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Beryn

B 3anponoHoBaHOMY KOHCIEKTI JeKL1i 3 Kypcy «Pi3uKa» MPUBEIECHO MaTepiai 3
KJIACUYHOI Ta CydacHOi (I3MKM: JaHl BU3HAYEHHA (I3UYHUX T[OHATh, KOPOTKO
chopmynboBaHi (Di3UYHI 3aKOHU U MPUBEICHI HEOOX1IH1 MOSICHEHHS.

OcTaHHIM YacoM BHACIIJOK BBEJIEHHS HOBHUX AMCIMIUIIH Yac BUBUYEHHSA KypCy
¢13uKku 3HA4HO ckopoueHo. OnHak mporpama 3 (I3MKM 3alMIIAIAch He3MIHHOIO. Lle
norpedye HOBUX MIAXOAIB A0 BHKIaAaHHS (QI3UKM 1 HOBUX MIJPYYHHUKIB, 5KI O
BpPaxOBYBaJIM 3HAYHO CKOpPOYEH1 0OcsAruM yacy Ha BUBYEHHs (i3uku. Iliapyunuku 3
¢13uKy, K MpaBuiio, 0AraTOTOMOBI i po3paxoBaHi Ha TPUCEMECTPOBE BUKIaAaHHs. [Ipu
CaMOCTIMHII poOOTI 1€ BUKIMKAE 3HAYHI TPYAHOUIl s CTyAEHTIB. ToMy BHHHUKIA
norpeba pa3oM 3 HOBUM KypCOM MaTH CKOPOYEHHUI Yy BUIJISII KOHCIEKTY JIEKIIiH, SKui
BiNOBIAae 00’€My BUKIJIaJIaHHA B YHIBEPCHUTETI, a MIAPYYHUKU BUKOPUCTOBYBATH IS
OUTbII MOTIMOJIEHOTO BUBUYEHHS (PI3UKU M1 Yac CaMOCTIMHOT poOOTH CTYIEHTIB.

Kypc nexuiif oxomitoe B CKOPOYEHOMY BHUKIIAJaHHI MPAKTUYHO BECh Marepiai
BKAa3aHOTO TPUTOMHOTro Kypcy. IIpum 1bOMy MakCMManbHO CKOPOYEHO MaTeMaTHUYHHIM
amapat, IpHAUICHO yBary (Ii3MYHOMY 3MICTY TOHSTh, SBUII 1 3ak0oHIB. OOMeEXeHUM
00’€M KOHCIIEKTY JIEKI[Il HE J03BOJIMB BKJIIOUUTHU B HBOTO €KCIEPUMEHTATbHI METOIU
JTOCJIJPK€Hb, OMKC AOCIIIIB Ta MPUIaAiB M 1HIIWNA eKCIIepUMEHTAILHUN MaTepiai. Bce
IIe CTpUs€ IpU 0OMEKEHOMY 0OCATY Yacy Ha BUBUEHHS JUCHUIUIIHU SIKICHO OBOJIOMITH
OCHOBHUMHM TIOHATTSIMH, SBUINAMH 1 3aKOHaMu (I3UKM TIPpU HE3MIHHIM mporpami 3
JUCIIUILIIHUA.



Moayasb 1. Mexanika MaTepiajibHOI TOYKH.
Jekuia Nel. OcHOBHA 3a1aua MeXaHIKH - 2 TO/1.

IInan:

1.JlesiK1 BIZOMOCTI 3 MAaTEMAaTHKH;

2.Ilpenmer, meTa 1 MeToau (HI3UYHUX JTOCTIIKEHb;

3.Cucrema CI;

4.0OCHOBH KIHEMATUKH pPyXy MaTepiaibHOT TOUKH.

Jlesiki BiTOMOCTI 3 MaTeMaTHKH

MaremaTtuka Biirpae BUKIIOUHO BaXKJIUBY poib B (i3ulll. be3 Hel cyyacHa ¢i3uka
Hemuciauma. MareMaTuka aJeKBaTHUM KUIbKICHUW amapar mig (i3ukiB. B mporeci
po3BUTKY (i3MKa 1 MaTeMaTHKa B3a€EMHO 30aradyroTh OJHA OJHY. AJie HEOOXiTHO
NPAaBWIBHO YSBISATH ICTUHHY pOJIb MareMaTWku 1 (izuku. Uucra maTemMaTHKa Mae
cipaBy 3 aOCTpakTHUMU 00’ e€kTamu 1 MOHATTAMU. [Ipu moOynoBi Teopii di3uka 3aMiHIOE
peanbHl 00’ €KTH X 1/1€ai30BaHUMH MOJESIMHU, 1110 TPUOIU3HO MPABMIBHO MEPEeNaoTh
HE BCl BJIACTMBOCTI pPEaJbHOr0 00’€KTa, a TUIBKK Tl 3 HUX, SIKI CYTTEBI B TOMY KOJIi
NUTaHb, 110 PO3TJISAAAIOTHCS. SIKI BIIACTMBOCTI pealbHUX OO0’ €KTIB CYTTEBI, a Kl HE
BIJIIrpalOTh MOMITHOI POJII — Ha 1€ MUTAHHS MOXE BIJIMOBICTH TUIBKH JOCHI, SKOMY
HAJIKUTh BUPIIAJIBHE CIIOBO B MUTAHHI PO MPABMIBHICTH Oyb-s1KO1 (pi3uyHOT Teopii 1
MeXKax 11-BUKOPUCTAHHS.

Ipeamer, meTa i MeToaM QI3MUYHMX JTOCTIIKEHD

di3zuka — 11e Hayka Ipo npupoay. BoHa BuBUae MaTepiro Ta OUIBII MPOCTI 1 pa3oM
3 Tum O 3aranbHi GopMH 11 pyXy, a TaKOXK (PyHIaMEHTAIBHY B3a€EMOJII0 TIPUPOJIH,
10 Kepy€e pyXaMu Marepii.

Jlesiki 3aKOHOMIPHOCTI € 3arajJbHUMU JIJIs1 BCIX MIOTEPiaIbHUX CUCTEM, HAIPUKIIAT
30epeKeHHs] EHEPTUH, - IX HA3UBaIOTh (PI3UUYHUMU 3aKOHAMH.

®di3uKy 1HOAI Ha3WBalOTh «PyHAAMEHTAJIBLHOI HAYKOIO», OCKUIbKH IHIIII
IPUPOIHUYI HayKW (010JI0TisA, TEOJIOTis, XiMiid Ta 1H) ONMHMCYIOTh TUTBKH ACSKHH Kiac
MaTepiaJbHUX CUCTEM, IO MIAKOPSAIOThCSA 3aKoHaM (izuku. Hampwukiazn, xiMis BUBUae
aTOMH, YTBOPEHI 3 HUX PEUYOBUHM Ta MEPETBOPEHHS OJIHIET pEUOBUHHM B 1HITY. XIMIUHI XK
BJIACTUBOCT] PEUOBUHH OJTHO3HAYHO BU3HAYAIOTHCS (PI3UMYHUMH BJIACTUBOCTSIMU aTOMIB 1
MOJICKYJI, ONUCYBAaHUMHU B TakKuX po3auviax (i3ukw, SK TEPMOJIUHAMIKA,
€JIEKTPOMAarHeTU3M 1 KBaHTOBA (hi3UKa.

di3uka TICHO TMOB'S3aHa 3 MaTEMAaTHKOI: MaTeMaTHMKa Hajae arapar, 3a
JIOTIOMOT OO0 SKOTO (hi3MYHI 3aKOHU MOKYTh OyTH TOUYHO chopmynboBaHi. Di3uyHI TEOPii
Maike 3aBXAM  (DOPMYITIOIOTHCA Yy BUIIIAAI MaTeMaTUYHMX BHUPA3iB, NPUUOMY
BUKOPUCTOBYIOTHCS OUTBINT CKJIAIHI PO3JAUIM MAaTeMAaTWKH, HDK 3a3BHYail B 1HIIHX
HayKax. | HaBmakW, pO3BUTOK OaraThbOX Trajy3edl MaTeMaTHUKA CTUMYJOBAJIOCS
notpebdamu (HI3MIHUX TEOPIH.

OcHOBHa 3ajJ1aya MEXaHIKHd B TOMY, 1100, 3HAIOUH CHJIH, JIiF0Yi HA T1JI0, BA3HAYNUTH
MOJIOKEHHS (KOOPAMHATH) IHOTO Tila B JIOOMI mpomikok dacy. lle mpsima 3amaga
MexaHikd. OOepHEHOIO0 3aa4eI0 € 3HAXOHKEHHS CHII, IKi CIIPUIMHUIIN IIeH PyX.

Mexanika TiCHO TIOB’s3aHa 3 OaraTbMa po3auiaMu (pi3uku. P moHATH 1 METOIIB
MEXaHIKM TP BIAMOBIIHUX Yy3araJIbHEHHSX 3HAXOJATh 3aCTOCYBaHHA B CTAaTHYHIN
¢b13ulll, ONTHIl, KBAHTOBIM MEXaHIIl, €JIeKTPOAMHAMIIII, TeOp1i BIAHOCHOCTI 1 1H.



[Mpunuunu (i3uyHUX MOUTYKIB JEII0 BIIPIZHSAIOTHCSA BIJ TAaKUX B THIIUX HayKax
TOMY, IIO TYT ICHY€ YITKO BHU3HAY€HUN PO3MOJLI HAa TEOPIlO0 Ta €KCIEPUMEHT, 1 3 20
CTOJITTS OUIBIIICTh (DI3UKIB CHEIlani3yeTbcsl ab0 Ha TeopeTHuHi ¢i3uii, abo Ha
€KCIIEpUMEHTANIBHIN, 1 1y’)KE€ MaJI0 TaKUX, Kl O JocArin ycmixiB B 000X Hampsimax. Ha
BIIMIHY, NPAaKTUYHO BCl YCIIIIHI TEOPETUKH O1oiorii Ta XiMmii TakoxX Oynau 1
eKCIIEpUMEHTaTOpaMH.

KopoTko kakyuu, TEOpPETHKH 3aliMalOThCsl MONIYKOM TeOopii, ski Moriu O
MOSICHUTH ICHYIOYl EKCIEpUMEHTalbHI pe3yJbTaTH Ta MepeAdauyuTd HOBI, TOAl SK
€KCIIEPUMEHTAaTOPU OPraHi3yloTb CBOi MPAKTU4YHI JOCHIKEHHS JUIsl TEPEBIPKU
pe3ynbTatiB Teopid. ToOTO, HE3Ba)KalOYM HAa ICHYBAHHS JBOX YITKUX HAMpSMIB, BOHU
TICHO MOB'SI3aH1 OJJUH 3 OJHUM. ToMy MpopuBH B (Hi3UIll YACTO BIOYBAIOTHCS caMe TO/I,
KOJIM €KCTICPUMEHTATOPH BUSBJISAIOTH, IO ICHYIOYI TEOpil HE MOXYTh IMOSICHUTH IXHIX
pE3yJNIbTATIB, 1 11€ MOTpeOye NOOYA0BH HOBUX (PI3UMYHHUX TEOPIH.

Cucrema CI;

MikHaponHa cucTeMa OJMHHUIb— 1€ cydacHa (opmMa METPHUYHOI CUCTEMH,
30ynoBaHna Ha 0a3i cemu ocHOBHMX oauHHI. Cucrema CI € Haigacrime
BUKOPHCTOBYBAHOIO CHCTEMOIO OJMHHUIIL IPH TPOBEACHHI PO3PAXyHKIB B PI3HUX
rajiy3sx HayK, TeXHIKH, TOPT1BJI1 TOMIO.

['onoBHa MeTa BIPOBAKCHHS TaKOi CUCTEMH — OO'€THAHHS BEJIHMKOi KiJTBKOCTI
cuctem onunuib (CI'C, MKI'CC, MKC To110) 3 pi3HUX rainy3edl HayKd Ta TEXHIKH Ta
YCYHEHHSI TPYIHOIIIB, MOB’SI3aHUX 3 BUKOPHUCTAHHSIM 3HAYHOI KUTBKOCT1 KOE(QIIli€eHTIB
npu TmepepaxyHKax MDK HHMMH Ta CTBOPEHHSAM BEJIHMKOI KUIBKOCTI €TaJOHIB JUIs
3abes3neueHHss HeoOxigHoi TouHocTi. IlepeBarm CI 3a0e3meuyroTh IMiJBHUIICHHS
IPOJYKTUBHOCTI Tpalll MPOEKTaHTIB, BHPOOHWKIB, HAYKOBI[IB, CIPOIIYIOTh Ta
MOJIETIIYIOTh HABYAIBHUHM MPOIEC, a TaKOX MPAKTUKY MIKHAPOJIHUX KOHTAKTIB MIXK
Jep>KaBaMH.

Mixnapoana cuctema oauHuIs Cl ckiagaeTses 3 HAOOPY OJWHUIIL BUMIPIOBaHHS
Ta Ha0Opy KpaTHUX 1 YacTKOBUX IpedikciB g0 HuX. CHCTeMa TaKoXX BHU3HAYA€E
CTaHJApPTHI CKOPOYEHI TO3HAYCHHs I OJWHUIF Ta TMpaBWiIa 3alUCy IMOXITHUX
OJIMHUIID.

Cucrema CI He € HE3MIHHOIO, BOHA € HA0OPOM CTaHAAPTIB, B SIKOMY CTBOPIOIOTHCS
OJIMHUIIl BUMIPY Ta KOPUTYIOThCS 1XHI BUSHAUYEHHS 3TiHO 3 MDKHAPOJIHUMH YrOAamMu B
3aJIeKHOCTI B/l PIBHSI Cy4aCHOTO PO3BUTKY BUMIPIOBAIbHUX TEXHOJOTIH.

OcHOBM KiHEeMATHKH PYXy MaTepiajJibHOI TOYKH

Kinematnka BHBYae pyx TUI, HE PO3MNISAAIOYM Ti MPUYUHH, SIKI LEH pyX
00yMOBHIIH.

Hexaii matepiagpbHa TOYKa TEpEMINIyeThCs 3 Touykn A B Touky B (puc. 1).
Bincrans Big Toukn A 10 TOUkH B, B3sTa B3JOBXK TpaeKTopii, ABJIs€ COOO0 MPOMaCHUI
nuisax  S. BexTopoMm mepeMilieHHS Ha3MBAaIOTh BIAPI30K MPsSMOI, MPOBEACHOI 3

e

ITOYATKOBOI'O TIOJIOKCHHSI B KIHIIEBE ITOJIOKCHHS Tijla (BEKTOP AB). Skmo TiI0

_

nepemictiiiocs 3 Touku C B Touky B, To JIPYTUM nepemimennsam Oyne sexrop CB.
Pe3ynLTy10qHM NepeMIllieHHSIM OyJie BEKTOp AB , SKUU TOPIBHIOE CYM1 BEKTOPiB AC

Ta CB, OCKUIbKH, SIK BUJIHO 3 puC. 1, Biapi3ok AB € miaronamio mapalnenorpama,
nooynoBanoro Ha Bigpizkax AC ta CB.
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Puc. 1 llepemiwenns mamepianbHoi mouku
BekTop nepeminieHHs CriBnajaa€e 3 AUISHKOI TPAEKTOPIi JUIIE TPSMOIHIMHOMY
pyci. Ilpu KpuBOIIHIMHINA TpaeKTOPii NUISIX HE CHIBMAAA€ 3 MEPEMIIIEHHAM. AJie, SKIIO
B3SITH JOCTaTHbO MaJie MEPEeMIlEHHS, TO 3 BU3HAYEHOIO TOYHICTIO MOKHA 3aMIHMTH

BIAPI30K MUISAXY AS BEKTOpOM MepeMilieHHsS AS‘ Take wmane mnepeMileHHs

HA3UBAETHCS CJIEMEHTAPHUM TEPEMIIICHHSIM.
[Insx, mpoiineHuit TioM, sIBIsSe€Tbes QyHKIE vacy. [Ipu piBHOMipHOMY pyci
MIBUKICTH T171a BU3HAYAETHCS MPOCTO SIK MUJISAX, TPOUICHHUH T1JIOM 3a OJUHUIIO Yacy.
JInst OUIbI TTOBHOT XapaKTEPUCTUKH 3MIHHOTO PYXYy BBOJSITH MOHSTTS MUTTEBOI

MIBUAKOCTI. SIKIO 3a HEBEIMKHUN MPOMIKOK Hacy At TiJI0 TMPOXOJUTH MUISAX AS’ TO
IIBUKICT JOPIBHIOBATHME:
v =5 1)
Cp t
A

Benmuunaa MUTTEBOT IIBUAKOCTI (IIBUAKICTH B JaHIA TOYIll MIJIAXY) PiBHA TPAHMIIL
710 SIKOi HAOIMKAETHCS BIIHOMIEHHS MPUPOCTY IUISAXY JO0 BIIMOBIIHOTO MPHUPOCTY YaCy
IpU YMOBI, 1110 At HAOJIMKAETHCS 10 HYJIA.

. S
y=lim 2~ )
At—>0 At
B wmaremaruii ms TpaHMIS HA3WUBAE€THCS TOXITHOKI BiJ NUBIXY II0 dYacy i
[M03HAYACTHCA TaK:

_as
dt .

dopmyny (3) MOXKHA 3amMKcaTH 1 Yepe3 HECKIHYEHHO MaJie IepeMillleHHS ds:

e

Vzd— 4)

dt
BekTtop mBHAKOCTI CHiBmamae MO HAmpsAMKY 3 HECKIHYEHHO MalluM
nepeMillieHHsIM (TOOTO 3 AOTHYHOKO JO TPAEKTOPIi) 1 YMCEIBHO PIBHUM MOXIJIHIN Bix
HUISIXY 70 Yyacy. B Ou1blIocTi BUNAAKIB MIPU PYyCl MIBUAKICTH 3MIHIOETHCS 1 IO BEJUYUHI 1
no HanpsMmky. Jlis XapakTepUCTUKU 3MIHM IIBUAKOCTI BBOJAUTHCA MOHSTTS
MIPUCKOPEHHS.

1% 3)



B Bumagky npsMOJiHIHHOTO HEPIBHOMIPHOIO PYXYy CEpEIHE MNPUCKOPEHHS 3a

MPOMIKOK yacy At TopiBHIOE BITHOIIEHHIO 3MIHM IIBUAKOCTI IO LIbOTO MPOMDKKY 4acy.
— 2
a =4:a=%4;a =" (5)
cp t T t n R
A A
[IpuckopeHHs, sike T1J10 Ma€ B JJaHUH MOMEHT (B JaHId TOYIll LIJISAXY) JAOPIBHIOE
IpaHulll, 10 SIKOT HAOJIMKAETHCS MTpaBa YaCTHHA PIBHIHHSA (5) MpH 3MEHILIEHHI TPOMDKKY
yacy At 10 HyJsig, TOOTO AOPIBHIOE MOX1AHIN MIBUAKOCTI Bij Yacy.
_ dv
a= at (6)
BpaxoByrouu, 10 MBHAKICTh AOPIBHIOE MOXIAHINA HUIAXY MO 4acy, 3HaAXOAUMO,
10 IPUCKOPEHHSI IOPIBHIOE APYTii MOXIAHIN HMUIAXY MO Yacy:
d(ds) d3s
dt\ dt ) dt?
TakuM 9rMHOM, AKIIO BIIOMUM IUIAX TUIAa K QYHKIISA Yacy, TO JIETKO BU3HAYUTHU
HOro MmBHIKICTH 1 IPUCKOPEHHS B Oy/Ib — KU MPOMIXKOK Yacy.
3 Kypcy cepeHbOi IIKOIM BiAOMI 1€ TaKi CITIBBIIHOIIECHHS KIHEMATHKU (3HANUTH

iX IHTErpyBaHHAM):
2
v=v,+at; S:v0t+a;;v=w/v§+2a'8 (8)

e VO — MIBUJKICTH TUTa B MOMEHT Yacy t = 0; S — nuisix npoiaeHuit Tijiom 3a t

qacy.

Jexyin Ne2. KinemaTuka MaTepiajbHOI TOYKHU — 2 TO/.

Ilnan:

1. 3aga4i KIHEMATUKHA

2.PiBHOMIipHWMI nipsiMosTiHIHHKM pyX. [IIBUAKICT

3.PiBHO3MIHHUY TipsiMonTiHINHUE pyX. [IpuckopeHHs

4.YacHult BUTIAJIOK PIBHO3MIHHOTO PYXy- PyX M AI€I0 TSHKIHHS 3€MITI

5.006epToBHIi pyX MaTepiaibHOI TOUYKH Ta HOTO XapaKTEPUCTHKU

6.KonuBanbHuil pyXx Ta HOro XapakTepUCTUKU

['onoBHUM 3aBHaHHAM KiHEMAaTHKH € MaTeMmMaThdHe (pIBHSHHSAMH, Tpadikamu,
TAOIUIIMA TOUI0) BU3HAYEHHS TMOJIOKEHHSI Ta XapaKTEPUCTUK PYyXy TOUOK abo TII y
gaci. Bynp-skuii pyx po3risimaeThCs y TEBHIA cuUCTeMi BimiKy. Takok KiHeMaTuka
3aiiMa€ThCsl BUBUCHHSAM CKJIQJ0BHX PYXiB (PyXiB y BOX CHCTEMax BIITIKY, 1110 B3aEMHO
MePEMIIIAOTHCS).

OcHOBM KiHeMATHKH 00€PTOBOI0 PyXy MaTepiajibHOI TOYKHU

Pyxwu, mo BinOyBaroThCS y MPUPOJII Ta TEXHII, MOXKYTh PO3PI3HATHUCS 3a JIBOMa
O3HaKaMU: 3a 3MIHOIO 3HAYEHHS IIBUJKOCTI Ta 3a 3MIHOIO ii HanpsiMy. Tak, HanpukIiau,
KOJM TOYKA YU TUIO PYyXarTbCs B3AOBXK MNPAMOI JiHII (MalOTh MNPSMOJIIHIMHY
TPAEKTOPiI0), TO HAMPSAM iX HMIBHAKOCTI HE 3MIHIOETHCS — BIH 30Ira€ThCs 3 HANPSMOM



TpaekTopii. Xoya MNpU I[bOMY 3HAUYEHHS LIBUIAKOCTI MOXE 3MIHIOBATUCH. Y LBOMY
BUIAJIKY PYX Ha3UBAaIOTh HEPIBHOMIPHUM.

Ane K pyxu MOXKYTbh MaTd i KpUBOJIHIAHI TPA€KTOPIi, HAUIPOCTINIUMU 3 SIKHUX €
TPAEKTOPIi KOJOBL. 3pO3yMUIO, IO TAKUH PyX MOKEe OyTH i1 pIBHOMIPHUM, TOOTO KOXKHA
TOYKA HUTKH OyJe MaTH IUBUIKICTb, SKa HE 3MIHIOBAaTUMETbCA 3 YacOM 3a CBOIM
3HAYEHHSM, X04Ya HalpsIM IIBUAKOCTI TOYOK Yy KOKHUNA MOMEHT MOKE 3MIHIOBATHCh.

PozrnstHemo pyx maTepiajibHOI TOUKHM MO KOJy, KOJIM BiH € PIBHOMIPHHUM, TOOTO
3HAYEHHS MIBUJKOCTI 3 YaCOM HeE 3MIHIOEThCS . TouKa, pyXaruuch 1o Koy paaiyca R, 3a
MEBHUM Yac t mepexouTh 3 Touku A B Touky B. Ilpu upomy Binpizok OA noBepTaeThes
Ha KyT () — KyTOBE NEpEeMIillleHHs. 3a UUMU JAaHUMHU MOXKHA CXapakTEpPU3yBaTH PyX
KyTOBOIO MIBUJKICTIO, ne ¢ (rpermpka Jitepa «(i») — KyTOBE MEPEMIIICHHS; O
(rpenpka’ JiTepa «OMera») — KyTOBa MIBUAKICTb.

KyroBe nepemiiieHHs: BUMIpIOETbCs B pajaiaHax (pan.). 1 paaiaH ne Take KyToBe
NEPEMIILIEHHS, KOJIM TPAEKTOPisl PyXy TOUKM — JOBXKHMHA AYru Koia AB — nmopiBHIOE
JOBXHHI pajiyca R.

OTxe, ONMHUIICIO KyTOBOT IMIBUAKOCTI € pajiaH 3a CeKyHIy (paj/c).

1 pan/c nOpIBHIOE KYTOBIM HMIBUAKOCTI TAaKOT'O PIBHOMIPHOTO PyXy IO KOJYy, Mif
gac SKoro 3a 1 ¢ 3/1IHCHIOETHCA KyTOBE NIEpeMIllieHHs 1paj.

[Ipu BU3HAYEHH1 KYyTOBOi MIBUAKOCTI CJIOBO paji HE MUINYTh, a 3a3Ha4yaroTh 1/c,
Ma€eThCS Ha yBa3i pajy/c.

Pyx Touku 1o koiry (Ta 00€pTaHHS TBEPAOrO TiJIa) XapaKTEePHU3YIOTh Taki (i3UYHI
BEJIMYMHU, SIK TIePioJT 1 yacToTa 0OepTaHHS.

ITepion obepranns (T) — 1e yac, MPOTATOM SKOTO TOYyka (TUI0) POOUTH OJIWH
MOBHUM 00EPT MO KOJTY.

HIBuakicTh

[IBiakicTe — (i3uyHa BeTWYWHA, IO BIJAINOBINA€ BIHONIEHHIO MEPEMIIICHHS

Tila 0 TPOMDKKY dYacy, 3a SKUW Ie TMepeMimeHHs BigOyBaioch. IIBuakicTh —
BEJIMYMHA BEKTOPHA, TOOTO BOHA Ma€ aOCOIIOTHY BEJIMUMHY 1 HAIIPSMOK.

IIpu oGepranHi MaTrepiaJbHOI TOUYKH IO KOy 3 paaiycoM R 1 MBHIAKICTH
BU3HAYAETHCSA (POPMYIIOIO

v =oR.

3arajgom, SIKIIO PO3TIISAAATH PyX MaTepialibHOI TOYKM B TUIOMIMHI B TOJSPHIN
CUCTEM] KOOpPJIMHAT, TO IMIBUAKICTh MOXXHA PO3KJIACTH Ha JIBI CKJIAJOBi: pajialbHy ¥
TaHTeHIIaJIbHY. PajgianpHa CKiIajoBa MIBUJAKOCTI HANpaBjICHA B3JIOBXK PajliyC-BEKTOpa
TOYKH W OMHUCYE BiAJAICHHS a00 HAOIMKCHHS TOUYKH JIO MOYATKYy CUCTEMH KOOPJWHAT.
TanreHmianpbHa CKJIaJ0Ba HaMpaBlieHa TMEPICHAUKYISIPHO 0 paaiyc-BEKTOpa, W OMHUCYE
oOepTaHHs TOYKH HABKOJIO MTOYATKY BI/IJIIKY CHCTEMHU KOOPIUHAT.

IIpuckopenus

Ko TUTO pyXaeThecs MO KONy 13 CTaJO0 KYTOBOK MIBHAKICTIO ®, TO HOTO
MIPUCKOPEHHS CTIPSMOBAHE JI0 IIEHTPA KOJa i TOPIBHIOE 32 a0COIIOTHOIO BEIIMYNHOIO

a—-'gﬁ‘—i
7R 9)

ne R - paaiyc kona, v= ©R - mBuakicts Tina.
Y BEeKTOpPHOMY 3aIuCI:



a=—w’r
1€ - paJiyc-BEeKTOp. .

3HaK MIHYC BKa3ye€ Ha Te, 1110 IPUCKOPEHHS CIPSMOBaHE JI0 LIEHTpa KoJja.

Jexyia Ne3. luHaMika MaTepiajibHOI TOUKH - 2 TO/I.

Inan:

1. 3amaua 1UHAMIKHA

2. [nepiaiabHi CUCTEMU BIIIIKY

3. Ilepmmii 3-u HproToHa

4. Cuma, maca

5. Apyrwuii 3akon HerotoHa

6. dudepeniiansaa dhopma apyroro 3akoHy HerotoHa

7. Tpetiit 3axoH HeroToHa

3akonu HproToHA

Hpr0TOHOBI 3aK0HUM pyXy— I1€ (PyHIaMEHTaIbHI 3aKOHH KJIACHYHOT MEXaHIKH.

3akonn HploTOHA pa3oM 3 HOro » 3aKOHOM BCECBITHBOT'O TSDKIHHS Ta amapaToMm
MaTEMaTUYHOT'O aHaJIi3y BIEPIIE B CBIM Yac HaJalW 3arajibHE Ta KUIbKICHE IMOSCHCHHSI
IIUPOKOMY CIEKTPY (DI3UYHUX SBHII, MOYWHAIOYU 3 OCOOJMBOCTEH pyXy MasTHUKA Ta
3aKiHYyroun opOitamMu Micsig Ta miiaHeT. 3akoH 30epekeHHs IMIybCy, akuii HpioToH
BUBIB SIK HACIIIJIOK CBOIX JAPYTOro Ta TPEThOT'O 3aKOHIB, TAKOX CTaB IMEPIIHM 3 BiIOMUX
3aKOHOM 30€pexeHHS.

[Tepmmii 3akoH HeroToHa

Leit 3aKkOH TAaKOX Mae Ha3By 3aKOHY iHepiii a6o npuximmy [amimes. Moro
(dbopMyIIIOBaHHS B CYy4YaCHOMY BHUKJIa/Il TaKe:

ICHYIOTh TaKi CHCTEMH BIJUIIKY, B SKHUX IIEHTP Mac OyIb-IKOTO Tijia, Ha SKE HE
JIIOTH HISKI CHUIH 200 PiBHOJIMHA IIF0OYHMX Ha HROTO CHJI JIOPIBHIOE HYJIIO, 30epirae cTaH
CIIOKOI0 200 PIBHOMIPHOTO MPSMOJIIHIMHOTO PYXY, JOIMOKH IIeH CTaH HE 3MIHATh CHIIH,
3aCTOCOBAHI JI0 HHOTO.

Ileti 3aK0H € cIemiaTbHUM BHUIIAJIKOM APYroro 3akoHy HbloTOHA (IMBUCH HUXKYE),
ajie Moro 3HAYCHHS IOJSITA€ B TOMY, IO BiH BU3HAYa€ CHCTEMH BIIIIKY, B SIKHX
CIIpaBeJIJTMB1 HACTYMHI JBa 3akoHM. L{i cucTemMu BiIIiKy MalOTh Ha3BY IHEPIIHHHX 200
[anineeBux, TOOTO TaKUX, K1 PyXaOTHCS 31 CTAIOO MIBUIKICTIO OJHA BIIHOCHO 1HIIIO.

Hpyruii 3akoH HeroToHa: 6a30BHii 3aKOH JUHAMIKA

DopMyIIOBaHHS:

[TpuckopenHst MaTepiaibHOI TOYKHU MPSIMO MPOTOPITIKHE CUJIl, SIKa Ha Hel Jie, Ta
HAIpPaBJICHE B CTOPOHY Al Ii€Tl criin

MatemaTudHo 11¢ HOpPMYITIOBaHHS MOXKE OyTH 3aITUCaHO TaK:

d
F=—
am) (10)
dv
F=m—=ma
Abo dt , AKII[O0 M — KOHCTaHTa. Jle

F — cwuta, ska nie Ha TLIO
m — Maca TuIa
a — TPUCKOPEHHS
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V — HIBUIKICTH

MV — IMIyJIbC, IKUI TaKOX MO3HAYAETHCSA K P.

Ile piBHsSIHHS (DaKTUYHO O3HAyae, MO YUM OuUTbla 3a a0COTIOTHUM 3HAYCHHSIM
cuia Oyae mpUKIaJeHa A0 Tila, TUM OUIbIIMM Oyne ioro npuckopeHHs. [lapametp m
abo0 Maca B IpOMY pIBHSHHI — 1€ HacHpaBil KOEQILUIEHT HPOMOPLINHOCTI, SKHIi
XapaKTepu3ye 1HEepLIHHI BIACTUBOCTI 00'€KTa.

VY piBHsgHHI F=ma mnpuckopeHHs moxe OyTu Oe3nocepeHbO BHUMIpSIHE, Ha
BIIMIHY BiJ CWiIM. ToMy L€l 3aKOH Ma€ CEHC, SKIIO MU MOXKEMO BU3HAYUTH cuiy F
oe3nocepeHb0. OOHUM 3 TaKUX 3aKOHIB, SKAW BHU3HAYa€ NPABUIO OOYMCICHHS
IpaBITALIITHOT CUJTH, € 3aKOH BCECBITHBOTO TSKIHHSL.

VY 3aranbHOMY BHUIAJKY, KOJIM Maca Ta MIBHUAKICTh 00'€KTa 3MIHIOIOTHCS 3 YaCOM,

OTpHUMAEMO:

F = I[mv"]—md——l—vdm—ma—l—vdm

dt dt dt dt (11)

PiBHSIHHS 13 3MIHHOIO MacOIO OIMUCYE PEAaKTUBHUN PYX.

BaxnuBe i3uuHe 3HaueHHS ILOTO 3aKOHY IIOJSTaE B TOMY, W0 TiIa
B3a€EMO/III0Th, OOMIHIOIOUUCH IMITYJIbCAMU M POOJISITH 11€ 32 JIOTIOMOTOO CHII.

Tperiit 3akoH HeroTOHA: 3aK0H Ail Ta MPOTH LT

DopMyIIOBaHHS:

Cunu, 1m0 BUHUKAIOTH TMpPH B3a€EMOJII JBOX TUI, € PIBHUMHU 3a MOAYJIEM 1
IPOTUJIC)KHUMHU 32 HAIPSIMOM.

MaremMaTH4HO 1€ 3alUCYEThCA TaK Fio=

nepiie Ti10 3 00Ky Apyroro Tina, a Fai HaBIIaKH, CUJIA, IO /i€ 3 OOKYy MepIIoro Tiia
Ha JpyTe TLIO.

CyniepeunuBoro (popMyIroBaHHS «Ha BCAKY 10 € piBHA IPOTUTISH) CITIJT YHUKATH.

3akoH y chopMyaboBaHii (HOpMi € CripaBeUIMBUM I YCIX (PI3UYHUX CHII, X04a
ICHYIOTh JesiKi 0COOMMBOCTI (hOPMYJIOBAaHHS IBOI'O 3aKOHY B 3aCTOCYBaHHI JIO CHII
€JIEKTPOMArHiTHOTO ITOJIS.

Cuu B mexaHiui

Cuny, sKa /i€ Ha KOXHE Ti710 3 00Ky 3eMJli, HA3UBAIOTh CHUJIOK0 TSDKIHHSL.

Cuny TsDKIHHS MOXKHA po3paxyBaTH, 3Hawoun Macy Tina. Cmocid Takoro
PO3PaxXyHKY MiAKA3YIOTh Pe3yabTaTH AOCTIIIB.

SIk1o B3ATH AMHAMOMETP 1 MIABICUTH J0 HHOTO Ba)ok macor 102 r, To cTpiika
JTUHAMOMETpa 3YNMUHUTHCA Oinst moxinku 1 H. fAkmio migBicuTh nBa TakKMX BaKKH, TO
auHAMOMETp Tokaxe cwiry 2 H 1 T. 1. 3 1mporo mociiny MoKHa 3pOOUTH BHCHOBOK, IO
CWJIa TSOKIHHS MPOTIOPITiHA Maci Tija.

Cuna TsOKIHHS TIPOTIOPITiiHA Maci Tina.

Cuna TSOKIHHA € TIPOSIBOM 3arajbHONPHUPOIHOTO 3aKOHY, SKHH i€ B YChOMY
BceecsiTi. Binkputwnii i chopmymnsoBaruii y XVII crt. anrmiiiceknm dizukom HeroToHOM,
BiH CTBEpJKYy€E, IO CHia TpaBiTamiiHOi B3aemoii y BcecBiTi mpomopiiiiina macam
B3a€MOJIIOUYMX TUI 1 3aJI€KUTH BIJ] BIICTaH1 MK HUMH.

Cuin npy’>KHOCT1 — CHJIM, 1[0 BUHUKAIOTh B TUIl IPU Horo npyxHid gedopmarii
BUKJIMKAHOTO 1I1€10 aedopmaniero. € OKpeMHM BUIAJKOM MMOTEHUIMHUX CHIIL.
HaGnumxeno onucyrotbest 3akoHoM ['yka.

—Fz 1 ne Fl 2 — cwia, O Jl€ Ha
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[Tpu nedopmarnii TT iX YaCTUHKU 3MIIYIOThCA OJHA BIIHOCHO 1HIIOI. BHacmigok
I[OT'0 3MIHIOIOTHCSI BIICTaH1 MIDK aTOMaMH YU MOJIEKYJIaMH, 3 SIKUX CKJIaJaloThCs TLla.
Ile mpuBOAUTH 10 3MIHU CHJI B3a€MOJIT MK YaCTHHKaMUu. SIKIO BiACTaHI MK HUMH
30UTBIIYIOTHCS (HAIPUKIIaA, IPU pO3TATYBaHH1), TO CHJIOI0 MIKMOJIEKYJISIPHOT B3a€MOIIT
€ CWJIa NPUTATAaHHA. SIKIIO BIACTaH1 MK YACTUHKAMM 3MEHINYIOThCA (HANpUKIAL, MpU
CTUCKYBaHH1), TO CHJIOI0O MI>XKMOJIEKYJISIPHOI B3a€EMOJIIi € cujla BIIIITOBXYBaHHs. ToOTO
npu nedopmanii TuUIa y HbOMY BHUHUKAIOTh CWJIM, IO NMPAarHyTh MOBEPHYTH HOTO Yy
nonepenHid crtad. L{i cunm 1 € cugaMu MOPYKHOCTI, a BJIACTUBICTh HAa3UMBaIOTh
MPYKHICTIO.

3aKkoH 3MiHM iMITyJIbCY

IMnynscoM cucTeMU n MatepialbHUX TOYOK HAa3UBAETHCS BeKTOp P, 110 1opiBHIOE
r€OMETPUYHIN CyMi IMITYJIbCIB BCIX TOYOK CHUCTEMHU Ta € JOOYTKOM CyMapHOi MacH
cucteMd M Ha MIBUJKICTH 11 IEHTPY 1HEPLIII:

n

P= Zpi = Zn:mivi = Mv.
i=1 i=1 (12)

3MiHa IMIYJIbCY CUCTEMH MOXKE BIAOYBATHCH JIMIIE BHACTIAOK 30BHIIIHBOTO
BIUITMBY, TOOTO BHACHIZOK Jii 30BHIIHIX CWI. JKOAHMMH BHYTPIIIHIMHU MpOIECAaMHU Ta
B3a€MOJIIEI0 BHYTPIIIHIX YACTOK HE MOKHA 3MIHUTH CyMapHUU IMITYJIbC CUCTEMH.

3MiHa IMIyJIbCy TUIa MPOMOpLIiMHA 1O CHIM, SKa BUKIWKAE IO 3MIHY, Ta
OPOMDKKY dacy, 3a SKHM I 3MiHa BIgOyBaeTbes (npyruii 3akoH HproToHa):
dp =F -dt

PeakTuBHUU pyXx

PeakTuBHUl pyX — pyX, 1110 BUHMKAE 32 PAXyHOK BIIKMJIaHHS YaCTUHU MacH Tijia
13 IEBHOIO IIBUIKICTIO.

3a 3aKOHOM 30€peKeHHs IMITYJIbCY, TIPH BIIOKpEMIICHHI BiJ Tia Macoro M Mmacu
m 13 MBHJKICTIO V, TiJI0 HA0yBae HIBI/II[KOC% tY’ Ky MOXHa po3paxyBaTu 3a (opMyJIor0

(M —m)V +mv = D,a, OTXKe, V= M —m.

[IBunkicTs V HampaBieHa IPOTH PYXy BIIKHHYTOTO Tija. BoHa TuM Ounbiia, yum
OuTBIIIa Maca BIIKUHYTOTO Tija Ta HOTO IIBUJIKICTb.

B peanbHux BuUMaakax peakTUBHUN PyX BUHHMKAE 32 PAXYHOK CTAJIOTO BUKHUAHHS
ra3iB, Ikl yTBOPIOIOTHCS TMPU CHATIOBaHHI manuBa. [Ipu mpomy maca Tijia 3MIHIOETHCS
HernepepBHO. CrianmoBaHHs 3a0e3Medye BUCOKY IIBHIKICTh BUTOKY rasy.

VY 3ararbHOMY BHIIAJIKY, KOJIM BiJ] TiJla HETIEPEPBHO BIIUISETHCS 1 MIPUETHYETHCS
MIeBHA Maca, PEaKTUBHUMA PyX OMHUCYEThCS PIBHIHHAM MeIepchKoro.

Jexuyin Ne4. OcHOBHI MexXaHi4YHi cuiIM B Mpupoi - 4 roj.
Ihan:
1. Cuna TsoKiHHSA
2. 3axkoH BcecBITHBOTO TSOKIHHS
3. Bara tina
4. ledopmariisi, cuiia nNpy>kHOCTI, 3akoH ['yka.
5. Cuna teptd
6. ApximenoBa cujia. 3akoH ApxiMesia. Y MOBH TUTaBaHHS TiII.

12



7. 3aKkoH 30epeKEeHHS IMIYJIbCY TiNa
Cunia TsKiHHS
Cunoro msaicints Ha3MBAETHCS CUJIA, 3 KOO BC1 TUJIa IPUTSTYIOTHCS 10 3€MITL.

F‘[— Fm = m(j
Puc. 2 Cuna masxcinns

Cuny TSOKIHHS MOXHa po3paxyBaTH, 3Haioun Macy Tina. Cnocid Takoro
PO3paxyHKy MiAKa3ylOTh pe3yJbTaTH JTOCTIIIB.

SIKu1o B3ATH AMHAMOMETP 1 MIABICUTH A0 HBOTO Ba)kok macoro 102 r, To cTpiika
JTUHAMOMETpa 3yNMUHUTHCA Ot moauiku 1 H. Skmio migBicuTH nBa TaKUX BaKKH, TO
JUHAMOMETp mokaxe cwity 2 H 1 1. 1. 3 uporo mociiny MoKHa 3pOOMTH BUCHOBOK, IO
CWJIa TSOKIHHS MPONOpLiiHa Maci Tija.

Cuna TsOK1HHS IPOTOpIIiiiHA Maci Tia.

Cuna TSXKIHHA € TPOSIBOM 3arajbHONPUPOJHOTO 3aKOHY, SIKUW /i€ B YChOMY
BceecsiTi. Binkputuii 1 cpopmynsoBanuii y XVII cr. anrmiiicekum dizukom HeroToHOM,
BIH CTBEpJKYy€e, L0 CWJIa TpaBiTaiiiHOi B3aemofii y BcecBiTi mpomopiiiiina macam
B3a€MOIIOYNX TUI 1 3aJIEKUTH BIJI BIACTAaH1 MK HUMHU.

3aK0H BCeCBITHBOIO TSKIHHA

3aKOH BCECBITHBOTO THKIHHS — (i3UUHMII 3aKOH, IO OIKCYE rpaBiTauiiiHy
B3a€EMOJII0 B paMkax HbIOTOHIBChKOI MeXaHIKM. 3aKOH CTBEpIXKYye, WO CHJa
OPUTATAaHHS MDK JBOMa TUIaMH (MaTepiaiIbHUMHU TOYKaMH) TIPSMO TIPOIOpIliAHA
n00yTKY TXHIX Mac, 1 00EpHEHO MPOIOPITiHHA KBaJIpaTy BIACTaHI MK HUMHU.

Y wmarematuuHii ¢GoOpMI 3aKOH BCECBITHBOT'O TSDKIHHSI 3alUCYEThCSA IS
T
Fip, = —G—3 r'ip

MaTtepiaJbHUX TOYOK y BUTIISIII: T2 i (3 Fio cuJIa, 110 Ji€ Ha Jpyre
TU10 (MaTepiayibHy TOYKY) 3 00Ky mepioro Tina, G — rpasiTaiiiiHa ctana, ml Ta m2 —
MacH IepIIoro Ta APyroro Tijia, BiamoBimHo, I'12 — BekTOp, 110 CIOTyYae MepIie TiLTo 3
IpyruM. r12 — BigcTaHbh MK TiLTaMHU.

Fpy = Gw
J11s1 aOCONTFOTHO BETMYMHU CHJIH: 12
Cuna mputsAraHHs, 10 i€ Ha Mepiie TiIo 3 OOKy Apyroro Tijda OJHAKOBa 3a
MOJIYJIEM 1 HampaBlieHa MPOTUIIEKHO: Fip=—Fp,

Crana G, sIKy Ha3UBalOTh TPaBITALlIHHOIO CTAJIO0, OJTHAKOBA JJIA BCIX T, TOOTO €
byHIaMeHTaTbHOIO (DI3UYHOIO KOHCTAHTOIO.

Bara

Barda — cuna , sixa nie Ha omopy, a00 Ha BEpPTUKAIBHHUM M1ABIC BHACIIOK BIUIUBY
CWJIH TSDKIHHSA 1IBOTO 00'€KTa.
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Puc.3 Baca

V rpaBitaniitHoMy 1o 3eMJii MO>KHA BBaXaTH 3 JE€IKUM HAOJIMKEHHSM, 110 Bara
Tija 3B's3aHa 3 WOro Macolo criBBigHOIIEHHSM P = mg, ne P — Bara, g — crana
MIPUCKOPEHHS BUILHOTO MaiHHS Ha 3eMJli, a m — Maca Tijia.

Sk Oyab-sika cuna, Bara B cucteMi Cl BUMIPIOETBCS B HBIOTOHAX.

[3 03HaueHHs Baru, siKk CWJIM, 3 SIKOIO TLIO JIi€ HAa OMOpPY, TOOTO CUJIM peakilii, Bara
TiJ71a 3aJIeKUTh Bia Horo npuckopenHs. Hanpuknan, y midTi, mo pyiae Bropy, Bara Tiia
30UIBIIY€ETHCA HA BEIUYMHY NPUCKOPEHHS JITa, a y JIPTI, IKUA CIyCKAETHCSA 00,
Bara Til1a 3MEHIIYEThCS HA BEJIMYMHY NMPUCKOpeHHs. Ti10, sike BUIBHO MaJa€e 3 BUCOTH,
BTpauae Bary. Takuil cTaH Ha3UBAETHCS HEBArOMICTIO.

BianoBigHo, Bara 3ajJieXWTh Bl 3HAYEHHS] TMPUCKOPEHHS BUILHOTO TMAaJiHHS.
KonuBanHsi NpUCKOpEHHS BUIBHOTO MAJiHHS B MeXax 3eMili HeBEJIUKe, ajie Ha IHIIUX
HeOecHUX TiIaxX, Bara Tila 3 OJHAKOBOI MAacOl0 MOXKE CHJIbHO 3MIHIOBATHCS.
Hanpuknaza, Ha Micsiil Bara Ti1 3MEHIIYEThCS] TPUOIU3HO B IIICTH pas3iB.

Bara Tina, 3aHypeHOro B piiMHY, 3MEHIIYEThCSI HA Bary BUTICHEHOT P1IUHU.

Hedopmaiisi, cuiia npy:kHocTi, 3aKoH I'yka.

HHepopmayis — e 3miHa GopMHu Ta pO3MIpIB TiJIa BHACTIAOK Jii 30BHIMIHIX CHIIL.
SIxuro micnsi IpUNUHEHHS A1l TPUKIaJIeHUX CUJI TUIO 3HOBY MpUKMae MEpBUHHY GopMy,
TO Taka JedopMallis Ha3UBAETHCS MPYKHOIO, a TUIO - MPYKHUM.

3akoH ['yka: mexauiune Hanpyi#ceHHs, AK€ SUHUKAE 8 MINl, NPSAMO NPONOPYIUHO
BIOHOCHIU Oehopmayii.

o=¢kE , e E— monyns FOnra.

Al
. . E=— . O = k4
Sxuro BigHOCHA AedopMallis |0 , @ MEXaHIYHE HAIpPYKECHHSA g »TO
F Al SE
Y =FE— F =—Al
S ",
0 0
OTxe MOXKHA 3anmucaTy 3aK0oH ['yKa JUlsl CHIIA PY>KHOCTI!
w = —xAl (13)
Cuna npysicHocmi, KA BUHUKAE 8 MIiNl, NPAMO NPONOPYIUHA aAOCOTIOMHIL
oepopmayii.

Dizuynuti 3micm mooyna FOnea: moxyns HOHra ynucenbHO JTOPIBHIOE MEXaHIIHOMY
HaIpPY>KEHHIO, SK€ BUHUKAE B T, IpH £=1.

Moayns FOHra 3anexuTh BiJi poay Matepiamty.

Cuia TepTsi — I HEMOTEHIIIHA CWJIa, KA MPOTHUIIE PYXOBi (i3UYHOTO Tina,
PO3CIIOI0YH HOTO MEXaHIYHY €HEPTilo B TEILJIO.

3a cBO€IO (PI3UYHOIO MPUPOJIOIO CHJIA TEPTS HAIECKUTH 10 €IEKTPOCTATHYHUX CHJT
1 He € (yHIaMEHTATHbHUM THIIOM B3aeMOil. B MIKpOCKOMIYHOMY CBITI CHIU TepTA
Hemae. Cuna TepTs BHHHKAE JIAIIE B MAKPOCKOMIYHMX CHCTEMaX, J€ BHACIHITOK
Xa0TUYHOTO PYXy aTOMIB BiAOYBA€ThCS HE3BOPOTHIA MPOIEC PO3CISIHHS EHeprii
MaKpOCKOMIYHOTO PyXy CKJIaJIOBUX CHUCTEMU B €HEPril0 MIKPOCKOIIYHOIO PyXy aTOMIB
Ta MOJICKYJI.
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Cuna TepTs 3aBXKIAM HampaBieHa MPOTH BekTopa MBUAKOCTI. Cuia TepTs He
HAJICKUTH 10 TOTEHITIATbHUX CHJL.

Konu Ti10 mepecyBaeTbcsi Ha MOBEPXHI IHIIOTO TUIA, CHUJIA TEPTA MPOMOpLINHHA
cum peakuii omopu N 3 Koe(IUIEHTOM MPOMOPLIHHOCTI [, SKUH Ha3UBAETHCS
KOoe(DILIEHTOM TEPTSL:

F = uN.

ApximenoBa cwia. 3akoH ApxiMeaa. YMOBH IVIABAHHA TiJI.

3akoH ApxiMela: Ha mino 3anypeHe 8 piouHy abo 2az, i€ 8UUMOBXYBAIbHA CUA,
wo 0opieHIOE 8a3i piOuHU abo 2a3y 8 00'emi, BUMICHEHOMY YUM MILOM.

F.=p, 9V, (14)

ne P,— rycTdHa Tijla, § — MPUCKOPEHHS BUIBHOIO mMaaiHHs, V7 — 00’em

3aHYypEeHOro Tija.

Tabnuys 1
Ymoeu nnasanna min:
1. TU1O crIMBae F
F,>F, a
Fo=p, 0V, F =mg=pgV, _C‘D_—
P9V, > p gV, —
P, > pPr —
2. TUIO TOHE
F<F F
F.=p,9V; K =mg=pgV, —
p,9V, <P gV, _GD_—
Py < Pr —\ Fr
3. Timo 1waBae B Oyap-SKOMY MicCIIi
piguHu (Tasy) Fﬂ
F.=F — | =
F.=p,9V; K =mg=pgV, Q=
P9V, =PV, _lF,
P, =P

3akoH 30epeskeHHs iMIIyJIbCY Tijia

3akoH 30epexeHHs IMIYIbCY - ONMH 13 (PyHIaMEHTATBHUX 3aKOHIB (PI3UKH, STKUH
CTBEPIIKYE, 110 Y 3aMKHEHI CUCTEM1 CyMapHUM IMITYJIbC YCiX TUT 30€pIraeThes.

SKi10 Ha cUCTEMY TUT 30BHIIIHI CHJIM HE JIIIOTh 400 BOHU BPIBHOBAXEHI, TO TaKa
CHUCTEMAa HA3MBAETHCA 3aMKHYTOIO, JUIsl HE1 BUKOHYETHCSI 3aKOH 30€pPEKEHHS IMITYJIbCY:
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MOBHUM IMIYJbC 3aMKHYTOI CHCTEMH TUI 3aJMINAETHCA HE3MIHHUM 3a OyAb-SKHX
B3a€MOJIIN T LIE€T CHCTEMH MK COOOIO.
JloBeneHHs

Pozristnemo cucremy 13 N Tif, siKi B3a€EMOAIIOTh M co0or0. Cuily, sika i€ Ha 1-Te
TL10 3 OOKYy J’-oro TL1a TO3HAYUMO . PIBHSIHHS pyXy JUIsl KOXKHOTO 13 N TUI 3alIUCYIOThCA

i
dt 2_Fy
y BUTJISLI: J , e Pi- immynse i-oro Tina.
[IpocymyBaBIIM ycCi pIBHSHHS, W BpaxOBYIOUM T€, IO 3a TPETIM 3aKOHOM

d_dtzpi —0 Zpi = const

J3BIOKH i ,TOOTO

Heiotona Fij = _FJ‘i, OTPUMYEMO:
CYMapHUU IMITYJIbC € IHTETPAJIOM PYXY.

Jekyia Ne5 Mexaniuna pooora.Enepria. KK/Imexanizmis - 2 roa.

Inawn:

1. BuzHaueHHsI MexaHI4YHOT POOOTH

2. 3HaYEHHS €Heprii AJisl pyxy TUT B IPUPO/II

3. IloTyx)HiCTh MEXaHI3MIB

4, Po6oTa pyXOMHUX TiJ1 KIHETUYHA CHEPT1s

5. PobGora cunu Tsokinas. [loTeHIiansHa eHepris

6. PoGota nedopmoBanoro Ttina. [loTeHianpHa eHepris 1e)OpMOBAHOTO Tija

7.3aKkoH 30epekeHHs eHeprii

8. KKJI mexaHi3MiB

BusHayeHHs1 MeXaHiYHOI po00OTH

PoG0Tta - ¢i3uyHa BeNIMYMHA, SKa BU3HAYAE CHEPreTUYHI 3aTpaTh IpHU
nepeMimieHH1 Gpi3uIHOro TiNa, 4u Horo aedopmariii.

PoGoTa 3a3BHMuaii Mo3HAYAETHCSA JIATUHCHKOKO JIiTeporo A (Bim HiM. Arbeit), B
aHTIIOMOBHIH sitepatypi - W (Bin anri. Work), i Mae po3MIpHICTh eHeprii. Y cuctemi
CI pob6ora BuMiproeTbes B JIKOYIsAX.

ITpu Manomy nepemimenni ¢izuunoro tina 0l mix mieto cunmu F roopsats, mo Han
TinoM 3aiiicHioeThes pobora 0.1 = F - 8l = F'dlcos b, ne 0 - kyr mik nanpsamkoM cumu
1 HAITPSIMKOM TI€PEMIIIICHHS.

3rigHo 3 miero0 (GopMysor poOOTYy 3AIMCHIOE TUIBKH CKJIag0oBa CHIIH, SKa
napajiienpHa nepeMmimieHHo. Cuna, fka MEepHeHANKYIIpHA TMEepeMileHi0, poOoTH He
3I1MCHIOE.

Y Bumagky, KONH TUIO PYXAa€Thcs MO KpUBOIiHIHHOMY KOHTYpy C, mus
3HaXO/KEHHS pOOOTH MOTPIOHO MPOIHTETPYBATH HABEACHUN BHUIIE BHUpA3 B3JIOBXK

A= | F-d
KOHTYpa: C

ko cuna MOTEHLiallbHA, TO poOOTa 3aJ€KUTh JUIIE BiJl PI3HUII 3HAYEHb
MOTEHIl1aly B MOYATOKOBIM 1 KIHIEBIA TOUKAaX 1 HE 3aJIKUTh Bl TPAEKTOPIi, MO AKIN
TUIO pyXanocsi MIXK IUMHU JIBOMa TOYKaMHU.
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VY TepMoauHamilll npu 3MiHil 00'eMy Tuta Ha BenuuuHy dV mif niero Tucky P Han

TiJIoM BUKOHYeThes podoradA = —PdV,
Emnepris
Enépris (Bim rpemn. evepyOg - AisUIbHUWI) — 3arajibHa KiIbKICHA Mipa pyxy 1

B3a€eMO/I1i BCiX BUI1B MaTepii. [IoHATTA eHeprii 3B s3y€e BC1 sIBUILA TPUPOAH B OJIHE LILTIE,
€ 3araJIbHOIO0 XapaKTEPUCTUKOIO CTaHy (PI3MYHUX TUT 1 PI3UUHUX MOJIIB.

VY ¢i3uii eHepris 3a3BUyail O3HAYAETHCS JIATUHCHKOIO J1iTepoto E.

B cucremi CI eHeprisi BUMIPIOETHCS B IKOYJISX.

BinnosinHo no pisHUX (popM pyxy MmaTepii, po3pi3HAIOTh KiIbKa THUIIIB €HEprii:
MeXaH14Ha, eJICKTPOMAarHiTHa, XiMi4Ha, si/iepHa, TEIJIoBa, rpaBiTaliida Ta iH. [lei moain
€ JnocuTh yMOBHUM. Tak XiMiuHa €HEpris CKJIAJa€ThbCsl 3 KIHETUYHOI €Heprii pyxy
€JIEKTPOHIB, IXHBOT B3a€EMO/I1i Ta B3aEMO/I1i 3 ATOMAMHU.

IHoTy:KHiCTH MeXaHI3MIB

[ToTyx)HicTb — po0OTa, 110 BUKOHAHA 32 OJUHUIIO Yacy, abo eHepris, nepeaana
3a OJUHUIIIO Yacy.

3a3Buyail mo3HAYAETHCS JTATUHCHKOIO JiTepoto P, BuMmiproerscst y Bartax. [Hioro
OJIMHUIICIO BUMIPIOBAHHS, AKa 1€ W JOCI IMHMPOKO BUKOPUCTOBYETHCS, € KIHChbKA CHUJIA.

dA
P="a

[ToTy>HICTBh € Ba)KJIMBOIO XapaKTEPUCTUKOIO JIBUTYHIB.
Sxio HAa pyxome TLIO i€ CWia, TO I cuia 3aiicHIoe poboty. I1oTyXHICTh B
IIbOMY BHUIAJKy piBHa CKaJSIpHOMY NOOYTKY BEKTOpa CHJIM HAa BEKTOP IIBHIKOCTI, 3

SKOIO pyXaeTbes Tio: P = & -V = F-v-cosa
F — cuna, v— mMBUAKICTB, 00 — KYT MK BEKTOPOM IIIBHUIKOCTI 1 CHITH.
Oxpemuii BUITAI0K HOTYXHOCTI pH o0epTaIbHOMY pyci:
7-NM-n
P=M-w=—M—
30

M — MOMeHT, W — KyToBa WBHAKiCTs, T = 0, 14159265358979323...

YHUCJIO ITi, N — YacToTa 00epTaHHs (YUCIIo 00EpPTIB 32 XBUIIMHY, 00/XB).
Ilomyoicnicms — ¢i3uyHa BEIMYMHA, IO JOPIBHIOE BITHOIIEHHIO 3I1MCHEHOT

A [ p

pobotn A 10 MPOMDKKY 4acy t, 3a sskuii 11 Oyi0 3A1HCHEHO: P= e
|=x/c=BT.

Emnepris yHiBepcanbHa Mipa pyxy TiJ1 B IPUPOIL

A=E,—E, =AE

[Al=1H« Im= 1[1x

[E]=1x

KineTn4Ha i moTeHuwiajJbHa eHeprisi
Kinetryna eHéprisi — 4acTHHA €HepTii (i3WIHOT CHCTEMHU, Ky BOHA MA€ 3aBISIKH

Pyxy.

PoboTa pyxomux Tin

nl
-
Il
3
o |
nl
[
>
I

A=F- — (15)
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—2 —2

A=V m\2/0 po6oTa PyXOMOro Tina A=E,—E,

mv . . .
E. = ——— KIHCTHMYHA CHEPT1s pyXOMOro TiIa

E. = — KIHETUYHA €HEePris 00epTOBOTO PyXy

—2 —2
lo Two

A= T, poOoTa 00epTOBOro pyXy TBEPIOTo Tijia
PobGora cuim TaKiHHS
T A=F.S
| 15 Fr=m-g,S=h=h-h,
I:||._a L A:_mg(hz_hl)
~ b A= _(m -gh, -m- ghl) poboTa CHIIN TSHKIHHS
> E= mgh . . .
MOTEHIIIaJIbHA eHEepTisl (eHeprisi B3aeMO/Iii)
Pobora cua nepopmamii
A=F-S
L) 1] VAV A A — —
A - F np * S
X X —
P o A=an'(x—x0)
[]F Fi+F, —kx—k k
) F Fop=-—2= =—- (x+x
\ T p 2 2 2 ( 0)
—k -k kx* kX
A=— (x+x,) (X=X )=—-(x* =x2 )=+ — ——2
2 ( 0 ) ( 0 ) 2 ( 0 ) 2 2
kx* kX
A=——-~—"| - pobora cuu edopmartii
2 2 p AcpopMmall
kX2 . . .
E= 7 — MOTEHIIalIbHA eHepTid 1eopMoBaHOTO TiNia
[ToreHmidnpHa €HEPTiss — 4YacTHHA eHeprii (i3MYHOI CHCTEMH, IO BHHHKAE

3aBISKH B3a€MOJIi MK TLIaMH, SIKI CKIaJal0Th CHCTEMY, Ta 13 30BHINIHIMHU IIOJO ITI€T
CUCTEMU TiJaMH, ¥ 3yMOBJIEHA PO3TAIIyBAaHHAM Tl Y mpocTopi. Pa3oMm 13 KIHETHYHOIO
EHEPri€lo, Ka BPaXOBYE HE TIJIBKU MOJIOKEHHS TUT Y TIPOCTOPI, a ¥ pyX, MOTEHITIAIbHA
EHEPris CKIIaJa€ MEXaHIYHY €HEPrit0 Pi3UIHOT CUCTEMHU.

[ToTenmianpbHa eHeprisi MarepiabHOI TOYKM BH3HAYAETHCS AK pobora 3 il
MEPEMIIICHHS 13 TOYKH TMPOCTOPY, IS SKOi BU3HAYAETHCS TOTEHINIANIbHA C€HEPris y
AKyCh 3aJlaHy TOUYKY, TOTCHIIAIbHA €HEPTisl SAKOi MPUIMAEThCS 3a Hynb. [loTeHITiampHa
EHEPris BU3HAYAETHCS JIUIIE JJIS IO KOHCEPBATHBHUX CHIL.

3akoH 30epeskeHHs eHeprii

3akoH 30€peXeHHsI €Heprii - 3aKOH, SIKMM CTBEpAXKYy€e, IO IMOBHA EHEPrisi B

130JIbOBAaHUX CHUCTEMaXxX HE 3MIHIOEThCS 3 yacoM. [IpoTe eHepris MoXke MepeTBOPIOBATHCS
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3 OIHOTO BHUAY B IHIIMH. 3aKoH 30epexeHHs eHeprii €, MaOyTb, HAHBaXJIMBIIIUM 13
3aKOHIB 30€peKEHHS, SIK1 3aCTOCOBYIOTHCS B (PI3ULIL.

3aKoH 30epeKeHHsI MEXaHIYHO1 eHeprii

VY MexaHill, 3aKOH 30€epeKeHHs €Heprii TBepJIWTh, L0 B 3aMKHEHIH cucTeMi
YaCTOK, MTOBHA €HEPris, 10 € CYMOI KIHETHYHOI 1 MOTEHIIAIbHOT €HEPrii He 3aJIekKUTh
BiJl yacy, TOOTO € THTErpaJioM pyXy.

3aKoH 30€peKeHHsI €HEePrii CpaBeJIMBUN TUIBKH JJI1 3aMKHEHUX CUCTEM, TOOTO
32 YMOBH BIJICYTHOCTI 30BHIIIHIX MOJIIB YX B3a€MOJIIM.

Cunu B3aeMofali MDK TUIaMHM, ISl SIKUX BUKOHYETBCS 3aKOH 30€peiKeHHs
MEXaHIYHOI eHeprii HA3UBAIOTHCS KOHCEPBATUBHUMHU CHJIAMHU.

3akoH 30epeKeHHs] MEXaHIYHOI €Hepril He BUKOHYETBCS JUJISl CHJI TEPTS, OCKUIbKU
3a HasIBHOCTI1 CUJI TePTA BiIOYyBa€ThCs MEPETBOPEHHS MEXAaHIYHOT €Heprii B TEIJIOBY.

EBonifoniss MEXaHIYHOI CUCTEMH MaTepiallbHUX TOYOK 3 MacaMu mi 3a JPYyrum
3aKkOHOM HpIOTOHA 3a70BOJIBHSE cHUCTEM1 piBHSIHL TMliVi = F-i, ne Vi - MBUIKOCTI
MaTepiaJibHUX TOYOK, a F; - crmm, mo firote Ha i Touk.

Enepris He BUHMKA€E 1 HE 3HUKA€E BOHA MIEPEXOAUTH 3 OJTHOTO BUY B HIIHIA

(Exz _Exl): _(Epz _Epl);

E . — KIHETUYHA €Hepris

E ,— NOTEHI[1a]IbHA €HEPTis

AE, =-AE,

KK]JI mexaHi3miB

VY peaslbHUX yMOBax 4acTHHA MEXaHIYHOI €Heprii 3aBXKJIU BTPAYA€ThCs, OCKUIBKU
e Ha 30UIBIIEHHS BHYTPIIIHBOI €Heprii ABUI'YHA Ta 1HIIWX YaCTHUH MaIluHH. |11 TOro

mo0 XapakTepu3yBaTH CQEKTHBHICTh MAaIIWH Ta IPHUCTPOIB, KOPUCTYIOTHCS
Koe(iIieHTOM KOPUCHOT Mii.

n= Ao -100% (15)
3am

Koegivienm kopucnoi oii (KK/]) — ue o¢i3snyHa BeIW4HHA, SKa IOPIBHIOE
BIJTHOIIIEHHIO KOpHCHOT pobotu 10 moBHOI pobotn. KKJ[ mo3nadaerbcs nmiteporo n Ta
BUMIPIOEThCS Y TipotieHTax. KopucHa po6oTta 3aBxau meHma Bifg noBHoi. KK/ 3aBxau
Menmuii 3a 100 %.

Kopucha po6ota (Axop) — 1€ poOOTa 3aBISKH SIKOi CTBOPEHO MEXaHI3M.

3arpadeHa po0oTa (As,r) — 1€ poOOTa 3aBASKH SKIH MPAIIO€ MEXaHI3M.

baraToBikoBa TpakTHKa MOKa3ye, IO OJIEH 13 MEXaHI3MIB HE Jla€ BHUTpAIly B
po6oti. Ille crapogaBHiM ydyeHuM Oysi0 BijjoOME MPABWJIO, SKE 3aCTOCOBYBAJH JI0 BCIiX
MEXaHI3MIB: Y CKUTbKH pa3iB BUTPAEMO B CHJIL, y CTUIBKH K Pa3iB MPOTPAEMO y BIACTaHI.
[e mpaBmII0 HA3BAIM «30JI0TUM MIPABUIIOMY MEXaHIKH.

Moayas 2. MexaHika TBepa0ro Tijia.
Jekyia Ne6. MexaHika 00epTOBOro pyxy TBepAoro Tijia .
Inan:
1. [Ilo Ha3uBaeTHCSI TBEPAUM TLIIOM
2.KinemaTuka 00epTOBOTO pyXy TBEPAOTO Tija
3.MoMeHT iHepIlii MaTepiadbHOI TOUKU
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4. MoMeHT 1HepIlii TBEPAOro Tijia

5.MoOMEeHT cuJIM 1 yMOBH PIBHOBAru Tija

6./luHamika 06epTOBOrO pyxy TBEPAOTO Tijia

7.OCHOBHE PIBHAHHS AUHAMIKA 00€pTOBOrO PyXy TBEPAOTO Tija

8.MOMEHT IMIyJIbCY TBEPJIOTO TiJIa Ta 3aKOH HOTO 30€pEIKEHHS

MomMeHT iHepuii

Mowménr irépuii (oauuuns Bumipy B cucremi CI [kr mM?]) — B disuni € miporo
1Hep1Iii 00epTATLHOTO PYXY, aHAJIOTTYHO Maci AJisi MOCTYMAaJbHOTO.

Momenmom inepyii mamepianbhoi mouky BITHOCHO JIESIKOI OC1 € TOOYTOK Macu
1€ TOYKHU HA KBaJIpaT BiJICTaHI1 BiJ ii OC1 00epTaHHS.

— -2
I, =mr, (16)

B 3aranpHOMY BHUMaJKy, 3HaYCHHS MOMEHTY iHEpIlii 00'€KTa 3aJIeXUTh Bix HOTro
dbopmu Ta po3moALTy Macu B 00'eMi: 4MM OULIbIIIE Macu CKOHIIEHTPOBAHO Jajli Bij
LEHTpa Mac TuUla, TUM OUIBIIMM € #Horo MoMmeHT iHepuii. Takoxx HOro 3HaueHHs
3QJIKUTH BiJl 00paHoi ocl 06epTaHHS.

TBepae TUIO MOXKHA PO3TIANATH SK CHUCTEMY 3 HECKIHYEHHOI KiJIbKOCTI
MarepiaJbHUX TOYOK, KOXKHAa 3 Macor mi. Ko BiJCTaH1 BiJ KOXHOI TOYKH JI0 OCI
oOepTaHHs JOPIBHIOIOTH Il, TO MOMEHT 1HEpIIi Tijla 0 BUOpPAHOT OC1 BU3HAYAETHCS SIK:
I=> mr;

1

3a yMOB 0e3mepepBHOTO PO3MOAUICHHS Mach B TUIl, MOTPIOHUN mepexia 1o
, I=[|r*dm
IHTEerpaibHO1 (HOpPMU 3aKOHY: , JIe €JEMEHT MacH (11l BU3HAYAETHhCS 3a
JOTIOMOT'OF0 TIPOCTOPOBOTO PO3MOLTY TYCTHHH F .

dm = pdV

Po3nmin mexaHiku, B SIKOMY BHBYAIOTHCS YMOBH DPIBHOBArW TiJI, HA3UBAETHCS
CTAaTHUKOIO.

PiBHoOBaromw Tijla Ha3uMBalOTh TAaKUW CTaH, KOJMU Oyab-fKe NMPUCKOPEHHS Tila
JIOPIBHIOE HYJIIO, TOOTO BC1 Aii HA TLJIO CHJI 1 MOMEHTIB CHJI 3pIBHOBaXKCHI.

[Tpu 11boMy T1710 MOXKeE:

— 3HAXOJIUTHUCH Y CTaH1 CIIOKOIO (puc. a);

— pyXaTUCh PIBHOMIPHO 1 MpsIMOITiHIiTHO (puc. 0);

— PIBHOMIPHO 0OEpTaTHCh HABKOJO OCi, SIKa MPOXOIUTH 4Yepe3 LIEHTP HOTO
TSDKIHHS (pHC. C)
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) &) c) R
Puc. 4.Tino a) y cmani cnoxoro, 6) pyxacmvcsi piGHOMIPHO | NPAMONIHIUHO, 8)
PIBHOMIPHO 06epmaEmbCsl HABKOJIO OCI
MenTpoM Mac Tila HA3MBaIOTh TOYKY, 4YEpe3 SKy MPOXOISITh CHUIIU, IO
3MYIIYIOTh TUIO PyXaTUCh MOCTYHATBHO.
IenTpoM TsKIHHA Tila HAa3UMBalOTh TOYKY IPHUKIAJACHHS
o .
ra ) CHJIN TAXKIHHA.

Akmio mix Ai€r0 CWIM  TSOKIHHI TUIO  PYXaeThes
F, MOCTYMAJILHO, TO IIEHTP Mac 1 EHTP TSHKIHHS CIIBIAJAI0Th.

I

7
Buau piBHoBarm.
Jlocnioumu nogedinky mina Ha 21a0Kill NOBEPXHI:

CTiKa PIBFHOE ATa

HeCTifka piEHOEATE

Puc. 5 Ilogedinxka mina na enaoxiti nosepxmi

BucHoBok: Po3pi3HAIOTE TPH BH/AM PiBHOBATH TiJI:

1)  criliky piBrOBary, SIKIIIO TiJI0, Oy Ty4d BUBEICHUM i3 TIOJIOKESHHS PiBHOBAru B
CyCiTHE HANOIMKYE ITOJ0KECHHS 1 3AJIMIIICHE B CITOKO1, TOBEPHETHCS B 11€ MTOJIOKCHHS;

2)  mecriiiKy piBHOBary, SIKIIIO TUTO OyIy4Yd BUBEIACHHUM i3 TIOJIOKEHHS PIBHOBAaru
B CYCIJTHE TIOJIOKCHHS 1 3QJIMIIICHE B CITOKOi, Oy/e Ime OUIbINe BIAXHIATHCS BiJ IBOTO
MIOJIOKCHHSI.

3) OaiimyKy piBHOBary - SKIIO TUIO, OyAydd BUBEJICHUM B CYCITHE IOJIOKCHHS 1
3aJIMIICHE B CIIOKOT, 3JIMIIIUTHCS B HOBOMY CBOEMY TOJIOKECHHI.

OcHOBHUI1 3aK0H JUHAMIKH 00€PTOBOIO PyXy

Bynemo po3rnsaati TMHAMIKY pyXy MaTteplajibHOl TOYKH MO KOy, Ta 3a/adi, 110
BUHUKAIOTH Yy 3B’S3KY 3 pO3MIIsIOM 1boro nuTaHHs. [lo-niepire, 3ramaeMo, mo AuHamika
— IIe TaKUH pO3JJI MEXaHIKH, SKUH BHUBYAE 3 BA30K MK PYXOM JOCTIIKYEMHUX TUT Ta
cujaMu, 110 Aif0Th Ha 1i Tuia. ToOTo OepyThCs A0 yBaru MpUYMHHU, 3a SIKUX IEH pyx
Bi1OyBaeThcsl. MalinHa, HalpuKIIaa, pyXaeTbes 10 TOpU, 3aBISKU CUI, 110 “Hajnae” i
MOTOP.
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B eneMeHTapHiil (13ULll PO3TIAIAETHCS PYX MaTEPlaIbHOI TOUKH — TaK HA3UBAIOTh
TU1a, PO3MIpaMH SIKUX MOXHa 3HEXTYBaTH, MO BIJHOIICHHIO JO PO3MIpIB CUCTEMH,
JOBXHHHM TPAEKTOPHii, TOmO. PyX Takoro Tija MOXHa 3B’SI3aTHU 3 PYXOM TOYKH, IO
BIJIMOBIJAE LIEHTPY Mac LbOro TiJa.

3B’S130K MK MapaMeTpamMu pyxy AOCHIPKYEMOIO TUIa Ta CHJIaMM, IO Ha IIe TUIO
Nif0Th, MaTeMaTuuHO Bupaxkae 1l 3akon HploToHa: F =m.&@, ne F- cymapHuii 106yTOK
yCI1X CHJI, IO AIFOTh HA T1IIO, # - Maca, a & - IPUCKOPEHHS TiJa.

[Ipu piBHOMIpHOMY OO€pTaHHI MaTepilaibHOI TOYKH MO KOJY i MPUCKOPEHHS €

2
v

JOIIEHTPOBUM 1 BUPaKA€ThCSI (OPMYIIOIO: “ " R, ne R — paziyc koma, a v - niHiiiHa
MIBUAKICTh MaTepiaibHOT TOUKH.

3B’S130K MIDK TAaKUMHM MapaMeTpamMu 00epTalbHOTO PYyXY, SIK

&} — xonoBa mBHAKICTE PyXY;

1Y —uacrora pyxy;

T —mepion pyxy; 1

HAJAI0Th GOPMYIHU: & = 27T - V] T, v=a R

JAunamika 00epTOBOro pyxy TBep/Oro Tijia.

M; — Maca MaTepiaJibHOT TOUKU A

I'i— pajailyc BEKTOp MaTepialibHOi TOUKH A

o MowmeHT iHep11il MaTepialibHOT TOYKH
Momenmom inepuyii mamepianvHoi mouKku BIITHOCHO
nesKoi Bicl € J00yTOK Macu ITi€i TOUKM Ha KBajpaT BiJCTaH1
0 BiJl TOYKH J0 BiC1 0OEpTaHHS.
— -2
I, =mr, (16)
MoMeHT iHepuii TBepAOro Tijia
0 T < -2
: L =2M1 (k- ) (17)
— 7 Momenm inepyii meepooeco mina BITHOCHO JIESKOI OCI €

5]

CyMa MOMEHTIB 1HEpIIii yciX TOYOK I[bOTO Tija BIJHOCHO JaHOI
BiCi.
PosrnstHemo yMOBY mipu SKid OJHA TOYKa M OTpPUMAE MPUCKOPEHHS TPH

obeproBomy pyci . Hexali Ha mro Touky i€ poBinbHa cuia F . Bona mae 1Bi ckiiagoBi.

CxmanoBa cunm Fip mapanensHa Bici O102, TOMy BOHa HE BIUIMBAE HAa 3HAYCHHS
MIPUCKOPEHHS sike Oyae MaTu MarepiaiibHa Touka. Ll ckimagoBa CTBOpIOE THCK Ha BICh
HAaBKOJIO SIKO1 00epTa€eThCsl MaTepiaabHa TOUKA.

Fi>— e ckimagoBa cunu Fi, sika BU3Ha4a€e 3Ha4€HHS TaHTCHIIAIBHOTO
MPUCKOPEHHS MaTepiabHOT TOYKH 1 HAIIpaBJICHA 1O JOTHUYHIN B I TOYII.

3a apyrum 3akoHoM HeroToHa
F=m-a (18)

Jpyruii 3aKoH 115 i—1 MaTepiaibHOT TOYKH Fiz =m,-a, : d: =&

Fiz =M, -&fr; (19)

—
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[TOMHOXHMO JIiBY i IpaBy CTOpPOHH piBHAHHS Ha i
— )

Fio-b=m,-¢ri- Fia:-f=1li-¢

l

-

—

Fio-rh=Ili-¢. Mi=Fiz-ri-

H 7
Mi=1li-¢
Jpyruii 3axon HeroTOHA U151 MaTepiadbHOI TOYKU TBEPAOIO Tija.
TBepne TIII0 MOMEHT CHIIH.

i=1 i
SM =31z
i=1 i i=l
M=1¢

OcHoBHe piBHSIHHSI JUHAMIKH 00epPTOBOI0 pyXy TBepaoro Tiia ([Ipyruii 3axon
HeroTrona 115t 00epTOBOTO PYXY TBEPJIOTO Tijia)

Pesynomyrouuii momenm cun npuxkiadeHux 00 meepooco Mild  OOPIBHIOE
000ymKy momenmy iHepyii meepoo2o mina HA Kymose NPUCKOPEHHS, SAKe OMPUMYE
meepoe mino nio i€ pe3yibmyy020 MOMEHMY CUll.

g:d—a).M:]-d—w ]\7[:(“—0) (20)
dt - dt dt

MoMeHT iHepIIii TBepAO0ro Tija ITpa€ TaKy camy poJib, IK Maca B MEXaHilli
MaTepiaibHOi TOUKH
]—w' Idw
"t DIBHAHHS JMHAMiKK 00EPTOBOTO PYXy IJIst TBEPAOIO TiNa.
B oGeproBOoMy pyci TBepAOro Tiia MOMEHT 1HEPIlii BITIrpae Taky K camy
pOJIb, SIK Maca B MOCTYMAJIbHOMY PYCl.

Momenm kinoxocmi pyxy meepooeo mina — 000YmoK MoMeHmy iHepyii meepooco
mina Ha Kymoey weuoKicms.

L=1® [xrm? pan/c]

3axon 30epedicenHss MOMeHmy KibKOCMI pyX)y meepoo2o mina. cyma MOMeHmi8
KIIbKOCMI pyxXy min 00 83A€MOOIi OOPIBHIOE CYMI MOMEHMI8 KLIbKOCMI pyX)y — Nic/s
83AEMOOIL.

L +L,+L,+..=L1+ L, +L. +...= const (22)

3akoH 30epexeHHs IMIYIbCY - OAMH 13 (PyHIaMEHTATBbHUX 3aKOHIB (I3UKH, SIKAN
CTBEPJIKYE, IO Y 3aMKHEHIH CUCTEMI CyMapHHUH IMITYJIbC yCiX TiT 30€piraeThesl.

SIk1o Ha cucTemy T 30BHIIIHI CHJIM HE JIiI0Th 200 BOHM BPIBHOBAXKEHI, TO Taka

CUCTEMa HA3MBAETHCS 3aMKHYTOIO, JIJISl HEi BUKOHYETHCSA 3aKOH 30€pEKEHHS IMITYIIBbCY:

MOBHUM IMIOYJIbC 3aMKHYTOI CHUCTEMM TUI 3aJIUIIAETHCS HE3MIHHUM 3a OyIb-SKUX

B3a€MOJIH TLI I[I€1 CUCTEMH MK CO0O0I0:
KineTnuHna eneprist 00epToBOro pyxy
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Haii6binbpin mpocTo 3ajayul MEXaHIKM PO3B’SA3YIOThCS [JIsl MaTeplailbHUX TOYOK.
ToMy B IMX BHMAaJKaX, KOJU HE MOKHA 3HEXTYBAaTH (POPMOIO Ta pO3MIpaMH Tiia, MOTro B
OyMIll po30MBaOTh HAa HEBEJIMKI €EMEHTU TaK, 00 KOXHUN €JIEMEHT MOXHa OyJio
PO3IJIAJIaTH SIK MaTeplaibHy TOUKY.

TakuM 4MHOM, 3ajaya MpO PyX TBEPAOro TuIa 3BOAUTHCS 1O 3aJadi Mpo Pyx
BEJIMKOI'0 YKMCJIa MaTeplalbHUX TOYOK (CUCTEMH MaTepiaiIbHUX TOYOK).

O06epToBUM pyXOM TBEPIOIO TiIa HA3WBAIOTh TAKUM PYyX MPHU SIKOMY TPAEKTOPIi
BCIX TOYOK TiJla SIBISIIOTHCS KOJaMH, LIEHTPU SIKUX JIeKaTh Ha OJHIA OpsIMIH, IIO
HA3MBAETHCS BICCIO OOEPTaHHS.

KineTnuHna eHeprisi xapakTepu3ye CTaH pyxy Tuia. Bynb-sikuii enreMeHT macu
00epTOBOrO0 TuIa Mae€ JIHIAHY MBUAKICTH 1 OTKE, BIH Ma€ KIHETHYHY EHEpriio.
Kinetnuna eHeprisi Bchboro Tiia Oyae AOPIBHIOBATH CyMl KIHETHUHHUX EHEPriil BCIX
€JIEMEHTIB Mac.

m-v
Hanpukna: kinemuuna enepeis 1A MOCTYMANBHOTO PYXy — o
o’
st obepmosozo pyxy — 9

e @ — KyToBa IIBUKICTb.
Kymosa weuokicms @ -uie (pi3uyHa BeNUUYMHA, KA TMOKa3ye SK 3MIHUBCA KYyT

MOBOPOTY PajilyCc BEKTOpa 3a OJAMHHMIIIO Yacy: o= ((jj—(f [pan/c], a

Kymosee npuckopeHnuss € — 1ie¢ (PI3UYHA BEJIMYMHA, SKa TOKa3ye SK 3MIiHUJIACh

. . . - do
KyTOBa IIBHJIKICTh MaTePiaJIbHOT TOYKH 3a OJIMHHMIIIO Yacy: & = at [pan/c?].

Jlexyia Ne7. MexaHika piauH i rasis - 4 roa.

Inawn:

1.Bu3HaueHHS TUCKY;

2.TBepni Tina, iX XapaKTepUCTHUKA; TUCK TBEPJIUX TLII;

3.Pinunu, ix XapakTepucTUku. TUCK PIAMH — TAPOCTATUIHUHN THCK;

4 T'a3u, Ix xapakrepuctuxu. THCK rasy;

5.3akon Ilackans;

6.ATMOChEepHU THCK;

7.PiBHSIHHSI HEPO3PUBHOCTI,;

8.PiBastHas bepryimni. ['igpoanHaMiaHui THUCK.

Teepni Tima 30epiraroTh GopMy 1 00°’€M TOMY IO, YaCTHHKH 13 SKUX

CKIIAJAIOThCS TBEPAl Tima — MamopyxoMmi (BoHM BUKOHYIOTH KONMHMBAIBHUN pyX Ois

MIOJIOKCHHS PIBHOBATH 1 MAIOTh HAMOUIBII CHITM B3a€EMOJIT M1k COOOTO.
S-HIIOI.I]HHa

~n|<—
x w|

- TUCK
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[P]—lH/M3=1Ha
Pinunu 36epiratoth 00’eM, ajne He 30epiratoTb GopmMH, 1€ MOB’SI3aHO 3 TUM

10 YaCTHHKHU 3 SKUX CKJIAJAIOThCA PIAMHU — PYXOMi, aj€ CHJIM B3a€EMOJIIi MDK HUMH
JOCTaTHI, 00 30epiratu 00’ eMm.

P = Fryc — mg — Ppi,z:-'V'g — Ppm-'s'g'h

5 5 5 5
P=p,, 9-h - THCK pinuHN -TiTPOCTATHYHHUI THCK.

["a3u He 30epiratoTh Hi Hopmu, HI 00’€My TaK K YACTUHKHU Ta3iB PYXOMi 1
MDK HUMH JIyKe CIa0Ki CHJIA B3a€MOJIII.

Tuck raszy — e cymapHa Jisi MOJEKYJ YaCTUHOK Ha THO 1 CTIHKU MOCYIUHU
B pe3yJIbTaTi TEMJIOBOIO0 XaOTHUYHOTO PYXY.

JIisi BU3HA4YEHHS THUCKY ra3y BHKOPHMCTOBYIOTHCS MAHOMETPU 1 BOJSAHI 1

METAaJIEBI.
3akon [lackans
Tuck niroumnit Ha piAMHY a00 ra3 nepenaacTbes Yepe3 KOKHY
TOYKY PIIMHHU 200 ra3y OJHAKOBO , 3aBISKH PYXOMOCTI YACTHHOK.
P2

ATMochepHHi THCK — CTBOPIOETHCS aTMOC(HEpPHUM
NOBITPSIM BUCOTOIO ~ 100 kM. 3aBIASKK CHII TSOKIHHS HAaWOLIbIA TYCTHHA MOBITPs Oyjie
y moBepxHi 3emili. 3 BUCOTOIO TYCTHHA 3MEHIIYEThCS. Tak K aTMOc(EepHE MOBITPs HE
Ma€ 4iTKOI TpaHMIll 1 HE Ma€ CTAJIOi TYCTUHH, TO HEMOXJIMBO OTpUMATH (GopMymny s
PO3paxyHKy THCKY aTMochepHu.
Jlnst BU3HAuUEHHS aTMOC(EPHOTO THUCKY BUKOPUCTOBYIOTH PTYTHHM
oapomerp. Hopmanbauii armocdepnuii Tuck. 760mm.pr.cT.= 10°T]a.,
Imm prt.cT. = 133,3 I1a
CydacHuii mpunaa ajis BU3HAYEHHS aTMOC(HEPHOro TUCKY OapoMmeTp-

aHepoi.
ATMochepHHil THCK ¢ BHUCOTOIO 3MiHIOEThCS. Ha koxkHi 10M BucoTH
3MIHIOETBCSL | MM PT.CT.
PiBHAAHHSI HEPO3PUBHOCTI
PiBusinns bepnyii
3amagya: sKki HEOOXIMHO YMOBH, W00 piAWHA sKa PYXa€Tbes IO
TpyOOMpOBOIaM, MPOXOAMIIA BiJl MOCTAYaIbHUAKA 10 CIIOKUBada 0e3 BTparT.

S,<S;; V,>V,

S— IUIOIIIMHA Mepepizy TpyoonpoBoaa

V — IIBUJIKICTH PIAWHUA HA PI3HUX JAUISTHKAX
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HecTtuciusa pigmHa — igeanizoBaHa cucTeMa piIMHY B SIKI T'yCTHHA B

KOXKHIH TOYII 3aJIMIIa€ThCs BEJIMUMHOIO cTao O = P, = Const

PiBHAAHHSI HEPO3PUBHOCTI
PosristHemo nepeHoc Macu piiuHU 10 TPyOOIPOBOY 32 OJIMH 1 TOM K€ MPOMIKOK
yacy. Am; = Am,
N G =1,
SVt =8V, -t

S,\V; = 85,V, = S3V3 = --- = S, VI, = const

Ha koxH1#i qUIsHII TpyOONpOBOAY MPHU PYCl HECTUCIUBOT PIIMHU T0OYTOK
TUIOIIMHYU TTONIEPEYHOr0 TMepepizy TpyOonpoBOaY Ha MIBUIKICTh PEUOBHUHU 3ATUIIAECTHCS
CTaJIOIO.

PiBusinasg bepHyJuii
Jlnst Toro, mo6 piauHa o TpyOOoMmpoBoAaM I0jaBajiach Bi

nocTavyaJIbHUKA JI0 CIIO)KMBaya 0e3 BTpaT, HEOOX1AHO, 1100 HA KOXKHIN TIISHII
TpyOOIPOBO/Ia 3arajbHHUI TUCK, SIKHI CTBOPIOETHCS PYXOMOO PiTUHOIO
(rigpocTaTUYHUM 1 T1IPOIMHAMIYHUN) Ta aTMOC(EPHUI TUCK 3ATHIIAETHCSA BETMYMHOIO
CTaJIOIO.

PiBusiHust bepHysuti € HacmiIKOM 3aKOHY 30epekeHHs eHeprii. ko piauHa He
i1eanpHa, TO 1i MEXaHIYHA €HEePris PO3CIFETHCA 1 TUCK B3JOBXK TPYOONPOBOIY, SKUM
Te4e Taka piauHa, cranae. J[is peanbHOi B'I3K01 pIAMHN B IIPaBiii YaCcTUHI PIBHSAHD, CIIIJT
JOJIaTH BEJIMYHHY BTPAT THCKY APBT Ha TiJIpaBIIdHUMA OIIp PyXOBi.

PiBustHust bBepHymii  mIMPOKO 3aCTOCOBYIOTH ISl PO3B'SI3aHHS  Oaratbox
TIpaBIIYHUX 3a7a4 Y HaTOra3oBi crpani.

PosrisiHemMo po6oTy sSiKy HEOOX1JHO BUKOHATH 1100 MTEPEHECTH Macy
PIAUHU 110 TPYOOIIPOBOTY.

A=A — A,, ne A; - poO0Ta 30BHIIIHIX CHUIJI IO
MEePEMIIIEHHIO PiAUHHU.
A, — poboTa BHYTPIIIHIX CHJI OTIOPY PiAMHA
A= (Ekz + EpZ) — (Ex1 + Ep1)
A — Ay = (Ekr + Epr’) — (Ex1 + Ep1)
= A — 1ie 3MiHHA eHeprii

My 152 n
Ay By Vit —Fye, Vart= (T—'_nghl)_(_

\ ‘F"I‘PIC. =p S i
o D S, ViV,
\251511’?\_ P252V2f>f%+ﬁ3x—(\22#+91521’2 tgh,)—

2
2
- ( ,0181\2 M + SV 19 hlJ

P1 = P2
51V; = 51,

1
1
1
]
1
1
1
1
1
1
|l
1
1
1
1
i

by

26



pVy? p Vi?
P1 — P2 = T"‘ prghy ) — (T+plghl}
V,? V2
Py + pghy "‘ple +p, + poghs +9222 = const
pv*

po + pgh-FT = const —

u

BaacTuBocTi piannun

PinuHa — oOIWMH 3 OCHOBHHMX arperaTHUX CTaHIB PEUOBHMHH TOPSA 13 ra3oM Ta
TBepAUM TUIOM. Bin rasy pifivHa BipI3HSEThCA THM, 10 30epirae cBiii 00'em, a Bix
TBEPJIOTO Tija TUM, 10 He 30epirae ¢hopmy.

['ycTuHOIO piAMHU T HA3WBA€ThCsS ii Maca, sSIka MICTUTBCA B OJUHUINL 00’€MYy,

e op= M/W, ne M — maca piauHu (KT) B O6’€Mi“j ().
v, H/ M

[TuTomMoO10 Baroro OJHOPIAHOI PITUHU i*

v=G/W.

> Ha3uBaeThcs Bara G OJMHUIII
00’ eMy 11i€1 pIAMHU

B’sazkicte piauHu. Bci peanbHi piAMHU  MaiOTh TEBHY B S3KICTh, SKa
NPOSIBIISIETHCA Y BUTJISIA1 BHYTPIIIHBOTO TEPTS MPHU BITHOCHOMY IMEPEMIIIEHH] CYMIKHUX
YAaCTUHOK pIAUHU. B’S3KICTh piauHU — Iie 1 BIACTUBICTh YMHUTH OMIP BIAHOCHOMY
3pYIIEHHIO YaCTUHOK.

[loBepxHeBHIl HATAT PIAWHU, SKUH 3YMOBJICHHH CHJIAMH B3a€MOJIi MOJEKYI
MOBEPXHEBOT'0 IIapy PIAMHH MK COOOI0 1 MOJIEKYJIaMH ra3zy, HaMara€TbCsi CKOPOTHTH
BUTbHY TOBEPXHIO piIMHU. BHACTIOK 1IbOTO PiIMHA, III0 MAa€ KPUBOJIIHINHY MTOBEPXHIO,
3a3Ha€ 0AATKOBOIO 3yCHILIA, sIKe 301IbIIy€e a00 3MEHIIIYE TUCK B P1IMHI HA BEJTUYUHY,

Moayasb 3.0cnoBu MKT. Tepmogunamika.
Jexyia Ne§. OCHOBH MOJIEKYJISIPHO — KiHeTUYHOI TeOopil - 2 roj.

Ilnan:

1. OcuogHni nosoxeHHs: MKT

2.0cunoBue piBHssHHSA MKT rasis

3.1Ikana Ilenbcis.

4. PiBasanus bonsiMana

5. lllkana KenbBina.

OcHoBHi moso:xkenust MKT

MonekynspHa ¢i3uka BHBYAE TEIJIOBUU pyX. TemnoBuid pyx 3yMOBIIOE
BHYTPIIIHI BIACTUBOCTI TUJI, 1 HOrO BUBUEHHS Ja€ 3MOTY 3pO3yMiTH Oarato (pizuyHUX
MPOIIECiB, SIKi BIIOYBalOTHCS B TiIaX.

Mera MKT — mosicHEeHHS BIIACTUBOCTEH MAKPOCKOMMYHUX T 1 TEMJIOBUX
MpoIeciB, IO BiAOYBAIOTECA B HUX, HA OCHOBI ySBJIEHb MpO Te, IO BCI Tija
CKIIQJAIOTHCS 3 OKPEMHUX YaCTHHOK, K1 PyXalOThCS XaOTHYHO.

MonekynspHa ¢i3uka BHBYAE TEIUIOBUUA pyX. TemnoBWil pyxX 3yMOBIIOE
BHYTPIIIHI BIACTUBOCTI T, 1 HOrO BUBUCHHS JA€ 3MOTY 3pO3yMiTu Oarato (pizuaHux
MIPOIIECIB, K1 BiIOYBAIOTHCS B TLIaX.
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Mera MKT — mnosicHEeHHS BIJIACTUBOCTEM MAKPOCKOMIYHUX T 1 TEIJIOBUX
MpOLECiB, 10 BIAOYBAlOTbCA B HHUX, HAa OCHOBI YSBIEHb MpO T€, IO BCl TuIa
CKJIaIal0ThCS 3 OKPEMHX YaCTUHOK, SIKi PyXarOThCsl XaOTHYHO.

OcnosHi nonoxeHHst MKT pedoBuHu:

1.Bynp-siki peyoBMHU MalOTh JUCKpeTHY (mepepuByacty) OyaoBy. Bouu
CKJIQJAIOThCS 3 HAUJIPIOHIIIMX YACTUHOK MOJIEKYJ 1 aTOMIB.

[TinTBEpAKEHHSAM JUCKPETHOCTI € MpOKaTKa, KyBaHHS MeTaily, oTpuMmaHHs 1974
poky Qororpadii OKpeMUx MOJIEKYJI 1 aTOM1B, PO3UMHHICTh PEYOBHH TOLIO.

Mosekynu - HaMEHIIl YaCTUHKH, SKI MalOTh XIMIYHI BJIACTHBOCTI PEUYOBHHHU.
Monekynu CKJIaatoThCs 3 OUIBII MPOCTUX YACTUHOK - aTOMIB XIMIYHHMX €JIEMEHTIB. Y
npupoai € 92 ximiyHi enemeHTH. Pazom 13 mTydHMMH Hapas3l Hamiuyerbes 108
€JIEMEHTIB.

PedoBuny, sika moOymoBaHa 3 aTOMIB JIUIIIE OJHOTO BH]y, HA3WBAIOTh €IIEMEHTOM
(BomeHb, KHCEHb, a30T Tomlo). KoxeH enemMeHT Mae CBii HoMmMep Z B Talmuili
MenneneeBa. Uucno Z BU3HA4Ya€e KUTBKICTh MPOTOHIB Y SipaxX aTOMIB 1 €JIEKTPOHIB, 10
PYXaroThCs B aTOMi HABKOJIO S/pa.

2.  Momnekynu  3HaxoIAThCS B CTaHI  HENEPEPBHOTO  XAOTUIHOTO
(HEeBMOPSIIKOBAHOTO) PYXY, IO HAa3WBAETHCS TEIUIOBHUM 1 y 3aralLHOMY BHIAJKy €
CYKYITHICTIO TTOCTYNaJIbHOTO, 00€pTaIbHOTO 1 KOJIMBAIBLHOTO PYXiB.

[Tin yac HarpiBaHHS PEYOBMHM IIBUAKICTH TEIUIOBOTO PYXY 1 KIHETHYHA €HEpris
HOro 4acTMHOK 30UIBIIYIOTBCA, a IiJ 4Yac OXOJOJKEHHsS 3MEHIIyIoThcs. CTyIiHb
HArpiTOCT1 TiJIa XapaKTepu3ye MOro TeMIieparypa, sKka € MIpol CepeaHbOl KIHETUYHOI
€HEPrii XaOTUYHOTO MOCTYMATBLHOTO PYXY MOJIEKYJI IIHOTO Tija.

3. Monekynu B3aeMOAIIOTH OJJHA 3 OJHOIO 13 CUJIaMU €JIEKTPOMArHiTHOI MPUPOIH,
NIPUYOMY HA BEJIMKHUX BIJCTaHSX BOHU MPUTATYIOTHCS, @ HA MAJIMX - BIAIITOBXYIOTHCS.
Cwi IpUTATAaHHS 1 BIAMITOBXYBAHHS MK MOJICKYJIAaMU J1IOTh MOCTIHHO.

Monekyau pi3HUX PEYOBUH TI0-PI3HOMY B3aEMOJIIIOTH OJHA 3 OJHOK. Llg
B3a€MOJIISl 3aJIEKUTH BiJl TUITYy MOJIEKYJ 1 BiICTaHI MK HUMH. 3aJI€KHO Bill XapakTepy
pPyXy 1 B3aeMoOJil MOJEKYJT PO3PI3HAIOTh TPU CTAaHU PEUYOBHUHU: TBEPAUM, PIIKHH,
razonoAioHui (Turazma).

OCHOBHI MOJIOKeHHSI  MOJIEKYJAPHO-KiHeTH4HOI Teopii (MKT)
0yJ10BH peYOBHHHU.

1.BcCi Tija B IPUPOJIi CKIAAAIOTHCS 13 OKPEMHUX YaCTHHOK MK SKUMH BiJICTaHb.

2.YaCTUHKH HEMPEPUBHO XaOTUYHO PYXAIOThCS, MAIOTh KIHETUYHY €HEPIilo

2
E = mOVO
Ko 2
3.BC1 YaCTHHKH MiX COOOI0 B3a€MOJIIIOTh CHJIAMH B3aEMOTIPUTITAHHS 1 B3aEMHOTO
BiIIITOBXYBaHHS
E, #0
KiibKicTh pe40BUHH
m N
V=—,Vv=—nr
H N,
m N m
y=—=—= N=—:N,
uo Ny H

KoHueHTpauisi MoJIeKyJ1 — 1€ YUCJIO MOJIEKYJI B OJJMHULI 00’ €My
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N 3
n=— —
v [n]=1m

m=p-V= M, N =m,n
Vv
MakponapameTrpu 1I¢ Takl MapamMeTpu sKIi MOXHa BH3HAYUTH 34
gornoMororo (ismyHUX npuialaiB. Hampukian temmepatypy — TEPMOMETPOM, THCK —
O6apomeTpoM, Macy — Tepe3aMu. MakponapameTpy ONUCYIOTh CTaH MaKPOCUCTEMH.
[TapameTpu, sIKi HEMOKJIMBO BU3HAUUTHU 32 JIONOMOIOI0 (PI3MYHUX MPHUIIAJIIB
HA3MBAIOTHCS MiKpoNapaMeTpamMu
Mo —Maca MOJIEKyJIH
Vo2~ cepenns KBaapaTUyHa MIBUIKICTH MOJIEKYJIH
OcHoBHe piBHsHHSA MKT rasiB BU3Ha4YeHHsI TUCKY ra3iB
Bm3naunmo Tuck razy. Jljis 1bOro po3riisiHEMO Jil0 Ta3y Ha MOpIIEHb
BpaxoByrO4H 3aKoH Ilackams.

vy —
v

VX

At

P — quc
S

1.3HaiineMo cwily THCKY OJHi€i MOJIGKYIM Ha TIOpIIEHb S. Yaap MOJICKYH Ha
MOPIIIeHb Oy/1e a0COMIOTHO MPYKHUM

Vi =V

Fue - At=mgV,, — (_ mOVxl)

_ 2myV,
At

2. Bu3HaumMoO KinbKicTh MoNeKyn ski 3a yac Al 6ynyrs misTé Ha mopmieHb
TUTOLTUHOIO S
N=n-V
[To Teopii WMOBIPHOCTI Tak, SK MOJEKYIH PYXalOThCA XAOTHYHO TIIBKH
MOJIOBMHA WX MOJIEKYJ 3a 9ac Oy/ie pyXaTHUcCh 10 MOPIIIHS

1 1 vV
Z=—N=—nV y=g52x
2 2 At

3.3HaiIEMO 3arajibHy CUJIy TUCKY MOJIEKYJI Ha MOPIICHB 3a At

Frue = 2MgVy , _ 2MeVy 1 nSV At = m,\V?nS
At At 2

quc ) At = 2mOVX : quc
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4.3HalIEMO THCK ra3y

F m.V 2nS
P — muc  _ 0Yx — mOVXZn
S S
—2
P=—mynVo

Jlane piBHSHHS Ha3MBA€ThbCs OCHOBHUM PpiBHssHHAM MKT, ToMy 1m0 BOHO
ABIIETHCA 3B’ I3YI0OUM MICTKOM MDXK MaKpo 1 MIKpo cuctemaMu. BpaxoByrouu 1o

_ moVo2 P= E nEKO

Y2 orpumyemo
IMlkana Leabcia xapakrepusye >KUTTENISIIBHICTD KUBUX OPraHi3MiB, Tak
sk BoHM Ha 70-80% cknamatothes 3 13 Boaw s sikoi 0°C — temmeparypa 3MiHU
arperaTHoro CTaHy.

Hocainu boabimana. bajgonu 3 BoJaHEM, KHCHEM, BOJIOI0 TOMICTUIIN B JIBO/I
npu Ttemneparypi 0°C.Uepe3 neskuii dYac B OalloHaX BCTAaHOBHUTHCS OJIHAKOBA
TemIeparypa. 3Hal1IeMO CIiBBIIHOIIIECHHS:

P1V1=® _m Pl_V1:P3_V3:@
N 1 Ng=—N, T N 1 (23)
1 , , 1 3
B pesynbTaTi mociiga 3’scyBanochk, 10 y BCix 0ajloHax CIiBBIIHOIICHHS TOOYTKY
TUCKY 1 00’ €My J10 4MClia MOJICKYJI BeJIMunHa ctana. Ti )k 6asoHu Oyau po3MillleHi pu
temreparypi + 100°C.
PV, :szz :P3V3 =0,
N, N, N,
O~T
®=KkT
€HepreTuyHa TeMIepaTypa
k = ®1 — ®2
Tz _Tl

k — mocriina boabiimana

Py
N
p-Nyr
v

PiBassnnsa boannmvana
P =nkT

JlaHe piBHSIHHS TIOKAa3ye SIK TEMIIepaTypa BIUIMBAE HA TUCK ra3y

P=§nEko P =nkT. %nEK0 =nkT
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2 mV, 3KT

=nkT Vo= |—
3 2 ; TICJHST CKOPOUYEHHS My — mBuakicTs Monexynu i ii
3aJIEKHICTh B1Jl TEMIIEPATYpPH.
T=0K V=0m/c

T=0K =>t°=-273C
TemmneparypHa mkana KenbBiHa XapakTepuszye €eHEpreTUUHUN CTaH T
B ipupoi, Tak sk npu T=0K (aOCOMOTHOTO HYJISI TEMIEPATYp) PyX YaCTUHOK MOBUHEH
3ynuHuThea V=0M/c, TO HACTYIIUTh EHEPreTUYHUI CTaH PEUOBUH B MPUPO1

EKo:O. EPOZO_VZO

KenbBin (nmo3nauenus K) — oaununs temmeparypu B cuctemi Cl, ogna 3 cemu
OCHOBHHX OJIMHUIIB ITi€T CHCTEMHU.

KenbBiH, 3rigHO 3 MDKHApOJIHOIO YroJIOK0, BHU3HAUYAETHCA JBOMA TOYKAMU:
aOCOJIOTHUM HYJIEM Ta MOTPIAHOI0 TOYKOIO BOAM. AOCOJIIOTHUI HYJIb TEMIEpPaTypH, 3a
BU3HAYeHHsAM, JopiBHIOE ToyHO 0 K Tta —-273,15 °C. Ilpu abcomtoTHOMY HYIII
TEeMIEpaTypyd BeCh KIHETHYHHUN PyX YaCTOK MaTepii MPUIUHSETHCS (B KIACUIHOMY
pPO3yMiHHI1) 1, TAKAM YMHOM, Martepis He Mae TeruioBoi eHeprii. [loTpiitHii Toulll BOIH,
TaKOX 32 BU3HAYEHHSM, MpU3HavaeTbes temieparypa 273,16 K ta 0,01 °C. Hacainkom
TaKUX BU3HAYEHb JIBOX OMOPHUX TOUOK a0COJIFOTHOI TEPMOJAMHAMIYHOL IIKAJH €:

-OJIMH KeJIbBIH JOPiBHIOE TOUHO 1/273,16 yacTkaM TemMmnepaTypu MOTPIHHOT TOUKH
BOJIH;

-OJIMH KeJIbBIH TOYHO JOPIBHIOE ogHOMY Trpanycy Llenscis;

-pI3HMIISI MDK JBOMa TEMIIEpaTypHUMHU IIKajdaMu JOpiBHIOE To4yHO 273,15
KeJbBIHA.

Jlesiki BaXKJTMB1 TOUKHM TEMIIEpATyPHOT IIIKAJIH, III0 CTOCYIOThCS KEJIbBIHA, HaBECHI
B Ta0J1.2:

Tabnuys 2
Touka Temnepatypa
KenbBin I'panyc I'panyc
Ienncis dapenreiita

AOGCOTIOTHUH HYIIb 0K -273,15 °C —459,67 °F
(TOYHO 3a

BU3HAYCHHSIM)
Touka 3aMep3aHHs 273,15 K 0°C 32 °F

BOJIN
[ToTpiitHa TOYKa BOM 273,16 K 0,01 °C 32,018 °F
Touka kuminHas Boau 1 373,1339 K 99,9839 °C 211,9710 °F

Jekuin Ne9. IneanbHuii ras. I'a3oBi 3aKoHH.
Inan:
1. ImeanpHuii ra3
2. PiBHSIHHS CTaHy 1J1ealibHOTO ra3y — piBHsIHHA MenpaeneeBa-KiaiinepoHa.
3. I3omponiecu y mpupoi (ra3oBi 3aKOHM)

31



4. TIpouec 1300apuuii (3axon I'eii- Jlroccaka)

5. Ilponec 13oxopHuit (3axon [laps)

6. IIpouec 13orepmiunuii (boitng — Mapiorra).

7. Ilponec amiabatuunuii ( [lyaccona)

3 TOYKH 30py MOJEKYJISPHO - KIHETUYHOI TEOpii 1/IeaIbHUM Ta30M Ha3MBAEThCS
ras, IO CKJIAJaeTbCsl 3 MOJICKYJ, SIKI MOXKHa BBaXaTU MaTepialbHUMHU TOYKAMH,
MOTEHIIAIbHOIO €HEPri€l0 B3a€MOJIi TaKUX MOJEKYJ MOXHA 3HEXTYBATH 1 B3a€EMO/IIIO
MOJIEKYJT MO>KHA PO3IJIAIATU SIK 3ITKHEHHS NPYKHUX KYJIb.

[neanbpHOrO Ta3y B MpUpoO/l HE ICHYE. ICHYIOTh TUIBKU pealibHi ra3u. PeanbHuii ras
MOXHa BBa)XaTH 17IeaJIbHUM MPU HU3bKUX TUCKAX 1 HEBEJIIMKUX TEMIIEpaTypax.

IneanbHmii raz— ue Qi3uyHa MoOJENb PEaNTbHOrO razy B SIKOMY YaCTUHKH
ra3y HaxoJsATbCAd Ha BEJIUKHUX BIJCTaHSAX MDK CO0OI0, TOMY B3a€EMOJIEI0 iX MOXKHA

E =0 . . .
3H6XTYBaTI/I po , HaCTHUHKH HpI/II/IMaIOTBCSI AK a6COJ'II-OTHO pr}KHl MaTeplaJ'IBHl
TOYKH, HaCTUHKH HpHﬁMaIOTB y‘IaCTB B TeHJIOBOMy XaOTI/I‘IHOMy py01

E_ #0

PiBHAHHS CTaHy ileaqbHOrO rasy
BcraHoBHMO 3a5eXHICTh MK TapaMeTpaMH SIKI XapakTepe3yloTh CTaH razy: P, V,
T, m
3 piBHsiHHS bosbiMana
P =nkT.
p-Npr-M kit —pv =N kT
Vv Y7, Vv Y7,
R=N,k= 8,31 Jlxx/monb K — yHiBepcasibHa Ta30Ba craja
Cran imeaJbHOr0 Tra3y ONHUCYETbCA PpIBHAHHAM  MeHae/eeBa-
Knaneipona

m
PV = —RT

ne P — tuck rasy, V — itoro o6'em, T — Temneparypa razy, m — maca razy, M —
MOJISIpHAa Maca, sika JOpIBHIOE Maci ogHoro mois pedoBuHU 1 B Cl BuUMIpIOeThCS y
KiJTorpaMax Ha MOJIb y MIHYC TIEPIIOMY CTETICHI.

OO6'eM oTHOTO MOJIS ifieaTbHOTO Ta3y Mpu HOpM, ymoBax (p = 760 MM pT. CT. =
101,325 xIla, t=0°C) nopisHioe 0,0224m3 /Mons;

R = 8,314510 Ix/(mons K). R — yHiBepcanpHa ra3oBa cTaia.

I3onpouecu y npuposai (ra3oBi 3aKoHn)

Sxmo B Ta3i BimOyBaIOTHCS SIKICh MPOIECH, TO 3BUYANHO 3MIHIOIOTHCS BC1 TpHU
Moro mapametrpu: p, V 1 T. IllpupogHo, 1m0 HAWNPOCTIIUMU € TPOLECH, SKI
BiIOYBaIOTHCSA 31 3MIHOIO JIMIIE JABOX MapameTpiB, a TPeTid 3amumaeTrhes ctamum. Lli
MPOIIECH MIICTAaTU Ha3BY 130MpOIECiB (BiJ TPEIBKOTO «i30C» — PIBHHUMA, OJHAKOBHI).
PiBHSIHHS cTaHy ra3y Ijisi HUX JIETKO JicTaTy 3 piBHSHHS KiameiipoHa, BBaXKaro4u OJWH
3 mapaMeTpiB CTaJOK BeIUUUHOW. Po3riisineMo izonpouecu npu yMoBi o Mmaca rasy
cTajia BeJIMYHHA.

[Iponec, mo BiAOYBA€ThCA MpPU CTANIM BEIMYMHI OJHOTO 3 MHapameTpiB rasy
Ha3MBaIOTh 130TIPOIIECOM.
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IIpouec, mo Bia0yBa€TbCsl NPU NOCTIHHOMY THCKY Ha3HBalOTh i300apHUM
(Bakon I'eii- JIroccaka)

I300apumnii mpouméc (Bim rpem. isos — piBHuH, baros — Bara) —
TEPMOJIMHAMIUYHUNA Tpolec, SKUWA BiIOYyBa€TbCS MpU CTAIOMy THCKY. llpukiagom
1300apHOrO0 Tpolecy Moke OyTH HarpiBaHHs BOAM Yy BIIAKpUTIM mNoOCyauHl, a0o
PO3LIMPEHHS Ta3y y HIIJIPI 3 MOPIIHEM, KWW MOXE BUIbHO IepecyBatucs. B 00ox
BUIA/IKaX TUCK JIOPIBHIOE aTMOC(EpHOMY.

[Ipu 1300apHOMYy mponeci 00'€eM 11€aJpbHOr0 Trazy MpPSAMOIPONOPIIAHUN
temnepartypi (1uB. 3akoH I'eit-JIroccaka).

Ha rpadikax npouec 300paxyeTbcs JiHISIMU, K1 Ha3uBalOThcs 1300apamu. s
1leaJIbHOTO Ta3y BOHU € MPSMUMHU y BCIX Jlarpamax, skl MoB'A3yloTh mnapametrpu T
(Temniepatypa), V (06'em) 1 P

V
P =const , m = const, T const (25)
Vi p4 p 4
AP - — Py e+ ettt Dy
Si P
4 : P2 - P
4 P — P
A aCE : R i
0 T 0 T 0 ~v
a 6 e

Puc.5. 3o6apnuii npoyec

IIpoumec, mo BinOyBaeTbcsi NMPU MNOCTiHHOMY 00'€eMi — i3oxopHMM (3aKOH
Hlapus)

130XOpHUH TIpoIEc— IIe TEPMOIWHAMIYHUN TIpOIeC, SKUHA BiOYBAEThCS TPHU
ctajgoMmy o0'emi. Y raszax Ta piluHaX 3JIMCHIOETHCS JyXe TpocTo. I bOro JTOCHUTH
HarpiBaTy (0XO0JO/KYBAaTH) PEUYOBHHY y MOCY/IMHI, SIKa HE 3MIHIOE CBOTO 00'eMYy.

[Ipu i30x0opUYHOMY TIPOIIECi THCK 1ACaIbHOTO Ta3y MPSMONPOMOPIIIHHUNA HOTO
temneparypi (auB. 3akon Ilapns). ¥V peansuux razax 3axod lllapns He BUKOHY€ETHCH,
TaK sIK YaCTUHA TEIUIOTH, Ky OTPUMYE CHCTEMa, BUTPAYAETHCS HA 30UIBIICHHS €Heprii
B32€MO/TIi YaCTHHOK.

Ha rpadikax 300pakyeThCsi JiHIAMH, SIKI Ha3WBalOThCs 130xopamu. s
1JIealbHOTO Ta3y BOHU € MPSMUMHU y BCIX Jaiarpamax, sKi MOB'A3yIOTh mapametrpu T
(remmepatypa), V (00'em) 1 P

P
V =const , m = const, . const (26)
p1 pr VvV, V, V, "4
Vi v,
2
v?
7
Vl
e
0 T O vV 0 T
a 6 8

Puc.6 I3oxopnuti npoyec
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IIpouwec, mo BiAOyBaeTbCs MNpHM MOCTIMHIA TeMmepaTypi Ha3HBa€ThCH
i3orepmiyHuM i omucyerbesi piBHsAHHAM boins — Mapiorra.

[30TepMiuHuil mpolleC BiIOYBAEThCS JOCTATHHO MOBUIBHO [JIsI TOro, WI00
TeMIlepatypa HiATpUMYBajacs CTalol0 3aBIsKU TEIUIOOOMIHY 13 cepenoBuieM. [Ipu
130TEPMIYHOMY CTUCHEHHI TUIO BIJJA€ TEIJIO B CEPEJOBHILE, MPU 130TEPMIYHOMY
PO3LIMPEHH] — BOUpPAE TEIUIO 13 CEPEAOBUIIIA.

3rifHO 3 pIBHSAHHSAM CTaHy ineanpHOoro raszy (abo piBHsHHsA Knaneipona-
MenpeneeBa), XapaKTEpUCTUKH 11€aJIbHOTO Ta3y 3aJ0BUIbHSIIOTH PIBHICTD

pV = ZRT

1

ne p — THCK, V — 00'eM, m — maca, T — TemmnepaTypa rasy BiJllIOBITHO, L —

MOJIsIpHa Maca rasy, R — rasosa crana.

T =const, m =const, PV =const (27)
l/?( r a P A F T, 6 Vi W T, T, 8
V% T, i | | 1 ]
NN L -
N S | [ |
T P
v 0 - 7 0 c

Puc.7. 3omepmiunuii npoyec
IIpouec, mo BigdyBaeTbcsi 0e3 TEMI000MiHYy MiXK ra3oM I HABKOJHMIIHIM
cepenoBuiniem (Q=0), Ha3uBaeTbesi aaia0laTHYHHUM i ONHUCYETHCS PiBHAHHIM
Ilyaccona

PV’ =const, (28)
C

o p ..
JIe TIOCTIiHA TSl KOXKHOTO CTaHy Ta3y BeIWYnMHa Y = C koedinient Ilyaccona,
Vv

€ BIJIHOIIEHHS MOJISIPHOI TEIJIOEMHOCTI Ta3y MpH 1300apHOMY MIpoIleci, 0 MOJSIPHOI
TEIJIOEMHOCTI Ta3y MPH 130XOPHOMY IPOIIECi.
MouisipHa TeMJIOEMHICTh ra3y BUMIPIOETHCS KUIBKICTIO TEIUIOTH, IO HEOOXiTHA
JUISL HarpiBaHHS OHOTO MOJIS Ta3y Ha oauH KelbBiH 1 3aJICKUTH BiJl yMOB HarpiBaHHS.
Cp >C, ToMy, 1m0 KiNBKiCTh TEIUIA KA HANAETLCA IPH 1300apHOMY IIPOLECi ime
HE TUIBKUA Ha 30UIbIIEHHS BHYTPIIIHBOI €HEPrii ra3y, a 1 Ha BUKOHAHHS POOOTH MPOTH
30BHIIIHIX CHJI B IIpolieci po3mupeHHs. [Ipu oMy
C, =C, +R, (29)
ne R — yniBepcanabpHa ra3oBa crana.
Lleit Bupa3 Ha3uBawTh (popmyaor Maiiepa.
3 MOJIEKYISPHO — KIHETHYHOI Teopii Bizoma (opmyna mis BusHauenns C, i C,
JUIS 17IcaTbHOTO Ta3y.
i i+2
CV:ER’ CF,=—2 R (30)
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Jekuyia Nel0. OcHOBY TepMOANHAMIKH - 2 TOA.
IInan:
1. BHyTpilHs eHepris Tid
2.BHyTpilIHA €Hepris 11€abHOT0 ra3y
3.Crioco6u 3MiHU BHYTPIIIHBOI €HEPril
4.Bunu terionepeaaydi B Ipupo/Ii..
5.Po6ota B TepmonuHamiii. @i3UUHUI 3MICT yHIBEpPCAIBHOI ra30BOi CTAJIO1
6.Ilepiunii 3aK0H TEPMOJIUHAMIKI
7. Illepmuii 3aKOH TEPMOJUHAMIKH B 130IIpoLiecax

TepmonuHamMiyHUN METO/I, SIK Ha 1€ OYyJI0 BKa3aHO BHUIIIE, TOCTIIKYE
TEPMOJAMHAMIUHI CUCTEMU HE LIKABISAYUCH X OYZ0BOIO. 3 TOUKH 30Dy
TEPMOJMHAMIKH TEPMOJMHAMIYHOIO CHCTEMOIO HA3MBAETHCS MAaKPOCKOITIYHA
CHUCTEMa, W0 BUBYAETHCS METOJAMH TEpMOJWHAMIKM. Bci Tima, He BKIIOYCHI B
TEPMOJMHAMIYHY CHCTEMY, Ha3UBAIOTHCS 30BHIIIHIM CEPEIOBHUIIICM.
OCHOBHUM TMOHATTAM TIPU BUBYEHHI TEPMOJMHAMIYHMX CHCTEM €
BHYTPIIIHS €HEPTisl.

BHyTpimHs enépris Tina (mosHauaeThcs sk E a6o U) — noBHa eHepris
TEPMOJMHAMIYHOT CHCTEMH 3a BHHATKOM 11 KIHETHYHOI eHeprii sK Iijaoro i
NOTEHI1aJIbHOT €HEeprii TUIa B IMOJI1 30BHIMIHIX CHJI. BHYTpIIIHS €Hepris CKIagaeThes 3
KIHETUYHOT €Heprii XaOTUYHOT'O PyXy MOJIEKYJ, MOTEHIIaJbHOI eHeprii B3aeMOIii MiX
HUMH 1 BHYTPIIIHHOMOJICKYJIIPHOT €HEpii.

BryTpimHs eHeprisi € oJHO3HAYHOK (YHKIIIED PIBHOBAXXHOTO CTaHY CHCTEMH.
Lle o3Havae, MO KOXKHUI pa3, KOJIM CHUCTEMa OMHUHIETHCS B JTAHOMY PIBHOBAKHOMY
CTaHl, il BHYTPILIHS €Hepris NMpuiiMae BIACTUBE I[bOMY CTaHy 3HAYEHHS, HE3AJIEKHO BiJl
nepeaicTopii cucremu. OTxe, 3MiHAa BHYTPIITHLOT €HEPrii Mpu Mepexo/i 3 OAHOTO CTaHy
B IHIIMKA OyJe 3aBXKIW JTOPIBHIOBATH PI3HUII 3HAYEHb B IIMX CTaHaX, HE3AJIC)KHO BIT
NUISIXY, 10 SIKOMY 3JIHCHIOBABCS Iepexif. BHyTpIIIHIO €Hepriro Tila HEe MOJKHA
BUMIPSITH HanpsiMy. MoKHa BU3HAYUTH TUTBKU 3MiHY BHYTPIITHBOT €HEPTii.

BHyTpimHs eHeprist T1 — 11e cymMa KIHETUYHUX €HEPriil pyXy Ta MOTEHI1aIbHUX
SHEePTii B3aEMOJI11 YACTHHOK 13 IKMX CKJIQIA€THhCS TLIO

U =iE +§:Epi
i=1 K i=1

BHyTpilIHs eHepris ileaJabHOro razy
BHyTpimHs eHepris igeanbHOro razy

0-SE
i=1 Ki

U=1Mgy
2 M

i

Jie 1 — YHUCIIO CTYNEHIB BUILHOCTI MOJIEKYJIH 171€aIbHOTO Tra3y.
YncjoM CTyneHiB BiJIBHOCTI MOJIEKYJM € YKHCIO MIHIMAJIBHOI KIUIBKOCTI
KOOPJAMHAT, 1110 MOBHICTIO BU3HAYAIOTh MOJIOKEHHSI MOJIEKYJIM B TIPOCTOPI.
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JIns oqHOATOMHOTO ra3y 1 = 3; JJisi ABOXAaTOMHOTO 1 = 5; JJIsi TPhOXaTOMHOTO 1
0araToaTOMHOTO 1=0.
3MiHa BHYTPIUIHBOT €Heprii

AU =U, -U,
AU = =M RaT
2 M
Icnye nBa cnocoOu 3MiHM BHYTPIlIHBOI eHeprii:
1. Tennmonepenaua
2. Buxonanss po6otu cucteMoro abo HaJl CUCTEMOIO.

Buau Termionepenayi

TennonpoBiIHICT, — 1€ Mepeaada TeIUIOTH BiJl OUIBII HArPITUX YAaCTHH TijIa 110
MEHII HarpiTux, 3YyMOBJIEHA XaOTHYHUM pPyXOM MIKPOYACTUHOK pPEYOBUHHU.
TemnonpoBiIHICTb CYNPOBOKYETHCS TEpeaaueto BHYTPINIHBOI €Heprii Bif OUIbII
HArpITUX 10 MEHII HArpiTUX TU1 6€3 mepeHeCceHHs PEYOBUHH.

KinbkicTs TEmiorm.

KinpkicTh TemaoTu abo KUIBKICTh TeIUIa - (pI3MYHA BEIUYUHA, KA XapaKTepU3ye
nporecu 0OMIHY €Heprii Mk TUIaMHU.

[lo3HayaeThecst 3a3Buyail siteporo Q, Mae po3mipHicTh eHeprii. B cucremi CI
BUMIPIOETHCS B J[KOYIIAX.

KonBekiis — TemIooOMiH y piIMHAaX Ta Tas3ax, SKUH CYIPOBOKYETHCS
TIepEeHECEHHSIM PEYOBHHHU.
[IpomeneBuit Temia000MiH — TMpoOIEC TEPEHECEHHS BHYTPINIHBOI €Heprii Bix

OIHOI'O TiIa a0 IHIIIOTO BHaCJ'Ii,IIOK BUITYCKAaHH, IIOIIWPCHHA Ta IIOTJIMHAHHA
BI/IHpOMiHI-OBaHH}I.

Q =xCMAT - kinbkicTs TemIoTH IIPY HarpiBaHHI Ta OXOJIOKEHHI;
Q =AM - kinbKicTh TEIIOTH IIPH TUTABJIIHHI Ta KpUCTATi3aIlii;

Q =£LM- kinpKicTh TENNOTH NPU NAPOYTBOPEHHI Ta KOHAEHCAILT.

Kinpkicte Teriotd 1e ¢izudHa BEIWYHMHA, 11O € MIpOI 3MIHM BHYTPINIHBOT
eHeprii B mpolecax, o He CYNMpPOBOKYIOThCS BUKOHAHHSIM poOOTH, B Tpoliecax e
XaOTUYHUHN PYX MEPEXOAUThH BiJ OJHUX TII B XAOTUYHUM PyX IHIIUX, BiJ OJHIET JACTUHU
CHUCTEMH J10 1HII01 6€3 BUKOHAHHS POOOTH.

PoGoTa B TepmMoauHaMilIli.

Po6Gora 1 Terora e ABI popMu 3MiIHM BHYTPIMIHBOI €HEPrii TePMOAMHAMIYHUX
cucteM. Po0OoTor0 Ha3zuBaeThcsl (i3MYHA BEIMYMHA, IO XapaKTEPU3YETHCS 3MIHOIO
BHYTPIIIHBOI €HEPrii TEPMOJIUHAMIYHOT CHCTEMHU 32 PaXyHOK pEMIIEHbh MaKpOYacTHH
cucteMu abo BCi€l CUCTEMHU B MUIOMY. B momambmiomMy — po3risimacTbes TUTBKHA TaKi
MPOIIECH, B AKX BHYTPIIIHS €HEPTis BU3HAYAETHCS TUTBKY 11 BHYTPIIIHIM CTAHOM.

VsaBiMO €001, IO Ta3 3HAXOAWTHCS y BEPTHUKATIBLHOMY IFUTIHIPI, SKUH 3aKPUTO
HEPYXOMHM TopiTHeM Imiomero S. Hexall mig miero mpukiageHoi 30BHIMHBOI cuiau F
MOPIIIEHb OMYCTHBCS Ha BiAICTaHh AX , Ta CTUCHYB IIPH 1IbOMY Ta3. ['a3 Oyme cTuckaTtucs
70 TUX MIp, JOKK cujia F He BPIBHOBAXKHUTHCS CHUIIOIO, IO JI€ HA MOPIIEHb 31 CTOPOHU
razy 1 JOpIBHIOE PS, A€ p — TUCK rasy (SKIIO MEepeMIllleHHs] MaJeHbKe, TO TUCK razy
MOXHa BBa)kaTu cTaiuM). Poborta razy (A ) npu 1bOMY BU3HAYA€ThCS TaK

36



FAx = pSAx A =pAV

Axmo ra3 crtuckaBca, To AV <0 - pobora razy BiI’€MHa; SKIIO Ta3
posmuproBascs, To AV > 0 - nogatHa.

A = pAV- pobora B TepMoaMHAMIL

TakuMm 9ymHOM, SKIIO HAJ Ta30M CKOIIOTH JOJaTHY POOOTYy, TO 30BHIIIHI Tija
nepenanTs WOMYy 4YacTUHY CBO€i eHeprii. Ilpu posmupeHHi rasy, HaBmaku, poOoTa
30BHINIHIX CHJI BiJ]'€MHA.

®Di3znyHU 3MICT YHiBEepCAJIbHOI IA30B0I CTAJIOI: YHIBEpPCAJbHA ra3oBa cTaja
R 4ncenbHo 10piBHIOE po0OTI po3mMpeHHs: 1 Mo igeabHOrO ra3y npu
i300apHomy HarpiBaHHi ifioro Ha 1K.

BpaxoByroun aBa criocoOu 3MiHM BHYTPIIIHBOI €HEprii poOMMO BUCHOBOK SIKUM
BiZIOOPaXKAETHCS B MEPIIOMY 3aKOHI TEPMOTUHAMIKH.

Ilepuiunii 3aK0H TepMOANHAMIKH

TepmonuHamMiyHUN METO/I, SIK Ha 1€ OYyJ10 BKa3aHO BHUIIIE, TOCTIIKYE
TEPMOJMHAMIYHI CUCTEMHU HE LIKABJISUUCH iX Oy/10BOIO. 3 TOUKU 30py TEPMOJAUHAMIKA
TEPMOJMHAMIYHOKO CHCTEMOIO HAa3WBAETHCS MAKPOCKOIIYHA CUCTEMA, [0 BUBYAETHCSI
METOJIaMH TepMOJIMHaMIKU. Bci Tija, He BKITIOYEHI B TEPMOJIMHAMIUHY CUCTEMY,
Ha3WBAIOTHCS 30BHIIITHIM CEPEIOBUIIIEM.

OCHOBHUM TMOHATTSM TPH BHBYCHHI TEPMOJMHAMIYHMX CHUCTEM € BHYTPIIITHS
enepris. [lepmmii 3aKOH TEpPMOJIMHAMIKM CTBEP/XKYE: ICHYE BHYTPIIIHS €HEPris
TEPMOJAMHAMIYHOT CUCTEMH - TaKa OJJHO3HAa4YHa (PYHKIIIS TTapaMeTpiB il cTaHy, 3MiHa SKO1
JOPIBHIOE pOOOTi, BUKOHAHOI HaJl CHCTEMOIO Ta KUIBKOCTI MiJIBECHOT TETUIOTH.

[lepmmii 3akOoH TepMOAMHAMIKKM 3a CBOIM 3MICTOM € 3aKOH 30epeXeHHS 1
MIEPETBOPEHHS €HEPTii B TEIUIOBHX Mpoliecax. BiH Bi/MOBIa€ HA MUTAaHHS CKUTBKU KYIH
1 B AIK1H KUTBKOCTI Ta SKOCTI NIepeaH0 BHYTPIMIHBOT €HEPT1l TEPMOJIMHAMIYHOT CUCTEMH.

AU =A4+0Q

dU =d4+dQ

3MiHa BHYTPIIIHKOT €HEprii B CUCTEMI BiIOYBA€ThCS 3aBISIKA BUKOHAHHIO POOOTH
HaJ[ CHCTEMOI0 200 CHCTEMOIO 1 TeIUIonepeadax.

Ilepmmii 3aK0H TePMOAMHAMIKH B i30Mpoiecax

[Ipouecu, siki BimOyBarOThCS 3a HE3MIHHOTO 3HAYEHHS OJHOTO 3 TapaMeTpiB
IealbHOTO Ta3y CTajoi Mack m 1 MOJSPHOI Macu |l Ha3MBaIOTh 130MPOIECAMHU.
OCKITBKH JKOJIEH 13 TTapaMeTpiB razy He MoxKe OyTH CTporo (hikCOBaHUM, TO 130IPOIIEC
— II¢ iIeaTi30BaHa MOJIeIb CTaHy 1/1ealIbHOTO Ta3y.

1. [3oTepMmiunuii mporec

T=const 7,=T,

1m
> M AT =0 AU =0

Il
O

4 CHCTEeMAa BUKOHY€ Po0OTY B pe3yJbTaTi Telionepenavi
2. I300apHuii mpouec
P=const P,=P, AP=0
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AU = A+ Q -neprumii 3aK0H TEPMOINHAMIKH BUKOHYETBCS B TIOBHOMY 00CS3.
3. I30xopHuii nmpouec
V =const V, =V, AV =0

A=-pAV pobora

A=0

AU =Q

3MiHa BHYTPIlIHbOI eHeprii CuCTeMH BiI0YBA€THCH 3aBASKHU TeIIONepeaayi.

4, AniadbaTu4yHuUii mpouec

Q=0

AU =4 CUCTEMa MOK€ BUKOHYBAaTH pPOOOTY 3aBASKA 3MIHM BHYTPILIHBOT
eHeprii

T, >T2’ t— wac, T, =T,

B pesynbraTti TEpMOAMHAMIYHOI piBHOBAru 4yepes AesKUil yac cuctema OyJe MaTu
OJIHAKOBY TEMIIEPATYypPy 1 HE 3MOKE BUKOHYBATH POOOTY.
BucHoBok: HeMOXKIIMBO CTBOPUTH ABUTYH MEPILIOTO POAY.

Jekuia Nell. TensoBi MmaumuHi - 2 roj.

Inawn:

1.JIpyruii 3aKOH TepMOIUHAMIKA

2.Tperiii 3aKOH TEPMOJIUHAMIKH

3.PoGoTa TeninoBux NBUTYHIB

4.Iuxn Kapno

5.KK]I TeruioBuX 1BUTYyHIB

Jpyruii 3aK0H TEPMOAUHAMIKH:

TemnoBi npouecu B npupoai He odepHeHi. I'apsiue TyI0 MoXke mepegaBaTu
€HEPril X0J0IHOMY Tijly, 2 00€ePHEHOr0 MPoIleCy He iCHYE.

Ha ocHoBi apyroro 3akoHy TepMOAMHAMIKH HEMOKJIUBO CTBOPUTH JBUTYH
JAPYIOro pouay.

[cHYIOTh JeKiibKa SIKICHUX (JOPMYITIOBaHb IPYrOro 3aKOHY TEPMOJMWHAMIKH SIKi €
PIBHOIIIHHUMU Ta BUILJIUBAIOTH OJTHE 3 OJHOTO:

1 HemoxuBa camoI0BUIBHA TIepegada TETUIOTH BiJl Tijla MEHIIIE

HarpiToro a0 Tina Oineine Harpitoro. (P. Knaysuyca)

2 HemoxnuBuii 3aMKHEHUW TPOIEC, €IUHUM PE3yJIbTaTOM SKOro Oyino O
BUKOHAHHS POOOTH 32 PaxyHOK OXOJOJKEHHS OJHOTO Tina a0 HEMOXKIWBHIA BIYHHIA
IBUTYH npyroro poxy (perpetuum mobile I1), To6To nBuryH, MO MIr OW mparroBaTH,
HAMPUKJIad, 32 PaxyHOK CIOXKMBAHHS BHYTPINTHROT €HEpPrii CBITOBOTO OKeaHy 0e3
xonoawnbHUKa. (B. Tomcon, M. IlnaHk)

3 HemoxmmBo ctBoputH 1uki, KKJI sxoro 6yB 6u piBHUM a60

OUIBIIIMM 32 CTO BiJICOTKIB.

[Tepre dhopMyatOBaHHS € Mai>ke OYEBUIHUM 1 MIATBEPKYETHCS MPAKTUKOIO Ta
JTOCBIIOM. B XOJIOAMIBHMX MalIMHAX TEIUIO MEpPEedaeThCs BiJ MEHII HArpiTUX TLT J0
OUIBIII HArpiTHX, aje e BiI0yBae€ThCs 3a PaxyHOK poOOTH CYmyTHHOTO MIPOILIECY, a HE
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CaMOJIOBUIbHO. BigHOCHO Apyroro QopMyiitoBaHHS HEOOXITHO BIAMITUTH, IO B
130TepMIYHOMY TIpOLIeCl BCE TEIUIO NEPETBOPIOETHCS B pPoOOTY, ajie 3aMKHEHUM
130TepMIYHUM MPOIEC HE MOXKE OyTH.

Hpyre ¢opmyntoBaHHS BHUIUIMBA€E 3 mepuioro 1 HaBmaku. JliiicHo, skmo 6 Oyna
MO>KJIMBICTh CAaMOJIOBLIBHO TEpPEeaBaTh €HEPrilo Bil MEHII HArpitoro Tijia A0 OUIbII
HarpiToro, To OyB OM MOXJIMBUM, Hanpukiaa nukil KapHo, B IKOMYy 3a paxyHOK
OTpUMaHO1 BiJ HarpiBaya 3a temmneparypu T1 kuibkocti TemnoTi Q1 Oyna 6 BUKOHaHA
pobora A=QI1-01Q2[], nme QQ2- KUIBKICTh TEIJIOTH, BIJAAHOT XOJOAWIbHUKY 3
temneparypoto T2<TI.. Ilicas uporo Big XoJOAWIbHUKA TerioTa Q2 mepenaeTrses 10
HarpiBayda 1 poO0OTa BUKOHYETbCS TUIBKHU 32 PaXyHOK OXOJIOJKEHHS HarpiBaya.

Tpere dbopmynioBaHHsS O3HauYae, IO BCA TEIJIOTa MOBMHHA NMEPETBOPIOBATUCH B
poboty, abo HaBITh OTpUMaHa poOoTa OyJie OUIBIIOK 3a KUIBKICTh OTPUMAHOT pOOOUYUM
TUJIOM BiJl HarpiBaya TEIUIOTH, 110 CYNEPEUUTh 1 MEPIIOMY 1 APYroMy (popMyITIOBaHHIM
JPYroro 3aKOHy TEPMOJAMHAMIKH.

TpeTtiii 3aKOH TepMOAUHAMIKH

Tperiii 3aKOH TepMOAMHAMIKM  HEMOXJIMBO JOCArTH abdcoswoTHOro 0
TeMIePaTypu TaK SIK HEMOJIMBO MOBHICTIO 3YNMHUTH PYX YaCTHHOK 3 SIKHX
CKJIAIA€THCA TLIO.

TensioBi ABUTYHH
TemioBo0 Ha3WBaKOTh MAlIUHY, B SKIA BiJIOYBA€ThCS B3a€MOIIEPETBOPEHHS
TEIIOBOI €Heprii 1 MeXaHI4HOi poOOTH. 3a CBOIM NIPHU3HAYCHHSIM TCIIOBI MAIIMHU
HNOJIUISIOTHCS. HA TP OCHOBHUX THUITH: TEIUIOB1 ABUTYHH, TEIJIOBI HACOCH Ta XOJIOAWIIbHI
mamuHU. Tepmiunnii KKJ]I TemoBoro ABUryHa € BITHOIIEHHS POOOTH, SKY JICTadd B
pe3ynbTaTi 3AIWCHEHHS NOpSIMOro OOOPOTHOTO IMKIY, 0 TEIJIOTH, MiIBEACHOI 10
po6oYOro TijNa BiJ HarpiBHUKA

PoGoTa TemioBOI MAIIMHHA OCHOBHA HA MEPLIOMY 3aKOHI TePMOIUHAMIKH
KinbkicTh TemioTu fika BUAUVISETHCS NMPU 3rOPaHHI MaJuBa ¥ije HA BUKOHAHHS
po00Yoro xoay TemJioBoi MAIIMHHU i HA 3MiHY BHYTPillIHHOI eHeprii

CUCTEMH

Q =A+AU
Harpire Tizio Q1
Po6oue Tisio A=Q;:-Q;
XoaoanabHuK Q)

HarpiBau Q, - kineKicTh TeroTn Harpisaua
Po6oue tino — A= Q, — Q, koprcHa poboua TermoHarpisaua

XonommneauK Q, -KiNbKiCTh TEIIOTH XOJIO{HITbHAKA

Jlist Toro mo0 TETUTOBWI NBUTYH MIr BUKOHYBATH IOCTaBJICHY 3a7ady B KiHIII
KOXXHOTO TIPOIECY MOBHWHHA CIIPAIIOBATH CHCTEMa OXOJIO/DKCHHS sika 3a0epe eHepriro
110 MIIUTa Ha HarpiBaHHS CUCTEMHU, JJIS TOTO 00 MEePEeBECTH B TOYATKOBHIA CTaH .

Huka Kapno s onucy po6oTH iieaJbHOI TeMJI0BOI MAIIIUHH .

OcHoBHE 3aBAaHHs, sike MOcTaBUB co01 3a Mety KapHo, momnsiraino y BU3Ha4YeHHI
napametpiB, Bifg skux 3anexuts KKJ[ TemnmoBoi wmamumuu. [lpu upomy BiH
MPOJIEMOHCTPYBAB  IO-CIPABKHHOMY HAYKOBO-TCOPETHUUYHUN  MIAX1J, TOMY  MIO
HamaraBcs Bu3HaunTu KKJ[ mamumHm He3anexHOo BiJ "IKOroch MexXaHizmy', "SKOTOCh
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MEBHOTO areHra'", TOOTO MpPOMOHYBaB pPO3IJIAHYTH 11€ajlbHy TEIUIOBY MAIlUHY.
OcoOnuBicTIO 1€l 1A€anbHOI MamIMHU OyJIO Te, O BCl 3MIHM B HI NOBUHHI OyiH
B1I0yBaTUCS OOOPOTHUM HUISIXOM.

OOOpOTHMM HA3MBAETHCA NPOLEC, L0 MOXKE WTU SK y HOpsIMOMY, TaKk 1 Yy
3BOPOTHOMY HAmNpPSAMKY, 1 TICJIsI IOBEPHEHHSI CUCTEMU Y BUXIIHUM CTaH BOHA (CUCTEMA)
3QJIMIIAETHCST HE3MIHHOIO. bByab-sKMi 1HIIMI TpolleC HA3UBAETHCS HEOOOPOTHUM.
BusiBisieTbes, KO BUKIIOUUTH 3 PO3IIIAY SBHINA, IO BIAOYBAIOTHCSA B MIKPOCBITI, TO
B IIPUPO/Ii a0COIIOTHO 000poTHUX mpolieciB He icHye. [lle Jlazap KapHo 3BepHYB yBary
Ha Te, moO [ pgocarHeHHs HaiBumoro KK/ mpu noOymoBi i excrutyartarii
MEXaHIYHOIr0 MPUCTPOIO MOTPIOHO 3BECTH A0 MIHIMYMY yAapH, TEPTS, IHIIUMU CIOBaMH,
yc1 npouecu, 1o Npu3BoAsTh 10 BTpaTu "xuBoi cunu". Can 1 KapHo o6rpyHTOBYE CBOIO
TEOpIil0, PO3TJSAAI0YM MPOIeC OJAEpXKaHHSA pyxXy 3 TeljJa Ha OCHOBI 3arajbHUX
MIpKyBaHb, HEXTYIOUM PI3HOMAHITHUMH HECYTTEBMUMH (akTopaMu y (PYHKI[IOHYBaHHI
MamuHU. BiH HamaraeTrbcs BHU3HAUMTH, BiJl 4Oro 3aliexkuTh MakcumanbHuih KK
mamHu. ToMy 1 Oepe i po3risiay ifeani3oBaHy MalIMHY, ICTOTHOIO OCOOJIMBICTIO
npolecy SKOi € UMKIIYHUA W o0opoTHMIl xapakrep. Sk poboue Tuno Kapho
BUKOPHUCTOBY€E TOBITPsI, I[00 YHUKHYTH CKJIAJIHOCTEH, MOB'A3aHUX 31 3MIHOIO a3 —
NEpPETBOPEHHSIM BOAM Ha Mapy, a NOTIM mapu — Ha Boay. bimeme Ttoro, Kapno
OPUXOAUTH 10 BIpHOTO BHUCHOBKY: s minBuineHHs KKJ tpeba yHukatu npsmux
KOHTAaKTIB MK HarpiBayeM 1 XOJO0JUILHUKOM, 100 >KOJHA 3MiHA TeMIepaTypHu He Oyia
3yMOBJIEHA MpPSIMUMH [OTOKaMM TeIja MDK JBOMa TUIAaMH, $KI MAalTh pI3HY
temnepaTtypy. LIl mOTOkM He BUKOHYIOTHh HISIKOI MEXaHIYHOT poOOTH M MPU3BOIATH 110
sHmkeHHa KK/I.

Huka Kapnoé — TtepMoauHaMidHAN LUK, SIKUU CKJIQIa€ThCS 3
JIBOX 130TEPMIUYHUX TIPOIECIB 1 JBOX aaiadaTHUX TMPOIECIB, IO  IONEPEMIHHO
4epryroThcs Mk coboro. Hazanuii 3a im'sim H. JI. C. Kapro, ppaHIy3pKk0ro BueHOTO Ta
1HXeHepa, KOTpUH BIiepile Horo onucaB y cBOil mpaili «[Ipo pymrifiHy cuiay BOTHIO Ta
Opo MallMHM, 110 34aTHI po3BHUBaTH It0 cuity» Llukn KapHo cknanaeTscst 3 4OTHPHOX
CcTaii:

Poboua pedoBrHa pO3MIHPIOETHCS (130TEPMIYHHI POIIEC).
Poboua peuoBrHa pO3IIMPIOETHCS (agiadaTHUHUI TPOIIEC).
Poboua pedoBrHa cTHCKAEThCS (130TepMIYHUI mporiec).
Poboua pedoBrHa cTHCKAEThCS (aaiabaTUIHHIA TTPOTIEC).

P

d

1-1' i3oMeTpuYHE PO3MTUPEHHS
1'-2 agiabaTuvHE PO3MTUPECHHS
2- 2' i30MeTpUYHE CTUCKAHHS
2'-1 agiabaTvuHE CTUCKAHHSI
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https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%86%D0%B8%D0%BA%D0%BB
https://uk.wikipedia.org/wiki/%D0%86%D0%B7%D0%BE%D1%82%D0%B5%D1%80%D0%BC%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
https://uk.wikipedia.org/wiki/%D0%90%D0%B4%D1%96%D0%B0%D0%B1%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
https://uk.wikipedia.org/wiki/%D0%A1%D0%B0%D0%B4%D1%96_%D0%9A%D0%B0%D1%80%D0%BD%D0%BE_(%D1%84%D1%96%D0%B7%D0%B8%D0%BA)
https://uk.wikipedia.org/wiki/%D0%86%D0%B7%D0%BE%D1%82%D0%B5%D1%80%D0%BC%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
https://uk.wikipedia.org/wiki/%D0%90%D0%B4%D1%96%D0%B0%D0%B1%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
https://uk.wikipedia.org/wiki/%D0%86%D0%B7%D0%BE%D1%82%D0%B5%D1%80%D0%BC%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
https://uk.wikipedia.org/wiki/%D0%90%D0%B4%D1%96%D0%B0%D0%B1%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81

HeMO0XMBICTP TOBHOTO MEPETBOPEHHS BHYTPIIIHBOI €HEprii rasy B poOOTY
TEIJIOBUX JIBUTYHIB 0OYMOBIJIEHa HEOOOPOTHICTIO MPOIIECIB Y MpUpol. AkOu Terora
MOTJla MUMOBUIBHO TMOBEPTATUCA BiJ XOJOJWIbHMKA 1O HAarpiBaya, TO BHYTPILIHS
eHeprist morjaa 6 OyTH IIUTKOM IMEpPETBOPEHA B KOPUCHY POOOTY 3a JOMOMOIOI0 OYIib-
SKOT'O TEIJIOBOTO JABUTYHA.

BinnoBinHo 10 3akoHy 30epeXeHHs eHeprii poOoTa, 3/1iCHIOBaHA JBUTYHOM,
JIOPIBHIOE:

A'=[QI-Q2]

ne Q1 — KUIBKICTh TEIUIOTH, OTPUMAaHa Bij HarpiBaya, a Q2 -KUIbKICTh TEIJIOTH,
BiJI/ITaHA XOJOUIBHUKY.

KoediieHToM KOpHCHOI Aii TEMJIOBOrO JBUI'yHA Ha3UBAIOTh BiHOIIEHHS pOOOTH
A', 311l ICHEHOT ABUTYHOM, JI0 KUIBKOCTI TEILJIOTH,

A4 _101-10,]_, 10,
o1 10, 0]

OTpUMaHI{ B1J HarpiBayva:

KKJ[ TenmoBoro asuryHa wmenmie oauHuil. Ilpum T1-T2=0 aBuryH He Moxe
MpaloBaTH.

Makcumanbae 3HaueHHs KKJ[ TeruoBux naBuryHiB. 3aKOHM TEpMOJAMHAMIKU
J03BOJISIIOTE  o0uncnutn MakcumanbHo MoxomBuid KKJ[ TeruioBoro aBurysa, 1o
IpaIfoe 3 HarpiBadem, o Mae Temmepatypy T1, 1 XoIoIuIbHUKOM 3 TeMnepaTyporo T2.
VYnepie 1ie 3po6uB ppaniy3pkuit imkenep 1 Buenuit Cagu Kapno.

KET=2=2 100% KKI=12T2 1000

Q T,

KapHo mpuaymaB ifieasibHy TEIJIOBY MAIIUHY 3 1/I€aTbHUM ra3oM sik pododye TiIo.
Bin onepxas nisa KK/ miei mammHu HacTymHe 3HAYCHHS :

Ax 1 ouikyBasoch, KKJ| mammaum KapHo mnpsMo mnpomnopmiiiHui pi3HUIN
a0COJIFOTHUX TeMIIepaTyp HarpiBayda i X0JIOIUJIbHUKA.

I'omoBHe 3HaueHHS 1i€l popMynu mojsirae B ToMy, K J10BiB KapHo, 1m0 Oynb-sika
peanbHa TEIJIOBA MallWHA, IO MpaIfoe 3 HarpiBadem, 1o Mae Temmeparypy T1, i
XOJIOAWIbHUKOM 3 Temneparyporo T2 He Moxke matu KKJI, mo nepesuimye KKJI
1I€aIbHO] TEIUIOBOT MAIIWHH.

[Tpu Temnepatypi X0JIOAMIbHIKA, PIBHINA aOCOTIOTHOMY HYITIO, =1

;};l:

Jekuyia Nel2. PeanbHuii ra3 - 1 roa.
Iinan:
1.PiBastHHs Ban-nep-Baansca.
2.Kputnuna temneparypa.
3.Edexrt [xoynsa-TomcoHa.
4.3pimKeHHS ra3iB.
5.Kpiorenna texHika i ii BAKOPUCTaHHS B C/T.
PiBusinns Ban-gep-Baaabca.

PeanbHi rasm. Ha npakTuiil 10CHTh 4YacTO JOBOJUTHCS MaTH CHOpaBy 13
peadbHUMH Ta3aMH — HaNpHKIad, CTHCHYTHMH Ta3aMH B IIOBITPSHHX TrajbMaXx,
BIIOIMHUX MOJIOTKAxX, KoMmmpecopax Tomio. JlocaimkeHi HamMu BJIACTUBOCTI Tras3iB
CTOCYIOThCA 17€aJIbHOTO ra3y — rasy, JUlsl SIKOTO BJIACHUN 00’€éM MOJeKyn (aToMiB) i
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B3a€EMOJIII MDK HMMHM HE BIUIMBAIOTh Ha JOCIHIKYBaH1 SBHILA. BUIbIIICTh peasbHUX
rasiB, sIK y’K€ 3a3Ha4ajoCh NPU KIMHATHIN TemMneparypi il HopMaJbHOMY aTMOC(hepHOMY
TUCKY 332 CBOIMM BJIACTHMBOCTAMM OJIM3bK1 110 ieanbHuX. [IpoTe 3 miIBHUILEHHAM THCKY
peanbHl Ta3u MOBOAATH ce0€ MO IHIIOMY TOPIBHSHO 3 11€ajbHUM, 30Kpema IpHu
CTUCKaHHI, KOJM CYTTEBO MPOSABIAIOTH ce€0€ CHIM MIKMOJIEKYJsApHOI B3aemonii. 11106
OMMCATH BJIACTUBOCTI peaIbHUX ra3iB, MOTPIOHI 1HIII PIBHSAHHSA, 1HIIA MOJEIb, ONMKYa
3a BIACTMBOCTSIMU /10 PEAJIBHOIO rasy.

PiBHAHHSA CTaHy peajibHOro rasy (piBHAHHS Ban-aep-
Baaanbca). 3a10BUTBHOI0O MOJCIUIIO PEabHOTO rasy, € Taka, B SIKIi MOJEKYJIH rasy
MalTh BJIACHUH 00’€M, iX MOXHa BBaXaTH aOCOJIOTHO MPYXHUMHU KYJIbKAMH MIX
AKUMH JIIIOTh CHJIM MPUTSTaHHS, CHWJIM BIJIITOBXYBaHHS MPOSBISAIOTH ce0€ Y MOMEHTH
31ITKHEHb.

B peanbHUX razax 4aCTMHKH ra3y MarOTh pO3MIpPHU 1 B3aEMOJIIIOTh MK CO00I0

PV= % RT- piBHsHHSI MenaeneeBa

PiBusinast Ban —nep —Baabca
a m

(P—W)(V—b):VRT

a 1 b cram Ban-gep-Baibca ski BpaxoByIOTh BiAIOBIIHI PO3MIPH MOJICKYJIH ra3zy
Ta CTYIIHb B3a€MO/I1. JIIs1 KOXKHOTO BUAY PEaNbHOIO ra3y Il CTali 1 IX MOKHA B3STH IS
KO’KHOT'O BHY Ta3y 11X MOKHa B34TH MOCTINHI piBHAHHS Bau-aep-Banbca.

PiBusinas BaH nep Baanbca ommcye 30UThINIEHHS TUCKY MPH 3MEHIICHHI 00'eMy
PO3pIIKEHUX Ta3iB, IMEpPEHACHYCHY Tapy, IMeperpiTy piauHy, pi3ke 3MEHIICHHS
CTUCIIMBOCTI B pinkiii ¢a3i. PiBHAHHA BaH Jep Baanbca BH3Hauae TaKoX KPUTHUUHY
TEMIIEPATypy, BUILE SIKOT I'a3 HE 3PIIHKYETHCA MPHU KOJAHOMY TUCKY. DaKTUYHO PIBHSIHHS
Ban nep Baanbca ommcye pi3HUIIO MK CTaHOM pPEallbHOTO Ta 1J€aIbHOTO Tra3iB.
[TonpaBku a i b MaroTh OLIbINE 3HAYCHHS MPU BHCOKUX THCKax rasiB. Hampukman, mis
a30Ty IIPH TUCKY TOpsAKY 80 aT™M po3paxyHKH MPOBEICH] 32 PIBHSAHHIMH 1J1€aJIBHOTO Ta
peaNbHOTO ra3iB pi3HATHCA MPUOIM3HO HA 5%, a mpu TucKy nopsaky 400 atMm pi3HHUI
cxitazac Bxxe 100%.

PiBussHHsS BaH naep Baanbca ommcye ra3, MOJIEKYJIH SKOTO B3a€EMOJIIOTH MIXK
c00010. MOJIEKYJIH MPUTATAIOTHCS Ha BEJIMKUX BIJICTAHIX 1 BIAIITOBXYIOTHCS, MIXOAIIN
0M3pK0 OfHA 10 onHOI. llpuTaryBaHHS 3ymMOBIEHE BaH Jaep BaaabcoBUMHU cuilaMu, a
BIIIITOBXYBaHHS — MpuHIunoM [layii.

3a CBO€IO MPHUPO0I0 b — BUKITIOUEHUM 00'€M, IKMI BUHUKAE Yepe3 HETOUKOBICTh
po3mipy monekyn. [lapameTp a ommcye NpUTATYBaHHS MK MOJEKyJIaMU Ha BEIHKIN
BIJICTaHI.

Kpurnuna remneparypa.

KpuTudHa TeMmepaTrypa — Taka TeMreparypa, HOpH sKiii TYCTHHA i THCK
HACMYCHOI Mapu CTAalOTh MaKCUMAJIbHUMH, a TYCTHHA pIiIWHH, MmO TepedyBae y
JUHAMIYHIN piBHOBa3i 3 mapolo, cTae MiHiMaiabHOMO. [lpm TemmepaTypi, BuIIiid 3a
KPUTUYHY TEMIIEpaTypy ra3y, Horo HEMOKJIMBO CKOHICHCYBATH MPHU KOJTHOMY THCKY.

3a3BHUuail KpUTUYHA TeMIiepatypa no3Hadaerbest Tk a6o Tc.

Ha kputuuniii 130oTepMmi 00jacTh, B SIKIH TUCK B Ta3l OpH KOHJEHCAIll HE
3MIHIOETBCS 31 3MEHIICHHSIMH 00'eMy (MOIYyJIb BCEOIYHOTO CTHCKY JOPIBHIOE HYIIIO),
3BOJIUTHCA 110 OJHIET TOUKH. L[ Touka HA3UBAETHCS KPUTHIHOIO TOUKOTO.
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Kputnuniii Touii BiAMOBIAAE KPIM KPUTHYHOI TepMIIEpaTypu TaKOXK KPUTHUHUN
TUCK Pk Ta KputmuyHuil 00'eM VK, sSKWii, IpoTe, 3ajie’KaTh Bl Macu rasy. 3a3BUyai
KPUTUYHI 130TEPMH NPOBOASATHCS AJI MOJIS Tasy.

Tabnuys 3
Kpumuuna memnepamypa oesxux peuosu
PeyoBuna Kputnuna
temmneparypa (°C)
A30T -146.9
Apron -122.29
bpom 315
Bonenn -240.17
[emiit -267.96
Won 546
Kucenn -118.57
Kpunron -63.7
Kcenon 16.58
ApceH 1400
Heon -228.75
Panon 105
PryTh 1477
Cenen 1493
Cipka 1041
docdop 721
dTop -128.85
XJ10p 143.8

Edexr Ixoyasa-Tomcona.

Edexr JIxoymsa-TomcoHa— 3MiHa TeMIiepaTypH rasy IIiJl 94ac Horo ajniadaTudHoro
po3MIMpeHHs (IpoceifoBaHHs ).Mae MIHYCOBHM Ta IUIFOCOBUN €(PEKTH.

AniabaTHyHUA Tpolec BiAOYBA€ThCA TPH  BIACYTHOCTI TEIJIOOOMIHY 13
cepenoBuiieM. [lpu amiabaTHdHOMY PO3IIMPEHHI Ta3 BUKOHYE pPoOOTY, BTpadarouu
BHYTPIIIHIO €HEPTit0, 0 MPU3BOIUTH J0 MOHUKEHHS TEMIIEPATYPH.

Edexr Jxoyns-ToMrncoHa BHKOPHCTOBYETHCA [l OTPUMAHHS HAJIHU3bKUX
TEMIIEPATyp, 3PIIKEHHS ra3iB, TOIIO.

3pixKkeHHs rasis.

OCHOBHOIO CUPOBHMHOIO JIJISl OJIEPKaHHS 3PIKEHUX BYTJIEBOJHUX Tra3iB € Ty4Hi 1
npUpoAHi HAPTOBI Ta3U:

a) MOMyTHUI HaTOBUI Ta3 Ha Ta300€H3MHOBHX 3aBOJIAX;

0) ra3 TepMIYHOI 1 TEPMOKATAIITHYHOI mepepoOku HaPTH 1 HAQTONMPOIYKTIB Ha
YCTAaHOBKAX TEPMIYHOTO KATATITHYHOTO KPEKIHTY, MIPOITi3y 1 KOKCYBaHHS, aKLTIOBaHHS
i IHITUX TIPOIIECiB;

B) INTYyYHI Ta3d Ha 3aBOJAaX CHUHTETHYHOTO MOTOPHOTO TManuBa (3aBOJuU
JNECTPYKTUBHO-TIIPOreHI3alIitHOT MepepoOKH BYruuwid 1 BaXKUX HaTOMPOIYKTIB,
CHUHTE3y MOTOPHOTO MajuBa, 3 OKCUJIy BYTJICIIO 1 BOJHIO i 1H.);
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I) OPUPOAHI Ta3M, L0 MICTIATh KpIM METaHy, AesKa KUIbKICTh OUIbII Ba)KKUX
BYIJIEBOAHIB. TOMY 110 B MPUPOJHUX T'a3aX BMICT OUIbII BaKKUX BYTJIEBOJHIB (MpONaHy
1 0yTaHy) HEBEJIMKUI, TO OJIEPKYIOTh 3 HUX PIIKI ra3u IyKe pLAKO;

1) Ta30KOH/JEHCATHI POAOBHILA MPOMHUCIOBOr0 3HaueHHsA. HallOuiply I[IHHICTB
JUTsL OJIEp’KaHHS PLAKUX BYTJIEBOJAHEBUX ra3iB MaroTh MonyTHI HadToBl razu. Hadra Ha
BUXOJIl CENaparopiB, y 3aJIEKHOCTI BiJ peXUMY cemnapailii, TakoX MICTUTb 3HAYHY
KUIBKICTh PO3YMHEHUX Yy HIM Ba)KKMX BYTJIEBOJHEBUX Ta3iB. ['a3u, siKi BUAUISIOTHCS 3
Ha(TH, TCHs cenapatopis, MICTATh 01m3bko 30% nponany, 30-35% OyTany 1 61M3bKO
30% ra3zoBoro Oensuny. Lli ra3zum, ToOTO rasmu, OoTpuMaHi B pe3yjibTaTi cTaduTi3awii
Ha(TU, € HIHHUMU JIJI1 BAPOOHUITBA 3P1IPKEHUX ra3iB, 110 3BUYAWHO 1 BUITYy4alOThCs Ha
ra300€H3MHOBUX 3aBOJIaX.

Ty4Hi, 3aBoJICbKI HAPTOBI ra3u, TOOTO ra3u, OTPUMaHI NpPHU JECTPYKTHBHIH,
TEPMIYHIM 1 TepMOKaTaliTU4HIA mnepepoOli HadTH, PIi3KO BIIPIZHIIOTHCA 32 CBOIM
CKJIJIOM BiJl IPUPOIHUX Ta3iB, K Bl MONYTHHUX, TakK 1 BIJl MIPUPOIHHUX.

Ile po3xomkeHHs MOJIArae B TOMY, IO IITY4HI HAa(TOBI Tra3u MICTATh 3HAUYHY
KUIbKICTh HEHACUYCHUX 0JIe()IHOBUX BYTJIEBOJHIB, IO € YK€ I[IHHOIO CUPOBUHOIO JJIS
0e3:1141 BCUISIKUX peaKIliii OpraHiqyHOro CUHTE3Y.

OTxe, OCHOBHUMHU JKEPENIaMU TSI OJICpyKAaHHS MAIMBHUX PIIKUX BYTJIEBOTHEBUX
raziB (mpomaH, OyTaH) TMOBWHHI CJIYXKHTH TOMYTHI Tra3W, Ta3W Ta30KOHJICHCATHUX
pPOJIOBHUI, IITY4YHI HAPTOBI Ta3u 1 Ta3u ACCTPYKTUBHOI TiApOreHi3auii TBEpaoro i
piakoro manuBa. OpHaK BapTO BKa3aTH, LI0 Ta3d TEPMIYHOI 1 TEPMOKATAIITHYHOI
nepepoOku HapTH 1 HAQTOMPOAYKTIB, SKI TMICTATH 3HAYHY KUIBKICTh PEAKIIHHO-
3MaTHUX HETPaHWYHUX BYTJEBOJHIB, HacamIiepe]l, MOBUHHI MiAJAaBaTUCS BiATOBITHIN
nepepoO1i sl iXHROTO (pakI[iOHYBaHHS 3 HACTYTHUM BHKOPHUCTAHHSIM Y PI3HUX
cuHTe3ax. Y 3B'I3KY 3 BUKJIQJCHHUM, MPOIECU OJEPKAHHS PIIKUX BYTJIEBOJAHEBUX ra3iB
OyIyTh HWKYE PO3TIIIHYTI CTOCOBHO JI0 TOMYTHUX 1 IHIIMX aHAJIOT1YHUX Ta3iB.

Kpiorenna rexnika i ii BAKOPUCTAHHS B C/T.

Kpuorenna Texnika, TexHika 3700yTTsS 1 BAKOPUCTAHHS KPHOTEHHHUX TeMIIEpaTyp,
T00TO Temmeparyp Huxde 120 Jlo.

OcHOBHI po06eMH, 0 BUPIITYIOTHCA J[0. T.: 3pimKyBaHHs ra3iB (a30Ty, KHCHIO,
reito 1 1H.), iX 30epiraHHs 1 TPaHCTIOPT B PIAKOMY CTaH1; PO3IJICHHS ra30BUX CyMIIIEH 1
130TOIMB HU3BKOTEMIIEPATYPHUMH METOAaMHU (HAMpHUKIadA, TPOMHUCIOBE 3H00yTTS
YUCTHX a30Ty KHUCHIO 1 apTrOHY 3 TMOBITpPsI: BUAUICHHS ACHTEpir0 peKTU(]IKaIi€r0 PiaKOTO
BOJHIO 1 T. 1.); KOHCTPYIOBaHHA Kpiope]piKepaTopoB — XOJOAMJIBHUX MAIIUH, 110
CTBOPIOIOTh 1 MIATPUMYIOTH TemiepaTypy Hiwkue 120 Jlo; OXOJOIKyBaHHS 1
TEPMOCTATyBaHHS MPU KPUOTEHHUX TeMIlepaTypax HaJIMpOBIIHUX 1 €JIEKTPOTEXHIUHUX
MPUCTPOiIB (MarHiTiB, COJEHOINIB, TpaHC(HOpPMATOPIB, CIEKTPUYHUX MAIIMH 1 KaOemiB,
By31iB EOM(enexkTpoHHa 00UYMCIIIOBaIbHA MAIlIMHA), TIPOCKOIIIB 1 T. I1.), €JIEKTPOHHUX
npwiaaiB (KBAaHTOBUX IIJICHIIOBAYIB 1 TEHEpaTopiB, NpUKMaviB 1HPPauYEpPBOHOTO
BUTIPOMIHIOBAHHS 1 T. 1I.), 610J0T1YHKUX 00'€KTiB; po3poOKa amapaTypu 1 yCTaTKyBaHHS
JUI TIPOBEACHHSA HAYKOBUX JOCITIIKEHb NMPU KPUOTEHHUX TemmepaTrypax ( KplocTaris,
OynpOaImKoOBUX Kamep 1 iH.).

Jekuia Nel3. B’sa3kicTh pinnau. 3axkon Ctokca — 1rog.
Inan:
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1. IneanbHa pinuHa

2. MexaH13M BUHMKHEHHS CUJI BHYTPILIHBOTO TEPTS.

3. 3akoH HproTOHA 17151 UK B'SI3KOCTI.

4. ®i13uyHuil 3MICT KoedillieHTa B'I3KOCTI.

5. YMoBa [J1 pIBHOMIPHOTO PyXY KYJIbKH B PLAMHI
6. 3axon Ctokca

Ineanbna pinmna ue piauHa 6e3 TepTs. BciM peanbHUM piavHaM 1 razaM B
OUTbIIIA YM MEHIIIA Mipl BJIAacTHBA B'A3KICTb a00 BHYTpIIIHE TepTs.  B'I3KicTb
MPOSBIIAETHCS B TOMY, 11O MICHS NPUNUHEHHS NPUYMH BUHMKHEHHS PYXy B pilMHI a00
rasi, o MWOT0 BUKJIMKAIH, TOCTYIOBO MPUITHHSIETHCS.

Pyx piguHu, nipu sSKOMy MIapW PiJUHU KOB3alOTh OJHMH BIIHOCHO OJHOIO 0e€3
BUHUKHEHHS! 3aBUXPCHb HA3MBAECTHCA JIAMIHaApHum. BIacTUBICTh PiAMHHU CTBOPIOBATH
OIip TEepPeMIllIEHHIO OJHOro, IIapy BIIHOCHO JPYroro Ha3MBAETbCS 8'a3Kkicmio, abo
BHYMPIUWHIM MEPMAM.

MexaHi3M BHHUKHEHHSI CHJI BHYTPIIIIHLOTO TEPTsi: B'I3KICTh BUHUKAE TOMY,
110 Ha TPAHUII PO3MOJILTY JBOX MIAPIB PiIUHU, IO PYXalOThCA B OJHOMY HANpsIMKY, aje
3 PI3HUMU IIBUIKOCTSIMHU, JII€ CUJIA, KA HAMATraeThCs 3PIBHIATH IIBUAKICTH 000X IIapiB.
[1s cuma, 0OyMOBJIEHa TIEPEHOCOM KIUTBKOCTI PyXy 3 OJHOTO Iapy B iHINWHN, 3aBISKU
TEIUIOBOMY PYXY MOJIEKYJI, 1 HA3UBAETECS CUIIOIO B'SI3KOCTI.

3rigHo 3akoHy HblOoTOHA cmia B'SI3KOCTI (BHYTPINIHBOTO TEPTS), IO 3YMOBIIIOE
pyX IIapiB piIWHUA OAWH BIIHOCHO JPYroro, MpoOMopIliiiHa KOe(IiIiEHTOBI B’SI3KOCTI,
TUTOIII IIApPiB, MO SKOMY BIAOYBAETHCS PyX, Ta TPATIEHTY MIBUIKOCTI TeUii.

®opmyna HeploTOHA MJ CHJIM B'A3KOCTI (BHYTPINIHBOTO TEPTSA) Y BHUIAIKY
OJTHOMIPHOTO PyXY (V ZV(X)) JIOPIBHIOE

dv
F=tnS (29)
7€ T|— KOoe]IIieHT B’ S3KO0CT1, a00 TUHAMIYHA B’ S3KICTb,

S — muTomma B3aeMOIIT IapiB PiUHU, 10 PyXatOThCH,

dv

dx
MEPHEHANKYIIPHUN TPAHUIIl PO3MOALTY IIAaPiB PITUHU.

—  Tpaji€eHT MBHUIKOCTI  PyXy  MOJIEKYNn B37oBX Bici OX, skuit

BinHomenss %:AA—V MOKa3ye 3MIHY MIBHAKOCTI MPU TEPEXOoAi BiA mapy 10
X AX

mapy B HampsaMi X, MEPICHAMKYISIPHOMY A0 HaIpsAMy pyXy IIapiB, HA3HBAETHCS
IPaJIEHTOM IIBHIKOCTI.

AV =V, -V,

e Vz;V — IMIBUJKOCTI MapiB, AX— BiJICTaHb MIXK IIapaMH,

3HaK = y Gopmyi (1) BiAMOBiIa€ TAIBMYIOUii 1 MPUCKOPIOIOYiN CHTIaM.

Koegiyiecnm nponopyiiinocmi, axuti 3anexcums 8i0 npupoou i cmawny piouHu
HA3UBAEMbCS KOEPIYIEHMOM 8 A3KOCMI ab0 8HYMPIUHLO20 MePMA.

Basxicms eupascaemocsa 6 nackanv-cexynoax (Ila-c): ooun nackanv-cekyHoa
0opigHIoE KoeiyicHmy OUHAMIYHOL 8 SI3KOCMI cepedosuwia, 8 AKOM)Y Npu JAMIHAPHIL
meuii i epadienmi wWeUoKocmi 3 Mooyiem, wo 0opieHioe Im/c na Im, eunukae cuna
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GHYMPIUWHb020 mepmsi 6 O00uH HblomoH Ha 1m? noeepxuwi domuxy wapie.
(ITa-c=1H-c/m?).

Disuynuti smicm Koeghiyienma 6'si3kocmi 1) KOEQIUIEHT B'A3KOCTI YHCEIBHO
JIOPIBHIOE CUJII BHYTPIIIHBOTO TEPTS, 110 BUHHUKAE HA MEX1 JIBOX IIApiB OJUHUYHOI
IUIOLII TPY TPaAIEHTI IIBUIKOCTI PIBHOMY OJIMHUILIL.

Koedimient B'SI3KOCTI 3anexuTh BIJ pOAY PIAMHM 1 BiI TeMOeparypu. 3
MIABULIEHHSAM TEMIIEPATypy PIAUHU BiH 3MEHIIYETHCA, TaK SIK MPU LIbOMY 30 UIbIIYETHCS
cepeaHs BIJICTaHb MK MOJICKYJIaMH, 1 BIIMOBITHO 3MEHIIYETHCS 3B'30K MK HUMHU.

[Ipu pyci Tina y B'SI3KOMY CEpEJOBHILI 3 MaJUMHU HIBUAKOCTSIMU Ha HBOTO JI€
CWJIa B'A3KOCTI TOMY, IIIO TUIO SIKE PYXAa€ThCS B PIAUHI 3aXOIUIIOE MPHIETIl 10 HHOTO
Iapy 1 TOMY 3a3Ha€ oIip 3 00Ky piIUHU

F=—uV, (30)
1€ W — KoeilieHT onopy cepeioBuIa, 3B'a3aHuM 3 KOe(illieHTOM B'SI3KOCTI.

V — MIBUJKICTh BIAHOCHOTO PYXY.

[Tpu MauX MBUAKOCTIX PyXy TUIA, PyX PIAMHH BIIHOCHO HHOTO MOXKHA paxyBaTH
JaMiHApHUM 1 KOe(iI[iEeHT Omopy B I[bOMY BHIAJIKy 3alieXKHUTh Bl PO3MIPIB Tila Ta
koedilienTa B's13kocTi 3aKkoH CToKca.

Konu kynpka pyxaerbcs B piliHI Ha Hei A1IOTh TPU CUJIM: L€ Cuiia TsDKIHHS Fo,
cuna tepts Frp 1 apximenoBa cuna Fo (BuIITOBXYyBanbHa) puc.l.
3rigHo apyroro 3akoHy HeloTOHa BEKTOpHA cyma BCiX

AN Fr . :
" NPUKIAJICHAUX JI0 TiJIa CHJI YUCEIIBHO JIOPIBHIOE TOOYTKY MacH
Nra TiJIa Ha HOTO MIPUCKOPEHHS:
C) ma=F, + FTp +F, , npu piBHOoMipHOMY pyci a=0,
pinmoBinno O=F + FTp +F, . CnpoekryeMo BekTopH
v
Fe cum ma Bics OY: 0=—F,. + F, + F, Orxe yMOBa 1JIsl
Puc.1 PiBHOMIpHOIO PyXy KYJbKH B PiuHi:

F.=F,+F,
3akon Crokca: jig Tl maponoAioHoi GopMu, SKi PyXaloTbCS 3 HEBEIUKUMU
MIBUAKOCTSIMHU, CHJa OMOpYy piauHU F mpomopiiiiHa MBUAKOCTI, paalycy Kymi i
Koe(DiIieHTy B’ A3KOCTI.

F =6anVr

Jekyia Nel4. IloBepxHesi siBuina. Cuiia noBepxHeBoro Hatsary.— 1 rog.

Inawn:

1. [ToBepxHEBi SBUIIIA.

2. BEyTpimHiil THCK.

3. ®i3uuHuii 3MICT KoedillieHTa TOBEPXHEBOTO HATATY .

4. Cuna noBepxXHEBOIrO HATATY.

IloBepxHeBi IBUIIA CIIOCTEPITAIOTHCS HA MEXKI PO3MOJILUTY ABOX (ha3, HAMpUKIa,
PIAMHU 1 1i HACUYEHO1 MapH, PIIMHHU, 1 TBEPJOTO TUIA, TBOX PIIMH, IO HE 3MIIIYIOTHCS.
[ToBepxHEBI sIBUIA BIAICPAIOTh BAXKIUBY POJIb B TAKUX MpOIEcax, sIK 30arauyeHHs pyn 3
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JOTOMOTO0  (piioTalli, MOTJMHAHHA WIKIJJIUBUX Tra3iB 1 Mapu, OTPUMAHHS CTIHKHX
eMYJIbCIH Ta 1H.

[ToBepxHa MeX1 pI3KO BIIPIZHIETHCS CBOIMH (DI3MKO-XIMIYHUMU BJIACTUBOCTAMMU
BiJ1 000X rpaHUYHUX (a3.

PosristHemo noBepxHI0 MexXl1 ra3 - piguHa. Mosekyiu B piiMHaxX po3TalioBaHl Ha
BiJICTaH1, 110 BIJNOBIIAIOTh MIHIMAJILHOMY 3HAUYE€HHIO €Heprii B3aemoxli. Ha Takux
B1JICTaHSIX MOJICKYJIM IHTEHCUBHO B3a€MO1110Th. CUIIM B3a€MOIIT 3aJIeKaTh Bl IPUPOIU
MOJIEKYJT 1 3HAYHO BIIPI3HSIOTHCA MO BEJIUMYMHI AJIA pi3HUX piauH. TeroBuil pyx
MOJIEKYJl PIIMHU CYTTEBO BIAPIZHIETHCS BIJ TEIJIOBOTO PyXy MoJiekyn razy. Cepenni
BIJICTaHI MDK MOJIEKyJIaMH OJM3bKl J0 pIBHOBaXHUX. lle o3Hayae, 1mo MoJeKyIu
KOJIMBAIOTbCS OISl TOJIOKEHHS PIBHOBaru, aje B 3BSI3KY 3 XAOTUYHICTIO TEIJIOBOTO
PYXy, aMIUTITyla KOJMBaHb CYCITHIX MOJIEKYJI pi3Ha 1 Yac BiJ] 4Yacy HACTUIbKH, IO JIEsK1
MOJIEKYJIM TEePeCcKaKkyloThb B HOBE IOJIO)KEHHS PIBHOBArM 1 MOYMHAIOTH 3A1MCHIOBATH
KOJIMBaHHSI HABKOJIO HOBOT'O IMOJIOKEHHS PIBHOBAaru. TakuM YMHOM MOJIEKyJa MaHApY€E
0 BCbOMY 00'€eMy PIUHHU.

Ha wmonekyny, 1o 3HaxOauThCA BCepeauHl piauHU (pUC., 8), IIOTh CHIH
B3a€EMHOTI0 TSDKIHHA 3 OOKY BC1X OTOUYYIOUHX ii MOJIEKYII.

Puc.8. Cxema 0ii cun na monexyny sxka 3Haxo0umvcs 6cepeouti piouHu

PiBHOAIIOUA TUX CHJI B TIOJIOXKEHHI 1 JOPIBHIOE HYIIIO 1 JIJIS1 TIEPEMIIIISHHS
MOJIEKYJIU BCEPEAMHI PITMHU HE TOTPIOHO BUKOHYBATH poboTty. Cunu
MDKMOJIEKYJISIPHOTO 3B'SA3KY JTIFOTh TUIBKHM Ha AYy)Ke OJU3BKUX BIICTaHAX, TOMY Ha
MOJICKYITY Ji€ CUjla TUTBKH 3 OOKY 11 HAaHOIMKIHMX CYCI/IIB.

Jlns MoJieKys1, po3TaloBaHuX 1o moBepxHi (puc . monoxxenns I, I11) ve Bci cunun
MOJICKYJIIPHOTO TIPUTATHEHHA OyAyTh CKOMIIGHCOBaHi. lle mMosicHIO€ThCA THUM, IO B
ra3oBii ¢asi (map HaJ PITUHOIO) MOJICKYJIHM PO3TAIIOBaHI OJHA BiJl OJJHOT HA BEIHKUX
BIJICTaHAX, JIFOYl MK HUMH CHJIM MDKMOJIEKYIIPHOI B3aEMOJII1 HAI3BHYAHO Mali 1 Ha
MOJICKYJTM Ha TIOBEPXHI MIIOTh CHUJIM TUIBKH 3 OOKy Mosekyn piaumHu. OTXe, Bci
MOJIEKYJIM, IO 3HAXOMSITHCS Ha BiJICTAHI BiJ MOBEPXHi , MO po3auise a3, MEHIIe
pazaiyca aii MOJEKYJISIPHUX CHJI, BIIUYyBalOTh MPUTATHEHHS 3 OOKY MOJIEKYJ CBO€ET (ha3m.
JIyist HEX piBHOJIFOYA MOJICKYJISIPHUX CHJI HE JOPIBHIOE HYIIO 1 HAlpaBJIeHa BCEPEUHY
PIIWHH.

Pesynemyroua e6cix cun monekynapuozo npumseauHs OilOYUX HA OOUHUYIO
NOBEPXHI, HA3UBAEMbCS MOAEKYAAPHUM 00 BHYMPIUWUHIM MUCKOM.

Ile came TOM THCK, KM TOTpiOHO Oyio 6 A00AaBUTH 330BHI, ISl TOTO IIMOO
30epertu 00'eM pIIMHU HE3MIHHUM, AKIIO O 3HUKIIO B3a€EMHE MPUTATHEHHSI MOJICKYI.
Buytpimniit Trck y Boau — 15000 at™., y 6ia30m1a — 4000 atm.
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[lig ni€er0 HE CKOMIIEHCOBAHHMX MOJEKYJSIPHMX CHJI MOJIEKYJIH 3 MOBEPXHEBOIO
apy HaMararoTbCsa NEPEeUTH 10 cepeauHu piakoi ¢as3u. [lepexia Moaekyn 3 MOBEpxHi B
00'eM 03Haya€ CKOPOYEHHS BUIbHOI MOBEPXHI pIAMHU. TakuM YMHOM, PiIMHA MiJ J1€0
BHYTPIIIHIX CHJI HAMAraeTbCs 3MEHIIUTH BUIbHY TTOBEPXHIO, AKIIO LILOMY HE 3aBaXKaIOTh
1 cunu. Tak, HAaPUKJIIAJ, HEBEJIMKI Kparull TymMaHy MawTh ¢Gopmy chepu, ToMy 110
chepa Mae HallMEHIITy TOBEPXHIO MPH 3aJJ]aHOMY 00'eMi.

Jliist Toro, 100 30UTbIIUTH BUIbHY MOBEPXHIO PIUHU, TOTPIOHO BUKOHATH pOOOTY
TUM OUIbIIY, YAM OUIbILIE NPUPICT MOBepxHI. ToOTO

AA=0c-AS, (31)
e o — Koe(DIieHT MPOMOPIIAHOCTI, IO HA3UBAETHCA KOCPIIIEHTOM
MOBEPXHEBOTO HATATY, YU MPOCTO MOBEPXHEBUM HATSITOM.
OueBUaHO, 10
AA
cC=—
AS

Dizuunuii 3micm Koediuicnma nosepxnesozo namasazy. llpu AS =10~ AA

(32)

KoeqhiyieHm nogepxHe8o20 HAMsA2Y HUCEIbHO OO0PIBHIOE pobomi, 5Ky NOMPIOHO
BUKOHAMU 015 30i1bUleHHsI N08epXHi piounu Ha oouHuyto. B cucmemi CI nosepxnesuil
namse sumipioemocs 6 [oc/m?> uu H/m.

Komum mim pgiero cuil MOJIGKYJSIPHOTO TPHUTATAHHS MOJICKYJIM TEPEXOASATh Y
CepelMHy PIAMHH, MOBEPXHA CKOpouyeThes. [Ipu boMy MIKpPOCKOIIYHA KapTHHA CHUI,
IO JIII0Th Ha KOXHY OKpEMY MOJIEKYITy, Oy/ie TOCUTh CKIAIHOI. Pe3ynvmyroua Oii cun,
wo HanpasieHni 00 cepeduHu pioOuHuU, eksisarenmua Oii 0esKoi cuiu, nepneHOUKYJIAPHOL
00 KOHMYpA, Wo 0OMeHCYE NOBEPXHIO PIOUHU [ HANPABIEHA N0 OOMUYHIL 00 NOBEPXHI
PIiOUHU Ha3ueacmecsa cuiolw HOGEPXHE8020 Hamsazy. SIKIIO MPU CKOPOUYEHI MOBEPXHI

pedpo KOHTypa 3MINIYEThCS HA BEITUYUHY dx, To IpU 1IbOMY CHJIOIO TTOBEPXHEBOTO
HATATY 371HCHIOETHCS poOOTa

dA=F-dx (33)
Cwiin MOJIEKYJIIPHOTO MPUTATAHHS 3[IHCHIOIOTH 3a TOM Yac poOoTy

dA=c-dS, (34)
ne dS — 3MiHa IOBEpXHi, Ky MOYKHA TIPEJCTABUTH SIK TOOYTOK |- dx ,
ne | — noexuHa KOHTypa, IO OOMEXye TOBEepXHIO. [IOpiBHSBIIM I1i BHpa3H
OTPUMAEMO ol -dx=F-dx
3Bijgcu

o=T (35)

npu |=Lo=F .OTxke, MOXIWBO JaTH 1 Jpyre BHU3HAYCHHS KoedilieHTa

TOBEPXHEBOT'O HATATY: Koe@iyieHm NOBepXHe8020 HAMAZY HUCEIbHO OOPIBHIOE CUII
noGepxHe6020 Hamsacy, wo OI€ HA OOUHUYIO OO0BMHCUHU KOHMYpA, AKA 00Meddcye
NOBEPXHIO.
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Benuuuna nogepxneeoco namsey O sanexcumsv 6i0 npupoou piounu ma ymos 6
AKUX B0HA 3HAXO0OUMbCA, 30Kpema 6i0 memnepamypu. Tomy, mo0 BuszHauutu O |
HE0OX1HO 3a(IKCyBaTH TEMIIEPATYpPY IPH sIKiid Oynu 3po0OieH] BUMIPIOBAHHS.

HanpyxeHuil cTaH NOBEPXHEBOIO IIAPY PIAMHU  HA3UBAETHCS NOBEPXHEBUM
Hams2om; Ie! CTaH BU3BAaHO CHWJIAMHU LIETUIEHHS MDK MOJIEKYJaMH LIbOTO IIapy.

Ilin cunoro nosepxmneeozo namazy F po3ymitoTh CymMy CUJ NPUTATAHHSA, IO
JII0Th HAa KOHTYP, IKHI 00OMeXy€e MOBEPXHIO PiJIUHU.

F=0c-l

Moayas 4. EjeKkTpu4YHUI CTPYyM.
Jekuyin Nel5. EnexkrpocTaTuka - 2 rof.

Inawn:

1.EnexTpuune mnoue.

2.HampysxeHicTb moss.

3.Teopema OcTporpaachbKoro.

4. Tloreumian.

5.Hampyra.

6.Hampyra B efnexTpuuHOMy MOJI.

7.EnextpuyHa iHIYKIS.

8.EnmexTpocTatuuHmii 3aXuUCT.

9.EneKkTpo€eMHICTD.

10.KoHneHcaTtopu Ta ix 3’ €HaHHS.

11.Eneprist €IeKTPUIHOTO TOJIS.

12 .Tlonspu3arist Ai€JIEKTPUKIB.

13.JlienexTpuyHa MPOHUKHICTb.

EaexTpuune moJie

EnektpriiHe 1moie — 1e cKJiagoBa YacTHHA €IEKTPOMArHiTHOTO IOJIS, sSIKa OMUCYE
B32EMOJIII0 MK HEpYXOMHUMU 3apsiiaMHu.

KinpKkicHUMH XapaKTepUCTUKAMU EJIEKTPUYHOTO TOJISI € BEKTOp HAIMPYXKEHOCTI
enekTpuunoro noys ks i Bextop enexkrpuunoi inpykiiiD.

VY BuUMNaAKy, KOJU €IEKTPUYHE IOJEHE 3MIHIOETHCS 3 4acoOM, WOTO Ha3WBAIOTh
EJIEKTPOCTATUIHHUM TIOJIEM.

Po3nin ¢i3uku, gxuii BHUBYA€ PO3MOMLT CTATUYHOTO EJIEKTPUYHOTO TOJS B
MPOCTOPi, HA3UBAETHCS EIEKTPOCTATUKOIO.

EnextpuuyHe moje CTBOPIOETHCS 3apsS/KEHUMHU TUIAMH, 30KpeMa 3apsKECHUMU
eNIEMEHTAPHAMM YaCTHHKAMH. Take Ioje € MOTeHIiambHAM. KOoro HampyKeHicTb
BU3HAYaeThcs 3akoHOM Kymona. CuioBi JiHIT MOTEHIIaTbHOTO EJIEKTPUYHOTO IO
MOYMHAIOTHCS 1 3aKIHIYIOTHCS Ha 3apsijax abo BUXOASITh HA HECKIHYEHHICTb.

3a 3aKOHOM E€JEKTPOMArHiTHOI 1HAYKIII €JEeKTPUYHE TOJIE€ CTBOPIOETHCA TaKOK
3MIHHUM MarHiTHUM moyieM. Take enekTpudHe mnoje - Buxpose. CHIIOBI JIiHIT BUXPOBOTO
EJIEKTPUYHOTO TIOJISI 3aMKHEHI.

HanpyaxeHicTb moJis.

HanpyXeHIicTh €JIEKTPUYHOTO MOl — 1€ BEKTOpHA (i3WYHA BEJIMYMHA, SKa
JIOPIBHIOE CUJI1, SIKa JIl€ y JAaHHINA TOYIll MPOCTOPY y JNaHHUN MOMEHT 4acy Ha MpOOHUM
OJIMHUYHUH €IEKTPUYHUHN 3apsJl y eNEKTPUIHOMY ITOJTI.
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F =gqE

neF — cuma, q — 3apsan, i — HanpykeHicTh eeKTPUIHOTO OIS,
B cucremi CI Bumiproetscst y B/M, Ha mpakTui 3ae6uibuioro y B/em.

Teopema Octporpaacbskoro.

BuzHaunMo MOTIK HAMpPYXEHOCTI MOJISI €NEKTPUIHUX 3apsaaiB ql, g2, g2, ... qn
Kpi3b JESKY 3aMKHYTY MOBEpXHIO, sika oTouye i 3apanu (Puc 9). bygemo BBaxkatu
MOTIK BiJI’€MHHUM, SIKIIO BIH HAaNpaBJICHWH BCepeIUHY MOBEPXHI; B IHIIOMY BHUIAJKY

OyJeMo BBakaTH HOTO JOAATHIM.

PosrnstHemo crouaTky BUMNAJOK cepuyHOoi MmOBepXxHi paaiycom R, mo orouye
OJIMH 3apAan q, o 3HaxoauThes B 1eHTpl (Puc 10). Hanpyxenicts moss Ha BCiil cdepi

OJIHAaKOBaA 1 piBHA.

E-_T
Axe R’
A CunoBi  miHII  HaAmpaBJIeHl MO
T T T .
SN e | / paaiycax, TOOTO MEpPHEeHIUKYISIPHO [0
S A \. NoBepxHi chepu, TO1 MOTIK HAMIPY>KEHOCTI
// SN At N po3paxyemo 3a HopMyJior:
! \\-\ s \;/ @~ // '
4 s N ! q :_ g
T e~ ) N=ES=_—% _am*-2%
s N L N 1 “o
el S e ., - .
S e DAL TR ne S=4nR2 — mmoma cdepudHoi
v SN, IOBEPXHI.
/ e el S -
) Otounmo  Temep cdepy  TOBUIBHOIO

Puc 9. Ilomix nanpyscenocmi nouis
eIeKMPUUHUX — 3aps0ie  Kpizb  0esK)y
3AMKHYmMY NOGEPXHIO AKA OMOuylo yi
3apsou

3aMKHYTOIO MTOBEpXHEI0. SIK BUIHO Ha pUC.
2, KOKHA CHJIOBA JIiHIA, IO MPOHUBYE ITHO
chepy, TPOHM3UTH 1 IO IOBEPXHIO.
Bignogigno, popmymna (1) cipaBemyinBa He
TUIBKM 111 chepu, a ¥ a1 Oyab-aKoi
3aMKHYTO1 ITOBEPXHI.

Temep moBepHEMOCS 10 3araJlbHOTO BHITAIKY
T JIOBIILHOT OBEPXHI, sika 0TOouye n 3apsaaiB (Puc 9).
T 1 \ O4eBUAHO, IO TMOTIK HANPYXEHOCTI yepe3
N S MOBEPXHIO PIBHUH CyMi TIOTOKIB, CTBOPIOBAHUX
[ [R \ \ KOKHHM.
\ |\‘\ AN ! //} N= iﬁ
Rl I ey T &,
/™ : .
N RN 13 3apsAniB: 200 OCTaATOYHO
\ N

Puc. 10 II]o omouye ooun 3aps0

1=
= B
7 4

OTxe, MOTIK HAPYKEHOCTI, MTPOHU3YIOUNI Oyab-sIKy 3aMKHEHY TOBEPXHIO, SKa
OTOYYE EICKTPUYHI 3apsi/Iv, MPOTOPIIIHHUYN anreOpaiuHii cyMi OTOUYEHUX 3apsIiB.
[le mosoxkeHHst Ha3uBaeThCs TeopeMoro Octporpaacekoro — ['aycca.

IMoTrenuiaJ.

[ToTenmian— ckanspHa XapakTepucThKa (Hi3UIHOTO MOJIS.
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EnepretuyHa xapakTepHCTHKa JaHOi TOYKH OYIb-IKOTO CHJIOBOIO IOJI.
YucenbHO NOPIBHIOE POOOTI, AKYy 3A1MCHIOIOTH CHJIM TOJs, NEPEMIIYIOUU OJUHUIIIO
MacH (MOTEHIIAN TSHKIHHS) UM €JIEKTPUYHOTO 3apsiay (€JIeKTpOCTaTUYHUN MOTEHIlIAN) 3
JaHO1 TOYKH TIOJIS B TOYKY, JI¢ TTOTCHITIAI BBAXKAIOTh PIBHUM HYITIO.

[ToTeniian — yHiBepcanbHa (HyHKIIS KOOPAUHAT MPOCTOPY (KA HE 3aJE€KUTh Bl
4acy), 110 XapakTepuzye poOOTy, HEOOXIHY JJIsi MEepeMillleHHsI MPOOHOTOo 00'ekTa 13
nesikoi (pIKCOBaHOI TOYKM NPOCTOPY B JaHy TOuKy. B sxocti (ikcoBaHOT TOUKH
OpOCTOPY 3arajoM NPUHAMAIOTh TOYKY, SKa 3HAaXOAUThCs Ha Oe3mexHocTi. OTxke,
MOTEHIlIa)l — 1€ BEeJIMYMHA, 110 YUCENbHO (ajie HE 3a PO3MIPHICTIO) JTOPIBHIOE POOOTI,
BUTPAUYCHOI Ha MepeMillieHHs] TPOOHOro 00'ekTa 3 0€3MEXKHOCTI B JJaHY TOUKY MPOCTOPY.

[ToTenmian icHye He AJisl BCIX TOJIB, a JIMIIE JIJis MOJIB Takoi KoHIrypaiii, e
poGoTa 3 mnepeMinieHHs oOO0'€eKTa He 3aJ€XHUTh B MUIAXY, SKUM BII0YBa€ThCS
NEPEeMIIICHHS, a 3aJCKHUTh JIMIIE BiJ KOOPAMHAT ITOYATKOBOI Ta KIHIEBOI TOYKH
NEepEeMIILIEHHS.

Hanpyra.

Hanpyra — nanpyroro Ul2 Ha AUISHII eJIeKTpUYHOTO Kojia 1-2 Ha3uBaeThCs
¢i3nyHa BeMMYMHA, MIO0 BU3HAYAETHCS POOOTOIO, sIKA BUKOHYETHCS CYMapHUM IIOJIEM
CJIEKTPOCTATUYHUX 1 CTOPOHHIX CHJI TPU TEPEMIIIEHHI OJWHUYHOTO ITO3MTHBHOTO
3apsiiy Ha JaHii auisiHIl kosa. [ToHSATTS Hampyru € y3araJdbHEHUM TMOHSTTSM PI3HUII
NOTEHIIaJIB: HaNpyra Ha KIHUAX JUISTHKA KOJia JOPIBHIOE PI3HUIIl MOTEHIIANIB B TOMY
BUIIAJIKY, SIKIIIO Ha I1H AUISHII HE MPUKJIaJcHa eJIEeKTPOpYyIIiiiHa CHUa.

Hampyra BUMipro€eTbest y BOJIbTaX.

JIist BUMIpIOBAaHHS HAIpyrd BUKOPHUCTOBYIOTHCS TNPUIIAAH, SAKI HAa3UBAIOTHCS
BOJIbTMETPAMU, MUTIBOJIbTMETPAMHU TOIIIO.

B moOyToBiii enekrpoMepexi YKpaiHU BUKOPUCTOBYETHCS 3MIHHUN CTpyM 13
Hanpyroto 220 B.

Hanpyra B eJileKTpU4YHOMY M0JIi.

Enexrpuuna nanpyra ( U ) MK JBOMa TOYKaMHU €JIEKTPUYHOTO JIAHIIOTa abo
CJICKTPUYHOTO TI0JIS, JIOPIBHIOE POOOTI EJIEKTPHUYHOrO TIOJSI IO  TEPEMIIICHHIO
OJIMHUYHOTO TIOKJIaJIe, 3apsiay 3 OJHIET KPANKHU B iHINY. Y TOTCHI[IHHOMY €JIICKTPUIHOMY
nmoJii 11 poboTa HE 3aJIEKUTh Bl JOPOTH, MO SKiH TEPEMIIAEThCA 3apsa; B IIbOMY
Bumnaaky E. H. MK JBOMa KpamkaMu 301rae€TbCs 3 pI3HUIICIO MOTSHITIATIB MK HUMH.

SIkuio mosie HEMOTEHIliiiHEe, TO Halpyra 3alleXUTh BiA Ti€i AOpPOTH, MO SKIH
MepeMIIaeThes 3aps]l MK KpamkamMu. HemoTeHIiiHiI cuiii, Ha3uBalOThCS CTOPOHHIMU,
JIIOTh ycepeauHi Oyap-sSKOoro pKepesa MOCTIHHOTO CTpyMy (TeHepaTtopa, aKyMyJsiTopa,
raJIbBaHIYHOTO eleMeHTy 1 iH.). i Hampyroio Ha 3aTHCKax JpKepeia CTPyMY 3aBiKIU
PO3YMIIOTh pOOOTY E€JIEKTPUYHOIO MOJIS MO MEPEMIIIEHHI0 OAMHUYHOTO MO3UTHBHOTO
3apsIy y370BXK JOPOTH, JIEKAadoro 30BHI JKepena; B oMy BuUNaAKy E. H. qopiBHIOE
PI3HUIII MMOTEHITIAIB Ha 3aTHCKaX JpKepena 1 Bu3HadaeTbess Oma 3akonom: U = IR—E,
ne I — cuma ctpymy, R — BHyTpimHi#i omip mkepena, a E — oro exexrpopyimiifHa
cuna (eac). Ilpm posimkaenomy manmio3i ( I = 0) mampyra mo momymio piBHA
eac(enexTpopylliiiHa cuia) Jxkepena. ToMmy enc(enekTpopyiliiiHa cuiia) JxKepesa 4acTo
BU3HAYAIOTH sK E. H. Ha fOT0 3aTHCKaX MPU PO3IMKHEHOMY JIAHITIO3.

B pa3si 3minHoro ctpymy E . H. 3a3BHuaii XapaKTepHU3yeEThCSA 3HAYEHHSIM, 1O JIi€
(edeKTUBHUM), K€ € CEPEHbOKBAIPATUYHUM 3a Mepioj] 3HaueHHsIM Hanpyru. Hanpyra
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Ha 3aTHCKax JpKepesa 3MIHHOIO CTpyMy a00 KOTYIIKM IHAYKTUBHOCTI BHUMIPIOETHCS
pOOOTOI0 EIEKTPUYHOTO TOJISI IO TMEPEMIIICHHIO OJWHUYHOTO TO3UTUBHOTO 3apsay
Y3[IOBXK JIOPOTH, JIEkKAYOro 30BHI JKepesia abo KOTymiku. BuxpoBe (HEmOTEHIIHHE)
€JIEKTPUYHE MOJE€ Ha 1[I J0po31 MPaKTUYHO BIJICYTHE, 1 HANpyra JAOPIBHIOE PI3ZHMIIL
noteHmianiB. E. H. 3a3Bu4ail BuUMIpIOIOTH BoJbTMETpoM .  Opununsg E. H. y
MiKHapoaH1# CUCTEM1 OMHUIb — BOJIBT .

Enexrpuyna inayxkuis.

EnexTpuuHa 1HAYKIIS MOMIMPIOETHCS MOAIOHO XBWIJISIM 3 KIHLIEBOIO LIBHJIKICTIO;
CBITJIOBI SIBUILA HE BIAPIZHSIOTHCA BiJ €JEKTPUYHOI IHAYKUIL; I aHAi3y 3a3HAYEHUX
SIBUIIl BapTO BHUKOPHUCTOBYBATH TEOpPit0 KoiuBaHb. Dapaneidl BiIAKPHUB, KOPHUCTYIOUHCH
Cy4acCHOIO TE€PMIHOJIOTI€I0, SBUILE €NEKTPOMArHITHOI 1HAYKIII i IHTYITUBHO IPOPOYUB
ICHyBaHHS €JICKTPOMAarHiTHUX XBHJIb.

CoBO «IHIYKITisS» TTOXOAWThH Bijl IATHHCHKOTO KOPEHS, SKUH 03HAYAa€ HABCICHHS.

Ha 3apsn y cymninsHOMY cepeioBuilli 3 OOKY 1HIIUX 3apsi/IiB JIFOTh CUIU BIIMIHHI
BiJl U1 y BakyyMi. [IpyauHOIO IBOTO € MOJIIpU3allisl cepeoBuia. byap-akuii Matepian
CKJIAJIA€ThCS 13 €JEKTPOHIB 1 MOHIB, SIK1 IMiJI JI€I0 30BHIMIHBOTO MOJIS 3MINIYIOThCs. B
pe3ysibTaTi I1i HAaBEJCHI 3apsAaud CTBOPIOIOTH CBO1 TIOJIA, 3TiAHO 3 MPUHIIUIIOM
Jlematenbe-bpayHna, peakiiss Oyab-sfKOoi CHCTEMH Ha 30BHINIHIM BIWB HaMaraeTbCs
3MCHIIUTH €()EKT IOro BIUIMBY. ENEKTpUYHE IMOJIe, siKe Ji€ Ha MPOOHUM 3aps 3 00Ky
THIITMX 30BHIMIHIX 3aps/IiB MEHIIIE, HK Y BUTIAJKY BiJICYTHOCTI CEpEIOBUIIIA.

HampyskeHicTh €eKTpUYHOTO TOJIsA, po3paxoBaHa 0Oe3 BpaxyBaHHsS HaBEJEHUX
3apsTiB 1 MOJSpHU3aIlii, 1 Ha3UBAETHCS BEKTOPOM ennekTpuyHoi iHaAyKIii y cuctemi CI'C.
B cucremi CI BekTOp eneKTpHYHOI 1HAYKIIT BU3HAYCHHUH 13 1HIIIOK PO3MIPHICTIO, HIXK
PO3MIPHICTh HAMNPYKEHOCT1 E€JIEKTPUYHOIO TOJIsI, a TOMY pe3yibTaT pPO3PaXyHKY
NOTPiOHO I1Ie JOMHOXKHUTH Ha €0 — JIeJIEKTPUYHY ITPOHUKHICTh BAKyyMY.

BékTop enekTpAYHOI IHAYKINIT — KUTbKICHA XapaKTepUCTHUKA €ICKTPUIHOTO ITOJIS
y CYLJIBHOMY CEpe/IOBHIIII.

D =E + 4P

ne P — Bexrop nonspusamii

31e01IbIIOro MO3HAYaeThCs JTATHHCHKOTO JiTeporo D.

EnexkTpoeMHicTh.

EnextpoemuicTio (€eMHICTIO) — TIpoBinHUKa C Ha3UBAIOTh BEIMUUHY, IO TOPIBHIOE
BIJTHOIICHHIO 3apsy (, HAJAHOTO MPOBIAHUKY J0 HOTO MOTEHIIIANy :

c=1

&

Onununs enexrpuaHoi emHocTi B CI — dapan, [C] = Kin/B=®.

Konaencaropu ta ix 3’€¢AHaHHSI.

Cucrema 3 JABOX MPOBIAHUKIB PO3AUICHUX IIAPOM Ji€TIEKTPUKA, TOBIIWHA SIKOTO
Maja TOPIBHSIHO 3 PO3MipaMH MPOBITHUKIB, HA3UBAETHC KOHAeHCaTOpoM. KoHaeHcaTop
OyBarOTh TUIOCKI, IMJIIHAPUYHI, chepruyHi.

e EE, 8

EnexkTpoeMHICTh TIJIOCKOTO KOHJIEHCATOPA: d
S — mroma mractuaM, d — BiACTaHP MK IIACTHHAMH, ? — JiCJICKTpHYHA
MIPOHUKHICTH JIEJIEKTPHUKA.
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€MHICTbh KOHJIEHCATOpA 3 11 IJIACTUH: d

Konnencaropu 3’enHy0Th y 0atapei napanenbHo ad0 MOCIiOBHO.

[TapanenbHe 3’€n1HaAHHA

Hanpyru Ha BCix KOHJEHCATOpaxX OHAKOBI:
# | Ul=U2=...=Un

"""""" q=ql+g2+...+qgn

: Toni Cnap = C1+C2+...+Cn

[TocnigoBHE 3’ €1HAHHSI

A KL Oy Ca
e Ll

3apsiiv yciX KOHJIGHCATOPIB MPH MOCIIIOBHOMY iX 3’ €THaHH1 OJTHAKOBI.
9.49,4, .9
c c c C,

1 1 1 1
— =t —+ .+ —
3araibHa eMHICTb: Cwa 1 ©3 =

Eneprisi eilekTpU4HOT0 MO,

Enexrtpuuna eneprisi — TepMiH, IiJ SKHM Ma€ThCS Ha yBa3i €HEpris, HasBHA B
enekTpoMarHiTHoMy moii. Croau K  BIZHOCATBCS OKpeMi BHUMAIKA YUCTOTO
EJIEKTPUYHOTO TOJIS 1 YUCTOTrO MarHitHoro noss. g enepria piBHa MexaHiuHii poOOTi,
3MIACHIOBAHIA TMpU TEpPEeMIIIEHH] 3aps/liB Ta TMPOBITHUKIB Y EIEKTPUUYHOMY 1
Mar”HiTHOMY TOJISX.

JIns eNeKTpUYHOro 1 MAar”iTHOTO IIOMIB iX €HEepris MpomnopiiiiiHa KBaapaTy
HanpyxeHocTi mons. Ciig  3a3Ha4uTH, IO, CTPOTO KaxXydd, TEPMIH EHEepTid
€JIEKTPOMArHiTHOTO TIOJNSL € HE IIUIKOM KOpPeKTHUM. OO4YHCIICHHS TOBHOI €HepTii
CJEKTPUYHOTO TIOJNII HAaBITh OJHOTO €JEKTPOHA MPUBOAUTH N0 3HAYCHHS PIBHOTO
HECKIHUEHHOCTI, OCKUIBKHM BIJNOBIAHWN 1HTErpan (AWB. HIDKYE) PO3XOIUTHCH.
HeckiHueHHa eHepris ToJsI IIUIKOM CKIHYEHHOTO €JIGKTpOHA CKJIaJgae OJHy 3
TEOPETUYHUX MPOOJIEM KIACUYHOT €JIEeKTPOIMHAMIKU. 3aMICTh HHOTO y (Di3UIll 3a3BUYAI
BUKOPUCTOBYIOTh TMOHATTS TYCTHHU €HEPrii eIEeKTPOMArHiTHOTO Tojisi (y MEeBHIN TOYII
MPOCTOPY). 3arajbHa €HEpris MOl JOPIBHIOE HTETpaly TYyCTHHH €HEprii Mo BChOMY
POCTOPY.

['yctuHa eHeprii €JleKTPOMAarHiTHOTO IO € CYMOI TYCTHH €Heprii
EJIEKTPUYHOTO 1 MAarHiTHOTO TOJIB.

EgEE F'DH 2
. u= +
VY cuctemi CI g5 Bakyymy: 2 2
ne E — nampyxeHICTh eneKkTpuyHoro mnossi, H — HampyKeHICTh MarHiTHOTO

moJist, £0 — eJeKTpHuYHa cTana, i F0 — maritHa crana.

Ioasipu3auis aiejIeKTPUKIB.
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Tonspu3anis JieNeKTPUKIB — BHHHKHEHHS JIMIOJNb CICKTPHUHOrO MOMEHTY
JEJIEKTpUKa, TOMIIIEHOT0 Yy 30BHIIIHE EJIEKTPUYHE TI0Jie; SBUIIEC 3MIIICHHS
CJEKTPUYHUX 3aps/iB JIEJICKTPUKA TiJ] BIUIMBOM 30BHINIHBOTO EJIEKTPUYHOTO MOJIS
3YMOBJIIO€ BHHHKHCHHS BHYTPINTHBOTO EIEKTPUYHOTO TIOJNS 3 MPOTHICKHUM
HANPSIMKOM, HACIITKOM YOTO € 3MEHIIIEHHS MTPUKJIAIEHOTO TOJIS.

[longpuzariss JienekTpuka - CTaH JAICJEKTPUKA, SKUW XapaKTepU3yeTbCs
HAsIBHICTIO €JIEKTPUYHOTO MOMEHTY Y OyJIb-IKOTO €JIeMEeHTa HOro o0csry.

Po3pi3HsAOTh TONIIpU3aIliio, 110 BUHUKAE MiJ JI€I0 30BHINITHBOIO €JIEKTPUYHOTO
MoJisi, 1 CIOHTAHHO (MUMOBUIBHO) TMOJIApU3Allil0, ICHYIOYY 3a BIJACYTHOCTI mojis. Y
JEeSKUX BUNAAKAX MOJSpU3aLis AICIEKTPUKA 3'ABIAE€ThCA MIJ J1€0 MEXaHIYHUX HAmpyT,
CWJI TepTsl 200 BHACIIAOK 3MIHHM TEMIIEPATyPH.

[Tonstpu3ariisi He 3MiHIOE CYMapHOTO 3apsiy B OyAb-SKOMY MaKpOCKOMIYHOMY
o0ca31 BcepeauHi aienekTpuka. OJHAK BOHA CYMPOBOXKYETHCS MOSBOIO HAa MOBEPXHI
JIeJIeKTpUKa TOB'S3aHUX EJEKTPUYHMX 3apsfiB 3 MOBEPXHEBOK HIUIbHICTIO ©. L1
NOB'SI3aHI 3apsiii CTBOPIOIOTH Yy JIENEKTPUKY JOAATKOBE MAKpPOCKOIIUHE ToJie 3
HanpyxkeHicTio El, crnpsMoBaHe mpoTW 30BHIMIHKOrO ToJNsi 3 HampyxkeHicTio EO.
PesynbTyroua Hanpyxenicts o E Bcepenuni nienektpuka E = EO-E1.

JieJleKTpMYHA NPOHUKHICTh.

JlieIeKTpUYHA IPOHUKHICTH (IieTeKTPUUHA CTAa) CepeIOBHIIA € — GE3PO3MipHa
BEJIMYWHA, II0 XapaKTePU3ye i30JIAIIIHI BIACTUBOCTI cepeloBHUINa. BoHa mokasye, B
CKUIBKH pa3iB B3aEMOJIS MDK 3apsjiaMd B OJIHOPITHOMY CEpEIOBHUIII MEHIIA HK Y
BaKyyMi.

BinHocHa fienekTpyYHa TNPOHUKHICTH PEUYOBMHU € MOKe OyTH BHU3HAY€HA
IUIIXOM TIOPIBHSHHS €JIEKTPUYHOT €MKOCTI TECTOBOTO E€JIEKTPUYHOI0 KOHJEHCATopa 3
neBHUM jieieKTpukoM (CX) 1 eMKOCTI TOTO K KOHJIeHcaTopa y BakyyMi (Co):

—
Co

3MEHIIIEHHS CHJIM B3a€EMOJIT MK 3apsjgaMHU BHKJIMKAHE IMPOIECAMM IOJISpU3allii
cepenoBuIa. Y €NeKTPUYHOMY IOJI1 €JIEKTPOHH B aTOMax Ta MOJIEKYJlaX 3MIIIYyIOThCs
BIIHOCHO MOHIB, 1 BUHMKA€ HABEJCHUHN IUIOJLHUA MOMEHT. T1 MOJIeKyJd, SKi MarOTh
BJIACHUI JUNOJBHUM MOMEHT (HAmpHUKIaJ, MOJEKyJla BOJU), OPIEHTYIOThCS B
CNEKTPUYHOMY TOMi. JMMONbHI MOMEHTH CTBOPIOIOTH CBO€ EJIEKTPUYHE IIOJIE, SIKE
MPOTHUIIE TOMY TIOJIIO, 110 3yMOBUJIO iX MOsIBY. B pe3ymnbTaTi cymapHe eleKTpuyHe MoJe
3MeHIyeThes. [Ipu HEBENMKUX MOJIAX Take 3MEHIICHHS MOYKHA OIMUCATH 32 TOTIOMOTOI0
JENeKTPUIHOT TPOHUKHOCTI.

HeoOxigHo 3a3Ha4uTH, 110 BENWKI E€NEKTPUYHI TOJS MOXYTh CHWJIBHO 3MIHUTH
mporiecH, AKi BiOYBalOThCA B cepenoBuili. Hanpukman, Moxe HacTynutu mnpoOiid. B
TAaKOMY BUTQJKY MOHATTS JII€JIEKTPUIHOT MPOHUKHOCTI BTpada€e CEHC.

511

Jekuin Nel16. EnekTpuuHuii cTpym - 2 roa.
Inawn:
1.Crpym.
2.Cuna cTpymy.
3. 3axon Oma.
4.0nip OpoBIAHUKIB Ta 3aJIEXKHICTh HOTO Bl TEMIEpaTyp.
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5.HannpoBinHICTb.

6.Po6oTa Ta NOTYXHICTh OCTIITHOTO CTPyMY.

7.11paBuna Kiproda.

Crpym

EnexTpiuHuii cTpyM — BHOPSAKOBAHUM PyX 3apsKEHUX YACTUHOK Y MPOCTOPI.
VY Meranax ue eIeKTPOHM, HAMIBIPOBIIHUKAX - €JIEKTPOHU Ta JIPKH, y €IEKTPOJITAX -
MO3UTUBHO Ta HETaTUBHO 3aps/HKEH1 10HU, y 10HI30BAHUX I'a3aX — 10HU Ta €JIEKTPOHHU.
3a HaOpsIMOK CTPyMYy BHOMpaIOTh pPyX IO3UTUBHO 3aps/IKEHUX YacTHHOK. Takum
YUHOM, HaIllPSIMOK CTPYMY B MeTajaX MPOTHIIEKHUN HAIPSIMKY PYXY €JIEKTPOHIB.

KifbKiCHO €NIeKTpUYHUN CTPYM XapaKTepU3YEThCSA TU(EPEHLINHOI BEKTOPHOIO
BEJIMYMHOIO TYCTHHOIO CTPyMYy, a00 Yy BHIAJKy CTPyMY B NpPOBOAAaX IHTETrPaJbHOIO
BEJIMYUHOIO CUJIOIO CTPYMY.

Cuaa cTpymy.

_ A

Benmnunna At HazuBaeTHCA CHIIOI CTPYMY, i BiAMOBiZae KiTbKOCTi 3apsamy
(Aq), mepemilieHOMY Yepes3 MepeTuH MPOBIAHMKA 32 yac At.

VY cucremi Cl cunma ctpymMy BHUMIPIOEThCS B amriepax. BiamoBigHO, T'ycTHHA
CTPYMY BUMIPIOETHCS B A/M2.

SIkuro 3a KOXeH NMPOMDKOK uacy At 3apsan Aq OAHAKOBUHM 1 HAMpPSIMOK CTPYyMY
HE3MIHHHM, TO TAKUU CTPYM Ha3UBAIOTh MOCTIHHUM.

VY BUnNazKy, KOJIM 11 BEJIMYMHA 3MIHHI, CUJIy CTPYMY OIIUCYIOTh TaK:

I = lim @ = ﬁ —q

At—=0 At dt .

TaKui CTPYM Ha3UBAaOTh 3MIHHUM.

JUis KIacu4YHOi CHUCTEMHU 3apsJDKEHUX YAaCTHHOK 13 3apsiioM € 0e3MeKHO Malui
3apsan dQ, mo mepeHocuThess 3a dYac dt depe3 eneMeHTapHy Iiomanky dS,
HEePHIEeHANKYISPHY HANPSAMKY CEpeIHbOT IIBUIKOCT] V YaCTUHOK BU3HAYAETHCS TaK:

d) = envdSdt

Jie € — 3apsA] YaCTUHOK, V — IIBUIKICTh PYXy YaCTHHOK, & N — iX KUIBKICThH B
OJIMHMIII 00" eMY.

Cuna ctpymy dI wuepes miomaaky dS BH3HAYa€ThCs CIIBBIIHOIIEHHSM

dI = envdS sriguo 3 sxum J = €NV TYCTHHA E€JIEKTPUYHOTO CTPyMy, J€ pucka
HaJ] CAMBOJIAMH O3HAUYa€ yCEePETHEHHS.

3akon Oma.

3ak6H OMa — Iie TBEpKCHHS PO MPOIOPLIHICTs CUIH CTPYMY B IIPOBiIHHKY
MPUKIIAICHIN Hampy3i.

3akor Owma crpaBeUIMBHI JJIS METaliB 1 HAMIBIPOBIAHUKIB TPH HE HAATO
BETMKUX TMPUKIAIEHUX Hampyrax. SKmo s eleMeHTa eJeKTPUYHOTO —KoJia
cripaBeIuBUM 3akoH OMa, TO TOBOPSIThH, IO L€ €IEMEHT Ma€ JIHIMHY BOJbT-aMIEPHY
XapaKTePUCTHUKY.

VY enexTpoTeXHIIl NPUIHATO 3anucyBaT 3akoH OMa y iHTETpaIbHOMY BUTJISII

U=I-R

ne U — npuknaaena Hampyra, | — cuna ctpymy, R — onip npoBigHuUKa.

[IpoTe omip € XapakTEpUCTUKOI MPOBIJHHUKA, a HE Mareplany, ¥ 3aleKUTh B[
JOBKUHU Ta MONEPEYHOro Iepepizy NpoBigHUKA. Tomy B (i3ulll 3aCTOCOBYIOTh 3aKOH
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Oma y nudepeHuianbHOMY BUIIISAL J=0-E g ] — TYCTHHA CTpyMYy, G — IUTOMa
MPOBIIHICTh MaTepiany, E — HanpyXeHICTh eJIEKTPUYHOTO HOJIS.

[luToMa mNPOBITHICTH 3aJ€XKUTh B KUIBKOCTI BUIBHUX HOCIIB 3apsay B
MPOBIHUKY 1 BIJI IXHBOI PYXJIUBOCTI.

Pi3Hu1s nmoTeHuianiB (Hampyra) Ha KIHISAX MPOBIAHUKA TOBXKUHOMO | 3 MOCTIHOIO
HaIPYXKEHICTIO eNeKTpuyHoro nojis E nopisHioe U= Ap= Ll

SIKu1o MpOBIAHMK Mae€ IUIONLY Mepepidy S, TO cuia CTpyMy B HbOMY 3B'i3aHa 3
T'YCTUHOIO CUJIM CTPyMY (OpPMYIIOLO:

| =]S.

Buxonsuu 13 3akony Oma B hopmi

j=oE

1, miacrasnsatoun 3HaueHHs j =1/ S ta E=U/ |, orpumyemo piBHSIHHS

I U [

— = 0— U=—I=RI ,

S [ abo USE E ne omip R Bu3HAYaeTbcs uepe3 MNUTOMY
IPOBIJIHICTH (POPMYIIOIO " oS P§ .

Tyt p =1/ 6 - nuTomMuii omip.

B noBHOMY KOJ1i OKpiM OIOPY HaBaHTAXKCHHS € IIE JHKEPEIIO JHKEePEsIo KUBIICHHS,
SK€ Ma€ CBi BJIaCHWW BHYTpimHIA omip. Cuia cTpyMy B HbOMY BH3HAYa€ThCS
dbopmyoro

I = —
R+r

ne & - enexrTpopyuuiiina cuia, R - omip HaBaHTaK€HHs, I' -BHYTPILIHiHA oImip
JDKepesia CTpyMmy.

Omnip npoBiIHKMKIB Ta 3aJI€KHICTH Or0 Bi TeMIeparTyp.

[TutomMuit Omip — KUIBKICHA XapaKTEPUCTHUKA PEYOBHHU, SKOI BU3HAYAETHCS
3JIaTHICTh CTBOPIOBATH OMIP CICKTPUIHOMY CTPYMY.

[To3HavaeThCs 3a3BUYAM TPEIIBKOIO JITEPOTO P.

OnuHuis BUMiproBaHHs muToMoro onopy B cucteMi CI — Omwm.

[lutoMuii omip BHKOPUCTOBYETHCA Ui XapaKTEPUCTUKU TMPOBITHUKIB 1
HaIIBIPOBITHUKIB B YMOBaX, KOJIM BUKOHYEThCS 3aKOH OMa.

[Tutomuit omip — oOepHEHa BeIWYMHA 10 TUTOMOT MMPOBIAHOCTI G.

1
P= =
T
Omip npoBigHMKA MOBXKUHOI | i 3 MONEpEYHUM MEPEPi30oM S BH3HAYAETHCS
. R=p—-
CITiBBiTHOIIIEHHSIM S,

[Tutomuii omip MPOBIMHUKIB 3pOcTae 3i 30UTbIIEHHSAM Temrepatypu. Lle sBuie
3yMOBJICHE TIOCHJICHHSM XAOTHYHOTO PYXy aTOMIB, a OT)KE 30UIBIIEHHSM YacCTOTH
pO3CisSTHHA HOCIiB 3apsay. [lis HamiBOPOBIMHWKIB MHTOMUN OMip 37€0UTBIIOTO
3MEHIIYETHCS TIPH IMIIBUIIICHH] TEMIIEPaTypH, 3-3a2 POCTY KOHIICHTPAIIi1 HOCIiB 3apsy.

Tabnuys 4

Marepian [TuTomuii
orip (Omm)
MIJIb 1,7 x10-8
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30JI0TO 2,44 x 10-8

ATIOMIH1H 2,82 x 10-8

3a71130 10 x 10-8

IUIaTUHA 11 x 10-8

0JIOBO 22 x 10-8

rpadir 3,5x10-5

repMaHiit 0,46

KpeMHIN 640

CKJIO 1010

HaanposigHicTs.

HannpoBigHicTh — KBaHTOBE SIBHUIINE MPOTIKAHHS

eJIEKTPUYHOTO CTPYMY Y TBEpAOMY Tii Oe3 BTpar.

SBuille HAAMPOBITHOCTI ICHYE I HU3KU MaTepiajis,
HE OOOB'I3KOBO JOOpHX TMPOBIAHUKIB TMpPU 3BUYANHUX
Temreparypax. llepexim 10  HAAUPOBIIHOTO  CTaHy
BIIOYBAa€ThCSl TPH TIEBHIM TeMmmeparypi, SKy Ha3HBalOTh
KPUTUYHOIO TEMIIEPATypOl0  HAJIMPOBITHOTO  IMEPEXOy.
HaanposinHcTh, npoTe, Moke OyTH 3pyilHOBaHa, SIKIIO MOMICTUTH 3pa30K y 30BHIIIHE
Mar”iTHe ToJie, sIke TMEepPEeBHIYE IMEeBHE KpUTHUYHE 3Ha4yeHHsS. lle KpuTuuHe Mar”iTHe
110JI€ 3MEHIIYEThCS MPHU 30UIBIICHH] TEMIIEPATYPH.

HanmpoBigHicTh  XapakTepU3yeThcsl  aOCONMIOTHUM  JiaMarHeTu3sMom. Y
MarHiTHOMY IOJIi B HAAPOBIIHOMY MaTepiajli BAHMKAIOTh Taki CTPYMH, MarHiTHE MoJie
SKAX TIOBHICTIO KOMIICHCYE 3OBHIIIHE Mar”iTHE I10jie, TOOTO MAarHITHE IOJIe
BUIIITOBXYETHCS 13 HANPOBITHUKA. 3aBISKH 111 BIACTOCTI BUHHKAE SBHUIIE JEBITAIli
HAJIPOBITHUKA HaJ Mar"iToM (abo MarHiTa HaJ IMMOBEPXHEH HAIAIPOBITHUKA ), SKE
OTpUMaJIO Ha3By TpyHa Maromera. CuibHE Mar”iTHe Mojieé pyHHye HaAMPOBIIHICTS.
[IpoTe HAAMPOBITHUKU PO3PIZHAIOTHCS 3a CBOEK IOBEIIHKOIO Yy BIJHOCHO CHJIBHHX
Mar”HiTHUX TIOJSX, y 3aJ€KHOCTI BiJl TOBEPXHEBOi EHEPrii TpaHuIll pO3ILTy
HAJNpPOBiHOT ¥ HOpManbHOT ¢a3. Y HammpoBimHUKIB | poay I MOBEpXHEBa E€HEPTis
J0JIaTHS, W HAJIPOBIMHICTh PYHHYETHCA, SIKIIO MOJIE TIEPEBUINYE TIEBHUN PIBEHb, KU
HA3MBAETHCS KPUTUYHUM MArHiTHUM ToieM. Y HamanmoBigHukiB I pomy moBepxHeBa
€HEpris TPaHUIll PO3JLTy HOPMAJIbHOI Ta HAAMPOBIAHOI (a3 Big'€MHA, TOXK MarHiTHE
moJjie, KOJM HOr0 HaNpyXEHICTh MEPEBUIYE TEBHE 3HAYCHHS (BOHO HA3UBAETHCSA
MepPIIMM KPUTHYHUM TIOJIEM), TOYHHAE TPOHWKATH B HAMPOBIIHUK TOCTYIOBO B
MEBHUX MICIISIX, HABKOJO SKMX YTBOPIOIOTHCS BHXPOBI CTpyMH (IHMB. AOPHKOCIBCHKUH
BHUXOD). SIKII0 301IBITyBAaTH MarHiTHE MOJIe J1alli, TO HOPMaJbHUX 00JIaCTel cTae jmemani
Oimpmie, # mNpU KPUTUIYHOMY TIOJNI  HAMMPOBIAHICTE PYHHYETHCS TOBHICTIO.
HaanpoBimHUKM Apyroro pojay BUKOPUCTOBYIOTHCS JJISI CTBOPEHHS HAANPOBITHUX
€JIEeKTPOMArHITIB.

PoGoTa Ta NOTYKHICTh MOCTIAHOTO CTPYMY.
[TocTiliHMI CTPYM — €IeKTPUYHUN CTPYM, HE3MIHHUU B Yaci.
IIpasuia Kiproga.
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paBuna Kipxroda BH3HAUAIOTH METOJ PO3PAXyHKY CKIQJHUX PO3TallyKEHHX
eJIEKTPUYHUX KUI. MeTouka po3paxyHKy po3pobsena I'ycraBom Kipxrodom.

IHepue npaBuio Kipxroga:

B koxHOMY By311 anredpaiyHa cyma CTpyMiB JOPIBHIOE HYJIIO.

[Ipy ubOMYy CTpyMH, SIKi BXOISTh B PpO3TATy)KCHHS W BUXOAATH 13 HBOTO
BBAJKAIOTHCS BEIMUMHAMM PI3HUX 3HAKIB.

Marematnyno nepuie mnpaBwio Kipxroda Mo)kHa 3anmucaTd TakKUM YHHOM:
Z jr i— U .

i [lepmie mpaBuno Kipxroda € HaciinkoMm 3akoHy 30epekeHHs 3apsay. s
HEMEpPEepBHO PO3MOAUIEHUX CTPYMIB y TPOCTOPI BOHO BIANOBIAAE PIBHAHHIO
HENEePEePBHOCTI.

Jpyre npasuio Kipxroga:
Jnst  Oynb-KOro 3aMKHYTOTO  KOHTYypa

OPOBOJAIB CyMa EJEKTPOPYIIIMHUX CHII JIOPIBHIOE : R, : b
CyMi JTOOYTKIB CHJI CTPyMy Ha KOXHIA JUISHI Hvlﬁ ¥
KOHTYpa Ha OIip JIUISHKH, BPaXOBYIOUM BHYTPILIHIN
OIip JKEPEI CTPYMYy. Vs Ry <7v
Marematuuno apyre mnpaBwio Kipxroda p R, .
Zgi = Z I;;R;;. === W momees
- : Y1 R;

3aMHUCYETHCS TaK: i k Y

Yy

Vs

[TocninoBHe 3actocyBaHHs mpaBuil Kipxroda
70 yCiX BY3JiB W KOHTYPIB y CKJIAIHIM €JICKTPOTEXHIYHINA MEpexkKi JTO3BOJISE CKIACTH
MOBHY CUCTEMY JIIHIMHUX PIBHSIHB JIJI1 BU3HAUEHHS CHJI CTPYMY Ha KOXKHIN 13 TUISTHOK.

Jliss po3paxyHKy TEpII 3a BCE MAJIOIOTh €IEKTPOTEXHIYHY CXeMy U TOBLIBHUM
YUHOM I103HAIOTh CTPUIKAMH HAIPSMH CTPYMIB Ha KOXKHIN JUIAHIN. [ToTIM BUILISIOTHCS
3aMKHYTI KOHTYPH W OOXOIATHCS B OJHOMY JOBUILHO BHOpPAaHOMY HampsMKy. SIKIo
CTpiIKa, SKa BKa3ye HANpsM CTPYMYy HampaBieHa NPOTH O00XOJy, TO BiAMOBITHUM
n00yTOK CTpyMy Ha omip OepeTbes 31 3HAKOM MiHYC.

Axmo npu o0xoAi MepexoAsATh BiJ BIT'€MHOrO IOJIOCA JDKEpesia CTPyMy 0
JIOJATHOTO, TO €.p.C. 3aIUCYETHCS 3 JOAATHUM 3HAKOM, SIKIIO HABIIAKH, TO 3 BiJl'€MHUM.

B pe3ynbTaTi OTpUMYIOTH CUCTEMY PIBHSHB, PO3B'SI3YIOUH SIKYy BU3HAYAIOTh CHIIH
CTpyMy. SIKIIO cuiia CTpyMYy BHMIIIIA BiJl'€MHOIO, TO 11€ 3HAYHTD, 110 HAIIPSM CTPYMY Ha
JaHINA TUISHIN BraJiaJid HEMPaBUIBLHO , X04a I He BIUIMBAE HA MPABWIBHICTh PE3YiIbT

Jekyia Nell. TepmoesieKTPUYHI Ta TEPMOEJEKTPOHHI IBUIIA - 2 TO].

Inawu:

1. KonTakTHA pi3HUAISA TTOTCHITIAIIB.

2.Pobota BuxOmy.

3.Tepmonapa.

4. TepMoeeKTpOHHA EMICIS.

5.EnekTpoHH1 npunaay.

KoHTakTHa pi3HMIA MOTEHIIATIB.

KoHTakTHA Pi3HAIS TOTEHITIATIB — PI3HUISI €EKTPOCTATUYHUX TOTCHITIAIB, KA
BUHHKAE MPU KOHTAKTI IBOX PI3HUX METAIB.
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[Ipy KOHTaKTI JBOX METaliB YaCTUHA EJIEKTPOHIB MEPETIKAE 3 OAHOrO 3 HUX A0
IHIIOr0, JOKM HE BUPIBHAIOTHCSA XIMIUHI MOTEHI[IANM JUIsl €JIEKTPOHIB. Y pe3yJbTari
[BOTO TIPOIECY METau OTPUMYIOTh 3apsl, SAKHH 30CEPEeIKYETbCI B TOHKOMY
(MIKpOCKOMIYHOMY) IIapl B3JIOBXK TpaHull. 3apsA]l Ha IMOBEPXHI OJHOTO 3 METaliB
JOJIaTHIN, IHIIOTO — Bi'eMHU. EnexTpuuHe noje, sike BUHUKA€E PU LIbOMY, OOMEKEHe
TOHKUM TMOABIMHMM IIApOM. 3a3BHuail 1€l miap HACTUIbKM TOHKUM, IO MPOIMYCKaEe
CJIIEKTPUYHUN CTPYM — €JIEKTPOHU TYHETIOIOTh Yepe3 HbOTO.

Benuuuna pi3HULI MOTEHIIANIB, KA BUHUKA€E BHACIIAOK YTBOPEHHS MOABIMHOIO
1apy, BA3HaYa€ThCS 13 YMOBU BUPIBHIOBAHHS XIMIYHOTO OTEHIIIANY €JIEKTPOHIB:

M1+ epr = pa + eps

Jie € — 3apsij eJeKTPoHa, i — piBeHb Depmi 1-To MeTally, (i — HOTo MOTEHIIIalL.

M1 — 2
.. . : Po—P1=——

B pe3ynbTai pi3HHIS MOTEHITIaiB JOPIiBHIOE €

Takum dYMHOM, KOHTaKTHAa PI3HUI TMOTEHIIAJIB MDK JBOMa MeTajlaMu
BU3HAYAETHCS BIIHOCHUM MOJIOKEHHSIM iXHIX piBHIB Depmi.

BaxxnmBoio 0COONMBICTIO KOHTAaKTy METajiB € Te, II0 Ha MOBEPXHI METaliB
ICHYIOTh YHCJICHH]1 TTOBEPXHEB1 PiBHI JIJIsl €JIEKTPOHIB, 110 3MEHIIIY€e 00JIaCTh TOABIHHOTO
3apsHKEHOTO IIapy 10 KUThKOX CTaNMX KpUCTamiyHOi rpaTku. [Ipm koHTakTi merany i
HaMIBIPOBIAHMKA, a00 TPHU KOHTAKTI JBOX HAIIBIPOBIIHUKIB 3apsKeHi o0sacTi
HabaraTo MIUPIII, CTBOPIOIOYM 3HAUYHI Oap'epu I TMPOXOIKEHHS EJICKTPUIHOTO
ctpymy. IIpoBIIHICTH TAKUX KOHTAKTIB OJJHOCTOPOHHS, IO HIUPOKO BUKOPUCTOBYETHCS
B HaITIBIIPOBITHUKOBINA TEXHIIII.

SBullle BUHUKHEHHS KOHTAKTHOI PI3HUIN IOTEHINANTIB JIEKUTh B OCHOBI
TEPMOETEKTPUIHUX €(DEKTIB, IO TO3BOJISIE CTBOPEHHS TAKUX MPHUCTPOIB K TEPMOIAPH.

PoGora Buxony.

PoO0Ta BHXOMY — HaWMEHIIA KUTBKICTh EHEprii, sSKy HEOOXiHO HaaaTh
EJIEKTPOHY JIJISl TOTO, 11100 BUBECTH HOTO 3 TBEPJIOTO Tila Y BaKyyM.

Po6ora BUX01ly € XapaKTepUCTHUKOIO PEUOBHHH.

Ak 1 Oyap-sIKy IHIIY EHEPreTHYHY XapaKTEPUCTUKY pOOOTY BHUXOIY MOKHA
BUMIPIOBAaTH B JDKOYJSX, ajieé 1€ HEMpaKTUYHO. 3a3BUYail poOOTY BUXONY 3aBEICHO
BUMIPIOBATH B €JIEKTPOHBOJIbTAX.

HeratuBHO 3apskeHi €NEeKTPOHU MNPUTATAIOTHCS A0 IO3UTUBHO 3apsIKEHUX
snep aToMmiB. Y TBEpAHX TLIaX, 30KpeMa MeTanax, YaCTHHA €JICKTPOHIB BIIHOCHO BUIbHA
— He 3B'S3aHa 13 KOHKpPeTHUMH aToMamu. [IpoTe 1i enekTpoHu 3B'A3aHi 13 3arajJbHOIO
CTpYKTypoto MeTany. [lyig BUXOdy 3a MeX1 TBEPAOro Tijla €JIeKTPOH MOBUHEH MOI0JIaTH
CHJIy TMPUTATAHHS MO3UTUBHO 3apsKEHOI KPHUCTAIIUHOI IpaTku. ToMmy Ui BUXOLY 3
TBEPJOTO Tijla €JIEKTPOH MOBHMHEH MaTH MEBHY XapaKTEpHY JUIS JAHOTO TBEPJOro Tija
eneprito. [0 eHepriro BiH MoOXke HagOaTH PI3HUMHU CIIOCOOAMHM: BHIAIKOBO BHACIIIOK
TEIUIOBOTO PyXy (TEPMOEICKTPOHHA e€MicCisl, TIOTJIMHAIOYM KBaHT cBiTia (doToedexr), B
30BHIIIHBOMY EJIEKTPUYHOMY TMOJi. BemnunHa 11i€i MiHIManbHO HEOOXigHOI eHeprii
OoTpUMaJia Ha3By poOOTH BUXOY.

PoboTa BUX0ay € Ba)KJIMBOIO XapaKTEPUCTUKOIO METAJIIB, sIKa BU3HAYAE, YU MOXKE
Takui MeTtan OyTH TapHUM eleKTpojaoM. JIykHI MeTaln MalTh HalMeHIIl poOoTH
BUXOJy, IPOTE IXHE BUKOPUCTAHHSI OOMEKEHE HU3BKOIO CTIHKICTIO 1010 KOPO3ii.

Tabnuys 5
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Poboma suxoody desikux memanis

Meran PoGoTa
Buxony (eB)
Hartpiit 2.3
Kanbmii 2.9
AnroMiH1 4.08
i
Mine 4.7
30J10TO 51
IInatuna 6.35
Tepmonapa.
Tepmonapa — BHUMIpIOBaJIBHUN TEPETBOPIOBAY, III0 BUKOPUCTOBYETHCS B

yCTaTKyBaHHI I BUMIPIOBaHHS TEMIIEPATypH, a TaKOX IS MPSMOTO IMEePETBOPECHHS
TEIUIa B EJICKTPUKY B THX BHUIAAKax, KOJH JOIUILHO YHHKHYTH PYXOMHX JCTajcH
(manpukian, y kocMoci). ITorauHaHHS Temia Mpy MPOXOKEHHI €JICKTPUIHOTO CTPYyMY
Yyepe3 KOHTAKT BUKOPUCTOBYETHCS B XOJIOAUIBHHKAX TOIIIO.

[TpuHIMn aii TepMomnapu 0a3yeThbCs Ha TEPMOCICKTPUYHHUX SBUIIAX. Tepmonapa
CKJIQJAEThCS 3 JIBOX MPOBITHUKIB, CIIOTYYECHUX KIHISIMH TakK, 110 BOHU YTBOPIOIOTH JIBA
KOHTaKTH. KOHTaKTH MOMIIAIOTh B CEPEOBHIIA 3 PI3HOKO TEMIICPATYPOIO.

Jlisi BUMIpIOBaHHSI TepMepaTypu BUKOPHUCTOBYIOTH edekT 3eebeka. Tepmormapa
BUMIPIOE PIZHUIIO TEeMIepaTyp, a He caMy Temmeparypy. Tomy uisi BU3HAYEHHS
3HAQYCHHS TEeMIEpaTypyd OJWH 13 KIHIIB MOTPIOHO ab0 TOMICTUTH B TEPMOCTaT 3
BIJIOMOIO TeMIIEpaTyporo, a00 K BUMIPOIOBATH ii SKUMOCH 1HIIIUM CIIOCOOOM.

Enexrpopymiilina cuia, sika BUHUKAE B TepMomapi MK HarpiTUM 1 XOJOAHUM
KIHIIEM MOXE BHUKOPHUCTOBYBATHCS SK JDKEPENIO KUBJIEHHsS. EQeKkTHBHICTH TaKoro
JpKepenia HeBHCOKa, alie B MEBHUX YMOBax, HalpuKiajd, B KocMocl, ganeko Big Conig,
Take JpKepesio He3aMiHHEe, BPaXOBYIOUH BIACYTHICTh PyXOMHUX YacTHH. JIJIsi HarpiBaHHS
raps4yoro KiHI[ TEepMOIlapd B KOCMIYHHMX arapataXx BHKOPHUCTOBYIOTh TEILIO Bij
paIiakKTUBHOTO PO3IIay.

TepMmomapu 3acTOCOBYIOTH TaKOXX Yy HarpiBadax Ta  XOJOJIUJIbHHUKAX,
BukopuctoByroun edext I[lenpThe. [Ipu MpoXomKeHHI €NeKTPUYHOTO CTPyMy depes
KOHTaKTH TEPMOTIApU OJWH 13 HUX HarpiBa€ThCS, a APYTUNA OXOTOIKYETHCS.

TepMoesekTpoHHA eMicis.

TepMoeneKkTpoHHa eMiCii — SIBUIIE 3YMOBJICHOTO TEIUIOBUM PYXOM BHJIBOTY
EJIEKTPOHIB 32 MEXK1 pEYOBUHHU.

TepmoenexkTpoHHa emicis CyTTeBa 71 (YHKIIIOHYBAHHS BAKYYMHHX JaMIl, B TKHX
CJICKTPOHHU BHIPOMIHIOIOTHCS HETATHBHO 3apsKCHUM KaToioM. JJ1st 301IbIIeHHS eMicii
KaToJ1 3a3BHYAll MIIrPIBAETHCS HUTKOIO PO3KAPEHHS.

[Tpu HarpiBaHHI MeTaly €HEPreTUYHUN PO3MOJILI €IEKTPOHIB B 30HI MPOBIAHOCTI
3MIHIOETBCS. 3'BISIOTHCS €IEKTPOHHM 3 EHEPri€lo, IO TMepeBUlye piBeHbr Depmi.
He3nauna KUIBKICTh €JEKTPOHIB MOXXE HAaOyTH €HEprilo, ska TMEPEBHINYE POOOTY
BUX0Ny. Taki €eKTPOHW MOXYTh BUWUTH 32 MEXI METally, B pe3yJbTaTi YOTO BUHHUKAE
€MICisl €JIEKTPOHIB. BenuuumHa CTpyMy TEpPMOEIEKTPOHHOI €MICii 3aleXHUTh BIJ
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TeMIeparypu KaToja, poOOTH BUXOAY Ta BJIACTUBOCTEH TMOBEPXHI (PIBHSIHHSA

. i = 2 _E;J-:'D,-"ll!-:BT
Piuapacona-/lemmana): Je = AT e

JIe: je — T'YCTHUHA CTPYMY €MICI;

A - ewmiciiiHa cTana, SKa 3aJEKUTh BiJ BJIACTUBOCTEH BUIIPOMIHIOBAJIBHOI
MOBEPXHI 1 siKa JJ1s1 OUTBIIOCTI YUCTUX METaJIIB JISKUTH B Mexax 40-70 A/cm?*K?;

T - abcomoTHa TemMIepaTypa KaToja;

€ - OCHOBA HaTypaJbHUX JOTrapu(pMiB;

e0 — poboTa BUXO/y €JIEKTPOHA 13 METAIY;

kB — crana bosbiiMaHa.

HaBenene  piBHSHHSA  copaBeyiuBe Ui MeTamiB.  JUIS  JOMINIKOBHX
HAIIBIPOBIIHUKIB ICHYE JCIIO 1HIIA 3aJICKHICTh, OJHAK KUIBKICHUM 3B'I30K BEJIUYHHU
cTpyMmy eMicii 3anmumaerbcs. [lomane piBHSHHS JEMOHCTPYE, IO BEIMYHMHA CTPYMY
eMicli HalOuUIbllle 3aJIeKUTh BiJ Temneparypu katona. OjHak mpu 30UIbLIEHHI
TEMIEepaTypud pi3KO 3pOoCTa€ IIBUIKICTh BUIIAPOBYBaHHS MaTepialy Karoaa i
CKOpOUYYEThCS CTPOK Horo ciyx6bu. ToMy Kartom MOBHHEH MpamioBaTH B CTPOTO
BU3HAUEHOMY IHTepBajdi poOouux Temmeparyp. HmwkHIiH mopir BHU3HAYAETHCS
MOKJIUBICTIO OTpUMaHHs OaxaHoi eMmicli, a BepXHii — BHUIApOBYBaHHSIM abo
TUTaBJICHHSM MaTepiay.

CyTTeBO BILUTMBAE Ha BEIMYMHY CTPYMY €MicCii 30BHIIIHE €NEKTPUYHE TOJIE, SKE
nie Ou1s moBepxHi kKaroda. lle sBuime orpumaino HasBy edekta LllorTki. Ha enextpos,
10 BUXOAUTH 13 Karoja, MPH HASBHOCTI 30BHINTHBOTO €JIEKTPUYHOTO TMOJIS JIIOTh ABI
CWIM — EJEKTPUYHOIO TSHKIHHS, sSIKa MOBEPTA€E €JIEKTPOH Hazall, 1 30BHINIHBOTO OIS,
10 MPUIIBHUAIIYE €NEKTPOH Y HAMpsIMi BiJl MOBEPXHI KaToja. TakuM YUHOM, 30BHIIIIHE
EJIEKTpUYHE TOJIE 3MEHIIYe MOTEHIINHUN Oap'ep, BHACIIIOK YOTO 3HUKYEThCA PoOOTa
BHUXOJIY €JIEKTPOHIB 13 KaTo/a 1 30IbIITYEThCS €JIEKTPOHHA €MICIs.

BB 30BHINIHBOTO MPHUIIBUALIYIOYOTO MO OCOOIMBO CHIIBHO MPOSIBISETHCS Y
HAMIBIPOBIAHUKOBUX KATO/AAX 3 MOBEPXHEBUM MOKPUTTAM OKCHUIIAMHU JTYKHO3EMEITbHUX
MeTajiB. HamiBnpoBiZHMKOBI KaTOAW MAlOTh IIEPIIABYy IOBEPXHIO, TOMY 3HAa4HO
3pOCTa€e HANPY)KEHICTh 30BHINTHBOTO €JICKTPUYHOIO TOJISI O HEPIBHOCTEH MOBEPXHI,
110 BUKJIMKA€E OUTBII IHTCHCUBHHUH PICT CTPYMY eMicii.

Enexrponni npuiaam.

Enexrponnuii npunan (EII) — mpuman, ans mepeTBOPEHHS €IEKTPOMAarHiTHOI
€Heprii 3 OJHOrO BHIY B IHIIWN, B TMPOLECI B3aEMOii CTBOPEHHX B E€IEKTPOHHOMY
MpUIal eIEKTPOHHUX MOTOKIB, 3 €MEKTPOMArHITHUMH TOJISIMH, — B CEPEIOBHUII, STKE
3allOBHIOE  BHYTPINIHIM  TPOCTIp  €JNEKTPOHHOTO  mpuiamxy  (BakyyM, — ras,
HAIIBIPOBITHUKOBHI MaTepial, iH.).

EnekTponHi mpuwiagd TOAUIAIOTHCS HA  €IEKTPOBAaKYyMHI TNpWiIaagd  Ta
HAITIBIPOBITHUKOBI TIPHITAJIH.

EnexrpoBakyymuunii mpunaa (EBII) — enexktporexHiynuii abo pamioTeXHIYHUN
npuian, s poOOTH SKOTO TOTPIOHWI BUCOKMH BakyyMm abo meBHWI Ta3 (iHOAII
crieriaibHa CyMIIll Ta3iB) MPU BU3HAYEHOMY 3HA4YeHHI THCKY. lle AuKTye HEOOXimHICTh
130m0BaHHa  pobodoro o0'emy EBII Big 30BHINIHROTO MNPOCTOPY CHEIIATBHOIO
ra30HENPOHUKHOIO 000J0HKOW. Taki 000JI0HKM MalTh Ha3By OanoH abo koiba i
BUTOTOBJISIIOTHCSL 3a3BUYal 31 ckja abo metany (iHOHA1 BXKUBAKOThCS OAIOHM MeETaso-
CKJIIHOrO TUmy). JJig mojaul eneKTpUYHUX Hampyr 1 curHaiiB Ha enekrpoau EBII 3
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OOOJIOHKM BHUBOJAATBHCSA 3'€IHAHI 3 €JNEKTPOJAMM IUTUPKUA (YAaCTHMHA SIKMX 3a3BUYAid
o0'eqHyeThCS B IOKOJBHUN po3'eM), 3a gomomoroto sikux EBII minkmtoueetbes 10
30BHILIHIX €JIEKTPUYHUX K1JI.

3anexHo Bia npuHuuny aii EBII noninstoTs Ha

-0e3po3psani EBII — cTtpym B sIKMX OpOTIKae TUIBKM IO MPOBIAHUKAM, IO
3HaxonAThcsl B pobouomy npoctopi EBII, (ocBiTiroBanbHi Jammnu, 6aperepu, BaKyyMHI1
TEPMOEJIEMEHTH Ta 1H.);

-eJIEKTPOHHI MPWJIAd — CTPYM B SIKMX BUHHUKAE SK PE3yJbTaT HAMPABICHOIO
MEPEeMIIICHHS] TIOTOKY €JEKTPOHIB y BakKyymi (E€JEKTpPOHHI JIaMIM, €JIeKTPOHHO-
MIPOMEHEB1 TPYOKH Ta 1H.);

-ra30po3psiHi Npuiaau — (TUPATPOHU, TA30TPOHM Ta 1H.)

Jekuyin Nel8. EnekTpuyHUil CTPYM B Pi3HHX cepeoBUIIaX (PiANHU, Ta3H, BAKYYM)
—2ron.

Inaw:

1.EnexTpuuHuii CTpyM B pIIUHAX.

2.EnexTpuuHuii cTpyM B rasax.

3.CamocTiitHui 1 HecaMOCTiHMM ra3oBuid po3psi. 4. TepmoeneKTpoHHa eMiCis.

5.BakyymHi namriu.

EjekTpu4HMi CTPYM B piaMHaX

PimuHd — onMH 3 OCHOBHHMX arperaTHUX CTaHIB PEYOBUHU MOPSJ 13 ra3oM Ta
TBepAUM TUIOM. Bin rasy piauvHa BipI3HSEThCA THM, 0 30epirae cBiii 00'em, a Bix
TBEPJIOTO Tija TUM, IO He 30epirae ¢hopmy.

Y piauHi MOJEKYJIU 31e0LIbIIOro 30epiratoTh CBOKO ITUTICHICTH, XOYa YHUMAJIo
pIIMH € pPO3YMHHUKAMM, B SIKUX MOJEKYJIM J0 TEeBHOI Mipu AucouliioioTh. [Ipu
JUcoIriamii B pilMHaX YTBOPIOIOTHCS TMO3UTHUBHO W HEraTUBHO 3apsjpkeHl WoHu. Taki
PIAMHY TPOBOJASITH CIEKTPUUHUN CTPYM.

Enextponityu — 1€ pEYOBHHM, EINEKTPUYHUN CTPYM Yy SKHUX 3aBXKIU
CYNMPOBOIKYETHCA X XIMIYHUMH 3MiHaMH. L{e po3unHm coliei, KUCIIOT 1 IyTiB y BOl. Y
TaKMX PO3YMHAX TMOCTIMHO BiMOYBaeThCs po3man MoJieKyn Ha ioHuW. lleit mporec
HA3MBAETHCS CJICKTPOJITHYHOIO Jucolliamiero. BHacmimok naucomiamii B poO34MHI
YTBOPIOIOTHCS MO3UTHBHI (KaTiOHW) 10HM METaJiB 1 BOJHIO, Ta HETaTUBHI (aHIOHU) 10HH
KUCIIOTHUX 3aJIUIIKIB 1 TIAPOKCUIBHOI Tpynu. Y CTaHI AMHAMIYHOI PIBHOBaru pO34HH
XapaKTepU3y€eThCA CTyNeHeM aucoliamii ? — BIIHONMIEHHSM YHCIIa N MOJEKYIN, SKi

#
. . ? I
JIMCOLIIOBAIIM Ha 10HH, 0 3arajbHOro 4nciia n0 MOJIeKyJ PEYOBUHH: iy
['yCTUHY €NEKTPUYHOIO CTPYMY B €JIEKTPOJIITI MOXHA BH3HAYHMTU 33 3aKOHOM
- B -
Jf = —= .:E'
Owma: “

[Ipy migBUIIEHH] TeMIEpaTypyl NUTOMHU OIIp EIEKTPOJITY 3MEHIIYETHCS, a
IATOMAa TMPOBIIHICTh 30UIbIIyeThCA. [IPOXOKEHHS EINEeKTPHUYHOIO CTPyMY dYepes
€JIEKTPOJIT CYNPOBOMKYETHCA SBHUIIEM €JIEKTPOII3Y — BHUIAUICHHS Ha €JIEKTpojax
PEYOBHH, 110 BXOSTh 10 CKIIALy €JIEKTPOJITY.

EjekTpyuuHMil CTPYM B raszax.
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l'a3u 3a HOpMaJbHUX YMOB IOTaHO NPOBOJATH E€IEKTPUUYHHA CTpyM, TOOTO €
13omsTopamu. ['a3 ckinagaeThecs 3 HEUTPAIbHUX aTOMIB 1 MOJIEKYJ. BHACT1J0K 30BHINTHIX
il (OmpOMIHIOBaHHS  yJIbTpadioJeTOBUM,  PEHTICHIBCBKHM,  pPall0aKTHUBHUM
BUIIPOMIHIOBaHHSM, HarpiBaHHs 1 T.A.) ra3 10HI3YETbCSA, TOOTO BiJl aTOMIB 1 MOJEKYI
BIJIpUBAIOTHCSl  €JIEKTPOHU. BHAcIiOK 10HI3alii YTBOPIOIOTHCA IO3UTUBHI 10HU 1
enexktponu. KoedimienT ioHizamii ? Ha3MBaIOTh BITHOIIEHHA Yucia 10HIB N, M0
BUHMKJIU, JI0 Ynciia MoJiekyn razy NO B gjaHomy 00’ eMmi.

8= N

NIJ

[Topsin 3 1oHI3aIi€r0 BIMOYBAETHCA 3BOPOTHIM Mpoliec — peKoMOiHaIlis, TOOTO
00’eIHaHHS 10HA 1 €JIEKTPOHA B HEUTpaAIbHY MOJIEKYIy 00 aTOM.

Eneprito, sxy noTpiOHO 3aTpaTuTh JUIsl 10HI3alli Ta3y, Ha3UBaIOTh EHEPTI€I0
loH13amii. s pi3HMX Ta3iB eHepris i0HI3alii Mae pi3HE 3HAYCHHS 1 3aJIeKUTh BiJ
OynoBu atoMa 4u Mojekynu. HeoOximHa ymoBa i0HI3alli — HaJaHHS €IEeKTpOHaM

2
. ml > 4
3HAYHOI MBUAKOCTI: 2

ne A1 - poGorta ioHizamii, mi1 V —
BIJIMOB1/IHI MIBUKICTh 1 Maca €JICKTPOHIB. 1

[Ipouiec  OpPOXOKEHHS  CTPYMY
yepe3 ra3 Ha3MBalOTh Ta30BUM PO3PSIOM.
lMazoBuil po3psna, sIKU BIIOYBA€THCSA MiA

3
TIETO 10H13aTOpA, HA3UBAETHCS 1 E i S
HecaMOCTilHUM (fimstHKa 0 — 2). 7 U
BonsT — ammepHa  XapakTepUCTHKA ¥ L
(3amexHicTh cumM cTpyMy B Komi Bim Fuc. 11. Ipagix sanexcnocmi cmpymy 6io
Hanpyru) Mae Takuil Burisan (puc. 11.). Hanpyu

[Ipu HecamocTiiiHOMY ra30BoMY po3psii 3akoH OMa He CIpaBIKYy€eThes (HE iICHY€
IIPOTIOPITIMHOT 3a7I€KHOCTI MK CHJIOIO CTPYMY 1 MPUKIIQJCHOIO Hanpyror). [Tounnaroun
3 IeAKO1 HaIllpyTH, CUjla CTPYMY HE 3MIHIOEThCS, HACTA€ HACUYCHHSI.

CamocTiitHnii i HecaMoOCTIiiHUI ra30BUid PO3psI.

["a3oBuit po3psa — ABUINE MPOTIKAHHS €IEKTPUYHOTO CTPYMY B ra3ax.

l'a3 ckmagaeTbest 13 HEUTpaTbHUX aTOMIB 1 MOJIEKYJ, TOMY MJis 3a0e3TMeUeHHS
EJIEKTPOIPOBITHOCTI HEOOXiTHE BHHHKHEHHS HOCIIB 3apsay - 1oHizamis. Jxepemom
ioHI3a1ii Moke OyTH 30BHIIIHE OMPOMIHHEHHS BHUCOKOCHEPTeTUYHUMHU (POTOHAMHU -
yIbTpadioNeTOBUMH, PEHTTEHIBCBKMMHU YHM TaMMa-TIpOMEHsSMH. [oHi3alis Moxe
BUHUKHYTH TaKOX y CHWJIBHOMY EIEKTPUYHOMY IOJi, a00 X 3a paxyHOK 3ITKHEHb 13
MPUCKOPEHUMH HOCIsIMU 3apsany (yaapHa ionizaris). [lomaTkoBuM mIKepenoM HOCIIB
3apsay Moke OyTH TIOBEpXHEBa 10HI3allisl, HAMPHUKIAJ TEPMOCIEKTPOHHA eMicis 3
KaTomy.

[Ipy ™Manux 30BHINIHIX ENEKTPUYHUX TOJAX TMPOBIAHICTH Ta3iB 3yMOBIIEHA
30BHIIIHIMHU JiKepeaaMu 10H13alli. Po3psia, sikuil BUHUKAaE B TaKMX yYMOBaX, Ha3UBAIOTh
HECAaMOCTIMHUM PO3PSIIOM.
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Po3psinu, sKi BUHMKaIOTh Y CUJIBHUX €JIEKTPUYHUX MOJSAX 32 PAaXyHOK 10HI3allii,
0 BUHUKAa€ TMpPU TMPOTIKAHHI CTPyMy, HA3MBAIOTHCS CAMOCTIMHUMHU Ta30BUMU
po3psAIamMHu.

Po3pi3HAIOTH Taki TUMIM CAMOCTIMHUX Ta30BUX PO3PSIIB:

-Tnirounii po3psn

-Jlyrosuii po3psiz

-IckpoBuii po3psin

-Koponnuii po3psin

Tnitounii po3psa BHHHKAE Npu HU3bKHX Thckax & 0,01+ lasepmcm) — piy
BUHUKAE BHACHIJIOK yAapHOi 1OHI3amii razy B TpyOll 1 J0JAaTKOBOrO BUOMBAHHS
€JIEKTPOHIB 3 KaTo/Aa MO3UTUBHUMHU i10HamMu. THito4uii po3ps] BUKOPHCTOBYETHCS B
ra3oCBITHUX TPyOKax Jis oQOpMIIEHHS peKyiaM, B JIaMIlax JIEHHOTO CBiTJa, B Ta30BUX
nasepax.

Koponnunii po3psix  (y camMomy €JIEKTPUYHOMY TI0JI1) BHHHUKAE MOOJIU3Y
3apsPKEHOTO TOCTPOTO MpOBigHWKA. BiH cmocTepiraerbes mpu aTMOCc(hEepHOMY THCKY
HaBKOJIO TIPOBOJIIB BUCOKOBOJIBTHOI JiHil. YUM BHUIIA Hampyra, TUM TOBIIMM Ma€ OyTH
npoBil. Y TeXHIll KOPOHHMM PO3psJ BUKOPUCTOBYIOTH B  €JIEKTPOUIbTpax,
NpU3HAYEHUX [IJISl OYMIICHHS MPOMHCIOBUX ra3iB Bif aoMimok. KopoHHHiA po3psa
NPHU3BOJMTH JI0 BTPATH CHEPTi.

[ckpoBuii po3psii BUHUKAE y pa3i BEIHUKOI HAMPYKEHOCTI €JICKTPUYHOTO IIOJIS
(30000 B/cM). Mix enekTpoJaMH BUHUKAE €JIEKTpUYHA ICKpa, SKa Ma€ BUTJISAI JYKE
SICKpaBOi CMYTH CKJIAJTHO1 (hOpMHU.

[ckpoBHil po3psia Mae mepepuBYACTUN XapakTep, 00 micis mpoOor Hampyra Ha
eJIeKTpoAaX 3HAYHO CIaJa€ uepe3 Te, IO MPOMDKOK MDK €JeKTpOJAaMu KOPOTKO
3aMuKaeThes. [IpukiiamomM icKpoBOro po3psiay € OJMCKaBKa, MpoOii JgieneKTprKa.

JlyroBuii po3psna. SKimo B KON € TOTYXHE JDKEpeno, TO ICKpY MOJKHA
NIEPETBOPUTH B €IIEKTPUYHY AYTY. Jlyra BUHUKAE, SKIIO MPUBECTU B KOHTAKT, a MOTIM
IIOCTYIIOBO PO3COBYBATH JBa BYTUIbHI €JEKTPOIH, SKI NepeOyBaroTh MiJ HAIPYToro.
JlyroBuii po3psig BHHUKAE TOMI, KOJW BHACIIMOK HAarpiBaHHS KaToJa OCHOBHOIO
IPUYMHOIO 10HI3AIlIT Ta3y € TEPMOCJICKTPOHHA €MiCisi — BUIPOMIHIOBAHHS €JIEKTPOHIB
Iy’)K€ HArpiTUMH Tinamu. J[yroBuwil po3psj BHUKOPHUCTOBYIOTH IIiJl 4Yac 3BapIOBaHHS
METaJliB, I OCBITJICHHS, B JYTOBUX €JICKTPOICYax.

TepMoesekTpoHHA eMicis.

TepmoenekTpoHHa eMicCii — SBHILIE 3YMOBJIEHOTO TEIUIOBUM PYXOM BHIIBOTY
EJIEKTPOHIB 32 MEXK1 pEYOBUHHU.

TepMoenexkTpoHHa eMicis CyTTeBa sl GyHKIIIOHYBaHHS BAaKYyMHHX JIaMII, B IKHX
CJICKTPOHHU BHIPOMIHIOIOTHCS HETATHBHO 3apsIKCHUM KaToioM. J{Jist 301mbIIeHHs emicii
KaToJ1 3a3BMYAll MIIrPIBAETHCS HUTKOIO PO3KAPEHHS.

[Tpu HarpiBaHHI MeTaly €HEPreTUYHUN PO3MOJILI €IEKTPOHIB B 30HI MPOBIAHOCTI
3MIHIOETBCS. 3'IBISIOTBCS €IEKTPOHW 3 EHEPTri€lo, IO TMepeBuInye piBeHb Depmi.
He3nayna KiJIBKICTh €JIGKTPOHIB MOXKe HAOYTH C€HEprilo, sKa IepEeBHINYE pPOOOTY
BUXony. Taki eIeKTPOHW MOXYTh BUWUTH 3a MEXI METaly, B pe3yJbTaTi YOTO BUHHUKAE
€MICisl €JIEKTpPOHIB. BenuuumHa CTpyMy TEpPMOEIEKTPOHHOI €MICli 3alieKUTh Bij

TEMIEepaTypu KaToja, poOOTHM BUXOAY Ta BJIACTUBOCTEH TMOBEPXHI (PIBHSIHHSA

. ' _ 2 —E':,.'I‘DI."IFJBT
Piuapycona-Jlemmana): Je = AT e
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JIe: je — T'YCTHUHA CTPYMY €MICI;

A - ewmiciiiHa cTana, sKa 3aJEKUTh BiJ BJIACTUBOCTEH BUIIPOMIHIOBAJIBHOI
MOBEPXHI 1 siKa JJ1s1 OUTBIIOCTI YUCTUX METaJIIB JISKUTH B Mexkax 40-70 A/cm?*K?;

T - abcomoTHa TemMmepaTypa KaToja;

€ - OCHOBA HaTypaJbHUX JOrapu(pMiB;

e(0 — poboTa BUXO/y €ICKTPOHA 13 METAIY;

kB — crana bonbivana.

HaBeneHe piBHSIHHS cripaBeIJIMBE sl METAIIB.

CyTTe€BO BIUIMBA€E HA BEJIWYMHY CTPYMY €MicCii 30BHIIIHE €JIEKTPUUYHE MOJIE, SIKE
nie Ou1s moBepxHi kKaroda. lle sBuie orpumaino Ha3By edekra [lloTTki. Ha enexTpoH,
10 BUXOAUTH 13 KaToja, MPH HASBHOCTI 30BHINIHBOTO €JIEKTPUYHOIO TMOJS JIIOTh JBI
CWJIM — EJEKTPUYHOIO TSDKIHHS, SKa MOBEPTA€E €JIEKTPOH Hazajl, 1 30BHIIIHBOTO MOJIS,
10 MPUILBHUALIYE €IEKTPOH Y HAMpsiMi B/l MOBEPXHI KaToja. TakuM YMHOM, 30BHIIIHE
€JIEKTPUYHE MOJIe 3MEHIIYye MOTEHIIHHUN Oap'ep, BHACIIIOK YOTO 3HUKYETbCA POOOTa
BUXOJy €JIEKTPOHIB 13 KaTO/1a 1 30UTbLIYETHCS EIEKTPOHHA EMICIS.

Bakyymni samnm.

EnexkrpoBakyymHa namma abo EnextpOHHa
namna (EJI) — enexTpoBakyyMHMI Tmpuiaa, IO
Exaiannge) OpU3HAYCHUN IS PI3HOMAHITHUX  [EpPETBOPEHb
CIIEKTPUYHUX BEJIWYUH NLISXOM YTBOPEHHS TMOTOKY
€JIEKTPOHIB Ta HOro KEpyBaHHSIM.

EnektpoBakyymHa namna ab6o Enexrtponna
namra (EJI) — enekTpoBakyyMHUH Tpujiaj, IIIo
OpU3HAYEHUN I8 PI3HOMAaHITHUX IE€PETBOPEHb
€JIEKTPUYHUX BEJIMYUH IIJISXOM YTBOPEHHS MOTOKY
€JIEKTPOHIB Ta HOro KEpyBaHHSIM.

Glass envelope

Filament (cathode)

Puc.12. Bakyymna namna

Jekyia Nol9. HaniBIPOBIAHUKHU B €JIEKTPUYHOMY MOJI — 2 TOJ.

Ilnan:

1.MexaHi3M BJIaCHOT MPOBITHOCTI HAIIBIPOBITHUKIB

2.3acToCcyBaHHS HAIIBIPOBIIHUKIB.

3.Jliox

CTpyM B HaniBNPOBiTHUKAX.

HaniBnpoBigHUKH — 11€ PEYOBHHHU, B IKUX €ICKTPOMPOBIIHICTH 3aiiMa€ MPOMIKHE
MicIle MDK MPOBITHUKAMH 1 JieIeKTpukamMu. [0 HaIBIpOBITHUKIB HAJICKATh KPEMHIM,
ceneH, ximMiuHi 3’enHanns enemeHTiB I rpynu 3 enementamu V rpynu. [lutomuii omip
HAITIBIPOBIHUKIB 3HaAXOAUThCSA B Mekax Big 104 mo 10-5 Om M. B pe3ynbrati BinpuBy
CJIEKTPOHIB BiJ] aToMa BHWHHKAIOTHh BITbHI €NEKTPOHHW. BakaHTHe Miclie (IMO3UTHBHO
3apsA/OKEHUN 10H) JJIs1 €JIEKTPOHA YTBOPIOE Tak 3BaHy Mipky. Jlipmi BigmoBimae
HAJIJTUIITKOBUA TIO3UTHBHUN 3apsj MOPIBHSIHO 3 CYCIIHIMH HEIOHI30BAHMMH aTOMaMH,
TOMY PYyX JIPKH pIBHO3ZHAYHUI PYyXOB1 NO3UTUBHOTO 3apsiay. SIKIlO BHECTH MPOBITHUK B
30BHIIIHE €JIEKTPUYHE TMOJIe, TO XAOTUYHUU pPyX HIPOK 1 €JIEKTPOHIB MEPEXOAUTH B
HanpsmiieHui. CTpyM B TaKUX IMPOBIJHUKAX 3YMOBIICHUH SIK PYXOM €JIEKTPOHIB 1 JIPOK
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(BmacHa mpoBigHICTH). KoOHIEHTpaliss JIpOK 1 €JIeKTpOHIB oOjJHaKkoBa. BracHa
MPOBIIHICTh HAMIBIPOBIAHUKIB Maja. He3HauHa KUIBKICTh JOMIIIOK Y HPOBITHUKAX
3HAQYHO MIABUIIYE MPOBIAHICTH iX. JIOMIIIKA 3yMOBIIOIOTH JIOJATKOBY (JIOMIIIKOBY)
MpoBiAHICTh. JloMilIKOBa MPOBIAHICTH OyBa€ JOHOPHOIO 1 aKUENTOPHOK0. JIOMIIIKH, K1
BIIJAIOTh EJIEKTPOHU HA3WBAIOTHCS JTOHOPAMM, a HAMIBIOPOBIIHUKH 3 €JIEKTPOHHOIO
NPOBIIHICTIO — €JIEKTPOHHMMM HAMiBOpOBIAHMKAMU (n — Tumy). EnexkrpoHHy
MPOBIIHICT OTPUMYIOTh, KOJM BAJIEHTHICTh €JIEMEHTAa, L0 JO0JAEThCs, OUIbIlIa 3a
BaJICHTHICTh OCHOBHOTO HamiBlpoBigHuka. Hanpuknazn, no repmanito (IV- BaneHTHUA)
nonatu munr’sk (V - BajeHTHHI). Y Takux HamiBOPOBIIHUKAX pyX AIPOK Maiixke
BIICYTHIM. SIKIIIO JOMIIIKA MalOTh BaJICHTHICTh MEHIITY, HI)K OCHOBHHI HaIiBIPOBIIHUK,
iX Ha3MBAaIOTh AKUENTOPAaMHU, a HAMIBOPOBIAHMK — JIPKOBUM HAMIBIPOBIAHUKOM (p —
tuny). B nmepeknaai n — tun (HeraTuBHUM), p — TUM (Mo3uTuBHUM). [Ipu KOHTAKTI JBOX
HaANIBIPOBIAHUKIB N — THUITY 1 p — TUILY Ha iX MEXI1 BHACHIIOK AUPy3ii 1 peKoMOiHaIlii
€JIEKTPOHIB 1 JIPOK BUHHUKA€ TOHKUM IIap, 301MHEHUH HOCISIMU CTpyMy, SKUH Mae
niaBuIIeHu omip (p — N — mepexia). SKIO BBIMKHYTH HamiBNPOBIAHUK 3 p — N —
NEPEXO0/IOM B €JIEKTPUYHE KOJIO TakK, 1100 MOTEeHIiaJl YaCTUHHU 3 P — MPOBIIHICTIO OyB
NO3UTUBHUM, a YaCTUHU 3 N — MPOBIAHICTIO — HETaTUBHUM, TO 4Yepe3 HbOro Oyne
npoxoautu cTpyM. Takuil mepexin HaszuBaioTh mnpsmuM (Puc. 12). Skmo 3Haku
NOTEHII1aJIIB Ha KIHIISIX HAIMBIOPOBIIHUKA MOMIHSATH, TO 3BOPOTHIN CTpyM Oyze JHOCUTh
MaJIiM, a OIIp MPOBITHUKA TOCUTH BEIUKUNA. Takuii nmepexis Ha3uBatOTh 3BOPOTHIM.

BrnactuBocTi p — N — nepexoay ( Manuii omip y MpsSMOMY HampsiMi 1 BEJIMKUN y
3BOPOTHOMY) BUKOPHUCTOBYIOTh TSt BUIIPSIMJICHHS 3MIHHOTO CTpyMy
(HamiBMPOBITHUKOBI 110/11).

4,

(+) :‘. =) A= Lobep

OEEOEEOS o Lhap

Puc.12. Ilpamuti nepexio

BaacHa i noMilikoBa NpoBiAHICTE.

Mix maporo CyCiHIX aTOMIB iICHY€ Tak 3BaHM MapHOEIEKTPOHHUHN 3B’S30K, a00
KoBaJieHTHUH. YOTHPH BaJCHTHI €IEKTPOHU KOXKHOTO aTOMa BCTYNAIOTh y KOBAJICHTHUMN
3B’SI30K 3 €JIIEKTPOHAMHU CYCIAHIX aTromiB. Tak, 10 BUIBHUX EJIEKTPOHIB Y YHUCTOMY
repMaHiro Hemae. A HeMa BUIBHMX HOCIIB 3apsmay, To # He Oyae NpOXOJAUTH
CNEKTPUYHUN CTPYM. (Slka yMOBa iCHYBaHHSI €IEKTPUIHOTO CTPyMY?).

KoBanmeHnTHi 3B’A3kM  JOCHTH MIIHI 1 TPU HU3BKUX TeMIeparypax
HAIIBIPOBITHUKH € JICTCKTPUKAMHU.

3. Binm marpiBaHHs repmaHito KIHETUYHA €HEPTisl BAJICHTHUX €JIEKTPOHIB 3POCTAE
1 OKpeMi 3B’ 13K PO3PUBAIOTHCS.

B pe3ynbrari boro 4acTuHa €JIEKTPOHIB, SKI paHille Opalid y4acTh B YTBOPEHHI
BAJICHTHUX 3B’S3KIB, BIANICIUIIOIOTHCS 1 CTalOTh €JIEKTPOHAMHU MPOBIAHOCTI. 3a
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HAsIBHOCTI €JEKTPUYHOIO IOJsI BOHM MEPEMINIAIOTHCS MPOTH MO 1 YTBOPIOIOTh
eNEKTPUYHUM CTpyM. SIK y MeTasiax (€1eKTpOHHA MPOBITHICTS).

Ane Ha BIAMIHY BIiJ METalIB y HAaMIBOPOBIIHUKIB € 1€ IHIII MEXaHI13MHU
npoBinHOCTI. Komn po3puBaeThes 3B’S30K, TO YrOBOPIOETHCS BAaKaHTHE MicIle, Jie HE
BUCTa4a€e eJeKTpoHa. Moro HasuBaioTh mipkoro. Jlipka Beme ceGe SK IO3UTHBHO
3apsKeHa YaCTUHKA.

3 MIABUUIEHHSM TEMIIEpaTypu KUIBKICTh PO3IPBAHUX 3B’S3KIB, OTXKE BUIBHUX
€JIEKTPOHIB, 30UIbIIYEThCA. 30UTBIIYETHCA 1 KUIBKICTD AIpoK. [li yac pyxy eneKTpoHiB,
€JICKTPOHU MOXYTh 3aiiMaTH BaKaHTHI MicUs (JIIpKH) TPU IOMY BiIHOBJIIOIOTHCS
BaJICHTHI 3B’SI3KHU.

Jipka nepeMilyeThCcsl y KpUCTaIl y MPOTHIIEKHUN O1K BiJI pyXy €JIEKTPOHIB.

[Tpukinan: BUTBHI MicIs y Kiaci (3aii).

Pyx enekTpoHIB i JIpOK XaOTHYHHH, SKIIO HAMPYKCHICTh €ICKTPUIHOTO ITOJIS
nopiBHtoe€ 0.

[Tpu HasIBHOCTI €IEKTPUYHOTO IOJISI BUHUKAE YIIOPSIKOBAHE TIEPEMIIICHHS JTiPOK
y HampsiMi BEKTOpa HaNpyXEHOCTI, 1 YMOPSIAKOBAaHE MEPEMIIICHHS E€JEKTPOHIB MPOTH
PYXy IIpOK.

OTtxe, y HaMBIPOBITHUKIB € HOCIT 3aps/IiB ABOX TUITIB: EJIEKTPOHU 1 IIPKH.

ToMy HaniBNPOBITHUKHA MAIOTh HE TUIbKU €JIEKTPOHHY, a i IIPKOBY MPOBITHICTb.

Mu po3rasiHysId MEXaHI3M MPOBITHOCTI 1iealIbHUX (YMCTUX) HAIIBIPOBIIHUKIB.
[IpoBigHICTP  YHMCTMX  HAMIBIOPOBIAHUKIB  HA3WBAaIOTh  BJIACHOK  IMPOBIIHICTIO
HaITBIPOBITHUKIB.

[TpoBigHICTh HAMIBIPOBIIHUKIB Y BEJIMKIA MIpi 3aJICKHUTH Bif gomimiok. CaMe Iis
3QJICKHICTh 3p00WIIa HAMIBIIPOBIIHUKYA THM, YAM BOHH CTaJIM B Cy4acHIN TEXHIIII.

[Ipu HasBHOCTI JOMINIOK, KpIM BJIACHOI MPOBIIHOCTI, BHHUKAE JOJaTKOBA —
JIOMIIITIKOBA MPOBITHICTb.

3MiHIOIOYH KOHIICHTPAIIIIO0 JOMIIIKH, MOYKHA 3MIHIOBATH KIJBKICTh HOCIIB 3apsiay
TOTO YH IHIIOTO 3HAKY. 3aBJSIKU IIbOMY CTBOPIOIOTHCS HAIIBIPOBIIHUKY 3 TIEPEBAKHOIO
KOHIICHTpaIlieto — abo Bix eMHO, ab0 J0MAaTHO 3apsKeHHX HociiB. Llg ocoOnmBiCTH
HAITBIPOBITHUKIB 1 BIIKPUBAE MIUPOKI MOKIIMBOCTI JIJIs X MPAKTHYHOTO 3aCTOCYBAaHHSI.

OTxe, TOMIIIKA MOXKYTh 301UIbIITYBAaTH KOHIIEHTPAIlIIO €JIECKTPOHIB IMPOBIIHOCTI 1
CTBOPIOBATH B HANIBIPOBITHUKY EJIEKTPOHHY JOMIIIKOBY TPOBIAHICTh N-THITY
(meratuBHMif). Taki JOMIMIKK HA3WBAIOTHCS JOHOPHUMH. Y HAMIBIPOBITHUKY N-THUITY
EJIEKTPOHU — OCHOBHI HOCI1 3apsiy, TIPKA — HEOCHOBHI.

HaniBnpoBiZHUKOBI mpuiaam.

HamiBnpoBiqHUKOBI MpuiIaad, €JICKTPOHHI MpWIagu, Jid SKUX 3aCHOBaHA Ha
CJEKTPOHHUX TMPOIEcCaxX B HAIMIBOPOBITHUKAX. Y EJEKTPOHINl H. T. CIyXaTh IS
MEPETBOPEHHS PI3HUX CUTHATIB, B EHEPTeTHIll — JJIs1 6€3M0CepeTHROTO MEePETBOPEHHS
OJIHMX BHJIIB €HEPTii B IHIIKX.

Bimome ©Oararo BcLIIKMX cmoco0iB kiacudikamii H. 1., HampUKIaa 3a
MPU3HAYCHHSIM 1 MPUHIMUITY i1, 32 TUTIOM MaTtepiany, KOHCTPYKIIIEO 1 TEXHOJIOTIE0, 110
chepi 3actocyBaHHsa. [IpoTe 10 OCHOBHHMX KJAaciB H. . BIIHOCATh HACTYITHI:
€JIEKTPOIIEPETBOPIOBANIbHI TIPUIAIH, IO MEPETBOPIOIOTH OJHI €JIeKTPUYHI BEJIMYUHU B
1H. €JIKTpUYHI BEIWYMHU ( HAMIBOPOBIAHUKOBUN 10/, TPAH3UCTOP, TUPHUCTOP ) ;
ONTOENEKTPOHHI MNpWUJIaJid, 10 MEPETBOPIOIOTH CBITIOBI CUTHAIM B EJIEKTPUYHHUX 1
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HaBnaku ( omnTpoH, ¢oTtope3uctop, Goroaion, G(HOTOTpaH3UCTOP, (HOTOTUPUCTOP
HaIIBIPOBITHUKOBH Jia3ep, CBITIIOBUIIPOMIHIOIOUHIA /110]], TBEPIOTUIMNA MEPETBOPIOBAY
300pa)K€HHS — aHaJIOr BIJIKOHA 1 T.I1.); TEPMOEJIEKTPUYHI MIPUIIAJIU, IO NEPETBOPIOIOTh
TEIJIOBY €HEPril0 B EJICKTPUYHY 1 HaBHaku ( TEPMOEIEMEHT, TEePMOEIECKTPUUHUIN
reHeparop, COHsiYHa 0arapesi, TepMICTOp 1 T.1I.); MarHITOIEKTPiu. IpUIaIu (IaTYUK, 110
BUKOPUCTOBYE XO0ny €(eKT, 1 T.I.); M'€30€NEKTPUYHUN 1 TEH30METPIUEChbKUN TPUIIaIH,
AKl pearyloTh Ha TUCK a00 MeXaHI4YHUH 3CyB. Jlo OKkpemoro kiacy H. I. CJiJ BIIHECTH
IHTErpajgbHl CXEMH, AKI MOXYTb OyTHM TakvMH, IO €JIEKTPOIEPETBOPIOIOTh,
ONTOENEKTPOHHUMH 1 T.J. a00 3MIIIAHUMH, TOETHYIOUMMH caMi Pi3Hi €PEeKTH B OJJHOMY
npwiail. EnexTponepeTBOproBaibHI H. M. — HAWOUIBII MIMPOKHM Kjac MNpHIIAJIIB,
OpU3HAYEHUX JUIsl TEepeTBOpPeHHs (10 poay CTPyMy, 4acToTi 1 T.J.), TOCHUJIEHHS 1
reHepyBaHHs €JIEKTPUYHUX KOJMBAHb B J1aMa30Hi yacToT BiA nonb ry g0 100 I'ro i1
OUIBI; iX poOOYl MOTYXKHOCTI 3HAXOAAThCA B Mexkax Bim < 10 -12 BT g0 AekuIbKoX
coTeHb BT, Hampyra — BiJ 0JIb B JI0 JE€KUIBKOX TUC. B 1 CTPyMl1 — BiJ JEKUIBKOX
Ha JI0 JEKUIBKOX THUC. a . 3aJeXHO BiJ BXKMBAHOTO HAIIBIPOBIIHUKOBOTO MaTepiary
PO3PI3HAIOTH TepMaHieBl, KpeMHIi€B1 1 iH. H. M. [0 KOHCTPYKTUBHUX 1 TEXHOJIOTTYHHUX
O3HAKax H. M. pO3UISIIOTh HA TOYKOBUX 1 IJIOLIMHHUX; OCTaHHI, Y CBOIO Yepry, IUISATh Ha
CIUIABHUX, JAUQY31HHUX, Me3alulaHapHUE, IUIaHApHUE  (HAWOUIBII — TOILIMpPEH],
nuB.(nuBucs) [lmanapHas TexHoJyoris ) , emiaHapHue 1 1H. BinmoBigHo 1o obiacti
BKUBAHHS PO3PI3HAIOTH BUCOKOYACTOTHI, BUCOKOBOJIBTHI, IMIYJBCHI 1 1H. H. II.

H. n. BuUmyckaroTh B METAJIOCKISHUX, METaJOKepaMIYHMX abo IMIacTMAaCOBUX
KOpIycax, 110 3aXMINAITh MPUJIAIX Bl 30BHIMIHIX J1i; AJIs1 BUKOPUCTAHHS B T10pUIHUX
IHTErpAIbHUX CXEeMaX BHIYCKAIOTHCA T.3. 0€3KOPIYyCHI H. M. (AuB. MiKpoeIeKTpoHiKa )

HomeHnkmarypa H. m., III0 BUIYCKAIOThCA Y BCIX KpaiHax Hamiuye Omm3bko 100 000
THUIIIB TIPWIAIIB PI3HOTO MPU3HAYCHHS.

Monyasb 5. EjgekTpomardHeTusm
Jlexyia Ne2(. EnekTpoMarHeTusm — 2 rof.

Ilnan:

1.MarnitHe moe.

2.Bzaemonist CTpyMiB.

3.3akoH Ammepa.

4.3akon bio — Caapa — Jlamnaca.

5.Cuna Jlopenua.

MarsiTHe noJe.

MarnitHe mone — ocoGuBa hopma MaTepii, 3a JOMOMOIOI0 SKOI 3iHCHIOETHCS
B32EMO/IISI MK PyXOMUMHU €IEKTPUIHO 3aPSAKEHUMHU YaCTHHKAMHU.

MarsiTHe mose - CKJIaJ0Ba eJIeKTPOMArHiTHOTO TOJs, sIKa CTBOPIOETHCS 3MIHHUM

4 Y uYacli ENEKTPUYHUM [OJEM, PYXOMUMH EIEKTPHYHUMH

3apsgaMu a00 CIiHAMU 3apsAKEHUX YaCTUHOK. MarHiTHe 1moJie
CIPUYMHSAE CHWJIOBY JiI0 HA PYXOMi EJIEKTPUYHI 3apsiiv.
Hepyxomi enexkTpuyHi 3apsau 3 MarHiTHUM TIOJIeM He
B3a€EMOJIIIOTh, aJie €JIEMEHTapHI YaCTUHKU 3 HEHYJbOBUM
CITIHOM, $IK1 MalOTh BJIACHUW MarHiTHUH MOMEHT, € JKepeIoM
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MarHiTHOTO TOJIs 1 MarHiTHE MOJ€ CIPUYMHSIE HAa HUX CHJIOBY Jil0, HABITh SIKIIO BOHH
nepedyBarOTh y CTaHI CIIOKOIO.

MarHiTHe 1ToJie YTBOPIOETHCS, HAMPUKIIAJA, Y MPOCTOPI JOBKOJIA MPOBITHUKA, MO
AKOMY T€4e CTpyM abo0 JOBKOJIAa MOCTIHHOTO MarHiry.

MarsniTHe moJie € BEKTOPHHM TIOJeM, TOOTO 3 KOXKHOIO TOYKOI TPOCTOPY
HOB'sI3aHU# BekTOp MarHiTHOI iHAykiii B skuii xapakrepusye BeaudyuHy i Hampsm
MarHiToro ToJisi y Iid TOYIll 1 MOXE MIHSATUCA 3 TUIMHOM uacy. [lopsn 3 BekTOpoMm
eleKTpoMarHitHol imaykmii B, MarmitHe mone TakoK OMKMCYETHCS BEKTOPOM
nanpyxenocti H.

MarHiTHe T0Jie BHUMIPIOETBCS MAarHiToMeTpaMu. MexaHI4Hl Mar”HiToOMeTpu
BU3HAYAIOTh BEJIMYMHY MOJS 32 BIAXUIEHHSM KOTYIIKH 31 cTpyMoM. CiiaOKi MarHiTHi
MoJIsi BUMIPIOIOTBCSI MarHiToMeTpamMu Ha ocHOB1 edekrty J[xo3zedcona - CKBI/lamu.
MarsiTHe T0Jie MOXKHa TaKOX BUMIPIOBATH Ha OCHOB1 €()eKTy SIAEPHOTO MAarHiTHOTO
pe3oHaHcy, eexTy Xoma Ta iHITUMH METOaMH.

MarsiTHe 1moJie IIMPOKO BUKOPUCTOBYETHCS B TEXHIIll U /I HAYKOBHUX Iieid. [{s
HOro CTBOPEHHS BUKOPUCTOBYIOTHCS MOCTIMHI MarHiTH Ta enekTpoMarditd. OnHopiaHe
MarHiTHE I0JIe MOKHA OTPUMATH 3a JAOMOMOTIO KOTymokK ['enbMromnbiia. s cTBOpeHHS
NOTY)KHUX MAarHiTHUX TIOJiB, HEOOXIAHUX i1 poOOTH NpPHUCKOpIOBadiB abo Jyis
yTpUMaHHs TUTa3MH B YCTaHOBKaX 3 SJAEPHOTO CHHTE3y, BHUKOPUCTOBYIOTHCS
€JIGKTPOMArHiTH Ha HAJAPOBITHUKAX.

B3aemonisi ctpymis.

Skuo mo ABOX MapalieNbHUX 1 HE 3aKpilUIEHUX MPOBIIHUKAX TPOMYCTUTH
NOCTIMHHUM ENEeKTPUYHUN CTPYM TO BOHU OyAYyTh MPUTATYBATHCH. SIKIIO ) CTPyMHU
OyayTh  aHTHMNapalieNibHIi, TO  BOHU  BIIMTOBXYIThCcA.  Kilacmuna — Teopis
€JIEKTPOIPOBITHOCTI METAJIIB MOSICHIOE IPUYHUHY I[HOTO SIBUIIIA HACTYITHUM YHHOM.

Mertan Mae BUIbHI €JIEKTPOHU (EJIEKTPOHHHUH Ta3), pPO3MOJUICHUM BCEpeaHuHi
ionHoi Tpatku. CyMapHUUW 3apsii JOJAaTHBO 3apsSKEHOI 10HHOI TpaTKW 1 BiA’ €MHO
3apSKEHOT0 €JICKTPOHHOTO Ta3y PIBHUM HYJIO; 3apsad PO3MOAUICHI B IMPOBITHUKY
PIBHOMIPHO, TaK IO CHCTEMa HE Ma€ JUIOJILHOTO MOMEHTY. BHacioK 1IbOTO CyMapHa
HAIPYKEHICTh €JIEKTPUYHOTO IMOJSA 10HHOI I'PaTKU 1 €JIEKTPOHHOTO Ta3y piBHA HYIIIO, 1
HABKOJIO TIPOBITHUKA BIJICYTHE €JEKTPUYHE MOJY. | TOMy NMPOBIIHUKU MPU BIACYTHOCTI
CTpyMY HE B3a€MOJIIIOTH IPYT 3 IPYTOM.

[Ipy HasgBHOCTI ENEKTPUYHOTO CTPYMY, TOOTO HAIPaBICHOTO PYyXy BLIBHUX
€JICKTPOHIB, MK IIPOBITHUKAMH BUHHMKAE CHja B3aemojii. Lle mpuBOaAWTE 10 BUCHOBKY,
[0 CHJIM B3a€EMOJIT MK PyXOMHUMH E€IEKTPHUUYHUMH 3apsiaMu BiAPIZHSIIOTHCS B CHI
B3a€EMOJIIT MK HEPYXOMHUMH 3apsiiamMu. 3 ICTOPUYHUX MIPKYBaHb IIi CUJIM HA3WBAIOTh
MarHiTHUMH.

3rigHo 3akony bio-Caapa-Jlamnaca KOXHUM TIPOBITHUK 3 CTPYMOM

CTBOPIOE HAaBKOJIO cebe MarHiTHe moje. Po3risiHeMo B3aeMoOnil0 MIXK JIBOX
MNPSMOJIIHIMHUX HECKIHYEHHO JOBTUX MPOBIIHUKIB 3 CTPYMOM, PO3TAIIOBaHHUX
napayieTbHO OJIMH J0 OJHOTO Ha BiICTaHi.

Bzaemoniro mapanenbHUX CTPYMIB JIETKO MOSICHUTH 1 B3SITH 32 OCHOBY B O3HAYCHHI
OCHOBHO1 oauHMIll cuiiu ctpymy B Cl -1A. JliiicHO, KOKHUI 3 MPOBIIHUKIB CTBOPIOE B
MPOCTOP1 HABKOJIO ceOe MarHiTHE MoJjie, sIke B BIAMOBIAHOCTI 3 3aKOHOM AMIIepa /i€ Ha
JIPYTUi MPOBITHUK 3 CTPYMOM.
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BusnauuBimu cuily, 3 KOO Jll€ MarHiTHE MoJie APYroro NpoBIAHUKA HAa MPOBIIHUK
3 CTPYMOM, 1 aHAJIOT1YHO CUJTY , 1 TOPIBHSBIIM X, MOXKHA 3pOOUTH BUCHOBOK, 1110 BOHU
PiBH1 MIXK cO0OI0 1 HApaBJIeH1 MPOTHICKHO. 3a oAuHUI0 cwn cTpyMy CI B3siTo amiiep
(A) — cuna Takoro HE3MIHIOIOYOTO CTPYMY, SKUM MpU MPOXOHKEHHI MO JBOX
napajieibHUX MPSIMOJIHIMHUX TPOBIIHUKAX HECKIHYEHHOI TOBXKWHMU 1 MaJioi IUIOINII
S0JI0BOTO MOMEPEYHOr0 Mepepi3zy, po3TallloBaHUX B BaKyyMl Ha BiicTaHi 1 M OAuH Bif
JIpyroro, BU3HaB OM Ha KOKHIM JIUISHII TPOBIIHUKA JOBXUHOK 1 M CHIly B3aeMO/li,

piBHy 2-10-7 H.

s
V= =,

3akoH Ammnepa.

3akoH Amrepa — 3aKOH B3aeMOJil
NOCTIMHUX CTPYMIB. YCTaHOBJIEHUU AHJpe-
Mapi Amnepom B 1820 pomi. I3 3akony

Amnepa BUXOJUTD, 111(0) napasesbHI
MIPOBITHUKHU 3 MOCTIMHUM CTPYMOM,
MOTOYHUMU B OJTHOMY HampsMi,
OPUTATYIOTBCS, a B  MNPOTWICKHOMY —
BIJIIITOBXYIOTHCS. 3aKOHOM Awmnepa

Ha3UBA€THCA TAKOX 3daKOH, IO BU3HA4YaA€ CUITY, 3 AKOIO MarHiTHE MOJIE J_Ii€ Ha MaJuu

BIJIP130K MTPOBIJTHUKA 13 CTPYMOM.

dF = j x BdV

Cuna Ammepa - 1ie cuia, siKa Jli€ Ha MPOBITHUK 13 €ICKTPUYHUM CTPYMOM 3

OOKY MarHiTHOTO MOJIS.

Cuna Ammnepa 3aleXuTh BII:

-CWJIA CTpyMmy |

-eJIeMeHTa (YaCTUHHM) TOBXKHUHM MPoBiIHUKA dl
-KyTa MK HallpsSIMOM CTPYMY 1 HampsIMOM JIiHIA MarHiTHOTO TOJIS

-MarHiTHO1 1HAYKIIiT B

dF' = Bldl sin «

VY BekTopHii hopMi criia Amriepa 3anucyeThCs

dF = I[B,d]|

Sxuio Kyt Mixk BekTopamu B 1 1 <90°:

F = BIlsina - cuna Amnepa

B =1 Tn(Tecna) - iHAYyKIIis] MAarHITHOTO OIS

[=1 A(Amnep) - cuna cTpymy

1 =1 m(meTp) - TOBKMHA TPOBITHUKA

- KyT MK BekTopamu B 1 |

Sxuo kyt mixk BekTopamu B 1 1=90°, toai sin90°=1, 3Biacu:
F = BIl.

3akon bio — CaBapa — Jlanniaca.

bio-CaBapa-Jlanaca 3akoH — 3aKOH, SIKUU /
BU3HAYa€ HAMNPYKEHICTh MarHiTHF)ro IOJISL €JIEKTPUIHOTO o * -
CTPyMy, IO Tede Y MNPAMOJIHIHHOMY JyXKe J0BIOMY G o il i -
MPOBITHUKY. L P
~ -7 JH
=k 2
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_ H=Fk
3a 3akoHoM bio-Caapa r
ne H — mnHanpykeHICTp MarHiTHOro mosisi B Todri M Ha BiACTaHI I BiA
OpsIMOJIiHIMHOTO TpoBiAHMKAa 13 crpymom [ (man. 1); k — koedimieHt

MPONOPLINHOCTI, BEJIMYMHA 1 PO3MIPHICTh SIKOTO 3ajeXaTh Bl BUOOpPY CHUCTEMH
OJIMHUITh, T — PaiyCBEKTOP.

3akon bio-CaBapa ekxcnepumenTtanbHo Biakpuiaun 1820 JKau-bartict bio 1
®enikc Capap. lleit 3aKOH € YaCTKOBMM BHMIAJKOM O1UIbII 3arajibHOTO 3aKOHY bio-
Cagapa-Jlamumaca, chopmynpsoBanoro II. Jlarurtacom 1820 Ha mimcraBi maTtepialiB 3
yuciaenHux aocaiaiB XK.-b. bio 1 @. Cagapa.

3a UM 3aKOHOM BEJIMYMHA HAMPY>KEHOCTI MAarHiTHOTO MoJjs B Todlll M Ha
BIJICTaHI T BiJl eeMeHTa M MpoBigHUKA JOBLIBHOI (hopmMuU

AH = kj%g sin o
BU3HAYAETHCA (POPMYIIOHO: e

e o — KyT MDK HampsiMoM cTpymy [ 1 Hampsimom
paaiyca-Bektopa r. IloBHa Hampy>XeHICTb MAarHiTHOTO
noJist H, cTBOprOBaHOT0 CTPYMOM y IIPOBIJTHUKY TOBLIHHOT
dbopMH 1 CKIHYEHHOI JIOBKMHH, JOPIBHIOE T€OMETPHUUHIMI
CyMi €JIEMEHTApHHUX HAIPYKESHOCTEH.

Hanpukian, iHTErpyBaHHIM OACPXKYIOTh (hOPMYIIH /
HAIMPYXEHOCTI MAarHiTHOTO IOJsI HABKOJO HECKIHYEHHO JIOBIOr0 MPSIMOIIHIMHOTO
MIPOBIJTHUKA 31 CTpyMOM, ToO0TO popmyny b. — C. 3., HAPy>KEHICTh MarHiTHOT'O TOJIS

, H = kE
B LIEHTP1 KOJIOBOTO CTPYMY T

HaIPYKEHICTh MAarHITHOTO MOJIsI B CEPEIHIN YaCTHHI JIy’e JIOBrOro COJIeHOIna
H = kd4nln Tta in. Hampsm HampyXeHOCTI Mar”iTHOTO TMOJs B YCIX BHIAJKaXx
BHU3HAYAETHCA 32 MIPABUIIOM CBEPJIMKA.

Cuna Jlopenua.

Cuna Jlopenna - cujia, MO i€ HA CJICKTPUYHUN 3apsn, sSKUH mepedyBae y

€JIEKTPOMArHITHOMY IOJTi.

F = gE E[VXB]

Tyr F - cuna, q - Benmuunna 3apsiay, K - HanpyKeHICTh €JEKTPUYHOTO IOJI,
V- HIBUIKICTh PYXY 3apsaay, B - BeKTOp MarHitHOI iHIyKIIil.

Enextpuune nose gie Ha 3apsij 13 CUIIO0, HAMPABJICHOIO B3JOBXK CHUIIOBUX JIIHIN
noyigs. MarHiTHe mose i€ Jume Ha pyxoMi 3apsau. Cuia Aii MarHiTHOrO MOJIs
MePIECHINKYJIIPHA 10 CUJIOBUX JIIHIN MOJS ¥ 10 MBUIKOCTI PYXY 3apsy.

HazBana Ha uects ['enapuxka Jlopenua, sikuit po3poOuB 1e noHatts 1895 poky.

B teopii BigHOCHOCTI cuiia JIopeH1a 3anucyeThes B KoBapiaHTii ¢popmi

ft = =-F" ;”u;k.
C
ne fi - 4-sextop cunu, uk - 4-mBuAKICTD, a Fik - 4-TeH30p eneKTpoOMarHiTHOro

TOJISL.
Hia- , mapa- , peppoMarHeTUKH.
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JliamarHéTik — pPEYOBHHA 3 BIJ'€MHOIO MarHiTHOIO CIPUUHATIUBICTIO.

SBulle [laMarHeTU3My 3yMOBIICHE JIAPMOPIBCHKOIO MPEIIECIEI0 EIEKTPOHIB Y
MarHiTHOMY TOJIi.

[Ipouecu, AKi BU3HAYAIOTH 1aMarHiTHI BJIACTUBOCTI PEUOBHUHHU, BIIOYBAIOTHCS Y
BCiX 0€3 BUMHATKY MaTepiajax, ajie BOHM Cclla0Ki i y BUNIQJKy MapaMarHeTUKIB He
IPalOTh CYTTEBOT POJI1 MOPIBHAHO 13 IHIIMMH MPOLECAMHU.

[neanbHU AlaMarHETUK Ma€ MarHiTHY COPUHWHATIMBICTD PiBHY —1, 110
NPU3BOAMTH JI0 BUIITOBXYBAHHS MarHiTHOTO MOJIS 13 peYOBUHHM. [eanbHuMU
JlaMarHeTUKaMHU € HaJIMPOBITHUKHU.

[TapamMarHeTUKH—  pPEYOBHMHM 3 HEBEJIUKOK IO3UTUBHOIO  MAarHiTHOIO
CHPUUHATIUBICTIO, SIKI Y 30BHIIIHBOMY MAarHiTHOMY IOJII HaMarHi4ylOThCS B3J0BXK
I0JIA 1 AEII0 H1JCUIIIOIOTH MOTO.

ATOMHM TmMapaMarHeTUKIiB MalTh CBid MarHiTHUH MOMEHT. MarHiTHa
CIIPUMHATIMBICTh MapaMarHeTUKIB 3aBXXAU JOJATHS 1 JISKUTh Yy aiana3oni 10-4 —
10-7. 1o mapamMarHeTHKIB HaJIe)KaTh:

-pEYOBUHU, ATOMH 200 MOJIEKYJIU IKUX MalOTh HEMapHEe 4ynuciio eaekTpoHiB (Na,
N);

-BUIbHI aTomMu (HOHM) 3 HEI00YI0BAaHOK BHYTPIIIHHOK E€JIEKTPOHHOIO
000JIOHKOIO (€JIEeMEHTH NePEX1AHOI IPYIH, iX COJIi 1 BOJHI PO3UHHH,

-KOMIUIEKCHI CHOJIYKH MEPEXiTHUX €JIEMEHTIB, PIAKICHI 3€MII, aKTHHIIH,
BUIBHI paJiKajn);

-0araTo JyXHHX 1 JIy’)KHO3eMeJIbHUX MeTaniB, Al, Sc, V; kucenb Oz, NO.

-OepoMarHeTUKu Ta AHTHU(PEPOMArHETUKU MpPU TeMIlepaTypax, BUILUX BIJ
temnepatyp Kropi tTa Heens, BiamnoBigHo.

depoMarHeTUK — JAesSKi MeTaiad (3ali30, HiKelb, KOOalbT, TraIoJiHii,
MaHTaH, XpOM Ta iXHi CIIJIaBH) 3 BEJIMKOIO MarHiTHOIO IMMPOHUKHICTIO, 11O MPOSIBISIOTH
SBUIIE TICTEPE3UCY; PO3PI3HAIOTh M'AKI (HEPOMArHeTUKH 3 MaJOK KOEPIUTUBHOIO
CWIOK Ta TBEepAl (EepOMArHETUKHM 3  BEJIMKOK KOEPLUUTHUBHOI  CHJIOIO.
depoMarHeTUKH BUKOPUCTOBYIOTHCA I BUPOOHUIITBA MOCTIHHUX MArHiTiB, OCEp/ib
€JIEKTPOMAarHiTIB Ta TpaHC(HOPMATOPIB.

depoMarHeTu3M BUHUKAE B pEYOBHHAX, Yy SKUX SK HACHIJAOK OOMIHHOI
B3a€MO/IIi, CIIIHAM EJICKTPOHIB BUTIJHO OPIEHTYBATHCS MapaiesibHO. B pe3ynbrati
TaKOi Y3TrOJXKEHOI Opl€HTAIlll CMiHIB BUHUKA€ MAKPOCKOMIYHUI MarHiTHUH MOMEHT,
KWW MOXKE ICHYBAaTH HaBiTh 0€3 30BHIIIHBOIO MarHiTHOro mnoJs. [lpu Temneparypi,
sKa MEePEBUIY€E TIEBHY KpUTUUHY (TemmepaTtypa Kiopi), 3yMoBJieHE TEIJIOBUM PyXOM
Xa0TUYHE PpO3YMOpSAKYBaHHA Oepe TOpy HaJ OOMIHHOIO B3aEMOJIIE€0 U
(epoMarHeTuK nepexoiuTh B MapaMarHiTHUN CTaH.

I'mcrepesuc.

[NicTepe3uc— HeoTHO3HAYHA 3aJI€KHICTh 3MIH (PI3UYHOT BETMYMHU, KA O3HAYAE
CTaH TuUIa, BiJl 3MIHU 1HIIOI (PI3UYHOI BEIMYMHHU, KA BU3HAYAE 30BHIIIHI YMOBU
(nanpy>xenicts MarHiTHUX H Ta enextpuunux E momnis). I'icrepesuc cnocrepiraeThes
B TUX BUIAJKaX, KOJM CTaH TiJIa BU3HAYAETHCS 30BHINIHIMU yMOBaMHU HE JIHIIE B
JaHUW MOMEHT 4acy ajie ¥ MomepeaHi MOMEHTH, TOOTO, KOJM CTaH CHUCTEMHU
3QJICKUTH BiJ 11 MEUHYIIOTO (1CTOPIT).
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[NicTepe3uc o3Hauae HeHaKIaAaHHs MEePedITy 3MIH y TPOTUIICKHUX HAMPSIMKAX
(He30DKHICTh KPHUBHX, 10 OMUCYIOTH TaKl 3MIHH).

Po3pi3HstoTh rictepesuc:

-MarHiTHHM;

-JI1eJIEKTPUYHU;

-IPYKHUM:

-MarHiTOCTPUKLIHUH’;

-TEMIIEPATYPHUM;

-TepMOMATHITHUM Ta IHIIII.

I'imoTe3a Ammnepa.

Binkpurts Epcrena 1 Ammnepa mnpusBeid A0 HOBOTO 1 OUIbII TIMOOKOMY
YSIBJICHHIO TIPO TPUPOAY MAarHiTHUX sBuil. CHUpAarOYWCh HA BCTAaHOBICHY B IIUX
JOCJIiJIaX TOTOXKHICTh MArHITHUX il MarHiTiB 1 BIIMOBAHUM, MiIiIOpaHUX CTPYMIB,
Amrniep pilryye BIIMOBHMBCS BijJl YABJIEHHS MPO ICHYBaHHS B HNPHUPOAI OCOOIMBUX
MarHiTHUX 3aps/IiB. 3 TOUYKH 30py AMIiepa, eJIEMEHTAPHUA MaTHIT - 116 KPYTOBUH CTPYM,
IO [UPKYJTIOE YCePEANHI HEBEJIMKOI YaCTKH PEUOBHUHU: aTOMa, MOJICKYJH a0 TpyIH iX.
[Ipy Hamar"iuyBaHHi OuTbla a00 MEHIA YaCTHHA TAaKUX CTPYMIB BCTAHOBIOETHCS
napajesbHO OJIMH OJTHOMY.

Takum uuHOM, Teopiss Ammepa 3poOuiia HENOTPIOHUM JOMYIIEHHS TIPO
ICHYBaHHsI OCOOJIMBHX MarHiTHUX 3apsiB, JTO3BOJIMBIIM TMOSICHUTHA BC1 MAarHITHI SIBUIIA
3a JIONOMOIOI0 €JIEMEHTApHUX eNeKTpuyHuX crpymiB. lloganpiie Outhin rianbOKe
BUBUCHHS BJIACTUBOCTE HAMAarHiuylOThCS TeJ TIOKa3ajlo He TUIBKH, LI0 TiroTe3a
MarHiTHHUX 3apsiaiB a00 eJeMEeHTapHUX MAarHITHKIB 3aifBa, aje 10 BOHA HEMpaBWIbHA 1
HE MOXKe OyTH Yy3roJiKeHa 3 JCSKUMH E€KCIepUMEHTaJbHUMHU (DakTaMu. 3 TOUKH 30py
Teopii AMIiepa cTae IMIKOM 3p03yMUIOI0 HEBIAIIIBHICTh OJIUH BiJ OJTHOTO ITIBHIYHHX 1
MiBICHHUX TIOJIOCIB, TPO SKy MU TOBOPWJIM B momnepenHpoMy maparpadi. Koxen
€JIEMEHTapHUN MarHiT sBJISIE COOOK KPYTOBOK BHTOK CTpyMy. Mmu Oadwmim Bxke, M0
OJIHa CTOpOHA IIHOTO BHUTKA BIATOBIJA€ MIBHIYHOTO, 1HINA - MiBJAEHHOTO Mojroca. Came
TOMY HE MOJKHA BIJIOKPEMHUTH OJIMH BiJ| OJTHOTO IMIBHIYHUHN 1 MIBACHHUH TOJIFOCH, SIK HE
MO>KHA BIIOKPEMHUTH OJIUH OiK TUTOIIMHHM B1J 1HIIO1.

Hisxkux MarnitTHuX 3apsiaiB He icHye. Ko)keH aToM pedyoBHMHU MOXKHA PO3TIISIATH
y BIJHOIIECHHI WOr0 MArHITHUX BJIACTHUBOCTEH SK KpYroBWil cTpymM. MaruitHe moje
HAMarHi4YeHoro Tijia CKJIAAa€ThCs 3 MATHITHUX TOJIIB IIUX KPYTOBUX CTPYMIB.

VY HeHaMarHi4eHUM TiJIi BC1 €IEMEHTapH1 CTPYMH PO3TaIlIOBaHI XAaOTUYHO, 1 TOMY
MU HE CIIOCTEPIraEMO y 30BHIITHBOMY IMPOCTOPI HISIKOTO MarHiTHOTO TOJIS.

[Ipouiec HamarHidyBaHHs TiJIa TOJSATAE B TOMY, IO Mijl BIUIMBOM 30BHIIIHBOTO
Mar”HiTHOTO TIOJII HOTO eJeMEHTapHl CTpyMH B OUIBIIIA YW MEHIIIH  Mipi
BCTAHOBJIIOIOTHCS TTAPAJIEIHLHO OJUH OJTHOMY 1 CTBOPIOIOTH PE3yJbTYIOUE MarHiTHE MoJe.

Jekyia No21l. EnekTpoMaruiTHa iHAyKUisa - 2 romu.
Ilnan:
1.Jlocmian ®apanes.
2.3aKOH €JICKTPOMAarHiTHO1 1HIYKIIIi.
3.IuaykTUBHUN CTpyM. [HAYKTUBHICTB.
4.SIBuiiie caMo- 1 B3a€EMOIHAYKIIIi.
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5. Tpanchopmarop.

6.EHepris MarHiTHOTO MoJIs.

Hocaign ®apanes.

Haii0inpmmr HaOYHWI TPOSB €JIEKTPOMArHITHOI 1HAYKIII OyJIo OTpUMaHO
dapajsieeM 3a JOMOMOTO HEXUTPOro npuiaay. Ha 3amizHe kiiblie HAMOTYBaJIUCA JBI
OKpeMi cripaii, 3 SKUX OJHa MoeaHyBajacs 3 0arapecro, a 1HIIA - 3 TalbBAHOMETPOM.
[Ipn 3amMuKaHHI TEPUIOrO JIAHIIOra CIOCTEPIranocs pi3Ke BIAXWICHHS CTPUIKU
ralbBaHOMETpa, TIPM  PO3MHUKAHHI  JIAHIIOTa  CIIOCTEpIrajocs  BiIXWICHHS
MPOTUJIC)KHOTO 3HaKa. Llel BakiauBUI MOCBIJ, BCUIIKO BUI03MIHIOIOTHCS, Dapajaeto
JI03BOJIUB «OTPUMAaTH EJEKTPHKY 3 MAarHeTHU3MY» HAWIPOCTIIINM, 3apa3 Jao0pe
BIJIOMUM CTIOCOOOM: TOCTaTHHLO BBOJAUTH MArHiT B CIipajbHUM MPOBIIHUK, 3'€THAHUM
3 raJbBaHOMETPOM, III0O0 OTPUMATH BIAXHUIICHHS CTPUIKK B OJWH OIK; MPU BUBEICHHI
MAarHiTy 3 CIipaJii CTpijaKa BIAXUISETHCS B MIPOTUIIC)KHY CTOPOHY.

VY 1824 p. Aparo 3ayBakuB, III0 MAaCUBHHMN MIJHUM KOPMYC JOCUTH CHUJIBHO
CIIOBIJILHIOE KOJWBAaHHS CTpiIKH Kommaca. Lle crmocrepekeHHS HAIITOBXHYIIO HOTO
Ha JYMKY TTOCTaBUTHU CBill 3HAMEHHUTHUN JOCB1JI, B X011 SIKOTO BHUSBUJIOCS BIIXHJICHHS
MarHiTHOI CTPUIKHU MPU 00EpTaHHI MIJHOTO JMCKa, PO3TAIOBAHOIO Haj a0o Mij HEto.
[Ipuaymani Jyisi IOSICHEHHS 1I[bOTO SIBUIA Teopii OyiM HACTIIBKHU IITYYHI, IO JJIs
O17BIIIOCTI BYEHUX JOCBIJ Aparo Tak 1 3alUIIMIOCS 3arajkoro. Ilicims BIAKPUTTS
SIBUIIIA €JEeKTpPOMAarHiTHOI 1HAYyKIT dapaneir moaymaB, 10 BUSBICHE Aparo siBUIIE
MOX€ TaKOXX IIOSCHIOBATHCS TIOSBOIO IHAYKTHMBHHX CTpyMiB B aucky. II[o6
nepekoHaTucss B IboMy, dapaneil craB oOepTaTd MIJAHUN AUCK MK IOJTIOCAMHU
MarHiTy, IpyeIHABIIM KiHII JIAHIIOTa TaJbBaHOMETPA OJIMH J0 OCl, a 1HIITUH 10 Kparo
nucka. Ilpm oOepraHHI JuCKa TalbBaHOMETP BKa3yBaB Ha HAsBHICTh CTPyMY
MOCTIMHOTO HAMNpPSAMKY, BEJIWYMHA SKOTO MIHSAJIACS 3aJ€KHO BiJ IIBUIAKOCTI
obepranns aucka. Llum moceimom ®apazaeii He TIIBKHM BCTAHOBUB HOBE (hi3WYHE
SBUIIIE, aJi€ 1 JaB MEPIINi 3pa30K reHepaTopa eIeKTPUUYHOrO CTPYMY, BIIMIHHOTO Bij
Oatapei, TOOTO JaB UMM TMEPLIMNA MOMITOBX JO PO3BUTKY MOTYXKHOI CydacHOI
€JIEKTPOTEXHIYHOI IPOMHUCIOBOCTI 3 11  HAWPI3HOMAHITHINI  MPaKTHYHUMH
3aCTOCYBaHHSIMH.

Opnak @apajes HE LIKABWIM MPaKTUYHI 3acTocyBaHHs. [IpoBeneHnii 1oCBif
JI03BOJISIB BUSIBUTHU AKICHI 3aKOHU SIBHIIA 1HAYKIII. 3 1boro gocBiny dapajaeii BUBIB
MpaBUIIO, 110 JTI03BOJISI€E BUBHAUYUTH HANIPSIMOK CTPYMY B MPSMOJIHINHIN MPOBITHUKY,
[0 PyXa€eThCs mepen noiatocoM MarHiTy. Came y 3B'i3Ky 3 mum Dapajeit Brepiie
TFOBOPUTH MPO «MAar”HiTHUX KpuBUX»: «[lil MarHiTHUMU KPUBUMU S PO3YMIIO JiHIT
MarHiTHUX CHJI, X04a 1 MepeKpydYeH1 CYC1ICTBOM IOJIOCIB; 11 JIiHIT BUMAIbOBYIOTHCS
3a]II3HUMHU THUPCOIO; 1O HHUX IIOAO pO3TAalIOBYBalIHMCS O AyKe Maji MarHiTHI
CTPUIOYKH ».

®dapaneit BUIO3MIHIOBAB CBOI JOCHIAA CaMHUMH PI3HUMH CIocoOamu:
3aCTOCOBYBAaB 1 HUTKOMOIIOHUM MPOBIAHUKH, 1 TUCKOMOAIOHI, 00epTaB TO MarHiT MO
BITHOIIICHHIO JI0 €JIEKTPUYHOTO KOHTYPY, TO KOHTYp LIOAO MAarHity abo 3emii. Y
pe3yabTaTi BIH TPHUHIIOB 0 BHCHOBKY, IO €JIEKTpopylniiiHa cuna iHaykmii HE
3QJICKUTH BIJ TPUPOIM TPOBIIHHMKA, 1 BHCYHYB HACTyIHY TEOPIIO IMOJA0 I[HOTO
SBUIIA, B 3aTAIbHUX pHCaX, 10 3aJIMIIMIACS He3MIHHOWO 3 1831 p. 10 HamuMx JTHIB:
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«Konu depe3 ApiT NpOXOIUTH €NEKTPUUHUMA CTPYM, TO LIEH APIT y BCIX CBOIX TOUYKAX
OTOYEHUIN MarHiTHUMU KPUBUMH, 1HTEHCHUBHICTH SKHX 3MEHIIYETHCS 3 BiJICTaHHIO;
MOAYMKA MOXHA  YINONIOHUTH 1X KUIeNb, pPO3TAllOBaHMM B  IUIOIIMHAX,
NEepPHeHANKYIAPHUX MPOBOAY, abo0, BipHille, 110 MPOTIKaE B HbOMY TOKY. Xodya 1
BIIMiHHI 32 (JOPMOIO, 11i KPUBI € IIJIKOM aHAJIOTTYHUMH TUM, SKi ICHYIOTh MiXK JJBOMa
3BEPHEHHMH OJIMH JI0 OJHOTO pi3HOWMEHHUMH Toitocamu. Komm apyruit apir,
napajielbHU TOMY, SKMM Hece CTpPyM, HaOIMXKalTh 10 OCTaHHBOTO, TO BiH
MPOXOJUTh Yepe3 MarHiTHI KpHBI TOYHO TOTO XK POAY, IO BiH MEpeTHHAB O mpu
CBOEMY IEPEMIIIEHH] B IEBHOMY HAIPSMKY MK IPOTHJIC)KHUMH MTOTFOCAMU ».

Ao Hi mepeMillieHHs 1HAYKYIOTh MPOBIJHUKA II0J0 MPOBIIHUKA, B SKOMY
UHAYLIUPYETCS CTPYM, TO TOK HE 3'ABJISETHCS, TOMY IO TOJI CHUJIOBI JiHIT He
nepeTuHarThCsa. Konmum  1HAYKYIOTh TPOBITHUK  BIAJANAE€THCS B IPYroro
OPOBIAHUKA, CHUJIOBI JIiHIT NEPETUHAIOTHCA B MPOTUIICKHOMY HampsiMi 1 BUHHUKAE
CTPYM TaKOX HJIe Y 3BOPOTHOMY HaMpsAMKY. SIKII0 00uaBa MPOBIAHUKA HEPYXOMI, TO
P BKJIFOYEHHI CTPYMY B 1HIYKYIOTh MPOBIAHUKY B1JIOYBA€THCS T€ XK came, sIK AKOu
MarHiTHI KpUBI PyXajlucs «... 3 MOMEHTY, KOJIU BOHHM IMOYHUHAIOTh PO3BUBATUCS, 1 aXK
70 TOTO MOMEHTY, KOJM MarHiTHa cwia CTpyMy JOCsira€ HalOUIbIIOr0 3HAYEHHS,
BOHU SIK OM MOILIUPIOIOTHCS B CTOPOHU BiJ MPOBOAY 1, OTXKE, BUSBIAIOTHCS IO
BIJIHOIIEHHIO 70 HEPYXOMOTO, 1HAYKOBAHOI'O MIPOBOJIY B TOMY 3K MOJIOKEHHI, K AKOU
BIH pyXaBCsl B MPOTWIEKHOMY HAaIpsIMKy MONEpPEeK HUX ab0 3a HalpaBICHHSAM 10
HECYYOl TOK IPOBOAY ».

VY 1mux HebaraTbOX CJ0BaxX MOJATAIOTh AY)KE BAXKJIMBI M HOB1 JIYMKH: TepIia
OMHUC EJICKTPOMATHITHOTO IOJisA, AyMKa IPO 3aJeKHICTh 1HTEHCHUBHOCTI TOJIS BiJ
YHCJia MAaTHITHUX KPUBHUX, PO3ITOBCIOI)KEHHS B Yacl MarHiTHUX 30ypeHb.

JlocnipkeHHSIMU B 1IbOMY HOBOMY HampsMKy, 3a3HaueHomy ®apazeewm,
3aiHsuncss Oarato ¢izmkiB: Jkozed I'enpi (1797-1878), saxwmii, K BBaKalOTh
amepukanii, me a0 Papaaes BIAKPUB SBUIIE IHAYKIi, BUSIBUB TaKOX SBUIIC
CaMOIHTYKIII1.

3aK0H eJIeKTPOMATHITHOI iHAYKIii.

EnexrpomarnitTHa 1HAYKIISE — BUHUKHEHHS €JICKTPOPYIIIMHOI CHUIU Y
MIPOBIIHUKY, 110 NepeOyBae y 3MIHHOMY SIBUIIE €1eKTPOMArHiTHOI 1HAYKIIT BIKPUB
y 1831 poui Maiikn ®apaneit. lo Toro Oyno BiAOMO, IO €JIEKTPUYHUN CTPYyM Yy
MIPOBIIHUKY CTBOPIOE MarHiTHe nosie. OgHaK 0OEPHEHOI 0 SIBUIA HE CIIOCTEPIraiocs.
[locTiiiHe MarHiTHE MOJIE€ HE CTBOPIOE E€JIEKTPUUHOro cTpymy. Dapajeil BCTAaHOBUB,
[0 CTPYM BHHHUKAE MPHU 3MIHI MarHiTHOTO MOJs. SIKIIO MiZHOCUTH W BIAJAJIATH IO
paMKH 3 MPOBIJHOTO Marepialy MOCTIMHUN MarHiT, TO CTPUIKA MiJKIIOYEHOro 0
paMKH BOJBTMETpPA BIAXUISTUMETHCS, NETEKTyIoun enekTpuunuii crpym. llle kpaie
1€ SIBUIIE MPOSIBISETHCS, SKIIO BCTABIATH (BUHMATH) MarHiTHE OCeplis B KOTYIIKY 3
HAMOTaHUM IIPOBIIHUKOM.

3aKOH eJEeKTPOMArHiTHOI 1HAYKUII B AudepeHIianbHiil QopMi 3anaeTbes
IpYTUM piBHSIHHSIi/IéI\]/éaKCBCJIa

tE = ——
ro c ot
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ne E - manpyXeHICTh eIeKTpHUYHOro mojs, B - MarhiTHa iHIyKIisg, C -
IIBUJIKICTD CBITJIa y BaKyyMI.

Enexrpuune mose, ske BHHUKAE MPU 3MIHI MAarHiTHOTO MOJISA MPU3BOAUTH 10
MOSIBU €JIEKTPOPYIIIIHOT CHIIH.

SBullle €JIEKTPOMArHIiTHOI IHAYKIi BHUKOPHUCTOBYEThCA y T€HepaTropax
CJIEKTPUYHOTO  CTPpyMy TpaHcpopMaropax, [IWHAMO-MAIlIWHAX, JIYWIbHUKAX
€JIEKTPOSHEPTii TOIIO, TOOTO € OCHOBOIO BUPOOHUIITBA U CIIOKUBAHHS €JICKTPUYHOI
eHeprii.

InaykTuBHUI cTpyM. IHIYKTHBHICTH

[HAyKTUBHICTH — (h13MYHA BEJIMUMHA, 1110 XapaKTEePU3Y€E 3/1aTHICTh MPOBITHUKA
HAarpOMaJI’)KyBaTH €HEPril0 MArHiTHOTO MOJisl, KOJIM B HbOMY IPOTIKA€E €IEKTPUUHUI
CTPYM.

[lo3nauaerscst 37e01npIIOr0  JATUHCBKOW Jiteporo L, B cucremi CI
BUMIPIOETHCS B ['eHpi.

JIopiBHIOE BIJTHOUIEHHIO MarHiTHOro moToky @ uepe3 KOHTYyp, BU3HAYEHUU
€JIEKTPUYHUM KOJIOM, JI0 BEIMYUHU cTpyMy | B ko1 , ToOTO

L=d/1L

Enepriss MarHiTHOro TmoJjsi, CTBOPEHOIO €JIEKTPUYHUM CTPYMOM Y KO,
BU3HAYAETHCS (POPMYIIOHO

1 2
E=LI

[HAYKTUBHICTB 3aJ€KUTH BiJT POpMHU KOHTYpA.

Y BUMaAKYy KIUIbKOX KOHTYpPIB 31 CTPyMOM, SK, HaNpHKIad, y BHUMAAKY
TpaHchopMaTopa, CTPyM Y KOKHOMY 3 KIJT BIUIMBA€ HA MOTIK MarHiTHOTO IOJIS Yepe3
1HIIII KOHTYPH.

J

Koediuientn Lij Ha3uBaroTbes koedimieHTamMu 1HAYKINi. [liaroHanapHi
eineMeHTd Lii cyTh IHAYKTUBHOCTI 1-TUX KOHTYPIiB, a HeAlaroHaJIbHI eneMeHTH Lij, 1e
MalTh Ha3By KoedilieHTIB B3aeMHOl1 1HAyKIil. KoedimieHTn B3aeMHOT 1HIYKIIT
CUMETPHUYHI BITHOCHO MEPECTAaHOBKU 1HEKCIB.

L-x' i = L ji

Lle TBepAKEHHSI HOCUTh Ha3BY TEOPEMHU B3a€EMHOCTI.

SBuine camo- i B3aeEMOiHAYyKIIii.

CaMOIHIyKLIST — SBUIIE BUHUKHEHHS €JIEKTPOPYIIIMHOI CUIM B MPOBIIHUKY
IpU 3MiHI €JIEKTPUYHOTO CTPYyMYy B HbOMY. 3HAK €JNEKTPOPYLIINHOT CUJIM 3aBXKIU
TaKWid, [0 BOHA MPOTHUJIE 3MiHI cuiu cTpymy. CaMOIHAYKIisS NPU3BOAHUTH O
CKIHUEHHOT'O 4acy HapOCTaHHS CHJIM CTPyMYy MPU BMHUKAHHI JIKepena >KUBJICHHS 1
craZiaHHs CTPyMY IpU PO3MUKAHHI €JIEKTPUYHOTO KOJIa.

Benuuuna enexTpopymIiiiHoi CuiiM caMOIHAYKIlT BU3HAYAETHCA 32 (DOPMYIIOIO

dl
£ _LE

ne &

e.p.c., | — cuna ctpymy, L — 1HAYKTUBHICTbD.
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SIBume caMOiHAYKIi BUHUKAE B MPOBIAHUKAX 31 3MIHHUM CTPYMOM, HaBKOJIO
SKUX CTBOPIOETHCSI 3MIHHE MarHiTHe moJie. BjacHe MarHiTHe moJjie KOHTYpa CTBOPIOE
MarHiTHUH TIOTIK CaMOIHIYKI] Dy yepe3 TMOBEPXHIOS , IO OOMEXeHa UM

(I)-ms = f B-n ds

KOHTYpPOM: 5

ne Br- npoekuist BekTopa iHAYKILi MArHITHOTO MONS CTPYMY Ha HOPMallb 10dS
eleMeHTa ToBepxHi . 3a 3akoHOM bio-CaBapa-Jlammaca marHiTHa iHaykiis dB B
TOUIl, IO 3HAXOAUTHCA Ha Bimmami r Binm enementa dl komrtypa 3i crpymomt
JIOPIBHIOE

I
dB =1 a1y B:j{dB:@Ij(ﬂ[dl,r]
47 3 3BIJIKHA 3HAXOIUMO i dm Jyrd

7ie THTerpyBaHHs PO3MOBCIOIKYETHCS HA BCIO JOBXHUHY [ KOHTYpa 31 CTPyMOM.
[Ipoexuis BeKTOpa dB Ha fesikuit HanpsM 1 3aMUIIETHCS Y BUTIISI:

B, j(ra (dL, 1],

HIJICTaBHHIO‘—II/I n Y BUpa3 JJIs MarHiTHOTO MOTOKY CaMOIHAYKIIi1, OTPUMYEMO:

s /B “‘315{‘”’ [dL, 1], dS
e

e T- pajiyc- BEKTOD, IPOBEAEHUN i3 modarky Bekropa dl B nentp enemenra
HOBEPXHIAS .

B3aeMoinnykiiisa (B3aeMHa 1HAYKIIS) - BUHUKHEHHS €JICKTPOPYILIIAHOI CHIIH
(EPC) B ogHOMY IIPOBITHUKY BHACIIJIOK 3MIHM CHJIM CTPYMY B IHIIIOMY HPOBIJIHHUKY
a00 BHACIIJIOK 3MiHM B3a€EMHOTO PO3TallyBaHHS MPOBITHUKIB. B3aeMOIHAYKINI -
OKpEeMHI BUIAIOK ORI 3aralbHOTO SIBUIIA - €JIeKTpOMarHiTHO1 iHaykiii. [Tpu 3miH1
CTpyMy B OJHOMY 3 TMPOBITHUKIB a00 NpPH 3MiHI B3aEMHOIO PO3TAlTyBaHHS
MPOBITHUKIB B1JI0YBA€THCSI 3MIHA MAarHiTHOTO MTOTOKY, CTBOPEHOT'O0 CTPYMOM TEpILInii
MPOBIJHUKA 1 MPOXOIUTH Yepe3 KOHTYpP APYroro, 1o 3a 3aKOHOM €JIEKTPOMAarHiTHOI
iHayKuii Bukiukae BuHMKHEeHHS EPC y npyromy mnpoBimHuKy. Ko apyrui
MPOBITHUK 3aMKHYTUH, TO mia nier0o EPC B3aemMoiHAyKIlli B HhOMY YTBOPIOETHCS
1HIYKOBaHUHN CTpyM. | HaBmaku, 3MiHa CTPyMY B JpYTiil JIaHIIOTa BUKJIUYE MOSBY
EPC y nepuiii. HanpsiMok cTpymy, SIKMil BUHUK MPU B3a€MOIHIYKIII1, BA3HAYAETHCS
3a npaswioM Jlenua. [IpaBuno Bka3zye Ha Te, 110 3MIHA CTPYMYy B OJHOTrO JIAHIIOTa
(KOTymIIIl) 3ycTpivae NPOTUIIO 3 OOKY 1HIIOT JTaHIIora (KOTYILKH).

Yum OinplIa yacTUHA MAarHITHOTO MOJIS MEPIIOi JaHIora MPOHU3YE APYTHid
JIQHIIOT, TUM CHUJIBHIIIE B3a€EMOIHIYKIIT MIXK JIaHITFOTaMH. 3 KUIbKICHOTO OOKY SIBUIIE
B3a€EMOIHAYKIIIT XapaKTepU3yeThCsd B3a€EMHOIO 1HIYKTUBHICTIO. JIJis 3MIHU BETUYMHU
IHIYKTUBHOTO 3B'I3Ky MIXK JIAHIFOTaMH, KOTYIIKH poOsaTh pyxiauBumu. [lpunanum,
110 CIYXaTh JJI1 3MIHA B3a€MOIHIYKIII MIXK JIAHIFOTaMH, HAa3UBAlOThCS BaploMeTpa
3B'SI3KY.

SIBume B3a€EMOIHAYKIIT IIUPOKO BUKOPUCTOBYETHCS IUIsl MEepeaadl eHeprii 3
OJIHOTO ENEKTPUYHOTO KOja B 1HMIY, JJIsi MEPETBOPEHHSI HAIMpPYTd 3 JOMOMOTOIO
TpaHcpopMaTopa.

Tpancpopmarop.
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Tpanchopmarop — MPUCTPIid, IO BUKOPUCTOBYETHCS JI 3MIHU HANpPyrd

CWJIM 3MIHHOTO CTPYMY.

TpancpopmaTopu MUPOKO 3aCTOCOBYIOTHCS
B JIHISAX €JIeKTporepeaady, B PO3MOAUIBHUX Ta
nobyroBux mpucTposix. [lepenada enexrpoeneprii
BIJIOYBa€ThCSl 3 MEHIIMMU BTpAaTaMu MPU BUCOKIN
Hanpy3l ¥ mamid cuwm crpymy. Tomy 3a3Buyai
JHII eNeKTporepead BUCOKOBOJIbTHI. BomHouac
noOyToBI ¥ TPOMUCIOBI MAIIMHU BHUMAararoTh
BUCOKOI CWJIM CTPyMy W Majoi Hampyru, TOMY
nepen CIIO’KMBAHHIM CJIEKTPOCHEPTist
NEPETBOPIOETHCS B HU3bKOBOJIBTHY.

TpanchopmaTopu XxapakTepu3yrOThCs AYKe
Tii.

Tpanchopmarop ckiamaerbcsi 3 OOMOTOK Ha
criibHOMY ocepal. OgHa 3 0o0OMOTOK Tija'eTHaHA 0
JpKepena 3MiHHOTO cTpyMmy. Llst oOMoTKa Ha3uBaeThCS
NEePBUHHOI. IHImMIa 0OMOTKa, BTOPWUHHA, CIIYKHUTh
JOKEpEJIOM CTpyMy Ui HaBaHTa)keHHs. CTBOpeHHI
CTPYMOM Yy TEPBHHHIA OOMOTIII 3MIHHMH MarHiTHHUI
MOTIK BHUKJIHUKA€E TOSBY €.p.C. Y BTOPUHHIA OOMOTIII,

=i

BUCOKUM KOE(II[IEHTOM KOPUCHOI

OCKUTBKM OO0HWJIBI OOMOTKHM MAalOTh CHIJIBHE OCEep/Is.

CriBBITHOIIICHHS €.p.C.

y BTOPUHHIA OOMOTI W
3QJI€KUTh BIJI KUIBKOCTI

Halpyrd Ha TEPBUHHIN b KoK b
BUTKIB y 000x o o obmoTKkax. B imeanpHOMY
BUITAJKY " £ ‘ é . %

- ]

® |

r 5 %

¥ B X%

Us _Ns_Ip

Up Np Is

7€ 1HJIeKcoM P Mo3HaueHl BEJMYMHHU, 110 CTOCYIOTHCS MEPBUHHOI OOMOTKH, a
1HIEKCOM S — BIJIMOBIIHI BETUYUHU J1Jis1 BTOpUHHOI 00MOTKHM, U — Hanpyra, N —

KUIBKICTh BUTKIB, | — cuia ctpymy.
Enepriss Maruituo

ro moJs.

Eneprist MaraiTHOro mosist B MpOCTOPi 3aAa€ThCSI (POPMYIIOIO

W = SL / B -Hd4dV
sy

BianoigHo, rycTHHA €HEPTii MAarHITHOTO TOJIS IOPIBHIOE

1
w = S—FB-H

78



Jekuyia Ne22.3MiHHNH eJIEKTPUYHUI CTPYM
IInan:
1. BuzHayeHHs 3MIHHOTO CTPyMY
2. I'enepatop 3MIHHOTO CTPyMY.
3. AKTUBHHUI OIip B KOJI1 3MIHHOTO CTPYMY.
4. Jlitoue 3HaYEHHS CUJIM CTPYMY 1 HallpyTH.
5. IIOTyXHICTb y KOJI1 3MIHHOTO CTPyMY
3MiHHMI eJIEKTPUYHMI CTPYM

3MIHHUI CTPYM — €JIEKTPUYHUNA CTPYM, 1110 NEPIOJUYHO 3MIHIOETHCS 3a
MOJYJEM 1 HAPSIMKOM.

BumyiiieHi enekTpoMartiTHi KOJMBaHHS —- HE3aTyXaroul KOJIMBAHHS 3apsiy,
HANpyry, CUJIM CTPYyMY H IHIIKUX (HI3UYHUX BeTUYMH, 3ymoBiieHux EPC, mo

IEPIOMYHO 3MIHIOETBCS: € = €, Sin ot
SIckpaBUM MPUKIIaA0M BUMYIIEHUX KOJIUBAHb € 3MIHHUNA CTPYM:
I=1_,sin(at+¢,)

JI>xepesno eneKTpUYHOI eHEeprii, 10 CTBOPIOE nepioanyHo 3MmiHoBaHy EPC,

HA3MBAIOTh TE€HEPATOPOM 3MIHHOTO CTpyMy. [eHepaTopoM 3MIHHOTO CTPyMy
MOJKE CIYXKUTH JAPOTSHA paMKa, 110 O0epTaeThCs B OJHOPIIHOMY MarHiTHOMY IOJI

iHAyKLi€l0 B 3 1esAKOo MOCTIHOI KyToBOKW mBUakicTio D |

Puc.13 3osniwmnin 6uenao (a) i 6yoosa (6) naiinpocmiuioco eeHepamopa 3MiHHO20
cmpymy: 1 — nocmitinuti maenim (erekmpomacuim), AKUll C1yeye Cmamopom, 2 —
0bepmosa OpomsaHa pamKa, saKa ciyeye pomopom, 3 — Kinoys, 4 — wimku, 5 — peminb
npusooy

Marnitauii notik yepes pamky @ = BSCOSe . 3anexnicts & xyra Big yacy Mae
purnag O =ot Tomi @=BSCOSaX .3mina marmiTHOro noTOKy HpPU3BOIUTH 0

BuHUKHEHHS B pamill EPCinaykmii €, .BiamoBimHO 10 3aKOHY €JIEKTPOMAarHiTHOL

HAYKLIT &, = AP
At
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. . . AD .
I_HBI/II[KICTB 3MIHU MArdiTHOTO IIOTOKY Tt 3 IOTJIA Ay MaTCMATHKH € ITOX1IHOIO

¢yukmii D(t), Tomy &, = ~@'(t) = @BS sin wt . Takum ansOM, PO3TJSHYTa paMKa €
mxepenoM EPC, mo 3a3Hae TapMOHIYHHMX KOJIUBaHb aMIUNTYIOI0 &pay = @BS  dxmo

pamka mictuts N ButkiB ammtityna EPC 36imburyerses B N pasis: Epax, = @NBS

[I1o6 ckopuctarucs otpumanor EPC, HeoOXimHO mpuegHATH PyXOMI KiHII
paMKH 10 HEPYXOMHUX KOHTAKTIB 30BHIIIHBOIO €JIEKTPUYHOrO Kojia. MokHa 3poOuTH
Tak, 100 MeTajdeBe KUIbIIE BiJl KOXXHOTO 3 KIHI[IB pPaMKH CKOB3ajJ0 IO CBOEMY
HEPYXOMOMY KOHTAakKTy (IIiTKH). Toal MIITKM MOXHa PO3IJIAATH SIK TMOJIOCH JKepesa
CTpyMY.

Skuo npuegHaTH A0 LMX MOJIOCIB pe3ucTop, omip R skoro B Oarato pasiB
NEPEeBUILYE OMIp paMKU ¥ KOHTaKTiB, Hampyra Ha HboMy AopiBHioBaTuMe EPC y pamii

U(t) = oNBS sinat | a cuna crpymy B pesucropi 6yge:
()= u(t) _ oNBS

sin ot
R
Ha pucynky (puc.14) nokazanuii rpadik 3ajexHOCT1 CUIIU CTPYMY BiJ] 4acy
@wNBS
I max - R

T

\
Puc 14. I'paghix 3anexcnocmi cunu cmpymy 6io uacy

Skmo B KOJiI aKTUBHHMM OIIp TO KOJMBAHHSA CHJIM CTPYMY 1 Hampyru

BiIOYyBaIOThCS B OJHIN (a3i.

. . 2 1 o
[Iepiox 3MIHHOTO CTpyMY: T= _a) yactota: V=—==,_"'

T 2«

BuByaroun mocTifHUN CTPyM, Mi3HATUCS, IO BCI MPOBITHUKH MAIOTh

enekTpudHui omip. [IpoBIMHUKK YUHATH OMip 1 MpU PoOOTI 3MIHHOTO CTPyMY,
OJIHAK y KOJIaX 3MIHHOTO CTPYMY ICHYIOTH DPi3HI BHJHM OIOPIB: aKTUBHI ¥ PEaKTUBHI
OIIOPH.

EneMeHT eeKTpUYHOro KOJa, Y SIKOMY eJIeKTPUYHA €HEePrisi HE3BOPOTHO
MIEPETBOPIOETHCS Y BHYTPIITHIO €HEPTit0, HA3MBAIOTh AKTHBHUM 0onopom R.
SAxkuii onip HA3UBaKOTh AKTUBHUM.

BuBuaroun mocTiiHUN CTpyM, BH MI3HAJIHCS, IO BCi MPOBIMHUKHU (32 BUHSATKOM
HAJIIPOBIJHUKIB) MalOTh €JEKTpUYHUN omip. [IpOBIAHMKM YUHATH OMIp 1 3MIHHOMY
CTPYMY, OJTHaK y KoJIaX 3MIHHOTO CTPyMYy, Ha BIAMIHY BiJ MOCTIMHOTO, ICHYIOTh PI3HI
BUJIU OTOPIB, SIK1 BIIPIZHSIOTHCS CBOEI (DI3UYHOIO MPUPOAOI0. iX MOXKHA MOJUIUTH HA
JIB1 TPYINH — AKTUBHI 1 pEaKTUBHI OMOPHU.
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EnemMeHT enekTpUYHOro KoJia Ma€ akTUBHMU omip R, AKIIO mix yac mpoXoJKeHHs
[0 HbOMY EJIEKTPUYHOTO CTPYMY YAaCTHHA EJIEKTPUYHOI €HEpPrii MepeTBOPIOETHCS Ha
BHYTPIILIHIO:

Q=I>Rt

J{iroui 3HaYEHHS CUJIM CTPYMY M HANIPYTH

3 MOHATTAMU MUTTEBOTO U aMILTITYIHOTO 3HaUY€HHA cTpyMmy, Hanpyru it EPC mu

Bxke 00i13HaHl. [locTae nuTaHHs, sfKEe 3HAYEHHA CWIM CTpyMy abo Hampyru
NPUMHATH ISl XapaKTEPUCTUKUA LbOrO CTPyMy. AJK€ MHUTTEBE 3HAYEHHS 3MIHHOTO
CTPYMY YBECH YaC 3MIHIOETHCS, KOJIMBAIOYUCH MK HYJIEM 1 MaKCUMaJIbHUM 3HAUYCHHSIM.
Moxkna 0yno 0 cxapakTepu3yBaTH BEJIMYMHY 3MIHHOT'O CTpyMy ioro amrutitynoto. Lle B
OPUHIIMITT MOXJIMBO, aje MPAaKTUYHO YK€ HE3PY4YHO, TOMY IO CKJIaJAHO MOOyAyBaTH
TakKi Npuiaau, ikl BUMIpIoBaId O aMIUTITYly 3MiHHOTO cTpyMy.CepeHe 3HaUeHHs CUITU
CTpyMY 3a Mepioj] JOPIBHIOE HYIIIO 1 TaKOK HE MOXKE CIIY>)KUTH HOro XapaKTepUCTUKOIO.
CrnpaBi, SIKIO YBIMKHYTH aMIIEPMETP

MNOCTIMHOIO CTPYMY B KOJIO 3MIHHOTO CTPYMY, TO BIH MOKaXe HYJb.3py4HO
BUKOPUCTOBYBATH JIJIsl XapaKTEPUCTUKH 3MIHHOTO CTPYyMY SIKY-HEOYIb

BJIACTHUBICTD, III0 HE 3aJICKUTH BiJl HAIIPSIMKY CTpyMy. TaKoO BIACTHUBICTIO €,

HaNPUKJIAJ, TeroBa aist ctpymy. Ockinbku Q = 1°Rt, TO BXKe cepeHe 3HaYEHHSI

KBaJipaTa CHJIA CTPYMY 32 MEp1oJ/i HE TOPIBHIOE HYIIIO.

Hexaii cra crpyMy 3MiHIO€Tbes 3a 3akoHoM i(t)= 1, Sin @t Toxi MoxHa
1-cos2at

$2 2 H .
samucath: 1° = | “maxSin ot 3 ypaxysanusam sin® et = 5

I 2
2 max

MOKHA 3amucaTh i’ = 5 (1-cos2at). CepenHe 3HAUEHHS KOCHUHYyCa 3a IEPIOJ

|2
.2 max

JOPIBHIOE HYJIIO, OTXKE i° = - TakuM 4WMHOM, y BHIAJKy CHUHYCOITAJIBHOTO CTPYMY

2
Jifoue 3HaYeHHs CTPyMY OB’ sI3aHe 3 aMILTITYJ0I0 B TaKMil crocio: | = +/i? = 'FX
2
Jlitoue 3HAUEHHS CHJIM 3MIHHOTO CTPYMY JOPIBHIOE CHJII TAKOTO MTOCTIHHOTO
CTPYMY, IO BUIUTUTH y MPOBITHUKY Ty caMy KUIbKICTh TEIUIOTH, 10 i 3MIHHHMA
&

max - Smax

. o . U
CTpPYyM 3a TOM camuii yac. AHaJIoriyHo: U = L £ =
J2 J2

[Mkanu BUMIpIOBATBLHUX MPUIAAIB 3MIHHOTO CTPYMY TPaJyIOIOTh CaMe B JIIFOUUX
3HAUEHHAX. Y MachopTax eJIeKTPOTEXHIYHUX MAIIWH, amapariB 1 MpHIaaiB 3MIHHOTO
CTpyMY 3a3HaueHi Jif04l 3HAYCHHS CHJIM CTPYMY i HampyTH.

Ha mpaktumi s XapaKTepUCTUKH — MapaMmeTpiB  3MIHHOTO — CTPyMY
BUKOPHUCTOBYIOTH CaMe JI1f041 3HaYEHHS CUJIU CTPYMY ¥ HAMPYTH.

Hampuknan, komm KaxyTh, 0 Hampyra B MEPeXi 3MIHHOTO CTPYMY CTaHOBUTH
220 B, a cuma cTtpymy B Kouti 25 A, 11e 03Havae, Mo Jif0ue 3HAYCHHS HAIPYTh B MEPEKi
220 B, a gitoue 3HAYCHHS CHIM CTPyMY JIOpiBHIOE 25 A. AMmepMeTpu i BOJBTMETPHU
3MIHHOTO CTPYMY BUMIPIOIOTh CaMe€ JIit04i 3HAYCHHS CHJIM CTPYMY ¥ HampyTH.
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Puc.15 . Axkmuenuii onip y koni 3MiHHO20 cmpyMmy. epagix 3an1eHCHOCHi
ROMYIHCHOCMI (AKMuUsHoi) 610 uacy p(2)
IHoTryxkHicTh y KOJi 3MIHHOT0 CTPYMY
[ToTy>XHICTh MOCTIHOTO CTPYMY MOXHA OOUUCIUTH 32 (HOPMYJIOLO:

P=1/R

3HaiiIeMO CcepelHE 3HAYeHHs MOTYXXHOCTI 3MIHHOrO cTpymy. Ha HeckiHYeHHO

MaJoOMy TPOMDKKY 4acy CHJy CTPyMY MOKHAa BBa)KaTH HE3MIHHOIO, TOMY MUTTEBY
MOTYXKHICTh TAKOX MOKHA 00YMCIIUTH 32 (HOPMYJIIOHO:

2 . 20 2 1—C0s2at

P=I1,;R. Toni P=1_, Rsinwt=1_ ‘R

: I R
3Biacu: P=P,,, = mZ‘ :

PoGora B Koui sminnoro crpymy A=1,"Rt

Jexyia. No23 KoHaeHcaTop Ta KOTYIIKA iHAYKTHUBHOCTI B KOJIi 3MiHHOT O

€JIEKTPUYHOT 0 CTPYMY
Ilhan:

1. Kongencarop B Kol 3MIHHOTO €JIEKTPUYHOTO CTPYMY

2. Kotymika iHAYKTHUBHOCTI B KOJIi 3MIHHOT'O €JICKTPHUYHOTO CTPYMY
3. 3akon Oma KkoJa 3MIHHOTO CTPyMY.

4. TloBHMIA oMip B KOJI1 3MIHHOTO CTPYMY.

B koni 3MIHHOTO CTpyMy BTpaTa €JIeKTPUYHO1 €Heprii BiIOyBa€ThCS HE TUIBKU
3aB/ISIKA aKTUBHOMY OTIOPY(TETJIOBUN XaOTUYHUH PyX Ta B3aEMOIIA 3 IPOTUIICIKHO
3apsAHKEHUMHU YaCTUHKAMHU ), a 3aB/SKH peakTuBHOMY omopy. 11[o6 3HaTH sk 3MEeHITUTH
BTpaTy €IEKTPUYHOI EHEPTii 3 MPUUUHHA PEAKTUBHOTO OMOPY HEOOXITHO BUSHAYNTH BiJl
9Oro BiH 3aJICKUTh.

KonaeHcaTop y KoJii 3MiHHOT 0 CTPyMY
3HaiIeMo, SIK 3MIHIOETBCS 3 YacOM CHJIA CTPYMY B KOJIi, IO MICTHUTh TUIBKU
KOHJICHCATOP, SKIIO OMOPOM MPOBOMAIB 1 OOKIAJ0K KOHACHCATOPIB MOXHA 3HEXTYBATH.

Hampyra na xonnencaropi U = % JIOPIBHIOBATUME HaIpy3i Ha KIHIAX KOJa.

82



U,BA

308+

4 4 i

: .
1 L
C

0 0,01/ 0,02 t,

Puc.16. I'pagix 3minu nanpyeu 3 uacom

OTtxe, %:Umaxcoswt 3apsan  KOHIEHcaTopa 3MIHIOETbCS 32 TapMOHIYHUM

3aKOHOM: =CU ., coswt
Cuiia cTpymy, 110 SIBJISIE COOOO MOXIAHY 3apsiy B Yaci, TOPIBHIOE:
i=q =-U_,,Csinat=U_,Ccos(t+ %) | =1,,.Ccos(t+ %)
e Imax =owU maxC

TakuM ymHOM  Hampyra Ha OOKJIaJKax KOHAEHcaropa ¥ cuiia CTpyMy B
KOJIMBAJIBHOMY KOHTYP1 3MIHIOIOTBCS 13 YACTOTOIO , MPUYOMY KOJIMBAHHSI CHIIA CTPYMY

T
BUIICPCIKAKOTH 34 (1)3301-0 KOJIMBAHHA HAIIPpyIr' Ha E LIC O3Ha4da€, Mo B MOMCHT, KOJIN

KOHICHCATOP MOYMHAE 3apsHKATHCS, CHJIa CTPYMY MaKCHMallbHa, a Hampyra JIOPiBHIOE
Hysto. ITicis Toro sk Hampyra Jocsra€ MaKCHMyMY, CHJIa CTPYMY CTa€ PIBHOKO HYJIIO M
T. iH.

U@

Puc. 17. I'paghix 3anescnocmi nanpyau 8io cuiu cmpymy Ha 0OKIA0Kax
KOHOeHcamopa
JIisi 3HaXO/KEHHS aMIUTITY/Id KOJIMBaHb CHJIA CTPYMY B KOHTYpi 3a BiIOMOIO
aMIUTITYJIOI0 KOJIMBaHb HAINPYTd HAa KOHAEHCATOPI MOXKHA CKOPUCTATHCA BUPA30OM, IO
30iraeThes 3a GopMoro 13 3akoHOM OMa JJ1s1 AUTHKY KOJa IS MOCTiHOTO CTpyMy. Tak,
MO>KHA 3aMUCaTH:

U max — U max — l
l..x CU,,0o oC
Tlo3zHauyuBIIN

c

X 1 OJCPKUMO I—i
aC X

c

Bennuuny Xc Ha3uBaroTh eMHICHUM 0nOpoM. OCKUTbKU @ = 27, TO

1 . oo .
X, = o 3BIJCH BUIUIABAE, IO MOCTIMHUN CTPYM HE MOKE ICHYBAaTH B
V%

KOJI1, [0 MICTUTh KOHJIEHCATOp, TOMY IO ITpu v =0 X  —>
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O4eBUAHO, IO 3 MiIBUILIEHHAM YaCTOTH 1 EMHOCTI EMHICHUH OIip 3MEHIIYETHCS.

€MHuicHuii omip X - 1e (i3uyHa BeIWMYMHA, IO XapaKTEpHU3ye 3IaTHICTh
KOHJIEHCAaTOpa MPOTUIIATH 3MIHHOMY CcTpyMy. CepeaHsi MOTYXHICTb Yy PO3IISTHYTOMY
KOJII JOPIBHIOE HYJIIO: KOJM KOHJEHCATOp IPOTITOM YBEPTI MEPIONY 3apsIKaEThCs,
€HEprisi HOro eIEKTPUYHOTO MOJIsl 30UTBLIYETHCS, a MPOTATOM HACTYITHOT YBEPT1 MEPIOY
€JIEKTPUYHE I10JI€ KOHAEHCATOpa 3MEHIIYEThCS, IIOBEPTAOYM BCKO OTPUMAHYy EHEPIIIO
Ha3aJ y KoJIO.

Koryumka iHAyKTHBHOCTI B KOJIi 3MIHHOI'O CTPyMY

Busnaunmo cuity cTpymy B KOJI, 1110 MICTUTh KOTYIIKY, aKTUBHUM OIOPOM SIKOi
MOXHa 3HEXTyBaTH. ISl 1bOro momepenHbO 3HAWIAEMO 3B’SI30K MIXK HAIMpyrow Ha
kotymi W EPC camoinaykuii B Hiil. SIKIIO €NEKTPUYHMI OMip MPOBONY KOTYILKH
MO>KHa BBa)XaTH HECKIHYEHHO MajluM, TO HANpyry Ha Hid MOXKHA MPUHHATH PIBHOIO 3a
MOJyJIEM ¥ MpOTHIIEkKHOIO 32 3HaKoM EPC camMOiHayKIlii KOTYIIKU:

u=-¢

VY pasi 3MiHM CUJIU CTPYMY 3a FapMOHIYHUM 3aKOHOM i = I, sinwt EPC

camoinaykiii gopiButoe: € =—Li'=—-Lal , sinat.

Hampyra Ha KiHISIX KOTYIIKH JOPIBHIOE:

u=_Lal, cosat = La)lmaxsin(wt —%] = umaxsin(a)t +%)

ne U= Lol max — aMmIuniTyga Hanpyru. OTxe, KOJUBaHHS HANpPyrd Ha KOTYIII
T .
BUTIEPE/KAIOTh KOJIMBAHHS CHJIM CTPYMY Ha 5 Y MOMEHT, KOJIi Hampyra Ha KOTYIIIII

J0CsSITa€ MAKCUMYMY, CHJIa CTPyMY JOPIBHIOE HYJI0. Y MOMEHT, KOJHM Hallpyra CTae
PIBHOIO HYIIIO, CHJIa CTPYMY MaKCUMaJIbHA 32 MOJTYJIEM.

i, uh
uft)

-y

0O i(t)

(o)}

/ wl

T7=0,02¢

Puc.18. I'paghixu 3anesxcnocmi nanpyau 6io cuiu cmpymy Ha KOmyuiyi
BinHomeHHs Hanpyry Ha KOTYIII O CHJIH CTPyMY HE € TIOCTIHHOIO BEIHYHUHOIO.
OpHak, SK 1 y BUTIAIKY 3 KOHJAESHCATOPOM, JUIS 3HAXOKCHHS aMILTITYyId KOJMBAaHb CUJIH
CTPyMY B KOTYHIII MO>KHa CKOPUCTAaTUCS BHUpa3oM, 110 30iraerbcsi 3a (opmoro 13
3akoHOM OMa U1l AUISTHKH KOJIa MOCTIMHOTO CTPyMY:

84



ITo3znauuBmm X, =wl. OIEPKUMO

Bennuuny X, — Ha3uBalOTh iHAYKTUBHUM ONOPOM. [HIyKTUBHMI omip X, =27vL
3aJIeXKUTh BiJ 4acToTH. [locTiiiHMiA cTpyM B3arajil «He MOMI4ae) 1HAYKTUBHOCTI

KoTymkdy. [Ipu v =0 IHAYKTUBHUI OIIp JOPIBHIOE HYIIIO.

YuMm mBHaLIE 3MIHIOEThCS Hanpyra, TuM Outbine EPC caMoinaykiii it THUM MeHIe

aMIUTITYJ]a CUJIH CTPYMY.

InpgykTuBHuii  omip npoBigHuka X — wme ¢izuyHa BeJMYHHA, IO
XapaKTepu3y€ Omip NPOBiAHMKA €JEKTPUYHOMY CTPyMY, BUKJUKaHui aiero EPC
CAMOIHIYKIIi:

CepenHsi MOTYXHICTh y PO3IJISIHYTOMY KOJII JIOPIBHIOE HYJIO: KOJHM CHJIA CTPYMY
OPOTATOM YBEPTI TMeEpioly 30UIbLIYETHCS, EHEpris MAarHiTHOro TOJisi KOTYIIKH
30UTBIIY€ETHCA, @ MPOTATOM HACTYMHOI 4YBEpPTI MEPIoJly MArHiTHOrO MO KOTYIIKH
3MEHIIYETHCS, TOBEPTAIOYM BCIO OTPUMAHy EHEPril0 Hazajx Yy Kojo. Takum YuHOM,
IHAYKTUBHUHN omip (SIK 1 €EMHICHMI) HE CIpHsie HEOOOPOTHOMY MEPETBOPEHHIO €HEPTii
€JIEKTPUYHOTO CTPYMY B 1HIII (JOPMU E€HEPTii.

3axkon OMa ISl IOBHOT0 K0JIa 3MiHHOTO CTPYMY

Po3rnsiHeMo nocniioBHy JUISIHKY KOJla 3MIHHOTO CTPYMY JUIsl TOBUIBHUX

3HaueHb R , C, L 1 4aCTOTH 3MIHHOTO CTPyMYy.

IloBHumii omip Z Koja, 1110 MICTUTh aKTUBHUH, IHAYKTUBHUHN 1 EMHICHUH OITip,

00UYHCITIOIOTH 32 (HOPMYJIIOHO:
2
Z= JRZ +(a)L—ij
aC

. 1
Piznuirio (a}L_Ej ~Ha3UBaIOTh PEAKTUBHHUM OIOPOM.

SAximo 10 Koyia 3MIHHOTO CTpyMY IpHEAHAHA TUIBKK KOTYIIKA 1HIYKTHBHOCTI 3
Iy’)K€ MaJIMM aKTHBHUM OIIOPOM, a €MHICTHh BIJCYTHS, TO BHACIIIOK Jii BUXPOBOTO
EJIEKTPUYHOTO TIOJIS CHUJIa CTPYMY BifICTa€e 3a (ha30r0 BiJ HANPYTH HA

2

PeaxTuBHUI o1mip y KO 3MIHHOTO CTPYMY

Kongencatop 1 KOTymika 1HIYKTHBHOCTI, BBEJCHI B KOJO 3MIHHOTO CTpyMYy,
YUHATH JOMATKOBHU omip cTpymy. lleit omip Ha3WBaeThCs PEaKTUBHUM, OCKUIBKHA Ha
HOTO JONIaHHS HE BUTPAYAETHCS EHEpTris jpkepena. UBepTh mepiogy KOTymKa i
KOHJICHCATOp 3a0MpPar0Th EHEPTiI0 BiJl JKEpesa, HACTYITHY YBEPTh MEPioAy MOBEPTAOTh
SHEePTiIo JI0 JuKepera.

3akon OMa ISl MOBHOIO KOJIA 3MIHHOT0 CTPYMY Ma€ BUTJISIL:
U U

max max

()

Haiimenmioro 3HaueHHs onopy kojia (To0To HalOLIBIIOr0 aMILTITYAHOTO

2
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3HAUEHHS CWJIM CTPYMY) MOKHA JOCATTH 3a YMOBH, 0 X, — X, =0. 3a myxe

Manux 4actoT Z ~ Xc (TOJOBHY POJb BIJIIIPA€ €MHICHUM OIIp), a 3a AYXKE€ BEIUKUX
gacToT Z ~ X (TOJOBHY POJb BIAIrPA€ IHAYKTUBHUI OIIp).
Pi3Hun a3 Mk KOJIMBaHHSIMU HAPYTH ¥ CUIIM CTPYMY 3aJI€XKHUTh Bl YACTOTH.

Monyab 6. XBWiboBi npouecu. 'eomeTpruyHa Ta XBWJILOBA ONITHKA
Jekyia No24. XBUIbOBI Iponecu

Ilnaw:

1.IlomupeHHst KOMUBaHb B OJJHOPILAHOMY MPYKHOMY CEPETOBHIIIL.

2. PiBHSIHHA MJIOCKOT rapMOHIAHOT XBHIIL.

3.Enepris xBumi. Bexrop Ymosa

4.Jurepdepentiiss xBuiab. CTOSIU1 XBUIIL.

KosuBaHHSI Ta iX XapaKTepUCTHKH.

KonuBanHAMH Ha3MBAIOTHCS PyXH a00 MPOIIECH, SIKI XapaKTEPU3YIOTHCS TIEBHOIO
NOBTOPIOBAHICTIO B 4yaci. KoiuBanbHI Mpolec MIMPOKOMOUIMPEH] B MPUPOAT 1 TEXHII,
HANPHUKJIQ)] XHWTAHHS MasSTHUKA TOJWH,3MIHHHH CEJICKTPUYHHA CcTpyM 1 T.a. [lpwm
KOJINBAJJbHOMY PYX MasTHUKa3MIHIOEThCSI KOOpPIMHATA MOTrO IEHTPY Mac, y BUMAAKY
3MIHHOTO CTPYMYy KOJHMBAIOThCSHANpyra i CTpyM B JaHmio3i. PisuuHa mnpupoja
KOJIMBaHb  MOXK€ OyTH  pI3HOIOTOMY  DPO3PI3HSIOTH  KOJMBAaHHA  MEXaHIvHI,
eNeKTpoMarHiTHi Ta 1Hmi. OpHakK pi3HI KOJMBAJIBbHI MPOLECH  OMUCYIOTHCS
OJIHAKOBUMHUXAapPAKTEPUCTUKAMH 1 OJAHAKOBUMHU PIBHSHHSMHU. 3BIJICM BHIUIMBAE
JOIUTBHICTHEIUHOTO TIAXOMY 10 BHBYCHHS KOJMBaHb PI3HOI (PI3MYHOT TMPUPOJIH.
Hanmpuknan , eauHuid miaxig 70 BHUBYEHHA MEXAHIYHMX Ta EJIEKTPOMArHiTHUX
KOJIMBaHb3aCTOCOBYBaBcs aHrmiicekkuM ¢izukom JI. V. Peme (1842-1919), a A.T.
CroneToBa,pociiicbkkuM  1HX)eHepoM-ekcniepuMentaropom [1L.M. Jlebenepum (1866-
1912). BenukuiiBHECOK y pO3BUTOK Teopii konuBaHb BHecnu: JI.I. Manaensmram (1879-
1944) iitoro yuHi.

KonvBanHs Ha3uBarOThCs BUIBHUMU (200 BIIACHUMM), SIKIIIO BOHH Bi0YyBalOThCS
3apaxXyHOK CIIOYAaTKy  JIOCKOHAJIOi  €Heprii mnpu  MOJAJbIIOMY  BiJICYTHOCTI
30BHIIIHIXBIUIMBIB Ha KOJMBAIBHY CHCTEMY (CHCTEMY, 3/IIHCHIOIOUY KOJHUBAHH).

HadinpocTinM THMOM KOJIMBaHb € TapMOHINHI KOJWBAaHHS - KOJWUBAHHS,IIPU
SKUX KOJIMBAETHCS BEIMYMHA 3MIHITHCS 3 4aCOM 32 3aKOHOM CHHYCa

(kocinyca). Po3risn rapMOHIHHUX KOJMBaHb BAYKJIMBO 3 IBOX MPHUMH:

1. KonuBaHHs 3yCTpidalOThCS B MPUPOJI 1 TEXHIIl, YacTO MalOTh XapakTep,
OJIM3BKUHN 710 TAPMOHIMHOMY;

2. Pi3Hi mepiogmuni mporiecu (TpomecH, IO IOBTOPIOIOTHCSA dYepe3 piBHI
MIPOMIDKKH Yacy) MOYKHA YSIBUTH SIK HAKJIQICHHS TAPMOHIMHUX KOJIMBAHb.

["apMoOHiiiHI KOJTMBAHHS BEIMYNHU S OMUCYIOTHCS PIBHSHHSIM THITY

s=Acos((0t+(),

(1)men A - makcuManbHE 3HAYEHHS KOJWBAETHCS BEIMYHMHH, IO HA3HBAETHCS
amruTiTynor0 konmBaHHsa,n (0 - kpyroBa (IuKiIigyHA) yacToTa,n (- moyaTkoBa (asza
koymmBaHHS B MoMeHT yacy t =0, N ((0 t + () - da3a komuBaHHS B MOMEHT 4acy t.

da3za KOJMBAaHHSI BH3HAYA€ 3HAUCHHS KOJHMBAETHCS BEIWYMHU B JaHUU
MoOMeHTUYacy. Tak ik KOCHHYC 3MIHIOEThCSI B Mexkax Binx 1 go -1, To s MoxenpuitmMaTu
3Ha4YeHHs Bl + 10 A-A.
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KomuBanns — @i3uuHmMii mporec, Mg Yac SKOTO YEPrylOThCS IHTEpBaIU
30UIbIIEHHS 1 3MEHIIEHHS (DI3UYHOI BETMYUHHU.

KonuBaHHs MOXYTh MAaTH HaWpI3HOMAHITHINTY TPUPOAY, HANPUKIIAJ, MEXaHIYHI
KOJIMBAHHS TiJ1, KOJIMBAHHS THCKY W TEeMIIEpAaTypH, CUIIN CTPYMY, HAIIPYTH TOIIIO.

KonuBanHs Ha3uBalOThCS NEPIOJUYHUMH, SKIIO (GI3UYHUNA CTaH CHUCTEMHU
MTOBHICTIO TTOBTOPIOETHCSA Yepe3 SKHICh TEBHUH NPOMDKOK dYacy, IO HA3HBAETHCS
epiosioM.

KonuBanns, 111 SIKMX 3aJI€KHICTh 3MIHHOI B/l 4acy OMUCYETHCS CUHYCOIMOAI0HOIO
KpUBOIO, HA3UBAIOThCA TapMOHIYHUMU. [lepioanyuHi KOMMBAHHS 13 IHIIOKIO 3aJIEKHICTIO
BiJl Yacy Ha3MBAIOTbCA AaHTAPMOHIYHHUMHU.

KonuBaHHs, siki BMHMKAalOTh NpPHU BIAXWUJIIEHHI CTaHy (I3MYHOI CHUTEMH Bij
PIBHOB2XHOTO, HA3MBAIOTh BIIACHHUMH KOJHMBaHAMU. KoJWBaHHS, $Ki BHUHUKAIOTh
BHACJTII0K JTii 30BHINIHBOI MEPIOAUIHOI CHUITH, HA3WBAIOTh BUMYIIICHUMH KOJIMBAHHIMU.

Axmo BigxwieHHs (I3WYHOT BEJIWYUHU BiJI CEPEHBOTO TMOJOXKEHHS B Mpolieci
KOJIMBaHb 3MCHINYIOTBCS B 4Yaci, TOBOPSATh MPO 3aTyXaHHS KOJMBaHb, a SKIIO
30UTBIIYIOTHCS — MPO HAPOCTAHHS KOJIMBAHb.

3aryxar4i KOJWBaHHS-KOJIMBAHHS SIKi, TIOCTYIOBO CJIa0HYyYHM, 3HHKAIOTb.
AMILTITY1a 3aTyXal0UUX FaPMOHIYHUX KOJMBAaHb 3MCHIIYETHCS, & YACTOTA 3aTUIIIAETHCS
HE3MIHHOIO.

B GinbmiocTi GI3MYHUX CHCTEM KOJMBAHHS BUHUKAIOTH MPU BUBEACHHI CUCTEMH
3 TIOJIOKEHHSI pIBHOBaru. Taki KOJWBaHHS 3A€OUIBIIONO PO3CIIOIOTH EHEpriro i
3aTyxaroTh 3 yacoM. OHaK y BIAKPUTUX AUCUIATUBHUX CUCTEMAX 13 CTAIUM MPUTOKOM
€Heprii MOXXyTh BHHUKHYTH KOJIMBaHHS, SKI HE 3aTyXalOTh, JOKA HE MPUITUHUTHCS
npuruuB eneprii. Taki KonMBaHHS HA3UBAIOTh ABTOKOJIMBAHHSAMH.

JlonaBaHHSI KOJIMBaHb.

JlonaBaHHsI AEKUIBKOX TapMOHIMHUX KOJMBaHb OJHOTO HAIpPSMKY W OJHAKOBOi
YaCTOTH CTa€ HAOYHHM, SKIIO KOJMBAHHS 300pa)kaTu rpadiyHoO y BUIJISAI BEKTOPIB Ha
wionuHi. OTpUMaHa TaKUM CIIOCOOOM CXEMa Ha3UBAETHCS BEKTOPHOIO J11arpaMoro.

BizbMeMo ocCh, y31I0BX AKOI OyneMO BiIKJIQJaTH KOJUBAETHCS BEIUYUHY X. 3
B35ATO1 Ha oci Touku [Ipo BimkiIaaeMo BEKTOP MOBXKWUHU A, SIKHUH yTBOPIOE 3 BICCIO KYT?.
Sk11o puBecTH 1iel BEKTOP B 00EpTaHHS 3 KYTOBOO MIBUIKICTIO? 0, TO MPOEKIIiS KiHIIS
BEeKTOpa Oyje mepemimarucs Mo oci X B Mexax Bim-A 1o + A, mpuyoMy KOOpPIHUHAT
MIPOEKIIiT Oy/Ie 3MIHIOBATHCS 3 YaCOM 32 3aKOHOM

Omxe, mpoekilis KIiHIA BEKTOpa Ha Bich Oyae 3A1MCHIOBAaTH TapMOHIYHI
KOJMBAHHS 3 aMIUTITY/I010, 110 JTOPIBHIOE JIOBXKUHI BEKTOPA, 3 KPYTOBOIO YacTOTOIO, 110
JIOPIBHIOE KYTOBOi IIBHAKOCTI OOEpTaHHS BEKTOpa, 1 3 MOYaTKOBOIO (ha30r0, 1110
JIOPIBHIOE KYTY, YTBOPEHOMY BEKTOPOM 3 BICCIO B TIOYaTKOBHII MOMEHT 4acy.

TakuM 4YWHOM, TapMOHIWHE KOJHMBAHHS MOXE OyTH 3aJllaHO 3a JIOMOMOTOIO
BEKTOpa, JOBXKHWHA SKOTO JOPIBHIOE aMIUTITYAl KOJHMBAHHS, a HANpPSIMOK YTBOPIOE 3
BICCIO X KYT, 11O JOPIBHIOE TIOYATKOBIH (pa3i KOJTWBaHb.

PosrnstHemo ckiamaHHS ABOX TapMOHIYHUX KOJIMBaHb OJIHOTO HAMPSIMKY W
OJTHAKOBOi 4YacTOTH. Pe3yibTyroue KoimBaHHS Oyne CyMoOl0 KoiuBaHb X1 1 X2, sKi
BU3HAYAIOTHCS (PYHKIISIMHU.
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VaBiMo obuaBa KonuBaHHS 3a gomomoroio BekTopiB Ali A2. IToOymyemo 3a
MpaBWJIaMU JO0JaBaHHS BEKTOPIB pe3yibTyrounid BekTop A. Ha MamtoHKYy BHIIHO, IO
MPOEKIIIS HHOTO BEKTOPA Ha BICh X JIOPIBHIOE CyM1 MPOEKIII CKIaJI0BUMH BEKTOPIB.

Tomy, BekTOp A siBiIsie cO0010 pe3ynbTytoue KonrBaHHs. Lleit BekTop o0epTaeThes
3 Ti€I0 K KyTOBOK MIBHAKICTIO? 0, sik 1 Bektopu Al 1 A2, Tak O cymMa X3 Ta X2 €
rapMOHINHUM KOJIUBAHHAM 3 4acToToro (? 0, aMIutiTy 1010 A 1 MOYaTKOBOIO (pa3zoro?.

[IpencraBieHHs TapMOHIMHMX KOJIMBaHb 3a JOIOMOTOI0 BEKTOPIB J03BOJISE
3aMIHUTH oAaBaHHs (QYHKIIN CKIaJaHHIM BEKTOPIB, 10 3HAYHO MPOCTIIIE.

JlonaBaHHS KOJMMBaHb y B3aEMHO TEPIICHANKYIIPHUX HAPSIMKaX.

VsBIMO 1Bl B3a€MHO MEPHNEHIUKYISPHI BEKTOPHI BEJIMYMHU X Ta Yy, WIO
3MIHIOIOTBCS 3 YaCOM 3 OJIHAKOBOIO YaCTOTOIO? TI0 TAPMOHIHOMY 3aKOHY.

Jle ex 1 ey - OpT KOOpJAWHATHHUX ocel X 1y, A 1 B - aMmmiiTyau KOJIMBaHb.
Bennuunamu X ta y Moke OyTH, HalpuKJIaJ, 3MIIIEHHS MaTepialbHOI TOUKH (4aCTKH) 3
TIOJIOXKEHHSI PIBHOBATH.

Yactka Oyne pyxaTucs 3a JIEIKOI0 TPAEKTOPIi, BUIIISI SKOI 3aJI€KUTh BiJl pi3HUI
¢a3 obOox konuBaHb. Bupasu € 3amanuii B mnapameTrpuuHoi (opmi pIBHSIHHS i€i
tpaekTopii. Ilo6 oTpumatu piBHSAHHS TpaekTOpli B 3BUYAHHOMY BUTJIAJI, MOTPIOHO
BUKITFOUNTH 3 PIBHSIHB TapaMeTp t.

Posropaemo kocunyc 3a (hopMyIIoI0 AJisk KOCIHyca CyMH:

ITizctaBumMo 3amicth cos? T 1sin?

Ile piBHsIHHSA eJtirica, OCl SKOTO MOBEPHYTI BITHOCHO KOOPJUHATHUX OCEH X Ta Y.
OpienTartis eminca i Horo miBocCi 3a1exaTh JOCUTh CKJIAJIHUM YMHOM Bix amiutityn A i B
1 pi3uui ¢az?.

Cnpobyemo 3HaiTH hopMy TpaeKTOPii ISl KITBKOX OKPEMHX BUIAIKIB.

1. PizHums ¢a3? 1opiBHIOE HYITIO.

3BIJICH BUXOJAUTH PIBHIHHS MPSMOT:

PesynpTyrodue pyx € TapMOHIHHUM KOJMBAHHSAM B3JIOBXK Ii€1 TPSIMOT 3 4aCTOTOIO?
1 aMILTITY010, 110 JOpiBHIOE (puc. 1 a).

2. Pizauns ¢a3? nopiBHIOE *?.

OTxe, pe3ynbTyloue pyX siBJsie COO0I0 TapMOHIMHE KOJTUBAHHS B3JJOBXK MPAMO].

burrs.

burts — iuTepdepeHirisi 1BOX 3BYKOBUX KOJWBaHb, 3 dYactrotamMu vI1 1 v2
HACTUTbKH OJIM3bKUMH, IO BOHH HE CHPUHAMAIOTHCSA SK JIBa PO3UIbHI KOJHWBAHHSI.
AMIUTITYIa KOJNHMBaHb, SIKI BUHUKAIOTH TPHU IOMY NEPIOJUYHO 30UTBIIYETHCS YU
3MEHIIYETHCS y Yacl 3 4aCTOTOIO, PIBHOIO Pi3HHUIII IHTEp(DHEPYIOUNX KOJTHUBAHbD.

Pizuuns ¢a3 Takux KOJMBaHb 3 4acOM 3MIHIOETHCS, Yepe3 1o (a3u MepioguIHO
30iraroTbcs (KOMMBAHHS TMIACWIIOIOTH OJHE OJHE) ab0 CTalTh NPOTHICKHUMH
(komMBaHHS B3aEMHO OcCNa0miot0Thes). [limcunenHs 1 ocialieHHS Pe3ylIbTaTHBHUX

s KOJIMBaHb  BIAOYBAarOThCS  TEPIOJUYHO 3
YacTOTOI0 VO, IO JAOPIBHIOE PI3HUIl YacTOT
B3a€EMOJII0YNX KOJIMBaHb, TOOTO vo =v]l —v2. B
aKyCTHIIl  OWUTTS  BUKOPUCTOBYIOTHCS IS
NOPIBHSHHS TOHIB (HaJIaiHAHHS MY3.
THCTPYMEHTIB). SIKIIO PI3HULISI YACTOT KOJHUBAaHb
JIBOX JKepell yke Mana (Harp., MeHma Hix 0,1

coufichs) ain{irre)
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I'm), TO Byxo cropuiimMae iX (K OJUH pE3yJbTaTUBHUI TOH, IHTEHCHBHICTH SIKOTO
3MIHIOETBCS 3 4YacTOTOl, piBHOWO v1 — v2. Konu 4acTOTH CKJIAJOBUX KOJIUBaHb
36IMKYIOTECA, TO 9aCTOTa OUTTS 3MeHmIyeThes i mpu Y1 — Y2 — ) Sxmo nopisaroBaTn
TOHM METOAOM OWTTS, TO TmMoxuOka Moke He mnepepumyBatn 0,1 T B
CIICKTPOMArHiTHUX KOJIMBAHHSAX SBHUINE OWTTS BHUKOPHCTOBYETHCS B UYTIMBUX
npuiiMadax pajioCUrHalIiB Ta BAMIPIOBAIbHUX IIPHUIIAaX.

B My3uuHill npakTUIll sBUIIE OUTTS BUKOPUCTOBYETHCS NPH HACTPOIOBAHHI
MY3UYHUX THCTPYMEHTIB, 1HKOJIM JJI1 CTBOPEHHA CHelM(pIYHOro BIATIHKY 3ByKa (Tak, I1.
YalKOBCBKMIM  HACTPOIOBAaB  pOSIb  «3
po3nuBoM»). SBuiie butts Bukopuctas I'.
e ['enbMrosbIl JUIsl TIOSICHEHHS BiIMIHHOCTEH
MK KOHCOHAHCOM 1 ITUCOHAHCOM.

Pe3onanc.

Pesonanc —  sBUIlE  CHUJIBHOTO
3pOCTaHHS aMILTITYIU BUMYIIICHOTO
KOJIMBaHHA Yy  pa3i, KOJIM  YacToTa
30BHIIIHBOT CHUJIM 30ITa€ThCs 3 BIACHOIO
o - & = =  4YacTOTOIO KOJIMBAHb.

: Pe3onanc XapaKTepU3yIOTh
IHTEHCUBHICTIO, HAIIBIIMPUHOK CHEKTPAJIbHOI JiHII Ta M0OpOTHICTIO. 31e0UTBIIOTO
pPE30HAHC HAOJIMKEHO OMUCYIOTh KpuBotO JlopeHia.

T/2
I{w) o
T (w—wyp)? 4+ (T/2)2

JIe ® — YacToTa 30BHIIIHBOT cuiii, ®() — yacToTa BIacHOro KojuBaHHs, ' —
CTaJia 3aTyXaHHs, Ky Ha3UBaIOTh TAKOX ITUPHUHOIO JiHil. YacTo MpUBOIUTHCS TAKOXK Y=
I'/2 — miBmmpuHa miHii.

SBuile pe3oHaHCY MIMPOKO BUKOPHCTOBYETHCS B Haymi ¥ TexHini. Ha Hbomy
IPYHTYETBCSI poOOTa OaraThboX PajiOTEeXHIYHMX CXEM Ta MPHUCTPOIB, TAKUX K KOJIHMBHI
KOHTYpH. BUKOpHCTOBYIOUH SIBUIIE pE30HAHCY MU BUOUPAEMO 13 0aratoro pisHOMaHITTS
€JICKTPOMArHITHUX XBHJIb B MPOCTOP1 HABKOJO HAC caMe Ti, SIK1 BIAMOBIJAIOTH HaIIil
yIIO0JICHIN pagiocTaHIlii, BHOMpaeMo TeIEBI31IMHMI KaHaJl TOIIIO.

[IpoTe He 3aBXkaM pe30HAHC KOPUCHUU. Bimomi BUITaIKH, KOJHW HaBICHI MOCTH
JaMaJiicsl TP MPOXOJKEH1 mo HuM coimat "B Hory". Ile BimOyBamocs yepe3 Te, 10
94acTOTa BJIACHUX KOJIMBAHb IMOJOTHA MOCTA 30iraiacs 3 4aCTOTOI0 XOAb0U JFOJIEH.

EnexTpoMarHiTHi XBHJII Ta IX BJaCTHUBOCTI.

EnextpomartiTHa XBWIS 1€ TIPOIEC PO3MOBCIOKEHHS E€JIEKTPOMArHITHOI
B3a€EMO/Iii B MPOCTOPI.

EnexTpomMarHiTHi XBHJII OMUCYIOTHCS 3arajJbHUMU IS €IEKTPOMATHITHUX SIBUII]
piBHAHHSIMH MakcBena.

Y BakyyMi eJEKTPOMAarHiTHa XBWJISA PO3MOBCIOKYETHCSA 13 IIBHIAKICTIO, SKa
HA3WBAETHhCS MBHIKICTIO cBiTia. LlIBuakicTh cBiTna € (yHIAMEHTAIBHOI (HI3UYHOIO
KOHCTAaHTOI0, SKa TIO03HAYAEThCA JIATUHCBKOIO JITEPOI0 C. 3rigHO 13 OCHOBHUM
MOCTYJIaTOM TeOpii BIAHOCHOCTI IIBHJKICTH CBITJIa € MAaKCUMAaJIbHO MOJIMBOIO
IIBUJIKICTIO niepenayl iHdopmanii uyn pyxy Tuna. g mBuakicts ckinagae 299 792 458
Mm/c.( 1667p. narcekuii acTpoHOM Pemep po3paxyBaB IIBHIKICTH CBITIIA).

= ) ————————
=
|

e

Vx(0)
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EnexTpoMarHiTHa XBHJIA XapaKTEPHU3YE€TbCS YacTOTOK. PO3pI3HSIOTH JIHINHY
4acTOTy V ¥ IUKIIUHY YacTOTy ® = 27v. B 3aJIe)KHOCT1 BiJi 4acTOTH €JIEKTPOMArHiTHI
XBUJI1 HAJIEKATH 0 OJHOIO 13 CIEKTPAIIbHUX Jlana30HiB.

[HIIOIO XapaKTETUCTUKOIO €JIEKTPOMArHITHOI XBHWJII € XBHJIBOBHHI BEKTOP
XBUJIbOBU BEKTOpP BU3HAYAE HAIMPSMOK PO3MOBCIOIKEHHS €JIEKTPOMArHiTHOI XBHII, a
TaKOX 11 TOBXKUHY. AOCOJIIOTHE 3HAYEHHSI XBUJIBOBOI'O BEKTOpa Ha3MBAIOTh XBUIILOBUM
YHCIIOM.

JIOB)KMHA XBUJII — XapaKTEPUCTUKA IJIOCKOI MEPIOJUYHOI XBWIII, 110 MO3HAYae
HallMEHIy BIICTAHb MK TOYKaMU MIPOCTOPY, B AKUX XBUJISI MA€ OJIMHAKOBY (azy.

JloBXXMHA XBWJII 3a3BUYall TO3HAYAETHCS TPELBKOIO
JiTEporo A I3 TOBKUHOIO XBHIJII OJTHO3HAYHO 3B'sI3aHA Taka

XApaKTCPUCTHKA, SAK XBUJIBOBC YUCJIO k

"
k=

JloBknHA XBWJII 3aJCKHTh BiJ dYacToTu. lLla
3QJICKHICTh HA3WBAEThCS 3aKOHOM jucrepcii. Yacto
3JIKHICTh MK YaCTOTOIO 1 IOBXKUHOK XBHWJI1 0OEPHEHO-
IpoTopIliifHa. Y TakKUX BHUIAJKaX IIBUIAKICTh PO3MOBCIOKEHHS XBUI1 (DiIKCOBaHA i HE

3aJIeKUTh BiJ 4acToTU. Hanpukman, /uist eeKTpOMarHiTHOI XBUJIl y BaKyyMi
C

V= —

A,
Jle Vv — JIHIKHA 9acToTa, a ¢ — IIBUAKICTH CBITJIA.
[Tpu mepexoni XBHIII 3 OJHOTO CEPEJOBHINA B 1HINE JOBXKUHA XBUJII 3MIHIOETHCS,
Ha BIAMIHY B 4YacTOTH, SKa 3aJUIIAEThCS CTajdor. EJIeKTpoMarHiTHI XBWII B
CEpeJIOBHIII 3a3BHYall XapaKTEPU3YIOTHCS MPHUBEACHOI JOBXHHOK XBWIi, TOOTO
JIOBKUHOIO, SIKYy XBHJISI Majia O y BaKyyMi.

InTepdepénnin — HaKIAZaHHS XBWIb, MPHU SIKOMY B Pi3HHX TOYKAX
CIOCTEPIraeTbCcsl MOCHJIEHHSI (KOHCTPYKTHBHA iHTepdepeHuisa) ado mocjadjieHHsA
aMILTITYIM KOJMBaHb. Pe3ynbTaT HaK/IalaHHS XBHJIb HA3UBAETHCS 1HTEP(EPEHIIIIHOIO
KapTHHOIO.

[aTepdepenItis crocTepiracTbCs y KOrepeHTHUX xBuib. KorepeHTHi XBMUIi 1e
XBWJIi, 110 PO3NOBCIO/KYIOTHCSI B MPOCTOPi 3 OTHAKOBOIO YACTOTOK I MOCTIiiHOIO
pisHuIe0 pa3s.

X =X, sinat + ¢,

[Tpu inTepdepeHIlii pe3yapTyrode KOJWBAHHS €
T€OMETPUYHOID CYMOIO KOJIMBaHb 000X XBHWIb Y
BIIMMOBIIHMX  TOYKax. HaHmpocTimmMm  BHITaJKOM
iHTEpQEpeHIIii € HakIagaHHsI JBOX TAPMOHIYHUX XBHIIb
3 OJJHAKOBOIO YaCTOTOIO 1 MOJIIPU3AIIIETO.

SABuiie iHTepdepeHIii BUKOPHUCTOBYETHCH,
HaMpUKIaJ, B PagIOTEXHIIl 1 aKyCTHIl JJIsI CTBOPECHHS
ckmagHux aHTeH. OcoOmMBO  BenWKEe  3HAUYCHHS
iHTepdepeHIlisi Mae B ONTHIll, BOHA JIEKUTh B OCHOBI
ONTUYHOI Ta aKyCTUYHOT rojorpadii.
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Inmepghepenyicio XBUIb HA3UBAETHCS SBUINE MIJCUICHHS KOJIHBaHb B OJHHUX
TOYKaxX MPOCTOPY Ta OCJIA0JICHHS a 1HIIMX Yy Pe3yJbTaTi JOJaBaHHs ABOX abo Ouiblie
KOT€PEHTHHUX XBHJIb, SIKI HAAXOAATh Y 111 TOUKH.

KorepeHTHICTD XBHJIb.

[uTrepdepeniiis — 3arajibHa BIACTUBICTh XBWIIb Oy/b-sikoi npupoau. Criiika B yaci
iHTepdepeHIliiiHa KapTHHA MOXKE CIIOCTEPIraTUCs TUIBKU Y pa3l J0JaBaHHS KOT€PEHTHUX
KOJINBaHb.

Kocepenmmui (3B'si3aH1) xeuni — 1e XBWII, 10 MamTh OJHAKOBY YacTOTy Ta
HE3MIHHUH 3CyB (a3 y KOXKHIM TOUL IPOCTOPY.

Koecepenmni Oocepena — e mxepena, o MaloTh OJTHAKOBY YaCTOTY Ta HE3MiHHHIMA
3cyB ¢a3 y yaci.

He3Baxkaroun Ha Te 1[0 yMOBa KOTEPEHTHOCTI 3aJMIIAETHCS OJHAKOBOIO IS 1
XBWIb PI13HOI (DI3UYHOT MPUPOHU, CIOCOOM 3A1IMCHEHHS! KOT€PEHTHOCTI, HAIPUKIAMI, JJIs
JDKEpeI 3BYKY Ta JUKepen CBiTia, Oynu 30BCiM pisHUMH. [ ofepKaHHS KOTePEeHTHUX
3BYKOBUX XBWJIb MO)XHa CKOPHUCTATHCS JIBOMAa HE3ICKHUMHU JDKEpeIaMH 3BYKY, IO
3IACHIOIOTH KOJIMBAHHS 31 CTaNo0 pi3Hulero ¢ga3. HezanexHi x mpxepena cBiTia (Kpim
ONTUYHUX KBAHTOBUX I'€HEPATOPIB)HE JTAFOTh KOT€PEHTHUX XBUIIb.

[TpuuuHa mosArae B TOMY, 1[0 ATOMH JKEPEST BUMPOMIHIOIOTH CBITJIO HE3aJIEKHO
OJIUH Bl OJHOTO OKPEMHUMHU «OOpUBKaMu» (I[yraMH) CHUHYCOiJalbHUX XBWJIb. | Taki
I[yT'¥ XBWJIb BiJl 000X JDKEpeN HaKIadaroThCs OJAWH Ha OJHOTO. Y Pe3yibTaTi aMILTiTyaa
KOJMBaHb y OyAb-fAKii TOUIl MPOCTOPY XaOTHYHO 3MIHIOETHCA 3 yacoM. OTxke, i Myru
HeKkorepeHTHI. Hisgkoi cTiiiKoi KapTHHM 3 TIEBHUM PO3MOJIJIOM MAaKCUMYMIB 1 MIHIMyMiB
OCBITJICHOCTI HE CIIOCTEPITa€THCS.

Illkana eneKTPOMArHiTHUX XBW/JIb — HENEpEepBHA IOCIIJOBHICTh YacTOT 1
JIOBKUH XBUJIb €JIEKTPOMAarHiTHUX BUIIpoMiHtoBaHb(Puc.19).

WKANA ENEKTPOMATHITHUX XBUNb
aniai0® 107 105 105 0% 100 102 0 1 107 q02 10 100t 105 10 10T 0t 100 1070 0" g0 g0
. 1 1 1 ! . 1 Il Il | 1 | | . | 1 | | | Il Il L
SN U e et e

3-10*
| |

indiz-sfikola.com.ua

HU3LKOYACTOTHI IHOPAYEPBOHE  Y/ITPA®IONETOBE FAMMA-
ENEKTPOMATHITHI XBUI PALIOXBUNI BUMNPOMIHIOBAHHSI  BUNPOMIHIOBAHHS! BUMPOMIHIOBAHHS

Puc. 19 lllxkana enekmpomacHimuux xeuiw
[TpuitHaTO  BHIOIATA  HU3BKOYACTOTHE  paaio- Ta  Y-BUIPOMIHIOBAHHS,
iHbpavyepBoHi, ynbTpadioiaeTOBl Ta PEHTICHIBChKI MPOMEH1, BUUME CBITIIO.
[TpuHIMIOBOT pi3HUI MiX ITMMHA BHJIAaMH BHIIPOMIHIOBaHHS HeMae. Bci BoHH
SBIISTIOTH COOOI0 €NMEeKTPOMArHITHI XBWIi, 30yMKyBaHi 3apsSPKCHAMH YaCTHHKaMH.
BumnpowmintoBaHHST pi3HOI JOBXKHHH XBWJIl BIAPI3HSAIOTBCS OJHE Bil OJHOTO 3a
crioco0amu iX oJiepKaHHS 1 METOJIaMH peeCTpallii.

Jexuyia Ne25. I'eomeTrpruuHa onTuka. PoTomerpis
Inan:
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1. 3akoHHM Bi3EpKaATICHHS

2. Jlinzu

Ha 3'scyBaHHs npupoau cBiTia 3HAAOOUIIOCS HE OJIHE THCSYONITTA. 3a Ieil yac
Oarato pi3HMX rinore3 3MIiHWIM ofHAa oaHy. OnTHka (Bim rpen. optike — Hayka mpo
30pOB1 CIPUMHATTS) CIIOYATKY pO3MJIsiAaiacs K HayKa mpo 3ip.

Onmuxa sBIge coO0w po3aul (i3UKH, B SKOMY BHBUYAIOTHCA SIBHUINA Ta
3aKOHOMIPHOCTI, MOB'SA3aH1 3 BUHUKHEHHSM, MOIIUPEHHSAM 1 B3aEMOJIIEI0 3 PEUYOBUHOIO
€JIEKTPOMArHITHUX XBUJIb BUJIMMOTO Jlana3oHy.

Kopnyckyasipaa teopis cBitiia HeroTona.

[lepmioro HaykoBOIO TEOpi€r0, sIka HamMarajacs MOSICHUTH (I3UYHY MPUPOIY
CBITJIa, CTaJla TEOPIs CBITIOBHX 4acTUHOK, po3pobiena I. HeroTonom (1643 — 1727) i
BUKJIaJIeHa HUM y KHM31 «Onrtukay. BiAnmoBinHO 10 11 m0JI0XKEHb, CBITJIO SIBJISE COOOI0
NOTIK YaCTUHOK, $IKI BUIYCKAIOTbCA CBITHUM TUIOM Y BCIX HampsMax (MepeHeceHHs
pevoBHHM). BuXoasuw 3 KOPIYCKYISPHUX YsBICHb HBIOTOH MOSCHUB OUIBIIICTH
BIIOMUX TOJII ONTUYHMUX SIBUII: TPSMOJIIHIMHE TMOIIUPEHHS CBITIAa B OJHOPIIHOMY
CepeIOBUIII, BIIOMBAHHS Ta 3aJIOMJICHHS CBITJIA.

XBuiboBa teopisi ['roiirenca.

Bignosigao g0 teopii X. I'oiirenca (1643 — 1695) cBitino — e XBHJI, IO
NOLIMPIOIOTECS B OCOOJIMBOMY, TIIOTETUYHOMY CEpeloBUINl — edipi, SKUW 3amOBHIOE
BECh IPOCTIp 1 MPOHUKAE YCEPEIWHY BCiX Til. ['FOMreHC HE pOo3IIIssiaB CIPABKHBOTO
XBUJILOBOT'O TIPOIECY, HOT0 MIPKYBaHHS CTOCYBAJIHCS JIMINE MOUIUPEHHS XBUIHOBOTO
¢poHTy. BiH CyTO MareMaTHYHO ONHKCAB SBUIIE BIAOWMBAHHS W 3aJIOMJICHHS XBUJIb 1
IIOKa3aB, 110 MIBUJKICTh CBITJIa B OUIBII I'yCTOMY CEPEIOBHIII Ma€e OyTH MEHIIOI0, HIXK Y
noBitpi.Y 1801 pomi T. FOur (1773 — 1829) Ha miactaBi XBHIIbOBUX YSABICHb JYXKE
OPOCTO ¥ HAOYHO PO3'ICHUB IHTEP(EPEHIII0 CBITIa Ta PO3BUHYB, TaKUM YHHOM,
XBHIIBOBY Teopito cBiTiaa. Y 1818 pori O. ®penean (1788 — 1827) HezanexHO Bifg
IOnra BuBiB goknaaHy Teopito audpakiii ¥ iHTepdepeHiii cBiTia, MOKa3aBIId, MO0
iHTEpQEpeHIlis € TPSIMUM HACHIIIKOM XBHJILOBOI IPUPOAH cBiTia. OCTaTOUHUN ynap 1o
KOPIYCKYJISIpHiN Teopii OyB HaHeceHnit nociigamu K. dyko. BiH BUMIpSB MIBUAKICTH
CBITJIa y BOJI M IOKa3aB, IO ii 3HAYCHHS 30Ira€ThCAd 3 TEOPETUYHO 3T00YTUM Y
XBUJIBbOBIM Teopii. XBUIbOBA TEOPis 3 €IMHOI TOYKH 30pYy MOSICHWJIA yCl BioMi TOi
ABUINA ¥ mepeadaunia HU3KY HOBHX. [loHam CTO pOKiB KOPMYCKYJspHA W XBHIJIbOBA
rinoTe3u Mpo MPUPOY CBITIIA ICHYBaJIM mapaienbHo. JKomaHa 3 HUX HEe Morjia 3700yTu
BUpimanbHOoi nepemoru. Jlume aBroputeT [. HploTOHa 3MymyBaB OUNBIIICTE yUEHHUX
BiJIJTaBaTH NiepeBary KOPIMycKyJISApHii Teopii.

EnexrpomarniTHa Teopisi cBitJa.

Y npyriii nomouni XIX cromitrs k. MakceBeaa (1831 — 1879) nmogis, mio
CBIiTJIO fABIAE COGOI OKPEMHil BHJ| €IEKTPOMATHITHHX XBHIb. MOro poGOTH 3aKiIaim
MIATPYHTS €IeKTpOMAarHiTHoi Teopii cBitia. [licims excrepuMeHTaIbHOTO BHUSBIICHHS
enekTpoMarHiTHuX xBuihb I'. 'epueM He 3amumminocs HISKHX CYyMHIBIB y TOMY, IO T
9ac MOMUPEHHS CBITJIO «IOBOIHUTHCS» K XBWIA. Y 1899 pori I1. M. JleGeneB HaBiB
HOBHH JIOKa3 TOTOKHOCTI CBITJIOBHX 1 €JICKTPOMATHITHUX XBWJIb. BiH BUSBUB JTOCIITHUM
IIJIXOM, IO CBITJIO THCHE Ha Tija, Ha SK1 TMajaae, ¥ BUMIPSAB LM THUCK. 3a TEOPIEIO
MakcBenia eIeKTpOMAarHiTHI XBUJII TaKOX YMHATH MOAIOHUN TUCK. Takum 4uHOM, Yy
npyrii nonoBuHi XIX cToniTTs Oyina 3aCHOBaHA €JIEKTPOMArHiTHa TeOpis CBITIA.

92



KBanToBa Teopist cBit1a.

Y 1900 poui nimenpkuit ¢izuxk M. I[laaHK §DpUNYCTHUB, L0 aTOMU TUI
MOTJIMHAIOTh 1 BUMPOMIHIOIOTh €HEPril0 CKIHYEHHMMH NOopUisMH — KBaHTamu. Y 1905
pouti A. Eiinmreiin (1879 — 1955) npunyctus, mio CBITIO HMOMIMPIOETHCS B MPOCTOPI Y
BUTJISIII TUCKPETHUX 00'€KTIB — KBAHTIB CBiTJIa. Takum 4MHOM, OyJiM BUSIBJICHI KBAaHTOBI
BJIACTUBOCTI CBITJIA.

KopnyckyasipHo-XBHIBOBHMH AyaJti3M.

Bunukna nHaa3BuuaitHa cutryanis: sBumia iHTepdepeHiii ta audpakiii, gk i
paHilie, MOKHa OyJIO MOSCHUTH, BBAYKAIOUH CBITJIO XBWJICIO, a SIBUIA BUITPOMIHIOBAaHHS
W TMOrJIMHAHHS — BBa)kKalouW CBITIIO moTokoMm dYacTtuHOK. Jocmigu O. I'. CroseToBa
(1839 - 1896) 3 (doroedekTy TakoXK IMOKA3alH, IO CBITIO MOBOAHWTH ceOe SK TOTIK
YACTUHOK. Y Pe3y/ibTaTl YUCIEHHUX OOTOBOPEHbB, MOMIYKIB 1 JOCTI)KEHh BUHUKIIA CY-
YyacHa Teopis CBITJIA, 110 € CUHTE30M KOPITYCKYJISIPHOI Ta XBUJIHOBOI Teopiid. B ocHOBI
i€l Teopii JEKUTh AYMKA, IIO CBITJIO OJHOYACHO MAa€ 1 XBHJIbOBI, W KOPIYCKYJISIPHI
BJIACTHUBOCTI.

l'eomempuunoro onmuxoio Ha3UBAETHCA PO3JUT ONTHUKH, B SIKOMY BHBUYAIOTHCS
3aKOHM TIOIIUPEHHS CBITJIOBOI €HEPrii B MPO30PUX CEPEIOBUINAX HA OCHOBI YSBICHHS
PO CBITJIOBUM MPOMiHb.

['eomempuuna onmuxa 6a3yemovcsa Ha MPbOX 3AKOHAX.

® 3aKOH NPSIMOJIIHIKHOTO MOIIMPEHHS CBITIIA;

® 3aKOH BIIOMBaHHS CBITJA;

® 3aKOH 3aJIOMJICHHS CBITJIA.

OCHOBHUMU NOHATTSIMU T€OMETPUYHOI ONITUKHU € NYUYOK 1 NPOMIHb.

VY nepriomy HaOJIMKEHH1 #1)YOK TIPOMEHIB — 11€ CYKYITHICTh CBITJIOBUX ITPOMEHIB.

VY cydacHiit Gi3uni mia cgimaosum npomenem PO3YMIIOTH JOCTATHBO BY3bKHIA
Iy4OK CBITJIa, SKUH y MeXax 30HHU, B SKIH BUBYAETHCS HOro IOIIMPCHHS, MOXKHA
BB)KATH HE PO301KHUM.

OCKUTbKHM CBITJIO, SIK 1 OyIb-SIK€ BHIPOMIHIOBaHHS, MEPEHOCUTH CHEPTiI0, TO
MOXHa TOBOPUTH, IO CBITJIOBHH TNPOMiHb YKa3ye HalpsM IIEPEHECEHHsS eHeprii
CBITJIOBUM ITyYKOM.

3aKOH NMPSIMOJIIHIHHOT0 MOIIUPEHHS CBITJIA.

I Ceimno 6 onmuuno 00HOPIOHOMY cepedosuLyi NOUUPIOEMBCS NPAMOJIIHITHO.

OnTUYHO OMHOPIAHUM BBAXKAETHCS TaKe CEPEIOBHINE, B SKOMY CBITJIO MOIIU-
PIOETHCS 31 CTANOO MBHUAKICTIO. SIKIO € IBa CEPEeIOBUIIA, B SKUX CBITIO MOIITUPIOETHCS
3 PI3HUMH IIBUJIKOCTSMH, TO CEPEIOBHINE, € CBITJIO TMOUIUPIOETHCS 3 MEHIIOI0
IIBUJIKICTIO, HA3WBAIOTh OINTHYHO OLIBII TYCTHM, a CEPEJOBHINE, JI€ CBITJIO
MOIHUPIOETHCSA 3 OUTBIIOI0 MBUAKICTIO, — ONMTUYHO MEHIII TyCTHM.

?? HaBemiTh IpUKJIQIW SBUII, SIK1 ITATBEPKYIOTH el 3aKOH.

Tinb — 067acTh IPOCTOPY, A0 AKOI HE MOTPAIUISIE CHEPTis Bif JpKepena cBitia (abo
1HaKIIe: 00J1aCTh TPOCTOPY, 3 AKOI HE MOKHA TTOOAYUTH JIIKEPETIO CBITIA).

SIk1o oKeperno CBiTiIa MPOTsHKHE, TO HA €KpaHi HABKOJIO TiHI YTBOPHUTHCS MiBTIHb.

Ilismine — 00nacTh MPOCTOPY, AO SIKOi €HEpris BiA JKepesa CBITIA MOTparuisie
4acTKOBO (200 1HaKIie: 00JacTh MPOCTOPY, 3 SIKOi JPKEPENIo CBITJIAa MOXKHA MOOAYUTH
JIMIIIE YaCTKOBO).
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Puc.20 Ymeopenns mini ma
niemini

YTBOpEHHSIM TiH1 1 MIBTIHI MOSICHIOIOTLCS COHAYHI U MICSAYHI 3aMEMHEHHS.

?7? TosICHITB 111 SIBUIIA 3 TOUYKHU 30pY T€OMETPUYHOI ONTHKH.

LHoscuenns: Tlin 9ac cousuno2o 3amemHenHs: IOBHA TiHb Bim Micsls majnae Ha
3emito. 3 1boro Mictist 3eMHO1 moBepxHi CoHirst He BuiHO. Ko Micsiis, oGepTarounch
HABKOJIO 3eMJI1, TOTPAIUIs€ B 11 TiHb, TO CIIOCTEPITAETHCS MicCAUHE 3aMeMHEHH.

VY TuUx MicusX TUIaHETH, KyJId BHajia TiHb, Oy/e CIOCTepiraTHCs MOBHE COHSYHE
3aTeMHEHHs. Y MICIAX MiBTiHI TUIbKkU 4yacTuHa CoHIg Oyne 3akputa Micsiiem, TOOTO
BIIOYJIETHCSL HOTO YaCTKOBE 3aTEMHEHHS.

B 3anmexxHocTi Bim ¢opmH MOBEpXHI, Ha Ky Taja€e CBITJIO, BiAOMBaHHS OyBae:
n3epkanbHuM (puc. a.) Ta audy3aum (puc.0):

Puc 21. Buou 6éiobums: a) 03epranvha, 6) ougysna
3akoH BiiOMBaHHSA CBIiTJIA.

3 BiIOMBAaHHSIM CBITJIa MU CTUKA€EMOCS IIOJHS: JEHb y JIEHb KOXKHMM 13 Hac
TUBUTHCS Ta cebe B J3epKasio; MU 0auMMO Ha CIIOKIMHIA MOBEPXHI BOAW 300paKeHHS
Conng # Micsiug, nepes 1 xmap. Lle npukianu q3epkanbHOTO BiTOUTTS CBITIIA.

[Tin yac moaLTy CBITIIOBOTO IMydYKa BUKOHYETHCS 3aKOH
30epeKeHHs €Heprii.

Hexaii cBiTnoBuil NmpoMiHb Majzae HA MEXY PO3JIITY
nBox cepepopuml. Jlinis MN — mepneHAUKYIAp A0 MExi
noairy n1Box cepenosuil. [Ipomine SO — magarouunii; mpoMiHb
OS: - Bigbutuii; npominb OS; — 3amomiieruii. Kyrtom
nafiHAsg (0) HA3MBAETHCS KyT MDK TAJal0YMM TPOMEHEM 1
NEPICHAUKYIIPOM, OMYIIEHUM Y TOUKy masmiHHsA. Kyrtom
BinOMBaHHA (J) HA3MBAETHCS KyT MK BIIOUTHUM MPOMEHEM i
TAM caMuM nepneHaukyiasipoM. Kyrom 3anomiieHHs ()
N HA3MBAEThCSI  KYyT  MDK  3aJJOMJICHUM  TNPOMEHEM 1
neprneHauKyIsspomM MN.

3aKkoH BIAOWMBaHHS CBiTJIa, SK 1 3aKOH MPSMOJIHIMHOTO IONIMPSHHS CBITIIA,
BIJIKpUTHN JaBHBOTPEIILKUM ydeHUM EBKTioM.

M
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[eomerpriiuHa ONTHKA — PO3IUT ONTHKH, B SKOMY BHBYAIOTHCS 3aKOHH
MOIIUPEHHS CBITJIOBUX MPOMEHIB.

3aKoHM reoMeTPHMYHOI ONTHKHM — L€ 3aKOHH, sIKi BCTAHOBJIIOKOTH NpPaBHJIa
reOMeTPUYHOI0 PO3MOBCIOKEHHS CBITJIOBUX NPOMEHIB B Cepe10BHILI.

3akon BiaOuTTA Ilanarounii IPOMIHb €IEKTPOMArHITHOI
XBWI1, BIAOUTHI MPOMIHBb 1 MEPHEHAUKYJSAP B TOUKY MaJIHHSA
JeXaTb B OJAHIM IUIOUIMHI, KYT TMaJiHHA JOPIBHIOE KYTY
BIIOUTTS. [IpoMiHb €eKTpOMArHiTHOI XBUJIl — LI HANpaBJICHUN
BIIPI30K B3JIOBXK SIKOTO PO3MOBCIOKYIOTHCSI E€JIEKTPOMArHITHI

xpi. < X =<}
3akon 3ajg0MienHs [lagarounii TpoMiHb, 3aI0MJIEHUN

2 IPOMiHb €JEKTPOMArHiTHOI XBWJI1 1 MEPHEHIUKYISIP B TOYIII
! " NaJ{IHHS JIEXKATh B OJTHIM IUJIOIIUHI.
i 1 -
- sina n,
——=—"_n,>n
s ' 2 1
o sing n
’ ' d .
: _ ' N,,N; — aOCOJNIOTHI IIOKa3HUKH  3aJIOMJICHHS
7 '. CepeIoBUINA, SKI TMOKa3ylTh Y CKUIBKHM pa3iB IIBUIKICTh
R A PO3MOBCIOJIKEHHSI €JICKTPOMArHiTHUX XBUJb B CEPEAOBHIII
AT 3MEHIIIYEThCS BITHOCHO BaKyyMmy.
Vv
. i
o b Sina_n, Vi _ 2
1 , - =—=_=7,
\ 7 sing nV, 4,
Mcepe()omtme
doToMeTpis.

1. CgiTy0 Zi€ Ha TiJIa BHACIIIOK TOTO, III0 BOHO NIEPEHOCUTH EHEprito. 3a
Teopiero MakcBellia CBITJIOBAa €HEPrisi — 1€ Hepris eJIeKTPOMarHiTHUX XBWib. MeTou
BUMIPIOBAHHS CBITJIOBOI €HEPrii CTAHOBIIATH PO3JILT ONTUKH, IKUH HA3UBAIOTh

dboTomeTpi€ro.
Psin BenmmumH XapakTepu3ye CBITJIO MIOJO €HEPrii, SIKy BOHO TEPEHOCHTb.
HaiiBaxnuBima 3 HUX — CBITJIOBMMA TOTIK. Jlis crnpuiiMaHHA CBITJIOBOI €Heprii

0ocoOJIMBE 3HAYEHHS, 3BUYAlHO, Ma€ OKo. ToMy Hac IIKaBUTh HacamImepea He MOBHA
€HEPris, U0 MePEHOCUTHCS EIEKTPOMATHITHUMU XBIWJISIMH, a JIWIIE Ta i1 YacTHHA, HA AKY
pearye Hailie OKo.

CeitiioBuii mortik. HaifOinmpm d9yTamBe OKO 1O 3€JICHUX MPOMEHIB. Tomy
MPAaKTHYHO BAXKIIMBO 3HATH HE MPOCTO KUIBKICTH CBITIOBOI €HEPTii, IO PEECTPYETHCS
BIIMIOBITHUMH BHMIPIOBAJIBHUMHM MPHUJIAJIAMH, a IHTCHCUBHICTD CBITJIA, SIKA OIIHIOETHCS
Oe3mocepelHb0 HAmKUM OKOM. J[Jisi Takoi OIlIHKM CBITJIOBOi €HEprii 3ampoBaKeHO
ocoOnmBY (hi3UYHY BEIMUMHY — CBITJIOBHH TOTIK, (MTO3HAYA€THCA OyKBOIO D).

CBIT/JIOBMM NMOTOKOM HAa3WBAaKOTh CBITJIOBY €HEPril, fiKka NMPOXOAUTH 4Yepe3
JAesIKy MOBEPXHIO 32 OJMHHMIIO YaCy i OHIHIOETHCH 32 30POBUMH BiI4yTTSIMH.

[HImIMMU coBaMu, CBITJIOBUHM MOTIK — 1€ MOTY>KHICTh CBITJIOBOTO MPOMIHHS, SIKa
OL[IHIOEThCS OE3MOCEPETHBO HALLIUM OKOM.

CBITJIOBUHM TOTIK YTBOPIOETHCS JIKEPEJIOM CBITIA U Jl€ HA MPEIMETH HABKOJO.
BianoBigHO BBOIWUTHCS I JABI €HEPreTUYH1 BEIWYMHM: OJHA JJISI XapaKTEPUCTUKU
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JpKepena CBITJIa — CHJIa CBITJIA JKepena, a Jpyra JUisl XapakTEepUCTHKHU Jii CBITIA Ha
MOBEPXHI TL1 — OCBITIEHICTh. [IOHATTS cuiM CBITJa HAWMPOCTIIIE BBECTH ISl Tak
3BaHOT0 TOYKOBOTO JpKepesa CBITIIA.

ToukoBe mxepeno cpitTiaa. Jkepeno CBiTIa MOXHA BBaXaTH TOUYKOBUM, SIKIIO
HOro po3Mipy 3HAYHO MEHIII 3a BIJCTaHl, Ha SIKUX OLIHIOETHCS il LIOTO JIKEpea.
Kpim TOro, npumnyckaerbcs, o JHKEPEIO MOCUIae CBITIO PIBHOMIPHO B yCiX HampsMax.
Hamnpukmnan, BifcTaHi 0 31pOK HACTUIBKKA OUIBIII 3a iXH1 pO3MIpH, IIO came 3ipKU €
HalKpau[ol MOJEIUII0 TOYKOBOIO JIKEpesa, XOod po3Mipu iX BequyesHi. BBoasuu
MOHATTS. TOYKOBOTO JIXKEpesa CBITJa, MU BUIUISIEMO TUIBKHU ICTOTHI st (OTOMETpii
BJIACTUBOCTI pEaJbHUX JIKEpes, al0CTparyrouuch BiA APYrOpsIHUX BIIACTUBOCTEH.
ToukoBe mKepeno — Ie Taka cama ifeasizallis K 1 1HII TpuiHAT1 y (Hi3uil Moaeni, —
MarepiajbHa TOYKa, a0COIIOTHO TBEPJIE TUIO0, i1calbHUM ra3 1 T. II.

Tinecnmii kyt. Ilo6 onmucaTu po3mojin y pi3HUX HampsiMax CBITIIOBOTO

NOTOKY, IO MOro BUIPOMIHIOE JXKEPENO CBITJIA, KOPUCTYIOTHCS MOHSTTSAM TLIECHOTO
KyTa.

Tinecruii xyr {2 ,,Bupizye” Ha moBepxHi chepu
chepuunuii cermeHt 1omero S. Iligx BenMUMHOIO
TinecHoro kyra () po3yMiroTh BigHOMIGHHS wuiel oL
710 KBajiparta pajiyca chepu:

S
Q= RZ (36)

Cuna cBiTIIA.
Cuiioro CBiTIIa JDKepeja Ha3UBAa€ThCS CBITJIIOBHHM TIOTIK, YTBOPEHHH JKEPEIOM B

OJVHUYHOMY TiJI€CHOMY KyTi. SIKINO JpKepeno YTBOpIOe B TilecHoMy kyti €2
cBiTIIOBUM MOTIK @D, TO cuiia cBiTiIa JpKepena | 3a 03HAYEHHSM JTOPIBHIOE:

=3 37)

OckiTbKM TOBHHUH TiUTecHUH KyT Mae 4 7T crepaliaHiB, TO CHJA CBiTIa TOYKOBOTO
JpKepena

| D
=1 (38)

ne @ — MOBHMI CBITJIOBHUM IMOTIK, TOOTO MOTYKHICTh CBITJIOBOTO IIPOMIHHS, IIIO
MOIIHUPIOETHCA BiJT KEPEIa B yCiX HAMPSMAX 1 OIMIHIOETHCS 32 30POBUM BiTUYTTSIM.

Y Mixnapoaniit cucremi omuaunb Cl 32 OCHOBHY OJMHHINO (POTOMETPUUHUX
BEJIMYUH TPUNHATA OJWHULS cuid cBiTia kKangena (ka). ChopaBa B ToMy, WIO
HAWUIIPOCTIIIE CTBOPUTH €TAJIOH came JUIS CHUJIU CBITJIAa. ETaloHOM OJWHMIN CHITH CBITIIA
(1 k1) € cremianbHUN BUMPOMIHIOBAY. YCi IHIII CBITJIOBI BEIMYUHH, Y TOMY YUCII U
OJIMHUIIS CBITJIOBOTO MOTOKY, MOX1IHI.
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OauHUIA CBITJIOBOTO MOTOKY. 3a OJMHHUIIIO CBITJIOBOTO MOTOKY MPUHHATO JTIOMEH
(im); 1 AM — 1€ CBITVIOBHM MOTIK, IO BUIMPOMIHIOETHCS TOUKOBUM JIXKEPEIOM, CHUJIA
cBiTJA AKOTO 1 K1, y TUIECHUH KYT, 10 TOpiBHIOE 1 Cp.

OcBiTiIeHiCTH

JIxepeno cBITJIa Maike 3aBKIU OCBITIIOE MOBEPXHI MPEIMETIB HEPIBHOMIPHO.
Hanpuknan, namna, ska BUCUTh HaJl CTOJIOM, HaWKpalle OCBITIIOE IeHTp cTtona. Kpai
CTOJIa OCBITJIIOIOTHCSI 3HAYHO Tipiie. | e He TUIbKK TOMY, IO CHJIa CBITJIA €JIEKTPUYHOI
JaMIu pi3Ha B pI3HUX HampsMmax. HaBiTh Bl TOYKOBOrO JKEpesia Ha LEHTP CToja
npunaje OuIbIla CBITIOBA MOTYKHICTh (CBITJIOBUM MOTIK), HDK HA TaKy caMy IUIONIY Ha
Kparo.

OcsitienicTio £ Ha3uBalOTh BIAHOLIEHHS CBITJIOBOro Notoky ®, skuii majnae Ha
IOy S, 10 BEIUYUHU 1€ MO 1:

E=3 (39)

OnuHULSE OCBITIIGHOCTI — JIFOKC (JIK) — BU3HAYAETHCS K OCBITJIICHICTD, TIPHU AKIN
Ha | M? TOBepXHiI pPIBHOMIDHO PpO3MOIIIAEThCA CBiTIOBMH noTik 1 nm. Jlis
(hOTOMETPUYHHUX PO3PAXYHKIB BaXXJIMBO 3HATH, SIK 3aJIeKUTh OCBITIICHICTh E Oyab-sikoi
MOBEPXH1 BiJ i1 pO3MIIICHHS MO0 MaJar0YuX MPOMEHIB, OJ BiacTaHi R mo mkepena
CBITJIa 1 Bi/I cWuiH CBITIA R kepena.

O4eBuAHO, 11O 32 IHIIMX OJHAKOBHUX YMOB OCBITJICHICTH NMPSAMO MPOTOPIIiHA
cum cBiTia okepena. CropaBiai, J1Ba OAHAKOBUX JIKEpENa, PpO3MILIEHUX TMOPSI,
MOCWJIATUMYTh y JAaHOMY HampsiMi B J[Ba pa3u OUIbIIE CBITIOBOI €HEprii 3a OJUMHUIIO
qacy, HIXK OJIHE JKepelso. Alle 1Ba Kepela MOYKHA 3aMIHUTH OJTHUM, CHJIa CBITJIA SIKOTO
B JIBa pa3u OuIbIIA.

3'scyBaTH 3aJ€XKHICTh OCBITJIEHOCTI OJ BIACTaHI J0 JDKepelia MOXKHa,
MOMICTHBIIIM YSBHO TOYKOBE JKepeso B IleHTp  cdepu. Ilnoma moBepxHi chepu

S = 47R?, a noBuuii cBitoBuii notik @ =471 . Tomy ocBiTieHicTb
@  4d | (40)
S 4zR* R?
OTXe, OCBITJICHICTh MOBEPXHI OOCPHEHO MPONOpIIiiiHA KBaJApaTy BIACTaHI BiJ
JpKeperna.

Jlin3a — mpo3ope Tij10, 00MexkeHe 3 ABOX 00KIiB chepMIHUM U MOBEPXHIAMM.

(IO

Puc. 20 Jlinza
Tonka niH3a — 1€ JTiH3a, TOBIMHA AKOI B 0araTo pasiB MEHIIA Bi paaiyciB
c(hepUIHNX TTOBEPXOHB, 110 ii 0OMEKYIOTb.
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Puc.21. Cxema 3naxo0oicenns onmuyHo2o yeumpy ain3u
01, 0 — 11eHTpH cdep;
01, 02 R, Ry — paniycu cdepruHIX TTOBEPXOHB, SKi 0OMEXKYIOTb JTiH3Y;
0102 __ ronoBua ontnuHa Bick (npsiMa, sika TPOXOIUTh Yepe3 LIEHTPU
c(hepuYHUX TOBEPXOHb, 110 OOMEXKYIOTh J1H3Y);
— ONTUYHUM LIEHTP JIH3U (TOYKa, Yyepe3 Ky MIPOMiHb CBITJIa IPOXOASYH HE
3QJIOMJITIOETHCS).
3a GopMoro JTIH3U NOJUISIOTh HA ORYKAL W yeicHymi.
Onykna JliH3a — JIiH3a, TOBILMHA K01 MOceperHi OUIbIIa, HIXK OIS KpaiB.
(mBOOIyKIJIa, TIOCKO-OMYKJIa, YBITHYTO-0IyKJIa) (pHC. a)
VYBirnyra jiH3a — JiiH3a, TOBIIMHA SKO1 MOCEPEIUHI MEHIIIa, HK O KpaiB.
(IBOBBITHYTA, TJIOCKO-BBITHYTA, OMYKJIO-BBIrHYTa) (pUC. 0)

Puc. a Puc. 6
Puc.22. @opmu ninz: a) onykna; 6) ygiecnyma
JIiH3M TakOX MOAUISIOTh HA 30UpPAIbHI T PO3CIIOBAIbHI.
30upanbHa JliH3a — 1€ JIIH34, SKa EPETBOPIOE MapajIebHUI MMy4OK TPOMEHIB B
301KHUH.
F — nmiticauit hokyc JiH3M (TOUKA y SIKIM MEPETHHAIOTHCS 3aJIOMJICHI POMEH] ).
Po3citoBanbHa iH3a — 11€ JIiH3a, sIKa MEPEeTBOPIOE MapajieIbHUM My40K MPOMEHIB
B PO301KHHIA.
F’ — ysBHUI Qokyc niH3M (TOUKA y AKIN MEPETUHAIOTHCS MTPOTOBKEHHS
3aJIOMJICHHX TTPOMEHIB).

.
//I
/II

!
|
|
|
| T
|
v

Puc.23. 36upanvna ma po3scirosanvua ninza
KosxHa niH3a Mae 06a ¢poxycu, po3TailioBaH1 Ha OJTHAKOBIM BIJCTaH1 BiJ
ONTUYHOIO IIEHTpPA JIH3H.
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®doKycHa BiICTaHb JIIH3U — 1€ BIICTaHb BiJl ONITUYHOTO LIEHTpa JiH3U 10 Pokyca
(Puc.24).

[F]=1m
A N
F 0. E O ___F
4 A\

Puc.24. @okyc siocmani ninzu
doxkycHy BificTaHb 30MPATBHOT JIIH3HM TOMOBWINCS BBaxkatu nojataoro (F > 0), a
poscitoBanbHOi — Bim’emuoro (F < 0). Uum wmeHmumu € paaiycu chepudHUx

MOBEPXOHB, 1110 OOMEXYIOTh JIIH3Y, TUM CHJIBHIIIE IS JIIH3a 3aJOMJIIOE CBITJIIO, OTXKE,
TUM MeH1Ia 11 pokycHa BiacTanb.(Puc.25)
1

1
/
/

1
1

>

\m
00:— 4_
Xv

T
=ik
L

=
L
-
~

Puc.25. @oxyc siocmani 36upanvhoi nin3u

OnTryHa cwiia JIiH3M — 11e (Pi3MYHa BEIMUMHA, KA XapaKTepru3ye 3aJI0MITIOI0Y1
BJIACTHUBOCTI JIIH3U Ta € 00EpHEHOO /10 i POKyCHOT BijCTaHI.

D==
F
F — ¢oxycHa BimcTaHb JiH3H.
OnuHUILSI ONITHYHOT CHIIA — JIONTPIs:
[D]=1lanTp=1/M=1m—1
1 mionTpis — I1e ONTUYHA CHIIA JIIH3H, (DOKYCHA BIJICTAHb SIKOT JOPIBHIOE 1 M.

Ontruna cwia 30upansHoi JiH3u € nogatHoro (D > 0), a po3ciroBanbHOT JTIH3U —
Bin emuoro (D < 0).

Jlekuia Ne26. XBWJIbLOBA ONITHKA
Ihaw:.

1. Jocnig FOnra

2. InTepdepeHitist y TOHKIN TUTIBIT

3. lomorpadis

4. JTndpaxiis

OCHOBOIIONIO’)KHUKAMHU XBWJILOBOI mpupoau cBiTia Oynu [roiirenc, ®OpeHens.
[Ticns BigkpuTTss MalKeaIbCOHOM IMIBHAKOCTI €JIEKTPOMArHiTHOI XBUJI Ta JIOCHIIIB IO
iHTepdepennii Tta audpaxiii Oysi0 3po0JICHO BHUCHOBOK, M0 CBITJIO — 1€

€JIEKTPOMArHiTHA XBUJISI TO JJIs BAKOHYIOTHCSI 3aKOHH B1JIOWUTTS Ta 3aJIOMJICHHS], SIBUILA
iHTepdepeHnuii Ta Audpakiii.
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Intepdepennis. InTepdepéHuis — HakIagaHHA XBWIb, NPH SIKOMY B
PI3HUX TOYKAX CHOCTEPIracTbCs MOCHJICHHS (KOHCTPYKTHBHA iHTepdepeHuis) ado
NnocJjaa0JIeHHsT aMIUIITYlM KOJMBaHb. Pe3ynbTar HakiaJaHHS XBHWJIb HA3HBAETHCS
IHTEpPEPEHIIIITHOIO KapTHHOIO.

Oco06iMBO BenvKe 3HAYEHHS 1HTEepdEepeHIlisl Ma€ B ONTHIll, BOHA JIC)KUTh B OCHOBI
ONTUYHOI Ta aKyCTUYHO1 rosiorpadii.

Inmepghepenyicio XBUIb HA3UBAETHCS SBUINE MiACUICHHS KOJIHBaHb B OJHHUX
TOYKAaX MPOCTOPY Ta OCHA0JIEHHd a 1HIIMX Y pe3yJbTaTl JoAaBaHHS JABOX a00 Ouible
KOTCPEHTHUX XBHWJIb, SKi HAJIXOAATH Y I1i TOUKH.

KorepeHTHICTD XBHJIb.

[arepdepeniiis — 3arajibHa BIACTUBICTh XBHIIb OyAb-siKoi npupoau. CTiiika B yaci
iHTepdepeHIliiiHa KapTUHA MOXKE CIIOCTEPIraTucs TUIbKH Y pa3i J0JIaBaHHS KOT€PEHTHUX
KOJINBaHb.

Kocepenmui (3B'si3aH1) xeuni — 1e XBWII, 10 MamTh OJHAKOBY YacTOTy Ta
HE3MIHHMM 3CYB (a3 y KOKHIH TOYI[l IPOCTOPY.

Koecepenmni 0oicepena — 1ie mxepena, o MaloTh OJTHAKOBY YaCTOTY Ta HE3MiHHHMA
3cyB a3 y yaci.

He3zanexHi x Jokepena cBiTiia (KpiM ONTHYHUX KBAHTOBUX T'C€HEPATOPIB)HE AAIOTh
KOTePEHTHUX XBWJIb. [IpHunMHA TONIATa€ B TOMY, IO aTOMH JDKEPEJ BUIIPOMIHIOIOTH
CBITJIO HE3QJIEKHO OJIMH Bl OAHOTO OKPEeMHMH «OOpUBKaMu»  (Iyrammu)
CUHYCOiTalbHUX XBWIb. | Taki Iyrd XBWIb BiJl 000X JDKEpes HAKIAIalOThCs OJUH Ha
OJIHOTO. Y pe3ynbTaTl aMIUIITyAa KOJMBaHb Yy OYIb-SKiM TOYI[l MPOCTOPY XAOTHUHO
3MIHIOETBCS 3 yacoM. OTxe, 111 1yru HekorepeHTHI. Hisikoi cTiiikoi KapTUHU 3 TIEBHUM
PO3IOALIIOM MAaKCUMYMIB 1 MIHIMYMiB OCBITJIEHOCTI HE CIIOCTEPITa€ThCS.

Iumepghepenyitinuii excnepumenm FOnea

[aTepdepentiitanii qocmia KOura ado InrepdepoMerp Ha MOABIMHUX HIUTMHAX -
ONTHYHUN Tmpunan, 3amporoHoBanuii B 1802 pomi Tomacom IOHrom s
CIIOCTEPE)KCHHST  sBUIA IHTep(EpeHIii KOTrepeHTHHUX CBITJIIOBHX XBWIb. Llei
EKCIIEPUMEHT 3irpaB TOJOBHY POJb B MPHHHATTI XBHJIBOBOI Teopii cBiTiaa. Ha mymky
camoro OHra, 1iefi ekcniepuMeHT OyB HaWBHUIIIUM JOCATHEHHSM HOTO KUTTS.

Le#t mpunayn ckiaamaeTbes 3 ABOX BY3bKUX IUIHH S1 Ta S2, K1 BUKOHYIOTH POJb
JIBOX KOTEPEHTHHX Jxepen cBitina. CrmpaBa B TOMy, IO 4Yepe3 HUX MPOHHUKAIOTH JIBA
KOTE€pPEHTHI IIPOMEHI CBITJIa Bii OCHOBHOTO JKepesa cBiTia S. BincTanh MK IIUTHHAMHA
nopiBHtoe d. Biccro inTepdepentiinoi cxemu FOHra € JiHis, mpoBeIeHa BiJl OCHOBHOTO
JDKepenia CBITJIa Yepe3 CEepellHy BifcTaHl MK mimnHaMu. baza intepdepomerpa L - me
BiJICTaHb B IUIOIIMHYM MIUIMH JO TUIONIMHU iHTepdepeHIiifHoro mojs ekpaHy. Ha
€KpaHi BHWHHKae iHTepdEepeHIliiHa KapTHHA Yy BUTISAAI MapajelbHUX 0 IIIJTUHU
€KBIIMCTAHTHUX CBITIMX Ta TEMHUX CMYT. 3a MIMPHUHOK IHTEPPEPEHIIHHOT CMYTH
MOHA BU3HAYUTHU JOBXKUHY XBUJI1 CBITJIA.

Hpunoun I'oiirenca.

['eomeTpudHe MicCIle TOYOK CEPEIOBHINA, IO KOJIWUBAIOTHCA B OJHIA (a3i,
HA3UBAETHCS XBUNbOBOIO NOBEPXHEIO.

[lepennst XBWJIbOBA TOBEPXHS, OXOIUTIOIOYM TOYKH, SKI IMIOWHO JICTadd TIO-

YaTKOBUH IMITYJIbC, IEPEMIIIAETHCS B IpocTopi. Lle ¢ppornm xeuni.
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Hanpuknaa, ¢poHT xBuil, KU 30yJKYeTbCSd OJMHOYHUM  BIOpaTopoM
HEBEJIMKUX PO3MIipiB, Mae Gopmy KoJa.

HampsiMm mommpeHHs XBWUJII 3aBXKAM TNEPHEHIUKYISApHUH A0 ii ¢gpouty. Llei
HampsM HA3HMBAETHCS npoMeHem. BiH yka3ye HampsiM e€HEprii, Mo MepEeHOCHTHCS
XBUJICHO.

lNonnmanncekuit ¢i3ux X. T'roiireHc 3HAMIIOB MPOCTUNH TE€OMETPUUYHUN cHociO
3HAXO/’)KEHHS (PPOHTY XBHJII B MOMEHT yacy t=At,
SIKIIIO BiIOMO HOTO MOJIOKEHHS B MOMEHT t.

Hpuaoun I'wiirenca: xoowcna mouka
@dpoumy xeuni Moxce po3eaadamucs K 0xicepeo
smopuHHux xeéunb. HoBe monoxxeHHs (PpoHTY XBH-
i 300paxaeTrbcsi gK OOBIJHA LMX BTOPUHHHUX
XBUJTb.

[IIBuakicTs cBiTIA y Bakyymi. Metoau
BUMIPIOBaHHS MIBUAKOCTI CBITIIA.

Y ¢i3uml mBUAKICTH CBITJIA € OJHIEIO 3
¢yHIaMEeHTaTbHUX KOHCTAaHT. JKOJIHa KOHCTaHTa
He HaOyja TaKOTrO BaKJIMBOTO 3HAYCHHS, SK MIBUIKICTH CBITJIA: SK I[apaMeTp BOHA
BXOJIUTh Y YWCJICHHI PIBHSHHS TEOPETHYHOI (Di3uKH, 1i 3HAUCHHS BUKOPHUCTOBYETHCS B
pajioyiokarrii, Mpyu BUMIpIOBaHHI BiJicTaHEeH Bij 3eMJi 0 IHIIMX IJIAHET, MiJ 4ac Kepy-
BaHHS KOCMIYHMMH TOJbOTaMU. BuUpazuTu MBHAKICTH CBITJIa Yepe3 IHII CTall
HEMOJKJITUBO, 11 MO’KHA TUTBKH BUMIPSITH JOCTITHUM HIISTXOM.

[IBuAKICTE CBITJIA € CKIHYEHHOIO, TPAHMYHOIO Ta IHBAPIaHTHOIO MO0 PI3HUX
1HEPIIAILHUX CUCTEM BIJUTIKY.

InTepdepenuis cpitia.

JIist ofepkaHHA BOX KOTE€PEHTHHX CBITIOBUX XBWJIb MOXKHA BHUIPOMIHIOBAHHS
BiJl OJHOTO M TOTO CaMOTO aToMa PO3JUIUTH HUITXOM o
BiIOMBaHHS a00 3aJOMJICHHS Ha JIBa MMYYKH. \

Kineis HeroroHa. \

KorepeHTHicTh XBUJIb, BIZOUTUX BiJl 30BHINIHBOI \
Ta BHYTPIIIHBOI MOBEPXOHB IUIIBKH, MOSCHIOETHCS iX \
HAJEXKHICTIO 70 OJHOTO W TOTO CaMOTO CBITJIIOBOTO \
MmydKa. \

Sxmro mxepena KorepeHTHi Ta cuHpaszHi (TOOTO \
30iratoTbcs 3a (ha3o0r0 B 4aci), TO B TOUKAX CEPEIOBUIIIA, \
KyaId XBWIl HagXonsTh, 30irarounch 3a (as3oro, \
YTBOPUTHCSI MAKCUMYM THTEPPEPEHITIITHOT KAPTHHH. R \ &

Makcumymu Ta MiHiMyMH iHTepdepenuii

Vmosa maxcumymy: amIiiTyna KOJMBaHb // \
CepeoBHIla B JaHii TOYIll MaKCHUMaJlbHA, SKIIO —_ ey i
pI3HHIISI X0y JBOX XBHIIb, SIKI 30yIKyIOThH 7
KOJIMBAaHHS B Il TOYIIl, JOPIBHIOE IIJIOMY YUCITY >
noxuH XBuib: Ad =KA, ne Ad — pi3HMIS XOay
IBOX XBUib, ak=0,1, 2, ....




Ymoea minivymy: amMIuIiTya KOJUBaHb CEPEOBHUIA B JaHIN TOYIl MiHIMaJbHA,
AKIIO PI3HUIIS X0y JBOX XBMIIb, SIK1 30Y/J’KYIOTh KOJMBAHHSA B L1 TOYII, TOPIBHIOE HE-

napHoMy yHuciy miBxBuib: Ad = (2K +1)% :

TexHiuHe 3acTOCYBaHHA iHTepdepeHuii.

SBunie iHTepdepeHii CBiTIIa 3HAXOAUTh PI3HOMAHITHE MPAKTUYHE 3aCTOCYBAHHS.
BukopucToByioun 1€ sIBUIIE, MOKHA Ay»€ TOUHO BU3HAYATU JOBXKHHH CBITIIOBUX
XBUJIb, BAMIPIOBATH MMOKAa3HUKH 3aJIOMJICHHS r'a3iB Ta IHIIMX PEYOBHH, 3/11HCHIOBATH
TOYHI BUMIPIOBAaHHS JIHIMHUX PO3MIpPiB, KOHTPOJIIOBATHU SAKICTh ILTi(pYyBaHHS i MO-
JipyBaHHS MOBEPXOHbB Ta IH.

JAu¢ppakuis

Mudpakuis - sBume, 00 BUHUKAE TpU
NOLIMPEHH] XBWIb (HANpUKIajd, CBITJIOBUX 1 3BYKOBHUX
xBWwib). CyTh IBOr0 SIBUIIA TOJSITA€ B TOMY, IO
XBHWJIA 3IaTHA OOrMHATH MepPelIKOAN.

Ile 3yMoBiIOE TE, WO XBWJIBOBUH  pyX
CIIOCTEpIraeThcsi B 00JAacCTl 3a TEPEIIKOJIO0, KyIu
XBWJISI HE MOXK€ MOTpanutu npsamo. Jdudpaxuis godpe
MPOSIBIIAETHCS TO1, KOJIK PO3MIp TEPENIKOAN Ha IIISAXY m—z‘ m—ﬁ Do
XBWJI1 MOPIBHAHUM 3 i JOBXKHHOIO 200 MEHIIIHIA.

SIKmo ToBXKMHA XBUJI1 OLIbIIA YUM JOBKHHA MEPEIIKOIU, TO XBUJIS MIPOXOIUTH ii

He3Minro0un cBoi mapamerpu. A > |..

SIKIO OBXKMHA XBHIII MeHIIa 9uM goBxuHa nepeukonn A < l.to xsums ormuae
NEPEIIKOIY 1 32 TMEPEIIKOI0I0 CTBOPIOPETHCS MPOCTIP B IKOMY HEMOKJIMBO MPUUHSITH
EJIEKTPOMArHiTHY XBUITIO.

ABume mudpakiii cBiTIIa HAISIHO MIATBEPIKYE TEOPIiI0 KOPIMYCKYISIPHO-
XBWJIBBOT MPUPOJIM CBITIIA.

Ju¢pakuis cBitia. Ekcnepument Tomaca FOura

Posrnsmaroun XBwiIi Ha TOBEPXHI BOAM BiJl JBOX KHHYTHMX KaMEHIB, MOXKHA
MOMITUTH, 5K, HAKJIAJaI0UMCh OJAWH Ha OJIHOTO, XBWUJII MOXYTh 1HTepdepyBaTH, TOOTO
racuti abo MiJACWIIOBATH OAHA OJHY. IpYHTYIOUHCH Ha LIOMY, aHIUiHChKUN (i3uK i
nikap Tomac FOur nocrasuB B 1801 pori gocmiau 3 TpOMEHEM CBITIIA, SIKUA TPOXOJIHB
gyepe3 Ba OTBOPH B HEMPO30pOMY €KpaHi, YTBOPIOIOUH, TAKUM YMHOM, JIBA HE3AJICKHUX
JDKepernia CBiTJia, aHAJOTIYHUX JBOM KHHYTUM Y BOJYy KaMmeHsIM. Y pe3yibTaTi BiH
crioctepiraB iHTEpPEPEHITINHY KapTHUHY, [0 CKIATA€ThCA 3 TEMHUX 1 OUTUX CMYT, sIKa HE
Morjia O YTBOPUTHCS, SKOM CBITIIO CKJIaanocs 3 KOPIycKysa. TeMHi CMyTH BiIOBigaIn
30HaM, JI¢ CBITJIOBI XBWJII Bi/I IBOX IIUIMH TacsATh OAWH OAHY. CBITJII CMyTd BUHUKAJIH
TaM, JI€ CBITJIOBI XBWJII MiACHIIOBANMCSA. TakuM YHHOM, OYJIO JOBEJCHO XBUIBOBY
MPUPOIY CBITIA.

JMudpakuis — 11e SBUIIE OTUHAHHS CBITJIOM MEX HEMPO30pUX TLI: KPaiB OTBOPIB,
BY3bKUX IIUIUH i €KpaHiB, TOOTO MOPYIICHHS MPSAMOJIIHIHHOCTI CBITIA.

[Iponyckarou TOHKHMM TMYy4YOK CBITJIa Kpi3b MAaJEHbKUN OTBIp, MOXKHA
CIIOCTEPIraTH MOPYILICHHS 3aKOHY NPSIMOJIHIKHOTO TOMUpeHHs cBiTia. Jlocmiau
T.HOunra, pocmimxenns O.Dpenens, npuHuun X.[tolireHca pganu MOSCHEHHS
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MPSIMOJIIHIMHOMY MOIIMPEHHIO CBITJa B OJHOPITHOMY CEPEIOBUIIl HA OCHOBI XBUJIBOBOI
TEOopIi.

BianoBigno no imei dpeHens XBUIIbOBa MOBEPXHS B OyAb-IKUA MOMEHT 4acy
ABJIIE COOOI0 HE MPOCTO OOBIIHY BTOPUHHUX XBUJIb, a PE3YJIbTAT iXHBOI IHTEp(DEpeHLi.

Hudpakuis CcBITIa BU3HAYa€ MeEX1 3aCTOCOBHOCTI T€OMETPUYHOI ONTHKH.
BusiBisieTbes, 3aKOH NPSAMOJIIHIHHOTO NOIIUPEHHS CBITIA M 1HIII 32aKOHU T€OMETPUYHOI
ONTHUKU BUKOHYIOTHCSI JOCUTh TOYHO JIMIIE B TOMY BUIAAKY, KOJHU PO3MIPH MEPEIIKO]
Ha NUIAXY MOIIMPEHHS CBITJIa Ha0arato OUIBINI 3a JIOBXKUHY CBITIOBOT XBWIl. OTHHAHHSA
CBITJIOM TIEPEIIKOJ OOMEXKYe PO3ILTIOBAIbHY 37aTHICTh HAWBAXKJIMBIIIUX ONTHUYHHUX
IHCTPYMEHTIB — TeJIECKOTa i MIKpOCKoOMa.

JAu¢pakuiiina peurirka.

JAu¢pakuiiina pemritka — CKIsfHA TOHKAa IUIACTMHKA, HAa SKy HAHECEHO Ila-
payiesibHI IITPUXH 3 MPOMIKKaMU MK HUMU. [lluprHa minuHu i mTprxa no3HavaeTbes
d i Ha3UBAETHCS CTAJOI0 PeINiTKH (a00 MepiogoM pelriTKH).

HudpakuiiiHa penriTka CiIyXuTh JUIsl pPO3KJIaJaHHA CBITJIAa B CHEKTp 1 BH-
MIPIOBaHHSI JIOBKMHU XBWJL. SIKIIO Ha #audpakiiiiHy pemTky Majae IUIocKa
MOHOXpOMAaTUYHA XBWJIA JOBXHHOIO A, TO BIANOBIAHO 10 mNpuHIumny [roiirenca —
OpeHenst KOKHY TOUYKY (GPOHTY XBHIJI1 MOKHA MPUIHATH 3a JKEPESI0 BTOPUHHUX XBUJIb,
AK1 TIOLIUPIOIOTHCS B yC1 OOKH.

Hexail BTOpuHHI XBUII1, 0 WAYTH MiJI KYTOM O,
B pe3ysbTaTi 1HTepdepeHIi MiACUITbCI. To0To
ISl HUX BUKOHY€EThCSI yMoBa Makcumymy: Ad =kA4, ne
Ad — pi3HuIS X0ay ABOX XBHWIb, a K = 0, 1, 2, ... —

OPSI0K CIIEKTpY. 3 TPUKYTHHUKA ABC:
AB=Ad=d-singp. Takum YuHOM, PiBHSIHHS
auppakuinHoi peliTKH MaTHUMeE BUTJISAI:
d-sinp=kA.

3BiJICH BUIUIMBAE, 1110 MOJOKEHHSI MaKCUMYMIB
CBITJIA 3aJIC)KUTH HE B1J YMCJIa MIUIKMH, @ TUILKU BiJ JOBXKUHHU XBWJIl. UMM MeHIIa
JIOBKMHA XBUJII BUTIPOMIHIOBaHHS, TUM MEHIIIOMY 3HAYEHHIO KyTa BiJIIIOBiTa€e
IOJIOKCHHSI MaKCUMyMYy. TaKuM YMHOM, BHJIUME ONTHYHE BUIIPOMIHIOBAHHS
PO3TATYETHCA B CIIEKTP TaK, 110 BHYTPIITHIM KpaeM HOTO € (10JIeTOBE ONITUYHE
BUIIPOMIHIOBaHHS, a 30BHIITHIM — YePBOHE.
Jucnepcis.
Jucnepcist cBiT/Ia — 1He mpouec PO3KJIATAHHS
cBiTIa  0iJIOr0  KOJBOPY Ha CHEKTPU NpPH

MPOXO/UKEeHH] Yepe3 CKISIHY MPHU3MY.
\ Jlucriepcis  CBiTIIa — 3aJIe)KHICTh ITOKa3HHUKA

3amoMiieHHsT  (a00  MieNeKTPUYHOI  MPOHUKHOCTI)
Cepe0OBHIIA BiJl YaCTOTH XBHUJIi CBITJIA.
sina_ N, _ V, _ A
sng nV, 4,
[3 3akoHa 3aJOMJICHHS BHUJIHO, YUM OUIbIlA JIOBXXKMHA XBWJII THUM OUIbIIE KYT
3asioMJieHHs. Tak SIK KOXEH KOJIIp Ma€ CBOIO JOBXKHUHY XBHII, TO MPHU MPOXOKEHHI
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yepe3 MPU3MY BiH 3aJIOMJIIOETBCSA MiJ CBOIM KYTOM, IO 1 NMPUBOIAUTH IO CTBOPEHHS
CIIEKTPY.

Monyasb 7. KBaHTOBI BJIACTHBOCTI CBiTJIA.
Jekuyia No27. ®oToeeKTPUYHUH ePeKT

Ilnaw:

1. IIpeameT, MeTOAM 1 3aBJAHHS KBAHTOBOI (P13UKHU

2. 3axonu dortoedexty. Jocnimkenns CtoyieToBa

3. KBanToBa teopist poTtoedexty

4.DOTOENEMEHTH Ta 1X 3aCTOCYBAaHHS

KBanToBa ontuka

KBanToBa omnTuka po3Tisgac ONTHYHI SBUINA, B SKUX BHUBYAETHCS KBAHTOBA
npupoja cBiTia. OCHOBHI iei KBaHTOBOT Teopii Oynu po3pobieHi B nepiog 3 1900 mo
1930 pp. 3rigHo 3 rimore3oto M. Ilnanka, eHeprisi BUPOMIHIOETHCS HE Oe3MepepBHO, a
JAMCKPETHO, TOOTO MEBHUMH MOPIiISIMU KBaHTaMu ((pOTOHAMH).

KBaHToBa mpupoja cBiTia BU3HAYa€, M0 CBITIO — II€ MOTIK (POTOHIB (KBAHTIRB)
KOXKeH (POTOH Ma€ Macy, IMITYJIbC 1 AUCKPETHY €HEPTiI0 TUIBKU MPU MIBUJIKOCTI CBITIIA.

I'inore3a Ilinanka.

B 1900 pomi M. Ilmank BHUCYHYB TeOpitO PO KBAaHTOBUU XapakrTep
BUITPOMIHIOBAHOI €HEpPrii: eHeprisi BUIMPOMIHIOBAHHS CKJIAJA€ThCA 3 OKPEMUX MalUX 1
HENOJUTPHUX YaCTUH — KBaHTIB. EHepris Takoro kBaHTa BM3Hauajacs BenuuyuHow E =
hv , ne h — crana Ilnanka.

3a cyuacHumu ganumu h =6,626-1074 JIx-c .

INnmote3a Ilmanka oTpuMana MNOMANBIIMK PO3BUTOK B pobOorax ElHIITEHHA.
EnexrpomarnitTHa XBWJISL HE TUIBKM BUIIPOMIHIOETHCS, ajie 1 TONIUPIOEThCS 1
MOTJIMHAETHCS Y BUTJISI MOTOKY KBaHTIB. KBaHT CBITJIOBOI eHEPrii HA3UBAETHCS (POTOH.

[Ticnsa BinkpuTTs [lmaHka moyana po3BHBATHCS HOBA, HaliCydacHIlIa Ta riamOoKa
¢di3uvyHa Teopis — KBaHTOBa Teopis. Po3BuTOK ii He 3akiHuuBcs W gotemnep. Exepriro
KBAaHTa MOKHA BUPA3UTHU B JKOYISIX a00 B €IEKTPOH-BOJIbTAX:

1eB=1,6-10"%° Ik

Eneprisi porona pisussunsa Ilnanka

C
Eneprist orona 1o [lnanKy 10piBHIOE: Eqb =hv V= Z

Iie N — nocriitaa IInanka,
V —yacroTa cBiTia, ¢ =3-108 M/cex. — IBUAKICTD CBITIIA.
Maca, immyJabc ¢poToHa.
®OTOH— KBaHT €JICKTPOMArHITHOrO IOJIs, €JIEMEHTapHA YaCTUHKA, IO € HOCIEM
€JIEKTPOMAarHiTHOI B3a€EMOII.
Enepris ¢otona mo Exmreiiny

2 2 =
E,=m,c". hv=m,c®  Maca porona: My = 7

Imniynse poTOoHA BU3HAYAIOTH 32 (OPMYIIOIO
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hv hy _hv
P, =Myc=—-C=— Py —T iMITysTbC (pOTOHA

DoroedexT

Binkpurra sBuma goroepexkty Mano BEIUKE 3HAYEHHS IS OUIBIIOrO pO3yMIHHSA
NPUPOAM CBITJIA. AJie LIHHICTh HAYKU MOJSATa€ HE TUIBKM B TOMY, IO BOHA 3'ICOBYE
CKJIaJiHy 1 OaratorpaHHy OyJI0BY HAaBKOJHUIIHBOI'O CEPEJOBHINA, a 1 B TOMY, III0 HayKa
Ja€ HaM B PYKH 3acO0H, 3a JIONOMOIOI0 SIKHX MOXXHA YJOCKOHAJIMTH BUPOOHHUIITBO,
MOJIIMIITYBATH YMOBH MaTepiajJbHOTO 1 KyJIbTYPHOTO KUTTH.

dotoedekT. 3akonu poroedexrTy.
®oroedekr O0yB Biakputuii 1887 poky I'. T'epuem, a

IOTIM JOCTIPKEHUI €KCIICPMMEHTAJILHE POCIMCBKMM ydeHum | /| /) o ®
A.T. CtoneToBum. . (
(DqquQ)eKT —  SBMIIC BHPHBAHHA €JIEKTPOHIB 13 fl'_\‘ri__ ,\:_\
TBEPIMX 1 PUTKUX PEHOBHH Mill Jli€i0 CBITIA. e o ®_ oo
Po3p13Hst0Th: e ®

1) 3oBHimHINA (QoToedeKT — BUPUBAHHS EIIEKTPOHIB 3
PEYOBUHHU ITiJT JII€IO CBITIA.

2) BuytpimHiii (oToedekT — mnepepo3nojul eIeKTPOHIB 3a EHEePreTHUYHUMU
PIBHSIMU ]I €0 CBITIA(EIEKTPOMArHETHOT'O BUIIPOMIHIOBAHHS ).

3akonn d¢oroedexkTy OyIM EKCIEPUMEHTAIbHO BCTAHOBJIEHI MpPodecopoM
MockoBcrekoro yHiBepcutety A. I'. CtoneroBuM:

e ciia GOTOCTPYMY HACHUYEHHS MPSIMO MPOIOPIiHHA 1HTEHCUBHOCTI CBITA, IO
najae Ha KaToJ;

* MaKCUMaJbHa MOYATKOBAa IIBUIKICTH (POTOEJEKTPOHIB HE 3aleKHUTh BII 1H-
TEHCUBHOCTI MIaJIal04Y0r0 CBITJIA, & BU3HAYAETHCS TUTBKH MOT0 YaCTOTOIO;

* 711 KOXKHOT PEYOBUHHU ICHYE MiHIMajJbHA YacTOTa CBIiTJIa, Ha3MBaHA YEPBOHOIO
Mexero GpoToedekTy, HIKUe 3a Ky (HoToe)EKT HEMOKITUBHIA.
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Puc. 30: Cxema excnepumenmanvroi ycmanosku 0Jist 8U8YeHHs (homoepexmy .

B ekcnepuMeHTI BHKOPHCTOBYBABCS CKJSIHUA BakKyyMHHMH OajoH 3 JBOMa
METaJeBUMHU €JIEKTPOJaMHU, MOBEPXHA sKUX Oyia perenbHO ouMileHa. [[o emekTponis
npuKiIaganack Aesika Hanpyra U, MOJAPHICTD AKOI MOKHA OYyJI0O MIHSTH 32 JOMOMOI'OIO
nozaBiiHoro kitova.(puc. 30) Oaun 3 enexktpoaiB (karon K) uepes kBaplioBe BIKOHIIE
OCBITJIIOBABCSI MOHOXPOMATUYHHUM CBITJIOM 3 JIOBXXKMHOIO XBWJII A, U TIPU HE3MIHHOMY
CBITJIOBOMY MOTOLI1 JTOCTIIXKYBajach 3aleXHICTh cuiIu GotocTpymy | Bin mpukiaaeHoi
Hanpyru (puc. 31).

L0 o

Puc. 31: 3anesxcnicmo cunu hpomocmpymy 6io npuxnadenoi nanpyeu. Kpusa 2
gionosioac Oinbulill iHmeHcusHocmi c8imno6020 nomoxy. l,; u 1,2 — cmpymu nacuuenns,
U, — 3anuparoua nanpyeaa.

PiBusanns EliHmTeiina.
3akoH 30epekeHHsT €Heprii i mpoliecy B3aeMo/Iii (OTOHA 3 €JIEKTPOHOM IIij] Yac
doToedekTy onucyeThecs piBHAHHIM EifHITeliHA:

2
hv=A__ +—m€v€
2

ne A—poboTa BUXOIy €eKTPOHA 3 PEYOBUHH,

2
meVe
2 — KIHCTHYHA CHCPI'Ld CIICKTPOHA

MiniManbeHa eHepris GoToHa, sSIKa JOCTATHS s oep kaHHs GOToedEeKT,
JIOPIBHIOE

A, =hv

Pisnanns Evnwmenina MOJNCHA pO3210amu SIK SUPAICEHHS 3AKOHY 30epediceHHs

eHepeii 01151 0OUHUYHO20 KMy 83a€MO0ii QOMOHA 3 eNeKmpOHOM.
Ei=Us3z-e, ne e — 3apsj eIeKTpoOHA.

min

Yepeona epanuys gomoegexkmy — MiHIMaIbHa dYacToTa ab00 MaKCHMallbHa
JOBKMHA T1aJIaf0901 XBHJII, 32 SKOI BCE IIIe CIIOCTepiraeTbest GoToeeKT:

h'Vmin = Agux ; VYmin = Agux/h.

A0o: hC/j,max = Agux: )»max=hC/Agux

3oguiwnitl pomoeghexm — BUIYCKAHHS €JIEKTPOHIB 13 TOBEPXHI METay MiJl JTI€I0
ceitna. [lpunanu, B OCHOBI NpPUHUMUIY [l SKUX JEXKUTh sBULIE (POTOEDEKTY,
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Ha3UBalOThCA (oToeneMeHTaMu. Y (OTOeNeMEeHTaX EHEPris CBITIAa Kepye EHEPri€lo
EJIEKTPUYHOTO CTPYMY a00 NEPETBOPIOETHCS HA HET.

DoTOCHHTE3 TA HOT0 POJIb B C.-T.

@DOTOCHUHTE3 — MPOLEC CUHTE3Yy OpPraHIYHUX CIOJYK 3 BYIJIEKHCIIOIO raszy Ta
BOAM 3 BUKOPUCTaHHSIM €HEprii CBiTIa M 3a y4acTio (POTOCMHTETUUYHHMX IITMEHTIB:
(xmopodin y pocauH, ximopodin, OakTepioxiaopodin i 6aKTepiopoAONCHH Y OaKTepiil),
4acTO 3 BUJUICHHSM KHCHIO AK MOOIYHOro mnpoaykry. lle Haa3BuUYailHO CKJIaJaHHMA
MPOLIEC, IO BKJIKOYAE JOBIY MOCHIIIOBHICTh KOOPAMHOBAHUX O010XIMIYHUX peakuiid. Bin
BIIOYBA€EThCS Y BUIIMX POCIMHAX, BOJOPOCTAX, OaraTboX OaKTepiiX, NEAKUX apXesdx 1
HaWMpOCTIINX — OpraHizmMax, BiJoMux pa3om sk (ororpodu. Cam mporec Bifirpae
BaXIMBY POJIb Y KPYrooOIiry BYIJICLIO Y PUPO/IIL.

B xomi cBiTnoBoi cragli (GOTOCHMHTE3y YTBOPIOIOTHCS BHUCOKOEHEPTreTHYHI
IPOJYKTH: afieHo3uHTpudocdar, 10 CIyXuTh B KIITUHI Jkepenom eHeprii, 1 HAJI®OH,
10 BUKOPUCTOBYETHCS SIK BITHOBHUK. SIK MOOIYHUYN MPOAYKT BUAUIIETHCS KUCEHb.

Xnopodi1 BUKOHYE N1B1 PYHKIIIi: MOTIMHAHHSA 1 Iepeady eHeprii.

@DOTOCHUHTE3 € OCHOBHHM JIKEpEJIOM Ol0JIOT14HOI eHeprii, (QOoTOCMHTE3yI0ul
aBTOTPO(H BUKOPUCTOBYIOTH ii JIJIsl YTBOPEHHS OPraHIYHUX PEUOBUH 3 HEOPTaHIUHUX,
reTepoTpodu ICHYIOTh 32 paXyHOK €Heprii XIMIYHHMX 3B'A3KiB, 3alac€HOi aBTOTpodaMH,
BUBUIBHAIOYH 1i B Ipoliecax aepoOHOro Ta anaepoOHoro nuxanus. Enepris, orpumyBaHa
JIOJICTBOM TIPU CIMAIOBaHHI BUKOIHOTO TMajiuBa (BYyruuis, HadTa, TPUPOAHHUM ras,
Top(), TAKOXK € 3aMaCEHOI0 B IIporieci (POTOCUHTE3Y.

@DOTOCHMHTE3 € TOJOBHUM METOJOM 3aly4yeHHS HEOPraHIYHOIO BYIJICHIO B
Oloyoriyauii MKiI. Bech kuceHb atMocdepu OGIOTE€HHOTO IMOXOJKEHHS 1 € MOOIYHUM
npoaykToMm ¢oTocunTesy. DopmyBaHHS OKMCHIOBAIBHOT aTMOCGHEpPH MOBHICTIO 3MIHUIIO
CTaH 3€MHOI MMOBEPXHI, 3pO0MII0 MOXIIMBOIO MOSIBY AMXaHHS, a HaIall, MICIsl yTBOPEHHS
030HOBOTO APy, AO3BOJIAJIO KUTTIO BUUTH Ha CyIIy.

Jekyia No28. 3oBHilHIN Ta BHYTPilIHiA doToedeKT.

Ilnan

1. 3oBHimHIN hoTOCPEKT

2. BaytpimHiit poToedekT

3. ®oToranbpBaHIYHUHN €dEeKT

4. ®otoedeKT B Ta30m010HOMY CepeaOBHIIII

1)3oBHimnHili ¢poToedeKkT — BUpHBAHHS €JIEKTPOHIB 3 PEUOBUHM ITiJI JI€I0 CBITIA;

2) BHyTpimHii ¢oTroedexkT, Tpu SKOMY BiIOYBA€ThCS JIHUIIEC 30UIBIICHHS
KUIBKOCTI BUIBHUX €JIEKTPOHIB BCEpEIMHI PSUYOBUHM, ajic BOHH HE BUXOIATh HA30BHI,

3) ¢poToranbBaniuyHmMii eeKT, MPU TKOMY Ha TPAHUIII MOUTY HAIIBIIPOBITHUKA 1
MeTaiy ad0 Ha TpaHMIl MOALTY JIBOX HAITIBIIPOBIIHHUKIB il BILIMBOM OIPOMIHIOBaHHS
BHHHKAE CJICKTPOPYIIiitHa chJa (3a BIICYTHOCTI 30BHINTHBOTO €JICKTPUYHOTO TTOJIS);

4) poroedekT B razomoaioHoMy cepemoBHINI, SKUi Toygrae y (oroioHizarii
OKpEeMHX MOJIEKYJ a00 aTOMIB.

3oBHilHIl (oToedeKT criocTepiracThCs y TBEPAUX TUIAX, a TAKOXK y razax.

®otoedext BiakpuB y 1887 p. I'. I'epu, a nepuri GpyHaaMeHTaNIbHI JOCTIIKEHHS
dotoedekty BukoHani . Y 1898 p. Jleonapn i1 ToMCOH METOOM BIIXUJICHHS 3aps/iB Y
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€JEKTPUYHOMY 1 MArHITHOMY TMOJSX BH3HAUWIM NUTOMHUHN 3apsj ™ YaCTUHOK, IO
BUPHUBAIOTHCS CBITJIOM 3 KaTo/a, AOBIBIIH, IO 11l YACTUHKHU € €JIEKTPOHAMH.

JlocijlaMu BCTAHOBJICHO TaKi OCHOBHI 3aKOHM 30BHIIIHBOT0 GoToedeKTy:

I. IIpu ¢ikcoraniii yactoti ¥ majarouoro CBiTia KUIbKICTh (DOTOEIEKTPOHIB, IO
BHPHMBAIOTHCS 3 KaToOJla 3a OJMHHINIO Yacy, IMPOIMOpIiiiHe 0 IHTECHCUBHOCTI CBITJIa (CHria
(GoToCTpyMy HaCHYEHHs MNPOMOpLIMHA [0 EHEepreTMYHoi OcBITIeHocTi E karona)
(puc. 32).

II. MakcuMaibHa IOYaTKOBA IIBHUAKICTH Y= (hOTOENEKTPOHIB BHM3HAYAETHCS

JUIIE 4acTOoTOr Y CBiTIIA 1 HE 3alleKWUTh BiJ MOro I1HTEHCHMBHOCTI. Bennunnpa Vs
3pocTae 13 30 UIbIICHHSIM YacToTu V.
[II. Jlns xokHOT pEUYOBHHHM ICHYE ,uepBoHa Mexa~’ Qotoedekry, TOOTO

MaKCHMaJIbHA JOBKMHA XBHJII “max , TIpU K1{ criocTepiraeThes Gporoedexr.

If - -
I Lo > I

J2e T ===

E,

"ir H

— -
— iy 7 rr

Puc.32. I'paghix cunu pomocmpymy nacuuenns nponopyitina 00 eHepeemudHol
ocgimaerocmi E kamooa

Bennuuna “mm sanexuts Bix XimMiuHOi IPUPOAU Tia 1 CTaHy HMOro ITOBEPXHI.
A. Eitamreiin B 1905 p. mokaszaB, mo sBumie ¢oroedekry 1 HOro 3aKOHOMIPHOCTI
MOXXYTh OyTH TOSICHEH1 Ha OCHOBI 3aIPOIIOHOBAHOI HUM KBaHTOBO1 TeOpii hoTOoCEeKTy.

3rigHo 3 E#HIITEHHOM, CBITIO YacTOTOI0 ¥ He JHIINEe BHUIIPOMIHIOETHCS, ajie 1
HOIIUPIOETHCSA B IIPOCTOP1 1 MOTIMHAETHCS PEUYOBHHOIO OKPEMHMH IOPIIIMU, CHEPTis
akux €=Rv  ne A crama Ilnanka. IlommpedHs cBirna Ttpeba po3IIggaTH HE K
HETICPEePBHUI XBHJIBOBHH TIPOIIEC, a SAK IMOTIK JIOKAJTi30BaHUX Yy IMPOCTOPI JUCKPETHHUX
CBITJIOBHX KBaHTIB, III0 PYXalOThCs 31 MIBUAKICTIO TMOMIMPEHHS CBiTia y Bakyymi. Lli
KBAaHTH OTpUMaJy Ha3By (POTOHIB.

3a EitHmTetHOM KOXXHHUH (DOTOH IOTJIMHAETHCS JIUIIE OJHUM CICKTPOHOM. ToMy
KUIBKICTh BHUPBAaHUX (DOTOCICKTPOHIB IIOBHHHA OYTH MpPOMOpIIiiiHA a0 KUIBKOCTI
nornuHyTHX (GOTOHIB, TOOTO mpomopiliiiHa A0 I1HTeHCUBHOCTI cBiTia (I 3akoH
dotoedekry). besinepuiitHicTh poToeeKTy MOSCHIOETHCS THM, IO Iepeaada eHeprii
MpY 3ITKHEHH] (POTOHA 3 €TIEKTPOHOM BiIOYBA€THCS Ma’Ke MUTTEBO.

Enepris mamarodoro ()oToHa BUTPAYAETHCS HA BHKOHAHHS CICKTPOHOM POOOTH
BUXOAYy A 3 MeTally 1 Ha HaJaHHSI CJIEKTPOHY Macoro ™, SKWid BUJICTIB 3 MeETaiy,

U
KiHeTH4HO1 eHeprii 2
3a 3aKOHOM 30€epeKeHHs eHeprii
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hv=A+ e

[le piBusinasg EifHIITeHA 1JI8 30BHIIIHBOTO oToedekTy.

PiBusiuas Elnmreiina pae 3mory mnosicautu II 1 III 3akonu dotoedekry.
MakcuManbHa KIHETHYHA €Hepris (OTOENEKTpOHa JIHIKHO 3pOCTa€ 13 30UIbIICHHSIM
YaCTOTH MaJal0voro BUIIPOMIHIOBAHHS 1 HE 3aJICKUTh B1J] HOr0 IHTEHCUBHOCTI, OCKIJIBKH
Hi poOoTa Buxoay A, Hi yactoTa ¥ BiJ IHTEHCUBHOCTI cBiTJa He 3anexatb (Il 3akon).
OcCKUIbKM 13 3MEHILICHHSM YacTOTH CBITJIa KIHETUYHA eHeprisi (OTOEIEeKTPOHIB
3MEHIIYETLCA, TO MPU JEAKIH JOCUTH Maniii uvacrtori ¥ ~¥mm kimermuna enepris
dboToenekTpoHiB Oy/e NOPIBHIOBATH HYNIO. ToMy eHeprii KBaHTa BUCTA4a€ TIIbKH, 100
BUPBATH €JICKTPOH 3 MeTany. OTxe,

[y
I!'Il"-'l=jl =A

Bennunna mm 3anexuth e Bl poOOTH BHUXOAY €JIEKTPOHa, TOOTO BiA
XIMIYHOT IPUPOJIM PEUOBUHU 1 CTAHY 1l MOBEPXHI.

SKmo  CTBOpHTH TIOJNE  BCEpPEIMHI  BaKyyMHOro  (OTOCIEMEHTa,  SKE
3aTPUMYBAaTUME PYX €JIEKTPOHIB, TOOTO Ha Karoj IMojaaTth ,+°, a Ha aHom,— , TO

doTocTpyM Oyzae 3MEHITYBAaTUCh 1 MPU HAMPY3i Uo CTPYM JOPIBHIOBAaTHUME HYJIIO (JIUB.
puc. 3.1). g Hanpyra Ha3uBaeThCS 3aTPUMYI0U0I0 Hanpyrorw. Toxdi

cﬂ=ﬁ
2

a piBHaHHA ElffHIITElHA 17151 30BHITHBOTO (PpoTOSPEKTY MaTUME BUTIISIT
hv=A+ell,

Ocranne piBHﬂHHﬂ MOJKHa 3aI1ucaTH TaKOX TaKuM YHMHOM

e e

s dopmyna omucye rpadiuno mHanpsmy UO =f(¥), ska mae xkyr Haxuay & 10
oci ¥, mpuuomytgoa = h/e, a Touka mneperuny 1€l mpsmoi 3 Biccio U0 nae
3HaueHHs A/e (puc. 33).

Busnavaroum 1151 1BOX PI3HHUX YACTOT Ta MAJAar0490r0 BUITPOMIHIOBAHHS 3HAUCHHS

Hanpyr UO1 ta UO 2, MmoxxHa oTpuMaTH GopMy.Ty IS BU3HaUeHHs ctayoi [lnanka h:
L (Uo1-Um)

=

0

Puc. 3.2
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Puc. 33. I'paghiunuii onuc nanpsmy U0 =f(¥),

OcKibKU IHTEHCUBHICTh CBITJIA TPSIMO MPOMOpIiifHA KUIBKOCTI (POTOHIB, TO
30UTBIIICHHS] IHTEHCUBHOCTI Majal0dyoro CBITIAa MNPUBOAWTH A0 3OUIBIICHHS 4YHCIIA
dboToenekTpoHiB, TOOTO 10 30UIbleHHS (oTocTpymy Id. SAxmo npunmyctuTH, mIO
JDKEpEeJIo CBITJAa TOYKOBE, TO MOXKHA BBa)KaTH, IO OCBITICHICTH E kaToma 3MIHIOETHCS
00epHEHO IPOMOPIIHO KBaJApaTy BiICTaH1 Bij JoKepena cBiTia 10 ¢oroeneMenTa. Tak
SIK OCBITJIEHICTh E mponopiriiina IHTEHCUBHOCTI CBITJIA, TO BEJIMYMHA
doroctpymy I Oyne npornopiiiiiHa MOTOKY BUITPOMIHIOBAHHS.

Moayas 8. Bynosa atoma.

Jlexuyia Ne29 BynoBa aTtoma
Ilnan:
1. Bigkputts, siki TOBOASATH CKJIQJAHICTh Oy/J0BH aTOMY.
2. Monens atroma Pesepdopaa.
3. Iloctynatu bopa.
4. bynoBa siapa aToma.

Mopeas atoma TomcoHa.

o 1902 poky Oyno 3AIHCHEHO JOCTaTHBO EKCIIEPUMEHTIB, SIKI MEPEKOHIINBO
JIOBEJIN ICHYBaHHSI €JICKTPOHIB.

Puc. 34. Mooenv amoma Jc. Tomcona.

Hxo3ed [xon ToMcoH moOKa3aB Ha OCHOBI KIIACHYHOI
€JIEKTPOMArHiTHOI Teopii, M0 PO3MIPU eJIEKTPpOHAa MalwTh OyTH
nopaaky 10° m. Kpim Toro, 6yno Bimomo, 1o po3Mipu aroma
ctaHOBIATH Kimbka anrctpeM (1 A=1071" wm). Ha wmiit minctaBi Tomcon B 1903 pomi
3alpOIIOHYBAaB CBOIO MOJIENIb aTOMa, BIAMOBIAIHO A0 SKOi aTOMHU SIBJISIOTH COOOIO
OJTHOPIIHI KYJIi 3 MO3UTHUBHO 3aPsJPKCHOI PEYOBUHU, Y SKIH MICTATHCS €JIEKTPOHH (IUB.
puc.). CymapHuii 3aps/ eNeKTPOHIB JOPIBHIOE TO3UTUBHOMY 3apsily aToma. ToMy aTtoMm
y MUIOMY €JIEKTPUYHO HEUTPaTbHUM.

Ils monmens mictana Ha3BY «IIYyAMHI», OCKUIbKH €IEKTPOHH OyJd BKparwieHI B
MO3UTUBHO 3aps/KEHE CEPEIOBUIIEC, HEMOB 13I0M Y ITy/IUHT.

Monens Tomcona 31aBanacsi mpuBaOIUBOIO 3 TI€ET TOYKH 30Dy, IIO Mepeadadana
HAsIBHICTH €JIEKTPOHIB B aroMi. OJiHaK BOHA MpoicHyBaja TUTbKU 10 1911 poky.

Hocainn Pezepdopaa.

Y 1911 pomi Epacr Pesepdopn 3amponoHyBaB CBOIM  CIIBpOOITHHKAM
EKCIIEpUMEHTATbHE TIEPEBIPUTH MEPEKOHIUBICTh MOiei atoMa ToMmcoHa. Inest mocmimy
Oyma mpocra. Skmo Momenp aroma ToMcoHa BiATOBimaEe AIMCHOCTI, TO
EKCIIEPUMEHTATOPH, TPOIMYCKAIOUN KPi3h Ty’KE€ TOHKY METaJEBY IUTIBKY BY3bKHUN MyYOK
MIBUAKUX 0.-YACTHHOK, HE TIOBUHHI BUSBUTHU
CKUIBKH-HEOYAb TIOMITHOTO  BIAXHJICHHS
IIUX YaCTUHOK.

Puc. 35 Cxema docnioy Peszepghopoa
nO PO3CIAHHIO O-YACTUHOK.
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K — cBuHLIEBUI KOHTEWHED 3 PaJi0aKTUBHOIO PEYOBUHOIO

3D — ekpaH, MOKPUTUH CIPUUCTUM LIUHKOM

® —3050Ta (posnbra

M — mikpockor.

Pesepdopa BcTaHOBHB, IO KOXXKHA O-YaCTHHKA, MNOTPAIUIAIOYM HAa €KpaH 13
CIPUMCTOTO LIMHKY, BUKIIMKA€E CHalaxX CBITJIA. 3a3HABUIM PO3CIIOBAHHS B 30J10TiH (hob3l,
O-YaCTUHKHM BJIAPSIIUCS MOTIM B €KpaH 1 peECTPYBAIIMCA 32 I0MTOMOT 00 MIKPOCKOIIA.

OuikyBanocs, o My4YOK 0.-YaCTHHOK ITiJ] Yac MPOXOKEHHS KPi3b TOHKY (OIBIY
3JIeTKa PO3CIIOETHCA HAa HeBeNMKi KyTu. Lle mificHo crmocrtepiranocs. Alle HECIoOJIBaHO
3'scyBajiocsi, 10 NpuOIM3HO oaHA a-yacTUHKA 3 20 000, siki maaTh Ha 30J0Ty (HONbTyY
3aBTOBIIKM ychoro juiue 4-107° cM, moBepraeThes Hazan y Oik Jxkepena.

PezepdopnoBi 3Ha100m10Cs KiTbKa POKIB, 1100 OCTATOYHO 3pO3YMITH TaKe
HECIIO/[IBaHE PO3CIIOBAHHS 0-YACTUHOK Ha BEJUKI KyTU. BiH JIMIIIOB BUCHOBKY, 1110
MO3UTUBHUMN 3aps/l aTOMa 30CEPEKEHUIN Y 1y>)Ke MaJIoMy 00'eM1 B IIEHTP1 aTOMa, a He
PO3MOIUICHUH IO BChOMY aTOMYy, K y Mozeni ToMcoHa.

Aapo
o ol o N / Puc. 36 .Po3scisnunsa o-uacmunox
— + .

. @ amomi  Tomcona (@) i 6 amomi
"ot Pezeppopoa (b).

(2 (b

Snepua moxenn atroma Pesepdopaa:

1)  aTomu Oyab-SKOTO €JIeMEHTa Ma€ MO3UTHBHO 3apsiKe SIPO;

2) 70 CKJIaay siApa BXOASATH MO3WTHUBHO 3apsiKEHI eIeMEHTapHI YaCcTUHKUA —
IIPOTOHHU 1 HEUTPaJIbHI HEHTPOHU;

3)  HaBKOJIO siipa PyXalOThCsS HEraTHBHO 3apsKEHI1 €JICKTPOHH.

locnio E. Pesepghopoa 3anouamkysas OCHOB8U CYYACHUX YABIEHb NPO OY008)
amoma

[Ilo6 mosicauT oxepxaHi pesynbTat, E. Pesepdopa mpumyctus, mo atom mae
ckIaaHy OymoBy, cxoxy Ha COHSYHY CHUCTEMY: BCEPEAHMHI HOTO MICTUTHCS MO3UTHBHO
3apsKEHE PO, HABKOJIO SKOTO 00EPTAIOTHCS €JIEKTPOHU

Puc.36. oepua mooenv amoma
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Moro po3paxyHKH JOBENH, 10 B s/Pi 30CEpeKeHa PAKTHIHO BCS Maca aToMa,
aje Moro po3Mipu Habarato MeHIii 3a caMm aToM. BUMiproBaHHS TMOKa3ajiu, IO JIiHIMHI
po3mipu aToma ctaHoBiATh npudansHo 1070 M, a paniyc #oro sapa nopiBHIOE GIH3BKO
10 M. 3posymino, mo cxeMmaTuuHi 300paK€HHS aTOMIiB TyT 1 B iHIIMX KHHUTax
MOAAI0ThCs O€3 TOTPUMaHHS MacIITao1B.

Orxe, Ha miACTaBI oOJepKaHUX eKcrnepuMmeHTanbHuXx aaHux E. Pesepdopn
3alpoNOHYBaB sAepHY (TUTaHETapHY) MOJeNbh aTroMa, sKa y3ro/KyBalacs 3
pe3yiabTaTaM JOCHIAIB 1 MOSCHIOBAJIa 0araTo I1HIIMX SIBUII, MOB'SI3aHUX 3 OYJI0BOIO
aToMma.

Bucnoeok: IlnanerapHa monenb atoma, 3ampornoHoBaHa Pesepdopiom, crana
BOXJIMBUM KPOKOM B PO3BUTKY 3HaHb Mpo OymoBy aTtoma. lIpoTe, BoHa BUSBHIACS
HE3JIaTHOIO MOSICHUTU caM (PakT TPUBAJIOro ICHYBaHHS aToMma, TOOTO MOro CTIMKICTh. 3a
3aKOHAMHU KJIACHUYHOI EJEKTPOJAMHAMIKH, PYXOMHH 3 TMPUCKOPEHHSM 3aps] MOBUHEH
BUIIPOMIHIOBATH €JIEKTPOMATHITHI XBMJIi. 3a KopoTkuii dac (6museko 1078 ¢) Bci
€JIEKTPOHU B aToMi Pe3epdopaa mMOBHHHI pO3TPaTUTH BCIO CBOIO CHEPTil0 i BMACTU HA
sapo. Te, 110 11boro He BiA0YBAETHCS B CTIMKUX aTOMa, MOKAa3ye, 110 BHYTPIIIHI TPOLIECH
B aTOMi HE TMIIKOPSIOTHCS KIACUYHUM 3aKOHAM.

B pesynbrari mociimkeHs Oysi0 BCTaHOBIICHO, IO SIAPO aToMma AYyXKe cTaliabHa
yacThHKa . He3Bakaroum Ha Te MO 10 CKJIAQAy sJpa BXOJSATh MO3UTHUBHI MPOTOHU i
HEUTpasbHI HEUTPOHU 3PYWHYBATH SIAPO MOXKIMBO TUTBKH 3a JIOIOMOTOI0 SIIEPHUX
peaxiiii.

Bci xiMI4HI eeMEHTH MAaroTh i30TOmH. [30TOIMM TaHOrO XIMIYHOIO €JeMEHTa
BIZIPI3HSIOTHCS KUTBKICTIO TpoTOHIB. Hampukman, i3oronu ['iporeny: 2H — deumepiil,
*H — mpumii. 130TONH MarOTh OJHAKOBI XIMIYHI BJIaCTUBOCTI, ajle MOXYTh BIAPIZHATHCS

(b13MYHUMHU BIACTUBOCTSIMHU, & CaMe Pall0aKTUBHICTIO.

3a MOTOMOrOI0 SIIEPHUX PEaKIliii MO)KHA JICTaTH paJiOaKTHBHI 130TONMH BCIX
XIMIYHHX €JIEMEHTIB, K1 3yCTPIYalOThCS B MIPUPOJI1 TUTBKH B CTIHKOMY CTaHI.

Macose i 3apsiioBe uncJia.

B skocTi onuHMIN Macu B aTOMHIN 1 sepHiM (i3ulll BUKOPUCTOBYETHCS aTOMHA
OJIMHUIISA MacH (2.0.M.).

AToMHa oauHUIA MacHu nopiBHIOE 1/12 macu aroma KapOoHy aTOMHOIO Macoro
12.

1 a.o.m. = 1,66057-10%' kr.

[ine uwmcio, HAWOMIKYE O ATOMHOI MHUCH, BUPAKEHOI B a.0.M., HA3WBAETHCS
MaCOBUM YHCJIOM 1 TO3HAYAETHCS OYKBOIO A.

Yucio TpOTOHIB y SApI HA3UBAETHCA 3apsIOBUM YHWCIOM (3apsioM sapa) i
MO3HA4Ya€ThCsi OYKBOIO Z.

JIJ1st KO)KHOTO XIMIYHOTO €JIeMEHTA 3apsij apa JOPIBHIOE MOPSAKOBOMY HOMEPY B
tabmuii J1. I. Mennaeneesa.

B 3aranpHOMY BHIUIS/II XIMIYHHN €IEMEHT MMO3HAYAETHCS TaK: , X .

Yucno HeNTpoHIB y sapi mo3HadatoTh OykBoo N. N=A — Z.

Koxnnit ximiuauii enement B tabnuui J{. I. MeHneneeBa enekTpoHEUTpanbHUIA
TOMY IO KUIbKICTh MPOTOHIB B SAJIp1 JOPIBHIOE KUIBKOCTI €JIEKTPOHIB HA OpOITax aToma .
s KUIBKICTH BiJINOBIAA€ NOPsAIKOBOMY HOMepY B Tabmuui /. . Menaeneena.
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3MIHUTH €JEKTPOHHY OOOJIOHKY aToMa MOXJIMBO TEIJIOBOIO, CBITJIOBOIO,
XIMIYHOIO Ta MEXaHIYHOIO €HEPTIAMH.

AToM, sikull yTpaTuB (4d HAOyB) OJIUH a00 KUIbKA EJEKTPOHIB, MEPETBOPIOETHCS
Ha MO3UTUBHUM (200 HETaTUBHUM) HOH.

[1o3UTHBHO 3apsiI’KEHE TUIO0 — KUIBKICTh €JIEKTPOHIB B TUI1 MEHILA, YUM KUIBKICTh
MPOTOHIB B A/Ipax aTOMIB 13 IKMX CKJIAJA€EThCS TLIO

HeratuBHo 3apsipkeHe TUI0 — KUIbKICTb €JIEKTPOHIB B TUIl OUIbIIA, YAM KUIBKICTh
MPOTOHIB B AJIpax aTOMIB 13 SIKUX CKJIAJAETHCS TLIO

Jexyia No30. AToMHu ejleMeHTIB MepioAMYHOI CUCTEMH - 2 TO/

Inaw:

1. XapakTeprcTHKa SJICKTPOHY 3 TOYKH 30py KBAHTOBOT MEXaHIKH.

2. BynoBa aTromiB €1I€MEHTIB MEPIOANYHOI CUCTEMHU.

3. BaneHTHICTh 3 TOUKH 30py OyJ0BU aTOMa.

Bynosa BoaHenoaiOHMX aTOMIB.

[Mpiinuun BukinrodeHHs [layni (a6o mpuniun 3aboponu I[laymi)— KBaHTOBO-
MEXaHIYHUW TPUHITUIL, 3T1AHO 3 AKUM y 0araTro4aCcTUHKOBIA CHUCTEMI HEB3a€MOIIHOUMX
dbepMioHiB, KOJHI JBI YAaCTKM HE MOXYTh OIHUCYBAaTHCS OJHOYACTUHKOBUMU
XBUWJILOBUMH (YHKIISIMH 13 OJTHAKOBUM HAOOPOM YCiX KBAHTOBHX YHCEIL.

[Mpunun OyB copmynboBanuii Bonbdranrom Ilaymi B 1925 pomi. Bin €
HACJTIAKOM TIPUHIUITY HEPO3PIZHIOBAHOCTI YacTOK (200 MPHUHIUIY TOTOXHOCTI
YaCTUHOK).

depMioHN XapaKTepU3YIOThCS THM, IO iXHI XBHJIHOBI (PYyHKIIII aHTUCUMETPUYHI
IIOJI0 TEPECTAaHOBKU IJEHTUYHUX yacTUHOK. I1[00 3abe3neunTv aHTUCUMETPUUHICTH,
XBUJIBbOBY (DYHKITIFO cUCTeMH Oaratbox (hepMiOHIB 3a3BHYail OYIyHOTH 3a JOTOMOTOIO
nerepminanta CrnedTepa, BUKOPHCTOBYIOUM TE€BHUM Hallp OJHOYACTHHKOBUX
XBUIbOBUX (QYHKIINA. [3 1HUX OJHOYACTMHKOBMX (YHKIIIH HE MOXe OyTH JIBOX
OJIHAaKOBHX, 0O 3TiAHO 3 BJIACTUBOCTSAMH BU3HAYHWKA TPH JABOX OJHAKOBUX DSIAKAX YU
CTOBIMYMKAX BU3HAYHUK JIOPIBHIOE HYIIO.

IIpu moOymoBi craHy 0araro4aCTHHKOBOI KBAaHTOBOMEXAHIUYHOI CHCTEMH 13
OJTHOEJICKTPOHHUX CTaHIB J[Ba €JICKTPOHU HE MOXYTh 3HAXOJUTHUCS B OJHAKOBOMY CTaHI.
31e0UTBIIIOTO CIiHOBA MIJCUCTEMA HE3aJIEeKHA BiJl KOOPAMHATHOI, TOXX, BPAXOBYIOUH JIBI
MO>KJIMB1 TPOEKIIil CIiHaA, OAMH OpOITATBPHUN CTaH MOXYTh 3aiMaTH JIBa €JICKTPOHU 13
MPOTUJICKHUMH CIliHaMH. EekTpoHHI KOH(Iryparii aToMiB 1 MOJIeKysl OyayrOThCs 3
BpaxyBaHHIM 11bOTO (akTopa. Hampukinaz, nis atoma JiTit0, SKH Ma€e TpU €JIEKTPOHH,
eNeKTpoHHa KoHGirypamis 1s22sl, ToOTO aBa €NeKTpoHU (3 PI3HUMHU CIIHAMU)
3aiiMarOTh BHYTpIMIHIO 1s-opOiTanb, a TpeTid eIeKTPOH mepedyBae Ha 30BHINIHINA 2s-
opOiTaui.

3arajgoM, aTOMU MOKYTh MaTH 2 €JIEKTPOHU Ha S-0pOiTaisiX, 6 €IeKTPOHIB Ha p-
opOitamsix, 10 emekTpoHiB Ha d-opOiTamsx, TOMIO, YMM TOSCHIOETHCS CTPYKTypa
MEePIOANIHOT CHCTEMH €JICMEHTIB.

[Mpuamun [laymi ¢opmanbHO O3HaYa€e HESBHY B3a€EMOJII0 Y HEB3a€EMOIFOUIN
CHUCTEMI, OCKIJIbKM 3HAIOUM CTaH OJHIE] YACTHMHKH, TOYHO BIJIOMO, IO HISKa I1HIIA
YacTUHKa He mnepeOyBae y IbOMYy cTaHi (0COOJMBO SICKPABO 1€ MPOSIBISETHCS, SKIIO
BChOT'0 2 YACTUHKHU Yy CUCTEMI, SIK JIBa €JIEKTPOHU Ha 1s-opOitani).
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PosrnsitHemo ABa €NeKTPOHHM, MPOCTOPOBI KOOPJAWMHATH SAKUX 30IraroThCsl, TOJI
SKIIO CIIHOBI KOOPJMHATU TEX 301ratoThCs (CIIHU CHIBHANPSIMIICH1), TO €JIEKTPOHU HE
MOXYTh TepeOyBaTh B OAHIM TOYI[l, ajie SKIIO CHIHM HampsIMIICHI Yy HpPOTUIEXKHI
CTOPOHH, TO €JIEKTPOHU MOKYTh 3HAXOJUTHCS B OJIHIN TOULIl IPOCTOPY.

3.Ilepionuuna cucrema MeHesneeBa.

[lepiogiyHa  cuctéma —— —
eJIeMEHTIB (pOC. g :,.:.‘vw, TR AL T2 BT 274 A nm ALy mE V\. PSSRl ICEB A
TIEpUOIUYECKAs cucTemMa —
aNeMeHTOB, aHri. periodic law, = bl
periodic system, periodic table; D EI T O
HiMm.  Periodensystem  (der Seji’e: Jitc Vifi- Coift- M
Elemente), periodisches System ] "N: ‘—‘; R T
(der Elemente)) — P s e o (e e
KJacudikaris XIMIYHUX 7 ) ) (L () (2 (P
€JIEeMEHTIB, po3poljieHa Ha o ) O S LS O
OCHOBI TEPIOUYHOTO 3aKOHY. = .::ga&‘ ‘ip‘b.“b ‘io? ‘10'1‘ (E "‘4"";6"—“"

Cydacne popmyntoBaHHS RH._] RH_] HR | HR
MEepiOJUYHOIO 3aKOHY 3BYUHUTb | = Colfe Pl N e F, S 8 e G e T = Oh (= - - T YRl .
TaK: BJIACTUBOCTI EJIEMEHTIB | U LA P AL TAC A L A [

nepeOyBaloTh y MepIOANYHIN

3aJIEKHOCT1 B 3apsiiy IXHIX aTOMHHX slep. 3apsa sanpa Z JTOpPIBHIOE aTOMHOMY
(mopsiAKOBOMY) HOMEpY eJleMeHTa B cucTeMi. EneMenTH, po3ranioBaHi 3a 3pOCTaHHAM Z
(H, He, Be...) yrtBoprototh 7 mepiomiB. Ilepiog — CyKYIHICTh €JIEMEHTIB, IO
MOYMHAETHCSA JIY’)KHUM METaJIOM Ta 3aKIHUYEThCS OJaropogHUM Ta3oM (0COOIMBHIA
BUIIAJIOK — MEPIINI MepioJl, M0 CKIAIAE€ThCA 3 ABOX ra3onoAioHux eixementiB — H ta
He). V 2-y i 3-y nepiogax — 1o 8 enemeHTiB, y 4-y 1 5-y — mo 18, y 6-y 32.
BeprukanbHi CTOBMIII — TPYINH €JIEMEHTIB 3 MOAIOHUMU XIMIYHUMHU BIIACTUBOCTSMH.
Bceepenuni rpyn BIacTHBOCTI €JIEMEHTIB TaKOXK 3MIHIOIOTHCS 3aKOHOMIpPHO (HAmp., Y
nykHUX MeTaniB Big Li 1o Fr 3pocTtae ximiuHa aktuBHICTB). Enementu Z = 58-71 ta Z =
90-103, 0ocobnHMBO CXOXi 32 BJIACTUBOCTSAMH, YTBOPIOIOTH JIBa CIMEHWCTBAa — JIAHTAHO1/IiB
Ta aKTHHOIMIB. IleploAMYHICT, BIACTMBOCTEH €JIEMEHTIB 3yMOBJICHA IMEPIOAUIHUM
MOBTOPEHHSAM KOH]ITypaIlii 30BHINIHIX €IeKTPOHHUX 000JIOHOK aTOMIB.

IHornuHaHHA Ta BUNIPOMiHIOBAHHA KBAHTIB.

Buxonsiun 3 mnoctymariB bopa, MoOXHa TMOSCHUTH TPOIEC TMOTJIMHAHHS 1
BUIIPOMIHIOBaHHS €HEprii aToMamu. SIKIIo aToM MOTJIMHAE €HEPrio, TO MPHU I[bOMY BiH
TIepPeXONUTh Y 30y/KeHMH cTaH. Moro eIeKTpoH Moe IiHIMaTHCA Ha BUILY OpoiTy.
S0 iCHYIOTH BaKaHCIl ISl €JIEKTPOHA OJIMXKYE JI0 Aapa, TO 3 YaCOM €JIEKTPOH 3aiiMae
iX, Tmepexojsyn Ha OUTBbI HU3bKUI E€HEepreTMYHUW piBeHb. EHepris, ska mpu 1mboMy
BUBUIBHSIETHCSI, BATIPOMIHIOETHCSI aTOMOM Y BUTJISAJII KBAHTA CBITIIA.

SIKI10 CBITIIO BUMPOMIHIOIOTH PO3PIKEHI Ta3u, TO aTOMU Ta3y 3HAXOMSTHCS Tak
JIAJIEKO OJIMH BiJ OJTHOTO, IO HE YMHSTH HISKOTO BIUIMBY Ha BHIPOMIHIOBAHHS CYCITHIX
aTOMIB, 1 y CIEKTpPi TaKOro JpKepena OyayTh crmocTepiratuch numie neBHi JiHil. [lei
CIEKTP HA3UBAIOTH JIIHIYACTUM CIIEKTPOM.

SKIIO CBITJIO BUIPOMIHIOIOTH TBEP/l T, PIIUHU YU AY>KE CUIIBHO CTHUCHEHI
ra3u, TO Ha BUIIPOMIHIOBAHHS KOXXHOTO 3 aTOMIB CYTT€BO BIUIMBAIOTh CYCIJHI aTOMH.
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VYHacai10K [IbOr0 MOKHA CIIOCTEPIraTh pO3MHUBAHHS J1HIN B CIIEKTP1 BUTPOMIHIOBAHHS 1
IUIaBHUM TEpeXi B OJHOTO KOJIbOPY 0 1HWOro. Tak BUIIIAa€e CyLIUTBHUM CIIEKTP.

Cnekr posirpitoi xmapu
BOAHIO

Puc.37.Cyyinonuii 6uensio cnexmpy pisHux peyosun

1917 poky EliHmTeiin nepen0daynB MOKINBICTh iHAYKOBAHOTO BHITPOMIHIOBAHHS,
CyTh SKOTO Taka. SIkOM 3HAaYHy YaCTHHY aTOMIB PEUYOBMHU MOKHA OYyJIO TIEPEBECTH B
30y/DKeHUH CTaH, a MOTIM SKUMOCh YAHOM OJIHOYACHO MOBEPHYTH B NMOYATKOBUH CTaH,
TO MOYKHA OTPUMATH MOTYXXHUH Crlajiax CBiTia.

KBanToBi reneparopu.

KBaHnTOBMII TeHepaTOp - 3arajilbHa Ha3Ba JOKEpEN  CJICKTPOMArHiTHOTO
BUIIPOMIHIOBAHHS, 110 MPAIIOIOTh Ha OCHOB1 BUMYIIIEHOTO BUIIPOMIHIOBAHHS aTOMIB 1
MOJICKYJI. 3aJIe)KHO BiJl TOTO, XBHJIi AKOI JOBXKHMHU BUIIPOMIHIOE KBAHTOBUH T'€HEpATOD,
BiH MOJKE Ha3WBATHUCS TI0 PI3HOMY: J1a3ep, Masep, pasep, rasep.

Briepiiie Ha MOXKITMBICTh CTBOPEHHSI KBAHTOBOT'O T€HEpATOpa BKa3aB PaJITHCHKUI
¢i3uxk B. A. ®abpukant B kiHii 40-x pokiB. [lepmuii Mazep Ha MOJIEKyJax amiaky
(po3uMH aMiaKy y BOJI - HAIIaTUPHUN cUpT) OyB 3pobieHuii B 1954 porii ogHO9acHO 1
HesalexxkHo y dizuunomy iHcTuTyTi Akanemii Hayk CPCP H. T'. bacosum 1 A. M.
ITpoxoposuMm 1 B Konymbiiicekkomy yHiBepcuteTi Y. TayHcom 31 cmiBpoOiTHUKamu. B
1964 porti 3a 1110 podoOTY iM Oynia npucymkena HobemniBebka mpemisi.

KBanToBuii reneparop, reHepaTop €JEKTPOMArHiTHUX XBWJIb, B SKOMY
BUKOPHUCTOBYETHCA SIBUIIE BUMYIIIEHOTO BUIIPOMiHIOBaHHS (I1B. KBaHTOBa e€leKTpOHIKa
). Ho. p. pamiomianazony HaaBucokux dyactoT (CBY), Tak camMo AK 1 KBaHTOBHIA
MiZCHIIOBAY I[HOT0 JIiana3oHy, 4acTo Ha3uBaiTh Maszepom . llepmmit Jlo. p. OyB
ctBopenuii B mianazoni CBU(nanBucoki yacrotu) B 1955 omnowacno B CPCP (H. P.
bacis 1 A. M. Ilpoxopos ) 1 B CIIIA (Y. Taync ). B axocTi akTHBHOTO cepeOBHIIA B HIM
BUKOPUCTOBYBABCA IyYOK MOJIEKYJ amiaky. ToMy BIH OTpHMaB Ha3BY MOJICKYJISPHOTO
reHeparopa . Hanmani O6yB moOymoBanmii [lo. p. CBU(HagBuCOKI 4acTOTH) HA MYYKY
aToMiB BOJHIO. BaxknmBa ocoOmmBicTh mux Jlo. p. — BUCOKa CTaOUIBHICTH YaCTOTH
redepariii, mocsiraroda 10 —13 , yepe3 1m0 BOHU BUKOPUCTOBYIOTHCS SIK KBaHTOBI
CTaHJIapTH YaCTOTH .

Jlo. p. ONTHYHOTO Jiana3oHy — Jya3epu . (onTu4Hi kBaHTOBI TreHeparopu, OKI')
s'sBusmrcst B 1960. Jlazepu mpalforoTh B IMUPOKOMY JIiarma3oHi JOBXKHH XBUJIb BiJ
ynbpTpadioneToBoi g0 CyOMUTIMETpOBOiI 0OJacTeil CHEeKTpy, B IMIYJIbCHOMY 1
Oe3mepepBHOMY peXuMax. [CHYIOTh Jla3epu Ha KpUcCTajax i CTEKIax, ra30Bi, PiIWHHI 1
HaMIBMPOBITHUKOBL. Ha BigMiHYy Big 1H. JDKEpeNn CBiTIA, Ja3epu BUIIPOMIHIOIOTH
BHCOKOKOTE€PEHTHI MOHOXPOMATHUYHI CBITJIOB1 XBHJII, BCSI €HEPTisl IKUX KOHIIEHTPYETHCS
B JIy>K€ BY3bKOMY TLIECHOMY BYT1JLIL.

CnekTp TBepaoro Tina kpisb
XONoAHY XMapy BOAHA

CnekTp TBepaoro Tina -

Jlexyin Ne31l. EnleMeHTH KAHTOBOI MeXaHiKM - 2 TO/I.

Ilhan:
115



1. KopnyckynspHo-xBuiaboBui Ayani3m. I'inotesa Jlyi ne bpoiins.

2. XBuiIbOBa (PYHKIIiS Ta 1i CTATUCTUYHUNA 3MICT.

3. PiBusuus peninrepa.

4. Piusinna Ulpeninrepa nis atoma BogHio. KBaHTOB1 uncna.

XBuii ae bpoiis.

XBwiti e bpois - OCHOBHUIT KOMIIOHEHT KOPIYCKYJISIPHO- XBUJIBOBOTO Iyali3My
JIyi ne bpoitns, kotpuii B cepenuni 20-x pokiB 20- ro CTONITTS cpoOyBaB MoOyyBaTh
aNbTEPHATUBHY aKCIOMATHYHY KBAaHTOBY TE€OPIIO BIAMIHHY B1J KOHUEMNLI, 10 0a3yeThCs
Ha piBHsHHI lllpeninrepa. OcHoBHa nymka ne bpoins mossirae y po3MOBCIOKEHHI
OCHOBHUX 3aKOHIB KBaHTOBOi Teopii cBiTia (BipHille BurnpomiHioBaHHs [lnaHka -
EitHmireiina) Ha pyX maTepiajJbHUX YaCTHMHOK MEBHOI MacH. 3 PyXOM BCSAKOi BUIBHOI
YaCTHHKH, ska Mae eHeprito E Ta imnynsc P, e Bpoiisis 3B'3y€e mI0CKY XBHITIO

T,.':’(I'_, f) —C. Eé{wi—kr]

ne - pajiyc- BEKTOP YaCTHHKH, 1110 BUIBHO PyXaeThes, t- yac. YacTora 1iei XBuiti
® Ta ii XBUJILOBHMI BEeKTOp K 3B'fi3aHi 3 €HEpri€ro Ta IMIYJIbCOM YaCTUHKH TaKUMH K
PIBHSIHHSIMH, 1110 CIIPABEJIMBI 1 VI KBAHTIB CBITJIa, TOOTO:

E =hw,p=Fhk

Lle 1 € ocHoBHI1 piBHAHHS Ae¢ bpoins. Ha BinMiHy Bijg Teopii KBaHTIB CBITIA, /€
HIUTN BiJl XBUJIBOBOI KOHIICMIIIT 10 KOPIYCKYJSPHOI, TYT BCE MPOTIKAJIO HABIAKHU - BiJ
KOPIYCKYJISIPHOT - 10 XBHUJIBOBOi. TOOTO TYT MU JIOMOBHIOEMO KOPIYCKYJISIPHY TEOPIIO
€JIeMEHTaMH XBUJIbOBOT, IIJITXOM BBEJCHHS YaCTOTH ® Ta JOBXKUHH XBUJI1

Binomo, 1m0 He3Bakarouu Ha YHCENbHI €KCIIEPUMEHTAIBHI IMATBEPHKCHHS IT1IX1]T
ne bpoiins, sk akciomMmaTH4HOT Teopii 3a3HaB ICTOpUYHOI Mopa3ku... CripaBa B TOMY, 110
OMKMC MAaTeplalbHUX 4YacTOK Yy BUIVISAI Tpyn XBWiIb Jae bpoins mae Taky- cobi
HENPUEMHY BJIACTUBICTh PO3IIMBAHHA 3 YacOM (Haragaye 10 JESKOi MIpH PO3MUBAHHS
IPSAMOKYTHOT'O IMITYJIbCa B JOBTHX JIIHIAX €ICKTPOTEXHIKH Ta CICKTPOHIKH), TTO30yTHCS
SIKOTO HIKOMY HE BIAJOCS 10 CHX Iip. 3BHYaHO TeHii je bpoiins Moxke i BUpIMIUB OU
III0 MMPo0JIeMy, MPOTE B CBill Yac BiH MpUeTHABCS A0 T.3. KolmeHrareHchbkoi KOHBEHIIIT 1
OBEpPHYBCA /10 cebe nuire Ha modatky 50-x pokiB. IIpore moi3a mimos..., 1 mpobiaemMa
JIUIITUIACS HEPO3B'SI3HOM0. | BCeXK Taku MOTEHINIT JIMIIHIINACS, 1 € Ha/Tisl Ha BIIPOJKCHHS. .

ChniBBigHOIIEeHHS HEBHU3HAYEHOCTI.

Ha mouatky 1927 poky mpakTHYHO OJHOYACHO BigOYJWCS JBI BaXKIWBI TMOMII.
I'eiizen-Oepr 3moramaBcs, IO MOHATTSA "XBWIA" M "JacTHHKA" CTOCOBHO KBaHTOBHX
00'€KTIB MOKHA 3aCTOCOBYBATH CTPOTO TUIHKHU MOPI3HO i BUPA3UB II€H 3710Ta]] KUTbKICHO
y BUTJIAJI CHIBBIAHOIIEHHSI HEBU3HAYeHOCTEH. bop 3ampononyBaB 3arajibHUI MPUHITATL
JI0JTaTKOBOCTI, OKPEMHUM BHUIIAJKOM SKOTO OYJIO CIIBBITHOIICHHS HEBU3HAUYEHOCTEH
I'eiizenOepra.

AHaTI3yI0Ud MOXJIMBOCTI BUMIPIOBAHHS KOOPJIWHATH W IMITYJIbCYy KBAHTOBOTO
o0'ekTa (HampuKIaJ, eNeKTpoHa), [ el3eHOepr CTBEpAKyBaB: HEMOXJIMBO OJIHOYACHO 1
70 TOrO * TOYHO BUMIPATH KOOpAMHATY W immynbc. bepyuu no yBaru Qopmyny e

o A=hooh
Bpoiins P

I1e O3HAYa€: HE MOYKHA OJTHOYACHO M y TOH K€ 9ac TOYHO BU3HAYUTH ITOJOKEHHS

X a@TOMHOTO0 00'eKTa i OBXUHY Horo xBuii X. OTxe, 0JJHOYACHE BUKOPUCTAHHS TMOHSThH
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"gactuHka" ¥ "xBunA" € oOMexxeHuM. UuceapbHO Take OOMEXEHHS BUpa)Xae HEPIBHICTh
— CIIBBIJHOILICHHS HEBU3HAYEHOCTEM:

Ax-Ap=h

OpHoyacHO BHU3HAYMTH 1 KOOPAMHATY, 1 IMITyJIbC YACTUHKMA HE MO>XHA TOYHIIIE,
HDK 1€ JONyCKae CHIBBIJHOIICHHS HeBHU3HaueHOCTed. UYuM TOuHIilmIe 3aaHo
KOOpPJMHATY, TOOTO YUM MEHIIEAx , TUM MEHII TOYHO MOKHA 3aJaTH IMIYJbC, TOMY 1110
BeinnunHa 4P oOepHEHO mpomopiliiiHa Ax. | HaBmakW, YUM TOYHIIIE 3aJaHO IMITYJbC
YaCTUHKH, TUM Tipllle BU3HAUCHO i1 KOOPJUHATY.

OOMmexeHHs, K1 BCTAaHOBJIIOE CITIBBIIHOIICHHS HEBH3HAUCHOCTCH, € HE3MIHHUM
3aKOHOM MPUPOJIU 1 HISIK HE MOB'A3aH1 3 HEJIOCKOHATICTIO HauX npuianis. [locunanus
Ha BCEMOTYTHICTh HAyKU TYT € HEJOPEYHUMH; CUJa HAYKHU MOJSArae HE B TOMY, 1100
NOpYyIIyBaTh 3aKOHM MNPUPOAHM, a B TOMY, 100 BIAKPUTH iX, 3pO3yMITH i
BUKOPUCTOBYBATH.

XBWib0Ba QyHKILif.

bopn Makc iHTepnpeTyBaB XBHJIBbOBY (DYHKIIIIO, SIK aMIUNTyAy WMOBipHOCTI. B
i} IHTEepHpeTalii KBaapaT MOIYJIS XBUIbOBOI (DYHKIIIT BIANOBIAAE TYCTUHI HMOBIPHOCTI
MOJIO)KEHHSI YaCTUHKU. TakuM YMHOM, IMOBIPHICTH TOTO, IO YacTHHKA nepeldyBae B
obnacti npoctopy W B MOMEHT 4yacy t BU3HAUA€ThCS SIK

P(W) = ] I(r, £)|2dW.

W
. 2 ., i\ * ) i
Jle 2 (z)|" = 2" (z ) (r) o ¢ (x) _ (YHKIIis, KOMIUIEKCHO CIPSKEHA 3 w(x)
[Ipu iHTerpyBaHHI IO BCHOMY MPOCTOPY IieH BHpa3, sIK IMOBIPHICTH IUTKOM

NEBHOT MO/1ii, MOBUHEH JaBaTH OJIMHHUIIIO:
| 2
|2 (x, t)|7dV = 1.

[ )

[z ymoBa Ma€ Ha3By yMOBH HOPMYBaHHS MC1-QyHKIIIT.

XBWIKOBA (PYHKIIISI O3HAUEHA 3 TOYHICTIO IO JIOBUIBHOIO MHOYKHUKA y (hopMi eia,
ae o - Oyap-ske ailicHe yucno. [linctanoBka QyHKIii

'tlll‘r‘_l‘f p— Et& ?Lr

HE MIHS€ CEPENIHIX 3HAUEHB CIIOCTEPEKYBAaHUX (PI3UYHUX BEIIMUHWH.

XBuiboBa (PYHKITISI KBAHTOBOI CHUCTEMH, IO CKIAMAETHCS 3 KUIBKOX YaCTUHOK,

. . H 1,1[’( Iy, Is, f)
3aJIeKUTH BiJl KOOPJUHAT BCIX YaCTUHOK. Hampukiaz, s 1BOX 4aCTHHOK ) 129
[Ipy Bu3HAYEHHI cepeaHIX 3HAYEHBb CIIOCTEPEKYBAHWUX BEIMYMH IHTETPYBaHHS
MIPOBOJUTKLCS Y BChOMY KOH(irypariiiitHomi mpoctopi. Hanpukinan, s 7B0X 4aCTHHOK

{*_1(t}}:\/ﬂr*(rlsrﬁst}f’itﬂ(rlsrist}dl’{ldl’rﬂ

Y BUMNAAKYy TOTOXXHOCTI YAaCTHMHOK, HA XBWJIBOBY (YHKIIIO HAaKIIaIa€ThCS
JI0JTaTKOBa YMOBA, TOB'S3aHA 3 IHBAPIAHTHICTIO IIOJO0 IMEPECTAHOBOK ITUX YaCTHUHOK,
3TiTHO 3 MPHUHIIMIIOM HEPO3pi3HIOBaHOCTI. KBaHTOBI YaCTHHKH TOJUISIOTHCS Ha JBa
KJacu - pepmionu it 6030nu. i1 pepmioHiB

tu'l-r'r(rla I'a, f) - _tu'l-r’r(rﬁy Iy, f)

TOOTO XBWJIbOBA (PYHKIIISI MiHSIE 3HAK MPU MEPECTAaHOBII YaCTUHOK. Taky (yHIIio
Ha3MBaIOTh aHTUCUMETPUYHOIO 11010 NTepecTaHoBOK. J[Jis 0030HIB
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t,ir!(l'l_, I'p, f) - w(rg_‘ Iy, f)

TOOTO MPHU NEPECTaHOBLI YACTUHOK XBUJIbOBA (DYHKIISA 3AJIMIIAETHCS HE3MIHHOIO.
Taxky QpyHKIII0 HA3UBAaIOTh CUMETPUYHOIO 1010 MEPECTAHOBOK.

Pisusinusa Ilpexinrepa

PiBussnust Lllpeninrepa — OCHOBHE pIBHSHHS HEPENSATUBICTCHKOT KBaHTOBOL
MEXaHIKH, IK€ BU3HAYA€ 3aKOH €BOJIIOII] KBAHTOBOI CUCTEMH 3 YaCOM.

H (1)) = if o (1),

(t)) — xBunboBa (yHkiis, H — ramineToHian. Ymepiie Lie piBHSAHHSA 6YII0
3anucane Epinom pexainrepom y 1926 por.

BHaciimok KBaHTOBOTO MPHHIMITY CYMEpIIO3UIlii CTaHIB PIBHSHHS, IO OIHUCYE
€BOJIIOLIIIO cUcTeMU, Mae OyTu diHidHUM. PiBHssHHS [ peainrepa € came TakuMm.

PiBusinust llpeninrepa He nopeHIl-iHBapiaHTHe, TOOTO CIpaBeIMBE JUIIE IS
YaCTUHOK, INBUAKICTh SKUX HabaraTo MEHIIA 3a IIBUAKICTh CBITJIa. 3arajbHIIlIe
piBasHHS [lipaka nepexoauts y piBHsAHHS [lpeninrepa mpu mamux mBUAKOCTAX. Tomy
IIPU B3a€MO/II1 3 MAarHiTHUM TOJIeM (SIK€ € YUCTO PEJISTUBICTCHKUM SIBUIIEM) HE MOXKHA
BUKOPHUCTOBYBATH 3BU4aliHe piBHsAHHS [lpeninrepa.

KomrutekcHO cnpspbkeHe piBHSHHS

L O)

_mﬂ—f = H |¢7")

30iraeTbest 3 piBHAHHsAM Illpenminrepa, sgkmo 3aMiHHTH t Ha —t, a XBHUJIBOBY
byHKITIHO [¥) : [¥") Le dakT BimoOpaxkae 3BOPOTHICTH MPOIECIB Y KBAHTOBIN MeXaHIIIi.

dopmanibHUH Po3B'a30K piBHsAHHA [lIpeainrepa

T -
[9(r, 1)) = exp  — 3 Ht ) [%o(r))

exp ( — iﬂr t) 5
€ HE YHCIIOM, a OIepaTopoM, SKHM Ha3WBAIOTh OIEPATOPOM
€BOJTIOLI].

Skmo raMuIbTOHIaH KBAaHTOBOI CHCTEMHM HE 3aXXHUTh BIJ Yacy, pIBHSIHHS
[peninrepa MOXKHa pO3B'A3aTH BIJHOCHO 4Yacy METOJOM pO3JUICHHS 3MIHHUX 1
OTPUMATH TaK 3BaHe cTanionapHe pisHsHHs [lpeninrepa

H|v) = B [y)

ne E — meBHe miiicHe 4mCIO, sIKe IHTEPIPETYIOTh, K eHeprito. Lle piBHSIHHS €
pIBHHAM Ha BJacHI 3HAauYeHHA. Po3B's3yrounm HOro 3HAXONATh CHEPTEeTUYHHI CIEKTP
KBaHTOBOi cucTeMH, TOOTO Taki 3HaueHHs E, mpu sxux po3B'sa3ok icHye. KoxnHomy
BIacHOMY 3HaueHHIO En cramionapuoro piBHsHHs Illpeninrepa BimmoBizae BiacHa
byKHITIS Yn.

3aranpHUil pO3B'130k uwacoBoro piBHAHHS I[lpeminrepa Tomi 3amUCyeThCS Y
BHTJISIIL

[U(E) = ane” #5 [1h)

JIe an — KOMILIEKCH1 KO€(ILI€EHTH, SIK1 MO’KHA BUBHAUYUTH 3 MOYATKOBUX YMOB.
VY pasi, KoJiu TaMUIbTOHIAaH KBAaHTOBOI CHCTEMHM 3aJICKHWTh Bil 4acy, HaIpHUKIIAJ,
IpU B3a€EMOJIII CUCTEMHU 3 EJIEKTPOMATHITHOIO XBHWJICIO, MEpexiJ /10 CTallOHAPHOTO
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piBusHHa Illpeninrepa HemoxnuBui. B Takili KBaHTOBI CHCTEM1 €HeEpris He
30epiraeTbes, CUCTEMA MOXE TOTJIMHATH €HEPrito XBUIIl a00 BIAAaBaTH 11 XBUIIL.

Pyx 4acTHHOK B NOTeHUiaAbHiH AMi.

[ToTeHmianpbHa $iIMa — CKiHYEHHa 0OJACTh MPOCTOPY, B SIKid TOTEHITiaJbHA
€Hepris YaCTUHKU MEHIIA, HI)K 30BHI.

[loTeHmianbHa siMa 3a3BUYall XapaKTepU3YETbCS HIMPUHOIO U rHOuUHOIO (200
BHUCOTO0). Touka 3 HAWHWKYUM 3HAYEHHSIM MOTEHIAIbHOT €Heprii Ha3UBAETHCS THOM
SIMH.

Skmo TOBHA EHEpTris YaCTMHKHA MEHIIA 3a BUCOTY IOTCHIIANbHOI SIMH, TO
YacTUHKA 3JIMCHIOE B sIMI KOJHWBAaHHS, YacTOTa SKUX BHU3HAYae€ThCcs (opMOIO Ta
pO3MipaMu SIMH.

Touku, 1€ mNOBHA e€Heprii YacTUHKU JOPIBHIOE TMOTEHLIaNbHIA eHeprii
HA3MBAIOTHCS TOYKaMU OBOPOTY. Ha prCyHKY mpaBopyd I1i TOYKH MMo3Ha4YeHi X1 Ta x2.

[ToTeHIiaibHA sIMa YTBOPIOETHCS BHACIIOK ICHYBAHHS CHJI IIPUTSATAHHS.

Jyist BUXO/TY 3 SIMM YaCTHHKA IIOBHHHA OTPUMATH €HEPTIIO.

Pyx KBaHTOBO-MEXaHIYHOI YAaCTUHKH B
[IOTEHIIAJbHIA sIMI Ma€ TEBHI OCOOJMBOCTI B
MOPIBHSHHI 3 KIIACUYHUM PYXOM. Vix)

EHepris KBaHTOBO-MEXaHIYHOI YaCTHHKU B
MOTEHITIabHIN M1 MOYKe HaOUpaTH JIUIIE MEBHUX
(bikCOBaHUX AUCKPETHUX 3HAUCHb.

HaliHmwkuuii eHepreTHYHUN pIiBEHb Mae
EHEePTiI0 BUIIY 32 CHEPTiI0 JHA SIMH.

KBanToBo-MexaHiuHa YacTUHKA - - -
JIOKAJI3y€eThCsl HE B Oyb-sK1 sMi. Jy>ke MUIKI sMU
HE MOXYTb 11 yTPUMATH.

3amaya mMpo pyX YaCTUHKHU B MOTEHIIATBHIN sIMI € OJIHIE€I0 3 HAWBAXKIIUBIIIUX Y
¢bi3umi. ['mubuna Ta dopma sMH BHU3HAYAIOTh YaCTOTH KOJIMBaHb YACTHUHOK, SIKI
NPOSIBIISIIOTHCS. B ONTHYHHUX CHEKTpax. ICHyBaHHS MOTEHINANbHUX SM JIJII YaCTUHOK
obMmexye ixHIO nudy3ito, IS akTUBAIlli K0T HEOOXIAHO, MO0 YaCTHHKUA OTPHUMYBATH
NIEBHY €HEPrii0 BHACIIIOK B3a€MO/IIT 13 TETIJIOBUM PYXOM IHIIHUX YaCTHHOK.

TyHeabHuil egexr.

TynentoBanHs — (i3uyHe sABUIIE, SKE MOJNATa€ B TOMY, IO (Pi3UUHUNA 0O0'€KT
70J1a€ TIOTEHIIMHMA Oap'ep, BEeMWYHA SKOTO OUIbIa Bil WOTO KIHETUYHOI €Heprii.
HaiiBimomimuM mnpukmagoM sBuma € anbda-po3nan. lle sBume icHye 3aBAsSKH
XBWJIBOBIM TPUPOJII KBAHTOBUX IMPOIIECIB, aje MPOSBISAETHCS HE JUIIE Y KBAHTOBHX
cucreMax. [lpuknaau TyHeNrOBaHHS MOKHA CIIOCTEpIraHHS 1 B OMNTHUI A€ MPOILECU
TaKOX ONMHUCYIOTHCSI XBUJIbOBUMH PIBHSHHSIMU.

TepMosimepHuii CHHTE3 MOXKJIWBHI JIMIIE TOJI, KOJH sApa aTOMIB JEHTEpiro
JI0JIAI0Th KYJIOHIBCHKUI Oap'ep 3aBASKHA TYHETIOBAHHIO KPi3b HHOTO.

BaxnuBumuy 3acTOCYyBaHHSIMH SIBUIIA TYHEIIOBAHHS € PE30HAHCHUN TYHEJIBHUMU
KBaHTOBHI [i0J Ta TYHEIBHHA MIKPOCKOII, TYHEIIOBaHHS BUKOPUCTOBYETHCS JIJIS
PO3pSAIKH €eMEHTIB uiell nam'sati. TyHentoBaHHS CBITJIAa BUKOPUCTOBYETHCS B METO/I
HEMOBHOI'0 BHYTPIIIHBOTO BIIOUTTS Ta Mpuiiaiax, poOoTa IKuX 0a3yeThCsi HA HbOMY.

Vi
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B kBaHTOBIi MeXaHIlll YaCTHMHKM ONUCYIOTHCS XBUJIBOBUMHU (PYHKIISIMH, SIKI
KBaJpaT MOAYJS SKUX 3a/a€ T'YCTHHY WMOBIPHOCTI NepeOyBaHHA YAaCTHUKH B TEBHIM
TOULl MPOCTOPY. XBUIBOBI QYHKIII € HEMEPEPBHUMHU (YHKIISIMU KOOPJMHAT, & TOMY B
obOyacTi 1€ KIHETHYHA €EHEepris YacTMHKM MEHIIa 3a MOTEHIIalbHYy (1[I0 00JacTh
Ha3MBalOTh KJIACUYHO HEAOCTYNHOIO 00JacTiO) CHAAa0Th 10 HyJs MOCTYNOBO. 3aBXKAU
ICHY€ MeBHa MMOBIPHICTh TOTO, 1[0 YaCTUHKA OyJe 3apeecTpoBaHa IiJ] NOTEHIIAIbHUM
Oap'epoM. SKII0 nmoTeHUIaTbHUN Oap'ep Ma€e CKIHUEHHY LIMPUHY, TO ICHY€ BIAMIHHA BIJ
HYJIs1 IMOBIPHICTh MTPOXO/IKEHHS YaCTUHKU uepe3 Oap'ep.

VY KkBa3iKIaCHYHOMY HaOJMKEHHI KBAHTOBOI MEXAaHIKM XBUJIBOBY (PYHKIIIO JJIs

OJIHOBUMIPHOT 3aJ1aul MOXHa 3aIMCaTH Y BUTJISI1
£

Y = Aexp (% Ep{a:’)dx’) + Bexp (—i p(:t:’}dm’)

(41)

ne hi - 3Benena crana Ilnanka, p (I) = \/Qm(E‘ - V(i:)) E - eHepris yacTUHKH,
m - 1i maca, V(X) - moTeHIllaJlbHa €Hepris 4acTKku, KoediuieTHu A, B BH3HayaroThCs
3HAYEHHSM XBUJILOBOT QYHKIIIT B eBHIH TouIl XO0.

B o6nacTi, ae E < V(x), kBagpaTHUil KOPIHb B €KCIIOHEHT1 Ma€ A1HMCHI 3HAYEHHS, 1
ONMH 13 JBOX YJEHIB y BHpa3l Uil XBUJIbBOI (DYHKII HapocTae, a JApYruil criajnae.
JlomaHoK 13 HApOCTaHHSM BIAMOBIAA€ XBWII, BIAOWTIN BiJ JajieKoi rpaHulll Oap'epy i
3a3BHYai Jy)K€ MaJICHBKHU. Y TPaHUYHOMY BHIQJKYy HECKIHUCHHHOTO Oap'epy BIH
JopiBHIOE HYyJ0. JlOJAHOK 13 CHaJaHHSAM BU3HAYa€ WMOBIPHICTH MPOCOYYBAHHS
KBaHTOBOMEXAHIUYHOI YaCTMHKUA Ha TAMOMHY X mija Oap'ep. 3a3Buyail 1 WMOBIPHICTH
HEBEJIMKa U Ay>Ke MIBUAKO 3MEHIITYETHCS 13 30UTBIICHHSM X.

KoedimieHT mpoxomkeHHsT YacTUHKH uepe3 Oap'ep i3 mmpuHOio d y pamkax
KBa31KJIACHYHOTO HAOJMKEHHS BU3HAYAETHCS (hOPMYIIOIO

2 d
D =exp _iﬁ V2m(V(z) - E)dz

(42)

[aTerpyBanHs poBOAUTHCS B 06nacTi, ae V(x) > E.

Taxum ynHOM, HMOBIPHICTH MPOCOYYBaHHS (TYHEIIOBAaHHS ) KBAHTOBOMEXaHIUHO1
JaCTUHKH 4yepe3 Oap'ep eKCIOHESHIIMHO 3aJIeKUTh Bi ToBIIMHU Oap'epy. s Toro, mob
CriocTepiraTé TyHEIIOBaHHs 0ap'ep MOBUHEH OyTH Ty>)K€ TOHKHM - aTOMapHUX PO3MIpIB.

VIMOBipHICTh TyHETIOBaHHS 3allKMTh BiJl BENHYMHH Oap'epy, iforo Qopmu, a
TAaKOXX B MacHh YacTUHKH. SIKIIO EJNEeKTPOHW MOXKYTh TYHENIOBATH depe3 Oap'epu
TOBIIIMHOIO KUTbKA JIECSITUX HAHOMETpPa, TO BaK4yl YACTHHKH, HANPHUKIAA, alibda-
YaCTHHKHU, TUIBKK dYepe3 Oap'epu 13 po3Mmipamu MOPSAKY po3MipiB siapa. Emektponu
MPOBIMHOCTI B HAMIBIPOBITHUKAX XapaKTEPU3YIOThCS €(PEKTUBHUMH MacamH, SKi
MOXYTh OyTH Ha0aTO MEHIIMMH 32 Macy BUIBHHX €JIEKTPOHIB, IO JIO3BOJISIE
CTBOPIOBATH TYHEIbHI JIIO/IH 13 MIMPUHOIO Oap'epy B KiTbKa JECATKIB HAHOMETPIB.

IIpyuHOUN NPUYMHHOCTI B KBAHTOBI MexaHiui.

[TpuHIMT TPUYUHHOCTI - OJIWH 13 OCHOBHUX MPUHIHMIB (DI3UKH, SIKUN CTBEPIIKYE,
0 Ha TOJII0, SKa BiMOYBA€ThCS B MEBHUN Yac y MEBHIA TOYIl MPOCTOPY, MOXKYTh
BIUIMBATH JIMINE TOMAli, SKI TepeayBadu i y d4aci (TOYHINIEC BIAJAUICHI BIT Hel
4acoIoI0HUM 1HTEPBAJIOM).

[IpuHUMNI MPUYUHHOCTI TICHO 3B'SI3aHU 13 MPUHIIMIIOM OJIU3BKO/III.
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Sxmo B NEBHIA JUISHLI MPOCTOPY BHUHUKIO SIKEChb 30ypeHHs, HalpuKIaj,
BUOYXHYJa HAaJIHOBA, 200 BUIPOMIHUBCS KBAHT CBITJIA, TO HAa IHIII TOYKH MPOCTOPY LIS
MO1s1 3MO’KE BIUIMHYTH HE paHillie, HXK CBITIO 3MOXe MOA0JIATH BiI1alIb MK TOUKAMU.

Monyab 9. ATomHe Aapo.
Jekuyia Ne32. EnemenTH (i3UKH aTOMHOIO siApa - 2 roi.

Inawn:

1. Cxknaa aToMHUX siiep. 3aps]l 1 MacoOBE YHUCIIO SAPA.

2. Enepris 3B'S3Ky siep.

3. SAnepHi peakiii.

bynosa atomHoro siapa.

CoorogHi (i3UKH YChOTO CBITY KOPUCTYIOTBbCS TEOpI€E0 TpO Te, IO SAPO
CKJIAQJA€ThCsl 3 €JEMEHTApHUX YAaCTUHOK — TMPOTOHIB 1 HEUTPOHIB. Ymepiie Take
npunynieHHss BUcIoBUB Yy 1932 poui pansucbkuit ¢iux [. JI. IBanenko. OpnHak
IPOTOHHO-HEUTPOHHA MOJICTh sJpa HE Bimpasy Oyna mnpuiiHaTa ydeHUMH. HaBiTh
Pezepdopa cTBepmkyBaB, 110 HEUTPOH — JIMINE CKJIAJHE YTBOPEHHS NpPOTOHA W
enexktpona. ¥ 1933 porii [BaHeHKO BUTOJIOCUB JOTIOBIL MPO MOJIEII SApa, BIICTOI UM
IPOTOHHO-HEUTPOHHY Teopiro. BiH ciupaBcs Ha Te, 110 B APl € TUIBKY BaXKK1 YACTUHKHU.
[BaHeHKO BIIKMHYB 171€1 PO CKIAHY CTPYKTYPY HeMTpoHa i npoToHa. Ha #ioro qymky,
0oOM/IB1 YaCTUHKHU IMOBUHHI MaTH OJHAKOBHU CTYIIHb €JI€MEHTAPHOCTI, TOOTO 1 HEUTPOH,
1 IPOTOH MOXYTh TEPEXOJAUTH OIAWH B oAHOro. Hamami mpoTOH 1 HEWTPOH MOYaIH
pO3IIIAIaTUCS AK JBa CTaHU OJIHI€T YACTUHKM — HYKJIOHA, ¥ 1mes IBaHeHKO cTana
3araJIbHONIPUUHSTO0, a He3abapoM y CKiIaAl KOCMIYHHUX MPOMEHIB Oyia BIIKpUTA IIIE
OJIHA eJIEMEHTapHa YaCTUHKA — MO3UTPOH.

3apa3 npOTOHHO-HEUTPOHHA MOJIENh s/Ipa BXKE HE BUKJIMKae cyMHIBIB. Kpim Toro,
OPOTSATOM JIOBIOTO 4Yacy iCHyBasia TifmoTe3a Mpo Te, IO B SAPl MOXKYTh 3HAXOJUTUCS
TaKoX 1 e’nexTponu. OgHaK BoOHA Malia Ayxe 0araTo MpoTupid 1 He Oyna miaTBepIKeHa
eKCTIIepUMEHTAIbHO. Tak, BIAMOBIAHO 1O IIi€i TIMOTE3W, MAacOBE YHCIO ITOBUHHO
BIJIMOBIIaTH 3arajbHIA KIJIBKOCTI IMPOTOHIB y SApi, a PI3HUISI MAcoBOTO 4YHcia U
KUTBKOCTI €JIEKTPOHIB TOBUHHA JIOPIBHIOBATH 3apsaoBi sapa. Lls Moxens He cynepeuniia
3HAYCHHSAM 130TOITHUX Mac 1 3apsjaiB, OJHAK HE TOTOKyBanacs 31 3HAYCHHSIMHU
MarHiTHUX MOMEHTIB sJep, CHiHIB W eHeprid 3B'i3Ky sapa. Kpim Toro, BoHa
CIIPOCTOBYBAJIa CITIBBITHOIIICHHS] HEBU3HAauUCHOCTEH [ elizeHOepra, BIAMOBIIHO 0 SKOTO
HEMOJXKJIMBO OJIHOYACHO BCTAHOBHUTH MeBHY KoopauHaTy (X, Y, Z) 1 IeBHY BIAMOBIAHY

Ar Ap 2 h,
Ay Ap_ = h,

MPOEKIIO IMITyIIbCY (X, /y p;) MikpodacTurkm: &2 47, = i

e h — xoncranra [ltanka.

VY pe3ynbTati [bOTO MPOTOHHO-HEUTPOHHA MOJIEIH siapa Oyiia BiIKMHYTA.

Kpammmnnaa moaens sapa

Kpamnmuana mozaens siapa Oyina 3ampornonoBana B 1936 porti bopom i dpenkenem.
Bona rpyHTyBanacss Ha aHajorii MK MOBEIIHKOIO HYKJIOHIB Yy SIAp1 Ta IMOBEIIHKOIO
MOJIEKYJI Yy Kparuti piguHu. B 000X Bumamkax Cuiad, IO JIIOTh MDK CKJIaJOBUMH
YaCTUHKaMU piAvHU (MOJEKyJaMu) 1 siApa (HyKJIOHaMHu), € KOPOTKOAIIOUUMH, 1 iM
BJIaCTUBE HacuyeHHsA. Jlns Kpamial piquHM TpU TOCTIMHUX 30BHINIHIX YMOBax

121



XapaKTepHOIO € TIOCTiIHA TYCTWHA PEYOBHHH. Sapa X XapakTEepH3yIOThCS MPAKTUYHO
MOCTIHHOIO MUTOMOIO €HEPri€l0 3B'S3KYy 1 MOCTIHHOI T'yCTHUHOIO, IO HE 3aJIKUTH BiJl
quclia HyKJIOHIB y anpi. HapemTi, po3mip Kpamii, SIK 1 po3Mip siipa, TpONOpLUiHHUI 10
yrcna 4JacTHHOK. OAHAK [ MOJAENh MPEACTABIA€ SAPO K KPaAIUII0 EJICKTPHYHO
3apsKEHOI HECTUCIHMBOI PIAMHU 3 TYCTHUHOIO, IO JOpiBHIOE simepHid. Ls piguHa
MiATOPSIKOBYETHCS 3aKOHAM KBAaHTOBOI MexaHiku. KparummHHa Mojeins sapa J03BoJIuIa
oJlep KaTH HamiBEeMIIIpUYHY (POPMYIy ISl €HEprii 3B'sI3Ky HYKIIOHIB y sApi, MOSACHUIIA
MEXaHI3M SIIPHUX PEakKilii 1 0co0IMBO 100pe omucana peakilii po3noauty sapa. OnHak
BOHA HE MOSCHIOE MIJBUIIEHY CTIMKICTh SAEp, U0 MICTATH MariyHi yucia MPOTOHIB 1
HEHUTPOHIB.

O6050HKOBa MOJIETH AP

V¥ 50-x pokax IBaaUATOro cToaiTTd amepukanens M. ['ennepr-Maiiep 1 Himenb X.
Mencen BHCTYmHWIM 3 0GOJOHKOBOIO MOJEIIO sAxpa. BinmoimHo mo Hei posmosin
HYKJIOHIB y sapl  BIAOYBa€TbCsl 3a JUCKPETHHUMHU EHEPreTUYHHMHU  PIBHIMU
(06osloHKaMHM), 110 3aMOBHIOIOTHCS HYKJIOHAMH BinnoBigHO Ao npuHuuny Ilaymi. [o
TOTO X BOHA TIOB'S3aJia 3allOBHEHHS IIUX PIBHIB 31 CTIMKICTIO sijiep. BBaxkaetbces, 110
g/ipa 3 TMOBHICTIO 3allOBHEHMMH OOOJIOHKaMU € Haiouibln cTiikuMu. Taki ocoOauBO
CTIHiKi (MariuHi) siapa crhpasii ICHYIOTh. Lle sapa, B SIKMX 4HCIO MPOTOHIB 200 YMCIIO
HEUTPOHIB JOPIBHIOE OJTHOMY 3 Mariunux yucen (2, 8, 20, 28, 50, 82, 126).

O060JI0HKOBA MOJIETb siApa JO3BOJIMIIA TIOSICHUTH CITIHM 1 MardHiTHI MOMEHTH sIJiep,
pI3HY CTIMKICTh aTOMHHUX SJIEp, @ TaKOXX TMEpPIOAUYHICTh 3MIH IXHIX BiacTUBOCTEH. Lls
MOJIeNIb OCOOJIMBO J100Ope OMUCye JIeTKi W cepedHi sapa, a TaKoX sSApa B OCHOBHOMY
(He30yIKEHOMY) CTaHi.

Y wMipy TDOAaNBIIOT0 HArpOMAJDKEHHS EKCIEPUMEHTAIbHUX JIaHUX TIpO
BJIACTHBOCT1 @TOMHHUX si/iep 3'SIBISUIMCS HOBI (DaKTH, sSIK1 HE 3aBXKIU BKIAJAAINUCS B PAMKH
onucaHux Mojenei. Tak BUHUKIM y3arajdbHEHa MOJENb sApa (CUHTE3 KPAIUIMHHOI i
000710HKOBOI MoOJeseli), ONTHYHAa MOJEeb sapa (MOACHIOE B3aEMOJII0 smep 13
JaCTUHKAMHU, 110 HAJIITaIOTh) 1 6araTo 1HIIHX.

Anepni cuim.

Hyxknonu B simpi aromMa yTPUMYIOTHCS 3aBISKHU SIACPHUM CUJIaM, Ki € TIPOSBOM
OJIHI€T 3 YOTHPHOX (PYyHIAMEHTAIBHUX B3a€EMOJIIH — CHJIBHOI B3a€MOIil. 3a CBOEIO
MIPUPOAOI0 BOHU KOopoTkoirodi (r~ 10-15 M), ane gyxe IHTEHCUBHI. Y MeXaX aTOMHOTO
anpa BoHu maibke y 100 pa3iB mepeBaxaroTh CHJIM €IEKTPOCTATUYHOI B3a€EMOJIIi TBOX
mpotoHiB 1 B 1038 pa3iB — cuity iXHbOi rpaBitamniitHoi B3aemoii. [IpoTe Ha BincTaHsXx,
OUTBIINX 32 PO3MIPH siIep, BOHU HACTUIBKU MaJi, 10 IXHBOIO JII€I0 MOXKHA 3HEXTYBATH.

SlnepHi cunu Ii0THh HE3aJEKHO B HASBHOCTI B HYKJIOHAX €NEKTPUYHOTO 3apsIy.
BHacnigok mporo B aTOMHOMY SIAPI YTPUMYIOTHCS €JIEKTPOHEUTpaTbHI HEUTPOHH 1 HE
PO3JTITAIOTHCS OJTHOWMEHHO 3apsi/KeH1 MPOTOHHU. EXcriepuMeHTanbH1 JOCTIIKSHHS CHIT
SJIEPHOI B3a€MOJIII MPOTOH-MPOTOHHUX, MPOTOH-HEUTPOHHUX 1 HEUTPOH-HEUTPOHHUX
nap mokasaj, 1o B yCiX BUIMAIKaX BOHU OJTHAKOBI 1 HE 3aJI€KaTh B/l TUITY HYKJIOHA.

SnepHi cuiM — KOPOTKOMIIOYi, OCKUTBKHM TPOSBISIOTH ce0€ Ha BIACTAHIX Y
Meskax aToMHoro snapa (10-15 m)

OOMIHHMI XapakTep sIACPHOI B3a€MO/Iii MOIIOHUN 10 KOBAJIEHTHOTO 3B'SI3KY MIXK
aToOMaMU B MOJIEKYJI1, JIe POJIb TAKOTO «IIOCEPEAHUKA» BIIIrpat0Th BaJICHTHI €IEKTPOHU
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VY 1935 p. anoncekuil ¢pi3uk X. FOkaBa BUCYHYB NpUIYLICHHS, 110 HPHUPOJA
SICPHUX CHUJ TMOJsArae B iXHbOMY OOMIHHOMY Xapakrepi, TOOTO, 3a Horo
nepea0aueHHSIM, HAsBHICTD SIICPHUAX CHJI 3yMOBJIIOE TITOTETHYHA YaCTHUHKA HEHYJIHOBOI
MacH, sIKOI0 OOMIHIOIOTHCSI MI3K COOOI0 HYKJIOHU IT1]T Yac B3a€MOJI1.

I3oTomMN.

[30Tomu (Big rpel. iS0S — OJHAKOBUH 1 tOPOS — MICIIE) — PI3HOBUAU OJTHOTO U
TOT0 CaMOT0 XIMIYHOTO €JIEMEHTA, 10 BIAPI3HIIOTHCS 32 aTOMHUMH MacaMu

Hetitpon (Bim nart. melllrut — Hi Te, HI iHIIE) — HECTaOUIbHA EJICKTPUYHO
HeWTpajdbHa, TOOTO Taka, IO HE Ma€ HI MO3UTHUBHOrO, HI HEraTUBHOIO 3apsiy,
eJIeMEeHTapHa YaCTHHKA

VY cyuacHiit (i3Il TPOTOHU 1 HEUTPOHM B SAPI HA3MBAIOTh HYKJIOHAMHU (BiJ JIaT.
HIKIe — SIAPO)

Yuciio HYKJIOHIB y sJpl aromMa JAOpIBHIOE HOro macoBoMmy uuciay A. Ywucio
IOPOTOHIB Y sIIp1 aTOMa JIOPiBHIOE 3apsay siapa 2. Yucno Heittponis N = A-Z

VY Tomy x poiti pagsHcbkuit BueHui . J1. [BaneHko (ykpaiHelb 3a TOXOKEHHSM,
HapoauBcs B [Tontasi) 1 HiMenbkuit pizuk B. ['elizeHOepr He3anekHO OJUH Bijl OJTHOTO
3aMpOTNIOHYBaJIM  O0OJIOHKOBY IPOTOHHO-HEHTPOHHY MOJIe]h sjapa atoma. BoHU
NPUITYCTUIIM, IO aTOMHE AJIPO CKJIAJA€ThCs 3 HYKJIOHIB — MPOTOHIB 1 HEUTPOHIB, fAKI
PO3MIIIYIOTBCS TICBHUMHU TpylaMu H YTBOPIOIOTH sjiepHi 000JIoHKH. KOXXeH HYKIIOH
nepeOyBae B TICBHOMY KBAaHTOBOMY CTaHi, SKHH XapaKTCpU3YEThCS EHEPTi€l0 Ta
HAaOOPOM IHIIIMX KBAHTOBUX BEJIUYHH.

3riHO 3 I[I€}0 MOJEJIII0, 3arajbHe YHCIO HYKJIOHIB, TOOTO CyMa MPOTOHIB 1
HEUTPOHIB Yy SApl aToMa, OPIBHIOE MAcOBOMY YHCIYy aromMa A; YHCJIO MPOTOHIB
JIOPIBHIOE 3apsy siipa atoMa Z, yuciao HeuTpoHiB N = A — Z. B saepHiit ¢izuii i30Ton
XIMIYHOTO eJeMeHTa X MPUUHATO MO3HA4YaTH BIAMOBIIHUM CHMBOJIOM 13 3a3HAUYEHHSM
fioro MacoBoro uucia A (37iBa Bropi) i 3apsjaoBoro uucia Z (37iBa BHH3Y), TOOTO y
Burisagi AZX. Hanpukman, Hainmermuii i3oton ['imporeHy — TpoTiH, SAPO SKOTO
CKJIIQZIAE€ThCS 3 OJTHOTO MPOTOHA, NMo3HavyaioTh 11H, ansda-gyacTuHKy, 10 € SAPOM aToma
I'emiro, 42He Toio.

3amoBHEHHS SAEPHUX OOOJOHOK MiJJISATA€E MEBHINM 3aKOHOMIPHOCTI — TPHUHIIUITY
[Taymi: nBa TOTOXXKHI HYKJIIOHM HE MOXYTh OJHOYACHO IepeOyBaTH B OJHAKOBOMY
KBaHTOBOMY CTaHi, TOOTO XapaKTepU3yBATHCS OJHHUM 1 TUM CaMUM HaOOpOM KBAaHTOBUX
gucen. Tomy icHye psa ancen — 2, 8, 20, 28, 40, 50, 82, 126, Ha3BaHWX MariyHUMH, SKi
BHU3HAYAIOTh MAKCHUMAJIbHE YUCJIO HYKJIOHIB y 3alIOBHEHUX 00OJIOHKAX.

[lepexin sigpa aroma 3 OJHOTO CTaHy B IHIIWW, HANPHUKIAA 13 CTaOLIBHOTO Y
30y/KEHUI Y1 HaBIaKH, 32 000JIOHKOBOIO MOJICIUIIO MOSCHIOIOTH K KBAHTOBUM MEPEXil
HYKJIOHA 3 OofHi€el oOonoHku Ha iHmry. [l{opa3sy, Koam 4ucio MPOTOHIB YW HEUTPOHIB
CTa€ MariyHuM, BiAOYBA€ThCS CTPUOKOIIOIOHA 3MiHA BEIWYMH, SIKI XapaKTEPU3YIOTh
BIACTUBOCTI snpa. [lum, 30kpema, MOSCHIOIOTH (I3UUHY TNPUYMHY ICHYBAaHHS
MEPIOIMYHOCT] Y BIACTUBOCTAX XIMIYHUX €JIEMEHTIB, BiMOOpakeHy IepioIUIHOI0
cuctemoro /I. I. Menneneena.

[Mpuamun [laymi cnouatky OyB chop MynbOBaHW MJIS TIOSCHEHHS 3aKO
HOMIPHOCTEH Yy 3allOBHEHHI €JEKT-POHHHUX OpOiTajied B aromi; 3rojJoM BIH OyB
MOIIMPEHUH Ha BC1 €JIEMEH TapH1 YACTUHKH 3 HAIMIBIIJIUM CITIHOM

[Mpunuun Ilayni € pizuunoro cyrtio nepioguuHoro 3akony /. . Menneneena
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O06050HKOBa MOJIETh ATOMHOTO SApa € OAHIEI0 3 HAUNPOAYKTUBHILIUX Y SAEPHIN
(13111, 30KpemMa B OSICHEHH] NEPIOJUYHOCT] BIACTU-BOCTEH A€p 1 MEXaHI3MY SIE€PHUX
peakiiii. IIpore BoHa Takok Mae CBOi OOMEXKEHHS, OCKUIbBKM HECIPOMOXKHA
PO3TIIyMAaUUTH BJIACTUBOCTI BaXXKHUX SiA€pP 1 MOSCHUTU BCl TUMM B3a€EMOJIIi HYKJIOHIB Y
anpil. ToMy ICHYIOTh TaKOX 1HILII MOJIEJIl aTOMHHUX SJIep, HAlPUKJIIaJ, KpareabHa, 3T1IHO
3 SIKOKO ATOMHE SIIPO YABISAIOTH Y (hOpM1 Kparuii 0coOJMBOi KBAHTOBOI PIIUHMU.

HedexT macu.

Jlepékr macu — pi3HUIA MK
Macolo CIOKOK aTOMHOTO siipa JaHOTro
i30TOMy,  BHpPAXEHOi B  ATOMHHX

OJIMHULAX MacH, 1 CyMOIO Mac CIOKOIO
CKJIAJ0OBUX HOro HYKJIOHIB (MacoBUM
yucjaoM). [To3nauaeTrscss Am.

3rigHo 13 ¢opmynoro EitHmTeiina
nedeKT MacH 1 eHepris 3B'I3Ky HYKIJIOHIB
B SI/Ip1 €KBIBAJICHTHI:

AE = Amc2

[ Ll 1 1 L 1 1 L L L

Auvmage kinding energy per nuclesn [Me]
-

ac ¢ — IHBI/IJIKiCTB CBITJIA Yy ] n [T} [T] 120 150 T 20 I
. Nurrier uf Puclesms m nucleus
BaKyyMi.

JledekT Macu XapaKTepHU3y€e CTIMKICTh spa.

Jlebekr Macu, BIIHECEHHM IO OJHOTO HYKIIOHA, HAa3UBAETHCSA MaKyBaJbHUM
MHOKHHUKOM.

JledekT Macu BUHUKA€ BHACTIAOK MPUTATAHHS MDK HYKJIOHAMH Y SIAPI 3aBIISAKU
CWIBHIA B3aemojii. BiH HalOUTBIIMI IS sep B cepeauHi meploandHoi Tabmuii (SK
BUJIHO 13 HABEJCHOTO PHCYHKA) 1 3MEHIIYEThCS TpPH 30UIBIICHHI aTOMHOTO HOMeEpa
ejeMeHTa. 3aBJISKU IbOMY IO111 BAXKKHX €JIEMEHTIB, HAIIPUKJIIAJ, ypaHy abo IUTyTOHIIO,
BUBUIBHAETHCSA €Hepris. 3 1HIIOro 00Ky, SIK BUIHO 3 PUCYHKA, EHEPTiI0 MOXKHA OTPUMATH
TaKOX MPHU YTBOPEHHI sijipa TeJiio 3 saep BOAHIO. Takuil mporec Ha3uBa€ThCA SIECPHUM
cuHTe30M. BiH € mxepernoM eHeprii 3ipok.

Enepris 3B's13Ky.

Enepriero 3B'I3Ky CKJIaIHOT CHCTEMU 3B's13aHUX 00'€KTIB HA3WBAIOTh PI3HUINIO MK
CYMOIO €Hepriil CKIaJ0BHX YaCTHH, B3SITHX OKPEMO W €HEPri€i0 CUCTEMU Yy 3B'S3aHOMY
CTaHi.

AE =) FE, — E,

ne AE - enepris 3B'a3ky, Ei - 3HaueHHs eHeprii CKJIaJoBUX, B3ITHX OKpemo, E -
SHEPTisl CKJIaIHOT CHCTEMH.

Came Taka eHepris BHIUISETHCA y BHUTJISAI TEIUIOBOI MPU yTBOPEHHI 3B'S3aHOTO
CTaHy, HaNpUKJIaa, MpU XiMidHiM peakiii. Came TaKy eHeprito MOTpiOHO 3aTPaTHTH, 1100
PO3IUIUTH CKIIAJIOB1 YaCTHHM 3B'I3aHOT CHCTEMH.

Jekuyia Ne33. SInepHi peakuii. AToMHa eHepreTuka TepMosinepHi peakiii - 2 roa.
Inan:
1.3aranpHa XxapakTepUCTUKA SIIEPHUX PEAKIIIH.
2. Posnogin siaep ypany. JlaHiroroBa peaxiisi.

3. SAnepHi 1 TepMOsIEpHI peakilii 1 iX MpaKTUYHE 3aCTOCYBAHHS
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AnepHi peakuii.

SnepHa peakuis - SBHUILE NEPETBOPEHHS SAEp aTOMIB XIMIYHUX €JIEMEHTIB 1
€JIEMEHTapPHUX YaCTHHOK.

SAnepHi peakiii MOXyTh BIJOyBaTHUCS CHOHTaHHO abo mpu OomOapayBaHHI
PEUYOBHHHM MIBUAKAMH dYacTHHKaMH. CIIOHTaHHI SACPHI NEPETBOPEHHS € MPUIMHOIO
MPUPOAHOI PaZI0AKTUBHOCTI.

Sk 1 XiMI4HI peakilii, sAepHI peakuii MOXyTb OyTH EHIOTEPMIYHMMH M
€K30TEPMIYHUMU.

SnepHi peaxuii OAUIAIOTECSA HA peakuii po3naay Ta peakiiii CHHTE3Y.

Oco06MBUM THUIIOM SIIEPHOI PeakKIlii € MOaLI siApa.

[lpu saepHUX peakilisix BUKOHYIOTBCS 3arajibHi 3aKOHU 30€peKeHHS EHEepTii,
IMITYJIbCY, MOMEHTY IMITYJIbCY Ta €JIEKTPUYHOIO 3apsy.

OxpiM TOro iCHY€ HU3Ka crienuPiuHuX s siAepHOl (PI3UKH 3aKOHIB 30€pexeHH ],
HAIPUKJIAJ], 3aKOH 30epeKeHHs 0apiOHHOTO 3apsy.

SnepHi peaxuii CUHTE3Y

[Tix gac smepHUX peakiliii CHHTE3y 3 JIETKUX sIJEP CJIEMEHTIB YTBOPIOIOTHCS HOBI,
Bakul snpa. Peaxiiist BinmOyBaeTbes 3 BUAUICHHSM €Heprii. 3a3Buuail peakilli CUHTE3y
MOJKJIMBI TiJIbKM TIPU 32 YMOBH BHUCOKHX TEMIIEpaTyp, KOJH sapa HaAOyBalOTh BEIMKOI
KIHETUYHOT €Heprii, OCKUIbKM KYyJOHIBCbKI CHJIM BIJIITOBXYBAaHHS MEPEIIKOIKAIOThH
30JIFDKEHHIO 3aps/DKCHUX YaCTUHOK, CTBOPIOIOYM TOTeHIianbHui Oap'ep. Ilryunmm
IUIIXOM IIbOTO BAAETHCS JOCSITTH 32 JIOMOMOTOI TPUCKOPIOBAYIB 3apsIKEHUX
YaCTHHOK.

[IpOTOH-TIPOTOHHUI UK Y 30PAX

VY npupoai peakiii CHHTE3y BaX4MX siAEp 3 JICTIIUX BimOyBarOThCs y siapax 3ip,
Hanpukian, y Conmi. Uepes Bucoky temmepatypy y sapi (6mussko 10x106K) mesxi
IPOTOHU 3aBISIKKM BHCOKIM KIHETHYHIM eHeprii BCTYNawTh B SJIEPHI peakiii 3
YTBOPEHHSAM BXKUUX SIJEP.

Bracmiok BHCOKOT KIHETUYHOT €HEpTii ABa MPOTOHH JO0JIAIOTh EJIEKTPOCTATUYHE
BIJIMNITOBXYBaHHS 1 30JMKYIOTBCSI HAa XapaKTepHY BiJICTaHb CHUIbHOI B3aeMoii (1,3x10-
15 ™). Ilpy 11bOMYy BOHHM YTBOPIOIOTH MPOMIKHUNA CTaH — JUIPOTOH, SKUA €
HECTaOLIbHOI CHCTEeMOI0. BinOyBaeThes mepexia 10 CTaHy 3 MEHIIOK C€HEpPricr: u-
KBapK OJIHOTO TMPOTOHA TMEPETBOPIOETHCS y d-KBapk 13 BUMpoMiHEHHSIM W-+-0030HY
(6era-tuttoc posmnan). W+-0030H HecTaOUIbHMIA, TOMY PO3MAJAETHCS HA MO3UTPOH Ta
€JIEKTPOHHE HEUTPUHO. TaKuM UYHMHOM, YTBOPIOETHCS CHUCTEMA HEUTPOH—IIPOTOH —
neitpoH. bera-po3mnaj € moyaTkoBUM (PaKTOPOM MPOTOH-IIPOTOHHOTO ITUKITY.

JleiiTpoH B3aemMoji€ 3 MPOTOHOM Ta YTBOPIOE SJIPO TEIit0-3 3 BUIPOMIHEHHAM
ramMma-kBaHTiB. Ha HacTymHOMY eTami B3a€MOJIIOTH JIBa siipa Tefito-3, mo 00yMOBITIOE
CUHTE3 si/ipa Telit0-4 3 BUIIPOMIHEHHSM JIBOX MTPOTOHIB Ta TaMMa-KBaHTIB.

p+tp—?’D+et++ve+ 04 MeB

2D+ p—3He +vy+549 MeB

3He + 3He — 4He + 2p + 12.85 MeB

TakuM 9rHOM, 3 YOTHPHOX MPOTOHIB CHHTE3YIOTHCS OJIHE SAPO atoma remiro. [Tif
4yac CMHTE3Yy OJHOTO Kulorpama reiito BuauisieTscs 6,3x1014 JIx eneprii).

AnepHi peakuii po3nany
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1939 poky Oyno BUSBIEHO, IO sAApa ypaHy-235 31aTHI HE TUIbKH 10 CHOHTaHHOT'O
noauny (Ha ABa jermux siapa) 3 BuAuieHHsIM ~200 MeB eneprii Ta BUIpPOMIHEHHSIM
JIBOX-TPbOX HEUTPOHIB, ajie ¥ 10 BUMYILIEHOIO MOJAUTY, IO I1HILIIOETHCS HEUTPOHAMHU.
BpaxoBytouu, 1m0 y pe3ylibTaTi TaKOro MOAUTY TEX BUIPOMIHIOIOTHCS HEUTPOHH, SIKi
MOXYTh BUKJIMKATH HOBI peakilii BUMYIIEHOTO MOAULY CYCITHIX siJiep ypaHy, cTaja
OUYEBUIHOIO MOKJIMBICTD JIAHIIOTOBOT AI€pHOI peakilii. Taka peakilisi He BiIOYBaeThCs y
MIPUPO/I1 JIMIIIE TOMY, 1110 PUPOAHUN ypaH Ha 99,3% ckinamaeThes 3 130TONy ypany-238,
a 10 peakiii MOoAUly NpPUIATHUM TUIBKK YypaH-235, SKOro y HOpHUpPOJHOMY YpaHi
Mictuthbes aume 0,7%.

MexaHi3M siIepHOT peakilii po3naay MoJisarae y HacCTynmHoOMY. SIepHi Cuiid yepes
B3a€MOJIII0 OOMIHHMMM  BIPTyaJbHUMHU YacTUHKaMH (y OUIBIIOCTI  BUIAAKIB
Bi/I0yBA€ThCS MIOH-HYKJIOHHA B3a€EMOJIisI), Yac KUTTS SKWX, BIAMOBITHO JO MPUHIIMITY
HeBU3HaueHOoCTI ['elizenbepra, oOmMexxeHnil Hepelnkow BenuuuHoto dt = h'/dE = R/V =
(1,3*10-15/3*1010) * (140/8)0,5 = 2,3*10-23 ¢, maroTh HeleHTpaIbHUI XapakTep. Lle
O3HAYae, [0 HYKJIOHM HE MOXKYThb B3a€EMOJISITH OJHOYACHO 3 yCIMa HYKJIOHaMH y fJIpi,
0CcOOJNMBO y 0araToHyKJIOHHUX sipax. [Ipu Benukiii KUIBKOCTI HYKJIOHIB y SiApi 1€
O0OyMOBIIIOE ACUMETPII0 TYCTHHH SICPHUX CHJI Ta HACTYIHY aCUMETPil0 HYKJIOHHOTO
3B'I3Ky, @ OTXKE, 1 acHUMETpito eHeprii mo o0'emy sapa. Sapo HabyBae (opmu, sika
CYTTEBO BIAPI3HAETHCS BiA chepudHoi. Y TakoMy pasi eIeKTpOCTaTUYHA B3a€EMOJIIS MIXK
POTOHAMH MOYKE 3a BEIMUYMHOIO CHEPTril HAOIMKATUCS 10 CHIIbHOT B3aEMO/TI.

Takum yuHOM, BHACITOK aCUMETpii, EHEPTEeTUYHHUIN Oap'ep MOALTY JOJA€THCS, 1
AJIpO PO3MATAETHCS Ha JIETII S/Ipa, aCUMETPUYHI 32 MacoIo.

[HOM1 SiIPO MOKE TYHENIOBATU Y CTaH 3 MEHIIIOI0 €HEPTIETO.

JlaHoroBa sizepHa peakitis.

JlaniroroBa peakilisi — peakilisi, MPOAYKTH SKOi, CBOEI0 YEpPror, BCTYMAIOTh Y
B3a€EMOJIII0 3 TMOYATKOBUMHU MpoAykTaMu. lle XiMmiuHi 1 siaepHl peakiiii, y SKUX TosiBa
IPOMDKHOT aKTMBHOI 4YacTKM (paaukaia, atomMa abo 30y/KEHOI MOJIGKYIH — Yy
XIMIYHUX, HEUTpOHA — Yy SACPHUX Mpollecax) BUKIUKAE BEJIUKY KUIBKICTH (JIAHIFOT)
IEPETBOPEHB IMOYATKOBUX MOJICKYJI a00 s/iep BHACIIIOK pereHepallii akTHBHOT YaCTKH B
KOXKHOMY €JIEMEHTApHOMY aKTi peakilii (y KoKHIH! JTaHIIi).

Y anepHiit ¢i3UIll JIAHIIOTOBI peakilii BHHUKAIOThH T Yac TOAUTY sapa,
3yMoBiIeHOMY HeiTpoHoM. [loain BinOyBaeThCs 3 BUBUIBHEHHSIM KUTBKOX, 37€OUTBIIIOTO
2-3 HeHTpOHiB, AKi B CBOIO YEPTy MOXKYTh iHIIliFOBATH MO iHIINX Axep. VIMOBipHiCTH
3aXOIUICHHS SIIPOM HEUTPOHIB 3aJI€KUTh BiJl IXHBOT MIBUIKOCTI, TOMY JJIS MIATPUMAaHHS
JIAHITFOTOBOI peakiIlii HeUTPOHU HEOOX1THO CIIOBLILHIOBATH.

OCKiTbKM 4YacTUHA HEWTPOHIB, YTBOPEHUX TiJ dYac MOy, BTPAda€ThCA,
MOTJIMHAIOYUCh 0€3 MOoJAUly 1HIUMHU sAapaMu a00 BHIIITalOYM 3a MEXK1 peakTopa,
JAHITIOTOBY PEAKI(II0 XapaKTepU3yITh €(DEKTUBHUM KOEQIliEHTOM pPO3MHOXKEHHS k -
KUTBKICTIO HOBOCTBOPEHHMX HEHTPOHIB MiJ Yac OAMHUYHOTO aKTy MOJUTY, SIKI B CBOIO
4epry BHUKJIMKAIOTH MOAUT IHIUX snaep. Akmo epexTuBHUN KOeDIIEHT PO3MHOXKEHHS
OLTBIIMK 32 OJWHUIIO, TO YHUCIO aKTIB MOJLTY 30UIBIIYETHCS, PEAKIliSl PO3TAHIETHCS,
BUBUIBHIOIOUW Jlefiai OUThIIe €Heprii 1 MoXe 3aBepmmuTucs BUOyXxoMm. Taka peaxiiis
Ha3UBA€THCSI HANKPUTUYHOIO. SKIIO K MEHIWiA BiJl ONMHUII, PEakKllis 3raca€e 3 4acoM.
Takuil pexxum HazuBaeTbes miaKpuTHyHUM. g k = 1 mepebir peakuii 3anumaeTses
He3MiHHUM. CaMe TaKuii KpUTHYHUN PEXXUM BUKOPHCTOBYETHCS B SICPHUX PEAKTOPaX.
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Anepuuii peakrTop.

JUisi mepeTBOPEHHs TEIUIOBOI €HEprii po3many saep Ha €JIEKTPUYHY EHEPIiio
BUKOPUCTOBYIOTh SJIEPHUN peakTop. Sk manbHE y peakTopl 3aCTOCOBYETHCS CyMIII
130ToniB Ypany-235 ta Ypany-238, abo Ilnytoniii-239. Ilpu nmoTpamisiHHI MIBHUIKUX
HEUTPOHIB /10 sAJipa aToMa YpaHy-238 BiOYyBa€TbCs HOro MepeTBOPEHHS Ha IIYyTOHIN-
239 1 #loro mnomanblIMiA po3nax 3 BUBUIbHEHHsM eHeprii. Ilpouec wmoxe OyTtu
UUKIIYHUM, MpPOTE€ JUIsl LBOrOo HEOOXIJAHI PEeakTOpH, $KI MPalOTh Ha MIBUAKUX
HEHUTpoHax. 3apa3 K€ sIK OCHOBHUN KOMIIOHEHT B pPEaKTOpaX 3aCTOCOBYETHCS HYKIIA
VYpany-235. Jns i#ioro B3aemojii 31 IIBUAKAMH HEUTPOHAMH HEOOXITHE iX
CIOBUIbHEHHS. SIK CITIOBUIbHIOBAY 3aCTOCOBYIOTh:

rpadit — no0pe CroBUILHEHHS, ca0Ke MOTJIMHAHHA, TpUIAaTHUN 1 YpaHny-238
K TTaTuBa

BOAy: «ierka Bojga» H20 - myxe no0pe CHOBUILHEHHS, 3HAYHE MOTJIMHAHHS
HEUTPOHIB, IO HETATUBHO MO3HAYAETHCS HA KUIBKOCTI BUBLIILHEHOT €HEpTil

Baxkka Boja D20 - myxe qo0pe CroBUIbHEHHS, clla0Ke MOTJIMHAHHS HEUTPOHIB.

3a TUIIOM BOJM, 110 BUKOPUCTOBYEThCA y peakropax, D20 abo H20, peakropu
MOJUISIOTHCS] HA BAXKKOBOJISHI Ta JIGTKOBOISIHI BIZIMOBIIHO. Y Ba)XKOBOJISIHHX PEaKTOpax
K TaJbHE BUKOPUCTOBYETHCS HYKIIJ YpaHy-238, y JerkoBoJsHUX - Ypan-235. Jlns
KepyBaHHS peakxili€lo po3mnany Ta ii MPUIMHEHHS 3aCTOCOBYIOTh PETYIIOBaIbHI CTPHXKHI,
10 MICTSITH 130TONHM O0py abo KaaMiro. EHepriro, sika BUAUIAETHCS i Yac JaHIIOTOBOi
peakIlii Moy, BUBOAUTH TEIIOHOCIH. Yepes 1e BiH HarpiBaeThes, 1 MPU MOTPATUISIHHI B
BOJIY BIH HarpiBae ii, IepeTBOPIOIOYM Ha Mapy (4acTo TEIUIOHOCIEM € cama Boza). [lapa
obeprae mapoBy TypOiHy, sika o0epTae poTop TeHepaTopa 3MIHHOTO CTPYMY.

Jexyia Ne34. Tepmosinepunii cuaTe3. MeToam cioCcTepiraHHs eJ1eMeHTAPHUX
YaCTHUHOK
Inawn:
1. TepmosiiepHHii CUHTES .
2. BukopucrtaHHs siepHOT €HEPTii.
3. Jliuunpauk [efirepa.
4. Kamepa Binbscona.
5. BynnbamikoBa kamepa.
6. MeTtona ToBCTOMIAPOBUX (POTOEMYIIBCIH.
Tepmosinepuuii cuures.

SnepHuii cHHTE3 — 1€ MPOIIEC, i Yac sIKOTO °H 3H
JBa aTOMHHX sapa o00'€qHYIOThCSA, GOopMyroUun
BaXkue A1pO. 3a3Buuai nen IIPOIIEC @ a
CYNPOBOJIKYEThCSA BHAUICHHSAM eHeprii. SnepHuit
CUHTE3 € JDKEpEJIOM EHeprii B 3ipKax Ta BOJHEBIU
60M0i.
Jlst 30;KeHHST aTOMHUX s/Iep Ha BiJCTaHb, @
JOCTaTHIO Il TOTO, 100 BigOymacs saepHa
peaxilis, HaBITh JIJI1 HAWJIETIIOr0 €JIEMEHTY, BOIHIO, ° ‘He + 3.5 MeV

moTpiOHA AyKe 3Ha4YHa KUIBKICTh eHeprii. Ame, y h+ 14.1 MeV
BUNAJKY JETKHX sJIep, BHACIIAOK 00'€THAHHS JTBOX
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Aaep 13 YTBOPEHHSIM BaX4YOTO SApa BUIUIAETHCA 3HAYHO
Outblle eHeprii, HDK 1€ Ha TMOAOJAaHHA KYJOHIBCHKOTO
BIJIMMTOBXYBaHHS MiX HUMH. 3aBASKU ITbOMY SIICPHUN CHHTE3
— JyX€ NEpCHEeKTUBHE JDKEpEeIo €HEeprii 1 € OgHUM 13
OCHOBHUX HaNpsIMKIB JIOCTIX)KEHHS Cy4acHOT HAYKH. '

KinbkicTh eHeprii, o BUAUIETBCSA B OUIBIIOCTI SIACPHUX
peakuiii Habarato OUIbIIA, HDK Y XIMIYHUX PEAKIIsX, TOMY IO
€Hepris 3B'sI3Ky HYKJIOHIB y SIAp1 3HAYHO OULIbINA, HDK €HEprii
3B'I3Ky €JeKTpoHIB y aTomi. Hanpuknana, enepris 10Hi3allii, sKa
OTPUMYETHCSI TIPU 3B'SI3yBaHHI €NEKTPOHA 3 MPOTOHOM i3
YTBOPEHHSIM aTOMYy BOJHIO, CKjianae 13.6 eneKTpOH-BOJIBT — MEHIIE, HDK OJHY
MUTBHOHHY Bi 17 MeB, 1o BUAUISIOTECA MMiJI Yac peakiii ASUTEpito 13 TPUTIEM, IO
OIrcaHa HIDKYE.

BuxopucranHs sigepHoi eHeprii.

BukopucraHHs aTOMHOI €Heprii CTUMYINIOETbCS HacaMmmepe] THM, IO BXKE Ha
NepuIoMy eTari il BAKOPUCTAHHS BAaPTICTh €JIEKTPOEHEPTii, 0JIep>KyBaHOI BiJl aTOMHUX 1
BYTUIbHUX CTaHI[IH, TPUOJIU3HO OJIHAKOBA.

ExoHoMiuHa mepeBara aTOMHHUX €JIEKTPOCTAHIIA HaJl TEIJIOBUMH Oe3MepepBHO
3pocTaTUME K BHACHTINIOK IXHBOTO YIOCKOHAJCHHS, TaK 1 BHACIHIJOK ITOJOPOXKYAHHS
KaM'ssHOro BYTULIS, TOp]y, HAPTH 1 MPUPOJHOTO raszy, 3amacu sIKMX y BEpXHIX IIapax
3emili MBHUJKO 3MEHITYIOThCS. [Ipu cydacHHX TeMmax 3pOCTaHHS BUKOPUCTOBYBAaHHS
eHeprii mux 3amnaciB najguBa Moxe BHCTAYUTH Ha 100—150 pokiB, BUKOPUCTAHHS XK
SIEPHUX peakIliid MOoJUTy ypaHy, TOPIIO 1 TUTYTOHIIO 3MOKe 30UTBIIUTH IIeH CTPOK IIe Ha
200—300 poxis.

Jluiie OBOJIOMIHHS TEPMOSIIEPHUMM PEaKIiIMH CHUHTE3Yy 3a0e3MeUuTh JIIOJCTBO
EHEepri€ro0 B HEOOMEKEHIH KUTBKOCTI 1 Ha HEOOMEKEHUM TepMiH.

SlnepHa TEXHIKa — Tany3b TEXHIKH, [0 OXOILIIOE BHKOPHCTAHHS SLICPHOT CHEpril;
CYKYIIHICTh TEXHIYHUX 3ac00iB, 3B'I3aHUX 3 BUKOPHUCTAHHSIM BHYTPINIHLOI EHeprii
aTOMHOTO f]Ipa, 1110 BUAUISIETHCS TPU AJIEPHUX NTEPETBOPECHHSIX.

MeToam cnocTepiraHHs eJ1eMeHTAPHUX YACTHHOK.

[Ipunanu, 1Mo 3aCTOCOBYIOTBCA JUIsl PEECTpallii Ta BUBYEHHS PaJAl0aKTUBHOTO
BUIIPOMIHIOBAHHS Ta CIIOCTEPEKECHHS EIEMEHTAPHUX YaCTHHOK TOJUISIOTHCS Ha JIBa
BUJIM: CIIOCTEPEXKHI, IO JIO3BOJSIOTH CIOCTEpIraTH CIHigu (TPEKHM) YACTHHOK Ta
peecTpaniifHo-BUMiproBaibHI. J[0o mepmux BimHOCAThCA Kamepa Binbcona, audys3Ha
KaMmepa, OynpOamkoBa kamepa Ta snepHi ¢oroemynscii. Jo Apyrux MokHa BITHECTH
CHMHTWISALINHUN, YEPEHKIBCHKUH, Ta30pO3PsAIHUNA, HAIIBIPOBITHUKOBHHN JIYMIBHUKH
Ta IMITYJIbCHY 10HI3aIlIHHY Kamepy.

VYci cydacHI METOAM PEECTpallii SIepHUX YACTUHOK 1 BHUIPOMIHIOBaHb MOJKHA
pPO30UTH HA JIB1 TPYIIN:

1)  oOuuMcirOBaJIbHI METOAM, 3aCHOBaHI HAa BHKOPUCTAHHI MPWIANIB, SKi
OOYHUCITIOIOTH KUTBKICTh YACTHHOK TOT'O YH 1HIIIOTO THILY;

2)  TPEKOBi METOJH, IO JIO3BOJIIOTH BIITBOPUTH CJIiJ] YACTHHKH.

1. Jliumabauk I'eiirepa — npunan s aBTOMAaTHYHOI J114OM YacTUHOK. Jlist
JIYWIbHUKA 3aCHOBAHA HA yAapHiM 1oHi3amii. 3apskKeHa YacTMHKA MpOJIITaE B rasi,

128



BIIpMBAOYM Bl aTOMIB €JIEKTPOHH, I YTBOPIOE MO3UTHBHI 10HU Ta BUIbHI €JIEKTPOHH.
JliunnpHuk ['elirepa 3aCTOCOBYETHCS AJIs1 PEECTPALlli €IEKTPOHIB 1 Y-BUIIPOMIHIOBAHb.

2. Kamepa Binbcona. VY il kamepi BUKA 3apsAKEHA YACTHUHKA 3aJIMILAE
CliJl, AKUU MOXXHa crocrepiratu Oe3nocepeaHbo uu (ororpadysaru. i kamepu
Binbcona 3acHOBaHa Ha KOHJEHCAllli MEPEHACMYEHOi Mapu Ha 10HAX 3 YTBOPEHHSIM
Kpanenbok Bomu. Lli 10HUM CTBOpIOE Y370BXK CBOEI TPAEKTOPii pyxoMa 3apsiKeHa
yacThHKa. Kpamnenbku yTBOPIOIOTh BHIMMMI CJiJi YACTUHKH, IO MPOJIETLIA, - TPEK.
[npopmaris, Ky Aar0Th TPEKU B Kamepi BuibcoHa, 3HauHO OaraTiia 3a Ty, 110 MOXYTb
JaTH JIYUIBbHUKU. 3a JOBXHHOIO TPEKY MOXHA BU3HAUUTH €HEPril0 YAaCTUHKH, a 3a
YHCIIOM KpaneiaboK Ha OJJMHULIIO IOBKUHU TPEKY OLIHUTHU ii IIBUIKICTb.

3. Byab6amkoBa kamepa. Y 1952 poui amep. Yuenum Jl. I'neiizepom Oyro
3aMpONOHOBAHO BUKOPUCTOBYBATH JUIsl BUSIBJICHHSI TPEKIB YaCTUHOK MEPErpiTy piiAuHY.
VY wiit piguHi Ha 10HaX, SIKI YTBOPIOIOTHCS MiJ] Yac PyXy MIBHIKOI 3apsKEHOT YaCTUHKH,
BUHUKAIOTh OyIbOaIIKy NapH, sKi Jat0Th BUIAUMUNA TpeK. [IpoOir 4acTUHOK, yHACI1I0K
OUTBIIOT TYCTUHH pOOOYOT PEUOBHUHHU, BUSBISIOTHCS JTOCUTH KOPOTKUMHU, ¥ YaCTUHKHU
HaBITh BEJIMKUX EHEPriil «3acTpstoTh» y kamepl. lle mo3Boisie croctepiratu cepito
NOCIITOBHUX MEPETBOPEHb YACTUHKH Ta PeaKIlii, 1110 HEI0 BUKIMKAIOTHCS.

4, Metoa ToBcTOmIapoBux ¢oroemyJnbcid. Lleil MeTon IpyHTYyeTbcs Ha
TOMY, WIO 3aps/KeHa YacTUHKA, PYyXalouuch y (oroemynbcii, pyWHYye MOJEKYIU
Aprentym Opominy B THX 3€pHaX, Kpi3b sIKi BoHa mpouuuia. [licisa mnposiBieHHs B
KpUCTaJIMKaX BITHOBIIOETHCS MeETajeBe CpiOJI0 W JIAHITIOKOK 3epeH cpibiia yTBOpPIOE
TPEK YaCTHHKH. 3a JOBXMHOIO M TOBIIMHOIO TPEKYy MOXKHA OLIIHUTHU E€HEprito i Macy
YACTUHKH.

d. HaniBnpoBiiHMKOBI JIYHJIBHUKHN PEECTPYIOTh YAaCTUHKHU, IO MPOXOSTh
Yyepe3 HaMiBIPOBIIHUKOBUHN 10/, CTBOPIOIOYU B HHOMY €NEKTPUYHUI IMITYJIbC.
6. Tonizamiiini giunabuuku. Jlo mnpunamis, e BiAOyBaeThCs 10HI3AIlIS

CEepe/IOBUINIA YAaCTUHKAMH, IO PEECTPYIOTHCS, BIIHOCATHCS IMITyJIbCHA 1OHI3aIliliHA
Kamepa, JiumibHUK ['edirepa-Mriomiepa, kamepa Binbcona, mudysiiiHa Kamepa,
OynbOamnIkoBa KaMepa Ta siepHi poToeMybCii.

1. IMnynbcHa ionizamiiiHa kaMmepa € JeTEKTOpOM YacTHHOK. B ocHOBI ii
OyZOBM 3HAXOIUTHCS KOHACHCATOp, JO SKOTO IiJBEIeHAa BHUCOKa Hampyra. a3, mpo
3HAXOJMUTHCS MDK €JEKTPOJaMU MOXKE 10HI3YBaTHCS TAAAl0YMMH YaCTHHKAMH 1
CTBOPIOBATH CTPYM B €IEKTPUIHOMY KOJI1 Kamepu. Hanpyry migOuparoTs Tak, oo i0HH,
PYXalouuCh N0 €JIEeKTPOoJa, HE 3MOTJIM PEKOMOIHYBaTH 1 HE 3MOIJIHM 3IHCHIOBATH
MOBTOPHY 10HI3aIlil0 Ta3zy.

8. Nudysiiina kamepa € pI3HOBUAHICTIO KaMmepu BimbcoHa 1 MoOXe
MpaIoBaTi B HEMEpEepBHOMY pexuMi. [lepecuuennii map CTBOPIOETHCS HEMEPEPBHOIO
mudy3i€ero mapiB CIUPTY Bl HATPITOT KPUIIKH IO OXOJIOKEHOTO THA KAMEPH.
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