HABITH ITiCJIdA IMOIIePeIHBbOTO ITiICUIeHH,
y TYYHOMOBeEIlb YU TejedoH, TO He IMOYyEMO KOOHOrO 3ByKa. lle craHerncs,
mo-Tmepiie, ToMy, [0 TeJedoHHa MeMOpaHa
Ma€ BeJIMKY Macy i He MOKe 3mifiCHIOBATH A ﬂ”
TaKi INBUAKI KOJMBAHHS 3 IIOMiITHOIO aMILITi- ”
Tynoro. Ilo-mpyre, i 11e rosoBHe, Koau 6 Mu N
i cropucTraysiuca MaJOiHepIiiiHuM Tesedo-
HOM (IIf0 MOJKHA 3POOUTH), TO OTPUMAJH O
xBuiti gacrororo 105—108 I't, Toai aK Harie
BYXO pO3pisHfAE€ 3BYKH JIHIIE 3a YacTOTH, r
axa me nepesumrye 16 000-20 000 I'm. F
Tomy 3 MOAYJIBOBAHUX BHCOKOYACTOTHUX -
KOJWBaHb y OpUIMAaYi MOTPiOHO BUIIINTHI L t
HU3BKOYACTOTHI 3BYKOBiI KoJyimBaHHA. lle U
pobasaTs Tak. MoayaboBaHiI KOJIMBAHHS CIIO-
YATKy MPOIYCKAIOTh Uepe3 BaKYYMHUU UM
HAITiBITPOBiTHUKOBUY Ai0f — BUOPAMJIIAIOTH
ix. I'padik KosmMBaHBL CHUJIM CTPYMY B KOJIi

Y

gioma MaTuMe BUIJISAL, AK HA MAJIOHKY ;
2.39, a. Ileit cTpyM € CyMOIO BUIIPAMJIEHUX
CTPYyMiB: BuCOKoUYacToTHOro (Maja. 2.39, 0) i Maan. 2.39

cTpyMy 3ByKoBoi uactotu (Maja. 2.39, 8).

111



112

Po3aip 2

OCKiJIBKY IIi CTPYMU CHUJIBHO BiIpisHAIOTHCS 3a YaCTOTOIO, IX MOXKHA JIETKO
BiIOKpeMUTH OAUH BiJi OJHOTIO. I[Jm ObOTO0 JOCUTH YBiMRHYTI/I B KOJIO Jioma
TaKe POSTrasy’KeHHs, 1100 onHa riJixa craHOBMJIa BEJUKUH OIIip AJA BHUCOKO-
YAaCTOTHUX CTPYMiB i Mamuii ajasa HHU3BKOYACTOTHUX, & APyra — HABIAKHU,
MaJinii OmIip AJIA BMCOKOYACTOTHHUX 1 BeJIMKUU IJIS CTPYMiB 3BYKOBOI YaCTOTH.
TakuM posraly:KeHHSM € IapajiejibHe 3’€JHaHHS KOHIeHcaTopa i HaBaHTa-
sKeHHs (Temedona) (mau. 2.40).

CTpyMu BHCOKOI UYaCTOTH HPOUIYTH IIEPEeBAKHO Uepe3 KOHIEeHCATOpP, a HU3b-
Koi — uepes Tesedou. OTiKe, HANIPOCTIIINI JeMOAYIATOP CKJIAZAETLCA 3 ioaa,
TesedpoHa i KoHIeHcaTopa. MembOpaua Teiedo-
Ha KOJIMBATUMEThCS TaK caMoO, SK MeMOpaHa
MiKpodoHa, i MM TOUYYEMO 3BYK, BUTOJIOIITEHUH
nepen Mikpogomom. Hesenuki mysabcariii cTpy-
U.x C T+ Upux MiB BUCOKOI YaCTOTH OMiTHO He BILJIMBAIOTh Ha
KOJIMBaHHA MeMOpaHV i He COPUIMAIOTHCSA Ha
CayX.

IIpomec momyarmii mossarae B 3MiHiI OTHOTO
abo KiJbKOX mHapaMeTpiB BHUCOKOYACTOTHOTO
(BY) xosuBamHA 3a 3aKOHOM, IIepemaHoro
MOBiOMJIeHHA (HUBBKOYACTOTHOTO KOJIMBAH-
Hs). Ha mpoMy I'PYHTYIOThCA OBa Pi3HUX BUAM PALiOMOBJIEHHSA: IepemaHi 3
aAMILIITYZHOI0O MOZIYJAIII€I0 Ta mImepedaHi i3 YacTOTHOIO MOZAYyJAmieo. ¥ pasi
aAMILTITYIHOI MOZYJIAIIl 3MiHIOETHCA aAMILTITyZa BHUCOKOYACTOTHUX KOJMBAHD
(BY) BigmoBimHO mO 3MiHM CUTHaJNY, AKHUN MOAYJIOETHCSI. ¥ pasi uacToTHOI
monynaiii — uvacrtora BU KoamBaHb.

JleTeKTyBaHHSA — IIpOIleC BUAIJIEHHA HU3bKOYACTOTHUX (3BYKOBUX) KOJIU-
BaHb i3 NPUAHATHUX MOAYJILOBAHNX KOJMBAHL BUCOKOI UAaCTOTH.

Y HamnopocrimmomMy mpuiiMadi JeTeKTyBaHHSA 3AiMCHIOETHCA TaK: CIIOUATKY
BY xosmuBaHHS BUOPAMIAIOTECSA, & IOTIM BUIIISETHCA HU3bKOUACTOTHA O0BiI-
Ha BHCOKOYACTOTHUX iMITYJBLCiB.

Hns TenebaueHHs, SK 1 IJad pagiosB’sA3Ky, TaKoK MOTPiOHI mepemaBau
i mpuiiMau, mpuHINO Aii AKUX TaKUA caMuii, AK i pagiomepenaBadiB i mpu-
WMauiB, ajie 3aMicTh MiKpodoHa i T'YYHOMOBIIA BUKOPHCTOBYIOTH BigZeoKamepy
i BimeomoniTop. ¥ XX cT. 1i mpuctpoi Oyau BakKyyMHUMHU (eJIEKTPOHHO-IIPO-
MeHeBUMH), a 3apa3 — HaIliBIPOBIZHUKOBI.

B enexTponHO-mpoMeHeBiu Bimeoxkamepi (maj. 2.41) mosaiuHuii sKpaH I
YTBOpeHUIi JeKiJbKoMa MiJbiioHaAMU i30J1b0BAHUX OAHE Bill OZHOTO 3epeH cpid-
Ja, TIOKPUTHUX IesieM. BoHM pO3MIIyIOThCS Ha CHAIOAAHIA IIJIaCTHUHII 2, IPH-
KJeeHiH go meraneBoi maactuuku 3. Ilamaroue Ha 3epHa cBiTIIO 5 3maTHe
«BUOMBATHU» 3 HUX €JEKTPOHU, AKi «CTiKalOTh» II0 KOJIeKTOpy 4.
3aJIe’KHO BiJl SICKPABOCTI CBiTJIa KOXKHe 3ep-
HO HabyBa€ 6iJbITOro a0 MEHIIIOr0 MO3UTHUB-
HOTO 3apany. 3apsaay BCiX 3epeH Mo3aiku
«ONUCYIOTh» 300pakeHHs. EjgeMeHTH 3JiBa
BHU3Y BileoKaMepW CTBOPIOIOTH CKAHYHOUMI
eJIeKTpoHHHMIT mpomiHb. IlocrigoBHO momana-
I0YM Ha 3epHa, MPOMiHb Bifijlae CBOI eJIeKTPO-
HU Ha Micie BUOUTUX cBiTiioM. BigdoyBaeTnhcs
«ImepesapsagKa» — 3epHA 3SMIiHIOIOTH 3apAIU 3

«+» Ha «—». 3ayBaKUMO, III0 3epHa Pa3oM 3
l MeTaJIeBOI0 ILJIACTUHKOIO 3 YTBOPIOIOTH BEJIN-
KY KiJIbKiCTh MiKPOCKOHIiUHMX KOHAEHCATO-
Ho mipcmmioBada  pis. Ilpm ixXHi# mOCHiZOBHIN mepesapamii
1 mepefaBada B 30BHIMIHLOMY KOJIi Mi’K MeTaJIeBOIO ILjIac-
THHKOIO 3 i KojsieKTopoM 4 BUHHUKAE 3MiHHUI

Man. 241 CTPYM — BimeocurHa.
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B esekTpOHHO-IPOMEHEBOMY Bil€OMOHITOPI /718 IePeTBOPEHHA BiZleOCUTHATY
B 300pakKeHHs TaKOK BUKOPHCTOBYIOTEH €JIEKTPOHHUI IIPOMiHb. Moro iHTeHCHB-
HicTh (IOTIK eJIeKTPOHIB) 3MiHIOETHCA BiATIOBiAHO mo BimeocurHasy. IloTparis-
I0YM Ha MOBaiuyHUI eKpaH, AKUN CKJIAJAEThCs i3 3epeH PedyoOBUHHM JIIoMiHO(opa,
€JIEKTPOHU CIPUUYMHAIOTH iXHE CBiueHHA. BOHO TPOIOBKYETHCA NeAKUI dYac,
JIOKU IIPOMiHBb «000irae» iHIi 3epHa Ha eKpaHi, [0 MU i CIPUIIMAEMO AK Bifeo-
300pasKeHHs.

Y nmx mpumiazax eJeKTPOHHI IMPOMEHi CKAaHYIOTh €KPaHU CUHXPOHHO i3
yacroTo 25 I'm, To6To mpobiraioTh ix ogHOUAaCcHO 25 pasiB 3a ceKyHAY (PAIOK
3a PAIKOM, HOAi0OHO a0 uMTaHHA KHWKKHK). Ile mae smory mepemaBaTu i mpu-
MMaTy IMBUAKO 3MiHIOBaHe 300paKeHHA.

Y HanmiBIpoBiZHMKOBiNi Bimeokamepi Mosaiunmii ekpaH (MaTpuild) yTBOpe-
HUH KiJTbKOMa MiJIbOHAMU «eJeKTPOHHUX KapMaHiB» Yy KPEMHIi€Bill maacTuHi
p-TUIly, HaJl SAKOIO0 pO3MillleHi Kepyioui esekTpopgu. fKIo Ha HUX OOJATHU
TO3UTUBHUN 3apAl, TO B KPeMHi€Bill IIJIacTUHI IIiJ eJIeKTPoaAoM KapMaH «Bif-
KPUBAETHCSA», 1 B HbOMY HAKOIUUYYIOTHCS 3BLIbHEHI mix mieio cBiTjia elexkTpo-
HU. BigmosigHo, mipKu, yTBOPEeHi Ha MicIsX 3BiJIbHEHSA €JeKTPOHIB, BiATicHs-
IOThCS €JIeKTPUYHUM II0JIEM Y TOBHIMHY ILTacTUHU. KiJbKicTh eJIeKTPOHiB, AKi
HAKONWYMJINCA B KapMaHi, 3aJIeKUTh Bil SCKPABOCTiI IIamardyoro Ha HBOTO
dparmenTa 300paskeHHsA. 3apAnM BCiX KapMaHIB y CYKYIHOCTI «OIIUCYIOTH»
300pasKeHHs.

Ilig miero Kepyooumx CHUTHAJJIB 0COOJMBOTO MiKpOIIpoIlecopa 3miHiCHIOETLCS
TIOCJIiJOBHE «3UNTYBaHHA» 3apAny KapmauiB. fIK IIOKasaHO Ha MAaJIOHKY,
Yy MOMEHT «3aXOILJIeHHs» 300paKeHHA 3aps] 3MiHIOETHCA TiTbKU Ha IIEPIIOMY
enextponi. Ilorim me#t 3apsan IepeKJOYAETbCA HaA HACTYOHUUA eJeKTPOo,
1 eJIEKTPOHU MePeMiIyIOThCA B CYCimHilT KapMaH.

I Taxk maxni, mo Kpalo exkpaHa, Je PO3MIIIYIOThCA JOAATKOBI €JIEKTPOAU, HA
AKiI 7 «Ieperikae» BimeocurHal.

¥V HamiBOmpoBiTHMKOBOMY BimeomoHiTOpi (Mas. 2.42) nia mepeTBOPEHHS Bimeo-
CUTHAJIY B CBITJIOBE 300pa’KeHHS 3aCTOCOBYIOTH INIAp «PiAKHX KpucTraiaiB». Bin
PO3MIIIIEHW Mi¥K OCOOJIMBUMM HAIIiBITPO30PUMU ILTIBKAMM 3 MO3aiqHOIO CiTKOIO 3
Kepynunx eJeKTpoais. MiKpoIrpoIiiecop IIoueproBo

POBIIOAiJISE BijleoCUTHAJ Ha BCi €JIEMEeHTH MO3aiKM. +

EnexTpuuni mosd, 110 BUHMKAIOTh MiXK €JIEKTPO- |

JaMu, 3MYIIYIOTh KPUCTAIN KOMKHOTO (DparMeHTa

MO3aiK¥ I0-pisHOMY IIOBepTaTHUCA B ITapoBi pimu- w l J l J
HHU. 3aJesKHO Bij I[bOro 3MiHIOETHCA KiJIbKicTh

CBiTJIa, SIK€ TPOMYCKAETHCA KOYKHUM €JIEMEHTOM KpemHi€Ba miacTuHa p-TUILY
MO3aiKu. ¥ pe3yJbTaTi My 0aunmMO 300parKeHHd,

sAKe CKJIQIAaEThCA 3 OKPEMUX TOYOK — ITiKCEJiB. —> +

o kimma XX cr. Ha 3amiHy YopHO-GisoMy |
TesebaueHHIO0 IPUIIILIO KOJIbOpoBe. oro ocHOBHI

MPUHIUIN 3aJIUIIAINACA IIONepPeIHiMMU: MOo3aid- m
HUIl eKpaH y nepefasadi i mpuiiMadi, mocIifoBHe D T e e
CKaHYBaHH:A eJEeKTPOHHUM IPOMeHeM abo MiKpo- (o)
IIPOIIECOPOM €JIEMEHTIB MO3aiKu AJ1s1 (DOpMyBaHHSA
BiZleocurHasy a6o CBITJIOBOrO 306pasKeHH:A, Iepe- Man. 2.42

Iaya BifeocuUrHay PamioXBHISAMHU. Y CKJAaTHUIIA-

ca Juie Mosaika eKpaHiB: KOKHUIL ii eleMeHT OyJIO 3aMiHEHO HA UEePBOHO-3eJIe-
HO-CHHIO TpiaJly eJieMeHTiB, 3laTHY IIepeJaBaTU BCi BiATIiHKM KOJBLOPiB.

3 PO3BUTKOM CHCTEMU pagioTesiepOHHOTO 3B’A3KY BHHUKJIA IpodjeMa —
0o0MeKeHiCTh YacTOTHOro pecypcy. ToOTo TeiaedoHU 3 OJIMBLKUMU POOOUMMU
KaHajJaMU CTaJIi CTBOPIOBATH IIEPEIKOAN OLUH OJHOMY.

VY cepenuni 1940-x pokiB gocaiguuit meatp Bell Laboratories sampomonysas
izero pos36uTTs BCiel 06cayroByoouoi TepuTopii Ha HeBeJAUKi HiIAHKU, AKi cTaan
HAa3MBATHUCS CTLIbHUKAaMU (Bix aHriI. cell — «Komipka», «CTiIBHUK» ) (Maj1. 2.43).
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KoxHUil CTIMTFHUK TTOBUHEH 00CJIYTOBYBATHCA TIepesaBaueM 3 00OMeKeHUM paji-
ycom mii i ¢ikcoBaHOIO yacrtoroio. Ile masmo 6 3mory 6Ges B3a€MHUX MEPEIIKO[
BUKOPHCTOBYBATH Ty CaMy YacTOTY IIOBTOPHO B iHIIIOMY CTLIBHUKY.

s omTmMaJNbHOTO PO3MiJIeHHS TepuTopii Ha CTIABHUKU MOMKYTh OyTH
BUKOPUCTAHI TiJIbKM TPU TreoMeTpWYHi Qirypu: TPUKYTHUK, KBaapar i
MIeCTUKYTHUK. Haiibinbile migxoauTh y IHOMY BUHOAAKY INECTUKYTHUK,
TOMY IIIO AKIIO aHTEeHY 3 KPYTrOoBOIO AiarpamMoio
HaIIpaBJEHOCTi BCTAHOBUTU B HOTO IIEHTPi, TO
Oynme 3abe3medyeHO OOCTYII MaiisKe OO BCHOTO
CTiTBHUKA.

KoxxHuii cTinbHUK, AKOMY BUIIISAETHCSI CBOA
cMyTa 4acTOT, OOCJIYTrOBYETHCS 6a30BOIO CTAHILI-
€10, sIKA CKJAJAEThCS 3 IepenaBava, mpuiMava
i momyns ynpasiainHsa. CymiskHi cTinpHHUKHI
BUKOPUCTOBYIOTH PidHi wacToTH, 1100 YHUKHYTHU
iHTepdepenii abo ImepexpecHUX IIEePeInKOo/I.
VY rToii caMuii yac CTiIBHUKH, IO PO3MIillleHi Ha
BEeJIUKiN BijcTaHi OaWMH BiJg OJHOrO, MOXKYTh
BUKOPHCTOBYBATH OJHAKOBI CMyru dacToT.
OT:Ke, OCHOBHUHM NPUHIIUO CTiJIBHUKOBOTO
3B’A3Ky — IIOBTOPHE BUKOPHCTAHHSA YacCTOT
Y HECYMiKHUX CTiJIHHUKAaX.

Konu rtenedon mepedbyBae B peXuMi OUiKy-
BaHHS, MOr0 OPUHMOMHE HAJAIINTYBaHHS IIOCTili-
HO CKaHye Bci KaHaqu cucreMu. I[1s BUKIUKY
abomenTa BciMa 0a30BHMM CTAHIIIAMHU IIepena-
€THhCA CUTHAJ BUKJIUKY. CTiIBHUKOBUH TejedoH

Maan. 243 aboHeHnTa, AKWHA 3IACHIOE BUKJUK, IIPHA OTPU-

MaHHI IIbOTO CHUTHAJY BiAIIOBiZae mo BiIbHOMY

KaHaJy ynpaBiinHsa. Basosi craHIii, mio mpuiiHAIM cCUTHAJ BiAmosigi, mepena-

0Th iH(OpMAIlifo TPO HOr0 mapaMeTpw B IIEHTP KOMYyTaIllii, SKUil IepeKJIIYae

pO3MOBY Ha Ty 0a30BYy CTaHIIiIO, Me 3a()iKCOBAHO MaKCHUMAaJbLHUN PiBEHb CUTHA-
Jy CTLIBHUKOBOTO pamioresedoHa aboHEHTAa, IO 34iHiICHIOE BUKJIUK.

IIix uac mabopy HOMepa CTiILHUKOBUII TenedOH 3aiiMae OAWH 3 BiJIBHUX
KaHaJiB, piBeHb cUTrHAJY 0a30BOi CTAHIII y AKOMY Ha Ilefi MOMEHT MaKCHUMaJIb-
HUM. 3 BiggaleHHAM a0OHeHTA Bijg 06a30Boi craHIlii abo y 3B’SA3KYy 3 HOTipIIIeH-
HSM yYMOB IIOIIMPEHHS PaliOXBUJIb PiBeHb CHUTHAJy 3MEHIIYETLCH, II[0 Belde M0
TmoTipIeHHsa SKocTi 3B’A3Ky. IlominimeHHusa AKOCTi 3B SABKY MOCATAETHCS IILIA-
XOM aBTOMATHYHOIO MepeKJIIoOUeHHd a0oHeHTa Ha iHIMWi KaHaJ 3B A3KY.

—2

3ANMUTAHHA O BUBYEHOIO
1. ITosicHiTH, AK 3AIMCHIOETHCA PaJi03B’A30K.
2. fxi npuHIUOU Po6OoTU TesebaueHHA?
3. Ak 3milicHIOETHLCS CTIIBLHUKOBUN 3B’ A30K?

- ATC
CTiTBHUKOBOI
KOMIaHiil

Hocnigite, Sk Nnpautoe cynyTHUKOBE Ta kabernbHe TenebadyeHHs.

PO3B’SI3YEMO PA3OM T

1. KonuBaJbHUII KOHTYpP, II[Q CKJIAJAETHCA 3 IIOBITPAHOIO KOHAEHCATOPA
3 gBoMma miaactuHamu mo 200 cm® KokHA i KoTymku iHayktusHicTio 10 T'H,
pesonye Ha moB:kuHI XBuiai 40 m. Buszmaure BizcTaHb MiK IJIaCTUHAMH KOH-
IeHcaTopa.

PosB’asaHusa ce. S
CKOpHCTaBIINCh (POPMYJIO EMHOCTI ILIOCKOTO KOHAeHcaTopa C = —°—,

d
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£g,S
BUBHAUNMO d = —2

. HeBimomy emuicts C BusHaummo 3 dopmyau TomcoHa
T = 2nJLC, ne T BupasuMo yepes MOBKUHY XBUJi A i MIBUAKICTh HOMINPEHHS

. . A
€JIeKTPOMAarHiTHUX XBUWJb y Bakyywmi c: T = —.
c

BpaxyBaBimu momepesHi cniBBiZHOIIIEHHSA, OTPUMAaEMO
€gyS 4n’ee,LS B 4nee,LSc?

c T? 22 \
ITigcraBnsioun sHaueHHA BigoMux (pismuHMX BeJauduH, MaeMo d =4 + 107 m.

d:

2. PisHunsa moTeHmianiB Ha O0O0OKJIaJKaX KOHIEHCATOPA B KOJUBAJILHOMY
KOHTYpi 3miHIoeThcs 3a 3akoHOM U = 80cos10°nt, B. €EmHicTs, KOHAEHCATOPA
IOpiBHIOE 10°® ®. Busnaure mepios KOJMBaAHb KOHTYPY, iHAYKTHUBHICTh KOH-
Typy, JOBMKWHY XBWJi, III0 BiITIOBiae 1IboMy KOHTYDY.

PosB’asanua
Y zarajgpHOMY BUTJISAlI 3aKOH 3MiHHM PisHHMIII HOTeHIIiaJiB Ha OOKJIamgKax
KOHZEeHcaTopa MOXKHA 3anmcartu Tak: u = U, . cos ot. 3a yMOBOIO 3amadui MaeMoO

2 2
®=10"r. Tomi T = =z 10? ;T=2-10"c. IagyxkTUBHiCTL BU3HAUNMO 3 (POP-
® s

T2
myau Tomcona: T = 2nVJLC, L = m; L =0,1TH.
i

A moB:xuUHY XBUJIi, II0 EiAHOBi,uae IIbOMY KOHTYPY, BU3HAUMMO i3 CHiBBif-
HomreHHss A = c¢T, A =6-10" m.

3. Hampyra Ha KIiHISX IiIAHKM KoOJIa, IO SKOMY IIPOXOIUTL 3MiHHUI
CTPYM, 3MiHIOETBCA i3 "acom 3a 3akoHOM u = U, . coswt, B. ¥ momeHT uacy

T . . .
t= P "Hanpyra gopiBaHioe 10 B. Buanaute aMmiiTygy Hampyrm Ta IUKJIUYHY

YacToTy, AKII0 Iepion KosmBaHb ctaHoBuUTH 0,01 c.

PosB’azaHH4A o
IMukaiuaa yacToTa BU3HAUYaEThCA 3a (POPMYJIOI0 ® = T TomMy © = 628 ¢ .

T
MurreBe 3HaUeHHA HAIIpyru B MOMEHT t= g MOXHAaA BU3HAUUTHU TaK:

u=U,,. cosﬁz =U,ux cos = = 1 U, ox
T 3 2

3sigcu U,,,, = 2U. Orxe, U,,, = 20 B.

4. IIlo TpamuThCs, KOJIU BUMHATHU OCEPAA Ta YBIMKHYTH OOMOTKY TpaHC-
(¢opmaTopa B MepeKy 3 HaIIPyro, Ha SKY BiH po3paxoBaHUii?
Bionosiov: ¥ 11bOMYy BUIIAAKY 3TOPUTH IIEPBUHHA OOMOTKA.

(r—m)
5 3ALAYI TA BMPABU

=] E =]
Pigens A

2.39. KosuBalbHUUM KOHTYP MIiCTHUTBh KOHAeHcaTop emHicTio 800 nd® i
KOTYIIKY iHAYKTuUBHicTIO 2 MKI'H. dKuii mepion BracHUX KOJUBaHb KOHTYPY?

2.40. KonuBanbHU KOHTYP CKJIAJAETHCA 3 JeHIeHCHKUX 0AHOK 3arajbHOI0
esqekTpoeMHicTIO 6 - 107 MK® Ta KOTymIKE iHAyKTHBHICTIO 11 MKT'H. BusHau-
Te YacTOTYy eJeKTPOMAarHiTHUX KOJHBAaHb Y KOHTYPIi.

115



116

Po3aip 2

2.41. Bapag KOHJeHCaTOpa KOJUBAJIBHOTO KOHTYPY 3MiHIOETHCA 3a 3aKOHOM
q = 2sin 2-10°wt, mgKs. Busraure yacTory i nepios eJ1eKTPOMAarHiTHUX KOJIU-
BaHb y KOHTYpi. IKa aMiaiTyna 3sHaueHHs 3apsany KOHIeHcaTopa?

2.42. Cuna cTpymMy B KOJHBAJILHOMY KOHTYPi B3MIiHIOETHCS 3a 3aKOHOM
i =0,25sin10°0t, A. BusHaure aMIIiTy[He 3HAYEHHS CHJIA CTPYMY Ta Hepiox
€JIeKTPOMAarHiTHNX KOJUBAaHb Y KOHTYPI.

2.43. fAx 3MiHUTBCA IEepiof BiJIbHMX €JeKTPOMATrHITHUX KOJHUBAHL YV KOJH-
BaJILHOMY KOHTYPi, AKIO iHAYKTUBHICTH KOTYIIKW 3MEHIIUTH y 2 pasu i B
CTiJIBKM caMoO pasiB 30iJBIINTH €MHICTh KOHTYPY?

2.44. Yomy njd 3B’ SI3KY 3 KOCMIiUHNMHU CTAHIIIAMU BUKOPHUCTOBYIOTEH YJIbTPA-
KopoTKoxBuaboBe (YKX) pamioBunpomiHmoBanHA?

2.45. Teuepatop ¥YBY mpairioe Ha vactori 150 MI'n. fIka moBKmHa XBUJIL
€JIeKTPOMATHITHOTO BUNIPOMiHIOBaHHSA?

2.46. Ha akiii yacToTi cyAHa IIepegaioTh CUTHAJ Oifu, KOJIHM 3a MIisKHAPO/I-
HOIO YTOMOI0 PafiOXBUJIA MOBUHHA MaTH AOBXRUHY 600 M?

2.47. €EMHICTh KOJMBAJbHOT'O KOHTYPY pamionpuiimaua 20 nd®, a iHAyKTHB-
HicTs Boro Korymku 350 ul'H. Ha AKy MOBKMHY XBHJII HaJIAIIITOBAHO Pamio-
mpuiimau?

2.48. BusHauTe mepios Ta 4acTOTy 3MiHHOTO CTPYMY, KYTOBA 4acTOTa AKOI'O
mopiBHIOE 1007 I'mI.

2.49. EPC reneparopa 3MiHHOTO CTPyMy B3MiHIOETBCA 3a 3aKOHOM
& =310sin100n¢, B. Busnaure ammityny EPC, uacrory Ta mepion ii aminwm,
a takoxx EPC y momenT uacy 0,035 c.

2.50. Cuia cTpymy Ha IUISHIT KoJa 3MiHIOEThCA 3a 3aKoHoM i = 10sin 400wt
A. Busznaure aMILTiTyJHe 3HAUYE€HHS CUJU CTPYMYy, mepion i yacTory 3MiHHU
CHUJIU CTPYMY, a TAKOXK CHJIy CTPyMy B MoMeHT uacy 1,25 mc.

2.51. Yum 3HWKYBaAJbHUHN TpaHchOpMATOP BiApisHSAETbCA Bif ITigBUIIY-
BasmbHOro? Um MOMKHA 3HMIKYBAJbHUII TpaHCHOPMATOP BUKOPHUCTATH AK IIiI-
BUIyBAJIbHUH?

2.52. TpaHchopMaTOp y PEIKMUMI X0JOCTOIO X0y CIOKUBAE 3 eJeKTpoMepe-
JKi moTy:KHiCTh, X0u i mocuTh Maay. Ha 110 BoHa BUTpadyaeThCs?

2.53. IIig ssKoI0 HAIpyTromo IIepedyBac IMepBHUHEA OOMOTKA HEeHABAHTAMXKEHOI'0
TpanchopmarTopa, 1o mae 100 BuTKiB, aAKIo BropuHHa oOMoTKa Mae 250 BuT-
KiB, a Hampyra Ha Hili gopiBuioe 550 B? fAxwuii xoedimieHT Tpanchopmaii
mporo Tpancgopmaropa?

2.54. IleppuHHa 0OMOTKa HeHaBaHTaKeHOro TpaHchopmaTopa Iepebysae
mig mampyroipo 220 B. Hampyra Ha BTOpuHHiN 00MOTIi, 1110 Mae 450 BUTKiB,
cranoBuTh 660 B. Axuit Koedimieur Tpamchopmaliii B npomy Bumansxry? Axa
KiJIbKicTh BUTKIB y IepBUHHIiN 00MOTIIi?

2.55. Tlo niwHil eseKTpomepenau Iepenaerbcsa MOTy:KHicTh 15 KBr. Cumna
crpymy B JiHii 10 A, a BTpaTu HDOTYKHOCTi Ha HarpiBaHHSA IIPOBOMAIB CTAHOB-
aatb 2 % . SAkwuii omip mpoBoxiB JiHii?

2.56. BrpaTu moTy:KHOCTi y ABOIpoBimuiii JiHii omopom 2 OM CTaHOBJIATH
2 %. Y nimito mepemaerbca moTyskHicTh 2,5 KBT. fKi BrpaTm Hampyru Ha
mpoBojax JiHii?

2.57. Bim TpancdopmMmaTopHOi miAcTaHIlil meperaeThCs MOTYXKHicTh 5 KBT.
Cuna ctpymy B JiHil eseKTponepesau npu mbomy cTraHoBUThH 25 A. Axuit KK
JiHil emeKTpomepenau, AKIiio ii omip 0,5 Om?

Pigenr B

2.58. YBiMKHEeHU#l y KOJUBAJIbHUN KOHTYP IOBITPAHUN KOHIEHCATOP 3aIo-
BHeHUU napadiHom, gieJleKTPpUYHA TPOHUKHICTH AKOT0 AOPiBHIOE 2. ¥ CKiJIBKU
pasiB 3amMiHMJIacsA yacToTa BiJIBHUX €JIeKTPOMATHITHMX KOJHBAHBL Y KOHTYPi?

2.59. Ik 3MiHUTBCSA YACTOTaA BiTbHUX €JIEKTPOMATHITHUX KOJUBAHb y KOJIH-
BaJILHOMY KOHTYPi, SIKIIIO €MHICTHL KOHAeHcaTopa 36imbmuTu B 10 pasis, a
iHIYKTUBHICTDh KOTYIIIKY 3MEHIIUTH B 5 pasiB?
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2.60. KoauBanbHMII KOHTYDP CKJAQJAETHCA 3 KOTYIIKM IiHIYKTHUBHICTIO
10 MI'm i mIocKkoro KoHAEHcATOpa 3 OOKJAAKaMH ILJIOIIEI0 D CM”~ KOXKHa, PO3-
minenux mapadimoBum mamepom saBToBinKu 100 MrM. fIka wacrora BinTbHHX
€JIeKTPOMAarHiTHNX KOJUBAaHb ¥ KOHTYpPi? [lieseKTpuuHa MIPOHUKHICTE mapadi-
HOBOT'O TIalepy AopiBHIOE 2,2.

2.61. Hampyra Ha KOHIEHCATOPi KOJHBAJBHOTO KOHTYPY IHiJl Yac BiIbHUX
€JIeKTPOMArHITHNX KOJMBAaHL 3MiHIOETHCA 3a 3akoHoM u = 50cosl10°wt, B.
€MHicTh KoHIeHcaTopa 1 MKP. fIke aMILTiTynHE 3HAUEHHS 3apAny KOHIEHCA-
Topa? SIkuii mepiog KoauBaHb y KOHTYpi? fAka IHZYKTUBHICTH KOTYIIKu?

2.62. Cuia CTPYMY B KOJIMBAJIBLHOMY ROHTypl iz uac BLIBHUX eJIeKTpoMar-
HITHHX KOJIMBAHb BMIHIOETHCA 3a 3aK0oHOM i = 0,2sin 10%wt, A. IH,uyRTHBchTb
korymku 0,15 I'n. BusHnaure mepios KoJuBaHb ¥ KOHTYPi, EMHIiCTh KOHIEHCA-
TOpa Ta aMILIITyJHEe 3HAUeHHS HAapPyTru HAa KOHIeHCaTOpi.

2.63. Y KOoJMBAJIBLHOMY KOHTYPi IHAYKTUBHICTh KOTYIIKM cTaHoBUTH 0,2 I'a,
a ammurityzna cuiu ctpymy — 40 MA. BusHaute eHeprito eJIeKTPUYHOTO TOJIA
KOHJIeHCaTopa i MarHiTHOTO mOJIsA KOTYIIKHU B TOM MOMEHT, KOJIU MUTTEBE 3HA-
YeHHS CUJIM CTPYMYy B 2 pasu MeHIIe, HijK aMILTiTyJaHe 3HAYeHHS.

2.64. Yomy eseKTpoMeperka 3MiHHOTO CTPYMY IPaKTUYHO HE BUIIPOMiHIOE
€JIeKTPOMAarHIiTHNX XBUJIb (BUIPOMiHIOBAHHS MOJKHA BJIOBUTHU JuIlle Oesmoce-
penHbO 0ijsA MPOBOAIB Meperxi)?

2.65. KoryIiika KoJMBaJIbHOTO KOHTYPY paaionpuiiMaua Mae iHIYKTUBHICTH
200 mxIl'm. Ilpmitmau HajgamToBaHWII Ha XBUJIIO 3aBHOBXKKHM 250 M. fka
€MHICTh KOHIEHCATOPa KOJUBAJbHOI'O KOHTYPY pamionpuiimaua?

2.66. KosmmBansHUYA KOHTYD pajionpuiiMaua HACTPOEHUI HA JOBXKUHY XBU-
ai 300 m. fka iHAYKTHUBHICTH KOJUBAJBLHOTO KOHTYPY, AKIIO HOTO €MHICTH
500 nd?

2.67. fx Bimomo, rpadik sanexkuHocti EPC Bim uvacy mpu piBHOMipHOMY
o0epTaHHI APOTAHOI paMKM B OJHOPiZHOMY MarHITHOMY KOJi € cuHycoifga. Ak
3MIiHUTBCS BUIJIAL Tpadika, AKIIO YacToTa 00epPTAHHSA PaMKU 301JbIIUTHCSA
BABiui?

2.68. EeKTpOIJINTKY MOYKHA KUBUTHU AK 3MiHHUM, TaK i TOCTiHHUM CTPY-
MoM. Y1 OZHAKOBO PO3KAPIOETHCSA CIipaslb IJIUTKHU, AKILO B 000X BUNAAKAX
BOJIBTMETPH IIOKa3aly OJHAKOBI Hampyru?

2.69. Busnaure suauenna EPC, aka IHAYKYETHCA B PAMIL] ILJIOIIEI0 100 cn?,
o obepraersesa i3 yactoromo 50 I‘u y Mar"itHomy moJii 3 imgyxiiero 0,2 Ti.
Sanumnrite 3akoH 3minu EPC, mio iHAYKyeThCS B paMili, SKIIO B IOYATKOBUIM
MOMEHT IJIOIIIMHA PaMKHU INEePIeHAUKYJAAPHA 0 JiHIN iHZyKIil Mar"giTHOTO
moJIA.

2.70. Cxkinpky BUTKiB Mae pamka miomeo 500 cm?, sKImo mix uac obep-
TaHHA 1i i3 yacrororo 1200 06/xB y MmarHiTHOMY moJi 3 iHAyKTUBHicTIO 100 MTa
y Hilt ingykyerbca EPC, ammiitynHe sHaueHHs sKoi mopiBuioe 63 B. 3amu-
mrits 3axkoH 3MmiHu EPC, AKIMO B IIOYATKOBUI MOMEHT IIJIOIMMHA PAMKHU IIep-
HNeHIUKYJIAPHA O0 JiHil imgyKIii.

2.71. Ha mamoHKY 2.44 mmoKasaHo rpadik 3MiHHOT'O CTPYMY
gactororo 1 KI'm. Axa vacrora posroprku rpagixa?

2.72. TIig yac obepTaHHs APOTAHOI PAMKH B OJHOPiIZHOMY
MAarHiTHOMY IIOJIi MAarHiTHUI IIOTiK, IO IPOHU3YE PaAMKY,
3MiHoeTbeA 3a 3axoHoM @ = 0,01cos10nt, B6. ¥V sxomy 1moJio-

JKeHHi OyJa paMKa B MOYaTKOBUI MOoMeHT yacy? SKuit BUTIIAL

Mae zasexkHicTh EPC imgykmii Big uacy? fIkxa wacrtora obep-

TanHA paMKu? BusHauTe MakcuMmaJsbHi 3HaueHHs EPC Tta Man. 2.44
MAarHiTHOTO IIOTOKY.

2.73. 3 AKOI0 MeTOoI0 y TpaHchopMaTOpax KOTYIIKU IIePBUHHOI i BTOPUHHOI
00OMOTOK OAraloTh Ha 3aMKHeHe (pepomMartiTae ocepasa?

2.74. IlepBuHHY OOMOTKY SHMKYBaJBHOrO TpamcdopmaTopa 3 KoedilieH-
ToM TpaHchopmarii 8 yBiMmKHeHO B Mepesky 3 Hanpyroo 220 B. Omip BTOpMH-
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HO1 o6MoTKM 2 OM, a cuyia cTrpymy B Hiit 2 A. Busnaure EPC, ingykoBaHy y
BTOPUHHi# 00MOTIIi, Ta HAaIpyry Ha HaBaHTaKeHHI.

2.75. IligBunryBaabHul TpaHchopmaTop Mae Koedimiernt rpamcdopmarii 0,5.
HapanrakenHsa crokmuBae noTy:kHicTs 190 Bt npu cmii crpymy 0,44 A. Omip
BTOpUHHOI 00MOTKM mopiBHioe 30 Om. flxka mampyra migBeeHa [0 IIePBUHHOL
00MOTKM, AKINO ii omip mocuTh mManuit? AKy MOTY:KHICTH CIIOKMUBa€ Tpamcqop-
maTtop?

2.76. TemyoBa eJIeKTPOCTAHITisT Ha BUPOOHUIITBO eneKkTpoeHeprii 1 kBr/rox
BUTpavae ymoBHe najguBo macoio 320 r. Axuit KK enexrpocraniii? Ilurtoma
TeILJIOTa 3TOPAHHSA yMoBHOro magusa 29 MJIx/Kr.

2.77. Enexkrpocranilig mepegae morys:kHicTh 2 I'Bt mig manpyroio 500 xB.
Busuaute omip iiHii emexTponepenaui, sxiro i KK 96 % .

2.78. MicmeBa eJleKTpOCTaHIliA Imepegae B JiHiI0 mory:kHicTh 500 xBT. AKi
BTpaTH ODOTY’KHOCTi B JiHiil i axwuii ii KK]I, AKII0 BoHa mpaIlioe Il HAIIPyTroio
20 kB, a ii omip 20 Om?

€ Hanm yuM 3aMucauTHea D

2.79. KoauBaJIbHUHA KOHTYP CKJIaJA€EThCA 3 KOTYIIIKY iHI[yKTI/IBHiCTIO 1 MI‘H,

IOBIiTPSAHOrO KOHJEHCATOPA, IO Ma€ ABi OOKJIAAKHM y BUIJALL AUCKIB Hiame-
TpoM 20 cM, KOXKHA posMimjeHa Ha BincraHi 1 ¢cM oxgHa Bix oxHol. Busmaure
mepion BiIBHUX €JEKTPOMATHITHHMX KOJUBAaHL y KOHTYypi. SIKoio Oyme cuia
CTPYMY B KOTYIIIIi B MOMEHT, KOJIM €Heprisa ii MarHiTHOTO II0JIA CTaHOBUTHME
75 % Bim MakcuMasIbHOI eHeprii eJeKTPUYHOr0 MOJIA KOHAEHCATOpa 3a YMOBH,
10 aMILIiITyZHe 3HAUeHHA HAmpyru B KouTypi 10 B?
2.80. Hampyra Ha egeKTpomauTii omopoM 60 OmM 3MiHIOETHCA 3a 3aKOHOM
= 308co0s1007t, B. 3a axuM 3aKOHOM 3MiHIOETHCS CHJIA CTPYMY, IIIO IIPOXO-
IUTh Uyepes IINTKY? 3a AKWI iHTepBaJ 4yacy BoLy o0’eMoM 2 JI MOYKHA Harpi-
T Ha ik mautoi Big 20 go 100 °C, aximmo KK mautxku 40 % ?

2.81. Ctpym y Koui 8MiHIOETBCH i3 uacom 3a sakoHoM i = I, sin (wt — 1/3), A.
BuzHauTe MUKJIIYHY YaCTOTY i aMILIiTyqy CUJIU CTPYMY, AKIIO Iepioa 3MiHHO-
ro crpymy 0,02 c. Bimomo, 1o uepes wac 5 Mc Bijf mouaTKy KOJUBaHb CHJa
cTpymy B Koui oysaa 0,25 A.

2.82. TpauchopmaTop *KUBUTHCS Bixg Mepeski 3 Hanpyroio 380 B. IlepBunna
ooMoTka TpaHchopmaropa mae 1320 BuTkiB. BropmHHa 00MOTKa OmOpPOM
0,2 Om HaBaHTa:xeHa omopom 3,6 OM, AKuii cmokuBae IMOTYKHicTh 360 Br.
fAxa EPC imgykyeTbcsa y BTOPUHHIN 00MOTIi? fIKa cuia cTpyMy B HepBMHHIi
oomorii? Axuit KK]I TpaHC(popMaTopa"

2.83. Cuna ctpymy y Blmcpu'romy KOJUBAJIbHOMY KOHTYPi 3MiHIOETBCA 3a
3akoHOM i = 200cos5-10°¢, MA. EmHicTb KOHJieHCcaTropa KoHTypy 100 nd.
fka moBKMHA XBUJII €JeKTPOMAarHiTHOTO BUIPOMiHIOBAaHHS KOHTYpPy? fka
IHAYKTHUBHICTE KOTYIIKH, YBIMKHEHOI B KOHTYpP?

§ 30. PO3BUTOK TMOTASAIB HA TIPUPOAY CBITAA.
EAEKTPOMATHITHA TEOPISA CBITAA

CBiTy10 Bifirpae HaA3BMUYAMHO BaYKJIMBY poJb y Haimomy sxutti. Tak, o 80 %
irdopMmarlrii mpo HABKOJUIITHIN CBIT JIOAMHA OAEPIKYE 3a MTOIOMOTOI0 30DY.

Ontuxka — posmin (isuKm, 1[0 BUBYAE SBUINA, IIOB S3aHI 3 IIOIIMPEHHSIM
€JIEKTPOMATHITHUX XBWJIb BUAMMOTO Tiala30oHy Ta iXHIO B3AEMO/IiI0 3 PEUOBUHOIO.

OcranuimM uacoM 0 00’€KTiB BUBUEHHS OITUKM TAKOXK HAJEXKaTh €JIeKTPO-
Mar”iTHiI XBuJi iH()pauepBOHOTO Ta yJabTpadiosieTOBOro JianasoHiB.

Ilepmri ysiBnenHs mpo mpupoxy cBitTaa BuHUKAU Ine B Hasmiti I'perii Ta
€runti. Cepen 6esiiui Teopiii Toro uacy OyJjau i 30BciM mpuMiTHBHI, i gyKe
0u3bKi 10 cyuacHuxX. Hampukian, JedKi BUeHi TOro uacy BBasKaJiu, IO 3 oueit
BUXOAATH TOHKI ITyNaJbIA, SKi ONIYyIYIOTh IIPEIMETH, YHACTIOK YOT0 i BUHU-
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KalTh 30pOBi BiguyTTsA. BiIM3BKOI [0 CydYacHMX MOYKHA BBa'KaTH TEOPiio
JleMokpiTa, AKUN yABJIAB CBITJIO AK IIOTiK YaCTHUHOK, III0 MalOTh IeBHi (ismy-
Hi BJIaCTWUBOCTi, 32 BUHATKOM KOJIBOPY, BiIUyTTA AKOr0 € HACIIAKOM BXOIKEH-
HS CBiTJIa B OKO.

Hanpukiani XVII cr. malike 0JHOUYACHO BUHUKJIU KOPNYCKYAAPHA Meopis
Icaaxa HrioToHa i x6usvos8a meopisa Higepaanacbkoro ¢isuka Kpicriana IMoii-
reHca.

3rifHo 3 KOPUYCKYJIAPHOI Teopiero HhIOTOHA CBITIO — IIe MOTIiK YaCTHMHOK
(KOpIycKyJ), IO BUIIYCKAIOTHCSA CBITHUMM TiJlaMU, OPUYOMY PYX CBITJIOBUX
KOPIIYCKYJ IiAMOPAIKOBYEThCSA 3aKoHaM MexaHiku. Tak, BimOuBaHHS CBiTJIa
HrioTOH mosicHIOBaB NPYKHUM BiOMBAHHSAM KOPITYCKYJ BiJl ITOBEpXHi, Ha AKY
majae CBiTJIO. A 3aJIOMJIEHHS CBiTJIa — 3MiHOIO IITBHUAKOCTI KOPIIYCKYJ YHACJIi-
JIOK IX IPUTATYBAHHSA 0 YaCTWHOK 3aJIOMJIIOIOUOTO cepegoBuina. Ilsa Teopisa mpu-
BOAMJIA O XMOHOT'O BUCHOBKY, IO IIIBUIKICTH IIOIIMPEHHS CBiTJIA B CepeoBU-
max € OiIBINoI0, HisK ¥ BakyyMi. [Io TOTO K IS TEOPisa He MOTIJa IMOSCHUTH, YOMY
CBITJIOBi IIyYKM, I€PETUHAIOYNCH Y MPOCTOPi, He BILIMBAIOTh OAWH HA OJHOTO.

OpgHak eKCIlepMMeHTAaJIbHI JoCiimKeHHsa cBiTia, AKi BuKoHaAB HpoTOH, ak
mo XIX cr. sajnumanucsa HaCTiJIbKM YHIKaJbHUMM, IIO0 1oro MoHorpadid
«Onrtuka» (1704 p.) 6yjia OCHOBHUM [I)KepesioM AJA HaNMCaHHS BCiX migpyd-
HUKiB Toro uacy. HbI0OTOHY HaJIeKUTL TeOpPis KOJbOPY, BiAHNOBiZHO M0 AKOI
Oijste cBiTJIO € cyMmimImio BCiX KOJBOPiB, a IpeaAMeTH 3Mal0ThCS KOJbOPOBUMU,
OCKiJIbKU BiZOMBAaIOTh ONHI CKJIAMOBi 0iJT0OT0 KOJIBOPY iHTeHCUBHIiIIIe, HixK iHIIII.

«TpakraTr nmpo cBityo» I'roiirerca (1690 p.) yBiiimmoB B icTopito HayKu K
mepIila HayKoBa IIpallsdl 3 XBUJIbOBOI ONITUKMU.

3rigHo 3 XBUJIBOBOIO Teopieio I'tolirermca cBiTJIO — IIe XBHUJi, IO IIOIIKNPIO-
I0OTbCA y cBiTOBOMY e(ipi — rimoreTmyHOMY NPY’KHOMY CEPEIOBHIIi, SIKe
3aII0BHIOE BECh CBiTOBUII IIPOCTipP, 4 TAKOMK IIPOMIiKKM MiK APiOHMMUN YaCTHH-
KaMu Tij. BBasKarouu CBiTJIO HO3MOBKHBOIO MEXAaHIUHOIO XBHJIEIO, I'loiireHC
OOT'pYHTYBaB SABUIIA BiIOMBAaHHS 1 3aJIOMJIEHHS CBiTJIa, IPUHITAII HE3AJEKHOC-
Ti CBITJIOBUX IIPOMEHIiB, YAaCTKOBO PO3IVIAHYB NHTAHHS KOJbLOPY. Buenmii
chopMyJIIOBAaB IIPUHIUII TOMIUPEHHSA CBITJI0BOI XBWJIi, BiOMUII CHOTOMHI AK
npunnun I'rofirenca. BiH mojisirae B ToMy, IO KOXXHA TOYKA CEpPEeIOBUIIA, IO
SAKO1 SiNIIIN KOJWBAHHA, cCaMa CTa€ JYKePeioM BTOPUHHUX XBUJIb.

CyKYIIHiCTBh yCiX TOYOK IIPOCTOPY, AKUX NOCATAE CBITJIOBA XBUJS B IEeBHUM
MOMEHT Yacy, Ha3WBAIOTh XBHJIBOBOIO IOBEPXHEI (XBUJIBOBUM (DPOHTOM).
IIpomeni, 1m0 3amarTh HATPAMOK IIOINMWPEHHS XBWJi, NMEPIEHAUKYJIAPHI IO
XBUJILOBOI MOBEePXHi. 3HAIOUM MMOJIOYKEHHS XBUJIHOBOI IIOBEPXHi B MOMEHT Yacy
i, KopucTylounch OpumHIUNOM [‘lolireHca, MOKHA 3HAUTH il IIOJIOJKEHHSA B
HACTYIHUA MOMEHT dacy.

XBuyiboBYy Teopito cBiTsaa migrpmmanum BupgatHi BueHi: M. B. JlomonocoB i
JI. Eitnep, ogmak, He3dBaskarouu Ha 1e, 10 KiHnima XVIII cT. 3araibHOBU3HAHOIO
3ajuIragacsa KopmycKyJasapHa Teopis Hperoorona. Tak TpuBajo 10 IOYATKY
XIX cT., mokm He 3’ABMJKCA poboTtu aHrIaificbkoro ¢ismka Tomaca IOnra
A773- 1829) i ppannysproro disuxa Oriocrena ;Kana ®@penensa (1 788-1827).
YueHi, JOCIHiAMKYIOYM CBITJO, CIOCTEpirajgy SBUINA, XapaKTepHi JIUIIe IJIs
XBWUJIb: SIBUIlE OTMHAHHSA CBITJIOM Iepernkoh (AudpakKilis) Ta ABUIE ITOCUICH-
HS Ta mocjalJjieHHA CBiTJIa IPpW HAKJAMaHHI CBiTIOBUX IydYKiB (iHTepdepeH-
mist). 3 TOro yacy B HayIli cTajia IlepeBaskaTy XBUJIbOBa Teopisa I['tolireHca.

BaxxkauBy pouib y 3’sicyBaHHI mpupoau cBiTJa Bimirpaso mociigHe BU3HAUEH-
HA INBUAKOCTi MOro IOMIMPEHHS.

IlepmiuM MBUAKICT, HOMIMPEHHA CBiTJIAa 3MIr BUMIipATHM TAHCBKHWI acTpoO-
Hom Oaa¢g Pemep (1644-1710) y 1676 p. Cmocrepiramoum 3a CyIyTHUKOM
IOmirepa Io, acTporomM moMiTuB, 10 CYIYTHUK BXOAUTH Yy TiHb IOmiTepa uepes
Ko:kHi 42 rox 28 xB (may. 2.45). Aje IpoTAroM HiBPOKy, Koau 3eMJsd, obep-
Taounchk HaBkoao CoHIA, Biggansaaaca Big IOmiTepa, saTeMHeHHsS CyIyTHUKA
BimOyBajsiocsa 3 memasi OiabIIuM 3amisHeHHAM. Pemep mifillioB BMCHOBKY, IO
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TaKe 3aliBHEHHS MOSCHIOETHCS 36iIbIIeH-
HAM BifcraHi, IKy OOJa€ CBiTJO, IIOMIH-
PIOIOUMCH BiJ cymyTHUKA 40 3eMJi. 3Haio-
yx giamerp opbitTm Semusi Ta  uyac
3allisHEHHA, YYEeHUWN BU3HAUUB IIBUJ-
KicTh mommpeHHs cBiTJIA.

IIBuaKicTh HOIIMPEHHS CBiTJIA BUMI-
pioBasu i B Meskax 3eMHOI moBepxHi. 11106
3’sgcyBaTu imeo momiOHMX BUMiplOBaHb,
pOSTIIAHEMO MeTOH, HAKHWHA 3acTOCyBaB
aMepUKaHChbKUN yueHU# Aasbepr Maii-
KesbcoH (1852-1931).

s mpoBemenHs gociiny disuk BubpaB
Maan. 2.45 nBi ripeski Bepmuau B Kamnigopwuii, Bin-
CTaHb MiK AKWUMU PETEeJILHO BUMIiPAJIN.
Ha Bepmuni ropu MayaT-Binbscon 0y.io
BCTAHOBJIEHO [I:Kepejio CBiTja, Bim AKOTO
CBiTJIO Mmajajo Ha OITHUYHY CHUCTEMY i3
nseprajbHuMU rpaHamu (Maj. 2.46). Bix-
OMBIINCL BiJ TI'paHi, CBITJIO IIOTPAILIAIO
Ha CcHcCTeMy [A3epKaJj, POo3TaIlloBaHy Ha
Ch D) ropi Car-AHTOHIO, TTOBepTAJIOCA 0 IIPU3-
N Mu ¥, BigOmBInMch Bim il immmoi rpasi,
MOTPAILIsAI0 B 30poBYy Tpyoy. Koum 3a
IOIIOMOTOI0 ABUTYHA A3epPKaJIbHiNl mpuami
HaJaBaJu 00epTaJIbHOI'0 PYyXy, 300paKkeH-
HS JA)KepeJsa CBiTJia B 30poBi#t TpyOi 3HU-
KaJio i 3HOBY 3’ ABJIAJIOCS 3a IIeBHOI IIIBU/-
KOCTi ob0epTaHHA IPUBMU.

3po3ymisio, IO Take MOIJIO BigOyTucs
TUIBKY 3a YMOBH, II[0 3a YaC TPOXOAKEHHSA

Maun. 2.46 CBiTJIa IO A3epKaJia ii Hasal Ipu3Ma IIOBep-

Taysacsa Ha 1/8 obepry. 3HAOUM KiJIbKiCTh

00epTiB IMpU3MU 3a CEKYHAY Ta BifcTaHb MixK BepImHaMu, MallKeJbCOH BU3HA-
YHUB, II0 MIBUAKICTH IIOIIMPEHHs cBiTJia gopiBHioe (299 796 + 4) KMm/c.

3a MOIoMOroI0 Cy4acHOI JIa3epHOI TeXHiKW IBUIKICTH IOIIUPEHHS CBiTJIA Y
BakyyMi BusHaueHa 3 TouHicTiO 10 1,2 m/c: ¢ = 299 792 458 + 1,2 m/c.

¥V 60-x porax XIX cr. [I;x. MaKcBeJJI CTBOPUB TEOPil0 €JIEKTPOMATHITHOTO
moJisi, OJHUM 3 HACJIAKIB AKOi Oy/J0 BCTAHOBJIEHHS MOXKJIMBOCTI iCHYBaHHS
€JIeKTPOMATHITHUX XBWJb. 3a PO3PaxXyHKaMU, IIIBUAKICTH IOIIMPEHHS €JIeK-
TPOMArHiTHNX XBUJIb HOPiBHIOBAJA IIIBUAKOCTI ImOIIMpPeHHs cBiTia. Ha ocHOBIi
CBOIX TEOPETUYHUX JOCTimKeHb MaKcBeJLT AifIIoB BUCHOBKY, IO CBiTJIO — II€
OKpeMuii BUIIAJO0K eJeKTPOMAarHiTHuX XBUJIb. Ilicas mocaimiB I'epia sxomHuMX
CYMHIBIB ITIOJI0 €JIEKTPOMATHITHOI IIPUPOAN CBiTJIa HE 3aJIUIIUJIOCH.

EnexTpoMaruiTHa Teopis cBiTJIa Jajia 3MOTY IIOSCHUTH 0araTo OINTHYHUX
apuin. OIHAK yKe Ha MoYaTKy XX CT. 3’scyBajocs, 1110 Ifiei Teopii HegocTaTHRO
IJIS TOSICHEHHS SBUIM, AKi BUHHUKAIOTH ITIiT Yac B3a€EMOZIi CBiTJIa 3 PEYOBMHOIO.
o HuX, Hacamnepel, HaJeKaTh IIPOIECH HMOTJIMHAHHA ¥ BUITPOMiHIOBaHHSA CBiT-
Jaa, ssuite Goroederty Toio. Ili ABUIa MOMKHA IOACHUTHU TiJIBKU 3 ITO3UIIIT
KBaHTOBOI Teopil cBiTJIa, 3TiHO 3 IKOI0 CBITJIO BUIIPOMiHIOETHCS, IOITUPIOETHCS
Ta IIOTJIMHAETHCSI PEUYOBMHOIO0 He 06e3lIepepBHO, a CKiHUeHHUMH IOPIisiMH —
KBaHTaMu. KOXHUI OKPeMHI KBaHT CBiTJIa Ma€ BJIACTHBOCTI YaCTUHKHU, a
CYKYIHIiCTh KBAaHTiB MOBOAUTHCSA MOAIOHO m0 xBmiai. Taka mBoicTa mpupoga CBiT-
ga (Ta # OyIb-AKOI YaCTUHKU) OTpUMAaJla Ha3BY KOPNYCKYAAPHO-XE6ULbOBUIL
Odyanizm. Y cydacHiil (isui KBaHTOBI yABJIeHHA He cyllepedyaThb XBUJIBOBUM, a
HOETHYIOTHCSA Ha OCHOBI KBAaHTOBOI MeXaHIKM I KBAHTOBOI €JIEKTPOAMHAMIKHI.
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J—
3AMNMUTAHHA 0O BUBYHEHOIO

1. ITo aBasie cob6oro cBiT/IO BiAmOBiAHO M0 TrimoTesu llemoxpita?

2. XT0 € 3aCHOBHUKOM KOPIIyCKYJIsipHOI Teopii cBiTia? fAKi 1i ocHOBHI mosioxkeHHs?

3. fki onTuuHi ABUINA He MOKHA OYJIO OIIMCATH B MeKaX KOPIYCKYJISIPHOI Teopii
cBiTia?
ki Hemomikm?

5. YoMy y BCTAHOBJIEHHI IPUPOAM CBiTJIAa 3HAUYHY POJIb Bigirpaio BU3HAYECHHS
IMIBUAKOCTI momupeHHs cBitaa? Ak il 6yso BusHaueHo?

6. 1o mosACHIOE eJIeKTPOMArHiTHA Teopis cBiTia?

7. Y yoMy CYTHiCTh KOPIYCKYJAPHO-XBUJIHLOBOTO Ayai3amMy?

§ 31. NMOWUPEHHA CBITAA B PI3BHUX CEPEAOBMULLAX.
EDQEKT AOIMAEPA

Hoci Mu posriiAgasy HOUIMPEHHSA CBiTJa B AKOMYCh OJHOMY CepPemOBUIITL
(sasBuuaii — y mosiTpi). IIpore cBiTJIO MOXKeE mEPEXOAUTU 3 OTHOTO CEePeIOBU-
I1a B iHIIe: COHAYHE CBiTJIO 3apa3 AJOXOAUTH 0 HAC uepe3 BiKOHHE CKJIO, OCBIT-
JII0€ THO HerVIMOOKHX BoovMwuill. BusaBiaseTbecs, IO Taki mepexoam cBiTiia
CIPUUMHSIOTL 0araTo IMiKaBUX SBUIII.

IITo % BimOyBaeThCs, KOJU CBITJIOBUU IPOMiHb ITajfa€ miJ IEBHUM KYTOM Ha
MeXKy HOAiJy ABOX mpo3opux cepenoBuill? Takuii mpoMiHb «TiIUTHCA» Ha ABa:
nepinui (BigOuTuii) MPOMiHL ITOBEPTAETHCA IO IIEPIIOr0 CepegoBUINA, a APY-
Tl mepexXoauTh Uepe3 MeXKy Ta IOTPAILIfA€e A0 iHmIoro cepemosuina. 1Ipu mwso-
My Lieli TpOMiHb 3MiHIOE HAIPAMOK IoIIupeHHA. ToMy 110ro Ha3MBaIOTH 3aJI0M-
JIeHUM, a ABUIIEe — 3aJOMJICHHIM.

CoouaTKy 3’scyeMo, III0 Take PisHi cepemoBuima mJs ceitaa. CroromHi Bimo-
MO, IO TOJIOBHA BiAMiHHICTH Mi)K JBOMAa OITHYHUMM CEPENOBUINAMH — II€
pisHi mBuUAKOCTI mommpeHHs cBiTyna. Haiibinpmry MIBHAKICTE CBiTJIO Mae y
BakyyMi (ToO0TO y mpocTopi, Me mMpakTUYHO HeMaE€ YaCTUHOK pedoBuHU). Ila
mBUIKicTh gopiBHIoe npubausao 300 000 km/c. Posirmarucsa g0 Taxkoi MIBUI-
KOCTi He MOKe KomHe (isuuHe Tijo! A B mpo30piii peyoBUHI IMBUIAKICTH CBIiT-
Jla 3aBXKIW MEHIIAa, HiK Yy BaKyyMi.

IIBuaKicTe mOMIMpPEHHs CBiTJIa pidHa B PisHUX cepemoBUINaX. ¥ HACTiIOK
IILOTO IIPOMiHBb 3MiHIOE CBifi HAIPAMOK KOJIM IIEPEXOAUTH i3 OJHOTO CepeaOBU-
mia B imme. Hampukianm, v BoAi IIBUAKiCTH HMOIIMpPeHHA cBiTsaa B 1,33 pasa
MeHINa, HiK y BaKyyMi, a vy cKJIi — ~ y 1,6 pasa. HacTo BXUBaAIOTh TEPMiH
«ONTUYHA T'yCTHHA cepenoBuiias. 11lo mMeHIIa MBUAKICTh TOMINPEHHA CBiTJIA
B IaHOMY CEpPeIOBHUIIi, TO OijbIla Oro ONTUYHA I'yCTHUHA.

IToBiTpsi Mae GinbINly ONTHUUYHY TYCTHHY, Hi’K BaKyyM, OCKiJIbKU B TOBIiTpi
MIBUAKICTh MOIINPEHHS CBiTJIa AeIlo MeHINa, HijK y BakyyMmi. OIITuuHa IycTH-
Ha BOJAM MEHINAa, Hi)K OINTHYHA I'yCTHUHA ajiMa’dy, OCKiJIbKU IIBUIAKICTH CBiTJIa
y Boxi OinbIma, HidK B ajimasi.

IIlo Ginbille Bigpi3HAIOTHCA OINTUUYHI I'YyCTHHH ABOX CEPENOBHUII, TO OijbIiie
3aJIOMJIIOETHCA CBITJIO HA MeXi iIXHbOTO mofiny. IHakIIe Kaykyum, 1o Oijblme
3MIiHIOETHCS HIBUAKICTh MOIMMPEHHS CBiTJIA HA MeXKi IMOAijay ABOX CepemoBHIIL,
TO CWJIbHiIIIe BOHO 3aJIOMJIOETHCH.

SrIo mKepesio cBiTJsiIa i crmocTepirau pyxaroThcA OJHE BiTHOCHO OJHOTO,
YacToTa CBiTJIa, IO COPUIIMAaE cIocTepirau, He 30iraeThcA i3 4YACTOTOO AKepe-
na cBitoa. Ile aBumie mae HasBy edekr dommepa.

CBiTJI0Bi XBUJIi HOIIMPIOIOTHCSA B OAHOPiTHOMY CEPEeIOBHUII 31 CTAJIOI0 IITBU/I-
KicTio, AKa 3aJIeKUTH TiJIBKU BiJ BJacTHBOCTeli cepemoBuia. IIlpoTe moB:KuHA
XBUJi i wacToTa cBiTJIa MOMKYTHh iCTOTHO 3MiHIOBATHCA MiJl yac Pyxy HOKepesa
cBiTJIa i cmmocTepiraua.
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Hexaii wacrora KOJMBaHBL CBiTIa Vv, HOro IMBHUAKICTh HOINIHPEHHS U,

oT:Ke A = L.
Vo
dArmio npmiiMau pyxaerbcsa 3i mBHAKicTIO V' mo mKepesa cBiTia, Toxi
IIBUIKICTh NOIIMPEHHA CBiTJIa BiZHOCHO mpuiiMada u = v + U, a OCKiJbLKHK
IOB)KIHA CBIiTJIOBOI XBHWJII € CTAlol, TO 3a OAUHHUIIO YaCcy OO0 PYXOMOTO
npuiiMava mpuiige O0ijbina KiJbKicTh XBUJIb, HidK JO HEPYXOMOIO, TOMY:

, v+ v+ v’
v

A v

3BifKM BUIHO, II[0 YACTOTA CIPUUHATUX KOJHBAaHBb Oyme OiJbIIo0, Himx
BUIIPOMiHIOBaHA IKePeJsIoM.
Axmo npuiiMmau pyxaeThesa 31 mBUAKicTIO V' Bij miKepesa csitia, To, aHa-
r
JIOTIYHO MIipKYIOUHU, OZEpPKUMO V' =V, (1 - Kj, TOOTO B I[BOMY BUHAAKY IIPUIi-
v
Mau PeecTPye MEHIIY YacTOTy, HijK BUIIPOMIiHIOE IKepeJio.
Posriamemo Bumamok, KOJM I:KepeJio CBiTJIa pyXaeThCsA BiTHOCHO cepemo-
BHUINA 3i IMBUAKICTIO U, a IpUAMayY — HEPYXOMMUI.
fAximo gyxepeso cBiTiia HAOAMIMKAETHCS N0 IpHiiMava, TO 3a IIepioj KOJIMBaHb
XBUJIA IOIMUPIOEThCA Ha Bimcranb vT, a A)KepeJso CBiTJIa 3a el yac Iepemi-
crutbea Ha Bincranb uT. Ilpu npomy mosskuna xsuii A'=vT —uT = (v-u)T,
v v

: 1 :
TOMY IpHiIMad peecTpye 4acToTy: V. = — = =V, , OibIITY 3a yac-
Ao (v-u)T U

v

TOTY BUIIPOMiHIOBaHHSI.
Koau m:xepeso cBiTaa BigmanseTbcsa Big mpuiiMaua, TO 4acTOTA 3MEHIITY-

eTbesi: V' = v, . IIix vac ogHOUYACHOTO PyXYy [AKepesa Ta IpUiiMadya MOKHA

1+— 1+ Y
v , ' v
BHKOPHCTOBYBATU 3BeJeHy (OPMYIy: V' =V, L Vo .
VFU

1Fx—
v
SKmIo mpmiiMad UM IiKepeJsio CBiTJIa PyXalThCSA He B3MOBMK IIPAMOI, IO
cmoJsiy4dae ix, To edekrT Jlommepa BUBHAYAETHCSA TPOEKIIAMU IIBUIKOCTEN PYXY
Ha HAIPSIMOK ITiei mpsamoi.

YU 3HAETE BU, LLO...

EdekT Jonnepa BUKOPUCTOBYIOTb B pagionokauii 4N po3ni3HaBaHHA PyXOMMUX
o6’ekTiB (niTakiB, Ha OHiI Hepyxomux (rip, xMap)). 3a YEPBOHMM 3MiLLLEHHSIM CBIiTna Big
aCTPOHOMIYHMX O6’EKTIB, BUMIPIOETLCS iXHS LUBUAKICTb | pO3paxoBYETbCA BiACTaHb 40
Hux. Moniuia BukopuctoBye eekT [onnepa AN BU3HAYEHHA LUBUAKOCTI aBTOMOGIniB
LUMSIXOM BMNPOMIHIOBAHHS AOBXMHM XBUIi BigOMTOro Big HUX pagiocurHany.

Edekt Jonnepa LWIMPOKO BUKOPUCTOBYIOTL B MeauLMHI. Ha 6a3i edekTy cTBOpe-
HO KOMM'IOTEPHI KOMMSEKCK ynbTpas3ByKoBOi gonneporpadii. 3miHa XxapakTepucTuk
ynbTpa3sByKy Npv NPOXOOXEHHI Yepes3 CyaAnHW JaE 3MOry BU3Ha4aTu CTaH KpoBoobiry B
NMOBEPXHEBUX i BHYTPILLHIX CyaAUHAX.

A—
SANMATAHHA O BUBYEHOIO

1. fK moIMPIOETHCA CBITJIO B PiBHUX cepegoBHUINaX?
2. ¥V yomy mossirae edext Hommepa?
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§ 32. AUCTIEPCIA CBITAA

fBumie posksamaHHs 0iJOTO CBiTJIa Ha CHEKTP 3a JAOMOMOTOI0 MPU3MU
OyJI0 BioMe MOCHUTH AAaBHO, ajie IOSCHUTH Ie ABUIIe 3Mir Jjuile HbioToH.
YueHux, AKi 3alimanucsa ONTHUKOIO, IikaBuJa mpupona cBitima. HeioToH ke,
BUBYAIOUHN SABUIIEe PO3KJIAJAHHA 0iJIOTO CBiTJIA HA CIEKTpP, AiHIIIOB BUCHOBKY,
mio Oijie CBITJIO € CKJAZHUM, TOOTO CKJIAZAETHCS i3 CYMH IIPOCTHUX KOJIBOPO-
BUX IIPOMEHIB.

HrioToH mpaiiioBaB 3 MOPOCTOI0 YCTAHOB-
kKoo. Ha wmamomky 2.47 moOKasaHO IOCTim
HroioToHa i3 BCTaHOBJIEHHSA SBUINA AUCIEPCii
ceitsia (1754). ¥V BikHi 3aTemHeHOl KiMHATH
0yJi0 3p00JIeHO MAJeHbKUil OTBip, uepes AKUH
IPOXOAWB BY3bKUI IYYOK COHAYHOI'O CBiTJIA.
Ha muisaxy coHAYHOrO CBiTJIa CTOsJIA TIPU3MA,
a 3a mpusMoio — ekpaH. Ha HbOMY cmocTepi-
raju CHeKTp, TOOTO BUAOB)KEHEe 300paKeHHSA
KPYIJIO'O OTBOPY, HiIOMTO CcKJajeHe 3 Oara-
ThbOX KOJILOPOBUX Kpy:KeukiB. Ilpm mbpomy
HalbOiablme BigxmiaeHHsa Maau (gioJsieTosi mpo-

MeHi — OAWH KiHeIb cHeKTpa i HallMeHIIIe
BiIXUJeHHSA — 4UYepBOHI — Apyruili KiHenb
CIIEKTDA. Maan. 2.47

Auge meit mociin ie He OYB MEePEeKOHJIUBUM
IOBeIeHHAM TOTO, II[0 Oijie CBiTJIO cKJamme If icHYyIOTH IpocTi mpomeHi. Xoua
BiH i maBaB 3MOTy OiliTHM BHCHOBKY, III0, IPOXOASYN Uepes IIpusMy, 0ije cBiTI0
He PO3KJAJacThCd Ha IMPOCTi IIPOMeEHi, a 3MiHIOEThCS, AK BBayKajlo Oararto
nocaigaukiB o HeroToHa.

st Toro 1106 moBecTH, 1110 6ijie CBITJIO CKJIAAETHCA i3 IPOCTUX KOJBOPOBUX
IPOMEHIB i PO3KJIATa€ThCA HA HUX IPU IIPOXOAKEHHI uepeld mpusmy, HbioToH
OpoBiB iHIIME mocain. B exkpaHi, Ha AKOMY cIIOCTepiraBcs CIEKTpP, TAKOMK OyJI0
3po0JIeHO MaJIeHbKHII OTBip, uepe3 SKWil IIPOIIyCKAJW BiKe CBiTJIO, IO MaJio
MeBHUU KOJIip (TaK 3BAaHWI MOHOXPOMAaTWYHUI IMy4oK cBiTyia). Ha miaxy mbo-
ro nyuka HpioTOH cTaBUB HOBY IIpU3MYy, a 3a Helo HOBUil ekpaH. IIJo cnocme-
pizanocs Ha uvomy Hogomy exparni? Jlocaim moxasaB, 0 Ieil My4OK CBiTJIa
BiIXMISBCA IPU3MOIO AK €IUWHE I[ijile IIii BU3HAUEeHMM KyToM. IloBepraioum
mepiry npusMmy, HBIOTOH HPOIIyCKaB uepes3 OTBip eKpaHa KOJBLOPOBiI IpoMeHi
PiBHUX MIJISHOK CIIEKTpa.

B ycix Bunmagkax BOHM He PO3KJAAAJIHUCA APYTOi0 IPU3MOIO, a JIHUIIE Bimgxu-
JSAIVCA Ha BUSHAUEHUU KYT, PiBHUI IJIA IPOMEHIB Pi3HOTO KOJIBODY.

Omxe, (hisuK OiHIITIOB BUCHOBKY, IO 6ijie CBiTJIO PO3KJIANAETHCSA HA KOJBO-
poBi mpomeHi, AKi € mMpocTUMU i He PO3KJIAMAETHCSA NPU3MOI0. [JIA KOMKHOTO
KOJILOPY HMOKA3HUK 3aJIOMJEHHSA Ma€ CBOE 3HAUEHH.

TakuM YMHOM, IPOCTi IPOMEeHi € HeaMiHHUMU. BoHU ABIAIOTH CO00I0 HiOU
aToMu cBiTJia, mOAiOHO M0 aToMiB peuoBuHU. Ileii BUCHOBOK y3roa:KyBaBcs 3
KOPIIYCKYJISIPHOIO Teopiero cBitiya. [liticHOo, He3MiHHI aToMm cCBiTJIia, IIPOCTi
IIPOMEeHi, € TIOTOKOM i OJHOPiTHUX YACTUHOK, AKi, IOTPAIJIAIOYN Y HaIllle OKO,
hopMyIOTh BimuyTTA mMeBHOTO Koabopy. CyMmiIll 3 pisHOpiZHMX CBiT/IOBHUX uUac-
TUHOK € Oimum cBiTyioMm. IIpoxomsum uepes mpusMmy 0Oijie CBITJIO PO3SKJIATAETH-
cs. IIpusma copTye CBiTJIOBI YaCTMHKM, BiAXUASIOUM 1X HA Pi3HUHA KYT BiAIo-
BiTHO OO0 iXHBOI KOJipHOCTI.

3 TOUKM 30pPy XBUJILOBOI Teopii Ha To# uac OyJi0O CKJIAJHO ITOSCHUTU Bin-
KputTss HbioToHa, TOMY IO TeOpisa MOIMUPEHHS XBUJIb IIle He OyJjia pos3pob.ie-
Ha. PosdyMiHHA TOrO, IO KOJIip BU3HAYAETHCSA IIEPioOM CBiTJIO0BOI XBUJIi, IPU-
Hmio Habararto misHirre.

SKIo0 yBajKHO UPUAUBUTHUCS OO0 NTPOXOAKEHHS CBiT/Ia Ueped TPUKYTHY
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Expan

Maun. 2.48 Maun. 2.49

IPU3MY, TO MOXKHA no6atmT1/1, IO POSKJIAJAHHHA 0ijoro CBiTJIa TOYMHAETHCA
BiZipagy K, AK TiIbKU CBITJIO IEPEXOAUTH 3 HOBITPA B CKJIO (Mai. 2.48).

CepenoBumia, y AKHX CIIOCTEpPiraeThca SIBUINE AHMCIEPCii, Ha3MBaOTh Juc-
nepzyroiumu.

SAximo Ha MIAXY 0yIb-IKOTO KOJBOPOBOTO IIyYKa, 10 BUXOAUTH 3 IIPU3MU,
IIOCTABUTHU IIle OOHY IIPU3MY, TO BiH IIpoiifie uepe3 mpusMy 0e3 3MiHU, He PO3-
KJaagaounch (Maj. 2.49).

IIpo wo ceidyums asuuie ducnepcii? 1) Bine cBityio € cKIagHUM, TpO IIie
cBimuuTh i aBumie nudpaxiii. Ilix vac BuBueHHs apuia gudpakiii 6yso BcTa-
HOBJIEHO, IO MOBXKHWHU XBWJIb i IXHiI 4acTOTH PisHi AJA KOMKHOTO KOJBOPY.

2) IIBuakrocTi XBWJb, 3 SAKWUX CKJagaeThcA 0Oise cBitmo, pisui. [lificHo,
3 IOCJIiy BUILJIMBAE, ITI0 AJIA MOKA3HUKIB 3aJIOMJIEHHS CIIPABIKYETHCA HEPiB-
HicTe: n,< n,< n,< n,< ns;< n,< Ny

AJle TTOKasHUK 3aJIOMJEHHS TOPIBHIOE BiJHOIIIEHHIO IIIBMIKOCTI CBiTJIa B
OOBITPi A0 MIBUAKOCTI cBiTsIa ¥ cKJi. ToMy IOKasHUKM 3aJIOMJIEHHS KOJIbOPO-
BUX IIPOMEHIB MOKHA 3alMCcaTH 4Yepes iXHi MBUAKOCTI: N, = i; v 3Ny = i,

v, Uy

IligcraBuBIiN 3HaAWIeHI 3HAUEHHSA MOKA3HUKIB 3aJOMJIEHHS B IIOIIEPEIHIO

HEPiBHICTH, OTPUMAEMO Uy > U™ .o ™> Uy,

Om:xe, 3 ABMIA AMCIEPCii BUIIJIMBAE, IO XBUJi, AKIi BXOOATH OO0 CKJIAXY
0iJI0oTO CBiTIIA, Y PEYOBHHI MOIINPIOIOTHC 3 PISHUMHU MIBUAKOCTAMM: 3 Ha¥-
OLJIBIIOI0 IIBMIKICTIO IMOIIMPIOITHCA XBMIl, AKI MU CIpUMiiMaeMoO AK dep-
BOHE CBiT/IO, i 3 HAWMEHIIOI — XBMJIi, AKi MM crpuiiMmaemMo AK (piojeToBe
CBiTIIO.

IIpore Hallle CHPUUHATTA KOJBOPY 3aJIEKUTH Bifl JOBKMHU XBUJi, a OT:Ke,
i Bim wacrorm KosmBaHb. TaKuM UMHOM, IIBUAKICTH HOINMPEHHS CBiTJIOBUX
XBUJIb 3aJIEKUTDH Bif IXHBLOI UacToOTH.

O0’egHy0UN CKasaHe IIPO AMCIIEPCiio CBiT/Ia, MOMKHA JaTH TaKe BU3HAYEHHS:

ducnepcieio XBUJIb HA3MBAIOTH 3aJI€:KHICTh IXHHOI IIBUAKOCTI BiJ 4acTOTH.

3ayie:kHicTh (pa30BOi MIBUAKOCTI XBUJIb Bifl IXHBOI YaCTOTU BUSBJISETLCSI B
TOMY, IO IOKAa3SHUK 3aJIOMJEHHS XBWJIb TAKOMK 3aJIeKUTh Big uacToTtu. A 1e,
Yy CBOIO Uepry, CBiIUMTH IIPO Te, IO HA MEXKi 3 AUCIEepPTryIouMM CepedOBUIIIEM
0ijie CBITJIO PO3KJIAZAETHCA HA MOro CKJAJO0OBI XBII.

A uu 3anexcume weudKicmy c6imaa y 6aKyymi 6i0 wacmomu KOIU6aHb?

Yasimo, 1o y BaKyyMl Ha 3HAYHIi#A BifcTaHi Bim Hac pos3MiIeHo HOTY>KHe
I:Kepesio CBiTJIa, AKe MepioAUYHO 3aKPUBAETHCA HEIPO30POI0 MINPMOIO, i Bi-
KpUBa€eThCcA. SIKIMO Bei CBITJIOBI XBMJi He3aIeKHO BiJ YacTOTH KOJUBAHb
HOIINPIOIOTHECS Y BaKYYMi 3 OJHAKOBOIO IIBUAKICTIO, TO M MaE€MO IOOAUUTH,
IO CBiTJIO, IKe€ BUIIPOMIHIOETHCSA JaJeKUM I:KepPeioM, MUTOTHUTDL, aJjie HOoTo
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KOJIip He 3MiHIOETHCA. SIKIIO CBiT/IOBI XBMJIi PiBHOI YacTOTH y BaKyyMi IOIITH-
PIOIOTHCSA 3 PISHMMM IIBUAKOCTAMU, TO KOJIp AKepesa Mae 3MiHIOBATHCH.

Posriamemo 1e gokaangmimre. Ilpumyctumo, 1Mo y Ba}cyyMl 3 HaMO0iJIbIIOI0
IIBUAKICTIO HOIINPIOIOTHCA XBUJIL Y€PBOHOIO CBiTJIA, & 3 HANMEHIIIO — XBUJIL
(diosmeroBoro cpiTyia. ¥ Takomy pasi micas Toro, K mimpMa BiIKpHE IXKepesio
CBiTJIa, MO HAC IEPIIMMU SiAAYTh XBUJL YepPBOHOIO CBiTJIa i MM mo6aummMo
Isxepeiio uepBoHuUM. IloTiM, y Mipy TOro sSIK HaIIUX OYeill JOCATAaTUMYTHb XBIJIL
iHIIMX YacToT, 3abapBJIEHHS IyKepejia 3MIiHIOBATHMETHCA i, HapeIlTi, cTaHe
TaKUM, AKUM BOHO € Hacupaszi. Ilicada Toro Ax mmumpma 3aKpue IKepeso CBiT-
Jla, 0 HacC IEePIIUMU HIepecTaHyTh HJOXOAUTH XBUJII YePBOHOT'O CBiTJIa, a IOTiM
dioneroBoro. OT:Ke, KOJip AKepesa 3MiHIOBAaTUMETLCS Big mificHoro mo ¢ioJie-
TOBOTO, IIiCJS YOTO A’Kepesa He Oyae BUIHO.

3a HeBeJUWKOI Pi3HUIl Yy IMIBUAKOCTAX IOMIMPEHHS XBUJb ONMHCAHUI edeKr,
AKIIO BiH BigOyBaeThCA, MOXKe OYTH HMOMITHHI TiIBKM TOHAI, KOJU AyKe BeJInKa
BificTaHb MiXK JKepesoM i crmocrepirauem. Tomy B J1a0OpaTOPHMX YMOBaX 3Jilic-
HUTHU OIIMCAHUI BUINE IOCJiJ He MOMKJINBO, OCKiJIbKK BCi 3eMHI BiacraHi amsa
HbOoTO MaJji. IIpoTe MOMKHaA CKOPHCTATUCS AaCTPOHOMIUHWMM CIIOCTEPEKEHHSIMU
3a moABiitHUMU 30pamMu. I1o0siiina 30ps — 11e IBi 30pi, 10 00epTalOThHCA HAaBKO-
JI0 iXHBOTO 3araJibHOro IieHTpa Mac. KoKHa 3 HUX MHepPioguvYHO 3aTyJjse Bin
crmocTrepiraya cBiTJio Bif immioi 3opi. IIpoTe B TesiecKom 3MiHM KOJBOPY IUX 3ip
He cIocTepiraerbed. SIKOM IIBUAKICTH IOMIMPEHHS CBiTJIa ¥ BaKyyMi 3ajerxasia
BiJ 4acToTH, TO MiCJIs BUXOMAY 30pi 3 TiHi moBuHeH OyB OM 3MiHIOBATHCS il KOJIIp.

Omxe, y BaKyyMi HIBHIKICTh NMOIIMPEHHSA CBITIOBMX XBUJIb HE 3aJI€KUTH
Bil 4acTOTH KOJHMBAHbB.

—
3AMUTAHHA 0O BUBYEHOTIO
1. Ik MorkHa cmocTepiraTu aBuile aucnepcii ceitaa?
2. IlTo Take mucmepcisa?
3. IIpo 1m0 cBiguuTh mociaing Hpi0TOHA 3 TPUKYTHOIO IPU3MOI0?
4. fIKe cepenoBUINe HA3UBAIOTH AUCIEPTYIOUM?
5. Yu cmocrepiraeThesa Amcmepcis cBiTiia mpu IPOXOKEeHHI uepe3 Bakyym?

§ 33. IHTEPOEPEHLUIA CBITAA

Mu posrasmanu OgHY XBWJIIO, IO IIOIMIMPIOETHCA Bif m:kepesa. Aje my:xe
YacTO B CEPEJOBUIINI OJHOYACHO IOIIUPIOETHCA KiJbKa pisHUMX XBuJb. II0 i
gidbysacmuvca 8 micusax, 0e xguni Haxaadaomovcs 00Ha HA 00HY?

Ao aBi xBuai Ha BoAi 3ycTpiuaroThCA B OOMHOMY MicIli rpebeHsMu, TO B
IBOMY Micui 36ypeHHﬂ BOJIM THOCUJIIOEThbCA. SIKIITO, HaBOHaKu, rpebiHb omHiel
XBHJIL 3yCTp1qaeTLCﬂ is sanmaguMHOIO iHIINOI, TO OBEPXHA BOAU He 30yPIOETHCS.

Y KOXHIN TOYIl cepelOBUINA KOJIMBAHHSA, CIPUYMHEHI JBOMa XBUJIAMH,
IomaioThbesaA. PesdysbTyioue 3MileHHA OyIb-sIKOI YaCTUHKM CepemoBHUINla — Iie
cyMa 3MileHb, siKi 6 cTBOpIOBaJia KOMKHA 3 XBWJIb, IMOIINPIOIOYNCH 0e3 iHIIOo].

HomaBaHHA y mpocTopi ABOX (a00 KiJIbKOX) XBHJb, KOJH BiZ0OyBa€eThC
IOCTiHMH y 4Jaci po3mogisi aMmIiTyn pe3yJbTyIUHX KOJUBAHb y Pi3HUX
TOYKAX IPOCTOPY, HA3UBAIOTh iHMepdepenyicro.

3’sacyeMo, 3a IKMX YMOB MOJKJIMBA iHTEp-
(depenmis xBuab. A THOro pO3TIAHEMO
IeTaJbHiIlle HaKJaJaHHA XBUJIb Ha IIOBEPXHI
Bogu. HampukJazm, MoXHA OOHOYACHO 30yIH-
TU ABi KOJIOBI XBMJII Yy BaHHi 3a JOIIOMOTOIO
IBOX KYJIbOK, HPUKPIIJIEHUX OO0 CTEPKHS,
AKUN TapMOHIUHO KosmBaeTbesa (mai. 2.50).
Toxi y Oyab-sakiii Touri M Ha mOBepXHi BoaHu Maun. 2.50
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(man. 2.51) gogaBaTUMyThCA KOJUBAH-
Hs, COPUYMUHEHI ABOMAa XBUJIAMHU (Bifn
mxepenr O, i O, Awmunnitygu koiau-
BaHb, AKi 30ymuau B Touri M 1mi oOu-
IBi xBuJIi, OyOyTh pisHi, TOMY I10 XBU-
Ji IpoxogaATs pisHI maaxu d; i d,.
IIpore akio BigcTaHp [ MixK AyKepesa-
MH 3HAUHO MeEHIIa BiJ IIMX IJIAXiB
(I << d;il << d,), To obunsi ammi-
Tyau MOXKHA BBasKaTHU MaiiyKe OJHAKO-
BUMIU.

PesysnbraT nomaBaHHA XBWJIb, AKi
OIPUXOAATL Y TOUKy M, 3ajexaTume

x Bim pisuuii ¢pas ik HEMH. AKIimo
~ XBIJIL NPOXOZATH PisHi Bifcrami d, i
N\ .
\ d,, TO BOHH MaOTh Pi3HUINIO Xony Ad =
g 7 = d,—d,. RQJII/I pi:j,HHuﬁ XOmy HOOopiB-
_ \ =7 S/ HIOE JOBXKUHI XBMJIL A, Ile 03HAUAE, IO

Ipyra XBUJIA 3aMi8HIOETHCS ITOPiBHAHO
3 MIepIIoi0 Ha OOWH Imepion (AKpas 3a
Man. 2.52 mepiof XBUJISA IIPOXOAUTH IIJISAX, IO
JopiBHIOE moBXKmMHI xBmiai). Omike, y
IILOMY BUIIaAKY r'pebeHi (abo 3amammum) 000X XBHJIb 30iraTUMyThCs.

Ha manronky 2.52 300paskeHO 3ajleKHICTb Bifi yacy smimeHs x, i x,, cIpu-
YMHEeHUX OBOMAa XBUJIAMU, Koau Ad = A. Pisuunsg ¢as KoJuBaHb JOPiBHIOE
HyJai0 (abo 2w, 60 mepiox cuHyca — 2m). YHACIIZOK JOJaBaHHA IIUX KOJUBAHD
BUHUKAE Pe3yJbTyI0Ue KOJMBAHHS X i3 MOABOEHOIO aMILIITY/IOIO.

AMnaiTyna kKoJuMBaHB cepeIoBUIA B MaHiN Touli Oyae MaKCHMMAJbHOIO,
AKII0 Pi3HUIA XOOy ABOX XBUJb, I[0 30YIKYIOTh KOJHUBAHHA B Iiil TOUIIi,
JOPIiBHIOE LiIOMYy YMCIY MOBMKHUH XBUJIIb:

Ad = kA,
ne k=0,1, 2, ... IIro ymMOBY HasMBaIlOTh YMOBOI MaKCHMYMIiB.

A wo 6yode, koaru Ha 6idpisky Ad emiwyemuvcs noaosuna 0osexcunu xeuni? Oue-
BUIHO, ITITO APyTra XBWJIA BifcTaBaTHMe BiJ MEpPIIOi Ha IIOJOBUHY Iepiony. Pisuuma
¢as mopiBHIOBATHMME T, TOOTO KOJMBAHHA BiZOyBATUMYThCs B IpoTudasi. YHaci-
IOK JOMaBaHHA ITMX KOJWBAHb aMILTITy[a PesyJbTYIOUOTO KOJUBAHHSA JODiBHIOE
HYJIIO, i B PO3IVIAAYBaHill TOUIi KoJMBaHHA BifcyTHi (Man. 2.53). Te came crmocre-
piraerbed, AKINO Ha BiAPi3Ky BMIIyeThcA Oyab-siKe HEIapHE YMCJO ITiBXBUJIb.

AMnriTyna KoJIMBaHB cepeIOBUINA B aHii TOUIli Oyae MiHIMAaJIbHOIO, AKIIO
Pi3HHMIIA X0ay ABOX XBMJIb, IO 30yI:KYIOTh KOJIUBAHHSA B Iiil TOYIIi, TJOpPiBHIOE
HeIAPHOMY YMCJY MiBXBUJIIb:

Ad = (2k + 1) &

Axrmo pisHunsA X0AY Ad = dy—d, mae npOMmcHe 3HAUEeHHA MK A i A/2, To &
aMILTiITyla PesyJIbTyIuOoro ROJII/IBaHHH HaOyBae JesIKOT0 IPOMIKHOTO 3HAUEHHS

X
X9 X
-~ 27N PN
’ \ , \ ’ \
/ \ / \ / \
0 \ y
\ / \ / \ !
\
\ ,’ \ / \ / \ ,/
\ , \ / \ / \ ’
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Man. 2.53
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MiXK IIOJBOEHOIO aMILIITY[0I0 i HyeM. AJie HAliBaKIN-
BimuM € Te, IO aMILIiITya KOJUBaHb y OyIb-sKiil
TOulli He 3MiHIOEThCA i3 uwacom. Ha moBepxHi Boau
BUHUKAE IIEBHUH POSIIONiJ aMILIITyl KOJWBaHb, AKUHA
Ha3MBaIOTh iHTepdepeHIliitHoI0 KapTuHOIO (MaJji. 2.54).

106 orpumaTu cTiiKy iHTepdepeHIiliHy KapTUHY,
IKepesa XBUJIb IIOBUHHI MAaTU OJHAKOBY YacTOTy i
(asm ixHiX KoJMBaHb MaiOTh 30iraTucs abo BimpisHsa-
THCA Ha AesaKy cTaay (HesaJe;KHY BiJl yacy) BeJIUUYUHY.
Pisuunsa ¢as xKoauBaHb 000X IyKepesa Ma€ JIUIIATHUCS
He3MiHHOW. [[JKepesa, SKi BiATIOBiAAIOTH ITUM yMOBaM,
HA3MBaIOTh KOTepeHTHUMHU. KorepeHTHIMY HAa3WBAaIOTh i YTBOPEHI HUMU XBUJIi.

Tinpku micasa momaBaHHSA KOTEPEHTHUX XBUJb CIOCTEPiraeTbcsa CTiliKa
iHTepdepeHIliiina KapTUHA.

SAxnro pisHMIA (a3 KOJMBAHL MKepes HeIlOCTiiHa, To pisHUIA (a3 KOoJu-
BaHb, 30YAKYBaHUX ABOMAa XBUJIAMHU B OyAb-sKili TOUIli cepemoBHIla, 3MiHIO-
BaTUMeThCcA. TomMy ¥ aMILIiTyZa pPe3yJbTYIOUMX KOJIMBAaHb 3MIiHIOETHCS i3
YyacoM. YHACJHiOK IIbOI'0 MAaKCUMYyMMU i MiHIMyMHu IepeMinlyoTbca y IPOCTOPi,
iHTep(epeHITiliHa KapTUHA CTA€ PO3SMUTOIO.

Iarepdepeniia BaacTuBa XBUJILOBUM IIpollecaM Oynb-AKoi mpupoau. Moik-
Ha, 30KpeMa, crocTepiratu intepdepeHIiiio 3ByKy. Benuke 3uauenua inrtepde-
PeHIlil moJiArae B TOMY, IO KOJH B IPOIleCci BUBUYEHHS AKOTOCHh SIBUINA Oy/e
BHUSBJEHO iHTepdepeHIito, e 03HAYaTHMe, [0 MA€MO CIPaBy 3 XBHJIBOBHM
pyxom.

ITommprorouncs y mpocTopi, XBUJIi mepeHOCATh eHeprito. I]o i 6i06ysaemy-
ca i3 uiew eHepzieio modi, kKoau xeuni zacamv o0Ha 00Hy? Mosxe, BOHa mepe-
TBOPIOETHCA B iHIT hopMu i B MiHiMyMax iHTephepeHIiTHOI KAPTUHU BUiJIA-
etbesa Temora? Hiuoro moami6uoro. Mimimym y miit Touri inTepdepeniiinoi
KapTHUHU 03HAUaE€, IO eHeprid cIogu He HaIXOAUTL 30BCiM. YHACIIIOK iHTep-
depenmnii eHepria mnepeposmogijifgeThecA y mpocTopi. Boma posmomiiserscsa
HepPiBHOMipHO Ha BCiX MiJIAHKAX CepemoBHUINA, a KOHIIEHTPYETHCA B MaKCUMY-
Max i ToMy 30BCiM He HAAXOAUTH y MiHIiMyMwu.

Y 1802 p. Tomac IOur mposiB mocuiz (y mobpe 1
3aTeMHEeHi#l KimHAaTi), y AKOMY crocrepiraB intepde-
peHIIiio cBiTJa. A

CxeMmy mocJigy HaBegeHO Ha MaJIOHKY 2.55. CsiT-
g0 Bixm CoHig mazaso Ha mupmy I, v akiit 0yB oTBip
A y Buraaai miguau. CBiTJIO Bim ocBiTyieHOI ITiIMHM
majajgo Ha mupMy 2, y AKil 3podmam 1OBi BYsbKi
miisiman B i C. OckinbKu BoHU Oyju po3MmilieHi cume-

TPUYHO BifHOCHO IIiiuHU A, TO CBiT/IO Bif miijiuaum A

IO HUX OOXOoAmJO omHouacHO. Oroxe, i miinuuau B i C

OyJIu KOTepeHTHUMHU AKepesaMU CBiTJia, Bil HUX CBiT-

JI0 majajo Ha ekpaH 3. Ilpu mpboMy Ha eKpaHi cmocre- 2

piramaca Taka KapTuHa: Kpai expaHa Oyaum cJuado

OCBiTJIeHi, a B cepenuHi ekpaHa, Je MYyYKU CBiTJia Bif

IIiINH HAKJIAZaJINCA OOWH Ha OJHOTO, CIOCTEepiraiocs

YyepryBaHHA KiJIBKOX CBIiT/IMX (BEeCEJIKOBUX) i TeMHUX

CMYT, IO CBiAUMJIO PO iHTepdepeHIriio cBiTia.
3aBaaku gocainy FOHra Mo:xHa CTBEpPAKYBaTU, IO

CBiTJIO Ma€e XBUJIBOBi BJIACTUBOCTI.

SAKIMo B IIbOMY JOCTiZlI 3aMicTh ABOX IMiJINH, IO
OCBITJIIOIOTBCA OMHUM [KEPeJOM CBiTJia, y3ATU [OBa
HesaJe:KHUX M:Kepesa CBiTia (HAIPUKJIAL, OBl JaMIIu
po3:KaploBaHHsA), TO ABUIIE iHTepdepeHIlii He cmocTepi-
ratumersca. Jomy? Maa. 2.55
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Bu B:Ke 3Haere, 110 iHTEPPEPYIOTH TiIbKU KorepeHTHI xBuiai. Ilpu imTepde-
peHIil 1BOX KOTepeHTHUX XBWJb 3 OJHAKOBUMH aMILIITyZaMu X, ,. aMILIiTyga
pe3yabTYIOUNX KOJIUBAHL OyJe MaKCHUMAaJILHOIO i JopiBHIOBaTuUMe 2X,,. V TOU-
Kax, PisHUIlA (a3 y SKUX CTAHOBUTH HYJIb a00 PiSHUILA X0y IJId AKUX — IIap-
He YHCJIO MiBXBUJIb. ¥ THUX TOUKAX, V SKUX pisuHuig ¢as abo pisHuA xXomy
IOPiBHIOE HEIIAPHOMY YMCJIY ITiBXBUJb, XBWUJi racATh OJHA ONHY UM aMILIiTyna
Pes3yJIbTYIOUOi XBUJi MTOPiBHIOE HYJIIO.

XBUJIi, 10 BUITPOMIiHIOIOTHCS 3BUUYAMHUMU IKepeiaMu, He € KOTepeHTHi: y
HUX PisHi mouaTkoBi pasu. ToMy B KOKHill TOUII IPOCTOPY aMILIiTyIa Pe3yab-
TYIOUOl XBUJII XaOTUYHO i IMIBUAKO 3MiHIOEThCS. OCKiJIBKM HAIIIOMY OKY BJIAC-
TUBA iHEPIiHHICTL i BOHO peEEeCTpPye JIMIIE CEepenHi 3HAUEHHA aMILIITyX, TO
iHTep(epeniiina KapTuHa B IIbOMY BUIIQAKY HE CIOCTEPiraeThbCs.

Orioct ®@peHesb 3alIPOMOHYBAB CIIOCI6O OTPMMAaHHS ABOX KOTE€PEHTHUX CHC-
TeM CBiTJIOBMX XBUJIb Bil omHoro mxepesa cBityia. CyTh IILOTO CIIOCOOY IIOJIA-
rae B po3dijieHHi omHiel cBiTsioBOI XBmJri Ha ABi KorepeuTHi. IIpu HakIamaHHi
X XBUJIb PpeHesb CIOCTepiraB ixXHI0 iHTepdepeHIrio.

B omHOMY 3i CBOiX ZMOCJaiMiB yUueHU PO3AiJISB CBITJOBY XBUJIO BiJ mKepesa
S (maji. 2.56) 3a T0IOMOI'0I0 ABOX TOHKHUX CKJIAHUX IIPHU3M, CKJIEEHHX OCHOBA-
mu. Taky npusmMy HasmBaTh Oinpusmoro @penens. OcHOBY O6impuaMu po3Mi-
IIYIOTh IIapajejbHO ACKPaBo ocBiTiewiit miinmuui. Ak i B gocaigi FOura, inrep-
depeHIlifiHA KapTUHA cIOcTepiragaca Ha exkpani E.

SIKmI0 MIiIWMHY OCBITJIOBATHM MOHOXPOMATHY-
HUM (OHOKOJIIDHMM) CBiTJIOM, TO BCi CBiTJIi cMyru
iHTepdepenniiinol KapTuHuH OYAYTH MaTH TOH
camMuil KoJip. fAKIo IiJauHy OocBiTaIOBaTH OiauM
cBiTOM, TO iHTepdepeHIliiina KapTUHA OyIe pisHO-
KOJIipHOIO, TOOTO V KOXKHili cBiT/Ii#i cMmy3i cmocre-
piraTuMeThca IJIaBHUI Iepexis] KOJbOPiB Big uep-
BOHOTO 10 (hioJieToBoOrO.

Hocaig. Ko Mum oTpmMaeMo Ha JAPOTSIHOMY
KapKaci IIiBKY MHIJILHOTO PO3YMHY i CIPAMYEMO
Ha HBOTO CBITJIOBMU ITyYOK BiJ IPOEKIIiIiHOTrO ara-
para, To mobaumMO Ha ILIiBIi KOJILOPOBE 3abapB-

Mauxn. 2.56 neHHsa. Kooy Ha MIAXY CBITJIOBOTO MyYKa IIOCTaBU-

TU YePBOHUN CBITJIOMIIBTP, TO 3aMiCTh KOJIBOPOBUX

CMyT MU IIO0AYMMO ONHOKOJIpPHI YepBOHI CMyru, PO3[iJieHi TEeMHUMHU CMyTraMu.

Kapruma Haragye inTepdepeHIIiliHi cMyru, OTPMMAHiI 3a HOIIOMOIOIO I3€pPKaJI

®penens. JAKNI0 YepBOHUH CBITIIOMIIBTD 3aMiHUTH HA 3€JIEHUI, TO CBIiTJII cMYy-

i OynyTh 3enaeHuMu. 1le HaBOAWUTH HA NYMKY, IO CIIOCTEPEKYBaHE SIBUIIE €
pesyJsbTaToM iHTepdepeHIii ceiTia.

Axi e dea ceimaosi nyuxu inmeppepyroms y yvomy sunadxy? OueBUIHO,
110 CBiTJIO, MaJalouM Ha ILIIBKY, BimOmMBaeThCA BiJ HmepeqHBOI i 3aJHBOI mOBEp-
xoub 1iei maiBku. Ilpu mbomMy MiKk myukamu, BigOuTumu Bijg mepesHboOI i
3alHBOI TIOBEPXOHb, BUHUKAE PIiBHUIA XOAY, AKA 3aJIe}KUTh BiJi TOBIIMHU
ILUIIBKM Ta MaTepiaay, 3 AKUM ILJIiBKa CTUKAETHCA.

SAKIO pisHUIA X0ay MOPiBHIOE I[iJIOMY UMCJY HOBMKWH XBUJb, TO BiIOyIeThbCs
mifcuieHHs BigbmTol XBWMJIi, a AKINO PiSHMUIA XOAY JOPiBHIOE IIOJIOBHHI XBHJIL
a00 HemapHOMY UYMCJY IIiBXBUJIb, TO BiAOyAeThCs IIOCJIA0JeHHs BigOMTOI XBUII.

fABuire imTepdepenii ceiTiia IIMPOKO BUKOPUCTOBYIOTH V TexHimi. OxgHe 3
TaKMX 3aCTOCYBaHb — «IIPOCBiTIeHa» onTuKa. BixmosripoBana moBepxHA CKJa
BimouBae npubausuo 4 % csiTia, 1o nagae Ha Hel. CyyacHi onTHUHI IIpuUIagu
CKJIaJIaIOThCA 3 BEJIMKOI KiJIBKOCTI JeTaJsieii, BUTOTOBJIEHUX 3i cKJia. IIpoxomaun
yepes KOKHY 3 HHUX, CBiTJIO ocialbiioeThesa Ha 4 % . 3arajbHi BTpaTu cBiT/Ia B
00’eKTHUBi hoToamapara CTaHOBAATD IPpUOJIU3HO 25 % , Yy MPU3MAaTUIHOMY OiHOK-
Jgi i mikpockomi — 50%.

JJ1d 3MeHIIeHHsA CBITJIOBMX BTPAT B ONTHUYHUX IIPUJIaJaX yCi CKJIAHI meraui,
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yepes K1 MPOXOAUTH CBIiTJIO, IIOKPUBAIOTH ILJIIBKOIO TOBIIIMHOIO B UBEPTH CBiTJIO-
BOI XBWJIi, ITIOKA3HUK 3aJIOMJIEHHSA KOl MEHIIINH 32 IOKA3HUK 3aJIOMJIEHHS CKJIA.

fABuiie intepdepeniii BUKOPUCTOBYIOTH AJSA KOHTPOJIO SIKOCTi 00pPO00.IiO-
BAJbHOI MOBEPXHi.

—
SAMUTAHHA 0O BUBYEHOTIO
1. ITo Take inTepdepeHItisa?
2. ChopmyatoiiTe yMOBM MaKCUMYMiB i MiHiMyMmiB inTepdepeHIiifinol KapTUHH.
3. SIki xBUJIi HA3MBAIOTh KOTEPEHTHUMMU ?
4. 3o06pa3sits cxemy mocainy FOHra i moscHiTH #oro pesyabTaTu.
5. Hamauroiite cxemy gociiny PpeHesis 1 MOACHITE Horo xXif i pesyabraTu.
6. Ha ngporaHOMYy KapKaci oTpuMaiu MUJIBHY IUIiBKY TOBIUHOIO A/4. IToscHiTS,
AK 1 gxa iaTepdepeHiiina KapTHHA YTBOPIOETHCS B IILOMY BUIAIKY.
7. 3 AKOI0 METOIO JIIH3Y ONTUYHUX IPUJIAiB IOKPUBAIOTH CIEIiaJIbHOIO IIJIIBKOIO?

@ BukopucToBytoumn nitepatypHi axepena abo iHTepHeT-pecypcu, 3’ACynTe, SK KOHTPOMNOKTb
AKICTb NOBEPXOHb AeTanen 3a 40NOMOrot iHTepdepomeTpiB.

§ 34. AMOPAKLIA CBITAA

Bu osmatioMmmancsa 3 XBUJIAAMU, AKi MOIMUPIOIOTHCA B OOJHOPiTHOMY cepezo-
Buiili. Temep 3’sicyemo, 1110 BigOyBaeThCA 3 XBUJIAMM, KOJH IX CIPAMOBYIOTH
Ha IepeIKoay, HaIpUuKJIag Ha TBepAy CTIiHKY.

3acrocoByioun mpuHIuN ['foiirenca (c. 91), mepekoHyeMoCs, II[0 OTMHATH
TMePEemIKOaN MOKYTh OyIb-sIKi XBUJIi.

BigxujeHHs Big NpsSIMOJIiHIiHHOTO MOIIMPEHHS XBUJIb, OTHHAHHA XBUJIAMU
IepelKo] Ha3uBaKTh dugpakxuyicro (Bin nar. difractus — «possiaMaHUii»).

Hudpakiriiini ABuUIa JerkKo CrocTepiraTu, KOJIu po3Mipu mepeIrkonm mopis-
HAHHI 3 TOB:KUHOIO XBuJi. IIpoTe moBKMHA CBITJIOBOI XBUJIL AYy:Ke MaJia, TOMY
OTMHAHHSA IIepPenIKoj] Ay:Ke He3HauHe i cIiocTepiraTm MOro MoiKHa JUIIE 3a
cueriaJilbHUX yMOB.

A coocrepe:kenHsa audpakitii cBiTia moTpioHo Gpatu abo Rysxe MaJIeHbKi
IEepPeIIKOAHN, abo IPOBOAUTH CIIOCTEPE’KEHHS Ha Iy’Ke BEJIUKHUX BlJICTaHﬂX 100
OyJii IOMITHI HeBeJHKi BiAXWJIEHHS CBITJIOBMX XBWJIb BiJ IPAMOJIIHIHHOTO
HolIupeHHsa 0insa KpaiB nmepemkon. Kpim Toro, mpumiinesHs, y sKkoMy Big0y-
BaIOThCA JOCJIiaM 3i cmocTrepeskeHHsA Audpakiiii cBiTiaa, Mae OyTu Ho0pe 3aTeM-
HeHe, OCKinbKU audpaKmiiiHi KapTUHY MAalOTh HE3HAUHY OCBITJIEHICTH.

Hocmim. Y mobpe 3aTeMHEHOMY IPUMIIIIeHH] Tepes SCKPaBUM TOYKOBUM IKe-
peJioM CBiTJIa, Po3MiIllieHuM y IpucTpoi 3 orBopoM 10—12 MM, mocTaBUMO HEIIPO-
30py MIUPMY 3 NOPSIMOKYTHOIO IIIMHOIO, IIMPUHY AKOI MOXKHA 3MiHIOBaTH
(man. 2.57, a—8). fAxio mmumpuua niiauE 1-2 MM, TO Ha eKpaHi BUTHO ACKPaBY

@

©

Maun. 2.57
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CBITJIy CMYXKKY i3 UiTKO OKpECJIeHUMU KpasMu
(man. 2.57, a). IlocTymmoBO 3MEHIIIYIOUM IITHPU-
HY II[IMHW, IIOMIi4aeMoO, IO YiTKiCTh KpaiB

SCKPaBOi CMYKKM Ha €KpaHi IIOCTYIIOBO IIODY-
IIYETHCA: CMYsKKa CTae IMMMPINOI0, il OCBiTJIe-
HiCTb 3MEHINYETHCS i 3HWMKAE A0 KpaiB. [auri,
3MEHIITYIOUN IMUPUHY IMIJINHY IPaBOpPyY i JiiBo-
PYY BiZl OCBiTJIEHOI CMYIKKHU, 3’ ABISIOTHCS CJIa-
060 moMiTHI KOJIBOPOBi cmyru (Ha maia. 2.58, &
BOHU — YOpPHO-0iji, a Ha Mai. 2.58, a — KoJbo-
(¢ pOBi).
Mau. 2.58 .H}cmg nepen IXKepeioM c_BiTJIa IOCTABUTHU
CBiTJIOiIBTP, TO KOJBOPOBI CMyru CTalOTh
omHokogipauMEu (Maja. 2.58, 6, 8). [ocxaix 3 gudpaxiii cBiT/ia Ha IILIWHI MOXK-
Ha TPOJIEMOHCTPYBAaTH iHAKINE. ¥ A00pe 3aT€eMHEHOMY [IOBTOMY HPUMIIleHHI
BCTAHOBMMO TOUYKOBe JKepeJso cBitiaa. IIpmubamsuo Ha Bigcrami 15 M Bim mxe-
peJjia TIOCTaBUMO HEIPO30pY AJsS CBiTJIa MUPMY, V AKifl 3poOuMO IIiINHY 3aB-
mupmiKu 2—-3 MM. SIKmoro mosany miigimEM Ha Bifcrani 10—15 cm mocraBuTH
eKpaH, TO Ha HbOMY Oy[e BHUIHO UiTKY OCBITJIEHY CMYKKY. Bigmamaiouu mocTy-
IIOBO €KpaH Bij IMiJIMHU, MOMIiTHMO, IO YiTKiCTh KOHTYPiB CBiTJIOI CMY’KKU
IIOCTYIIOBO IIOCJIa0JIIOETHCS, iI OCBITJIEHICTHL CTa€ MEHIIIOI0 i HepiBHOMipHOIO:
y cepenuHi — OinbImioio, a 0inma KpaiB — wmewnoio. Ha Bimcrami 15—20 M Bix
HIiINHY Ha eKpaHi mpaBopydY i JiBOPyY BiZ OCBiTJIEHOI CMY:KKH, AK i B IIOIIe-
PegHLOMY IOCJiAi, 3’sIBJASIOTHCS JieAbh IIOMITHI KOJBOPOBi cmyru, sKi Kpaire
TOMIiTHi, KOJIU [OKepeJso CBiTJIa TOTy:KHirme. SIKIIO mepen mKepesioM CBiTJa
HOCTABUTHU CBITJIOMiJIBTP, TO KOJIBOPOBiI CMYTH CTAIOTh OJHOKOJIiPHUMH.

Hexaii HeBeJMKUH IIJIOCKUH AUCK OCBITJIIOIOTH TOUKOBUM [OKEPEJIOM CBiTJIa
(mexepesio cBiTJIa, PO3MipU CBITHOI ITOBEPXHiI AKOr0 3HAYHO MEHIII 3a BimcTaHi
BiZ m:KepeJsia IO mpeaMeTa i Bim mpemmera OO eKpaHa), sKe po3MillleHe Ha Oci,
MIPOBEIeHi I IepIeHIUKYJIAPHO I0 IleHTpa aucka (mMaj. 2.59). K TiabKu cBiTII0
Bim miKepesa mifime Mo KpaiB AHCKa, KOMKHA TOUKA, IO PO3MillieHa 0igsa Kparo
IucKa, 3a npuHnunom l'ofirenca—MpeHeasa cTaHe CAMOCTiHHUM I[eHTPOM KOJIU-
BaHb i BumpoMiHoBaTuMe BTOpuHHI xBmiai. Ockinbku Bigcrami Bin mikepesa
CBiTJIa MO KpaiB JHCKa OJHAKOBi, TO BCi BTOPMHHI XBWJIi, IIIO TOIIUPIOIOTHCS
Bim KpaiB mmCcKa, MAaTUMYTh OJHAKOBi (hasu.

Ta yacTuHa BTOPMHHUX XBUJb, AKa IOIMINPIETHCA CUMETPUYHO HaLar0uiil
xBuii (Ha maja. 2.59 ix mosumaueno mpomeaamu AO i BO), IpUXOAUTH Y TOUKY
O Ha expaHi B oxHi#l (asi, i, iHTephepyroum, XBUJIi IiACUIIOIOTH OTHA OIHY.
Y menTpi tini O Mae cmocTepiratTucs cBiTya masMa. YIepiie I[bOro BUCHOBKY
minimoB dpannyspkuit yuenuit Cimeon Ilyaccon (1781-1840), axuit pereHay-
BaB mpalio PpeHeasa mpo Au@PpPakKIliio cBiTia, AKYy TOH IIoZaB Ha 3400yTTSA
npewmii ITapusbkoi akazemii Hayk. HemocTaTHBO peTesbHO TOCTABUBIIY JTOCJIi,
Ilyaccon He BuABUB CBiTJ/IOI miaAMEH B IeHTpi TiHi i Ha miit migcrasi 3poOuB
BUCHOBOK, IO Teopia PpeHeJsT TOMUIKOBA.

e

Maun. 2.59
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Maun. 2.60

Howminik Aparo (1786—1853), Oyayuu TaKo:K UJIEHOM KOMITeTy 3 TpeMiii,
BUpimuB mepeBipuTy pesdyabratu npocainy Ilyaccoma. IlocraBuBiim mocin
OiJBII peTesbHO, BiH BUABUB CBIiTIIY AUPPAKIIIHY IIAMY, AKa oTpUMasa iMm’a
IIyaccona.

Hysxke B opuriHajJbHI#l mOCTaHOBIIL mociain 3 aumdpakxiiii cBiTJia Ha IUCKY
BuKOHaB mpodecop Bomomumup Apran’es (1884-1953). Bim BUroTOBUB 3MEH-
IIeHy IJIOCKY MOJEJNb PYKHU, AKa TpuMae Tapiaky. OcBiTHUBINHM MOAeJb CBIiTJIOM
BiJl TOUKOBOTO IsKepeJsia CBiTJa, BiH coTorpadyBaB TiHb BiJ Tapilky Ha eKpaHi.
Konu momens Oysa Ha HeBeJMIMKii BimcTami Big eKpama, Ha HbOMY OyJIO BUIHO
yiTKy TiHb (MaJ. 2.60). 3i 30inbIIeHHAM BigcTami Bim mMomesi Mo eKpaHa TiHb
yce ripime mepemaBajia KOHTYpHu pyKH i Tapinxku. Hapemiri, Ha gesakiii Bigcra-
Hi B meuTpi TiHi Bim Tapinkm 3’ABmiiaca cBiTiia masaMa (Ha MaJ. HaBeIEeHO
pisHi BimcraHi 3 ypaxyBaHHAM MaciITady MojeJri).

Hudpakiiiina KapTuHa B OIMCAHOMY AOCJiZi 3i IIIJIMHOIO He Mae MOCTaT-
HbOI piskocti. Ile mOB’sA3aHO 3 THUM, IO Yepe3 BY3bKY IIMIJIUHY IPOXOAUTH
maJio cBitia. Hudpakiifina kapTuHa Oyae siICKpaBoIo i 1o00pe MOMiTHOIO, SKIITO
Ha ILIAaCTUHKY HaHeCTH 0araTo ImapaJieIbHMX OJHAKOBMUX IIiJINH, HA OZHAKO-
BUX BifcTaHaX omHa Big oxmoi. Taka cykymHicTh IIiiuH oTpuMaJia Ha3By maud-
pakmiiiHol rpaTKm.

Cymy mupuHHM a opmHiel miimuHm i d
mUpUHU b omHiei Hempo3opoi cMy:KKH
MijK IDiIMHAMM Ha3WBAIOTh CMAL0K

o . a | b
rpamxu, a6o ii nepiodom (man. 2.61). <>l<>

Crany r'paTKud II03HAYAIOTh JiTEpPOIio
d:d=a+b. - -

ChorofHi A8 HAyKOBHUX IIijeli BUKO- Mauan. 2.61

puCTOBYIOTH nudpaKI[ifiHi TIpaTKu, Yy
akux Ha 1 MM mamiuyersca 300, 1200,
1800 i 2400 mTpuxiB. 3i 30isBITEHHAM |
yycJa IJIMH Ha OUHUIIO IITUPUHYU I'paT-
KM TOJIIIITYETHCA YiTKICTH 1 IIpaBMJIb-
HicTh AUGPAKIINHUX CIIEKTPiB.

PosrassHeMo OCHOBHI IMTaHHSA €JI€MeH-
TapHOi Teopii nudpakKIiiiHOl I'paTKH.

Hexaii ma rpaTky majgae mjiocKa MOHO-
XpoMaTHYHA XBUJISI 3aBHOBXKKH A (MaJl.
2.62).

Bropunui mkepesna B IiisimHax CTBO-
PIOIOTH CBITJIOBI XBWJIi, AKi IIOIIIHPIOIOTH-
cAd B yCcix HampAMKax. 3HaigeMo yMOBY,
3a AKOI XBWJIi, IO BUXOOATL 3i IMiJINH,
OigCHMIIITh, omHa oxHy. IJIsd IILOTO PO3-
TJISHEMO XBWJi, $SKi IOIIMPIOIOTLECSI B
HAOPSAMKY, II[0 IIOBHAYAETHCA KYTOM . Man. 2.62
Pisuuna xomy wmik xBuaaMHM Bin KpaiB

EEERREN
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CycimHiX MIiMMH AOpiBHIOE MOB:KMHI Bigpiska AC. fKmio Ha 1MbOMY BigpisKy
BMIIIyETHCA I[iJle YMCJIO JOBKUH XBUJb, TO XBUJI BiJl yCiX IIiJNH CKJIAAAIOThCA
oIHA 3 OJHOIO i migcmiIoioTh ogHa ongHy. 3 AABC mMokHa BusHauuTu Katet AC:
AC = ABsing = dsin@. MakcumMyMu cIocTepiraTuMyTbcsa Iifi KyTOM ¢, IO
BMBHAYAETHCA 3 yMOBU: dsing = kA, ne &k — 0, 1, 2, ... . I1i Mmakcumymu Ha3u-
BalOTh OCHOBHUMM.

Cuig matm Ha yBasi, IIT0 KOJIM BUKOHYETHCA yMoOBa dsing = kA, To mimcuiio-
IOThbCA He TiIbKYW XBWJI, IO BUXOAATH 3 HIJKHIX KpaiB NIIiJiMH, a ¥ XBWJIi, IO
BUXOAATH 3 yCiX iHINMX TOYOK miivH. KoKHill TOUIll B mepImii el BiAmIOBi-
Ia€ TOUKa B APYriii miisnHi Ha BigcraHi d. Tomy pisHUIIA XOIy BTOPUHHUX XBUJIb,
M0 BUXOIATH i3 IIUX TOUOK, JOPiBHIOE kA, i IIi XBMJII B3a€MHO ITiICHIIOIOTHCA.

3a r'paTkoio cTOiTh 30upasibHA JiH3a L, y oKaJbHiA IIomuHI AKOi BCTa-
HoBJIeHO eKpaH E. Jlinza poxycye xBuii, 1110 HanpsaMJIEHi mapajiejabHO, B OTHIN
rouni M, y AKi#fl xBWIIi JomaioThed, mifcuiiouu oxHa oxHy. Kytu ¢, aki Big-
OoBinaloTh yMOBi dsin¢ = kA, Bu3HadaoTh Miciie MmakcuMyMiB Ha ekpaHi E.

OckinbKku Micile MaKcUMyMiB (KpiM IIeHTpaJbHOTO, 110 BigmoBimae k = 0)
3aJIEKUTH Bifl JOBKUHU XBUJi, TO I'pPaTKa posKJamae Oijsie CBITIO HA CIEKTP
(mag. 2.58, a). lllo GisbIilie 3HaUEeHHSA A, TO AAJi BiJi IIeHTPAJIbHOTO MAKCUMY-
my (mai. 2.58, 6, 8) Tol uM iHININIT MaKCUMYM, IIIO BiAIOBigae MeBHIil ZOBIKU-
Hi xBuiai. KoXHOMY 3HaueHHIO £ BiAIoBimae cBiii cmekTp.

3a gomomororo audpakriliiiHol r'paTKM MOYKHA TOYHO BUMIPATH IOBMKUHY
XBUJIi. JIKIITO mepion I'paTKM BiZOMO, TO BUSHAUEHHS MOBMKUHU XBUJL 3BOIUTH-
cd 1o BUMipIOBaHHA KyTa ¢, AKUHN BiANIOBilae HAIPAMKY Ha MaKCUMYM.

Hamri Bii 3 mpomiskkamMu Misk HUMHM — IIe IIPUKJIaA rpy6oi mudpakriiiaoi
rpaTu. SIKIO DOAWMBUTHUCS, IPUMPYKUBIINCH, Ha ACKpaBe AKepesio cBiTia,
MOKHa BUSBUTHU BECEJIKOBI KOJbOpHU. Bijsle ¢BiT/IO po3KjIamaeThbcsA BHACIITOK
Iudpakilii HaBKOJIO Bili.

—)
3AMNMUTAHHA 0O BUBYEHOIO
1. IITo Taxke qudpariia?
2. ki TpyaHOILIl TPANJIAIOTLCA IMif Yac MPOBeAeHHs AUPPAKIiNHMX TOCIimiB i
AK MOYKHA IX YHUKHYTU?
3. Ak moxkHa cmocrepiratu nudpakiiio Ha nlianHi? Yomy audpakiiiina KapTuHa
B I[bOMY JOCJiZi HEeJOCTATHLO UiTKa?
4. Y yomy moasaras pociain Apkan’esa?
5. IITo Take gudpakiiifina rpaTka i YuM BU3HAUYAEThCA il AKiCTH?
6. IITo Take ocHoBHiI Makcumymu? fIka ixua ymosa?

§ 35. NMOAAPU3ALIA CBITAA

ABumia intepdepennii i gudpaxiii ceiTaa cBiguaTh IPO XBUJIBLOBiI BJIAaCTH-
BocTi cBiTyia. Bonu BiacTuBi i momepeuHuM, i mo3goBKHIM xBuaAM. I1a BeTa-
HOBJIEHHS TPUPOAY CBiTJIOBMX XBUJIb BaXKJIWBO 3’siCyBaTHU, AKUMHU BOHU € —
TO3JJOBXKHIMM YU IIONEePEeUHUMMU.

3acHoBHUKHN XBUJIbOBOI onTukm Tomac IOur i Orioct @peHess KOBTO BBa-
JKaJIu, IO CBITJIOBI XBWJIi IIO3MOBXKHIi, AK i 3ByKOBi. ¥ TOIf yac CBiTJIOBiI XBuJi
posrIAmaInch AK IPYKHI XBUJIi B e()ipi, IIT0 3aIIOBHIOE IIPOCTip i IPOHUKAE B
yci Tina. IlomepeuHi XBUJI MOKYTH IIOIIMPIOBATHCA JIUIIIE B TBEPAOMY TiJi.
Ane sk moxmymuv pyxamuc