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EAEKTPOANHAMIKA
(NPOAOBXEHHA)

POJIAIA |

EAEKTPOMATHITHA IHAYKLIIA £ N

Hoci My posriasganu ejJeKTPUYHI M MardiTHi mosas, AKi He
3MiHIOIOTBCS 3 YacOM, TaK 3BaHI cTa T U 4 Hi moas. 3’sacysa-
JH, LII0 eJeKTPHUUYHEe II0Jie BUHHUKAE HABKOJIO €JIEKTPUYHHUX 3a-
pAniB, a MarHiTHe — HAaABKOJIO MOCTIHHHUX MAardiTiB i mocriitmux
eJIEKTPUYHUX CTPYMiB Y HEpYXOMHUX NpoBimHwKax. OngHaAK mika-
BIillMMH BHABUJINCA ABUIIA B €JeKTPHYHUX i MArHITHUX MOJIAX,
oo 3MiHIOIOTBCA 3 uyacoM. Taki ABUINA [gicTanay Ha3BYy AUl
enrexmpomaziimuol indyruii. TIpo HUX i HTUMeTbCA B IBOMY
poanini.

HocaigsxkyBaTu sABHUILA eJEeKTPOMArHITHOL IHAYKIIII poamoya-
¥ Bigpagy @k micaa Binkputta y 1820 p. Xancom Epcrenom saBu-
mia BMHUKHEHHSA HaBKOJIO NPOBiAHMKA 31 CTpyMOM MAar”iTHoOro
nons. AKNI0 eJIEKTPUYHWI CTPYM CTBOPIOE MarHiTHE ImoJie, TO YU
icaye obepHeHe sBUINEe: BUHUKHEHHA €JIeKTPUYHOTO CTPYMY B
NpOBiAHUKY, BMimieHoMy B MartiTHe mnosae? YwuciaenHi cuopobu
BUABUTH ILe He aanu 0a’kaHUX pe3yJabTaTiB. ¥ HepyxXoMux
OpoBiJHUKAaX (3BHMYAWHO, 3aMKHYTHX), BMIllleHMX y HaAWCHUJIbL-
Hinri Ha TOM wyac MarHiTHI mons, eNeKTPUYHHH CTPYM He BH-
HHUKaB.

JIume y 1831 p. BugaTHU#M aHrJilicbkui pisuk M a & K a
@ apapngeil eKCHIEePUMEHTAJNLHO BiAKPUB SABHINE €JIEKTPO-
mar"iTHol iHAYKnii. BiH BCcTaHOBUEB, 10 E€JEeKTPHYHUH CTPYM
BCe-TaKM BMHHMKAE B HEPYXOMOMY IPOBiAHHUKY, BMiIlleHOMY B
MarHiTHe mnoJje, OAHAK JIHIIe TOAi, KOJH Ie MardiTHe mnoJe
3MiHIOETBCA. SfBUIIEe ejleKTpOMArHiTHOI iHAYKIil 3rogom crajo
OCHOBOIO BCi€l cyuyacHOI eJIeKTPOTeXHIKM i pagioTexHiku. 3o0Kpe-
Ma, Ha HbOMY I'DYHTYETBCA OPHUHIIMN Ail reHepaToOpiB ycix enex-
TPOCTAHLiN CBiTY, fAKIi IepeTBOPIOIOTE MeXaHIYHY €Hepriio B
€Heprilo eJeKTPUYHOro CTpyMy. BiIKpuTTs sABHIA eJIeKTpPO-
Mmar"iTeol iBayknii mano amory 3’scyBatum ramboxkuit BHY-
TPilIHIA 3B A30K MiXK eJeKTPUYHMMH H MArHITHMMH SABHIIAMH.
Ax nepekoHaemocsa mnisHimie, cBiTaoBiI ABHMImMA Tex 3B’sA3aHI 3
€JIEKTPOMATHITHOIO IHAYKIIi€IO.



§ 1 — SBHIIE EJEKTPOMATHITHOI IHIYKIIII

Haocnign Papanesa, AKiI COPUSAJIN BiAKPHUTTIO ABUIIA €JIEKTPO-
Mar"iTHol iHAYKIIl, mgocuTh mNpocTi i 1X JIerko BiATBOPUTH B
IIKITBHUX yMOBax.

IIpuennaemo A0 ralbBaHOMETPA AOBI'HMl FHYYKHH IIPOBIIHUK
i momicTuMoO iforo mMixk nompocamMu marHity (mamn. 1).

Man. 1

SIKuI0 NpoBiAHUK i MaArHiT HepyXoMi, CTPYMY B NPOBIAHUKY
HeMae. AJie BapTO MOYaTHU PyXaTH NPOBIAHUK, AK raJlbBaHOMETD
BiZipa3y X HOKAa)Xe HAABHICTH Yy NPOBIAHMKY cTpymy. fKIimo mig
Jyac pyxXxy HDPOBiIHHUKA B OJHOMY HAIPsSMi CTpijiKa rajbBaHOMeT-
pa BiaAXMJIsSAEThCS, HANPHUKJAJ, BIPaABO, TO IIig yac pyxXxy B 3BO-
pPOTHOMY HanpsaMi cTpijnka BiaxuJiaseTbcda BlKe BJiBO, 10
CBiAUNTHL NIPO 3MiHY HAOPAMY CTPyMY B HpOBiZHUKY. CTpyMm y
NPOBiAHUMKY BHUHMKAE 1 TOAiI, KOJM MarHitT nepemimaerbcs
BiJIHOCHO HEpPYXOMOro ITPOBiJHHKA.

T
il

il

Man. 2

[




Maiixka
DAP
(1791—1867)

Bugareuit a"raiicekuit ¢isuk, ximik i
¢disHKo-XiMiK, OCHOBONOJIO¥HHUK BYeHHHA
IpO eJleKTpOMAarHiTHe noJse. Biakpus saBH-
e i BCTAHOBHMB 3aKOH €JIEKTPOMAarHiTHOIL
inaykii, 3aKOHU eJeKTpoJi3y, ABHUILA Ia-
pa- i giamarHeruamy, o6epTaHHA IJIOLIHUHN
noaAapu3aallil ceiTia B MAr"HiTHOMY ITOJi.

ITig’epHAaeMoO Tenep A0 rajJbBaHOMeTpa KoTymKy. Koau Bce-
peoguHy Iliel KOTYIIKHM BBOAUTH abo BHIMATH 3 Hel MArsHiT
(man, 2), raTbBaHOMETD Te) INOKAa»Xe BUHMKHEHHS B KOJIi eJlek-
TpuYHOTro crpymy. OTiKe, CTPyYyM BHHHKAE JIUIIe IIig dYac
BiIHOCHOro pyxy MarHity i npoBizHuka.

3aMKHeMO KOTYIIKY B uepesa rajbBaHOMETP i BCTABUMO BCe-
peauHy Hel coJieHOInm A, AKMHA MOXHAa Oig’emgHaTH OO OXKepeJja
crpymy (Mmaj. 3). ¥V MOMeHT 3aMHUKaHHA KOJa COJIeHOiJa CcTpiJjka
raJjbBaHOMETpa BiAXHMIAMUTHBCA, TOOTO mig yac 3aMiHM (BUHMKHEH-
Hs1) Mar”HiTHOTrO IOJIA COJIEHOIZAa KOTYIIKOIO NPOXOAHUTH eJeKT-
puuHni crpym. OgHAK ic/Jas BCTAHOBJIEHHS B COJIEHOIAL CTPyMYy
MargiTHe IIoJie repecraHe 3MiHIOBAaTHCHA, CTPYM y KOTYLINi 3HH-
Ka€ — CTPLJIKA raJbBAHOMETPA BCTAHOBJIIOETHCA HA HYJI.

Maun. 3



Tenep posiMKHeMO KOJIO COJIeHOiha. ¥ pa3i 3BHUKHEHHA CTPY-
MY B cOJIeHOini, a paszoM 3 HHM i HOro Mar"giTHOro moJas, CTpiiaka
raJbBaHOMeETpa BixXuaserbca B NpoTuaekHUil Oik. Ile o3nayae,
10O B KOTYIILI BMHUKAE EJIEKTPUYHHHN CTPYM, HAOPAM HAKOrO
MIPOTHJIEKHUH HaANpAMY CTPYMYy, LI0 IPOXOAMB IIPU 3aMWKaHHI
coJsieHOoima. B mmux zociaizax nig uac saMHKaAHHSA KOJa coJIeHoiga
BHHMKAE MAarHiTHe moJje, a IIifg 4ac POSMUKAHHA — B3HUKAE. ¥
pasi Takux 3MiH MarHiTHoro moJjs B KOTYILNI BHHMKAE CTPYM,
KW HA3WBAXTL iHOYKUILHUM.

VY KoJio comeHoiga MOYKHa YBIMKHYTH peocTartr 1 HUM 3MiHIO-
BaTH CcHIy cTpymMy B Koai. Jlerko mepekoHartmcs, Lo mig uac
3POCTAHHA CHJIH CTPYMY B KOJi coneHoina y KOTYIINI BHHUKAE
iHAYKOiHEUE CTPYM ONHOIO HAIPAMY, a Iig yac sMeHIIeHHA —
CTPYM IpoTuJexHoro Hanpsawmy. Ilpu smiHl cuiu cTpyMy B coJe-
HOiAl 3MiHIOETBCA 1 HHOro Mar"iTHe noJse, i B KOTyIILi BHHHKAaE
iHayKOIAHEHA cTpyM.

Orike, MH NOEepEKOHAJIHMCs, 1IN0 BHEHNKHEHHA 1HAVKLIiHHOrO
cTpyMy nop’sisaHe 31 smMiHaMH MArgiTHOro mnoJsa, IPHYOMY
OpAYMHA UWX 3MIiH He Ma€ 3HauYeHHsaA. MarsiTHe mnojie MoXke
amiHOBaTHCa 3 pisHOI mBrAKicTio. Ha posrasHyTHX BMIIe
OOCJiax HeBaXXKO IIepeKOHATHCH, IO cuaa iHmyKniiiHoOro crpy-
MY B 3aMKHYTOMY HOPOBiJHWKY BH3HAYAE€THECA NIBUAKICTIO 3MiH
MarHiTHOro moida (ioro imgyxiii).

JnAa BUHUKHEeHHA iHAYKIIAHOro CTpyMy B 3aMKHYTOMY IIDO-
BiAHWKY Ma€ 3HAYEHHs He JIMIIe 3MiHA Mar"iTHOro mosd. Bak-
JIABO IIe, HAK IHAYKIiA IHOro OOJA CHOPIMOBAHA BiZHOCHO
MOBEPXHi, OXOILIIOBAHOI 3aMKHYTHM IPOBIMHHKOM (KOHTYDOM).
Axmo B gocaiai (man. 1) npoBifHMK mDepeMilaTy B3LOBX JiHil
margiTHOI iHAYVKIiI, TO CTPpyM y HIpPOBIZHMKY He BuHuUKaec. He
BUMHHKAE iHAYKOIHHWH CTPYM 1 TOAi, KOJMIM KOTYIIKA PYXAa€ThCH
MOCTYynaJbHO B OZHOPiAHOMY MATHITHOMY @IOJL B3ZOBXK JriHii
iggykii. B mpoMy JIerKO IepeKOoHaTHCH, AKINO HEBEJIHUKY KO-
TYUIKY IepeMiinaTu BcepeauHi moBroro conexoiga (man. 4). B
TOM K€ Yac OpocTe BMUKAHHSA 1 BUMMUKAaHHSA CTPYMY B COJIeHOini,
AKIIO BCepeaVHi 3aKpineHa KOTYIIKa, BUKJINKAE€ BUHHKHEeHHA B
Hilt iBayrOifimoro crpymy. 3Bifgcu 3pobumMo IIe OOAUH BHUCHOBOK!:
IPUYMHOI BUHUKHEHHSA B 3aMKHYTOMY IpPOBiAHUKY iHAYKIifiEO-
ro crpymy € 3MmiEa Kinexocti gimi#i Marmiteol iHnyrnmii, axi
IPOHU3YIOTE IJIOIY, OOMeXeHYy MM KOHTypoM. I uuM mBupgmnie
3MIiHIOETHCA IO KiAbKicTh, THM O6inbinoi cHJIM BMHMKAE CTPYM.
VY 1BpOMY JIErKO IEepPEeKOHATHCH HA TAKOMY IIPOCTOMY HOCJIifi.

BispMeMO paMKy 3 BeIMKOKI KiJBKICTIO BHTKIB TOHKOrO i
CHYYKOro Apory. Pi3ko 3MiHMMO ILJIOIIY paMKH, BMiImeHOI B
CHJIBHOMY MarHiTaomy moJui (Man. 5). YVBIMKHYTHII B KOJO paM-
KH TQJILBAHOMETD i B bOMY BHIAIKY HNOKA3yE€ HAABHICTL eJeKT-
puuHOro crpymy. IHAYKIia MargiTHoro nojas TyT OocTiiftHa.

6



Mau. 4 Man. 5

3MiHIOETBCHA JIHINE IJIola, OOMerKeHa pPaMKoOIO, BHACJIIZOK 4Oro
3MiHIOETHCA KinbkicTe niHiN MarmiTHOl iBAYKILII, IO NpOHH-
3yIOTh KOHTYP. A Bu 3HaeTe, mo | HOOYTOK MOZAYJA MAarHiTHOI
imayknil B Ha nioury S KOHTYPY, HepHeHIUKYJIADPHOI O0 i€l
IoIi, HA3UBAETHCA MAarHiTHUM OOTOKOM. Takum YMHOM, MOXMK-
Ha 3po0MTH BHCHOBOK, IO IIiff yac 3MiHM MAarHiTHOro IOTOKY uYe-
pe3 mjaolly, ooMexxkeHy OyAb-AKMM 3aMKHYTHM OPOBIiJHHUM KOHTY-
POM, B OCTAHHBOMY BHHHKAE IHOYVKUIMHMN eJeKTPUYHUNH CTPYM.

1. B axux BUmaAKax y 3aMKHYTOMY HPOBiHHKY, AKHHA MIiCTHTBCA
B MardiTHOMYy moJi, BMHHKae iHAyKuiltiaui crpym? 2. 3amkHyTe
MeTaJieBe Kijboe PpyXaeTbCcA B OAHOPiAHOMY Mar"giTHomMy mnoJi
mocTynanbHO. UM BMHHKEE CTPyM y Kineni? Yomy? 3. Pama asTo-
MO0ijIf € 3aMKHYTHMM KOHTYpoM. Yy BHHHKATHMe B HiNl iHAYK-
LidHEMil cTpyM mning uac pyxy wmamuHHE? MarmitHe nmoae 3emai
noban3y il moBepxHiI BBAYKATH OXHODPLAHHM.

§ 2 —IHAVKIIUHE EJEKTPUYHE IIOJIE

IIix yac Oyab-AKOl 3MiHM MATUHITHOrO IOJSA B 3aMKHYTOMY
OPOBIJHUKY, AKHUM MICTUTBCA B LOMY II0JIi, BUHHUKAE €JIEKTPHY-
HU¥ crpym. Ilpurazaemo, 3a SKHX YMOB y B3aMKHYTOMY
IPOBIIHUKY MOXKe iCHyBaTH eJeKTpu4dHMili crpym. Kpim Hasas-
HOCTi pyXoMHUX 3apAliB, Ma€ iCHyBaTH eJleKTpHU4YHe mojae, AKe O
sabea3neuyBasio iX YHOOPAAKOBAHHM pyx. ¥ 3aMKHYTOMY IIpO-
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BIIHMKY Iia Yac 3MiH Mar"diTHOro NoToKy 4Yepea ILJIOIIY, oOMelxe-
HY MM IPOBiHUKOM, €JIEKTPUYHUH CTPYM cHOCTepiraerncs, aje
Hloro Npu4YMHOIO He MoOXke OyTH cranioHapHe eJleKTpU4YHe 1oje. B
IBOMY MOJKHaA NepPeKOHATHCH, BUMIPABINHN Pi3HUIIO MOTEHIiaJiB
Misk Oyab-AKMMH TOYKamMu nposigHuka. 11i pisaunui norennianis
BUABJIAKTHCA PIBHUMH HYyJa10. He Mo)Xe npuBecTH 3apsain B pyX
i margiTHe noJe, OCKiJIBKM BOHO He Jli€e Ha HepyxoMi 3apsaau
(XxaoTHYHUH TernJoOBHI pyX MH He BpaxoByemo). OtTike, maemo
NPUIOYCTUTH, IO IijJ Yac 3mMiHM iHAYKLII marhHiTHoro nonas, ske
MPOHU3YE KOHTYDP S3aMKHYTOTI0O TIMPOBIJHUKAa, HABKOJIO IILOTrO
BMiHHOrO II0JISI BUHHMKAE TAK 3BaHe iHOyKuyiilHe enexmpuiHe no-
se. Ile mojie i BUKJIUKAE CTPYM YV 3aMKHyTOMY npoBigHuky. Ilpu
IIbOMY BHHHUKHEHHSA IHIAYKIIHHOIo eJeKTPHMYHOro NOoJiA HifAK He
HoB’A3aHe 3 HAABHICTIO B AaHIif 4YacTHHI NpPOCTOpPY IIPOBIAHHKA.
HasiBHicTh npoBigHHMKAa JHIIe Ja€ 3MOr'y BHUSBHTH 1€ [OJIe 3a
30yI3KeHUM HUM €eJIEKTPUYHUM CTPYMOM.

Taxum yMHOM, 3MiHHe MarHiTHe IOJIe CyNIPOBOJKYETHCS BH-
HUKHEHHAM Y HABKOJHIUHBOMY MNPOCTOPi iHAYKHiHHOro eJjexr-
pHMuYHOro nojasa. K e BHHMKAaE iHAYKIIiliHe eJeKTpHU4YyHe noJie i
AKi BOHO Mae€ BJacTUBOCTi?

3po3ymMmiago, 10 Le eJIieKTpUYHe mnoJie Garato B YOMY Bij-
pisHsgeThCcA Bij Bigomoro esnekTpocraTHdyHoro moasi. Ilpuranae-
MO, 110 eJIEKTPOCTATHUHE I10JIe NIOB’si3aHe 3 eJIEKTPUUHUMMU 3apH-
AaMH, i #oro JIiHil HANPY>KeHOCTi NOUYMHAKOTHCS i 3aKiIHYYIOThCHA
Ha UHUX s3apafax. BHacaifok nporo BOHO He MOKe NiATPUMYBaTH
3aMKHYTe [epeMillleHHdA BiJIbHHX eJIEKTPOHIB UM iHIIMX HOCIIB
sapsany, Tobro npusecru o suHukHeHHsa EPC. Inaykuiiine esnek-
TpuuyHe noJe crBopoe EPC y 3aMKHyTOMY KOHTYpPi, oTike, iioro-
poboTa 3 mepeMillleHHs eJeKTPUYHUX 3apAjAlB 3aMKHYTHUM IILJIfA-
XxoM He aopiBHIOE HyJI0. Ile o3nauyae, 110 JiHil HanpyKeHocTi
iHOYKOilfHOrO eJeKTPUMYHOro IIOJIA € 3aMKHYTHMMHM JiHigaMH —
BOHHU Hi0H OXOIUIIOIOTEH JiHII IHAYKIIII MarsiTHoro moxasa (maJu. 6).
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3aMKHYTICTIO JiHINM HanpyskeHocTi iHAYKIlifiHe eJIeKTPHUYHE II0JIe
BigpisHseTbca Bif enekTpocTaTHUYHOIO noJjs. ToMy me moJe Ha-
3UBAIOTH TAKOMK 8UXPOBUM enekmpuyHum nonem. Ha manoHKy 7
300paXeH0 BHXPOBE eJIEKTPHUYHE IIoJjie, AKe BHHHKAaE IIixg yac
3MIiHM MAar"giTHOro mOTOKY: a) Iix uac 3pocTaHHA HOTOKY i 6) mixn
yac 3MEeHINEeHHSH.

3 manoHKa 7 BHAHO, 110 JiHil HAIPYIKEHOCTI eJIEeKTPUYHOTO
i igpgyknil MargiTHOroO OJIB JI€KaTh Y BBAEMHO IIEePIIeHIVKYIAD-
HUX romuHax. JlocnifikeHHsa MOKasasH, 10 BEKTOD IHAYKINI

MargiTHoro noas B y KOKHIiIE Touni mpocTOopy HEepleHIHUKYJIAp-

HHE Ao Hanpy:xeHocTi E iHAYKOBAHOIO HHM BHXPOBOrO €JIeKT-
puuHoOro monsa. Hanpsam niniii manpysxkeHocTi iHZyKIifHOTO IO-
ns1 36iraeThCa 3 HAUPAMOM IHAYKIiHOTO cTpyMmy. Cuna, aka aie
3 OOKY BHXPOBOI'O eJEKTPHYHOI'0 HOJA Ha 3apdal ¢, SOPiBHIOE

- :

F=qE.

Ao X BeJIMYHMHOI XapaKTepU3YIOTh IHAYKIIiIHeE eleKT-
puune nosne? Ilo-mepiue, HaNPy)KeHicTIO 10JsA, TOOTO BigHOLIEH-
HAM CHJIM, 3 AKOIO IOJIe [lie Ha 3apAl, A0 3HaUYeHHSA IILOI'0 3apHa-
Ey. Ilo-ppyre, poboTow, AKYy BHKOHYE moJie (TOuHinre, cuja, AKa
Oie 3 OOKYy HIoJIA Ha 3apfAd) Hifl yac MepeMillleHHA B HbOMY eJIeK-
TPUYHOTO 3apAny.

IITe pas sBepHeMO yBAry Ha IPHHIUIOOBY BizMiHHiCTE MiMX
IHAYKIIHHUM €JIeKTPUUYHHUM II0JIeM 1 eeKTPOCTATHYHHUM II0JeM
HepyxoMux 3apsazis. Ilix dac mepemimeHHs 3apdafiB B eJeKTpPO-
CTATHYHOMY HOJi pofoma noas HA 3aMKHYMOMY waaxy oopie-
Hwoe Hyaro. IIpoTe me He CTOCYEThCA iHAYKIIiMHOro moas. Poas-
IJIAHYTL BHILE AOCHiTHM IIOKAasajd, OI0 B 3aMKHYTOMY IPOBigHN-
Ky, BMIIIIeHOMY B 3MiHHe Mar"HiTHe IMojie, BHHUKAE eIeKTPUYHHII
crpyM. OT)Xe, B HBOMY NepeMimiaioTbess sapaau. SIKmo mnpo-
BiZHHUK Mae oIip, BiH HarpiBaeThbcs,— OPH IBOMY BHKOHYETHCH
poGora. Mix THM y 3aMKHYTOMY KOHTYPi 3i cTpymMom BimcyTHE
AsKepeso, AKe 6 MOIJIO BHKOHYBaTH L0 pobGory. Orixe, ii BHKO-
Hy€e iHAYKIifiHe moJsie, i poboma iHAYykyiilHO20 NOAA HA 3AMKHY-
momy waaxy He OopisHwe Hyatwo. 1la pobora popiemioe EPC
iHAYKITi1 61, IIOMHOMKEHIlI Ha 3Ha4YeHHSA 3apany, AKHHE nepe-
MinaeTsed.

Buxpope eleKTpuYHEe II0JIé MOKe BHHHKATH HE JHIIE B
HnpoBigHuKax, a # y npocropi, ge ix Hemae. 30ypKeHe 3MIHHUM
MAar"HiTHUM IIOJIEM BHXPOBE €JIEKTPHYHE II0JIe MOJKEe AisiTH HAa OK-
peMi gapam)KeHiI YaCTHHKM y BaKyyMmi, AK, HaIpUKJaan, y OpH-
CKOpIOBaui eJeKTpoHiB — OeTaTpoHi. 3a yac 00epTy eJIeKTpOHAa
BaMKHYTEe BHUXPOBE eJIeKTPHYHEe IoJIe BUKOHYE poBOoTy 3 IPHCKO-
PEeHHSA eJeKTpoHa, 30inblIeHHs Horo KimeTuuHol eHeprii.

HABwumie 30ymskeHHsA (IHAYKYBAHHA) SMIiHHHM MartHiTHHM ITO-
JIeEM BHUXPOBOI'O €JEKTPHYHOIO IOJSA BHKOPHCTOBYETHCS B OMHiM
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3 HAWNOMIUPEHIIMNX eJeKTPOTeXHIYHUX MAIIHH — TpaHcdhopMa-
Topi. TakumM ymHOM, (PYHIAMEHTAJIbHE NOJIOYKEHHS IIPO Te, II0
Oynb-AKa 3MiHaA B yaci MarHiTHoro noss iHOQyKy€e BHUXDOBE eJieK-
TPHYHe IIoJie, NifKpinjeHe Temnep He JHILE eKClIepUMEHTaMu, a
M OpaKTUYHUM HOro BUKOPHCTAHHSAM.

§ 3 — 3AKOH EJIEKTPOMATHITHOI THAYKIIII

Bu 3naere, 1m0 ANA iCHYBaHHA CTPYMY B 3aMKHYTOMY KOJi
Ha BiJbHIi 3apsaau MalOTh JiATH cTOpOoHHI cuaun. BigsoienHs po-
00oTH IUX CTOPOHHIX CHMJI, BHKOHAHOI MiJi yac mepeMimieHHA 3a-
pALYy B3XOBX 3aMKHYTOTO KOJia, JI0 3apsAAy NepeMiniyBaHOi dac-
THHKHM MH HaA3UBAJH eJjieKTpopymiiHoo cunow (EPC) mxepena
crpymy. Ilpupoasro i1 Temep BigHOIIeHHs po6oTH nepeMilleHHA
3apsjy IO 3aMKHYTOMY LUIAXY B IHAYKIIAHOMY eleKTPUYHOMY
noai mo 3apAany nepemuuynal-lm YACTHHKHN Ha3BaTH eJeKTpo-
pymmnom cuiow inayknil (EPC imayknii). Takum umHOM, mig
yac 3MiHM MAarHiTHOro NOTOKY 4Yepe3 NOBepXHI0, obMe:xeHY KOH-
TYPOM, V KOHTYPi Ha BijIbHI 3apAaM NOYMHAKTH OiATH CTOPOHHI
cunu, aiga akux xapakrtepuayerbecda EPC igayknii. \EPC imgykmii
€ eHEepreTU4YHOI0 XapaKTEePHCTHKOIO IHAYKIIHHOro eJeKTPUYHOro
noJsf, TOAiI AK CHJIOBOK XapaKTepPHCTHKOK BHCTYIIa€ HAINPY-
JKeHicTh moJid, TOOTO BiHOIIEHHSs CHJIH, 3 SIKOIO I10Je Ai€e Ha 3a-
pAn, A0 3HAYEHHS LbOro 3apsany.

Amnanis pocrainis, onucanux y § 1, a Takesk 6ararbox iHIIMX
nokaaye, mo EPC imayknii npamo nponopuiiiHa IIBHAKOCTI
3MiHM MAarHIiTHOroO IIOTOKY 4Yepe3 ILIONLY, O0OMe:KeHYy KOHTYPOM
3aMKHYTOTO NpPOBiXHMKA: ‘

- A )
& =k|42|. (8.1

Dopmyay (3.1) He MOXHa BHBECTH 3 yiKe BiJoMHUX 3aKOHiB,
AKi ONMMCYIOTH eNeKTpU4YHi .i MaraiTHi sBuma. Bonal Bupaskae
dbyHIaMEeHTANIbLHUN 3aKOH NPHPOAH — OCHOBHHH 3aKOH €JIeKTPO-
marsiTaol imgykuii. YacTto meil 3aKkOoH HasHBalOThL TAKOM 3AKO-
nom Papaodes. -

3aKOH eJIeKTPOMAarHiTHOI iIHAYKILil.(hOpMYJIIOETECA camMe IJs
EPC, a He impgykuiisoro crpymy. IIpu Takomy dopmynoBaHHi
3aKOH BHpAaY<a€ CyTh ABUINA, L0 He 3AJEXHUTh BiJl BiliacTUBOCTeM
NPOBiJHUKIB, B AKHX 30yIsKyeThCA IHAVKUIHHMNA cTpyM. [na Bu-
HUKHEHHA CTPYMY NpoBiAHMK Mae 6yt 3aMKHyTHM. Cuiaa neo-
ro CTPyMy 3aJIeKUTh He TiJbKH BiJ IIBHAKOCTI 3MiHM MarHiTHO-
ro MOTOKY, a ¥ Bixg omopy npoBinHuka. Ilig yac samiH marsitHo-
ro nortoky iHaykyerbca mHe EPC, a BuxpoBe eleKTpHUUHe IIOJ€.
EPC — @isnuHa BelMYMHA, SAKa KIJIBKICHO XapaKTepua3ye le
iHayKIiliHe TmoJe.
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" Muoxuurx k vy (3.1) — xoedinienT mpomopiifimocTi, AKHI

3aJIeXKUTH JINIIe Big BubGopy cucTeMM OAMHUIL BHUMipIOBaHHA. Y
CI marHiTEuMil norik BumMmiproernca y Bebepax (B6), a wac — y
cekyHzax. Bpaxosyioum, 110 Bebep = BOJIBLT-cexkyHZa, EPC iH-
IyKIii 6, micraHeMo y BOJIBTaX, AKIIO NpUHATH E = 1.

Toai OCHOBHHMM 3aKOH eJeKTpoMarHiTeHol imayknii sanu-

HIeThbCH:
_|A®
_|_T L . (3.2)

Ilikxaso nopisaatin EPC ransBaniunoro emxementa i EPC
imnykuii. ¥V Buiagky raabBaHigYHOIO eleMeHTa CTOPOHHLI cuam
BMKOHYIOTE POOOTY BCepenuHi eremMenTa; y BUIAAKY 3 30yasKeH-
asa EPC inayxuii croporHi cunmu girors y BCix Todkax KOHTYDPY,
FJIOIIA SAKOrO IIPOHU3YETHCA 3MIHHUM MATHITHHM IIOTOKOM.

3a (3.2) Bussauaersca EPC igayknii npu onaOMy o0xoai 3a-
MKHYTOI Kpupoi, Hanpukian EPC, ska BUHHKA€ TOAi, KOJU B
3MiHHOMY MAarHiITHOMY HOJi BMiHieHO JumIe oZuH BUTOK.| AKuIo
K y 3MiHHe I10JIe BHECTH Ro'rymny 3 n BuTKiB, To i EPC iHAyKROil
Gyze B n pas Gigbmia.

Togi £;=n|42|. (3.3)

CDopmy.na (3.2) BUpakae 3aKOH eJIeKTPOMArHITHOI iBEAYKIIII B
BaI‘&JIBHOMY Burasai. Boma sacTocoBHA i 40 HEepYXOMUX KOH-
TypiB, i M0 mpoBiZHMKiIB, AKi pyxaloTeci B MAar"giTHoMy nooui.
IIIsuaKicTE 3MiHA MArHiTHOTO IIOTOKY B opMyJi Moxxe OyTH 3y-
MOBJIeHA SIK 3MiHOO MarHiTHOI imgykiii 8 uacom, Tak i pyxom
KOHTYpY B Margirumomy moui (abo iforo .n;ecpopmamem)

EPC iEayKnii cTBOpPIOE B 3aMKHYTOMY ROHTy"pl orIopoMm R
igayruifiauil exexTpuuan# cTpyMm. BiE, AK i 6yAb-AKHH eNeKT-
puuHUil CTPpyM, ODigkopseTsca dakoHy Oma:

SRRl ;- (3.4)

Poarnsremo Temep, AK MOXXHa HNOACHHUTH BUHUKHeHHA EPC
iHayxnii yv Bunagky pyxy HNpoOBiZHMKIB y MarHiTHOMYy noji, axe
He 3MiHIOETHCH 3 yacoM. Hexal B OAHOPiAHOMY MAarHITHOMY ITOJIi
3 impaykniero B piBHOMIPHO pyXaeThes IIPAMUI MeTaleBHH
npoBizaNK saBgoBxKHu [ (Max. 8). [Insa coponieHasa OIpUOyCTIMO,
0 IIBUAKICT, NIPOBIJHMKA U IepPHeHAMKYJAPHA IO camMoro
OPOBiHMKA i YyTBOPIOE 3 BeKTOPOM iHAYKUii Mar"iTHOro monas B
KyT o.. PasoM 3 mpoBigHMKOM 3i MIBHAKicTIO U IIBPEMILLIaIOTI:CH
HO3UTHBHI HOHMU i BiJIbHI eleKTpPOHH.

OCKiNBKY BOHM PYXalOThCA B MATHITHOMY IIOJi, TO Ha KOXEH
#on i enexTpon xie cuna Jlopenua F = evB sin o. fAxmo i#oHn

mig BoauBoM cuiu JIopeHnla He BTPa4alOTh CTiAKOI piBHOBaru y
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Man. 8

By3JlaX KPHCTaJIiuHOl pelliTKH, TO eJIeKTPOHM NpOBiAHUKA 3Mi-
HIYIOTBCA JO OJHOrO HOro KiHug B, 3anuiiawyd Ha JpPYyromy
KiHni A HagMmip mosuTuBHMX 3apaniB. Takuil posnoain 3apsaais
TPUBA€E AOTH, NOKH pO3JiJIeHI 3apAAM He CTBOPATH BCepeIUHi
IIPOBiTHUKA eJIeKTPOCTATHUYHE IoJie (HanpaMJeHe Big A go B), B
FAKOMY Ha eJIeKTPHYHI 3apAgy NPOBiMHMKA OisATHMe CcUJia, PiBHA
3a 3HAYEeHHAM, aJjie mnportuaeXHa cwuii JlopeHma. Otike, 3Mi-
IIeHHsS eJIeKTPOHiB ,110 KiHIA B NOpUNHMHUTHBCHA, AKIIO FézF_ﬂ.

s U .
Ockinsbkn F,=eE=e—,a F = evB sin o, MaemMo € = Bve sin a,

l
3Bigku U = Blv sin o.
Pobora cunu JlopeHna i pobora cHJI eJIeKTPOCTATUYHOIQ IO-
JA 3 HEDEMII_LIBHHH OAJVMHHYHOI'O IMO3HTHBHOI'O 3apAay B3OO0BHK
npoBiguuka (Big B mo A) piBHI 3a 3HayeHHsAM i nporuye’xHi 3a
aHaxkoMm. Ilepmia poGora € EPC, ska BHHUKAae Iig 4ac pyxy
npoBigHuka AB B Mar"iTHoMy m0OoJii, Apyra — pi3HHIEI IIO-
TeHuianiB MiXx kKiHusimu B i A nposiguuka, To6tTo 6, = U. Takum
YHUHOM,
6, = Blv sin o. (3.5)

EPC, axa BMHMKa€ B NPOBLIHMKY mix uac #oro pyxy B
MArHiTHOMY mOJi, NMPAMO IPOMOPIiHHA MOro XOBMXKHHI, MIBHUA-
KOCTi pyXy, Mar"iTHid iHAyKHIii i cMHycy KyTra Mi»K BeKTOpaMH
mMBHIKOCTI i MmarniTHOl iHAYyKIKil.

Axnio mpoBiMHHUK, AKHH PYXa€ThbCA B MaArHiTHOMY HoJii, 3aM-
KHYTH Ha rajbBaHoMeTp (YTBOPUTH 3aMKHYTe €JeKTPHUYHE KO-
JI0), raJlbBaHOMETP IOKa’ke BUHUKHEHHA B KoJji crpymy. Ha-
OpAM CTPYMY B NPAMOJIIHIHHOMY NpPOBIJHUKY mig 4ac pyxy B
MAarHiTHOMY MOJII MOXHa BHU3HAYHUTH 34 NPaBUJIOM npasol pyKu:
AKII0 NpaBy PYKY PO3MICTHTH B3IOBK NPOBiAHMKA TakK, 100
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JiHil mar"iTHol iHAYKIii BXOIUJIH B I0JIOHIO, a BiTirHyTHH BeJiu-
KM nMajielbs NOKAa3yBaB HAIIPAM PyXy NPOBIHHMKA, TO BUTATHYTI
YOTHPH MAJBIUI BKAXKYTh HANPAM CTPYMY B INPOBIIHHUKY.

1. IlosicHiITE IPUPOAY CTOPOHHIX CHJI, IKi 3yMOBJIOIOTh, BHHUKHEH-
HA EPC iHayknii B HepyxoMoMy OpoBigHHKY. 2. IKMMM BeJIMUYMHA-
MH XapaKTepH3YeEThCA iHAYKIiMHe ejJeKTpuuyHe moye? 3. ¥V yomy.
IOJIATAE 3MiCT ABHINA eJIeKTPOMArHiTHOI iHAYKNii? 4. fika mpupo-
Ja CTOPOHHBLOI CHJIH, 10 3YMOBJIOE BUHUKHeHHA EPC y pyxomMomy
npoBigauky? 5. Yu BuHuKae EPC inaykiii Ha KiHnsx cranesoi oci
aBTOMODiNIA mig uac ¥ioro pyxy?

|

1. Axa EPC imayknii 30ymKyeTbCa B KOHTYPl, AKIIO MATHITHHH
NoTiK 4Yepe3 mJoiy, obmexxkeny uum, 3a 0,01 ¢ piBHOMipHO 3MiHIOETBCA
Ha 5-1073 B6?

2. B onHopigunomy marsiTHomy mnoni 3 imaykniero B = 5.1072 Tn
NeprneHAHKYJIAPHO A0 JiHiIH IHAYKIII mons posMilieHHH NJIOCKHI BH-
TOK 3 7ipory. Ilnomia KoHTYpY BuTka S = 200 cm2, BUTOK IpHEIHAHO
Ao ranbBaHoMerpa. Ilpu noBopoTi BUuTKa Ha KyT o0 = 60 uepes ranpsa-
HOMEeTD npouios 3apaa ¢ = 2-1072 Kia. Busuaure onip BuTKa.

3. O6uucnirs cepeano EPC inayknil, ska BUHHKAE MijJ gyac po3MH-
KaHHs KoJla OBMOTKM ejleKTpoMarHity mpotsarom At = 1073 ¢, akmo
inayknia wmar"itHoro noasa B = 2 Ta, nonepeunuit mepepiz ocepas
S = 30 cm?, KinbkicTh BUTKIB y o6morui n = 1,5-103,

4. BusHauTe pisHUII0 NOTeHIiaJiB, AKA BHHUKAE Ha KiHUAX KPHJ
JitTaka Il 4Yac TOPH30HTAJBLHOTO MNOJABOTY, 31 mBHAKicTIO
v = 1200 kM/rox, AKIIO0 po3Max KpuJ Jiraka [ = 40 m. Beprukanesa
cKJajo0Ba iHAykKIii margiTHOro nona Semuai B = 5-107° Ta.

5. Ilposigauk sapgoBxku [ = 0,5 M pyxaerscs 3i mBuakicrio
v =10 M/c NepneHAMKYJAPHO OO0 JiHi# iHAYKHil ogHOpPiAHOrO MAarHiT-
Horo mnoJsiss. BusHaure iHAYKIiI0O MarHiTHOro mnojas, AKIO Ha KiHOaX
NpoBifHMKA BMHHKAaE pisHuuA noreHuianxis U = 0,02 B.

§4 — ITPABHJIO JIEHIIA

Coocrepiraijoun Ha Aociaigax eNeKTPOMAarHiTHY 1HAVKILiIO, MH
[IepeKOHAJINCH, 110 IHAYKIIHHNI CTPYM Y NPOBILAHUKY YN KOTYILILI
MO’Ke MaTH ABa NPOTWJIekHI Hanpsamu, To6ro EPC inaykmii &, mMo-
e OyTH AK MOSUTHUBHOIO, TAK 1 HeraTueBHO0O. AKuil HanpaAM MaTH-
Me IHAYRIIHHUNA cTpyMm, 3aleKUTh Bif Toro, o BinGysaeTbcs 3
Mar"HiTHHM IIOTOKOM uepe3 IIOBEePXHIO, OXOILIEeHY 3aMKHYTUM KOH-
TYPOM,— 3pOCTA€E BiH UM cragae.-3’ACyeMO el 3B A30K.

Hexaii y nocriiiHe i ogHOpigHe MarHiTHe noJse BMilleHO 3aM-
KHYTHUH NPOBIAHUI KOHTYP, OJHA CTOPOHA AKOro (Ha MaJdloHKY 9
ii 3o6pakeHO y BUIIAJAL NPsAMOro NpPOBilHUKA) IepeMillaeThbes
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NepneHIUKYJIAPHO O JiHiI#A MmarmiTHOI iHAYKILiI 3i DIBUAKICTIO D.
Y ppoBiasmky nig uac pyxy BuHHKae EPC imayxmii i imgyk-
OifiHME CTPpYM, HANIPAM AKOro MOXKHA Oyjao 6 BUBHAYHUTH 34 IIpa-
BHrJIOM npaBoi pyku. OgHAK MH CKOPHCTAEMOCA IITMM HPHUKJIAA0OM,
o6 chopMynIOBATH 3arajibHe OPABUJIO BU3HAYEHHS HAIDAMY
iHAYKIifHOrO CTPYMY, 3aCTOCOBHOTO B YCiX BHIAAKax.

Y maHOMy HOpHKJIaAl MOXKIHBGT ABa HANPAMM iHAYKIIHHOTO
cTpymMy — HOo Hac i Big mac. Hocraigumo oOmaBi MoKIMBOCTI.

ITpunycruMmo, 110 iHAYVKUOiHHWE CTPYM COPAMOBAHHUI HO HAC
(crpinka I). Topi Ba npoBigHuk aiana 6 cuna Amnepa F,, Ha-
IpAMJIeHa B3JOBM BEKTOpAa IUBHAKOCTL (B IILOMY JIerKo IepeKo-
HATHCS, CKOPHCTABIINCEH IIPABHJIOM JiBol pyKK), 1 .IpPOBIgHUK He
Tpeba Oyso 6 mepemimaru B ubomy #anpami. Bir cam pyxasca 6
3 npuckopenaamMm. OgHak e HEMOJKJINBO, TOMY IO MOPYIIyBaB-
ca 6 3axkoH 30epe)xkeHHs eHeprii. Apske KiHermuHa eHeprisa .
npoBigauka 3pocrana 6 cama cofor0 1 OxHOYACHO BHHUKAB OH
iggykOiiaui# cTpyMm, AJs YOT0 TeM moTpibmi sarparu eHeprii.
OueBnzHO, MM HOOMMIJIMJIVCH, NPHIYCTHUBIIN, INO iHAYKIiAHMMA
CTPYM CIPSIMOBaHHH IO HAaC.

Hexait ingyxnoifinmii crpyM cnpsimoBaHuii Big Hac (crpinka 2).
Y nepoMy BHIagKy cuna AmMiepa cHpAMOBaHa IPOTH pPYXY
nposBigauka, i no6 BiE pyxasca piBEOMipHO, TOOTO migzTpHMYyBa-
nace crana EPC iggykuii i 6ye nocriiitaum iHgyKuoiiaui crpym,
0 TIPOBiAHMKA CJif DpMKjaacTH 30BHimHIO cuny. Lla cmra mae
BHKOHYBaTH poboTy 3 mojosaHHA cuiau Ammnepa. Ilig wac BuKo-
HAHHA POOOTH eHepria 30BHIIIHIX TiJ mepeTBOPIOETHCA B €HEPrio
iggyKOiffHOrO €JIeKTPHUYHOrO IIOJ.

TaxkuM YMHOM, MOYKHA 3POOHTH BHCHOBOK, IO 36ynmy‘aaﬂnﬁ
Y 3aMKHYTOMY UPOBIAHMKY iHAYKIIiMHMM CTPYyM Mae Takui Ha-
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Man. 10

npsamM, L0 CTBOPHOBaAHe HHM MATHiTHe mnoJie nMporuiaie€ mpuuyMHi,
aka Buxkiaukae noasy EPC imayxuii.

Taky miro iHAYKIOifAHOTO CTPYyMY MOXKHa NPOAEMOHCTDYBATH
3a JIONIOMOTI0IO JIErKOI CTPiYKH 3 aJIIOMiHiIO 3 ABOMA KITBOAMHA —
cyuineHuM A 1 poapisanmm B — 3piBHOBa)keHoi Ha BicTpi
(ma.- 10). ¥V pasi mHabaumiKeHHA MAarHiTy no pospisaHoro Kinsnsa
HigKMX 3MIiH IOJOMKeHHsA cTpiuku He Bizbyeaersca. lle it 3po-
3yMijio: B po3pizaHOoMy Kineni iHAYKOiiiHWIE cTpyM He BHHHUKAE,
oTKe, BiAcyTHEe 1 wmarmiTHe mose, sAKe 6 B3aemogiano is
soHIIEiM MarriTEEM nonem. Ilpm HabiausxkeHHiI IO cyninbHOrO
Kinpoa (HesasexXHO Big Toro, AKHAM IIOJIOCOM HaOIM»KaTH
MarHiT) BOHO 3aB»XJAM BiAmToBXyeThcsa. HaBmaku, BiggajleHHSA
MAarHiTy 3aBXKJAH BHUKJHUKAE ONPUTAraHHA OO0 HHOrO KiJbIA.

BigmrToBxyBaHHA YM NPHUTATaHHA Kigbusa Marsitom 3sage-
KUTh BiJi Hanpamy iHayknifisoro crpymy. Tomy |sakon sGepe-
JKeHHA eHepril mae amory copMyJIIOBATH INPaBHUJIO, SIKe BHU3HAa-
yae HANIPAM iHAYKIi#AHOro cTpymy B 6yJb-AKOMY BHHOAAKY.

Yum BigpisHAOTHCA ABa PO3rIAHYTI gociaign: HaOIWIKEeHHS
Mar"giTy go Kinens i #oro Bigmanenusa? B mepmomy BHUDamkKy
Mar"HiTHull oTik Kpisb Kinbme spocrtae (man. 11, a), a B gpyro-
My — 3MeHInyerbcea (Main. 11, 6). ¥V HaBKOIHUIOIHBOMY IIpOCTOpPi
30YI)KYVETHLCS BUXPOBE eJIeKTPUUHEe IToJie, AKe B Kinbli 30yaxKye
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IHAYKUiAHEMHA cTpyM. OCKiJNBKM B MNepumioMy BUIAAKy Kijble
BIAIUTOBXY€E MarHit, BeKTop B, iHAYKIii Mar{HiTHOro noJsi, CTBO-
peHoro iHAYKLI#AHUM CTPYMOM B Kijablli, copaMOBaHMH NPOTH
BeKTOopa iHAYKIIIl Mar"HiTHOro noJsa nocridiHoro marHirty. Inmn-
MH CJIOBAMH, MAaArHIiTHHH MNOTIiK iHAYKIilHOro CTpymMy mnparHe
KOMIIeHCYBaTH 3MiHY MAarHiTHOro moTOKY IOcTifiHOro marsgiry,
ToOTO MNpar”He YyTpHMaTH MAaArdiTHUN nNoTiK 4epe3 Kinbue
HEe3MiHHUM. ¥ APYroMy BUIMNAAKY HAMNPAM iHAYKIIHHOTO CTPyMy
NOPIBHAHO 3 NEepIIUM 3MIiHIOETBCA Ha IpoTunexHuil. Hanpawm
BeKTOpa iHAYKNil B, iHAYKIIAHOIO CTPYyMy TaKO 3MIHIOETBCH
Ha mnporujexHuii. I B npboMy BHNDaJgKy MAar"HiTHHH 1noTik
IHAVKIIAHOTO CTPYMY B KiJbIli TAKOXX IIpardHe KOMIIEHCYBATH
3MeHIIeHHA MAlHITHOIO IIOTOKY, CTBOPEHOro MOCTiHHHMM
Mar”iTom.

OTKe, MH TiAiHAIIIN 4O 3araJbHOr0 MpaBUJla BU3HAUYEHHA Ha-
npaAMy iHAYKIIHHOrO CTPyMy: IHAYKUIHHMH CTPYM Yy 3aMKHYTOMY
KOHTYPi Ma€ TAaKMH HAIIPAM, 110 CTBOPEHNH HUM MAarHiTHMH NOTiK
Yyepe3 ILIOLLY, OOMesKeHY KOHTYPOM, IIpar€He KOMIIEHCYBAaTH Ty
3MiHY MATHITHOIO IIOTOKY, iKa BHKJMKac maHuil crpym. Ile mpa-
BUJIO HasuBaeTbcA npasusom (iHoai sakoHom) Jlenuya.

3acrocoByioun mnpasuiao JleHila, Jlerko BHU3HAYATH HAIPAM
IHAYKOiAHOTrO CTPyMY B Oyab-aKOMYy BUNanKy. Hanpukaang, poarisi-
HEMO BHIIAJIOK YTBOPEHHHA IHAVKIIIIHOIO CTPYMY B 30BHIiIIHiIK Ko-
Tyumni (mas. 12) mig yac BMHKaHHS CcTpyMy (CTpinkaM¥ IMOKasaHi
HAIIPAMM CTPYMiB). ¥ IOMY pa3i MarHiTHe 1ioJjie BCepeuHi CoJIeHO-
ina spocrae. BianosBigHo IHAYKOIAHME CTPYM V B30BHIIIHIA KOTYIIIIl
o0upae Takuili HanpaM, 00 MOro Mar”HiTHe IoJie IePenIKOXKaJio
nbOMYy 3pocTaHHIO. lle oszHauae, 110 IHAYKIIAHNUEA CTPYM CIIPSAMOBY-
€BbCA TIPOTH cTpymy mxepena. (CamocmiitHo eu3Hawme HANPAM
iHOyKuillHo20 cmpyMmy 68 KOmywui y pasi po3mMuKaHHA Koad.) -

IIpaBuio JleHua € BUABOM 3aKOHY 30epeKeHHs i mepeTBOpeH-
Hs eHepril B eJleKTpoMar"iTHux nponecax. Exepria igaykiiiigoro
CTPYMY B MNPOBiJHMKY AOPiBHIOE TiiH poboTi, iKa BHUKOHYETHCA 3
MMOJOJaHHA MPOTHU/I] MArHiTHOrO IMOJIA IHAYKILIHHOIO CTPYMY.

B

a Mau.
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1. ¥V KOTYmIKY BCTABAAIOTH i BHTATYIOTH 3 Hei NpAMMI MarmiT
(man. 13). BusHaure HaAupAM iHAYKOiHOro cTpyMy B MOKA3aHHMX
Ha MAJNIHKY YOTHMPBOX BHIOAAKaX (Ha LIKaAJi HYJbL NO3HAYEHO pH-
CKoi0). 2. BusHauTe HaNpsAM IiHAYKOIAHOro CTPyMy B KOTYIIIi
(man. 14) y Takmnx Bunagkax: 1) y xorymni L, BMHKaKOTL CTPYM;
2) y xorymni L, BUMHKAIOTh CTPyM; 3) B KoTymmni L, cuja cTpy-
my abinemryerscsa; 4) xorymiky L, BigcoByoTe Bix Korymxu L,;
5) B koTymKy L, BeTaBIAIOTE cTajkbHe ocepada. 3. IIpamuit nocrii-
HUWIl Mar"iT najla€c Kpisb 3aMKHYTe MeTajeBe Kinbne. Un nmagarume
BiH 3 NIPHCKOPEeHHAM BiJbHOro nagiEEa? Ym aMiHHTHCA BiAIOBiASL,
AKIO Kinbne O6yxe pospizsanmm? 4. Ha crajibHe ocepasA eJIeKTpPO-
Mar"itTy HajiTe amioMmiHieBe Kinbne (man. 15). Yomy mig wac Bmu-
KaHHA CTPYMY Kinele mizcTtpubye Bropy?

a8 B B B
O 6O 9@@

Jlo 3MiHHOI HANpyTrHU Mamn. 15
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Bunpagsa 2

1. Ik pyxaru marmit (man. 16), mob noBepHYTH CTpiJKy niBHiuY-
HHUM IIOJIOCOM A0 crocTepiraua?

2. V KOpOTKO3aMKHYTY KOTYIIKY BCTABJIAIOTHL MOCTiifiHMII Marsir:
OJVMH pas WIBUAKO, a APYruil — noeinsHO. Y oAHAKOBHMI 3apAjA npoiae
KOTYIIKOIO Ta Y¥ OAHAKOBa KiJlbKiCcTh TeIIOTH BHALIAETHCA B Hiil B 060x
BHIIA/Kax?

3. IligBiceTe MarHiT Ha HUTUI Hajg AMCKOM 3 anoMiHieBoi ¢goabsru
(man. 17), sgaTHuM oGepTaTHCA HABKOJIO OCi, AKa MPOXOAHUTHL 4Yepes ioro
meHTp. Poakpyrite maruir. Yomy auck obepraerbca i B Akuit 6ik?

S N

== (V)

Maux. 16 Man. 17

§ 5 — EJEKTPOOIUHAMIYHHUHU MIKPO®OH

TicHM# B3a€EMO3B’A30K i B3aEMOOOYMOBJIEHICTE 3MiHHUX eJIeK-
TPUYHHX I MargHiTHMX IoJiB Mae He JUIlLe INPHHIHUIOBE, a M
BEeJIMKE ITPaKTH4YHe 3HaueHH#A. Tak, BIiAKPHUTTA 3aKOHY eJIeKTPO-
MAar”diTHol iHAYKILil YMOKJHMBHUJIO CTBOPEHHSA TOTY>XHUX TIeHepa-
TOPIB €JeKTPHUYHOI'0 CTPYyMYy, CHCTeM Ilepeladi ejieKTpoeHeprii
(npoBomamu i 6e3 mpoBOoAiB) Ha BenndyesHi Bigcrani. fAABuine enex-
TpoMardiTEol iHAYKIII 71a€e 3MOry NPUCKOPIOBATH 3apsAIKeHi
YaCTHHKH B KiJbIeBHX BaAKYYMHHX KaMepaxX, PO3MilIeHHX Yy
IIBUAKO3MIHHUX MArHITHHX IHOJSAX.

Ha BukopucTaHHI siBHIIA eJleKTpoMarHiTHol iHayknii rpys-
TyeThCA Iif 6araTb0xX NPHUCTPOIB IS Iepenadi JIOACHKOI MOBH,
MYy3UKH Ta 300pa’keHb Ha BificTaHb. 30KpeMa, Ile ABUIIE BUKO-
pucraHe B O6ynosi i nil exekrpomarsiTHoro mikpodoHa 114 cHcC-
TeM 3BYKOIIiACHJIeHHA i 3ByKodanucy. EnekrpoauHamiunai Mikpo-
¢doHu 6yBAIOTH ABOX THUIIIB — KOTYUIKOBOTrO i erpiykoBoro. Cepej
BHUCOKOAKICHUX CTYAIHHHUX MiKpodOoHIB HaWnomupeHimli 3 pyxo-
Mo KoTymkom (man. 18). ¥ Hux 3 giadparmoio D, axka KOJH-
BAETHCA MiJ i€ 3MiHHOro 3BYKOBOI'O THCKY, 3B’ sfi3aHa KOTYIUKa
K, posmimeHa B KiJibIIeBOMY IIPOMIiXKY CHJIBHOro MarsHity NS.
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Man. 18

Ak -»xe mpauioe mei mikpodou? fAxmo Ha giadparmy He na-
IalTh 3BYKOBL XBWJIi, BOHA, 4 pa3oM 3 HEl0 i KOTyllIKa, He pyxa-
IOTHCA B MATHITHOMY IOJi i ¥ BUTKaX KOTYIIKH He 30YIKYETHCHA
iHaykoiitHui crpymMm. 3BYKOBiI XBmJi, majzaiodyu Ha aiadpparmy,
CIPUUYMHAKTE 11 KOJIHUBaHHA. PaszoM 3 giadparmMor B HPOMiXKKY
MAaTHITY NeprneHANUKYJAPHO N0 JiHi#ll #oro iEAyKIil KOJMHBaETbCA
korymika i B 11 Burkax BuHukae EPC rta iHAYKUiHHUNA cTpyM.
36ymxxkyBaHa B Koryunui EPC igaykiiil smiHoBaTUMeThCHS AK 3a
3HAYeHHAM, TakK i 3a 3HakKkoM. TakuM UYMHOM, 3BYKOBiI XBHJIi B
MikpodoHi 30y KYIOTE 3MIHHHN CTPYM, AKHUH IepelacThbCHa IIPO-
BOJaMH O 3BYKOIiJCHJIIOBAJIBLHOI i 3BYKO3alHUCYIOUOl anapaTypu
Ta anapaTypH, B sKill KOJHMBaHHA eJeKTPHUYHOIO CTPYyMY 3HOBY
NepeTBOPIOIOTHCA B 3BYKOBI.

EnekTpoauHaMiyHUU MiKpO(OH 3 PYXOMOK KOTYHIKOIO Mae€
NOPiBHAHO HEBeJIMKi po3MipH, HaZIMHHUN B eKcHjayaTaiLii.

B enexrpommHamMiuHOMy MiKpo(doOHiI CTpPiuKOBOro THNY POJIb
miadpparMum i B TOH >Ke 4aCc PyXOMOro NpOBifHUKA B MarHiTHomy
moJii Bigirpae JereHbKa, [IyxKe TOHKa, roposaHa MeTaJjiesBa
cTpiuka, fKa BiJIbHO BUCHTH MiK IOJIIOCAMH CHJIBHOI'O Marsiry.
3BYKOBHI THCK, Ail0OUYM Ha CTpiuky, amymye ii KoJauBaTHChL Y
Mar"iTHoMmy noJi i B crpiuni isaykyerbca EPC inaykuii. Crpig-
KOBHH MiKpo(OH KOHCTPYKTHMBHO IpPOCTHUil, Mae noOpy 4acTOTHY
XapaKTepUCTHKY, NMPOTe pPO3Mipu Horo mopiBHAHO BeJIMKi i ¢dop-
Ma He 30BCiM 3pydHAa. '

§ 6 — CAMOIHAYKIIA. IHAYKTHBHICTH

fBumnie enekTpomMarHiTHOI iHAYKIii cnocrepiraerbcsa y BcCix
BHNAAKAaxX, KOJHM 3MiHIOETECA MArHiTHHUHN MOTIK 4Yepe3 KOHTYP.
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OnHak nNpoBiAHUK 3i ctpymMom nepebyBa€ y BJIACHOMY MAarHiTHO-
My moiai i aKOio me moJie 3MiHIOETHLCHA, B IIPOBIAHUKY mae 30yn-
sxkyBatuca EPC imayknii. BiaacHe marHiTHe moJie Takoro Ipo-
BiZIHM KA 3a/Ie?KHUTH BiJl CHJIH CTPYMY B HBOMY, TOMY B pa3si 3miHu
CHMJIM CTPYMY B KoJi B mnpoBigaury 30ymskyerbca EPC. BurHk-
"HeaHa EPC B mpoBigHHKY IIig Yac 3MiHHM CHJIM CTPYMY B HbOMY
caMOMy HA3UBAETLCA CAMOiHOYKYIEID.

Hdani B oCHOBHOMY HTHMETHCA IIPO ABHINE caMOiHAYKIIII B
KOTYIIKax, e ¥oro ocobJMBO JIErKo crocrepiraTu.

B icuyBaHHI sABUIA caMOiHAYKIIII HeBa)XKO NIepeKOHAaTHUCH
Ha pociaini. Hexait € posimMmxkHyTe Kojso (Man. 19), axe ckiaaza-
erbca 3 mMKepena mnoctiitHoi EPC i nmocnizoBHO YBIMKHYTHX
BUMHKAa4a, JaMnoodyku i kKorymku. Ilix vac 3aMuUKaHHA KoJa
JaMIIOUYKa 3aropaeThbcsa 3 IeBHUM 3ali3HeHHSAM, III0 IOACHIO-
€ThCAd BHHMKHeHHAM B Koryuini EPC camoisaykunii. 3a npasBu-
JjoMm JleHIila B pas3i 3pocTaHHA CHJH CTPYMY B KOJIL HAaNIpyKeHICTb
BUXPOBOI'O €JIEKTPUYHOI'O [I0JIA CIIPAMOBAHA NPOTH HANPYXKeHOCTI
eJIeKTPUYHOro nojsa akepesa. OTxe, B bOMY BUNAAKY CAMOiH-
AVKIIA HepeluKoIKa€ 3POCTAHHIO CHUJIM CTPYMY B KoOJIi 1 meBHe
3HaYeHH#A CHUJIM nocTifiHoro crpymy I, BCTAHOBJIIOETBECA B KOJIi He
Biapasy, a mocTymnoBo, 3 yacom (maiu. 20).

Js .cmocTepexXeHHA ABHINA CaMOIHAYKOII miny yac posMHu-
KaHHS KOJIa 3PYYHO CKOPHUCTATHCH CXEMOIO, IIOKa3aHOI Ha
manoHKyY 21. IIpn posmukanHi kosa suMmuKadem K sajnuniaetrbcs
3aMKHYTUM KOJIO KOTYHIKHY i JamMnouku. OckinbKY cuia CTpymy
B KOTyHmIOi miJgi yac PpPO3MHKAHHA BHMHKAa4Ya INBHUAKO 3MEH-
myerbesa (man. 22), B Hili BuHEHKae EPC camoiraykmii, sika
CMOBLIBHIOE MIBUIKICTh 3MEHIUEeHHs cuJau crpymy. Korymka Ha
HNeBHHI Yac CTAE m)KepeJjioM eHeprii, sKe miATpUMYy€E CHJY CTPY-
My B JiaMOoodni. B MOMEeHT pO3MHKaHHA KOJIa CHUJIa TTPyMY
B JIaMITO4YIIi crmajae ao HyJas i, 3MiHMBINIM HanpaM, CTPUOKOM
3pocTac 10 3HAYEHHsA, AKe MOXKe 3HAYHO NePEeBUIIUTH CUJY CTPY-
MYy B JJaMOOYIi A0 po3sMUKaHHsA. ToMy JaMIodka B MOMEHT pPO3-
MHKAHHA KOJIa MO’K€e ACKPABO CHaJlaXxHYyTH 1 HaBiTHL neperopitu.
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CtpyMn camMoiHAZYKILil MOKHA cliocTepiratu y BUrIsAAl ickpu abo
HaBiTh AYrd Mi)X IDPOBOAOM i TpaMBaiHOIO AYrol0, MisK HOMKamMu
PYOMIBHUKIB mig yac iX pO3MHKaHHSA TOIIO.

OcCKiIBKY CAaMOIHAYKIIIA — OKpPEMHMH BHIALOK ABHINA eJIeK-
TpoMarsiTeol inaykuii, sakon Papages (3.2) moxkHaA 3aCTOCOBY-
Batn i ansi BusHauenHa EPC camoinayknil. Ilpuranaemo, mio
MATHITHHI MOTIiK Yepes maolly, obMe)XeHY KOHTYPOM CTpyMy,
npomnopuiiiauMi cuai crpymy. Cnpasai, @ = BS, a marHiTHa iH-
AVKILiA MIOJIA, CTBOPOBAHOI'O CTPYMOM, IIPOMNOpPIIiiiHa y BCiX BH-
nagkax cuii crpymy, todoro B «» I. OTxke, MOKHaA TBEPAUTH, IO

&b =1I, (6.1)

e L — koedilieHT nponopuiifHOCTI Mi CHJIOIO CTPYMY B KOH-
Typi i ¢cTBOpIOBAaHMM HEIO MOTOKOM MAarHiTHOI iHAYyKOil yepes el
KOHTYP.

Koedinienr L HasuBaeTbcs iHOyKkmueHicmio npogidnukxa, abo
noro koe@iuienmom camoindyrxyii. IHIYKTUBHICTE NPOBIHHUKA B
NTAaHOMY CepeJOBUILl BM3HAYAETHCA Horo poamipamu i dopmoro.
IHAYKTHUBHICTE NPAMOJIHIHHOrO IPOBiJHUKA He3HayHa, IIPOTe
BOHA 3POCTAaE, AKIO 3 HbOTO 3PpOGMTH BHTOK. IHAYKTHBHICTE KO-
TYIIKHA 3POCTAE NPONOPIIHHO KiJbKOCTI Ii BUTKIB.

Sanumemo gopmyay anasa obuucnenus EPC camoivgykmii:

c At At

f oo AD __ ALD

Axkio ¢popma KOHTYPY He 3MiHIOeTECA, L = const i Toai
s A
SR - (6.2)
Takum uyuHOM, EPC camoimaykuil B kKoJai npomopiuiiizHa

INBMIKOCTI 3MiHH CHJIH CTPYMY B L{LOMY KOJIi.

Axio -‘%—i— =15 |¢_‘.‘c ‘:L, TOOTO iHAYKTHBHICTE — e (isnuHa

/A

&

s

K/ |}-——|I 0 — —

Mauxn. 21 Man. 22
21



" BeJIMUMHA, AKa uYHucelbHO nopiBHWE EPC camoirayknii, mo
BMHMKAa€E B KOHTYpPi y pasi amiHu cuau ctpymy Ha 1 A 3a 1 c.

3a ommHun iEAyKTHBHOCTI B Cl nmpuimaroTe respi (I'n).
3 (6.2) BuaHO, mI0 reHpi — ne IHAYKTHUBHICTH NPOBiAHHUKA, B
AKOMY npu 3MiHi cunu crpymy Ha 1 A 3a 1 ¢ BuHHKae EPC
camoiaykuii 1 B:

1B-1c¢c B:c
1Tr = ix =1 X

InpykTUBHICTE OpPOBiAHMKA MOXKHa oO0uyucauTu 3a (6.2),
BHMIpABIUM HAa AOCJHigl BeIMUYMHU Sc, Al 1 At.

IHAYKTUBHICTE KOHTYPY MOYKHA DPO3rIAJATH AK Mipy ioro
iHEepTHOCTi BiZHOCHO 3MiH CHJM CTPYMY B KOTYIIIILi.

EPC camoigaykmil, AKa BUHMKAE IiJ yac 3aMHUKaAHHA 1 po3-
MHMKaHHA KoJia, MO)Xe OyTH B OeAKHMX BHMOAJAKaX JOCHUThL 3HAY-
Hop. Yum Ginsmia iHAYKTHUBHICTE KoJia, TUM Ginsma EPC i cuna
crpyMmy camoinayknii. Ock YoMy y pasi BHMHUKaHHA PyOHJIb-
HHUKIB, AKi PO3BMHKAITH €JeKTPHYHI K0oJia 3 NOTYKHUMHU eJIeKT-
poMarHiramu, eIeKTpPOABUTIYHAMH, TpaHchopMaTopaMu Ta iHmm-
MH IPHUCTPOAMH 3 BEJIHMKOI IHAVKTHBHICTIO, Mi» IX HOMKaMH
IpoJiiTae eJIeKTPUYHA iCcKpa, AKa iHoAl MoXke mepelTH B AYTOBHM
po3psay i 3incyBaTtu pyounabHHAK. [IpUYMHOIO BOrO € BUHUKHEHHS
B KoJui HacTineKu Beaukoi EPC camoiHAyKIIii, 1o Mi’k HOXXaMu
pPyOMILHUKA NIPOOHBAETHLCA MOBITPAHUM npoMixxok. s poamu-
KaHHJ TaKWUX KiJI KOPHCTYIOTHBCA MACJAHUMHM BHMUKaYaMH i
BXXKHUBAIOTH IHIIIMX 3acTepe)XKHHUX 3aXOoAiB. ¥ JiHisAX ejeKTponepe-
Jady, HABAHTAYKEHHX BEJHMKOK iHAYKTHBHICTIO, OJIAd €KCTpeHOora
BHUMHUKaHHA IepenbadeHi chnemiaJbHI aBTOMaTH4YHI BHMMKAaYi,
po3MillleHi B OKpeMHUX NpUMileHHAX 0e3 jogei i 3abe3neyeHux
ickporacEMMH npuctpoaMu. Ilig Yac BUMHUKAHHSA IMOTYXKHHX
€JIeKTPOABUTIYHIB AJs 3anobiraHHA BUHMKHeHHIO Benukux EPC
caMOiHAYKIIII 4acTo crnoyYaTKy 3MeHUIYIOTh CHJIy CTPYMY B KoJi,
a MOoTiM NOBHICTI0O BHMHKAIOTh CTPYyM. 3 Ii€l X NPHUYUMHU He
MO’KHA IIofady eJIeKTpoeHepril y BeJHmKOMYy lLexy, Je IIpalioe
f6araTo BepcTaTiB, BHMHMKATH 3arajbHuUM pybuasHuKoMm. Ciin
CIIOYaTKy BHMKHYTH BepcTaTH, a MNOTiM BHMKHYTH 3arajJbHHN
pPyOMILHUK, 1HaAKIIIe MOe BUHHKHYTH Hebesdneka npobuBaHHSA
izonAnii oOMOTOK eJeKTPOABUTYHIB.

i 1. B axuii MOMeHT iCKPHTE PYOMABHHK: IIiJ Yac 3aMHKaHHA 44 PO3-
| Mmuxanaa xonaa? Yomy? 2. HeonoBy namny, pospaxosany Ha 127 B,
| BMHKAIOTh HNapajejJbHO OOMOTIIi eJleKTPOMATHITY HepepHBHOIO IpH-
. crpoio. IlepepuBHHMK mnpamnioe Big axkymyasTopHoi 6arapei.
| IlosAcHiTL, YOMY HEOHOBA JIAMIA 3ATOPAETLCH, Xoua Hampyra GarTa-
| pei Bcroro 4,5 B. 3. Yomy BiAMUKaHHSA Bil MepeXi »KMBJIEHHA TO-
TYHHUX eJIeKTPOJBUI'YHIB 3[4iHCHIOIOTE [JIABHO i MOBiNBLHO 3a goro-
Mmoroo peocrara? 4. IIpaBunamu TexHiku 6e3anexku 3aBOpPOHAETHCHA
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BHKOHYBATH MOHTaX<Hi NepeMHMKAHHA B €JIEKTPHYHMX KoJlax, KOJH
BOHHM nepebysaioTe mnig Hanpyromo 30 B. Homy Take nepeMUKaHHSA
ocobauBOo HebedmeuHe, AKIIO B KOJO YBIMKHYTI KOTYIIKH ifmyx-
TABHOCTI (TpaHchopmaTopu, Apoceni Tomo)?

Bupara 9

1. ¥V xorymui imaykruBrictio L = 0,4 I'm Bunukae EPC ca-
Moinaykuii ¢, = 20 B. BuaHauTe cepeJHIO IIBUAKICTL 3MiHM CHJIH CTPY-
MY B KOTYILILi.

2. Cepenne snauenusa EPC camoinayknii, Aska BHHUKAaE B coJieHOIAL
y pasi aMiHHM CHJIM CTPYMY B HboMy Ha Al = 6 A za At = 0,2 ¢, nopiBHIOE
6. = 3 B. Busnaure iHAYKTHBHiCTEH coJjieHOIxA.

3. Korymka niamerpom d = 0,4 M MicTHTBCA B 3MiHHOMY MartiTHO-
My moJi. ITig yac aminm iHaykuiil nons vHa AB = 127,4 Tan 3za At =2 ¢
B obmorui korymiku 36ymxyerbcas EPC camoimaykmnii 6, = 25 B.
CKiJbKM BHTKIB Mae KoTymka?

4. KinbkicTs BUTKIB y TPhOX 0OMOTKAaX, 8 TAKOMK AOBMKHHA IX OpO-
BOAiB onHakoBa (man. 23). Akuil 3 X NPOBiAHUKIB Mae HaWbinbmy i
AKMH HAUMEHIIY iHAYKTHUBHICTBE?

—— -~ ——{li
omm—— Al
g—— = S )
L
a 6 8

Mauxn. 23

§ 7 — EHEPI'IA MATHITHOTO I10JIA

MarsHiTHe 1oJIe HEPO3PHMBHO 3B’sAi3aHe 3 €JEeKTPUYHHM CTpPY-
MOM: BOHO BUHUKAE, 3MIHIOETECA 1| 3HMKAaE 31 3MiHOIO CHJIM CTPY-
my. OT:ke, min yac 3aMHMKaHHA KoOJla 4YacTHMHA eHepril m»xepeia
CTPYMY 3aBXKJAH BUTPaAYaeThCA HA CTBOPEHHS MATHITHOTIO MOJIA.
ToMy BOHO MOBMHHO MaTH eHeprii, 1o gopiBHwe poboTi, BUTpa-
YyeHi# cTpyMoM Ha ioro crBopeHHsi. Came eHepri€ro mar=iTHoro
[OJIS MOSCHIOETBCH SABHUILE €JeKTPOMATHITHOI iHAYKIiI, 30KpeMa
caMoiHAYKIIiI. ¥V pasi saMMKaHHSs KoJia 3 OyKepeJjioM IMMOCTiMHOI
EPC cuna erpymy He Biagpaady HOCAra€ MaKCHUMAaJbLHOrO 3HAYEHHS
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(ake BuU3HauaeThcsaA 3akoHoM Owma), a MmMeBHMIE wac 3poCTae,
OCKIiNIBKM YacTHHA eHepril m)kepeja BUTpadYaeThCA B Iied yac Ha
CTBOpPeHHsI Mar"iTHoro nojya. JloCArHyBIIN MaKCHUMAaJbHOI'O 3HAa-
YeHHS, CAJIa CTPYMY B KOJIi He 3miHoBarTumerhcsa. 1Ipu meomy
crae MOCTiIMHMM i Mar"iTHe moJsie CTpPyMy, a HMOro eHepris He
sMiHweThCcA. [l:Kepesio cTpyMy BHUTpadya€e eHepriio JdIile Ha
nigTpuMaHHSA CTajJol CHUJIM CTPYyMy, 1 I yacTHHaA eHepril nepe-
TBOPIOETHCHA Yy BHYTPIUIHIO €Hepriio npoBigHUKiB, TO6TO BHUTpAa-
yaeThbCs Ha i1X HarpiBaHHs. Ilig gac posaMUKaHHsS KoOJia Mar"iTHe
mojie CTPyMy 3HHMKAaE, OJHAK, 3rimHO i3 3axkoHoM 30epexkeHHHA
eHeprii, MOro eHeprisg ODepeTBOPIETHCS B €HepPril cTrpyMmy ca-
MOIHAYKII], AKWUI MiACHUJIIOE CTPYM, IO BUMHKAaKOTH.

TakuM YWMHOM, ABMIIE eJeKTpPoMAarHiTHol iHAYKUil rpyH-
TYETBCH HA B3a€EMHUX MNEPEeTBOPEHHAX eHeprii eJeKTpHUYHOTO
CTpyMy i Mmar"iTHoro moJjs.

Hexaii v koTyuiii 3 iHOAYKTHBHiICTIO L cuja cTpyMy 3pocTac
BiJl HyJ s 10 MaKCHUMAaJbBHOro 3HadeHHsA I 3a yac At. ITig gac a3po-
CTaHHA CHJIHA CTPYMY B KOJII [IKepeJio BUKOHYE pOOOTY IIPOTH
iHAYKOiIHOTO eJIeKTPUYHOrO IIOJIsA,; AKe IIPOTHUIi€e HapOoCTaHHIO
cunm crpymy. EHeprisi cTBOpeHOro MarHiTHoro moJisi JOpiBHIOBa-
TUMe IIiii pobori, TO6TO

W, =-A = —-64q = —61At.
EPC iHAYKIIAHOrO eJIEKTPUYHOIO MONAA ¢; = —L%. Ockinbru
cuna crpymy sminmoersca Bix 0 mo I, To Ai = I i Tomy ¢; = —L-ﬁ’?—.

IIpunycTumo, IO CUJia CTPYyMy B KoJli piBHOMipHO 3pocrae
nporarom dacy At Big O go I, Toal cepeHe 3HAUEHHA CHUJIM CTPY-
My I,._.=-é—I. Orxe, .

w =LL.lixe=1r1%2. (7.1)
At 2 2

Hessasxaoyu Ha Te, II0 IIiJ 4yac BHUBeAeHHA IIiel dopmyiu
Oyso 3p0obJeHO pAA COPOIeHb, MH JicTajld TOYHUI BUpa3 AJIA
eHeprili MarHiTHoOro moJs.

. 1. EnexTpoMartHiT BMHKAaIOTL y KOJIO TOcTiiiHoro crpymy. Yomy
MaKCHMMAaJbHA CHJIA CTPYMY KOJIi BCTAHOBJIIOETHLCA He Biapasy?
2. KoJsio, ake micTuTe mxepeso moctiiiaoi EPC, samxkrynu. Ha mpo

| saaTpavyaeThCHA eHeprid AKepeja Ao i IicJda BCTAHOBJIEHHHA mocrifiHol
CHIH CcTpyMy?
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bUCHODBKU

ITin yac OyaAbL-AKOI 3MiHHM MOTOKY MATrHITHOI iHAVKIIII gepes
oy, obmMekeHy 3aMKHYTHM HOPOBIIHHMM KOHTYPOM, Y HbBOMY
suaukae EPC inaykilii, mo OOopiBHIOE 3a MOAYJeM IIBUIKOCTI

3MiHM MTOTOKY MAarHiTHOI iHAYKIIii: | &; ‘ :‘_% | T'oOBHUM y ABHUII

enexkTpomMarHiTHol iHAYKIIT € nponec 30ynKeHHA 3MiHHUM B 4aci
MaI‘HiTHHM noJjieM BHXPOBOI'O eJIEKTPHYHOI'O IIOJIA.

InaykuiiEmMi cTpyM Yy 3aMKHYTOMY KOHTYpi Mae rakuii
HanpsM, IO CTBOPEHWH HWM MOTiK MarHiTHOI iHAyknii uyepes
nJjomy, obmMerkeHy KOHTYPOM, IIparHe KOMIIeHCYBaTH Ty 3MiHY
MOTOKY MATHITHOI iHAYVKII], AKA BUKJIHWKAE JaHHUH CTPYyM. ¥ IbO-
My mnoasrae cyTb npasuna JleHma, sike € HacaigKOM 3aKOHY
30epe:keHHs 1 mepeTBOPEHHA eHepril B e1eKTPOMArHiTHUX Nporie-
cax.

OxpeMHM BUIAJAKOM eJleKTpoMarHiTHol iHAYKOii € ca-
MOiHAYKIiA — BHHUKHeHHAa EPC y npoBigHUKY, 3yMOBJIeHe
3MIiHOIO CHJIM CTPYMY B HbOoMY K npoBigauky. EPC camoinaykigil
IPAMO IIPONOPILiHHA NIBUAKOCTI 3MiHH CHJIN CTPYMY B IIBOMY K

feoo Ai
Koai: §,=—-L =

MarsxiTHe moJie KOTYIIKH 31 cTpyMOM Mae€ eHepriro:

1 2
WMZELI -



POJAIA I

MEXAHIYHI KOAMBAHHS - :

¥ TexHinl # NDOBCAKAEHHOMY 3KHUTTI MM Ha KOMXHOMY KpOIIi
CTHKAEMOCA 3 KOJHBAJBLHHMH DYXaMH: KOJHBAITHCA MOCTH IifJ
Oi€lo moTAriB i MammMH, AKI 10 HUX pPyXaloThbCHA; KOJHUBAIOTHCSA
(BibpyroTs) 00poOJsIOBaHI Ha TOKapHHX i (pesepHMX BepcTarax
gerasi; Bibpye dyHaaMeHT MIBHUAKOXigHOI TypOinu B TakT 3 obep-
TaMH -TOJIOBHOTO BaJla, HONOHAYIOTBCA TIiJIKM AepeB Mig [ai€ro
BiTPY, KOJIMEAETBCSA ATOM Yy KpucTadiuHifl perritui Toumjo. Bak-
JINBA 0COGJIMBICTH KOJIMBAJIBHHUX PYXiB — IX nmepioguuHicTh, TOG-
TO TouHa ab60 HabiaMIKeHa IIOBTOPIOBAHICTHL PYXVY Tin depes3 piBHI
inrepBanu wvyacy. MiumiMmansHEuii iHTepBas u4acy, 4Yepe3d AKHUH
BiaGyBaeThCs MIOBTOPEHHS PYXY Tija, HA3MBAIOTL nNepiodom Koiu-
sanb T. KinbKicTh KOIUBAHL, 3MiACHEHHUX 3a OOQUHMILIO 4acy, Ha-
3UBAKOTE Yacmomoil koJaueaHs V. Jlerko 3poaymiru, I1mo

yacToTa — BeJIMYHMHAa, obepHeHa Oo Iepiony: v:—%,— . Y disuni u

TeXHilll IMUPOKO BUKOPHUCTOBYETHCHA MOHATTA KO1080! (YUKJAIYHOL)
yacmomu, 110 BU3Ha4Ya€ KinbKicTh KOJIMBaHb, AKi BinbyBawTbCH
3a 21 ceKyHJZ. 3B A30K MiX IIMKJIYHOK 4YaCcTOTOI (1), YACTOTOIO V
Ta nepiofloM KOMMBaHB 3aa€ThCA BUPA3OM:
2n
w=2nv= 5

IlpucTpoi, B AKUX MOXYTh 3[iMCHIOBATHCA KOJUBAHHHA, Ha-
BUBAIOTh KOJM M BAJBHMUMMU CHCTeMamM HU. Byab-aka
KOJMBAJIbHA CHCTEMAa MAa€ II0JIOKeHHs piBHoBarn. Hepyxoma
cucTeMa 000B’A3KOBO nepebyBae B Takomy noJiokeHHi. Cama mo
cobi cumcTremMa He MOXe BHUHHITH 3 IIOJIOXKEHHS piBHOBarw; s
1IBOr0 HeOOXiHWI BIIJHUB 30BHINIHBOI CHJIH.

§ 8 — BIJIBHI TA BUMYIIEHI KOJIHBAHHSA

Y koJauBaJILHIA cHUCTeMi, BUBeJeHiN 3 MOJIO’KeHHA PiBHOBaru
i sanumenisi camy cobi, mig aiero BHyTpiluHIX cuia BHHUKAIOTH
giabHi KoanusaHHa. KonunBaHHA TArapnda, OiJiBinleHOro Ha npy-
JKMHI uM Ha mOBrid HuTOi (Mana. 24),— pe npukaajg BiJbHHUX
KoysiuBaHb. Ilicaa BUBeLeHHA TAKOI cUCTEMH 3 IOJIOXKEHHA piBHO-
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Mau. 24

BArM BHHHUKAIOThL YMOBH, 3a AKHUX Tijla KOJMBAKOTHECA 6€3 BILINBY
30BHIIIHIX MepiogMYHO 3MiHHMX CHJI.

KonauBanHa mix i€ B30BHIMIHIX cuia, Akl nepioguyHO
3MIHIOIOTBCH, HABUBAIOTE 6UMYULEHUMU KOLUBAHHAMU. Bumy-
HieHi KOJWMBAHHA 3AifCHIOIOTH NOPIIEeHb y IMJIHAPLI ABUryHAa
BHYTplU_IH]:OI‘O 3ropsAHHA 1 HiXK eneKTpoﬁpnTBn, IapoBHH MOJOT
i ToKa HIBEHHOI MAallWHH, CTpyHA rirapu i dyHAaMEHT IIBUAI-
KoximgHol TypOiHH, ceple JIOJUHU i Ky30B sasisHMYHOro BaroHa,
KpHJa JiTaka B NOJbOTI i pisens crpyrajbHOro BepcraTra TOIIO.

3’sacyemMo, sAKi BIACTHBOCTL IIOBHMHHA MaTH cucTeMa, mob y Hi#i
MOIJIM BHHUKHYTH BiLJIbHI KOJMBaHHA, 1 3a AKAX YMOB BOHH MO-
KYTh BUHHKHYTH. Po3riisHeMo pyX rOpH3OHTAJIBHOI'O IPYXXHHHO-
ro maAaTHUKa. Lle npy’xuHa, OOUH KiHelb sIKOI KOPCTKO 3aKpiruie-
HUI, a Ha IPYTrOMY € KyJIbKa 3 HacKpisaumMm orBopomMm (Maia. 25). Bo-
Ha MOKe KOB3aTH 6e3 TepTs B3/[0B3K N'OPHU30HTAJIEHOIO CTEPkHA. B
craHi piBHOBarm (CrokKomw) KyJabka nepefyBae B IIOJIOXKeHHI A

(mau1. 25, a). Cua TsKIHHA KYJIBKHA mg KOMIIEHCYETHCA PeakKIlicio

X

-
¥
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crep:KHA N: mg+N = 0. iRm0 BiATArHyTH KyJLKY BIPABO Bin mO-
JIOMEeHHA piBHOBarm A o nosoxxkeHHs B (man. 25, 6) 1 noriMm Bigny-
CTUTH 11, TO BOHA 3[LMCHIOBATHME KOJHMBAHHA HABKOJO IOJOXKEeHHHA
piBHOBaru A. =
3’ACyiiMO NPUYMHY IHUX KOJMBAHL. SMIlyIOUM KyJIbKY BIOpa-
BO, MM PO3TATYEMO IPYMUHY Ha X , OPH IBOMY BHHHKAE CHJA

NIPYKHOCTI Npy»xkuHu F, AKa Iparse MOBEPHYTH KYJIBKY [0 MOJO-
sKeHHA piBHOBaru. I{a cusa 3rigHo 3 sakoHoM I'yka nponopumna

medpopMmanii OpyskuHHA i HanpsMmiaeHa BiiBo. Ilig gmiero cuam F
KYJbKa PYXaTHMEThCHA 3 IPHUCKOPEHHAM BIiBO i Ii mBUAKicTE 3po-

crarume. Cuna F 3MeHIIyBAaTHMMETHCsH, OCKLIBKM 3MEHIIYETHCH
nedopMmania mpyxuHHA. JJOCATHYBIIM IIOJOKEHHA DiBHOBaru A,
KyJbKa He 3YOUHHUTHCHA, X04Ua B IHOMY IIOJIOMXKEHHI HA Hel He
giaTume cuia (DIpyXHUHA He PO3TATHYTA); PYXauMCch N0 iHepnii,
BOHA Ipoiijie MOJIOKEeHHA PiBHOBAru i moysHe CTHCKATH NPYIKHUHY.
B pesyibraTi BMHHKAaE cHUJa NPYKHOCTI, sfKa HanpsaAMJIeHa BiXKe
BIIPABO i rajabMye pyx KyJabKH (Man. 25, g8). Ila cuna, a oTxe, i
HaIpsAMJIeHe BIIPABO NPHCKOPEHHS 3POCTAIOTH 38 MOAYJIEM IPSMO
OPONOPLIiAHO MOAYJII0 SMIINEHHA X KYJIbKH BiJHOCHO IMOJOXKEHHSA
piBHOBarm. A MIBHAKICTH 3MEHIIYETHCA NOTH, II B KPalHBOMY
JiBOMY HOJIOXKEHHI He IepeTBOPHTHCA Ha HYyJb. Yliciasa mporo mix
Hl€I0 CHJIHM OPY2KHOCTL KyJbKa IIOYHE PyXaTHCA 3 HPHUCKOPEHHAM
BIPaBo; Io iHepiii BOHA 3HOBY IIpoiife IIOJIOXKEHHs piBHOBaru i
3HOBY ONHHUTHCA B B, 3AIICHHUBIIN TAKUM YHMHOM OZHE IIOBHE KO-
JguBauHA. [ani Bce MOBTOPIOBATHMETHCH,

OTxe, IPUUMHAMUE KOJIMBAHL MACHBHOI KYJBKM HA MPYXKHUHI
€ cuja MPYMXHOCTi, KA BUHUKAE IiJf 4Yac PO3TAry i CTHCKAHHA
OPYIKUHU, Ta iHepIid KYJIbKH.

SIx6u He iCHYBaJIO TepTs, PyX KYJIbKH He NPUIMHUBCA 6
Hikonu. OpgHak TepTa (30KpeMa, OImip HoBiTpA) €, NPUIOMYy Ha-
OpAM CHJIH OIOpPY i mij yac pyxXy KyJBKH i BOIpaBo, 1 BiIiBo Bech
yac OPOTHUIENKHUN Hanpamy orsuaxocrti. Tomy Teprsa raaemye
PYX KyJABKH, i posdmax Ii KOJIHUBaHE IIOCTYIOBO 3MEHIIIYETBCA JO-
TH, IOKH PYX He NPHOHHUTHCA. SIKII0 TepTsa He3HAUHe, 3aTYXaH-
Hf cTae NOMITHUM JIHIIE Iicjis TOro, AKX KyJAbKa 3AilicHuTs Gara-
TO KOJIMBaHB. I FAKINO Hac LiKaBUTh PYX KYJIbKH IIPOTArOM He
Iy¥Ke BEJIHKOI'o iHTepBanxy 4acy, 3aTyXaHHAM il KOMHBaHbL MOX-
Ha HeXTyBaTH. B IbOMYy BHNO&AKY BILUIME CHJIM ONOPY Ha PyX
MOXHA He BpPaxOBYBaTH.

Amnanoriuyni npomecu BiaGyBarmOThCA WiA Yac KOJMBAHb IIPO-
CTOTO MaATHHKA — MACHBHOI KYJbKM, HigBimienol Ha JOBrii
HuToi: AKmo posmipum KyabKH HabaraTo MeHIII 3a JOBXHHY
HHUTKH, IIMMH PO3MipaMH MOJKHA HEeXTYBATH i po3risiaTy KyJb-
Ky #K MaTepialbHy TOYKY. PO3TAroM HUTKH TAKOX MOXXHa He-
XTYBATH, OCKiJIbLKYM BiH Aaysxe manuii. Mo)xHa HeXTyBaTH i Macom
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HUTKH TIOPiBHAHO 3 MAacoOl0 KVJBKH.
TakuM YMHOM, 3aMicTk peanbHOTO
¢bisnuHOr0o MAaATHUKA-KYJIBKU IIE€BHO-
ro posMmipy Ha HHATUi, Axa, 3Bu4aiiHo,
Tpoxu nedopMyeETHCA Mif "ac pyxy i
Ma€ Macy, MOXXHa PO3IJIATATH IIPOCTY
MOJeJIb: MaTepianbHy TOYKY, HiaBime-
HY HA HEepO3THHIA HeBaromiii HUTII.
Taka MoZens MagsTHHKA Ha3WBAETHCHA
mamemamuiHum maamuiuxom. Ilig-
‘BimmeHa Ha AOBriii ToHkii#t HuTIi Ma-
JMeHbKA KYJbKa MNOBOAHUTBLCA IIPaK-
THYHO TAK CaMo0, AK i MaTeMaTHUYHHHA
MAaATHHK.

BuseneMo MasTHHUK 3 TIOJIOXKEHHSA Max. 26 .
piBHoBaru O xo Touxku B (man. 26) i
BixmycTrMo HOro — BiH KOJNMBATUMETHCS. PO3IJIAHEMO IIPHYHMHY

X KOAWBAHB. :

Konu masTHUK nepebyBae B CHOKOI y nogoxceani A, cuna
TSOKIHHA KYJIBKU P i cuna npyxHOCTi HUTKK F miroTh Ha KyJIb-
Ky Wi KyTOM OZHA OO o,n_:go'i. PoskanazemMo cuny Tsoxinua P Hza
ABL cKIan0Bi: HOpMaubHY P, HAIpAMJIEHY B3/0BXK HUTKH, i TaH-
resnianepHy P, HAIPsAMJEHY NEePHeHAUKYISPHO A0 HUTKHY IO JO-
TUYHINA f0 TpaekTopil Kynsku. Cuna npysxaOoCcTi HuTKM F i cKiIa-
aosa P, cuaM TAXKIHHA NEePHeHZUKYIAPHLI A0 INBHAKOCTL
MaATHUKA 1 HAZAIOTE HOMY TAK 3BAHOI'O HOPMAALHOZ0, 860 JdoueH-
mpo6020, IPUCKOPEHHA, HANIPAMJIEHOIO K0 LEeHTpa AYyr# Kojga —
TpaekTopil MmaarHuka. PofGoTa mux cuUJ AOPiIBHIOE HYJIH, i TOMY'
3rifHO 3 TEeOpPeMOX NP0 KiHEeTHYHY eHeprilo BOHK He 3MIiHIOITH
MOAYJAA IIBUAKOCTI MAATHUKA. IX i 3yMOBJIOE JIHIIE Gesrme-
PEpPBHY 3MiHY HaIpPAMY LUIBHAKOCTi, TaK 010 B OyAb-AKUHE MOMEHT
yacy IIBUAKICTE HanpAMJIEeHA IO AJOTUYHIN A0 Ayru KoJa.

TaHrenmianeHa CKJaZOBA ﬁT CHIN TSsDKIHHS CTBOPIOE TakK
3BaHEe MAaHZEHULAAbHE NPUCKOPEHHA, SAKe XapaKTepuaye 3MiHy
moayasa mBuakocTi. Ilig miero cxkmamosol F‘; MAasTHUK TOYMHAE
pyxXaTHcsa IO Ay3i KoJsia BHH3 i MIBUAKICcTH Horo spocrae. B mipy

PYXy MafATHHKA TaHTeHIlaJbHa cKJazoBa P, cuiu TAXIHHA, Ha-
npAMJIeHA A0 NOJOMXKEeHHS piBHOBar#, sSMEHIIYETHCA i B MOMEHT,
KOJIN MAaATHHUK IIPOXOAUTH 4Yepe3 IIOJOXKeHHA pPiBHOBarm, BOHA
IIePeTBOPIOETECA Ha HYJb. BHacaigok iHeprHOCTI MaaTHHK pyxa-

TUMeThbCs Aati, migmimMalouuces yropy. IIpu npomy ckiamosa P,
Biae Oyme HanpaMJIeHa IPoTH MBUAKOCTI. Tomy mBUgKicTs Ma-
ATHUKA 3MEHIIYETHCH, 1 THM IIBHUAINE, UM Oinpuimii KyT Misx
HHUTKOIO 1 BepTHKaMI0. AMKe i3 36iablIeHHAM KyTa LH CKJIAHO-
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Ba CHJIM TsKiHHA 3pocrac. B MOMeHT 3yNMHKHM MAasiTHHKa ¥
BEePXHiA TouYni #Ooro rTaHreHniajgbHe NMPHUCKOPEHHA MaKCHUMAaJIbHe
i HanpaMJIieHe B OiK moJioKeHHA piBHoBaru. llasgi mBHUAKiCTE Ma-
ATHHUKA 30iJBINYyETHCA, i BiH 3HOBY DPYXa€E€ThCA MO0 IOJOXEHHSA
piBHoBaru. IlpoiimioBmu iforo, BiE NIOBepTAEThCSA B HOYATKOBE
MOJIOKEeHHA,; 3J1ACHUBIIN OJHe [IOBHE KOJHNBAHHA. 3BUYAHO, IIe
MOMJIMBO TOJ1, KOJIM CUJia ONOPY He3dHauyHa i i1 poborowo npora-
TOM HEBEJIMKOIo iHTepBaly uvacy MoOMHa HextyBatu. lani Bce
3HOBY HNOBTOPIOETLCH.

PoarnsHyBmM pi3Hi NpUKJIaAM BiIBHUX MeXaHIYHUX KOJIU-
BaHb, MOXKHAa BHAIJIUTH YMOBHY IX BUHUKHEHHHA:

1) cunu, aAki giroTe Ha Tismo, abo xoua O ogHA 3 HUX, MaKlTh
3ajieXaTH Big koopapuHaT. B OfHOMY IIeBHOMY IIOJIOXKE€HHI Tina y
npocTopi, AKe Ha3MBalOTh MOJIOXXEHHAM piBHOBaru, piBHOAiNMHa
Bcix cuu, 1o miloTs Ha Tijlo, Ma€ gopiBHIOBaATH HYJIO. SIKIo TijNo
BHUBECTH 3 IIOJIO’KEHHSA piBHOBarw, piBHOAiWHA BCix cHJ He IIO-
BMHHA NOPiBHIOBATH HYJIIO i OYTH HANOPAMJIEHOIO A0 MNOJOXKEHHS
PiBHOBarm;

2) cuix TepTsa B KOJMBAJBHIN cucTeMi MaoTh OyTH Mi3epHO
MaJINMH.

™
1. [Ilo Take xKoauBayibHA cucTeMa? B AkoMy moJsokeHHI nepebyBae
KOJHMBANBHA cHcTeMa B crmokoi? 2. fKi KonruBaHHA HA3UBAIOTH
BinpEuMH? HaBeniTer NpHUKJIaAHM BiIBHHUX KOJWBAHBL, OAXXAHO He
gragaHux y Tekcri. 3. ki KOJIMBAHHA HASUBAIOTH BUMYIIEHUMH?
HaBecTH npuKJagy® TAKAX KOJHBaHb. 4. 3a AKHX yMOB y KOJIH-
BaJbHiM cHcTeMi BUHMKAIOTH BilbHI KoauBaHHAT

§ 9 — PIBHJAHHSA PYXY TILJA,
AKE KOJIMBAETHCHA IIIJ OIEHO CUJI
NPYHOCTI I TAKIHHA

Mu po3riasiHyJIM SAKIiCHO yMOBM BHHHUKHEHHSA BiJIBHHUX Me-
XaHIYHUX KOJIMBaHB Il HOi€0 CcUJ OPYyKHOCTI #H TsKiHHA.
KinpkicHO nponec TaKMX KOJHBaHb MOXKHA OIIMCATH, CKOPHCTAaB-
muck 3akoHamu Heiorona. Haramaemo, 1mo 3rigHo 3 APYraM

sakoHoMm HprpioTOHA noﬁy’rox Macu Tijla m Ha NPUCKOPEeHHS d
AOPiBHIOE PiBHOAIMHIN F yCiX MpUKJIageHUuX A0 Tija cHJiI:
ma=F.
3anuuieMo PpiBHAHHA pPYXYy A IPYXHAHHOrN0 MadATHHKA
(auB. manx. 25). Pyx kynskm maafauka saificHoeTbes mij giero
cunu npy:kuocti F opysxkunu. Ila cuna 3aBkam nponopuiiHa
3MIiI[eHHIO KYJBbKH BiJl NOJIOXKEHHA PiBHOBAru i HanpsamJaeHa A0
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HBOTIO. 3MIIEHHA K X KYJbKHM BigJidyeTbca BiJ INOJOXKeHHSHA
piBHOBaru, To6TO HanpsAMJIeHe NPOTHJIEKHO cuJi. OTxke,

F = —kx,
Ae kB — >KOPCTKicTb NPYIKUHU.
PiBHAHHA pyXy KYJBKH 3alHUIIEThCA AK ma = —kx, 3BigKu
.
@=L X (9.1)

OckinsKH Maca m i »KOpCTKicTh £ € cTAJIUMHU BeJUUYUHaAMH,

iX BigHOIIIEHHSA _r’f:_ TEX € CTAJIOK BeJuunHOo0. Mu agicranu piBHAH-

HfA KOJIMBAHb Tijla min aieo cuau npy»xHocti. BoHO ayke mnpo-
CTe: MPHUCKOPEHHA Tijia 3aB»XXJAW NPAMO NPONOPIiiiHe 3MIiIleHHIO
i IpoTHUJIe’KHO HOMY HamnpsiMJIeHe.

HaiipaxknuBimmmumMm € Te, Imjo Taki cami piBHAHHA ONHCYIOThH
BiJIbHI KOJIMBAHHA B PI3HUX KOJUBAJLHHX CUCTEMAaXx.

Buige MM BCTAHOBHMJIM, 10 3HAYEHHS CMJIH, fAKa [OBEpPTAaE
NigBiIeHy Ha HEPO3TAXHIM HUTIIl KYJBKY JO MNOJIOXXEeHHHA PiBHO-
Baru, 3aJIe’KHUTh Bil KyTa BiIXHMJIEHHA MasiTHHKA Big mbOoro mo-
JoxxeHHA. BectanoBumo oa”ny 3aJie’KHIiCTh MaTeMaTH4YHO.

Mu 3Haemo, 110 Y pasi BifXnjIeHHA MaATHHAKA BiJl MOJIOKeHHA
PiBHOBarm Ha MAaATHUK Jli€ NOBepTajJibHa CHJIa — TaHCeHIjiaJabHa

—_—

ckiaagoBa P, crim TAMIHHA, HajJalo4YW KYJAbLl MaATHUKAa TaH-

reHIiajJbHOr0 MPHUCKOPEHHs d,. TaHreHuianbHa CKJIagoBa P, zasB-
AU HanpaMJieHa B OiK, NpPoTHJesKHWA 30iJbIIeHHIO 3MilleHHSA
KYJBKH MasiTHHKA. SMillleHHS KYJbKH BiJ I[IOJOXKEHHS pPiBHOBA-
M MOYXHa XapaKTepH3yBaTHM KYTOM O BiAXWJEeHHS HUTKH Bifg
BepTHKaJi i goBxkuHOKWO Ayru s = OA (auB. man. 26), B3ATOI i3
3HAKOM «+», AKIIO KYJbKa 3MIiIyeTbCA BiJ ITOJIOKEeHHSH piBHO-
parn O BrnpaBo, i 31 3BHAKOM «—», SIKIIIO BOHA 3MIiIYETLCA BJIiBO.
QueBuaHo, 110 § = .
TaHrenniajgsHa CKJagoBa CHJIM TAMIHHA

P = —P sin o0 = —mg sin o.

T

3HaueHHs TaHTeHUiaJbHOI CKJANOBOI B3ATO i3 3HAKOM «—»
TOMY, IIIO PT i o0 MAaOTHL NPOTHUJIEIKHI 3HAKH.

drigHo 3 apyrum 3akonom Heiorona ma_ = P,

abo ma_ = —mg sin o, 3BigkM a_ = —g sin o.

Hoci My BBaKaJ{, IO KYTH BiAXHMJIEHHA HHTKH MasaATHHKA
BigBepTHKAaJII MOxyTh OyTH skuMu 3aBroguo. Hazxani poarnsga-
THUMEMO BHIAJKH, KOJH BiAXWJIeHHA MaATHHKA BiJ IMOJMOXeHHSHA
piBHOBaru HacTinpku Maui (3—5°), 10 CHHYC KyTa MOKHAa BBa-
AT MNPONOPHiMHUM 3HAYEHHIO caMOro Kyra. SAKImo KyT Bu-
MmipoBaTH B pagiaHax, sin o = o. OtxKe,

a_. = —ga.

T
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IlincraBuBIIIK 3amMicTh O BUpa3 %. AicraHeMo
A

ap=—Es. 9.2)

ITle piBHAHHA 306iraeTbca 3 piBHAHHAM PYXY KYJBKH Ha Ipy-
KHHLI (9.1)y Tyr nume 3amMicTh KOOPAMHATH X CTOITh JOBXHHA
AYyru 8, a KoedilieHT Npy>KHOCTI 3aJeKUTh He BiJ »KOPCTKOCTI
MPYXKHUHU 1 Macu KyJbKH, a BiJl IPUCKOPEHHA BiJILHOIO NajJiHHA
i poByKHMHM HUTKH. OJgHaK B3HOBY I[IPHCKOpPeHHA (Temnep TaH-
reHIliaJbHEe) NPAMO [IPOIOPIiiiHe 3MIIEeHHI (BM3HAUYAETHLCA IV-
row) KyJbKH BiJ II0JIO3KeHHs piBHoBaru. TakuM YHHOM, MH
AIAUUIN BaXXJIMBOIO BUCHOBKY, IO PIBHAHHA PpYXYy KYJAbKU Ha
npyHcuri i maamuuka o0HaKo6i. 3MillleHHA KYJIbKHU Ha IIPYKHUHI
1 MaaTHUKA BiJi MONIOKEeHb PiBHOBArd 3MiHIOTHCA 3 YACOM 3a 0JI-
HUM i TUM caMHUM 3aKOHOM, XO4Y CHUJIH, AKi 3yMOBJIOIOTH KOJH-
BaHHHA, MalOTh pPisHy (Qi3MUHY OpPpUPOAY.

§ 10 —TAPMOHIYHI KOJIHBAHHSA

3HaouM, AK HOB’A3aHI MiX co00I HIPHUCKOpPEHHA i Koophu-
HaTa Tija, AKe KOJMBAETHCs, MO HA .32 JOIOMOIOK MaTeMaTH4-
HOI'0 aHAJIi3y 3HAHTH 3ajJeKHICTE KOOpPAWHATH Bix dacy. Mwu x
BCTAHOBHMMO BHJA OGyHKIII [f(¢), Aka BUpa)Xa€ 3aJIe;KHICTh
3MilleHHsa X Bij yacy t, pO3rJasaAalyd 3B A30K MiXX KOJIMBAHHSI-
MM MAasITHHUKA 1 PYXOM KYJBKH IIO KOJIY.

Ha manoaky 27 nokKasaHO KOJMBAHHA KYJbKH, AKa KOB3ae€
B3J0BX oci OX, mnix zmieo cuim npymxHOCTI npyxuHu F = —kx.
KonuBaHHsA KyJbKH MOYXHa PO3TJAALATH SAK IPOEKIIil0 KOJOBOIro
pyxy kyasku Ha Bick OX. Hexait A — pyxomuil pajiyc no-
IIOMIiXHOIro KoJia, sSIKHKM BignoBigmae nHaibinblnioMmy BiAXHJIEHHIO
KYJIBKYM BiJ noJjioxeHHs piBHOBaru. fkimio obepraTH KyJbKY IO
KOJIY 3 TAKOI KYTOBOIO IIBHAKICTIO W, 1100 mnpoekiisa i1 pyxy
3birasacsa 3 pyXoM KYJBKH HiJl Ji€H0 CHUJIM NPYHHOCTI NPYXKHHH,
TO 11 MUTTEBE ITOJOMEHHSs BH3HAYMUTLCHA DIBHICTIO

x = A cos ¢@.

Ilin uac obepraHHA pPyxXoMOro pajiyca i3 cTajol KYTOBOIO
IIBHAKICTIO O KyT ¢ Mixk pagiycom i Biccro OX 3pocrae npsamo
MPONOPIIiHHO Yacy:

¢ = wt.

Ilpoeknia x pyxomoro pajaiyca Ha Bick OX 3MiHIHOBaTHMeEThb-
CH 3a 3aKOHOM:

x =A cos @ = A cos wt. (10.1)
32
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Man. 27 Maun. 28

AHaJIOTiYHO MOX<HA TAKOXK IOPiBHATH KOJIMBAHHSA TiHI KyJb-
KM, 3aKpiIuieHOl Ha QUCKY, AKHil obDepraeThcda i3 cTaloi KyTO-
BOIO IIBHUAKICTIO W, i KYJIBKH IIPYXXUHHOrO MaaTHHKa (Mmaju. 28).
MoaxHa ai6paru Taky IIBHAKIiCTHL 00epTaHHA AMCKAa, IO PyX TiHi
KYJbKK HA eKpaHi mnoBHicTIO 30iraTuMeThcss 3 PYXOM KYJbKM
NPY>XKUHHOTO MasATHUKa. Tak caMo MOXXHA MOKAa3aTH, IO IIPO-
eKI[id pyxomoro paziyca gucka OM Ha BepTHKaJbHUN niamerp
3MiHIOBATUMETHCS 33 3aKOHOM: :

x = A sin @ = A sin wt. (10.2)

IIpoexnii pyxomoro pazgiyca B 060X oOIMCaAaHHX BHUIaJKax
MOXKHA PO3rJIAAaTH AK KOOPAWHATH KYJIBKH, Ka o0epTaeTbcs 10
KOJY.

TaxkuM YMHOM, B 3adHA4YeHHX BHMIAJKaxX KOOpPAWHATA Tija,
AKe 3iMicHIOE BiILHI KOJIWMBAHHSA, 3MIiHIOETHECA 3 YacOM 34 3aKO-
HOM CHHYyCa 4YM KOCHHYcCA.

Ilepioguuni 3miEuM ¢izMuyHOl BEeIMUMHM 3aJjIe’KHO Bix dacy,
AKi BinOyBaioThCH 3a 3aKOHOM CHMHYca af0 KOCHMHYCa, HA3HBAIOTh
rapmoniqnumn KOJIMBAHHAMH.

l'apmoHiuHO MOXKYTH 3MiHIOBAaTHCA PisHI (isMYHI BEIMUUHH:
KOOpAMHATA, IIBHAKICTE, IPUCKOPeHHA ToIlno. CriouaTKy poarJs-
AaTUMeMO rapMoOHIiYHiI KoauBaHHA koopauHaTu. Hanani osnaiio-
MHUMOCH 3 TAPMOHIYHMMH 3MiHAMHM iHINHUX BEJIHUYUH.

BaXMBOIO XapaKTEePUCTHUKOIO KOJUBAJILHOIO PYXY € aMIjii-
myoda. Amnaimydor 2apMOHIYHUX KOJIUGAHb HA3UEAIOMb MOOY.Lb
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HALOinbUL0Z0 3MiuLeHHA mija (KO0AUBAALHOL cucmeMmu ) 8i0 noJio-
acennsn pieHoeazu. Ha wmanoHKy 26 aMnaiTynon KOJIUBaAHHS
MaATHUKA € ayra OB, a Ha manroHkax 27 i 28 — smimenss, mo
OOpPiBHIOE pajiycy BiAmoBimgHOIro KoJa.

AmvmnniTyna moixe mMaTu pisHiI 3HaYeHHSA 3aJIeyXHO Big TOro,
HACKiJIBKHM M¥ 3MIiNIyEMO TiJIO Biff mOJIOKEeHHS PiBHOBar" B IIO-
yaTKOBUH MoMeHT uacy, i Bix Toro, ska WIBHMAKICTE HajzaeTwbCA
opu nboMy Tiny. To6To aMniiTyia BH3HAYAETHCA MOYATKOBHMH
yMoBaMu. BoHa OOpiBHI0OE MHOMXHHUKY IIDM CHHYCOIZaJbHiN
(10.2) yu xocumycoiganwnuifi (10.1) dbyuxuii, sxa sigmosimae
LAHOMY KOJHBAJIBHOMY IDOIECY.

¥V rapMoHiyHHX KOJUBAHHAX KOOPAHHATH KOJHMBHOrO Tijna,
HOro IMBHAKICTL i NMPHCKOPEHHA TAKOXX 3MiHIOIOTBCHA rapMOHiY-
Ho. IIIBUAKiCTL i IPHCKOPEHHA Tijla B KOJUBAJBHOMY PYCi TeMx
MOXKHA BHS3HAYATH AK IIPOEKILil IIBHMAKOCTI i IPpHCKOpeHHA Tina,
siKe piBHOMipHO obGepraerhca Mo Koany. Moayias IIBHAKOCTI PyXy
KYJIBKH IIO KOJY U Bech 4acC CTAJIMi, a IPOEeKIlid BeKTopa IIBH/[I-
KocTi (abo mMBUAKICTE PYXY NPOEKIil KYyJBKHW Ha BePTHKaJBHUI
giameTp) 3 uacom sMiHoeTsea (Mas. 29). Boua nopiBHioe v Jguie
B Touni O, a B ycix iHDIMX MeHIIA 3a U i mepeTBOPKETHCA HA
HyJab y Toukax A i B. llIsuakicts vy = or Tina, mo obepraerses,
B Touni M yTBOproe 3 aiamerpom AB KyT @ = ®t, ToAi ii npoeKIin
Ha Heil agiamerp AOpiBHIOE!:

U = Or cos ¢ = Or cos Wt = v, cos wt. ' (10.3)

TakuM YMHOM, MHUTTEBA INBHAKICTE ¥ rapMOHIYHHX KOJIH-
BaHHAX 3MIHIOETHCH 3 4acoM rapMoHiuHo. Hanbisbnle sHaYeHHA
U, = Or BOHA Ma€ B MOMEHT IPOXOXeHHS IOJOKeHHS PiBHOBAa-
ru. HynasoBe 3HaYeHHA IIBHAKOCTL y rapMOHIYHOMY KOJHMBaHHI
Ma€ TiJIO B IOJIONKEeHHI MaKCHMMAJBLHOI'O BiAXHJIEHHS BiJ IIOJIO-

. .. 1
YKeHH#A PiBHOBArd, Koau O =zT.
. Ilpuckopenns a, = o?r y npoexuii ma xiamerp AB Mae
HanpAM, OPOTUIEXHUNA HAUpAMY 3MimeHHA X (QuB. max. 29),
TOMY MHTTEBE 3HAYEHHS IPHCKOPeHHSA

a = —0%r sin @ = —®?r sin 0t = —a, sin ot. © (10.4)
Opnak r sin ot = x, Tomy
a = —0x. (10.5)

TakyuM YHHOM, IIPHUCKOPEHHHA y TapMOHIYHHMX KOJHUBAHHAX
Tina 3MiHO€ETBCA, AK i KOoOpAMHATA, rApMOHIYHO (3a 3aKOHOM
cuHyca), ofHaK y OyAb-AKHHA MOMEHT 4Yacy NPUCKOPeHHSA i Koop-
AWHATA MAalOTh NporuiaeskHi aHaxku. IIpuckopeHHs i KoopauHaTta
OAHOYACHO CTAKTh MaKCHMaJbHHMU 3a MOAYyJjeM, OZHAK MAalOThb
npormiieskHi 3Haku. fAkijo sbinbpnryBaTH 3MimieHHA (KOOpAMHA-
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Man. 29

TY) Tina, KOJMBAHHA CHOBLIBLHIOETBHCS, a AKIO 3MEHIIYBATH
3MiLIeHHA, TO IIPUCKOPIOETbCA. B MOMEHT AOCArHEeHHA 3MillleH-
HAM HaibinsOIOro HOZATHOrO 3HAYEHHS IPUCKOpPeHHA HaOyBae
HaibiaBIIOro Bifi’eMHOro 3HadyeHHA 1 HaABIAKH.

3’AcyeMo 3MicT BEJIMYMHM () B rapMOHIYHOMY KOJIMBaHHIi (B
KOJIMBAHHAX e B)Ke, 3BUYAMHO, HE KyTOoBa MBHUAKicTh). Yepes
iHTepBas dYacy, HAKHHA pgopiBHoe mnepioxy T, To6T0 npm
30inbIIeHH]I apryMeHTyY CHHYCa YU KOocHHYyca B piBHaHHAX (10.4)
i (10.3) vHa T, pyXx NOBTOPIOETHLCHA 1 CHHYC Y¥ KOCHHYC HabOyBae
ronepesHbLOro 3HaUYeHHA. A 3 KypCcy MaTeMATHKH BHA 3HaAETe, IO
nepioxg cuHyca (KOcHHyca) HOpiBHIOE 2T.

Orixe, BeIMYMHA () — Il YACJIO KOJHBAHb Tijla, ajie He 3a
CEeKYHAY, a 3a 2N CeKyHM. Ii HasuBaIThb K0.106010 (260 YUKAILHOIIO)
yacmomoio. HacToTy BiIBHHX KOJHWBaAHb HA3HBAIOTH 8,ACHON0 4a-
CmMomoio KOJLUBANLbHOL cucmemu.

1. fiki konuBaHHA HA3WBaWOThL rapmoHiuaumu? 2. Ak nos’asaxi
NPHUCKOPEHHA i KOOpAMHATA y rapMOHIYHHX KoJuBaHHAX? 3. Sk
SMIiHIOETHCA 3 YACOM IIBHAKICTE Y TAPMOHIYHMX KOJIMBAHHAX?

§ 11 — IrPA®IYHE 30BPAKEHHS KOJIUBAHb

BuBueHHs1 3aKOHIB KOJIMBAHb MOJIETIIYETHCA B HArarbox BH-
nagkax nobynoBow epagikié ioaueaHb, TOOTO MaJOHKIB, AKi
JalOTh HAOYHE YSABJIEHHSA IIPO XapaKTep KOJMUBAHL 3AJIEXKHO Bij
yacy. llicrarn Takuil rpacdik MOKHA NOOYOOBOK 3a TOYKaAMH
rpadika ¢yurnii (10.1) — (10.4). [dns umporo HaA TrOpPHU30H-
TaJlbHiNl oci B oOpaHomy macmuTabi BiakimamawoTh dac abo mpo-
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Man. 30

nopiiiiHe oMy 3Ha4YeHHsA f, BUpa>keHe B pajiiaHax, a Ha Bep-
THKaJIbHiIN ocli — 3HaYeHHA 3MilleHHA, KOOPAMHATH, IIBHUJIKOCTI,
npucKopeHHA Tomo. OTprMaHi KPHBi 3aJIe3KHO BiJi 3aKOHY KOJIH-
BaHHA BiITOBiIHO € CHHYCOifaMH UM KOCHHYCOLZaMH.

Ha mamiorky 30 nokasaHo rpadiku smimeHHs (KoopauHa-
TH), IIBHAKOCTI i HIpHUCKOpeHHA Tija, IO KoJWBaeThkcaA. Ciuin
nam’'aATaTH, Mo i rpadikm 300parkalTh 3aJIe’KHIiCTh 3MiHH
BiimoBigHMX BeJWYHH BiX yacy, a He 1X 3MiHM y npocTopi.

I'pacdhik KOMMBaHHA MOKHaA 3allMCATH PEECTPYIOUHM MIpHJAa-
pom. I'padik xonmMBaHRP MasATHHKA MOXKHAa AiCcTaTH 30BCiM mpo-
cro. JIJ1s ObOro A0 TOHKOI JOBroi HUTKHW 3aMiCTh CYILiJIBHOT'O TH-
rapufd nigeicumo JidKy, 3anoBHeHY Api6HuM nickom (man. 31).
Huxuill Kpail JdiiKH Ma€ HeBeJWKHH oTBip. HamoBHMMO niiiky
INicKoM 1 3aKpHMeEMO BUNyCKHHuUM oTBip. IIlpuroryemo namepoBy
CTPiuyKy, BKPHUTY IIAapoOM KJelo. Biaxmiammo MasaTHUK Tak, 100
BiH 3AilicHIOBAB KOJIMBAHHSA y IUJIOIIWHI paMKH i piBHOMipHO ne-
peMimaTuMeMO CTPIYKY B HanpAaMi, NepHeHAUKYJIAPHOMY OO0
MJIOIIMHY KOJMBaHHA MasATHUKAa. Ilagarouuii micok 3amMile Ha
cTrpiuni curycoiny (man. 32).

\CFAYAW/
ViV VA

Man. 31 Man. 32
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3anucaHa NagaldYAM IIiICKOM CHMHYcCOiJa Ja€ MOXKJIHBICTE Cy-
- OATH Opo nepiox kKoausaHHA T, To6TO Npo TPHUBAJICTE OLHOIO
IIOBHOI'0O KOJIMBAHHA MaATHHKa. Mipol mepioagy MoXKe ciayrysa-
™! Binpisok OO, Ha rOpU3OHTANBHi#M oci (auB. Man. 31), AKy Ha-
3uBaTUMeMO giccio 4acy. HepasxKo moMiTUTH, O 3a TOM 4yac, Io-
KM marepoBa cTpiuka npoimna masax OO,, MaaTHUK 3OiHCHUB
OJlHe MMOBHE KOJINBaHHA.

IIpunycrumo, o crpiuka pyxaerbes 3i mBuakicrio 10 cm/c.
Orake, cTpiuxka npoxoauts 1 cm 3a 0,1 c. frumo Bigpisoxk 0O,
mae noBXuUHY 16 cM, crpiuka npoimuia o Bigcrads 3a 1,6 c. 3a
neii yac MasTHUK 3[iMICHHB OJHE NMOBHEe KOJIMBAHHA, OT¥Ke, Ie-
pion xKonmuBanusa aopisHioe 1,6 c. lIlo6 xopucryBaTucsa rpacdikom
KOJIMBAHHA, CJIi 3HaTH Maciutab yacy.

Cnocob6iB 3anucyBaHHA KOJMBaHB y (hisuui onpanboBaHO AYy-
ke OararTo. HalimomupeHimmuili cyyacHUH npuiaaj AJIA BHBUYEHHSA
KOJMBAHb — eJIEKTPOHHHUN ocuuiorpad, i3 3acToOCyBaHHAM SAKO-
ro BM O3HAWOMHMTECSH IIi3HillIe, BUBYAOYH eJeKTPHYHI KOJIMBAHHA.

? Bm3HauTe aMIUIITYAHM i mepiofy rapMOHIYHHX KOJHBaHb, rpadikm
Axux 3o06pakeni na mamorKax 33 1 34.

§ 12  ®A3A KOJUBAHD

Mu ozHaloMHUJIMCA 3 OCHOBHUMM BeJIMUHMHAMHM, AKiI xapakre-
PU3YIOTHL TapMOHIUHI KOJIMBAHHA: aMIUITYAOI0 KOJUBaHb X
(abo A), nepiogom T, 4acTOTOI KOJIMBAHL V 1 NUKJIIYHOIO YacTo-
TOIO . 3aJUIIAETLCH PO3IMJIAHYTH IIe OLHY BaXJIHBY BeJIHYH-
HY — Qasy.

PiBaanua (10.2), (10.3) i (10.4) maroTe 3MOry BH3HAYHTH
MUTTEBI 3HAYEHHA KOOPAMHATH, HIBUAKOCTI i NpUCKOpeHHA rap-
MOHIiYHOTO KOJIMBAHHSA TOAi, KOJIHM Yac BigidyeTbcs BiJi MOMeEH-
TY HPOXOAXKEHHA KOJHMBHHUM TiJIOM moJio»KeHHsA piBHoBaru. IIpo
IBa KOJUBAHHA ONHAKOBOI aMILIITYAH ¥ 4acTOTH, IIiJ 9yac AKUX
‘KOJIMBHI TOUKH HE OJHOYACHO JOCATalTh MAKCHMAaJbHOI'O BiIXH-
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JeHHS, KaXXyTh, IO BOHM MalOThk pisHi ¢aszu. 3’acyemMo, 1o &K
‘Taxke (raza KOJUBAHHHA.

3rigno 3 piBmgaEaMH (10.2), (10.3) i (10.4) gns sazmanHoi
aMnaiTyau rapMoHiYHHMX KOJHBAHBL KOODAHMHATA, MIBUIAKICTE 4Uu
OPHUCKOPEeHHA KOJUBHOIO Tijla B OVAL-AKHUA MOMEHT Yacy OJHO-
3HAYHO BH3HAYAIOTHCA APryMEHTOM CHHYyCa YM KOCHHYCA ¢ = Wf.
Apzymenm, w0 cmoimp nid 3HAKOM CUHYCA U KOCUHYCA, HA3U-
saromb (a3 KOJAUBAHb, AKL Onucyrwmsuca Yumu Q@QUHKYIIMU.
@daza BU3HAYAE [JIA 3aJaHOI aMIJIiTyAM CTaH KOJIMBAJIBHOI CHC-
TeMH B OYIAb-AKHII MOMEHT 4Yacy.

OckigpKH @ = 2?“ TO @ =t = Zn%. BigHomenns —;, IIOKAa3ye,
KA YACTHHA Nepiogy MHHYJa 3 MOMEHTY IIOYATKY KOJHMBaHB.
Bym. -AKOMY 3HAYEHHIO Yacy, BUPAYKEHOMY B YaCTKaX nepiony,
anomnae 3HaYeHHA (asu, BHpakeHe B pamanax Tar, uepes

yac t——T (uBepTs Hepioay) ¢ = l1'l: yepes IIiBmepioxy ¢ = 7,
micas r.u.noro nepioagy ¢ = 2mwi T. ;1.

PosrisHeMo, K 3alMCYEThCA PIBHAHHA IApMOHIYHOTO KOJIM-
BaHHA Tija, AKINO BiMIIK 9acy KOJIMBaHHA [IOYHMHAETHCA B MOMEHT
Haibinemoro amimienssa rina. 3riguo 3 piBranaam (10.2), maxkcu-
MaJILHOT'O 3MilLleHHSA TiJI0 JOCATHE 3a YBEPTh nepio,uy(% T). Hruto
yac moYaTH RBigmiuyBaTu Biffi IIOro MOMEHTY, 3MIINEHHHA 3aIlH-
LIETBCS K

x=XMsinm(t+%T)=XMsin(mt +%n)=XMcoscot. (12.1)

Tapmoniuni konmuBanua (10.2) i (12.1) BinpisHaATHECA 3a da-
1 ; .
3010 Ha %‘E a6o B oAMHHNAX uyacy Ha 71 .Tpadikm mux rap-

MOHIYHHMX KOJHMBAaHBL IIOKas3aHi Ha MaNIOHKY 33.

Hns susHavyeHHA pisHUI dhas ABOX KOJHBaHB o0HABa Il KO-
JHABAHHSA CJiJi BUPasUTH 4Yepes OXHY ¥ Ty caMy TPHIOHOMETPHUY-
HY dyHKIiO (ab0o cuHyc, abo KOCHHYC).

TapmoHiuHe KOJIHMBAHHA 3 JOBiJIBHOIO (pa30i0 OMHCYETHLCHA
PiBHAHHAM:

x =X sin (ot + @,) abo x = X cos (0t + @),

e ot + 9, — dasa KOJIMBAHHA, a @, — IIOYAaTKOBA (asa, AKa Xa- -
PaKTepu3ye CTAH KOJNUBAJIBLHOI CHCTEMH B IIOYATKOBHM MOMEHT
yacy (akmpo ¢t = 0).

IlopiBasiemo pisasuHA (10.2), (10.3) i (10.4). MoxxHa cKasa-
TH, IO rapMoOHiYHe KOJMBAHHSA IIBHJKOCTI BHNepemXXae KOJH-
BaHHA KOOpPAMHATH 3a (haszorw Ha %TC , & TAPDMOHIYHEe KOJUBAHHS

IIPHMCKOPEHHA BUIEepeIKae 3MiHM KoopauHaTtw Ha T (nepebysa-
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10Tk y npotudaszi). Ha manorky 30 mopiBHIOIOTBECA rpadiku rap-
MOHIYHMX KOJIMBAHb KOOPIMHATH, LIBMIAKOCTI 1 NPUCKOPEHHS.
3amaua. Koopaunara rina, BuMipsHa B MmeTpax, rapMOHIYHO

—%—nt + %n).‘io:ﬂy OOPiBHIO-

I0Th aMILIiTya KOJMBaHBb XM, nMKJiyHa yacrora o, nepiox T,
yacToTa V i mouaTkoBa (pasza KosuBaHb @,7 Busznauutu dasy kKo-
JINBAHBb (|)r 1 KOOpAHMHAaATY HKOJHMBHOIO TlJa xf Y MOMEHT 4Yacy
t =0,5c.

Po3B Aa3aHHsA. 3anumeMo PIBHAHHA FApPMOHIYHHAX KO-
JIMBaHb y 3arajJbHOMY BUraAAl x = X sin (ot + @,) i nopiBHsAEMO
Horo 3 gaHuM B yMOBi. 3 nmopiBHAHHA BUAHO, mwo X = 0,05 m;

3MIHIOETBCH 3 YACOM TaK: X = 0,05sin(

—1_ 1 1 ; ; _—
W=75MTC , @g= =7 ITepiog KonMMBaHE BU3HAUYHUMO i3 CIIiBBiJHO-
IIIeHHA

YacToTa KOJHBaHDb

1 O SR
V=5 abo v=¢ = 0,25 T'.

Axmo t = 0,5 ¢, TO

1

Lp,z%ﬂ-0,5+—}1r=§n;

x; = 0,05sing, = 0,05sin- = 0,05 m.

3HayeHHs X, 30iraeTbCcA 3 aMIUIITY/J0K0 KOJIMBAHbD.

~Y
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i 1. fIry dismuyHy BeJIMYHWHY Ha3uBalOThH (asoo KoamsaHHA? IIlo BO-

Ha xapakTepusye? 2. IlopiBaaliTe rpadiky rapMoHiYHUX KOJHBAHb
oxpHaxkoBol dactoru (Man. 35). IIlo mMokHa ckasatTu npo 3cys ¢as
IUX KOJHBAHL?

Bnpaga 4

1. 3anuuriTe PiBHAHHA FapMOHIYHOrO KOJIMBAHHSA PYyXYy 3 aMILIiTY-
powo 0,02 M, nepiogom Koaupanusa 0,01 ¢ i nmoyaTKoBow ($as3ow KOJH-
BAHHA, II0 NJOPiBHIOE HYJIIO.

2. Koopaunara Tina, BUMipsiHA B MeTpaX, 3MiHIOETECA 3 YACOM TaK:

x=0,02sin (ot + %1\:) Yomy gopiBHIOE amMIiTyaa KoJauBaHH#A Tina? Bnu-
sHauTe (asy KOJHMBAHHA i KOOpAMHATY Tijla B MOMeHTH dacy t = 0,
1p i Lo,

2 8

§$ 13 — MATEMATHYHHUN MASATHHK

Mu BCTAHOBMJIM, MO /IJI HEBEJIMKHUX BiIXWJIIeHb MasTHUKA
Bix nosioxeHHA piBHOBArw MOro KOJHBAHHA € IFapMOHIYHHMHU.
PiBHAHHA pyXy MaTeMaTUYHOI'o MaATHHKA

= - _g_
a X
3 iHmoro 60Ky, poO3raanal4Yyd pyX I[pPOekKIlili Tijsa, sAKe
piBHOMipHO ofGepTraeThcAa MO KOJY, Ha JAiaMeTp KoJa, MU AicTanan

AN PIiBHAHHA PyXy NpoeKIili BUpa3

a=—-wx.
N . . . 2 _ g s o OTE
[TopisHiOWOUM 1i piBHAHHSA, AicTanemo ®° =--. OpHak “®© =7,
T :
TOHOl W = T2 =7 3B1OKH
T=2n /L.
g

Mu nicranum dopmyay AJs BHU3HAUYEHHs Nepioly KOJHBaHb
MaTeMaTA4YHOro masatHuka. Lo ¢popmyny OyJ0o BHBEAEHO i me-
peBipeHOo Ha gocaizax rosyasHacbKumM disukom X picrTianowMm
I'miirencom (1629—1695), Tomy il yacTo Ha3MBAIOThL POP-
mynow I'witzenca.

Hepio,u KOJHMBAHh MaAaTeMaTHU4YHOI'O MasdATHHKA 3aJIeXXHUThb JIH-
I1e BiJif IPUCKOPEHHSA CHJIM THAXKIHHA B gaHoMy Micui 3emui i Big
OOBXXHUHHU MaaATHHKAa. [lepiong He 3aleXUTh Big aMILIiTygZH KOJH-
BaHb i Bijg Macu mizgBimieHoro tArapus, o JerkKo nepeBipuTH Ha
gochaimax 3 pisEuMm MasTHHKamu. Craig agumre nmam’saTaTtH, 1o
po3mipu TArapus MalOTb OYTH MaJUMH NMOPiBHAHO 3 JOBXHHOIO
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miageicy i oo manum mae OyTH TAKOMK KYT BiAXWJIEeHHS MasTHH-
Ka Big Beprmkaai. 3ajnexHicTh Nepioly KOJIMBAHL MATEMATHYHO-
IO MafgTHHUKA BiJi IPHUCKOPEHHS BiJBHOTO HMaZiHHA Tey MOXHAa
BuaBuTH. [Iasa unporo tpeba BUMIpATH OOBKHHY MAaATHHKA i eKc-
TIepUMeHTAJIBHO BU3HAYHTH Iepiod HOro KOJUBAHB.

3ane)kHicThp NepioAy KOJMBAHL MATEMATHYHOI'O MAaSATHHKA
BiJl IPDHUCKOPEHHA CHJIM TAXKIHHA BUKODHCTOBYETBCS IJIA TOYHHX
BHMipHOBaHbL IPHCKOPEHHA BiIBLHOrO MaAiHHEA HA NOBEepPxHi 3emuri.
Piu y Tomy, 110 IPUCKOPEHHSs BiJIBHOTO NagiHHA B Pi3HHX Micoax
3eMHOI IIOBEePXHi Ha oxHi# 1 Ti#l camiit reorpadiuHiilt mmporTi € He-
OAHAKOBMM i 3aneXuTh, X04Ya ¥ He3HAYHO, BiZ I'yeTHHHU Iopizn, 3
AKUX CKJIANAIOTBCA BepxHiI miapu 3emHOI Kopu. Hanpuknaazn, y
pationi Kpusoro Pory, ge sansraroThs 3ajisHi pyau, OpUCKOPEHHSA
CHJIH TH)KiHHA merno Oiiblile 3a cepegHE 3HAUYEHHSA OJIA i€l 1Im-
poru. Hasmakm, B pailoHaX rasoBux i HadQTOBHX POAOBHII IIPH-
CKODEHHS CHJIU TAMIHHA BUABIAETHCA OEI0 MEHIINM 3a cepegHE
ona uiel mmporu. ToMy 3a pesybTaTaMK BHMipIOBAHBL IIPHCKO-
PEHHA CHUJIHM TAMIHHA MOXHA BUABHTH PaliOHH 3aJIATaHHA KOPHC-
HUX KONAJIMH — 3ajisHoi pyam, HadTH, rasdy TOIIO. )

OcKinbKY ODPUCKOPEHHA CHJIM THAXKIHHA Ha PisHUX NaaHeTax
pisHe, TO i mepioJ KOJIWBAHB MATEMATHYHOIO MAATHHKA HEONHA-
xkoBui. Tak, MaTeMaTHuYHUN MAaATHHUK, INepioJ KOJHUBAHE AKOFO
Ha 3emui craHOBUTH 1 ¢, Ha Micsalli KoaumBaruMeTsCHa 3 mepiosom
2,45 ¢, a Ha KOmiTepi, fe IpUCKOPeHHA CUJIH TAMKIHHSA Jlopmmoe
25 M/c?,— 3 mepiogom = 0,63 c.

3amaga 1. MartemaTuyHWi MaaATHUK 3aBIOBXKH 0,995 M
apiticaioe 120 xonuBasp 3a 4 xB. BusHauwTH mepios KoOJIUBaHB
MaSATHUKA i IPUCKOPEHH A CHJIM THXKIHHA ANA maHOI MiclueBocCTi.

PoasB a3aHHa. [lepiog nopiBHIOE YacoBi OJHOTO KOJIH-

BaHHA, To6TOo T'=-L, a6o T = 2 ¢. IIpUCKOpPEHHA CHUAM TSIKIHHA
BH3HAYMMO 3 (POPMYJIH Mepioay KOJIMBAHL MAATHHUKA:

_ 4n% -
g= ;2 , a60 g = 9,81 m/c2. ’

3amaua 2. [[pa MaTeMaTHYHAX MASTHHMKH OOYaJH KOJIHWBATH-
ca ogHo4dacHOo. 3a Wac N; = 15 KoJaMBaHb IEPLIOr0 MasATHUKA,
apyruit anificaus N, = 10 xonruBaHb. 3HaNHTU BigHOIIEHHSA Io-
B)XHUH MasgTHHUKIB. -
) Poas’ sasaunmnasa. Ilepiog mopiBHIOE UYaCcy OZHOrO KOJIH-
BaHHA, TOOTO T =-;}—1 iG= T";. 3 immoro 60Ky, mepion marte-

MaTuuHOoro wmasaTHuKA T =2 T:r— B TOMY MO Ha 3aiMkcaTH

( t { 1
_ = 2?‘{ ' —2 = 21‘: _2 -
N1 N, g
3a yMOBOIO 3a/ja4yi MasiTHUKH 3AiMcHIOIOTE N 1 1 N 5 KOJIMBaHbB
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3a oxHaKOBUM dYac, ToOTo ¢; = t, = t. Toai nmomepenHi Bupasmu
MOJKHA 3anucaTH
t L - t i3
—mZnJ—‘ i —=2n,/-2.
Ny g Ny g
IlopinuBuin nepine piBHAHHA Ha Apyre, JicTaHeMoO:
Ny _ 5 : I, NE. 4
& =[5+, 8BiAKM =2 =,
N]_ lz 2 Nl 9

Mwu 3HAaEMO, 1IN0 PiBHSAHHSA FAPMOHIYHHX KOJHUBAHB OPYXHUH-

— k
HOTO MAATHUKA Macolo M Mae€ BUIVIAA: @ = — X, fie kK — »opcr-

kiers mpyxxkuHH. 3 iHmMOro GOKy, IPUCKOPEHHS IIig uac rap-
MOHIYHHX KOJHUBAHBb 3 NHUKJIIYHOIO YACTOTOIO () BH3HAYAETLCH B
6yAL-IKMii MOMEHT 4Yacy BUpa3oM: & = — ®w?x. 3 mux ABOX BH-
pasiB MOXXHA BCTAHOBHTH 3B’ A30K MiXX OHKJIIYHOIO Y4acTOTOIO ,
JKOpPCTKicTIO kB Tina, Axe aehopMyeThCs, i HOro Macow m:,

2 _ k &
w = abo w= s

BpaxyBaBm® 3B’A30K Mi IHMKJIIYHOIO dYACTOTOIO ® i
nmepiogomM KoJuBaHB T: @ = *%, AJA Mepioly KOJIUBAaHB NPYKHH-
m
i

TapMoHiyHI KOJMMBaHHA IIPYMHUHHOIO MaATHHKA BHHUKAIOTH
nig giero cuam npyskuocTi. Ilepiog i wacTrora Takoro masTHHKA
He 3aJIe’KaTh BiJ] IDUCKOPEeHHA GUJIH THAMIHHSA, a JuIIe Bifg ioro
MacH 1 sxopcTKocTi npyskuHu. [laguii MaaTHMK 3AificHIOBaTHME
KOJIMBAHHA 3 OJHAKOBHM IrepioZoM i uwacToTo B OyIAb-fKii
TO4Yll 3eMHOI moBepxHi, Ha iHmIi#N nnaxeri aGo B MiniaaHeTHO-
My xopabui. Il BracTUBICTL IPYKUHHOTO MasATHUKAE MOKe By-
TH, OYeBHIHO, BUKOPHCTAHA IJNA IMOPIiBHAHHSA Mac pisHHX Tia.
dna npuxkaany posrjsgHeMO IPHHIUN OyIOBH M acMeTp a —
npujany JAJjgs BUMiPIOBAHHA MACH KOCMOHABTA B YMOBaX HeBaro-
MocTi. MacMeTp — IIe KOJIMBAJbLHA CHCTEeMa, AKAa CKJIAZacEThCA 3
ABOX NPYKKH 1 Kpicna, B sKOMY 3aKkpimuiioerees KocMmoHasT. Koc-
MOHABT, CHUAAYHN B Kpicyi, BUBOOUTE HOro 3 IIOJOXKEHHA pPiBHOBAa-
ru i DouymHae BinrbHO KoguBaTHCsH. YacToTa KOIHBAHb KOCMOHAB-
TA BUMIiPIOETHCH CHEIiaJbHUM IIPHJAAJAO0M — YaCTOTOMipOM:

HOrO MasiTHUKA fAicrademo: T =21

_ 1 [k < kB .k 1
V=2r \m » 3BUAKE M= 4niv?  an® V2
" k
OckinsKu 411:2 — BEJHYHMHA CcTaJa, m:-c'z“‘-
v

‘IIIxany wacToTOMipa rpaAyIOOTE He B Ieplax, a B Kijorpa-
Max.
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1. fixa xonuBaNLHA CHCTEMA HAZMBAETHCA MATEMATHYHHM MAaATHH-

. koM? 2. 3a AKOi YMOBM KOJIMBAHHJ MaTEeMATHYHOIO MAATHHKA
MOKHAa BBasKaTH rapMoHiuammu? 3. Big woro sanexxurs nepios xo-
JMUBaHL MaTeMaTHuyHoro MmaaTHuKa? 4. Sk sMiEuTHECA Nepion xoan-
BAHHA MaATHUKEA, AKINQ HOro JHOBXHWHY NoABoiTH? morpoiTu? 5. Ak
i yomy aMiHHTBCA Nepios KONMBAHHSA 3ajJi3HOI KYJALKHM, niaBimeHoi
Ha HUTI, AKIIO IIi Helo mMoMicTUTH Mar”ir?

1. JIra mMaTreMaTHM4YHi MaATHUKH OJHAKOBOI OOBXXHWHH BiAXHWJINUIH
Bi/l MOJIOMKEeHHA PIBHOBATH B OOMH i TOM caMuil 6iK Tak, 10 IX HUTKH
YTBOPUJIM 3 BepTHKAMIIO KyTH 4 i 2°. MaaTHUKHU BiANycTHIM OZHOYAC-
HO i B Ileii MOMEHT YBIMKHYJIH ceKyHAoMip. IKMM € yucloBe 3HAYEHHSA
IMoYaTKOBOl (Pas¥ KOJHBAHBL KOXHOro maaTHuka? Ym ogHOYacHO MaAT-
HHUKM NOPOXOAATH IOJIOMKEHHA piBHoBaru? flka pisaunsa ¢as KoauBaHb
MasTHHUKIB y AOBiIbHHH MOMeHT yacy?

2. HaiiTe BiANMOBiAL HA 3alTUTAHHS NONEepeaHBLOI 3ajadvi, AKIO Ma-
ATHUKY BiIXWJIMIH Yy NPOTHUJIEKHI OBOKM Bia nmonosxkeHHs piBHOBaru.

3. Buanaure goBXHMHY MAaTeMATUYHOI'O MaATHHUKA, HepioJ KOJHMBaH-
HA Axoro Ha mupori Ogecu nopisHwe 1 ¢ (g = 9,8077 m/c?).
4 Ty T =2n 4

g-a g+a
YHMCJIIOBATH NEPioJi KOJIMBAHb MATEMAaATMYHOI0 MasATHMKA, HMiABilUeHOro
no creni jgidra: 1) nig yac piBHONPHUCKOPEHOro NMigHiMaHHA; 2) nig yac
piBHOCNOBiNIBHEHOTrO NigHiMaHHsA; 3) mig yac piBHONPHUCKOPEHOTrO Onyc-
KaHHA; 4) nig yac piBHOCHOBiLJILHEHOro ONYyCKaHHA Jidra?

5. Kocmiunuii xopabens min uac yMHUKaHHA JABUIYHIB DYXaeThCcA 3
TeBHHUM IPHUCKOPeHHAM. IKMM YMHOM, CKOPHUCTABIIMCh MATEMATHYHUM
MaATHHKOM, ImigBimieHMM y KabiHi, MoXHa BH3HAUYMTH npncxopeﬂnﬂ—é
xopabna?

4. 3a akow 3 hopmya: T =2n

ciin ob6-

§ 14 — IIEPETBOPEHHSA EHEPTIII
Y TAPMOHIYHHUX KOJIUBAHHAX

IITo6 migBinieHe A0 NPYXXHUHHU TijO IIodase KOJIMBaATUCH, HOoMYy
caig Hagaru nesHol eHepril. IloraruyBuiu Tijio BHH3, 3MICTHMO
fioro Ha BificTaHb x. VY Ieil yac BUKOHYeThbcs pobora A = %kxz no
30iNBbIIEHHIO MNOTEeHiliaJbHOI eHeprii Npy»XHO PO3TATrHYyTOl NIpYy-
KUHH. Ko Tijio BiAnycTHTH, BOHO PYXaTHUMETBCHA OO MNOJOXKEeH-
HA piBHOBArum, MBHUAKICTE HOro 3pocTaTuMe, i KiHeTUYHA eHeprisa
36iBIIYBATHMETBCH 38 PpPaAXyHOK 3MEHIILeHHs NoTeHIiajabHOI
eHepril gedopmoBanoi npy:xkuHu. B nonoxxenHi pieHoBaru (x = 0)
MOTeHIiaJIbHA eHeprisg NOpiBHIOE HYJIIO, 3aTe KiHeTUUYHA eHeprisa
Tina makcuMmaiabHa. TakuM 4YWHOM, IIiJf Yac KOJIMBaHb Tija Ha
Opy>KMHI 3aBXAu BinOyBaroThcsa nepiognuyHi B3aeMHI nepetso-
PeHHA HOro KiHeTH4YHOI i nmoTeHianbHOI eHeprii,
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Anarnoriuno BigbypaloTecs B3aeMHI NDepeTBOpPeHHSA IIO-
TeHIianbHOI i KiHeTnuHOI eHeprili mig wac KONMMBAHBE MaTeMaTUU-
HOro MaATHHUKA. Ilig yac KoauBaHR MaATHHKA HOro MexaHiuHa
eHepria E € cymoro noreHniansHol E_ i KiHeTmuHOIL ER eHepriu
Kyabku. IloTeHnjianprHa eHepria BH3HAYAETBCA BHCOTOIO
nigHiMaHHA KYJBKHK HAA HAWHMIKYMM piBHeM, AKMH BinmoBimae
IIOJIOMKEHHIO PiBHOBArM.

3 i . 1
KineruuHna eHeprisi, K 3aBXAU, AOPiBHIOE 5 MU

BparxaTmMeMO, IO IMOTEHIIiaJIbHA €Hepria MasTHHKa B Hail--
HHXYOMY IIOJIOMKEHHI KyJIbKH IOopiBHIOE Hys 0. ToMy, KoM MasaT-
HUK [IPOXOAUTH IIOJIOMKEHHS PiBHOBArW, HOro MexaHiYHa eHepris
CKIANAETHCA 3 OAHi€l Juine KimeTuuHOol eHeprii. 3 iHImoro 60Ky,
KOJIM MasTHUK HepeOyBac B KpalHiX NOJOMKEHHAX, KyJbKa Mae
' IHIlle MOTeHNiaJbHY eHepriro. BHacizok -cuMerpii pyxy MasTHH-
Ka B o0maBa G0KH Bij mosiosKeHHs pPiBHOBArW moTeHIliaJlbHA eHep-
ria KyJbpKH B 000X KpaHHIX MOJOMKEHHAX OJHAKOBA.

Cua HaTAry HUTKHA He BHKOHYE po0OTH 3 NepeMillleHHA KYJIb-
KM, OCKinbKM ii Haupsam saByu [MEePHEeHAHKYJIAPHHUN OO0 BeKTOpa
IIBAAKOCTL KyJBKH. TOMy A0 KYJBKH MOXXHA 3aCTOCYBATH 3aKOH
3beperkeHHA eHeprii Tiza. 3rigHo 3 UMM 3aKOHOM CyMa KiHeTHYHOIL
i doTeHmianbHOI eHeprifi KyJAbKH y BCix Toukax ii TpaekTopii ox--
HaKOBa i JOpiBHIOE 3HAUEHHAM NOTEHLiaJbHOI eHeprii B KpalHiX
IIOJIOMKEeHHAX 1 3HAYEHHIO KiHeTH4YHOl eHepril B HOJOKEeHHI piBHO-
Baru. 3po3yMmijio, o Bce IIe CITpaBeAJIMBO JIMIIIe AJIs KOJHBAHL 3a
BigcyTHOCTi 3aTryxaHHda (ToOTO 3a BimcyTHOCTLI cui TepTH).

IToBua MexaHiuHa eHeprif mijg yac KOJAHMBAHE Tira Ha IIpPY-
JKHHI 4 MaTeMaTH4YHOIO MasATHMKA NOPiBHIOE cyMi KiHeTHuHOI i
IOTeHIiaIbHOI eHeprii

E=E,_+E, =—;—muz+%kx2

2

I kiseTnuyHa, i moTeHIIianbHA €Hepril mepioguYHO 3MiHIOIOTH-
CHA B qaci, OpuH4YoMy B Ti MOMEHTH, KOJIH KimeTnuHa eHepI‘lﬂ MAaK-
cuMajIbHAa, IOTEeHIianbHA eHeprisi IepeTBOPIOETHCA HA HYIb, i
HaBraku. OfHaK TIOBHA MexaHiuHa eHepria 3aMKHYTOI KOJH-
BAJIBHOI CHCTEMH, B AKIiif BiJICYTHI cHAM oOmopy, 3aJIMIIAETBCHA
arifHo 3 3akoHoM 36epexenHsi eHeprii HeaminmHo. Boma
HopiBHIOE a0o moreHniaJibHINA eHeprii B MOMEHT MaKCHMAJILHOTO
BigxuiIeHHA Bijg DoJOXKeHHA piBHOBarM, a6o X KiHeTwaHiit
eHeprii B MOMEHT, KOJH TiJI0 HIPOXOAWUTE IIOJIOXKEHHHA PiBHOBaru.

TakuM YHHOM, rapPMOHIYHI KOJMBAHHSA, AKi BUHHKJIA B KO-
JIUBAJBHIN cucTemi, cTiliKi 1 TpuBaOTE AK 3aBrogHO HOBrO, SK-
[0 HA KOMUBANLHY CHUCTEMY He AioTh 30BHIOTHI cunu (3a paxy-
HOK poﬁm*n AKUX enepris{ cucremu moryia 6 BPOCTaTH) i B KoH-
BaJbHIM cHcTeMi BIACYTHI CHIM TepTsA Ta iHUIL CHJIM OHmODPY, AKi
MorJi 6 Upu3BeCcTH A0 PO3CilOBaHHA eHeprii cHcTeMM.
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§ 15 — 3ATYXAHHJA BIJIbHUX KOJIUBAHb

Y po3arngHYTHX BHOAJAKaxX BiJIBHUX KOJIMBaHL Tijla: MaTeMma-
THAYHOTO MaATHHKA, TATAPIA Ha ONPYXXHUHI TOII0O — NPHUIIYCKAJO-
csdA, IO Tijo, AKe KOJUMBAETHLCH, HE 3yCTpida€e HA CBOEMY LIIAXY
JKOJHUX IMEepenIkoJ. 3a TAKUX iJeaJlbHUX YMOB HOro rapMoHiuHi
KOJIUBAHHA MOJRy’I‘b TpHBaTH HeoOMeKeHOo AOBTIO.

3a peaJlbHMX YMOB DPYXOBi1 Tija, gKe 34iHMCHIOE BiJIBHI KOJH-
BaHHA, 3aBXKIU IEePellKoJAKalThk Pi3HI omopm, AKi CIOBiIBHIO-
I0OTh KOJIMBAHHS 1 COPUAIOTL 1X 3aryxaHHio. Hanpuxknan, teprsa
KOJIMBHOI'O Tijla IO iHIIMUX Tijgax, A0 AKUX BOHO MOTHKAETHCH,
BHAaCJIIIOK HIOPCTKOCTI MOBEPXOHb.

3arTyxaHHs KOJHMBaHB HACTA€ TAaKOX BHACJIJOK OIOpY
MIOBiTPA, BOAM YM 1HIIOIO cepelgoBUINa, B AKOMY 3AiHCHIOIOTHCA
KosimBaHHA. Tepra MiK -YacTHHKaMu IPY)KHOro Tija (IpyXHUHU
pecop), fiKe € AXKepeJIOM BiJHOBJIOKYOI CUJIK IPY¥KHOCTi, TAKOMX
COpHUsE 3aTYXAaHHIO BiIBHHUX KOJMUBaHb.

Poarnauemo JOoKJAanHiIIe BHOALOK, KOJH TiJIO KOJMBAEThCHA
B CepeJoBHIli, AKe YMHUTH NPOTHUALI0 HOro PyXOBi.

Ha Tino 3 Goky cepefoBHIIa [i€ CHJIa, IO 3aJIeXKHUTH Bif
MIBAAKOCTI Tijla 1 HanpsmJyeHa -B 0ik, ODPOTHJIEXKHUH HaANPAMY
pyxy Ttina. Ilpuknagom moske 6yTH TArapensb, HiABimmeHWi Ha
NpYy:UAHI B mOoCcyauHi 3 piguHoo (Mmamu. 36).

Axuro onip piguHM BeMMKMUI NOPIBHAHO 3 BiJHOBJIIOIOYOIO
CHUJIOKO IPYIKHOCTi, KOJUBAJBHUM PYX TijJla B TAKOMY CEPEgOBHIIL
B3araJjai Hemoxxkausuii. Tino, BUBegeHe 3 IMOJNIO»KEeHHS PiBHOBAaru,
NparHyTuMe 3aWHATH IMOJIOMKEeHHS CIIOKOIO, MiIXOAAYHA A0 IBLOTO
HOJIOXKEHHSA IMOCTYIIOBO, 6e3 KOJIMBAHL.

fkio 3K cuja onopy Majia IMOPiBHAHO 3 CHJIOK NPYKHOCTI,
TiJlo, BUBEJIeHEe 3 TOJIOXKEeHHsA piBHOBarM, Mo4YHe 3AiMCHIOBATH B
piauHi 3aTyxamwduil KOJAWRaJIBHUHN pYyX.
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HociigHo 1 TeopeTHYHO BCTAHOBJIEHO 1[0 aMILIiTyJZa 3aTyxa-
IOYUX KoauBaHb (ouB. rpadik Ha man. 36) 3 yacoM 3MEHINYETHLCH.

Ba>xknuBo 3ayBa’KHUTH, IIC HeBeJUKHI omnip cepexoBuIiia
MaJIo 3MiHIOE IepioJ BJacCHUX KOJIMBaHb Tijla, OIHAK iHTEHCHBHO
racuThb Ui KosuBaHHA. Tak, omip, AN AKOro KOeH HACTYNHHH
po3Max yaBiui MeHIIIWI 3a nmonepegHii, 3MiHIOE TITepioJ KOJHUBAHB
auwre Ha 2,4 % . OaHak HaBiTH y pasi HEBEJIHMKOro OIIOPY BijabHI
KOJIMBAHHS INBHUAKO 3aTYyXalOTh.

3aryxaiodi KOJIMBAaHHA NOIUMPEHI B NpMpoai, BUKOPHCTOBY-
IOThCA B Pi3HUX ranysax TexHiKu. 3aTyxaHHA KoJIMBaHbL y 6ara-
ThOX BHIAgKax — 0OarkaHe i KOpHUCHe ABUILE, B iHNIMX — Heba-
JKaHe W LIKiggmBe. Y mnepiioMy BHOAAKY 3aTyXaHHsA KOJHMBaHb
NpardyTh CTBOPHUTH i MiATPMMYyBaATH 3a AOINOMOTIOI0 BiANOBiZHUX
MexaHi3MiB i mpucrocyBanb. MalThkcsa Ha yBasi norjumHadi KoJu-
BaHb PYHAAMEHTIB i MamuH (aMOPTH3aTOpPH), IMOrAMHAYI GiuHO-
ro KoJiMBaHHsA KopabuiB, mnosBiTpsaHi # pianHHI 3acnokoioBaui
KOJINBAHBb TOIIO.

Y apyromy BuUNajKy HOpardyTb, HaBIIAKH, YCYHYTH 3aTyXaH-
Hsa 3acobaMu, SAKi 3MEHIUIYIOTH BILJIMB TePTS M OIOPY CepelpoBU-
11a, BUKOPHCTAHHAM 3MallleHHs, 3aMiHM TepTsa KOB3aHHS TePTAM
KOYEeHHSA 3a JONOMOrOI0 POJHMKOBHX MiAUIMIIHUKIB TOIO.

§ 16 — BUMYIIEHI KOJTUBAHHS

PeanbHi BisIbHI MexaHiuHiI KOJUMBAHHSA 3aBXKAH CYNPOBOIMKY-
IOTBCH INePeTBOPEHHAM 4YaCTHMHM MexaHiuHOl eHepril y BHyTpiuI-
Hi0. Tomy aMIuIiTyga BJacHMX KOJHBaHB IOCTYNOBO 3MEHIIYETh-
cd — KOJHMBAHHA 3aTyXalwThb. THM 4yacoM HEpPiKO NOBOAUTBLCHA
cIioCTepiraTu KOJIMBAJbHI npouecu HeaMiHHOI abo x Mailxke
HeaMiHHOl amniaityau. B 1nux mnpomecax BTpaTra MexaHidyHOL
eHepril MONOBHIOETHCA BiJf B30BHIIIHBOIO ):lmep'ena.' OnauM 3
‘BH,IIiB TAKHUX He3aTyXarmnduX KOJIHMBaAHbL € TakK 3BaHI1 eu.uyweui
woausarnnsa. Ha BigmiHy Bijg BiJBHHX, BHMYIIIEHI KOJINBAHHA
3OIHCHIOIOTHCA KOJIMBAJBLHOK CHCTEMOI Mmig pniew geskol
30BHIIIHLOI (3MYLIYIOUOl) CHJIM, sAIKA IEepPiOJUYHO 3MIHIOETLCS 3
yacoMm (y Ha¥nmpocTinioMy BHUMAJKYy 3a 3AKOHOM CHHYyca).

Po6ora miel 30BHIMIHBOI CHUJIM HaJ KOJIMBAJILHOIO CHCTEMOIO
NnepioJHUYHO IIONOBHIOE BTPATH eHepril Ha TepTsa Ta iHIIL omopH.
ITonnoBHeHHsA eHepril He Ja€ KOJHMBAHHAM 3aTyXaTH, He3Ba)Kalo4du
Ha 110 CHUJI OIIOpPY.

ITin BnauBOM nepioguyHOl cuiaHu OyAb-siKe TiJIO 4YM cHCTeMa
amiticHioBaTuMe KoJumBaHHsA. Tak, nig agiero aMiHHMX aepogu-
HaMiUHHX CHJI KOJUBAKThECA OYAiBJIi, MOCTH, 3aBOACBKiI Tpybu Ta
iH1II cnopyau, Kopnyc i dyHIaMeHT MaAUIMHU Iin yac obepraHHA
HEe3pPiBHOBa’keHOro poTopa, Kopabii Ha XBUIAX, QyHIaMeHT Mij
CTPYyraJjbHUM BEepPCTATOM, KOPIIYC TENJIoXoJa YW JiiTaka Iij Jac
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poboTn ABUTYHiB, MeMOpaHa r'y4YHOMOBILA, 3aJi3HUYHHUMN MicT, O
AKOMY Hae moTrsAr, Touio. ¥ BCiX LUX BHIAAKaxX Ha Tijno AiroThk
nepiognyHi cuau, AKi 3MiHIOIOTHCA 3 IEBHOK YacTOTOIO.

OcobsinBUM iHTEpec CTAHOBJATH BUMYILIEH]I KOJIMBAaHHA B CH-
creMi, 3naTHI# 3aiMicHIOBATH BiJbHI KonuBaHHA. Hexall Ha Taky
CHCTEeMY JIi€ 30BHIIIHA (3MYIIIyiOYa) cuJja, SKa 3MIHIOETBCH 3a 3a-
KOHOM CHHYycAa:

F = F, sinwt,

e (I — KOJIoOBA dYacToTra 3mylnyodol cuaun. BoHa 30BciM He
060B’SI3KOBO Ma€ JOPIBHIOBATH BJIACHiIH KOJIOBi¥M YacTOTi KOJIU-

BaJIbHOI cHUCTEMH 1’% , AKY NO3HAYHMMO TeIllep (00.

Hocxnig mokasye, 110 Yepe3 KOPOTKHII iHTepBas dacy Bij mo-
yaTKy Ail 30BHIIIHBOI CHJIMA PYX CHCTEMH CTA€ FapMOHIYHHUM 3
YaCTOTOIO0, AKA JAOPiBHIOE 4YacTOTi aMyImiyo4dol cunu. IHakie ka-
JKYUM, Yepes NMeBHUI yac y cUCTeMi BCTAHOBJIOIOTHCA BUMYIIIEHI
KOJMBAHHS 3 YacTOTOIO 3MYIIYIOYOI CHJIHM: X = X,, sin (0t + @).
3azHauumo 6e3 JoBeleHHs, 1[0 IPH [IBOMY aMILIiTyAa 3MilleHHA
X, sanexuTh Bix w i Fj, a dasosuir acyB ¢ — Bijg ©.

PoarnsiHeMo, AK 3aJIeXKUTh aMILIITyZa 3MilleHHA BHMYIIIe-
HUX KOJIMBaHb BiJl yacroru samymyouoi cuau. Ammiaityay F, amy-
HMIVIOWOl CHMJIM AJIsi CIPOIIeHHS BBAaXXaTHUMeMO OJHI€ U Ti€rw ca-
MOIO AJISA BCiX uacToT ®. BumylleHi KoJHBaHHA B cHUCTeMi, fAKa
Ma€ BJIaCHY 4YAaCTOTYy KOJHUBAHb (), PO3IJISHEMO Ha JOCJiAi.
ITigBicumo Ha npy»kHuHi TaArapeus (man. 37, a). Bepx#Hiit kinenp A
NPYXUHHU MOXXHA PYKOI 3MYIIyBaTH PyXaTHCA NEepiogHMYHO Bro-
Py i BHM3, BHACJIJOK 4Oro TArapens 3AificHIOBATHMMe BHMYIIIEHI
KOJMBaHHA. 3HAYHO 3py4YHillle pyX BepPXHLOIO KiHIA A NpyXUHU
BUKJIMKATU obepTaHHAM KoJiHuacroro Bajsa (masn. 37, 6). Ilig yac
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o0epTaHHA BaJia TArapelb 3AIHCHIOE BHMYIIIEHI KOJHBaHHA, dac-
TOTA AKHX 3JaJeXHUTh BiJ 4acTOTH 30BHIIMIHBLOI.CHJIH, TOOTO Bin
yacToTH oGepraHHsa Baja. ObepraTuMeMo BaJjl 3 TAKOIO 4YaCTOTOIO,
o0 yacToTa KOJUBaHb TArapia Oyjia 3HaYWHO MEHIIIOK BiJ 4acTo-
TH BJIACHMX KOJIMBaHBb TATapusa. Mu nobaummo, HmI0 TArapenb
KOJIMBAETHCHA 3 YACTOTOI o0epTaHHA Bajia i aMILIiTyJa KOJHUBaHb
TArapusa He3HauyHa. [louHeMo NOCTYINOBO 36iJBINYBATH YaCTOTY
obepraHHsa Baja. AMILIITYa KOJMBAHb TATAPIA MOCTYIIOBQA. 3POC-
Tae i 3a 4acToTH, siKa 30iraeTbcs 3 YacTOTOK BJACHHUX KOJHUBAHBb
TArapid, cra€ Haubiabmowo. fKmo gasai 36iaBIIYBATH 4YacTOTY
obepTaHHA BaJjia, aMILJIiTyJa MIBHAKO 3MEHIIYEThCA i 3a 4acToTH,
sAKa 3Ha4YHO NepeBHIIYE BJacHY, 3HOBY CTa€ MaJiolo.

Axkmo BH yBa)XKHO NPHAMBUTECA O KOJHBAHL TATapIsd,
HameBHe nDoMmiruTe, HI0 iX YyacToTa TOYHO MAOPiBHIOE dYacTOTi
KOJMBAHB KiHIA A NMpy:KHUHH, TOOTO 4YacToTi 3MiHM 30BHINIHBOI
3MYIIYIOYOl CHJIH.

§ 17 — PE3OHAHC

Hocnign moxkasyioTh, IO KOJH Y KOJIMBaJbHiN cucTeMi Bcra-
HOBJISTBCHA BUMYIIEHI KOJHMBAHHSA, IX YaCTOTa 3aBXXIH JNOPiBHIOE
4acTOTi 30BHINIHBOI 3MYIIYIOYOl CHUJIM, OJHAK peakKIlisd KOJIHBaJIb-
HOI cHMCTeMH Ha BILJIMB CHJIM iCTOTHO 3aJIe;KHUTh Bij yacroru. Haii-
sicKpaBile BHpaKeHa peaklis Ha BIJIMB CHJIM, YAaCTOTa 3MiH KOl
36iraeTbCca 3 BJIACHOIO YACTOTOK KOJIMBAJIBHOI cUcTeMH (He3Had-
HOMI0 pO30iKHIiCTIO IIMX 4YaCTOT 3a HASIBHOCTL TepTa HexTyemo). B
IbOMY MH NEePEeKOHAaJHCA Ha gochaini (qauB. main. 37, 6). I'pacdik 3a-
JIe?KHOCTI aMIIiTYy A BUMYINEHHX KOJHWBAaHb TATApPIA BiJg yacToTH
SMYUIYIOYOi CHJIM NOKAazaHOo Ha manwHKYy 38. 3 rpadika nobpe
BHUOHO, 1[I0 MaKCHMMAaJIbHA aMILIITyAa BUMYIIeHUX KOJMUBaHbL Oyae
3a 4yacTOTH, fKa 36iraeTbcda 3 BJIACHOIO YacCTOTOI KOJUBAJIbHOI
cuctemMu ©,. IIposesenuit nocnix nokasye, 1m0 3i 3MiHOIO YacTOTH
3MYIIYIOUOl CHJIM aMILIiTyAa KOJIHUBaHb 3MiHIOETLCA. BoHa BigHOC-

HO HeBeJIMKa, HAKII0 4YacToTa BHUMYIIEHUX
X, ™ KOJIMBAHB 3HAYHO BiApiBHAETHLCS Bij BJIacHOI
1 (binpma um meHma). K0 4acToTH BHMY-
HIeHMX KOJIMBaHb 30iraloTeCa 3 BJIACHOIO
YACTOTOK KOJIMBAJIBHOI CUCTEMM, TO aMILIiTY-
Jla BUMYIIEHHUX KOJMBaHb MaKCHMaJbHAa.
~Ile aBumie piskoro 3pocTaHHA aMILIITY-
O BHMYIIEHHX KOJHBAHb Y BHIAAKY, KOJH'
JacToTa 3MiHM 30BHIIIHBOI CHJIM, AKAa Ji€ Ha
cucremy, 30iraeTbcsa 3 YaCTOTOK BLILHHUX
KOJIMBaHb, HA3UBAEThLCA pe3oHaHcom (Binx aar.
resonans — TOM#, 10 BIATI'YKYEThCHA), a4 Biano-
Maur. 38 BilHA YacTOTA — PE30HAHCHOI YACMOMmMOI0.

R e e PR .
£ __

Y
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IToscHUTYN ABMIE PEe30HAHCY HAHIPOCTiOie HA OCHOBL TaAKHX
_MipryBansb. Ilif 4ac pe3soHAHCY CTBOPIOITHCA HANCIPUATIUBiMIL
YMOBH HIJIA IepelaBaHHA eHeprii Bix soBHIIIHBOro myKepesa
mepiognuyHO 3MIHHOI CHJIM A0 KOJMBAJIBHOL CHCTEMH, B SKi#
MOYKYTh BHUHHUKATH BlJabHI KomuBaHHA. B KonuBaabHiN cHcTeMi,
B JAKif He BUHHKAIOTH Blm,m KOJUBAHHA, PEe30HAHC HEe CIIOCTe-
piraerncs. _ -
Ilix uyac pesoHaHCY B30BHIiIUHA (3MYyIIyIOUa) CHJIA HAIAAE
eHeprio KOoJHMBaJLHIM CHMCTEMi B TAKT 3 BJACHUMH Il KOJIUBAHHA-
MH i aMmnaiTyza BHMYyINeEHMX KoOJUBaHb 3pocTae. Ile mnosc-
HIOETBCA THM, IO i Yac pe3oHaHCY BO0BHIIUHA cHjIa CIiBHAa-
npsaMJIeHa i3 mBUAKicTIO, a He B HAIPAMI 3MiljeHHA CHCTEMH.
Irakmie Kakyuu, Bigmosigso mo (10.3) i (10.5) soBHinraa cuia
30iraeTrbca 3a ($as0i0 3i MIBHAKICTIO KOMHBaHB, BHIEPEAKAIOYH
3MimmeHHs Ha %n abo Ha uyBepTH nepiony. BHacaigox 1LOro 3oB-
HIlIHS cuJja BeCch 4ac CrpusAe-BHYTPIIIHI# nmoBepraouiil cuii, 1mo
BUHUKAE B cucreMi, y HOBEepHEHHi CHCTEMH [0 IIOJIOMKEHHS
piBHOBaru. 30BHIiLIHA CHJIAa NPOTAIOM YChOT'O HepioAy KOJMBaHb
BHKOHYE€ JiHIIle JomaTHy po6ory. OT:ke, B bOMy BUNAAKY HaAXO-
IKeHHs eHepril Bifg 30BHiIMHBOrO JaKepesa, TKe CTBOPIOE Iiepi-
OOUYHY CHJIY, A0 KOJHBAJBLHOI cHCTEeMH OyJe MaKCHUMAJBHUM i
aMIUTiTya KoJuBaHHsa Habyne HaHGiILIIOr0 MOXXJIMBOro zum Hel
3a JaHWUX YMOB 3HAYEHHA.
Aximo gacTtoTa 3MiH 30BHIINHBOI CUJIM (0 He JAOPiBHIOE Yac-
TOTi BJIAaCHHUX KOJHUBAHbL CUCTEMHU (0, TO 30BHIIIHA CHAJa BUKOHYE
JogaTHY pobory mumie IIPOTATOM ,u;earco: YacTHHU neplo,n;y BUMY-
HIeHUX KOoJMBaHb. IIlpoTaArom apyroi uyacTHHHM nepioxy cuiaa
HaNIpAMJI€HA IIPOTH INBUAKOCTI 1 BUKOHYe Big’emHy pobory. OTxe,
B IILOMY BHUIAAKY KOJHBAJIBHA CHCTEMAa IIOMOBHIOBATHMETHCH
eHepriewn 3a mepiol B MeHIIill KiJABKOCTi 1 BiAMOBIiZHO HeBeJH-
KO0 Oyme aMILIITYyZAa KOJUBAHB, AKi BCTAHOBINATHCA B CHCTEMI.
ITpn pnpoMy S0OBHIIIHS CHJIa BHIOepeIyKaTHUMe 3MilneHHs 3a Qa-
3010 HE HA YBEPTH MepPioJly, a HA AKYCH 1HIIY YACTHHY — Oijnbiny
abo MeHUIy 3a YBEpPTH Hepiony 3MiH cuH.
AMmniTyna BUMYHIEeHUX KOJHBAHBL IIiJ Yac PEe30HAHCY 3ajie-
KUTEL HE JIMINEe Bif 3HaYeHHs 30BHIIIHLOI 3MYIIYIOYOl CHIM, & i
Big TepTda B KOJMMBAJBHIN cucTemi. I3 36inbIneHHAM 30BHIIITHBOL
CHUJIHU,~IIPUPOAHO, 3POCTAE i. aMIIiTyZa BUMYIIEHMX KOJUBAHB.
_ Boua Habysae iz yac pe3oHaHCY TAKOIo 3HAYEHHSHA, AJA SAKOIrO

momaTHa pob6oTa 30BHIIIHBOI CHIHM HOBHICTI0O KOMIIEHCYE BTPATH
eHeprii cucreMoio BHacrHifok Tepra. OyeBHAHO, IO 9YMM MeEHIle
TEPTA B KOJHUBAJIbHiN cHcTemi, Tum Oiaslmoro 6yme aMnaityna
BHMYIIIEHUX KOJMBAHL JJIA OfHiel # Tiel camoi 30BHIIIHBOIL
CHJIN. 3aleXHICTh aMILIITYAN BUMYIIEHUX KOJHBAaHB BiJl YaCTOTH
IS TPhOX KOJHUBAJNIBHHAX CHCTEM 3 Pi3HMMH CHJIaMH TepTd i Onda
onHiel ¥ Tiel caMol aMILIITYAH B30BHINIHBOL CHJIHM IIOKA3aHO Ha
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{ ) manwHKy 39. Kpusa 1 BignoBizae cucremi
f1\ 7 3 MiHiMAaJIBHOIO CUJIOIO TEpPTH, & KpuBa 3 —
| / 3 MakKCcUMaJbHOK. 3 1ux rpagikiB BUIHO,

5/2 IO WUM MeHIIe TepTs B cucreMi, THUM

i\ CHJIBHIiIIIe- 3PDOCTAE aMILIiTy/ja BUMYIIEHUX

\\ KOJIUBaHb 3 HAOIMIKEHHAM CHUCTEMH JO pe-
,/‘/3 soHaHcy. SfIKII0O TepTA MaJjie, pe30HAaHC
2T\ YiTKO BUPaXe€HUH, a SAKII0 BeJIUKe — TO

. HeuiTko. SIKIo yacToTa 3MiH 3MyIIyO40i
e CUJIM B CHCTeMi Hmajsieka Bij pes3oHaHCHOI,
o W, w aMILIiTyZa KOJIMBAHbL MaJjila i MaiKe He

Maur. 39 3aJIe’KUTh BiJi CHJIA OIOPY B CHCTEMI. ﬂ_um;o
TepTss TaKe BeJUKe, [0 B CHCTeMi He
BHHHKAIOTh BiJlbHI KONIMBAHHA, pe30HaHC B3araji He cmocrepi-
raeThbCcH.
¥ konuBaJBHiN cHcTeMi 3 MaJauM TepTAM HAaBITE IJIA HeBe-'
JUKHX B0BHIIIHIX 3MYIIVIOUMX CHJI aMILJIiTya BUMYIIIEHHUX KO-
JUBaHb MOK€ 3POCTH HACTiJIBKH, LI0 Ile IIpu3Bele N0 PyHHyBaH-
HA cucTeMH. Bizomo ©Oarato BUNAAKIB pPYyHHYBaHHA CIOPY/[
BHaCJIiZOK poBOTH MAJIONOTYXKHUX [ABUIYHIB, AKi 30yaxyBaam
BUMYIIEHI KOJIMBaHHA Ha 4aCcTOTi, [0 30iryiacsa 3 4acToTOIO BJjac-
HUX KOJIUBaHb crnopyzn. KinacuyHumM npukjgasoMm kKaractTpodidyHo-
ro 3pOCTAHHHA AaMIUITyAM Oig aiexo HeBeJIUMKHUX 3MiIHHUX 30B-
HIiIIHIX CHJ BXXe JaBHO CTaJI0 PYHHYBaHHSA MOCTIB mig puTmidHu-
My kpoxamu cosgariB. Tak, y kingi XIX crojitra 3aBanuscsa
minBicEM AHMepcbKHMH MicT Han piukorw Jlyapoio, kKoiau 1o
HbOMY INPOXOAWUB OaTayibiioH (QpaHIy3bKOl MiXoTH. 3 KOMXKHHM
KPOKOM COJIZaTiB MicT poaroiiagyBaBcs Aenasii cuiabHinle, jgaHIIO-
rda He BUTPHMAJM HAIPY)KeHHA i micr obBanuscsa. Bu Takomx
3HaE€Te, IO BiAXWJIWUTH HABAHTAMEHY FOHJAJIKY BiJi IIOJOXKEeHHSA
piBHOBaru 6yBa€e Ba>kKKoO, aJjie IiJIITOBXYIOYM HE3HAYHOIO CHJIOKO
B TaKT KOJIMBAHHAM, MOXXHa poaroigaTH ii ayxe cuabHO. OIHAK
3po3yMijio, L0 1A BEJIMKa aMILJIiTyJa BCTAHOBUTLCA He Biapaasy,
a micjas GiJbBIII YW MEHII TPHUBAJIOTO dacy Ail 30BHINIHBOI CHJIIH,
AKa Ma€ HaJaTH CUCTeMi JOCTATHIO eHepriro.

i

| 1. Y uomy nonsrae sisuine pe3oHaHcy? 2. HakpecxaiTte i mosicHiTB

| rpadiky 3aJIe’KHOCTL aMIJIITYZM BHMYIIEHHX KOJHUBAHB Bif "acTo-

| TH 3MiH 3MYIIyIOHYOi CHMJIM AJsl ABOX 3HAYEHbL CHJIHM OIOPY. 3. Yum

| BH3HAYAETBCH AMIUIITYAA KOJMBAHB Wix Uac pesoHaHcy? 4. Yomy
IOpiBHIOE mia Yac pe3oHAHCY 3CyB (as mik aMimeHHAM i cuiow?
Mix mBHAKiCTIO i cuno0?
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§ 18 — BUKOPHCTAHHSI PEBOHAHCY
B TEXHIIII I IIOJXOJIAHHSA MO0

”

Bynb-sike npy)KHe TiJIo: MicT, cTaHMHA MAaIIIWHH, 11 BaJ,
Kopnyc KopaOJsa 4uM KpuJja JiTaka € KOJUBAJIILHOI CHCTEeMOIO i
XapaKTepHU3yEThCA BJACHUMHM dYacTOTaMH KOJIMBaHb. Po6Gora
OaraTb0X MallMH, MexaHiamiB, BepcrarTiB, OyOIMHKIB Ta iHIIHNX
CIOPYJ, CYHNPOBOJXKYETbCA BHHMKHEHHSM CHJI, AKi nepiognyHo
3MiHIOIOTBCA 1 3a HanpAMoM, i1 3a 3HadYeHHAM. Tak, y HOpIIHe-
BHX MalllMHaX, A0 AKHMX HaJleKaTh JBUI'YHH BHYTPIIIHBOI'O 3r0-
pPAHHA 1 nmapoBi MamMWHHM, BHACJHIJOK 3BOPOTHO-MOCTYHNAaJBHOIO
PYXy HeAKHX dYacTHUH (HaANpHUKJaJ, NOPLIHA), BUXJIONY rasy 4u
napu BHHMKAaOTh 30yakyrwdi nepiognuyHi cuau. Poropun TypbiH,
BaJIM MAaIlMH TOILIO IIPAKTUYHO HEMOXKJIMBO IEHTPYBaTH abCcoaioT-
HO TouHO. Tomy nig yac obepraHHA poTOpa YH Bajla HA HbOIO MOi€
He3piBHOBa)KeHa IepioAuuyHa cuJia, 30yAKyIouu KOJUBaHHA. SK-
1[0 YacToTa 3MiH HAIPAMY CHJHM 30iraeTbCcs 3 BJIACHOK YaCTOTOIO
BIJIBHMX KOJIMBAHb MAalllMHH, TO AMILJIITyJa KOJMBaHb MAalllHHU
MO’Ke 3POCTH HACTiJBbKH, IO Ile npu3dBeae a0 11 pyWHYBaHHA,
X0o4a HaIlpy»KeHHsA B MaTrepiaJi i He nepeBHIIYE MexKi MinHOCTL y
pas3i craTUYHUX HaBaHTa)KeHb. Piu y Tim, mo 3aaiso, ¢rajb Ta
iHmi Martepiaju y BUNAJAKy 3MiHHHX HaBaHTAX<e€Hb IIBUJIIE 4YH
NOBiJIbHiIIIE BTpPa4YawTh MIIHICTB, HOiCJIA YOTO PamnTOBO PYHHY-
I0ThCH.

BumylieHi KOJMBaHHA MOKe 3JiMCHIOBATH He JIMIIEe Mallll-
Ha B Linomy, a ¥, 110 HeDe3neuyHille, oKkpemi il YaCTHHH: JUCKH
i JonaTku TypOiH, KpUJia U ONEepeHHA JiTakKiB, KoJliHUYacTi BaJiu
ABUI'YHIB, jonacrti reuHTiB napomnaasiB Touo. Iloai6Hi KonuBaH-
Hf, AKIIO He BXKUTH 3anobi>XHUX 3aX0JiB, BHACJIIJOK BUHUKHEH-
Hs pe30OHAHCY MOXKYThb CTATH IPUYMHOIO posyany poboru
MexaHi3dmy, Horo pyiHyBaHHsA, a iHoAl 1 HeDeanmeyHux aBapii.
CraTucTuKa cBiguuTh, 0 6au3sko 80 % pyHdHyBaHb i aBapii y
MalIMHOOYAYBAHHI € HACJHIIKOM HEeNPHUIIYCTHMHX Pe30HAHCHHX
KOJIMBaHbL. ToMy iH>KeHepHM NpParHyTh TaAK KOHCTPYIOBATH Ty 4YH
iHImy ycTaHOBKY, MalluHy abo crnopyay, o0 He BHHHKAJO
PiZKMX pe30HAHCHHX SABMII HiIi B yCTAHOBLI YK MaluMHi, HiIi B Ii
OKpeMMX YacCTHUHAaX.

HIkignuBi nDposABHM pe30HAHCY HOBOAUTBHCHA MOJIATH IIi d4ac
00poOKM MeTasIiB pisaHHsM. 3a IEeBHUX PE’XHUMIB pisaHHs Ha Me-
TAJOPi3aIbHUX BepcTaTrax 30yIrKyIoTbCA KOJMBAHHS 1HCTPYMEHTY
A 00pobsroBaHOI gerasi, 110 € IIKigAMBUM 1 ans Bepcrartis, i gusa
o0pobsmoBaHEnX BUPOOiB. AKIIO HEe YCYHYTH NPUYNHY BUHUKHEHHS
LIMX KOJIMBAHb, NOTipIIYVETHCA AKicTh 00pobKH neraneil, TOYHiCTH
BHMI'OTOBJIEHHA BHUpPOOiB, MIBHU/IIE 3HOINYETHCA BEepPCTAT TOIIO.

¥V OyaiBenbHiM cnpaBi Tako)k 0araTo yBaru NOpHIAINAIOTH
3anobiraHHIO BHHUKHEHHS pPe30HaHcy. ¥ OyaiBaAx, B AKUX BCTAa-
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HOBJIEHI MIBHAKOXimgHIi MamiyHW, ABHUTYHW H BepcraTH, (PyHIa-
MEHTH ¥ IIepeKpPHUTTHA MaloTh OYTH CIOpYIXKeHi Tak, m1o6 BUKJIIIO-
YHUTH MOMKJHBicTh 30yHKeHHS KOJMBaHB 3 4YacTOTOH, HAKa
nopiBHioe abo 6JaM3BbKAa 0 YACTOTH KOJIMBAHL MAalIAHMH.

Hans3BuyallHO BAXKJIMBUM € 3anobiraHHs BUHWKHEHHS pe3o-
HAHCY IIiJ] Yac KOHCTPYIOBaHHA ¥ ekcrnJisyaranil Bcix BuAiB cydac-
HOro TpaHcoopty. HampukJjaz, BjacHa 4YacToTa KOJHWBaHB KOP-
Nycy TeIIoXoJa YW KPUJ JliTaKka Ma€ CYTTEBO BiApisHATHCA Bix
YACTOTH KOJIMBAHBb, AKiI MOXKYTh OyTH 30yaKeHi o0epTaHHAM KO-
neca Typbinu, rpebHOro rBMHTA 4M IIpolesepa. Bigomi BUmagku,
KOJIHM JOBOAMJIOCS IepebyIOBYBATH liraHTChbKI OKeaHCBKI JjaliHe-
pPM JHIle TOMY, II0O YacTOTa BJACHHUX KOJIMBAHB KOpHycy Kopab-
Ja 30irasacsa 3 4acTOTOIO 3MiH 3MYILIYIOYOl CHJIM, IO BHMHHUKAJIAa
nix yac poboTu ABHUTYHIB.

3po3ymino, [0 ABHINE pe30oHaHCY OyBae i KOPUCHHUM, KOJH
HeobOXxiziHO MaTH B cHcTeMi sAkomora Oinbmoii konuBaHHA (B
MY3UYHHX 1HCTpYyMEHTax, I'YYHOMOBHOAX Tomo). Jlrogcbke BYyXO
cropuiiMae 3BYKH BHACJIAOK DPe30HAHCY KOJIMBaHb y BYIIHIHA pa-
KOBHHi. OCcoGJIMBO IMPOKO ABUIIE PE30HAHCY BUKOPUCTOBYETHCH
B pajioTexHimi Aasa mifAcHJIeHHA KOJNBaHbL. Pe3oHaHC Ja€ 3MOry
BiJOKpeMHMTH CHTHaJH AaHOl panioctraHUil Big curHagiB iHIIAX
OHOUYACHO TIPAIlIOIYMUX pagiocTaHIiii. 3 MMM 3aCTOCYBAHHAMMU
pe3oHaHCy BM O3HAWOMHUTeECSH IIi3HinIe.

ABume pe3oHaAHCY BHKOPHCTOBYETLCS B OyJAoBI ¥ a ¢ T O-
ToMIipis — npunaniB AJAg BEMIpIOBAHHA YACTOTH 3MiHHOIO
CTPYMY, 8 TAKOM JIJid BUMipIOBAHHS YaCTOTH MEXaHIYHHX KOJIH-
BaHb cucTeMHu. JacToToOMip CKJIAZAEThCcA 3 HABOPY «A3ZUMUKIB» —
NPYKHUX IJIACTUHOK, NPUKPINJIeHUX TI'BHHTAMH [0 CHiJbHOL
niaaHku (mas. 40). Ko)xkHa niacTuHKa Mae MeBHY BJIACHY YacTo- -
TY KOJIMBAHb, SAKa 3aJIe’KUThH Bin I Opy»XHHUX BJIacTHBOCTEN,
noBxXUHU ¥ macu. llpykuHM nobupaioTbcsa Tak, mob ix BiaacHI

Ilnaaka
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YacTOTH YTBOPIOBAJIU pPAL Iiaux uyucen. Jlo choinbHOI IJIaHKH
NPUKPINJIOETECA TAKOXK AKip, posMiineHuil HaJ IIOJIOCOM €JIEKT-
pomarHiTy. AAKIno mo o6MoTHi €JIeKTPOMATrHITY IIPONYyCKATHA 3MiH-
HHUH CTPYM, SKIp DOYHE KOJMBATHUCSA i COPUYHUHUTL THM CAMHM KO-
JIMBAHH#A IPHUKPIMJIEHUX ILUIACTUHOK. | JHIIe Ta IJIACTHHKA, BJIACHA
yacToTa KOJUBaHb AKOI 30iraeThbcs 3 4ACTOTOK) KOJUBAHBb ILIAHKH
(HacTpoeHa B pe3oHaHC), mMaTUMe Oinbiy aMmiaiTyay KOJHBaHBb.
Ile i nae 3MoOory BH3HAYHUTH YA4CTOTY 3MiHHOI'O CTPyMY.

Ileit camuii npuigaxg MoKe OyTH BHKOpPHUCTAHMUN 1 pgusA
BUMIipIOBAHHA 4YaCTOTH MeXaHIYHMX KOJMBAHBL MAIIMHH YU
mexaHiamy. IIna nboro ciif NpUKPIiONTH IJaHKY YacToToMipa
IO Ti€el YAaCTMHU MANIMHHM, KOJHMBAHHA AKOlI Tpeba nocaiguTw.
ITlnacTuHKAa, YyacTOTa BJIACHUX KOJIMBAHBL KOl HaWOMMIKYa JO ya-
CTOTH KOJIMBaHb MAIIIMHM, IIOTPANUTH Y PE30HAHC, i B MJAaCTHUHILL
BUHUKHYTH 3HAYHI KOJIMBAHHA, AKi JIerko momiturn.

§ 19 — INOHATTHA ITPO ABTOKOJIUBAHHSA

Mun 3’sicyBanm, 1o Oyab-sKa KOJIMBaJIbHA CHCTEMa, BUBeOe-
Ha 31 craHy piBHOBaru i sanumnieHa cama cobi, 3aiHCHIOE KOJIM-
BAHHS 3aBXK/JAM 3 OJHi€I0 # Ti€e0 caMOIO YaCTOTOKI, XapaKTEepPHOIo
ansa naHol cucremu. Ili BracHI KolIMBaHHA yepe3d HASABHICTH CHJI
TepTss 3 4acOM 3aTyXaloTh, OCKiJIBKH eHeprig, HazaHa cucTeMi
nig yac BHBeleHHA 11 31 craHy piBHOBaru, BeCch Yac BHTpa-
YAETHCHA, MNEepeTBOPIIOYNCH, 30KpeMa, Yy BHYTPIIIHIO eHepriio.
o6 konuBaHHA OyJaH He3aTyXal4YUMH, HeoOXigHO sAKUMOCH
YWHOM I[ONOBHIOBATH eHeprio cucremu. Halnpocrimuwnii criocit6
NONIOBHEHHHA, HAIPHKJIaJ, eHepril ¢ismyHOro MasTHHKaA — Ie
nmepioguyHOo mnmigmToBXyBaTu #Horo. OmpHaK Takui coocib He
3aBKAM 3pYYHHUI. 3BUYaAHO KOJIMBAJILHY cHCTeMYy 3abe3nedyioThb
AOJATKOBHMM IIPDHCTPOEM, 38 JONIOMOI'O) AKOI'0O BOHa Biﬂ, Axepeja
eHeprii caMa IOIOBHIOE BUTPAYe€HY HA TePTs eHeprio. ¥ Takomy
pasi cucTema 37ificHIOE He3aTyxalwui KOJIMBAHHSA JOTH, IIOKH He
BUYEpPHAaEThCA 3amac eHeprii mkepena. Ilpuyomy HaaxomKeHHS
eHepril Big [ykepeJjia peryJlweEThCA caMol cucremorn. Koau-
BaJbHI CHCTEMH, 3JaTHI O caMoOperyJoBaHHSA, Ha3WBalOTh
asmokou8albHUMlU, a KOJHUBaHHA, AKI B HUX BUHUKAKIOTH,—
asmoKoAUBAHHAMU.

ABTOKOJUBaJBLHI CHCTEMHU IIOMIMPEHi y TexHimi ¥ mpuponai.
IIpuknazaMu aBTOKOJMBAJIBHUX CHCTEM MOKYTh OyTH rOZUHHU!-
KOBI MexaHiZ3MH, ABUI'YHM BHYTPIilIHLOIO 3ropsAHHA i mnaposi
MAaIOWHMA, BiAOINHI MOJOTKH, AYXOBlI MY3WYHI IHCTPYMEHTH,
JereHi # cepue, JaMnOoBi H HaOiBIOPOBIiAHWMKOBLI reHepaTopH
eJIEKTPUYHUX KOJIMBAHB TOIIO.

Byab-sika KoamBajbHa cucrema (HesajleKHO Big 11 KOHCT-
PYKILil) CKJaZaeTbCA 3 TPROX OCHOBHHMX YacTHH: BJIAaCHE KOJIH-
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BaJIbHOI CHCTEeMH, JKepeJyia eHepril Ta KJamnaHa, AKHH Kepye
HaIXOM»XeHHAM eHeprii 3 ga»epeJsa (cxema 1).

PoaraisHeMo AK NOPHUKJAJ HANNPOCTinIol aBTOKOJMHUBAJIBHOL
CHCTE€eMHM MeXaHisM 3BHYAWHOro TrOAMHHUKA — <«XOIMKIiB»
(man. 41). MaaTHUK roguHHUKa 3abe3nedyeHo 3irHyTuM piBHO-
ILJIeYUM BajkeJleM-aHKepoM, 3 sIKMM 34YellJIeHe XOJOBe KOJIECco.
BoHO npMBOOAUTHCA B PyX 'Mpelo, NiABillIeHOIO 0 JIAHIIOXKKA, IIe-
PEeKHMHYTOr0O Yepead 3ybuacTe KoJieco, HacaaiKeHe Ha CIIJIbHY Bich
3 X00BHUM KoJilecOM. MasTHMK 341MCHIOE He3aTyxal4di KOJuBaH-
HA 3aBASKM TOMY, IO 3MYIIYE XOJOBE KOJIECO V BiANMOBiZHI MO-
MEHTH MnIigiuToBxyBaTH cebe 3a paxyHOK eHeprii, sika mnepe-
OAETHCA IIiJ yac ONycKaHHA rupi. B HapyuHux i HacTinbHUX ro-
OJUHHUKaX 3aMicTh THpPi 3acCTOCOBYIOTh 3aBOJAHY MNPYXHHY, a
damicTh MmasTHUKa — Gasiancup (maJg. 42). Bin mae ¢opmy cume-
TPUYHOTO TiJjIa, AKe 3MiMICHIOE KOJIMBAHHA HABKOJIO BEPTHKAJBHOI
oci 3aBAAKH MOPY3KHOCTI cHipanbHOI NPY’XHMHHU, AKa 3aKpy-
YYETHCHA i PO3KPYYYETHCH.

Cxema 1

3BOpPOTHMIT 3B A30K

/

Ixepeno - Perynmowunii KoaupansHa
eHepril NpHCTPii [ cucreMa

Y

Xoaose KoJyeco -

MaAaTHUK

I'upa

Maun. 41
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Y rooMHHHMKOBHMX MeXaHiZMax KoJu-
BaAJIbHOIO CHCTEeMOK € MasTHUK abo

fanaHCcuUp; HXKepejoM eHeprii — nigHsaTa
Bropy rupsa abGo 3sakpydeHa NpPY>KHHAa;
KJIalmaHOM — AaHKep, AKHHA 1ae MOXK-

JIMBICTh XOJOBOMY KOJIECY HPOKPYTHUTHUCH
Ha oOuH 3yDels 3a OAWH IIiBOEpiox.

AKnio MagTHUK HepyXOMM, nigHATa mlly
rups 4u 3aBeJleHa IPYXHHA HE MOXKYTh b
IpHBEeCTy B o0epTaHHsA XOHLOBE KOJIECO —
ObOMY 3aBaxkalThk 3yOli aHkepa. Skmnio
MaATHUKY HAJAATH HEBEJHKOro iMIOyJabCcy
BIpaBo, TO 3y0ens KoJeca, BUUIINOBINYM 3i 3uenJjieHHA (3icKoB3-
HYBIIH 3 3y0us aHKepa), NigIITOBXHe MafATHMK y Hanpsami foro
Pyxy. XonoBe KoOJIeECO IOBEPHEThCHA Ha IEeBHHI KYT i BOpeThbCcH
cBoiMm 3ybuem y npaBui 3ybeupr ankepa. Ilig wac 3BopoTHOro
PYXy MasiTHHKa XOJOBE KOJIECO BUXOAWTHUMEe 31 34YenJjieHHS 3
[IpaBUM ‘IIJleyeM aHKepa i B MOMEHT 3iCKOB3yBaHHS IiAUITOBXHE
MaATHUK 3HOBY IO X0oAy ioro pyxy. I Tak aBiui 3a KoxxeH nepiof
MaATHUK JAicrae Big OigHATOl rUpi YM 3aKpy4YeHOI NOPYXKHHU
HeoOXigHY KiJbKicTh eHeprii Aas OiATpPUMAaHHA He3aTyXaluHxX
KosuBaHb., KosmBaHHA MasTHHKA NPOAOBKYBATUMYTBECHA JIOTH,
NOKH He OyJe BUTpa4dyeHO BCIO MOTEHIliaJbHY €Hepril migHATOoIl
rdpi 4¥ 3aKpydeHOI HNpyKHUHM. ¥ LObOMY pas3i aMruiiTyaza KoOJaIu-
BaHb MAATHHUKA NiATPUMYEThLCA HE3MIHHOIO.

Cuix 3ayBa’>xXUTH OJHY BaXXJIMBY BJIACTUBICTH ABTOKOJIHMBAJIb-
HUX cHcTeM. SIKImo MasasTHHMK mnOepeOyBae B CIOKOI, TO He
PYXaeTsca M XomoBe KoJeco. K TiIbKHM MasATHHK INOYHE KOJH-
BaJIBHUM pPyX, NMOYMHae cTpubkomomibHo obGepraTuca U XomoBe
KoJieco, MiJAIUNTOBXYIOYHM MAATHHUK y TOH OiK, B AKMI BiH pyxaBcsA
y MOMEHT IOIITOBXY. MasATHUK 3aiHCHIOE He3aTyxawdi KoJHBaH-
Hfl, 3MYIIYIOUM MexaHidaM mninmToBxyBaTH cebe y BigmoBigHi
MoMeHTH. MexaHi3M INTOBXa€ MAasATHUK, a MAATHUK YHHHTH
3BOPOTHY Ail0 Ha MexaHidm. KoluBaHHAMH MasgTHHKA Kepye cam
MafATHHUK. TakuM 4YWHOM, Yy KOJIMBaJIBHiil cucTeMi icHye Tak
3BaHUHN 360pOMHUIL 36’A30K: MAATHHUK NepeJac CBOI KOJIMBaHHSA
XOJOBOMY KOJIECY, & XOJOBe KOJIeCO IOBepTae Hasax Ii KOJIMBaHHSA
MAaATHUKY yV BUIVIALL IMOIITOBXiB, AKi COIPUAIOTE PYXY MaATHHKA.

JIpyroo xapaKTepHOIO OCOOJHMBICTIO ABTOKOJIMBAJIbBHHUX
cucteM € Taka. Haaxona>xkeHHs eneprii’ yepea KJallaH Iicisa BcTa-
HOBJIEHHA aBTOKOJIHMBAHB TOUHO IIODIBHIO(-J i1 BTpﬁTl. HKI]J.O B IIO-
YaTKOBHMI MOMEHT aMILIiTyga KOJUBaHbL TaKa, 10 BTpaTra eHeprii
OinbIa, Hix 11 HAAXOMKEeHHA uepe3d KJialaH, TO aMILIiTyAa 3MeH-
IIYETHCA AOTH, NIOKH He BCTAHOBUTHLCA PiBHIiCTH BTpATH i Hagxon-
sKeHH# eHeprii. HaBmaku, AKIO aMILIiTya Majia i HaAXOO»KeHHSA
eHeprii nepesuuiye ii BUTpa4YaHHs, aMILIiTYyJAa 3pOCTAaE.

Masn. 42
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TakuM YHHOM, aMILIITyZa 1 dYacToTa aBTOKOJIHBaHb, AKi
BCTAHOBJIIOIOTHCHA, BHU3HAYAIOTBLCSH JIMIIIe [DapaMeTpaMu camoi
cucremu. Ile BinpiszHsAe€ aBTOKOJMBAHHA BiJi BJIaCHUX KOJHBaHb,
OIS AKX aMILUIITyZa 3aJa€eThbCA [MOYATKOBUM BiIXMWJIEHHAM.

3 1ier0 BJACTHUBICTIO TOB’A3aHa TpeTA XapaKTepHa o0cob-
AUBicTh OGiNBIIOCTI ABTOKOJHMBAJIBHUX CUCTEM, SIKY TeEXX MOXHA
POSIVIAHYTH Ha INPHUKJAAL rOJMHHMKOBOrOo MexaHiamy. Bixg masar-
HUKaA B MEXaHi3M HAIXONATHL cJabKl KOJIMBAHHA, & IMMOBEPTAIOTHCH
Ha3aj 3HA4YHO CHUJbHIiNII, ToO6TO MexaHisM iX migcHJIMB 3a PaXVHOK
eHeprii m)xepena i nosepHyB MaaATHHKY. Ile ayske BaxauBa
obcTaBMHA MIJIA aABTOKOJHUBAJBHOI cucTeMH. fAKINO mig BOAHMBOM
OeAKOro BHUIIAAKOBOI'O IIOILUTOBXY cHcTeMa Xoudya 0O ayike maso
BIAXWMIUTHBCA BiJ MOJIO?KEHHA PiBHOBarw, Ilie BiAXWJIEHHA 3pocTa-
THMe — BigOYBa€eThbCs TaK 3BaHE CAMO30YOHCCHHA ABMOKOAUBAHD.

Axmio BTpaTH Ha TePTA B aBTOKOJHMBaJBbHIN cucTeMi maJi, To
HaAXOJKeHHA eHeprii, HeoOXigHol ANA IMiATPHMAHHA KOJHBaHb
HEe3MiHHHUMM, TaKOX MaJjie. ABTOKOJIMBAHHA BigbyBamThCcA Mail-
’Ke TaK caMo, AK BJIACHI KoJuMBaHHsA. BoHu 6au3BKi 3a ¢popmoro
JO rapMoHiYHHMX, a d4yacrora 1x Maili»ke 30iraeTbcss 3 BJIACHOIO
YACTOTOK KOJIMBAJIBHOL CHUCTEMH.

Y Toit uyac, AK dYacToTa 3MYIIEHHMX KOJHUBaHbL 306iraeTbcs 3
YAaCTOTOIO 30BHIIIHBOL CHJIA, 4 aMILJIITYa KOJHUBAHb 3aJIeKHUTh Bij
aMILTITYy AU i€l cCHJIK, YacToTa M aMILIITyZia ABTOKOJHMBAHb BU3HA-
YaThCHA BJIACTUBOCTAMM caMoi cucTeMu. ABTOKOJIHMBAHHA Bij-
Pi3HAIOTHECA 1 BiJ BiJIBHUX KOJIWBAHbL THM, INO, II O - II € P III €,
BOHHM He 3aTyXalTh 3 YACOM, i, T 0 - 1 p y I e, IX ammuliTyna He
3aJIe?KHUTh BiJg 3HAYEHHA IIOYATKOBOI'O KOPOTKOYACHOI'O BILIHBY
(«TOIITOBXY» ), AKHUHA 30YIXKYE KOJIUBAHHSA.

bUCHODBKHU

IIpucTpol, B AKNX MOKYTH 3IiHCHIOBATUCA KOJUBAJLHI Hpolle-
CH, HA3UBAIOTh KOJUBAJIBHUMHU cucremMamu. KonnBaHHA, AK1I BUHH-
KaloTh Y CHCTEMAaX IIiJ Ai€0 BHYTPIIIHIX CHJI IIicJid BUBEJEeHHHA CH-
CTEMH 3 MOJIOXKEeHHA CTifKOl piBHOBarM 3a BiJiCyTHOCTi 30BHIIIHixX
nepiogMyHUX CHUJI, HA3UBAIOTH BiJILHUMH KOJHMBAHHAMMH.

BinbHi KoMMBaHHA, AKi BUHHKAIOTh Y KOJIMBAJIBHUX CHCTE-
Max 3 MaJIMM TepPTAM, NPAaKTHUYHO € rapMOHIYHUMH.

TapmoriuEMM € KOJMBaAaHHA Tija, mOig d4yac sAKoro Horo
IPUCKOPEHHA MNOPSAMO NOPOIOPIifiHE MHUTTEBOMY 3MillleHHIO,
OHAK NMPOTHUJIENKHO HANPSMJIIEHEe:

a = —0?x.
Onsa rapMOHIiYHHMX KOJIMBAaHb XapaKTepHi Taxki BiacTuBocTi:
a) moBepTapyYa BHYTPIIDHA CHJIA TPONOPIIiHA 3MIiIIEHHIO
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CHCTEMH BiJ MOJIO’KeHHSA cTiflKol piBHOBarm i HanpameHa B Gik
piBHOBAaru;

6) smimeHHsA, MBUAKICTE I OPUCKOpPEHHS 3MIHIOIOTHCA 3a
rapMoOHIiYHHMM 3aKOHOM (CHHYCOIZAaJIBHUM YK KOCHHYCOIZAJIb-
HUM);

B) rapMOHiYHi KOJMIMBaHHA TPHUBaIOTH Oe3KiHeYHO.

KonuBaHHsA Tijla HA NPYKHHI € TADMOHIYHUM KOJHBAHHAM 3

HacToTo
=1 [&B
re 2 VNm °

YacToTa BiTBHUX KOJMBAHBL 3aJIEKUTH BiJl mapaMerTpiB KoJH-
BAJILHOI CHCTEMM, aMILIiTyZa — Big HagaHol KOJMBAJBHIN cuc-
TeMi eHeprii.

Y Bunazky BilIBHHX KOJIHBaHL KiHeTwuHa i moTeHOianbHA
eHeprii Tina mepioguyHO 3MiHIOIOTHCH, OJHAK IIOBHA MeXaHidyHa
eHepria B cucremi 6e3 cua TepTA 3aJIMNIA€TLCA HE3MiHHOIO.

Y pasi HeBeIMKHX BifXWJIeHb MaTEeMaTHIHOTO MasTHHKA BiJ
IOJIO}KEeHHA piBHOBAru Moro KOJUBAHHA € TCapMOHIYHMMH 3

nepiogom T =2x ’é 2 -

Binpui KonuBaHHA B cHcTeMaxXx 3 TEPTAM 3aTyXalOTh 1 He €
rapmoHiyENMHE. 11106 3pobuTH KONMBAaHHA HE3aTYXAIOYHUMM, CJIix
TIIOIIOBHIOBATH €Hepriio cucremMy. B npoMy BHOAAKY KOJUBAHHA
OynyTh BUMYyHIEHHMHN. JacToTa TAKHX KOJHBAHL NOPiBHIOE dac-
TOTi BMiH 30BHIiIIHBOI HmepiogMuYHO 3MiHHOI CHJIH.

AMILTITYA2 BUMYIIEHHX KOJHBAHB 3AJ€XXHUTH BijJl aMILIITYIu
i vacToTH 3MyInyi0o4Yol 30BHIINIHLOI CHJIH.

fABmmie pidKOro 3pOCTAHHA AMILIITYAW BHMYIIEHMX KOJIH-
BaHb, AKIIO YACTOTa 3MiH 30BHIIIHBOI cHMJIM, IO i€ Ha CHCTEMY,
36iraeThCs 3 4YACTOTOIO BJIACHUX (BLIBHMX) KOJNMBAHB, HA3UBAIOTh
PE30HAHCOM, a BiANOBiZAHY 4aCTOTY — PEe30HAHCHOKI YACTOTOIO.

SIKmo BcéepenmHI KOJIMBANIBHOL CHCTEMH, 34aTHOIL 3AiMiCHIOBATH
KOJIMBAHHSA, € JXKepeso eHeprii i1 cucrema camMa MOYKe PeryJaioBaTH
HAAXOMKeHHS eHeprii o Tija, AKe KOJHBAETHCH, AJIA KOMIIEH-
canii BTpaT Ha TepTs, TO B TaKi#fl cucTeMi MOXXYyTb BHHHUKATH He-
saTyxawui KoauBaHHsa. Taky cucreMy HA3MBAIOTh ABTOKOJIUBAJIL-
HOK0, 2 KOJIMBAHHSA, AKi B Hilf BUHHUKAIOTH, ABTOKOJIMBAHHAMH.



POJIAIA I

EAEKTPOMATHITHI KOAUBAHHA

3aBOsAKH ABUIIY CAMOIHAVKIIII MOKJIMBI KOJMBaHHA eJIeKT-
PUYHOIO 3apAAY, CHJIM CTPYMY, HAllPYTH Ta iHIIWX BEeJIUYHUH, AKI
XapaKTepu3yIoTh eJeKTpudHi Kojsa. Ili KoJluBaHHSA € eyleKTpo-
MardHiTHUMM i mMapThe Gararo CHiJIBHOro 3 MeXaHIYHUMU KOJIH-
BAHHAMM.

3paBasiocss 6, KOJMMBaAHHA MAaATHHUKA HiYMM He HarajyioThb
po3pAa KOHAEHcATOpa 4Yepe3 KOTYIIKY inaykruBHocTti. OaHak
HacnpaBai e He Tak. MexaHiuHi i eJleKTpOMarHiTHi KolMBaHHSA
oignAraoTh oAHaKOBMM (isnmyHuUM 3akoHam. lle BusaBnsAeThCA,
AKIIO [IKABUTHCA He I[peJAMeTOM KOJIMBaAaHHA (TdArapeus Ha
IPYKHUHI UM cHUJIa eIeKTPUYHOIO CTPYMY B KOJIi), a IpOIlecoM
3nilicHeHHsa KoOJWBaHHA. Bimomo, mio mnig KoOJMBaAHHAM CJij
PO3yMiTH OyaAb-AKY Nepiogu4YHy 3MiHY OeAKOl BeJHYHUHH, TOOTO
TaKy 3MiHYy, 3a AKOl 3HadeHHs i€l BeJMYMHU 4Yepe3 MNEeBHHUH
iHTepBan yacy — nepiosl — noBTOpPHOEThCA. OJHAKOBUM 3aKOHaAM
OiAJAralTh TAKOX XBWJILOBI ITpOIecH pi3dHOI NMpHUpPOAH.

§ 20 — BILJIBHI EJIEKTPOMATHITHI ROJ’IHBAHHH
B KOHTYPI

3MiHHI enexTpuuHi 1 Mar"iTHI MOJIA He MOMKYTHL iCHYBaTH
OKpeMoO oJ/iHe BiJi OAHOIo, OCKiJIBKH B IpocTOopi, Ae icHye 3MiHHe
MartHiTHe nose, 30YAKYETLCH eJeKTpUuHe moJie i Hasmaku. On-
HO4YAacHi I1epiogu4yHi 3MiHM TOB’A3aHHUX MiXX CO0GOI0 eIeKTPUYHOrO
i MarHiTHOrO NOJIiB HA3UBAIOTE €/1eKMPOMAZHIMHUMU KOJUBAHHA-
mu. Takum YuHOM, 100 O/EepPIKATH eJIEKTPOMATrHITHI KOJHBaHHA,
Tpefa MaTH eleKTpHUYHEe KOJIO, B AKOMY €Heprif eJIeKTPHUYHOro
noJjigs MorJjia O NMepeTBOPOBATHCA B €HEPril0 MarHiTHOro moJjs i
HaBnakn. OcKiJIBKM Mar"iTHe mnoJie 3o0cepelKeHe IIepeBa’*XHO B
KOTYUIKAax, a eJJeKTpUYHe — B KOHJeHcaTopax, HalnpocTiiie KoJio
AJiA YyTBOPEeHHSA eJ'IeKTpOMaI‘HiTHHX KOJIHBAHL MAa€ CHKJIaIgaTHucA 3
KOHJeHcaTopa i KoTymkHu. Take KOJO HAa3MBAIOTh KOAUBAJLbHUM
KoHmypom. AKTHUBHHIl omip NpoBifHMKIB, 3 SKUX BHUTIOTOBJIEHO
KOJIMBAJILHUH KOHTYD, Ma€ OyTH MaJdM, iHAKIIle eJleKTpoMar-
HITHI KOJIMBAHHSA He BUHHUKATHMYTb B KOHTYPI.
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Man. 43 Man. 44

IIlo6 opepskaTH €JEeKTPOMATHITHI KOJIMBAHHA B KOHTYPI,
AOCTATHBO 3apPAAUTH KOHAEHCATOP i 3aMKHYTH HOro Ha KOTYIIKY
(man. 43). ITig yac po3paAKaHHA KOHIEHCATOPA B KOJIi BHHUKAE
CJIEKTPUYHHUHA CTPYM, CHJIA SKOI'0 3 YacOM 3POCTA€, i BHHHUKAE
3B’si3aHe 31 cTpyMOM MarHiTHe moJsie. B MoMeHT MOBHOrO pO3pHA-
IKEeHHs HALIPDYKEHICTh eIeKTPUYHOIO IIOJA KOHIeHcaTopa AOPiB-
HIOBaTHMe HYJI0, 4 iHAYKIiIA MarHIiTHOTO OOJA CTPYMY AOCHATHE
MakKcumMymy. B HacTymHHN MOMEHT Yacy MAarHiTHe moJjie CTpyMmy
moyde cJaabHYTH, BHACHIAOK YOr0o B KOTYIIN iHAYKYBaTHMETHCS
CTPyM, cupaMoBaHuil (3rizHo 3 nmpaBuiom JleHna) Taxk camo, AK
i cTpym pospaakm KoHAeHcaTopa. KoHAeHcaTop Iiepes3apanKaTH-
meTbeA. IToTiM KoHAEHCATOD 3HOBY PO3PALKATUMETHCH, BUKJIUKAO-
Yy MOABY CTPYMY 1 mOB’A3aHOro 3 HAUM MATHITHOTO moaa. Takum
YHHOM, ¥ KOHTYPi BUHUKHYTL €NeKTPOMArHITHI XONUBaHHA, IiJ
yac AKHX BiabyBaTHMeThCA NepiogHUYHAa 3MiHa Pi3HHIL TTOTEeH-
Hianis oOKIaJ0K KOHAEHCATOPA 1 CHIM CTPYMY B KOHTYPi i ogHO-
YaCHO — eJIEKTPUYHOrO IIOJIS KOHJeHcATOopa i Mar”HiTHoroe moJad
KOTYILIKH. _ N

fAkino edexTpoMarHiTHi KOJHMBaAHHA MOXXHa OJEpPXKaTH
IIPOCTO, TO cHmocTepiraTu ix 3HaAYHO CcKJagHimme. Amxe Gesrnoce-
pPeJHBO He BHAHO Hi mepesapsiKM KOHAeHCATOPa, Hi 3pocTaHHA
CHJIA CTPYMY B KOTYNIIi, HI BUHMKHEHHSA Mar=HiTHOIO 4M eJIeKT-
puuHOro noJis. [To Toro > Big0yBarOTHCA €JIEKTPOMATHITHI KOJIHA-
BaHHJ 3 JAYXXe BeJMKOI dYacTOoTOI0, AKAa 3HAYHO I[EePeBHIIYyE
YacTOTy MeXaHiuYHUX KOJHBAHB.

Cnocrepirati i gocaigsKysaTH eJeKTPOMATHITHI KOJMBaHHA
3pYy4YHO 3a JAOIOMOIOK BiZomMoro BamM 3 Kypcy &isuxum 10-ro
KJIACY €NeKTPOHHOTrO0 ocuuiorpada (maa. 44). 3apsaguMo KOHAEH-
carop C Bij m)xepesia HOCTIiHHOro CTpyMy i 3aMKHeMO #HOro Ha
KOTYHIKY IHAYKTHBHOCTL L, mHapanejpHO AKil YBIMKHEHO eJIeK-
TpoHHUI ocnmuaorpad. Ha expani gicrameMo KpuBY 3aIeKHOCTI
sapany (abo cuam cTpyMy B KoJi) Bix wacy — ocunugorpamy
KOJUBaHb 3apAny (abo cuiam cTpyMy). AMIIITYAa UX KOJIABAHBb
IOBUAKO 3MEHIIYVETHCH, TOOTO KOJMBAHHA IOBUAKO 3aTyXalOTh.
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PoarasaHyTi HaMH e€JIeKTPOMArHiTHI KOJIMBaHHA JicTaju
Ha3By &8.lacHux, abo gislbHUX, KOJMBaHb, OCKiJIbLKM BOHH 3IiMc-
HIOIOThCA BiJIbHO, TOOTO 0e3 BHIJIMUBY 30BHIINHBOI (3MylIy4ol)
cuiM. HacToTy BiJIBHUX KOJIMBAHbL HASUBAIOTH 681ACHOI0 YACMOMOI0
KOJIMBAJIBHOTO KOHTYpPY. BilacHi KOJIMBaAHHA € 3aTyXal4YUMH;
aMIIiTyza ix 3 yacoM 3aMeHIIyeThcA. [I[pUY4nHOIO 3aTyXaHHA € Te,
110 eHEePrifa CTPYMYy NepeTBOPIETHCH Yy BHYTPIIIHIO €Heprio mpo-
BOJiB (OCKiJIBKM BOHHM MAaIOTh OIip) 1 e HA BHUIPOMiHIOBAHHSA
€JeKTPOMATHITHUX XBWJIb.

§ 21 — IIEPETBOPEHHSA EHEPIII
B KOJITHBAJIBHOMY KOHTYPI

PosrinsiHemMo MexaHi3M BUMHHUKHEHHS KOJIMBaHb Yy KOHTYPI.
IITo6 oTpuMaTH BijIbHI KOJIMBAHHA B MEXAaHiIUHIil KoJWBaJIBHIii
cucremi, HeoOxigHO HagaTw Lifi cucremi eHeprii Big nmobGiuxHoro
orxepeJsa. ¥ IIponeci KOJHMBaHB A €Heprifd nepioJu4HO nepeTBo-
plOeThCcsa 3 noreHuianabHOl B KiHeTnuHy i HaBnaxku. II[o6 kosnu-
BaJbHUI KOHTYP BHMBECTH 31 CTaHY eJeKTPHYHOl piBHOBAarw,
TAKOXX HeoOXigHO wniif KoJauBaJBHiIN cHcTeMi HagaTH MNeBHOI
eHeprii. Hafinpocrimie nme 3pobutH, 3apAIMBINHM KOHIEHCATOP.'
3apan)KaHHsS KOHJIeHCATOpPA aHAJIOriYHe BiAXHWJIeHHIO MasTHHKAa
Bil OJIOXKEeHHS PiBHOBArM, a eHepris eJeKTPUYHOI'O MOJA 3apsi-
IKEeHOT0 KOHIOeHCATOpa AaHAaJIoTidHa TOoTeHIiaJlbHil eHeprii
nedopMoOBaHOI NPYKHUHU ab0 MigHATOrO TArapisa MasTHUKA.

IIpunyecrumMo, IO aKTHBHHI omip KOHTYpPY AyiKe Manuit i
HHMM MOXKHa 3HexXTyBaTH (igeanbHWMHA KoHTYP). [aa HaodHOCTI
NOPiBHIOBATHMEMO IIPOLIECH B KOHTYPi 3 KOJMBAHHAMM TATapIs
Ha IIPYXKUHI.

SIkImo KoHJeHCATOp 3apAAMeHO N0 pisHuni norenmianis U ,
TO #oro 3apaz popisHoe ¢, = CU .Y upomy craHi eHeprisa ese-
KTPUYHOI'O NOJA MaKCHMMaJibHa 1 JOPiBHIOE %'CU;‘;, cHUIa CTPYyMY
B KOHTYPi JOPiBHIOE HYJIIO, MarHiTHe noJie B KOTYILILI IHAYKTHB-
HOCTIi BiZiIcCyTHE (eHeprisa MarHiTHOro noJas AopiBHIO€ Hyaw0). Llei
craH (MaJ. 45, a) eKBiBaJIeHTHUI CTaHY NPY’KUHHOrO MassTHUKA,
KOJIM MH PO3TATHYJIH INPYXHUHY Ha X, HAJAJIU MeXaHiuyHiN KoJau-

s s . s swi 1
BaJIbBHIH CHCTEM1 I[IOTEHIlaJIbBHOl €eHepril 5 kxz. ayje TpuMaeEMo

TArapelbs pyKow, He Jalo4YM HOMY MOKJIMBOCTI pyxaTucsd.
3po3yMiJio, L0 TAKHII eJIEKTPUYHUHA CTAH B KOJHBAJIBHOMY
KOHTYPi He MO’Ke 3aJUIIaTHCA He3MiIHHHMM, NoAi6HO ToMy, fAK
ONpyXHHA HE MOJXKe 3aluuiaThca B AedOpMOBaHOMY CTaHi micuasa
NpUNIUHEeHHS All 30BHIMIHBOI cunu. KoHgeHcaTop Io4YHe pPO3psAaj-
KaThcdA i B KoJsii morede crpyMm. IIpu nbomMy B KOTYLILI BUHHKHE
OOoTiK Mar"iTHol iHAyKIil. 3pocTaHHA BOIO IIOTOKY CIPUYHUHUTH
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NOABY eJIeKTpopymIifinol cuiam camoimayxmii &, =—L%—It~, AKa
AOpPiBHIOE pisHMIi moTeHliaNiB Ha IJIaCTHHAX KOHIEHcaTopa.
EnHepria eleKTPAYHOrO NOJIA 3apPAAMKEHOro KOHJAEeHcaTopa 3MeH-
LIYETBCHA, & €Heprid MarHiTHOro IoJs KOTYIIKH 3pocrtae. Ileut
Ipolec aHAJOrIYHHN NepeTBOPEHHIO IIOTEeHIiaJIbHOI eHeprii me-
¢dopmoBaHOI IPYKUHN B KiHETHUYHY eHepriio pyxy TAraprsd.

Kouy noTeHnianu miaacTyH 3piBHIOIOTHeH (Mman. 45, 6), cuaa

CTPYMY B KOTYIOIi MaTHMe MaKCHMAaJlbHe 3HAY€HHS, TOMY LIO
HeMae NMPUMYHH JIA IIoJajdbInoro ii sapocraHHA. 3 IBOI'O MOMEHTY
cUJa CTPYMY 3MeHIIyeThcsa. J[0 Toro K 3MeHMIYeThCA i
MArgHiTHHR DOTiK, a TOMy B KOTYIIIIL BMHHKAE eJeKTPOopyuIilina
cHJIa cCaMOiHAYKIII, AKa IparHe NMepenIkolIuTH 3MEHINeHHIO I10-
TOKY iEgyKIii 1 cuan crpymy. Takum ymHOM, X04Ya KOHAEHCATOD
po3pAIHBCHA, CTPYM Yy KOJi HOe, 3apaAlKalouyd KOHIAEHCATOD Y
3BopoTHOMY Hamnpsawmi. IIpu nmpomy eHepria MarHiTHOro moJjs Ko-
TYLIKH IePeTBOPIOETHCSA B €HEPriio eJIeKTPUYHOrO MONd KOHAEH-
caTopa. Taxk camMo ¥ TArapeub y IMOJIOKEHHI piBHOBaru mMae Mak-
CHMAJIbHY IUBHUAKIiCTE 1 3a iHepuieo npomoBIKye pyxaTHCsi, CTH-
CKalO4YH IPYXKHHY; KiHeTHuyHa eHeprid pyxXy TArapisa IepeTBO-
PIOETHCA B IOTEHIIANBbHY €HEepPrilo Opy:XHHH.
' Konyn cuiya ¢cTpyMy SMEHIIMTBCA A0 HYJIA, 'KOHAEHCATOD BH-.
ABUTHCH NnepesapamxenumMm. Ha BepxHill miracTuHi BUHUKHe Hera-
TUBHHUH 3apfAfN, a Ha HIWKHIA — mnmosuTtuBHHH. fKmio BTpar
eHepril B KOHTYpi HeMae, pisHMIA HMOTeHOiadiB i 3apsax KOHIEH-
caTopa OPiBHIOBATUMYTH INOYATKOBUM, aJie 3 IPOTHJEHHUM
sHaKoM. EJIeKTPpUYHUE CTAH KOHTYPY B L€l MOMEHT IIOKa3aHO Ha
ManwHKY 45, 6. Ilinx wac KonuBaHb TATApPUA ILOMY MOMEHTY
BigmoBimae synmHKa HOro B KpaiHBOMY BEPXHLOMY MOJIOYKEHHI,
KOJIM NMOTeHIliaNbHa eHeprig MaKCHuMAaJbHA.

Hdani KoHAeHcATOp MMOYMHAE 3HOBY PO3SPAMMKATHUCA i1 B KOH-
TYypi BHHUKAE CTPYM 3BOPOTHOrQ HalIpAMY, €HEPrid eJeKTPUYHOIo
[OJIA 3apsA»KeHOro KOHIeHCATOpa 3MEeHIIYEThCH, a MarfiTHOro B
KoTyHmni — 3pocrae. B nmeBHHII MOMEHT 4Yacy KOHJAEHCaTOop po3-
PAOUTHCS, CHJIAa CTPYMY MOOCArHe MaKCHMAJbLHOTO 3HAYEeHHA i
eHepria marditHoro noasa 6yae maxkcuMaabHOO|(Man. 45, 2). Ile
BiZTOBiflac IPOXOJKEHHIO TATApIEM TOJIOMKEeHHS pPiBHOBACH.
ITotriMm cTpyM camoiEAyKIIil sapsag’KaTiMe KOHAEHCATOP, i KOJIH-
"BaJIbHA CHCTeMa IIOBEPHEThCS y BHXinHe moJioykeHHs. [dasi Beck
IIpoIec HOBTOPIOBATHMETHCA 1 B Ko BigbyBaTHMyThCA €JIEKTPO-
MarHiTHi KoJiuBaHHA. 4

Haromnocumo 1e pas, M0 MaKCHMaJbHA eHepris 3 CUfl,
HarpoMaJ:KeHa B KOHZeHcCaTopi, y mnOpoleci KOJHMBaHL Iepe-
TBOPIOETHCH B €HEPrio mMar"iTHoro mojas B KOTYIIIi 5 LI ,;";
OcranHa HaOyBae MAaKCHMaJbLHOI'O 3HAYEHHSA Uepe3 YBepTh Iepiony

micasa mouaTKy posSpAfyKaHHS KOHAeHcaTopa, To6To B MOMEHT,
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KOJH CHJIa CTPYMY B KOJIi MaKcHMaJlbHa. 3a HACTYIHY 4YBEpPThb
nepioay mij yac 3MeHIIEHHS CHJIM CTPYMYy LA eHepris nocrymno-
BO IEpEeTBOPIETLCA B eHeprioo ejnextpuuyHoro nouasa. Ilponec
MepeTBOPEHHA OJHOTO BUJY €eHepril B iHIIUI IMOBTOPIOBATUMETHCH
JOOTH, IMMOKHA B KOJIi BigOyBATHMYTLCA KOJIMBAHHSA.

| 1. Onuuire npomecH, AKi BinGyBaTHCA B KOJHBAJIBHOMY KOHTYPi
micnA Toro, AK oMy Oysno HajaHO IEBHY KiJNBKICTE eJIEKTPHYHOL
edeprii. 2. Ym BigGyBaTHMYTBECH EJIEKTPDOMATHITHI KOJIMBAHHA B
| KOHTYPpi, AKINO HAJATHM €Hepriio KOoTyIIIi iHAYKTUBHOCTi, & He KOH-
| mencaropy? 3. Uu MOKYTh BUHHKHYTH eJIeKTDOMATHITHI KOJMBaH-
HA B KOHTYpi, AKHHA CKJAaJaeThbcs 3 KOHAeHcaTopa i pesucropa?
4. Uu BUHUKHYTH TAKI KOJIMBaHHA B KOHTYPi, AKUI CcKIaJa€EThCA 3
| KoTymKH iHAyKTHBHOCTL i peaucropa? 5. [le 3aocepea;keHa eHepria

il i 1y iR <
Sz 1y mnepioay

| mig 9yac BiIBHMX KOJMBa&HB Y KOHTYPL yepes
| micyisA MOvYATKY POSpAAYKAHHS KOHAeHcaTopa?

§ 22 — PIBHAHHSA TAPMOHIYHHX KOJIMBAHb
¥ KOHTYPI

Mu po3rJasiHyJ M ABHIA B KOJWUBAJbHOMY KOHTYPi 3 AKicHO-
ro 60Ky i mopiBHAJM IX 3 MeXaHIYHMMH KOJMBAHHAMM TATrapls
nig miero npy»xHOI cuau. JIMBOBM>»KHA CXOXKicTh nepebiry esexkr-
pOMAarHiTHHX 1 MeXaHIYHMX KOJMBaHbL BUABJISETHCA B TOMY, IO
AN GisMYHUX BeJIMYMH, AKI XapaKTepHu3yIOTh MeXaHiuHi KOoJIH-
BAHHS, MOXXHa BKas3aTH BeJMUHHHU-aHAJOTH, AKIi XapakKTepHay-
IOTh €JIEKTPOMATHITHI KOJIMBAHHA:

EnekTpoMarHiTHi BeJIJMUYMHH

MexaHiuHI BeJUYUHH

EnexrpuuHuii 3apsag @

Cuia crpymy i = %

HIsmakicTs aMiHM cuan
Al
CTPYMY 3/
Benunuuna, obepHeHa ao
¢ 1
€MHOCTI
IngykTuBHicTe L
Onip R
Eneprisi e1IeKTPUYHOIO NoJaA
2
Q
KOHJIeHCaTOpa ——
A P 2C
Eneprisa maraiTHoro noJss

KOTYIIKH -%— LI?

Koopausara x

; Ax
NIeuakicTe V= “NE
Av

IIpuckopennsa a = Al

sHoperricrs npysxkuau k

Maca rarapusa m
Koedinienr repra
I[TorernianbHa eHeprisa
npy»Hoi nedopmaiii % kx?

KineruuHa eHepria pyxy
TATAPIA - év muv?

63




2
IlopiBaAHHA eHeprii eJIeRTpnqﬂoro Ions -g% 3 NOTeHIialNb-

HOIO enepme:o npy»kHoi medopmanii 5 kxz i eweprii maraiTHOrO
1
noasa —2» Li* 3 KimeTHYHOIO enepmeto T muv? Tarapnsa, sinobpa-

JKeHe Ha MaJIIOHKY 45, HAaITOBXY€E€ HA NPHUIYIIEHH:, L0 i ejleK-
TPOMATHITHI KOJIMBAHHA B KOHTYpi MaioTek BigfyBaTucs 3a rap-
MOHIYHHM 3aKOHOM. IlepekoHaeMocCs B IPaBUIILHOCTL HbOTO IIPH-
OyIeHHA 1 OfHOYACHO BU3HAYMMO IIepio] eJIeKTPOMATHITHHUX KO-
JIUBaHb ¥ KOHTYPi 3 emHicTio C Ta ingykrusHicTiO L.

Y mouarkoBmii MoMmeHT uacy (¢ = 0) 3apsag Ha oBKJIagKax
KOHJEHcATOpAa NOPiBHIOE Q); Iix 4ac po3paAIKaHHsI KOHJEHcaTopa
B KOHTYpPi BHHHKAE €JeKTPHYHHHA CTPYM i, AKHIA BUKJIHUKAaE B

; ; Ai :
korymmni EPC inayknii €;=—L3;. Brigxo 3 sakonom Oma aus
TOBHOTO KOJIA B OGYAB-AKOMY 3aMKHYTOMY KOHTYDi cyMa cmanis
Hanpyr aopisHioe cymi EPC, aki gioTs y nkomy KoHTYpPi. B na-
HOMY BUINIAAKY CIaa Hanpyru Ha omopi R popisumoe iR, a Ha
KOHJAeHcaTOpi —U=—g—- €nunoo EPC y xourypi 6yne 6,- Oraxe,
PiBHAHHA AJA IIpolleciB y KOHTYpi Take:

~LE=ir+ 4. (22.1)

- AQ _ "
BpaxoByiouu, 1o i= altlino = =@, a A1t1—:r:10 = =Q", nicranemo

nudepeHianbHe PiBHAHHS KOJHWBaHL 3apAny @ y KOHTYpIi:
—LQ"=Q’R+%, abo Q" + Q’ +————O. (22.2)

¥V nmaHOMY KOJHMBAJBLHOMY KOHTYpPi soBHimmsa EPC Bl,ncy'rm:,
TOMY POSTJSAAYBAHI KOJNMBAHHA € BiIbHUMH.

Posp’asaHHdA piBHAHHA (22.2) y 3arajibHOMY BHIVIALL, TOGTO
3HAXOMMKEHHA 3aJIeKHOCTI 3HAYEHHS 3apAAY BijJ 4acy, CTAHOBUTH
meBHi TpyaHoii.' Heo6XiAHOI0 yMOBOIO BHHHKHEHHS B KOHTYPi
KOJHWBaHL € HE3HAYHHH OIip IBOro KOHTYPY, TOMY MOJXHA BBa-
xartu, 1o R = 0. Toni

Q"=-1sQ a6o Q" +1-Q=0. (22.3)

Binomo, mio piBHAHHA TAKOro BHAY OIHCYIOThL rapMOHidHi
KOJUBaHHA (iduuHOl BEJIMUYHUHU, B HAHOMY BUIIANKY €JIEKTPUU-
HOoro 3sapsaay. Came piBHAHHA HasHBalOTL AubdepeHnianbHUM
PiBHAHHAM rapMOHIYHMX KOJHBaHbL. PO3B’A3KOM IIBOrO PiBHAH-
HA € QyHKIia

Q =@, cos (ot + @), (22.4)
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e Qm — aMOJiTyza KoJHBaHb 3apAly KOHAeHcaTopa 3 IHK-
JIIYHOIO YacTOTO

1
Joe '

Yei BenmmuuHM 1 3aKOHOMIipHOCTLI, BCTAHOBJIEHI AJMA rap-
MOHIUHMX KOJMBaHb y Mexawini, sbepirarors cBiil smicr i B enex-
TPOMArHiTHHX KOJMBAHHAX. 30KpeMa, nepioa T KoJaHBaHb,
TO00TO TPUBAJICTE OAHOIO TIOBHOTO KOJHWBAHHSA, MOB’ A3aHUI 3

=

(22.5)

g s § 27 :
LUKJJIIYHOIO YacTOTOIO () BaJEXKHICTIO ® =—F, 3BIAKHK

T——-2m.r‘LC (22.6)

Popmysia A Hepiofy BiNPHMX €IeKTPOMAarHiTHHX KOJH-
BaHb B iJealbHOMY KOJUBAJIBHOMY KOHTYpPi OyJjia TEOPETHYHO BU- .
BefneHa B 1853 p. apraidicekkum ¢disukom B. TomMmcoHm oM i
Ha3UBAETHCSH gbopmy.a:oro Tomcorna. Bora TOKasye, mo nepion kKo-
NMUBAHE 3POCTAE i3 36iNbIIEHHAM €MHOCTI i caMOiHAYKIII KOHTY-

I_Ie IIOSACHIOETBCA THM, L0 IIixg yac 30inblIeHHA IHAYKTUB-
HOCTl KOHTYPY CHJa CTPyMy INoOBiabHimre 3pocrae 3 wacoMm i
nmoBijbHIiNIE cnamae mo HyJas. A uum 6inbma eMHiCTH KOHTYDY,
TUM Oiablie yacy moTpiOGHO AiA mepe3apalKaHHSA KOHAeHcaToOpa.

fAxmo y (22.6) imaykTusricTh, BUMIiproBaTH B TreHpi, a
eMHicTE y hapagax, To nmepiog BUMipOBATUMETHCA B CEKYyHIaX.

Buxoaauwm i3 38’A3KY Mik nmepiogoM KoamBaHb T i 4acTOTOrO
V, BUBHAYMMO BJIACHY YACTOTY KOJHMBAHBL Yy KOHTYpPi:

= = 1
V=5 Sl (22.7)

3 niei opmynau BHAHO, L0 AJSA OTPUMAHHA B KOHTYPi KoJu-
BaHb BHMCOKOlI 4aCTOTH €EMHICTh ¥ iIHAYKTHUBHICTE KOHTYPY MAaiOTh
6yTH XOCTATHBO MAJIMMH.

AprymeHT KocuHyca B (22.4) HasuBawOTh (Pas3oi eNeKTpo-
Mar"HiTHOTO KOJHBaHHA, & KYT ¢ — noiamikoson gasorn. Pasza
KOJMBAHHSA BHBHAYAE C T & H KOJHMBAJBHOIO IpPOIECY, 3HAYECH-
HA 3apANY KOHJEHCATOPA B KOJMBAJILHOMY KOHTYPI B KOXKeH aa-
Hul MoMeHT uacy. Hanpuxknazn, y nesrEuit MOMeHT uacy t, ¢dasa
KOoMuBaHHA Of, + ¢ gopiBHIOE 27, Ile o3Hayae, 1110 B e MOMEHT
yacy sapsajg KOHAeHcaTopa MakcumanasHu# (cos 21 = 1). Axmo B

MOMEHT 4Yacy {, (¢asa ZOopiBHIOE %n, TO @ = ;Qm, TOGTO KOH-
IeHCATOP HAIOJIOBUHY PO3PALUBCH.

Paza Hece B cobi 6ineine BijoMocTeil Ipo KOJIUBAHHS 3aps-
oy, Hi'K, HAIPUKJAZ, 3HAUYEHHS 3apAaAy KOHIeHCcaTopa B IeBHHIH
MOMEHT 4acy. SIKImio 3agaHo 3HA4YEHHA 3apAAy @, MU 3HAEMO,
Hackinbpku sapapxeHuil (abo po3paIKeHUI) KOHAeHCATODP, IPO-
Te HiYoro He 3HAEMO NP0 HANPAM KOJHBAJBHOIO IIPONEecy —
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BiOyBaE€ThCA PO3PAMKAHHA YU 3apAJKaHHA KOHJeHcaTopa. fk-

7
mio 3azaTtu ¢aszy KoauBaHb Wi + @ =%, THM CaMHUM 3aJa€ThbCA
i 3HaueHHs 3apAAy KOHAeHcaTopa @, =g@m , 1 HanpAM KOJIM-

BaJIbHOrO Mpolecy — e 3apAfKaHHA KOHAeHcatopa. Pasa Bifg
3aJaHOr0 MOMEHTY 3pOCTAaTHMe, OTXKe, 3pocTaTuMe i 3HaYeHHA
3apsany. 3HaHHs (dasu gae amory 3a (22.4) obuuciaoBaTH MHUTTEBE
3HAYEHHs 3apAjNy KOHJIeHcaTopa.

Cuna cTpymMy B KOJMBAJBLHOMY KOHTYPL Texx 3AilicHIOE rap-
MOHIYHI KOIMBAHHSA:

i=Q' =-@Q,0sin (ot + ) = I,, cos (wt + @+ %ﬂ) (22.8)

ne I = @, — ammuiTyjia CUJIN CTPYMY.

m

Hanpyra Ha xKoHzeHcaTopi

uc=§=%cos(wt+(p)=[}m cos (ot + ¢), (22.9)
ne U, :Q—C’f’ — aMIuUIiTyja Hanpyri.

3 (22.8) i (22.9) BUXOAUTH, IO KOJUBAHHA CHUJIA CTPyMY I
BUIEpPEKAaOTE 3a (pa30i0 KOJIMBAHHA 3apaAy @ i Hanpyru u Ha
1 1, T06TO KONMM cUja CTPYMY AOCATa€ MAKCUMAaJbHOrO 3HAYEH-

Ha I , 3apajn @ i manpyra u NepeTBOPIOIOTHCA HA HYJb i HaBna-
ku. lleii 38’ A30K MU BCTAHOBUJIM OiJ yac po3raany HOCIIJOBHHMX
cTaZifl KOJIMBAJIBHOTO TIpPOUecy i Ha OCHOBI MipKyBaHb.

1. flky pons BifirpaloTs iHAYKTHUBHICTE i EMHICTE Yy KOJHUBAJIBHOMY
koHTypi? 2. Bixg Yoro 3aieXuUTh Nepiol BiTbHUX eJIEKTPOMarHiTHUX
KOJIMBAaHE V¥ KOHTYDPi? 3. UnM 3aMiHMTECA 4ACTOTA eJIeKTPOMAaTHITHHX
KOJIMBaAHL y KOHTYPi, fAKINO B KOTYILIKY BBECTH 3aJIi3HMH crep-
JKeHb? AKINO 30inbmIMTH BiAcTaHR MiXK INacCTHHAMH KOHJAEHCATO-
pa? 4. dx 3p’A3aHi aMOJITYM KOJMBAHHA 3apAAy i CHMIM CTPyMY
mif; yac pospAIYKaHHS KOHAEHCATOPA Yepe3 KOTYIIKY?

Bupasa 6

1. ITapamMeTpy ABOX KOJMBaJIBbHUX KOHTYpiB C, = 1,6-10' P,
L,=5-10°TuiC,=10" P, L,=4-10"° I'n. Sk caix aminutn emuicrs
C,, mo6 HACTPOITU KOHTYPU B pe3oHAaHC?

2. YVBiMKHYTHH Yy KOJWBAJBHHMH KOHTYD KOHJEHCATOD 3al0BHHJIH
AieJIeKTPUKOM 3 [AieJleKTPHYHOI NMPOHMKHIicTIO £= 4. ¥V ckinbku pasis
3MiHHJIACH YACTOTA BJACHMX KOJINBAHBL KOHTYPY?

3. KoamBaJbHMH KOHTYP MICTHTB KOTYLIKY IHAYKTHBHIiCTIO
L = 10" T i KoHIeHcaTop, €MHICTH AKOro MOKHAa 3MiHIOBaATH Bij
C,=10"® g0 C, = 4-10 '° ®. AxTHBHUI ONip KOHTYPY AyKe Masuii.
B siKMX MeyaxX MOKe 3MiHIOBaTHUCs OepioJ KOJIWBaHb KOHTYpY?
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4. KonuBalbHHUII KOHTYD CKJAMAETHLCH 3 KOTYIIKHM iIHAYKTHBHICTIO
L =4-10" I'n i KoHAaeHcaTopa eJleKTpoeMHicrio C = 4-10 "' &, Bu-
3HAUYTe aMIJIiTyAHe 3HaUeHHA CHJIU CTPYMY B KDHTypl AKIIO aMnaiTyn-
He 3HavyenHsa nanpyru U, = 100 B.

5. SIK BIUIMHe HA BiNBHI eJeKTPOMAT'HITHI KOJIMBAHHA B KOHTYPI
30iNbIIEHHA AKTHBHOI'O ONOPY KOTYIIKH NPH HE3MIHHHX PelITH rapa-
meTpiB?

§ 28 — 3ATYXAHKYI EJIEKTPOMATHITHI KOJIMBAHHS.
ABTOKOJIHBAHHSA

BinbHi KOnMMBaHHS, PO3IJIAHYTI B ronepenHix naparpadax, €
[IeBHOIO izeajiizaiiieio. PealbHHMA KONMMBAJIBHHUH KOHTYD 3aBXAU
YMHUTHL NEBHHUH OIip eJleKTpH4YHOMY cTpymoBi. Tomy uacTuHa
HajaHOol KOHTYpPY eHeprii OeanepepBHO IIePETBOPHETHCH VY
BHYTPINIHIO eHeprixo nposBoAiB. fpiM Toro, sIK MH mnisHime
nisHaeMocCs, YyacTHMHA eHeprii BUNPOMiHIOETBCA B HABKOJHIIHIN
npoctip. Ile odHauae, 1110 BibHI eJleKTPOMATrHITHI KOJIUBAHHA B
KOHTYPiI NPaKTHYHO 3aBXIU € 3arTyxaloduMu. Yum OGinbmui
omip KOHTYpPY, THUM INBUAIIE BinbyBaeTbca 3aTyxaHHA. JKIIo
OIlip KOHTYPY OYyXKe BeJIHNKHI, KOJIMBAHHA MOXXYTh 1 He BUHHK-
HYTH — KOHAEHCATOD PO3PANHUTLCHA, a HNepe3apAlXaHHA HOro He
BigOynerbcd.

3 MeTOl TexXHiYHOro BUKOPHCTAHHSA eJeKTPOMAarHITHHUX KO-
JUBaHb HeoOXimHO, mod Il KoJauBaHHIA iCHyBaJIlQ‘TpHBaJIHﬁ qac,
To6TO0 moTPiOHO 3poburTm Ix HezaryxawdyuMu. Jaa nboro
eHepriw, AKy BTpayae KOHTYP, CJiJl yBech Yac IIOIOBHIOBATH BiJ
nmobiuHoro Axkepesa. 3 MoAiOHOIO 3aga4dyelo BM Byke 3ycTpivanucs,
KOJIM PpO3rasAgagyd crnocobM OTpPUMAaAHHSA He3aTyXalodux Me-
XaHIYHHUX KOJIMBaHB.

IILo6 micraTy Heszaryxalui eleKTPOMArHiITHI KOJHUBaHHA, [10-
CTATHHBO Y KOJUBAJBbHHUH KOHTYP YVBIMKHYTH [KepeJsio 3MiHHOI
EPC. BoHa BUKJIMKaATHMe B KOHTYPi BUMYIIIeH1 KOJIUBaHHA 3aps-
Ay (cuayu cTpyMy i HAOPyru) 3 4acTOTOIO, 10 AOPiBHIOE YACTOTI
smin EPC mxepesa. Ilig uac BUMYyIlIeHHMX KOJMBaHBL €Heprisa
MiABOAUTECA A0 KOHTYPY OGeanepepBHO, BHACJIILOK YOro Ii KOJIH-
BaHHsS He saryxaioTb. Take myxkepesio aminnoi EPC, ake minrpu-
My€ He3aTyXamwdi eJIeKTPOMATHiTHI KOJHBaHHA B peaJIbHOMY
KOHTYPi, HA3UBAIOTh Z€HEPAMOPOM EJeKMPOMAZHIMHUX KOJLU-
GAHD.

Oco61MBO BaXKJIMBI 1 NIMPOKO B3KUBaHI Tak 3BaHl eleKTpO-
MAarHiTHI AaBTOKOJIMBAHHA — He3aTyxaloudi KOJMWBaAHHA, SAKIi
oigTpuMyIOTBCA B KOJHUBaJBHIN cmcreMi He 3a paxyHOK
epiogMyYHOro 30BHILIHBLOrO BILJIMBY, 4 B pPe3yJibTaTi 3ZaTHOCTI
KOJIMBAJIBHOI CHMCTEMHY caMiil peryJiloBaTH HaAXOMMKEeHHHA eHepril
BiJl moCTiMHOro 30BHILUHBOrO MKepeja. Taki cucremMu Ha3uBa-
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IOTBCA asmokxoausaibHumu. ‘Jlobpe BigoMMM BaM NOPHUKJIAIOM
MexaHiYyHOl aBTOKOJUBAJIBHOL CHCTEMU € 3BHYAHHHUN IOJHHHUK
3 MasATHUKOM.

B aBTOKONMUBAJIBHUX CHCTeMaX He3aTyxardi egexkTpuuHi
KOJIMBAHHA BUHHMKAIOTH Nin aiero mnpouneciB, ski BiabGyBarmoTbscs
BCcepenuHi cucremMu, i auas ix nigrTpuMaHHA He HOTPIOHO MKOTHHUX
30BHimIHiIX BoiaupiB. Jlo cKIagy aBTOKOJHUBAJIBHUX CUCTEM
BXOAUTH JIXKepeJyio eHeprii, JoCcTaTHBO eHepromicrke, 1obd BrpaTu
eHepril 3a KiJibKa KOJIMBaHbL Oy M 3HAYHO MEHIIMMHU 34 [OBHUH
3amac eHepril mxepena. ¥ BUOAAKY €JeKTPUYHHUX ABTOKOJIMBaAHb
TAKHAM JKepejoM MoOXxe OYyTH akymyJasaTopHa Oarapea 4u iHIne
AXKepeJio EP€. 1le myxepesio nepioguyYHO BMHUKAETLCH CAMOIO CH-
CTEeMOIO i B Hel BBOAUTHCS II€BHA €Heprisg, mob KOMIIeHCYBATH
BTPATH Ha HarpiBaHHA NPOBiAHUKIB. ¥V peayabTaTi KoJluBaHHA
CTalOTH HE3aTyXal4YNMH.

OcKiTbKM KOJMBAHHA B aBTOKOJIMBAJIBHUX CHCTEMaX BCTAHOB-
JIOIOTHCA MiJ BIJIMBOM MpoOmeciB, AKi BinmOyBawThCA BCepeaHHIi
CHCTEMH, BOHH BHHHKAIOTh CAMOYHMHHO (caMo30ym»KeHHA), IIijg
Ji€0 BHOAJKOBHUX MAaJIUX BIIJIMBiIB, fAKi BUBOOATH CHCTEMY 3
piBHOBarvn. BuHMKAaoO4i Mani KOJMBAHHSA CAMOYMHHO HapocTa-
I0Th, 1 BpeIITi-pemiT y CHCTEM1 BCTAaHOBJIOIOTBCA KOJIMBaHHA,
BJIACTHBOCTI sIKUX (4acrora, aMmJiiTyzna, ¢asa Tomo) BU3HAYA-
IOTBCA BJACTHUBOCTAMH CaMOl CHCTEMH 1 He 3aJjieKaTh B Iodar-
KOBUX yMOB. [luM aBTOKOJWBAHHA IMPHUHIMIIOBO BiApi3HAIOTHCA
BiJi BUMYIIEHHUX eJIEKTPOMATHITHUX KOJHBaHb, 4YacTOTa SAKHUX
3biraerbpcsa 3 yacroroo 30BHimHBOI EPC, a amnuityna konuBaHb
sajiexxuTh Big ammurityau niei EPC.

§ 24  T'EHEPATOP HE3ATYXAIOYHX KOJHUBAHb

EneKTpu4YHiI aBTOKOJIMBAJIbHLI CUCTEMH HAJ3BUYAMHO IIUPOKO
BHKQPHUCTOBYIOTHBCA B Cy4YacHil TexXHIiOl mas omep:kaHHA He3aTy-
Xal4dHUX EJEeKTPOMarHiTHHX KOJHMUBaHb BHUCOKOI uacroTtu. IlpuH-
OHAI Oii X CHCTEM 3HAYHOIO Mipoio 30iraeThbcsAa 3 OPUHITAIIOM il
MeXaHIYHUX aBTOKOJHBAJIBHUX cHcTeM. EjleKTpUYHA aBTOKOJIU-
BaJIbHA CHCTEMa MICTUTh KOJHBAJILBHHUHA KOHTYP, HOiJicHaoBay
KOJINBAHb knmepe.no esleKTpHYHOI eHeprii (baraperw). Mix Koau-
BAJILHUM KOHTYPOM 1 mificHiIloBayeM MAae€ iCHyBATH 3BOPOTHHM
3B’SAA30K — KOJIMBAHHSA 3 KOHTYPY HepeaalTbcsa y MifgcHJIIOBAY,
MiZICUJIIOIOTECH 3a paxyHOK /JiKepeJsa eHeprii i moBepramThCciA
Hasan y Ko.nuaa,uhﬂni’i KOHTYP. llyyke BaxJINBO, o0 KOJIMBAHHA,
AKi mepemalThCA Big migcuiapBada B KOHTYP, 30iranmcsa aza
$a3010 3 KOJMBAHHAMM Yy CAMOMY KOHTYPi.

Icaye 6araTo aBTOKOJMBAJIBHUX CHCTEM SK 3 €J€KTPOHHHMMH
JjaMIiaM¥, Taxk i 3 TpaH3uctropamu. Ha manioHky 46 nokasaHo
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Mas. 46

CIIPOIIEHY CXeMy eJIeKTPH4YHOI AaBTOKOJHBAJBHOI CHCTEMH —
aBTOreHepaTopa eJeKTPOMATHITHHX KOJHMBAHb Ha TPaAH3MCTOPi.
KomuBanbanii kKoHTYp LC npueaHaHHWH ' OO O2Kepesia MHocTiiHOI
EPC noesnigosuo 3 rpaHaucropoMm. B emiTep — 6asoBe koJyio TpaH-
3UCTOpa — IpPUEAHAHA KOTYmIKa L  , IHAYKTUBHO IIOB’si3aHAa 3
KOJMBAJIBHUM KOHTYpoM. Ili0 KOTYHIIKY HA3MBAIOTh KOMYULKOIO
3gopomnozo 36’asrky. IlapasenrHO KOJHBAJIBHOMY KOHTYPY
VBIMKHYTHHM e€JIeKTPOHHHHM ocumiorpad AJsf cCcIOCTepeKeHHH
€JICKTPOMATHITHUX KOJIMBaHb. ['eHepaTop >XWBUTBLCSA BiJ ayKepeJia
NOCTiifHOI HAaNpyru.

Ilpauioe aBTOoreHeparop Ha TpaHsuctropi tak. Ilig uac BMmu-
KaHHA JJKepeJja JKUBJIEHHA 4Yepe3 TPaH3UCTOP MIPOXOAHMTH
IMOyJabC CTPYMY i, AKHIN 3apaaKac KOHIEHCATODP KOHTYpPY. B pe-
3yJAbTATI B KOJIMBAJTBHOMY KOHTYPiI BUHHMKAIOTH BiJbHI eJeKTpo-
MardiTHi xkoauBaHHsA. 3MIHHMHA CTPYM, HOPOXOAAYH KOTYIIKOKO
KOHTYPY, IHAYKY€ Ha KIHIAX KOTYIIKH 3BOPOTHOro 3B A3KY
3MiHHY Hanpyry u, (man. 47, a). s manpyra moaa€Tbcsi Ha
‘emiTepHHMI nepexin TpaHsucTopa. BHacaiok nporo depes TpaH-
3UCTOP NOPOXOAATH IMIOYJbCH CHJH CTPYMY, TPHBAJICTh AKHX
3aJIe’KUTh Bing pesxkumy poboru rpaHsucropa. Ha manwsky 47, 6
IIOKAa3aHi iMOyJabCcHM CHJIM CTPYMY, #AKI TpUBalOTh IIPOTAIrOM
IiBrepioay reHepoBaHUX KOJIMBaHb. ¥ IEepPILIMH HmiBnepiox KoJu-
BAaHHfA, KOJIM eMiTepHHH IepexiJi BMHKaETHLCA B IIPOXiJHOMY
HampsMi, B KOJIEKTOPHOMY KOJII TpaH3uUcTOpa HAe cTpyM. 3a
HanpsMoM BiH 306iraerbcs 3i cTpymMoM y KOTyIULi KOHTYpPY. B
pe3yJbTari cujla CTPYMY B KOTyUIIl Hapoctae i BiabyBaerbcs
nisapaaka KOHZeHcaTopa, TOOTO KOMIEHCYIOTHBCS BTPaTH
eHepril B KOHTYpi.

Y HacTynHHH HDiBOepioZ, KOJH CTPYM V KOHTYpPi 3MiHMTE HAa-
IIpAM, Ha eMiTePHHMI IlepexiJ TpaH3MCTOpa 3 KOTYIIIKH 3BOPOTHO-
ro 3B’sI3Ky HNOZAETHLCS HANPYra IIPOTHJEXHOro sHaxky. Emirtep-
HUI nepexiJi BMUKAETECA B 3allipDHOMY HAaIIpAMi, 10 IPU3BOAUTEH
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Man. 47 - x

A0 3HUKHEHHS CTPYMY B KOJIEKTOpPi, TOOTO A0 3aKPUTTA TpPaH3U-
cropa. KonupanpHHI KOHTYpP lIpoTAromMm mniBnepiony =Bixn'en-
HYETBCA Bij nrkepesia HANPYIrH.

VY uHacTynHHUiIl niBmepioa mpoilec NoBTOPHEThCA. TakKUM uu-
HOM, pOJb TPaH3UCTOPa 3BOAMTHLCA N0 BMHUKAHHA i BUMHKaAHHHA
JKepeJsa MOCTiMHOI HanpyrM, 3a paxXyHOK eHepril sSKOoro y KoH-
TYPli HOiATPUMMYIOTBCS He3aTyXarwdi KoJysmMBaHHA. Ha majlroHKyY
47, 8 3auITPpUXOBAHI IUIONII TPOMNOPILiiiHI eHeprii, ska HaAAXO-
JAUTH Y KOHTYP 3a KOXK€H IepiojJ KOJIHMBaHb.

Moske 3naTucs, 0 3 KOMKHUM MepioJioM aMILTiTy/la KOJH-
BaHb B KOHTYpi 3pocratume HecKiHueHHo. Tak 6m BoHO i Oyuo,
Akbn cuya ctpymy emirepa morsa 0eamMesxkHO 3pocTarw y pa3si
30inbIIEHHA HaNpyry Ha emitepHomy rnepexoni. IIpore
BHACJIIJOK HACWUYEHHs B TPAaH3HCTOPI aMmIiTyJla KOJWBaHbL He
MOKe 3pOCTATH N0 HEeCKIHYEeHHOCTi, BCTAHOBUTHLCH 1iJIKOM ITeBHe
il 3HaYeHHA AJs AAaHOr0 pexXuMy pobOTH reHeparopa. AMIIITY-
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[ia aBTOKOJIMBAHBb IOBHICTIO BU3HAYAETHCA NgpPaMeTPAMH ABTOKO-
JIMBAJIBHOL CUCTEMHM.

,[Ilo6 kKonmBaHHS, AKi MOYASIMCA B KOHTYPI micasa 3aMUKaH-
Hfi KOJIEKTOPHOI'O KOJia, INEepeTBOPUJIHMCA B HesaTyxaioui, He-
0b6xinHO, 06 y KoJi emiTepa KonuBaHHA 36iranucsa 3a ¢asorw 3
KOJNUBAHHSAMH B KOHTYpPi. AJ»Ke BOHH MOYKYTb BHABUTUCH i B
nporudasi i Togli aBTOKOJIMBAHHS HE BUHHKHYTS.

I'emepaTopu HesaTyxalO4YHX KOJHBaHb HAa TPAH3UCTOPAX
HafiiHi B poboTti, maloTk Bucoknii KK]l, Mo»XyThs npamnoBaTH Bifg
MAaJIONOTYKHUX JKepeJl KHUBJEHHsS 3a HaJ3BHUYAMHO HU3BKHX
HANpyr Ha Ro.nex-mpi [a0Th 3MOTYy IIMPOKO BaApilBaTH qac'ro'ry,
iHTeHCHBHiCTB i GOPMY KOJIMBaHb.

? 1. HakpeciniThs cXeMy TPAHSMCTOPHOI'O ABTOTE€HEPATOPA i MOSCHITH
OPUHIMIO YTBOPDEHHS B HHOMY HE3ATYXalOuMX KOJHMBaHb. 2. ARy
poab Biflirpae TpaH3WCTOP YV cxXeMi reHeparopa?

§ ‘25’—— BUMYIIEHI EJIEKTPOMATHITHI KOJIUBAHHS.
3MIHHUHU CTPYM

BinbHiI ejleKTpOMArHiTHI KOJIMBAHHA 3aBXXM 3aTyXalOoTh 3a
TOM YK iHIUMH Yyac i TOMy Ay’Ke PilKo 3aCTOCOBYIOTHCSH HA ITpakK-
tuni. Hezaryxarmoui konuBaHHA, AKI MOXKYTh TPUBATH AK 3aBrO/-
HO JOBro, HABIIAKH, JicTany BeJin4Ye3He NPAKTUYHE 3ACTOCYBAaH-
Hs. 3 O4HHUM ciocoboM 30y KeHHA B KOJIi He3aTyXalduX eJIeKT-
POMAar”HiTHUX KOJHBaHb, TAaK 3BAHUX AaBTOKOJHBaHb, BH BXKe
osHaiomuMcs. He mMeHII Ba)KjauBe 3HaYeHHA V TeXHili MaoTh
KOJIMBAHHA, LI0 BUHUKAIOTL nijg nieo sosBHimHEBOI EPC, aka
nepiojM4yHO 3MIHIOETHCH.

Taki HesaTyxawudi KOJMBaAaHHS HA3UBAIOTHCS BUMYLULEHUMU
eNeKMpPOMAZHIMHUMU KOJAUBAHHAMU.

[IpukJIazgoM BHUMYIIEHHX e€JeKTPOMATHITHHX KOJHBaHb €
3BUYAWHWN 3MIHHUH CTPyM, AKHA NIMPOKO 3aCTOCOBYETBHCH IJIS
ocBiT/IeHHA, IPHUBEJIEHHA B DyX BepcTaTiB, MexaHidMmiB i malmuH.
SAximo enexTpuuHe KoJIo mig’eaHaru no mxkepena smiraoi EPC,
Ha eJIeKTPOHM B MNPOBiAHWUKY AifAsTHMMe 3MiHHa cwuiaa, mig giero
fAKO1 BOHHM TIOYHYTH nepemimjatucsa. IIpu npomMy pyx eJeKTPOHIB
TOYHO nmoBTOpIoE xapakTrep amin EPC. 3minnuii cTpym — e no
CYTi BUMVIIEHI KOJIMBAHHSA €JeKTPUUYHHUX 3apSAAiB V IIPOBIAHUKY
nig giero npukaageHoli amiaaol EPC.

3MiHHUMII CTPYM 3a XapakKTepoM 3MiH CHJIHM CTPYMY MOKe
Oyru Ha¥pisHOoMaHiTHimuM. Haiibinbin BaXJIMBUMK € CTPYMH,
CcHJla AKUX 3MIHIOETBCSA 3a apMOHIYHMM 3aKOHOM, To6TO 3a 3a-
KOHOM cHHyca uyu KocuHyca. Came Taki 3MiHHI cTpyMH Bupobada-
I0Th F'eHePATOPH HA eJeKTPOCTAHILiAX, 3 TAKMMHU CTPyMaMH B
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faraTbox BUIOAIKaX HJOBOAHUTHCA MAaTH cnpahy B pajgioTexHimi.
Tomy Hamani BUBYATHMEMO JIMIIe TaKi 3MiHHI cTpyMHn.

Idna opepkaHHA B KOJII 3MiHHOro crTpymy, CHJa HAKOro
3MIHIOETHECA CHHYCOIZAJNBHO, HEOOXiJHO YBIMKHYTH B KOJIO I3Ke-
peno EPC, saka mnepioguyHo 3MIiHIOETBCA CHHYCOIZAJbHO!:
6 = 6, sin ot, ne 6, — amnuitynse snadvessa EPC, ® — nuxiiu-
Ha yactora aminsol EPC.

PosrnsHemMo 3BUYAMHHI croci® omepKaHHA CHHYCOILAJbHOI
EPC, sakuii BHUKODHUCTOBYETHLCA B TexHini agusa sBupobiieHHs
3MIHHOTO eJIeKTPpUYHOro ctpymy. Ilnockuit NMpAMOKYTHHH KOH-
Typ (pamka) obepraeTrbcsa HaBkoso oci O0’, nepneHOUKYJIAPHOIL
no JiHi# imayknii marmiTaoro noas (mas. 48). Hexait maruiTae

n o

YYVY

Maun. 48

noJyie € OmHOpPigHWMM: iHAYKOiA B =const i KOHTYp o0epTaeTnbecs
PiBHOMipHO 3 KYTOBOIO INBHAKicTIO ® = const. Toai mMaraiTHMI
notik @, AKUHA NPOHU3YE KOHTYP y OyIAb-AKWH MOMEHT .4yacy t,
AOpPiBHIOBATHME:

& = BS cos ¢ = BS cos wt,

ne S — mioma, obMexxkeHa KOHTYPOM, a (¢ = Wt — KYT IOBOPOTY
KOHTYDPY, SIKMi BifJiuyeTbcs BiJl HOYATKOBOIO IOJIOKEHHS KOH-
TYpPY, 3a axoro BLS.

ITig yac obepraHHA KOHTYPY HOTiK @ nepiogudyHo 3MiHIOE-
ThCsA. ¥ 3B S3KY 3 MM y KOHTYPi BUHHUKAE NepiogUYHO 3MiHHA
EPC ingykiiii, Aka, 3rifHO 3 3aKOHOM eJIEKTPOMArHiTHOI 1HAVK-
il gopiBHIOE:

- &= lim (—%):@* = —(BS cos ot) = BSw sin ot ,
ockinbkM (cos wt)' = — sin wt.

MaxkcumanbHe 3HauyeHHA uLiei HEPC, sake Hacrae pas
sin ot = 1, nopisHoe ¢ = BS®, Tomy
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6, =6, sin of. (25.1)

OTsxe, KOJM B OAHOPilHOMY MarHiTHOMY moJji piBHOMipHO
obepraerbCcsa NPOBIAHUN KOHTYD, B HbOMY 30YIKYETHCA €JIEKTPO-
pviriiiga cuija, AKa 3MIHIOEThCA 3a 3aKOHOM cuHyca. Ilig gac
3aMHUKaHHA OO0 KOHTYPY HAa 30BHIIIHE KOJIO, B KOJi HTHMe
CHHYCOIJIaJIbHUM 3MiIHHHUN CTPpyM

E=%=%Sin(mt + ) = I,,, sin (ot + @),
ne I, = _R_ — MaKcHUMaJIbHe 3HAYEeHHSA CHJIM CTPYyMy B KoJai, R —
AKTHBHHH OIIip KOHTYPY i 30BHIiIIHLOI YacTHHHN KoJa, () — 3CYB

daszu mixk kKonuBaHHAMH cuau crpymy i EPC.: TIpuynHM BUHUK-
HEeHHA 3CyBY (a3 posrisHeMo nisHime.

3MiHHUII CTpYyM € rapMOHIYHMM KOJIMBAHHAM, TOMY HAa3BH
XapaKTepPUCTHK MEeXaHIiYHOro KOJMBaJBHOro mnpouecy 3bepira-
I0TbCA 1 38 XapaKTepUCTUKAMHU 3MiHHOro crpymy. A came: ¢ Ha-
3UBAETHCA AMILTITYNOI0 eJeKTpopymiiinoi cunm, I — amiuii-
TYAOK CUJH CTPYMYy, O — KOJOBOIO (IMKJIYHOI) YacTOTOIO,

wt — (aso cTpyMmy. ‘8MiHHHI CTPYM XapaKTepHU3yEThCA TAKOMXK

nepiogom T i 4acTOTOIO CTPYyMy V — NPHYIOMY O = 2?"= 2nv.

Bupasa 7

1. Murrese snauenHa EPC cunycoiganbHOro crpymy ans ¢asu 60"
craoBuTh 120 B. Busnaure amnuiTynae aaauvedia EPC. B nouaTkoBuii
momeHT 6, = 0. )

2. AwmnnitTyma cuam smimsoro crpymy I, = 20 ™A, uacrora

= 103 I'm;. BusHauTe MHUTTEBe 3HAUEHHA CHJIM CTpyMy depes £ = 1074 ¢
Big fioro HyJkOBOro 3Ha4YeHHsA. B mouarxkoeuii moment I, = O.

3. EPC amimsHOro crpymy 3agaHa piBasaEaM 6 = 100 sin 20mnt.
3HaiiTe MakcuMasibHe 3HaueHHA EPC, 11 sHauenns ansa dasu %‘E » da-
CTOTY ¥ Iepion cTpyMmy.

$i26l— rEHEPATOP 3MIHHOI'O CTPYMY

- PoarasinyTuili y nomepegHboMy maparpadi npuBHDMI onep-
sxagHA EPC mexXuTp B OCHOBiI OymoBH OijgbmrocTi TexHiYHMX
iHAYKOifHUX reHepaTopiB 3MiHHOrO CTPyMYy. Axmro BUTOK, 3006-
pa)KeHHII Ha MAaIOHKY 48, pospixxemo i KiHOi ¥oro 3’egHaeMo 3
KiHIAMM 30BHIIIHBOTO KOJA 34 MJOIIOMOI'0OX ABOX i30JIbOBAHMX
OJlHe BiJ OOHOI0 Kijenb, AKMMH KOB3aIOTh LIITKH 30BHIIIHBOIO
rona (Man. 49), micraHemMo cxeMy HaHWnpocrimoro reHeparopa.
3oymyxyBaHi B nocainoeHo 3’enHaHux BuTKax EPC moparorhesd.
Tomy nnsa oxep:xanHHA Beaukol EPC ylnpowncnoanx regeparo-
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Maun. 49

pax KOHTYpP, AKMH 00epTaeTbCA Y MATHITHOMY IIOJIi, CKJIAXalTh
3 TOCJiZOBHO 3’€JHAHUX BUTKIB JpoTy, HamoTaHOro Ha ¢epo-
marHiTHe ocepas., Toxi EPC, sbymixkena y Takomy reHeparopi,
OOPiBHIOE

6, = nBSw sin wt. (26.1)

Icaye ©Oarato pisHMX THOIB IHAYVKIOIHHHUX TIeHepaTopis.
OpgHaKk MM He PO3IJIsSJaTHMeMO geTaJsi I1X KOHCTPYKIii, a obme-
KUMOCH JIMIIle NpUHIUNaMu ix 6ynosu. [Koxxen renmeparop ckia-
JaeTbCs 3 [ABOX OCHOBHHX YacTHUH: eJjeKTpomarsHity (abo
MNOCTiHHOTO MATrHITY), AKHH CTBOPIOE MATHITHE IoJjie, i 0OMOTKH
B fAKil inaykyerbesa aminHa EPC (y posrasinyTiit Ha MalioHKY 49
cxeMmi reHeparopa 1e obeproBa pamka).

Iz (26.1) BugeOo, mo paaa 30inemieHEa EPC HeobxigHO
30inmpuaryBaTi MarHiTHmE norik & yepes BuTKH. Tomy marmitTay
CHCTEMY reHepaTopiB pOﬁJ[ﬂTb Maiixe 3aMKHYTOK, TaKOl, IO
CKJAZa€eEThbCA 3 MOBOX 3aJiBHUX oOcepib: 30BHIUIHBOIO *KiJlbIle-
noai6HOro HEepyXOoMOro i BHYTPIIHBOrO 00epTOBOTO ocepas, a
NOBiTPAHHMI 3a430p Mi»X HHMMH JOJOBOAATHL MO0 MiHIMaJIbHHUX
poamipiB. I'emepaTop mMae, AK npaBuiao, ABI OOMOTKH, OJHaA 3
AKHX pPO3MIIIYETBCA B Haszax HePyXoMoro ocepas (cratopa) 3
BHYTpimIELOro GOKy, a JApyra poaMmimieHa B nasax obepToBoro
ocepasa (poropa). OagHa 3 06MOTOK BHKOPHCTOBYETHCSH [AJIsA CTBO-
PeHHA MAaTrHITHOrO IOJIA, a8 Apyra € pobo4Yorw oOMOTKOIO, B AKiH
innykyersca sminaa EPC.

¥ poarnaHyTiél BuIine cxemi reHeparopa (guB. maJj. 49) poro-
pom (mionpasza, 0e3 3ajidHOro ocepjisi) Oyjga ApoTsAHA paMKa.
MarxmiTHe mOJIe CTBOPIOBAJIOCA HEPYXOMHM IIOCTiHHMM MarsHi-
TOM — CTATOPOM. 3pPO3yMiJo, IO MOXXHAa 3poOUTH ¥ HaBIaKU —
obepra™ MAarHit, a paMKy 3aJIMIIUTH HEPYXOMOIO. ¥ BEJIHMKHX
cydyacHUX reHepartopax obepraeTbcsa caMe eJIeKTPOMAarHiT, AKHH
€ pOTOpPOM, TOAi AK OOMOTKH, B AKMX 30ymxkyerbca EPC, Brkna-
OeHi B maszax craTopa i 3aJunIaloThCa HEPYXOMHMH.
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Ha wmanoaky 50 nokasana wmar"iTHa
cucTeMa Cyd4yacHOro reHeparopa 3MiHHOro
crpymMmy. B nunisapu4yHiil NOpoKHUHI cra-
TOpAa, BUIOTOBJIEHOrO i3 crenianbHOI eneKT-
porexHiuHol crasi, obepraeTsca MOCTINHMI
Martgir (y —-MAaJONOTYKHHX TIeHepaTopax)
abo emxexkTpoMarHit (v moty»XHHUx). OdoMmor-
Ka, B fAKi#A 30ymkyereca EPC ingykmii,
BKJIAJAAETHCA Y BUIJIAAL [IOCJIZOBHO 3’ egHAa-
HUX PaMOK Yy cHeliaJbHiI Iasm craropa.
Ilpuyomy mMarsiTHa cucrema reHeparopa
KOHCTPYIOEThCA TakK, 100 nig yac obepraH-
Hf eJIeKTPOMATHITY IHAYKIIIf MArHiTHOro noJis 3MiHIOBalacsa 3a
sakoHOM B = B cos @, ge ¢ = Wt — KyT, yTBOpeHUH BeKTOpoMm B
3 naomuHOK pamMku. Toai B pamni s36ymxyersca EPC iggykmii
$, = 0BS sin of.

Hwunri Hanarom»xeHo BHUPOOHUIITBO CydYacHUX reHepaTopiB
3amiHHOro crpymy moryxkHictio 200, 300, 500 i 800 MBT.

2

r

1. fAxwuit npaEonun pobGoTH reHepaTopiB aMiaHOro crpymy? 2. Axum
YHHOM aoﬁmmboa sbinemenna EPC imgyxkmii 8 o6MmoTui crato-
( HITh BAHUKHEHHA B nepyxom obmorkax craropa EPC

§ 27— N110Y1 3BHAYEHHSA HAIIPYTH
I CHJIA CTPYMY

Y Koyii 3MiHHOro CHHYCOLZAJILHOIO CTPYMY Hampyra i cuia
CTPYMY Bechb Yac 3MiHIOIOThCA. BHHAKae muTaHHA, AKe 3HAYEH-
HA CHJIM CTPYMY YHM HAOPYIrd OPUHHATH 3a XapaKTePHUCTHUKY IIbO-
ro ctpymy. CepenHi 3HAUE€HHS CHJIM CTPYMY 1 HAanpyru 3a mepion
JOPIiBHIOIOTE HYJII 1 He MOMXKYyTh OyTH 1X XapaKTEepHCTHKaMH.
MosxHa, 3BU4aHO, KOPUCTYBATHCA aMILUIITYIHUMHA 3HAYEHHAMH,
aJjie 3 pAAY MipKyBaHB B eJIeKTPOTeXHinl i pagiorexHini kopucry-
IOTbCA NepeBa*KHO He aMIUIITYJHUMH 3HAYEHHSAMM CHUJIX CTPYMY
i maopyru, a Tak 3BaHuMu Jdirouumu. O3zHaioMuMoca 3 JaHHUMH
ODOHATTAMHU 1 BCTAHOBHMO 3B’A30K MiX AilOUMMH ¥ aMILIiTYIHH-
MH 3HauyeHHAMH. HajiigpyuHimme 1e 3po6uTu, pO3riIazanyu
HOTYXXHiCTb, AKaA BUAIJISECTHLCH B OPOBIAHUKY IIiJi 4ac HOPOXOJA-
JKeHHA 3MiHHOI'O CTPyMY.

Iig yac OpPoOXOAKEeHHA MO KOJYy 3MIHHUM CTPYM IIPOMHCJIO-
Boi wacrorm (50 I'm) HarpiBae HpoOBiAHMK, HANIPHUKJIAL BOJOCOK
eJIEeKTPUYHOI JIaMIIM 44 coipanab enekTpormyinTku. Cuia crpymy i

Hanpyra B KOJIi 3MiHIOIOThLCA i 0 TOro »x MOPiBHAHO IIBUAKO —
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50 pas Ha cekyHay. TomMy KinbkicTk BHAiNeHOI eHepril Takox Oy-
JKe IMIBHAKO 3MIiHIOEThCcsa 3 gacom. Ilux amin mu He nomiuaemo,
OCKIJIBKY 3a BeJHUKOI 4YacTOTH 3MIHHOIO CTPYyMYy BOJIOCOK YH
craipaJjib He BCTHUIaIOTh OXOJIOHYTH 38 MOMEHTH Hacy, KOJW cuja
CTPpYyMYy ZOpiBHIOE HYJIO.

BupginroBaHa B KOJI1 MOTYKHICTE TAKOMK 3MIHIOETHCS 3 4aCOM.
AJle, AK IMpaBHJIO, ¥ BCiX BHIaJKax HaM CJIiJ 3HATU cepelHIO IIO-
TYXXHICTH CTPYMY Ha JiAAHI KoIa 3a BEeJHUKHH iHTepsan wacy,
AKUHA BKJIOYac Oararo nepiozis. IInsa nporo Zocurs 3HANTH ce-
PenHI0 HOTYKHIiCcTh 3a oguH mepioxn (y HacTynHi mepiogm B Kol
BHIIISAETECA Taka caMa KiabkicTbh eHeprii). Cepemus sa nepion
TMOTYKHICTh 3MiHHOTO CTPYMY HAOPiBHIOE BiZHOIIIEHHIO CyMapHOIL
eHeprii, #AKa HaAidmaa B KOJO 3a Iepiof, OO TPHBAJOCTI
mepioxy.

IIpuragaemo, II0 HOTYKHicTh y KoJji mocrtiiiHOro cTpymy
BU3HAYaeThca 3a Gopmynorw P = JU. IIporsiroMm ay»ke Majaoro
iETepBany 4Yacy CHJIY ¥ HAIIPYry 3MIHHOIO CTPYMY MO HAa BBa-
sxatu nocrittmumu. Tomy MHUTTEBaA HOTYKHICTE Y KOJi 3MiHHOTO
CTPYMY BHPAaXXAeThCA (HOPMYIIOFO

p=iu. (27.1)

BU3HAYNMO CepefHE 3HAUYEHHS MNOTYXHOCTL 3a mepiox. Iisa
soro nepersopumo (27.1), nigcraBiaaooYy BUPA3 AJA CUJIH CTPY-
My i=1, cos ofiu=U, cos wi

p=1I0U, cos® ot.
Bigomo, 1o cos® ot = %(l +cos 2wt). Toxai
P=21,Un,Q+cos 20t) = 5 I,,Uy, + “ 8B

1
+ 5 InUp, cos 20t .

Cepenume 3a munepiox 3HauyeHHa cos2wi JOPiBHIOE HYJIIO,
OCKIIBLKM NMPOTArOM KOMHOTIO miBmepiony usa dyHKIia npobirae
pAA AONATHUX B3HAYEHb, a NPOTArOM HAaCTyIIHOro mHniBmepiomy
npobirae Taxuii camuii psaa Big'emuux 3HaueHs (mas. 51). Tomy
cepelHs TOTYKHICTh 3a IepioJ AOPiBHIOE NEpIIOMY YJIEHOBi y
(27.2):

p=%ImU

IlopiBuroOum BUpas AJisi cepefHBOI IOTYXKHOCTL 3MiHHOrO
CTPYMY 3 BHPA30OM LJA nocriiiHoro crpymy P = IU, nobayumo,
1110 BOHM 36iraTuMyThes, AKIIO 3MIiHHHE CTPYM XapakTepuayBa-
TH He aMIJiTyZHHMHK 3Ha4YeHHAMHM, a 3HaAaYeHHSAMH B V2 pas
MEHIIIMMM, TOOTO
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1 cos 2wt

Man. 51
I 2 U
fi=_m U= o
7z Np (27.3)

3uauvensnsa I 1 U gicranm "HasBy dilouux 3HaveHb BiANMOBigHO
cunu cmpymy i nanpyau.

IlIxann BUMipOBaNbHUX NpHUJagiB 3MiHHOro crpymy (ammnep-
MeTpH 1 BOJILTMETPH) mporpaayiosaHi came B Jilounx 3Ha4veH-
HAX. ¥ rnacmoprax eJeKTPOTeXHiIYHUX MallluH, anapaTiB i npn-
JaniB 3MiHHOrO CTPpyMY BKasaHiI Tako@ HAi04Yi 3HAYEeHHSA CHJIH
CTPYMY 1 HaIpyru.

L |

J

71 1. YoMy MH He NOMIi4YAEMO MHUITIHHA JIAMOOYOK, YBIMKHYTHX B
OCBITJ/IIOBaJIEHY MepexXy 3MiHHOTO cTpyMy? 2. B oceiTmoBaspHHX
MepeXXaxX 3MiHHOTO CTPYMY 3acTOcOBYIOTbcA Hanpyrum 220 i 127 B.
Axi aMniaiTyaHI 3HaYeHHA HAUPYIdA B DX Mepexxkax? 3. Ammep-
MeTp, YBIMKHYTHI B KOJO BMIHHOrO cTpymy, moxasye 1 A. fke
aMIUIITYAHE SHAYEHHA CHUJIM HBOTO CTPyMy? '

§28 — EJEKTPUYHMUIU PE3OHAHC

BuBuaioum BUMYyIIEeHI MexaHiuHI KOJIMBaAHHHA, MM BCTAHOBH-
JHA OyKe BarKJIUBY IX 0coOJMHMBicTH, AKa BUABJIAETHCA B ABHIII
pe3oHaHcy. UM He cnocrepiraersca nmonidHe ABUIIE 1 B eleKTpUY-
HUX BUMYIIEHUX KOJUBAHHAX? -

BupunMo 3ajie’KHIiCTh BUMYIIIEHHUX EJeKTPHYHHUX KOJHUBaHb
(3MIHHOTO eJIeKTPUYHOTO CTPYMY B KoJi) Bix wacroru aminn EPC
reseparopa. CKiajgeMo eJleKTPUYHE KOJIO 3 I[TOCJIOBHO YBIMKHY-
THX AaKTHBHOrO onopy R, KOTYyHIIKH iHAYKTHUBHOCTI L, KOHOeHca-
ropa C i amnepmerpa 3minunoro ctpymy A. Ilin’enHaemo me xoJo
A0 3BYKOBoOro redeparopa 31" (man. 52). 3’sdcyemo, AK 3aJIeXKHUTh
cHJIa CTPYMY B KoJi Big saminm #foro wacroru. 3aMKHEMO BUMH-
kau K i, miATpuMyOUYH TOCTIHHOW HANIpPyry, Ky BUPoOJA€e reHe-
PaTOp, HPOCTEXHUMO 34 CHJIOI CTPYMY B KOJII mig yac 3amMiHM 4a-
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CTOTHA KOJIMBAHb Y IIMPOKHMX MexKax. 3a HaWHHIKYO0l 4YacToTd,
AKY Bupobasie 3I" (6nussko 20 I'n), cuna crpyMy B KOJIi He3Ha4-
Ha. 31 30iJapIIeHHAM dYacTOTH BOHA CHOYaATKY [AYiKe I10BiJBHO,
MOTiM IUBHAIIE 3POCTAE. 38 MEBHOI YAaCTOTH CHJIA CTPYMY HOCH-
rae makcumymy. ITosHauumo ur ugacrory . Haxai cuna crpymy
IIOYHMHAaE CrnodaTKy IHIBHMJAKO, a II0T1IM IIOBLJIBHIIIIE 3MEHIIIYBATHUCH
i 3a gocuTh BelHMKOI YacTOTH MaiiKe NOPiBHIOE HYJ10. FIKLIO I1f0
3ajie)KHicThk 300pasduTH rpadidyHo, BigKJIamam4YH B3JOBXK oci
OPAMHAT CHJY CTPYMY i, a B3OOB»K oci abciiuc — yacToTy (W, TO
nicraHeMo KpuBY a (man. 53). fk i gnaA MexaHIYHUX BUMYIIEHUX
KOJIMBAHBb Y JAHOMY BHUNAAKy 3a gesakol uacrorn EPC cuia crpy-
MY B KOJIi Mae Haibinplie 3HaveHHA S BuUIe pisakoro 3pocraHHsA
CHJIH CTpyMy 3a INEeBHOI YacTOTH HAa3WBAaEThLCHA eexKmpuiHuUm
pesonancom Yacrora ), HA3UBAETHCA PE3OHAHCHOI LACMOMOIO.

3’sicyeMoO, SAK BILIMBAIOTh HA €JIEKTPUYHUN PE30HAHC AKTHB-
HUP omip R, imaykTupHicte L i emuicre C. 36igbmumo omip R,
sanumawdyd HeamiEHuMU L i C. 3MiHIOIOUMN YacToOTy, cIocrepira-
THMEMO 3a CHJIOIO CTPYMY. BusiBnmo, 110 i B ibOMYy BHNAAKY Mae
Mlcue pe3oHaHC 3a Tiel camMol 4acToTH (!) aje BHpa}I{eHHH BiH
MEeHNI 4YiTKO, Hi)K y MHonepegHbOMY Bnnam{y, i mMakcuMaJbHAa
cusa cTpymy MeHina. ['padiuHo 3aIeKHICTh CHJIH CTPyMY Biz
Y4aCTOTH y I[bOMY BHIIaJAKy 300parkeHa Kpupoiw 0 (maj. 53).

Ileit mocaiji MepeKoHYE y TOMY, IO Pe30HAaHCHI SBHUIIlA B
€JIEKTPHUYHHX KOJIaX BHUpPAa)Ke€Hi THM 4iTKilue H cuJbHilIe, 4YuM
MEeHIIUH aKTUBHHUU omnip KoJsa. ITopiBHIOIOUM eJIeKTPUYHUI peso-
HaHC 3 MexaHiuyHuM, 6aUuUMO, 1[0 AKTHBHHIH OIIIp B eJIEKTPUYHHUX
KOJIaX MAa€e Take caMe 3Ha4YeHHsA, AK 1 TeprTd B MeXaHIiUHUX
cHUCTEMAX.

3aMiHMMO KOTYILIKY iHAYKTHBHOCTi, 3aJHIIAO4YU HE3MiHHU-
My R i C. BizpMeMO, HAIPHUKJIAZ, KOTYIUKY Oinbiuol iHAYKTHUB-
HocTi L. PegonaHcHa yacTrora B bOMY BHUIIQJKY CTaHe MEHILOO.
Taxk caMo MOXXHa MOKAa3aTH, IO 1 EMHICTh KOHAeHCATOPa BIJIM-
BA€ HA PE30HAHCHY 4YacTOoTy: i3 30iJIbIIeHHAM €E€MHOCTI B KOJi
pesoHaHCHa 4dacToTra 3MeHuIyerbca. OTike, pe3oHAHCHa uacToTa
eJIEKTPHUYHOI'0 KoOJIa 3aJIeKHUTh BiJ iHAYKTUBHOCTI KOTYIIKH i
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€EMHOCTI KOHIOeHcaTopa i He 3aJexUTh Bi,II 3HaA4YeHHA aKTHBHOI'O
onopy R:

1 1 %
. 28.1
Vo =T = ZoJiC ( )
- 1 3
=, 28.2
L =g ( )

PeszonancHa uacrora oO0epHeHO IpPONOPIifiHA KOPeHIO KBal-
paTHOMYy 3 n00YyTKY iHayKTuBHOCTI L Ha emHuicts C kona. ko
L BumipioBatu B reupi, a C — B dapagax, TO ), BUMiproBaTH-
MeTbcs B ¢ .

i. 1. V uomMy monArae 3MicT eleKTpPHYHOro pesoHaHcy? 2. Bimg sxkux
| nmapaMeTpiB KoOJia 3aJIeXKHUTh Pe30HAHCHA YACTOTa KOHTYpY?

§ 290 — TPAHC®OPMATOP

Oxanfieo 3 BaXKJIMBUX IepeBar eJJeKTPHUUYHOI eHepril € 3py4He
i mpocTe mepegaBaHHSA 11 Bif reHepartopa o crnoxxuBaua. IIpore
BOHO I1OB’si3aHe i3 3HAUHMMH BTpaTaMM B IIPOBOAAX BHACJILOK iX
"HarpiaHHA. [loTykHicTs cTpymMy, AKa e Ha HArpiBaHHA NpPO-
BOAiB, nopiBuioe P, = I’R, ne I — cuna crpymy B Jxinii, R —
omip NpoBOAiB JiHiI.

IIa ¢dopmysa BKadye Ha JABa MOMKJIMBI IIJIAXHU 3MeHINEeHHSHA
TeIrJIOBUX BTPAT YV HNpoBojax JiHil nmepepau: 1) 3MeHIUEeHHs ONO-
py HpoBoAiB; 2) BUKOPHUCTAHHS CTPYMY MEHIIOI CHiaM. IcToTHO
3MEHILIMTH OIlip NpOBOAIB JiHII MOXHa JHIIEe 3a paxyHOK
36isbIIEHHA iX TIONEepedHOTro mnepepi3dy. A 1e Beze a0 30iJabIeH-
HS BapToCTi JIiHiINA, TOMY Takuil cooci® aMeHIIeHHs BTpaT He-
npuiinaTauii. Ha npaxkruini edekTuBHe 3MeHIIEeHHS BTpaT
eHepril HAa HATPiBAHHSA IIPOBOMAIB AOCATaETHCA 3MEHILIEHHAM CHUJIU
CTPYMY.

Hexaii, Hanpukiaan, HeoOXiZHO nepenaTH eJleKTpOeHepriio
nmoryxHictio 10° kBt o ninii, onip sikoi R = 50 Om (rTakwuii omip
Ma€ JIBONpoOBigmHa niHiA nepepa4di 3 MigHOro ApoTry AiaMeTpoM
1 cm 3aBaoB»xkKH npubausno 150 kM), 3 BTpaTamMu Ha HArpiBaHHA
nposoxis minii 1 % (P, = 10° kBr). ¥V upomy BHUNAJAKY TIIO-

[P
TYKHiCTh Mae nepesasaruca crpymom cuioio I =,/-7 =140 A.
Oryxe, Hanpyra B Jinii mae 6ytu U = -?: 700000 B.

Ileit npuknaja rmokasye, IO JIJIA Iepefadyi BeJIMKOI MOTY-
HOCTi 3a JOIIOMOroI0 TMOPIBHAHO CJA0OKHX CTPYMiB Hampyra mae
oyTn nyske BUcOKOw. OQHAK KOHCTPYIOBATH reHepaTopu (a Ta-
KOK pisHi crmokmBaui enekrTpuuyHoOl eHeprii), po3dpaxoBaHi Ha BM-
COKi Hampyru, Ay’Ke CKJIaJHO, OCKiJIbKHM HeobOximHo 3abe3neuyuTH

79



8

Maun. 54

nobpy isonAnio o6MOTOK, He KaXXy4H BKe PO Te, IO IIHDPOKe
CIIOJKMBAHHSA eJIeKTPHYHOI eHeprii 3a Takol BUCOKOI HaNpyru
B3arajli Henmpunycrume uyeped HebeaneKky BpasKeHHA JIOJAHUA
crpymom. Tomy eseKTpuuHi reHeparopu OGyAyOTh Ha HANPYTY
6—25 THcAY BOJBT, 4 MOTIM I[J0 HANIPYTY NiABUIIYIOTHL 3a IOIO-
MOrow TpaHchopmarTopiB. ¥V MiclAX CIOXHUBAHHS eJIEKTPO-
eHeprii cTpyM BHCOKOI Hanpyrua nepeTBOPIOIOTH B CTPYMH HHU3b-
kol Hanpyru (110 B, 220 B, 380 Bi r. 1.).

Poarnsunemo 6yaoBy i npuanun nii rparncdopmaropa. B Haii-
npocTimomMy BUOAAKY TPAHC(HOPMATOD CKJAZAETHCSA 3 ABOX KOTY-
HIoK (0OMOTOK), HAAITHX HA 3aMKHYTe 3aJlizgHe ocepasa (man. 54).
Onna 3 0oOMOTOK — IIepBMHHA — BMHKAEThCH MO0 [IXKepesa
aminnaol Hanpyru. Ilig yac npoxomKeHHS I1i€l0 06MOTKOIO 3MiH-
HOTO CTPYMY B OCepJii BUHUKAa€ 3MIHHUN MarditHuy norik &,
AKHK 30yAKy€E YV KOXKHOMY BHTKY NepBHHHOI o6morku EPC

. . AD . : s .
CaMOlHAVKIILl, IO JOP1BHIOE (__.3?_) . OckinbKM Mar”HiTHUM ODOTIiK

icHye mpaKTUYHO JHUIIIe BCepeAuHi ocepad i ogHaAKOBUH y BCix
nepepisax, B KOXXHOMY BHUTKY BTOPMHHOI o6MoTKKN BuHHKae EPC

7 i AP
IHAYKII1l, P1BHA TAaKOX (_'Et_’).

Otrixe, AKLIO IIepBUHHA OOMOTKA Mae€ n, BUTKiB, a BTOPUHHA
n,, To EPC igaykiii B o6MOTKax npsaMo NpomnopIliiHi kinbkocTti
BHUTKIB Yy HUX: :

2 n
ﬁ = 73;— =k. (29.1)

BigHomeHHa &k Ha3WUBaIOTb KoepiuyieHmom mpaHcHopmayii.
Koedinient Tpancopmarii BU3HaAYAETHCA ¥ pasdi X0JOCTOTO XO-
Ay TpaHchopMmaropa, TOOTO miJ Yac pos3aiMKHYTOro KoJjia BTOPHH-
HOI OOMOTKH.

IIpu xonocromy xo4i (KoM 40 KiHIIB BTOPHMHHOI OOMOTKH He
YVBIMKHYTO HaBaHTa’)KeHHSf) B IePBUHHINA oOMoOTIi #ize Tak 3Ba-
HHUHA CTPYyM Xosocroro xoay. Cuna crpymy I, XonocToro xoay ma-
jga (cTraHOBUTHL NpuUOIM3HO 5 % HOMIHAJNIBHOI CHJIM CTPYMY),
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BHACJIIOK 4YOro CHaj HANpyrd B NepBUHHIiN obmormi manmit i
EPC camoimaykiiii B mepBuHHIiN ob6MoTni AOpiBHIOE HANpy3i Ha
saruckauax xoxa &, = U,. Komo BropurHOI 06MOTKM PO3iMKHY-
Te, BHACJIMOK YOro B HbOMY HEMAae€ CTPYMY, HAIpyra Ha 3aTHC-
KauaxXx BTOPHHHOI OOMOTKH mopiBHioe imgyxosaxiti y mHin EPC
U, = &,). Tomy

L (29.2)

~ KRoegiyienmom mpancgopmayii mparcopmamopa HA3U-
6aemuvca GIOHOWEHHA HANPYeu HA 3AMUCKAYLAX NEPBUHHOL 00-
momrku 00 HaAnpyzu Ha 3aMuUcCKaiax ilozo 8MOPUHHOL 0GMOMKU
nid yac xonocmozo xody. B minsumyBansHOMY TpaHchopMaTopi
KoediuienT rpanchopmanii k£ < 1 (sBignosiguo n, > n,), y 3HIKY-
BanbHOMY B > 1. OguH i Toif caMuil TpaHC(HOPMATOP MOXKE IIpa-
IIOBATH 1 AK HOiABUIOYBAJBHHIH, i AK 3HUXKYBAJIBHUI, 3aJT€XKHO
Bix Tore, AKa OOMOTKA BHKOPMCTOBYETHCA AK HEPBHHHA.

¥VeiMKHeEMO Temep M0 BTOPUHHOL OOMOTKM KOJIO, SKe CIIOMKH-
Bae eJIeKTpoeHeprii, abo, AK Ka'XyTb, HABAHTAKUMO TpaHcHop-
MaTop. ¥ BTOPWHHiN o6MoTHi BuHMKHe 3MinuuUil crpym I, (Takol
camol yactoru). lleii cTpyM cTBOpIOE B ocepli MardiTHHUM IOTIK,
COpAMOBaHUY 3a npasuaoM JleHIla HA3yCTPiy HOTOKY NEepBUHHOIL
obomoTku. IlocnabGiaeHHs MArHiTHOTO IIOTOKY B Ocephi Bene n0
smernmenHs EPC camoinaykuii & B mepBuuHIiN o6Morui, mpo (3a
noctifinol U)) BUKAKKAE 3POCTAHHA CHJIM CTPYMY B NEPBHHHOMY
koai. Ife 36inbpieHHA CHJIM CTPYMY Bene OO0 30iJblIeHHS
MmarHiTHoro nmoroky, EPC imgyknil i cunm ctpymMy y BTOPUHHIiNA
obmoTii. Ase 36isbIUeHHSA CHIM CTPYMY V BTOPHHHIN o6MoTIIi
CYIIPOBOIKYETECA 30iMBINEHHAM CHJIM CTPYMY CaMOiHAVKILI i,
OTKe, BMEHIIeHHAM MAarHiTHOIO NMOTOKY (AKHWI II0HO 3pocTaB).
3MeHUIeHHA MAaTrHIiTHOro HmOTOKY B HNepPBUHHiN oOMoTIi Beme mo
gMmeHreHHss EPC camoigayKiItii, HOBoro 30ilbINeHHSA CHJIU CTPY-
My B IIepBUHHIiH oO6MoTui i MargiTHOro moToKy i T. .

3pemTol0 3a TOCTIMHOrO HABAHTAMKEHHS BCTAHOBJIOIOTLCH
neBHUM Mar"iremit norik @, EPC imgykmii 6, Y BTOPUHHIi# 006-
MoTui i cuna crpymy I, v mepBUHHI# 06MOTII.
' Y Bumagky HaBaHTa)XeHHs TpaHcdopMmarTopa BimdyBaeThcsa
nepenaua eHeprii 3 nepBUHHOI OOMOTKH Yy BTOPHHHY. 3a 3aK0OHOM
sbepexxeHHs 1 nepeTBOPEeHHA eHeprii MOTYMXHICTE CTPYMY YV BTO-
PHMHHOMY KOJII MeHIIIa 3a IMOTYXKHIiCTh y IIePBUHHOMY HA 3HAYEH-
Hsi BTPAT IOTYXXHOCTI B TpaHchopmaropi: P, = P, — AP.
Ockinsrun KK]I Tpanchopmaropa ayske 6im3pruil 1o 1, niasa =Ha-
ONMKEeHHMX PO3PaxXYHKIB MOMKHA 3HEXTYBATH BTpPATAMH IIOTVK-
HOCTi B Tpancdopmaropi i BBaxkat™m P, = P, abo I,U, = I U,.
3Bigcu 3HalimemMo

1’
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Pisui 3a poamipamu i moryxHicTio TpaHc-
§._JJ thopmMaTopu MINPOKO BHUKOPUCTOBYIOTLCH V
;T

Maun. 55

0l o

PIBHUX ranyssax eJIeKTPOTeXHiKM i Ha BUpPOO6-
HUI[TBI.

Hdnsa kin HeBesMKOI ©noTysKHOCTL iHOAL
BTOPHUHHOIO OOMOTKOIO TpaHchopmaTopa po6-
JATH YACTHHY HNEepBHUHHOI o6MoTKH abo, Ha-
BIAKH, II€PBHHHOK OOMOTKOIH — YaCTHHY
BTOpuMHHOI. B nsomMy Bunaaky tpaHcdopma-
TOD HA3UBAIOTL asmomparcopmamopom (man. 55). OaguH 3 KOH-
TakTiB aBTOoTpaHc(hopMaTOopa YacTo POOJIATE PYXOMHM, IO AAE
3MOTI'y IJIABHO 3MiHIOBATH BUXiJAHY Hampyry.

~
7| 1. Ha sxoMy NpMHUMII IpyHTYEThCcA pobora Tpanchopmaropa? Yn
MoOyHa TpaHcdopMmyBaTH nocriiHu#i ctpym? 2. o Taxe koe--
(diniesT Tpanchopmanii? 3. Sk 3gificHIOETHCA TIepegada eJIeKTpPO-

eHeprii Ha BeauKi BigcraHi?

Bnpara 8

1. TpancdhopmarTop 3 KoedinienTom TpaHchopmanii £ = 10 sHMKYE
Hanpyry 3 10 000 B no 800 B. Ilpu nsomy y BTOpMHHIiNM obmoTrni iae
crpym cunow I, = 2 A. BusHaure onip BropuHHOI o6mMoTku. BrpaTamu
eHepril B nepBHHHINA 0OMOTIII 3HEXTYBATH.

2. Ilna rpaHcaaAnii pajiomepegad 3acTOCOBYIOTH TpaHchopmaTrop,
AKHAN 3HMaKYye HaAnpyry go 30 B. BusHaure crnoXuBaHy TpaHchopmaro-
poM moTy»kHicThk, akumio Horo KKII n= 95 % i mo Hboro BBiMKHeHI
n = 380 ry4yHOMOBI[iB, Yepe3 KOXXHHUM 3 AKHUX IIPOXOAUTE CTPYM CHJIIOIO
I =8 MA.

3. BHMKyBaJNBHUI TpaHchopMaTop 3 Koehiniernrom Tpancdopmarii
k = 24 ysimkHeHOo B Komo 3 Hanpyroio 120 B. BTopHMHHY KOTYUIKY
TpaHcopMaTopa nig’e€aHaHO A0 NPUJIAAY, AKHUM NPOXOAHTHL CTPYM CH-
Jgow I = 0,5 A. BusHaure omip npuaany, AKIO OIip BTOPHHHOI KOTVIII-
xu TpaHcopmaropa R, = 2 Om.

4. ITleppuHHa 0O6MOTKA CHJIOBOrO TpaHcdopMaropa AJis »KUBJEHHA
Kin pagionpuiiMmaya mae n, = 1200 Burkis. Slky kinskicTe BUTKiB no-
BHHHA MaTH BTOPMHHAa o0OMOTKa TpaHcdopMaTopa AJs >XHUBJIEHHSsI BOJIO-
CKa pO3’KapeHHs KeHOTpoHa (Heobxigma manpyra U, = 3,5 B i cuia
crpymy I, =1 A), BBakaiouu, 1o onip niei obmorkn R, = 0,1 Om, a nHa-
npyra B KoJai U = 120 B?
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§ 30 — EJIEKTPUYHI CTAHIIIL. IIEPEJAYA )
I BAKOPUCTAHHSA EJEKTPHYHOI EHEPI'TI

PiBeHB PO3BUTKY NPOAVKTHBHUX CHJI CYCIIiJIBCTBA, 3MaTHICTH
BUpoOIATH marepianbHi 6sara i crBoproBaTH Kpauli maTepianbHi
VYMOBH JJISI YKUTTHA BU3HAUYAIOTHCA pPiBHEeM BHUPOOHUIITBA i CIIOMHU-
BaHHs eHeprii, Hacamnepen enektpuuHol. EnexTpuuna eHepris

Mae ABi1 UynoBi AKOCTi: BOHA MOXKe OYTH mepegaHa MpoOBOJAMU HA .

BeJIUKI BizcraHi 3 mopiBHAHO MalMMH BTpaTaMH i MoOKe JIerko
nepeTBOprOBaTHCA B iHIII BuAKM eHepril: mexaHiyHy (ABUT'YHH),
BHYTpPilIHIO (eneKTpoHArpiBHiI npuaanu), cBiT/IOBY (/J1aMIU po3-
JKapoBaHHA), XimiuHy (3apsigka akymysasaropi). Ocs YoMy BH-
poOHMIITBO, Iepezada, pPO3NOAIJ 1 BHKOPHUCTAHHA €JeKTPUUYHOI
eHepril Ma€ BesinYe3He 3HAYEHHSA.

Bupobnsietbesl eJleKTPpHUYHA €HEeprisg Ha eJIeKTPOCTaHLisAX B
OCHOBHOMY 3a JIOIOMOTIOI0 PO3IMJIAHYTHX BHIle iHAYKIIHAHUX re-
HepaTopis. Tenep icHYIOTH TPH OCHOBHI THIIN eJeKTPOCTAHILIN:
rensioBi (TECY, rigpoenekrpuuni (I'EC) i aromui (AEC).

Ha rensoBuUX eJIeKTPOCTAHLiAX eHeprifg, sfiKa BUIIJIAETBCH
nij yac cnaJIlOBaHHS pPI3HUX BUJAIB majuBa: Byrijsas, rasy, Had-
TH, TOpP(Qy, ropoYNX CcJaHIliB, 3a AOMNOMOIOI eJleKTPOreHepaTo-
piB, 110 OPUBOAATHCA B 00epTAHHA NMApPOBHMH i ra3oBUMH TYp-
6oimammn abo JABUI'yHAMM BHYTPIIIHBOTO 3TOpPAHHSA, IIepPeTBO-
PIOETHCH B eJeKTPUUHY eHepriio. .

Ha rigpoenexkrpocranuiax (I'EC) BianGyBaeTbcsa IepeTBOpPeH-
HA noreHiliajibHol eHeprii nifHATOI rpebdJielo BOAU B eJIEKTPUYHY
eHepriwo. Poropu eleKTporeHepaTopiB NpUBOAATHECA B ob0epTaHHA
rigpaBiaiyaumu typOinamu. Ilory:xkuicte T'EC 3anexxkurs Bin
cTBOploBaHOI rpedJer pizHuui piBHIB Bogu (Hamopy) i Bim macmu
BOJAH, AKA HPOXOJHUTE depe3d TypOiHK cTaHIlil 3a CeKyHAYy (BHUTpA-
Ta BOIH).

B ocranHi poxm Bce Oinblily poJib B eJIeKTPOEHepreTuiii
Bigirparors aTromHi enexkrpocraHuil (AEC). ITpunnun ix ail rpysH-
TYeTbCHd HAa BHKOpPHCTaAHHI BHYTpiluHBLOI eHeprii, sika Buuijgse-
ThCH B AJePHUX peaKTopax BHACJIIJOK peryJbOoBaHOl JIAHIIOI'OBOI
peakiiil noxiny sanep ¥Ypany ato Ilnyronio. 3 6ygoBoro i pobo-
To10 AEC Bu oszHalioMmurech nisHimme.

Croo)xkuBaui eJIeKTPUUYHOI eHepril € cKpisdk. ¥ 3B’A3KY 3 I[UM
i yac IPOMHCJIOBOI'O CIOXKUBAHHSA €JIEKTPUUYHOI eHeprii moke
BMHMKHYTH 3anuTaHHA: o BurigHime? IlepemaBaru BupobGseHy
B OOHOMY MicClLl Ha BeJIMKiil eJleKTPOCTAaHIIil eJIeKTPOeHeprin Ha
3HayHi BizmcraHi um OyayBaTH MaJieHbKi eJieKTpocTaHILl O6ins
KOMKHOTIOo croskupada. O4yeBHIHO, OgHO3Ha4YHOI BigmoBiai Ha Bci
BHIIAJAKH OATU He MOXKHAa. ¥ Ham vyac BUrigmime OyagyeaTu Be-
JIMK1 eJIeKTpoCcTaHILl]l 1 mepeaBaTH eHepriio Ha BeJIMKi BiacraHi 3
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MimimaneHuME BTpaTamMu. Bu Bixke 3HaeTe, OO0 AJIA OO0 e€Hep-
rirzo Tpeba mepegaBaTH 3a BACOKOI HAIIPYTH.

I'eHepaTOop® MIOTYKHHX TEILJIOBHX, ATOMHHX abo rixpoeiexTt-
POCTaHIiii BUPOOJIAKTL 3MiHEHHI cTpyM uyactoTow 50 I'm i manpy-
roilo 6—20 Tucsy BoabT. MOro 3a AONOMOroi0 MiABHINYBAMBHHUX
TpaHCchHOPMATOPiB ¥y KiJbKa HNPHIAOMIB IepeTBOPIITH ¥ CTPYM 3
Hanpyroio B 110, 220, 400, 500 uux 800 TucsaY BOJBLT i HOZAIOTH y
aigii nepegau. Ilumu JdigiaMH cTPpyM HaAXOAHUTH AO Miclb CIIOMKH-
BaHHA eJIeKTpoeHepril, Zie 3a ZOIOMOro0 TpaHCcHOpPMAaTOPiB HAIIPY-
ra SsHmxKyeTbesa. Tyr OyayioTe cnoeuiansHy TpaHchOpMaTOPHY
nigcraHOioo, Ha AKiHA HaNpyra 3BUYalHO 3HHXKYETLCA A0 35 THCAY
BOJIBT. Bin Hel esleKTpoeHepria posnofilAaeTbCca 10 OKPEMUX paio-
HaxX CIOXXHWBaHHA, B KOXKHOMY 3 AKHX € CBOsA TpaHcdopMaTOpHA
nigcrannia, axka sEUKye Hanpyry go 3000—6000 B a6o 10 000 B.
Bix nux palloHHMX OigcTaHIiili eHepria po3NoinseThbCHA MiXx
OYHKTAMH CHOOXKHBaHHA (3aBogu, (epMH, KHUTIOBI OyAHMHKH
Touio). B xoxkHOMY TaKoMy OYHKTI € cBiii TpaHchopmMaTop, AKHUMR
3HHIKY€E HAIPYTy OO MHOTPi6HOro cmokmBadyaM 3IHAUYEHHI.

"31 — ITPOBJIEMH CYYACHOI EJIEKTPOEHEPTETHKHA
I OXOPOHA HABKOJIHIIHBOI'O CEPEJOBHIIIA

CyuyacHe BHPOOHHUIITBO e€JIEKTPOeHeprili CcynpoBOAKYETHLCHA
3a6pyaHEeHHAM HABKOJHIIHBOIO CEpPEAOBHINE, MACIUTaOH SIKOTO B
MalOyTHEOMY MOXKYTH CTATH 3arpPO3JIHBHMM.

EnexrTpoeneprisi, axky Bupobiasiiors Ha I'EC, pemeBmia, Hix
eJIeKTpOoeHeprisa, AKY BHUPOOJIAIOTH eJeKTPOCTaHIil iHmHX THUHis.
Oznak 6yaieaunTeo 'EC Ha piBHMHHHX piYKax NpU3BOAUTEL O 3a-
TOILIEHHS BEJMKHX TepHuTopiii. 3HauHA 4YacTHHA IUIOLII BOAOIM,
110 YTBOPIOIOThCH,— MIiJIKOBOAAs. B JiTHi# yac 3a paXyHOK COHSAY-
HOI paziamii B HHUX aKTHBHO PO3BHBAETBLCHA BOAAHA DPOC/IHHHICTE,
BinOyBaeThCca Tak 3BaHe «LBiTiHHA» Boxu. 3MiHa piBHA BOAH, sAKa
HOAeKYAHU AOXOAUTH N0 IIOBHOT'O BUCYINYBAHHA, BeJe A0 3arubesri
POCJIMHHOCTI.

OcHOBHEMMH EMPOOHNKAMH €JIEKTPHYHOI eHeprii B HaGIHK-
yoMy MaiOyTHBOMY OYVAYTH TEILIOBi eJleKTpOoCcTaHIil — Temep Ha
HUX BUpobnserbcsa nmoHan 80 % Bciel enexTpoeneprii. Ilepesara
TEC y ToMy, IO BOHHM MOXYTh OyTH poamimeni Ha 6yab-akii
TepuTOopil, NpPanITL TPAKTUYHO HA BCiX BHAAX MiHepaJIbHOTO
naauBa i BUpoOOGAAIOTE He JIHIIe eNeKTPUYIHY, a ¥ BHYTpPimHIO
eHepriio (rapady BoOAy AJIf omaJeHHA i BogosabesnedeHHs, Iapy
Ans TexHivHNX morpel). Take kKoMmmekcHe BHPOOJIEHHA eJIEKT-
puuHOI i BEYTpimIHLOI eHepril copuse niagsumenHo KoedimienTa
BUKOPHACTAHHA eHeprii manusa g0 60—70 %.

IMogansmuit PO3SBUTOK TEILJIOEHEPreTHKH CTPHUMYETBCH THM,
mo TEC € omEuM 3 ronoBHHX 3abpyAHIOBa4YiB HaBKOJHMIIHBOTO
cepenoBHIlla OPOAYKTAMH 3rOpAHHA.
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Hagite mig uac cnanoBaHHA NPUPOJHOTO rasy, o He Mic-
THUTh IIKIJAJHUBUX PEUYOBHH, ¥ OPOAYKTAX TOPiHHSA € OKCHJ HiTpO-
reay (II), sixmit B armocdepi nepeTBOPOETHCA B MIKIAJIHUBHUIHI
niokcuyg Hirporeny. Cyuacui TEC kxospeHcaniiinoro Tuny obiam-
HYIOThCHA [Oy2Ke BHcCOKHMH Tpybammum (250—350 wm) gasa
po3ciloBaHHS IIKIiANMBHUX AgoMimiok B armocdepi: cipuucroro
aHrigpuay, cipuanoro aHrigpunay, okcunaiB HiTporeny, 4acTHHOK
JileTo4yol 3041 Ta iH. A 30/10yJI0OBJIIOBAHHA BUKOPUCTOBYIOTHECH
MOKpi ckpybepu Ta esexktpodinerpu. [Ilna yHUKHEeHHA BUKUIIB
cnonyk Cynbhypy nanupo mnomnepegHbO OYHNIIAKTHL Big HHUX,
3aiiicHIOIOTE Horo razudikaiino Ta OUHIIeHHA TUMOBHUX rasiB.

Kpim Toro, ryp6inn TEC i Bogsiny napy, sika Bignparmosania
B napoeiit TypbiHi, Tpeba 0OXOJOOMKYBATH NPOTOYHOI BOJOIO. 3
niel npuuuau TEC pgoBommTheca GyayBaTH HemoJallik Bin Beau-
Kux BogoiM. CriycKaHHsA Oigirpitol BogM y BOAOMMH NPU3BOAUTH
0 1X TemJsIoBOro 3abpyaHeHHsI.

o HenmaBHix cepiiosnux apapii Ha AEC, Hacamnepea Ha
Yopuoouasckkiit AEC y 1986 pomni, sKa cupuuuMHHJIA 3HA4YHE
pagioakTuBHe 3a0pyJAHeHHA BeJHWKOI YacTHHHU TepHTOPIil
YkpaiHu, aToMHa eHepreTuKa pO3BUBaJiacsi MIBUAKWUMHM TeMIla-
mu. Ha YkpaiHi cnopym:kyBajincsa ogHa 3a OOHOKI ATOMHI eJIeKT-
pocraHuii. Ananiz aBapiii Ha AEC nokasaBs, 10 B)XHTiI paHiiue
3axonu Oe3neKH HemocTaTHiI i marmoTh OyTH mocmiedi.

Cepilo3HMM HEAOJIKOM ATOMHOI €HEepPreTUKU € pajioak-
THBHICTH BUKOPHCTOBYBAHOI'O HaJIMBa i NPOAYKTIB MOro momiay.
Ile BuMarae cTBOpPeHHA 3aXHCTy Bij pisHOro rTuny paxioaKkTus-
HAX BUIIPOMiHIOBaHb, II0 3HAYHO IIiJBUINYE BapTicTh eHeprii,
AKY BHPOOJIAIOTE ATOMHI eJieKTpocTaHIlii.

IIle ogHMM HeNOJNIKOM ATOMHUX €JIEKTPOCTAHIIi#l € Temnose
3abpyaHeHHsA Boau, To06To ii HarpiBamus. KoegpimienT kopucHOl
Ail aTOMHUX eJeKTPOCTAHIIIN HuHI cTtaHOBUTE 6au3sKo 30 %, mo
3Ha4YHO HM»K4e 3a KoedinienT kxopucHol gii TEC.

3pocraHHA MacurTabiB CHOMKHUBAHHA €JEeKTPUYHOI eHeprii,
3aroCcTpeHHs IpobGjeM OXOPOHM HABKOJHIIHEOIO CepefoBHIIA
3HAYHO aKTUBIi3yBa/my NOUIYKH OiibIl €KOJIOriYHO YMCTHUX CIIO-
cobiB ojep)KaHH#A eJeKTpPU4HOl eHeprii. ¥ Bcbomy cBiTi mposo-
AATHCA NOCJiKEeHHA cnocob0iB OCBOEHHSA TepMOsAepHOoi eHeprii,
npamMoro 6e3MaliMHHOI'O IePeTBOPEeHHsA BHYTPIIIHBLOI i ximiunOol
eHeprii B eJIeKTPUYHY: MAarHirorizponuHamiuHi, TepMoOeIeKT-
PUYHI 1 TepMOeJIeKTPOHHI reHepaTopy, NaJIMBHI €JIeMEeHTH TOIIO.
IaTeHCHBHO PO3POOAAIOTHCA CIOCOODM BUKOPHCTAHHSA HeIaJHBHOIL
BiiHOBIIOBAHOI eHeprii — coHAYHOI, BiTpOBOi, reorepmaJjbHOI,
eHeprii XBuUJb, IIPUILJIMBIB TAa BiANIIMBIB TOIIO.
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‘ ~ BUCHOBKM

ITepioguuHi 3MiHKM 3apAxy, CHJIW CTPYMYy A HAOPYyru HasH-
BAIOTh €JIeKTPOMATHITHUMHW KOJIMBAHHAMH. 3a HAABHOCTI B KOJIi
KOJIMBAJILHOIO KOHTYPY HOepiogUYHO 3MiHHOI eJieKTpopyluaiiHOoi
CHMJIM B HbOMY BHMHHMKAIOTH BUMYILEHI eJIeKTPOMAarHiTHI KoJIuBaH-
Hs. [lepioa BiIBHUX KOJHMBaHb YV KOHTYPl NPAMO NPOTNOPHIAHUH
KBaApaTHOMY KOpeHeBi 3 EMHOCTI Ta iIHAYKTHBHOCTI KOHTYpY:

T=2rvLC (dpopmynaTomcona).
OcHOBHe pPIBHAHHA, fAKe OIIMCYE BiJbHI eJeKTpoMAarHiTHi

KOJIHBAHHA B KOHTYPi, Ma€ BUTrIAA: — L% =iR+ % . Axkuro omip
KOHTYpPY R nyke majauil, piBHAHHA CIIPOIIYETHCA: L%: = % i

EnekTpoMarHiTHiI KoJMBaHHA BHCOKOI 4acTOTH MOXKHa gicra-
TH 3a AOIOMOI0OI0 TPaH3HCTOPHOro abo JIlaMIOBOro reHeparopa,
[0 € aBTOKOJIMBAJIBHOIO CHCTEMOIO, B SAKiil BUpOOIAIOTHCA He3a-
TyXawdi KOJIMBAaHHA 3a PaXyHOK eHeprii askepeJsia mocTiliHOI Ha-
NpyTrH.

BarkauBUM IPUKJIAIAOM BHMYIIEHHX e€JeKTPOMATHITHHX KO-
JIUBAHBL € 3MIHHUH cTpyM. ¥ cepeaHiil HIKOJII BUBYAIOTBCA BUMY-
IIIeHi eJIeKTPUYHI KOJMBAHHA, AKiI BigOyBawTbCcA B KoJax Iifg
Oi€ewo HAnpyru, o rapMoHiyHO smiﬂme'rbca 3 YacTOTOKI () CHHY-
coigaJbHO UM KOCHHYCOIZaJbHO: U cos wt. Cuna cTrpyMmy B
IbOMY KOJIi BUBHAYAETHCA 34 (popmy.nom. i =1, cos (ot + 0).

Ha akTUBHOMY OIIOpPi eJIeKTPOMArHiTHA €Hepris reHeparopa
MOBHICTIO NMepeTBOPIOEThCA B iHIIL Buan eHeprii. KonmuBanusa cu-
JH CTPYMY Ha IbOMY onopi 3biramorecsa 3a $a3oio 3 KOJINUBaHHSA-
MW HaIIPyrd, a aMIUIiTyga CHJIM CTPYMY BU3HAUYAETHCA PIBHICTIO:

Piske 3pocTaHHs aMILIITYyAH BUMYIIIEHHMX KOJHUBaHb CHJIH
CTPYMY B KOJMBAJBHOMY KOHTYPi 3 MaJuUM aKTUBHUM OIIOPOM —
pesoHaHC — BigbOyBaeThcs, AKINO 30iraeTbcsa YacTora 30BHINIHBOL
3MiHHOI HATIPYTH 3 BJIACHOIO YaCTOTOIO KOJHMBAJIBHOTO KOHTYDY.

ITeperBOpeHHA 3MiHHOro CTpyMy IIeBHOI 4YacTOoTH, Mif d4ac
AKOro HAnpyra mniaBuiyeTbcsi abo aMeHIIYeThCA B Kijbka pasis
NpPaKTHUYHO 0e3 BTPAT IOTY»KHOCTi, 3AiHiCHIOETHECA 3a JOIIOMOI'OIO
rpaHchopmaropiB. TpanchopmaTop XapakTepu3yeThbca Koedi-
nieaTom tpaHcdopmalii:

p=bth _ 61 _m
2



POBAIA IV

- MEXAHIYHI XBUAL 3bYKOBI XBUAAI

Bin KkuHYTOro B 03ep0o KaMeHsA PO3XOAATBCA KPYIOBI XBHJIL
(man. 56). flkio BM moTsrHeTe Bropy i BHU3 3a KiHeub LIHYypAa,
NPOKJIAJeHOr0 NMPAMO Ha CTOJIi, MO HbOMY TeXX Mob0ixkaTh XBHJI
(man. 57). Xeuai Ha BoAl i xBuai, AKi GixkaTh Do MWIHYPY,— Iie
IBa HAOYHMUX IMPHUKJIAAW XBHUJIBOBOIO PYXY. 3BYK TeX IIOLIN-
PIOETHCA ¥ BUIISAAL XBHUJb, 1 CBITJIO € eIeKTPOMArHITHUMH XBU-
asamu. I[ligHinre Bu nizHaeTecs, 10 eJIeMEHTAPHI YACTUHKH pPedo-
BUHM €JIEKTPOHHM i HIPOTOHH IE€BHMM YHHOM TeXX IoAiOHlI 1o
xBuJb. OT)Ke, BUBYEHHS XBHUJIBOBMX SABHILl € JYyXKe BasKJIMBHUM,
OCKIJIBKHM BOHH NONIMPeHi B fOararbox ranyssax ¢isuxku. B maHo-
MY PpoO3Iiji MM 30cepeguMMO YBaAry Ha BHUBYEHHI MexaHiYHUX
X6uJab, TOOTO XBMJIb, AKi MOIMIMPIOIOTHCA JIUIIIE B PEYOBUHi, Ha-
OPUKJIaA XBHUJII HA BOJi 4YM XBHWJILI B HATATHYTIH CTPYHI.

I>xepeslaMu XBUJIb — YH TO MOPChKHX, UYH B CTPYHi, 3eMJie-
TpyciB (cecMiyHMX) YM 3BYKOBHUX Yy MIOBITpPi € KOJIUBaHHA.

§ 32 — NNOIMUPEHHA KOJIUBAHb
o Y MMPYHHOMY CEPEJOBHUIII

Poarnazaooyu B monepefHix naparpadax KOJMUMBaJIbHUN PYyX
pPi3HMX cHCTEeM, MU TOBOPHJIM MPO IPUYHUHU B 3aKOHOMIipHOCTI
KOJIMBAJIBHOTO PYXY, IIPO Te, AK 3poO6HTH KOJMBAHHA He3aTyXa-
IOUHUMH, i 30BCiM He MiKaBMJIUCA NMHUTAHHAM, a II0 > BigdyBa-
€ThCs 3 cepenoBUIEeM (HANIPHUKJAL, 3 IOBITPAM), B AKOMY Binby-
BAIOThCA LI KOJMBaHHA,

Maun. 56 Man. 57
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BasKJIMBOIO BJIACTHBICTIO CYHIJIBHMX CepemoBHIN € IX
3OAaTHICThE ImepejaBaTH MexaHiuHuii pyx. Tijgo, Mo kKojJiuBaeTscsd,
nepiogU4HO 3MiIye YaCcTHHKU CcepenoBHINA, AKI MICTATbLCA B
OesnocepeAHii GJIMBBKOCTL 40 HBOro. 30yIKeHHsA KOJHBAHbL 4ac-
THHOK CepeJOBHINA B OMHOMY MiCIli BUKJIMKAE BHMYIIIEHI KOJH-
BaHHS YaCTHUHOK CYCiJHIX, Ti B CBOIO 4epry 30yIKyIOTh KOJIMBAH-
HA HACTYIHUX i Tak ngaJi. i

ITpouec momunpeHHsT KOJHMBaHb Yy IPOCTOPI 3 YacoM Ha3uBa-
IOTEH X8UJEI0. )

IIpouecu momIMpeHHA XBUJBb TiCHO MOB’sA3aHi 3 KOJUBATbLHU-
Mmu. Ilo cyri, XBHUJIA NepEeHOCUTH 3BUYAIHO caMe KOJIHMBAJIBHHAN pyX:
abo nepiogwMuyHM (30KpemMa — rapMoHi4YHH), abo 3aTyxarouyui,
abo sckpaBOo BHUpa)KeHWH anepioguuHuii. MexaHiuyHiI XBHUJIBOBi
Iponecu HEeMOXKJIMBiI 38 BiICYTHOCTI CyLiJBHOrO cepemoBHILA, B
AKOMY IOIIMPIOETHCA, abo, sSK IIe KaxKyTb, OiXumb XBUJIA.
XBuiai iHmol npupoay — eJeKTPOMAarHiTHi, AKi BM BUBUaTHMe-
Te Ii3Hime,— MOMXYTh NOILIMPIOBATHCHA 1 y BaKyyMi: BOHH €
IPOIEeCOM IMOIIHPEHHA €JeKTPOMArHITHOIO IIOJIA.

Cnocrepiraroun s3a Habiraroounmmm Ha Oeper XBHIAMH, BH,
MOXKJIMBO, 3aJyMYyBaJIMCA HaJX 3allMTAHHAM: 4M [NPHUHOCATHL XBHJIL
Boay no Gepera? Hi, xBmii Hacnpasii He NMepeHOCATH PEUYOBUHY,
SAKOI BOHH IOILIWPIOIOTHCA. 3BHUYANHO, Ile He CJig IayTaTa 3
yAapoM XBHJIb, KOJIM BHACHIAOK B3aeMmoAil xBuJji 3 Geperom ii ke
He MOXXHAa pOo3rasgaTH SAK OPOCTHH XBHJILOBHH pyx. Tak camo i
BiTep Moxke npuOUBATH MIaBalOYi npeamMeTH N0 Gepera 4M 3HOCH-
TH iXx y mope. XBmii, mo 0Oixkare o Boai, OYEBHMAHO, MAalOTh
mBuAKicTe. OgHAK KOXXHAa YACTHHKA BOJAM IIPH LbOMY 3AiHCHIOE
JIMIIle KOJIMBAHHSA BiJHOCHO TIOJIOXKeHHsA piBHoBaru. lle Jerko
crocTepiraTd Ha JMCTKY, L0 [JaBae€ Ha IOBepxHi craBka. Jluc-
TOK He PyXaeThCHA BIepeJ pa3oM 3 XBHJIEIO, a MOHIA€ThCA-Bropy i
BHH3: TAKMM caMMll PyX 3AiHicHIOE i Boga. AHAJNIOTIYHO XBHWJIA II0
HIHYypPY Oi’KWUTH BIpaBo, OJHAK KOXKHA AiJIAHKA IIHYpPa TiJILKH KO-
JMBaEThCH TyAu ¥ Hazan. lle 3arajpHa BJIACTHUBICTE XBHUJIb: XBUJIi
MOXKYTh IIOIIMPIOBATHCA CepeOBHIIEM Ha BeJUK BigcraHi, ogHaAK
came cepenoBuille (BoAa, LIHYP) 3AiMCHIOE JHIIe 0OMeXxxeHUH pyX.

Xoya npupoja XBHUJL Pi3dHA 1 NOUINPIOTHECA BOHU HO-Pi3HO-
MY, OJHAK 3aKOHOMIDHOCTi, AKMMH XapaKTepPHU3YETHCA IX IMOMIU-
PeHHd, 1 ABHUINA, 110 IIiJ Yac UbOro CIOCTEPiraloThbCcd, MAaKTh Mix
coboro GaraTo cnisibHOro. OCKINBKM OPYKHI XBHJII 1 XBHJII Ha mo-
BepXHi piguHu HaAKOiNBLII HAOYHi, TO O3HAMOMJIEHHA 3 OCHOBHH-
MH BJIACTUBOCTAMH XBHJBOBHX IIPOIECIiB NOYHEMO 3 PO3riasgy
X XBUJb.

Biszbmemo noBruii rymoBuil mHyp (Masa. 58, a) i mBuaKAM
PYXOM PYKH Bropy-BHH3 3MYCHMO OOHWH KiHellb IIHYypa 3JiHCHIO-
BaATH BUMYIIIeHl KOJIMBAHHSA Y BepTHKaJbHINA naomwuHi (Mman. 58,
0, 8, 2). Pyka TArHe KiHenp LIHYypa Bropy, a OCKIiJILKH KiHIleBa
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AiJAHKA IIHYypa HOB’sidaHa 3 cycigHiMM, TO IM TaKOMX Oepe-
HaeThCA CHJIa, AKAa Jiie Bropy, i BOHM IMOYMHAIOTH PYXATHUCH BIO-
py. OxgHa 3a OZHOIO IIOCJIZOBHI AiNAHKM IIHYpa HigHiMamOTbHCSA
Bropy, i B3J0B»K IIHypa PYyXaeTbCcA Ha30BHiI «rop6» xBuji. Tum
YyacoM pyKa, AKa TPHMAa€E KiHelb HIHYpPa, ONYCKAETHLCA Yy Iodar-
KOB€ MOJIOXKE€HHA BHU3, 1 AIJNSAHKH UIHYpPAa, IO AOCAIJH BEPXHBOI
TOYKMW PYXy, B Tid camiili ImOCJHiZOBHOCTI MOBepPTAThCA HAa3aln.
TakuM YMHOM, [JMKepejioM MOIMIMPEeHHA XBHUJIBOBOIO iMIYJIbCY €
30ymPKeHHsA, a WOoro HNOIIMPEHHH 3YMOBJIEHe CHJIaMHM B3aeMOMIii
MiXK cycigHiMU HingHKaAMH LIHYpAa.

AHAaJNOriYHO CTBOPHIOTHCA ¥ HMONIMPIOIOTHCA XBUJII Ha BOMII.
Ha manoHKY 58 KOJIMBAHHSA KiHIUA HIHYPA CTBOPIOIOTHCA PYKOIO.
XBuai Ha BOJI MOKHA 30yaAUTH OYAL-AKHM KOJMBHHM IpeaMe-
TOM, NMOMIiLIleHMM Ha IIOBEPXHIO BOAM, B TOMY YHCJI i pPYKOIO.
I>xepesoM KOJIMBaHB MOKe OyTH il cama Boja, 30yIKeHa BiTpom
abo KMHYTUM B Hel mpegmeroM (KaMiHIIeM, NaJMIEO, M sA4eM).
‘Bi6pyrouuii kamepToH i «mKkipa» Gapabana 30yA»XYyIOTH 3BYKOBI
XBWJI1 y MOBiTpi; AK MH NepeKOHAEMOCHA IIidHillle, KOJIMBAHHA
eJIEKTPHYHHUX 3apAAiB MOPOJYKYE cBiTaoBi xBuii. I Baaramni, maii-
’Ke KOXKeH IpejMeT Mijy yac CBOTrO KOJHUBAHHA HOPOJXKYE XBHJII.
fAxkmo mkepeso pyXaeTbcss CHHYCOIAAJILHO, 3OIHCHIOIYHM rap-
MOHIYHI KOJIHBaAHHA, TO H XBHJsA, Y BUOAJKY NPYXXHOTO cepeno-
BHUIIIa, MaTuMe (POpPMY CHHYCOIAM AK Yy IpocTopi, Tak i B uyaci.
Inaxkime Kaxyuu, AKIO 3pobUTH MHUTTEBY (GoTorpadiio XBHIBO-
BOro pyXy B ,IIE.HKHI:"I MOMEHT 4Yacy, XBHJIA MaTHMe BHIJIAL
rpadika (pyHKILII cCUHYC YM KOCHHYC. SIKIIO 3K posrisazarm pyx
cepemoBUIIA B NeAKOMY OJHOMY MicCIli IPOTAroM TPHBAJIOTO Yacy
(HampuKJaa, CIOCTepiraT KOJHUBAaHHA MMOBEPXHiI BOAHM Mi»K JBO-
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Ma GJM3LKO MNPUB’ A3aHUMH YOBHAMM), TO I HEBEJUKA ALJISHKA
BOJIM PYXaTUMEThCA BrOpy-BHU3, 3AIMCHIOIOUM FrapMOHIUHEe KOJIH-
BaHH#A, AKe OIINCYETHCHA CHHYCOIAJbHOK (DYHKILIED Yacy.

§ 83 — MOBKHWHA XBHJII. IIBHIKICTh XBHJII

Ha manoaky 59 moxkasaHi OoCHOBHI mapaMeTpu, AKMMH Xa-
PAKTEepPU3yIOTh IMEePioJUYHY CHHYCOIZAaJbHY XBWJIO. BHUIILI TOUKH
XBUJBOBOTI'O PYXY HA3HUBAIOTH ZpeOeHAMU, a HAXKUL — 3anaduHa-
Mu. AMnuityna — e MakcUMaJibHA BHUcOTa rpebeHs 4y rjiiudu-
Ha 3anajMHU, BHMipAHa BiTHOCHO HYJIBOBOro piBHaA (abo mouso-
JKeHHs piBHOBArw); MNOBHHUH po3Max KOJIMBaHb Bij rpebeHs 10
3anmaJvHHU AOPiBHIOE MOABIMHIA amniTyxai.

Bigcranms MiIK agBoMa cycigHiMH rpebeHsAMH Ha3WBAIOTh
doexuHoil x6L .0 A. JlOBKUHA XBWJIL JOPiBHIOE BimcTaHi Mixk
OV ABb-AKHMM ABOMA IMOCJHIJOBHHUMH OJHAKOBHUMM 3a BHUCO-
TOK TOYKaMu XBUJIi (abo BigcTaHi MixK HAWOIUIKUUMHU TOUKAMH,
AKI KOJIMBAOTHBCA B OJHAKOBUX (hasax).

CuHycoigaJbHi XBUJI XapaKTepHU3yIOThCA Ile YacTOTOI
XBWJII V, il AKOK PO3YMIiIOTH YacTOTY KOJIMBAHb YACTHHOK Ce-
penoBHuilla (YacToTa KOJIMBAaHB IIOIJIABIA Ha IIOBEPXHiI XBHJ).
YacTora XBUJIi MOpPiBHIOE KiJbKOCTi rpebeHiB xBuJi, AKi 1mpoxo-
AATH Yyepes JaHy TOYKY 3a OOMHUILI0 yacy (abo KiJbKOCTI MOBHMX
KOJIMBAHb). '

IITsudkicmw x8ui U HaA3WBAKOTL IHMIBHIAKICTH, 3 AKOIO Ile-
peMimaerbcsa rpedidp xBuii. llIBuakicres xBuai caig BigpisHATH
BiJi, NIBUAKOCTI 4YaCTHMHOK caMoro cepenoBuina. Hanpukian,
HWIBUAKiCTE XBHJIL, AKa OGiKHUTH IO HMIHYPY Ha MAaJIOHKY 58, Ha-
npAMJIeHa B3J0BXX LIHYpAa, TOAl AK INBHAKOCTI YaCTHUHOK IIIHYpAa
HAIPSAMJIEHI NepneHauKyJIAPHO OO HbOro. 3a mnepion, NpoTAroM
AKOro HoIliaBelnb 3AiMCHUTHL OfHe KOJHUBAHH#A, TOOTO ONYCTHUTH-
cA 3 rpefeHsA B 3anaJHHY i 3HOBY MifilHiMeThca Ha rpebiHb, XBH-
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Masn. 60

Jisi IpoCcyHeThCcss Ha Bigcrans A (man. 60), i mBuakicrs XBUJIi
JIOpPiBHIOBATHME!:
u=—;,‘—, abo v = Av.

IMTpunycruMo, HaNpuUKJIaL, 10 JOBMKHUHA XBUJIL 5 M, a 4acTo-
ta 3 I'n. Ilpn nboMy 3a OOHY CEKYHIY 4Yepe3 AaHy TOYKY MPOii-
AyTh TpH rpebeHi xBmii, AKi MicTATLCA OAMH BiJ OJHOrO Ha
BizcraHi 5 mM; nepmuii rpedbins (abo Oyab-sAka inma d¢gikcoBaHa
TOYKA XBHJ) IepeMicTHThCA 3a ceKyHAy Ha 15 M, oTxe,
IIBUAKIiCcTE XBUJILI HopiBHIOBaTume 15 Mm/c.

ITix yac BMHUKHEHHA XBUJb 1X 4YacTOTA BU3HAYAETHCS YaCTO-
TOIO KOJIMBaAHb JyKepeJla XBUJlb, 8 IIBUJKICTL 3aJIe’KUTh Bij Bia-
CTHBOCTEH cepejoBUIlla, B AKOMY Il XBHJII NOmMIMpPIO0OTECA. ToMmy
xBWJIi onHiel i Tiel camol wyacToTH MAalTh Pi3HY HOOBXKHHY B
pisHux cepemoBuniax. OCKiNbKH JOBKHMHA XBHJIL A = vT:% , BO-

Ha 6isbIIa B cepegoBMINi, B AKOMY 6iJblIa MIBUAKICTE NMOIIADEH-
HA KOJIMBaHb, IIPMYOMY, B CTiJIBKM pasiB, y CcKinekm Oinbsiaa
mBuAKicTe. Hanpukian, OoB»XKHHA 3BYKOBOI XBHJLI Yy Boai
6inpina, Hixk y nosirpi, B 4,24 pasn.
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3amaua 1. Karep, npoxogA4u o osepy, YyTBOPHB XBUJIIO, AKAa
mifinuia po Gepera uepes 1 xB. Bizcranbp misk gBoma cycizHimn
«ropbamu» xBmJi 1,5 M, a iHTepBaJ 4yacy MiK JBOMa ITOCJIiOBHH-
mu yanapamu ob 6eper 2 c. flka Bigcranp Bix Gepera po xarepa?

Pos3B a3aHH a. Bigcrags MixK cycigHiMu «ropbamu» €
JOBXXUHOK XBHJIL A, Yac Mi»X JBOMA HNOCJIiZOBHUMHU ygapaMu ob Ge-
per € nepiogom KoumuBaHb. IIIBHAKICTE MOUIMPEHHA XBHWJII p = %,
ToAl BiZcTaHB Bin Gepera MOpPiBHIOE MINAXY, IIPOHIEHOMY XBHJIEIO
3a 1 xB: -

s=vt=~%“,—t,aﬁos=45 M.

7| 1. Illo HA3UBAIRTH AOBXKUHOIO XBHJIi? uacToTo0 xBuni? 2. fAx mseuz-
KieTs xBuIi mor’aA3aHAa 3 11 goByxuHOI? 3. U 0AHAKOBOIO € JOBXKH-
HA XBHUJIb OXHi€l # Tiel caMol 4acTOTH B PisHMUX cepemoBHIax?

Bupasa 9

1. BnsHauTe MIBHAKICTE 3BYKY B MaTepiaJji, B AKOMY KOJMBAHHA 3
nepionom 0,01 ¢ 36ymKyIOTH 3BYKOBY XBHJIIO 3aBHOBXKKH 10 M.

2. YoseH roiflaeTbCcsa HaA XBHIAAX, AK1 NOIMIUPIOIOTHCA 31 IIBUJI-
kicTio 1,5 m/c. BusHauTe nepiofs KoJiMBaHb YOBHA, AKIIO BiiIcTaHb MiXK
aABoMa Haiibnm:x4yuMu rpebeHAMH XBHJIb 6 M.

§ 34 — IIOIIEPEYHI I ITO3J0BKHI XBHJII

XBHJII MOXXYTH [OIIMPIOBATUCH Ha BeJMKi Bifgcrani, a uac-
THHKHU CepeloBHINa 3AiMCHIOITh KOJUBAHHA JIKIlIe B OOMe)KeHil
obaacrti npocropy. Konn xBuis pyxaeTbcda IO LIHYPY, NPHIIYC-
THMO, 3JIiBa HampaBo, MIiIJAHKHM IIHYpa KOJHBalOTbCA Bropy i
BHM3, TOOTO B HANpsiMi, nepueHgUKyJapHomMYy (abo
rnomepeuyHomMy) 10 pyxy camoi xBwiai (mus. man. 58). Taka xBuns
HasuBaeTbCcA nonepeunorw. OAHAK He BCAKa XBHUJIA € Ioneped-
Howo. KoiuBanHAa MOMXYTh BigOyBaTHCsA i B 3 1 0 B 3K HaANpPAMY
nomupeHHsa XBuii. Toxi XBuasi HA3UBAETHCHA MN03008MHCHLOKWD. ¥
NO3AOBKHIN XBUJI YacTHHKM CcepejoBHINlAa KOJHUBAITHCH B
TOMY CaMOMYy HanonpsaMIi, BAKOMY HOLUIMPIOETECA XBHU-
as. ITosmoBKHI XBUJII JIerKko cnocrepiratu B M AKiil po3TArHyTii
MPpY»HHi, MOYeproBo CTHUCKAKYH i pPoO3TAryHwOYH OIHMH 11 KiHels,
AK IIOKasaHOo Ha MadiHKy 61, 6 (mopiBHAHTe 3 TIONEepPeYHHMH
XxBUAAMHK Ha wmaJgmoHKY 61, a). Ilo npyxkuHi nepemimarorscs
OiNAHKY CTUCKaHHA ¥ pospimkeHHsA. [JiaaHKU cmMUCKAHHA — IIe
Ti, B AKAX BUTKH IMNPY>XHUHHU 30JUKYIOTBCA OAHUH 3 OAHHUM, a
dinarnKu po3msazy — Ti, B AKUX BOHH po3xonarbes. JinaHKM
CTUCKaAHHSA 1 po3TAry BignoBigawoTs rpebeHsaM 1 3amaguHaM Hoie-
pedyHOl XBHJI.
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XBHIIL

CruckaHHA Poarar

JoB:KHHA XBHIL

Main. 61

Ba>XKJITMBUM NPHUKJIAAOM MNO3J0BXHBLOI XBHJI € 3BYKOBAa XBU-
g y nosirpi. Hanpuknan, KonuBaHHA meMOpaHu GapabaHa cTBO-
pIOE MO3MIHHO CTHUCKAHHA i PO3PIIMKEeHHA y NPUJIErIuX NiJjIsH-
Kax noBirpa (main. 62), 3aBAAKH YOMY CTBOPIOETLCA MO3AOBIXKHSA
XBUJA, SIKa MOUIUPIOETHCA B MOBIiTPi.

Ak i yv BUDaakKy momnepedHHMX XBHJIbL KOXXHA NiJIAHKAa cepeno-
BHIIIA, MO AKOMY OGi’KHUTEH MO3NOBXKHA XBWIA, 3AIMCHIOE OVXKe He-
BeJIMKI 3a aMIJIITY/IOI0 KOJIMBAHHSA, TOAlI AK caMa XBHWJIA MOXKe
nomInproBaTuCA Ha 3HavHi Bigcrani. o mos3moB:xHBOI XBUJII Ta-
KOJK 3aCTOCOBHI MOHATTHA AOBXHWHH XBWJIi, 4ACTOTH 1 IMIBHIKOCTI.
HoBxxkuHa XBUJIL — 1e BiacTaHb Mi»K ABOMA cycimHiMM minsaHKAa-
MU cTHcKaHHA (abo poaTsAry), a dacrora — Ie KiaeKicTs cTuHc-
KaHb, fAKi NPOXOAATHL 3a OAMHHIID dYacy dYepe3 [AaHy TO4YKY.

Mem6pana 6apabana CrHcCKaHHA

Maun. 62
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HIsnagkicTs XBHUAL — lle IIBHAKICTE, 3 AKOI pyXaeThecs AiJAHKA

cTUCKaHHA (PO3TAry); BoHA NOPiBHIOE AOBYTKY AOBXKUHHM XBHJI
Ha 11 yacrory

ITonepeuny xBunw (Majn. 63, a) moxHa nogatu rpadiyHo AK
3aJIeXKHIiCTh IyCTHHH NoBiTpa (a6o KinbKOCTI BHTKIB NPYXKHUHH)
BiJi KoopauWHATH X, IK IOKa3aHO Ha MaawHKy 63. Mu yacro Ko-
puUcTyBaTUMeMoOcsa TaKMM rpadiuHum 3o00pa’KeHHAM, OCKIJbKH
BOHO HAOYHO IOKAaaye, L0 BigGyBaeTbCs B cepefOBHINi. 3ayBar-
Te, 0 3aJIexKHIicTs HA MaJOHKY 63, 6 Ay)Ke cxo’Ka Ha Ioneped-
HY XBHJIO. ‘

IMosnoBrxkHI XxBUJIi — 1le, HacaMmnepeJ, XBUJi B piguHax i ra-
3ax, y TOMy 4YHCJi ¥ 3BYKOBiI XBHJIi y nux cepegoBuinax. Hanpmu-
KJajl, JIIOAChKAa MOBAa IepelacThCA Y IIOBIiTPi 3a HOIOMOromw MO3-
noBXKHiX xBuJb. IlonmepeuyHi xBuJi B rasax i pimmnHax icryBaTn
He MOYXYThb, OCKIJILKM BOHHM BUKJHKAIOTHL 3MiHH He 00’eMy uac-
THHOK, a hopmu. OaHAK PiAUHU i razm He YMHATH ONOPY 3MiHaAM
¢opmu. Tomy nonepeuHi 3amineHHAa B IUX cepefoBHUIIAX He NIPH-
BOAATH OO BUHHKHEHHSA IIOBepTalo4Yol CUJIH, a OTXKe, 1 10 BUHUK-
HEHHSA IIONEePeYHUX XBWJIb. PazoM 3 THUM, NO3A0BXKHI XBHJI,
noB’sizaHl oMHOUYACHO 3i 3MiHOIO 06’eMy 1 (hopMH YACTHHOK, Y ra-
3ax i piguHax iCHYOTh, TOMY IO IIi cepefoBHINA HPOTHAIIOTHL
aMiHi 0o6’emy.

IloiupeHHA KOJIMBaAHb CYIPOBOJAXKYETHCA NIepefaBaHHAM
eneprii KosuBaHb Bifg oxHiei Touxku cepejgosBuina Ao iHmoi.|Ha-
NpuKJaz, nig uac pyxy Karepa BiH 30yIKye Ha NOBepXHi o3epa
XBUJII, AKUM Iepelae YacTHHY cBoel eHepril. [difiwroBmn go be-
pera, ui xBuJi IlepezalThL OTPUMAHY BiJ Karepa eHepriio

94



KaMiHOAM Ha Gepesi, oueperoBi Tounlo. EHepria koauBaHb rirap-
HOI CTPYHM NEePEeHOCHUTHCA 3BYKOBUMH XBHJIAMH i CIpUHMaETbCHA
Byxom abo mikpocdoHom. Enepris, sSKY IepeHOCHUTh XBWUJHA,
JOPIBHIOE CYMi KiHeTHMUYHOI eHepril KOJUBaHb YACTHHOK i IMOTEH-
niansHol eneprii npykHol gedopmallili cepejgoBuIA.

. 1. fAxi xeuni HasuBaoTs nonepeynumu? HaBexiTs npukjagu nore-
peYHuX XBuJb. 2. Ym MoxkamBi momepeuHi xBHAi B piamHax i
] rasax? 3. ¥V 4yoMy noaAraiooTh BigMiHHOCTI MiX momepeyHMMH i
no3znoBkHiMu xBuaaMu? HaeeniTe mpurIagy IMO3N0BXKHIX XBWIIH.
i 4. YoMy XxBHJIA INepPEeHOCHTHL eHepriwo? L

§ 385 [MONIMPEHHSA MEXAHIYHUX XBHJIb
B OJJTHOPITHOMY CYIIIJIbHOMY CEPEIOBHIIII

PoarisiHeMo nponec NouIMpeHHs MeXaHiYHUX XBUJIb AOKJal-
Himre. Hiua nmosermieHHs pO3riafgHEMO IOUIMPEHHs IIOIepevYHOol
NMPY’KHOI XBWUJII B OJHOPiIHOMY OJHOMipHOMY cepemOBHIIIi,
MOJEeJLIII0 SIKOro MOKe OYTH pPsij NPYKHO NOB’A3aHHUX Mix coboro
YaCTHUHOK (IPYXXHHU ryMoBu# mHYyp). AKIo Kinens muaypa amy-
CUTH KOJHBATHCA, TO IIHYPOM MOOIXKHUTH IOIepeyHa XBWJIA.
KoxkHa yacTUHKA MIHYypa Mae macy i npy»HicTbk. I[1in uac nedop-
Mamnii mHypa B OyAb-sKOMY HOro Imnepepisi BHHMKAaOTh CHJIH -
npyxkHocri. [li cunn nparHyTh NOBEPHYTH LIHYP V IMOYATKOBHH
craH. BHacniZoK iHepTHOCTI YacTHHKA KOJIMBHOrO IIIHypa He
3YNUHAETHCA B IIOJIOYKEHH]I piBHOBArm, a MMHAE HOro, NpoJgoBIKY-
J0YU pyXaTHCA JO0TH, TIOKM CHJHM IIPYHHOCTI He JYNHHATE IO
YAaCTUHKY B MOMEHT MaKCHUMAJBHOrO BiAXWJIeHHSA BiJ MOJIOYKEHHHA
piBHOBaru.

3aMiHMMO peasbHUHN MIHYD JAHIIOKKOM OHAKOBUX KVYJIBLOK,
NOoB’A3aHUX Mi»K cobor0 npy:xxuHKamu (Mman. 64). Kyasku nepe-
OyBalOThL Ha OJHAKOBii Bigcrani ogHa Bin ogHOI. Hxlﬂo Bigxuiaurn
JiBY KpalHIO KYJbKY BiJl IIOJIOK€HHSA PiBHOBAru Bropy, Npy>KHuH-
Ka geopMyeThcA 1 Ha APYry KyJIbKY MOYHE AiATH cUJIa, 3MYLIy-
ouM 11 BigXuaATHCA B TOM camMuil Oik, mo i1 mepmy. BHacnigok
iHepTHOCTI pPyXx Apyrol KyJbKH BiaOyBaTHMEThCHA Y3TOIKeHO 3
pyxom mepmoi. Ii pyX, NOBTOPIOYU pyX MepHIol KyJabKH,
3ani3HIOBATUMETBCH B 4aci.

AKulo nepmy KyJabKy 3MYCHTH KoJnBaTHcA 3 nepiogom T,
TO JApyra KyJbKa TeXX NO4YHe KOJIMBATHUCS CJILIOM 3a MepllIolo,
OJHAK 3 IeBHUM BincraBaHHaM 3a dasoro. Tperss KyJabKa mig BIIN-
BOM CHJIM NPYIKHOCTI, BUKJNKAHOI PYXOM JAPYyrol KyJbKH, TAKOMX
NnoYyHe KOJIMBATHCH, Ie CUJbHilIe Bigcrarouwu 3a ¢dasoro, i T. 1.
Hapeurri, Bci KyJbKHM 3AiHCHIOBATUMYTh BUMYIIIEHI KOJITMBAHHA 3
OJHAKOBOIO YAaCTOTOIO, OJHAK 3 pisHumu (dpasamu. Ilpu nbomy no
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v
Ha manmoHKY 64 KOXHBHA HACTYITHUMN PANOK 1a€ MOJOXKEeHHA KY-
JIBOK uepes % nepio}xy KOJUBaAHB.

ITig giero amylIyiouol CHIM KpPalHA KYJbKa 3 PO3TJASHYTOTO
BUIIe DAY KYyJbOK HNOYMHAE KoJuBaTucsa. OueBHAHO, 10 AKAacCh
iHImIa KyJIbKa, AKA MICTHThCA Bij mepiuol Ha BiAcraHi y B Ha-
NIpaAMi NOIMUPEeHHS KOJHBAHHSA, IOUHEe KOJIMBATHCH IIi3HIiIle, KO-
JIM 0O Hel Aaiiife mo4yaTok 30yArKeHHHA, sSIKe MOIIMPIOETHCH II0 JaH-
LIOKKY KyJabok. Hexali mBHAKicTh momMpeHHs 30yHxeHHSA I10
JIAHIJIOMKKY KYJIBOK HOpPiBHIOE L. SIKIIO KONHMBAHHSA IEPLIOl KYJIb-
KK 3JiMCHIOIOTECH 34 3aKOHOM

PAAY KYJbOK MOGLXUTH HONEpPeYHa XBUJIA 3aBJOBXKKH A = 0T = -

x = XM sin ot,

TO KyJbKa, AKa NepebyBae Bij mepiioi Ha Bigcraui y, KOnuBaTHU-
MeThCA 3a THM CaMMM 3aKOHOM, OJAHaAK Yy MOMeEeHT d4dacy ¢ 1ii
3MileHHsA JOPiBHIOE TOMY, AKe MaJja Heplia KyJbKa B MOMEHT

yacy t “%- OTsKe, KYJIbKM JAHIIOMKKA 3MIIYyIOTHCA 38 3aKOHOM:
_ ~ Y
x=X,sino (t—?). (35.1)

96



Ile pieHAHHA HaA3WBAKOTL PIBHAHHAM Oixcywol xeu.si. BoHo
BHU3HAYAE 3MillleHHA YaCTHHOK CepeIoBHINA BiJ MMOJIOXKEHHS
piBHOBarm sk GyHKIi0 yacy ¢ i il Bixcrani y Bix nsxepena 3byn-
YKeHHS. )

Beenemo B 11e pPiBHAHHA 3aMiCTh 4aCTOTH Mepion (m’: L ):

T

x =X, sin 2n (%‘f_’r) (35.2)

Axmo 3adikcyBaTH nmeBHe 3HAUEHHA Yacy t, piBHAHHA (35.1)
i (35.2) nokarkyTh pO3NOAiJ 3MillleHb YACTUHOK V3J0BXK HAOpPHA-
MYy IOLIMPEeHHs XBMWJIb 3aJIeXHO Big BigcraHl y. 3MmimmeHHs 4yac-
THUHOK, AKi nepebyBalOTh OJHA BiZ omgHOl Ha BigcraHi y = vT, B
OAMH 1 TOM caMMil MOMeHT yacy t OyayThb, sK BUAHO 3 piBHocCTi
(35.2), omHakoBi, TOOTO YaCTMHKH KOJIMBAlOTBCA B OJHAKOBiH
dasi. Bigcranp, npo¥iaeHa XBHJIEIO 3a OAMH Iepiol, AOpPiBHIOE
poBxuHI xBuii A = vT, Tomy piBHicTE (35.2) MmoxKe OyTH TAKOIO:

x=X,sin2n (L - £). " (35.8)

YacTHHKH cepeJoBHILA KOJMBAIOTHLCHA 3 OJHAKOBOI aMIJIiTy-
010, NpoTe TOuKa, AKa nepebysae Ha BiAcTaHi Yy, BiA nmouyaTko-

BOi, Ma€ BiZHOCHO Hel 3cyB ¢das —2%93- Ha BipeTraHi ogHiel poB-

PKHHHU XBHUJL dasa KOJHBAHHA 3MiHIOEThCA Ha 2T.

Ha mopmeni mpy’XHOro Tija, siKe CKJIAJAETLCA 3 OJHAKOBHX
KYJBOK, IOB’SA3aHUX HNPY>KHMHKaAMH, MOXKHA cIocTepiraru npouec
MNOMIUPEHHA MO3TOBXHIX XBHJAL (Majs. 65). SAAKmo IMTOBXHYTH
Kpa#HIO JIiBY KYJbKY BOPaBO B3JJOBX PAAY KYJbOK, BOHaA IOYHE
KOJUBATHUCH, HAOIMUBNUTHLCA A0 CYCIIHBOI KYJIBKH, NpuBene 1i ta-
KO’ YV KOJIMBAJBLHUH pPYyX Ta NepeiacTh KOJHBAJLHHUH pyX Ha-
CTYNHIN Kynboi i T. A. ¥ pe3ysabTaTi BCi KYJbKH IIOCTYIIOBO IOY-
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HYTh KOJHMBATHUCHA, OJHAK He OJHOYACHO, a TakK, IO KOXHa Ha-
CTYIIHA KyJbKa MOYAMHATHUME KOJHBaHHA [EINo Ii3Hime 3a mole-
PeAHI0, TOMY KOJHBATHCA BOHHM OyAYyTH 3 OJHHMM i THM caMuM
nepioaom, ajyie 3 pisaumu daszamu. Ha manioaky 65 kokeH Ha-

. 1 i
CTYIIHMH PAAOK /A€ IOJIOMKEHHsI KYJIbOK Yepe3 Inepioay Koim-

BaHHs. B peayabTari 3MileHb KYyJBOK IiJ Uac KOJIMBaHHA Bin ix
cepeAHiX MOJIOXKEeHb CIIOYATKY YTBOPIOETHCH 3TYIIEHHSA KYJbOK, a
3a HUM HacTynae pospimyxenas. Ha manioHKY 65 NyHKTHDHUMH
Jimigmu 306pakeHi rpad@iku KOIMBaHb Kyasok 1, 4, 7, 10 i 13.

§ 36 — 3BYKOBI XBHJII

- TloHsTTA Npo 3BYK 3BHYaMWHO acCOILiIOETBCA y HAC 31 cayXom i
oTKe, 3 (PpisioJoriuHUMHU NpouecaMu y Byxax, 4 TaAKoX 3 MCUXiu-
HUMM [POIECAMM y HALIOMY MO3KY (Tam HepepOGJIHIOTbCH Bin-
yyTTA, 110 HAAXOAATH 10 oprauis cayxy). Kpim Toro, nig sasykom
MK posymiemo (isuuHe ABUILE, IKe BILIMBA€E Ha HaIll Byxa, a ca-
Me MO3JIOBKHI XBHJIi.

3BYKOBlI XBHJII B CEpeAOBHINL CTBOPIOIOTHCA 3aBXKAH TiJOM,
sAKe KoaupBaeTbesa. Hanpuknazn, KoOJUBaAaHHA MeMOpaHU Tenedony
CTBOPIOE y INPUJErJoMy lIapi moBiTpsA mocaifoBHiI 3ryuieHHa i
pO3pimrKeHHsA, AKi NOIIHNPIOIOTBCA y Bci 6oxku. Ha manwoHKy 66
HaBeJeHO (pororpadiio NoOBepXOHE 3BYKOBHUX XBWJIb, BUIIVIIEHUX
TeredoHHOK TPyOKo. Bu GauunTte, 110 XBHJI PO3XOAATHBCA Bij
NpUiiMaJbHOIl YACTUHH TPYOKH KomamMu. CxoxicTek 1ie€l kapTuHHA
3 KAaPTHHOIO XBUJb HA NOBEPXHiI BOAM IiJIKOM OYeBHAHA.

_ Ilixg yac BUBYEeHHsA 3BYKOBUX ABUI AYXKe YACTO AK IyKepe-
JIOM 3BYKY KOPDHUCTYIOTHCA KaMe p T o H o M. KIo 1o HboMy
BHAPUTHU M AKHM MOJIOTOYKOM abo mpoBecTHM CMHUYKOM, Kamep-
TOH 3a3BY4YHTh. KOMMBaAHHA MOro MoXKHa sanucatH (man. 67).

Harre Byxo crnpuitMae y BUIIAAl 3BYKY KOJHMBAHHS, 4aCTOTA
AKNX JeKUTh y Mexxax Bim 16—20 no 20 000 repu. Taki konu-

Maun. 67
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BAHHSA HA3WBAIOTL akycmuyHumu. Pozain ¢pisuku, skuii BUBUaE
crnocobn 30yayKeHHA 3BYKOBHMX XBHJIb, 1X [OUIMPEHHHA 1 B3a€EMO-
Ail0 3 cepenoBHILlEM, HA3HUBAKOThL akycmukor. Ilpore chorogsHi
AKYCTHKa 3aiMAETLCA W THMM MeXaHIYHUMU XBHJISAMHA, HAKI
He CHPHUHAMAaIOTBECA BYXOM JIOAHHHU 1 MOXKYTh MHOOLIMPIOBATHUCH
HE JIMIIe B IOBiTpi, a 1 y O6yaAb-AKOMY iHIIOMY CepeaoBHIIIi.

ITpykHi xBUJII 3 yacToTOW, HHMXKUYOI0 3a 16 I'm, HaszuBawThL
ingppaszeyrkom. [:xepenamMm iHGPasBYKY € 3eMJIeTPVCH, - YIapH
rpomMy, BHBep>KeHHs BYJKAaHIB, a TAKO» XBHJIi, AKIi BHHUKAaIOTH
mig yac Bibpamiii MacMBHHMX BepCTaTiB, KOMIIpeCOpiB Ta iHIIOro
yeraTkyBaHHS., OcTaHHE OyKepesio Moxe OyTH ocobauBo Hebea-
nedHu™m ansa pobiTHuKiB, TOMY 10 BOJAUB iHGPaA3BYKOBHX
XBHJIb — XOY iX i He UYyTH — MO’Ke NPH3BECTH [0 MIKiJJIUBUX
HACHiAKiB oyis joAackKoro opradiamy. LI HuabkouacToTHI XBHIIi
COIPHUYMHIOKTh ABUINA PE30OHAHCHOTO THUIY, AKi CYIPOBOAYKYIOTH-
cA pyXxoM i nmoapadHeHHAM BHYTPILIHIX opraHiB JIOJUHH.

3BYKOBi xBuJi 3 wacroramMu, o nepesulyiors 20 000 I,
Ha3UBAIOTh Yy ibmpa3sykom. Barato TBapuH COPUHMAIOTE yJIbTpAa-
3BykoBl wacroru. Hanpukiajg, cobakHd MOXXYTh YYTH 3BYKH JO
50 000 TI'u, a kaskanu — go 100 000 T'u. VaprpasByrRoBi xBuii
MAalOTh NIMPOKE 3aCTOCYBAaHHA Yy MEIHIIMHI Ta 1HIIUX .rajayssax
HAYKH M TeXHiKH. B

Byab-sake Ttino (rBepae, piike uyu rasonogibue), 110 KOJIH-
BAETHCA i3 3BYKOBOIO YacCTOTOI, CTBOPIOE B HABKOJIHIIHBOMY
cepeAOBHINI 3BYKOBY XBMJIIO. B pigmHax i rasax 3BYKOBI XBHJI
MOJKYTh OYTH JHIIE MO3J0BXXHIMH.

Heob6xinHo yMOBOIO [AJid IepefaBaHHA 3BYKY BiJl KOJHBHO-
ro tija mo npuiimada (30Kpema, A0 HAILOPO ByXa) € iCHYBaHHHA
IPYyKHOr0 cepeaoBuula Mixk BiOpaTopom 1 npuiimauem.
HajtyacTimme 3BYKOBI XBMJII JOCATAITH HAIIIMUX BYX HOBiTpAM.
IIpore BoHM MOKYTh HnolmvploBaTucs i B iHmux peuosmHax. Ilo-
BiTpA He Ma€e AKUXOCh O0COOJIMBHUX IepeBar NOpPiBHAHO 3 iHIIMMH
peYOBHMHAaMHM B PO3YMiHHI MOJKJIMBOCTI HOIIMPEHHA B HBOMY 3BY-
KOBHX XBHJIb. ¥YJAapHu ABOX KaMiHIIiB ogmH 00 OQHOIo aKBaJaH-
rict Mmo)xe 4yTH, nmepebyBaruyu IIiJ BOJOK, OCKIiJILKM KOJIMBAH-
Hs HepeAalThed A0 ByXa BoAo. SKIO HDpHUKJIACTH BYXO 10
3eMJIi, MOXXHa MOYyTH HabmuxkeHHA morAra abo aBromobina. B
LOMY BHIIaJKy -3€MJs He BIJNBae OeanocepeHLO Ha Baili
fpapabannHi nepetuHkH. OAHAK MO3JOBMKHIO XBHJIO, SKA TOMIIH- )
PIOEThCSA B 3eMJIl, HA3MBAIOTh 3BYKOBOIO XBWJIEH, OCKIiJbKH Ti
KOJMBAHHSA NPUBOAATH 0 KOJHBAHL MOBIiTPA B 30BHINIHBOMY
Byci. CrnpaBai, No3J0BKHI KOJMBaAHHA, AKI NOLIMPIOIOTHCHA B
OyAb-AKOMY MAaTepiaJbHOMY CepemoBHIIi, dYacToO HAa3WBaIOTh
3BYKOBHMH.

OuyeBMOHO, 3BYK He MOXe IMOUIHPIBATHCA 3a BigcyTHoOCTi
peuoBunu. II1o6 nepekoHaTUCA B LILOMY, €JIEKTPUYHUN N3BIHOK
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Maun. 68 Man. 69

CJiJi MOMICTHTH IIiJi KOBMAK MNoOBiTpsiHOro Hacoca (man. 68). VY
Mipy BigkauyyBaHHS MHOBIiTpA 3-IiJ KOBIakKa 3BYK cjaabHe, IOKH
He HPHII'HHHTBCH 30BCiM. Tomy KOCMOHABT Ha n.r[aﬂe'ri, e npak-
THYHO HeMae aTMocdepH, He IMOUYYE Hi NOTYIKHOro peBiHHA peak-
THUBHUX ABWUI'YHIB, Hi I'YPKOTY BHBep)XeHHA ByJkaHa (maj. 69)
TOIO, ajie Biauye Bibpamiio nmoBepxHi njaaHeTH.

Ilorano npoBoAATHL 3BYK TaKi Marepianu, AK NOBCTb, CKJIO-
BaTa, nopucri nmaHesi, npecoBaHuil Kopok i T. a. Ii maTepianmu
BHKOPHCTOBYIOTh AJIA 3BYKO0130JAMIil, TOOTO ANA 3aXHUCTY HNPHMi-
nieHb BiJI CTOPOHHIX 3BYKIiB.

1. fixa c¢isuusa npupoza 3ByKy? 2. B aKuUX MeKax 4acTOTH Jie-
JATh 3BYKOBI KOMUBAHHA, AKiI Mmu uyemo? 3. ITosaoB:xHI Y mome-
peYHi KOJHMBAHHA B 3BYKOBHMX XBHJAX y noBiTpi? y Boai? y TBep-
aomy Tini? =l&, -

—

1

§ 37 — MBUIKICTb 3BYKY

3BYKOBi xBuJi, noAibHO 40 BCiX iHIIMX XBHJIb, OOLIHPIIOTh-
cfA 31 CKiHYEeHHOI0 IIBHUAKICTIO, AKY HA3HBAIOTH ILIBHAKICTIO 3BY-
Ky, ToOTO Ha HDOIIMpPeHHHA 3BYKOBHX KOJIMBaHb Bij Axkepesa
norpiben nesHui yac. lle miarBepayxyerbesa GaraTbMa comocTepe-
JKeHHSAMM HajJ IOIIHUPEeHHAM 3BYKY. Hanpukyiaja, 6G1HCKaBKy MH
6aunmo paHime, HidK uyemo rypkir rpomy. Te came MoKHAa
MIOMITHTH, COOCTEPiralo4Ym 3 BeJIMKOI BiJicTaHi rpy y BoJeiibos uu
BubHBaHHA KHJuMa. Bu Gauure yaap no mM’suy 4v KHJIUMY, a
3BYK Binm yaapy nmiiine uepe3 nmeBHHMU udac. I yum pgani Big Hac
MicTHTBECA JAiKepesio 3BYKY (MHCIAMBelUb, I'PO30BHHA po3pAn,
BoJieiiboJricTt ToOmoO), THUM OinblIe yacy MHUHAE MiXX MOMEHTOM
BMHHMKHEHHS 3BYKY 1 Horo cnpuiiMmaHHaM HaMu. SKuio BigcraHb
JO JAJKepeJsa 3BYKY B KiJbKa KijJloMeTpiB, Ile 3ami3HEeHHS MOXKe
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craoButu 10 i HaBiTh 6inbire cexyuzg. Ili Ta immi daxT BKa-
3yIOTh Ha Te, L0 B3BYK IONIMPIOETbCA He MHTTEBO 1 IO
HIBUAKICTH MOIIMPEHHA HOro 3HAYHO MEHIIa 3a OIBUAKICTE IIO-
mupenHsa ceitina (300 000 kM/c). 3HaO4YHM BigcTaHb N0 AXKepeJsa
3ByKy | i BuMipaBIIHM 4Yac ¢, AKKNH noTpibGeH 3ByKoBi, 106 momo-
JIATH IO BiCTaHBb, MOXXHA OOYMCJINTH IMBHAKICTE 3BYKY:

_ 1
U_T°

Y pisHMX peYyoBHMHAaX i 3a Pi3HMX yMOB IUBHMAKICTE 3ByKYy He-
oaHakoBa. CkaximMo, y mosirTpi 3a TeMIepaTypu 0 C wBuakicTs

mopisaioe 333 m/c, a sa Temmeparypu 20 C — 343 m/c; y
Boni — Bigmosimuo 1407 m/c i 1484 m/c. ¥ rasax i pinurax mo-
’Ke iCHyBaTH JiaIne OAWH THUII XBHJIb — IIO3AO0BXHiI XBMJIi, KOMH-

BaJIbHI 3Mill[eHHA YAaCTHHOK B AKHX OpPi€eHTOBaHi B HanpAMi mo-
IOUpeHHA XBUJi. ¥ TBEepAHX Tijax MOKYTE icHyBaTH XBHJIi 060x
THIIB, 1 KOXHOMY 3 HHX BiAnoBiZae ¢BOe 3HAYEHHSA IIBHIKOCTI
3BYKY, fiKe 3aJIe)KHTh, 3BM4YAaiiHO, i Big BiacTuBOCTEil cepenoBU-
ma. Haepukiaan, MIBHAKOCTI MO3ZOBMKHIX XBUJIL Y CcTaJi, Miai i
amoMiHil mopiBHIOIOTE Bizmosigmo 5400 m™m/c, 4560 wm/c i

6320 m/c, a IIBHAKOCTI momepedHMX XBuiab — 3220 m/c,
2250 m/c i 3100 m/c. F
?

1. Big goro 3ajie;XHTh MIBHAKICTH 3ByKy B moBitpi? 2. Yomy ansa
TBEPAUX TiJl BKA3YIOTH ABA 3HAYEHHA IIBUAKOCTI 3ByKy? 3. Un mo-
JKYTh KOCMOHABTH, BHXOAAYH Y BiAKPUTHII KocMoc a60 BHCAmMKYIO-
yuer HA Micans, cOiKyBaTHCcH Mix co60i0 38 ZOIIOMOIOIO 3BYKO-
BOi MoBH? i =

Bapagra 10

1. MucauBenb OOYYB JYHY 3IiliCHEHOrO HHMM I@OCTpiny 4epea
4,5 c. Ha axkiit Biancrani nepe6GyBae moBepxHs, Big AKoi BinbuBaeThCsA
3Byk? Temmneparypa nositpa 20 ‘C.

2. Ha akii sigcrani Big cmocTepiraya BMHMKJIA GJIMCKaBKAa, AKIO
BiH mouyB mepmuii yaap rpomy depes 10 ¢ micasa ii cnanaxy. Temnepa-
Typa mosiTpa 20 “C. :

3. 'eonoru, mob poasigaTu raubuHEHI Nopoan, YacTo BAAIOTBCH A0
BubyXy, XBHJi Bij AKOro, MOMIMPIOIOYMCHE Ha IrIMOMHY, BiaOmMBarmOTBCA
Bix rycrimmmx mopiz i MoxkyTes GyTH 3adikcoBaHi 3HOBY Ha HmoBepxXHi
yepes meBHMiI yac micaa BuOGyxy. Homy nopiBHIOE IIBHAKICTL MOMIM-
peHHA BUOYX0BOI XBHUJi B 3eMHifl KOpi, AKINO XBUJISA NOBEPHYJIACH Ye-
pes 22 ¢ micaa Bubyxy, a TBepAa NOpoJa BHABHMJACH HA TIJIMOHHI
55 Km?
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§ 38 — MY3HKAJIBHI 3BYKH 1 IYMM.
T'YYHICTB I BHCOTA 3BYRKY

3BYK, CTBOPEHMI DPi3HMMM JKepelaMH, BHKJIMKAE B Hammii
cBimoMocTi pisHi BigYyTTA, 3rifHO 3 AKMMH MH i1 XapaKkTepH-
3y€MO pisHi 3ByKH. 3aJIesKHO BiJ ObOro MM roBOPMMO PO CHJIBLHI
i caabki 3ByKH, BHCOKI i1 HB3bKi Tomio. 3mMicT mux ciiB HaM 3po-
3yMinmii, xoua KOJH 3ayMaTHCHA HajJ HUMH, TO YiTKOCTi TyT He-
Mae. 3anuTailiTe y CBOro TOBapHIa, IO O3HAYAE CHJIbLHUI 3BYK,
BignmoBine Gyae posmiausuacTo. ['oBopAuYM mpo cuJibHI i caabki
3BYKH, PO BHMCOKi i1 HHM3bKi, MM cnupaemMoca Ha Hammi cy6’ek-
TUBHiI Big4yTTHA, i MbOro HAM BHABJIAETHCA IiJIKOM JOCTATHHO,
mo6 o6XoAMTHCA B HNOBCAKAEHHOMY XHUTTi. 3poadymino, mo aasa
HAYKOBOr'O ONHKCY 3BYKOBHX SIBUIN HE MOY»XHA KOPHUCTYBATHUCHA BH-
KJIOYHO AKiCHMMH Cy0’€KTHBHHMMM YABJEHHSMH i MipKyBaHHS-
M. XapaKTepHUCTHKH 3BYKY HeoOXijHO moB’asaTH 3 mDeBHMMH
dizMUyEHIMH XapaKTepHCTHKAMH, AKi He 3aJie)XaThk BiJ 0cob6JIHUBO-
CTell cOpHUIIMaHHS 3BYKY JIOAHHOIO. 30KpeMa BajkJIMBO 3’ ACyBa-
TH, YMM 3 OOrJasAAy (isMKH BiAPi3HAIOTBECA MY3MKAaJbHI 3BYKH
Big mymMy i yoMy TAKMMH HECXOXMHMM MOMXYTh OYTH MYy3HKAaJIbHI
3BYKH Mixk co0010?

YucTuii MY3HKaJbHHH 3BYK MOJXKHAa OicTaTH 3a AOIOMOIOIO
KamepToHa. IIpocTexmMo 3a pi3HHM 3BYyYAaHHAM KaMepTOHA.
Hdna nboro BMKOHaeMo Takuii zocuain. Ha rtopuoesiit uacruni
HI>XKKHM KaMepTOHa 3aKpPinmMMoO JiereHbKe A3epKaJjble. BizeMemo
asepkanbHuil OapabaH, npucrpiii, sgaTHHil oro obGepraru, i
ocBiTiioBad. PosmicTEMO iX, AK DOKAa3aHO Ha MamowHKY 70.
CeiTtnoBuit npoMiEs, BiAGHMBIINCE BiJ A3epxkanbIs HA HIXKII Ka-
MepTOHA i A3epKanbHOro 6apabaHa, na€ Ha eKpaHi cBirny naamy.
3MyCcHMMO KaMepTOH 3BYy4YaTH, YAAPUBIIM 3JIErKa II0 HLOMY I'yMO-
BHM MOJIOTOYKOM. IlnfAMa Ha eKpaHi «BUTATHETHCHA» ¥ BepTH-
kanbHy JniHio. Ile Big6yBaerbcss TOMy, L0 KAMEPTOH 3AiHCHIOE

Man. 70
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Maxn. 71

KOJIMBAHHSA, & Pa3oM 3 HUM i A3epKajblie, 3akpinjeHe Ha iioro
Hikni. Axkmo Tenep 3MyCHTH IPOMiHB OZHOYACHO HepeMilaTH-
cA B FOPHU30HTAJIBHOMY HamnpsiMi o6epTaHHAM A3epKaJbHOro 6a-
pabaHa, HAa eKpaHi MM MoGAYMMO PO3TOPTKY B Y aciKo-
JINBAHb KAMEPTOHA, AyXe GJIM3bKY J0 cuHycoigu. 3BigcH MOXKHAa
3poOHTH" BHCHOBOK, IO KOJIMBAHHA HIXKOK KaMepTOHa [y Ke
OnMu3bKi K0 rapMoHIYHUX.

3BYKOBi KOMTMBAHHA, AKi BiZOyBalOTLECA 3a rapMOHIYHHM 3a-
KOHOM, CIPHHMAKITHECA JIOIAUHOIO AK NEeBHHUH MY3HUKAJIbHHUNA TOH
(abo mpocTO TOH).

CopuiiMaoyy MY3HKaJbHI 3BYKH, JIOJHHA po3pisHse ix 3za
BUCOTOIO. 3’sCYyEMO, 3 YMM [OB’sA3aHa BHCOTA 3BYKy. Bisbmemo
ABa KaMepTOHH i 3ailicHMMO posroprky B dYaci ix koJsuBaHB
(man. 71). ITopiBHIOIOYH YACTOTY KOJMBaHbL KAMEPTOHIB 3 BHCO-
TOIO 3BYYaHHA, MU [IEPEKOHAEMOCS, U0 DibII BUCOKOMY 3BYKOBIi
BigmOBiZae OinbIna 4YacTOTa KOJHBaHb. TaKMM YHHOM, BHCOTAa
3BYKY BH3HAYAETHCA YACTOTOI KoJaMBaHb. KoauMBaHHS BHEOKOI
YaCTOTH COPHHMAIOTHECA AK 3BYKH BHCOKOI'O TOHY, 3BYKH HH3b-
KOl 4aCTOTH — #K 3BYKM HU3LKOro. IIiITArYIOUM CTPYHY riTapu,
MH 30inmbpmIyeMo yacToTy 11 BiJIBHMX KOJIMBaHb, 4 OT?Ke, podbumo
3BYK Oinbin BuUcOKHMM. JlianasoH 3BYKOBHMX KOJHUBaHb, SAKHUN
BignmoBizae 3MiHI 4YacTOTH KOJIMBaHb y ABa pa3yu, HA3HBAIOTh OK-
maeorw. Hanpuknan, TOH «Js» NeplIoil OKTaBH BiAMOBifae wac-
ToTi 440 I'm, ToH «asA» Apyroi okraBu — d4actoTri 880 I'm.

BaknuBoio cy0’€eKTHBHOIO OL[IHKOIO iHTEHCHMBHOCTL 3BYKY €
Horo zywHicme. 3BepHEMO yBary B OINHCAHOMY BHIIe AOCJini
(zuB. man. 70) Ha aMILIiTYAY KOJIHBaHbL KAMEDPTOHA. ¥ ZapHMO IIO
KaMepToHY cuibHime. Mu nmouyemo cunbHimui 3ByK. AMmiiry-
Aa KOJIMBaHb Ha eKpaHi spocya. OTixe, AKII0 3BYK CHABHIiImnii,
6inpuIo Oyae ¥ aMILIiTYZa KOJMBaHb YV 3BYKOBi#M xBuiai, OaHak
caia, maMm’ATaTH, 0 'YYHICTH 3BYKY 3aJIeKUTh i Bif iforo yacro-
TH. MoXe BHABHUTHCH, 0 3BYK OijNbIIOi iHTeHCHMBHOCTI OAHi€el
YACTOTH COPHHMAETHECH HAMM SK MEHII 'YYHHH, Hi>X 3BYK MaJoi
iHTeHCHBHOCTI iHImIOI 9acTOTH.
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3BYKOBiI KOJIMBAHHA, AKi He € rapMoHiUYHMUMHM, HA CIAYX Ma-
IOTh IIleé OAHY sAKicTh, KpiM BHcOTH i1 ryuyHoOCTi, a caMme: choe-
nudivyHMi BiATIHOK, AKUI HA3UBAIOTE MmemMOpom. 3a Pi3HUM TeM-
OpoM MM JIerKO pO3Ni3HAEMO 3BYK rosocy, CBHUCT, 3By4YaHHHA
CTPYHH pOAJHA, CKPHUIKH, c:lmewm, rapmMoHii Tomjo, xou 6m mi
3BYKH i Majnu ogHaKoOBY BMcCOTY i ryunicte. Hanmpukian, Axmo
Ha ¢opreniaHo, a moriMm Ha rob6oi G6epyTb HOTY OLHAKOBOI ryd-
HocTi M oaHiel BHCOTH (IPHOYCTHMMO, «IO0» Iepliol OKTaBH), TO
AicTalTh 3BYKHM, AKi icTOTHO BigpisHATHMyTbcA. MM Hikonmn He
crnayTtaemo 3ByK ¢opreniaHo i robolo. BigpisHuTH 3BYK O0ZHOrO
iHCTpyMeHTa BiZ iHmoro Ham gomomarae TemM6p 3ByKy. 3a TemO-
pOM MH MOXXEeMO Mi3HaBaTU TIOJIOCH Pi3HMX JoAei. 3 uYuUM
noB’A3aHWM TeMOp 3BYKY, 3 AKOI 0CODJIHBICTIO KOJIMBaAHBL?

Ha masmoHKY 72 nmokasaHO OCOHJIOTPAMM 3BYKOBHMX KOJIH-
BaHb, CTBOPIOBAHMUX posJeM i KjapHeTOM, IPHUYOMY JAJS Tiel ca-
MOi HOTH, TOOTO AJIA 3BYKY OAHi€l BUCOTH, IO BiANnoBigae nepiony
B 0,01 c. OcumiorpaMu MOoKasayloTh, 110 Hepioa B 060X KOJIHBaH-
BAX OOHAKOBWH, IIPOTE BOHHU AYKe BiAPI3ZHAIOTBLCA 3a CBOIM CKJa-
gom. ObuaBa 3BYKHM CKJIAZAIOTBCA 3 OJHAKOBHUX N'ADMOHIYHHX KO-
JuBaHBb (TOHiIB), ajle B KOHOMY 3 HHX IIi TOHM MalOTh pisHi
amMrtiTyau i ¢asu. HallHMKYMHA TOH Y CKJAJZHOMY MY3HMKAaJIbHO-
MYy 3BYKOBiI HABMBAIOTh OCHOBHUM, BiH Ma€ TaKy caMy 4acTOTYy, AK
i cknagHu# 3ByK. PemTy nOpocTHX TOHiIB, IO MawTh YABiui,
BTpPHYi, BYeTBepo i T. 4. OijbImmi yacToTH, HABUBAIOTH suwumu
2ApMOHIYHUMU moHamu, abo obepmoHaMmu.

-flxicTs 3BYKY BHM3Ha4YaeTbCsA HasfABHicTIO 00epToHIB — IxX
KinbkicTio i BimHOcHMMM ammuaitygamu. B pisHMX MySHYHHX
TiHcTpyMeHTaxX BigHOCHI ammuiTyau pisHux o6epToHiB BUABIA-
I0Ti.CA HeogHAKOBHMH. CaMe Ime Haga€ 3BYKOBI KOXXHOTO iHCTpPY-
MEHTA XapaKTepHOl NJIA HbOro AKocTi, abo TemOpy. Yum 6inbire
B 3BYKOBOMY KOJIMBaHHI 00epTOHiIB, TUM faraTmmuil TeMOp 3BYKY.
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HlymM € cKJAaZHOK CyMiINNIO BeJWYe3HOl KiJbKocTi rap-
MOHIYHMX KOJIMBAHb 3 Pi3HHMMM YaACTOTAMH.
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3ByKOBi XBmii, 3ycTpidaroyuck 3 ByIb-AKUM TiJIOM, BUKJIMKA-
IOTE BHMYVIIIEHI KOJIMBAHHA ObOro Tina. fAKImo uyacToTa BJIACHUX
BiJILHUX KOJUBAaHBb TiJIa 36iraeTLCsa 3 YACTOTOIO 3BYKOBOI XBHJIi, TO
YMOBM JIJIA NepenaBaHHSA eHeprii Bi 3ByKoBOl XBWJII Ao Tijna BH-
ABJIAIOTBCA HAUKPANTUMH — TiJIO CTAE AKYCTHYHUM DPE30HATOPOM.
AMniTysia BUMYIIEHMX KOJIMBAHL IIPH [BOMY [OOCATaE MAaKCH-
MaJIbHOTO 3HAYEHHA — CIOCTEPiracTbCd AKYCMUYHWLIL PE3OH@HC.

Axmo nmepenx BiAKPHUTHM pofAJieM B3ATH AKHWICHL TOH, IIicias
NPUNIWHEHHA HOro 3ByYaHHA MOMHAa UYYTH 3BYYAHHA CTPYH POsA-
JIfA: ILle Pe30HYIOTh CTPYHH, IO MAaOTh OAHAKOBUM mepiox xosm-
BaHb 3 y3ATUM ToHOM. IlocTaBHMO mopsaa ABa OAHAKOBI KaMepToO-
HM A i B, NnOBepHYBIIM OTBOPH PE3OHATOPHUX AIMUKIB, HA AKHX
BOHM 3akKpinseHi, HadycTpid onuH ogHOMYy (MaJj. 73). Yaapuemu
rYMOBMM MOJIOTOYKOM II0 KAMEePTOHY A, NMpHUBegeMo HOro B KO-
JIMBAHHA, 4 MNOTIiM NPpUIIYHIMMO HanbUAMH. MM ODOYyEMO 3BYK,
110 Oro CTBOPIOE APYIrHil KaMepToH B, BiArYKYHOUYHCHL Ha KOJH-
BaHHA KaMepToHa A. 3MiHMMO nepioa KOJIMBaHHA KamepTroHa B,
HafgiBOIA Ha #oro HiKKy MajleHbKY MYy®TOuky. IloBTOpIOMOUYH
AOCJIiZ, BUABHUMO, 110 Telep KaMepToH B yXe He BiITYKYEThCA
Ha KOJIMBAHHA KaMepTOHa A.

3BYKOBi XxBMJIi, yTBOpeHi KamepToHOM A, AiMINOBIIM AC Ka-
MepToHA B, 30yA’Ky0Th BUMYIIE€HI KOJHBaHHA MOT0 3 4aCTOTOIO,
fAKa JOPiBHIOE 4acCTOTi KO/JMBaHBL KameproHa A. SIknio yacrora
KOJMMBaHb KamMepToHa B Taka cama, AK 1 KaMepToHa A, TO Mae€

Man. 73
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Micoe pe3oHaHC: KaMepToH B cmipHO posroiayersca. AKimo x
yacToTa KaMepToHa B iHina, BUMyIlneHi MOro KoausaHHA OyAyTh
HACTiJIBKHU cIa0KUMH, IO 3BYKY MM He IMOYYEMO.

AKYCTHYHHM PE30HAHCOM IMIMPOKO KOPHCTYIOTHCA B MY3HY-
HUX iHcTpyMeHTax. J[as 306impumieHHA iHTEHCHBHOCTI 3BYKY,
30y AyKyBaHOTO I)KepesioM, BHKOPHMCTOBYIOTH 00’€MHLI KOMHBaJIbHi
cucTeMir, HACTPOEHI B pe30oHAHC 3 mKepeaoM. Hanpwmriaan,
KaMepPTOH Yy PyIi 3By4YHUTHL JeAb 4UyTHO (OpaBha, 3aTe LOBrO),
OgHAK, AKINO IIOCTABHTH HOI0O HA KPMINKY HACTPOEHOIO HA YAac-
TOTY KaMepTOHa [JepeB’SHOro SANUKA 3 OAHIEI BiAKPHUTOIO
CTiHKOIO, TO 3BYYAHHA KaMepPTOHA 3HAYHO HOCHAWETheA. llpu
OBOMY 4Yac 3By4YaHHA, 3BHYAWHO, CKOPOYYETHCH.

3BYK CTPYHHHX IiHCTpyMeHTIB Oyae AysKe THXHM, SKIIO
30yKyeThCA JIHIIE 38 AOMNOMOroI0 KOJHBAHHA CTPYH, OCKIIBKH
CTPYHH 3aHAATO TOHK1 IJIsT TOro, uiob CTHCKATH B pPO3pioKyBaTH
BeJuKi 06’emu noBiTpss. ToMy B ¢cTPYHHHX iHCTpYMEHTaX 3aCTOCO-
BYIOTE CBOEPiAHUI MexaHIuHHN IigCcHIIOBAY — pPE30HATODP, POib
JAKOro BHKOHyE aeka. IlixcumoBanbHa nis JeKM I'DYHTYETHCH HA
. TOMY, IO B KOHTAKT 3 MNOBIiTPAM IPHBOAUTHCA 3HAYHO Oinpiua
_noBepxHsA. Ilif yac KOJHBaHbE CTPYH JAeKa TEXX KOJIMBAECTLCH.
OcKinpKH ILIOIA MAEeKH, 0 CTHKAEThCA 3 NOBITPAM, B3HAYHO
Oinblia 3a MOBEPXHIO CTPYHM, BOHA MOJKE CTBOPIOBATH iHTEH-
CHBHIIY 3BYKOBY XBHJIIO i, TAKMM YHHOM, IIiJICHJIIOBATH 3BYK.

AKYCTHYHAMM PE30HATOPaAMH € TPyOM AYXOBHX iHCTpYyMeH-
TiB i oprédHa. B npoMy BHDaaKy 3BYR 30yIsKyeTbCA DE30HAHCHHU-
MH KOJIMBaHHAMH CTOBIA IIOBiTps BcepeAnMHi TpyOH.

AKycTHYHI PeBOHATOPH € i B HATIHUX I'OJIOCOBOMY Ta CJIYXOBO-
My anaparax. Tax, JxepejaMH 3BYKY B TI'OJIOCOBOMY amapaTi €
roJiocosi 3B’A3ku. BoHHM mouMHAIOTH KOJUBATUCH 3aBAAKHA IPOAY-
BaHHIO NOBITPA 3 JIereHb i 30yKYIOTh 3BYK, OCHOBHWI TOH AKOTO
3aJIe;KUTh Bif ix mHatary. Ileit sByk GaraTuit obeprouamu. ['oprane
nigcuiaroe Ti 00epTOHM, dYacTOTa SKMX OJM3bKa A0 Ii BJsacHOL
yacrotr. [ldii 3BYKOBiI XBHJII HOTPamIsOTh Y HOPOXKHHHY POTA.
JI71a BUMOBHM KOMXHOI IIPHUTOJIOCHOI HeoOxXigHi ocobimBe moJoxeH-
HA ry0, fsuka i neesa opma pe3oHATOPHOL MOPOKHUHHN B POTi.

- Byxo € BUHATKOBO YyTJVUBUM NpUiMadYeM 3BYKY, AKHI mpa-
UI0€ B Ay’Ke IUMPOKOMY pAianasoHi wacror i amnuiryn. Yyrnau-
BicTh ByxXa Taka, IO MM CIOPUHMAEMO 3BYK YK€ KOJIU THCK 3BY-
KoBol xBuii gopiBHioe 1070 ITa. OcHOBHOIO YACTHHOIO CJIYXOBOro
amapara € wmemOpaHa, posMillleHa B DOPOXXHHHi, 3amoOBHEHIH
piaguHOI0. MemOGpaHa CKJIAAAETHCA 3 YHCJIEHHHX BOJOKOHEIb
pisHol goBxXuHHM. Ha BOJOKOEOA CHHPAIOTECH CHOPpUIMAaIbHI
KJIITHHHA — cayxosi penentopu. CnpuiiHATI 3BYKOB1I XBUIi 306y-
OKYIOTh PE30HAHCHI KONHWBAHHS OKPEMHX BOJIOKOHenb. Ilim ix
Ai€el0 B penenTopax BUHHKAe 30yIKeHHsA, sKe IIepelacTbcs
CJIYXOBMM HE€PBOM y I'OJIOBHHMH MO30K.
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bUCHOBKU

Byab-sike Tinmo (TBepae, pPifiKe YW rasononibHe), AKe KOJIU-
BAETHCHA 13 3BYKOBOK YACTOTOIO0, CTBODPIOE B HABKOJHIIHLBOMY C€-
PeJOBHUIII 3BYKOBY XBHJIIO. 3BYKOBi XBHJi 3 ywacroraMu Big 16 mo
20 000 I'y BONMBAKOTh HA OPraHU CAYXY JIOJAUHM, BUKJIHKAKOTh®
cnyxosi BiguyrTsa i i’x Ha3sWBAOTh YYTHUMH 3BYKaMH. 3BYKOBi
XBWJII 3 yacTtoramMu, MeHmuMu 3a 16 I'n, nasuBaroTh intbpassy-
Kamu, a 3 yacroramu nmoHaza 20 000 'y — ynsTpasByKamu.

3BYKORBI XBMJII IOINMPIOIOTHCA 13 CKiIHUYEHHOIO INBHIKICTIO,
AKA € HEOJHAKOBOIO B Pi3HMX CepeXOBMINAX i JAJA PiZHUX YMOB.

3BYKOBi KosmBaHHA, AK1 BiaOyBaloThca 3a rapMOHIiYHMM 3a-
KOHOM, CIIPHUIMAaIOThCA JIOAUHOK AK IHIEeBHUM MY3UKAJBHHUI TOH.
KonuBaHHsA BHCOKOI 4aCTOTH CIPHIMAIOTLCA AK 3BYKH BHCOKOIO
TOHY, HU3BKOI YacTOTH — AK 3BYKHM HH3BKOI'O TOHY.

I'osmocHicTs 3BYKY 3aj€KHTEL Big iforo imTeHcusBHOCTi, TOOTO
BUBHAYAETHCA AMILIITYZI0I0 KOJHUBAHE Y 3BYKOBiH XBMIIi.

Myéhmanbni 3BYKH 3 OJHHMM 1 TMM caMMM OCHOBHMM TOHOM
BigpisHAIOTHECH TeMOpOM, AKMI BU3HAUYAETHCA HaASBHICTIO 00ep-
TOHIB — IX yacroraMu i amMmiiTygamu,
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EAEKTPOMATHITHI XBUAI

§ 40 — EJIEKTPOMATHITHE IIOJIE

Bupueni eeKTpHUUYHi 1 MAr"HiTHiI ABMIA IIePEeKOHYIOThL B iCHY-
BaHHI Mi»>X HUMHU rJIuGOKOro B3a€MHOIO 3B’ si3Ky. Byab-aAKuil pyx
3apAIKeHUX YacTHHOK — eJIEKTPOHHHUH CTPpyM B MeTaJaxXx 4YH
HOHHUH B eJIEKTPOJiTaxX, YIOPAJKOBaAHE NepPeMilleHHs «AipoOK» ¥y
HaNiBOPOBIAHUKAX, EJEeKTPOHHWH NPOMiHb Yy BaKyyMi, IIOCTY-
naJbHUH PYyX 3apsaiKeHOro Tija TOILo — 3aBXKIW € IKepejioM
marsiTHoro noas. Sikmio crpym nocriiiteuil, nocrifine i maraitae
noJe (BeKTOp MarHiTHol iHAYKIIll He 3MiHIOETHCA Hi 3a MoayJeM,
Hi 3a HanmpaMoM).

Hsume eJIeKTpOMarHiTHol iHAVKIlI] NepeKOHJIUBO JOBOAUTH,
i0 3MiHHEe MATrHiTHe moJie MOPOJIYKYE B IIPOCTOPi BUXPOBE eJIeK-
TpHUYHE 1oJsie. ¥ CBOK Yepry, aMiHHe eJIeKTPHYHE I10JIe TOPOJAIKYE
3MiHHe MAar”HiTHe ToJie.

TakuM 4UHOM, eJeKTPUUYHE 1 Mar"HiTHe MoJjsa He iCHYIOTH I1O-
OJMHILl, He3aJleXHO OnHe Bix ogHoro. He mosxe icHyBaTu 3MiHHe
Mar”HiTHe moJie, 106 OMHOYACHO Yy MPOCTOPi He BUHUKJIO 3MiHHEe
ejleKTpUuYHe noJe. | HaBOaku, aMiHHE eJIeKTPHUYHEe I0JIe He MOYXKe
icHyBaTHu 6e3 marHiTHOro.

AHaJi3 pPI3BHOMAHITHUX AOCJTIiZiB 3 eJIEKTPUUYHUM i MATHITHUM
HNOJIAMHY TMiATBepA’KYE BHUCHOBOK, mo[noo,u.nﬂu,i i moas He icHYy-
10Tk, IcHye nuule ix egHicTe — enexmpomazHimue noJe. Horo e
MOXKHa 3HUIIMTH IIepPexXoJOM y KOOHY cHcTeMy BiAJiky. Bono
icHye peasbHO, TOOTO He3aJIeKHO BiJi HAIIIMX 3HaHb PO HbLOTO.
3aJie;KHO Bij TOro, B sAKii cucTeMi BiAJIIKYy BHBUYAIOTHCS €JIEKTPO-
MAarHiTHI npouecH, BHUABJAITBECA Ti UM iHIIL CTOPOHH €JAHHOTO
1ijioro — ejieKTpoMartHiTHoro nosasi. Ejxekrpuyse i1 marsiTHe mno-
JIs1 € OKPeMMMH BHIAJAKaMM eJIeKTPOMArHiTHOTrO I0JIsi, a He Horo
CKJIAJOBMMH dYacTHHaMH. EjekTpomarHiTHe mojie — OJHe 3 Iiep-
BHUHHHUX (PyHIAMEHTAJbHHUX IIOHSTH, a TOMY HOro He MOXKHAa
posainuTu Ha gpi6HIiINI NOHATTA — CKJAAJOBI YaCTHHH.

§ 41 — EJIEKTPOMATHITHI XBHJII
I IIBUJAKICTH IX INOINIUPEHHSA

B3aeMo03B’A30K eJIeKTPHYHOro i MarHiTHoro mnoJjiB oOyMOB-
JIIOE NOIIMPEHHA eJeKTPOMAarHiTHOroO MnoJisi B OpocTtopi. ¥YsaBUMO
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HoxeitMc,
MAKCBEJIJI
(1831—1879)

BunatHuii anriaiiiceknit BueHuii. CTBOpHUB
TEeOpilo eJIeKTPOMAarH"HiTHOro mosasa i 3pobus
BHCHOBOK NpO HOro HNolIMpeHHA Yy BUIIAAi
eJIeKTPOMATHITHUX XBWJIb 31 mBHAKicTIO
cBiTna. PoapobuB eneKTpoMartHiTHy Teopiio
ceitna. oMy HajexaThb BeJIMKiI BiAKPHUTTSA
i B iHIIMX rany3sax ¢isukn, 3okpema B ra-
y31 MOJIEKYJIAPDHO-KiHEeTHYHOI Teopil rasis.

cobi, 1m0 mpoBigHUMKOM Hae 3aMiHHUH enekTpuuHUH cTpym. Toxi
HaBKOJIO [bOT0 TIPOBiJHMKAa icHye€ 3MiHHe Mar"iTHe mone B
(man. 74). Ile nmose, B CBOIO 4Uepry, BeJe O YTBOPEHHA 3MiHHOIo
eJeKTpuuyHoro noas E B cycigHix zinaaskax npocropy. Ilorim
3MiHHE eJeKTPHUYHE I0oJie MMOPOJKY€E 3MiHHe MarHiTHe IoJjie, AKe
BHKJIMKA€E€ 3HOBY HOABY 3MIiHHOrO eJIeKTPUYHOrO IoJs Touro. B
pe3yJIbTaTi, NOILIHNPIOIYNCHL HA BCe HOBL AINAHKH IIPOCTOPY, €Jie-
KTpOMATHITHe IToJie MepeMillyeTbca 3 obJyiacTeil, e BOHO IIIOMHO
icaysano. IIlBuakicTs NDOLIMPEHHSA eJEeKTPOMArHiTHOrO II0JsA
mopiBHOEe npubauazrao 300 000 km/c.

OTrixe, esleKTpOMAarHiTHe IIoJile MOXKe iICHyYyBaTH caMOCTiHHO,
He Oyayum 3B sA3aHUM i3 3apsaaaMu i cTpyMaMu. A e € TepeKoH-
JMUBUM JOKA30M MaTepiaJibHOCTi eIeKTPOMArHiTHOroO noJjs. ¥ Ma-
TepianbHOCTI €JeKTPOMArHITHOrO MOJA IMepeKoHye i To¥ daxr,
III0 BOHO Ma€ MeBHY eHepriio.

ITomupeHHA Y ONPOCTOPi eJIeKTPOMATHITHOro noJjs, B AKOMY
HaIlpy>XeHICTh eJIeKTPUYHOrO ¥ iHAYKI[iA MAr"giTHOrO 'HOJIiB 3Mi-
HIOKOTHCA IIGpiO,ﬂ,H‘-IHO, HaA3nuBaAEThCHA eﬂexmpomaeuimuom XBUJEID.

Bexropun Hanpy»keHocti E i margiTHOl iHayKiii B B eekTpomar-
HiTHIA XBMJIl B OyAb-sAKIA Toull OpPOoETOPY 3aBXKANW B3AaEMHO

Man. 74
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Tespix
(1857—1894)

BugaTuuii HiMenbkui ¢isuK, AKHH VY
1886 p. ekcriepMMEHTAJNILHO JIOBIB icHyBaH-
HA eJIEKTPOMATHITHUX XBWJIb 1 JOCHiUB IX
BJacTHBOCTi. BiH BCTAHOBMB TOTOMXHIiCTH
OCHOBHMX BJIACTHBOCTEH eJleKTPOMAarHiT-
HUX i cBiTOBUX XBuUab. ¥ 1886 p. yuernuii
BIIeple cnoctepirae goroedekxT.

NeprneHJAUKYJJASAPHL, OCKIJILKH JIiHIl HANPYKEHOCTi eJIeKTPUYHOIo
IOoJIA OXOILIKITE JiHil iHAYKNIii marHirHoro nmons. Kpim Toro,
BOHHM MNEPHEeHAMKYJIAPHI # A0 HaANpPAMY MOIIMPEHHA XBUIb (0
BeKTOpa IIBUAKOCTI 3). OTiKe, eJIeKTPOMArHiTHI XBWJII — 1 O-

neped4Hi. 'apMoriuga ejleKkTpoMarHiTHa XxBuas rpadiyHo 30-
OpaskaeTbCA Y BHTJANI ABOX CHUHYCOIJ, AKi JIeKaTh Yy B3aEMHO
IeprIeHANKYJAPHUX IJIomiuHax (MaJ. 75)._(__)1ma cHHYycolga Bino-
Opaska€e KOJIMBAHHS BEKTOpAa Ha;l:lpy}.ICEHOCTi E eneKTpHYHOro 1oJs,
a apyra — BeKTopa iHaykuii B marmiTHoro moas (OGH-JIB& BEKTO-
PH KOJMUBAIOTLCA B OJHAKOBIN daaal)

IIIBMAKICTh €JIEKTPOMATHITHUX XBHJb BHABHJIACH PiBHOIO
IIBUAKOCTI NMOmIKUpeHHsA cBiTna y Bakyymi. Ileit pesyibraT naB
MOXKJIMBICTE aHrIificekomMy ¢disuky . MaxkcBeuanny BH-
CJOBUTH MNPUNYINEHHS, IO CBITJIO € OKpeMHM BHIAJAKOM
HNOLUIMPEHHA eJleKTpoMarHirHoro nonsa. Ile npunyiiessaa nisgime
OicTajlo eKClepuMeHTAaJIbHEe HiATBepI KeHHSA. .

IcHyBaHHSA eNeKTPOMATHITHHX XBWJb i IX BaacTuBocTi Oynau
TeopeTUYHO nepenbaueni MakcBessiIoM y IIECTHAECATHX POKax
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XIX cr. i tumie B 1886 p. enekrpomaruiTHi xBuai 6yau Brepilie
eKCIepUMeHTAJIbHO A00yTi 1 BUBYeHI HiMenbKHM @i3uKOM
I'' T e p oy e Mm. 3a JONOMOro TOHKHX ekcrnepuMeHTiB I'eprn
BUSIBUB i gocJiguB BinOMBaHHSA, 3aJIOMJIEHHs, iHTepdepeHIliio,
auppakuiro i nDonspua3aniio eJeKTPOMardHiTHUX XBUJAb. BiH
MOBIB, IIIO ¥V BCiX BHIOAJKaX €JeKTPOMATHITHI XBMJIiI HOBOAATBLCH
AK BHAMME BUIIPOMiHIOBAHHSA, 3aKOHOMIPHOCTI SIKQro Ha TOH 4Jac
6ynn mo6pe BuUBYeHi. [lye BarKJIUBUM pe3yJILTATOM OCJiAiB
Il'epna Oysno BH3HAaYeHHSA NIBAUAKOCTI IOIIWUPEeHHSA e€JIEKTPO-
MArHiTHUX XBWJib, AKA BHABWUJACA PIiBHOIO NIIBHUAKOCTI CBiTJA.
Ile 6yJo e oAHUM HiATBepAKeHHAM Teopil Makcsesa.

1. OnumiTe Iponec NOIIMPEHHA €JeKTPOMATHITHOrO NOJfA B IpO-
cropi. 2. IIlo Take exekrpoMarHiTHa xBuna? Ax copsMoBaHi B Hil
== =g

BeKTOPH HAINpY’KeHocTi edeKTpuuHoro E, iHaAyKnii marmiTEOoro B

moiniB i mBHAKicTs MomupeHHs xBuai U ? 3. 3o0b6pasite rpadiuso
TrapMOHIYHY eJIeKTPOMATHITHY XBuiw. B akux ¢asax KOJTHBAIOTHCA
BekTopu E i B?

§ 42 — YTBOPEHHS EJIEKTPOMATHITHHX XBHJIb

J>kepenioM eJIeKTPOMATHITHUX XBHJIb MOXKe OyTH Oyab-AKHRI
EJIEKTPUYHHH KOJHUBAJILHUI KOHTYpP abo NpOBiAHHMK, B SAKOMY
NPOXOAUTHL 3MIHHMUHM eJIEKTPMYHHE CTPYM, OCKiNbKH Aasa 36yn-
JKEeHHS eJIeKTPOMATHITHMX XBHWJIB HeoOGXiHO CTBOPHATH y HPO-
cTopi aMiHHe eleKTpUUHe ab0 BiAMOBiAHO 3MiHHe Mar”HiTHe noJe.
ITpoTre BHOpomMiHIOIOUA 3JATHICTHL MOiKepeja BU3IHAYAETHCHA MOTO
dopmoio, posmipamMm i yYacTOTOI KOJMBaHb. Hanpukian,
IPOBIIHUKH, SAKUMH TIPOXOAUTH MPOMMCJIOBHHA 3MiHHHH CTpYyM
(gactora 50 I'n), Tek BUNPOMIHIOIOTHL €JEeKTPOMArHITHI XBHJIi.
Ta BUABUATH IIi XBUJi HaA3BUYaANHO CKJIAIHO, OCKIJILKH IX iHTeH-
CuBHicTs wmisepHa. BuaBuTHM esekTpomMarHiTHi xBuUJII MOMxKHa
JuIIe TOJl, KOJHM BOHHM MAaIOTh BeJIMKY aMIUIITYyAy KOJIMBaHb
HaANIPY3XEeHOCTi eJIeKTPUYHOro ¥ iHAYKOii MmarHiTHoro noJis.

Hanpy»keHicTh eJeKTPHUYHOro MoJs, sKe BHHHKAE mijJ dac
3MiHM MArHITHOTO NHOJIA, AK i IHAYKIOiA MarHiTHOro moJjsa, AKe
BHHUKAE IIiJl yac 3MiHHM EJeKTPUYHOI'O IMOJA, TUM OinbIna, 4um
mMIBUAIIIE BinOyBaeTbcA 3MiHA MAarHITHOrO TIOJAA B [OEepPIIOMY
BUIIAAKY 1 eJgeKTpudyHOro — B apyromy. Otike, HeobxigHoIO
VMOBOIO YTBOPEHHS [IHMEHCUBHUX eJIEKTPOMATHITHUX XBHJb €
8UCOKA HACMOMAa eNeKMmpPOMAZHIMHUX KOAU6AHb Y NPOBIAHMKY
(mopAaKy mecATKiB THcAY i minbioHiB repn). KonuBanasa Takol
4acTOTH, AK BiloMO, MOKHAa OicTaTH B KOJHMBAJLHOMY KOHTYPI
3a JONOMOroK) TreHepaTopa He3aTyxXal4YWuxX KoJguBaHb. OnHak
3BUYAMHWUHA KOJUBAJIBHHUHA KOHTYP 38 KOTYVIIKHM iHOAVKTHUBHOCTI i
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Man. 76

KOHJeHcaTopa JAy»Xe I[IOraHO BHIIPOMiHIOE eJIeKTpOMAarHiTHi
xBuJIi. Ile MOACHIETHCA THUM, IO B JAHOMY KOHTYPi €JIeKTpHUU-
He mnoJsie GaKTHYHO 30CepelKeHe MixK OOKJagKaMH KOHJAEHCATO-
pa, a Mar"giTHe — BCepeAWHiI KOTYIIKH iHAYKTHBHOCTI.

II1o6 KoaMBaJbHHUK KOHTYP A00pe BHIPOMiHIOBaB €JIEKTPO-
MargiTHI xBHi, HeoOXigHO 36inbIINTH 006’€M POCTOPY, B AKOMY
BiH cTBOpOEe enexkTpoMar”HiTHe mnoJse. J[aa DBOro KOHTYP
HeOoOXitHO pOo3ropHyTH (3pOoOMUTH BIAKPUTHM), PO3CYHYBIIN ILjia-
CTUHHM KOHIAEeHcaTopa Ha AKoMmora Oinsmny BigcraHb. IlocmigmoBHi
¢da3u ozeprKaHHA TaKOTr0 BiAKPHUTOro KOJHUBAJBHOIO KOHTYDPY
IOKa3aHo Ha MaJIloHKY 76 (a, 6, 6). ExekrpuyHe i margiTHe noJs,
3o0bparxkeHi JniHiaAMB enexTpuuyHOl HanNpyKeHocTi i mar”iTHOL
IHOAYKILiI, B HEPO3rOPHYTOMY KOHTYPi 3afiMalTh AYXKe MaJeHb-
KU 06’em Mixk oOKIaaKaM¥u KOHOEHCATOpA i BCepeaHHlI KOTYII-
Ku. B posropayTomMy (BiZAKPHTOMY) KOHTYPi eJleKTpUUYHE I10JIe 3a-
[IOBHIOE BeCh HABKOJIMIIHIN mpocTip, i 3MiHA IbOro MoJig 3 4acoM
CTBOPIOE 3MiHHe Yy NpPOCTOPi Mar"HiTHe mnoJse, sKe B CBOIO 4Yepry
CTBOPIOE 3MiHHe eJeKTpuuyHe mnoae. O6maBa i npolecu
B3a€EMO3B’A3aHi 1 yTBOPIOIOTL e€JNEeKTPOMATHITHY XBHJK, SAKAa
OOMIMPIOETBCSA B MNpocTopi. BigAKpuUTHI KOJMMBAJIBHUN KOHTYP
(man. 76, 8) HasuBAKOTH HIe enekmpuuHum ai6pamopom. Ha-
ABHiICTE Ha KiHpax BiGpaTopa nJacTulH
HeoOoB’aA3KoBa. BibpaTop € Hainpocrimmm
BHUIIPOMiHIOBAYEM €JIEKTPOMATHITHHUX XBWJIb.

KonuBanbHUI npolec y BiIKPHUTOMY KOJIH-
BaJILHOMY KOHTYpi (BiOGpartopi) BigOyBaeTbcsa
aHAJIOTiYHO TIpollecy B 3aKPUTOMY KOJHBAJILHO-
= My KOHTYpi. 3a J0IOMOrorw KOJHUBAJbBHOI'O
KOHTYPY MOXHa [JicTaTH eJleKTpOMAarHitHe
BHUIIPDOMiHIOBAHHA HeoOxigHOl moTy’»XHOCTi, He
PO3COBYIOUM OOKJAAOK KOHJIeHcaTopa. 3 i€k
METOI OJHH OiK KOHTYPY CJiJ] 3a3€eMJIMTH, a OO0
APYTOTro MigKJIOYHUTH HATATHYTHH BepPTHKAJb-
- 7777777777 HO NPOBijJ, 3aJMIIMBIIKM HMOro BepXHIiH KiHenb

BinpuuM (masi. 77). B peayabraTi 3MiHHI enek-
Mau. 77 TPUYHE i MarHiTHe IOJIA OXOIJINITH IIPOCTIip
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Maun. 78 Man. 79
Mi>X BePTHMKAaJbHHM INPOBOAOM i 3eMJI€l0 i MOTYXKHICTh BHUIIPOMI-
HIOBAHHA TaKOro KOHTYPY CHJIbBHO 3pocrtae. Takuil npucrtpin
Ha3MBalOTb AHMEHO, a KOJIMBAJIbHUH KOHTYp, 3abe3neueHHUit
AHTEHOI0, — BIOKPUMUM. )

Jlna 6esnepepBHOro BUNPOMIHIOBAHHA Y IIPOCTIp eJIeKTpoO-
MATHITHHX XBMJIb BiOpaTOpoM UM aHTEHOO HeoOXiJgHO cTBOpHOBA-
TH B HUX He3aTyXaldi eJeKTpOMAarHiTHi konuBaHHA. lle moxkHa
3po0OMTH, 3AIACHUBIIM IHAYKTHBHHMMU 3B A30K Mik BiGpaTopom i
KOTYIIKOK IHAYKTHBHOCTI BHCOKOYACTOTHOro reHepaTopa
(man. 78). ¥V BibpaTopi iHAYKYBATHUMETLCHA CTPYM BHCOKOI YACTOTH,
Axka 30iraerbcAa 3 YaCTOTOK KOJMBAHB CTPYMY B TIeHepaTopi.
AmMnuiTyna KosuBaHb y BiOparopi 6yae HaibinbIIOO, AKILO Yac-
TOTa BJIACHMX KOJIMBAaHBL 30iraTmMeTbCcs 3 4YACTOTOK reHepaTopa
(peaoranc). [Ipu ubomy Oyjae MaKCHMAaJbHOKI M iHTEHCHBHICTH
BHIIPOMiHIOBAHHUX BiOpaTOpOM eJIeKTPOMAarHiTHMX XBHJb. Tomy
3aBKAM nobuBaioThbcdA, 1006 Bibparop 6YyB HACTPOEHMI Yy pe3o-
HAHC 3 TeHepaToOpOM eJIEKTPMYHHUX KOJIMBAHb.

OTke, mob _agicraTu IHTEHCHMBHiI eJleKTpPOMAarHiTHI XBuWJi,
HeoOXiJHO MaTH reHepaToOp He3aTYyXal4YHX KOJWBaHb 1 BUNPO-
MiHIOBa4Y XBHJIb (BiOpaTop abo aHTeHy). BunpomiHioBay mae
OyTH SAKMMCb YMHOM 3B’ A3aHMM 3 reHepatopom (HanpuikJan,
iHAYKTHBHO), 100 eJIeKTpUYHI KOJIMBAHHA Big reHeparTopa
nepejaBajucCh A0 HbOTIO.

ITpuiiMaHHA eeKTPOMAarHiTHHUX XBHJIb 3MiHCHIOETbBCA 3a 10-
IIOMOT0I0 TAKMX CaMHX BIJIKPHTHX KOJIMBAJIbHHUX KOHTYpPIB —
BiOpaTopiB abo aHTeH, NOoAIOHAX A0 BHNPOMIiHIOBAJBHOIO KOHTY-
py (man. 79). Ilig agiero 3MiHHOTrO €JIEKTPHUYHOIO MOJIA eJIeKTPO-
MAarHiTHOI XBHJIl V IPUHAMAaJILHOMY KOHTYPiI BUHHNKAIOTh €JeKTpo-
MartaiTHi konupanHsa. Ilna nobporo npuiiMaHHAa HeobxiaHo, 1106

NPpUAMaJBHUA KOJHBAIBHHI KOHTYpP OVB HACTPOEHMIH V peao-
HAHC 3 nepelaBaJbHUM KOHTYpoM, Tob6TOo mob BracHa uyacToTa
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Maua. 80

KOJIMBAHb KOHTYDPY NpUHMAaJbHOI aHTeHH Oyja OJM3BKOI A0 4a-
CTOTH KOJIMBAHB KOHTYPY IlepegaBajbHOI aHTeHH. Hactpoiika
NPUHMAaNBHOIO KOHTYPY B PE30HAHC 3AiMCHIOETHCH KOHAEHCATO-
poM 3MiHHOI €MHOCTi a60 KOTYIIKOIO 3MiHHOI IHAYKTHMBHOCTI.
1. Yomy HeoGXiHOI YMOBOIO YTBODEHHS iHTEHCHUBHMX eJIEKTPO-
MATHITHMX XBHWJIb € BICOKa YACTOTA €JE€KTPOMATHITHUX KOJIWBAHB,
sIKi cTBOpIOIOTE mone? 2. YoMy 3aKpPHUTHII KOJIMBAJLHUI KOHTYD I10-
raHo BHUINIPOMiHIOE eneKTpoMarHiTHi xBuai? 3. Sk moxxkHa 3ailicEn-
T GesnepepsHe BUIPOMIHIOBAHHSA €JIEKTPOMATrHITHUX XBHJIB?

§ 43 — BJACTHBOCTI EJIEKTPOMATHITHUX XBHJIb

s kpamoro po3yMiHHA Pi3HOMAHITHHMX 3aCTOCYBaHb eJIEK-
TPOMATHITHHUX XBHUJb He0OXiZHO Xoua © KOPOTKO O3HAMOMMTHUCS
3 pessKUMHU IX BjacTuBocTsAMH. CyuacHe HIKiJibHe oOJagHaHHSA
DA€ MOXXJIMBiCTh MOPiBHAHO JIETKO BHBYHTH Ha JOCJiZaxX OCHOBHI
BJIACTHUBOCTI €JIEKTPOMArHiTHUX XBHJb. NI IBOro € crermiaib-
HHHM KOMILIEKT anapaTypH, sKHHA CKJaZaEThCs 3 reHepaTopa Hal-
Bucokoi yacroru (HBY), npuiiMmaya XBHJB i pALY HAOIMOMIiKHHX
OPHCTOCYBaHb.

Hdaa aailficHeHHsT HaANpPAMJIEHOI'O BHIPOMIHIOBAHHA i npuu-
MAaHH#A €JIEKTPOMAarHiTHMX XBHWJb BHUKOPHUCTOBYIOThH ClleliaJbHi
PYIOPHiI aHTEHH NPAMOKYTHOrO Iepepiay.

BcranoBuMo Ha cToJli Ha OAHAKOBIM BucoTi reHepartop i
npuiiMay aHTEeHAMH OOMH o oxHoro (maJs. 80) i gomoxxemMmoch J0-
6poi uyTHOCTI 3BYKY B ryuHomoBIli. IlomMicTumo Mix aHTeHaMu
IJIACTHHY 3 JieJIeKTPHKAa 1 3ayBaXxXMMO, 110 'YYHICTH A0 3MEeH-
miuijack. SKIo 3aMiHMTH JlieJIeKTPUK MeTaJIeBOI0 IJIACTHHOIO,
NpUMMaHHA XBUJIb NPUNHHAETHCA. Lle cBiguuTes npo Te, 1m0 XBU-
Jai Biz6busaroThca npoBigHNKoM. KyT BinOuBaHHA ejleKTPpOMArHiT-
HUX XBHJIb, AK 1 XBUJIb OyAb-2K01 1HIIOI IPpUPOAH, TOPiBHIOE KV-
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TOBI nagiHeHA. B nboMy JIerko nepekoHaTHCH, PO3MICTHBLIN aH-
TeHW IMiJg OJAHAKOBHMM KYyTaMH J0 MeTajJeBol mNmaacTuHu F
(man. 81). 3ByK 3HUKae, AKIIO 3abpaTu muacTuHy abo nosepHy-
T4 Il Ha JeAKHUH IHIINY KYT.

EnekTpoMarHiTHi XBWUJIi 3a3HAIOTH 3aJIOMJIEHHSA Ha MeKi Oiesyek-
TpyKa. K0 NOMICTHMO Ha MicIe IUIACTUHH TPUKYTHY IIPpU3MYy 3
mieneKTpuka (main. 82), Hanpukaan, 3 napadiHy, Oig dac moBep-
TAHHS NIPU3MH CIIOCTEPIiraTUMeMO 3HUKHEHHSA U NOABY 3BYKY.

3a ZonmoMOrow reHepaTopa MOXHAa cloocrepiratvm i HalBa)k-
JUBiIII XBUJILOBI fiBUIIA -— iHTepdepeHIlio i Judpakiio eyeKT-
poMarHiTHUX xBuab. IurepdepeHIiiro, 30KpemMa, MOXKHa CIO-
crepiratun tak. 'eHepaTtop i npuiiMady po3MiliyiOTh OJHH IIPOTH
ogHoro (MaJji. 83) i nmoriM 3HHU3Yy IiJHOCATHL MeTaJieBy IJIACTHHY.
I[Ipu npomy coocrepiraeTbcsi noyeprose nocaabjaeHHA 1 MOCHUJIIEH-
Hsl 3BYKY, IO IOSICHIOEThCHA iHTepdepeHIlicldo ABOX XBHJb, 3
AKHX OJHa MNOUMIMPIOEThCA Oe3nmocepeHbO BiJl aHTEHU I'eHepaTo-
pa, a Apyra — mnicasa BiagOuBaHHA Bij IJacTHHU.

Man. 82
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Man. 83

Ha pgocnizi mokHa TAaKOMXK TEePEKOHATHUCA VY IIOIIePeuyHOCTi
eJIeKTPOMAar”HiTHUX XBHJAL. /1A LbOro Mi>x reHepaTopom i npuii-
MayeM pO3MilIyIOTH pelIiTKY 3 mapajlelbHHUX MeTaJleBUX CcTep-
sHIB (Man. 84). IToBeprarouu peuIiTKY, CHOCTepiramThs MiAcH-
JIeHHA U nocsabiieHHsI CUrHaay aX 0 NMOBHOI HOro BificyTHOCTI.
IIpuiimManHs BiACYTHE TOAL, KOJU eJeKTPUYHUII BekTOop E mnaza-
10901 eJIeKTPOMArHiTHOI XBWJII IapajieIbHHUH CTEep:KHAM. ¥ IIhO-
My BUNAAKY B CTEPIKHAX 30y AoKYIOThCA CTPYMM 1 pemiTkKa Binbwm-
Ba€e najarwdi xBuJi noxibHo A0 cyninbHOI MeTasieBOl MJIACTHHH.
Axmo » BekTOp E NepHNeHIANMKYJIAPDHHHI IO CTEpP)KHIB, CTPYMH B
HUX He 30yIHKYIOTHCA 1 eJleKTpoMAarHiTHa XBMJIA IIPOXOJHTh
Kpisap pemiTky.

Man. 84
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§ 44 — EHEPT'IA EJIEKTPOMATHITHOI XBHJII.
I'YCTHHA IIOTOKY BHIIPOMIHIOBAHHA

Mo>KJIMBiCTE BUABJIEHHA €JIEKTPOMATHITHUX XBHUJIbL BKa3ye Ha
Te, U0 1X MOIIMPEHHHA CYIPOBOIKYETHCA NepeHEeCeHHAM eHepril
eJeKTpoMarHiTHoro noys. EHepria ejeKkTpoMarHiTHOI XBHUJIi cKJa-
naerbcsi 3 eHeprii W, enextpuunoro i eneprii W, marmiTHOro
noais: W = W, + W,_.

Haragaemo, 110 eHepria eJeKTPHUYHOI'O IIOJIsA 3apAlKeHOIo
KOHIeHcaTropa MOPiBHIOE We=-;—CU2, a eHeprisi Mar”HiTHOro moJas
coJieHoina -—WM:%ng . IleperBopumo ui ¢gopmynu rTak, uiob
eHepria BUpakaJjiachk 4Yepe3d BeJIMYHWHHU, fAKI XapaKTepu3ylTh IIi
NoJisl,— HANPY>XEHicTb f eJeKTPUYHOro MnoJda # IiHAYKIilo B
Mar”iTHoro. )

IlincraBumMo y dopmyny pasa We BUpa3 €MHOCTi IJIOCKOTI'O

2608 - = . L .
KoHgeHcatopa C= m;’ i pisauni norenmianis Mmixx obKIagKa-
vmu U = Ed: )
& cEgSE 1 2
We = 702 d = ‘2— EoSE V’

(44.1)

ne V=dS — o06’em KOoHIeHcaTopa.

Poapinusmu (44.1) Ba 00’em dS, 3alHATUA eJIeKTPHYHHM
noJieMm, jJicraHeMoO eHepriio, AsKa IIpunajae Ha OJUHUIIO 006 ’emy,
TOOTO T'yCTUHY eHepril eJJeKTPUYHOIO MOJIA:

1 2
w, =+ e, K.
L (44.2)

IIa dopmyna crpaBeAuBa i AJNA BUINAAKY 3MiHHUX eJIeKT-
PUYHUX MOJIB.

Taxk camo neperBopuMo GOpMyJay AJaA eHepril mar"iTHoro
MOoJISAA JIOBIOro coJieHoiga. |[HAYKTHBHICTE TAKOTO coJieHOiga:

n%S
L =pon ——»
Ie n — KiJdbKicTh BUTKIiB coJieHOiga, [ — ioro gom»XuHa, S —
IJIOIIa MOIEepevYHOoOro mnepepisy, || — MAar"giTHa DpoOHMKHICTB pe-

YOBHHH OoCepasA COJIEHO'I-,IIa.
Axmo conmenoigom iae crpym cuioko I, inayknis mar"iTHOro

1oJiA BCcepeauHi cosieHoina B = pgu ﬂii, 3Bigku I = poBLfﬂ . ITligcra-

BUBIIM 3HaYeHHA L ta I y dopmyny ana W, nicranemo:

Bz 82
= lS =
M 2uom 2uon

v, (44.3)

ne V =[S — o6’em conenoina. Ilomisimmo (44.3) na o6’em, saii-
HATHH Mar"HiTHHM TIoJIeM, 1 [gicTaHeMO TI'YCTHHY eHeprili Ma-
rHiTHOro moJssa:
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2pop

Wy . (44.4)

I'veruHa eHepril eseKTpoMAarHiTHOl XBHJIL CKJIAAAETHCA 3
rYyCTMHM eHeprili eJIeKTPWUYHOro mnoJia i TIyCTHMHH eHepril
MAar”HiTHOro IoJs:

=

wzwe-+wM:§808E2+2:—poBz. (44.5)

OckiJIbKM eHepris i rycruHa eHeprii eJleKTpoMarHiTHOI XBHUII
€ (PYHKUIAMH HANOPY>KEeHOCTI eJeKTPUYHOro mnoada 1 iHZYKoiil
MAarHiTHOr'o IoJid, BOHA NepeJaEeThbCcA Yy IPOCTOpPi 3i mBHAKICTIO
nourupeHHasa noas. IlommmpeHHsa eHeprii MoXXHAa OMHCaTH, BBOAA-
YWl DOHATTH 2YCMUHU NOMOKY eHepzii abo zycmuHu nomoxky
BUNPOMIHIOBAHHA.

I'vcTuHOIO HDOTOKY BHIPOMIHIOBAHHA HAa3WBalOTh J00YyTOK
rYCTUHHM eHeprili w eJeKTpoMardgiTHol xXBuJi Ha mMBHUAKicTb U Ii
MONIMPEHHSA:

1 2 1 2
— — — + .
J =wv v(zssoE S B) (44.6)

'vernHa DOTOKY BUNPOMiIHIOBAHHA 4YHCEJBHO [JOPiBHIOE
eHeprii, sKa [OepeHOCHTHLCA eJIeKTPOMAar"HiTHOI XBHJEIO 3a
OAMHMII0 Yacy uepe3 OJAMHMIIO ILIOHli, NepHneHAUKYJsIPHY 0
HAIIPSAMY, B AKOMY IIOIIHMPIOETHCA €Hepris.

1. fAxi daxTH cBiAUATE NP0 NMepeHeCeHHs eHeprii eJeKTpoMarHir-
. HuMH xBuaaMu? 2. Axnil @iswyHHA 3MicT yCTHHH IOTOKY BH-
[ | .
| mpoMiHIOBaHHA?

§ 45 — BUHAHWJEHHA PAIIO

BiacTUBOCTI eJIeKTPOMATHITHMX XBHJb BIiepile OyJju eKclie-
pumenTansHO BuBuUeHi I'. T'epuem. PeayaeTarn nux pgocainis
ay»xe saunikaBuam (pisuUKiB ycboro cpiry, Aki moyanu ix moBTO-
poBaTH, NIYKATH ILJIAXHW BJOCKOHAJIEHHA BHUIPOMiHIOBada i
npuiiMadya eJIeKTPOMATHITHHX XBHJIbL. BHHHKAaOTh AYMKH IIPO
MOKJIMBICTh BUKOPUCTAHHSA IIUX XBHJIb IJIs 3B’sI3KY 1 HaBiTh Anda
nepenaBaHHA eHeprii 6e3 npoBoAiB.

V 1894 p. pociitcekomy BueHomy O. C. Il o m o By Branocsa
CTBOPHUTH TAKHI NpUiiMay, OCHOBHI IIPUHIIHIIOBI ocobauBoCTi 6ya0-
BM sIKOro 36eperJiucs i B cydacHi#l pagionpuiiMaibHiIA amapaTypi.

Cxema crBopenoro O. C. [TomoBum mpuiiMaya nmokKaszaHa Ha
mMaaoHKY 85. ¥ HbOMY esleKTpOMAarHiTHI xBHJi cnpuiimas (pee-
CcTpyBaB) crienianesHUil mpuJiax — K o r e p e p. Jlia korepepa
I'PYHTYETHCH HA BJACTUBOCTI METAJIEBOrO IMOPOIIKY SJIUNAaTHUCH
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nijg Ai€o BUCOKOYACTOTHHUX eJIeKTPOMATHITHHX KoauBaHBbL. Kore-
pep MaB BUIJIAJA CHKJIAHOI TPYOKHU 3 MeTaJleBUMHU OLIYPKaMu, B
obuaBa KiHII AKOI BCcTaBJeHI eJIeKTPoOJAM TaK, L0 BOHM TOpPKa-
IOThCA OLIYPOK. ¥ 3BHYAHHHUX yMOBaX €JEKTPHYHMH omip Mixk
OKpPEeMHMH OLIYPKAMH NOPiBHAHO BEJIMKHMH, TOMY 1 Bech Korepep
mae BesqnKu# onip. Korepep BMuKaeTbhea B KoJo Darapel b uepes
obmoTKy esnekTpomarsita E,. Ilagaouya esekTpomartiTHa XBUJIA,
CTBOPIOIOYH B Korepepl 3MiHHMM CTPYM BHCOKOI 4acTOTH, BUKJIH-
Ka€e€ MPOJIITAHHA MiXX OLUypPKaAMH ApPiOHEeHBKHX ICKOPOK, sAKi 3Ba-
PIOIOTH OIIYPKH MixK coboro. Ilpm nsomy omip Korepepa pis3ko
3MEeHINIYETHCA i BiH 3aMuUKae KoJio Oarapel b, Aska >XHBUTb CTPY-
MOoM esieKTpoMartit E,. Ilefi elexTpoMarsHit NPUTATYE CTaJbHY
nractuHEKyY JI, 1 3aMMKa€e KOJIO Apyroro ejnexkrpomarsirta E,.
Ocranniit nputarye no cebe craabHy nJacTuHKy I1,, i 3’eqHaHuiM
3 Helo MoJoTouoK M ypapsic o a3BiHky /[. IlpurarsyBuiuce g0
E,, nnactunka [1, poaMukae KOHTakT i Biamukae E, Bixg G6arapei.
Toai npykuHa noBepra€ mjacTUHy [I, y BHXigHe [OJIOXKEHHS, i
MOJIOTOYOK M ynapse depe3 'YMOBHMI aMOPTH3aTOp IIO Korepepy.
Korepep cTpyuIyeTbCA i KOHTAKTH Mi» OIUYPKaAMH PYHHYIOTHCH.
BracniZiok nporo omnip korepepa 3HOBY CTAa€ Yy Ke BEJIMKHM, KOJIO
farapel pO3MHMKAaETbCHA, 1 nNpuiiMady 3HOBY TIOTOBHM 10 poborH.
3roioM y Ccyd4YacHHX pagionpuimMmadax Korepep 3aMiHHIH eJIeK-
TPOHHI JlaMIIM i HANIBIPOBIIHHUKOBI TPaAH3HUCTOPH, ajie INPUHILUII
peJie 3aJHIIMBCA TOH CaMMIA.

Itaniicbkunit Buenuit ' Mapxkoni y 1896 p. nonas sanaB-
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Ky, a B 1897 p. gicraB mareHT (B AHIJIII) Ha 3acTOCyBaHHSA
eJIEKTPOMATHITHUX XBWJIb AJs 6esaporosoro 3B'saaky (0. C. Ilo-
IIOB CBOr'0 BUHaX0Ay He naTeHTyBaB). Cxema npuiimaya MapkoHi
Oyna Takomw Xk, AK 1 cxema npuitmaua Ilonosa.

I' MapkoHi mpoBeieHa BeJMKa pobora 3 YIOCKOHAJTEHHHA
npuaanis s pagioss’ssxky. 3okpema, B 1902 p. Bi” 31ilicHUB
pPanio3B’sA30K yepe3d ATJIaHTHUYHHI OKeaH. Horo gisabHicTb Biai-
rpaJjia 3Ha4HY POJIb B PO3BHUTKY paJioTeXHiKH, 30KpeMa B IIOIIH-
peHHiI pagio sAK 3acoby 3B’A3Ky, i Oyna Binsnayena B 1909 p.
HobeniBcbKoO npemicro.

Ba>kJITUBUM eTarnoMm y po3BUTKY paZio3B’A3KY CTaJIO CTBODEH-
HA B 1913 p. 1aMmoBOro reHepaTopa He3aTyXalwuuX eJeKTpo-
MATrHITHHUX KOJIMBaHb. ¥ HaCTynHi POKH 3yCHIIAMU 6ararbox
BUJATHUX BUYEHUX i 1H:KeH9p13 pamo'rexmxa mepeTBOpUIIACH B
HAA3BUYAWHO IITHUPOKY i pi3HOMAHITHY rajysb TEXHIKH.

§46  NPUHIHII PAIIOTEJE®OHHOIO 3B’ SI3KY.
AMILJITYIHA MOJAYJSIISA I JETEKTYBAHHSA

Haiinpocrimia cucrema pagiorenerpagHoro 3B sAsKy, sAKa
oysma sanpomnonoBana I'. Mapkori i O. C. TlomoBuM i HMIMPOKO
3aCTOCOBYBAJIaCh MOHAH ABAAIIATHL POKiB, MoasAraja y Biampasbiri
cepiii 3aTyxXalwuHuX eJeKTPOMATHITHHMX KOJHBaHL, OO0OYTHX ¥y
KOJIMBAJILHOMY KOHTYPi 3 icKpoBuUM po3paaHukoMm. Ilio cucremy
iCTOTHO MOJIIMIIEHO IIicJIA BHMHAHJEHHS reHepaTopa He3aTyXalduX
€JIeKTPOMArHiTHUX KOJIMBaHb. Y BIMKHYBIIM B KOJIO I'eHepaTopa
TenerpadHUi KJ0Y, MOXXHa OyJIO nmepegaBaTH CUTCHAIMA 3 KOPOT-
KUX i OiJbII TPUBAMUX iMNYJBCIB €JIEKTPOMATHITHHUX XBHJIb.

3AiHcHHUTH Mepeiadyy MOBH i My3ukH, ToOTO panioreiyedoH-
HMI 3B’AA30K, BHUABHJIOCA 3HauHO Baskdye. Ha nepmuii mormnsg
MOKe 3JaTucs, 1o fakaloyd nepejaTd MOBY YM MY3HUKY, MOMK-
Ha 3a JOIIOMOTOI0 HAJEXKHOrO MiACHJIEeHHS: ITOCJAaTH IX B aHTEHY i
nepegaTy Ha BeJIMKY Bincrans. Hacnopasai >k rakum crocobom
nepegaTy CMIHaJiu He MoXKHa. Piu y TiM, 1110 KOTUBaHHA 3BYKOBOI
YacTOTH — I1le NOPiBHAHO NoBiJNbHI KoammBaHHA (Big 100 I'm nmo
KiJIBKOX THCHAY repir). A MU 3HAEMO, 110 iHTEHCUBHICTHL BUIPOMI-
HIOBAHHS €JIEKTPOMATHITHHUX XBHJIb HH3bKOI 4YacTOTH JIyiKe
Mmana. Bunukae cymepeuHicTs. 3 ogHOro 60Ky, BHCOKOYACTOTHI
XBUJi no6pe BUIIpOMiHIOIOTECA, aJjle He MicTAThE NOTPiOHOI iH(doOp-
manil (moBa abo My3muKa) i B npuiManbHIil aHTeHI 306yIXKYIOTH
YHUCTO rapMOHIYHI KonMuBaHHA, TOOTO JarTh iHdopmaniipo auuie
npo Te, Npamnle nepejaBady 4yu Hi. 3 iHmioro 60Ky, eJieKTpomar-
HiTHI KOJIMBaHHA HHU3LKOI (3BYKOBOI) YacToTH KoJia MikpodoHa
MmicTaATe noTpibHy iHdoOpMaliioo, ane aysxke cjgabo BHUIIPOMiHIO-
FOTBCH.
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IIss cynepeunicTe OyJia po3B’sizdaHa HOy’Ke NOTENNHHUM CIOCO-
6om. Bin mossirae B TOMy, 110 AJiA Ilepegadi eHepril eneKTpo-
MAaAr"iTHOI XBHJII BMKOPHCTOBYITH BHCOKOYACTOTHI KOJHUBaHHA,
a KOJIMBAHHA HU3BKOI YaCTOTH 3aCTOCOBYIOThL JIMllle [JIA 3MiHH
BUCOKOYACTOTHMX KOJINBaHb, ab0, AK NPUHUHATO IOBOPHUTH, OJA
ix Mmoayaanii. Ha npuiiMmanbHi# cTadHmil 3 HUX CKJIAJHUX
KOJIMBAHBb 34 [OIIOMOTIOIO CllelialbHUX MeTO[iB 3HOBY BHAINAIOTH
KOJIMBAHHSA HHU3bKOI YacTOTH, AKi Imicjaa miicujaeHHs NOZAaOTh HA
ryunomoBenb. Ileit npomec BuaginesHa iHdopmanil 3 NPUAHATHUX
MOAYJIBOBAHUX KOJMBAHB JicTaB HA3By A e Mo Oy asdainii, abo
AeTeKTYyYBaHHS A KOJIWBaHb.

Moayasiilo KOJHUBAHB MOXKHa 3AiMCHIOBATH, 3MIHIOHOYH IX
aMILIiTyny, dactotry abo daszy. Mu obOMerxkMMOCA pPO3TIALOM
HaMObiNblII MOLIMPEHOro BUAY MOAYIAALIl — aMnOaiTyaHOoi.

AMnaiTyaHa MOAYJIAIIA eJleKTPOMaArHiTHUX KOJIMBaAHb IIOJIA-
rac B TOMY, IO aMILIiTyAy KOJIMBaHb €JIEKTPOMArHITHOI XBMJIi
3MiHIOIOTH BiZIIOBIHO A0 HU3BKOYACTOTHOrO (3BYKOBOI'O) KOJIH-
BAJIbHOFO IpoOlecy, AKHH HepegaceTbCcsa pas3oM 3 eJeKTpoMarHir-
HOIO XBHJIEIO.

s apilicHeHHA aMILIITYAHOI MOAyAAIil eleKTpoMarHiTHux
KONMMBaHbL y pajioTexHini onpaubkoBaHi pisHi crocobu. OgHum 3
HHUX € 3MiHa HaANpyru JHKepeJjia eHeprii aBroreHepartopa. [nsa
IILOTO JOCTATHBO YBIMKHYTH IOCJiJOBHO 3 O3epeJjioM MOCTiMHOI
manpyru U, npyxepeno, Hanpyra sikoro U, 3MiHIOETBCA 3a NeBHUM
3akoHoMm (maJs. 86).

Y wmicni npuitMaHHA CUTHaJIIB MiJ BIJIMBOM €JIEKTPO-
MargiTHol XBHJII mepenaBaua B aHTeHI nmpuiiMaua 30y YIOThCS
MOAYJBOBaHI CTPYMH BHCOKOI YacTOTH, TOTOXHi cTpymMaM B aH-
TeHl nepenaBaua, aje craabmi. OgHak Il cTpyMH He TIIpUIATHI
Ans 6e3nocepeaHbBOr0 OJIepXKaHHA cUrHaay. dxmio, ckamimo, ming
yac pagiorenedoHHOI nepegadyi MM HanmpaBuMO 1X, HaBiTh nicnas
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Man. 87

nonepeaHLOro IiJICHJIeHHsA, B I'YYHOMOBellb 4u TesedoH, TO He
IOYYEMO HiAKoro 3Byky. lle craHeTrscs, mo-nepiiie, TOMy, II0 Te-
JNepoHHa MemMOpaHa Ma€e BeJIMKY Macy i He MoOMe 3ailicCHIOBaATH
TaKi HNIBUJAKI KOJMUBAHHA 3 MOMiTHOIO amrunityaor. I[lo-apyre, i
1le roJioBHe, Ko 6 MM i cKopucTalucA MaJlOiHepUilHMM Tele-
thorOM (1o moxxkHa 3poburH), TO aicranu 6 XBHUJII 3 YACTOTOIO
10°—102 I'u, Toai AK Hallle ByXO pPO3pi3HAE€ 3BYKH JIMIIE 3a 4ac-
ToTH, AKa He nepesumye 16 000—20 000 I'i.

Tomy 3 MOAYJIbOBAHMX BHCOKOYACTOTHHUX KOJHBAHBb Y NPUM-
Ma4dyi HeOOXiIHO BHUAIJIMTH HU3bKOYACTOTHI 3BYKOBI KOJIMBAHHSA.
Ile pobasaTe Tak. MoAyJbOBaHI KOJHUBAHHSA CIIOYATKY IPOIYyCKa-
IOTh Yyepe3 BAKYYMHHUH YU HAMIBIPOBIMHUKOBUH Hi0J — BUIPAM-
nA10Th 1Xx. 'pacdik kKOMMBaHB CHJIM CTPYMY B KOJIi gioga matume
BHIVISAJ, IOKa3aHUN Ha manwoHKy 87, a. e cTrpym € cymMo0 BH-
NpAMJIEHUX CTPYMiB: BHUCOKodacToTHoro (man. 87, 6) i crpymy
3BYKOBO1 4YactoTy (majyi. 87, 8). OcKinbKH I1Ii CTPYMH CHJIBHO
Bi,ﬂ.piSHHIOTbCH 34 4acToTOoOl, iX MOKHa JIeTKO Bi,ﬂOI{DEMHTH OOJHUH
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Big oaHoro. s 1bOro JOCHUTH YBIMKHYTH B KOJIO Zioga Take
posrajiyykeHus, o6 oaHa riJika cTaHOBWJIA BEJIMKUHW OIIip AJisd
BHCOKOYACTOTHUX CTPYMiB i Manuil s HHM3BKOYACTOTHUX, a
Apyra, Hasliaky, MaJHui onip Aisg BUCOKOYACTOTHHUX 1 BEJIMKMH
JJIA CTPYMiB 3BYKOBOI yacToTH. TakuM posrajgyKeHHsM € rapa-
JejbHe 3’€JHAHHA KOHJJeHcaTopa il HaBaHTaxkeHHA (TenedoHa)
(man. 88). CrpyMu BHMCOKOI 4acTOTHU NPOUAYTH IIepeBa>KHO yepes
KOHJEeHCaTOp, a HU3bKol — udepes Teaedon. Orike, Halnpocri-
LIMH eMOAYJIATOP CKJjajaeTbesa 3 gioga, TesnedoHa 1 KoHAeHca-
Topa. MembGpaHa tejiepoHA KOJIMBATUMEThLCS TAK CaMO, AK MeM-
OpaHa Mikpod)oHa, I MH DOYyeEMO 3BYK, BHIOJIOILIEHHI epej
mikpogorom. Heennki nyascanil crpymMiB BHUCOKOI 4YacTOTH
INOMITHO He BILJIMBAIOTH HA KOJUBaHHA MeMbpaHu i He cupuiiMma-
IOTHLCH Ha CJAYX.

1. Yu moKHA, NepeTBOPHUBLIM 3BYKOBI KOJHMBAHHA B e€JeKTPO-
MArHiTHi, MIoJAaTH IX HA AHTEHY, 1 3JiMCHHUTH B TAaKH# cnocib mepe-
Aady mo pagio MoBu 4u My3ukKu? Homy? 2. ¥ yoMy HOJIAra€ mpuH-
UM pajgioresedoHHOro 3B s#A3Ky? 3. ¥ YoMy MOJIATa€ aMILIiTyAHAa
MOAYJAILA eJeKTPOMarHiTHMX KOJIMBaHb I AK Il MOXHAa 3AiHCHH-
™? 4. Homy He MOMXHa NPUHHATI €NeKTPOMATHITHI KOJHWBaHHA
nicna migcHUIJIeHHA MoJaTH B rydHOMoOBenk? 3. K BigoKpeMawoOTh
BMCOKOYACTOTHI KOJIMBAHHA BiJ HH3bKoYacTOTHHX? HamamoiiTe
CcXeMy HAWMNPOCTIIOro AeMoAyJisiTOpAa.

§ 47 — HAWIPOCTININU PATIOIIPUMIMAY

IIpuiimayi eyleKTPOMArHITHUX XBHJIb JOCUTH PIZHOMAHITHI.
HajiinpocTimuii 3 HUX — OeTeKTOPHUWI npuiimau (maju. 89), akuit
€, N0 CyTi, PO3IJIAHYTHM BHUILE [IeMOAYJIATOPOM KOJUBaHbL 3
VBIMKHYTHM O HBOI'O IapajlellIbHO KOJWBAJBHUM KOHTYPOM.
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Man. 89

EnexrpomarsiTHi xBuii nig yac Haaxom»KeHHs CTBOPIOIOTH B aH-
TeHi i KOHTYpPi BHCOKOYACTOTHI MOAYJbOBAHI KOMMBaHHA. FKII0
KOHIEHCAaTOPOM HACTPOITH KOHTYP VY Pe30HaHC YacTOTi KOJIH-
BaHb, AKi CcJlig NpUUHATH, TO HABITH Ay>Ke caabki XBUJi, HAAXO-
AAYH, CTBOPATHL NOMITHI MOAYynbLOBaHI KoJaMBaHHA B KOoHTypi. Ili
KOJIHBaAHHA MOTPaAIJIAKOTE Ha 1eMOAVJIATOD i 3a JAOIIOMOI'OK) TeJie-
¢doHa, 3alIYHTOBAHOIO KOHAEHCATOPOM, PO3IiJSIOTHCS HA KOJIH-
BaHHA HHU3BKO] 1 BHcOKOi yacroru. KosimBaHHA HU3BKOI (3BYKO-
BO1) HacTOTH MNPOXOAATHL IepeBa’KHO deped TesiehoH, MeMOpaHa
AKOI'0O KOJIMBATHMeThbCHA TaK caMo, AK Memﬁpaﬂa Mixpmbona Ha
nepegaBajbHiM cTaHNii, i MM MoOYyeMO TakMii caMUil 3BYK, AKHUH
OVB BUTOJIOIIEHHI mepea MiKpodoHOM.

- JleTeKTOPHUN NMpHUHMay Jy»Ke NpocTUil, HaAiHHUN, He BUMa-
rae na:;epeJsa >>XHBJIEHHsA, OJHAaK BiH MOXe HpHﬁM&TH CHMI'HaJIA
JIMIIe Bij OJAn3bKHUX abo Ay:Ke MOTYKHHX pajliocTaHIiii. Binbur
OOCKOHaJi npuMiMaui — snamMnoBi i TpaHaucTopHi — 3i6pani 3a
AJOCHUTHhL CKJAJHHMMHU cCXeMaMH.

Takum € npuiiMad NpAMOro niAcuJjJeHHsA, BJIOK-cXxeMy SKOro
HaBegeHo Ha manwHKY 90. EjekrpomarHiTHi XBHJII HAAXOAATH B
AHTEHY NpUiiMauya i BUKJHKAOTL eJJeKTPOMAarHiTHI KOJITUBAHHA B
pes3oHywuYomMy KOoHTYpi PK. Cnabki KOJIMBAHHA BHCOKOI YaCTOTH
HaJAXOAAThL Yy MiJCHJIIOBa4Y, a HOTIM Yy JAeTeKTop. ¥ neTexkTopi
BinOyBaeThCA NpoLec AeMOAYIALil — BHAIJIeHHS HHU3bKOYaCTOT-
HOI CKJIaJIOBOI KOJIMBAHL. 3 JIeTEKTOBAHHUX KOJWBAHL BHIIIA-
€TbCA HHU3bBKOYACTOTHA (3BYKOBAa) CKJAaJoBa, AKa 3HOBY IijcH-
JIIOETHhCH 1 NOJAETHCA HA BiJITBOPIOBAJILHUHN NpUCTPiM (MuHaMik,
TesniepoH ToLlO). Pe3oHy0UYHI KOHTYpP NpuiiMauda CKJAJa€ThCA 3
KOTYIUIKH 1 KOHAeHcaTopa 3MiHHOI eMHocTi. Ile gae MokauBicTh
pocsaraT 36iry yacToT BJIACHHMX KOJIMBAHb KOHTYPY 3 4YAaCTOTOIO
XBHJIi, SKA BUIOPOMIHIOETHCA Ti€W YH IHIIOIO pajiocTaHIli€lo,
1HaKlLIe Ka)Xy4H, HaACTPOOBATH NpHiAMAay Ha MJOBXXHMHY XBHJI

124



AHTEeHA Ilincunwoeay

3BYKOBOI 4acTOTH

ro

I'varOMOBel b

Iincunosay 3
BHCOKOI 4acTOTH 1| HemonynsTop

PK ) RN A

TiTiviTiiih X TN 7 !

ALLEIYLEEL

Man. 90

norpibHol pagiocranuii. OgHak caixg matu Ha yBasi, 0 Hai-
yacrilue palioMOBHI mnpuiimMadui OyayoTe 3a Jemio iHIIOK
CXeMOI — TaK 3BaHi cynepzemepoluHHIi npuitmaii.

§ 48  PAIIOJIOKAIUS

fleumie BiAOMBAHHA eJIEKTPOMArHITHUX XBHJIb NOKJAZEHO B
OCHOBY omnpansoBaHoro B KiHni 30-x pokiB Merony BUABJEHHSA i
TOYHOI'0O BH3HAYE€HHA II0JIOKEHHA InpeaMeTiB (JliTakiB y mosirtpi,
ropabusiB y mopi, 3akyraHux TyMaHoOM abo BHoO4i Towio). Ileir me-
TOA AicTaB HasBy panionokanunili. Inea pagiomokanii- raka.

KopoTki eneKkTpoMartiTHi XxBHJIi, 3aBIOBXKKH KiJbKa MeTpiB,
JenuMeTpiB i HaBiTB CAaHTHMeTpPiB, IMOCHIAIOTBCA PaAiOJOKAMiN-
HOI0O YCTAHOBKOIO AY’>X€ KOPOTKHMM IMIOyJILCAMU OJUH 3a OJHHUM
4yepes piBHI, AyKe MaJi iHTepBaiu yacy, Kl 3HAYHO NEePeBHIIYIOTh
TpuBajyicTe iMmmynscy. TpuBasicTe cUrHany, SAKHH ITOCHJIAETHCH
(iMOysascy eJeKTPOMATHITHHX XBHJIbL), CTAHOBHUTH MIiJdbHOHHI
yacTKU ceKyHau. CHUrHanm HOBTOPIOIOTBECA BiJ KIiJIBKOX COT 10
THCAY pas3iB 3a CeKYHAY (AOCHUTHL 4acTo, ajie Tak, Iod OJHOYACHO
«B IOpoO3i», B Mexax pajiyca oraany paniojoKaropa, He BHABH-
auca aBa curHana). EnekrpomarsiTHi xBmui, 3ycrpivarouu Ha
CBOEMY LUIAXY NepemkKony,— Jirak, Kopabenlb TOIIO, YACTKOBO
po3ciiolThCcsa UMH IIpeJMEeTaAMH i UYacTKOBO Bigbnsarorncsa. Bix-
OuTi XBHJII NPUIMAIOTBECA TI€I K pazioNoOKaliiiHOI YCTAHOBKOIO
i micna nigcuseHHA noxaoTheA Ha ocuuiaorpad. 3a iHTepBaaoMm
Jacy, AKUH NpoHINOB BiJi MOMEHTY BMIIDOMiHIOBaHHA iMOyabcy i
A0 MOMEHTY IMOBEepHEeHHSsA BiabHUTHX 00’€KTOM XBHUJIb, BU3HAYAETHLCH
BiZicTaHb O HBOTO.

Jnsa posmiyKkyBaHHS HeBUAMMHX 00’€KTiB aHTeHa pajJiojioKa-
TOpa, NOAIGHO [0 TNPOYKEeKTopa, Ma€ BHIPOMIHIOBATH TIOCTPO
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HANPAMJIEHU MYyYOK eJIeKTPOMArHiTHUX XBUJIb — paJlioNnpoMiHb,
HanpsAaM SAKOIo MOXHa JIETKO 3MiHHTH, 3MIHIOIOYHM HaXHWJI aHTEHH
i moBeprawo4yM 11 HaBKOJIO cBoe€l oci. s oaepKaHHA rocTpo Ha-
NPpAMJIEHOTO BY3bKOTI0O pafionpoMeHs Y BUOAAKY OELIMMEeTPOBUX
i caHTUMeTpPOBHMX XBHJIb BHKODPHCTOBYIOTh AHTEHU Yy BUIIAAAL
yBirmytrux (nmapaboJsiusol ¢opMun) merajieBUX A3epKati, y QOKyci
AKWX po3MilleHUIl BUIIPOMiHIOIOUMHA BiOpaTop. ByBawuu Ha Be-
JIMKUX aepoapoMax, BHM, OeanepedyHo, DauyMIu 1i aHTeHU — napa-
OoxaiuHi ciTtkm, aAkKi piBHOMipHO o6GeprawThca. aa AOBIIHX
XBHUJIb KOHCTPYIOIOTh CKJAAHIIII aHTEHM 3 MNeBHHM 4YMHHOM
poaMmimeHuMHA BiGpaTopaMu.

Poarnsaemo cxemy OynoBu i mpuHDUMOD Ail pajgiojackaTopa
(man. 91). na BUOpoMiHIOBAHHA i npuiiMaHHA BigOUTHUX XBHIIb
y paliosokaropax BHKOPHCTOBYETBLCA OJAHA # Ta caMa aHTeHA.
IlpuiimanHAa BiAOMTHMX pagioXxBuab 3OiHCHIOETBCA IIiJ 4ac mays y
po6ori mepemaBaua. [l BuMiproBaHHA BiacraHi g0 o6’exkTa B
pajiosioKaTOpax BH3HAYAIOTh YacC, 3aTpPA4yyBaHWM XBUJIAMH IJIA
pyxy no obG’ekra ¥ Hasala. BumiprooTb meit yac 3a JOMNOMOIOK
€JIEKTPOHHO-MpOMeHeBol TpyOKu. I mboro Ha ropH30HTAJBHI
JIACTUHH TPYOKU IIOZAIOTh NMJIKONOAIOHY HAIpyry, AKa HaJae
IpOMeHeBl pPiBHOMIpDHOro pyXy B TOPH30HTaJILHOMY HaNp#aMi,
OpUYOMY IIBHUAKICTE NepeMillleHHS NpPoMeHA Mo eKpaHy OepeTs-
cA TaKoIo, 1100 BiH NPOXOAMB yBeCh eKpaH sAKpas 3a iHnTepBay ya-
cy Mixx BignpaBJeHHAMH IMOyJabciB. ¥ MOMEHT 4YeproBoro
BiAnpaBJleHHs IMNOYJbCy MNOOAETHCA H iMIyJabc Hanpyru Ha Bep-
THKAJbHO BiAXMJAIOUYl IUIACTHHHU €JIEKTPOHHO-IIPOMeHeBOl Tpy6-
Ku. Toni Ha ekpaHi TpyOKu Ha npsamMid JgiHiII po3roprTKkM exKpaHa
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TPpYyOKU 3’SIBJISIETHCA BY3bKUH BEePTHUKAJNBHUU Mik, AKMUI dikcye
MOMEHT BianpasJyieHHda curHanay. Ilicasa nporo anrena pamgionoka-
TOpa HEPEKJIIDYAETHLCA HA NPHUMMAaHHA.

Papiocurnan, mocArHyBIiIX Iiji, poaciloeTbes Ha HiM i yact-
KOoBO BigbuBaeTbcA Hasaj. BixgburTwmii curHag npuiiMaceTbCH,
nigcuiaoersca. Ha exkpaHi 3’siBasgeTbess APYyrUuid BY3bKHU BepTH-
KaJbHMH mniKk Ha neBHiM BiZcraHi Big nepumoro. Bumipsasium
Bigcranp [ mMmixk obGoma BigmMiTKaMu Ha eKpaHiI 1 3Hawuu
HIBHAKICTE U rOPHM30HTAJILHOIO IIE€PEeMillleHHs IIPOMEHA [0 eKpa-
HY, MOX{Ha BH3HAYMTH 4ac {, 3aTpadyyBaHHUH XBHJIEIO Ha PyX OO

i [ : i F
I[iJii ¥ Hasajxa, Tobro t=?. 3 iHmoro 60Ky, neH »Ke yac JOpiBHIOE:

= %‘i, ne d — Bigcranb go 06’eKTa, a ¢ — MIBHAKICTh MOIMINPEH-
HA eJeKTPOMAarHiTHUX XBuJIb. OCKiNBKH INIBHAKICTL PagioXBHJIB
B armocepi npaktuuyno crana (¢ =3 - 10® m/c), To dz%l,
ToO6TO, BUMIpABIIM BiAcTaHb MiXK mikamu [, MOXXHa BU3HAYUTH
Bifcranb g0 06’ekra d. Ile nae MOMKIMBICTE rpajyOBaTH KAy
€JIEKTPOHHO-IIPOMEeHeBOI TpyOKM pajiosiokaropa 6e3nocepelHLO B
KijmomeTpax.

s BU3HAUYEHHsS HAIOPAMY Ha IOYKaHUA 06’€eKT aHTeHY
pobuiAaTeL pyxoMmow. BoHa noBepraeThCA B yCiX HanpsaMax, i KOJM
11 BunpoMiHIOBaHHA Iajgae Ha O00’€KT, BHHHMKAIOTH PpPO3cisHI
paAioxBMIIi, AKi IOBepTalOTBLCS HA3aJ A0 pajliojioKkaTopa i pe-
€CTPYIOThCA NpUiiMadeM. 3HAIOYH OPIi€HTAILiI0 AHTEHHW B MOMEHT
npuiiMaHHA BiAGuTOro curHany (KyT 3 HeBHHM HAIpPsAMOM HAa
FOPU3OHTAJBHIA NJOLIMHI — a3uMyT, KYT 3 FOPH30HTAJBHOIO
IJIOIIUHOK — BHCOTA), BU3HAYAIOTE TPU KOODAMHATH, AKi omu-
CYIOTh NnoJiokeHHsA o06’ekra. Takum uumHOM, pajioloOKaTOP- Aac€
MOXKJIMBICTh BH3HAYHWTH He TiJIbKHM BiJcraHp g0 o00’exktra, a #
HanpAM Ha HBOTO, a y BHOAAKY O0’€KTIiB y HoBiTpPi — HaBiTh
BHCOTY IX mojaboTy. fIKijo o6’eKT nepemimiaeTscsa, omepartop,
IIOBEPTAIOYH AHTEHY, MOXKe HEeBiJICTYIIHO CTEeXHWTH 3a HUM i BH3-
HAYUTH 3MiHY 3 4yacoM KoopauHaT 00’eKTa, IO Ja€ MOMKJMBICTH
o64YMCIMTH LIBUAKICTE 1 TpaeKkTOpilo pyxy o6’eKTa.

Mun posrasHyad OpuHOMO gii ogHOro 3 TUIIB pajgiosoka-
TOpiB, AKi NPamIOITh 3a iMIYyJIbCHUM MeTogoMm. Huni sacrocosy-
IOThCA OLABII CKJAZHI ¥ HJOCKOHAJII CUCTEMH pajiosoKarii.

Tenep paziojioKalliss 3aCTOCOBYEThCSA AYKe LIMPOKO He JIHILE
Ha TpaHcHopTi ¥ y BilicbKOBiM cnpaBi, a ¥ y fararbox iHIIHX
rajysfax HapoJAHOI'0 rocuojapcTea. 3a JOIOMOI'OK PaJioJIOKaTOpPiB
cOocTepiraloTb BMHUMKHEHHsI i pyX XMap, HOOJIT MeTeOpHTIB y
BepxHixX mapax atrmocdepu. PagiosokaTopu IIHpPOKO BUKOPHUCTO-
BYIOTBCA B KOCMIYHMX fgociimxeHHsax. Ha ©Oopry kKoyHOro
KocMiuHOro KOpabna o6OB’A3KOBO BCTAHOBJIOETHCA KiJbKa
paaionokaropiB. OcraHHIM YacoM pafiosIOKalis YCHIIIHO BHUKO-
PHUCTOBYETBCA [IJI TOYHOI'O BHBUYEHHSA PyXy IJIaHET, YTOYHEHHS
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BimcraHeii no Hux. ¥ 1961—1966 pp. 6ymo 3aificHeHo paxgioso-
Kaniro Bemnepn, Mepkypisa, Mapca i FOnitepa.

§49 — NOHATTSA IIPO TEJIEBAYEHHSA

IIInpoxoro 3acTocyBaHHS OiCTAIM €JeKTPOMATHITHI XBHJIi B
cydacHiil cucremi TenebaueHHs, TOOTO mepenaBaHHiI 300pakeHb
Ha BificTaHB 3a AONOMOTONI0 VJILTPAKOPOTKHMX eJIeKTPOMATrHITHUX
XBUJIb. JlecATKHM THCAY TeJeBi3ifHMX craHOiili y OGararsox
KpaiHax CBiTY peryJjJsipHO BeAyThb nepenadyi, sKi JUBIASATLCA COTHI
MinpioHIB raamavdiB. OgHak TejsebaueHHA — e He JIHMINE TeJe-
MoBJieHHs. TenebadyeHHA 3HAXOANTE ILIMPOKEe 3aCTOCYBAHHA B
pi3HMX rajaysfax HapOJAHOIO rOCIoJapcTBa i B HAYKOBHUX HOCJif-
)KeHHAX. BOHO nae MOYKJMBICTH OJHOYACHO cIOcCTepiraru 3a oc-
HOBHMMHM eTanmaMH CKJAJHUX TEXHOJIOTiYHMX OpoleciB, 3a pidHU-
MM JiTAHKaAMH 3aJIiBHUYHWX BY3JiB i MOPCBKHX MOPTIiB, Ja€ 3MOry
BYMTHCH BipTYO3HOMY MUMCTELTBY BEJMKHX XipypriB, IpoHUMKATH
MmorJasaaoM B Oe30AHiI oKeaHIB i B T'THOMHH KOCMOCY.

O3HaHOMMMOCA KOPOTKO 3 IPHHIMIAMU TesiebauenHs i pobo-
TOK OCHOBHMX NpPHJAAIB, AKiIi 3aCTOCOBYIOTHCA B TeNeBi3iMHHX
yCTaHOBKAaX.

Byab-aka teneBisiiiHa cucTeMa CKJIALAE€ThCA 3 TPhOX YACTHH:
nmepenaBavya, npuiiMada i kaHaay 3B’A3KY 1X Mik coGorw. Ilpu-
3HAYeHHA IlepejaBaya MOJIATa€ B NEePETBOPEHHI 3a JONMOMOroo
crieniaJJbHUX eJIEKTPOHHO-IIPOMEeHEeBHX TPYDOOK cBiTJsioBOro 306pa-
sKeHHA 06’eKTa B CHUCTEMY eJIeKTPHYHHX CHTIHAJIIB — Bifeocur-
Hanie. IIi curHanm MOAYJIIOIOTHL IIOTIM KOJHBaAHHSA reHepaTopa
BUCOKOI uacroTu. MoaynsoBaHa eJIeKTPOMATHITHA XBHUJIA Iepe-
HOCHUTHL iH(popmalliro Ha Benuki Bigcrani. IIi xBuni JoBasATLCA
AHTEeHOI0 NpHUiMaya, B AKOMY 3QiMCHIOETLCHA 3BOPOTHE I[epPeTBO-
peHHsA. BucokouacTOTHI MOAYIBOBaHI KOJIMBAHHSA AETEKTYIOTHCH,
[IepeTBOPIIOTLCA B €JeKTPUYHI CHUrHaJi, a OJep’KaHi CUrHaIu
[1epeTBOPIOIOTECA Y BHAMMe 300paxkeHHsA. (A nepenaBaHHA py-
Xy BHKOPHCTOBYIOTH NPHHIMIO KiHO: 300paskKeHHA pyXOMOro
o6’exkTa (xaapu), AKi Tpoxu BiApI3HATHCA ONUH BijJi OXHOrO,
nepefawTh KilbKa AecCATKIB pa3 3a CeKyHAY.

IlepenaBanbHa TeneBiziifiHa kKamepa Haraaye d¢oToanapar,
TiIBKH 3aMicTh GOTONMNIBKHM B Hel BMIiIeHO chnelialbHy eJex-
TPOHHO-ITPOMEHEBY TPYOKY, 3a NOMOMOTI0OI AKOI 3AiMiCHIOETHCA
nepeTBOpPeHHsI 300pa’keHHs 00’ekTa B cepilo eJeKTPUYHHX
curHaais. IcHye Kinbka THUIIB TAKWX eJIeKTPOHHO-IIPOMEHEeBUX
TpybOK — iKOHOCKONM, OPTiKOHH, BiAiKOHH, NIIOMOIKOHM TOIIO.
PoarnaHemo onHy 3 HaimpocTimux Tpybox — mizikou. I1 6ymxo-
BY IokasaHo Ha maJoHKY 92. Expan i€l el1eKTpOHHO-IIpOMEHe-
BOI TPYyOKHM € IPO30PUM CHIHAJBHHUM EJIEKTPOJOM S, Ha AKHNI
HaHeceHO TOHKHH I1ap HamiBIPOBiZHUKOBOro d¢orope3ucropa

128



K
S
I.a_ f
Ry
10B (L
+ -
+ - 300B
Man. 92
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HaBaHTa)KeHHA R _, 3 AKOro i 3HiMae€TbCA CUTHAJ.

ITepepaBane 3006pakeHHsI 38 AOIIOMOIrOK CHMCTEMH JIIH3 IPOEK-
TYETBECA Ha NOBEPXHIO OTOpe3ncTopa. 3ajJeXHO BiJ ocBiTJIeHOCTI
pisHi Mmicna doTopesucTopa HabyBaloTe pisdHOoi nposigHocTi. CTBO-
PIOBAHUH €JEKTPOHHOIO rapMaTOl0 IIPOMiHE IIOCJIIZQBHO npobirae
BCl eleMeHTH OJHOTO TOPHM30HTAJBHOTO pagkKa QoTopesnucropa,
motim gpyroro i T. n. IlepemimeHHA €JIeKTPOHHOrO NIPOMEHS IO
eKpaHy Haraaye nepeMilieHHS HANOIOTO MOTJIAAY IO PAAKAX KHW-
ru. EnekTpoaHu# npomMines npobirae no expany 625 ropusonTann-
HUX pAAKiB 3a 1/25 cexyHamn. PyxXoM eJIeKTPOHHOro HPOMEHS
Kepye MartHiTHe I1roJjie HaZiTol Ha TpyOKY KOTYIIKH.

Konu enexTpoHHUMI NpPOMiHB IOocArae mnoeepxHi ¢goropeswuc-
TOpAa, 3aJIe’KHO BiJg eJeKTpUUYHOI HOpPOBiZHOCTI maHOl AiNAHKH
(Aka, B CBOIO Uepry, 3ajJIe’KMTh BiZl ocBiTneHocTi mapy) pesucro-
poM R npoXoAUTH OinbmIOl YM MEHIIOl cuau cTpym. Takum uu-
HOM, HAaIpyra Ha pe3ucTopi 3MiHIOeEThCA IponopriiiHo 3mini
ocBiTieHOCTI B3OOBXK psanka. Tak yTBoproeThcsa Bigeocursana. Bin
MmicTuTh iH(OpManiio npo 3o6paskenHs npeamera. Hani ueitr Bigeo-
CUTHaJI MiACHIIOETBCA, a IoTiM, #AK 1 y BHDaaky nepeaauyi
3BYKOBHX CHI'HAJIIB, BUKOPHUCTOBYETHCH IJI MOAYJIAIII BHCOKOUYAC-
TOTHHUX KOJHUBaHb. MoAyJibOBaHI BieOCHUTHAJIOM BHCOKOYACTOTHI
KOJIMBAHHA TIOZAIOTHCA B AaAHTEHY 1 BUIPOMIHIOIOTHCA HEH B
npoctip. OpHOuacHO JApyruii mnepezaBau B3AiMCHIOE Iepenavyy
CHTHAaJIIiB 3BYKOBOT'O CYIIPOBOAY.

TenesiziiiHuil npriiMau IIepPeTBOPIOE ONePKaHUM Bigeocurrasn
y BUAMMe 300pa’keHHs Ha eKpaHi npuiiMajbHOI eJIeKTPOHHO-IIPO-
MeHeBOl TpyOkm — KiHeckomna (masi. 93). Ocobinusicrio 6ymoBH
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miel TpyOKHM € MOXKJIMBiCTE KepyBaHHSA 1HTEHCHBHICTIO €JIeKTPOH-
HOro IpoMeHA (KiIbKicTIO eJleKTpPOHIB y mnpomeHi), i oTxxke,
SICKPAaBiCTIO CBiYeHHs eKpaHa B Micui monagaHHsa npomeHsa. Ke-
PYBaHHA iIHTEHCHBHICTIO eJIeKTPOHHOI'O HPOMEHdA, AKHH MAaJIIoE
300pa’xkeHHsA Ha JIIOMiHecHilopo4YoMy eKpaHi, 3JiMCHIOETBCA TaK.
MoagynboBaHiI eJIeKTPOMArHIiTHI XBHJII BJIOBJIIOIOTBCS AHTEHOIO i
HaAXoAATh v npuiimad. TaM BOHH HiACHIIOIOTHCH, AETEKTYIOTHCHA
i BiANOBiAHI KOJMBAHHA MNOJAAIOTHCA HA KepPYIUYHMl eJNeKTpoa
TpyO6xu. 3MiHa mnoreHniasy HbOro eNleKTpoAa 3MmiHIOE iHTeH-
CHUBHICTE e€JIEKTPOHHOIO IIPDOMEeHsl, sKa BH3HA4Ya€ SACKpaBicThb
CBiUeHHS TOYKHM eKpaHa B MOMEHT, KOJIM NPOMiHE najga€ Ha Hel.

CucreMa KOTYIIOK IOPH30OHTAJNIBHOTO i BEPTHKAaJBLHOTO BiAXH-
JIEHHA 3MYLIYE eJIeKTPOHHUN NpPOMiHE npobiraru Bech eKpaH KiHe-
CKONla CHHXPOHHO 3 PYXOM eJIEKTPOHHOTO ITPOMEeHs eKPaHOM Iepe-
AaBaJibHOI TPyOKH (BigikoHa), TOOTO eNeKTPOHHHI NPOMiHB Y
KiHeckomni Takok mpobirae 3a 1/25 cekyHAM BCHO ILIOINY eKpaHa,
NPOKPECHIYN 3a e uyac 625 ropusoHTaANbHUX pPAAKiB.
BHacaigok mboro Ha eKpaHi KiHeckomna 3a 1/25 ceKyHIM BiATBO-
PIOETbCA Bech nepenanuii Kaap. OcKiNbKH 3a CeKYHAY 3MiHIOETHCHA
25 Takux KagpiB, TO AK B KiHO, OKpeMi 300pakeHHs CIPHUHMAIOTH-
Cs HAIUMM OKOM SAK €IHHE CYyIiJIbHe pyxXxome 300parkeHHs.

CUHXPOHHICTE PYXY €JIEKTPOHHUX IPOMEHIB eKpaHOM Yy Ie-
pezaBaybHi¥M TpybObui (Bimikoni) i mpmiiManbHHX TPyOKax (KiHe-
CKONax) JOCAra€EThCA MOCHJIAHHAM CIlelliaJJbHHUX CHHXPOHi3YIO-
4YUX CHUI'HAJIiB.
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BucokosikicHe TeneBi3iifiHe nmepenaBaHHA i NPpUIMaHHA MOMX-
JINBI JMIe HA YJBTPAKOPOTKHX XBHJIAX METPOBOro JianasoHy
(10—1 m). Ha xans, HeoOxigHicTs BUKOPHUCTAHHA AJsA Tejeba-
YeHHs JIAIUEe YJbTPAKOPOTKHX XBHJIb Ny)Xe 00MelKye NajbHICTH
NpUIMaHHA TeJernepenay.

YabTpakopoTKi XBHJI CHJIBHO IIOIJIMHAIOTHCHA IIOBEPXHEIO
3emii i npoxoasaTk Kpispk HoHOcdepy, He BigGuBarouuCch Big Hel.
Tomy npuiiMaHHA TeJeBidiiHMX mnepenay MOKJIMBeE JIHIle B
Mexax NpsMoi BHAMMOCTI MiXX ImepeaaBaJIbHOIO 1 HNpUHAMAaNbHOIO
aHteHamu. [lna 30inbimieHEHs paniyca TejleMOBJIEeHHSA HeoOXigHO
ni aHTeHU NigHiMaTH Ha BeJIMKY BHCOTY.

Ilpore, skuMu 6 BHCOKMMM He OyAyBain BexKi TeselneHTpiB,
nepegadyaMyu MoKHa Oyyio 6 oxonmuTH Jjauine obMerkeHi paldoHH.
3HayHO 36iMBIIMTH AAJBHICTE Tejlemepeaay AalOTH 3MOr'y Kabesb-
Hi i peneiini gimii. Tenenepemaui Ha BeNMHMKi BizcTaHi 31ilCcHIO-
JOTHCA 34 AOIIOMOIOI0 LITYYHHX CYIYTHHKIB 3emui.

§ 50 — PO3BHTOK 3ACOBIB 3B’A3KY

PosBuTky i BIOCKOHaJIeHHIO 3acobiB 3B’A3KY NPHAIIAETHCA
BeJIMKa yBara B ycbomy cBiti. PisHi 3acobu 3B’sasky (renedoH i
renerpad, paxnio i TenebadyeHHs, (daxkc, KoOMII'IOTep, iHTepHeT
TOIIO) MiIHO YBiAIIJAM B NOBCAKAEHHHH NOOYT IIMPOKHX MAac
HAaceJIeHHs 1 Telnep Ba)XKO HAaBITh YABUTH CODI MKUTTHA JIOLMHH
6e3 Hux. Bea no0Ope opranizoBaHuX 3acobiB 3B’A3KY NpPaKTHU4YHO
HEMOKJIMBO B Cy4YaCHMX yMOBax KepyBaTH HAPOAHHMM rocrnojap-
CTBOM.

Haiua xpaisa BKpUTa I'VCTOI0 MepesKelo KabeJlbHHUX, pajgiope-
JeHUX i moBiTpAHUX JiHiIN TenmedoHHOrO 3B ’A3KY. TenedoHHMIT
3B’s30K AiHINOB [0 BCix HaceleHHX IIYHKTIB.

IIIupoxo pO3BHMHEHHWII aABTOMATHYHHI TenedOHHHH 3B A30K
Mi)XK HaceJleHMMM NYHKTAMH, Koau aboHeHT, Hanpukiaan y Kuesi,
CaMOCTiiHO, HEe BAAIOYHUCHL [0 NOocayr TejgedoHicTKkyM, Habupae
norpibHuit iiomy Homep y JIbBomi, Xapkosi, Bepauueni, Tapamii
YyH iHImomy HacesleHOMY OVHKTi. OcTaHHIM yacoM mo4yaB pO3BHUBA-
THCA BizeoreseOHHHH 3B’A30K Mi’K HACEJIeHMMHM NOYHKTaAMU.
PoamoBasoun, CIiBpO3MOBHHUKH 6aYaTh OAHH OJHOTO HA €KpAaHi.

OIBugxuMu TeMIaMu PO3BHBAETHCHA TenedOHHHH 3B'SA30K V
cinbebkiit Mmicuesocti. TenedorHuit 38’A30K i3 cBOIMM palioHHU-
MM IEHTPaAMH MalOTh IIPAKTHYHO BCi ceja.

IIpore cTBOPMTH HaAiHY cUCTEeMY 3B A3KY 3 BijJaJleHUMH
oyHKTaMu, 6Oyayrooum kabenbHiI uu pagiopexneitni nimii, agyaxe
CKJIaZHO. 3 BiIaleHMMH Big mMeHTPY NyHKTAMU 3PYYHO 3B’ A3yBa-
THCA 3a JONOMOIOI IITYYHHAX cynyTHHKIB 3emui. Taki cucremm
KOCMIiYHOro 3B’S3Ky Uepes IITY4YHI CYONYTHHUKH 3B’SA3KYy YCHIIIHO
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EninTuura opbira

3eMHHA OYHKT
KOoCMidHOTO
panxiosB’A3KY

ITpomi>kHa opbiTa
3eMHMH TYHKT
KO(;MI‘!HOI‘O
panio3B’A3Ky

3oHa pagioBHAMMOCTI

Man. 94

opamioTs yaxe bararo pokis (maiu. 94). IlorykxkHuii nepenasad
MOCHJIAE HAa INOTYYHHUH CYIOYTHHUK B3B’A3KY paJioCHTHAJJH, SAKi
MmicTaTe abo TesnedoHHIL noBigoMIaeHHA, abo nporpamy renebaueH-
HaA. Ha cynyTHHKY BCTAHOBJIEHO NpHIIMau, SAKWN Oigcuiaioe i
NepeTBOPIOE NPUMHATI CUIrHaJd i dYepe3d OOPTOBMIA nepezaBay
peTpaHCII0E Ha 3eMJII0. 1X JIOBJIATH aHTeHAMM 3eMHUX MpHii-
MaJbHHUX OYHKTIB i mepesarTs Ha MicIleBi TesieBis3iiiHiI cTaHIii.
Hoci fuuioca Npo BUKOPHUCTAHHA KOCMIYHOIO 3B A3KY B 3eMHUX
yMoBax. AJie 6e3 HAZIMHONO pajiosB’A3KY MNPAKTUUYHO HEMOMKJIUBE
Oysio 6 OCBOEHHA KOeMOCy. 3a AOMOMOIOI0 pajio miATpUMY€EThCH
3B’SI30K 3 eKimakaMM KOCMIUHUX KopaOJiB, 3JiHMCHIOETBCA yIIpaB-
JIIHHA NUMHA KopabasMmu nig yac 6es3miyioTHUX NOJNBOTIB, DepegaloTh-
cA 3 KopaOuiB Ha 3eMJII0 IIOKa3aHHS Pi3HOI anapaTypy TOLIO.
IIIBugKMMH TeMIOAaMH PpPO3BHBAEThCA pagio3B’sdA30K i
TesebaueHHsi. CTBOPIOETHCA PO3rajyKeHa MepeXka yJIbTPaKopoT-
KOXBHJIBOBUX IlepenaBadiB, AKi JaOTh MOXKJIHBICTE IOJINIIUTH
o6cayroByBaHHS pagiocnyxadiB, OCKiIBKM Ha MOBJIEHHs1 Ha
YJABTPAKOPOTKHX XBHJIAX He BIUIMBAIOThL iHAYCTpiaJbHi, aTMo-
chepri Ta iHmi nepemkoxnn. Po3BuBaeThCcA nepenaBaJibHAa
TeJIeBi3ifiHA Meperka, 3pPOCTa€ NPHIMAaJIbHHII NapK TeJieBi3opiB.
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ITlorpebu B ImMIMPOKO poO3ranyKeHux, HaaltHo QYHKUIIOHYIOUMNX
sacobax 3B’A3KY [y’Ke BeJIMKi i He3MiHHO 3poCcTaTUMyTh B Mipy
PO3BHUTKY HAPOIHOIO I'OCIIoJapcTBa, aBromMaTHa3allil i mexanisanil
BUPOOHHWYHMX INPOIECiB, PO3KBITY AYXOBHOI'O XXHUTTH i KYJIBTYPHHUX
3aIWTIiB HaceJeHHA.

§ 81 — CBITJIO AK EJIEKTPOMATHITHI XBHJII.
IMBUIKICTH CBITJIA

BunpomiHOBaHHA e€JIEKTPOMATHITHHX XBWJIb BiOyBaeThCcs
OiJ 4ac BUMYIIEeHHUX KOJHUBAHB €JIEKTPOHIB y KOJMBAJBHHUX KOH-
Typax (aHTeHax). 3a JOINOMOIOK eJeKTPHUYHMUX KOJHBAJIBHHUX
KOHTYPiB MOXKHAa JicTAaTH eJeKTPOMArHiTHI XBHJi, yacToTa AKHX
nocsirae 10'2 T (moB>kmHa XBMJI Kinbka mifimerpiB). Buraukae
3allMTAHHSA: YU iCHYIOTH eJleKTpOoMAarHiTHi xBuiai 6inbmux yacror?
TeopeTUYHO MOXKYTh ICHYBATH eJIeKTDOMArHiTHI XxBWJi, dacroTa
AKHUX MOXKe 3MiHIOBATUCHA Bil HYJBOBHUX 0 HECKiIHUEHHO BEJHMKUX
3Ha4yeHb. lleTasibHe BUBYEHHA eJIEKTPOMArHiTHUX ABHII IOKa3a-
JIO, IO IIiJ Yac KOJIMBAHB ATOMIB i MOJIEKYJI BHUHMKAIOThE €JIEKTPO-
Mar"iTHi xBuJIi, dYacToTa SAKUX 3HAYHO II€PeBHIIYE YacTOoTy
XBHJIB, AKi OepHYITE 3a JONIOMOI'ol) KOJHMBAJIBHHX KOHTy’piB.
IIi xBuai micranu HA3BY CEiMA0BUX X6UJb. 3 NOTAANYy (i3NKH,
CBITJIOBiL XBHJII — IIe eJIeKTPOMATrHITHI XBHJi, 0O AKHX, KpPiM BH-
AuMOro (Heo30pPOEHMM OKOM), HaJIe)KaThk TaKoXX iHGpadyepBoHe i
yasTpadioseroBe mpominHa (uacrorm konuBaHs Big 10'2 o
3 . 10 I'm i poBaxumHM xBUab Big 0,3 MM mo 1072 mxm). Bugume
npoMmiHHs Mae yactotu Big 4 - 10 I'm mo 7,7 - 10 I'm (moBxxu-
Ha XBuJab Big 0,4 mo 0,77 MKM).

CBiTJIOBI XBHJII MAawTh yCi BJIACTUBOCTI €JeKTPOMArHITHHUX
XBWUJIb, ¥ TOMY YHCJi 3 I€eBHOIO IIBUAKICTIO HEPEHOCATL €HEePrilo.
IImTanHA Npo IIBHAKICTHE MONIMPEHHSA CBiTJIa — OJHe 3 Hau-
OiJpIl BasKJIMBHUX, NPUHIIMIOBMUX NHUTAHL Bciel ¢isuku. 3’scy-
BAHHSA TOr0, IO IIBHUAKICTHE CBiTJIa € TPAHUYHOK INBHIKICTIO IO-
IIUpeHHA Oyab-aKuX QisuyHUX 30yA2KeHb, a TAKOYX BHU3HA4YeHHA
YHCJOBOTO 3HAYEHHSA IIi€l MBHUAKOCTI alu MOXKJHUBiCTE 0Or'pyH-
TYBATH €JIEKTPOMATHITHY NPpHpPOAY CBiTJia i Bizirpanm BasKJIUBY
POJib Y CTBOPEHHI Teopil BimHOCHOCTI.

IlIenakicTs cBiTJIA MOXXHA BH3HAYMTH, BUMIPDABIIM IIPOHAEHY
CBiTJIOM 3a meBHWM 4ac BijcraHb (npamuii metoxn). Ilepma copoba
BH3HAYHUTH B TaKHUil crnoci6 mBHUAKICTE CBiTIAa HAJIEXUTH
I''Tanxnineio (1607 p.). Ha nmeBHi#A BiAcTaHi Bim cmocTepiraua
poamimanocs miocke asepkaso (maj. 95). Binkpupawouu 3aciaiHKy
JixTaps, crocrepirady noBuMHeH OyB 3a NOAMHHMKOM BH3HAYHUTH,
yepe3d AKHMHA Yac NOBepHeTLCA cBiTiO, BinbueIIMCe Big O3epkaga.
ITpore mum crocoboM He BAAJIOCH BH3HAYHTH IIBHUAKicTe cBiTIa,
OCKiNIBKM NpHM NOPIBHAHO HeBeJMUKiN Bincrani go asepkana ugac
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peakIiii cnocrepiraya Ha CBITJIO 3HAYHO NEPEBUIYBAB 4ac IOIIH-
PeHHs CBiT/ia Bijg nixTapsa mo A3epkaya i Hasax no criocTepiraua.
Bnepme BH3HAYHTH IOBHAKICTE CBiTJIA BOAJIOCA JATCHBKOMY
actpoHomy Onacdby Pemepy B 1676 p. mig yac BUBYEHHSA
3aTeMHeHb ogHOro i3 cynyrHukis HOmnitepa. Cynyrtauku obepra-
orbesa HaBkoJno Inoitepa i mepiogMyHO XOBAaOTHCS 38 HUM.
OuyeBHAHO, M0 3aTeMHEHHSA CYNYTHHKIB MAalOTH MNOBTOPIOBATUCH
crporo mnepioanmyHo. OxpEak Pemep BHABHEB, II0 KOJIH 3eMiId
Habamxaerbea a0 KOnoitepa, iHTepBanu yacy MiK NOCHifOBHHMH
3aTEMHEHHAMM CTAaOTh KOPOTIIMMH, a KOJH BingajlsieTbCsa Bif
OmiTepa,— AOBIMINMMH MOPiBHAHO 3 PO3PaXOBaHAM 4YacoM. Pemep
IIOSACHUB IIe THUM, II[0 IPOTATOM POKY 3MiHIOETHLCA BiJICTaHB Bij
3emai no IOnirepa, a Tomy cBitno Big cynyramka Initepa no
3emuri iae pisHME yac. Pemep nopiBHAB pe3ysibTaTH ABOX CIOCTe-
pexeHb. OgHe OGyJI0 BUKOHAHE B MOMEHT, KOJHM BificCTAHB MiXK
KOnitepom i 3emiuero Oysna MimimManbHOIO, a Apyre — KOJH IIA
BigcTanp 6ysa MmakcuMaabHOIO (MaJy. 96). PisHuna mixk darTuy-
HUM MOMEHTOM BUXOAY cynyTHHKa IOnirepa i3 3aremHenHs i pos-

% SN Op6iTa ¢ Ka
74 \ HOmnirtepa P %
’ . { - "
\ ; \ “ : :;
s ot Bemua \.,_ @)
A . Op6iTa IOmiTepa 1
g —_— '/\ w
Opb6ira 3emuii "
l‘
- Man. 96

134



pPaxoBAaHUM 3HAYEHHAM BUABMJacHA piBHOO t = 1320 c. OckinbKu
AiameTp 3emHOI opbiTm HaBkoso CoHuA gopiBHiIOE d = 299 Miun
KiJloMeTpiB, TO OJisi IIBUIOKOCTI cBiTsia Pemep micTaB sHayeHHHA:

d _ 299000000 kM _
== 1390 ¢ ~ 227 000 kM / c.

Ile sHaueHHA He Ay)Ke TO4YHEe, OCKiNbKKM BuMiproBaHHs Pemepa
OyJu BUKOHAHI 3 BeJJMKMMHU MoxubkaMu i, KpiM Toro, niamerp 3em-
HOI opbiTu Ha TO# yac OyB BigoOMMIT 3 MAJIOIO TOYHicTIO. 3a cydac-
HHMH CIIOCTEPE>KeHHAMH 4Yac 3allisHeHHs 3aTeMHEeHHs IIPOTH pPoa-
paxoBaHOro CTAaHOBUTE ¢ = 996,4 ¢, 10 Aa€ A IIBHUAKOCTI CBiTJIA

299 000 000 k™
c= 9964 c ~ 300 000 kM / c.

Opuak niHHiCTE BigkpuTTsa Pemepa BenuuyesHa, OCKiJIbKHM BiH
BIlepllle NIOKa3aB, IO MIBUAKICTE HONIMPEHHA CBiT/Ia CKiHYeHHA.

¥ nopanpmioMy IIBHMAKICTE cBiTJa BHMiproBajack 6ararto
pasiB i B pi3HMX yMoOBax.{JJHUM 3 HAUOiNbII TOYHHUX BUMipIOBaHb
IIBUIKOCTi cBiTia 6yB mociin, nmpoBenesui y 1926 p. amepukas-
cbkuM QisukoMm A. Maii KeJdlbCOHOM.

Tenep icHyIOTH iHNIi, TOYHiINiI crrocO6M BHMiprOBaHHS ILIBH-
kocrti cBiTna. Kinska pokiB TOMY, CKOPHCTaBIINCH JIA3€PHUM
BUIIPOMIHIOBAHHAM, BUeHi BU3HAaUMIHM IIBHUAKicTh cBiTJIa 3 Heba-
YeHOI Aoci TouHicTio: ¢ = (299 792 456 + 1,1) m/c. BigHocHa
noxubka nLoro BuMipoBaHHEAa 3,5 - 1079,

§ 52 — 3AKOHH BIIBUBAHHS
I SAJIOMJIEHHA CBITJIA

ABuma BigOMBaHHA ¥ 3aJJOMJIEHHS CBiTJIa BHBUYAJHUCH Ha
pociigax y 8-my KJjaci, tam e O0yau chopMysILOBaHI 3aKOHH
BiZmOMBaHHSA CBiTJIA 1 MOJIOXKEHHA, AKHUM HiTKOPAETHCA 3aJJOMJIEH-
HA cBiTina. Haragaemo BUBYEHe, MEINO AOMNOBHUBIIHM i mMOrJubuB-
1Y ¥MOro.

CopsamMyeMO BY3BKHH IYYOK CBiTJIa
Ha NOoBepXHO Boa®m (Man. 97). Mu Bixke
3HAEMO, IO IIYYOK CBiT/Ia Ha Mexi Mimx |
noBiTpaM 1 BoOZoOw oOxHOYACHO BigbOul-
BaeTbca i sanmomirersca. Hocaiam mo-
KasyoThb, IO ¥ padi aMinm Hanpamy na-
JAal04yoro npoMeHsa 3MiHIOeTbCA 1 Ha- -
npaMm BinbGuroro, ane of6uaBa BOHHU
3aBXKIMU Jie)XaThk B ONHiN muaomuHi. Ca-
Me B ObOMY i moJsArae mepmui 3aKoH
BinOuBaHHA CBiTJIA: MPOMEHI maagaOYuH
i BigOMTHI JexaTh B OAHIM NINJIOIMHI
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3 MepIeHOHKYJAAPOM MO0 BinOuBarouYoi IOBepXHi, IpPOBeIeHHMM
3 TOYKM NMAaXiHHA IIPOMEHHA.

BMiHOIOUM KYyT ODaAiHHA OPOMEHS HA BOAY, NOMITHAMO, IO
Ipy OBOMY 3MiHIOBATHMEThCSA i KyT BigOmBaHHA. BuMiprowun
mopasy KyT najgisHs i1 kyT BigbupamHA, HI0 Bigmosimae nomy,
MOMHA BCTAHOBUTH, 1[0 BOHHU 3a4BXKAH AOPIiBHIOIOTH OJMUH OJHO-
mMy. B mpomMy monsrae. apyruii 3akom BinbGueaHHA cBiTia: rKyT
BinOMBaHHA NOPIBHIOE KYTOBi mMagiHHA.

s Haragaemo, mo xyr nagigHa i BigbuBaHHA OpPUHHATO
BUMipOBaTH BijJ nepneHIUKYyJApa, OPOBEAEHOr0 [0 IMNOBEPXHi
noxiny, OO BiAmOBiZHOrc mMpoMeHs.

ITix vac 3MiHM HanpaMy Hajgalmdyoro IpoMeHA 3MIHIOEThCA i
HaAOPAM S3ajJIOMJIEHOTO TIPOMEHs, aJjieé AOCJHigH IIOKa3yTh, II0:
3aJOMJICHMH NPOMIHB JI€KHUTE Y Tild caMiil IJIOmMHI, B AKIH
JeKaTh NagaloYuii NPOMIHE i NepPNeHAHKYJIApP, OOCTaBJIeHWH
y TOouli nmagiHHA npoMeHs A0 MeXxi moainy nBox cepemoBuul. Ile
€ mepIINH 3aKOH 3aJIOMJIEHHA CcBiTua.

3HAYHO CKJIAAHINIAM BUABWJIOCA MUTAHHA NPO HAIPAM IO-
INUPEeHHA 3aJoMJIeHOro npoMmens. Ilepma copoba 3HaiiTH 3B A30K
Mix KyTaM¥ HagiHHs H 3aJoMJIeHHsA IpoMeHis Gyna spobieHa
BimomumMm anexcarapiiicbKkuMm actpoHomMmoMm K nmasgiem Il To-
nemeem 1ge B II cromirri mo mHaimol epu. OgHak pos3s’A3aTH
L0 mpobieMy BIANOCH TOJNIgHACEKOMY Qismky B.CHe x a1 i y-
c y 1 HesamexxHO Bin HbOro dpaHOy3bKOMY MaTeMaTHUKy 1 ¢disu-
Ky Pene HexapTy B XVI cromirri. Boun BcraroBuiu,
II0: MPH BCiX 3MiHAaX KYTiB magiHHA i 3aJI0MJeHHEA BigHOINEeHHS
CHMHyCa KyTa NaXiHHA OO CHHyCA KyTa 3aJOMJEHHA IJIA JTaHHX
ABOX CepefoBMI € BEJUWUYNHA CTaJIa, AKA HAZHBAETHCHA IOKA3HH-
KOM 3aJIOMJIEHHS OPYroro cepeaoBMiia BiTHOCHO MEepLIOro.

MareMaTU4YHO Ieli 3aKOH MOXKHa 3alHCATH Yy BHTIAAL TakKoi
tdopmMyan:

sina _
siny

oe n — BeaHdYHHa, AKa 3aJIeKHTh Big BiIacTHBOCTEH cepegoBHIL,
Ha Mexi moainy akKux BimOyBaeThCsa 3aJIOMJIEHHA CBiTNa, 1 Hasu-
BAETHLCHA NOKA3ZHUKOM 3AJOMAEHHA APYTOr0o CepeJoBHIIla BiAHOCHO
mepiroro. Ko CBIT/IO 3a/IOMIIIOETHECA HA MeXl «BaKkyyMm-IIpos3ope
cepenoBUNIe», BIATMOBIAHUIN NOKA3HUK 3aJIOMJIEHHA HA3HBAIOTH
abCconIOMHUM NOKAZHUKOM 3ANOMAEHHA IIPO30POro CEpPenoBHINA.

OckiNBKM IEepIIMM cepeloBHUINEM 3BHuUaiiHO OyBae MmoBiTpAd,
TO NPUHHATO BH3HAYATH IMOKA3HHUK 3aJIOMJIEHHSA AAaHOL PeYOBHUHH
BigHOCHO noBiTpa. Ileil BiZHOCHWI NMOKA3HHK 3aJIOMJIEHHA OYKe
MaJIo BipisHsAEThCA Big abCONMIOTHOrO, OCKiNIbKH a0CONMIOTHHI TO-
KasHUK 3aJIOMJIEHHSI NOBITpA AyyKe OJAM3pKHI A0 oxamHMmi i
JopiBHIOE 3a HOpMaarHHX ymos 1,00029.
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3 ABOX PEUYOBUH ONMUYHO OiabUl 2ycmor HASHUBIAETHCS Ta,
AKa Ma€ Oiapurnii abCONMIOTHHI MOKA3HHUK 3aJIOMJIeHHH.
CopsaMyeMo Temep IIPOMiHBL CBiTJIa 3 APYTOro cepefoBUINA B
Iepunre THUM HaOpPpAMOM, AKHM paHime HOIOB 3aJOMJIEHUWH IpO-
mis. KyT mafiHEa B NpOMY BUNAAKY AOpiBHIOBaTMMe Y. Axum
HaAIpAMOM Hife 3aJIOMJIEHHH NPOMiHB y HepIoMy cepegoBuIni?
3aKoHHN 3aJIOMJIEHHA AAIOTh MOMKJHMBICTH JIErKO BifOoBicTH Ha Ie
sanuraEHa. CopaBni, Apyruil 3aKOH B3AJIOMJIEHHH B ILOMY BH-
NaAKy MW IIOBHHHI 3amMCaTH y BHUIJIAIL:
siny
51N x

=n19

e X — KYT 3aJIOMJIEHHS; N, — NOKA43HUK 3aJIOMJIEHHA IIepHIoro
cepelOBYINA BiAHOCHO APYroro, AKWi, o4eBHUIOHO, 3B’ A3aHUil Ta-
KHM [POCTHM CIHiBBIJHOIIEHHAM 3 NOKA3HHKOM B3aJIOMJIEHHHA N
APpYyroro cepefoBHIa BiXHOCHO II€pPHIOTrO:
. |
» nl — n -

IlincTaBnsAouYn 3HAYEHHA 71, y 3alucaHe BHUINe PiBHAHHSA

OPYroro 3aKOHY 3aJIOMJIeHHSHA, JicTaHeMO:

siny _ 1 ggosnz_
sinx n . siny

3BizcH x = 0O, TOOTO KYT 34JIOMJEHHS B HIEPIIOMY Cepeno-
BUII] JOPiBHIOE KYyTOBI magiHHA AJsl TOro BUIAAKY, KOJH CBiTJIO
[ajajio 3 IEepIlIoro cepefoBMINa B Apyre. Takum uumHOM, Iazgaro-
yuii i 3anO0MIIeHU# NpoMeHi HiI6u MiHAOTHCA Micomamu.

1. ¥V comsiunmii neHp morpi6Ho ocBiTHTH AHO Konoxaszsn. SIK Tpeba
POBMICTHTH IJIOCKE A3EPKAaJO, AKIIO COHAYHI NpOMEHi 1majaloTs Oif Ky-
ToM 60° Do semMHOI moBepxHi?

2. Ilig axum KyTOM NOBHHEH HajaTy NIpOMiHE Ha A3epKaio, Iob
npoMeHi nafgalounil i Bigburuili 6ynu B3aEMHO NEePHEHAMKYIAPHUMH?

3. ¥ kiMHAaATi BHCHTE BePTHKAJLHO IJIOCKE A3€PKAaJIO, BEPXHIil Kpail
AKOTr0 pO3MiIlleHMI Ha piBHI BoJoOCCA BepPXHBOI YACTHMHH I'OJIOBH JIIOAH-
Hu 3pocty 182 cm. Axoi maiiMmennrol moexUHN Mae 6yTH Asepkano, 1mob
ua jgoanHa 6aunna cebe B gsepkasi Ha Bechb 3picT?

4. Yu MosKe CBiTIO, OPOXOAAYM 3 OGHOrO IPO30POTrQe CEPEeNoBUINa B
iHmre, He 3aJomaOBATHCAT

5. Cousuni mpomeni mafaloTh HA MOBEPXHIO BOAM IIPH KyTOBilf BHU-
cori Conua Haz ropusonTom B 30°. Sxkum 6yze HanpsM IIUX TIPOMEHiB
V BoAil micia 3ajioMIeHHAT? _ _

6. CBiT0 majae Ha IJIOCKY CKJAAHY ILIACTHHKY mig xytom 60°. ITo-
'KasHHUK 3aJIOMJIeHHS cKjaa 1,5. a) YoMy nopiBHIOE KyT 3aIOMJIEHHA IAA
ckaa? 6) Ilig AKMM KYTOM IPOMiHE BHXOINTHL 3 IJIACTHHKU?
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$ 53 — IIOBHE BIIBHUBAHHSA CBITJIA

IliraBe ABWINEe BHUHUKAE TOMAi, KOJH CBITJIO NOUIIMPIOETHCHA 3
ONTUYHO OiJBII I'yCTOrO cepeAoBHINa B MeHII rycre. Mu 6auunium,
II0 B ONTHYHO IYCTillIOMY CepeAOBHINi IIPOMiHL CBiTJIa YTBOPIOE
MEHIIUNM KyT 3 HNepHneHIMKYJIApOM, IPOBeJeHUM A0 MeXKi mouiny
cepegoBHIN, Hi’X NPOMiHb, AKHWH IIOIMHPIETHCA B OINITHYHO MEHIII
ryctomy cepegoBuini. Takmm YMHOM, SKIOO B LIBOMY BHIAOKY
30inmpmyBaT KyT HOaJiHHS, KYT 3aJIOMJIEHHS Te)X 3pocTrarume,
npuyoMy BiH Oyae saB:kam OinbmuM 3a KyT naginesa (main. 98).
OTixe, 3a NeBHOro KyTa OajiHHS 3aJIOMJIEHUWM OPOMiHB B OOTHY-
HO MEHII I'yCTOMY CepeJOBHIIi yTBopioBaTuMe KyT 90 3 mepres-
AUKYJIAPOM 0 MeXXi nmoziny cepenoBuin, To6TO BiH NOIIMPIOBATH-
MEeThCHA B3IOBK MeXKi moainy. AKnio XxyT nagiHesa mnie 3diasmuTH,
TO B Apyre (OOTHYHO MEHIII I'yCcTe) CepefoBHIIe IIPOMiHB Ba3arai
He mpoiae i moBHIicTIO Bifi6’eThcss B meprme. Ile saBume HasH-
BAeTbCsA NOBHUM 8i00uBaHHAM CBiTJa, a KyT NagiHHSA, 3a AKOIO
BCe CBiTJIO IOYWHAE IIOBHICTIO BiaOmMBaTHCA B Iepllie CcepegoBH-
nie,— 2PAGHUYHUM KYmOoMm IIOBHOT'O BinOMBAHHSA.

3aCTOCOBYIOUYM 3aKOH 3aJIOMJIEHHHA, JIETKO BiAIyKaTH 3B’ A30K
rPaHUYHOTIO KyTa MOBHOI'O BifOMBaHHA 3 BiJHOCHMM HNOKa3HHKOM
3aJIOMJIEHHSA ONTHYHO 6Ginsm rycroro cepenosmuimia. Copasai, B Ha-
IIOMY BHIIAJKY 3aKOH 3aJIOMJIEHHA 3alUIeThCH TaK:

sin a 1

s =n =—,

siny n
Ae n, — BiAHOCHUN IIOKa3HMUK 3aJIOMJIEHHA APYroro (MeHu ryc-
TOro) cepeaoBHUILa; /1 — BiAHOCHUN IIOKA3HUK 3AJIOMJIEHHS Iep-

n>ng

ny

n,

H>xepemno

Maxn. 98
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Maun. 99

HIoro cepegoBumia. AKINO KyT na,n;mnﬂ ):Lopmnme rpaHUYHOMY,
TO KyT 3ajJloMJieHHs aopiBHIoE 90°. OTxxe, siny = 11

sina, =~ . (53.1)

n

Jnsa ckia 3 TOKa3HUKOM 3ajioMJieHHA 1 = 1,55 rpaHuyHNi KyT
IIOBHOTO BizOuBaHHA HaO/IMIKeHO HOPiBHIOE 40°. OnTuusi geradni,
Aisi AKUX I'PDYHTYETHCA HA SABHIII [TOBHOTO BiAOMBaHHS, BHKOPHCTO-
BYIOThCHA [OJIA 3aMiHH A3€pKaJ y Pi3HMX ONTHYHHX NpUJIagax.

OcTaHHIM yacoM SBHINE NOBHOIO BiAOWBaHHSA CBiTJAa 3HAMIII-
JIO 3aCTOCYBAHHA B IIPHUCTPOSAX IJIA Heperadi 300parkeHHsA IIpe-
meTa Oe3 momomoru niH3 i asepkan. Ile Tak 3Bami ceimnosodu.
CBiT/IOBOJ CKJIAMAETHCA 3 BEJIMKOI KiIBKOCTI TOHKHX (ZiaMeTpom
6u3pK0 20 MKM) HUTOK 3aBIOBXXKH OJH3bKO 1 M KO3KHa, BUIO-
TOBJIeHHUX i3 ckya. IIi HuTKM posTamoBaHi uinesHO ogHAa 6ina on-
HOol 1 napanenbHi Mixk cobow. Ha o60ox Topusix caiTsoBoga
B3a€EMHEe pO3MileHHsA KiHIIB HUTOK cTporo omHakoBe. KoixkHa
HHATKA OTOYeHAa TOHKOK OOOJIOHKOKI i3 cKJa, sIKe Ma€ MEeHIIH
NOKAa3HHUK 3aJIOMJIEHHS, HiXX camMa HnTxa.']

SAxmo 0 oAHOro TOPIA CBiTJIOBOLA NPUTHCHYTH SKHICH
OJOCKMH caMocBiTHHI abo » ocBiTiaeHMl NobGiYHMM JXKepeyioM
CcBiTJIa IpeaMeT, CBiTJIO RiJi KOXKHOI MaJIeHbKOI 4aCTUHU IpeaMe-
Ta HOTPANOUTHL B TOpelb OAHiel 3 HUTOK. OCKINIBKH KOXXHA HUTKA
OTOYEHA PEeYOBMHOIO, OINTHYHA I'YCTHHA SAKOI MeHIa 34 OITHYHY
I'YCTHHY HUTKH, TO CBiTJIO, HOTPANIMBIIHN B Hel, 3a3Ha€ 6e3yiu noB-
HHX BinOuBaHb (Majy. 99) i Buiige 3 OPOTHIIEHCHOTO TOPILA HUTKH.
Takum 4MHOM, HA APYromMy KiHIII cBiT/JIOBOJA YTBOPIOETBCA 300-
pPaskeHHsa IpeaMeTa, fAKe Oyae THM 4UiTKime, YMM MEHIIHWH
AiaMeTp KOXXHOI HUTKH.

CBiTJIOBOAM 3HAXOAATH IIHPOKEe 34CTOCYBAaHHA B CY4YacHin
TexHinl i B MmegunuHi, ocobiauBO TOHi, KOJH IIJIAAX cBiTia Bin
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OKepeJsia OO0 NpuiiMadya BUABAAETBCA KPHBOJIHIHHMM. ¥ TaKkux
cUTyalliagX CcBiTJOBOA 3aBAAKH CBOIM HYUYKOCTiI 3aMiHIOE JOCHUTH
CKJIAIHY ONTHUYHY cHcTeMy 3 Oararbox JiH3 i azepkan. Kpim To-
ro, CBiTJIOBOL Ma€ nOy>Ke BHCOKY CBiTjgocuay, To6To BTpaThH
CBiTNIOBOI eHeprili Ha MIIAXY NPOXOAXKEHHHA INPOMeHs HeBeJIHKi.
Tak, aasa orasay BHYTPIIIHIX OpraHiB XBOporo (IIJyHOK, KH-
IIEYHHUK TOIINO) 3aCTOCOBYIOTH TacTPOCKOI — TOHKHH 1 ayxe
FHYUYKHH CBITJIOBOX, AKUH BBOJAUTHLCSA Uepe3 CTPABOXi YU TOBCTY
KHIIKY BCEPEJWHY IOPOXKHHUHHU, AKY CJin ornaHyTH. Yepe3 onuH
i3 BBeJIeHHX CBiTJIOBOZIB MOPOKHMHA OCBIT/IIOETHCA, a Yepes3 Apy-
raii cBiTJOBOA 3ailficHIOETHCA oraajn (abo cdororpadyBaHHA) TO-
POKHHUHH.

1. Yu Buiige cBiTI0BHIl npoMiHB 3 BOAM B IOBiTpA, AKIIO KYT
naxinHsa mopisHIioe: a) 457 6) 60°?

2. 'paHUYHMH KYT INOBHOIO BiAGMBAHHA AJA NHOAY AopiBHIOE 50,
BusHauTe NMOKaA3HUK 3aJIOMJIEHHSA JILOAY.

§ 54 — IHTEP®EPEHIIIAA XBHUJIb

Hoci Mmu po3riisggasy NMOINUPEHHSA B Tik YK iHIIIA YacTHUHI npo-
cropy oxHiel cBitioBol xBuJji. Ta gacro B oxHii i Ti#i camiit yac-
THHI IPOCTOPY MNOIIMPIOIOTHECA OAHOYACHO CBITJIOBI XBMJII Bif gBOX
abo Kinpkox mrkepes cBitysa. Hanmpukiaaza, Koau B KiMHaTI ropurts
OQHOYACHO KiJIbKa Ji1aMII, OKpeMi CBiTJIOBI XBMJII HaKJIaJalOTBCA
onHa Ha oaHy. Illo npu nromy BinbyBaerbca? O4yeBHUAHO B KOYKHIN
TOYIIl ITPOCTOPY BHUHWKAE CKJAAHE eJIEKTPOMATHITHE KOJIMBAHHIA,
AKe € e3yJIbTATOM AOJAaBaHHA KOJHUBaHb KOXHOI XBWJIL OKpeMO.

Hailinpocrime 3’sicyBaTu, o BinbyBaeThbecsa y pasi HakJIagaHHA
JBOX XBHWJIb, HA TIPHKJAAI XBWJIb HA TOBEePXHiI BoAu. AHAaJOTiuHe
ABHIIE CIIOCTEPiraTUMeThCH i y BUNAAKy CBITJIOBUX XBUJIb.

IIpukpinumMo A0 KOJMBHOI IIJIJACTHHKH Ha IeBHIN BixcranHi
. OOMH BiJ ogHOro aBa CTep>KHi, sAKi ogHOYacHO 6YAYTH yIapATH
10 MOBEPXHi BOAW y BaHHi, CTBOPIOIOYM ABI Kpyrosi xBuii ogna-
KOBOI HOBXHWHH. B peayabTaTi HakJIaZaHHA IIHX XBUJIL Ha eKpaHi
MM mobaymMo Taky KapTuHy (Mana. 100): B neakux Mmicmsax Boza
CIOKiiiHa, TOOTO HaAKJIAJaHHA XBHWJIb BiJ ABOX M)Kepes Bele 10
JiKBimanii KomuBaHHA 11 NOBEPXHi; B iHIIMX MicOAX HOBEepXHA
BOIH KOJIMBAETHCA CHJIbHiIIIE, HidX Yy BHOAAKY OJHOI'O MKepe-
Ja — TYT HaKJaZaHHA XBHJb BiJ ABOX IrKepes Beje OO 30iib-
NIeHHA aMIUJIITYAXM KOJMBaHbL. 3BEPHITH yBary, 1io Mmicuda mizcu-
JIeHUX 1 mocyableHNX KOJIMBAaHb PO3MilIeHi Ha moBepxHi Boau He
Xa0THYHO, a B NEBHOMY Nopaaky. Taxka KapTuHa 4YepryBaHHSA
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Maun. 100

MaKCHMyMiB 1 MiHIMyMiB KoJMBaHb HA3MBAETbCA iHmepgepen-
YiltHOW KapmuMolo, a ABHILE IIiJICHJIeHHSA KOJHWBaAHbL B OJHHUX
TOYKaX CepefoBHINA, M€ MOIIHMPIIThCA XBWJi, 1 mocnabieHHA B
IHIIMX, AKe € pe3yJbTaTOM HAKJIAJaHHA OJHA HA OAHY XBHJb OI-
HAKOBOI MOBXHMHM, a OTKe, OJHAKOBOI YAaCTOTH, HA3UBAETHCH
inmepgepenyicio x8unn. '

3’sAcyeMO MOXOMKeHHA iHTepdepeHidiHOI KADTHHU — YOMY
Oig yac HakJIaJaHHA XBHUJIb B OOJHHX MICIAX BUHHKAE Iocsab-
JIEHHA KOJIMBaHb, 4 B IHIIUX — MNOCHUJIEHHSA. SiHIIOBIINCE V KOXK-
Hi#l Tourni moBepxHi BOAM, ABi XBHJII BUKJIWKAIOThE KOJHUBAHHA 4a-
CTOK BOJMW, BUBHAUUTHU AKi OJIA KOMKHOIO OKPEMOIr0o BUIIAAKY He-
BaXXKo. PeayibTyloye 3MillleHHSA YAaCTHUHKH B OYAb-AKWI MOMEHT
yacy AOPiBHIOE reOMeTpHYHIH cymi amimens, Aki gicrae gyacrus-
Ka, Oepyds yyacTh y KOXXHOMY i3 XBHUJIBOBUX IIPOIECiB, IO JO-
paroorscia. Hexail B JaHMil MOMEHT Yacy B AKOMYCh MicILi 3MiIeH-
HA MNOBePXHi BOAM Bij oxHiel Ta iHIIOI XBUJIL COPAMOBAaHI B OUH
6ik 1 MmakcuManbHI — OOMABI XBHJII OPUXOAATEL Y L0 TOYKY B OI-
HakoBiil ¢asi. Axmio xBuai siuagyrees rpebeEsaMu, BoAa B il

Toulli cuapHO migHiMerbca. Yepea niBmepiony (—2—T) rpebeni ami-
HATBCA 3anajuHaAMM, NOPHYOMY B 000X XBHJIAX OJIHOYACHO,
OCKIJIBKH BOHH MAalOTh ONHAKOBHMU Hepiox. IloBepxHA BOAH CHUJIE-

HO onycturbkcsa. Ille uepes miBmepiony mnoBepXHA BOAM 3HOBY
CHMJIBHO migHiMerbcsa i T. A. Takmm uymHOM, y maHomy wMmicoi
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KoNMuBaHHA OyayTe nigcunedi. B Tux micusx, me rpebeHi oxniel
XBHUJII CXOAATHECA i3 3amagwHaMH iHIIOI, TOOTO KYAHM XBHJII NIpH-
XOOATHh B IIPOTHUIIEXKHHX d)asax, KOJIMBAHHA ﬁy,[(y’l‘b MaKCHUMaJab-
HO nocaabarposBatu ofgHe onaHe. TyT KOJMBAHHA NOBEPXHI BOAM
oyayTe cnabkumm abo Ix 30BciM He Oyiae, AKINO aMILIITyAH
KOJIMBaHb B 000X XBHJIAX OJHAKOBIi.

Mu poarnsHyJAM BHIOAAKM, KOJU KOJHBAHHSA AYKEpeJ XBHJb
BigOyBalOTHCA B OZHAKOBiN ¢asi, To6To rpebeni (um 3anmaguHN)
BHUXOOATH 3 000X A)KepeJs onHOYacHO. AHayioriuny iHTepdepeH-
uifiHy KapTHHY JgictraHeMoO i ToAi, KOJHM KOJIMBAHHA [IKepeJ
XBHJIb 3CYHYTi 3a (asoi Ha IeBHHUHA KYT, NPHUYOMY 3HAYEHHSHA
LIBOrO 3CYBY BeCh 4Yac 3AJUIIAETHCA HE3MiHHUM.

Axuio & ¢asza KoamMBaHB OJHOIO YM 060X IKepes 3MiHIOEThCA
JOBILJIBHO, TOAi B KOXKHi# TO4YILl nmoBepxHi Boau (a3 KOJIHUBAHDL TO
30iraroTbCcdA, TO NIPOTHJIEHHI, KOJIMBAHHA TO HiJCHUJIIOITLCH, TO I10-
cnabioTheda, i podMilleEHA MaKCUMyMiB i MimiMmymiB 6e3nepepB-
HO 3MiHIOOTBCA. B IBOMY BHIAAKY CIIOCTEPIra€TbCs XAOTHYHE
XBHJIIOBAHHA IOBEPXHiI — cTiiiKol iHTepdepeHniiiHOI KAPTUHHU He-
mae. Taxk camo He Oyge cTilikol iETepdepeHuiinol kKapTHHM i TOAi,
KOJIM 4YacTOTH KOJIMBaHbL (mepioau abGo MOOB¥HMHH XBHJIB) 000X
XBHJIb HEOAHAKOBi. B mbomMy BUNagKy B KOXXHill TOdYli moBepxHi
IIicCHJIeHHA KOJIMBAHL 3MiHIOETHCA IX mocsabJeHHAM, MOTiM 3HO-
By nmincumieHHEsaM i T. . YuM cHibHiIIE Bigpi3HAIOTBCA YaCTOTH
KOJIMBaHb, TUM MIBH/IIE 3MiHIOETHCA PO3MillleHHA MaKCHUMYMIiB i
MmirimymiB, i criiikoi iETepdepennii He criocrepiraerbeca. Taxkum
4YHUHOM, JJIA CHOCTepesKeHHA iHTepdepeHIiiiHOI KapTHHU He-
obxinHo, n1o6 XBUJII MaNM OLHAKOBY YacToTy (mepion abo JOBXKH-
HY XBuJIi) i HeaMiHHY pisHHUIIO (a3 B KOXKHiIHM TOUnOi nmpocTopy, Ae
BOHH HaKJaJalOThCA OJHA HA OAHY. Taki XBHJI HA3HUBAKOTE KOze-
penmurumu. Orixe, criiika iHTepdepeHUiifHa KapTHHA cmocTepi-
racThes JHIIE I/ YaC HAKJAJAHHA KOTEePeHTHMX XBHJIb,

Hdnsa posp’sizdaHHA OHUTAHHA, B AKUX (asax 3yCTPiHyThCA B
naHiyl Touni iHTepdepyroui xBuii, Tpeba BpaxyBaTH Pi3HHIIO
XOooy IHUX XBHJb. Hexall Hac IiKaBUTH Pe3yJILTAT HaKJIaJaHHA
xBUJb B Touuni M (man. 101), mo nepebysae Ha Biacrani d, Big

Maxn. 101
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IepIlIoro JKepeja XBUJIb S1 i Ha BigcrTani d2 Bix apyroro mxepe-
aa S,. Biacranp d,—d, Ha3MBAETHCA reOMETPHUYHOK PizHMIIEIO
Xoay XBHMJIB. SIKIIO KOrepeHTHi HAKepejia XBHJEb KOJIMBAJIUCA B
oagHakKoBHX (haszax, TO y pasi pisHuni xony, uio AopiBHIOE Iijo-
MY YHCJIY JOBMKHWH XBHJb 8400 HAPHOMY YHCJIY HOiBXBHUJb, B TOY-
Ky M XBumJi HAAXOOUTHUMYTH B OZHAKOBHUX (¢azax. IIpm ix moxa-
BaHHI y Touni M BMHHMKAE NOiACUJIEHHS KOJMBaHb. AKIO XK
Pi3HMIA XOAY [AOPIBHIOBATHME HeIApHOMY YMCIY I[IiBXBHJb,
xBudi Bix S, i S, HapmifiayTh y 00 TOYKY B NPOTHUJIEXKHHUX (asax
i B Hilf KOIUBaHHSA OCJIA0HYTH.

TakuM YMHOM, YMOBOIO MaKCHUMyMy KOJIMBaHb Yy AaHiil Touni
€ pPiBHiCTBH PiBHHUIII XOAY ABOX XBUJb, II0 30YAKYIOTh KOJHUBaH-
HA B il To4ni, miJloMy YHCHY MOB}KHH XBHJIb:

Ad = kA, (54.1)

nek=0,1, 2, ...

YMoBOIO MiHIiMyMy KOJIMBaHB Yy HaHiil Touni € piBHicTs pis-
HHUIL XOAYy ABOX XBHJIb, INO 30yAKyIOTh KOJUBAHHA B Li# Toui,
HemapHOMY YMCJY OiBXBHJIb:

Ad =2k +1)%. (54.2)

§ 556 — IHTEP®EPEHIIISI CBITJIA

fAxmo cBiTI0 Mae XBHJABLOBI BJACTHBOCTI, TO HaKJaJaHHSA
ABOX HMOro myd4YkiB MOXKe He TiJIbKH IIiJICHJHUTH, a ¥ ocjabutu
cBitno. Hocxixg miaresepprxye me. OgEaxK HOCTA€E 3AaNHUTAaHHSA: AK
CTBOPDUTH YMOBH, HeoOXimHI ansi BUHUMKHEHHS iHTepdepeHIil
cBiTnmoBHX XBuAb? IHakKmie Ka)Ky4n, AKMM YHMHOM MOXKHAa OJep-
JKATH KOTepeHTH1 cBiTinoBi xBHIi?

3 HDOBCAKIAEHHOI'0 NOCBifly MM n0o0pe 3Ha€eMO, I[I0 BMHKaHHA
OBOX JPKepeJyl CBiTJja, HaAOPHKJIAJh [OBOX JIAMIOYOK B OAHIii
KiMHaTi, BUKJIHNKAE MifiCKUJIeHHA CBiTJIA y BCiX TOYKAX HOPOCTOPY
i inTepdepennia He cnocrepiraerkca. HeBarkko aposymirtu, 110
6yap-aKi aBa cBiTHHX Tina (3a BUHATKOM Jia3depiB, Ipo AKi UTH-
MeThCHA IIi3HillIe) He MOXKYTh OYTH KONepeHTHHMHM MHKepesiaMH
cBiTna. Cnpaspai, cBiTsio, BUIpoMiHIOBaHe cBiTHHM TijoM (Hanpu-
KJaJ, - BOJIOCKOM eJIeKTpOJaMOM), € CYKYOHIicTIO Beanmde3Hol
KinepKoCTi eleKTPOMArHITHHX XBHJIb, AKi BUOPOMIHIOIOTBCH OK-
PEMHMH AaTOMaMH Y MOJIeKyJaMHU. YMOBU BHIPOMiIHIOBAHHSA
IUX YaCTHMHOK AY»Ke NIBHAKO i XaOoTHYHO 3MiHIOIOTHLCH, & TOMY
IIBUAKO M XaOTHYHO 3MiHIOETECA (hasa KosuBaHb. Taki mixepeina
CBiT/Ia HEKOTepeHTHi.
~ Ilna onep:xaHHA KOTepeHTHUX MyKepeJsl CBiTJa BAAIOTHCA OO
IITYYHOTO NPHUMOMY: PO3JiJNAITE NYYOK CBiTJAa Big ogHOro mxe-
pesa Ha ABa Y4 KiJbKa OyYKiB, AKi HAYTh y Pi3HUX Hanpsamax, a

MOTiM 3HOBY 3BOAATH 1 HAKJIAAAIOTH OAHMH Ha oxHOro. Axkumio mi
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Maun. 102

YaCTHHHM OJHI€l XBUJI OpPOHUAYTH Pi3HY BiZicTaHb, TO MiXK HHMH
BHHHMKHEe pisHUIA ¢a3, 3yMOBJIeHA Pi3HUIEIO XOAY XBHJb, i minm
yac HAaKJaJaHHSA XBHJIb IIOBUHHI BUHHMKHYTH i1HTepdepeHIiMHI
apunia. lle posaineEHsA nmydyKa HA ABa MOXKHA 3AiMCHHUTH PiBHUMH
cruocobamu Hanpukinan, 3a nonomorow 6inpusmuy (man. 102).
Binpuama — e OBl By3bKi IpHM3MH, CKJaJleHI MAJIUMH OCHOBaAMH.

ITocraBumo nepen GinpuaMo0 AxkKepesio S MOHOXPOMATHYHO-
ro BUIPOMiHIOBaHHf, TOOTO BMIIPOMiHIOBAHHS 3 OJHi€ CTpOro

BH3HAYE€HOK YacTOTOK KOJHBaHBb.
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Take BUNOPOMiHIOBAHHSA
MOXKHAa JicTaTu 3a JOIMOMOTOK CBiTJIO-
dineTpa, AKHHA OPONYCKAE CBiTJIO
OOHOI'0 KOJBOPY, TOUHimIe — oOpmHIE]
gacToTH KonuBaHb. Ha exkpani E Bu-
HYWKHe IiHTepdepeHLiliHA KapTHHA.
BoHa € yepryBaHHAM CBITJIHX i TeMHHX
CMyT i3 cBiTJIOIO CMYroo HocepeguHi.
Ceitni cmyrm iHTepdepennii mamoTb
KOJIip cBiTJO(iNBETpa, BCTAHOBJIEHOTO
nmepen IO)KepeJjJoM cBiTJja.
ITosicHIOETHCHA BUHHKHEHHSA iHTEP-
depeHIiiiHOl KapTHHM Tak. Yc¢i npo-
MeHi, fAKi magarmTbk HA BEPXHIO IPH3-
My, IIicJaf 3aJJOMJIeHHA B HIM igyTh
TaK, HIiOM BOHM BHWILIMA 3 TOYKH S,
fAKa € YABHUM 300parkeHHAM JKepeia
cBiTyia S. Auajioriuno npomeHi micas
3aJIOMJIEHHA B HHIKHIHA NpU3Mi HAYTH
Tak, Hi0OM BOHM BMHILIM 3 TOYKH S,.
Takum wywmHOM, Ha BCid NOBepxHIi
eKpaHa BinbyBaeThCcsa HAKJIAJaHHA KO-
repeHTHHUX IIPOMEHIB, axi/niﬁn HOVTH
Bil OBOX YyABHHX 1 KOI'epeHTHUX
mxepen ceirna S, i S, (man. 103).
YMmoBu maxkcumymy (54.1) i miHi-
MyMy KoJIMBaHB (54.2) cnpaBenausi i



S 5 AJIs cBiTIOBHUX XBMJIL. SIKmo Ha 6i-
OpHU3MYy CIPAMYBATH CBITJIO AKOI'oChb
iHIIOro KOJBOPY, TO cHOocTepiraTu-
MeTbCs aHajJoriyHa iHTepdepeH-

- nifiHa KapTUHa, ajie Bigcrami mix
- CBITJIHMMH 1 TeMHHMMH cMyramMm O0y-

A, A, ayTh iHmumu. Hanpuknang, oig gac

OCBiTJIeHHA OinpusMM YepBOHUM

cBiTsIOM BizmcTaHiI Mik cMyramMu BH-

ABJIATHCA OinbIIMMM, HiK y pasi

OCBiTNIeHHA 3€JIeHMM 4YH CHHIM

CcBiTJIOM.

A mo cnocrepiraTuMeTrbcs HAa
eKpaHi, AKIO0 6inpM3My OCBIiTUTH
Oinum cBiTiiomM? ¥ OpoMy BHUOAAKY
TEeX CcrocrepiraTuMeTbes iHTepde-
pPeHNOifiHA KapTHHa: B HeHTPi Oyae
BUmHO O6iny cBiTIy cmMyry, a mo
obuagBa 60KH Bing Hel — KOJBOPOBI
cMyru, sabapBiieHI BciMa KoJasopa-
MHA paugyru.

Ma. 104 Hicratn KorepeHTHi cBiTI0Bi
OVYKH MOXHa 3a HJOIIOMOTOI0 [3ep-
kan PpeHens, AKI HABIAIOTE €000 aBa TIJIOCKiI [a3epkaga,

poamimeni mig kyrom maiixke 180° oxHe mo oxHoro (maiu. 104).

Axmo Ha ni p3epkana cOpaMyBaTH NIYYOK CBiTJsa, BiH po3-

IBOIOETHCHA [J3epKaJlaMU 1 BiJ KOXKHOro n3epkKaja CBIiTJO0 IOIIu-

pOeThCcA po3bixkHuM nyukoMm. Ilicna BizbmBaHHA 00HMBa NMy4YKH

CBiTIIa HaKJaZalTBCA OAMH Ha ofgHoro i iHTepdepyroTe. Ha

eKpaHi BUHUKAaE TakKa caMma iHTepdepeHIliiiHA KapTHUHAa, SAK ¥

BHUIAJKY, KOJIK 6 eKpaH OCBITJIIOBABCA KONepeHTHUMU JKepeslaMu

S,18S,, yasauMu 300pakeHHAMH JKepeJa cBiTia S y Asepraiax.

| 1. ¥ uomy mnoasarae ssume iATepdeperuii ceitnma? 2. 3a aAkoi
yMOBH iHTepdepyiodYi XBHJL NDiACHIIOIOTH OJAHA OXHY? B3AaEMHO
nocaabaooTs? 3. lllo HeobxigHO AJA ofepIKaHHA CcTiiKol iHTepde-
peHniiirol kapruaEu? 4. fIKi XxBHUNi € KorepeHTHUMH? 5. Ik MOoXXHa
OfEepP>AaTH KOrepeHTHIi CBiTJIOBi XBHIi?

1. ¥ neBHy TOYKY MNpPOCTOPY HAAXOAATH KOTepeHTHi npoMeHi 3
ONTHYHOIO pisHHLEO xoay 2-10 % m. Busnaure, nizcuaurscsa 4 ocjabHe
cBiTIIO B Iili TOYmi, AKINO B Hel HAAXOJATHL: a) 4YepPBOHI NpPOMeHi 3

145



MOBXXHWHOIO XBHJII 7‘-: = 760 HMm; 6) >x0BTi npoMeHi 3 HOBXHMHOIO XBHJIIL
A, = 600 mM; B) dioserosi npomeni 3 nosxkuHOIO XBmii A, = 400 HM.

2. PisHHIA X0o4y NPOMEHIB ABOX KOrepeHTHHUX JKepeJs cBiTia, aki
CXOOATHLCA B IeBHiM Touni, Ad = 1,5-10% m. Illo BinByeBarumeTrnscs B
Oi¥l Ttouni — miacuaeHHA uyM nocaabnenHs cBitna? JoB»XKMHa XBHJIIL
ceitna = 6-1077 m.

§ 56 — IHTEP®EPEHIIIA B TOHKHUX IIJIIBKAX

IsrepdepeHiito cBiTia MOXKHaA JIerKO CIIOCTEPIraTd B IPHUPO/-
HHUX yMoBax. 3abapBjeHHA TONKHX MPO30PHUX ILIIBOK, KOJLOPOBIi
PO3BOAM HA TOHKHX ILIiBKax OeH3WHY, racy, oJjii, Kpacuse 3abapB-
JIeHHA MUJIBHUX Oynebarnok, axe 6e3rnepepBHO 3MiHIOETBCA — BCe
e pe3yJabTaT iHTepdepeHIlil CBITJIOBMX NpoMeHiB y IHX ILIiBKax.

CnouaTky 3’AcyeMoO, AK YTBOPIOETHCA iHTepdepeHniiina Kap-
THHa IIiJ Yac OCBiITJIEHHA TOHKOI IIJIOCKOMNapaJelbHOI IJIACTHH-
k1. Hexai Ha TOHKY IJIOCKONapaJieJIbHY ILJIACTHHKY IIajae Imapa-
JelbHUH NYy4YOK OAHOPigHOro (MOHOXPOMATHYHOIrO) CBiTJIa mij
KyToM o (maJga. 105). ITpomine I, magarmo4du B TOUYKY A, Y4ACTKOBO
Bizi6’eThCA, a YACTKOBO 3aJIOMHUTBHCA i yBilge B miuacTuaky. Ilei
npoMiHb, JIAOIOBIIM A0 OPOTHJIEIKHOI rpaHi OJIAaCTUHKU B
To4yni B, 3HOBY YacTKOBO 3aJIOMHUTHLCA i BUHIe 3 MJacCTHHKH, a
49acTKOBO Bifi6’erbca B Touky C. ¥ Tounmi C npomMiHe 3HOBY
Bii6’eThCcs i 4aCTKOBO 3aIOMUTHCA, 4 BUHAIMIOBIIM 3 IJACTHHKH,
nige B Hanpami CM. Ilpomeni I i 2 KorepeHTHi, OCKiJIBKH BOHM
BHUXOJATH 3 OJHOTO JJKepeJia CBiTJa i mig yac HakJIagaHHA iHTEp-
depyrwTs. PesynpTar iHTepbdhepesii BU3HAYAETHCA PI3HHUIICIO XO-
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Ay IHX NpoMeHiB. AKII0 pi3HUIA XOAY IPOMEHIB JOPiBHIOE mmap-
HOMY 4YHCJY HOiBXBHJBb, TO i Yac HaKJaJaHHA NYYKiB BOHH
OiACHIIOBATIMYThE OJUH OJHOIO, a4 AKILO HEIIAPpHOMY, TO IYYKH
cBiTsia mocsabaIOBATHMYTH OAMH OoAgHOro. Takum yMHOM, IIA ILja-
CTMHKAa y pasi oceitjeHHsa ii ogHopigEuM cBiTtiaom Gyae abo
OCBiTJIEHOIO MM cBiTJaoM, abo remMHOIO. AKINO 3MiHIOBATH KYT
naxiHHA NPOMEHIB, 3MiHIOBATUMETHLCHA i PIBHHUIA XOAY IPOMEHIB.
ITe osHauae, m0 y pasi moOBepPTAHHS IJIACTUHKU BiAHOCHO ITPO-
MeHIB BOHA IIOYEProBO 3JaBATHMETHCA TO TE€MHOIO, TO CBiTJOIO.

flkmo nmacTUHKY ocBiTaoBaTH 6iMM cBiTaoM, mix uac
iaTepdepeHIil NpoMeHiB 3 OJHi€IO NOBKHUHOIO XBHJI cniocTepira-
THUMeThbCA IiACUJIeHHs, a AJA iHIIMX AOBXKHH XBWJIbL Oyae Io-
caabnennsa. Tomy nimacTUHKa 3JaBaTHMETBLCS CIOCTepiradueBi 3a-
6apBJIEHOIO B TOH KOJip, AKHHE OJMHM3BKHH 0 KOJLOPY IIPOMEHIB,
0 MAKCUMAaJIbHO HiAICMJIIOITE oauH omuorol| Ilpu mosepramHi
IIJIACTUHKHM BiJHOCHO IpoMeHiB ii 3abapBieHHA 3MiHIOBATHMETH-
csa. AHajgoriuHa iHTepdepeHIifiHA KapTHHA COOCTEpPiraTuMeThCH
i B mpoxizHomy cBirtmai.

PosrnsHyTa KapTHHA cOOCTEepiraTMMeThbes JIMIIE TOOi, KOJIH
IJIACTUHKA iZleaJibHO OJHOPiZHA, IJIOCKOHAapaJeNbHa i OocBiTiIO-
BATHMEThCSA MNYYKOM igeaslbHO mapajelbHHX npomeHis. OaHaxK y
AiificHOoCTi B mJlacTHHII 3aBMKJAW IiCHYIOTH HeEOLHOpixHOCTi, Ha
AKHX 3MIHIOIOTBCA ITOKA3HHK 3aJIOMJIEHHS, TOBI[MHA ILJIIBKH.
Tomy HaBiITE B OAHOPiAHOMY CBiTJIi MH nmobauMMO BHragJIuBi
Bi3epYHKH CBITIHX i TEMHHUX CMYT.

PosrnaaemMo iHTepdepeHnio CBiT/Ia B TOHKHX IJIIBKax, TOB-
IIMHA AKWX HeOAHAKOBA B PidHUX Micusax. Bizememo HafinpocTimy
IUIIBKY Taxkoro tuny y dopmi kinura (man. 106). Axmo ocsiTuTu
TaKy IUIBKY OJHOpPiAHMM CBiTiIOM, TO y Bigburomy cBiTmai ii
IOBEPXHA BiKe He 3aaBaTHMeThCda pPiBHOMIpHO ocBiTiIeHOO abo
TEMHOIO, OCKIJIBKH PiSHHUIA XOAY IIPOMEHiB, AKi iHTepdepyoTs v
pi3HMX 3a TOBIIMHOIO MicuAX IUIIBKM, OyIe HEOJHAKOBOIO.
ITepiognuyHo 3ycTpidaTHMyThCA TAKi TOBIIMHH KJIWHA, AKi 3a10-
BOJIBHAIOTH YMOBY B3A€EMHOTO MNiACHJIeHHA i mociabiieHHA Kore-
PEHTHHUX XBHUJb. TOMY AyiKe TOHKA KIHHOODOAIOHA IJIACTHHKA YU
IJIiBKA, OCBiT/ZIeHa mnapajlelbHHM NOYYKOM OJIHOPiAHOro cBiTja,
Jae iHTepdepeHiiHY KAPTUHY V BUNJISAAL CBIiTJIMX 1 TEMHUX CMYT
(man. 107), posmimeHUX napajieIbHO FOCTPOMY pPebpy KJIMHA.
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Ilin gac ocBiTIeHHsa KJAWHONOAIOHOI naiBku 6inuM cBiTIOM
MOXKe BUABHTHCHA, IO B OJHUX MicOAX NJaiBKM Hanbijabiie mifgcH-
JIIOIOTHCA CBITJIOBI XBHMJII 4epPBOHOrO CBiTJIa, B iHIIMX — XBHJII
CHHBOI'O CBiTJIa, IIle B IHINIMX — XBWJII 3eJleHOro cBiTjaa i T. 1.
Tomy Ha naiBui BUHUKHYTB CMYru, 3abapBJieHi BcimMa KoJbopa-
MH paigyru.

IaTepdepeHIIiiiHY KaApTUHY HAa KJHHONOAIOHIN mjacTHWHIL
3py4HO cmnocTrepiratu Ha TOHKiA MunbHiN naiBui. IIlo6 gicraru
TOHKHH KJIMHONOAIOHMIT 1map, JOCHUTH APOTSAHY PaAaMKy ONYCTHTH
B MHMJBHHUH po3uuH. BHaACHigoK cTikaHHA MHJBHOI'O PO34YHHY
BHHU3 MHJIbHA ILUIiBKa HaOyBae (POpMH KJIMHA.

Bupapsa 14

1. IlpuroryiiTe MHJILHHUII PO3YMH, 3a AONOMOIOKI CKJSAHOI TPyOKH
abo mninerku BHAYITE MHUJIBHY Oyasbaluky 1 npocrexTe 3a rpoio
KOJIbOPiB Ha moBepxHi 6ynbpbamKm.

2. BuroroBTe 3 APOTHMHH HEBEJMKHI KapKac y BHIVIAAL OPAMOKYT-
HHUKAa i, 3aTArHYBIIM HOT0 MHJIBHOIO IJIIBKOI), IIPOCTEXKTEe 3a Ipoio Ko-
JbopiB HA i1 noBepxHi. AKIiLo y Bac sHalgerscsa AKe-HeOYAL KOJILOpPOBe
ckyad abo 3abapBieHHNE MIMATOK LejodaHy (Kpallle 4epBOHOTO KOJLODPY),
nocnocrepiraiite yepes 1i ¢ineTpu 3a inTepdepeHNIHON KaPTUHOIO HAa
MUJIBHIH nuisBui. 3amanioiiTe i onuIiThL cCrocTepe)XyBaHi ABUUIIA.

3. IloeepxHa mMuabHUX Oynabbamiok i maiBOK BHACAIZOK CTiKaHHA
pimuHM noctynoBo ToHmae. Ilpocresxre, AK IpM LBOMY 3MiHIOETHCA
3abapBieHHA NJiBOK, a)X MOKHM BOHH JIOOHYTH.

4. HarpiiiTe 3ananeHuM cipHMKOM Je3o GpuUTBH, 3iTpiTh 3 HBOrO
raH4ipKoi KinTABY 1 po3rasiHbTe ILJIIBKY, III0 YTBOPHMJIACA HA HBOMY.
ITosicHiITE pe3yJbTAT AOCJiNY.

§ 57 — IITPAKTHYHE 3ACTOCYBAHHSA
IHTEP®EPEHIIII CBITJIA

fAsuule iHTepdepeHI1il cBiTJga 3HaxXoAUTH pi3dHOMaHiITHEe
NpaKTUYHE 3aCTOCYBaHHA. 3a HOro JOIIOMOI'OI0 MOXKHA JYKe TOY-
HO BU3HaA4YaTH JOBXXHHH CBITIIOBUX XBHJb, 3AIMCHIOBATH TOYHI
BUMIipIOBaHHA JiHIMHNUX pOo3MipiB, KOHTPOJIIOBATH AKicTh HLIidy-
BaHHA 1 NOJIipyBaHHA MOBEPXOHb TOIO. SYNMHHMMOCA Ha TPhOX
3aCTOCYBAHHAX iHTepdepeHIil.

ITpocBirnenna ontuku. Intepdepennis ceitna y pasi Biadu-
BAHHA BiJJ TOHKHMX IIJIIBOK JI€XXHTh B OCHOBiI IIPOCBiT/IEHHA
OIITHUKH, BiAKpHuTOro ykpaincbkum ¢isukom O. CMm a K y J 0 0.
IIpoxomKeHHA CBiT/Ia Kpidhk KOXKHY 3aJIOMJIIOIOUY IOBEDPXHIO
JIIH3M CYNPOBOJKYETHCA BiaOmBaHHAM NpubiansHOo 4 % najxarodo-
ro cBitna. B ckaagEux 06’eKTHBaxX KiJbKicTh J1iH3 MoOKe oe-
pPeBHIyBATH [JecAThL 1 cyMapHa BTpaTa CBITJIOBOro MOTOKY
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OnexcaHap
CMAKVYJIA
(1900—1983)

Buparauil ykpalHCBKHMH @Gisuk, AKHA y
1935 p. BigkpuB cnoci6 MpocBiTJIeHHs OI-
THKH, [0 CIPHYMHHUJIIO [EPEeBOPOT B OIl-
TU4YHi#, ¢oTorpadiuniii Ta KiHemarTo-
rpadiudiilt TexHoJsoriax. Bukonas BaxKauBi
npani 3 Oiodgismku, 3gificHUB KpPHCTAJO-
rpadiyHi BMMipIOBaHHA OPraHIYHHUX KpHC-
TajaiB, po3pobHB NPOEKTH BUPOIIYBAHHS
MOHOKPHCTAJIB, 3alpOIIOHYBAB OPHIiHANb-
HUI1 MeToJ, BUSHAUYEHHA 4ucja ABOTraxpo.

BHACJILIOK BiZIDMBaHB MOX>Ke OOCAITH NOMiITHOI BearwmumHH. Kpim
TOTO, BiZOMBAHHA BiJ NOBEPXOHH JIIH3 Bejle 10 BUHHUKHEHHSA II0-
JIUCKIiB..

Ona ycyHeHHs1 BifOMBaHHA CBiT/Ia Ha KOKHY BiJBHY IIOBEpX-
HIO JIIH3KM HAHOCHUTBLCH TOHKA ILIiBKa pedyoBuHH (Maja. 108) 3 mo-
Ka3HUKOM 3aJIOMJIeHHS 1HIIUM, Hi»K Yy JiH3Ku. ¥ pasi npoXoaKeH-
HSA CBiTJa Kpiss JiH3Y BigbGyBaTuMeThCA HOro BinOMBaHHA AK Bin
noBepxHi JiH3W, Tak i Big noBepxHi maiBku. Binburi xBHUIi
iHTepdepyoTh. TOBIMIMHA MIiBKH nigbupaersesa Tak, miob Biadburi
Bif 000X MOBEPXOHBL IJIIBKHM XBHJII racHJy OZHAa OAHY. l'aciHHA
BigbuToro cmBitna Bege o 30inbIIEeHHA YaACTKH eHeprili ceiTaa,
AKe IMPOXOAUTH Kpisk JiH3y (B HbOMY i mossarae cMucy TepMmiHa
«IIPOCBITJIEHHA ONTHKH»). [lomorrucsa raciHHa BigOMTHUX XBWJIb
VCiX MOBXXXWMH BUAMMOTrO CBiT/Ia HOCHUTH CKJIAIHO, TOMY TOBIIHHY
IJIIBKK Mig0uUpamoTk TaK, 00 IMOBHICTIO MOracuTH BiOUTI XBHJIi

A
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AKOICh YACTHHHM CHEKTpa. 3BUYAMHO HAMATAIOTHCA MMOTacHUTH
BinOHBaHHSA 3€JIEHOTO CBiTid, 4O AKOro Haubinem uyTausi ¢oro-
Mmarepianu. B npomMy Bumagky NOBEepXHSA o00’€KTHBa 3XaBaTH-
MeTbCA (PioJIeTOBO-CHMHELOIO (TOMY YACTO TAKY ONTHUKY HA3HBAIOTH
roay6or0). HuHi yci ¢doroanmapaT¥ BHIOYCKAIOTHCA 3 IPOCBIiTJIE-
HOIO OIITHKOIO.

KoHTpoas axocTi mMoBepxoHb. 3ane)XHicTe dopmu imTepde-
PeHLiHENX CMYT Bil TOBIIMHM TOHKHX IIPO30PHX ILIiIBOK BHKO-
PHCTOBYETHCA [IJIA KOHTPOJMI AKOCTI nuribyBaBHA i nomipyBaHHA
HIOBEPXOHBb. SIKIIO Ha OBEPXHIO JOCJiyxyBaHOro BHpoOy B
HaKJacTH noOpe BiAMONipoOBaHY CHKJIASHY ILUIACTHHKY-IITA0JIOH A
(man. 109), To Mixx mnier0 MOBEpXHEI i HUNKHBOIO IIOBEPXHEIO
mabJoHa YTBOPIOETHCA TOHKA INOBiIiTpAHA ILIIBKAa, B AKi#l MOXKHAa
conocrepirarty iETepdepeHniiiny KapruHy. IHTepdepeHniiini cmy-
I' yTBOPIOIOTHCA y pasi BizbmBamma cBiT/ia Bij BepxHiX mosep-
x0oHE BuUpoOy i miabmora. IIi cmyru cnocrepirarorscsa yepes aiH3y
yu B Mirpockorn. IIpu Bucoki#t sxocTi 06pobkm nmoBepxHi iHTEp-
‘hepennifini cmyru Oymyres nDpamoxivifimmmu (man. 110, a).
Axmo X Ha NDOBepXHI KocaigkyBaHOro BHPOOY € sHAKack
HepiBHiCcTH, HanpuKJag 6oposenka abo BucTyn, inrepdepenniiiai
CMyTrH BUKDHUBIATECA (May. 110, 6) i 3a ix BHrIsSIoM MOKHA
3po6HTH BHCHOBOK IIPO XapakTep fgederrty. Burunu inrepdepen-
oiffHIX cMyr HiOM OKpPecHIOTE HOro KoHTyp. TakuMmM MeToaOM
MOYKHA JIETKO BHABJATH BifXWUJIEHHA Bijx IUIOLIMHN, SAKi CTAHOBISATH

BCHOTO % JAOBKHHH CBiTJ0BOI XBmi, To6TO 6iamapko 1078 M,
Iarepdepomerpu. IarepdepeHniiifina KapTuHa AyKe YYTIHBA

OO PpisHEHIL Xony iHTepdepyIOUMX XBHJb: MizepHO Majga 3MiHa
PisHHAOI XOoAy MOPAAKY Y&CTKH HOBXKHWHH CBITJIOBOIL XBHJII BHKJIH-
Kae icToTHe 3MinleHHA iHTepdepeHOiiHuX cMyr. Ha nsomy rpys-
TyeTbCs Aifa inTepdepomMerpiB — mpuUnazis A8 TOYHOIO BHMipio-
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BaAaHHA OJOBHHHH i KYTiB, a TakKo [OJisd BHM3HAYUEHHsI NOKaA3HHKAa
3aJIOMJIEHHSI IPO30PUX CepenoBMIn. Y IIPOMMCIOBOCTI iHTepdepo-
MeTPH IIMPOKO BHKOPHUCTOBYIOTHCH JJIA KOHTPOJIIO AKOCTL (riazn-
KocTi, piBHOcTi) mridoBaEux BUPOOIB.

1. IlepeniuiTe OCHOBHiI 3acToCyBaHHA #ABHINA iHTepdepeHmii.

, 2. 3 AKOI0 TOYHICTIO 3a AONOMOrol iHTepdepenuii MoxxHA me-
ﬁ peeipuTn axicTs 06pobku moBepxwHi? 3. Ik npocsiTiIoIOTE OoNTHKY?
’ \

§ 58 — IUPPAKIIISI CBITJIA

ITin yac BUBYeHHA ¥y 8-My KJaci IpAMOJiHIAHOCTI MOMINpPEH-
Hs CBiTJIAa BM Ha HocCiigax IepeKOHAJHNCs, IO 3a HeIpO30pPHUMH
TijJIaMH YTBOPIOIOTHCS YiTKO OKpecJeHi TiHi, ToOTO cBiTJI0 HE Npo-
HUKAaeE 3a Kpal Henpo3opux Tia. OgHak mi gocaigm npoBOOUINCH
3 TizamMM, po3Mipu AKHX 3HAYHO Oinbili 3a HOBXKHHY CBiTJIOBOI
xBrJi. SIKOIO 2K Ha mMNAXYy OyYKa CBiT/Ia MOCTABUTU HEBEJIUKE
HeIrpo3ope Tijo, po3Mipy AKOro NOpPiBHAHHI 3 JOBXXMHOIO CBiTJIO-
BOI XBWJIi, TO CBiTJI0O oruHATHMe Kpai OpOro Tija, BigXwHiaATH-
MEeThCH BifJ npamoﬁiniﬁﬂqr'o IMOIIIMPEeHHA.

Hnnme OrHHaHHA MeXaHiYHHUMH XBHISAMH IIepelIKo] BH
baraTo pasiB crmocTepiranm B 3xuTTi. Tak, XBUJI1 HA MOBepXHIi o3e-
pa BinbHO 06XOOATH BOJIOCIHB i IMOMJIABOK BYAKH, poria i Hese-
auki xkamisni, Aki crupuate 3 Boau. TinbKH BeIMKHX po3MipiB
CTOBOU M KaMeHi aoThk 3a coboi0 TiHL, XBUJII 3a HUX HE OPOHU-
kapoTb. OruHaTh nOepemKkoAM 1 3BYKOBI xBuai. Mwm uyemo
PO3MOBY, fAKa BeJeThCs 3a poroM OYAMHKY, B Jici mob6pe uyemo
3BYKH MY3HKH, II0 JUHYTH 3 pajionpuimada.

fBuIe oruHAHHA XBHJAMH KpaiB mepemko] 1 BiAXuIeHHA
XBHJb Big nDpaAMOJiHIHOroO HNOImMMpEHHS HA3UBAETHCA Ou-

>
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/

Maxn. 111
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Man. 112

dpakyiew xsunsv. Ille sBuile BaacTuBe OYAb-AKQOMY XBHJIBOBOMY
npoluecy TaKolO X Mipoio, AK i iHTepdepeHIisA.

HocuTs 3py4HO crocrTepiraru 3a aBuineMm Audpakrilil XBHJIBL
Ha [OBEepPXHi BOAHM, IIOCTABMBIIM HA IILJIAXY XBHJb €KpaH 3i
minuaow. AKmo mupuHa HiiaMHA Habararo Oijibmra 3a JOBXH-
HY XBmii (masn. 111, a), popma XBUILOBOro QPOHTY HicJasA HPO-
XOJKEeHHA ueped IIiIJIMHY Maiirke He 3MIHIOETHCA, & 3a €KPaHOM
YTBOPIOETHCA TiHBb. SIKINO IIMpPHHA HOIiIMHM NOPiBHAHHA 3 JIOB-
JKHUHOIO XBWJIi, 38 IIIJIMHOK IOIIMPIOEThCA KPYroBa XBHJIA TakK,
Hi6M B OTBOpPiL eKpaHa MicTHTLCA mO)Kepeso XBUJABb (Man. 111, 6).

OcKinpKy OOBXKHMHA CBITJIOBOI XBWJI' Ay>Ke Masa (3a 3BUUHU-
MH AJIs Hac MacmrabaMu), TO B 3BUUYAMHUX YMOBAaX cIocTepira-
T OTMHAHHSA CBIiTJIOM nepelnkos 3HAYHO ckKJaanHime. IIasa nsoro
IIUPpUHA TMepelnkos (BY3bKMX €KpPaHiB, LIiJIWH TONI0) Mae OyTH
nopsaaky 1 mm. IlocraBumMo nepen npoekuiiHuM anaparom [
minuAay 2 i cBitnogiaesTp 4. Ilyyok cBitia, 110 BUXOAMUTE 3 Ii€l
I[iIUHU, OCBITJIIOE APYry PO3CYBHY IILJIMHY 3, 300parkeHHA AKOI
posraagacTbcA Ha eKpaHi 5 (maua. 112). 3MeHIIyBaTUMeMO IIIH-
puHy apyrol umjianam. Ha ekpani nporu miauam 6yae BHAIHO
CcBiTNy cMyry, mupmHa AKOl THM 0ijibmia, YMM BYIKYOK CTa€e
I[iJIUHA, a 3a CBITJIOIO CMYIol0 4YepryoThbCia TeMHi i cBitai cmy-
ru. SIkmio moBiNbHO 3MiHIOBATHM IIMPHHY APYroi UIiJIMHHM, LEHT-
panbHa CBiTJIa cMyra 3MIiHIOETBCA Ha TeMHY, OTO4YeHY 3 000x
OokiB nouyeproBo cBiTaumMu i remMHUMH cmyramu. Kouaip cBitiol
CMyTr¥ BiAOOBiga€ KOJBOPY BHMKOPHUCTAHOro cBiTgodiabTpa. ¥
pasi oceBiTsieHHA O6iMM cBiTJ0M yTBOpeHa audpakiiiiiHa xapru-
Ha Oyne OiJbII PO3MUTOIO 1 MaTuMe paiyKHe 3a0apBJIEHHSA.

AHajioriyHa KapTHHA ClOCTEPiraeTbCcsa, AKIIO 3aMiCTh APYyroi
UIIJIMHKA IIOCTAaBUTH HATATHYTY Ha PaAMKy TOHKY APOTUHY abo
maleHbKY KalpoHOBY HUTKY. B I1boMy BUODanKy B IeHTPI
Aud@pakIifiHol KaApTHUHH 3aBXK/JU YTBOPIOEThHLCA CBiTJIa cMmyra,
a 3 060x GOKiB II 0TOUYIOTH IIOYEProBO Te€MHi i cBiTJIi cMyrH.
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Man. 113

dudpakniiini KapTHHEY HEPIAKO BUHHUKAIOTH ¥ IPUPOAHUX YMO-
Bax. Hanmpukian, KOJIBOPOBI KiJbIA HABKOJO XKepeJjia CBiTJa Imifg
yac CHoCTepe)XeHHs Moro Kpisb TyMaH UM 3alliTHije BiKOHHe CKJIO
3yMOBJIEHI audpaKmi€ro cBiT/Ia Ha Ay»Ke OPiGHMX Kpariax BOOH.

HOudpaxuia ceitna nosicHoeTsesa Tak. Hexai cBiTsio Big mixe-
pesa S magae Ha eKpaH A yepe3 oTBip ab B expani B (man. 113).
Koxnay Tourky ainsuxku ab ¢poHTY CcBiTIOBOI XBHJ (AKa 3amoB-
HIOE OTBip) MOXXHa DO3IJIALATH AK BTOPHHHEe Akepeso cBitaa. Ili
JKepeJia CBiTJia KOrepeHTHi, ToMmy npomesi (xsmai) 112, 3141
T. ., AKi BUXOOATH BiJg HUX, iHTepdepyBaATHUMYTE MixK coboro. 3a-
JeHO Bij pisHUIll Xxoay mpoMeHiB Ha exkpaHi A B Toukax ¢, d i
T. . BMHUKATHMYTh MAKCHMYMH i MiHIMyMH OCBiTJIEHOCTi, CTBO-
proooYn Iu@pakiuiiHy KapTHUHY.

1. ¥V yomy moasArae siBMIle JU(MPaKIii CBIiTIOBHX XBHJB i AK iioro
mMoxxHA cunoctepiratu? 2. [IpobuiiTe roJKOK0 OTBip B apKyIIi KapTo-
HY i moauwBiTHECA Kpis3h Ieil OTBIp Ha BOJIOCOK pO3>KapeHHA YBiM-
KHyTOl enexTpruHOl namnouku. IIlo Bu nmobaunre? Ak aMiHHTECA
CIOCTEpesKyBaHe ABHINE, AKINO OTBip 3aKPHUTH TOHKOK KOJBOPO-
BOIO ILTiBKOIO?

§ 59 — NTUPPAKIIMHA PEHIITKA

Cnocrepeyxenass audpakuii Big oxmiel miauEHE yexkaan-
HIOETBCA THM, IO KPi3h BY3bKY IIIIMHY ONPOHHUKAE AY>KEe MAaJio
ceitna. o6 gicraru sickpaBimy audpakuiiHy KapTHUHY, CJif
OPONYCKATH CBiTJIO KPi3k KiJIbKa mapajelbHUX BY3bKHX I1JIHH,
Y unpomMy BHNaAKy BigOyBarumerncsa iHTepdepeHLis IpOMeHiB,
AKl AayTe Bix yeix minus, i HaWbGineina ocBiTIeHICTHL YTBOPIOBA-
TAMETBLCA B THX MicOAX ekpaHa, KyAH Bin ycix minwH npuxomm-
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Man. 114

THMYTh HOpoMeH1 B oxHakoBi# ¢aszi. Ilpm Benukiili kKinaeKocCTi
OCBiT/IeHMX MNIiJIMH HA eKpaHi BHAHO sCKpaBi ¥ By3bKi cBiTiai
aigil Ha TemBOMY ¢oHi. HnmMm Oinbma 3arajgbpHa KiJgbKicTh HIijnH
i YMM rycrime BOHHM pPO3TAaIllOBaHi, THM sAcKpasimmi ¥ By»ui mic-
IIA Ha €KpaHi, B AKUX IIPOMEH1 HaKJaJalThECA 3 OAHAKOBUMHU da-
samu. lle BUKOpHUCcTOBYEThECA B OynoBi AudpakmiiHNX pemiToK.

dudpaxniiina peniiTka € cyKynHicTioO 6ararbox AyKe BY3b-
KUX OIiJIWH, PO3OiJIeHUX HEeIIPO30pPHMMH IpoMmiskkamu (Mman. 114).
PeniiTK® BHrOTOBAAIOTH V BHUIVIAAL INJACTUHOK 3 IPO30pol TBep-
IOl peYOBHHH, Ha NOBEPXHI AKHX aJIMa3HHUM pisneM HaHOCATHCA
LITPHUXM, IapajeJbHI ogmH omHoMy. Tam, me mpo¥moB pisens,
VTBOPIOETLCH IIOPCTKA IIOBEePXHA, AKa PO3Cil0Ee mpoMeHi, a mpo-
MidKKHM Mi>X ITpHXaMH 3aJIHIOAIOTBECA IIPO30pHMMM, TOOTO Bi-
AirpaioTh pPOJb IIiJIHMH.

Hexa#i Ha pemiiTky najae napajielbHUP OYyYOK MOHOXpoOMA-
THYHOrO cBitaa (masn. 115). Bei minuan pemiTku BHIOIpOMiHIO-
IOTH BTOPHHHI XBuJi B ogHakoBi# ¢asi. Ko’kxHa BTOpMHHA XBUIA
HOUIUPIOETHCA MO BCix HanmpsAMax, OAHAK MOXHA BAJTIJINTH OOUH
ONeBHUH HaIpAM, AKHH XapaKTepPHU3YEThHCI KYTOM (, IIOCTABHUBIIHN
3a gudppakniiigoo penriTkow niHay (abo oxo cmocrepiraua). Y
doxanpHil naomuHi nmiel naip3nm i 36epyThea Bci nmpomeHi, sKi
UOyTh OapajieIbHO 11 ONTH4YHIM oci, ToOTO HaAKIagyThCA BTO-
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PUHHI XBHJi, [0 BUXOAATH i3 HIinmH
PeLIiTKH. —
Poarnsinemo, saxkuMm Oyle pesyib-
TAaT HaAKJajJaHHA BTOPHHHHX XBHJIb,
AKi BUXonATh i3 minue audpaxninzol
pemitku. Hexait a o3Hayae IIUPUHY
miauHEN, b — INUPHMHY HeIpo3opol
A CBiTJIA OIMAHKK MidK ABoMa IMijiu-
Hamu. Benuunny d = a + b opuiiaaro
Has3uBaTH nepiodom, abo cma.sorw pu-
dpaknoinaol pemirku. Ockinsky Bci Maxn. 116
OIJIMHY MICTATHLCA OJHA Bij oxHOI HA
OOHAKOBIiM BigcTaHi, TO pidHMUi X0oay NpOMeHiB, AKiI HOAYTE i3 ABOX
cycigHiX mIinvH, OAA XAHOTO KyTa (O OJHAKOBL ana Bceiel aou-
dpakuiizol pemiTku i gopiBHOIOTHL (Mayn. 116):

Al = d sin @. (59.1)

OT:xke, PpisHULA XOAYy 3aJIeKUTh Bia KyTa ¢. 3i aMiHOIO KyTa @
pPisHHIOA XOAYy 3MIiHIOETBCH, BiANOBiZHO 3MiHIOETHCA i pesyasTaT
HAKJIAJAHHA BTOPMHHUX XBHJb, AKI HAYTHE Big uginue audpakx-
nifieol peuritku. B Hanpsimax, e pisHMIA X0AY ABOX IPOMEHiB
MICTHTE Oijie YHUCJIO AOBXKHH XBHJIb, CIOCTEPIiraTHMyThHCA MAKCHU-
MYMH ocBiTieHocTi (AudpakniiiHi MAaKCUMyMH), TOMY IO B I[LO-
My BHINAAKY BCl BTOPHMHHI XBHJIi, HaKJaJalO4YWUChb, OiJCHIIOIOTH
oaHa ogHyY. TakuM YHMHOM, YMOBA CIIOCTEPEXKeHHA AudpaKIiiHO-
ro MAKCHUMyMy Ma€ BUIJIAL:

d sin @ = kA, (59.2)
ne Bk — nise 4yucao.

Y Tux HanpaMax, B AKMX PISHHUNA XOAY Mi’K IpPOMeHAMH,
10 BUXOAATE i3 cycigHix miisuH pemriTKM, MiCTUTHL HeapHe YHC-
JIO MiBXBHJIb, CIIOCTEPIraTHMYTBCA MiHIMyMH 1 yMOBa criocrepe-
JKeHHSA AudpakuifiHoro MiHiMymMy MmaTumMe BUTIAL:

dsin@=@2k+1)%. (59.3)

BropuHHI XBHJIi, AKi HOIIHUPIOIOTHECA B IIHX HaAOpAMaX, TaCUTH-
MYTh OJHA OLHY.

OCKiJIBKH MOJIOXKEeHHA MaKCHMMYyMiB i MiHiMyMiB 3ayieuTh Bij
OOBXKUHU XBUJi, nudpaxniiina perrirka posknanae Oine csBirao B
CIIeKTP.

3a pgomomoron AUPPaAaKHiMHUX PEelIiTOK HOCIiIIKYIOTH AYyKe
TOYHO CIEeKTPaJIbHHM CKJIaJZ cBiTJIa, TOOTO BM3HAYAIOTH YACTOTH
(abo HOBXKXMHH XBHUJB).
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1. YoMy mTpuxy Ha AudpakOiiAiil pemriTni MaoTh poaMimyBaTH-
| ca minsHO omuu 6ins ogroro? Yomy ix mae 6yru Gararo? 2. Yu 3a-
| JIeXKUTH TOJOKEHHS IOJOBHUX MAKCHMyMiB Audpakrmifinoi xaprTu-
| HH Big xinskocTi miinue pemriTkn?

P
']

Brnpasa 15

1. ITin yac BuUKOHaHHA JlabopaTopHOI poOOTH 3 BUBHAUEHHHA JIOBXKH-
HH CBiTJIOBOI XBMJII 3a AONOMOrol0 AH@pPaKniiHOI pemriTku Oyau onep-
KaHi Taki maHi: BigcTaHP Big pelniTKM Ao AudpaKniiHOl KAPTMHH Ha
eKpaHi mopiBaoe a = 60 cMm, TpeTiii MaKCHMMyM chOocTepiraetrbcsi Ha
Bigcrani b = 3,6 MM Big nedTpanbHOro, mepion pemitku d = 0,25 MmmM.
fxe mudpoBe 3HAYEHHA NOBXKHMHU CBITJI0BOI XBHMJIi?

2. Iundpakniiina pemriTka ocBiTJeHa CBITJIOM 3 JOBM»HHOKIO XBHJI
A =0,4-10"°% m. Busnaute nepiof pemriTkM, SAKIO MepHIMH MaKCHMYM
crnocrepiraerscss Ha BiacrtaHi 3,6 MM Big uenTpajgbHOro. Bigcrans Bif
peuriTku go audpaxkniiiaoi xapruau a = 1,8 mm.

3. Ha nudpaxniitny pemiTky, nepion Aakol d = 1,2+ 1075 m, nanae
HOPMAJILHO MOHOXpoMaTHuHa XBHAA. OUiHiTh JOBMKUHY XBUJI A, SKIIO
KYT Mi» CIIEKTpaMHu ApYyroro i tTperboro nopaaky A¢ = 2°30°.

§ 60 — IIOJIAPHU3AIIA CBITJIA

CBiTyI0O — Ie eJIeKTPOMArHITHI XBWIi. AJle AKi Ile XBUJIi: mome-
peuyHi uyu mo3xoB>kKHiI? B enekTpoMarHiTHi# XBHJIL KOJHBAIOTHCHA
BEKTOPH HAIPYXXEHOCTi eJIEKTPUYHOIO i iHAYKIIil MardiTHOTroO moJiB,
TOOTO €JIeKTPOMATHITHA XBWJIA € CYKYIHICTIO JBOX IIOIEPeYHHX
B3AEMHO NNEPNEHAVUKYJIAPHUX XBAJIb — eJIeKTPHYHOI (YyTBOPEHO1 KO-
JMBAHHAM BeKTOpa HAIPYKEHOCTi eJeKTPHUYHOIO IIOJIA E ) i ma-
rHITHOI (YTBOpPeHOI KOJMBAHHSM BEKTOpPa MAar"iTHol iHgykiii B):

IIpomiHp (CBiTJIO), B AKOrO eJIeKTPHYHI KOJIMBaHHA 3AilCHIO-
IOTHCS BeCh UYac B OAHIM i Jume B ogHi# nmomuHi (Man. 117), Ha-

A
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Man. 117
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Man. 118

3MBAETBCA NJAOCKONONAPUIOEAHUM npomerHem (cBitiiom). 3po3ymi-
JIO, 0 OPH ILOMY MArHITHI KOJMBaHHS 3OiMCHIOIOTHECA B iHIIIH
(mepreHANKYJIAPHiN) IUIOIUHI, HASBAHIN NAOWUHOW NOAAPUIAYITL.

HocBig nokaaye, mo ximiuua, disionoriunga Ta immr gii csiT-
Ja Ha pedoBHHY OOYMOBJIEHI rOJIOBHHUM YHHOM €JIeKTPUUYHHMH
KOJHMBaHHAMU. BpaxoByrouu e, 6ygeMo Hagajli rOBOPHUTH JIHIIIE
IpPO eJIEeKTPHUYHI KOJMBAHHA, a4 IJIOUNIMHY, B AKi# BOHH 3IilCHIO-
IOTbCHA, HA3WBATH NJAOWUHONI C8iMJA0BUX KOJAUBAHb, abO mpPOCTO
NJAOUWUHOW KOAUuBaHb. ToAl NHDPOMiHE IIIOCKONOJAPH30BAHOIO
CBiTJIa MOXXHa CXeMaTH4YHO 300pasuTH Tak, SAK I[IOKA3aHO HAa
MamoEKY 118, a (opomiEb HEepONeHAVKYIAPHHM [0 IJIOIMIMHM
MaJIl0HKAa; BEKTOPHM BiANOBiZaOTh aMIIJIiTY,IIHHM 3Ha4YeHHAM Ha-
OPYKEeHOCTi eJIeKTPHUYHOI'O MIOJA E)

By,nb siKe peajbHE J’KepeJio CBiTJIa cKIajaeTbess 3 Oeamiui
aToMiB, AKi BHIyCKalOThH CBiT/IOBI XBHJi 3 yciMa MOKJIMBHMH
Opi€eHTaniAMHY IJIOINMHM KOJIMBaHb. LIl XxBuIl HakJIagaoTbCcA Of-
Ha Ha OIOHY, B pe3yabTari Oyab-AKOMY IIPOMEHIO0, BHIOYIIEHOMY
OPHPOOHHM [KepeJyioM CBiTna, BianoBizarume 6easriu pigHO-
MaHITHO Opi€HTOBAHMX ILIOIMH KOJXWBaHHA (Mmax. 118, 6). Ta-
KHH NpoMiHB (CBiT/IO) € HENMOJNAPHU3OBAHUM i HA3UBAETHCH NPU-
podHum nipomeHeM (cBiraom). ByBaooTs BUnagku, KOJIN y CBiTJIO-
BOro IPOMEHsI aMILIiTyAHI 3Ha4YeHHA BeKTOpa k BHUABJISIOTHCH
HEOJHAKOBUMH [IJI Pi3HUX MIJIONIMH KOJHMBAHHSA; TAKHUHU IIPOMiHb
HA3WBAETHCA YaCTKOBO NoJigspusoBaHuM. Ha wmanwoHkKy 118, 6
300paxXeHO YacTKOBO NOJISPH30BAHHM IPOMiHL, B SIKOro KOJIH-
BaHHSA 3[IHCHIOIOTHCS [I€PEeBAYXKHO ¥ BePTHUKAJBHIHN mIomuHi. Aje
AK [IepeKOHATHCHA Ha JOCJiJi B NONepEeYHOCTi CBITJIOBUX XBHJIIb?

fAeuma iarepdepernii i gudpaxknii He malmTs BigmoOBiAlL Ha
3anMTAHHA [IPO HAIIPAM KOJHWBaHb y xBuJi. OgHak AJd nomneped-
HUX XBHJIb XapaKTEepPHUM € SBUIIe NOJApU3anii, sKHM i MoKHa
CKOPHCTaATHUCHA IJIA AOBEAEHHA IOIEepPeYHOCTi CBITIOBHX XBWJIB.
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Maun. 119

IITo6 3’sicyBaTH CYTh ABHUINA OOJASAPHU3alil, pPoO3raAHEMO TaKy
MeXaHidYHy aHaJIoTilo.

IIpukiaanzomM monepedHUX MeXaHIYHMX KOJIMBAHL MOXKYTH 6y-
TH KOJHMBAHHA MOTY3KH, AKY PO3rOHAVIOTH 3 OJHOTO KiHIA.
XBuiai 6ixxkaTh B3OOBK Hel, a KOJMBaAHHA 3AiNCHIOIOTECA B Iep-
OeHJAHUKYJIAPHOMY M0 Hel HanpaMi. XBuJii, mjo 6ikaTk MOTY3KOIO,
AKY POSroMAyIOTH Y BEPTHKAaJBbHIN mIomKuHL, BITBHO OPOXOIUTH-
MYTh KPi3k BepTHUKaNbHY mIinuAy (Man. 119, a). Ile came cnoc-
TepiraTuMeTbCs, KOJIM OOHMABI i IMHM ropu30HTAIBH] (Mman. 119, 6)
i MOTY3Ky pO3roiAyioTh y FOPHM3OHTaNbHiIN mromuHi. Sxmo x
OIiTMHY B3Aa€EMHO NepHneHIUKynApHiI (manx. 119, g), konruBaHHA
OPHOHHAWTECA. JIerko 3poaymiTuy, 110 HA NOIIMPEHHSA IO3J40BK-
HiX XBHJIb IIOJIOKE€HHA IIIJIMHHM a*X HiAK He BIJIMBAE.

SKnio B momepeYyHMX XBHJIAX OOHOYACHO BiAOyBalOThECA KO-
JIUBAHHA B Pi3HMX HaAnpaAMAax y IJIOIIHHI, NepHneHIuKYJAPHIA 10
OpOMEeHsl, IIiIMHA DPONYCKATHUME XBHJI TiJIBKYA 3 KOJUBaAaHHAMY,
napajieJIbHHUMH 1¥, TOOTO mNepeTBOPIOBATHME HEIOJAPU3OBaHi
XBWJII B IJIOCKOIOJIAPU30BaHi.

IITo6 3’sicyBaTH, UM € CBITJIOBA XBHJIA [OOEPEYHOIO, CJIiJ
3HAWTH AJd CBITJIOBHX XBHJIb NPHUCTPiHl, AKHUHA BHKOHYBaB 0u
pPoOJIb BKA3aHOI BUINE INIIMHU 1 MOJMApPHU3YyBAB HEINOJASAPH30BaHY
CBITJIOBY XBHJIIO. B

BiacTHBOCTI TAKOro poAy IILIMHM MAOTh KPHUCTANU AeAKUX
PeYOBHH, 30KpeMa KpPHCTAJIH TypMaJiHy. Bupisani 3 HUX DeB-
HMM YMHOM ILJIOCKOIApAJIeJIbHI IMJIACTHHKH 30aTHI OPONyCcCKAaTH
CBiTJIOBi KOJIMBaHHSA JIMIIIe HNeBHOro Hanpamy. Otike, TypmaJi-
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Man. 120

HOBI IJTACTMHKM MOXXHa BHKODHCTATH IJId 3’sicyBaHHs IIoneped-
HOCTi CBiTJIOBHX XBWJb.

Mpu .B)xe 3HaEMO, IO IPHUPOLHI AKepeJa CBiT/sia BUIIPOMiHIO-
-IOTh HemoJxsapu3oBaHi xBuai. [nsa miaTBepa keHHA IBOI'O CKOPHC-
TAEMOCS J[BOMA TYypMaJiHOBMMH mjaacTuHxkamu (Mman. 120).
OcCKiTbKM TYpMAJIIHOBA IJACTHHKA HOPONYCKAE CBITJIOBLI KOJH-
BaHHA JIMIIe OAHOrO HAnpAMY (Ha MaJIIOHKY Lel HanpAM OOKa-
3aHO CTPiIAKOIO AB), TO CBiTZIOBa XBHJA HOIiCJAA NPOXOMIKEHHS
nepurol NJACTHMHKH BHSABUTHCA ILJIOCKOnoOJApuaoBaHoio. Koswu-
BaHHA B il XBUJIi 30IACHIOBATHMYTBCH TIiABKM B OJHOMY
HanpaMi — napajgenbHOMy AB.

IlepekoHaTHCA B IBOMY MOXKHA 38 OOMOMOIOI IPYroi Typ-
MaJliHOBOI macTHHKH. fKIDo posMicTHTH APYry TYPMAJiIHOBY
IJIACTHHKY TakK, mo0 HanpAMH CBITJIOBHX KoauBaHb AB, akxi
IpPONyCKAaKTHCHA NEepUIo0 MJIACTHHKOW, i A B,, sAKi npomycka-
I0ThCA APYrol0 IJIaCTHHKOK, OYyJIH mapajelbHUMH OOHH OZHOMY,
TO Apyra ILIACTHHKA OponycKaTuMe 6e3 3MiH CBiTJIOBY XBHJIIO,
fAKa IpodInuIa Kpisk Hepuly nJacTHHKY, i CBITJIO moTpamisTaMe
B OKO. AJle AKIIO IOJACTHHKH PO3MIiCTHTH Tak, mob HanpaMu
KouuBaHb AB i A B, BUABHJINCS NEPNEHAMKYJIAPHHUMU OAUH A0
OJHOro, TO APYra MOJACTHHKA IIOBHICTIO racuTuMe KOJIMBAHHS,
AKiI mpodmJyin Kpiss mepmy IJIACTHHKY. 3a APYry ILJIACTHHKY
CBiT/IO HEe HIPOXOAHUTE i OKO Horo He 6aunTthk. IloBepraouu apyry
IUIACTHHKY TYypMaJliHy HaABKOJIO npomMeHsa SO, MH MOXeMO
3MiHIOBATH iHTEHCHUBHICTH CBiTJIa, AKe NOIIUPIOETHCA B Hanpami
SO, Bix MaxkcuMaJbHOro 3HAYEeHHs (IIOJIOMKEHHS d) A0 HNOBHOIO
raciHHsA cBiTna (mOJOXKeHH: 0).

PoarnaayTuil gocaix nigTBeparKye, 1o CBiT/IOBL XxBHii € mo-
nepeyHUMH i 1m0 y nOpupoii icHyIOTE pedYoBHMHH (TypMAaJiH),
3maTHI DPONYCKATHM CBITJOBI KOJIMBAHHSA JIMINEe IEBHOIO HAIps-
My, TOOTO 3aTHI MOJApPHU3yBATH CBIiTJIO.
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B ocraHHiI pokM ansa noaspusanii cBiT/ia MIHPOKO 3aCTOCOBY-
I0Th TaK 3BaHi monspoinu (moaapusaniingi ¢inerpm). Ilonapoix e
IIpO30POI0 MOJiMepHOIO IUIIBKOKI TOBIMUHOI0O O6sm3bko 0,1 MM,
AKAa MIiCTUTBH BEJIMKY KiNBKiCTE OHAKOBO OPi€EHTOBaHMX APiOHMX
IITYYHUX KPHCTAJIB repamnaTUTy.

ITonspoigy 3HAXOAATH IIMPOKE 3aCTOCYBaHHS B Pi3HOMAaHIT-
HHUX Tajly3siX HapOJHOTO TrOocCIojapcTBa. 3raJaeMo Ipo Iikase
3aCTOCYBAHHA IIOJADOIAIB Ha ABTOTPAHCHOPTiI I8 3aXUCTY
BOAiiB Bix saciimniorouoi aii ¢dap sycrpiummx aBromobinis. Ha
BiTpoBe CKJIO i CKI0 hap HAKIIEIIOTHCA NOJAPOIAHI IIIIBKH TaK,
IO ILJIOLIMHYU IX MoJApH3anil yTBOPIOWOTh KyT 45° 3 rOPU3OHTOM
i mapaneynnbHi ogHa opuii. Boxiil, guBIsA4YMCE Ha HAOpOry Kpiss
noaspoin, 6auures BigbuTe cBiTyO (hap cBoro aBromobiss, To6TO
0aunTh OCBiTJIEHY JOpPOry, OCKiJBKM BiAHDOBifHI NJOIIHHH
noaspu3sanii mapasenbHi, ane He 6aumTh cBitana Big dap 3y-
CTpquorg aBTOoMO0inaA, 3abe3medyeHOro TaAKOXK IIOJNAPOIAHAMM
miaiBkamMu. HeBarXKo nmepeKoHATUCH, IO B OCTAHHLBOMY BHUIAAKY
IUIOINMHM NOoJApH3anii B3aeMHO NEpPHeHIUKYJIAPHi. 3aBIsaKH
LbOMY BOJIM 3axuINeHMH Bin sacuinsroiouoi aii dap sycTpiusHO-
ro aBromobisus.

Po3unHN JeAKHUX PEYOBHH IIOBEPTAIOTH NJIOLIHHY IOJISAPH-
3anii cBiTyia mix wac #oro mpoxoaKeHHA KPidk PO3YUH, IPUYOMY
KYT IIOBOPOTY IUJIOMIMHH NOoJfApH3anii s3anexXuTh BiJg KOHIEHT-
panii pedoBWHM B po34uuHi. I]A BracTUBicTE BUKOPHUCTOBYETHBCA B
TAaK 3BAHUX MOJAPHMeETpPax — MNPHJIaZiax [AJs BU3HAYEHHSA KOH-
nerrparii pedoBuHU. OCOBJIMBO IIHPOKO BUKOPHCTOBYIOTHCH
HMOJAPHUMETPH [AJIA BH3HAYEHHSA KOHIeHTpanil myKpy B PO3SUYHHI.
B nromy BHUnagky iXx HasMBalOThE IIYKPOMETDPAMH.

Y mamunpobyanyBaHHI M OygiBenbHiN TexHINl noaspusaanis
CBiTJIa IIMPOKO BHKODPHCTOBYETHCHA AJId BHUBUYEHHA MEXaHIiYHUX
Hanpyr y npos3opux Tijgax. JKimo mapaieJbHO PO3MICTHTH ABa
noaspoizu (amanisaTop i moasApusaTop), BCTABMTH MiXX HUMH
Ipo3ope Tijo, HaANPUKJIAJK, IJIACTHHY 3 Opra”HiyHOro ckJa, i
OCBiTHTH IX, HA eKpaHi O6yae BUOAHO JUIIe KOHTYDPH ILJIACTUHH. Y
pasi medopmarilii miacTHHY i1 OOTHYHA OAHOPIHICTE HOPYIIYETH-
ca i1 Ha exkpaHi BUHHKae ODapBucTa KapTuHa Aedopmarliii. OcKinab-
KM B TeXHilli 3aCTOCOBYIOTHLCA 3BHUYAHO HeNpo3opi mMaTepiaam
(meTanu), TO AOCHIAMKEHHS HAOPYr 3OIACHIOIOTh HA NPO30PHUX
MOJOEJIAX, a MOTiM poOJATE BiAIOBIAHUHA INepepaxXyHOK HA MNPOeK-
TOBAHY KOHCTPYKILiiO.

1. Yum BinpisaseThcAa NOpUpoAHEe CBiTAO Bixg noaspusoBaHOro?
2. fx MoxkHaA BUABUTH noaspusainiio ceiraa? 3. IIpo mio cBigumTs
noasipu3anis ceitaa? 4. HasBiTe OCHOBHiI 3aCTOCYBaHHS IIOJSPH-
3anil cBiTia B Hayni ¥ TexHIimi.
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§ 61 — JTHUCIIEPCIA CBITJIA

Panimle 6ys10 BcTaHOBJIEHO, 110 3aJIOMJIEHHSA CBiTJia HAa Mexi
MOAIJIYy JIBOX CEePEeJOBHUII MOACHIOETHCA PI3ZHUIIEI0 B IIBHAKOCTAX
MOMIMPEeHH:A cBiTJla B IUX cepegoBuiiax. IIoKasHUK 3aJIOMJIeHHSA
CBilUHUTh, ¥ CKIJIBKM pas3iB IIBUJAKICTH CBiTJIa B OJJHOMY Ccepeo-
BUIIi Oinblla yM MeHIIIA 3a IIBHAKIicTh cBiTJIa B iHIIOMY cepeno-
Buli. fIBuma iHTepdepennili i gudpaknii cBiguaTh TAKOMK PO
Te, II0 KOMXXHOMY KOJIbOPY CBITJIOBUX NPOMEHIiB BiNOBigae meB-
Ha posBxunaa xsuai. Toxi 3 Bizmomol dopmyam A = % BUILJIUBAE,
10 IIBUJAKICTH MOIIHWPEHHA CBiTJIA B PEYOBHHI Mae 3aJsie»xaTH Bix
yactorH cBirtna v. Cnpobyemo 3’scyBaTH L0 3aJIeKHICTH Ha
aocini.

CuopsamyeMo BY3BKHH Ny4OK Oisloro cBiT/iia Ha omHY 3 IrpaHeil
TpurpasHol npuaMu (maJs. 121). 3aroMAwI0OUYHUCE YV NIPU3Mi, Oy-
YOK A€ Ha eKpaHi BUOOB)KeHe 300parkeHHA ILJINHH 3 ACKPABUM
PalAyHUM 4YepryBaHHAM KOJbOpPiB — cnexmp. KpaiiHnimu 3 6o-
Ky 3aJIOMJIOUYOro pe6pa Npu3MM BUABJIATHLCA NPOMEHiI YepBO-
Horo ceitia. Ilopaxg 3 HuMu OyAYyTHE NPOMEHiI OpaH’}KeBi, morim
JKOBTi, maJii 3eseHi, 6ilakuTHi, cUHI 1, HapeniTi, gioseTosi (3 60-
KY OCHOBHM HPHU3MH).

ITocTaBuMO HaA MIJIAXY NPOMEHIiB, AKi NPOWIIJIHN KPi3b MeplIy
npMaMy, ApPYyry TakKy camMy [OPpU3My, PO3MillleHy OapajelbHO
nepirii, aje i3 3aJIOMJIIOIOYUM KYTOM, TIOBEPHYTHUM Y NPOTHJIEMK-
HUB Oik. Mwm pgicranemo 3HOBY nydyok 6Oimoro cBiraa. Taki
pociinm 6ysnn npoBeneHi y cBiii yac Icaakom HprooToHom, sKHii
OiAIIOB BMCHOBKY, IO Oine ceimJo ckaadaembes i3 csimaa
piznux rxoavopie. Hel0TOH YMOBHO HNOJIJIMB CYUIJIBHHUH CIIEeKTp Ha
ciM AinAHOK pPi3HUX KOJILOPiB: YePBOHHWM, OpaH»KeBUMH, »XOBTHIH,
seJieHMi1, OJaKUTHHUH, cUHIiINA i (dioneroBuii. [pyruii Ba>KJIUBHI

Konsopn

YepBoHUH
. OpansxeBui
— Hopruin
— ! Benennii
~_ bBnaxkunranit
T Cunii

\| DioneroBuii

Man. 121
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BUCHOBOK HBIOTOHA IIOJATaB Yy TOMY, II0O CBiTJIO Pi3HOTO KOJIBO-
PY XapaxkTepHU3yeThCsA PIZHMMH IIOKA3HMKAMH 3aJIOMJIEHHS B
nanoMmy cepenosunii. Haii6inenrmnii moKasHuK 3aJOMJIEHHA B CKJIi
MaoTh (pionerosi npomeni, HaliMmenmuit — 4vepsoHi. Bigomo, mo
PiSHHIA B IIOKA3HUKAX 3aJ0OMJEeHHs OOyMOBJIeHa pi3HHUEIO B
LIBHAKOCTAX HOINMPEeHHA XBHJAL. ToMy MOMKHaA cKasaTH, IO
CBiTJIO Pi3HOTO KOJBOPY MAa€ PIi3HY IMBUAKICTE NOIMIHPEHHA B
AAaHOMY CepedoBMIIi.

3anexHICTE NOKAZHUKA 3aJIOMJIEeHHs (a oTXe, I mMBuaKOCTI
crBiTya) Bifg #Oro KoJbOpy HasMBalOTh ducnepciew csimaa.

PosknamanaamM 6ijoro cBiTiia Ha KOJBOPH BHACJIIAOK 3aJI0M-
JIeHHS NOACHIOETHCA BUHUKHEHHSA pauayru. Hexair Ha 3aBUCHY B
moBiTpi Kpamao BOZU Taja€ coHaAYHHI npomims. Ha wmexi
noBiTpa — BOAAa BigOyBaeThca 3asoMieHHA npomexHie. Ilpu mes-
HOMY KYTi maAiHHA Ha BHYTPIIIHIA ©DOBepxHiI Kpamnjai BixOy-
BaeThCHA MMOBHE BiAOMBAHHA NPOMEHiB Bcepeauny kpamii. Bigburi
IIpoMeHi, 3aJIOMJIIOIOYKCHL IIOBTOPHO Ha MeXXi Boja — moBiTps,
BUXOAATH 3 Kpamii. Ockineku (GioseToBi mpoMeHi 3a/IOMIOIOTLCA
cuJIbHilIe, HiK YepBOHi, TO micaa BUXOAY 3 Kpalii BOHH PO3XO-
OATBCA: YePBOHI MPOMEHI YTBOPHIIOTH 3 MAaJaUYUM IIDOMEHeM
KyT 6uspko 43°, a dioseroBi — Gausbko 41°,

ConsauHi nNpoMmeHi MOoXXHa BBa)kaTu napaneabEuMH. Toxai BH-
XOOWUTh, 110 Big Gessiui KpanJauHOK, AKi MicTATHCA HA HOBEpXHI
KOHyca 3 KyTOM Ipy BepmuHi o =43, B OKO cmocrepiraua
IOTPAILNIATUMYTE YepBOHI1 npomeni, a 31,11 Kpallenb 3 MIOBEpXHi
KOHyCa 3 KyTOM IpH BepIIHHI oy = 41 — dionerosi. Pemra
KOJBLOPiB paiiAyru posMilnaeTbCsa Mis HUMM.

SHAHHSA CKJAAHOL CTPYKTYpPH 6iJIoro cBiTJa mae MOMIHUBICTDH
IIOSCHUTH HNOXOJ’KeHHs Pi3HOMaHITHHUX 6apB y ODPUPOAL, KOJBO-
-pu pisHUX Tin. Kosip HEeOpo30oporo Tijla BU3HAYAETHCA CYMIILIIIKO
IpPOMEHIB THUX KOJbLOpPiB, #AKiI BoHO BiaGueae. FAKmio Tijao
pPiBHOMIipHO BinOuBa€e NpoMeHi BCiX KOJBOPiB, TO Y pasi oCBiTJIeH-
Hs OinuM CBiT/IOM BOHO 3Ja€ThCs GinuM. IIepnone Tijo 3 magalo-
YOr'o Ha HBOTO 61.3'101‘0 cm'r.na BlﬂﬁHBaG I‘OJIOBHHM YHUHOM tlepBOI—Il
OpoMeHi, a peuliTy IOIJIMHAE; ro.nyﬁe Tiso einbuBae roay6i
nmpoMeHi i T. m.

Koxaip nposoporo Tijla BU3HAYae€ThCA CKJAHAOM TOre CBiTia,
fKe IMPOXOAUTH KPisk HbOro. Koo, HaOpuKJIajg, TpaBa M JUCTSH
JAepeB 3JA0ThCsA HaAM 3eJIeHMMM TOMY, IO 3 YCiX Iajgaruux Ha
HUX COHAYHWX IIPOMEHIBE BOHM BiZOHBaMOTbL JHINE 3EJeHi, To
3eqeHuN Kojip ckina oOyMOBJIeHHMH THM, IO BOHO IIPOIIyCKAae
IIPOMEH]1 JIAIle 3eJIEHOI'0 KOJBODPY, & PellTy IOTJHUHAE.

IIucnepcia csiTia B npo3opiii npusmMi mgae MOMIUBICTH
OOCJIIAUTHU CIIeKTPaJbHUI CKJaJ BHNPOMIHIOBAHHA Pi3HHUX pevo-
BuH. [InA TOYHOrO OOCHIAMKEeHHSA CHEeKTPiB BHKOPHUCTOBYIOTHCH
CIIEKTpPaJIbHI amapaTh — OPHJIaAH, AKi JaoTh YiTKUHA COEKTD,
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ToOTO OOpEe po3AinAI0OTE XBUJII PidHOI AOBXXHUHH i He NONYyCKAIOTH
(abo maiike He JONYCKAIOTh) NEePEKPHUBAHHA OKPEMHX HiJIAHOK
crieKTpa.

1

‘ 1. YuM DOACHIOETHCA PO3KJIaZaHHA Oijloro ceiTiia Ha KOJBLOPOBi
npomeni? 2. IIlo HasuBaeTbca Aucuepciero ceitna? 3. Ha ckasay
NPHU3MYy CIOPAMYEMO NPOMiHB YepPBOHOI'O 4YH 3eJIeHOro cpiTyia. Ym
CIOCTEepPiraTMMeThCA POSKJAAAHHA ObOI0 CBITJIA Ha AKIiCh KOJBO-
poBi npomeHi?

$ 62 — THO®PAYEPBOHE TA YJIbTPA®IOJIETOBE
ITPOMIHHA

BunpomiHioBaHe [myxepesioM cCBiTiIO Hece 3 c00010 mnNeBHY
eHeprim, i s eHepria AKMMOCh UMHOM PO3IOALJIAETHCHA 10 XBU-
JIAX BCIX JOBXHMH (4n 4acToT), [0 BXOAATH J0 CKJAAy CBiTJIOBO-
ro nyyka. flki npomeHi HecyTs Ha ekpaH Oinbiie eHepril, a AKi
MEeHIlle, MOXHA BU3HAYUTH eKclnepuMeHTaNbHO. [aa nboro ciuif
3a AOIOMOTOK NMIPU3MH AiCTATH HA €KpaHi creKTp i, moMimaouu
B pisHi micmsa cnexkTpa uyTnamBHII TepMomeTp, 3a HOro rNMoKasaH-
HAMH OI[IHHUTH KiJIBKICTH NOTJIHHYTOI eHepril. HyTausuM TepMo-
MeTpoM MOKe OyTH TepMonapa i3 CliaEM, MOKPHUTUM TOHKHM IIa-
pom caxi. Carka maliyKe NIOBHICTIO NIOIVIMHAE CBITJIO Oyab-AKOIL
OOBXXHMHH XBHJIi, TOMY TAKHI IIap MHNOTJIMHAE BHUIPOMiHIOBAHHSA,
sAKe najgae Ha HbOro, i HarpiBaerbcsa. EPC, 30ya)xyBaHa IIpH IIbO-
My, BAMIpPIOETBCS rajJbBaHoMeTpoM. Yum Oinsmie eHeprii Hece
BUIIpOMiHIOBaHHs, TUM Oinbina EPC BuHMKae B Tepmonapi.

HocnigyxkeHHa crneKTpa 0iJIoro cBiTJIa MOKA3YIOTh, 1[0 BHUIIPO-
MiHIOBaHa /[»KepejlIoM eHeprida po3noAindaeTrbcsd HepiBHOMipHO
MixK XBuaaMH pisHol gosxxkuHHU. Halibinbiua KigbkicTs eHeprii
npunaza€ Ha 4YEepBOHY YACTUHY CHEKTpa, a HalMeHIIa — Ha
¢dioneroBy.

3naBajyocsa 6, HI0 KOJIM TIOMICTHTH cliaili TepMonapu 3a 4dep-
BOHUM Kpail crieKTpa, /e OKO He HauuTh 3KOJHOTO NPOMEHS, BiH
He HarpiBarumernscsa. OgHaK crmail HarpiBaeTbCAa HaBiTh CUJIBHI-
1Ie, Hi» y 4epBOHiH uun 3eneHill vacTuHi. Ile o3dHauae, U0 1Ke-
peno 6iyoro ceityia TakoXX BHIPOMiHIOE NPOMeEHi, AKi He cOpHi-
MAaKTbLCA OKOM, IOBXKHHA XBWUJl AKHX Olabimia, Hi)XK Yy 4epBOHHX
npomeHiB. IIpomeHi, siki MmicTATHCA B COEKTPi 3a 4epBOHKUMH, Ha-
3uBalOTh iH@pavepsonumu. Ix Bunpomiawe Oyab-Aike Harpite
TijloO HaBiTH TOAl, KOJIM BOHO He cBiTuThesa. Hanpukinan, 6arapel
onaJileHHs B KiMHATI BUDIPOMiHIOIOTH iH()pauepBOHI NpOMeHi, AKi
BUKJIMKAIOTH NOMiTHe HAarpiBaHHsa HaBKoJgumHix Ttin. Tomy
iH()paYyepBOHi NpOoMeHi YacTO HA3WBAIOTH TEIJIOBUMH.
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Iucgpauepsori npomMeHi MaioTs JoBXKHHY XBuai 0,76-10 6% m —
3,5-10* m. Ho peui, iH(paYepBOHI NPOMEHi CHUJIBHO IIOrJIMHA-
IOTHCHA 3BUYAHHUM CKJIOM, TOMY OJfA IX DOCHiMKEeHHSA CJiO KOpH-
CTyBaTHCH JiH3aMH i IPU3MaMH 3 KaM AHOI coJi.

Tepmonapa, momimieHa 3a ¢GioneToBHil Kpail CHOEKTpa, Tak
caMO BHUABJSE MiJBUIIEHHS TeMIIEpATypH, IPOTe AYiKe He3HauHe.
Tomy MoOXHa 3pOOHTH BUCHOBOK, L0 AsKepeso 6ijmoro csitna
BHIIPOMiHIOE HEBHAHUMI OKOM €JIEKTPOMAaCrHiTHI XBHJIi 3 JOBXHWHOIO
XBHJII MEHIIOKW, HiX y diomeTroBux. BoHM xicranu Ha3BY Yyabm-
pagioremosux. 11l npoMeHi BigsHaAYaIOTHLCA CHUIBLHOIO XiMiyHOIO i
¢disionoriunow giero. Sxmio 3a dionmeroBuil Kpaii cmexTpa
nomicTUTH (oTOHAIp, BiH MIBUAKO YOPHIE.

YasrpadioneToBi npomMeHi MalOTL OOBKHHY XBWJIb Bif
0,4-10% m go 0,5-10°% m. IIi mpomeHi Tak camMO CHJIBHO NOIJIH-
HAIOTHECA 3BUYAWHMM CKJOM, 1 TOMY AJMA JOCAifg»KeHHA IX
BJAaCTUBOCTEN CJix KopHUCTyBATHCA KBapUOBUMH JiH3aMH |
IpU3MaMHA.

IndpauepBoni Ta ynbrpadioseToBi MpoMeHi 3HAMINAK ILIUPO-
Ke 3aCTOCYBaHHA B Pi3HMX rajlysfgx HapoJHOrO rocmojapcrsa. B
TexHini imdpauepBoHlI mpoMeHi BHKOPHUCTOBYIOTH AJIsi CYHIiHHSA
pisaux maTtepianis. CyuacHi iHGpadyepBOHi CyIIMJIbHI YyCTAHOBKHA
Ha aBTOMOOIJIBHMX B3aBOJaX HABJIAIOTH CODOIO TyHesdi, HA BHYT-
pinrHiX DOBepXHAX HAKHUX BCTAHOBJIeHI iHdpauepBOHiI BHUOpO-
MiHOBayi. 3MoHTOBaHUl i modapboanuii asToMo0ine MOBiIBLHO
PYX8ETBCA TYHEJEM i BUXOAUTH 3 HbOro cyxmm. CynriHEs TpuBae
4—5 xBunuH. Ane, MabyTs, HalOLILII ITIKABUMY 3aCTOCYBaHHSA-
MH iH(ppauepBOHHMX HOPOMEHIB € CTBOPEHHA MNPHUJANIB HIYHOTO
OaveHHsA, AKi JAalOTh MOXKJIMBICTE BECTH CIIOCTEPe:KeHHHA BHOUI, a
TaKoXx (ororpadyBaHHA B iHdOpauepBOHHUX NIPOMEHSX.

MoBroxsuaboBi yiasTpadionerosi npomeni (2,8:1077 m —
3,2:1077 M) y HeBeIMKHUX [03aX ILIMOIle BILIMBAIOTh HA OpraHism
aoanHu. ITornmnHalYUCh TKAHMHAMM, BOHHU He JIHIIE CIPUAIOTH
VTBOPEHHIO 3axXHCHOro MHirMeHTYy, a ¥ DOCHJIIOTH IIPOHECcH
KUTTEAIAIBHOCTL OpraHiamy, 6JiaroZiiiHO BIJIMBAIOTE Ha MHOTO
PO3BHTOK i picT, Ha HEeHTPAaJbHY HEPBOBY CHCTEMY TOIIO.

Koporki ynsrpadioneroBi mpomMeHi MarmOTh CHIBHY OaKTepu-
ouany i (BOuBaroTs OaxTepii). Tomy iX 3aCTOCOBYIOTH OJA
mesindexirii nmopiTpsa B onepaiiiinux, indekifnux Bigginennax
JiKapeHb, a TAKOXX Yy MICIHAX BeJHKOr0 CKYNUYEeHHA JIOfei
(TeaTpH, IIIKOJH TOIO).

VnaeTpadioneToBi npoMeHi BUKOPHUCTOBYIOTECA 1 y ¢doTorpa-
¢iil airsa BUABJIEHHA NMPHUXOBAHHX HANUCiB ab0 cTEepTOro TEeKcTy,
ocKinbK¥M GaraTo pedyoBHH HijJ Yac NOTVIMHAHHA yJabTpadionero-
BMX OPOMEHIiB modYmHaIOTh BHIPOMiHIOBATH BHUAuUMe cBitao. lle
ABHIEe BUKOPHCTOBYETECA B JlaMIIax OJEeHHOr'O CBiT/ia Ta B AJeAKHUX
iHOINX BHITaZKaxX.
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1. dx moxHa BuABUTH iHppadepBoHi npomeHi? HAki ix BIacTH-
BocTi? 2. SIK MOKHAa BHABUTH yiabTpadioneroBi mpomeni? fki ix
BaacTuBocti? 3. YoMy cKIsiHA NpU3Ma HeNpUAaTHa AJA OLepiKaH-
HA cHeKTpiB in(ppadepBoHOTO i yabTpadionerooro nponmna? Axi
npu3MM NOTpibHI AN BUBYEHHS OUX NpoOMeHiB? -

§ 63  PEHTIEHIBCBKI IIPOMEHI &

Y 1895 p. Himeubkuit ¢pisuxk B. PeHTren BiAKpHUEB eleKTpo-
MAarHiTHiI XBWJi, KopoTmii 3a yasTpadiosieroBi. Bouu gicranm Ha-
3BY PeHTreHiBcbKuX, abo X-npomenie. IlikaBo 3a3HaAYMTH, IIIO
JOCHTH OJHM3BKO OO0 BiIKPUTTA ILMX [IPOMEHIB MNiAiAIIIOB BHAAT-
HU yKpaiHCcbKHM (pisuk I Ba v I[lyanmwoih (1845—1918). 3a
14 pokiB mo PeHTreHa BiH CKOHCTDPYIOBAB €JIEKTPOHHY TPYOKY,
Jly’Ke CXO0KYy Ha Cy4YacHi peHTreHiBCBHKi, ojlep:kaB sAKicHiI 3HiIMKM,
BMBUMB PAJ BJACTHBOCTEM BiAKpUTHX npomMmeHiB. Ha »kanb, Ha-
ykose BinkputrTta 1. Ilynioa He jnicrano HalleKHOI OIIHKH.

OnepKyOTh PEHTTeHiBCbKiI IPOMEHi 3a JOMOMOTIOI0 CIleliab-
HUX JABOXeJleKTpoaHux jamii. Ha man. 122 cxemaruuHo nmokasaHa
OynoBa cyd4acHOI PEeHTreHiBcbKOl TpyOKH. ¥ BaKyyMHiH Tpy6I1ii
po3MminieHi enekTpoau: niairpiBHuM karon i anrukaron. Ilosepx-
HA aHTHKAaTO/Jla CKOllleHa, BOHA He IapaJiejibHa NOBEPXHi Karojza.
Karoxg npuenHyoOTs 10 HETaTUBHOIO, & AHTHUKATOJ, 10 ITO3UTUBHO-
ro NOJIIOCIB Ji3Kepesia BUCOKOI HAIIPpYI' — MNOPAAKY AecATKiB i co-
TeHb THCHY BOJBLT. BUNIpOoMiHIOBaHI po3:KapeHHMM KaTOAOM PEeHT-
reHiBcbKol TpPpyOKH eNeKTPOHH NPUCKOPIOIOTHCA MOTYXKHUM
eJIeKTPUYHHUM II0JIEM y NPOCTOPI Mi»X KaTogoM i aHTHKATOIOM
1 3 BEJIMKOIO IBHAKICTIO y/1apAIOTECA B AaHTUKATOM.

Man. 122
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Binesrensm
PEHTIEH
(1845—1923)

Himenbkuii ¢isuk. ¥ 1895 p. BiAKpHB KO-
POTKOXBHJILOBE €JIEKTPOMATHITHE BHIIPO-
MiHIOBAHHSA — pPEeHTreHiBCLKi mpoMeHi.
Ile BiAKPHTTA MaJO BeJIWYE3HUIF BILJIMB Ha
nojaiblluii po3BMTOK (Pi3zMKM, B30KpeMma
NIPUBEJIO A0 BHUABJIEHHA pPagioakTHBHOCTI.
ITlepmra HoGesniBchbka nmpemis 3 disuku 6yia
npucyaxxena Pernrtreny. Bin cnpusrB miBua-
KOMY NPaKTHYHOMY 3aCTOCYBAaHHIO CBOTO
BifRpuTTa B MmeaunuHi. KoHcTpyknia cTBo-
pPeHol HMM Iepuiol peHTreHiBCcbKOl TPYyOKH
Je3XUTh B OCHOBL Cy4aCHMX NpuJaiis.

Ilpu ubOMy IMIBHAKICTH €JeKTPOHA MNPAKTUYHO MHUTTEBO
3MEHIIYEThCA [0 HYJisA, TOOTO CHOBIJIbBHEHHsA Oyae AyKe BeJH-
kum. Ilig uyac Takoro UWIBUAKOrO rajibMyBAHHSA €JIEKTPOH BH-
NMPOMiHIOE KOpPOTKi enekTpomarHitHi xsuai (sBix 10% m no
10" M) — peHTreHiBcbki npomeni. OcCKiJbBKHM eJIeKTPOHH, AKi
oomOapAyOThL AaHTHUKATO/, MAKThL Pi3Hi LIBHUAKOCTi, TO Imig yac ix
raJibMyBaHHA BUHHUKAIOTh PEeHTreHiBCbKi NMpoMeHi pidHOI NOBXXH-
HH XBHJII.

PeHTreHiBcbki npoMeHi, AK i yabTpadioseTroBi Ta iHdpauep-
BOHi, HeBHAMMi OKOM, ajle BUKJIMKAaIOTh CBiueHHA 6aratbox pe-
YOBHMH i CHJIBHO AiIOTH HAa CBiTJOUyTAMBI Marepianu. Tomy ansa
iX JocJyimrKeHHS 3aCTOCOBYIOTHLCA CIelliaJlbHiI eKpaHH, SAKi
cBiTATHCA mif ix mier, abo dororpadyBaHHA. )

PenTreniecbKe MpOMiHHA Ma€ BeJUKY NPOHHUKHY 3JAaTHICTBH
BiIHOCHO 6araTb0X pedYOBHUH, HENPO3OPHUX JJIS BUIWUMOrO CBiT.a.
BoHO nmopiBHAHO BiJIBHO NMPOHMKAE KPi3b PEUOBHMHH, AKI CKJaaa-
IOTBCA 3 ATOMIB 3 MAaJIOl0 aTOMHOIO Macolo (JiepeBo, M’ si30Bi TKa-
HMHM TOIIl0), aje IMNIOMITHO NDorJuHaeTbcd Marepiamamu, HAKi
CKJIAZAIOThCA 3 ATOMIB BasKKHUX eJIeMeHTiB (HalpuKJIajh, MeTaJu,
KicTKH TOIIo). fAKINO peHTreHiBCbKi mMpoMeHiI NMpPoOXoAaATh Kpisb
00’€KT 3 HEPIiBHOMIpHUM pO3MOAiJIOM I'YCTUHH, TO HAa BMiljeHOMY
3a 06’ekTHBOM eKpaHi abo ¢oTomIacTUHILI BUHHUKAaE TiHbOBE 300-
pakeHHA 00’€KTa, Ha AKOMY PO3IIOJAiJ OCBIiTJIEHOCTI BiAgmorigae
pPO3moAiNny I'YyCTHHH pedoBHMHHM B 06’ekTi. M’AsoBa TKaHuHa aae
cnabky TiHBb, a KicTka — O6iJbII CHJIBHY.

3aBAAKHA MM BJACTHBOCTAM pPEeHTreHiBCBKiI NMpomeHi mupo-
KO 3aCTOCOBYIOTBCA B MEIMIIUHI JJid BUSABJIEHHA 3MiH B Op-
radiami (peHTreHomiarHocTuka) i B TexHini Ans BUABIEHHS Je-
deKTiB y geransax MaliuH (peHTreHomedeKTOCKOIIis).
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(1845—1918)

Bupgatuunit ykpaiHcbkuil Qisuk. 3aiiicEns
(pyHOAaMeHTANbHI [goOcCHifKeHHA ras’opos-
paaHuX npoueciB. Ilaa onep:XaHHA pPeHT-
reHiBCBKHX IPOMEHIB CKOHCTpyioBaB (hoc-
(hopecililoyy JaMny 3 po3TAllOBAHMUM IIiA
KYTOM AaHTHMKATOAOM, TIPOTOTHMII PEeHT-
reHiBcbKOl TpyOKH, i 31iliCHUB TPYHTOBHE
AOCJiiEeHHA BJIACTHBOCTEN PEeHTreHiB-
CBKMX NpoMeHiB. 3Ha4HHUM € BHecok I. Ily-

JII0S B PO3BHTOK €JIEKTPOTEeXHiKH.

PenTreHiBcbKi nmpomMeHi BHKOPHMCTOBYIOTHCH TAKOMXK Y JIKY-
BaHHI 3JO0AKICHMX NyXJIMH, OCKiNIBKHM XBOPi KJITHHM I TKAHWUHM
opraHiamMy MaThb iABUIIeHY dyTauBicrts xo ix aii. Tomy
BiIIOBiIHOK M03010 PEHTreHiBCBKOrO NPOMIHHA MOXHa CTPUMY-
BaTH picT i HaBiTh pyHHYBaTH XBOPi TKAHWHUW Opra”Hiamy (Hanpu-
KJal, 3JIOAKIiCHI NyXJHMHH), He MNOIIKOIXXYIOYHU CYCiAHIX 310pO-
BHUX TKaHWH.

I- ToscHiTes npuHIUND 36yA’KeHHS PpPEHTreHiBCBKHUX IIPOMEHiB.
2. fIki BracTHBOCTI peHTreHiBCBKHX npoMeHiB? 3. YoMy Ha peHT-
| reHiBcbKi TpyGKHM nomalOTs BUCOKY HANPYry B HOECATKH i cOTHI
| tHcad BoabT? 4. fAKi BH 3HAETe 3aCTOCYBAHHA PEHTreHIBCBKMX
npoMeHiB?

§ 64 — IIKAJIA EJEKTPOMATHITHHUX XBHJIb

Orxe, MM O3HAHOMMJIMCA 3 €JeKTPOMATHITHMMH XBHJIAMHU
pi3HOI AOBXXHUHHU: BiJl pafioXBHJIbL JOBKHUHOIO B COTHI KijoMeTpiB
10 PEeHTreHiBCBKMX IIPOMEHiB 3 [JOBXKHMHAMH XBUJIb OJM3BKO
10 ' M. IcHYIOTH e/1leKTPOMATHITHI XBHJII IIle KOPOTIIi 3a peHT-
reHiBCchbKi, Tak 3BaHiI ramMma-IpoMeHi, K1 BUNIPOMiHIOIOTHECSA ITif
yac pajiicaKTUBHOTO pPO3Najay aTOMHUX saep (3 UM BUIPOMiHIO-
BAHHAM MM O3HAMOMHWMOCSH Ni3Himre).

Yci Bigomi enekTpomarsHiTHi xBuai 300paskeHi HA MAaJIOH-
Ky 123, a, 6 y BUrIAAi LIKaAJIXM eJIeKTPOMATHITHHUX XBHJbL B
MOpAAKY 3MeHIIeHHA MJ0BXXHHHM. Bei ni xBuii: pagioxswuii,
indpauepBoHi npomeHi, BUAUMe CBiTJIO, yabTpadioneToBi, peHT-
reHiBCBKl 1 raMMa-nmpoMeHi MalOTh €QUHY eJIEKTPOMATHITHY IpH-
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poay, MOIIMPIOIOTBCA 3i ImBHAKicTIO cBitsa. Ix Baactusocti
(ocobauBOCTI NMOLIMPEeHHA paJgioxXBUJIB B aTrMochepi, KoJuip BHAH-
MoOro ceitma, ocoGJIMBOCTI NOTrIMHAHHA 1H(QpPaAYEepPBOHHUX i YJbT-
padiosieToBUX nNpoMeHiB, ¢oToximiuHa gisa cBitna, mpoHMKawuda
34aTHICTL PEHTreHiBCbKHUX IIPOMEHIB TOII0O) 3ajie)XaThb Bijg
JOB»XHWHHM XBHJI (4acToTH).

Posnoain e1eKTPOMATHITHUX XBHJIb 3a TUIIAMH B IIKaJi 3po6-
JIeHO BiAMNoBigHO m0 crnocobiB 1x 30ym)keHHs 1 3a MeromaMH I1xX
peecTpallii Ta crnocrepexkeHHsA. MerKi 3a MOBXXHMHOK XBWJI Mix
Pi3HMMM THIIAMH eJIEKTPOMArHiITHOro BHIpPOMiHIOBaAHHA, oOpahHi
Ansa mnobyaoBu ImKajaw, yMoOBHI. ‘Mix oKpeMMMHM aianasoHaMu
[IKAJIM eJIEKTPOMAarHiTHMX BHIIPDOMiHIOBAHb HeEMa€ pPi3Kol Mmexi.
KopoTKOXBUJIBOBA YACTHHA OLHOIO Aiama3oHYy INepeKpUBaE AOBIO-
XBMJILOBY YaCTHHY cyciguboro. Ti ginsaHku mkanu, ge AianasoHu
XBWJIb Pi3HHUX THIHIiB NEePEeKPHUBAIOTH OJUH OJHOrO, MOKA3YIOTh, IO
XBHJII Takol JOBKHWHM MOXKHa OJep:KaTH JBoMa crnocobaMu.
Hanpukian, xBuai 3aBAOBXKKHA B 1 MM MOKHa oZlep:KaTH 3a AOIOo-
MOTrOI0 paJioTeXHIYHUX INPHUCTPOIB (TOoAi MM IX HA3WBAEMO pPajio-
XBHJIAMM) abo 1ig yac TenJgoBOro BUIPOMiHIOBaHHA Tija (Y IbOMY
BUINIAJKY MH IOBOPHMO Npo iH(QpadyepBOHe NPOMiHHsA). 3po3yMiJo,
mo ¢GisuyHI BJACTHBOCTI IMUX XBWJIb OJHAKOBI, OCKIIBKM BOHH
BHU3HAYAIOTHECA NOBXXUHOK XBHJI (400 4acToTO0), 4 HE MeToJ0M
30ymoxenHsa. Te came MOXKHA CKas3aTH NPO OJEPXKaHHS eJIEKTDO-
MATHITHUX XBWJIb 3aBJOBXKM npubausno 10°% m. Ix moxxkua onep-
»KaTH 3a JOIIOMOrQI0 TJi0Yoro pospany B rasax (AK yJuabrpadiose-
TOBE NPOMiIHHA) ab0 3a JONIOMOIOI0 PEHTreHiBChKOI TPyOKH.

Buaume cCBiTJIO € OKpEeMHMM BHWIIAJIKOM e€eJIEKTPOMAarHiTHHUX
XBHJb, AOBXKHWHA AKHX Biag 4-107 M (¢pioaerose) go 7,6-107 m
(uepBOHe), 1 3aliMae Ha IIKaJi eJeKTPOMArHITHHUX XBUJb
MNOPiBHAHO BY3bKY HiJNAHKY.

1. fixi B 3HaeTe Meroxm 30yA:KeHHA eJIeKTPOMATHITHHMX XBHJIb i
cnocobm ix peecrpanii? 2. Yu 3anexaTh BIACTHBOCTI eJIeKTpO-
' MATHITHMX XBHJb Bing meroay ix 36yaskennsi? HaseaiTs npuxianm,
AK1 DiATBepIKYIOTE Bally BiANIOBiJb.

= BUCHObBKU -

EnekTpomarHiTHe mnoJse MoO’Ke icHyBaTHm camocTiiiHO, 0e3
3B A3KY 3 €JIEKTPMYHHUMHM 3apsAjaMH i CTPyMaMHM; HNOIIMPIOETHCH
eJIEeKTPOMAarHiTHe 1noJie 3i ckKiAyeHHO mBHAKicTiO. IlomupenHs
y IIpOCTOPi €JIeKTPOMATHITHOrO TIOJII HA3WBAETHCH EJIEKTPO-
MAar"HiTHOW XBuJeiw. PeanbHicTh iCHYBaHHS eJIeKTPOMAarHiTHMX
NBHJIb €KCIIepuMeHTalsHO noseaeHa I'. 'eprem.
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Opniecro 3 HeOOXiITHUX YMOB YTBOPEHHSA EJEKTPOMAarHiTHHX
XBHJIB HOCTATHLOI iHTEHCHMBHOCTI € BHCOKAa yHacToTa KOJHUBaHDb
erexkTpoMargiTaoro nona. Iaa 30inbuieHHA iHTEeHCHBHOCTI BH-
NpOMiHIOBAHHSA eHepril KOoJHMBaJLHHM KOHTYPOM Yy IIPOCTID CJif
3poBuTH el KOHTYD BiAKPUTHM, 3a0e3NeYnBINH HOro aHTEHOI i
3a3eMJIeHHAM.

Hns spificHeHHs pafioTrenedoHHOLI nepexadyi BUCOKOYACTOTHI
KOJHMBAHHA Ha NepegaBaANbHINA CTAHIII MOAYJIOIOTE KOMUBAHHAMUI
HHU3BKOI YacTOTH, a Ha NpHHAMANBHIN CTaHIIll 3 IHNX CKJIAZOBUX
KOJHBaAHbL BHIINAITE KOJHBAHHA HWU3BKOI uyactotu. Ilpm
AMILIITYZHIA MmoayaAanil aMmiriTyay KoJHMBaHb eJleKTpoMarHiTHOL
XBHJII 3MIiHIOHOTBE 3a 3aKOHOM TOTrO 3BYKOBOTO OpoHecy, AKWH
nepegacThLCA Pa3oM 3 eJiIeKTpoMarHiTHow xsuiero. Hiaa suainenus
3 MOAYJIBOBAHHX KOJIHBAHE HISBKOYACTOTHHX 3BYHOBHX KOJINBAHb
iX OponyckKaioThb Jepes AeMOAYAATOP. Haiinpocrimmnii neMongyiis-
Top CKJIaJaeThes 3 Aioga i YyBIMKHEHOIo OO HBOIO IIapajesIbHOI'o
3’ €IHaAHHA KOHIOeHCcaTOopa b7 TEJIE(I)OHY.

Hai#ipocTimuii eTeKTOPHUN pajionpuiiMad € JeMOAYJIATO-
POM KOJHMBaHb 3 MapajejIbHO i € THAHUM JIO HBOI'O KOJHUBAJIBEHUM
KoHTypoM. EjleKTpoMarsiTHi XBHJL CTBOPIOIOTE Y KOJHUBAJIbHOMY
KOHTYP1 BHCOKOYAaCTOTHI MOAYJALOBaHI KOJMWBAHHSA, AKi 3a moio-
MOTOI0 TejaedOoHYy, SalIYHTORAHOTC KOHAEHCATOPOM, PO3OiIAIOTHCA
HA KOJMBAHHS HU3LKOI 1 BUCOKOI YacToTH.

EnexrpomarsiTai xXsuni sigbuBaroTrsca npoBigHHKamu,
3a3HAIOTh Ha MeXXl JieNeKTpuKa 3ajIoMIeHHA, iHTepdepeHmii i
nudpariii.

Asumie BinOuranHst pagiOXBUJb BHKOPUCTOBYIOTL AJIA BHUSAB-
JIEHHSH 1 TOYHOIr'O BU3HAYEHHSA IIOJIOMKEeHHSHA Ilpe,ELMETiB — pa,z:io.no—
kauii. Ilocnanuilt pazionokaTopoM iMOYALC eJeKTPOMATHITHHX
XBHJIb BigOHMBa€ThCA BiJ mpeaMera 1 NpUHMAaETHBCA THM CAMHM
paniosokaTopoM. 3a iHTepBaJIOM dYacy MixK BHIPOMiHIOBAHHAM
iMoyascy 1 nDpuiiMaHHAM BigbWTOro CHIHAJAY BHU3HAYAIOTh
BizZcTanp o mpegmeTa, a 3a OpieHTAIi€X) AHTEHH B MOMEHT I PHUIH-
MaHHSA BiIGUTOr0 CUTNHAJY MOKHA BU3HAUUTHU MiCNE3HAXOMKEHH
npeaMeTa.

CeiTJIOBI XBHJi BCiX YaCTOT HOINUPHITHCA YV BaKyyMmi 3
OJHAKOBOIO HNIBHAKICTIO.

Hakmagages ABOX CHCTEM KOIEPEHTHHX CRBITJIOBHX XBHUIbL
BeJie N0 YTBOPeHHA inTepdepeHIIiAHOI KADTUHHN — BCTAHOBJEHHSA
B KOXKHIE Tounil mpocropy mnoctifinol oceitsenocri. Has oxep-
sKauHs CTifikoi imTepdepeHniiinoi KapTuHU Heob6XimzHOo, 1106
JyKepesa CBITJIOBUX XBUJIL OYNIM KOrepeHTHHMMY 1 MaJl OJHAKOBY
4acTOTY KoJauBaHb. Hasi ozep:XaHHs KOUepeHTHHX HXKepe
CBiTJIA 3aCTOCOBYIOTh INTYYHHH IIPHHOM: PO3IiJIAIOTE IYYOK
CcBiTJIA BiJl ONHOIO JyKepesa HA ABa YU KiJbKa nNyukis, AKi #ayTs
B pisHMX HanpAMax, a IDOTiM 3HOBY 3BOJATH iX 1 HaKJIAZAIOTH
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OoAWH Ha oaHoro. fiBuimge inTepdepeHIii cBiTIa BHKOPHUCTOBYIOTH
AJIS OPOCBITJIEHHA ONTHKHW, AJA TOYHHUX BHMIipIOBaHL JiHiHHHX
posmipiB TiN, KOHTPOJK HAKOCTI IaidpyBaHHSA, IOJipyBaHHSA
IIOBEPXOHL TOIIIO,

ITix yac npoxoxsKeHHA CBiTIA Kpiab BY3BKi OTBOPH B Hempo-
30puX expaHax abo magiHHa Ha BY3bKi Henposopl IpeagMeTH CIO-
CTepiraeThbCsa OTMHAHHSA CBiTJIOM HENPO30PHX TiJl — AudpaKumid.

fsume nonsipmsauii csiTna cBiguuTes Ompo Te, Mo csBiTaoBi
XBWJIi € IONIMPEeHHAM IIONepeYHHUX eJIeKTPOMATHITHHUX KOJH-
BaHdb. lIpupomHe CBiTJIO — IIe KOJHMBAHHSA, IJOIIAHH SAKHUX
piBHOMipHO posmofijeHi B yCiX MOXJIMBHX HanpaMax.

Bine cBiTno ckaazaerbea i3 ¢BiT/IA PisHHUX KOJBOPIB (uacToT
ab0 DOBXHWH XBHWJIb). 3aJIe3KHICTh IOKAa3HUKA 3aJIOMJIEHHSA CBiTia
Bix 4yacToTHM KoJMBaHBb (400 AOBXHUHH XBHJb) — JHCHEpCia —
CBigYuTh OpPO Te, L0 CBIiTHOBLI XBHJiI pizHOI YaCTOTH HDOIIMPIO-
IOThCA B PEYOBMHI 3 PiSHUMH INIBHIKOCTAMH.

' Hoxepeno Oisoro ceiTaa, KpiM eIeKTPOMATHITHHX XBHUJIb
BUAHMMOI YaCTHHHM CII€KTPa, BHIPOMIHIOE TaKOXX HEBUAHMI
indpauvepsoni Ta yasTrpadiosieToBi mpomeHi.

¥ci B NpOMiHHA: paAioXBuWJi, BHAUMeE CBiTIO, iHdpavep-
BOHi, yabTpadioneToBi, peHTreHiBCbKi i raMma-nmpoMeHi MalOThb
€AVWHY eJIEKTPOMATHITHY IPHUPOAY, HOINIWPIOITECA 3i mBHUAKICTIO
cBiTia. Ix BiacTuBOCTi 3ayeKaTh Bif HOBKWMHM XBMIIL (Y4ACTOTH).



POIAIA VI

EAEMEHTU TEOPIT BIAHOCHOCTI

dizuuHi sBUIA BiAOyBawThCA y NpPoCTOpi ¥ yaci, 1 3aBmaH-
HA $isuKy nonasirae y 3’sACyBaHHI 3aKOHOMipHoOCTel nepebiry nmux
ABUIL, TOOTO omucy 3MiH, AKi BigOyBaoTbCcA 3 MaTepiaJJbHUMH
ob’ekTamMmu — Tinmamu i PisMYEMMH NOJIAMH,— B Pi3BHHUX TOUKAaX
IpOCTOPY B IOCJiZIOBHI MOMeHTH 4Yacy. B Kypci mexanikm 9-ro
KJlacy BM O3HAMOMHWJINCA 3 OCHOBHMMMU YABJIEHHAMM PO BJIACTH-
BOCTiI HmpocTOpy i yacy, CTBOPEHMMH JIIOJACTBOM Ha OCHOBi Oara-
TOBIKOBOT'O JJOCBiJly MOBCAKAEHHOrO >XUTTA. B Mexanini npunyc-
KaJjiocda, ILI0 [npocTtip i uyac HezaJneyKHiI OAMH BiJg OJZHOro, IO
BJIACTHBOCTI IIPOCTOPY He BIJIMBAIOTH HAa PYXoMi Tina, 1m0
npocTip HeoOMerkeHHi, ONHOPIAHUIH, €BKJIOBHUI TOIIO; IO Yac
Teue He3aJIeKHO BiJ HAABHOCTI i pyXy mMarepiajlbHHX TiJ, IO iae
yac JIMIIEe BiJ MHHYJIOrO A0 MaubyTHBLOTrO, 110 pPidHI MOMeHTH
yacy He MOXKHAa BiJpi3HUTH OLMH Big omHOro i T. A.

Po3BUTOK eIeKTPOAMHAMIKHM i ONTUKH HeCHIOJiBaHO iCTOTHO
BIJIMHYB Ha Hallli yABJeHHA npo pyx. HociaimgsxkeHHs saABUIL, SAKi
BiflOYBalOTHBCA IIiJi Yac BeJUKHUX IIBUJAKOCTEH, OJIM3BKHX [0
IIBUAKOCTI CcBiTJIa, NMOKA3aJaM HE3aCTOCOBHICTH A0 HHUX 3aKOHIB
KJacu4yHOol MexaHikM, i Ha mouatky XX crt. Oyja cTBOpeHa Te-
opif pyXy Tin 3 BEIMKMMH MIBUIKOCTAMH — Teopia BimHocHOCTI.

§ 65 — IMPUHIAI BITHOCHOCTI EMHIITENHHA

Ilix yuac BuBUYeHHA (QiBHUYHHX SABHUIL HAcaMIlepen CJIij obparTu
cucTeMy BigJiKy, BiJHOCHO SAKOI BU3HAYAIOTBCHA IIBUJAKOCTI,
INPpUCKOpPeHHs 1 (dopma TpaekTopil pyxoMmux Ttin. Busuaiouwun
MeXaHiKy, MM HepeKOHANMCs, 110 Bci MexaHiuHi sBuimma Bigby-
BAIOTHCHA OJNHAKOBO B yCiX iHepmianibHHMX cuUcTeMaxX BiIjaiky 3a
OJHAKOBUX IIOYATKOBHX YMOB. Ileif BHCHOBOK JicTaB Ha3BY
MeXaHiI4YyHOro NpuMuHIUAUNODY BiJHOCHOGCTI.
Moro wacto (OpMYIIOIOTE Iie TaK: MWOOHUMU MeXAHIiYHUMU
docaidamu ecepeduri cucmemu He MONHA 6cmanosumu, nepeoy-
6a€ 8 CnNOKOl iHepyianbHa cucmema YU pyYyxaecmbvesi PIBHOMIPHO i
npAmoniviino. IlHAKIIe KayKydH, PiBHOMiIpHMM HOpPAMOJIIHIHAHHI
PyX CHUCTEeMH HiAK He BHJHBAa€e Ha MexaHiuHi sBuina B Hi#k. Tak,
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HaPHUKJAL, ¥ CAJOHI cydacHOro nacasKHpChKOro JiTaxKa, AKHA
agetuTs 31 mBpAaKicTio 800—1000 xMm/rox Bei mexaniuni asuina
Bl,aﬁyBanTLcﬂ TAK CamMo, HK i B unmitaky, daKuUA cTOITE Ha
aepogpomMi.

3Bijgcu BHUOJAMBAE, IO 3aKOHHM HEIOTOHA MAarOTh OAMH i TOH
caMU#i BUIJIAN B ycixX iHepmiansHMX cucreMax Bimmixky. Otmxe,
Oyae-AKka 3 iHepIiaJdbHHMX CHCTEM Bifjiky mMoxxe OyTu B3ATa
VMOBHO 3a HEPYXOMY 1 BHKOPHCTAHA IJIA OINHCY MeXaHidHuX
saepul. HaragaemMo, 110 KOJM Tijlo pyxXxa€eThbCd BiJHOCHO iHepHianab-

HOI cucTeMH 3i mIBuAKicTIO ¥, cama cHucTeMa PyXaeThes 3i IIBHL-
KicTio w BifHOCHO HepyXxoMoOl CHCTEMH, TO IIBHAKICTE U -Tixa

BiZIHOCHO HepyXOMOI CHCTEeMH BiJJiky mopiBHIOE V=u-+wWw.

IIe cnoiBBigHOIIEHHA HAaA3WBAKTL 3AKOHOM O000a6AHHA
weudxocmeit laninea (abo KJIACHYHHMM 38aKOHOM [JOJaBaHHSA
IIBUAKOCTE). '

3 POSBHTKOM €JIEKTPOAMHAMIKNM BUHUKJIO 3aIIUTAHHA: Y IO-
IIHPIOEThCA OIPUHIUI BiAHOCHOCTI i HA eJeKTpoMargiTHi apunia?
Imaknre: yu OAHAKOBO BiAOYBAIOTHCH EJIEKTPOMATHITHI mpolecu
(Bsaemopnia BapaaiB i cTpywmiB, sABMIIEe eJeKTpPOMArHiTHOI
iHAYKIil, OOIIMPEHHA eJeKTPOMArHiTHUX XBWJb TOIIO) ¥
BCcix imepumiagpHMX cHcTeMax BiAdiKy, um MoMKe piBHOMIpHUH
TMPAMOJIHIMHHN pPyX CHCTeMM BifiKy AKOCH BILIMBATH HA Xixg
eneKkTpoMargiTaux npouecis? Ilixg uac 3’ssicyBaHHA LBLOro HECHO-
OiBAHO BUSBUJHMCH CYIIEPEYHOCTi. 3 OgHOro 00Ky, eKCIIEpHMEHTH
[IOKa3yRaJu, 10 eJeKTPOMar"HiTHI ABMIla BigOyBalOTLCA B PiBHHUX
iHepuianlprHMX cHeTeMaX BiIIJIiKy 30BCiM OJHAKOBO. 3 iHIIIOro, —
BUABUJIOCS, IO INBUAKICTL CBiT/NIa He 3aJI€KHUTh BiJ IIBHIKOCTI
PYXy jioro micepena, T06T0 Rﬂ&cnqnnﬁ 3aK0OH JOoJaBaAHHA IIIBH]I-

KOCTell U=u+w. He CIPaBIXKYETBCA. -
3rigiHo 3 MexaHiYHMM OPHUHIMIIOM BiIHOCHOCTI, HIBHAKICTH
cBiTaa, Ak i 6yab-gKa iHIIA IMBHAKICTHL, Ma€ 6YTH BEeJIHUUYMHOIO
BignocHOIO, TOOTO 11 3HaAYEeHHS NOBMHHO 3aJle’KaTH Bin IHMIBHIKO-
cTi pyxy cucTreMHu Bigjiky. -AKinio BifHOCHO OAHiel cucTeMHu Bij-
JiKYy MBHIAKICTE cBiTJIA ,IlopiBHIOE: ¢ = 3-10% m/c, To BigHOCHO
Oyab-aKOol iHIIOI, AKAa PYyXaeThCa BiAHOCHO mepmIol 31 HIBUAKICTIO

U; BOHA Mac AOpiBHIOBaTH ¢ +u. Hanpuknan, 3emas pyxae-
Thesi HaBKOIO CoHNA 31 WIBUAKICTIO U, MIBUAKICTH CBiTIA B CHC-
remi BianiKy, 3B’as3ani 3 3emieto, nopiBHIOE €. SIKIO Hampsam
[OUINPEHHA- CBiT/Ia 36iraeThCcsa 3 HaANpAMOM pPyXy 3emui, To
INBUAKICTL €BITJIA B «COHAYHIiM» cucTeMi BiAJiKy mae AOpPiBHIO-
BaTH ¢ — U, 4 AKIIO CBiTJIO i 3eMiA PyXalOThCA B IPOTHJIEHKHHUX
Hanpamax, To ¢ + u. Hexaii Bac He OeHTeXXUTh Toli (hakT, IO B
OPUHIIUIIL BigHOCHOCTI HAeThcA NDPO piBHOMipHMI npaMo-
JiHiAHU# pyx, a 3eMiaa pyxaeTbca HaBKoJio CoHIIA 1o eJincy.
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Anbept
EMHIITENH
(1879—1955) >

Bunatauit dpisuk XX croairra. Hum crBope-
HO BUEHHSA PO NpOCTIip i yac — crnemianbHa
Teopisa BigHOCHOCTi. VY3arajJbHIOWYH IO
TeOpilo Ha BUIAJNOK HeiHepIliaJlbHHUX CHCTEM
Bigyiky, BiH mnobyayBaB -sarajbHy TEOpiio
BilHOCHOCTiI, siKA € CY4YacHOI0 Teopi€w
TsKiHHA. Broepmie gaB yABJIEHHA PO dac-
TMHKHA cBitia — dotonu. HMoro mpaus 3
Teopii OpPOYHIBCBKOTO PpyXxy MnOpuBena a0
OCTAaTO4YHOI IIepeMOrH MOJIeKYyJIAPpHO-KiHe-
TU4YHOI Teopil 6yI0BHM pPEeYOBHHU.

Pyx 3emini Ha HeBeJaukiil' mginaHni op6iTH MoOKHa BBaXXaTH
piBHOMIipHMM 1 npamoJiHiiiHnM, a obuaBi cucreMu BIAJIIKYy —
«3eMHY> 1 «COHAYHY» — BBa’)XaTH iHepIiaJlbHUMH.

Otxxe, 3 mornaay mexaHiku HproToHaA, pyx 3emMii Mae BILIU-
BATH HA IIBHAKICTL MHOIIMPEHHs cBiTia. Mixxk TuM, 4YucJIeHHI
OOCJIIIA NMepeKOHJHBO CBilYMJIIA Mpo Te, IO PyX 3eMJli HiAK He
BILIMBAE Ha IIBHAKICTH MOIIMPEHHSA CBiTJa i rajiseiBcbKUil 3aKOH
JONaBAHHA IMIBAMKOCTEH YV JAHOMY BUIMAJAKY He BUKOHYETBCH.

Poap’sizaHH#A i€l cynepeunocrti 6yao gaso A. E i H 1 T e #-
HOM ycrBopeHiii HMM y 1905 p. Teopii BigHOCHOCTI,
B OCHOBI sAKOI JeKaTh ABa MOCTYJIATH, TOOTO MHOJIOKEHHHA YN
ONPUHIHMIIY, AKI € pe3ayJbTaToOM ys3arajbHEeHHSA eKCllepUMeHTAaJb-
HUX gaHuxX. BoHH QOpPMYIIOIOTHCA TaK.

1. 3a momomorow Oyab-AKHX- GQisuyHHUX gociaigiB (MexaHiu-
HUX, €eJIeKTPMYHHUX, OITHYHHX TOINO), BHKOHAHMX B JeAKiN
iHepIiaJnbHi#A cucTeMi BiIJIiIKy, HEMOKJABO BCTAHOBUTH, epeby-
Ba€ I cHUcTeMa B CIOKOI 4YM pyxaeTbcsa PpPiBHOMIpHO i nps-
MoJIiHiMHO. IHaKmIe Ka)Kyuwu, Bci ¢pisuuHi aBuma BiadysaioThbCA
B ycCiX iHepuiaJbHUX cHCTeMax BiJJIIKy 30BCIiM OJJHAKOBO i B ycix
iHepLiaJIbHMX cHCTeMaXx BiJJIiKy (is¥M4HI 3aKOHHM MAalOTh OJHAKO-
BUH BUIJAL.

2. IITsupkicTes cBiTJIa Y BaKyyMi OoZlHAKOBa B ycixX iHepiiansb-
HHMX CHCTeMaX BiIJiKy i He 3aleXuTh Hi Big pyxy m:Kepeia
cBiTJsIa, Hi BiJg pyXy cHoocrepirada.

ITepmiuii mocrynar EifHmITellHa BUpaka€e II P U H I U O
BigHoOoOCcHOCTIi, AKMI € y3araJlbHeHHAM MexXaHi4YHOro nNpuH-
muny BigHOCHOCTI Ha Oyab-AKi ¢iswuHi npoumecu i.sBuUIa, y
ToMy umcii eneKkTpomarniTHi. Moro cripaBeanuBicTs miaTBepaskeHA
YUCJEHHUMH JOCJiJaMu, 110 CTABUJIFCA 3 METOK BHABUTH BIJIUB
opbiranbHOro pyxy 3eMJi Ha 3aKOHOMIiPDHOCTi €JIeKTPOMATrHITHHAX
ABMIL. Yci 1i mocaiay mokasasiy, I0 PyX 3eMJii He BIJIMBAE Ha
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ix mepebir. Takum ymMHOM, NPHUHOHUI BigHocHocTi EHHImMITEeHHAa
BCTAHOBJIIOE IIOBHY pPiBHONIpPaBHICTE ycCixX iHepuianbHHUX cHcTEM
BiOJIiKY. ' =

HApyruii mocTyJjar TaK caMo IIigTBEepAKEeHHIl eKclIepuMeH-
TanbHO. OgHAK, BpPAaXOBYIOUM BeJMYe3He 3HAYEeHHs Teopil BigHOC-
HocTi, 11 mocTyJaTH i HUHI DigAAralOTk yce TOYHINIMM eKCIepH-
MEeHTaJbHUM NepeBipkaM 3 BUKOPHMCTAHHAM HAWHOBIIIMX INIpPH-
naxiB i mMeroxiB nocaimxenusa. Tak, manpuxaazn,/y 1961 pomi
nepmiuid moctyaatr E#dHDITEeHHa OyJI0 eKCIepuMeHTaJIbHO
nepesipeHo 3a agonomoroil Biakpuroro y 1958 poui edexry
Mecbayepa, aB 1963 poui Oyna 3ailicHeHa nepeBipka B
nabopaTOPHUX YMOBAaX JAPYroro mocTyJIATy 3a JOIIOMOTOI AXKepeJ
raMma-BHIIPOMiHIOBAaHHA, AKI IIBHAKO pyxanucsa. Bel gocainm
MiITBEP/KYIOTE noctyaatu ElHIOTEHHA.

Hpyruii nocrynar E#fHmireilHa cam no cobi BHABHBCA He
TAKHM BiKe i1 HecnogiBaHuM. Hezane)xHicTh IIBUAKOCTI CBiTJIA Bij
LIBHU/IKOCTI JPKepeJja BHUILJINBaJIa 3 eJleKTpoMarHiTHol Teopii Mak-
cBeslyia (Le 3arajibHa BJACTHUBICTh XBMJIBLOBOro pyxy. llIBuakicTe
XBHJIb Ha IMOBEepPXHI BOAM BiAHOCHO BOJAM YU 3BYKOBHMX XBUJIb
BiZTHOCHD TIOBIiTPSA TAKOX He 3aJIeKUTh BiJ IIIBUJAKOCTI A3KepeJa).
AuJte AK110 BpaxyBaTH MEePIIMHA HOCTYJIAT — MPHHIMI PiBHOIIpaB-
HOCTi iHepHiajlbHHX CHCTEM, TO AicTaHEMO HECIIOAIBaAHHUN BMCHO-
BOK: weudkicms cgimaa y eaxyymi o0Haxosa 8 ycix iHepuyianb-
Hux cucmemax 8iduiky, mo6mo € abconomHow, a He 8i0HOCHOW
egeauvunor. llei, nigTBepmKeHWMNM gociaimamMu (GakKT CTANIOCTi
IIBUJAKOCTI CBiTJIa, CHPUYUHUB IOTpedy AOKOPIHHOrO Ieperyjdany
3BMYHHUX /[AJIfA HAIIOrO MHCJIEHHA yABJEeHb IIPO IpocTip i uac,
OCK1JBKH BOHHU CYIIEPEUYMJIM IIBOMY IPHHILHUIIY.

-

1. Yum npurnun BigaocHocti EifHmreiina BigpisHsersesa Big npuH-
nuny BizHocHocTi B mexaHini? 2. ChopmysnioiiTe npUHIHANH (IIOCTY-
JIaTH) Teopii BiAHOCHOCTI.

§ 66 — PEJIATUBICTCHKAN 3AKOH
JTONABAHHSA HMIBUAJIKOCTEN

Jlerko 3po3ymiTH, [0 KJACHYHHHA 3aKOH AOJABAHHA LIBU/I-
KOCTel cynepedyuTs JAgpyromy mnocryiary ElxmureiiHa 1npo
cTajylicTh MIBAAKOCTI cBiTna y Bakyymi. fkmjo sitak pyxaerbcs
3i mBHAKicTIO U i B JiTaky B HanpsaMi Horo pyxy HOHIMPIOETHCH
CBiTJIOBa XBHJIA, TO 11 IIBHJAKiCcTh BiZHOCHO 3eMJii, 3rigHO 3 ApYy-
riM roctyJjarom, mae 6yru ¢, a He ¢ + v, AK BHIJIMBA€E 3 KJIaCHU4-
HOro 3aKOHY IOJaBaHHsA mBHUAKocTed. OueBHIOHO, 1€l 3aKOH He-
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OPUAATHUM [OJIA BEJMKHX LIBHIAKOCTEH. ) WY
EitHmiTeiitH mokasaB, IO 3 IOCTYJIATIB P
Teopil BigHOCHOCTI BHUIIJIMBAE HOBHH u
3aKOH [OoJaBaHHSA MIBHUJAKOCTel, Tak s |s
3BAHUHA pe N A THBIicTCHBKMTHU
3aKkoH-(yci 3aKkoHHM M ed)eKTH, AKi € Ha-
CJIAKOM HOCTYJIATIB Teopii BiAHOCHOCTI,
YACTO HA3MBAIOTH PEJIATHBICTCHBKHUMH).
3anumemo neit sakoH (6e3 IOBeIeHHA)
AJIA OKPEeMOro BHHOAJAKY, KOJHU TiJIO py- Max. 124
XaeThcsa B3J0B¥ oci x’ cucremu s’ ai

IIBUJKICTIO U, a IIA CUCTEeMa, B CBOIO 4Yepry, 3i HIBUAKICTIO U py-
Xa€eTbCHA BiITHOCHO CHUCTEMH S, IPUAYOMY Oci x i x’ Bech yac 36ira-
ioTbea (man. 124). IlIBuakicTe Tista BigHOCHO cHCTEeMH S
JOpPiBHIOBATHME:

w:ﬁ. (66.1)
" 2

IIpoananiayemo mo (GopmMyny Ha KOHKPETHHX IPUKJIAAaX.
Hexa#t masycrpiu oAuMH OJHOMY JIETATH JBa KocMiuHi Kopabui,
KoxeH 3i mBuakicrio 8 kKm/c (BigHOCcHO 3emJui), TOOTO
u=v =8 kMm/c. flka mBuAKicTs OJHOTrO Kopabusa BiAHOCHO ApY-
roro? KinacuuyHuii 3aKoH JoJaBaHHA IIBHJIKOCTEH [Ja€ IIPOCTY
BignmoRigb: w = u + v = 16 km/c. ObunucieHHA 3HAYEHHA W 3a
(66.1) mae w = 15,9999999885 km/c, 10 MisdepHO MAaJgo
BifipisHsAeThCcA Bij nmonepegHBOro pesyabrary. HasBHI BUMIiplO-
_BaJIbHI nIpujagu He HAOTh 3MOI'M BHUABHUTH 0 pidHnnmw. Ile os-
Havae, M0 IIpU AoJAaBaHHI ABOX HMIBHJAKOCTeH mo 8 KM/c obuxBa

3aKOHM JAIOTh Pe3yJIbTATH, AKi mpakTWuyHO 30irarmrncs.
Poarnsinemo Tenep goxaBaHHA Oinbinux msBuigkocreil. Hexai
¥ KOCMIYHOMY IIPOCTOpPi HAa3ycTpiuy OJHA OAHIN pyxamloTbca 3i
mBuaKicTio 300 kM/c (BimHOocHO COoHIA) ABi YACTHHKH. 3 IIOTJIA-
AY KJACHYHOI MeXaHiKH, IBUAKICTE OJHi€l YACTHMHKH BiJITHOCHO
igmol 6yme w = 600 xm/c. 3a (66.1) ix BigHOCHA IIBHAKICTHL BH-
ABNAETHCA piBHOW 599,9994 kMm/c. Ik GaunMo, HABITH NJIsT TAKMX
BEeJIMYE3HUX, 3 IIOTJAAY HOBCAKIEHHOrO XHUTTH, IIBUAKOCTEH, AK
300 kM /c, peaaTuBicTcbKa opmyJta (66.1) He mae icToTHO iHIIO-
ro pesyasrary. IlpoTe nsa pisHUOA cTa€ MOMITHOK NPH 3HAYHO
6inbmINX mMIBHAKOCTAX. Tak, momaooyM [ABI mMIBUAKOETI 1o
100 000 km/c 3a (66.1), mn gmicramemo w = 180 000 km/c, 110
3HAYHO BiZpisHsAeTbCA Big KaacuuHoro pesyasrary (200 000 km/c).
Yum 6inpini MIBUAKOCTI MM IO0AAEMO, THM OIiJBIIOI cTae A
pisannsa. fAxmo pomaBarm mBuaAkocti v = 200 000 km/c i
u = 200000 xm/c, picranemo w = 277 000 xm/c, a He
400 000 km/c, AK ne mano 6 OyTH 3rifHO 3 KJIACUYHUM 3aKO-
HOM JogaBaHHsA mBHAKocTed. [lomarmoum ABI IIBHAKOCTI IO
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299 000 kM/c KokHa, gictaHemo auine w = 299 788 km/c, a He
598 000 km/c.

OcobauBo 1ikaBU# pe3yjabTaT JAicTaHeMo, KoOJHU ofguH abo
obuaBa NoAAaHKH AOPIBHIOIOThH INIBUAKOCTI cBiTya ¢. Hexaii u = c.

Toni
c+ U

W=
1+
- cz

Ileit pesyabTaT NOBHICTIO BiAIOBiZae APYyromMy MOOCTYJaTy
E#nninrerina. Hexait Tenep odmasi msBuaKocTl U 1 ¥ AOPIBHIOKOTH
HIBUAKOCTI cBiTna ¢. B npoMmy BUnagky

w:ir’.c. =
2

l+c—2

c
Takum umMHOM, AKiI 6 ABI IIBHMAKOCTI MM He JAoJaBajid, He
MOJKHAa JicTtaTH IIBUAKICTb, sAAKaAa 06 nepeBMIIMJIa MIBHIKICTH
cBiTna y Bakyywmi. lIBuakicTs c¢BiTJIa Yy BaKyymi € rpaEMYHOIO

IWBHAKICTIO NepeJaBAHHA CHTHAJIB.

Cain nmigxpecauTH, 110 caMe LIBHAKICTE CBiTJia Yy BaKyyMi €
rPAHUYHOIO MIBUAKICTIO, AKY He MoOxXHa nepesumguru. Ilsug-

KicTh CBiTJIa B I€BHOMY CepeaoBHINL JOPiBHIOE %, e n —
NOKa3HUK 3aJIOMJIEHHSI I1LOr0 cepeloBUINa, HE € 'PAHUYHOIO Be-
JUYHMHOIO.

Axmo mBuAKOCTI U i u ayxe Masi MOpiBHAHO 31 MIBUAKICTIO
cBiTna ¢ (tobrov < e¢iu < c¢), TO UneH U—g<< 1 i auM MoxHA

- 4 = c » s w
3HexTyBaTtu. Toai samicts (66.1) gicranemo raaiysieiBCBKHUN 3aK0H
OogaBaHHA IIBUIAKOCTEH w = v + u.

1. YuM pesATHBICTCHBKHH 3aKOH JOAABAHHA IIBHAKOCTEN BiApisHA-
€ThCA BiJl 3aKOHY AOAABAHHA IMIBHAKOCTEN Yy KJIACUYHIiN MexaHimi?
2. Kocmiunmit xopabens Binmanserbcsa Bixg 3emui 3i mBmakictio,
6JIM3BKOI0 [0 IIBHAKOCTI cBiTsa. ¥ Hanpsami moneoTy Kopabas Koc-
MOHABT JUBHUTHCA B A3epkayio. Ym nobauyuTk BiH cBoe 3006paxeHHs?

§ 67 — 3AKOH B3AE€MO3B’SI3KY MACH
Y EHEPTII

IIpunyctumo, o Tpeba 3HAWTH IUBHAKICTE e€JEeKTPOHIB,
HabyTy HHMH B €JeKTPOCTATHYHOMY IIOJIi 3 Hanpyromw
U = 4,5-10% B. BacrocoByoun 3akoH guHamiku F = ma i MHO-

KaYMu HA NPOHOeHHI eJIeKTPOHOM IIJIAX s:%at2 obuaBi wacrtHu-

- .2 2
HU piBHAHHSA, AictaHemo: Fs=m “2‘ abo E, = ”‘; . 3 iHmoro
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GoKy, HaDyTa €JEeKTPOHOM B eJeKTPOCTATHYHOMY MOJIL eHepris

nopisuioe eU. Orxe, e‘U_:%mv2 , BBigKM p= (_2:1£ . HigcraBins-

IOYM YHCJIOBI 3HaAUeHHA BeJIWYHMH, AICTAHEMO:

v=40-10% m/c = 13 c.

TakuM YMHOM, INBUAKICTE €JIeKTPOHIB 3HAYHO IEePeBHILIMIA
® rpaHMYHY IIBHUAKIiCTE ¢, AKOM BOHH MHNiJKOPAJHUCA KJIACHUUHIH
puHaMini. OgHaK aAoc/igu MOKa3viOTh, [0 3aBXIHU U < c. Ie

o3Ha4ae, 10 KJacuyHa GpopMmyna KiHmeruuHol exeprii E, =—21—mv

HelpugaTHa AJs o04iicjieHb PYXY YACTHHOK 3 BEJIUKHMH IIIBH-
KOCTAMM, '

Y kraacuuniilt MexaHini eHeprisa Hepyxomoro Tina (abo cucre-
MH) 3 3aJJaFHOI0 MAacol m AopiBHIoOBasa HyJw. Tinxo (uu cucrema)
HaOyBaJlO eHeprimo, Julle KOJH IouHMHaNo pyxaruca. Omxe, vy

mexanini HeoToHa Tijlo Maao Tinpku KiHeTHUYHY eHepriio % muv2.

Teoplﬂ M Bl,lIHOCHOC'I‘l JOBONHUTH, ]'.LI;O 6Y,J.T.L AKe Tl.}IO AKe
'BiJIBHO pyXaeThbCHA, MA€E eHeprii

) _
b OET L (67.1)
Vo2 !

3BiZcH BHAHO, L0 Oyab-AKe Tijo, sKe nepebyBa€e B CIIOKOI
(v = 0), mae enepriio cnokoio E; = mocz (abo BiaacHy eHeprimo).

Sfxwuii samicr opmynu E, = mocz? 3a 1nie GopMyJIOH BH3HA-
4al0Th MaKCHMAaIBHY €Heprilo, AKa Mo)Ke OyTu ozeplkaHa Bin
Tijla 3 Macol0 CIOKOI M, HAKINO0 BOHO NePeTBOPUTLCA B Ma-
TepianbHUE 00°€KT, MO30aBJAEHHII MACH CIIOKOI0, TOOTO B €JIeKT-
poMarsHiTHe BUIIPOMiHIOBAHHS TiJja.

MosxkHa ckasaTu, L0 {gMiHa eHeprii cookomo Tina npo-
nopuiiHa smiHi mMacu Tingygfkmo Tijgo (cucrema) 3 Macorw Cro-
KOI0 m, BUALINIO eHepriio AE, maca COOKOI LBOr'o Tina mae
3MEeHIIUTHCA Ha Am, npuyYoMy, AK i paHilnie, eHeprisg CIIOKOIO 1I0-
BUHHA OyTHU 3B’sA3aHa 3 MACOIO CIIOKOINO CIIiBBIAHOIIEHHAM:

E, = AE = (my = Am) £2 = mye® = Am¢?, (67.2)

Beizcen Bummsae, mo AE = Am - c2.

Benuuuna Am HasupBaeTbesl J e dpe kK TOM Mac u. Borua
TIOKAa3ye, Ha CKINLKY 3MEHIIHUTLCA MAaca CIIOKOI0 Tijga, AKINO BO-
HO Bigmamso eHepriro AFE, abo, HaBOIaKu, HA CKIJBKM 3pocTe Maca
CIHOKOI0 Tima (cucreMu), SAKIIO BOHO IIOINIMHYJO eHepriio AE.
Hanpuknajg, HarpiBalYuch eJeKTPUUYHAM CTPYMOM, IIpPacKa Ha-
Ooysae mesHOI Kinbkocrti enmeprii AE. Ii maca cnokoo 3pocrae Ha
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Am = AE sz
BEeJIMYMHY AM =—-. ABo, CTUCKAIO4YH NPYKHUHY, MM HaZAEMO 1il
&

kx®
2
4Oro Maca CIIOKOIO MPYXKHUHU 30iabIIyeThea HA Am =

OOOAaTKOBY eHeprio AE= (e x — cTUCKaHHS), BHACJLIOK

i

. Axmo
C2
HabAM3uTH OZHEe A0 OAHOIo pPI3HOMMEHHO 3apsA/i)eHi Tina, ix
AFE
AE (ne AE —

30inbIIeHHs NOTeHIliaJabHOl eHepril cucremu, mi0 AOPIBHIOE PO-
6ori, 3aTpayeHil HAa NOZOJIAHHA CHJI BigITOBXYBaHHA). MokHa
HaBecTH ¥ iHmi npurnagu. OgHAK cJIif HAroJOCHUTH, II0 B yCiX
HaBeJeHHUX NpUKJIagax i nmogibHMX A0 HUX 3MiHA MAaCH CITOKOKO
HACTiNIBbKHU MaJjia INOPiBHAHO 3 MAacol Tija, 1110 BOHA He MOMKe
OyTH BUABJIEHA eKCIePUMEHTa/JbHO. JIHlue mif yac rmepeTBOpPeHb
AaTOMHUX si/iep 1 eJIeMeHTapPHUX YACTUHOK 3MiHU eHeprii BUABIA-
IOTHCA " HACTIJIBKM 3HAYHUMM, II0 ¥ NOB’A3aHI 3 HUMH 3MiHN
MAacy CIIOKOI0 BUSBJAKTLCH MOMITHHUMH.

A. Eiigmreiis nokasas, o crniBBigHomeHHA AE = Am-¢” ¢
CIIpaBeJINBUM AJsA Oyab-sKkoro Buay eHeprii. Bouo gicrano ua-
3By 3akony EliHmITeliHA Npo B3aEMO3B’'A30K Macu i eneprii, Leii
3aKOH € OJHUM 3 HaAWBAXKJMUBINIMX 3aKOHIB cydacHOl (Pi3UKH.
SAnepHa TexHika, (pizuKa NPHUCKOPIOBAYiB i eleMEeHTAPHUX YACTH-
HOK Oyau 6 HeMOXJHUBHMHU ©Oe3 ICHyBaAaHHHA 3aKOHY IIpoO
B3aeMO3B’A30K MacH i eHepril. Hayka i1 TexHika Harpomajauin
BeAWYe3HY KiJbKicTh ekcrnepuMeHTaJNbHHUX (akTiB, fAKi 3 Buco-
KHM CTYII€eHeM TOYHOCTI migTBepikyloTh 3akoH EiHIITEHA.

cyMapHa Maca CIIOKOIO 3pOCTe Ha BeJIH4YUuHy Am =

i BUCHODBKU

Teopisa BiAHOCHOCTI ONHKCYE PYX TiJl 3 BEJIMKHMH ILIBHAKOCTS-
MU, AKl HabmmKalOTHCA OO0 MIBUAKOCTi cBitna. B 11 ocHoBi Je-
»aTk ABa NPUHHOMNU (nocrtyJsaru): 1) B yeix iHepuianbHHX cuc-
TeMax Bimimiky Bci ¢ismuHi ABHmIAa BigOyBalOTHCA OJHAKOBO;
2) mBHIKiCTE CBiT/Ia "-OAHaAKOBa B YCiX iHepuLiaJlBHHX cHCTeMax
BifJIiKy, TOOTO BOHA He 3aJIeXKUTh Hi BijJ ILIBHUAKOCTI pyxXy mxe-
pena, HiI BiJ IMBHUAKOCTI pyxy mnpuiimauya csiTna. IIBuakicrs
CBiTJIa y BaKyyMi € rpaHMYHOIO HIBHJKICTIO NepegaBaHHsA Oyib-
SAKHUX CHUI'HAJIIB.

3aKOH JOoJaBaHHA IUBUJAKOCTEeH y Teopil BigHocHocTi Mae
BUIJIAL: i

w= F__v—:— .

2
C

Misk macoro Tijia i #HOro eHeprie€ iCHye B3a€EMO3B’SA30K:

E = mc?2.



KBAHTODBA

PISUKA

POBAIA VI

CBITAOBI KBAHTM. All CBITAA :

PoarasnyTi BHIe aABuINa iHTepdepeHIii, audpakiii, guc-
nepcii i nmonsipusanil cBiTja cBiguaTb, IO CBITJIO Ma€E XBHJILOBI
BjaacTuBocTi. OxgHakK y Inpolleci BHMBYEeHHs B3aemMoxnil cBitaa 3
peuoBuHo B KiHni XIX i Ha nouarky XX cT. OyJIO BiIKPHTO.
JesKl ONTHUYHI ABUIIA, AKI He BEIaBajioCs NOSACHHUTH 3 TOUKH 30PY
eJleKTpoMartirsHoi reopil cBitsa. ¥ 3B A3KY 3 MM BHHHKJIO HO-
Be YSABJEHHSA IIPO CBITJI0O SAK IIOTIiK CBOEPIAHMUX YaAaCTHHOK —
dboToHiB,al0o K BaHTI1B cBirJa.

¥V upomy poafgiji poariasiHeMO sSABUIlA B3aemo/il ceiTna 3
PEeYOBHHOIO, PO3YMIHHA AKHUX HA OCHOBi ysABJIeHHs PO CBiTJIO AK
€JIEKTPOMArHITHI XBHJII BHKJHMKAE 3HA4YHI TpyaHoIinl abo
HeMmoxkJauBe. OJHUM 3 TAKHX ABUIL € (POTOEJNEKTPUUYHUEA edeKT.

§ 68— ®OTOEJEKTPUYHUU EGEKT
I HOrO 3AKOHH

CeiTno, magarwyu HA I[IOBEPXHIO MeTany 1 MOTrJAHHAIOYHCh
Hel0, BUPDUBa€ eJeKTPOHHU 3 merany. lle ABuine BUpMBaHHA eje-
KTPOHIB 3 DPEYOBHWHH MiJ Ji€0 BUNPOMIiHIOBAHHSA OiCTA/JI0O HA3BY
pomoenexkmpuyurozo eherxmy. PoroedeKT MOIKHA CIIOCTEpiraTH
Ha TAKOMY IIPOCTOMY JAOCNiJi: ouMIeHiNH go OauckKy i sakpinge-
HIf Ha eJIEKTPOCKOIIl IIMHKOBi# NMJIaCTHHIII HAJAOTh HETraTHBHO-
ro sapany (Haamip eJIeKTPOHIB noJermye ix BUIIPOMIiHIOBAHHA) i
Ai10Th Ha Hel BUNPOMIiHIOBAHHAM €JIeKTPUYHOI OYrHM YU PTYTHO-
kBapueBol jgamnu (masn. 125). Ilpu nboMy NjaacTHHKA IBUAKO
PO3PAAMKAETHCA, L0 CIOCTEPiraeThbca 3a JOIOMOTOI0 €J1eKTPOCKO-
na. AKOpo NJacTHHKY 3apafATH IIO3UTHBHHUM 3apsaoM, Higakol
3MiHM 3apAAy NJACTHUHKY IIOMITUTH He BracThes. Hocuain 3 nyxe
YYTIMBUM €JIEKTPOCKOIIOM IIOKaadye, IINOo MiJi 4Yac oOCBiTJIeHHHA
He3apAAXKeHOl IIMHKOBOI ILJIACTHHKM OCTAHHSA 3apAIKacThbCH
NO3UTUBHO (BTpPAuyalO4Yu HEraTHUBHUN 3apang).

ITosacHOETHCA L@ THUM, 1[0 CBIiTJIO BUPUBAE €JIEKTPOHH 3 I10-

181



Man. 125

BEPXHI NJAaCTUHKM i, AKIO BOHA 3apsj’KeHa HEraTuBHO, eJIeK-
TPOHH BIJIITOBXYIOTHCA Bijl Hel i e1eKTPOCKOIl PO3PAMMKAETHLCH.
Axmo 3apsan NJIACTUHKY ITO3UTHUBHWUM, BUPBaHI CBITJIOM eJIeKTpO-
HHU MNPUTACYIOTHCA [0 NJACTHHKH 1 3HOBY ocigaroTh Ha Hii. Tomy
3apA/l eJJeKTPOCKOIa He 3MIHIOEThCA. ¥ pasi OCBiT/IEHHA He3aps-
JXKEeHOI MMJACTUHKHM OCTAHHS BTPA4ya€ eJIEKTPOHHU i 3apsAaKaeTbCs
MO3UTHUBHO. =

Hocnigkyodu 3aKoHOMipHOCTI (hoToedeKTy, AVIKEe BarKJIUBO
3’sicyBaTH, BiJ 4YOro 3ajie’KHTh KiJbKiCTh BUPBAHUX 3 HOBEPXHi
PeYOBUHH eJeKTPOHiB i ix mBuakicrs. IIpunnumoBa cxema
cyuyacHOi yCTAHOBKM JJis AociijxeHHsa doroedeKTy MoKasaHa Ha
manoHKy 126. Ilyyok oaHOpigHOro cBiT/Ia Kpi3bk KBapIOBe
BiKOHIIE CIIPAMOBYETHCS Ha NOCJaiyKyBaHy miacTuHky K, Bmiie-
HY B IIOCYJHWHY, 3 AKOI BHKaduaHoO MoBiTpsa. Mi) HJIacTUHKOIO,.
AxKa € Katonmom K, i aHOIOM A CTBOPIOETHCH €JIEKTPUUYHE II0JIEe.
Hanpyry mixk KkaToZoM i aHOAOM MOXKHAa PeryJiloBaTH 3a JOIIOMO-
row mnoTeHrniomerpa. EJeKTpoHHM, sAKiI BHOYCKAOTHCA KaTOAOM
mig yae MOro onpoMiHEHHS CBIiTJIOM, PyXalOThCs IIig Hi€l0 eJIeKT-
PHAYHOrO TOJIA J0 aHojma A i B KoJi npunajay rtede (oTrocTpyM,
CHJIy SIKOI'O MOXKHa BHUMIipATH ranbBaHomerpom [,

Ski0o Ipy HE3MiHHOMY CBITJIOBOMY MOTOILl, AKUH Iagae Ha
karox K, mocrymoBo migBumryBaTH ‘Hanpyry mixk K i A, cuia
thorocTpyMy crodarKy 3pocrTrae, a M[OTiM c¢Ta€ crajol, TobTo
mepecrae 3ajsiexaTtu Bijg mHanpyrm (man. 127). Haibinema cunia
dorocTpyMy, iKa BUHUKAE IIPpH HE3MiHHOMY CBITJIOBOMY NOTOIL,
Ha3UBAEThCA QOMOCMPYMOM HACULEHMHA.

OueBugHO, @OTOCTPYM HACHUYEHHA BMUHHUKAE 3a TaKHUX
HAIPYr, KOJU BCi ejiekTpoHu, BUOUTI cBityiom 3 Karona K, pocs-
raijore asHoga A. Orixe, dorocTpym HacudeHHS MOKe Oyru
KiJbKicHOIO Mipoio (oroedexkty. IlocrynoBo 36iabIITYBATUMEMO
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cBiTJIOBUII NOTIK, AKMH namae Ha kKatona K, i BuMmiproBaTumMeMmo
cuay (POoTOCTPYMYy HacH4YeHHA. Mu nepeKoHaeMocH, 1[0 cuiaa ¢o-
TOCTPYMY HaCHMYEeHHA NMPAMO NPONOpILiiiHa nmagawo4domy Ha ¢GoTo-
KATOX CBITJIIOBOMY IOTOKRY (nepuwuit 3akon poroedexry).

Ileit 3aKOH JIErKO 3pO3yMiTH: UMM OijibllIa eHeprisa naazarmodo-
I'0 CBiTNMOBOIO NyuKa, THM 6inbiny KinbKicTh eeKTPOHIB el my-
Yok BHOMBae. MolKHa TakKo)X IIepeKOHAaTHCH, 1o (qoToederT
npakTuuyHo ©Oe3i”Hepuiiinuii. IHTepBan yacy Mi»K MmouaTKom
ocBiTNEeHHA i MOABOIO (hoTocTpyMmy He nepeBuinye 102 cexyHam.
Ile nerko moMiTHUTH, MMePEKPHUBAIYM NYYOK CBiTJIa HEIPO30OPHUM
eKpaHoOM, a IOTiM npuiimMmaroyuu eKpaH.

Tenep 3a He3MiHHOro CBITJIOBOrO IOTOKY 3MEHINYBATHMEMO
Hanpyry misxxk H i A. 3a gocurTh Majaux HAOPYTr cUia (POTOCTPYMY
[IOYMHAE 3MEHINYyBaTHCA, OJHAK HABiTHL NpHU HAnpysi, piBHiN HY-
JII0, CTPYM Yy KoJi He 3Hukae. lle cBimuuTes mpo Te, mio cBiTio,
BUPHMBAaIO4YH eJIeKTPOHM, Haja€e 1M KiHeTHdyHOI eHepril i BOoHU mo-
CATAIOTh NOBepXxHiI aHoza A. 3HadyeHHdA IIiel KiHeTHYHOI eHepriil
(abo mMBHUAKOCTI eJIEKTPOHIB) MOKHA BU3HAYMTH Tak. IlomiEsgeMO
MicuamMu noniwocu 6arapei, mob6 CTBOPUTH Mi3K KaTOAOM 1 aHOLOM
eJIeKTPU4YHE II0JIe, AKe rajJbMy€ PYX eJeKTPOHiB. ¥ IIbOMY BH-
najKy eJeKTPOHH, AKi pyxawTecd Bij miactuakn K 1o naacTuH-
Ku A, 3a paxyHOK CBO€l KiHeTHUYHOI eHeprii BUKOHYIOTH POGOTY
OpoTH cuJa moJsa. koo 36iMbIIMTH HANPYMKEHICTh raJbMiBHOTO
noJjs, cujaa (POTOCTPYMY 3MEHIIYETHCHA i IPpHU MeBHiA Hanpyai Ua
doTtocTpyM B3arayi npunuHserbca. Ile osnauae, o HaBiTEH ese-
KTPOHM, AKI BHJETIIM 3 MaKCUMAJBHOIO INBHAKICTIO 3 mMeTay,
BXK€ He MOMKYTH IIOJ0JIATH raJIbMiBHY Mil0 €JeKTPUYHOI'0 IMoJdA i
posietiTa 40 nsacTUuHKU A. IlosHauyumBmIM HailiMeHITy 3aTPHUMYIO-
4y HANpyry, 3a fKoi NpUNAHAETHCA QoToCcTPpyM, uyepesd U, mak-
CUMaJbHY LIBUAKICTH BUOMTHUX €JIeKTPOHIB uepes v, a iX 3apsan
i macy BigmoBiziHO € 1 m, MO)XXHAa 3anucaTH:

2mvl =eU,. (68.1)
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OTtixe, BUMIpABIIM 3aTpuMyrody Hanpyry U, 3a AKol npunu-
HAETHCA DOTOCTPYM, MOXKHA BU3HAYHUTH MaKCHUMAaJILHY KiHeTHY-
HY eHepriro (abo mBUAKICTE) BUOMTHX BUNPOMIHIOBAHHAM eJIEK-
TpoHiB. IIi BUMipIOBAHHA A& MOXKJIHBICTE BCTAHOBHUTH JOCUTH
HecHnoZiBauuil (pakT: MaKkcMMaJgbHAa INBHAKIcTs (200 KiHeTHuHA
eHeprifg) BMOHTHUX BUIPOMIHIOBAHHAM e€JIEKTPOHIE 30BCiM He
. 3aJIeKMTH Big OCBITJI€eHOCTI moBepxHi, a BH3HAYAETHCA JIHILE
yacToTow (a6G0 MOBMKHMHOK XBHJiI) IHOr0 BHUNPOMIHIOBAHHA
(Opyzuit saxon dorcedekTy).

Axmo ma doroxaros cIpAMOBYBATH INOYEProBO BHIIPOMIiHIO-
BAHHSA 3 Pi3HOIO HJOBMWHOK XBHJII (4acTOTOIO), MOKHAa IIOMiTHTH,
o 3i 36inbuIeHHAM JOBMXKHHMA XBHJL (400 3MeHIIEHHAM YACTOTH)
KiHeTuuyHAa eHepris (abo mWIBHOKiICTE) BUOMTHX eJ€KTPOHIB 3MeH-
IIYETHCA, 1 3a meBHOI AOBMKUHHU XBHJIL KiHeTmumHa eHepria (abo
‘IIBUAKICTE) BUABAAETHCA PiBHOIO HYJMNII0, TOOTO (hoToedeKT 3HUKAE.
Haibinpa poBskuHa XBHJL, 3a sAKOl Ie MOKHa crocTepiraTu
doToedheKT, HAZUBAETHCHA UEPBOHOI0 MmedxHcelo Gomoederxmy.
TepMmin «dyepBoHA MeXKa» HOigKpecnioe, 10 ¢oroedexkT obMerxe-
HHH 3 OOKY ZOBrOXBHJILOBOI YACTHUHU CIIEKTpAa.

OTie, He KOXXHe BHUIIPOMIHIOBAHHA 3JaTHE BUKJIHKATH (GOTO-
ederT. IIpoMeHi, AKi MalOTE AOBMXHUHY XBWJIi, OLIBITY 38 UepBOHY
MexRy dporoedheKTy kq, He BUKJINKAIOTH QOTOENEKTPHYHOIO CTPYMY,
AKY 6 OCBiTJIeHiCTH He CTBOPIOBAJH IIi MPOMeH1 HA MOBepXHIi Tina.
HasBHicTs 4epBOHOI MesKi € oxHi€ 3 YyAOBMX OCOGIHBOCTEM
doToedeKTy, AKY He MOMKe NOJACHHTH eJJeKTPOMAartHiTHa Teopis
cBiTiA.

Hocuigu 3 ocBiTieHHaM GOTOKATOLIBE 38 pisHHMX Marepianis
MOKasanau, N0 4YepBOoHA Mexxa ¢oroederTy pisHa aas pisHHUX
PEYOBMH 1 € BeJMYNHOIO, XapaKTepHOI AJA [aHOl PEeYOBHHH.
YepBona me:xka ¢doroedeKTy BHIHAYAETHCH JHIIe MaTepiajom
OCBIT/IIOBAHOIrO €JIEKTPOaa i He 3aJIesKUTh Bij Horo oceiwieHocri
(mpemiit 3axoH GHoTOEdEKTY). _

Sxmio nepmimit sakoH @oroedeKTy MOXHa ITOACHUTH HA
OCHOBi esnexkTpomarmiTHOI Teopil csirTsa, To Apyru#d i Tperii
3aKOHM Ha OCHOEBI1 Iiel Teopil mosicuuTy He mosxkHa. Cropasni, 3a
XBUJLOBOIO Teopier ¢doroedekT Mae cmocrepirarucsa 3a 6yab-
AKOI YacTOoTH (DOBXHMHM XBHJi) cBiTJyia, OCKiNIBKHM eHeprig, AKy
OZlePIKy€E eJIeKTPOH IIPH PO3ToiiAyBaHHI HOTro ejleKTPOMarHiTHOIO
XBHJICIO, 3aJIe?KHTHh BiJ eHepril XBuJi, a ocTanHA BH3HAYAETLCH
aMINIiTYSOI0 KOJIMBAHHA, a He JOBXKMNHOKW xBuiai. OTike, 3a O0yab-
AKOI JOOBXKHMHHM XBHJi, HKIIO CBiTIO Ma€e agocTaTHIO iHTeH-
CHBHICTH, MOYKHA YeKATH BHUIIPOMIHIOBAHHSA €JIeKTPOHA 3 METAJY.
KpimMm TOro, 3 XxBUJILOBOI TOUKH 30Dy, KiHeTHuHa eHepria BHOUTHX
eJeKTpOHIB Mana O 3aJeskatTw Bij oOcBiTJIeHOCTI mnDoBepxHi,
OCKinbKW 31 30GiNBIIIEHHAM OCBITJIEHOCTI -eJIEeKTPOHOBLI meperasa-
gacsa 6 Oinbina exeprida.
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Ilpore Hi HasaBHicTb 4YepBOHOI Mexxi doroebhexTy, HiI Hesa-
JIEKHICTh HIBUAKOCTI BUOMTHUX eJIeKTPOHIB BiJ CBiTJIOBOro MIOTO-
Ky He MOXKHa NOSICHUTH 3 TOYKH 30PYy eJleKTpoMardiTHol Teopii
cBitia. TpyaHoii B TaiymMadeHH]I aBunia goroedeKTy BUKJINKAJIH
CYMHIBM B YyHiBepcaJbHOCTI 3acTOCyBaHHA eJIeKTpOMAarHiTHOI
Teopii cBiTna i npuBenn A. EifHmTeliHA 10 CTBOPEHHS KBAHTOBOT
Teopii critna.

1. ¥V uomy nonsirae siBumie doroederTy? AK HoOro mMoxKHa cmooc-
repiratu? 2. ChopmynioiiTe 3akoHH (oroedexty. 3. IIlo HasmuBa-
IOTh YEePBOHOIO Mekeio doroederTy? Yu 3amerxkuTh BOHA Bij Mipu
ocBiTaenocTi marepiany? 4. flk posymiTé TBepAIKeHHA: <«4YepBOHA
mexka doroedexry nns Hikemo A, = 2,475-10°7 mM»? Ym cmoc-
Tepirarumersca GoToedeKT mif wac OCcBiTIEeHHs HiKesIO cBiTioM 3
n0BxuAHOI XBUai A = 3-1077 m? A =2-1077 m? 5. Un mMokHa nosAc-
HUTH JpYyruil i Tperiit 3akoHu GporoedeKTy 3 TOUYKM 30PYy €JeKTpO-
Mal“rliTHO'l' Teopii cBiTna?

§ 69 — PIBHAHHS EMHINTENHA.
KBAHTH CBITJIA

Y 1905 p. A. Eiinmureiin nokasas, 10 3akoHH (oToedeKTy
JerKo nodACHIWKTLCH, AKIIO MNMPpUIOYCTHUTH, IO 6}’2{]:--5{!{9 eJIEKTpO-
Mar"diTHe BHUIPOMiHIOBaAHHS, B TOMY 4YHcJi i cBiTJIO, momim-
PIOETHCsI B IIPOCTOPl yV BUIJIAAL OKpeMHUX IoOpLiid eHepril —
K BAaHTIB enekrpomMarHiTHoro nonsa. Ili kBaHTH iHaKIue
HaszuBawThecad (G o T o0 H a M u. EHepria KoMxHOro KBaHTa cairJa
(porona) mopiBHIOE:

€ = hv, (69.1)
Je V — 4acToTa KOJIMBaHb B eJleKTpoMarHiTHii ceitaoBii xBuii,
h — woediuienT, sxkui gicraB Ha3By cranoi Ilnanka (Ha 4yecThb

Bigomoro nimenskoro diszuka M.IInanka). Ii uuciaoBe 3HaueHHSs
h=6,62-10"3 ITx-c.

Taxum yuHOM, 3a KBAHTOBOI TEOPi€lO, CBiTJ0 € MOoTOKOM (PO-
TOHIB, AKI pyXalwThkecsi 31 WIBHAKicTIO cBiTiaa c¢. B omHopignomy
csiTni 3 vacroroo V sci (GOTOHM MalThL OJHAKOBY eHepriwo Av.
[TornuHaHHA cBiTHa [D0JArae B TOMY, 110 (POTOHH IepemalThb
BCKH CBOIO eHepTriimo aromaM i MOJIeKyJlaM PEe4YOBHHH,
TOOTO MOrJIMHAHHA CBiTJla, AK 1 MOoro nNomupeHHA, BiOyBaeThCcHA
liepepyuBYacTO (AHCKPETHO), OKPEMHMU IOPILiIAMH.

IIi yaABJAeHHs NPO MNOIIMPEHHs i IOIJIMHAHHA CBiT/Ia IaJau
MOMKJINBICTE MosicHUTH saABUILE (oToedekTy. PoroedeKT Biady-
BA€EThCA B Pe3yJIbTATi NOrJMTHHAHHA (DOTOHIB BIJIBHUMII €JeKTPO-
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(1858—1947)

BupaTHuil HiMenbkuil (isuK-TEOpeTHK, 3a-
CHOBHMK KBAHTOBOl Teopil — cy4dacHOl Teo-
pil pyxy, B3aemMojil i B3a€MHHMX IepeTBO-
peHb MiKpockomiyHux dyacTuHoK. B 1900 p.
BIIepIile BBiB yABJEHHSHA [P0 Te, 1[0 eHepris
ocuuiaATopa (cHcTeMH, AKa 3AIMCHIOE rap-
MOHiIUHI KOJIMBAaHHS) HAOyYBaEe IUCKPETHHX
3HA4YeHb, NPOMNOPLIHHNUX YaCTOTL KOJMBAHL.
BunpomiHeThCA eJIeKTpOMArHiTHA eHepris
OCLIMJIATOPOM OKpeMuMM nopiisimu. Bararto
3pOo0OUB A1 PO3BHUTKY TepPMOIUHAMIKH.

Hamu MerasaiB. KoskeH ¢poToH B3aeMoagie muile 3 OJHUM eJIeKTPO-
HOoM (Man. 128). Buacaigok norsimHaHHsA (pOTOHA €J€KTPOHOM HO-
ro eHepriss hAv Oyne NoBHicTIO nepegaHa ejneKTpPoHOBi. Akio s
eHepris MeHIua 3a poboTy BUXoAy A ejleKTpoHA 3 Merany: hv < A,
doroethexkT He BiAOYBaAaETbCA (IOCHUIIOETHCH TEIJIOBUM PYX eJIeK-
TpoHa). fIkuio eHepria ¢poroHa hv gopiBHioe abo Ginbiia 3a pobo-
Ty BUXoay: hv =2 A, ¢oroedekT BindbyBaernses. IIpu oMy, AKIIO
eHeprisa (oroHa nepepulillye pobory BUXO0OAY, PIZHUIA MiXK HHUMU

[IepPeTBOPIETECH B KIHETUYHY eHepriio —%—mv'z (doToesieKTpPOHA.

Topni, 3rigHo 3 3aKoHOM 30epe)KeHHsI 1 IepeTBOPEHHs eHeprii,
MOXHa 3anmMcaTH:
hv:%muz+A. (69.2)
IIss ¢opmyna, sanponoHoBana y 1905 p. EiiHwmreiiHom i
OiATBep/KeHa MOTiM UYMNCJIeHHUMHU eKCIepUMEeHTAMH, Ha3u-
BaeThCA pisHAHHAM ElunHwmeina 0aa pomoeperxmy.

® OO O @
®DODDD D@

Maun. 128
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Pisaauusa Eilnmreiina gae MOMKJIUBICTE NPABUJIBHO MOACHUTH
Bci 3akoHH ¢doroedekTy. 30iabmIyIOUM CBiTIOBHMH noTik 06e3
3MiHHM UYACTOTH BHUIPOMiHIOBAHHSA, MM 30iJBNIVEMO KiJBKiCTH
¢doroniB, aAki nagaroTs Ha dortokaron. Ile Bene no 36inbpHIEeHHSA
KibKOCTI BUpBaAaHHMX €JIEKTPOHIB, a IX MaxKcuMaJlbHAa KiHeTH4YHAa
eHepria He B3MIHIOETBLCH, OCKIJIBKM KOXXeH eJIEKTPOH icrae
eHepriio ogHoro ¢gorona. Tak NOACHIOETHCA MePIINI 3aKOH (DOTO-
eerTy.

3 (69.2) BunsuBae, 110 —é—mvz =hv—-A, rT06TO KiHeTUUYHA

eHepria i mBUAKIiCTE (POTOEJIEKTPOHIB 3ajie’KaTh JIMIIIe BiJ 4acTOTH
BHUIIDOMiHIOBAHHA i 3 11 niaBumeHHAM 30iapmyrorsbes. Tak
IOACHIETHLCHA APYIUil 3aKoH (hoToedeKTy.

Y pasi 3MeHIIIeHHA YacToTH BHHpOMiHlOBaHHH SMEeHIUIIVIOTBCH
KiHeTH4YHa eHeprig 1 mBHUAKICTE eJeKTPOHIB 1 xuasa yacTroTH
cBiTNa V,, 3a AKOI eHepria i MBUAKICTE €JeKTPOHIB JOPiBHIOBA-
TUMYTh HyJIO, horoedexT npunuaserscayHacrora v, abo Bix-

M o - c
IIOBlJHA 1M JOBXXHHA XBHJI1 }»q: Ev € YepBOHOI MeXKew (oTo-
. -

edexTy auasa gaHol pedyoBuHH. [lna ii obuncnennsa ciaig B (69.2)
OPUHAHATH %mu2 =0. Toxi

V==, abo A= . (69.3)

L

TakuM YMHOM, YepBOHa Meska (POoToedeKTy 3aJIeKUTh JIHUIIe
Big poborm Buxony, Tobro Big ximiuHOI mpupoau merany i craHy
iforo moBepxHi. 3a MeHIIMX yYacToT V < V, (a6o A > A ) emeprii
oaHOro (POTOHA HEAOCTATHHO AJIA BUKOHAHHA po6OoTH BUXONY, i
¢doroedpekT He BindOyBaerbesi. Taxk NOACHIETHCA TpPeTi 3aKoH
¢doToedexTy.

3 piBHaHHA EiHmTeiiHa MoyxKHaA BuU3HauuTH crany IlnaHka.
Jdiaa uporo cJjaip 3HATH YacToOTy cBitsa v, pobory Buxoay A i
BUMIpATH KiHEeTHMYHY €HEeprilo BHPBAHUX eJeKTpoHiB. Taki
BHMIpIOBaHHA i po3paXyHKH NalOoTh 3HaYeHHA i, ake 3biraerbcsa
i3 3HAYEHHAMH, OJEePyKaHUMH IIiJI yac BUBYEHHA iHINIUX (PIiZBHUYHUX
ABumy. Tum caMuM OigTBepI)KYyEThbCA IIPaBHJBHICTE PiBHAHHA
Eitnmreiina ansa ¢goroedeKTy Ta igeil npo KBAHTOBHM XapaKTep
B3aeMOJii cBiTJsia 3 eleKTpOoHAMH ning yac doroeheKrTy.

1. ¥ yomMy cyTh KBAHTOBMX YABJIEHb IIPO INOIIMPEHHA i MOrJIMHAH-
HA cBiTna? 2. 3anumriTe i moAcHiITL piBHaAHHA EitHmreitsa ans do-
ToedexTy. 3. IlosacHiTs 3aKoHH (oToedeKTy 3 TOYKH 30PpY KBAHTO-
. Boi Teopii cBiTna. 4. YoMy npu yacToTax, MEHIIMAX 3a YEPBOHY Me-
| Ky, horoedeKT He crnocrepiraeTbca? .
|
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Brnpasa 16

1. Pobora BuUXoAy eJIeKTPOHiB i3 pryTi A = 4,563 eB. Y1 BUHUKATH-
me (oroedeKT ImiJ Yac OCBITJIEHHS PTYTi BUAHMHUM CBiTioM?

2. Ilig yac onpomMiHeHHA OeAKOr0 METAaJy CBITJIOM 3 [JOBX¥HHOIKO
xBuri A, = 0,6-106 m, a morim A, = 0,3-10°® M Buasmwim, mpo
BiAIIOBiHI MaKCHMaJIbHI IIBHAKOCTI (DOTOENEeKTPOHIB BifpisHAIOTBHCA
oaHa Big oaHol B 2 pasu. BusHauTe 4epBOHY MEMXY l“ toroedherTy aaA
1ILBOTO MeTamuay.

3. Ilix yac onpoMmiHeHHA cpibia yiasTpadioseToBuM cBiTIOM 3 OOB-
KUHOIO XBUJL A =107 M A5 MOBHOrO NPUOUHEHHA BUIBLOTY (hoToese-
KTpOHiB norpibua wanpyra U = 7,7 B. Yomy nopiBHI0oe pobora BHXOAY
nns cpiéna?

4. dotoHHu 3 eHepriew E = 5 eB BUpMBaOThL (hOTOETEKTPOHHU 3 Me-
Tany 3 pobororw Buxoay A = 4,5 eB. Busnaure MakcuMaJbHUH iMIIyabe,
AKWUI TepefaeThbcs MOBEpPXHI Merayy, [ijJfi 4Yac BMJIITAHHA KOXXHOT'O
eJIEKTPOHA.

§ 70 — ®OTOEJEMEHTH I IX 3ACTOCYBAHHSA

fABuine goroeneKTpUUYHOro e)eKTy 3HANIIJIO IIMPOKe 3acCTOo-
CyBaHHA B Hayli ¥ TexHini ana 6e3nmocepefHLOrO NepeTBOPEHHS
eHeprii cBiTJIa B eHeprio eJeKTPUYHOIO0 CTPyMYy, AJS IepeTBO-
peHHs CBITJIOBHX CUrHaJiIB B enexTpuuHi. Ilpumagm, nia axux
I'PYHTYETHCH Ha ABUII (hoToedeKTy, HazuBaKwTbeA (G O T 0 e J e-
M e HTa M a. Haltnpocrimunii cyyacHuuil BakyyMHHUI ¢oToene-
MEHT € CKJAHHM OasioHOM (maJji. 129), maiixke BcAa BHYyTpPIIIHA
NOBEePXHA AKOr0 BKPUTA CBITJIOYYTJIHMBHUM IIApOM MeTajy, AKHUMI
Bigirpae poxnb dororkarona. BiiKpHUTHUM 3aJHUINAETHECA HEeBEJIHYKe
BiKOHIle [N agocTyInly cBiTtia. AHOAZOM € MeTajieBe KiJjblle,
3akpiniene B 6asoni. @oroejieMeHT YMHUKAETLCA B KOJIO DaTapei.

Bikounune
AJ1A NPOMeH1B

Man. 129
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Y pasi ocBiTJIeHHs1 KATOJA 3 HBHOI'O BHACHILOK (roToedexkTy BHUOU-
BAIOTHCA €JEeKTPOHU 1 B KOJII BUHUKAE eJeKTpudHuil ctpym. EPC
farapel BUOMpacThCA TaKow, 1006 ()OTOCTPYM HOPiBHIOBAB CTDY-
MOBiI HacuH4yeHHsi. 3aJIedKHO BiJI cIIleKTpalbHOro CKJAany cBirTia,
AKe Tpeba peecTpyBaTH, BUKOPHUCTOBYIOThECA (hoTOeJIeMEeHTH, Ka-
TOAM AKUX BHUT'OTOBJIeHI 3 pisHux marepianis. Hanpukinan, mgnsa
peectpanil BuguMoro csirtisa i iHppauepBOHOTO BUIIPOMiHIOBAHHSA
3aCTOCOBYIOTh e€JIeMeHTH 3 KHCHeBO-lle3ieBMM Kartogom (mMaJja
pobora BUXOAY); MAJIA peecTpallii KOPOTKOXBHJbOBOI YaCTHHH
BUAMMOro cBitsa i yasrpadioseroBoro BUNPOMiHIOBaHHA 3aCTO-
COBYIOTH (hoToesreMeHTH 3 cTHOi€BO-Ile3i€eBUM KaTOAOM.

CBiT/IOBi TOTOKHM, 3 SIKHMH [JOBOAUTLCH MATH CIpPaBy Ha
MNpaKTHlli, HeBeJnkKi, ToMy (GOTOCTPYMH Y BAKYYMHHUX eJIeMeHTax
nyske Mani i He mepeBumiyioTh 1076 A. Jlns 36iJbIIeHHS CHJIU
cTpyMy (oToeJieMEeHT 3alOBHIOIOTH aAProHOM IIiJi THCKOM IIpH-
6auano 1 Ila. PorocTpyMm y TaKkoMy OTOEJIEMEHTI MiACHII0OETHCH
BHACJIJIOK HOHizallil aproHy, BUKJIHKAHOI 3iTKHEHHSAMH eJeK-
TPOHIB 3, HOro aroMaMHu.

doToesIeMEHTH NIMPOKO 3aCTOCOBYIOTHCA NJIS aBTOMATH3aIil
BUPOOHMYMX NpoOIeciB. Y HO€JHAHHI 3 €JIEKTPOHHHUMM IIiJCHJITIO-
BauyaMHu (poTroeneMeHTH BXOIATH MO CKJaAy (h oT o pe e —
OpujaajgiB aBTOMaTHYHOI'O YIPAaBJiHHA pPIi3HUMH YCTAHOBKAMH,
AKI BUKOPHCTOBYIOTH OesiHepluiliHicTh doToedekTy, ToOTO 3maT-
HicTe ()oTOEJIeMeHTa NPaKTHYHO MHTTEBO pearyBaTH Ha CBiTJIO-
BUY BIJIMB 4YHM Ha Horo 3Mminy. Ckiamaerscs ¢oropese (maua. 130)

doroenemenra @, miacuawsaua doroctpymy IT i enexkTpo-
mar"iTHoro pene EP. fkimo Ha (oToeseMeHT mamac CBiTJIO, B
korymini K pene BuHukae crpym. Korymika Hamarsiuyerbes i,
PO3TArywo4Yy NpyxuHy [Ip, npursarye Akip A, AKUNA 3aMUKae
KOHTaKT B BHKOHaBYOIO KOJIa 31 CTPYMOM BEJIHKOI HOTY>XHOCTi.

Y pasi norpe6u ¢oropesie MO’KHA YBIMKHYTH i Tak, 1100 y
pasi ocBiTieHHA (hoTOe/IeMeHTa BUKOHABYE KOJO PO3MHKAJIOCH.

o Bukonasdoro KoJa [
EP
2 A
o2 7 !
o e
I
l
1
i P
s o B
J.Iﬂ BHKOHaB4YOIro KoJja
Mas. 130
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3acTocyBaHHA QoTopesyie HaA3BHYaWHO pisHoMaHiTHiI. BoHo
BMHMKA€ 1 BUMHUKAE B NMOTPIOHMI Yac OCBiTJIEHHA BYJHIBL i Mai-
AaHiB y MicTax, CBiTJIO MasKiB i 6akeHiB, copTye pisHi geraJi 3a
KOJMBOpOM i (hopmMoOIO, 3anmycKae i 3yNHUHSAE eJEeKTPOABUTYHH Ta
BepcTaTH i T. 1. ’

doTopese € BaXKJIMBOIO YACTHHOIO IPUCTPOIB TeXHiKu Gesmne-
KH. - DoToesleMeHT NHUJIBHO CJHiAKYyE 3a poboTo MalnmmH 1 Maixe
BMUTH 3YIIUHAE MMOTYKHUH IIpec, BEPCTAT TOILO, AKIIO PYKa JIO-
AUMHH PAIITOM ONMHHUTBHLCA B HebOe3nmeuHil 30HI.

3a gonmomororw (GoToeJIeMeHTIB 3HiUCHIOETHCA TIepejaBaHHA
Ha BeJIMKi BizcraHi 300pakeHb PYXOMUX HOpPEeAMETiB, BiATBOpEH-
Hs 3BYKY B 3BYKOBOMY KiHO, mnepenaBaHHA HePYXOMHX 300pa-
xXeHBb 1o ¢gororeserpady.

Hoci mu posrnagany 308HilHIL oToedeKT (AKHAIM 3BUYANHHO
Ha3WBalOTh NpocTO (horoedeKToM), miJ yac AKOro eJeKTPOHHU BH-
PHUBaIOTHCA 3 IIOBEPXHiI pedyoBHMHH. AJle He MeHII ILIMPOKO BHUKO-
PHUCTOBYETHCA B TeXHILl Tak 3BaHUH Hympiwniit dhoroedekT,
AKHH CIIOCTEpiraeThbCcs B HANIBOPOBigHUKAaX i gierekTtpukax. Bin
MOJIATAE B TOMY, II[O IIiJ] YaC ONPOMiHEHHA HAIIBIPOBiJHHUKA YU
OieJJeKTpUKa B HUX 301NBIIYETHCA KOHIEHTpAILiA BiIBHMX HOCIIB
3apsangiB i, oTiKe, migBUINYyeThcA HOpoBifgHicTb. lle ABUINEe BHYT-
pimisbOro ¢oroedeKTy BHKOPHCTOBYEThCA B (oTopesucTopax
(boToonopax), omip AKHUX 3aJIeKUTH BiJj ocBiTiieHocTti. Poropesu-
CTOPH TAKOXX 3aCTOCOBYIOTBCS AJI ABTOMATHYHOIO yIpaBJIiHHA
€JEKTPUYHMMU KOJIAMH 3a-JOIIOMOroK cBiTyioBux curnanis. Ha
BiAiMiHy Biz ¢doToeseMeHTiB (POTOPE3UCTOPHU MOX»KHA BUKOPHCTO-
BYBAaTH B KoOJlaX 3MiHHOro CTpyMy, OCKiJBKH IX omip He 3aJje-
KUATH BiJl HAIPAMY CTPYMY.

flBumie BHYTPIimMHBOro (oroedeKTy BUKOPHUCTOBYETHCHA Ta-

~
’/l-
. " -~
/\\""

3
-
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KoK B Oy/noBi HamiBnpoBiAHUKOBUX (460 BEHTUJIBHUX) (oToesie-
MEeHTIB, AKi Oe3nocepeHLO II€PETBOPIOIOTH €HEePrilo CBiT/Ia B eJeK-
rpuyHy. Ha Bigminy Bix panimie posrjiaHyTHX, HaniBIPOBIAHH-
KOBiI (hoToesieMeHTH caMi MOXKYThL OyTH reHepaToOpaMHu CTPyMY.
KoedinienT kopmcHOl aii cyyacHMX criinieBux (oToesieMeHTiB
nocsarae 12—15 % . Barapel cuiainieBsux doroenemeHTiB, sAKi
gicranu Ha3BY COHAYHUX Oarape# (man. 131), yemimrHO 3acToco-
BYIOTBCHA Ha WITYYHHUX CYNOYTHHKAX 3eMJi i KocMiuHMX Kopab-
JAX JJIS 2KUBJIeHHA OOpPTOBOI pajioamaparypH.

OpHuMM 3 HaHBaAXKJIMBIIIMX 3acTOCYBaHB (hOTOEJIEMEHTIB € BH-
KOPHCTAHHA IX ¥ 3BYKOBOMY KiHO AJIf BiATBOpPEHHSA 3BYKY, 3alH-
CaHOro Ha KiHoOCTpiumi y BUIIAAl <«3BYKOBOI JOpPiKKH». OmHO-
yacHo 3 ¢doTorpadyBaHHAM KiHOKaapiB Ha cTpiuni 3nilicHIOIOTH
danuc 3ByKy. Po3rnssHeMO NpUHIAI OINTHUYHOI'O 3alHCy 3BYKY.

3BYKOBI KOJIMBAHHS 3a AONOMOrom Mikpodona I (main. 132,
a) NepeTBOPIITHCA B KOJIMBAHHA CHJIM €JIEKTPHYHOI'O CTPYyMY i
nogamTbesa Ha miacuarwoBau 2. IligcuneHU# eJIeKTPUYHUM CTPYM
NPOIIYCKAETHCA Uepe3 TaK 3BAHWUHM «ONTHYHMN KaHall» 3 ABOX Me-
TAJeBUX ILJIACTHUH, PO3MileHUX Ay:Ke O6ausbko (6insa 0,025 mm)
oJHAa Big oaHOI MiXK mnoJpcaMM CHUJBHMX wMarmitie 3 i1 4. ¥
MAarHiTHOMY MOJIi Ha IJIACTHUHM, SKUMH e 3MiHHHUNA CTpyM, Aie€
cuja AMnepa, SMYHIYIOYH iX IIOYEpProBo BTATYBATHCA B MNPOCTip
Mix TIoJirocaMM Mart”itiB i THM caMUM 3MIHIOBATH [IHPHHY
OIIJIMHEA MiK naactuHamMu. 11l 3MiHM INUPUHU UIIJIUHHA BUKJIHUKA-
JOTh BiAnmoBigHI 3MiHM KiJNLKOCTI c¢BiTNa, sIKe HOPOXOAUTH Bij
coeliajJbHOrO mKepeJja Kpisek mianay. CBiTio ¢pokycyeTbca Ha

ITigcunroBau IMincuaosau
€
c 1 2
I'yunomoBel b
OnTuyHMA

KaHaJ

doro-
eJieMeHT

8L el

Man. 132
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KpAal CBITJIOWYTJIMBOI NJIIBKU 5, BUKJIMKAIOYXA OijsIbIlle YU MeHIe
i1l nouopHinusa. IlniBka norim nposaBasieTbesd, i 3 11 MO3UTUBY poO-
OUThCA HeraTMBHa KOIiA, Ha AKiHH Mo)XHa nobGayuTH 3BYKOBY
IOPi’KKY 3 TEMHHX i CBIiTJIMX CMYT, NPO30PIiCTh AKUX BiAMOBigae
3BYKOBHM XBHJIAM, AK1 Aifggu Ha MikpodgoH.

Ilig yac BigTBOpEeHHA 3BYKY (Man. 132, 6) uepe3 3BYKOBY
JOPiKKY IIPOIIyCKAEThBCA BY3BKHMHI IIYYOK CBiTJIa, AKHH DoTiMm
CcIpAMOBYEThCA Ha ¢oroenemeHnT. Ilix yac ocsBiTienHsa doToee-
MEHTA BHHHKAE €JIEKTPUYHUM CTPYM, CHJIA SAKOI'O 3aJIe’KUTh Bif
KiJIBbKOCTI CBiTJIAa, IIPONYIIEHOro CBiTJIOBOIO Jopikkoro. Ilix uac
PYXYy KIHOCTPiYKH CBiTJIOBMHM IOTiK, NPONYIIEHU CBiTJIOBOIO
AOPiKKOI0, Oe3nepepBHO 3MIiHIOETBCA BiAOOBIZHO MO0 CTyOeHsA
NPO30POCTi MOPiIKKH, TOMY 3MIiHIOETBCA i cHJIa CTPyMy B KOJ1
toroenemenTa. lli KonmMBaHHA CHJIM CTPYMY MiJICHIIOIOTBCA B
MiJILHOHHM pa3iB i COpPAMOBYIOTHLCA B I'YUYHOMOBEIlb, /i€ IIEePeTBO-
PHOIOTHCA B 3BYKOBI KOJIMBAHHSA, AKi TOYHO Bi/ITBOPIOIOTH Ti 3BY-
KOBi xBmJi, #AKi #girors Ha MemOpany MikpodoHa. Ockinbru
IIBHJKICTBL CBiTJIa rpaHAiOo3HA NMOPIBHAHO 31 IIBHUAKICTIO 3BYKY,
TO 3BYKOBA JIOPi’KKa Ha KiJbKa KaapiB BUIepelyKa€ BiANOBigHEe
iii 300pakeHHA. '

§ 71 — ®OTOH

3riggo 3 rimore3or CBIiTJUOBHUX KBaHTiIB, CBiTIO BH-
IIPOMIHIOETHCHA, IIOTJIMHAETHCA 1 NOUMIMPIETHCA JUCKPETHUMH
nopuigsmMu (KBaHTAMMK), sKi HA3WUBAOThBCA gomoxnamu. PoToH

Ma€e eHepriwo € =hAv= h)i . Macy ¢orona m,, BH3HAYUMO, BUXO-
AsiYM i3 3aKOHY B3a€EMO3B’sA3KYy Macu il exHeprii (gus. § 67):
_ & _ hv v
He= 3 3 A

3a BigoMol0 Macol i mBHUAKicTIO oTOHA MOXKHA BHU3HAYUTH
HOro iMIIyabeC:

= o NV e Y B
Pp=MgC="5C="c =7 (71.2)

3 HaBeleHUX MipKyBaHB 3podyMingo, mio GOTOH, AK i 6YAb-
AKa 1HIIAa 4YacTHHKAa, XapaKTepHU3YEThCHA eHepri€wo, Macoo i
iMmmysabcom.-Bupasu (71.1) i (71.2) noB’A3y0Th XapaKTePUCTUKHA

doTroHa HAK UYACTHHKH (KOpPHNYCKyYJApHiI) — eHeprio, macy i
iMIIyJIbC — 3 XBHUJIBOBOK XapPaKTEPHUCTUKOIO CBiTJIa — HOro vac-
TOTOIO V.

3 (71.1) i (71.2) BunsauBae, 10 31 30iJABIIIEHHAM dYacTO-
TH BHUINPOMIHIOBAHHA V Maca Ta iMOoyJabsc (POTOHa 3pOCTAalOTh.
ObuuciaumMo mMacy @GOTOHA, AKa BiAIOBiJgae MAOBXHUHaAM XBWJb
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A, =6-107 m (Bugume ceiTyio), A, = 1072 M (peHTreHiBCLKe BHU-
1 =8 ; 0 2 :

NPOMiHIOBAHHSA) 1 7L3 = 10"'* m (ramma-BunpomMiHooBaHHsA). Maca
h h . 5

dorona m =" =" IligcTaBuMo 3HAYEHHA Ay, A, i A, y mio
c

dopmyay i gicramemo: m, =~ 4,4-10736 kr; m, = 2,2.10733 kr i

mg = 2,2-10 28 kr. ITopiBHAEMO Macu POTOHIB 3 Maco eJeKTpo-

Ha m, = 9,1-1073! kr:

™1 ~4,8-10°; B2224.10%; 22 = 240.
m, _ m, m,

Takum yuHOM, Maca (POTOHA BUAMMOIO CBiTJIa B MiJABHAOHM
pasiB, a PeHTreHiBChKOI'o NPOMiHHA B KifbKa THCAY pasiB MeHIIi
3a Macy eJIeKTPOHa; Maca X raMmMma-doroHa npubiauszao B 240 pas
OiynpIra 3a Macy eJIeKTpOHa.

=
1. Bix goro sanexuTh eHepria doroHa? 2. Yu mMoxxe ¢oToH mepe-
6yBaTH B CIOKOI B OyAb-sKi# iHepuianbHi#l cucTeMi Bigmiky?

Bnipasa 17

1. UyrnusicTs ciTKiBKM oxa g0 ;xosToro ceitina (A =6-10 7 M) cra-
HOBUTL P = 3,3-107!8 Br. Ckinbku (POoTOHIB Mae LIOCEKYHAM MOIJIMHA-
THCH CITKIBKOIO, 00 CTBOpIOBAJIOCA BiguyTTa cBiTiaa?

2. Ckinbpku GOTOHIB 3a CeKYHZY BUIIPOMiHIOE BOJIOCOK €JI€KTPHYHOIL
JaMIy 3 KOPHCHOIO NOTYXKHicTio P = 1 Br, AKINO cepelHs OOBMXHUHA
XBMJIi BUDpominioBanus A = 106 m?

3. CeiTJyio AKOl JOBXHUHH XBHUJII BHIIPOMIiHIOE Jiadep, AKINO HOro ce-
penHsa mnoryxkHicte P = 1,43 kBT npu TpuBajocTi iMnyiabcy
t =4-10% ¢? B iMmnyabci BunpomiHioeTsess n = 2- 1012 kpaHTiB.

4. Ckinbku doronis nagae B 1 ¢ va 1 cm? noBepxHi, AKIIO BOHA
onpoMmiHweETBCA 3 morykHicTio P = 1072 Br/cm? raMmma-IpoMeHAMH
3 NOBMXHHOMO XBUJL A = 1071 m?

§$ 72 — KOPIIYCKYJIAPHO-XBHUJILOBUN
AYAJIISM

Yei posrasHyTi B bOMY PO3Jiji ABUIIA NEePEKOHJIMBO HOBO-
AATH cIpaBeJJIMBICTh KBAHTOBHMX BJlaCTHBOCTe# cBiTtsa. OgHaAK y
nonepeagHbLOMY PpO3/iJii MM pO3rIAHYJH sABHIIA iHTepdepeHILii,
audpaknil i nonxsipusanii cBiTia, sAki cBiguaTes Npo HaABHICTBH
XBUJIBOBUX BJIACTMBOCTEH BUNPOMiHIOBaHHs. BHUHMKae s3anuTaH-
HA: 1o 2K Take cBitno? Ile BunpomiHeHi mKepesoM eNeKTpoO-
Mar”giTHI XBWJII UM [2KepeJio CBiTJia BUNIYCKAa€E NOTiK POTOHIB, AKi
pyxaiThCcA y OpocTopi 3i mBumakicTio ceitna y sBakyymi? Ilo-
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ImepBax 3J4€TbCs, IO IIi ABA NOIJAAM Ha IIPpHPOAY cCBitia —
XBHUJILOBHUH i KBAHTOBHII — B3AEMHO BHKJIIOYAIOTL OJUH OLHOTO.
QOueBUHO, IO PAJ 03HAK XBWUJIb 1 YACTHHOK CHOPAaB/i IIPOTUJIEKHI.
Hanpukian, pOTOHH, PyXalO4yncCh, I1epefyBaloTh Y NeBHUX TOYKAX
IIPOCTOPY, @ Y BUONAAKY NOUNIMPEHHHA XBHJi He MO@XHa I'OBOPUTH
npo ii nmepebyBaHHs B AKilck IeBHi¥M Toumi. XBWIIO MOXKHA
PO3AiJUTH HA YACTHHH i Takuil moxin HiuumM He obMerkeHHI, a
$OTOH MOAINTUTH He MOYKHA.

PosBuTok (pisuku nmoxkasas, 10 XBHUJIBOBiI i1 KBAHTOBI BJacTH-
BOCTi CBiTJIa He MOXKHA NPOTHUCTABJIATH. BilacTuBOCTi Henepeps-
HOCTi, XapaKTepHi AJiA eJeKTPOMArHITHOro mnojas cBiTJa0BOI
XBHJIi, He BHKJIOYAIOTH BJIACTHBOCTEH IIepepBHOCTI (AHMCKpeT-
HocTi), XapaKTepHHX JAJs KBaHTIB cBitia — ¢oroHiB. €BiTNO
OJHOYACHO MAa€ BJACTHBOCTI i HelnepepBHUX eJleKTPQMAar"HiTHHUX
XBUJIb, 1 nmepepBHUX (oToHiB. Tomy 3anuTaHHsA, 110 € CBITIO —
XBHJISA YA YacTHUHKA, mo3baBiyieHe ceHcy. CBiTIIO — He xBUJIA i He
YacTHMHKA B 3BHYalHOMY poayMmiHHiI. CBiTIO Mae eJjiekTpomar-
HiTHY Opupoay i-#omMy npuTamMaHHI ABOICTI KBaHTOBO-XBMUJIBOBI
BJIACTHUBOCTI. _

Y nposBi aBOICTHX BJAACTUBOCTEH BHUIIPOMiHIOBAHHSA CIIO-
cTepiraerbcs . BajKJMBA 3aKOHOMipHicTs. fAKnio uacroru wmaJi,
0iNIBIITOI0 MIpPOIO NPOSABIAIOTHLCH XBHJIBOBI BJIACTUBOCTI BHIIPO-
MiHIOBAHHSA (HaAOpUKJIajd, paaionpoMiHHA), a AJA BeJIHKHUX
YacTOT — KBAHTOBI BJIACTHBOCTI (HanmpuKJaZ, PeHTreHiBCbKe
npomMminHsa). ¥ BHAMMOMY CBiTJII XBUJABOBI 1 KBaHTOBI BIacTH-
BOCTi1 BHABJAITLCA OZHAKOBOIO Miporo.

ITizHime 3’scyBajsiocs, 10 3a INeBHUX YMOB YACTHHKH PeYOBH-
Hu (eJIEKTPOH, IIPOTOH, ATOM TOIII0) TAKOXX BUABJAIOTH XBHJILOBI
BJIACTHUBOCTiI, TOOTO pedyoBHMHA, HAK 1 BHIPOMiHIOBAHHA, Mae€
KBaAHTOBO-XBHJbOBI1 BJIaCTHBOCTi.

5 > p
71 1. Ik BuM posymieTe ABOICTY (KOPHOYCKYJIAPHO-XBHJILOBY) IPHUPOAY

ceiTa? 2. B AKMX ABUINAX BHABJAKTHECA XBHJIBOBI BJIACTHBOCTIL
cBiT/a, & B AKHX Ipolecax — KopnycKyaspHi? Axi ssuma Mox-
HA MOACHUTH AK XBHJBLOBOIO, TAK i KBAHTOBOIO TeopiaMu?

§ 73 — THCK CBITJIA

Ha ocHoBi esiekTpomarHiTHOI Teopii ceirsna [I. Maxcsesan
nmepen6aume, INO CBIiT/JIO MOBHMHHO YMHUTH THCK Ha IIepPeIloHH.
IcHyBaHHS CBITJIOBOrO THUCKY BHILJIMBAE TAKOX 3 KBaHTOBOI
Teopii ceitsya. Axkmio ¢horoH mae macy m, TO MiJ 4Yac 3iTKHeHHSA
HOro 3 IOBepXHeo TBEPAOro Tijia MoXke BinOyTuca abo MOrJIuHaAHHSA
dorona, abo ioro Big6uBaHHsa. B nepmomy BHUNaAKy 3MiHa
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iMmnyascy doroHa popiBHIOE: Ap = mv,
a B JApyroMmy — BOHA4 B [Ba pasu
binbuia: Ap = 2mvu. Tomy 3a ogHaKOBOI
YCTHHM IIOTOKY CBiTJIOBOrO BHIPO-
MiHIOBaHHA THCK CBiTJIa Ha A3epKaJb-
HY IOBEPXHI IMOBHMHeH OyTH BABiui
Oi/BIIMM 3a THCK Ha YOPHY IIOBEPXHIO,
AKa HDONJMHAE CBiTJIO.

BaraTto BueHMX HamarajJucs BHMi-
pPATH THCK CBiTJIa, oaHaAK IM Ile He
BJABAJIOCH, OCKIJIBKH CBIiTJOBHH THUCK
AysKe MaJiuii.

B sAckpaBuil cOHAYHUI JeHb Ha
1 M2 nie cuna Beboro jume 4-10°8 H.
Broepiie “TMcK cBiTJIa BUMipsAB pociii-
cekuit ¢izux I[J. M. JleGener sruiie B
1900 p.

Y npocnigax JleGegera OgHAKOBLI CBITJIOBI IIOTOKM HaNpaBJIfA-
JHUCHA HA JABa JereHbKi MeraseBi AuckuH, nigsimefi Ha TOHKIiHN
autai (Man. 133). OaumH aguck OyB O3€epKaJbHUM i BigOuBaB
nmajsalde HA HbOI'O CBIiTJIO, ADYIrHHA — YOPHHUM, AKHH HOro morJu-
HaB. ¥ pas3i ogHOUYACHOI'0O OCBiTJIEHHA ABOX MIHCKIiB BigbyBajsiochk
iX moBepTaHHA HABKOJI0O BEPTHKAJIBHOI OcCi.

3a KyToOM 3aKpyuYyBaHHJA NOPYXKHOI HUTKH MiIBicy MOXKHAa
OyJ10 BUMIPATH MOMEHT CHJI, SAKI BHKJMKAaJIM Iieil IIOBOPOT.
3akpy4yyBaHHA HHTKH ImigBicy BigbyBajsioca B Hanpami, oo
BiagnoBimaB OinbuIifl cuJIi THCKY CBiTJIa HA A3epKaJbHUN OUCK,
AKHUH BiAOMBAaB CBiTJIO.

OpeprxkaHe BYEHMM 3HAYeHHs TUCKY cBirya 3birasocs 3 TuM,
Axke nepenbaunB MaxcpeJs. Ilignime, micisa TpbOX pPOKiB HaMoO-
aerauBoi mnpani, JlebemeBy Bmanocsa 3AiMCHUTH Ile TOHIIHMA
eKCIepMMEeHT: BUMIPATH THCK CBiTJIa Ha rasi.

Hocaigu JlebeneBa MOKHaA PO3rIsigaTH AK €KCIEePUMEHTAJb-
He JOBEJEeHHsI TOro, mio (POTOHM MAalTh iMOyJabc. 3akoH 36epe-
JKeHHsA iMnoyabcy — 3aranbHuii. BiH cnpaBegniusmii Ak gns
3BHYAMHOI PEYOBMHH, TAK i AusA (POTOHIB — KBAHTIB €JIEKTPO-
MAar”HiTHOTrO IIOJIA.

Cuna CBiTJIOBOro THCKY B NPHUPOJHMX YMOBaX HE 3aBIKIU
MizepHO MaJjia NOPiBHAHO 3 IHMIMMH cuaaMu. B Hazpax 3ipok sa
TeMIOepaTypH B KilbkKa NEeCATKIB MiJIBIOHIB KeJbBIiH THCK €JIeK-
TPOMAar”HiTHOrO BUIPOMiHIOBAHHSA IIOBHMHEH JOCATaTH BEJHYE3HHUX
3Ha4YeHb i caMe LeH THCK IepellKoAKa€ HeoOMeXeHOMY CTHC-
KaHHIO 31poK.

Mau. 1@3
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§ 74 —XIMI‘{I-iA AIA CBITJIA

OxpeMi MOJeKyJH IIOrJIHMHAIOTHL CBiTJIOBY €HeEpriilo nopuis-
MH — KBaHTaMH Av. ¥ BHIDaIKy BHAUMOTO cBiTJia i yabTpadiose-
TOBOT'O BHIIPOMiHIOBAHHSA Ii€l eHepril BUABIAETHCA HOCHTH OJA
poailenjieHHAa Oaratbox MoJeKyJl. Tak mnposBiaserbcsa Ximiuna
mia cBiTiaa. Anyxke Oyab-iKe NePETBOPEHHA MOJIEKYJ € XiMIYHHUM
IIPOIIeCOM. “

Haii6inbm Ba’KJIHBi B »KUBill npupoai ximiuHi peakiii BigoOy-
BAlOThCA B 3€JIeHUX pOCIHMHAaX i [Ai€0 COHAYHOTIO CBiTja.
3aBAAKH IM MU MaeMo 1)Ky, nuxaemo kKucHem. Lleit dporoximiu-
HHH mpoiec — (poTOCHMHTE3 — MOYKHAa MOJAaTH TAKUM CYMaApHHM
PIBHAHHAM:

6CO, + 6H,0 + hv — C4H,,0, + 60,.

I'nmiokosa

Y pocauHaxX 3 INIIOKO3U YTBOPIOIOTHLCS caxaposa, KpoxMassb i
11eJ1}0JI034.

MexaHiam (poTOoCHMHTE3y IMOBHIiCTIO 11e He 3’sicoBaHuii. Konm
Iie cTaHeThCs, AJA JIOACTBA, MOYKJIMBO, HACTAHEe HOBa epa. Binku
Ta iHIOII CKJIaAHI opraHiyHi pe4YOBHMHU MOKHa OyJe BHUIOTOBJATH
Ha (pabpukax nig 61akuTHUM HebDoOM.

Y oxuTTI JIIOAMHM BeJMKY PpOJIb Bijzirpae 3pgarHicTe oOKa
cunpuiiMmatu cBitsgo. [lormuHanHsa ¢QoToHA cBiT)IA B CBiTJIOYYT-
JIMBIHA KJIITHHI CITKIBKHM OKAa CIIPUYMHAE PO3KJAJaHHA MOJIEKYJIU
6inka — popmoncury. Ilixg yac posknagaHHA MOJIEKYJIH DPOJOICHUHY
BUHHKAE CUIHAJI, AKHUA HEPBOBUMH BOJIOKHAMH [epefaeTbCA B
MO30K. ¥ TEeMHOTI POAONCHH BilHOBIIOETHCH, I KIITHUHH 3HOBY
CTAIOTh 3JaTHUMH A0 CHPUIMaHHA CcBiTia.

XimiuHa misg cBiTJa JeKUTh B oCHOBI doTorpadii. DoToma-
Tepiaau Ha OCHOBi cpifiia MiCTATH KpPHUCTANIU GPOMiLY apreHTYyMy
AgBr (abo AgCl, Agl), poanogineHi B TOHKOMY 1Iapi KenaTHHO-
BO1I eMyJbcii, HaHeceHOI Ha CKJISAHY IUJIACTHUHKY, MUIIBKY abo
namip. ITig xgiero cBitna B KpucraJi 6pomMiny apreHTyMy yTBOPIO-
IOThCA HeUTpaJibHi aromu ApreHtymy i Bpomy, aromun ApreHTymy
KOHIEHTPYIOThCA nobauady AgedexTiB KpucraniyHol pemriTku i
YTBOPKIOTH TAM MaJlIeHBKiI KPHCTaJHU MeTaJeBoro cpibiua.

KBaunToBHI XxapakTep B3aeMoJil cBiT/IA 3 PEYOBHHOIO IIPOAB-
nfgeTbcsA ¥ (POoTOXiMiYHMX mpolecax TAKUM YHMHOM, IO OAHUH aKT
XiMiuHOro nepeTBopeHHs BigOyBaeThCcA y pasi NOrJiMHaHHA OJHO-
ro borona ceityia. Tomy KinbkicTs aroMiB AprediTymy, BUBiJIbHe-
HUX Yy Kpucrajgi Opomiany apreHryMmy min mgi€rw cBiTia, npo-
nopuiiiHa KinbkocTti GHOTOHIB, NONIUHYTHUX IIMM KPHUCTAJIOM.

Ilin wac BinkpwmBaHHA 3aTBOopa (oroamapara 00’€KTHUB Ha
KOPOTKHH 4Yac NpoeKTye Ha (POTOILIIBKY 300parkeHHsA NIpeaMeTiB.
Y pisHuUX Micusax (OTONJIBKM BUBIJIBHIOETBCA pi3Ha KIiJBKICTH
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BlJIBHHUX aToMiB ApPreHTyMy, B KOMXHOMY MicHoi KiJabKicTh
BHUBiJIbBHEHUX ATOMIiB ApPreHTyMy NPOIOPIIifiHA KiJBEKOCTI magaro-
yux GoToHiB cBiTaa. TAakUM YMHOM, Ha (POTOILIIBI YTBOPIOETHCA
sofpakeHHs 3 AyKe MaJIUX YacTHHOK MeTasJeBoro cpibaa. 306-
paKeHHs1 3 KpucTajiB cpibia, sske yTBOpOeTbcsa Ha (oTornisiri
nix niero cBiTiia, HA3UBAETLCHA NPUXOBAHUM 300DANCCHHAM.

s ofep:KaHHA BUJAMMOTO 300paKeHHS BUKOPUCTOBYETHCH
npoiec nposéieHms. A 1boro naiBKy B TEMHOTI 3aHYPHOIOTh ¥
PO3YMH IIPOABHUKA — PEYOBUHU, 3JATHOI BiHOBIWOBATH GpoMin
apreHTyMy Yy BijJbHe MeTaJjieBe cpiﬁno) Taxke BiZHOBJIeHHSA
Haitbinbm edpeKTHNBHO BifOyBa€ThbCA HABKOJIO IEHTPiB IpHXOBa-
HOro 300pa’keHHs.

IInsa Toro o6 micyia NpOABJEHHA KPUCTANIW OpoMingy apresH-
TYyMYy, 110 3aJIJUOIMJHCA Ha IJiBIIl, He MOIVIM BiIHOBHUTHUCH, 3Iiil-
CHIOETBCA IIpolec @ikcyséaHHA B PoO3uMHI Tiocyabhary HaATpiio
Na,S,0,. Bin nonsrae B posunmHeHHi Kpucranie 6pomigy apres-
TYMYy, IKi He PO3KJIAJIUCH. _

3obpaxkenusa Ha QoTomiaiBii € HeratTusHuM (Mana. 134, a),
ToOTO cBiT/IMM MicusaM 006’eKTa BiAmoBimaoTh TeMHI Micusa ¢oro-
rpadiuHoro 3o6parkeHHA. [[a oepKaHHA HOPMAJBLHOrO, IO3M-
TUBHOro, sobparkeHHsa (man. 134, 6) 3HiiCHIOETBCH ITOBTOPHHIA
npoiec ¢gororpadpyBaHHsA 3 HeraTUBy Ha (oronarip, miciaa 4doro
IIPOBOAATE onepallil npoABJIeHHA i (pikcyBaHHS.

dororpadia gy>ke TOYHO i Ha TpUBaAJMi yac 3xzarHa 3adikcy-
BaTH noxii, AKi 3 yacoMm BiAXoAATH Y MUHYJie. BelnKe 3HAYEeHHSA
mae ¢gororpadisa aaa Hayku. Taxkl mBuUAKI npouecu, sSK yzap
6nucKaBKH, 3iTKHEeHHs eJleMEHTAapHHUX YacTHHOK, MOMHA
sadikcyBaTn Ha dororpadii i moriMm meraJjbHO BUBYMTH.

0O6’exTH, AKiI moCcHIaIOTh HACTINBLKH caabke cBiTJo, 110 IX He
MOKHA pPO3PiSHUTH OKOM, MO3KHa 3adikcysaTh Ha dQoromiac-
THHIN1 3a JOCUTH BEJUKOI BUTPHUMKH, TOOTO BEeJHKOMY mepioxi
ocBiTneHHsA nuacTuHKU. CaMe ToMy Taki Ayike BiggasieHi Big Hac
006’€KTH, AK rajJakTHKH, BUBUAKOTHLCA 3a (pororpadiamMu.

May. 134
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CyyacHa TexHiKa ga€ 3mory ¢oTorpacgyBaTH He JIAIIE Y BH-
OAMMOMY CBiTJi, a 1 Y TeMHOTI npu iHQpauyepBOHOMY OCBiTJIEHHI.

i BUCHONKA T7 & PR ey A

ITix yac moraMHaAHHSA CBiT/Ia PEYOBHMHOIO crocrepiraerescsa ¢o-
TOENEeKTPUUYHUN edeKT. 3akoHHU (dortoedeKTy: 1) cuma gorocTpy-
MY HaACHYeHHS NPAMO IIPONOPILiiiHA CBIiTJIOBOMY IOTOKY, AKHWH
nagae Ha @QoroKarol; 2) MakcuMalbHa IIBUAKIcTsL (KiHeTHUHAa
eHepria) BUOMTHX eJIEKTPOHIB He 3aJIe’KHUTh BiJl oOcBiTJeHoOCTI
MOBEPXHi, a BU3HAYAETHLCH JIMIIEe YACTOTOIO (IMOBX»HWHOI XBHJIi)
O bOr0 BUIPOMiHIOBaAHHA; 3) YyepBOHa Me)Xa GoroedeKTy BHUIHA-
YaETbCA MaTepiaJlIoM OCBITJIOBAHOro eJIEKTpoJa i He 3aJleKHTh
Big #oro ocBiTJieHOCTI.

EHeprisi (poTOHA YaCTKOBO BUTPAYAETHLCA HA BUKOHAHHA POGO-

TH BHXOOY A eJIeEKTpOHa 3 MeTaay, a 4YacTKOBO INIepeTBOPHETHLCH B

KiHeTH4yHY eHepriio BUOUTOro ejieKTpoHa: hv=A+ —é—mv2 .

PdoTOH Mae macy m:"—: i iMmmynsc p=~":—v. @PoTOH He
Ma€ MacH CIOKOI0, BiH icnyecnnme B pyci 31 mBHAKicTIO cBiTJa
Yy BaKyyMi.

EnexrTpomarsiTHe BHUIOPOMiHIOBAHHA BHUABJIAE €IHICTH Here-
pepBHHuX (xBuJi) i nuckpeTHuX (POoTOHHN) BiracTUBOCTEH. XBUJILO-
Bi BJacTHBOCTI CBiTJIa BHUABJIAIOTBCA B 3aKOHOMipHOCTAX HOro
MOoINUpPEeHHsA, iHTepdepeHnii, audpaknii, noaspusaillii, a Kopmoy-
CKYJIAPHI — B Hpouecax B3aeMOJii 3 pe4oBHHOIO.

dDoToedeKT IMHPOKO BHUKOPHCTOBYETLCA B TexHini. B
crenianbHUX Npujagax — (oToeleMeHTaX — eHepria ceiTia ke-
PY€ €HEepri€rw eJeKTPUYHOro cTpymMy abo mepeTBOPIOETHCSH B HEI.
doTOEJIEMEHTH 3aCTOCOBYIOTBCA B Pi3HMX aBTOMAaTax, AKi «ba-
yatb». Ha sBumi doroederTy rpyHTyEThCS Oya0OBa COHAYHHUX
barTapei.

3 enekTpomMartiTHol Teopil ceitia Makcsesia BUILIMBAE, IO
CBiTJIO YMHHUTH THCK Ha NEPENOHH.

IlornuHaHHSA CBiT/IA PEYOBHHOIO CYNIPOBOMKYETHCA XiMiuHOIO
niero cBiTna. B seneEMx pocauHax i 6ararbox MiKpoopraHiamax
HaliBasknuBimi ximiuni peaxkuii BigOysarorTees mix miero cBitTnaa.
3 BYIJIEKMCJIOr0 rady i Boau, 1o iX norJinHawTh 3 arMochepu 3e-
JIeH1 POCJHHH, YTBOPIOETHCA KHCEHB 1 I'VIIOK03a, 3 AKOI Yy pPOCIH-
HaX BHPOOJAIOTBCA caxapos3a, KpoxXMaJib i meiawaosa. B nsomy
noJdArae cyTs porocuHTedy. XimiuHa aia cBityia neXuUTsH B OCHOBI

dororpadii.




POB3AIA VI

ATOM | ATOMHE §APO

§ 75 — TOKA3HU CKJIA/THOI BY/IOBU ATOMA

ITin yac BUBYEHHHA IOnepelHiX po3AiniB Kypcey ¢isuku, a Ta-
KO’K Ximil BM He pasd UyJH PO CKJagHy OyHZoBy aToma, CIOC-
Tepiraam AocaifM, AKI NiATBepA»KVIOTH 1€, MOSACHIOBAJIM €JIeKT-
puuHi, MardiTHi ¥ eJleKTpoMar”HiTHiI sABHIIla, BUXOASAYU 3 TOrO,
10 aToOMH CKJIAAarwTbCA 3 MO3HUTHBHO 3apAleHOIo AApa i eJIeKT-
POHIB, Kl pyXawTbCA HABKOJIO HbOTO.

ITepmii ekcnepuMeHTaNbLHI pe3yabTaTH, 3 AKUX MOXKHa OyJo
3poOMTH BHCHOBOK IPO CKJagHy OyaoBy aTtoMma, PO HAABHICTH
BCEepeJNHI HbOro eJIeKTPUYHUX 3apAanaiB, Oynu onepxxkani M. da-
paneem y 1833 p. mig yac BHB4YeHHs 3aKOHIB eJsieKTpoJtisy. B
1897 p. anraiicekuit ¢disuk k. k. TomMcoH y peaynbrari
JAOCJIiJIIB 3 BUBUEHHS €JIEKTPHUYHOI'O PO3pPsAAY B PO3PIIsKEeHHX ra-
3ax, (horoedeKkTy, TepMOENIeKTPOHHOI eMicil BcTaHOBUB, IO IIPHU
croiByjapax aToOMiB y IJa3dMi eJIeKTPUYHOTIO pO3pAAy, HOin d4ac
Harpisanusa pedoBuHH abo ocsBiTnenHs 11 yasrpadiosneroBum
cBiTJIoM 3 aToma OyAb-AKOro XiMiyHOro ejJlieMeHTa BHUPHBaAIOThCHA
ONHAKOBi, HeraTUBHO 3apsanKeHi yacTuHKHU. Ili wactTuHkm Oyio
HazBaHO eJiekKTpoHamMu. ¥ 1909 poui amepukaHcbKHI (i3uK
P. MinnikeH BHUMIpAB eJeKTPHYHHH 3apAjl € OKPEeMHX eJleK-
TpoHiB. BiH cnpaBai BUABUBCA OJHAKOBHUM Y BCiX EJIEKTPOHIB.

Maca enexktpona npubansso B 2000 pas meH1una 3a macy Ham-
Jermioro 3 aromMiB — artoma ligporeny. Bigkpurrsa eirekTpoHa i
BUABJIEHHS €JIeKTPOHIB y CKJaAl artoMiB 6yAb-AKOro XiMiduHOTO
eseMeHTa OyJIO IIepLIMM JOKAa30M CKJIagHOI OYJOBHM aTOMIiB.

BaskiauBy poJsib y po3yMmiHHiI OyjoBM aToMa BiairpaB BigKpH-
Tair y 1869 p. pociiicekkum ximikom . 1. Menageneesum
nepiogMYHHM 3aKOH: BJACTHBOCTI XiMiUHHX eJleMeHTiB nepedyBa-
I0OTh y HnepiognuHiil 3asie)KHoCTi Bix 3apsaay iX aTOMHHUX sgep.
BigkpuTTA DHOro 3aKOHY IIOCTABHJIO Iepel (DiSHKOK NUTAHHSA
Ipo IPUYMHH IIOBTOPIOBAHOCTI XiMiUHMX BJIACTHBOCTEH eJe-
MEHTIiB, PO3MilleHHUX y NOPAJKY 3pocTaHHA aromMHOI macu. Ilpu-
poaHOo OyJi0 HPUIYCTHUTH, 1110 301JIbIIIEeHHA MAacH aTOMiB XiMIiUHHX
eJlIeMeHTiB noB’sA3aHe 31 30ibIIeHHAM KiJIbKOCTI YACTHHOK, SAKI
BXOAATHL A0 IXHbOro ckJaay. IlepiognuHy mnoBTOpHOBaHiCcTh
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Man. 135

xiMiuHHMX BJacTMBoOcTed eyieMeHTIB y Tabnuni Menneneesa
MOXKHa PO3IJIAJaTH AK CBiJUeHHA NepiogHUYHOI NMOBTOPIOBAHOCTI
OCHOBHHUX 0COOJIMBOCTEH BHYTPINIHBOI CTPYKTYPH ATOMIB B Mipy
3binbrIeHHsa KinbKOCTI YaCTMHOK, SAKiI BXOOATH A0 I1XHBOI'O
CKJIany.

BaxxnuBum GakTopoM, SAKHH CBIAYUTHL IIPO CKJIAJAHY BHY-
TpilIHIO 6yAOBY aToMiB, OyJ0 BiOIKPHMTTSA JIiHiMUacTUX CHEeKTpPiB.
HocnigyeHHA NoOKasaJH, 110 IIifi Yac HaArpiBaHHA [0 BHCOKOI
TeMIlepaTypHu mnapa Oyab-AaKoro xXimMiyHoro esiemMeHTa BHIIYCKAE
CBiTJIO, BY3BKHH MNOYYOK HAKOI'O PO3KJAJaEThCsA IMIPU3MOIO Ha
KiJlbKa BY3bKHX NMYUYKiB cBiTyia pidHOro Koasopy (man. 135). Cy-
KYIHicTE cnocTepe:XyBaHHUX IIPU IbOMY Pi3HOKOJBOPOBUX JIiHIiN
HA3WBAETHCA JIHIHYACTHM CIHEKTPOM BHINpoMiHIOBaHHA. BiH €
iHAMBiAyanbHUM O KOMKHOIO XiMiuHOro enemeHTrTa 1 He
3biraeTbcsa 31 CHEKTPOM BUIPOMIHIOBAHHA JKOJHOTO IHIIIOrO
ximiunoro enemenra. KoxxHa oxkpema JiiHia B Ji”iliyactomy
CIIeKTPi BUNPOMIHIOBAHHS YTBOPIOETHLCA CBITJOM 3 OOHi€W XOB-
KUHOI0 xBuii. OTixKe, AKepeso cBiTaa 3 JNiHIHYACTUM CHOEKTPOM
BUIIPOMIHIOBAHHA BHUIIYCKA€E €JIEKTPOMATrHITHI XBHUJII He 3 AKUMH
3aBroJlHO 4acTOTaAMH, a TiJIBKM 3 KiJibKOMAa IiJIKOM NEeBHUMH V,
Vi enu Mgs

¥ pasi nponyckaHHA 06ijiloro cBiTya 3 CYIIJIBHUM CHOEKTPOM
Kpi3b napy PpedYoBHHU CIIOCTEPIiraeTbCcsd BHHMUKHEHHA TeMHHX
JiHi#A Ha GOoHi cyuinbHOroO crieKTpa BUNpoMiHoBaHHA (mai. 136).
Temui ni”il poamilleHi TOUHO B TUX caMMX MiCI[fiX, B AKHUX CIIO-
crepiranmuca cBiTai JiHII cnekTpa BHUIPOMIHIOBAHHA JTaHOTO
ximMiuHOTrO ejilemeHTa. TaKHil CHEeKTP HA3UBAETHCHA JiHIHYACTHM
CIEeKTPOM NMOTJIHHAHHA.

JlimiiiyacTi cneKTpu TMOrJIMHAHHSA CBiJYaTh Mpo Te, L0 pPedo-
BUHA B rasonoaibHoMy cTaHiI 3JaTHa INOINIMHATH eJeKTpOo-

D
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MarHiTHe BUIIPOMIiHIOBAHHS JIMIIE 3 TAKMMH YaCTOTAMHU V,, V,, ...
V,» AKi € B JiHifiYacTOMYy CHeKTpi BUIPOMiHIOBAaHHA JaHOI pedo-
puHK. CeiTyio 3 niHifiyacTHM CHEKTPOM BHUNPOMIHIOBAHHA BUITY-
CKaeThHCA PEeYOBHHOKI B rasonoxibHoOMy aToMapHOMY CTaHiI 3a
HEBMCOKHNX THUCKiB, TOOTO 3a yMOBHM cnabkol B3aemopil aTomis
Mi»¢ cof0r0. 3a TAKMX YMOB BHIIYCKAHHS KBAHTIB €JIeKTpPOMAarHir-
HOI'0 BUIIPOMiHIOBAHHA € Pe3yJIbTATOM IIpOlleciB, AKi BinOyBarmThLCHA
BCepe/lMHI OKpeMHX aTOMiB.

Ilicna BiAKPUTTA eJeKTPOHA CTAaB OYEBHUAHUM 3B’ S30K SBHII]
BUIIPOMiHIOBAHHA 1 HNOrnuHaHHA cBiTsa 3 enexkrpoHamu. Cnpas-
Ai, cBiTmO — 1e eJsiekTpoMarHiTHi xBuai. BunpomiHioBaHHSs
€JIEKTPOMATHITHUX XBWUJb BigOYBA€ThCA IIiJf 4Yac IIPHCKOPEHOIro
PYXYy eJeKTPUYHHUX 3apdAgiB. MoyXHa NPpUOYCTUTH, IO IIPHU CIiB-
yilapax aTOMiB eJIeKTPOHH, SKi MicTATBCA BcepeAHWHlI aTOMIiB,
MOXYTb HabyBaTu HajaMip eHepril i moriMm BunpomiHOBaTHU
eJIeKTPOMArHITHI XBHJi, 3AIHCHIOIOUYM rapMOHIYHI KOJMBaHHA
BcepeauHi aromiB. PizHuM noBKuHaM A XBWJIb BUIIPOMIiHIOBAHOIO
CBiTJIa BiAnOBigalOTH pi3Hi YacTOTH KOJMUBAHBL eJIEKTPOHIB Bcepe-
auHi aromiB. OTixe, 3rigHO 3 Teopierw OYAOBH aToMa MOXKHA
po3paxyBaTH JOBXHMHM XBUJb Y CHEeKTpi Oyab-AKoro ximiuxoro
ejjeMeHTa.

IIle oguM HOKA30M CKJIAZHOI OYZOBH aTOMIB CTAJIO BiAKPUATTSA
ABUIA PaJioaKTHUBHOCTI — BHIYCKAHHSA aToMaMu ¥ paHY HEBH-
AUMHUX IIPOHMKAUYMUX BHUIIPOMiHIOBaHbL. ¥ pe3yJbTari paznioak-
THUBHOCTi BigOyBaeThCA NEepeTBOPEHHSA ATOMIB OZHOIC XiMiuHOrO
eJjeMeHTa B aTOMHM IiHMIIOro XimiuHoro enemeHTra. Bigkpurrts
ABUINA PpPagioaKTHBHOCTI HOBOAMTE CKJAAHICTE BHYTPIIIHBOI
OyZ0BH aTOMiB, BOHO CIIPOCTOBYBAJIO YABJEHHS PO HE3MiHHICTD,
HENnoOAiJLHICTE aTOMIiB.

§ 76— 1OCJII/TA E. PEBEP®OP/IA.
SAEPHA MOJEJH ATOMA

Oco611BO Ba*KJIUBUMH AJs 3’ ACYBAaHHA OyAoBH aroma Gyau
nociaingu E. Pesep ¢ op ga iiioro crmiBpobiTHUKIB 10 BUBUEH-
HIO IPOXO/J2KEeHHA ajb(a-dyaCTHHOK KpPi3k TOHKI nuaiBKH 30J10Ta Ta
iHmmx merasiB. 3 Kypey ximii Bimomo, 1mo anbha-uacTUHKH BH-
HUKAaIOTh NiJ 4yac pafioaKTHBHOIO po3nainy aToMiB (IeTajsbHiIle
panioakTUBHMN posnan BHBUaTuMeThcsa nisminre). Ili gacruukwH
MAalThk IIO3UTHBHUI eJIeKTPUYHHUI 3apsan, 3a abCcoJIIOTHUM 3HAYEH-
HAM yABiui OGinsminit Bij 3apsaay enextpoua. Maca anbda-uac-
TUHKU 1npubiusHo B 7350 pas O6inpmia 3a mMacy eJIeKTpOHAa.
ITanaroun Ha QUIIOOPECILiIOIOYUE eKpaH, KOo)XHa ajb(da-dyacTHHKAa
CIPUYMHAE CcHajiax, L0 Ja€ 3MOry paxyBaTH ajb(da-dacTHHKH i
BUBYATH 1X posnofin. ¥ pocaizax Pesepdoppa anbda-dacTUHKY 3
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Eprect
PE3EP®OP]]
- (1871—1937)

Bupatauil aurmiiicekuit ¢isuk. CBoiMu eKce-
[NepUMEeHTAIbHUMH BiAKPHUTTAMM 3aKJaB OC-
HOBHM Cy4YacHOTr0O BUeHHs npo O6yaoBy aTroma i
panioakTuBHicTs. Bin mnepmium gociigus
CKJIa[, BUIIDOMiHIOBAHHA PaJiOaKTHBHHUX pe-
YOBMH, BIIKPWUB iICHYBAHHSA ATOMHOrO sAapa i
BIIEpIlle 3JIMCHUB IITYYHE I[EePeTBOPEeHHA
aToMHUX agep. Moro yuyrsmm OyJso Garato
TATAHOBUTHX (DisHKIB pisHMX KpaiH.

OOHAKOBOK MIBHAKICTIO CIPAMOBYBAJHUCA NPHUOJIM3HO mapaJjeib-
HHM INY4YKOM Ha (pioopecuiloyuil eKpaH Kpisbk TOHEHBKY MeTa-
JeBy ouabry i migpaxoByBajiaci KiJlbKiCTh YACTMHOK, PO3CiAHUX
nifg pisHMUMU KyTaMHu.

CxemaTuuyHo nociuin Pesepdopna nokazasHo Ha MaJdiHKY 137.
Bcepeguui BUMIMKHM B IIMATKY CBHHIIO HNOMilasacs pagioaKTHB-
Ha pedYOoBHHa p, HAKa CIHYMXHUJIa [IXKepeyioM ajib(a-dyacTHHOK.
Bracainmok cuJIBHOrO rajJbMyBaHHSA Yy CBHHILL, ajdb(a-daCcCTHHKH
MOTJIM BHXOAWTH HA30BHI auIlle yepes By3bKHUiIT oTBip. Ha muns-
Xy YTBOPEHOTrO B TAKHH cnoci® By3bKOro, Malizke rmapajieJIbHOTO
nyuyka anbda-dacTHHOK po3Mimanacsa TOHKa MmeTajeBa (3oJ0Ta,
IJIATUHOBA, MifHa, cpibHa) dosabra &, TOBIIMHA AKOI CTAHOBHJIA
npubausno 0,0004 cm — gecATKH THCcAY aroMHuUX mapiB. ITpo-
X0AAYH Kpi3b doisbry, anbda-4yaCTHHKHU BIAXWUIAJINUCA Bij modar-
KOBOI'O HampAMY pPyXy Ha pisHi KyTu ¢ — poscioBanucd.
Poacisni anbda-yacTHHKM BAAPAJINUCA B MaJleHbKHH exkpaH E,
NOKPUTUH (JII0OpPEeCcHiloi0uo0 peYyOBHHOIO (Cyab(pigoM HUHKY).

Expan sakpinarmopBaecsa HepyXoMo Ha 06’eKTUBiI noBrodoxyc-
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HOro Mikpockona M 3 maaum 36iJbIHIeHHAM, 3a JOIOMOTIOIO
AKOro BeJIMCA CIOCTepe)KeHHsA chnaJjaxiB cBiTjsa mig dac yaapis
ans(a-yacTHHOK B exkpaH. Mikpockon obepraBcss HaABKOJIO OCi,
sIKa NpoxoamJa uyepe3 ILEHTP pPo3ciiidoil (oabru, mobd Mo>KHa
OyJI0 BU3HAYHUTH KiJBKIiCTh YACTHHOK, PO3CIAHWX NiJ Pi3HUMH
KyTaMi [0 HanpsaMy [NEepPBHHHOro nydyka. Beck npuiiaz Bminias-
cA B KOMYyX, 3 AKOIo BigkauyBaJjioca INOBIiTpsA, i THM caMuM
yCcyBajlocA rajdbMyBaHHsS aJjb(a-dyacTUHOK Big 3iTKHeHHs Iix
3 MOJIEKYJIAMH IIOBiTpHA.

Hocninun moxkasayiu, 110, ODPOXOAAYH KpPi3b NJIBKY 3aBTOB-
IIKM B KiJIbKa THCAY Mi>KAaTOMHHX BiJcTaHe#, Ay»Ke MAaJIO YacTH-
HOK Ppi3KO 3MiHIOBaJM HampAM pPyXy, HepeBakHa OinemiicTes ix
MaiiKe He Bigxuasaiaca BiJi HOYATKOBOrO HANPAMY IIOJBOTY.
Hanpukyaazg, mif 4yac IPOXOAKEeHHA NOydYKa anb@a-4acTHHOK 3i
mBuakicrio 1,8-107 m/c Kpisp mrap sonxora 3aBToBHIKU 6-10 7 M
B cepeJHbOMY ojaHa vacTHHKa 3 20 000 Bigxunsanace (poaciioBa-
nacsa) Ha KyT npubimusHo 90°. A mesxi wacTuHkH, iX 6yJio HaA-
3BUYaAMHO MaJo, Biaxuiasaauca Maiixke Ha 180°, To6GTO iHOAI ab-
¢da-yacTHHKH HaBiTh BigbuBanucsa Bij TOHKOI meTasieBol QOJIBIU.

3’sAcyeMo, 3 AKWUX IPHUYHNH alb(pa-dacTHHKA MOKe 3MiHHTH
HaIpAM HOJIbOTY. Anb(da-dacTHHKA Ma€e Macy U 3apsal, TOMY Ha
Hel MOXYTh AIATH AK CHJIM THAMKIHHA, TaK i KyJoHiBCchbki. A 3
eJIeKTPOCTaTHKHM BiZlOMO, IO KYJIOHIBCBKI cHJIM B3aemMoxii saps-
JXKEeHHUX 4YaCTHHOK 3HAYHO IlepeBa’kaloTh rpapiramiiini. Haopwu-
KJaJi, KYJIOHIBChbKa cHhJja B3aeMoJil anbda-4aCTUHKHU 3 IPOTOHOM
yu enekTpoHoM y 1033 pas nepeBulnlye cuay TSKIHHA Mixk alb-
da-yacTUHKOK 1 MacuBHUM atomoMm IlnromMOymy. lle osuauae, mo
y B3aeMojil anb(a-dyacTHHOK 3 aToMaMH (oJabru rpasiTamiigi
CHJIH BiAirparThs MisepHy poOJIb i HHMH MO Ha HEXTYBAaTH.
Orixe, BiAXMieHHA ajb(a-4yacTUHKH BiJi HOYATKOBOr0 HAIPAMY
NOJIBOTY OOYMOBJIIOETBCH Hi€I0 €JEeKTPHUYHO 3apsiKeHHX 4YacTH-
HOK, SAAKi MicTATBCA BCepeauHlI aTOMIiB.

HAxi xx e wacTuaKUu? Ik BOHM poamimieHi B aromax? Ha i
sanuTaHHA 1 Manu BigmomicTm gmocaigu Pesepdopna. OueBupgHo,
IO 3apAjKeHa YaCTHHKAa, AKa BiAXHIs€ anb@a-dacTUHKY Ha Be-
JUKHUH KyT, He MoyKe OyTH eleKTpoHOM. A/’Ke mMaca ejleKTpOHAa
m, npubinszao B 7350 pasz meHma 3a macy aiabda-dyacTUHKH.
3rizHo 3 3akoHamMu 30epexKeHHsI iMIyJbCy i eHeprii, yuacTuHKAa,
AKa pyxajacs 31 IOBHJKICTIO v, He MOXe IIiJ 4yac cniByaapsaHHSA
HajJgaTU HepyXoMii yacTUHII IBUAKiCTBL, Oinapiny 3a 2v. Orixe,
nig yac cHiByJapsAHHSA 3 €JIeKTPOHOM IMIYJIbC ajb(ha-dacTHHXH

. W |
3MIHIOETBCA HA 3HAYEHHH, AKe He IepeBHILye 2V~ gem= M,V

I1a smiHa MizepHO MaJia, TOMY MOXKHa BBAXKaTH, 1[0 BHACJIIJOK
3iTKHeHHA ajgbda-4yacTUHKHU 3 eJeKTPOHOM Ii pyX NpPaKTH4YHO He
3MIiHHUTBCA.
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OckinpKHM 3iTKHeHHA 3 eJIeKTPOHAMH He 3MIHIOITH HANDAM
PYyXy ainbda-dacTHHOK, IXHE BiXHJeHHS HaA BEJHMKI KyTH 00y-
MOBJIEHE B3a€EMOJIEI0 He 3 €JeKTPOHAMM, a 3 MO3UTHUBHO 3apdAn-
YKEeHHUMHN YaCTHHKaMMH.

3 mociainis Pesepdopaa sunnmeaso, o Xo04 aTOMH B TBEPIO-
My Tifgi ayke OIifIbHO IIPHUJIATAIOTE OJHMH L0 OAHOIrO, IepeBayKHa
OinpmiicTe aab@a-vacTHHOK INOPOHH3YE, Maifke He BigXuisio-
YHUCh, KiJIbKA THCAY aTOMiB. 3BificH MOXHa 3pOOHMTH BUCHOBOK,
10 ATOMHM MAaiKe ITOPOKHI M JumIe B HeHTPl IX € IIO3MTHBHO
3apsamKeHe aapo posmipom npubamnsso 10715 m. 3 gociiais Bum-
JHUBAJIO TaKOXK, II0 B AAPi 30cepem keHa Maiike BcA mMaca aToMa.
Crupasnai, i3 3aKOHIB cHiByJapAHHA NPYKHUX KYJb BifoMo, IO
KVJA [Iix yac cuirygapsHHAa Bigmitae Hasapg TiJabkH TOAi, KoaM ii
Maca Majia IOpiBHSAHO 3 Macoro iHmrol kymi. Or:xe, Maca mosu-
THBHO 3apALMKEHOI'o sAApa, 3 AKHUM CIiByJgapsaeTbca anb(a-dac-
TUHKAa, AKa BiaAxuasersca HaA KyT, 6ausbKmit go 180°, 3HauHO
NepeBHIYE Macy caMol albda-dyacTHHKH.

Hocninum Pesepdopaa, pasoM 3 BCTAHOBJIEHHAM ANEePHOI
CTPYKTYDH aToMa, CBiIUYuIM Ie ¥ Opo BHCOKY MIIHICTE ATOMHHX
Anep, AKI He pyMHYBaJIHUCA HABiTH mig yac 1060BOro 3iTKHEHHHA 3
ane(a-yacTUHKAMU, [0 HadiTanu Ha sSApa 3 BeJIUKOK IIBHJI-
KicTiO.

Ha ocHoBi niux mociimxkenps Pezepdop/] 3alIpONOHYBaB ANEPHY
«IJIaHeTAPHY» MOOEeNb OyZoBm aTroma. 3rifHO 3 i€ MOIENnio,
4TOM CKJI&HaEThCHA 3 IO3HTHUBHO 3apANMEeHOr0 MAaCHBHOrO #Apa,
poaMmipu sxoro nopagxy 10715 m. HaBkoao agpa pyxaloTbhCsa ele-
KTPOHH, YTBOPIOIOYH TAK 3BaHY EJNIeKTPOHHY OOOJIOHKY aroma.
3apan aAzpa AOPiBHIOE 34 3HAYEHHAM CYMapHOMY 3apsay Bcix
eJeKTpOHiIB. ¥V AApi 3ocepemxeHa MaiiKe BCcA Maca aToMa
(99,95 %). "

IInanerapaa Mozenbs aroMa mo0pe NOACHIOBAJa Pe3yaAbTATH
JOCHixie 3 posciroBaHHA anbda-uyacTHHOK pedYOBHMHOK. BoHa aa-
BaJia MOSKJIMBICTH €KCIEepUMEeHTAJBFHO BU3HAYHTH 3apapn #Aapa,
npuyoMy OyJI0 ZOBeAEeHO, L0 BiH NOPiBHIOE NOPAAKOBOMY HOMeE-
py enemenTa. OgHax nOpm Beiil NepeKOHJIMBOCTLI NUIAHETAPHOIL
MoOOeJii, BHHAKaJa I[ija HU3Ka He3JOoJaHHHUX TPYOHOIMIB Iif dac
nosicHeHHs OYZOBH aroMa.

3rigHo 3 Teopiero Makceenna, 6yOb-AKa €JIeKTPUIHO 3apsn-
JKeHa YaCTHHKA, PYXAaIO4YHCh 3 IIPUCKOPEHHAM, Mae OesnepepBHO
BUIIPOMiHIOBaTH esJeKTpoMarHiTHi xsuiai. Orike, DOBUHHI BUIPO-
MiHIOBATH XBHJII i €JIeKTPOHH, PYXamYHUCh B aTomMax. Mix Tum,
V HOpMAaJbHOMY CTaHiI aroMn He BHIIPOMIiHIOIOTHL XBHJb. Ilo Toro
K BHACJIINOK BHIPOMIHIOBAHHSA eJEeKTPOMATHITHUX XBUIb
eHepria eJeKTpoHiB Maja © Oe3anepepBHO 3MEHIIYBATHCH, B
pes3yabTaTi yoro eleKTpPOHH Mycuiau 6 HabiauraTucsa Ao Aapa. 3
HaOIMIKEeHHAM O0 sAapa IIepion oGepraHHS eJIEKTPOHIB, a oTXXe, i
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YacTOTa BHOPOMIHIOBAHOIO CBiTJIa MalOThE Ge3dnnepepBHO 3MiHIOBa-
Tucsa. TakuM UYMHOM, CHEKTP BHUIIDOMIiHIOBAHHA pesdepdopais-
CBKOro aToMa MaB 6u OyTH CYUiJIBHMM, a MU 3HAEMO, IO OYAb-
AKHUHA peaNlbHHIl ATOM XapaKTepu3yeThbCs JIIHIAYaCcTHM CIIEeKTPOM.

Hamni, BHacaigok Oe3anepepBHUX BTPAT eHeprii, eJleKTPOHH
MaJu 6 ymacTH Ha AAPO, 1 aToM AK IIJlaHeTapHa cucrema Mir 6u
OPUIIMHUTH CBOE€ icHyBaHHsA. OO4YMCIIeHHA MOKAa3yIOTh, IO IleH
npouec TpuBasB 6u 6su3sko 1078 ¢. IIpore Bigomo, 1m0 aromu eJie-
MEHTIB iCHYIOThE TPHUBAJHMH 4ac, AKUHA MOKe BHUMiploBaTucsa Oara-
ThMa MiJIBAPAaMH POKIiB.

1. ki semma ceBiguaTe mpo ckiaagHy GynmoBy aroma? 2. ¥V womy
nonarae amicr pocainis E. Pesepdopna 3 posciroBanas anbda-uac-
THHOK i AKHMH BHCHOBOK MOKHa 3pobmru 3 Hux? 3. fxky moxmens
6ynosm aroma sanpononyeBaB E. Peaepdopz? 4. fAxi rTpyasHOmii
BHHMKAJIA HOiJ Yac NOsACHeHHsA 6YI0OBH aTOMiB 3a JOIIOMOT0I0 MOJeJIi
aroma Pesepdopna?

§ 77 — KBAHTOBI ITIOCTYJIATH BOPA

KeaHTOBi ySABJIIeHHA PO IPOIECH B NpUpoAi Habyau nmogasib-
HIOTO PO3BUTKY Y MNOCJHiJ’KEeHHAX BUJIATHOTO JaTChbKOro ¢ismka
Hinsca Bopa. OcHoBui nocrnigui dakTi, Ha AKi coupascsa Bop,
BaM Yy Ke BioMi: aToM Mae nJiaHeTapHY CTPYKTYPY 1 pasdoMm 3 TUM
OyKe cTiHKUH (ATOMH MOXKYTh iCHyBaTH HeoOMeXeHO JOBro, He
BUIIPOMIHIOIOYH €JEeKTPOMArHITHHUX XBHJIb); aTOMH BHUIIPOMiHIO-
IOTH i MOTMIMHAKIOTE CBiTJIO KBaHTamMu (hpoToHAMHM), eHeprig AKHUX

popiBHiwe E = hv; izonboBaHi atomMu B 30ymixKeHoOMYy cTaHIi
BUINIPOMiHIOIOTH IIeBHUN HaOIp wyacToT — p[alTh JiHiAYacTH
CIEKTp.

Opnak nocisizoBHOI Teopil 6yaoBu aroma Bop He 3anponoHy-
BaB. BiH cdopmynOoBaB OCHOBHI IIOJIOKeHHA HOBOI Teopil y
BUIJIAAL MOCTYJIATiB-TBepAKeHb, NPUHHATHX 3a BUXIiAHI mnoJso-
KeHHsA. [lpuyomy i 3aKOHHM KJIacHYHOI (Ppi3MKH HHUM NOOBHICTIO
He BigxKupaaucsd.

Hoei mocrysnaTu mBuAllle HAKJIALAJIHU JHIIe NIeBHI oOMeXxeH-
HA Ha PyXHW, AKi JonmycKae KJIaCUYHA MeXaHiKa.

I Bce 1 ycmix Teopii Bopa 6yB Bpa)kamuum. YciM BUEHHM
cTajsio 3po3ymijyio, mo Bop 3HAWUIIOBR NPaBUJIBHUHN IIIJIAX PO3BHUT-
Ky Teopil, AKUI NpuUBIiB 3roJoM J0 CTBOPEeHHS CTPYHKOI Teopil
PYyXy MiKpOYACTMHOK — KBaHTOBOI MexXaHiKH.

Ilepuiuit nmocrynar Bopa Takui: aToM MoKe nepedyBaTH
TiIBKM B OCOOJHMBHX cTanioHapHHX, a00 KBAaHTOBHMX, CTaHaX,
KOJKHOMY 3 AKHX BiAnosigac nesna enepria E_. B cranionapno-
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Bugarauii gancbkuil @isuk. CTBOpUB mep-
Iy KBAHTOBY Teopilo atoma i OpaB aKTHB-
HY y4YacThk B OIpalljoBaHHI OCHOB KBAHTOBOI
mexaHikn. Ilopax 3 unmm, BueHuit Hararo
3poOUB A/ PO3BUTKY Teopil aTOMHOro sj-
pa i sagepuux peakiiiii. 3oKpemMa, pO3BUHYB
Teopio noainy aromHux anep. B Koneunra-
redi cTBOpMB HIKOJAY (PisMKiB, YUM CIIPUAB
PO3BUTKY cHiBpobiTHUNTBA MiXk (dizukamm
BCBOT'O CBiTYy.

MY CTaHi aToM He BHIPOMIHIOE €JEeKTPOMATHITHHX XBHJIb.
Ileit mocTyJaT ABHO CyNepeyMTh KJIACUUYHINA MexaHili: eHepris
PYXOMHKX eJIeKTPOHIiB Moyke OyTu sikowo saBrogHo. CynepedyuTs
BiH i esmekTpoamHamini MakcgeJsia, OCKiJIBKM [JONYCKAE MOMK-
JIUBICTH IIPHCKOPEHOr0 PYXY eJIeKTPOHiB 0e3 BUINPOMiHIOBAHHSA
eJIEKTPOMATrHITHUX XBHJIb.
HOpyruit nocrynar Bopa: npu mepexomi aroma 3 OJXHOro
CTAIiOHAPHOr0 CTAHY B IHIOMH BHIPOMIiHIETBCA ab0o mnoriam-
HA€ETHCA KBAHT eJIEKTPOMArHITHOI eHepril cynepedyuThb eJIeKTpo-
aunHaMminl MakcBesa, 3rifHO 3 AKOIO YacTOTa BUIIPOMiHIOBAHOI'O
. cBiTJIa DOpPiBHIOE 4YacTOTi o0epTaHHS eJeKTpoHa 1o opbiri. 3a Te-
opiero Bopa, yacTora noB’si3zaHa Jiuile 31 3MiHOIO eHeprii aroma.
3 mnepuioro nocryJjgary bBopa BuUmiMBae, L0 ICHYIOTh
OUCKpPEeTHI cTamioHapHi cTaHHM aTromMa, B AKHX BiH Mae€ IIeBHi
sHayenHsa eseprii E,, E,, E;, ... i
EeBJ eHep'Fi'l' He BunpomiHmwe. [lna Haou-
"0+ HOCTi NpUHHATO 300parkaTyH 3HAUYEHHSA
€Hepriii aToMiB y BUIJIALl FrOPHU30HTAJb-
HUX NOpAMHUX (eHepreTUMYHUX piBHIB),
po3TallOBaHHUX OJHa HAaJ OJHOKI Ha
I BimcTaHi, nponopuiHid pisHMAL]
eHepriii (masn. 138), ne E, — eHepria
aTromMa B He30y/JyKeHOMY (OCHOBHOMY)
craHi (BoHa Mae HaWMeHIlIe AJISA JaHO-
ro aroma 3HauyeHHs), E,, E; —
eHeprisa 30ya)KeHHUX CcTaHIB aToMma.
Ilepexizy aToma 3i cTaHy 3 MeH-
IIIO0 eHepriexo B c¢raH 3 Oijabiioio
E, »> EHepri€el MOKJIHUBMUH JHIIe Oig yac
IIOrJIMHAHHA aromMoMm eHeprii. Bu-
Mas. 138 NpOMiHIOBAHHSA BigOyBaeTbcsa y pasi

E>
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nepexoay aroma 3i crany 3 GiNbIIIOIO eHepPri€lo B CTAH 3 MEHILIOIO
e”Heprieo.

Eneprisa ¢horoHa gopiBHIO€ pidHUIi eHepriii aroma B ABOX HO-
ro cralioHapHHMX CTaHAaX:

hvin = E¢ — Ey,
Je K i 1 — HoMepu Horo craunioHapHux craHis. Ilpu E,. > E
BiAOyBa€eThbCA BUIIPOMiHIOBaHHA (oTOHa, a npu E, < E| — #oro

MOTJIUHAHHSA.
YacToTa KOJINBaHb, SIKa BiANOBiga€ BUOyIIEeHOMY (UM ITOTJIH-
HYTOMY) KBAHTY BHIPOMIiHIOBAHHSs, BU3HAYAETHCA (POPMYJIIOIO

Vin = —E—L. (77:1)

1. ¥V womy amicT moctynatiB Bopa? 2. Big yoro saneXuThs yacToTa
BHUIIPOMiHIOBAHOrO aToMoM cBiTia? 3. B AKOMy cTaHi eHeprisa enex-
TpOHA MEHIIA — B OCHOBHOMY (cTilikomy) um 36ymxeHoMy?

Bnpapga 18

1. Ilixg uac mnepexony enexktpoHa B aromi I'igporeny 3 oaHOro
CTalliOHADHOTO €HEepreTHYHOro piBHA HAa iHIIMIT eHepris aroMa 3MeH-
myerbesa Ha AE = 1,89 eB. IIpu usomy atrom Bunpominiwoe doron. Bus-
HauTe OJOBXXHHY XBHJII A LIbOTO BHINIPOMIHIOBAHHSA.

2. Exepria crifikoro (ocHoBHOro) crany [Iigporeny paopiBHIOE
E, = -13,6 eB, a nepmoro 36ymxenoro — E, =-3,5 eB. flky najimen-
1y eHepriio Tpeba Hazatu atomy Iinporeny, 1mo6 nepesecTH iforo B 36ya-
sxeauit cran? Um moxxe arom Tigporemy mormmuytn eHepriio 8 eB?
Yomy nopiBHIOE eHepris iouizanii aroma Iixporeny?

§ 78 — EKCIIEPUMEHTAJIBHE IIIATBEPASKEHHSA
IIOCTYJIATIB BOPA. YCIIIXH I TPY JHOIII
¥ CTAHOBJIEHHI TEOPII BOPA

. Ineil Bopa npo cranioHapHi craHu aroma, IIpo JUCKPETHI 3Ha-
yeHHs1 ¥oro e”eprili B 1913 p. gicranu exkcrnepuMeHTaJbHe IIif-
TBepMKeHHsA y pocaiai . ®panka i I'. 'epua.” Inea nworo mocsri-
Ay HoJIAra€ y BUMipHOBaHHI KinbKoOCTi eHeprii, ska nepenaernscs
aTOMOM IIiJl Yac MOro coiByAapsiHb 3 €JeKTPOHaMM. ]-

fAkio cranioHapHi cTaHU aToMiB cpaB/ii iCHYIOTh, TO €JIEKT-
POHH, CIiByAapfAOYHCh 3 aTOMaMH, BTPAYaTHUMYTh €Hepriwo auc-
KpeTHO, NeBHUMHM nopuiamu. SAKiuio »x cramioHapHEUX CcTaHIB He
icHye, BTpaTu eHepril mig yac criBygapsAHb MOXKYTH OYTH SAKUMU
3aBrOJAHO.

207



i
: -
il - e
Maun. 139

Cxemy pocniny ®Ppanka i I'epua nokaszano Ha manoHky 139.
EnexTpoHu, BHIIPOMiHIOBaHiI pos)xxapeHum kKaroaom K, npHcko-
PIOIOTHBCA EJIEKTPUYHUM I1oJieM Mixk Karoaom K i cituacrum
enexktpogom C. Misk citkoro C i aHOAOM A CTBOPIOIOThH €JIEeKTPUY-
He II0JIe, sIKe rajbMye eJieKTpoHHu. fIkijo Ha maaxy Big K no A
eJIeKTPOHM BHACJIJIOK HEeINpY}KHHUX CHOiByJlapsAHb 3 aroMaMM ra-
3y, L0 3alIOBHIOE NOCYAHUHY, BTPAaTATh CBOIO e€Hepriio, BOHU He
3MOXKYTh IIOJONIATH rajabMiBHe moJie Mi>k C 1 A i noTpanasaTe Ha
cirky C. Tomy 3a mnoxkasaHHAMHM rajJgbBaHoMerpa [I° MO’KHA
peecTpyBaTH EJeKTPOHH, AKi BTPATHJIM €HEPrilo BHACJIIJOK He-
npy>xkHoro yaapy. Koau eleKTpOHHM BTpayalTh €Hepriio, BOHU
3aTPUMYIOTHCA TaJbMiBHMM IIOJIEM, i CHMJIa CTPYMY UYepes rajbBa-
HOMeTp 3MeHIIyeTbca. Peaynbraru gociaimxenus Ppanka i Iep-
Ila JJiA BUIIAAKY 3anoBHeHHA OanoHa B mapoio pryTi 300pakeHi
Ha ManwHKY 140 y BUraAAl KPHUBOI 3a€KHOCTI CHJIM CTPYMY BiJ
KiHeTH4YHOI eHepriil eleKTpoHiB. KpuBa Mmae nocuTh XapaKTepHHHA
BUIJIAA: PAX pia:«mx MaKCHUMYMIiB, pO3TAIlIOBAHUX OAUH Bin
omHOrOo HAa BiacraHi nmpubmausHo 4,9 eB. l'IpoaHa.ruayeMO, IO X
O3Ha4va€ BUIJIAM Iliel KpuBoi?

CnouaTKy, B Mipy 306inbIIeHHsA KiHeTHM4HOI eHeprii eJsek-
TPOHiB, CHJIa CTPYMY uepe3 rajbBaHoMeTp I’ 3pocTrae, OCKiJIbKU
Bce Oinpma ¥ 6iJbIna KiJbKicTh eJIEKTPOHIB IPOXOAHUTE YEepes3 4a-
pyaku citkun C. OxgHak TaKe 3pPOCTAHHA CHJIM CTPYMY Bindy-
BaeTbcA jaunie go eHeprii 4,9 eB. fkmo # pgani 36inemyBaTHu
KiHETHYHY €eHepriio eJIeKTPOHIB, TO CHJIa CTPYMYy He 3pocTae€, a
pisko ameHmyeTbcesa. Ilorim, B Mmipy 306inbIIeHHsA eHeprii ejek-
TPOHIB, CHJIa CTPYMY 3HOBY IIOYHMHAE 3pPOCTATHA 1 3HOBY pPi3Ko
3MEeHUIYETbCA y pas3i gocarmenHs edHepril 9,8 eB. Hacrynue
3MeHULIeHHA CHJIM CTPYMY HacTa€ TOJAl, KOJIM eHepris eJeKTpPOHiB
nocsarae sHauveHHsa 14,7 eB.

3pocTaHHSA CHJIM CTPYMY A0 Makcumyma nipu 4,9 eB osznauae,
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10 IOKH eHeprifa eJleKTPoHiB He gocaArae 4,9 eB, BOoHu 3a3HAaOTH
y npoctopi K—C nuille Ipy>KHUX 3iTKHEHb, BHACIIIOK AKHX eJIeKT-
POHU He BTpadalwThb eHeprii. OT)ke, Bci eJeKTPOHH, SAKi IIpPOXo-
AATH Yepe3d 4YapyHKHU ciTku C, JOXOAATE A0 aHoJa A i1 IpOXoaATh
yepes rajbBaHoMeTp. SIK TiNbKM KiHeTHUYHAa eHeprisa e.uerc'rpoms
nocarae 4,9 eB, BinOyBalThCA HENPY»HiI 3iTKHEHHA, i eJIeKTpPo-
HH OOBHICTIO BigzamooTh eHeprio aromam [igpapripymy. 3posy-
MiJIO, 1[0 eJIEKTPOH, BTPATHUBIIU KiHETUYHY eHepriio, He 3MOXKe
[IOJ0JIATH rajgbMiBHe noJie y npocropi C—A i He nocsArkse aHoja.

Ilopanepmie 30isMbHIeHHA KiHETHYHOI e€eHeprii eJeKTPOHiB
COIPUYMHAE 3POCTAHHA CUJIM CTPYMY JOTH, IIOKH eHepris He Jo-
cArHe 3HaueHHA 9,8 eB. lle 3pocraHHA BigbyBaeThbcA TOMY, IO
€JIEKTPOH, BTPATHBINM YACTUHY €Hepril BHACJIIIOK HENpPYXHOTIO0
3iTKHeHHsA, Ma€ 11 e AOCTATHBLO [AJIA IIOAOJIAHHA raJlbMiBHOI'O
nonsi y npocropi C—A. Piske a3MeHII€HHS CHJIMA CTPYMY IIPH JO-
cArHeHHi eneprii 9,8 eB BignmoBigae Bumagkam, KOJIM €JI€eKTPOHH
BHACJiJOK 3iTKHeHb 3 Kinbkoma atomamu I'inpapripymy sasHa-
IOTh IBOX HENPYKHHUX CIiBYJAapsAHb, ¥ KOXKHOMY 3 SKHUX BTpaua-
1oTs nmo 4,9 eB. 3 ukoro gocnigy BUNAKHBAE, ILI0 IIiJ yac 3iTKHEH-
Hia 3 artomoMm [ligpapripymy eneKTpoHHM BTpadaloThb eHEpPTriio
nopuiamu B 4,9 eB, a aToMH NOrJIMHAOTE €HEPrilo TAKMMH ca-
MHMU ITOPILIAMH.

Amnajorideai gochaiam OyJau TIpoBeJeHI ¥ 3 IHIMIKMMHU Traso-
noaibHMMKU pedoBMHaMu. ByJsio BCTaHOBJIEHO, LI0 B Iapi KaJjiro
eJIeKTPOHH BTpadYalOTh eHepriio nopoismu B 1,63 eB; B mapi
HaTpilo — nopuiamu B 2,12 eB; B resil — nopuismu B 21 eB.
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Orike, pocaigu Ppanka i 'epoa niarsepaunan noctynaat Bo-
pa mpo cTallioOHapHi CTAHM i AUCKpPEeTHICThL eHepreTU4YHUX PiBHIB
aromiB. BOHM TaKo’X eKcIepHMeHTaJIbHO MNiATBepAWIN APYrHi
nocryjnar Bopa nOpo AOHUCKpPeTHHUH XapaKTep BHUIPOMIiHIOBaAHHSA
aToMiB. :
Teopisa Bopa 6iuckyde poa3s’sizasa npobaemy OynoBu aToma
ligporeny i crmekTpa iforo BHNPOMiHIOBaHHA. [H yjajnocsa mosc-
HUTHU HAsBHICTBH cepiii cmeKTpaJdbHUX JiHiIN B cnekTpi I'igpore-
HY i gicTaTH 4yJOBY Y3TOAMKEHICTh MiyK 3HAYEHHAMM 4HacTOT IIHUX
JiHiii, po3paxoBaHMX TEOPETHUYHO i BUMIpAHUX Ha Jociini.

Teopia Bopa mae moknuBicTe sikicHO (i O TOrO X Ay>Ke Ha-
OYHO) NOACHHUTH 3arajbHi pucu GygoBu Oinbin ckiaagHux (Oara-
TOEJIEKTPOHHHX) aTOMiB i IX criekTpiB, 30KpeMa, Ja€ MOMIUBICTH
OBr'pYHTYBATH 3aKOHOMIipHOCTI po3MillleHHA XiMIYHUX eJleMeHTiB
y nepioauuHiii cucremi. Tomy Teopisns Bopa Bigirpana Bennde3ny
POJBb ¥ PO3BUTKY BYEHHHA INpo OyJOBY aTOMIiB.

Pasom 3 ycmixamMm B IOsiCHEHHI 3akoHOMipHocTeil criekTpa
TI'igporeny Teopia Bopa 3 camoro nmouarky ii BUHUKHEHHSA MICTHU-
Ja gesaki icTtorHi Hezosiku. 3a i€ TEOpPi€d MOXKHA MMOACHUTH
He Bci BmactuBocTti atroma [Iigporeny, a, no cyTi, Jauuie
JiHi#yacTi CHEKTPH eJleMeHTiB mnepiioi rpynu IepioguuHOl
cHCTeMH, Ta M TO TiIBKM AKiICHO, i He MOXHA MOSACHUTH OYIOBY
faraToeJIeKTPOHHHUX ATOMIiB.

Hait6insmum HemosikoM Teopii Bopa € BHyTpimHsA moriuxa
CYIIepeYHiCcThb, HEIOCNHiJOBHICTE. ¥ Hill BUKOPHUCTOBYIOTHCA OLHO-
4YaCcHO KJAacH4YHi i KBaHTOBI yfABJEeHHs, fAKI cymepedaTs OAHi
ogaum. Ili Heponikm Oyys0o yCyHYTO 3a AOIOMOIoOI0 KBaHTOBOI
MexaHiKH, fAKa He TiJIbKH MNOSCHIOBaJla BCi TOHKOIIL B Oymosi
aroma [ligporeny, a ¥ ycmimHo omnmcyBasa OGaraToeyleKTpPOHHI
aToMH, MOJIeKYJIH TOIIIO. -

1. V uomy moadArana iges mocuimy Ppaska i I'epma? fxwuit BucHO-
BOK MOJKHA O6yJ0 3poBUTH HA OCHOBI pe3yJLTaTiB IIEOro AOCHiAYy?

2. ¥ yomy nonaraioTh icTOTHI Hegoxiku Teopii Bopa?
b

§ 79 — CIIEKTPAJIBHHUH AHAJII3

KoxeHn ximiyHMil eJleMeHT Ma€ cBiii xapakTepHU# JiHifiuac-
Tuit cnekTp BUNpoMmiHioBaHHA. JliHiMiuacTHii cmexKTp ckJaagHOI
PEYOBHHU CKJAZaeThCcHA 3 JiHiMuacTHX cHnekTpiB XiMiuHHX eje-
MeHTiB, AKi MictaTeca B Hi¥l. Tomy 3a JiHiAYacTHM CIEeKTPOM
PEYOBHHHU MOXXHa BHU3HAYNTH, AKI XiMiuHi ejleMeHTH BXOAATH 10
il ckaany. Takuii MeTon BH3HAYEHHSA XIMIYHOro cKJalgy pedOBHU-
HU HA3BMBAETHLCH CNeKMpPAibHUM AHANLIZOM.
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CnekTpaJbHHI aHaJi3 IIMPOKO BHKOPHCTOBYETHCA B Pi3HHX
rajgy3fax HayKM W TexHiku. BiH HaasBuuaiiHO UYYTJIUBHUIH, Jac
3MOI'y BUSABUTHU HASBHIiCTH MinbHOHHOI yacTKM Minirpama ximiu-
HOI'O eJIeMeHTa B PEYOBHHi, NPUYOMY KiJBKicTh AOCIIiAKyBaHOI
pPEedYOBUHHM, HeOOXigHOI ANsa npoBelleHHs CHNeKTPaJlLHOI'O aHaJi3y,
TAKOK Ay»Ke HesHauyHa (dacto gocutbk 1078—1079 r). ¥ nsomy ox-
HAa 3 HOro ImepeBar mnepejs XiMiuHMMH MeTozaMu aHaiuaidy. JIpyra
nepeBara CHeKTpPaJBHOro aHaJidy Ta, 10 3a HOro AOMOMOIOIO
MO¥Ha BH3HAYHUTH XIMIiYHHH CcKJazx Tij, AKI 3HaxomATbcA Ha
Oyab-sAKiil BeMuKii BigcraHi, mocTaTHBO JuIIe, MO0 IPOMEHi Bifg
HUX MNOTPAaIJIAJH B CIeKTpalbHUIl anapar. Tomy meil meton mu-
POKO BHKOPHCTOBYEThBCA B ACTPOHOMII AN BU3HAYEHHSA XiMidHO-
ro ckyuany CoHnsa, 3ip, iIX TemneparypH, pyXy B IPOCTOPi TOIIO.

CnekTpaJibHUI aHaNi3 rasziB i mapn MoMKHa IPOBOLHMTH i 3a
crnekTpaMu norauHaHHA. CHEeKTPHM HNOrJMHAHHSA IIMPOKO BHKO-
PHCTOBYIOTHCA IJIA AOCJiJIKeHHsI OY/IOBM PEYOBUH 1 JJA TeXHiu-
HOI'0O KOHTPOJIIO CKJIANY PEeYOBHMH HA BUPOOHMIITBI.

Humi BU3HaUYeHO CIEKTPH BCiX XiMiuHUX eJleMeHTIiB i criane-
HO crenianbHi Tabauii abo aTsacH ceKTpaJdbHUX JIiHIN, B AKHAX
HaBe/leHO TOYHEe PO3MIillleHHA JIIHI# CIeKTpa KOXXHOro XiMiuHOro
ejeMeHTa, abo BIAMOBIAH]L IM JOBMMHWHHW XBUJbL. IlumMmy Tabaunamn
Yy aTjacaMy i KOPHUCTYIOThCA [IJA IIPOBENEHHA CIEeKTPaJbHOTO
aHaJsizy. ¥ JeAKHWX BHUINAAKAX CIEKTPAJbHHHA aHAJNI3 HNPOBOAHUTH-
cA MOPiBHAHHAM CHEKTPiB HOCAiAYKYyBaHOTO MaTepiany i eTaJioH-
HOI'O COEeKTpa 3pa3Ka 3 BiJoOMMM BMiCTOM XiMiUHHX eJIeMeHTiB.

3a ocraHHiI AECATUIITTS AICTAB PO3BATOK KiJBKICHHM CHEKT-
PaJIbHUHA aHAaIi3, AKUH I'DYHTYETHLCA HA TOMY, IO Bij BMicTy elle-
MEeHTa B JIOCJI3KYBaHIA pPEeYOBHHI 3aJIeKHUTh iIHTEeHCHBHICTBH HOro
crnexTpanbHux JgiHii. [TopiBHIOIOUM i1 3 IHTEHCHUBHICTIO CIIEKTPAJb-
HUX JiHiA crnenianpHOI erasloHHOI TaOAHIII, MOXHA BH3HAYWTH
MAacOBY YaCTKY JaHOI'o eJIeMeHTa B JOCJiIKYBAHOMY 3pPasKy.

N

¢

1 1. flkuil cmeKTp BHIPOMIiHIOE PO3KapeHHWil IIMaATOK 3axiza? pos-
nnaBJeHe 3ayizo? nmapa saniza? 2. Ak Mo)kHA AicTaTH JiHifyacTHi
creKTp pedyoBmHH? 3. ¥ uoMy mepeBara CIeKTPaJbHOIO aHAJNI3y Ie-
Pexn XiMiYHMMM MeTOoJaMH aHAaJi3y?

§ 80 — [TIOHATTA ITPO KBAHTOBI
JIYKEPEJIA CBITJIA

HasBHiCTE JUCKPETHUX €HEPreTHYHHUX pPIiBHIB eJleKTPOHIB B
aroMax i MOMKIUBICTEL Nepexoly eJIEKTPOHIB 3 piBHA HaA piBeHb 3
BUNPOMIiHIOBAHHAM €JIEKTPOMArHiTHHUX XBHJb AAJA MOMKJINBICTH
CTBOPHUTHM MNPHHIOMUIIOBO HOBiI JA3Kepejia BHUIPOMiHIOBAHHA —
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KBAaHTOBiL reHepaTopH, abo J a 3 e p u. Poaruasage-
MO KOpPOTKO (ismuni ocHOBHU ix nxii.

IIpunycTuMo, 110 € AesAKa cuUcTeMa aTOMiB (MOJIeKyJl uYu
HoHiB), 3ZaTHa MAaTH JIHMIIe JBAa eHepreTHYHi piBHI (cTaHH):
HHMXHiIHA piBeHb E1' AKHUM BianoBimae cranioHapHomy, He30ymxxe-
HOMY CTaHy, i BepxXHii piBeHs E,, AKuil Bignosinae sbymxeaomy
crtany. Bigomo, LI0 eIeKTPOH MOXKe 34iMCHIOBATH IIEepexXoay Mimx
nuMu pisHamu. OxHiero 3 IpUUYMH, AKa BHKJWKAE TaKi mepexo-
oy, MoxKe OyTH AOim ma enekTpoH ceiraa. Pesyaprar miel zgii
3aJIeKHUTEL Bifl TOr0, HA AKOMY PiBHI B IMOYaTKOBMI MOMEHT Iepe-
OyBae eeKTpPOH. KO eIeKTPOH MICTUTBCA HA HM»XHBOMY PiBHI,
TO mijg gi€ro ¢BiTJIA OiIKOM IMEBHOI HJOBXKHUHHK XBHJIL BiH nepeiine Ha
BEPXHiH, MOrJIUHYBIIK KBaHT eHeprii. Ileil npounec € 3BUYaiiHUM
OOIrJIMHAHHAM CBiTIa, HaAIpPHUKJIag Y. KOJLOPOBOMY CKJi, AKe
OpPOIYyCKAE CBiTJIO aWIme TOro KOJALBOPY, B AKWHHA BOHO came
sabapBiieHe, i DOIVIMHAE PeLITY KOJLOPiB.

X110 X eIeKTPOH aToMa YU MOJIEKYJH B MOMEHT Aii Ha HBO-
ro cmirsa nepefyBae Ha BEPXHLOMY piBHi, TO CBiT/IO 3MYCHTBH
€JEeKTPOH «IepecTpUOHYTHU» HA HUKHiIH piBeHB i BUnpomimmTH
TAKy caMy CBITJIOBY XBHJIIO, SKa BOaja Ha aToM. BuHHKaroua Imix
yac TAKOTO BHUIIPOMIHIOBAHHSA CBiT/JIOBA XBUWJISA He BifgpisHAETHCA
Bix mapgaroduoi Ha arom XBHJII Hi wacToTOIO, Hi ¢azor, Hi moaapu-
3anier. SAKm0 Ha BepXHBOMY pPiBHiI mepebyBae OZHOYACHO BeJIU-
Ka KinepKicTe €JeKTPOHiIB, TO IIimg mier cBiTiia Bci BOHM CTPOTO
CHHXPOHHO IIepexXOAATh Ha HHKHIH piBeHb, BHIPOMIHIOIOYHA
OJHAKOBi eIeKTPOMATHITHI XBUJIi, AKi He MOXHa BigpisEUTH Bix
THX, IO MIajalThk Ha cucreMy. Takuii npomec, Ha3BaHUH
SUMYULEHUM BUNPOMIHIOBAHHAM, € HAWOINBII BaXKJIUBUM [IJA
CTBOPEHHA KBAHTOBUX IeHepaTOpiBR cBiTia.

Orxe, min aie€ro cBiTIAa eJeKTpPOHU, AKiI mepebyBanam Ha
HH)KHIX piBEAX, NepexoadATh Ha BepxHi, MNOIJIMHAIOYN eHepriio
CBiTJIa, & €eJIEKTPOHU, AKi nmepefyBajyii HA BEepPXHiX PIiBHAX, mepe-
XOOATHL HA HHXKHI, BHIPOMIiHIOIOUN CBiTJIO i 30inmpmryroum mum
caMuM eHeprio nazamovoro ceirtna. TaxkuMm uYmMHOM, IIpOIECH
IOTJIMHAHHSA 1 BUNIPOMIHIOBAHHA CBiT/Ia KOHKYPYIOTH MixK co60I0.
A OCKiNBKU €eJIeKTPOHIB Ha HMMXHIX piBHAX Oinkimie, HiK Ha
BEPXHIiX, TO mepeBakaTmme nornuHaHeHsa cBitna. o6 gicraTtu
MiACHJIEeHHA CcBiTJa, HeoOXiZgHO 3HaliTH croci® BimcoprysaTu 30y-
O)KeHi atoMu, TOOTO CTEBOPHTHM AKTHBHE CEPeIOBHUILE, B AKOMY
nepeBaxkasu 0 30yzkeHl aromu. KMo nponyckaTm Kpispk Take
cepegoBHIIe OPOMiIHHA 3 BiANOBiZHOI II€epPeXOLOBiI YacCTOTOIO,
BOHO HIiJCHJIIOBATHME lie¢ BUIPOMIiHIOBAHHS.

Taxuii MmeTOA IMiACHJIEeHHS BUIIPOMiHIOBAHHS 3HAWIIIOB 3aCTO-
CYBaHHS B MOJIEKYJIADHUX eHepaTopax, Ae 3OiHACHIOETECHA COPTY-
BaHHA MOJIEKYJI aMLaxy, nonepesHEO mmrpmoro B coemiajbHii
nevyi. Monexynn amiaky, mnepeseneHi B pisHl eHepreruuyni crasu,
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IPONYCKAaIOTh Yepes HeomgHopimHe 33—
eJIEKTPpUYHEe II0Je, JAJII CTBOPEHHSA
AKOT'0 BUKOPHCTOBYIOTE KOHJIEHCATOPH 2
ocob6auBol KOHCTPYRLil. Ilix wac npo-
XOJKEeHHsI yepe3 TaAKHH KOHIZEHCATOD
ny4YKa MOJIEKYJ aMmiaky 30yzxeHi mo-
JIEKVJAM PO3MiCTATBCHA IepeBaXKHO
B3J0B»K HoOro oci, a He30ymaxeHi 1 Y

BiAXMJIATUMYTHCA OO0 KpalB KOHJIEH-

catopa. fAKIIO B3ZOBM TAKOro NMy4yKa Man. 141
30ya:KeHUX MOJIEKYJI IIPOMYyCTHUTH

npoMiHHA 3 Bigmosiguoo goxuHOK XBuiai (A = 1,27 - 1072 m),
TO BimOyBaTHMeThCA HOro mMiZCHIeHHS.

OzHax TaKuii MeTOX OZep KaHHsI AKTHBHOI'O CEepeNOBHINA, B
AKOMY BHKOPHCTOBYIOTHCA [OBOXpPiBHeBi cucremu (3araabHa
KinbKicTs piBHIB 3aBXKAH BelHKa, ajie HmeTbCcsa IPO piBHI, AKi
«IPAaITIOIOTE» ), MA€ iCTOTHI HEZOMIKH, JO TOrO K BiH He MoXKe Oy-
TH 3aCTOCOBAHUE y BHIIAJKY Jiasepa HA TBepAWX Tinax i pixnHax.
Binem BpanuM wMeTonoM 30yI»KeHHA KBAHTOBHUX CHCTEM OJIA
OJepKaHHA aKTUBHOI'O CepPefOBHIIA BHABHUBCA 3allPONOHOBaAHUMN
naypearamu HobGeniBeskol npemii M. I'' B a c oB m M i
O.M.IIpoxXxopoBHM MeTOH TPHOX PiBHIiB.

IIpunycTumMo, II0 € CHUCTEMa 3 TPhOMA €HepPreTHYHNUMH
piBEAMHK (Max. 141). ko o0 cucTeMy OCBiTHTH CcBiTIOM Bif

30BHIIIHLOIO J)Kepesa 3 4acTOTOK V= E3+‘E1, AKa Bigmosimae

nepexoaoBi mix piBauamu I i 3, To yacTHHA eJeKTPOHIB nepeiige
Ha piBeHb 3. 3a BiicyTHOCTI 30BHiNIHIX BOJIMBiIB yac mepeGyBaH-
HA CHCTEeMH HA PisHMX piBHsAX HeopaHaxkoBuit. Ha pisri 3 kBaHTO-
Ba cucTeMa (ATOM 4YM MOJIEKYJIa) <« KHBe» JysKe MAaJio, IOPAAKY
108 ¢, micaa 4Yoro caMozoOBiIbHO 6€3 BHUNPOMIHIOBAHHS IIEPEXO-
anTek y cradH 2. Yac »xurra B crani 2 B 10° pas 6insmumii, To6TO
cTaHOBUTE OaM3bK0 103 ¢. Ilepexin ke i3 cramy 2 B cram I mifm
BILIMBOM €JIEKTPOMATIHITHOI XBEMJi CYIPOBOAYKYETHCA BUIIDOMiHIO-
BaHHAM, IO # BUKODHUCTOBYEThCA B Jasdepax. IlizcunenHs BUIIpo-
MiHOBaHHA BiZ0yBaeThCA BHACIIAOK BUBLIBLHEHHS HaAMipy eHep-
rii, Ha0yTol cMCTEeMOIO IiJ Yac IIoOYaTKOBOIO 30YM)KeHHA il elleKT-
poOMArHiTHMM BHOPOMIHIOBAHHAM BiI SoBHIiHMIHBOT'O AKepeJa.

PosrnaHseMo KOPOTKO po0OTY OOHOIO 3 HAMOGINBII IOIIHpe-
HHUX THIIIB OIITMYHHX KBAaHTOBHX IeHEPATOPiB Ha TBepAHX KpHC-
TAJiYHUX peYOoBHMHaAxXx — pyOiHOBoOro Jyiasepa.

Py6inosuii nasep (mas. 142) ckaagaeTbes i3 CTepIiKHA 3 ILJIO-
CKOoNapaJieNIbHUMK TOPUAMH i cucTeMHu 30yImKeHHA (HaKadyBaH-
HfA), B PoJii AKOI 3BHYAHO BHKOPHUCTOBYETLCHA KCEeHOHOBA JaMIla-
cmanax 3 fiKepesioM KuBJeHHA. OIUH TOpenb CTePIKHA POOIATH
A3epKaIbHUM, IHIMHH — HaNiBIIPO30PHM.
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Ilocpi6nenunit Topens pyGina,

ITocpibnennit Pyb6inoBuii B1AOMBAIOUYHI YaCTKOBO
Topensb py6GiHa, cTep KeHb
BibuBaOuUMH
[IOBHIiCTIO Fasopoapsinna
JamMna

TpyOKa

Ixepeino
OxonoaxeHHs SKUBIEHHA Oxononxenus

Man. 142

Py6in € kpucranom okcuay amominiio Al,O, 3 gomimxamu
aromiB Xpomy. Big Bmicry XpomMy B KpucTaJli 3aJIexUThk HOro 3a-
OapBieHHA. 3BUYAHHO BHKODHUCTOBYETHCH OJijiopoxKeBuil pybDiH,
AU Mmictutk 6amspxko 0,05 % Xpomy. AKTHBHOK (po6Gouyoio)
PEY0OBHUHOIO CJAYKaTh HOHM XPOMY, OCKIJIBKH caMe BOHH YTBOPIO-
IOTE TPBLOXPiBHEBY CHCTEeMY 3 HeoOXiJlHMMM BJIACTHBOCTHAMMU.
PybiHOBMI1 cTepKeHb BMIiIYIOTh y CHipaJbHY iMOyJbCHY KCEHO-
HOBY JIaMIIY, BUTKH AKOI OXOIIJIIOIOTE MOro 3 ycix 6okis. Ak mxe-
pejyo KWUBJIEHHS JIAMOH BHKOPHCTOBYIOTHh KOHIEHCATOP BEJIHNKOI
emHaocTi. KoporkouacHuil iMnynbsc cTpyMmy Bin 6aTapei KoHeHca-
TOPiB BHKJIMKAE SACKPABHUHA CHHBLO-3€JIEHHH criajlaxXx JaMIIH, AKHH
TPHBAE THCAYHI YAaCTKH CEKYHAM. 3a el 4Yac JlaMIa CIOKHBaE€
€eHeprilo B KiJbKa THUCAY JAKOYJiB, Oinblla yacTHHA AKOI 3aTpa-
yaeThbCsA Ha HarpiBaHHg npuiaany. IIpyra, MeHiuna yacTuHa, y BH-
raaai 6IakUTHOrO i 3eJIeHOro BUIIPOMIHIOBAHHSA, HOTJMHAETLCH
pyo6inom. Ils1 eHepria i 3abGeaneuye 30ynyKeHHs HoHIB Xpomy.

Ha wmamoHKy 143 nokaszaHa cXeMa €eHepreTHYHHUX PiBHIB
Xpomy. B HopMmanbHOMY, He 30ynskeHOMYy cTaHi HoHu XpoMmy Ie-
pebyBaoThs Ha HMKHBOMY piBHI I. Ilin yac onpomiHeHHs pyOiHY
CBITJIOM KCEHOHOBOI JJaMIIHM, SIKe€ MICTHTBH 3€JIeHY YaCTHHY CIIeK-
Tpa, aroMu Xpomy 30yIKVYIOThCA 1 IepexonfAThs HAa BepXHIiH
pPiBeHEL 3, AKHWH BIiAMOBila€ TNOrMMHAHHIO CBiTJIa 3 JOBXHWHOIO
xBuai 5,6 - 10°% M. 3 piBaa 3 36ymyxeni aromu Xpomy 3a uyac
nopaaky 108 ¢ nepexoasars Ha piBeHb 2. lle Tak 3BaHuil 6e3BU-
NPOMiHIOBAJILHUN IepexiJ, y pasl sKoro moHu Xpomy BiagaoTb
4YacTHUHY CBO€l eHepril KpucrajiyHiid penritni, migBuniyoym 1l
BHYTPiIHIO eHepriro. Takum uymHOM, piBeHbL 2 BUSABJISETHLCH
OinbII «3acejleHMM» 30YI»KeHUMM aToMaMH, Hi»K piBeHs I, i
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IIInpoka cmyra

KinbkicTs
TEeIJIOTH

2 A BepxHiii piBeHB

Enepria
Hakauka
nepexoau

HesunpomiHioBanbHi

Jlasepue npoMiHHA

HuxHil piBeHBb

Man. 143

CTBOPIOIOTLCS HeoOXigHi yMOBM [Jid iHTEHCHBHUX IHIYKOBaHUX
nepexomiB. _

Mu 3Haemo, 110 TAaKa cCHUCTeMa BKpail HecTiHKa. HMmoripHicTb
CaMOYMHHUX mnepexojiB 2 — [ B OyAb-siIKMUI MOMEHT 4Yacy Ayrke
- Benuka. I[lepmuii ke GOTOH, AKHK 3 'ABASAETHCA IiJf Yac camo-
YMHHOrO Iepexony, Bub’e i3 cycigHboro aroma apyruii ¢oToH i
nepeBeie aToM B OCHOBHHHM craH. Hani i gBa ¢oroHm BUO’'IOTH
umie naBa, mnicas doro ix 6yne worupu, i T. n. Ilpomec Hapocrtae
OPaKTHYHO MHUTTEBO.

PDoTOHH, HANIPAM IIOJIBOTY AKHUX HA NOYATKY IX BUHUKHEHHSA
He 36iraeThcAa 3 BicCIO CTep>KHS, NOKMUHYTHL HOro depes O6iuni
CTIiHKH i He BiZirpamTs y HOJANBIINX HNpolecax Hiakol poJsai. Po-
TOHHM, AKi pyxamwThbcs NapajieJIbHO OCi CTep»XHfA, BUKJIUKAIOTH
iHAYKOBaHe BUNpoOMiHIOBaHHsA. Ilepmia XBuJIA BUIIPDOMiHIOBaHHA,
JOCATHYBIIHN BiZ0WBarm40ol MOBEpPXHi, MOBepPTAETLCA Hasald i BU-
KJIMKAae nojaJblile 30iMbIIeHHA 4YHCJIia iHAYKOBAHUX IepeXoniB i
moTy’>KHoCTi BHnpomiHioBaHHA. BinbuBanHa Big BiabGuBaruux
IIOBEPXOHb CTEP)XHA [OBTOPIOETHCHA DaraTro pasiB, i NOTy»KHicTh
BUIIPOMiHIOBAHHS 3pOCTA€E JOTH, NOKH OinpmicTe 30yaKeHHUX
ouis Xpomy He BiamanyTh eHepriio, HAOyTy B MOMeHT 30y KeH-
HA. Yeped mocpibieHnit HaAOIiBIpPO30pHUI TOpelnb CTEepPXHA BHU-
PBeThCS IIPOMiHB ZAyXKe BUCOKOI iHTeHcuBHocTi. Hanpam npome-
Hs Oyae cTporo mapajejibHUM oOci crep:kHA (Mmain. 144).

ITpomine asepa Mae Taki BasKJIMBI gracmusgocmi:

1. BunpomiHOBaHHA Jazepa IIOMIMPIOETHCA BY3BKUM My4-
koM. Po3paxyHKHM NIOKa3yioThb, L0 MOXXHa JicraTH JasepHUH
MPOMiHb 3 KYTOM pO3XokeHHsa 6ausbko 1074 pan. diamerp nyy-
Ka 3 TaKOI cHpaAMOBaHicTIO HopiBHHOBaruMme npubinsHo 40 xkm
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Man. 144

"Ha sBigcrani nopaaxky 400 000 km Bixg nasepa (TobTo npubiM3HO
Ha Bigcrani Micansa Big 3emui). 3a HOMOMOrorw JIiH3 mapaJelb-
HHII TYUOK BUIPOMIHIOBAHHA Jlazepa MOKHa c(hoKycyBaru B Ta-
KHUH rocTpvil Inyd4oK HOpomMeHiB, Akui Ha Bigcrani 400 000 km
CTBOPUTL ILIAMY paiamerpom 6au3bko 2 KM. Bucoxa cnpsamo-
BAHICTH JIa3epPHOT'O NIPOMEHsA MAa€ BeJIMKe 3Ha4YeHHA [JA CTBOPEH-
HA CHCTeM 3B ’A3KYy ¥ Jokarllil, AkKi npamniooTe Ha BeIHUKHX
BimcTaHAX.

2. BunpomMmiHIOBaAaHHSA Ja3depa MAa€ BHCOKY MOHOXpoMa-
TUYHICTH, 3YMOBJIEHY THM, III0 B Jla3epax ATOMUW YU MOJEKYJH
BUIIPOMIiHIOIOTE CBITJIO YV3ro/»KeHo, TOJAl AK Yy 3BUUYAMHUX J2Kepe-
Jax cBiTJIa aTOMM BUIIPOMIHIOIOTH CBITJIO HE3aJIe’KHO OJUH Bifg
OIOHOTIO.

3. BunpomigoBaHHA Jlazepa Ma€ BUCOKY KorepeHTHicTb. Lle
BUOPOMiHIOBAHHSA € IIPOCTOPOBO KOrepeHTHHUM, TOMY IO BCi
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GpoHTH XBHJIbL IJIOCK]I 1 mMepIeHAHMKYIAPHL A0 HAIPAMY IIOIIH-
pPeHHA XBUJIB. lle BHNpOMiHIOBAHHA KOrepeHTHe i1 B uaci, Tomy
mo icHye crpora ¢asoBa BiANOBiAHICTE MidX YacTOTaAMH XBHJb,
BUNYIIEHHUX B OONH MOMEHT dYacy, i XBUJIEIO, BUIPOMiHEHOIO
yepes NeBHUH iHTepBaJ 4dacy.

4. Bucoxa KOrepeHTHIiCTHh i MOHOXPOMATHYHICTEL JIA3€PHOIrO
BHIPOMIiHIOBAHHA [AIOTh MOMKJIHBICTE COHOKyCyBaTH IIYYOK
cBiTJIa JJasdepa cHMCTEMOIO 3BHYAMHUX a3epkaJt i givs i gicraru oy-
JKe MajleHbKe 300pa’KeHHs npexMeTra, sSicCKpaBicTs sKoro 6inbiua
3a ACKpaBicTh O)Kepesa cBiTaa.

5. Jlasepu € HaWOIABID HDOTY)MHHMMU MITYYHUMH J)XKepejlaMH
BunpomiHioBanHa. Hunmi crsopeni jnaszepu 3 iMnyaescaMu ceiTia
TpueajgicTio 1078 ¢ i emepricio B JekinpKa gecaTkir mxoyiis. Ile
03HAYAE, IO MUTTEBA IIOTYXXHICTE B iMIIyJabci mocsarae Mminnapaa
BaT. OCKiNBbKHM BUIIPOMIiHIOBaHHA Jiadepa MOsKe O0yTH cOKycOoBaHe
Ha maomax 3 giamerpom 107 M, TO MOMHA LiCTATHM I'YCTHHH
noToky po 10'° Br/m2, a aMIUTiTYyAy HANPYMKEHOCTI eJeKTPUYHOTO
moysi cBizsioBoi xBuai — go 10!'' B/m. Ile nmone 6inbimoi Hanpy-
JKeHOCTi, Hi»X Te, AKe 3B’JA3ye B aToMaxX i MoJieKyJaax 30BHIiIIHI
eneKTpoHH. TOMy BOHO YHMHUTE KaXJHWBI PYAHYBaHHA B Dyab-
aAxux (mposopux i Hemposopux) pedoBuHax. CBiTIOBUI THCK,
AKWH 3 TAKMMH TpPYOHOIIAMHW BHMIDIOETBCA B 3BHYAMHOMY
IIOTOIIl BHOPOMIiHIOBAHHA, B CHOKYCOBAHOMY HOCAra€ MiabiioHa
armocdep. 3a AOONOMOTrOK TAKHX IMOYJIABCHHX Ja3epiB Jerko
3pobuTH OTBOPH B HAATBEPAMX MeTaJaX 1 armasax.

He3BuuyaiiHi BJIACTHBOCTI JIa3epHOro IIPOMIHHA 3yMOBHJIH
HaA3BM4YallHO pi3HOMAaHITHI 3acTocyBaHHA Ja3epiB y pisHEX
PaJIyssax HApPOAHOIO rocnojapcrsa. Besuki moryskHOCTL J1agdepHOro
IpOMeHdA BHKOPHUCTOBYIOTECHA AJA 00po6KH HaAATBepAUX MaTepia-
JaiB: aJjsMasy, KOPYHAY, choemiaasHUX cIruiaeiB. Jlasepuui
IIpoMiHb 3HAHIIIOB 3aCTOCYBAaHHA B PagioeJIeKTPOHHIA NMPOMHCIIO-
BOCTi A 3’€¢fHAaHHA OJIOKIiB HaNiBOPOBIAHHUKOBHX CXEM.

V mepunuHi 3a iX AOMOMOro 3AiliCHIOETHCS CBOEpigHE TOU- |
KOBe 3BAapPIOBAHHA TKaHWH: NPUBaAPHETHCA CiTKiBKa OKa y paai 1i
Bigmmapysanus. JlazepHe mpoMiHHA Ma€ 3aCTOCYBAaHHA y JIKY-.
BaHHI paKOBMX NMYyXJWH, B CTOMATOJOril TOIIO.

ITepcneKTUBHMM € 3aCTOCYBaHHSA JIA3€PHOr0 IIPOMIHHA B
3acobax 3r’a3Ky. JlazepHUil 3B’ 430K Ha MAaJINX BiICTAHAX BHUKO-
PHUCTOBYETHCA B MICBKHMX cucremax TejedoHHOoro 3B’ssky. B
Oarareox KpaiHax cBiTy BexyTecAa poBOTHM 110 CTBOPEHHIO

" TeJsIeBi3ifHMX CHUCTEM, ONTHYHUX OOYHCIIOBAJIbHAX MAIIHH TOIIO
HA OCHOBiI BHKOPHWCTaHHSA Jia3epis.

3aCTOCOBYIOUH Ja3epH, AiCTAalOTh KOJABOPOBI 06’emHi 306pa-
JKeHHA npeameTiB y dororpadii, xino- i renebauenni, BuUKopuc-
TOBYIOUHM KOIepeHTHicTh JasepHoro mnpomMeHsa (Taxk B3BaHAa
roaxmorpadeiasa).
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MM po3rasHyJH HNPHHIMUIO pobOTH JMIlle OAHOro TUny pyo6i-
HOBUX JiazdepiB. IcHyIOTh i iHIII KOHCTPYKLil pyOiHOBHUX Jia3epis,
BCE ILUMpILEe 3aCTOCOBYIOTHCS Jia3epu 3 BHKOPUCTAHHAM Yy HHX
iHIIMX KpHcTaliyHuX pedoBHH. CTBOpPEHO JazepH, B AKHX aK-
THBHOI PEeYOBHMHOIO € CKJIO 3 }IOMiIlIKaMH TPHBaJIEHTHHUX pi,ﬂ,KO-
semenbHUuX eynemeHTiB (Heogumy, Itepbiro, N'agoniuiro Toro).

Ilopan 3 mazepaMu, AKi NpamloKOThE B iMIOYJBCHOMY pEKHMIi,
CTBOPIOIOTHCH Jiazepu ODe3nepepBHOrO BUIIPOMiHIOBAHHA.— rasosi
i HaniBOPOBiTHUKOBI.

§ 81 — PAOIOAKTHBHICTH

OpuauM 3 HAHBINBII NEepPeKOHJMBUX JIOKAa3iB CKJIAJHOI OyaoBH
aromiB cramxo Bigkpure y 1896 p. dpaHuysekuM (Qisuxom
A.BekxkKepeuaemMm sABHIe NPUPOAHOL pagioakKTUBHOCTI. 3
UM ABHMIIEM BH B)€ YaCTKOBO O3HAMOMHJHNCA B Kypci ximii
9-ro xkjacy. PoariasHemo #Horo gerajyibHilie.

A. Bexkkepenb BHBYAB CBiTiHHA Pi3HUX pEe4YOBHH, IIOIIepPegHBO
ONPOMIHIOIYHM IX COHAYHHUM CBIiTJIOM. ¥ X0/l LHUX JOCHiKeHb BiH
BUABUB, 10 COJi.¥YpaHy 6e3 rmonepegHbOro iX OCBITJIEHHA BHUMYC-
KalTh NIPOMEHi, 34aTHi HOoHi3yBaTH noBirpsda, AiaTu Ha ¢orToniac-
THUHKY, BHKJMKATH CBITiHHA gesaKuxX pedyoBuH. Ilepuui »x xo-
CJIIPKEeHHA MMOKAa3aJiy, 0 I BUIIPOMIHIOBAHHA MA€E BEJIUKY ITPDOHU-
Kalo4dy 3JaTHICTE — IIPOHMUKAE KpPi3dbk TOHKI MeTaJsieBl ILJIACTHMHKH.

Bexkepensr pocnigxkysaB ¥YpaH i Oararo #oro cojieid AK y
TBEPAOMY CTaHi, TaK i B po3uMHAaxX. ¥ KOXKHOMY BHOAAKY 3’sico-
BYBaJOCh, MI0 IHTEHCHBHICTH BHUINPOMIHIOBAHHS MPONOPLIiAHA
KoHueHTpanil Ypany. EjgekrpoHHi 000JIOHKH ¥YpaHy B pPi3HHX
Horo xiMiyHHUX CcHoJIyKax HeOJAHAaKOBi, IPOTe Iie He BIJIMBAJIO Ha
XapakTep BHOPOMiHIOBaHHA.'3 bOro Gakty mMoxxHa 6yio 3pobu-
TH BaXXJIMBUI BHCHOBOK, III0 BJACTUBIiCTL YpaHy CaMOYMHHO
BUNYCKATH IIPOMEHi 3yMOBJIeHa JIMIIE CTPYKTYpPOIO Horo sjpa.

YyooBo BJIACTHUBICTIO BHUSABJEHOIO BHUIIPOMiHIOBAHHA OyJja
HOro CHOHTAHHICTE 1 crajicTh, NOBHA He3aJle)XHIiCcTb BiJ 30B-
HIIIHIX YMOB: OCBiTJIEHOCTi, TeMnepaTypH, THCKY, HAIPY>»XEeHOCTi
eJIeKTPUYHOro ¥ iHAYKIII marHiTHOoro mnoJjaiB tomo. Ila Baac-
THBiCTh CAMOYHHHO BHIOYCKAaATH BHHpOMiHIOBﬁHH.ﬂ ﬁyﬂa Ha3BaHa
padioakmueHicmio, a pPEeYOBHHH, SAKI BUIYCKalOThL TaKe BH-
NpOMiHIOBaHHSA, OyJIM HA3BaHi padioaKmMuEeHUMIL.

ITomykaMM pagioaKTHBHHX PEYOBUH i JOCJLJMKEeHHAM IX BHU-
IIPOMiHIOBaHb BiApas3y X 3alHAJgHcA 0araTo BYeHUX B YChbOMY
¢BiTi. Oco6/MBO MUIIAHOI BUABMJIACS Opansa (ppaHUy3bKHX BYe-
Hux II’e pa Ko pi ra tioro apy:kuuu Mapii C kK n o-
noBcbhbKOi-Kropi. B 1898 p. BoOHM Bigkpuiu aBa HOBIi
pagioakTuBHI enemeHTH — IloyIOHIHR (EQSPO) i Paniii (QSSRa ),
pPagioaKTUBHICTE SAKMX BHUABUJACA 3HAYHO CHJIBHIINIOIO, HIXK B
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Bugaranii gisuk i ximik. 3pobusa sHauyHHUMA
BHECOK Yy CTBOPEHHSA BYEHHs IpPO pajioakx-
THBHicTHL. BoHa — mnepuia :xiHka-npodgecop
ITapusskoro yHiBepcurery. Pagzom 3 40J0Bi-
koM II. Kropi Bigkpusia HOBI pazioeneMeHTH
Ilonowniit i Paaiit i moconignna IXHiI BI1acTHBO-
cri. OnpantoBasna KJIaCMYIHUN MeTol 06pobKu
i ananisy ypaHOBHMX PYA, IPOTAroM paRy
POKiB [ocJijzKyBasa BJIACTHBOCTI pagioakx-
TUBHUX BHIPOMiHIOBaHb, ix +il0 Ha xusi
KJITHHHM TOHIO.

Ypany. 3roaom 3’sAcyBaJjocs, IO pagioakTUBHICTE MalOTh Iie Oa-
rato enemedTis: Topiili, AKTHUHIiI TOLIO — BCHOro OJHU3BKO COpO-
Ka eJIeMeHTiB. "

fAsBuine pagioaKTHBHOCTI ITI0YAJIO HMIMPOKO BUBYATHUCH, IIPUYO-
My ocofimBa yBara npujijisijiacsi BCTAHOBJIEHHIO IPHUPOAU BHIIPO-
MiHIOBAHb palioaKTUBHUX eJjieMeHTiB. [[OCIi)KeHHsI MeTOAOM
BiAxXnaeHHA B MarditHomy noJii, nocrasieHi M. CKJI0ZOBCBKOIO-
Kriopi, a srogom E. Pesepdopnom, mokasayu, 110 pagioaKTHBHI
eJleMeHTH BUITYCKalOTh TPH BHUAM IIPOMeHiB, sAKi Oysiu Ha3BaHI
YMOBHO IepILINMH TPbOMA JiTepaMu rpenskoro andaeriry: aneda
(o)-, 6era ()-, ramma (y)-rpomeHi.

Hocain 3 BigxuJieHHs paliocaKTHBHHUX IIPDOMEHIB y MarHiTHoO-
My 11oJii nmpoBoauBca Tak. PagioakTuBHUH npenapat R nomimas-
¢ Ha JHO BY3bKOro KasHany (manu. 145), mpocBepajieHOrO B
HIMATKyY CBUHIO. Yepe3 TOBCTHH IIap CBUHIIO pafioaKTHUBHE
NPOMiHHA He NPOXOJUTH, & BUXOAUTH JIH-
mre BY3bKHMM ITy4YKOM i3 kaHany. Harmpo-
TH KaHaJy nomimasnacsa ¢oTonjgacTuHKA,
a B MpocTOpi MiK CBHHIEM i NJIACTUHKOIO
(robTo HaA MmMJAAXY BUIPOMiHIOBaAHHSA)
CTBOPIOBAJIOCH IIOTY>KHe MarHiTHe IIoJe,
nepnesAUKyJsipHe n0 nyuka (Ha main. 145
IHAYKIiSA NOJA cOpsAMOBaHA NeprHeHANKY-
JAPHO [0 IUIOLMHYA MAaJIlOHKa Big Hac).
Besa ycTaHOBKA IoMilanacs B KaMepy, 3
AKol BigkadyyBajiocss TIIOBiTpA.

3a BixcyTHoOcTi MarsiTHoro mnonsa
pajioaKTUBHEe TNPOMiIHHA BHKJJMKAaJIO
MOYOPHIHHA TIJIACTUHKH B TO4YILi, po3mi-
IeHi HaBOPOTH KaHauy. SIKIIO »X CTBO-
ploBajiocsi MAar”HiTHe IIoJie, TO IIYYOK Mas. 145
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posnazascsa Ha TPH YacTWHHM. IRl yacTHHU IEPBHHHOIO NOTOKY
Bigxunanuca B nporuiyexHl Ooku. lle HezanmepeuHO BKazyBaJso
Ha Te, IO IIi YACTHHM € IOTOKAMHM €JIEKTPHYHO 3apANKeHHUX 4a-
CTHHOK NPOTHJIEKHOro 3HAKY. 3a HanpsaMOM BigXuJeHHA B
MarHiTHOMY IIOJIi MOYKHA JerKo BHU3HAYUTH 3HAK 3apPANKEHHX
YACTHMHOK. BuaBuiocs, 10 NOTiK HEeraTHBHO 3aPANKEHNX YaCTH-
HOK BigXuUJABCA B MACHITHOMY IIOJII 3HAYHO CHJBHiNOIE, HIXX
- IOTiK IO3UTHBHO 3apamXeHux. TpeTa 4yacTHHA IIOTOKY He Bigxu-
JIAJacA MATHITHHM OOJeM, IO CBiZYMJIO mpo BigcyTHicTe y Hel
eJeKTPUYHOro 3apany. Ilo3MTHBHO 3apAZKeHa YacTHHA MHOTOKY
Oicrtana HasBy anbda-IPpOMeHiB, HEraTHUBHO 3apdajjeHa — Oera-
npomMeHiB i HeliTpanpHa — ramMmma-IIpoMeHiB.

IMomaneimi pochim»KeHHA nOajdu 3MOTy 3’AcyBaTH (isuuHy
npupozny anbda-, 6era- i ramMmmMa-npoMiHHEA. )

Ansda-gacrunku. [na 3’scyBaHHA npupoau ajgbdha-dyacTH-
HOK OyJI0 eKCIIepUMeHTAJLHO BHSHAYEHO 3apAjd 4YacTHUHKHM i
BigHOWIEHHA [BOI'0 3apsaxy no ii macu. BuMmipoBaHHA noOKasaiw,
IO 3apdA)l YaCTUHKH INOSUTHBHUN 1 B ABa pasy IepeBUINyE 3a
3HAUEHHAM 3aps#Aj eJleKTpoHa, To6To ¢ = 2e¢ = 3,2 - 10719 K.

¥ pesyapTaTi ocaimiB 3 BigxuiaeHHA anbda-4acTUHOK y Mar-
HiTHOMY noni 0yJi0 BU3HAYEHO BiZHOIIEHHA 3apAfy YacTHHKH OO

i1l macu ? 3a MM ODaHHNMH GYJIa BH3Ha4YeHa Maca 4aCcTHHKW M.

BoHa BuaABHMJAcs PiBHOIO Maci aBoxsapagHoro oHa He'*, Tobro
aapa aroma I'eniro.

XapaKTepHOIO 03HaAKOI0 albda-4acTUHOK € iX eHepria. Boua
OyXKe BeJNKa — MNOPALKY KinbKOX MiIbHOHIB eleKTPOH-BOJBT
(uBnakicTes mopaaxy 107 m/c). Pisni pagioakTHBHI pedyoBHHU
BUIIPOMIHIOIOTE asb(ha-dacTHHKH pPisHOI eHeprii, aje Bci anbda-
YaCcTUHKHU, BUNOYINEH] JaHOI0 pafioaKTUBHOIO PEYOBHHOIO, MAlOThH
minkoM mneBHyY eHepriroo. Haiiuacrinre pazioakTuBHa pedyoBUHA
BUIIPOMiHIOE He OAHY, a Kinbka rpyn anbsda-4acTUHOK, AKLI Mma-
IOTH KOYKHa IIiJTKOM INEeBHY ITOYaTKOBY €Hepriio.

IIponiraroyu Kpisk pedyoBHHY, ajdb(da-uacTHHKA OOCTYIIOBO
BTpAYa€ eHeprilo, 3aTpadyalouyu ii Ha HOoHi3anmio MOJIeKYJI pedoBHU-
HH, i, sapemrroro, synuHaeTbeAa. Ha yTBOpeHHA oaHiel mapy HOHIB
y moBiTpi sarpauaerbca B cepegubomy 35 eB. Takum umHOM,
anb(da-gacTHHKA YTBOPIOE Ha CBOEMY LUIAXY npubamsao 10° map
MoHiB. 3poaymijo, 1o yum Oiabiia rycTuHa Pe4YOBUHM, THM MEH-
WK MJIAX YACTHHOK AQ _SYNMHKH, _Tax, y nmoBiTpi 3a HOpMalb-
HOTO THUCKY LIIAX YACTHUHKH CTAHOBHUTH KiJIbKa CAHTHIMETDiB, y
TBEPAiil pedyoBHHI — BCBHOTO KiJbKa JecATKiB MiKpoH (axbda-ya-
CTHHKH 3aTPHUMVIOTECA 3BHYANHMM apKylueM Ianepy).

Bera-yacruHkn. BuMmipoBaHHA NHUTOMOrO 3apsAly m A4ANA

OeTa-4acTHHOK 3 BigxujeHHA IX y Mar"giTHomMy noJi nokasanii,
IO Ile BigJHOIEeHHsA TaKe caMe, AK i naA exeKTpoHiB. Bera-mpo-
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MeHi 1 € MOTOKOM eJIeKTPOHIB, MOAIGHUM N0 KATOAHUX IIPOMEHIB.
Binpisusilorbcsa ©OeTa-nmpoMeH1 BiJ KaTOJHHX JIHIIE 3HAYHO
0inbior eHepriewn. EHepria Oera-eleKTPOHIB MOXKe OOCATaTH
KiJIBKOX MiJIBMOHIB €JIeKTPOH-BOJBT (IIBHJIKIiCTE HaAOJIHKAETHCA
po mBupkocri ceitna i cranoBuTts 0,999 c).

Ha Bigminy Bing aiabda-yacTHMHOK, BHUIIPOMiHIOBaHI [JAaHOIO
pagioaKTHBHOIO PeYOBHHOIO OeTa-eJIeKTPOHU MAaIOTh He OJHe 3Ha-
YyeHHA e€eHeprii, a MOMXyTh MaTu eHeprivo Bigx 0 mo npeskoro
Haitbinbmioro snavenns E . MakcumanbHa eHepria E e xapak-
TEPHOIO CTAJIOI0 AJIA JAHOro XiMi4HOro ejieMeHTa.

Buacainok BigHocHO majiol Mmacu 6eTa-yacTHHOK IIiJ] Yac mpo-
XO/YKeHHSA KPi3b PeYOBUHY MOIKJINBE BiIXWJIeHHS 1X Ha 3HAYHHH
KyT — poaciroBaHHA B pisdHi 6oku. Tpaekropil OGeTa-4yacTUHOK ¥y
PEeYOBHHIi Ay»Ke NOKpY4YeHi, AJA HUX He iCHYE MeBHOI MOBXXHHH
BiJibHOTO npobiry. [Ipore cyMapHa TOBIIMHA IHapy, Ha Ky 6eTa-
4YacTMHKa IIPOHUKAE B PEYOBMHY, B JECATKH pas3iB mnepeBUINYyE
npobir ansda-yacTHHOK.

TFamma-npomeni. BincyrHicTs BijxuieHb B eleKTpUUYHOMY i
Mar"HiTHOMY HoOJIAX 1 BeJM4Ye3Ha NPOHHKAalOUYa 3JaTHICTB ramMma-
MpOMEeHIB BKa3yBaJA Ha Te, MN[0 3a CBOEK NOPHPOAOK BOHU
aHaJsoriyHi mo peHTreHiBcbkux. I cunpaBai, 3a 1O0OMOrow Kpuc-
TAJiYHUX PpelIiTOK yzaajiocsa crnocrepiratm audpakIiiilo ramma-
NpPOMEHiB i BU3HAYMTHU 1X JAOBXKHUHY. BoHa BHABHIACA HOPAIKY
10 ' M, TOBTO B JECATKHM pas3iB MEHIIOI, HidK Yy XOPCTKHX
peHTreHiBcbKuUX npomeHiB. Ile o03Hauyano, 10 1X KBaHTOBI
BJIACTUBOCTI BHUABJIAIOTLCA Ilile 0ijbIOI0 Miporo, HiXK y peHTre-
HiBCbKMX IIPOMEHiB.

[Ipupona pagioaKTHMBHOro NpoMiHHA BKa3ye Ha Te, II0 HOro

NPUYMHOI € CAMOYHMHHHI po3maZi ATOMHHX fAJlep paJioaKTHBHHUX
esnemeHTiB. IIpu nboMy AesAKi 3 Agep BUNYCKAIOTE TiJIBKH anbda-
YaCTUHKH, iHmI — Oera-dyacTuHKM. € pajxioakTHBHI aAxgpa, sAkKi
BUNyCcKalTh 1 Ti 1 Ti yacTuHKM. BinbuiicTe Asgep ogHOYAcHO BH-
nyckae i ramMmma-nipoMeHi. ¥ pajioaKTHBHUX ANEep, AKi yTBOpIO-
I0OThCH IITYYHO, cHoCTepiraloThca U iHIIi pagioakTHBHI npouecH,
HanpukJajg BuiaiT nporoHiB abo nosurponiB. Ilpo mryusHi
pagioaKTUBHI ejleMeHTH HTUMeThLCHA IidHiie.
E
" | 1. Illo poaymiroTs mix pagioakTuBHIicTIO? 2. IKMM MeTOAOM MOYKHA
PO3AinuTH pasioaKTHBHE BUIIPDOMIHIOBAHHS HA CKJIAAOBLI 4acTHHH?
3. fixa ¢ismuna npupoja anbda-, Getra- i ramma-npomenis? 4. Ilo
€ IPUYHHOIO PaJiOAKTHUBHOTO BUIIPOMiHIOBaHHA?
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§ 82 — 3AKOH PAJIIOAKTHUBHOI'O PO3IIAY

Mu B’Ke 3Haemo, 110 ajabpa-, 6era- i raMmma-IpoMeHi BUIIyC-
KalOTbCA AaTOMHUMHU HAIpaMH paJioaKTUBHHUX ejgemeHTiB. Ile
ILIJIKOM OY€BHMAHO YV BHIIAAKY ajlb(}pa-daCTHHOK, OCKIJIBKH B eJIeKT-
poHHiit o6osioHN1 1x mpocTro Hemae. fnepHe noxomyxkeHHs Gera-
4aCTHHOK JOBeAeHO XiMiuHuUMHM mocraimamu. Ajle BUHHUKAaE 3amu-
TAHHA: 110 K BigOyBaeThbcsa 3 AAPOM XiMiYHOro ejleMeHTa IIiJ 4ac
pajioaKTHUBHOIO BUIPOMiHIOBAHHA?

IITo6 BigmoBicTH Ha Ile 3aNNUTAHHS, CKOPUMCTAEMOCS 3aKOHA-
Mu 30epekeHHA eJIEKTPUYHOrOo 3apAny i macu. Ockinbku anbda-
JacTHHKa € sapomMm atoma lesiro, i1 3apan nopiBHIOE 2 ejleMeH-
TAPHUM eJIeKTPUYHUM 3apsajgaM i MacoBe 4mncJo gopiBHOE 4 onu-
HunaMm. OTixe, B pedyabTari BuiiTaHHA aib(a-daCcTHHKHU SAPO
JAaHOI'o paJioaKTHUBHOI'O eJIeMeHTAa [1epPeTBOPIETHCA B AP0 HOBO-
ro xiMiyHOro ejleMeHTa 3 MEHIIMM Ha JABI OJMHMII 3apajoM i
MEHIIHMM Ha YOTHPH OJAMHHIII MacoBHMM 4YucaoM. TakuM YMHOM,
YTBOPIWETHCA HOBUH eJjieMeHT, AKWH Micrturbes B Ilepiogmuniii
cucteMi Ha ABI KJITMHKH paHille 3a JaHAN pagioaKTHUBHUI ejie-
meHT. Hanpuknan, giasa ansda-posnaay Paagiro maemo:

2§gRa - 2%%1'\’.11 + ;He .

Tyr 3nipa, BHU3Y, BKasaHi NOpsAIKOBI HOMepH eJIeMeHTIB y
Ilepioguuniil cucremi, ToOTO 3apaAnu IXHiX sAxep, a Bropi — ma-
coBi uncysa. Rn — OGaaropoaHuii ras pagoH. ¥ 3arajJbHOMY BH-
raAaial cxemy pagioaKTHBHOrO anbga-po3nany afep MOXKHAa 3alu-
caru:

A A-4 4
zX—> 5 _5Y+ ,He.

Jlireporo X mosHaueHo XiMiyHMN CHMBOJI siipa, sAKe poa3mna-
Jaerbecsa (4acTo HOro Ha3SMBAKOTHL MATEPUHCBKHUM), Jitepoilo Y —
ximMiuHNi cHMBOJ AApa, AKe YTBOPIOETHCA (LOYipHBLOTO).

¥ Bunanky Gera-posnany siapo paaioakTHUBHOrO ejJeMeHTa ca-
MOYHMHHO BUINYCKAE €JEKTPOHU _,€ i ITepeTBOPIOETLCA IIPH BOMY
B HOBE aTOMHEe ANpo 3 OinpIIMM HA OMUHHUIIIO AaTOMHHM HOMEpPOM
(apo3ymino, mio BiznimaHHsA Bix’emHOl oguHMIIL O3Hauae gonaa-
BaHHSA OJAHWHUWIL), ajie 3 TUM CAMHUM MACOBHUM YMCJIOM A, OCKIJILKH
maca esqekTpoHa B 1840 pas mMeHia 3a macy nporoHa. Takum uu-
HOM, eJIEMeHT, IO BHHHMKAae B pea3dyJabrari Oera-posnany,
poamimyerbca B IlepioguuHiii cucTeMi B HacTynHIiM KJIITHHIL 3a
JaHUM pajioaKTHBHUM ejemeHToM. Hanpukiman:

29._—:,%Th —» 23‘111'1‘,& + _(1}9 2
CxemMaTH4HO piBHAHHA Oera-po3najy sigep 3alHCYETHBCHA TAK:
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A A 0
z2X— 7 7Y+ _je.

Y Bac Mo)Xe BUHMKHYTH 3allUTaHHA: AKMM YHMHOM IIO3HTHB-
He AP0 MOXKe BUIIYCKATH HEraTHBHO 3apsIrKeHi 4YACTHHKH-eJIeKT-
poun? Amke B saApax eJleKTpoHIB Hemae. lle Haa3BuuairHO
nikaBe 3aIMTAHHA PO3IrJIAHEMO IIi3Hile.

IIpaBusia, 3a AONMOMOrol AKHX MOXXHa BCTAHOBUTH MacoOBe
YUCJO 1 3apsiji HOBOI'O eJIeMeHTAa, 1[0 BHHMKAE BHACJIIOOK aibda-
abo Dera-nmepeTBOPEHH:A, AiCTAJM HA3BY Npasun 3MiuleHHA.

SAsuine raMma-BUIIPOMiHIOBAHHS IIOJSArA€ B TOMY, IO SAAPO
BHUIIYCKAa€ raMMa-KBaHT 6e3 3MiHHM 3apsany (MopaAAKOBOro HOMepa
eslemeHTa Z) i macoBoro yucya A.

3po3yMijo, IO KOJIH 3a OOHUM ajib(ha-repeTBOpeHHAM Biaby-
BaeThCcA Iiapan npa Oera-nepetBOpeHHSA, TO KiHIEBUH NPOAYVKT
ix mae moBepHyTHCs B Te came Mmicue B Ilepiogmunii cucremi,
Jle MiCTHBCA BHUXIJJHHH ejleMeHT, Mal4YHd MAacoBe YHCJO Ha 4 oau-
HHUI[l MeHIIe.

XimiuHi eleMeHTH, AKi BiIpi3HAIOTBCA MACOBHMHM YHCJIAMH,
ajle MAOThL OOUH 1 TOH »Ke 3apAa ATOMHUX AJep i ToMy 3aiiMalTh
onHe i1 Te came Mmicue B IlepioguuHiii cucTeMi, HA3UBAKOTHLCA i30-
monamu. 3 Kypcy Ximii 9-ro knacy Bu 3Ha€Te, 1[0 ANepPHi Biac-
THBOCTiI i30TomiB oOAHOrOo ¥ TOro camMoro eJeMeHTa PpisHi, a
ximiuHi ix BaacruBocTi maiiyke omHakosi. Temep BcTaHOBJIEHO,
1o 6inBNIiCTE €eJIeMeHTIB, AKi NOoIINpeHi B NpUPOli, € CYyMIIIIIIIO
izoronis. IlizHime BH ozHalfoMHuTech 3 IX BJACTHUBOCTAMH, 3 Me-
TOAAMH CTBOPEHHS IITYYHHUX PaJioOaKTHBHUX 130TOIiB.

YacTo 3’sicOByeThCs, 1[0 €JIEMEHT, AKHHA BHHUKAE B pe-
3yJabTATi paJioaKTHBHOI'O IIepPeTBOPEHHS, Te paNioaKTHBHUIMA.

Hanpuknan, idoron ¥YpaHy 233U B pe3yJabTari anbda-posnamy
neperBopreTbca B izoron Topiro 23%'1'1'1 , AKHUA, B CBOIO 4Yepry,
BHACJIIJOK anb(a-posrnaay rnepersoproeThbcsa B 130ToM zﬁ‘éRa - Panin
€ OeTa-pagioaKTHBHUM i, BHUNYCTHMBIIN OeTa-4yacTUHKY, IepPeTBO-
proeTseA B izoTon AKTHHiIO 2§gAc .AxTHHiIN Takoxk OGera-pagioak-
TUBHMH 1 BHacaigok Oera-posmnajy IepeTBOPIOETHCA B izoTon
Topio %59Th i 1. 1. BaBepuryeThcs Leil JAHIIOMKOK PafiOAKTHB-

HUX I[IepeTBOpeHb sAep YTBOPEeHHAM sAnpa crabinsHoro (He-
pajgioaKTUBHOI0) idoromny.
Ha mamoHky 146 HaBeneHO cxXeMy MNOCJiZOBHUX IIepeTBO-

peHb izorony ¥YpaHy 233U . 3akiHuyeThCH Leil pajioaKTHBHMM
. " 208 o <

pan crabinpHum izoronom ILmiom6ymy g2Pb. ¥ niit cxemi B

KPYKaX BKa3aHO CHMBOJ paJioaKTHBHOTIO izoTomy, oro maco-

Be 4YMcJO 1 aroMHMI HoMmep. Jlitepu o i B 6iasi cTpijiok 4ym Haz
HHUMM BKAa3YHTh Ha XapaKTep pPaJicaKTHUBHOTO NepeTBOPEHHS.
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CykynHicTe ycix isoTomiB, sAIKi BHHHMKAIOTHL BHACJHIAOK paAAy
IIOCJILIOBHUX pafioaKTHUBHHUX NepeTBOPEeHb 3 OJHiel MaTepHMHCh-
Kol peduoBMHHM (Ha MaJwHKY 146 Takoo pedyoBHHOIO € isoron

Ypany 2‘33U ), IPUHHATO Ha3UBaTU padioakmuenum psadom, abo
cim’ero. JlocaigrKeHHsa MOKAa3aaM, 100 BCi npupoaHi paaioakTHBHI
eJleMeHTH € YJeHAMH HYOTHPLOX pafioaKTHBHHUX PAMiIB:

1) pax 33U - *5Pb;

2) pan ZINp - 2711,

3) pax 35U - 2%Pb; :

4) pag 55U -27Pb.

PanioakTuBHuil anbgda- yu OGera-posnaj Bene no Oeanepeps-
HOr0o 3MEeHIIIeHHs YHCcJia aTOMiIB BHXiJITHOro pagioaKTHBHOIO elie-
MeHTa. {719 OMJHUX eJIeMEeHTIB Ile 3MeHIIeHHA Bi0yBaeThCcA OYiKe
HIBUAKO — IIPOTArOM XBHUJIMH 1 HABITh CEKYHJ, AJA 1HIINX — Ha
e UAyTh cOoTHiI pokiB. Mipoo HIBHAKOCTI pagjioaKTHBHOIO Iepe-
TBOPEHHS MOJXKe CJIVIKHMTH iHTepBaJy dacy, 3a SKHH po3najacTbCs
MOJIOBMHA aTOMiB Oyab-Akol KinbkocTi enemeHTa. Ileit iHTepBan
Ha3uBalTh nepiodom nisposnady T. Hanpuknan, nepiog niBpos-

nany ITononio 2}5Po nopiBrwe T = 140 ni6. 3naunrs, Big 1 r

noJjioHilo uepe3 140 pxpi6 3zanumureca 1/2 r. Hkow Oyne
wBUAKicTs ganasuioro posnaay? IHocnigu mokasasnu, mo BoHA 3a-
JIUIIIUTHCA HEe3MiHHOKI, ToOTO Bim 1/2 r moJoOHiKW 3alMHMIINUTHCH
rnmojsioBuHa, T06T0 1/4 1, piBHO uepesd 140 ni6. Ile osnauae, IO
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1/16 r mosoHiw, AKa 3aaumuThca yepe3d 560 xi6 Bim BuximHOTO
rpama, He BiapisHaeTbcsa abcomroTHO HiuumMm Bix 1/16 BuxigHOro
rpamMa noJoHi. Ile Hag3BHYaiHO BaXKJIHBUH aKkT. BiH cBigunTh
IIpo Te, IO PO3Maj He € pe3yJbTaTOM 3MiHH BJIACTHMBOCTEH Aapa
(cBoepigHOro «crapiHHsi»). BiacTuBocTi pamioakTHBHUX sAnep 3
YyacoM He 3MiHIIOTBCHA, sAApa He «cTapiloTb» y npoieci cBoro
icuyBanHsa. Tak, HanpukJaaa, AApa aToMiB AKTHHiIO, AKi BUHH-
KawTk mijg yac posnany IIporakTuHio, MalOTh OAHAKOBI IIIaHCH
3a3HATHU PaJicaKTHBHOIO po3najy AK Biapasy K micis yTBOpeH-
HA, Tak i uepe3 moby uM yepe3 KijbKa pokiB micias mporo. Poa-
mag Oyab-KOro aTOMHOrO sAapa — Ile, TaKk OM MOBUTH, He
«CMepTh BiJl cTApoCTi», 8 «HEeNIaCHUH BUMNANOK» Yy HOro >KHUTTI.

Posnapg Toro um iHmIoro sapa B NeBHUM MOMEHT Yacy € BH-
najKoOBOKO Moaic. My He MOXXeMO CKAa3aTH, 10 CTAHETHLCA caMe
3 naHuM sigpoM. BOHO MOKe O/JHAKOBOIO MipOI0 3a3HATH pPO3many
abo 3aJHUIINTHCA LIJIWM He3aJIeKHO BiJ TOro, CKiJIbBKH 4acy BOHO
B3araJji icaye. MoskHa JuIlIe TBEPOUTH, IO € ITeBHA HMOBipHicTH
posnany KoOXHOTO s/pa pajioaKTHMBHOI'O eJleMeHTa 3a NeBHHUH
iHTEepBaJ yacy.

ChopmMyIr0eEMO OCHOBHHMHM 3aKOH padioakmueHozo po3nady.
3a ONMHMII0 Yacy 3 HaAfABHOI KiJbKOCTI pamioaKkTMBHMX sAaep
3aBIKIM PO3NAaJa€ThCA IEeBHA IX YACTHHA, AKY IO03HAYAKIOTH 4Ye-
pe3 A i Ha3MBAKOTH CTAJIOI0 PO3MNMAAY /AaHOr0 PaJiOaKTHBHOTO
exdemenra. Akuio € N aTOMHUX sAAep, TO OYEeBHUAHO, IIO 3a 1 c
posnazaerbess AN 3 HUX, a 3a 4gac dt:

dN = —\ANdt. (82.1)

3HaK MiHyC B3fATO TOMY, IO 3arajbHa KiJbKicTh pamioak-
THBHUX fANep 3MeHIIyeThCHA B IIponeci po3nany.

3 (82.1) BumuBae, U0 A = —-%ﬁ—t. ToOTO cTajsla po3nany €
BiIHOLIEHHAM KiJILKOCTI sifep, 110 po3najaloThCA 38 OQHY CeKYyH-

oy i—f » JO KIJIBKOCTI sijep aToOMiB pagioakTHBHOI peyoBHHH N,
AKi micTAThCA B HiM Vv gaHuii MOMEHT yacy, abo, iIHIIMMHU cJoBa-
MH, IMOBIpPHOCTIO pPO3maAy silep aToMa pajioaKTHBHOIO eJIeMeH-
Ta 3a CEKYHIY.

3 OCHOBHOI'O 3aKOHY paJioaKTHBHOIO po3mnajy MOXKHa BH-
BeCcTH popmMyJly IJis ODYMCIIeHHA 3MEHIIeHHA KiJIBKOCTI pagioak-
THBHUX sAgep 3 yacoMm. Hexail KinbKicTe pagioakTHUBHHUX aTOMIB

y NOYaTKOBHUI MoMeHT 4dacy (¢t = 0) nopisHwoe N, Yepes oauH

nepiox miBposnaay iX 3aJHUIIUThLCA l N, . llle yepe3 oAMH TaKHUH

camMuit iHTepBan uacy t = nT, 1'06'1-0 qepes n nepm,mn niBpo3nangy T

pPajgioaKTHBHUX ATOMIiB samumurees N = N{]—n Ockinekn = T 2

t
TO N=N,-2T, (82.2)
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3a miew GopmMysI0I0 3HAXOOATH KiJbKicTe aTomiB N, mio He
po3nanucs, v 6yab-sKUi MOMEHT 4dacy, AKII0 BinomMuil mepiopn
niBposnany. Ils 'k 3aKOHOMipHICTE Jajia MOXKJIMBICTH BU3HAUYNTH
i nmepiox niBposnany BeCix BigoMHX pagioaKTHBHHX e€JIEeMEHTiB.
3anexHicTh, BUpaeHa opmyJioo 82.2, 3o6pakeHa HaA rpa-
¢diky manoska 147, ge o oci abenuce BigKIageHo dac y mnepiogax
niBposmnaay, Mo oci opawHAT — KiJBKICTHR aTOMiB, IO HE pPO3-
aJucs.
3BepHEeMO yBary Imne pas, [0 paJioaKTHUBHHUI posmnaj € cra-
THCTUYHHM IIpPOIlecOM. 3aKOH PaJicaKTHMBHOIO PO3nany Ja€ MOXK-
JIMBICTH BUSHAYMTH CEPEJHIO KLIbKICTh aTOMiB, fIKi po3nagarTbCs
3a HeBHUH iHTepBas dacy. MuH He MoKeMo nepeadadyuTH, KOJIH
caMe poO3najieTbCA Te YH iHIEe AP0 PaJioaKTHUBHOI'O eJleMeHTa,
ajle 3HAEMO, IO B CepeJHbOMY 3a ONMHHUIIO Hacy B Oyab-AKik
pajgioaKTHBHIM peYOBHHiI po3mnajeThCs I[IJIKOM INeBHAa, XapakKTep-
Ha AJIf JaHOl pagioaKTHBHOI PEeYOBHHHM YacTKa aAaTOMHHX sAlep.

? 1. IITo craHeThCA 3 AAPOM NiJ Yac BUIPOMiHIOBAHHS ajib(a-dacTHH-
KM, 6eTa-4acTHHKH i raMma-kKsadTa? 2. 3anMiiTs cxeMy pangioak-
TABHOIO ankda- i 6era-posmany. 3. Illo Take izoron? 4. IIlo Take
pagioakTHBHHH panx (cim’sa)? HaseniTes npuraajx pagioakTHBHOTO
pany. 5. Illo posymiroTk mig mepiogom miBposmaay? Yomy He BHS3-
HAYalOTE Yac MOBHOI'O po3naay Beix szaep? 6. Ym nmpaBHJIBHO, IO
YuM JAOBIIE icHye aToM, THM Ginbima iiMoBipHicTH #ioro posmanmy?
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§ 88 — METOJH CIIOCTEPEKEHHS I PEECTPAIIIL
HOHI3YOUYUX BUIIPOMIHIOBAHBb

PosBuTok sizepHoi pisMKM BHUMarae BIMipIOBaHHA K1JIbKOCTI
BHINPOMIHIOBAHUX YACTHHOK, 1X eHeprii, mIBUAKOCTi, BUBYEHHHA
TpaekTopiii Tomo. Xoya pO3MipHM OKpPEMHX YAaCTHHOK (esekK-
TPOHiIB, IPOTOHiB, anb(da-yacTUHOK) Taki, O OGesmoceperHBO
crmocTepiraTH iX He MOXKHa HaBiTH 3a JOHNOMOI'OI eJIEKTPOHHOI'O
MiKpockomna, (I3MKH BCe X CKOHCTPYIOBAJW NpPHJIAaIHU, SAKi
JAaTh MOMKJHMBICTH paxyBaTH 4YacTHHKHM, cIiocTepiratm ix
TpaeKkTOpil TOLIO.

Po3rnsiHEMO KOPOTKO OCHOBHI MeTOAM i mpuiajy, AKi OaioTh
MOXKJIMBICTh CIIOCTEPIraTH 4YacTUHKH. ¥ 3B A3KYy 3 IIHPOKHM
NPOHUKHEHHAM MeTOoAlB saAxepHol (Qi3MKHM B Cy4YacHY TeXHIKy
NpUJagu NOJA CIOCTePeXeHHA 1 peecrpanii HoHiI3yOYUX BU-
IPOMiHIOBAHL 3aCTOCOBYIOThCA Ha 6Gararbox BHUpPOOHMITBAX, i
3HAHHJA OCHOBHUX BHUMIpPIOBaJILHUX NPUJIAMIIB i pO3YMiHHA MPHH-
ounoiB iX gil € HeoOXigHMM AnA cydyacHoro pobiTHUKA.

Honizanilina xamepa. OgEuM 3 HaWOpoCcTimIMX NpHIaXiB
OJA DTOCHi>XeHHHA iHTEHCUBHUX MNOTOKiB YACTUHOK BEJIIMKOI eHep-
ril € Monisaniiina xamepa. Ille nmocyauna (man. 148), sanoBHeHa
rasom, 3 JIBOMa eJIEKTPOJaMH, Ha sAKi nomaeTbcs crajia Hanpyra.
B Gararp0x KOHCTPYKIIAX OOHHM 3 €JIeKTPOAiB CIYKHUTh KOPIIYC
KaMepH, IPYIHil eJIeKTPOJ BBeeHO BcepeaAVHY Kamepu i mobpe
igonsoBaHO Bijg mepnioro. flkmo B kKamepy BJIiTa€E YacTHHKA,
BOHAa YyTBOPIOE IeBHY KiJbKicTb HOHIB, i Kpisp ras npoxomurs
cTpyM. 3a BiAnmoBimHOI HANIPYTIH MiXK eIeKTPOAAMH CHJIA CTPYMY
nocArae HaCUYeHHsI, TOOTO cuja cTPpyMy He 3aJieXUTh Big Hanpy-
ru i npomnopiiiiiHa KiJNBKOCTI YTBOPIOBAHUX @iJ i€ BHIIPO-
MiHIOBAHHS HMOHIB, 1[0 JA€ MOXKJMUBICTE 34 BUMIPAHOKI CHJIOKO
CTPYMY HacH4YeHHA B KaMepi BU3HAYATH iHTEHCHBHICTH AJEepHHUX
BUIIPOMiHIOBaHB.

Jliunasuuk Ieiirepa — Mrouanepa. 3HAYHOrO MOiACHJIEHHSA
cnabKkuxX HMOHI3aIHMHMUX CTPYyMiB, 3yMOBJIEHHX HOHizamieio rasy
HaBiTh OAHi€0O MIBUAKOI YAaCTHHKOK abo raMma-KBaHTOM, MOMK-
Ha NOCAITH, CKOPHCTaBIINCh ABUIIlEM yaapHol Honizanii. Ile Bu-
KOpPHCTOBYETbCA B OyaoBi JgiuumnsHuKiB I'eiirepa — Miroiepa,
HIBUAKE KJIalaHHA AKWUX J00pe 3Haliome Bcim 3a GararbmMa momny-
JAApHUMHU KiHodinbmamu. Ileil miuynmnabHUK € MeTaseBOIO TOHKO-
cTtimHOIO TpyOKOIO (May. 149), siKa cAyXUTh KATOAOM. AHOJOM €
TOHKA MeTaJieBa HHUTKa, NPOTATHYTa B3JOBK oci TpyOokm. Mix
HHATKOI i cTiHKamMu TpyOKH [NOpHKJIaJleHa 3HAYHA PISHUILA
noteHuianis mopsaaxky 800—1000 B. Tpy6ka s3BuyaiiHO 3amnoB-
HIOETHCA 1HEPTHHM ras3oM i 3HUXXeHUM THUCKOM — [JJs
30inbIIeHHs QOBMHUHM BinbHOro npobiry i moaermienHs yagapHOI
HoHi3amii rasy.
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IIporukaouu BcepeguHy TPYOKHM, BUIIPOMiHIOBAHHSA HOHI3ye
ATOMU rasy Ha CBOEMY LUJAXY. BUHMKAOUI BiJIbHI €JIEKTPOHM i
MOHM, NPUCKOPIOIOYHUCH EJeKTPUYHHM IIOJIEM MiXX HHTKOO i
CTiHKaMH, 3AiHCHIOIOTH Aajblly HOHi3amiio, AKa Beae A0 Npobu-
BaHHA rasy,— BinOyBaeTbcs eJIeKTPHUYHHM po3psl, i cTtpym de-
pe3 JiUMJABHUK pisko 3pocrae. IMmnynsc Hanpyru 3 pesucrtopa R
OJAa€ETHCHA B PEECTPYIOUYHMH NPHUCTPii (3BMYaMHO 1le OiJicHUJII0OBaY i
MexaHiuyHNE JdidynasHUK). Iloku TpuBae pospan, JIYMIBHHUK He
MOJK€ peecTpyBaTH BJIITAHHA B HbBOIO iHmIKUX dYacTHHOK. II[o6
JiIYHUABHUK MIr peecTpyBaTH HOBY YaCTUHKY, HeoOXifiHO moracu-
TH JIJABUHHUHA po3paxn. Iiaa mporo B KoJIO JiMHUABHAKA BMHKAIOTh
pesucTop 3 BeaukKum onopom (mopaaxky 107 — 108 Owm). Ilig uac
IPOXONKEHHS CTPYMY Ha IbOMY pPe3UCTOpPI BMHUKAE BEJIUKHUH
craj HanpyTH, BHACJIOK 4YOro pPi3KOo 3MEHILYETLCHA HAIpyra Mix
TPYOKOIO ¥ HUTKOK (KATOAOM i aHOAOM), IO NPU3BOAUTE 10 IIPH-
ONUHEeHHs po3paxy. Jina 3MeHIIeHHS TPHBAJOCTI po3psany
JIYUJIBHHK 3alOBHIOETHCA aproHoMm 3 a00aBKOK A0 HBOr'QO MeTa-
Hy abo nmapu MeTtunoBoro cnupty. ITosuTHBHI HOHM HA LIAXY 00
KaToJa NpPH 3iTKHEHHI 3 MACHMBHHUMHM MOJIEKYJaMH MeTaHy 4YH
CIIHPTY HeHMTpadi3yIOThCA 1 B)Xe He MOXYTh BHOUTH 3 KaToma
eJeKTPOHHU, HeoOXiAHI nysa niaTpuMaHHA PO3pPALY.

Jliuunsauku TIeiirepa — Mrwoanepa pgemieBi, BHUHATKOBO
npocTti B excnayaranil (Beaukuii iMnyiasc), 6essigmoBHi. Tomy
BOHH HIMPOKO BHKOPHCTOBYIOTHCA B ANepHi# disuili i TexHii.

doroemyasciiianit Meron. Haibinein [gemieBUM MeTOAOM
peecrpanii HOHI3yHOUMX BHUNPOMiHIOBAHL € (DOTOEMYJIbCIHHUEA
(abo mMeTOon TOBCTOLIAPOBHUX eMyJbcii). BiH rpyHTyeThCcsA Ha TO-
MYy, [0 3apAl»KeHa YaCTHHKa, pyxaluuck y ¢oroemysscii, pyi-
HY€ MoOJIeKyJau OpoMigy apreHTyMy JIHIIIe B THX 3epHaxXx, Kpisb
AKi BoHa npo¥mna. Iliciasa nposiBleHHs Takol HNJACTUHKHM B Hil
BHHUKAIOTh «HOPiKKH» 3 ocijioro cpibsa, no6pe BUAUMiI B MiKpo-
crkon. KoxxHa Taka aopikka € ciaiiloMm pyxXxomol 4acTHHKHU. 3a Xa-
pakKTepoM BHIMMOI'O CJIiAy — HOro JOBXXHHOK, TOBIIMHOIO TOILO
MOXHa CYIHMTH AK IIPO BJIaC'I‘HBOCTi JaCTHHEKH, fAKa 3aJIUHIIIHNJIa
ciaig (11 eHeprio, IIBHAKICTE, Macy, HaAIpsAM pyxy), Tak 1 npo xa-
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paxkTep mnpouecy (poacilopaHHs, ANepHa peaxklis, pos3najg 4acTH-
HOK), AKINO BiH craBcA B emyabcii. Ha manroHKy 150 noxkasani
cirigu, sanuiieHi y ¢goroemysibcii.

Ileit meTonx mMae TaKi mepeBaru: HUM MOXKHA PEECTPYBATH
TpaekTopii BCix WwacTHHOK, AKi mposeTriniu Kpisk doToOmIaCTUHKY
3a 4ac CIOoCTepeXXeHHSA;

¢doTomIaCTHHKA 3aBXXAW I'OTOBa A0 3aCTOCYBaHHA (eMyJbCis
He nmoTpebye npouexayp, AKi 6 npuBoauaHu ii B po0ouHnii cTaH);

eMyJbCifg Ma€e BeNINKY rajJbMiBHY 34aTHICTH (3YMOBJIEHY Be-
JIUKOIO I'YCTHHOIO);

MEeTOJN Ja€ HEe3HHKAIOUMWH CJIiJ Y4acTHHKY, AKUH IMOTIM MOMK-
Ha CTapaHHO BHMBYaTH.

HeposikoM MeTOAY € AOBrOTPUBAJIICTE i CKIAAHICTE XiMiuHOI
006pobxu POTONIACTHHOK i rooBHe — DaraTo 4acy, AKWU Tpeba
BHTPATHTHA Ha TPUBAJIWI PO3rif[ KOMXKHOI IIACTHHKH Y CHJIBLHO-
MY MiKpoOcCKOIIi. .

Kamepa Binscona. Besnmocepeanbo cnocrepiraTu i dorTorpa-
dyBaTH cIimy OKpeMHX YACTUHOK MOXKHA B KamMepi B i g B-
cC 0o Ha — npuirajgi, BUHaiifeHomy B 1911 poni amrmificbxuM
BuenuMm Y. Binbconom.

Kamepa BinbcoHa € repMeTMYHO 3aKPUTHM IHJIIHAPOM
(man. 151), sanoBHeHHMM rasoM i mapaM¥ SAKUXOCH Piiuu, GJOU3E-
KHUMH 0 HACHYEHH#A. ¥ pasi mBUIKoro 3binenrenHsa ob’emy 1ma-
Pa OXOJOMYKYETHCA i 3 HACHYEHOI IIePeTBOPIOETHCH B IIepeHacHde-
HYy. AknIo B 11e#f yac y UUJIIHAP BJITAE BapAAKeHa 4YacTHUHKA, BO-
Ha Ha CBOEMY ILIAXY HMOHiIZye MOJEKyJau rasy, i Ha umx HoHax
KOHAEHCYIOTHCHA KpanJji pigmHM, pobiisgum BUAMMOI TPAEKTOPir0
yacTHKH. Jlpy HamexHil migroroBii xamMeps TYMaHHMH CJOifg
YACTUHKHU YTBOPIOETHCHA HACTIJIBLKM TI'YCTHM, IO A00pe BUAUMUIA
He JIMIIe OKOM, a M Moxe OyTu chororpadhoBaHmm.

- Buaumi Bigpiskm mnaxiB 3apaAmXeHWX YACTHHOK Y KaMepi
BinkcoHa 3BHYaWHO -HA3WBAIOTE mpexkamu. Ha mamosxky 152
BinTBOpEHi geaki 3 ¢poTorpadiit Takux Tpekis.

3a DOBKHHOIO TPEKY MOXKHA BH3HAYUTH €HEPriio YacTHUHKH,
a 3a KiapKicTI0O KpanJauH TyMaHy Ha OAUHHUIIO JIOBXXHUHHU TPEKY
MOXKHA OIIiHMTH I IIBHAKiCTE. 3a XapaKTepoM TpPeKy MOXKHa
BH3HAYNTH BuI (Dpupony) yacTuHKH. Tak, MacuBHA anbkdha-yac-
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THUHKA 3aJIUIIa€ CYIIJIBHMUN XUPHUM CJif, IIBUAKa OeTa-4acTHUH-
Ka (eJIeKTpPOH) — TOHKHIH, a y pa3i Majol HIBHJKOCTI — 3BUBH-
CTHH CJif.

Mo:xnueocTi kamepu BinbcoHa sk npunany Aas KiJIbKICHHAX
BHMipIOBAHE 3HAYHO PO3IINPIOIOTLCA, SAKIIO BMIiCTUTH KamMepy B
CHJIbHE Mar”HiTHe noJje. 3aBIAKH IIBOMY € MOXKJIMBICTh 38 KpPH-
BH3HOIO CJIIAYy YAaCTHHKHM BHM3Ha4daTH 11 Macy, iMnyabc i 3HaK 3a-
paay, a B JdeAKHMX BHIAJAKaX TaKOX e€eHepriw, IBHIAKIicTh i
KiJbKicTh map HOHIB, CTBOPHOBAHHWX YACTHHKOIO HAa OAMHMILL [10O-
BXXHWHH CBOTO HLLJIAXY.

CepiiosHuM HemosikoM Kamepn Binbcona € i1 manuit 06’em.
3BUYATHO KamMepa Mae po3Mmip nopaaky 20 cm — Bigcrasb O
npobiriB yacTHHOK y rasi ay»ke HesHauHa. TomMy B oCTaHHi PpOKU
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Hopx
IIIAPITAK
(sapozmnses B 1924 p. B M. Capan)

Bigomu# @¢isuk-eKcnepuMeHTATOpP, Iep-
IHil BYeHHH poxoM 3 YKpalHu, sKHI cTas
y 1992 p. HobGeniBcbKHUM JaypeaToMm 3a BH-
Haxii Ta BAOCKOHAJIEHHA NEeTEKTOPiB eJje-
MeHTapHHMX 4YacTHMHOK — 0OararoapoToBoi
nponopuiitnoi kamepu. Ileit BuHaxiz nas
amory o6’€HATH AETEKTOpP 3 KOMII IOTEPOM
i 30inpmMINTH IIBHUAKICTE 30MpaHHA KOpPHC-
Hol indopmanii y minsitlonu paais.

OJIs JOCHiKeHHs IUBHAKHX YACTHHOK 3aCTOCOBYIOThH TaK 3BaHi
OynB0amIKoOBi KaMepH.

Icaye #1 6araTo iHIIMX MEeTOJiB crocTepe)KeHHsH i peecTpamil
AOHIBYIOUUX BHIIPOMiHIOBaHb. 3HAYHHN BKJIAJL y 1X PO3BHUTOK i
BAOCKOHAJIEHHS BHic Bizommuii ¢isuk-exkcnepumeHrarop Hopx
[Iapnoak.

)
"1 1. ik BnamToBaHa Homisaniiina xamepa? 2. fike ABMINE BHKODHC-
TOBYETbCH y O6yzaoBi miunnsHUKiB I'eitrepa — Miroanepa? Sk nmoby-
AOBaHO meil miduapHMK? 3. 3a JONOMOrON0 AKOro NPHIaxy MOXKHA
BHBYATH CJOiAN 3apagKeHuX dUacTHHOK? 4. fAxmii npusmun aii
xamepu Binescora? fk 3a gomomorom i€l kaMepH MOKHA BHU3HAa-
YUTH NOPHPOAY UYACTHMHKH, IO OpoJjerisa B Kamepi, ii eHepriio,
IBHAKICTE?

§84  MITYYHE NEPETBOPEHHS ATOMHHUX SJIEP.
BIIKPUTTS HEUTPOHA

BuByeHHA NPHPOAHOI paAiocaKTHMBHOCTI OKAasalyio, IO
NepeTBOPEHHA OJAHOro XiMiyHOro ejeMeHTa B iHIIMHA 3YMOBJIEHO
BHYTPIIIHBOAAEPHUMH IIponecaMu, TobTo amiHamu, aAki BinOysa-
IOThCHA BCEePeNHI AaTOMHHUX sAnep. ¥ 3B’ A3KYy 3 HUM Oyan 3pobiieHi
cnpobu IITYYHOrO NepeTBOPEeHHA OAHUX XiMiuHHMX esleMeHTIB B
iHIII MIJIAXOM BILJIMBY HA aTOMHI Axpa. BuaATKOBa crabinbHICTH
fAgep HepaJgioaKTHBHHUX eJIeMEeHTiB CBiAYMTH PO Te, 110 IX 3MiHa
MOJKe CTAaTHUCHA JIAIIe 3a BUHATKOBO €HEePriiHOro 30BHIUIHLOTO
BnauBy. EdexkTnBEHMM 3acofoM Takoro BIOJHBY BHABUJIOCH
OoMOapAyBaHHA ATOMHHX SHAAepP YACTHHKAMHM BHCOKOI eHeprii.
Croouartky auasa bombapayBaHHsa Opany anbda-dyacTHHKH pagioax-
TUBHOro npomiHHA. [lizHime mnovas B3acTocoByBaTH ¥ iHNIi
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3apAMKeHlI YacTMHKH, NOINepPeaZHbBO HAJABINM iM BEJINKOI IIBHJ-
KocTi (KiHeTHuHOI eHeprii) B creniaJlbHUX NPHUCKOPIOBaYax.

IIpouec nmepeTBOPEHHA ATOMHHUX A/ep, 3YMOBJIEHHUN BIIJIMBOM
Ha HUX MIBUAKHUX 3apAIKeHHMX YacTHHOK (abo amep aTtomiB), Ha-
BUBAETHCHA AFEPHOI0 PEAKUIEIO.

Ilepara mryuysa AfepHa peakiliisa Oyna 3xilicHeHa B 1919 p-
E. Pesepdopaom, sxuili nepersopuB saapa Hirporeny B sizpa izo-
Tonny Okcureny. asa 6ombGapayBaHHsA BHKOPHCTOBYBAJNUCA aJib-
tha-yacTUHKH pajioaKTUBHOro npominHsa. Peakiisa nposoannacsa
B kKamepi Binscona, zanoBueniit asorom. Ilicna onpomiHeHHA
a3oTy IIOTOKOM anbda-dacTHHOK y pobodyomy 006’emMi KamMepH yT-
BopuJsiuca aromm isorony OxcureHy i aromui aapa Tiaporeny,
To6To nporonu. Ilosasa mporoHiB Ta idorony OKcuUreHY B ILOMY
€KCIepHMeHTI NoAcCHEeThcA Tak. lling yac cniBygapAaHHA HIBUJ-
Kol anbda-dyactuaku 3 aapom Hitporemy 4 N annda-uacTurka
(4He) nponukae B AApO i morauHaeTbcsa HUM. IIpu npoMy yTBO-
PIOETBHCA Ay’Ke HecTilike mpomiskHe saapo isorony @ayopy '§F,
fAKe BMHUTh BHKHAa€ 3 cebe OJUH IIPOTOH, [I€PEeTBOPIOYMUCEH B AJl-
po izorony Okcureny ';O (man. 153). Ilio sAfepHy peaKmio MOX-
Ha 3amucaTd Tak:

4 S, 14 18 17 1
oHe+ ;N —> JF— 0+ H.

Takum YmHOM, IOCJIifA Peaepcbop,na m.a:rBep,a.HB MOYKJIUBIiCTH
3OificHeHHA LITYYHHUX ANePHHUX peakni i pasom 3 Tum bGeamnoce-
PeoHBO MOKAa3aB, [0 NPOTOHHU BXOILATE A0 CKJAAY ATOMHUX AAep
i moxyTs OyTH BHAineHi (Bubuti) 3 nux sigep. Ilisnime iHmumn
OOCJimHNKaAMK Oyiu BUsABJEHI MEpPeTBOPEHHS IIiJ BIJMBOM Aallb-
da-yacTHHOK sAgep iHmMINX Ximiuawux esemeHTiB (AsomiHilo,
Hatpiroo, ®@ayopy ToI110).

Bigkpurra Pesepdopaa mpuBesio 0 CTBOPEHHS HOBOI rajyai
HAYKOBHUX HJOCJifKeHb — Trajiy3i IITYy4YHOro MNepeTBOPeHHs Xi-
MiUHUX eJIeMeHTiB, AKa Ma€ BajsKJMBe HAYKOBE 1 mpaKTHuYHe 3HAa-
YeHHA.

¥V xomi BUBUEHHS NITYYHOI'O NMEepPEeTBOPEHHSA sAfep XiMiuyHuUx
enemeHTiB miz uyac OombGapayBaHHA IX aabda-dyacTHH-
KamMu HiMenbki ¢pisuku B. Bore i I'' Bexkep y 1930 p.

17 \\"\

Maxn. 153
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BuaaTHuit (I)panuyabugﬁ BueHHH. Pazom 3
apyxunao10 Ipen Biaxkpus y 1934 p. mryuny
paxgioakTuBHicTe. Ilpani nmoapyxixka Kiopi 3
OociiayKeHHA BUNOPOMiHIOBaHHA Bepuiiio
mig aieo O-4aCTHHOK MaJI¥ BeJIMKe 3HauYeH-
HA O] BiAKPUTTA HeliTpoHiB. Pazom ia cnis-
pobiTHukamu y 1939 p. BueHHII BH3HAYMUB
KlIbKicTh HEHTPOHIB, AKi BHJiTAIOTH Iia Yac
nojiny saapa YpaHy, i1 HOKasaB NPUHITUIIOBY
MOKJIMBICTE JIAHIIOTOBOI sAAepHOI peakiii.

BUSIBUJIM, IIJO B Pe3yJbTATi ONpPOMiHEHHA AedAKi Jerki emremenTn,
Hanpukjgasn Bepuiiii, camMi craoTh HKepesioM BUIPOMIiHIOBaAHHSA
Ay»e BHUCOKOI mnpoHuKarmuoi 3agarHOocTi. IloTrik mnboro BuU-
NpoMiHIOBAHHA He BiIXWJIABCA €JeKTPUYHHUM IIOJEeM i Horo He
MOKHa OyJIO BBaYKaTH NOTOKOM 3apANMKEeHHUX YaCTHHOK. BoHo 6y-
JIO Ay¥Ke CXO0XXHUM Ha raMMa-IIpoMeHi, i ToOMy cmodyaTKy Iie BH-
npoMiHOBaHHA OyJio HasBaHe «0EePHJIIEBMMM IPOMEHSAMM».

¥ 1932 p. dpannysski disuxu Ipen i ®penepik Homio-Kiopi
BUABHJH, 100 Ile NPOMiHHA, NaZalO4Yy HA PEYOBHHHU, AKi MiCTATH
I'igporen (mapadin, Bogy, mesodaH), BUKJIMKAE BUIIPOMIHIOBaH-
HS HAMH NPOTOHIB BeNUKOI eHeprii. BoHM npaBMJIBHO NPUNYCTH-
JHA, II0 'BHHpOMiHIOBaBHH Bepuuniro Bubusae 3 napaciny (um
iHmIOl pe4YOBHMHHU, AKA MICTHUTH I‘mporen) OPOTOHH, AKi € y BeJaH-
KHX KIiZTBKOCTAX B TAKMX pPEYOBHHAX. 3a [JOIOMOTOI0 Ramepu
BinecoHa (cxema pmocainy moxasaHa Ha maJjy. 154) nmoapy
Kropi Bu3HauMIM eHeprio nux nporoHiB. Buasuaocsa, mio npo-
TOHH MAaIOTh TAKY BEJIMKY €Hepriio, mo AxA iXx BUOMBaHHA ram-
Ma-KBaHTH IIOBMHHI Oynm © MaTH HenpaBaomnoAiGHO BeIUKY
e”eprio nouan 50 MeB.

ITopanbmi mocaninm, BukoHaHiI yunem Pesepdoppa arrmiiice-
KuM ¢disukom I k. He g Bi K 0o M, IpUBeJ X 0 IIe IikaBimux
pe3yabTaTriB. BiH cnocrepiraB y kamepi Binscoma Tpexku snep

_DIT» IBe] HeiiTporn o nmiacumiosaua
" U
9

ITapadin

Man. 154 d
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Hirporenv, Aki 3a3Hanu 3irkHeHHA 3 OepuIi€eBMM BHMNPOMIiHIO-
BaHHAM. ¥ IeAKHX BHN4JAKAX YIAJoCd BUABHTH TPEKH sALep
Bigmaui 3aBHoBXKKH 3 MM. TaKMX NpHUCKOPEHbL MACHUBHHUM SAJpaM
Hirporeny morau 6 HagaTu raMMma-KBaHTH 3 eHeprieio 90 MeB..

YeaBik mepimmuii NpUNYyCTHUB, [0 HOBe BUIIPOMiHIOBAHHSA € He
ramMMa-KBaHTaMu ((poroHAMH), & TOTOKOM MAaCHUBHHUX HeszapsKe-
HUX YaCTUHOK, HA3BAHUX HUM HeumpoHamu. 3a 3IHAUYEHHSAM
caigiB Bigmaui sigep pisHMX Mac v kamepi Binbcona moxxkHa 6yJo0
3pOGMTH BMCHOBOK, L0 Maca HEHTPOHIB nyike GJHU3bKAa 0 MacH
nporoHiB. Mo kKimma 30-x poriB OyJa0 oZep:KaHO BeJHUKY
KinekicTe ¢oTorpadiii, axki inrocrpyBanu npoiec 3iTKHeHb HeH-
TpoOHa 3 sAAPaMHM Pi3HUX eJleMeHTIB. 3a BeJWYHHOIO Bigmaui
aToMiB, AKi 3a3HaNU 3iTKHEeHb 3 HEHTPOHOM, a4 TAKOK 34 PiBHAH-
HAMH sAJepHHUX peakIlliii Oysnao obuucieHo macy HelTpoHa. Bona
BUABMIIAcA piBHOIO 4,6749 - 1027 xr (Maca IpoToHa NOPiBHIOE
1,6726 - 10727 kxr). 3 mMoJexyasipHOi (pismkm i ximii Bu 3HacTe,
IO Macy aToMiB sjep 1 elreMeHTapHMX YaACTHUHOK 3BUYaWHO BH-
pa’kamoTh B AaTOMHHX OJMHMLAX MacH (a.o.m.): 1 a.o.Mm. =
= 1,66-102" kr. Tomi maca wneiirpona m, = 1,0087 a.o.m., a
npororna m_ = 1,0073 a.o.m.

SfnepHy peakiiiio, B pe3ysbTaTi AKol 6yJio Brepliue BUABJIEHO
HEeMTPOH, MOXHa 3allicaTH TaK:

9 4 12 |
1Be+ ;He > (C+ ,n,

To0TO AApo Bepuniiio 3Be 3aXOILIINE anbda-yacTUHKY i, BUOyC-
x5 1 5 By
TUBIIM HEHATPOH o, INepeTBopoeThea B saapo Kapbony §C -

BigcyTHicTh Yy HEHATPOHIB €JEKTPHYHOIO 3apsany IPHUBOAHUTH
OO TOrO, 10 BOHH IIPAKTHYHO HE B3aEMOJIIOTH 3 €JIEKTPOHHOIO
060JIOHKOIO aTOMiB. 3 Ii€il X NPUYHWHH BiICYTHA i eJIeKTpHU4YHA
B3a€MOJisi 3 aTOMHUMHU sigpaMu. ToMy nydKH HEMTPOHIB y pedo-
BHHI MAalTh BEJHKY NPOHHKAO4YY 3JaTHIiCTb, i IX BHABJIIEHHSA
MOXKJIMBE JIHUIIE IIJIAXOM CIOOCTEepe)KeHHHA peayJabraTiB 6Gesrnoce-
pPenHbOl B3a€Moil HEHTPOHIB 3 AApaMu. 3 AeAKHMM BJIACTHBOC-
TAMHA HEUTPOHIB OB3HAMOMHMMOCH TPOXH (migHie.

~
3 Ll IITo Taxe aaepHa peaknia? 2. Ha ocHOBI AsKAX MipKyBaHbL BUeHi
Aifmia\ BHCHOBKY, IO IPOTOHHM 3 napadiHy BUOGHBAIOTHCA He raM-
Ma-KBAHTAMH, a HeiTpoHaMu? 3. fIk Oy/10 BU3HAYEeHO Macy HeHTpo-
Ha? 4. YuM OOACHIOETHECA BeJIMKA NPOHHMKAOYA 3NATHICTE HeHl-

TPOHIB?
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§ 85 — CKJIAJ SIIPA ATOMA

Bigomo, 1mio 3 Agep MOXXYTh BHJITATH i NOTJIMHATHUCA HHMH
anbda-yacTHHKH. 3a JOIIOMOroio ajb(a-4yacTHHOK 3 AesAKHX sigep
MO»KHa BUOMTH IIPOTOHM, 3 IHIINMX — HeWUTpoHH. AKi K YacTUH-
KM BXOJATH OO CKJAaAy aTOMHUX snep?

Ho 1932 p. (mo BigkpuTTsi HeidTpoHa) Oyiu Bigomi ABi (AKIO
He BpaxoByBaTH (POTOHIB) eJeMeHTapHI YACTUHKH: €JIEKTPOH i
OpoTOH. ByJio BHCJIOBJIEHO NPUOVINEHHA, LI0 AJApa aTOMiIB CKJia-
JalThCA 3 NPOTOHIB i enekTpoHiB. HasBHIicTE B AApax eyieKTpo-
HiB, 3maBanocsa 60, niareBepaskyBaB ¢akxkT Oera-posnagy, OpH
AKOMY 3 AJep aTOMiB BWJIIITAIOTE eNeKTpoHH. OAHAK IIBHAKO
3’sicyBaJjiocs, IO TaKe YsABJIEHHs NP0 CKJIAL fAApa CylepedyuTh
JOCJHiJHMM JaHUM.

Binpasy k micaa BiIKpHTTA HEUTPOHA HiMeObKHH G(i3HK
B. 'eii3ae H6epr BUCJIOBHUE rinoreay, 10 A0 CKJIAAY aTOM-
HUX siflep BXOAATH JIMIIE NMPOTOHM i HEeHTPOHW. YABJEHHSA IPO
[IPOTOHHO-HEMTPOHHMI CKJIaJ ATOMHHUX sAAep HiATBepJKeHe Be-
JHUKOI0 KIJBKICTIO €éKCIIeEPpUMEHTIB 1 HMHI € 3arajJlbHOBU3HAHHM.
SnepHi YyACTHHKM — IIPOTOHH i HEHTPOHM — YaCTO HA3UBAIOTh
HYKJOHAMU.

ArToMm eneKTpUYHO HeWTpanbHUM. TomMy YHcCIO DpPOTOHIB Yy
AApi aTomMa Ma€ JOPiBHIOBATH YHCJIY €JIeKTPOHIB B 000JIOHIII aTo-
ma, TOOTO aTOMHOMY HOMepOBi nwporo esiemenra.) Hanpuknan,
aToOMHHMI Homep aJioMiHilo 13, me o3Hayae, mi0 AAPO aroma
Anrominio MmictuTres 13 npoToHiB.

Maiixke BCcA Maca aToMa 3ocepelKeHa B Horo azpi. Ase ma-
ca AJpa CKJIaJaEThCA 3 MAC YCiX YACTHMHOK, AKi BXOAATH A0 CKJAa-
Ay Axpa. 3arajJbHe YHCJIO YACTHUHOK B AApPi IIO3HAYAETLCA 4Yepes
A i HaszuBAETHCA MACOBUM HUCAOM, IHIIMMHU CJIOBAMH, MaCOBHUM
YHCJIOM A HABUBAIOTH CYMYy YHMCJIa IPOTOHIB Z i 4McJia HeUTPOHIB
N B aapi: A=2Z + N.

OckinbKM MacH OpPoOTOHA i HEeATpPOHAa Ay»e GIU3bKi, TO Maco-
Be YHMCJIO A JOPiBHIOE 3a0KPYIJIEHiM M0 Iijloro yMcja aTOMHi
Maci enemeHTa (BuUpa)xeHiit B a.o.Mm.). Macu aTOMHHUX sOep MO-
MyTe OyTHM BH3HaA4YeHLI 3 BeJIMKOI TOYHICTIO 3a JAOIOMOroio
crenianbHHUX IpUJIagiB — mac-cunexrtporpadis.

Omxe, 3a MACOBHM YHCJIOM A i AaTOMHMM -HOMEPOM XiMiUyHOIO eJe-
MeHTa Z MOXKHa OeanocepefHBO BH3HAYHNTH YHCJIO IPOTOHIB 1 Hel-
TPOHiIB B aTOMHOMY AApi nporo enemenra. Haramaemo, t.'uo aToM-
Hi sAgpa xiMiyHMX eneMeHTiB NPHUHHATO NO3HAYATH CHMBOJIOM
2X, ne X — cUMBOJ ejeMeHTa, A — MAacoBe 4MCJI0, Z — aTOM-
Huii HOMep (mporoHHe uuchao). Hanpuxiaan, msng O3HA4Ya€ aToOM-
He sapo IlnomM6ymy, axke mictuth 82 nmporonu i 206 — 82 = 124
HeitTpony; 'JN — aromue szgpo Hirporeny, ske micturs 7 npo-
ToHIiB i 7 HellTpoHIB i T. &.
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3 Kypcy ximiil BH sHaeTe, 1m0 OLABIOICTE XiMiYHHAX €JIEMEHTIB
Ma€ IO KijJbpKa pisHOBUAIB — isoromiB, #AKi BiApisHaTHCA
3HauYeHHAMM MacoBoro uuciaa A. Tak, Hanpurigan, I‘mporeﬂ Mae
YOTHDPH iBoTOomM:

iH — gBuvaiitHuit Tigporen, abo nporiit (Z = 1; n = 0);

2 G Fa it
1H — Baskkmuit T'igporen, abo geitrepiit (Z = 1; n = 1);
yacTo AeHTepiil Mo3HAYaTh CHMBOJOM D;

3 o E T
1H — magsaxkkwmit I'igporen, a6o Tpuriit (Z = 1; n = 2);
9acTO TPUTiil mosHavaioTh cumsosoMm T;

?H — Bigxpurnii y 1963 p. izoron Tigporerny (Z = 1; n = 3).

¥V mpupomHHX yMOBaxX Maii»>ke BCi eJIeMEeHTH MAalOTh BiZ OZHO-
ro n0 Kinbkox crabinsHMX isoromis. ¥ Oxcureny Tpu c'raﬁlan.m
igoronu, B CraHyMy — HecsATb i T. 1.

HAapa isoTomiB maHOro xiMiuHOro ejeMeHTa MiCTATH OXHAKO-
B€ YHCJO NPOTOHIB 1 MAalOThE OAHAKOBY KiJlBKiCTE €JIeKTPOHHUX
obonoHok. Tomy B izoTomiB zaHoro ximiuxHoro esilemeHTra OXHA-
KOBi AK ximiuHi BJacTmBoCTi, Tak i Ti dismuHi BIacTHBOCTI, AKI
00yMOBJIEHL rOJIOBHMM YHHOM CTPYKTYPOIO eJIeKTPOHHOL 060JI0H-
xku. IIlo crocyerbesa ¢ismuyHMX BIaacTHBOCTEH, OOYMOBIEHHX
CTPYKTYPOIO AApa (MacoBe 4YHCJIO, PafioaKTUBHICTE, 'YCTHHA), TO
BOHM MOMiTHO BinmimHiI Mixk co6olo)

HAppa 6ixpmocti ximiuaux enemeHTiB cri#ki. Ile cBigumTs
Ipo- Te, 10 IIPOTOHM i HeHTPOHHM BCepenUHI AApa YTPUMYIOTHBCH
AKUMHACH AyKe BenuKamu cuiuamu. 1o »x me sa cumu?

3 ymeBHEHICTIO MOXXHa CKas3aTH, L0 Ile He rpasBiTamiiiai cu-
JIM, OCKIiIBLKHM BOHM Haassudaiino majai. KynoriBeeki cmiaum, nio
OiloTh Mi>X DIpOTOHaAMH, € CHJIaMH BigmToBxyBaHHs. OTixe, d' An-
pax MiMK HYKJOHaMH icHYe€ OCOOGJIMBHHE BHI B3a€EMOXii, 1c11y10T1:.
ocobauei cuau. 1o B3aeMOAi0 HABMBAIOTH CULbHOIO, & CHJIH, IO
iii BigmoBizarTh, sdeprumu. fAxi ocHOBHiI 0CcOGAMBOCTI AmepHUX
cun?

fAnepHi CMJIM BUHATKOBO BesuKi: BOoHM npubauaxHo B 100 pas
epeBHIIYIOTH 3HAYHI KYJIOHIBCHKI CHIM MiX mpOTOHaMM, pPO3Ta-
IIOBAHUMH AYy2Ke Oau3bK0 oauH 6ina ogHOTOo. flNepHi cuaIn BUAB-
JAOTHCH TIJBKH HA AYXKe MAJUX BificTaHaxXx — mopaaxky 10715 M,
Ha Biaminy Big rpaBiramifiEnx i KyJOHIBCBKHX CHJI, HKi 3MeH-
MIYIOTHCA ofepHeHo mpomopiiiiHo KBaapaTosi Bizcrami misx Tou-
KOBMMM MACaAMH 4YM 3apAjaMH,— SAePHI CHIM 3MeHUIYIOTHBCS
3HauyHO BuANIe. Bouu Ay’Ke BeluKi_Ha Bigcramsx, OJU3BKHX N0
BifcTaneil mirk HyKJioHamMu B aapi (~1071% M), ogHak Bike npu He-
gHavyHOMYy 30insmenHi BincraHi Misx HyxkiIoHamMu B axnpi (mpu-
HaiimMul 10 2 - 1071% M) BOHM 3MEHIIVIOTBCH NPAKTHYHO A0 HYJIA.

B sanpi icHy:OTE 9YACTHHKY ABOX THIIB — OpPOTOHU H HeHTpPO-
HA. Mi)X SKHUMM X YaCTHHKaAMH OiIOTh aaepHi cuau? Yu numie
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Mi)X mpoTOHaAMHM B HelTpoHamMM, 4u Mi»X aBoma nporoHamu (abo
ABOMAa HeUTpoHaAMH)?

HocaigyxeHHs moKasajgy, M0 ANEPHiI CHJIM He 3ajiedXaThb Bix
TOT0, MAIOTh YACTUHKH €JIEKTPHUYHHH 3apAl 441 He MalOTh. 3a JO-
IIOMOTOI0 AJlePHUX CHUJI HEHTPOH 3 HEMTPOHOM, HEHUTPOH 3 IIPOTO-
HOM 1 aBa HNpOTOHH B3aeMoAiloTek omHakoBo. OcraTroyHa Teopisa
ANEePpHHUX CHUJI IIle He CTBOPeHa.

?

1. filxka Oymosa aTomuHOrOo AApa? fKi YacTHHKM HA3MBAIOTHCHA HY-
kaoHamu? 2. fIK 3a ATOMHMM HOMEpPOM i MACOBHM YHCJIOM XimiuHO-
ro eJleMeHTa BU3HAYMTH YHUCJIO NPOTOHIB i HeHTPOHIB ¥ AApPLI mBOTrO
enemenra? 3. fAxmit ckian saapa aroma Panio 22§ Ra? 4.
ANepHiI cHAIM BiApisHAIOTBECA Bix eneKTpHYHMX i rpaBiTanmifiamx?
YoMy NpOTOHM AApa HE PO3JiTAIOTHCH, XO04Ya MAalOTh OAHOMMEHHI
sap#Aau i Mi'k HUMU [AiOTH KYJIOHIBCHKI CHJIM BigmTOBXyBaHHAT?

§86 - EHEPI'Is 3B’I3KY ATOMHHUX AJTEP

ITporonu i HeMTpOHM B sAApax aToMiB MinHO 3B’A3aHi Axep-
Humu cuiaamu. IIlo6 posipBaTtu 1eit 3B’s30K, TOOTO HOBHiCTIO
po3’eAHATH YACTMHKH sAApa, HeoOXilHO 3aTpaTUTH MNEBHY
KinpKicTe eHeprii (BuKoHaTH nesHy pobory). Exepris, Heobxigua
AJA po3’eAHAHHA YACTHHOK fAJpa, HA3WUBAETLCHA eHepzicio 368’ aA3-
rxy. Ilix gac yrBOpeHHSs H,upa 3 OKPEeMHX HYKJOHIB 1A enepriﬂ
snainsgersca. EHepria 3B’sA3Ky aTOMHHUX sJep HaA3BH4YaAWHO Be-
JIMKA. Ii mosxHa BHM3HAUMTH Ha OCHOBI 3aKOHY 3beperxkeHHA
eHeprii i 3aKOHY B3acMO3B’A3KYy MacH U eHeprii.

3rigHo 3 3aKkoHOM 30epe)xeHHsI eHepris 3B’ sI3aHUX B AApPi HY-
KJIOHIB Mae OyTH MEHIIOK 3a €eHepril po3’€IHAHMX HYKJIOHIB Ha
BeJIMYMHY eHeprii 3B’saky aapa E. 3 immoro 60Ky, 3riHO 3 3a-
KOHOM B3a€EMO3B’A3KYy MAacH ¥ eHeprii, 3MmiHa eHeprii cucreMu Ha
AE cynpoBOLKYETBHCH HpOHOleHHOlO 3MiHOI MAacHM CHCTEMH
Ha Am:

AE = Amc?, (86.1)

Ie ¢ — mBHUAKicTh cBiTyia y Bakyymi. OCcKinbKH B PO3rasasAyBaHO-
My Bunaaky AE i € eHeprieo 3B’aA3Ky sapa E, To maca aTOMHO-
ro aapa ma€e 0yTH MEHIIIOIO 3a CYMY Mac HYKJIOHIB, 3 AKHX CKJIa-
IaEThCHA ANPO, HA 3HAYEHHA Am, AKe HAa3UBaEThCcA depexkmom ma-
cu adpa. 3a (86.1) moxHa obuncauTH eHeprio 3B’asky E, akiio
BijoMuii nepeKT Macu ObOoro aapa Am.

Huni mMmacn aTOMHHX sjep BM3HAYEHI 3 BHCOKHM CTYII€HEM
TOYHOCTI (3a JOMIOMOroI0 Mac-clneKTporpadis), Macu HYKJIOHIB Tak
camo Binomi. Ile nae moxnueicTs Bu3HauaTu gedexkT macu Oyab-
AKoro axpa i oduucaoBaTu 3a (86.1) enepriio 3B’A3KY Axpa.
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dna npuraagay oOYMCINMO €HEeprino 3B A3KYy HAApa aToMa
Teniro, AKe, AK BigomMoO, cKIajgaeThcA 3 ABOX HOPOTOHIB 1 aBox
HelTpoHiB. Maca nporona m = 1,0073 a.o.m. , maca HelTpOHa
m, = 1,0087 a.o.m. Omxe, Maca HYKJIOHiB, AKi yTBOPIOIOTH ANPO,
nopisuioe 2m  + 2m = 4,0320 a.o.Mm. Maca x sigpa atoma I'eniro
my, = 4,0016 a.o.m. Omxe, nedexT macu aromeoro saapa Iemiro
gopiBHoe: Am = 4,0320 a.o.m. — 4,0016 a.o.m. = 0,03 a.o.m., aGo
Am =0,08 - 1,66 - 102" xkr =5 - 1072° kr.

Tozi emepria sp’asky azpa Iexiro gopisBHIOE:

E=Am -c2=5-102kr - 9 - 1015 m2/c2 =4,5 - 10712 [k =
~ 45107 B 98 MeB
1,6-10719 _

Taxa eHepria BUAINAETHCHA IIi yac yTBOpPEeHHS OZHOIO fAnpa
atoma Ieniro.

BaragpHa ¢opmyna Aas obumcleHHs eHeprii 8B A3KY
6yAB-AKOro sxpa 3a Horo ged@eKTOM MacH MATHMe BHUIJIAM:

E = (Zm, + Nm, — m,) c.  (86.2)

Enepria 3B’aA3Ky — oAHA 3 HaWBaXKIUBIIIMX XapaKTePUCTUK
anpa. yske wacTo A XapaKTEPHCTHKH crilikocTi (MinmEOCTi)
aTOMHHMX HAJAEeD pPO3PaXOBYIOTb NUMOMY e€eHepzilo 36’A3KY, AKa
IpUIIAZAE HAa OAWH HYKJOH. YmMm Gisplna muromMa eHepria 3B’a3-,
Ky, THM CTiiikimnie AAPOS Ii moxxma o6umcauTH, nDoxiIMBIIHM

E, MeB .
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eHeprino 3B’A3KY fAApa Ha 4YHWCJIO HYKJOHIB y HbOoMYy (Ha Macose
uypcao A). PeaynasTaru Takux pospaxyHKiIB zobpaxkeHi rpadgiuno
Ha ManoHKY 155, ge no oci opausar BigriaageHi nuromi emeprii
3B’A3KY B MeB, mo oci abecimec — mMacoBi duciaa A. 3 MaJIIOHKA
BHJAHO, II0 INTOMA eHepria.3B’sA3Ky mMakcuMmaibHa (8,65 MeB) B
gxep 3 MacoBHMH uncaaMu nmopaaky 100; v macuBHUX i Jerkux
Axep BOHA nenro MeHina (Hanpukaazn, 7,5 MeB B ¥Ypany, 7 MeB
y Temivo). B aapa Tigporeny }H numroma enepris 3B ssKy
ZOPiBHIOE HYJIIO, LIO IiIKOM 3PO3YMijIo, OCKIIBKH B IBOMY SAPI
HEeMae 4YOoro po3’€JHYBATHU: BOHO CKJIAJAETHCHA JMIIe 3 OJHOTO
HYKJIOHA (IIpOTOHA).

Y cepenmi#l yacTtuHi rpadika KpuBa Maiijke mapaJjiesibHa OCi
abcuuc (oci macoBux uywncen). Ila HabausKeHa CTAJNICTHL IIMTOMOIL
eHeprii 3B A3KYy JAa€ migcTaBu AAsA ABOX BaKJIWBUX BUCHOBKIB
Opo xapakTep axepHuX cui. Il o - m e p m e, me cBiguMTE mpPO
Te, LU0 KOXKHA YaCTHHKA B3aeMozie Jjuine 3 cycizmimm, a He
BciMa 4YacTHMHKAMM; TOMY €Hepria 3B A3Ky sAApa Iponopuiixa
4HCJIY HYKJOHIB, & JHTOMA €Hepris 3B’A3Ky 3anullIacTbCHA CTa-
mow. Il o-x p y r e, /mabnmxena cTaJicTs ITUTOMOI eHeprii 38’a3-
KY CBigumnTh, IO ALEPHI CHIM He 3ajesKaThb BiJl TOro, sapamixe-
HU 41 He3apAMKeHUH HYKJoH.,Cnpasai, Koxu 6 Takuii 3B’sA30K

icayBaB, TO, BHacmigmok 6in MIBUJKOI'O 3pPOCTAHHS 4YHCJIa
HEeWTPOHIB NOPIBHAHO 3 IIPOTOHAMM B AIPi KOMKHOI'0 HACTYIIHOTO
eJiIeMeHTa, IUTOMAa €Hepria 3B fA3Ky AKOCE O6M 3MiHIOBamacsd.

Kpusa nuToMoi eHeprii 3B’A3Ky Mae cjaabKo BHpaMKeHHH
makcumymMm 8,65 MeB ans anep 3 macoBuMm uuciaom A — 50—100,
To6T0 ¥ Pepymy i ONHN3BKHUX A0 HHOI'O 34 MOPAAKOBUM HOMEPOM
enemeHTiB. lle BKasye Ha Te, IO eJIEMEHTH, AKi MicTATbCA B
cepenHilt gacruHi Ilepiogmumoi cmcTeMu, MawTh HaAUOGINBITY
eHeprioo 3B A3KY 1 € Haibinbimr cTifixmm. :

Manum pagiycom ail AAepHHX CHUJ MOSACHIOETHCH 1 MeHIIa
OHUTOMA EHepriA 3B’A3Ky IJia JIEPKHX ejeMeHTiB. fapa smerxmx
eJeMeHTiB MicTATE HeBeIUKY KinbKicTh HYKJIOHIB, 1 BiTHOCHO Be-
AUKa KinbKicTs MUX HYKJOHIB MicTHTbhCcHa O0inA moBepxHiI sapa
(soBuimui Hyknonn). I1i soBHIINHI HYKITOHM B3Aa€MOIIOTE TiNEKH
3 BHYTpimgEiMu, cycigiB 3BepxXy BOHH He MawTh. OTXe, BOHH
BHOCATHL MEHIOIMN BKJIAJ B eHepriio 3B A3Ky, HiX BHyTpimHI Hy-
KJoHu. 3i 36iAbpIIeHHAM KinbKOCTL HYKJIOHIB y sAApi BizaOCHE
YHUCJIO0 PpOSTAINIOBAHUX HA IIOBEPXHI HYKJOHIB 3MEHIIYETHCHA.
ToMy muTOMa eHepria 3B’A3KYy ANA SAep HACTYNHHUX XiMiuHHX
enleMeHTiB Mae 6yTH OiNbINOI0 3a DHUTOMY €HEPrilo AJs nome-
peaHix, 010 ¥ cmocrepiracThca Ha rpadiky.

MosxHa 3anmepeduTH, L0 B TAKOMY BHOAAKY IOBHHHA
36imbmyBaTHCA NUTOMA €Hepria 3B A3KY 1 AJA shep cepeXHBLOIL
yacTHHH rpadika, aa’Ke BigHOCHa KinbKicTe 3oBHIIHIX HY-
KJIOHIB IPOJAOBIKYE 3MEHINYBATHCHA, & Mi¥X THM, BOHa NPpHOJIN3HO

-
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crajia. ¥YsABHA CyNEepedYHiCcTh NOACHIOETHCA THM, IO 3i 36iabmieH-
HAM 4YHCJa HYKJIOHIB y sAZpPi 3pocTae 1 cuia KYJOHIBCBKOro
BiIIIITOBXYBAHHA IPOTOHiB, AKAa KOMNeHCYye 30iJbIIIeHHs eHeprii
3B A3KYy. Inda MacHBHHUX XiMiuHMX eJleMEeHTIB 3pOCTAHHSA KY-
JIOHiBCBKOTO BilINITOBXYBAHHA IIPOTOHIB NPU3BOAUTH J0 3HUIKEH-"
HA NATOMOI eHeprii 3B A3Ky (KiHIeBa ainaHka rpadika), a oTxe,
i mo ameHmeHHA crilkocti Axep. CamMe 3HHYXEHHAM ITHTOMOI
eHeprii 3B sA3Ky Ajlep eJeMeHTiB, AKi BignoBigawTe KiHIEeBi# ya-
CTHHI KpHBOI, INOACHIOETHCHA PaJliOAKTHBHHM poO3mnan sjep eje-
meHTiB. [lounnatoun 3 IlosoHiro, Afxpa eleMeHTiB HecTilKi i Mo-
JKYTh CaMOBiJBHO poanazarucsa. OagHaK s HeCTiMKiCcTh BilHOCHA,
TOMY IO HAApa TaKUX eJeMeHTIB Taki »k crifiki BigsHOCHO
30BHiNIHiX BnnuBiB, AK i crabineHi aapa. Ilpore To ogHe 3 HUX,
TO iHIIe HecnoAiBaHO pPO3MaLalOTHCH.

?| 1. mo posymi i ieto 3’ : i stk 1§ MosK-
r11. PO3yMiIOThH ITii eHepric€io 3B A3Ky ATOMHHX sAzep i Ak i Mox
Ha BusHaunTH? 2. Y MoKe Maca aTOMHOro sapa 6yTu MeHmIOw 3a
CYyMy MAacC HYKJIOHiB, fKi BXOZATE 4O cKyany usoro azpa? 3. IIlo po-
aymioTs mig aedexTom macu aromHuX saxep? 4. Illo Take nuTOMAa
eHepria 3B’aAsky aromMHux axep? IIlo BoHa xapaxkrepuaye? 5. Cepen-
HfA 9acTHHA rpadika KpuBoi mUTOMOI eHeprii 3B A3Ky ine Maiixe nma-
panenbHO oci MacoBuX umcel. IIpo mo me cBiguuTs? 6. YuM mosc-
HIOETHCH 3MEHIIeHHs IINTOMOlI eHeprii 3B’A8KYy ANA sAAep JIerKux
eleMeHTiB?

Bupasa 19

1. Busnaure eHepriio 3B’s3Ky sigpa isoromy Jlitriro ILi. Maca sag-
pa mg = 7,01823 a.o.m
% 1 . - s g 3H - 5
2. 3uaiiniTe eHepriwo 3B’asky isoronis 1H i ;He. fIke 3 uux sinep
6inpmn crifike? Macu saep isoTomiB BiAnmoBigHO MAOpPiIBHIOIOTH
mp,. = 3,01700 a.o.m. 1mre-301699 a.0.M.
3. BusnauTte nuTOMY eHepriio 3B’A3Ky B AApi aroma OKcHUreny gO

§ 87 — ANEPHI PEAKIIII

Buine Bixke poarssaganucsa AlepHi peaknii — mry4dHi mepe-
TBOPEeHHS aTOMHHUX fAJep, BUKJIHWKAaHI 1X B3a€eMoJi€lo 3 4aCTHHKA-
mu abo oxHe 3 oxHMM. PoaraaHeMo O6igbmI AeTalbHO 3aKO-
HOMIDHOCTI sAepHUX peaKIIii.

Ilig yac saaepHUX peakIliii 000OB’A3KOBO BHKOHYIOTHCA PisHi
3aKoHHU 306epeskeHHSA, OinbIOIiCTE AKMX BaM Bimoma:

1) 3akoH 306eperKeHHs eJIeKTPHYHOIO 3apaAAy: CyYMapHHH eJIeKT-
PUYHMI 3apAa AAep 1 YACTHHOK A0 peakmii mopiBHIoe cymapHO-
My eJIeKTPUYHOMY 3apAAOBiI BCiX ONPOAVKTIB sAnepHOI peakIlii;
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2) 3axkoH 30epeXeHHs KinbKOCTi HyKJOHIB (y peakxiisax 6es
aHTHYACTUHOK, PO AKi HTUMeThCcA AaJi): Hmix yac AAepHUX pe-
akIiili HYKJOHM He 3HUINYIOThCA ¥ He BUHHUKAKOTH 3 Hidoro,
BinOyBaeThbCcA JHIIe 1X Iepepo3noiin (3axoIJieHHA AAPOM, BHJIT
3 sAapa, nepexig mpo iHmoro saapa Touio). Tomy cymapHa
KinbpkKicTs ycix HYKJIOHIB mnix dwac sagepHol peakmil He
3MiHIOETHCH;

3) s3akKoH 30epeykeHHs I IepeTBOPEHHs eHeprii: noBHAa
eHepria BCiX YaCTHHOK, AKi BCTyHalmOThk y PpeakIliio, HOpiBHIOE
IOBHi# eHeprii BciX YacTHMHOK, II[0 BUHHUKAIOTH Iicaa peakxirii;

4) 3akoH 30epexxkeHHA IMOyJIbCy: cCyMa iMOyabciB saep i ua-
CTHHOK IO BCTYIIY B ANEePHY peaKIlil0 HOpPiBHIOE cyMi iMmyiabciB
yCiX YaCTHUHOK, 0 BUHHUKJHM ITiCJIA peakIrii;

5) zaxkoH 30epe)xeHHA MacH: Maca YaCTHHOK, AK1 BCTYIHUIH
B peakIiilo, Ma€ AOPIiBHIOBATH Maci oJep’KaHHX YaACTHUHOK peyo-
BUHHM i (OoTOHIB BHUINPOMiHIOBAHHA. ¥ BaC MOXe BHHHUKHYTH
CYMHIB y cHpaBeJJIMBOCTiI LILOI'0 3aKOHY OJIA AJEPHHMX peakIlii,
OCKiJIBKK B AZIEPHHUX peakIliax mae Mmicue gedekT mac. SIK ke B
ObOMY BHOAJKY MOXXHaA M'OBOPHTH PO HENOXHWTHY piBHicTh mac?
Piu y Tim, mo B 3aKoHi 30epe)xeHHsA Mac HAeThCA He PO MacH
CIOOKOI0 (MacH HEPYXOMUX YACTHHOK, & CaMé BOHHU HABOAATHCA B
AOBIAHHUKAX OJIA AJep 1 AAepHUMX YAaCTHHOK), a IIPO MaCH PyXo-
MHX 4YacTHHOK. PyxoMi 4YacTHHKH, MAYH IEeBHY KiHETUYHY
eHeprio, MalTh, 3riflHO 3 TeOpi€w BigJHOCHOCTIi, i HogaTKOBY Ma-
cy. Tomy 3akoH 36epexkeHHA Mac IOBHHEH 3allHCYBATHCH TaK:

m1+—i—EK =m2+——EI".
c2 C2
a SAKII0 peakKIlis CYIIPOBOIMKYETHCHA e ¥ BUNpOMiHIOBAaHHAM (do-

TOHiB, TO

EK[ zm2+ EKZ +h_:
c? c c

my + .

KopHucTyO4YHCE OUMH 3aKOHAMHM, MOXXHA JIETKO BU3HAYHUTH
XapakTep AJePHUX peakKniil, Aki BinOyBarwoThcH.

3aseXHO Big BHAY YaCTHHOK, AKHMH O6oMbGapayeTbcsa AAPO
XimMmiyHOrO esnleMeHTa, BiZl eHeprii IUX YACTHHOK, & TAKOXK Big BH-
ay GoMOapaoBaHUX sep MOXKYTh BigdysaTucsa pisHi anepHi pe-
aKii. Pospi:mmon.'ralci THUNDW AOJEPHHUX peaxxiImiin:

1. 30yxp:xeHe B peaynb'ra'n dombOapayBaHHA SAAPO IOBEP-
TAaeEThCA B HOPMAJBHMI CTAaH i NpHM IOMY BHIOYCKaE OoOUH abo
Kinbka raMma-kBaHTIB. ¥ nifl sagepHi#t peaknil sigpo AaHOro
XiMiYHOrO eJleMeHTa He NepPeTBOPIETHLCA B AAPO iHIIOrO.

2. Peaknuia saxonnenss. Aapo nornunae GomGapayody 4yac-
THHKY 1 IepeTBOPIOETHLCA B HOBe, MacHBHime aapo. [Ipukaazom
MOXKe OyTH peaKnis 151B + }H—) l.‘;‘C » Iig yac AKOI NPOTOH IIOrJIH-
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HaeTbca aAapoMm Bopy i BuHukae saapo Kapbony. 3Buuaiino
Y PeaklisiXx Takoro THIy HOBe AApo Oyae B 30ym)xeHOMy cTaHi i,
BUIIPOMiHMBIIM OZMH 4YM KiJbKa ramMma-KBaHTIB, IepPeXOIUTh
V HOpMaJbHHN (He30yaKeHWil) craH.

3. IlornmuHaHHA aapoM 6oMGapAyIOYOl YACTUHKY i BUITYCKAaH-
HA AApoM oaHiel abo KiIbKOX YACTUHOK (IIPOTOHiIB, AeHTpOHIB,
aab@a-4yacTHUHOK, HellTpoHiB). Ilpuknamom Takoi peakiii Moke
6yt

’H +3Be— 'IB+ on,

KOJIH AeMTPOH NOorJuHaeThbcsa aapom Bepwuiiio, a aapo, mo yTBO-
pUJIOoCcsA, BUIIPDOMiHIOE HeHTDPOH, i BHHHMKae AApo aroma Bopy
(man. 156).

ITpuknagom peaknii, y AKifl MOrJIMHAETHCA IIPOTOH, a BH-
IPpOMiHIOETBCA ayib(pa-dacTHHKA, MOXKe OyTH peaklis IIepeTBO-
peHHa Payopy B OKcureH:

15F+ IH > 80+ iHe.

SAxnio eHepria GombapAyBaHHA YACTHHKHM BeJIMKA, TO ALPO,
III0 YTBOPHUJIOCH, MOXK€ BHIIYCTHTH KiJlbKa vyacTHHOK. Hanpwu-
KJaj, oixg gac 6ombapryBaHHA nedTpoHamMu 3 eHepriero 60 MeB
JlanTaHy yTBOPIOETBCA AAPO, SIKEe MOXK€e BUIIYCTHTH 6 HeHTpOHIiB
i meperBopuTHCca B axpo llepiro:

139 2 135 1
s7La+ TH— 53Ce+6yn.

4. PosmenneHHa sAApa Ha KijabKa yacTuH. ¥ pasi 6ombapay-
BaHHSA fAJep YaCTHHKAMM BEJIMKHX eHepriil moske crmocrtepirarTu-
cdA po3lieNJIeHHA AJApa Ha Kinbka yactuH. Tak, Hanpuxkiaang, mij
yac GomOapayBaHHS MPOTOHAMHM [OCUTHL BEJHKOI eHepril anpa
aToma Bopy ocTaHHE MOKe PO3MACTHCH HA TP anbMha-dyacTUHKH.

On

Man. 156
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11 peaknia BinOyBaeTbecsi B ABa eranu. IIpOTOH 3aXOIJIIOETHCH
aapom Bopy, i BuHuUKae cuiabHO 30yaKeHe, HecrabiJbHE SAAPO.
Bunyckaouu ofHY alb(pa-d4acTUHKY, Ile AP0 IepPeTBOPIOETHLCH B
aapo Bepnuiilo:

1 11 8 4

1H+:B— 4Be + 3He.

Snpo, 110 YTBOPIOETHCHA, TAKOM CHJIBHO 30yi’KeHe i posna-

JaeTbcsA Ha ABiI anbda-4yacTHHKH:

fBe — 3H+ 3He.
IIi npBa eranm peakIlii cxeMaTH4YHO IIOKAa3aHi HA MAaJIIOH-

Ky 157.
gHe

Mauxn. 157

Y pas3i BJAyYaHHSA YaCTHHKH BHCOKOI
eHeprii B sApa MAcMBHHX aTOMIiB OCTaHHI
MOXYTh PO3NAacTHUCA Ha BEJHKY KiJIbKicTh
yacTuHOK. Ha mamoHKy 158 HaBeneHo 3Hi-
MOK cJiny, 3anuiieHoro B ¢oroemyabeil
OpOAYKTAMHM peaknil pos3merieHHA sAapa
aroma ApreHTyMmy mig gieio ¢goroHa 3 eHep-
rieio 28 T'eB. Man. 158

-

‘1 1. fAxki saxkoEn 36epexXeHHA BHUKOHYIOThCH IIifi Yac SAepHHX pe-
aknii? Ax cdopMmynoersca 3aKoH 30epereHHs UYMCIA HYKJIOHIB?
2. Axi Tunm agepHuMX peakmi¥t Bu sHaere? 3. BanumirTs AKEepHY
peakmio AJIA BHNANKY, KOJH SApo aTomMa AmomiHio mix gac Gom-
fapayBaHHS 3aXOIIIOE HEUTPpOH i BuUnyckKae anbda-dacTHHKY.
4. 3anumiTe SAepHY pPeakKIiio 3iTKHeHHA aJbda-4acTHHKH 3 AApOM
izorony Jlitiro :Li , AKIIO B Pe3yJabTATiI BHJiTae HeiTpoH. 5. 3anu-
miTe piBHAHHEA peaxnii: isoron KapGoHy 3 MacoBuM uncyoM 12 3a-
XOILIIOE IIPOTGH i mepeTBOpIOETHCA B izoron HiTporemy 3 MmacoBHM
grcyiom 13.
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Brpasa 20

1. HanunriTes mo3HAYEHHS, SKUX He BUCTAYA€E B TAKHUX AJEPHUX pe-
aKIiax:

1) 3Be+"2He~—)x+;n;
2) 'BHg+ jno> 'BAu+x;
8) x+,H-— 5Na+ ;He.

2. Ilinx yac 6ombapaysanHa izorony Hirporeny 1';N HeUTpOHAMH
onepKyioTh izoron Kapbory I:,C , AKMHA BUABJNAETHCA BGera-pagioakTHB-
HMM. 3anuUNIiTh, PiBHAHHA 000X peakIriii.

3. Ilix yac 3axomnJieHHA HeWTpoHa sigpom Marsimo ‘?;Mg YTBOPIOE-
ThCA pagioaKTHBHMM izoTon f’:Na . flki yacTMHKM BUNYCKAIOTHCA MHiJg
yac niel agepHol peakirii?

§ 88 — EHEPTETHUYHMWI BUXIJ ANEPHUX PEAKIIII

VY mporeci sgepHUX peakiiil, AK i XiMiuHAX, MOYKe BUIiJIsA-
THCA 1 morJimHaTucaA eHeprid. EHepreTuyHuil BUXig sAgepHAX pe-
aKIili MOYKHa po3paxyBaTH Ha OCHOBI 3aKOHYy 30epe)xeHHHA H Iie-
peTBOpeHHA eHeprii. duasa npuKIany posriIiHEMO peakIliio:

(O
TLi+ JH— 3He + 3He.

3anucyiouu 3aKoH 30eperkeHHsA I mepeTBOPEHHA eHeprii, He-
00xigHO BpaxoOByBaTH SAK KiHeTHYHi eHepril BCiX 4acTHHOK, Tak
i eneprii, 3B’A3aHi 3 Macow AAep i AepHUX YACTHHOK!:

myc:+ me:+ E,  =2myc?+ 2E ,,, .

Y npomy piBranmi E_ i E _, o03HayYaloTh KiHeTHYHi eHeprii
nporoHa i aapa aroma lenio (anbdpa-uacTHHKH) BigmosBigHO.
Ockinbku BHacaifgoK i€l peakiiii yTBOPIOIOTBCH ABI YacTHHKHU
OJJHaAKOBOl MacH, IX KiHeTuuHi eHeprii maoTs OyTH OMTHAKOBUMH.

V peayaeTaTi peaknii BUAIiNAETLCA eHeprig:

AE = 2E. .. - E..=(m. + m_~— 2my]) ¢

Ockinprn m;; = 7,018239 a.o.m., m, = 1,0081451 a.o.m.,
my, = 4,0038671 a.o.m., To m;, + m — 2m,, = 0,01857 a.o.m.,
a(my, +m —2my)c?= 17,35 MeB. Orxxe, mix uac miei peaknii
BUIINSAETHCA BeJIHMKa KinbkicTe eHeprii — 17,35 MeB.

Peakuii moxxyTe BigbyBaTucsa i 3 mornuHaHHAM eHeprii. Ha-
npuknan, peakmia 4N + 1He — 1O + 1 H iine 3 norsmmuanaaM
1,16 MeB eneprii.
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Busaauntu, axki peaxkuii #ayTer 3 BUAiTeHHAM eHeprii, a aki
3 i mornuHAHHAM, MOXXHA Ha OCHOBIi rpadika sanexkHocTi muro-
Mmoi eHeprii 3B’ssky E Big wmacoBoro uucia A sanpa (AuB.
main. 155). Iluroma enepris 8B sA3Ky szep aTomiB, AKi nocigaoTs
y Ilepioguuniit cucremi ocranHi Mmicua (A = 200), npubausHo Ha
1 MeB menmua Big nuTomol eHeprii 3B’A3Ky B AApaxX eJI€MEHTIB,
Akl micrareca B cepenuni Ilepioguunoi cucremu (A = 100). To-
My OPH TOAiJIi MACHUBHOIO sAfpa Ha ABOE sSnep 3 MACOBUMM YMC-
namu nopsaaxy 100 (i 6insmie) BigbyBaeThca BuAisieHHA eHepril.

Ona nppumkaaxy posIIAHEMO noain szxpa VYpany 23807
(A, = 238) na nBa aTOMHHUX AApa 3 MacOBUMHU uucaamMu A, = 119.
ITuToma emepria 3B’A3Ky aAxapa Ypany g, = 7,5 MeB, nuToma
eHepria 3B’A3KY KOMKHOIO 3 HOBUX sAaep &, = 8,6 MeB. nsa
po3’enHAHHSA BCiX HYKJIOHIB, fKi CKJIaJalOTh aTOMHE AApO ¥ pa-
HY, He0oOXizmHOo 3aTpaTHTH eHepriio, LI0 AOPiBHIOE eHeprii 3B’aA3-
Ky Anpa:

. =¢A, =7,5 MeB - 238 = 1785 MeB.

IIpy 06’egHaHHi UX HYKJIOHIB Yy ABA HOBHUX SApPA 3 MACOBH-
MM gyuciaamu A, = 119 BUAINTUATHECA eHepris, IO NOPiBHIOE cyMi
eHepriii 3B’A3KY HOBHX AJEep:

E,=2,A,=2 - 8,6 MeB - 119 = 2046,8 MeB.

Or:xe, B pe:syﬂyra-ri peaxirii nog:[i.ny Anpa Ypany BHOIIHUTHCA
enepma AE, sika ,z:opmmoe pisEMIL Mix enepnem 3B A3KY HOBHX
Axep i1 eHepriero 3B’A3Ky Axpa YpaHy:

AE = E, — E, = 2046,8 MeB — 1785 MeB = 261,8 MeB.

Besnocepensi BHMipoOBaHHS IIIATBEPIKYIOTH, IO IIig uac
noxiny aapa Ypary 238U Buginsersca emepria nmoHaz 200 MeB,
npuyoMy Oinprua gacTHHA i1 npunagae Ha KiHeTHYHY eHepriio
HOBUX Anep («OCKOJKiIB»).

3 amajniay rpadika sanesxkHocTi maToMol eHepril 3B’A3KY Bij
MACOBOIr'0O 4YMC/JIa BHUILJIMBAE, IO BUALJIEHHS eHepril mNOBMHHO Ma-
TH Micue i mig uac o6’egHaHHa (CHHTe3y) KiIBKOX JIEerKmx agep
B oaHe MacuBHe. IIpunycTumMo, IO BigOyBaeThCA CHHTE3 IBOX
anep Hatpiio 22 Na (A, = 23) B aapo 3 macoBum umuciom A, = 46.
IImtoma emepria 3B’asky saapa Harpio g = 7,9 MeB, nuroma
“Hepria HOBOro aAzxpa €, = 8,4 MeB. [Ina pos’exHaHHA BCix HY-

JOHiB, sIKi yTBOPIOIOTH ABa Azapa Harpiio, Heob6xigHO 3aTpaTuTH
geprio, IO AOPiBHIOE HOABOEHIN eHepril sapa HaTtpiro:

E, =2¢A =2 - 7,9 MeB - 23 = 363,4 MeB.
V pasi 06’egHaHHSA LUX HYKJOHIB y HOBe #ADPO 3 MACOBHM
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4yucjaoM A, = 46 BUALIUTECH eHeprif, 1[0 A0PiBHIOE eHepril 3B’ A3-
Ky HOBOTrO siapa:

E, = 2¢,A, = 8,4 MeB - 46 = 386,4 MeB.

OT:xe, nmig yac peakuii cuHtesy sazep Harpiio Bigbysaerbes
BUIlJIeHHA eHepril AE, sika HOpPiBHIOE pi3HMII eHepriili 3B A3KY
HOBOYTBOpeEHOro sigpa i eneprii 3s’sasky sgep Harpiro:

AE = E, - E, = 386,4 MeB — 363,4 MeB = 23 MeB.

TakumM YHMHOM, MOXKHaA 3POOUTH BHCHOBOK, L0 BHIAIJIEeHHA
AnepHol eHepril BinOyBaeThca AK i yac peaxkuiil momiay BasK-
KHX siiep, TaK i mig yac peakuii CHHTe3y JIErKMX sAaep. 3HAYEH-
HA AJNepHO] eHepril, BUAiJIeHOI KOJKHHM AApPOM, sAKe Oepe yyacThb
Yy peaxuii, I10pPiBHIOE Pi3HMLI MiXk eHepri€io 3B’A3Ky E, npoayk-
Ty peakuiii i enepriero 38’a3ky E, suxinuoro aapa: E = E, — E,.

Haitbinbpnr BUNiTHOIO 3 TOYKH 30pY OJepP)KaHHA ANepPHOI eHep-
rii € peaknia cunHTeay sagep Iigporeny }H abo geiiTepiio %H,
OCKiJIbKH, SAK BHAHO 3 rpadika, B IbOMY BHINAAKY PisHHUIOA
eHeprii 3B’A3Ky sAapa, AKe CUHTe3YEThCA, 1 BUXiAHUX Axep Gyae
Haibinbirow. Jlerko nmizpaxysaTu, L0 IOig yac yTBOpPEeHHs sipa
Teniro 3 aBox meiiTpoHiB Buainserncsa 24 MeB eneprii. Axkbu y
Takiii peakIiii B3aau yuyacTk Bci sizipa 1 Kr geiitepiro, TO BUAIJIH-
gaca © rpaHzgiod3Ha KinaekKicTe eHeprii  —  nopsaaky
3,6 - 102" MeB = 1,62 - 10% xBr-rox.

;s |
"] 1. Yomy mixg uyac pearniéi moAiny BaKKHX sAzep BiaGyBaeTbcsa
BHIiNeHHA eHeprii? Ik mMoxkHa obumcanTH N0 eHeprio? 2. K mo-
SICHUTH BHJiJIeHHs eHepril nig wac cumHTedy Jerkux sagep? 3. fAka

peaknis € HaW6inaeIn BUrigHOKIO 3 TOYKH 30pYy OJEP>KAHHA eHeprii?

Bupasa 21

1. Buanaure eHepriio 38’s3Kky YpaHy 23;,"1} i Iestiro ;He TA NOBHY

eHepriio, AKa BUALISETHCA iJ Yac mepeTBOPeHHA BCiX saep aToMmis, 11O
MmicraThCA B 1 ' pedyoOBHHH.

2. BuaHauTe eHepriioo, AKa NOTJIMHAETHLCS MijJi Yac peakirii:
“N+ jHe— |H+ 0.
3. flka eHeprisi BHAINUTBCS, AKIIO HiJ 4ac peakiil
27 4 o 1
3Al+ ;He— [;Si+ H
nigzaTv nepeTBOPEeHHIO BCi sApa atomiB 1 r anominin?
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§ 89 — OOEPKAHHSA PAJIOAKTHBHHX I30TOIIIB

Ilicnsa sigkpurTtsa B 1932 p. araraiicekum disuxom Ix. Yen-
BikoM HeliTpoHa ¢paHny3bKi ¢isuxku Ipen i Ppenepik Houio-
Kiopi saiiHsaIMCs QOCHigKeHHAM AJepPHUX peaKlliil, AKi BUHUKAIOTH
mig yac onpoMiHEeHHs Pi3HUX pedoBUH aabda-dacTHHKamMu. Born
BUABWUJIH, II]0 ONPOMiHEHI PEYOBHHH MOKYTH BUIIYCKAaTH HEeHTpO-
HH, IIPOTOHH, €JeKTPOHH, ramma-GpoToOHHM Ta iHIII YaCTHMHKH 1
micas npunuHeHHA onpomiHeHHsi. Ile osHauasio, 10 BHACIIZOK
BIJIMBY ajb(da-4yacTUHOK Ha fAJpa OCTAaHHI craBaJu pagioaKTHB-
HuMmu. Hocaizu nokasanu, IO 3MiHA AKTHBHOCTI IIBOTO BJIACHOTO
panioaKTHBHOTO BHIPOMiHIOBaAHHSA 3aJ0BOJIBHAE OCHOBHHM
3aKOH pajioaKTHMBHOro posnagy N = Noe"“. TOOTO eKCHOHeH-
[IiaJIbHO 3aJIeXXHUTh BiJl yacy, fiK 1 y BUIIaJAKy IIPHUPOAHOL pagioak-
TUBHOCTI.

Taxk 6yno BigkpuTo sBHiNe wmyuHol (HaBeneHol) padioak-
musHocmi.

ITopanbpmii mociigKeHHs I[IOoKasaJM, [0 INITY4YHO pajioak-
THUBHI sAgpa MOYXHa oJep»aTu OombapAyBaHHAM peYOBHMH He
JunIe aabda-dyacTHHKaMM, a W HeHWTpoOHaMH, OPOTOHaAMH YH
IHIIMMM YaCTHHKAMM, PO3irHAHMMH B CHelialbHUX IIPHCKOPIO-
Bayax /0 BeJIMKUX e€eHepriyfi, HanpukJaaly sAapaMu AedTepiro,
TPUTiIO TOIO.

PosragHeMo KijJibKa MPUKJANIB peaklliii, AKi BegyTes 40 olep-
JKaHHsA pagioakTuBHUX Anep. Aapo Iony 12;1 3aXOIUII0E HEeHTPOH,
i yrBopioeTbca azpo OGera-pagioakTuBHOro isoromy loay 231 3
nepiogom miBposnany T = 24,98 xBUJIMH:

1277 4 1p 5 187, 131 128%e +Je.

Y peasyabTaTi pajioakTHBHOrO posnany loay yTBOPIOETHCA
crabinbEnil izoron Kcenony 3 macoBum unciiom A = 128.

Crabinpauii isoron HaTtpiro ﬁNa nig niero HeMTPOHIB mepe-
TBOPIOETHCA B paAioaKTHBHHUM isoTon f‘{Na. Ileit isoTon € Gera-
pasiocaKTUBHUM i mepeTBOpPIEThCA B crabinbHuil izoron Marsiro
{5Mg, BUNyCKaOuYM OPU IOMY raMMa-KBaHT:

Na—) sMg + le+y

Ak i gnsa OpUPOAHUX PafiOAKTUBHUX DPEYOBUH, AJA HITYYHO
pajioakKTUBHHUX izoTroniB BiaacTuri anbda-, 6era- i ramma-posna-
au. Ilpuanunoosoi pisHMNi MiX NPUPOAHOIO 1 MITYYHOIO paaioak-
THBHICTIO He iCHY€, OCKiJIbKH BJIACTHBOCTI i3oTOomy He 3aje’xaTb
Bij cmocoOy #oro yrBopeHHA. PagioakTUBHME izoTon, omep:kaHui
IMTYYHO, HiYMM He BiApi3HAETHCA Bijg TOro caMoro NpHUpPOJHOTO
izoromny.
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3 yacy BiAKPHUTTA HITY4YHOI pamioaKTHBHOCTI O#EepKaHO IIO
KinbKa paZioaKTHUBHUX i30TONIB AJIA KOXHOrO XiMi4HOro esjeMeH-
Ta, AKi MaoTk pidHOMaHiTHI mepioau niBposnazis: Bifg UacToOK ce-
KYHAX OO0 THCAY POKiB. ¥YChOro omep:aHo i AoCHigyKeHO MOoHAT
1500 panioakTHBHUX izoromiB. BaraTto 3 HMX 3HAHIIIN BaKJIMBe
3aCTOCYBAHHA B PiBHOMAHITHHUX rajys3sx QisiJIBHOCTI JIOAMHH.

3a IOmOMOro HITYYHOI pafioaKTHBHOCTI B OCTaHHI pPOKHU
NpOBEeAEHO BeJIMKY poboTy 3 CUHTe3y TPAHCYPAHOBHX €JIeMeHTIB,
TOOTO eJIieMeHTiB 3 NOPAAKOBHUM HOMEPOM, GiNbIINM 3a MOPALKO-
BU HOoMep ¥Ypany (Z = 92). Ha cworonni ogeps:xkano 15 rpancypa-
HOBHMX eJIeMEeHTiB, KOXeH 3 AKHX Ma€ Kinbka izoronis. Huxue p
Tabsuni HaBeleHO MepeJliKk TPAHCYPAHOBMX eJleMeHTiB, BKAa3aH(
izoron 3 HaMbinemIMM 4YacoM KUTTHA i mepiox fioro misposnangy.

BinoMi Ha choromHi TpaHCYpaHOBI eJIeMeHTH.

HaaBa i mosHaueHHdA

Busgpieni izoronu 3

Hait6inpmuii mepiog

MAacOBHMMHM 4YHcaamMu A BiBpoauasy
Henrysiit, ;,Np 231241 3;23':11(]05 P
[lnyrowiit, 4,Pu 232—246 s ke
Awmepuniii, o ;Am 237—246 1.7. lg;
Kiopiii, 4,Cm 238—250 1o p-
Bepxaiii, 4,Bk 243—250 i p.
KanidopHiit, ¢,Cf 244—254 p.
Eitnurreitniit, o,Es 245—256 ;30 AH.
®epmiit, ,ooFm 248258, 260 ) 5*““'
Menpnenesiit, ,,,Md 255, 256 B
Hob6euiii, ,,,No 254—256, 258,

260—264, 266 ORI
Jloypenciit, ,q,Lr 257, 266 e
Pesepgopaiii, 1o, Rf | 260, 264, 266—270, |
Iy6Hiit, ,,,Db 272, 274 . C
Cubopriit, ,,,Sg 260, 261 P 81
Bopiit, ,,,Bh 259 5, 1"0_6 .
Taciit, ,,,Hs 262 ’

MaiiTHepiil, ;,oMt

|

EnemenTn iz Z = 110, Z = 111 i Z = 112 pobyrTi, aae me He

Ha3BaHi.

>

HeMac Ha 3emJi?
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1. Ax 6yso BigkpHTO IITYy4YHY pazioaKTHBHicTHE? SIK MoXxHA onep-
SKATH IITY4YHi pagioakTwsHi izoronm? 2. Ik aMiHIOETBECA 3 wacoM
PaZioaKTHBHICTE INTYYHHX pagioakTHBHHX izoromiB? 3. Uu icaye
pisHMIA Mi)X ODpHpoAHOIO i mITy4YHOIO pagioakTmBHicTIO? 4. fAKi
eJIeMeHTH Ha3WBAaIOTH TpaHcypaHoBHMH? YoMy TaKHMX eleMeHTiB



§ 90 — BUKOPUCTAHHSA PAIOAKTUBHHUX
I30TOIIIB ¥ HAYIII 1 TEXHIIII

PanioakTHBHI idoTOnM pi3HHUX XiMiYHUX eleMeHTiB, ojepiKa-
HHUX LITY4YHO, IIMPOKO 34CTOCOBYIOTHCA B PIi3ZHOMAHITHHX raJjy-
351X HapoaHoro rocrnogapcrtBa. IIpo BHKOpPHCTAHHA pagiOaKTHB-
HHMX idoTomiB Juie B OOHIN sAKilick ranyasi, HaopuKJIaja xap4oBiit
IIPOMMCJIOBOCTI UM MeAHNIMHiI, HanwmcaHi Benuki kHurm. Cnpo-
OyeMo 3’sAcyBaTy (Pi3MUHI NPUHIUIOK HAWBAKJHBIIINX MeTOAIB
3acTOCyBaHHA pajlioaKTHMBHUX izoTomiB.

OCHOBOIO IPAKTHYHOI'O BHKOPHCTAHHA pagioaKTUBHMX i30-
TONIB € TaKi IX BJIacTUBOCTI:

a) Oyab-AKMI pajaioaKTHUBHHUI isoTom € MiyeHMM aTtoMom
BiainoBigHoro ximiunoro enemeHTa, TOGTO aTroMOM, AKHH 3a
CcBOIMH (PISHMYHMMHM 1 XiMIiYHMMHM BJIACTHUBOCTSMM IIOBOOAUTHCA TAK
camMo, K 1 3BUualHNil aToM, ajie 3a MOBEeAIiHKOI AKOIo MOX<HAa
crocrepirary 3a oro pagioakKTHBHHM IPOMiHHAM;

0) Oynob-fAiKe paZlioaKTHBHEe IIPOMIHHA MAa€ MEBHY IIPOHUKAIO-
4y 3AATHICTBL, TOOTO BJIACTHBICTH MOIIMPIOBATHCH i MOTJIMHATHCH
B JaHOMY CepelOBUII[i IeBHUM YHHOM;

B) paJioaKTHUBHE NPOMiHHA, ITPOXOAAYH Kpi3b PEYOBHHH,
HoOHi3yE 1X;

r) mig miex0 HeMTPOHIB Ta IHMIMKUX BHOPOMiHIOBAHE BEMHUKOI
eHeprii B pedyoBUHI YTBOPIOETHLCA HaBeleHA pPaliOAKTHUBHICTH.

BignmoBimiHO M0 IIMX BJIACTHUBOCTEH OCHOBHI ™M € T O O H
BUMKOPHCTaAaHHSN PafioaKTHUBHOTIO NPOMIiHHSA
MOXKHa PO3JALJINUTH Ha TaKi YoTHpHM rpynu: a) miveni aromu (abo
pagioakTUBHI iHAZMKaTopu); ©6) BHMKOPHCTAHHA MNPOHUKAKIOUOI
3IaTHOCTI BHUNPOMIiHIOBAHbL; B) BUKOPHCTAHHS HMOHi3yoOuol 3xaar-
HOCTi BUTPOMiHIOBaHb; I') BAKOPUCTAHHA Pi3HUX (hopM HaBeleHOl
pagioaKTHBHOCTI.

HaBeneMo mpUKJaAM 3aCTOCYBAHHA IIUX METOXAIB.

MeToa miueHMX aTOMIB NoJsra€ B TOMY, IO A0 AOCHIIMKYyBAa-
HOro XiMiuHOro ejileMeHTa AOMINIYETHCH [IeBHA KiJbKicTh ioro
panioakTuBHOTrO idoromny. 1l pasgioakTHBHY HOMIIIKY He MOXXHAa
XiMiYHO BiAPI3HUTHU BiJg OCHOBHOI MacH ejJleMeHTa, OJHAK il MOXK-
Ha BUABHUTH 3a JMOIOMOroio JgiunasEuKa [efirepa Mironnepa uu
iHLIOrO peecTparopa paJioakKTHBHOro npominHa. Crocrepirawodn
3a MNOBEeNiHKOIO pajioaKTHBHOIO izorony, MOKHA CYAUTH i IIpo
NOoBeAIHKY XiMiuHOro enemeHTra, AKMH Hac IiKaBUTh. Pamioak-
THUBHICTH € CBOEPINHOI MITKOIO, AKa JA€ MOXKJIHBICTH CTEXXHTH
3a MNOBENiHKOIO ATOMIB TOTO YH iHIIIOTO XiMiYHOro ejeMeHTA.

BukopucraHHs MidyeHHMX aTOMiB Oajl0o MOMKJIMBICTH AicTaTwH
oyxxe LiHHI BimomocTi 3 Giosorii, ximii, meranyprii, meagunuum,
disiomorii Tomio. Hanpuxkiazx, 3a A0omNoOMOrow MideHUMX aTOMIB
MOKHa JicraTy iHdopmalliio npo meBHAKicTL 00MiHY pedoBUH B
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TKaHMHAX KUBOrO OPraHiamy, Mpo IIBUAKICTH PYXy KPOBi B cy-
OWHaX JIOOAWHHU 1 HaQTONPOAYKTIB TpyGOOpOBOLaMU TOIIO.

Y MeAMIMHI 3a JOIOMOTIOX MiYeHHX aATOMIB BHBYAaIOTh BMICT
THX YUY iHIIMX PEYOBHMH V Pi3HHMX TKaHWHAX 1 opraHax JIOAUHHU,
nponecu obMiHy B OopraHiami 3 MeTOO AiarHOCTHKH JeAKHX 3a-
XBOpOBaHb. Taxk, HaIpHKJad, 3a AOIMOMOIOK pPaJiOaKTHUBHOIO
Hony po3midHalOTh 3aXBOPIOBAHHSA ILIIUTOBHUAHOI 3aJI03H, a TAKOXX
NYXJUH IoJOBHOr0o MO3KYy. HeBenuKy KiJnbKiCTh pamioaKTHUBHOIO
izoronry lomy ‘§§I JOMIimMyIOTH 40 HepagioakTuBHOro lomy 12"'I i
cyMmiml BBOAATE B opraHidMm. PagioakTusHuil Iox Bunyckae esex--
TPOHHM, AKI MOXXyTh OyTH BuUABJNeHI jgiunabEukom Ielirepa —
Mrosnepa. 3a NoKas3aHHAMHM JIYHJIbHUKA MOYKHAa Ji3HATHCH IIPO
MIBUAKICTE HarpomaJ»keHHsA 1 KiHmeBy KoHueHtpauino logy B
HIUTOBHUAHIN 3aiy03i a0 B TKAHMUHI NYyXJIMHM rOJIOBHOrO MO3KY i
3pobuTH NEeBHI BUCHOBKH IIPO 3aXBOPIOBAHHSA JIOOWHMU.

AHANOriYHO MHOCHigKYIOTHCSH IepeMillleHHA B oOpra”iami
JIOAMHU Pi3HUX JiKapChKUX pPEeYOBHH, IX 3aCBOEHHSA pPiS3HUMH
opraHaMH TOIILIO.

¥V mamunHOOYyIyBaHHI MideHi aTOMH ILIHPOKO BHKOPHUCTOBY-
IOThCHA AJIAd BHBYEHHSA XapaKTepy 3HOIIYBAHHA JeTajJield MallluHH
3aJIeXKHO BiJ pe:xxuUMy iX poboTH i BracTHBOCTEH 3MallyBaJbHUX
pPeYoBUH, OJIA BHU3HA4YEeHHA IIIBUJKOCTI 3HOIIEHHA MMiAMIAIIHHKIB
y pisHuXx ymoBax. [[J1da HbOro B OAHY 3 TEePTHOBUX I[IOBEPXOHBb
BHOCATH PaJioaKTUBHUH izoTon (HanpukJang, Gera-pagioaKkTHBHWMA
izoron Pepymy 3§Fe B CTaJb), IIicJisA 4YOro BUMipIOIOTH palioak-
TUBHiCTE abo iHIIOI TepThOBOi moBepxHi, a6o (o, 3BHYANHO,
3py4Hime) 3mainyBajbHOI pedYoBMHHU. Takuili MeTOJ A€ MOMK-
JIUBiCTH Pi3KO CKOPOTHTH 4Yac BHIPOOYBAHHS Ha 3HONIEHHSA MIPU
nigBuIieHHI TouHocTi ¥ pgeranbHocTi iH(popmanii npo uen
npoiec. 4

He MeHII mMpOKe 3aCTOCYBaHHS IIPUJIALIB, B SKHX BUKOPH-
CTOBYETHCHA NPOHHKAa4Ya 3JaTHICTH ramma- (piame Gera-) mnpo-
MeHiB. B ocHOBY zii maike BCiX UMX OpUIagiB NOKJIAJEeHO OJUH
i Tolli caMu¥l pOCTHH NDpHUHNUI: Jiuba B npuimMaui pagioakTHUB-
HHUX BHIIPOMIiHIOBAHBL JETEKTOPA 3MIHIOETHLCH, AKIIO 3MiHIOETHCHA
TOBHIMHA a00 BUJ MaTepiajy MiXX npuiiMmauem i J3KepesioM BHUIIPO-
MmiHOBaHHA. Ha ocHOBI nporo npuHuuny aioTh pisHi npuiaagmu
Ons BUMIiDIOBAHHS TOBIIHHYU BUPOOY, I'VCTHHH PEYOBUHU, PIiBHSA
PLAMH YM CHUIIKHUX TiJ y 3aKPUTHUX HNOCYAUHAX, JUUUIBHUKHU I1PE-
MeTiB, raMmMa-jgedexTockonu ta 6araro iHmmux npunagis. Ha 1so-
MY K NPHHIMOL AiI0TE TAKOXK YHCJIEHHI raMMa-peaeiini npucTtpoi,
AKiI aBTOMATHYHO KOHTPOJIIOIOTE XiJ BUPOOHHUUYNX ITPOIEciB.

Onuiero 3 HaAUGiNBII pPOBBUHYTUX rajiysdeil 3acTOCyBaHHSA
pPasioidoTONMHUX NPHUJIAAIB HLONC THUOY € aABTOMATUUYHHUI KOHT-
poJib PiBHA PIAKHX I CHIKHUX PEYOBUH Y 3AaKPUTHX HENPO30PHUX
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Man. 159

MOoCyJIMHAX, PO3IJIABJEHOro 4YaByHY B BarpaHkax Ttouio. IIpus-
IO Ail HaWbGigbII NOIMMPEeHNX MPHJIANiB JAJA KOHTPOJIO PiBHA €
TAKHM. 3 NPOTHUJEXKHUX OOKIiB HOCYIHMHH OAMH IIPOTHU OJHOTO
poaMimywoTs mkepeso (1) i npuiimau (2) BUNPOMiHIOBaAHHA
(man. 159). OckinbKH rycTHUHA IHNOBITPA 3HAYHO MEHIIA 3a I'yCTH-
HY PeYOBHHH, KA 3alOBHIOE MOCYAUHY 3, TO HOKHM piBeHbL peyo-
BUHM 3HAXOAHUTLCA HHKUe BiJ npamoi, Axka 3’€IHYeE mKepeJio i
npuiMad, IMOTiK BUIPOMiIHIOBAHHA, NPOWINOBIIM KpPi3b CTiHKH
OCYAMHHU, NOTPAIIAE€ HA npuiiMad. SIKmo npu sanoBHEHHI I10-
CYIMHY PEYOBHHOIO PiBe€Hb OCTAHHBOI IIiJHIMeThbCH BUILE 3a NpPA-
My J2Kepesio — npuiMad, NOTiK BUIPOMiHIOBAHHSA He IOTPAILJISE
Ha npuiiMad, i cuemiaJbHUN pesJleHHUM NpUCTPiili BMUKAae CBiTJIO-
BY 4UH 3BYKOBY CHUrHaJisamniio abo MexaHizM aBTOMATHYHOI'O De-
ryJIlOBaHHA PiBHA.

Ba)XnuMBMM y HApPOJHOMY TIOCHOZAapcTBI € BUKOPHCTaHHSA
MOHi3y10401 3JaTHOCTI pajioaKTUBHHUX BUNpoMiHIOBaHb. Ocobiu-
BO B MeQMIMHI A1 pyHHYBaHHA 3JioaKicHuX nyxauH. Ilig gicro
ramma-BUNpoMmiHioBaHHA Kobanbry SQCo PYHHYIOTHCA paKoOBi
OYXJHUHH, BUJIIKOBYEThECA paK KPOBi JioguHHU (nedkeMis).

PagioakTnBHI BUITPOMiHIOBAHHA BOMBAIOTH MiKpoOOpraHiamu,
a TOMY 3aCTOCOBYIOTHCH MJIA CTepUJi3allil Xap4oBHUX NPOAYKTIB i
¢dapManeBTHYHUX Npenaparib.

Ha sakinuyeHH#A pPo3rjisHeMO BHKOPHCTaAHHA sdABHIIlA HaBeae-
Hol pamioaxkTnBHOCTi. OCOOJIMBO HIMPOKO I ABUILE BHKOPHUCTO-
BYETBCA B TAK 3BAHOMY aKTHBaLiiHOMy aHamgizi. fAximio mocmin-
KyBaHY DEYOBHHY OINPOMIHMTH HENTPOHAMH, JAesAKi 3 aTomiB
cTabinbHMX i30TOHiB AgaHOI pPEeYOBHMHM, 3aXONHMBIIN HEWTPOHH,
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IepeTBOPKIOTHCHA B pajioakTuBHiI. BecraHoBMBIIIN 3a XxapaKTepoMm
BHIOPOMiHIOBaHHA (3a BHJAOM BHIPOMiHIOBAHHUX 4YaCTHHOK, iX
eHepriew i mepiozom miBposnazny), AKi came pagioaKTHBHI i3oTo-
IIM YTBOPHUJINCH, MOXKHA CYAMTH PO HAABHICTH y AaHiN pedyoBuHI
OOMIIIIOK THX YM iIHINUX ejJieMeHTiB. YyJZoB0oIO 0COOJIMBICTIO AKTH-
BaIlifHOTO aHAajJi3y € MOXMJIMBICTE BHUSABJIEHHS [yXKe Malux
KOHIEHTPpAaIill JoCIigyKyBaHUX ejleMeHTiB — no 10719 %.

Iy>xe mikaBUM NPHKJIaA0M BUKOPHCTAHHSA ABHIlA HaBeaeHO1
panioaKTHBHOCTI € BUBHAYEHHA BiKy apxeoJoriuaux o6’eKTiB 3a
BMIiCTOM y HHMX paaioakTuBHOro izoromy iC .

Mu, 3Bu4yaiiHO, POIIVIAHYJIM JaJIeKO He BCi MOMKJIMBI BHOAIKH

3aCTOCYBAHHA paJiOaKTHUBHUX i30TONIB Yy HAPOJAHOMY TIOCIIO-
napcTsi.
? 1. ki BracTusBOoCcTi paZioAKTHMBHHUX i30TONIB € OCHOBOW MAJA iX
TpakTHYHOro BUKopucTaHHA? 2. AKi OCHOBHI MeTOAM BMKODHCTAaH-
HA pajioaKTHBHHX isoromniB icHyroTs? 3. HaBexsiTe nmpuKiIazm 3a-
CTOCYBaHH#A MeTOony MiueHHWX aTtomiB. 4. HaBeaiTs npukiagu BHKO-
PHMCTAHHA IPOHHKAKOY0l 3JaTHOCTI raMMa-npoMiEHA. 5. PoskaxiTe
NIpo BHKOPMCTAHHSA B MeJHMIIMHi f0HI3yOUOI 3MaTHOCT]I pasjiocAKTHB-
HOro npomiHHA. 6. ¥V uWoMy moJArae NOPHHIHNO aKTHBaliliHOrO
ananiay?

§ 91 — IIOIJIMHYTA J03A BUIIPOMIHOBAHHSA
I IT BIOJIOTTYHA /I.
3AXHUCT BIJI BUIITPOMIHIOBAHb

Ilin yac poGoTH Ha AJEepPHUX YCTAHOBKAX i 3 paJgioaKTHBHH-
MK TIIperiaparaMH, fAKi BHKOPHUCTOBYIOTHCH B PIi3HHUX ranysax
HAyKH i TexHikHn (HedeKToCKONiaA B MalIMHOOYAYBaHHI, pamgioak-
THUBHI NpuJaay AJs KOHTPOJIIO TOBINIMHU BUpPOOYy, piBHA piauH,
IIpoMeHeBi maTyMKH, npucTpol AnsA aBromarusaiii BMpoOHHMUYMX
nponeciB, MeJUYHi 3aCTOCYBAHHA BHUIPOMiHIOBaHb, J0OYBaHHSA i
nepepobxka ypaHOBHX Py TOIIO), JIOJAMHA 3a3HAE 30BHIINIHBLOIO
ONIPOMiHEHHA ramMMa-KBaHTaAMM, HEHTPOHaAMH, €JEeKTPOHAMHM Ta
IHIIMMH YaCTHHKaMH.

Honisanis, Aka BUHUKAE mijg yac B3aeMOAii BUIIpoMiHIOBaH-
HA 3 JKHUBOI TKAHHHOI, NIKiAJMBO BIOJMBAE HA JIOJACBKHNA
opraHiam. OnpoMmiHeHHs BChOro opraHiamy abo 3Ha4yHOI #oro
YaCTHHM MO’K€ BHUKJHWKATHU [IPOMEHEeBY XBOpPOOy, PO3BMTOK PAKOBHUX
NIyXJHH, JelKeMiro (6iokpis’sa) Toio.

HesanexxxHo Bij NpyUpoAH HOHI3YIOYOro BUIIPOMiHIOBAHHA HOT0
BIJIMB HAa PEYOBHUHY OIIHIOIOTH EHEPri€i, fAKa NOIJIMHAETHCA
OAMHUIIEI0 MacHh pedvoBHHH. [0 xXapakTepHCTHKY Ha3HWBaIOTh
nozauHymor 003010 onpomineHHsa (abo 103010 BUIIPDOMiIHIOBAHHA):
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D=l (91.1)

m

ne E — eHepria ifoHisyouoro BUIIpOMiHIOBaHHSA, IlepegaHa pevo-
BHHi, m — Maca ONpoMiHeHOI pedyoBHHH. 3a OAHHHUILIO IIOTIUHY-
Tol go3m npuiHATO 1 I»k/Kr. Ill0o oguHMIIO HA3BAAX I p € #
(I'p) Ha yecThb aHriidicbkkoro BueHoro JI. 'pe a (1905—1965).
1 rpeii gopiBHIOE HNOIrJIMHYTIM 031 BHIPDOMiHIOBaHHS, NPH AKi#
ONnpoMiHeHi#i pe4yoBHUHiI Macow 1 Kr mepegacThbCcs eHepria MOHI3y-
r4yoro sunpoMmiHweBaHHA 1 K.

3HaueHHA OOIJIMHYTOL JNO3HM 3aJIeKHUTh BiJl BUAY BHUITPOMIiHIO-
BaHH#A, eHepril HOro 4acTMHOK, 'YCTHMHH IX IOTOKY i Bim ckianmy
onpoMiHwBaHOI peuoBHMHU. Ile nmosicHIOETHCHA Pi3HMMM IIpolieca-
MH B3aeMofil yacTHHOK i (OTOHIB 3 eJeKTpoHaMH 1 aroMamMu
peYoBHHH. 3a IHINKUX OJHAKOBUX YMOB IOTJIMHYTa [A03a THM
Oinpmia, yuM OLNBIIMKA Yac ONpoOMiHeHHs, TOOTO HMOrJAMHYTAa I03a
HarpoMaaxyeTbCsd 3 4acoM.

3naBasioca 0, A5 ODYMCIEHHA MOTJHMHYTOI AO3M AOCTATHBO
BHUMIpATH eHeprio HOHI3YIOUYOro BUNIPOMIiHIOBAHHSA, AKe IaJac Ha
Tiso, eHepriio, AKa NMpoimIa Kpisk Tijo, i ix pisHuIIO moginuTH
Ha Macy rina. OgHaK NPaKTH4YHO IIe 3pO00OHUTH Ba’KKO, OCKINBKH
TiJIO HEOOHOpPiAHE, eHeprisg po3cilveThbCcA TiJioM y Bci BOKH TOIIO.
Orike, LIJIKOM KOHKpeTHe 1 3po3dyMijie IMOHATTH «HOTJHMHYTA
Jo3a» BHUABJIAETHCA MaJIO NIpUgaTHUM Ha npaktuni. Tomy noay
PeHTreHiBCBKOro i raMma-BMOPOMIHIOBAHHSA BHMIipHOIOTE 3a
HoHizaniero HUMH noBiTpA. OAMHHIEI0O BUMipIOBaHHA B LBOMY
BUNaAKY € kKyJoH/kinorpam (Kn/kr). IHosza B 1 Kia/kr osnauae,
IO cyMapHHUH 3apsAj ycix HOHIB OAHOrO 3HaKa, YTBOPEHUX B 1 Kr
noBiTpsa, nopiBHIOE KyJoHOBi. Ha mpakTHni uacTo KOPHCTYIOTH-
cfA TAKOM 3acTapijiolo OAMHHUIE JO3M PEHTITeHiBCBKOrO i raMmmMma-
BUNpOMiHIOBaHHA — peHTreHom (P). 1 P = 2,58-10"* Ka/kr.

Biosoriuna aisa #HOHI3YHOUYMX BHIOPOMIHIOBAHB OVAbL-AKOTO
BUAY Ha »XWBI TKAHUHU NOB’A3aHa i3 30ya)KeHHAM 1 HoHi3aIli€lo
aToMiB Ta MOJIEKYJl, YTBOPEHHAM BiJIbBHUX XIMIYHHX pagvKaliiB.
36ymxxeHi aromMu 1 ¥HOHH, BiJBHI paguKand MaOTh BHCOKY
XiMiyHY aKTHBHICTH, TOMY B KJIITHHAX OpPraHiamMy yTBOPIOIOTHCH
HOBi ximiuHi cnonyku, uyski smopoBomy opraniamy. Honisyroui
BUIIPOMiHIOBAHHA MOIIKO/MXKYIOTh 400 PYHUHYIOTE KJIITUHU, IOPY-
YTk IX 3JaTHiCTE A0 NoAiny, BHKJIHKaAKTh HeoOOPOTHI reHe-
TUYH]I 3MiHn (Mmyranii) xpomocoM, 10 OPHU3BOAHUTH OO0 THMKHUX
cnaakoBUX XBopo® 1 morBopcTBa HAINAAKiB, A0 NIPOMeHEeBOl
XBOpoOH 1 YTBOPEHHA 3JIOAKICHHUX NYXJIHH.

BpaxoByouyu Hebe3neky JIJsA JIOJIHHH palioaKTHUBHHUX
BUIIPOMiHIOBaAHb, BCTAHOBJIEHO TrIPAHUYHO JONYCTHUMI 03U
ornpoMiHeHHsA. {1 BeJIMKUX TPyl HaceleHHA OVIb-AKOro BiKy,
BKJIHYAYA W THUX, [0 HPOKHUBAKTL IIOGJHU3Y NiANPUEMCTB, HA
AKHX BHHKOPDHCTOBYHOTHBCHA BHI’IpOMiHIOB&HHﬂ 3 INIPOMHCJIOBOK YH
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HOCJHIAHUIILKO METOI, TIPAHUYHO JOONYyCTHMAa [O03a pEeHT-
rediBcbKoro abo raMMa-BUIPOMiHIOBAHHA BecraHosiaexa B 0,056 I'p
3a pik. [osa sarajgpHOro onpomiHeHssi niofuHu B 2 I'p Beme mo
IIpoMeHeBOol XBOpoOH, Jo3u B 6—8 I'p i O6inbnie maiiyke 3aBiKAM
cMepTeJIbHi.

Cain minkpecauTu, 1o pagiamiiaa mebesrnexa mig gac poboru
3 pagiocakKTUBHHMHN AXKepejaMH cOpaBhi icHye i BoHa HagsBHYaii-
HO OigCTyIIHA, OCKIJIBKM THAMKIi, UacTO HemOHmpaBHI marojoriuyxi
3MiHHM B OpraHismi HacramTek mig giero BunpominiooBanHA 6e3
IMOHAMMEeHINHUX Ccy0’€eKTHBHUX O3HAK, #AKI CUrHamnisymoThs IIpoO
Hebesnmery. 1li 3aMiHKH HarpoMaJ X yHTBCA, HAPOCTAKTH B OpraHia-
Mi, i B pAAl BUOaAKiB IIPOABAAIOTECA JIUIIE Yepes AViKe BeJIHuKUH
cTpOK (HecATHJIITTA) Hicaa (akTHYHOTO ONPOMiHEHHSA, KOJH
JIiKyBaJibHE BTPYYaHHA BHUABJAETbCA sanisuinum. Tomy nerko-
Ba)KHe CTaBJeHHA N0 pagianii abCcoJOTHO HEeNIPpUIYCTHME.

OxHaxk e He o3HAYae, INO 3 PagioaKTHUBHUMM pPEeYOBHHAMHU
He MOXKHa npamoBaTé. Belwmki ycmixu, gocArHyri B ranysi BH-
BUEHHS BJIACTHBOCTEH pPi3HMX BHAIB BUIPOMiHIOBAHHA 1 Ix
dgisiosoriuHoro BIJUBY, OIpall0BaHHA OOIPYHTOBAHOI CHCTEMH
AONYCTHUMHX J03, PO3BHUTOK METOMAiB BHMIipIOBAHHS IMOTJIHHYTHUX
oo3, opramisamnis HagiiiHOro 3axHCTy Big BUIpPOMiHIOBaHHA,
OOCTiMHMNA MegUYHHI KOHTPOJB o0ci®, #AKi MaloTh cIpaBy 3
PanioaKTUBHUMH pPEeYOBHUHAMM, I'apPaHTYIOThH MOH{JIHBiCTb poboru
3 pagioaKTHBHMMH pedyoBmHaMu 06e3 pHSﬂKy AJI 3AOPOB’ .

V npumimeHHAX N poboTH, MOB’sA3aHOI 3 BUOPOMiHIOBAH-
HAMH PEYOBHH, BCTAHOBJIOIOTE [ O 3 U M € T P U — IPUIATH
OJIA BHMIpPIOBAHHA [03 BHIPOMIHIOBAHHA B HJaHOMYy Micii
npuMinieHHsa. IX yacTo 3a6e3neuyiOTh IPUCTPOEM, AKUH aBTOMA-
THUYHO NOJAa€ 3BYKOBHIT ab0 cCBiTnoBuil cHrHaN, AKINO J03a
BHIIPOMIHIOBAHHA IePeBMIIUTL AOIYCTHME 3HaueHHA. HKoixHa
JIOOWHA Oix 4ac poboTH 3 paJicaKTHUBHUMH DPEYOBHHAMMY TIOBHUH-
HA MaTH OpH cobi KOHTPOJNBHI Npuiaau, sAKI IOKasyoTk 103y,
omepxaHy nporarom pobouoro nua. Iasa niei metu B cneniansHi
KaceTH BKJATAIOTH IIMATOYKH (DOTOILNIBKH I 3apsjKeHYy KaceTy
KIagyTh vy KHIeHO. B Kinni po6ouoro agua (abo THKHA) NIiBKH
OPOABJHAIOTHECA i 3a IX TOYOPHIHHAM BH3HAYAIOTH A03Y, OoJepiKa-
HY pobiTHMKOM. fIK KMIIEHBKOBI QO3MMETPH BHUKODHCTOBYIOTH
TAKOM iHTerpyoodui HoHisalifiHi kamMepH, BUIOTOBJEHL y BUraaai
aABTOPYYOK.

ITTo6 sEMBWUTH AO3Y ONPOMiHEHHA A0 NPUHUHATHOI, HABKOJIO
mxepena panicakTUBHMX BHUIOPOMiHIOBAHB BCTAHOBJIOIOTH
OlosioriuygmMii 3aXWCT 3 PEYOBHH, HAKI CHJIBHO NTOTJIHMHAKIOTH
BANpOMiHIOBaHHA. HaWnpocrimmMM 3a CBOEIO ifee0 MeTOAOM
BAXUWCTY € BigmaseHHs JKepeJa BUIIPOMIHIOBAHHA Ha JOCTATHIO
BiicTaHb. ¥ THX BHNAIKaX, KOJH e HEMOJKJIHBO, IJA 3aXUCTY
Big BUIIPOMiHIOBAHHSI BUKOPHCTOBYIOTBCH IIE€PEUIKOAM 3 IIOIJIH-
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Haoouux wmarepianis. Halinmpocrimmum € 3axuct Big ansga-Bu-
IPOMiHIOBaHb, OCKiNIBKH ajb(ha-yacTHHKM MAalOTh MisepHO MaJji
npobiru. Bera-akTuBHI AKepeJsia HaBiTL MaJjol aKTHBHOCTI chain
ekpaHyBaTu. [Ia eKpaHYBaHHSA BiJl eJIeKTPOHIB 3 eHeprisaMu g0
4 MeB pgocrarabpo mapy naacrMmacu B 0,25 cm. Binem macuBHUI
3axXHCcT HeoOximHWI mig vyac poboru 3 [kepejaMH ramMma-BHU-
npoMmiHioBaHb. J[»Kepesla ramMmMa-BUIIPOMiHIOBaHHS 3BUYAMHO
BMiII[yIOTh Y CBHHIIEBI KOHTeilHepH, a B JabopaTOPHHUX yMOBax
IJIA 3aXUCTY Bij raMmMa-akKTHUBHHX IIpenapaTiB BUKOPHUCTOBYIOTH
«DyAMHOUYKH» i3 CBHHIEBUX NIHUTOK. IIpu HeobximHOCTi Bisyans-
HOrO CIIOCTepeKeHHA BHKOPHCTOBYIOTh BiKOHIA i3 cneniajJbHOro
CKJIa, IKe€ MICTHUTL CBUHeIb.

Ina saxucTy Bif 0COGJIMBO MOTYKHUX JAXKepeJsi BUNPOMiHIO-
BaHHs (OpalOYNX PEeaKTOpPiB, IPHUCKOPIOBAaYiB TOIN0) OyIYIOTH
3axXMcHi cTiHu 3 GeToHy (AK AemieBoro martepiany). ToBiiuua 3a-
XHMCHUX OEeTOHHHUX CTiH B OKPEMHX BHUIIAJKaX [J0OCATrac KiJIbKOX
MeTpiB.

§ 92 — TIOJLJ SANEP YPAHY

Buie poarasagajiucsa THUNH ANePHUX peakKIlii, y ToMy uucii
1 peaknil posulenJieHHs sgpa Ha Kinbka uyactuH. Cepen nux
ANepHUX peaklliil ocobiauBe Micue mnocigaoThk peaknii moxiny
BAXKKHX silep Ha OCKOJIKM OpHOIM3HO ogHaKoBoi macu. Icropisa
BIIKPUTTA IIbOTO BaXKJIMBOTI'O sIBHINA BijHOCHTBCA 10 1934 poky,
KoJu irtamiiicekuii ¢isuk E. @ e p M i, BUBYaIOUYN HITYYHY pa-
OioaKTHBHICTE, BUABHB, [0 ONIPOMiHEHHMH HEeHMTpOHaAMHU Y paH Jae€
pagioakKTUBHI NPOAVKTH, SAKIi MalOTh KiJgbKa mnepioziB nmiBpos-
naay. Conouarky 6yJi0 BHCJIOBJEHO NPUNOYILNEHHs, mo Bigbysae-
ThCHA JIMIIe YTBOPDEHHSA TPAHCYPAHOBHX esieMeHTiB. flapo aroma
Vpany 233U, 3aXOITUBIIH OJUH HEHUTPOH, IIePeTBOPIOETHCA B pagio-

239 239

akTUBHUH i3oTon “g,U. Buacninok Gera-poamany “3,U neperso-
PIOETHCA B IepIIMA TpaHCYpaHOBUH enemMeHT — HenTyHiit 233Np.
¥ cBow uepry, aapo aroma HenrtyHiro BHacaifoxk Oera-posmany
IIepeTBOPIOETHECA B HACTYIHHI TpaHcypaHOBUM enemeHT — Ilny-
TOHIN 233Pu . IInyronii — ansda-pagioakKTHBHHH 3 nepiogom
niBpos3nany 24 rogUHU i NepeTBOPIETHCA B izoron 2§§'U .

Ina nepeBipku uporo npunymensas B 1936—1937 pp. 6yau
IpoBeleHl JOoCiiJKeHHs AJepHUX peakIliii, saki BigbysaioTbcsa
mifi yac onmpoMiHeHHA YpaHY HeWTpoHamMu pisHuUX eHeprii. Ha
BeJIMKMH MOAHUB YVUYEHUX MOCJHIAKEeHHA XiMIYHMX BJIACTHBOCTEH
IPOAVKTIB IIMX peakIliii moKasaJio, 0 MOPsAL 3 TPAHCYPAHOBHUMH
eJleMeHTAMH YTBOPIOBaJIMCA XiMiuHiI esleMeHTH, pO3TAllOBaHI B
cepenHin uactuHi IlepiogmunHoi cucremu: Bapii, CrponHuii,
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Benukuit iraniiicekuii ¢gisuk. 3pobus 3HAY-
HHAH BHECOK Yy PO3BHUTOK CYYACHOI TeOpeTHdY-
HOI i excnnepumeHTaNBHOL Qisuku. OgHOYACHO
3 JlipakoM CTBODHME KBAHTOBY CTATHCTHYHY
TEeopilo eJIeKTPOHIB Ta iHINMNX YacTHHOK (cTa-
Tuctuka Pepmi— [ipaka). Bin aaiiicHUB psan
(dyHIaMeHTAJIEHUX BIAKPHUTTIB y HEeHTPOHHIA
(iznni: BUABUB IITYYHY paliOaKTHBHICTH Iif
4yac OIpPOMiHEHHA pPe4YOBHMHM HeHTpoHaMH,
npollec CHoBiIbHEHHA HeWTpoHiB Toino. Ilig
oro KepiBHMNTBOM y 1942 p. Briepue 6ysa
3nificHeHa KepoBaHAa silepHAa peakIlid.

Itpiii, Kpunton, KceHoH Tomjo. [InA mnossicHeHHs LUX pe3yJb-
TaTiB HiMeubKu# Qisuk JIize MeidiTHe p y 1939 p. npu-
nycTHuJa, L0 IIiJ [Oi€eo HeHWTpPOoHIB BigOyBaeThca moAin saAzep
¥Ypany mua aBi npubiamsHo piBHi uactuHu. Ila rimoresa Oyina
eKCIIepHMeHTaJIbHO miarBepaxkeHa jpgocaigamu Hlonio-Kropi,
JI. MeiiTHep Ta iHIIMUX.

¥V pasi BayuyaHHA HeWTpPOHA B AAPO aToMa YpaHy B HBOMY
BigOyBa€eThCA neperpynyBaHHA HYKJOHIB. flapo ny:xe mnedop-
myerbea (mani. 160) i posnagaerbca Ha aABa NpuUOJIM3HO OJHA-
KoBuX sAapa. [Ipu npomy HYKJIOHM (IPOTOHU i HEMTPOHHU) BUXij-
HOro fiipa PO3NOAINAITBCA MiXK sAapamMM, siKi YTBOpPIOIOTHCH, 3
BUKOHAHHAM 3aKOHIB 30epexeHHs 3apdaIiB 1 MacoBUX 4YMCeJ:
Z, =2, +Z,1iA = A + A, ne iagekcu 1 i 2 crocyoTbcA
OCKOJIKiB moainy, Z, i A, — 3apan 1 mMacoBe 4YHCJIO BHXiJHOrO
Anpa YpaHy. :

B

51p
82 n

Masn. 160
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Ockinbky nmuTOMAa eHepris 3B’A3Ky sanep Ypany (7,5 MeB)
MeHIIIa 3a NUTOMY €Hepriio 3B’A3Ky AJep, AKi yrBopmoooThcHa (8,6
MeB), nogin sagep YpaHy CYNPOBOMMKYETLCHA BHUALIEHHAM BeJIH-
ye3dHol eHepril. Bumie mun nigpaxoByBajsmn, 1o mig yac mopiny
Anpa Vpany Bugninserbcsa enepria nopaaxky 200 MeB. Ilpu
nonini sapep, Aki micrarbea B 1 r ypaHy, BUAINAETHCA eHeprisa
8-1010 Ik, a6o 22 000 xBr-roxz. Ina nopiBHAHHA: TakKa
KinepkicTk eHepril Buainserbca nixg uyac aropsaHHEa 2000 xr
6enauny, abo 2500 kr kam’sHOrO Byrinnsa, abo, HapewTi, oig yac
Bubyxy 25 000 xr rpuHirporoayoay (rporuay). OcHoBHa
4yacTHHA IIi€l eHepril € KiHETHYHOIO eHeprielo OCKOJKiB mominy.

Ilonin snpa YpaHy HA OCKOJKM 3 OJHAKOBUMH MACOBUMH

ypcgaMy BinbyBaeTbesa Ayike piako. Haibinsimn yacTo yTBOpPIO-
IOTBCA OCKOJIKM 3 MACOBUMH umciaMu 6au3sko 95 i 139. Ockonku
Aapa € pangioaKTHBHMMH: BOHH BHIPOMiHIOIOTH (oTOHU, Gera-ua-
cTMHKX 1 HeMTponu. lli HellTpoHHM Ha BigMiHY Big MHTTEBHX
Ha3UBAaIOThLCA 3anisHiaumu HeiimpoHamu (BUKHUOAIOTHCA MIPOTATOM
KiIBKOX XBHJIMH micasa mnoziny BuxigHoro saAzpa). Kinbkicrs
3anisHinnx HeHTpOHIB ckJaanae OausbKo 1 % Bcix HeEHTpPOHISB,
AKi BHHUKAIOTH i dyac noxiny. B peayasrari cepil nmociigoBHUX
feTa-po3mna/iB OCKOJIKIB MNOAiNY BpelITi-pemT yTBOPHIOTHLCH
cTtabinbHi idoTonu.
? 1. ITo Big6yBaeTeca mix wac 6oMGapayBaHHA Axep YpaHy HelTpo-
Hamu? 2. 3aBIAKN YOMY BHABMJIOCH MOXKJIHNBHM HODAKTHYHE BHKO-
pHCTaHHA BHYTpPiImHBOAAepHOI eHeprii? 3. fAki HeliTpoHu HA3MBA-
I0TB MHUTTEBMMH i AKi — sanisHinnMu?

§ 93 JIAHITIOTOBA SAIEPHA PEAKIIISA

Bu Bixe 3HaeTe, IO Iig yac KOKHOro moAiny siapa Ypany
BUBIIBHIOIOTBCA HEeHTPOHHM. CKiNBKH HeWTPOHIB BUBIIBLHIOETHCH
y pasi ogHoro akty moziny? Ille sanuTaEHA Ba)KJIuBe TOMY, IO
KOJH KiJNBbKiCTh HEHTPOHIB Yy CepefHBLOMY BeJIMKA, TO iX MOMKHA
BHKOPHUCTATH OJIA IMOALNY HACTYIHUX ANEP, TOOGTO BUHUKAE MOMK-
JIUBicTh 3AailicHeHHA sanyrzoeol peakxuyii. Hap poss’asaHHAM
neoro nutaHHA B 1939—1940 pp. npamnoBaiy NpakKTUYHO B yCix
BeJIMKUX AnepHUx gaboparopiax cBity. EkcnepumeHTanbHO 0yi10
BCTAHOBJIEHO, 1110 B CepeIHBOMY Ha OJHMH aKT OOAiNy BHITyCKa-
erbess 2,5 (Bim 2 no 3) MuUTTEBUX HeHTpOHiIB. Byab-skuit 3
HeWTpOHiB, AKUH BHJIiTae y mpoieci nmoxiny sizpa, MoKe B CBOXO
Yyepry BHUKJHMKATH noxin HacTynHux 2—3 sAxep, AKI Taxkox
BUINIYCKAIOThL HEeHTPOHH, 344aTHI BUKJIMKATH IOIiJ sAOep.

Hexait niciia K0KHOro noAisly BUNYCKAKTLCH TPU HEHUTPOHH.
Toni onuH HEeNTPOH MOKe BHKJIHKATH IOALN iHmIoro sapa i
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nopoauTu Tpu HelTponum. HazBemo ix HedTpoHAMEH NIEepHIOTro
noxkoJinesa. BoHM B cBOIO uepry cTBOopaATh 32 = 9 mHeliTpoHiB
APpYyroro nokoJinHsi. B rperboMy moKoJiHHI BuHMKHe 32 = 27 Heii-
TpoHiB i T. A. Taka cxema poaMHOMKeHHsI HeliTpouis. Ilouarxosmit
HefiITPOH Mac 3HAYEHHA CipHMKA, AKHI 3a0aJI0€ HaJIbHE.

Peakrnii 3 po3aMHOXEHHAM HEWTPOHIB BiAOyBarOThHCH aHa-
JOTIYHO A0 JAHIIOTOBMX XiMiuHMX peakIiil, TOMY BOHHM TaKOMX
HasBaHi JaHmorosuMu, lJa nodaTky xXiMmiuxHol JaHIIOroBoi pe-
akiil norpiben sanan (ickpa, darken). 3anaroM AJs JAHIIOTOBOI
ANepHOl peaKIlii CIY:KHUTHh HeBeJIMKA KinbKicTh HeliTpoHiB. Koan
0 POSMHOKEHHS HeHTPOHIB BigOyBanocsa Tak, AK OIMHCAHO BUIIE,
TO OOUH HEHTPOH y N’'ATAECSATOMY IIOKOJIiHHI posMHOKUBCA O OO
350 = 1025 geirrponir. Hacnpapzxi He BCci HeHITPOHM BUKJIHKAIOTH
noxin. YacTuHa HEUTPOHIB MOXKe OyTH 3aXoIUleHa SAApaMH
poMminiox mo Vpany, Akl He mozinsiorscs (abo moraHo momiasi-
IOTHCA), YACTHHA HEHTPOHIB MOXKe BHJIETITH UYepe3 IIOBEPXHIO
o0’eMy mnajuBa, He BCTHUralOYM BiTKHYTHCA 3 HOro sAApaMu.
IcHyIOTH ¥ iHII OPUYHUHHK, 1[0 3SMEHIIYIOTH KiTbKicTs HEHTPOHIB,
AKi 6epyThs AKTHBHY Yy4YacTh Y JAHIIOIOBi# sxepHii peaxiiii.

OueBUHO, IO O00B’A3KOBOID YMOBOIO BUHHKHEHHSA JIAHIIO-
roBol sAgepHOl peakilil € HaABHICTE DPO3IMHOKEHHA HEMWTPOHIEB.
PosMBHOXeHHA HEWUTPOHIB XapaKTepHu3yIOTh KoediyiecHmom
PO3MHOMCeHHA kB, AKUNA NOPiBHIOE BiIHOIIIEHHIO YHWCJIA HEUTPOHIB
N,, AKi BUKJIHMKAIOTH IIOJLN sAJep PeYOBHMHM HA OJHOMY 3 eTallis
peaknii, go N, , — HeNTpPOHiB, AKi BUKJIMKaJHK NOZIiJ Ha IIOIe-
PeAHBOMY eTalli peaxirii:

Ny

k= N (93.1)

13

HeoOxigHOIO YyMOBOK IJs PO3BHTKY JAHIIOTOBOI AXepHOIL
peakiii € Bumora k£ = 1. Axmio & > 1, naHIoroea siepHa peaxiiia
posBuBaeThcA y Gopmi Bubyxy; #AKmo k = 1, BoHa Oyae
cranioHapHoo, To6TO cama ceGe mnigrpumyBaTume (KiabricTs
HEWUTPOHIB, AK]l BUHNKAIOTEH 38 OJMHUIIO YaCy, 3aJUIIAETHCA CTa-
Jd010); i axmo k < 1, peaknis mBuakKo s3aryxac. Koedimienr
PO3MHOXEHHSA 3aJIe’XUTh Big pany ¢daxTopiB, 30KpemMa Bix nmpH-
poAH i KinbKOCTi peuoBMHM, AKA NOXiNAETHCA, Bin 06’emy, AKMH
BOHAa 3alimae. OgHa ¥ Ta caMa KiJABKicTh MaHOI PEeYOBHHM MAE
Halibinbine sHaueHHA Koediuienta k npu chdepuuHiit dopmi
06’eMy, OCKINIBKM B bOMY BUIIAAKY BTPATA MUTTEBHX HEHATPOHIB
yepe3 NOBepxHIO 06’emy Oyae HaliMeHIIO0 (KyJjada Mae MiHimMaab-
HY HOBEPXHIO NPH TaHOMY 06’emi).

IIpaxTuuHe 3ailicHeHHA AAEPHOL JAHOIOTOBOI peakiiili Buma-
rac NoACJIaHHA 3HAYHHUX TpyAHOIIiB. IlpupogHuid ypaH € cymimi-
o ABoX isoromis: ‘U cramosuth 0,7 % i 233U — 99,3 %.

IIi isoToum min giero HeHdTpPOHIB BeayTh cebe mo-pissomy. fxpa
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Ypany 23’2U MOALNATECA HefiTpoHaMu Oyab-SKUX eHepriii, ase

ocobnaueo gobpe MOBLABHUME (TENJIOBUMM) HeHTpoHaMu. dAnpa »x
233'0' NOAiAAIOTECA JIMIIE AVyKe MIBUAKWMU HeHMTPpOHAMHM 3 eHep-
riero moHax 1 MeB. HeiiTpoHu MeHIIOI eHepril moraumHamThCA
AgpaMu 233[] 6eaz macTtymHoro ix nopgimy. B pesyneraTi yTBO-
proeTnca HecTabilbHe SIPO 2ggU (mepiox miBposnmaay AOPiBHIOE
25 xB). Bunyckawouu eJeKTpPOH, aHTUHEUTPHHO i ¢doToH, Ie AAPOo
MEepeTBOPINETHCH B SAPO IEPLIOro TPAHCYPAHOBOI'O e€JeMeHTa —
HenTyHiio 2gng'HenTYHiﬁ TaKoK 3as3Hae Dera-posunany (7' = 2,3
no6u), nepeTBopioounck B ILnyronii “53Pu. ILryToni# ansda-pa-
AlOaKTHBHHI, OZHAK HOro mepiox miBposmany Takuii BeJIUKHIH
(24 400 poxkis), 110 #oro MoKHA BBaXaTH NIPAKTHYHO CTabilbHUM.

IIsa icrorHa BigMmimHicTE y moBexinni isoroniB Vpany min
i€ HEeUTPOHIB poOUTH HEMOMJIMBUM 3AIHCHEHHS JIaHIIOrosol
AfepHOl peakKnii B HOPWPONHOMY ypaHi, TOGTO B NIPUPOIHiH
cyminri iszoromir ¥pawny. Cropasai, nmpunyctumo, o mix giero
AKOTOCh BUIAAKOBOTO («6IyKamo4yoro») HeATpoHa BinbysCsa momin
agpa ¥Ypauy-235 uu ¥Ypany-238. Ilpm npomy nomini BUHUKae 2—
3 MUTTEBMX HelTpouu 3 eHepricwo Gamsnrxo 1 MeB. Heiitporn
TaKol eHepril He BUKJAWKAIOTH NOAiay szep ¥ pany-238, Tomy
OOAIMATHMYTRECH JHIIe aAApa Ypauy-235, AKMX B OPUPOLHIiL
cymimii € gysxe mano (0,7 %). B pesyapTari siTKHeHL BIIBHHUX
HEWTPOHIB 3 AApaMH HeHTPOHH CIIOBIJIBHIOBATHMYTHLCA i IMOTJIH-
HATUMYThCHa YpaHoMm-235 i ¥Ypamom-238; npm ubomy ¥Ypau-235
HOAiNATAMETECHA, & Ypau-238 Oyae aulle 3MEHIIYBATH 3arajibHy
KiJIBKicTE HeHTpPOHIB 3a PpPaxyHOK IX norauHaHHA. OcKinbku
sapep Ypany-238 npubausuo B 140 pas 6inbire, Hixk YVpany-235,
TO B OPUPOAHI#A cymimii isoronmiB YpaHy HMOBiIpHiCTH IIOTJIMHAH-
HA HeNTPOHIB sizpamu ¥Ypany-238 Ges moxiny B 6araro pasis me-
PeBHINYE HMOBIipHICTL NOrIHHAHHA HEHTPOHIB aAapaME Y paHy-
235 3 mogimom, i MaHIIOrOBa peakKIlifg He MOMKe po3BuBaTHCA Hi
HAa IOBiIBHHX, Hi Ha INBHAKUX HEeATPOHAX ¥ IPUPOLHOMY ypaHi.

IT10 TpyaHICTE MOKHA MOAOJATH ABOMA crnocobamm.

1. Moxua BugiauTa isoron Ypany-235. Onguak ximiuni Bia-
cruBocTi 000x isoTomir maiiyke OogHaKOBi, a ToMy ix posaineHHA
CTAHOBHUTHL AYJKE CKJALHE 3aBHaHHA. [OBOOAUTHCSA BUKOPHCTOBY-
BATH He3HAUHY PISHUIIIO B IIBHAKOCTAX Nepebiry ximiummx pe-
akiil, augysii romo, symMoBJIeHy pisHuIelo B Mmacax isoronis. 3
andysifiHUM MeTOOOM PO3AiNieHHA isoTomis BHM O3HAWOMHMIIHCH B
10-my kymaci, BuBuawuu apuine nudysii. IIpakTUuHO JaHOIOTOBY
peaxIiio 3aBKAU 3AIACHIOIOTE V IPHUPOAHOMY YVpaHi, monepegHbO
3baravenomy Ypaunom-235 o 5 %.

2. Mo>XHa CIOBiIBHIOBATH HEHTPOHH, INO6 iCTOTHO 3MEHIIIH-
TH OOIJIMHAHHSA 1X AapamMmu ¥Ypauy-238. ¥ npoMy BUNAAKY pe-
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aKnia Moske 3aiMCHIOBATHCA Ha NPUPOJHOMY YM TPOXH 3baraue-
HOMY i30oTOmnom 2§3U ¥Ypani. OgHak BUHHUKAae npobiema, AK CHO-
BiBHUTU HEWUTPOHU BHUCOKHX €HEPrii, mo BHHUKAIOTH MiJ dYac
noxiny sgep, 4O He3HAYHHX (TeIJIOBMX) eHepriii. 3Bu4yaiiHO, i B
OpUPOAHiHA cyMminri ABoX i3oTomiB ¥YpaHy HEMTPOHHU, CTUKAKYKUCH
3 siapaMH, [OCTYIOBO cHoOBijbHIOIOTECA. OaHak y pasi npupox-
HOr'O CIIOBiJIBHEHHA 3aHaATO O6araTo HEeWTPOHIB MOIMIHHAETHLCHA
VYpanom-238 no TOro, AK BOHU CIIOBIJILHATHLCH A0 eHeprii, edex-

. 235 . . .
THUBHHUX OJIA IIOOLJIY gzU. 3BiJACH BUHHKAE HEOOXiJHICTh IIBUAKO-

ro CHOBiJIbHEHHA HEWUTPOHIB iHIIOK pPEYOBHHOIO, AKa MNOTJHHAE
ix caabko. as 1bOro BUKOPUCTOBYIOTH CIOBiJIBHIOBAY — pedyo-
BHHY 3 BeJIHKOIO CIIOBiJILHIOIOYOK), ajie 3 MAJIOK IIOIJIMHAKUOK
HeiiTpoHU 3naTHicTio. Mloro yacto po3miliyoTs HapamMiu OKpeMo
(rereporeHHo) Big VYpany. OAHakK MOXKHA TaKo)X PpPiBHOMIipHO
nepemiimyBatu (roMoreHHo) pPe4yoOBHHY, fAKa NOOIJAETHCA 1 AKa
CHOBiJILHIOE HEUTPOHU.

Oroxe, 1mo0 pgicraTy eHepriio B pea3yJbTaTi JAHIIOroBoi
peakIii noginy axep, Tpeba CTBOPUTH YCTAHOBKY 3 BpaXyBaHHAM
ycix ocobimuBocTeit peakiiil noainy. Taka ycTaHOBKA HaA3MBAETHCHA
asngepHum (abo aTOMHMM) peaKTODO M.

?

1. CrineKH HEMTPOHIB BHNYCKAETHCA SAAPOM Y paHy Hif 4ac OZHOTO
akTy nominy? 2, 3a AKAX YMOB MOXKJIMBA JIAHIIOTOBA SAJEPHA pe-
arnia? 3. Illo Take KoedinieHT PO3MHOXEeHHA HeWTPOHIEB i Big do-
ro BiH sajgexuTh? 4. ¥V yoMy TPYAHOLNI IIPAKTHYHOro 3AificHeHHA
narnorosol aaepHol peaknii? Aki masaxwm IX moxosaHHA iCHYIOTH?

§94  ANEPHUI PEAKTOP

PeakxTopoM HasHBAETHLCA YCTAHOBKA, B AKiN 3aificHIOE-
ThCA KepoBaHAa JIAHLIOTOBa peaknida moginy sazep. IcHye Gararto
pisHOBHUAiIiBR peakTOpiB, #AKiI BigpisHATECA 3a pobouumMmu
€HepriasMm HeWUTPOHiB, 3a MaTepiaJioM CHOBiJILHIOBaua, 3a MPH-
3Ha4YeHHAM. AJle He3aJsIe’KHO BiJg npun3HadyeHHS i KOHCTPYKILil
OCHOBHHMM eJIEMEHTAMM KOXXHOI'O sIepPHOI'0 peaKTopa €: sfepHe
najJbHe; IIPUCTPill AJA peryJjJloBaHHA XOAY JIAHIIOIOBOI peakIlii;
3anobixxHi mnpucTOCYyBaHHA — NOPHCTPOi, #AKi 3abe3nedyyroTs
3aXMCT IIepPCOHAJY Bi BUOPOMiHIOBAHb; TEeNJIOHOCiH, AKUI BigBo-
AUTH HAAMIp KIJBKOCTI TenJIOTH; INIPUCTOCYBAHHA JAJA 3aMiHM
nannsa. Kpim Toro, mepesaskHa binbiricTs peakTopiB Mae Tak
3BaHMI BigbwBau, AKHHA 3MeHIIYye BTpPaTH HEHTPOHIB uYepe3
[IOBEPXHIO AKTUBHOI 30HH. B peakTopax Ha NMoOBiJIBHUX HeHTPOHAX
B&YKJIMBUM €JIEMEHTOM € CIIOBiJILHIOBAY.
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Man. 161

PoarinsnemMo KOpoTko OyaoBy i mpuHOHNO Ail AgepHOrO peax-
TOpa HA MOBiJBHUX HeliTpoHax (main. 161).

I'o0oBHOIO 4YAaCTHHOIO peaKTopa € aKTUBHA 30HA, B AKIHA
BiIOYBAETHLCHA JIAHI[IOTOBA PeakKIlifA i BUAINIAEThECHA eHeprisa. B ak-
THUBHiN 30HI poamimieHi ypaHoBi cTepskHi I i cnioBisIBHIOBAY HeEMH-
TpoHiB 2. fIK cnoOBiJILHIOBAY BUKOPUCTOBYIOTE rpadir, BaKKy BO-
oy, a y BUnajgKy 3barayeHoro ypaHy — 3BHYaNHY Boay. flaepHe
[IaJJMBO 1 CHOBiNbHIOBaY BMiMIAIOThH Yy MeTaneBUil 6ak 3 i oTrouy-
IOTh 1o0puM BigOMBayeM HEHUTPOHIB 4, AKUN IIOBEePTA€E HEHTPOHH,
III0 BUJIIiTAIOTh 3 aKTHUBHOI 30HHU, Hazan. llna BigbuBaua 3acToco-
BYIOTH Ti X caMi marepianu, 1o ¥ AJA COOBiJBHIOBada.

BizBenenHsa eHepril 3 aKTHUBHOI 30HHM peakTopa 3XiHCHIOE-
THCA TENJIOHOCieEM, AKUII pyxaerbcsa Tpybkamu 5. B eneprermu-
HUX pPeakTopax TeINJIOHOCi# IMOBHHEH He JINIIle iIHTeHCHUBHO BiJBO-
OUTH eHeprio 3 aKTHUBHOL 30HHU, a 1 3 MiHiMAaNIBHUMM BTpaTaMH
nmeperaBaTH 11 B YCTAHOBKY, AKa BHUPOOJse ejyieKTpoeHepriio. B
Mipy NOpoxXomKeHHA 4Yepe3 peaKTOp TeNJOHOCiili HarpiBaerbcsd,
neperae HabGyTy KijgbKicTe TenJoTu 4yepes TeNJIOOOMiIHHHI IIpH-
cTpiii pobouyomy Tiny i 3HOBY HanxoauTh B peakTop. fkK Tem-
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JIOHOCi!I B peaKTOpax Ha TEIJIOBHMX HEeHMTPOHAX BHKOPHCTOBYIOTH
BOAY, BOOAHY IIapy, IOBITPs, a30T, BYIVIEKHCIHH ras ToIO.

Kepysanusa nepebirom JaHIiorosoli peakriil spificHmoerbcs
3BHYAWHO pPEeryJjaiouNMU CTepPXHAMH 6, BHUIOTOBJIEHHMMH 3
MarepiaiiB, AKi CHJIBHO IIOIIHMHAIOTH HeHTpoHH. I1i cTepsxHI MOX-
HA HOBHicTIO 260 YACTKOBO BBOAUTH B AKTHUBHY 30HY, IlapaMeTpH
AKOI po3spaxoBaHlI TakK, 100 OpM HNOBHICTIO BBEJEHUX CTEPXHHAX
peaknia asHO He Bigbysanacs. Ilpm mocTymoBoMy BHBeAeHHI
cTep:XHA KoediuieHT DOSMHOMKEHHS HeNUTpPOHIB £ B aKTHUBHIHN
30HI 3pocTae i 3a NMEBHOr0 MOJIOYKEHHS CTEeDP’XHIB JOXOOHUTH A0
ogmHUIIL. B el MoMeHT peaKTop IMOYMHAE OpaloBaTi. B npo-
meci poboTu kKoedinieHT kB 3MiHIOETHCS TepeBaXkHO B OiK 3MeH-
IIeHHsA 34 pPaxXyHOK 3a0pyAHEeHHs AaKTUBHOI 30HU OCKOJIKAMH
moainy. Ili sMiEm KoedimieHTa PO3IMHOMKEHHA KOMIEHCYIOTHCH
BUBEIEeHHAM i, AKII0 noTpibHO, BBexeHHAM cTepskHiB. Ha BHIa-
JOK parnroporo 30ijbIlleHHA iHTeHCHBHOCTI peakIilii B peaxkTopi €
DOAATKOBI aBapiiini crepixHi, BBeJeHHA AKHX B aKTHUBHY 30HY
HeraliHO IIpHOMHAE peakniio. Perymoioui cTepxxHi pobaars
iz xkaamio aGo 6Gopy, AKi edeKTHBHO IIOIIHMHAKTHL IOBiJBHI
HelTponu. KepyBaHHA CTEPKHAME 3BHYAHHO aBTOMATH30BaHe.

3 aKTUBHOI 30HM PeaKTopa BUXOAWTH IMOTYXHHU MOTiK HeH-
TpoHiB i ramma-nipomeHiB. OckilbKH raMma-npoMeHi i HeiTpoHHI
JOCHTHL CHUJLHO BILIHMBAIOTL HA OpPraHiaM JJIIOAUHN, HeoDXinHe
BIAIITYBAHHA DOTYXXHOIO 3aXMCTy 7 Big mux BHUIPOMIHIOBAHB.
Ho Horo ckaagy BXoAaATh Ao0Opi mornmHa4i raMMa-IpoOMeHiB
(3asizo i1 cBUMHeIb), CIOBiIbHIOBAYiI ¥ HOIMIKMHAYI HeHUTPOHiB
(Bogma, G6op, 6GeTOH TOILO).

JlaHIlorosa peakiris, sxa 6 cama cefe migZTpumMmyBasia, MOXK-
JIMBA B PEAKTOpPi 3 HEeBHHMHM PO3MipaMu aKTHBHOI 30HU i 3aBaH-
TAXKEHOI0 B Hel MAaCO0 AAePHOro najuBa. YacTHHA HEHTPOHIB mifg
yac NoAiny saep BUIITAaE 3 akTuBHOI 30Hu. IIpu manux posmipax
AKTHUBHOL 30HH peakTopa 6ijblla YacTWHA HEHATPOHIB MOKUIATH-
Me aKTMBHY 30HY, Hé BHKJMKABIIN IIOALIY Sep, 1 B Taki# cuc-
TeMli He MOKHa 3AiMcHATH JjaHmrorosol peaxnil. Iloxin sapep
BinOyBaeThca yv BCchOMy 06’eMmi ypaHy, a BTpara HelTpoHiB Ine
JUIIe 3 MOBEPXHEeBOro 11apy, ToMy 3i 30iibIIeHHAM po3MipiB ax-
THBHOI 30HH KiJBLKiCTE HApPOMKYBAHHX HEMTPOHIB 3pOCTaE IIBUM-
e, HiX BHJIITAIOYMX 3 NOBepPXHi. 3a neBHUX posMipiB aKTHBHOIL
30HH KiJbKRicTh BTpayeHMX BHACHIIOK BUJIITAHHS 1 3aXONJieHHSA
HeHMTPOHIB 3PiBHOBAXKYETHCA KiIbKicTIO HEHMTPOHIB, AKI BUHHKA-
IOTh y mporeci gimenHs. IHaxire kakydmw, AKOI0 KoedimieHT
PO3MHOMEHHA HeiiTpoHiB £ = 1, maHmoorosa peaxuia B Taki#
CHCTEMl MOXJINBA.

MinmimMansHi posmipu aKTHBHo‘i 30HH, AJd SAKHX MOXKJIHNBA
JAHIIOTOBA PeaKIiis, Ha3HBAIOTHCA KPUMUYHUMU po3mipamu, a
MiHiMa/lbHa Maca PO3IIEILIIOBAHUX PEYOBUH, AKi rmepedyBaioTh y
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CHCTEeMi KPHUTHUYHHX PO3MiIpPiB, HASUBAETHLCS KPUINMUYLHOIO MACOIO0.
3po3yMijo, IO KPUTHYHI pOo3MipW i KpUTHYHA Maca 3ajaerkaThb
He TinbKH BijJ BJIa&CTHBOCTEHl DPOILIENJIIOBAHOI PEUYOBHMHU, a Ta-
KO, 1 Ay»e cUIbHO, Bixm ¢opMu, AKY Ma€ pO3IIENJIIOBaHA Pe4do-
BuHa, abo, BigmoBizHO, Bixg GopMH aKTHBHOI 30HH peakTOpa.
Kpuruuni posmipu i maca maiimMeHmi aasi cheprdHOl aKTHUBHOIL
soHu. Ina mmaTka yucToro ypany-235 cohepuurol dopMmu Kpu-
THyHa Maca cTaHoBUTE Big 30 mo 50 kr. 3HaueHHA KPHATHYHOIL
MAaCH MOYKH&a Zell0 3MEeHINHUTU, OTOYHUBIIN aKTUBHY 30HY HOOpHM
BigOuBaueM HeHTPOHIB.

Hyke nmikaBuM € NHTAHHA IIPO IPHHIWUIOBY MOMKJIHBiCTBH
KepyBaHHA XoJ0oM amepHol peaknili. HeBakko smorazarucs, Imio
KoJsu 0 y nponeci nmominy samep BUIIYCKAJHCA JHIIEe MUATTEBL Heii-
TPOHU, TO PEryJioBaHHS peaknii 6yino 6 HeMoXaAHBHUM i1 BOHa
saivicHioBasiacsa 6 Jguile y (’popM1 Bubyxy. CupaBpii, Big momeHTY
BUHUKHEHHA HeWTpOHa niJ yac IoAiny saapa OO0 3MeHIIeHHA
HOro WBHAKOCTLI # ydyacTi B HOBOMY aKTi HOAINY IPOXOSUTH
6mu3pkp 1073 ¢ (uac KHUTTA ODOKOJIHHA HeHTpPOHiB). 3a mei uac
OOYCTHUTH HAa MNOTPiOGHY raubHHY peryialiunil CcTepiKeHb
NPaKTUYHO HEMOMJIMBO. Mix TuM, K 61 MayOo He IepeBUIIYBaB
KoedilrieHT pPOBMHOMKEHHS Kk OJMHHUIID, IIBUIKICTL 3pocTaHHSA
DOTYKHOCTL peaxkTopa Oyyna ©6 gysxe Beaumkolo. Tak, gaa
k = 1,005 i wacy xuTTa noxkoainHa Heiirporis 1073 ¢ moTyxHicTb
peaxkTopa 3a cekyHAay 3pocna 6 y (1,005)1000 =~ 150 pas, i #ioro
PeryJioBaHHA BUABUJIOCH 06 MPAKTUYHO HEMOMKJIHBHM.

IIpoTe, KpiM MUTTEBUX HEUTPOHIB, OCKOJIKAMH AApa BHIIYC-
KaoThed 3 3anisHedusam Ha 0,2—57,6 ¢ micas noziny snpa
JOZATKOBLI HelfiTpoHH. BpaxopByrouM HagBHICTHL HENTPOHIB, AKi
CHi3HIOIOThCHA, NOiAbfHpalTs yMOBH poboTM pearkTopa Tak, IoO
xoediniceHT PO3MHOKeHHA HEeHTPOHIB, O6YAYYH TPOXH MEHIITHUM 34
OANHNII 3a PAXYHOK MHTTEBUX HeUTpPOHIE, Aeli0 NepeBHUIYBaB
onuano (1,005) 3a paxyHor HeilTpoHiB, siki cmisHmororTecsa. B
IIBOMY BHUIOAAKY Yac KHUTTA OTHOTIO IMOKOJNiIHHA HEeHTpOHIB crae
pieaum 0,1 ¢, 110 LWiMTKOM AOCTATHBO AJSA ABTOMATHYHOIO peEry-
JIIOBAaHHSA INOJOYKEeHHS CTepXKHiB.

OcTaHHIM YacoM BeJIHKHI iHTepec BHUKJIHKAE CTBOPEHHS De-
aKTOpiB Ha MIBUAKHUX HellTpoHax O6e3 cmoBinsHIOBava. AK samep-
He IIaJMBO B HUX BHKOPHUCTOBYETHCA IIPHUPOAHUR ypaH, 3HAYHO
sbaradeHnii isoronnom ‘U abo Ilayroniem. ¥V pesyiasraTi momisy
anep ¥Ypany-235 (abo IlnyroHio-239, axuil He IIOCTYIIAaETHCA 34
CBO€I0 3JaTHICTIO A0 moAiny ¥paHy-235) yTBOPIOIOTHCA NIBUAKI
HeATPOHHU 3 eHeprieio 1 —2 MeB. Hacruuna HeUTDPOHIB, SK y OyAb-
AKOMY peaxTopi, BTpadaeThCs, BHJIITAIOYM 3a MelKi peakTopa,
peliTa INOIMIMHAETLCA AxpamMuy ¥Ypany-235 uu ¥Ypany-238. dnpa
Vpany-235 pinarecs, a axpa isoromy 2381, saxonusmu He#TpoH,
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IIePeTBOPIOITHCA 38 BiJOMOIO BaM CXeMOK LIIAXOM Oera-pos-
nany B izorom Hny'romro 23 2Pu . Takum unmHOM, BUTpaTa («BH-
ropAHHA») i3oTomy % U cynpononmye'rbca YTBODEHHAM He MEHII
HiHHOrO siepPHOro l'IaJIbI-IOI‘O 23°Pu. Ha koxumit axkt noxiny °gU
B CepeflHbOMY MOKe yTBOpuTuCs n0 1,5 sagpa 235Pu, ockinbkm
KiJIbKicTh HEHTPOHIB, AKiI BUNyCKalOThCA Iifg uac noainy *5U ,
nopiBHIOE 2,5; 3 HUX OAMH HJe HA HIATPUMAHHS JIAHIIOI'OBOI
peakiiii B ZE‘Q’U . OTxe, peakTOpHM Ha LBUAKHUX HEHTPOHAaX,
BHUPOONAIOYM €Heprilo, MOKYTh NPOAYKYBATH Oijbllle sAepHOro
OajbHOTO, Hid CHOXXUBaKWThL. ToOMy 1X HaA3UBAIOTHL PEAKTOPaAMU-
poaMHOXxKyBayamMu (a6o OpUIEepHUMHU peaKToOpamMHu).

AHaJoriyuHo B peakKTopax Ha BUAKHUX HeHTPOHax MoXKe
«cnajgoBaTucs» isoron Ypany 233U 3 0AHOUACHUM YTBOPEHHAM
8 isoTony Topiro 232Th HOBOTI'O 233U ITornuunasaa Topiem HeWT-
poHa Bene [0 YTBOPEHHSHA Bera. -pagioakTuBHOro isoromy *33Th,

AKHUI BHACJIOK ABOX GeTa-posnaiiB mepeTBOPIOETHCA B 233U v
Ba)k1uBoI0 mepeBaromo peaKkTOpiB-pO3MHOKYBauiB € Te, L0
B HHUX OZHOYACHO 3 ONEP’KAHHAM eHeprii Mo)xkHa B Ge3IepepBHO

3pocTaidyiil KinbKocTi BHUPOOAATH 3 BiZHOCHO AelieBHX 238U i
s « . . 233
225Th nopori posmemtoBani marepiamu 229Pu i “g,U.
3a cBOIM IpU3HAYEHHSM pPeaKTOPH NOJiNAIOTL HA €eHepreTud-
Hi, eKCInepuMeHTaJIbHi, MOCHIMHHIILKi, a8 TAKOXX peaKTOpH s

BHUPOOJEeHHS HOBHUX PO3IIENJIOBAHHX €JIEMEHTIB i pagioakKTUBHUX
izoTomis.

? 1. fx nobymoBanmit i sAK npanipoe saAAepHEU peaxkrtop? 2. fAx
3AiMCHIOETBCHA KepyBaHHSA ANEPHOI0 peakmiero B peaxkrtopi? 3. Illo
TaKe KPHUTHYHI po3MipH i KpUTHYHA Maca sSAepHOro najsHOro? Bix
4Yoro BOHH 3ajyiexaTs? 4. 3aBAAKH YOMY MOXKJIHMBE KepyBaHHSA
XO0/IOM JAaHIJOTOBOI AfepHol peaknii? 8. ¥ yoMy xapakTepHa 0co0-
JINBicTHL po6OTH peaKTopa HA MIBHIAKHX HeHWTpoHax?

§ 95 — ATOMHI (IJEPHI) EJJEKTPOCTAHIIII

3a ocTaHHI pOKHM B rajysi NpaKTHYHOr0O BHKOPHCTAHHHA
AnepHol eHepril chopmyBanucsa JBA OCHOBHHX HANPAMHK: 3aCTO-
CYyBaHHS paJiOaKTHBHHUX i30TONiB i PO3BHTOK sSAOepPHOl eHepreTH-
KH. 3 OAHMM i3 IMX HaAOpsMiB BH ByKe Oo3HaoOMHAMCH. SepHOO
eHepreTHKOI HA3WBAIOTH 3[iHCHIOBAHE B MPOMMUCIOBHUX MAaCIITa-
0ax nepeTBOpeHHsA sANepHOI eHepril B iHmii Buam eHeprii (me-
XaHi4YHy, eJIeKTPUYHY TOIII0), AKi BUKODPHCTOBYIOThECH IOTIM OJA
BUpPODHMYMX 1 mnobByroBux mnorpeb. IleperBopeHHsa sAaepHOl
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Man. 162

eHepril B eJIeKTPUYHY BinOyBaeThbcsA Ha AaATOMHHX eJIEKTpPOC-
TAHIIAX, OCHOBHOI YACTHHOIO AKHUX € SAJEepHHH peaxTop.

Cxemy i npuHIHI po6OTH aTOMHOI €JIeKTPOCTaHILil HAa Temo-
BMX HEHTPOHaX 3 BHKOPHCTAHHAM SK CIOBiJbHIOBAYa i Terio-
Hocia 3BU4YalHOI BoaM ijmiocTpye manwHOK 162. Tyt I osmauae
0eTOHHUH 3axXMCT ANEPHOro peakTopa, nudpamMu 2 No3HaAYEHO
nuwiIiHApu (cTep)Hi) 3 ypasoMm 3 BcepeauHi iX. ¥YpaHOBI cTepKHi-
6y0ku 2—3 3HAXOAATHCA Yy BOAL 5, KA OJHOYACHO CIYIKHUTb 1
CHOBiJMIbHIOBaYeM, i TemioHocieMm. Boma nmepebyBae mij BeJIMKHM
THCKOM i TomMy Moxke OyTH Harpira o aAy»e BHCOKOI TeMIiepary-
pu nopsaky 300 ‘C. Taka rapsiua Boja 3 BEPXHBOI YACTHUHH
AKTHMBHOI 30HM peaKTOpa HaJAXOJUThL d4Yepe3d TpybompoBig 6 B
naporesHepaTop 8 (me BUIapoBYeEThCsI Boza 9), OXOJIOMMKYEThbCA i
nosepraeTbca 4Yeped Tpybonposixg 7 B peakrop. Hacuuena mapa
10 uepes Tpybonposixm 11 maaxonuTes B napoBy Typbiny 12 i
micasa BignpaimjloBaHHA NOOBEPTAETHCA B NOAPOTeHEPAaTOp 4Yepes
Tpybonposin 3. Typbina obeprae eneKTpuuyHUI remeparop 14,
CTPYM BiJ AKOro HaAXOAUTH y PO3NOAIJBHHUH HOPHCTPi# i moTim
Yy 3O0BHIImIHE eJIeKTpUYHe KoJ0. Xia JaHOorosoi peakiil
peryJjameThCcs cTepyXHeM 4.

3aBAAKM 3aCTOCOBAaHIN TYT ABOXKOHTYPHiM cxemi BifBeneH-
HA TeIJIOTH BUKJIIOYAETHCA MOXKJIMBICTh NPOHUKHEHHA pajioak-
THBHOI mapu B TypOiHy Ta iHmi uyacruHH esexkTpocranIlii. B
pe3yiabraTti Ana obcayroByBaHHA TypbOoreHeparopa He OOTPiGHO
3aCTOCOBYBATH SAKHICHh OloJloriuHMiI 3aXucCT.

¥YopaBiiHHA aTOMHOIO eJeKTPOCTAaHIIE 3AIHCHIOETHCA 3
IEeHTPAJbHOI0 MYyHKTY, J€ PO3TAIIOBAHI NpHUJIaay KOHTPOJIO 3a
poboToio o6JIafHAHHA, sIKe IIOKA3YE I[OJIOMKEHHS pPeryJIouyux
CTep>KHiB, THCK, BHTpaTy 1 TeMrmepaTypy BOAHA B [IePBHHHOMY
KOHTYPi, mIapamMeTpH IIapH, [NOTYXXHIiCTh peakTopa TOIIO.
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§96 — TEPMOSJAEPHI PEAKIIII

Vv fnepna eHeprisi Mo)ke BHUBiNBHATHCA He TiABKHM mig uyac
MoAiJly BaKKHMX #AJep HAa Jierilil OCKOJKHM, a TaKoX 1 y paasi
3’eqHanHA (CUHTE3Y) Jerkux saep y 6inbmr macusri. Hnsa npu-
KJany MH poarasganu yrBopeHHsa saep Ieriro 3 apep I'inporeny
Ta HEHTPOHIB i IIepeKOHaJHCs, IO B Pe3YyJbTaTi YTBOPDEHHA Al-
pa Ienio Buginsersca 6ausbko 25 MeB eneprii.

PosrnanyBumin Iile pa3 KPUBY 3aJiesKHOCTiI NHUTOMOI eHepril
3B’A3KY HYKJIOHA B AApPi Bixm macoBoro uucia A (auB. maju. 155),
HEeBAYKKO NEepPeKOHATHCsHA, L0 OCKiIJIbKHM NHMTOMA eHepris 3B A3Ky
Aapa ;He OinbIIa, HiXK y cycigHix aAmep, TO mig yac #Moro yTBoO-
peHHA Mae BUAiaATUCA eHepria. HaBegemMo npukJagm KiJabKoOX
peakiliii cuuTeay Jlerkux sgep B aAxapa lesiro, siki cynpoBOgATh-
cA BHJIJIEHHAM BeJIMKOI KiJIBKOCTi eHeprii:

*H+ 5H - 3He + jn + 17,6 MeB;
fH+ 5He — 3He + |H+18,35MeB;
SLi+ ¥H — jHe + jHe + 22,37 MeB.

V OrT:xe, siilepHAa €HEPTid 3JIUTTHA JIETKUX AJNep TaKOoXK MoXKe Dy-
TH JoKepesioM eHeprii. IlikaBo MOPiBHATH BUAIJIEHHS eHepril mij
yac sslepHUX peakIliif nmoxiny i cuHTedy sizep.VMu BiKe 3HaAEMO,
110 IIiJ yac peakilil moainy oaHoro azpa ¥pany, Topiwo un Ilny-
TOHiIO BuAlJgsieTbca 3HauHO 6ijablle eHepril — #“OPAAKRY
200 MeB. 1 Bce K, a1 NPOMHUCJIOBOr0 BHKOPHUCTAHHSA pearuil
CHMHTEe3y CTAHOBJATL 3HA4YHO Oinbmumii iHTepec, HIiXK peaknil
momisty. Jlas omiHKM DUX ABOX THUIIB siIepHUX peaklil npa-
BUJIbHIiIIIE OMiHIOBATH He KiJIBKOCTi eHepril, AKa BUAIISAETHCA Mg
yac peakllifi 3JUTTA 4¥ po3naay OAHOrO siapa, a BUXiJ eHepril
HAa rpaM pedoBHMHU, 10 nnpopearyBaJjia. OcKinbKH KiJBKiCcTh siziep
y rpami ypany-235 B ﬁ pas MeHmIa, Hi) y rpami aeiiTepiio,
TO KinbKicTs peakiiiit 11pn «CIIaJIIOBAHHI» rpaMy ypaHY B _2%_5_ pas
MEHIIIa, Hi»X IIpH <«CIAJIOBaHHiI» saAnep neurepino (Aas peak-
il cuHTe3dy moTpibHO aABa sAApa). 3a OAMH AaKT MOMAIJNYy BH-
ninAaeTbca cepenHsA eHepria nopanky 200 MeB, a 3a oguH akrT
cuHTEe3y— B cepenabomy 3,6 MeB, Tomy BigHOIIEeHHs eHepriy,
AKLI BUJINAIOTECA B pe3yJbTaTi IIUX [IBOX INpPOIEciB, JOPiBHIOE
Enin _ 200-4 ~1
Eoyn  3.6-235
HY-235 i cuHTe3i OnHOro rpama rejil BUAIIAE€TbCA NPUOIHU3HO
oIHaKoOBa KinbkicTs eHeprii.

A sAKIO B peakIliil cUHTe3y Bi3bMyTh yYacTh BCi sapa, AkKi
MicTaTbecA B 1 r cymimni geiitepiro 3 TpUTiEM, TO BHAIJIUTHCA Y

To6TO MpH NOAiJNII AZep ogHOro rpama ypa-
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8 paz 6Giapme eHeprii, Hixk i1 BuAingeTbca nixg uwac peakigil
ooainy amep 1 r ypany-235. 1o 1nporo mopiBHAHHA CAif AOKATH,
II[0 Tellep BapTicTs OQHOrO rpama geirtepiro npubsausuao B 100 pas
MeHIIa 3a BAapTiCTL rpamMa ypany-235, a Horo mpupozHi sanacu
¢aKTHYHO HEBUYEPIIHi, YOro He MOXKHAa CKasaTH IIpo 3amacH pos-
IOEeIIOBAHUX pedoBUH. I|MM IIOsICHIOETHCH Ta BeJIMKa yBara, ska
NPUAINAETECA ¥ BChOMY CBiTi BigmykanHO maaxiB agilicHenHsa
KEepOBaHUX PeaKIlili AlepHOro CHHTE3y JIETKHUX SAZep.

Oapak 3OiMCHUTH NDPAKTHYHO TaKi peakiii gyKe CKJIaIHO.
QOueBuaHO, OO0 A5 00 ’eAHAHHA ABOX SALEP B OJHE BOHK MAalOTh,
JOJIAI0OYM KYJIOHIBCBKY CHJIY B3AEMHOTO BiANITOBXYBaHHA, Ha-
6ausuTHCA Ha BiscTane mopazky 10713 em; Toai mozanbime ix
36aMxeHHsa 1 o00’eAHAHHA BHKOHYIOTh BXXe SAAepPHiI CcHIH.
O6’egHyBaHI sAOpa TOBMHHI MAaTH [AOCHUTH BEJIHUKY KiHETHUYHY
€Heprirn s BHKOHAHHA DPOOOTH OPOTH I'VJIOHIBCBKHX CHJI
BigmrTopxyBaHHA]I]e € He0OXiAHO YMOBOIO 3iMiCHEHHA peakiii
CHHTEe3Y.

PoppaxyHKH NOKa3yOTh, OI0 AJd 3NilicCHEeHHA peakKilii cuHTe-
3y I'eniro 3 me#Tepilo i TpuTiroo iX Aapa DTOBHMHHI MaTH KiHETHYHY
egepriro mopaaxky 0,01 MeB. Orixe, B npuHmuni cmHTe3s sagep
Texiro MmoxHa 3OificHUTH, OOoMOapAyoOYM AelTpOHAMH, PO3irHa-
HuMu go eHeprii 0,01 MeB, sagpa rpuriro. Taxe 6ombapayBaHHA
Xo4ya ¥ Ja€ MOMKJIMBICTHE CTBOPUTHA OJUHUYHI BUNaAKH 3’ €IHAHHSA
Agep, aje He MOXe OyTH BHUKOPHCTAaHEe LA OJepIKaHHA eHeprii.
Ha npucKopeHHS NeHTPOHIB MOBOAUTHCA 3aTpadyyBaTH Habararto
Oinbiie eHeprii, Hid Il BHAINAETHCA B pesyabTaTi MaJIOYHCJIEH-
HHUX BHIIAAKIB CHATE3Y ANEP, BUKJIHMKAHUX IIHMU IPHCKOPEHHMH
peaTpoHamMu. Peakiiida CHHTe3y cTaHe EKOHOMIYHO BHINIHOIO
JIMIIIe TOZi, KOJIH B cyMiIli feiiTepiio 3 TpurieMm Bci aapa (a6o xo-
ya 6 3HayHa ix yacTuHA) MaTUMyTh enepmm HOPAAKY 0,01 MeB.
Ilboro MoxHa OOCAITH, HArpiBao4#W CyMiIll KO TaKol TeMIleparTy-
PH, KOJH cepelHA KiHeTnuyHa BHepI‘lﬂ TeIlJIOBOI'O PYXY 4YaCTHHOK
cymimi mabamakaerscsa go 0,01 MeB. HesasxKo IIoKasaTH, IO
TaKa TeMIOepaTypa Ma€ CTAHOBUTH HECATKH MiJBHOHIB rpazycis.
Cnpasai, B 3HaeTe, 10 cepefHA KiHeTHYHa eHepria E Temwioso-

ro pyxy 4YacTHHOK JAOPiBHIOE E=%kT, BBIAKKM T = gf a6o

T =77 000 000 K.

- Omxe, peakiia cUHTe3y MOKe OyTH 3AilicHeHa JUIIIe 3a TeM-
neparypu B JeCATKH MiJBHOHIB rpajaycis, y 3B’A3KYy 3 UMM BOHA
Oicrana HA3BY mepmoadepHol peakyiiv 3a TaKHX TeMIepaTryp
PEeYOBHHA NEePeTBOPIOETHECH B rapsavyy miaasmy.y Huasa spificHemHs
peakiiii cuHTesy Anep AeiTepio TeMIepaTrypa IjasMu Mae OyTH
e BUOla — OOPHAKY 1 MJIpa rpazycis.

Ha mnaxy 3aificHeHHA KepoBaHOI TepMOsZepHOl peaxmii
CTOATH TDPaHZiO3HI TpyaHOIIi: HeoOxigHO HarpiTu nmasmy g0
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Oy»e BUCOKHX TeMmmnepaTyp nopsaaky 108 i 6insme rpagycis i, mio
He MeHI CKJaJHO, YTPHMATH po3irpity maasmy IpOTAIOM
TPUBAJIOTO Yacy B 3amaHoOMy o006’emi.

OgEMM 3 OCHOBHHMX METOJLiB HaArpiBaHHA MJAa3MM € HpPONycC-
KaHHs Kpi3b Hel eJIeKTPHMYHOro CTPYMYy, HarpiBaHHs CTpyMaMu
BMCOKOI 4acTOTH, yJapHMMHM XBHJSIMH, METOJOM ajniabaTHyHOro
cruckaHuasa Ttoigo. OcraHHiM uyacoMm ocobimBa yBara npuaiiasie-
ThCA BHUKODPHCTAHHIO EJeKTPOHHHMX a0o JiadepHMX IYy4YKiB Ius
MHMTTEBOrO HarpiBaHHA TEepPMOAJLEPHOIo IIajJiMBa OO0 HeOoOXigHUX
Temneparyp. Ilnasmy Bpasnocss Harpitu go 40 man rpagycis.

Hy»xke CKJIaZHMM € NOHUTAHHA NOpPO Te, AKI CTIHKH MOMXYThb
yTpHUMaTH IJasMy 3 TeMIepaTypol B HOeCATKHM MiJbHOHIB
rpaayciB. Byab-sika pedyoBHMHa 3a LMX TeMIepaTyp He JIUIe
BHUIIADOBYETLCA, a4 ¥ IIOBHICTIO MOHiI3yeTheAa. Bueni Hamaralorbscsa
poaB’Asaru npobigemy TepmoiszonsAnil maasMu 3a  JOIOMOIOIO
HEOJHOPiIHUX MAar"iTHUX noJiB. Bu 3HaeTe, 1110 3apamgkKeHa
YACTHHKA He MOXe pyXaTUcs IDOCTYHNAJbLHO I[IonepeK JiHin
MarHiTHol iHaykKuii. B ogHOpiZHOMY MArHITHOMY ITOJII YacTHHKA
3aKpy4YyBaATUMEThLCA HABKOJIO JIiHiN MmarsiTHOl iHAyKOoii. Axmo
CTBOPHUTH MAarHiTHe Imojie 3 3aMKHYTHMH JiHiAMH Mar"itTHoi
iEAyKIH], TO B INPHMHIHUIIL MOXHa yTPHUMATH ILIa3My B II€BHOMY
ob’emi.

Huni B 6araTrox KpaiHax CBiTy BezeThCcA BeJIMKA TEOpPeTHY-
Ha ¥ eKCIIepMMeHTaJIbHA poboTa 3 ogepKaHHA KepoOBaHUX TepMO-
anepaux peaknii. IToku uio TpyaHo ckasaru, Koau Oyne onep-
’KaHa KepoBaHa TepMosJepHa peaKIlisi, MOXXHa JIMILE CcHoJiBa-
THCh, 110 11 ycrnimHe po3B’sAszaHHA 00iusge npakTudHO GeaMmerkHe
PO3LIMPEHHsS eHepreTU4YHUX pecypcisB Ha 3emuti.

ITixkaro, uio TepmosnepHuil cuHTed Anep I'inporeny 3 snep
Tenio € prxepesiom eHepril BunpominwBanHsa CoHiA i 3ip, Tem-
mepaTypa pPe4YoBMHM B Hajgpax sikux gocarae 107—108 rpaaycis.

M—HOH}ITTH EJJEMEHTAPHOI YACTUHKH

Bcesa icTopisa po3BUTKY (isMKM nMpoHM3aHa OJHI€H OCHOBHOIO
ie€r0: MOSACHUTH BJIACTUBOCTI pidHUX 06’€KTIiB, BUXOAAYH 3 iX
CTPYKTYpH, abo, iHmIMMMH cjaoBaMH, Bigmykaryu Ti HenoxinbHi
NMepBUHHI 4acTOYKM (ILlerIMHKM CBiTOOYAOBH), 3 AKHUX NOOyZOBa-
HO marepianbHui cBiT. Po3B’As3anHsA 1iel igel npuBesio 4O CTBO-
PE€HHS MOJIEKYJIAPHO-KiHEeTHUYHOI Teopil OyZOBUM peyOBUHM, HA
OCHOBI s:¢01 gicrasu 3po3yMijie 1 efMHe NMOsACHeHHA MexaHiuHiI i
TenJoBi BracTUBOCTi Ti. DBuBUYEeHHA eJIeKTPHUYHUX i MaArHiTHUX
BJIACTHBOCTEN IPHBEJIO A0 BiAKPUTTH eJIeKTpPOoHAa i nporoHa i mo
CTBOPEHHSA €eJIEKTPOHHOI Teopii OyzmoBu pedoBHUHW JociigKeHHA
npoleciB BHNPOMIHIOBAHHA 1 IOrJIMHAHHA eJIeKTPOMarHiTHUX
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XBUJIb TilaMu IIOKAa3alo, IO €JIeKTPOMATHITHEe II0Jie Ma€ CBOIO
CTPYKTYPY, €JIEMEHTAPHOIO CTPYKTYPHOIO OAUHNIIEIO AKOT0 € (o-

TOH. ¥ ABJIEHHA IIPO KBAHTOBUH XapaKTep BUIIPOMiHIOBaHHSA 1 mo-

TJIMHAHHSA eJeKTPOMATHITHHX XBHJL 3 ycnixoMm OyJj0 BHKOpHCTAa-
He i B aromuiil disuni.Vilgepua disuxa saiiHaNacad BUBUYEHHAM
CTPYKTYPH ATOMHOTO siApa 1 BcTaHOBHJIA, IO BOHO CKJAJAETHCH
3 IIpOTOHIB i HEeHTPOHIE.

Taxum unHOM, HA nmouaTky 30-X pokiB XX cT. ByJI0 BCTaHOB-
JIeHO, IO OCHOBHUMM CTDYKTYDHUMH eleMeHTaMHU PEeYOBUHU €
eJIeKTPOHH, (HOTOHH, HeATpOoHHW i mpoToHHu. Ili wacTHUHKHN. 6y:m
HasBaHi enemenTapHuMu. Takoo HasBolO @I3UKH XoTinn
nifKpecauTy ToH (GakT, 0 Ha JAaHOMY eTall PO3BUTKY HAIINX
3HaHB PO GYZOBY PEYOBHMHM BOHH € OCTAHHIMM CTPYKTYDHUMU
enrementamu.vlepMin «eseMeHTapHa YACTHHKA» HA pPisHuMx era-
nax PO3BHUTKY HAYKHM IIPHCBOIBAaBCA PisHMM uyacTuHKaMm.t.Tak,
«eJIEMEHTAPDHMM» OYVB aToOM, KOJM BBaXXaBCH HENOMiJIbHHM.
«EnemeHTapEuM» OyJI0 aTOMHe AAPO i 3a/JMIIAETHCHA IIOKH IO
eneKTpoH. Ve« EnemeHTapauMu» OyJIN IPOTOH i HEMTPOH, 3 AKHUX
CKJIATAETHCA AADPO.

Temnep cTporo xoBeneHo, 10 6araTo 3 TaK 3BAHHMX €JIEMEeHTap-
HHX YaCTUHOK MAalThb CKJIAAHY c'rpyRTypkanm eJeMeHTapHH!-
MU MPUHAHATO BBAXKATH YACTHHKH, AKi He CKIAJalOThCA 3 iHmIMX
BiIOMHX 4YacTHHOK i mix uac B3aemofii 3 iHIIMM® YacTHHKaAMU
uu n_om&mn IIOBOAATHCA AK €LUHE IliJe.

Busuyennss sBuing npuponHoi i mTyuysol paaioakTuUBHOCTI,
ocoOnuBO B3aeMOAil eTeMeHTAPHUX YaCcTHHOK MiXX co00i0, CIIpHs-
JIO BiAKPDUTTIO BCE HOBUX i HOBUX e€JEeMEeHTAPHUX UYACTHUHOK 3
PisHOMaHITHHMHK BJIACTHBOCTAMU.\- ¥Y2Ke BiZoMO IIOHaA ABicTi
PiZHUX ejleMeHTAPHMX YACTHHOK.

OzHicro 3 HaMbinbIr BAaXKJIUBUX BJIACTUBOCTEH eJIeMEeHTAPHUX
YAaCcTHHOK € IX B3aemonepeTBopioBaHicTe. Hanmpuwxnan, HelTpoH
MOKe IIePEeTBOPUTHUCH B IPOTOH 3 BUNYCKAHHSAM eJeKTPOHa, a
IPOTOH, B CBOIO Yepry, 3a NEeBHUX YMOB MOJKE II€PETBOPUTHCH B
HeliTpoH. OQHAK Ile He O3HA4Yae, 1[0 HEHTPOH CKJIAZAETHECA 3 IPO-
TOHA I eJIeKTPOHA — OCTAHHI BUHUKAITE B MOMEHT pO3Iany
HelTpOHA, MOoKi6HO OO TOro, AK BHMHUKAE (GOTOH cBiTNa mim uac
IIepexony aroMa i3 30yAKEeHOTr0o CTAHY B HOPMAJIBHUIM. ,]Iem-u is
B38€EMOIIEPETBOPEHE MU POSIUVIAHEMO HMXKYe. :

BsaeMonepeTBOPEHHsSI YACTUHOK NMO30aBJSIOTh 3MICTY IMUTaHHSA
Ipo Te, 3 YOro CKJIAAAETHCH TA UM iHIIA UYacTHHKAa:VelleMeHTapHa
YACTAHKA He CKJAJAEThCA 3 IHIIMX eJeMeHTAapHUX - YaCTUHOK.
BoHN 3’ABJISIOTECS B IIPOLIECI IEPETBOPEHHSA IHIINX YaCTHHOK: I1ia
Yyac BCiX B3aeMOIEepPeTBOPEHL €JIEeMEHTAPHUX YACTHHOK CTPOro
BUKOHYIOTBECH OCHOBHI 3akoHmM 30eperxeHHA: MacH, eHeprii,
iMnynbecy, eeKTPHYHOrO 3apAly, 3aKOH B3a€MO3B’A3KY MacHu #
eHeprii.
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? 1. Axi YaCTHHKY OPHAHATO HABUBATHA ejeMeHTapHAMHU? 2. Aka QyH-

JaMeHTa/IbHa BJACTHBICTH IpUTaMaHHa eJeMeHTapHHM YacTHHKaM?

§98 — AHTHYACTHHKHU I AHTHPEYOBHHA

¥V nonepegHix po3ainax MU O3HAWOMHJIMCS 3 YOTHpMA eJe-
MEHTaApHUMM YaCTUHKAMM: eJIeKTPOHOM, IIDOTOHOM, HEHMTPOHOM i
¢ororHom. OgHuM 3 HaAW6.TBIIIUX NocATHeHb disuku XX cT. cra-
JIO BIiAKPUTTA aHTHUYACTHHOK — CBOEPIAHMX ABINHUMKIB 3ragaHux
BUIe YacTHHOK. llepiium 6yi10o BiAKPUTO ABIMHUK eJeKTPOHA —
OO3UTUBHHUU eneKTPOH, ab0 MO3UTPOH, TODTO YACTHUHKA 3 MO3M-
THUBHHUM 3apAfoM, PiBHHUM 3a abCONMIOTHUM 3HAYEHHAM 3apiany
eJleKTpOHAa, i Macorw, piBHOO Maci enexrpona. [likaso, o icHy-
BAHHA IO3UTPOHA IIIe 0 HOro BiAKPUTTA TEOPEeTHUHO Iependa-
yuB aHrIiicekui ¢isuk-reoperuxk II. JI1ip ax y 1930 p. Bin
nepenbayrMB TAKOX 1 YMOBM BHHUKHEHHS [IO3MTPOHA: TaKa dac-
THHKa YyTBOPIOETHLCHA B Napi i3 3BUYailHUM eJIEKTPOHOM Yy nporneci
B3A€EMO/Iil KBAHTA €JIeKTPOMATHITHOI'O BUITPOMIHIOBAHHSA i3 CHJIE-
HHMM eJIEKTPHYHHUM IOJeM, AKe icHye B Oyab-AKOMYy aTomi B Oes-
nocepenHil Osu3bKOoCTL 4o Aapa. 3 reopil Hipaka Bunausasno, 1o
y pasi aycTpidi mo3uTpoHa 3 eIeKTPOHOM BiAOyBaeThCcia IX nepe-
TBOpeHHA v (oTonm BenukKol edepril. YHepes aBa poKH HNO3UTPOH
OyJI0O eKCIIepDHMEeHTaJbHO BHSABJIEHO B KOCMIUHHX [POMEHSX
aMepuKaHCLKMM (isukoMm K. AHOZepcoHOM 3a I0DOMOIOK
kaMepH BinbkcoHa, BMilleHol B MarsHitHe moJe.

Y 1933 poui peanbHicTh IiCHYBAaHHS TNO3MTPOHIB Oyia
NiATBEPJAKeHA [gOcaifaMi, He I[IOB’SI3aHMMH 3 JOCJHiZKeHHAM
KocMiuHNX nnpoMeHiB. Bysio BuABJIeHO, 10 ITO3UTPOHH BHJIITAIOTH
i3 cBMHIIEBOI NJIACTHHH MiJ Yac onpoMiHeHHA ii ramma-GoToHaAMHU
BeJHMKOI eHeprii. B nboMy MOKHa IIepeKOHATHUCH HA TaKOMY
nocaigi. B kamepi BinskcoHa, BMilIeHi B Mar"iTHe moJse, BCTa-
HOBJIIOIOTH J3KepeJsio ramMma-(hoToHiB BesnKol eHepril (Hanpukam,
pagmioakTuBHuii npenapar ThC’). Han npenaparoMm, Ha IJIAXY
raMma-IIpoMeHiB, CTaBJATHL CBUHIEBY nJjactTuHy. Ha omepkaHux
dororpadiax (man. 163) moxkHaA cmocTepiraTy ABa BUKPHUBJEH] ¥
npoTuiyeKHi 60KHM MarHiTHHM IOJIEM CJIifM YAaCTHHOK —  «BHWJI-
Ky». 3a I'yCTHHOKIO CJiAiB, IX [JOBXXHHOIO i KDHBHM3HOIO MOXKHa
BM3HAYMTH, [0 BOHM HAJEXKATH IMO3UTPOHOBiI i eleKTpoHOBi. B
micui, e mOYMHAKTBCA ciaigu, Bigbyiocsa HepeTBOPeHHA ramMmma-
¢orona, AKUE BiTKHYBCA 3 AAPOM, Y IHO3HUTPOH 1 eJIeKTPOH.
Peakuiro yTBOpeHHsI MO3UTPOHA 1 EJEKTPOHA MOYKHA 3alucaTh

TaK:
hv— +?e+ __?e,

0o,
ae € IIO3HUTPOH.
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Man. 163

Hezabapom ®Dpeznepik ta Ipen Hlonio-Kropi B nocaigax 3 BUB-
YeHHs HITYYHOI pafioaKTHBHOCTI crocTepirajd BHUIIYCKaHHA I10-
SUTPOHIB pazgioakTUBHUMHM izoronamu Pocdopy, Hirporemy rta
IHIIUX eJIeMeHTIB. '

Tak 6yna BigkpuTAa Meplia aHTHYACTHHKA.

To# ¢akT, 10 NMO3UTPOH HA BiAMiHY BiJ eJleKTpPOHa cCIOC-
TepiraeThCcs JIKIlIEe Y BUHATKOBUX BHINANKAX, MOACHIOETHCH IYKe
MaJjiol0 TPUBAJCTIO #oro icHyBaHHsi, nopsaaky 10°¢ ¢ (B armo-
cihepuomy moBiTpi). IIporsarom 1poro yacy no3MTPOH CTHKAETHCA
3 SKMMOCH €JIEKTPOHOM PEeYOBHHH, 1110 BeJle 10 NepeTBOPeHHSdA I10-
3UTPOHA 1 IBOTO eJIEKTpOHAa Yy ABa (POTOHMU.

BinkpurTrsa neperBopeHHA (POTOHIB y mapy eJeKTpPOH — II0-
3UTPOH i 3BOPOTHOIO nMepeTBOpPeHHSs Iiel mapu y (POTOHH BHUKJIIH-
KAaJIO CIIPaByHIO CeHcallilo B HayKoBoMYy c¢BiTti. Ilo nporo BBaka-
Jocs, 10 eJeKTPOHH MOKYTh NEepexoJuTH Big aroMa o aToma,
aje, 37aBajiocs, HIKOJW HEe 3HHUKAITh 1 He BHHUKAIOTH 3HOBY.
Mik THM, 3’sicyBajocs, 110 OIMCHHUH cBiT 3HawHO OaraTimuii 3a
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mi, Temep BiKe 3acTapini, yaBiaenHsa. Buasmiocsa, mo 6yab-axa
YACTHHKA MOKe BHHHKATH B Iapi 3 AaHTHYACTUHKOIO i 3HMKAaTH B
pes3yabTaTi B3aeMonii 3 AHTHYACTHMHKOIO, II€PETBOPIOIOYNChL B
immi vactTuaku. ITigTBepI)KEeHEAM ILOrO CTAJIO BiAKPUTTSA OBiii-
HUKIiB-aHTHYACTHHOK Yy Bcix uactuHoK. Tak, y 1995 poui rpymoio
aMepuKaHCbKHUX (isumkiB Oyso BiZKpuTo aHTHOpOTOH. BiH Mae
Macy, IO OOPiBHIOE Maci mpoToHa, ajie 3apAAKeHNH HeraTHMBHO.

oro 3apdajn JopiBHmoe 3apsaaoBi nporoHa. IIporoxn i aHTHODpPOTOH
*TAKO/K BMHHKAIOTH OQHOYACHO B IIapi, a 3’€IHYOYNCH, 3HUKA-
I0Th, IIEPEeTBOPIOIOYNCE B iHINI YaCTHMHKH.

Y 1957 poni O0yn0o BUABJIIEHO iCHYBaHHS aHTHHEHTpOHIB. AH-
THHEHTPOHH MalThk Macy, piBHy abo OJM3BKY A0 MacH HeHTpOHA.
AHNTHHEATPOH, TAK caMO AK i He#TPOH, He MAa€ eJeKTPHYHOI'O
zapany. O6’eaHyoOYNCE DPa3oM, HEMTPOH i aHTHMHENTPOH 3HUKA-
I0Th, IE€PETBOPICIOYNCEH B iHIIL YaCTHUHKH.

Hu=i BBaKaeThcA AOBEAEHHM, [0 aHTHYACTHHKHK € B yCix
6e3 BHHATKY MiKpPOYaCTHHOK, JHIIe B IEAKHX HeHTpaIbHHX
YaCTUHOK, AK, HAINDHKJIAL, Y (POTOHA, aHTHYACTUHKA TOTOXKHA
YACTHHIIL. .

BcecranoBnesHa (aKTy iCHyBaHHS AHTHUYACTHHOK — IIO3HUTPO-
HiB, AHTHHEHTPOHIB, AHTHIPOTOHIB — IPHBEJO OO HOBOI mpobJe-
MH — OpoOJieMH aHTHPEYOBHHHU. BiIKpHTTA AHTHIPOTOHA HAJIO
MOJKJIMBICTh BHCJIOBHATH NPHNYIIEHHSA, II0 AHTUIPOTOH MOYKE 3a-
XOINIOBATH HA 30BHIINHIO OpOITY IMOSHTPOH i YyTBOPIOBATH «aHTH-
aroM», anajgoriuaui go aroma I'izporeny, a3 Tieio sguule pisauuero,
1[0 MO3MTHBHI ¥ HEeraTWBHI 3apALM MiHAITHCA MiCUAMHK. 3 aHTH-
IIPOTOHIB i aHTHMHENUTPOHIB MOMKYTH YTBOPIOBATHUCH <«aHTUAApa» i
iHmIX eJeMeHTiB, fAKi, SaXONWUBIIM HAa S30BHIIIHIO OpPOiTY Bix-
IOBiAHY KiJIBKiCTE IIOSMTPOHIB, YTBOPIOIOTHL AHTHATOMH IIMX eJie-
meHTiB. CYKYIHICTh TAKMX 8HTHATOMIB YTBOPIOE AHTHPEUYOBHHY.

IIi npunyimeHHs JicTaJll eKCOepPHMEHTAJNbHE MiATBEePIMKeHHA.
Ha cnoroaHi ozep:xaHO BaXKHH aHTHBOJeHb (aHTHAeHTepii),
aHTHUreJi¥ i aHTHUTPHTIA.

BinacTuBOoCTi AaHTHMpPEYOBHHM HiuMM He BiapisHAOTHCA BiX
BJIACTHUBOCTEH 3BHUYAIHOI pEeYOBMHH, ajie pas3oM pedYoBHHA I
aHTHUPEYOBHMHA iCHYBATH HE MOMKYTh — B32a€EMOJIIOYH, AaTOMH pe-
YOBUHU ¥ AHTUPEUYOBMHM 3HUKAIOTH, IEPETBOPIOIOYUCH ¥ (DOTOHU
Ta ismi yacTuHKH. IIpm TakoMy InepeTBOpeHHi ZedekT macu
OOCAra€ MAaKCHMYMY 1 BHIIIAE€TBCA MAKCHMAJBHO MOXKJIMBA,
3rifHO 3 B3aKOHOM B34EMO3B’A3KYy Macu ¥ eHeprii, KiabkicThk
noBHol eHeprii 2mc2, me m — maca oamiel wacrTnaru. Taxum
YMHOM, AHTHUPEYOBHMHA € HAMOLALIN JOCKOHANMM, HaNOiIbII
«KaJopifiHNM» IaduMBOM. AJle Ile NaJMBO HeOOXiZHO He Jauure
HAaBUNUTHCA AoOyBaTtH, a ¥ 30epiraTH, OCKiNbKM BOHO Mae OyTH
CTAPAHHO 130JBOBaHEe BijJ 3BHYAHHOI peuyoBHMHN. YH 3MOXKe
JIIOACTBO YCILITHO po3B’A3aTH L0 IpoblieMy, MoKarke MaibyTHE.
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BueHi npunyckaoTh MOXJINBICTL iCHYBaHHS OKpPEeMHUX 3ip, a
MOXKJIHBO, ¥ IIIJIHX 30PAHUX CHCTEeM (rajlakTHuK), AKi cKJIanaroTh-
cs 3 AHTUPEYOBUHU,— AHTHUCBiTIiB. 3ycTpiu ¥y cBiTOBOMY IpOCTO-
pi 3ipok 3 ABOMAa TUIIAMHM PEe4YOBHWHH 3aKiHuumigacsa 6 riraHTCBKHM
BUOYXOM, 3YMOBJIEHMM CHiJIbBHUM 3HUMKHEHHSAM aToOMiB 1 aHTH-
aTOMiB — IIepeTBOPEHHAM iX y ()OTOHHM Ta iHIIII YaCTHHKH.

1. YuM nOACHIOIOTHECA AyiKe pPifki BHDazKy cmocTepey<eHHHA NO3H-
Tpora? 2. Aki anTHuacTuHKM BH 3HaeTe? 3. Illo posymiroTe mix aH-
TupeuyoBuHOH? II[0 BM 3HaAETe NPO BIACTHBOCTI AHTHPEYOBHHHUT?

§ 99 — PO3IIAJ HEUTPOHA.
BIIKPUTTS HEUTPHHO

IMTicnsa BinKpuTTA HeliTpoHa 6yJI0 3aNIPONOHOBAHO MPOTOHHO-
HEUTPOHHY MOJeJb #AApa, fAKa CcTrajla 3arajJbHOBHU3HAHOIO Hicis
TOoro, AK Ha 11 OCHOBI ymanoca moscHuTu bGera-posnan saep. Ax
Bigomo, mig uac Gera-posmnaay 3 aapa BagiTae enexktpoH. OxgHak
eJIeKTPOHIB y Anpi Hemae, 3BigKH K BiH OeperbcaA?

PosransaHeMo JeTanbHime GeTa-posnan AesdKoro sapa, HalpH-
xian, Kap6ouy: '4C:'¢C— 'IN + Do

Ho posnaay sigzpo 'tC micTuiao 8 HeiTpoHiB i 6 nporonis, a
Aapo "IN , 110 yTBOPHJIOCS Micas posnmagy, MicTUTH 7 HeATPOHIB
i 7 nmporoniB. OTe, nig yac Oera-po3mnaay B AApi BiabyJiocsa
IIepeTBOPEHHA HeHATpoHa B NPOTOH i eneKTpoH. IIporon 3zanu-
maeTbca B AApi, a eJeKTpPpOH BUKHJaeTkca 3 HBoro. Ilpa-
BUJIBHICTE IIbOI'0 BHCHOBKY MHiATBEePIMKYETBCHA CIIOCTEPEKEeHHHAM
Haj BinbHUMU (He 3B’sizaHUMU B A4pi) HelirpoHamu. Buseuiocs,
110 BinbHI HeUTpPoOHH Oera-paJioaKTHUBHI 3 mepiogom miBposnany
oaussko 11,4 xB. IlepeTBOopeHHsA BiJIBHOro HeNTpPOHA B IIPOTOH
MOKJIMBE TOMY, III0 Maca CIOKOlo HedTpoHa m, = 1,008982 a.o.m.
IepeBHUIIyE€ Macy CIOKoI0 nporoHa m = 1,007593 a.o.m. Ha 2,53
MacH CIIOKOIO ejekTpona (m, = 5,48763+10 * a.o.m.). 3napanoca
6, mIo mig yac po3nany BiJIBHOro HeMTPOHA eJeKTPOH Mmae Haly-
TH KiHeTHMuyHOI eHeprii:

[(mu - '(m" i+ me)] c2 = 0;782 MeB.

Onuak gochaigxkeHHs Oera-posnaay saaep [I0Kasaju, [0 TaAKy
eHeprilo MalwTb Juile HaWbiabm mBUAKI enexTpoHH. Ile Oyao
AyXKe OUBHHM: 30BCiM OJHAKOBI AApa BUNYCKAJM EJIEKTPOHU
pisHol eHeprii i mepeTBOpHOBaJIMCA TaAKOXX B I[IJIKOM OJHaKOBI
AOpa, He3aJIe3XKHO BiJg TOro, AKY €eHeprixo MaB BHNOYILNEHUH
eJeKTpoH. Buxoauio, mio Gera-posmnajg sgep BigOyBaeThcA 3 MO-
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PVIIeHHsIM 3aKoHy 30epe)xeHHs eHeprii — ogHOro 3 HalbiJIbII
dbyHgamMeHTanpHUX (QismuEnx 3axkoHiB. o peui, came Taxke
npunyineHssa 0yno coouarxky BucaosieHe . H. B o p o m. Ograx
e IIPUIIYIIeHHA pilrydye CIPOCTOBAaHE IIOAAJILIINM PO3BATKOM
(piszuKHu.

Hlo6 momosaTu Ie HecHoAiBaHe MNOPYIIEHHS 3aKOHY 30epe-
JKeHHsI eHeprii, mBeinapcbkuii ¢isuxk B. Il 4 y 1 1 BucIOBUB
IPUNYIIEHHA, III0 OAHOYACHO 3 BUIPOMIHIOBAHHAM eJIEeKTPOHA
AOPO BHIIYCKAE IHEe OXHY YACTHHKY, AKa I 3abupae YacTHUHY
eneprii. Konru 6 ms yacTHHKAa Majga eNeKTPUYHHEA 3apsan ado
OOCHTH BEJIHKY MAacCy CIOKOIO (IIOPALKY MAacK eJleKTpPOHA), TO Iif
yac eKCOepHMEeHTAJBHHX JOCHigrKeHEB OeTa-posnazy BOHA He
sanumanacs 6 HemoMiueHo0. 3BiICH BUILJIMBAB BUCHOBOK, IO IIH
YacTUHKA, sKa 3roJloM JAicrana HaA3BYy HelmpuHo, He Hece eJIeKT-
PUYHOrO 3apAAy i Mae nysxe many abo piBHY HYJIO Macy CIIOKOIO.
Yepes BigcyTHICTL €IeKTPHYHOTO 3apAAY i MizepHy Macy HeWT-
pUHO ayse caabKo B3aEMOJie 3 PEYOBHHOIO, TOOGTO Mae Beaudes-
HY IIPOHUKAIOYWY 3JATHICTH. 3eMHa KYJAA AJA HeATPHUHO GiJrebiln
Ipo3opa, HiK HalKpalile CKJ0 AJAsa BUAnMoOro caitaa. Tomy mose-
JIOCA 3aTpaTuTu 6araro 8yCHIIb, mob ;:Losec'rn €KCIIePYMEHTAJILHO
icHyBaBEHA HEHTPHUHO.

JInme B 1958 poui 6ynu onepsxaui gaui, axi saceiguuau, 1o
HEeHUTPHHO 3laTHE B3a€EMOJIATH 3 ATOMHUMH SAAPAMM, BHKJINIKAO-
YM B HUX IEePeTBOPEHHSA IIpoToHA B HekrtpoH. lleir dakT cupuas
IepeTBOPEHHIO rinoTesu Npo BUHUKHEHHA HEeUTpPHHO Iix vac
Gera-posnany sifep B JOCTOBipHe TBepI KEHHS.

ITo3HAYMBININ HENTPUHO gv (MacoBe umcCIO i 3apaAln HOpPiBHIO-
I0TH HYJIO), PEAKIi}0 IePeTBOPEHHS HEUTPOHA MOJKHA 3alIVCATH:

on—=>iH+ Je+ V.

Tenep NpuHHATO HABUBATH YACTHHKY, AKA YTBOPIETHCA IIif
yac posnany HelTpoHa, aHTHHEHTPHUHO, IO BiAMiyeHO 3HAYKOM
~ HaN iHZeKcoM dYaCTHHKH. AHTHHEATPHHO BiApi3HAETHCA Bif
HeHTPUHO pPSAJOM BJIACTHUBOCTEH, fSKI BUABIAAIOTHECA B pPisHOMY
xapakKTepi BzaeMmomii 8 iHIDIMMM YaCTUHKAMH.

IIix uyac Oera-posmany sAAep eHeprig, IO BHILIAETLCH,
po3noAinAeThCcA B PiSHMX MPONOPIiAX MisK HaAPOMKYBAHUMH B
MOMEHT HEPETBOPEHHA €JEeKTPOHOM i aHTHHEeHTDPHHO.

ITig uac posrmany AxepHOol peaKuii mepeTBOpeHHsA HelTpoHAa
B IIPOTOH, €JEKTPOH i AaHTUHEHUTPHUHO MOYKe BUHUKHYTH 3alHUTAH-
HA, YW He 03HA4Yae LA PEaKIlid IPOCTOro MIOAiNy HeHTpoHa HAa
TPHU CKJIaA0oBi wacTuHHU. YM, MOKe, HEUTPOH € TAaKOI0 » MiKpo-
YACTUHKOIO, AK 1 IIPOTOH, & €JIEKTPOH 1 aHTHUHEUTPHUHO € HOBUMU
YacTHHKAMHK, AKi He icHyBasin «BcepeluHi» HeHTpoHa i Haponu-
JWCH 3a PAaXVHOK 3MiHM MacH y Ipolleci HepeTBOPEHHA HelTpo-
HA B IIPOTOH?
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HocnimxenHa mokasajH, 10 po3najx HeHTpoHA € IIepeTBO-
PEHHAM MiKPOYACTHMHKH, & He POo3’€IHAHHAM CKJAJAHOI CHCTEMH
Ha yacTuHHU. Ile TBepaKeHHA MOXXHA ONiAKpinuTH pAagoM GakTiB.
ITo-nepiue, 6yJj0 BiiKpHUTe aHaJIOriyHe HNepeTBOPEHHSHA IIPOTOHA B
HeHATPOH 38 CXeMOI

1P = on + je+ v,
ne,Ye — mo3auTpoH.

Ha Bigminy Big posnany HeHTpoOHa HO3UTPOH TYT CYIPOBO-
AUTH HEHUTPHHO, a He aHTHHeHdTpuHO. OCKiJBKM Maca CIOKOIO
NIpPOTOHA MeHINa 3a Macy CIOKOI HeHTpoHa (i, TuMm 6inwine, 3a
cyMy ™Mac HeHTpoOHa, IIO3UTPOHA 1 HEeHWTPHHO), TAaKHH Ipolec
MOXUJIMBHUI JIMIIE TOAi, KOJM BUXIJHMA OPOTOH MAE AOCTATHIH
HaaMip eHeprii, 3yMOBJIeHO1 B3a€EMOJI€I0 3 IHIIIMMH YaCcTUHKaMH,
HalnpuKJaJ B aTOMHHUX Aapax. HelTpoH mig yac Hapoa»KeHHA 3a-
JHIIAETHCH BCEpeIMHI Aapa, a HApOJKeHi MO3UTPOH i HeldTpHHO
BUKMJAOThCA HasoBHi. Taxkuit nponec, Biaxpuruii #onio-Kropi~
B 1935 p., HOCUTH HA3BY MO3UTPOHHOrO, a6o GeTa-nJioc-posnany.

BifoMe mepeTBOpeHHA |p + Je—> gn+ gv. Ilig gac mboro
NepeTBOPEHHSA A/IPO 3aXOIJIDE OAHUH 3 eJIEKTPOHIB cBOei 000JIOH-
KH i BUKMaae HeiiTpuHo. OJMH 3 IIPOTOHIB AApa IEePeTBOPHETHCA
B HEMTPOH, 3apdAj] Aapa 3MeHIIYeThbCA Ha oMUHHIIO. Ilei nporec
HOCHTb Ha3By e-3aXOIJIeHHs. BuiiTaHHA HEHTPUHO BUABJIAETHCHA
3a Bigmauelo sapa.

KoskeH 3 nux npoueciB He MOKHA MMOSACHHUTH IOAiJIOM cHCTe-
MM Ha CKJAJOBi YacTHHM, HEe BCTYIAIOYH B cynepequCTh 3 (haxk-
TOM ICHYBaHHA iHIIMX IIePeTBOPEHb (sncm.o HeUTpPOH po3mna-
IAEThbCA HA TMPOTOH, €JIEKTPOH i AHTUHEHTPUHO, TO AK NOACHUTH
poanaj NpoToHa Ha HEWTPOH, MO3UTPOH i HeWrpuHo). Ii npone-
CH € MePeTBOPEHHAM MiKPOYACTHMHOK B IIPAMOMY PO3YMiHHI I1hO-
ro cjgosa. EJeKTpoH, HO3UTPOH, HEMTPHMHO i aHTHHENTPHHO He
MicTATBCA B IIPOTOHI UM HENTPOHiI, a HapPOJXKYIOThCHA IiJ d4ac
B3a€EMHOI'O ITepeTBOPeHHA OCTaHHIX.

W——BSACMHI IIEPETBOPEHHA YACTHHORK
1 KBAHTIB EJJEKTPOMATHITHOI'O
BHITPOMIHIOBAHHSA

Y 1poileci BUBYEHHS BChOTro Kypcy GisuMKM MH I11ocTiiiHo
migKpecawBaJsi, IO icHye ABa BHJAH MaTepili — pedyoBUHAaA i IO-
ne (rpaBirainiiiHe i eJIeKTPOMAarHITHe) — 1 mOKa3yBaJH BiaMiH-
HOCTi Mi»>K mumMu aBoma Bunamm martepii. Ili BigzminHoOcTI MoXxHA
3BECTH [0 TAKHUX:

1) yacTHHKM pe4YOBHMHHM MAaIOTh MAacy CIOKOI0, a eJIeKTpO-
Mar”iTHe i rpasiTaiiniiiHe nmoJga — He MalOTh;
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2) WBUAKICTH, MOIIUPEHHS €JeKTPOMArHITHMX i rpaBiraimiii-
HWX OOJiB XopiBHIOE mMBUAKOCTI cBiTna y Bakyymi, a mBugkicrs
PYXY YACTHMHOK PEYOBHMHU 3aBXKJIW MEHIIA 3a IO IMBHAKICTL;

:3) peuoBMHa MAaJO MPOHUKHA, TOAL AK eJeKTpoMaTHiTHe i
rpasiTalniiige oJsA Oy)Ke IIPOHUKHI;

'4) peyoBHHA W MOJIe BiApi3HAIOTHECA KOHIEHTPAIli€l0 MacH i
eHeprii: BoHA y’<e BeJIMKA B YACTHHOK PEYOBHHH 1 AysKe Maia
B eJIeKTpOMAarHiTHoro i rpasiramniitHoro moJis.

Oguax wni BiaMiHHOCTI Mi’X YacTHHKaMK PEYOBHHMU - IIOJHA
3HHKAaITh ¥y Mikpocsiti. Mu BiKe 3HaeMo, 10 B3acMomii MiiK HY-
KJIOHAMHY B AApax 341HCHIOIOTHCA 3a LONOMOIOI0 SAePHUX IIOJiB.
CydyacHa KBaHTOBa TEOpPisd HOJA BUXOIWTL 3 TOTO, IO eJeMeH-
TApHI YACTUHKM € KBAHTAMU DIZHuMX IMOJMIB: MOTOHM — KBAHTHU
€JIeKTPOMATrHITHOTO [OJIs, €JeKTPOHM H NMO3UTPOHU — KBAHTH
eJeKTPOHHO-IIO3UTPOHHOI'O IIOJIA. ME30OHHM — KBAHTH KlJIBKOX
THIIIB ME30OHHHUX IIOJI1B, HYKJ/JOHHM — KBAHTH HVKJOHHOIO MOOJSA
Touro. THAKNIE Ka)KydH, HA P1BHI eJIEeMEHTAPHUX UACTHHOK (pak-
' YMYHO B1ACYTHI icTOTHI BigMiHHOCTI MiX pe4OBHMHOIO i mojeM SAK
Bugamu marepii. I erekTpoH, i mo3uTPOH, 1 IPOTOH, 1 GOTOH € AK
eJeMEeHTAPDHUMY YACTHHKAMM pPEUYOBUF™ TAK 1 KBAHTAMH
‘BIAMMOBIAHUX IIOJIE.

[Mpo BigHocHicTs moxiny marepii HA piBHI eneMeHTapHUX
YACTUHOK HA YACTHMHKW PEYOBHMHM 1 YACTHHKH IIOJHA TEPEKOHJIMBO
CBiuYHMTHL B3a€MONEepPeTBOPIOBAHICTh YACTUHOK PEYOBHHH M IMOJIA.
. Hanpuknazn, y 1934 poui 6y/J0 BCTAHOBJIEHO, 1[0 OpH 3iTKHeHHI
eIeKTpoHAa 3 IIO3UTPOHOM BiAOyBaeThCA IX IIepEeTBOPEHHA B ABA
doToHHn, TOOTO BinOyBaETHLCA INEPETBOPEHHS YACTHHOK PEYCBHHU
B YACTHHKHU eJIEKTPOMATHITHOrO nojs. MoxHa TaKo IOBODHTH
OpPO II€ePeTBOPEHHA KBAHTIB €JeKTPOHHO-NMO3UTPOHHOI'O IOJIA B
KBaHTH eJIeKTpoMarHiraoro nonas. Moxjausuit Takoxx 1 aBopor-
HUM IIpollec IepeTBOpeHHsA (oToHA BeNUKOi eHeprii mixg wac

B3iTKHeHHA 3 AAPOM B Napy €JIEKTPOH — IO3UTPOH. ¥ IBOMY
BHIIAAKY YACTHHKA MOJs — (POTOH — IIEPETBOPIOETHLCA B YaCTHH-
‘KY pedoBHHM (eJeKTPOH — Io3uTpoH). IlpupoaHo, mimg uac mmx

IepeTBOPeHb BHKOHYIOTHCA BCi 3axkoHM 30eperxenssa. Takx, maca
¢doTOHA BUABJIAETHCA TOYHO PiBHOIO CyMi MAC YACTHHOK, SAKIi
yrBOopuauca. Tomy He Moxe OYTH ¥ MOBH Hi IIpO AKe «3HUINEHHA»
abo «Hapom)KeHHsA» MAacH, a THM OijnbIllle MaTepil B HUX mpoiecax.
JdocaigxkeHHESA IIOKa3ajM, 10 IIepeTBOPeHHA B (GOTOHH i Ha-
POAKeHHA 3a PAXYHOK (OTOHIB cmocTepiraerbcsa IJjid BCix 3apd-
JoHeHNX YaCTHHOK i AaHTHYACTHHOK: IIPOTOHA ¢ aHTHMIPOTOHA,
W -mMesoHa ¥ |Lt-Me3oHa, TN'-mMe30Ha i1 m-me3oHa, K -mesoHa i
K+*-me3oHa, a TAKOXK OaA HeHTpoHA i aHTHMHeHTpoHa. fIK i ¥ BH-
NaxKy IIepeTBOPEeHHsA IIapHd eJeKTPOH — IIO3UTPOH, i wac Bcix
IUX NOpPOHeciB INepeTBOPEHHA YACTHHOK PEYOBMHU B YACTHHKM
eNeKTPOMArdiTHOro moas (boToHm) i 3BopoTHO 30epirarwThea Ma-
ca, eHeprisa, iMmnynsc i geaki iHmi xapakKTepHCTHKH YaCTHHOK.

276



XAPAKTEPHCTHKHA EJIEMEHTAPHHX
YACTHHOK

EnemMeHTapHiI YacTUHKH XapaKTepHU3YIOThCA MAacoi0 (CIOKO0I0),
€JEeKTPUYHUM 3apsjioM, CcepefHiM dYacoM >KHUTTA Ta JEeAKUMH
IHINUMU BEJIUUYMHAMH, AKMX MU He poarjasjgatrumemo. B HaBemgenin
HM»K4e Tabiunili BkasaHi Bei Bigomi enemMeHTapHI yacTHUHKH (3a BH-
HATKOM TaK 3BAHUX PEe30HAHCIB) 1 IaHO AeAKi IX XxapaKTepHCTHKH.
YacTuHKH B Tabinni pos3MilieHi B MOpAAKY 3pocTaHHA ix mac. Ya-
CTMHKH 3 MacaMy, sKi He nepeBuiyioTb 207 elTeKTPOHHHUX MAac
(kpim onHiel 3 HUX), CKJIAJAIOTh IPYNy JErKHX YACTHHOK — .Jern-
mowie, YacTUHKH 3 macaMu noHax 207 eleKTpOHHHX Mac, aje
MEeHIIIMMH 3a Macy TNpPOTOHA, BXOJAATE M0 TPy Me30Hi8 (cepenHix
YACTHMHOK), NPOTOH i GijIbIIl MACHMBHI YACTHMHKM CKJIANalOTh TPYITY
6apionie. Ocobause micne nocizae B Tabauii GOTOH.

Haoma Seer | B | tnaes, | S
qac'rfmxu HYACTHHKA qa!::!':‘;?i-xa 3apAan RIS (HabauxeHo)
DoTOH v 0 0 Crab6inbEuii
HeiliTpuHao
eeKTPOHHe v, v, 0 0 Crabinbue
= Heiitpuno
g | Moonne ¥ v, 0 0 CrabinbHe
g HeiiTtpuuo
= | raonne v, v, 0 0 CrabineHe
EnekTpon e e’ 1 1 ‘Crabinbuunii
Miroon (s T 1 206,8 = 106
Taon T Tt 1 3487 = 10-12
ITionu n° n° 0 264,1 = 106
= + n 1 273,1 =~ 1078
= n
<
0 0 K°v o 10 -8
[ K 0 974,0 10 10
G | e {K K- 1 966,2 ~ 108
Era-meson no n° 0 1074 = 10719
IIporon p P 1 1836,2 | Crabinbrmit
HeitTpon n n 0 1838,7 =~ 103
T'inepounn: - ~
= naMona A0 A 0 2183 = 10-10
= -
S | curma 2 ¥ 0 2334 ~ 10-20
3 x §+ 1 2328 ~ w=: 10719
2 2 1 2343 = 10710
Kci g0 =3 0 2573 = 10-1°
= = 1 2586 = 1010
omera Q Q 1 3273 = 10710
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Ilpu posrnsaai Tabnuili sBepraloTh Ha cebe yBary Taki ¢axrH.
Ho-nepme, JIMIIle TPpH 3 eJieMeHTapHHMX 4YaCTHHOK — eJIeKTpPOH,
NPOTOH 1 HEHMTPOH € OCHOBHMMM: 3 HHX nobymgoBaHi aromMu i
BiIMOBiIHO BeCch HABKOJMIIIHIN peYOBUHHUMN CBiT. 3apsaj eleMeH-
TapHOI dYacTHHKH (BHpa>KeHMH B eJleMeHTApHUX 3apsajgax)
popiBHIOE abo +1, abo —1, abo »xk 0; aBOo- i 6araTozapssmHUX 4dac-
THUHOK HeMae€. BiJblIicTh eJleMeHTAPHUX YACTHHOK € HECTiHKMMHU
i maroTh Oyxe mManuil nepiox »xkurrsa. KoxkHiA yacTuHOi (Kpim
¢doToHa i Hi-HyJIb-Me30HA) BigIOBiga€ aHTHUYACTHUHKA.

Y 1964 poni aBcrpifickkum-isnkom [l k. Il Beidirom i-

He3aJIe’KHO BiJ HbOro amMepHMKaHChbKMM ¢izuxkom M. TI'e a1 1n -
M a s HOM 3anpornoHOBaHAa rimnores3a IIpo iCHYBAHHA B IIPUPOLI
HeBeJMKOl KinbKocTi 6inbm (hyHIaMeHTANbHUX, «CHpaBiai eJe-
MEeHTaAapHUX YaCTHHOK», Ha3BAHUX kKeéapkamu. 3rigHo 3 Ii€ro
rinoresorw, Bci Mme30HH i DapioHu MmobOyjgoBaHiI 3 KBApKiB i1 aHTHK-
BapkKiB, 3’€lHAHUX MiK co00I0 B pidHux KombOidauiax. Haibiabiu
AuBHA (Ma¥ke HeiiMOBipHA) BIacTHUBICTh KBapKiB noB’sizaHa 3 1X
eNeKTPUYHHUM 3apsagoM — IMIPUIYCKAETHCA, IO KBAapKH MAalOTh
Apo6oBe 3HAUEHHS eJIEMEeHTApPHOro eJleKTpu4YHoro sapsany. Huni
B OaraTbox ¢isumuHMx JabopaTopiax CBiTY BeAyThCA €KCIIEePHUMEeH-
TaJbHI MOLIYKH KBapKiB.

- BUCHOBKM

EnexTtpuuni sBuma 1 0cobaMBOCTI ONTHUYHMX CIEKTPLB
XiMiYHHUX eJIEeMeHTiB CBiluaTh PO CKJAJHY BHYTPIIIIHIO CTPYKTY-
py aromis. B peayabraTri nposegesnx E. Pesepdopnom pocninis
BCTAHOBJIEHO, IIIO ATOM CHKJAJAETHBCH 3 INO3MTHBHO 3apdAlxKeHOro
MAaCHBHOIO sAJpa i eJIeKTPOHiB, AKI pyxXalTbCA HaABKOJIO [bOrI0
Anpa. :

Hdna noacHeHHA JiHiliyacTux cnekTpiB aroma Tigporeny
H. Bop 3anponoHyBaB HOCTYJIATH:

1) AToMHM MOXKYTh TPHUBaJIMi 4yac nepebyBaTH Jullle B IeB-
HUX (cranmioHaprux abo KBaHTOBHUX) cTaHax, B AKHMX, He3Ba*Kalo-
YH Ha PYX eJIEKTPOHIB 3 NIPHUCKOPEHHAM, BOHH He BUIIPOMiHIOIOTh
€JIeKTPOMArHiTHUX XBHWJb.

2) AToMHM BUNODPOMIHIOIOTH €JIEKTPOMAarHiTHI XBuJiI mim gac
nepexoay 3 OAHOro cramnioHapuoro crady B inmui. IIpu msomy
BHIIPDOMIHIOETHECA (DOTOH 3 €Hepri€lo, 110 JOPiBHIOE Pi3HUILL eHep-
rii craniomapHmMx craHiB:

hv = E, - E,.

Sl T

I[Tocrynarun Bopa excnepuMeHTaNbHO nigTBepiaykeHi Ppan-
kKoM i I'epuom. Teopisa Bopa Bigirpana BesnyesHy poJib Yy PO3BHUT-
Ky BUYeHHA npo 6yaoBy aromis, ajie 6yJia JIOridyHoO cynepe4JIUBOIO,
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OCKiJIBKY KOPHCTYBAJACA OGHOYACHO 1 KJIACHYHMMHU, i KBAHTOBH-
MU VSABJEeHHSAMH, i mismimre saminmeHa KBaHTOBOIO MeXaHiKoro,
AKa BKJIOUYae B cebe Teopiro Bopa AK OKpeMHl BUOAJIOK.

VY 1896 poui A. Bexkkepeabr BiAKpPHB sBHINe IPUPOIHOIL
pPamioaKTHBHOCTLI — BJACTHBICTE NEeAKUX PEYOBUH CAMOYHHHO
BUIIpOMiHOBaTH anbda-, Oera- i ramma-npomeni. Ansda-npomesni
¢ nmorokoMm sgep I'eniro, Gera-mpoMeHiI — IIOTOKOM eJIEKTPOHIB i
raMMa-nmpoMeHi € MNOpOMEeHAMH 3 [AYy’Ke KOPOTKOI MLOBXKHHOIO
xBuai mopazky 1079 m. B pesynsrari anepda-posnany azgpa
YTBODIOETECHA AAPO HOBOrO XiMidHOro ejeMeHTa 3 IOPAAKOBHM
HOMepoM (OPOTOHHMM YMCJIOM) Ha JABI OAMHHUIIL MEHIIMM, a B
pesynbsTaTi Oera-posnany HOBe AAPO Mae MOPAAKOBUI HOMep Ha
ogumHMILI0 Oilnplumii 3a HoOMep =BuUXizHoro azpa. I'amma-Bu-
HpOMiHIOl‘B&HHﬂ IOoJArae y BUOYCKAHHI sapom doToHa BeIHKOIL
eHeprii 6e3 smMinu 3apaay LLOro Agpa.

PagioakTuBHHE po3na[ A/pa B IeBHUNM MOMEHT Yacy € BUIIAJ-
KOBOIO IIOZi€0 i He 3aJe’KHUTh BiJ TOro, CKiJIbKM Yyacy sAApo B3a-
rajgi icaye. Mipoio mBUAKOCTI panioakTHUBHOIO IIepPETBOPEHHSA
CHYXKHUTH Ilepion nmiBposmany — 4ac, 3a AKUHA DPO3NATAEThCA II0JIO-
BHHa aToMiB OyAb-AKOI KinbKocTi enemenTa. KinpkicTs pagioakx-
TUBHUX SAJEep JAHOI'O COpPTY, o 30epersaucs A0 MOMEHTY uacy i,
BMeHIIYEThCA 3 YacoM 3a 3akoHOM N = N e . Crana posna_z:y A

_ 3B’A3aHA 3 nepiogoMm miBposnany T 3aleXHICTIO A = _"'I' & 0‘(;?3 i

BiacTuBoCTi 3apAAKeHHUX YACTHHOK HOHI3yBaTH MOJEKYJIH,
BILIMBATH Ha (DOTOILUIACTHHKY, BUKJIMKATH CBiueHHS pANY pedo-
BHH TOI0 BUKOPHCTOBYIOTBLCA OJA CIOCTEpPexeHHA i peecrparii
muxX gacTuHoK. Ins mocnimykeHHA 1HTEHCHBHMX IIOTOKIB uacTH-
HOK BeJIMKOl eHepril BUKOPHCTOBYIOThCA HOHiBaliiini xamepu. B
aiunnsEUKax Ieiirepa — Miosyiepa BHKOPHCTOBYETBCHA HABHILE
yaapHol Howmisanii mojsekys. @oTOeMyNbCiHHUI MeToJ peecTpa-
oil 3apAIKeHMX YACTHHOK I'PYHTYETBCA HA TOMY, IO 3apAmiKe-
Ha YacTHHKA, pyxaiouuck y ¢GoroeMynbcii, pydAHYE MOJIEKYJIH
Opomizy apreHTyMy Ha CBOeEMY ILIAXYy. B kKamepi Binscona
BHKOPUCTOBYETHCA SABHIle KoHAeHcauii mapm Ha IioHax, aki
BHHMKAIOTHL BHACJHIZoK ItonHizamil moJeKyn rasy mnpoJairarodoio
3apAAMKEHO0 YaCTHHKOIO.

IIponec nepeTrBOpPeHHEA ATOMHHX AEp, 3YMOBJIEHHH BIIJIMIBOM
Ha HHAX IIBHAKHUX YAaCTHHOK, HASHUBAETHCA AAEPHOIO peazcniero.
Ilepma mTy4YyHa AgepHAa peaicma Oyna apiiiciena B 1919 pomi
E. Peaepdopmom. _

ATOMHI sAApa CKJIAZalOThCA 3 NPOTOHIB i HEUTPOHIB, sAKi
YaCTO HA3MBAIOTHE HYKJOHAMHM. YucCiI0 IPOTOHIB ¥y AApl AopiBHIOE
ATOMHOMY HOMEPY IIBOI'0 €JIeMeHTa; CyMa YHceJ IMPOTOHIB i Heii-
TPOHIB y AApi HAasWBAETHCA MO0 MAacOBHM 4dHcaoM. Mix HYKJIIO-
HaMHM B SJpi AiI0OTE riraaTchbKi ANepHi cuiaM, AKI NPUOIHU3HO B
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-100 pa3 mepeBHMIIYIOTH CHJIM KYJOHIBCHKOTO BiJIITOBXyBaHHS
nporoHis. AxepHi cuan giloTE HA AyIKe MAIHX BigcTaHAX.

ITlixg wac yTBOpeHHS AApa 3 OKPEMHX HYKJIOHIB BHAINAETHCA
eHepria, Imo pmopiBHIOE eHeprii 3B’aAsky sazpa. CriikicTe
(MinHicTE) aTOMHHX SAZep 4YacTO XapPaKTepH3YIOTE ITUTOMOIO
eHeprieio 3B A3KY.

ITix yac agepHUX peakniii o0OB’ABKOBO BHUKOHYIOTBHCH PisHI
3aKOHM 30eperKeHHsI: eJeKTPHUUYHOrO 3apsaAy, YHCIa HYKJIOHIB,
eHeprii, immyascy, macu Tomo. PospisHaloTe Taki TAnm pe-
akmii: 1) BunycKkaHesa 30yKeHHM SApPOM raMMa-KBaHTIB 3-I10-
BEPHEHHAM sAApa B HOPMaJbHHI cTaH; 2) 3aXONJIEHHA AAPOM
6omMOapayo0Yol YJACTHHKH 3 IIEePEeTBOPEeHHAM IbOro AApa B O6iapin
MacuBHe; 3) IOrJAuHAHHA AApoM GoMmOapAyo4ol YACTHHKH 3 BH-
NYCKAHHAM HHUM OJHIEI UM KiJIBKOX YaCTHHOK; 4) poamermeﬁaﬂ
Aapa Ha KiJbKa 4acTHH. -

¥ mporneci aiepHEAX peakiliii MoKe BHAIJIATUCH A NOTJIHHATH-
csa eHepris. EHeprernuHni edexT peaknii MOMKHA pospaxyBaTH
Ha OCHOBi 3aKOHY 30epe)XeHHA ¥ nepeTBOPeHHSA eHeprii. Buginen-
HA #AxepHOi eHepril Mae Micme AK mig dYac peaxkumifi moainy
BaXKKHX AJep, Tak i mis wac peaxini¥ cuHTe3y JIETKHX Anep.

Cryninp ompoMiHEeHHSs cepefoBHINA DaZiOAKTHBHUMH BU-
NIPOMiHIOBAHHAMM KiJIBKICHO XapaKTepH3YIOTh NOIVIMHYTOIO IO-
3010 — eHepri€w BUOPOMiHIOBAHHSA, NOIJIHHYTOK 1 Kr peYOBHHH.

Ha nouarky 30-x pokis XX cToliTTAa BCTAHOBIEHO, IO
OCHOBHHMH CTPYKTYPHHMH €JIeMEHTaMH PEYOBHHH € eJIEKTPOHH,
opoToHH, HeWTpoHH i ¢ororu. Ilismime Oyno BigkpuTO pAL
€JIEMEHTAPDHNX YACTUHOK, AKi HEe € CTPYKTYPHHMMH eJIeMeHTaMH
PeYOBHHN, OZHAK BiZirpaioThs BAaXXJIMBY DOJIb y B3aEMOAIAX Mi»x
eJIEMeHTAPDHUMHA YacTHHKaMH (IIOSUTPOH, HEWTPHUHO, Me30HH,
oioHM TOILIO). .

¥V 1932 poni BigKpuUTO ABIHHUK eNeKTPOHA, HOro aHTHYAaC-
THHKY — OO3WUTPOH, iCHYBaHHA SKOro TEOPETUYHO Imepeabadus y
1930 p. II. Oipak. ©0oTOH BeJIMKOI eHeprii Moske NepeTBOPHUTHCA
B nIapy eJeKTPOH—IO3UTPOH i, HaBIakH, mij yac 3iTKHEHHSA I10-
SUTPOHA 3 €JIEKTPOHOM BOHH NEPETBOPKIOThCA y ABa (hOTOHH.

BinbHMA HeWTPOH paxicakTHBHUH 1 BHacCHiJOK pagioaKTHB-
HOr0O pO3mnajy NepPeTBOPIETHECA B IIPOTOH, BHIIPDOMiHIOIOYH IIPH
IBOMY €JeKTPOH i anTuHeliTpuao. Po3mnan HeiiTpoHa € HmepeTBO-
PeHHAM B iHINI YacTHHKH, a He IPOCTHM HNOXIiJIOM Ha CKJIaJOBi
JACTHHH.

¥V MikpocCBiTi 3HMKAE Pi3HUIA MiXX YaCTUHKAMU PEYOBUHHU i
nmons. IIpo BimHOCHIiCTE mozisny Marepil Ha piBHI esremeHTapHUX
YACTHMHOK HA YACTUHKH PEUYOBMHM i YACTUHKM NOASA IEePeKOHIH-
BO CBiAYMTh 1X B3a€EMONEPETBOPIOBAHICTE.



POJSAIA X

A. PIBUAYHA KAPTUHA CBITY. TEXHOAOT 1A

$ 102 — CYYACHA ®PISUYHA KAPTHHA CBITY

Bu 3akiHYMIM BUBYEHHA Kypcy (pismku. BuBueHHUl BaMHu Ma-
Tepiaj € pe3yJbTATOM riraHTCBKOl JOCHAINHUNBKOI po6OoTH, BHKO-
HaHOI npoTArom 6araTbox CTOJIITH YYEHWMH BChOI'O CBiITY 3 HO-
caifykeHHsl pisHux (GopMm pyxy marepil, 6yzoBH 1 BJacTHBOCTEM
MaTepiaJlbHHX TiJI.

¥ xoxni BuBUeHHA (Pi3MKH Ta IHINHNX HAayK BU II€epeKOHAJUCH,
IO OpH BCiil cBOil pisHOMaHITHOCTI HABKOJMIIHIN MaTepiaib-
HU cBiT eguHMi. Moro eaHicTh BUABIAETHCA HacaMIepea B TO-
My, L0 BCi ABHIIA, AKMMH 0 CKJIAJHMMU BOHHM He 3JaBajiMCs, €
Pi3HMMH CcTaHAMH i BJIACTUBOCTAMHM PyXOoMOi maTepii, MarOTeE Ma-
TepiajlbHe NOXOMKeHHsA. €AHICTH CBITY BHABJIAETHCA TAKOMXK VY
B3a€EMO3B’A3KY BCIX #ABHIL, MOXJHMBOCTI B3aEMOIIepPEeTBOPEHb
¢dopmM MaTepil i 11 pyxy. Pasom 3 THM €AHIiCTE CBiTY BUABIAETHCA
B iCHyBaHHI psy s3araJibHMX 3aKOHIB pyxy marepii (3axoHu 36e-
peXeHHs eHeprii, iMnyJibcy, eJIeKTPUYHOIo 3apsAny, B3a€MO3B’fA3-
Ky Macd Ta eHeprii Toio). 3aBgaHHsa (isUKM Ta iHOIUX OPUPOI-
HUYHUX HAYK HOJIATa€ B TOMY, MO0 BUABMTHU Il 3arajbHi 3aKOHHU
IIPHUPOAH i MOACHHUTH Ha IX OCHOBiI KOHKPeTH1 fABHIa il IIpoliecH.

Bigo6paskeHHAM €IHOCTiI CBiTYy B IIi3HAHHiI € CHHTE3 HayKO-
BUX 3HAHBb, 300yTHUX y npolieci A0CHigKeHHA NPUPOAU PiZHHUMMU
Haykamu. Ha KoKHOMY eTani pO3BUTKY HayKHM BHHHKAaE He-
00xigHicTe 00’€fHAHHA HAVKOBHUX 3HAHBL B €JUHY CHCTeMYy 3HAHb
Npo ABHUILA NPHUPOAM — B IPUPOLJHHUYO-HAYKOBY KapTHMHY CBiTYy.
ITig npUPOAHNUYO-HAYKOBOI KAPTHUHOIO CBiTY PO3yMiiOThH yCIO Cy-
KYNHIiCTh 3HAHbL IIPO IPEeAMETH 1 SBHINA TpUpoau, 06’eaHaAHUX
€IMHUMU OCHOBOIIOJIOXKHHUMM 1iesiMU, AKi gicTanu nigrBepaskeH-
HSA Ha jgociaizax i sbeperyu cBow 06’€eKTHUBHY LiHHICTH ¥ PO3BUT-
KY JIOJICBKOI IYMKH.

dizuyHa KapTUMHAa CBiTY CTAHOBMTH HaCTHHY BCi€el cucTeMH
3HaHb PO NPUPOAY, OCKIJIBKM BOHA CTOCYEThCA JumIe (PisMUHMX
BJIACTHBOCTEeM MaTepiasbHHUX TiJn i QpisuuHux hopmM pyxy marTepil.
disnuHa KapTHHA CBiTYy nae HaWbiabil 3arajbHe CHHTE30BaHEe
VABJIEHHA MNPO CYTh (Pi3MUYHUX ABUII HA HAHOMY €Talli PO3BUTKY
¢disnuHoi Hayku. IlpupoaHo, 110 3 po3BMTKOM (isMKHU 3pocTae
KinbkicTh BiAKPpUTHX 3aKOHiIB. OJHOYACHO BCTAHOBJIOETHCA 3B’ A-
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30K MiX MMM 3aKOHaMH, JedAKi 3 HUX JicTAlOTh TEOpeTHUYHEe
OOI'pYHTYBAHHA 1 moZanmpile ysdarajbHEeHHS, HA OCHOBiI 4oro yac-
TO BUSABIAECTHLCA MOKJWBHM BHUBECTH BijoMi panimie 3aKoHH 3
Oinpm saranpHMx QismusHUX Teopii, mpuanunis. Tax, 3 ocHOB-
HOTO PIBHAHHA KiHETHYHOI Teopili MOY»XHA BHBECTH BCi 3aKOHU
izeanpHOro rasy abo 3 eneKTpoHHOI Teopii 6yA0BM peuUOBHMHHU BH-
BecTHu 3axoHU Oma, xoyaa—Jlenna Tomio.

Y pO3BUTKY JIIOACBKOI'O MNi3HAHHA 1 MPAaKTHYHOI'O OCBOEHHSHA
CBITY B3aBKAW NPOABJIAJOCHA IIparHEHHA CcQOPMYJIIOBATH HaM-
OinpII 3arajbHi 3aKOHHM 1 NPHHUMON, 3HAHHA AKHX agaBajo 6
KJIIOY OJs NMOACHEHHA BCiX mpomeciB. PO3KpHUTTA TaKWX 3aKOHIB
3aBXKIU BBarKaJIOCHd HaAWBAXKJIMWBIIIIOI yMOBOIO NOOYZOBH €OHHOIL
HayKOBOI KAPTHHHU CBITY.

¥ crapozaBHBOMY CBiTi Bci 3HAHHSA Hpo npupoxay ob’egHyBa-
Ja B cobi ¢pisuka i yke Ha ToH uac Oynu chopMyILOBaAHI OCHOBHI
eJleMeHTH MaTrepianicTuuyHoro posymiaasa cBity. Mucaureni Has-
H501 I'penii — JleBkin, Hemoxpir, Enikyp, a rTaxoxx Crapo-
naBaboro Pumy — Jlykpeniit Kapp TBepaunu, 10 HABKOJHUIIHiM
CBiT Ba CBOEK IPHPOLOI MATepiaJlbHMHA, HECTBOPIOBAHUN 1 He-
3HUIIYBAHUH, icHye BiuHO B 4yaci i OeamerxkHHMiI y npoctopi. Bei
TiJla CKIaAal0ThCA 3 NIePBHHHHUX, JaJi HEIOOINBHUX YaACTHHOK —
aTOMiB, AKi Imig Yac BcixXx 3MiH He BHHNKAKTL 3 Hi4dOro i He 3HM-
IIYIOTHCH, 4 Julle 3’€JHYIOThCH 1 po3’eJHYIOTHCH.

Bucyneuns B 1543 poni Mukonaem KomepHukKoMm resiones-
TPHYHOI cHcTeMH CBiTy i HacTymHMiT nporpec ¢isMyHHX 3HAHB
OiagroTyBanu I'pyHT AadA GOPMYBAHHA MeXaHiYyHOI KAPTHUHU CBITY
Ha ocHOBi 3axoHiB MexaHiku HrerloTona. 3riguo 3 suenuaam Hero-
TOHA, BeCh CBIT CKIAMaEeThLCA 3 TBEPAHUX, HEIMPOHMKHHX UYACTHU-
HOK — aToMiB, AKi MaoTh Macy Ta iHepuiro. BigpisHaioTeca Bo-
HU OAMH BiJ OJHOro rOJIOBHMM YHMHOM KinbKicHO, cBoiMu Mmaca-
Mmu. IIi yacTHHKH yTBOPIOIOTH pisHi Tina, ski o0’egHyIOTHCA B
KocMiuHi cucremu. Bece GaraTcTBOo, BCA AKicHA pPi3HOMAaHITHICTH
CBiTY € pe3yJabTATOM Pi3HHIIL B PyCl IHX YacTHHOK.

dizmka HroToOHA maBaja HOCHUTH 3arajbHy i BiITHOCHO Hao4-
HY KapTuHY cBiTy. BoHa cTajsa TeOPEeTUYHOIO OCHOBOIO Pi3HHX ra-
ays3el TexHikM Toro uacy. Ho npyrol momoBumHH XIX cT. mexa-
HiyHa KapTHHA CBITY JOocCAIlJAa II€BHOI 3aBepII€HOCTI i 3maBajyiacsa
HENOXUTHOIO. 1i 3MinHeHHs OyJI0 3yMOBJIEHO HacaMmIiepes ycixa-
MHu HebecHOI MexaHiIKH, gKa 3MOIJVIa TOYHO 3a3fajeriik o69mciro-
BaTH MaMOyTHI moso)eHHA miuaHeT HA HeOl Ha ocHOBL 3HaHHA
ixHix mapameTpiB y MuHyJdomMy. @i3HKM BBaXKasH, L0 IOXIOHMI
OXHO3HAYHHI B3acMO3B’A30K MiM»X ABHIAMH BUABJIACTHCHA IIO-
BCIOIU B CBiTi, AKMHA € TiraHTCHKOIO CKJAAIHOIO MAIIHHOI.

Ograk 1A HaoyHA MexXaHiyHa KapTHHA CBiTy BusBHMJacda He-
cupomoxHOO. Iliz uYac BHBYUEHHA eJEKTPOMATHITHHUX SBHIIY
(npaui Epcrena, Ammoepa, Aparo Toio) 3’scyBaJjiocs, 10 BOHHA He
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nigkopsirorsea Mexanini Heioroma. Ili Tpyamomi e mornubunucs
3 possuTxkoMm M. dapaneem Teopil enexTpomMarHiTHOro mnoJaA.
dapaseem OYE BCTAHOBIEHUI B3a€MO3B’A30K MiXX €JIeKTPUUHUMU
i wmarHiTHUMHBE aBuinaMu, a MaxcsenanroMm coOpMyJNaBOBaHI
PiBHAHHSA €JIEeKTPOMATHITHOTO IOJISA, AKI MaTeMaATUYHO OIMHACYBAJIK
meil 3B’sA30K. PizMKH HAIOJErJMBO HaMAaraJuca 3BEeCTH IIi
pipHaAHHA 40 piBHAHL MexaHiKM HploTOHAa, ane Bci cnpobu BusA-
BHJINCA MapHHMH.

KpiMm TOro, 3 pO3BHTKOM TEepMOLHHAMIKM i CTATHCTHYHOI
disuru Oynm BigKpUTi AKICHO HOBiI CTATHCTHMYHI 3aKOHHU TEILIO-
BUX IIpoleciB, AKi He MOXHa 3BecTH O 3aKOHIB aguHaMmikm Hiro-
ToHAa. Ilo cyTi, e Oyma Kpusa MexaHiuYHOI KapTUHH CBiTYy: yaB-
JeHs npo abCoNIOTHICTE 3aKOHIB MexXaHiIKM, IpPo He3MiHHiCTH
aToOMiB, IPO MOMXJIMBICTH 3BeAeHHA Bcix dopm pyxy Mmatepii mo
MexaHiyHOI.

3 PO3BHTKOM eJIeKTPOAMHAMIKY y (isuiii mOCTYIOBO YTBEpPA-
JKYETHCA YABJEHHS IIPO CBIT AK PO BCe3araibHY CHCTEMY, IO0OY-
DOBaHY 3-E€JeKTPHYHO 3apAdKeHUX YacTHHOK, AKi B3aeMogiroTh
MiK co00i0 32 JONIOMOIOIO €leKTPOMAartHiTHoro noida. Inaknie xa-
HKYUM, MOYHMHAETHCA MOOYAOBA €IMHOL €JIeKTPOMATHITHOI KAPTHHH
cBiTy, Bci mozii B AKill KepylOTHCSA 3aKOHAMY EJEeKTPOMATHITHHX
B3aEMOIi.

Bepirinap CBOro poskBiTY eleKTpOMAarHiTHa KapTHHAa CBIiTY
OOCArJIa TMiCJIA CTBOPEHHA cllenianbHOI Teopil BigHOCHOCTI, Koau
6yno ycBigoMieHO GyHIaMeHTalbHe B3HAYeHHS CKiHYeHHOCTI
HIBUAKOCTI NOIIMPEHHSA €JeKTPOMATHITHUX B3a€MOZii, CTBOPEHO
HOBEe BYEHHJ NP0 OIPOCTOPROBO-YACOBI BiIacTHUBOCTI Marepii, BeTa-
HOBJIeHI peaatuBicTchKl piBHasHa pyxy Tin, saki samisnam
piBHaHHA HpI0TOHA 3a BEIMKHUX IIBUIKOCTEH.

OpHak panpIINiEl PO3IBHTOK (pisMKHM moxKasaB oOMelxeHicThb
eJleKTpoMargiTHol KapTuHHM cBity. B Hi¥ mMaTepisa posriasaganacse
AK CY!{YIIHiCTb [IO3UTHUBHO i HEeTraTHBHO 3apAfMeHHNX 4YaCTHHOK,
AKi B3aeMOiIOTH uepe3 ejJleKTpoMarHiTHe i rpapiTaniiine mosas.
YHacTHHKHN PYXalOThCA 38 MeXaHiYHMMM 3aKOHaMH, a 3MiHH B
eJeKTPOMAarHiTHOMY OOJIi ONMHCYIOTHCA PiBHAHHAMM Makcpessa.
Arne mezabapoM 3’Acysanaca oOmexkeHicTe miei kaprmHu cBity.
Boxa He MorJia MOACHUTH CcTifiKocTi aToMmiB i iX cmexTpaJgbHi Xa-
PaAKTEePUCTHUKHM, He OXONJIOBAJA THKIHHA (3aKOH BCECBITHHOTO
TAMKIHHS He MOYXHA BUBECTH 3 Teopil e1eKTPOMAarHiTHOro noJsg),
He NOofACHIOBaJIa XiMiuHoro 3s’A3Ky aToMiB y MoJneKyJjgax, SBUIIA
pagioakTHBHOCTL TOIIO.

Pang dyspameRTanbHMX BiAKPHTTIB Ha moyaTKy XX CT.—
KBAHTOBAHOCTi eHeprii i eHepreTuYHUX PiBHIB eJIEKTPOHIB B aTO-
Max, €IHOCTi KOPIYCKYJISIPHUX i XBUJIBOBHUX BJACTUBOCTEH ¥
MIKPOYaCTHMHOK, Pi3HOMAHITHOCTI THIIIB eJeMeHTapHHX YacTH-
HOK i iX BracTuBOCTe¥, B3aeEMOAiil i mepeTBOpeHsL — BCE Iie IIPH-
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BeJIO OO 3aMiHM eJIeKTPOMArHITHOI KapTHHM AKICHO HOBOIO KBaH-
TOBO-IIOJIBOBOI0 KAPTHUHOIO CBiTY. BOoHA I'DYHTYETBCHA HA AOCATHEH-
HAX KBAHTOBOI MeXaHIKM, AKA B OCHOBHOMY HOACHUJIA CTPYKTYPY
aToMmiB i MomexkyJs, npupoay xXimiumoro 3B’Asry, (ismxo-ximiuni
BJIACTHUBOCTI MaAKPOCKOMIIYHUX Tij, onucana 6araTo BJaCTHBOCTEH
i 3aKOHiB TepeTBOPEHHSA €JIeMEHTaPHUX YaCTHHOK i Teopil BimHOC-
HOCTi, PO3KpHJIA 3MiHH IIPOCTOPOBO-UACOBHX XapPaKTEPHCTHK Tij
3i mBHAKICTIO IX pyXy, 3B’AB0K MacCH ¥ eHeprii Tomio.

CyuacHa KBaHTOBO-IIOJLOBA KapTHHAa CBiTy, aAK i 6yab-sika
imma HaykoBa KapTUHAa, I'DYHTYETECA Ha BHU3HAHHI Marepianb-
HOCTi i1 eAHOCTI CcBiTY, 3arajJbHOrO 3B’A3KY 1 3YMOBJIEHOCTi CTPYK-
TYPHHX PpiBHiIB, Ha BH3HAHHI HEBHUYEPIIHOCTI BJIACTHBOCTEH
marTepii i HeoOMesxeHocTi i1 nmisHaHHA.

€xHicTs cBiTY nosArae B #oro marepiassHOCTi (Bci mpegmeTH i
ABHIA € PisHMMH CcTAHaAMH 1 BJIACTHBOCTAMM pPYXOMOIL
MaTepii), y B3a€MO3B’A3KY SABHII, HasiBHOCTiI B marepii yHiBep-
caJbHMX BJacTuBOcTell (aTpmbyTiB), B icHyBaHHI 3araJpHHUX
3aKOHIB pyxy maTepii.

3 moraanxy cydacHoli ¢disukH, icHYIOTH ABiIi OCHOBHI (dopmu
marepii — peyoBuHa i mosne. PeuoBnHa mMae nmepepuBdacty (guc-
KpeTHY) OyaoBy, a nojle — OesnepepBHY. OgHak PO3BUTOK (iznku
IoKasaB, IO Ioxis Marepii Ha PEYOBMHY M II0J€ BTPATHUB
abconoTHHE cMuca. Mu 3HaEMO, IO KOXKHOMY IO BigmoBimaroTs
KBAHTH IHOr0 IOJA: EJIEeKTPOMATHITHOMY IIOa0 — (QOTOHH,
fAlepHOMY — T-Me30HH TOoIo. B cBolo uepry BCi YaCTHHKH pevo-
BUHH MalOTh XBHJBLOBi BjacTuBocTi. 3a BiAmOBiAHHX YMOB Yac-
THHKH PEYOBHHH MOMYThL IIEDETBOPIOBATHUCA B KBAaHTH
BigmoBigHMX moJsiB i, HaBODaKH, KBAHTH HOJIB MOMYThH IIE€pPeTBO-
PIOBATUCA B YACTUHKH PEYOBUHHU (IPHUKJIAZOM MOXKe OyTH Bigome
YTBOPEHHSA €JIEKTPOHHO-IIO3UTPOHHUX Iap 3a paxyHoK (oToHiB i
NepeTBOPEHHA Napy eJeKTPOH —IO03UTPOH ¥ (GoToHM).

Bizo6paxkenuaM MarepianbHOl €aHOCTi CBiITY € TaxkoXx i Te,
II0 BCA pisHOMAaHIiTHiCTE pisHHX ¢opM PyXy MIKPOYaCTHHOK i
MAaKPOCKOIIIYHUX TiJ BUABJIAETHCA Yepe3 YOTHUPHU OCHOBHI THIIH
B3aemoxiii: 1) cuasvry, abo adeprny, saxa 3pilicHioe 3B’A30K
HYKJIOHIB Y AApax aTomiB; 2) eaexmpomazHimuy, sKa 3yMOBJIIIOE
3B’SI30K MiXK €JIEeKTPUYHO 3apAAMKeHMMH 4YacTUHKamu; 3) crabry,
abo «po3nadHy», AKa 3yMOBIIOE GeTa-posnal Axep 1 neperBopeH-
HS HeWUTpoHa B NIpoTOH; 4) 2zpasimayiithy, sAKa 3IYMOBJIOE
TsoKiHHA Mik Becima marepiansammu ob’exramu. IIi Bzaemogii
BigpisHaoThCcA pagiycom ail i BigfHOCHOIO iHTEeHCHBHICTIO, TOOTO
eHeprierw, AKa nmepefgacThcda HiJg yac ImMUX IMpOIlecis.

Cdepa mnposBy pisHHX B3aeMoOXili i BHUKINKAHUX HHUMH
¢disnyHNX ABUINL BUSHAYAETHCH paniycom ix xii i mos’sasaHa 3 TUM
Yy iHIIEM CTPYKTYPHHM pisHeMm nofiny martepii. Ha maxpodi-
3UYHOMY PiBHI He BUABJIAIOTHCHA KOPOTKOAiIOUWiI cUibHI i caabki
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Bzaemoxii, ToGTO AN MAKPOTiN BHUpilIaJbHE 3HAYEHHS MAIOTH
rpaBiTauniiina i emxexTpoMmarHiTHa B3aemoxia. [pasitaniiiza
B3AEMOJIiA BH3HAYAE PYX KocMiuHMX 006’¢KTiB 1 YyacTKOBO ix
oymoBy. lcToTHOIO € clila TAMKIHHA i A pyxy Bcix maxpodiszuy-
HHX Tia Ha 3emui.

ITim yac KOHTAKTIB MaKpPOCKOIIIYHHX TiJI eIeKTPUYHI 3apanu
OZHOro Tia HAGJIHIKAIOTHECH OO 3apALiB iHIIOrO, II0 BHUKIHKAE
icToTHI eneKTpOMAarHiTHI cHMIM, BiZOMi AK CHJIM IIPY2KHOCTi, TEepTH,
OIOpYy cepezoBUINa. TaKUM YMHOM, PYX MAKPOCKOIIIYHWUX TiJa Ha
3emai BH3HAUAETHCA rpaBiTanifiHuMuU 1 eneKTpoMar"HiTHUMH
BaemMogisMu. OcTraHHiIMH 3yMOBJeHi 1 6iapnricTs BUIPOMIiHIO-
BaHbL — BuUaAuMe, iudpauepsBoHe, yiasTpadionreroBe, pEHT-
TeHiBChKE TOIIO. :

VY mixpocsiti, B o61actax posmipamu Bizg 1078 m g0 1071% M
BUpimIanesHy PpPOJE BigirparmoTs eJgexTpoMartHitTai Bsaemopaii,
ockinbku rpapitaniitni nmopiBaaHO 3 HUMHU MizepHO MaJi. Enek-
TPOMATHITHA B3aeMoIisa o00’edHye sAOpa W eJIeKTPOHM B aTOMH,
aTOMHU — B MOJIEKYJIH, MOJEKYJIH — B KpucTanau. EixexkTpomar-
HiTHUMHI B3aeMoAiaMu 3yMoBIeHLI Bel ximiuwmi peaxirii, a 3HauMTSH,
i Giosoriuni mpoIrecH.

EnexTpomaruiTHi B3aemomil BHABJAATHECA B MIKpOCBiTi Ha
BifcTranax, menmux 3a 10715 M, ase TyT BOHUM NEPEKPUBAIOTHLCA
GinbII iHTEHCUBHUMM CHIIBHUMHK B3aeMogiamMu. CunbHi B3aemomil
BeAyTH OO0 B3aEMHHX IIE€PETBOPEHL eJeMEeHTAPHUX YACTHHOK i
aToMHUX saaep. Ha Biagmiry =Big rpasitamifimol i eJjexkTpo-
MaraiTeoi ¢opm pyxy ui npouecH BigGysBarmThbca B Macliurabax
nopaAaKy po3MmipiB atromuHux axep. CunbHiI Baemogii 3abesmeuy-
I0Th CTifiKkicTs aTtomMHuUX azep. Ilopsang 3 cuIbHEMH B MiKpocBiTi,
moumHawyu 3 Biacrarme#r 107! M, npossasroreea ciaabki
B3aemonii. Cnabri B3aemopgii — 1me mnpoiecH, 3B’ sA3aHi 3
BUNIpoMiHIOBaHHAM 1 B3aemogieo HeuTpuHO (Iig uvac posnany
PagioakKTHBHUX Anep, HEeHTPOHIiB, Me30HIiB TOIIO).

OTixe, cunpHi i crabki Bzaemozii pa3oM 3 eIeKTPOMATHITHUMH
3YMOBJIIOIOTE GYAOBY 1 BIaCTHBOCTI aTOMHUX AdEP i eleMeHTApDHUX
YaCTUHOK. '

MarepiansHa €OHICTB CBITY BHABIJETHCA TAKOMX B aGCOJIOT-
HocTi 1 BigHOcHOCTI icHyBaHHA MaTepii, B il HecTBOprOBaHOCTI i
HEe3HHUINYBAHOCTI, mmiATBepasKeHMX BCIM PO3ZBHUTKOM NOPHPOIO-
3HaBcTBa. IIpo me cBizuaTe KOHKpPeTHI 3aKoHU 30eperxeHHsA 1
nepeTBOpeHHA (Qi3MYHMX BeIMYMH, AKI XapakTepuayOTE pPi3HI
BracTuBocTi mMatepili i i1 pyxy (Sakonm 30epexxeHHs MacH,
eHepril, sapazxy, imnyascy tomro). Ili okpemi 3aKOHH € KOHKDET-
HHM BHpasoM 00’€eKTHBHOI 3arajbHOI BJI4ACTHBOCTL HeCTBOPIOBAa-
HOCTi i HesHMInyBaHOCTL MaTepii 1 pyxy.

CyuacrHa (pisnuHa KapTHHA CBIiTY € pes3yabTaTOM y3arajabHeH-
HfA HAaWBaXKJIMBININX NOCATHEHL ycix (ismunmx Hayk. OgHaK Xo4
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IIA KapTHHaA CBiTY i Big3HaAYaeThCA BeJIHKOKI 3arajbHicTiO i
YCHOiIIHO NMOACHKIE fGaraTo ABHILN, BCe X Yy INIPHPOJL icHye HeBH-
YyeprnHa KiJbKicTh ABHIN, AKiI cyuyacHa (isuuHa KapTHHAa CBiTy
MOSAICHUTH He MOXe. 3 TaKMX TPYAHOILIIB cJig Hacamnepen
BKa3aTH Ti, 110 TOB’A3aHi i3 CTBOpPEHHAM €IWHOI Teopil eJleMeH-
TAPDHHUX YacTHHOK. TOoMYy He MOXKHA BBaXKATH cydacHy ¢isnuny
KapTHHY CBiTY CKinbKH-HeOyabh 3aBeplieHol. CkaagHicTh CBiTY
nepeBa’)ka€ 1 3aBXKJIU IlepeBa’kaTUMe CKJIAAHICTh JIIACBKUX YAB-
JieHb IIPDO HBOTO.

§108 — ®I3BUKA I HAYKOBO-TEXHIYHHUH
IIPOT'PEC

CyuyacHH# HAYKOBO-TeXHIUYHMI nporpec xapaKTepHU3YyeEThCHA
iCTOTHO HOBMMHM B3a€EMHWHaAMH HAYKH 3 BUpoOHuUITBOM. Ha 0asi
HAWHOBIINX BiAKPHUTTIB BUHUKAIOTH OiJbII IpOrpecHBHiI TeXHO-
goriuni npoitecu (esekrpodisnyuHi, eJIeKTPOHHI, eJeKTpoxiMiuHi,
YJABTPaA3BYKOBiI Tomio) i HoBi ramysi mpommucinoBoctri. Ha ocHoBi
OOCATHEHb sAfepHOlI (isMKH BHHHUKJIM sAJepHa eHepreTuka 1
BUPOOHHUIITBO paXioaKTHBHHUX i30TOniB, HA OCHOBiI [NOCATHEHb
¢disuku TBepHOoro Tija — BHUPOBHHMITBO HAIIBIPOBIAHMKOBUX
npujaanaiB, CUMHTETHYHHX MaTepiajsiB i3 3asgaserib 3agaHUMH
BJIACTHUBOCTSIMHU TOINO. ¥ HAMI Yac Pi3KO CKOPOUYYIOTHCSA CTPOKH
BIPOBAJ KEHHA HAYKOBHUX BigKpuTTiB y BupobHHITBO. CyuacHa
HAayKa HACTiJIbKH TiCHO 3B’A3aHa 3 BUPOOHHUIITBOM, III0 CaMa CTae
6e3nmocepe HBOI0 BUPOOHHUYOIO CHJIOIO.

SAxki >k HAaNpAMM TEeXHIYHOrO Iporpecy HaM6GiabII Ba>KJINBi?
3 yciel iX pisHOMAHITHOCTI BUAINMTMMO JIUIIIE Ti, B AKHUX, 3 OJHOIO
OOKY, BUABJIAIOTLCA PEBOJIIOILIIHI IpoliecH, 1110 BHOCATH iCTOTHi
3MiHM B XapaKTep PO3BHTKY IHUX obJsacteil, a 3 Apyroro — mi
HaAmpsiMU caMi BIJIMBaIOTH HA BCe HAPOAHE IOCHONAPCTBO i THM
caMMM BHCTYIIAlOTh Y POJIi MPHCKOPIOBaYa HAYKOBO-TE€XHIYHOIO
nporpecy. IlpupoaHo, mo poa3riasgaTuMeMo JiMIIe Ti Hanpamu,
AKi I'PYHTYVIOTBCHA Ha HOCATHEHHAX (hismKwu.

Enepreruka. IcToTHe 3HA4YeHHs /JIA PO3BHUTKY HAYKOBO-
TeXHIYHOro mporpecy Ma€ eHeprernuHa 6asa rexHiku. OCHOBHUM
BHUAOM eHeprii Hamoro 4yacy € ejgekTpuyHa. Jlerkicrp onepxaH-
Hf, IepefaBaHHA ¥ BUKOPHMCTAHHA — Bce Iie 3po0UJIO eJIeKTPpHUY-
HY €Hepriw Haibijgepll yHiBepcalbHHUM BHUAOM eHeprii. JInme ene-
KTPUYHA €Heprid la€ MOKJWBICTH peaJbHO HNepPeTH 0 IMIUPOKOI
aBTOMATH3aIlil TPYOOBHUX IIpOIlEeciB.

HayxoBo-TexHi4YHHMI Iporpec IpHUBiB 0 LINPOKOro 3acTOCY-
BaHHS B TeXHOJIOTIUHHX nponecax piGHﬂx BJIACTHBOCTEH eJIeKT-
puKH (TepMiYyHHX, CBIiTJIOBHMX, €JeKTPOMATHITHUX TOIIO), & TAKOMK
A0 BcebiyHOro 3aCTOCYBAHHSA e€JMIeKTPHUYHOI eHepril gaa yo-
paBiIiHHA, Oas norpebd TpaHcOoOpTy, 3B’A3KY i B ycix cdepax mo-
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oyry. lleit picT como:xXMBaHHA eJeKTpoeHeprii cmnocrepiraerbes
HUHI ¥ Becromy cBiTi. Koxui 8—9 pokis BUpPOGHUIITBO eJIeKTPO-
eHepril Ha 3eMJi IOABOIOETHCH.

OCHOBHHMU HanpAMaMH PO3BHUTKY e€JeKTPOeHepreTHKU € Tell-
JoeHepreTUuka ¥ aromHa eHepreruka. Lle ozmauae, 110 Ana mepe-
BaXXHOI GiNBITIOCTI eleKTpoCcTaHILiil, AKI OyAVBAaTUMYTRLCSHA, AKepe-
JaMH eHeprii OyayTh BinnmoBizHo ximiuna eHepria nasusa i anep-
Ha eHepria. ¥ nHam uyac moHax 80 % enexrpoeneprii Bupo6-
JAETLCA Ha TEILIOBHX eJIEKTPOCTAaHIIiAX. IX sHauemHsa B eHepre-
TPIIJ,i mie TpI(IBaJIPII‘:I Jac 3aJuiaTuiMeTbCAd BU3HAYAJIBHMM.

BaxiuBuME TeHAEHIIAMH PO3BHTKY TeIJIOGHEPTreTUKU €:
BUKODUCTAHHSA BOJAHOI MAPW BHUCOKOIO THMCKY ¥ TeMIepaTypH,
nozajlbile HiABHUINEHHS IOTYXKHOCTiI eHepreTHuHuX GJIOKiB, pos-
BHTOK aBTOMATH3aIlil IpoIlleciB Ha TeNJOBHX €JIEKTPOCTAHIIiAX.
OpguumM 3 HANOLABII ePEeKTUBHUX HANPSAMIB PO3BUTKY TEILJIOEHED-
reTHKH € Teliodikanis, To6To KoMOiHOBaHe BUPOOJIEHHA €JIeKT-
poeHeprii i ogep:aHHA BeJIMKHX KiJIBKOCTEH TemJjioTH, L0 A€
MOYKJIMBICTh 3HAYHO €KOHOMHIiNIe BUKOPUCTOBYBATU IIaJIUBO.

3 uacy BBeAeHHS B [il0 IePIIOl ATOMHOI €JIEKTpPOCTaHIil
(AEC) muayno 6aussko 50 poxis. 3a mein uac B Texmini AEC
cTaJgucsa BeJHKiI 3MIiHH: pi3K0o B3pOCHM MOTYIKHOCTI AAepHUX
pPeaKToOpiB, MiABHIIMINCA TeXHiKo-eKOHOMiIuHI morkasHuKku AEC.
Ina padoHiB, BigzaleHWX Big pecypciB XimiuHOro mnasamusa,
cobiBapricTe KinmoBar-rogmau aaa AEC mennia, HisK Oaa Temno-
BUX enexTtpocradiliii. Tomy, He3Ba)kamoUud Ha HeI0o BHIIY
BapTicThk obnamHaunHA ana AEC, ix zaraigbpHiI eKOHOMIUHI mokas-
HUKH B IIUX YMOBax Kpalli, Hi» AJA TEIJIOBHUX eJIeKTpOocTaHIIii.
Maiike muA BCix KpaiH CcBiTY, 0COOJMIMBO AJA THX, AKL He MAOTh
AocTaTHiX pecypciB ximiuHOro mnanmsa, IporpaMa CTBOPEHHA
AEC crana HuHI oxHiero 3 HaWOINBLII BaXXJIHBHX Y PO3BUTKY
eHepreTUKU ¥ eKOHOMIKH B IjijoMy.

Po3BuTOoK aToMHOI eHepreTHKH BiaOyBaeThbca Ha OCHOBLI CTBO-
pPeHHA AJEePHUX PeaKTOPiB Ha TeIIOBHX HedTpoHax. o BaKIHMBHX
3aB/JaHb YIOCKOHAJEeHHSA OUX peaxkTopiB 1 posBurky AEC
HaJIe)KaTh Iojanblle 30iNbIIEHHA INOTYXKHOCTEH peaxTopiB (mo
1,5—2 mnu kBt i, moxgnuso, 6inbare) i rypborenepaTopis A HUX,
CTBOPEHHA BHCOKOTeMOepaTypHoro peaxTtopa (-~ 800 — 1000 °C
i BuIE), AKI MAKOTh BeJIHMKEe 3HAYECHHA JJA HNOJINMNIEHHA BAKOPHC-
TAHHA AAEPHOr0 IIAJHBa 1 3acTOCYyBaHHHA AZEepHOL eHeprili y
BHCOKOTEMIIEPATYPHUX TEXHOJIOTIYHUX MpoIecax TOIIO.

Y PpOSBUTKY €eHEepreTHKM BellKe 3HaueHHs 30epirae rimpo-
eHepreruka. llepemBary rigpoenexkrpocranniii (I'EC) cranoBuTH
HeBUUYEPIHICTE rigpoeHepropecypcis, Huspka cobiBapricTh
BUpOOJsieHOI eHeprii, BigCcyTHiCTH IUIKiZIUBOro BINKHBY HAa HABKO-
aunige cepegosuile. Hemoaikom I'EC € BigHOCHO BHCOKa
BapTiCTE IX CIIOPYA*KeHHH.
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IIponec enextpudikanii BMMaras BHCOKHUX TEeMIILB PO3BUTKY
#i ompaijOBaHHA HAYKOBHX OCHOB eHepreTukKn. Poas’ssamusa
disuxo-rexHivaAnx npobiieM eHEpPreTHKM A€ HOBLI MeTozu mepe-
TBOPEHHH eHepril majauBa B eJNeKTPHUYHY, YIAOCKOHAJIEHHSA
MeTOAiB nepemaBaHHsA 11 Ha maneri Bigcraxi. Ile mae moxxIuUBiCTE
OyxyBaTH AK TEIJIOBL, Tak i rigpasBiiuHi eHepro6/IoKkn 3 BeJgHUues-
HOIO OAWHHWYHOIO HOTYXHICTIO, fAKa ZOCArac KiIbKOX MiIbHOHIB
kisoBar. Tenmep BOPOBaZAMKYIOTHECSI BHCOKOBOJLTHI JiHii mepemau
Hanpyrox 1 wmiaH BoJabT. JocArHeHHs HAaAOiBOPOBiIHHMKOBOI
TexHiKM 3a0e3HeYyIOTh EJEeKTPOEHEPreTHKY IMOTYKHHEMHM Iepe-
TBOPIOBAYaMM eHeprii, eJIeKTPOHHHMM KePYHYWMU IIPUCTDOAMU.,

Ilepmri ycmixu JOCArHYTO B IIONIYKAX HOBUX MeTOZIB i cro-
cobiB ofep)KaHHA eJeKTpoeHeprii. 3o0KpeMa, MOCATHYTO BEIHUKOIO
nporpecy B IepeTBOPEHHI COHAYHOI eHeprii B eJIeKTPUYHY,
IIOYMHAIOTE 3aCTOCOBYBATHCS MarHitTorizpoaunamiuai conocobu
TeHepyBaHHA eJeKTpuyHoro crpymy. IIposemeni ycnimmi
JocJifiu 3 OCBOEHHA TePMOMOHHOIO IepeTBOPeHHA BHYTPIiNIHbOI
eHepril B enexTpuuyHy. Beanxa poGora B ycbOMY CBiTi Bemernca
Hag OpobJieMOI0 TePMOSJEPHOr0 CHHTE3Y.

Pagioenexrponika. BaximeuM HanpsaAsMoOM Cy4acHOI'O HAYKOBO-
TeXHiyHOro nporpecy € pajaioejqekTpoHika, ii Trexniuni sacobu ra
ix B3acTocyBaHHA B 0Oararbox rajayssx mgiaabHOCTL gwopei.
CyuacHa pallioesleKTPOHIKA € PO3BHHYTOIO TEXHIUWHOIO HAYKOIO i
rajys3sio TeXHIKM, 3B’A3aHOI0 3 LIMPOKMM KOMILIEKCOM HAVKO-
BHX MeTOJiB i TexHiuyHHMX 3acobiB aasa sanaM’ATOBYBaHHA, Ilepe-
pobKH i nepenadqi ingopmanii Ha 0OCHOBI BHKODHCTAHHA €JIEKTDO-
Mar"HiTHUX aBurmn. Baxko HazBaTu innry ranyss TexHiku, ska 06 3a
cBOIiM BIJIMBOM HA KHUTTA 1 giaasHicTe JgroamEm nocimasa 6
Taxe BaykausBe micre. CyyacHy pazioeneKTpoHIKY no npaBy BBa-
JKar0Th BU3HAYAJBHUM HAIPAMOM HaYKOBO-TEXHIYHOTO Iporpecy.

PaxioenexTpoHika € OCHOBOK aBToMaTU3anil BHPOOHHUMX
OopomneciB. YCKJIaHeHHA CYy4YaCHOTO IPOMHMCIOBOrI0 BUPOOHMIITEA,
3pOCTAIOUI B3a€MO3B’A3KY OKPEeMUX IiANpuUeEMCTB Mimx coboi0 BU-
MAaramTh aBToMaTH3anil farareox kKepyloumnx GpyHKIik. ITe mox-
Ha 3pobUTH JuNle 32 NONOMOI0OIO €JIEKTPOHHUX &BTOMATHU30BAHUX
cuctem yunpasiainasa (ACY), marepialbHYy OCHOBY SAKHUX CTAHOBE-
JATH eJNeKTpoHHiI obuucaioBaneHi mamupu (EOM). Texaiuxom
OCHOBOIO OOUYMCJIIOBAJIPHHX MAIIHH € 3aco6M pagioceeKTpOoHIKM.

3a DOpiBHAHO KOPOTKY icTropir Bukopmcranua EOM, mi npu-
cTpol 3a3HaJIM 3HAYHUX 3MiH, 3MiHMJIHM TpH <«OOKOJiHHA». Ilep-
e nokoaimas EOM, crBopene ma mexi 40-x i 50-x poxis, aAB-
aajao0 coboro rpomisaki MmanoHanmiyimi jsammoBi nmpuctpoi, 3zarHi
PO3B’s13yBATH BY3bKe€ KOJIO OOYMCHIOBAJIBHMX 3amad. I Bce »x ca-
Me 11i EOM girpanu Haa3BUYaAWHY pOJIb B TeXHIiIi iH)XeHepHHUX
po3paxyHKiB 1 B mpaxkTuii ¢ismuHHx gocaimxess. OgHaK BOHHK
BUABWUJINCA MasioepeKTHUBHHMH IJA PO3B’ A3aHHA eKOHOMIYHHX 1
YIOPAaBJIiHCAKHUX 3anad.
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Ha sminy mum EOM B 50-x poKax OpMHIUAM MaliuHM IpPY-
roro mMOKONiHHA, No0yAoBaHi Ha HamiBupoBigHHMKax. BoHM Manu
3HAYHO MEHIIl po3Mipu, BigaHauanucsa O6inpimoro HazifimicTio B
poboTi 1 MamH miKoM HOBI MOMJIMBOCTI, 3yMOBJIEHI iX BEeIHKOIO
namM’ATTIO 1 MBHAKOOIE!O.

Hogi moxausocti EOM apyroro mokoJiHHA pPisKo pO3IHHPH-
JIX KOJIO PO3B’A3YBAHMUX 3a4a4, JaJTA MOMKJIIABICTH NIMPOKO 34CTO-
COBYBATH Ix B exoHoOMini. MammuwH® Apyroro HOKOJIHHS HajIu
MOKJIMBICTE IIPOBecTH icToTHI 3MiHM B xapakTepli TexHoO-
JIOTIiYHUX M[poueciB, CTBOPUTH AaBTOMATH3IOBAHI CHCTeMH VII-
paBiirasa BupoSEUNOTBOM (ACVYII), aBTOMaTHN3yBaTH PO3B’A3aHHSA
DaraTsox 3a84Y €KOHOMIKH.

Hanpukiani 60-x pokie moyanm cCTBOPIOBATHCA MAIIUHHN Tpe-
THOTO IOKOJIIHHA Ha iHTErpaJbHMAX CXeMaX, AKi saMiHOIOTH Iiai
6JI0KM MAaIlMH ONXHMM MIiKpPOCKOmiYHMM eJieMeHTOM. BoHH
BizHaualOThCA MIe Oinbpmrioro HaAIAHICTIO, MAOThE BEINYE3IHY
naM’aTh 1 gysxe BHCOKY mBHAKozaiio. Temep y smabGoparopiax i
JocruinaoMy BHDPOOHHUIITBI HAPOMYKYETBCS 4UYeTBEpPTEe IMOKOJJiIHHS
MaOI¥H 3 eJIEMeHTHOIO 0a3010 Ha OCHOBiI me Oinsnoroi imTerpamii,
a TaxKoyK i3 3acTocyBaHHAM Jia3epHOI TeXHIKM 1 OHTOeJIeKT-
pPoOHiKH.

¥ mam yac EOM 3Haxo4ATh IMIMPOKE 3aCTOCYBAHHS B YCix
chepax HaAyKH, TeXHIKH B BupoOHuMOTBa. Mamumam Tperhoro i
YaCTKOBO ByKe APYroro IIOKOJiHHA BiIKPHUIM BeMHKI MOMKJIMBOCTI
B ranysi yopasnimEa BUpOOHWYMME OponecaMy OAd NOGYyZOBH
aBTOMATH30BaHMX cucTreM yopaBiainusa (ACY) B TexHoJMOriumii
chepi i B ranysi agmMmimicTparmemiii. 3a ix ZOIOMOroI0  BHKO-
HYETHCHA yHpaBJiHHA B MacmTabi mexiBs, 3aBoxiB i mimux ranyseii.

3acTocoByerhca EOM y Bepcrarax 3 mporpaMHUM KepyBaH-
HAM. BuKopucToByioTeca cuenianbai EOM mns xepyBaHHSA OKpe-
MHMH TPAHCHOPTHHMH 3acofaMu, HAIPUKJILJ, eJIeKTPONOTAraMu,
mdirakamMu, KopabGaaMu, AJA OpraHiszanii KOHTPOJ 34 PYXOM B
aeponoprax, Ha aepoapoMax.

Possutox EOM i sacHoBamux ma Hux ACVY nocryrnoBo Bexe
L0 TAKOro IIOJIOJKEeHHs, 1IN0 BOHU HAGYyBalOTh 3HAYEHHA OCHOBHOTI'O
3acofy mnpani, AKMHA BU3HAYAE IIPpOrpec Yy MIPOBIZHHX raaysax
npomucyoBoctTi. Cdepa sacrocysamua EOM Beck uac 3pocTae.
Hy*ke BeJIMKe 3HAUEHHA BOHHM MAIOTh i B PO3BUTKY HayKu. Beas
sacrocyBanEa EOM Temep He o00XoOuThCHA KOAHE 3IHAYHE
mocnimxenHs. Beaumki mosxnuBocTi Binkpuaucsa sasgaxkum EOM
nepen meaumuuHOo. OnpannpoBanHi Meroau Bukopucranua EOM
AK giarsoctiB y Kai”iuHi# npakTuni. Bes EOM HemoxxIuBi 3a-
OYyCKU KocMmiunmx KopabniB i cynyrHuKiB. na BUBegeHHS HA
opbiTy KocMiuHOro Kopabis HeoOXimHO 3a CeKyHAU nepepobuTH
Takuil Benrukuil obcar imdopmanii, nio me oix cuny nunre EOM.
Yei pagi npo noair kopabasa, npo cran 0OpTOBMX cHCTeM i camo-

10 2-263 289



OOTIYyTTHA KOCMOHAaBTIiB BBOAATHCA B O0pTOBi o6unciaoraneHi npu-
CTpoOi, IepeAaroTHCA HAa 3eMJII0 1 HAAXOAATE Y BUTJIAAL KOMaHA Ha
BUKOHaHHS B HOTPi6HI nmpunagm Kopabns 1 HazeMHHX KOM-
miaexcie. ¥Yei mi mpomecm BHKOHYIOTBCA TYT 3 BeJIHYE3HOIO
MIBAAKICTIO i BUCOKOIO TOYHIiCTIO.

3aBaaHHs aBTOMAaTH3AIil BUPOGHUIITBA BUMATAOTE CTBOPEH-
HA 'HYyYKHX, TOYHHUX I HAAIMHKUX cHCTeM KOHTPOJIIO i ynpaBIiHHA
pisHUMM nporecaMy, AKi 6 XapaxTepH3yBaJHCA MaKCHMAILHOO
meuakicTio. KpiMm EOM, B AKHX eIEeMeHTH eJeKTPOHHOI TeXHiKu
3aiiMaoTe TIOJIOBHE Micle, IOJA aBTOMATU3aIllil BHUPOOHHIITBA
BHKOPHCTOBYETBCA 6araro iHIMUX pagioeIeKTPOHHHX IIPHUCTPOIB,
OCKIJIBKM JIHIIIe BOHM HawbijblI MOBHO BiAOOBiZIaOTE yCiM UM
BuMoram. lle mosacH0eTbcA caMo (iBMYHOIO CYTTIO i XapakTe-
POM BHKOPHUCTOBYBAHUX y IIi#l ranysi ABMIN, 3B’ A3aHUX HacaMIie-
pea 3 Oe3iHepUifHICTIO €JIEKTPOHIB i BHCOKOI0 MIBUAKICTIO TIOIIIN-
PeHHA eJIeKTpPOMAarHiTHHX curzHainiB. PanioenexTponHi npunanu
IAOTh MOJKJIMBICTE peecTpyBaTH HAUTOHINI 3MiHu mapameTpis
Oyap-AKHUX IPOIECciB, JIErKO BUMIPIOBATH BeJIHYMHH CAMOTO
PiBHOMAaHITHOrO XapakKTepy.

Tanysi BHKoOpHCTAaHHA paNiOeIeKTPOHIKM HAA3BHUYANWHO
mupoki. Ile 1 HarpiBaHHA PEYOBHMH YV BHCOKOYACTOTHUX eJEeKT-
POMAarHiTHUX @IOJAX Aasa TepMmiumoi o0OpoOKH: 3arapTyBaHHA,
niaBJIeHHA, [NasgHHA, 3BapoBaHHA Toupo. Ille i sacTocyBaHHS
VALTPAa3BYKY AadA iHTeHCHbIKAaIIIl piBHHX TEeXHOJNIOMIYEHUX IIPOIECiB:
OYMNIIEHHA JeTajeil, yaapHe yJIbTPasBYKOBE IPUTHPAHHA; pisaHHA
BenuxkorabapuTHux BupobiB, masHHsA, gBapoBaEHa Tomo. Ile i
MIMPOKE 3aCTOCYBaHHA Pafioel/IeKTPOHHOI aapaTypH i eJleKTpoH-
HOI TexHiKM aAnsa o00poOKM pisEmx wmarepianxis. B ocraxxi
JeCATHJIIITTA B PIiSHMX TEeXHOJNOriYyHHX Ipollecax, 3B’A3aHHUX 3
TEPMIiYHUM BIJIMBOM Ha MeTas (NJIABJIeHHS MeTaly, CBepIJIiHHSA
i dpesepyBaHus, 3BAPIOBAHHA), BUKOPHCTOBYETLCH €HEPris eJeKT-
pPOHHOTO npoMeHA (MOTORY eleKTpoHiB). Ile, HapeuiTi, BUKOpHC-
TaHHA IIOTYKHHUX JIa3ePHUX IIYYKiB CBiTaa AJaA 00pobKHM HAATY-
ronJaBKHUX, HAATBEPAHUX 1 KPHXKUX Marepianis Ta jas i"Hirol
MeTH. 3aco0M pafioeIeKTPOHIKHM AyiKe HMINPOKO 3aCTOCOBYIOTHCS
i B TpaHCHOPTHi#A TexHiui, ge 6e3 pamionasiranmii i pagionoxkamii
HEeMOXKJIMBE BOXIHHA Kopabisis i mirakis.

PanioenexTporika, ii TexHiuHi sacobu i merogu mocaimxeHsn
HaA3BUYANWHO INHPOKO BHKODPHCTOBYIOTHCS B IHIIMX HayxKax i
Hacamuepen y dismmi, ximii, acrponomii, Giosmorii, megunuui. Bora
Ja€ MOSKJIMBICTH PO3MIMPHUTH MEXX1 NOCJigKeHHsI, BHMIipIOBATH
nmapaMeTpH i BelWYWHW, AKiI 3HAYWHO BHUXOOATE 34 MOJKJIHBOCTI
nonuuau. Tak, HanpukKJanx, JUIle 3acobaMu pagioceIeKTPOHIKH
MoxHa dikcyBaTHu i1 BUMipoBaTH HaA3BHUYAMHO KOPOTKI iHTepBamn
yacy TpuBainicTio nopsaaky 10712 cexyma, 10 Mae BKpail BasKIHMBe
3HAYEHHA M)A ATepHOoi PizuKH.
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Kocmorasrura. Jly)xe BaXJIMBUM HAIPAMOM HaAYKOBO-
TeXHIYHOTO Iporpecy € KOCMiuHi JocaifsKeHHs, PO3BUTOK KOCMO-
HaBTHUKH. 3 OAHOIO OOKY, OCBOEHHA KOCMOCY € SACKDPaBHM IIPO-
ABOM TPAHAIO3HMX OOCArHEHB yCix ranyseil HayKH H TexXHiKH, a
3 Apyroro 60Ky,— caM IIpoInec BUBYEHHS 1 OCBOEHHS KOCMIWHOTO
OpOCTOPY CIPHAE PO3KBITY HAyKM, TeXHiKM ¥ BUpPOGHHUITEA.

Haii6inen 3HaYHKi BHECOK V PO3BHTOK KOCMOHABTHKH 3pobuia
paxeTHa TEXHIiKa, CTBOPEHHS NOTYXXHUX PpaKeTOHOCIIB, 3JaTHHX
BHBOJMTH B KOCMOC CYIIyTHHKH i KopabJii i3 cknagHoIO anapaTypo
i mroageMu Ha 6opry. He MeHII icTOTHO BOIMHYJIHN Ha OpOrpec Koc-
MOHABTHKH YCHIiXH €JIeKTPOHHOI OOYMCIIOBAJIBEHOI TexHIKm i
pajfioesleKTPOHIKM, a TaKo aBTOMATHKH. bea mpunanis paxgio-
eIeKTPOHIKHM He MOMKHA gaificHuTu 6araro QyHKIIH pakeT i Koc-
MIiYHMX amapaTiB: BUBeIeHHs iX Ha opbirTy, KOpeKIis TpaexkTopii,
3bupannsa, o6pobka i mepegaua Ha 3emiro imdopmarrii.

BaXKo mepeoniHATH POJib 1 3HAYEHHA INTYYHUX CYNYyTHHKIB
3emiri B po3B’sa3aHH] 6araThoX NMPaKTHYHUX 3aBNaHL. depes HMITydHI
CYNYTHHKH 3B’A3KY 1 cucTeMy HaseMHHUX cTaHIiil 3xificHOoeThECA
renedonno-renerpadamnit 3B aA30K i 06MiH TeneBizifiHMMEH Tpo-
rpaMaMu.

IIporuos noroau cLOrofgHi HeMucanMuil 6e3 MeTeopoJOriuHOl
imdopmamnii, AKY ZAicTaOThs 34 XOINOMOIOI CYIYTHMKOBHX CHC-
TeM. CyOyTHHKH-MASAKHM 3HAWIIJIKN 3aCTOCYBAHHS B CHCTEMAaXxX
Hagiramii.

ApromaTuzania supoOrunTBa. Haiibinsmmwuit cTynine aBTo-
MaTH3allil cIocTepiraceThcsi B €HepreTwWuHidl, wMeranypriinii,
ximiunii i madromepepobHiN IPOMMCIOBOCTI.

Ha ogHOMY 3 HepHIINX MicIlh 338 KiTBKiCTIO BUKOPHCTOBYBAHHX
EOM crToiTe eHEepreTHka, e HOCACHYTa IOBHA aBToMaTH3anid
KepyBaHHA po6GoToro enexTpocranniii. B meramyprii Baskko sHaUTH
3aBOJ, Je 6 He 3aCTOCOBYBAJIMCH aBrOMAaTHUYHI nmpucTpoi. 3acobaMu
4BTOMATH30BAHOI'0 KOHTPOJIIO i peryJioBaHHA TEIJIOBOTO DEXXUMY
ofafHAHO TIPAKTHYHO BCi mMapTeHiBCBKI meui. 3acTocyBaHHA
ABTOMATHYHHAX IPHCTPOIB HiABHINYE NPDOAYKTHUBHicTE mpari, Ha-
AiiiHicTeE poboTH arperartiB, SKicTh IpoaykKIii, mominmye ymoBu
npani 06CAyroByOYOro IIepCoOHaNy, JA€ MOKJIHUBICTE €KOHOMHUTH
najamuBo, CHPOBHHY 1 eJleKTpoeHepriio.

Maiixke B yeix ranysax mammneaoOyAyBaHHS cIOCTepiraerscsa
mepexiz Ha aBTOMATHM30BAaHI TeXHOJOriuHi Opolecu. 3aBIAKH
yecriXxaM eJIeKTPOHIKH i o0umMCcIIoBaJIBHOI TEXHIKK CTBOPEHO Bep-
CTATH 3 YHCJOBUM HporpamMeum ynpasiaingam (YIIY). 3a neBHHU-
MM IporpaMaMH, 3alHCAHUMH Ha nepdoxaprax, nepdocTpidyxkax
Yy MAar”diTHmX crpiukax, BoHu 06pobaAA0TE AeTani NPaKTHYIHO
Oyap-AK01 cKJaxHOocTi npodginio. Bunyckaworecs COTHI Mozmeseit
BEPCTATiB 3 YMCJAOBHMM OpOTrpaMHHM ynpaBiaiaaHam. OgHak Bep-
CTATH 3 NPOrpPaMHHUM YIIPABJIHHAM JIMIOE eTal: B MalOyTHBEOMY
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MamuuHOOYOYBAHHA HOepeife OO aBTOMATHYHMX JiHii i mexis 3
YHCJIOBHUM INPOTPAaMHHUM YIIDABIIHHAM.

Ha TpascnopTi AOCHTEL 3BUMYHMM SABUIIIEM CTAJIH ABTOMATHYHIL
sanmisHu4Hi copryBaamHi craHmii. IToisgm Oes mammmicTa ChO-
roxHi BakKe peanbHicTh. B aBianil 6araTo pokiB BUKOPDHCTOBYIOTh-
cA aBToniyorn. B OCHOBHOMY aBTOMATHM3OBAHI pajgionokamiiini i
aBiamasiraniiiai npucrpoi.

Hori maTtepianu. BaknuBwii HaANpPAM HaYKOBO-TEXHIUHOTrO
IIporpecy CTAHOBJIATHL AOCATHEHHS B rajaysi ogep)XaHHS MaTe-
piasie i3 sasgmaJjerinp saJaHMMH BJACTHUBOCTAMM, BUKOPHCTAHHA
piaxicaux esementiB. CyvyacHm#i nporpec KOCMOHABTHKH,
pazioeneKTPOHIKM, aTOMHOI eHepreTHKH, aBianii, MmamuBOOYAY-
BaHHA ToHio 6araro B 4OMYy 3aBAAYYE JOCATHEHHAM y raaysi Bu-
poGHUIITBA HITYYHUX MaTepianiB: HaATBepAUX, dKAPOMIITHHUX, aH-
THKOPO3iMHMX TOINO; BHKOPHCTAHHIO PiakicHMX MeTamiB Ta ix
cILiaBiB. 3HaHHA 3aJIEKHOCTI XiMivANX i QisHYHUX BIACTHBOCTEH
PE€YOBHHH BiA 1i piswyHOL CTPYKTYPH SA€ MOXKJINBICTE BUYEHHM IIe-
penbauaTu MmaibyTHiI BiaacTHBOCTI TOro uuw immoro marepiany i
MiJlecOpsAMOBAHO CHHTE3YBATH MaTepiasy 3 3asjajeriaes 3agaHuMH
MeXaHIYHHMM, MATHITHUME, ONTHYHHMMN Ta iHIIUMK BJACTHUBOC-
TAMH.

Saspaku ¢isumi i ximiil ycoimmeo po3r’ssana mpobieMa CHH-
Te3y INTYYHHUX AajxMasiB, Io Oano 3MOI'y B30BCiM IIO-HOBOMY
aaivicamTH GaraTo mporeciB o6pobKu MarepianiB, 3anpoBagUTH B
MacoBe BHPOOHHUIITBO aJIMa3Hl1 iHCTPYMEHTH.

Baxxko mnepeoniHuTH 3HaAYEHHA [OOCATHEHbB Y BHPOOHHWIITEBL
HaniBIOPOBIAHMKOBHUX Ta iHIMWX MaTepianiB ansa cydacHOI paznio-
eJIeKTPOHIKHM.

HNIeuAKNME TEeMIIAMH 3POCTAE BHPOOHNMOTBO i BHKOPHUCTAHHA
pigkicEnx wmerasnis. fAximo miscrosirra Hasaxy ix nobyBasm B
MisepHUX KiJIBKOCTAX JHIIe B OKpeMUX JabopaTopisax, To Temep
i MeTany nepeTBOPMJMCH Ha ODOB’SA3KOBUII KOHCTDYKIifiHmi
MaTepias B ATOMHIi¥ eHepreTuni, aBianiinmii i pakerHi# TexHini,
pagioereKTpoHini, wMamuHOOYAYBaHHI, npuiaaxobyaysaHHI,
XimMigHI# TPOMHMCIOBOCTI TOIOO.

EE =

Mu 3 BaMM POSIJIAHYJH AyiKe KOPOTKO HaMOijabII BarXJIuBi
HaAOpAMM CYYacHOI'0 HayKOBO-TE€XHiIYWHOro mporpecy, 3B sizaHi 3
BUKOPHUCTAHHAM OJOocArHeHb ¢disuunol Hayku. lIpupoaHo, 1110 pos-
TOBiJIM MH TYT faJieKo He IIpo Bce. JlocArHeHHA cy4dacHOI ¢izmy-
HOI HAYKM IIINPOKO BHKOPUCTOBYIOTHCH He JIHUIIE B TeXHiui, a i
YV CiIBCBKOMY TrocHmnozapcTBi, mobyTi, memmmuHi, 6iosgorii, ximii
Tomio. Ane i HaBeJeHI BiZOMOCTiI NEepPeKOHIHMBO HOKA3YIOTh, AKY
BeJHMYE3HY POJIb Bizirpae dismka B XHTTI cydyacHOI JIOKMHHA.
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AQsOpATOPpHI pOBOTH

1. BumipioBaAHHA NMPHCKOPEHHHA BiJIBHOTO NMaXiHHA
3a JONOMOTrOK MasgTHHKA

IHpunadu i mamepiaau: mraTuB 3 MyQToIO i Kinbmem, KyJbka 3 OTBO-
poM, HUTKA, NOJMHHHK 3 CEKYHJHOIO CTpinkoo abo cekyHaoMip, BHMi-
prOBajbHA CTPiuKa 3 MiJiMeTpPOBMMM NOAiJIKAMH.

Braszierxu do po6omu.

1. BcTaHOBHMTH Ha Kpal CcToJa mraTrtusB. Binsa floro BepxHBO-
ro KiHIa 3a JOMOMOTOI MYy(PTH 3aKPINHTH Kiabhoe i migBicuru mo
HbOro KyabKy Ha HuTLi. Kyibka mae BuciTu Ha Bigctani 1—2 cm
Big mimisorw.

2. 3MyCcHTH MAasITHUK KOJIMBATHCS, BiAXHJIMBIUHN KYJbKY B
6ik Ha 5—8 cMm i BigmycTHBIIH 1i.

3. 3adikcyBatu uyac 20 — 30 MOBHHX KOJMMBAHL MasTHHKA.

4. BuMmipaTu cTpiykKoO NOBXKHUHY | MaATHUKA.

5. O6uncIUTH NPUCKOPEHH BijIbHOroO nMaginus sa GopMya0i0

6. Hocniag moBTOPUTH IIe ABA pa3u IAJs TPOXM MEHIIUX J0-
B3XHH MagTHUKA Ta OiJbIIOro 4YMcjga KOJUBAHB.

7. OuinuT nMoxubky, 3 AKOK BU3HAUEHE NPHCKOPEHHS.

2. BuBueHHH ABHIIA €JeKTPOMATrHITHOI iIHAYKIT

ITpunadu i mamepiaau: JBi KOTYIIKHA 3 OCEpAAMH, ABa IOiKOBONOAiOHI
Mar"iTu, miniamnepmerp sabopaTopHMH, JKepeJyio MOCTIHHOro CTpyMy
Ha 5—6 B, peocrar Ha 30 Om, BuMHKAau, peocrar Ha 10 OM, KoTyIIKa
3 BEJIMKOIO KiJIBKiCTIO BMTKIB i 3aMKHYTHM ocepasaM, 3 €IHYBaJbHI
HPOBIAHUKH.

Brasiexu do poGomu.

1. IligkM0YUTH KOTYIIKY 3 BEJHKOIO KiJBKICTIO BUTKIB 10
miniamnepmerpa. IIIBuaKo BCcTABMTH MAarHiT y KOTYIIKY, CHO-
crepirajodym 3a NOOKasaHHAMM Mijgiamnepmerpa. SaJlHIIATH
MAar”itT y Korymiui i cnocrepiraru 3a crpinkoio npuaany. IIsug-
KO BHMHATH MAarHiT 3 KOTYIUIKH, CIIOCTepirald4H 3a IOKa3aHHA-
My Miniamnepmerpa. IloBTopuTH JHOCHigM, pyXaoyw KOTYIIKY
BiJHOCHO HEpPyXOMOI'O MAarHiTy.

2. IIoBiZIBLHO BCTABHTH B KOTYIUKY ab0 BUMHATH 3 Hel OIUH,
a 1MoTiM ABa Mar”HiTe, cKJjgaZeHi ogHoOMMeHHMMH mnoJrwcamMu. Ilo-
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BTOPUTH AOCHiZA, 30iMbIIMBOIN IIBUAKICTE PYyXy Mardiris. 3’Acy-
BATH, B AKHUX BUNAJAKaX CHJa iHAYKOifiHOro crpymy 6ijabmra.

3. o miniamnepMeTpa nocaizoBHO mif’eaHAaTH Lie i peocrar i
IpUOJIN3HO 3 OJHAKOBOIO IIBHAKICTIO BCTABJATH B KOTYIIKY (abo
BHAMAaATU 3 Hel) ABa MarHiTH: CIOYATKY, KOJIM PEOCTAT BHBEXEHO 3

. kona (R = 0), a morim, Kom BBemeHo mnoBHicTiO (R = 30 Om).
3adikcyBaTn noKasaHHA Mijgiammepmerpa i 3poOHTH BHCHOBKH.
i 4. IIIBAAKO BCTABUTH MATHIT Yy KOTYUIKY, HOig’€OIHaHY 0

paHille CKJIaZeHOro KoJja. 3a BiAXHJIEHHSAM CTPLIKH BH3HAYUTH
HanpsaM iHAYKLiIAHOrO cTpyMy 1 BeKTopa iHAYKII MargiTHOrO
noas iEgyxuifimoro crpymMy. BusHaunTH HAaOpAM MarHiTHOro mo-
na iEayKniiiHoro crpyMmy mix yac BigmanenHsi marHiTiB. ITepexo-
HaTHCs, 100 B 000X BHMnazKax npasmio JleHIa BUKOHYETLCS.

5. Buganutu 3 paHilme BMKOPHCTAHOIO €JEKTPHYHOrO KOJa
peocTaT, TOOTO KOTYIIKY 3 BEJIHKOIO KiJIBKIiCTIO BUTKIB YBIMKHY-
TH JHIe A0 Mijgiammepmerpa. J[Ipyry KOTYIIKY BBIMKHYTH
IIOCJiZOBHO 3 PeoCTAaTOM, BUMHKA4YeM i mixepesom crpymy. Oany
KOTYIIKY BBECTH B APYTY 1 BCTABMTH B HEPINY KOTYIIKY OCEPAS
abo x HagiTH o00MABI KOTYmIKM Ha cOixeHe ocepas. Peocrar
IOBHicTIO BHBecTH. BMHKayeM 3aMKHYTH KOJIO, CIIOCTEPiramyu
OpH BOMY 3a NoKasaHHAMH Migiamnepmerpa. Ilorim miBuako
30inbIIUTH Omip KoOJIa, 3MEHIINTH i PO3iMKHYTH KoJo. Bech uac
CIocTepiraTv 3a NOKasaHHAMH MimiamMnepmerpa. 3’sacyBaTtu, B
AKHX BUIOAAKAX IHAYKYETHCHA CTPYM.

6. BUKODHCTOBYIOUH Te »K caMe KOJIO, ITOBHIiCTIO BUBECTH pe-
0OCTaT, 3aMKHYTH KOJIO, 3a AOIOMOTIOI0 peocTaTa IIBHAKO 36iab-
IINTH i 3MEHIIHNTH OIip KoJja. BigMiThTm MakcmMalbHe Bigxm-
JeHHs CTPiaKu Mimiammepmerpa min uac 3aMHMKaHHS KoOJa, Oif
yac IIBHUJAKOTO i1 NOBIJIBHOTO 3MEHIIEHHA OIOpPY Kojsa. 3poburm
BHCHOBOK npo sHadyeHHs EPC iggykunil B mux gocaimax. .

7. BUKODHCTOBYIOYH Te K caMe KO0JIO, 3aMKHYTH ¥ PO3iMKHY-
TH #oro, sadikKCcyBaTH HaAOpPAM BiIXHWJIeHHA CTPiIKH Minmiamnep-
MeTpa. 3a HaAIpPAMOM BiIXWJIEHHA CTPiJKH BHU3HAYNUTH HAIPAM
iHAYKIOi#AHOTO CTPYMY, HANPAM IHAVKIII] MArHITHOI'O mMOJA IILOTO
CTPYMY, a 3a MOJAPHICTIO A)Kepesa CTPYMYy — HaOopAM CTPYMY B
nepBUHHIN Koryuini i Hanpsm igayrmil Mar"giTHOTO mOJIA ILILOTO
crpymy. IloscHuTH, AXHH HanpaM Mae IHAYVKLOIHHUHA CcTpyM
MOPiBHAHO 3 IHAVKYIOUHM @OiJg 4yac 3aMUKAHHA ¥ pPO3SMHUKAHHA
IHAYKYIOYOTO CTPYyMY, Hix uyac 306inbHIeHHA i 3MeHIIeHHA HOro.
IlepeBipuTH BHKOHAHHA B IHX Jockizax npasmuia JleHIia.

3. BuzHaueHHA NMOKAZHMKA 3aJIOMJIeHHS CKJa

ITpunadu i mamepiaau: CKASAHA IUIACTHHKA 3 ITapaseJbHMMM I'DaHAMH,
apKyIl nmanepy, 4 KHOIKH, TPAHCIOPTHP, TPH IINUIALKH, OJiBelb, TPH-
KYTHHUEK, OJOLIeYKAa.
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Brasisxu 0o poGomu.

1. IToxkmaBIIM CKJAHY IJIACTHHKY Ha OPUMIINWUIEHHH OO IO-
IedKY apKyll magepy, OIPOKpecaIuTH oJiBueM niHil B3goBx 3a-
JIOMJIIOIOUMX I'DaHeH.

2. BeTpOMHTH B JOIIEYKY ABi NINUALKY Tak, 100 oxgHa 3 HUX
AOTHKAaNacA A0 ILIACTHHKM, a IPOBEeJeHHWU uepe3d HUX BiApisok
npamMol yTBOPIOBaB OH 3 rpaHHIO JOBLIBPHHH KYT O.

3. ITigHABIIN JOIEYKY HA piBeHb OUYel, BCTPOMHTH TPETIO
HINUABKY TaK, o6 BoHAa (AKII0 JUBUTHCH Yepes [JIaCTHHKY) 3a-.
KpuJja mepiri Bl MINUIbKH.

4. 3HABIIH IJACTHHKY i BHTATHYBINU INNIHAJIBKH, CIIOJIY4YHTH
MicIg mpoKoJiB Bigpiskamu npamoi Jsinii.

5. BUMipATH TPaHCIOPTHPOM KYTH NaAiHHsA o i 3aiomieHHA .

6. O6uncaAuTH IOKAZHUK 3aJIOMJIEeHHSA 3a (GOopMYJIOK

sina

~ sinf °

7. ITopropuTu Aockig ans iEmMAX KyTiB nagiHH#A i nmopiBHs:-
TH pe3yJAbTAaTH.

4. CnocrepeskeHHs ABMINa inTepdepenuii ceitaa

ITpunadu i mamepianu: ABI CKIAHI NJACTHMHKH, JPOTAHA paMKa Ha
migcTaBli, MHJIbHAa Boja, 30MpHa JiH3a, eKpaH.

Bra3siexu do pobomu.

1. CrtapaHHO TpPOTEpPIIH CKJIAHI NMJAacTHUHKH, CKJACTH iX pa-
30M i CTHCHYTH HAJbLAMM.

2. PosrnsauyTH I1acTHHKY ¥ Bigburomy cBiTsi Ha TemMHOMY (o-
Hi. [Tpy oMYy IJIACTHHKHY CJif posMiinyBaTu Tak, 11106 Ha mIOBEp-
XHi CKJIa He BUHUKAJHW ACKPAaBl NOJHMCKH Bing BikoH uwu 6inux criH.

3. 3BepHYTH yBary, II0 B OKPEeMHX MICOAX JOTHKY ILJIACTH-
HOK BHHHKAae iHTepdepeHnifina KapTuHa y BHUIVIALI SCKpaBHUX
Kinsnenoxibumx abdo HenpaBUABHOL GOPMH CMYT.

4. 3MiHUBOIN CTHCKAHHSA IIJIACTHH, PO3TJIAHYTH 3MiHY GOp-
MM ¥ posminieHHsA iHTepdepeHIiIHHNX CMYT.

5. OnoyceTuBLIH APOTAHY PaMKy B MMJILHY BOAY, a IIOTIiM BH-
TATHYBUIH i1, JOMOTITHCS YTBOPEHHA MHMJIBHOI IJIIBKH.

6. CopamyBaBIIIH Ha ILIIBKY 34 AJOIOMOTIOIO JIiH3H ¢BiTJO, CIIO-
cTepiraTy BHHUKHEHHA Ha expanHi iETepdepeHnidHOl KapTHHH ¥y
BiabuTomy cBiTJl ¥ BHIVIAAL KOJIBOPOBHUX IOPH3OHTAJNBHHUX CMYT.

5. ConocrepesxxeHHa aBMina audpaxiii ceiTtaa

ITpunadu i mamepianu: eleKTPUYHA JAMIOA 3 IPAMHM BOJOCKOM pO3-
sKapeHHdA (0JHA Ha BeCh KJIaC); €eKPaHHU 3 UILJIMHOI0, AKi MOXHA BUIOTO-
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BUTH 3 AOOpe 3acBiYeHHX, NPOABJEHHX i BHCcymeHWX (OTOMJIACTHHOK.
Moxx¢Ha BUIOTOBMTH €KPAHH 3 WUIUIMHOIO i3 ajmroMiuieBoi donerm, apo-
6uBIIH Je30M Ge3nmeyHol GPHUTBH IIpopis.

Brasiexu do po6omu.

1. Ha gemoHCTpaniiHOMY CTOJi BCTAHOBHUTH JIAMIIY TaK, OI00
il BOJIOCOK pO3MilIyBaBCA BEPTHKAJIBHO.

2. ExpaH 3 HIiIHHOIO IIPUCTABUTHA MIIJBHO 0 OK& TakK, I06
miauEa posMicTHIacda BepTHKaNbHO. Kpisk miinuay nogusutHca
Ha po3;KapeHHI BOJOCOK JaMmu i cmocrepiratu mo obugsa 60KH
BOJIOCKA paay:xkHI cmyru (nudpakniiiai cuexTpH).

3. PosrnaryTu ozep:xaHy AudpakmiifiHy KapTUHY i BcTaHoO-
BHUTH, B AKOMY IOPAIKY PO3SMIIIYIOTBECA KOJBOPOBL cMyrd i AK
sMiHIOETBCA IX fACKpaBicTe 3 BigmaseHHaM Bixg uweaTpanbHOI
CMYyTH. :

4. 3aKpUTH BOJIOCOK JIAMIM ABOMA CBITIOMiNbTpAMM: BepX-
HIO TOJIOBUHY — YE€PBOHWM, HHIKHIO — cuHiIM abo seneHHM.
Sxuit BUraaAx Mae B HbOMY BHOAAKY Audpakiniiina xapruHa?

5. IeoMma CcRIaJeHUMH DPas3oM JiesaMM Bix GesmeuHol 6pHTBH
NpoApPAIATH B LIapi KeJaTHHH ABI napajgenpHi migumau. Ilogn-
BUTHCHA dYepe3 IIi IMinMHU HaA BOJAOCOK jamnu. SIkwit Burasna y
IBOMY BHUIaIKY Mae nudpaxkniiina xaptuHa?

6. BumipioBaHHA NOBIKHHH CBIiTJ0BOI XBUJIi
3a AOIMOMOroX FH(pPaKIiiiHOl pelriTKH

ITpunadu i mamepiaau: eJeKTPUYHA JIAMIOA 3 IIPAMHM BOJIOCKOM PO3-
sxkapeHHa (OAHA Ha Bech KJAac), OpUaaj) AJs BH3HAYEHHA JOBMKHHH
CBiTJIOBOI XBHJIi.

Brasisxu 8o pobomu.

1. BcraBuTi B paMKy OpuiIany Audpaknifiny pemriTky. .

2. BigcyHyTH mIKany 3 BY3BKOIO NPUIIIBHOIO LIIJIMHOI HAa
MaKCHMAJNBHO MOMKJUBY BifcraHb Bix nudpaxiifinol penriTkm.

3. CopamyBaTy Bick HDpHUIaZy Ha JaMnoy Tak, 1106 uepes
BY3bKY NPHIOIJNBHY INIIMHY IDUTKA OYJI0 BHAHO BOJIOCOK JIAMIIHM.

4. Cnocrtepiratu no obuasBa GOKHM Bif NI[IIMHE Ha YOPHOMY
doni Hag mMKaNo0 TUPPAKOiHI CIEKTpPH.

d. AKmo creKTpM TPOXM HAXHMJIEHI BiIHOCHO WIKAJH, TO Iie
O3Hava€e, Mo mMinmHEN audpakniiigol pelniTKH He BepTHUKAJLHI.
TpeGa yCYHYTH IepeKoC, HOBEPHYBINM DPAMKY 3 PENIiTKOK Ha
IIeBHHUH KYT.

6. He pyxaloum npuiaany, 34 IMKAJOI BU3HAYUTH ITOJIOMKEH-
HA cepelHH KOJbBOPOBHX CMYT 'y CIEeKTpax IeplIoro HopAaiKY.
PesynbTaru 3anucaT B TAGIMITIO:
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Koaip cmyr h 3niBa k conpasa h cepen. ) d A

DiosmeTOBHHA
CuHiit
BrnakurHHH
3eleHUH
HosTHii
OpanxeBuii
YepBoHMHA

7. 3a paHMMH BHMIipOBaHB OOYHCINTH LOBMKHHM XBHJL 38
dopmynoro A =d sin o. OckiiabKM KyT O Maxui, To sin o = tg o.

Ane tga:%, TOMY PO3pPaxyHKOBY GopmMysly MOXHa 3almHUCaTH

TaK:?&.=d%.

-

7. CoocTepeskeHHA CYLIJBHOrO i JiHiHYACTOro cnexTpiB

ITpunadu i mamepiaru: CIEKTPOCKOI OIPAMOrO 30Dy, JaMOOYKa HA ‘CTO-
AKY, JIOMiHecHeHTHa Jamiia, Habip cnexTpaJisHHX TPyGOK 3 BOJAHEM,
HEOHOM 4YHM TreJi€M, BHCOKOBOJBLTHHN 1HAYKTOD, AXEpelo MXHUBJIEHHA
(sunpamiasay abo akymyasTopHa 6arapesa Ha 5 B), cnupriBka, Koaba 3
nmapoio #oay, 3’egHyBaJdbHiI NpPOBiAEMKM, IITATHB, peocTaT Ha
6—10 Om, mpobipkm 3 BOogHMMHM poauumHamu coseit metanie (NaCl,
BaClz) i BaTHMMHM IHOTAMHM HA APOTHHAaX.

Brasisexu do pobomu.

1. OsuHalloMHUTHCHA i3 CHEKTPOCKOIIOM NOPAMOr0 30pY
(Man. 164), axuii cxaazaeTsLcsa 3 MeTaneBol Tpyoxu I, B AKY
BMIiIeHO CKJIaMEY NpusMy 2, 30UpHY JiH3Y 3, 3aKpiIlieHy B py-
xomMomy Tpumaui 4 i3 reBuHTOM 5, KoJsimaropHOol miiiuEm 6 i
KPHUINKH 7 3 OKyaapHum oTBopoMm. Ilig uac coocrepesxeHHA
CHEKTPiB CHeKTPOCKOII COPAMOBYBATH KOJIiMATOPHON IIiJIMHOIO

Man. 164
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Ha JIKepeJio CBiTJia 1 AUBHTHUCHA B OKmepHHi’{ o'rBip. PiskicTs 30-
OpaskKeHHs COEeKTpa PeryJjioBaTH NepeMillleHHAM JiH3u 3a TOoJOo-
BKY I'BUHTa B3/J0B HEBEJHKOI'O npopmy B TpPyOLi.

2. 3akpimuTi CIEKTPOCKON Y Jlammi mTaTuBa, pOSMlCTKBﬂIH
Horo KoJiiMaTropHY INiaWMHY BepTHKaixbHO. Ilepexn umrinumuoio Ha
BigcTaHi KijbKOX CAHTHUMETPIB BCTAHOBHMTH €JIEKTPUYHY JIAMITY
Tak, 1106 i1 Bonocok 6yB Ha BucoTi miinuen. ITigkiaountu naMoy
AO ImpKepesa »KUBJICHHS.

3. 3aceiTuTH naMny i Ipu DOBHOMY PO3XKapeHHi coocrepira-
TH CYLULIbHHNA CIEKTP BUIIPOMIHIOBAHHA ii BoJOCKa. 3MEHIIYIOYN
poaxxapeHHA BOJIOCKa 3a AOIIOMOI0I0 PeoCcTaTa, cIiocTepiraTu oc-
nabJieHHsI ACKPABOCTL COEKTpa 1 IMOCTYNOBe 3HUKHEHHS OKPeMHX
HOro CHeKTpaJIbHUX KOJBLOPIiB, MOYMHAIOYH 3 (drioneTosoro.

4. CunpaMyBaTH CHEKTPOCKOI Ha CBITHY J/JIOMiHECHEeHTHY
JIaMIIy i pO3IrJIAHYTH CYLUiJIBHUII COEKTD, AKHM Kae JoMiHOGOD,
a Ha ¥oro ¢oHi miHiiyacTHi cneKTp mapu pryTi (PKOBTY, 3€JIeHy
i dioneroBy mainuii). Ilepemimaioum OKYyJIApP, AOCAITH YiTKOro
300paxeHHs CIeKTPaIbHUX JiHiii.

5. Becrasurm TpyOKy 3 rexiem y Tpnmaq npunany Aada 3a-
CBiyyBaHHS COEKTpaJNsHUX TPyOok i mix’emmarn IpUIan 20 JKe-
peiia XUBJIEHHs. 3aCBITUTH CIEeKTPalbHy TPYOKY 1 posrasryTH
JiHifivacTHUii CIEeKTDP BHIPOMIiHIOBAHHSA reJilo.

6. IloBTOPUTH cHIOCTEDEKEHHS 3 TPYOROIO, HAIIOBHEHOIO BOJ-
Hem abo HeoHoMm. [lopiBHsaTH miHillyacTi cmeKTpH BHIIPOMIiHIO-
BaHHA i3 cnexTpamMm BHUIIPOMIHIOBAHHA BiAODOBimHMX rasis, AKi
300paxeHo B HiIDYUYHHKY.

7. PoamicTUTH Ilepen IIiJIMHOI KOJiMaTOpa CIEeKTPOCKOIA
HOoJAyM’si COHPTIBKH i1 IO 4Yeps3i BHECTH B HBOI'O XMYTKH BATH,
3MOYEHOI BOAHMMH DPO3YHMHAMM XJOPHUAY HATpPil0o 1 XJopHAY
Oapiro. CnocrepiraTu Ha ¢oHI crabroro cyhnisbHOrO cnexkrpa sc-
Kpasi conexrpanbHi aigil Harpiro i Bapir. Ilicaa usoro sHecTa y
moaym’s BaTy, IPOCOYEHY CYMIIIIII0 PO3UHMHIB COJIEll XJIOPHAY
HaTpio i xnmopuay Gapiro, i cmocrepirarm Beci cnieKTpasibHI JiHiT
3ragjaHMX MeTaJis.

8. PoamicTHTH COHPTIBKY MiXX CIHEKTPOCKOIOM i JIaMIIOIO,
fAKa HOpMaJBLHO CBiTHTHCHA, a Hal HEIO — K00y 3 KimbkoMma KpH-
cTaJjaMH MoAy, 3aKPHTY NPOOKOK. 3amajJuTH CIHPTIBKY i cno-
crepiratT Kpisb Koaly 3a 3MiHOIO CYILIBHOrO CIEKTpa BH-
NPOMiHIOBAHHSA BOJIOCKA JaMnoH. fIK TinTbKH KoJyi6a HATIOBHUTBLCH
napoio #Hoxy, 3BEpPHYTH yBary Ha TPH CMYTH IOIIMHAHHSA, IO
3’ABAAIOTHCHA B 3€JIEHO-CHHIN YacTHUHI CYIiJIbHOrO CIexTpa.

8. BuBUeHHA TPeKiB 3apANKeHHX YACTHHOK
3a roTOBHMH ¢doTorpadiaMu

ITpunadu i mamepiaau: dororpadii Tpexis, mposopuil nmanip, TPUKYT-
HHK, NUPKVIE, OJiBellb.
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Teopemuuni gidomocmi.

ITo6 ymitu «mpouuratu» dororpadiio Tpekis YacTHUHOK, He-
0o0xigHO 3HATH, IO:

1. 3a iHOINX OZHAKOBHMX YMOB, TPEK TOBIIWH y Ti€l YacTHMHKH,
AKa mMae Oinpmui sapsaa. Hanpukiazs, 3a ofHAKOBHX INIBAAKOCTEH
TPpeK anb(a-dacTHHKH TOBINHMI, Hi*X Tpek IPOTOHA i eneKTpoOHA.

2. SIkmo yacTUHKH MAalOTh OZHAKOBI 3apsaiu, TO TpPEeK TOB-
mIui y Tiel, AKa Mae MeHIIYy IIBHAKICTh, pyXaeThCcsa NOBiJIbHimIE,
3BizcH OYEeBHIHO, IO Hig KiHenp PyXy TPEK YACTHHKM TOBIIIWIA,
HiXX Ha MOYaATKY, OCKINBKM MIBUAKICTL YACTHHKH 3MEHIIYETHLCH
BHaCJiOK BTpaTH eHepril Ha HOHi3amiio aToMiB cepemgoBHINA.

3. IIpobir yacTHHKH 3aJeXUTh Bif ii edHeprii i Big rycTman
cepemoBHIIIA. :

Axmo kamepa Binkcona BmimgeHa B MartgiTHe nosae, Ha 3apHd-
M¥KeHl JacTHHKY B Hi# nie cmna Jlopernuma, ska popiBHIOE (Oas
BUOAAKY, KOJHW INBHAKICTh YACTHHKN IEPIEHAMKYISAPHA IO
igayknii mons):

F = ZeuvB,

Ae Ze — 3sapAA YaCTHHKH, U — INBUAKIcT, 1 B — iHAyKIisA
mar”iTHoro nojas. IlpaBuyo JMiBOl PYKH Ha€e MOMKIAUBICTE mOKasa-
TH, 0 cuaa JlopeHila COpPAMOBaHA 3aBMKAN IIEePHEHIHNKYJIAPHO
A0 MIBHAKOCTI YacTHHKH 1, OTXe, € JOIEeHTPOBOI CHJOIO:

2
ZevB= m?f’ , e m — Maca YacTHHKH, I — pajiyc KPUBH3HH 1ii
Tpexy. 3Biacu
Ze _ v
m Br*®

BumipsBoix pajpiyec KPUBHM3HH TpeKy r Ta iHAVKIiI0O Mar-
HiTHOrO Mons B, MOKHA OIS YACTHHKH OOYHMCIWTH BiJHOIIeHHSA

ii sapsaay mo macwH: ”f . Ile BigHOIIEHHS [A€ MOMKJIUBICTH BHU3HA-
9UTH, IO Iie 3a YacTHHKA, ab0, AK KaXKyTh, iJeHTU@IKYyBaTH da-
CTHHKY, To0To BcraHOBHUTH 11 igenTHuHicTs (TOTOXHiCcTh,
noxibricTs) Bigomi#t wacTuHOi.

Paniyc KpDMBH3HH TPEeKY YAaCTHHKM BH3HAaYaloTh Taxk. Ha do-
Torpadiio HaKJIaZAIOTH APKYII HPO30pOro mnamnepy i mepeBoisaThb
Ha HBOTO Tpek (obepexHo, 06 He momIkoAuTH dororpadiio). Ak
IIOKAa38HO Ha MaJIloHKy 165, KpecnaTs ABL Xopau i B cepegmHax
CTaBJATL NepHneHIuKyaapu. Ha nepeTHHI nmepneEAUKYIADIB Je-
KHUTHh IEHTP KoJia; Horo pajiyc BHMIipIOIOTH JiHIWKOIO.

Brasiexu do pobomu.

1. OzgallomuTuca 3 oTorpadicio TPeKiB ABOX 3apaAlKeHHX
gyacTuHOK (Man. 166) — sigep serkux enementis. Aapa pyxanamesa
B Mar”HiTHOMY noJi 3 iHgyKnieio B = 2,17 Ty, cipAMOBaHOIO HEp-

299



Man. 165 Man. 166

DeHAUKYISApHO #o ¢ororpadii. ITouarkori mBuaKocTi Beix agep
ONHAKOBI 1 NMepneHAUKYIAPHIL A0 JiHIi# iHOYKOil mosas.

2. BusHauuTy HanpaM BeKTOpa iHAYKOil Mar"HiTHOro mojas.
IToscHuTH, YOMY TPA€KTOPii YacTHHOK € ayramMu kin. fAxa npwu-
YynHA PISHULI B KpuBU3HiI TpackTopi# pisaux amep? Yomy Kpu-
BU3HA KOXXHOI TpaeKkTopil 3MiHIOETBCA BiZ moOYaTKy A0 KiHmA
npobiry yacTuHKK?

3. IlosicEuTH DnpUYUHM BigMiHHOCTI B TOBINHHI TpeKiB
pisEux sgep. YoMy TpeK KOMKHOI YaCTHHKH TOBIMUM B KimIi
npobiry, His Ha HOro Ho4aTKy?

4. Hakaacty Ha d¢ororpadgio aprKyIil Ipo30poro mnanepy
(xanbKy) 1 06epexkHO nmepeHeCTH Ha HHOro Tpek I i npaBu#l Kpaii
dororpagii. BumipsTu paziycu KPUBU3HHU TPEKY dYacTUHKH 1
npubiu3HO HaA modYaTKy i B Kimmi npobiry i BusHauwTm, Ha
CKiJIPKM 3MiHHJAck eHeprid UYacTHHKH 3a 4Yac npobiry, sAKImo
Bizomo, mio gactuHKAa I izeHTudikoBaHa AK OpPOTOH.

5. BumipsaTu paziyc KpuBM3HM TpeKy dyacTuHKM 1l Ha mwouar-
Ky ii nmpobiry. 3Hao4yn, [0 MOYATKOBA MBUAKicTh 1miel gacTun-

KH [JOPiBHIOE NOYATKOBill MIBHAKOCTI HNPOTOHA, 'OOYHCIHTH A

vacTuHEKH Il BigHOIIEeHHA 3apAAy OO0 MACH %. 3a oxepIKaHHUM

YHUCJIOM BH3HAYHUTH, AAPDOM AKOIO eJleMeHTa € 1A YacTHHEKA.

SATAYI IJIA TIOBTOPEHHSA

1. B xorymmi, ska mae n = 200 Burkis, 3a At = 0,1 ¢
MarHiTHM# noTik 3MeHm#uBea Bix @, = 6-107° B6 no
@, = 2:107° B6. Busnauntu EPC imgyknil B Korymmni.

2. Buzmauutu EPC iggykuii B KoHTYpi ¥y pasi piBHOMipHOTO
3MEeHIIeHHA MarHiTHoOro nortoxky Ha A® = 4-10"% B6 3a At = 0,2 c.

3. Ilixg wac smMimu mMarsiTHOro moroky Ha A® = 8-1073 B6 B
KOHTYPiL OpOBiZHHUKA, AKMI OXOILIIOE Ied IOTiK, 30yAKyeTbcA
EPC igayknii & = 20 B. Ilporarom sakoro uacy BigbyBaeTnca
3MiHa MArsiTHOrO IOTOKY?
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4, MarmiTHMHA HDOTiK 4Yepe3d 3aMKHYTHI OPOBIJHHK OIODPOM
R = 0,5 Om pisHOMipHO 36inpmmses Big @, = 2-107* B6 z0
@, =10-10 4 B6. SIxuit sapsaa npoiinios qepea nonepeyHui me-
pepis nposigaura?

5. Meranese Rinwnme, paniyve skoro r = 4,8 cM, po3MminieHe B
MargiTEoMy noji 3 iggykuicio B = 0,012 Ta neprneHIuKyAAPHO
no ginixn iggyknii. Ha #ioro BupajeHHA 3 MHOJIA 3aTPadYaeThCHa
At = 0,025 c. fAxka cepenus EPC npu npoMy BHHHKAE B Kinbigi?

6. CkinpKkyM BHTKiIB mOBHMHHaA MATH KOTYIOKa, miob0 y pasi
PiBHOMipHOTO 3pOCTAHHA MAarHiTHOro NMOTOKY Yeped KOoXeH ii Bu-
TOK Big Byna go @ = 2-1072 B6 3a At = 5-107% ¢ ma ii kiEmax
BUHMKasa mHanpyra U = 220 B?

7. SIxy KijgBKiCTH BHTKIB Ma€ KOTYIIKa, AKINO B Hil 30yxa-
syerbea EPC imgyknoii 6 = 24 B nig yac aMiAmM marmiTHOro mo-
TOKY 3 MIBUAKiCTIO %= 0,2 B6/c ?

8. Korymuky 3 n = 1000 BurkiB zapory 3a Af = 0,1 ¢ Bu-
CMHUKYIQTL 3 OZHOPixHOro w™argiTHoro noJjgs 3 IiHAYKOiero
B =1,5 Tn. flka Hanopyra BUHAKAE MiK KiHODAMH KOTYIOKH Iif
yac ii pyxy, SKIOO BEeKTOp MarHiTHOI imagyknii mepneHAUKYJISAD-
HHU# A0 IJION[MEM BHTKA KOTYIIKH, a Iuromia BuTka S = 10 cm2?

9. 3amMKHyTHiT BUTOK onopoM R = 2 Om i nromero S = 20 cm?
BMilleHHM# B MarsHiTHe mojse 3 imayknieo B, = 0,1 Ta. Isgykniio
nonaA miaBuMINyOTH A0 B, = 0,3 Ta. fAxud s3apag npu OboMmy
npoige uepes mepepis BuTKa?

10. SaMKHYTHI BUTOK 3 gpory omnopoMm R = 3 Om i nioigero
S = 30 cm2 BMimenwuit B maraiTee nosie 3 isaykniero B = 0,1 Ta.
Sxkuii cTpyM mpoiline yepes BUTOK, AKINO MAarHiTHWH nmorik npo-
Tarom At = 0,01 ¢ pisHOMipHO 3MeHIUIMTH N0 HYJIA?

11. YacTo mixg yac raapMyBaHHSA I[IOTAra METPO MAIIHHiCT
BiKJIIOYae eNeKTPOABUTYHH Bix Mepeski i miakirouyae ix mo
crnenialbHUX peocrariB. YoMy npu nbsoMy BigOyBaeThCcH rajbMy-
BaHHA?

12. B oaHopimHOMY MaTrHiIiTHOMY moJi 3 IiHZyKIOiero

B = 1,4-102 Tn nepneHEAMKYJAPHO A0 JiHIi# iEgykmii 3
mwBuAKicTio v = 50 M/c pyxaeTsca NPOBIAHMK JOBKHHOIO
I = 40 cm. BusHauuTH pPISHUIIO IOTEeHIiaJdiB Ha KiHOAX
OpOBigHUKA.

13. fixka Banpyra MisK KiHOAMHM KpPHJ JIiTAKA BUHUKAE Iif
yac #0oro noasoTy B MardHiTHoMy mnoJji 3emii, AKIIO BiAcTaEs MixK
KiEnsamMup Kpuna magitaka [ = 43 M, a IIBHAKICTE TOJIBOTY
v = 900 xm/roa? Moayab BepTHKaJbHOI CKJI&ZOBOI BeKTOpa
mar"iTeol iHAyKnil npuitasTH piBEuM B = 2-107° Ti.

14. Ilig yac piBHOMiIpHOI 8MiHM CHUJIM CTPYMY B KOTYIIIl Bif

=2 A po I, = 10 A nporarom At = 0,05 ¢ marmiTEN# DOTiK
yepe3d KOHTYP KOTYLIKM 3MmiEuBcsa Bigx @; = 0,1 B6 g0
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@, = 0,16 B6. Busnauuru EPC camoinayknii Ta iEAyKTHBHIiCTB
KOTYHOIKH; €Heprilo Mar"HiTHOro moJd KOTYIIKH 3a CHJIH CTPYMY
I =12 A. O6moTKa KOTyIIKH MicTuTh n = 100 BHUTKIiB.

15. AAxy iHAYKTHBHICTE Ma€ KOHTYP, AKINO 34 CHJH CTPYMY
I = 20 A marHiTHM#A DOTIK y KOHTYpi gopiBHIOEe @ = 1072 B6?

16. 3a cuam crpymy I = 8 A B KOTyUIIi BUHHKAE MarHiTHE
none 3 iEgykmico B = 4-1078 Tu. fka iHAyKTUBHICTE KOTYIIKHY,
AKIO cepeaHsA IJIOMIa Iepepisdy BuTka S = 40 cm2?

17. ExexTpoMar=giT BMMKAaKOTL B KOJO IIOCTIAHOIO CTPYyMY.
YoMy MaKCHMAJBHA CHJA CTPYMY B KOJII BCTAHOBJIIOETHCA HE
Binpasy?

18. ITix uac pisHOMipHOi 3Mimm cunu crpymy Bix I, = 1 A no
I, =6 A za At = 0,1 ¢ B Korymui suarkae EPC camoinaykmii
é = 50 B. fika iHAYKTHUBHICTE KOTYIIKHU?

19. flka Hanpyra MiXX KiHUSMH KOTYIIKH 3 iHOYKTHBHICTIO
L =1 I'a BUHHUKAaE Iij 4ac piBHOMipHOro 3MeHIIEHHS CHJIH CTPY-
MyBHiﬁBiﬂIl=1AnoI2=03aAt=10‘3c?

20. IlpaBunammu enexTpoOe3neKH 3a00pOHEHO 3AiIMCHIOBATU
MOHTAaYXHi MepeMHUKaHHA B €JIEKTPHUYHHUX KOJaX, SKII0 BOHH IIe-
pebyBaloTh nijg Hanpyroio noHasa 30 B. Yomy Take nepeMuUKaHHA
ocobinuBo HebesneuHe, AKIO B KOJO YBIMKHYTI KOTYIIKH mnyx-
TUBHOCTI (gpocesi, TparchopMaTOpH TOILO)?

21. Ilo xorynimi eseKTpoMarsiTy 3 IHAYKTHUBHICTIO
L = 0,4 Tr Teue crpyMm cunow I = 10 A. BusHauuTH eHepriio
MAar"HiTHoOro noJjs ejJeKTpoMartiry.

22. O6moTka aBTOoTpaHc(hOpMATOpPa i3 CTAJBHHM OCEPAIM
Mmae iEayxTuBHicTs L = 0,6 I'u. 3a akol cuiau cTpymMy eHeprisa
Marni'rnoro IoJA  aBTOTpaHCPOpMATOPA  HOPiBHIOBATHME

= 180 Tx?

23. B ob6morii KoTymIKKM 3 iEgykTmsBHicTIO L = 5,2- 1073 I'n
cuna cTpymy gopisHioe I = 20 A. BU3HAYHUTH eHeprio MardiTrHoro
Imonsda KOTYmIKM 1 ryctuHy eHeprili (06’em KoOTymIKu
V = 200 cmd).

24. V¥V ckinbpku pasiB Tpefa SMeHIIHTH AOBXKHHY MaTeMaTH4-
HOT'O MasiTHHKa AJA TOro, mob nepiox Horo KoJIMBaHb 3MEHIIHB-
ca B 3 pasu?

25. 3 AXMM IepiogoM MaTeMaTHYHHII MaaATHHK Aona{unom
Ll =1 M 3aificHIOBaTHMe KOJHBAHHA Ha nmoBepxHiI Micaoa? Ilpwm-
CKOpeHHs CHMJIM TsKinHa Ha Micaui g, = 1,62 m/c2.

26. Ilepiox KoJMBaHE MAATHHKA B HepyxoMmomy JidTi crano-
Buth 7' = 1 ¢c. 3 AKUM [IPUCKOPEHHAM pPYXaeThbeA JidT, AKINO
mepios KoNMBaHBR MaATHWKA ctaB piBEum T, = 1,1 c?

27. Ilpyxuua oig gieio BanTaxy m = 10 kr aagiicuaioe N = 50
KOoJuBaHb 3a uac ¢t = 1 xB. Busmauuntu xKoedinienTt »xopcTxocTi
IPYXKHAHH.
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28. Tino azaificHIOEe rapMoHIUHI KOJHBAHHS 3 Oepiogom
T = 0,5 c. AMnurityna Koausawaa X, = 0,9 m. Pyx Tina noum-
HaeThCSA 3 nonoxkeHHda x, = 0,3 m. Hanucaru pipasansa pyxy Tina
y dopmi KocuHyCcoigu.

29. Tino 3piiicHI0e rapMoOHiYHI KOJMBaHHA 3 OepiogoM
T = 0,8 c. Amnniryaa xonusasaa X = 1,5 M. 3anucaru piBHAH-
HA pPyXy Tina, SAKINO pyxX IOYaTO 3 IOJOXKEHHA DpiBHoBaru
(x5, = 0).

30. Tinmo spilicHIOE rapMoHiYHI KOJHMBaHHA 3 aMIOJiTyAOIO
X, = 0,6 M, nouaBmn pyX 3 NOJOXEHHS piBHOBaru. 3anucaru
PiBHAHHA PyXy Tija, AKIIO uepes t=%c micJaA TOYaTKY PYXY
x = 0,3 m. fIxka wacrora KonuBaHp Tinma?

31. Tino 3zailicHI0E rapMOHiIYHI KOJHBAHHA 3 YaCTOTOIO

= 5 I'm. Amnuiryaa xonusanua X = 0,5 m. Pyx nmounHaerscs
3 mmoJyioKeHHA x, = 0,3 M. 3anucaru piBHAHHA pyxy Tina.

32. Tino spificHroe KoauBaHHA 3a 3akoHoM x = 0,04 sin 2mx
x(t + 0,25). BugraunTin amminityny, nepios, 4actory, OUKIIUHY
YacTOTY 1 MOYATKOBY (Pasy KOJHUBAHB.

33. XBunsa Bix mapomiaga, AKH MJIKBE 10 03epy, Aifmia no
Gepera yepes f = 1 XB, IpHYOMY BiZcTaHbL Mi)K ABOMAa CycCizgHIMH
rpebeEaMu gopiBHIOE A = 1,5 M, uac MidX ABOMAa IIOCAiZOBHUMM
yaapamMu o6 Geper gopieHioe T = 2 ¢. Ha aki#t Biacrani Big Gepe-
ra pyxascsa maponuaas?

34. dAxy pissumio ¢as MaTHMYTL KOJMBAHHA JBOX TOYOK,
#AiKi nepebysaioTh Ha Biacrani [, = 10 m i [, = 16 M Bix mxepena
xoxuBaab? Ilepion xonueausn %’ = 0,04 c, mannuic'rb ix mommH-
penns v = 300 m/c.

35. 3BykoBi KonuBaHHA 3 nepiogom T = 0,01 ¢ MOUIHPIOIOTE-
cA y noBiTpi. Bu3HaunTH NOBMXUHY 3BYKOBOI XBHJI i pisaumio
¢as OBOX TOYOK, AKi nmepebyBaroTHL HA OAHIN NpAMIA 3 JKepeaoM
KOJIMBaHb Ha BizacraHi Il = 1,7 m oaua Bix ogHOoi. IIIBHAKiCTE 3BY-
Ky B moBiTpi BBa)xkatm piBHOIO v = 340 Mm/c.

36. KonuBanasa 3 yacroroio v = 10 'y momuprooTeca B Ma-
Tepiasai, npuyomy pisumuua ¢as ABOX TOYOK, fAKi nmepefyBarThs Ha
ogHOMY paniyci 3 mskepesioM KOJHWBaHBL Ha Bifcrani [ = 1 M oxna

Bim opHOlI, moOpiBHIOE %T{. BusHaunTH HIBUAKICTHL NOIIHPEHHS

KOJIMBaHb y IIbOMY MaTepiaJi.

37. Ha Biacrani s = 1068 M Bix cmocrtepiraua yaapdamoTs MO-
JIOTKOM MmO 3ajxisauyHiil peiini. Crocrepirau, IpHUKIaBIIHE BYXO
OO peHKwW, NOYYyB 3BYK Ha t = 3 c paHimle, Hi:K BiH miAmoB mo
HBOro nosirpaM. Yomy AOpiBHIOE IIBMAKICTE v; 3BYKY B craui?
IIBuakicTs 3ByKy B HOBiTpi BBa)kaTu piBHOW v = 333 M/cC.

38. V¥V cKiNbKHA pasiB 3MiHUTHECHA JOBXXHUHA 3BYKOBOI XBUJI1 Iif
yac nepexoAy 3BYKY 3 noBiTpa y soay? IlIsuaxicrs 3ByKY y Boxi

= 1480 m/c, y nositpi v, = 340 m/c.
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39. Yomy pmopiBHIOE mepios BJIaCHMX KOJHMBaHb Yy KOHTYPI,
AKIIO iHAVKTHUBHicTE KOHTYPY L = 2,5:-10% T'm i em=ricTs
C=1,5-10"% ®?

40. BusaauwuTH nepion i 4wacToTy BJAACHHX KOJHBAHbB YV KOH-
Typi nmpm emuocti C = 2,2.10% @ ra imagykrussOCTi
L =0,65-10"2 I'n.

41. ITlo craHeThCcd 3 BJACHHUMH KOJIMBAHHAMHM B KOHTYpPi, ak-
THBHHUM OIIOPOM SAKOT'0O MOYKXHA HEeXTYBaTH, AKII0 MOro EMHICTB Yy
TpH pas’y 30iNBINHUTH, & IHAYKTHBHICTh ¥ TPU PA3¥W 3MEHIOUTH?

42. fix 3MmiEATBECA Tepiox i wacToTa BiNMBHUX KOJWBAHE V
KoHTYpPi 38 R = 0, AKINO ¥oro iHAyKTUBHICTE 30iMbIINTH B OBa pa-
31, 4 EMHICTs — B YOTHDPH pasu?

43. KonuBanbHKi#t KOHTYpP Mae eMHicts C = 2,6-10712 @ Ta
isgykTuBricTs L = 1,2:10° T's. Sflkoi 0BXHWHH eJeKTpO-
MarHITHIi XBHJIi CTBOPIOE Ieil KOHTYP Y BaKyyMi, KOJIHU B HEOMY
BHHHUKAIOTE KOJUBAHHA 3 BJACHOI 4a4CTOTO0I0?

44, KonuBaJnbHUNA KOHTYP CTBOPIOE B MHOBiTpi enexTpo-
margiTHi xsuiai gosxuHOK A=150 M. fIka eMHicTH YyBiMKHYTa B
KOHTYP, AKIIO iHAYKTUBHicTh KOHTYPY L = 0,25-1073 I'u? Ak-
THBHHM OIIOPOM KOHTYPY MOXKHAa 3HEXTYBaTH.

45. JAky eMHicTh DOBHMHEH MATH KOHIEHCATOP, INOO KOJIH-
BaJIBHUM KOHTYD pajgiompuiiMada, SKHE CKJIAZAETHCA 3 I[BOTO
KOHZEHcaTopa i KoTymku isgyxkrmericTio L = 10-10°3 I'm, 6ys
HACTPOCHUH Ha JoBMKHUHY XBmiIi A = 1000 m?

46. PagionpuiiMmady mpamioe B AianmasoHl JOBMXKWH XBUJbL Bif
A, = 188 m 0 A, = 545 M. B AKHX MeKax 3MIiHIOETHCA EJIEKT-
POEMHICTE KOHAEHCATODPA B NpHMMAaUi, SKINO AaKTUBHUM OIOPOM
KOHTYPY MOYKHa 3HeXTyBaTH?

47. Kontyp pajaiompmiiMaua HACTPOEHHWH Ha pajgiocTaHOiio,
Hecy4a yacTtoTa AKoi v = 9-10% T'm. ¥V ckinekum pasis’ Tpeba
BMIHHTH €MHICTH KOHAEHCATOPA KOJHUBAJIBHOIO KOHTYPY IDH-
Bimaua, 106 BiH O6yB HACTPOEHUI HA AOBXKHUHY XBHai A = 50 m?

48. EneKTpOoMAarsiTHi XBHJII IOIINPIOIOTLECHA B IIEBHOMY cepe-
moBuii 3i meuakicTio v = 2108 m/c. fAka KOBXKUHA XBUJi B I[HO-
My CepefoBMIIi, AKIIO YACTOTAa KOoJuBaHBL vV = 10% I'm?

49. YoMy He MOXKHA 3ZIACHUTH pamio3B’s30K 3 IiZBOXHHM
YOBHOM, AKHH nepebyBa€e i BOAOIO, 34 AOIOMOI'OI0 €JEeKTPO-
MAar"giTHMX XBHUJIb?

50. Yomy nmamMpooBi pagionmpuitmaui Oinesm gyTausi, HiX 1e-
TeKTOpHi?

51. Yomy paaionpuiimauy B aBToMoO0isii moraso mpamnioe, KO-
JU Opoi3AuTh Mifx ecrakanoo abo mig moctom?

52. Yomy pazmionorkalmiiiHa yCTAHOBKA IMOCHJIAE PAAIOCUTHAIH
YV BUIISAAL KOPOTKHUX iMOyabscie, AKi iAyTh OOUH 3a OOQHUM UYepes
piBHi iHTepBanu uacy?
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53. Ilig yac pagionokarlii cursay, nocjaanuii Ha Bermepy, 6yB
OpUAHATHHA 3HOBY Ha 3emJui yepe3 At = 2,5 xB. fIka BigcTaus Bin
3emai go Benepu?

54. PagionokaTop npamoe Ha oBKUHI XBuii A = 20 cMm i gae
n = 5000 iMnyascis 3a ceryHay. Axka raubuHa po3BiAKM panioso-
xaropa?

55. Yomy Bexki TeneumeHTpiB OYAYIOTH AYIKe BHCOKMMU?

56. YoMy OOpiBHIOE NIBHAKICTL NONIMPEHHA CBITJIOBOro BH-
IIPOMiHIOBaHHA, AKIIO BixcraHe Big 3emani mo Micana, piBry
~ 3,84-10% xM, BoHO npoxoauTs 3a t = 1,28 c?

57. 3a CKiNBKU XBWJIMH COHAYHE CBiTno mocsarae 3emuai?
Pazniyc semmoi opbitu nmpuiinatu R = 150-106 xm.

58. Ilix AKMM KYyTOM A0 TFOPHU30OHTAJNBHOI NOBEPXHi crToj)a
Tpeba pPO3MICTHTH IJIOCKE A3epKaJjio, o0 AicTaTH 300pa’keHHA
npeaAMeTa, AKHH JIeMKHUTE HA CTOJI, Y BEPTUKAJBLHIN IJIOIMHI?

59. Ilix axuM KyToM A0 IOBEpPXHI maprH Tpeba posMicTuTH
IJIOCKe A3ePKaJIo, 00 AicraTu so0pakeHHA IIpeaMeTa, AKUH Jie-
SKUTHL HA mapri, y BepTuKaneHiél naomuai? ITapra BaxuiaeHa no
ropmsoHTy mix xyrom 20°.

60. IInocke K3epKajo IOBEPTAEThCA Ha KyT o = 27 . Ha skuii
KyT B nmoBepHeThCA BigGMTHH BiJ A3epKasa OPOMiHB?

61. Ilpomine cBiT/NIAa Dazae Ha MOBEPXHIO HOJIAY IBOX IIPO30-
PHX CepemOBWIN MiJi KYTOM O = 35 i 3aJOMJIIOEThCH MiZi KYTOM
B = 25°. Yomy mopiBHIOBaTHMME KyT 3aJIOMJEHH#A, AKIIO IPOMiHbL
najgaTuMe mig KyTom o, = 50°?

62. Ilpomias cBiTJSIa majgae 3 mMOBIiTPs Ha IMOBEPXHIO PigWHU
nig kyTom o = 40° i 3aIOMIIOETBCA i KYTOM B= 24°. TIpu sixo-
MY KyTi magiHHA IPOMEHA KYT S3aJOMJIEHHHA JLOpiBHIOBATHME
B, = 20°?

63. BusHauuTy KyT ODaAiHHA [IPOMEHs B HOBITpPi Ha moBepx-
HI0O BOOM, AKIIO KYT MixK 3aJIOMJeHHMM 1 BifOHMTHM OpPpOMEHAMH
nopisaioe 90°.

64. BusHauyuTH KYT 3aJIOMJIeHHA IIPDOMEHA IIPHU IepeXoli 3
noBiTps B ermaoBuit cuupr (n = 1,36), akmo Kyt mixk BigbuTHm
i samomyeEMM npoMeHsMu gopiBHIOE 120°.

65. AKBaJIaHTiCT BUBHAYMNB KYT 3aJIOMJIEHHS CBiTJIIOBOTO IIPO-
MeHs y BoZi. BiH BusiBuBCA piBHEM [} = 32°. TIlix aKuM KyTOM X0
OOBEPXHI BOAM magawTh CBiTIOBL nmpomeni?

66. 3paxogssunck y BOZi, BOAOJA3 BCTAHOBHUEB, L0 HAIDAM Ha
Conue yTBOpIoe 3 BepruraLmio KyT 28°. Kosm Bin Buiimos 3 Boxwu,
To nmobaune, mo CoHIle cTOITE HHXKUE HaJ FOPHU30OHTOM. BUsHaunTH,
Ha AKWH KyT 3MiHMBca HanpsaMm Ha CoHIe s BOAOJIA3A.

67. Y moxxe BigOyTHCcA mOBHEe BiaOHBaHHS IpPOMEHs CcBiTaa
iy yac nepexony ¥Moro 3 BOAH B CKJIO?

68. Yu MokHa roBOPUTH Ipo OOOPOTHICTE XOAY IIPOMEHIB y
BHOAAKY IIOBHOTQ BiaOMBaHHSA cBiTJIA?

305



69. Y meBHY TOYKY IpPOCTODPY IIPHXOLATH KOTEepPEHTHi mIpo-
MeHi 3 reomeTpHuHOIO pisHHIe xony Ad = 1,2-107% M, gosxu-
Ha XBHJIi AKUX y BaKyyMi A = 600 Em. BusnaunTu, 1110 CTaHETh-
cA B Uil Touni BHacaimox iHTepdepeHIrii B TpboxX BHIIaAKaX:
1) csitno ine B momiTpi; 2) ceitno Hae y Boxi; 3) cBiTio #fge B
CKJIL 3 MOKAa3HUKOM 3aJioMJeHHs n = 1,5.

70. BaakuTHi npomMeHi 3 ZOBXXHHOIO XBHiIi A = 480 HM Bifg
IBOX KOrepeHTHHX IJKepeJi, BiAcTaHb Mix saxumu d = 1,2-1074 M,
noTpanJasioTh Ha exkpaH. Bingcranes Bia pikepesn cpiTsia 40 ekpaHa
L = 3,6 m. Buacuaigoxk inrTepdepeniii Ha expaHi cmocrepiraerbcsa
yepryBaHHA TeMHHMX 1 cBiTIMX cmyr. BusHauwuTmH BigcTaHb Misk
IIeHTPaMH JBOX CYCiIHIX TeMHMX cMyr Ha eKpaHi. YoMy ZOpiBHIO-
BaTHMe 1A K BigcTaHb, AKNIO OMAaKUTHI IpoMeHi 3aMiHMTH OpaH-
JKEBHMH 3 JOBXHMHOIO XBHJi 11 = 650 am?

71. ITixg yac criocTepe)keHHA B NOBiTpi iHTepdepenii ceiTaa
Bifi ABOX KOrepeHTHHUX [PKepeJ Ha eKpaHi BHAHO YepryBaHHS
TeMHUuX i cBiTaux cmyr. IIlo craHeThCcAa 3 MIMPUHOIO CMYT, AKIIO
CIIOCTEpEe)XeHHA BecTH VYV Boxgi, 30epirarouym pelrtTy YMOB
He3MiHHUMM?

72. ¥V pasi coocrepe:eHHA uyeped AUPPAKIINHY pemiTky
yepBOHHI Kpail creKTpa BHAHO Ha Bincrani Il = 3,5 cm Big cepe-
OUHU LUIIJIHHH B eKpaHi. Bizcrans Big audpakniiiHol peuriTeku no
expanma L = 0,5 M, nepiox pemritkn d = 107° M. Busnauuru no-
BXXHUHY XBHJIL 4epBOHOroO cBiTia.

73. Nudbpaxiiiiina pemriTka 3 nepiogom d = 2 HM OCBiT-
JIIOETHLCA CBiTIIOM HATpi€eBOl namMnmu, HARGIMBLIIA JOBMKUHA CBiTJIO-
Boi xBuii saxoi A = 5,89-1077 M. CKinbKHU CBITIUX (3KOBTHUX) CMYT
MOJKHA IPHU IBOMY IIObauyuTH?

74. ¥V mxinssomy kabineri ¢pisuku € gudpaxuiiai pemritry,
sAKi maioTs n; = 50 i n, = 100 mrpuxis Ha 1 MmMm. fIka 3 HUX gacTs
Ha eKpaHi IMHUPIINHA COeKTp 3a iHIMINX OAHAKOBHUX YMOB?

75. ¥ nabopaTopHiii poboTi 3 BUBHAYEHHA NOBXHWHHU CBiTJIO-
BOl xBMJi 3a gomomoroi audparxniiirol pemiTkm 3 mnepiogom
d = 0,002 mMm gicTraroTs nepime 300paskeHHS HA eKpaHi, gKe Ie-
pebyBae Ha BigcTraHi I = 30 cm Bixm cepemHpoi (6inoi) aimii. Bus-
HAYUTH JOBMXHUHY XBHJIL A, AKIIO BiCTAHEL BiJi pelriTKH A0 eKpa-
Ha L = 1,5 M.

76. Ilig uac mepexoZy cBiTsa 3 HOBiTpA B Oyab-fiKe TBepOe
Tijo abo pigmHY MOBXHMHA CBITJIOBOI XBHJIL 3MEeHIIYETHLCHA, a4 KOJip
cBiTna 3amumaersca TakEM camuMm. Jomy? Yomy Konip medAKHX
MaTepianiB Ipu AEHHOMY i €JIEKTPMYHOMY OCBiTJIeHHi pisHmMiI?

77. Yomy Hajz3BYKOBi JiTaku i pakeTH B NOJBOTLI € MO-
ryTHiMu iHdpadyepBOHMMH BUIIPOMiHIOBAYAMUY ?

78. YoMy eleKTPO3BAPDHUKH IIPAIIOIOTE B TEMHUX 3aXHCHUX
okynapax i3 ckna? Yomy He MokHaA 3pobutu Taki cami TemHi
OKYJASAPH i3 miaexcurjaacy?
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79. SAx mDmoscHHTH TOH ¢akKT, IO IIITYYHI CYIyTHHKH i
KocMmiuHi Kopabii, AKI pyxaoThcsa y BHCOKHMX IIapax aTmocde-
PH, CTAIOTH L KepejaMy PEeHTTEeHIBChKOI0 BHIIPOMiHIOBAHHA?

80. BusHauuTH [iania3oH OOBXHWH XBHJIB PEHTIeHiIBCBKOIO
BHIIPOMIiHIOBAHHSA, 'PAHHYHL YaCTOTH AKHUX JIEXKATH Yy MeXKax Bix
6-10% no 7,5-101° I'm.

81. Jlirax neTuTh HAJ IOBepxHe 3eMJi 31 HMIBHIAKICTIO v, i
3aIajIi0€ CHTHAJBHI BOTHI. 3 AKON MIBHIKICTIO IOLIMPIOETHLCSI
CHUT'HAJ O CIOCTepirauya Ha 3eMJIi — HepyXoMOoro i Takoro, Imo
pyxaerbca 31 mBHAKICTIO V,?

82, IIBi pakeTH pyXarlThCA HA3YCTPiyY oJHA ONHIN 3 INBHUIKO-

3 z 2
CTAMH U; = Uz = C 110 BIJHOIIEHHIO JJO HEPYXOMOTO CIOCTepiravda.

BuzHauuTH HIBUAKICTE 30JMIKEeHHA paKeT 34 KJIACHYHOIO 1 pesas-
THBICTCHLKOIO pOpMyJiaMM ZOSABAHHA ILIBHAKOCTEIR.

83. Ilory:xHicTe Bunpominosaaag Conng P = 3,8-1023 xBr.
O0uMCINTH 3MEHILeHHA Macu Cmnm 3a t =1 ¢ 3a paXyHOK IIBO-
Iro BHIPOMIHIOBAHHSA.

84. ITnacTHHEKA HiKeJJI0, OJId AKOro poboTa BUXOAY eJeKTpOo-
Ha A = b eB, ocsiTinena yasrpad@ioneToBMM CBiTJIOM 3 ZOBXHHOIO
xBuai A = 200 svM. BUBHAUYNTH MaKCHMAaJbHY IMIBHIAKICTE GOTO-
€JIEKTPOHIB.

85. Pobora BUXOAY eJleKTpoHa 3 uesiio A = 1,9 eB. 3 akoo
UIBHJIKICTIO €JIEKTPOHU BUJIITAIOTH 3 NOBEPXHI MeTaly, SAKILO BiH
ocBiTyieHHIT cBiTJIOM 3 HOBXUMHOIO XBHAL A = 500 aM?

86. Haiibiaema noBXuHA CBiTIOBOI XBUJIi, 38 SKOI MOXKe Ma-
T Micuoe doroedexT nna Boandpamy, ?Lmax = 2,75:1077 m. Bu-
3HauYuTH poboTy BUXOAY, HAWOINbIMy IMIBHIAKICTE i eHeprio enxex-
TPOHiB, SAKi BHUPHMBAIOTHCA 3 BOJABMPaMy CBITJIOM 3 ZOBXKHHOIO
xBuai A = 1,8-1077 M.

87. Busnaunru nocriiny Ilnanka h, axio ¢GhoToeNleKTPOEH,
oo IX BUPHMBAE 3 MOBEPXHI AKOrock MeTaJy CBITJIO 3 MOBXXUHOIO
xBrui A, = 2,5- 10~7 M, 3aTPUMYIOTBCA €JIEKTPUYHUM IIOJIeM 3 Ha-
npyroro U, = 3,1 B, a BupBaHi CBITIOM 3 JOBKHHOIO XBHJIL
Ay = 1,25- 107M——3Hanpyr010U = 8,1 B.

88. Yum pisHATHCA 30BHiINHIN I BEyTpimHi#i doroederTn?

89. Busnauutu Macy GoToHiB BuamMoro csitiaa (A, = 5-1077 m)
i peHTreHiBchbKoro Bunpominioosassa (A, = 4,1-107° M)

90. Busnauntn imnynsc ¢dorona uepBoHoro ceitia (A, = 7x
x10~7 M) i perTreniBcbKoro BunpominioBanug (A, = 2- 107° m).

91. B aToMHOMY peaKTOpi CIOCTEepiraroTs raMma-BUIPOMIiHIO-
BaHHA 3 eHepriew ¢oToHiB mopaaxky 3 MeB. Yomy mopiBHIOIOTH
Maca i iMmyasc QOTOHIB, a TAKOMK JOBKHUHA XBHJIL raMmMma-BU-
npoMiHIOBaHHA?

92. Ha 1 M2 uopHoi moBepxHi moceKyHAM nazae n = 2,5-101°
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¢OTOHIR DPEHTreHiBCBKOI0 BHUNPOMIHIOBAHHA 3 YaCTOTOH V = TX
x10'? I'y. SIkuit TUCK CTBOPIOE Ile BUIIPOMiHIOBAHHA Ha MOBEPXHIO?

93. TuCK COHAYHOrO CBiTJIa HA IOBEpPXHIO 3eMui
p=4,5-10"% I1a. BusHauuTH eHeprio BUNPOMiHIOBaAHHS, AKe Ia-
Zae mocekyHau Ha 1 M2 nosepxHi Semai, poaminieHoi nepnexHgu-
KYJIAPHO OO NIPOMEHiB.

94. Ilixg yac mepexony eixeKTpoHa B aromi I'inporeny s oxHoO-
I'o CTAiOHAPHOTO CTAHY B iHIMIH# aToM BuOycKae ¢oToH, eHepria
AKOro Binmosigae poexuHI XBHii A = 652 aM. Ha ckiapku 3MeH-
IIYETECA IPH IIBOMY eHepria aroma lixporeny?

95. Tlig uac GomOapayBaHHA eleKTpoHamu aromu ligpap-
ripymy mnepexonsark B 30yA)xeHHMH cTaH, SAKIIO €Hepria eJek-
TpoHiB AopiBHIOE 4,9 eB abo nmepeBunye ne sHavenHasa. Q0uncan-
TH AOBXKHHY XBHJL cBiTJIa, AKe BHIIyCKaeThbcaA aTomoMm Iiapap-
ripymy miz yac mepexoay 3i 30yA»KeHOro cTaHy B HOPDMAaJIBHHUH.

96. YuM xapaKTepus3yeThbecs IMBUAKICTS pO3nany pasioaKkTHRB-
HOI pe4oBHHH?

97. fAxe AApPO YyTBOPIOETHCA B pesdyibraTi anbda-posnany Ax-
pa isoromy 234U ?

98. fAxe siapo YTBOPIOETHCS B peaysabTati enexTporHoro Ge-
Ta-posnany isorony Iizporeny 1I“I?

99. flke AApPO YTBOPIOETHLCH B PE3YJIbTATI MO3UTPOHHOro Ge-
Ta-posnany fapa izoromy Rynpymy géCu?

100. Ha 10 nepeTBOPIOETHCA ggU oicasa a—poana,uy i nBOX [3-
posnagis?

101. fAnpa izoTonmy goTh 3a3HAIOTH (-PO3MAAy, ABOX B-pos-
nanis i me ogmEOro a-posmazy. flki sapa micaAa EOr0O BHHHKA-
I0TH?

102. Hepio,u; nisposnaay Paziro 22"5R:30. craroBuTs 1600 pokis.
Ckinesru agep isorony posnagerscea 3a 3200 pokis, AKIO mouar-
KOBa KilIBKiCTH pa,moam‘nsﬁnx Aanep 109?

103. Ilepiox mipoanany azep izorony loay 131I 8 1i6. Ckine-
K pPafiOaKTHUBHHUX SALep LIbOr0 i30TONYy 3IaJHUIIMTBCA B 3Pa3Ky
yepes 80 ni6, AKIIO MOYaTKOBA KINBKICTE paJZioaKTUBHUX AIEp
zopisuioe 10°?

104. 3akiHUMTH 3alIMC ANEPHUX peaKIiii:

1) 27A]+én—>?+ sHe; 2) ?+2H - %Be+ in;

3) 1iAl+y — Mg +?

105. 3BanucaTu sAgepHy peakxIlilo, aKa BigfyBaeTbcdA Iin yac
bombapayBaHHA AJOMiHiIO f;‘;Al O-4aCTUHKaMH, AKINO Bigomo,
110 A peakilifd CYIPOBOAMKYETHCA BHIYCKAHHIM HEHTPOHA.

106. BusHauyuTH eHepriio, AKa BUAILIAETHCA IMiJ yac peakIrii:

‘H+2H - jHe + on.
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Aromui macu isoronis Nigporeny ?H i fH BiamoBigHO AOPiB-
HI0I0TH 3,01605 i 2,01410, Iexiio 6,01513 i meiiTpona 1,00867.
107. BusHauuTH eHepriio 3B’A3Ky aAapa leiiro gHe, AKIIO
maca nporo isorony mopisHioe 4,00260 a.o.m., a macu nporoHa i
HeliTpoHAa BixmoBigHO mopiBHOOTE 1,00783 i 1,00867 a.o.Mm.
108. OGunciauTH eHepreTHYHMH BUXia peaxirii:

N+ sHe - 0+ 1H.
Maca aroma Hirporeny 14,003074 a.o.m., aroma Orcureny
16,999133 a.o.Mm. ‘
109. Buginsaerbca YW DOTJIMHAETBCH eHeprisa B Takii
ANepHi# peakiii:
TLi+2H > %Be+ on?
Maca aroma Jlitriro 7,01601 a.o.m., aroma Bepmniro cra-
"HoBuTE 8,00531 a.o.m.
110. ¥V mpoexTi Tepmoa,uep:{oro peaic'ropa nepexbadaeTbCH
BUKODHCTATH PpeaKIlilo H+3H—> jHe+ on. Opmax TpuTiio B

npupoxi He icaye. Mloro MosHA Oflep>XyBATH B TOMY CAMOMY pe-
aKkTopi 3a paxyHoK peakmii oLi+ gn — 42X + SH. Busnauuru xa-
PAKTEepPHUCTHKHN HeBifoMoro snpa.

111. Coocrepiraroun 3a 3MiHo0 KinskocTi Anep izoTony aC
y Bupobax 3 JepeBa, MOYXHA BH3HAYWUTH IXHili Bik. Busmauutnu
BiK BupoOy 3 mepeBa, AKIIO BigOMO, IIIO YHCJIO AAEP iso'ronyléc
B HBOMY 3MEHIIMJIOCHh ¥ TPH pas3y IIOPiBHAHO 3i cBLXKOIO AepeBH-
Hoto. Ilepion uniBposmany I;‘C craHOBUTH 5570 pokis.

112, Tlicnsa spepHOTO BHOYXY B HOBKiJIi 3anuniaeTsca Gara-
TO PagioaKTHUBHHUX i30TOHNIB 3 pisHOMAaHITHUMH IIepiogaMu IIiBpPOS-
naay. ki 3 HUX CTAaHOBJIATE HANOLNBINY Hebesneky AasA doxei?

113. Homycrtuma n[o3a 3arajJbHOrO ONPOMIHEHHS JIOJUHHA
raMma-BUNIPOMiHIOBaHHAM abo Gera-uactTuukamu 5 pag (0,05 I'p)
3a pik. fka gomycTHMAa NOTYKHICTL A03M 3arajbHOro OI-
POMiHEeHHA JIOAWHH 38 YMOBH HeIlepepBHOI Ail BUIIpoMiHIOBAHHA
Ha NMIOJAUHY I1JI0J000BO MPOTATOM BCLOT'O POKY?

114. ITory»kEicTer A03M ramMma-BHIIDOMIHIOBAHHS pagiocax-
THBHHX isoTomiB y 30HiI szapakenHsa 20 paa/roxm (0,2 I'p/roxn).
CKinbKM rogMH MOKe MpalioBaTH B Iill 30HI JOgMHA, AKIIO KO-
IIycTHMOI0 0e3neuHoI0 03010 B aBapiiHii curyauil npuiiaara go-
za 25 pap (0,25 I'p)?

Bnpasa 1. 1. 0,5 B. 2. 0,25 Om. 3. 9-10% B. 4. = 0,67 B.
5.4-1073 Ta.
Bmnpasa 2. 1. Bcyeatu B KoTymky. 2. 3apagu nNpoHAyTh 00 KO-
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TYMOIIi OHAKOBI, a KIJIbKiCcTh TENJIOTH Yy NEepIIOMY BHINAXKY BHIiIH-
TheA Ginbnia. 3. 3MiHHE® Mar"giTHe nose martirty, AKHH obepTacTheA,
36ymoKye B AUCKY IHAYKIIHHI BUXPOBI CTPYMH TaKOI'0 HAIIPAMY, LIO
CTBOPIOBAHE HMMM MATHITHE IIOJie TAJIBMYE PyX Marxity. 3a Tperim
sakoHoM HgeloroHa piBHA i IpoTHJIEXKHO HaIpAMJIeHa cHJAa Ai€ Ha
AUCK i 3MyInye Moro obepTaTHCA.

Bopasa 3. 1. 50 A/c. 2. 0,1 Tu. 3. 25. 4. Haibinsmy —
BUOAJOK 6, HAMMEHIIY — BHIAAOK d.

Bnpapa 4. 1. x = 0,02 sin (200nt). 2. 0,02 M, %n, %1‘:,
+m, =0,014 m, ~ 0,019 M, 0,02 m.

Bnpana B Lo 5 T oaHOuacHo, 0. 2. %n, —%7;, OZHOYACHO,

. 3. = 0,25 M. 4. V Apyromy i TperhoMy BHIaAKaxX 3a nepiuoio ¢gop-
MYJ0I0, a B APYroMy ii 4eTBEPTOMY — 3a APYrolo.
5.d= —4; L-g.

Brnpasa 6. 1. 36iaemuTty yasivi. 2. 3menmuaacs yasiui. 3. Big
6,28-10"7 ¢ mo 12,56-1077 c.

Bopasa 7. 1. = 138,5 B. 2. = 11,76 MA. 3. 100 B, 50 B.

Bropasa 8. 1. 100 Om. 2. 96 Br. 3. 8 Om. 4. 36.

Bropasa 9. 1. 1000 m/c. 2. 4 c.

Bopaea 10. 1. 765 m. 2. 3,4 xm. 3. 5 Km/c.

Bropasa 11. 1. Ilig xyrom 15° mo Beprmiaii i 75" go ropmzoH-
rani. 2. 45°. 3. 91 cm. 4. Moxke, AKImO n; = n, abo KyT ONagiHHA
AopiBHIOE Hyao. 5. Kyt 3amomnenns Gyme 41°. 6. a) 35,2°, 6) 60°.

Bopasa 12. 1. a) Tak, suiige; 6) ui. 2. 1,3.

Bopagsa 13. 1. a) Ociabue, 6) ocnabHe, B) MAKCHMAJIBHO IIiACH-
autbkea. 2. Ocnabienns ceitaa, OCI-CIJII:RH pisHMOSa Xo4y HOpiB-
HIOE HElapHOMY qncny niBxeuab: Ad ———l

Bupagsa 15. 1.7L——m—500 HM; , 2, 0,2 MM. 3. = 5,2-107" M

Bopasa 16. 1. Burukarume, 2. 1,8-10°% M. 3. 7,5-1071° .
4. 3,8-1072% xr-m/c.

Buopasa 17. 1. IIpu6ausao 10 poronis mocexkyuau. 2. ~ 5-1018,
3.=3,47-100" m. 4. = 5-107,

Bnpasa 18. 1. = 6,6-1077 m. 2. AE = 10,1 eB; ui, He MoOxe;
13,6 eB.

Buopasa 19. 1. = 39,3 MeB. 2. Enepria 3s’a3ky aapa isoTomny
I‘mporeuy E, = 8,5 MeB; anpa 130Tony Teniro E, = 7,7 MeB;

AIPO 1H 61.!11:]’1[ crifike, Himx zHe 3. 7,97 MeB.
Bripasa 20. 1. 1) 3Be+ 3He —» '2C + n ;

2) ‘soHeg + on— 'PAu+H ; 3) Mg+ H— }iNa+ jHe .
2. )N+ gn— '5C+1H - 16C—> 1IN+ fe. 3, IIpoTonmn.

Bnpasa 21. 1. 0,313-10710 Ix; 0,028-10710 JIx;
8,05-101° I»x; 33,7-101° Ix. 2. 1,18 MeB. 3. 5,35-10%2 MeB.
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1. 0,08 B. 2. 2-10% B. 3. 4-10% ¢. 4. 1,6-10* K.
5. 3,5-1073 B. 6. 55 BuTkiBs. 7. 120 Burkie. 8. 15 B. 9. 2-107* K.
10. 1072 A. 11. IegyknifitEni cTpyM, 0 BUHUKAE B O6MOTIIi SKOpA,
IIpOTHAlIEe pyxXoBi AKopAa 1 BUKJAMKAae raasmyBaHHsa. 12. 0,28 B.
13. 0,22 B. 14. 120 B; 0,75 Tu; 54 k. 15. 5-10™* I'm.
16. 2-10°¢ I'n. 17. ¥ xoTyuni eIeKTPOMAarHiTy B MOMeHT BMUKAaH-
HA cTpyMy B Koai BuHHKae EPC iHayknii, Aka mepemkomxac
MHUTTEBOMY BCTAHOBJEHHIO MaKCHMAaJbHOI cuiam cTtpymy. 18. 1 I'm.
19. 1000 B. 20. ¥V konax 3 KOTYIIKAMHA BEJHKO]l iHAYKTHBHOCTI IIiJ
yac NepeMHUKaHHs BUHHKAIOTHL 3HAYHI IHAYKOidHI cTpymu, Hebes-
neuri ana xuTTa. 21, 20 Ox. 22. 24,5 A. 238. 1,04 Dx; 5 xllx/m3.
24. 9 pas. 25. = 4,93 c. 26. = 1,7 m/c2. 27. 274 H/m.
28. x=0,9cos (4nt+arccos%). 29. x = 1,6 sin 2,5wt.

30. x = 0631n-—t v=0,25Ta. 31. x = 0551n(101l:t+arcs1n06)
32.A=004mMm, T=1¢,v=1T1, o = 2r, (p0~-—-rt 33. 45 M. 34. &.

35. 3,4 m; n. 36. 80 m/c. 37. 5100 m/c. 38. 4,35 pasu.
39. 0,38:107% ¢. 40. 0,24.10°2 ¢; 4200 I'. 41. Biaacui KonruBaBnHA
B KOHTYDPi He aMmiuaTeca. 42. Ilepion xonusaHs 36iABUIATECS B «./g
pas, a 4acTOTA AMEHIIUTHLCA B8 pas. 43. 10,5 m. 44. 25,4-10712 @,
45. = 2,8-10711 ®. 46. Bixg 31-107'2 go 260-10712 D, 47. 36inbuIn-
T B 2,25 pasu. 48. 200 M. 49. MopceKa Boja IOrJIHHAE eIeKTPO-
MAaTrHIiTHI XxBHai, oCKiibKY € nmpoBigaukom. 50. ¥V maMooBoMy NpHii-
maui BigOyBaeTbca migcHNeHHsT NPHHHATHX CHIHAJIB, a B eTEKTOP-
HOMY Hi. 51. MicT BigbuBae enekrpoMarHiTHi xBuiai. 52. II1o6 moxk-
Ha O6yJo B3BapeecTpyBaTH BizbmTmit imnynaec. 53. 2,3-1010 M.
54, 3-10* m. 55. TeseneHTPH NPAIOIOTHL HA YILTPAKOPOTKHX XBH-
aax (A < 10 m). ITi xBuai He AudparyoTs 1 TOMY He 06rdHAOThE KPH-
BH3HY IOBepXOHbL 3emiai. 56. 3:10% m/c. 57. =~ 8,3 xB. 58. 45",
59. Moxausi asa Bunagru: 35° i 55°. 60. B =2a = 54°. 61. 34",
62. 33". 63. 53°. 64. 25°. 65. 45°. 66. Ha 11°. 67. Hi. 68. MoxxHa.
69. 1) MakcuManbsHe migcuaeHHs; 2) mocaabnenus; 3) MaKcHMaJlb-
He migcuiaenHsa. 70. 14,4 mm; 19,5 mm. 71. Illupusa cMmyr ameH-

murseda B 1,33 paza. 72. A = d%m'?'- 10" m.73. 6. 74. 3 6inbmoio
KinekicTio mTpuxis. 75. A = % ~4-107" M. 76. Konip cBiTia 3B’s13a-

HHI 3 YaCTOTOIO, AKa B JAHOMY BHIAAKY HEe 3MIHIOETHCH, TOMY IO 3i
3MIiHOI0 IIBMJKOCTL IOIIMPEHHA XBUJIE ¥V JAHOMY CEepPeNOBUIIIL V CTiIhL-

KH K pasiB 3MiHIOETHCHA 1 JOBKHHA CBITJIOBUX XBHJIBL (v = ;i :"K—I") v
CrexkTp AeHHOro i eTeKTPHUUYHOro OCBIT/IeHHA Di3HIUil, TOMY B JeAKHX
MaTepiajiB nmpH IMX BHIAAX OCBITJIEHHS pisHiI BiATIHKHM KOJBODY.
77. Ilig yac MoABOTY CHJILHO HATpiBa€eThCA IOJIOBHA YACTHHA JiTakis
abo paker, siKa J0JIa€ B MOJIBOTI BeJHUKMH omnip mosiTpsa. Harpiri ua-

CTHHU i ¢ BunpominiloBawamu. 78. Ilnexkcuriaac opo3opuii Oad yiIbT-
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pacblo.ne'ronnx npomeum. 79. Y BHCOKHX mapax arMmochepHn €
MIBHIKI €JIEKTPOHM 1 HOHHM, AKI HaAJITAIOTH HA CYNYTHMKM 1 Kopabui
i ranpMyOThCA, BHACJIZIOK YOT0O BUNIPOMiHIOIOTH PEHTI€HiBChbKi Npo-
meni. 80. Big 5-107° go 4-10712 m. 81. IlIBuMAKiCT, NOMIMPpEHHS
CBITJIOBOrO CUrHaJly HE 3aJIeKUTh BiJl IIBHIAKOCTI JKepesa i MIBUA-
KocTi cnocrepiraua. 82. 1,5 ¢, 0,96 c. 83. = 4,2.10% .
84. = 6,53-10° m/c. 85. = 4,54v10° m/c. 86. = 7,2-10719 x;
= 9,1-10% m/c; 3,8-1071° k. 87. = 6,7-1073 Iox-c. 88. ITix uac
30BHINIHBOTIO (hoToe(deKTy eJJeKTPOHM BHOHMBAIOTBECA 3 PEe4YOBHHH, a
nmigy, yac BHYTPIiIHBOrO —  3aJIMIIAIOTHCA B  PEYOBHHI.
89. 4,4-103% kr; 5,4-10% xr. 90. 9,5-102% kr-m/c;
3,3-1072% kr-m/c. 91. 3,6-103% xr; 1,1-102! kr-m/c;
6,2-10713 M. 92. = 3,87-107 I1a. 93. 1350 k. 94. = 3-10°19 ,[Im

95. = 2,5-107 m. 96. Ilepiogom misposnazny. 97. “4oTh. 98. 5He.
99. 53Ni. 100. Ha isoron ¥Ypany “53U. 101. *3Ra.102. 7,5-108.

103. 9,76-10°, 104. HesigzoMuMu yacTHHKaMHK OyayTe: 1) llNa;
2) ILi; 3) |H. 105. 3jAl+ 3He — jn+ 33P. 106. 17,7 MeB.
107. 28 MeB. 108. 1,2 MeB. 109. Buzinsersca 15,9 MeB.

110. ;He. 111. 8800 pokis. 112. [30TOnIM 3 BEeJIMKHM MepiogoM
nisposnmaay. 118. 0,57-103 pan/ron (0,57-10° TIp/ron).
114. 1250 rox.

A — enekTpomarHiTHa 284
ABTOKOJINBaAHHA 53 — cuJabHa 284
ABTOKOJMHMBaJbHaA cucTeMa 53 — csnabka 284
Agprorpanchopmartop 82 Bi6parop enekrpuunmii 112
AKTHBHIiCTE nIpenapary Bin6usaunsa ceitna 135
Anbda-yactuuka 220 — — nosHe 138
Amnaityaa 33 Binikon 128
Anrtena 113 BunpomiHoBaHHA
Anrupeyosuna 270 — BUMYyILeHe 212
Anrureniin 272 — indpauepsoHe 163
AxTupefitepiii 272 — yabTpadionerose 164
AHTHHeHTpHHO 274 Bebep (ogMHUIA MarHiTHOrO
AuruHedTpoH 272 notroky) 11
AnTunporon 272
Aunrurpurin 272 » . F
AnruuactuHka 270 l'amma-npomeni 221

I'emepaTop

b — eJIEKTPOMArHITHHX KOoJIuBaHBL 67
Bapioun 277 — 3MmiHHOro crpymy 73
Bera-uactunkun 220 — KBaHTOBHIT 212

lenpi (oguHMLA iHAYKTHUBHOCTL) 22
l'onorpadia 217

Ipeit (0OAMHUIA NMOTJIUMHYTOT 103K
BUNIpoMiHioBanHA) 253

B
Baaemonis
— rpagiraniina 284
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I'verrBa nmoroxky eneprii
(BunpominoBanua) 118
I'yumicte 103

pi |
Hemonynauia 121
Hemoaynstop 124
HerexTyBanua 121
HedpexT macu 179
Hucnepcisa ceiTna 162
dudpaxmiiiaa
— KapTtuHa 152
— pemriTka 153
Hudpaxiia
— cBiTaa 151
— xBuae 151, 152
HoeskrHa xBuiai 90
Jlosa BunpominOBaHHA
norauHyTa 252
Hosumerp 254
Hocnign -
— Pezepdopaa 202
— ®panka i T'epna 208

E
Enexrpuusne mone
— impgykniiine 6,8
— — BUXpoBe 9
EnextpomarHiTua imgykiia 3
Enepria
— aB’asky 237
— — nuToMa 238
— wmarsitTeOro moas 23
EdexT Mecbayepa 176

3
3akoH
— BigbmeaHHA cBiTaa 135
— samomaeHss — 136
— EiiHmTeiiHa npo B3a€MO3B’A30K
Macu # emeprii 180
— eJIeKTpoMarHiTeol imaykmii 10
— JOoJaBaHHA IIBUAKOCTEH
Tanines 174
— — — penaTuBicTenrkMit 177
— panioakTHBHOro posnany 222
3axouu doroedexty 183, 184
3anomnenns ceitna 136

I
Izsoronm 223
IsgyxruBHicTs 21
Inrepdepenniiina xapruna 141
InTrepdepeniia

— xBuae 141
— cBiTna 143
Inrepdepomerp 150
Iadppaseyx 99

K
Kamepa
— Binscorna 229
— i#onisanmiiina 227
Kamepton 98
KsanTt 181, 185
Keapku 278
Kineckomn 129
KorepenTHi xsuni 142
Korepep 118
Konnsauus
— BuMymeHi 27, 46, 71
— BinbeHi 26
— rapmoHiuxi 33
— eJeKTpomarsiTHi 58
KonupansHa cucreMa 26
KonupanbHUit KOHTYD 58
— — BigkpuTHi# 113
Koedinient
— camoinaykmii 21
— PO3MHOXKEeHHA HelTpoHin 258
— TpaHchopmanii 80
KopnyCKynapHO-XBUIBOBH
nyamiam 193
Kyt
— BinGuBanus 136
— ganomneHHsa 136
— mapieua 136
— IIOBHOTO BigOHMBaHHSA
rpaHuYHEH 138

J
Jlazep 212
— HanisnpoBizumxoBuit 218
— pybinoBuit 213
Jlentoau 277
JlivuneENK
Teiirepa — Mroanepa 227

M
Maca kpurHuHa 263
Macore uucao 222
Masarauk matemaruauuii 29
Mexa doToederTy uepsona 184
Mezouun 277 .
MeToxn doToeMybcifianit 228
Mikpodon 18
Mogynania 121
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H
Heiitpunao 274
HeiiTpon 234
HykaoH 235

II
Ilepion

— audpakigiiigol pemitku 155
- KoJueaHb 26

— miBposnazny 224
ITosuTpon 270

IMokasHUK 3ajIOMJIEHHA CBiTNIa
— — abGcomroTEN# 136

— — BigHocumit 136

Ilone enxexrpomaruiTae 108
ITonspusania ceitna 156
ITonspoin 160
ITonepeuHicTs CBiTIOBHX
XBRJIb 159

ITocrynatu

— Bopa 205, 206

— Teopii BigmocHOCTi 175
IIpasnao

— aMmimenus 223

— Jlenna 13

— opaBoi pyku 12
ITpunuwun BigHOoCHOCTI
Eitamreiina 175

ITpomeni

— iudpauepsoni 163

— peHnTredieceki 165

— yabTpadionerosi 164
IlpocBiTnenua onTuxku 148

P

PagioakTneHicts 218

— wmTyuyHa 247
Pagionokania 125

— nnaxer 128

PeaxTop agepuuit 261
Peaxmii

— TepMosgepHi 266

— sapepHi 232, 240

— — JaHUOrosi 257
Peszomnanc 48, 77

— aKycTtuunuit 105
PenTreriscoka nedexrockomnia 166
Pipusnusa EiiHmreiina ans
doroederTy 186

C

Camoinayxuia 20
Ceirnosox 139

314

Cuna crpymy giroua 75
Coextp 161

— ninijfgyacruii 200

— norauHagHsa 200, 211

CrnexTpanbHuii agaxia 210
CroBinpHIOBaY HelTpoHiB 261

Crana Ilnauka 185
Crpym
— iayruifinni 6

— eNeXTPHMYHHUHA 3Minuwuii 73

T

Tenebavenns 128
Tem6p 104

Teopia BigHocuocTi 175
Tuck ceiTna 195

Tou 104
TpanchopmaTtop 80
Tpex 229

y
VaeTpassyxk 99

D

Paza xonusadb 37
Dopmyaa

— Troiirernca 40
— Tomcona 65
Portorpacdia 196
PoToH 181, 185
®Doropesne 189
dorocuurtes 196

dorocTpyM HacudeHHs 182

Potoenement 188
DoToedeKT

— BHyTpimAiix 190
— goBHimHIA 190

X

XBuui

— eJexTpoMartirai 109
— mexaniuni 88

— mo3moBXMHI 92

— monepedHi 92

— cBiTaosi 133

q

YacroTa xonuBaHe 26

— — mBJacHa 35

— — kogoBa 35

— — pes3oHaHcHa 48, 79
— — HnMKJiuHa 35
YacToToMmip 52

-



IIsuakicTs
— xBHJi 90
— 3ByKy 101
— cBiTna 133

IMESHHUA NOKCKUMK

Angepcon K. 270 Mapkosni I'. 119
Mengenees II. I. 199

Bacos M. I'. 213 MeiiTaep JI. 256

Bexkkepesb A. 218 Minniken P. 199

Bekxkep I'. 232

BOD H. 206 l'[ay.ni B. 274

Bore B. 232 ITnanx M. 186
ITonos O. C. 118

Binscon 4. 229 IIpoxopos O. M. 213

Fasiseit T. 133 HTOJIe‘l'\ﬂeﬁ K. 136

Teitzenbepr B. 235 Iynwoi 1. 165

lenn-Maxu M. 278 Pesepdopn E. 202

I"epz} r. 110 Pemep O. 134

I'peid JI. 253 PeunTren B. 166

Tioiirenc X. 40
Crknomoeceka-Kropi M. 218

Hexapr P. 136 Cmaxyna O. 149
Hipax II. 270 Cueniyc B. 136
Homio-Kiopi 1. 233 Tomcon B. 65
Homnio-Kiopi P. 233 Tomcon k. I>x. 199
Eitnmreiins A. 175 Dapaneitr M. 3,5
Kiopi I1. 218 Pepmi E. 256

JleGexes T1. M. 195 Hseiir ix. 278
Maitkeascon A. 135 Yenpik dx. 233
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