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Beryn

B 3anponoHoBaHOMYy KOHCHEKTI JIEKIIH 3 Kypcy «Pi3HKa» NPUBEICHO MaTepial 3
KJAaCUYHOI Ta Cy4YacHOi (BUKU: JaHl BU3HAUYEHHA (QBUYHUX MOHATb, KOPOTKO
chopmynpoBaHi GBUYHI 3aKOHM 1 TIPHUBEICHI HEOO X1ITHI ITOSICHEHHS.

OcTaHHIM YacoM BHACIIOK BBEACHHS HOBHMX JUCIMIUIH YaCc BHUBUYCHHS KypCY
¢BUKKA 3HAYHO cKopoueHo. OHak mporpaMa 3 (PBUKM 3aIMIIWIACE HE3MIHHOIO. Lle
noTpedye HOBUX MIIXOAIB [0 BUKIAJaHHA (PBUKKM 1 HOBUX HIIPYYHHKIB, 5Kl O
BpaxOBYBaJIM 3HAYHO CKOPOYCHI 00CATH 4Yacy Ha BHBYEHHS (BuUKH. [linpydyHukm 3
(bBUKH, SK TPaBUIIO0, 0araTOTOMOBI M po3paxoBaHi HA TPUCEMECTPOBE BUKIaAaHHA. [Ipu
CaMOCTIMHIA poOOTI 1€ BUKJIMKAE 3HAYHI TPYAHOLI JJIsl CTyAEHTIB. Tomy BUHHMKIA
norpeda pa3oM 3 HOBUM KypCOM MaTu CKOPOUYEHHUN y BUTJISII KOHCTIEKTY JICKIIiH, sIKui
BiATIOBINAE 00’ €My BUKIIQJaHHS B YHIBEPCHUTETI, a MAPYIHUKA BUKOPUCTOBYBATH IS
OUIbII MOTTNOICHOTO BUBUCHHSA (PI3UKY T YaC CaMOCTIHHOT pOOOTH CTYACHTIB.

Kypc nekuiii oxoruiroe B CKOpOUEHOMY BHUKJIJaHHI MPAKTUYHO BECh Marepiaj
BKa3aHOT'0 TPUTOMHOTO Kypcy. Ilpu oMy MakCMMallbHO CKOPOYEHO MaTeMaTUYHUN
amapar, TpHUAUIEHO yBary (pB3UYHOMY 3MICTY MOHATH, SBHIN 1 3aKOHIB. OOMexXeHMI
00’ €M KOHCIEKTY JICKIII HE JO3BOJMB BKIIFOUUTH B HHOTO €KCTIEpUMEHTAIbHI METOIH
JTOCTIIKEeHb, ONUC JOCIIIIB Ta MPWIAAIB M HIINI eKCliepuMEHTaIbHUN Marepian. Bee
e CIpUsie MPU OOMEXKEHOMY 00CATY Yacy Ha BUBYEHHSI AUCIMILIIHY SIKICHO OBOJIOJIITH
OCHOBHUMH TIOHSATTSMH, SBHIIAMHU 1 3aKOHAMU (DBBUKKA TPHU HE3MIHHIA Mporpami 3
JUCLUILIIHUA.



Moayasb 1. MexaHika MaTepiajJibHOI TOYKH.
Jexkuyia Nel. OcHOBHA 3a1a4a MeXaHIKM -2 TO.

Ilnan:

1.JIesxi BITOMOCTI 3 MAaTEMATUKH;

2.IIpeamer, meta 1 MeToIM IBUYHKUX JOCIIIKEHb;

3.Cuctema CI;

4.0OCHOBU KIHEMATUKU PYXY MaTepIalbHOT TOUKH.

Jlesiki BizoMocTi 3 MaTeMaTHKH

Maremaruka Bimirpae BUKIIFOUHO BOXKJIMBY poJib B ¢hi3uill. be3 Hel cydacHa pizrka
HemucimMa. MartemaTvka ajeKBaTHUM KUIbKICHUM amapar juisi ¢BukiB. B mporeci
pO3BUTKY (i3MKA 1 MareMarhka B3a€EMHO 30aradyroTb OJIHA OJIHY. AJie HEOOXiTHO
MPaBUJILHO YSBISATH ICTHHHY pOJIb MareMaTuku 1 piBukyd. UYncrta mMaremaThika Mae
CIipaBy 3 abCTpakTHUMU 00’ ekTamH 1 OHATTAMU. [Ipu moOynoBiTeopii Ppi3uKa 3aMiHIOE
peasibHi 00’ €KTHU 1X Ieali30BaHUMH MOJEIAMHU, 1110 TPUOJIM3HO NMPABWILHO MEPEat0Th
HE BCl BJIACTUBOCTI PEAIbHOTO 00’ €KTa, a TUIbKU Tl 3 HUX, SIKI CYTTEBI B TOMY KOJI
MUTaHb, 10 PO3TJIAAAIOTHCA. SIKi BIACTHMBOCTI pealbHUX 00’ €KTIB CYTTEBL, a SIKI HE
BIIIrPalOTh MOMITHOI POJII — HA II€ TMTAaHHS MOJKE BIANOBICTH TUIBKH AOCJII, SIKOMY
HAJISKUTh BUPIIIAJIbHE CJIOBO B MUTAHHI PO MPaBUIBHICTh OY/b-sKO1 PIBUUHOI TEOPIi 1
MEXax 11-BUKOPUCTAHH.

IIpeameT, MeTa i MeTOAU (PI3UIHUX TOCIITKEHD

®dBuKa — 11e HayKa npo npupoay. Bona BuBuae Marepiro Ta OUIBII IPOCTI 1 pa3oM
3 Tum OUIbII 3aranbHi GopMU 1i pyXy, a TaKOK (PyHIAMEHTAIbHY B3a€EMO/IIIO IPUP O H,
110 KePYy€E pyXaMu Martepii.

Jlesiki 3aKOHOMIPHOCTI € 3arajJbHAMH JIJI1 BCIX MITTEPIATbHUX CUCTEM, HAITPUKIIAL]
30epeKEeHHSI CHEPTUH, - 1X Ha3UBAIOTh (PI3UYHUMU 3aKOHAMH.

®BUKYy I[HOJI HAa3UBAIOTh «(YHIAMEHTAILHOIO HAYKOIO», OCKUIBKHM IHIII
OpUPOJHUYI Hayku (610JI0TIs, TeoJIOTiA, XiMig Ta 1H) OMHMCYIOTh TUIbKH JESKUN KIac
MaTeplalbHUX CHCTEM, IO IMIKOPSAIOTHCS 3akoHaM (pi3ukn. Hampwukmasa, XiMmis BUBYa€E
aTOMM, YTBOPEHI 3 HUX PEYOBHUHHU Ta MEPETBOPEHHS O/IHIET pEUOBHHH B IHIITY. XIMIYHI XK
BJIACTUBOCTI pEYOBUHU OJTHO3HAYHO BU3HAYAIOTHCS (DIBUYHIUMHU BIIACTUBOCTSAMHU aTOMIB 1
MOJICKYJI, ONHWCYBaHUMH B TakuX po3aviax (BUKH, FIK TEPMOIUHAMIKA,
€IEKTPOMAarHeTU3M 1 KBaHTOBa (hI3HKa.

®dBUKa TICHO TMOB'A3aHa 3 MAaTEMaTUKOIO: MaTeMaThKa HaJae amapar, 3a
JOTIOMOT OO IKOTO (PI3MUHI 3aKOHU MOXKYTh OYTH TOUHO cPopMyiboBaHl. PBUYHI TEOPIl
Maibke 3aBXKAM (OPMYIIOIOTHCS Yy BUIVIAI MaTeMaTUYHUX BHUPA3iB, NPUUOMY
BUKOPHUCTOBYIOTbCSI OUIBIII CKJIQJAHI PO3AUIM MaTeMaTHKH, HDK 3a3BUYail B IHIIKX
HaykaX. | HaBmaku, pPO3BHTOK Oararbox Taly3eld MaTeMaTHKH CTUMYJIIOBAIOCS
notpedamu (IBUYHUX TEOPIM.

OcHoBHa 3a/1a4a MEXaHIKA B TOMY, 11100, 3HAIOUH CHJIH, /TiF0U1 HA TUI0, BU3HAYUTHU
MOJIOKEeHHS (KOOpJMHATH) MBOTO TUIA B JIOOWMK MpOMDKOK yacy. lle mpsma 3amaua
MexaHikd. OOepHEHO0 3a1a4el0 € 3HAXOIKEHHS CHJI, SIKI CIIPUYUHUIIH IIEH PYX.

Mexanika TICHO MOB’si3aHa 3 Oararbma po3auviaMu (iBUKU. Pan NOHATH 1 METOAIB
MEXaHIKH TP BIIMOBIAHUX Yy3araJlbHEHHSX 3HAXOISTh 3aCTOCYBAaHHS B CTaTHYHIN
¢b13uIIl, ONTHUII, KBAHTOBIA MEXaHIIl, €JICKTPOANHAMII, TEOPii BITHOCHOCTI 1 1H.



[Mpuammmm GBUYHUX TOMIYKIB JEMIO BIIPBBHIIOTHCS Bi TaKUX B IHIMX HAyKax
TOMY, IO TYT ICHY€ YITKO BHU3HAYCHHM PO3IOJUT HA TEOPI0 Ta EKCIEpHUMEHT, 13 20
CTOMITTA OUIBIICTh (IBUKIB CHEIAIBYEThCS ad0 Ha TeopeTHUHid ¢iBuil, ado Ha
EKCIIEPUMEHTAIbHIN, 1 AyXKE€ MaJIO TAKHX, K1 O TOCATrIM yCmiXiB B 000X Hanpsimax. Ha
BIIMIHY, TPaKTUYHO BC1 YCIIIIHI TEOPETHKH OI0NOTi Ta XiMi TakoX Oym:a 1
EKCTIEpUMEHTATOPAMH.

KopoTko kaxxyuu, TEOpPETHKHM 3aiiMalOThCS TOIIMYKOM TEOpik, siKi MOrym O
NOSICHUTU ICHYIOUl EKCIEPUMEHTAJIbHI pe3yJbTaTH Ta MepenOayuTd HOBIL, TOAl SIK
EKCTICPUMEHTATOPH OPTAHIBBYIOTh CBOi MPAaKTHYHI JAOCIUDKEHHS IS TICPEBIPKH
pe3yabTatiB Teopii. ToOTO, HE3BaKaOUM Ha ICHYBAHHS JBOX YITKUX HAIMPSIMIB, BOHH
TICHO TMOB's13aH1 0AUH 3 0JHUM. ToMy IpopuBHU B (13ULIl YACTO BiIOYBaIOTHCS CaMe TO 11,
KOJIM €KCIIEPUMEHTAaTOPU BUSABJIAIOTH, IO ICHYIOYl TEOPIli HE MOXKYTh MOSCHUTH 1XHIX
pe3yabTaTiB, 1 11e TOTpeOye MOOYT0BU HOBUX (DIBUUHHUX TEOPIH.

Cucrema CI;

MikHapo/Ha cHUCTeMa OJIMHHUIb— Il cydacHa (opmMa METPUYHOI CHUCTEMH,
30ynoBaHa Ha 0a3i cemu OcCHOBHUX ojauHMIb. Cucrema Cl € HalyacTiie
BHUKOPHUCTOBYBAHOI CHCTEMOIO OJWHHUIb TMPH IPOBEACHHI PO3PaxyHKIB B PI3HUX
ray3sx HayKd, TEXHIKH, TOPTIBJIl TOLIO.

['onoBHa MeTa BIPOBAKEHHSI TaKOi CUCTEMH — 00'€THaHHS BEIHMKOI KUTbKOCTI
cuctem oaunuip (CI'C, MKI'CC, MKC To10) 3 pi3HUX raiy3eil HaykKu Ta TeXHIKH Ta
YCYHEHHSI TPYIHOIIB, OB’ A3aHUX 3 BUKOPUCTAHHSAM 3HAYHOI KUTLKOCTI KOS(DIITIEHTIB
Opu TepepaxyHKax MDK HUMH Ta CTBOPEHHSIM BEIMKOi KUIBKOCTI €TaJlOHIB JJist
3a0e3nedyeHHs HeoOxiqHoi TouyHocTL llepeBarm Cl 3a0e3neuyroTh MiABUIICHHS
OPOJYKTUBHOCTI Tpalll MPOEKTaHTIB, BUPOOHMKIB, HAYKOBI[B, CIpPOIILYIOTh Ta
TIOJICTIITYIOTh HAaBUYAILHUMA TIPOIEC, a TAaKOX MPAKTHUKY MDKHAPOJHHX KOHTAKTIB MDK
JiepKaBaMHu.

Mixnapoana cuctema oauHuIb Cl ckiagaeThest 3 HaOOpy OJUHUIIb BUMIPIOBAHH S
Ta HAOOpy KpaTHHUX 1 YacTKOBUX mpedikciB g0 HuX. CucTemMa TakoX BU3HAYa€
CTaHJApPTHI CKOPOYEHI IMO3HAYEHHS [JI1 OJWHWIb Ta IpaBWIa 3alHCy IMOX|THAX
OJIHHUIIb.

Cuctema CI He € HE3MIHHOIO, BOHA € HAOOPOM CTaH1apTIB, B SIKOMY CTBOPIOIOTHCS
OJIMHHUIII BUMIPY Ta KOPUTYIOTHCS iXHI BU3HAYEHHS 3TIAHO 3 MDKHAPOIHUMHU yTOJaMH B
3QJIGKHOCTI BII PIBHS CY9aCHOT'O PO3BUTKY BUMIPIOBAILHUX TEXHOJIOTIH.

OCHOBH KiHEMAaTHKH PyXy MaTepiajibHOI TOYKH

Kinematnka BHBYae pyx TUI, HE pO3IJSLAAIOYM TI NMPUYMHHU, SKI LEH pyX
00yMOBMIIH.

Hexaii marepiaibHa TOYKa MEpEMIlIyeThCsl 3 TOYKH A B Touky B (puc. 1).
Bincrtanb Bim Touku A 10 TOUku B, B34Ta B37J0BXK TPAEKTOPI, SIBJISIE COOOI0 P O M ACHU
nusix  S. BekTopoMm mnepeMillieHHs Ha3WBalOTh BUIPIBOK MPSAMOi, IMPOBEIEHOT 3

e

II0YAaTKOBOTO IIOJOXKEHHS B KiHIEBEe mHoioxeHHS Tima (Bekrop AB). Sxmo Tino

e —

nepemictiiocs 3 touku C B Touky B, To apyrum mepewmimenusim 6yae Bextop CB.
PesynbTyiounm nepemiriennsm 6yae Bexrop AB | sixuit nopirioe cymi Bexropis AC

ta CB, ockimekn, six Bugno 3 puc. 1, Binpisok AB e miaronammo mapanenorpama,
nooynoBanoro Ha Binpiskax AC ta CB.



—
AB
A
Puc. 1 llepemiwenns mamepiaibHoi mouxu
BekTop nepemilieHHs criBHasae 3 AUITHKOIO TPAEKTOPIl JIMIIE MPSAMOTIHIAHOMY

pyci Ilpu KpuBOMIHIMHIA TPAEKTOPIl NUIAX HE CIHIBMAIAE 3 TEPEMIIICHHIM. AJie, SIKIIO
B3ATH JOCTAaTHHRO Majie TIEPEMIIICHHs, TO 3 BH3HAYECHOI TOYHICTIO MOXKHA 3aMIHUTH

BIIPBBOK TUIIXY AS BEKTOPOM TMEpEMIIICHHS AS. Take wmame mnepemileHHs

HA3WBAETHCS EIEMEHTAPHUM TIEpEMIIIICHHSIM.
[nsax, mpolaeHuil TuioM, sIBNsieThCs PyHKLIEO yacy. [lpu piBHOMIpHOMY pyci
MIBUJKICTh TUIA BU3HAYAETHCS MIPOCTO SAK UISAX, MPONACHUMN TUIOM 3a OJAMHHMIIIO Yacy.
JIst OUTBIIT TTOBHOT XapaKTEPUCTHUKH 3MIHHOTO PYXYy BBOJASTH MOHSTTS MHTTEBOI

MIBUAKOCTL SIKIIO 32 HEBEJMKHM MPOMDKOK 4acy At TUIO MPOXOAUTH IIIAX AS , TO

MIBUAKICTh TOPIBHIOBATUME:

y —ad (1)

cp A t
Benmnurna MUTTEBOT MBUAKOCTI (IBUIKICTH B JIaHI TOYI IUIAXY) piBHA TPaHHULIIL
710 SIKOT HAOIMYKAETHC A BITHOIIEHHS IPUPOCTY LUIAXY A0 BIIMOBIAHOTO IPUPOCTY Yacy
P YMOBI, 1O At HaAOJIMKAETHCS 10 HYJIS.
.S
v=lim 2~ 2)
At—>0 At
B wmaremaruiil 1s rpaHMIsl Ha3WBAEThCS TMOXIUTHOIO Bi INUIAXY IO Yacy 1
MO3HAYAETHCS TaK:

dS
vV =— (3)
dt
®opmyiny (3) MOKHA 3aMTKUCaTH 1 Yepe3 HECKIHUEHHO MaJjie TIepEeMIlIeHHS ds:
. dS
V=_ (4)
dt

Bektop mBHAKOCTI CHIBIIQAae IO HAMpsAMKY 3 HECKIHYEHHO MauM
nepeMilieHHsIM (TOOTO 3 JOTUYHOIO O TPAEKTOPIi) 1 YUCENbHO PIBHUNA MOXIIHIN Bij
HUIIXY 10 9acy. B OUTbIIOCTI BUMAAKIB MPU PYC1 MBUIKICTH 3MIHIOETHCS 1 IO BEJIMYHHI 1
no HampsMKy. [l XapakTepUCTUKUM 3MIHM HIBUJIKOCTI BBOJIUTHCS MOHSTTA
MPUCKOPEHHS.



B Bumagky mnpsMOMIHIAHOTO HEPIBHOMIPHOTO PYXy CEpEIHE TPUCKOPEHHS 3a
POMDKOK dacy At JopiBHIOE BITHOIIEHHIO 3MIHU MIBUAKOCTI 10 IOTO IPOMDKKY Jacy.
— 2
— | 4 | 4
a =4-a=>%8="" 5)
At R R
[IpuckopenHsi, sike TUIO Ma€ B JIaHWW MOMEHT (B JaHIA TOYIIl UIIXY) JOPIBHIOE
I'PaHMIIL, 10 K0T HAOIMKAETHCS MpaBa YaCTUHA PIBHAHHS (5) MpU 3MEHUICHHI TPOMDBKKY
yacy At 10 Hys1, TOOTO JOPIBHIOE MOXIAHINA MBUAKOCTI BIJ Yacy.
_ dv
a=-— (6)
dt
BpaxoByrouu, 1m0 HIBUAKICTh JOPIBHIOE MOXIAHIA HUIIXY MO 4acy, 3HaXO0JUMO,
110 MPUCKOPEHHS IOPIBHIOE APYTiid MOXITHINA NUIIXY 10 Yacy:
d(dS) d?s
o=— = 5 (7)
dt| dt dt
TakuM 9HHOM, SIKIIO BITOMHH IUIIX TiIa K (QYHKINS 9acy, TO JETKO BU3HAUHMTH
HOT0 MBUAKICTD 1 IPUCKOPEHHS B OY/1b — SIKMI MPOMDKOK Jacy.
3 KypcCy CepellHbOT IIKOJIM BIOMI Il TaKi CIIBBIAHOIICHHS KIHEMATHUKH (3HANTH

iX IHTETpyBaHHSIM):
ot? 2
v=v,+at; S:vot+—;v:\/v0 +20S (8)

Ji(S VO — MBHIKICTH TiTa B MOMEHT 4yacy t = 0; S — numix npoiaeHuit Titom 3a t
qacy.
Jexuyia Ne2. KinemaTuKa MaTepiajibHOI TOUYKH — 2 TOJ.
Ilnhan:

1. 3agaui KIHEMaTHUKH

2.PiBHOMIpHUI ipsaMomHIAHNN pyX. [IIBUAKICTD

3.PiBHO3MIHHMI NIpAMOJTHINHMKA pyX. [IpuckopenHs

4.YacHuii BUNagoK piIBHO3ZMIHHOTO PYXy- PyX M TI€I0 TSXKIHHS 3€MJTL

5.006epToBUl pyX MaTepialIbHOT TOYKH Ta HOTO XapaKTEPUCTUKU

6.KonmBanbHuil pyx Ta HOTO XapaKTEPUCTUKH

['ooBHMM 3aBHaHHAM KIHEMATHKH € MaTreMaTH4He (pIBHSHHAMH, rpadikamu,
TaOJIMIIMUA TOILO) BU3HAYEHHS IOJIOKEHHS Ta XapaKTEPUCTUK pyXy TOUOK abo TUl y
yaci. bynb-skuil pyX po3risgaerbcs y MEBHIM cucTeMi BUUTKY. TakoX KiHEMaTHKa
3aiiMaeThCs BUBUEHHSM CKJIaJJOBUX PYXIB (PYXIB Y ABOX CUCTEMAax BIJIIKY, 1[0 B3aEMHO
NEPEMIIIAIOTHCS ).

OcHOBM KiHeMaTHKH 00€pPTOBOI0 PyXy MaTepiaJibHOI TOUKH

Pyxwm, mo BimOyBalOThCS y TMPHUPOJI Ta TEXHII, MOXYTh PO3PIBHATHCS 3a JBOMA
O3HaKaMH: 3a 3MIHOIO 3HAYEHHsI MIBUIKOCTI Ta 3a 3MIHOIO 1i Hanpsamy. Tak, HanmpuKiIa,
KOJM TOYKA YW TUIO pPYyXalOThCs B3JAOBXK NpsAMOi JIHI (MaiwOTh NPSMOJIHIAHY
TPAEKTOPIIO), TO HAMPSIM X IMIBUAKOCTI HE 3MIHIOETHCS — BIH 30IraeThCsi 3 HAMPsIMOM



TpaekTopii. Xo4a MpHU IbOMY 3HAYEHHS MBUAKOCTI MOXKE 3MIHIOBATHCh. Y IHOMY
BUITAJIKy PYX HA3UBAIOTh HEPIBHOMIPHHM.

AJie X pyxXu MOXYTh MaTH ¥ KPUBOJIHIAHI TPAEKTOPIl, HAUMIPOCTIIIUMU 3 SIKHUX €
TPAEKTOPII KOJIOBL. 3PO3YyMUIO, 1110 TAKUK PyX MOKe OYTH il pIBHOMIPHUM, TOOTO KOKHA
TOYKa HUTKH OyJe MaTd MIBUIKICTH, SKa HE 3MIHIOBAaTUMETHCS 3 YacOM 3a CBOIM
3HAYEHHSIM, X04a HAIPSM MBUIKOCTI TOYOK Y KOKHUA MOMEHT MOKE 3MIHIOBaTHChH.

PosrisiHemo pyx marepianbHOI TOYKU MO KOJIy, KOJM BIH € PIBHOMIPHUM, TOOTO
3HaYEHHsI IBUJIKOCTI 3 4aCOM HE 3MIHIOEThCA . T 0uKa, pyXalouuch o Koy pazaiyca R, 3a
NIEBHUH Yac t mepexoauTh 3 TOUku A B Touky B. [Ipu nbomy Bimpok OA moBepTaeThC
Ha KyT ) — KyTOBE NEpeMilleHHs. 3a MMM JaHUMHU MOKHa CXapaKTepPU3yBaTH PyX
KyTOBOIO IIBHJKICTIO, 1€ ¢ (rpempka jirepa «(Pi») — KyTOBE MEPEMILICHHS; O
(rpenpka’ JiTepa «OMera»)— KyTOBa IIBUAKICTb.

KyTtoBe nepeminieHHss BUMIPIOETBCSI B pamiaHax (paz.). 1 pamian me Take KyTOBe
MIEPEMIIIEHHS, KOJM TPAEKTOPI PyXy TOUKH — JOBXHHA Ayrd Koia AB — nopiBHIoO€e
JOBXKUHI paniyca R.

OTxe, OIMHUIICIO KYTOBOI IBUAKOCTI € pajiiaH 3a CeKyHay (paj/c).

1 pan/c mopiBHIOE KyTOBIA IMIBHUIKOCTI TAKOTO PIBHOMIPHOTO PYXy MO KOJIy, T
yac SKoTo 3a 1 ¢ 3MIHCHIOETHCS KyTOBE IMepeMIIieHHs 1paj.

[Ipu BHU3HAUEHHI KyTOBOI MIBUAKOCTI CJIOBO paj HE MMILIYTh, a 3a3Ha4aroTh 1/c,
MAa€eThCsI Ha yBa3i pajy/c.

Pyx Touku 1o xoiy (Ta 0OepTaHHS TBEPJAOTO TUIA) XapaKTEPHU3YIOTh Taki (Pi3UIHI
BEJIMYUHH, SIK IEPIOJT 1 4YacTOTa 00epTaHHS.

Ilepion oGeprannst (T) — 1e yac, OpoTITOM SIKOr0 TOYKa (TUI0) POOUTH OJUH
NOBHUI 00€PT 110 KOJTY.

HIBuaKicTh

[IBhankicTh — (3BUYHA BEIMYMHA, 110 BIANOBITAE BITHOMICHHIO MEPEMIIICHHS
TUIa A0 TNPOMDKKY dYacy, 3a SIKMH I1Ie TepeMilieHHs BinOyBaioch. IIBuakicTh —
BEJIMYMHA BEKTOPHA, TOOTO BOHA Mae abCOJIIOTHY BEJIMUKHY 1 HAPSMOK.

[Ipu oOepTanHi MarepialbHOI TOYKH IO KOy 3 paaiycoM R ii mBuakicTsh
BU3HAYAETHCS HOPMYIIO IO

v =oR.

3arajioM, SKIIO PO3TJBAATH PyX MarepialbHOI TOYKH B IUIOIIMHI B TOJISIPHIA
CHCTEM1 KOOPJWHAT, TO MIBUJKICTP MOYHA PO3KJIACTH Ha JB1 CKJIQJOBI: pajlajibHy i
TaHTeHIlTbHY. PajiaibHa CKJIaJ0Ba MIBUAKOCTI HampaBjeHA B3JIOBXK pajiiyc-BEKTOpPa
TOYKH ¥ OMUCYE BimaajaeHHs ab0 HAOIMKEHHS TOYKU JI0 TTOYaTKy CUCTEMHU KOOPIUHAT.
TanreHuianpHa CKJIa0Ba HAMpaBiIeHA MEPIEHAUKYISIPHO 0 Pajiyc-BEKTOpa, i OMHUCYE
00epTaHHs TOUKH HAaBKOJIO TMOYATKY BIIJIIKY CHCTEMH KOOPJIUHAT.

IIpuckopeHnst

SIKIO TIIO PYyXaeThCsl MO KOJy 13 CTANOI0 KYTOBOIO HIBHJIKICTIO ®, TO HOro

MPUCKOPEHHS CIIPSIMOBAHE 10 IIEHTPa KoJia i TOPIBHIOE 32 a0COIIOTHOIO BEIUYHUHOTIO

v
2
a=wH=—

R )
ne R - paniyc komna, v = ®R - mMBUIKICTH TiIa.
Y BeKTOpHOMY 3amMuCi:



a= —w‘?‘r
7€ - paziyCc-BEeKTOp. .

3HaK MIHyC BKa3ye Ha Te, 0 MPUCKOPEHHS CIIPSIMOBAHE /10 LIEHTPa KOJIa.

Jexkuyia Ne3. IlmHaMika MaTepPiaJibHOI TOUKH - 2 TOJI.

llnan:

1. 3agaua guHAMIKH

2. [HepuiambHI CUCTEMHU BIIJIIKY

3. Ilepmmii 3-0 HeroToHA

4. Cuya, Maca

5. dpyruii 3akoH HerotoHa

6. dudepenuianbHa Gpopma apyroro 3akoHy HerotoHa

7. Tperiii 3akoH HproToHa

3akonu HeroToHa

HrroToHOBI 3aK0HU pyXy— 1€ PyHIaMEHTaIbHI 3aKOHH KJIACUYHOT MEXaHIKH.

3axkonu HproTOHA pa3oM 3 HOTo K 3aKOHOM BCECBITHBOT'O TSDKIHHS Ta anaparom
MaTEeMaTUIHOTO aHaI3y BIIEPIIEC B CBIll 4ac HaJaIM 3arajbHE Ta KUIbKICHE MOSCHEHHS
HIMPOKOMY CIIEKTPY (PIBUYHHUX SBUII, MOYMHAIOYU 3 0COOJIMBOCTEN pyXy MasTHUKA Ta
3aKiHuyrouu opOiramu Micsitig Ta myiaHeT. 3akoH 30epekeHHs IMITyJbCy, sikuil HproToH
BUBIB SIK HACJIITOK CBOIX JPYroro Ta TPEThbOTO 3aKOHIB, TAKOXK CTAB MEPIIUM 3 BITOMHUX
3aKOHOM 30epeKeHHS.

[Tepumy 3akon Herotona

Ileif 3aKOH TAaKOX Mae Ha3By 3aKOHY iHepuii a6o mpuHnumy Iamines. Horo
(opMyIIIOBaHHS B Cy4aCHOMY BUKJIQ]li TaKe:

ICHYIOTh TakKl CUCTEMHU BIIIIKY, B SKHX IIEHTp Mac OyJb-iKOTO TUTa, Ha SKE HE
JIIOTh HISIK1I CWJIM @00 pIBHOJIIIHA JIF0UMX HA HHOT'O CUJI IOPIBHIOE HYJIIO, 30epirae cTan
CIIOKOIO a00 PIBHOMIPHOTO HPSIMOJIHIMHOTO PYyXY, HOMOKH LIEH CTaH HE 3MIHATh CUIIH,
3aCTOCOBAH1 10 HBOTO.

Lle#t 3aK0H € cHemiaTbHIM BHITAIKOM JApYroro 3akoHy HeroToHa (TMBHCHE HUKYE),
e Moro 3HA4YeHHS IOJIra€ B TOMY, IO BIH BU3HAYA€ CHUCTEMHU BILIIKY, B SKUX
CIIpaBeJIMB1 HACTYMHI JiBa 3aKOHU. Lli cucTemMu BiJIiKy MarOTh Ha3BYy HEPUIMHUX abo
["anineeBux, TOOTO TaKMX, K1 pyXarOThCS 31 CTATOO MIBUAKICTIO OJTHA BITHOCHO IHIIIOT.

Hpyruii 3akoH HetoToHA: 0a30BHii 3aKOH JUHAMIKA

PopmyIIHOBaHHS:

[IpuckopeHHst MaTepialibHOT TOUKU HPSIMO MPOTMOPLIMHE CUIIL, KA HA HEL Jli€, Ta
HarpasJeHe B CTOPOHY il i€l cuiiu

MarematudHo 11e¢ GOopMYITFOBaHHS MOKE OYTH 3aIMCaHO TaK:

fl
F=—
") (10)
dv
F=m—=ma
AbGo dt , AKIIIO0 M — KOHCTaHTa. J{e

F — cwuia, sika gi€ Ha TUIO
m — Maca Tuia
a — MPUCKOPCHHS
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V — MIBUJKICTH

MV — IMITyJIbC, SIKAM TaKOX IMO3HAYAETHCS 5K P.

Ile piBHSHHSA (QaKTUYHO O3HAUAE, IO YMM OUIbINA 3a A0COJIOTHUM 3HAYEHHSIM
cuia Oyzae NpUKIaZeHa 10 TUla, TUM OUIbIIMM OyJe oro npuckopeHHs. [lapamerp m
a00 Maca B IbOMY pIBHSHHI — II€ HAacIpaBal KOS(IIEHT MPOMOPINHHOCTI, SKUI
XapakTepu3ye HEPIIiHI BIACTUBOCTI 00'€KTA.

VY piBasHHI F=ma npuckopeHHss Moxke OyTu Oe3mnocepeqHbO BUMIPSHE, Ha
BiIMIHY Bi cwiu. ToMy 1ieil 3aKOH Ma€ CEHC, SKII0O MU MOXEMO BH3HAYUTH cuiry F
oe3mocepenabo. OAHUM 3 TaKUX 3aKOHIB, SKHH BH3HA4Ya€ IPABHIO OOYHMCIICHHS
TpaBITAIIHOT CHJIH, € 3aKOH BCECBITHBOTO TSKIHHS.

VY 3aranbHOMY BHUMAJKY, KOJM Maca Ta MBUAKICTh 00'€KTa 3MIHIOIOTHCS 3 4acOM,

OTPHUMAEMO:
| dv dm dm
F—ﬁ{mvj—mE+vE—ma+VE (1)

PiBHSIHHS 13 3MIHHOIO MacOI0 OMTUCY€ PEAKTUBHUI PYX.

BaxnmBe ¢QizuuHe 3HaYeHHS I1bOTO 3aKOHY TMIOJIsirae B TOMY, IO TUIa
B3a€EMO/IIFOTh, OOMIHIOIOYHUCH IMITYJIbCaMU i POOJISATH 11€ 32 IOTIOMOT OO CHIL

Tperiii 3akoH Hpr0TOHA: 3aKOH J1ii Ta MPOTUTI

DopMyITHOBAHHS:

Cwm, mo BWHUKAIOTH IIPHW B3aEMOJIi JABOX TUI, € PIBHUMH 3a MOIYyJIEM 1
POTHJICKHUMH 32 HAITPSIMOM. P

1,2 =

HaBIIaKH, CWJIa, 110 Ji€ 3 OOKy epIIoro Tina

MaremMaTu4HO 1€ 3alUCYETHCS TAK _Fll Je FL? — CWJIa, IO JIi€ Ha

niepIre Tio 3 60Ky Apyroro Tiia, a Fas
Ha JIpyTe TUIO.

CynepeunuBoro (GopMyITIOBaHHS «Ha BCSKY JI10 € piBHA MPOTHUIN» CJII YHUKATH.

3akoH y copMyIboBaHid (OpPMI € CIIPABEIIMBUM JIJIS YCIX (PIBUYHUX CHII, XO4a
ICHYIOTh JIesiKl 0COOJIMBOCTI (DOPMYIIIOBaHHS I[OIO 3aKOHY B 3aCTOCYBaHHI J10 CHUII
€JIEKTPOMArHITHOTO TOJISI.

Cuun B MexaHii

Cuiy, sika i€ Ha KOKHE TUI0 3 00Ky 3eMill, Ha3UBAIOTh CHIIOIO TS KIHHS.

Cunmy TSKIHHA MOKHa pO3paxyBard, 3HaiouM Macy Tula. Crocid Takoro
PO3paxyHKy MIKa3ylOTh pPE3yJIbTaTH JOCIIIIB.

SKIo B3ATH AUHAMOMETP 1 MIABICUTH 10 HHOTO BaKOK Macoro 102 r, To cTpiika
TWHAMOMETpa 3yMUHUTHCA Outs moaviku 1 H. SIkmio mimBicuTH ABa TaKWX BaKKH, TO
JUHaMOMeETp ToKake cuiy 2 H 1 T. 1. 3 boTo A0Caiay MOKHa 3pOOUTH BUCHOBOK, 11O
CUJIa TSKIHHS IIPONOpIIiiiHa Maci Tiia.

Cuna TsOKIHHS IPOTOpIliHA Maci Tita.

Cuna TSOKIHHSL € TPOSIBOM 3arajlbHOTIPUPOJIHOTO 3aKOHY, SKHH i€ B YyChOMY
Bceecniri. Binkputuii 1 copmynboBanuii y XVII ct. anrmilicbkum pizukom HeroToHOM,
BIH CTBEpPJKY€E, L0 CWia TpaBiTaliiiHol B3aemoAli y BcecBiri mponopuiiHa Macam
B3a€EMOIFOYUX TUT 1 3aJIEKUTH BIJ BIACTAHI MK HUMU.

Cwm py>KHOCTI — CHJIH, 110 BUHUKAIOTh B TUIl IIPU HOTO TIPYKHIN Aedopmarrii
BUKIIMKAHOTO wi€0 nedopmaiiero. € OKpeMHM BUIQJAKOM MOTEHIIHHUX CHIL
HaOmmxeHno onucyrotsest 3akoHoM ['yka.
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[pu nedopwmartii T X YaCTMHKY 3MIIIyIOTHCS OJTHA BITHOCHO 1HINOI. BHacimok
IIOTO 3MIHIOIOTHCS BIICTaHI MDK aTOMaMH YW MOJICKYJIaMH, 3 SIKUX CKJIQJal0ThCs TUIA.
Ile mpuBOAUTH 10 3MIHU CHJI B3a€EMOJIIi MDK YaCTHHKAaMU. SIKIO BICTaHI MDK HUMH
30UIbIIYIOTHCS (HAPUKIIAA, IPU PO3TIATYBaHHI1), TO CHJIOI0 MDKMOJIEKYJIIPHOT B3a€EMO/T1i
€ CHWJIa MPUTATaHHA. SIKIO BiACTaHI MDK YaCTHHKAMH 3MCHINYIOTHCS (HAIIPUKIIAM, TIPH
CTUCKYBaHHI), TO CHJIOK MDKMOJIEKYJIIPHOT B3a€MOJIi € Cuiia BIAIITOBXYBaHHSA. T0OTO
npu gedopmanii Tila y HbOMY BHUHHKAIOTH CWIM, IO MParHyTh MOBEPHYTH HOTO Y
nonepenHii crtad. LI cwm 1 € culamMu TOPYXKHOCTL, a BJACTUBICTh HA3MBAIOTH
P YKHICTIO.

3aKoH 3MiHM IMITYJIBCY

IMITyTHCOM CHCTEMH N MaTepialbHUX TOUOK HA3UBAETHCS BEKTOP P, 1110 HOpiBHIOE
F€OMETPUYHIA CyMi IMIOYJbCIB BCIX TOUOK CHUCTEMHM Ta € JOOYTKOM CYMapHOi MacH
cucteMu M Ha MBUAKICTS 11 IEHTPY IHEPIIIi:

n

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

3MiHa IMIYJIbCY CUCTEMHU MOXKE BIIOYBAaTHUCH JIMIIE BHACIIOK 30BHIIMIHBOTO
BIUTUBY, TOOTO BHACJIIOK Jiii 30BHINHIX CWi. JKOJHUMM BHYTPIIHIMU HpoOIlECaMU Ta
B32€MOJII€I0 BHYTPIIIHIX YaCTOK HE MO>KHA 3MIHUTH CYMapHUU IMITJIbC CUCTEMH.

3MiHa IMITYyJIbCY TUIa TPOTOPINHHA 10 CHJIM, SKa BHUKJIMKAE IO 3MIHY, Ta
MPOMDKKY dYacy, 3a SKHH I 3MiHa BigOyBaeTbcs (apyruii 3axkoH HbroTOHA):
dp=F -dt

PeakTuBHUM pyx

PeaktuBHMI1 pyX — pyX, 110 BAHUKAE 32 PAXyHOK BITKUJAHHS YaCTUHU MAaCH Tiia
13 IEBHOIO MIBUJIKICTIO.

3a 3aKOHOM 30epex)eHHs IMIYJIbCY, MPH BITOKPEMIICHHI Bi Tila Macoro M macwu
m 13 MBUIKICTIO V, TUIO HA0OyBae IHBI/II[KOC;l;i1¥, Ky MOHA po3paxyBary 3a GOPMYIIOI0

;S —
(M —m)V +mv = D,a, OTKeE, V= M —m.

[IBuakicTe V HampapliieHa IPOTH PYXY BUIKUHYTOTO TUla. BoHa TUM Oulblia, YyuM
OuIpIIIa Maca BIIKUHYTOTO Tila Ta HOTO MBUAKICTb.

B peanbHux Bumaakax peakTUBHUM pyX BUHHUKAE 3a PaXyHOK CTAaJIOT0 BUKHIAHHS
ra3iB, siki yTBOPIOIOThbCS MPU CHATIOBaHHI nanuBa. [Ipyu npbomMy Maca Tiia 3MIHIOETHCS
HenepepBHO. CrialmoBaHHs 3a0e31euye BUCOKY HIBUIKICTh BUTOKY T'a3y.

VY 3aranbHOMY BUIAJKY, KOJIM Bij TUIAa HEIEPEPBHO BIIAUISETHCS 1 IPUENHYETHCS
NIEBHA Maca, PEaKTUBHUI PyX OMUCYETHCS PIBHAHHIM MelepchKoro.

Jekyia Ned. OcHOBHI MeXaHIYHi CHJIH B IPUPOI - 4 TO.
Ihaw.
1. Cuia TsOKIHHSA
2. 3axoH BcecBITHBOTO TSKIHHS
3. Bara Tu1a
4. Nedpopmartis, cuna npyx*HOCTI, 3aK0H ['yKka.
5. Cuna tepti
6. ApximenoBa cuiia. 3akoH ApxiMena. YMOBH IUIaBaHHS TLI.
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7. 3akoH 30epeKeHHS IMITYJIbCY Ti1a
Cuiia TsoKiHHS
Cunoro msoicinHs HA3UBAETHCS CHUJIA, 3 SIKOTO BC1 TUIA TIPUTATYIOTHCS 10 3EMIII.

FT' Fm — mg
Puc. 2 Cuna masxncinna

Cunmy TSKIHHA MOKHa pPO3paxyBaTH, 3HawouM Macy Tuia. Crnocid Takoro
pPO3paxyHKy MiIKa3yIOTh PE3yJIbTAaTH JOCIIIIB.

SKIIo B3ATH AUHAMOMETP 1 MIIBICUTH 10 HHOTO BaKOK Macoto 102 r, To cTpinka
JTWHAMOMeETpa 3yNMUHUTHCA Outs moaviku 1 H. SIkmio minBicuTH ABa TaKMX BaKKH, TO
auHamomeTp nokaxe cuiy 2 H1i 1. 1. 3 uporo gociigy MokHa 3p0OUTH BUCHOBOK, IO
CUJIa TSOKIHHS TIPOTIOpIIiiiHa Maci Tiia.

Cwuta TSOKIHHS TIPOTIOPITiiiHA Maci TUIa.

Cuna TSOKIHHSL € TPOSIBOM 3arajibHOIPUPOJAHOTO 3aKOHY, SKHH i€ B YyChOMY
Bceecniri. Binkputnii 1 copmynboBanuii y XVII cT. anrniicekum ¢pisukoM HeroToHOM,
BIH CTBEp)Kye, IO CHUJIAa TpaBiTauliifHOl B3aemonii y Bceciri mpomnopiiiina macam
B3a€EMOFOYUX TUI 1 3aJIEKUTH BiJ BIACTAaHI MDK HAMH.

3aKOH BCeCBITHBOTO THKIHHS

3aKOH BCECBITHBOTO TSKIHHS — (DBMUHMH 3aKOH, IO ONMCYe IpaBiTalliiiHy
B3aEMOJIII0 B paMkax HBIOTOHIBCHKOI MEXaHIKM. 3aKOH CTBEPIKYE, IO CHJa
NPUTATAHHS MDK JBOMa TUlaMH (MarepialbHUMH TOYKAMH) TIPSIMO TPOTOPIIIfHA
N00YTKY iXHIX Mac, 1 00€pHEHO MPONOopIliiHA KBaJpaTy BIICTaHI MDK HUMHU.

Y MaremaruyHii ¢GopMi 3aKOH BCECBITHBOTO TSKIHHS 3alUCYETbCA IS
g
Fi; = _GTFIE

MarepialbHUX TOYOK Y BUTJISIAL 12 9 (S Fo__ cuJia, 0 i€ Ha Apyre
TUT0 (MarepiaabHy TOYKY) 3 00Ky mepmoro Tita, G — rpasirariiiHa ctajga, ml Ta m2 —
MacH TIEPIIOTro Ta APYroro Tuia, BITmoBiqHO, I'12 — BEKTOP, IO CIIOJIy4Yae mepiie TiIo 3
OpYruM. 112 — BiICTaHb MK TUIAMHU.

FIE _ G?ng?ng
J71s aOCOIOTHO BETMUUHU CHUJIH: T2
Cuna mpuTITaHHA, O i€ HA Tepie TUIo 3 00Ky APYroro Tila OJHAKOBa 3a
MOJIyJIEM 1 HampaBJieHa MPOTUIIEKHO: Fip=— 12,

Crana G, Ky Ha3MBaIOTh I'PABITALIIHOIO CTAJIO0, OJHAKOBA JIJIS BCIX TUI, TOOTO €
byHIaMEHTATHbHOIO (PI3BUUHOI0 KOHCTAHTOIO.

Bara

Bara — cuna , sika nie Ha onopy, a00 Ha BEpTUKAIbHUM MiABIC BHACIAOK BILUTUBY
CWJIM TSDKIHHS LIbOTO 00'€KTa.

I
3
<«
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Puc.3 Baca

V rpasiraniitHomMy 1o 3eMiI MOKHA BBaXXATH 3 ISSIKUM HAOIM>KEHHSAM, 10 Bara
TiTa 3B'A3aHa 3 WOTO0 Macow cmiBBimHOmeHHsSIM P = mg, ne P — Bara, g — ctana
NPUCKOPEHHS BUILHOTO NaIIHHS HA 3eMJli, a m — Maca Tiia.

Ak Oynp-ska cuia, Bara B cucteMi CI BUMIpIOETHCSI B HBIOTOHAX.

I3 03HaueHHs Bary, sIK CUJIH, 3 SIKOIO TUIO JIi€ HA OTOpPY, TOOTO CHIIM peakIiii, Bara
TUIa 3aJeKUTh Bif HOTO MpHCcKOopeHHs. Hanpukmian, y midTi, mo pymae Bropy, Bara Tiia
30UIbIIYETHCSI HA BEJIMUUHY MPUCKOPEHHA JiTa, a y JQTIi, SKUN CIIyCKAETHCA 1010y,
Bara Tila 3MCHIIYEThCS Ha BEIMIMHY MpHCKOpeHHS. Ti10, sSike BUILHO Ta/la€ 3 BUCOTH,
BTpauae Bary. Takuii cTaH Ha3UBAETHCSI HEBarOMICTIO.

BignoBigHo, Bara 3ajeXuTh BII 3HAYCHHS IPHUCKOPEHHS BUIBHOTO ITaJIIHHS.
KonmBanHs IpUCKOpPEHHSI BUILHOTO TAIIHHSI B MEKax 3eMJI HEBENMKE, ajie Ha IHIIUX
HeOECHMX TUIaX, Bara TUla 3 OJHAKOBOIO MAacOK MOXKE CHIIBHO 3MIHIOBAaTHCS.
Hanpuknan, Ha Micsiii Bara Tl 3MEHIIYEThCS MPUOIM3HO B IIICTH Pa3iB.

Bara Tina, 3aHypeHOTO B piIMHY, 3MEHIITYETHCS HA Bary BUTICHEHOT PIAUHHU.

Hedopmanisi, cuyia mpykHOCTI, 3aK0H ['yka.

Hegpopmayia — ue 3MiHa GOPMH Ta PO3MIPIB TUIA BHACIIIOK JIii 30BHIIIHIX CHUJL.
SIKIo micyst NPUMMHEHHS i MPUKJIAJACHUX CUJI TUIO 3HOBY MpUiMae NMEepBUHHY (OpMY,
TO Taka AedopMallisi Ha3UBAETHCS MPYKHOIO, & TUIO - IPY>KHUAM.

3akoH ['yka: mexawniune HanpyxceHus, sIKe BUHUKAE 8 ML, NPAMO NPONOPYIUHO
BIOHOCHIU Oeghopmayii.

o=¢&k , e E—wmonynb FOHra.

Al
ko BimHOCHA AedopMmaltis |0 , & MEXaHIYHE HAIPYyKECHHS g »T0
F Al SE
—=E— F =—Al
L, " '
0 0
OTxe MO>KHa 3anucary 3aKoH ['yka JUIsl CWJIA OPY>KHOCTI:
w —xAl (13)
Cuna npyscHocmi, sKa BGUHUKAE 6 MIiNi, NPAMO NPONOPYIUHA AOCONOMHILL
Ooegpopmayii.

Dizuunuti smicm mooyns FOuea: moaynb FOHra uncenbHO JOPIBHIOE MEXaHIIHOMY
HanPYy>KEHHIO, SIK€ BUHUKAE B TUTI, TPH £=1.

Moayns HOHra 3anexuTs Bif poy Marepiaiy.

Cuna Teprsi — 1€ HENOTEHLIHA CWJIA, SIKa MPOTHUIIE PYyXOBl (PI3BUUHOrO TUIA,
PO3CIOI0YH HOTO MEXaHIYHY CHEPTII0 B TEILIO.

3a cBO€10 (I3BUYHOIO IPUPOOI0 CUIIA TEPTS HATIEKHUTD J10 €IEKTPOCTaTUY HUX CHUJI
1 He € (QyHIaMEHTaIbHUM THUIIOM B3aeMOJi. B MIKpOCKOMMHOMY CBITI CHUJIM TEpPT
Hemae. Cwiia TepTs BUHUKAE JIMIIE B MaKpOCKONIYHUX CUCTEMaX, 1€ BHACIIIOK
Xa0TUYHOTO PYXy aTOMIB BiIOYBa€TbCS HE3BOPOTHIA IIPOIEC PO3CITHHS CHEprii
MaKpOCKOMIYHOTO PYXY CKJIaJIOBUX CUCTEMHU B €HEPTII0 MIKPOCKOIIUHOTO PYXY aTOMIB
Ta MOJIEKYJL.
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Cuna TepTs 3aBXIHM HampaBjieHa NPOTH BeKTopa MBHUAKOCTL Cuma TepTs He
HAJISKUTH J10 TIOTEHIIAIbHUX CHUIL.

Komu Tino mepecyBaeThcsi Ha MOBEPXHI HIIOTO TUIA, CUJIAa TEPTS MPOMOPIIIHA

cuim peakdii onopu N 3 Koe}IUIEHTOM MNPONOPUIAHOCTI |, SKAH Ha3UBAETHCS
Koe(iieHTOM TepTS:

F=puN.

ApximenoBa cuiia. 3aKoH ApxiMeaa. YMOBH IVIABAHHA TiJI.

3akoH ApXiMenia: Ha mino 3aHypere 8 piouHy abo 2as, i€ GUUUMOBXY8ANbHA CUA,
wo 0opienioe 6a3i piouHu abo 2aszy 8 00'emi, BUMICHEHOM) YUM MITOM.

F.=p,9V, (14)

ne P,— ryctuHa Ti1a, J — NPUCKOPEHHsS BUIBHOrO majaiHHA, V7 — 00’eM
3aHypEHOr0 TUIA.

Tabnuys 1
Ymosu naasanms min.

1. TinO cruMBae F
F.>F a
Fo=p,9V; F =mg=p0V, _C‘D——
P,9V: > prgVy, — T _
P, > Py — F;

2. TUIO TOHE
F,<F F

FA:pngT,FT:ng:pTgVT - _
P,aV: <pr 9V,

pp <Pr T F-‘[
3. TuUI0 mIaBa€e B OyAb-SKOMY MICII
pinunu (rasy) F
F.=F. =
FA:lOngT,FT:ng:pTgVT _C*D_
P, 9V, =9V, —LF,
P, = Pr

3akoH 30epexkeHHS iMITYJIbCY TiTa

3aKoH 30epeKeHHs IMITYJIbCY - OJWH 13 (PyHIAMEHTAILHUX 3aKOHIB (QI3UKHU, KU
CTBEPIIKYE, 1110 Y 3AMKHEHIN CHUCTEM1 CyMapHUM IMITYJIbC YCIX TUT 30epiraeTbesl.

SAki1o0 Ha cucTEMy TUT 30BHIIIHI CUJIM HE JIIFOTh a00 BOHM BPIBHOBAKEHI, TO Taka
CHUCTEMa Ha3WBAETHCS 3aMKHYTOIO, I HEl BUKOHYETHCS 3aKOH 30€pEKCHHS IMITYJIbCY:
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HNOBHUM IMIYJIbC 3aMKHYTOi CUCTEeMH TUI 3alMIIA€TbCS HE3MIHHUM 32 OYIb-SIKUX
B3a€EMOIIH TUT II€] CUCTEMHU MDK COOO0TO.
JloBeneHHs

Posrmsaemo cuctemy 13 N Ti, sIK1 B3a€MOIIFOTH MK c000t10. CHily, siKa JTi€ Ha i-Te
TUIO 3 60K}‘;!j-or0 Ti1a MO3HAYUMO . PIBHSIHHS pyXy JJIs1 KOKHOTO 13 N TUT 3aMUCYIOTHCS

i
dt 2 F
y BUTJIAL i , ie Pi- immynsc i-oro Tina.
[IpocymyBaBmm yci pIBHSHHS, ¥ BPaxOBYHOUHM TE, IO 3a TPETIM 3aKOHOM

d_{izpi —0 pr = const,

J3BUIKA i ,TOOTO

Heiotona Eij = _Fj'i, OTPUMYEMO:
CyMapHUH IMITYJIbC € IHTETPAIOM PYXY.

Jekuyia No5 Mexaniuna pooora.Enepria. KK/Imexanizmis - 2 roa.

Inaw:

1. BuzHayeHHs1 MEXaHIIHOT pOOOTH

2. 3HaYeHHsI €Heprii i1 pyXy TUT B IPUPO/II

3. IloTyXHICTh MEXaHI3MIB

4. Po6oTa pyxOoMuX TUI KIHETUIHA CHEPT IS

5. Pobota cunu tsokinHs. [loTeHiiansHa eHepris

6. PoGota nedopmoanoro Tina. [loTeHuiaabHa eHepris neGopMoBaHOTO TiIa

7.3aKoH 30epekeHHs eHeprii

8. KKJI mexan3miB

BusHayeHHs MeXaHIYHOI po00OTH

PoOdta - ¢BuyHa BenMuMHA, SKa BU3HAYA€E EHEPTETUYHI 3aTpaTd IpuU
nepeMileHH1 (GIBUIHOTO TUIa, Y¥ HOTro AehopMallii.

Pobota 3a3Buuail mo3HayaeThbCAd JATMHCHKOKO JiTepoto A (Bim HIM. Arbeit), B
aHrJoMOBHIN Jiiteparypi - W (Bin anri. Work), it Mae po3MIpHICTh eHeprii. Y cuctemi
Cl po6oTa BUMiproeTsecs B JKOymsx.

[Ipu manomy nepemimieHH1 Gi3UIHOTO TIa o1 nin niero cum F roopsiTe, mo Hax
Tinom 3piiicHioersea pobotad A = F - 01 = F'élcos B ne 0 - kyr Mk HanpsMKoM cuim
1 HaMpsIMKOM TMEPEeMIIICHHS.

3rigHo 3 1ier0 (GopMynor0 poOOTy 3IIMCHIOE TUTBKM CKJIaJoBa CHIIH, SKa
napasnenbHa mnepemimieHHo. Cua, ska TepHeHIUKYIsIpHa MEepeMIlIeHI0, poOOTH He
3IIHCHIOE.

Y BuUMNanKy, KOJIM TUIO PYXa€ThCs MO KpUBOJHIMHOMY KOHTYpy C, s
3HaXOJ)KEHHA poOOTH MOTPIOHO MPOIHTErpYBaTH HABEJACHUI BHILE BHPA3 B3JI0BXK

A= F-dl
KOHTYypa: ¢
Akmo cwia TOTEHINaIbHA, TO Po0OTa 3aJCKUTH JIMINE Bif PI3HUIN 3HAYEHB

NOTEHI[AJly B TIOYATOKOBINA 1 KIHIIEBIM TOYKax 1 HE 3aJ€XKHUTh Bil TPAEKTOPIi, MO SIKii
TUIO PyXaJoCs MK IIMMH IBOMa TOYKAMH.
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VY TepmoauHaMiIi pu 3MiHI 00'eMy Tina Ha BenmuuHy dV mig miero Thcky P Han

TUIOM BUKOHyeThesa pobortadA = —PdV,
Enepris
Enépria (Bin rpem. €vepyodg - AJIbHUN) — 3arajbHa KUIbKICHA Mipa pyxy 1

B3aeMOJIil BCIX BUAIB Matepii. [IoHATTS eHeprii 3B s13y€ BC1 ABUIIA MPUPO/IH B OTHE IIUTE,
€ 3araJIbHOI0 XapaKTEPUCTUKOIO CTaHy PBUYHMX TUT 1 PI3BUUHMX TIOJIIB.

VY ¢3ui eHepris 3a3BUYail MO3HAYAETHCS JIATHHCHKOIO JIITEpo 10 E.

B cuctemi CI eHeprisi BUMIPIOETHCS B JKOYIISIX.

BignoBigHo 10 pi3HUX Popm pyxy marepii, po3pi3HAIOTH KUIbKa THITIB C€HEPTIi:
MEXaHI9Ha, eJICKTpOMAarHiTHa, XIMIdHa, sijiepHa, TeIIoBa, rpaBiTartiiiia Ta iH. Llei moain
€ JOCUTh YMOBHUM. Tak XIMIUHA €HEprisi CKIAAA€TbCsl 3 KIHETMUHOI €Heprii pyxy
€JIEKTPOHIB, IXHbO1 B3a€EMO/I1i Ta B3a€EMO/11i 3 AaTOMaAMH.

HoTyxHicTH MexXaHi3MiB

[ToTyxHicTs — po0OOTa, 10 BUKOHAHA 33 OJUHUIIIO Yacy, ado eHeprisl, mepeaaHa
3a OJUHMUIIIO Yacy.

3a3BUuail NO3HAYAETHCS JTAaTUHCHKOIO JIiTepoto P, BuMiproetbest y Barax. [Hioro
OJMHUIICIO BUMIPIOBAHHS, SIKa IIe i JOCI MIMPOKO BUKOPUCTOBYETHCH, € KIHChKA CHJIA.

[ToTyXHICTh € BaKJIMBOIO XapaKTEPUCTUKOIO IBUTYHIB.
Skmo Ha pyxome TUIO i€ CWiIa, TO IS CHia 3A1CHI0E poOoTy. IloTyXHICTH B
IbOMY BHIIQJKy pIBHA CKaIIPHOMY JAOOYTKY BEKTOpa CHJIM Ha BEKTOp MIBUAKOCTI, 3

KOO pyxaeTbcsaTiio: P = ¥ -V = I - V- COSx
F — cuna, v — MWIBUIKICTh, 0. — KYT MDK BEKTOPOM IIBUIKOCTI 1 CHIIH.
Oxpemuit BHIAJIOK MOTY>KHOCTI pu 00epTaTbHOMY pyct:
m-M-n
P=Mw=—°—
30

M — MoMenT, w — KyTopa mBmKicrs, T = 3, 14159265358979323. ..

YHCJIO TTl, N — YacToTa 00epTaHHs (YUCII0 00EPTIB 3a XBUJIIMHY, 00/XB).
Ilomyoicnicms — (pi3UYHA BEJIMYMHA, 10 JOPIBHIOE BITHOIICHHIO 3/IMCHEHOI

pobotu A 10 NpOMDKKY 4acy t, 3a sikuit 11 0yJo0 31iiCHEHO: P= ? : [ p
|=1x/c=Br.

Enepris yHiBepcalibHa Mipa pyXy TUI B IPUPOAL

A=E,—E, =AE

[A]=1He«1m= 1[Ix

[E]l=1x

KineTnuHa i noTeHmiajbHA eHePrifa

Kineriuna enépris — yacTuHa eHeprii (PI3UYHOT CUCTEMHU, IKY BOHA MA€ 3aBASAKU

PyXy.

Po0oTa pyxomux Tis

—_—

A=F.S: F=m-a.3=Y Vo ooV —Vo. (15)
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—2 —2

mV mV o

A= T — 5 p060Ta pyxoMoro TUIA A= E,—E,
—2
mvV . . ;
E, = T_ KIHETHYHA €HEPI'd PyXOMOTO TUIa
—2

lo . .
E =—~ ~ KIHCTH9HA €REpria 00epTOBOTO pyXy

K

—2 —2

_Ia) Lo

A= T po6oTa 00epTOBOTO PYXY TBEPIOTO Tila
Po0oTa cuiiy TSKIHHS
T A=F .S
| 1; Fr=m-g.S=h=h-h,
b | A=-m-g(h,~h,)
iy A= —(m -gh, -m- ghl) po00Ta CHIIU TAXKIHHSA
. £ =mgh MOTEHIIA/IbHA €HEPTisl (EHEpTisl B3aEMO/IIN)
PoboTa cua nedopmairii
A=F-S
L) 1] VAV A A — —
A — F np * S
X X —
P A=an'(x—x0)
[]Fw Fi+F, —kx—k k
Vv F Fop=-—2— = Ax+x
T p 2 2 2 ( 0)
—k -k kx* kX
A=— (x+x,) (X=%,)=— X =x7 )= — ——2
2 ( 0) ( 0) 2 ( 0) 2 2
kx> kx
7| o " | — pobotacumu nepopmartii
kXZ . . .
E= "5 — HOTCHLIAIbHA CHeprist 1e(pOPMOBAHOTO TiIa
[loTeHuianbHa eHEprii — YacTUHA €Heprii (BUYHOT CHCTEMH, 10 BUHUKAE

3aBISKM B3a€EMOJIii MDK TUTaMHM, SIK1 CKJIaJIal0Th CUCTEMY, Ta 13 30BHIIIHIMU IIOJ0 ITI€
CHUCTEMHU TUIAaMH, i 3yMOBJIEHA PO3TAlllyBaHHAM TU1 y IpocTopl. Pa3zoMm 13 KIHETUYHOIO
EHEPTiEr0, sIka BPaXxOBY€E HE TUIBKH ITOJIOKEHHS TUT y TIPOCTOPI, a i pyX, MOTEHITIAIbHA
EHeprisi CKJIala€ MEXaHIYHY €HEprito (PIBUYHOT CUCTEMHU.

[loTeHuianbHa €HEprisi MarepiaibHOI TOYKM BHU3HAYAEThCA SIK pobota 3 il
NEPEMIIICHHS. 13 TOYKU IMPOCTOPY, IS SIKOI BU3HAYAETHCS IMOTEHIIAJIbHA €HEPTIi Y
SIKyCh 3a/IaHy TOYKY, ITOTEHITIaTbHA CHEPTisA K01 MpuiMaeThes 3a HyJb. [loTeHIiampHa
SHepTisl BU3HAYAETHCS JIUIIIE JJIS TIOJISl KOHCEPBATUBHUX CHUIL

3akoH 30epekeHHA eHepril

3akoH 30epekeHHs] eHeprii - 3aKOH, SKHH CTBEpXKye, IO MOBHA €HEPrisi B

130JIbOBAHMX CUCTEMaX HE 3MIHIOETHCS 3 YacoM. [IpoTe eHepris MoXke ImepeTBOPIOBATUCS
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3 OJHOTO BUAY B IHIMNA. 3aKOH 30€peXEeHHs eHeprii €, MaOyTh, HAMBAKJIMBIIIMM 13
3aKOHIB 30€pEKECHHSI, 1K1 3aCTOCOBYIOTHCS B (PI3UIIL.

3aKoH 30epeKeHHsI MEXaHIYHO1 eHeprii

VY MexaHill, 3akOH 30€peXeHHs EHeprii TBepJIWUTh, IO B 3aMKHEHIM CUCTEMI
Y4acTOK, IMIOBHA €HEPTIs, IO € CYMOIO KIHETUYIHOI 1 MOTEHIIIATbHOT CHEPTil HE 3aJIC)KHUTh
Bi/l 4acy, TOOTO € IHTETPAJIOM PYXY.

3aKkoH 30€peKEeHHS €HepTii CIpaBeJIMBUNA TUILKHU JJIsl 3aMKHEHUX CUCTEM, TOOTO
3a YMOBH BIICYTHOCTI 30BHIIIHIX OJIB YX B3a€EMO/IIM.

Cwm B3aemonii MDK TUIAaMH, JUIA SKAX BHKOHYETHCS 3aKOH 30epeKeHHS
MEXaHIYHO1 eHepTii Ha3NUBAIOThHCSI KOHCEPBATUBHUMU CHUJIAMH.

3aKoH 30epeKeHHS MEXaHIYHO1 eHeprii He BUKOHYETHCS JJI CUJI TEPTA, OCKUIbKH
3a HasIBHOCTI CWJI TEPTS BIIOYBAETHCSI IEPETBOPEHHS MEXaHIYHOT €HEPTii B TEIIOBY.

EBorortis MexaHIYHOI CHUCTEMH MaTepialbHHUX TOYOK 3 MacaMu mi 3a APYTruM
3akOHOM HpIOTOHA 3a70BOJILHAE CHUCTEMI PIBHSAHD MliVi = F-i, ne Vi - MBUIKOCTI
MarepialbHUX TOYOK, a F;.- CHJIH, 10 JIIFOTH Ha Il TOYKH.

Enepris He BUHMKAE 1 HE 3HUKAE BOHA MIEPEXOAUTH 3 OJJTHOTO BUY B HIINI

(Exz - Ekl): _(EpZ - Epl);
E.— KIHETUYHA eHepris
E,— NOTECHIIA/IbHA EHEPT 1
AE =-AE

K P

KK/l mexanizmiB

VY peanbHUX yMOBaxX YyacTHHA MEXAHIYHOI €HEpTii 3aBXIU BTPAYAEThCS, OCKUIbKU
iie Ha 30UTbIIEHHS BHYTPIIIHbOI €Heprii IBUTyHA Ta IHIIMX YaCTUH MaluHU. 11 Toro
mo0 XapakTepusyBaTd €(EKTHBHICTh MAaIIMH Ta MPUCTPOIB, KOPUCTYIOTHCS

KOe(IIEHTOM KOPUCHOT ii.

n = A, 100% (15)
3am

Koeghiuienm kopucnoi oii (KK/[) — ue (iduuHa BeIMUYMHA, SIKA TOPIBHIOE
BITHOIIICHHIO KOpHCHOT poOotu 10 noBHOI podotn. KK/l mo3HagaeTncs mreporo 1 Ta
BUMIPIOEThCA y IpolieHTax. KopucHa poboTa3aBxau MeHa Bin moBaoi. KK/ 3aBxau
Menmmit 3a 100 %.

KopucHa po0oTa (Axop) — 116 pOOOTA 3aBIISKH SKOT CTBOPEHO MEXAHI3M.

3arpauena po00Ta (Asy) — I poOOTa 3aBASKU SIKIH MTPALFOE MEXAHI3M.

BaratoBikoBa mMmpakTuKa MOKa3ye, L0 *OJEH 13 MEXaH3MIB HE Jia€ BUTpAIy B
po6ori. llle ctaponaBHiM yueHuM OyJ0 BioMe MPaBMJIO, SIKE€ 3aCTOCOBYBAJIM J0 BCIX
MEXaHI3MIB: y CKUTbKH Pa3iB BUTPAEMO B CHJII, Y CTUIBKH JK pa3iB IMPOTPAEMO y BIICTaHI.
e mpaBmII0 HA3BATIM «30JIOTHM ITPABUIIOMY MEXaHIKH.

Moayab 2. MexaHika TBepIoro Tijia.
Jlekyia No6. MexaHika 00epToBOIo pyxXy TBEpaoro Tijia .
Inaw:
1. llo Ha3uBa€eTHCA TBEPAUM TUIOM
2.Kinemaruka 06epTOBOIro pyxy TBEPIOTO TIa
3.MoMmeHT Heplii MarepiaabHOT TOUKH
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4.MoMeHT HepIIii TBEpA0TO Tila
5.MoMEHT CHJTH 1 YMOBH PIBHOBAru Tiia
6./lnnamika 06€pTOBOTO PyXy TBEPAOTO TiIA
7.0CHOBHE pIBHSHHS JUHAMIKK 00€pTOBOTO pyXy TBEPOI0O TUIA
8. MoMeHT IMITyTbCy TBEPOTO TiIa Ta 3aKOH HOT0 30epeIKEHHS
MomeHT iHepuii
Mowménr iuépiii (onuuuns Bumipy B cuctemi CI [kr m?%]) — B ¢i3uili € Miporo
Hepuii 00epTaIbHOTO PYXY, aHAIOTTYHO Macl J1Jisl HOCTYNAJIbHOTO.
Momenmom inepyii mamepianbhoi mouky BITHOCHO JIEIKOi OC1 € TOOyTOK Macu
I1I€7 TOYKW Ha KBaJpaT BIACTaHI BiI ii oci 0OepTaHHS.
— —2
I, =mr, (16)
B 3aranmbHoMy BUMNaAKy, 3HaYEHHS MOMEHTY IHEpIiii 00'€KTa 3aJeKUTh Bl HOTO
dbopMu Ta po3mojUTy Macu B 00'eMl 4YUM OUIbllle Macu CKOHIIEHTPOBAHO Jaii Bif
[EHTpa Mac TUla, TUM OUIbIIMM € HOoro MOMEHT iHepiii. Takoxx #Horo 3HaueHHsS
3QJICKUTH Bl 00paHoi 0cio0epTaHHS.
TBepje TUI0O MOXHA PO3MIANATA SIK CUCTEMY 3 HECKIHYEHHO1 KUTbKOCTI
MaTepialbHUX TOYOK, KOXHa 3 Macorw mi. SKIIo BIICTaHI Bl KOKHOI TOYKH JI0 OCI
oOepTaHHS JTOPIBHIOIOTH Il, TO MOMEHT IHEPIli TUTa 10 BUOpaHOI OC1 BU3HAYAETHCS SIK:

2
I=) mr;
i
3a yMOB 0e3mepepBHOTO PO3MOAUIEHHS Macu B TUI, MOTPIOHWM mepexin a0

I:frzdm

IHTErpagbHO1 (OPMHU 3aKOHY: , JIe eIeMEHT Macu (1 BH3HAYa€ThCS 3a
J0TIOMOT'OI0 IIPOCTOPOBOTO PO3TOALUTY T'YCTHHH F
dm = pdV

Po3nin mexaHikd, B SIKOMY BHUBYAlOTHCS YMOBU PIBHOBAarud TUI, HA3WBAETHCS
CTAaTHUKOIO0.

PiBHOBaroio Tijia Ha3MBaIOTh TaKuil CTaH, KOJIU 6ym,—;n<e MPHCKOPCHHS TiIa
JOPIBHIOE HYJIIO, TOOTO BC1 JIii HA TUIO CHJI 1 MOMEHTIB CUJI 3pIBHOBAKEHI.

[Ipu upomMy TiIO MOXKeE:

— 3HAXOJIUTUCH Y CTaH1 CIOKOIO (pHC. a);

— pyXaTuch pIBHOMIPHO 1 NPSIMOJTIHINAHO (puc. 0);

— PIBHOMIPHO 00€pTaTHCh HABKOJIO OCI, KA MPOXOJUTh Uepe3 LEHTP HOro
TSDKIHHS (PUC. C)
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a) &) ol LR
Puc. 4.Tino a) y cmani cnokoro, 6) pyxaemucsi piGHOMIPHO | NPAMONIHIUHO, 8)
PIBHOMIDHO 00EpPMAEMbCSL HABKOLO OCL
IlenTpoM Mac Tijla Ha3UMBaIOTh TOYKY, 4Yepe3 SKYy MNPOXOMASTh CHJIM, UIO
3MYIIYIOTh TUIO PYyXaTUCh NOCTYNAILHO.

LleHTpoM THKIHHS TiLTa HA3MBAIOTh TOYKY NPHUKIAJCHHS
A CHIH TSXKIHHSA,

Sxmo mim gi€r0 CWIM  TSDKIHHI TUIO  PYXa€eTbCs
" MOCTYNaIbHO, TO LIEHTP Mac 1 UEHTP TSKIHHS CITIBIA/Ial0Th.

-

#

I

Bujau piBHoBarm.
Jocnioumu nogedinky mina Ha 2na0Kill NOBEPXHI.

CTiHEA PIEHOEATa

HeCTiFEA piEHOEATA

Puc. 5 Iloseodinka mina na 2naoxiti nogepxHi

BucHoBOK: PO3p1B3HSIIOTH TPH BU/IM PIBHOBATM TiJI:

1) cTiiiKy piBHOBary, SIKITO TUIO, OYy4y BUBEICHUM 13 TTOJI0KEHHS PIBHOBArd B
CYCITHE HAaHOMMKYE TTOJIOKEHHSI 1 3AJTUIIICHE B CITOKO1, TOBEPHETHCS B I1€ TIOJIOKEHHS,

2) HecTiiiky piBHOBary, SIKIIO TUIO Oy y4H BUBEJACHUM 13 MOJIOKEHHS pIBHOBAr v
B CYCITHE TMOJIOKEHHS 1 3AIMIIEHE B CTIOKOi, Oye 11e Oulbilie BIIXWISATUCS Bil LIbOTO
MIOJIOKEHHS.

3) Oaiiyy piBHOBary - SIKIIIO TUI0, Oy/TyYH BUBEJACHUM B CYCITHE MTOJIOKEHHS 1
3aJIUIICHE B CIIOKOT, 3AJTMIIMTHCS B HOBOMY CBOEMY ITOJIOKEHH.

OCHOBHMI 3aKOH THHAMIKH 00€PTOBOI0 PyXy

bynemo po3rmsmati AuHaAMIKY pyxXy MaTepiaabHO1 TOYKH MO KOy, Ta 3a/1adi, 10
BHHHUKAIOTh y 3B’ 53Ky 3 pO3IJISJIOM IIb0T0 muTaHHs. [lo-miepiie, 3ragaemo, o JAuHaMiKa
— 1€ TaKUil pO3]IUT MEXAHIKH, KU BUBYAE 3’BA30K MDK PYXOM JOCIIKYEMUX TUI Ta
CUJIaMH, 10 A0Th Ha 1l TUia. ToOTo OepyThes 10 yBaru NpUYMHHU, 3a AKUX LEH pyX
BinOyBaeThCs. MalmmHa, HanpuKiaa, PyXaeTbCs A0 TOPH, 3aBASKH CHJI, 0 “‘Hagae” Ti
MOTOD.
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B enemenTapHiii Gi3UI pO3TISAAETHCSI PyX MaTEPIATbHOT TOYKU — TaK HA3UBAIOTh
TUIa, PO3MIpaMH SIKMX MOYKHA 3HEXTYBaTH, MO BUIHOIIECHHIO IO PO3MIPIB CHCTEMH,
JIOBKUHU TPAEKTOPUii, TOlO. Pyx Takoro Tuna MOKHa 3B’sI3aTH 3 PyXOM TOYKH, IO
BIIMNOBINAE LIEHTPY MAacC I[bOTO TLIA.

3B’S30K MDK MapameTpaMu pyxy JOCITIIKYEMOTO Tila Ta CHJIaMH, 10 Ha Ie TUI0
IiF0Th, MaTteMaTuuHo Bupaxae Il 3akon Hprorona: F = m-&@, ne F- cymapHuii 100yTOK
yCiX CHJI, ITIO JTIFOTh HA TIIO, i - Maca, a & - IPUCKOPEHHS Tia.

[Ipu piBHOMIpHOMY OO€pTaHHI MaTepiaIbHOT TOYKH MO KOIYy ii MPUCKOPEHHS €

vz

JIOLIEHTPOBUM 1 BUPAKAETHCS (HOPMYJIOIO: “= R, ne R — paziyc koua, a v - niHiiHa
MIBUJIKICTh MaTepiajibHOT TOUKH.

3B’ 130K MK TaKUMH TIapaMETPpaMH 00ePTATLHOTO PYXY, K

&} — konosa mBHAKICTE PYXY;

1 —yacrorapyxy;

T —nmepiox pyxy; 1

HaJAI0Th (QOPMYIIH: & = 23T - V; T, v=a R,

JAnnamika 00epTOBOIO pyXy TBEpPAOIO Tijia.

M;— Maca MarepiaibHOT TOUYKHU A

I'i — pailyC BEKTOp MaTepiajbHOI TOUKU A

o MowmeHT 1HepIlii MaTepiaTbHOT TOUKH
Momenmom inepuii mamepianbHoi mouKu BITHOCHO
JesKO1 BIC1 € JOOYTOK MacH IIi€i TOUKM HA KBaJpar BiICTaHi
0 Bil TOYKH JI0 Bici oOepTaHHS.
— -2
I, =mr, (16)
MomMeHT iHepuii TBepAOTro TLJIA
0 T < Z2
2 I _Emir' (kT * M2) (17)
— Momenm inepyii meepooeo mina BITHOCHO JESKOI OCI €

5]

cymMa MOMEHTIB HEpIIii YCIX TOYOK I[LOTO TUIa BITHOCHO JaHOI
BICI.
Po3rnsHemMo yMOBY Mpu sIKii ojJHa TOYKa M; OTpHMAE MPUCKOPESHHS TPH

obepToBOMY pyci. Hexall Ha 1110 TOUKy Jii€ 1oBUTbHA cwiia Fi . BoHa Mae 1Bi cki1aoBi.

Cxknanosa cumu Fip mapanensHa Bici 0102, TOMy BOHA HE BIUIMBAE HA 3HAYEHHS
IPUCKOPEHHS sike Oyae Marh MarepiaibHa Touka. Llg ckimamoBa cTBOPIOE TUCK HA BICh
HABKOJIO SIKO1 00epTaeThCs MaTepialibHa TOUKA.

Fio— 1ie ckiagoBa cuim Fj, sika BU3HaYa€ 3HaY€HHS TaHT €HIIAIBHOTO
MIPUCKOPEHHS MaTepialbHOT TOUKH 1 HAIpaBJIeHa IO TOTHYHIN B 1[I TOYIII.

3a npyrum 3akoHoM HbtoToHa
F=m-a (18)

Jpyruii 3aK0oH 17151 i—1 MaTepiaTbHOT TOUKU F,=m,-a. -ar =&

Fi2 = ml. o (19)
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TTOMHO>KMMO JIiBY i MpaBy CTOPOHHM piBHAHHSA Ha i
—_— — —»—»2 —_ — - —
Fio-p=m-eri. Fia-r=I¢
Fiz-b=li-e- M;=Fiz-ri-

Jpyruii 3axkon HeloToHa 111 MaTepiaabHOT TOYKHA TBEPAOTO Tila.
TBepae TUI0 MOMEHT CHJIH.

OcHOBHe PiBHSIHHA THHAMIKH 00€PTOBOI0 pyXy TBepaoro Tisia (pyruii 3akon
HrroToHa 17151 00€pTOBOTO pyXy TBEPIOTO TLIA)

Pezynomyrouuti  momenm cun npukiadeHux 00 meepoo2o mina — OOPIGHIOE
000YmMKy MOMeHmYy IiHepyii meepoozo mina HA Kymose NPUCKOPEHHs, AK€ OMpPUM)E
meepoe mino nio Oi€r pe3yIbmyi020 MOMEHNY CUIL.

s-92 3792 5 dlo
dt - dt dt

MomMmeHT HepLii TBEpI0Tro Tila Ipa€ TaKy camy poJib, IK Maca B MEXaHIIl
MaTepiabHOT TOUKHU

— ldw

M = gt PIBHSHHS IMHAaMIKH 00EPTOBOTO PYXy Al TBEPOTO TLIA.

(20)

B oGepToBOMYy pyci TBepOro TUTa MOMEHT IHEpPII BUIIpaE TaKy XK camy
POJIb, IK Maca B IIOCTYAJIbHOMY PYCi.

Momenm kinbkocmi pyxy meepoozo mina — 000ymoK MOMeHmM) iHepyii meepoo2o
mina Ha Kymoey weuoKicmy .

L=1lw [kr-M? ‘pan/c]

3axon 36epedcenHs MOMEeHmYy KITbKOCMI pyXy meepoo2o miid. CyMa MOMEHMIE
KLIbKOCMI pYXy min 00 63a€EmMOO0Ii OOPIBHIOE CYMI MOMEHMIB KIIbKOCMI pyXy — Nicis
83AEMOOI.

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

3aKkoH 30epeKEHHS IMITYJILCY - OJHH 13 (PyHIaMEHTAILHUX 3aKOHIB (DI3UKH, STKHUI
CTBEPIIKYE, 1110 Y 3AMKHEHIN CHUCTEM1 CyMapHHM IMIYJIbC YCIX TUT 30€pIraeThCs.

k1o Ha cucTEMy TUT 30BHIIIHI CUIIM HE A1F0Th 800 BOHU BPIBHOBAXEHI, TO Taka

CHCTEMa Ha3WBAETHCS 3aMKHYTOIO, I HEl BUKOHYETHCS 3aKOH 30€peKCHHS IMITYJIbCY:

MOBHHUM IMIYJIbC 3aMKHYTOI CHCTEMH TUI 3QJIMINAETHCS HE3MIHHMM 3a O YIb-SKHX
B3a€MOI1H TUI 1i€1 CUCTEMU MDK CO0OIO:

KineTtu4yna eHeprisi 00epToBOro pyxy
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HaifOuter mpocTo 3amadi MEXaHIKU PO3B’SA3YIOTHCS [JIs1 MaTepialbHUX TOYOK.
ToMy B IUX BUIIaKaX, KOJM HE MOKHA 3HEXTYBATH (POPMOIO Ta pO3MIpaMH TUIa, HOTO B
JTyMIll pO30MBAIOTh HAa HEBEJMKI €1eMEHTH Tak, 00 KOXKHUU €JIEMEHT MOXHa OyIio
PO3TIISAIATH SIK MaTepialbHy TOUKY.

TakuM dmHOM, 3aa4a MPO PyX TBEPJOIrO TUIA 3BOAMTHCS IO 3a7adi MPO pyX
BEJIMKOTO YUCJIa MaTepIaIbHUX TOYOK (CUCTEMU MaTepialbHUX TOYOK).

OO0epTOBUM PYyXOM TBEPJOTO TUIa HAa3UBAIOTh TAKUHM PyX MPHU SKOMY TpaeKToOpii
BCIX TOYOK TUIA SIBJISIFOTHCSI KOJAMM, LIEHTPU SKUX JIeKaTh HA OJIHIA TPsMId, 10
HA3UBAETHCS BICCIO 00OEpTaHHS.

Kinernuna enepris XapakTepu3ye CTaH PYyXy TUta. Bynp-skuii eneMeHT macu
00epTOBOr0 TUIAa Ma€ JMHIMHY MBUAKICT 1 OTXKE, BIH Ma€ KIHETUYHY EHEprilo.
Kinetnuna enepris BchOro Tina Oyae MOpIBHIOBAaTH CyMi KIHETHUHHMX CHEPTid BCIX
EIIEMEHTIB Mac.

E=——
TUIS1 00epmo8ozo pyxy 2

ne @ — KyTOBa MIBUIKICTS.
Kymosa weuoxicme @ -nie Gi3dHa BEIUYWHA, SKa TOKA3y€ SK 3MIHHBCS KYT

MOBOPOTY PajiilyC BEKTOPA 3a OJUHHMIIIO Hacy: ®= cé—(f [pan/c],a

Kymoge npuckopennsi € — e (BUYHA BEIMYUHA, SIKA TOKa3zye SK 3MIHUJIACH

—

. : . - _do
KyTOBa IIBUKICTh MarepialbHOI TOUKH 32 OJIUHUIIIO Yacy: € = at [pan/c?].

Jekyia No7. MexaHika piguH i rasis - 4 roa.

Ilnaw:

1.BuzHaueHHs TUCKY;

2. TBepniTina, X XapaKTEpUCTHKA; TACK TBEPIUX TIT;

3.PinuHn, 1X XapakrepucTHKU. TUCK pITUH — TIIPOCTATHYHUH THCK;

4.T'a3m, Ix xapakrepuctuxu. THCK rasy;

5.3akon ITackas;

6. ATMochepHUil TUCK;

7.PiIBHAHHS HEPO3PUBHOCTI,

8.PiBHsiHHA bepuyil ['inpoauHamMidyHuil TUCK.

TBepai Tita 30epirarote (GopMy 1 00°€M TOMY HIO, YAaCTUHKU 13 SIKUX

CKJIaAroThCs TBEPAl TUla — Majgopyxomi (BoHM BHKOHYIOTH KOJMBAIBHUN pyX OUIA
MOJIO’KEHHS PIBHOBAr 1 MatOTh HAHOUTBII CHIIA B3AEMOJIIi MDK COOO¥O.

S-IIomMHA

lf
Fruc

S

P = - TUCK
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P]-1H/ s=11I
[ ] . /M3 . a .
Pigunu 36epiratoth 00’ eM, ane He 30epiratoTs (popmu, 11e OB’ I3aHO 3 TUM
10 YaCTUHKHU 3 SKUX CKIIQJAIOTbCA PIIMHU — PYXOMI, ajleé CUIM B3a€EMOJIIl MDK HUMU
nocTaTHi, o0 30epiratu 06’ eMm.

P — Frnc — mg — ppiﬂ-'V'g — ppiﬂ-'s'g'h
S S S S
P=p,, 9-h - THCK pinuHM -TiIPOCTATHYHHIA THCK.

['a3u He 30epiratoTh Hi PopMH, HI 00’ €MY TaK K YACTUHKH T'a3iB PyXOMI 1
MDK HAMH YK€ CJIa0K1 CHUJIM B3a€MO/III.

Tuckrasy— 1ie cyMapHa Jiisi MOJIEKYJI YaCTUHOK Ha JIHO 1 CTIHKHU MOCYAUHU
B PE3yNbTATI TEIJIOBOTO XaOTHIHOTO PYXY.

JIis BU3HAUEHHS THCKY Ta3y BUKOPHUCTOBYIOTHCS MaHOMETPHU 1 BOJSAHI 1

METaJeBl.
3akon Ilackaus
Tuck airounii Ha piTUHY a00 ra3 MepeaacThCs Yepe3 KOKHY
TOUYKY pIIMHU a00 razy 0JHaKOBO , 3aBJISIKA PyXOMOCTI YaCTUHOK.
P

ATMOC(hEepHHIi_THCK — CTBOPIOETHCS aTMocC(epHUM
MOBITPSIM BUCOTOIO0 = 100 kM. 3aBIsSKM CHJI TSOKIHHS HaWOUTbIA TYCTUHA TTOBITPS Oyae
y noBepxHi 3emiil. 3 BUCOTOIO I'yCTHHA 3MEHIIYeThCsI. Tak ik atMoc(epHe MoBITps HE
Ma€ YITKOI TPaHUIl 1 HE Ma€ CTalO1 TYCTUHH, TO HEMOXIJIMBO OTpUMATU (POPMYIy IS
PO3paxyHKy THCKY aTMOC(EpH.
Jlnst BU3HAYEHHS aTMOC(EPHOTO THCKY BHUKOPHCTOBYIOTh DPTYTHUH
6apomerp. Hopmanbuuit atmochepuuii Tuck. 760mm.pt.cT.= 10°%I1a.,
Imm pr.cT. = 133,3 I1a
CyvacHuii pumnaa Ajig BU3HAYEHHS aTMOC(epHOTO TUCKY OapoMeTp -

aHepoi .
ATtMocdepHuil TUCK ¢ BUCOTOIO 3MiHIOEThCS. Ha xokni 10M BucoTH
3MIHIOETBCSI IMM pT.CT.
PiBHSIHHSI HEPO3PUBHOCTI
PiBusinns bepnyJii
3amava: 5Kl HEOOXiZHO YMOBHM, WI0O0 pIIMHA SKA PYXa€Tbcs IO
TpyOONPOBOIaM, IPOXOIMJIA Bil HOCTaYAIbHUKA 10 CIIOXKUBada 6e3 BTpar.

S,<S;; V,>V,

S— IJIOIIMHA TIepepi3y TpydompoBoaa
V — MIBUAKICTh PIAWHU HAa PI3HUX JIUITHKAX
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HecTuciausa pinuna — igeanizoBaHa cucTeMa piluHU B sIKii TYCTHHA B

KOKHIH TOYII 3Q/IMIIAETHCS BEIMYMHOIO CTao O = 0, = CONSt

PiBHSIHHSI HEPO3PUBHOCTI
Po3srisiHemMo nepeHoc Macu piquHy 1Mo TpyOOTIPOBOAY 3a OAMH 1 TOM K€ POMBDKOK
yacy. Amy = Am,
N e =V
SVt =5V -t
SV =8,V = S3V3 = -+ =S, V, = const

Ha xoxH1i qUITHIT TpyOOTIPOBOIY IPH PYC1 HECTUCIIMBOT PITHHHU JOOYTOK
IUIOLIMHHU MOTNIEPEUHOT0 NIepepi3y TPyOONPOBOIy HA IIBUAKICTH PEUOBUHU 3ATHUILIAETH C S
CTaJIO0.

PiBusinns bepHyJuri
Jlnst Toro, o0 pimuHA IO TPYOOIIPOBOIAM IT01aBajlach Bif

nocTadajibHUKA 10 CII0KKBa4ya 0e3 BTpar, HEOOXITHO, 100 Ha KOXKHIN JUISHII
TpyOONPOBO A 3aralIbHUH TUCK, SIKUI CTBOPIOETHCS PYXOMOIO PITHHOIO
(rimpoCTaTUYHMIA 1 TIAPOIUHAMIYHUIT) Ta aTMOC(EPHHIA TUCK 3ATUILIAETHCS BETMYUHOIO
CTaJIolo.

PiBusHHS bepHysuti € HachmimkoM 3aKoHy 30epexeHHs eHeprii. SIKuo piguHa He
imeanbHa, TO 11 MeXaHIYHA €HEeprisd pOBClIOGTBCH 1 TUCK B3JIOBXK pr6onp0301[y, SKUM
Teue Taka piauHa, cnajae. J{is peanbHOI B'sI3K01 piAMHM B MPaBiil YaCTHHI PIBHSAHB, CJI1]
J10/1aTH BEIMYHMHY BTPAT TUCKY APBT Ha TIAPaBIIYHUIN OTIpP PYXOBI.

PiBusHHs bBepHymwn mmMpoKO 3acTOCOBYIOTH MJisi  PO3B's3aHHS  Oarathbox
TIpaBIivHUX 33724 Yy HaQTOra30Bii CIIpasl.

Posrisaemo po6oTy Ky HEOOXITHO BUKOHATH 00 TIEPEHECTH Macy
PIIMHHU 110 TPYOOTIPOBOAY.
A=A — Ay, ne Ay - poOOTA30BHIIIHIX CUJI [10
MIEPEMIIICHHIO PITUHHU.
A9 — po0OTaBHYTPIHIX CHJI OTIOPY PIAUHU
A= (Ekz + EpZ) — (B + Ep1)
A — Ay = (Ekr + Epr) — (Eg1 + Epy)

<= A — 11e 3MiHHA eHepTii
2

Ay By Vit —Fyer- Voo t_(
\ F‘I‘HC. =p s )

S, VotV 2 \P SVt
\1&1511'?1\'5\T P252V2t>(m% + Px(z— + p, SV, tgh,)-

2
SV iV,
_Epl 121 : +,0181V1tghlj

P1 = P2
51V = 5,V

tmyghy) — C

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

by o
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pVy? p Vi?
P11 — P2 = 5 + pghy | — (T + p1ghy)
v, 2 V.2
p1 + P ghy +’02T1 +py +poghy +g222 = const
po + pgh + p:f‘ = const —
BaactuBocti pinuHu

PimuH4 — OonMH 3 OCHOBHHX arperarHUX CTaHIB PEUYOBHHHU TOPS 13 Ta30M Ta
TBEpAUM TUIOM. Bin rasy pinvHa BIAPIBHSAETHCS THUM, IO 30epirae cBiid 00'eMm, a Bif
TBEPJIOTO TUIa TUM, 1110 HE 30epirae Gpopmy.

['ycTuHOIO pimTMHM T HA3UBA€ETHCS il Maca, sfKa MICTHTHCS B OJUHUIN 00’ €My,

ST M/W. e M — maca pinusu (kr) B 06”emi ™" ().

. . . "y o3
ITnToMOr0 Barox0 OZHOPIAHOI PIAUHM * H/ M

T=G/W.

> Ha3UBaeThCA Bara G OJMHULII
00’ emy 1€l pIAMHU

B’s3kicte pimmEM. Bel peanbHI pimiMHM MaloOTh TIEBHY B’ S3KICTh, SKa
NPOSIBIISIETHCS Y BUTJISA]II BHYTPIIHBOTO TEPTS MIPHU BITHOCHOMY IEPEMILLICHHI CYMDKHUX
YaCTUHOK pIIMHM. B’A3KICTh piquHU — 1€ il BIACTUBICTh YMHUTHU OMIP BITHOCHOMY
3PYLIEHHIO YaCTUHOK.

[loBepxHEBUI HATAT PIIWHM, SKAKA 3YMOBIICHHH CHJIAMH B3a€EMOJIIi MOJICKYI
MOBEPXHEBOTO IIAPy PIAMHU MDK COOOIO 1 MOJIEKYJIaMH T'a3y, HAMAara€TbCsi CKOPOTUTH
BUIbHY MMOBEPXHIO PIIMHUA. BHACIIAOK LIbOTO pIIMHA, 0 Ma€ KPUBOJIHIMHY MOBEPXHIO,
3a3Ha€ 10JJaTKOBOTO 3yCHILIA, SIKE 30UIbITye a0 3MEHIIYE TUCK B PIIWHI HA BEJIUYUHY,

Moayasb 3.0cHoBu MKT. Tepmonunamika.
Jekyia Ne§. OCHOBU MOJIEKYJISIPHO — KiHETHYHOI TeOpii - 2 ro.

Ilnan:

1. OcnoBHi nonoxenns MKT

2.0cunoBHe piBHaHHSI MKT rasis

3.1lIkana Ienbcis.

4. PiBussaug boasiimana

5. llkana KenbBiHa.

OcHoBHi mosioxkennss MKT

MounekynsipHa (¢BUKa BHUBYAE TEIUIOBUM pyX. TemioBuid pyx 3yMOBIIOE
BHYTPILIHI BIACTUBOCTI TUI, 1 HOr0 BUBYEHHA /A€ 3MOTY 3pO3yMiTu Oarato (QpBUYHUX
MIPOIIECIB, K1 BiHOYBAIOTHCS B TUIAX.

Mera MKT — mnosicHEHHS BJIAaCTUBOCTEM MAaKpOCKOMMMHMX TUI 1 TEIJIOBUX
npoIeciB, L0 BiAOYBAalOTbCS B HUX, HA OCHOBI YSBJIEHb MpPO TE, ILIO BCl TUIa
CKJIAJIAal0ThCS 3 OKPEMUX YACTUHOK, SIKI pyXat0ThCSl XaO TUYHO.

Monekymsipaa (i3MKka BHUBYAE TEIUIOBUM pPyX. TeEIOBUMl pyX 3yMOBIIOE
BHYTPIIIHI BIACTUBOCTI TUI, 1 MOrO BUBYEHHS Jla€ 3MOTY 3pO3yMiTu Oararo (pBUYHUX
IpOIIECIB, SIK1 BIOYBalOTHCS B TUIAX.
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Mera MKT — moscCHEHHs BIaCTUBOCTEH MAaKPOCKOMIYHUX TUT 1 TEIUIOBUX
MpOIIeCiB, IO BiIOYyBalOThCS B HUX, HAa OCHOBI ySBJIEHb MPO Te, IO BCl TUIA
CKJIQJIAI0THCS 3 OKPEMUX YaCTUHOK, SIKI PyXatOThCS XAaOTUYIHO.

OcnoBHi nonoxxennss MKT pedoBunu:

1.bynp-siki peYOBHMHM MarOTh JUCKpeTHY (mepepuBUYacTy) OymoBy. Bonm
CKJIQJIAl0ThC S 3 HAMAPIOHIIINX YaCTUHOK MOJIEKYJI 1 aTOMIB.

[TinTBepIKEHHAM NHUCKPETHOCTI € MPOKaTKa, KyBaHHA MeTary, oTpuMaHHs 1974
poKy poTorpadii OKpeMHX MOJIEKYJI 1 aTOMIB, PO3UMHHICTh PEYOBUH TOLIO.

Momnekynu - HalMEHIINI YaCTHHKH, SKI MalOTh XIMIYHI BIaCTHBOCTI PEYOBHHH.
Moustekynu CKIIQAaroThCsl 3 OUIBII MPOCTHUX YAaCTHHOK - aTOMIB XIMIYHUX €JIEMEHTIB. Y
npupoai € 92 ximiyHi enemeHTH. Pa3oM 13 mITyyHMMH Hapas3l HamuyeTrbesi 108
€JIEMEHTIB.

PeuyoBuny, sika noOyoBaHa 3 aTOMIB JIMIIE OJHOTO BUAY, HA3UBAIOTh €JIEMEHTOM
(BoaeHBb, KHCEHb, a30T Tomi0). KoXeH eneMeHT Mae CBii HOMep Z B TabmIll
MenneneeBa. Yncno Z BU3HAYa€E KUIBKICTh MPOTOHIB Y siApax aTOMIB 1 €JIEKTPOHIB, 1110
PYXaroThCs B aTOMI HABKOJIO SIpa.

2. Monekynu  3HAaXOOAThCSI B CTaHI  HEMEPEPBHOIO  XAOTHYHOIO
(HEBMOPSIIKOBAHOTO) PYXY, IO HA3UBAETHCS TEIUIOBUM 1 y 3arajlbHOMY BHUIAJKY €
CYKYIHICTIO MOCTYNaJIbHOTO, 00€PTATHLHOTO 1 KOJMBAIBHOTO PYXIB.

[Tin yac HarpiBaHHS PEUYOBHHU MIBUAKICTH TEIUIOBOTO PYXY 1 KIHETUYHA €HEPTis
HOTO0 YacTUHOK 30UIBIIYIOTBCS, a I 4Yac OXOJOJKCHHS 3MEHINYIOThCs. CTyImiHb
HArpIToCTi TUIAa XapaKTepu3ye HOTO TeMIiepaTrypa, sika € MIipolo CepeIHbOT KIHETUYHOT
€HEpTil Xa0THYHOTO MOCTYMATBHOTO PYXy MOJIEKYJI I[LOTO TLIA.

3. Monekynu B3aEMOIIFOTH OJIHA 3 OJJHOIO 13 CHJIAMH €JIEKTPOMArHiTHOT MPUPOIH,
OpPUYOMY Ha BEJIMKHMX BIICTAHSIX BOHM MPUTATYIOTHCS, @ HA MAJIUX - BIAIITOBXYIOTHCS.
Cui puTATaHHS 1 BIIIITOBXYBAHHS MK MOJIEKYJIaMU JIIFOTh MOCTIMHO.

MouJiekynu pBHUX PEYOBHH MO-PI3HOMY B3a€EMOJIOTH OJHA 3 oAHOW0. Ll
B3a€MOJIIA 3aIEKUTh BI THIy MOJIEKYJ 1 BIICTaHI MDK HUMHU. 3aJISKHO B XapakTepy
pyXy 1 B3aeEMoOAii MOJIGKYJ PO3PBHAIOTH TP CTAaHU PEUOBHUHHU: TBEPIHH, PIUIKHUH,
ra3ono/aioHui (Tuiasma).

OCHOBHiI MOJIO)KEHHSI MOJIeKYJAPHO-KiHeTH4HOI Teopii (MKT)
Oy10BHM Pe4OBHHM:

1.BC1 TUTa B MPUPO/I1 CKIAAAIOTHCS 13 OKPEMHX YaCTUHOK MDK SIKUMH BiIICTaHb.

2.9aCTHHKH HETIPEPHUBHO XaOTHYHO PYXAIOThCSI, MAIOTh KIHETUUHY €HEPTito

2
E — mOVO
KO 2
3.BC1 YaCTUHKH MDK 0000 B3a€MO/IIFOTh CHJIAMU B3a€EMOTIPUTSITAHHS 1 B3AaEMHOT O
BIIIITOBXYBaHHS
E, #0
KinbkicTh pe4oBUHH
m N
V=—, V="
H N,
m N m
y=—=—= N=—:N,
1o Ny H

KoHueHTpaiis MoJieKyJ1 — 1€ YUCJI0 MOJIEKYJ B OJIMHUII 00’ €My
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N
n=— — 113
Y [n]=1m

m=p-V= M, N =myn
\Y
MakponapamMeTpu 1€ Taki MapaMeTpd SKi MOKHAa BHU3HAUWTH 3a
JTOMOMOTor0 (pi3UYHUX TpwiIaaiB. Hampukman temmepaTypy — TEpMOMETPOM, THUCK —
OapomerpoMm, Macy — Tepe3aMu. MakponapamMeTpu OMUCYIOTh CTaH MaKPOCUCTEMH.
[lapameTpu, sKi HEMOKIMBO BU3HAUYUTH 32 JOTIOMOT010 (DIBUUHUX MPUIIA]IIB
HA3UBAIOTHCS MIKpOIapaMeTpaMu
Mo —Maca MOJIEKYJI
Vo2~ cepensi KBaipaTuyHa IBUIKICTH MOJICKYJIH
OcHoBHe piBHsAHHA MKT rasis BU3HauUeHHS TUCKY ra3iB
Bm3naunmo THCK razy. s mpbOoTO pPO3TISHEMO i0 ra3y Ha IMOPIIEHb

BpaxoByrouu 3akoH [Tackans.

vy —

Vz

At

1.3HalinemMo cuily TUCKY OJIHIEI MOJIEKYJIM Ha MOpIIeHb S. Yaap MOJEKylIu Ha
nopiteHb Oyze abCOMOTHO MPYKHUM
V x1 = -V X2
Fue - At=MgV,, — (_ mOVxl)
2my\V

F. - At=2mV,: F .= —2%
At

2. Bu3HaumMo KimbKicTh Monekyn siki 3a wac Al 6ynyrs aistm Ha mopmens
IUIOLMHOIO S
N=n-V
[lo Teopii WMOBIPHOCTI TakK, SIK MOJIEKYJIM PYXalOThCS XaOTUYHO TUIBKH
MOJIOBHHA LIUX MOJIEKYJI 3a 4ac OyJi€ pyXaTUCh 10 NOPILHS

11 v
Z=—N==nV y-sXx
2 2 VS

3.3HaiEMO 3arajbHy CHUIy TUCKY MOJIEKYJ Ha IMOPIIEHD 3a At

F 2oV, 2MVy 1 oey At =mv2ns
At At 2
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4.3HaliIEeMO TUCK a3y

2
p = P - MViNS _ 2y
S S
P= % mon\7§

Jlane piBHSHHS Ha3UMBaeTbCcd OCHOBHUM PpiBHAHHAM MKT, TomMy mo BoHO
SABJISIETHCS 3B’ A3YIOUM MICTKOM MDK Makpo 1 MIKpo cuctemamu. BpaxoByrouu 1110

E = _mOVOZ P= % nE,,

Y2 orpumyemo
HMIkana eabcisg xapakrepusye XKUTTEABIIBHICTh )KUBUX OPraHi3MIB, Tak
sk BoHM Ha 70-80% ckmanaotbes 3 13 Boau st sikoi 0°C — Temmeparypa 3MiHU
arperaTHoro CTaHy.
Nocainu boabmana. banonu 3 BojgHEM, KUCHEM, BOJIOK ITOMICTHIIH B JIbO I
npu Temneparypi 0°C.Uepe3 nmesxkuii yac B OajoHAaXx BCTAaHOBUTHCA OJIHAKOBA

Temneparypa. 3Hai1eMO CIBBITHOIICHHS:
PV PV, PV
,ill=®1 N =Ty, o= =0, (23)
1 H lLl )

Nl N3

B pe3ynbTari gociiga 3’ icyBanoch, 10 y BCIX OaJloHaX CMIBBITHOLIEHHS JOOYTKY
TUCKY 1 00’ €My J10 YMcCJia MOJIEKYJ BeTMUMHA cTaja. T1k OasoHu Oyau po3MILLEH] Tpu
temmneparypi + 100°C.

PV, PN, PV,

Nl N2 N3

O~T

®=KkT

eHepreTUYHa TeMIeparypa
_ ®1 — ®2

Tz _Tl

k — mocriitna bonbmana

N

®,
K

p-Nyt
v

PiBuganusa boabiMana
P =nkT

Jlane pIBHSIHHS TIOKA3ye sIK TEMIIepaTypa BIUIMBA€E HA TUCK razy

|3:§nEK0 P =nkT- %nEKO:nkT
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2 mV, 3KT

=nkT V= |—
3 2 ; TICIST CKOPOYEHHS My — mBuaKicTs MONEKyMH i ii
3aJISKHICTD Bifl TEMIIEpATypH.
T=0K V=0m/c

T=0K=1t"=-273°C
Temnepatypua mkana KeabBiHa xapakTepu3ye eHEpreTUUHUIN CTaH Tl
B IIPUPO/Ti, TaK K IPU T=0K (abCcomr0THOTO HYJIsI TEMIIEPATyp) PYyX YaCTUHOK IIOBUHEH
3ynuHUTbCST V=0M/C, TO HACTYNIUTh EHEPTETUYHUIN CTaH PEYOBUH B IPUPO/I1

EKOZO_ EpOZO_V:O

Kenbin (no3nauenns K) — onunuus temmneparypu B cuctemi Cl, oqHa 3 cemu
OCHOBHUX OJIMHUIIb ITi€T CHCTEMHU.

KenbBiH, 3rifHO 3 MDKHApOJHOIO YTOJO0I0, BH3HAYAETHCS ABOMA TOYKAMHU:
a0COJIIOTHUM HYJIEM Ta TMOTPIAHOIO TOYKOO BOJU. AOCOIOTHHM HYJIb TEMIIEPATypH, 3a
BU3HaYeHHsAM, nopiBHIOE ToyHOo 0 K Ta 273,15 °C. Ilpu abcomoTHOMY HYJII
TEeMIIepaTypu BeCh KIHETUYHHM PyX 4YacTOK Marepii MpUMUHSAETHCS (B KIACHYHOMY
PO3YMIHHI) 1, TAKHM YHUHOM, Marepis He Mae TemioBoi eHeprii. [loTpilinii Toumi BoaH,
TaKO’X 32 BU3HAYCHHSM, MpHU3HaYaeThcs Temneparypa 273,16 K ta 0,01 °C. Hacainkom
TaKMX BU3HAYEHB JBOX OTIOPHUX TOYOK a0COJIFOTHOT TEPMOJUHAMIYHOT IIKAJIH €:

-OJIMH KEJIbBIH JTOPIBHIOE TOUHO 1/273,16 yacTkam Temiieparypy NoTpIiHOI TOUKHU
BOJM,

-0JIMH KEJIbBIH TOYHO IOPIBHIOE OTHOMY Irpaaycy Llenmbcis;

-pBHUL MDK JIBOMa TEMIEpaTypHUMHU IIKalaMU JOpIBHIOE To4yHO 273,15
KEJbBIHA.

JlesKl BaXXIMB1 TOYKH TEMIIEPATYPHOT IIKAJIH, 10 CTOCYIOTHCS KeIbBiHA, HABEACH1
B Ta0.2:

Tabnuys 2
Touka Temneparypa
KenbBiH I'pamyc ['pamyc
Lenbcit @dapeHreiita

AOCOFOTHUH HYITh 0K -273,15 °C —459,67 °F
(TouHO 3a

BU3HAUYECHHSIM)
Touxa 3aMep3aHHs 273,15 K 0°C 32 °F

BOJH
[ToTpiitna Touka BoU 273,16 K 0,01 °C 32,018 °F
Touka xumiHHESA Boau 1 373,1339 K 99,9839 °C 211,9710 °F

Jlekuyia Ne9. IneanabHuii ra3. 'azoBi3akoHu.
Ilnaw:
1. IneanpHmii a3
2. PiBHsIHHS cTaHy iAeabHOTO Ta3y — piBHAHHSI MeHneneeBa-Knaitnepona.
3. Bomporecu y npupo/1i (razoBi 3aKOHH)
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4. ITpomnec Bo6apumii (3akoH ['eii- JIroccaka)

5. [Ipomnec BoxopHuii (3akoH Lllapsis)

6. [Ipouec Botepmmunuii (boitns — MapioTra).

7. IIpouec agiadbarnunuii ( [lyaccona)

3 TOYKH 30pYy MOJEKYSIPHO - KIHETUYHOI TEOPii idealbHUM Ta30M HA3WBAETHCS
ras, 10 CKIAQJA€TbCA 3 MOJICKYJ, SKI MOHA BB@XAaTH MaTepIaIbHUMH TOYKaMH,
MOTEHIIATbHOIO S€HEPTIEI0 B3a€EMOJI TaKMX MOJICKYJI MOYKHA 3HEXTYBAaTH 1 B3a€MOJII0
MOJICKYJI MOYKHA PO3TIISIATH K 3ITKHEHHS MPYKHUX KYJIb.

IneampHOTO Ta3y B mpupoai He iCHY€. ICHYIOTh TUTBKU peanbHi ra3u. PeanpHuii ras
MOHa BBOKATH 1I€ATbHUM TMPHU HU3bKUX TUCKAX 1 HEBEJIIMKUX TEeMIlepaTypax.

IneanbHuii ra3— ne ¢i3UyHa MOJEIL PEATLHOTO Ta3y B SIKOMY YaCTUHKH
rady HaxOJAThCS Ha BEIMKUX BIICTaHSAX MDK CO00I0, TOMY B3aEMOJIEI0 iX MOIKHA

3HexryBartu , YaCTUHKHM MPUNMAIOTHCS K aOCOJIOTHO MPYKHI MarepiaibHi
TOYKH, HACTUHKN HpHﬁMaIOTB yIIaCTB B TeHJ'IOBOMy XaOTI/I‘-IHOMy pyc1
E_ #0

PiBHSIHHSI CTaHY ileaJIbHOTO razy
BcTtanoBUMO 3aleXHICTh MDK TapaMeTpaMHu sIKi XapakTepe3ytoTh cTaH rasy: P, V,

T, m
3 piBHsHHS bonbliMana
P:EkT:m-NAkiT = PV :m-NAkT
V Y7, V Y7,

R=N,k= 8,31 Ix/moub K — yHIBepcasibHa ra3oBacraia
Cran igeajJilbHOTO Tra3y ONHUCYETbCA PpiBHAHHAM MeH/eJ/i€eBa-
Kaaneiipona

PV = LRT
M ’ (24)

ne P — tuck razy, V — ioro 00'em, T — temnieparypa razy, m — maca razy, M —
MOJIIpHA Maca, sika JOPIBHIOE Maci oJHOro moJisi pedyoBuHH 1 B Cl BuUMIproeTbes y
KUTOrpamax Ha MOJIb y MIHYC TIEpIIOMY CTETEHI.

O6'eM 0THOTO MOJIS 1IEATHHOTO Ta3y IPH HOPM, YMOBax (p = 760 MM pT. CT. =
101,325 klla, t=0°C) nopisutoe 0,0224m3 /Moib;

R =8,314510 Ix/(mousb K). R — yHiBepcasibHa ra3zoBa cTaja.

I3onpouecu y npupoai (ra3oBi3akoHu)

Axkmo B rasi BigOyBarOThCS SAKICH MPOIECH, TO 3BUYAWHO 3MIHIOIOTHCS BCI TPH
oro mapamerpu: p, V 1 T. IlpupoaHo, MO0 HAWUMPOCTIIMMH € TMPOIECH, SKi
BIIOYBalOThCS 31 3MIHOIO JIMILIE JIBOX MapaMeTpiB, a TPETid 3anuiaersest ctammm. Ll
IPOIIECH MICTAIM Ha3BY BOMPOIECIB (Bif TPEIBKOTO «I130C» — PIBHUIA, OTHAKOBHH).
PiBHSHHS cTaHy ra3y JJis HHX JIETKO JICTaTH 3 piBHAHHA KianeiipoHa, BBaKarO4M OTUH
3 TapaMeTPiB CTAJIOI0 BEIMYMHOI0. Po3riisHemMo i30npouecu npu yMoBi 110 Macara3y
cTaJia BeJIMYMHA.

[lpouiec, mo BiHOyBAaeThCSA MPU CTAN BEIUYHMHI OJHOTO 3 MapaMeTpiB razy
HA3WBAIOTh 130IMPOIIECOM.
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IIpouec, mo Bin0OyBaeThCs NMPU MOCTIHHOMY THCKY HA3MBAKTH i300apHUM
(3akon I'eii- JIroccaka)

I306apumuii mpouéc (Bim rpemn. isos — piBHUH, baros — Bara) —
TEPMOJVHAMIYHUI TMpouLec, AKUH BiIOYBaeTbCA NpH cTaloMy TUCKY. IIpuknanom
BoOapHOTO MpoIecy MOKe OyTH HarpiBaHHS BOJH Y BIIKPUTIA MOCyawHI, abo
PO3IIMPEHHS Ta3y y IMWIAPI 3 TMOPIIHEM, SIKMM MOJKE BUIBHO TiepecyBaTucs. B 00ox
BUIAJKaX TUCK JOPIBHIOE aTMOC(HEPHOMY.

I[Ipu BoOapHOMY mpouect 00'eM iA€aTbHOTO Ta3y MNPAMONPONOPLIHUIA
temneparypi (auB. 3akoH [ eii-Jlroccaka).

Ha rpadikax mporiec 300paxyeTbes MHIIMH, SKI HA3UBAOThCS 1300apamu. s
imeabHOTO Ta3y BOHU € MPSIMUMH Yy BCIX Jiarpamax, ski MOB's3yroTh mapamerpu T
(remmnieparypa), V (00'em)1 P

\Y
P =const , m =const, T const (25)
V4 p4 p 4
AP - — Py e+ et Dy
Si P
4 : P2 - P
4 P — P
A aCE : R i
0 T 0 T 0 ~v
a 6 e

Puc.5. zobapuuii npoyec

Ilpouec, mo BinOyBaeTbcs NMpU MOCTiIHHOMY 00'emi — i3oxopHuM (3aKOH
Hlapas)

BOXOpHUN Tpouéc— 1€ TEPMOJMHAMIYHUI MpoLEec, SIKUHA BiIOYBAa€TbCS MpPU
ctajoMy o0'eml. Y razax Ta pimuHax 3IIHCHIOETHCS JYXKe MPOocTo. [ 1boro 10CUTh
HarpiBaTH (0XO0JIO/I)KyBaTH) PpEYOBUHY Y MIOCY/IMHI, SIKa HE 3MIHIOE CBOTO 00'eMy.

[Ipu BOXOpUYHOMY MPOIEC] THUCK 1I€AUTHHOTO Ta3y NPSIMONPONOPLIAHUI HOTo
temneparypi (auB. 3akoH apns). YV peanbHux razax 3akod Ilapis He BUKOHYEThCH,
TaK sIK YaCTHHA TEIJIOTH, SIKYy OTPUMYE CUCTEMa, BUTPAYAETHCS HA 30UIBIICHHS €HEpPTil
B3a€MO/I1l YaCTUHOK.

Ha rpadikax 300paxyerbcsi MHIIMHU, SIKI Ha3UBalOThbCs 1Boxopamu. [l
1I€JIbHOTO Ta3y BOHM € MPSMHUMM y BCIX Jiarpamax, skl MoB's3yroTh napamerpu T
(remmneparypa), V (06'em)i P

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

Puc.6 I3oxopnuii npoyec
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IIpouwec, mo BinOyBaeTrbcsi NpPH TNOCTIHIA TemmepaTypi Ha3HBa€THCH
i3oTepMiuHuUM i onucyeThcs piBHsIHHAM Bboiiis — MapioTra.

[3oTepmiuHui mpouec BIIOYBa€TbCS JOCTATHBO MOBUIBHO [JIsI TOTO, MIO0
TeMIeparypa MiATPUMYBaANAcs CTAIOK 3aBASKHU TEIUIOOOMiHY 13 cepepoBuuieM. [lpu
BOTEPMIYHOMY CTHUCHEHHI TUIO BIAJA€ TEIUIO B CEPEAOBHINE, NMPHU B3OTEPMITHOMY
PO3IIMPEHH] — BOMpPAE TEIUIO 13 CePEAOBHUIIIA.

3rigHO 3 pIBHAHHSM CTaHy igeanbHOro raszy (abo piBHAHHS KranelipoHna-
MeHeneeBa), XapakTEpUCTUKH 11€AJIbHOTO T'a3y 3aI0BUIbHSIIOTH PIBHICTh

pV = ZRT

I

e p — TUCK, V — 00'eM, m — maca, T — Temrmeparypa ra3y BiIIIOBITHO, L —

MoJIsipHa Maca ra3y, R —ra3osa crana.

T =const, m =const, PV =const (27)
L a P A N 6 Vi llr, 1I'2 T, 6
;.. '\\ E I . g |
\X T, ] [ | | ] | |
\ N2 | |
N — L
— _ :. |
v o : : - — . .

Puc.7. Bomepmiunuu npoyec
IIpouec, mo BindOyBaerbcs 0e3 TEIIO0OMIHY MiXK ra3oM i HABKOJIMIIHIM
cepenoBumem (Q=0), HazuBaeTbcad aAia0aTUYHUM i ONHCYETHCH PiBHSAHHAM
IIyaccona

PV’ =const (28)

C

.o p ..
J€ MMOCTIMHA JJIA KOXKHOI'O CTaHy ra3y BeJIM4YMHaA 7Y = _C ) KOGqJH_IIQHT HyaCCOHa,
v

€ BIJHOIICHHS MOJISIPHOI TEIUIOEMHOCTI ra3y npu 1300apHOMY MpOLECi, 40 MOJSIPHOI
TEIJIOEMHOCTI ra3y Npy 30XOPHOMY MPOIIECI.

MoJisipHa TEIJIOEMHICTBH ra3y BUMIPIOETHCS KUTBKICTIO TEIIOTH, IO HEOOXigHa
JIJIs1 HArpIBaHHS OJTHOTO MOJIS ra3y Ha o1MH KenbBiH 1 3aJIeKUTh BiJl yMOB HarpiBaHHs.

Cp >C, TOMYy, IO KUIBKICTh TEIUIA AKa HALACTHCA NPH 1300 apHOMY IpOIIECi ine
HE TUTbKM Ha 30UIbINICHHS BHYTPINIHLOI €HEpTii ra3y, a 1 Ha BUKOHAHHSI POOOTH MPOTH
30BHIIIHIX CUJI B TIpoIieci po3mmpeHHs. [Ipu oMy

C.=C, +R, (29)

ne R — yHiBepcanbHa razoBa cTaia.

Lleit BMpa3 Ha3uBawTh popmy.ior0 Maiiepa.

3 MOJIEKYJIIPHO — KiHETHYHOI Teopii Bimoma dopmyna ais susHauenns C, i C,
JUTSL 11€TTbHOTO Tazy.

i+2
=——R (30)

CV:_R CP 2 ’
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Jekuia Nel0. OcHOBM TEPMOAMHAMIKH - 2 TO]I.

Inan:

1. BHyTpimHs eHepris Tul

2.BHyTpIIIHS eHepTis iAeabHOTO Ta3y

3.Crroco0u 3MIHM BHYTPIIIHBOT €HEPTil

4.Buau Terurornepeaadi B IpUPO/IL..

5.Po6ota B TepmoauHamiil. PBUYHUN 3MICT YHIBEpCAILHOI ra30BO1 CTANO1
6.Ilepimii 3aKOH TEPMOTUHAMIKI

7. Ilepimii 3aKOH TEPMOIUHAMIKH B 130MPOLIECAX

TepMoauHAMIYHIN METO/, SIK Ha 11¢ OyJI0 BKa3aHO BHUIIE, TOCTIIKYE
TEPMOJUHAMIYHI CUCTEMH HE IIKABISTIMCH iX OYZ0BOIO. 3 TOUKH 30PY
TEPMOJMHAMIKA TEPMOJMHAMIYHOI CHUCTEMOIO HA3MBAETHCS MaKPOCKOIIYHA
CHUCTEMa, IO BHUBYAETHCS METOJaMU TepMoJIuUHaMiku. Bci Tila, He BKIIOYEHI B
TEPMOIUHAMITHY CUCTEMY, Ha3UBAIOTHCSI 30BHIIIHIM CEPEI0BHILEM.
OCHOBHUM TMOHSATTSAM TIPW BHUBYCHHI TEPMOJHMHAMIYHUX CHCTEM €
BHYTPIIIHS €HEPTIs.

BHyTpilHs eHépris Tita (mosHauaeThess sk E aG6o U) — mnoBHa eHepria
TEPMOJMHAMIYHOT CHCTEMH 3a BHHATKOM i1 KIHETHYHOI €HEprii sK IIoro 1
MOTEHITIAJIbHOT €HEprii TUTa B IOJI 30BHINIHIX CHJI. BHYTpINIHS €Heprii CKIaJIacTbCcs 3
KIHETUYHO1 €HEPTii XaOTUYHOTO PyXy MOJIEKYJ, TOTEHUIAbHOT €Heprii B3aEMOJii MDK
HUMH 1 BHYTPIIIHEOMOJIEKYJISIPHOT €HEepT .

BuyTpimHst eHeprisi € 0JHO3HAYHOI (YHKINEI0 PIBHOBAKHOTO CTaHY CHUCTEMHU.
Lle o3nauae, M0 KOXKHUM pa3, KOJU CUCTEMA OINHUHAETHLCS B JAHOMY PIBHOBAKHOMY
CTaHi, i1 BHYTPIIIHS €HEeprid MpuitMae BIAaCTUBE IbOMY CTaHy 3HAYEHHSI, HE3AJISKHO Bil
nepenicTopii cucteMu. OTxe, 3MiHa BHYTPIIIHLO1 EHEPTI MPH MEePEX0 A1 3 OJTHOTO CTaHy
B IHIMK Oyje 3aBXIM JOPIBHIOBATH PI3HUIIN 3HAYEHb B IIMX CTaHAX, HE3AICKHO Bi
HUIXY, [0 SIKOMY 3J1MCHIOBaBCS TMepexil. BHyTpIiHIO €eHepriro Tula HE MOXHa
BUMIPSTH Hanpsamy. MoKHa BU3HAUUTHU TUIKU 3MIHY BHYTPIIIHBOI €HEPTIi.

BuyTpimHs eHepris Til — 11e cymMa KIHSTUYHUX €HEPTid pyXy Ta MOTEHIIATHLHUX
EHEeprii B3a€MO/I1l YaCTUHOK 13 SIKUX CKJIQJIAETHCSI TUIO

U=_2_1:|5+Z_11Epi

BHyTpilHs eHepris i1eaJbHOro razy
BHyTpiliHs eHepris iqeaqbHOro ra3zy

U=-YE
i=l o«

U=2MgT
2 M

7€ 1 — YUCJIO CTYTEHIB BUIbHOCTI MOJIEKYJIH 11€aIbHOTO Ta3y.
YucsioM CTyneHiB BUIBHOCTI MOJIEKYJHM € YUCJIO MIHIMaIbHOI KUIbKOCTI
KOOP/AMHAT, 110 OBHICTIO BU3HAYAIOThH MOJIOKEHHS MOJIEKYJIU B MIPOCTOPI.

Ki
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Jlis omHOATOMHOTO Tazy 1= 3; JJIsl IBOXaTOMHOTO 1= 5; Il TPhOXaTOMHOTO 1
OaratoaroMHOTO i=0.

3MiHa BHYTPIIIHBO1 €HEPTTi

AU =U, -U,
AU =2 paAT
2 M
IcHye n1Ba coco0u 3MiHM BHYTPIIHBOI €Heprii:
1. Termnonepenaya
2. Buxonanust po6oTH cucteMoro abo HaJl CUCTEMOIO.

Buau rensionepenaui

TenmnonpoBIIHICT — IIe TIepeaada TeIUIOTH B OUTHII HArpiTuX YacTHH TiIa 10
MEHIII ~HArpiTMX, 3yMOBJIEHA XaOTHYHHM PYyXOM MIKPOYACTHHOK pPEUYOBHHH.
TermmonpoBINHICTE CYNMPOBOJKYETHCS TEpPEAauet0 BHYTPINIHBOI €HepTii Bim OUIbII
HarpiTuX J0 MEHII HarpIiTuX TUT O€3 MepeHeCeHHs PEYOBHUHH.

KinbkicTb TemioTn.

KinpkicTh TEmoT abo KUIbKICTh TEIUIA - (pI3UYHA BEJIMYMHA, KA XapaKTepHU3ye
npotecu 0OMiHy eHeprii MbK TUIaMH.

[TosnavaeTrbcs 3a3Buuail Jireporo Q, mMae po3MipHicTs eHeprii. B cuctemi CI
BUMIPIOETHCA B JDKOYIISX.

KonBekuist — TemiooOMIH y piIMHAX Ta Ta3aX, SKUH CYINPOBOIKYETHCS
NEPEHECEHHSIM PEYOBUHM.
[IpoMeneBHii TemIOOOMIH — TMpOIEC IMEPEHECEHHS BHYTPIIMIHBOI €HEepTii B

OJHOTO TUla JO IHIIOTO BHACTIAOK BHUITYCKaHHS, NOIIMPEHHS Ta MOTJIMHAHHS
BUIIPOMIHIOBAHHSI.

Q = *CMAT - kinbkicTh TEmIOTH IPH HATPIBAaHHI Ta OXOJIOKCHH;
Q =AM - KiIBKiCTh TEMIOTH NPH MUIABJIHHI Ta KPUCTAII3aLLi;

Q ==LM- kinbKicTh TEMWIOTH NpH NaPOYTBOPEHHI Ta KOHIEHCALLi.

KinbkicTe Temnotu 1ne ¢pBUYHA BEMUMYMHA, IO € MIPOIO 3MIHM BHYTPILIHBOI
EHeprii B mpoliecax, M0 He CYMPOBOKYIOTHCS BUKOHAHHAM POOOTH, B IMpoOIEcax Je
Xa0THYHHH PYX TEPEXOIUTH Bil OJHUX TUT B XaOTUYHUN PYX IHINHX, BIIT OJHIET YaCTHHU
CHUCTEMHU JI0 HHILO1 0€3 BUKOHAHHS pOOOTH.

Po0oTa B TepmoauHamiii.

PobGora 1 Temora e ABi GopMU 3MIHU BHYTPIIHHOT €HEPTii TEPMOIUHAMIYHUAX
cucteM. Po0oTOI0 HasmBaeThbCs (p3BUYHA BEIMYMHA, 10 XaPAKTEPHU3IYETHCS 3MIHOIO
BHYTPIIIHBOI €HEPT1l TEPMOJIMHAMIYHOI CUCTEMH 32 PAXYHOK PEMIILIEHb MAKPOUYACTUH
cucteMu ab0 BCl€i CUCTEMH B LIUIOMY. B mojanbimioMy  poO3IJIsSIaeThCsl TUIBKU Takl
NPOLIECH, B SIKUX BHYTPILIHSA €HEPTisl BU3HAYAETHCS TUIBKHU 11 BHYTPILIHIM CTaHOM.

VsaBiMO €001, IO ra3 3HAXOAUTHCS y BEPTHKATBHOMY IWJIHJIPI, KUK 3aKPHUTO
HEPYXOMHUM TOpITHEM Tuiomero S. Hexail min miero mpukiiaaeHoi 30BHINHKOT cuiu F
MOPIIIEHb OMYCTHBCS HA BiICTaHb AX , Ta CTUCHYB IIpH IIboMy Ta3. ['a3 Oyne ctuckatucs
0 THUX TIIp, J0KK cuia F He BpIBHOBaXXUTHCS CHUIIOIO, IO JIi€ HA MOPIICHD 31 CTOPOHHU
ra3y 1 JIOpIBHIOE PS, € p — THCK rasy (SKIIO MEepEeMIlIeHHs] MaJeHbKE, TO THCK ra3y
MOHa BBaXKaT cTamum). PoGoTtarasy (A ) npu bOMY BUSHAYAETHCS TAK
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FAx=pSAx A =pAV

Axkmo rta3 ctuckaBcsg, To AV <0 - poOora rasy Big €MHA; SKIO Ta3
po3iumproBascs, 70 AV > 0 - nogaTtHa.

A =pAV- poGoTa B TepmMoAMHAMIL

TakuM 9uHOM, SKIIO HAj Ta30M CKOKOIOTH JI0JaTHY poOOTY, TO 30BHIIIHI TiIa
nepenanTh MOMy 4YacTHHY CBO€i eHeprii. [Ipu posmmpenHi rasy, HaBmaku, pobOorta
30BHIIIHIX CHJI Bl €MHA.

@ i3UYHUI 3MICT YHIBEPCAJIbHO1 ra30B01 CTAJIOL: YHIBEPCAJIbHA ra30Ba CTAJIA
R yncebHO 10piBHIOE poOOTi po31mpeHHs 1 MoJis ifeajbHOTO ra3y npu
i3o0apHomy HarpiBanHi iioro Ha 1K.

BpaxoByrouu nBa crnocoOu 3MIHM BHYTPIIHBOT €HEprii pOOMMO BUCHOBOK SIKUM
BI1IOOpaXa€eThCs B IEPLIOMY 3aKOHI TEPMOIUHAMIKH.

Ilepmii 3aK0H TepMOAMHAMIKH

TepMoauHaMIYHIT METO, SIK Ha 1ie OyJI0 BKa3aHO BUIIE, TOCTIIKYE
TEPMOJIUHAMIYHI CUCTEMH HE IIKABJITYUCH 1X Oy/10BOIO. 3 TOUKH 30pY TEPMOAMHAMIKA
TEPMOMHAMIYHOIO CHCTEMOIO HAa3UBAETHCSI MAKPOCKOIIYHA CUCTEMA, 1110 BUBYAETHCS
METoJjaMH TepMOAMHAMIKH. BCi Tila, He BKIIIOUYEHI B TEPMOANHAMIUHY CUCTEMY,
HA3WBAIOTHCS 30BHIINTHIM CEPEIOBUIIEM.

OCHOBHUM TOHSTTSIM TPU BUBYEHHI TEPMOJMHAMIYHUX CHCTEM € BHYTPIIIHS
eHepria. llepmmii 3aKoH TEPMOJMHAMIKHM CTBEPJKY€E: ICHYE BHYTPIIHA €HEpris
TEPMOJIMHAMIYHOT CUCTEMH - TaKa OJTHO3HauHA (DYHKIIS mapamMeTpiB ii cTaHy, 3MIHA SKOi
TOPIBHIOE POOOTI, BAKOHAHOT HAJT CHCTEMOTO Ta KUTbKOCTI MABEICHOT TEIUIOTH.

[lepmmii 3akOH TEPMOJMHAMIKM 3a CBOIM 3MICTOM € 3aKOH 30epeKeHHS 1
NEePETBOPEHHS €HEPTii B TEIJIOBUX Tpoliecax. BiH BiMoBinae Ha MUTAHHS CKUIbKU KYJU
1 B SIKIil KUTBKOCTI Ta SIKOCTI TIEpEIaHO BHYTPIIIHBbO1 €HEPTii TEpMOIMHAMIYHOT CUCTEMHU.

AU =4+Q

dU =d4+dQ

3MiHa BHYTPIIIHbOI €HEPTii B CHCTEMI BIIOYBAETHCS 3aBISIKU BUKOHAHHIO pOOOTH
HaJl CUCTEMOIO a00 CUCTEMOIO 1 TEIJIONepeaauax.

Ilepmii 3aK0H TepMOAMHAMIKH B I301poLecax

[lpomecu, ski BimOyBalOTHCS 3a HE3MIHHOTO 3HAYEHHS OJIHOTO 3 TapaMeTpiB
ImeaTlbHOTO Ta3y CTajloi Mach m 1 MOJSPHOI Mach | Ha3WBAIOTh I130IPOIICCAMH.
OCKUIbKY KOJICH 13 TIapaMeTpiB razy He MOKe OyTH CTporo (DIKCOBAHUM, TO 130IPOIIEC
— 1€ 11eaTli30BaHa MO/JIEJb CTaHy 1eabHOTO Tra3y.

1.  I3oTepmiunMii mpoiiec

T=const 7,=T,

) ,
,

1m
> M AT=0 AU =0

Il
O

4 cHCcTeMa BUKOHYE po0O0TY B pe3yJibTaTi Tenjionepenavi
2. I300apHuii npouec
P

=const P, =P, AP=0
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AU = 4+ Q -nmepimii 3aK0H TEPMOAMHAMIKHM BUKOHYETHCS B IOBHOMY 00 C5I31.
3. I3oxopHuii mpouec
V =const V, =V, AV =0

A=-pAV po6oTa

A=0

AU =Q

3MiHa BHYTPIIIHBOI eHePrii cMcTeMH BiI0YBAa€ThCA 3aBASIKHU TeIJIoNepeaYi.

4, AniadbaTuyHMii mpouec

Q=0

AU =4 CUCTEMa MOXE BHUKOHYBAaTH POOOTY 3aBIAKM 3MIHH BHYTPIIIHBOT
eHeprii

T, >T2,t— 4ac, T, =T,

B pesynbTrari TepMoanHaMIgHOT pIBHOBArK 4Yepes3 ASIKui yac cucteMa Oyae MaTu
OJITHAKOBY TEMIIEpaTypy 1 HE 3MOKEe BUKOHYBATH POOOTY.
BucnoBok: HeMOXIJIMBO CTBOPUTH IBUTYH MEPIIIOTO POY.

Jexkuyia Nel 1. TenjoBi MallMHi - 2 To.

Ilnaw:

1. dpyruii 3aK0H TEPMOUHAMIKA

2. Tperiif 3aKOH TEPMOJUHAMIKU

3.Po0oTa TernaoBux JBUTYHIB

4.ITuxn Kapno

5.KK/] TernoBux ABUTYHIB

Jlpyruii 3aK0H TepMOAUHAMIKH:

TensioBi mpouecu B npupoai He oOepHeHi. ['apsiue TLIO MOsKe MepegaBaTH
€HePrilo X0JI0THOMY TLIY, 2 00ePHEHOI 0 MPOIIeCy He iCHYE.

Ha ocHOBI Apyroro 3akoHy TepMoJAHHAMIKH HEMOKIUBO CTBOPUTH JIBUTYH
JAPYroro poay.

[cHyIO0Th nekuTbKa SKICHUX (POPMYIIOBaHb IPYTrOro 3aKOHY TEPMOIUHAMIKH SIKi €
PIBHOLIIHHUMU Ta BUILTUBAIOTH OJHE 3 OJIHOTO:

1 HemoxxmBa camo10BUThHA TEpeAada TEIJIOTH Bif TUTa MEHIIIE

Harpiroro 1o Tia outeie Harpiroro. (P. Knaysmnyca)

2 HemoxmuBHi 3aMKHEHH TPOIEC, €IUHUM pE3YJbTaTOM SKOTro Oyio O
BUKOHAHHS POOOTH 3a pPaxyHOK OXOJIOJ)KCHHS OJHOTO TiUla a00 HEMOXKIMBHHA BIYHUN
ABUTYH apyroro poxy (perpetuum mobile I1), To6To nBuryH, 1Mo Mir Ou mparoBaru,
HaIpUKJIaa, 3a PaxXyHOK CIIOKHBAaHHS BHYTPIIIHBOI C€HEPrii CBITOBOTO OKeaHy Oe3
xosonunbHUKa. (B. Tomcon, M. [InaHk)

3 HemosxmmBo ctBoputh ki1, KK/I sikoro 6yB 61 piBHUM ab0

OUIHIIIMM 32 CTO BICOTKIB.

[lepure popmymroBaHHS € Maike OYEBUIHUM 1 MATBEPIKYETHCS MPAKTUKOIO Ta
TOCBIIOM. B XOJOAUIBLHUX MalMHAX TEIJIO MEPENAEThCs BN MEHII Harpitux TUT J0
OUIbII HarpiTHX, aje 1€ BiAOYBA€ThCS 3a paxXyHOK pOOOTH CYNYTHHOI'O MPOLECY, a HE
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CaMOJIOBUILHO. BimHOCHO npyroro QopMyiIOBaHHS HEOOXTHO BIIMITUTH, IO B
BOTEPMIYHOMY TIPOIIECI BCE TEIUIO IEPETBOPIOETHCS B POOOTY, ane 3aMKHEHUM
BOTEPMIUHHI TIPOIIEC HE MOXKE OyTH.

Hpyre GopmyntoBaHHS BUIUIMBA€E 3 MEpLIOro 1 HaBmaku. JliiicHo, skmo 0 Oyna
MOYKJIMBICTh CaMOJOBUIPHO TIEpEIaBaTH CHEPTII0 BII MEHII HArpiroro Tulta A0 OUIBII
Harpiroro, To OyB OM MOXXJIMBHM, Hampukiaaa mukia KapHo, B SKOMYy 3a paxyHOK
OTpUMaHOi Bii HarpiBada 3a temneparypu T1 kinbkocTi TerioTi Q1 Oyna 6 BUKOHaHa
poborta A=QI1-11Q2[1, me Q2- KUIBKICTh TEIUIOTH, BIIJAHOI XOJOIWIHHHUKY 3
temmeparyporo T2<T1.. Ilicna 1poro Bim X0J0AMIIbHHUKA TerioTa Q2 mepenaeTbes 10
HarpiBada 1 po00Ta BUKOHYETHCS TUTLKH 32 PaXyHOK OXOJIOKEHHS HarpiBaya.

Tpere GopmymroBaHHS O3HAYaE, MO BCS TEIUIOTA MIOBUHHA IEPETBOPIOBATHCH B
po6oTy, a0 HaBITh OTpUMaHa poOoTa Oy e OUIBILIOO 3a KUIbKICTh OTPUMAHOI poO0oUYUM
TUIOM B HarpiBada TEIUIOTH, IO CYNEPEUYHUTH 1 MEPIIOMY 1 APYroMy HOPMYITIOBAHHIM
JIPYroro 3aKOHY TEPMOAUHAMIKH.

TpeTiii 3aK0H TePMOJIHHAMIKH

Tperiii 3aK0H TepMOAMHAMIKH  HEMOMJIMBO A0CAITH adcoar0THOro 0
TeMIEePATYPU TAK SIK HEMOKJIMBO MOBHICTIO 3YNMHHMTH PyX YACTHHOK 3 SIKHX
CKJIAA€THCA TIJIO.

TemyioBi AIBUT'yHH
TemmoBo0 Ha3WMBaIOTh MAaIIMHY, B KA BiIOYBAa€ThCS B3a€MOIIEPETBOPEHHS
TEIUIOBOi €Heprii 1 MexaHMHOI poboTu. 3a CBOIM NpPU3HAYEHHSM TEIUJIOBI MAITMHH
MOJUISFOTHCSI HA TPY OCHOBHUX TUIIH: TEIJIOB1 JBUTYHH, TEIJIOBI HACOCH Ta XOJIOUIbHI
marmmny. Tepmiuanii KKJI TernmoBoro aBuryHa € BiTHOIICHHS POOOTH, SKY JICTAIH B
pe3ynbTaTi 3AIMCHEHHS MPSIMOTO OOOPOTHOTO IMKIY, A0 TEIUIOTH, MIABEAEHOI 10
poOoUoro Tia Big HarpiBHUKA

Po0oTa TemsioBoi MalIMHU OCHOBHA HAa MNEPIIOMY 3aAKOHI TEPMOJAUHAMIKH
KinbkicTh TEem10TH SIKa BUAUISETHCS NMPU 3rOPaHHI MAJUBa i€ HA BAKOHAHHA
po06040ro X0y TeIJIOBOI MAIIMHU i HA 3MiHY BHYTPIllIHbO1 eHepril

CHCTEMH

Q =A+AU

Harpire Tisio Q;

Po6oueTizio A=Q1-Q>

XoaoauabHUK Q7

Harpisau Q- kinbKicTh TemnoTu Harpisaua
Po6oueTino — A= Q, —Q, xopucrapoboua Temnonarpisaga

XO0JIOTUIHLHUK Qz -KUIBKICTh TEIUIOTH XOJIOIWIHLHUKA

Jlisg Toro mo6 TeroBUMl JBUTYH MIr BUKOHYBAaTH MOCTaBJICHY 3a/ady B KIHIII
KOXXHOTO MPOILIECY MOBUHHA CIIPAIIOBAaTH CUCTEMAa OXOJIOJKEHHs siKa 3a0epe €HEepTio
110 MilIJIa Ha HarpiBaHHS CUCTEMH, JIJIsl TOTO 00 MEePEBECTH B OYATKOBHU I CTaH .

Huxa Kapno aJis onucy po00TH ifeajabHOI TeNJI0OBOI MAIIIMHM .

OcHoBHe 3aBJIaHHS, sIKE MOCTaBUB c001 3a MeTy KapHo, noJisirano y BU3HaY€HH1
napameTpiB, Bin sAkux 3anexkuts KKJ[ termoBoi Mammuu. [lpu mpomy BiH
NPOJEMOHCTPYBaB  IMO-CIPABKHBOMY HAYKOBO-TCOPETUYHHUHN MIiAXiA, TOMY IO
HamaraBcs Bu3Hauntu KKJ]| mMammau HesamexHO Bif "SKOTOCHh MeXaHBMY', "SIKOTOCH
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MIEBHOTO areHra', TOOTO TMPOIMOHYBAaB PO3IJISIHYTH idealbHy TEIUIOBY MaAIIMHY.
OcoOmmBicTIO I1I€1 1M€aThbHOT MalmMHU OyJI0 Te, IO BC1 3MIHM B Hili MMOBWUHHI OYyJH
Bi10yBaTUCsl 00OOPOTHUM ILIUIIXOM.

OOGOpOTHMM HA3MBAETHCS TPOIEC, IO MOXKE WTH SAK Yy MPAMOMY, TaK 1y
3BOPOTHOMY HampsAMKY, 1 ITICJII TOBEPHEHHS CUCTEMH Y BUXITHUMA CTaH BOHA (CHCTEMa)
3QMIIAETHCA HE3MIHHOI. Bynb-akuii HIMHA TpolleCc HA3MBAETHCS HEOOOPOTHUM.
BusiBnsieThest, SIKIO BUKITIOUUTH 3 PO3TJISTY SIBUILA, IO BIIOYBAIOTHCS B MIKPOCBIT1, TO
B Ipupo/11 abcooTHO 000poTHUX IpolieciB He icHye. Ille JIazap KapHo 3BepHYB yBary
Ha Te, mo i1 npocsarHeHHs HauBumoro KKJ[ mpm moOymoBi i ekcruryarartii
MEXaHITHOTO MTPUCTPOIO MOTPIOHO 3BECTH A0 MIHIMyMY YAapH, TEPTs, IHITHUMH CJIOBaMH,
ycl1 IpOLECH, 1110 MPU3BOATH 10 BTpaTH "kuBoi cuin'. Can 1 KapHo o0rpyHTOBYE CBO 1O
TEOpi0, PO3MIAJAI0YU TPOIEC OJEpKaHHS pyXy 3 Teljia Ha OCHOBI 3arallbHUX
MIpKyBaHb, HEXTYIOUHM PI3BHOMAHITHUMH HECYTTEBUMH (DakTopamu y (DYyHKIIOHYBaHHI
MamuHW. BIH HamaraetbCs BHM3HAYWTH, BII 4YOro 3alekuTh MakcuManbHuil KK]J
maimHu. Tomy 1 6epe Js po3risiay 1neali3oBaHy MallMHy, ICTOTHOK OCOOJIMBICTIO
npolecy sKOi € UMKIYHUNA W oOopoTHuil xapakrep. fk poOoue Two Kapno
BUKOPHUCTOBYE TOBITPS, MO0 YHUKHYTH CKJIQTHOCTEH, MOB'sI3aHUX 31 3MIHOIO (pazu —
NEPETBOPEHHSIM BOJM Ha Tapy, a MOTIM Mmapu — Ha Boay. bumemie Toro, Kapho
NPUXOJAUTh 10 BIpHOTO BHUCHOBKY: i migBuineHHs KKJ[ Ttpeba yHukaTe mpsmux
KOHTAKTIB MDK HarpiBadeM 1 XOJOIWIbHUKOM, 100 KO/JHA 3MiHA TeMIepaTypH He Oyia
3yMOBJICHa TIPSIMHUMH TIOTOKaMHM TeIla MDK JBOMa TUIAMH, SIKI MaioTh pPIBHY
temneparypy. Lli HOTOkM HE BUKOHYIOTh HIIKOT MEXaHIYHOI pOOOTH ¥ MPU3BOJSITH /10
3HmKeHHs KK/I.

Huka Kapno6 — tepMoauHaMIaHUIA LIUKIJI, SIKUU CKJIala€ThCS 3
JBOX BOTEPMIYHUX TPOIECIB 1 JBOX amiadaTHMX TMpoIeciB, MO0 IOIMEPEMIHHO
4epryrThes Mbk coboto. Hazsanwuii 3a im'sim H. JI. C. KapHo, ¢paHITy35K0T0 BY4EHOTO Ta
IHXKeHepa, KOTpU Brepuie iloro onucas y cBoill npaui «lIpo pyuriiiHy cuiay BOTHIO Ta
po MaIIWHH, 0 37aTHI po3BuBaTH If0 cuiny» Lukn KapHo ckiagaeTbest 3 40THPHOX
CTaIIi:

1. Po6oua pedoBuHa po3MPIOETHCSI (130 TepMIUHUH TIPOTIEC).
2. Po6oua pedoBrHa pO3IMPIOETHCS (a1ia0aTUIHUH TIPOTIEC).
3. Po6oya peuoBrHA CTUCKAETHCS (130TEpMIYHUI ITPOTIEC).
4. Po6oya peuoBHHA CTUCKAETHCH (amiabaTHUHUI ITPOILIEC).
P
b
&
’!‘
g 2
0 v

1-1' BomeTpuvHE PO3IMHMPECHHAS
1'-2 apiabatuuHe po3UIMPEHHS
2- 2' BOMeTpUYHE CTUCKAHHS
2'-1 amiabaTnyHe CTUCKAHHSA
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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

HemoXnmBIiCTh MOBHOTO TEPETBOPEHHS BHYTPIIHHOI €HEpTii razy B poOOTY
TEIUIOBUX JIBUTYHIB 00OYMOBJIEHA HEOOOPOTHICTIO MPOIECiB y mpupoal. AkOu TerioTa
MOTIJla MUMOBUILHO TIOBEPTATUCS BII XOJOAWIBHUKA 1O HarpiBada, TO BHYTPIIIHS
eHeprisi Moryia 0 OyTu LUIKOM MEPETBOPEHA B KOPUCHY POOOTY 3a IOMOMOIOI0 OYy/b -
SIKOTO TETIOBOTO JBUTYHA.

BignoBigHo 10 3akoHy 30epeXeHHsS eHeprii po0oTa, 3/IMCHIOBAHA JBUTYHOM,
JOPIBHIOE:

A=|QIHQ2]

e Ql — KUTbKICTh TEIUIOTH, OTpUMaHa B HarpiBada, a Q2 -KUIBKICTh TEIUIOTH,
Bi/IJIaHa XOJIOIUIIbHUKY.

KoediienToM KOpUCHOT il TEMIOBOTO ABUT'YHA HA3UBAIOTh BIIHOILIEHHS POOOTH
A', 311iCHEHOT IBUTYHOM, J10 KUTbKOCTI TEIJIOTH,

A 1001101, 19,
o1  19/] 0,

OTpHMMaHIi Bl Harpigaya:

KKJI temnoBoro nuryna wmenmie omuauill. Ilpm T1-T2=0 nBuryn He Moxe
MIpaIffoBaTH.

Maxkcumanbae 3HadeHHss KKJ[ TeroBux ABUTYHIB. 3aKOHU TEPMOJIMHAMIKU
JO3BOJIIIOTh  00YMCIUTH MakcuMmainbHO MoxumBHid KK/ TermnoBoro aBuryHa, mio
IIpaIToE 3 HarpiBaueM, mo Mae temreparypy T1, 1 XoJoAuiIpHUKOM 3 TeMItepaTyporo T2.
VYnepiue 11e 3poouB ¢ppaniy3bkuii iHxkeHep 1 Buenuid Caau KapHo.

KKT=2=% .100% KKI=1=T2 .100%

Q T,

Kapno npuaymas ieanbHy TEIUIOBY MAIlIMHY 3 iI€aIbHUM Ta30M sIK poboue T1O.
Bin onepkas nist KK/ i€l manvay HacTyiHE 3HAYEHHS:

Ak 1 ouikyBanoch, KKJI mammuum KapHo npsiMo mnponopuiiHuid pi3HMII
a0COJIOTHUX TEMIIEpaTyp HarpiBada i X0J0MIbHHUKA.

["onoBHe 3HaueHHS 111€T hOopMyIH ToJIsITae B TOMY, sIK 10BIB KapHo, mo Oy b -sika
pealbHa TEIUIOBA MalllMHA, 110 MpaIloe 3 HarpiBadeMm, 1o mae Temneparypy T1, i1
X0JIONUIBHUKOM 3 Temneparyporo T2 me moxe marm KKJI, mo nepesumrye KKJ|
I€aIbHOT TEIUIOBO1 MAIIIMHU.

[Tpu Temmeparypi X010 IMIbHUKA, PIBHIN a0COIOTHOMY HYIIIO, 1)=1

;};l:

Jexuyia Nel2. PeanbHuuiiras - 1 roa.
Inaw:
1.PiBasinasa Ban-nep-Baansca.
2.KputnuHa temrieparypa.
3.Edexr xoyna-Tomcona.
4.3pimKeHHS Ta3iB.
5.KpiorenHa TexHika 1 ii BAKOPUCTAHHS B C/T.
Pisusinas Ban-gep-Baannca.

PeasabHi rasu. Ha mpaktuill 1ocWTh 4acTo JOBOJIMUTHCS MaTd CHpaBy 13
peUTbHUMH Ta3aMW — HANpUKIAA, CTUCHYTMMH Ta3aMd B TOBITPSHHUX TajbMaXx,
BIIOIMHMX MOJIOTKaX, Kommpecopax Tolo. JlochmikeHi HaMu BIIACTUBOCTI ra3iB
CTOCYIOThCS I€AILHOTO razy — rasy, JJisl sSIKOTO BJIacHUM 00’€M MOJIeKys (aTOMIB) 1
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B3aEMOJIiI MDK HMMH HE BIUIMBAIOTh Ha JOCIII)KYyBaH1 SBUINA. BUIBIICTh peabHUX
ra3is, sIK y)K€ 3a3Ha4ajI0Ch IMPH KIMHATHIN TeMIIepaTypi i HOpMaIbHOMY aTMOC(hepHOMY
TUCKY 32 CBOIMH BJIACTHUBOCTSIMHU OJIM3BKI 0 1MeanbHuX. [IpoTe 3 migBHUIIEHHSM THCKY
peallbHl Ta3uW MOBOJATH Ce€0€ MO IHIIOMY HOPIBHSAHO 3 II€aJbHUM, 30KpEMa MpH
CTHCKaHHI, KOJM CYTTEBO MPOSBISIOTh ce0e CHIIM MDKMOJCKYIIpHOi B3aeMoii. 1106
OTIMCAaTH BJIACTUBOCTI peaIbHUX Ta3iB, MOTPIOHI HIN PIBHSIHHS, 1HIIA MOJIENb, OJIMKUYa
3a BJIaCTUBOCTSIMU JI0 PETLHOTO ra3y.

PiBHsIHHS CTaHy  PpeajIbHOIO raydy (piBHsaHHs  BaH-mep-
Baaabca). 3a10BITbHOI0O MOJICIUIIO PEAbHOTO Ta3y, € Taka, B SKIA MOJEKYJIH Ta3y
MaroTh BJacHUW 00’€M, 1X MOHA BBaKaTH aOCOJIIOTHO TMPYKHUMHU KyJbKaMU MDK
SKUMU JIFOTh CHJIM TPUTSITAHHS, CHJIA BIIIITOBXYBAHHS MPOSBISIIOTH ce0€ Y MOMEHTH
3ITKHEHb.

B peanpHux razax 9acTUHKH Ta3y MalOTh PO3MIPH 1 B3aEMOIIIOTh MK COOOFO0

PV= % RT-piBusaHs MeHneneera

PiBusinast Ban —nep—Baabca
a m

(P—Wj(v —b)=VRT

a 1 b crani Ban-nep-Banbca siki BpaxoBYIOTh BilTIOBiHI PO3MIPU MOJICKYJIH Ta3y
Ta CTYMiHb B3a€MOTIi. J[JI1 KO)KHOTO BUY peabHOTO ra3y I1i CTaii 1 IX MOYKHA B3STH JIJIS
KOXXHOTO BHJY ra3y 1 iX MO>KHa B3sITH IOCTIMHI piBHAHHS Ban-nep-Banbca.

PiBHsiHHA BaH nep Baanbca omnmcye 30UIbINIEHHS THCKY IMPU 3MEHIIEHHI 00'eMy
PO3pIIKEHUX Tra3iB, MEpeHacH4eHy TMapy, Meperpiry piauHy, pi3Ke 3MEHIICHHS
CTUCIMBOCTI B piAkii ¢a3i. PiBHsHHS Ban aep Baanbca Bu3HAYa€e TakoX KPUTHUHY
TeMIIepaTypy, BUILE SIKO1 ra3 He 3pm>1<yeTbc;[ IPH KOJTHOMY TUCKY. DaKTHIHO p]BH?IHHSI
Ban gep Baanbca omucye pBHUII0O MDK CTaHOM pPEAJbHOTO Ta iI€ATHHOTO Ta3iB.
[lompaBku a 1 b MaroTe OinbIe 3HAYEHHS MPHU BUCOKUX THCKax ra3iB. Hampukman, mais
a30Ty MMPH TUCKY TTOPSAKY 80 aT™M po3paxyHKH IMPOBEICHI 3a PIBHAHHIMU 1€ATbHOTO Ta
peaIbHOrO ra3iB pBHATHCS NpUOIUM3HO HA 5%, a pu TUCKY No psiaAKy 400 at™M pBHULS
ckiaznae Bxe 100%.

PiBHAHHA BaH nep Baanbca omucye ra3, MOJIEKYIM SIKOTO B3a€EMOJIOTH MDK
c000r0. MoJieKyIi IPUTATAIOTHCS Ha BETTMKUX BIICTAHAX 1 BUIIITOBXYIOTHCS, X0 ISTIN
O6mm3bpKo oaHA 10 0aHOI. [IpuTaryBanHs 3ymMoBieHe BaH Jep BaamscoBumu cunamu, a
BUIIITOBXYBaHHS — npuHLUINOM [laymi.

3a CBO€EO MPUPOI0I0 b — BUKITIOUEHUI 00'€M, SIKUI BUHUKAE Yepe3 HETOUKOBICTh
po3mipy MoJjekyn. llapamerp a omucye mpUTATYBaHHS MDK MOJIEKYJaMH Ha BEJWKIN
BIICTaHL

Kputnuna remneparypa.

KpuTnyHa TeMieparypa — Taka TeMIepaTypa, NpH sKii TI'yCTHHA i THCK
HACHMYEHOI Tapu CTalOTh MaKCUMAIbHUMH, a TYCTHHA PIIMHU, M0 mepedyBae y
JVHAMIYHIA pIBHOBa3l 3 Mapo, CTae MiHIMaIbHOW. [Ipu Temmeparypi, BuIii 3a
KPUTHYHY TEMIIEPATYypy ra3y, HOro HEeMOMKIIMBO CKOHACHCYBATH MPHU KOTHOMY THCKY.

3a3BUyail KpUTUYHA TeMIiepaTypa nmo3HadaeTbcs Tk abo Tc.

Ha xputnuniii Botepmi 007acTh, B SAKIM THCK B Ta3l MPH KOHJACHCAIll HE
3MIHIOETHCS 31 3MEHIICHHSIMHU 00'eMy (MOIYJIb BCEOIYHOTO CTHUCKY JOPIBHIOE HYJIIO),
3BOAMUTHCS 10 OAHIET TOUkH. Ll TOuKa HA3UBAETHCS KPUTUIHOIO TOYKOIO.
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KputnuHiii TouIli BIIMOBIAAE KPIM KPUTHIHOT TEpMIIEpaTypPH TaKOK KPUTHIHUN
TUCK Pk Ta xputnuHuii 00'eM VK, SKHM, MpoTe, 3aeXaTh Bl Macu ra3y. 3a3Budyail
KPUTUYHI BOTEPMH TPOBOJAATHCA J1JIs1 MOJISI Tazy.

Tabnuys 3
Kpumuuna memnepamypa desxux peuosun
PeuoBuna Kputnuna
temmieparypa (°C)
Azot -146.9
AproH -122.29
bpom 315
Bonenb -240.17
Iemii -267.96
o 546
Kucenp -118.57
Kpunron -63.7
Kcenon 16.58
ApceH 1400
Heon -228.75
Panon 105
PtyTh 1477
Cenen 1493
Cipka 1041
docdop 721
®rop -128.85
X7op 143.8

Edexr I:xoyasa-TomcoHa.

Edexr Ixoymns-Tomcona— 3MiHa TeMIieparypu rasy i yac Horo aaiabatiaHoro
po3mmpeHHs (IpocenoBanHs ). Mae MIHYCOBHII Ta TUTFOCOBUH €(DEKTH.

AniabatnyHui  TIpolleC  BiAOYBA€ThCS TMpPHU  BIACYTHOCTI TEIJIOOOMIHY 13
cepenoBuiieM. Ilpu amiabaTnyHOMY pO3IIMPEHHI ra3 BHKOHYE POOOTY, BTpavarouu
BHYTPILIHIO €HEPTit0, 10 MPU3BOAUTH 10 TOHWKEHHS TEMIIEPATYpH.

Edext JIxoyns-ToMrcoHa BUKOPHUCTOBYETHCS [JIi OTPUMAHHSA HAIHU3BKUAX
TeMIIeparyp, 3piIIKEeHHS Ta3iB, TOIIIO.

3pin:keHHH rasis.

OCHOBHOIO CUPOBHUHOIO I OJI€pXKAHHS 3PIIKEHUX BYTJIEBOJHUX ra3iB € Ty4HI 1
npUpOIHI HAPTOBI ra3u:

a) MoImyTHUI HadTOBUI Ta3 HA Ta300€H3MHOBUX 3aBOJAX;

0) raz TEpMIYHOI 1 TEPMOKATANTUYHOI NepepoOKn HaPTU 1 HAPTONPOIYKTIB HA
YCTAaHOBKAaX TEPMIUHOTO KATAJTITUYHOTO KPEKIHTY, MPOJIi3y 1 KOKCYBaHH I, alIKUTFOBAaHHS
1 HIIIMX TIPOIIECIB;

B) INITYy4YHI Tra3d Ha 3aBOJaX CHHTETHYHOTO MOTOPHOTO MaiuBa (3aBOJAM
JNECTPYKTUBHO-TIIPOreH3alIiHOT MEepepoOKH BYruuisl 1 BaXKUX Ha(TONPOIYKTIB,
CHHTE3y MOTOPHOTO MAJIMBAa, 3 OKCHJTY BYTJICITIO 1 BOJTHIO # 1H.);
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I') MPUPOJHI Ta3W, IO MICTATh KPIM METaHy, JesKa KUTbKICTh OUIbII Ba)KKHX
BYTJIEBOJIHIB. TOMY IT10 B MPHUPOTHUX I'a3aX BMICT OUIHII BaKKUX BYTJICBOIHIB (TIPOTIaHY
1 0yTaHy) HEBEJIMKUH, TO OJIEPAKYIOTh 3 HUX PIIAKI Fa3u AYXKe PIIKO;

J1) Ta30KOHJICHCATHI POJOBUINA MPOMHUCIOBOTO 3HaueHHs. HalOuibily I[IHHICTH
JUISL OJIep KaHHS PIIKUX BYIJICBOJHEBHX Tra3iB MarOTh MomyTHI HadToBi razu. Hadra Ha
BUXOJIl CeMapaTopiB, y 3aJEKHOCTI Bl PEXKUMY Cemapailii, TaKOX MICTUTh 3HAYHY
KUIbKICTh PO3YMHEHMX Y HId BaXKUX BYTJIEBOJHEBUX Ta3iB. ['a3u, siki BUAUIIOTHCS 3
Ha(TH, MICIs cenaparopiB, MICTATh 0m3bK0 30% npomnany, 30-35% OyraHy 1 OJM3bKO
30% razoBoro Oen3uny. Lli rasm, ToOTO Ta3u, OTpUMaHiI B Pe3yIbTaTi cTaOLTBAIL
HadTH, € MIHANMU 17151 BUPOOHMIITBA 3PIKEHUX T'a3iB, M0 3BUYAWHO 1 BUJIY4alOThCs Ha
ra300eH3MHOBUX 3aBOJIaX.

[Ty4uHi, 3aBoACHKI HAQTOBI Tr'a3u, TOOTO Ta3u, OTPUMaHl NPHU AECTPYKTUBHIM,
TEPMIUHIA 1 TEpPMOKATANITHYHIA TIepepoOIi HapTH, PI3KO BIIPBBHAIOTHCS 3a CBOIM
CKJIQJIOM Bil IPUPOJHUX I'a3iB, SIK Bi/l MOMYTHUX, TaK 1 BII MPUPOTHUX.

Lle po3xomkeHHsA TOJIATae B TOMY, IO IITy4HI HAQTOBI ra3d MICTATh 3HAYHY
KUIbKICTh HEHACUYEHMX OJIEPIHOBUX BYTJIEBOAHIB, IO € YK€ ILIIHHOIO CUPOBUHOIO AJIs
0e3J1141 BCUIIKUX peaKIliii OpTaHIIHOTO CHHTE3Y.

OTXe, 0CHOBHUMHU JIKEPEIIaMHt JIJIS OJIep KaHHsI MAJTMBHUX PIIKUX BYTJICBOIHEBUX
ra3iB (mpomaH, OyTaH) MOBHUHHI CIY)KUTH IMOIYTHI Ta3W, Ta3u Ta30KOHJIEHCATHUX
pPOJOBHUIL, INTy4YHI HAPTOBI ra3u 1 ra3u JECTPYKTUBHOI TiApOreHi3aui TBEpPAOro 1
pinkoro manmmBa. OfHaK BapTO BKa3aTH, IO Ta3d TEPMIYHOT 1 TEPMOKATATITHYHOI
nepepoOku HapTH 1 HAQTONMPOAYKTIB, SIKI TMICTSITh 3HAUHY KUIBKICTh PEAKIIIHO -
37aTHUX HETPAHUYHMUX BYIJIEBOJHIB, Hacamrepe/, MOBUHHI MiIaBAaTUCS BIIMOBIIHIN
nepepoOui A iXHbOro (ppakiioHyBaHHS 3 HACTYIIHUM BHUKOPHCTAHHSIM Y PIBHUX
cUHTe3ax. Y 3B'S3Ky 3 BUKJIAJEHUM, IPOLIECH OJIEp>KaHHS PIIKUX BYIJIEBOJHEBUX ra3iB
OyIyTh HIDKYE PO3TJISTHYTI CTOCOBHO JI0 MMOTYTHUX 1 IHIIMX aHAJIOTTYHUX Ta3iB.

Kpiorenna rexnika i ii BAKOPUCTAHHA B C/T.

Kpuorenna texHika, TexHika 3100yTTs 1 BUKOPUCTaHHA KPUOTEHHUX TEMIIepaTyp,
T00TO Temmeparyp Hkde 120 Jlo.

OcHoBHI ITpo06JIEMH, 1110 BUPIIIYIOTECS J10. T.: 3pimKyBaHHs ra3iB (a30Ty, KU CHIO,
TeNio 1 1H.), iX 30epiraHHs 1 TPaHCTIOPT B PIIKOMY CTaHI; pO3JAUICHHS Ta30BUX CyMIIIEH 1
BOTOMIB HU3BKOTEMIIEPATYPHUMH METOJaMH (HANPUKIIAI, MPOMHCIOBE 3100yTTA
YHUCTHX a30Ty KHCHIO 1 aproHy 3 MOBITPS: BUAUICHHS JTEUTEPIFO PEKTU(DIKAIIEIO PIIKOTO
BOJIHIO 1 T. 7.); KOHCTPYIOBaHHS KpilopedpiKeparopoB — XOJOJUIbHUX MAIIWH, 1110
CTBOPIOIOTh 1 MIATPUMYIOTh Temneparypy Huwxkde 120 Jlo; oxonoaxyBaHHA 1
TEPMOCTATyBaHHs MPU KPUOTEHHUX TeMIIeparypax HaANPOBIAHHUX 1 €IEKTPOTEXHIYHUX
OpUCTPOiB (MarHiTiB, COJEHOIAIB, TpaHC(HOPMATOPIB, E€IEKTPUUHUX MAIIMH 1 KaOemiB,
By3JiB EOM(enekTpoHHa 004YHUCIOBaIbHA MAIllMHA), TIPOCKOMIB 1 T. I1.), €IEKTPOHHUX
npwiaAiB (KBaHTOBHX MIICHJIIOBAYIB 1 TEHEpATopiB, NpuiiMadiB 1H(pPauepBOHOTO
BUIIPOMIHIOBAHHS 1 T. J.), OI0JIOTTYHUX 00'€KTIB; po3poOKa amapaTypH 1 yCTaTKyBaHHS
JUIs1 TIPOBEICHHS HAyKOBHX JOCIUKEHb MPU KPUOTCHHUX TeMIleparypax ( KpiocTaris,
OynbOAaIIKOBUX KaMep 1 1H.).

Jexuyia Nel3. B’sa3kicTh pinunn. 3akon Ctokca —1roa.
Ilhaw:



1. IncanmpHa pinuHA

2. MexaHi3M BUHUKHEHHS CHJI BHYTPIITHBOT'O TEPTS.

3. 3akoH HeroToHa IS CHiIU B'SI3KOCTI.

4. OBUYHUIN 3MICT KOE]IIEHTA B'I3KOCTI.

5. YMoBa 17151 pIBHOMIPHOTO PYXY KYJIBKH B PIIHHI
6. 3akon Ctokca

IneanbHa piguHa ue pinuHa 6e3 Teptda. BciM peambHuUM pinuHaM 1 raam B
OUIbIII YW MEHIIA MIp1 BJIACTUBA B'S3KICTH a00 BHYTpILHE TepTsa. B'sA3KicTh
MPOSBISIETBCS B TOMY, IIIO IICJISA MPUITMHEHHS MPUYWH BUHUKHEHHS PYXy B piIuHI 00
rasi, 1o WOro BUKIMKAIU, TOCTYIOBO MPUMUHAETHCS.

Pyx pinunu, mpu sSIKOMy IIApW PiAMHM KOB3aIOTh OJIMH BITHOCHO OJHOIO 0e3
BUHUKHEHHS 3aBUXPEHb HA3UBAETHCS JIAMIHApHUM. BNacTUBICTh PITUHU CTBOPIOBATU
OTp TEPEMIIICHHIO OJHOTO, Iapy BIIHOCHO APYroTO HA3WUBAETLCH 8's13xicmio, abo
BHYMPIUWHIM MEPMSM.

MexaHi3M BUHUKHEHHSI CHJI BHYTPIllIHBOIO TePTH: B'A3KICTh BUHUKAE TOMY,
110 Ha FPaHMILIl PO3MOILTY ABOX IAPIB PIIMHM, 110 PYyXatOThCS B OJJHOMY HalpsSIMKY, aJie
3 pIBHUMH IIBUAKOCTSIMH, JI€ CHIIA, SKa HAMAraeThbCs 3pIBHATH IMBHAKICTH 000X IIapiB.
s cuma, oOyMoOBIIeHa MEPEHOCOM KUIBKOCTI PyXy 3 OJHOTO IIapy B IHIIWH, 3aBASKH
TEIJIOBOMY PYXY MOJIEKYJI, 1 HA3UBAETECS CUIIOIO B'I3KOCTI.

3rigHo 3akoHy HproTOHA cuma B'S3KOCTI (BHYTPIIIHEOTO TEPTA), MO 3YMOBIIIOE
pyX MapiB PIAMHU OJHWH BIZHOCHO APYroro, MpOTOPIliHHA KOe]IlIEHTOB1 B’ SI3KOCTI,
VIOl 1IapiB, MO SIKOMY BiIOYBa€ETHCA PYX, Ta TPAAIEHTY IMIBUAKOCTI TEUii.

@®opmyna HpoToHAa AJsl CHJIM B'S3KOCTI (BHYTPIIIHHOTO TEPTSA) Y BUMAIKY
OJTHOMIPHOTO PyXY (V =V(X)) JTOPIBHIOE

dv
—4+nS —
F=2ns (29)
1€ M— KoedilieHT B’ A3KOCTI, a00 IMHAMIYHA B’ I3KICTb,
S — mo1ma B3aeMo/Iii mapiB PIIMHM, IO PYXAFOTHCH,

dv . . . .
i TPaliEHT IMBHAKOCTI  pyXy  MOJIEKyl B310BX Bici OX, sxuid
X
NePICHIUKYISIPHUN TPaHUIll PO3IIOILTY APiB PITUHU.
Bignomenns ?:AA—V MOKa3ye 3MIHy MIBHJIKOCTI MPU MEPEXOl BiI IIapy 10
X AX

apy B HampsiMi X, MEPHEHAUKYSIPHOMY 10 HaMpsAMYy PyXy IIapiB, HA3HBAETHCS
rPaJIEHTOM IIBUIKOCTI.

AV =V, -V,

e Vz WV, — MIBUIKOCTI MApiB, AX— BiICTaHb MDK IIApaMH,

3HaK * y ¢opmyi (1) BiANOBiAa€E ralbMy0Uiil 1 MPUCKOPIOIOYIH CHIIaM.

Koegiyiecum nponopuyitinocmi, skuil 3anexcumos 6i0 Npupoou i cmany piouHu
HA3UBAEMbCA KoepiyicHmom 8 s13k0cmi abo HYMPiHb020 Mepmsl.

B’askicme eupasicaemobca 6 nackanv-cekynoax (Ila-c): ooun nackanvb-cekynoa
00pisHIOE KoeqhiyicHmy OUHAMIUHOL 8 A3KOCMI cepedosulyd, 6 KOMY Npu AAMIHAPHIU
meuii i 2padieHmi weuoKocmi 3 Mooynem, wo 0opisHwe Im/c na Im, eunuxae cuna
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BHYMPIWHL020 Mmepms 6 OOUH HbIOMOH Ha Im? nosepxHi Oomuky wapis.
(I1a-c=1H-c/m?).

Dizuynun 3micm koeiyicuma 6'si3kocmi 1. KOEPIEHT B'SI3KOCTI YHCEIBHO
JOPIBHIOE CHUJII BHYTPIIIHHOTO TEPTS, 110 BUHHUKAE HA MEXI JIBOX MIAPIB OJUHUYHOI
VIOl TPU TPAIEHT] IMIBUIKOCTI pIBHOMY OJIMHHIIL

KoegiieHT B'A3KOCTI 3aleXUTh Bil POAYy PIAMHM 1 Bil TeMmmeparypu. 3
MIBUINICHHSIM TEMIIEpaTypH PUIMHY BIH 3MCHIITYETHCS, TaK K IMPH I[bOMY 30UTBIITYETHC 5
cepeHs BIICTaHb MDK MOJIEKYJIAaMHU, 1 BIIMOBIIHO 3MEHILYETHCA 3B'SI30K MDK HUMHU.

IIpu pyci Tia y B'I3KOMY CEpelOBHILI 3 MaJIUMHU IIBUIKOCTSIMU Ha HbOTO JII€
CuJIa B'A3KOCTI TOMY, IO TUIO SIKE PYXa€ThCS B PIIMHI 3aXOIUTIOE TPUJIETIL 10 HbOTO
IIIapy 1 TOMY 3a3Ha€ OTip 3 OOKY piIuHA

F=—uV, (30)
7€ | — Koe(ILieHT ONOopy CEPEeNOBUILA, 3B'13aHNUHN 3 KOE(ILIEHTOM B'S3KOCTL

V — HBUAKICTH BITHOCHOTO PYXY.

[Tpu Mamux MBUAKOCTAX pyXy TUIa, pyX PUIMHU BITHOCHO HHOT'O MOKHA paxyBaTu
JaMIHApHUM 1 KOe(QILUIEHT ONOpYy B LIbOMY BHIAAKY 3aJICKUTh BII PO3MIpIB TUIa Ta
koedimierTa B's13kocTi3akoH CToKca.

Komm kynpka pyxaeTbcst B piiuHI Ha HEl JAIFOTH TPHM CHJIM: 1€ CWiIa TSOKIHHSA Fi,
cuna tepTs Fqp 1 apxiMenoBa cuna F (BUIITOBXyBalibHA) puc. 1.
3rigHo npyroro 3akoHy HbroTOHA BEKTOpHa cyMa BCIX

F'rp . .
0\ MPUKIIAEHUX JI0 TUTa CHJI YUCEThHO TOPIBHIOE TOOYTKY Macu
N Fa TiTa Ha HOTO MPUCKOPEHHS:
C) ma=F +F +F, | npu pisromipromy pyci a=0,
sinmosinuo O=F, + F,tF. . Cnpoekryemo Bektopu
\
Fr cumi Ha ice OY: 0= —F, +F, +F, . Orxe yMOBa J1JIs1
Puc. 1 PIBHOMIPHOT0 PyXy KYJIbKHM B PiiMHi:
' F.=F,+F,

3akon Crtokca: 1 TUl mAaponoAioHOT (POopMHU, SIKI PyXarOThCs 3 HEBEIMKUMHU
MIBUIKOCTSIMH, CHJia OMOpPYy pimuHu F mpomopiiiiHa MBUAKOCTI, paiiycy Kyii i
KOe(IIEHTY B’ SI3KOCTI.

F =6mVr

Jexuina Nel4. IllopepxHeBi sBuina. Cuiia noBepxHeBoro Hatary.— 1 roj.

Inaw:

1. IToBepxHeBI SIBUILIA.

2. BHyTpilHil TUCK.

3. ®BUYHMI 3MICT KOe]IIIEHTa TOBEPXHEBOTO HATATY .

4. Cwia TOBEpXHEBOT'O HATATY.

IloBepxHeBi AIBUINA CIIOCTEPIralOTHCS HA MEXK1 PO3TMOAUTY IBOX (a3, HAPHKIIA T,
pinuHM 111 Hacu4YeHoi mapu, PiTMHH, 1 TBEPAOTO TUIA, ABOX PIAUH, IO HE 3MIIIyIOTHCS.
[ToBepxHeB1 sSBUINA BIIIrparOTh BAXKIMBY POJIb B TAKHX IpoIlecax, K 30araueHHs py 3
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JOIOMOTO0 (prmoTarii, MOTIMHAHHA INIKUIJMBAX Ta3iB 1 Mapu, OTPUMAHHS CTIHKHX
eMYJIbCIH Ta 1H.

[ToBepxHs Mexi PBKO BIIPIBHAETHCS CBOIMHU (PI3BUKO-XIMIYHUMHU BIACTUBOCTSIMU
Bil 000X rpaHnYHUX (ha3.

Po3srmsHeMo moBepxHIO MEXIi ras - pinuHa. MoJeKyau B piMHaxX po3TallOBaHi Ha
BIICTaHl, 1[0 BIANOBIAAIOTh MIHIMAJILHOMY 3HA4YeHHIO eHeprili B3aemoni. Ha Takmx
BIICTAHSIX MOJICKYJIM IHTEHCUBHO B3a€MO/11t0Th. CHUJTM B3a€EMO/Iii 3aJieKaTh Bil IPUPO U
MOJIEKYJI 1 3HaYHO BIUIPBHSIOTHCS MO BEIWYMHI JJIs1 PBHUX PIIUH. TemioBuil pyx
MOJIEKYJI PITUHU CYTTEBO BIIPBBHIETHCS Bil TEIJIOBOTO pyXy MoJiekyn ra3y. CepemHi
BIICTaHI MDK MOJIEKyJlaMH OJIM3bKI O piBHOBaKHMX. lle o3Hawae, Mo MOJIEKyIn
KOJIMBAIOTHCSI OUISA ITOJIOKEHHS PIBHOBArv, aje B 3B'A3KYy 3 XaOTHYHICTIO TEIUIOBOTO
pyXy, amIUIITy1a KOJIMBaHb CYCIAHIX MOJIEKYJ PI3HA 14ac BiJ 4Yacy HACTUIbKH, 1110 JESKI
MOJICKYJIM TIEPECKaKyIOTh B HOBE IOJIOKEHHS PIBHOBAru 1 MOYHWHAIOTH 3 AIMCHIOBATH
KOJIMBaHHSI HABKOJIO HOBOTO ITOJIOXKEHHS PIBHOBArv. TaKMM YHHOM MOJICKYJIa MaHJIPY€E
10 BCbOMY 00'eMy pIIHHH.

Ha w™monekyny, mo 3HaxoauTbcs BcepeauHi pimuuau (puc., 8), AlOTh CUIH
B3a€EMHOTO TSDKIHHS 3 O0KY BCIX OTOUYYIOUHX 11 MOJIEKYJL.

Puc.8. Cxema 0ii cun na monexyny axa sHaxooumucsi 6cepeouni piouHu

PiBHOAIOYA IUX CHJT B MOJIOKEHH] 1 IOPIBHIOE HYJIIO 1 11 TIEPEMIIIIEHHS
MOJIEKYJIM BCEPEAUHI PIIUHH He MOTPIOHO BUKOHYBATH poOoTy. CHin
MDKMOJICKYJISIPHOTO 3B'SI3KY JIIFOTh TUIbKH Ha Y€ OJM3bKUX BIICTAHIX, TOMY Ha
MOJIEKYIy JI€ CHJIa TUIbKU 3 OOKY 11 HAOMMKYUX CYCITIB.

Jl71s MoJIeKyI1, po3TallloBaHUX IO MOBepXHi (puc . nonoxenHs I, III) ve Bci cunu
MOJIEKYJSIPHOTO TMPUTATHEHHS OyayTh CKOMIEHCOBaHL lle MosiICHIOETbCS THM, IO B
ra3oBii ¢azi (map Haj PUTMHOIO) MOJIEKYJIM PO3TaIllOBaHI OJTHA B OJHOI HA BEJMKHX
BIICTaHSIX, 10Ul MDK HUMHU CWJIM MDKMOJIEKYJIIPHOI B3a€MOJIIi HaJ3BUYAHHO MaJl 1 Ha
MOJIEKYJIM Ha MOBEPXHI AlIOTh CWIM TUIbKM 3 OOKYy MoJieKkyl pinuHu. OTxe, BCl
MOJIEKYJIM, 110 3HAXOJATHCS Ha BIICTaHI BiJ MOBEPXHI , MO po3auIie ¢a3u, MEHIIe
paziyca Jii MOJISKYJIIPHHUX CHJI, BITYyBaIOTh MPUTIATHEHHS 3 O0KY MOJIEKYJ CBO€T (ha3u.
JIia HUX pIBHOJIOYA MOJIEKYJISIPHUX CUJI HE JIOPIBHIOE HYIIO 1 HApaBJieHa BCEPEUHY
pIIUHHU.

Pezynomyroua 6cix cun monekyisipHoco npumsaeaHHs OilOYUX HA OOUHUYIO
NOBEPXHI, HA3UBAEMbCA MONEKYIAPHUM AD0 BHYMPIUHIM MUCKOM.

Ile came To¥ THCK, sSKMM TOTPIOHO Oyn0 O J00aBUTH 330BHI, JJII TOTO 1100
30eperty 00'eM pIIMHU HE3MIHHUM, SIKIIO O 3HUKJIO B3a€EMHE MPUTATHEHHS MOJEKYIL.
Buytpimniii tuck y Boau — 15000 atwm., y 6113052 — 4000 atwm.

47



[lin miero HE CKOMIEHCOBAHUX MOJICKYSIPHUX CHJI MOJICKYJIHM 3 TIOBEPXHEBOTO
IIapy HaMararThCs MEPEUTH 10 cepeanHu pinkoi ¢a3u. [lepexin Mosekyn 3 TOBEpXHI B
00'eM 03Ha4Ya€ CKOPOUYEHHS BUIbHOI MOBEPXHI piAuHU. TakUM YUHOM, piAUHA Mif AI€I0
BHYTPIIIHIX CHJI HAMAraeThCsl 3SMEHIIUTH BUTbHY TTOBEPXHIO, IKIIIO IbOMY HE 3aBa)KalOTh
iHIn cum. Tak, HapHKIaJ, HEBEMKI Kparl TyMaHy MaroTh Gopmy chepu, Tomy 1o
c(hepa Mae HaliMEHIITy OBEPXHIO IPH 331aHOMY 00'€ML.

Jl1st Toro, 100 301UIBIIUTH BUTbHY MTOBEPXHIO PUIMHH, TOTPIOHO BUKOHATH POOOTY
TUM OUIbIITy, YUM OUTbIle MPUPICT HOBepxHL. ToOTO

A =0c-AS, (31)
ne o — Koe(IIeHT TPOIMOPLIMHOCTI, 10 HA3UBAETHCS KOEIINEHTOM
MOBEPXHEBOT'0 HATATY, YU MMPOCTO TOBEPXHEBUM HATITOM.

OueBnaHO, 10

AA
c=—
AS

Dizuunuii 3micm Koeiyicnma nosepxuesozo namszy. llpu AS =10~ AA
Koe@iyicHm noBepxHe8o20 HaAmMsA2y HUCEIbHO OOPIBHIOE pobomi, AKYy HNOMPIOHO
suKoHamu OJisl 30LbUleHHsT NOBEPXHI piOuHU Ha oouHuyto. B cucmemi CI nosepxuesuii
Hamse sumiproemocs 8 Joic/m? uu H/m.

Komu min ni€0 cui MOJIEKYJISIPHOTO NPUTATAHHS MOJIEKYJIM MEPEXOJiTh Y
CepeIuHy PIINHU, TIOBEPXHS CKOpouyeThes. [Ipu 1boMy MIKpOCKOIIYHA KapTHUHA CUIL,
110 JII0Th Ha KOXHY OKpEeMY MOJIEKYITy, Oye JOCUTb CKIAAHOI0. Pesyromytoua Oiti cu,
W0 HanpaeneHi 00 cepeOunu piOuUHU, eK8iBaAIeHMHA Oii 0esKOoi CUU, NepNeHOUKYIAP HOT

00 KOHMYpa, Wo 0OMeNCYE NOBEPXHIO PIOUHU | HANPABIeHA N0 OOMUYHILU 00 NOBEPXHI
piOuHU HA3UBAEMECA CUIOI0 NOBEPXHEE020 Hams2cy. SIKIIO TPU CKOPOUYEHI MOBEPXHI

(32)

pedpo KOHTypa 3MIITYEThCS HA BEIUYUHY dx, to IIPU IbOMY CHJIOIO TTOBEPXHEBOTO
HATATY 31HCHIOETHCS poOOTa

dA=F.dx (33)
Cw MOJIEKYIISIPHOTO IPUTATAHHS 3IMCHIOIOTh 32 TOM 9ac poOoTy

dA=0c-dS . (34)
ne dS — 3MiHa TOBEpXHi, Ky MOKHA MPEJICTABUTH SIK TOOYTOK |- dx ,
ne | — gomxkuHa KOHTYpa, II0 0OMEXKye MOBepXHIO. IIOpIBHSBIIM Iii BHpasu

OTPUMAEMO ol -dx=F-dx
3Bincu
F
o=T (35)

npu |=1Lo=F .OTxe, MOXIJIMBO JaTW 1 ApYre BHU3HAUYECHHs KoeilieHTa

MOBEPXHEBOTO HATATY: KoeqiyicHm NnoBepxHe8020 HAMSAZY HUCETbHO OOPIBHIOE CUT
NOBEPXHEB020 HAMAZY, WO OI€ HA OOUHUYIO OO0BNHCUHU KOHMYPA, SAKA 0OMexCcye
NOBEPXHIO.
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Benuuuna nosepxnesoco namsey O 3anexcums 6i0 npupoou piouHu ma ymos 6
AKUX BOHA 3HAXOOUMbBCA, 30Kpema 6i0 memnepamypu. Tomy, mo6 BuzHauutH O |
HeoOXimHO 3adiKCyBaTH TeMIepaTypy MpH ki Oymnu 3po0JieH1 BUMIPIOBAHHS.

HanpyxeHnid cTaH IMOBEPXHEBOTO IApy PIIMHH HA3UBAETBCS HNOBEPXHEBUM
Hams2om; Iel CTaH BU3BAHO CUJIAMU MICTIICHHST MDK MOJICKYJIaMU IHOTO IIapy.

Ilin cunow nosepxmesozo namazy F po3ymitoTh CyMy CHWI NMPUTATAHHSA, IO

TIFOTh Ha KOHTYP, SIKHA 00OMEXY€ TTOBEPXHIO PITHUHH.

F=0-l

Moayab 4. EJjeKkTpu4HUi CTPyM.
Jekuyia Nel5. EnexkTpocTaTtuka- 2 ro.

Ilnaw:

1.EnextpuuHne noe.

2.HanpyxeHiCTb 1moJis.

3. Teopema OcTporpaachKOro.

4. TloTenuiant.

5.Hanpyra.

6.Hampyra B eIeKTpUIHOMY ITOJII.

7.EnektpuuHa HIYKITIA.

8.EnexTpocTatnyHui 3aXUCT.

9.EneKTpoeMHICTb.

10.KonneHncaropwu Ta iX 3’ € THAaHHS.

11.Eneprist eeKTpU4IHOTO MOJIA.

12.Tlonsipu3altis 1ieNeKTPUKIB.

13. lienexTpuyHa MPOHUKHICTb.

EnexkTpuune moJse

EnextpryHe mojie — 1e CKJIa[0Ba YacTHHA €JICKTPOMArHITHOTO TOJIs, SIKa OTIHCY€
B3A€EMO/III0 MDK HEPYXOMUMHU 3aPsiIaMHU.

KinbKicHUMEU XapaKTepUCTHKAMHU €JICKTPUYHOTO TOJII € BEKTOP HAIPY>KEHOCTI
enekrpuanoro noiask i Bekrop enexrpuunoi immpykmiiD.

VY BUMaAKy, KOJH €JEKTPUYHE TOJICHE 3MIHIOETHCS 3 4acOM, HOTO Ha3WBaIOTh
ENIEKTPOCTATUYHUM IOJIEM.

Po3nin ¢iBBuku, sSkuii BUBYAE PO3MOAUT CTATUYHOTO EIEKTPUYHOTO TMOJSI B
POCTOP1, HA3UBAETHCSI ENIEKTPOCTATUKOIO.

EnexktpuuHe moJie CTBOPIOETHCS 3apsKEHUMH TUIaMH, 30KpeMa 3apsiIKEHUMH
eIeMEHTApHUMH YACTHHKAMH. Take IoJie € TNOTEHIianbHUM. Moro Hampy,eHicTh
BU3HA4YaeThesl 3akoHOM Kynona. CuioBi JiHIi MOTEHLIATBHOTO EIEKTPUYHOTO OIS
MOYMHAIOTHCS 1 3aKIHUYIOTHCS Ha 3apsijax abo BUXOAsITh HA HECKIHYEHHICTD.

3a 3aKOHOM EJIEKTPOMArHITHOIT HAYKIIi €JICKTPUYHE TO0JIe CTBOPHOETHCS TaKOK
3MIHHUM MAarHITHUM IoJieM. Take eneKTpu4yHe moJie - BUxpoBe. CHUiIoB1 JiHIi BUXPOBOTO
SICKTPUYHOTO ITOJIS 3aMKHEH.

Hanpy:xeHicTb moJis.

HanpykeHICTh eNeKTpUYHOTO TOJsT — 1€ BEeKTOpHA (IBUYHA BEIIMYMHA, SKa
JOPIBHIOE CUJII, SIKA Jl€ Y JJaHHIA TOYILll IPOCTOPY Y JAHHUNA MOMEHT 4acy Ha NpOOHUM
OJMHUYHHN €IEKTPUIHUH 3apsi]]y eIeKTPUIHOMY TOJIL.
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F =qgE

neF — cuma, q — 3apsin, B — HanpykeHiCTh €IEKTPUYHOTO HOJIS.
B cuctemi Cl Bumiproetscst y B/M, Ha npaktuii 31e0uisinoro y B/cwm.

Teopema OcTporpaacbkoro.

Bu3HaunMo TMOTIK Hampy>KEHOCTI MOJI eNeKTpUYIHUX 3apsaaB ql, g2, q2, ... qn
KpBBb Ky 3aMKHYTYy MOBEpXHIO, sika oTtouye I 3apsaau (Puc 9). bynemo BBaxkaru
NOTIK BII’€MHUM, SIKIIO BIH HalpaBJICHUN BCEPEIUHY MOBEPXHI, B IHIIOMY BUIAAKY

OyJ1eMO BBaKaTl MOTO JIOJIaTHIM.

Po3srasaeMo cmodarky BHMamok cepudHOI MOBEpXHI paailycoM R, mo otouye
OJWH 3apsa (, mo 3Haxoautbes B meHTpl (Puc 10). HampyskeHicTs moss Ha Beiid cdepi

OJIHaKOBa 1 piBHA.
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Puc 9. Ilomix nanpyscenocmi nosus
eIeKMPUYHUX — 3apsadié  Kpi3b  OesKy
3aMKHYMY NOBEPXHIO AKA OMOYYI0 Yl
3apsou

q
Axe R
CumoBi  miHI  HampaBJeHI IO
paniycax, TOOTO TEPUEHAMKYJISIPHO IO
noBepxHi cepu, TO11 MOTIK HAMPY>KEHOCTI
N po3paxyemo 3a popMyoro:

N-ES=_—% _am>_-9%
4z, R £,
ne S=4nR2 — mmoma cdepuanoi
MOBEPXHI.
Otouumo Ttenep cdepy AOBUIBHOIO

3aMKHYTOIO IOBEPXHEI0. SIK BUHO Ha pHC.
2, KO)KHA CWJIOBA JIHIA, 110 MPOHU3YE IO
cepy, NPOHM3UTH 1 II0 TIOBEPXHIO.
Binnosinno, ¢popmyna (1) cipaBeanuBa He
TUILKH 11 cepu, a W mId Oyab-aKoi
3aMKHYTO1 MOBEPXHI.

Tenep moBepHEMOCS 10 3araIbHOTO BUTIAIKY
T JOBUTLHOT TOBEPXHI, sIKa 0Touye n 3apsiaiB (Puc 9).
\\/[ L \ OuyeBuaHO, WO TOTIK HAMpPYXEHOCTI uepes
- - . ) :
K T MOBEPXHIO PIBHUA CyMi TOTOKIB, CTBOPIOBAHHUX
/ { B> \f \} KOYKHUM.
Y / / a J;
\ +q Vi _ r
\\L A 4 » V4 N= Z—
— — | \/<, 1 En
. . .
. N 13 3apsaiB: a0 OCTATOYHO
\ N

Puc. 10 I1]o omouye o0un 3aps0

1=
=— q;
2

O1xe, NOTIK HAIPYXEHOCTI, MPOHU3YIOUUN OyAb-Ky 3aMKHEHY MOBEpPXHIO, sIKa
OTOUYE €JIEKTPUYHI 3apsiAu, IPONOPLUIMHNN anreOpaiuHiil CyMi OTOUEHUX 3apsiB.
e nmoJsioxkeHHs1 Ha3UBAETHC S TeopeMotro OcTporpaacekoro — [Maycca.

IMoTenmiaJ.

[NoTeHuian— ckaisipHa XapakTepUCTHKA (PI3UYHOTO MOJIS.
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Enepretnuna xapakTepuCTUKa JaHOI TOYKUA OyIb-SKOTO CHJIOBOTO TOJIS.
UncenbHO IOPIBHIOE POOOTI, SKY 3IIMCHIOIOTH CHUIM TOJISI, TICPEMIIIYIOUH OUHHITIO
MacH (MOTEHIAN TSXKIHHS) YU €JeKTPUYHOTO 3apsaay (€NeKTPOCTATUYHUHN MOTEHITAN) 3
JTaHOT TOYKH IOJISl B TOYKY, /i€ TOTEHIIIa]l BBAKAIOTh PIBHUM HYITIO.

[ToTenmian — yHIBepcanbHa (QYHKITSI KOOPIHHAT MPOCTOPY (SKa HE 3aJICKUTh BIJT
yacy), 1o XapakTepuzye poOOTy, HEOOXIIHY I MEepeMIIeHHsS TpoOHOT0 00'€KTa 13
nesikoi (PIKCOBaHOiI TOYKHM NPOCTOPY B JIaHy TOUKy. B sikocTi (pikcoBaHOi TOYKH
OpOCTOPY 3arajioM MPUIMalOTh TOYKY, sSKa 3HAXOAUTHhCS Ha Oe3mexkHocTi. OTKe,
MOTEHITIA — II¢ BEIWYHHA, III0 YHCEIbHO (aJle He 3a PO3MIPHICTIO) TOPIBHIOE POOOTI,
BUTPAYCHOT Ha TIEPEMIIIICHHS TPOOHOTO 00'€KTa3 0€3MEKHOCTI B JaHy TOYKY IIPOCTOPY.

[ToTenitian icHye He sl BCIX MOJIB, a JIMINE JJIS MOJIB Takoi KOHQIryparii, 1e
poboTa 3 mepemilleHHs O00'€KTa HE B3aJIeKUTh BiI NUIXY, SKUM BigOYBa€ThCS
TIEPEMIIIICHHS, a 3aJCKHUTh JHINE Bid KOOPJAWHAT IOYATKOBOI Ta KIHIIEBOI TOYKH
TIepEMIIICHHS.

Hanpyra.

Hanpyra — wnanpyroro Ul2 Ha nuisHI €NeKTpUYHOTO Koja 1-2 Ha3uBaeThCs
bBUYHA BETMYWHA, 110 BHU3HAYAETHCS POOOTOIO, KA BUKOHYETHCS CYMApHHM IOJIEM
CIIEKTPOCTATUYHUX 1 CTOPOHHIX CHJ MPU TEPEMINIEHHI OJMHUYHOTO TO3UTHBHOTO
3apsAny Ha JNaHid AUIHIL Kosa. [IoHATTS Hampyru € y3aralbHEHUM TOHSTTSM PI3HUII
NOTEHINIAIIB: HANpyra Ha KIHIIX OUITHKU KOJa JOPIBHIOE PI3HUII MOTEHINANIB B TOMY
BUITAJIKY, SKIIO HA i TUTHII HE MPUKJIAICHA eJICKTPOPYIIIfHA CHJIA.

Hampyra BUMIpIO€THCS y BOJIbTAX.

Jlyisi BUMIpIOBaHHSI HANPYrd BUKOPUCTOBYIOTHCS MPWIAAH, SIKI HA3UBAIOTHCS
BOJIbTMETPAMU, MUTIBOJIbTMETPaMU TOMIO.

B moOyToBiii enekTpoMepexi YKpaiHW BUKOPHUCTOBYETHCS 3MIHHUN CTPyM 13
Hanpyroto 220 B.

Hanpyra B eJIeKTpUHYHOMY MO.Ti.

Enextpuuna nanpyra ( U ) MDK JBOMa TOYKaMH €JIEKTPUYHOTO JIAHIFOra abo
CICKTPUYHOTO TIOJIsI, JOPIBHIOE pPOOOTI EIEKTPUYHOrO IIOJSA 10  IEePEMIIICHHIO
OJMHUYHOTO NOKJIA/Ie, 3apsA1Y 3 OJHIET KPAIIKU B HILY. Y MOTEHIIHHOMY €IEKTPUYHOMY
noJii g poOoTa He 3aIeKHUTh BiI JOPOTH, MO SKIA MEpeMillacThCs 3apsia; B OMY
BUmaaky E. H. MDK TBoMa KparkaMu 301ra€ThCsl 3 PI3HUALICIO TIOTEHITIAIIB MDK HUMU.

SKkmo mosie HEMOTEHIHE, TO Hampyra 3aJeKHTh BT TIET JOPOTH, IO SKIHA
NIEPEMIIIAETHCA 3apsi] MDK Kparnkamu. HermoTeHIiiHl CyiM, Ha3UBalOThCSI CTOPOHHIMH,
JII0Th yCepeauHi Oy 1b-sIKOTro JXKepena oCTIMHOTO CTpyMy (FeHeparopa, akyMmyJsiTopa,
rajibBaHIYHOTO eNleMeHTy 1 iH.). Ilin Hampyroro Ha 3aTHCKax JpKepena CTpyMy 3aBXKIu
PO3YMIIOTh POOOTY €IEKTPUYHOTO TIOJIA 0 MEePEMIIEHHI0 OJUHUYHOTO TTO3UTHBHOTO
3apsny Y3J0BXK JOPOTH, JIKAUYOTO 30BHI JKepena; B IboMy BUNanKy E. H. nopiBHIOE
PIBHUIN TOTEHINATIB Ha 3aTUCKaxX Jxepena 1 Bu3Hadaerbes Oma 3akonom: U = IR—E,
ne I — cuna ctpymy, R — BHyTpimHii omip mxeperna, a E — iioro enekrpopymriiina
cuna (eac). Ilpm posimkaenomy manmio3il ( I = 0) manpyra mo mMomymo piBHA
enc(enekTpopylitHa cwia) mkepena. Tomy enc(enekTpopyliiiHa cuiia) IKepesa 4acTo
BU3HAYalOTh sK E. H. Ha HOT0 3aTUCKAX PU PO3IMKHEHOMY JIAHIIIO31.

B pazi3minnoro ctpymy E . H. 3a3BUYail XapaKTepu3yeThCS 3HAYCHHSIM, 1110 J[1€
(edbekTUBHUM), SIKE € CEPENHbOKBAIPATHUHUM 32 NIepioJ 3HaYEHHSIM Hanpyru. Hampyra
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Ha 3aTUCKax JiKepeia 3MIHHOTO CTpyMy a00 KOTYHIKH IHAYKTUBHOCTI BHUMIPIOETHCS
pPOOOTOIO0 E€NEKTPUYHOrO MOJIA MO MEPEMILIEHHI0 OJUHHUYHOIO MO3UTHUBHOTO 3apsay
y3JI0BXK JIOPOTH, JIEKA4OTOo 30BHI JKepena abo KOTymkd. BuxpoBe (HemoTeHIliiiHe)
EJIEKTPUYHE T0JIE€ HA LI JAOpO31 MPAKTUYHO BIICYTHE, 1 HApyra JOPIBHIOE PI3HULI

noTeHianiB. E. H. 3a3Buyail BUMIPIOIOTH BOJbTMETpoM . Opuaung E. H. y
MbubKHapOHIM CUCTEMI O TMHHUITb — BOJIBT .
EnexrpuvHa iHayKuis.

EnexTpyuHa HAYKUIS NOLIMPIOETHCA MOJIOHO XBWISAM 3 KIHIIEBOKO IIBHJIKICTIO;
CBITJIOBI SIBHINIA HE BIAPBHIIOTHCS BII CIEKTPUYHOI HIYKIII; A aHATI3Y 3a3HAYCHUX
SIBUIIl BapTO BUKOPUCTOBYBATH TEOPit0 KoiuBaHb. Dapajneld BIIKPUB, KOPUCTYIOUUCH
CYYaCHOIO TEPMIHOJIOTIEI0, SIBUILE €IEKTPOMArHiTHOI IHAYKII i HTYITUBHO POPOYUB
ICHYBaHHS €J1€KTPOMAarHITHUX XBUJIb.

C1oBO «IHAYKITSH» TTOXOIUTH BT JATHHCHKOT'O KOPEHS, SIKUH 03HAYA€E HAaBECHHS.

Ha 3apsan y cynumeHOMY cepenoBwiil 3 OOKY HIMNMX 3apsi/IiB AIFOTh CHUJIA BIIMIHHI
Bil cujly BakyyMi. [IpudanHOIO IbOTO € TIoJIsipu3aliisi cepenoBuiia. bynb-skuit MaTepian
CKJIAJIA€EThCSI 13 €JIEKTPOHIB 1 MOHIB, SK1 M JIIEI0 30BHINIHBOTO TOJISI 3MIIYIOThCS. B
pe3yapTaTi Il HaBEAEHI 3apsau CTBOPIOIOTH CBOi IOJISA, 3TTHO 3 MPHUHITUIIOM
Jlemarenbe-bpayna, peakiis Oyab-sKOi CHCTEMH Ha 30BHIIIHIA BJIMB HAMara€TbCs
3MEHIHUTH e(eKT 1bOro BIUMBY. EnekTpuune mose, sike Ji€ Ha mpoOHUit 3aps 3 00Ky
HIIMX 30BHIIIHIX 3aps/(iB MEHIIIE, HDK Yy BUIMAAKY BiICYTHOCTI CE€peI0BHUIIIA.

HampyXeHICTh eNeKTpUYIHOTO MOJisi, po3paxoBaHa 0e3 BpaxyBaHHS HaBEICHUX
3apsiAiB 1 MOJSIpU3allil, i HA3UBAETHCSI BEKTOPOM eNleKTpuuHO1 Haykui y cuctemi CI'C.
B cuctemi CI BekTop €leKTpUYHOT IHAYKIIN BU3HAYEHUH 13 HILOI PO3MIPHICTIO, HDK
PO3MIPHICT, HAMpPYKEHOCTI €JIEKTPUYHOrO TMOJsI, a TOMY pE3yJIbTaT PO3PaxyHKy
MOTPIOHO I1Ie TOMHOXKHTH Ha €0 — JIETICKTPUIHY MPOHUKHICTH BaKYyMY.

Békrop enekTphuHOi HAYKII — KUIbKICHA XapaKTEPUCTUKA EIIEKTPUIHOTO TOJISI
y CYIIUTbHOMY CepeIO0BHIIIL.

D=E + 4P

ne P — BexTop nonspusanii

31€01IBIIOr0 M03HAYAETHC S JJATUHCHKOO Jtiteporo D,

EJieKTpo€MHICTB.

EnextpoeMHiCTIO (€EMHICTIO) — ITpoBiTHUKA C HA3WBAIOTh BEIMYUHY, 10 TOPIBHIOE
BITHOIIICHHIO 3apsiAy (, HATAHOTO MPOBITHUKY 10 HOTO OTSHITIANY :

=9
&
O nunuits enekrpudHoi emHocTi B Cl — dapan, [C] = Ki/B=O.
Konaencaropu Ta ix 3’€1HaHHSI.
Cucrtema 3 JBOX MPOBITHUKIB PO3AUICHUX MIAPOM JICJICKTPUKA, TOBIIMHA SKOTO
MaJia HOPIBHSIHO 3 pO3MipaMu MPOBITHUKIB, HA3UBAETHCS KOHeHCaTopoM. KoHeHcatop
OyBarOTh IUIOCKI, UWTHAPUYHI, CHEepruUHL.

oo E& g

EneKTpOoeMHICTh MJI0CKOT0 KOHACHCATOPA: d
S — mnoma mmactuHM, d — BiACTaHR MDK INIACTHHAMHU, ? — MICJICKTpUYHA
NPOHUKHICTH JI€JIEKTPHUKA.
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co ge,S(n-1)

€MHICTh KOHEHCATOpa 3 I IJIACTHH: d

Konnencaropu 3’ egHy1oTh y 6atapei napasneiabHo ado MoCiqoBHO.

[TapanensHe 3’ €JHAHHS

Hanpyru Ha Bcix KOHAEHCATOpPax O JTHAKOBI:
= Ul=U2=...=Un

------------ q=ql+g2+... +tqn

' Tonai Cnap = C1+C2+...+Cn

[MocmimoBHe 3’ € fHAHHSA

3apsu yciX KOHIEHCATOPIB MPH MOCIIIOBHOMY iX 3’ €IHAHH1 OJTHAKOBL
=31-2,9, +4
c c o C,

1 1 1 1
=t —+ .+ —

3aranbHa eMHICTD: “wa  ©1 2

EnHeprisi e1eKTPUYHOT O MOJIS.

Enextpuuna eHeprisi — TEpMiH, Mif SKUM Ma€ThCS Ha yBa3l €Hepris, HasBHA B
enekTpoMarHitHomy moJii. Cioau K  BITHOCSATHCS OKpPEMi BHIAJKH YHCTOTO
EJIEKTPUYHOTO TOJIS 1 YUCTOTO MarHirHoro noJis. Ll eHepris piBHa MexaHIMHINA poOOTI,
3AIMCHIOBAHIA TMpU TMEPEMINICHH] 3apsAiB Ta MPOBIIHUKIB Y EJIEKTPUYHOMY 1
MarHiTHOMY TIOJISIX.

JIis  eneKTpUYHOTO 1 MAr”iTHOroO IMOJIB X €Heprii MpOoMOopliifHa KBaapary
HanpyxeHocti moJisi. Crig 3a3Ha4uTH, 110, CTPOTO KaXydd, TEPMIH EHEeprisd
CNICKTPOMArHITHOTO TOJII € He LUIKOM KOpeKTHUM. OOYHCIEeHHS IMOBHO1 €Heprii
EJIEKTPUYHOTO TOJI1 HAaBIThb OJIHOTO EJIEKTPOHA MPUBOAUTH 1O 3HAYEHHS PIBHOTO
HECKIHUCHHOCTI, OCKUIbKM BIANOBIIHUNA 1HTErpaig (AWB. HIDKYE) PO3XOJAUTHCH.
HeckiHueHHa eHeprii mojis LIUIKOM CKIHYEHHOTO €JIEKTPOHA CKJIAJa€ OJHY 3
TEOPETUYHUX MPOOJIEM KIIACUYHO1 €EKTPOJUHAMIKH. 3aMICTh HOTO Yy (p13ULI 3a3BUY Al
BUKOPHUCTOBYIOTh MOHSATTS TYCTHHHM €HEPTil €IEKTPOMArHITHOTO moJis (y TEBHIM TOYII
POCTOPY). 3arajbHa €HEpTris MOJIA JOPIBHIOE IHTErpajly T'YCTUHH €HEpTii 10 BChbOMY
IpOCTOPY.

I'yctuHa eHeprii €NeKTpOMAarHITHOro TOJiI € CYMOK TYCTUH €HEprid
EIEKTPUYHOTO 1 MArHITHOTO TIOJIB.

£ DE 2 j.l-q}H 2
: u = +
VY cuctemi CI 1uist Bakyymy: 2 2
ne E — HanpyxXeHICTh eleKTpudHOTO Tojsi, H — HampyXeHIiCTh MarHiTHOTO

1oJ1s1, S0 — eJleKTpUYHa cTana, i 40 — marHiTtHa crana.
Ionsipu3auis giej1e KTPUKIB.
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TospU34List TieIeKTPHKIBE — BUHUKHEHHS JHIONb CICKTPHYHOIO MOMEHTY
TICTICKTPUKA, TIOMIIIEHOTO Y 3O0BHIINIHE CIEKTPUYHE TIOJIe; SIBHINE 3MIMICHHS
CIEKTPUYHMX 3apSJIB JICJICKTPUKA MM BIUTABOM 30BHIIIHBOTO EJICKTPUYHOTO TIOJIA
3YMOBJIIOE BHHHMKHEHHS BHYTPIIIHBOTO €JIEKTPUYHOrO TMOJA 3 MPOTHICKHUM
HaMPsIMKOM, HACJIAKOM YOT0 € 3MEHIIIEHHS TTPUKJIIaIEHOTO MMOJISI.

[lonspuzamis gienekTpuka - CTaH [ICNICKTPHUKA, SKAW XapaKTepHU3YeEThCs
HASIBHICTIO €IIEKTPUYHOTO MOMEHTY y Oy/Ib-SIKOTO €JIEMEHTa HOTo 00CsTY.

Po3pB3HAIOTH MOJISIPU3ALIIIO, 1110 BUHUKAE Mif Ji€I0 30BHIIHBOTO €JICKTPUYHOTO
MoJisA, 1 CIOHTAaHHO (MHUMOBUIBHO) MOJIPH3AIlI0, ICHYIOUY 3a BIICYTHOCTI TOJA. Y
JESKUX BHITAJIKaX MOJIIPHU3aIlisl JICJICKTPUKA 3'IBISIETHCS MM JIEI0 MEXaHIIHUX HAMpYT,
CUJI TepTs 00 BHACIIIOK 3MIHM TEMIIEPATypH.

[losisipu3anis He 3MIHIOE CyMapHOIO 3apsily B OyAb-IKOMY MakpOCKOMYHOMY
00cs131 BecepenuHi gienekTpuka. OIHAK BOHA CYMPOBOKYETHCS MOSBOIO HA IMOBEPXHI
JIETICKTPUKA TIOB'S3aHUX EJEKTPUYHUX 3apsAiB 3 TOBEPXHEBOK MIUbHICTIO ©. Ll
NOB'sAI3aHI 3apsili CTBOPIOIOTH Y JIENEKTPHUKY JOJATKOBE MAaKpOCKOIMIYHE Ioje 3
HanpyxeHicTio El, cnpsiMoBaHe MpOTH 30BHILIHBOTO MOJs 3 HampyxeHicToo EO.
Pesynbryroua HanpyxenicTs o E Bcepenuni mienektpuka E = EO-EL.

JiejieKTpHYHA NPOHUKHICTD.

JlienekTpryHa MPOHUKHICTH (ieIEKTpUYHA CTala) CepeloBUILA € — Oe3po3MipHa
BEIIMYMHA, 10 XapaKTepHU3ye BOJLIINHI BIACTHUBOCTI cepenoBuila. BoHa mokasye, B
CKUTbKHM pa3iB B3aEMOJIS MDK 3apsSjgaMH B OJHOPITHOMY CEPEIOBHII MEHINA HDK Yy
BaKyyMi.

BinHocHa JienekTpuyHa NPOHMKHICTh PEYOBHMHU € MOXE OyTH BH3HaueHa
IUIIXOM HOPIBHSHHS €JIEKTPUYHOI €MKOCTI TECTOBOTO €JIEKTPUYHOTO KOHJIEHCATOpa 3
neBHUM mienekTpukoM (CX) 1 EMKOCTI TOTO K KOHIeHcaTopay Bakyymi (Co):
=

Co’

3MEHIIICHHS] CWJIM B3a€MO/Iii MDK 3apsiiaMy BUKJIMKAHE MPOIecaMu MOJIIpU3ariil
cepenoBUlla. Y €IeKTPUUYHOMY IOJI €IEKTPOHU B aTOMax Ta MOJIEKYJIaX 3MIILYIOThCS
BITHOCHO WOHIB, 1 BHHUKAE HABEJICHUN NHIOJbHUM MOMEHT. T1 MOJIEKYJIH, sIKi MalOTh
BJIACHUM JUMOJbHUNA MOMEHT (HAlpUKIaA, MOJIEKyJa BOJIM), OPIEHTYIOTbCA B
CNEKTPUYHOMY TMOJL. JIMMOJbHI MOMEHTH CTBOPIOIOTH CBO€ EIIEKTPUYHE MOJEe, SKEe
OpOTHUAIE TOMY TOJIIO, III0 3yMOBMIIO 1X NOSIBY. B pe3ysbTati cymapHe eleKTpuyHe moJjie
3MeHIy€eThes. [ I[py HeBENMKIMX TOJITX TaKe 3MEHIIICHHS. MOYKHA OTICATH 33 JJOTIOMOT OO
JIEJIEKTPUYHOT TPOHUKHOCTI.

HeoOxinHo 3a3HauMTH, IO BENMKI €IEKTPUYHI MOJII MOXYTh CHIBHO 3MIHUTH
IIPOIIECH, K1 BITOYBalOThCA B cepemoBwuil. Hampukian, Moxe HacTynmuTH npoOiid. B
TAKOMY BHUIMAJIKy MOHATTS JAIEIEKTPUYHOT IPOHUKHOCTI BTpavae CEHC.

{_',,J..

Jexuyia Nel6. EnekTpuuHuUii cTpyM - 2 roj.
Ilnau:

1.Ctpym.

2.Cuna cTpymy.
3. 3akon Oma.

4.0mip TpOBITHUKIB Ta 3aJISKHICT HOTO BT TEMITEpaTyp.
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5.HaampoBigHICTb.

6.Po60Ta Ta MOTY>KHICTh MTOCTIHHOTO CTPYMY.

7 IlpaBuna Kiproda.

Ctpym

EnextpAdHMiA CTpyM — BIOPSAKOBAHUN PYX 3apsIPKCHUX YaCTHHOK Y TIPOCTOPI.
VY Meranax 1e eIeKTpOHHU, HAIMBIPOBITHUKAX - €IEKTPOHU Ta NIPKH, Y €NEKTpOoJITax -
MO3UTUBHO Ta HETATHMBHO 3apsjKEH1 10HU, y I0HI30BAHUX ra3ax — IOHU Ta €JIEKTPOHHU.
3a HampsMOK CTPYyMy BHOMPAIOTh PyX MO3UTHBHO 3aPSIKEHUX YACTHHOK. Takum
YUHOM, HAMPSIMOK CTPYMY B MeTaJllaX MPOTHICKHUN HAMIPAMKY PYXY €JIEKTPOHIB.

KinbkicHO eNeKTpUYHM CTPYM XapaKTepHU3yeThCs ,Z[I/chepeHHII/IHOIO BEKTOPHOIO
BEJIMYMHOIO TYCTHHOIO CTPyMy, a00 y BUNAJKy CTPyMy B IMPOBOAAX IHTErPAIbLHOIO
BEJIMYMHOIO CUJIOI0 CTPYMY.

Cuia ctpymy.

Ag

Benmnuunna At mHazuBaeThCA CHIIOI0 CTPYMY, i BIIMOBINA€ KITHKOCTI 3apsamy
(Aq), mepemilieHOMy 4Yepe3 MEePETHH MPOBITHUKA 3a Yac At.

Y cuctemi Cl cuma cTpymMy BHUMIPIOETHCS B amrepax. BilmoBigHO, T'yCTHMHA
CTPyMY BUMIPIOETHCS B A/M2.

SAKmo 3a KoKEH MpOMDKOK dacy At 3apsa Aq OJHAKOBUH 1 HAPSIMOK CTPYMY
HE3MIHHHM, TO TAKUH CTPYM Ha3WBAIOTh MOCTIAHHAM.

VY BUnNaaKy, KO I1i BEIMYMHA 3MIHHI, CHIYy CTPYMY OMUCYIOTh TaK:

dg
At—0 At dt _

TaKUi CTPyM Ha3UBAIOTh 3MIHHUM.

JIJist KITaCUYHOT CUCTEMH 3apsKEHUX YaCTHHOK 13 3apsiioM € 0e3MEeXHO Maluii
3apsiq dQ, mo mepeHocuThcs 3a dac dt depe3 eneMeHTapHy IUomaaky dS,
NEPTICHINKYISIPHY HAPSIMKY CepeHbO1 MBUIKOCTIV YaCTUHOK BU3HAYAETHCS TaK:

dC) = envdSdt

7€ € — 3aps] YaCTHMHOK, V — IIBUAKICTh PYXy YACTUHOK, @ N — iX KUIbKICTh B
OJIMHULIL 00 €MY.

Cuna ctpymy dl depes miomanky dS BU3HAYa€ThCSA CIIBBIIHOILCHHAIM

dI = envdS srigno 3 sxum J = €MV _ [ycTHHA EIEKTPUMHOTO CIPYMy, A€ PUCKA
HaJl CHMBOJIAaMHU 03HAYa€ yCepeTHEHHS.

3akon Oma.

3axkoH Oma — 1€ TBEpKEHHS MPO MPOMOPILIHHICTh CUIIA CTPYMY B MPOBIAHUKY
NPUKIAJCHIA Hapys3i.

3akon Oma crpaBenJIMBUN JJIsI METAiB 1 HAMIBIPOBIAHUKIB MPU HE HAATO
BEIIMKUX TMPUKIAEHUX Hampyrax. Ko [Uis eleMeHTa eJIeKTPUYHOro KoJjia
cripaBeyIMBUI 3ak0H OMa, TO TOBOPSATH, IO IIeH EIEMEHT Ma€ JIHIHHY BOJIbT-aMIIEPHY
XapaKTepPUCTUKY.

VY enexTpoTexHilll MPUIHATO 3amucyBaT 3akoH OMa y IHTerpaaibHOMY BHUTIISIIL

U=I-R

ne U — npuknanena Hanpyra, | — cuna ctpymy, R — omnip npoBigHuka.

[IpoTe omip € XapakTepUCTUKOI MPOBIAHUKA, a HE Marepiaily, U 3aleKUTh BI
JTOBXKHHH Ta MOIMEPEYHOT0 mnepepizy npoBimHuKa. ToMy B (i3Il 3aCTOCOBYIOTh 3aKOH
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OmMa y audepeHuianbHOMY BUTIISL J=0-E g ] — TYCTHHA CTpyMy, G — IUTOMa
POBIAHICTE MaTepiany, E — HampyXeHICTh eKTPUIHOTO TOJIS.

[lutomMa TPOBIIHICTH 3aJEKUTh BII KUIBKOCTI BUIBHMX HOCIB 3apsiy B
NPOBIIHUKY 1 B iXHBO1 pYXJIMBOCTI.

Pi3aMIS moTeHIianiB (Hanmpyra) Ha KiHIIX MPOBITHUKA JOBXKUHOIO | 3 TOCTIMHOO
HaIPYKEHICTIO eJIeKTpUIHOTO noJist E nopiBHIOE U=Ap=El

SIkmo mpoBITHUK Mae IJIOLLY Hepepidy S, TO cuiia CTpyMy B HbOMY 3B'si3aHa 3
TYCTHUHOIO CHIIM CTPYMY (hOPMYJIO0:

I =jS.

Buxonsian 13 3akony Oma B hopmi

j=oE

ijr IICTABIIAI0YH 3HaquEH;{ j=1/Sta E=U/] otpumyemo piBHAHHS

— = 0— U=—I=RI ,

S [ abo r:rb; ne omip R Bu3HAYaeThcsl depe3 MUTOMY
IPOBITHICTH POPMYIIOIO T oS p§ :

Tyt p=1/ ¢ - nuromuii omip.

B noBHOMY KOJII OKpIM OTIOPY HABAHTAXKEHHS € IIE JXKEPEIO AKEePEo )KUBJICHHS,
AK€ Ma€ CBId BiacHUA BHyTpimHIA omip. Cuiaa cTpyMy B HbOMY BU3HAUAETHCS
dbopmyIoro

! R+r

ne € - enexrpopymiiiHa cuia, R - omip HaBaHTaKEHHs, I' -BHYTPILHIA OIIip
JOKEpena CTpyMmy.

Omnip NpoBIAHUKIB Ta 3aJI€KHICTH OT 0 BiJl TeMIepaTyp.

[Tutémuil Omip — KUIbKICHA XapaKTEPUCTUKA PEUOBUHH, SKOKO BU3HAYAETHCS
3JaTHICTh CTBOPIOBATH OMIP EIEKTPUIHOMY CTPYMY.

[To3HavaeThCs 3a3BUY Al TPEIBKOIO JTITEPOIO P.

OauHuIs BUMIpIOBaHHS TUTOMOTO oniopy B cuctemi CI — Omm.

[lutomMuii omip BUKOPUCTOBYETbCSA I XapakTEPUCTUKH TMPOBIAHUKIB 1
HAIMIBIIPOBIAHUKIB B YMOBAX, KOJIM BUKOHYETHCS 3aKOH OMa.

[TuTomuii omip — oOepHEeHa BeTMIHHA 10 TUTOMOT MPOBITHOCTI G.

1
P= =
o
Onip HpoBiTHMKA JOBXHMHOIO | 1 3 MOIEpeYHMM Mepepi3oM S BU3HAYACTHCS
. R=p-
CHIBBIITHOIIEHHAM S.

[TuToMuil omip MPOBITHUKIB 3pOCTae 31 30UIbIIEHHAM TeMmieparypu. Lle siBuiie
3YMOBJICHE TMOCWJIEHHSIM XaOTHYHOT'O PYXy aTOMiB, a OTXe 30UIbIICHHAM YacTOTH
pO3CITHHS HOCIB 3apsnmy. /s HamBOPOBITHUKIB TUTOMHUH OIp 31€OUTHIIIOTO
3MEHIIYETHCS IPH MABUIICHHI TEMITEpaTypH, 3-3a pOCTY KOHIICHTpAIIil HOCIiB 3apsiIy.

Tabnuysn 4

Marepian [Turomuit
omip (OmMm)
MIIb 1,7 x10-8
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30JI0TO 2,44 x 10-8

ATIOMIHII 2,82 x 10-8

3aJ1130 10 x 10-8

IUIATHHA 11 x 10-8

0JIOBO 22 x 10-8

rpadir 3,5x10-5

repMaHiit 0,46

KpeMHii 640

CKJIO 1010

HannpoBigHicTs.

HamgnpoBigHicTh — KBaHTOBE SBHINE MPOTIKAHHS

CIIEKTPUYHOTO CTPYMY Y TBEpIOMY TUTl O€3 BTpar.

SBuIie HAATPOBITHOCTI ICHYE JIJIT HU3KU Marepiaiis,
HE OO0OB'SI3KOBO JO0OpUX NPOBIIHUKIB IPU 3BUYANHUX
Temneparypax. llepexim 10  HaANPOBIIHOTO  CTaHy
BiIOYBa€eThCA TPU TEBHIM TeMIieparypi, SIKy Ha3HMBalOTh
KPUTUYHOIO TEMIIEPATypoOl0 HAANPOBITHOTO MEPEXOy.
HannpoBigHcTh, ipoTe, MOXke OyTH 3pyHHOBaHA, SIKIIO MOMICTUTH 3pa30K y 30BHILIHE
MarHiTHe TOJie, SIKe MEPEeBHIye NEeBHE KPUTWYHE 3HaueHHA. lle KpuTHuHE MarHitHe
T10JI€ 3MEHIIIY€ETHCSI PU 30UTbILIEHH] TEMIIEpaTypH.

HannpoBigHicTh ~ XapakTepu3yerbcsi  aOCOMIOTHMM  JlaMarHeTU3MoMm. Y
Mar"iTHOMy IOJi B HaAIIPOBIIHOMY Marepiail BUHUKAIOTh Taki CTPYMH, MAarHITHE I0Jie
SKUX TIOBHICTIO KOMIICHCY€ 3O0BHIIIHE MAarHiTHe II0jJie, TOOTO MarHiTHE TIOJe
BUILITOBXYETHCS 13 HAAMPOBIAHWKA. 3aBISKHU I BIACTOCTI BUHUKAE SBUIIE JICBITAIlil
HAJANPOBIIHUKA HAJ MarHiroM (200 Mardira HajJi MOBEPXHEIO HAIPOBIIHUKA ), SIKE
OTpUMaJio Ha3By TpyHa Maromera. CuibHE MAarfiTHe MOJIE PYHHY€E HaIIPOBIIHICTS.
[IpoTe HaAPOBITHUKH PO3PIBHAIOTHCS 3a CBOEK IMOBEAIHKOI Y BUTHOCHO CHJIBHUX
MarHiTHUX TOJIIX, Yy 3aJIeKHOCTI BII TOBEPXHEBOI EHEPTii TpaHUIll PO3JaUTY
HAANPOBIHOT W HOpMaIbHOI (a3. Y HaAnpoBIIHUKIB | poay 1Sl MOBEpXHEBA E€HEPTis
NOJATHS, ¥ HAANPOBIAHICTh PYUHYETHCS, SKILO IOJIE NEPEBUIILYE IEBHUI PIBEHb, KU
HAa3MBAETbCS KPUTHUYHUM Mar”itHuM noJsieM. Y HaanosigHukiB Il poay moBepxueBa
€Heprisi TpaHuill PO3ALUTy HOPMaJIbHOT Ta HAAMPOBINHOI (a3 BiA'€MHA, TOX MarHiTHE
1oJie, KOJM MOro HAalpy>KEHICTh NEpPEBUILYE IEBHE 3HAUEHHS (BOHO HA3UBAETHCS
NepUIMM KPUTHUYHUM II0JIEM), TIOYMHAE MPOHUKATH B HAAMPOBIAHUK IMOCTYIOBO B
MIEBHUX MICIIIX, HABKOJIO SKHUX YTBOPIOIOTHCS BUXPOBI CTpyMHU (IMB. AOPHKOCIBCHKHI
BUXOD). Ko 30UTbIITyBaTH MarHiTHe MoJjie J1ajl, TO HOPMaJbHUX 00JIacTel cTae aeaat
Oulblle, W TPU KPUTUYHOMY TIOJI HAAMPOBUIHICTE PYUHYETbCSA IOBHICTIO.
HanmpoBinHukyd Ipyroro poay BHKOPHCTOBYIOTHCS JMJIi CTBOPEHHS HAANPOBITHUX
€JIEKTPOMArHITIB.

Po0oTa Ta OTY:KHiCTHh NOCTIHHOT O CTPYMY.
[ocTiiiHui CTpyM — €NEKTPUYHUM CTPYM, HE3MIHHUI B Yaci.
IIpaBuaa Kiproda.
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péBuwia Kipxroga BH3HAUaIOTh METOJ PO3PaxXyHKy CKIQJHUX PO3TallyKEHUX
EIeKTPUYHMX KUI. MeToinka po3paxyHKy po3pooineHa ['yctaBom Kipxrodom.

Ilepme nmpaBuiio Kipxroga:

B koxxHOMY By3111 anredpaiyHa cyma CTpyMiB JOPIBHIOE HYIIIO.

[lpu mpoMy cTpymH, sIKI BXOASTH B PO3TATYKEHHS 1 BUXOASATH 13 HBOTO
BBAKAIOTHCS BEIMYMHAMU PI3HUX 3HAKIB.

Maremaruuno mnepiie mpaBwio Kipxroda MoxxHa 3amuMcaTd TakKUM YHWHOM:

S IL=0.

i [lepme mpaBuno Kipxroda € Hacaimkom 3akoHy 30epexeHHs 3apsaay. s
HEMEPEPBHO PO3MOAUICHMX CTPYMIB Yy TPOCTOPi BOHO BIANOBITAE PIBHIHHIO
HEMEPEPBHOCTL

Jpyre npasuio Kipxroda:

Hnsg  Oynb-sIKOTO  3aMKHYTOTO  KOHTypa

OPOBOJIB CyMma EJIEKTPOPYLIHHUX CHJI JOPIBHIOE ‘a R, b
cyMmi AOOYTKIB CWJI CTPyMy Ha KOXHIA JUISHII W
KOHTYpa Ha OTip JIUITHKY, BPaXOBYOUH BHYTPIIIHIN
OIIIp JKEPEN CTPYMY. Vy Ry < v
Marematuuno gpyre mnpasBuio Kipxroda P R, .
Y & =) LR Ay
3aMUCYETHCS TAK: 1 ke v:’ {ii
Yy
Vi

[TocmimoBue 3acTtocyBanHsa npaBui Kipxroda
70 yCiX BY3JIB M KOHTYpPIB y CKIAQJHIA €IEeKTPOTEXHIYHIA Mepexi A03BOJISIE CKIIACTH
NOBHY CHUCTEMY JIIHIMHUX PIBHSIHb JI BU3HAYEHHS CHJI CTPYMY Ha KOKHIN 13 IUITHOK.

JIst po3paxyHKy TIepI 3a BCE MATIOIOTh CIEKTPOTEXHITHY CXeMY W JTIOBUTbHUM
YUHOM MO3HAIOTh CTPUIKAMH HANpsIMU CTPYMIB HAa KOXKHIM NusiHLL [ToTIM BUAUISAIOTECS
3aMKHYTI KOHTYpH W 00XOJATHCS B OJHOMY JOBUILHO BHOpaHOMY HampsMKy. SKuio
CTpUIKa, SKa BKa3ye€ HampsM CTPyMy HallpaBjieHa MPOTH OO0XOIy, TO BUIMOBITHHIMA
T00YTOK CTpyMy Ha omip OepeThCs 31 3HAKOM MIHYC.

Akmo npu o0XoAl MEpexoAsiTh BlI BII'€EMHOTO TOJIOCA JKEpena CTpymMy 10
JI0J1IaTHOTO, TO €.p.C. 3aMUCYETHCS 3 I0JATHUM 3HAKOM, SIKIIIO HABMAKU, TO 3 Bil'€MHUM.

B pe3ynbrati OTpUMyIOTh CUCTEMY PIBHSIHB, PO3B'SI3YIOUH SIKY BU3HAYAIOTh CUIIU
CTpyMy. SIKIIO cHjIa CTpyMy BUMIIUIA Bil'€MHOIO, TO 11€ 3HAYUTh, 1110 HAIIPSIM CTPYMY Ha
JaHii JUISTHIT Brajajii HEMpaBUWILHO , XO4a I1€ HE BIUTUBAE HA MPABUJIBHICTh PE3YIbT

Jekuyia Nel'[. TepMoeieKTPUYHI TA TepMOeJIeKTPOHHI ABUINA - 2 TO/.

Inaw:

1.KoHTakTHa p13HULIA TOTEHIIAMNIB.

2.Pob6ortaBuxomy.

3. Tepmomapa.

4. TepmoenekTpoHHA EMICIs.

5.EnexTpoHHI npuiaiu.

KoHTakTHA pi3HUISA IO TeHIIAIB.

KonTdkTHA pI3HAIA MOTEHIIATIB — PI3HUL €IEKTPOCTATUIHNX TOTCHITIATIB, SKa
BHUHUKA€E NIPU KOHTAKTI ABOX PI3BHUX METAIB.
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[lpu KOHTaKTI JBOX METAIIB YaCTHHA €JIEKTPOHIB MEPETIKAE 3 OJTHOTO 3 HUX J0
IHIIOTO, JOKA HE BUPIBHAIOTHCS XIMIUHI MOTEHINIATN JJI1 €JIECKTPOHIB. Y pPE3ynbTari
IIbOT'0 TIPOIECY METAM OTPUMYIOTH 3apsiji, SKHH 30CEPE/KYETHCS B TOHKOMY
(MIKpOCKOMIYHOMY) IIapi B3JIOBX TIpaHMIl. 3aps] Ha HNOBEPXHI OJHOIO 3 METaliB
JOJIaTHIN, IHITOTO — BiT'€MHUNA. EekTpryHe 1moJie, SIKe BUHUKAE MPH ITbOMY, 00OMEKEHE
TOHKMM TIOABIMHUM IIapoM. 3a3BUYail el map HACTUIBKM TOHKHMN, IO TPOIYCKaE
SNEKTPUYHUIN CTPYM — EJIEKTPOHHU TYHEIIOIOTh Yepe3 HbOTO.

Benuuuna pi3HuUIL TOTEHITIANIB, sIKa BUHUKAE BHACIIIOK YTBOPEHHS MOJIBIMHOTO
1apy, BU3HAYAETHCS 13 YMOBH BHPIBHIOBAHHS XIMIYHOTO TTOTEHITIATY CIIEKTPOHIB:

M1+ e = pa + eps

JIe € — 3apsij] eEKTPOHa, i — piBeHb Depmi 1-ro MeTalry, (p1 — HOT0 MOTEHITIAL.

M1 — Ho
.. . : Po— Y1 = ———

B pe3yinbTai pi3HUI MOTEHITIATIB JOPIBHIOE €

TakuM 4YMHOM, KOHTAKTHa PBHUI TNOTEHUIATIB MDK JBOMa MeETaJaMH
BHU3HAYAETHCS BITHOCHUM MOJIOKEHHSM 1XHIX piBHIB Depmi.

BaximmBoro 0COOMMBICTIO KOHTaKTy METAiB € Te, M0 Ha IMOBEPXHI METaIB
ICHYIOTh YHCJICHH] TOBEPXHEBI PiBHI JJIs €IEKTPOHIB, 110 3MEHIIIY€ 00J1acTh IMOBITHOTO
3apsIHKCHOT0 Iapy 0 KUTbKOX CTaIMX KPUCTAMYHOI rpatkd. Ilpw KOHTaKTI MeTamy i
HaAMBOPOBIIHUKA, a00 TPU KOHTAKTI JBOX HAIMIBIPOBIIHUKIB 3aps/KEeHI 00JacTi
Ha0araro IMpII, CTBOPIOIOYM 3HA4HI Oap'epw ISl MPOXOHKCHHS EICKTPUIHOTO
cTpyMy. [IpOBIIHICTh TAKMX KOHTAKTIB OJJHOCTOPOHHS, 1110 IIIUPOKO BUKOPUCTOBYETHCS
B HAMIBIPOBIIHUKOBIA TEXHIILIL

SBuille BUHUKHEHHS KOHTAaKTHOI PI3HUII TOTCHINATIB JIGKUTh B OCHOBI
TEPMOENEKTPUUHUX €(EKTIB, 10 JO3BOJISIE CTBOPEHHS TAKUX MPHUCTPOIB SIK TEPMOTIAPH.

Po0oTa Buxonay.

Pob6oTa BHXOAMy — HaliMEHIIA KUIBKICTh €HEprii, $Ky HEOOXITIHO HajaTh
EIIEKTPOHY IS TOTO, 0O BUBECTH HOTO 3 TBEPIOTO TUIA Y BaKYyM.

PoGota Buxo1y € XapakTepUCTUKOIO PEUOBUHH.

Ak 1 Oynb-Ky IHIIy EHEPreTHUYHY XapakTepUCTUKY poOOTy BHUXOAY MOKHA
BHUMIPIOBATH B JDKOYJISIX, aje II€ HEMPaKTHIHO. 3a3BUYail poOOTYy BUXOIY 3aBEIACHO
BHUMIPIOBATH B €IEKTPOHBOJIbTAX.

HeratuBHo 3apsiakeHi €IeKTPOHMU TMPUTATAIOTHCS JO0 TMO3UTUBHO 3apsiIKEHUX
siiep aTroMiB. Y TBEpIUX TUIaX, 30KpeMa MeTalax, YacTHHA €JIEKTPOHIB BITHOCHO BUTbHA
— He 3B'sA3aHa 13 KOHKpETHUMHU atomamu. IIpoTe mi eIeKTpoHu 3B'sA3aHi 13 3arajibHOIO
CTPYKTypoOto Metany. [ BuXoay 3a MeXi TBEPJAOTO TiIa €JIEKTPOH MOBUHEH TMO10JIaTH
CUJTy TIPUTSTAHHS TO3WTHUBHO 3aps/KEHOT KPUCTAIYHOI Iparku. Tomy s BUXOAY 3
TBEPJIOTO TUIA EIEKTPOH MOBWHEH MATH TEBHY XapaKTepHY ISl TaHOTO TBEPJIOTO Tila
eHeprito. [Ito eHeprito BiH MOKe Haa0aTH PBHUMHU CTIOCOOAMM: BUMAJKOBO BHACIIOK
TEIUIOBOTO PYXY (TEPMOENEKTPOHHA eMICIs, MOTJIMHAIOYN KBAHT CBITIA (hoTOoChEKT), B
30BHIIIHHOMY €JICKTpUYIHOMY T0Jl. Benmnuunna 11i€i MIHIMaIBHO HEOOXITHOI eHeprii
OoTpuMaJia Ha3By pOOOTH BUXOY.

Po6ota BUX01y € BAXKIMBOIO XapaKTEPUCTHUKOIO METAIIIB, IKa BU3HAUAE, YU MOXKE
TaKui MeTan OyTH TapHUM enekTpoioM. JIykHI MeTanu MarTh HalMeEHI poOoTH
BUXO]1y, TPOTE iXHE BUKOPUCTAHHS 0OMEKEHE HU3HKOIO CTIMKICTIO 11100 KOPO3ii.

Tabnuysa 5
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Poboma suxooy oesaxux memanis

Meran Po0OoTa
Buxony (eB)
Harpiit 2.3
Kanp i 2.9
AiroMiH1 4.08
51
Minb 4.7
30510TO 5.1
ITnatnna 6.35
Tepmonapa.
Tepmondpa — BUMIPIOBAILHHMIA MEPETBOPIOBAY, III0 BUKOPUCTOBYETHCS B

YCTaTKyBaHH1 JJI1 BUMIPIOBaHHSA TEMIIEpPaTypH, a TaKOXX I MPSAMOTO MEPETBOPEHHS
TeIJIa B €JICKTPUKY B THUX BHUIIAJKaX, KOJM JOUUTLHO YHHKHYTH PYXOMHUX JeTajei
(Hanpukinan, y kocmoci). [TormuHanHs Teria npu npoXoKeHHi eIeKTPUYHOTO CTPYMY
Yyepe3 KOHTAKT BUKOPUCTOBYETHCS B XOJIOIUIbHUKAX TOIIIO.

[Mpuniun aii Tepmomnapu 6a3zyeTbesi Ha TEPMOETICKTPUYHHX SBHILAX. Tepmomnapa
CKJIQIA€THCS 3 ABOX MPOBIIHUKIB, CIIOTYYEHUX KIHISIMU TaK, [0 BOHU YTBOPIOIOThH JIBa
KOHTAaKTU. KOHTaKTH MOMIIAIOTh B CEpEIOBHINA 3 PI3HOIO TEMIIEPATYPOIO.

Jljisi BUMIpIOBaHHSI TepMepaTypu BUKOPUCTOBYIOTH edekT 3eebeka. Tepmomapa
BUMIPIOE DPIBHUIIO TEMIIEpaTyp, a He caMmy Temreparypy. Tomy IJsi BU3HAu€HHS
3HAQUEHHS TEeMIlepaTypu OJWH 13 KIHIIB MOTpIOHO ab0 MOMICTUTH B TEpPMOCTaT 3
BIIOMOIO TEMIIEPATYPOIO, A00 3K BUMIPOIOBATH 1i IKUMOCH IHIIUM CTIOCOOOM.

EnextpopymiiiHa cuiia, sika BUHUKAE B TepMOIApl MDK HArpiTUM 1 XOJOJHUM
KIHIIEM MOJKE€ BUKOPHCTOBYBATHCS SK JKEPENO JKUBJICHHSA. EQEKTHBHICTH TaKOTO
JDKepesia HEBUCOKA, ajieé B TIEBHUX YMOBAax, HaMPUKJIa/, B KocMoci, aaneko Big CoHIs,
TaKe JKEPEsio He3aMIHHE, BPAXOBYIOUM BIICYTHICTh PYXOMHUX 4acTuH. /[ HarpiBaHHs
rapsiaoro KiHIT TepMOIMapd B KOCMIYHUX araparax BHUKOPHCTOBYIOTH TEIIO BI
PaIiaKTUBHOTO PO3TMay.

Tepmomapu 3acTOCOBYIOTH TaKOXK Yy HarpiBadax Ta  XOJIOJWJIbHHKAX,
BukopuctoBytoun edekr Ilempthe. [Ipu NMpOXOIKEHHI ENEKTPUYHOTO CTPYyMY dYepes
KOHTAKTH TEPMOTApH OJMH 13 HUX HArpIBA€ThCS, @ IPYTUN OXOJIOIKYETHCS.

TepmoesiekTpoHHA eMicis.

TepmoenekTpoHHa eMiCis — SBHIIE 3YMOBJICHOTO TEIUIOBUM PYXOM BHIJIBOTY
€JIEKTPOHIB 32 MEX1 pEYOBHHHU.

TepmoenekTpoHHa eMiCist CyTTeBa Al PYHKIIOHYBaHHS BaKyyMHHUX JIaMII, B SIKUX
€JIEKTPOHH BUIPOMIHIOIOTHCSI HETAaTHBHO 3aPsIKCHUM KaTo10M. J1J1s1 30UThITICHHS eMIC i1
KaTo/1 3a3BUYall MII'PIBAETHCS HUTKOIO PO3KAPEHHSI.

[Ipu HarpiBaHH1 MeTaly €HEPTETUYHUI PO3NOALT EIEKTPOHIB B 30H1 MPOBITHOCTI
3MIHIOETBCS. 3'SIBISIIOTBCS €JIEKTPOHU 3 EHEpricro, M0 TepeBHINye piBeHb DepMi.
Hesnauna KUIBKICTh €JCKTPOHIB MOXE HAOYTH CHEPrio, sKa IEePEBHIINYyE POOOTY
BUx0y. Taki eneKTpOHH MOXKYTh BUMTH 3a MEX1 METally, B PE3yJbTaTi YOr0 BUHUKAE
eMicil eNIeKTpOHIB. BenmmuumHa CcTpyMy TEPMOENEKTPOHHOT €MICii 3aleXUTh Bl
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TEeMIepaTypu Karojaa, pOOOTH BHUXOAY Ta BJACTUBOCTEH TMOBEPXHI (PIBHSIHHSA

A !
Piuapacona-Jlemmana): Je = AT oo/t

7e: je — T'YCTHHA CTPYMY eMicii;

A - ewmiciiiHa cTana, siKa 3aJ€KUTh Bl BJIACTUBOCTEH BUIPOMIHIOBAIBLHOI
MOBEPXHI 1 KA JIJIs1 OUTBIIIOCTI YUCTUX METANIB JIEKUTH B Mexkax 40-70 A/cm?*K?;

T - abcomoTHa TemnepaTypa Karoaa;

€ - OCHOBa HaTypaJIbHUX JIOTapU(PMIB;

ep0 — poOoTa BUXO/y €JIEKTpOHA 13 METaly;

kB — crana Bompiimana.

HaBenene piBHSHHSA  chopaBemmBe a1 MeTamB. Jmsg  JOMIMIKOBHX
HaAMBIPOBITHUKIB ICHYE JICMIO 1HINA 3aJICKHICTh, OJTHAK KUIbKICHUHN 3B'SI30K BEIMYHHHU
cTpyMmy emicii 3anmumaerscs. [logane piBHSHHS JEMOHCTPYE, IO BEIMYWHA CTPYMY
emicii HalOUIbLIe 3aJeKUTh BT Temieparypu karoga. OpHak npu 30UIbIIEHHI
TEMIIepaTypd PBKO 3pOCTa€ IBHUJKICTH BHUIIAPOBYBAHHS MaTepialy Katoaa 1
CKOPOYYETBHCSI CTPOK Horo ciyx6wm. ToMmy Karoa MOBWHEH TNPAIIOBATH B CTPOTO
BU3HAUEHOMY 1IHTepBaJi poOouux Temneparyp. HwkHii mnopir BU3HAYAETHCS
MOXIIMBICTIO OTpPUMaHHS OaXaHOi €MiCli, a BEpXHIi — BHUIAPOBYBaHHIM a0o
TJTaBJICHHSM MaTepiairy.

CyTTeBO BIUTMBAE Ha BEIUYMHY CTPYMY €MICIi 30BHIIIHE €IEKTPUYHE MOJIE, SKE
nie Outa moBepxHi karona. lle sBuine otpumano Ha3By edekra [lloTTki. Ha enextpow,
1[0 BUXOJUTH 13 KaroJia, MpH HAasBHOCTI 30BHINIHHOTO CIIEKTPUYHOTO IOJIS JiFOTh JBI
CHJIM — EJIEKTPUYHOTO TSDKIHHS, SIKa TIOBEPTA€E €JIEKTPOH Ha3a, 1 30BHIIIHLOTO TOJIS,
10 MPULIBUAIIYE €IEKTPOH y HANpsIMI Bil MOBEPXHi kaToj1a. TakuM 4MHOM, 30BHILIHE
SNIEKTPUYHE TIOJIe 3MEHIITy€E TOTEHIIIHMIA O6ap'ep, BHACIIIOK YOTO 3HMXKYEThCS poOOTa
BUXOJTy €JICKTPOHIB 13 KaTo/1a 1 30UIbIIYETHCS €JIEKTPOHHA EMICis.

BrumB 30BHIIHBOTO NPUIIBUALIYIOYOTO MOJISE 0COOIMBO CUIIBHO MPOSIBIAETHCS Y
HAIMBIPOBITHUKOBUX KaTOJaX 3 MIOBEPXHEBUM MOKPHUTTSIM OKCHJIAMU JIy)KHO3EMEIIbHUX
MeTaniB. HamBOpoBIIHMKOBI KaTOAM MAlOTh ILIEPIIABY IOBEPXHIO, TOMY 3HA4YHO
3pOCTa€e HAMPY>KEHICTh 30BHIMIHLOTO €JICKTPUYHOTO TMOJs OUTI HEpIBHOCTEH MOBEPXHI,
110 BUKJIUKAE OUTHII IHTEHCUBHUM PICT CTPYyMY eMicii.

EnexTpoHHi npuiagm.

EJIeKTpOHHHH nppmaj:[ (EIT) — mpunaj, s NepeTBOPEHHS eJIeKTPOMAarHiTHO1
€Heprii 3 OJHOTr0 BUAY B IHIIMN, B MPOLECI B3aEMO/JIIi CTBOPEHUX B EIEKTPOHHOMY
npuiiajii eIeKTPOHHUX MOTOKIB, 3 €eKTPOMArHITHUMU MOJIIMU, — B CEPEIOBHIL, SIKe
3alOBHIOE  BHYTPILHIA  MOPOCTIp  €NEKTPOHHOro  mpwiaay  (Bakyym, — ras,
HaMIBIIPOBIAHUKOBUI Marepiai, H.).

EnektponHi mnpuiaad THOAUIAIOTBCS Ha  €IEKTPOBaKyyMHI TpWiaad Ta
HaMIBIPOBITHUKOBI MPUJIA]IH.

EnextpoBakyymuuii npuian (EBII) — enextpoTexHiuHmMii ab0 pamioTEXHIIHUI
npuiana, Juis poOOTH SIKOTO TOTPIOHMH BHCOKHMM BakyymM abo mneBHMid ra3 (iHOAI
CIelliaJibHa CYMIII Ta3iB) MPU BU3HAUYEHOMY 3HaueHHI THCKY. Lle mukTye HeoOXimHICTh
BomoBaHHs pobodoro 060'emy EBII Binm 30BHINHBOrO MPOCTOPY CHELIATBLHOIO
ra30HENPOHUKHOI0 000JI0HKOI. Taki 0OOJOHKM MaroTh Ha3By OanoH abo kosba 1
BUTOTOBJIAKOTHCS 3a3BMYail 31 ckjla a00 Merany (IHOJI BKHUBAIOThCS OaJOHU METajo-
CKIITHOTO Tuy). J[7s momaui enekTpuyHuX Hampyr i1 curHaiiB Ha enektpoau EBII 3
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00OJIOHKM BUBOJATHCS 3'€qHAHI 3 EIEKTPOJaMU IITUPKU (YacTUHA SKHUX 3a3BUYAl
00'eTHYeThCS B IOKOJBHUN po3'eM), 3a momomororo skux EBII migkmodeerscst 1o
30BHILIHIX EIEKTPUYHUX K.

3anexuo Bin npuniuny ai EBII noauisioTs Ha

-0e3po3psannai EBII — cTpym B SKMX MOpOTIKa€ TUTBKM 1O TIPOBITHUKAM, IIO
3HaXoASAThCS B pobouomy mpoctopi EBIL, (ocBitmoBanbHi tamiiu, 6aperepu, BaKyyMH1
TEPMOEJIEMEHTH Ta 1H.);

-€JIGKTPOHHI NPHWJIaAd — CTPYM B SIKMX BHHHUKAE SIK Pe3yJbTaT HAIMPaBIICHOTO
MEPEMIIICHHS TIOTOKY €JCKTPOHIB Yy BaKyymi (€IEKTpOHHI JaMIIH, CIIEKTPOHHO -
IIPOMEHEB1 TPYOKH Ta 1H.);

-ra30po3psAHI IpUiIaau — (TUPATPOHU, TA30TPOHU Ta 1H.)

Jekuyia Nel8. EnekTpuuHMii CTPYM B Pi3HUX cepe0BUIIAX (PiTUHU, Ta3U, BAKYYM)
—2ron.

Inaw:

1.EnexTpuyHMiA CTPYM B PIIHUHAX.

2.EnekTpuuHM CTPYM B Ta3ax.

3.CaMocTiiinuii 1 HecaMOCTiitHUM ra3oBuid po3psa. 4. TepmoenekTpoHHa eMicis.

5.BakyymHi1 nammu.

EnexkrpuuHuii cTpyM B piamHax

PimuH4 — oNWH 3 OCHOBHHX arperaTHHX CTaHIB PEUYOBHMHHU IOPSJ 13 Ta30M Ta
TBEpAUM TUIOM. Bim rasy pinuHa BIIpBBHSIETHCS THM, II0 30epirae cBii 00'eM, a Bia
TBEPJIOTO TUIa THUM, 1110 HE 30epirae Gpopmy.

VY pinuHi MOJEKynHM 31e0UThIIOr0 30epirafoTh CBOIO IIUTICHICTH, XO4Ya YHMAJIO
pIIMH € pPO3YMHHHKAMH, B SKHAX MOJEKYJH 10 II€BHOI MIpH JHCOIO0Th. [lpu
JYcOINaIlli B piIMHAX YTBOPIOIOTHCS MO3UTUBHO M HETATMBHO 3apskKeHi MoHu. Taki
PITMHH MPOBOISTH SIICKTPUIHUI CTPYM.

Enextponmithy — 116 pEYOBHHM, €ICKTPUYHUN CTPYM y SKHUX 3aBXKIU
CYMPOBOJIKYETHCS X XIMMHUMH 3MiHaMu. Lle po3uuHu conel, KUCIOT 1 JIyTiB Yy BOAL. Y
TaKUX PO3YMHAX TOCTIAHO BIIOYBaeThCS po3Maa MoJiekyl Ha loHu. Lleit mporec
HA3UBAETHCS  €JICKTPOJITUYHOIO Jucoliamiero. BHacmmok aucomiaiii B poO34YHHI
YTBOPIOIOTHCS TTO3UTHBHI (KaTIOHW) 10HU METATIB 1 BOJHIO, Ta HETATHBHI (aHIOHM) 10HU
KACJIOTHUX 3QJIMIIKIB 1 TIIPOKCUIBHOI TPYyMH. Y CTaHl JMHAMIYHOI PIBHOBArd PO3YWH
XapaKTePU3YEThCA CTYIEHEM JHucOoIarnii ? — BITHOIIEHHSIM YHCJa N MOJIEKYJ, SKI

Fi
. . :}) -
JIMCOLIIOBAIH HA I0HH, /10 3arajbHOT0 YKciaan) MONEKy PEUOBUHM: 'O
['yCTHHY €IEKTPUYHOTO CTPYMYy B €JIEKTPOJITI MOXKHA BU3HAYMTH 34 3aKOHOM
- B -
Jr = —_—= ,:E‘
Owma: A

[lpu migBUIICHHI TeMIepaTypud TUTOMHH OMIp ENEeKTPOJITY 3MEHIIYEThCS, a
IUTOMA TPOBITHICTE 30UThIITYeThCSA. [IPOXOJKEHHS EIEKTPUIHOTO CTPyMy dYepes
EIEKTPOJIT CYNPOBOJKYETHCS SIBUILEM EIIEKTPOJIBY — BUIUIGHHS Ha EJIEKTPOoJax
PEYOBHH, ITI0 BXOATH /10 CKJIAAY EICKTPOJIITY.

EnexTrpu4yHuii cTpym B rasax.
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['a3n 32 HOpMAIBHUX YMOB IOTAHO MPOBOMASThH EIEKTPUUYHUN CTPYyM, TOOTO €
BoasTopamu. ['a3 CKIIagaeThCs 3 HEUTPATLHUX aTOMIB 1 MOJIEKYJ1. BHACTIOK 30BHIITHIX
T (OHpOMiHIOBaHHH yJILTpa(pioneTOBHM peHTFeHiBCBI(I/IM pajlioaKTI/IBHI/IM
BHHpOMlHIOBaHHHM HarpiBaHHs 1 T.J.) Ta3 10H13y€TI>CH TOOTO B aTOMIB i MOJIeKyYI
BIIPUBAIOTHCS  €NIEKTPOHU. BHacminok ioHBali yTBOPIOIOTHCS IO3UTHBHI 10HU 1
enekTponu. KoedimienT ioHB3amii ? Ha3WBalOTh BIMHOIICHHS YMcla IOHIB N, IO
BUHUKIIH, J10 YHCJIa MoJieKy razy NO B qaHoMy 00’ €Mi.

8= N

NI:I

[lopsin 3 ioHBali€r0 BiMOYBa€ThCS 3BOPOTHIN mpolec — peKoMOiHalls, TOOTO
00’ €THAaHHS 10HA 1 €JIEKTPOHA B HEUTPaAIbHY MOJICKYJTy a00 aToM.

Eneprito, siky moTpiOHO 3arpaTUTH AJiA IOHBALI Tra3y, Ha3WBaIOTh EHEPTIEI0
loHBaui. /J[nsg pBHHUX ra3iB eHeprii 10HBBaUli Mae pI3HE 3HAYEHHS 1 3aJEKUTh Bij
OynoBu atroma uyu MoJekynd. HeoOximHa ymMoBa iOHBalil — HaJaHHS €JIEKTPOHAM

2
my > 4
3HAYHOI MBUIKOCTI, 2

ne Al - poOora loHBarii, miV —
BIITIOBITHI IBUAKICTH 1 Maca €JIeKTPOHIB. ¢

[Ipouec  HPOXOIKEHHS  CTPYMY
Yyepe3 ra3 Ha3uBalOTh Ta30BUM PO3PSIAOM.
["a3oBuit po3psaa, SIKMA BITOYBAETHCS TN

X

€10 loHBBaToOpAa, HA3UBAETHCS 1 B L
HecaMoCTiHUM (ginsuaka 0 — 2). o ”

BonbT — aMmmepHa  XapakTepHUCTHKA 2 L2

(3aneXHICTh CHWIM cTpyMy B kom Bim Puc. 11.Ipagix saredsxcnocmi cmpymy 6i0
Harpyru) Mae Takuil Burisij (puc. 11.). ranpyau

[Ipu HecamocTiiHOMY ra30BOMY po3psiai3akoH OMa He CIIPaBIKy€eThCs (HE ICHY€
MIPOIOPIIMHOT 3aICKHOCTI MDK CHJIOIO CTPYMY 1 IPUKJIAACHOIO Hanpyroto). [lounHaroumn
3 JISSIKOT HAMPYTH, CHJIa CTPYMY HE 3MIHIOEThCSI, HACTa€ HACHYCHHSI.

CamocTiiiHuil i HecaMOCTIMHUI ra30BUH PO3PAI.

["a30Buii po3psa — sABUILE NPOTIKAHHS €IEKTPUYHOIO CTPYMY B raszax.

['a3 ckmamaeTscsl 13 HEUTpAIbHUX aTOMIB 1 MOJICKYJ, TOMY JJIs 3a0e3ICUCHHS
EJIEKTPOTPOBITHOCTI HEOOXIIHE BUHUKHEHHS HOCIB 3apsiay - loHBamig. Jxepernom
loHBalil MOXe OyTH 30BHIIIHE ONPOMIHHEHHS BHUCOKOEHEPreTMYHUMH (POTOHAMU -
yIbTpadioNeTOBUMHU, PEHTTEHIBCBKUMU YW ramma-npoMeHsmu. loHBamis Moxe
BUHHKHYTH TaKOX y CHJIBHOMY EJIEKTPUYHOMY I0JI, a00 X 3a paxXyHOK 3ITKHEHb 13
NPUCKOPEHUMHU HOCIIMM 3apsany (ynapHa ioHBaiist). JloJaTkoBUM JKepernoM HOCIiB
3apsily MOKe OyTH TOBEpXHEBa IOHI3allisd, HAIMPHUKIIAL TEPMOECJEKTPOHHA eMicisi 3
KaToJly.

[Ipy Mammx B30BHIMHIX EIEKTPUYHUX IIOJIAX IPOBITHICTH Ta3iB 3yMOBIIEHA
30BHILIHIMU JIKepenamu ioHBallii. Po3psn, skuil BUHUKAae B TAKMX YMOBaX, Ha3UBAIOTh
HECaMOCTIHUM PO3PSIOM.
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Po3psanm, siki BUHUKAIOTh y CHIIBHUX ENEKTPUYHHX TMOJIAX 32 PaxXyHOK lOHI3aIlii,
0 BUHUKAE TIPM TPOTIKAHHI CTPyMY, HA3WBAIOTHCS CAMOCTIMHMMH Ta30BHUMH
PO3pSATAMH.

Po3pBHSAIOTH TaKi TUMH CaMOCTIHHUX Ta30BUX PO3PS/IIB:

-Tnirounii po3psn

-JlyroBuut po3psn

-IckpoBul po3psn

-Koponnuii po3psn

Trnirounii po3psii BUHHUKAE TMPU HUZBKUX THUCKAX
BUHUKA€ BHACTAOK yHapHOi I1OHBalil Tra3y B TpyOIll 1 JOJAaTKOBOTO BHUOWBAHHS
CIEKTPOHIB 3 KaToJa MO3WTUBHUMHU 10HAMU. THiFOYHMA PO3Ps] BUKOPUCTOBYETHCS B
ra3oCBITHUX TPyOKax misg ohOpMIICHHS peKjiaMm, B JIaMITax JEHHOT'O CBITJIA, B Ta30BUX
Jazepax.

Kopounnmit pospsa  (y caMOMy €lEKTpUYHOMY II0Jl) BHUHUKAE MOOIU3Y
3apsIKEHOT0 TOCTPOTO MpoBigHUKA. BiH crioctepiractbest mpu atMochEepHOMY THUCKY
HABKOJIO MPOBOJIB BUCOKOBOJBLTHOI JHII. YUM BUIIa HANpyra, TUM TOBIIUM Mae OyTu
OpoBil. Y TEXHIll KOPOHHUH poO3psl BUKOPHCTOBYIOTb B eNeKTpoPUIbTPaXx,
NpU3HAUYCHUX JIJISI OUMILEHHS MPOMHUCIOBHUX ra3iB Bin jaomimok. KoponHuit pospsia
MIPU3BOIUTH 10 BTPATH €HEPTTi.

[ckpoBHUii po3psAa BUHUKAE y pa3l BEIMKOT HAMPYKEHOCTI ENEKTPUUHOTO MOJIS
(30000 B/cm). Mix enekTpojaMy BHHUKAE CICKTPUYHA ICKpa, KA Ma€ BHIJIAJ JTYXKE
SCKpPaBOi CMYT'U CKJIaAHOT (POPMHU.

[ckpoBuii po3psi Mae mepepuBYACTHI XapakTep, 00 micis mpoOoro Hampyra Ha
SIIEKTPOJIaX 3HAYHO CIAJae 4Yepe3 Te, M0 NMPOMDKOK MDK €IeKTPOJaMU KOPOTKO
3amuKaeTbCs. [IpukinagoM ickpoBOTO po3psiay € OJarcKaBKa, IpoOii TIeNeKTpUKa.

JyroBuii po3psa. SKmo B KON € TOTYXKHE JKEpeno, TO ICKPYy MOKHa
NIEPETBOPUTH B ENIEKTPUUHY AYTY. [lyra BUHMKaA€, SKIIO MPUBECTH B KOHTAKT, a MOTIM
MOCTYIIOBO PO3COBYBAaTU JiBa BYTUIbHI €IEKTPOIH, AKI MepedyBaloTh i HaNpyroro.
JIlyroBuii po3psl BHUHUKAE TOJMi, KOJM BHACIIAOK HArpiBaHHS Karoja OCHOBHOIO
NPUYMHOIO 10HB3ALI Ta3y € TEPMOEIEKTPOHHA eMiCii — BUIIPOMIHIOBAHHS E€JIEKTPOHIB
Ty)Ke Harpitumu TilamMu. JyroBuil po3psi BUKOPHCTOBYIOTH i Yac 3BapIOBAHHS
METaJIIB, JIJI OCBITJICHHS, B JYTOBUX €JIEKTpOIIeYax.

TepmoesexkTpoHHa eMicisi.

TepmoenekTpoHHa eMiCisi — SIBHILE 3YMOBJICHOTO TEIUIOBUM PYXOM BHIBOTY
EJIEKTPOHIB 32 MEX1 PEYOBHHHU.

TepmoenekTpoHHa eMicis CyTTeBa Il QYHKIIOHYBaHHSI BaKyyMHHX JIaMIl, B SIKMX
€JIEKTPOHU BUMPOMIHIOIOTHCSI HETaTUBHO 3apsiAKEHUM KaTo0M. [t 30 UThIIeHHST eMic i1
KaTOoJ[ 3a3BHYAM IMTITPIBAETHCS HATKOIO PO3KapCHHS.

[Ipu HarpiBaHH1 MeTaTy EHEPTETUYHHUA PO3IOIUT SJICKTPOHIB B 30HI MPOBITHOCTI
3MIHIOETbCS. 3'SIBISIIOTBCSL €IEKTPOHU 3 EHEpri€lo, L0 MepeBHIlye piBeHb DepMi
He3nauna KUTbKICTh €NEKTPOHIB MOXE€ HAOYTH €HEprio, sika MEepPEBUIIYE POOOTY
BUXOAy. Taki eMeKTPOHU MOKYTh BUUTH 3a MEXKI METally, B PE3yJbTaTl YOTO BHHHUKAE
eMICl eNeKTpOoHIB. BemnumHa CcTpyMy TEPMOECIEKTPOHHOI eMicii 3aJieKHUTh Bia
TEeMIIepaTypyd Karoja, pOOOTM BHUXOJY Ta BJIACTUBOCTEH TMOBEPXHI (PIBHSHHA

_ ATEE—E;J_?QIH;BT

(P 0,01+ Last. prrcit)  Big

Piuapacona-Jlemmana): Je
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Je: je — r'yCTHHA CTPYMY eMIiCii;

A - ewmiciiiHa cTanma, SKa 3aISKUTh BT BIACTHBOCTEH BHUIPOMIHIOBAILHOI
MOBEPXHI 1 SIKa JIJIs1 OUTHIIIOCTI YUCTUX METANIB JIGKUTH B Mekax 40-70 A/cm?*K?;

T - abcoroTHA TeMIieparypa Karo/a;

€ - OCHOBAa HAaTypaJIbHUX JIOTApU(MIB;

ep0 — po6oTa BUXOy €JIEKTpOHA 13 METalTy;

kB — ctana BoibiMaHa.

Hapenene piBHSAHHS CTIpaBE/IJIMBE JIJIST METAIB.

CyTTeBO BIUTMBAE HAa BEIMYMHY CTPYMY €MICIi 30BHIIIHE €IEKTPUYHE TIOJIE, SIKE
nie Outt moBepxHi Karona. Lle sBume otpumano Ha3By edekra IlloTTki. Ha emexktpos,
0 BUXOJUTH 13 KaroJia, MpW HASBHOCTI 30BHIIIHLOTO €JIEKTPUYHOTO TOJS JIFOTh JIBI
CUJIM — EJIEKTPUYHOTO TSKIHHSA, SIKa TTOBEPTAE €IEKTPOH Ha3aj, 1 30BHIIIHLOTO TOJIS,
10 TPHUIIBUIIIYE €ICKTPOH Y HAMpPsMI Bif MOBEPXHI KaToaa. TakuM YHMHOM, 30BHIITHE
EIIEKTPUYHE MOJIE 3MEHIITy€e TOTEHIIMHUN Oap'ep, BHACTIIOK YOTO 3HIKYETHCS poOOTa
BUXO/]1y €JIEKTPOHIB 13 KaroJa i 30UIbIIyeThCS €IEKTPOHHA EMICIS.

Bakyymni 1amnmu.

EmextpoBakyymHa mamma ab6o EnektponHa
namna (EJI) — enekrpoBakyyMHMI TIpWiIam, IO
FaMa {ehode) NPU3HAYEHUN Il  PI3HOMAHITHUX TI€PETBOPEHB
o CJICKTPUYHHAX BEIMYMH ILUIIXOM YTBOPEHHS IOTOKY
CIIEKTPOHIB Ta HOTO KEPYBAHHSIM.

EnextpoBakyymHa mamma ab6o EjektponHa
namna (EJI) — enekrpoBakyyMHMII Tpuiaz, IO
OpU3HAUYCHUN Ui  PI3BHOMAHITHUX TMEPETBOPEHb
eNIEKTPUYHUX BEIMYHMH LUIIXOM YTBOPEHHS MOTOKY
EJIEKTPOHIB Ta MOT0 KEPYBAHHSM.

Glass envelope

Filament (cathode)

Puc.12. Bakyymna namna

Jekuyia Nel9. HaniBNPOBIAHUKH B €JIEKTPUYHOMY IOJIi— 2 TOA.

Ilnan:

1.MexaHi3M BIacHOT MPOBITHOCTI HAMIBIIPOBITHUKIB

2.3acToCyBaHHS HAIIBIIPOBITHUKIB.

3. Jiox

CtpyM B HaniBNPOBIAHUKAX.

HamiBnpoBiTHUKH — 1€ PEYOBUHHU, B IKHX EIEKTPONPOBIIHICTh 3aiiMae MPOMDKHE
MICIIe MDK MPOBITHUKAMU 1 JleJIeKTpUKaMu. Jl0 HamBOPOBITHUKIB HAIEKaTh KPEMHIM,
ceneH, XiMiuHI 3’enHanHs eneMmeHTiB Il rpynu 3 enementamu V rpynu. [lutomuii omnip
HaAMBIPOBITHUKIB 3HAX0AUTHCS B Mexkax Bl 104 1o 10-5 Om ‘M. B pesynbrtarti BiipuBy
CIIEKTPOHIB Bil aToMa BHHUKAIOTh BUIbHI €NEKTpOHH. BakanTHe Mmicrie (IO3UTHBHO
3aps/OKEHUN 10H) JJI  €JICKTpOHA YTBOPIOE Tak 3BaHy aipky. Jlipiii BimmoBimae
HA/UTMIIKOBUI TMO3UTUBHUHN 3aps]l MOPIBHSIHO 3 CYCIAHIMU HEIOHI30BAaHHUMH aTOMaMH,
TOMY PYyX IIpKH pIBHO3HAYHHUM PyXOB1 O3UTUBHOTO 3aps1y. SIKIII0 BHECTH POBITHUK B
30BHIIIHE €JICKTPUYHE T0JIe, TO XAaOTHYHHHA PyX AIPOK 1 €IEKTPOHIB MEPEXOIUTh B
HanpsimieHud. CTpyM B TakUX MPOBITHUKAX 3YMOBIIEHHH SIK PyXOM €JIEKTPOHIB 1 AIPOK
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(BmacHa mpoBigHICTh). KOHIEHTpars JIpoK 1 €JIeKTPOHIB OJHAaKoBa. BracHa
MPOBIAHICTh HAMIBOPOBITHUKIB Mayia. He3HauyHa KUTBKICTH JOMIMIOK Yy TPOBITHUKAX
3HAQUHO MIIBUIIYE MPOBIAHICT iX. J[OMINIKM 3yMOBIIOIOTH JOAATKOBY ([IOMIIIKOBY)
OPOBIIHICTh. JlOMIIKOBa MPOBIIHICTH OyBa€ TOHOPHOIO 1 aKUENTOPHOKO. JJoMIIKH, sK1
BIIIAIOTh EJICKTPOHU HA3WBAIOTHCS JOHOPAMH, a HAMIBIPOBITHUKUA 3 EJICKTPOHHOIO
NOPOBIIHICTIO — €JNEKTPOHHUMH HaMBOpOBiTHUKaMH (n — Ttumy). Enekrponny
OPOBIIHICTE OTPUMYIOTh, KOJM BAJICHTHICTH €JIEMEHTa, 10 JI0JA€ThCs, OUIbINa 3a
BaJICHTHICTh OCHOBHOI'O HamiBrpoBigHuKa. Hanpukiaa, no repmasxito (IV- BaneHTHMI)
nogatu mumr Ak (V - BaJIeHTHW). Y TaKUX HAMIBIOPOBIIHUKAX PyX AIPOK Maibke
BIICYTHIN. SIKII0 JOMIIIIKK MarOTh BaJICHTHICTh MEHIITY, HDK OCHOBHHUU HAIIBIIPOBITHUK,
iX Ha3MBaIOTh AKIENTOPaMH, a HAMIBIPOBIIHUK — JIPKOBHUM HAMIBIPOBIZHUKOM (p —
Tuny). B nepexnai n — Tun (HEraTUBHUI), p — TUI (MO3UTUBHUI). [Ipy KOHTaKTI 1BOX
HaIBIPOBITHUKIB N — THIY 1 P — THIY Ha iX MeX1 BHaCHAOK audy3i 1 pekoMOiHaIli
ENIEKTPOHIB 1 JIPOK BHUHUKAE TOHKWW TMIap, 30iMHEHWM HOCIIMH CTpyMy, SKHH Mae
nigBUILEHUH omip (p — N — mepexin). SKII0 BBIMKHYTH HAMIBOPOBIIHUK 3 P — N —
NEPEXO0/IOM B €IEKTPUYHE KOJIO TaK, H00 MOTEHLIal YaCTUHU 3 P — NPOBITHICTIO OyB
MO3UTUBHUM, a YAaCTHMHH 3 N — TIPOBITHICTIO — HETaTMBHUM, TO Yepe3 HbOro Oyme
npoxoauT cTtpyMm. Takuil mepexin HazuBaioTh npsmum (Puc. 12). Skmo 3Haku
NOTEHLIATIB HAa KIHISAX HAMIBIPOBIAHUKA MOMIHATH, TO 3BOPOTHIN CTpyM OyJie 1OCUTH
MaJluM, a OMIp MPOBIIHUKA TOCUTh BeNMUKUM. Takuii mepexin Ha3uBalOTh 3BOPOTHIM.

BnactuBocTi p — N — mepexoay ( Manmii omip y MPSIMOMY HampsiMi 1 BEJIMKUAN Y
3BOPOTHOMY)  BUKOPUCTOBYIOTH  JIJIl  BHIPSMIICHHS  3MIHHOTO  CTPyMY
(HarIBIIPOBITHUKOBI JIO/IH).

4,

(+) :‘. =) A= Lobep

OEEOEEOS o Lhap

Puc.12. Ilpamuii nepexio

BiacHa i 1oMilIKoBa NPOBiTHICTh.

Mix maporo CyCiaHIX aTOMIB ICHy€ Tak 3BaHHUM MapHOENEKTPOHHUN 3B’ 30K, a00
KOBaJIeHTHUH. YOTHpHU BaJIEHTHI €JIEKTPOHU KOYKHOT'O aTOMa BCTYNAIOTh Y KOBAJICHTHUIA
3B’S30K 3 €JEKTPOHAMM CYCITHIX aromiB. Tak, M0 BUIbHHUX €JEKTPOHIB Y YUCTOMY
repMaHil0 HeMae. A HeMa BUIBHMX HOCIB 3apsiiy, TO W He Oyne NpOXOAUTH
EJEKTPUYHUMN CTPYM. (HKa yMOBa ICHYBaHHS EIEKTPUIHOTO cTpymy?).

KoBanentHni 3B’A3kM  JTOCUTh MIllHI 1 TMpPU HU3BKUX TeMIEparypax
HAMIBOPOBITHUKY € JIETEKTPUKAMH.

3. Bim HarpiBaHHS repMaHIirO KIHETUYHA CHEPTisl BAJICHTHUX €JICKTPOHIB 3pOCTAE
1 OKpeMi 3B’ SI3KU PO3pUBAOTHCS.

B pesynLTan IIbOTO YaCcTHHA EJIEKTPOHIB, SIKi paHillle Opajau y4acTh B yTBOPEHHI
BAJIEGHTHUX 3B’S3KIB, BIIIICIUIIOIOTHCS 1 CTalOTh €JIEKTPOHAMM MPOBITHOCTL 3a
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HAsBHOCTI EJICKTPUYHOTO TIOJISI BOHU TMEPEMIAlOThCSA MPOTH MO 1 YTBOPIOIOTH
SIEKTPUYHHAN CTPYM. SK y MeTanax (eJIeKTpOHHA MPOBITHICTD).

Ane Ha BIIMIHY BiI METaJiB y HAIMBIPOBIAHUKIB € IIE IHII MEXaHI3MHU
npoBigHOCTL. KoM po3puBaeThCs 3B’S30K, TO YTOBOPIOETHCS BAKAHTHE MICIIE, JIC HE
BHCTadae ejekTpoHa. Moro HasmBawTh aipkoro. Jlipka Beae cebe SK IMMO3UTHBHO
3apsiJKeHa YaCTHHKA.

3 MABMUIICHHSIM TEMIEpaTypu KUIbKICTh PO3IpBAaHUX 3B’S3KIB, OTXKE BUIbHUX
€JIEKTPOHIB, 30UIbIIY€ETHCS. 30UIBIIYETHCS 1 KUIBKICTh TIpOK. Ili1 yac pyxy eneKTpOHiB,
CICKTPOHH MOXYTh 3aliMaTH BaKaHTHI MiCUi (HIPKH) TPH I[bOMY BITHOBJIIOIOTHCS
BaJICHTHI 3B’ SI3KU.

Jlipka nepeMIllyeTbCsl y KpUCTal y MPOTUIIEKHUM OIK BIT pyXy €l1EKTPOHIB.

[Ipuknan: BUlbHI MICUS Yy KJaci (3aut).

Pyx enekTpoHiB 1 AIPOK XAaOTWYHHM, SKIIO HAMPYKEHICTh CICKTPUIHOTO ITOJIS
nopiBHtoE 0.

[Ipu HassBHOCTI €NEKTPUUHOTO MOJISi BUHUKAE YIIOPSIAKOBAHE TIEPEMIIIEHHS JIPOK
y HampsiMi BEKTOpa HANpYKEHOCTI, 1 YHOPSAKOBAHE MEPEMIILEHHS €JIEKTPOHIB MPOTH
PyXy AIpOK,

OTxe, y HaBNPOBITHUKIB € HOCII 3apsi/IiB ABOX TUIIIB: €IEKTPOHU 1 AIPKH.

ToMy HamiBIPOBIAHUKU MAIOTh HE TUTbKH €IEKTPOHHY, a i JIPKOBY MPOBIIHICTb.

Mu po3risiHyaM MeXaH3M MPOBITHOCTI €ATbHUX (YMCTUX) HAMIBIIPOBIIHUKIB.
[IpoBimHICTP YHCTHUX  HAMIBOPOBIIHWKIB  HA3WBAIOTh  BJIACHOK  MPOBITHICTIO
HaIBIPOBITHUKIB.

[IpoBINHICTh HAMIBOPOBIIHUKIB Y BEJHUKIA MIp1 3aJIeKUTh Bl goMioK. Came 1
3aJIeKHICTh 3pOOUIIa HAMBIIPOBITHUKY THM, YMM BOHH CTAJIM B CY4aCHIN TEXHIIIL

[Ipy HaAsIBHOCTI AOMIMIOK, KpIM BJIACHOI TMPOBITHOCTI, BHHHKAE JOJATKOBA —
JIOMIIIKOBA MPOBIIHICTD.

3MIHIOIOYHM KOHIIEHTPAIIII0 JOMIIIKH, MOKHA 3MIHIOBATH KUTBKICTh HOCIB 3apsi1y
TOTO YH HIIOT'O 3HAKY. 3aBJIKH LIbOMY CTBOPIOIOTHCSI HAIIBIPOBITHUKHU 3 TIEPEBAKHO IO
KOHIICHTpaIli€ero — abo Bim eMHO, a00 10aTHO 3apsaKeHuX HociiB. L1 ocoOmmBicTh
HaMIBIIPOBITHUKIB 1 BIAKPUBAE MIUPOKI MOMKIIMBOCTI JIsI iX MPAKTUYHOTO 3aCTOCYBAHHS.

OTxe, TOMIIKH MOXKYTh 30UTbIITYBAaTH KOHUEHTPALIIO €IEKTPOHIB MPOBITHOCTI 1
CTBOPIOBATH B HAMIBOPOBIIHUKY €JNEKTPOHHY JOMIIIKOBY MPOBIIHICT N-TUIY
(meratuBHUiA). Taki HJOMIMIKK HA3WBAIOTHCS JTOHOPHUMH. Y HAIMBIPOBIIHUKY N-THITY
€JIEKTPOHHU — OCHOBH1 HOCIi 3apsi1y, MIPKHA — HEOCHOBHL

HaniBnpoBiTHUKOBI npuJIaam.

HamiBripoBinHUKOBI TIpWIaay, €NEKTPOHHI MPWIAAH, il SKUX 3aCHOBaHA Ha
CIeKTPOHHUX TIPOIECaX B HAIMIBIPOBIAHUKAX. Y ENEKTPOHIIl H. T. CIYyXaTb JIs
NIEPETBOPEHHS PI3BHUX CUTHAJIB, B CHEPTETHIll — JJIs1 0€3M10CEPEIHHOrO MEPETBO P CHHS
OJIHUX BU/IIB €HEPTi B HIIHUX.

Binome Oararo BcUmIKuX cmoco0OiB kiaacudikaiii H. I, HANpHKIaL 3a
MPU3HAYCHHAM 1 MIPUHIIAITY JIii, 3@ TUIIOM Marepialy, KOHCTPYKIIEIO 1 TEXHOJIOTIE0, TI0
cepi 3acToCyBaHHS. HpOTe 710 OCHOBHUX KJIaciB H. M. BITHOCATh HACTYIIHI:
ENIEKTPOIIEPETBOPIOBAIIbHI MPWIIAIH, 10 MEPETBOPIOIOTH OJIHI €IEKTPUYHI BETUYNHU B
H. €JEeKTPUYHI BeIMYMHU ( HAMIBOPOBITHUKOBUN 101, TPAH3UCTOP, THUPUCTOD ) ;
OTITOCJIEKTPOHHI TPWIAX, MO TEPETBOPIOIOTh CBITJIOBI CHTHAIM B EIEKTPUYHUX 1
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HaBnaku ( omTpoH, doTope3uctop, dotomion, GororpaH3zuctop, GOTOTUPUCTOP
HaIBIPOBITHUKOBHH Jla3ep, CBITJIOBUIIPOMIHIOIOYHH 10, TBEPAOTUIHM IIEPETBOPIOBAY
300payKeHHSI — aHAJIOT BIIIKOHA 1 T.II.); TEPMOEJIEKTPUUHI MPUJIaIH, 1110 IEPETBOPIOIOTH
TEIJIOBY E€HEPTi0 B EIEKTPUYHY 1 HaBMaku ( TEPMOEJIEMEHT, TEpMOEIEKTPUUHUN
reHeparop, COHAYHA OaTapes, TEPMICTOP 1 T.11.); MArHITOCICKTPIY. MPHIAAH (JaTIHK, 110
BUKOpUCTOBYE X0y edeKT, 1 T.II.); I'€30€NeKTPUUHUNA 1 TEH30METPIUEChKUIA MPUIIa/IH,
SIKI pearyroTh Ha TUCK abo0 MexaHIdHui 3CyB. J[0 OKpemMoro Kjacy H. II. CJij BUITHECTH
IHTErpajbHl CXEMH, AKI MOXYTb OYTM TakUMH, IO EJIEKTPONEPETBOPIOIOTH,
OTITOCIICKTPOHHUMH 1 T.JI. 00 3MIMIAaHUMHU, TTOEAHYIOUYNMH caMi pi3Hi e)eKTH B OJHOMY
npuiaal. EmexkrporeperBoproBalibHI H. . — HAWOUIBINT IMMPOKHWHA KIIAc IIPHUIIAIIB,
NPU3HAYEHUX MJI1 NEPETBOPEHHS (10 pOJy CTPyMy, 4YacTOTl 1 T.JA.), OCUJIEHHA 1
TEeHEpYBaHHs €IEKTPUYHUX KOJIMBaHb B JAlana3zoHl 4acToT BiAg noab Iy Ao 100 I'rm 1
OB, 1X POOOYI MOTYKHOCTI 3HAXOAAThCS B Mexkax Bim < 10 -12 Bt 10 mekutbkox
coteHb BT, Hampyra — Big J0Jb B O ACKUTLKOX TUC. B 1CTPyMI— BiJ JEKUIBKOX
Ha J0 JACKUIbKOX THUC. a . 3aJIe)KHO Bl B)KMBAHOT'O HAIIBIPOBITHUKOBOTO MaTepialy
PO3PBHAIOTh FepMaHieBl, KPEMHIEBI 1 H. H. M. [I0 KOHCTPYKTHBHMX 1 TEXHOJIOTTYHUX
O3HaKax H. II. pO3IUITIOTh Ha TOYKOBUX 1 INTOIMHAKX; OCTAaHHI, Y CBOIO YePTY, AUIITH Ha
CIUIaBHMX, JAUQY3IMHUX, Me3alUlaHapHUE, IUIAaHApHHE (HAHOUIbIN  MOIIMPEHI,
nuB.(nuBucs) [lnanapuas TexHoyorist ) , emiIaHapHUE 1 1H. BinmoBigHO a0 00JsacTi
BXKMBAHHA PO3PIBHAIOTH BUCOKOYACTOTHI, BACOKOBOJIbTHI, IMITYJIbCHI 1 1H. H. I
H. n. BUmycKaioTh B METAIOCKISHUX, METAIOKEPAMIYHUX a00 IJIaCTMACOBUX

KOpITyCax, IO 3aXUIIAI0Th MPUJIAJIH Bl 30BHIIIHIX Jiif; 151 BAKOPUCTAHHS B TIOPUIHUX
IHTETPAIbHUX CXEMaX BUITYCKAIOTHCS T.3. OE3KOPIyCHI H. M. (AuB. MIKpOEIeKTpOHIKa )

Homenknarypa H. 1., 0 BUITyCKalOThCSl Yy BCIX KpaiHax Hamuye Omu3bko 100 000
THUIIB MPHWIAAIB PI3HOTO MPU3HAYCHHS.

Moayas S. EjxeKkTpoMarHeTusm
Jexuia Ne2(). EnekTpoMarHeTusm — 2 roj.

Iinan:

1.MarsitHe 1oJe.

2.B3aeMoiist CTpyMiB.

3.3akoH Amrepa.

4.3akon bio — CaBapa — Jlaruiaca.

5.Cuna JlopeHiia.

MarsitHe moJie.

MarsitHe n1dne — oco6miBa hopma Matepii, 3a JOIOMOTOF0 AKOi 3IIHCHIOEThCS
B3AEMO/IiSl MDK PYXOMHUMH €IEKTPUYHO 3apsiIKeHUMH YaC THHKAMU.

MarsitHe 1oJjie - CKJIagoBa eJIeKTPOMAarHiTHOTO TO0JIs, IKa CTBOPIOETHCS 3MIHHUM

4 Y Yaci CNCKTPHYHMM IIOJIEM, PYXOMHMH EJIECKTPUYHUMH

3apsiIaMu ad0 CTIHAMU 3apsIKEHUX YaCTUHOK. MarHitHe moJie
CIIPUYMHSIE CHUJIOBY JII0 Ha PYXOMi CIEKTPUYHI 3apsiIu.
HepyxoMi enekTpuyHi 3apsiad 3 MarHiTHUM IIOJIeM He
B3AEMOJIIIOTh, ajie €JIEMEHTapHI YaCTHHKU 3 HEHYJIhOBUM
CITIHOM, SIKI MalOTh BJIACHWUW MarHiTHUH MOMEHT, € JIKepeIoM
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Mar"iTHOTO TOJIsl 1 MarHiTHE TMOJi€ CIPUYHMHSIE Ha HUX CHIOBY JIIF0, HaBITh SIKIIIO BOHU
nepeOyBarOTh Y CTaHI CTIOKOIO.

MarsitHe 1oJie YTBOPIOETHCS, HAPUKJIIAA, Yy IPOCTOPI TIOBKOJIA MPOBITHUAKA, 110
SIKOMY T€4e CTpyM ab0 JJOBKOJIA TOCTIHHOTO MarHiry.

MarHiTHe T0JI€ € BEKTOPHHUM TMOJieM, TOOTO 3 KOXXHOIO TOUYKOIO MPOCTOPY
HOB'sI3aHUi BEKTOp MarHitHol iHaykmil B skuii xapakrepusye BeIMYHHY 1 HaAmpsim
MAarHiroro TOJis y I TOoYIl 1 MOXKe MIHSATHCS 3 TuIMHOM vacy. Ilopsin 3 BekTopom
ejekTpoMarditHol  iHaykmii B, MarHiTHe moJie TaKOX ONHCYETHCS BEKTOPOM
Harpyxenocti H.

MarniTHE TmTOJIe BHUMIPIOETBCS MarHiroMerpamMyd. MexXaHI9HI Mar"iroMeTpu
BHU3HAYAIOTh BEJIIMYUHY MOJIA 32 BUIXWJICHHSIM KOTYHIKH 31 CTpyMOoM. CiaOKi MarHiTH1
1oJIsI BUMIPIOIOTBCSI MarHiroMeTrpamMu Ha OcCHOBI edekty Jxo3zedcona - CKBI/{amu.
MarsitHe T0JIe MOYKHA TaKOX BHUMIPIOBATH HAa OCHOBI €(DEKTy SIepHOr0 MarHiTHOTO
pe30oHaHCy, epeKTy XoJa Ta IHIIMMHA METOaMHU.

MarsitHe 10JI€ IMPOKO BUKOPUCTOBYETHCS B TEXHII H JIJIs1 HAYKOBUX Huted. Jlist
HOTO CTBOPEHHSI BUKOPHUCTOBYIOTHCSI MOCTIMHI MarHiTy Ta enekTpomMaraird. O 1HOpiIHe
MarfiTHe MoJie MOKHa OTPUMATH 32 TOTTOMOTTO KOTYIOK [ 'efbmrosbiia. J{iis cTBOpeHHS
MOTY)KHUX MArHITHUX II0JIB, HEOOXITHMX i1 pOoOOTH MPHUCKOPIOBAdiB ab0 s
yITPpUMaHHSA IUIA3MH B YCTAaHOBKaxX 3 SIGPHOTO CHHTE3Y, BHUKOPHCTOBYIOTHCS
EIIEKTPOMArHITH Ha HAJIMPOBITHUKAX.

B3aemoaisi ctpymiB.

Skimo mo ABOX MapaleNbHUX 1 HE 3aKpIJICHUX MPOBIAHUKAX MPOIYCTUTH
NOCTIHHMIA ENEeKTPUYHUN CTPYM TO BOHHM OYAYTh MPUTIATYBAaTUCh. SIKIIO X CTPyMHU
OyayThb  aHTWUNapajelbHi, TO BOHM  BIIIITOBXylOThcs.  Kilacuuna  Teopisd
EIEKTPOMPOBITHOCTI METAJIB MOSICHIOE MPUYUHY I[IHOTO SIBUIA HACTYITHUM YHHOM.

Mertan Mae BUIbHI €IEKTPOHU (E€JEKTPOHHUU Tra3), PO3MOJAUIEHMH BCepeauHi
ionHoi Tparku. CymapHuil 3apsij J0JIaTHHO 3apsKeHOI I0HHOI TpaTKU 1 Bil’€MHO
3apsAJKEHOTO €NEKTPOHHOTO Ta3y PIBHUM HYIIO; 3apsad pPO3MOAUIEHI B MPOBITHUKY
PIBHOMIPHO, TaK III0 CHCTEMa HE Ma€ JUIOJIbHOTO MOMEHTY. BHacaigok mporo cymapHa
HaNpyKEeHICTh €JIEKTPUYHOTO MOJIA I0HHOT T'paTKH 1 €IeKTPOHHOTO Ta3y piBHA HYJIO, 1
HABKOJIO MPOBIIHHUKA BIACYTHE €JIEKTPUYHE MoJty. | ToMy MpOBIIHUKY MPU BIACYTHOCTI
CTPYMY HE B3aEMOJIIFOTH PYT 3 APYTOM.

[Ipr HasgBHOCTI E€NEKTPHUYHOTO CTPYyMY, TOOTO HAMPABIICHOTO PYXy BUIBHUX
€JIEKTPOHIB, MDK MPOBIIHUKAMHU BUHUKAE CUJIa B3aeMoii. [le mpuBOAUTH 70 BUCHOBKY,
10 CUJIM B3a€EMOJIIl MDK PYXOMHMMHM €JIEKTPUYHUMHU 3apsiiaMu BUIPI3HSIOTHCS Bif CHJI
B3a€MOJIii MDK HEPYXOMHUMH 3apsigamMu. 3 ICTOPUYHHUX MIPKYBaHb IIi CUJIM HAa3HBAIOTh
MarHiTHUMH.

3rigHo 3akoHy bio-CaBapa-Jlamiaca KoHUI TPOBITHUK 3 CTPYMOM

CTBOPIOE HABKOJO ce0€ MAarHiTHe mnoJie. Po3risitHeMO B3a€EMOJIII0 MBK JBOX
NPSIMOJIHIMHAX HECKIHYEHHO JOBIUX TPOBITHUKIB 3 CTPYMOM, PO3TAIIOBaHHUX
napayieIbHO OJIMH J0 OJHOTO Ha BiCTaHIL

Bzaemoniro napanenbHUX CTPYMIB JIETKO MOSICHUTHU 1 B3SITH 32 OCHOBY B O3HA4YEHHI
oCcHOBHOI ojnuHuul cuiu ctpymy B CI -1A. JlilicHO, KOXKHUI 3 POBIIHUKIB CTBOPIOE B
IIPOCTOP1 HABKOJIO ceOe MarHiTHEe ToJie, K€ B BIAMIOBIAHOCTI 3 3aKOHOM AMIIepa Jii€e Ha
JIPYTUH IPOBITHUK 3 CTPYMOM.
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BusnaunBmm cuity, 3 SIKOIO Jli€ Mar"iTHE 1MoJie IPYroro NpoBiTHUKA HA TIPOBITHUK
3 CTPYMOM, 1aHAJIOTIYHO CHUITY , 1 IOPIBHSABIIM 1X, MOXHA 3pOOHUTH BUCHOBOK, III0 BOHH
PIBHI MK 0000 1 HampaBJjIeHI MPOTUISKHO. 3a 0quHUIIIO cvi cTpymy Cl B3siTO ammiep
(A) — cuia Takoro HE3MIHIOIYOTO CTPyMYy, SIKMA IpU MNPOXOJKEHHI MO JBOX
napayieIbHUX TMPSMOMHIMHAX MPOBUTHUKAX HECKIHYEHHOI JOBXHHU 1 Maloi IUTOI
SI0JIOBOTO TIOTIEPEYHOTO TMepepi3y, pO3TalllOBaHUX B BaKyyMi Ha BIICTaHl 1 M OJIMH Bif
JPyroro, BU3HaB OM Ha KOXKHIN JUISHII MPOBITHUKA JOBXUHOIO 1 M CWIy B3a€MOi,

piBHY 2-10-7 H.
3akoH AMnepa.

Mapi Amnepom B

MOTOYHUMHU B
OPUTATYIOTBCS, A
BIAIIITOBXYIOThCS.

3akoH Awmriepa

(P
; Awmnepa BUXOJIUTh,
3 MPOBITHUKH 3

3aKOH B3a€MOJIIL
MOCTIMHUX CTPyMIB. YCTaHOBJIEHUH AHApe-

1820 pomi. I3 3akony
10 napasnesnbHli
MOCTIAHUM CTPyMOM,
OJTHOMY HanpsiMi,
B NPOTWISKHOMY —
3akoHOM Awmnepa

HAa3MBA€THCA TaKOX 3dKOH, IO BHU3HA4YaA€ CHUITY, 3 KOO MarHiTHE I10JIe I[i€ Ha Majuu

BIIPI30K MPOBIIHHUKA 13 CTPYMOM.

dF = j x BdV

Cuna Ammepa - e cuia, sika Jli€ Ha OPOBIIHUK 13 E€JIEKTPUYHUM CTPYMOM 3

OOKy MarHiTHOTO TOJISI.
Cuna Amriepa 3aneXuTh Bil:

-CWJ CTpymy
-ejleMeHTa (Y4acTUHU) JOBXKUHM MpoBinHUKa dl

-KyTa MDK HampsiMOM CTPYMY 1 HAIPsIMOM JIIHIA MAarHiTHOTO MOJIS o,

-MarHirHoi Haykii B

dF = BIdl sin o

VY BekTOpHIi (opMi cuina AMrepa 3anucyeThCs
dF = I[B,dl|

Axmo Kyt Mbk Bektopamu B 11 <90°:

F = Bllsina - cuna Amnepa

B =1 Tn(Tecna) - HayKiiss MarHiTHOTO MOJIs
[=1 A(Amnep) - cuna cTpymy

1 =1 m(meTp) - TOBXKUHA IPOBITHUKA

- KyT MbK BekTopamu B 1l

Axmo xyt Mbk Bektropamu B 11=90°, Toai sn90°=1, 3Bincu:

F =BIl.
3akon bio — CaBapa — Jlaniaca.
bio-CaBapa-Jlarmaca 3akoH —  3aKOH,  SIKMM

BHU3HAYA€ HAMPYKEHICTh MAarHITHOTO TMOJS EJICKTPHUYHOTO
CTpyMy, IO TeYE€ Yy MPSAMOJIHIAHOMY Iy)KE€ TOBIrOMYy
POBIIHUKY.
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_ H=k
3a 3akoHoM bio-Casapa r
ne H — HampykeHiCTh MarlitHoro mojsi B Toulmi M Ha BiACTaHi r BIX
NPSMOJIHIAHOTO TpOBiTHMKA 13 cTpymoMm [ (mam 1); k — koedimieHT

NPOTOPIIAHOCTI, BEIMYMHA 1 PO3MIPHICTh SKOTO 3alieKaTh Bl BHOOpPY CHUCTEMHU
OJMHMUIIb, T — PAJLyCBEKTOP.

3akon bio-CaBapa ekcniepumentanbHo Binkpw 1820 JKan-barict bio 1
@enike CaBap. Llell 3aKk0OH € YaCTKOBMM BHUIAJKOM OUIbII 3arajibHOro 3akoHy bio-
CaBapa-Jlammmaca, copmymnboBadoro II. Jlammacom 1820 nHa migctaBi MatepiaiiB 3
yuciienHux gocaiaiB XK.-b. bio 1 ®. Casapa.

3a mUM 3aKOHOM BENWYMHA HANpPY>KEHOCTI MarHiTHOTO TMoJjisi B To4lmi M Ha
BIICTaH1 T Bij eneMeHTa M MpoBIIHHWKA AOBUILHOI (hopMH

AH =k
BU3HAYAETHCS (POPMYJIIOIO:

e 00 — KyT MDK HampsMmom cTpymy | 1 HampsiMmoM
paniyca-Bektopa r.  [loBHa HampyXeHICTb MAarHiTHOTO
noJyii H, cTBOpIOBAaHOTO CTPYyMOM Y NMPOBITHUKY JOBUILHOI
dopMH 1 CKIHYEHHOI JOBKWHH, IOPIBHIOE T€OMETPHUYHIM
CyMi €JIEMEHTapHUX HaNpy>KEHOCTEH.

Hanpuknan, iHTErpyBaHHSIM OJEPXKYIOTh (POpMYyIH /
HaMpy>KEHOCTI MArHITHOTO TOJiSi HAaBKOJO HECKIHYEHHO JIOBTOr0 MPSMOJIHIMHOTO

2 S0 &

NpOBIIHUKA 31 cTpyMoM, TOOTO dopmyiny b. — C. 3., HanpyKeHICTb MAarHITHOT'O TOJIs
2wl
' H=kFk—
B LIEHTP1 KOJIOBOTO CTPYyMY T
HaIPYy>KEHICTh MarHITHOTO TOJISI B CEPEIHINM YacTHHI JyKE JIOBrOTO COJICHOIIA
H = kdnln Ta . Hanpsm HampyXeHOCTI MarHiTHOTO IO B YCIX BHIMaJKax
BU3HAYAETHCS 3a MPABUJIOM CBEPJIMKA.
Cuiaa Jlopenna.

Cuna JlopeHua - cuia, IO Ji€ Ha ENEKTPUYHUN 3apsl, KU mepedyBae y
€JIEKTPOMArHiTHOMY TOJIL.

F = gE E[VXB]

Tyr F - cuna, q - Benmmuuna sapsaay, E - manpyxenicts enekTpuaHoro moss,
V- IIBHAKICTb PYXY 3apsiy, B - BEKTOp MardirHoi iHAyKILii.

EnextpuuHe mose i€ Ha 3apsij 13 CUJIOK, HAPAaBJICHOIO B3/I0BXK CUJIOBUX JIIHIH
noyii. MarHitHe noJjie Aie jume Ha pyxomi 3apsau. Cuma aii MarHiTHOro mosis
NEPIEHINKYISIPHA 10 CUJIOBHUX JIHIA TOJIS 1 0 MBUAKOCTI PyXy 3apsy.

Ha3pana na yecth ['ennpuka Jlopena, sskuii po3poOuB 11e oHATTS 1895 poxy.

B Teopii BinHOCHOCTI cuna JlopeHiia 3amucyeTbesi B KOBapiaHTiii (opmi

. q‘ -0
ft = -F' &UJ;;
c
ne fi - 4-sextop cwm, uk - 4-mBUAKICTh, a Fik - 4-TeH30p €NeKTpOMarHIrHoro

HOJIA.
Hia-, mapa-, peppoMarHeTHKH.
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JliaMarHéTHK — PEYOBHHA 3 Bil'€MHOIO MArHITHOIO CIIPUHHSTIHBICTIO.

SBuiie glaMarHeTU3My 3yMOBIIEHE JJApMOPIBCHKOIO MPEIIECIEI0 EICKTPOHIB Y
MarHiTHOMY TOJI.

[Iponecy, siki BU3HAYarOTh JlaMarHiTHI BJaCTUBOCTI pEYOBHHH, BiIOYBAIOTHCS y
BCIiX 0¢3 BUMHATKY MaTepiajiaX, aje BOHU CJIa0Ki i y BUIMTAKY MapaMarHeTUKIB HE
IParoTh CYTTEBOT POJII MOPIBHIHO 13 IHIIUMHU MPOLIECAMHU.

IneanbHMit AlaMarHeTUK Ma€e MarHITHy COPUMHATIUBICTD PIBHY —1, 1110
NPHU3BOIUTH 10 BUIITOBXYBAaHHSI MAarHITHOTO TIOJIS 13 pe4oBUHH. [neanbHuMu
JiaMarHeTHKaMH € HaIIIPOBITHUKH.

[TapamarHéTUK—  PEUYOBMHM 3  HEBEJIMKOIO TO3UTHUBHOIO  MAarHiTHOIO
CIIPUMHATIMBICTIO, Kl Y 30BHIIIHHOMY MAarHITHOMY TIOJIi HaAMarHidylTbCs B3JI0BX
IIOJIS 1 AEIIO0 MIICUIIOIOTh HOTO.

ATOMM TapaMarHeTWKIB MarwThb CBIM  MarHiTHMd  MoMeHT. MarHitHa
CIPUMHATIUBICTh MApAMATrHETUKIB 3aBXKAU JOJATHS 1 JIGKUTh y nmianazoni 10-4 —
10-7. lo mapaMarHeTuKiB HajlexXarhb:

-pEUYOBHHU, aTOMH 200 MOJIEKYJH SIKHX MalOTh HEmapHe 4ucio enekTpoHiB (Na,
N);

-BUTbHI aToMu (MOHM) 3 HEIOOYJAOBAaHOK BHYTPIIIHBOK EJIECKTPOHHOIO
000JIOHKOO (€IEMEHTH NEePEXiqHOT I'PYIH, iX COMi 1 BOJHI PO3UUHH,

-KOMIUIEKCHI CIIOJIYKM MEPEXIHUX €JEeMEHTIB, PIIKICHI 3€MJI, aKTHUHIIH,
BUIbHI paJIMKaNIHN);

-0araro JIy>)kHUX 1 Jy)kKHO3eMenbHuXx MmetaiiB, Al, Sc, V; kucenp Oz, NO.

-OepoMarHeTHKH Ta aHTU(PEPOMArHETHKH TIPW TEMIleparypax, BHUIIUX Bil
temneparyp Kropi ta Heenst, BinmoBigHO.

depoMarHéTuku — JIeSIKI MeTanu (3al1i30, HIKENIb, KOOAIbT, TafoJIiHiMH,
MaHI'aH, XpOM Ta IXHI CIUIaBH) 3 BEJIMKOI MAarHiTHOK MPOHUKHICTIO, IO MPOSIBISIOTH
SABUIIE TICTEPE3UCY; PO3PBHAIOTh M'SIKI (EPOMArHETUKH 3 MAJOK KOEPLUTHUBHOIO
CWIOK Ta TBepll (epomMarHeTMKHM 3  BEJIMKOI  KOEPLUUTHUBHOIO  CHIIOKO.
depoMarHeTUKH BUKOPHUCTOBYIOTHCS JJI1 BUPOOHHWIITBA MOCTIMHMX MAarHiTiB, 0Cepib
€IEKTPOMArHITIB Ta TpaHC(POpMaTOPiB.

depomMarHeTU3M BHUHHKAE B PEUOBMHAX, Y SAKUX SK HACIIOK OOMIHHOT
B3A€EMO/Iii, CIIHAM EJIEKTPOHIB BUTIAHO OPIEHTYBAaTUCSA MapaieiabHO. B pesynbrari
TaKoi Y3TOJKEHOi OpIEHTAlil CIIHIB BUHUKA€ MAKPOCKOIIYHUI MarHiTHUH MOMEHT,
KU MOXE ICHYBaTH HaBITh 0€3 30BHINIHHOTO MarHirHoro mosisi. [Ipu temmeparypi,
sKa TEePEBUILY€e MEBHY KPUTHUHY (Temrieparypa Kiopi), 3yMOBIieHE TEIJIOBUM PYXOM
XaOTUYHE PO3YMOPSJAKYBaHHS Oepe Topy Haal OOMIHHOIO B3aEMOJIEI0 i
(dbepoMarHeTiK Mepexo/IuTh B MapaMarHiTHUN CTaH.

I'mcrepesuc.

INcTepesnc— HeoAHO3HAUHA 3ATEKHICTh 3MIH (PIBUYHOI BEIUYWHHU, sIKa O3HAYAE
CTaH TUTa, BiA 3MIHM IHIIOT (BUYHOI BEIMYWHM, sKa BH3HAYA€ 30BHINIHI YMOBHU
(marpy>xenicTh MarHiTHux H Ta enextpuwuynux E momiB). [NicTepesnc cmocTtepiraerbes
B TUX BHWIIQJIKaX, KOJM CTaH TUIa BH3HAYAETHLCS 30BHINIHIMA yMOBAaMHM HE JIUIIC B
JaHU MOMEHT 4Yacy aje M TMoIepeaHi MOMEHTH, TOOTO, KOJM CTaH CHCTEMH
3aNIeKUTH BI 11 MUHYJIOTO (ICTOPI).
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INictepe3nc o3Hauae HEHaKIAgaHHS MEpPeOIry 3MIH Y NPOTUJIEKHUX HaANpPsIMKAX
(He30DKHICTh KPUBHX, IO OMUCYIOTh TaKi 3MIHH).

Po3pi3HsAIOTE TicTEpe3uC:

-MarHITHUH;

-IICIEKTPUYHUM ;

-IIPYKHUU:

-MarHITOCTPUKIIIMHU I

-TeMIIEPaTyPHHUI;

-TepMOMArHITHUI Ta IHIIIL.

I'imoTe3a Ammnepa.

Binkputrra Epctena 1 Amnepa npu3Bend 10 HOBOIO 1 OUIbII TIIMOOKOMY
YABJIEHHIO TPO MPUPOAY MarHiTHUX siBuil. CHOuparouuch Ha BCTAHOBJIEHY B LIUX
JTOCIITaX TOTOXHICTh MAarHITHMX Jid MarHiTiB 1 BIAMOBIIHUM, MTIOpaHUX CTPYMIB,
Awmrniep pinryde BIIMOBHUBCS Bl YSBJIEHHS MpPO ICHYBaHHS B NPHUPOJ1 OCOOJUBUX
MAarHiTHUX 3apsiB. 3 TOUKH 30py AMIIepa, eIeMEHTApHUN MArHIT - 1€ KPYTOBHIA CTPYM,
110 LUMPKYJIOE YCepeauH1 HEBEMKOT YaCTKU PEYOBUHU: aTOMa, MOJIEKYJIH a00 IPyIH iX.
[Ipn mamaraigyBaHHI OUThIIa a00 MEHINIA YaCTHHA TAKMX CTPYMIB BCTAHOBIIOETHCS
napajienbHO OJTUH OJHOMY.

TakuM ywnHOM, Teopit Awmmepa 3poOwia HENOTPIOHMM JOMYUIEHHS IIPO
ICHYBaHHSI 0COOJIMBUX MarHITHUX 3apsfiB, JO3BOJMBIIY MOSICHUTH BC1 MarHiTHI sIBUIIA
3a JIOTIOMOTOIO0 €JIEMEHTAPHUX EIEKTPUIHUX CTpyMmiB. [lomampme Outein TMOOKE
BUBUCHHS BJIACTUBOCTEH HAMArHIYYIOTHCS TeNl MOKa3ajlo HE TUIbKH, II0 TiNoTe3a
MarHiTHUX 3apsiaiB ado eJeMEHTapHUX MAarHiTHKIB 3aiiBa, ajie 1110 BOHA HENpaBWJIbHA 1
HE MOe OyTH y3rojkKeHa 3 JeSKUMU €KCIIEPUMEHTATbHUMU (akTaMu. 3 TOUKH 30DPY
Teopii AMITepa CTa€ IMUIKOM 3pO3yMUIOI0 HEBIAAUILHICTH OJWH BiT OJTHOTO IMIBHIYHHX 1
MIBACHHUX TIOJIOCIB, TIPO SIKY MU TOBOpWIM B Tmornepeanbomy mnaparpadi. Koxken
€JIEMEHTAapHUN MarHIT SIBJISE€ COOOI0 KPYrOBOIO BUTOK CTpyMy. Mu Oadmim BixKe, IO
OJlHa CTOPOHA IHOT'O BHUTKA BIATIOBITAE MIBHIYHOTO, IHIIA - MBACHHOTO moiroca. Came
TOMY HE MOYHa BITOKPEMHUTH OJIMH BiJ OJHOTO IMBHIYHUY 1 MIBJICHHUH MOJIIOCH, K HE
MOKHA BITOKPEMUTH OJIUH O1K TUIONTMHY BT 1HIIOT.

Hisxux marairHux 3apsaiB He icHye. KoxkeH aToM pedoBUHU MOYHA pO3IJIsi1aT!
y BUIHOIIEHHI WOTO MAarHiTHUX BJIACTMBOCTEW SIK KPYroBHid CTpyM. MarHitHe moJje
HAMarHi4eHOTO TUIA CKJIAIa€ThCS 3 MATHITHUX TIOJIIB WX KPYTOBUX CTPYMIB.

VY HeHamarHiMeHUM TUTl BC1 €lIeMEHTapHI CTPYMH PO3TaIIOBaHI XaOTUYHO, 1 TOMY
MU HE CTIOCTEPIra€EMO y 30BHIIIHbOMY IIPOCTOP1 HIIKOTO MAarHITHOTO MOJIS.

[Ipouiec HamarHiMyBaHHsS TUIA MOJSITa€ B TOMY, LIO Ml BIUIMBOM 30BHIIIHBOTO
Mar"iTHOro TMoJii MOro eJleMEHTapHi CTpyMH B OUIBINIA YM MEHIIH Mipi
BCTaHOBJIIOIOTHCS TAPAIEIILHO OJIMH OJTHOMY i CTBOPIOIOTH PE3YJIbTYIOUE MarHiTHE TOJIe.

Jekyia No2l. EnexTpoMaruiTHa iHaykuis - 2 roi.
Iinan:
1. Jocninu dapanes.
2.3aK0H eNEKTPOMArHiTHOI IHYKIIIi.
3.InnykTuBHUN CTpyM. [HAYKTUBHICTB.
4.51Butie camo- 1 B3a€EMOIHIYKITi .
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5. Tpancdopmarop.

6.Enepris MarHiTHOTO TOJIS.

Hocainu ®apanes.

HaiiOuibil Hao4yHMII MNpOSAB ENEKTPOMArHITHOI IHAYKLI OyJ0 OTpUMaHO
®dapajieeM 3a T0MOMOTOI0 HEXUTPOTO Mpuiaaay. Ha 3aiidHe Kiiblle HAMOTYBAIKCS JIB1
OKpeMi crmipali, 3 SKUX OJHa MO€THyBajlacs 3 OaTapecro, a iHIla - 3 TATbBaHOMETPOM.
[Ipu 3aMuKaHHI TIEPIIOTO JIAHIFOTa CIOCTEpIranocs pi3Ke BIAXWICHHS CTPUIKH
ralbBaHOMETpa, IPM  PO3MHUKAaHHI  JIAHIFOTAa  CTIOCTEPIraiocs  BIIXWUJICHHS
MPOTUJIKHOTO 3HaKa. llel BakKiIMBUN MOCBIiA, BCUIIKO BHUIAO3MIHIOIOTHCS, PDapajero
J03BOJIMB «OTPUMATU EIEKTPUKY 3 MAarHeTHU3My» HaWmpocTimmM, 3apa3 1go0pe
BIIOMUM CIIOCOOOM: JIOCTaTHHO BBOJAUTHU MAarHiT B CHIpaJbHUI MPOBITHUK, 3'€THAHUN
3 TraJlbBAHOMETPOM, 1100 OTPUMATH BIIXWJIEHHS CTPUIKA B OJMH OIK; IPHU BUBEACHHI
Marfity 3 cHipaii CTPUIKA BIIXWISETHCS B MPOTWICKHY CTOPOHY.

VY 1824 p. Aparo 3ayBaxuB, II0 MAaCHBHHM MITHMH KOPITYC JTOCUTH CHJIBHO
CIIOBUTHHIOE KOJIMBAHHS CTPUIKM Komraca. lle crocTepekeHHS HAITOBXHYJIO HOTO
Ha JYMKY TOCTaBUTH CBI 3HAMEHUTHH JOCBII, B XOJ1 SIKOTO BUSBHUJIOCS BIIXUJICHHS
MAarHiTHOi CTPUIKU MpU OOEpTaHHI MIIHOTO JUCKA, PO3TAlIOBAHOIO Haja abo i HEIO.
[Ipunymani j1si TOSICHEHHS LbOTO SIBUILA TEOPIH OyaM HACTUIBKM IITY4YHI, IO JJIS
OUTBIIIOCTI BYEHUX JOCBiA Aparo Tak 1 3aMnmuiocs 3araakoro. Ilicims BimkpuTTs
SBHUIA €JICKTpOMAarHirHoi iHaykii ®apanel moaymaB, IO BHIBICHE Aparo SIBHIIE
MOJK€ TaKOX TIOSICHIOBATHUCS TIOSBOIO IHAYKTMBHUX CTpymiB B jaucky. Illo6
nepekoHartucss B 1bomy, Papageil crtaB 00epTaTd MITHMM JHCK MDK MOJIOCAMU
MAarHity, MpUEIHABIIM KIHI JIQHIIIOTa ralbBaHOMETpA OJUH A0 OClL, a IHIIMKA 10 Kparo
nucka. Ilpu o0OepTraHHI AUCKA TadbBaHOMETP BKa3yBaB Ha HAsBHICTb CTPYyMY
MOCTIAHOTO HAmpsIMKY, BEJIMYMHA SKOTO MIHSAJIAacsS 3aJIeKHO Bil MBUAKOCTI
oOeptanHs aucka. llum mocBimom @apazaeit He TUILKM BCTAaHOBHMB HOBE (P3UUHE
SBUIIE, aje 1 1aB MEPIIMH 3pa3oK reHeparopa eleKTpUYHOTO CTPYMY, BIIMIHHOTO Bij
Oarapei, TOOTO JaB MM TEPIIMKA IOIMITOBX JO PO3BUTKY IOTYXHOI Cy4acHOi
CNIEKTPOTEXHIYHOT ~ MPOMHUCIIOBOCTI 3  1i  HaUPBHOMAHITHIN  MPaKTUIHUMHU
3aCTOCYBaHHSIMH.

Onnaxk @apazes HEe IMIKAaBUIM MPAKTUYHI 3acTOCyBaHHsA. [IpoBenmeHuii mOCBif
JI03BOJISIB BUSIBUTH SIKICHI 3aKOHHW SIBHUINA HAYKIi. 3 1boTo MocBiny dapajeli BUBIB
MPaBUJIO, IO JO3BOJIIE BH3HAYUTH HANPSMOK CTPYMYy B IPSMOJIHIAHIA TPOBITHUKY,
0 pyXaerbcs mepen moirocoMm MmarHity. Came y 3B'si3ky 3 mum Dapajeii Boepiie
FOBOPUTh MPO «MArHiTHUX KpuBUX»: «Ilil MarHITHUMU KPUBUMH S PO3YMIIO JIHIl
MarHiTHUX CHWJI, XO4a 1 MepeKpy4YeHl CYCLICTBOM MOJIKOCIB; Il JIHIi BUMabOBYIOTHCS
3QIBHUMU  THUPCOKO; JI0 HHUX IIOAO pO3TAllOBYBAMCA O JyXe€ Mall MarHiTHi
CTPUIOYKH ».

@dapaneli BHIO3MIHIOBaB CBOi JOCHIIM CaMUMHM PIBHUMH CIIOCOOaMHU:
3aCTOCOBYBAB 1 HUTKOTIOAIOHUM TPOBIIHUKH, 1 TUCKOTIOAIOHI, 00€pTaB TO MAarHir 1o
BIIHOILIEHHIO JI0 EJIEKTPUYHOTO KOHTYpPY, TO KOHTYp IOJO MarHiry abo 3emul Y
pe3yibTaTi BiH MNPUHUINOB J0 BHCHOBKY, IO elekTpopylmiiHa cuia mHaykui HE
3QICKUTh BiJ NPUPOIM NPOBIIHMKA, 1 BUCYHYB HACTYIHY TEOPIO IIOJAO IOTO
SBUIA, B 3arajbHUX pHUCax, MO 3aJMImMiIacsd He3MIHHOIO 3 1831 p. Mo HammXx JHIB:
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«Komum uepe3 apit mpOXOAWUTH €IEKTPUYHHUNA CTPYM, TO IEH JIPIT y BCIX CBOIX TOUKAaX
OTOYCHHUU MArHITHUMH KPUBHUMH, IHTCHCUBHICTh SIKHX 3MEHIIYETHCS 3 BIICTAHHIO,
MOAYMKA MOJKHA  YHNOMIOHWTH 11X  KUIelb, pO3TalllOBaHUM B  TUIONIMHAX,
NEPIEHIUKYIIPHUX TMPOBOAY, abo0, BIpHIIE, IO MPOTIKAE B HbOMY TOKY. Xoua 1
BIIMIHHI 32 (OPMOIO, IIi KPUBI € IUIKOM aHAJIOTTYHUMHU THM, SIKi ICHYIOTb MDK JBOMa
3BEPHEHUMH OJIMH JO OJHOr0 pi3HOWMeHHMMH Toitocamu. Komm npyruit npir,
napaienbHUd TOMY, SIKHH Hece CTpyM, HaOIMXKalTh [0 OCTaHHBOTO, TO BIH
NPOXOJUTh Yepe3 MAarHiTHI KpHUBI TOYHO TOTO X POJy, IO BIH MepeTHHaB O mpu
CBOEMY TEPEMIIICHH] B IEBHOMY HANPSAMKY MDK MPOTHJICKHUMH TOJTIOCAMH ».

Skmo HI mepeMimieHHs HAYKYIOTh MPOBITHHUKA IIOJA0 TMPOBITHHUKA, B SKOMY
UHAYLUUPYETCS CTPYM, TO TOK HE 3'SBISETbCS, TOMY IO TOJ1 CHJIOBI JIHI He
neperuHatoThesl.  Komm  HAYKYIOTP  NPOBITHUK  BiOJanse€Tbcsi Bl APYroro
OPOBIIHMUKA, CHWJIOBI JIHI TNEPETUHAIOTHCS B MNPOTUICKHOMY HANpsIMI 1 BUHHUKAE
CTPYM TakoX WJe y 3BOPOTHOMY HampsiMKy. SKIo oOuiBa MpOBiAHUKA HEPYXOMi, TO
Opy BKIIIOYEHHI CTPYMY B IHAYKYIOTH MPOBITHUKY BiIOYBa€ThCS TE€ K came, K SKOU
MarHiTHi KpuBl pyXalucCs «... 3 MOMEHTY, KOJIA BOHHM MOYMHAIOTh PO3BUBATHCS, 1 XK
0 TOr0O MOMEHTY, KOJM MarHiTHa Cujia CTPyMYy JOCSTaE HAWOUIBIIOTrO 3HAYCHHS,
BOHM K OM MOUIIMPIOIOTHCS B CTOPOHU BiA MNPOBOAY 1, OTXKE, BUSBISIOTHCS IO
BITHOIIEHHIO O HEPYXOMOTO, IHIYKOBAaHOTO MPOBOJY B TOMY X IOJIOXKEHHI, K SKOU
BIH pyXaBCs B NPOTWISKHOMY HampsIMKy IOMNEpeKk HuX abo 3a HampaBJICHHAM [0
HECYYO0I TOK ITPOBOAY ».

VY mux HebaraThb0X CIIOBaxX MOJSITAIOTh AYXKE BaXJIMBI M HOB1 JyMKH: MepIa
OTNHUC ENIEKTPOMArHiTHOrO TOJIs, AyMKa MpPO 3aJeKHICTh IHTEHCHBHOCTI TOJIA BII
YHUCJia MarHiTHUX KPUBUX, PO3MOBCIO/IP)KEHHS B 4acl MarHiTHUX 30ypeHb.

JlocHmimkeHHAMH B I[IbOMY HOBOMY HampsiIMKy, 3a3HaueHomy Dapajeem,
3aifHsamucs Oarato ¢QnukiB: Jlxozed IT'enpi (1797-1878), sikuii, [K BBaXKalOTh
amepukanii, 1me g0 Papanmes BIIKpUB SBUINE IHIYKIH, BUSBUB TaKOX SBHUIIC
CaMOIHIYKITIi.

3aKO0H eJIEKTPOMATrHITHOI iIHTYKIIil.

EnextpomarHirHa iHAYKIISE — BUHUKHEHHS EJEKTPOPYIIMHOI CHIH Yy
OPOBIIHUKY, 1O NepedyBae y 3MIHHOMY SIBHILE €IEKTPOMArHiTHOI HIYKIII BIIKPHB
y 1831 poui Maiikn ®apaneit. o Toro Oyno BigoMO, IIO E€IEKTPUYHUI CTPYyM Yy
NPOBITHUKY CTBOPIOE MarHiTHe moJsie. OHak 00EpHEHOTO SBUIA HE CTIOCTEPIraaocs.
[locTiliHe MarHiTHe MOJi€ HE CTBOPIOE EIEKTPUUYHOTO CTpyMy. Dapajieil BCTaHOBUB,
0 CTPYM BHUHHUKAE MPH 3MIHI MArHiTHOTO TOJS. SIKIIO MITHOCUTH W BIIJAISATH O
paMKi 3 TMPOBIAHOTO MaTepialy MOCTIMHUN MAarHir, TO CTPUIKa MIIKIIOUYEHOro A0
paMKd BOJBTMETPa BIIXWISITUMETHCS, JCTEKTyIoUu enektpuunuii ctpyMm. llle kpare
e SBUILE MPOSIBISIETHCS, SKIIO BCTaBJATH (BHUIIMATH) MarHirHe oceplid B KOTYIIKY 3
HAMOTaHUM ITPOBITHUKOM.

3aK0H ENeKTPOMArHiTHOiI IHAYKHI B audepeHIianbHii (HopMi 3aqaeThCs
JIpyruM piBHAHHIM MakcBena
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ne E - wHampyxeHicTh enexkTtpuuHOro mosisi, B - MarHitHa iHIyKiis, ¢ -
MIBUJKICTh CBITJa y BaKyyMi

Enextprune moje, sSIKe BHHUKAE TMPHU 3MiHI MAarHITHOTO TIOJIS TPU3BOIHUTH 10
MOSIBU €JICKTPOPYIIIIHOT CHITH.

SBuiie  eNIEKTPOMArHiTHOT  IHAYKINi BUKOPUCTOBYETHCS Yy TeHepaTopax
EIIEKTPUYHOTO  CTpyMy  TpaHcopmaropax, [AUHAMO-MAlIMHAX,  JHYWIbHUKAX
€JIEKTPOEHEPTii TOIIO, TOOTO € OCHOBOK BUPOOHHMLTBA i CHOKMBAHHS EJIEKTPUYHOI
eHeprii.

InpykTuBHUI cCTPyM. IHAYKTUBHICTH

[HIyKTUBHICT, — (BUYHA BEMYMHA, IO XapaKTEPU3YE 3/IaTHICTh MPOBIIHUKA
HarpoOMaJ)KyBaTl €HEPril0 MarHiTHOTO TOJIsi, KOJU B HbOMY MPOTIKAE ENEKTPUYHUN
CTPYM.

[lo3nauaerbcs  3a€0UTBIIOTO  JATMHCBhKOIO Jireporo L, B cuctemi CI
BUMIpIOETHCA B ['eHpi.

JlopiBHIOE BITHOIIICHHIO MAarHITHOTO TOTOKy ® dYepe3 KOHTYp, BU3HAUYCHHM
EJIEKTPUYHUM KOJIOM, /10 BEJIMYUHU CTpyMmy | B Kol , TOOTO

L=d/L

EHepris MarHirTHOro ToJisi, CTBOPEHOTO EIEKTPUYHUM CTPYMOM Y KOJIi,
BU3HAYAETHCS (POPMYIIOIO0

1 2
E=gLI

[HIYKTUBHICTh 3aJICKUTH Bl (POPMHU KOHTYpA.

VY Bumaaky KUIbKOX KOHTYpPIB 31 CTPYMOM, SK, HANpUKIad, Yy BHUIAAKY
TparchopmaTopa, CTPyM y KOKHOMY 3 KUT BIUTUBAE Ha TOTIK MarHITHOTO TOJIS Yyepe3
IHIIIl KOHTYPH.

®; = Ll
J

Koedmientn Lij Ha3mBaroTbes  KoedimieHTamMu  1HAYKI.  JliaroHambH1
eneMeHTH Lil cyTh IHAYKTUBHOCTI 1-TUX KOHTYpIB, a HedlaroHaidbHI enemeHTu Lij, me
MaloTh Ha3BY Koe(]ilieHTIB B3aeMHOi 1HAYKMii. KoedimieHTn B3aeMHOT IHAYKITI
CUMETPUYHI BITHOCHO MEPECTAaHOBKHU 1HJIEKCIB.

Lij = Ly

Lle TBepKEHHSI HOCUTH HAa3BY TEOPEMH B3a€MHOCTI

SABuine camMo- i B3aEMOIHIYKIIIL

CaMOIHAYKIIIST — SIBUIIE BUHUKHEHHS EJIEKTPOPYIIHHOI CWIM B MPOBITHUKY
Opy 3MIHI €JIEKTPUYHOTO CTPyMYy B HbOMY. 3HAaK €JICKTPOPYIIHHOI CHIIM 3aBXKIU
Takuid, M0 BOHA MOpPOTHAIE 3MiHI cuiu CcTpyMy. CaMOIHAYKIlS NPU3BOAUTH 0
CKIHYEHHOTO Yacy HApOCTaHHSA CWIM CTPYyMY IPH BMHUKAaHHI JKEpesa >KUBJICHHS 1
CTaJaHHs CTPYMY MPH PO3MHUKAHHI €JICKTPUYHOTO KOJIa.

Bemmuuna enekTpopymmnitHOT CHMIM CaMOIHAYKIN BHU3HAYAETHCSA 3a (OPMYIIOH0

dl
E=-Ly

e &

e.p.c., | — cuma ctpymy, L — HIYKTUBHICT.
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SBuIlle caMOIHAYKII BUHUKAE€ B MPOBUIHUKAX 31 3MIHHUM CTPYMOM, HAaBKOJIO
AKX CTBOPIOETHCS 3MIHHE MarHitHe moJie. BrmacHe marHiTHe mosie KOHTypa CTBOPIOE

MArHiTHUHA MOTIK CaMOIHIYKIIil Do yepe3 MOBEPXHIOS , MO OOMEXKeHa UM
T
(I)-ms = f n d*s
KOHTYPOM: s

ne Bn- npoekuis Bextopa iHIyKIii MATHITHOrO MOMS CTPYMy Ha HOpMamb 10dS
ejemMeHTa moBepxHi . 3a 3akoHoM bio-CaBapa-Jlarmaca marnitHa iHnykuisi dB B
TOUL, IO 3HAXOAMTHCA Ha Bimmam I Big enemenra dl xonrypa 31 ctpymom/
JTOPIBHIOE:

I
dB — 2 Ly sz{de @I?(E[dl,r]
4T 3BIIKH 3HAXO0JUMO 1 dm fy 3

7ie IHTErpyBaHHs PO3MOBCIOKYETHCS HAa BCIO MOBKHHY [ KOHTYpa 31 CTpyMOM.
[Mpoexkitist BeKTopa dB Ha nesxuii HapsIM 1N 3AMUIIETHCS Y BATIISLIL:

B, =1 j‘( £ 1d1, 1],

s

Hi,uCTaBJI;Hqu B, y Bupa3 s MarHiTHOro MOTOKY CAMOIHIYKILi, OTPHUMYEMO:

., /B ‘“’f'fj{‘”’ (dl, r],, dS
i

Ie T- paziyc- BEKTOp, NPOBEIEHMI i3 movarky Bektopa @l B menrtp enemenra
noBepxHidS .

Bzaemoinaykmis (B3aeMHa IHIYKISI) - BHHUKHEHHS €JICKTPOPYIIAHOT CHIIN
(EPC) B ogHOMY MpOBITHWKY BHACTIAOK 3MIHH CHJIM CTPYMY B IHIIIOMY MPOBIUTHHKY
a00 BHACHIAOK 3MIHM B3a€EMHOTO pO3TallyBaHHS NPOBITHUKIB. B3aemoiHmykmil -
OKpEMHUH BUMNAJAO0K OUTbII 3arajibHOrO SIBUINA - €IeKTpoMarHirHoi iHaykuil. [Ipu 3miHi
CTpyMy B OJHOMY 3 TPOBITHUKIB a00 TIPU 3MiHI B3aEMHOTO PO3TaITyBaHHS
NPOBIIHUKIB BiIOYBA€THCS 3MIHA MArHITHOTO MOTOKY, CTBOPEHOTO CTPYMOM MEPIINAN
NPOBITHUKA 1 MPOXOAUTh Yepe3 KOHTYpP APYroro, mo 3a 3aKOHOM EJIEKTPOMAarHiTHOT
HAyKIii BuUKIMkKae BuHUKHEeHHS EPC y napyromy mnpoBimHuky. Skmo apyruit
MPOBIAHUK 3aMKHyTHH, To Tia aier0 EPC B3aeMoiHaykiii B HbOMY YTBOPIOETHCS
IHIyKOBaHUM cTpyM. | HaBmaku, 3MiHa CTpyMy B JApYTid JIaHIIOra BUKIMYE MOSBY
EPC y nepuii. HanpsiMok cTpymy, SIKMl BUHHMK NPHU B3a€MOIHIYKIi, BU3HAYAETHC 5
3a npaBuwioM Jlenma. IIpaBmiio Bkasye Ha Te, IO 3MiHA CTPYMY B OJHOTO JIAHIIIOTA
(KkoTymIi) 3ycTpidae NpOTUAIO 3 OOKY IHINOT JaHIfora (KOTYILKK).

YumM Outbllla YacTWHA MAr”HITHOTO MOJIS TEPIIOoi JIaHIIora MPOHU3YE APYTuil
JIAHITIOT, THM CHJIBHIIIE B3a€EMOIHIYKIII MDK JIQHITFOTaMH. 3 KUTbKICHOTO OOKY SIBHIIE
B3AaEMOIHAYKIIi XapaKTePU3Y€EThCS B3a€EMHOIO IHAYKTUBHICTIO. JIIsi 3MIHM BEIMYMHHU
IHIYKTUBHOTO 3B'S3Ky MDK JIAQHIIOTaMH, KOTYIIKH pOOJsITh pyximBumu. [lpunanu,
IO CIyXaTb JJi1 3MIHM B3a€EMOIHAYKI MDK JIQHIIOTAMM, HAa3WMBAIOTHCS BaploMeTpa
3B'S13Ky.

SIBumie B3aEMOIHAYKII HIMPOKO BUKOPHUCTOBYETHCS [JIsl Tepenadl eHeprii 3
OJIHOTO ENEeKTPUYHOTO KOJa B IHINY, JUId MEPETBOPEHHS Hampyru 3 JONOMOIOI0
Tpancopmaropa.

Tpancdopmartop.
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TpancpopMarop — MOPUCTPIM, 110 BUKOPUCTOBYETHCS JUJII 3MIHU HaNpyru
CUJIM 3MIHHOTO CTPYMY.

TpanchopmaTopu MMPOKO 3aCTOCOBYIOTHCS
B JIHIIX eJNeKTpomepenad, B PO3NOAUIBHUX Ta
nooyroBux mnpuctposx. Ilepemaua enekrpoenepri
BIIOYBa€TbCA 3 MEHILIMMHU BTpaTaMHu IPU BHCOKINA
Hampy3l ¥ mamii cum ctpymy. Tomy 3a3Buuai
JiHII eJeKTpornepeaad BUCOKOBOJIbTHL BoaHodac
noOyTOBI ¥ TPOMUCIIOBI MAaIlMHH BUMAararoTh
BUCOKOI CWJIM CTPyMy W MOl HAmpyru, TOMY
nepen CITOKUBAHHIM eJIEKTPOCHEPTis
NIEPETBOPIOETHCS B HU3bKOBOJILTHY.

TpancopmaTopu XapakTepHU3yIOTbCS YK€ BUCOKUM KOE(DIIIEHTOM KOPUCHOI

hiyi

Tpanchopmarop ckimamaeTbcsi 3 OOMOTOK Ha
crutbHOMY ocepail. OmgHa 3 00OMOTOK Tim'egHaHa 10
JOKepena 3MIHHOTO cTpyMy. Lls oOMOTka Ha3MBa€eThCs
NepBUHHOIO. [HIMIA O0OMOTKAa, BTOPHUHHA, CIYXXHUTh
JOKEPEIIOM CTpyMy [JIsl HaBaHTaxXeHHs. CTBOpeHui
CTPYMOM Yy TMEpBUHHIA OOMOTIII 3MIHHUWA MAarHITHUN
MOTIK BHUKJIMKAE TIOSBY €.p.C. Y BTOPHUHHIA OOMOTII],
OCKUTbKM 00OHIBI OOMOTKM MalOTh CHUIBHE OCEp.s.
CriBBigHOIIIEHHST  €.p.C. y BTOPHUHHIA OOMOTII ¥
Hanpyrd Ha TEPBUHHIN 3ICKUTh Bi  KUIBKOCTI

. L S .
BUTKIB y 000x o o obmoTkax. B igeambHOMY
BUTIAIKY
4 @ Er‘ éEs “ %
5 _ 5%
¥ b X
Us Ns Ip
Up Np s
ne HaekcoM P mo3HaueHi BEMUYMHM, 110 CTOCYIOTHCS TMEPBHHHOI OOMOTKH, a
IHJIEKCOM S — BIAIMOBIAHI BEIWYWHU JJIs1 BTOPUHHOI 00MOTKM, U — Hampyra, N —

KUIbKICTh BUTKIB, | — cuma cTpymy.
Eneprisi MaruiTHor o moJis.
Eneprisi MarHirTHOro MoJisi B IpOCTOP1 3aAa€ThC (OPMYJIOHO

W = i / B - HdJdV
8T
Bi,unoBi,uHo, T'YCTHHA €HEeprii MarHITHOTO TOJISI JOPIBHIOE

1
w = S—WB-H
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Jekyia Ne22.3minHUl eJIEKTPUUHUI CTPYM
Ilnan:
1. BusHaueHHs 3MIHHOTO CTPYyMY
2. I'enepatop 3MIHHOTO CTPYMY.
3. AKTUBHUH OTIp B KOJI 3MIHHOTO CTPYMY.
4. Jliroue 3HaYEHHSI CUJIA CTPYMY 1 HaIllpyTH.
5. IIoTyXHICTb y KOJi 3MIHHOTO CTPYyMY
3MiHHMH eJIeKTPUYHUI CTPYM

3MIHHUNA CTPYM — EIEKTPUIHUI CTPYM, ITI0 TIEPIOTUYHO 3MIHIOETHCS 32
MOJTYJIEM 1 HAIPIMKOM.

BumyiiieHi enekTpoMarHitHi KOJIMBaHHS —- HE3aTyXaroui KOJMBAHHS 3apsiy,
HaNpyry, CUIM CTPyMy U HIIMX (PIBUYHUX BeIUUYUH, 3ymMoBiieHuX EPC, o

TEPIOANYHO 3MIHIOETHCS: € = e, Sin ot

SIckpaBUM NPUKIAIOM BUMYILIEHUX KOJIMBAHb € 3MIHHUNA CTPYM:
I=1_.5Sin(ot+¢,)
JIxepeno eneKTpUIHOI €HepTii, 1[0 CTBOPIOE nepioandHo 3MiHtoBaHy EPC,

HA3MBaIOTh TE€HEPATOPOM 3MIHHOTO CTpyMy. ['eHepaTopoM 3MIHHOTO CTpyMmy
MOJKE€ CIIy’)KUTH JPOTSHA paMKa, M0 00epTaEThCs B OJHOPITHOMY MarHiTHOMy TOJIi

HAyKIiEr0 B 3 IeAKOI0 MOCTIMHOI KyTOBOK mBUAKicTIO (O
E ;

Puc.13 3osniwmniti suenso (a) i 6yoosa (6) Haunpocmiuio2o 2eHepamopa 3MiHHO20
cmpymy: 1 — nocmitinuti macHim (enekmpomachim), aKuti cryeye cmamopom, 2 —
0bepmosa OpomaHa pamKa, aKa cy2ye pomopom, 3 — Kinbys, 4 — wimxu, 5 — pemitb
npusoody

Marniruuii noTik uepes pamky @ = BSCOS« . 3anexnicts & Kyra Bin 4acy mae
urimsy O =0t Togi @=BScoSaet 3mina marmiraoro IIOTOKY NOPU3BOAUTH [10

BUHHKHEHHS B pamii EPCiHgykmi €, .BIIMmoBimIHO 0 3aKOHY €IEeKTPOMAarHITHOI

HAYKUL & _Ae
yKt &, =-2
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. . . AD .
H_IBI/II[KICTB 3MIHU MArHITHOT'O IMTOTOKY E 3 IO Ay MaTCMAaTHKH € IMOXIJIHOIO

dyukuii D(t), Tomy &, = —P'(t)= ©BS sin wt . Takum YMHOM, PO3IIISIHYTA PAMKa €
mxepenom EPC, mo 3a3Hac rapMOHIMHUX KOJUBAHb aMIUNTYIOI0 &nmay, = @BS Skmo

pamka mictuts N ButkiB ammiityna EPC 36imsmyerscest B N pasiB: €nqay, = ONBS
[Io6 ckopuctatucs otpumanor EPC, HeoOXiTHO mpHUEIHATH PYXOMI KIHIII
paMK{ 10 HEPYXOMHUX KOHTAKTIB 30BHIIIHBOTO E€IEKTPUYHOTO KoJjia. MokHa 3po0uTH
TaK, MO0 MeTajeBe KUIbIIE BiI KOXKHOTO 3 KIHI[IB PaMKH CKOB3aJO TIO CBOEMY
HEPYXOMOMY KOHTAaKTy (IMITKH). TO1 IIITKH MOKHA PO3TJISAATH SK IMOJIOCH JHKeperia
CTpyMYy.
kim0 mpueaHaTH A0 KX TMOJIIOCIB pe3uctop, omip R sikoro B Oararo pasiB
NePEBUIIYE OMIp PaMKHU i KOHTAKTIB, Hanpyra Ha HboMy aopiBHioBatuMe EPC y pamii

u(t) = wNBSsinat, a cuna ctpymy B pesucTopioyae:
()= _ NES i o

R
Ha pucynky (puc.14) nmokazanuii rpadik 3a1e:KHOCTI CHIIM CTPYMY Bif 9acy
wNBS
I max - R

!

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

Km0 B KOJI aKTUBHHMM OMIp TO KOJUBAHHA CWIA CTPYMYy 1 Hampyru

BiI0YBarOTHCS B OJIHIN (ha3i.

. . 272' 1 n)
Iepion 3minHOTO CTpYMY: | = - wactora: V=4 =

T 2r
BuBuarouu noCcTIHUN CTPYM, TIBHAIUCS, 10 BC1 MPOBITHUKU MAIOTh
eNeKTpUuHUi ormip. [IpOBITHUKY YHHATH OMIp 1 MPU POOOTI 3MIHHOTO CTPYyMY,
OJIHAK Y KOJIaX 3MIHHOTO CTPYMY ICHYIOTb PI3HI BHIM OIOPIB: aKTUBHI H pEaKTHBHI
OTIOpH.
EnemeHT eNeKTpU4HOro KoJjia, y AKOMY €JIEKTpUYHA EHEPTis HE3BOPOTHO

NIEPETBOPIOETHCS Y BHYTPIIIHIO €HEPTII0, HA3UBAOTh AKTUBHHUM 01OpoMm R.

S xnii onip HA3UBAKOTh AKTUBHUM.

BuBuaroun nocTiiHUN CTpyM, BU JIBHAIMCS, 110 BCI MPOBIIHUKH (32 BUHATKOM
HA/MPOBIIHUKIB) MalOTh €JIEKTpUYHHUM omip. [IpOBIAHMKKM YUHATH OMIP 1 3MIHHOMY
CTPYMYy, OJHAaK y KOJiax 3MIHHOT'O CTPyMYy, Ha BIIMIHY Bil MOCTIMHOTO, ICHYIOTh P13HI
BHJIM OTIOPIB, K1 BUIPIBHAIOTHCS CBOEIO (MIBUYHOIO MPHUPOAO0I0. iX MOXKHA ITOIUTUTH HA
JIB1 TPYIIH — aKTHUBHI 1 pEaKTUBHI OTIOPH.
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EnmeMeHT eeKTpUIHOT0 KOJIa Ma€ akTUBHHM omip R, SIKIIO 1M 9ac mpoXoKeHHS
0 HBOMY EJIEKTPHUYHOTO CTPYMY YacTHHA EJCKTPUUYHOI €HEpTii MepeTBOPIOETHCA Ha
BHYTPIIIHIO:

Q=I%Rt

Jiroui 3HaYEeHHS CUJIH CTPYMY il HANIPYTH

3 MOHATTSAMHU MUTTEBOTO i aMILTITYHOTO 3HA4EHHs CTpyMy, Hanpyru i EPC mu

Bke oOBHaHI. [locTae nuTaHHS, fKE 3HAYEHHS CWIM CTpyMy abo0 Hampyru
OPUIHATA JJI1 XapaKTEPUCTUKUA LBOTO CTPyMy. AJDKE MUTTEBE 3HAYEHHS 3MIHHOTO
CTPYMY YBECH Yac 3MIHIOETHCSI, KOJTMBAIOYHUCH MDK HYJIEM 1 MAaKCUMAIbHUM 3HA4 CHHSIM.
MosxHa 0y710 6 cXapakTepu3yBaTH BEJIMIUHY 3MIHHOT'O CTpyMY Horo amrunityaoo. Lle B
OPUHIUI MOXJIMBO, ajie MPAKTUYHO YK€ HE3PYYHO, TOMY IO CKIAJHO MO0y yBaTu
TaKl IPWIAAH, sIKI BAMIPIOBAIX O aMIUIITYAy 3MIHHOTO cTpyMmy.CepeHe 3HaYEHHS CUITU
CTpYyMYy 3a Iepioj JOPIBHIOE HYIIIO 1 TAKOK HE MOJKE CITy>KUTH HOTO XapaKTEPUCTUKOIO.
Cnpasni, K10 YBIMKHYTU aMIIEpMETP

MOCTIMHOTO CTPYMy B KOJIO 3MIHHOTO CTPyMY, TO BiH TMOKaX€ HYJIb.3pY4HO
BUKOPHUCTOBYBATH JIJIsl XaPAKTEPUCTUKU 3MIHHOTO CTPYMY SKY-HEOy b

BJIACTUBICTb, ITI0 HE 3JICKUTH BiI HAPSAMKY CTpyMy. Takoro BIACTUBICTIO €,

HAITPHKIIAJ, TEIIoBa fisg cTpymy. Ockinbku Q = I°Rt, TO BiKE CEPEIHE 3HAYECHHS

KBaJIpara CUIM CTPYMY 3a IIepioj] HE TOPIBHIOE HYITIO.

Hexaii cuna cTpymMy 3MIHIOETBCS 32 3aKOHOM i(t)=1_,5in ot Toxi MmoxHa

.5 ’ i . 1-cos2mt
samcaru: 1° = | “maxSiN @t 3 ypaxyBannsam sin’® ot -
I 2
.0 max .
MOXKHA 3amucati if=— (1-cos2at). CepenHe 3Ha4E€HHS KOCHHYyCa 3a IMEpioj

2
max

JOPIBHIOE HYJIIO, OTXKE i’ = . Takum 4MHOM, y BHUIIQJIKy CUHYCOiJAIIbHOTO CTPyMY

. . o . 2
JIF0Ye 3HAYCHHS CTPYMY OB’ I3aHE 3 aMILTITYA0I0 B TaKUH CIOCIO: | = Vi = | “mex

J2
Jliroue 3Ha4€HHS CUJIM 3MIHHOTO CTPYMY JOPIBHIOE CHJIl TAKOT'O IOCTIHHOTO
CTPYMY, IO BUAUTUTH Y MPOBIIHUKY Ty CaMmy KUIbKICTh TEIUIOTH, 110 ¥ 3MIHHHIA

. . . U &
CTPYM 3a TOW CaMui yac. AHAJIOTYHO: U = —1 ; g = &

V2 T2

[IIxamm BUMIpIOBATBHUX MIPUIA/IB 3MIHHOTO CTPYMY I'PaayIOIOTh CaMe B JIFOUNX
3HAQUEHHAX. Y NacmopTax EJIEKTPOTEXHIYHUX MAIllMH, anapariB 1 NpWIAAIB 3MIHHOTO
CTPYMY 3a3Ha4y€HI1 JIF041 3Ha4Y€HHS CWJIM CTPYMY M Hallpyru.

Ha mpaktumi g XapakTepUCTHKH — HapaMeTpiB  3MIHHOTO — CTPyMy
BUKOPHUCTOBYIOTh CaMe J1F041 3HAYCHHS CUJIA CTPYMY ¥ HampyTH.

Hanpuknan, kony KaxyTh, II0 Hallpyra B MEpexi 3MIHHOTO CTPYMY CTaHOBHTH
220 B, a cuna ctpymy B KoJi 25 A, 1ie 03Hayvae, MO J1i0Y€ 3HAYEHHS HAlIPYTy B MEPEXI
220 B, a girode 3HAUYEHHS CHIM CTPYMY JOPIBHIOE 25 A. AMIIEpMETPHU 1 BOJBTMETPU
3MIHHOTO CTPYMY BUMIPIOIOTH CaMe JIif04l 3HaYEHHS CHJIM CTPYMY 1 HapyTH.
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Puc.15 . Axmusnuti onip y Koni smiHHo20 cmpymy: epaik 3aaexicHocmi
nOMYMCHOCMI (AKmMueHoi) 8i0 uacy p(2)
IHoTy:KHicTBH y KOJIi 3SMIHHOT 0 CTPYMY
[ToTy>HICTH MOCTIHHOTO CTPYMY MO3KHA 0OUHCINTH 32 (POPMYIIOIO:

2
P=1,R
3HaliIeMo cepeqHe 3HAYeHHsS MOTYKHOCTI 3MIHHOTO cTpyMmy. Ha HeckiHueHHO

MaJIOMy TPOMDKKY 4Yacy CWJIy CTPyMy MOJKHa BB@KaTH HE3MIHHOIO, TOMY MHUTTEBY
MOTYKHICTh TaKOK MOHA 00YHUCIUTH 32 (DOPMYJIOFO:

P=1,°R. Toni P=1_/ Rsin’ at = |maszﬂ.
. | R
3Biacu: P=P,,, = —mazx .

Po6oTa B Ko 3MiHHOrO cTpymy A= |02Rt

Jekyin. Ne23 KonaeHcaTop Ta KOTYIIKA iIHTIYKTHBHOCTI B KOJIi 3MiHHOTO
eJIEKTPUYHOTI'0 CTPYMY
Ilnan:
1. Konaencarop B KoJIi 3MIHHOTO €IEKTPUIHOTO CTPYMY
2. KoTymika iHIyKTUBHOCTI B KOJIl 3MIHHOT'O €JIEKTPUYHOT'O CTPYMY
3. 3akoH OMa KoJ1a 3MIHHOTO CTPYMY.
4. IloBHU# oMip B KOJIi 3MIHHOTO CTPYMY.

B ko 3MIHHOTO CTpyMy BTpaTa €JIeKTPUIHOT €HEeprii BITOYBAETHCS HE TUTBKH
3aBJISIKM aKTUBHOMY OTOPY(TEIUIOBUI XaO THYHHMA PyX Ta B3aEMO/IiS 3 TPOTHIICIKHO
3apsKEHUMH YaCTHHKAMU ), @ 3aBJSIKA peakTUBHOMY onopy. LIo0 3HaTH SK 3MEHIITH
BTpaTy €NEKTPUIHOI €HEePTii 3 MPUUNHU PEAKTUBHOTO OMOPY HEOOXITHO BUSHAYUTH Bif
YOTO BIH 3aJICKUTh.

KonaencaTop y K0.1i 3MIHHOT 0 CTPyMY
3HailieMo, SIK 3MIHIOEThCS 3 YacOM CHJIa CTPyMYy B KOJII, II0 MICTUTh TUIbKH
KOHJICHCATOP, SAKIIO OIMMOPOM IPOBOJIB 1 00KJIAT0K KOHASHCATOPIB MOYKHA 3HEXTYBATH.

Hanpyra na xonzmercaropi U = % JOPIBHIOBATUME HAIPy31 Ha KIHISIX KOJIa.
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Puc.16. I'paghix sminu nanpyeu 3 uacom

OTtxe, %:Umaxcosa)t 3aps  KOHJEHcaropa 3MIHIOEThCS 33 TapMOHIYHUM

3aKOHOM: q =CU __ cosat
Cuna cTpymy, 0 SBJIsIE COOO0I0 MOXTHY 3apsay B 4acl, JOPIBHIOE:

i=q'=-U,_,Csinat=U_Ccos(t+ %) | =1, cos(ot +%)

I[e Imax = a)U maxC
TakuM uymHOM  Hampyra Ha OOKJaJKax KOHJEHCaTtopa W cuia CTpyMmMy B
KOJIMBAJILHOMY KOHTYpP1 3MIHIOIOTBCS 13 YaCTOTOIO , IPUUOMY KOJIUBAHHS CUJIA CTPYMY

T
BUIICPCIKAIOTh 3a (1)2130}0 KOJIMBAHHA HAIIpYI'k HA — LIe O3Ha4dac, 1Mo B MOMCHT, KOJI1

KOH/IEHCATOP MOYHMHAE 3apA/KATUCH, CHIa CTPYMY MaKCHMAaIbHa, & Hanpyra JOPIBHIOE
Hymo. [licas Toro sik Hampyra JocsArae MakKCUMyMY, CHJIa CTPYMY CTa€ PIBHOIO HYIIO U
T. IH.

U, [ U@

Puc.17. I'paghix 3anexcnocmi nanpyau 8io0 cuiu cmpymy Ha 0OKIA0Kax
KOHOeHcamopa
JIns 3HaXOMKEHHSI aMIUTITy[Il KOJMBAaHb CHUJIM CTPYMY B KOHTYpI 32 BITOMOIO
aMILTITYZI010 KOJMBAaHb HANPYT'H Ha KOHAEHCATOP1 MOXKHA CKOPUCTATHCS BHPA30M, IO
301raeTbes 3a Gopmoro 13 3akoHOM OMa 1 AUITHKY KOJIa 1J1s1 HOCTIMHOTO cTpyMy. Tak,
MO>KHa 3aIiCaTy:

U max U max  __ 1
I ax CU o, oC
HOBH&‘-II/IBH_II/I

c

X —i OICPKUMO I—i
aC p X,

Bemnunny Xc Ha3uBarOTh €MHICHUM 0NOPOM. OCKUTbKU @ = 277, TO

1 . o . .
X, = P 3BIICU BUILIMBAE, 1110 MOCTITHUM CTPYM HE MOXKE ICHYBaTH B

¢ 2w
KOJII, III0 MICTUTh KOHJIEHCATOP, TOMY IO IpH v =0 X >
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O4eBUAHO, IO 3 MIABUIIIEHHIM YaCTOTH 1 EMHOCTI EMHICHUH OTIIp 3MEHIIIY€ETHCS.

E€wmuicanit omp X, - e (iBUYHA BEIMYMHA, IO XapaKTEPHU3YE 3JIaTHICTh
KOHJIEHCATOpa MPOTHUAITH 3MIHHOMY cTpymy. CepenHsi MOTYXHICTh Y PO3TIIIHYTOMY
KOJII TOPIBHIOE HYJIIO: KOJM KOHJEHCATOp MNPOTIATOM YBEPTI MEPIOY 3apsiKaeTbCs,
€HEPTid HOTO eICKTPUIHOTO MOJIS 30 UIBIIYETHCS, @ MPOTITOM HACTYITHOT YBEPTI IIEPIOAY
SNICKTPUYHE T0JIe KOHJIEHCATOpa 3MEHIIYEThCS, TTOBEPTAIOYU BCIO OTPUMAHYy CHEPTI0
Ha3aj y KoJo.

KoTtymka iHAYKTHBHOCTI B KOJIi 3MiHHOT'O CTPYMY

Buznauumo cuity cTpymy B KOJI, IO MICTUTh KOTYIIKY, aKTUBHUM OTIOPOM SIKO{
MOKHa 3HEXTyBaTH. /[ 1LbOro momepenHbO 3HARAEMO 3B SI30K MDK HAlpyrow Ha
kotymi ¥ EPC camoinaykiii B Hid. SKIIO eNEeKTpUYHHUA OmMip MPOBOAY KOTYLIKH
MOHa BBa)KaTH HECKIHYEHHO MMM, TO Halpyry Ha Hid MOKHA NPUIHATH PIBHOIO 32
MOJTYJIEM ¥ TIPOTHIICKHOTO 3a 3HakoM EPC caMOIHayKIIii KOTYIIIKH:

u=-=¢€

VY pasi3MiHU CHJIM CTPYMY 3@ TApMOHIYHUM 3aKOHOM i = | ., sin ot EPC

caMoOiHayKIIil gopiBHIOE: € =—LiI'=—-Lal , Sinaot.

Hanpyra Ha KIHISIX KOTYIIKU JOPIBHIOE:

u=_Lal, CcoSot= La)lmaxsin(a)t —%) = umaxsin(a)t +g)

neU=Lal  — amrurityna Hanpyru. OTKe, KOJMBaHHS HAaNpyryd Ha KOTYIIIII
T .
BHIEPEIDKAIOTH KOMMBAHHA CHIM CTPYMY Ha — Y MOMEHT, KOJIM Hampyra Ha KOTYIIIIII

J0CSATaE MAaKCUMYMYy, CHJIa CTPyMY JOPIBHIOE HYJIO. Y MOMEHT, KOJIM Hampyra CTae
PIBHOIO HYJIO, CHJIa CTPYMY MaKCUMallbHa 32 MOAYJIEM.

i, uh
uft)

P u = U,sin wt

I=Imsin (ot + 9)

wlt

Puc. 18. I'pagixu 3anexcnocmi nanpyau 6i0 cuiu cmpymy Ha KOmywyi
BinHomieHHst Hanpyryu Ha KOTYIILI 10 CHJIM CTPYMY HE € IOCTIHHOIO BETMUYHHOIO.
OnHak, sIK 1 y BUNIQAKY 3 KOHACHCATOPOM, JIJIsl 3HAXOIKEHHS aMILTITY AN KOJMBAHb CHUJIH
CTPyMy B KOTYIILI MOHa CKOPHUCTATUCSA BUpa3oM, 0 30iraeThcst 3a GopmMoro 13
3akoHOM OMa JIJ1s1 IUITHKKY KOJIa TOCTIAHOTO CTPYMY:
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U oLl
max — max — a)L
Imax Imaxa)
| _ U max __ U max
max — -
oL X,

[lo3zHaumBIM X, = wl. OAEPKUMO

Bennuuny X, — Ha3uBarOTh IHAYKTHBHHUM ONOPOM. [HAyKTUBHUI omip X, = 2m/l
3aNIeKUTh Bl 4acTOTH. [IoCTIiHMIA CcTpyM B3araii «He IOMIMae» IHAYKTUBHOCTI

KOTymKd. [Ipu v =0 IHAYKTUBHUI OIIp TOPIBHIOE HYIIO.

Uum mBuAIIe 3MIHIOETHCS HAanIpyra, TUM OUtbitie EPC camoiHayKIii ¥ THM MEHIIe

aMILTITYZIa CHIK CTPYMY.

InaykTuBHMii omip mnpoBinHMKa X — wne (i3MYHA BeJHYHHA, IO
XapaKTepHu3ye omip MPOBIAHMKA eJIeKTPUYHOMY CTPyMYy, BUKJNKaHui aiero EPC
CAMOIHAYKIIIi:

CepenHsi MOTYXKHICTh Y PO3TIIIHYTOMY KOJIl JOPIBHIOE HYJIO: KOJIM CHJIA CTPYMY
OpOTSITOM 4YBEPTI Meplofy 3OUIbLIYETbCSA, E€HEPrisi MArHITHOIO TMOJs KOTYIIKH
30UTBITYETHCS, @ MPOTATOM HACTYITHOI YBEPTI IMEPIOJy MAarHiTHOTO ITOJIS KOTYIIKH
3MEHIIIY€ThCS, TTOBEPTAIOUM BCIO OTPHMMaHy C€HEPril0 Ha3aj y KoJjio. TakuM 4uHOM,
IHIYKTUBHUHN Omip (K 1 EMHICHUN) HE CIpusie HEOOOPOTHOMY MEPETBOPEHHIO €HEpTil
SNIEKTPUYHOTO CTPYMY B iHIII (POPMHU EHEPTii.

3akon OMa /151 HOBHOT0 K0J1a 3MiIHHOT O CTPYMY

Po3ristHemMo nocniioBHy AUITHKY K0JIa 3MIHHOTO CTPYMY JJIst TOBUTbHUX

3HaueHb R, C, L 14acToTH 3MIHHOTO CTPyMY.

IHoBHui onip Z xoJa, M0 MICTUTh aKTUBHUM, HIYKTUBHUMN 1 EMHICHUNA OIIIp,

00YHCITIOIOTH 32 OPMYJIIOTO:
Z :\/RZ +(a)L—i)
aC

. 1
PHauIIO (a)L _Ej ~HA3MBaIOTh PEAKTHBHUM OIIOPOM.

2

SIkmo A0 KoJia 3MIHHOTO CTPYMY IpHUENHAHA TUIbKU KOTYIIKA IHAYKTUBHOCTI 3
Ty’)K€ MaliM aKTHBHHUM OTIOPOM, a €MHICTh BIICYTHS, TO BHACIIIOK JIii BUXPOBOTO
EJIEKTPUYHOTO TOJISl CHUJIa CTPYMY BiICTae 3a (a3oro Bil HAPYTy Ha

9

PeakTuBHMIA o11ip Y KOJIi 3MIHHOTO CTPYMY

Konpencarop 1 koTymika IHIYKTUBHOCTI, BBEJIEHI B KOJO 3MIHHOTO CTPYyMY,
YUHATh JOAATKOBUM omip cTpyMy. Lleil omip Ha3MBaeTbCA PEAKTUBHUM, OCKUIBKM Ha
HOro moNaHHS HE BUTPAuYa€TbCsl EHEPTis Jokepena. UBepTh mepioAy KOTyIIKa W
KOHJIEHCATOP 3a0Mpar0Th CHEPTIIO B JKEpesia, HACTYIIHY YBEPTh MEPioy MOBEPTAIOThH
EHEPTiIo J10 JKepera.

3akon OMa 1J11 MOBHOT'0 KOJIA3MIHHOT0 CTPYMY Ma€ BUTJISII:
U U

| _ “max __ max
max -

()

HaiimeHniioro 3HaueHHs onopy koJia (To0To HAWOUTHIIIOTO AMILIITYTHOTO

2
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3HAUEHHS CWJM CTPYMY) MOJKHA JOCSTTH 3a YMOBH, IO X, — X, =0. 3a ayxe
Manmux 4acToT Z ~ Xc (TOJOBHY pOJib BYIIrpae €MHICHUHM OMIp), a 3a YK€ BEIMKUX
qacToT Z ~ X (TOJOBHY POJb BiIIrpae IHAYKTUBHUMA OTIIP).

PaUI Pa3 MK KOJMBAHHSIMU HAMPYTH M CUIIA CTPYMY 3JICKUTH Bil YaCTOTH.

Mopayab 6. XBui1b0BI Ipouecu. ['eomeTpuyHa T2 XBHJIBOBA ONITHKA
Jexuyia Ne24. XBuJjboBI npouecu

Inaw:

1.IlommpeHHs KOJMBaHb B OJHOPITHOMY MPY>KHOMY CEpPEI0BHUIIIL

2. PiBHSIHHS MJIOCKOI rapMOHIMHOT XBUJII.

3.Enepris xumi. Bektop YmoBa

4.Tntepdepentia xBuib. CTOAY1 XBUIIL

KosuBaHHsI Ta iIX XapaKTepUCTUKH.

KonuBanHAMH Ha3UBAIOTHCS pyXU 200 MPOLIECH, SIKI XapaKTEPHU3YIOThCS MIEBHO O
MOBTOPIOBaHICTIO B yaci. KonmBanbHI mpoliec mMMpoKOMOIIMPEHi B IPUPOI1 1 TEXHIIT,
HAMpUKIA] XUTAaHHS MasTHUKA TOJWH,3MIHHUA eNekTpudyHuil ctpym 1 T.4. Ilpu
KOJIUBAJIBHOMY PyX MasTHUKa3MIHIOETbCS KOOpPJAHMHATa HOTO IIGHTPY Mac, y BHIAAKY
3MIHHOTO CTPyMYy KOJMBAIOThCSHANpyra 1 cTpyM B JaHIo3l. @diuuna npuponaa
KOJIMBaHb MOXXe€ OyTH pIBHOIOTOMY PO3PBHAIOTh  KOJMBAaHHA  MEXaHIUHI,
elekTpoMarHitHi  Ta iHm. OjpHak pBHI  KOJUBAIbHI TMPOLECH  OMHUCYIOTHC S
O/IHAKOBUMHXAPAKTEPUCTUKAMU 1 OJHAKOBUMH pPIBHSHHSAMHU. 3BIICH BUILIUBAE
JOIUIbHICTHEAMHOTO MIAXOAY /A0 BHUBYEHHS KOJHMBaHb P13HOI (BBUYHOI MPUPOJIH.
Hanpuknman , eguHuid maxim A0 BHUBYCHHS MEXaHUHMX Ta EIEKTPOMAarHITHUX
KOJIMBaHb3aCTOCOBYBaBCcs aHriiicbkum ¢nBukom . V. Pene (1842-1919), a A.T.
CroneroBa,pociiicbkkuM  iHxeHepoM-ekcniepumentatopom I[LM. JlebeneBum (1866-
1912). BenukuiiBHECOK y PO3BUTOK Teopii konmBanb BHecsu: JI.I. Mangensram (1879 -
1944) iitoro yuHi.

KonmBanHs Ha3UBalOTHCS BUTLHUMHU (200 BJIACHUMMU), SIKIIIO BOHU BIIOYBAIOTHC 5
3apaxyHOK CIIOYaTKy JOCKOHalOi €Heprii mnpu MOJATbIIOMY  BIACYTHOCTI
30BHIIIHIXBIUIMBIB Ha KOJMBAILHY CHCTEMY (CHCTEMY, 31IHCHIOIOYY KOJMBAHHS).

HaimpocTimmM THUIOM KOJHWBaHb € TapMOHIMHI KOJIMBAaHHS - KOJIMBAHHS,IIPH
SIKUX KOJIUBAETHCS BEIMYUHA 3MIHATHCS 3 4aCOM 3a 3aKOHOM CHHYCa

(kociHyca). Po3risia rapMOHIMHNUX KOJIMBAHb BaXJIMBO 3 ABOX IPUYMH:

1. KomuBauHs 3ycTpiuaroThCsd B NPUPOAl 1 TEXHIIl, YacTO MAalOTh XapakTep,
OJIM3BKUIA 1O TApMOHIHHOMY;

2. PBHI mepioguuni mporiecu (MpoIeCH, IO IMOBTOPIOIOTHCS UYepe3 pIBHI
IPOMDKKH 4acy) MOKHA YSIBUTH SIK HAKJIQJICHHSI TAPMOHIMHHUX KOJUBaHb.

["apMOHIHI KOJMBAHHS BETMUYUHU S OTIMCYIOTHCS PIBHAHHAM THITY

s=Acos((0t+(),

(I)men A - MakcUMaibHE 3HAYEHHS KOJHMBAETHCS BEIMYMHM, IO HA3UBAETHCS
aMIUTTY1010 KoJmBaHHs,n (0 - kpyroBa (IuKJiyHA) yacToTa,n (- modarkoBa ¢aza
kommBaHHSA B MOMeHT 9acy t= 0, n ((0 t + () - hba3a koMBaHHSA B MOMEHT 4Yacy t.

da3za KOJMBAaHHS BH3HAUa€ 3HAYCHHS KOJMBAETHCS BEJIMYWHU B JIAHUH
MoMeHT4acy. Tak sIK KOCHHYC 3MIHIOEThCSI B Mekax Bin 1 1o -1, To s MoxxenpuitMaru
3HA4YEHH BT + 10 A-A.
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KomuBdnus — ¢QBuuHMNA mpolec, Mg dYac SKOTO YepryIOThCS IHTEPBAJIH
30UThIIICHHS 1 3MEHIIIEHHS (PI3UYHOT BEIMIHHH.

KonvBanHs MOXyTh MaTu Halpi3HOMAHITHINIY TPHUPOJY, HANPUKIA, MEXaHIuHI
KOJIUBAHHS TUI, KOJMBAHHS TUCKY U TEMIEpaTypH, CUIIM CTPYMY, HAIPyTH TOIIIO.

KonmmBanHS Ha3WBAIOTHCSA TEPIOJMYHUMH, SKIO (GBUYHAA CTaH CHUCTEMH
MIOBHICTIO TIOBTOPIOETHCSI 4epe3 SKUWUCH IMEBHUU TMPOMDKOK dYacy, IO Ha3WBAEThCS
nepioaoMm.

KonuBanus, 17151 SIKMX 3aJISKHICTh 3MIHHOI BiJl 4acy OMUCYETHCS CUHYCOTIO1I0HOIO
KPHBOIO, HA3WBAIOTHCS TApMOHIMHUMH. [lepioqndHi KOJMBAHHSA 13 IHIIOKO 3aJICKHICTIO
BiJl 4YaCy Ha3MBaIOTHCS AHTAPMOHIIHHUMH.

KoymBaHHs, $iIKI BUHUKAIOTh MPU BIIXWJICHHI CTaHy (IBUYHOI CUTEMH Bil
PIBHOB&)KHOTO, HAa3WBAIOTh BIACHUMH KoJMBaHSAMU. KoJMBaHHS, SKi BUHHUKAIOTbH
BHACJITOK JIii 30BHINIHLO1 MTEPI0IMIHOT CHITH, HA3WBAIOTh BUMYIIICHIMH KOJIMBAHHSIMHU.

Sxmo BimxwieHHS (GBUYHOI BEIMYMHU BT CEPEAHLOTO IMOJIOKEHHS B TIPOIIEC]
KOJIUBaHb 3MEHINYIOTHCSI B Yaci, TOBOPATHh MNP0 3aTyXaHHS KOJMWBaHb, a SKIIO
30UIbIIYIOTHCSI — PO HAPOCTAHHS KOJMBAHb.

3aryxaroul KOJHMBAHHSI-KOJMBAHHA SKI, TIOCTYIIOBO CJIA0OHYYH, 3HHUKAIOTh.
AMIUTITY 1A 3aTyXaF04YMX TapMOHIYHUX KOJMBaHb 3MEHIIYETHCS, @ YaCTOTA 3aJIMIIAETHCS
HE3MIHHOIO.

B OutpmiocTi GBUYHUX CHCTEM KOJIMBAHHS BUHUKAIOTH MPU BUBEICHHI CUCTEMU
3 TMIOJIOKEHHS pIBHOBaru. Takli KOJMBAHHSA 3JCOUIBINIOTO PO3CIOIOTH CHEPTII0 i
3aTyxarTh 3 yacoM. OHAK y BIIKPUTUX TUCUTIATUBHUX CUCTEMAX i3 CTAJIMM MPUTOKOM
€Heprii MOXYTh BUHUKHYTH KOJIMBAHHS, SIKI HE 3aTyXalOTh, JOKH HE MPUIMHUTHCS
NpUIUIUB eHeprii. Taki KoJMBaHHS HA3UBAIOTh ABTOKOJMBAHHAMH.

JlonaBaHHS KOJMBAaHb.

JlonaBaHHsI NEKUIbKOX TapMOHIMHUX KOJUBaHb OJTHOTO HAMNpsIMKY ¥ OJHAKOBOi
YaCTOTH CTAa€ HAOUHUM, SIKIIO KOJMBAHHs 300paxaru rpadHo y BUIJIAA1 BEKTOPIB Ha
wiomyHL. OTpUMaHa TAKUM CIIOCOOOM CXeMa Ha3UBAETHCSI BEKTOPHO 10 Alarpamoro.

BizbMeMO 0CBh, y3MOBXK SKOi OyaeMO BIIKJIAIaTH KOJHBAETHCS BEIMYHMHY X. 3
B34TO1 Ha 0ci1 ToukH [Ipo BIIKIaIeMO BEKTOP TOBKUHU A, SIKHI yTBOPIOE 3 BICCIO KyT?.
S0 mpuBecTH el BEKTOp B 00epTaHHS 3 KyTOBOIO IBUAKICTIO? 0, TO MPOEKITIST KiHIIS
BeKTOpa Oyje MepeMilaTucs Mo ocCi X B MeXax BiI-A 10 + A, IpU4oMy KOOpIUHAT
MIpOEKIIii Oy/1e 3MIHIOBATUCS 3 YaCOM 3a 3aKOHOM

OTmxe, TpOEKIis KIHI BEKTOpa Ha BICh Oyle 3AIMCHIOBATH TapMOHIYHI
KOJIMBAHHS 3 aMILUTITY/1010, IO JOPIBHIOE IOBKUHI BEKTOPA, 3 KPYTOBOIO YaCTOTO O, IO
JOPIBHIOE KYTOBOi IIBUAKOCTI OOEpTaHHS BEKTOpa, 1 3 MOYaTKOBOIO (pa3oro, IO
TOPIBHIOE KYTY, YTBOPEHOMY BEKTOPOM 3 BICCIO B TOYATKOBHUI MOMEHT 4acy.

Takum 4YHHOM, TapMOHIHE KOJIMBaHHS MOe OyTH 3aJaHO 3a JIOMOMOTOIO
BEKTOPA, JOBXKHHA SIKOTO JOPIBHIOE aMIUITYZl KOJMBAHHSA, a HANpPsIMOK YTBOPIOE 3
BICCIO X KYT, 1110 JIOPIBHIOE MOYATKOBIH (ha3i KOJIUBAHb.

PosrisitHemo ckiamaHHA JABOX TapMOHIYHUX KOJIMBaHb OJHOTO HANpsIMKY W
OJIHAaKOBO1 4YacTOTU. Pe3ynbTyroue KonuBaHHS Oyae CymMoro KojuBaHb x1 1 X2, skl
BU3HAYAIOTHCA PYHKUISIMU.
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VsaBiMo 0o0maBa KoMBaHHA 3a gomomoror BektopiB Ali A2. TloGymyemo 3a
npaBWJIaMy JOJaBaHHS BEKTOPIB pe3yibTyrouudd BekTop A. Ha mamoHky BUAHO, IO
IPOEKIs I[LOT'0 BEKTOpa Ha BICh X IOPIBHIOE CyMi MPOEKIIIN CKJIaIOBUMHU BEKTOPIB.

Tomy, BekTOp A siBisie CO0010 pe3yibTyroue KomBaHHA. Lleil BekTop o0epTaeThes
3 TI€IO X KyToBOIO mBHAKICTIO? 0, sk 1 Bekropm Al 1 A2, Tak IO CyMa X; Ta Xy €
rapMOHIHHUM KOJIMBaHHSM 3 4acToTOO (? 0, aMIuiTy1010 A 1 MOYaTKOBOIO (pa3oro?.

[IpencraBieHHs] TapMOHIWHUX KOJHMBaHb 3a JOTIOMOTIOIO BEKTOPIB J03BOJISIE
3aMIHUTH J10/1aBaHHS (PYHKLIN CKJIaJlaHHSAM BEKTOPIB, IO 3HAYHO MPOCTILIE.

JlonaBaHHsI KOJIMBaHb y B3a€MHO MEPIICHAUKYIIPHUAX HAPSIMKaX.

VSaBIMO ABI B3aEMHO TEPICHAUKYISIPHI BEKTOPHI BEIMYMHUA X Ta Yy, IO
3MIHIOIOTHCS 3 4aCOM 3 OJJHAKOBOIO YaCTOTOI? IO TAPMOHIHHOMY 3aKOHY .

Jle ex 1 ey - OpT KOOpAMHATHUX oced X 1y, A 1 B - ammuryau KoJivBaHb.
Bemmaunamu X Ta y Moke OyTH, HalIpUKJIIad, 3MIIECHHS MaTepialbHOI TOUKH (YaCTKH) 3
MI0JIOKEHHSI pIBHOBArH.

YacTka Oyze pyxarucs 3a JASSIKOI0 TPAEKTOPii, BUTTIS KO 3aJICKUTh BiI PI3HUII
¢da3 000X KOJIMBaHb. BHpasu € 3aJaHuil B HapaMeTquHm dopmi plBHHHHH i€l
Tpaektopii. 11060 oTpumaru pIBHSHHSA TPAEKTOPil B 3BUYAHHOMY BUTJISL, MOTPIOHO
BUKJTFOUMTH 3 PIBHSIHB TapameTp t.

Posropaemo kocunyc 3a popMyIoro 1Sl KOCIHyca CyMu:

[TinctaBumo 3amicth cos? T'1 sin?

Lle piBHSAHHS €Imirnca, 0Ci SKOTO MOBEPHYTI BITHOCHO KOOPJAWHATHUX OCEH X Ta Y.
OpieHTaris emrca i Horo MmBOoCi 3aIeXaTh JOCHTh CKJIQIHUM YMHOM Bin ammunTyd A 1 B
1 pBHULI (a3?.

Cnpobyemo 3HaiiTu hopMy TpaeKTOPIi 17151 KUIbKOX OKPEMUX BHUITAJKIB.

1. Pzaumg ¢az? mopiBHIOE HYITIO.

3BIICH BUXOIUTh PIBHSAHHS MPSAMOI:

Pe3ynbTyroue pyx € rapMOHIHAM KOJIMBAHHSIM B3J0BXK IIi€1 PSIMOT 3 4aCTOTOI0?
1 aMIUTITY 1010, 1110 TopiBHIOE (puc. 1 a).

2. Pizaung ¢a3? nopiBHIOE +?.

O1xe, pe3yJbTyr0de pyX SABJsI€ COO0I0 TapMOHIMHE KOJIMBAHHS B3I0BXK IIPSMOT .

burra.

burti — iaTepdepeHIis ABOX 3BYKOBHX KOJHMBaHb, 3 dYacTtoTamu vl 1 v2
HACTUTbKH OJM3BbKMMHM, IO BOHM HE CIPUUAMAIOTHCS SK JBa PO3JUTbHI KOJWUBAHHS.
AMIUIITY1a KOJIMBaHb, SIKI BUHUKAIOTh NPU I[bOMY TMEPIOJAUYHO 3OUIBLIYETHCA YU
3MEHILY€ETHCS Y Yacl 3 YaCTOTORO, PIBHOIO PI3HMIIL IHTEP(EPYIOUNX KOJIMBaHb.

Pi3HMIS a3 Takux KOJMBaHB 3 4aCcOM 3MIHIOETHCS, depe3 1m0 (a3u MepioJuIHO
301raroThCsl (KOJIMBaHHS MIICWIIOIOTH OJHE OJIHE) a00 CTalTh MNPOTUICKHUMHU
(koJMBaHHSI B3a€MHO OcJa0oThCst). [limcunenHss 1 ocnabieHHsT pe3yJIbTaTUBHUX

- KOJIMBAaHb Bi,Z[GYBaIOTB.C}I ne.pioz[H.qu 3
YacTOTOI0 VG, MO0 JOPIBHIOE PIBHUII YaCTOT
B3aEMOJIIIOYHX KOJIMBaHb, TOOTO vo=v] — v2. B
aKycTHill OWTTS  BUKOPUCTOBYIOTHCS IS
MOPIBHSHHS TOHIB (HamaiHAHHS MY3.
IHCTPYMEHTIB). SIKIIO pI3HUIIS YaCTOT KOJMBAHb
JBOX JDKepen aye Maia (Hamp., MeHa Hix 0,1

coufichs) ain{irre)
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I'm), To Byxo cmpwmiiMae iX SK OJWH pe3yJbTaTUBHUN TOH, IHTEHCHBHICTH SKOTO
3MIHIOETBCS 3 4YacToTOro, piBHOIO V1 — v2. Komm 49acTOTH CKIaJIOBUX KOJIMBAHb
30MKYIOTBCS, TO 9aCTOTa OUTTS 3MeHIIyeThes i mpu Y1 — Y2 — U Sximo nopisHIOBaTH
TOHH METOJIOM OutTsa, TO TMOXuOka wMoxe He nepesunryBatu 0,1 I B
CIIEKTPOMArHITHUX KOJIMBAHHSAX SIBUIIE OWUTTS BUKOPUCTOBYETHCA B UYTJIMBHX
npuiiMadax pajioCUrHaNIB Ta BUMIPIOBAILHUX MPUJIaIaX.

B My3uuHiii npaxkTHill sSBUIIE OUTTS BUKOPUCTOBYETHCS NPHU HACTPOIOBAHHI
MY3WYHUX IHCTPYMEHTIB, IHKOJHM JIJIsl CTBOPEHHS CHEUU(PIMHOro BIATIHKY 3BYyKa (Tak, 1L
YallKOBChKMM  HACTPOIOBAaB  pOSIb  «3
po3auBoM»). ABuimie butts Bukopuctas I'.
BT S tal ['enpMrombIl s MOSICHEHHS BiIMIHHOCTEH
MDK KOHCOHAHCOM 1 JUCOHAHCOM.

Pe3onamnc.

Pesonanc — sBHIIE CWJILHOTO
3pOCTaHHS AMILTITY/IH BUMYIIICHOTO
KOJMBAaHHS y pa3i, KOJIM 4YacToTa
30BHINIHKOT CHJIM 30Ira€ThCsA 3 BIACHOIO
o . = = .  4acTOTOIO KOJIMBAHb.

’ Pe3onanc XapaKTepU3yIOTh
IHTEHCHUBHICTIO, HAMIBIIMPUHOIO CHEKTPAIBLHOI JHI Ta JOOPOTHICTIO. 31e0UIhIIOro
pEe30HaHC HaOIMKEHO OTMMCYIOTh KpHUBOIO JIopeHta.

T/2
Iw) o
T (w—wp)? 4+ (T'/2)2

7€ ® — YacToTa 30BHIHBbOI cuiH, ®() — YyacToTa BIACHOTO KOJMBaHHS, [T —
CTasa 3aTyXaHHsl, IKY Ha3UBAIOTh TaKOXK IMUPHUHOO JiHii. YacTo MpUBOAUTHCS TAKOXK Y=
['/2 — niBmmpuHa JmHi.

SIBuIe pe30oHaHCY MIMPOKO BHKOPHUCTOBYETHCS B Haylli U TexHiml. Ha HbOMY
TPYHTYEThCSA poOOTa 0araTb0X PaTIOTEXHITHUX CXEM Ta MPUCTPOIB, TAKUX SIK KOJMBHI
KOHTYpH. BHKOPHCTOBYIOUH SIBHIINE PE30HAHCY MU BUOUPAEMO 13 0araToro pisHOMaHITTS
EJIEKTPOMArHITHUX XBWJIb B MPOCTOP1 HABKOJO HAC caMe Ti, SIKI BIANOBIIAIOTH HAalli
yIOOJIEHIM paioCTaHIIll, BUOMpPAEMO TENIEBI3IMHUIA KaHaJl TOLO.

[IpoTe He 3aBXaM pe30HAHC KOPUCHMMA. BimoMi BHIAgKH, KOJM HaBICHI MOCTH
JaMaiicsl TIpu TPOXOJDKeHl Mo HuM cojmar "B Hory". Lle BimOyBanocs depes Te, 10
4acTOTa BJIACHUX KOJMBaHb MOJOTHA MOCTA 301rajiacsi 3 4aCTOTOIO X01b0U JItO1EH.

EnexkTpomarHiTHi XBHJIi Ta IX BJ1aCTHBOCTI.

EnektpomarHirHa XBWJIS L€ TPOLEC PO3MOBCIOMKEHHS —EJEeKTPOMAarHiTHO1
B3a€EMO/I1l B IPOCTOPI.

EnexTpomarHiTHi XBWJII OTIMCYIOTHCS 3aralbHUMH JJISI €IeKTPOMArHiTHUX SIBUII
pIBHSAHHsAMH MakcBea.

VY BakyyMi €NeKTpOMAarHiTHa XBWIS PO3IMOBCIOKYETHCS 13 IMIBUAKICTIO, SKa
HA3WBAETHCSI MBHUAKICTIO CBiTia. IIBUAKICTh CBITIA € (PyHIaMEHTATHHOIO (hiI3UIHOIO
KOHCTAHTOIO, $IKa TIO3HAYA€ThCSA JIATUHCHKOIO JITEPOI0 C. 3TiIHO 13 OCHOBHHUM
NOCTYJIATOM TeOpii BITHOCHOCTI MIBHIKICTh CBITJIa € MaKCUMAaIbHO MOXIIMBOIO
MIBUIKICTIO mepenadi iHbopmarii un pyxy Tima. Ll mBuakicte ckmagae 299 792 458
m/c.( 1667p. narcbkuii actpoHoM PeMep po3paxyBaB MIBUAKICTH CBITIIA).

= ) ————————
=
|

Vx(0)
A
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EnextpomarHitHa XBWIA XapakTePU3YEThCS YacTOTO. PO3pBHAIOTH MHIAHY
YacTOTy V ¥ IUKJIIYHY 9acTOTy ® = 27mv. B 3ameHOCTI Big 4acTOTH €JIEKTPOMArHITHI
XBHJII HAJISKATH 710 OJTHOTO 13 CTIEKTPAIbHUX Jllaria30HIB.

[HIIIOI0 XapaKTETUCTUKOK EIIEKTPOMArHiTHOT XBWUJII € XBHWJIHLOBHHA BEKTOP
XBUJIHOBUM BEKTOP BHU3HAYAE HAMPSIMOK PO3TOBCIOIKEHHS €IEKTPOMArHITHOI XBHUII, a
TaKOX i1 JOBXKUHY. AOCOJIIOTHE 3HAYCHHS XBHJILOBOTO BEKTOPa HA3WBAIOTh XBHJIbLOBUM
JHUCJIOM.

JloBkWHa XBHJII — XapaKTEPUCTHKA TIOCKOT MEPIOAMYHOI XBHWII, IO MO3HAYAE
HaliMEHIITy BIICTaHh MDK TOYKaMH MPOCTOPY, B AKUX XBUJIS Ma€ OJUHAKOBY (pazy.

JloBxrHA XBWJII 3a3BUYal TO3HAYAETHCS IPEIbKO IO
JiTepoto A I3 TOBKMHOIO XBHJII OJTHO3HAYHO 3B's13aHA TaKka
XapaKTEPHUCTHKA, IK XBUJILOBE YHCIIO k

2m
=7

JloB)krHA XBWJI 3aJleKUTh Big dYacToTH. [Lla
3QJIOKHICTh HA3UBAETHCSA 3aKOHOM jaucriepcii. Yacto
3QJICKHICTh MDK 9aCTOTOIO 1 JOBKHUHOO XBHIII OOCPHEHO -
npornopiiiiiHa. Y TakuX BUIAAKaX MIBUIKICTH PO3MOBCIOJIKEHHS XBUJI (PIKCOBaHa U HE

3aNIeKUTh Bl yacToTH. Hanpukiaz, 71s €1eKTpOMAarHiTHOT XBWI Y BaKyyMl
c
vV =—

A,
Jle Vv — JiHIHA 9acToTa, a ¢ — IBHUAKICTH CBITJIA.
[Ipu mepexoni XBUJIi 3 OJHOTO CEPENOBUINA B HINE TOBKUHA XBUJI 3MIHIOETHCS,
HAa BUIMIHY Bi YacTOTH, fKa 3aJMIIAETHCA CTalol0. ENeKTpoMarHiTHi XBWJI B
CEpEeNIOBUIII 3a3BUYaAll XapaKTEPU3YIOTHCS TPUBEICHOIO JIOBXKUHOIO XBWJI, TOOTO
TOBKHUHOIO, IKY XBWJISI Maja O y BaKyyMi.

InTepdepéHiis — HaKJIaXaAHHA XBUJIb, IPH IKOMY B PI3HHX TOUYKAX
CIOCTEPIracTrbCcs NMOCUJIEHHA (KOHCTPYKTHBHA iHTepdepeHuisa) ado nmocaadieHHs
aMILTITYI4 KOJUBaHb. Pe3ynbTaT Hak/IaaHHs XBUJIb Ha3UBAETHCS IHTEP(DEPEHIITHHO O
KapTUHOIO.

[aTepdepenIniss cnocTepiracTbCs y KOrepeHTHUX XBWIb. KorepeHTHi xBuMJIi e
XBIWJII, 0 PO3NMOBCH/IKYIOTHCS B IMPOCTOPI 3 0THAKOBOK YACTOTOI0 I MOCTIIHOKO
pizHuLeI0 ¢a3.

X =X, sinat + ¢,

[Ipu iHTEepdepeHiii pe3ynbTyroue KOJUBAHHS €
T€OMETPUYHOI0 CYMOIO KOJIMBaHb 000X XBWIb Y
BIUIMOBITHUX  TOYKaX. Ha#lmpocTimmM  BHUIIAIKOM
iHTepdepeHIlii € HaKIagaHHsI JBOX FAPMOHIYHUX XBHIIb
3 0JTHAKOBOIO YACTOTOIO 1 MOJISIPUBALIIETO.

SBume  mHrepdepeHuil — BUKOPUCTOBYETHCH,
HaIPUKJIaa, B PaAIOTEXHIIl 1 aKyCTHIN JJISI CTBOPCHHS
ckimamHuX aHTeH. (Oco0JaMBO  BEJMKE  3HAYCHHS
iHTepEepeHLsi Ma€ B OMNTHIl, BOHA JIGKUTh B OCHOBI
ONTUYHOI Ta AKYCTUYHOT rosiorpadii.
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Inmepgepenyicto XBWIb HA3WBAETHCS SBUINE MIICWICHHS KOJMBaHb B OJHUX
TOYKaX MPOCTOPY Ta OCHAOJCHHS a HIINX y Pe3yNbTaTi JOJAaBaHHSA JABOX a00 OUIbIIE
KOTE€PEHTHUX XBWIb, SIK1 HAAXOISITh y 11l TOUKH.

KorepeHTHICTH XBWIb.

[aTepdepeninis — 3araibHa BIACTUBICTh XBWIb Oyab-sikoi mpupoau. CTiiika B 9aci
iHTepdepeHIliiiHa KapTHHA MOXKE CTIOCTEPIraTuCs TUIBKH Y pasi 101aBaHHs KOTepEHTHUX
KOJIMBaHb.

Koecepenmmni (3B'si3aHl) x6uni — 11 XBWI, 10 MAalOTh OJHAKOBY 4YacTOTy Ta
HE3MIHHHH 3CYB (Da3 y KOXKHIM TOYIIl POCTOPY.

Kozcepenmmi 0orcepena — nie pxepena, mo MaroTh OJIHAKOBY YaCTOTY Ta HE3MIHHU I
3cyB (pa3 y yaci.

He3Bakaroun Ha Te 10 yMOBa KOTE€PEHTHOCTI 3IMIIAETHCS OJIHAKOBOKO IS 1
XBWJIb PIBHOT (IBUYHOT IPUPOIH, CTIOCOOU 3ITHCHEHHS KOTEPEHTHOCTI, HAIPUKJIA, JIJIs
JOKEPEIT 3BYKY Ta JKEpeN CBITIa, OyJu 30BCIM pi3HUMU. JIJIA oJ1epKaHHS KOTEPEHTHUX
3BYKOBHUX XBHWJIb MOXXHA CKOPHUCTATUCS JBOMA HE3AICKHUMH J[KEpernaMu 3BYKY, IO
3AIMCHIOIOTh KOJIMBAHHA 31 CTANOK pi3HULEI (a3. HezanexHi x qxepena cBimia (KpiM
ONTHUYHUX KBAHTOBHX I'€HEPATOPIB)HE TAIOTh KOTEPEHTHUX XBUIIb.

[Ipuunna noJsiirae B TOMy, 10 aTOMH JIKEPEN BUPOMIHIOIOTH CBITJIO HE3AJICKHO
OJUH Bl OJHOTO OKPEMUMHU «OOpHUBKaMU» (IL[yraMH) CUHYCOIJaIbHUX XBWUJb. | Taki
I[T'¥ XBWJIb BiJl 000X JKEpen HaKIadaroThCsl OAUH Ha OJHOTO. Y pe3ylbTari aMILIITy1a
KOJIMBaHb Y OyAb-SAKill TOYIl IPOCTOPY XaOTHUHO 3MIHIOETHCS 3 yacoMm. OTXKe, 11l IyTH
HekorepeHTHI. Hisikoi CTIMKOT KapTUHU 3 IEBHUM PO3IMOUIOM MAaKCUMYMIB 1 MIHIMyMIB
OCBITJICHOCTI HE CIIOCTEPIra€ThCS.

Ilkajia eJeKTPOMArHiTHUX XBHWJIb — HEMEpPEpBHA MOCIIIOBHICTh YacTOT 1
JOBYKHMH XBUJIb €JIEKTPOMArHiTHUX BHMpoMiHiOBaHb(Puc.19).

WKANA ENEKTPOMATHITHUX XBWUNb
00 10° 100 f0' 100 f07 10 1 0 g2 10 10 10 00 10T q0t 0t 10 10 0 40
| | 1 1 1 1 Il | ] 1 b Il | | Il | | | | 1 L
U B R A

HU3LKOYACTOTHI IHOPAYEPBOHE  YNILTPA®IONETOBE FAMMA-
ENEKTPOMATHITHI XBUI PALIIOXBUNI BUMNPOMIHIOBAHHSI  BUMPOMIHIOBAHHS BUMNPOMIHIOBAHHS

Puc. 19 llIxana enekmpomacHimuux Xeus
[lpuitHATO  BUAUIITH  HU3BKOYACTOTHE  paaio- Ta  Y-BUIPOMIHIOBAHHS,
iH(ppayepBoHi, yIbTpadioIeTOBI Ta PEHTTEHIBCHKI IPOMEHI, BUAUME CBITIIO.
[IpyHIMIOBO1 PIBHMLI MDK UMMHU BUJAMHM BUIIPOMIHIOBAHHS HeMae. Bcil BOHM
SBJSIIOTH  COOOI0 EJICKTPOMArHiTHI XBWJI, 30Yy/KyBaHI 3aps/KCHUMH YaCTHHKAMH.
BunpowmiHioBanHs pi3HOT JJOBKWHU XBWJI BIIAPBHSIIOTHCS OJHE BT OJHOTO 3a
crnoco6amu X oiep>KaHHsI 1 METOJJaMU PEECTpallii.

Jekuyia No25.T'eomeTpuuna ontuka. ®oromerpis
Inaw:
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1. 3akoHM Bina3epKaTICHHS

2. JIin3u

Ha 3'sicyBanHst mpupoau cBiTiIa 3HaA0OMIOCS HE OJTHE TUCSYOJITTS. 3a IeH yac
Oararo pi3HUX TiMOTe3 3MIHWIM ofaHa ojaHy. OnTHka (Bim rper. Optike — Hayka mpo
30POBICIIPUAHATTS ) CTIOYATKY PO3TIISAANIacs sIK HayKa IIpo 3ip.

Onmuxa sBIsSE CcO00I0 pO3AUT (GBUKKM, B SKOMY BHUBYAIOTHCS SBHINA Ta
3aKOHOMIPHOCTI, TIOB'sI3aH1 3 BUHUKHEHHSM, TMOIMPEHHSIM 1 B3aEMOJIIEI0 3 PEYOBUHOIO
eJICKTPOMATHITHUX XBUJIb BUJAMMOTO JIiaia3oHy.

Kopnyckyasipaa Teopisi cBitiia HbroTona.

[lepmroro HayKOBOIO TEOpi€ro, SKa HamMarajacs MOSICHATH (QBUYHY TPUPOIY
CBITJIa, CTajla TEOPIisi CBITIIOBUX YacTUHOK, po3pobiicHa I. HeroToHom (1643 — 1727) i
BUKJIaJIcHA HUM y KHU31 «OnTuka». BinnmoBigHo 10 ii MOJI0KEHb, CBITJIO SIBJIIE COOOIO
MOTIK YaCTHUHOK, SIKI BHUITYCKAIOTHCS CBITHUM TUIOM Y BCIX Hampsmax (IepeHeceHHs
pedyoBuHHU). Buxoasuum 3 KOpHIyCKyISIpHUX YsBJIeHb HBIOTOH MOSCHUB OUIBIIICTDH
BIIOMUX TOJI ONTUYHUX SIBUII TMPSIMOJIHIMHE TOIIMPEHHS CBITJIA B OJHOPITHOMY
CepeI0BHIIIL, BiIOMBAHHS Ta 3AJIOMJICHHS CBITJIA.

XBuJjboBa Teopis ['oiirenca.

Binmosinno g0 teopii X. I'wiirenca (1643 — 1695) cBitio — Ie XBWII, IO
MOIIMPIOIOTHCS B OCOOJMBOMY, TIIOTETUUHOMY CEpPeAoBUII — e]ipi, KUl 3ar0BHIOE
BECh MPOCTIp 1 MPOHUKAE ycepeauHy BciX TUL ['tOHTeHc He po3risigaB CIPaBKHHOTO
XBHJILOBOTO TPOIIECY, HOTO MIPKYBaHHSI CTOCYBAIHCS JIUIIE MOMIUPEHHS XBUIHOBOTO
dbponTy. BIH CyTO MareMaTH4HO OMKCAaB SBHINE BITOWBAHHS ¥ 3aJJOMJICHHS XBWJIb 1
NOKa3aB, U0 MIBUJIKICTh CBITJIa B OUTbII I'YCTOMY CEpEOBHUILI Ma€ OyTH MEHILOI0, HIXK Y
noitpi.Y 1801 pomi T. FOur (1773 — 1829) Ha mincTaBi XBUIILOBUX YSIBJICHb JIyXKE
POCTO W HAOYHO pO3'SICHUB IHTEP(EPEHII0 CBITIA Ta PO3BHUHYB, TaKUM YHHOM,
XBHJILOBY Teopito cBitia. Y 1818 pomi O. ®penean (1788 — 1827) HezanexHO Big
IOnra BuBIB moknagHy Teopito nudpakiii W HTepdepeHiii CBiTIa, MOKa3aBIIM, IO
iHTep(epeHIis € IpsIMUM HACITIAKOM XBUIILOBOT MPUPOIU CBITIa. OCcTaTOuHUMN yaap mo
KOPITYCKYJISIpHIM Teopii OyB HaHecenuid gociinamu K. ®@yko. BiH BUMIpSB MBUAKICTH
CBITJIA y BOJ1 ¥ MOKa3aB, 10 il 3HA4YEHHsI 30IraeThbCsi 3 TEOPETHUYHO 3400yTUM Y
XBWIBOBINA Teopii. XBUIbOBA TEOPIS 3 €IMHOI TOUKH 30py MOSCHWIA yC1 BIAOMI TO1
SBUIIA W Tlepen0Oayunia HU3Ky HOBUX. [IoHam CTO pOKIB KOPMYCKYNIsIpHA W XBHILOBA
TiOTe3W MPO MPUPOY CBITIA ICHYBaIM MapajieibHo. JKoHa 3 HUX HE MOTJa 3100yTH
BUpILAIbHOI niepemoru. Jlume aBTtoputer I. HpioToHa 3MylilyBaB OUIBIIICTh YYEHHX
BI/IJ1aBaTH NEpEBAry KOPIYyCKYJSPHIA TEOPIi.

EnexkTpomarHiTHa Teopisi cBiTi1a.

VY npyriii monouni XIX cromirrs k. MakceBeaa (1831 — 1879) mosis, 1o
CBIiTJIO sBIIE COGOI0 OKPEMHMii BHJ €IEKTPOMATHITHUX XBHIb. Moro po6oTH 3aKimaim
HIIIPYHTS €JNEKTPOMArHirHoi teopii cBimia. Ilicias exkcrnepuMeHTaTbHOTO BUSBJICHHS
eNleKTpoMardiTHux XBuib I'. 'epuem He 3amummuiocs HIIKMX CYMHIBIB y TOMY, IO i
Yyac TOIIMPEHHS CBITIO «ITOBOJAMUTHCS» K XBWisA. Y 1899 pomi I1. M. JlebeneB HaBiB
HOBHI JJOKa3 TOTOKHOCTI CBITJIOBHX 1 €JIEKTPOMArHITHUX XBWJIb. BiH BUSBUB JOCIITHUM
NUIIXOM, 10 CBITJIO TUCHE Ha TUIA, Ha SIKI Majae, i BUMIPSIB 1IeH THCK. 3a TEOPIEr0
MakcBemna enekTpoMarHiTHI XBWJI TaKOX YWHATH MOMIOHWN THCK. TakuM 4WHOM, Y
npyriit monoBuHi1 XIX ctomiTTst Oysa 3acHOBaHa eIEKTPO MarHiTHa TEOpis CBITIIA.
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KBanTOBa Teopis cBiTJIA.

Y 1900 pomi wiMeunpkuit ¢Buk M. Il1aHk TpUITyCTHUB, IO aTOMHU TUI
NOTJIMHAIOTh 1 BUIPOMIHIOIOTH €HEPril0 CKIHYEHUMHU MOPIIIMU — KBaHTamu. Y 1905
poti A. Eitnmrreitn (1879 — 1955) npurmycTus, 110 CBITJIO NOMHMPIOETHCS B IPOCTOPI Y
BHTJISIII TUCKPETHUX 00'€KTIB — KBAHTIB CBIT/Ia. TakuM YMHOM, OyJIM BUSBJICHI KBAaHTOBI
BJIACTUBOCTI CBITJIA.

Kopnycky/JsipHO-XBHJIBOBH M AYyaJIi3M.

Bunukna Haj3BuuaiiHa curyailis: sBuila iHTepdepeHii Ta audpaxiii, SK 1
paHiIre, MokHa OyJIO MOSICHUTH, BBAKAIOYH CBITJIO XBHIJICIO, a SIBUIIA BUITPOMIHIOBAHHS
1 TIOrJMHAHHA — BBa)kKarouM CBiTI0 moTokoMm dacThHOK. [Jocmigu O. I'. CtoJieToBa
(1839 - 1896) 3 (oToedekTy Takok MOKa3ajM, IO CBITJIO MOBOIUTH ceOE SK MOTIK
YaCTUHOK. Y Pe3yNbTaTl YUCIEHHUX OOrOBOPEHb, MOIIYKIB 1 JOCHIIKEHb BUHUKIIA CY -
YacHa TEOPis CBITNA, M0 € CHHTE30M KOPIYCKYJSIPHOI Ta XBUJIHOBOI Teopid. B ocHOBI
i€l Teopii JNEKUTH AyMKa, IO CBITJIO OJHOYACHO MAa€ 1 XBWJIbOBI, ¥ KOPIYCKYJSPHI
BJIACTUBOCTI.

T'eomempuynoto onmuxor Ha3UBAETHCA PO3AUT ONTUKU, B SIKOMY BUBYAIOTHCS
3aKOHH TOIIMPEHHS CBITJIOBO1 €HEPTil B MIPO30PHUX CEPEAOBUINAX HA OCHOBI YSBICHHS
PO CBITJIOBUM MIPOMIHb.

l'eomempuuna onmuxa 6a3yembcsi HA MPbOX 3AKOHAX.

® 3aKOH NPSIMOJIIHIAHOTO NOIIMPEHHS CBITJIA,

® 3aKOH BIIOMBAHHS CBITJIA;

® 3aKOH 3aJIOMJICHHS CBITJIA.

OCHOBHUMU NOHITTSIMHU T€OMETPUYHOT ONITUKH € NYUOK 1 NPOMIHD.

VY nepuiomy HaOIMKEHH1 71)40K TIPOMEHIB — 11€ CYKYITHICTh CBITJIOBUX IPOMEHIB.

VY cydacHiil GBULI T CEIMIOBUM NPpOMeHeM PO3YMIIOTh JTOCTATHHO BY3bKUU
My4O0K CBITJA, KWW y MeXaX 30HMU, B SIKii BUBYAETHCS WOTO IMOIIMPEHHS, MOXKHA
BBa)KaTH HE PO30ODKHUAM.

OCKUTbKH CBITJIO, SIK 1 Oy/Ab-fiKe BUIPOMIHIOBAHHS, MEPEHOCUTH EHEPTilo, TO
MO’XKHa TOBOPHUTH, IO CBITJIOBHI NPOMIHb YKa3zye HampsiM TEPEHECEHHS EHepTil
CBITJIOBUM ITyYKOM.

3aKoH NPSAMOJIIHIITHOT 0 MO LIMPEHHS CBITJIA.

I Ceimzno 6 onmuuno 00HOPIOHOMY Cepedosuyi NOWUPIOEMbCSL NPAMOJIHILHO.

ONTHYHO OJHOPIAHMM BBAXAETHCS TAaKe CEPENOBHILE, B SIKOMY CBITJIO IMOIIH-
PIOETHCS 31 CTANOIO MIBUAKICTIO. SIKILIO € IBa CEPEeOBHUIIIA, B IKUX CBITJIO MOLIM PIOETHC S
3 PBHUMH MBUIKOCTIMH, TO CEPEIOBHINEG, i€ CBITJIO TOIIMPIOETHCS 3 MEHIIOI0
MBUAKICTIO, HA3WBAIOTh ONTHYHO OUIBII TYCTHM, a CEpPEIOBHINE, 1€ CBITIO
MOIIUPIOETHCS 3 OUTHIIOI0 MIBUAKICTIO, — ONTUYHO MEHII TYCTHUM.

7?7 HaBenitb mpUKIaAM SBUIL, K1 MIATBEPIKYIOTh el 3aKOH.

Tinb — 006MacTh MPOCTOPY, /10 IKOT HE TOTPAIUIIE SHEPTISA Bi JKepena cBitia (abo
Hak1e: 00JacTh IPOCTOPY, 3 AKOT HE MOKHA TOOAUUTH AXKEPEJIO CBITIIA).

SIKI0 JKepenio CBITIa NPOTSHKHE, TO HA €KpaHi HABKOJIO TIHI YTBOPUTHCS MIBTIHb.

Ilisminb — 0GMacTh MPOCTOPY, 10 SIKOi SHEPTis Bi JHKEpema CBITIa MOTparuisie
yacTKoBO (200 i1Hakme: 00JIacTh MPOCTOPY, 3 SAKOI JHKEPETIO CBITIAa MOXKHA TTOOAYUTH
JIMIIIIE YacTKOBO).
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Puc.20 Ymeopenus mini ma
nigmini

YTBOPEHHSIM TiH1 1 MIBTIHI MOSCHIOWTbCS COHAYUHI U MICAYHI 3aMEMHEHHS.

?? IosICHITH 111 IBHINA 3 TOYKH 30Py T€OMETPUIHOT OTITHKH.

Hosacnenns: 1lin yac cowmsunoco samemmnenns MOBHA TIHL Big Micsamd Iagac Ha
3emutro. 3 115010 Miciist 3eMHOi oBepxHi Conils He BUaHO. Konu Micsib, o0epTarouuch
HABKOJIO 3eMJIi, MOTPAIUII€ B i1 TIHB, TO CTIOCTEPIra€ThCS MiCAUHE 3AMEMHEHHSL.

VY TuX MICUSAX IUIAaHETH, KyJIu BIana TiHb, Oy/Je CIOCTepiraThcs MOBHE COHSYHE
3aTeMHEHHS. Y MICIIX MiBTIHI TUbKK yacTuHa CoHIs Oyxae 3akputa Micsiiem, To0To
BiI0Y/1€THCS HOT0 YaCTKOBE 3aTEMHEHHS.

B 3anexxnocti Bl GopmMu moBepxHi, Ha SKy Majaae CBITJIO, BiOMBaHHS OyBae:
n3epkaabHuM (puc. a.) Ta audy3HuM (puc.0):

Puc 21. Buou siobums: a) 03epkanvHa, 6) ougysua
3aKkoH BiTOMBaHHY CBiTJIA.

3 BiIOMBaHHAM CBITJIa MU CTHKAEMOCS INOJHS: JICHb y J€Hb KOXKHHUU 13 Hac
JTVMBUTHCS T1a ce0e B JA3epKajo; MU Oa4MMO Ha CTIOKIMHIA OBEpXHI BOAX 300pasKeHHS
Conng #i Micsiug, nepeB 1 xmap. e npukiiaau 13epKajibHOTO BiOUTTS CBITJIA.

[1ig yac moaUTy CBITJIOBOTO My4YKa BUKOHYETHCS 3aKOH
30epeKCHHSI CHEPTTi.

Hexaii cBiTioBuii MpOMiHb MMajga€ Ha MEXKY PO3AUTY
nBox cepenoBuil. JlHiT MN — nepneHAMKYIsp 10 MeExi
noAiny ABox cepemoButl, [Ipomine SO — nagarouuii; IpoOMIHb
OS: — Binbutmii; nmpomiab OS; — 3amomnenuii. Kyrom
najiHHsA (0) HA3UBAETHCA KYT MDK MaJal0uvM MPOMEHEM 1
MEPICHIUKYISIPOM, OMYIICHHWM Y TOUYKy mnamiHHsA. Kyrom
Bi1OMBaHHS () HA3UBAETHCS KYT MDK BITOUTHUM MPOMEHEM 1
TAM caMuM TepneHaAuKysipoM. Kyrtom 3amomuieHHs ()
N Ha3MBA€TbCS  KyT  MDK  3&JOMJIGHMM  [pPOMEHEM 1
nepneHauKyisipom MN.

3akoH BiIOWBaHHS CBITJIA, K 1 3aKOH MPSMOJIHIMHOTO TOIIMPEHHS CBITIIA,
BIIKPHUTHN TaBHHOTPEILKUM ydeHUM EBKmimoMm.
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['eomerpriyna OnTHKAa — PO3AUT ONTUKH, B SKOMY BHBYAIOTHCS 3aKOHU
MOIIMPEHHS CBITJIOBUX IIPOMEHIB.

3aKOHM TeOMETPUYHOI ONTHKHU — i€ 3aKOHMH, sIKi BCTAHOBJIIOTH MPAaBUJIA
reoOMeTPUYHOI 0 PO3I0BCIO’KEHHS CBITJIOBUX IPOMEHIB B cepe10BUILLIIL.

3akoH BinouTTa [lamaroumnii MpOMIHBb €JICKTPOMArHITHO1
XBWI, BIIOWTUN TMPOMIHB 1 MEPHEHAMKYJSIP B TOUKY IMaIHHS
JexaTb B OJHIM IUIONMHI, KyT NaAIHHA JOPIBHIOE KYyTY
BIIOUTTS. [IpOMIHB €IeKTpOMArHITHOI XBWJII — 11€ HAalpaBJICHUI
BIIPI3OK B3J0BXK SKOTO PO3IOBCIOIKYIOTHCS CIIEKTPOMArHITHI

xpun. <X =<}
3akoHn 3an0omienns [lagarounii npoMiHb, 3aI0MIIEHU N
OPOMIHb €JIEKTPOMArHITHOT XBHJI 1 IEPIIEHAUKYJISP B TOYII
) MMaIHH JIEKATh B OJHIN IUIOIIHHIL.

sina _n
A sing n’ M2 >
2 2. 25 n,,N, — abCOMIOTHI TOKA3HUKH  3aJOMJICHHS
CEpeNoBUINA, 5Kl MOKa3yIOTh y CKUIbKM pa3iB IJ_IBI/II[KiCTI:t
L B X7 POSTIOBCIONKEHHS ENISKTPOMArHITHIX XBUJIb B CEPEIOBUIIL
AT AR 3MEHIIY€ETHCS BITHOCHO BaKyyMy.
vV

o Cwasw SN N, VA
1——. s —_ = = =

V% osing on V, 4,
.11061;9003“14‘46

doTomMeTpisl.
1. Csityio mi€ Ha TUTa BHACTIIOK TOTO, III0 BOHO IMEPEHOCHUTH CHEPTif0. 3a
Teopiero MakcBesia CBITIOBa €HEPTIst — L€ €HEeprisl eIEKTPOMAarHiTHUX XBWIb. Metoaun
BHUMIPIOBAHHS CBITJIOBOI €HEPT1i CTAHOBIIATH PO3AUT ONITUKY, IKUI Ha3UBAIOTh

dboToMeTpi€ro.
Psg BenmmuMH XapakTepu3ye CBITJIO LIOJAO €HEPTii, IKY BOHO MEPEHOCHUTb.
HaiiBaxxnmuBiia 3 HUX — CBIIOBMM MOTIK. i1 crnpuilMaHHsS CBITJIOBOi €Heprii

0Cco0MBE 3HAYCHHS, 3BHUYaiiHO, Ma€ OKO. ToMy Hac I[IKaBUTh HacamIepe]] He MOBHA
€Heprisi, 110 MePEHOCUTHCS TICKTPOMArHITHUMH XBIJISIMH, a JIUIIIE Ta i1 YaCTHHA, Ha SKY
pearye Haile OKo.

CeiTioBuii mortik. HaiiOuibm 4yTnmBe OKO 110 3€JI€HMX NIpoMeHIB. Tomy
MPAKTUYHO BAXJIMBO 3HATH HE MPOCTO KUIBKICTh CBITJIOBOI €HEPTii, 0 PEECTPYETHCA
BIITIOBITHUMY BUMIPIOBAILHUMHU MPUJIAJIaMHU, a IHTEHCHUBHICTh CBITJIA, SIKA OIIHIOETHCS
Oe3mocepenHb0 HamMM OKOM. JIJi Takoi OIIHKMA CBITJIOBOi €HEPrii 3arpoBaKEHO
0Cc00MBY (PBUYHY BEIMUMHY — CBITJIOBUM MOTIK, (M03HA4Ya€THCs OyKkBOIO D).

CBITJIOBUM NOTOKOM HA3UBAIOTH CBITJIOBY €HEPrilo, sika MPOXOJAUTH Yepe3
JAesIKy MOBEPXHIO 32 OJJMHHUIIO YACY i OL[IHIOETHCS 32 30POBUMHU BiT4YYTTAMM.

[HIIMMU clioBamu, CBITJIOBUH MOTIK — 1€ MOTY>KHICTh CBITJIOBOTO MPOMIHHS, SIKa
OIIHIOETHCSI 0€3MOCEPETHBO HAIIIUM OKOM.

CBITJIOBHI MOTIK YTBOPIOETHCS JXKEPEIOM CBITJIA U i€ HA MPEIMETH HABKOJIO.
BinnoBimHO BBOAMTHCS IIE ABI €HEPTETHYHI BEIUYMHHU: OJIHA I XapaKTEPHUCTUKH
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JDKEeperia CBITJIa — CHJIa CBITJIA JHKepena, a Apyra Uil XapaKTepUCTUKU JIii CBITIAa Ha
MOBEPXHI TUI — OCBITJICHICTh. [IOHATTS CHIM CBITJIAa HAUIPOCTIIIE BBECTH IS Tak
3BaHOTO TOYKOBOTO JIDKEPEJIa CBITJIA.
TouxkoBe q:xepesio cBiTiaa. JXKepeno CBITIAa MOYXHA BBaYKATH TOUKOBUM, SIKIIIO
HOTO pO3MIpH 3HAYHO MEHII 3a BIICTaHI, HAa SKUX OINHIOETHCS i I[LOTO JIKEpera.
KpiM Toro, mpumyckaeTsesi, o JHKEPEno MOCUIIAE CBITIO PIBHOMIPHO B YCIX HApsiMax.
Hanpuknan, BiacTaHi 70 31pOK HACTUILKK OUIBII 3a iXHI pO3MipH, IO came 3IpKU €
HaAKpaIow MOJCIUII0 TOYKOBOrO JIKEpena, XOo4 po3MIpU 1X Benude3Hi. BBoasuu
MOHATTS TOYKOBOTO JDKEpena CBITJIAa, MU BHAUIIEMO TUIBKH ICTOTHI 11 (oTOMeTpii
BJIACTUBOCTI PEATbHHUX JKEpell, a0CTParyr4uch Bi IPYTrOPSAHUX BIACTHBOCTEH.
ToukoBe JKepeso — IIe Taka cama ineam3arlis K 1 HII OpUiHATI y GI3UIll MOACII, —
MaTepiajibHa TOYKa, a0COJIFOTHO TBEPAE TUIO, I1€abHUI ra3 i T. II.
Tinecuuii kyr. [1o6 ommcatu po3moain y pi3HUX HampsMax CBITJIOBOTO
MOTOKY, II0 HOTO BHIIPOMIHIOE JKEPEJIO CBITIIA, KOPUCTYIOTHCS MOHATTSAM TUIECHOTO

KyTa.

Tinecuuii kyr Q ,Bupizye” Ha moBepxHi chepu
chepuunuit cerment miomero S. Ilim BemUYMHOIO
TitecHoro kyra {2 po3yMifOTh BiTHOIIEHHS ITi€l TUIOMI
710 KBaJipara pajiyca chepu:

S

Cuia CBITIIA.
Cwioro cBITJIa JIKEpena Ha3MBAETHCS CBITJIOBUM MOTIK, YTBOPEHHUH JIKEPEIOM B
OJMHUYHOMY TITECHOMY KyTi. SIKIIO JKepeno YTBOpIoe B TimecHomy kyri {2
cBimoBuid noTik @, TO cuna cBiTIa Jxepena | 3a 03HaUEHHAM JIOPIBHIOE:

=3 (37)

OcCKiUTbKM TOBHHUM TiUleCHH KyT Mae 4 7T cTepajiaHiB, TO CHJa CBITJIa TOYKOBOIO

JpKepena

= (39)
T

ne @ — TMOBHMI CBITJIOBHUM MOTIK, TOOTO TMOTYXHICTh CBITJIOBOTO TIPO MIHHS, ITI0
MOIIMPIOETHCS BIT JKEPEIa B YCIX HAIIPsSMax 1 OLIHIOETHCS 32 30POBUM BITIYTTSIM.

Y MixHaponHiii cucteMi oguHulb Cl 3a OCHOBHY OQMHUIIO (DOTOMETPUUHUX
BEJIMYMH TMpUMHITA OJWHULA Ccwid cBiia kaHzaena (ka). ChopaBa B Tomy, IO
HANTIPOCTIIIE CTBOPUTH €TAJIOH came JIJIT CHJIM CBiTa. ETalloHOM OMHMIN CHITK CBITIIA
(1 k1) € cremianbHU BUMPOMIHIOBaY. YCI IHIII CBITJIOBI BEIUYMHHU, Y TOMY YHUCHI i
OJIMHUIIS CBITJIOBOTO MOTOKY, MOXITHI
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OauHUIIS CBITIIOBOTO MOTOKY. 3a OJWHUITIO CBITJIOBOTO TOTOKY MPUMHATO JTIOMEH
(;M); 1 MM — 11€ CBITJIOBUH TOTIK, IO BHIPOMIHIOETHCS TOYKOBHUM JKEPEIOM, CHJIa
CBITJA sIKOTO 1 K1, Y TUIECHUH KYT, 10 JOPIBHIOE 1 CP.

OcBiTiIeHICTD

JIxeperno CBITIIa Maike 3aBXKIH OCBITIIIOE MMOBEPXHI MPEIMETIB HEPIBHOMIPHO.
Hanpuxnazn, namma, sika BUCUTh HAJl CTOJIOM, HalKpaile OCBITIIIOE LeHTp cToJsa. Kpai
CTOJIa OCBITIIIOIOTHCS 3HAYHO Tipiie. | 11e He TUIbKK TOMY, 1110 CHUJIa CBITJIa €EKTPUYHOT
JaMIId pI3HAa B PIBHUX HampsiMax. HaBiTek BII TOYKOBOTO JKEpeia Ha LIEHTP CToja
npumaze OuTbIlia CBITJIOBA MOTYKHICTH (CBITJIOBHH MOTIK), HDK HAa TaKy caMmy IUIOIILy Ha
Kparo.

OcsgrmnieHicTio £ Ha3WBaIOTh BITHOIICHHS CBITJIOBOTO MOTOKY D, skuii mamae Ha
TUTONTY S, 10 BEMTUYUHHM ITI€T MO

0}
E=3 (39)

OuHULS OCBITIIEHOCTI — JIFOKC (JIK) — BU3HAYAETHCS SIK OCBITJICHICTD, MIPU SKI1H
Ha | M? mMOBEepXHI PIBHOMIPHO pO3MOAULIETbCS CBITNOBUKA NOTIK 1 mm. Jlos
(OoTOMETpUYHUX PO3PAXYHKIB BaXIJIMBO 3HATH, SIK 3aJI€KHUTh OCBITICHICTh E OyIb-sSKOi
MOBEpxXHi Bif 11 pO3MIMIEHHS 100 IMaal0ounX MPOMEHIB, OJ1 BiIcTadl R 10 mkeperna
CBITJIa 1 Bif cuim cBITia R mkepena.

OueBHUIHO, IO 3a HIIMX OJHAKOBUX YMOB OCBITJICHICTh MIPSMO MPOTOPIIiiHA
cum cBimia jpkepena. ChpaBfi, JBa OJHAKOBHX JDKEpeNa, PO3MIIMICHUX TOPSI,
MOCWJIATUMYTh Y JaHOMY HampsiMi B JiBa pa3u OUIbIIE CBITJIOBOI €HEPTii 32 OJMHUITIO
yacy, HDK OJTHE JKeperno. AJie IBa JKepelia MOYKHA 3aMIHUTH OJTHUM, CHJIa CBITJIA SIKOTO
B JIBa pa3zu OUIbIIA.

3'acyBaTd 3aJCKHICTH OCBITJICHOCTI OJT BIACTaHI 10 JKepena MOXKHa,
MOMICTUBIIIM YSIBHO TOYKOBE JiKepeno B IeHTp  chepu. [lmoma moBepxHi chepu

2 o . o . . .
S =47R* | a nosnwmii ceitnosuii notik @ =4zl . Tomy ocBiTIIEHICTH

@ AA I
S 4aR* R® (40)
OTxe, OCBITIIEHICTh TIOBEPXHI OOEPHEHO MPOMOPIIiiiHA KBaJapaTy BIICTaHI Bif

JpKeperna.
Jlin3a — mpo3ope Tij10, 00Me:KeHe 3 1BOX 0OKIB C(pepUIHUM U TOBEPXHAMHU.

(I

Puc. 20 Jlinza
ToHka niH3a — 11€ JIiH3a, TOBIMHA SIKO1 B 6arato pa3iB MEHIIA BiT paalyCciB
c(heprIHUX TOBEPXOHB, IO i1 0OMEXYIOTb.
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Puc.21. Cxema 3naxo0sicents onmuunoeo yenmpy JiH3u
0.0  —qyeHTtpu chep;
01, 0 Ri, R> — paniycn chepHaHIX TOBEPXOHB, IKi 0GMEKYIOTh JIH3Y;
0102 __ rooBHa ot HA Bich (mpsima, siKa MPOXOAUTh Uepe3 LIEHTPU
c(hepuUHUX TOBEPXOHB, 110 0OMEXKYIOTH JIH3Y);
— ONTUYHMN LIEHTP JIH3U (TOUYKA, Uepe3 Ky IPOMIHb CBITIIA IPOXOJAIYH HE
3aJIOMJIFOETHCS ).
3a GpopmorIo JTH3M TIOAUISIOTh HA ORYKJLL U yeicHymi.
Onykna diH3a — JIiH3a, TOBILIMHA SIKO1 MOCEepenHI OUThIIa, HOK OUIA KpaiB.
(IBOOMYKJIA, TNIOCKO-OIMYKJIa, yBITHYTO-OIYyKIIa) (pHUC. a)
VYBirayra jiH3a — JIiH3a, TOBIIMHA SKO1 TOCEPEINHI MEHINA, HOK OIS KpaiB.
(TBOBBIrHYTA, INIOCKO-BBICHYTA, OIYKJIO-BBIrHYTA) (pHC. 0)

Puc. a Puc. 6
Puc.22. @opmu ninz: a) onykna; 6) ysienyma

JIiH3U TaKOX MOAUISIOTh HA 30UPAanbHi Ta PO3CiI08AIbHI.

30upanbHa JliH3a — 11 JIH3a, sIKa IEPETBOPIOE MapaJIeIbHUNA IMMy4YOK MPOMEHIB B
30 DKHUIA.

F — niificauit okyc JiH3M (TOYKa y SIKIM MEPETUHAIOTHCS 3aJI0MJIEH] TPOMEH]).

Po3sciroBasibHa JTIH3a — 1€ JIIH34, SIKA IEPETBOPIOE MAPAIEIbHUIN My4OK POMEHIB
B PO30DKHUM.

F’ — ysBHuUl Qokyc JiH34 (TOUKA Y KA MEPETUHAIOTHCS MPOOBKEHHS
3aJIOMJIEHUX ITPOMEHIB).

Puc.23. 3bupanvna ma poscirosanvha ninza
Koxwna niH3a mae dsea ¢hoxycu, po3TalioBaHi Ha OJHAKOBIN BIICTaH1 Bif
OTNITUYHOTO IIEHTPA JIH3H.
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dokycHa BIICTaHb JIH3U — II€ BIICTAaHb Bl ONTHYHOTO IIEHTPa JIIH3HU 110 poKyca
(Puc.24).

[FI=1n
A N
E b F b F
Y A\

Puc.24. @okyc siocmaHi ninzu
doxycHy BiICTaHb 30UpaNbHOI JH3U TOMOBIIIHCS BBaKatu noaarHoro (F > 0), a
poscitoBambHOol — Bim’emuoio (F < 0). Yum MenHmmmu € pamiycu chepHYHUX
NOBEPXOHb, 10 OOMEXKYIOTh JIH3Y, TUM CHWIBHIIIE IS JTiH3a 3aJI0OMJIIOE CBITJIO, OTXKE,
TUM MeHIla 11 pokycHa BincTanb. (Puc.25)
1

- -

ks
3

!

J

M
T ¢
mik

e w4

>

- -

\
»
S

Puc.25. @okyc siocmatni 36upanbHoi niH3u
OnTuyHa cuia JIiH3M — 1€ (PI3UYHA BEIMYHHA, KA XapaKTepU3ye 3aI0MITIOI0U1
BJIACTMBOCTI JIIH3U Ta € 00epHEHOI0 70 1i POKYCHOT BiICTaHI.
D=—
F

F — dokycHa BincTanb JiH3M.
OUHAIS ONTUYHOT CHITA — JIOTMTPIS:
[D]=1anrp=1/m=1m—1
1 mionTpis — 1e ONTUYHA CHJIa JiH3H, (OKYCHA BIICTaHb SKO1 JOPIBHIOE 1 M.

OntryHa cuia 30upansHoi TiH3u € nogataoro (D > 0), a po3ciroBabHOT JIH3M —
Bin’ emuoro (D < 0).

Jlekyia Ne26. XBUJIHOBA ONITHKA

Inaw:

1. Jocnig FOnra

2. InrepdepeHniris y TOHKIN TUTiBIII

3. l'omorpadis

4. ndpakiis

OCHOBOMOJIOKHUKAMHU XBWJIOBO1 MpUpoau cBimia Oymu ['toiireHc, PpeHens.
[licns BinkputTs MailkelbCOHOM HIBUAKOCTI €JIEKTPOMArHITHOI XBHJII Ta JIOCJIIIB IO
iHTepdepeHni Ta aAudpaxiii Oyn0 3po0JEHO BHCHOBOK, IO CBITJIO — II€
EIIEKTPOMArHiTHA XBUWJISI TO JIJIsl BAKOHYIOTHCS 3aKOHU BITOUTTS Ta 3aJIOMJICHHSI, SIBHUIIA
iHTepdepeHui Ta qudpaxiii.
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Inteppepennis. InreppepéHuis — HaKIaAZaHHA XBWJIb, NPH SKOMY B
PI3HHUX TOYKAX CIIOCTEPIracThCA MOCUIIEHHS (KOHCTPYKTUBHA iHTepdepeHisi) ado
noc/jadJeHHsl aMILITYId KOJHMBaHb. Pe3ynbTar HakIagaHHS XBWJIb HA3WBAETHCS
IHTEpPEPEHUINHOI0 KapTUHOIO.

Oco0nuBO BeNvKe 3HAUYCHHS HTEp(PepeHIlis Mae B OTITHIIL, BOHA JISKUTHh B OCHOBI
ONTHYHOI Ta aKYCTUYHOT rosiorpadii.

Inmepgepenyicto XBWIb HA3UBAETHCS SIBULIEC MIICWICHHS KOJIMBaHb B OJHUX
TOYKaxX MPOCTOPY Ta OCIAOJEHHA a HIIMX y pe3yibTarTl I0/IaBaHHA JBOX a00 Oulblie
KOT€PEHTHUX XBUJIb, IKI HAAXOASATH Y 1l TOUKH.

KorepeHTHICTb XBIWIb.

[arepdepeniiis — 3arajibHa BIAaCTUBICTb XBWIb Oyb-sK0i npupoau. Ctiiika B yaci
IHTeppepeHLIiiHa KapTHHA MOKE CIIOCTEPIraTUCs TUIbKU Y pa3l 10JaBaHHs KOT€PEHTHUX
KOJIMBAHb.

Koeepenmmni (3B'si3aHl) x6uni — 11¢ XBWI, IO MAarOTh OJJHAKOBY YacTOTy Ta
HE3MIHHUH 3CYB (ha3 y KOXKHIN TOYLll MPOCTOPY.

Kozcepenmmi 0orcepena — e pxepena, o MaroTh OJIHAKOBY YaCTOTY Ta HE3MIHHU I
3cyB (a3 y Jaci.

HesanexHni xx mxepena cBimia (KpiM ONTHYHUX KBAHTOBHUX T'€HEPATOPIB)HE J1al0Th
KOTepEHTHUX XBWb. [lpuunHa mossirace B TOMY, II0 aTOMHU JHKEpeNl BUIPOMIHIOIOTh
CBITJIO HE3QJNEKHO OJIMH Bl OJHOTO OKPEMHUMH «OOpUBKamMu»  (1lyramm)
CUHYCOiabHUX XBWJIb. | Taki Iyru XBWJIb Bl 000X JpKepesl HaK/IaJalThCsl OJAUH Ha
oJHOTO. Y pe3yNbTaTi aMIUITy[a KOJUBaHb y OYyIb-SKid TOYLI MPOCTOPY XAOTUYHO
3MIHIOETbCS 3 yacoM. OTxe, 11 yru HeKorepeHTHL. Hiskoi CTifiko1 KapTUHU 3 MEBHUM
PO3MOUIOM MAKCUMYMIB 1 MIHIMyMIB OCBITJIEHOCTI HE CTIOCTEPIra€THCA.

Inmepghepenyitinuii excnepumenm FOuea

[arepdepenmiitnuii nocain KOura abo [HTepdepomerp Ha MOABIMHUX IMIUTMHAX -
ONTHUYHMNA mnpunan, 3anponoHoBanuid B 1802 pomi Tomacom IOurom s
CIIOCTEPEKEHHSI SIBUIIA IHTEpQepeHIii KOTePEeHTHUX CBITJIOBUX XBWJb. Llei
EKCTICPMMEHT 3IrpaB TOJIOBHY POJIb B MPHUHHATTI XBHJIHOBOI Teopii cBiTima. Ha gymky
camoro FOHra, 11eif ekcriepuMeHT OyB HAUBUILUM JOCSATHEHHSIM HOTO KUTTS.

Leit mpunag ckaaaeTbcs 3 ABOX BY3bKUX IIUTMH S1 Ta S2, siKi BUKOHYIOTh POJIb
JIBOX KOTEpEHTHUX Jpkepen cBirina. CrnpaBa B TOMy, IO Yepe3 HUX NMPOHUKAIOTH J1BA
KOTEepEHTHI ITPOMEHI CBITJIa BiZl OCHOBHOTO JiKepena CBiTia S. BincTtanb MK HMIUTMHAMH
nopiBHtoe d. Biccro iHTepdepenmiiinoi cxemu KOHTa € JiHisA, MpOBEIeHa Bl 0OCHOBHOTO
JDKEpesa CBITJIA yepe3 cepeAuHy BlICTaHl MDK mumHamu. baza iHtepdepomerpa L - 1e
BIICTaHb BiJ IUIOUMHMA IIUIMH [0 IUIONIMHU IHTep(depeHUiiiHoro moyis ekpany. Ha
eKpaHl BUHUKAE IHTEp(EpeHIiiHa KapTHHA y BUTJIAlI TapalelbHUX JI0 IUIMHA
eKBUIMCTAHTHUX CBITJIMX Ta TEMHUX CMYT. 3a IIMPUHOIO IHTEp(EpPEHIIHOI CMYTH
MOYKHA BU3HAUUTH JOBXKUHY XBUJIl CBITJIA.

Hpunuun I'oiirenca.

['eomeTpuaHe MicIie TOYOK CEPEIOBHINA, IO KOJMBAIOTHCS B OJHIA (a3l
HA3UBAETHCS XBUILOBOIO NOBEPXHEIO.

[lepeanst XxBUIbOBA MOBEPXHS, OXOIUTFOIOYM TOYKH, $IKI IIOWHO JiCTaaM TO-

YaTKOBUH IMITYJIbC, TTepeMiliaeThest B mpocTopi. Lle ¢pponm xeuni.
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Hampuknaa, ¢poHT XBwi, SKUA 30yIKye€ThCs OJMHOYHHUM BIOpaTopoM
HEBEJIMKUX PO3MIPiB, Ma€ popMy KoJia.

Hanpsim mommpeHHs XBWIl 3aBXKAM MEPHEHIUKYISIpHUN 10 i1 ¢ponrty. Lle
HalpsIM Ha3UMBAETbCS npomeHem. BIH yka3ye HampsiM €Heprii, 110 MEpPEHOCUTHCS
XBHJICIO.

lNomnanacekuit piuk X. ['loWreHc 3HAMIIOB MPOCTUH TE€OMETPUUYHHUI CrOCiO
3HAXOJKEHHS (PPOHTY XBUJII B MOMEHT Hacy t=At,
SIKITIO BIIOMO HOTO MOJI0KEHHS B MOMEHT t.

IMpunuun I'o#redca: xoowcna mouka
@dpoumy xeuni modce po3enA0amucs K 0xcepeio
emopunHux xeub. Hose nonoxxeHHs: GpoHTY XBU-
7T 300pakaeThcsl SIK OOBiHA IUX BTOPUHHUX
XBHWJIb.

[IBuakicT, CBITa y BakyyML Metoau
BHUMIPIOBAHHS IIIBUJIKOCTI CBITJIA.

Y ¢BuUlll MBUAKICTH CBITJIAa € OJHIEIO 3
dbyHnamMeHTaTbHUX KOHCTAHT. JKogHa KOHCTaHTa
He HaOyja TakoTO BAJIMBOTO 3HAYCHHS, SK IMIBUAKICTH CBITJIA: SK MapaMeTp BOHA
BXOJINTh y YUCJICHHI PIBHSHHS TCOPETUIHOI Qi3WKH, 11 3HAUCHHS BUKOPUCTOBYETHCS B
pajiosiokaltii, Ipu BUMIPIOBaHHI BiICTaHEH Bil 3eMili 10 HIIMX IUIAHET, i 4ac Kepy-
BaHHA KOCMIYHMMH IIOJbOTaMH. BUpasuTH MBUAKICTH CBITJIA dYepe3 IHII CTaml
HEMOYJIMBO, 11 MOKHA TUTbKH BUMIPSTH JOCIITHAM IILISTXOM.

[IIBUAKICTh CBITJIAa € CKIHYEHHOIO, TPAHUYHOIO Ta IHBAPIAHTHOIO IMIOJO0 PI3HUX
IHepIiaIbHUX CHCTEM BIJIIKY.

InTepdepenuis cBiTaa.
Jlnst ofeprkaHHST TBOX KOTEPEHTHUX CBITJIOBUX XBHJIb MOYKHA BHIPOMIHIOBAHHS
B OJTHOTO ¥ TOTO CaMOr0 aroMa PO3JAUIUTH HUITXOM o

BinOMBaHHS a00 3AJIOMJICHHS Ha JIBa ITyYKH. \
Kimest HeroroHa. \
KorepeHTHICTh XBWIb, BITOUTHX Bil 30BHIMIHBOT \

Ta BHYTPIITHHOI TOBEPXOHb IUTIBKH, MOSICHIOETHCS iX \

HAJISKHICTIO JO OJHOTO ¥ TOTO CaMOTO CBITJIOBOTO ~

my4Ka. \
ko JKepena KorepeHTHi Ta cuHdasHi (ToO0To \

301iraroThCs 3a (pa3oro B 4aci), TO B TOUKaX CEPEIOBUIIIA, \

KyIu XBWIl HagXonsTh, 30irarounch 3a (Hazoro, \

YTBOPUTHCS MAKCUMYM IHTEPHEPEHIIIIHOT Kap THHH. P \ 2

MakcumMyMu Ta MiHIMymMH iHTe pdepeHuil
Ymosa makcumymy. aMIuiTyaa KOJIMBAaHb // \

CepeOBHINA B JaHIA TOYIl MaKCUMAaJbHA, SIKIIO I~ el i

PBHUIIT XOAy JBOX XBWJIb, SKI 30Yy/KYIOTh iy

KOJIMBaHHS B 111 TOYIl, JOPIBHIOE ui910My YUCITY S >

noBXHMH XBWIb: Ad =KA, ne Ad — pi3HuLA X001y ~7

nBox xBmwib, a k=0, 1, 2, ....
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Ymosa minimymy: amIuniTyia KOJIMBaHb CEPEIOBHINA B JIaHIi TOYIll MIHIMAlbHA,
SKITO PI3HUILIS XOTY IBOX XBHIIb, SIK1 30y/I’KYIOTh KOJIMBAaHHS B I TOYIT, JOPIBHIOE HE -

napHOMY unciy miBxBuib: Ad = (2K +1) %

TexniuHe 3acToCyBaHHSA iHTEep(epeHIIil.

SBuine iHTepdepeHilii CBiTIa 3HAXO0AUTh PI3BHOMAaHITHE MPAKTUYHE 3aCTOCYBaHHS.
BukopucToByrouH 11€ sSIBUIIE, MOKHA Ty>KE TOUHO BU3HAYATH JIOBKHUHU CBITJIOBUX
XBHWJIb, BUMIPIOBATH TIOKA3HUKH 3TOMJICHHS T'a3iB Ta HIIMX PEYOBHH, 3TIHCHIOBATH
TOYHI BUMIPIOBAHHS JIHIMHUX PO3MIpPIB, KOHTPOJIIOBATH SKICTh NUTIDYyBaHHS ¥ 110 -
JipyBaHHS MTOBEPXOHD Ta IH.

JAudppaxuis

JAudpakuis - sABUIIE, 1[I0 BUHUKAE TIpU
MOIIMPEHH] XBWIb (HAIPUKIIAA, CBITIIOBHX 1 3BYKOBHX
xBwib). CyTh HBOT0 SIBHIIA MOJSITA€ B TOMY, IO
XBWJIS 31aTHA 00T MHATH NePe Ko IH.

[le 3ymoBmOE TE, 10 XBWIBOBUM pyX
CIIOCTEPIracTbCss B 00JIACTI 3a TEPEIIKOA0I0, KYyIH
XBUJISI HE MOJKE MOTpanuty npsimo. Judpakiis 1oope
TP OSIBIISIETHCSI TOJT1, KOJIH PO3MIp MEPEIIKO U Ha MUTIXY ;—2‘ m—ﬁ Do
XBHWJII OPIBHSHUM 3 11 JOBXKHUHOI0 200 MEHIIHH.

S0 moBKuHA XBHIII OUIBIIIA YUM JOBKHHA TIEPEIIKO I, TO XBUJISA MPOXOAUTH i1

He3Minroroun cBoi mapamerpu. A > 1.

SIKIO TOBXMHA XBHII MEHIIA 4uM foBxuHa mepemxogn A < |.1o xBmimst ornnae
NEPEIIKOAY 13a NePEUIKOJ0I0 CTBOPIOPETHCS MPOCTIP B IKOMY HEMOKJIMBO NPUUHITH
CJIEKTPOMArHITHY XBHJIIO.

SABumre nudpaxii CBITJIA HAMISIHO MIATBEPKYE TEOPIFO KOPITYCKYISIPHO -
XBWJIbBOT IIPUPOIU CBITIIA.

Ju¢pakuis cBitia. Excniepument Tomaca FOnra

Posrnsigatoun xBuii Ha MOBEPXHI BOJAU Bil JBOX KHHYTHX KaMEHIB, MO>KHA
MIOMITHTH, SIK, HAKJIQIalOYMCh OJWH Ha OJIHOTO, XBHJI MOXYTh iHTEep(depyBaTH, TOOTO
racutd a0o MiACHIIOBATH OJHA OAHY. [ pYHTYIOUMCH Ha L[OMY, aHIJHACHKMN (DBUK i
nikap Tomac FOHr noctaBuB B 1801 poui nociinu 3 mpoMEHeM CBITIA, SIKUH TPOXOUB
yepes iBa OTBOPU B HEMPO30pOMY E€KpaHi, yTBOPIOIOUYH, TAKUM YUHOM, JIBa HE3aJIEKHUX
JOKEepena CBITJIA, aHAIOTIYHUX JBOM KHUHYTUM Yy BOJY KaMeHSM. Y pe3ylbTaTi BiH
criocTepiraB IHTEp(DEpEHITINHY KapTUHY, 0 CKJIAAETHCSI 3 TEMHUX 1 OUTUX CMYT, sika He
MorJ1a 0 YTBOPUTHCS, IKOU CBITJIO CKJIAAANIOCs 3 KOpIyCKyl. TemMHi CMyTrH BiAOBiaau
30HaM, JI¢ CBITJIOBI1 XBHJI Bif ABOX UIUIMH racsiTh OJuH OHYy. CBITJIi CMyrd BUHUKAIN
TaMm, Ji¢ CBITJIOBI XBWJI MIICWIIOBAIUCSA. TakKUM UYMHOM, OyJIO JOBEACHO XBUJIHOBY
IPUPOIY CBITJIA.

Judpakuist — 1€ SBUILE OTUHAHHS CBITJIOM MEX HEPO30PUX TUL: KpaiB OTBOPIB,
BY3bKHUX IIUTMH ¥ €KpaHiB, TOOTO MOPYIIEHHS MPSMOJIHITHOCTI CBITJIA.

[Iponyckaroum TOHKMIA TIy4OK CBITJAa KpBBb MaJCHbKUH OTBIp, MOXKHA
CIIOCTEpIraT MOPYIIEHHS 3aKOHYy NPsMOJIHIAHOTO MOMMpeHHs cBimna. Jlocminu
T.FOnra, pocmmxenHss O.@Openens, npunuun X.J['tolireHca pgaim MOSCHEHHS
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IPSIMOJIHIMHOMY TOIIMPEHHIO CBITJIa B OTHOPITHOMY CEPEIOBHII HA OCHOBI XBHJIOBO
TEOPIi.

BignoBinHo 1o imei ®peHens XBWILOBA MOBEPXHSA B OyAb-SKM MOMEHT 4acy
ABJISIE COOOIO HE MPOCTO OOBIIHY BTOPUHHUX XBUJIb, @ PE3YJbTAT 1XHBOT IHTEP PEPEHLLIi.

Jludpakmis cBiTIa BU3HAYAE MEXI 3aCTOCOBHOCTI TEOMETPHYHOI OITHKH.
BusBnserbcsi, 3aKOH IPSIMOJIHIMHOTO MOMIMPEHHS CBITIA W HII 3aKOHU T'€0 METPUYHOT
ONTHKU BUKOHYIOTHCS JOCHUTH TOYHO JIUIIC B TOMY BUIAJIKY, KOJIH PO3MIPH IEPEIIKO,T
Ha [UISIXY MOIIMPEHHS CBITJIa HabaraTo OUIbII 3a TIOBXKUHY CBITJIIOBOI XBWJI. OTUHAHHA
CBITJIOM TMEPENIKOJ OOMEXKye PO3AUTIOBAIbHY 3AaTHICTh HAWBAXIJIMBIMIMX ONTHYHUX
IHCTPYMEHTIB — TEJIeCKOIIa i MIKPOCKOTIIA.

JAu¢pakuiiHa peunrka.

JAu¢pakuiiiHa peunitka — CKIsHA TOHKA IUIACTMHKA, HA Ky HAHECEHO Ia-
pajieNbHI IITPUXA 3 MPOMDKKaMH MbK HuMH. [llnpuHa miimiHM i mrprxa mo3Ha4aeThCs
d i Ha3MBAETHCS CTAJIOI0 PelIiTKH (A00 MePioI0M peliTKH).

JubpakuiiiHa pennTka CIy>KUTh i PO3KJIaJaHHs CBITJIa B CIEKTp 1 BU-
MIDIOBAHHS [JOBXMHU XBWIL SIKIO Ha AudpakuifHy peunTky najaae IUIocKa
MOHOXPOMAaTHYHA XBWJIS JTOBXKHHOIO A, TO BIIMOBIIHO a0 mpuHIUIyY [roiireHca —
®peHelst KOKHY TOYKY (PpOHTY XBHIJII MOYKHA TIPUHHSTH 32 JHKEPEJI0O BTOPUHHUX XBUIIb,
K1 TOIIMPIOIOTHCSA B YC1 OOKH.

Hexaif BTOpUHHI XBWJI, 10 HAYTH M KyTOM O,
B pe3ynbTari iHTep(]epeHmi MICuIoThCa. To0To
IS HUX BUKOHYETHCSI yMOBa Makcumymy: Ad =kA4, ne
Ad — piBHHI X0Iy JABOX XBWIb, a K =0, 1, 2, ... —
NOPSANOK  CIIEKTPY. 3 TpukyTHuka  ABC:
AB=Ad =d-singp. Takum 4YuHOM, PpiBHSHHA
andpakuiiHoi pelTKr MaTUMe BUTJISA:
d-sinp=KkA4.

3BiICH BUILIUBAE, 0 TTOJI0KEHHSI MAaKCUMYMIB
CBITJIA 3aJIEKUTh HE BT YKCJIA IIUTMH, a TUILKH BIJ JOBXXHUHM XBIWIL. UMM MeHIIIa
JIOBKMHA XBWJII BUITPOMIHIOBaHHS, THM MEHIIIOMY 3HaY€HHIO KyTa BUIMOBIIA€
MIOJIOKEHHSI MAKCUMYMY. TaKuM 9UHOM, BUUME OTITUIHE BUITPOMIHIOBAHHS
PO3TATYETHCS B CIIEKTP TaK, 10 BHYTPIITHIM KPAaeM HOTO € (Bi0JIeTOBE ONTHYIHE
BUIIPOMIHIOBAHHS, & 30BHIIIHIM — YEPBOHE.

JAucnepcis.
JMucnepcisi cBiT/ia — 1e npouec Po3KIagaHH
CcBiTIIa  OiIOr0 KOJBOPY HA CHEKTpPHM TIpH

MPOX0/IKeHHi Yepe3 CKISTHY MPU3MY.
\ Jucniepcia CBITJIa — 3aIEKHICTh IMOKa3HHUKA
3amomiieHHs (200  TIeNeKTpUYHOT  TIPOHUKHOCTI)

CepeI0BHINA BIT YaCTOTH XBHJI1 CBITJIA.
sinae n, V, A

sng n V, 4,
[3 3akoHa 3ajJOMIICHHS BHIHO, YMM OUIbIIA JTOBKWMHA XBHJII TUM OUTBINE KYT
3aiomyieHHs. Tak sIK KOXKEH KOJIp Ma€ CBOIO JOBXKHHY XBWII, TO MPU MPOXOKEHHI
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gyepe3 MPU3My BIH 3IOMIIOETHCS i CBOIM KyTOM, IO 1 IPUBOJAUTH JO CTBOPEHHS
CIIEKTPY.

Moayasb 7. KBaHTOBI BJ1aCTHBOCTI CBiTJIA.
Jexyia No27. ®oTOCJEKTPUYHUN e(PeKT

Inaw:

1. [Ipeamer, MeTo 1M 1 3aBAaHHS KBAHTOBOT (DI3UIKH

2. 3akonu potoedekry. Jocmmxenns CtoneroBa

3. KBanroBa Teopist poToedekty

4.DoTOENEMEHTH Ta TX 3aCTOCYBAaHHS

KBanToBa onTnka

KBanroBa omnrtuka po3risiiac ONTUYHI SBUINA, B SKHX BUBYAETHCS KBAHTOBA
npupoja cBiriaa. OCHOBHI i1ei KBaHTOBOI Teopii Oynu po3pobueHi B nepioa 3 1900 o
1930 pp. 3rinHo 3 rimoTe3ot0 M. Ilnanka, eHepris BUIPOMIHIOETHCS HE O€3TIepEepPBHO, a
JTUCKPETHO, TOOTO MEBHUMH MOPIiiMU KBaHTaMu (PoTOHAMMU).

KBantoBa mpupojia cBitjia BU3HA4Yae, MO0 CBITIO — 1€ MOTIK (DOTOHIB (KBAHTIB)
KOX€eH (POTOH Ma€e Macy, IMITYJIbC 1 AUCKPETHY €HEPT IO TUIbKA IPH HIBUAKOCTI CBITJIA.

I'imore3a ILianka.

B 1900 pomi M. Ilnank BHUCYHYB TEOpir0O  MpO KBAaHTOBHUM XapakrTep
BUIIPOMIHIOBAHOT €HEPTIi: €HEpTis BUIIPOMIHIOBAHHS CKJIAJAETHCS 3 OKPEMHUX MalIUX 1
HENMOAUThbHUX YaCTHH — KBaHTIB. EHepris Takoro KBaHTa BU3HAJYajgacs BEIUYHUHOIO E =
h+v , ne h — crana [nanka.

3a cygacHumu qanumu h =6,626-10-3* Ik c .

INnoreza Ilnanka oTpuMana mojalblMi PO3BUTOK B poOortax ElHmTeiHa.
EnektpomartirHa XBWJISI HE TUIbKU BHHpOMlHIoeTBCH ae 1 TOIMPIOEThCS 1
HOTJIMHAETHCS y BUIJIAII HOTOKY KBaHTIB. KBaHT CBITJIOBOT eHeprii Ha3UBAETHCS (POTOH.

[Ticns Bimkpurts [In1aHka moyana po3BUBATUCS HOBA, HailcyyacHima Ta riamdoka
¢BuYHA Teopis — KBaHTOBa Teopisi. PO3BUTOK i1 He 3akiHUMBCS W notenep. EHepriro
KBaHTa MOYHA BUPA3UTH B KOYIIAX 200 B €1EKTPOH-BOJIbTAX:

1eB=1,6-10"'° Ik

Eneprisi porona piBusinas Ilianka

C
Eneprist ¢portona o IL1anky 1opiBHIOE: Eqb =hv V= Z

Ji(S N — mocriiima ITnanka,
V —yacrorta cBitia, ¢ =3-108 M/CeK. — MBUAKICTH CBITIIA.
Maca, immyJabc ¢poToHa.
@DOTOH— KBAHT E€JIIEKTPOMArHITHOTO MOJIS, €IEMEHTapHA YAaCTUHKA, 110 € HOCIEM
€IEKTPOMArHITHOT B3aEMOJIIi.
Enepris ¢potona no Exireliny

E m, = —

o2
b qb Maca doTona:

Imnynse cbOTOHa BU3HAYAIOThH 32 (HOPMYIIOIO
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hv hv _hv
P, =Myc=—7F-C=— Py —? IMITyJIbC (pOTOHA

dDotoedexT

Binkpurts siBuia poToedekTy Mano BeluKe 3HaAYEHHS 11 OUTbIIOTO PO3YMIHHS
NPUPOAU CBITIA. AJle IIHHICTh HAayKH TOJSITa€ HE TUIbKA B TOMY, III0 BOHA 3'ICOBYE
CKJIaaHy 1 OaratorpaHHy OyJA0BY HaBKOJIMITHLOTO CEPENOBHIINA, a 1 B TOMY, III0 HayKa
Jla€ HaM B PYKH 3aco0H, 3a JOMOMOTOI0 SIKHX MOKHA YIOCKOHAJIUTH BUPOOHHUIITBO,
HOJIIIITYBaTH YMOBHU MaTepIiajbHOTO 1 KyJIbTYPHOTO KUTTS.

doTtoedekT. 3akonu poroedexry.
®otoedexr OyB Binkputuit 1887 poky I'. I'epuem, a

HOTIM JOCII)KEHUH EKCIIEPUMEHTAILHE POCICHKUM YYE€HUM | ) | o ®

A. T. CToneroBum. Ll L
d)qquQ)eKT —  ABUIIE BUPHBAHHSA CNIEKTPOHIB 13 ( \‘i ,\;"_\

TBEPAUX 1 PIKUX PEYOBHH I JII€I0 CBITJIA. ———2——
PO3pi3HAIOTH: o © "¢

1) 3oBHimHIA (oTOCHEKT — BUPHUBAHHS CICKTPOHIB 3
PEUYOBHMHMU MIJT JTI€I0 CBITJIA.

2) BayrpimmHiii gotoedekT — mnepepo3noAil ENEKTPOHIB 3a EHEpreTUYHUMHU
PIBHSMU Mifl I€F0 CBITJIA(E€IEKTPOMArHETHOT'O BUIIPOMIHIOBAHHS ).

3akonu d¢orToedekTy Oynu EKCIEPUMEHTATLHO BCTaHOBJIEHI Mpodecopom
MockoBchkoro yHiBepcurery A. I'. CToneToBuM:

e cuja (POTOCTpYMY HACHUEHHS MPSAMO NPOMOpIIiiiHa IHTEHCUBHOCTI CBITJA, IO
najiae Ha KaTo;

* MAKCHUMaJIbHAa IIO0YAaTKOBA MIBUAKICTH (DOTOEIEKTPOHIB HE 3aJCKHUTh BT 1H-
TEHCHUBHOCTI ITaJIAl0Y0T0 CBITJIA, 2 BU3HAYAETLCS TUILKH MOTO YaCTOTOIO;

* VISl KOXKHOT PEYOBHUHM ICHYy€ MIHIMallbHA 4acTOTA CBITJIa, HA3UBaHA YEPBOHOIO
Mexero hoToedekTy, HrxK4Ie 3a IKY PoToedeKT HEMOKIMBUH.
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Puc. 30: Cxema excnepumenmanvnoi ycmanosku 015 8ugdents pomoeghexmy .

B excnepuMeHTI BUKOPHCTOBYBABCS CKIITHMM BaKyyMHUW OaloH 3 JBOMa
METAIEBUMU €JICKTPOJaMHM, TIOBEPXHsI sIKUX Oyna perenbHO ouwmieHa. J[o enekTpoiB
npuKiIaganach aeska Hanpyra U, NOJSIpHICTh AKOT MOKHA OYyJI0 MIHSITH 3a IOTIOMOTOO
nojaBiitHOro Kiroda.(puc. 30) Onun 3 enekrpoaiB (katon K) depe3 kBapIiioBe BIKOHIIE
OCBITJIFOBAaBCSI MOHOXPOMAaTUYHUM CBITJIOM 3 JIOBKHHOIO XBHWJII A, U TP HE3MIHHOMY
CBITJIOBOMY TOTOIl AOCKYBalach 3alEeKHICTh cUI (poTocTpyMmy | Bil mpuKiIaaeHOT
Harpyru (puc. 31).

L0 i)

Puc. 31: 3anescuicmov cunu pomocmpymy 6io npuxnadenoi nanpyeu. Kpuesa 2
8I0N08i0ac OLbWIL IHMeHCUBHOCMI c8im068020 nomoky. |, u l,, — cmpymu nacuuenns,
U, — 3anuparoua nanpyea.

PiBusinns Eiinmreiina.
3akoH 30epeKeHHsI eHeprii 1 MPoLecy B3aeMO/Iii (POTOHA 3 €IEKTPOHOM il Yac
dboToedekTy OnmMCy€eThCs pIBHIHHAM EHHIIITeHA:

2
hv=A__+ AT
2

ne A—poboTaBUXO01y EIEKTPOHA 3 PEYOBUHH,
2
meVe
5~ KIHCTH'IHA CHEPTis ENCKTPOHA
MiHimManibHa eHeprist GOTOHa, IKa T0CTaTHS TSl 0AepKaHHA PoToedeKT,
TOPIBHIOE:
Aeux = h Vmin
Pisnanus Elinwmenina MoxicHa po32nsioamu sIK UPAANCEHHS 3AKOHY 30epedtcents

eHepeii 0151 00OUHUYUHO20 AKMY 83AEMOOIL (hOMOHA 3 eNeKmpPOHOM.
E . =U; e, ne e — 3aps enexkTpoHa.

Yepsona ecpanuys ¢pomoeghexmy — MiHIMAIbHA YacTOTa ab0 MaKcUMaslbHa
JIOB)KMHA TIAIAF0901 XBHIII, 3a SIKO1 BCE ITIe CITOCTEPIracThest (GOTOCPEKT:

hVimin = Aou ; Vimin = Agux/.

A00: hc/Amax = A Amax=Nc/A g

3o6Hiwnii pomoeghexm — BUITYCKAaHHS €JIEKTPOHIB 13 TOBEPXHI METATY Mif €0
ceimna. Ilpunmanu, B OCHOBI MNPUHLMITY il SKAX JIEKUTHb sBUIE (QOTOedeKTy,
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Ha3uBalOThCA (oToeneMeHTaMu. Y (HOTOENEMEHTaX EHEPris CBITIa KEepye EHEPTIEr0
EIIEKTPUIHOTO CTPYMY 200 MEPETBOPIOETHCS HA HET.

DOTOCUHTE3 TA HOT'0 POJIb B C.-T.

doTOCHHTE3 — MPOLIEC CUHTE3Y OPTaHIMHHUX CIOJIYK 3 BYIJIEKUCIIOTO Ta3y Ta
BOJIM 3 BUKOPHCTAaHHSIM CHEPTii CBITJa W 3a yd4acTiO (POTOCHHTETHMYHHMX ITITMEHTIB:
(xmopodin y pocaus, xiaopodin, 6akrepioximopodin i 6aKTepiopoJOTICHH Y OaKTepiit),
4acTO 3 BUAUICHHSAM KHUCHIO K MOOMHOTO MpoAaykTy. lle Ham3BuuaitHO ckiaaHUi
IpoIIeC, IO BKIIIOYAE OBTY MOCIIIOBHICTh KOOPAMHOBAHUX OI0XIMIYHUX peakuid. Bin
BiIOYBA€ETHCS y BUIIMX POCIMHAX, BOJOPOCTAX, OaraTb0X OAKTEpiaX, MCIKUX apXesx 1
HAWUTIPOCTINIMX — OpraHidBMax, BITOMHX pa3oM sk ¢oToTpodu. Cam mporec Bimgirpae
BaXJIMBY POJIb y KpYrooOiry BYIJIELIO Y IPUPO/IL

B xoxi cBimioBoi craaili (pOTOCHUHTE3Y YTBOPIOIOTHCS BHUCOKOEHEPTETHYHI
MPOAYKTH: aaeHO3uHTpHU(OCdAT, M0 CIIYKUTHh B KIITHHI Hkepenom eHeprii, 1 HAJIDH,
1110 BUKOPUCTOBYETHCS SIK BITHOBHUK. SIK MOOTYHUI TPOAYKT BUIUIAETHCS KUCEHD.

Xnopodut BUKOHYE AB1 (PYHKILIi: TOTJTMHAHHSA 1 IEpeiayy eHeprii.

@DOTOCUHTE3 € OCHOBHUM JIKEpENOM OIOJIOTTMHOT €Heprii, (POTOCUHTE3YIOoUl
aBTOTPO(H BUKOPUCTOBYIOTH 1i JIJIT YTBOPEHHS OPTAHIYHUX PEYOBHH 3 HEOPTaHIYHHUX,
reTepoTpodu ICHYIOTh 32 PaxXyHOK €HEepTii XIMIYHUX 3B'S3KIB, 3aIMaceHOT aBTOTPOhamu,
BUBUILHSIOUH Ti B poIecax aepoOHOT0 Ta aHaepoOHOT0 NuxaHHs. EHepris, oTpumyBaHa
JIOICTBOM TPH CHAIOBAHHI BUKOIMHOTO NaiuBa (BYruUlsi, HadTa, MPUPOJHUN Tas,
TOp(), TAKOXK € 3aMMaCEHOI0 B MPoI1eci POTOCHHTE3Y.

@doTOCHHTE3 € TOJIOBHUM METOJIOM 3aJy4eHHS HEOPTaHIYHOTO BYTJICIIO B
OlonoriuHui UK. Bech kuceHp atMocgepu OIOTE€HHOT'O MOXOJKEHHS 1 € NOOIYHUM
npoIykToM (hoTocuHTE3y. DOpMyBaHHS OKHMCHIOBAILHOT aTMOC(hepH MOBHICTIO 3MIHHUIIO
CTaH 3eMHO1 TOBEPXHi, 3p0OOHII0 MOKIIMBOTO TTOSBY TUXAHHS, a HAIAJT, TICJIS YTBOPEHH S
030HOBOTO IIAPY, I03BOJIMJIO KUTTIO BUATH HA CYIITY.

Jlekyia No28. 30BHiHIN Ta BHYTPilHINA (oToedeKT.

Ilnan

1. 3oBHiHIA PoToedekT

2. BuytpimmHiidi poroedekt

3. @oToranbBaHIIHUN €PEKT

4. ®doToedeKT B ra30mo1i0HOMY CepeT0BHUIII

1)3oBHimmHiii ¢poToe(peKT — BUpUBAHHS €JICKTPOHIB 3 PEUYOBUHH M1JT JIEI0 CBITIA;

2) BHyTpilHil ¢QoToedekT, TpU sSKOMYy BinOyBaeTbcs JHIIe 30UTHIICHHS
KUIBKOCTI BUILHUX €JIEKTPOHIB BCEPEIMHI pEYOBUHH, aJIe BOHH HE BUXO/ISTh Ha30BHI;

3) poToranbBaniuHMii edeKT, P IKOMY Ha TPAHUII TIOUTY HAITBIPOBITHHUKA 1
MeTaay ado Ha IpaHMIl MOAUTYy ABOX HAIMBIPOBIAHUKIB i BINIMBOM OIPOMIHIOBAHHS
BUHUKAE JIEKTPOPYIIIfHA cuiia (3a BIICYTHOCTI 30BHIIIHBOTO EJIEKTPUYHOTO TOJIS);

4) poToedekT B razonoaioHOMy ceperoBMIN, KKl ToJsTae y (GoToioHi3amil
OKpPEMHX MOJIEKYJ a00 aTOMIB.

3oBHilHIN (poToedeKT CrIOCTEpIracThCs y TBEPAUX TUIAX, a TAKOXK y razax.

®oToedekT BinkpuB y 1887 p. I'. I'epu, a nepun pyHaaMeHTaNbHI 10CIKEHHS
dotoedexry BukoHani . Y 1898 p. Jleonapa 1 ToMcOH METOIOM BiIXWJICHHS 3apsiB y
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CIIEKTPUIHOMY 1 MarHiTHOMYy TIOJIIX BH3HAYWIA TUTOMHHA 3apsa ™ YacTHHOK, IO
BUPHBAIOTHCS CBITJIOM 3 KaT0a, TOBIBIIIH, 1110 11l YaCTHHKH € CJIEKTPOHAMH.

JlocmimaMu BCTAaHOBJIEHO TaKi OCHOBH13aKOHM 30 BHIIIHLOT O (poTOE(heKTY:

[. IIpu ¢ixcoraniii yacToTi ¥ magaroyoro CBITIa KUIBKICTh (DOTOENEKTPOHIB, IO
BHPHBAIOTHCS 3 KaToa 32 OJUHUIIIO Yacy, IPOTOPIIIMHE 10 IHTEHCUBHOCTI CBITIA (CHJa
dboTOCTpyMy HACHYEHHS NPOMOpIiiiHA O eHepreTuyHoi oceimieHocTi E katoma)
(puc. 32).

II. MakcuMasbHa [MOYaTKOBA IIBHIKICTH “mm (hoTOETEKTPOHIB BHU3HAYAETHCS

JIMIIIE 4YacTOTO V CBIMJIA 1 HE 3AICKUTH Bil WOTO IHTEHCHBHOCTI. Benmunpa P
3pOCTaE 13 30UIbIIEHHSIM 4acTOTH ¥,
II. Jlns koXXHOi pEYOBHHU ICHYE ,4epBoHa Mexa doroedekry, TOOTO

MaKCHMAJIbHA TOBKIHA XBIJTI Amax IPH SIKi criocTepiracTbes PoToedexr.

I‘F o= B
P |
I.E“.L:

"ir IH

—-
— Uiy & rr

Puc.32. I'paghix cunu pomocmpymy nacuuenns nponopyiiuna 00 eHepeemuiHol
oceimnenocmi E kamooa

Bemmunta #mm sanexuts B XiMiMHOI OPUPOAM TiIa 1 CTaHy HOTO MOBEPXHL
A. Eitamretin B 1905 p. mokazaB, mio siBumie (oToedekTy i Horo 3aKOHOMIPHOCTI
MOXYTh OyTH ITOSICHEH1 Ha 0CHOBI3aIIPOIIOHOBAHOT HUM KBAaHTOBO1 TEOPii (OTOCPEKTY.

3rinHo 3 ElHmTEelHOM, CBITJIO 4acTOTOIO Y He JuIle BUIIPOMIHIOETHCS, alie 1
MOIIMPIOETHCS B IPOCTOPI 1 MOTJIMHAETHCSI PEYOBUHOKO OKPEMUMHU MOPIIISIMU, EHEPT IS
akux €=#v e A crama Ilnanka. IlommpeHHs cBima Tpeba posrisgard He SK
HENEpEPBHUN XBUJIHLOBHM MPOIIEC, a K MOTIK JIOKATI30BAHUX Y MPOCTOP1 TUCKPETHUX
CBITJIOBUX KBAHTIB, L0 PYXAalOThCS 31 IIBUAKICTIO MOIUIMPEHHS CBiTIa y BakyyMmi Ll
KBaHTU OTPHUMAJIA Ha3BY (DOTOHIB.

3a EfHIITEHHOM KOKHUI ()OTOH MOTJIMHAETHCS JIUIIE OJTHUM €JIEeKTPOHOM. Tomy
KUIbKICTh BUpPBaHUX (OTOETEKTPOHIB TMOBUHHA OyTH NPOMOpIiiHA A0 KUIBKOCTI
norJiMHyTuX (OTOHIB, TOOTO mMpomopuUiiHa 10 IHTeHCUBHOCTI cBimia (I 3akoH
doToedekry). besHepiiiHICT, poToedeKTy MOSCHIOETHCS THM, IO TNepeada eHeprii
IIpH 3ITKHEHH] (POTOHA 3 €JICKTPOHOM BiTOYBAEThCS MalKe MUTTERO.

Eneprisa magatogoro oToHa BUTpavyaeThCsl HA BUKOHAHHA €JIEKTPOHOM poOOTU
BUXOJYy A 3 MeTaly 1 Ha HaJaHHS E€JIEKTPOHY Macoro ™, KUl BWIETIB 3 MeETaiy,

" Uy
KiHeTHYHOT eHeprii 2
3a 3aKk0HOM 30epeKEeHHS eHEepTil
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Le piBusinas EliHmTeiina 1Jis 30 BHIIHLOTO poTOe PeKTy.

PiBasuua Eitnmretina mae 3mory mosichuta Il 1 Il 3akonu doToedekry.
MakcumalibHa KIHETUYHA €HEepTis (OTOENEKTpOHA JIHIMHO 3pocTae 13 30UIbIICHHAM
YacTOTH MaJar0v0ro BUIPOMIHIOBAHHS 1 HE 3aJICKUTh BII HOTO IHTECHCUBHOCTI, OCKUTbKH
Hi poboTa Buxoay A, Hi yactota ¥ Bl IHTEHCHUBHOCTI cBiTia He 3anexarb (Il 3akon).
OCKUIbKM 13 3MEHILICHHAM 4YacTOTH CBITJA KIHETUYHA EHEprii (POTOENEKTPOHIB

3MEHIIYEThCS, TO MPU JOEAKiM JOCHTh Maiiid uyactoTi ¥ ~¥=m ginernyHa eHepris
(dboToeNIeKTPOHIB Oy/1e JOPIBHIOBATH HYJIO. TOMY €Heprii KBaHTa BUCTA4Ya€ TUIbKHU, 100
BHUPBATH €JIEKTPOH 3 MeTairy. OTxke,

[
Amn

Benmuuna “m= sanexuts mmme Bix poOOTH BUXOJY E€JNEKTpOHA, TOOTO BIX
XIMIYHOT MPUPOIU PEUOBUHU 1 CTaHY i1 MOBEPXHI.

SKmo  cTBOPUTH  TOJIE€  BCEPEAMHI BAaKyyMHOTO  (pOoTOENIEMEHTa,  SKE
3aTpUMYyBaTHME PyX CIEKTPOHIB, TOOTO Ha Karoj mojaarh ,.+°, a Ha aHoid ,— , TO

;l'll"-'l=j! =4

doToCcTpyM OyJie 3MEHIIYBATUCH 1 IIPU HAIPY31 Us CTPYM JOPIBHIOBAaTUME HYIIO (IUB.
puc. 3.1). Lla Hanpyra Ha3uBaeThCs 3aTpUMy04010 Hanpyroto. Toi

a piBHAHHS EifHIUTEHA 1J1 30BHIIHBOTO (POTOSHEKTY MaTUME BUTJISAL

Av=A+ell,
OcTaHHE pIBHSHHS MOYKHA 3aMTMCATH TAKOXK TAKUM YUHOM
Uﬂ =E - w—ﬂ
€ -3
[l dpopmyna omucye rpadiano Hampsimy UO =f(¥), ska mae kyr Haxwty & 10
oci¥, mpuuomytgo = h/e, a Touka meperuHy el mnpsmoi 3 Biccio U0 nae

3HaueHHs A/e (puc. 33).

Busnauaroun 114 ABOX PI3HUX YACTOT Ta Magal0yoro BUIPOMIHIOBAHHS 3Ha4Y €HHS
Harpyr UO1 ta UQ 2, mosxHa otpumaru opMyity /Ui Bu3HaYeHHs ctainoi [[nanka h:

B (01~ V)

b))

0

Puc. 3.2
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Puc. 33. I'paghiunuii onuc nanpsmy U0 =f(»),

OcKUTbKY THTEHCUBHICTH CBITJIa MPSMO TPOTOPINHHA KUTBKOCTI (OTOHIB, TO
30UThIIICHHS IHTEHCHBHOCTI TAJal040T0 CBITJIA MPUBOAUTH N0 3OUIBIICHHS 4YHCIIA
(dhoTOENeKTPOHIB, TOOTO 10 30uTbiieHHS QoTocTpyMy Id. Akmo npumycTuTH, 10
JDKEPENIO CBITJIa TOYKOBE, TO MOJYKHA BBaXKaTH, ITI0 OCBITICHICTh E KaTroa 3MIHIOETHCS
00epHEHO HpOHOleI/IHO KBaJpary BIICTaHi BiJT JoKepena cBiTiIa 10 doToenemenra. Tak
SIK ocBiTIIeHICTh E mpomnopiriiina IHTEHCUBHOCTI CBITJIa, TO BEJIMYHMHA
doTtocTpymy Ip Oyne nponopiuiiiHa MOTOKY BUIPOMIHIOBAHHS.

Monyas 8. BynoBa atoma.

Jekyia Ne29 BynoBa atoma
Inan:
1. BigkpuTTs, SIK1 JOBOSTH CKJIAIHICTH OYI0BH aTOMY.
2. Monens aroma Pezepdopna.
3. Iloctynatu bopa.
4. bynoBa sigpa atoma.

Mopaeab atoma Tomcona.

Jlo 1902 poky Oymo 3AIMCHEHO AOCTAaTHHLO EKCIEPUMEHTIB, SKI MEPEKOHIMBO
JIOBEJIM ICHYBaHHS €JIEKTPOHIB.

Puc. 34. Mooenv amoma Jc. Tomcomna.

JIxo3ed JIxon ToMCOH mMoOKa3aB Ha OCHOBI KJIACUYHOT
CJIIEKTPOMArHITHOI Teopii, MO PO3MIPHU EJIEKTpOHA MaloTh OyTH
nopsiaky 10715 M. Kpim toro, Oyno Bigomo, 10 po3MipH aroma
CTaHOBJIATH Kinbka anrctpeM (1 A=10-10 m). Ha uiii mincrasi Tomcon B 1903 pouwi
3alpoONOHYyBaB CBOIO MOJIENb aroMa, BIATNOBIZHO IO SIKOT aTOMH SBJISIIOTH COOOO
OJHOPIIHI KYJIl 3 TO3UTHBHO 3apsIAKEHOT PEUOBUHHU, Y AKIH MICTATHCS €JICKTPOHU (THUB.
puc.). CymapHuii 3apsiJi €JIEKTPOHIB TOPIBHIOE MIO3UTUBHOMY 3apsiay aroma. ToMy atom
y [UIOMY €JIEKTPUYHO HEUTPATbHUIA.

L1 Moxenb micTana Ha3By «ITyJWHI», OCKUIbKM E€JIEKTPOHU OyIM BKpaIUieHI B
MO3UTHUBHO 3apsiKEHE CEPEOBUIIE, HEMOB 13I0M Y ITyJIMHT.

Mopens ToMcoHa 3m1aBaiacsi IpUBaOIMBOIO 3 Ti€T TOYKH 30Dy, 110 Mepeadaydana
HasIBHICTh €IEKTPOHIB B aroMml. OJHaK BOHA MpoiCHyBaia TUlbku 10 1911 poky.

Hocainu Pesepdopaa.

Y 1911 pom Epuct Pesepdopn 3anmpomoHyBaB CBOiM CHIBpOOITHHKAM
eKCTIEpUMEHTATIbHE TIEPEBIPUTH MEPEKOHIMBICTh MoaeNi aroMa ToMcoHa. [nes gociiny
Oynma mnpocrta. Sxmo wMoxaens aroma ToMcoHa BiAMNOBINAEe  AIACHOCTL,  TO
EKCTIIEPUMEHTATOPH, MPOIYCKAIOYU KP13b Jy’KE TOHKY METAJIEBY IUTIBKY BY3bKHI ITy4OK
MIBUIKUX O-9YaCTHHOK, HE IOBUHHI BUSBUTH
CKUIbKM-HEOY/Ib TOMITHOTO  BUIXUJICHHS
X YaCTUHOK.

Puc. 35 Cxema oocnioy Pesepgopoa
1O PO3CISAHHIO 0-4ACMUHOK.
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K — cBHHIIEBHUIT KOHTEHHED 3 PaI0AKTUBHOIO PEUYOBUHOIO
D — eKpaH, MOKPUTUN CIPUYUCTUM IUHKOM
@ — 301510Ta (poJibra

M — MIKpOCKOTI.
Pesepdopn BcTaHOBMB, M0 KOXKHA O-4aCTHHKA, IMOTPAIUIIIOYM HAa €KpaH 13

CIPYMCTOTO IMHKY, BUKJIMKAE CITajlaX CBITJIA. 3a3HABIIM PO3CIIOBAHHS B 30JI0Tii (OJIb31,
0.-4YaCTHHKH BAAPSITUCS MOTIM B €KpaH 1 peECTPYBAIMCS 32 JOTIOMOTOI0 MIKPOCKOTIA.

OuikyBanocsi, 0 My40K 0.-4aCTHHOK Mifl 4ac MPOXOKEHHS KP13b TOHKY (POJIbI'Y
3JIeTKa PO3CIFOEThCS Ha HeBenuKi KyTH. Lle aliicHo cmocTepiranocs. Ajie HECITOIIBAHO
3'acyBasnocs, o npuOanM3Ho ofHa o-yacTiuHKa 3 20 000, siki magarTh Ha 30J10TY (GOJIBTY
3aBTOBIIKH ychOro jmiie 4-10-° cM, moBepTaeThCs Ha3a y OIK JpKepera.

PezepdopnosizHanoduiocs Kuibka pokiB, 00 0CTATOYHO 3PO3YyMITU TaKe
HECITO/IIBaHEe PO3CIFOBAHHS (i-9aCTHHOK HA BEJIMKI KyTH. BiH MIHAIIIOB BUCHOBKY, ITI0
MO3UTHUBHUM 3apsijl aTOMa 30CEPEIKEHNUN y IyKe MajioMy 00'eMi B LIEHTP1 aTOMa, a He
PO3MOIUICHNH IO BCbOMY aToMy, K Y Mojeni TomcoHa.

Aapo
. (7 . X / Puc. 36 .Po3ciaHHA o-uacmuHoK 6

. e &  ——— amomi Tomcona (@) i 6 amomi
"ot Peszepghopoa (b).

(2 (b

Snepua moaesan aroma Peseppopaa:

1) aTOMU OYAb-IKOTO €JIEMEHTAa Ma€ TIO3UTUBHO 3apsIIKeE SIAPO;

2) 10 CKIaay sapa BXOASATh MO3MTUBHO 3aps/KCHI €IIEMCHTApHI YaCTHHKH —
OPOTOHU 1 HEUTpaIbHI HEUTPOHU;

3)  HaBKOJO siApapyXaroThCs HEFAaTUBHO 3apsIKEH] CICKTPOHHU.

locnio E. Pezepgopoa 3anouamxysas OCHOBU CYYACHUX VAGIeHb NPO 0y008y
amoma

[Ilo6 mosicautu oxepskaui pezynbrat, E. Pesepdopa npumyctus, mo arom mae
cKiIagHy OymoBy, cx0Ky Ha COHSYHY CHUCTEMY: BCEPEANHI HOTO MICTUTHCS IMTO3UTHBHO
3apsJKEHE IPO, HABKOJIO SIKOTO 00EPTAIOTHCSI €IIEKTPOHU

Puc.36. Aoepna mooenb amoma
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Voro po3paxyHKM JJ0BeNH, IO B SApi 30CEpekeHa IPAKTUIHO BCS Maca aToMa,
ayle oro po3mipu HabaraTo MEHII 3a caM aroM. BuMiproBaHHS ToKa3anw, IO JIHIHI
po3Mipu aroma cTaHOBIATE PpUOIM3HO 10710 M, a paniyc ioro siapa TopiBHIOE OTU3BKO
101> M. 3po3ymit0, MO0 CXEMaTHYHI 300paK€HHS aTroOMIB TyT 1 B IHIIMX KHHUTrax
MOJAI0THCS 0€3 JOTPUMAaHHS MacITa0IB.

Omxke, Ha miACTaBl OJEpKaHMX eKcrepuMeHTanbHUX naHux E. Pesepdopn
3apoOmNOHyBaB sAepHY (IUIaHETapHY) MOJIeNb aroMma, sKa y3ToJDKyBajacs 3
pe3yJbTaTaMu JIOCHIIB 1 MOSICHIOBAJIA 0araTo IHINWX SIBUII, MOB'S3aHUX 3 OYJ0BOIO
aToma.

Bucnosox: Ilnanerapna Monens aroma, 3ampomnioHoBaHa Pesepdopmom, crama
BRXIMBUM KPOKOM B PO3BHUTKY 3HaHb Mpo OymoBy aroma. IIpore, BoHa BusiBUIacCs
HE3/1aTHOIO MOSICHUTH caM (DakT TpUBAIOIO ICHYBaHHsS aToMa, TOOTO HOTO CTIMKICTh. 3a
3aKOHAMH KJIACUYHOI €JIEKTPOJIMHAMIKH, PYXOMHUH 3 TPUCKOPEHHSM 3apsj MOBUHEH
BUMPOMIHIOBATH EJIEKTPOMArHiTHI XBWIL 3a KOopoTkuii dac (6mm3pko 108 ¢) Bei
eNeKTpoHHu B atoMi Pesepdopia moBUHHI pO3TPATUTH BCIO CBOIO €HEPTIIO 1 BIACTH HA
sapo. Te, 110 bOTo HE BIIOYBAETHCS B CTIMKUX aTOMa, MOKAa3Ye, 10 BHYTPIIIHI TPOIECH
B aTOMI HE MIKOPSIIOTHCS KJIACHYHUM 3aKOHAM.

B pesynbraTi gocmimkens Oyno BCTaHOBIICHO, IO SAPO aToMma AyXKe cTaOuIbHa
yacTWHKA . He3Bakalouum Ha Te MO0 A0 CKIaay siJpa BXOASTh MO3UTHBHI MPOTOHHU 1
HEUTpabHI HEUTPOHU 3PYHHYBATH SAPO MOXKJIHMBO TUIBKH 3a JIOMOMOTOIO Si/IepHHX
peaKiriin.

Bci xiMiyHI eneMeHTH MarOTh i30TONMM. [30TONMM [AHOrO XIMIYHOTO €JIEMEHTA
BIIPIBHAIOTHCS KUTBKICTIO TipoTOoHIB. Hampukian, i3oTomm [inporeny: ?H — detimepill,
*H — mpumiti. [30TONM MarOTh OTHAKOBI XIMIYHI BIIACTHBOCTI, &JIe¢ MOXYTb BIIPI3HITHC 5T
(BUYHUMU BJIACTUBOCTSIMU, @ CAM€ PAI0AKTUBHICTIO.

3a OMOMOrOI0 SJIEPHUX PEaKlii MOKHa JICTaTH pPallOaKTHBHI 130TONHU BCIX
XIMIYHUX E€JIEMEHTIB, SIKi 3yCTPIYalOThCs B IPUPOII TUILKU B CTINKOMY CTaHI.

Macoge i 3apsi1oBe YHCJIA.

B sikocTi onuHMIII Macu B aTOMHIH 1 sifiepHid (i3Ulll BUKOPUCTOBYETHCSI aTOMHA
OJIMHUIISA MacH (a.0.M.).

AtomHa onuHuI Macu fopiBHIoE 1/12 mMacu aroma KapOoHy aTOMHOIO Macoro
12.

1a.0.Mm.=1,66057-10"%" kr.

Line yucno, HalOIMXK4Ye N0 aTOMHOI MHUCH, BUP@KEHOI B a.0.M., HA3UBAETHCS
MacOBHUM YHCJIOM 1 IO3HAYAETHCS OYKBOIO A.

Uuciio mMpoTOHIB y sAIp1 HA3WBAETHCS 3aPSAJOBUM YHUCIOM (3apsiioM siapa) 1
MO3HAYAETHCSA OYKBOIO Z.

J1J1 KOKHOTO XIMIMHOTO €JIEMEHTA 3apsAJ A1pa JOPIBHIOE MOPSAIKOBOMY HOMEPY B
tabmmmi /1. I. Menaeneesa.

B 3aranpHOMY BUTIIAII XIMIYHAN €JIEMEHT IT03HAYAETHCS TaK: , X .

Uwucno velTpoHiB y saapino3nadaoTh OykBoro N. N=A — Z.

Koxuwnii ximiunuii enement B tabmumi JI. 1. MenpaeneeBa enexkTpoHEUTpabHUN
TOMY II0 KUIbKICTh MTPOTOHIB B sIAP1 IOPIBHIOE KUIbKOCTI €IEKTPOHIB Ha OpOITax aroma .
s xiTbKiCTh BiAMOBIIAe mopsaAkoBoMy HOMepy B Tabsmitl . I. Menneneena.
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3MIHUTH €JIEKTPOHHY OOOJIOHKY aToMa MOJKJIMBO TEIUIOBOIO, CBITJIOBOIO,
XIMITHOIO Ta MEXaHIYHOKO €HEPTIIMH.

AToM, Axuil yTpatuB (uu HaOyB) OJMH a00 KUIbKa EJIEKTPOHIB, IEPETBOPIOETHCS
Ha MO3UTUBHUM (a00 HETaTUBHUM ) MOH.

[To3uTHBHO 3apsiAKEHE TUI0O — KUTBKICTh €JICKTPOHIB B TUTI MEHINA, YUM KUTHKICTh
MPOTOHIB B A/Ipax aTOMIB 13 SIKMX CKJIaJa€ThCS TUIO

HeraruBHo 3apsikeHe TUIO — KUIBKICTh €JIEKTPOHIB B TUTI OUIbINA, YUM KUTHKICTh
IPOTOHIB B A/IPAX aTOMIB 13 SIKMX CKJIaIa€ThCSI TUIO

Jekyia No30. AToMH eJieMeHTIB ePioAMYHOI CHCTEMH - 2 TO/1

Inaw:

1. XapakTepucTHka eeKTpOHY 3 TOUKH 30pY KBAHTOBOT MEXaHIKH.

2. bynoBa aroMiB €IeMEHTIB MEPI0TUIHOT CUCTEMHU.

3. BaneHTHICTH 3 TOUKH 30py OYI0BH aTOMA.

BynoBa BogHenoai0 HMX aTOMIB.

[IpyHuun BrukmouenHs [laym (abo mpuniun 3aboponu Ilaymi)— kBaHTOBO-
MEXaHIIHUHN TIPUHIIAIL, 3TTHO 3 SKUM Yy 0araTo4acTHHKOBIM CHCTEMI HEB3AEMOIIFOUNX
dbepMIOHIB, JKOJIHI JBI YaCTKH HE MOXXYTh ONHUCYBaTHUCA OJHOYACTUHKOBUMH
XBWJIbOBUMU (PYHKIISIMU 13 OJTHAKOBUM HA0OPOM yCIX KBAHTOBUX YUCEL.

[Mpunun 6yB copmynboBanuii Bompdranrom Ilaym B 1925 poui Bin €
HACJIIKOM TIPHUHIMITY HEPO3PIBHIOBAHOCTI YacTOK (200 MPHUHIUITY TOTOXKHOCTI
YaCTUHOK).

DepMIOHU XapaKTEPU3YIOTHCS TUM, IO iXHI XBUJIbOBI (DYHKII aHTUCUMETPHUYHI
I0J0 TEPECTAHOBKHU 1MeHTHYHUX YacTUHOK. [1[06 3a0e3meunT aHTUCUMETPUYHICTD,
XBHJIHOBY (DYHKITIO CHCTEMH Oaratbox (pepMioHIB 3a3BHUYail OyAyrOTh 3a JOMMOMOTOO
nerepminanta Crielitepa, BHKOPHUCTOBYIOYM TICBHUM HAOIp OJIHOYACTHHKOBHUX
XBWIbOBUX (YHKIIHA. [3 1UX OJHOYACTUHKOBUX (YHKLIM HE MOXke OYTH ABOX
OJIHAKOBHX, 0O 3TIAHO 3 BIACTUBOCTAMH BU3HAYHUKA MPHU JIBOX OJIHAKOBUX PSAJIKAX YU
CTOBITYMKAX BU3HAYHUK JTOPIBHIOE HYIIIO.

[Ipu moOynoBi cTaHy 0arar04aCTUHKOBOI KBAaHTOBOMEXAaHIYHOI CHUCTEMHU 13
OJIHOEGJIEKTPOHHUX CTaHIB J[Ba EJIEKTPOHU HE MOKYTh 3HAXOJUTHUCS B OJHAKOBO MY CTaHi.
31e0UTBIIOTO CTIIHOBA MCHCTEMAa He3aIeKHA Bil KOOPAMHATHO1, TOXK, BPaXOBYIOUH JBI
MOJKJIMBI TIPOCKIII CTIIHA, OJIMH OpOITaTbHUN CTaH MOXKYTh 3aiiMaTH JiBa €JICKTPOHH 13
OPOTWISKHUMHU cIiHaMu. EnekTpoHH1 KOH(Irypali aroMiB 1 MOJEKyl OyAyroTbCs 3
BpaxyBaHHAM 1100 (pakropa. Hampukmnan, Ay aroma JITHHO, IKU Ma€ TpU €JEKTPOHH,
enekTpoHHa KoHdiryparis 1s22s1, ToO6To aBa eneKTpoHU (3 PIBHUMHU CIIHAMH)
3aiiMaloTh BHYTPIIHIO 1s-opOitaib, a TpeTid eNeKTpoH mepedyBae Ha 30BHIMIHINA 2S-
opoOiTai.

3arajgomM, aTOMHU MOKYTb MaTH 2 €JIEKTPOHH Ha S-OpOiTasax, 6 eIeKTpOHIB Ha P-
opOrransx, 10 enekrpoHiB Ha d-opOfTaisx, TOLIO, YUM MOSICHIOETHCS CTPYKTypa
NePIOIMIHOT CHCTEMHU CIIEMEHTIB.

[Mpunnun Ilaym dopmalbHO O3HAYa€E HESBHY B3a€EMOJII0 Y HEB3AEMOJIIOYIN
CHUCTEMI, OCKUIBKM 3HAIO4YM CTaH OJHIEI YaCTHMHKW, TOYHO BIIOMO, IO HISKa IHIIA
YacTHHKA He mnepedyBae y 1bOMY cTaHi (0COOJIMBO SICKPABO 1€ MPOSABISAETHCS, SIKIIO
BCHOT'0 2 YaCTUHKH Y CUCTEMI, 5K JIBa €IIEKTPOHM Ha 1s-opOirai).
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PosrisitHemo ABa €1€KTPOHH, MPOCTOPOBI KOOPAWHATH SIKMX 30IraroThCs, TOI1
SIKIIIO CITIHOB1 KOOPIWMHATH TEXK 30IrafoThCs (CIIHM CITIBHAIIPSMIICHI), TO €JICKTPOHU HE
MOXYTh TIepeOyBaTH B OJIHIM TOYIl, ajie SKIIO CIIHM HANpsAMIIEHI Y NPOTUICKHI
CTOPOHH, TO EIIEKTPOHU MOXKYTh 3HAXOIUTHCS B OJTHIM TOYIIl POCTOPY.

3.Ilepioguuna cuctema MeHeseena.

[epioayuna cCHUCTEMA
eTEeMAHTIB (poc g TUEPIO PR SRS AT Rl AT 1o o 3 A TS EB A
’ e ' :""" SRV Y, | o LY
NepuoaAuICCKas CHUCTEMA : :

aIIeMeHTOB, aHri. periodic law,
periodic system, periodic table;
uim.  Periodensystem  (der
Elemente), periodisches System
(der Elemente)) —
KJacuikarist XIMITHUX
€IIEMEHTIB, po3polOsieHa Ha
OCHOBI [IEPIOUYHOTO 3aKOHY.

CydacHe popMyItOBaHHS
NEepIOAUIHOTO 3aKOHY 3BYUHTH
TaK: BJACTUBOCTI EJIEMEHTIB
nepeOyBaloTh Yy MEpioANYHIM
3aIKHOCTI BiI 3apsly iXHIX aTOMHUX saep. 3apsan siapa Z AOPIBHIOE aTOMHOMY
(MopsAKOBOMY) HOMEPY el1eMeHTa B CUCTeMl. EneMenTH, po3TaioBaHi 3a 3p0CTaHHIM Z
(H, He, Be...) yrtBoptotors 7 mepioniB. [lepiof — CYKYIHICTh EJIEMEHTIB, IO
MOYMHAETHCS JY)KHUM METaJOM Ta 3aKIHYYeThCS OJaropoJHUM Ta3oM (0coOiIMBHIA
BHITAJIOK — TIEPIIMI TIEPIOJ, 10 CKIAIA€ThCS 3 JBOX ra30moaioHuX eneMeHTiB — H ta
He). ¥V 2-y 1 3-y nepiogax — 1o 8 enemeHTiB, y 4-y 1 5-y — mno 18, y 6-y 32.
BepTukanbHi CTOBMII — TPyNH €IEMEHTIB 3 MOJIOHUMU XIMIYHUMH BJIACTUBOCTSIMHU.
BcepenuHi rpyn BIacTUBOCTI €1€MEHTIB TaKOK 3MIHIOIOTHCS 3aKOHOMIPHO (Hamp., y
ayxHUX MeTamB Bix Li 1o Fr 3pocTae xiMiuHa akTuBHICTE). EnemMentu Z = 58-71 ta Z =
90-103, 0co6MBO X031 3a BJIACTUBOCTSAMH, YTBOPIOIOTH JIBA CIMEHCTBA — JIAHTAHO1 T1B
Ta akTUHOIMIB. [leploMYHICTh BIACTHUBOCTEH €JIEMEHTIB 3YMOBJICHA IMEPIOUYHUM
MOBTOPEHHSIM KOH(DITypallii 30BHIINIHIX €IeKTPOHHUX 000JI0HOK aTOMIB.

IHorJsuHAHHS Ta BUNIPOMIHIOBAHHS KBAHTIB.

Buxonsun 3 moctynaris bopa, MOXHa TOSCHHTH TIPOLIEC MOTJIMHAHHS 1
BUIIPOMIHIOBAHHSI €HEPTrii aroMamu. SKILO0 aToM MOTJIMHAE €HEPTI0, TO MPU IbOMY BIH
NepexoauTh y 30y/KeHHil cTaH. Moro eneKTpoH Moe MiIHIMATUCS HA BHIY OpOiTy.
Ko iCHYIOTh BaKaHCIi IS €JICKTPOHA OJIMKYE 10 Sapa, TO 3 YaCOM €JICKTPOH 3aiiMae
iX, mepexoasauu Ha OUIbII HU3bKUI €HepreTUUHHM piBeHb. EHeprid, sika Mmpu IbOMY
BUBUIbHIETHCS, BAIIPOMIHIOETHCSI aTOMOM y BUTJISIII KBaHTA CBITJIA.

SIKIIO CBITJIIO BUMIPOMIHIOIOTH PO3PIIKEHI Ta3u, TO aTOMH Ta3y 3HAXOIATHCS TaK
Ja7IeKO OJIMH BiI OJTHOTO, III0 HE YMHSATH HITKOTO BILTUBY Ha BUIIPOMIHIOBAHHS CYCITHIX
aToOMiB, 1 y CIEKTpl TaKOro Jkepena OyAyTh CIOCTEpIraTUCh JMILE IMeBHI JiHi. Llei
CIIEKTP HA3UBAIOTh JIHIHYACTUM CHEKTPOM.

Ko CBITJIIO BUNPOMIHIOIOTH TBEPl TUIA, PIIMHM YH Jy>K€ CHIBHO CTHUCHEHI
ra3, TO Ha BUIPOMIHIOBAHHS KOXHOTO 3 aTOMIB CYTTEBO BIUIMBAIOTH CYCITHI aTOMH.
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VYHacHIoK 1IbOT0 MOKHA CITIOCTEPIraTH PO3MHUBAHHS JIIHINA B CTIEKTP1 BUIPOMIHIOBAHHS 1
IJTABHUH TIEPEX1T Bifl OJHOTO KOJLOPY JI0 HIIOTO0. TaK BUTIISIAAE CYIUTLHUMA CTICKTD.

BOAHKO
Puc.37.Cyyinonuii 6uensao cnekmpy pi3Hux peuoeut

1917 poxky EliHmTeiH mepeadavuB MOKIMBICTD 1HIYKOBAaHOTO BUIIPOMIHIOBAHH S,
CyTh SIKOTO Taka. SIkOW 3HAUHYy YaCTUHY aTOMIB PEUOBHMHHU MOHa OyJO MepeBecTH B
30y/I>KEeHUI CTaH, a MOTIM IKUMOCh YHHOM OJIHOYACHO IMOBEPHYTH B TIOYATKOBUH CTaH,
TO MO>KHA OTPUMATH MOTY>KHUH CIanax CBITJIA.

KBaHTOBi reHepaTopu.

KBénTOBUII reHeparop - 3araibHa Ha3Ba JDKEpPENT  EIEKTPOMAarHiTHOTO
BUIIPOMIHIOBAHHS, IO MPAIfOIOTh HA OCHOBI BUMYIICHOT'O BUIIPOMIHIOBAHHSI aTOMIB 1
MOJIEKYJ1. 3aJIeKHO BiJl TOTO, XBUJL AKOI JOBXHHU BUIIPOMIHIOE KBAHTOBUI T'€HEPATOD,
BIH MO’K€ Ha3MBATHCS 110 PI3HOMY: Jla3ep, Masep, pasep, rasep.

Briepiie Ha MOYKIIMBICTh CTBOPEHHSI KBAHTOBOT'O T'€HEpaTOpa BKAa3aB PasTHChKUI
¢Buk B. A. ®abpukant B kiHII 40-x pokiB. [lepmmii Ma3ep Ha MoOJEKynax amiaKy
(po34mMH aMiaKy y BOJI - HaIATUPHUI criUpT) OyB 3pobieHmii B 1954 po1ii oqHO9acHO 1
HesanekHo 'y diuynoMy iHceTHTyTI Akamemii Hayk CPCP H. I'. bacosum 1 A. M.
[IpoxopoBuMm 1 B KomymbilicbkoMy yHiBepcuteTi Y. TayHcowm 31 cniBpoOiTHuKaMu. B
1964 poui 3a 1110 po6oTy im Oyia mpucyxeHa HobemBebka npemis.

KBanroBuii reHeparop,  reHepaTop €NEKTPOMATHITHUX XBWJIb, B SIKOMY
BUKOPHUCTOBYETHCS SIBUILIE BAMYIIICHOTO BUMIPOMiHIOBaHHS (11B. KBaHTOBA enekTpoHIKa
). Jlo. p. pamionmianazony HajaBucokux dactoT (CBY), Tak camo $K 1 KBaHTOBHIA
MICWIIOBAaY I[hbOr'0 Jialla3oHy, 4acTO Ha3WBalOTh Maszepom . Ilepumii [{o. p. OyB
ctBopenuii B mianazoni CBY(manBucoki wactotn) B 1955 ognoyacuo 8 CPCP (H. P.
baciB 1 A. M. IIpoxopos )i B CIIIA (Y. TayHc ). B sK0CTi akTUBHOTO CEpEIOBHUIIAB HIM
BUKOPHUCTOBYBABCS My4OK MOJIEKYN amiaky. ToMy BiH OTpHMaB Ha3BY MOJIEKYJISIPHOTO
reHeparopa . Hagam O6yB moOypoBanuii Jlo. p. CBU(HanBUCOKI 4acTOTH) Ha My4Ky
aToMiB BoAHIO. BaxximBa ocoOmmBicTh 1ux Jlo. p. — BHCOKa CTaOUIBHICTh YaCTOTH
reHeparii, mocsratoda 10 —13 , yepe3 MmO BOHUM BHKOPHUCTOBYIOTHCS SIK KBAHTOBI
CTaHJIapTH YaCTOTH .

Jlo. p. ONTUYHOTO Alana3oHy — Jiazepu . (ONTHYHI KBaHTOBI reneparopu, OKI')
3'spumcst B 1960. Jlazepu mpalforoTh B HIMPOKOMY Jianma3oHi JOBXKHH XBHIb Bil
yibTpadioneroBoi g0 CyOMUTIMETpOBOi 00JacTel CHEKTPY, B IMIYJIbCHOMY 1
6eanepepBH0My pexuMax. ICHYIOTh JTasepy Ha KpHCTaiax 1 CTeKJIax, ra3osi, pl}:[I/IHHl i
HaMmBOpPOBITHMKOBL. Ha BinMiHY Bix 1H. JpKepen CBiTIA, Jla3epu BUIIPOMIHIOIOTH

BUCOKOKOTEPEHTHI MOHOXPOMATHYHI CBITJIOBI XBIJII, BCSI €HEPTisl SKUX KOHIEHTPYETHCS
B 1y’K€ BY3bKOMY TUIECHOMY BYT UL

Cnekrp TBEpAoro Tina kpisb
XONoAHY XMapy BOAHSA

CnekTp TBEpAOro Tina _

Jexuyia Ne31. EJleMeHTH KAHTOBOTI MeXaHIiKM -2 TO]I.
Iinan:
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1. KopnyckynsapHo-xBuiib0Bui nyanidm. ['inoresa Jlyi ge bpoiis.

2. XBmiboBa (PyHKIIIS Ta i1 CTATUCTUIHUM 3MICT.

3. PiBusanns Llpeninrepa.

4. Pieusinus lpeninrepa nist atoma BoaHt0. KBaHTOBI1 yuca.

XBuJi ae bpoiias.

XBui e bpoiisns - 0CHOBHUN KOMIIOHEHT KOPIYCKYIISIPHO - XBUJIBOBOTO Tyali3 MYy
JIyi ne bpoiins, kotpuii B cepeauni 20-x pokiB 20- ro cTodITTs cripoOyBaB noOyayBaTu
aIbTEPHATUBHY AKCIOMATUYHY KBAaHTOBY TEOPIKO BYIMIHHY B KOHLIEILII, 110 0a3yeThCs
Ha piBHsSHHI Ipeninrepa. OcHoBHa mymka ne bpoins mossirae y po3MOBCIOKEHHI
OCHOBHHUX 3aKOHIB KBaHTOBOi Teopii CBITJa (BipHIimIe BUNpoMiHIOBaHHsS IlmaHka -
Eitnirreiina) Ha pyx MarepialbHUX YaCTUHOK IMEBHOI MacH. 3 PYXOM BCSAKOI1 BUIbHOT
JaCTHHKH, sika Mae eHeprito E Ta immynsc P, 1e Bpoiink 3B's13y€ MII0CKy XBHITIO

P(r,t) = C - ko)

1ie - pajaiyc- BEKTOp YaCTHHKH, IO BUILHO PyXaeThes, t- gac. YacToTa 1i€l XBHITi
® Ta i1 XBUIbOBUH BekTOp K 3B's3aHi 3 eHepriero Ta iMIYJIbCOM YaCTHHKUA TAaKUMH K
PIBHSIHHSIMH, 110 CIIPaBEIJIMBI 1 1 KBaHTIB CBITJIA, TOOTO:

E=hw,p=~Hhk

Ile 1 € ocHoBHI piBHSHHS Ae bpoiinsa. Ha BigmiHy Bin Teopii KBaHTIB CBITJa, 1€
WM BIT XBHJIHOBO1 KOHIIEIIIH A0 KOPIMYCKYISIPHOI, TYT BCE MPOTIKAIO HABITAKH - Bl
KOPITYCKYJISIPHOI - 0 XBHJILOBOi. TOOTO TYT MU JIOTIOBHIOEMO KOPITYCKYJISIPHY TEOPIIO
€JIEMEHTaMH XBUJIbOBOT, IUISIXOM BBEJICHHS YaCTOTH (® Ta JTOBKUHU XBUIII

Binomo, 110 He3BaXkarouM Ha YHMCENbHI €KCTIEPUMEHTATbHI MITBEPIKSHHS TIIXIT
ne bpoiins, sik akcioMaTUYHOI Teopii 3a3HaB ICTOPUYHOI Mopasku... CrpaBa B TOMY, 1110
OTMC MaTepialbHUX YacTOK Yy BWIJBSIAI Tpynm XBWJIb Je bpoiins mae Taky- cobi
HETIPUEMHY BJIACTUBICTh PO3IUIMBAHHA 3 YacOM (Haraaye /10 AESIKOi MIpU pPO3MHBAHHS
OpsIMOKYTHOTO IMITyJIbCa B JOBIHX JHHIIX €IEKTPOTEXHIKH Ta €JIEKTPOHIKU), MO30yTHCS
SKOTO HIKOMY HE BJAJIOCS A0 CHX Iip. 3BUYaAlHO TeHil 1e bpoiuns Moxe it BupimmB 61
110 TIpo0JIeMy, IPOTE B CBIM Yac BiH MpHUEAHABCS 10 T.3. KomneHrareHcbkoi KOHBEHIT 1
NOBEpHYBCS 110 cede auile Ha noyatky S0-X pokis. [IpoTe moi3g mimos..., 1 npodiiema
JUIINATIACS HEPO3B'A3HOIO. | BCEX Taky MOTEHIT JIMIIMINCS, 1 € HA/I1s Ha BITPOIKEHHS. ..

CniBBiTHOIIICHHS HEBU3HAYEHOCTI.

Ha nouarky 1927 poky mpakTU4HO OJAHOYACHO BIIOYJIUCS JB1 BaXKIIMBI MOJIi.
I'eit3en-0epr 370raaaBcs, MO MOHATTS "XBWisA" U '"JaCTUHKA" CTOCOBHO KBAaHTOBUX
00'€KTIB MOYKHA 3aCTOCOBYBATH CTPOTO TUIHKU MOPI3HO 1 BUPA3MB IIeH 3710Ta]l KUTbKICHO
y BUTJISI/I1 CIIIBBITHOIIIEHHS HEBU3HAUY€HOCTEH. bop 3amponoHyBaB 3arajaibHUI MPUHIINI
JI0JIaTKOBOCTI, OKPEMUM BHUIAAKOM SKOTO OYJIO CHIBBITHOIICHHS HEBHU3HAYEHOCTEH
I'eitzenOepra.

AHaAN3YI0OUM MOKJIMBOCTI BUMIPIOBAHHS KOOPJHWHATH M IMITYJIbCY KBAaHTOBOTO
00'ekTa (HampuKIIazd, eleKTpoHa), ['eii3eH0epr cTBEpIKyBaB: HEMOXKIMBO OJHOYACHO 1
J0 TOTO K TOYHO BUMIPATH KOOpJUHATY U iMIynbc. bepyun no ysaru ¢dopmyny ne
h __h

A=—=

m-V p'

bpoins
1I€ 03HAYa€: HE MOYKHA OJTHOYACHO 1 Yy TOM € 4acC TOYHO BU3HAYUTHU MOJIOKEHHS
X aTOMHOTO 00'€KTa ¥ 1OBX)UHY Horo xBuim X. OTxe, 0JHOYACHE BUKOPUCTAHHS MOHSTh
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"gactrHKA" 1 "XBWIA" € oOMeKkeHHM. UHCenbHO Take 0OMEKECHHS BUpaKae HEPIBHICTH
— CHIBBIIHOIIIEHHS! HEBU3HAYEHOCTEM:

Ax-Ap=h

OnHOYaCHO BM3HAYUTH 1 KOOPJMHATY, 1 IMITYJIbC YACTUHKH HE MO’KHA TOYHILIE,
HDK TII€ JOITyCKAaE€ CHIBBIIHOIICHHS HEBH3HAYCHOCTeH. YwmMm TOUHIIE 3a7aHo
KOOPJWHATY, TOOTO UMM MEHIIIeAx , THM MEHIII TOYHO MOJKHA 3a/1aTH IMITYJIbC, TOMY IO
BelMurHa AP 0O0EpHEHO HpOHOleI/IHa Ax. | HaBImMakW, 9UM TOYHIIIC 33JaHO IMITYJIHC
JaCTUHKH, TUM TipIIIe BU3HAYEHO 11 KOOPIMHATY.

OOMeXeHHs, SIKI BCTAaHOBJIIOE CITIBBITHOIICHHS HEBU3HAYEHOCTEH, € HE3MIHHUM
3aKOHOM IIPUPOJIH 1 HIIK HE TIOB's13aHI 3 HETOCKOHATICTIO HAmmMX npwiaaiB. [locumanas
Ha BCEMOTYTHICTh HAayKH TYT € HEJOPESYHUMH; CWJIA HAYKH TOJIITaE HE B TOMY, ITI00
NOpYUIyBaTH 3aKOHM MNPHUPOAMU, a B TOMY, W00 BIIKPUTU IX, 3pO3YyMITH i
BUKOPHUCTOBYBATH.

XBUJIb0OBA QYHKILisL.

Bopu Makc mHTepnperyBaB XBUJIbOBY (PYHKIIIO, SIK aMIUNTYAy WMOBIpHOCTL. B
il IHTeprpeTallii KBaapaT MOIYJIS XBHILOBOT q)yHKuu BINMOBINAE TYCTHHI KMOBIPHOCTI
MOJIO’KEHHS YaCTHHKH. TaKuM YHHOM, IMOBIPHICTH TOTO, IO YacTHHKA IepeOyBac B
oGuacTi mpoctopy W B MOMEHT Yacy t BU3HAYAETHCS K

P(W) = / (r, )| 2dW.
W
e [ (2)|* = 2 () () al Hz) — (pyHKIIiS, KOMIUIEKCHO CHPSKEHA 3 ih(z)

[Ipu iHTErpyBaHHI MO BCHOMY MPOCTOPY I€ BHUpa3, SK IMOBIPHICTH ILUIKOM
NEBHOT MO/ii, IOBUHEH J1aBATH OAUHULIIO:

f|a;-|[r,f)|?dv = 1.

[ls ymoBa Mae Ha3By yMOBH HOPMYBaHHS IICI-(PYHKIII.
XBWIKLOBa (DYyHKIIIS O3HAUEHA 3 TOUHICTIO /10 JOBUIbHOTO MHOXKHHKA Y (hopMi €ia,

ae o - Oyab-ake aiicHe uyncio. [lincraHoBka QyHKLil

t’irf — E'EQ _t’ir

HE MIHSIE CepEeAHIX 3HaYeHb CIIOCTEPEKYBAHUX (PIBUUHUX BEIUYHUH.

XBWIbOBa (YHKIISI KBAHTOBOI CHCTEMH, IO CKIIAJAETHCS 3 KUTbKOX YaCTHUHOK,
3aJI€XKMTh Bill KOOPAMHAT BCIX YaCTHHOK. Hanpukia, 1t JBOX 4aCTHHOK (ry, T, 1)

[Ipy Bu3HAUEHHI CEpENHIX 3HAYEHb CIOCTEPEKYBAHUX BEIMYMH IHTEIPYBAHHS
NPOBOJIUTHCS Y BCbOMY KOH(DIrypariinomi npocropi. Harmpukmiaz, 1y ABOX 4aCTUHOK

{:1(1‘-)}:/t,f,r*(rl,rg,t)d—i;ﬁr(rl,rg,t)dlﬂ_d%

Y BUNAIKy TOTOXXHOCTI YaCTHHOK, Ha XBWIbOBY (YHKIIIO HaKJIaIa€ThC
JI0JIaTKOBa yMOBA, MOB'si3aHa 3 HBAPIAHTHICTIO MIOJ0 MEPECTAHOBOK LUX YACTHUHOK,
3TITHO 3 MPHUHIUIIOM HEpO3pi3HIOBAaHOCTL KBaHTOBI YacCTHHKH MOAUIIIOTHCS Ha JIBa
KJ1acu - hepMioHu i 6030HU. {7151 hepMioHIB

t:'lr'r(rla I'a, t) - _tu'l-r’r(riy Iy, f)

TOOTO XBWJIbOBA (DYHKI[II MIHSIE 3HAK MPU NIEPECTAHOBII YaCTUHOK. Taky QpyHIII0
HA3WBAIOTh aHTUCHUMETPHUIHOIO 11010 MepecTaHOBOK. /{7151 6030HIB
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Y(ry, v, t) = P(re, 1y, t)

TOOTO MPH MEPECTAHOBII YACTUHOK XBMJIbOBA (DYHKIIIS 3AIAIIAETHCS HE3MIHHOIO.
Taky QyHKIIIIO HA3UBAIOTh CUMETPUYHOIO 11100 MEPECTAHOBOK.

Pisusinus Llpexinrepa

PiBasuuas Ilpeminrepa — OCHOBHE PIBHSHHSI HEPEIITHUBICTCHKOI KBaHTOBOI
MEXaHIKH, SIK€ BU3HAYAE 3aKOH €BOJIIOIII KBAHTOBOT CHCTEMH 3 4aCOM.

d
H (1)) = i (1))
[¥(t)) — xBunpoBa QyHkis, H — ramiteToHiaH. Yhepiie e piBHAHHA OYIIO
zancane Epsinowm IlIpexinrepom y 1926 porii.
BHacnigok KBaHTOBOTO MPUHIMILY CYIEPIO3HULI CTaHIB PIBHSAHHSA, L0 OIMUCYE
EBOJTIOIIII0 cUCTeMU, Mae Oytu miHiiHUM. PiBHsHHS [lIpeninrepa € came Takum.
PiBusnus Illpeninrepa He nopeHil-iHBapiaHTHE, TOOTO CHpPABEIJIMBE JIMILE JJIs
YaCTUHOK, IIBUAKICT, SKHX HA0araro MeEHINA 3a INBUIKICTH CBITJIA. 3arajibHIIie
pBHsHHA [ipaka nepexoauts y piBHAHHS Llpeainrepa npu Mammx mBUAKO cTAX. Tomy
OpU B3aEMOJIii 3 MAarHITHUM TOJIEM (SIK€ € YHCTO PENIITUBICTCHKUM SIBUIIEM) HE MOXKHA
BUKOpPHUCTOBYBATH 3BUUaiiHe piBHsHHS [lIpeainrepa.
KommuiekcHo cripsikeHe piBHSIHHS
[ I|' E3
o)y -
_lha—f = H |u¢,*>
30iraeTbest 3 pBHAHHAM Ilpeminrepa, sKkmo 3aMiHUTH t HA —t, a XBHJIbOBY
. f ¥ . . . .o ..
(byHKIIIFO ) [¥7) Lle daxT BimoOpaxae 3BOPOTHICTH MPOIIECIB Y KBAHTOBIA MEXaHIII.
dopmanbHMit po3B'a30K piBHsHHS peniHrepa

7
0(e,0)) = exp (Tt ) [9(r))

exp ( — %H f.) 5
€ HE YHCJIOM, a OMNEepaTopoM, SKUH HA3MBAaIOTh OIEPATOPOM
€BOJIIOLLII.

SKIO0 raMulbTOHIAH KBAHTOBOi CHUCTEMU HE 3aXUTh BII 4Yacy, PpIBHAHHS
[Ipeninrepa Mo’kHa pO3B'A3aTH BITHOCHO Yacy METOJOM PO3AUICHHS 3MIHHUX 1
OTPHUMATH TaK 3BaHE CTalliOHapHe piBHsHHA [lIpeninrepa

Hy) = EJv)

ne E — meBHe nificHe 4MCIo, SKE IHTEPHPETYIOTh, SIK eHeprito. Lle piBHsAHHA €
PIBHHSIM Ha BJIacHI 3Ha4eHHsA. P03B'A3yr0uM MOro 3HAXOIATH CHEPTETUYHUN CIEKTP
KBAaHTOBOI CHCTEMM, TOOTO Taki 3HaueHHA E, mpu skux po3s's3ok icHye. KoxxHOMy
BJlacHOMY 3HadeHHIO En cramionaproro piBHsHHS Illpeninrepa BigmoBizae BiacHa
bykHIIS yn.

3aransHUN PO3B's30K 4acoBoro piBHsSHHS I[lpeminrepa Toai 3amucyeTsest y
BUTIAL

[T(D)) =D ane™ w5 [yhn)

7€ an — KOMIUIEKCHI KOe(DITIEHTH, SKi MOKHA BU3HAYHUTH 3 TTOYATKOBHX YMOB.
VY pasi, KoaM raMUIbTOHIAH KBAaHTOBO1 CUCTEMU 3aJICKUTh Bil 4acy, HAMPUKIA,
Opu B3aEMOJIl CUCTEMH 3 €JIEKTPOMArHITHOK XBWIICIO, MEpexiy A0 CTallioHApHOTO
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piBusHHA [lIpeminrepa HemoxwBui. B Takiii KBaHTOBIA CUCTEM1 €HEpris He
30epiraeThCsl, CHCTEMa MOJKE TIOTJIMHATH CHEPTir0 XBUJI a00 BiggaBaTH ii XBHIIIL.

Pyx 4aCcTHHOK B NOTeHUiAJIbHIl AMi.

[loTeHuianbHa fiMa — CKIHY€HHa 0O0JjacTb MPOCTOPY, B SKIA NOTEHLIAIbHA
€HEpTid YaCTHHKU MCHIIA, HDK 30BHIL

[loTeHuianbHa siMa 3a3BUYail XapaKTEPHU3YEThCS MIMPUHOIO U rMOUHOI0 (200
BUCOTOI0). Touka 3 HAMHIKYNM 3HAYEHHSIM MOTEHIIAIBHOT €HEePTii HA3UBAETHCS THOM
SIMH.

Skmo ToBHA €HEpris YacTHHKHM MEHIIA 3a BUCOTY MOTEHIIATBHOT SMH, TO
YaCTUHKA 3/IIIICHIOE B sIMI KOJMBAHHSA, 4YacTOTa SKUX BHU3HAYA€TbCs (POPMOIO Ta
pO3MIpamMu SIMH.

Touku, 1€ TOBHA €EHEPris YacTUHKU JOPIBHIOE TMOTEHLIAIBLHIA eHeprii
HA3UBaIOTHCS TOYKaMU MOBOpoTy. Ha pucyHky mpaBopyd 11l TOUKH mo3HaveHi X1 ta x2.

[loTeHuianpHa sSiMa yTBOPIOETHCSI BHACTIIOK ICHYBaHHS CHJI IPUTATAHHS.

Jljist BUXO1y 3 IMHM YaCTUHKA IOBUHHA OTPUMATH EHEPTIIO.

Pyx KBaHTOBO-MEXaHIYHOI YacCTUHKUA B
MOTEHIIAJLHIA SM1 Ma€ II€BHI OCOOJIMBOCTI B
MOPIBHSAHHI 3 KITACUYHUM PYXOM. Vid

EHeprisi KBaHTOBO-MEXaHIYHOT YAaCTUHKU B
MOTEHIIATBHINA sIM1 MOKEe HaOUpaTu JIUIIE TIEBHUX
(bIKCOBaHMX JUCKPETHUX 3HAYCHb.

HaitHiwxuuii  eHepreTMuyHUil piBeHb Mae
EHEPTII0 BUIIly 3a CHEPTII0 JHA SIMH.

KBanTOBO-MexaHITHA JaCTHUHKA — — -
JOKANBYETHCS HE B Oyab-aKi M. Jlyxke MUTKI SMH
HE MOXKYTb 11 yTpUMATH.

3ajada Mpo pyX YaCTUHKU B MOTEHINIAIBbHIA M1 € OJIHIEIO 3 HAWBAKIIUBIIIUX Y
¢Bumil. ['mubuna Ta ¢dopma sSMU BHU3HAYAIOTh YAaCTOTHU KOJMBAHb YAaCTUHOK, SKI
NPOSIBIISIIOTECSL B ONTUYHUX CHEKTpax. ICHyBaHHA MOTEHIIATBHUX SIM I YaCTUHOK
oOMexye ixHi0 nudy3ito, sl akTUBaIlii K0T HEOOXITHO, 00 YaCTUHKUA OTPUMYBATH
NEBHY €HEPTil0 BHACIIIOK B3a€EMOJIIL 13 TETJIOBUM PYXOM IHILIMX YaCTHHOK.

TyHeabHui edexr.

TyHemoBaHHS — (GBUYHE SBHINE, SKE MOJSATa€ B TOMY, IO (BUIHUANA 00'€KT
J0J1a€ TOTEHIIMHUN Oap'ep, BelIMYHA AKOTO OUIbIIA BII MOro KIHETUYHOI EHEpTii.
Haitinomiium mnpukiagoM siBuiia € anbda-po3nan. lle sBumie icHye 3aBIasiku
XBWJILOBIM MPUPOJAI KBAaHTOBUX MPOILECIB, ale MPOSBISETHCS HE JIMIIE Y KBAaHTOBHUX
cuctemax. I[Ipukimaam TyHETIOBaHHS MOYHA CIIOCTEPIraHHS 1 B ONTHIl A€ MPOIECH
TaKOK OTMCYIOTHCS XBIJILOBUMU PIBHSIHHSIMHU.

TepmosimepHUil CHHTE3 MOMJIMBHUI JMILE TOMAI, KOJU SiApa aTOMIB JIEUTEPIO
JI0JIAI0Th KYJIOHIBCHKUI Oap'ep 3aBAsIKU TYHEIIIOBAHHIO KP13b HHOTO.

BaxnuBrmy 3aCTOCYBaHHSIMM SIBHILA TYHEIIOBAHHS € PE3OHAHCHUW TYHEJIbHUU
KBaHTOBHM O] Ta TYHEIbHHM MIKPOCKOII, TYHEIIOBAaHHS BUKOPUCTOBYETHCS JIJIS
pO3psAaKH eneMeHTIB ¢uienl nam'arl. TyHemOBaHHS CBITJIa BUKOPUCTOBYETHCS B METO/I1
HETMOBHOTO BHYTPIITHHOTO BIAOUTTA Ta MpWiIagax, poooTa sKkux 0a3yeThCs HA HhOMY.

Vi
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B kBaHTOBiIi MexaHIlI YaCTUHKHA OIMUCYIOTHCS XBWJILOBUMH (YHKIIISIMH, SIKi
KBaJIpaT MOIYJS SKHX 33J1a€ TYCTHHY WMOBIPHOCTI NepeOyBaHHS YaCTHUKUA B TICBHIM
TOYI[l NIPOCTOPY. XBUIIHOBI (PYHKII € HEMepepBHUMHU (PYHKIIIIMU KOOPIMHAT, a TOMY B
00acTi A€ KIHETUYHA €HEprii YacTUHKUM MEHIIAa 3a MNOTEHIIaIbHY (10 00JacThb
HA3UBaIOTh KJIACUYHO HETOCTYITHOIO 00J1aCTIO) CMaaloTh 10 HYJISl MOCTYMOBO. 3aBXIH
ICHy€ TIeBHA WMOBIPHICTh TOTO, L0 YAaCTUHKA OyJ/ie 3apeecTpOBaHa il MOTEHIAILHUM
Oap'epom. SKI0 MOTEHUIATBLHUN Oap'ep Mae CKIHUEHHY IIMPUHY, TO ICHYE BIIMIHHA B1J
HYJIs1 IMOBIPHICTb IPOXOI>KEHHS YaCTUHKHU yepe3 Oap'ep.

VY KBa3iKJIaCHYHOMY HAOJMKEHHI KBAaHTOBOT MEXaHIKM XBWJIbOBY (DYHKIIIFO JIJISI
OJHOBHMMIPHOT 3a/1a41 MOYKHA 3aITUCaTH Y BUTJIS1

1 = Aexp (% Ep(:t:’}d:t’) + Bexp ( ;_1

ne i - 3Benena crana [Inanka, p(z) = \/Qm(E‘ —V(z)) E - eHeprist 4aCTHHKH,
m - ii maca, V(X) - moTeHIabHA €HepTid 4acTku, KoedimieTan A, B BU3HAYaIOTHCS
3HAYEHHSAM XBUJIHLOBOT (PyHKIII B TIeBHIM To41Il X0.

B o6nacri, ne E < V(x), kBaipaTHHil KOPIHb B €KCITIOHEHTI Ma€ JIIICHI 3HaYE€HHS, 1
OJMH 13 JBOX WIEHIB y BHpa3l JJs XBWIbBOI (DYHKIIi HapocTae, a JAPYTHidl Crajiae.
JlomaHOK 13 HapOCTaHHSAM BIATOBITAE XBWJIL, BIOWTIN Bil Jajiekoi rpaHull 0ap'epy i
3a3BUYall Oy)X€ MaJICHbKUW. Y TPaHUYHOMY BHITQJKy HECKIHUCHHHOTO Oap'epy BiH
JNOpiBHIOE HYO. JlogaHOK 13 cCHajgaHHSAM BHU3HA4Ya€ HMOBIPHICTH MPOCOYYBAHHS
KBAaHTOBOMEXAHIYHOI YaCTHUHKU HA TJIMOMHY X min Oap'ep. 3a3Buyail 151 IMOBIPHICTh
HEBeJMKa 1 Jy’Ke MIBUAKO 3MEHILYETHCS 13 30UIHIICHHSIM X.

KoedimieHT mpoxopkeHHS YacTHHKHA 4depe3 Oap'ep 1B mmpuHO0 d y pamkax
KBa3IKJIACUYHOTO HAOJIMKEHHS BU3HAYAETHCS (POPMYIIOIO

2 d
D = exp _iﬁ V2m(V(z) — E)dz

I

p(:v’}dx’) @)

(42)
[HTerpyBanHs npoBoAUTHCA B 00sacTi, e V(x) > E.

TakuM UMHOM, IMOBIPHICTH TPOCOYYBaHHSI (TYHEIIOBAHHS ) KBAHTOBOMEXAHIYHO 1
YJaCTUHKH uepe3 0ap'ep eKCIOHEHIIIHO 3aIeKUTh Bl TOBIIMHU Oap'epy. s Toro, o6
CIIOCTEpiraTv TYHEIFOBaHHS Oap'ep MOBUHEH OYTH YK€ TOHKHAM - aTOMapHUX PO3MIPIB.

VIMOBIpHICTh TYHETIOBAHHS 3alCKUTh Bil BEIMYMHH Gap'epy, ioro dopmw, a
TaKO B MacH YacTUHKU. SIKIIO €IeKTpOHU MOXYTh TyHEJIOBATH 4epe3 Oap'epu
TOBIIMHOIO KUIbKa JECATUX HAHOMETpa, TO BaX4l YACTUHKH, HANpUKIaL, aibgda-
YaCTUHKHU, TUILKH 4epe3 Oap'epu 13 po3MipaMu MOPSIAKY po3MipiB snapa. Enextponu
OPOBIIHOCTI B HAMIBIPOBIIHUKAX XapaKTEPU3YIOThCS €(PEKTUBHUMH MacaMu, SKl
MOXYTh OyTM Ha0aTO MEHIIMMHU 3a MAacCy BUIBHHUX €JEKTPOHIB, IIO J03BOJIsIE
CTBOPIOBATH TYHEJIbHI JII0/IH 13 MIMPUHOIO Oap'epy B KUTbKA JIECATKIB HAHOMETPIB.

IIpuHI U NPUYMHHOCTI B KBAHTOBIN MeXaHiIli.

[TpuHIMI TPUYUHHOCTI - OJUH 13 OCHOBHUX IPUHIUIIB (PI3UKHU, KU CTBEPIKYE,
0 Ha MOJI0, sIKa BiAOYBA€ThCS B NEBHUM Yac y MEBHIM TOYLI HPOCTOPY, MOXYTb
BIUTMBATH JIMIIE TIOAi, SIKI TepeAyBaid i y daci (TOYHIINIE BUIAUICHI BIT Hei
4acoIo1I0HUM IHTEPBAIOM).

[TpuHIMT TPUYUHHOCTI TICHO 3B'sI3aHUM 13 TPUHIIUIIOM OJIM3bKO/II .

120



Skmo B MEBHIA NOUIMHII MNPOCTOPY BHUHHUKIO SIKECh 30YypEeHHS, HAIpUKIA,
BHOYXHYJa HaTHOBA, 800 BUIPOMIHMBCS KBAaHT CBITJIa, TO HA IHII TOYKH TMPOCTOPY IS
MO/I1s1 3MO>KE BIUTMHYTH HE paHillie, HDK CBITJIO 3MOXE IMOI0JIaTH BiI1alh MDK TOYKAMH.

Monyab 9. ATomMHe siApo.
Jekuyia Ne32. EnemenTn Qi3UKH ATOMHOTO siipa - 2 TOA.

Ilnaw:

1. Cxnan aroMHUX siaep. 3apsi/l 1 MacoBE YUCIIO siApa.

2. Enepris 3B'3Ky s1ep.

3. S nepHi peaxirii.

bynoBa atoMHOTrO0 siApa.

CborojiHi (BUKH YChOTO CBITY KOPHUCTYIOTBCS TEOPIE0 MpO Te, WO SAAPO
CKJIAJA€ThCSI 3 €JIEMEHTAPHUX YaCTHHOK — TIPOTOHIB 1 HEUTPOHIB. YTeEpIle Take
npumnyiieHHss BUCIOBUB y 1932 pomi paasucbkuit ¢uk J. . IBanenko. OpnHak
NPOTOHHO-HEUTPOHHA MOJENb sipa He Binpady Oyna npuiiHata ydeHUMH. HaBitbh
Pesepdopn cTBepaKyBaB, 110 HEUTPOH — JMILE CKJIAJHE YTBOPEHHS MPOTOHA M
enmektpona. Y 1933 porii [BaHeHKO BUTOJI0CHB IOTIOBIIH PO MOJECII SIPa, BIACTO0 FOU U
MIPOTOHHO-HEHUTPOHHY Teopit0. BiH criupaBcs Ha Te, 1110 B SAP1 € TUIbKKA BaXKK1 YaCTHHKL
[BaHEeHKO BIIKMHYB 171€1 PO CKIAHY CTPYKTYpYy HEHTpoHa if mpoToHa. Ha iloro nymKy,
00M/1B1 YaCTUHKH TOBUHHI MaTH OJIHAKOBUM CTYIIIHb €J1eMEHTapHOCTI, TOOTO 1 HEUTPOH,
1 MPOTOH MOXYTh TMEPEXOJUTH OAWH B OJHOTrO. Hamami mpoTOH 1 HEHTPOH IMOYaH
po3risiAaTUCs SIK JIBa CTAHW OJHIET YaCTMHKW — HYKJIOHA, ¥ imes [BaHeHKo cTtana
3arajJbHONPUMHATOI0, a HE3a0apoM Yy CKJIaJl KOCMIYHUX MPOMEHIB OyJia BIIKpUTA LIE
OJIHA €JIeMEHTapHa YaCTUHKA — MO3UTPOH.

3apa3 MpOTOHHO-HEUTPOHHA MOJIEIb SIpa BX)KE HE BUKJIMKAE CyMHIBIB. KpiM TorO,
OpOTSTOM JIOBFOr0 4acy iCHyBasa TiloTe3a Mpo Te, M0 B APl MOXKYTh 3HAXOAUTHUCS
TaKoX 1 enekTpoHu. OHaK BOHA Masa J1y>ke 0arato nmpoTupid 1 He Oysa MiITBEpIKeHa
eKCIIepUMEHTaIbHO. Tak, BIIMOBIAHO A0 IIi€i TIMOTE3W, MacoOBE YHCJIO MOBUHHO
BIITIOBIIATH 3arajibHi KUTBKOCTI MPOTOHIB Yy SApI, a PIBHUIL MacOBOTO YHCIA H
KUTBKOCTI €JICKTPOHIB TOBUHHA JOPIBHIOBATH 3apsi0Bi sapa. Ll Moiens He cynepeunia
3HAQUEHHSAM BOTOMHUX Mac 1 3apsliB, OJHAK HE MOTOJKyBajlacs 31 3HAYECHHSIMU
Mar"iTHUX MOMEHTIB sAJep, CHIHIB W eHeprid 3B'sa3ky sapa. Kpim Toro, BoHa
CIIPOCTOBYBAJIA CIIBBITHOIIICHHS HEBU3HAUYCHOCTEH [ eiizenOepra, BITMOBITHO 10 SKOTO
HEMOYJIMBO OJTHOYACHO BCTAHOBUTH MEBHY kKoopauHary (X, Y, Z) 1 neBHy BiAMOBIAHY

Ar Ap 2 h,

Ay Ap_ > h,

TPOEKIIiFO IMITYTIBCY (X, /y ;) MikpodacTurkm: & 47, 2 h.

e h — xoncranra [ Imanka.

VY pe3ynbTaTi IbOTO MPOTOHHO-HEUTPOHHA MOIEIH si/Ipa Oysia BiAKUHYTA.

Kparmnunna moaens sipa

Kpannmunna moaens siapa Oyna 3anponoHoBaHaB 1936 poui bopom 1 @penkenem.
Bona rpynTyBasmacs Ha aHaJOTii MDK IMOBENIHKOI HYKJIOHIB y SJp1 Ta MOBEIIHKOIO
MOJICKYJT y Kparm piguHd. B 000X BuMagkax CuiIM, MO [i0OTh MDK CKJIQJOBHUMH
YaCTUHKaMU pIIMHU (MOJIeKyJamMH) 1 sijpa (HyKJIOHaMH), € KOPOTKOAIFOUUMH, 1 iM
BJaCTMBE HAacW4eHHsA. Jlnsg Kpami piguHH TOpH  TOCTIMHMX 30BHIIHIX YMOBax
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XapakTEepHOIO € TOCTIHA TYCTHMHA PEYOBUHU. SApa K XapaKTepU3yIOThCs MPAKTHIHO
MOCTIMHOIO MMUTOMOIO €HEPTI€I0 3B'SI3KY 1 MOCTIMHOIO T'YCTHHOIO, 110 HE 3aJICKHUTH Bl
Yyucia HyKJIOHIB y snpi. Hapetri, po3Mip Kparuii, siK 1 po3Mip s1pa, IpONOPLIHHUMA 10
guciaa 4dacTMHOK. OpHAK 111 MOJENb MPEIACTaBISE SAPO SK KPaIUTO EIeKTPUIHO
3apsHKEHOT HECTHCIHMBOI PIAWHU 3 TYCTHHOIO, IO AOPIBHIOE sjuepHid. Llg pimuHa
MIMOPSIAKOBYETHCS 3aKOHaM KBAaHTOBO1 MeXaHIKW. Kparmaaa Moiemb sapa 103BoJma
OJIeprKaTH HamiBeMIIpUYHy (GOpMYIy JJIsl €HEprik 3B'A3Ky HYKJIOHIB Y sIpi, MOSICHUIA
MEXaHI3M SIZIEpHUX PeakKiiiii 1 0coOIMBO J0OPE onMcana peaxiii po3noaury sapa. O gHax
BOHA HE TOSICHIOE MIIBHUINECHY CTIMKICTh SAEp, IO MICTATh MaridHi YHCJia MPOTOHIB 1
HEHTPOHIB.

O060510HKOBA MOJIETTH SI/IPA

VY 50-x pokax ABaALATOTO CTOMITTS amepukanenb M. ['ennept-Maiiep 1 Himenp X.
Hencen BHCTYITWIN 3 OOOJIOHKOBOIO MOS0 sapa. BigmoBimHO 10 HET po3moain
HYKJIOHIB 'y sapi BIiIOYBaeTbCs 3a JIUCKPETHUMH CHEPIETHYHUMH  PIBHIMH
(00070HKaMHM), IO 3aMOBHIOIOTHCA HYKJIOHaMHU BIIMOBIMHO a0 npuHuuny [laym. /o
TOTO  BOHA IOB'A3aj]a 3allOBHEHHs LIMX PIBHIB 31 CTIMKICTIO siaep. BBaxaerbcs, 1o
sapa 3 TOBHICTIO 3alIOBHEHUMH OOOJOHKaMHU € HaWOUIbIN CTikMMH. Taki 0coOIMBO
CTIHK1 (MariuHi) sigpa crpasii icHytoTh. Lle simpa, B sSIKUX 4HMCJIO MPOTOHIB 200 YHCIIO
HEUTPOHIB TOPIBHIOE OJTHOMY 3 MaraHux uucen (2, 8, 20, 28, 50, 82, 126).

O060710HKOBA MOJIETIH SI7TPa TI03BOJIMIIA TIOSICHUTH CITIHU 1 MarHiTHI MOMEHTH SIIEp,
PBBHY CTIMKICTh aTOMHHX SIJIEp, a TAKOXK IMEPIOJMYHICTh 3MIH 1XHIX BJIaCTUBOCTEH. LI
MOJIeNIb 0COOJMBO 100p€e OMHUCYE JIETKl M CepeiHi Sapa, a TaKOXK siApa B OCHO BHOMY
(He30y1’)KEHOMY) CTaHL.

Y Mipy mNOJANbIIOTO HArpoOMaKEHHS EKCIEPUMEHTAILHUX JaHUX TIpo
BJIACTUBOCTI aTOMHHMX SIJIep 3'SIBJISLTMCS HOB1 (DaKTH, SIKI HE 3aBXKI1 BKIAJAINCS B paMKH
onucaHux mojeneil. Tak BUHUKIM y3arajbHeHa MOJeNb siipa (CUHTE3 KpaluIMHHOI U
000JI0HKOBO1 MoJeneit), onThuyHa MOJAEHb sApa (MOSCHIOE B3aEMOJIIO fAnep 13
YaCcTUHKAMH, III0 HAJITaI0Th) 1 0araTo HIIMMX.

SnepHi cuan.
Hyknonu B siapi atoma yTpUMYIOTbCSL 3aBIISIKU SIJIEPHUM CHJIaM, SIK1 € TIPOSIBOM
OJHIET 3 YOTUPHOX (PyHIaMEHTAIbHUX B3a€EMOJIII — CWJIbHOI B3aeMOJli. 3a CBOEIO

IPHUPOI0F0 BOHU KOPOTKO 041 (T~ 10-15 ™), ane myske iIHTEHCHBHI. Y MeXax aTOMHOTO
sapa BoHH Maibke y 100 pa3iB mepeBakarOTh CHJIM €JIEKTPOCTATHIHOT B3a€EMOJII ABOX
npoToHiB 1 B 1038 pa3iB — cuily iXHBOI TpaBiTaiiitHoi B3aemoii. [Ipote Ha BigcTaHsX,
OUIBILIMX 3a PO3MIPH SIAEP, BOHU HACTUILKUA MaJll, 0 IXHBbOIO J1€F0 MOKHA 3HEXTYBATH.

SnepHi cuim AlOTH HE3aJIE€XKHO Bl HASIBHOCTI B HYKJIOHAX €JIEKTPUYHOTO 3apsiy.
BHacnigok 1poro B aTOMHOMY SIJIp1 YTPUMYIOTHCS €IEKTPOHEUTpaAIbHI HEUTPOHU 1 HE
PO3JITAIOTHCSL OJHOMMEHHO 3apsiKeH1 IPOTOHU. EKcriepuMeHTanbH1 JOCTIIKEHHS CUIT
AIEPHOI B3a€EMOJII MPOTOH-IPOTOHHUX, MPOTOH-HEUTPOHHUX 1 HEUTPOH-HEUTPOHHUX
nap nokasaiy, 0 B YCIX BHUIIaJKaX BOHU OJHAKOBI 1 HE 3aJIeXaTh Bi TUITy HyKJIOHA.

AnepHi cuam — KOPOTKOMIIFOYI, OCKUIBKH TMPOSBISAIOTh ce0e Ha BIACTAHAX Yy
Mexax aroMHOro siipa (10-15 m)

OOMIHHUI XapakTep SIePHOI B3a€MO/IIl MOTIOHUMN O KOBAJIEHTHOTO 3B'SI3KY MDK
aTOMaMH B MOJIEKYI, JIe POJIb TAKOTO ITOCEPEIHUKAY BIIIIPAIOTh BaJICHTHI €JIEKTPOHU
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VY 1935 p. smoucekuit pi3uk X. KOkaBa BHUCYHYB MpHIyIIEHHS, IO MPUPOIA
SICPHUX CHJI TIOJSITa€ B IXHROMY OOMIHHOMY XapakTepi, ToOTo, 3a Horo
nependaueHHsIM, HASBHICTh SIEPHUX CHJI 3YMOBJIIOE TIIIOTETUYHA YaCTHHKA HEHYJILOBO1
MacH, IKO0 OOMIHIOIOTHCSI MDK COOOI0 HYKJIOHH TT1JT Y4ac B3a€MO/III.

[3oTonu.

[30Tomu (Bix Tperl. iS0S — OJHAKOBUM 1tOpPOS — MICIIE) — PI3HOBHUIM OJHOTO i
TOTO CaMOTO0 XIMIYHOTO €JIeMEHTA, IO BIAPI3HAIOTHCS 32 aTOMHUMU MacaMu

Heiitpon (Big nar. melllrut — Hi Te, HI HIIE) — HeCTaOUIbHA EJIEKTPUYHO
HelTpallbHa, TOOTO TakKa, IO HE Mae HI MO3WUTHUBHOIO, HI HEraTHBHOTO 3apsiy,
elleMEHTapHa YaCTUHKA

VY cydacHiil (UL IPOTOHU 1 HEUTPOHHU B APl HA3UBAIOTh HYKJIOHAaMU (Bif Jiart.
HIKiel — si7Ipo)

Unciao HYKJIOHIB y sApl aroMa JOPIBHIOE HOro macoBomy uucity A. Ywucio
MIPOTOHIB y S7p1aToMa JOPIBHIOE 3apsay saapa 2. Yucio vertporis N = A-Z

VY Tomy x poui pansHcbkuii Buennit . J1. [Banenko (ykpaiHelp 3a HOXODKEHHSM,
Haponuscs B IlonraBi) 1 HiMeubkuil pi3uk B. I'eif3enOepr He3aneXHO OJMH Bil OJTHOTO
3aMpoOTNOHYBAIM OOOJOHKOBY MPOTOHHO-HEUTPOHHY MOJIETb sSapa aroMa. BoHu
NPUIMYCTWIN, 110 aTOMHE SIAPO CKIANAETHCS 3 HYKIOHIB — MPOTOHIB 1 HEUTPOHIB, SKI
PO3MIIIYIOTHCSl TIEBHUMHU TPyHNaMH ¥ yTBOPIOIOTH sifiepHi 000710HKHA. KOXEeH HYKIOH
nepedyBae B TEBHOMY KBAaHTOBOMY CTaHI, SIKUH XapaKTEpHU3Ye€ThCA EHEPriclo Ta
HA0OPOM IHIIMX KBAaHTOBUX BEJIMIHH.

3rigHO 3 MLI€I0 MOJACIUII0, 3arajibHe YHUCJIO HYKJIOHIB, TOOTO CyMa MPOTOHIB 1
HEUTPOHIB y sApl aToma, JOPIBHIOE MAacOBOMY YHUCJIYy aroma A; YHUCJIO TPOTOHIB
TOPIBHIOE 3apsiAy siapaaroMa Z, uncyio HeutpoHiB N = A — Z. B sinepHiid (i3uini 3oTomn
XIMITHOTO €JleMeHTa X MPUUHATO MO3HAYaTH BIUIMOBUIHAM CHMBOJIOM 13 3a3HAYCHHSIM
oro macoBoro umucja A (3JBa Bropi) i 3aps1oBoro 4yucia Z (3jiBa BHU3Y), TOOTO Y
Burisigi AZX. Hampuknan, Hainmermmi oton ['igporeHy — mnOpoTId, SApO SIKOTO
CKJIAJIa€EThCS 3 OJTHOTO MPOTOHA, To3HavatoTh 1 1H, anbga-uactunky, 10 € sapoM aTtoma
I"eniro, 42He Tomo.

3anoBHEHHSI IEpHUX 000JIOHOK MiJIJISIrae NEBHIA 3aKOHOMIPHOCTI — MPUHIUITY
[aymi: nBa TOTOXHI HYKJIOHHM HE MOXYTh OJHOYACHO TmepedyBaTH B OJHAKOBOMY
KBAaHTOBOMY CTaHI, TOOTO XapaKTepHU3yBaTUCS OJHUM 1 THM CaMUM HAOOPOM KBaHTOBUX
yucen. Tomy icHye psaguucen — 2, 8, 20, 28, 40, 50, 82, 126, HazBaHUX MariIHUMU, SIK1
BU3HAYAIOTh MAKCUMAJTLHE YHCJIO HYKJIOHIB Y 3aII0BHEHMX 000JIOHKAX.

Ilepexin sigpa aromMa 3 OJHOTO CTaHy B IHIIMWA, HANPUKIAA 13 CTAOUILHOIO Yy
30yI>KEeHUI Y1 HaBMaKH, 32 000JIOHKOBOIO MOJIEIUTIO MOSICHIOIOTD SIK KBAHTOBUH MEpex i
HYKJIOHa 3 OjHiel 000soHKM Ha 1Hmy. lllopa3y, komau 4ucio NMPOTOHIB UM HEUTPOHIB
CTa€ MariHUM, BITOYBa€ThCS CTPUOKOIOI0HA 3MIHA BEJIMYUH, Kl XapaKTEPHU3YIOTh
BJIacTUBOCTI sjapa. LluMm, 30KkpeMa, NOSACHIOIOTh (PBUYHY NPUYMUHY ICHYBAHHS
NEPIOANIHOCT] Yy BIACTHUBOCTAX XIMIUHHMX €JIEMEHTIB, BITOOpaXeHy MepioguIHOI0
cucteMoro 1. I. Menpaeneena.

[punmun Ilayni cnouyatky OyB cdop MynabOBaHMM i TOSICHEHHS 3aKO
HOMIPDHOCTEH Yy 3allOBHEHHI €JEKT-pOHHUX OpOITaneil B aroMi; 3rooM BIH OyB
MOIIMPEHNH Ha BC1 €JIEMEH TapHI YaCTHUHKH 3 HAITIBIIUTUM CIIIHOM

[punanun [aymi € pizuunoO CyTTIO IepioaAndHOTO 3akoHy . I. Menneneena
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O06070HKOBA MO/JI€Ih AaTOMHOTO SI/Ipa € OJHIEIO 3 HAUMIPOYKTUBHIIKX Y sICPHIHA
¢bBuIIl, 30KpeMa B TOSCHEHHI IEPI0ONIHOCTI BIIACTU-BOCTEH Sep 1 MEXaHI3BMY SJIep HUX
peakmiii. [Ipore BoHa TakoX Mae CBOi OOMEKEHHS, OCKUIbKA HECIPOMO>KHA
PO3TIIyMAYUTH BJIACTUBOCTI BAXKKUX SIAEp 1 MOSACHUTH BC1 TUMM B3a€MO/IIl HYKJIOHIB y
sapi. ToMy ICHYOTh TaKOX IHIII MOJIEI aTOMHUX sIAep, HAPUKJIaI, KpamnenbHa, 3TiTHO
3 SIKOXO aTOMHE SIAPO YSBJISIOTH Y hopMi Kparuti 0CoOJMBOT KBAaHTOBOT PITHHH.

HedexT macu.

Jepexkr macu — pBHULA MK
Macol0 CIIOKOI aTOMHOTO Sipa JaHOTO
BOTOITy,  BHUpPaXEHOI B  aTOMHHUX
OJIMHHUIIAX MacH, 1 CyMOIO Mac CIIOKOIO
CKJIQJIOBUX KO0 HYKJIOHIB (MacoBHUM
yucyioM). [lo3HagaeTbcss Am.

3rigHo B ¢opmynorw Einmreitna
nedeKT Macu 1 eHepris 3B'sI3Ky HYKJIOHIB
B SIJIp1 €KBIBAJICHTHI:

AE = Amc2

Je ¢ — IIBHAKICTH CBITIA Yy T R T T R R R
BaKyyML Nurriaer nf muclesms mn nucleus

JledekT Macu xapakTepu3ye CTIMKICTD sapa.

JedexT macu, BITHECEHHMM [0 OJIHOTO HYKJIOHA, HAa3WBAETHCS MaKyBaIbHUM
MHOKHUKOM.

Jledexkt macu BHHMKa€e BHACIIIOK MPUTATAHHS MDK HYKJIOHAMH Yy SIAP1 3aBISIKU
CWIbHIN B3aemonii. BiH HalOUbIIMN 1S siAep B cepenuHl nepioauyHoi Taldimil (K
BHJIHO 13 HaABEJAEHOTO PHUCYHKA) 1 3MEHIIYEThCS MPHU 30UIBIIIEHHI aTOMHOTO HOMEpa
eJIeMEeHTa. 3aB/AsKU LIbOMY MOAUT BaKKUX €JIEMEHTIB, HAIPUKJIIA/, ypaHy ado ILTyTOHIIO,
BUBUIbHIETHCS €HEPTis. 3 HIIOTO OOKY, SIK BUJIHO 3 PUCYHKA, EHEPTIH0 MOXKHA OTPUMATH
TaKO’K MPHU YTBOPEHHI siApATEiio 3 siiep BOAHIO. Takuii mpoliec Ha3UBA€ETHC S SIIEPHUM
cuHTe30M. BiH € mKepenoM eHeprii 3ipokK.

Enepris 3B's3Ky.

Eneprieto 3B's13Ky CKIaIHOT CUCTEMHU 3B'sI3aHUX 00'€KTIB HA3UBAIOTH PI3BHUITIO M1k
CYMOIO €Hepriii CKIaJOBUX YAaCTUH, B3ATUX OKPEMO Il €HEPTi€l0 CUCTEMHU Y 3B'sI3aHOMY
CTaHl.

AE =) E, - E,

Auvmage kinding energy per nuclesn [Me]
-

ne AE - eneprisa 3B'sa3Ky, Ei - 3HaueHHs1 eHeprii CKIaJl0BHX, B3SITUX Okpemo, E -
EHEprisl CKIaJAHOT CUCTEMHU.

Came Taka eHeprisg BUAUIAETHCS Y BUIJIAII TEIUIOBOI MPU YTBOPEHHI 3B'A3aHOTO
CTaHy, HallpUKJIaJl, MPHU XIMIYHINA peakii. CaMme TaKky eHepTiio MOTPIOHO 3aTPaTUTH, 1100
PO3IUIMTH CKJIQJI0B1 YACTHHU 3B'SI3aHOT CUCTEMHU.

Jekyia Ne33. Sinepni peakuii. AToMHa eHepreTuka TepmosiepHi peakuii - 2 roxa.
Ilnaw:
1.3araybHa XapakTepUCTUKA SIEPHUX PEAKITIHA.
2. Po3noau siaep ypany. JlaHirorosa peaxiis.

3. SlnepHi1 TepMOsIAEPHI peakIlil 11X MpaKTUIHE 3aCTOCYBaHHS
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S nepHi peaxuii.

SAnepHa peakiis - SBUINEC TEPETBOPEHHS SAEp aTOMIB XIMIYHUX EJIEMEHTIB 1
€IIEMEHTApHUX YaCTUHOK.

SAnepHi peakuii MOXyThb BiAOYBAaTHUCS CHOHTaHHO abo0 mnpu OomOapayBaHHI
PEUYOBMHM HIBUJIKUMH 4YacTHHKaMH. CIOHTaHHI siIEpHI MEPETBOPEHHA € MPUYUHOIO
IPUPOIHOT PaAI0aKTUBHOCTIL

Ak 1 XIMIYHI peakuii, SAEpHI peakiii MOXyTb OYTH EHAOTEPMIUHMMH U
€K30TEPMIYHUMH.

SAnepHi peaxiiii MOAUIAIOTHCS Ha pEaKIlii po3maay Ta peakilii CHHTE3Y.

Oco0MBUM TUIIOM SIJIEPHOT PEAKITI € ITOILT SaApa.

[lpu sgepHUX peakiisiX BUKOHYIOTHCS 3araibHi 3aKOHH 30€pEXEHHS EHEprii,
IMITyJIbCY, MOMEHTY IMITYJIbCY Ta €JIEKTPUYHOTO 3apsay.

OkpiM TOTO ICHY€E HA3KA CTICUMIIHUX IS sIASpHOT (PI3UKK 3aKOHIB 30€pEeKEHH 4,
HaAIPUKJIIAI, 3aKOH 30epeKeHHs 0apIOHHOTO 3apsIy.

S nepHi peakuii CUHTE3Y

[lin yac sanepHUX peakuUiid CUHTE3Y 3 JIETKUX SJI€p €IEMEHTIB YTBOPIOIOTHCS HOBI,
B4l sapa. Peakinis BinOyBaeTbCs 3 BHIUICHHAM CHEprii. 3a3BHUYal peakilii CHHTE3Yy
MOJIMB1 TUIbKU MPHU 32 YMOBH BHCOKUX TeMIIEpaTyp, KOJH siapa HaOyBalOTh BEIMKOI
KIHETUYHO1 €Heprii, OCKUIbKM KYJIOHIBChbKI CHJIM BIIIITOBXYBAHHS MEPEIIKOIKAIOTh
30JIMDKEHHIO 3aps/KEHUX YaCTHHOK, CTBOPIOIOUM MOTeHUiambHUM Oap'ep. Llryunum
IUIIXOM IBOTO BAAETHCS JOCSATTH 3a JOMOMOIOI IMPUCKOPIOBAYIB 3apsiKEHUX
YaCTHHOK.

[IpOTOH-IPOTOHHMUI LUK Y 30pAX

VY mpupoai peakiii CUHTE3Yy BaX4MX siiep 3 JIETHIMX BinOyBarOThCs Yy siApax 3ip,
Hanpukiaa, y Conml. Yepes BHCOKY Temreparypy y sapi (6mum3pko 10x106K) meski
OPOTOHU 3aBISKM BHUCOKIM KIHETHYHIA €Heprii BCTyHalOThb B SJAEpPHI peakui 3
YTBOPEHHSM BOKIHX SITEP.

Bhacninok BUCOKOT KIHETUYHOI €HEeprii Ba MPOTOHHU J0JIAIOTh EEKTPOCTaTUYHE
BIIIITOBXYBaHHS 1 30JMKYIOTHCSI HA XapaKTepHY BIICTaHb CHiIbHOIT B3aemoii (1,3x10-
15 ™). Ilpy upOMy BOHHM YTBOPIOIOTH MNPOMDKHHUWA CTaH — JUNPOTOH, SKUH €
HECTaOUTLHOIO cUCTEeMOI0. BinOyBaeTbcs mepexin 10 CTaHy 3 MEHILIOI0 €HEpTiero: U-
KBapK OJHOTO TPOTOHA MEPETBOPIOETHCA y d-KBapK 13 BUIpoMiHEHHSIM W-+-0030HY
(6era-tumroc po3mam). W-+-0030H HeCTaOUIbHHM, TOMY PO3MAIA€ThCs Ha TO3UTPOH Ta
€JIEKTPOHHE HEUTPUHO. TakuM YMHOM, YTBOPIOETHCS CUCTEMA HEUTPOH—IIPOTOH —
neitpoH. bera-po3nan € moyaTKOBUM (PaKTOPOM MPOTOH-TIPOTOHHOTO LUKITY.

JIeWTpoH B3aeMOJli€ 3 MPOTOHOM Ta YTBOPIOE AP0 TENit0-3 3 BUMPOMIHEHHAM
raMmMa-kKBaHTiB. Ha HacTymHOMY eTarmi B3a€MOJIFOTh JBa sipa Telif0-3, Mo 00yMOBIIIOE
CUHTE3 si/ipareiito-4 3 BUNPOMIHEHHSM JIBOX TPOTOHIB Ta raMMa-KBaHTIB.

p+p—*D+et+ve+04MeB

2D+ p — 3He +vy + 5.49 MeB

3He + 3He — 4He +2p + 12.85 MeB

TakuM 4YMHOM, 3 YOTUPHOX MPOTOHIB CUHTE3YIOTHCS OJIHE A/1po atoma refito. [lia
4yac CUHTE3y OJHOT0 KuIorpama reiito Buaisterbes 6,3x1014 [Tx eneprii).

AnepHi peakiii po3nany
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1939 poky 6ys0 BUSBIEHO, IO siApa ypaHy-235 34aTHi He TUIbKU A0 CIIOHTAHHOTO
noAuTy (Ha aBa Jermmx sijapa) 3 BuauieHHsIM ~200 MeB enHeprii Ta BHIIPOMIHEHHSIM
JTBOX-TPhOX HEUTPOHIB, ajieé W 10 BUMYIIIEHOTO IMOJUTY, IO IHIIIFOETHCS HEUTPOHAMH.
BpaxoByrouu, 1o y pe3ynbTari Takoro MOAUTY TEK BUIIPOMIHIOIOTHCS HEUTPOHH, SIKI
MOXKYTh BHUKJIMKATH HOBI peEakiii BUMYIICHOTO IOJUTY CYCITHIX sJIep ypaHy, cTaja
OYEBUIHOIO MOKIIUBICTh JIAHITIOTOBO1 siAEpHOT peakilii. Taka peaxiiis He BiIOyBaEThCs y
MPUPOILIUIIE TOMY, 10 TPUPOAHUN ypaH Ha 99,3% ckiiagaeThcs 3 30TONY ypaHy-238,
a JI0 peakuii MOJAUTy NPUIATHUN TUIbKK ypaH-235, SKOro y MNPUPOJHOMY YpaHi
MicTuThCS e 0,7%.

MexaHiBM sSIepHOI peakIlii po3maay MoJisirae y HacTyITHOMY. SlIepHi CHITH Yepe3
B3A€EMOJIIF0 OOMIHHMMHM  BIPTYaJIbHUMU 4YacTUHKaMu (y OUIBLIOCTI BUIAJKIB
BIIOYBA€ThCS MIOH-HYKJIOHHA B3a€MO/Iis1), YaC KUTTS SKUX, BUIMOBIIHO JO MPUHIIUITY
HeBU3HaueHOCTI [ 'eiizenbepra, oOMexeHnit HeBenukoro BemnunHoto dt = h'/dE = R/V =
(1,3*10-15/3*1010) * (140/8)0,5 = 2,3*10-23 ¢, MarTh HelleHTpaIbHUI Xapakrep. Lle
O3Hayae, M0 HYKJIOHU HE MOXKYTh B3a€EMOJIISITH OJJHOYACHO 3 YCIMa HYKJIOHaMHU Y sIAp],
0Cc00JIMBO Y 6araT0HyKJ10HHHX anpax. Ilpu Benukiil KUTbKOCTI HYKJ'IOHIB y saapi ue
06yMOBJ'IIO€ ACUMETPII0 TYCTHHH SICPHUX CHJ Ta HACTYIHY aCUMETPI0 HYKIOHHOTO
3B'SI3Ky, a OTXKE, 1 acUMeTpito eHeprii 1mo o6'emy snapa. Sapo HabyBae dopmu, sKa
CYTTEBO BIIPBHSIETHCS Bl C(HeprUyHOi. Y TaKOMY pa3i eJIEKTPOCTATUIHA B3aEMO 11 M1XK
IPOTOHAMH MO€ 32 BEIMUYUHOIO €HEepTil HAOIMKATUCS 10 CUIILHOT B3aEMO/II .

TakuMm 9YMHOM, BHACJIIOK aCHMETpii, CHEPTECTHYHUA Oap'ep MOAUTYy JOTAETHCH, 1
SIPO PO3MAAAETHCS HA JIETII S/1pa, ACUMETPHUUHI 32 MacoIo.

[HOM1 AIPO MOJKE TYHEIOBATH Y CTaH 3 MEHIIIOIO EHEPTI€IO.

Jlanurorosa sizepHa peakuisi.

JlaHIroroBa peakiiss — peakilisl, MPOAYKTH SKOi, CBOEIO YePTOi0, BCTYMAIOTh y
B3AEMOJIII0 3 MOYAaTKOBUMHM MpoaykTamu. Lle XiMIuHI 1 sifiepHi peakilii, y sSIKUX MOosiBa
OPOMDKHOT aKTMBHOI YacTKM (paaukaia, aroMa abo 30y KEHOI MOJEKyId — Y
XIMIYHUX, HEUTpOHAa — Yy SJEPHUX MpOLECaxX) BUKIMKAE BEIUKY KUIBKICThH (JIQHLIOT)
TIEPETBOPEHB ITOYATKOBUX MOJIEKYJ a00 si/Iep BHACIIIOK pereHeparii akTHBHOT YaCTKH B
KO>KHOMY €JIEMEHTapHOMY aKTl peakilii (y KOXKHIM JIaHII1).

VY sanepHii (QBUI JAHIIOTOBl pPeakilii BUHUKAIOTh M Yac MOJAULYy sapa,
3yMOBJIeHOMY HEUTpoHOM. [loai1 BinOyBaeThCs 3 BUBUIbHEHHSIM KUIbKOX, 3/1€0UIBIIOTO
2-3 HEHTPOHIB, SIKi B CBOIO YEpPry MOKYTh IHIIIOBATH MO {HIMX siaep. VIMOBIpHICTH
3aXOTUICHHS SIAPOM HEUTPOHIB 3AJICKUTH BiJ] IXHBOT IIBUIKOCTIL, TOMY JJISI HIATPUMAaHHS
JAHLIOTOBO1 peaKilii HEUTPOHU HEOOXITHO CIIOBUIbHIOBATH.

OCKUTbKM 4YacTMHAa HEWUTPOHIB, YTBOPEHUX I Yac TMOJUTy, BTpaudaeThCs,
NOTJIMHAIOYUCH 0€3 MOJUTy IHIIMMH sApaMu a00 BWIITAIOYM 32 MEXI peakTopa,
JIAHITFOTOBY PEAKIII0 XapaKTepU3ylITh €(PEKTUBHUM KOE(]IIEHTOM PO3MHOXKEHHS K -
KUIbKICTIO HOBOCTBOPEHHMX HEUTPOHIB MII YaCc OJUHUYHOTO aKTy MOJILTY, SIKI B CBOIO
Yepry BUKIMKAIOTh MOAUT HIMX saep. Ko epeKTUBHUN KOSDINEHT PO3MHOKCHHS
OUThIIIMI 32 OJWHUINIO, TO YHUCJIO AKTIB MOJLTY 30UIBIIYETHCS, PEAKIIis PO3TaHsIE€ThCS,
BUBUIbHIOIOUM Jiefiail OUTbIe eHeprii 1 Moxke 3aBepumTucs BUOyxoM. Taka peaxiis
HA3MBAETHCS HAAKPUTUYHOKO. SIKIIO K MeHIMI Bil OJMHMUII, PEAKIis 3racae 3 4acoM.
Takuii pexxuM HazuBaeTbesl minkputudHUM. [t k = 1 mepebir peakiii 3auimaeTbCs
He3MIHHUM. CaMe Takuil KpUTHIHHUN PEKUM BUKOPUCTOBYETHCS B SITIEPHUX PEAKTOPAX.
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S nepHuii peakrop.

Jlisa mepeTBOpeHHsI TEMJIOBO1 €HEpTii po3maay siaep Ha €IeKTPUYHY EHEpPTiIo
BUKOPHUCTOBYIOTh SIICPHUM peakTop. SIK majbHE y PEaKTOpi 3aCTOCOBYETHCS CYMIMI
BoTomB Ypany-235 ta Ypany-238, a6o Ilnyroniii-239. Ilpu noTparuisiHHI IIBUJIKUX
HEUTPOHIB 70 si/ipa aroMa YpaHy-238 BinOyBa€eThCsl HOTO MEPETBOPEHHS HA ITyTOHIM -
239 1 #oro mnoAamblIMii po3man 3 BUBUIbHEHHSM eHeprii. [lpomec Moxe OyTu
OUKITYHUM, TPOTE JJIsi LbOTO HEOOXIIHI PEAKTOpH, SKI MPALIOITh HA IIBUIKUX
HEUTpOoHaxX. 3apa3 ke SIK OCHOBHHUI KOMIIOHEHT B PEAKTOPaX 3aCTOCOBYETHCS HYKIIT
Vpany-235. Jlna #oro B3aemojii 31 IIBUAKAMH HEUTPOHAMH HEOOXITHE 1X
CIIOBUTbHEHHS. SIK CITOBUIHLHIOBAY 3aCTOCOBYIOTD:

rpadir — n100pe cnoBUIbHEHHS, CJIa0Ke NOTJIMHAHHS, TPUAATHUN 1711 YpaHy-238
SIK TTajIuBa

BOIy: «ierka Boga» H20 - myxe noOpe cHOBUIbHEHHS, 3HAYHE MOTJIMHAHHS
HEUTPOHIB, III0 HETAaTUBHO MO3HAYAETHCS HA KUTbKOCTI BUBLILHEHOT EHEPT i

Bakka Boaa D20 - myxe 1o0pe CoBUILHEHHS, CJIA0KE MOTJIMHAHHS HEUTPOHIB.

3a TUIIOM BOJM, II0 BUKOPUCTOBYEThCS Y peakropax, D20 abo H20, peakropu
MOAUIAFOTHCS Ha BAXKKOBOISTHI Ta JISTKOBOASHI BUIMOBITHO. Y BaKKOBOSHHUX PEAKTOPax
K TaJlbHE BUKOPUCTOBYETHCS HYKIA YpaHy-238, y JerkoBoAsiHUX - YpaHn-235. [ns
KepYBaHHS PEaKIlier0 po3maay Ta i1 MpUMHUHEHHS 3aCTOCOBYIOTh PETYIIIOBaIbHI CTPUKHI,
10 MICTATh 13oTONM O60py abo kanmito. EHepriro, sika BUAUIIETHCS i Yac JAHIFOTOBOT
peaxiIii moaiTy, BUBOAUTH TEIUIOHOCIH. Uepes e BiH HarpiBaeThCs, 1 IPU MOTPAIUISHHI B
BOJIy BIH HarpiBae ii, IEpeTBOPIOIOYM Ha Mapy (4acTo TEIJIOHOCIEM € cama Bojia). [lapa
obepTae mapoBy TypOiHy, sika 00epTae poTOp reHeparopa 3MIHHOTO CTPYMY.

Jekuyia No34. Tepmosinepunii cuaTe3. MeToaM CIOCTEPIraHHA eJIeMeHTAPHUX
YaCTHHOK

Inaw:

1. TepmosinepHuy CUHTES .

2. BukopucTaHHS S1epHOT CHEpTTii.

3. Jluunbhuk [eitrepa.

4. Kamepa BinbcoHa.

5. bynb6arkoBa kamepa.

6. MeTo1 ToBCTOIMApOBHUX (DOTOEMYJIIHCIH.

TepmosiiepHui CMHTE3.

SInepHuii CHHTE3 — Iie MPOIIEC, i Yac SKOTO
IBa aTOMHUX siapa o00'enHyIOTbCS, (HOpMYIOUYU
Ba)Kue SAPO. 3a3zBuuan e MPOIIEC @ G
CYNPOBOJIKYEThCS BUAUICHHSAM eHepTii. SAnepHuii
CHUHTE3 € JH)KEpPEIOM EHEprii B 3IpKax Ta BOJHEBIN
OoMOL.

Jlnst 30mKeHHST aTOMHUX SI/Iep Ha BIICTaHb, @
JOCTAaTHIO ISl TOro, 100 BigOynacs sjaepHa
pEaKIisi, HABITh IS HAMIIETIOTO EIEMEHTY, BOIHIO, o ‘He + 3.5 MeV
noTpiOHa ay)Xe 3HaYyHa KUIbKICTh eHeprii. Ajne, y  nh+ 14.1 MeV
BUITAJIKY JIETKUX sIJIep, BHACTIIOK 00'€THaHHS JBOX
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aiep 13 YTBOPEHHSIM BaXUOTO Sapa BUAULIETHCS 3HAYHO
OlUIbIlIC €Hepri, HDK 11e¢ Ha IOJOJIAHHSA KYJIOHIBCHKOTO
BIIIITOBXYBAaHHS MDK HUMH. 3aBJISIKU [IbOMY SIIEPHUN CHHTE3
— JyXe TNEepCIEKTUBHE [KEPENo €Hepri 1 € OJHUM 13
OCHOBHUX HAIIPSIMKIB JTOCJIIKEHHSI Cy9acHO1 HAYKH.

KinbkicTh eHeprii, mo BUAUIAETHCS B OUIBIIOCTI SAEPHUX
peakiuiii Habararo OuUlblla, HDK y XIMIYHUX PEakKIisaX, TOMY 0
€Hepris 3B'A3Ky HYKJIOHIB y siApl 3HAUHO Oulbllla, HDK €Heprii
3B'SI3KY €JICKTPOHIB Y atomi. Hampukiaz, eHepris ioHi3allii, sKka
OTPUMYETBCS TPH 3B'A3yBaHHI €JICKTPOHA 3 MPOTOHOM 13
YTBOPEHHSIM aToMy BOJHIO, cKkiagae 13.6 eIeKTpOH-BOJbT — MEHILE, HDK OJHY
MUTbHOHHY BiI 17 MeB, 1mo BUAUISIOTHCA Mi 4Yac peakuii AEUTEpito 13 TPUTIEM, IO
OTIMCaHa HUKYE.

BuxkopucTaHHs s/IepHOI eHeprii.

BukopucTtanHs aroMHOI €HEprii CTUMYIIOETHCS HacamIepea THM, IO BXKE Ha
NEepIIOMY €Talll il BAKOPUCTaHHS BapTICTh €JIEKTPOEHEPTIl, 0Ep>KyBaHO1 Bl aTOMHHUX 1
BYTUIbHUX CTaHIIIN, TPHUOIM3HO OTHAKOBA.

ExoHOMIuHA mepeBara aTOMHHX SJICKTPOCTAHIIN HaJl TEIIOBUMH O€3IepEepPBHO
3pOCTATHME K BHACJIIOK iXHBOTO YIOCKOHAJEHHS, TaK 1 BHACIIIOK TO10POKYAHHS
KaM'siHOT'0 BYTUUIs, Topdy, HAPTH 1 MPUPOAHOTO Ta3y, 3aMacH SAKUX Y BEPXHIX MIapax
3emutl MBUAKO 3MEHIIYIOThCSA. [Ipu cydacHHMX Temmax 3pOCTaHHS BUKOPHUCTOBYBAHHS
eHeprii nux 3amaciB majguBa Moxe BucTauuTd Ha 100—150 pokiB, BUKOpUCTAHHS XK
SAIEPHUX peaKkUiid MOAUly ypaHy, TOPItO 1 IUIYyTOHIKO 3MOK€e 30UIbIIUTH LEH CTPOK I1Ie Ha
200—300 poxis.

JIumme OBOJIOAIHHS TEPMOSICPHUMHU PEAKIIIMA CHHTE3Y 3a0€3TEUUTh JIFOJCTBO
EHeprie€r0 B HEOOMEXKEH1M KUTbKOCTI 1 Ha HEOOMEXKEHUI TEPMIH.

SnepHa TéxHiKa — raqy3b TEXHIKH, IO OXOILTIOE BUKOPHCTAHHS S1epHOT eHepri ;
CYKYIHICTh TEXHIYHMX 3ac00iB, 3B'S3aHMX 3 BHUKOPUCTAaHHSIM BHYTPIIHHOI €HEprii
aTOMHOTO SI7IPa, 10 BUAUAETHCS MPHU SASPHUX TIEPETBOPEHHSIX.

MeToau ciocTepiraHHs eJ1IeMEeHTAPHUX YACTUHOK.

[Mpunanu, MmO 3aCTOCOBYIOTHCS I PEECTpallii Ta BUBYEHHS Pali0aKTUBHOTO
BUIMIPOMIHIOBAHHS Ta CIOCTEPEKEHHS €JIeMEHTApHUX YaCTHHOK MOJUISIOTHCS Ha JBa
BHUJIM: CIIOCTEPEXHI, IO JO3BOJSAIOTH CIIOCTEpIraTd CIaH (TPEKH) YaCTHHOK Ta
peecTpalliiiHo-BUMIiptoBalibHL. [0 mepmmx BigHOCATbCS Kamepa Bimbcona, audys3Ha
Kamepa, OyipOanikoBa kamepa Ta anepHi poToeMyibcii. Jlo Apyrux MoXHa BIIHECTU
CUMHTWIALIINHUYN, YEPEeHKIBCHKHMA, Ta30pO3PSAIHNN, HAMIBIPOBITHUKOBUHN JYNIbHUKA
Ta IMITYJIbCHY 10HBBAIIMHY KaMepy.

VYci cydacHl METOIM peecTparlii AJACPHUX YaCTHHOK 1 BUIIPOMIHIOBAaHh MOJKHA
pPO30UTH Ha JIB1 TPYIIH:

1)  oOumcioBaIbHI METOJW, 3aCHOBaHI Ha BHUKOPHCTaHHI NPWIAIIB, SKi
00YHMCITIOIOTh KUTBKICTh YaCTHHOK TOTO YH IHIIIOTO THUITY;

2)  TPEKOBI METOH, IO JO3BOJIIOTH BIITBOPHUTH CJIil YaCTUHKHU.

1. Jliunapuuk Deiirepa — npuiajg aJisi aBTOMaTUYHO1 JMOM yacTUHOK. Jlist
JYWIbHAKA 3aCHOBAaHA Ha yAapHIM 1oHBaIli. 3apsKeHa YacTHHKA MpPOJITaE B Tasl,
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BIIPMBAIOYH BIJl aTOMIB €IEKTPOHH, I YTBOPIOE MO3UTHBHI I0HH Ta BUIbHI €JIEKTPOHHU.
JlunmsHEK ['eiirepa 3acTOCOBYETHCS A pEECTPAIIil €JICKTPOHIB 1 Y-BUIIPOMIHIOBAHb.

2. Kamepa Binbcona. ¥ miii kamepi mBHIKa 3apsiIKeHa YaCTUHKA 3aJTUIIIAE
ciil, SIKMM MOXHa croctepiratd Oe3nocepeaHbo uu Qororpadysaru. s kamepu
Butbcona 3acHOBaHa Ha KOHEHCAIl IMEpEHACHYCHOI Maph Ha I0HAX 3 YTBOPCHHSIM
KpanenboK Bonu. Lli i0HM CTBOPIOE Y3IIOBXK CBOEI TPAEKTOPil pyxoMa 3apsiKEHA
yacTHHKA. Kpamenbku yTBOPIOIOTh BUAMMHIA CIIIJT YaCTUHKH, IO TMPOJETIa, - TPEK.
[ndopmaris, siKy nar0Th Tpeku B KaMmepl BuibcoHa, 3HauHO Oararimia 3a Ty, IO MOXYTb
JaTh JYWIBHUKA. 3a JOBXHHOIO TPEKY MO’KHA BU3HAUMTU €HEPTIH0 YAaCTUHKH, a 3a
YHUCJIOM KpaneabOK Ha OJIMHUIIO JOBXKUHHU TPEKY OLIHUTH i1 IIBUIKICTb.

3. Byab0amkoBa kamepa. Y 1952 poui amep. Yuenum /1. ['neiizepom Oyiio
3aMpONOHOBAHO BUKOPHUCTOBYBATH ISl BUSBICHHS TPEKIB YaCTUHOK MEPErpiry piiuHYy.
VY 1iii pinuHI Ha 10HAX, SKI YTBOPIOIOTHCS T 9ac pyxXy MBUAKOT 3apsIIKEHOT YaCTHUHKH,
BUHHUKAIOTHh OyNIb0aIiky napu, ki JaroTh BUAUMUN Tpek. [IpoOir 4acTHHOK, yHACTioOK
OUIBIIOT TYCTUHU POOOUYOi PEUOBUHH, BUSIBISAIOTHCA JOCUTH KOPOTKUMH, ¥ YaCTUHKH
HaBITh BEJIMKHUX EHEPTId «3acTpstoTh» y Kamepl Lle m03Boiisie cnocTepiratd cepito
HOCJIIIOBHUX MIEPETBOPEHb YACTUHKH Ta PEAKIII, 110 HEIO BUKIIUKAIOTHCS.

4. MeTtox ToBcTOmApoBUX (oToemysbceid. Lleil Meron TpyHTYeTbCS Ha
TOMY, IO 3aps/KCHa YacTHUHKA, PYXaluHuch y (POTOEMyINbCil, pyHHYe MOJICKYJH
Aprentym Opomigy B THX 3€pHax, Kpi3b siki BoHa mpoinuia. Ilicis nposBieHHs B
KPHUCTAIMKAX BITHOBIIIOETHCS METaIeBE CPIOJIO ¥ JIAHIFOKOK 3€peH cpiblia YTBOPIOE
TPEK YaCTHHKH. 3a JIOBKWHOKO W TOBIIMHOIO TPEKY MOXKHA OLIHUTH €HEpTir0 i Macy
YACTUHKH.

S. HaniBnpoBiTHMKOBI JTIYMJIBHUKH PEECTPYIOTh YACTUHKH, 1110 TPOXOASITh
Yyepe3 HAIMBIPOBITHUKOBHM 110/, CTBOPIOIOYH B HhOMY €IEKTPHUHHH IMITYJIbC.
6. lonizamiiini JgiymnabHuku. Jlo npuwnagiB, Ae BinOyBaeTbCsA I10OHBAIlS

CEepeOBUINA YACTUHKAMH, IO PEECTPYIOTHCS, BIIHOCSATHCS IMIyJbCHA IOHI3aIliHA
Kamepa, JumibHUK ['elirepa-Mriomiepa, kamepa Binbcona, audysiliHa kamepa,
OynpOammKoBa Kamepa Ta saepHi GOTOEeMYIIbCii.

1. IMnynbcHa ioHi3aniiiHa Kamepa € JIETEKTOPOM 4YacTUHOK. B ocHOBI i
OyZOBH 3HAXOJIUTHCS KOHIEHCATOp, 10 SIKOTO MiIBEAeHa BHUCOKa Hampyra. ['a3, mio
3HaXOJIUThCA MDK €JIEKTPOJIaMH MO’KE I1OHBBYBaTHCS NaJal0dYuMU YacTHUHKAMHU 1
CTBOPIOBATH CTPYM B €IEKTPUUHOMY KoJil kKamepu. Hanpyry nigbuparots Tak, 1mo0 i0HH,
pyXalouuch JO €NEeKTPOJia, HE 3MOTJM PEKOMOIHYBAaTH 1 HE 3MOTJHM 3JIHMCHIOBATH
NOBTOPHY IOHI3ALlIIO Ta3y.

8.  Mudysilina kamepa € pBHOBUAHICTIO Kamepu BitbcoHa 1 Moxe
NpaIloBaTH B HENepepBHOMY pexkuMi. [lepecuueHuii map CTBOPIOETHCS HETIEPEPBHOIO
nugy3i€ro napiB CIUPTY Bil HArPITOT KPUIIKH 10 OXOJIOAKEHOT0 THA KAMEPH.
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