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Beryn

B 3anponoHoBaHOMYy KOHCIEKTI JIeKIIii 3 Kypcy «Di3uKka» MpuBeIeHO MaTepiai 3
KJIAaCUYHOI Ta cydyacHOi (I3UKHM: JlaHI BHU3HAYeHHsS (PI3MYHMX TOHATH, KOPOTKO
chopMypoBaHi (Ppi3MUHI 3aKOHH ¥ IpUBEJIeHI HEOOX1H1 TOSICHEHHS.

OcTaHHIM 4YacoM BHACJHIJIOK BBEJIEHHS HOBUX AMCIMIUIIH 4Yac BHUBUYEHHS KypCy
¢bi13ukn 3Ha4HO cKopodeHo. OmHak mporpama 3 (I3UKH 3aJUIIMIach He3MiHHOW. Lle
notpedye HOBUX MIAXOIIB A0 BHUKJIaJaHHA (I3UKH 1 HOBUX MIJPYYHHKIB, sKi O
BpaxoBYBaJIM 3HAYHO CKOpPOUYEHI 00csru vacy Ha BuBYEHHS ¢izuku. [linpyunuku 3
¢i3ukH, sIK MpaBUIIo0, 6araTOTOMOBI i po3paxoBaHi Ha TpUCEMECTpoBe BUKiIagaHHs. [Ipu
CaMOCTIHHIA POOOTI I1e BUKIMKAE 3HAYHI TPYIHOIII IS CTyIeHTiB. ToMy BUHHKIA
moTpeda pa3oM 3 HOBUM KYPCOM MAaTH CKOPOUYCHHUU y BHUTJISIAI KOHCIEKTY JICKITIN, STKAMA
BIJIMOBIAa€ 00’eMy BUKIIQJaHHS B YHIBEPCHUTETI, a MAPYYHUKHA BUKOPUCTOBYBATH IS
O1IBII TOTTTMOICHOTO BUBYCHHS (DI3UKH 11T YaC CaMOCTIMHOI pOOOTH CTY/ICHTIB.

Kypc nexiiif oXorumoe B CKOpOYEHOMY BUKJIAJaHHI MPAKTUYHO BECh MaTepial
BKa3aHOTO TPUTOMHOro Kypcy. [Ipu 1mboMy MakCMMajabHO CKOPOYEHO MaTEeMaTUYHUUN
amapar, TpUAUICHO yBary (i3MYHOMY 3MICTY MOHSTH, SBHI 1 3aKOHIB. OOMEXEeHHIt
00’€M KOHCHEKTY JICKIIA HE JO3BOJIUB BKJIIOYUTH B HHOTO €KCIIEPUMEHTAIbHI METOIU
JOCIIIKEHB, OMKC JOCIIAIB Ta MPWIAJIIB M THIINI eKcliepuMeHTaIbHul Matepian. Bee
e CTpUsie MPU 0OMEKEHOMY 00CITy Yyacy Ha BUBYEHHS JUCHMIUIIHUA SKICHO OBOJIOIITH
OCHOBHMMHM TOHSATTSAMHM, SBHIIAMU 1 3aKOHaMHM (i3UKH MpPU HE3MIHHIA Iporpami 3
JTUCIUILIIHHA.



Monayas 1. MexaHika MaTepiajJibHOI TOYKH.
Jlekuyia Nel. OcHoBHA 3aa4ya MeXaHIiKM - 2 roj.

Ilnan:

1.Jlesiki BIIOMOCTI 3 MAaTEMATHKH;

2.IlpenmeT, meTa 1 MeToau (HI3UYHUX JTOCIIKEHbD;

3.Cucrema CI;

4.0OcHOBM KIHEMaTUKU PyXy MaTepiabHOI TOUKH.

Jlesiki BimoMocCTi 3 MaTeMaTHKH

Matemaruka Biirpae BUKJIIOUHO BaXIUBY poiib B (hi3uili. be3 Hei cydacHa dizuka
HeMuciIuMa. MareMaTHKa aJleKBaTHUW KIJIbKICHUHM amapatr ans ¢i3ukiB. B mporeci
po3BUTKY (Hi3uka 1 MaTeMaThKa B3a€EMHO 30aradyioTh OJHA OAHY. AJie HEO0OXiTHO
MPaBWIBHO YSBISITH ICTUHHY pOJIb MareMaTuku 1 (izuku. YUmcra maremMaTtuka Mae
cIpaBy 3 aOCTpakTHUMHU 00’ €kTaMu 1 MOHATTAMHU. [Ipu moOymosi Teopii Pizuka 3amiHIOE
peanbHi 00’€KTH X 1/1€alli30BaHUMH MOJICISIMU, 1110 TPUOIU3HO NMPABUIBHO MEPEAa0Th
HE BCl BJIACTMBOCTI peajbHOr0 00’€KTa, a TIIBKH Ti 3 HUX, SIKI CYTTEBI B TOMY KOJI1
NUTaHb, 10 PO3MJISIAIOTECSA. SIKI BIACTUBOCTI pealibHUX OO €KTIB CYTTEBI, a Kl HE
BIJIIFPAIOTh TIOMITHOI pOJII — HA II€ MUTAHHS MOKE BIJIMOBICTU TIIBKHU JOCIHIJ, SKOMY
HAJICXKUTh BUPIIIAIBHE CIIOBO B MMUTaHHI MPO MPaBUIILHICTh OyAb-sAKO0i Pi3UudHOT Teopii 1
MeKax 11-BUKOPUCTAHHS.

IIpeamer, meta i MeToau PI3MUHUX TOCIIIKEHb

di3ukKa — 11e HayKa [po npupoay. BoHa BUBYae MaTepito Ta OUIBII MPOCTI 1 pa3oM
3 Tum Oib1I 3aranbHi GopMH 11 pyXy, a TaK0XK (QyHIAMEHTAIbHY B3a€EMOII0 MPUPOJIH,
110 KEPY€E pyXaMH MaTepii.

Jlesiki 3aKOHOMIPHOCTI € 3araJiIbHUMU JIJISI BC1X MIITEPlaJbHUX CUCTEM, HATIPUKIIA]]
30€pEKEHHS EHEPIUH, - IX Ha3UBAIOTh (PI3MYHUMU 3aKOHAMH.

®i3uKky 1HOAI Ha3UBaIOTh «(OYHIAMEHTAJIHLHOI HAYKOI», OCKUIBKH I1HIII
npUpOAHUYl HayKu (O10JI0TisI, T€0JIOTIs, XiMisl Ta 1H) OMUCYIOTh TUTBKH JCSKHUMA Kiac
MaTeplalbHUX CUCTEM, IO MIAKOPSIOThCS 3akoHaMm (izuku. Hampukiazn, Ximis BUBYAE
aTOMH, YTBOPEHI 3 HUX PEUOBUHHU Ta MEPETBOPEHHS OJIHIET pEYOBUHU B 1HIITY. XIMIYHI K
BJIACTUBOCTI PEUOBMHHU OJHO3HAYHO BU3HAYAIOTHCS (PI3MUHUMHU BJIACTUBOCTSIMH aTOMIB 1
MOJIEKYJl, ONUCYBaHMMHU B TakuxX po3auiax (i3uky, SK TEPMOJIMWHAMIKA,
€JIEKTPOMArHeTU3M 1 KBaHTOBa (i3uKa.

®di3uka TICHO TIOB'A3aHa 3 MATEMAaTUKOI: MaTeMaThKa HaJae amapar, 3a
JOTIOMOTO10 SIKOTO (D13UYHI 3aKOHU MOXKYTh OyTH TOYHO copMysboBaHi. Di3nyH1 Teopii
Maixke 3aBkAM (DOPMYIIOIOTHCA Yy BUIUIAAI MATEMAaTUYHUX BUpPa3iB, NPUUOMY
BUKOPUCTOBYIOThCSL OUIBII CKIJIAJHI PO3JIIM MaTeMaTHKH, HIX 3a3BHuYail B IHIIUX
Haykax. | HaBMakW, pPO3BHTOK OaraThbOX Tally3eli MaTEMaTUKH CTHUMYJIFOBAJIOCS
notpebdamu (Hi3UYHUX TEOPIi.

OcHoBHa 3a/1aya MEXaHIKA B TOMY, 1100, 3HAIOYM CHJIH, J[IF04l HA TUI0, BUBHAYNUTH
MOJIOKEHHST (KOOpJMHATH) IHOTO TUIa B JIOOMH TpoMiKOK yacy. lle mpsma 3amaua
MexaHiku. OOepHEHOI0 3a7]a4€0 € 3HAXOKEHHS CUJI, IK1 CIPUYUHIIIN TIEH PyX.

MexaHika TICHO MOB’s3aHa 3 6ararbMa po3aiutamMu (Gi3ukd. Psii MOHATH 1 METO/IIB
MEXaHIKH TP BIAMNOBIAHUX Yy3araJbHEHHSX 3HAXOSATh 3aCTOCYBAaHHS B CTaTUYHIN
(bi3uIll, ONTHUIII, KBAHTOBIM MeXaHiIli, eIeKTPOINHAMIIl, TEOPii BITHOCHOCTI 1 1H.



[Tpuaunu (Hi3MYHUX MOIMIYKIB ACIIO BIAPIZHSIIOTHCS BiJ TAKUX B IHIIUX HAyKax
TOMY, 11O TYT ICHYE YITKO BHU3HAYEHUN PO3IOIiJ Ha TEOPIIO Ta €KCHEpPUMEHT, 1 3 20
CTOMITTS OUIBIIICTh (DI3UKIB CHeEIiamizyeTbes ad0 Ha TeopeTuuHid (izuii, abo Ha
eKCIIEPUMEHTAJIbHIM, 1 IyKe Majio TaKuX, K1 O JOCATIIM YCImiXiB B 000X HampsiMax. Ha
BIIMIHY, MPAaKTAYHO BCl YCIIIIHI TEOpeTHKH O1ojorii Ta XiMmli Takox Oyiau 1
€KCIIEpUMEHTATOPAMH.

KopoTko kakyuu, TEOPETHKH 3aliMalOThCsl TOIIYKOM TEOpii, sKi MOriu O
MOSICHUTH 1CHYIOYl EKCIEPUMEHTaJbHI pe3yJbTaTH Ta MepeadayuTH HOBI, TOMI SK
EKCIIEPUMEHTATOPU OPraHi3ylOTh CBOi MPAKTUYHI JOCHKEHHS JUIsl TEPEeBIpKH
pe3ynbTatiB Teopid. ToOTO, He3BaKalOUM Ha ICHYBAHHS JIBOX UYITKHUX HAIPsSMiB, BOHU
TICHO TIOB's3aH1 OJIUH 3 OMHUM. TOMY TIpOPHUBH B (hi3HIIl 4aCTO BiIOYBAIOTHCS came TO/II,
KOJIM €KCIIEPUMEHTATOPU BUSBISAIOTH, 10 ICHYIOUl TEOpli HE MOXYTh MOSCHUTH IXHIX
pe3yIbTaTIB, 1 11e MoTpedye No0y10BU HOBUX (hi3UYHUX TEOPIH.

Cucrema CI;

MixHapogHa cucTeMa OAMHHUIb— II€ cydacHa (opMa METPUYHOI CHCTEMH,
30ynmoBana Ha 0a31 cemu ocHoBHMX oauHHIL. Cucrema Cl € HaltyacTimme
BUKOPHUCTOBYBAaHOIO CHUCTEMOIO OJIMHUIIL TIPU TPOBENEHHI PO3PaXYHKIB B PI3HUX
rajiy3sx HayKd, TEXHIKH, TOPTIBJI1 TOIIO.

['onoBHa MeTa BIPOBAIKEHHSI TaKOi CUCTEMU — O0'€JHAHHS BEJIUKOI KUIBKOCTI
cucteM oaunuilb (CI'C, MKI'CC, MKC To1110) 3 pi3HUX Tally3eid HayKd Ta TEXHIKH Ta
YCYHEHHSI TPYAHOIIIB, MOB’SI3aHUX 3 BUKOPUCTAHHSAM 3HAYHOI KUIBKOCTI KOE(IIIEHTIB
IpU TEepepaxyHKaX MDK HHUMHU Ta CTBOPEHHSM BEJIMKOI KUIBKOCTI €TAJIOHIB ISt
3a0e3nedyeHHss HeoOXxinHoi TouyHOCTI. IlepeBarm CI 3a0e3neuyroTh MIABUIICHHS
MPOJYKTUBHOCTI Mpall NPOEKTaHTIB, BHPOOHHMKIB, HAYKOBLIB, CHPOLIYIOTh Ta
MOJICTITYIOTh HAaBYAJIBHUMA TIPOIEC, a TAKOX MPAKTHKYy MDKHAPOJHHUX KOHTAKTIB MiXK
JepKaBaMHu.

Mixnapoana cucrema oauHUIL Cl ckiagaeTbest 3 HAOOPY OJMHUITL BUMIPIOBAHHS
Ta HAOOpy KpaTHUX 1 4YacTkoBUX TpedikciB g0 Hux. CucrtemMa TakoX BU3HAYAE
CTaHJApTHI CKOPOYEH1 IMO3HAYEHHS JJIi OJWHUIb Ta TMpaBWJIa 3aMUCy TOXITHUX
OJIUHHUIIb.

Cuctema CI He € HE3MIHHOIO, BOHA € HA0OPOM CTaHIAPTIB, B IKOMY CTBOPIOIOTHCS
OJIMHHUIIl BUMIPY Ta KOPUTYIOTHCS iXHI BUSHAUEHHS 3T1THO 3 MIKHAPOJHUMH yTroJaMu B
3aJIEKHOCTI BiJ] PIBHS CY4aCHOTO PO3BUTKY BUMIPIOBAIIBHUX TEXHOJIOT1H.

OcCHOBM KiHEMATHKHU PyXy MaTepiaJibHOI TOYKHU

KinemaTuka BHBYae pyxX TUI, HE pO3MISAAOYM TI NPUYMHHU, SKI LEd pyx
00YMOBWIIH.

Hexali marepiaibHa TOYKa MEpeMillyeThcs 3 TOUYkH A B Touky B (puc. 1).
Binacranp Bijx Touku A 70 TOukd B, B3siTa B3/I0OBXK TPAEKTOPIi, sIBJIsIE COOOI0 MTPOAeHUMN
nusix  S. BekTtopoMm mepemilieHHs Ha3UBaKOTh BIAPI30K MPsSMOi, MPOBEICHOI 3

e —

II0YaTKOBOTO MOJOXEHHS B KiHueBe monokeHHs tina (Bekrop AB). Sxmo Tino

e

nepemictunocs 3 Touku C B Touky B, To npyrum mepemimennsm 6yne sektop CB.
Pesynbryrounm nepemimennsm 6yne Bekrop AB | sxnii nopisaioe cymi Bexropis AC

ta CB, ockineku, sx BumgHo 3 puc. 1, Bigpisok AB e miaroHammo mapajienorpama,
nooyaoBanoro Ha Bijpizkax AC ta CB.



—

A AB

Puc. 1 Ilepemiwenns mamepianoHoi mouxu
BekTop mepeMimieHHs ciBOaaae 3 MUISTHKOIO TPAEKTOPII JIMIIE MPSAMONTIHIHHOMY
pyci. [Ipu xpuBOMiHINHINA Tpa€eKTOPIi NUISIX HE CIIBIIAA€ 3 TIEPEMIIICHHSIM. AJle, SKIIIO
B3SITH JIOCTATHBO Majie TMEpPEeMIIeHHsS, TO 3 BU3HAYCHOIO TOYHICTIO MOXKHA 3aMIHHUTHU

BIIPI3OK IUIAXY AS BEKTOpPOM MepeMIIeHHS AéJ . Take w™ane mnepeMileHHS

HAa3UBAETHCS €JIEMEHTAPHUM MEPEMILIEHHSIM.
[nsx, mpoitaeHui TijoM, siBIse€Tbes GyHKIEO yacy. [Ipu piBHOMIpHOMY pyci
IIBUJKICTh TUJIA BU3HAYAETHCS MPOCTO K IUIAX, IPOHACHUIN TUIOM 32 OAMHUILIO Yacy.
Jljis O11bII MOBHOI XapaKTEPUCTUKH 3MIHHOIO PyXy BBOJSTH IOHSATTS MUTTEBOI

IIBUIKOCTI. SIKIIO 32 HEBETWKHH MPOMIKOK dYacy At TIJIO TMPOXOIUTH IILIAX AS, TO
IIBUJIKICTh JJOP1IBHIOBATUME:
vV o =5— (1)
Cp t
A

Bennunna MUTTEBOT MIBUKOCTI (IIBUAKICTD B JJaHIW TOYI NUIAXY) piBHA TPAHUII
710 K01 HaOIMKAEThCS BIAHOMIEHHS IPUPOCTY NUISIXY JI0 BIAMOBIAHOTO MPUPOCTY HaCy
IpY YMOBI, TI10 At HAOJIMKAETHCA JI0 HYJISL.

: S
v=lim 4= 2)

B wmaremMarumi 1 TpaHMIT HA3WUBAETHhCS TOXIJHOK BIiJ NIUIIXY IO dacy 1
[103HA4YaCTHCA TaK:

dS
= 3)
dt
dopmyny (3) MOXkKHA 3aMUCaTH 1 YePe3 HECKIHUEHHO MaJie MepeMilleHHS ds:
ds
Vp e (4)
dt

Bektop MIBHAKOCTI cCHiBOajae MO HAaOpAMKy 3 HECKIHYEHHO MajuM
nepemiieHHsM (To0TO 3 JOTHYHOIO IO TPAEKTOPIi) 1 YHCEIBHO PIBHUN MOXITHIN Bif
NUISIXY 10 9acy. B O1abII0CTI BUMAAKIB MPHU PYCl MIBUIKICTh 3MIHIOETHCS 1 IO BETUYMHI 1
mo HampsAMKy. JlIg XapakTEepUCTHKXW 3MIiHM IIBUAKOCTI BBOJUTHCSA  IOHSTTS
TIPUCKOPCHHSI.



B Bunaaky npsMONiHIMHOTO HEPIBHOMIPHOTO PYyXy CepeaHE NPUCKOPEHHS 3a

POMIKOK 4yacy At JOPIBHIOE BIAHOIICHHIO 3MIHU IIBUIKOCTI JI0 IIbOTO TPOMIKKY Yacy.
o 2

g =l; a =A7V; a =" (5)

[IpuckopeHHs, sIKe TIJI0 Ma€ B JaHUW MOMEHT (B JaHIM TOYIll NIJIAXY) JOPIBHIOE
TpaHMIll, 10 SKOi HAOJMIKAEThCS IIpaBa YaCTUHA PIBHSHHS (5) MPU 3MEHIIEHHI MPOMIKKY
yacy At 10 Hys, TOOTO JOPIBHIOE MOX1HIM MIBUAKOCTI Bij 4acy.

V
§-dv 6
. ©)

BpaxoByroun, 1m0 MBUAKICTH JOPIBHIOE MOXiJAHIM NUIIXY MO Yacy, 3HAXOIUMO,
110 MPUCKOPEHHS JOPIBHIOE JIPYT1M MOXIIHIN NIIAXY MO0 Yacy:
d(dS) d?s
dt dt ) dit?
TakuM 4YMHOM, SIKIIO BIIOMUN HUISIX Tija sIK (QYHKINS Yacy, TO JIETKO BU3HAYUTH
MOT0 MIBUAKICTb 1 IPUCKOPEHHS B Oyb — AKUW MIPOMIXKOK 4acy.
3 Kypcy cepeHbOi KON BIJIOMI ITe TaKi CITIBBIAHOIICHHS KIHEMATHUKHU (3HAUTH

iX IHTErpyBaHHSM):
at? 2
v=v,+; S:vot+—;v:w/v0 +20S (8)

Ji(S VO — MBHUAKICTH Tifa B MOMeHT Yacy t = 0; S — msax mpoiiaeHuit Tiiom 3a t
Jacy.
Jexuyia Ne2. KineMaTHKa MaTepiaJbHOI TOYKH — 2 TO/.
Inan:

1. 3amgadi KIHEeMaTUKH

2.PiBHOMIpHU# npsMoJiHIAHUNA pyX. IIBUIKICT

3.PiBHO3MIHHMI IpssMOTiHITHUHN pyX. [IpuckopenHs

4. YacHuil BUMAIOK PIBHO3MIHHOTO PyXY- PyX MiJI JI€I0 TSHKIHHS 3eMITI

5.00epTOBHI1 pyX MaTepiadbHOT TOUYKH Ta HOTO XapaKTEPUCTUKH

6.KonuBanpHUii pyX Ta HOTO XapaKTEPUCTUKHU

['onoBHUM 3aBIaHHSM KiHEMaTHKH € MaTeMaTu4He (pIBHAHHIMH, Tpadikamu,
TAOJIMISIMU TOIO) BU3HAYCHHS TIOJIOKEHHSI Ta XapaKTEPUCTHK PYXy TOYOK abo Tl y
yaci. Bynp-akuil pyX po3risiaeTbCs y TEBHIA cucTeMi BIIIIKY. TakoX KiHeMaTHKa
3aiiMa€eThCsl BUBYCHHSIM CKIIAJIOBUX PYXIB (PYXiB Y JIBOX CUCTEMax BIJUJIIKY, IO B3aEMHO
NEePEeMIIIAIOTHCS).

OcHOBM KiHEMATHKH 00€PTOBOI0 PyXy MaTepiaJibHOI TOYKH

Pyxu, 1mo Bi10yBalOThCs y NPUPOAL Ta TEXHIIl, MOXKYTh PO3PI3HATHUCS 32 JIBOMA
O3HaKaMM: 3a 3MIHOIO 3HAYEHHS IIBUAKOCTI Ta 32 3MIHOIO ii Hanpsmy. Tak, HanpuKIia,
KOJIM TOYKAa YM TUIO PYyXalThCs B3IOBX NpsMOi JiHIT (MalTh NPSMOJIHINHY
TPAEKTOPII0), TO HAMPSM iX MIBHIKOCTI HE 3MIHIOETHCS — BIH 30Ira€ThCsl 3 HAMPSIMOM



TpaekTopii. Xoua MpU LHOMY 3HAYCHHS MIBUAKOCTI MOXE 3MIHIOBATUCH. Y IIBOMY
BUIIAJIKY PYX Ha3WBAIOTh HEPIBHOMIPHUM.

AJie )X pyXH MOXYTh MaTH ¥ KPUBOJIHIMHI TPAEKTOPIi, HAUTIPOCTIIIUMU 3 STKUX €
TPaEKTOPIi KOJIOBL. 3pO3yMLJI0, IO TAKUN PyX MOKe OyTH ¥ pIBHOMIPHUM, TOOTO KOXKHA
TOYKa HUTKU OyJie MaTH IIBUJIKICTh, SKa HE 3MIHIOBATUMETHCS 3 YacOM 3a CBOIM
3HAYEHHSM, X04a HaIpsiM HIBUIAKOCTI TOYOK Y KOKHUA MOMEHT MOKE 3MiHIOBATHUCH.

PosrissHemMo pyx MarepialibHOI TOYKH MO KOJY, KOJIM BIH € PIBHOMIPHHUM, TOOTO
3HaYEHHS IIBUJIKOCTI 3 4acOM He 3MiHIoeThCs [ Touka, pyxarouuce mo Koiy paaiyca R, 3a
NEeBHUH Yac t mepexoauTs 3 Touku A B Touky B. IIpu upomy Bigpizok OA moBepTaeTbes
Ha KyT () — KyTOBe MepeMilleHHs. 3a MMU JAaHHUMHU MOKHA CXapaKTEepPHU3yBaTH PYyX
KyTOBOIO IIBHJIKICTIO, A€ ¢ (Tpempka mitepa «(di») — KyTOBE MEPEMIIICHHS; O
(rpempKa’ JiTEpA «OMEra») — KyTOBa IMIBUAKICTb.

KyToBe mepemimieHHs BUMIPIOEThCS B pajaiaHax (pai.). 1 paniad e Take KyTOBE
NEPEMILLEHHS, KOJIM TPAEKTOPIsl pyXy TOUYKU — JOBXKUHA Ayru kojga AB — nopiBHIOE
TOBXKHUHI pajiyca R.

OTxe, OJMHUIICIO KYTOBO1 IIBUAKOCTI € pajiiaH 3a CeKyHay (pan/c).

1 pan/c nOpiBHIOE KYyTOBIM HMIBUIKOCTI TAaKOTO PIBHOMIPHOTO PyXY MO KOJIY, i
qac AKOoro 3a 1 ¢ 311iCHIOETbCS KyTOBE NepeMillieHHs 1 paj.

[Tpu BuU3HAYEHH1 KYTOBOi IIBHAKOCTI CJIIOBO PaJl HE MUIIYTh, a 3a3HavyaroTh l/c,
MAa€eThCsl Ha yBasl pajy/c.

Pyx Touku 1o koity (Ta 00epTaHHs TBEPAOro TUIA) XapaKTEPU3YIOTh Takl (13U4HI
BEJIMYMHHU, SIK TIEP10JI 1 YaCcTOTa 00EpTaHHS.

[lepion obepranns (T) — e yac, NPOTAroM SIKOro Touka (TiJ0) pOOUTH OJWH
MTOBHUI 00€PT MO KOITY.

HIBuakicTh

[IByiakicTe — (i3UYHa BEJIMYMHA, IO BIAMOBIAA€ BIAHOIICHHIO MEPEMIIIECHHS

TiJa 70 MPOMIXKKY dYacy, 3a SKUH Iie mepeminieHHs BimOyBaioch. IlIBugkicth —
BEJMYMHA BEKTOPHA, TOOTO BOHA Ma€ aOCOIOTHY BEJIMUMHY 1 HATIPSIMOK.

[Ipu obGepranHi MaTepiadbHOI TOYKH MO KOy 3 paaiycoM R ii mBuakicth
BHU3HAYAETHCS (POPMYJIIOIO

v =oR.

3aranom, SKIIO PO3IIIANATH PyX MaTepialibHOI TOYKH B TUIONIMHI B TOJISIPHIN
CUCTEMI KOOPJAMHAT, TO MIBUAKICTb MOXKHA PO3KJIACTH HAa JBI CKJIAJIOBI: palajibHy M
TaHreHIabHy. PajianpHa CKIagoBa MIBUAKOCTI HampaBieHA B3JIOBXK pajilyC-BEKTOpa
TOYKHM ¥ OMUCY€E BijgajgeHHss a00 HAOMMKEHHSI TOYKU J0 MOYATKy CUCTEMH KOOPJAMHAT.
TanreHiianbHa CKJIaJOBa HaMpaBlieHa MEPHEHAUKYISIPHO 10 padiyc-BEeKTOpa, U OMUCye
o0epTaHHs TOUKM HAaBKOJIO MMOYATKY BIUIIKY CHCTEMH KOOPAUHAT.

IIpuckopenus

SIKII0 TIO pyXaeTbes MO KONy 13 CTajlol KYTOBOKO IIBHJIKICTIO ®, TO HOTO
MIPUCKOPEHHS CIPSMOBAHE JI0 LIEHTPa KOJia i TOPIBHIOE 32 aOCOIOTHOIO BEITMYUHOIO

a—-*zﬁ‘—i
"R 9)

ne R - paxiyc xona, v = oR - mBuAKICTh TiIA.
Y BEKTOpHOMY 3amuCI:



2
a=-wTr

Jie - paJilyC-BEKTOD. .
3HaK MIHYC BKa3y€ Ha Te, 110 PUCKOPEHHSI CIPSIMOBAHE JI0 IIEHTpa KoJa.

Jexuyia No3. Ilmnamika MaTepiajJbHOI TOYKH - 2 TO/.

Inaw:

1. 3agava TUHAMIKA

2. [neprianpHi CHCTEMH BIIUTIKY

3. [epuuii 3-0 HetoToHA

4. Cuna, maca

5. Apyruii 3akoH HeroToHa

6. udepenmiansaa ¢popma apyroro 3akoHy HeroToHa

7. Tpetiit 3akoH HetoToHa

3akonu HeroTrona

Hb10TOHOBI 3aKOHU pyXy— I1€ PyHIaMEHTaIbHI 3aKOHU KJIACUYHOI MEXaHIKH.

3akonn HproToHa pa3oM 3 HOro >k 3aKOHOM BCECBITHBOI'O TSDKIHHS Ta amapaTom
MaTEMaTUYHOTO aHali3y BIEpILE B CBIM Yac HaJalu 3arajbHE Ta KUIbKICHE MOSCHEHHS
MIUPOKOMY CIEKTPY (PI3UYHUX SIBHII, MOYUHAIOUM 3 OCOOJMBOCTEH pyXy MasTHHUKA Ta
3aKiHYyrO4M opOiTamu Micdlilsl Ta TUTaHeT. 3aKoH 30epekeHHs IMIyJbCy, sikuii HproToH
BUBIB SIK HACJ1JIOK CBOIX JPYroro Ta TPEThOTrO 3aKOHIB, TAKOX CTaB IMEPIIUM 3 BIIOMHUX
3aKOHOM 30€peKEHHS.

[lepmmii 3akoH HproToHa

Ileif 3aKOH TakoX Mae Ha3By 3aKoHy iHepuil a6o npuHmmmy Iamines. Horo
(opMyITIOBaHHS B Cy4aCHOMY BHUKJIAJ1 TakKe:

ICHYIOTh TaKli CHUCTEMH BIJUTIKY, B SIKHUX LIEHTP Mac OyIb-fKOro Tiua, Ha AK€ He
JIOTh HISIKI CUJIM a00 PIBHOIIMHA A10UMX HA HHOTO CHJI JOPIBHIOE HYJIIO, 30€pirae CTaH
CIIOKOIO0 200 PIBHOMIPHOTO MPSIMOJIIHIMHOTO PyXY, JOMOKU LIed CTaH HE 3MIHSATH CHJIH,
3aCTOCOBAaHI JI0 HBOTO.

et 3aK0H € crieniaIbHUM BUTIAJKOM JIpyroro 3akoHy HproToHa (IMBUCH HUXKYE),
ajie MOro 3HAYECHHS IMOJSra€e B TOMY, IO BiH BHU3HAYa€ CUCTEMHU BIIIIKY, B SIKUX
CIpaBeIMB1 HACTYIHI JiBa 3akoHU. L{i cuctemMu BiJIIKy MarOTh Ha3By 1HEPILIMHUX a0o
["anineeBux, TOOTO TaKMX, SIKI PyXarOThCS 31 CTAJIOK0 MIBUIKICTIO OJTHA BIIHOCHO 1HIIIOI.

Hpyruit 3akon HeroToHa: 6a30BHil 3aKOH JUHAMIKH

@opMyITIFOBaHHS:

[IpuckopeHHs: MaTepiaibHOI TOYKM MPSMO MPOMOPILIHE CHIIl, KA Ha HEl Jl€, Ta
HaIpaBJIeHe B CTOPOHY Al II€T CHIIN

MatematuyHo e popmyroBaHHS MOXKe OyTH 3aITMCAHO TaK:

fd
F = E(mv) (10)
dv
F=m—=ma
AbGo dt , AKIIIO M — KOHCTaHTa. Jle

F — cuna, sika i€ Ha TUIO
m — Maca Tuia
a — TIPUCKOPCHHS
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V — IIBUAKICTD

MV — IMITyJIbC, SIKHI TaKOX IMO3HAYA€ThCA SIK P.

[le piBHSHHS (DaKTMYHO O3HAYae€, 110 YUM OUIbIA 3a a0COJIOTHUM 3HAYEHHAM
cuia Oyjae NMpUKIIaIeHa J0 Tila, TUM OUTbIIUM OyJae Woro mpuckopeHHs. [lapamerp m
a00 Maca B IIbOMY DPIBHSHHI — II€ HacOpaBi Koe(]iIlieHT MPOHOPLINHOCTI, SKUM
XapaKTepu3ye 1HEPIIiitHI BIaCTUBOCTI 00'€KTa.

VYV piBasaHl F=ma mnpuckopeHHs Moxke OyTu Oe3rocepe/lHbO BHUMIpsSHE, Ha
BiIMIHY Bia cuid. ToMy 1ieif 3aKOH Ma€ CEHC, SKII0O MU MOXKEMO BH3HAuuTU cuiy F
6esnocepennbo. OAHUM 3 TakuX 3aKOHIB, SKHM BHU3HAYa€ MPaBUWIO OOYUCICHHSA
IpaBITAIlifHOT CHIIH, € 3aKOH BCECBITHBOTO TSDKIHHS.

VY 3aranpbHOMY BHUIIQJKY, KOJIM Maca Ta MBHUAKICTh 00'€KTa 3MIHIOIOTHCS 3 YacoM,

OTPUMAEMO:
. dv dm dm
F—E{mvj—mg—l—vﬁ—ma—l—vﬁ (1)

PiBHSAHHS 13 3MIHHOIO MacCOIO OMKUCY€ PEAKTUBHUM PYyX.

BaxnuBe (i3uyHe 3HaYEHHS [BOTO 3aKOHY IOJSITa€e B TOMY, IO TiIa
B3a€MO/IIIOTh, OOMIHIOIOYHCH IMITYJIbCAMH i POOJISATH 11€ 32 JOTIOMOT'OK0 CHIL.

Tperiit 3akon HproToHa: 3aKkoH fii Ta MPOTHALT

®opMyITIOBaHHS:

Cunu, 1m0 BUHUKAIOTH TPH B3a€EMOJIi JIBOX T, € PIBHUMHU 3a MOIYJIEM 1
IPOTUIICKHUMU 32 HAIIPSIMOM.

MaremMaTH4HO 1€ 3aMUCYEThCS TaK Fl,ﬂ - _Fll i (S Fl,ﬂ — CHIIa, IO JII€ Ha

nepie TiIo 3 OOKy apyroro Tija, a Foq HaBIIaKH, CUJIA, 110 Al€ 3 OOKY MepIIoro Tijia
Ha Jpyre TLIO.

CyniepeunuBoro (popMyTIOBaHHS «HA BCSKY JIIIO € piBHA MIPOTHUIS CJI1JT YHUKATH.

3akoH y chopMysiboBaH1d GopMi € CripaBeJIMBUM JJIs1 yCiX (QI3UYHUX CHII, X04a
ICHYIOTh JIesiKl OCOOJMBOCTI (POPMYIIOBAHHS I[bOTO 3aKOHY B 3aCTOCYBAHHI JO CHJ
€JICKTPOMAarHiTHOTO ITOJIS.

Cuiau B MexaHini

Cuny, sika /i€ Ha KOXKHE TiJ10 3 00Ky 3eMJli, HA3UBAIOTh CUJIOI0 TSHKIHHS.

Cuny TsDKIHHS MOXXHa po3paxyBaTH, 3Hatoud Macy Tina. Crocid Takoro
PO3paxyHKy MiJKa3yITh pe3yJIbTaTh JOCIIIIB.

Ski1o B3ATH JUHAMOMETD 1 IMIJBICUTH 0 HHOTO Ba)KOK mMacoro 102 T, To cTpinka
JTUHAMOMETpa 3yMUHUTHCS O momiaku 1 H. Skmio migBicuTH ABa TaKMX BaXKKH, TO
nuHaMoMeTp nokaxke cwity 2 H 1 1. 1. 3 1boro 1ociigy MOKHA 3pOOUTH BUCHOBOK, IO
CUJIa TSDKIHHS PONOpPLIHA Maci Tifa.

Cuna TsKIHHS TPOIOPIliiHA Macl Tiia.

Cuna TSDKIHHS € TIPOSIBOM 3arajlbHOMPUPOIHOTO 3aKOHY, SKHH i€ B YChOMY
Bcecniti. Bigkputuii 1 chopmynsoBanuii y XVII cr. anrmidickkum ¢izukom HproTOHOM,
BIH CTBEpPIKYye€, 110 CUJa TpaBiTalliiiHoi B3aemojli y BcecBiTi mponopuiiiHa macam
B3a€MOIIFOYMX T 1 3aJI€KATH B BIJICTaHI MK HUMHU.

Cunu mpy>XHOCTI — CHWJIH, [0 BUHUKAIOTh B TUII TIPU HOTO MpYyXHiN nedopmarrii
BUKJIMKAHOTO 1I1i€t0  aedopmariiero. € OKpeMUM BHUIAJKOM MOTEHIIWHUX CHIL
Hab6nmxeHo onucyroTbes 3akoHoM ['yka.

11



[Tpu gedopmariii T iX YaCTUHKHU 3MIIIYIOTHCS OJHA BIHOCHO 1HIIOI. BHacmimok
I[bOTO 3MIHIOIOTHCS BIACTaHI MK aTOMaMU YU MOJIEKYJIaMH, 3 SIKMUX CKJIAJaloThCs Tija.
Ile mpuBOAUTH 1O 3MIHU CHUJI B3a€MOJIl MDK YaCTHHKaMHU. SIKIIO BiJICTaHI MIX HUMH
30UIBIIYIOThCS (HAMPUKIIA, IPH PO3TATYBAHHI), TO CHJIOI0 MIKMOJICKYJIIPHOI B3a€MO/II{
€ CWJa MpUTATaHHA. SIKIO BiJICTaHI MK YaCTUHKaMU 3MEHIIYIOThCS (HampUKiIa, Mpu
CTHUCKYBaHHI), TO CHUJIOI0 MIKXMOJICKYJISIPHOT B3a€MOJI1 € CHUJia BiAIITOBXYBaHHSA. T0OOTO
npu nedopmallii Tila y HbOMY BUHMKAIOTh CUJIM, 110 MPAarHyTh MOBEPHYTH HOTrO y
nonepeaniiit cran. Lli cunm 1 € cunmamMu TPYXKHOCTI, a BIAaCTUBICTh HAa3UBAIOTh
MPYXHICTIO.

3aKkoH 3MiHHU IMITYJIBCY

IMnysibcoM cuCcTeMH n MaTepiabHUX TOUYOK HA3WBAETHCS BEKTOP P, 1m0 mopiBHIOE
rE€OMETPUYHIN CyMi IMIYJBbCiB BCIX TOYOK CHUCTEMH Ta € JOOYTKOM CyMapHOi MacH
cucteMy M Ha MBUAKICTS ii IEHTPY 1HEPITIi:

n

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

3MiHa IMITyJIbCY CHUCTEMH MOXE BIJOYBATHCh JIMILIE BHACIIJOK 30BHIIIHBOIO
BIUTMBY, TOOTO BHACHIJOK il 30BHIIHIX cWi. JKOAHMMU BHYTPIIIHIMUA IPOLIECAMH Ta
B32€MO/IIE€I0 BHYTPIIIHIX YaCTOK HE MOKHA 3MIHUTH CYMapHHUM IMITYJIbC CUCTEMHU.

3MiHa IMOYJbCY Tida MPOMOpPIAHA [0 CHJIM, SKa BUKJIHMKAE L0 3MiHY, Ta
OPOMDKKY dacy, 3a SKHM [ 3MiHa BigOyBaeTbes (npyruii 3akoH HeioToHa):
dp=F -dt

PeakTuBHMH pyX

PeakTuBHUI pyX — pyX, U0 BUHUKAE 32 PAXYHOK BIJKUIAHHS YaCTUHU MACH T1JIa
13 MEBHOIO IIBHUJIKICTIO.

3a 3aKOHOM 30epeKeHHs IMIYJIbCY, TPU BITOKPEMIICHHI BiJ Tija Macoto M Macu

m 13 MBUAKICTIO V, TUJI0O Ha0yBa€ MIBUIAKOCTI V, Ky MOXHa po3paxyBaTu 3a (hOpMYJIO0
muv
V=

(M —m)V +mv = D,a, OTXKe, M —m.

[[IBuakicTe V HampaBiieHa MPOTH PyXy BIAKUHYTOTO Tiia. BoHa TuM Oublia, 9um
OibIIIa Maca BIIKHHYTOTO Tijla Ta HOTO MIBUJIKICTh.

B peasibHuX BUMNaJKax PEeaKTUBHHUM PyX BHHHKAE 32 PAXYHOK CTAJIOTO BUKHJIAHHS
rasiB, Ikl YTBOPIOIOThCA TPH CIaIiOBaHHI manuBa. [Ipu oMy maca Tijia 3MIHIOETHCS
HenepepBHO. CrianmoBaHHs 3a0e3Medye BUCOKY IIBUAKICTh BUTOKY Ta3y.

VY 3araJibHOMy BHMAJIKy, KOJH BiJl TiJIa HENEPEPBHO BIIUISETHCS 1 TPUETHYETHCS
MIeBHA Maca, PEaKTUBHUI PyX OMUCYETHCS PIBHIHHSAM MeIepchbKoro.

Jekuia Ne4. OcHOBHI MeXaHiYHi cWiIn B Ipupoai - 4 rox.
Ilnaw:
1. Cuna TsKIHHS
2. 3akoH BcecBITHBOTO TSIKIHHS
3. Bara Tina
4. Nedopmariisi, cuiia Ipy>XKHOCTI, 3aK0oH ['yka.
5. Cuna tepts
6. ApximenoBa cuiia. 3akoH ApximMeaa. Y MOBH IIJIaBaHHS TLJI.
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7. 3aKoH 30epeKeHHs IMITYIbCY Tija
Cuna TsKiHHA
Cunoto msadicintsA Ha3UBAETHCS CUJIA, 3 KOO BCl TiJIa MPUTIATYIOTHCS 710 3€MIIi.

L

Puc. 2 Cuna maoicinus

Cuny TsDKIHHS MOXXHA pO3paxyBaTH, 3HaiouM wmacy Tua. Cmocid Takoro
PO3paxyHKy MiJKa3ylTh pe3yJIbTaTH JOCIIIB.

Ko B3ATH JUHAMOMETD 1 MIABICUTH J0 HHOTO BaKOK Macoro 102 r, To cTpiika
AMHAMOMETpA 3ynuHHUTHCS Ot moautku 1 H. SIkmio miaBicMTH JBa TakMX Ba)XKH, TO
TMHaMOMeTp nokaxe cwiry 2 H 1 1. 1. 3 1boro aocmuigy MoKHa 3pOOUTH BUCHOBOK, IO
CuJIa TSDKIHHS PONOpLIHA Maci TiIa.

Cuna TSKIHHS TPOIOPIIiiHA Macl Tiia.

Cuna TsOKIHHS € TPOSBOM 3araJbHONPUPOTHOTO 3aKOHY, SIKHA M€ B yYChOMY
Bcecsiti. Bigkputuii 1 chopmynsoBanuii y XVII cr. anrmiiicekuM ¢izukom HbproToHOM,
BIH CTBEpP/I)KYy€, IO CUJa TpaBiTalliiiHoi B3aemojii y BcecBiTi mpomnopiiiiHa macam
B3a€MOIIIOYHX TUI 1 3aJICKUTH B1J BIICTaH1 MK HUMH.

3aKO0H BCECBITHBOIO TSIKiHHA

3aKkOH BCECBITHBOIO TSKIHHA — (i3MYHMI 3aKOH, IO ONMCYe IpaBiTaiiiHy
B3a€EMOJIII0 B paMmkax HBIOTOHIBCHKOI MEXaHIKM. 3aKOH CTBEpPIKYeE, WO CHJia
OPUTSITaHHS MDK JIBOMa TUIaMH (MaTepiaiIbHUMHU TOYKAMH) TIPsIMO TIPOIOpIIiiiHa
n00yTKY IXHIX Mac, 1 00epHEHO MPONOpLIiHA KBaApaTy BIACTaHI MI>)K HUMHU.

Y MarematuyHid (QoOpMI 3aKOH BCECBITHBOTO TSDKIHHS 3alUCYEThCA IS
SN
Fig = -G—F5—rp
. . o F .
MaTeplaJIbHUX TOYOK y BUIJISIL: 12 1€ L'12 — cuna, 1o Al€ Ha Ipyre
T1J10 (MaTepiajgbHy TOUKY) 3 00Ky nepioro Tina, G — rpasiTaiiiina ctana, ml Ta m2 —
MacH TepIIoro Ta APYyroro Tina, BiamoBigHo, 12 — BEKTOp, 10 CIOJIyYa€ mepire Tijao 3

ApYTUM. 112 — BiCTaHb MIX TUIaMHU.

FIE _ G?le?ng
JI1s1 aOCOFOTHO BETMYMHU CHIIH: T2
Cuiia mpuTAraHHs, 10 i€ Ha Meplie TUlo 3 OOKy ApYyroro Tija OJHAaKOBa 3a
MOJIyJIEM 1 HampaBJieHa MPOTUIIEHKHO: Fip = —Fp,

Crana G, siky Ha3UBalOTh IPaBITAIIHOIO CTAJIO0K0, OJJHAKOBA JJIs BCIX TiJI, TOOTO €
byHIaMEHTAIbHOIO (PI3UYHOI0 KOHCTAHTOIO.

Bara

Bara — cuna , sika i€ Ha onopy, a00 Ha BEepTUKAJIBHUM IMiIBiC BHACIIOK BILIUBY
CHUJIH TSDKIHHSA IIOTO 00'€KTa.

P ngmg

13



Puc.3 Baca

VY rpasitaniiHoMy noJii 3eMJiIi MOKHA BBaXKaTH 3 ACSIKUM HaOIM>KEHHSAM, 110 Bara
TiJla 3B'sA3aHa 3 WOTO Macor cmiBBigHOMICHHsSM P = mg, me P — Bara, g — crana
MIPUCKOPEHHS BUTHHOTO MaAIHH Ha 3eMll, a m — Maca Tija.

Sk Oyap-sika cuia, Bara B cuctemi Cl BUMIpIOETbCS B HBIOTOHAX.

I3 o3Ha4YeHHs Baru, K CHJIM, 3 SIKOIO TLJIO JIi€ Ha ONOpY, TOOTO CHJIM peakiii, Bara
TiJ1a 3aJICKUTh Bij Horo npuckopeHHs. Hanpuknaz, y midri, Mo pyiiae Bropy, Bara Tiia
30UIBIIYETHCS HA BEIMYMHY NMPUCKOPEHHS idTa, a y JidTi, SKUNH CITYyCKAETHCA T0A0IY,
Bara Tila 3MEHIIYEThCS HA BEJIIMYUHY MPUCKOpeHHs. T110, sike BUIBHO IMaJa€e 3 BUCOTH,
BTpayvae Bary. Takuii cTaH HA3UBAETHCSI HEBArOMICTIO.

BianoBigHo, Bara 3ajJieKWTh BiJ 3HAYEHHS IPUCKOPEHHS BIIBHOTO TMaiHHS.
KonuBaHHsS nmpUCKOpEeHHsI BUIBHOTO MaJiHHS B MeXaxX 3eMJll HEeBENMKe, aje Ha I1HIIUX
HeOSCHHX Tilax, Bara Tijga 3 OJHAKOBOID MAacOl0 MOJKE CHJIILHO 3MIHIOBATHCH.
Hanpukinazn, Ha Micsii Bara TuUI 3MEHIIY€EThCS TPUOJIM3HO B IIICTh Pa3iB.

Bara Tina, 3aHypeHOTro B pIANHY, 3MEHILYETHCS HA Bary BUTICHEHOI PIUHMU.

Hedopmauisi, cuia MPy>KHOCTI, 3ak0oH ['yka.

Jegpopmayis — ue 3MiHa GopMU Ta PO3MIPIB TUJIa BHACIIIOK il 30BHIIIHIX CHJI.
SIKo micas NPUIMHEHHA A1l NPUKIAJEHUX CUJI TUIO 3HOBY IIpUiIMaE NMEpBUHHY (hopmy,
TO Taka JepopMallisi HA3UBAETHCA MPYKHOIO, & TIIO - IPYKHUM.

3akoH ['yka: mexaHiune HanpyosiceHHs, 5iKe BUHUKAE 6 MIi, NPAMO NPONOPYIUHO
8IOHOCHIU Oeqhopmayii.

0 =¢E | ne E- monyns HOHra.

Al
E = — _ nmp
. . . O =
ko BimHOCHA nedopmartis |o , 4 MCXaHIYHC HaIpy>XCHHS S - TO
Al SE
2 =FE— F_=—Al
R
0 0
OTxe MOXHA 3amucaTy 3aKoH ['yKa JuIsl CHIM IPY)KHOCTI
_— —xAl (13)

Cuna npysicnocmi, AKQ BUHUKAE 6 MmN, NPAMO NPONOPYIUHA AOCONOMHIL
oegpopmayii.

Disuynuti 3micm mooyaa FOnea: monynbs FOHra yucenbHO JOPIBHIOE MEXaHIYHOMY
HAINPYKEHHIO, K€ BUHUKAE B T1JI, TIPH £=1.

Monyns FOHra 3anexuTh BiJ pogy Matepiaity.

Cusia TepTs — 1I¢ HEMOTEHIIWHA CUJa, sIKa MPOTHJIIE PYXOBl (PI3UYHOTO Tina,
PO3CIIOI0YH MOT0 MEXaHIYHY €HEPTiio B TEILIO.

3a cBO€rO (hI3UIHOIO MPUPOJOI0 CHIIA TEPTSA HAICKHUTH JIO €ISKTPOCTATHUHHUX CHJI
1 HEe € (QyHIaMEHTaJIbHUM THUIIOM B3a€MOJii. B MIKpOCKOIYHOMY CBITI CHJIM TEpTS
Hemae. Cuna TepTsl BHHHMKAE JIHMIIE B MAaKPOCKOMIYHMX CHCTEMax, € BHACIIIOK
Xa0TUYHOTO pPYXY aroMiB BiJIOyBAa€ThCA HE3BOPOTHIM MpOLEC PO3CISHHS EHeprii
MaKpOCKOMIYHOTO PyXy CKJIaJJOBUX CHUCTEMHU B €HEPIil0 MIKPOCKOIIYHOTO PYXYy aTOMIB
Ta MOJIEKYJI.
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Cuna TepTs 3aBXIM HANpaBlIeHa TPOTH BeKTopa mBHIKOCTI. Cuma TepTs He
HAJIEXKUTh JI0 MOTEHUIATIBHUX CHIL

Konu Tiio mepecyBaeTbcsl Ha MOBEPXHI IHIIOTO TiTA, CHJIA TEPTS MPOIOPIIAHA
cuiai  peakmii omopu N 3 KoedilIEHTOM MPOMOPIIAHOCTI |, SKUM HA3UBAETHCA
KOe(iIIEHTOM TepTH:

F = uN.

ApximenoBa cuiia. 3akoH ApxiMena. YMOBH IUIABAHHS TLJI.

3akoH ApxiMena: Ha mino 3aHypere  pioutHy abo 2as, 0i€ 8UUUMOBX)8ANbHA CUL,
wo 0opigHIoE 8a3i piouHu abo 2aszy 8 00'emi, BUMICHEHOMY YUM MITOM.

F.=p,9V, (14)

ne P,— ryctuHa Tina, § — NPUCKOPEHHS BUIBHOTO NaAiHHA, V7 — 00’eMm

3aHYpEHOr0 TiJa.

Tabnuys 1
Ymosu nnasanns min:
1. T10 criIMBae F
F.>F, a
FA :pngT , FT =m.g :pTgVT _C“D—_
pngT >pTgVT, - =
P, > pPr — 0

2. TIJIO TOHE

F. <F, Fa
FA:pngT,FT:ng:pTgVT A
PV, <9V, _

P P < pPr T F-‘[
3. TUI0 mjaBae B OyIb-SKOMY MiCIll
pinunu (razy) Fﬂ
F.=F, =
FA:pngT,FT:ng:pTgVT C‘D_
P9V, =pr gV, — | F,
P, =P

3aKoH 30epekeHHs iIMITYJIbCY TLIA

3aKoH 30epeKeHHs IMITYJIbCY - OAMH 13 (PYHIAMEHTAIbHUX 3aKOHIB (DI3UKH, SIKUIl
CTBEP/IKYE, 110 Y 3aMKHEHIM CUCTeMI CyMapHHUH IMITyJIbC YCIX T 30€piraeThesl.

Sk110 Ha cUCTEeMy TUJT 30BHIIIHI CUJIM HE JIIFOTh @00 BOHU BPIBHOBAXEHI, TO TaKa
CUCTEMa HA3UBAETHCS 3aMKHYTOIO, JJI1 HET BUKOHYETHCS 3aKOH 30€pEKEHHS IMIYJIbCY:
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MOBHUM IMIYJbC 3aMKHYTOI CHCTEMH TUI 3QJUIIAETHCS HE3MIHHUM 3a OyIb-SKHUX
B3a€EMOJI1I TUI I[1€1 CUCTEMHU M1 COOOFO.
JloBeneHHs

Posrnsaemo cuctemy 13 N TiJI, K1 B3a€MOJIIIOTh MK co0oro. Cuily, sika Ji€ Ha 1-Te
T1JI0 3 OOKY d] -0ro TiJla MO3HAYUMO . PIBHSHHS pyXy JUIs KOKHOTO 13 N TiJ1 3aIIUCYIOThCS

i
dt 2_Fy
y BUTJISIL: J , ne Pi- immynsc i-oro Tina.
[IpocymyBaBmM yci piBHSHHS, ¥ BPaxOBYIOYHM T€, IO 3a TPETIM 3aKOHOM

%ZE -0 Zpi = const

J3BIIKA i ,TOOTO

Heiotona Fij = _FJ'JE, OTPUMYEMO:
CYMapHUM IMITYJIbC € IHTETPAJIOM PYyXY.

Jekuyia Ne5 Mexaniuna pooora.Eneprisa. KK/Imexanizmis - 2 roa.

Inan:

1. BuzHaueHHs MeXaHI4YHO1 poOOTH

2. 3HaYEHHsI €Heprii AJid pyXy TUI B IPUPO/IL

3. [ToTyXHICTh MEXaHI3MiB

4. PobGoTa pyXOMUX TUJI KIHETUYHA €HEPTis

5. Pobora cunm TsokiHHS. [loTeHLianbHa enepris

6. Pobora nedopmoBanoro Tina. [loTeHmiansHa eHepris 1eopMOBaHOTO Tija

7.3aKk0oH 30epeKeHHs eHeprii

8. KKJI mexani3miB

BusHaueHHsi MexaHi4YHOI po0oTH

PoG0Ta - @isuyHa BenWuWHA, SKa BH3HAYa€ EHEPreTHUYHI 3aTpaTd MpH
nepemimieHH1 Gpi3uuHOTOo Tijla, YU ioro nedopmarrii.

PoGora 3a3Buuaii Mmo3Ha4Ya€ThCs JATHHCHKOIO JiTeporo A (Bim HiMm. Arbeit), B
aHTIIOMOBHIHU miTeparypi - W (Bix anri. Work), it Mae po3mipHICTh eHeprii. ¥ cuctemi
CI poboTa BuMiptoeTscs B JIxoymsx.

I[Tpu manomy nepemimensi ¢gisuunoro tina 01 mix giero cumu F rosopsars, mo nan
TinoM 3ailicHioeTsea podora 0.4 = F - 1 = F'dlcos 0, e 0 - kyt mixk HanpaMkoM cuu
1 HanpPsIMKOM TE€PEMIIIECHHS.

3rifHo 3 wmiero (Gopmysow0 poOOTy 3IIMCHIOE TUIBKM CKJIAJOoBa CHUJIM, SKa
napajienpbHa nepeMimieHHo. Cuma, sika NepHeHAMKYJISpHa IMEepEMIIEeHI0, poOOTH He
31HCHIOE.

Y BUNanKy, KOJM TUIO PYXAETbCS MO KpHUBOIMIHIMHOMY KOHTYypy C, mis
3HAXOKCHHsI POOOTH MOTPIOHO TPOIHTETrPYBaTH HABEJACHWM BHWINEC BUPa3 B3JI0BXK

A= F-d
KOHTYypa: C

Skmo cuna MOTeHIianbHA, TO po0OTa 3alie)KUTh JIMILIE Bif PI3HUII 3HAYECHB
NOTEHIllaly B MOYATOKOBIM 1 KIHIEBIA TOYKAX 1 HE 3aJIekKUTh BiJ TPAEKTOPIi, MO SKIA
TIJI0 PyXajaocsi MK LIMMH JIBOMA TOUYKaMHU.
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VY tepmonuHaminl npu 3MiH1 00'eMy Tijia Ha BennuuHy dV mig giero tucky P Haz

TiJIOM BUKOHYeThest poboradA = —PdV,
Enepris
Enépris (Bim rpem. evepyOg - MisUIbHUN) — 3arajbHa KiUIBKiICHA Mipa pyxy i

B3a€MO/II1 BCiX BUIIB MaTepii. [IoHATTS eHeprii 3B s3y€e BCI SBUIA IPUPOJIH B OJIHE IILIE,
€ 3arajbHOI0 XapaKTEPUCTUKOIO CTaHy (PI3UYHUX TUT 1 PI3UIHHUX IMOJIIB.

VY (izumi enepris 3a3Buyail Mo3HAYaETHCA JATUHCHKOIO JIiTeporo E.

B cuctemi CI eneprist BUMIpIOE€TBCS B IPKOYJIISX.

BinmoBigHo 10 pizHUX QOpM pyxXy MaTepii, po3pi3HSIOTh KiIbKa THIIIB E€HEprii:
MeXaHI9Ha, eJICKTpOMarHiTHa, XIMIYHa, s/IepHa, TETUIOBa, TpaBiTamiitHa Ta iH. Lleit momin
€ JOCUTh YMOBHHMM. Tak XiMiuyHA EHEpris CKJIAJa€TbCcsl 3 KIHETHYHOI €Heprii pyxy
€JIEKTPOHIB, IXHBOT B3a€EMO/I1T Ta B3a€MO/IIi 3 AaTOMAMHU.

IHoTyxHicTh MexaHi3MiB

[ToTyx)HicTh — poOOTa, III0 BUKOHAHA 32 OJUHUIIO Yacy, ab0 eHepris, nepeaaHa
3a OJIMHULIIO Yacy.

3a3BUuai MO3HAYAETHCS JTATUHCHKOIO JiTepoto P, BumiptoeTscs y Barax. [Hmioro
OJIMHUIICIO BUMIPIOBAHHS, SKa 1€ W JOCI MIMPOKO BUKOPUCTOBYETHCS, € KIHChKA CUJIA.

dA
P=r

[TOTY>HICTb € BayKJIMBOIO XapaKTEPUCTUKOIO JIBUTYHIB.
Skio Ha pyxoMme TUIO i€ cujia, TO LSl cuia 3iiHicHIoe poOoTy. [loTyXkHICTh B
[[OMY BHIIQJIKy PiBHA CKaJSIPHOMY JOOYTKY BEKTOpa CHJIA Ha BEKTOp HIBHUAKOCTI, 3

AKOIO pyXaerbes Tio: P = & -V = F-v-cosa
F — cuna, v — MBUIKICTh, 0. — KYT Mi>XK BEKTOPOM IIBUJIKOCTI 1 CHJIH.
Oxkpemuii BUMA0K MOTY>KHOCTI npu obepTaibHOMY pyci:
7-M-n
P=Mw=——"—
30

M — MOMEHT, W — KyTOBa LIBUAKICTb, 7 = 3,14159265358979323. .. __
YKCIIO 11, N — YacTOTa 00epTaHHs (YUCIO0 00EpTIB 3a XBUIUHY, 00/XB).
Ilomyocnicme — (i3uyHa BEIMYMHA, IO JIOPIBHIOE BIJIHOMICHHIO 3I1MCHEHO1

A [ o

poboTu A 10 MPOMIKKY 4acy t, 3a sikuii 11 Oyyo 3/11iCHEHO: P= T
1=1x/c=BT.

Enepris yHiBepcanbHa Mipa pyXy TiJ B IPUPOII

A=FE,—E =AF

[A]l=1H-1m= 1]]x

[E]=Mx

Kinernuna i noreHuiajbHa eHepris

KinetruHa eHépris — yacTHHA €HepTii (i3MYHOI CHCTEMH, Ky BOHA MAa€ 3aBJISKH

pyxy.

PoGoTa pyxommux TiJ

—_

A=F.S:F=ma.s=Y Vo p_p¥ Vo (15)
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Vo mve
A= MVo
2

poboTa pyxoMmoro Tila A=E,—E

mV . . .
E = T_ KIHETHYHA €HEPT1d PYXOMOI'o TuIa

lo . .
E, = - KIHETHYHA €Heprisi 00epTOBOTO PyXy
—2 —2
ITw Lo .
A=— — — poboTta 00epTOBOTO PYXY TBEPIOTO TLJIA
5 5 p P PYXy TBEp
PobGora cnim TaKIHHA
T A=F S
1; Fr=m-g.S=h=h —h,
iy - =—m'9(h2—h1)
~h; - _(m +gh, —m- ghl) po0O0Ta CHITH TSKIHHS
> E = mgh . . .
MOTEHITIaIbHa eHepris (€Hepris B3a€MOIi)
PoGora cui negopmanii
Lyl 11 /7 /] A:E..S_.
A — F np * S
X Xp —
JP F“‘”‘ A:an(x_xo)
w \F"p = FitF_ kxoky  —k (rx,)
4 T np — = = ‘\x+Xx
T2 2 2 °
-k —k kx*  kx
A=— (x+x,) (X=%)=— X —=x% )= — ——2
e e R
kx* kX
A= 2 Do
5 5 pobota cwu nedopmariii
kX2 . . .
E= "5 — IOTCHIialbHa CHEepris 1e(OPMOBAHOrO Tila
[ToreHmianpHa €HEPTiISI — 4YacTWHA eHeprii (i3MYHOI CHCTEMH, IO BHHHKAE

3aBISKH B3a€EMOJIII MK TIJIaMH, SIKI CKJIaJIal0Th CHUCTEMY, Ta 13 30BHIIIHIMH IIOJIO i€l
CUCTEMHM TUIaMH, i 3yMOBJIEHa PO3TallyBaHHAM T y mpoctopi. Pazom i3 KiHETUYHOIO
EHEPri€l0, AKa BPaXOBYE HE TUTBKH IMOJOXKEHHS TIJ Y IPOCTOPi, a ¥ pyX, MOTEHITIATbHA
EHEPTis CKJIa/Ia€ MEXaHIYHY €HepTii0 (PI3UYHOI CHCTEMHU.

[ToTeHmianbHa eHeprisi MarepiaJbHOI TOYKM BHM3HAYA€ThCA SIK pobotra 3 ii
NEepEeMIIICHHS 13 TOYKU MPOCTOPY, VISl SIKOi BU3HAYAETHCS MOTEHIAJIbHA E€HEpris y
AKYyCh 3aJjaHy TOUKY, MOTEHIIaJIbHa €Hepris K01 MpuiMaeThest 3a Hynb. [loTeHmianpHa
€Heprisi BUBHAYAEThCA JIUIIE JJIs TTOJIs KOHCEPBATUBHUX CHIL.

3akoH 30epe:keHHs eHepril

3aKkoH 30€epeKeHHs €HEeprii - 3aKOH, SIKMM CTBEpJUKY€, 110 MOBHA EHEPris B

130JIbOBAaHUX CUCTEMAaX HE 3MIHIOEThCS 3 YacoM. IIpoTe eHepris Moxke IepeTBOPIOBATHCS
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3 OJHOTO BUAY B IHIIMN. 3aKOH 30epexeHHs eHeprii €, MaOyTh, HABaXIMBIIIUM 13
3aKOHIB 30€peKEHHS, K1 3aCTOCOBYIOThCS B (D13HIIL.

3aKoH 30€peKeHHs MEXaHIYHOT eHeprii

VY wMexaHini, 3aK0H 30€pEeKEHHS €HEprii TBEpJAWTb, 110 B 3aMKHEHIH CHCTEMI
YacTOK, ITOBHA €HEPris, 10 € CYMOI KIHETUYHOI 1 MOTEHIIaIbHO1 €Heprii He 3aJIeKUTh
BiJl yacy, TOOTO € IHTErpaJioM PyXy.

3aKoH 30€epe’KeHHS €HEeprii CpaBeITuBUNA TIIBKU JUIsl 3AMKHEHUX CHUCTEM, TOOTO
3a YMOBH B1JICYTHOCTI 30BHIIIHIX MOJIIB YH B3a€EMO/IIH.

Cunm  B3aeMOZil MDK TiUTaMH, A SIKAX BHKOHYETHCS 3aKOH 30epekeHHs
MEXaHIYHOI €HepTii Ha3UBAIOTHCS KOHCEPBATUBHUMU CUJIAMHU.

3aKoH 30epexeHHSI MEXaHIUHOT eHeprii He BUKOHYEThCS AJIS CUJI TEPTS, OCKUIBKH
3a HasIBHOCTI CHUJI TEPTS BIJJOYBAETHCS MEPETBOPEHHS MEXaHIYHOI €HEpTii B TEIUIOBY.

EBOJIOLIIsl MEXaHIYHOI CHCTEMU MaTEpiajlbHUX TOYOK 3 Macamu mi 3a Ipyrum
3aKk0HOM HBIOTOHA 3aM0BOJIBHSE CHUCTEMI PiBHSAHB MliVi = F-x, ne Vi - MBUIKOCTI
MaTepiaIbHUX TOUOK, a F'i - CHUIH, 1O [IIOTh Ha I TOUKI.

Enepris He BUHMKAE 1 HE 3HUKA€ BOHA MEPEXOAUTD 3 OJHOTO BUIY B 1HIIHIMA

(EK2 _Ekl): _(Epz _Epl);

E_— KIHETUYHA €HEPTis

E ,— NOTEHIIaJIbHA €HEPTis

AE, =-AE,

KK/l mexani3miB

VY peasibHUX yMOBaX 4aCTHHA MEXaHIYHOI €HEprii 3aBXIU BTPAYAETHCS, OCKIIbKU
MiJie Ha 30UIbILIEHHS BHYTPIIIHBOT €HEPTii ABUTYHA Ta 1HIIMX YAaCTUH MamuHu. [{1s1 Toro

mo0 xapakTepu3yBaTH €(EKTHUBHICTb MAIIMH Ta MPUCTPOIB, KOPHUCTYIOTHCS
Koe(DIiliEHTOM KOPUCHOT Jii.

n= jwp' -100% (15)
3am

Koedghivienm kopucnoi 0ii (KK/[) — ue ¢i3uvHa BelMYHMHA, KA JIOPIBHIOE
BIJTHOIIEHHIO KOPHUCHOI poboTu A0 moBHOI podoTu. KKJ[ mo3Havaerbcs jmiTeporo m Ta
BUMIPIOEThCS Y npoueHTax. KopucHa pobota 3aBxau menia Bij noBHoi. KK/ 3aBxau
MeHmmii 3a 100 %.

Kopucha po6ota (Ayp) — I1e poO0oTa 3aBISKHU SIKOi CTBOPEHO MEXaHI3M.

3arpaucHa poboTa (A.,;) — 116 poOOTa 3aBASIKH SKil MPAIIOE€ MEXaHI3M.

baraToBikoBa mpakTHKa MOKa3ye, MO KOJIEH 13 MEXaHI3MIB HE J1a€ BUTpaIly B
pobori. Ille crapogaBHiM yueHuM OyJsi0 BiJoME MPABWJIO, SIKE 3aCTOCOBYBAJIM JI0 BCIX
MEXaHI3MIB: Y CKUIbKH pa3iB BUTPAEMO B CHJII, Y CTUIBKHU K Pa3iB MPOTPAEMO Y BiJICTaHI.
[e npaBuiI0 Ha3BaJIK «30JI0TUM MPABUIIOM» MEXaHIKH.

Moayas 2. MexaHika TBepAOro Tija.
Jlekuia Ne6. MexaHika 00epTOBOro pyxXy TBepAOro Tijia .
Ilnan:
1. 1o Ha3uBa€THCS TBEPIAUM TIJIOM
2.KinemaTtrka 0o0epTOBOIO PyXy TBEP/IOTO TiJia

3.MoMeHT iHepIIii MaTepiaibHOI TOUKU
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4. MoMeHT iHepIlii TBepJ0TOo Tijia

5.MoOMEeHT cujIM 1 YMOBH PiBHOBAru Tijia

6./luHamika 00epTOBOIO PyXy TBEPOIO Tijia

7.OCcHOBHE PIBHSIHHS IMHAMIKHA 00€PTOBOTO pyXy TBEPAOTO Tijia

8.MoMeHT IMITyJIbCY TBEPAOIO TiJIa Ta 3aKOH HOTO 30€pesKeHHS

MomMeHT iHepuii

MoménT inéprii (oguuniys Bumipy B cucremi CI [kr M%]) — B disumi € Miporo
1Hep1ii 00epTaIbHOTO PyXY, aHAJOTIYHO Maci AJIsl HOCTYMaIbHOTO.

Momenmom inepyii mamepianbHoi mouky BITHOCHO NESAKOI OCi € TOOYTOK Macu
1i€1 TOYKW Ha KBaJpaT BiACTaHi Bij ii oci oOepTaHHS.

— —2
I, =mr, (16)

B 3aranpHOMYy BHMajKy, 3HaYCHHs MOMEHTY 1Hepuii 00'eKTa 3aIeXHUTh BiJ HOTro
dbopmMu Ta po3moalTy mMack B 00'emi: 4yuM OUIbIlIe Macu CKOHIICHTPOBAHO Aayi BIJ
IIEHTpa Mac TiJa, TUM OUIBIIUM € HOro MOMEHT iHepii. Takox HOro 3HayeHHS
3aJIEKUTh B1Jl 00paHO1 OC1 0OEpTaHHS.

TBepae TII0O MOXKHa pPO3MVISAATH SIK CHCTEMY 3 HECKIHUCHHOI KiJIbKOCTI
MaTepialbHUX TOYOK, KOKHA 3 Macoro mi. SIKIIo BiJCTaHi BiJ KOXHOI TOYKH JI0 OCI
oOepTaHHs JOPIBHIOIOTH I, TO MOMEHT 1HEpIii TiJla 0 BUOpAaHOT OC1 BUBHAYAETHCS SIK:
=Y myr}

1

3a yMOB 0e3mepepBHOTO PO3MOJAUICHHS MacH B TUIl, MOTPIOHUM mepexia [0
_ I= | r*dm
iHTerpambHoi (opMU 3aKOHY: , JI¢ €IIEMEHT Macu d1l BU3HAYAETHCS 3a
JOTIOMOT'OK0 MPOCTOPOBOTO PO3NOLITY I'YCTUHH F .

dm = pdV

Po3nin MexaHikd, B SKOMY BHUBYAIOTbCS YMOBU PIBHOBAru Tijl, HA3UBAETHCS
CTAaTHKOIO.

PiBHOBarow Tijia Ha3uMBalOTh TAKUW CTaH, KOJU OyIb-KE MPUCKOPEHHS Tijla
JIOPIBHIOE HYJIIO, TOOTO BCI JI1i HAa TIJIO CKJI 1 MOMEHTIB CHUJI 3pIBHOBAXKEHI.

[Ipu 1bOMY TI1JI0 MOXKE:

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

— pPyXaTUCh PIBHOMIPHO 1 MPSAMOIiHIIHO (pHC. 0);

— PIBHOMIPHO OOEpPTaTHCh HABKOJIO OCl, SIKa MPOXOJIUTH Yepe3 IEHTP HOro
TSDKIHHS (pHC. C)
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a) &) c I

r

Puc. 4.Tino a) y cmani cnokoro, 6) pyxacmuvcsi piGHOMIPHO i NPAMOIHILHO, 8)
PIBHOMIDHO 00epMAEMbCsL HABKOJIO OCI
[lenTpoM Mac TLIa HA3MBAIOTh TOYKY, 4YEpPE3 AKY MNPOXOASITh CHIIH, IO
3MYIIYIOTh TIJI0 PyXaTUCh MTOCTYyHaIbHO.
LenTpoM TsKIHHA TiNla Ha3UMBalOTh TOYKY MPHUKJIAJECHHS
o ;
F; CHUJIN TAXKIHHSA.
Akimo miag A€ CHWIM  TSOKIHHI TUIO PYXaeTbCs

F, MOCTYNAJIbHO, TO UEHTP MAC 1 LEHTP TSHKIHHS CIIBIIAIAI0Th.

I

7
Buau piBHoBarm.
Jlocnioumu nogedinky mina Ha 21a0Kil NOGEPXHI:

CTiHEA PIFHOEATE

HecTifka piFHOEATE

Puc. 5 Ilosedinka mina na 2naoxii nogepxHi
BucHoBoKk: PO3pI3HAIOTH TPH BUAM PiBHOBAry TiJI:
1)  criiiky piBHOBary, SIKIIIO TiJIO, Oy/y4d BUBEIACHUM 13 MOJIOKCHHS PIBHOBAry B
CyCigHe HAaHOIMKYE IMOJIOKEHHS 1 3aJTMIIICHE B CITOKO1, IOBEPHETHCS B 1€ IMOJOKCHHS;
2)  mecriiiky piBHOBary, SIKIIIO T1JIO Oy y4d BUBEJACHUM i3 TIOJIOXKCHHS PIBHOBAru
B CYCIJTHE TTOJIO’KCHHS 1 3aJIUIICHE B CIOKOI, Oyze Ie OUIbIIe BIIXUISTHUCS B I[bOTO

ITOJIOKEHHS.

3)  OGaiimyxy piBHOBary - SKIIO TiJI0, Oy y4H BUBEJCHUM B CYCIJIHE MTOJIOKCHHS 1
3aJIMIIEHE B CIIOKOT, 3QIMIIUTHCSI B HOBOMY CBOEMY IOJIOKEHHI.

OcCHOBHUI 3aKOH TUHAMIKH 00€PTOBOI0 PyXy

Bbyaemo po3risnaty AMHaMIKy pyXy MaTepialibHOi TOYKH MO KOJTy, Ta 3ajadi, 1o
BUHUKAIOTh Y 3B 513Ky 3 pO3MJIsiAOM 1boro nutanHs. [lo-nepie, 3ragaemo, mo AMHaMika
— 1I€ TaKui pO3[IJ MEXaHIKH, KM BUBYA€ 3’BA30K MK PyXOM AOCTIIKYEMHUX TII Ta
CUJIaMH, IO AiI0Th Ha 11 Tuia. To6TO OepyThCcs 0 yBaru MPUYMHM, 33 SKUX LEH pyx
B110yBaeThcs. MarnmHa, HalpuKIIal, PyXaeTbCsl 10 TOPHU, 3aBIASKH CHUII, 10 “Hajae” ik
MOTOP.
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B enementapHuiit ¢i3uili po3riasaaeTbes pyxX MaTepiaabHOi TOUKA — TaK HA3UBAIOTh
TiJla, PO3MIpaMHu SKWX MOJXHAa 3HEXTYBaTH, IO BIJIHOIIEHHIO JIO0 PO3MIpPIB CHUCTEMH,
JOBKWHU TPAEKTOPHii, TOMO. PyX Takoro Tija MOXKHa 3B’s3aTH 3 PYXOM TOYKH, IO
BIJIMOBIAA€ IIEHTPY Mac IOTO Tija.

3B’SI30K MK IapamMeTpamMu pyxy DOCIIKYEMOTO Tijla Ta CHJIAMH, IO Ha [E Tilo
niroTh, MaTeMaTHuHo Bupaxae 1l 3akoH HeloToHa: 7 = &, ne F- cymapHuii 100yTOK
yCiX CHWJI, IO JIFOTh HA TiJIO, # - Maca, a & - MPUCKOPEHHS TiJa.

[Tpu piBHOMIpHOMY 00€pTaHHI MaTepialibHOT TOYKM MO KOJY ii MPUCKOPEHHS €
2
Vv

JIOIICHTPOBUM 1 BUPAXKAETHCS (POPMYIIOIO: %= R, ne R — pagiyc xoma, a v - jiHiliHa
MIBUIKICTh MaTePiaIbHOT TOUKH.

3B’S130K MK TaKUMH MTapaMeTpaMiu 00epTaIbHOTO PYXY, SIK

&} — xonmoma mBHAKICTH pyXY;

1Y —uacrora pyxy;

T —nmepion pyxy;

1
HazatoTh bopMyIH: @ = 277-v, | T v=a- R
J{uHaMika 00epTOBOIO pyXy TBEpAOIo Tia.
M; — Maca MaTepiaabHOi TOUKU A

— pajilyc BEKTOp MaTepialibHOI TOUKH A

o MowmeHT 1HepIIii MaTepialibHOT TOUKH
Momenmom inepuii mamepianbHoi mouku BITHOCHO
JesKo1 BICI € JTOOYTOK MacH Ii€l TOYKM Ha KBaApaT BIJCTaHI
0 B TOYKH JI0 Bici 0OepTaHHS.
— -2
I, =mr, (16)
MomeHT iHepuii TBepAOro Tijia
0 T < Y
: L =2M1 (k- v (17)
~— Momenm inepyii meepooco mina BITHOCHO JIESIKOI OCI €

5]

CyMa MOMEHTIB 1HEpIii yCiX TOYOK I[bOTO TiJia BIIHOCHO AaHOT
BiCl.
PosrisitHemMo yMoOBy mipu SIKIH OJHA TOYKa M; OTPUMAE MPUCKOPEHHS MPHU

obeproBoMy pyci . Hexait Ha 1110 TOUKy i€ noBiIbHA cuiia Fj . BoHa mae aBi ckiamoBi.

CknanoBa cunu Fj; mapanensHa Bici O;0,, TOMY BOHa HE BIUIMBA€ Ha 3HAYCHHS
IPUCKOPCHHS sike Oyae MaTH MaTepianbHa Touka. L[ ckimamoBa CTBOpPIOE THCK Ha BiCh
HABKOJIO SIKOT 00epTaeThCs MaTepiaJibHa TOYKA.

Fi,— e ckimagoBa crm Fj, ska BU3Ha4Ya€ 3HAUCHHS TaHTCHIIAIEHOTO
MPUCKOPEHHSI MaTepiadbHO1 TOUYKH 1 HalpaBJIeHa MO TOTUYHIN B {1} TOYIII.

3a nqpyrum 3akoHoM HproToHa

F=m-a (18)
Hpyruii 3aKoH 17151 i—1 MaTepiaJIbHOI TOYKH Fiz =m;-a; : d: =&
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TTOMHOKHMO JIiBY i IIpaBy CTOPOHH piBHAHHS Ha i

- ) — - &
Fio-r=m-eri. Fiz-f=li-¢
Fio-ri=1li-6. Mi=Fiz-ri:
Mi=li-¢

Jpyruii 3akon HboToHa /11 MaTepiaibHOT TOYKH TBEPOTO Tija.
TBepe TII0O MOMEHT CHIIH.

i=1 i
S -3 g
i=1 i i=1
M=1¢

OcHoBHe piBHSIHHSI JUHAMIKH 00€pPTOBOr0 pyxXy TBepaoro Tija (lpyruii 3akoH
HeroTona jy1s1 00epTOBOIro pyXy TBEPJOTO Tija)

Pesynomyrouuii momenm cun npuxkiadeHux 00 meepooco Mmild  OOPIBHIOE
000ymKy MoMeHmy iHepyii meepoo2o mila Ha KYmoee HPUCKOPEHH:, SIKe OMPUMYE
meepoe misio nio Ji€r0 pe3yibmyry020 MOMEHN) CUL.

- do — - do — d FE)
E=— M=1-— M=——-
dt - dt dt

MoMmeHT 1Hep1ii TBEPIOTO Tija rpa€e TaKy camy poJib, IK Maca B MEXaHIIl
MaTepiajJbHOI TOUKH

M’ _ ldw

~ (t DIBHSHHS IMHaMiKK 0GEpPTOBOIO PyXy JUIs TBEPIOrO TiNa.

(20)

B obGepToBoMy pyci TBEpJIOTO Tijla MOMEHT I1HEpIIii BiJIIrpae TaKy * camy
POJIB, SIK Maca B MOCTYMAITBHOMY PYCi.
Momenm kinbxocmi pyxy meepooco mina — 000YmoK MOMeHmy iHepyii meepooco
mina Ha Kymoey ueuoKicmy:

16 e
L= [kr'm” "pan/c]
3axon 36epesicenmss MOMEHmMY KLIbKOCMI pyxXy meepooco mila. Cyma MOMeHmis

KiIbKOCMI pyxXy min 00 83aEMOO0Ii OOPIBHIOE CYyMI MOMEHMI8 KIIbKOCMI pYXy — Nicis

83a€MOOII. b p b b

L+L,+L +.=L:+L +L +...=const (22)
3aKoH 30epeeHHS IMITYJIbCY - OJIMH 13 PyHAAMEHTAIBHUX 3aKOHIB (D13UKH, KU

CTBEPIKYE, 110 Y 3aMKHEHIM CUCTeMI CyMapHHUH IMITyJIbC YCiX TUT 30epiraeThCsl.

Sxio Ha cucTemMy Tijl 30BHIIIHI CUJIM HE J1I0Th a00 BOHU BPIBHOBA)XEHI, TO TaKa
CUCTEMa HA3MBAETHCS 3aMKHYTOIO, JJISI HET BUKOHYETHCSI 3aKOH 30€PEKECHHS IMITYJIbCY:
MOBHUM IMIYJIbC 3aMKHYTOI CHCTEMHU TIJ1 3aJIMIIAE€TbCA HE3MIHHUM 3a OYIb-SKHUX
B3a€MOJIIM T1JI L€ CUCTEMHU MIXK CO0OIO:

KineTu4Ha eHeprist 00epTOBOro pyxy
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Haii6inpmn mpocto 3amadi MEXaHIKH PO3B’SI3YIOThCS 7Sl MaTepiadbHUX TOYOK.
ToMy B 1iux BUMaaKax, KOJIM HE MOKHA 3HEXTYBAaTH (POPMOIO Ta po3MipaMH Tijia, HOTO B
TyMIll po30MBalOTh HAa HEBEJMKI €JIEMEHTH Tak, 100 KOXXHUM €JIEeMEHT MOXKHa OYJIo
PO3TIISAATH K MaTepiaibHy TOUKY.

TakuM uwHOM, 3a7ada PO PyX TBEPAOTO TiJla 3BOAUTHCSA JO 3aaadi MpPo pyx
BEJIMKOTO YKCia MaTepiadbHUX TOUYOK (CHCTEMHU MaTepiaIbHUX TOYOK).

OO6epTOBUM pyXOM TBEPJAOIO TiIa HA3UBAIOTh TAKUH PYyX MPHU SKOMY TPAEKTOPIi
BCIX TOYOK TiJIa SIBIAIOTHCS KOJAaMH, IEHTPH SAKHX JIekKaThb HA OJHIM MHpAMIiH, 110
HA3MUBAETHCS BICCIO O6epTaHH$I

Kinetnuna eHeprlﬂ XapaKTepu3ye CTaH pyxXy Tijda. EyI[B-}IKI/II/I €JIEMEHT MacH
00epToOBOrO TiIa Mae JIIHII/IHy MIBUIKICTH 1 OTXKE, BIH Ma€ KIHCTHYHY eHepruo

KinernyHa eHepris BChOro Tila OyJe JOPIBHIOBATH CyMi KIHETHYHHX CHEPIidl BCIX
eJIEMEHTIB Mac.

m-v
Hanpuknan: xinemuyuna enepeis 1Jis IOCTYNAIBHOIO PyXy E= T |
J— I ) a)z
IUISL 00epmo6o2o pyxy — T ’

e @ — KyToBa MIBUAKICTb.
Kymosa weuoxicme @ -ue pi3uyHa BEIMYMHA, AKA IOKAa3y€ SIK 3MIHHUBCS KYT

MIOBOPOTY PajilyC BEKTOpa 3a OJUHUIIIO YaCY: ;0 = (:i_(tp [pan/c], a

Kymoee npuckopeHnus € — 1€ (pi3MUHa BEIIMYMHA, KA TOKa3y€ SK 3MIHWIACH

—

. . . - dow
KyTOBa IIBUKICTh MaTepiadbHOI TOUKH 32 OAMHHMIIIO Yacy: € = at [pan/c?].

Jekuia Ne7. Mexanika piauH i rasis - 4 rox.

Inan:

1 .Bu3HaueHHS TUCKY;

2.TBepai Tina, X XapaKTEePUCTUKA; TUCK TBEPAUX TI;

3.Pinunu, ix XapakTepucTuku. TUCK PITUH — TIPOCTATUYHUN TUCK;

4 I'asn, Ix xapakrepuctuxu. Tuck rasy;

5.3akoH Ilackans;

6.AT™MOC(hepHU TUCK;

7.PiBHSIHHSI HEPO3PUBHOCTI;

8.PiBusiHHA bepuymi. ['iapoanHamMiyHuil THCK.

TBepai Tuna 30epiratotb GopMmy 1 00’€M TOMYy IO, YACTHMHKU 13 SKHUX

CKJIQ[al0Thcsd TBEpAl Tila — Manopyxomi (BOHM BHUKOHYIOTH KOJUBaJbHUN pyX Oi1s

MTOJIOKEHHS PIBHOBATH 1 MAIOTh HAHO1IBIIN CUITH B3aEMO/IIT MI>K COOOTO.
Sﬂ@LuLHa.

W4———
E ﬁ|

- TUCK
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[P]—lH/M3= 1 ITa
Pinunu 36epiratote 00’eM, ane He 30epiraioTh (Gopmu, 1€ OB’ I3aHO 3 TUM

0 YaCTUHKU 3 SKUX CKJIAJAIOThCS PIAUHU — PyXOMi, aje CHUJIM B3aEMOJIT MK HUMHU
nocTartHi, o6 36epiraTa 00’ eMm.

5
f)l'l.'IO Ha

mg _ Ppin. VG _ PpigSgh
S S S S
P=p,,-9-h - THCK piguHH -TiTpOCTATHYHMI THCK.

P _Frnc_

["a3u He 30epiratoTh Hi POpMHU, HI 00’€MY TaK SIK YACTUHKH ra3ziB pyXoMmi 1
MIK HUMU JY>K€ CJIa0K1 CHUJIM B3a€EMOIII.

Tuck ra3y — e cymapHa Jist MOJIEKYJ YaCTUHOK Ha JIHO 1 CTIHKM HOCYAMHU
B pe3yJIbTaTi TEIJIOBOIO XaOTUYHOIO PYXY.

JUis BU3HAUEHHS TUCKY Ta3y BHUKOPUCTOBYIOTHCS MaHOMETPU 1 BOJSHI 1

MeTaJeBl.
3akon Hackans
Tuck nairounii Ha piAMHY 200 ra3 MepeaacTbes Yepe3 KOKHY
TOYKY PIIMHU a00 ra3y OJTHAKOBO , 3aBJISIKH PYXOMOCTI YaCTUHOK.
P

ATMocdepHUH THCK — CTBOPIOETHCS aTMOC(HEpPHUM
NOBITPsIM BUCOTOIO0 =100 kM. 3aBasiKu CHIl TSKIHHSL HaO1IbIIa TyCTHHA MOBITPs Oy/e
y moBepxH1 3emiIi. 3 BUCOTOIO TYCTHHA 3MEHIY€eThCs. Tak sik arMocdepHe MOBITps HE
Ma€ 4YiTKO1 FpaHUIll 1 HE Ma€ CTajoi TYCTUHH, TO HEMOMJIMBO OTpUMaTH (GopmMymy aJis
pPO3paxyHKy TUCKY aTMOC(EpPH.
Jlns BU3HA4YeHHS aTMOC(EPHOrO TUCKY BHUKOPHCTOBYIOTh DPTYTHUU
Gapomerp. HopmansHuit atmochepruit trck. 760mm.pr.ct.= 10°I1a.,
Imm pr.cT. = 133,3 [la
CyvacHuil mpwiaj i BU3HAYEHHS aTMOC(EpHOro THCKY OapomeTp-

aHepoi.
ATMochepHuil THUCK ¢ BHCOTOIO 3MiHIO€TbCs. Ha koxHi 10M BucoTH
3MIHIOETBCS | MM PT.CT.
PiBHSIHHSI HEPO3PUBHOCTI
PiBusinas bepuyJuii
3amava: sKi HEOOXiTHO YMOBH, MO0 piJMHA SKa PYXAEThCS TIO
TpyOOTIpOBOAaM, MPOXOIMIIA Bl MOCTaYaIbHHUKA J0 CIIOKHBavya 0e3 BTpart.

S,<S;; V,>V,

S— IJIOIIMHA MEpepi3y TpyOoomnpoBoIa
V — IIBUJIKICTh PIIMHU HA PI3HUX JUISTHKAX
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HecrucauBa pinmHa — ieanizoBaHa CCTEMa PIAUHU B SIKii TyCTHHA B
KOXKHIH TOUL 3a/INIIA€THCA BEJINYHHOIO cTanon L) = O, = const

PiBHSIHHS HEPO3PUBHOCTI
PO3rIsIHEMO TIEPEHOC MACH PiJMHU 110 TPYOOIIPOBOLY 3a OJHH 1 TOM K€ IPOMIKOK
yacy. Am; = Am,
N pq =p2 0,
SVt =5V, 0t
S,\V; = 85,V, = S3V3 = --- = S, VI, = const

Ha xoxHii aisHI TpyOOTIpoBOIY TIPH PYCl HECTUCINBOL PIIMHKU T00YTOK
IUTOLIMHYU MOMEPEUHOro nepepizy TpyOOonpoBoy Ha MIBUKICTh PEUOBUHU 3aTUIIAETHCS
CTaJIOH0.

PiBusinas bepuyJiii
s Toro, mo0 piguHa 1o TpyOoonpoBoaam moaaBaiach Bij

nocrayajibHHUKa J0 CIOXKKBava 0€3 BTpaT, He0OX11HO, 00 Ha KOXKHIN AUISHII
TpyOOIpPOBO/A 3aTAILHUHN THCK, SIKHIl CTBOPIOETHCSI PYXOMOIO PiAHHOIO
(riIpocTaTUYHUH 1 T1IPOAMHAMIYHMI) Ta aTMOC(PEPHUI THCK 3aJIUIIAETHCS BETUYHHOIO
CTaJOKO.

PiBHsiHHS bepHysull € HACliJIKOM 3aKOHY 30€pe’Ke€HHs eHeprii. SKIo piauHa He
i71easibHa, TO 11 MEXaHIYHA EHEPTisl PO3CIIETHCS 1 THCK B3JIOBXK TPYOONpPOBOAY, SIKUM
Te4e Taka piauHa, crnagae. J{ius peanbHOi B'SI3K01 PIAMHYA B TIpaBiii YaCTUHI PIBHSHb, CIIi
JI0J1aTH BETMYMHY BTPAT TUCKY APBT Ha T1JIpaBIiYHUI OIip PYXOBi.

PiBusinuss bBepHymni  mMpoko 3aCTOCOBYIOTH ISl PO3B'i3aHHS ~ OaraThox
TiApaBIIvyHUX 3a7a4 y HadTOTa30Biil CIpaBi.

PozrasineMo po6oTy siky HE0OX1JHO BUKOHATH 11100 EPEHECTH Macy
PIIMHU 110 TPYOOIIPOBOAY.

A= A; — A,, e Ay - pobOTa 30BHIIIHIX CHJI IO
TEPEMIIIICHHIO P1AVHH.
A, — poboTa BHYTPILIHIX CHUJT OTIOPY PIAUHU
A= (Epy + Epy) — (Exy + Epy)
A — Ay = (Ekr + Epr’) — (Ex1 + Ep1)
<= A — 11e 3MiHHA eHeprii

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

\ ‘F"I‘PIC. =p s i
o D SVt
\ﬁlslm P252V2f>f%+ﬂx—(\22#+91521"2 tgh,)-

2
2
- [ ,0151\; M + SV g r&j

P1 = P2
51Vi = 515

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

by
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2
,OVZZ plvl

P1— P2 = T"‘ prghy ) — (T+plghl)

V,? V.2
P+ pghy "‘ple +p, + poghs +£sz2 = const

o

po + pgh+¥ = const —

u

BaacruBocTi pinuHu

PimnHa — OJMWH 3 OCHOBHMX arperaTHUX CTaHIB PEUYOBHMHHU IOPSA i3 ra3oM Ta
TBEpJAUM TijoM. Bin rasy piamHa BipI3HSAETbCS THUM, 110 30epirae cBiii 00'eM, a BiA
TBEPJIOTO TiJIa TUM, IO HE 30epirae hopmy.

['ycTuHOIO PIAMHU T HA3UBA€ThCS 1i Maca, sika MICTUTbCS B OJMHHUII 00’€MYy,

< = ’ : : 3
Kr/a® P M/W. nie M — maca pimuan (kr) B 067emi VY (M)-
. . " 3
[TuTOMOIO BAaro OFHOpiAHOI pimuaEm /° H/ ™

, . v=GfW.
00’emy mi€i piguHu

B’sa3kicte piauHu. Bcel peanbHl piIMHM MaloTh MEBHY B A3KICThb, SKa
MPOSIBJISIETHCS Y BUTJIAJII BHYTPIITHBOTO TEPTS MPU BIAHOCHOMY MEPEMINIEHH] CyMIKHUX
YaCTUHOK pIIMHU. B’SA3KICTh piAMHM — 1€ ii BJIACTUBICTh YMHUTU OIIpP BIJHOCHOMY
3pYLICHHIO YaCTHHOK.

[loBepxHEBUI HATAT PIAWHU, SKUH 3YMOBJIEHUN CHUJIAMHU B3a€EMOJIII MOJEKYI
HOBEPXHEBOIO IIApy PIAMHU MK COOOI0 1 MOJIEKYJaMH Ta3y, HAMaraeTbCsi CKOPOTUTH
BUIBbHY MOBEPXHIO PIIMHU. BHACTIAOK 1IBOTO pi/iMHA, 1110 Ma€ KPUBOJIHIAHY MMOBEPXHIO,
3a3Ha€ JI0JATKOBOTO 3yCUILIA, IKE 301IbIIIy€e 00 3MEHIIYE THUCK B PIAMHI Ha BEJIMUKHY,

> HasuBacThcs Bara G OgMHMUINI

Mopayab 3.0cnoBu MKT. Tepmoannamika.
Jekuia Ne8. OcHOBM MOJIEKYJISIPHO — KiHETUYHOI Teopii - 2 rof.

Inan:

1. OcuoBHi niosoxkennst MKT

2.0cnoBHe piBHsHHS MKT rasis

3.1Ikana Llenncis.

4. PiBHsiHHS bonbiMaHa

5. lllxana KenbBiHa.

OcHoBHi noaoxenuss MKT

MonekynspHa (¢i3uka BHUBYAE TEIUIOBUNM pyX. TeruioBwil pyxX 3yMOBIIIOE
BHYTPIIIIHI BIACTUBOCTI TUI, 1 HOTO BUBYCHHS Ja€ 3MOTY 3PO3YMITH Oarato ¢hi3M4HHX
MPOLIECIB, K1 B1I0YBAIOTHCS B TiJIaX.

Mera MKT - mnosicHeHHS BIACTUBOCTEH MAaKpPOCKOIIYHUX TIA 1 TEIJIOBUX
MpOIIeCiB, IO BiAOYBAlOTHCS B HUX, HAa OCHOBI YSBIEHb MpO Te, IO BCI Tija
CKJIQZIAIOTHCS 3 OKPEMHX YaCTHHOK, SIKI PYyXal0ThCsI XaOTHYHO.

Monekynspua ¢i3uka BHUBYAE TEIUIOBUNM pyX. TeruioBWil pyX 3yMOBIIIOE
BHYTPIILIHI BIACTUBOCTI TiJI, 1 MOTO BUBYEHHS JA€ 3MOTY 3pO3YMITH Oarato (pi3MuHUX
IPOLIECIB, SIK1 BIIOYBAIOTHCS B T1JIax.
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Meta MKT — mnosicHeHHS BJIACTUBOCTEHl MAaKPOCKOMIYHUX TiA 1 TEIUIOBUX
IpoIieciB, M0 BiAOYBalOTbCS B HHUX, Ha OCHOBI VSBJICHb IpPO Te, IO BCl TiJa
CKJIQZIAI0ThCS 3 OKPEMHX YaCTHHOK, SIKI PyXal0ThCsl XaOTUYHO.

OcuogHi nosioxxeHHs MKT pedoBunu:

1.bynp-siki peUyoOBMHM MalTh JUCKpeTHY (mepepuBuacty) OymnoBy. Bonu
CKJIaJIAIOThCS 3 HAWIPIOHIIITNX YaCTUHOK MOJIEKYJI 1 aTOMIB.

[TinTBEpKEHHSIM TUCKPETHOCTI € MpOKaTKa, KyBaHHS MeTally, oTpuManHs 1974
poky (oTorpadii OKpeMuX MOJIEKYI 1 aTOMIB, PO3YMHHICTh PEYOBUH TOLIO.

Monekynu - HailMeHIIIl YaCTUHKH, SKI MalOTh XiMi4HI BJIACTUBOCTI PEUOBUHHU.
Mostekynu CKJIaatoThCs 3 OUTBIN MPOCTUX YACTUHOK - aTOMIB XIMIYHHUX €JIEMEHTIB. Y
npuponai € 92 ximiuHi ejgemMeHTH. Pa3om 13 MITyyHUMH Hapasi HamiuyeTrbes 108
€JIEMEHTIB.

PevoBuny, sika moOynoBaHa 3 aTOMIB JIUIIIE OJHOTO BUIY, HA3UBAIOTH €JIEMEHTOM
(BozeHb, KucCeHb, a30T Toumo). KokeH enemMeHT Mae CBii HoMep Z B TaOmuIl
MenneneeBa. Yncno Z BU3HAYa€ KUTHKICTh MPOTOHIB Y sIIpaXx aTOMIB 1 €JEKTPOHIB, 1110
PYyXaroThCsl B aTOMI HaBKOJIO spa.

2.  Monekynu  3HaXoIATbCSI B CTaHl  HEMEPEPBHOTO  XAOTUYHOTO
(HEBIOPSIIKOBAHOTO) PyXY, IO HA3MBAETHCS TEIUIOBUM 1 y 3arajibHOMY BHUMIAAKY €
CYKYIHICTIO MOCTYMaIbHOTO, 00€PTAIIBHOIO 1 KOJMBAJIILHOTO PYXIB.

[Tin yac HarpiBaHHS PEYOBHHM MIBUAKICTH TEIUIOBOTO PYXy 1 KIHETUYHA €HEPris
HOTr0 YacTUHOK 30UIBIIYIOTBCS, a MiJ 4Yac OXOJOKEHHS 3MEHIYIoThcsA. CTymiHb
HarpiToCTl TUIa XapakTepu3ye MOro TeMmeparypa, sika € MIpOK CepeaHbO1 KIHETHYHOI
€Heprii Xa0THYHOTO MOCTYMaIBLHOTO PYXy MOJIEKYJ IIOTO Tija.

3. Monexkynu B3a€EMOJIIOTh OJIHA 3 OJIHOIO 13 CHJIaMU €JIEKTPOMArHiTHOI PUPOJIH,
MPUYOMY Ha BEJIMKHX BIJICTaHSIX BOHU MPUTATYIOTHCS, & HA MaJTUX - BIIIITOBXYIOTHCS.
Cunu mpUTATaHHS 1 BIAIITOBXYBAaHHS MK MOJIEKYJIAMHU JIIFOTh MOCTIAHO.

Moiekynu pi3HUX PEUOBUH TMO-PI3HOMY B3a€EMOJIIIOTH OAHA 3 ofHOI0. Ll
B3a€MO/IIS 3aJICKUTH Bl THITY MOJIEKYJI 1 BIICTaHI MK HUMU. 3aJIe)KHO BiJ XapakTepy
pyXy 1 B3aeMOJii MOJIEKYJ PO3PI3HAIOTh TPU CTaHU PEUYOBUHU: TBEPAUM, PIIKUM,
razonofioHui (miasma).

OCHOBHI MOJOkKEeHHSI  MOJIEKYJsIpHO-KiHeTH4HOI Teopii (MKT)
0y/10BY PE€YOBHHHU.

1.BC1 Tij1a B IPUPOJII CKIATAIOTHCS 13 OKPEMHUX YaCTHHOK MIXK SIKUMH B1JICTaHb.

2.9aCTHHKHU HETIPEPUBHO XaOTHYHO PYXAIOTHCS, MAIOTh KIHETUYHY €HEPTii0

2
£ =MV
Ko 2
3.BC1 YaCTHHKHU M1 COOOI0 B3a€MOIIOTh CHJIAMH B3aEMOTIPUTATAHHS 1 B3aEMHOTO
BiJIIIITOBXYBaHHSI
E, #0
KinbkicTh peyoBruHHI
m N
V=—,Vv=—r
H N4
m N m
v=—=—= N=—-N,
uo Ny H

KoHuenTpauisi MoJieKyJ1 — 1€ YKCIIO MOJIEKYJI B OJIMHUIIL 00’ €My
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N 3
n:— :I?]/l
V [n]

m=p-V= M, N =m,n
Vv
Makponapamerpn 1e Taki NapaMeTpu sKi MOXKHAa BU3HAUUTH 32
goromMororo (pizuuHux npuiaaiB. Hampuknaa Temmnepatypy — TEpPMOMETPOM, THCK —
6apomeTpom, Macy — Tepe3amMu. MakpornapaMeTpu OMUCYIOTh CTaH MAaKPOCHCTEMHU.
[TapameTtpu, siKi HEMOXKJIMBO BU3HAYUTH 32 JOMOMOTOI0 (DI3UUHUX MPHUIIAJIIB
HA3MBAIOTHCS MiKpomapaMeTpamMu
Mo —Maca MOJIEKYJIH
Vo ® cepeHst KBapaTH4Ha MBHAKICTH MOJEKYJIH
OcHnoBHe piBHssHHA MKT rasiB BU3Ha4YeHHsI TUCKY ra3iB
Bm3naunmo THck rasy. I 1poro posriisHEMO 10 ra3y Ha MOpIIECHb
BPaXOBYHO4H 3aKoH [Tackans.

Vy i

vz

At

1.3HaiiteMo Crily THCKY OJIHI€i MOJICKYJIM Ha TOPIICHb S. YIap MOJICKYJIH Ha
nopIieHb 0y/ie aOCOTOTHO NPYKHUM

_2myV,
At
2. BusHauuMo KinbKicTh Monmekyd siki 3a wac Al 6yayts misTé ma mopimens
IUIOIIMHOIO S
N=n-V
[To Teopii MMOBIPHOCTI TaK, SIK MOJEKYJIU PYXalOTbCSl XAOTHYHO TIIbKU
MOJIOBMHA IIUX MOJIEKYJI 32 4ac OyJie pyXaTUch O MOPUIHS

1., 1

z==N==nV y-g¥
2 2 At

3.3HalAEMO 3arajibHy CHUJTy TUCKY MOJIEKYJI Ha TIOPIIEHB 3a At

Fru = oMoV , _ 2MoVy 1 nSV, At = mV,’nS
At At 2

F .. At=2my\V.,: F e
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4.3Hail1IeMo THUCK Tra3y

F m.V *n
P: muc 0% x S :movxzn
S S
—2
Pzémonvo

JlaHe pIBHSIHHS Ha3UBa€TbCcs OCHOBHUM PpiBHsiHHAM MKT, TomMy 1o BoHO
SBJISIETHCS 3B’ 3YIOUM MICTKOM M1 Makpo 1 MiKpo cucteMaMmu. BpaxoByroun 1110

_ Vs P=2nEg .

Y2 orpumyemo '

Hlkana Leabcisg xapakTepusye KUTTEAISUIBHICTD JKUBUX OPraHi3MiB, Tak
sk BoHM Ha 70-80% ckmagarorbes 3 i3 Boam st sikoi 0°'C — Temmeparypa 3MiHH
arperaTHoro CTaHy.

Hocaiagn boabnmMana. baorn 3 BogHeM, KHCHEM, BOJIOI0 ITOMICTHIIM B JIbO/I
npu Temneparypi 0°'C.Uepe3 neskuii 4ac B OalOHAX BCTAHOBHUTHCS OJIHAKOBA
Temneparypa. 3HaiiZIeMO CIiBB1IHOIICHHS:

PV o m PM_PVi_g
N 1N =N, T N 1 (23)
1 , H , 1 3
B pesynbTaTi nocniga 3’scyBangoch, M0 y BCiX OaJIOHAX CITIBBIAHOIICHHS JOOYTKY
TUCKY 1 00’€My JI0 4ucia MOJIEKYJ BeauurHa craia. Ti :k 6asoHu Oy po3MilIeH] pu
temmeparypi + 100°C.
PV, _ PV, _ PV,

=0 )
N1 N 2 N 3
eO~T
®=kT
eHepreTuYHa TeMreparypa
k = ®1 — ®2
Tz _Tl
k — mocriitna bonbiMana
PV
kT
N
N
P=—kT
V
PiBassuna boasumana
P =nkT
JlaHe piBHSIHHS MMOKa3ye sIK TeMIIepaTypa BILIMBAE HA TUCK razy

P=§HEK0 P =nkT- %nEK0 =nkT
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2 myV, 3kT

=nkT V, = |—
3 ; TICJIA CKOPOUYEHHS My — mBuakicTs Momexymu i ii
3QJIKHICTD BiJI TEMIIEpATypH.
T=0K V=0wm/c

T=0K =t°=-273C
Temneparypua mkaja KeabBiHa xapakTepusye eHEpreTUYHUIN CTaH Til
B ipupoi, Tak gk npu 1=0K (a0COMIOTHOTO HYJIA TEMIIEPATYP) PYX YACTUHOK ITOBUHCH
3ynuHUThCST V=0M/C, TO HACTYIIUTh EHEPIrETUYHUI CTaH PEUOBUH B IPUPOIL

EKOZO_ EpO:O_V:O

Kenein (nmo3nauenns K) — omununs temmneparypu B cuctemi Cl, ogHa 3 cemu
OCHOBHUX OJIMHUIIb I1€1 CUCTEMH.

KenbBiH, 3rilHO 3 MDKHApOJHOK YroAOK, BHU3HAYAETHCS JBOMA TOYKAMH:
a0COJIIOTHUM HYJIEM Ta MOTPIAHOIO TOYKOKO BOJU. AOCOIIOTHUN HYJb TEMIIEpATypH, 3a
BU3HAUYeHHsIM, jopiBHIoe TouHo 0 K Tta -273,15 °C. Ilpum aOcomoTHOMY HYJi
TEMIIEpaTypyd BECh KIHETUYHHM PyX YacTOK Marepii NPUMHHSETHCS (B KIACUYHOMY
pPO3yMiHHI1) 1, TAKUM YMHOM, MaTepis He Ma€ TeryioBoi eHeprii. [loTpiiiHiil TovIl BoaH,
TaKOX 3a BU3HAYEHHSIM, IpU3HavyaeThcs Temrneparypa 273,16 K ta 0,01 °C. Hacnigkom
TaKWX BU3HAYEHb JBOX OIMIOPHHUX TOYOK a0COJIFOTHOT TEPMOIMHAMIYHOI HIKANH €:

-OJIUH KEeJIbBIH JOpiBHIOE TOUHO 1/273,16 yacTkaMm TeMiiepaTypH MOTPIHHOI TOUKU
BOJM;

-OJIMH KEJIbBIH TOYHO JOPIBHIOE OTHOMY rpaaycy Llenbcis;

-pI3HULL MDK JBOMa TEMIIEpAaTypHHMMM NIKajJaMU JOpiBHIOE TouHO 273,15
KeJIbBIHA.

Jlesiki BaXJIMB1 TOYKH TEMIIEPATYPHOI IKAJH, 1110 CTOCYIOThCS KEJIbBIHA, HABE/ICHI
B Ta01.2:

Tabnuys 2
Touka Temneparypa
KenbBin I'panyc I'panyc
enbcis QPapeHrenTa

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

BHU3HAUYEHHSIM)
Touxka 3aMep3aHHs 273,15 K 0°C 32 °F

BOJIH
[ToTpiitHa TOYKa BOIU 273,16 K 0,01 °C 32,018 °F
Touka kumiausg Boaul 373,1339 K 99,9839 °C 211,9710 °F

Jlekuia Ne9. Ineanbuuii ra3. I'a3oBi 3akoHu.
Ilnan:
1. IneanpHuii ras
2. PiBHsIHHS cTaHy iAealbHOTO ra3zy — piBHsSIHHS MenzaeneeBa-Knaiinepona.
3. [3onporniecu y mpupo/ii (ra3oBi 3aKOHH)
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4. Ipouec 1306apuwuii (3akon I'eii- Jltoccaka)

5. [Ipomnec 13oxopuuii (3axon Ilapsst)

6. [Iponec 13oTepmiunuii (boins — MapioTTa).

7. IIponec amiabarnunmii ( [Tyaccona)

3 TOYKH 30py MOJICKYJISIPHO - KIHETHYHOI TEOpii iJlealIbHUM Ta30M Ha3HUBAETHCS
ra3, MO CKJIATAETbCS 3 MOJCKYJ, sSKi MOKHAa BBaKATH MaTepialbHAMH TOYKaMH,
MOTEHIIAIbHOIO €HEPri€l0 B3a€MOJIIl TaKUX MOJIEKYJ MOXHA 3HEXTYBATH 1 B3a€EMO/IIIO
MOJIEKYJT MOKHA PO3TJISIIATH K 3ITKHEHHS IPYKHUX KYJIb.

IneanbHOTO Ta3y B MPUPOI HE iCHYE. ICHYIOTh TUIBKHM pealibHi ra3u. Peanpamii ra3
MOKHA BBYKATH 17ICATbHAM MPU HU3BKUX THCKAX 1 HEBEIMKUX TeMIIEpaTypax.

IneanbHuii ra3— ne (izMdHa MOJETH PEaTbHOrO Ta3zy B SIKOMY YaCTHHKH
ra3y HaxXOIATbCS Ha BEIMKHX BIJACTaHAX MK COOOI0, TOMY B3aEMOJIEI0 iX MOXHa

E =0 : o
3HeXTyBaTtu , YaCTUHKM NPHUIMAlOThCAd SK a0COJIIOTHO MPY’KHI MarepiajbHI
TOYKH, YACTUHKH MPUUMAIOTh Y4aCTh B TEIJIOBOMY XaOTUYHOMY PYycCi

E_ #0

PiBHSIHHS CTaHY igeajIbHOTO ra3y
BcraHoBUMO 3a€XKHICTh MIXK ITapaMeTpaMHt SIKI XapaKTepe3yloTh cTaH rasy: P, V,
T, m
3 piBHsHHS bonbimana
po N M kit —pv =Nkt
Vv Y7, Vv Y7
R=N,k- 8,31 Ixx/monb K — yHiIBepcasibHa ra3oBa crajia
Cran igeajbHOr0 ra3dy ONMCY€TbCSl PpiBHAHHAM  MeHaeneeBa-
Knaneipona

m
PV = —RT

ne P — tuck razy, V — #oro 00'em, T — Temneparypa razy, m — maca razy, M —
MOJISIPHA Maca, sika JOPIBHIOE Maci OAHOro MoJisi pedoBHHHM 1 B Cl BUMIpPIOETBCS Y
KiJlorpamax Ha MOJIb Y MiHYC MEPIIIOMY CTEIICHI.

O06'eM ogHOTO MOJIA 17I€aTbHOTO ra3y Mpu HOpPM, ymMoBax (p = 760 MM pT. CT. =
101,325 klIla, t=0°C) nopiBHto€ O,O224M3 /Mojb;

R =8,314510 Ix/(mons K). R — yHiBepcasibHa ra3oBa craja.

I3onpouecu y npupoai (ra3osi 3aKoHu)

Axmo B rasi BiIOYBaIOTHCS SKICh MPOIIECHU, TO 3BHYAWHO 3MIHIOIOTHCS BCI TPHU
pioro mapamerpu: p, V 1 T. IlpupogHo, MmO HAUOPOCTINIUMU € TPOIECH, SKi
BiIOYBAIOTHCSA 31 3MIHOKO JIMIIIE JBOX IMapaMeTpiB, a TPETi 3anumaeTbes cramuM. L1
MPOIIECH MICTAJId Ha3BY 130MPOIIECiB (BiJl TPEIBKOTO «I30C» — PIBHUH, OJIHAKOBHH).
PiBHsIHHA cTaHy ra3y AJis HUX JIETKO JIiCTaTH 3 piBHsAHHA Kiamelipona, BBayKalouu OJIMH
3 MapaMeTpiB CTAJIO BeIMUnHO0. Po3riisinemMo i3onmpouecu mpu yMoBi 1110 Maca ra3y
cTajia BeJIMYMHA.

[Ipouec, mo BiAOyBaeTbCA MPU CTaNl  BEJIMYMHI OAHOTO 3 MapaMeTpiB rasy

HA3UBAIOTh 130MPOLIECOM.
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IIpouec, mo BiA0yBa€TbCA NMPH NMOCTIHHOMY THCKY Ha3HBAaKTh i300apHUM
(Baxon I'eii- JIroccaka)

I300apumii mpouméc (Big Tpem. isos — piBHUH, baros — Bara) —
TEpPMOJIMHAMIUHUI TMpouec, sSKui BiAOyBaeThCs MpH cTajioMy THCKY. lIpukiamom
1300apHOTO TIpollecy MOKe OyTH HarpiBaHHA BOJM Y BIIKPUTIH MocyauHi, a0o
PO3LIMPEHHS Ta3zy y IWIApI 3 MOPIIHEM, SIKUMl MOKe BUIbHO mIepecyBatucs. B o6ox
BUIAJIKaX TUCK JOPIBHIOE aTMOC(HEPHOMY.

[Ipu 1i3006apHOMY Tipolieci 00'eM iA€adbHOrO Ta3zy MPSMOMPONOPIIHHMIA
temneparypi (auB. 3akoH I eii-JIroccaka).

Ha rpadikax mpouec 300paxyeTbcs TiHISIMU, sIKI Ha3uBaloTbesa 1300apamu. [[s
17IealbHOTO Ta3y BOHM € MPSIMUMHU Y BCIX Jiarpamax, sKi MOB'S3ylOTh mapamerpu T
(Temmeparypa), V (o0'em) 1 P

V
P =const , m =const, T const (25)
V4 p4 o4
AP - — Py it - {0
/i P
/ : P2 - P
(/i P P,
A a ; e |
0 T 0 T 0 v
a 6 e

Puc.5. I306apnuii npoyec

IIpomec, mo BiaOyBaeThbCcs NpH NOCTiliHOMY 00'emi — i3oxopuum (3akoH
Ilapasn)

130XOpHUH MpoIéc— Ie TEPMOJMHAMIYHUK TIpolec, SIKUH BiIOyBa€ThCsS TPH
crtajgomy 00'emi. Y razax Ta piimHax 3IHCHIOETBCSA AYyXKe MPOCTO. s Oro JTOCHUTH
HarpiBaTH (0XOJIO/KYBaTH) PEYOBUHY Y TIOCY/IMHI, SIKa HE 3MIHIOE CBOTO 00'eMy.

[Ipu i30xX0pUUHOMY TIPOIIECT THUCK 17€aTBHOTO Ta3y MPSMOMPONOPIIHHUN HOTO
temrneparypi (nuB. 3akoH [lapns). ¥ peanbHux razax 3akod lllapis He BUKOHYETHCH,
TaK SIK YaCTHHA TEIUIOTH, SKy OTPUMYE CHCTEMa, BUTPAYAETHCS Ha 301IBIICHHS CHEPTii
B32€MO/I1i YACTUHOK.

Ha rpadikax 300paxkyeTbCsi JIHIAMH, $KI Ha3UBaKOThCS 130xopamu. Jlid
17IealbHOrO0 Ta3y BOHM € MPSMUMM y BCIX JAlarpamax, skl MOB'S3yl0Th napameTtpu T
(Temnieparypa), V (06'em) 1 P

P
V =const , m = const, . const (26)

P Pt VvV, V, V, V4

(Vi V

a7 :

V2

72

; "

e

0 T 0 v 0 T

a 6 8

Puc.6 I3oxopnuti npoyec
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IIpoumec, mo Big0yBaeTbCAd NPH MNOCTIHHIA TeMmepaTrypi Ha3HBa€TbCA
i3oTepMiyHUM 1 omucyerbecs piBHAHHAM boiiis — Mapiorra.

[30oTepMiuHMii Tporiec BiAOYBAE€ThCA JOCTaTHHO IIOBUIBHO JJIA TOTO, 100
TEeMIepaTypa MiATPUMYBAJIaCsl CTAJOK 3aBISKH TEIIOOOMIHY i3 cepemosumieM. [Ipu
130TE€pMIYHOMY CTHCHEHHI TUIO BIJJa€ TEIJIO B CEPEJOBHINE, NPH 130TEPMIYHOMY
PO3IIMPEHHI — BOUpAE TEIIO 13 CepeOBHIIIA.

3rilHO 3 PIBHSHHAM CTaHy iAeasbHOro razy (abo piBHsaHHS Kianelipona-
MemnneneeBa), XapakKTepUCTHKH 1/1€aIbHOTO Ta3y 3a/I0BUIBHSIIOTH PIBHICTb

pV = ZRT

7l

ne p — Tuck, V — o0'eM, m — maca, T — TemmepaTrypa ra3y BiAMOBIIHO, L —

MoJIIpHa Maca ra3y, R — ra3osa crana.

T =const, m =const, PV =const (27)
A
LT ‘ b ° bR
A\ | | .
\/ T ] [ | ] .
-_\_ \_\\: T [ | : ' |
N S I il I
T . EI l
.—V 0 s : _‘7__- 0 : F*

Puc.7. 3omepmiunuu npoyec
IIpouec, mo BinOyBaeTbesi 0e3 TEMI000MiHY MIXK ra3oM i HaBKOJMIIHIM
cepenoBumieM (Q=0), Ha3uBaeTbcsd agiadaTMYHMM i ONHMCYETHCHA PiBHAHHAM
IIyaccona

PV” =const, (28)

C
.o p ..
JIe TIOCTIMHA ISl KOYKHOTO CTaHy ra3y BenuuuHa Y = ———, KoedimieHT [lyaccona,

C

€ BIJHOILECHHS MOJIAPHOI TEIJIOEMHOCTI Ta3y MHpH 1300apHOMY MHpPOLECI, IO MOJSPHOL
TEIJIOEMHOCTI Ta3y P 130XOPHOMY IPOIIECI.

MoJisipHa TeIJIOEMHICTH ra3y BUMIPIOETHCS KUIBKICTIO TEIUIOTH, IO HEOOX1IHA
JUTSI HArpiBaHHS OJHOTO MOJISl Ta3y Ha oAuH KenbBiH 1 3aJIKUTH BiJl yMOB HarpiBaHHS.

Vv

Cp >C, ToMy, 110 KiNBKICTh TeIIa KA HAAAETHLCA TPH 1300apHOMY IIPOLEC ime
HE TUIbKUA Ha 30UIbIIEHHS BHYTPINIHBOT €HEPrii razy, a 1 Ha BUKOHAHHS pOOOTH MPOTH
30BHIIIHIX CHJI B Tporieci po3mmpenHs. [Ipu mpomy
CF’ = CV + R ) (29)
ne R — yHiBepcanbHa ra3oBa cTaia.
Ileit Bupa3 HasuBawTh popmysaor Maiiepa.
3 MOJIEKYJISPHO — KIHETUYHOI Teopii Bimoma dopmyna mns susHadenns C, i C,
JUIS 171€aIbHOTO Tasy.
i i+2
C =3R, Co=——R, (30)
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Jlekuyisa Nel0. OcHOBH TepMOAMHAMIKH - 2 TO].
Inan:
1. BHyTpimHs eHepris T
2.BHyTpilIHS €Hepris 1/1eaJIbHOTO ra3y
3.Cnoco6u 3MiHM BHYTPIIIHBOI €HEprii
4.Bunu Teruiornepeaadi B MpUpoOIi..
5.Po6ota B TepMouHamitil. O13U4IHUIN 3MICT YHIBEpCalbHOI ra30BOi CTANIOl
6.Ilepmmii 3aKOH TEPMOIUHAMIKH
7. Ilepinii 3aKOH TEPMOJIMHAMIKH B 130TIpoIecax

TepMoanHaMiuyHU# METOJ, K Ha 1€ OyJIO BKa3aHO BHUIIE, JOCTIIKYE
TEPMOJMHAMIUHI CUCTEMH HE IIKaBIITYUCH 1X OYZ0BOIO. 3 TOUKH 30Dy
TEPMOJIMHAMIKA TEPMOJAMHAMIYHOK CHCTEMOIO HAa3MBAETHCA MAaKpPOCKOMIYHA
CUCTEMa, W0 BHUBYAETHCA METOAAMHU TEepMOJIMHaMiKu. Bci Tima, He BKIIIOYEHI B
TEPMOJIMHAMIYHY CUCTEMY, Ha3UBAIOThCS 30BHILIHIM CEPETOBHILIEM.
OCHOBHMM MOHATTSAM IPU BUBYEHHI TEPMOJMHAMIYHUX CHUCTEM €
BHYTPIIIIHS €HEPTisl.

BHyTpiuHs enépris Tima (mosHauaetbcs sk E aGo U) — moOBHa eHepris
TEPMOJIMHAMIYHOT CHUCTEMU 32 BHHITKOM 1i KIHETHYHOI €Heprii s[K MiIoro 1
MOTEHINAIbHOI €Heprii Tijla B MOJ1 30BHINIHIX CUJI. BHYTpIlIHA €Hepris CKJIalaeTbes 3
KIHETHYHO1 €HEprii XaOTUYHOIO PyXy MOJIEKYJ, MOTEHIIaJbHOI €Heprii B3aeMoIii MIXK
HUMHU 1 BHYTPIIIIHBOMOJIEKYJIIPHOT €HEPrii.

BHyTpilHs eHepris € OJHO3HAYHOI (YHKLIEI PIBHOBAXHOTO CTAHY CHUCTEMH.
Lle o3Hayae, M0 KOXHUM pa3, KOJU CHCTEMa ONUHSAETHCA B JAHOMY PIBHOBRXXHOMY
CTaHi, il BHYTPILIHA €Hepris NpuiiMae BJIACTUBE LIbOMY CTaHY 3HAUYEHHSI, HE3aJIEHKHO BIJ
nepeaicTopii cucremu. OTke, 3MiHA BHYTPIIIHBOI €HEPT1i MpU MEePEeXo/il 3 OHOTO CTaHy
B IHIIMK OyJie 3aBXAM JOPIBHIOBAaTH PI3HHULI 3HAYEHb B LUX CTaHaX, HE3AJIEKHO BIJ
HUISIXy, [0 SIKOMY 3J1MCHIOBaBCS mepexis. BHYTpilIHIO €Heprito Tula He MOXKHA
BUMIPATU HapsiMy. MoOKHA BUSHAYUTHU TIIILKH 3MIHY BHYTPIITHBOT €HEPTIi.

BHyTpimHA eHepris Tiy1 — 1€ cyMa KIHETUYHUX €HEPriil pyXy Ta MOTEHI[1aTbHUX
€HEepriil B3a€MO/I1i YACTUHOK 13 SIKUX CKJIAAA€ThCS TLIO

U:;E JFZ:;Epi

BHyTpilnHs eHeprist ineajqbHOro ra3zy
BHyTpilHs eHepris 11eadbHOro rasy

V-SE
i=1 Ki

U=1Mgt
2 M

i

JIe 1 — YUCJIO CTYNEHIB BUIBHOCTI MOJIEKYJIU 17I€aIbHOTO Ta3y.
YucoM cTyneHiB BUIBHOCTI MOJIEKYJM € YHCIO MIHIMAJIbHOI KUIBKOCTI
KOOPJIMHAT, 1110 TOBHICTIO BU3HAYAIOTH MOJIOKEHHS MOJIEKYJIA B POCTOPI.
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Jlst omHOATOMHOTO Ta3y 1 = 3; sl JBOXaTOMHOTO 1 = 5; IJisi TPhOXAaTOMHOTO 1
OaraTroaToMHOI0 1=6.
3MiHa BHYTPILIHBOI €HEPTii

1m
AU = —=—RAT
2 M
Icnye nBa cmocoOu 3MiHM BHYTPIilIHHOI eHeprii:
1. Tennonepenaua
2. Buxonanus po6oTu cucTemMoro abo Hajl CUCTEMOIO.

Buau tersionepenaui

TenmonpoBigHICTh — IIe TIepeadya TEIUIOTH Bij OUIBII HArpiTUX YaCTHH TiJIa J0
MEHIII ~HarpiTMX, 3yMOBJICHa XAaOTUYHUM PYyXOM MIKPOYACTHHOK PEYOBUHHU.
TernonpoBiAHICT CYNPOBOKYETHCS TEpEeAaueto BHYTPIIMIHBOT €HEeprii Bl OUIbII
HArpiTHUX JI0 MEHII HArpiTUX TUI 0€3 epeHECEeHHS! PEUOBUHHU.

KinbkicTh TEnjaioru.

KinbkicTh TeraoTu abo KUIBKICTh Teruia - (pi3uyHa BEMYMHA, sIKa XapaKTEePU3YE
npoliecu 0OMIHY €Heprii MiXk TUTaMH.

[To3HauaeThcst 3a3Buuail jiteporo Q, mae po3MipHicTh eHeprii. B cucremi CI
BUMIPIOETHCS B JKOYIIAX.

KonBekuis — TemiooOMiH y piAMHAaxX Ta Tra3ax, SKAA CYOpOBOIKY€EThCA
MEPEHECEHHSIM PEYOBHHH.
[IpomeneBuil TEMIOOOMIH — TPOLEC MEPEHECEHHS BHYTPIIIHbOI €HEeprii Bij

OJIHOTO Tijla JO 1IHIIOrO BHACTIJIOK BWITYCKaHHS, TIOMIMPEHHS Ta TOTJIMHAHHS
BUIIPOMIHIOBaHHS.

Q = £CMAT - xinbKicTh TEMIOTH TP HArPIBAHHI Ta OXOJOKEHHI;
Q = £AM - kinbKicTh TEMIOTH NPU MIABIIHHI Ta KPUCTANi3aLlii;

Q ==LM- kinpKkicTh TEMIOTH MPH MAPOYTBOPEHHI Ta KOHICHCAIT]i.

KinbkicTe TemioTu e ¢i3udyHa BEIWYMHA, [0 € MIPOI0 3MIHM BHYTPIIIHBOI
eHeprii B Ipoliecax, 10 HEe CYNPOBOKYIOTbCS BUKOHAHHSAM poOOTH, B Ipolecax JAe
Xa0TUYHUHN PYX MEPEXOAUTH BiJ] OJTHUX TUT B XaOTUYHHUM PyX 1HIIUX, BiJ] OJIHIET YACTUHU
CHUCTEMH JIO 1HIIIOT O€3 BUKOHAHHS POOOTH.

Po6oTa B TepMoanHamiui.

Po6ora 1 Tenora 1e ABI GOopMU 3MIHM BHYTPIIIHBOI €HEprii TepMOAMHAMIYHUX
cucteM. Po0oTOI0 HazuBaeThcs (i3MyHA BEIMYMHA, IO XaPaKTEPU3YETHCS 3MIHOIO
BHYTPIIIHBOI €HEPrii TEPMOJIMHAMIYHOT CUCTEMH 32 PAXYHOK pPEMIIIEHbh MAaKpOYacCTHH
cUCTeMHU abo BCi€l CHCTEMHU B I[UIOMY. B mojanbiioMy — poO3risgaeThCcsl TUIBKUA TaKl
MIPOIIECH, B IKUX BHYTPIITHS €HEPTiS BU3HAYAETHCS TUTHKY ii BHYTPIIIHIM CTAHOM.

VsaBiMo co0i, 1m0 Ta3 3HAXOJUTHCS Y BEPTUKAIBHOMY IWIHAPI, SIKAWA 3aKPUTO
HEPYXOMHUM TopITHeM riomiero S. Hexail mij nmie€ro mpukiiageHoi 30BHINHBOT cwin F
MOPIIIEHb OMYCTUBCS HA BIJICTaHb AX , Ta CTUCHYB IIPH IIbOMY Ta3. ['a3 Oyne cTuckatucs
70 TUX TP, JOKK cuiia F He BPIBHOBXXHUTHCS CHIIOIO, IO JII€ HA IMOPIICHB 31 CTOPOHH
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ra3y 1 JOpiBHIOE pS, Ie¢ p — TUCK Tra3y (SKIIO0 MEpeMillleHHs MaJleHbKe, TO THCK rasy
MOHa BBakaTu ctaiauM). Poborta rasy (A ) mpu 11bOMy BU3HAYAETHCS TaK

FAx = pSAx A =pAV

Axmo ra3 cruckacsi, To AV <0 - pobGora razy BII€MHa; SKIO Ta3
posmmproBascs, To AV > 0 - nogatHa.

A = pAV- podora B TepMOaUHAMIIL

TakuMm 4MHOM, SKIIO HAJl ra30oM CKOIOIOTH JOAaTHY poOOTYy, TO 30BHIIIHI Tija
nepenaTh oMy 4yacTUHY cBoei eHeprii. [Ipu posmmpenHi ra3y, HaBmaku, poboTa
30BHIINIHIX CHJI BiJ'€MHA.

@i3uyHMii 3MICT yHIBepCaJIbHOI ra30B0I CTAJI0I: YHIBEpPCAJIbHA ra30Ba CTaJa
R uncesbHO 10piBHIOE pO0OTi po3miupeHHs 1 MoJIA ileaJIbHOTO ra3y npu
i300apHoMy HarpiBaHHi iioro Ha 1K.

BpaxoByroun aBa crocoOu 3MiHM BHYTPIIIHBOI €HEprii poOMMO BHCHOBOK SIKHIA
B1JI0OpaKa€THCS B MEPIIOMY 3aKOHI TEPMOIMHAMIKHU.

IHepuinii 3aK0H TEPMOAUHAMIKH

TepMoanHaMiuHUIN METOJ, K Ha 11e OyJI0 BKa3aHO BHUIIE, JOCIIIKYE
TEPMOJIMHAMIUHI CUCTEMH HE IIKaBJISTYUCH 1X 0y/10BOI0. 3 TOUKU 30py TEPMOAUHAMIKH
TEPMOJANHAMIUYHOK CUCTEMOIO HAa3UBAETHCS MAKPOCKOIIIYHA CUCTEMA, 1110 BUBYAETHCS
METO/IaMH TepMOJANHaMIKU. Bci Tisla, He BKIIIOUEHI B TEPMOJAMHAMIYHY CUCTEMY,
Ha3MBAaIOTHCSI 30BHIIIHIM CEPETOBUIIEM.

OCHOBHUM TMOHATTSIM TPU BUBYEHHI TEPMOJUHAMIYHHUX CHCTEM € BHYTPIIIHS
eHeprig. Ilepmmii 3aKOH TEPMOJMHAMIKUA CTBEpJUKYE: ICHYE BHYTPILIHA EHEPris
TEPMOJIMHAMIYHOI CUCTEMU - TaKa OJIHO3HAYHA (DYHKIIISl TapaMeTpiB ii CTaHy, 3MiHA SKOi
JOPIBHIOE pOOOTI, BUKOHAHOT HaJl CUCTEMOIO Ta KIJILKOCTI MiABEICHOI TEIJIOTH.

[lepuinii 3akOH TEPMOJWMHAMIKA 32 CBOIM 3MICTOM € 3aKOH 30epeKeHHS 1
MePETBOPEHHSI €HEPrii B TEIJIOBUX Mporiecax. BiH BIANOBIa€ HA MUTAHHS CKUIBKU KYIH
1 B IK1f KIJIBKOCTI Ta SIKOCTI IEPEAHO BHYTPIIIHbOI EHEPT1i TEPMOAMHAMIYHOI CUCTEMH.

AU =4+Q

dU = d4+dQ

3MiHa BHYTPIIIHBOI €HEPTii B CUCTEMI BiI0YBAETHCS 3aB/ASIKM BUKOHAHHIO POOOTH
HaJl CUCTEMOIO 200 CUCTEMOIO 1 TEIUIoNepeaayax.

Ilepuinii 3aK0OH TEPpMOAUHAMIKH B i30mpouecax

[Ipouecu, siki BiAOYBarOTbCSA 3a HE3MIHHOTO 3HAYEHHS OJIHOTO 3 MapameTpiB
17IeaTbHOr0 Ta3y CTajJoi MacM m 1 MOJIIPHOI MacH | Ha3UBaKOTh 130MPOIECAMH.
OCKUIBKY KOJIEH 13 TTapaMeTpiB ra3zy He MOke OyTH CTporo (hikCOBaHUM, TO 130IPOIIEC
— II€ 1J1eai30BaHa MOJIENIb CTaHy 17€aJIbHOTO Ta3zy.

1. [30TepmiuHuMii TIpoiiec
T=const 7,=T,

1m
AU = —=—RAT — —
> M AT =0 AU =0

A
2.

Il
O

CHCTEMAa BUKOHY€ po00Ty B pe3y/ibTaTi Tenjionepeaayi
I300apuuii mpouec
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P=const P,=P, AP=0

AU = A+ Q -neprumii 3aKk0H TePMOJMHAMIKU BUKOHYETBCS B TOBHOMY 00CS31.

3. I30xopHuii mpouec
V =const V, =V, AV =0

A=—pAV

A=0
AU =Q

3MiHAa BHYTPILIHBOI eHeprii cucTeMH BiI0yBa€eThCs 3aBASIKH TelJionepenayi.

pobora

4, AniadaTuuHuil mpouec
Q=0
AU =4 - - -
CHUCTEMa MOKE€ BHUKOHYBATH pPOOOTY 3aBASIKM 3MIHHM BHYTPIIIHBOI
eHeprii
T,>T T, =T
1 2,t— ygac, "1 2
B pe3ynbrari TepMOAMHAMIYHOI PIBHOBArk 4epe3 ACSKU yac cuctema OyJzie MaTu

OJIHaKOBY TEMIIepaTypy 1 He 3MOKe BUKOHYBATH poOOTY.
BucHoBok: HeMOXIMBO CTBOPUTHU ABUTYH HEPIIOTO POLY.

Jekuyia Nell. TenoBi mamuHi - 2 roa.

Inan:

1.dpyruit 3aKoH TEPMOIUHAMIKA

2.Tperiii 3aKOH TEPMOJAMHAMIKA

3.Po6oTa TennoBux IBUTYyHIB

4. uxn Kapno

5.KK/] TennoBux ABUTYHIB

Jlpyruii 3aK0H TePMOAMHAMIKH:

TermoBi nmpouecu B npupoai He odepHeHi. ['apsiue TiI0 MOXKe mepeaaBaTu
€HePriK X0J0JAHOMY Tijlly, 2 00€pHEHOr0 MPOoLeCy He iCHYE.

Ha ocHOBi apyroro 3akoHy TepMOJAUHAMIKH HEMOKJINBO CTBOPUTH JIBUTYH
APYroro poay.

[cHyIOTh nekinbKa sSKiCHUX (hOPMYJTIOBaHb IPYroro 3aKOHY TEPMOJUHAMIKH SKi €
PIBHOIIIHHUMH Ta BUIUTMBAIOThH OJIHE 3 OJTHOTO:

1 HemoxxBa caMoI0BiIbHA TIepeada TEIJIOTH BiJ Tija MEHIIS

Harpitoro jJo Tijia 6ibie Harpiroro. (P. Knaysuyca)

2 HemoxnuBuii 3aMKHEHHMI TMpoOIEC, €IUHUM pPe3yJbTaTOM SIKOro Oyyo ©
BUKOHAHHS POOOTH 3a PaXyHOK OXOJIOJKEHHSI OJIHOrO Tiia a00 HEMOKJIMBHUM BIYHUM
ABUTYH apyroro poay (perpetuum mobile 11), ToO6to aBUryH, 1110 Mir OM mpaIrOBaTH,
HANpUKJIad, 3a PaxXyHOK CIOXXMBaHHS BHYTPIIIHBOI €HEprii CBITOBOrO OKeaHy O0e€3
xonoaunbHuka. (B. Tomcon, M. [1nank)

3 HemoxnuBo ctBoputu 1uki, KKJI sxoro 0yB 6u piBHUM ab0
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OUTBIIINM 32 CTO BIJICOTKIB.

[lepuie dopmynntoBaHHS € MaiKe OUEBUAHHUM 1 MIITBEPIHKYETHCS MPAKTUKOIO Ta
ocBioM. B XOJMOIMIBHUX MallMHAX TEIIO MEPEJAEThCs BiJl MEHII HArpiTUX Tid J10
O1IBII HarpiTUX, aje Iie BiIOYBAE€ThCS 3a PaxXyHOK pOOOTH CYHmyTHHOTO MPOIIECY, a He
caMOJIOBIIbHO. BigHocHO npyroro ¢opmyioBaHHS HEOOXIHO BIAMITUTh, IO B
130TepMIYHOMY TMPOIECI BCE TEIJIO MEPETBOPIOETHCS B POOOTY, aje 3aMKHEHUM
130TepMIYHHI TIPOIIEC HE MOXKE OYTH.

Hpyre dbopmMmynioBaHHS BUILUIMBA€E 3 Tepuioro i1 HaBmaku. JlilicHo, skmo O Oyna
MOJKJIUBICTh CaMOJIOBUIBHO TIEpeaBaTH €HEPrii0 BiJ MEHII HArpiToro Tija J0 OUIbII
Harpitoro, To OyB OM MOXJIMBUM, Hampukian Muka KapHo, B SKOMYy 3a paxyHOK
OTpUMaHOi Bia HarpiBaua 3a temreparypu T1 kimpkocTi Temori Q1 Oyna 6 BuKoHaHA
poborta A=QI1-0JQ2[], me Q2- KIIBKICTh TEIUIOTH, BIAJAHOT XOJOJUIBHUKY 3
temneparyporo T2<T1.. Ilicns uporo Bia XonoAwIbHUKA Terora Q2 mepenaeTbes A0
HarpiBayda 1 po00Ta BUKOHYEThCS TUIBKHU 32 PaXyHOK OXOJIO/KEHHS Harpipaua.

Tpere dhopmymntoBaHHSI 03HAYae, 10 BCsS TEIIOTa MOBUHHA MEPETBOPIOBATUCH B
po0oTy, a0 HaBITh OTprUMaHa poOoTa Oyjae OUIBIIOI0 32 KIJIbKICTh OTPUMAHOI pOOOYUM
TIJIOM BiJl HarpiBava TEIJIOTH, 110 CYNEPEUYUTH 1 MEPIIOMY 1 ApyromMy (HOpMYTIOBAHHSIM
JPYTOro 3aKOHY TEPMOJANHAMIKH.

Tperiii 3aK0H TepMOAUHAMIKH

Tperiii 3aKOH TepMOAHHAMIKM  HEMOMKJIUBO JOCAITH adcoawTHOro 0
TeMIepaTypu TaK SIK HEMOKJIHMBO MOBHICTIO 3YNUHUTH PYX YACTHHOK 3 SIKHX
CKJIAIAE€THCS TiIO.

TenioBi ABUT'YHH
TenmoBo Ha3MBaIOTh MAIUHY, B SIKid B1JIOYBA€ThCS B3a€EMONEPETBOPECHHS
TEIJIOBOI €Heprii 1 MexaHI4HOi poOOoTH. 3a CBOIM MNPU3HAYEHHSIM TEIJIOBI MalIMHU
MOISIOTHCSL HA TPU OCHOBHUX THUIH: TEIUIOB1 ABUTYHH, TEIJIOBI HACOCH Ta XOJIOIUJIbHI
marmuHu. Tepmiuaunii KK]I TermoBoro nBuryHa € BiHOIIEHHS poOOTH, Ky JICTaIA B
pe3yabTaTi 3MIMCHEHHS MPSMOro OOOPOTHOTO MHKIY, A0 TEIJIOTH, IIJIBEACHOI 0
po0oyYoro Tijia BiJl HATPIBHUKA

PoGoTra TemioBOI MAIIMHHU OCHOBHA HA MEPIIOMY 3aKOHI TePMOJMHAMIKH
KinbkicTh TemioTu sika BUALISETHCS NMPH 3rOPaHHI NMajuBa i€ HA BUKOHAHHSA
Po00Y0ro XxoAy TenJoBOi MAIIMHM i HA 3MiHY BHYTPIilIHbOI eHeprii

cUCTEMH

Q =A+AU

Harpire Tizio Q;
Po6oue Tino A=Q:-Q;
XoaoauabHuk Q,

HarpiBau Ql - KITBKICTh TEIJIOTH HarpiBaua
PoGoue Tino — A= Q, — Q, xopucua poboua Temnonarpipaya

XonoannbHUK Q, -KiJIBKICTh TEIIOTH XOIOIMIBHIKA

Jlst Toro 100 TETUIOBMA IBUTYH MIT BUKOHYBAaTH IOCTaBIIEHY 3ajady B KIHIII
KOXKHOTO TIPOIECY TMOBHHHA CIIPAIIOBATH CHUCTEMa OXOJIOJKECHHSI siKa 3a0epe €Hepriio
110 MIIIJIa Ha HarpiBaHHS CUCTEMH, JUTsl TOTO 100 MepeBeCTy B MOYATKOBUHN CTaH .

Huka Kapuo a5 onucy podoTH ileaibHOI TenJI0BOI MAIIMHM .
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OcHOBHE 3aBAaHHs, K€ MOCTaBUB co01 3a MeTy KapHo, mossiranio y BU3HA4Y€HHI
napameTpiB, Big sAkux 3anexuth KKJ[ TtermnmoBoi mammuu. Ilpu 1upoMy BiH
IPOJEMOHCTPYBAaB  MO-CIPABKHbOMY  HAYKOBO-TEOPETHMUHUW MIJX1J, TOMY IO
Hamarapcsi BuzHauntd KKJ[ Mamman He3aneKHO Bij "SKOroch MexaHizMmy', "SKOTOCh
NEBHOTO areHra", TOOTO TMPOMOHYBAaB pO3IJIIHYTH 1l€alibHy TEIUIOBY MAIIUHY.
Oco0nMBICTIO IIi€1 1AcanbHOT MaIIMHU OyJ0 T€, IO BCl 3MIHM B HiM TMOBUHHI OyJd
B110yBaTHCS 0OOPOTHUM HIISIXOM.

OOOpOTHUM Ha3MBAETHCA NPOIEC, IO MOXKE HTH SK y NOpIMOMY, TaK 1 Y
3BOPOTHOMY HANpsIMKY, 1 MICJIsI MOBEPHEHHSI CUCTEMHU Y BUXIJIHUN CTaH BOHA (CHUCTEMa)
3aNUIIAE€THCS HE3MIHHOI0. bBynb-sKHil 1HIIMIA TpPOIEC HA3UBAETHCS HEOOOPOTHUM.
BusiBnsieTbes, SKIIO BUKITIOUATH 3 PO3TISAY SBHINA, IO BIOYBalOTHCS B MIKPOCBITI, TO
B IIpHPOi a0COMOTHO 000opoTHUX TporieciB He icHye. lle Jlazap KapHo 3BepHYB yBary
Ha Te, mo s gocsrHeHHs HaiiBumoro KKJI mpu moOGymoBi #l ekcrutyartarii
MEXaHIYHOTO MPUCTPOIO MOTPIOHO 3BECTH JO MIHIMYMY yAapH, TEPTSI, IHIIKUMHU CIIOBaMH,
ycl1 IpoliecH, 1o Npu3BOAATH A0 BTpatu "xkuBoi cun'. Can 1 KapHo 00rpyHTOBY€E CBOIO
TEOpil0, PO3IJIAAAOUYM TPOIEC OJIEpP)KaHHSA pyXy 3 TeIlla Ha OCHOBI 3araJbHHUX
MIpKyBaHb, HEXTYIOUM PI3HOMaHITHUMH HECYTT€BUMH (hakTOopaMu y (DYHKIIIOHYBaHHI
MamuHu. BiH Hamaraerbcss BH3HAYUTH, B YOro 3alexkuTh MakcumanbHuii KK
mamuHu. ToMy 1 Oepe ajig po3msiAy i7eani3oBaHy MalluHy, 1CTOTHOK OCOOJHUBICTIO
mpolecy SKoi € MUKIYHMM W oOopoTHuiM xapaktep. Ak poboue Tino Kapno
BUKOPUCTOBYE MOBITPS, 100 YHUKHYTH CKJIAJHOCTEW, MOB'I3aHMX 31 3MIHOIO a3y —
MEPETBOPEHHSIM BOAM HAa Tapy, a MOTIM mapu — Ha Boay. bimeme Toro, Kapno
MPUXOIUTH N0 BipHOTO BUCHOBKY: misa migsumieHHs KKJ[ Tpeba yHHMKaTH TpsMuX
KOHTaKTiB MK HarpiBadem i XOJOIMWIBHUKOM, 1100 JKOJHA 3MiHA TeMIlepaTypu He Oyna
3yMOBJICHA TPSMHUMH TOTOKaMH TeIJla MDK JBOMa TiJlaMH, SKi MalOTh pI3HY
TemriepaTypy. Lli MOTOkM HE BUKOHYIOTH HISIKOI MEXaHIYHOi poOOTH i MPHU3BOIATH JI0
3HrmKeHHS KK/I.

Huka Kapno — TtepmMoarHaMiuHAN LUK, SIKUU CKJIaJa€ThCs 3
JIBOX 130TEPMIYHUX  TPOIECIB1  JBOX aaiadaTHUX TMPOIECiB, IO MOMEPEMIHHO
4epryroThesa Mk coboro. Hasanwuii 3a im'sm H. JI. C. Kapno, ¢ppaHIly35K0ro BU€HOTO Ta
1HXKeHepa, KOTPUH BIIepIlie Moro onucas y cBoiil mpaiii «[Ipo pymrifiHy cuity BOTHIO Ta
PO MAIlIMHM, 110 3/aTHI po3BUBaTU 10 cuiy» Llukn KapHo ckimagaeTbest 3 4OTUPHOX
cTajii:

PoGoua pedoBrHa pO3IMIUPIOETHCS (130TEPMIYHHIA TTPOIIEC).
Poboua pedoBrHa po3IIMPIOETHCS (a1iadaTHIHUH TIpoILiec).
Po0oua pedoBrHa cTUCKAETHCS (130TEPMIUHUIT MIPOIIEC).
Po0oua peyoBrHa CTUCKAETHCS (a1la0aTHIHUIN TIPOIIEC).

W

n
&

1-1' i3omMeTpuyHEe PO3MUPEHHS
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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

1'-2 apiabaTu4He PO3LIMPEHHS

2- 2' 130MeTpUYHE CTUCKAHHS

2'-1 amiabaTnyHe CTHCKAHHSA

HeMOoXIHMBICTh TIOBHOTO TEPETBOPCHHSI BHYTPINIHBOI €Heprii razy B poOOTy
TEIJIOBUX JBUTYHIB 0OYMOBJIEHA HEOOOPOTHICTIO MPOIECIB Y Mpupoi. SAkOu Teriora
MOTJIa MHUMOBIJTBHO TIOBEPTATUCS BiJ] XOJIOJAWJIBHUKA 10 HarpiBada, TO BHYTPIITHSI
eHeprist Moryia 6 OyTH IIJIKOM IEepPEeTBOPEHAa B KOPUCHY PoOOTYy 3a JOMOMOIO OYJib-
SIKOTO TETUIOBOTO JBUTYHA.

BiamoBimHo 10 3akoHy 30epekeHHS eHeprii poOoTa, 3MiCHIOBaHA JBUTYHOM,
TOPIBHIOE:

A'=[QIl-Q2|

ne Q1 — KITBKICTh TEIJIOTH, OTPUMaHa BiJ HarpiBada, a Q2 -KUIbKICTh TEIUIOTH,
BiJIJTaHa XOJIOIUIILHUKY.

KoedimienToM KOpUCHOI i1 TEIIOBOTO JIBUTYHA Ha3UBAIOTh BIAHOUIECHHS pOOOTU
A', 311iiCHEeHOT TBUTYHOM, JI0 KITBKOCTI TEIJIOTH,

A _10-10,]_, 10,
FINEA 0,

OTpUMaHIiii B/l HarpiBaya:

KK/l temmoBoro npuryHa menme oaunuii. [Ipu T1-T2=0 nBuryn He Moxe
MpaIlOBaTH.

Makcumanbie 3HaueHHs KKJ[ TeroBux ABUTYHIB. 3aKOHM TEPMOAMHAMIKH
JIO3BOJIAIOTE  OOYMCIUTH MakcuMaiibHO MokiauBui KKJI TemmoBoro aBuryHa, mio
Mpaltoe 3 HarpiBaueM, 1o Mae temmneparypy T1, 1 XoJIoguiIsHUKOM 3 TeMneparypoto T2.
VYnepiue ue 3poouB ¢ppaniy3pkuil iHxeHep 1 Buenuid Canu Kapho.

KET=2=2 1000 KKT=2=2 100%

Ql Tl

Kapho mpuaymaB i7ieasibHy TEIUIOBY MaIIMHY 3 1I€AJIbHUM Ta30M SIK poOoUe TLIO.
Bin onepykap mis KK/ i€l mammHu HacTyITHE 3HAUCHHS

Ax 1 ouikyBanock, KKJ| mammuun KapHo mnpsmo mnpomopiidiHuii pi3HUIN
a0COJIFOTHUX TEMIIepaTyp HarpiBaya i XoJoAWIbHUKA.

["onoBHe 3HaueHHs 1€l GopMyNH TOJIATAaE B TOMY, K 0BIB KapHo, 1o Oyab-sika
peanbHa TEIUIOBA MalllMHA, IO Mpalioe€ 3 HarpiBadeM, o Mae temmepatypy T1, 1
XOJNOoAWIbHUKOM 3 Temrmeparyporo T2 He moxe matu KKJI, mo nepeBumye KKJI
1JICAJILHOI TEIUIOBOI MAIIWHH.

[Tpu Temnepatypi X0JIOAWIbHUKA, PIBHINA aOCOTIOTHOMY HYJIIO, =1

}?:

Jekuyia Nel2. PeanbHuii ra3 - 1 roa.
Inan:
1.PiBusinnas Ban-nep-Baanbca.
2.KputnuHa Temneparypa.
3.Edexr Ixoynsa-Tomcona.
4.3piJKeHHS Ta3iB.
5.KpiorenHa TexHika i ii BAKOPUCTaHHS B C/T.
Pisnsinus Ban-nep-Baannca.
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PeanbHi ra3u. Ha mnpaxkTuiii AOCHTh 4acToO MOBOJMTHCS MaTH CIpaBy 13
pealbHUMHU Ta3aMu — HalpUKIaJ, CTUCHYTUMHU Ta3aMd B TOBITPSHUX Trajibmax,
BIIOIMHMX MOJIOTKaxX, KoMIpecopax Tomlo. JlocmipkeHi HamMu BIACTUBOCTI TrasiB
CTOCYIOThCSI 17I€aJIbHOTO Ta3y — Trasy, JUIs SKOTO BJIACHUH 00’eM MOJeKyna (aTomiB) i
B3a€EMOJIisI MDK HHMH HE BIUIMBAIOTh HA JOCHIKYBaH1 SBUINA. BUIBIIICTH pealbHUX
rasiB, sSIK y>K€ 3a3Ha4aJIoCh MpH KIMHATHINA TeMIepaTypi i HOpMaJIbHOMY aTMochepHOMY
TUCKY 32 CBOIMH BJIACTHBOCTSIMHU OJIU3BKI JI0 1AeabHUX. [IpoTe 3 MiABUIICHHSIM THUCKY
peasibHI Ta3u MOBOJAATH ce0e IO I1HIIOMY TOPIBHSHO 3 1/1€ajdbHUM, 30KpeMa IpHU
CTHCKaHHI, KOJU CYTTEBO MPOSBISAIOTH ceOe CHUIM MIKMOJIEKYJsipHOT B3aemonii. 1106
OTHCATH BJIACTUBOCTI peajbHUX Ta3iB, MOTPIOHI 1HIII PIBHSIHHS, 1HIIA MOJENb, OJIMKYA
3a BIACTUBOCTSAMH IO PEATLHOTO Ta3y.

PiBHsAHHA CTaHy peajbHOro rasy (piBHSIHHA Ban-aep-
Baajnca). 3a0BUTBHOIO MOJIEIUTIO pPEabHOTO Ta3y, € Taka, B SKiM MOJIGKYJIU Ta3y
MaloTh BJacHUM 00’e€M, iX MOXHA BBaKaTH aOCOJIOTHO MPYKHUMH KyJIbKaMU MiX
SAKUMU JIIIOTh CUJIM TIPUTSATAHHS, CHJIM BIJIITOBXYBaHHS TMPOSBIIAIOTH ce0€ Y MOMEHTHU
31TKHEHb.

B peanpHuX razax 4aCTMHKHU ra3y MarOTh PO3MIPH 1 B3aEMOIIOTh MK COOO0I0

PV= % RT- piBusaHs MeHeneeBa

PiBusinust Ban —nep —Basabca
a m

(P—W)(V —b):VRT

a i b cram Ban-nep-Banbca siki BpaxoBYIOTH BiJIITOBIAHI PO3MIPH MOJIEKYJIH Ta3y
Ta CTYIIHb B3a€MOJIi. J[JI1 KOKHOTO BUy peajbHOro rasy Ii cTajl 1 IX MOXHa B3STH JJIs
KOXHOTO BUY a3y 1 IX MOXHa B3sITH MOCTIiHI piBHsHHS Ban-nep-Bannbca.

PiBusinus Ban nep Baanbca omnucye 30UTbIIEHHS TUCKY NMPU 3MEHIIEHHI 00'eMy
PO3PKEHUX Tra3iB, IEepeHacHyYeHy Tapy, MeperpiTy piAuHy, pi3Ke 3MEHIICHHS
CTUCIHMBOCTI B piakii (a3i. PiBHsHHS BaH nep Baanbca BuU3HAYae TakoXX KPUTUYHY
TEMIEPATypy, BUILE KO a3 HE 3pIIKY€EThCS MPH KOAHOMY TUCKY. DAKTUYHO PIBHIHHS
Ban nep Baanbca ommcye pi3HHIIO MK CTaHOM peEajJbHOTO Ta 1/1€ajJbHOTO Tas3iB.
[TonpaBku a 1 b MaroTh OlIblIe 3HAYEHHS! TPU BUCOKMX THCKax rasiB. Hampuknaz, nis
a30Ty NpU TUCKY NopsAAKy 80 aT™M po3paxyHKHU MPOBECHI 3a PIBHSIHHAMU 171€aIbHOTO Ta
peanbHOro rasiB pi3HATHCS NpUOIM3HO Ha 5%, a npu TUCKY nopsaaky 400 aTtM pi3HULS
cxiaznae Bxe 100%.

PiBHsiHHs BaH nep Baanbca omucye ra3, MOJEKYJIH SIKOTO B3a€EMOJIIOTH MIX
c00010. MoJIEKyJIM MPUTSITAIOTHCS HA BEJIMKUX BIICTAHSX 1 BIAIITOBXYIOTHCS, M1IXO0ISTYN
0JIM3bKO OfHA 10 OAHOI. [IpuTaryBaHHs 3ymMoOBIeHE BaH jaep BaanbcoBuMmu cuiiamu, a
BIIITOBXYBaHHS — IpuHLIUIOM [laymi.

3a CBO€IO IPUPOJI0I0 b — BHKIIOUCHHH 00'€M, IKMiT BHHHKAE Yepe3 HETOYKOBICTh
po3mipy Mmoiekyn. [lapameTp a omucye MpUTATYBaHHS MK MOJIEKYJaMH Ha BEIHMKIN
BiJICTaHI.

Kpurnuna remneparypa.

KpuTudyHa TeMieparypa — Taka TeMIepaTypa, IpH SKilii TyCTHHA i THCK
HACHMYEHOI Mapu CTalOTh MaKCUMaJIbHMMH, a TyCTMHA pIAMHM, IO TepedyBae y
JTMHAMIYHIA pPiBHOBa31 3 Mapow, cTae MiHiMaiabHOIO. [Ipu TemmepaTypi, BUIIINA 3a
KPUTUYHY TEMIIepaTypy rasy, Horo HEMOXXJIMBO CKOHJIEHCYBATH MPH KOJAHOMY THCKY.
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3a3Buyail KpUTUYHA TeMIepaTypa no3Hadaetsest Tk ado Te.

Ha kpuTuuniii i130TepMmi 001acTh, B SIKIH THUCK B Ta3l MpHU KOHJEHCAIl HE
3MIHIOETBCS 31 3MEHIICHHAMH 00'eMy (MOIyJIb BCEOIYHOTO CTHUCKY JOPIBHIOE HYIIIO),
3BOJIUTHCS J10 OJHI€T TOUKH. L[5 TOUKa HA3UBAETHCS KPUTUYHOIO TOUKOIO.

Kputnusiit TodIli BiANOBITA€ KPIM KPUTHYHOI TepMIIEpaTypH TaKOX KPUTUUHUN
TUCK Pk Ta kputuyHuil 00'eM VK, sikuii, mMpoTe, 3ajexaTh Bl Macu rasy. 3a3BUyai
KPUTUYHI 130TEPMU MPOBOASATHCS AJI MOJIS Tazy.

Tabnuys 3
Kpumuuna memnepamypa desikux pe4o8uH
PedoBuna Kputnuna
temnepatypa (°C)
A30T -146.9
AproH -122.29
bpom 315
Bonens -240.17
Iemii -267.96
Won 546
Kucenb -118.57
Kpunron -63.7
Kcenon 16.58
ApceH 1400
Heon -228.75
Panmon 105
PryTh 1477
Cenen 1493
Cipka 1041
dochop 721
dTop -128.85
XJop 143.8

E¢exr Ixoyas-Tomcona.

Edekt Ixoyns-ToMcoHna— 3MiHa Temneparypu ra3y IiJl 4ac Horo ajiadaTuyHoro
PO3IIMPEHHS (IpocentoBaHHs).Mae MiHYCOBUI Ta MITIOCOBUIN e(PEeKTH.

AniabaTuuyHMil  mporiec  BiAOYBae€TbCA TMPH  BIACYTHOCTI  TEIJIOOOMiHY 13
cepenoBuiieM. [lpu amiabaTudHOMY pO3IIMPEHHI Ta3 BUKOHYE pOOOTYy, BTpadaroyu
BHYTPILIHIO €HEPTilo, 1110 MPU3BOIUTH 10 OHUKEHHS TEMIIEPATYPH.

Edext Jlxoyns-TomrncoHa BUKOPUCTOBYETHCA HJisi OTPUMAHHS HAJHU3BKUX
TEeMIIepaTyp, 3p1IPKEHHsI Ta3iB, TOIIO.

3pinxeHns rasis.

OCHOBHOIO CUPOBHHOIO JIJISl OJIepKaHHS 3pIIHPKEHUX BYIJIEBOJHHUX ra3iB € Ty4HI 1
npupoAHi HadTOBI ra3u:

a) nonyTHHUI HA(QTOBUI ra3 Ha Tra300€H3MHOBUX 3aBOJIAX;

0) ra3 TEpPMIYHOI 1 TEPMOKATATITUYHOI NEpepoOKH HAPTH 1 HAPTOMPOIYKTIB Ha
YCTAHOBKAX TEPMIYHOIO KATATITUYHOTO KPEKIHTY, MPOi3y 1 KOKCYBaHHS, alKIJTIOBaHHS
i IHIIUX TIPOIIECIB;

43



B) INTY4YHI ra3d Ha 3aBOJaX CHHTETUYHOIO MOTOPHOTO TMajuBa (3aBOAM
JNECTPYKTUBHO-TIIPOTEHI3AIINHOT TMEepepoOKH BYTrUUIA 1 BaXKUX HaPTOMPOIYKTIB,
CUHTE3y MOTOPHOTO MaJIUBa, 3 OKCUIY BYTJICIIO 1 BOJHIO i 1H.);

I') NPUPOAHI Ta3W, IO MICTATh KpiM METaHy, JesKa KUIbKICTb OLIbII BaKKUX
BYIJICBOIHIB. TOMY 1110 B IPUPOTHUX T'a3ax BMICT OUIBII Ba)KKUX BYTJIEBOJIHIB (TIPOIIaHy
1 OyTaHy) HEBEJIMKHM, TO OJCPXKYIOTh 3 HUX PIIKI ra3u Jy»Ke PiaKo;

J1) TA30KOHJCHCATHI POJIOBHUINA MPOMUCIOBOrO 3Ha4YeHHs. HaiOinbIny IiHHICTH
U OJIep KaHHS PIAKUX BYTJICBOJHEBUX ra3iB MarOTh MOmyTHI HadToBi rasu. Hadra Ha
BUXOJIl CEMaparopiB, y 3aJIEKHOCTI BiJ PEXUMY cemaparlii, TaKoX MICTUTh 3HAYHY
KUIBKICTh PO3UYMHEHUX y HIM BaXXKWUX BYIJIEBOAHEBHUX Ta3iB. ['a3u, siki BUAUIAIOTHCS 3
Ha(TH, Mcs cenapaTopi, MicTATh O0au3bko 30% mnponany, 30-35% Oyrany 1 G1M3BKO
30% razoBoro Oen3uHy. Lli rasm, TOOTO ra3u, oTpuMaHi B pe3yabTaTi cTalimizarii
Ha(TH, € IIHHUMU U1 BUPOOHUIITBA 3P1PKEHUX Ta3iB, IO 3BUYANHO 1 BHIIy4alOThCS Ha
ra300€H3MHOBUX 3aBOJIaX.

[ty4ni, 3aBoACHKI HadTOBI Tra3u, TOOTO ra3u, OTPUMaHI MPH JIECTPYKTUBHIMH,
TEPMIYHIN 1 TepMOKATAIITUYHIA TepepoOIli HadTH, PI3KO BIAPIZHIIOTHCS 32 CBOIM
CKJIaJIOM B1JI MPUPOJIHUX Ta31B, SIK B/l OIYTHUX, TaK 1 B1J IPUPOTHUX.

[le po3xomkeHHS TOJIArae B TOMY, IO IITY4HI HA(TOBI ra3d MICTATh 3HAYHY
KUIBKICTh HECHACHYEHHUX 0JIe(PIHOBUX BYTJICBOJIHIB, 1110 € JYXe I[IHHOI CHPOBHHOO JJIS
0e371141 BCUISIKUX PeaKIii OpraHiyHOTO CUHTE3Y.

OTxe, OCHOBHUMU JiKEepEeTaMHu JIJIsl OJIep>KaHHs MaTUBHUX PIAKUX BYTJIEBOIHEBUX
ra3iB (mpomaH, OyTaH) MOBHHHI CIY>)KMTH TONYTHI Ta3H, Ta3d Ta30KOHJIEHCATHUX
pPOJIOBHUIL, IUTY4YHI HA(PTOBl Ta3uW 1 ra3u AECTPYKTUBHOI TIApOreHi3amii TBEpIOro 1
piakoro manuBa. OAHAK BapTO BKa3aTHW, IO Tra3d TEPMIYHOI 1 TEPMOKATaIITUYHOI
nepepoOku HapTH 1 HAPTOMPOAYKTIB, SIKI TMICTATH 3HAYHY KIJIBKICTh PEaKLIMHO-
3MaTHUX HETPAHWYHUX BYTJEBOJIHIB, HacamIiepe]l, MOBUHHI MiJAaBaTUCS BIAMOBIIHIM
nepepoOIi it IXHHOrO (HpakiiOHyBAaHHS 3 HACTYITHUM BHUKOPHUCTAHHSIM Yy PI3HUX
CHUHTE3aX. ¥ 3B'A3KYy 3 BUKJIAJCHUM, IPOLECH OJEpXaHHsS PIIKUX BYIJIEBOJHEBUX ra3iB
OyIyTh HI)KUYE PO3MISTHYTI CTOCOBHO JI0 TTONMYTHHUX 1 1HIITMX aHAJIOTIYHUX Ta3iB.

Kpiorenna rexsika i ii BUKOPUCTAHHA B C/T.

Kpuorenna TexHika, TexXHika 300yTTs 1 BUKOPUCTaHHS KPUOTCHHUX TEMIIEPATYp,
T00TO Temneparyp Hrkue 120 Jlo.

OcHoBHI TTpo0JIeMHU, 110 BUPIIIYIOThCs J[0. T.: 3piKyBaHHs ra3iB (a30Ty, KUCHIO,
relito 1 1H.), iX 30epiraHHs 1 TpPaHCIOPT B PIAKOMY CTaH1; PO3AUICHHS Ta30BUX CyMILIEH 1
130TOMIB HU3bKOTEMIIEPATYPHUMH METOAAMH (HANpHUKJIad, HTPOMHUCIOBE 3000yTTS
YUCTUX a30Ty KHUCHIO 1 aprOHY 3 MOBITPs: BUAUICHHS ACUTEpi0 peKTU]IKALIEI0 PIAKOTO
BOJHIO 1 T. J.); KOHCTPYIOBAaHHA KpiopedpixkepaTopoB — XOJIOAWIbHUX MAIIHWH, 1110
CTBOPIOIOTH 1 MIATPUMYIOTH TeMmieparypy Huwxk4de 120 Jlo; oxonompkyBaHHS 1
TEPMOCTaTYBaHHS MPU KPUOTCHHUX TEMIIEpaTypax HAAMPOBIAHHUX 1 €NEKTPOTEXHITHUX
MPUCTPOIB (MAarHiTiB, COJEHOINIB, TpaHC(HOpPMATOPIB, €NEKTPUIHUX MAIIMH 1 KaOemiB,
By31iB EOM(enekTponHa oOunCIIOBaIbHA MAIlIMHA), TIPOCKOIIB 1 T. 11.), €JIEKTPOHHUX
nmpwiaaiB (KBaHTOBUX IJICWIIIOBAYiB 1 TEHEpPATopiB, NpHiiMadiB i1H(PAYEPBOHOTO
BUIIPOMIHIOBAHHS 1 T. [I.), 010J0TIYHUX 00'€KTiB; po3poOKa amapaTypu 1 YCTaTKyBaHHS
JUTSI TIPOBEJICHHSI HAYKOBHX JIOCHI/PKEHb NPH KPUOTEHHHUX Temreparypax ( KploCTaTis,
OynbOalIKoBUX Kamep 1 1H.).
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Jexuyia Nol3. B’a3kicThb pinnnu. 3akon Ctokca — 1rox.

Inan:

1. IneanpHa piguHa

2. MexaHi3M BUHUKHEHHS CHJI BHYTPIIIHHOTO TEPTS.

3. 3axkon HproToHa g cviiu B'SI3KOCTI.

4, ®i3uuHuit 3MiCT KoedilieHTa B'I3KOCTI.

5. YMmoBa 17151 pIBHOMIPHOTO pyXy KYJIbKH B P1IHHI
6. 3akon Ctokca

IneanbHa pinmHa e piguHa O6e3 TepTs. Bcim peanbHUM piguHam 1 rasam B
OuTbLIIl YW MEHIII Mipl BJIAacTUBa B'S3KICTH a00 BHYTpINIHE TepTa.  B'sA3KicTh
MPOSIBIIIETHCSL B TOMY, LIO MICJS MPUMUHEHHS MPUYNH BUHUKHEHHS pyXy B piauHi abo
rasi, 110 MOro BUKJIUKAJH, TOCTYIIOBO MPUIHHIETHCA.

Pyx pinuHu, npu sSiKoMy LIapd piAMHM KOB3alOTh OAMH BI1JIHOCHO OJIHOIO O€3
BUHUKHEHHSI 3aBUXPEHb HA3UBAETHCS JIAMIHapHum. BlacTuBICTh PIAMHU CTBOPIOBATH
OMip MEPEeMIIIEHHIO OJHOT0, Iapy BIIHOCHO JPYroro Ha3WBAEThCS 8'a3kicmio, abo
BHYMPIWHIM MePMM.

MexaHi3M BUHUKHEHHS CHJI BHYTPIlIHBOIO TEPTH: B'A3KICTh BUHUKAE TOMY,
1110 Ha TPaHUIIl PO3MOALTY JBOX IIAPIB PIIUHU, 1110 PyXalOThCA B OJJHOMY HalpsMKY, aje
3 PI3HUMH HIBUIKOCTSIMH, JII€ CUJIa, IKa HAMAraeThCs 3pIBHITH MIBUIKICTH 000X IIapiB.
g cuna, oOyMOBJIEHa EPEHOCOM KUIBKOCTI PYXy 3 OJHOTO IIapy B IHIIMM, 3aBISKH
TEIJIOBOMY PYXY MOJIEKYJI, 1 HA3UBAETECS CUIIOKO B'SI3KOCTI.

3rigHo 3akoHy HbloToHa cuiia B'A3KOCTI (BHYTPIIIHBOTO TEPTS), IO 3YMOBIIIOE
pyX IIapiB PIAMHU OJIMH BIJIHOCHO JPYroro, MpomnopuiiHa Koe(dilieHTOB1 B’SI3KOCTI,
IO 1IapiB, MO KOMY BIIOYBA€ETHCS PyX, Ta FPAIEHTY IIBUAKOCTI TEUli.

®opmyna HbOTOHA I cMJIM B'SI3KOCTI (BHYTPILIHBOIO TEPTS) y BUIAJKY
OJHOMIPHOT'O PyXYy (V =V (X)) JOPiBHIOE

F =+7S % (29)
dx

Jie T— KOoediIie€HT B’3KOCTI, 800 JMHAMIYHA B’ SA3KICTh,

S — moma B3aeMoii mapiB piAMHH, 110 PyXaAIOThCH,

dv

dx
NEePHEHAUKYIIPHUN TPAHUIIl PO3IOJLTY IIaPiB PIIUHU.

—  TpafieHT MIBUAKOCTI  pyxXy  MoJeKya B310BXK Bici OX, skuii

Bignomenns %:AA—V MOoKa3ye 3MIHY IIBUJIKOCTI MPH MEPeXojl BiA LIapy M0
X AX

mapy B HampsMi X, TEPICHIUKYISIPHOMY JI0 HaMpsMy pyxy IapiB, Ha3HBAETHCS
IPATIEHTOM IIBUIKOCTI.

AV =V, -V,

e V2 WV, - IIBUJIKOCTI IIapiB, AX— BIJICTaHb MiX IIapaMH,

3HaK * y popmymi (1) BiAmMOBinae TaIbMyIOUiid 1 MPUCKOPIOIOUIN CHTIAM.

Koegiyienm nponopyitinocmi, axuil 3anexcums 8i0 npupoou i Cmany piouHu
HA3UBAEMbCS KoepiyicHmom 8 s13Kocmi abo 8HYMpIiuHb020 Mmepmsi.
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B’askicmv eupasxcaecmvcs 6 nackanv-cexynoax (lla-c): odun nackanv-cekymoa
0opieHIoE KoeiyicHmy OUHAMIYHOI 8 A3KOCmI cepedosua, 8 KoMy NpU JIAMIHAPHIL
meuii i epadienmi wWeUOKOCmi 3 MoOyieM, wjo 00pieHioe Im/c Ha Im, eunukac cuna
BHYMPIWHBO20 mepmsi 6 00uH HolomoH Ha IM° noeepxmi Oomuky wiapis.
(Ila-c=1H-c/v°).

Disuynuti 3micm Koeghiyienma 8'si3kocmi 1. KOEQILIEHT B'S3KOCTI YHCEIBHO
JOPIBHIOE CHJII BHYTPINIHBOTO TEPTSA, 110 BUHUKAE HA MEXI JBOX IIApiB OJMHHYHOI
TUTIONII P TPAAI€HT] MIBUAKOCTI PIBHOMY OJMHHIII.

KoeoimienT B'SI3KOCTI 3aIeXUTh Bl pPOAY pIAMHU 1 Big TeMIepaTrypu. 3
MBUIICHHAM TEMIIEPaTypH PIAUHH BiH 3MEHIIYETHCS, TaK K MPHU I[bOMY 301TbIIYETHCS
CepeHs BIJICTaHbh MK MOJIEKYJIaMH, 1 BIATIOBITHO 3MEHIITYETHCS 3B'SI30K MK HAMH.

[Ipu pyci Tina y B'I3KOMY CEpEIOBHUII 3 MaJMMHU IIBUJKOCTAMH Ha HBOTO JIi€
CUJa B'A3KOCTI TOMY, IO TiJO K€ PYXA€ThCS B PIAMHI 3aXOIUTIOE€ TPHUJIETII JO0 HBHOTO
HIapy 1 TOMy 3a3Hae omip 3 OOKy piAMHU

F=—uVv, (30)
1€ W — KOe(IieHT OMopy CEpPeIOBHINLA, 3B'I3aHUN 3 KOE(PILIEHTOM B'SI3KOCTI.

V — MIBUJKICTB BIJIHOCHOTO PyXY.

[Tpu Manux MBUIKOCTAX PyXy TiIa, pyX PLAMHYU BIJTHOCHO HHOTO MOXKHA paxyBaTH
JaMIHapHUM 1 KOE(IIIEHT OMopy B LIbOMY BHUMAJAKY 3aJICKUTh BiJ pPO3MIpIB Tija Ta
koedirienTa B's13k0cTi 3akoH CTOKCA.

Konu kynbpka pyxaerbcst B piJiiHI Ha HEi JIIOTh TPU CUJIM: 1€ Cuiia TsDKIHHS Fo,
cwia tepta F;, 1 apximenoBa cuna F, (BUIITOBXYBajibHA) puc.l.
3riiHo apyroro 3akoHy HeloTOHa BEKTOpHA cyMa BCIX

AN Fro . .
N NPUKIIAJEHUX 70 Tija CUJI YUCEIbHO AOPIBHIOE JOOYTKY MacH
N Fa Tija Ha Oro NPUCKOPEHHS:
C) ma=F + FTp +F, . npu piBHOMipHOMY pyci a=0,
pigmosinno O=F + FTp +F, . Cnpoexryemo BexTOopH
A
Fx cumu Ha Bics OY: 0= ~F, +F, + F, Orxe yMOBa I
Puc.1 PIBHOMIPHOIO pyXy KyJbKH B PilMHi:

F.=F,+F,
3akon Crtokca: /st TUT mAaponoaioHOT GOpMH, SIKI PyXarOThCs 3 HEBEITUKUMH
MIBUAKOCTSIMU, CHWJIa ONOPY piAMHU F mpomopiiitHa MBUAKOCTI, paaiycy Kymi 1
KOe(DILIEHTY B’ A3KOCTI.

F =6mVr

Jlexuia Nol4. IloBepxHeBi sBuma. Cujia nopepxuesoro Harary.— 1 rogu.
Inan:

1. IloBepxHeBi sBUIIIA.

2. BHyTpimHii THCK.

3. @13u4HU 3MICT KoedilI€HTa TOBEPXHEBOTO HATATY.

4. Cua MoBEpXHEBOr'O HATATY.
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IToBepxHeBi IBMIIA CIIOCTEPITalOThCA HA MEXKI PO3MOLITY ABOX (a3, HAIpUKIA],
PIAYHU 1 11 HACUYEHOI TapH, PIIUHM, 1 TBEPJOTO Tija, IBOX PIMH, IO HE 3MIIITYIOTHCS.
[ToBepxHEBI SIBUIIA BiAIrpaloTh BAXKIUBY POJb B TaKUX IMpollecax, K 30aradueHHs pyn 3
nonomororo ¢joTarii, MOrJIMHAHHA IIKIJJIMBUX Ta3iB 1 Hapu, OTPUMAaHHSA CTIHKHX
eMYJIbCIH Ta 1H.

[ToBepxHs MeXi PI3KO BIIPI3HAETHCS CBOIMHU (D13UKO-XIMIYHHUMHU BJIIACTUBOCTIMH
B1J1 000X IpaHUYHUX (a3.

PosrissHeMo moBepxHIO MexXi1 ra3 - piinHa. MoJieKyu B piAMHAX PO3TalllOBaHI Ha
BIJICTaHi, IO BIJMOBIJAIOTh MIHIMAILHOMY 3HA4YEHHIO €Heprii B3aemomii. Ha Takmx
BIJICTaHSIX MOJICKYJIM IHTEHCUBHO B3a€MOJIOTh. CHIIM B3a€EMOJIii 3aJI€KaTh BiJ IPUPOIU
MOJIEKYJ 1 3HAYHO BIAPIZHSIOTHCSA IO BEJIMYMHI JUIS Pi3HUX piauH. TemnoBuil pyx
MOJIEKYJ PIAMHHU CYTTEBO BIAPI3HIETHCA BiJl TEIUIOBOTO PyXy MoJiekyn razy. Cepemni
BIJICTaHI MDK MOJIEKyJaMH OJH3bKI 10 piBHOBaXHHX. lle o3Hauae, 1m0 MOJEKYIH
KOJIMBAIOTHCSI O1Is1 TOJIOKEHHSI PIBHOBAru, ajie B 3B'SI3KY 3 XAOTUYHICTIO TEIJIOBOTO
PYXY, aMIUTITYy/la KOJIMBaHb CYCIJIHIX MOJIEKYJI pi3HA 1 4ac B1Jl 4acy HACTIIBKH, 110 JCsKi
MOJIEKYJIM TIEPECKAKYyIOTh B HOBE MOJIOKEHHS PIBHOBArW 1 MOYMHAIOTH 31ACHIOBATH
KOJIMBAHHSI HABKOJIO HOBOTO TMOJIOKEHHSI PIBHOBAru. TakuM YMHOM MOJIEKYJa MaHAPYeE
10 BCbOMY 00'€eMy PIJIUHH.

Ha wmonekyny, 1o 3HaXOIWTbCA BCEpeauHI pIAUHU (puc., 8), MIIOTh CHIH
B3a€EMHOTO TSDKIHHS 3 OOKY BCIX OTOUYIOUYHUX 11 MOJIEKYII.

-

Puc.8. Cxema 0ii cun na monexkyny saxa 3Haxooumuscst 6cepeouni piounu

PiBHOAIrOUA IUX CHJI B TIOJIOKEHHI 1 JOPIBHIOE HYIIIO 1 JIJIS1 TIEPEMIIIICHHS
MOJIEKYJIM BCEPEANHI PiIMHUA HE TOTPiOHO BUKOHYBATH poOoTy. Cuin
MDKMOJIEKYJIIPHOTO 3B'SI3KY JIIOTh TUIBKU Ha JAyXke OJM3bKUX BIJCTAHSIX, TOMY Ha
MOJIEKYJTy JIi€ CUJIa TUIbKH 3 OOKY i1 HAOIMK4MX CyCi/iB.

Jnst MoJiekyJ, po3TaioBanux mo noBepxHi (puc . nonoxeHHs I, I11) ve Bci cunm
MOJICKYJIIPHOTO TPHUTITHEHHS OyAayTh CKOMIEHCOBaHi. lle MOSCHIOETHCS THM, IO B
razoBiil (aszi (map Haj piIUHOIO) MOJIEKYJIM PO3TAIlIOBAaHI OJHA BiJ OJAHOI Ha BETUKHUX
BIJICTaHSX, 041 MK HUIMHU CHJIM MIKMOJIEKYJISIPHOT B3a€EMOJIi1 HaA3BUYAMHO Mali 1 Ha
MOJIEKYJIM Ha TOBEPXHI MII0Th CWJIM TUIBKH 3 OOKy Mojekyn piguHu. Otxe, Bcl
MOJICKYJIM, IO 3HAXOMSIThCA Ha BIJACTaHI BiJ MOBEPXHI , 10 po3/iase ¢da3u, MEHIIE
paaiyca Jii MOJEKYJISIpHUX CHUJI, BIIUYBAIOTh MPUTIATHEHHS 3 OOKY MOJIEKYJ CBOE€i (a3u.
JIyist HUX PIBHOJII0YA MOJIEKYJSIPHUX CHJI HE JOPIBHIOE HYJIIO 1 HaIllpaBjeHa BCEPEIUHY
PIIVHHU.

Pezynomytoua 6cix cun monexkynapHo2o npumseauHs OiloYUX HA  OOUHUYIO
NOBEPXHI, HA3UBAEMbCS MONEKYAAPHUM a00 GHYMPIUUHIM MUCKOM.
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[le came To¥ THCK, KWW TOTPiIOHO Oyino O MOOABUTH 330BHI, JJIsi TOro 00
30epertu 00'eM PIAMHU HE3MIHHUM, SKIIO O 3HUKJIO B3a€EMHE MPUTATHEHHS MOJEKYII.
Baytpimniit Tuck y Bogu — 15000 atm., y 6130502 — 4000 aTMm.

[Tig miero HE CKOMIEHCOBAHHUX MOJICKYJSIPHUX CHJI MOJICKYJIH 3 TOBEPXHEBOTO
Iapy HaMararoThCs MEePEHTH 10 cepeauHu piakoi ¢aszu. [lepexin Moieky 3 MOBEpXHi B
00'eM 03Hayae CKOPOYECHHS BIJIBHOI MOBEPXHI piIUHKU. TakuM 4YMHOM, piAMHA TIJ JTI€I0
BHYTPIIITHIX CHJI HAMAraeThcs 3MEHIIUTH BIJIbHY MTOBEPXHIO, SKIO IbOMY HE 3aBaKalOTh
i cwm. Tak, HampuKIIaa, HEBEIUKI Kparwli TyMaHy MaroTh Gopmy cdepu, ToMy 110
chepa Mae HAMEHIITY TTIOBEPXHIO TIPH 33IaHOMY 00'€Mi.

Jl51s Toro, 1100 301IBIINTH BUTbHY MOBEPXHIO PIAMHH, MOTPIOHO BUKOHATH POOOTY
TUM O1IIBIITY, UM OiIbllIe TPUPICT MoBepxHi. ToOTO

AA=0c-AS, (31)
ne 6 — KoeQillleHT MPOMOPIINHOCTI, 10 HA3UBAETHCA KOEQIIIEHTOM
MMOBEPXHEBOTO HATATY, YU MIPOCTO TTOBEPXHEBUM HATITOM.
OueBugHO, 1110
AA
cC=—1s
AS

Dizuunuii 3micm Koe@piuiecnma noeepxuneeoz2o namsazy. llpu AS =1,0~AA

(32)

KoeiyicHm noeepxHeeo2co0 Hamscy YUCEIbHO OO0pIBHIOE pobomi, 5Ky HOMPIOHO
suKoHamu 0Jis 30i1bueHHs N08epXHi piounu Ha oounuyio. B cucmemi CI nosepxuesuii
namse eumiproemocs 6 Joic/m* uu H/m.

Komu mig Jmi€ro cui MOJNEKYJISPHOTO TIPUTATAHHS MOJIGKYJIH TMEPEeXOasiTh Y
CepenuHy PiTUHH, TIOBEPXHsI CKOPOUYEThCs. [Ipu mbOMy MIKpOCKOIYHA KapTUHA CHII,
IO JiIOTh Ha KOKHY OKpEMY MOJICKYITy, Oyje JOCUTh CKIagHOI. Pe3yrbmytoua Oiti cul,
Wo HanpaesieHi 00 cepedunu piOuHU, eKeieaieHmua Oii 0esaKoi cuiu, nepneHOUK)IApPHoL
00 KOHMYpa, wo 00MeHCYE NOBEPXHIO PIOUHU | HANPABIeHAd N0 OOMUYHIL 00 NOBEPXHI
piouHu Ha3zueacmecs cujlol0 NOBEPXHeE020 Hamszy. SIKMO TPU CKOPOUYEHI MOBEPXHIi

pebpo KOHTYpa 3MINIYEThCSI HA BEITHUUHY dx, o IIPU [IBOMY CHJIOI MTOBEPXHEBOTO
HATATY 3/11MCHIOETHCS POOOTa

dA =F-dx (33)
Cunu MOJIEKYJISIpHOTO MPUTATaHHA 3/11MCHIOIOTH 32 TOW Yac poOoTy

dA=oc-dS, (34)
ne dS — 3MiHa MOBEpPXHi, IKy MOKHA [IPEICTABUTH SIK JOOYTOK | -dx ,
ne | — momxuHa KOHTYpa, 110 OOMEXye MOBepxHIO. ITopiBHSBIIM Ii BHpasu

OTPUMAEMO ol -dx=F-dx
3B1JCH
_F
o= (35)

pu | = 1, o=F .OTKe, MOXIMBO JaTH 1 JApyre BU3Ha4YeHHS KoedirieHTa

MMOBEPXHEBOTO HATATY: KoepiyieHm NOBEPXHeB020 HAMAZY YUCEIbHO OOPIGHIOE CUJI
NnOBEepXHe8020 Hams2y, Wo Oi€ HA OOUHUYK O0BHCUHU KOHMYPA, 5SKA 0OMeNCYe

NOBEPXHIO.
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Benuuuna nosepxnesoeo namsey O szanexcums 6i0 npupoou piounu ma ymos 8
AKUX B0OHA 3HAXOOUMbCS, 30Kpema 6i0 memnepamypu. Tomy, mo0 BusHauutu O ,
HeoOX1/1HO 3a(iKCyBaTu TEMIEPATypy MPH sKiKd Oyu 3po6IieH1 BUMIPIOBaHHS.

HanpyxeHnii CcTaH MOBEPXHEBOTO APy PIAUHU  HA3UBAETHCS NOBEPXHEBUM
Hamsieom; TIeh CTaH BU3BAHO CHJIAMH IICTUICHHS MiXK MOJICKYJIaMH IIbOTO IIIapy.

Ilin cunotw nosepxmnesozo namazy F po3ymiloTh CyMy CHII MPUTSATAHHS, IO
JIOTh Ha KOHTYD, SIKM OOMEXY€ TTOBEPXHIO PIJIUHH.

F=0c-l

Mopyab 4. EJieKTpU4HMI CTPYM.
Jekuia Nel5. ElekTpocTaTuKa - 2 1oJ.

Inan:

1.Enextpuune mnouie.

2.Hanpy>keHicTh moJis.

3.Teopema OcTporpajacbkoro.

4. TloTtenmiai.

5.Hampyra.

6.Hampyra B enexTpuaHOMY TOJI.

7.EnextpuyHa iHIYKIIis.

8.EnexTpocTaTnuHUiA 3aXHUCT.

9.EnexTpoeMHICTS.

10.Konnencaropu Ta ix 3’ € JHaHHS.

11.EHeprisi €e1eKTPUYHOIO MOJIS.

12.Tlonsipu3artis JieNeKTPUKIB.

13.JlienekTpuyHa IPOHUKHICTb.

Enexkrpuuyne moJie

EnextpruHe moie — 11e cKJIaJioBa YaCTUHA €NEKTPOMArHITHOTO TOJISI, SIKa OMHUCYE
B3a€EMO/III0 MK HEPYXOMHUMH 3apsiIaMH.

KibKiCHUMH XapaKTEepUCTUKAMU EJIEKTPUYHOTO TOJIsI € BEKTOp HAMpPYKEHOCTI
enekTpuyHOro oyl i Bextop enexTpruHoi iHayKiiD.

VY BuNaaKy, KOJU €JIEKTPUYHE TOJIEHE 3MIHIOETHCS 3 YacOM, MOro Ha3UBaKOTh
€JIEKTPOCTATUYHHIM TIOJIEM.

Po3nin ¢i3uky, KWl BUBYA€E PO3MOILT CTATUYHOIO EJIEKTPUYHOTO TMOJs B
MIPOCTOP1, HA3UBAETHCS €NEKTPOCTATHUKOIO.

EnexktpudHe mosie CTBOPIOETHCS 3apSAKEHUMHU TiIaMH, 30KpeMa 3apsKCHUMH
eIEMEHTapHUMH YacTUHKaMM. Take Ioje € MOTEHIialbHUM. MOro HampyKeHicTb
BU3HA4YaeThcsl 3akOHOM Kynona. CuioBi JiHIT MOTEHLIAIBHOTO EJIEKTPUYHOIO IOJIS
MOYMHAIOTHCS 1 3aKIHUYIOTHCS Ha 3apsiax abo BUXOATh HA HECKIHUEHHICTb.

3a 3aKOHOM EJIEKTPOMArHITHOI 1HAYKII1 €JIEKTPUYHE T0JIe CTBOPIOETHCS TAKOX
3MIHHUM MarHiTHUM mojieM. Take enekTpudHe mosie - Buxpose. CHIIOBI JIiHIT BUXPOBOTO
CICKTPUYHOTO IT0JIS1 3aMKHEHI.

HanpyxeHicTb moJis.

HanpykeHiCTh eNeKTpAYHOTO MO — 1€ BeKTOpHA (i3WdHA BEIWUYWHA, sSKa
JIOPIBHIOE CHJIL, SIKa JIl€ Y AaHHIN TOYIl NPOCTOPY Y AAaHHUN MOMEHT 4acy Ha IpOOHUM
OJIMHUYHHNA EJICKTPUIHUH 3aps]l y eICKTPUIHOMY TIOJIi.
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F =gk

neF — cuna, q — 3apsan, EE — HanpyxeHiCTh €JIEKTPUIHOTO TIOJIS.
B cucremi CI Bumiptoetscs y B/M, Ha mpakTutil 31e01ab11oro y B/cum.

Teopema OcTporpaacbkoro.

Bu3HaunMo MOTIK HAMPY)KEHOCTI MOJS €NEeKTPUYHUX 3apsaniB ql, 92, g2, ... qn
Kpi3b JICSIKY 3aMKHYTYy TMOBEpXHI0, sika oTouye i 3apsau (Puc 9). Bynmemo BBakatu
MOTIK B1JI'EMHHMM, SIKIIIO BiH HaIpaBJICHUN BCEPEAMHY IMOBEPXHI; B IHIIOMY BHUIIAJKY

OyaneMo BBaKaTH HOTO JOJATHIM.

PosrnsnemMo cnouaTky BUIAgoK chepruHOl MOBEpxHI paaiycoM R, mo orouye
OJIMH 3apsin q, mo 3HaxoauThes B neHTpi (Puc 10). HampyskenicTs mosst Ha Bciid cdepi

OJIHAKOBA 1 piBHA.

E- 9
Ane,R
oA CunoBl  miHIi  HampaBlleHI IO
N Ve Y paaiycax, TOOTO MEpPHEHIUKYISIPHO [0
o o \\% A s \\W/ Vi MOBEPXHI cepu, TO1 MOTIK HAMPYKEHOCTI
[‘/{/ SN ™~ N po3paxyemo 3a GopMyIor:
) \,\ e~ // q: //’ '
] s Nl \ _ _ 7 > 7
YOI N=ES=—9 _am*-1%
- % 8 e, ™ 4HEDR £l]
4 ALY 3 .
SN e PR RO ne S=4nR2 — mioma cdepuyuHoi
S vd -~ IOBEPXHI.
s e . :
/ Otounmo  Tenep cdepy  AOBUIBHOIO

Puc 9. Ilomix nanpyoswcenocmi noas
eleKMPUYHUX  3aps0i@  Kpi3b  0esK)y
3AMKHYMY NOBEPXHIO AKA OMOYYI0 yi
3apsaou

3aMKHYTOIO MTOBEPXHEI0. SIK BUJIHO Ha pUC.
2, KO)KHA CUJIOBA JIiHiA, 10 TPOHU3YE IO
chepy, MPOHM3UTH 1 II0 TOBEPXHIO.
BianosinHo, gopmyna (1) cnpaBennuBa He
TUIBKK Uit chepu, a ¥ 1 Oyab-sKO1
3aMKHYTO1 MTOBEPXHI.

Tenep moBepHEMOCS 10 3arajJbHOTO BUMAAKY
T JIOBUIBLHOI MMOBEPXHI, sika oTouye n 3apsaiB (Puc 9).
* . .
~/ \ OdyeBuaHO, 1O TMOTIK HAMPYXEHOCTI dYepe3
> T . o . .
TN S MOBEPXHIO PIBHUH CyMi TOTOKIB, CTBOPIOBAHMX
/
/ (2 ) \} KOXKHHUM.
Y / L B
N ANy Vi v=y%
T \f<f 1 &y
h . .
. N 13 3apsiIiB: a00 OCTATOYHO
—l | =
! N=—>24
£, 5

Puc. 10 I1]o omouye ooun 3aps0

OTxe, MOTIK HANPY>KEHOCT1, TPOHU3YIOUNI OyIb-SKy 3aMKHEHY MOBEPXHIO, AKa
OTOYYE€ eJICKTPUYHI 3apsiu, MPOTMOPIIIHHUN anreOpaiyHiil CyMi OTOUEHHUX 3apsiIiB.
e monosxeHHs Ha3uBa€eThCs Teopemoro Octporpaacekoro — ["aycca.

IMorenmiaJ.

[ToreHmian— ckansipHa XapakTepucTUKa (pi3HIHOTO TOJIS.
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Eneprernuna xapakTepuUCTHKa JaHOI TOYKH OYIb-IKOTO CHJIOBOTO IIOJIS.
UucenpHO MOPIBHIOE POOOTI, SKY 3AIMCHIOIOTH CHJIA TOJS, MEPEMILIYyIOUN OJUHUIIIO
MacH (TMOTEHIIAT TSOKIHHS) Y €JICKTPUYHOTO 3apsAny (€JIEKTPOCTAaTUYHUHN MOTEHITIAN) 3
JAHO1 TOYKH TOJIS B TOUKY, JI€ MMOTEHIlia]l BBAXAIOTh PIBHUM HYJIIO.

[ToTeHmian — yHiBepcayibHa (DYHKIIISI KOOPAUHAT IPOCTOPY (SIKa HE 3aJCKHUTh Bij
yacy), 10 XapakTepu3ye poOoTy, HEOOXIIHY I MEepeMillleHHs MpoOHOro ol'ekTa 13
neskoi (pikcoBaHOT TOYKHM IPOCTOPY B JlaHy TOuKy. B sKocTi (ikCOBaHOI TOYKH
MPOCTOPY 3arajioM NPUUMAIOTh TOYKY, SKa 3HAXOAHWTHhCS Ha Oe3mexHocTti. OTxe,
MOTEHIIa]l — 1€ BEJIMYMHA, 1110 YUCEIHHO (ajie He 3a PO3MIPHICTIO) TOPIBHIOE pOOOTI,
BUTPAYCHOI HA MTePEMIIIIEHHS TPOOHOTO 00'€KTa 3 0€3MEKHOCTI B IaHY TOYKY IIPOCTOPY.

[ToTentian icHye He I BCIX TOJIIB, a JIMIIE JJIA TOJIIB Takoi KoH(irypaiii, ae
pobota 3 mepeMmilieHHA O0O0'€ekTa HE 3aJeKUTh BIJ IUISAXY, SKAM BigOYyBa€ThCs
MEepPEMIIICHHS, a 3aJeKUTh JIMIIE B KOOPAWHAT TMOYATKOBOI Ta KIHIICBOI TOYKH
HepeMilIeHHS.

Hamnpyra.

Hanpyra — nanpyroro Ul2 Ha IUISHIN €IEKTPUYHOTO Koia 1-2 Ha3MBaETHCS
¢di3MuHa BEJIMYMHA, 110 BU3HAYAETHCS POOOTOIO, SIKA BUKOHYETHCS CyMapHHM IOJIEM
€JIEKTPOCTATUYHUX 1 CTOPOHHIX CHJI MPU TMEPEMIIICHHI OJWHUYHOTO TMO3UTHUBHOTO
3apsAy Ha JaHii AUISHIN Koia. [IOHATTS Hampyru € y3arajJbHEHHM IMOHSTTSM PI3HUIl
MOTEHINaNIB: HAIpyra Ha KIHISIX JUISHKY KOJIa TOPIBHIOE PI3HUII MOTEHIIIATIB B TOMY
BUMNAJKY, SKIIO Ha LI AUISHII HE IPUKJIIaJICeHa eJIEKTPOpYIIIiiiHa cUa.

Hampyra BUMiprOEThCS Y BOJTbTAX.

JInst BUMIpIOBaHHsSI HANpyTrd BUKOPHUCTOBYIOTHCS TPHIIAIN, SIKI HA3HBAIOTHCS
BOJILTMETPAMH, MUTIBOJIBTMETPAMHU TOMIO.

B moOyToBiii enexTpoMmepexi YKpaiHM BUKOPUCTOBYETHCA 3MIHHUN CTpyM 13
Hanpyror 220 B.

Hanpyra B eJleKTpUYHOMY NOJTi.

Enextpuuna wanpyra ( U ) Mk JBOMa TOYKaMH €JIEKTPUYHOIO JIaHIfOra ado
CJIEKTPUYHOTO TIOJsI, JIOPIBHIOE pPOOOTI EJIEKTPUYHOTO TMOJS MO TEePEeMIIIECHHIO
OJIMHUYHOTO TIOKJIa/Ie, 3apsiIy 3 OJHIET KpalKu B 1HINY. Y MOTEHIIHHOMY €JIEKTPUIHOMY
moJii 111 pobOTa HE 3aJIeKUTH B JOPOTH, MO SIKIM MEPEMIMAETHCS 3apsij; B IbOMY
BUmajaky E. H. MixK BOMa KpankaMmu 301raeTbCs 3 pI3HUIICIO TOTSHITIATIB MK HUMHU.

Sxio mone HEMmoTeHIWHE, TO Hampyra 3alieKUTh BiJ TIEl JOPOTH, TO SKiH
MepeMIIIAEThCS 3apsi MK Kpankamu. HemoTeHIliiiHi Cuiii, Ha3UBaIOThCS CTOPOHHIMH,
JIOTh YcepenHi OyAb-sSKOTo JiKepesia MOCTIHHOTO CTpyMy (TeHepaTopa, aKyMyJsiTopa,
raJibBaHIYHOTO eleMeHTy 1 iH.). [li Hampyrow Ha 3aTHCKax JpKepena CTpyMy 3aBXKId
PO3yMIIOTh POOOTY €JICKTPHYHOTO IOJISI TO MEePEMIIEHHI0 OJUHUYIHOTO TTO3UTHBHOTO
3apsTy Y3I0BXK JOPOTH, JIKAYOTO 30BHI JDKEpena; B I[bOMY BUITAIKy E. H. JOpiBHIOE
PI3HUIII MOTEHINIAIIB Ha 3aTUCKAX JKepesa 1 Bu3HavyaeTbesi Oma 3akonom: U = IR—E,
ne I — cuna ctpymy, R — BHYyTpimmHi#i omip mxepena, a E — #ioro enexrpopyiniina
cuna (eac). Ilpm posziMkHeHomy nanmio3i ( I = () mampyra mo Monyno piBHA
eac(emekTpopyIiitHa cuia) mkepena. Tomy enc(enexkTpopyiiiifHa CHia) JKepeia 4acTo
BHU3HAYAIOTh sK E. H. Ha OT0 3aTHCKAX MpU PO3IMKHEHOMY JIAHITIO31.

B pasi 3sminHOro cTpymy E . H. 3a3BUYail XapaKTepu3yeTbCs 3HAYEHHSIM, 110 JIi€
(edexkTHBHUM), SIKE € CEPEIHBOKBAAPATUYHUM 3a Mepioj] 3HAYeHHSIM Hanpyru. Hampyra
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Ha 3aTUCKaxX JpKepena 3MIHHOTO CTpyMy a00 KOTYIIKHA 1HAYKTHUBHOCTI BHUMIPIOETHCS
pOOOTOIO ENEKTPUYHOTO MO MO MEPEMINIEHHIO OJAMHUYHOIO MO3UTHUBHOTO 3apsiay
y3JI0BXK JIOPOTH, JIEKA4Ooro 30BHI jpkepenia abo KoTymiku. BuxpoBe (HenoTeHIiiHe)
eJICKTpUYHE TI0JIE Ha I JOpO031 MPaKTHUYHO BIJICYTHE, 1 HAMpyra JOPIBHIOE PI3HUII
noteHmiams. E. H. 3a3Buyail BUMIpIOIOTH BoJbTMETpoM .  Onunaunsgs E. H. y
MixHapOH1H CUCTEM] OJIMHUIIb — BOJIBT .

Enexkrpuuna inaykuis.

EnexktpuynHa 1HAYKIIS MOMIMPIOETHCS MOAIOHO XBUIISIM 3 KIHIIEBOIO MIBHUIKICTIO;
CBITJIOBI SIBHINIA HE BIAPI3HAIOTHCA BiJ €ICKTPUYHOI 1HIYKIIT; ISl aHAI3y 3a3HAuEHUX
SIBUII] BapTO BHKOPUCTOBYBATH TeOpit0 KoiauBaHb. Dapaneil BiIKPUB, KOPHUCTYIOUNCH
CYy4acCHOIO TEPMIHOJIOTI€I0, SBUILE €IEKTPOMArHITHOI 1HAYKLII i 1HTYITUBHO MPOPOUUB
ICHYBaHHS €JICKTPOMATrHITHUX XBUJIb.

CnoBO «IHIYKITISH TTOXOAUTH BiJ] JIATHHCHKOTO KOPEHSI, SIKUH O3HAYA€ HABECICHHS.

Ha 3apsn y cymiasHOMY cepeloBHII 3 OOKY IHIIMX 3apsJiiB IIFOTh CHJIM BiAMIHHI
BiJl cuJ1 y BakyyMi. [IprunHOIO 1IbOTO € Toigpu3ariisi cepefoBuina. bynb-skuii maTepiain
CKJIaJIA€ThCS 13 €JEKTPOHIB 1 MOHIB, K1 I JII€I0 30BHINIHBOTO TOJIS 3MIIIYIOThCS. B
pe3ynbTaTi Il HaBeACHI 3apslyd CTBOPIOIOTH CBOi TOJISA, 3TIHO 3 MPHUHIUIIOM
Jlemarenve-bpayHna, peakiiisi Oy/b-aKOi CHUCTEMH Ha 30BHINIHIN BIMB HaMaraeThCs
3MEHIIUTH €(PEeKT I[bOoro BIUIMBY. EnexTpuuHe mose, sike Aie Ha npoOHMiA 3apsia 3 00Ky
IHIITMX 30BHINIHIX 3apAJliB MEHIIIE, HIXK Y BUMAJKY BIJICYTHOCTI CEpEIOBHUIIIA.

HanpykeHicTh €neKTpUYHOTO TOJs, po3paxoBaHa 0e3 BpaxyBaHHS HaBEICHUX
3apAJIiB 1 MOJSIpU3allli, 1 HA3UBAETHCA BEKTOPOM €leKTpU4HOi 1HAYKIIT y cuctemi CI'C.
B cucremi CI BekTop €neKTpHYHOI 1HAYKII BU3HAYEHHUH 13 IHIIOK PO3MIPHICTIO, HIXK
PO3MIPHICTh HANpPYXEHOCTI €JIEKTPUYHOTO IMOJs, & TOMY pe3yJbTaT pO3pPaxyHKY
MOTPIOHO 1€ TOMHOKUTHU HAa €0 — JI1€JIEKTPUYHY POHUKHICTh BAKyyMYy.

Békrop enekTprudHOi iHAYKIIT — KiJbKICHA XapaKTEPUCTUKA EEKTPUIHOTO TTOJIS
y CYITBHOMY CEPEJIOBHIIII.

D=E +47P

ne P — BexTop monsipusariii

31e6iIBIIOro MO3HAYa€ThCs JATHHCHKOKO JiTeporo D.

EnexkTpoemMHicTh.

EnextpoeMHicTiO (EMHICTIO) — TTpoBiAHMKA C Ha3UBaIOTh BEJIMUMHY, 1110 JTOPIBHIOE
BIJTHOIICHHIO 3apsiy (, HAJIAHOTO MPOBIAHUKY 10 HOTO MOTEHIIIATY :

c=2

&

Onunnis enextpuanoi emHocTi B CI — dapan, [C] = Kn/B=0.

Konaencaropu Ta ix 3’€1HaHHS.

Cucrema 3 IBOX MPOBITHUKIB PO3IUICHUX IIAPOM JIEJIEKTPUKA, TOBIIUHA SIKOTO
MaJjia TIOpIBHSIHO 3 PO3MipaMu MPOBIIHUKIB, HA3UBAETHCS KOHAeHCaTopoM. KonaeHcaTop

OyBarOTh TUIOCKI, IWJIIHAPUYHI, chepruyHi.

e E.'E.'DS

EnexTpoeMHICTh TUIOCKOTO KOHJICHCATOPA: d
S — mmoma miactuHu, d — BIACTaHb MDK IUIACTMHAMHU, ? — JI€JIEKTPUYHA
IPOHUKHICTH A1€JIEKTPUKA.
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o gg,5 (1 —1)

€MHICTh KOH/ICHCATOpA 3 T TUIACTHUH: d

Konnencaropu 3’€1Hyr0Th y OaTapei mapanenbHO ado MOCTiA0BHO.

[TapanenbHe 3’ € THAHHS

Hampyru Ha Bcix KOHJEHCATOpaxX OJTHAKOBI:
H 2 Ul=U2=...=Un

------------ q=ql+g2+...+qn

J Tonmi Crap = C1+C2+...+Cn

[MocainoBHE 3’ €MHAHHSI
R

s

3apsu yciX KOHJIEHCATOPIB MPHU MOCTIIOBHOMY X 3’€/THaHHI OJJHAKOBI.
_9.49,4, .3
c oC c,

1 1 1 1
— =t —+ .+ —
3aranbHa EMHICTb: Cwa  ©1 ©3 <

EHepris eJ1eKTPUYHOTO NOJIS.

EnexTpuuna enepris — TEpMiH, MiJa SKUM MA€ThbCs Ha yBa3l €HEpris, HasBHA B
enexkTpoMarHiTHoMy moji. Crooam K BIAHOCITBCA OKpPEMI BHUIAJIKH YHUCTOIO
€JIEKTPUYHOIO TOJIA 1 YUCTOro MarHiTHoro noss. L{g eneprist piBHa MexaH14Hiil poOOTI,
3M1MCHIOBAHIM MpU MEpPeMILIEHH] 3aps/iB Ta NPOBIIHHUKIB Y €JIEKTPUYHOMY 1
MarHiTHOMY MOJISIX.

JInst eneKTpUYHOro 1 MAarHiTHOrO MOJIB iX €HEepris MpomopuiiHa KBajapaTy
HampykeHocTi mnoas. Cnig  3a3Ha4uTH, W10, CTPOro KaXKydd, TEpMIH EHeprist
€JIEKTPOMATHITHOTO TOJIA € HE LIJIKOM KOpPeKTHUM. OO4YMCIIEHHS MOBHOI €Heprii
€JIEKTPUYHOIO TIOJS HaBiTh OJHOTO €JEKTPOHA MPUBOAMUTH JO 3HAUYEHHS PIBHOIO
HECKIHUEHHOCTI, OCKUIbKH BIJMOBIAHUN 1HTETpal (IUB. HIDKYE) PO3XOIAUTHCS.
HeckinueHHa eHepris IMOJsA IIUIKOM CKIHYEHHOTO €JIEKTpOHA CKJIaJla€ OJHY 3
TEOPETUYHUX MPOOJIEM KIIACUYHOT eNIEKTPOIMHAMIKU. 3aMiCTh HBOTO Y (Pi3ulll 3a3BUUait
BUKOPUCTOBYIOTh MOHATTS TYCTUHU €HEPrii eNeKTPOMArHiTHOro moiis (y meBHINA TOdIl
MpPOCTOpPY). 3arajbHa €HEPTis MOJs JAOPIBHIOE 1HTErpajay T'yCTHHH €HEprii 1Mo BCbOMY
IpOCTOpY.

['yctuHa eHeprii €JeKTPOMArHIiTHOIO TOJdsl € CYMOK TYCTHH €HEeprii
€JIEKTPUYHOIO 1 MAarHiTHOTO TIOJIB.

g0 B2 N o H?
VY cucremi CI qiist Bakyymy: 2 2
ne E — nHampyxeHicTh ejaeKkTpuuHoro mnojsi, H — HamnpyXeHiCTh Mar"iTHOTO
noJisi, £0 — eNIeKTpuYHa cTana, i H0 — marHiTHa crana.

Honsipu3zauis aie1eKTpPUKIB.
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Tlonspu3anis JieNeKTpUKiB — BHHUKHEHHS JHUIONb EIEKTPUYHOTO MOMEHTY
JIeNeKTPUKaA, TOMIIICHOTO Yy 30BHIIIHE €JIEKTPUYHE TI0JIe; SIBUIE 3MIIICHHS
CJIEKTPUYHUX 3apsiiiB JIEIEKTPUKA TiJ] BIUIMBOM 30BHIIIHBOTO EJIEKTPUYHOTO MO
3YMOBJIIOE BHHUKHEHHSI BHYTPIIIHBOTO EJIEKTPUYHOTO TOJISI 3  MPOTHICKHUM
HAMPSIMKOM, HACJIIKOM YOTO € 3MEHIIEHHS MTPUKIIAAEHOTO MOJIS.

[lonsipuzanisi AieneKTpUKa - CTaH JI€JEKTpUKa, SKAW XapaKTepHU3yeTbCs
HASIBHICTIO €JIEKTPUYHOTO MOMEHTY Y OY/Ib-IKOTO €JIeMEHTa HOTo 00csTry.

Po3pi3HA0Th TONISIpU3aIiiio, MO0 BUHUKAE I JIEI0 30BHINTHHROTO E€IEKTPUYHOTO
MmoJtsi, 1 CIMOHTAaHHO (MHUMOBLIBRHO) TOJIAPU3AIiIO, ICHYIOUY 3a BIJICYTHOCTI TOMS. Y
JeSIKUX BUIIAJKaX MOJIAPU3aLlis JAieeKTPUKa 3'IBISETHCS M JI€I0 MEXaHIYHUX HATpPYT,
CHJI TEepTA 200 BHACIIIOK 3MIHH TEMIIEPATYPH.

[Tonspu3aliis He 3MIHIOE CyMapHOTO 3apsily B OyIb-SKOMY MaKpOCKOIIYHOMY
o0cs31 BcepeauHi aienekTpuka. OJHAaK BOHA CYNPOBOIKYETHCS MOSBOI Ha MOBEPXHI
JENeKTPUKa TOB'SI3aHUX EJIEKTPUYHUX 3apsAiB 3 TOBEPXHEBOI HIUIbHICTIO ©. L1
HOB'SI3aHl 3apsiAM CTBOPIOIOTh Yy JIENEKTPUKY JOJATKOBE MAaKpOCKOIIYHE IoJe 3
HanpyxeHicTio El, copsMoBaHe mNpoTH 30BHIIIHBOrO Mojisi 3 HamnpyxeHictio EO.
Pesynbrytoua Hanpyxenictb nosst E Bcepenuni aienexkrpuka E = EO-E1.

JlieJIeKTPUYHA NPOHUKHICTb.

JlieTeKTpHYHA IPOHUKHICTb (ieNeKTPUUHA CTaja) CepeIoBHINA & — Oe3po3MipHa
BEJIMUYMHA, 10 XapaKTepU3ye 130JIM1MHI BIACTUBOCTI cepenoBulla. BoHa mokasye, B
CKUIBKM pa3iB B3a€EMOJIs MDK 3apsigamMd B OJHOPITHOMY CEPEAOBHIIl MEHINA HIXK Y
BAKYYMI.

BinHocHa JieleKkTpuYHa NPOHUKHICTH PEUYOBMHU € MOXKE OyTH BH3HA4Y€HA
[UIIXOM TOPIBHSIHHS €JIEKTPUYHOI €MKOCTI TECTOBOTO EINEKTPHYHOTO KOHJEHcaTopa 3
neBHUM JienekTpukoM (Cx) 1 eMKOCTI TOro K KoHAeHcaTopa y Bakyymi (Co):

— T
Cy’

3MEHIIeHHS] CUJIM B3a€MOJIiT MK 3aps/iaMi BUKJIMKAHE MPOIEecaMy MOJIsIpu3ailii
cepenoBHINa. Y eIeKTPUYHOMY IO €JIEKTPOHH B aTOMaX Ta MOJEKYJaX 3MII[yIOThCS
BIJIHOCHO MOHIB, 1 BUHUKAE€ HABEJACHUN NUMOJbHUM MOMEHT. Ti1 MOJIeKyJd, SIKI MarOTh
BJIACHUM JIMMOJNBHUI MOMEHT (HalpuKIaJ, MOJIEKyJla BOJM), OpPIEHTYIOThCA B
CJIIEKTPUYHOMY TOJi. J[MITONBHI MOMEHTH CTBOPIOIOTH CBOE EJEKTPUUYHE TMOJe, SKE
MPOTHUAIE TOMY TIOJIIO, IO 3yMOBWIIO iX TMOsIBY. B pe3ynbpTaTi cymapHe elneKTpudHe MoJje
3MeHIyeThes. [Ipy HeBEMKUX TOJIAX Take 3MEHIIEHHS MOXHA OMHCATH 3a JOTIOMOTO0
J1€IeKTPUYHOT TPOHUKHOCTI.

HeoOxiaHO 3a3Ha4yMTH, 10 BEJIUKI ECJIEKTPUYHI MOJII MOXKYTh CHJIBHO 3MIHUTH
MpOIIeCH, K1 BiIOYBAIOThCS B cepenoBullll. Hampukiaa, Moxe HacTynuTu mpobiil. B
TaKOMY BUIIAJKy MOHATTS A1€IEKTPUYHOT IPOHMUKHOCTI BTpava€e CEHC.

Ep

Jekuia Nel6. EjleKTpU4HUI CTPYM - 2 TOA.
Inan:
1.Ctpym.
2.Cuna cTpymy.
3. 3akoH Oma.
4.0mnip NpoBITHUKIB Ta 3aJI€KHICTh HOTO Bijl TEMIIEpaATYp.
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5.HanmpoBigHICTb.

6.Po0oTa Ta MoTYy>XKHICTh MOCTIHHOTO CTPYMY.

7.1lpaBuna Kiproda.

Crpym

EnexTpriunuii cTpyM — BHOPSIKOBAHUN PYX 3apsHKEHUX YACTUHOK Y MPOCTOPI.
VY Meranax 1€ eJeKTpOHU, HAMIBIPOBIIHUKAX - €JIEKTPOHU Ta JTIPKU, Y €JIEKTPOJITaX -
MO3UTHBHO Ta HETaTHBHO 3aps/KEHI 10HU, Y 10HI30BaHUX ra3ax — 10HU Ta CJICKTPOHHU.
3a HaADpsIMOK CTPYMY BHOHMPAIOTh PYX IO3UTUBHO 3apS/PKCHHX YACTHHOK. TaKkum
YUHOM, HAMPSIMOK CTPYMY B MeTaJlaX MPOTHJIC)KHUIA HAMIPSIMKY PyXY €JIEKTPOHIB.

KUTBbKICHO €NeKTpHYHUN CTPYM XapaKTePU3YEThCS MU(DEPEHITIHHOI0 BEKTOPHOIO
BEJIMYMHOI0 TYCTHHOIO CTPyMy, a00 Yy BHMAAKy CTPyMy B IPOBOJAX I1HTETPaIbHOIO
BEJIMYMHOIO CUJIOI0 CTPYMY.

Cuna cTpymy.

_ 2d

Bennunna At HazuBaeTHCA CHIIOI0 CTPYMY, i BiAMOBiMA€ KiMbKOCTi 3apsmy
(Aq), mepeminieHOMY Yepe3 MEePEeTUH MPOBIAHMKA 3a yac At.

VY cucremi CI cuna cTpyMy BHUMIPIOETBCA B amiiepax. BinmosiiHo, rycTHHa
CTPYMY BUMIPIOEThCS B A/M2.

Axio 3a KoKeH MPOMDKOK 4dacy At 3apsin Aq OJHAKOBUN 1 HANPSMOK CTPYMY
HE3MIHHUI, TO TAKUW CTPYM Ha3UBAIOTh MOCTIMHUM.

VY Bumajky, EOJIH i E?GJIH‘{I/IHa 3MiHHI, CHITy CTPYMY OIUCYIOTh TaK:

q q '

[=lm = =2 =24

TaKUW CTPYM HA3UBAIOTh 3MIHHHM.

Jlis KJacuuHOi CUCTEMH 3aps/DKEHUX YaCTHHOK 13 3apsSoM € Oe3MEeXHO Majuii
apsin dQ, mo mepeHocuThes 3a 4vac dt uepe3 enemMeHTapHy Iuiomaaky dS,
NEePIEHANKYIISPHY HAPSIMKY CEpPEeIHbOI IBUJIKOCTI V YACTUHOK BU3HAYAETHCS TaK:

dl) = envdSdt

1€ € — 3apsA]l YaCTUHOK, V — IMIBHJKICTh PYXYy YACTHHOK, @ N — 1X KUIbKICTh B
OJIMHULIL 00 eMy.

Cuna crpymy dl epes  MIOIAKy dS Bu3HaAuaeThCS CHIBBIIHOIICHHSAM

dl = envdS srigso 3 sikum J = €MV _ IyCTHHA eNEKTPUYHOTO CTPYMy, € PHCKa
HaJl CUMBOJIAMH 03HAYa€ yCepeIHEHHS.
3axkon Oma.

3axon OMa — Iie TBEPHKEHHS TIPO MPOIMOPILINHICTS CUIN CTPYMY B MPOBITHUKY
MPUKJIJICHIN Hampy3i.

3akon Oma chpaBeJIMBUN I8 METaNIB 1 HAMIBOPOBIAHUKIB MPU HE HAITO
BEIMKUX TPUKIAJACHUX Hampyrax. SKmo mms eJeMeHTa eNeKTPUYHOTO KoJa
crpaBe MBI 3ak0H OMa, TO TOBOPSTH, IO IIEH €IEeMEHT Ma€ JIiHIHHY BOJIbT-aMIIEpHY
XapaKTEPUCTHUKY.

VY eneKkTpoTexHill NpUHHATO 3anKucyBaTu 3akoH OMa y IHTerpajibHOMY BUTJISII

U=1T-R

ne U — npuknanena Hamnpyra, | — cuna crpymy, R — onip npoBigHuka.

[Ipote omip € XapaKTepUCTUKOIO MPOBIJHUKA, a HE MaTepianxy, ¥ 3aJeKUTh Bij
JIOBXKHHM Ta MOMEPEYHOTO Mepepizy mpoBigHuKa. Tomy B (i3HIll 3aCTOCOBYIOTh 3aKOH
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Oma y nudepenuiaibHoMy Bursigi: J = @ - E re J — TYCTHHA CTpyMy, G — TIUTOMA
MPOBIIHICTH MaTepiany, E — HanmpyXeHICTh eNeKTPUUHOTO MOJIS.

[luTtoma mMPOBIAHICTH 3aJCKHUTh BiA KUIBKOCTI BUTBHUX HOCIIB 3apsgy B
IIPOBITHUKY 1 BiJ IXHBOT PYXJIHMBOCTI.

Pi3Hu1is moTeHmianiB (Hamnpyra) Ha KiHISX MPOBIIHUKA JOBXKHUHOO | 3 MOCTIMHOIO
HAIPYKEHICTIO eNeKTPUUHOTO ot E nopiBHIoe U=Ap=El

Skio MpoBITHUK Mae IUIONLY Hepepidy S, TO cuila CTpyMy B HbOMY 3B'si3aHa 3
TYCTHHOIO CHJTU CTPyMY (OPMYIIOIO:

| =]S.

Buxopsuu 13 3akony Oma B hopmi

j=oE

1, I ICTABIIAIOYH 3HaquEH;1 j=1/STta E=U/I, orpumyemo piBHSAHHS

— =0— U= —I=RI ,

S [ abo J% I ne omip R BH3HayaeThcs uepe3 MUTOMY
MPOBIAHICTH (POPMYIIOIO T oS pg.

Tyt p=1/ 6 - nuTomuii omip.

B noBHOMY KOJIi OKpIM ONOPY HaBaHTAKEHHS € IIE HKEPETIO JXKEPENo KUBIICHHS,
AK€ Ma€ CBIM BiacHWM BHYTpimHINA omip. Cuiga cTpymMy B HbOMY BHU3HAUYA€THCS
dopMmyioro
! R+

ne € - enextpopyiniiiHa cuia, R - omip HaBaHTaXeHHs, I' -BHYTPIIIHIA OIip
JDKepenia CTpyMmy.

Omnip npoBiTHMKIB Ta 3aJ1€5KHICTH HOT0 B TemMmeparyp.

[TutOMUE Omip — KiJIbKiCHA XapaKTePUCTHKA PEUOBHHHM, SIKOKO BU3HAYAETHCS
3IaTHICTh CTBOPIOBATHU OINIP €JICKTPUUYHOMY CTPYMY.

[To3HavaeThCs 3a3BUYAl TPELIBKOIO JIITEPOIO P.

OpuHUI BUMIpIOBaHHS TUTOMOTO o1opy B cucteMi CI — Omwm.

[lutomMuii omip BUKOPUCTOBYETHCS [JISI XapPAaKTEPUCTUKH TPOBITHUKIB 1
HAIBMPOBITHUKIB B yMOBaX, KOJM BUKOHYEThCS 3aKOH OMma.

[Tutomuii onip — oOepHEHA BeJIMYMHA 0 TUTOMOI MPOBIHOCTI G.

1
pP=—
o
Onip npoBITHUKA JOBXHHOIK | 1 3 MOMEpeYHUM MEpepi3oM S BU3HAYAETHCS
. R=p>
CITiBBITHOIICHHSIM S,

[TuTomMuii omip MPOBIAHUKIB 3pOCTa€e 31 30UIblIeHHAM Temneparypu. Lle sBuiie
3YMOBJIEHE TOCHJIEHHSAM XaOTHYHOI'O PYXy AaTOMIB, a OTXe 30UIbIICHHSIM YacTOTH
pO3CIIHHS HOCIiB 3apsay. Jlns HamiBOPOBIAHUKIB MNUTOMUM OMNip 31€01IbIIOTO
3MEHIIYETHCS TPH MABUIICHH] TEMIIEPATYPH, 3-32 POCTY KOHIIEHTPALI1 HOCIIB 3apsiy.

Tabnuys 4
Martepian [Tutomuit
omip (OMMm)
MiJIb 1,7 x10-8
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30JI0TO 2,44 x 10-8

AJTFOMI1H1H 2,82 x 10-8

3aJ1130 10 x 10-8

IUIaTHHA 11 x 10-8

0JIOBO 22 x 10-8

rpadit 3,5x 10-5

repMaHii 0,46

KpEeMHIH 640

CKJIO 1010

HaanpoBigHicTs.

HannpoBiHICT — KBAHTOBE SIBUIIE MPOTIKAHHSA

€JIEKTPUYHOIO CTPYMY y TBEpJOMY TUI1 O€3 BTparT.

SBulle HAANPOBIAHOCTI ICHYE JUIsl HU3KUA MaTepialiB,
HE OO0OB'I3KOBO JOOpPUX TPOBIJIHUKIB MpPU 3BHYANHUX
temneparypax. llepexiq 10  HaaOpOBIJHOTO  CTaHy
BIIOYBA€ThCS TIPU TIEBHIM Temmeparypi, SKy Ha3UBaIOTh
KPUTHUYHOIO TEMIIEPaTypol0  HAINPOBIIHOTO  MEPEXO.y.
HaanposigHcTsb, npote, Moke OyTH 3pyilHOBaHA, AKIIO NOMICTUTH 3pa30K Yy 30BHILIHE
MarHiTHE IO0Je, SIKe MEpPEeBUIlye NEBHE KPUTHUYHE 3HA4yeHHs. Lle KpUTHUUHE MarHiTHe
0JI€ 3MEHIIIYETHCS TTPH 30IBIIICHHI TEMITEPaTypH.

HannpoBiHICT ~ XapaKTepU3Y€EThCA  AOCOJNIOTHUM  JlaMarHeTusmMom. Y
MarHiTHOMY TI0JII B HaJAMPOBIJHOMY MaTepialli BUHUKAIOTh TaKl CTPYMH, MAarHiTHE MOJie
AKUX TIOBHICTIO KOMIIEHCYE 30BHIIIHE MAarHiTHE I10jJ€, TOOTO MAarHiTHE ToJie
BUINTOBXYETHCS 13 HAAMPOBIAHUKA. 3aBASIKU Il BIACTOCTI BUHUKAE SIBUINE JICBITALlll
HAJIIPOBIIHUKA HAJ MarHiToM (a00 MarHiTa HajJ MOBEPXHEI0 HAJMPOBIJIHHUKA ), SIKE
OTpUMaJI0 Ha3By TpyHa Maromera. CuibHE MAarHiTHE MOJie PYyHHY€ HaANpPOBITHICTb.
[IpoTe HaANPOBIIHUKK PO3PIZHAIOTHCA 32 CBOEK IMOBEAIHKOI Y BIJTHOCHO CHJIBHUX
Mar”HiTHUX TOJSX, y 3aJeKHOCTI BiJl TIOBEPXHEBOI EHEPrii TpaHUIll pPO3JALTY
HAAMPOBIIHOT ¥ HOpManbHOI ¢a3. Y HaampoBiaHHKIB | poay 1151 mOBepxHEBa €Hepris
J0JIaTHA, W HAJIPOBIIHICTh PYHHYETHCS, SKIIO TMOJI€ MEPEBUIIYE MEBHUN PIBEHb, SKUH
HA3MBA€THCS KPUTHUUHUM MAarHiTHUM mosieM. Y HaanoBiaHukiB Il poxy moBepxHeBa
€HEpTis TPaHUIll PO3IITy HOPMAalbHOI Ta HAAMPOBIAHOI (a3 Bia'€eMHA, TOX MarHiTHE
noJjie, KOJM HOro HAmpyKEHICTb IEPEBUIY€E IE€BHE 3HAYCHHS (BOHO HA3UBAETHCS
NepIiuM KPUTHYHUM TI0JIEM), TMOYMHAE MPOHUKATH B HAJANPOBIAHHMK IOCTYNOBO B
NEBHUX MICIISIX, HABKOJO SIKUX YTBOPIOIOTHCS BUXPOBI CTpyMH (AMB. AOPUKOCIBCHKUI
BUXOD). SKII0 301bIITyBaTH MardiTHE MOJie Jaji, TO HOpMaJbHUX O0JlacTel cTae Aeaai
Oinblle, W TNpU KPUTUYHOMY TIOJN1  HAJAMNPOBIAHICTE PYHHYETHCS TOBHICTIO.
HannpoBigHuKK Apyroro pojy BUKOPUCTOBYIOTHCS MAJIE CTBOPEHHS HAANPOBITHUX
€JIEKTPOMArHiTiB.

Po0GoTa Ta noTYy:KHICTH OCTIIHOIO CTPYMY.
[TocTiiiHui CTPpYM — E€NEKTPUIHUI CTPYyM, HE3MIHHHM B Yaci.
Ipasuaa Kiproga.
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paBmina Kipxrodga Bu3HAUalOTP METOA PO3PaxyHKy CKIQJIHUX PO3TATYKEHUX
eJEKTPUYHUX KUJI. MeTomka po3paxyHKy po3pobiieHa I'yctaBom Kipxrodom.

Ilepume npaBuso Kipxroda:

B xoxxHOMY By3:11 anrebpaiuHa cyma CTpyMiB JIOPIBHIOE HYIIIO.

[Ipy oMy CTpyMH, SIKI BXOASTh B PO3Tady>KEHHS W BHUXOASATH 13 HBOIO
BBAXKAIOTHCS BETMYMHAMU PI3HUX 3HAKIB.

MarematuyHo nepie mnpaBuio Kipxroda MoxHa 3amucaTd TaKUM YHUHOM:
Z I i D .

i [lepure mpaBuno Kipxroda € Hacmiakom 3akoHy 30epeskeHHs 3apsmy. s

HEMEPEePBHO PO3MOAUICHUX CTPYMIB Yy TPOCTOpPI BOHO BIJANOBIJA€ PIBHSIHHIO
HETMEPEPBHOCTI.

Jpyre npasuio Kipxroga:

Juist  Oynb-IKOrO  3aMKHYTOTO  KOHTypa

o

IPOBOJIIB CyMa EJEKTPOPYIIIHHUX CHJI JIOPIBHIOE a R,
CyMi JOOYTKIB CWJI CTPyMy Ha KOXHIM JIJISHII W
KOHTYpa Ha OMip AUISHKH, BPaXOBYIOUM BHYTPIIIHINA
OIip JKEPEN CTPYMY. Vs Ry < v
Marematuuno npyre mnpaswio  Kipxroda p R, .
ZS,; = Z I. R;.. === My
3aMUCY€ThCA TaK: i k V3 fi
S Y Y-
Vi

[TocninoBHe 3actocyBanHsi npaBui Kipxroda
JI0 YCIX BY3JiB W KOHTYPIB y CKJIQJHIN €IEKTPOTEXHIYHIN MEpei 03BOJSE CKIACTU
MOBHY CUCTEMY JIIHIWHUX PIBHSIHB JJI1 BU3HAYCHHS CUJI CTPYMY Ha KOXKHIN 13 TIJISTHOK.

Jlst po3paxyHKy MepIll 32 BCE MANIOIOTh €JIEKTPOTEXHIYHY CXeMy W JOBUIBHUM
YUHOM TIO3HAIOTh CTPIIKAMH HANpPSIMU CTPYMIB Ha KOXKHIN AisHIl. [ToTiM BUALIAIOTHCS
3aMKHYTI KOHTYpPH W OOXOIATHCS B OJTHOMY JOBUIBHO BHOPAHOMY HAampsAMKY. SIKIIIO
CTplJIKa, fKa BKa3ye€ HAIpsiM CTPyMy HampaBlieHa NpPOTH 00X0ny, TO BIANOBIIHUI
N00yTOK CTpyMy Ha onip OepeThes 31 3HAKOM MIHYC.

Skmo npu 00X0J1 MEPEeXOoJATh BiJ BiA'€EMHOTO MOJIOCA JKEpeaa CTPyMy [0
JA0JATHOTO, TO €.p.C. 3aIUCYETHCS 3 JOAATHUM 3HAKOM, SIKIIIO HABIIAKH, TO 3 BiJ'€MHUM.

B pe3ynbTaTi OTpUMYIOTH CUCTEMY PiBHSHB, PO3B'SI3YIOUH SKY BU3HAYaIOTh CHJIH
CTpyMy. SIKIIO cujla CTpyMYy BHMIILIA BiI'€MHOIO, TO 1I€ 3HAUUTh, 1110 HAMPSM CTPyMy Ha
JaHIA TUJISHII Brajaiav HEMpaBUJIbHO , X04a 1€ He BIUIMBAE HA MPABWIBHICTh PE3YIIbT

Jexyia Nel'(. TepMoeneKTPUYHI Ta TEPMOEJIEKTPOHHI ABUINA - 2 TO/.

Inan:

1.KonTakTHa pi3HUIIS TOTEHITIATIB.

2.PoGoTa Buxomy.

3.Tepmomnapa.

4. TepMoeneKTpOHHA EMICisl.

5.EnexTpoHHi npuiaam.

KonTakTHa pi3HMUS MOTeHUiaTiB.

KoHTaKTHa pi3HALA MOTEHINIAIIB — Pi3HUII €IEKTPOCTATUYHUX MOTECHINAIIB, IKa
BUHUKAE MPU KOHTAKTI JIBOX PI3HUX METAJIIB.
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[Tpu KOHTAKTI JBOX METAJIB YaCTHHA E€JIEKTPOHIB MEPETIKAE 3 OJHOrO 3 HUX O
IHIIIOTO, JIOKM HE BUPIBHSIIOTHCS XIMIYHI MOTEHIUATW JJIA €JEKTPOHIB. Y pe3yjbTari
OTO TMPOIECY METadu OTPUMYIOTh 3apsii, SKUM 30CEPEIKYETHCS B TOHKOMY
(MIKpOCKOTIIYHOMY) IIIapi B3JOBXK TpaHUIll. 3apsii Ha TOBEPXHI OJHOrO 3 METalliB
JOJIaTHIN, IHIIOTO — BiJ'eMHUi. EnexTpuyune mnose, sike BUHUKAE MPU LIbOMY, OOMEXEeHE
TOHKMM TMOJBIMHUM IIApOM. 3a3BUYail 1€l mIap HACTIIBKA TOHKHM, 10 MPOIMYCKaEe
CJIEKTPUYHUNA CTPYM — €JIEKTPOHU TYHEIIOI0Th Yepe3 HbOTO.

Benvnuwna pi3HUIN MOTEHIIANIB, SIKAa BHHUKAE BHACIIJOK YTBOPEHHS MOJBIMHOTO
11apy, BU3HAYAETHCS 13 YMOBU BUPIBHIOBAHHS XIMIYHOTO MOTEHIIIATY €IEKTPOHIB:

1+ epr = pa + eps

7ie € — 3apsij eNeKTpoHa, i — piBeHb DepMi 1-TO MeTally, (1 — HOro MOTEHITIal.

1 — Mo
.. . : Po— Y1 = ——

B pe3ynbTai pi3HUIlS MOTEHITIANIB JOPIBHIOE €

TakuM 4YHMHOM, KOHTAaKTHA PI3HUI IIOTCHIATIB MDK JIBOMA MeTajlaMU
BHU3HAYAETHCS BITHOCHUM IOJIOKEHHAM 1XHIX piBHIB Depmi.

BaxxnuBoio 0OCOONMMBICTIO KOHTAKTy METalliB € Te, 10 Ha IOBEPXHI METAaJliB
ICHYIOTh YHCJICHHI TOBEPXHEB1 PIBHI JJIs €JIEKTPOHIB, IO 3MEHIITY€E 00JIaCTh MOABIHHOTO
3apSAJKEHOTO IIapy J0 KUIBKOX CTaIMX KpHUCTaNIyHOI Ipatku. [Ipu KoHTakTI MeTainy i
HaIIBIPOBIHHWKA, a00 TpPH KOHTAKTI JBOX HAIMBIIPOBIIHUKIB 3apsJKEeHI 00JacTi
Habarato IIMpII, CTBOPIOIOYM 3HA4HI Oap'epu JUIsl TPOXOIKEHHS EJIEKTPUYHOIO
ctpyMy. [IpoBiTHICTh TaKMX KOHTAKTIB OJHOCTOPOHHS, IO IMTUPOKO BUKOPHUCTOBYETHCS
B HAMIBINPOBITHUKOBIM TEXHIII.

SlBuIlle BUHMKHEHHS KOHTAKTHOI PI3HUII TMOTEHIIaIB JIGKUTh B OCHOBI
TEPMOCIIEKTPUIHUX €(PEKTIB, IO T03BOJISIE CTBOPECHHS TAKUX MPUCTPOIB SIK TEPMOIIAPH.

PoboTa Buxony.

PoOOTa BHXOmMy — HalMEHIIa KUIBKICTh €HEprii, Ky HEOOXiHO HaIaTH
€JIEKTPOHY JIJISI TOTO, 11100 BUBECTH HOTO 3 TBEPAOIO TUIa y BAKYYM.

Po6oTa BUX0/1y € XapaKTepUCTUKOIO PEYOBUHHU.

Ax 1 Oynp-siKy IHIIY €HEPreTUYHY XapaKTePUCTUKY pOOOTYy BUXOIY MOKHA
BUMIPIOBAaTH B JDKOYJISAX, alie 1€ HEMPAaKTUYHO. 3a3BUYail poOOTY BUXOJY 3aBEICHO
BHUMIPIOBATH B €JICKTPOHBOJIBTAX.

HeraTuBHO 3apspKeHi €JNEeKTPOHU NPUTATAIOTHCS JO TMO3UTHUBHO 3apsKEHUX
a5ep aToMiB. Y TBEpAUX TUIAX, 30KpEMa METaJlaX, YaCTUHA €JIEKTPOHIB BIJHOCHO BlJIbHA
— He 3B'3aHa 13 KOHKpETHUMU atomamu. [Ipote 11 eaeKkTpoHH 3B'sI3aHI 13 3arajibHOIO
CTPYKTyporo MeTtany. [[yist BUX0oay 3a MeXKi TBEpJIOTO Tijia eIeKTPOH MOBUHEH MOO0IaTH
CUJIy TIPUTSATAHHS TO3WTHBHO 3apsKEHOT KPUCTATIYHOI IpaTkh. TOMy IJii BHXOAY 3
TBEPJOTO Tijla €NEKTPOH MOBHHEH MaTH TMEBHY XapaKTepHY IJs JAHOTO TBEPAOTO Tija
eHeprito. {10 eHeprito BiH MOXKe Haa0aTH PI3HUMU CIOCOOAMH: BUIIAJIKOBO BHACIIIOK
TEIJIOBOTO PyXYy (TEpMOEJIEKTPOHHA €MiCisl, MOTJIMHAIOYN KBAaHT CBITNA ((hoToedeKT), B
30BHIIIHHOMY €JIEKTPUYHOMY TIOJi. Benuumna 111€i MiHIMaIbHO HEOOXIMHOI eHeprii
oTprMalia Ha3By POOOTH BUXOTY.

Po6oTa BUXOly € BaXKJIMBOIO XapaKTEPUCTUKOIO METAIIB, SIKa BU3HAYAE, Y MOXKE
Takuii MeTan OyTH TapHUM eJeKTpoaoM. JIy)KHI MeTanu MaroTh HalMeHIn poOoTH
BUXOJy, POTE IXHE BUKOPUCTAHHS 00OMEKEHE HU3bKOKO CTIMKICTIO 00 KOPO3ii.

Tabnuys 5

59



Poboma suxoody oesaxux memanie

Meran PobGora
BUxo01y (eB)
Harpiii 2.3
Kanpmii 2.9
AmroMiHi 4.08
51
Minb 4.7
30J10TO 51
IInatuna 6.35
Tepmomnapa.
Tepmomapa — BUMIPIOBAIBHUM TIEPETBOPIOBAY, IO BHUKOPHCTOBYETHCS B

YCTaTKyBaHHI Il BUMIPIOBAHHS TEMIIEPATypH, a TAKOXK Uil MPSMOTO NMEPETBOPEHHS
Temja B EJEKTPUKY B THUX BHUIIAJKAX, KOJIM AOLUIBHO YHUKHYTH PYXOMHX JeTajei
(manmpuknan, y kocMoci). [lornmuHanHs Tensa npu NpoXOAKEHHI eIEKTPUYHOIO CTPyMy
4yepe3 KOHTAKT BUKOPUCTOBYETHCS B XOJIOAUIIBHUKAX TOILO.

[Tpunuun aii Tepmonapu 0a3yeThCsl HA TEPMOEJIEKTPUYHUX sBUIIAX. Tepmonapa
CKJIa/Ia€ThCS 3 JIBOX MPOBIHUKIB, CIOJYUYEHUX KIHISIMH TakK, 1110 BOHU YTBOPIOIOTH JIBa
KOHTaKTH. KOHTaKTH MOMIIIAIOTh B CEPEOBUILA 3 PI3HOIO TEMIIEPATYPOIO.

Jlis BUMIpIOBaHHSI T€pMepaTypu BUKOPHUCTOBYIOTh edekT 3eeOeka. Tepmomapa
BUMIPIOE DI3HUIIO TEMIEpaTyp, a HE caMmy TemIepaTrypy. ToMmy Juisi BU3HAUYCHHS
3HAYEHHA TEMIEPATypH OJMH 13 KIHIIB MOTPIOHO ab0 MOMICTHUTH B TEpPMOCTaT 3
BIJIOMOIO TEMIIEPATYPOIO, a00 K BUMIPOIOBATH ii SIKUMOCH 1HILIUM CIIOCOOOM.

EnexTpopyuriiiHa cuia, sika BUHUKAE B TepMOIapl MK HarpiTUM 1 XOJOJHHUM
KIHI[EM MOK€ BHUKOPUCTOBYBATHUCS SIK JUDKEPENO >KUBJIEHHA. EQEKTHBHICTH TakKoro
JoKEpesia HEBHCOKA, ajie B MEBHUX YMOBaX, HAMpUKJIaJ, B KocMmoci, gaieko Biag CoHis,
Take JKEPeJI0 He3aMIHHE, BPaXOBYIOUM BIJICYTHICTh PYXOMHUX 4YacTHH. JJis HarpiBaHHS
rapsiioro KiHIE TepMOmapu B KOCMIYHUX araparax BHUKOPHUCTOBYIOTh TEIIO BIJ
palaKTUBHOTO PO3IAy.

TepMonapu 3acTOCOBYIOTh TaKOXX |y HarpiBayax Ta  XOJIOAWJIbHUKAX,
BUKOpucTOBYtoun edekt I[lenpThe. Ilpu mpoxokeHHI €IeKTPUYHOrO CTPyMy 4Yepes
KOHTAKTH TEPMOIIAPHU OJMH 13 HUX HArpiBa€ThCs, a APYTUHA OXOJIOKY€ETHCS.

TepMoenekTpoHHA eMicis.

TepMoeneKTpoHHA eMicCisi — SBHILE 3YMOBJIEHOTO TEIJIOBUM PYXOM BHJIBOTY
€JICKTPOHIB 32 MEX1 pEYOBUHHU.

TepmoeneKkTpoHHa emicis CyTTeBa AJid (PYHKI[IOHYBAHHS BAKYyMHUX JIaMII, B IKUX
€JICKTPOHU BUIIPOMIHIOIOTHCSI HETaTUBHO 3apsKEHUM KaToAoM. J[Jis 301IbIIeHHs eMicii
KaTo/Jl 3a3BUYail MiAIrpiBa€ThCsI HUTKOI PO3KAPECHHS.

[Ipu HarpiBaHHI MeTajqy €HEpPreTUYHUN PO3MOJILI €JIEKTPOHIB B 30HI MPOBIAHOCTI
3MIHIOETbCA. 3'ABIISIIOTHCS €JIEKTPOHU 3 EHEpPri€lo, 110 MepeBUllye piBeHb Depwmi.
He3nauna KUIBKICTH €JIEKTPOHIB MOXE HAOyTH €HEprito, sKa MEepeBUIyE POOOTY
BUXOJy. Taki eJeKTPOHH MOXYTh BHUMTH 3a MEX1 METally, B Pe3yJbTaTi YOro BUHHUKAE
eMICis eJIeKTpOHIB. BenmnuumHa CTpymMy TEPMOEIEKTPOHHOI €eMicii 3aJIeKUTh BIJ
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TEMIIEpaTypyd Karoja, poOOOTH BHXOAY Ta BIACTHBOCTEH TMOBEpXHI (PIBHSHHS

' !
Piuapncona-Jlemmana): Je = AT ee20/Ra

Jie: je — T'YCTHHA CTPyMY eMICii;

A - eMiciiiHa cTaja, SKa 3aJCKUTh B BJIACTUBOCTEH BHUIPOMIHIOBAIBHOT
MOBEPXHi 1 sIKa JJ1s1 OUTBIIOCTI YUCTUX METaJIB JISKUTh B Mexkax 40-70 A/cm?*K?;

T - aGcoroTHa TemMIeparypa KaToa;

€ - OCHOBA HaTypaJbHUX JOrapu(Mis;

e@0 — poOoTa BUXOAY €JIEKTPOHA 13 METAIY;

kB — crama Bonbimana.

HaBenene  piBHSHHA  copaBeyiMBe Uil MeTaimiB.  Jlig  JOMINMIKOBHUX
HAITIBIPOBITHUKIB iICHY€ JEIIO 1HIIA 3aJeKHICTh, OJTHAK KUIbKICHUN 3B'S30K BEITUIMHHU
cTpyMy emicii 3amumaerbes. [logaHe piBHAHHA JOEMOHCTPYE, IO BEIMYMHA CTPyMY
eMicli HaiOlIpIIe 3aJeKUTh Bl TeMmiepaTypu Karoga. OnHak mpu 30UIbIICHHI
TEMIIEpaTypyu PI3KO 3pOCTae IIBUAKICT BHUIAPOBYBAHHS MaTepially Karoja 1
CKOpPOUYY€EThCSI CTPOK Horo ciyxOu. ToMmy Karoj MOBHHEH MpalioBaTH B CTPOTO
BU3HAYEHOMY 1HTEpBaji poOoumx Temmeparyp. HIkHIM mopir BH3HAYAETHCS
MOXJIMBICTIO OTpUMaHHS Oa)xaHoi eMicii, a BepXHI — BUIAPOBYBaHHAM abo
TUTABJICHHSIM MaTepiaiy.

CyTT€BO BIUTMBA€E HAa BEIMYUHY CTPYMY €MICii 30BHIIIHE €JIEKTPUYHE TOJIe, SIKE
nie O6i1st moBepxHi katona. Lle siBume orpumano Ha3By edekra IllorTki. Ha enexrpon,
10 BUXOJUThH 13 KATOJia, PU HASBHOCTI 30BHINIHHOTO €JIEKTPUYHOTO MO JIIOThH JB1
CUJIM — EJIEKTPUYHOIO TSXKIHHSI, SIKa MOBEPTAE €JIEKTPOH Ha3ajd, 1 30BHIIIHBOTO TOJIS,
110 MPUIIBUALIYE €IEKTPOH y HANpsMi BiJ MOBEpXHI KaroAa. TaKMM YMHOM, 30BHIIIHE
€JIEKTPUYHE MOJIE€ 3MEHIIY€E MOTEHUIMHUNA Oap'ep, BHACHIIOK YOro 3HUXKYEThCS PoOOTa
BUXOJly €JIEKTPOHIB 13 KaToAa 1 30IbIIYETHCS €IEKTPOHHA EMICISL.

BrnuB 30BHIMIHBOTO MPHUIIBHUITYIOUOTO MOJISI OCOOIUBO CHUIIBHO MPOSIBISIETHCS Y
HAITIBIPOBITHUKOBUX KaTOJaX 3 MMOBEPXHEBUM TOKPHUTTSIM OKCHIAMH JTY)KHO3EMEIbHUX
MeTaniB. HamiBnpoBiIHMKOBI KaTOAW MAarOTh WIEPIIABy IMOBEPXHIO, TOMY 3HA4YHO
3pOCTa€ HAMPYKEHICTh 30BHINTHBOTO €JIEKTPUYHOTO TO0JIsA Ol HEPIBHOCTEW MOBEPXHI,
110 BUKJIMKAE O1IBIN IHTEHCUBHUN PICT CTPYMY €Micii.

EnexTponni npuaaam.

Enexrponnmii nipanan (EIT) — npunaa, s NepeTBOPEHHS €JIEKTPOMArHiTHOI
eHeprii 3 OAHOrO BHJY B IHIIWNA, B TPOIECI B3a€EMO/Ii CTBOPEHHX B EJIEKTPOHHOMY
pUIal eIeKTPOHHUX MOTOKIB, 3 €IEKTPOMArHITHUMH TOJISIMH, — B CEPEIOBHIIII, SKE
3alOBHIOE  BHYTPIIIHIM  TOPOCTIp  €JEKTPOHHOro  mpuiaay  (Bakyym, — ras,
HaIIBIPOBITHUKOBUN MaTepiall, iH.).

EnexTponHi mnpuiagyd  MOOAUISIOTBCA HAa  €JIEKTPOBAKYYMHI  NpPWIaAd  Ta
HaIIBIIPOBITHUKORB] TIPUITAIHN.

EnexrpoBakyymuuii npuinaa (EBIT) — enexkrpoTexHiunnii abo pamioTeXHIYHUI
npuian, uisi poOOTH SKOro MNOTPIOHMIT BHCOKHMI BakyyM a0o meBHMI Ta3 (iHOAI
creliajJibHa CyMilll Ta3iB) MPHU BU3HAYEHOMY 3HaueHH1 THUCKY. Lle nukTye HeoOXiqHICTb
130moBaHHs  pobouoro o0'emy EBII Big 30BHIIIHROTO TPOCTOPY CHEIIATHLHOIO
ra30HETPOHUKHOI0 000JI0HKOI0. Taki OOOJOHKM MarTh Ha3By OajmoH abo kosda i
BUTOTOBJISIFOTHCST 3a3BUYal 31 CKja a00 Merany (1IHOAI BXKHUBAIOTHCS OaJOHM MeETalo-
CKIITHOTO THUTy). st momaui enexkTpudHuX Hampyr i curHamiB Ha enektpomau EBII 3
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OOOJIOHKM BHUBOJSTHCS 3'€HAHI 3 €JIEKTPOJaMU IITUPKU (YacTWHA SKUX 3a3BUYail
o0'eqHyeThCsl B IIOKOJIbHMM po3'em), 3a nomomororo sxkux EBII migkmioueeThecs 110
30BHINIHIX €JICKTPUYHUX K1JI.

3anexxso Big npuHiuny aii EBII noainsroTe Ha

-6e3po3psaaui EBII — cTpyM B SKMX MpOTIKa€ TUIBKK IO TMPOBIAHUKAM, IO
3HaXOoJAThCsl B pobouomy mpoctopi EBII, (ocBiTaoBanbH1 JamMiu, 6apeTepu, BaKyyMHI
TEPMOEJIEMEHTH Ta 1H.);

-eJIEKTPOHHI MPUJIATU — CTPYM B AKX BUHHUKAE SK PE3yJbTaT HAMpPaBICHOTO
MEPEeMIIIEHHSI TIOTOKY €JNEKTPOHIB Yy BakyyMmi (€JIEKTPOHHI JIaMIIH, EJIEKTPOHHO-
MIPOMEHEBI TPYOKH Ta iH.);

-ra30po3psAHi mpuIaan — (THPATPOHH, TA30TPOHU Ta 1H.)

Jekuyia Nel8. ElekTpuYHMii CTPYM B Pi3HHX cepeloBHIIAX (PiIMHH, ra3u, BAKYYM)
—2ron.

Ilnan:

1.EnexTpuuHui CTpyM B pIIUHAX.

2.EnexTpuuHMii CTpyM B Tazax.

3.CamocTiitHu# 1 HecaMOCTiHMM ra3oBuil po3psia. 4. TepMoeneKTpoHHa eMICIS.

5.BakyymHi nammu.

EnexTpu4Hmnii CTpyM B pinHax

PimnHa — OnWH 3 OCHOBHHMX arperaTHUX CTaHIB PEUYOBHMHHU TOPSA 13 Ta3oM Ta
TBEpAUM TioM. Bijn razy piavHa BiIPI3HSAETHCS TUM, 0 30epirae cBiii 00'eM, a BiA
TBEPJIOTO TUJIa TUM, IO HE 30epirae hopmy.

VY piavHI MOJEKyIH 3A€O0UIBIIOro 30€piraroTh CBOIO LUIICHICTh, XO4Ya YHUMAJIO
pIIMH € pO3YMHHUKAMH, B SIKUX MOJIEKYJM JO IMEBHOI Mipu JucolitoTh. [lpu
JUCOIiallil B piIMHaX YTBOPIOIOTHCS MO3UTHUBHO M HETaTMBHO 3apsikeHi oHu. Taki
PIIMHU TIPOBOJISTH CICKTPUUHUNA CTPYM.

Enextponmith — 1e PEYOBHHH, CICKTPUYHUNA CTPYyM Yy SKUX 3aBKIH
CYNPOBOIKYETHCS 1X XIMIYHUMHU 3MiHaMH. Lle po3unHM cosel, KUCIOT 1 JIyTiB y BOAl. Y
TaKMX PO3YMHAX TMOCTIHHO BiIOYBA€ThCA po3Maa MoJieKydl Ha ioHu. Lle#t mporec
HA3MBAETHCS E€JICKTPOJITUYHOIO JAHcoliaiiero. BHacmiok pgucomiamii B pO3YHHI
YTBOPIOIOTHCS MO3UTUBHI (KaTiOHW) 10HU METATIB 1 BOJIHIO, Ta HETaTUBHI (aHIOHW) 10HU
KUCIIOTHUX 3aJIUIIKIB 1 TIAPOKCUIBHOI Tpynu. Y CTaHi AMHAMIYHOI PIBHOBAard po3duH
XapaKTepU3y€eEThCsl CTYNEHEM JUCOlalii ? — BIJHONIEHHSM 4YHCIAa N MOJIEKYJ, SKi

Fl
. . :V -
JUCOIIIOBAJIM HA 10HHU, JO 3araJbHOI'O 4HCJjia 1'10 MOJ'IeKy.H pC‘IOBI/IHI/I: L
['ycTuHY eNneKTpUYHOTO CTPYMy B EJIEKTPOJITI MOKHA BHU3HAYHMTH 32 3aKOHOM
. B
Jr = —= ﬂ
Oma: &

[Ipyn migBUIIEHH] TeMIepaTypd HUTOMHUA OIIp EJNEeKTPOJITY 3MEHUIYEThCS, a
NUTOMa TMPOBIHICTh 30UIbIIYEThCA. [IPOXOKEHHS EIEeKTPUYHOIO CTPyMy depes
€JIEKTPOJIT CYNPOBOKYETHCS SIBUILEM €JEKTPONi3y — BHUAUICHHS Ha eJEeKTPoaax
PEYOBHH, 10 BXOJATH A0 CKIIAy €JIEKTPOIITY.

EnekrpuyHuil cTpyM B rasax.
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["a3u 3a HOpMaANTBHUX YMOB TIOTAHO TPOBOJSATH EIEKTPUYHHUI CTPyM, TOOTO €
130sTopamu. ['a3 ckiiaiaeTbes 3 HEUTPATLHUX aTOMIB 1 MOJIEKYJl. BHaciJ0K 30BHIIIHIX
it (OMpOMIHIOBAaHHS  yJbTPadioIETOBUM,  PEHTICHIBCBKHM,  PaJllOAKTUBHUM
BUIIPOMIHIOBaHHSM, HarpiBaHHs 1 T.JA.) Ta3 10HI3YEThCSA, TOOTO BiJl aTOMIB 1 MOJEKYI
BIJIpUBAIOTHCS CJICKTPOHU. BHacmigok 10HI3aIlli yTBOPIOIOTHCS IMO3UTHUBHI 10HH 1
enexktponu. KoedimienT ioHizamii ? Ha3WBalOTh BITHOIIECHHA dYuciaa 10HIB N, 110
BUHUKIIH, IO Yyncia MoJiekyn razy NO B gaHoMmy 00’ eMi.

8= N

NEI

[Topsim 3 1oHI3aIi€r0 BIAOYBA€ThCS 3BOPOTHIM Tpoliec — peKomOiHaIlisg, TOOTO
00’€THaHHS 10HA 1 €JIEKTPOHA B HEUTPAJIbHY MOJIEKYTy a00 aToM.

Eneprito, sky moTpiOHO 3aTpaTUTH JUIs 10HI3allll ra3y, Ha3WBaIOTh EHEPTi€l0
ionizamii. J{ms pi3HUX rasiB €Hepris 10HI3allil Ma€ pi3HE 3HAUCHHS 1 3aJICKHUTHh BiJ
OynoBu atoma yu MoJiekyau. HeoOxigHa ymoBa 10Hi3alli — HaJaHHS €JIEKTpPOHaM

mi?
P
3HAYHOI IMIBUIAKOCTI: 2

ne Ai - pobora ioHizamii, mi1 V —
BIIMOBIIHI IIBUJIKICTh 1 Maca €JICKTPOHIB. t1

[Iponiec  NPOXOIKEHHS  CTPyMy
yepe3 ra3 Ha3MBalOTh Ta30BUM PO3PSIOM.

["azoBuit po3psin, KUl BIOYBA€THCS Mij g

J1€10 10H13aTOopa, Ha3uBa€ThCA S e Lree
HecaMOCTIHHUM (iissHka 0 — 2). s w

BoneT — ammepHa  XapakTepHCTHKA B L

(3anexHicTh cwm cTpyMy B Komi Bim Fuc. 11. I'pagix sanexcrocmi cmpymy 6i0
HaATNpyru) Mae Takuii Burisan (puc. 11.). Hanpyeu

[Ipu HecaMocCTIiHOMY ra30BOMY po3psial 3akoH OMa He CIpaBIKY€eThCs (HE ICHYE
MPOMOPIIAHOT 3aJI€KHOCTI MK CUJIOK0 CTPYMY 1 PUKJIAJ€HOI0 Harpyroto). [lounnaroun
3 JIESIKO1 HAMpPYTH, CHJIa CTPYMY HE 3MIHIOE€ThCS, HACTa€ HACHUCHHSI.

CamocTiiHMH | HeCAMOCTIHHMIA ra30BUI PO3PAL.

["a30Bwii po3psAa — SBUIIE MPOTIKAHHS €NEKTPHYHOTO CTPYMY B rasax.

["a3 cknamaerbest 13 HEUTpAIbHUX aTOMIB 1 MOJIEKYJ, TOMY JJIsi 3a0e3MeUeHHS
€JICKTPOIPOBITHOCTI HEOOX1THE BUHUKHEHHsS HOCIIB 3apsay - 1oHizamisa. Jxepenom
1oHI3a1ii MOke OyTHM 30BHINIHE OMPOMIHHEHHS BHCOKOCHEPTeTHUYHUMH (OTOHAMH -
yIbTpadioeTOBUMHU, PEHTICHIBCBKUMH 4YH TaMMa-TIpOMEHsAMH. loHI3armiss Moxke
BUHUKHYTH TaKOX Y CHUJIBHOMY €JIEKTPUYHOMY IOJIi, a00 X 3a paxyHOK 3ITKHEHb 13
MPUCKOPEHUMH HOCISIMU 3apsany (yaapHa ioHizaiisi). [[omaTkoBuM pKeperoM HOCIIB
3apsily MOKe OyTH TOBEpXHEBa 10HI3allis, HANPHUKIAA TEPMOCJICKTPOHHA eMicCis 3
KaTomy.

[Ipy Manux 30BHINIHIX EJEKTPUYHUX TOJIAX MPOBIOHICTH Ta3iB 3yMOBJIECHA
30BHIIIHIMU JKEpesaMu 10H13amii. Po3psin, sikuil BUHMKae B TAaKUX YMOBax, HA3UBAIOTh
HECaMOCTIHUM PO3PSAIOM.
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Po3psian, siKi BUHMKAIOTh Y CHJIBHHX €JEKTPUYHUX MOJISAX 32 PaxyHOK 10HI3allii,
0 BUHUKAE TMpPU TMPOTIKAHHI CTPyMy, HA3UBAIOThCS CAMOCTIMHMMH Ta30BUMU
po3psiaamu.

P03pi3HAIOTH TaKl TUIIU CAMOCTIMHUX Ta30BUX PO3PSIiB:

-Tnirouuit po3psn

-JlyroBuit po3psin

-IckpoBuit po3psia

-Koponnuit pospsn

Tuitounii pospsa BUHMKAe Npu HU3bKHX THckax P ® 01+ 1w pmem)  piy
BUHHMKA€ BHACTIOK yHapHOi i0HI3amii rady B TpyOIll 1 JOMAaTKOBOTO BUOWBAHHS
CJIEKTPOHIB 3 KaToja MO3UTUBHMMH 10HAMU. THitouuil po3psig BUKOPHUCTOBYETHCS B
ra3oCcBITHUX TpyOKax njisi oOpMIICHHSI peKjaM, B JIaMIIaX JIEHHOTO CBITJIA, B Ta30BUX
nasepax.

Koponnuit po3psimx  (y camomMy €JIEKTpUYHOMY TI0JIl) BHHHUKAE MOOJIU3Y
3apsAIHKEHOT0 TOCTPOro HpoBigHUKA. BiH cmocTepiraeTbesi mpu aTMOC(HEpHOMY THUCKY
HABKOJIO MPOBOJIB BUCOKOBOJBTHOT JiHII. UMM BHINA HAaMpyra, TUM TOBIIUM Ma€ OyTH
npoBiA. Y TEXHIIl KOPOHHUH pO3psiJi BUKOPUCTOBYIOTH B  €INEKTPOQIIbTpaXx,
NpU3HAYEHUX I OYMIICHHS MPOMUCIOBUX Ta3iB BiJ JoMmimok. KopoHHUN po3psn
MPU3BOAUTH J0 BTPATH €HEPrii.

[ckpoBuii po3psi[i BUHUKAE y pa3i BEIMKOI HAMPYKEHOCTI EIEKTPUYHOTO TMOJIS
(30000 B/cm). Mix enekTpoJaMu BUHUKA€E EJIEKTPUYHA 1CKpa, SIKA MA€ BUIJISJ JyXKe
SACKpaBOi CMYT'M CKJIaJHO1 (popmu.

IckpoBuil po3psia Mae mepepuBYaCTHIl XxapakTep, 00 micisg mpoOo Hampyra Ha
€JIEKTPO/IaX 3HAYHO CIMajae dYepe3 Te, M0 MPOMIKOK MIX eJIeKTPOAaMH KOPOTKO
3amuKaeTbes. [Ipuknagom icKpoBOro po3psiay € 6auckaBka, MpoOiid JieIeKTpUKa.

JyroBuii po3psia. SKImo B KOJI € TOTYXXHE JDKEpeno, TO ICKpY MOXKHA
NIEPETBOPUTH B €JIEKTPUUHY AYTy. Jlyra BUHHUKAE, KO MPUBECTH B KOHTAKT, a MOTIM
MIOCTYIIOBO PO3COBYBAaTH JBa BYTUIbHI €JEKTPOJU, SIKI mMepeOyBaroTh IiJl HANPYTOIO.
JlyroBuii po3psi[i BUHUKAE TOJI, KOJIM BHACIIJIOK HAarpiBaHHS KaToJa OCHOBHOIO
PUYMHOIO 10HI3AIlll ra3y € TePMOEJIEKTPOHHA €MICisi — BUIPOMIHIOBAHHS €JIEKTPOHIB
oy’Ke HarpiTuMu Tulamu. JlyroBuil po3psii BUKOPUCTOBYIOTH IIiJi Yac 3BapIOBaHHS
METAJIIB, /ISl OCBITJICHHS, B TyTOBUX €JICKTPOIeYaXx.

TepMoenekTpoHHa eMicis.

TepMoeneKkTpoHHa €Micisi — SIBUIIE 3YMOBJIEHOTO TEIJIOBUM PYXOM BHIIBOTY
€JIEKTPOHIB 32 MEX1 pEYOBUHHU.

TepmoeneKkTpoHHa eMicis CyTTeBa AJid (PYHKI[IOHYBAHHS BAaKYyMHUX JIaMII, B IKUX
€JICKTPOHU BUIIPOMIHIOIOTHCSI HETaTUBHO 3apsKEHUM KaToAoM. J[Jis 301bIIeHHs eMicii
KaToJI 3a3BHYall IiIrpiBa€ThCsI HUTKOIO PO3KAPCHHS.

[Ipu HarpiBaHHI MeTady €HEPreTHYHUN PO3MOJIII €IEKTPOHIB B 30HI MPOBITHOCTI
3MIHIOETBCS. 3'SABJISIFOTHCS €JIEKTPOHU 3 EHEpPricro, 1o mnepeBuirye piBeHb Depmi.
He3nauna KUIBKICTh €JNEKTPOHIB MOXE HAOyTH €HEprito, sKa MEepeBUIyE POOOTY
BUXOJy. Taki eJeKTPOHH MOXYTh BHUMTH 3a MEX1 METally, B Pe3yJbTaTi YOro BUHHUKAE
eMICis eJIEKTpOHIB. BemnunHa CcTpymMy TEPMOEIEKTPOHHOI €eMiCii 3aJIeKUTh BIJ
TEMIIEpaTypyu KaTojJa, poOOOTH BHUXOAY Ta BJIACTUBOCTEW TMOBEPXHI (PIBHSHHS

1 = 2 _—epo/kgT
Piuapncona-Jlenmmana): Je = AT"e
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JIe: je — I'yCTHHA CTPyMY eMICIi;

A - eMiciiiHa cTajiia, SKa 3QJEKUTh Bl BJIACTUBOCTEH BHUIPOMIHIOBAIBHOT
MOBEPXHi 1 sIKa JJ1s1 OUTBIIOCTI YUCTUX METaJIB JISKUTh B Mexkax 40-70 A/cm?*K?;

T - abcomroTHa TeMIieparypa Katoja,

€ - OCHOBa HaTypaJIbHUX JIOTapH(MiB;

ep0 — poOoTa BUXOy €IIEKTPOHA i3 METay;

kB — crana BoabimMana.

HaBeznene piBHSHHS CIIpaBeIJIMBE JIJIsI METAIB.

CyTT€BO BIUTMBA€E Ha BEIMYUHY CTPYMY €Micii 30BHIIIHE €IEKTPUYHE TOJE, SKEe
nie Ourst moBepxHi katona. Lle siBume orpumano Ha3By edekra IllorTki. Ha enextpos,
[0 BUXOJWTH 13 KaTOJa, IPH HASBHOCTI 30BHINIHBOTO €JIEKTPUYHOTO TOJS IFOThH MBI
CUJIM — EJIEKTPUYHOTO TSOKIHHS, SKa MOBEPTAE CICKTPOH Ha3al, 1 30BHINIHBOTO TOJIS,
10 IPUIIBUIIIYE €IEKTPOH y HAmpsiMi BiJ MOBEpxHiI KaTona. TakuM YWHOM, 30BHILIHE
CJICKTPUYHE TOJIE 3MEHIIY€E MOTEHIIHHUN Oap'ep, BHACTIIOK YOro 3HUXKYETHCS PoOOTa
BUXOJ1y €JICKTPOHIB 13 KaToja 1 30UIbIIYETHCS €JIEKTPOHHA EMICisl.

Bakyymni Jammnu.

T EnekrpoBakyymHa namma abo EnekrpOnna
Glassenvelore  amma (EJI) — enexktpoBakyyMHUW Tpuiaj, IO
ERRIA00e) OpU3HAYEHUN JUIsi  PI3HOMAHITHUX TMEPETBOPEHB
-G CJIICKTPUYHUX BEJIMYUH IUISXOM YTBOPEHHS IMOTOKY
| €JIEKTPOHIB Ta MOTO KEPYBaHHSAM.

EnexkrpoBakyymHa namma abo Enekrponna
namma (EJI) — enekrpoBakyyMHUUW Tpuian, Mo
MpPU3HAYEHUN JUIsl  PI3HOMAHITHUX MEPETBOPEHB
CJIIEKTPUYHUX BEJIMYUH IUIIXOM YTBOPEHHS MOTOKY

€JIEKTPOHIB Ta MOTO KEPYBaHHSAM.

Filament (cathode)

Puc.12. Bakyymua namna

Jexyia Nel9. HaniBOPOBITHUKY B €JIEKTPUYHOMY TOJIi — 2 TOJ.

Inan:

1.MexaHi3M BJIaCHOI MPOBIAHOCTI HAIIBIPOBITHUKIB

2.3acTtocyBaHHS HaIiBIPOBITHUKIB.

3. Jliox

CtpyMm B HANIiBIPOBiTHMKAX.

HamiBnpoBiIHUKHM — 1€ PEYOBUHHU, B SIKUX €JIEKTPOIPOBIIHICT 3aiiMae MPOMIKHE
MICLIE MK MPOBIJHUKAMH 1 JieJIeKTpuKamu. J[o HamiBNpOBIJHUKIB HaJIEXKaTh KPEMHIMH,
ceneH, xiMiyHi 3’enHanHs eneMenTiB III rpynu 3 enementamu V rpynu. [lutomuii omip
HaMBNPOBITHUKIB 3HAXOAUThCS B Mexkax Big 104 no 10-5 Om ‘M. B pesynbrati BiagpuBy
CJIEKTPOHIB BiJl aTOMa BUHHUKAIOTh BUIbHI €JIEKTpOHU. BakanTHe Mmicie (TIO3UTHUBHO
3apsA/KEHUN 10H) JUIsl €JEKTPOHA YTBOPIOE Tak 3BaHy MipKy. Jlipimi BiamoBizmae
HAJTMIIKOBUI TO3UTUBHUN 3apsii MOPIBHAHO 3 CYCIIHIMH HEIOHI30BAaHUMHU aTOMaMH,
TOMY PyX JIIpKH PIBHOSHAYHHI PyXOB1 MO3UTUBHOTO 3apsiay. SIKIIO BHECTH MPOBITHUK B
30BHIIIHE EJIEKTPUYHE MOJE, TO XAOTUYHUU PYyX AIPOK 1 €IEKTPOHIB MEPEXOIUTh B
HanpsimiaeHui. CTpyM B TaKuX MPOBITHUKAX 3YMOBJICHHUH SK PyXOM €JIEKTPOHIB 1 JIPOK
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(BmacHa mnpoBigHICTH). KoOHIEHTpalmiss [OipoK 1 €JeKTPOHIB OJHaKoBa. BracHa
MPOBITHICTh HAMIBOPOBIAHUKIB Maya. He3HauHa KUIBKICTh JOMIIIOK y TPOBITHUKAX
3HAYHO MIJBHUIIYE TPOBIAHICTH iX. JIOMIIIKA 3yMOBIIOIOTH JIOJATKOBY (JIOMIIIKOBY)
POBITHICTh. JloMIIIIKOBa MPOBIIHICTH OyBa€ JOHOPHOIO 1 aKIIENTOPHO. J{OMIIIKH, SK1
BIJIJAIOTh €JIEKTPOHM HA3UBAIOTHCA JOHOPAMH, a HAMIBIPOBIAHUKUA 3 €JIIEKTPOHHOIO
MPOBITHICTIO — EJIGKTPOHHUMHU HAIBIOPOBITHUKAMU (n  — Tuiy). ElekTpoHHY
IPOBITHICTh OTPUMYIOTh, KOJIM BaJIEHTHICTh €JIEMEHTa, IO JIOJA€ThCs, OlIbIIa 3a
BaJICHTHICTh OCHOBHOT'O HamiBrpoBiaHuka. Hampukmnan, no repmanito (IV- BaneHTHuU)
nogati Munr’sk (V - BaJeHTHHI). Y TakuX HAMIBOPOBIIHUKAX PyX MAIPOK Maibke
BIJICYTHIH. SIKIIIO JOMIIIKK MalOTh BaJICHTHICTh MEHIITY, Hi’)K OCHOBHHUI HAIiBIIPOBITHUK,
iX HA3MBaIOTh AKIENTOPaMH, a HAIIBIPOBIAHUK — JIPKOBUM HAIMiBIPOBIIHUKOM (p —
Tury). B mepeknani n — tumn (HeraTuBHUN), p — THM (O3UTUBHMIM). [Ipr KOHTAKTI 1BOX
HAMIBIIPOBIIHUKIB N — TUIY 1 p — TUMY Ha iX MeX1 BHAcHiIOK audys3ii i pekomOiHamii
€JICKTPOHIB 1 JIPOK BUHUKAE€ TOHKHUH IIap, 301JHEHUN HOCIIMU CTpyMy, SIKMM Mae
niBUIIEHUN omip (p — N — mepexifa). SKIIO BBIMKHYTH HAIIBOPOBIIHUK 3 P — N —
NEPEeX0J0M B €JIEKTPUYHE KOJIO TaK, 100 MOTEHIal YaCTHHHU 3 p — MPOBLAHICTIO OyB
MO3UTUBHUM, a YAaCTUHU 3 N — MPOBIJHICTIO — HETAaTUBHUM, TO Yepe3 HHOTO Oy/e
npoxoautu cTpyM. Takuii mnepexin HasuBawTh npsmuMm (Puc. 12). Skmo 3Haku
MOTEHIIaIIB Ha KIHISIX HAMIBIPOBIIHUKA MOMIHSATH, TO 3BOPOTHIM CTpyM Oynie IOCUTh
MaJIiM, a OMip MPOBITHUKA IOCUThH BeTUKUN. Takuii mepexia Ha3uBatOTh 3BOPOTHIM.

BnactuBocTi p — N — nepexoAy ( Maluidl omip y NpSAMOMY HampsiMi 1 BETUKUMA Y
3BOPOTHOMY) BUKOPHUCTOBYIOTh TUTST BUTIPSIMIICHHS 3MIHHOTO CTpyMy
(HamBOPOBIAHUKOBI T10]IH).

4,

(+) :‘. =) A= Lobep

® ®|0 O 0 Uip

Puc.12. Ilpsamuii nepexio

BaacHa i JoMimkoBa npoBiIHICTb.

Mix maporo CycCiHIX aTOMIB ICHY€ TaK 3BaHHUU MapHOEIEKTPOHHUHN 3B’SI30K, a00
KOBaJIeHTHUN. YOTHPY BaJIEHTHI €JIEKTPOHHU KOKHOTO aToMa BCTYMAIOTh Y KOBAJICHTHHMA
3B’SI30K 3 €JIEKTPOHAMU CYCIHIX aToMiB. Tak, 110 BUIBHHUX EJEKTPOHIB Yy YUCTOMY
repMaHito Hemae. A Hema BUIBHMX HOCIIB 3apsiy, TO H He Oylae NpoXOIuTH
EJeKTPUYHUNA CTPYM. (fIka yMOBa iCHYBaHHS €JIEKTPUYHOTO CTPyMY?).

KoBasieHTHI 3B’A3KM  JOCHTh MIIHI 1 TpU HU3BKUX TeMIepaTypax
HaIIBIPOBITHUKH € JTIETICKTPUKAMH.

3. Bix HarpiBaHHs repmaHito KiHETUYHA €HEPris BAJICHTHUX €JIEKTPOHIB 3pOCTAE
1 OKpeMmi 3B’S3KH PO3PUBAIOTHCS.

B pe3ynbTaTi bOr0 YacTHHA €JIEKTPOHIB, K1 paHilie Opajlyd ydyacTb B YTBOPEHHI
BaJICHTHUX 3B’SI3KIB, BIJIIEIUTIOIOTHCS 1 CTalOTh €JIEKTPOHAMHU TPOBITHOCTI. 3a
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HAssBHOCTI €JIEKTPUYHOTO IIOJS BOHHM IEPEMIMIAIOThCS TPOTH TOJS 1 YTBOPIOIOTH
eJEKTPpUYHUN cTpyM. SIK y MeTanax (eJIeKTpOHHA MPOBIIHICTS).

Arne Ha BIAMIHY BiJl METaJiB y HANIBOPOBIAHUKIB € 1€ I1HINI MEXaHI3MH
npoBigHocTi. Komu po3puBaeThcsi 3B’S30K, TO YrOBOPIOETHCS BAKAHTHE MicIle, 1€ HE
BHCTAaua€e eNEKTPOHA. Moro HasmBaoTh Jjipkoo. Jlipka Bene cebe K INO3UTHBHO
3apsKEeHa YaCTUHKA.

3 MiJBUILEHHSIM TEMIIEpaTypUu KUIBKICTh PO3IpBaHUX 3B’SI3KIB, OTXKE BIILHUX
€JIEKTPOHIB, 301TbIIYETHCS. 30LIBIIYETHCS 1 KITBKICTh Jipok. [1i7 yac pyxy eneKkTpoHis,
CIEKTPOHH MOXYTh 3aliMaTHd BaKaHTHI Micusg (JIpKW) TPH IIHOMY BiJHOBIIOIOTHCS
BaJICHTHI 3B’ SI3KM.

Jlipka nmepeMilryeThesl y KpUCTalll y MPOTUIICKHUHN OIK BiJ pyXy €JIEKTPOHIB.

[Tpukmnaz: BiBHI Micg y Kiaci (3ai).

Pyx enexTpoHiB 1 OIpOK XaOTHUHHUH, SKIIO HANPYKEHICTb E€NEKTPUYHOIO OIS
nopiBHIOE 0.

[Ipu HAsIBHOCTI €IEKTPUYHOTO TMOJISi BUHUKAE YIOPSAIKOBAHE MEPEMIIIIEHHS TIPOK
y HampsiMi BEKTOpa HAINPYXKEHOCTI, 1 YINOPSAKOBAaHE MEPEMIIICHHS €JIEKTPOHIB MPOTH
PYyXy HipOK.

OTxe, y HaliBNPOBITHUKIB € HOCIT 3aps/iiB IBOX THUIIIB: €IEKTPOHHM 1 IIPKH.

Tomy HaIiBOPOBIIHUKU MAIOTh HE TIJIbKU €JIEKTPOHHY, a il IIPKOBY MIPOBIAHICTb.

Mu po3rasHysId MeXaH13M MPOBITHOCTI 1I€aIbHUX (YUCTHX) HAIMMIBIPOBIIHUKIB.
[IpoBIAHICTP  YMCTUX  HAIIBOPOBIJIHMKIB  HA3WBAIOTh  BJIIACHOIO  IPOBIIAHICTIO
HaIiBIIPOBITHUKIB.

[TpoBiAHICTS HAMIBIPOBIAHUKIB Y BEIHMKIA MIp1 3aJ€XHUTh BiJ JoMimIoOK. Came 1
3QJIEKHICTh 3p00MIIa HAIIIBIPOBITHUKU THM, YAM BOHU CTaJIM B CY4aCHIN TEXHILII.

[Ipn HasBHOCTI IOMIIIOK, KpiM BJAcHOi MPOBIJHOCTI, BHUHHMKAE OJATKOBA —
JOMIIIKOBA MPOBIAHICTb.

3MIHIOIOYH KOHIIEHTPAIIII0 JTOMIIIKH, MOKHA 3MIHIOBAaTH KIJIBKICTh HOCIIB 3apsy
TOTO YM IHIIOTO 3HAaKY. 3aBASKU [IbOMY CTBOPIOIOTHCS HAMIBIPOBIIHUKY 3 TIEPEBAKHOIO
KOHIIEHTparlietro — abo Bijx’e€MHO, a00 A0JATHO 3apspKeHHX HOCIiB. Ll ocoOnmBICTH
HaIBIPOBITHUKIB 1 BIIKPUBAE MTUPOKI MOKIIUBOCTI IJIs iX MPAKTUYHOT'O 3aCTOCYBAHHS.

OTxe, TOMIIIKA MOXYTh 301IbIIYBAaTH KOHIICHTPAIIIIO €JIEKTPOHIB MPOBIIHOCTI 1
CTBOPIOBATH B HAIIBIPOBIIHUKY €JEKTPOHHY JOMIIIKOBY MPOBIAHICTE N-THILY
(aeratuHuil). Taki MOMINIKKA HA3UBAIOTHCS JOHOPHUMHU. Y HAIMIBIPOBIAHHUKY N-THITY
€JIEKTPOHU — OCHOBHI HOCIi 3aps1y, 1IPKH — HEOCHOBHI.

HaniBnpoBiiHMKOBI NpHJIaAH.

HamiBnpoBiIHUKOBI TpHIIaad, €IEKTPOHHI MpUJIaau, Ml SKUX 3aCHOBaHA Ha
€JIEKTPOHHUX TMpollecax B HAMIBOPOBIAHUKAX. Y EJNEKTPOHINI H. M. CIyXaTb IS
NEPETBOPEHHS PI3HUX CUTHAIIB, B €HEPreTHlll — JJisi 0€3M0CcCepeTHhOTO MEePETBOPEHHS
OJIHMX BUJIB €HEPrii B 1HIIUX.

Bigome ©Oararo BcUIgkuxX cmocoOiB kimacudikamii H. 1., Hampukiag 3a
MIPU3HAYEHHSM 1 TPUHIINITY JIii, 32 TUTIOM MaTtepiany, KOHCTPYKIIEI 1 TEXHOJIOTIETO, 110
chepi 3actocyBaHHs. [Ipore 40 OCHOBHMX KjaciB H. II. BIAHOCATh HACTYIHI:
€JICKTPOINEPETBOPIOBAIBHI IIPHIIAIH, IO TIEPETBOPIOIOTH OJHI €JICKTPUYHI BEIHMYHHHU B
1H. €JIGKTpUYHI BeNWMYWHH ( HAMIBIPOBIAHUKOBUN 10/, TPaH3UCTOP, THPUCTOP ) ;
ONTOETEKTPOHHI TMPUJIAJH, IO TMEPETBOPIOIOTH CBITIOBI CUTHAIMU B EIEKTPUYHHUX 1
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HaBmaku ( onTpoH, (doTope3uctop, (oromion, doTorpaH3uCcTOp, GHOTOTUPUCTOP
HaIIBIIPOBITHUKOBUH J1a3ep, CBITJIOBUIIPOMIHIOIOUNHN J110]I, TBEPJAOTUIMI EPETBOPIOBAY
300pakK€HHSI — aHAJIOT BIJIIKOHA 1 T.I1.); TEPMOCICKTPUYHI IIPUIIAIH, 1110 MEPETBOPIOIOTH
TEIJIOBY €HEPril0 B EJIEKTPUYHY 1 HaBMaku ( TEPMOEJIEMEHT, TEePMOEIEKTPUUHUN
reHepaTop, COHAYHA O0aTapes, TEpMICTOp 1 T.I1.); MAarHITOCJIEKTPIY. MpUiIaay (aTYHK, 110
BUKOPHUCTOBYE X0y €peKT, 1 T.I.); M'€30€ICKTPUIYHUM 1 TEH30METPIYeChbKUN TpUIaIu,
SK1 pearyroTh Ha TUCK a00 MexaHIYHUN 3CyB. Jlo oKpeMoro kjiacy H. II. CIIiJl BIAHECTH
IHTErpalibHI CXEMH,  SIKI MOXYTh OYTH TakuMH, IO EJIEKTPONEePETBOPIOIOTH,
OTITOEJIEKTPOHHUMH 1 T.J1. a00 3MIlIAaHUMH, TOEAHYIOUUMHU CcaMi pi3HI €eKTH B OJTHOMY
npunagi. EnextponeperBoproBaibHI H. M. — HAWHOUIBII MIMPOKHHA Kiac MPHIALIIB,
MPU3HAYCHUX [UJISl TEPETBOpPEHHS (MO pPOay CTPyMy, YacToTi 1 T.XI.), MOCHJIEHHS 1
TCHEPYBaHHSI €JIEKTPUYHUX KOJIMBaHb B Jiama30Hi 4acToT Bifg moib 11y mo 100 It i
OLTBII; X poOOYl MOTYKHOCTI 3HAXOATHCA B Mekax Bim < 10 -12 BT mo mekibkox
coteHb BT, Hampyra — BIiJ 10JIb B JI0 JE€KUIBKOX THC. B 1 CTpyMi — BiJl IEKUIBKOX
Ha J0 JEKUJIBKOX THC. a . 3aJeKHO BIJl B)KMBAHOT'O HAIIBIPOBIIHUKOBOI'O MaTepiary
PO3PI3HAIOTh T€pMaHi€Bl, KpeMHIi€B] 1 1H. H. M. [0 KOHCTPYKTUBHHMX 1 TE€XHOJOTIYHUX
O3HAaKax H. M. pO3JUISIOTh Ha TOYKOBUX 1 IJIOMUMHHKUX; OCTaHHI, Y CBOIO YepTy, AUIATh Ha
CIUTaBHUX, AUGY31HHUX, Me3aIUlaHapHUE, IUIaHApHUE (HAHOUIBII  TOMIMPEH],
nuB.(muBucs) IlnanapHas TexHoJOTIsA ) , emiIuIaHapHHE 1 1H. BigmoBigHo mo obiacti
BXKMBAHHSI PO3PI3HIIOTH BUCOKOYACTOTHI, BUCOKOBOJIBTHI, IMITYJIbCHI 1 1H. H. II.

H. m. BUmMycKaioTh B METATOCKISHUX, METATOKEpaMidHUX a00 TIaCTMAaCOBHX
KOpITycax, 10 3aXUIIal0Th MPWJIAINA Bl 30BHIIIHIX A1M; 1711 BAKOPUCTAHHS B T1OpUIHUX
IHTErpajIbHUX CXEMax BUITYCKAIOThCS T.3. O€3KOPITYCHI H. M. (AUB. MIKpOEIEeKTpOHIKa )

HomeHnknatypa H. 1., 10 BUIYCKAalOThCS y BCIX KpaiHax Hamuye Ommu3pko 100 000
THUIIIB MPUJIAAIB PI3HOTO NIPU3HAYECHHS.

Monayas 5. EnekTpoMarHeTrusm
Jexyin Ne2(). EnekrpoMaraeTusm — 2 rof.

Ilnan:

1.MaruitHe mose.

2.B3aemoist CTpyMiB.

3.3akoH Amrepa.

4.3akon bio — Capapa — Jlamnaca.

5.Cuua JlopeHia.

MarmnitHe noJie.

Marnitae none — ocobamBa dbopma Marepii, 32 IOMMOMOTO0 SIKO1 3/IIMCHIOETHCS
B3aEMO/IISI MiDK PYXOMHUMHU €JICKTPUYHO 3apsSHPKCHIMH YaCTUHKaMHU.

MarsiTHe 1moJjie - CKJIaJioBa €JIeKTPOMArHiTHOTO TOJIs, Ika CTBOPIOETHCSA 3MIHHUM

4 Y Yaci EJEKTPUYHHM TIOJIEM, DPYXOMHUMH €JIEKTPUYHUMH

3apsgaMu a00 CIiHAMU 3apsKEHUX YaCTMHOK. MarHiTHe mose
CIPUYMHSE CHJIOBY [0 HAa PYXOMi EJIEKTPUYHI 3apsiiu.
Hepyxomi enexkTpu4Hi 3apsad 3 MarHiTHUM TIOJIEeM HE
B3aEMOJIIIOTh, alie eJIeMEHTapHI YaCTUHKH 3 HEHYJIbOBUM
CIIIHOM, SIKI MalOTh BJIACHUM MarHiTHUH MOMEHT, € JKEPEIOM
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MarHiTHOTO TIOJIS 1 Mar"iTHE TOJIe CIIPUYNHSIE HA HUX CHJIOBY 10, HaBITh SKIIO BOHU
nepeOyBaroTh Y CTaH1 CIIOKOIO.

MarsiTHe 1osie yTBOPIOETbCS, HAIPUKIIAA, Y MPOCTOPI JIOBKOJIA MPOBITHUKA, TIO
SIKOMY T€4e CTpyM a00 JOBKOJIA MOCTIHHOIO MarHITY.

MarsiTHe Tmoj€ € BEKTOPHUM I0JeM, TOOTO 3 KOKHOI TOYKOIO MPOCTOPY
MOB'AI3aHUI BEeKTOp MarHiTHOi iHayKkiii B skuil xapakrepusye BeaMuMHy 1 Hampsm
Mar”iToro moJyigs y Iid TOYIll 1 MOXXe MIHATHUCS 3 TUIMHOM d4acy. [lopsia 3 BekTOpoMm
CNICKTPOMArHiTHOI inaykmii B, MarxiTHe T10J€ TakoX OIMUCYEThCS BEKTOPOM
nanpyxenocti H.

MarniTHe TOJIe BUMIPIOETHCS MarHiTOMeTpaMu. MexaHI4HI MarHITOMETpH
BHU3HAUYAIOTh BEJIMYMHY TOJIS 32 BIAXWJICHHSIM KOTYIIKH 31 cTpymMoM. CiaOki MarHiTHi
MOJIsI BUMIPIOIOTBECS MarHiToMeTpamu Ha ocHOBI edekty Jxo3edcona - CKBI/lamm.
MarsiTHe 1oJie MOXXHA TaKOXX BHMIPIOBATH Ha OCHOBI €(EKTy SIIEPHOTO MarHiTHOTO
pe3oHaHcy, eexTy XoJia Ta IHIIUMU METOAaMH.

MarsiTHe noJie IIMPOKO BUKOPUCTOBYETHCS B TEXHII 1 JUIsl HAYKOBUX Miyied. J1jis
HOTr0 CTBOPEHHS BUKOPUCTOBYIOTHCS MOCTIMHI MAarHITH Ta eJeKTpoMarHitu. OmaHOpiaHe
MarHiTHE 10JIe MOXHa OTPUMATH 3a JOTOMOTI0 KOTYIIOK ['ensmrosnbua. s cTBOpeHHs
NOTYXHUX MAarHiTHUX TIOJIIB, HEOOXIAHUX /i poOOTH MPUCKOPIOBAYiB abo0 Jisd
yTpUMaHHS IUIa3MU B YCTaHOBKax 3 SJEPHOIO CHUHTE3y, BUKOPHUCTOBYIOTHCS
€JICKTPOMATHITH Ha HAJIPOBITHUKAX.

B3aemonis crpymis.

Ao no ABOX MapajeNbHUX 1 HE 3aKplIUIEHUX MPOBIAHUKAX MPOIMYCTUTH
MOCTIMHUN E€JIEKTPUYHHI CTPyM TO BOHU OYIyTh NPUTIATYBAaTHUCh. SKIIO X CTPyMH
OylyTh  aHTUNApaJeNIbHI, TO BOHM  BIAIITOBXYIOThci.  Kilacmuna — Teopis
€JICKTPOTIPOBIAHOCTI METAJIIB MOSICHIOE PUYHMHY IIHOTO SBHINA HACTYITHUM YHHOM.

Metan mae BUIbHI €JEKTPOHU (EJEKTPOHHUU Tra3), PO3MOAUICHUNA BCEpEAMHI
ioHHOi Tpatku. CyMapHUW 3apsij MOJATHBO 3apsHPKEHOI 10HHOI TpaTKd 1 BiJ €MHO
3apSAJKEHOTO EJIEKTPOHHOTO Ta3y PIBHUM HYJIO; 3apsid PO3IMOAUICHI B MPOBITHUKY
PIBHOMIPHO, TaK III0 CUCTEMa HE Ma€ JAUIOJILHOTO MOMEHTY. BHacmiiok 11boro cymapHa
HAIPYXKEHICTh €JIEKTPUYHOTO TOJIsI 10HHOI TPAaTKH 1 €EeKTPOHHOTO Ta3y piBHA HYIIO, 1
HABKOJIO MPOBIJHUKA BIJICYTHE €JIEKTPUYHE TOJy. | TOMy MPOBIAHUKK TP BIACYTHOCTI
CTPyMY HE B3a€MOJIIIOTH IPYT 3 IPYTOM.

[Ipn HasBHOCTI ENEKTPUYHOTO CTPYyMy, TOOTO HAIMpPaBICHOTO PYyXy BUIBHUX
€JIEKTPOHIB, MIXK MPOBIIHUKAMU BUHUKA€E cUia B3aemoii. [le mpuBoanUTh 10 BUCHOBKY,
[0 CUJIM B3a€EMOJIlI MIX PYXOMHUMH €JIEKTPUYHUMH 3apsaaMu BIJIPI3HSIOTHCSA BiJl CUII
B3a€EMO/IIi MIDK HEPYXOMHMMHM 3apsiiaMH. 3 ICTOPUYHUX MIPKYBaHb 1Ii CUJIM HA3UBAIOTh
MarHiTHUMH.

3rigHo 3akoHy bio-CaBapa-Jlannaca KoKHHI IPOBIAHUK 3 CTPYMOM

CTBOPIOE HaBKOJO ceOe¢ MarHiTHe moJie. PO3rissHEMO B3aEMOMII0 MDK JBOX
MPSMOIHIMHUX ~HECKIHYEHHO JOBTUX MPOBIIHHMKIB 3 CTPYMOM, pPO3TAIIOBAHHUX
napayiesIbHO OJIMH JI0 OJIHOTO Ha BiJICTaHI.

B3aemozito napanenbHUX CTPYMIB JIETKO MOSICHUTH 1 B3SITH 32 OCHOBY B O3HA4YECHHI
ocHOBHOI oauHUIN cwm ctpymy B CI -1A. JlificHO, KOKHUI 3 TPOBITHUKIB CTBOPIOE B
IIPOCTOPI HABKOJIO ce0e Mar”iTHE IoJie, IKe B BIJMOBIIHOCTI 3 3aKOHOM AMIiepa Jii€ Ha
JPYTHUI MPOBITHUK 3 CTPYMOM.
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BusHauuBImM cuity, 3 KOO Jli€ MarHiTHE MOJIe APYToro MPOBIAHUKA HA TIPOBIHUK
3 CTPYMOM, 1 aHAJIOT1YHO CUJTY , 1 TOPIBHSABIIM X, MOKHA 3pOOMTH BUCHOBOK, 1110 BOHU
PiBHI MK CO0OI0 1 HallpaBJeH1 MPOTUIICKHO. 3a oAUHHUINIO cuiH cTpymy CI B3siTo ammep
(A) — cuna Takoro HE3MIHIOIYOTO CTPyMy, SKHM TIpH MPOXOJPKEHHI IO JBOX
napajieibHUX MPSIMOJIIHIHHUX TPOBIJHUKAX HECKIHUYCHHOI JTOBXKHWHM 1 MaJIOi ILJIOIII
SI0JIOBOT'O TOTMEPEYHOI0 Mepepily, po3TallloBaHUX B BaKyyMl Ha BiJCTaHI 1 M OJIUH Bif
JPYroro, BU3HaB OM Ha KOXKHIM JIJSHIN MPOBIJIHHUKA JOBXHHOIO | M CHIIy B3aeMOAIi,

piBuy 2-10-7 H.

3akon Amnepa.

3akoH Ammepa — 3aKOH B3aeMOAll
MOCTIHHUX CTPYMiB. YcCTaHOBIEHUN AHpe-
Mapi Amnepom B 1820 pomi. I3 3akony

Awmrmepa BUXOJIUTb, 1o napajienbHi
MNPOBITHUKKA 3 MOCTIAHUM CTPYMOM,
MOTOYHUMH B OJTHOMY Hampsmi,
OPUTATYIOTBCS, a B MPOTWICKHOMY —
BIJIIITOBXYIOThCH. 3aKkoHOM Awmnepa

Ha3WBA€TbCA TAKOXK 3daKOH, 11O BHM3HA4Y4A€ CHUITY, 3 SAKOIO MarHiTHE I10JIE I[i€ Ha MaJuu

BIJIPI30K MPOBIJTHUKA 13 CTPYMOM.

dF = j x BdV

Cuna Amnepa - 11e cujia, sika Ji€ Ha TMPOBIAHMK 13 €JIEKTPUYHUM CTPYMOM 3

OOKy MarHiTHOTO MOJIS.
Cuita Amriepa 3aJIeKHUTh BII;
-CUJM CTpyMy |

-eJIeMEHTa (YaCTUHU) JIOBXKUHU TTpoBigHuKa dl
-KyTa M)XK HalpsIMOM CTPYMY 1 HANPSMOM JIiHIA MarHiTHOTO MOJIS .,

-Mar”iTHOI 1IHAYKIiT B

dF' = Bldl s«

VY BekTopHii Gopmi crita AMIiepa 3aIUCyEThCS

dF = I[B, d]|

Axio kyT mixk Bektopamu B 1 1 <90°:

F = Bllsin o - cuna Amnepa

B =1 Tn(Tecna) - iHIyKIlis] MAarHITHOTO TOJIS

[ =1 A(AmMnep) - cuiia cTpymy

1 =1 m(meTp) - TOBXKKHA MTPOBIAHUKA

- KyT Mix BekTopamu B 1 I

Axmio kyt mixk BekTopamu B 1 1=90°, toxai sin90°=1, 3Biacu:

F =BIl.

3akon bio — CaBapa — Jlanaca.

bio-CaBapa-Jlammaca 3akoH

BHU3HAYA€E HAIPY>KEHICTh MAarHITHOTO MOJSl €IEKTPUUYHOTO
CTpyMy, IO Te€4€ Yy MPSIMOJIHIMHOMY Ay>K€ JOBrOMy -

POBITHHKY.

— 3aKOH, SIKUH /

7/ 1 r M
\
s -
-l - H
He=kZ 70
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. H=k
3a 3akoHoM bio-CaBapa r
ne H — nampyXeHiCTh MarHiTHOTO Tojis B TOYIll M Ha BIACTaHI I BIf
OpSMOJIIHIMHOTO MpoBiAHMKA 13 cTtpymom [ (man. 1); k — koediieHT

MPOMOPIIAHOCTI, BEIMYMHA 1 PO3MIPHICTh SKOTO 3ajiekaTh BiJ BUOOpPY CHUCTEMH
OJIMHHUIIb, I — PAAlyCBEKTOP.

3akon bio-CaBapa excnepumentanbHo Bigkpwiu 1820 JKan-bartict bio 1
@enike Caap. Llell 3akOH € YaCTKOBUM BHIIAJIKOM OUIBII 3arajibHOro 3akoHy bio-
Cagapa-Jlamnaca, chopmymnsoBanoro I1. Jlaruracom 1820 Ha mimcTaBi MarepiaiiB 3
yucaennux gocuiaiB XK.-b. bio 1 ®@. Casapa.

3a MM 3aKOHOM BEJIMYMHA HAMpPY>KEHOCTI MArHIiTHOrO mojisi B Touli M Ha
BIJICTaHI r Bijl el1eMeHTa M MpoBiIIHUKA JOBLIBHOI (hopMuU

TAl
AH = k—-sina
BU3HAYAETHCS (POPMYIIOI0: re

e o0 — KyT MDK HampsiMoMm cTpymy | 1 Hampsmom
paaiyca-ektopa r. [loBHa HampyXeHICTb MAarHiTHOI'O
noJist H, CTBOpIOBaHOTO CTPYMOM Yy MPOBITHUKY JTOBUIBHOT
(dopMH 1 CKIHUEHHOI JOBXHHH, TOPIBHIOE T€OMETPHUYHIM
CyMi €JIeMEHTapHUX HaIpPY>KEHOCTEH.

Hamnpukinan, 1HTErpyBaHHSIM OJEPXKYIOTh (hopMyin ;
HaMpy»XEHOCTI MAar”iTHOTO TMOJisI HABKOJO HECKIHUYCHHO JIOBTOr0 MPSMOIIHIHHOTO
IPOBIAHMKA 31 CTpyMOM, TO0TO popmyny b. — C. 3., HanpyKeHICTh MarHITHOTO MOJIS

2l
, H=kF—
B IIEHTP1 KOJIOBOT'O CTPYyMY r

HaIMpy>XKEHICTh MAarHITHOTO TIOJISI B CEPEIHIN YacTHHI TYy>Ke JOBIOTO COJICHOI1a
H = kd4nln ta in. Hanpsim Hampy’>KeHOCTI MAarHiTHOIO MOJS B YCIX BHMaAKax
BHU3HAYAETHCS 32 MIPABUIIOM CBEPJIMKA.

Cuaa Jlopenua.

Cuna JlopeHna - cuia, O i€ Ha EJIEKTPUYHUN 3apsll, sIKUW nepeOyBae y

€JICKTPOMArHITHOMY TIOJII.

F = ¢E 1 %[VKB]

Tyt F - cuna, q - Bennuuna 3apsay, E - HanpykeHicTh eIEKTPUYHOTO OIS,
V- BUAKICTh PyXY 3apsay, B - BeKTOp MarHiTHOT iHyKIIil.

EnexTpudne mose aie Ha 3apsi 13 CHIIO0, HAMPaBIEHOIO B30BXK CUJIOBUX JIIHIH
nosisi. MarHiTHe moje i€ juile Ha pyxomi 3apsiau. Cuia Aii MarHiTHOTO MOJIS
NEPICHANKYJISIPHA IO CUJIOBUX JIHIN TOJIS ¥ 10 MIBUIKOCTI PYXY 3apsy.

HasBana na uects ['enapuka Jlopenna, skuit po3poOuB 11e moHATTS 1895 poky.

B teopii BimHocHOCTI cuiia JlopeHiia 3anucyeTbest B KoBapiaHTii hopmi

f‘! 1 Pviﬁuk
E! . . .
ne fi - 4-pexrop cwu, uk - 4-mBUAKICTB, a Fik - 4-TeH30p €IeKTPOMArHiTHOTO

TIOJISL.
Hia- , mapa- , peppoMarHeTHKH.
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JliaMarHéTHK — PeYOBHHA 3 Bi'€MHOIO MATHITHOIO CIPUHHSATIHBICTIO.

SBuIie niaMarHeTU3My 3yMOBJICHE JJapMOPIBCHKOIO TIPEIECIEI0 EIEKTPOHIB Y
MarHiTHOMY ITOJi.

[Iporecu, siki BU3HAYAIOTh JllaMarHiTHI BJIaCTUBOCTI PEYOBUHU, BiIOYBAIOTHCS Yy
BCiX 0€3 BUMHATKY MaTepiajiax, ajic BOHHM CJIa0Ki i y BUIIAJIKy IMapaMarHeTHKIB HE
Ipar0Th CYTTEBOI POJI MOPIBHSIHO 13 1HIITMMH ITPOIIECAMHU.

[neanpHUM AlaMarHeTUK Ma€ MarHiTHY CIIPUUHATIMBICTD PIBHY —1, 110
MPU3BOJNTH J0 BUIIITOBXYBAHHS MarHiTHOTO TOJIS 13 peYOBUHH. [1eanbHUMU
JiaMarHETUKAMH € HAIPOBITHUKH.

[lapaMarHéTUKH— PEYOBHMHH 3 HEBEJIHMKOI TIO3WTHBHOI MAarHiTHOIO
CHPUIHATINBICTIO, K1 Y 30BHIIIHBOMY MarHiTHOMY TOJII HAaMarHi4yrThCS B3JIOBXK
1OJISI 1 JIEMIO IJICUITIOIOTH MOTO.

AToMHM TIapaMarHeTWKIB MAalTh CBId MarHiTHUH MOMEHT. MarHiTHa
CIIPUMHSTIMBICTh MapaMarHeTUKIB 3aBXAW JOJATHA 1 JEXKUTh y nianazoni 10-4 —
10-7. 1o mapaMarHeTUKiB HaJIeXaTh:

-pE€YOBUHHU, aTOMH a00 MOJIEKYJIU KUX MalOTh HEMapHe YUciIo enekTpoHiB (Na,
N);

-BiIbHI aToMu (MoHHM) 3 HeZoOyJOBaHOK BHYTPIIIHBOIO EJIEKTPOHHOIO
000JIOHKOIO (€JIEMEHTH MEePEX1AHOI IPYIIH, iX COJIl 1 BOAHI PO3UMHH,

-KOMILUICKCHI CTIOJYKH TIEpPeXigHUX €JIEMEHTIB, PIAKICHI 3eMJi, aKTHHIIH,
BUIbHI paIMKajn);

-0araro JyXHHX 1 JIy’KHO3eMenbHUX MeTaliB, Al, Sc, V; kucens O,, NO.

-OepomarHeTukn Ta aHTU(EPOMATHETUKU IPU TEMIIEpaTypax, BUILHUX Bij
temrepatyp Kropi Ta Heesnst, BianmosiaHo.

depomaru€TUK — AesKi MeTanu (3aj1i30, HiKellb, KOOAJIBT, TaI0JIiHIi, MaHTaH,
XpOM Ta iXHI CIUTaBH) 3 BEJIMKOK) MAarHiTHOIO MPOHUKHICTIO, IO MPOSIBISIOTH SIBUIIE
riCTEPE3UCy; PO3PIZHSIIOTH M'IKI (PepOMarHETUKU 3 MaJOK KOEPLUUTUBHOIO CUJIOI0 Ta
TBepAl (EPOMATHETUKU 3 BEIIUKOK KOEPIUTUBHOK cujor. {depoMarHeTuku
BUKOPHUCTOBYIOTHCS JUIsl BAPOOHUIITBA MOCTIMHUX MarHiTiB, OCEPAb €JIEKTPOMArHITIB
Ta TpaHCcHOpPMaTOPIB.

@depoMarHeTu3M BHUHHUKA€ B PEUYOBMHAX, Y SIKUX $K HACIHAOK OOMIHHOI
B3a€MO/IIT, CIIiHAM €JICKTPOHIB BHTIHO OPIEHTYBATHCS MapaieibHOo. B pesynbrati
TaKOi Y3TO/DKEHOI Opl€HTAllli CHIHIB BUHUKAE MAKPOCKOIIYHUN MArHITHUM MOMEHT,
KWW MOXKE ICHYBaTH HaBITh 0€3 30BHIIIHHOTO Mar”iTHoro moiis. [Ipu Temmepartypi,
sKa MEepPEeBUIIYE NIEBHY KPUTHUHY (TeMiiepaTypa Kiopi), 3yMOBIIEHE TEIJIOBUM PyXOM
Xa0TUYHE PO3YINOPSAKYBaHHA Oepe TOopy HaJa OOMIHHOIO B3aEMOJIEI0 U
(bepoMarHeTuk NepexoaAnTh B apaMarHiTHUM CTaH.

I'ucrepesuc.

["icTepesuc— HeoTHO3HAYHA 3aJICKHICTh 3MIH (PI3UYHOT BEIMYUHU, KA 03HAYAE
CTaH TuIa, BiA 3MIHU 1HIIOL (PI3UYHOT BEIMYMHM, KA BU3HAYA€ 30BHIIIHI YMOBU
(nanpyxenicTh MarHiTHUX H Ta enextpuunux E momis). I'icrepesuc cioctepiraethes
B THUX BHUIIAJIKaX, KOJU CTaH Tijla BU3HAYAETHCS 30BHIINIHIMA YMOBaMH HE JIUIIE B
JaHUW MOMEHT 4Yacy aje W TMomepeaHl MOMEHTH, TOOTO, KOJM CTaH CHUCTEMH
3aJIeKUTH BiJl il MUHYJIOTO (iCTOPIi).
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[NicTepe3uc o3Havae HEHaKIAAaHHS MEepediry 3MiH y MPOTHICKHUX HAMPSIMKaX
(HE301KHICTh KPUBHX, II0 OMUCYIOTh TaKi 3MIHH).

Po3pi3HAIOTH ricTepe3uc:

-MarHiTHUH,

-I1eJICKTPUYHUI;

-IIPY>KHUU:

-MarHiTOCTPUKIIHHUIA;

-TEMIIEPATyPHUN;

-TepMOMArHITHUN Ta 1HIIII.

I'imore3a Ammnepa.

Bigkputts Epcrena 1 AmMmepa mpu3BeIM 0 HOBOTO 1 OUIBII TJIHMOOKOMY
YSBJICHHIO MPO MPUPOLY MarHiTHuUX siBuil. CHuparoyuch Ha BCTAaHOBJIEHY B LHX
JOCTiIaX TOTOXXHICTh MArHITHUX i MarHiTiB 1 BiATOBIIHUM, MiJAiIOpaHUX CTPYMIB,
AwMriep piuryye BiAMOBHMBCS BiJ YSBJIEHHS PO ICHYBaHHS B HPHUPOAl OCOOJIUBUX
MAarHiTHUX 3apsAiB. 3 TOUKU 30py AMnepa, eIeMEHTapHUN MarHiT - 1€ KPyrOBUM CTPYM,
10 IUPKYJIIO€ YCepeauH1 HEBEJIMKOI YaCTKU PEYOBHHM: aTOMa, MOJIEKYJIA a00 TPYIH iX.
[Ipn HamarHiuyBaHHi1 OulblIa a00 MEHIIA YaCTUHA TAKUX CTPYMIB BCTaHOBIIIOETHCS
napanenbHO OJUH OJHOMY.

Takum uyumHOM, Teopida Awmrmepa 3poOuia HENOTPIOHUM JAOIMYIIEHHS MpO
ICHYBaHHSI 0COOJIMBUX MarHiTHUX 3aps/iiB, JIO3BOJIMBIIN MOSCHUTH BC1 MAarHITHI SBUIIA
3a JIONOMOIOI0 €JIEMEHTAPHUX eJIEKTpUYHUX cTpyMmiB. [lomanmpine Outbmn TiIMOOKE
BUBUYCHHS BJIACTUBOCTEH HAMAarHiuyloTbCs TeJ IOKa3ajdo He TUIbKH, IO TinoTes3a
Mar”iTHUX 3apsaiB ab0 eIeMeHTapHUX MAarHiTHUKIB 3aiiBa, aje 10 BOHA HEMpaBHIIbHA 1
HE MOXKe OYTH Yy3rOoJiK€Ha 3 JCSIKUMH EKCIEPUMEHTAIbHUMU (DakTaMu. 3 TOUKH 30py
Teopii AMrepa CcTae MiJIKOM 3pO3yMUIO0 HEBIIIUIBHICTh OJHMH BiJl OJHOTO IIBHIYHHUX 1
MIBACHHUX TIOJNIOCIB, MPO SKY MM TOBOpWIM B TomepeaHbomy mnaparpadi. Koxen
€JIeMEHTapHUI MarHiT siBisie coO0I0 KPYroBOIO BUTOK CTpymMy. Mu Oaumiu Bxke, 1110
OJIHa CTOPOHA IILOTO BUTKA BIJMOBIJA€ MIBHIYHOIO, 1HINA - MiBACHHOTO noitoca. Came
TOMY HE MOKHA BIJOKPEMHUTU OJUWH BIJ[ OJTHOTO MIBHIYHUM 1 MIBACHHUN MOJIOCH, SIK HE
MOYKHA BIJIOKPEMUTH OAWH O1K IUIOIIUHU BiJl 1HIIION.

Higkux MarHiTHUX 3apsaiB He icHye. KoxkeH aToM pedoBHUHM MOXHa pO3TIsIaTH
y BIJHOIICHHI MOro MarHiTHUX BJIACTUBOCTEH SIK KPYroBUH CTpyM. MarHiTHe moiie
HAMarHi4YeHoro Tijla CKJIAJAETHCS 3 MAarHITHUX MOJIIB IIUX KPYTOBUX CTPYMIB.

VY HeHaMarHi4YeHUM TiJIl BC1 €JIEMEHTApHI CTPYMH PO3TAIIOBaHI XaOTUYHO, 1 TOMY
MU HE CIIOCTEPITaEMO Y 30BHIITHBOMY MPOCTOP1 HISIKOTO MarHiTHOTO TOJIS.

[Ipouiec HamarHidyBaHHs TiJIa MOJSTa€ B TOMY, IO MiJ] BILIMBOM 30BHIIIHBOTO
Mar”iTHOTO TIOJIsI HOTO eJNeMEHTapHI CTpyMH B OUIbIIIA YM MEHIINH  Mipi
BCTAHOBJIIOIOTHCS TTAPAJIETLHO OJUH OJTHOMY 1 CTBOPIOIOTH PE3yJIbTyI0Ue MarHiTHE MOoJe.

Jexyia Ne2l. EnekTpoMarniTHa iHaAyKUis - 2 roj.
Ian:
1.docaigu dapanes.
2.3aKO0H eJeKTPOMAarHiTHOI 1HIYKIIIi.
3.InaykTUBHUNA CTpYM. [HIYKTUBHICTD.
4 SIBuiie caMo- 1 B3a€MOTHTYKIIII.
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5.Tpancdopmatop.

6.EHepris MarHiTHOTO TOJIsl.

Hocaigu ®apanes.

Haitbipir HAOYHHMI TMPOSB EJIEKTPOMArHiTHOI 1HAYKIII OyJIo OTpHUMaHO
@apaneeM 3a AOTIOMOTOI0 HEXUTPOTro npuiany. Ha 3aimi3He Kiiblie HAaMOTYBaucCs JB1
OKpeMi cIlipali, 3 SKUX OJlHa MO€eAHyBasIacs 3 0aTapeeto, a 1HIIa - 3 TaJIbBAHOMETPOM.
[Ipy 3amMukaHHI TEPUIOTO JAHIIOTa CIOCTEPIrajocs pi3Ke BIAXUIEHHSA CTPLIKU
rajbBaHOMETpa, IMPd  PO3MUKAHHI  JIAHIIOTa  CIIOCTEPIrajliocs  BIIXUJICHHS
OPOTUJICKHOrO 3HaKa. Llell BakIuBHiA TOCB1JI, BCUIAKO BUAO3MIHIOIOThCS, Dapanero
J03BOJIMB «OTPUMATH EJIEKTPUKY 3 MarHeTu3My» HaWIMpOCTIIINM, 3apa3 ao0pe
BIJIOMHUM CITOCOOOM: JOCTaTHHO BBOJIUTH MArHiT B CHipajbHUNA MPOBIAHUK, 3'€ THAHUN
3 TaJlbBAHOMETPOM, 1100 OTPUMATH BIIXWICHHS CTPLIKUA B OJUH O1K; MPU BUBEJICHHI
MAarHiTy 3 CHipaii CTpUIKa BIIXWISETHCS B MPOTUIICKHY CTOPOHY.

VY 1824 p. Aparo 3ayBaxuB, 110 MAacCMBHHMI MIJHUN KOPIYC JOCUTHb CHJIBHO
CHOBUIBHIOE KOJUMBAHHS CTPUIKU Komrmaca. lle crmocTepekeHHsI HAaITOBXHYJIO MOTro
Ha JTYMKY MOCTaBUTHU CBI 3HAMEHUTHUM JOCBIJI, B XO/1 SKOTO BUSBUJIOCS BIIXUJICHHS
MarHiTHO1 CTPUIKU MpU 00epTaHHI MITHOTO JIMCKA, PO3TAIIOBAHOTO HaJl 00 Mij HEIO.
[Ipumymani [1jis MOSICHEHHSI LbOTO SIBUINA TEOPii OyJM HACTUIBKU INTY4YHI, IO JJIsI
OUTBIIIOCTI BYEHUX AOCBIA Aparo Tak 1 3aluIInAiIoCs 3arajakoro. Ilicis BIAKpUTTS
SABUIIA €JIeKTpOMarHiTHOI 1HAyKii dapageit mogymas, 10 BUABICHE Aparo sBUIIE
MOXXE€ TaKOX IIOSICHIOBATUCS TMOSBOIO IHIYKTHUBHUX CTpPyMiB B Jaucky. {06
nepekoHatucss B upoMy, ®apazaeil craB oOepTaTd MIAHMM AUCK MIXK IOJIOCAMHU
MarHiTy, MpUEIHABIIM KIHIT JaHIIOTa TaJlbBaHOMETpa OAWH J0 OCl, a IHIITUH 0 Kparo
mucka. Ilpu oOepraHHl JMCKa TaJbBaHOMETP BKAa3yBaB Ha HASABHICTh CTPYyMY
MOCTIHHOTO HAINpsSMKYy, BeJIWYHWHA SKOTO MIHSJIAacs 3aJie)KHO BiJ IIBUIKOCTI
oOepranHsi aucka. Llum nocBimom @apaneil He TUIBKM BCTAHOBUB HOBE (Pi3MUHE
SIBUIIIC, aJie 1 J1aB MEPIIUN 3pa30K reHepaTopa eJIeKTPUYHOr0 CTPyMY, BIIMIHHOTO Bij
Oarapei, TOOTO JaB LMM MEPUIMH MOIITOBX 10 PO3BUTKY IMOTYXHOI Cy4acHOI
CJICKTPOTEXHIYHOT MPOMMCIOBOCTI 3 11  HaWpI3HOMAHITHINI  MPaKTUYHUMU
3aCTOCYBaHHSIMHU.

Onnak ®apajnes He MIKaBUJIM MPaKTUYHI 3acTocyBaHHA. [IpoBeneHuit 10CBia
JI03BOJISIB BUSIBUTH SIKICHI 3aKOHU sIBHINA 1HAYKIII. 3 mboro gocBinmy dapajeii BUBIB
MPaBUJIO, IO J03BOJIIE€ BUSHAYUTH HAIMPSIMOK CTPYMY B MPSMOIIHINHINA IPOBIIHUKY,
IO pyXaeThecs mepes moiaocoM MarHiTy. Came y 3B'sa3ky 3 nuum Dapajeil Bnepiie
TOBOPUTH MPO «MArHiTHUX KpUBUX»: «[lil MarHITHUMH KpUBUMHU S PO3YMIIO JIiHII
Mar”iTHUX CHJI, X04a 1 EPEeKPyUeHI CYCiICTBOM IOJIFOCIB; 111 JIiHIT BUMabOBYIOTHCS
3QJII3HUMU THUPCOIO; [0 HUX IIOJ0 PO3TAIIOBYBajguCs O Jyke Malli MarHiTHi
CTPUIOYKH Y.

dapageit BUIO3MIHIOBAB CBO1 JOCHIAM CaMHUMH PI3HUMH CIIOCOOAMU:
3aCTOCOBYBAaB 1 HUTKOMOAIOHUM TMPOBIAHUKH, 1 TUCKOMOAIOH], 00epTaB TO MarHiT 1Mo
BIIHOUIEHHIO JI0 €JIEKTPUYHOrO0 KOHTYpPY, TO KOHTYp WIOJI0 MarHity abo 3zemui. Y
pe3yibTaTi BiH NPHUMIIOB 10 BHCHOBKY, IO eleKTpopyuriiiHa cuia iHaykmii HE
3aJIEKUTh BiJl TPUPOAM MPOBIJHMWKA, 1 BHUCYHYB HACTyIHY TEOPilO0 HIOJ0 LIbOTO
SBUIIA, B 3araIbHUX pUCax, 10 3aJuiuiacsad He3MiHHOw 3 1831 p. 1o Hammx JHIB:
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«Komu uepe3 apiT NpoXOoAUTh €NEKTPUUHHUM CTPYM, TO IIeH APIT y BCiX CBOIX TOUKaX
OTOYEHUN MArHITHUMU KPUBUMH, IHTEHCHUBHICTh SKMX 3MEHIIYETHCS 3 BiJICTAHHIO;
NOAYMKM MOXHA YHNOAIOHMUTH 1X KUIE€Ub, pO3TAallOBaHUM B  IUIONIMHAX,
NEePHEHANKYISIPHUX MPOBOAY, abo, BIpHIlle, 110 MPOTIKAE B HbOMY TOKY. Xoua 1
BIIMIHHI 32 (JOPMOIO, 111 KPUBI € IIJTIKOM aHAJOTTYHUMHU TUM, SIK1 ICHYIOTh MK JBOMAa
3BEPHEHUMHU OJMH N0 OJHOro pi3HOMMeHHUMHU mnoitocamu. Komu npyruit apit,
napajielbHUd TOMY, SIKMMI Hece CTpyM, HAaOJMXKaloTh JO OCTaHHbBOIO, TO BiH
MPOXOAUTH Yepe3 MarHiTHI KPUBI TOYHO TOTO K POy, IIO BiH MEpeTUHAB O MpH
CBOEMY MEPEMIILIEHH] B IEBHOMY HAMPSIMKY MK MPOTUICKHUMU HOJIOCAMH ».

Skmo Hi TepeMilIeHHsT 1HAYKYIOTh IMPOBIJHUKA MO0 MPOBIAHUKA, B SKOMY
UHIAYLHUPYETCS CTPYM, TO TOK HE 3'SBISETHCA, TOMY IO TOJAl CHJIOBI JIIHII HE
nepeTuHaroThcs. Koaum  1HAYKYIOTh TPOBIIHMK BIIJAISAETBCA Bl JAPYroro
OPOBIAHUKA, CHUJIOBI JIIHII MEPETHUHAIOTHCS B MNPOTUIICKHOMY HAmpsMi 1 BUHUKAE
CTPYM TaKOX ¥/ie Y 3BOPOTHOMY HampsIMKY. SIKI[0 oOM1Ba MPOBITHUKA HEPYXOMI, TO
P BKJIIOYEHHI CTPYMY B IHAYKYIOTh IPOBIAHUKY B1AOYBA€ThCS TE K caMe, SIK sIKOu
MarHiTHI KpUB1 PyXajucs «... 3 MOMEHTY, KOJIM BOHU MTOYMHAIOTh PO3BUBATHUCS, 1 aX
0 TOTO MOMEHTY, KOJIM MarHiTHa Cuja CTPyMYy JOCSra€ HaWOUIbIIOrO 3HAYEHHS;
BOHU SIK O TOUIMPIOIOTHCS B CTOPOHU BiJ MPOBOAY 1, OTXKE, BUSBISIOTHCA IO
BIJTHOIIIEHHIO /0 HEPYXOMOT0, 1IHIYKOBAHOT'O MPOBOAY B TOMY X IMOJIOKEHHI, K SIKOU
BIH pyXaBCs B NPOTUJICKHOMY HANpSIMKy MONEPEK HUX a00 3a HAMNpPAaBICHHSIM 0
HECYYOI TOK IPOBOY ».

VY mux HeOaratbox CI0Bax MOJISITAOTh Ty>KE€ BAXKJIMBI i HOB1 JyMKHU: IEpIla
OMHC EJIEKTPOMATHITHOTO MOJs, AyMKa MPO 3aJ€KHICTh THTEHCHUBHOCTI TOJS Bijl
YHCJIa MATHITHUX KPUBHX, PO3MOBCIOJKEHHS B YaCl MarHiTHUX 30ypEHb.

JlocnmiKeHHIMH B 1IbOMY HOBOMY HampsiMKy, 3a3HaueHoMy @Dapajeem,
3aitHsiics Oarato ¢izukiB: [xozed I'enpi (1797-1878), sikuii, sSIK BBaXaroTh
aMmepukanii, me g0 Dapages BIIKpUB SBUINE 1HAYKII, BUSIBUB TaKOXX SBHIIC
CaMOIHTYKIIi.

3aKOH eJIeKTPOMATrHITHOI IHAYKii.

EnexrpoMarnitHa 1HOYKIS — BHUHHUKHCHHS eJEKTPOPYIIHHOI CHIH Yy
MPOBIAHUKY, 10 IepeOyBae y 3MIHHOMY SIBUIIE €€KTPOMArHiTHOT 1IHIYKIIii BIIKPUB
y 1831 pomi Maiikn ®apaneii. /o Toro Oyno BiIoMO, IO €ICKTPUYHHUMA CTPYM Y
MPOBIAHUKY CTBOPIOE MarHiTHE noje. OgHak 00EpHEHOro SBUILA HE CIIOCTEPIragocs.
[TocTiiiHe MarHiTHE TOJIe HE CTBOPIOE €IEKTPUYHOro cTpymy. dDapajeil BCTaHOBUB,
[0 CTPYM BUHHUKAE TMPHU 3MiHI MArHITHOTO MOJiA. SIKIO MITHOCHUTU ¥ BIAJQISITH J0
paMKH 3 TPOBIHOTO MaTepiajly MOCTIWHWN MarHiT, TO CTPLIKA MiAKIIOYEHOTO [0
pPaMKH BOJIbTMETPA BIAXWIATUMETHCS, IETEKTYIOUH eNneKTpuyHuil ctpyM. e kparie
1Ie SIBUIIE MPOSIBISETHCS, SIKIO BCTABJISTH (BUWMATH) MarHiTHE ocepsi B KOTYIIIKY 3
HaMOTAaHUM TIPOBITHUKOM.

3aKoH eNeKTpOMar”iTHoi 1HAyKUii B AudepeHIianbHid ¢GopMi 3amaeThbCs
IpYTUM piBHSHHSIM MakcBeina

10B
rot K = ———
c ot
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ne E - HampyXeHiCTh eNeKTpUYHOro mojisi, B - MarHitHa IHAYKIs, C -
UIBUJIKICTH CBITJIA Y BAKYYMI.

Enextpuune mnosne, sike BUHUKAE IPHU 3MIHI MarHiTHOrO IOJS MPU3BOAUTH 10
MOSIBU €JIEKTPOPYUIIIHOT CHUIIH.

SBullle eNEeKTPOMArHiTHOI 1HAYKII BHKOPHUCTOBYETbCA Yy TeHepaTropax
CIEKTPUYHOTO  CTpyMy TpaHchopMaropax, JIHHAMO-MaIllMHAX, JIYUIbHUKAX
€JIEKTPOEHEPrii TOIIO, TOOTO € OCHOBOK BHUPOOHUITBA M CHOKUBAHHS €JIEKTPUYHOL
EHeprii.

InxykTuBHMi cTpyM. IHAYKTHBHICTH

[HayKTUBHICTD — (DI3MYHA BEIWYMHA, [0 XapAKTEPU3YE 3AaTHICTh MPOBIAHUKA
HarpoMaJ»KyBaTH €HEPTil0 MarHiTHOTO MOJIsI, KOJM B HbOMY MPOTIKAE €ICKTPUUHUMA
CTPYM.

[To3HagaeTbes 37Ae01IbIIOTO  JIATHHCHKOIO Jiteporo L, B cucremi CI
BUMIPIOETHCS B ['eHpI.

JIopiBHIOE BIJHOIIEHHIO MAarHiTHOTO MOTOKYy ® depe3 KOHTYp, BU3HAUYCHHIA
EJIEKTPUYHHUM KOJIOM, 0 BEJIMYMHU CTpyMy I B ko1 , TOOTO

L=d/1

Enepriss MarHiTHOro moJig, CTBOPEHOrO €JIEKTPUYHUM CTPYyMOM Y KOIi,
BU3HAYAETHCS (POPMYJIIOIO

1 2
E=;LI

[HAYKTUBHICTD 3aJIEKUTH Bl (POPMU KOHTYpA.

VY BuUMaAKy KUIBKOX KOHTYpPIB 31 CTPyMOM, SK, HalpUKIAl, y BUIAIKY
TpaHchopmaTopa, CTpyM Y KOKHOMY 3 KUJI BIUIMBA€E HA MOTIK MarHiTHOrO MOJIs Yepe3
1HIII KOHTYPH.

i

Koedimientn Lij Ha3zuBaroTbes koedilieHTaMu 1HAYKLIL. JliaroHanbH1
eneMeHTH Lil cyTh IHIYKTUBHOCTI 1-TUX KOHTYpIB, a HelaroHaabH1 eleMeHT Lij, e
MalTh Ha3By KOE(ILIEHTIB B3aeMHOI 1HAYKIII. KoedilieHTH B3a€MHOI 1HIYKIIl
CUMETPHUYHI BITHOCHO TIEPECTAHOBKH 1H/ICKCIB.

L-.t' i = L ji

[le TBep/HKEHHSI HOCUTH Ha3BY TEOPEMH B3a€EMHOCTI.

SBuie caMo- 1 B3a€MOIHAYKILI.

CaMOIHIIyKI1IisI — SBUIIE BUHUKHEHHS €JIEKTPOPYUIIIHOI CUJIM B MPOBITHUKY
IpU 3MiHI EJIIEKTPUYHOTO CTPyMy B HBOMY. 3HAK €JICKTPOPYIIIAHOI CHJIM 3aBXKIU
TaKWi, 110 BOHA MNPOTHAIE 3MiHI cwid cTpyMy. CaMOIHIyKLisl TPU3BOIUTH O
CKIHUCHHOT'O0 4Yacy HApOCTaHHs CWIM CTpyMy NpH BMHUKaHHI JpKepelia KUBJIEHHS 1
craJaHHsl CTpPyMy IIPU PO3MUKAHHI €JIEKTPUYHOTO KOJIa.

Benuuuna enekTpopyliiHol CUM CaMOIHIYKIlIT BU3HAYAETHCS 32 (POPMYIIO0

dl
E=-Loy

ne £

e.p.c., | — cuna ctpymy, L — 1HIyKTUBHICTb.
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SBuie caMOIHAYKIIi BUHUKAE B MPOBIJHUKAX 31 3MIHHUM CTPYMOM, HABKOJIO
SKUX CTBOPIOETHCSI 3MIHHE MarHiTHe 1osie. BiracHe MarHiTHE mojie KOHTypa CTBOPIOE
MarHiTHUM TOTIK CaMOIHIYKIIi1 Dyns yepe3 TMOBEPXHIOS , II0 OOMEKeHa UM

(I)-ms = f -Bﬂ ds

KOHTYPOM: s

ne Ba- npoekiis BexTopa iHAyKIii MATHITHOTO MOJIA CTPYMy Ha HOpMaIb 10d.S
eleMeHTa moBepxHi . 3a 3akoHoM bio-CaBapa-Jlamaca marnitHa iHaykiis dB B
TOYI[, IO 3HAXOAWTHCA Ha Bigmami r Bixm ememenra dl xontypa 3i ctpymoml
JIOP1BHIOE:

1
dB = B a1y B = 5( dB = o 5€ B, o]
A 3BIJKH 3HAXOJUMO I ™ hr

Jie THTErpyBaHHS PO3MOBCIOKYETHCS HA BCIO TOBKUHY | KOHTYpa 31 CTPYMOM.
[Tpoexitist BekTopa dB Ha nesikuii HapsiM 1N 3aMUIIEThCS Yy BUTIISI:

Hﬂ
B, = ?g dl, rl,
dr ?‘3 [d1, ]

HII[CTaBJ'IHIOLII/I ny BI/IpElB JJIsA MAarHiTHOT'O IIOTOKY C&MOIHI[YKI_III OTPHUMYEMO!

/ ’“’“j{ ds

1e T- pajiyc- BEKTOp, IPOBENEHMH 13 movaTKy BexTopa dl B LeHTp enemenTa
NOBEepXHidS .

B3aemoinaykuis (B3aeMHa 1HAYKIIS) - BUHUKHEHHS €JIEKTPOPYIIIMHOI CHUIU
(EPC) B oiHOMY MpOBIJIHUKY BHACIIJIOK 3MIHU CHJIM CTPYMY B 1HIIOMY MPOBITHUKY
a00 BHACHIAOK 3MIHM B3a€EMHOIO PO3TAIlyBaHHS MPOBIAHUKIB. B3aeMoiHaykmii -
OKpEMUH BUIIAIOK O1IBIII 3aTAJIBHOTO SBUIIA - €IEKTpOMarHiTHOI iHAyKIii. [1pu 3MiHi
CTPyMy B OJHOMY 3 HpPOBIIHHMKIB a00 MpH 3MIHI B3aEMHOIO pO3TallyBaHHS
MPOBIIHUKIB BiJI0YBAETHCS 3MIHA MAarHiTHOTO TTOTOKY, CTBOPEHOTO CTPYMOM TEPIINiA
MPOBIAHUKA 1 IPOXOAUTH YE€pe3 KOHTYP APYToro, 1o 3a 3aKOHOM €JIEKTPOMAarHiTHOI
iHayKili Bukiaukae BUHUKHEHHS EPC y npyromy mnpoBigHuky. Skmo apyruii
NPOBITHUK 3aMKHYTHH, TO mia niero EPC B3aemMoiHAyKIli B HbOMY YTBOPIOETHCS
IHOyKOBaHUN cTpyM. | HaBmaku, 3MiHa CTpyMy B ApYTriil JIaHLIOra BUKJIUYE MOSABY
EPC y nepmuriii. HanpssmMok ctpymy, SIKUil BUHUK NPU B3aEMOIHAYKIIIT, BUBHAYAETHCS
3a npaBwioM Jlenua. [IpaBuiio Bkazye Ha Te, 110 3MiHA CTPYMY B OJIHOTO JIAHLIIOTA
(KOTYyIIII1) 3yCTpiva€e MPOTUIIIO 3 OOKY 1HINIOT JTaHITIOra (KOTYIIKH).

Uum Oisbllla YaCTMHA MArHITHOTO MOJISI MEPIIOi JIAHLIOTa MPOHU3YE PYTruid
JIQHITIOT, TUM CUJIBHIIIE B3a€MOITHAYKIIT MK JIAHIIFOTaMH. 3 KIJTbKICHOTO OOKY SIBUIIIE
B3aEMOIHJIYKINT XapaKTepU3yEThCA B3aEMHOIO 1HIYKTUBHICTIO. JIJIs1 3MIHU BEIMUUHU
1HYKTUBHOTO 3B'S3Ky MK JIAHIIOTaMH, KOTYIIKH poOJsSATh pyxsmBuMu. [lpunanm,
10 CIIyKaTh JJIsl 3MIHM B3a€MOIHIYKIII MK JIAHIFOTaMU, HA3UBAIOTHCSI BaploMeTpa
3B'A3KY.

SBuile B3a€MOIHAYKIII MIMPOKO BUKOPUCTOBYETHCS ISl Mepefadi eHeprii 3
OJIHOTO EJIGKTPUYHOTO KOJIa B 1HINY, /I TIEPETBOPEHHS HAMPYTH 3 JIOMOMOTOIO
TpaHchopmaropa.

Tpaucpopmatop.
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TparcdopmaTop — mpHUCTpPill, MO BHKOPUCTOBYETHCS ISl 3MIiHU HANpyTd i

CUJIM 3MIHHOTO CTPYMY.

Tpancdopmaropu MIKUPOKO 3aCTOCOBYIOTHCS
B JIHIAX €JEKTporepeaay, B PO3MOAUIBHUX Ta
noOyToBux npuctposix. Ilepenaua enekrpoeHeprii
B1I0yBa€ThCSA 3 MEHILIMMH BTpaTamMu MPU BUCOKIN
Hampy3l W maniid cwil ctpymy. ToMy 3a3Buuai
JiHII eJeKTporepeaay BHCOKOBOJIbTHI. BogHouac
noOyToBI W TPOMMCIOBI MAallMHUA BHUMAararTh
BUCOKOI CUJIM CTPpyMYy W Majol Halpyru, TOMY
nepen CHOKUBaHHAM €JIEKTPOEHEePTis
MEPETBOPIOETHCS B HU3bKOBOJIBTHY.

TpanchopmaTopu XapaKTepU3yIOThCA TyXKe
mii.

Tpancopmarop cknagaeTecs 3 OOMOTOK Ha
cruibHOMY ocepai. OmHa 3 000MOTOK TiJ'€THAHA [0
JpKepena 3MIHHOTO cTpyMy. Ll oOMoTKa Ha3uBaeThCs
NMEepBUHHOIO. [HIIa OOMOTKa, BTOPWUHHA, CIIYKHUTh
JUKEPEJNIOM CTPyMYy JUIsi HaBaHTaxeHHs. CTBOpeHUI
CTPYMOM Yy TIEPBUHHINA OOMOTIIl 3MIHHMH MarHiTHUI
MOTIK BUKJHUKAE MOSBY €.p.C. Y BTOPUHHINA OOMOTIIL,

BUCOKHM KO€(DILIIEHTOM KOPUCHOI

OCKUIbKM OOMJIBI OOMOTKM MAarOTh CIIUIbBHE OcCeps.

CniBBigHOIICHHS €.p.C.

y BTOPUHHIA OOMOTII W
3aJIKATh B1J KUIBKOCTI

Halpyru Ha NEpBUHHIN b KoK b
BUTKIB y 000x o— o— obmoTkax. B imeampHOMY
BUTIAIKY
4 E,‘ éa “ %
)

5N

¥ b %

Us _ Ns_Ir

Up Np Ig

ne 1HJeKcoM P Mo3HaueHi BEIMYMHH, IO CTOCYIOTHCS NMEPBUHHOT OOMOTKH, a
1HJIEKCOM S — BIJIMOBIJIHI BEJIMYUHU JJI1 BTOpUHHOI 00MoTKH, U — Hanpyra, N —

KUTBKICTh BUTKIB, | — cuiia cTpymy.
Eneprist MaraiTo

ro moJid.

Eneprist MarHiTHOTO MOJIsl B IPOCTOP1 3aAa€ThCS (HOPMYJIIOIO

W = SL / B - HdV
T

BiamoBinHo, TycTHHA €HEpTii MAarHITHOTO MOJIsl JOPIBHIOE

1
w = S—WB-H
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Jlekuyia Ne22.3MiHHUIA e1eKTPUYHUH CTPYM
Inan:
1. Bu3HaueHHs 3MIHHOTO CTpyMYy
2. I'enepaTop 3MIHHOTO CTPYMY.
3. AKTUBHUH OMip B KOJI1 3MIHHOTO CTPyMY.
4. Jliroue 3Ha4YEHHS CUJIM CTPYMY 1 HAaIIpyTH.
5. IIoTyXHICTh Y KOJI1 3MIHHOTO CTPyMY
3MiHHUI eJIeKTPUYHUH CTPYM

3MIHHHUM CTPYM — EJIEKTPUYHHUMI CTPYM, 1110 MEPIOAUYHO 3MIHIOETHCS 3a
MOJIyJIEM 1 HAIIPSMKOM.

BumyiiieHi enekTpoMaraiTHI KOJIMBaHHS —- HE3aTyXar0dl KOJMBAHHS 3apsiy,
HANpyTH, CWINA CTpyMy U 1HIIMX (13MYHUX BeauunH, 3ymoBieHux EPC, mo
TIEPIOANYHO 3MIHIOEThCS: € = e, Sin ot

SIcKpaBUM NPUKIIAJI0M BUMYIICHUX KOJUBAHb € 3MIHHUH CTPyM:
I=1_,sin(ot+¢,)

JIxeperno eNeKTpUYHO1 €Heprii, 0 CTBOPIOE NepioauyHo 3MiHoBaHy EPC,
HA3MBalOTh T€HEPATOPOM 3MIHHOTO CTpyMy. [ 'e€HepaTopoM 3MIHHOTO CTPpyMY
MOXE CIY’)KUTH JPOTSHA paMKa, 10 00epTaeTbCcsl B OJAHOPIAHOMY MAar”HiTHOMY IOJI1

iHAyKLi€l0 B 3 NeKO0I0 MOCTIHOI KYyTOBOIW mHiBUjKicTIoO (D |

Puc.13 3o6niwmniti suenso (a) i 6yoosa (6) naunpocmiuio2o eeHepamopa 3MiHHO20
cmpymy: 1 — nocmitinuii mazcnim (enrexmpomacuimy), AKull Cyeye cmamopom, 2 —
00epmosa OpomsAHaA pamKa, sIKa Cyeye pomopom,; 3 — Kinbys, 4 — wimxu, 5 — peminb
npusooy

Marsnitruii notik uepes pamxy @ = BSCOS« . 3anexnicts & kyra Bin yacy mae
purmsag & =t Tomi @ =BScosaet .3mina marmitHOrO MOTOKY MPHU3BOJIUTH [0

BuHMKHEeHHs B pamii EPCiaaykmii &, .BignmoBigHO 10 3aKOHY €JIEKTPOMArHiTHOI

IHIYKIIT & _A®
y T
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. . . AD .
I_HBI/II[IOCTB 3M1HHU MArdiTHOIO IOTOKY A_t 3 IOy MaTCMATUKHU € ITOX1IHOKO

byukiii O(t), tomy &, = —CD'(t)= @BS sin wt TakuM YMHOM, PO3IIITHYTA paMKa €
mxepenom EPC, mo 3a3Hae TapMOHIYHMX KOJIMBAHb AMILIITYIOK Ema, = @BS Sxmo

pamka mictuth N BuTKiB amrmtityna EPC 36imbiyersest B N pasiB: Emax, = ONBS

[Io6 ckopucratucs orpuManoro EPC, HeoOXiqHO MpUEAHATH PYXOMI KiHIII
paMKH 10 HEPYXOMHX KOHTAKTIB 30BHINIHBOTO €JIEKTPUYHOTO Koa. MoxHa 3poOuTH
Tak, mo0 MeTajeBe KUIbIC BiJi KOXHOTO 3 KIHIIB PaMKH CKOB3aJI0 IO CBOEMY
HEPYXOMOMY KOHTAaKTy (IIiTKH). ToAl HIITKM MOXXHA PO3MIIAIATH SK MOJIOCH JDKepesa
CTpyMy.

SIKo mpuenHaTH A0 LMX TOJIOCIB pe3ucTop, omip R sikoro B Gararo pasiB
MIEPEBUILYE OIIp paMKH W KOHTAKTiB, HAaNpyra Ha HboMy fopiBHIOBaTMe EPC y pamii

u(t) = wNBS sinat | a cuna ctpymy B pesucropi 6ye:
|(t)= U(t) _ oNBS si

In ot
R
Ha pucyHnky (puc.14) nokazanuii rpadik 3aJIeXKHOCTI CUJIM CTPYMY BIJI 4acy
@wNBS
I max = R

|
Puc 14. I'pagix 3anesxcnocmi cunu cmpymy 8io uacy
Akio B KOJII aKTUBHHUM OMip TO KOJWUBAHHS CHUJIM CTPyMy 1 Hampyru
BII0YBalOThCA B OJHIM (ha3i.

2 1 o
. . . T — . V - — = —
[Iepiox 3MiHHOTO CTpyMY: o 4acrora:

T 2z

BuB4aroun nocTiiHUIA CTPYM, JI3HAIKCA, II0 BC1 MPOBITHUKH MAOTh

eJIeKTpUUHUN ormip. [TpoBIAHUKK YMHATH OMIp 1 MpU poOOTI 3MIHHOTO CTPyMY,
OJIHaK y KOJIaX 3MIHHOTO CTPyMY ICHYIOTh Pi3HI BUAM OMNOPIB: aKTWBHI M pEakTHBHI
OTOpH.

EneMeHT eeKTpUYHOTO KOJa, y SKOMY €JIEKTPUYHA EHEPTisi HE3BOPOTHO
NEPETBOPIOETHCS Y BHYTPIIIHIO €HEPT1I0, HA3UBAIOTh AKTUBHUM OMOpoM R.
Sxuii onip HA3MBAKTh AKTUBHHUM.

BuB4aroun mocTiiHUN CTpyM, BU JI3HAIKCS, IO BCl MPOBIAHUKU (32 BUHATKOM
HAJIIPOBITHUKIB) MAalOTh €JICKTpUYHHUM omip. [IpoBITHUKH YHMHSTH OMIp 1 3MIHHOMY
CTpyMy, OJIHAK y KOJIaX 3MIHHOTO CTPyMy, Ha BIAMIHY BiJ MOCTIHOTO, ICHYIOTh Pi3HI
BUJIM OTIOPIB, SIKI BIAPI3HSAIOTHCS CBOEIO (PI3MUHOIO MPUPOJOI0. iX MOXKHA TOJIIUTH Ha
JIB1 TPYIIM — AaKTHBHI 1 pEaKTUBHI OTIOPH.
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EneMeHT enexTpudaHOro Kojia Ma€e akTUBHUY omip R, Ko mij 9ac mpoxoKeHHS
0 HbOMY EJEKTPUYHOTO CTPYMY HYAaCTHHA EJIEKTPUYHOI €HEprii MepeTBOPIOETHCS Ha
BHYTPIIITHIO:

Q=I*Rt

Jit04i 3HAYEeHHS CUJIM CTPYMY i HANIPYIH

3 MOHATTAMH MUTTEBOTO i aMILIITy/IHOT'O 3HaY€HHsI cTpyMmy, Harpyru i EPC mu

Bke 00i3HaHi. [locrae muTaHHS, sSKe 3HAYEHHS CUJIU CTpyMy abo Hampyru
MPUAHATH TSI XapaKTePUCTUKH IThOTO CTPyMy. AJDKE MHUTTEBE 3HAYEHHS 3MIHHOTO
CTPyMY YBEChH HacC 3MIHIOE€THCS, KOJUBAIOYUCH MK HYJIEM 1 MAaKCUMAaJIbHUM 3HAYCHHSIM.
Moskna O6ys10 6 cxapakTepu3yBaTH BEJIMUYMHY 3MIHHOTO CTPyMy HOTO aMIuIiTynoro. Ile B
MPUHIINII MOKJIMBO, ajieé MPAaKTUYHO AYXE HE3PYyYHO, TOMY IO CKIAIHO MOOYyTyBaTH
TaKi MpUiIaay, Kl BUMIPIOBAIN O aMIUTITyly 3MIHHOTO cTpyMy.CepeHe 3HaUeHHS CUITU
CTpyMy 3a Iepioj] AOPIBHIOE HYJIO i TAKOXK HE MOXKE CIIY)KUTH KOTO XapaKTEPUCTHUKOIO.
Crpai, SIKIIIO YBIMKHYTH aMIIEpMETP

MOCTITHOTO CTPyMYy B KOJO 3MIHHOTO CTPyMy, TO BiH MOKaX€ HYJb.3py4HO
BUKOPUCTOBYBATH /IS XapaKTEPUCTUKU 3MIHHOTO CTPYMY SIKy-HEOYIb

BJIACTUBICTb, IO HE 3aJIEKUTH BiJl HAMIPSIMKY CTpyMy. Takoro BJIACTUBICTIO €,

HAIPHKIIAJI, TeIoBa Jis ctpyMy. Ockinbku Q = I°Rt, TO BXKe cepeHe 3HAYESHHS

KBaJpaTa CUJIM CTPYyMY 3a MEPIOoj] HE IOPIBHIOE HYIIIO.

Hexaiil cuiia cTpyMy 3MIHIOETBCA 32 3aKOHOM i(t)=1,,,sin ot Toxi MmoxHa

.9 ? . i 1-cos2mt
sammcath: 1° = | “maxSiN @t 3 ypaxyBanuaMm sin® ot = —
I 2
.2 max .
MOJKHA 3amHCaTH i =— (1-cos2at). CepenHe 3HAYEHHS KOCHHYCa 3a IEPIOJ

2

JIOPIBHIOE HYJIIIO, OTKE i’ = —— . Tak¥uM YMHOM, y BHNAJKy CHHYCOiJaJbHOTO CTPYMY

| ®max

J2
Jlitoue 3HaUYEHHS CUJTU 3MIHHOTO CTPYMY JOPIBHIOE CHJTI TAKOTO MOCTIHHOTO
CTpyMY, 110 BUAUIUTH Y IPOBIIHUKY Ty caMy KUIbKICTb TEIJIOTH, IO ¥ 3MIHHUHN

max = gmax

CTpyM 3a TO# camuii yac. AHanoriyno: U = v ; &=
J2 J2

[[Ixanu BUMipIOBAILHUX MPUIAIIB 3MIHHOTO CTPyMY T'PaayIOIOTh caMe B JIFOUMX
3HaYeHHSIX. Y TaclopTax eJIeKTPOTEXHIYHMX MAIlMH, anapartiB i MPHIagiB 3MIHHOTO
CTpyMy 3a3HaueHi Jif04i 3HAYCHHS CHUJIM CTPYMY W HaIlpyTH.

Ha mpaktumi s XapakTepUCTUKU — HapaMmeTpiB  3MIHHOTO — CTPYyMY
BUKOPHCTOBYIOThH CaMe Jif04i 3HAYCHHS CHUJIM CTPYMY W HaIlpyTH.

Hanpukmian, Koam KaxyTh, IO HAmpyra B Mepexi 3MIiHHOTO CTPyMy CTaHOBHTH
220 B, a cuna ctpyMy B Kol 25 A, 11e 03Hauae, 10 Aif04Ye 3HaYECHHS HAPYTH B MEPEXKI
220 B, a ngitoue 3Ha4YEHHS CWJIM CTPYMY JOpiBHIOE 25 A. AMmmepMmeTrpu 1 BOJBTMETPHU
3MIHHOTO CTPYMY BUMIPIOIOTH CaMme JIiF04i 3HAYCHHS CHJIM CTPYMY ¥ HampyTH.

Jlifo4e 3HAUEHHs CTPYMy II0B’si3aHe 3 aMILTITYI0I0 B TAKUiA CI0Ci6: | = +/i? =
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Puc.15 . Axmusnuii onip y Koui 3MiHHO20 cCmMpymy: epaik 3anedcHocmi
NOMYHCHOCMI (AaKMU8Hoi) 8i0 uacy p(2)
IoTyXkHiCTb y K0JIi 3MiHHOI0 CTPyMY
[ToTyXHICTh MMOCTIMHOTO CTPYMY MOKHa OOYUCIUTH 32 (OPMYIIOIO:
2
P=1,R

3HaiiIeMo cepellHe 3HAYeHHS MOTYXKHOCTI 3MIHHOTO cTpyMy. Ha HeckiHYeHHO
MaJoOMy MPOMIKKY 4acy CHJIy CTPYMy MOKHa BBa)XaTU HE3MIHHOIO, TOMY MHTTEBY
MOTY>KHICTh TaK0X MOKHA O0YUCIUTH 32 POPMYJIIOIO:

2 . . —
P=1,"R. Tomi P=1_ Rsin’wt =1 2R1ZC0S24t

: I R
3Bigcu: P=P,,, = mazx :

PoGora B Koui 3minHoro crpymy A= | 02Rt

Jekuyin. Ne23 KonaeHcaTop Ta KOTYIIKA iHIYKTHBHOCTI B KOJIi 3MiHHOTO
€JIeKTPUYHOI0 CTPYMY

Inan:

1. KongeHcaTop B KoOJii 3MIHHOTO €JIEKTPUYHOTO CTPyMY

2. Kotymika iHIyKTUBHOCTI B KOJI 3MIHHOTO €JIEKTPUYHOTO CTPYyMY

3. 3akon Oma KoJja 3MIHHOTO CTPYMY.

4. TloBHWMI1 O1ip B KOJI1 3MIHHOTO CTPYMY.

B ko111 3MIHHOTO CTpyMy BTpaTta eJIeKTPUYHOI eHEprii BiIOYBAE€ThCS HE TUTBKH
3aBASKA aKTHBHOMY ONIOPY(TETUIOBUN XaOTUYHUHN PyX Ta B3a€MOJIS 3 TPOTUIICIKHO
3apsAJKEHUMU YaCTUHKAMH ), a 3aBJISIKU PEaKTUBHOMY oropy. 1106 3HaTH sSK 3MEHIIUTH
BTpATy €JIEKTPUYHOI €HEPrii 3 MPUUUHUA PEAKTUBHOTO OMOPY HEOOX1THO BU3HAYUTH Bijl
YOTO BiH 3aJICKUTh.

KonaeHcaTop y KoJ1i 3MIHHOT 0 CTPyMY
3HailieMo, SK 3MIHIOETBCA 3 YacOM CHJja CTPyMy B KOJi, IO MICTUTh TIUIbKH
KOHJICHCATOP, SAKIIIO OMOPOM IPOBOJIB 1 OOKJIaIOK KOHIEHCATOPIB MOKHA 3HEXTYBATH.

Hampyra na xongeHcatopi U = % JIOPIBHIOBATUME HAIMpPy3i Ha KIHISIX KOJIA.
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Puc.16. I'pagix 3minu nanpyeu 3 uacom

Otxe, %zumaxcoswt 3apsii KOHJEHCAaTopa 3MIHIOETHCS 3a TapMOHIYHUM

3aKOHOM: q=CU _ coswt
Cuna cTpymy, o siBJsie COOO0IO0 MOXIIHY 3apsay B Yaci, JOPIBHIOE:
. . T
i=q =-U,,Csinat=U_,Ccos(t+ %) | =1, Ccos(t+ E)
Ac Imax =wU maxC

Takum ymHOM  Hampyra Ha OOKJIaJKax KOHAEHcaTopa W cuia CTpyMy B
KOJIMBAJIbHOMY KOHTYP1 3MIHIOIOTHCA 13 YACTOTOIO , IPUYOMY KOJIMBAHHS CUJIU CTPYMY

T
BHUIICPCKAIOTh 3a (1)&3010 KOJINBAHHA HAIIPpYI'W Ha E I_[e O3Ha4dac, 110 B MOMCHT, KOJIN
KOHACHCATOP ITOYHHAE 3apAIKaTHCA, CHJIa CTPYMY MaKCHUMaJIbHA, a HAIIpyTa I[OpiBHIOE

Hymo. [licas Toro sk Hampyra gocsra€ MakCUMyMY, CHJIa CTPYMY CTa€ PIBHOIO HYJIIO M
T. 1.

Puc. 17. I'paghix 3anesxcrnocmi nanpyau 8i0 cuiu cmpymy Ha 0OKIAOKax
KOHOeHcamopa
JInst 3HaXOPKEHHS aMIUTITYAM KOJMBAaHb CUJIM CTPYMY B KOHTYpl 3a BiJOMOIO
aMIUTITY/IOI0 KOJIMBaHb HANPYTH Ha KOHJEHCATOPI MOKHA CKOPUCTATHUCSA BUPA30M, IO
30iraeTbcs 3a GopMoro 13 3akoHOM OMa 1Sl AUISIHKY KOJia JJI MOCTIHHOTO cTpyMy. Tak,
MO>KHa 3aIiCaTH:

U max — U max — 1
loox CU, @ oC
Ilo3HauuBIIN

c

X 1 OJCPKUMO I—i
aC X

c

Bennuuny Xc Ha3uBaroTh EMHICHUM 0NOPOM. OCKUIBKU @ = 277, TO

1 . oo .
X, = o C 3BIJICH BUIUIMBAE, 1110 TOCTIMHUI CTPYM HE MOKE ICHYBaTHU B
v

KOJI1, 1[0 MICTUTh KOHJEHCATOP, TOMY 110 TP v =0 X, —>
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OueBHUIHO, 11O 3 MiJABULICHHIM YaCTOTH 1 EMHOCTI EMHICHUN OMIp 3MEHIITY€EThCS.

€mHicHuil omip X, - e (¢i3u4yHa BEJIWYMHA, IO XapaKTepHU3ye 3JaTHICTh
KOH/IEHCAaTOpa NPOTUAISTH 3MIHHOMY cTpyMmy. CepeaHsl MOTYKHICTb y PO3IIIIHYTOMY
KOJII JTOPIBHIOE HYJIIO: KOJM KOHJIEHCATOp MPOTIrOM YBEPTI MEPIOAY 3apsiIKaeThCs,
€Hepris HOoro eNeKTPUYHOTO MOJIs 30UIbIIYEThCS, @ IPOTATOM HACTYITHOI YBEPTI NMEPIOY
€JIEKTPUYHE I10JIE KOHIEHCATOpa 3MEHILIYEThCS, OBEPTAIOYM BCIO OTPUMAHYy €HEpIiio
Ha3aj y KoJIo.

Korymka iHAyKTHBHOCTI B KO0JIi 3MiHHOI'O CTPYMY

BusznaunMo cuity cTpyMy B KOJIi, IO MICTUTh KOTYIIKY, aKTUBHUM OTIOPOM SIKO{
MOKHa 3HEXTyBaTH. {7 LbOTO MOMEpPEeAHBbO 3HANAEMO 3B’SI30K MK HAmpyrow Ha
kotymi ¥ EPC camoinnykiii B Hil. SIKIIO €IEKTPUYHHUMA OMip MPOBOAY KOTYILIKH
MO’KHa BBa)KaTH HECKIHUEHHO MajiM, TO HAIllpyry Ha Hii MO)KHa MPUUHATH PIBHOIO 32
MOJyJIeM i pOTHIIeKHOIO 3a 3HaKkoM EPC camMoiHAyKIIi1 KOTYIIKY:

u=-€e

VY pasi 3MiHU CHIIM CTPYMY 332 TAPMOHIYHUM 3aKoHOMi = |, sinwt EPC

caMoiHAyKIii gopiBHioe: €=—Li'=-Lal , Sinaot.

Hamnpyra Ha KIHISIX KOTYIIKH JOPIBHIOE:

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

ne U= Lol max — aMILTITyJaa Hanpyru. OTxe, KOJUBaHHS HAIPyrd Ha KOTYIIIT
/4 .
BUIEPEKAIOTh KOJIMBAHHS CUJIU CTPyMY Ha 5 Y MOMEHT, KOJIM Hampyra Ha KOTYIIIII

J0CSIrae MakCUMyMy, CHJIa CTPyMY JOPIBHIOE HYJIO0. Y MOMEHT, KOJHM Hampyra cCTae
PIBHOIO HYJIIO, CHJIa CTPYMY MaKCHUMaJIbHa 32 MOJIYJIEM.

i, U
u(t)

~y

) i(2)

O

P u = U,sin wt

i= I msin (ot + 9)

30° 90° 18 2700 /w'

U . . (et
Puc.18. I'pagixu 3anesxcnocmi Hanpyau 8i0 cuiu cmpymy Ha KOmMyuiyi
BigHomeHHs Hanpyryu Ha KOTYIILI O CHJIA CTPYMY HE € MOCTIHHOI BEIMYUHOIO.
OpHak, 5K 1 y BUMAAKY 3 KOHIEHCATOPOM, JJIsl 3HAXOKEHHS aMIUTITYAH KOJMBaHb CUJIH
CTpyMy B KOTYIILI MO>XHa CKOPHCTAaTUCS BHUpa3oM, L0 30iraerbcs 3a (GopMoro 13
3akoHOM OMma JiJ1st JUISTHKY KOJIa TIOCTIMHOTO CTPYMY:
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[lo3naunBmm X, = wl. oxepxKUMO
Benmnuunay X, — Ha3WBalOTh iHAYKTHBHUM ONOPOM. [HAYyKTHBHUM omip X, =2zl

3QJICKUTH BiJl 4acTOTH. [loCTiiiHUI CTpyM B3araii «He MoMivaey 1HTyKTUBHOCTI

KoTymKku. [Ipr v =0 1HAYKTUBHUI OMIpP TOPIBHIOE HYIIIO.

Yum mBuALIE 3MIHIOEThCA Hanpyra, TuM Oueiie EPC camoinaykiii it THM MeHIie

aMILTITy/1a CUJIA CTPYMY.

InaykTuBHMid omip mnpoBinHuka X, — wpe ¢i3uyHa BeJUMYMHA, 1O
XapaKTepu3y€e omip NPOBiIIHUKA eJeKTPUYHOMY CTpyMy, BukJIukanuii aiero EPC
CAMOIHYKIIii:

CepenHsl MOTYXHICTb Y PO3IJIIHYTOMY KOJII JJOPIBHIOE HYJIIO: KOJIU CHJIA CTPYMY
OPOTATOM YBEPTI TMepioay 3O0UIBIIYETHCS, EHEPrisi MAarHiTHOTO TOJsl  KOTYIIKH
30UTBIIYETHCS, @ MPOTSIrOM HACTYMHOI YBEPTI MEpPIOJy MAarHiTHOTO TOJIS KOTYIIKH
3MEHIIY€EThCS, MOBEPTAIOYM BCIO OTPUMAHy €HEPril0 Haszaa y Kosio. TakuMm 4YHHOM,
IHIYKTUBHUN omip (SK 1 €MHICHUHN) HE CIpHUsie HEOOOPOTHOMY MEPETBOPEHHIO EHEpPTii
EJIEKTPUYHOTO CTPYMY B 1HIII (hOpMH €HEpTii.

3axon Oma 17151 IOBHOTO K0JIa 3MiHHOTO CTPyMY

Po3zrisitHeMo nociaigoBHyY AUISHKY KOJa 3MIHHOTO CTPYMY IS JOBUIBHUX

3HaueHb R, C, L 1 4acToTH 3MIHHOTO CTpyMY.

IToBHui1 omip Z Koxa, 10 MICTUTh AKTUBHUM, IHITYKTUBHUM 1 EMHICHUI OIIIp,

00UHCITIOITH 32 (HOPMYJIOKO:
Z= \/RZ +(a>|_—ij
aC

. 1
Pi3Hu1to (COL_E) ~Ha3MBaIOTh PEAKTUBHUM OINOPOM.

2

Ko 10 Koia 3MIHHOTO CTPyMy MNpHUEIHAHA TUIBKKA KOTYIIKA 1HAYKTHUBHOCTI 3
Oy’)K€ MajuM aKTHUBHUM OIIOPOM, & €MHICTh BIJICYTHSI, TO BHACIIJOK Ali BUXPOBOIO
€JIEKTPUYHOTO MOJIsl CUJla CTPYMY BiCTae 3a (pa3oro BiJ HAMIPYTU HA

9

PeakTuBHUI omip y KOJI1 3MIHHOTO CTPYMY

KongeHncatop 1 KOTylIKa 1HAYKTHMBHOCTI, BBEAEHI B KOJIO 3MIHHOTO CTPyMY,
YUHATH JOAATKOBUHM omip cTpyMy. Lleil omip Ha3MBaeTbCs pEaKTUBHUM, OCKUIBKM Ha
HOro J0JaHHS HE BHUTPAYAETHCS EHEpris JpKepena. UBepTh mepiogy KOTyIIKa i
KOHJIEHCATOp 3a0MpalOTh EHEPTito BiJl IXKEpea, HACTYIHY YBEPTh MEPIOy NOBEPTAIOThH
EHEeprito 110 JuKepera.

3axon Oma AJ151 HOBHOT'0 K0JIa 3MiHHOI'O CTPYMY MAa€ BUTJISIA:

U

| — —max _ max

e

HailiMeH110ro 3HaueHHs onopy koJia (ToO0To HAOUTBIIOro aMILTITYHOTO

2
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3HAYEHHSA CWJIH CTPYMYy) MOKHA JOCAITH 3a YMOBH, IO X, — X, =0. 3a myxe

Majaux 4acTtoT Z ~ Xc¢ (TOJIOBHY pPOJib BIJIIrpa€ €MHICHHUM OINIp), a 3a JYyXKe€ BEIUKHX
gacToT Z ~ X (TOJIOBHY poOJIb BiJIrpae IHAYKTUBHUMN OIIIp).
Pi3anis a3 Mk KOJMBaHHSIMH HAMPYTH ¥ CUITU CTPYMY 3aJI€KUTH BiJl YaCTOTH.

Moayasb 6. XBuiboBi npouecu. ['eomeTpuyHa Ta XBWIBOBA ONITHKA
Jekuia Ne24. XBUIbOBI mpouecu

Ilnan:

1.ITommpeHHs KOJIMBaHb B OJTHOPIAHOMY MPYKHOMY CE€PEIOBHIIIL.

2. PiBHSHHS IJIOCKOT rapMOHIMHOT XBHJII.

3.Eneprisa xwii. Bektop YMoBa

4.Intrepdepeniis xBuib. CTOSY1 XBHIIL.

KosiuBaHHS Ta iX XapaKTePUCTUKH.

KonuBanHAMM Ha3UBAIOTHCA PyXH a00 MPOIECH, K1 XapaKTEPU3YIOThCS TIEBHOIO
MOBTOPIOBaHICTIO B Yaci. KonuBanbpH1 mpolec mUpOKONOMUPEH1 B MPUPOl 1 TEXHII,
HAlpUKJIAJ XWUTAHHS MasATHUKA TOJWH,3MIHHUN eleKTpuyHuii ctpym 1 T.4. [lpm
KOJMBAJIBHOMY PyX MAasTHHUKa3MIHIOETHCS KOOpJAWHATA HOTO LIEHTPY Mac, y BHUIAIKY
3MIHHOTO CTPyMy KOJHMBAKOThCSHaNpyra 1 cTpyM B JjaHuoo3l. ®dizuynHa mnpupona
KOJMBaHb MOXe OyTH  pI3HOIOTOMY  pO3pI3HSIOTH  KOJIMBAHHS ~ MEXaHIYHI,
€JeKTPOMArHiTHI Ta iHmI. OpjHak Ppi3HI  KOJUBAjdbHI MPOLECH  OMHCYIOThCS
OJTHAKOBUMHUXAPAKTCPUCTUKAMU 1 OJHAKOBUMH PIBHSHHSMH. 3BIJICH BUIUIMBAE
JOLUIBHICTREIMHOTO MIJIXOAY JO BHUBYEHHS KOJIMBaHb Pi3HOT (I3UYHOI MPUPOJIH.
Hampuknan , eauHui miaxi g0 BHUBYCHHS MEXaHIYHUX Ta EJIEKTPOMArHITHUX
KOJIMBaHb3aCTOCOBYBaBcs aHriidcbkuM ¢izukom [J[. V. Peme (1842-1919), a A.Tl.
CroneroBa,pociiicbkuM  1HXKeHepoM-ekcniepumeHTatopom [L.M. JleGeneum (1866-
1912). BenukuiiBHECOK y pO3BUTOK Teopii konuBanb BHecHu: JI.I. Manaenbmtam (1879-
1944) iiioro yuHi.

KonuBanHs Ha3MBarOTHCS BUIbHUMU (200 BIACHUMH), SIKIIO BOHU BIJJOYBAIOThHCS
3apaxyHOK  CIOYaTKy JIOCKOHAJoi  €Heprii NOpu  MNONaJbIIOMY  BIJCYTHOCTI
30BHINIHIXBIUIMBIB Ha KOJIMBAJIbHY CUCTEMY (CUCTEMY, 311MCHIOIOYY KOJMBAHHS).

HailinpocTiliuM THUIIOM KOJIMBaHb € TapMOHIMHI KOJMBAHHS - KOJWBaHHSA,IIPU
SAKUX KOJTMBAETHCS BETUYMHA 3MIHATHCS 3 4aCOM 3a 3aKOHOM CHHYCA

(xocinyca). Po3ris rapMOHIMHAX KOJMBaHb BaXJIUBO 3 JBOX MPUYUH:

1. KonuBaHHS 3yCTpidarOThCS B MPUPOJII 1 TEXHILl, 4acTO MAalOTh XapakTep,
OJIU3BKUI 1O TAPMOHIITHOMY;

2. Pi3Hi mepioguyHi Tporecu (IMpOIECH, IO ITOBTOPIOIOTHCS 4Yepe3 PiBHI
MIPOMIXKKH Yacy) MOKHA YSIBUTHU K HAKJIQJCHHS TapMOHIMHUX KOJIMBAHb.

["apMOHIiTHI KOTUBAHHS BEJIMYUHU S OMUCYIOTHCS PIBHSIHHSIM TUITY

s=Acos ((0t+(),

(1)men A - MakcUMallbHE 3HAYEHHSI KOJMBAETHCS BEIMYMHU, 110 HA3UBAETHCS
amruriTynoro konuBaHHs,n (0 - kpyroBa (IMKJIiYHA) YacTtoTa,n (- modaTtkoBa (aza
kosimBaHHs B MOMeHT vacy t =0, N ((0t + () - ¢pa3a koMBaHHS B MOMEHT 4acy t.

daza KoJWBaHHS BU3HAYAE 3HAYCHHS KOJIMBAETHCS BEIMYMHM B JaHHUH
MoMeHT4acy. Tak K KOCHHYC 3MIHIOEThCS B Mexax Bix 1 g0 -1, To s MoxenpuitMaTu
3HaYeHHA Bl + 10 A-A.
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KonuBanHs — ¢i3uyHUil TpoIec, IMiJ 4Yac SKOTO0 YepryroThCS I1HTEPBAIU
30UIBIICHHS ¥ 3MEHIIEHHS (PI3UYHOT BEJIMUUHH.

KonuBanHs MOXYTh MaTH HaWpi3HOMAHITHINTY MPHUPOY, HANPUKIIAJ, MEXaHIYHI
KOJIMBAHHS T1J1, KOJIMBAHHS TUCKY ¥ TeMIlepaTypu, CUIM CTPyMY, HalpyTy TOIIO.

KonuBanHg Ha3uBalOThCS TNEPIOJUYHUMHU, SKIIO (I3SUYHUM CTaH CHUCTEMH
MOBHICTIO TOBTOPIOETHCSI Yepe3 SKUICh MEBHUM MPOMIKOK Yacy, IO Ha3UBAETHCS
epio0M.

KonuBanHs, 118l SIKUX 3aJ7I€KHICTh 3MIHHOI B1JT 4aCy OMUCYETHCS CHHYCOIOAI0HO0
KpPUBOIO, Ha3MBAIOTHCS TapMOHIYHUMH. [lepiognyH1 KOJUBAHHS 13 IHIIOKIO 3aJICKHICTIO
BiJl 4Yacy Ha3UBAIOTHCS AHTAPMOHIUHUMHU.

KonuBanus, ki BUHUKAIOTh TPU BIAXWJIICHHI CTaHy (I3MYHOI CUTEMH Bif
PIBHOBKHOTO, HA3WBAIOTh BIACHUMH KOJWBaHsAMU. KonuBaHHS, SKi BUHUKAIOTH
BHACJI/IOK JIiT 30BHIIIHBOI IEPIOANYHOT CHITH, HA3UBAIOTh BUMYILIEHUMHU KOJIMBAHHSAMHU.

Skmo BinmxunaeHHs (PI3MYHOI BEIMYMHU BijJ CEPEIHBOrO IMOJOXKEHHS B ITpoIieci
KOJMBaHb 3MEHIIYIOTbCSI B 4aci, TOBOPSITh MPO 3aTyXaHHS KOJHMBaHb, a SKIIO
30UTBIITYIOTHCS — MPO HAPOCTAHHS KOJIUBAHb.

3aTyxaroul KOJIMBAHHS-KOJMBAHHS $Ki, TOCTYNOBO CJaOHy4H, 3HHUKAIOTh.
AMITTITY1a 3aTyXal0YNX TapMOHIYHUX KOJIMBAHb 3MEHIIIYETHCS, & 4ACTOTa 3AIMIIAETHCS
HE3MIHHOIO.

B 6unbmiocTi Gi3MYHUX CHCTEM KOJMBAaHHS BUHHUKAIOTh MIPU BUBEACHHI CUCTEMHU
3 TMOJIOKEHHS pIBHOBaru. Taki KOJMBAaHHS 31€OUIBIIOTO PO3CIIOITh EHEprioo u
3aTyxarTh 3 yacoM. OJIHAK Y BIAKPUTUX AUCHIIATUBHUX CUCTEMaX 13 CTAIUM HMPUTOKOM
eHeprii MOKYyTh BHHHKHYTH KOJHMBAaHHS, SKi HE 3aTyXalTh, JIOKH HE TPHUITHHUTHCS
MPUILUTHB eHeprii. Taki KOJWBaHHS Ha3WBAIOTh ABTOKOJIMBAHHSIMU.

/lonaBaHHSI KOJIMBAHb.

JlonaBaHHs JEKUIbKOX TapMOHIMHMX KOJIMBaHb OJIHOTO HAMPSMKY M OJHAKOBOI
YaCTOTU CTA€ HAOYHUM, SKIIO KOJUBAaHHA 300paxkaT rpadiyHO y BUTJISAI BEKTOPIB Ha
miomuHil. OTprMaHa TaKUM CIIOCOOOM CXeMa Ha3MBA€ThCS BEKTOPHOIO JIiarpaMoro.

BizbMeMO ocCbh, y370BXk SKOT OyJeMO BiJIKJIalaTH KOJMBAETHCS BEIUYHHY X. 3
B35TO1 Ha OoCl TOukH [Ipo BiKIaAEMO BEKTOP JOBXKUHU A, SKUH YTBOPIOE 3 BICCIO KYT?.
SKI110 MPUBECTH 11eH BEKTOP B 00EepTaHHS 3 KyTOBOKO MBHAKICTIO? 0, TO TPOEKITIs KIHIISA
BeKTOpa Oyjie mepemimarucs Mo oci X B Mexkax Bii-A 1o + A, mpuyoMy KOOpJIWHAT
POEKIIii Oy/e 3MIHIOBATHCS 3 YaCOM 32 3aKOHOM

OTxe, TpoeKwis KIHLUSA BEKTOpa Ha Bichb Oyae 3A1MCHIOBAaTH TapMOHIYHI
KOJIMBaHHS 3 aMIUTITY/IO0, IO JOPIBHIOE TOBXHHI BEKTOPA, 3 KPYTOBOIO YaCTOTOIO, 11O
JOPIBHIOE KYyTOBOI IIBHUIKOCTI OOEpTaHHS BEKTOpa, 1 3 MOYAaTKOBOK (ha3oro, IO
TOPIBHIOE KyTY, YTBOPEHOMY BEKTOPOM 3 BiCCIO B TIOYATKOBHI MOMEHT 4acy.

TakuM 4YMHOM, TapMOHIMHE KOJMBAaHHS MOXKE OyTH 3aJaHO 3a JOMOMOTOIO
BEKTOpa, JIOBXKMHA SKOTO JOPIBHIOE aMIUTITY/Al KOJMBAHHS, a HAOpPsIMOK YTBOPIOE 3
BICCIO X KYT, 1110 JJOPIBHIOE TIOYATKOBIH (pa3i KOJTUBAHb.

PosrnsitHemMo ckiamaHHS JABOX TapMOHIYHUX KOJIMBaHb OJIHOTO HAIpPSIMKY U
OJIHAKOBO1 4acToTH. Pe3yinbTyloue KojiuBaHHS Oyae cymMoro KonuBaHb X1 1 X2, siki
BU3HAYAIOTHCS (DYHKIIISIMHU.

87



VaBiMo oOuaBa KoiWBaHHSA 3a gomomoroto BekTopiB Ali A2. Ilobymyemo 3a
npaBuiIaMH JO0JABaHHS BEKTOPIB pe3ysbTyrounii BekTtop A. Ha mantoHKy BUIHO, 1110
IIPOEKIIISI IOTO BEKTOPA Ha BICh X JOPIBHIOE CYMi MPOEKITIH CKJIaJIOBUMHU BEKTOPIB.

Tomy, BekTOp A siBIsie cOOO0I0 pe3ynbTyroue kKojuBaHHs. Lleil BekTop obepTaeThes
3 Ti€0 X KyToBOr mBHAKICTIO? 0, sk 1 BekTopu Al 1 A2, Tak 10 cyMma X; Ta X; €
rapMOHIWHUM KOJIMBAHHSM 3 yacToToro (? 0, aMIuniTy1010 A 1 mo4aTkoBoo (pazoro?.

[IpeacTaBieHHss TapMOHIMHMX KOJMBaHb 3a JOIMOMOIOI0 BEKTOPIB JI03BOJISIE
3aMIHUTHU J0JaBaHHS (YHKI[IM CKIaJaHHSIM BEKTOPIB, 0 3HAYHO MPOCTIIIIE.

JlonaBaHHS KOMBAHb y B3a€EMHO TIEPIICHIUKYISIPHUX HAMPSIMKAX.

VYSIBIMO 1Bl B3a€EMHO MEPHEHIUKYISPHI BEKTOPHI BEJIMYMHU X Ta Yy, IIO
3MIHIOIOTHCS 3 YaCOM 3 OJIHAKOBOIO YaCTOTOIO? MO0 TapMOHIHHOMY 3aKOHY .

Jle ex 1 ey - OpT KOOpIMHATHHUX Oced X 1y, A 1 B - aMImiiTyau KoJMBaHb.
Benmnunnamu X Ta y Moke OyTH, HAPUKIIAJ, 3MIMIIEHHST MaTepiadbHOT TOYKH (YACTKH) 3
MOJIOKEHHS PIBHOBATH.

UYacTka Oyze pyxaTucs 3a JESIKOI TPAEKTOPIl, BUTJIS SIKOI 3aJIEKUTH B1J] PI3HMUII
¢da3 o0ox konuBaHb. Bupasu € 3amaHuii B mapameTpudHoi (opmi pIBHSHHS Ii€i
tpaekTopii. 1100 oTpumartu piBHSHHS TpaekTOpli B 3BMYAWHOMY BUTJIAJI, MOTPiOHO
BUKJIFOUMTH 3 PIBHSHB TapameTp t.

Posropaemo kocunyc 3a GopMyIor AJis KOCIHyca CyMHU:

ITincraBumo 3amicth cos? T 1 sin?

[le piBHSIHHA €JiIca, OCl SKOrO MOBEPHYTI BIAHOCHO KOOPJAMHATHUX OCEH X Ta Y.
OpienTalis eninca i Horo miBoci 3aj1ekaTh JOCUTh CKJIAJHUM YMHOM Bija amIutityn A i B
1 pi3HuLl paz?.

CnpoOyemo 3HailTH GOpMy TPAEKTOPIL 7151 KITbKOX OKPEMHUX BUIAJIKIB.

1. Pizaung a3? qopiBHIOE HYIIO.

3BiJICU BUXOJUTH PIBHSHHS MPSIMOT:

Pe3ynpTyrode pyx € rapMOHIMHUM KOJIMBAHHSM B3JIOBXK II1€1 IPSIMOI 3 YaCTOTOIO?
1 aMILTITY1010, IO JIOpiBHIOE (puc. 1 a).

2. Pizaung daz? nopiBHioE £7?.

O1xe, pe3ynbTyroUue pyX sBJIsiE COO0I0 rapMOHIMHE KOJTMBAHHS B3JI0OBXK IPSMO].

burrs.

burtsi — inTepdepenIiiss 1BOX 3BYKOBUX KOJHMBaHb, 3 yacTtoramm vI 1 v2
HACTUIbKK OJIM3bKUMH, III0 BOHU HE CHPUHAMAIOTHCA SK JIBa PO3JUIbHI KOJMBAHHS.
AMIIIITY1a KOJMBaHb, SIKI BUHUKAIOTh NPH LBOMY MEPIOJAUYHO 30UIBIIYETHCS YU
3MEHIIIYETHCS Y Yacl 3 HaCTOTOO, PIBHOIO PI3HUII IHTEPPEPYIOUUX KOJIUBAHb.

PizHuis (a3 Takux KOJIMBaHb 3 YacCOM 3MIHIOETHCS, Yepe3 1o (a3u MepioguyHO
30iraloThCsi (KOJMBAHHS IMIJCWIIOIOTh OJHE OAHE) abo CTalTh MNPOTUIICKHUMU
(konuBaHHS B3a€EMHO OCJIa0IO0OThCs). [liAcuienHss 1 ocnabieHHs pe3yIbTaTUBHUX

s KOJINBaHb Bi;16yBamT§CH He.piO)II/I.‘IHO 3
YacTOTOI0 VG, IO JAOPIBHIOE PI3HUII YacTOT
B3a€EMOJIIFOYHMX KOJIMBaHbL, TOOTO v = vl —v2. B
aKyCTUIll OWUTTA  BUKOPUCTOBYIOTHCSA IS
MOPIBHSHHS TOHIB (HayTaTHAHHS MY3.
THCTPYMEHTIB). SIKIIIO PI3HUIIST YaCTOT KOJIMBAHb
JIBOX JKEpEN yke mana (Harp., MmeHa Hix 0, 1

coufichs) ain{irre)
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'), To Byxo cmpuiiMae iX sSIK OJIWH pE3yJbTaTUBHUN TOH, IHTEHCHBHICTH SKOTO
3MIHIOETBCA 3 4YacTOTOl0, piBHOWO VI — v2. Koau 4acToTh CKIaJAOBHX KOJHMBaHb
30MIKYIOTBCS, TO YaCTOTa OMTTS 3MeHIIyeThes i pu Y1 — Y2 — 0 fJkmo nopisHOBaTH
TOHM METOAOM OuTTs, TO TmoxuOka wmoxxke He mnepeumyBatd 0,1 T B
€JIEKTPOMATHITHUX KOJMBAaHHSAX SIBUIIE OWUTTS BUKOPUCTOBYETHCA B YYTIMBUX
npuiiMavax paaioCUrHaiiB Ta BUMIPIOBAIBHUX MPHUIIAIaX.

B My3uuHili npakTUIl sBUIIE OUTTS BUKOPUCTOBYETHCS IPH HACTPOIOBAHHI
MY3UYHHUX 1IHCTPYMEHTIB, 1HKOJH JJIsi CTBOPEHHS CIielu(piyHOTO BIATIHKY 3BYyKa (Tak, I1.
YalKOBCPKMM  HACTpOIOBAaB  pPOsUIb  «3
po3nuBom»). SABuiie butrts Bukopucras I'.
Bt is Sl [enpMrosell Uil DOSACHEHHS BIAMIHHOCTEH
M1 KOHCOHAHCOM 1 JUCOHAHCOM.

Pe3onamnc.

Pesonanc —  sBUIE  CHJIBHOTO
3pOCTaHHS aMILTITYIU BUMYIIIECHOTO
KOJMBaHHA y pa3l, KOJM  4YacToTa
7 30BHIIIHBOI CHJIM 30Ira€TbCs 3 BIIACHOIO
TR T TR R 4aCTOTOIO KOJIMBAHb.

: Peszonanc XapaKTEePU3yIOTh
IHTEHCUBHICTIO, HAIMBIIMPUHOIO CIEKTPaIbHOI JIHII Ta JOOPOTHICTIO. 3AeOUIBIIOrO
pPE30HAHC HAOIMKEHO OMHCYIOTh KpuBoto JlopeHiia.

T/2
Iw) o
T (w—wp)? 4 (T /2)2

JIe () — YacTOTa 30BHIMHLOI criu, ®0) — YacToTa BIIACHOTO KOJHMBaHHA, [T —
CTaya 3aTyXaHHs, SIKy Ha3WBAIOTh TAKOXK IMMUPUHOIO JTiHil. YacTo MPHUBOAUTHCS TAKOXK Y=
['/2 — miBmmpwrHa diHil.

SBuie pe3oHaHCY HIMPOKO BUKOPUCTOBYETHhCS B Hayll ¥ TexHiui. Ha HbOMY
IPYHTYEThCSI poOOTa 0araThOX PalOTEXHIYHUX CXEM Ta MPUCTPOIB, TAKUX SK KOJIMBHI
KOHTYpHU. BUKOpHUCTOBYIOUM SIBHIIIE PE30HAHCY MU BUOUPAEMO 13 6araToro pi3HOMaHITTS
€JIEKTPOMATHITHUX XBHJIb B MPOCTOP1 HABKOJO HAC came Ti, AKi BIAMOBIJAIOTH HAIIH
yIr00JIeH1i paaiocTaHIlii, BUOUpaeMO TeNeBi31MHUN KaHaIl TOIIIO.

[IpoTe He 3aBXaAM pPE30HAHC KOPUCHUM. BimoMi BUMMaAKH, KOJM HABICHI MOCTH
JaMaJiicsl MpU MPOXOJKEeH1 Mo HuM coJsigat "B Hory". Ile BimOyBasocs uepes Te, 110
4acTOTa BJIACHUX KOJIMBaHb MOJIOTHA MOCTA 301ranacs 3 4aCTOTOK XObOH JIF0AEH.

EnexkTpomartiTHi XxBuJi Ta iX BJAaCTUBOCTI.

EnekTpoMartitTHa XBWJIS 1€ TIPOIEC PO3IMOBCIODKEHHS €JIEKTPOMAarHiTHOI
B3a€EMO/II1 B MPOCTOPI.

EnekTpoMarHiTHI XBUJI1 OMUCYIOTHCA 3arallbHUMH JIJISl €JIEKTPOMArHITHUX SBUII
piBHSHHSIMU MakcBea.

Y Bakyymi eJEKTpOMAarHiTHa XBHWJIS PO3MOBCIOJIKYETHCS 13 MIBUIKICTIO, SKa
HA3WBAEThCS MBUAKICTIO cBiTia. [lIBuakicTh cBiTia € (yHIaMEHTaIBHOI (PI3UYHOIO
KOHCTaHTOIO, SIKa IIO3HAYA€ThCH JIATHHCHKOKO JITEpPOr C. 3TIHO 13 OCHOBHUM
MOCTYJIAaTOM TeOopii BIJHOCHOCTI INBHJAKICTH CBITIA € MAaKCHUMAJIbHO MOJIHBOIO
MIBUIKICTIO mepenadi iHGopmariii un pyxy Tina. g mBuakicts ckmamae 299 792 458
m/c.( 1667p. naTtcekuii actpoHoM Pemep po3paxyBaB IIBUAKICTh CBITIIA).

S |
-
!

e

VxlO)
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EnektpomarHiTHa XBWJISL XapaKTePU3YETbCA YaCTOTOK. PO3pI3HAIOTH JHINHY
YacTOTy V M IUKIIYHY Y4acTOTy ® = 271v. B 3aJIe)KHOCT1 Bl 4aCTOTH €JE€KTPOMArHiTHI
XBUJI1 HAJICXKATh JI0 OJTHOTO 13 CIIEKTPaJIbHUX Jl1ala30HIB.

[HIIOIO XapaKTETUCTUKOIO EJIEKTPOMArHiTHOI XBUJII € XBWJIBOBHUH BEKTOP
XBUITLOBUI BEKTOpP BH3HAYAE HAIMPSIMOK PO3MOBCIOKCHHSI CIIEKTPOMArHiTHOI XBUJIi,
TaKOX ii JOBXHUHY. AOCOIOTHE 3HAUCHHS XBHJIHOBOTO BEKTOpa HA3MBAIOTh XBUIHLOBUM
YHCIIOM.

JloBkrMHA XBHJII — XapaKTEPUCTUKA IUIOCKOT MEpPiOJANYHOI XBHII, IO MO3HAYAE
HaWMEHIIy BiZICTaHb MK TOYKaMU MPOCTOPY, B SIKUX XBUJISI MA€ OJIMHAKOBY (a3y.

JloBXKMHa XBWJII 3a3BUYall TTO3HAYAETHCS TPEIHKOIO
JiTEporo A I3 TOBXHHOIO XBIJII OJJHO3HAYHO 3B'sA3aHA TaKa

XApaKTCPUCTHKA, SIK XBHUJIBOBC YHCIIO k
m

JloB)kMHAa XBWJII 3al€KWUTh Bl YacToTu. Llg
3aJIEKHICTh HA3MBAEThCA 3aKOHOM aucrepcli. Yacro
3JIEAKHICTh MK YaCTOTOIO 1 JIOBXKMHOIO XBHJII OOEPHEHO-
MPOMOPIiiHA. Y TaKUX BHIAJIKaxX MIBHJKICTh PO3MOBCIOKEHHS XBWIl (DIKCOBaHA M HE

3aJIEKUTH B1Jl YacTOoTU. Hanmpukiaz, 175 elIeKTpOMarHiTHOI XBUIII Y BaKyyMmi
C

V=

A,
Jie Vv — JIHIMHA 9acTOTa, a ¢ — IIBUIKICTH CBITJIA.
[Ipu nepexoni XBUJIl 3 OJHOTO CEPEAOBHINA B 1HILE JOBXHHA XBHJII 3MIHIOETHCA,
Ha BIJIMIHY BiJ] YacTOTH, SIKa 3alMIIAEThCA CTalol. EjeKkTpoMarHiTHi XBWII B
CEpelIOBHUIIIl 3a3BUYAll XapaKTEPU3YIOThCS TPUBEICHOI0 JTOBXHHOI XBHJI, TOOTO
JOBXXHHOIO, SIKY XBUJISI Majia O y BakyyMi.

InTepdepéHilis — HaKIATaAHHS XBHJIb, MPH AKOMY B Pi3HHX TOYKaX
CIIOCTEPIracTbCcsl MOCHJICHHS (KOHCTPYKTHBHA iHTepdepeHuiss) ad0 mociaadaeHHs
aMILTITYIM KOJMBaHb. Pe3ynbTar HaK/IalaHHA XBUJIb Ha3UBAETHCA 1HTEPHEPEHITIIHOIO
KapTUHOIO.

[aTepdepeninist crocTepiraeThcss y KOorepeHTHUX XBuib. KorepeHTHi XxBMuIi 1me
XBWIi, 110 PO3MOBCIKYIOTHCS B MPOCTOPi 3 OAHAKOBOI YACTOTOK i MOCTIHHOIO
pisHuLEeI0 (a3.

X =X, sinat+ ¢,

[Ipu inTepdepentiii pe3ynbTyioue KOJIMBAHHS €
T€OMETPUYHOI0 CYMOIO KOJHMBaHb 000X XBWIb Y
BIIMOBIAHUX  TOYKaX. HaWMmpocTimMM  BHIAAKOM
iHTepdepeHIlii € HakIagaHHSI JBOX TAPMOHIYHUX XBHJIb
3 OJTHAKOBOIO YaCTOTOIO 1 IMOJISIPU3AITIEIO.

SBuie iHTEepdepeHIii BUKOPUCTOBYETHCS,
HaIpUKIAQA, B PaJlOTEXHIl 1 aKyCTHUIIl JJII CTBOPEHHS
ckagHuX  aHTeH. (OcoONMBO  BEJIMKE  3HAYCHHS
iHTEepEepeHIlii Ma€e B ONTHIl, BOHA JIEKUTh B OCHOBI
ONTHYHOI Ta aKyCTUYHOI rojiorpadii.
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Inmepghepenyicio XBWIb HA3WBAETHCS SIBUIIE MIACHICHHS KOJWUBaHb B OIHHUX
TOYKax MPOCTOPY Ta OCJa0JEHHS a 1HIIUX y pe3yJbTari J0AaBaHHS JBOX ab0 Oijiblie
KOT€PEHTHUX XBWJIb, K1 HAAXOAATH Y 111 TOUKH.

KorepeHnTHicTh XBHJIb.

[HTepdepeniiist — 3arajgbHa BIACTUBICTh XBUWIb OYy/b-aKk0i mpupoau. Criiika B 4aci
iHTep(depeHIIiiina KapTHHA MOYKE CIIOCTEPIraTUCS TUIBKH y pa3i J01aBaHHS KOTEPEHTHUX
KOJIMBaHb.

Kocepenmmni (3B's13aHl) Xx6uni — 1€ XBHWII, IO MalOTh OJHAKOBY YacTOTy Ta
HE3MIHHUU 3CyB (a3 y KOKHINA TOUIl IPOCTOPY.

Kocepenmni doicepena — 1ie mxepena, 1o MaroTh OJJHAKOBY YacTOTY Ta HE3MIHHUHN
3cyB (ha3 y gaci.

He3Bakatoun Ha Te M0 yMOBa KOTE€PEHTHOCTI 3aJUIIAETHCS OJHAKOBOIO IS 1
XBWJIb Pi3HO1 (PI3UUHOT MPUPOIH, CIIOCOOH 3/11MCHEHHSI KOT€PEHTHOCTI, HAIIPUKIA, JJIs
JDKEpeIl 3BYKY Ta JDKEpes CBITJIa, OyJlIu 30BCIM Pi3HUMU. {15 ofepKaHHS KOT€PEeHTHUX
3BYKOBHUX XBUJIb MOXXHA CKOPHCTATUCS JIBOMA HE3QJIECKHUMHU JKEpeJaMu 3BYKY, IO
3IMCHIOIOTHh KOJIMBAHHSA 31 CTajl00 pi3HMICIO (a3. HezanexHi x pkepena cBiTia (KpiM
ONTHUYHUX KBAaHTOBHUX T'€HEPATOPIB)HE TAIOTh KOT€PEHTHUX XBUIb.

[TpuuuHa nonsirae B ToMy, 10 aTOMHU JIKEPEST BUIPOMIHIOIOTH CBITJIO HE3aJIEKHO
OJIUH BIJl OJHOTO OKPEMUMHU «OOpHUBKaMu» (IyramMH) CHUHYCOiladbHUX XBWIb. | Taki
I[yTH XBWJIb BiJ] 000X JKepesl HaKJIaJatoThCsl OJMH Ha OJHOTO0. Y pe3ysbTaTi aMIUITy1a
KOJIUBaHb y Oy/b-AKIlA TOYIl IPOCTOPY XAOTUYHO 3MIHIOETHCS 3 yacoM. OTxke, 111 IyTH
HeKkorepeHTHi. HifKoi CTIMKOi KapTUHU 3 IEBHUM PO3MOJIIJIOM MaKCUMYMIB 1 MIHIMYMIB
OCBITJIEHOCTI HE CITOCTEPIra€ThCA.

IIkaja eJeKTPOMATrHITHMX XBWIb — HENEpPEepBHA MOCIIJOBHICTh YacToOT 1
JOBXXUH XBHWJIb €JIEKTPOMArHiTHUX BUnpomiHtoBaHb(Puc.19).

WKANA ENEKTPOMATHITHUX XBUNb
10° 104 0% 102 10 1 100 qor 10 10 10-F 10F 107 10® 10* 1070 10" 10°% q0®
| 1 L K 1 ! | Il gk It | 1 | l L |

| | 1
KU B R A T

| Il |

« ’ ! indiz:sfkola.com.ua|

HU3LKOYACTOTHI IHOPAYEPBOHE  YNLTPA®IONETOBE FAMMA-
ENEKTPOMATHITHI XBUNI PALIOXBUTI BUMPOMIHIOBAHHSI  BUMPOMIHIOBAHHS BUNPOMIHIOBAHHS

Puc. 19 llIxana enekmpomacHimHux Xeuv
[IpuitHATO  BUAUIATA  HU3BKOYACTOTHE  pagio- Ta  Y-BUINPOMIHIOBaHHS,
iH(ppadyepBoHi, yIbTpadioaeTOBl Ta PEHTIEHIBChKI TPOMEHI, BUIUME CBITJIO.
[IpyHIMIOBOI pi3HUIN MK ITMMH BHJaMH BHIIPOMIHIOBaHHS Hemae. Bci BoHHM
ABJISIIOTh  COOOIO0 €JIEKTPOMArHiTHI XBWI, 30Yy/KyBaHI 3apsUKEHUMHU YaCTUHKAMH.
BunpomiHtoBaHHs pi3HOT JIOBXKMHM XBWJII BIAPI3HAIOTHCS OJHE BIJ OJHOTO 3a
croco0aMu iX OJIep>KaHHs 1 METOJaMU peecTpallii.

Jexuyia Ne25. I'eomeTpudHa ontuka. ®oromerpist
Inan:
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1. 3akoHU BiAI3epKaICHHS

2. JIin3u

Ha 3'scyBaHHsS mpupoau CBiTJIa 3HAJOOUIIOCS HE OJIHE THCSYONITTA. 3a 1ei Yac
OaraTto pi3HHX TilmoTe3 3MIHWIM ofHa oaHy. OnTtuka (Bim rper. optike — Hayka mpo
30pOB1 COPUMHSTTS) CIIOYATKY pO3Tisfanacs sk HayKa Ipo 3ip.

Onmuka sBisie co000 po3Al (i3UKK, B SKOMY BHUBYAIOTHCS SIBHUINA Ta
3aKOHOMIPHOCTI, MOB'A3aH1 3 BUHUKHEHHSM, MOIIUPEHHSM 1 B3aEMOJIIEI0 3 PEUOBUHOIO
€JIEKTPOMArHITHUX XBHWJIb BUIUMOTO J1alla30HY.

Kopnyckyasipaa teopisi cBitiia HbroToHa.

[lepmioro HAyKOBOIO TEOpi€l0, sKa HaMarajgacs TMOSCHUTH (I3MUHy TPUPOILY
CBITJIa, CTaja TEeopis CBITIIOBUX 4YacTHHOK, po3podiieHa I. HeloTonom (1643 — 1727) i
BHUKJIaJICHa HUM y KHU31 «OnTrkay. BiamoBigHo a0 ii MOJ0KEeHb, CBITIO SBISIE COOOIO
MOTIK YaCTHHOK, SIKI BUITYCKAIOTHCSA CBITHUM TIJIOM Yy BCIX HampsiMax (TMepeHECeHHs
pedyoBuHM). Buxonasum 3 KOPIMyCKYJISpHUX YsBI€Hb HBIOTOH MOSICHUB OUIBIIICTh
BIJIOMUX TOJI ONTHYHHUX SIBUIL: MPSMOJIIHINHE MOIIMPEHHS CBITJIA B OJHOPIIHOMY
CEpeIOBUII, BITOMBAHHSA Ta 3aJIOMJICHHSI CBITJIA.

XBwiboBa Teopis I'iirenca.

Bigmosigao g0 teopii X. I'wiirenca (1643 — 1695) cBiTI0 — 1€ XBHJI, IO
MOIIUPIOIOTHCS B OCOOJIMBOMY, TIMOTETUYHOMY CEPEAOBHIIN — edipi, SIKUH 3aMOBHIOE
BEChb IMPOCTIp 1 MPOHUKAE YCEPENAUHY BCIX TUI. ['TOMT€HC HE pO3IIIsiaB CHPABXKHBOTO
XBUJILOBOTO TIPOIIECY, HOTO MIPKYBaHHSI CTOCYBAJIHUCS JIUIIE TOIIUPEHHS XBHIHOBOTO
dbponTy. BiH CyTO MaTeMaTW4YHO OIKCAB SIBUILE BIJOMBAHHS i 3aJOMJICHHS XBWIb 1
MOKa3aB, 10 IBUJIKICTh CBITJIA B OLIBII I'YCTOMY CEPEAOBUILI Mae OyTH MEHIIO0, HIXK Y
noBiTpi.Y 1801 pori T. FOur (1773 — 1829) Ha mijcTaBi XBHJIBOBHX YSBICHB JTYXKE
MPOCTO W HAOYHO pO3'ICHUB IHTEP(EPEHLII0 CBITIA Ta PO3BUHYB, TAKUM YHHOM,
XBWJIBOBY Teopito cBitia. Y 1818 poui O. ®@penenn (1788 — 1827) HesanexxHO Bif
HOnra BuBIB goxmamHy Teopito audpakiii i iHTepdepeHIi CBITIa, MOKAa3aBIld, IO
iHTEepdEpeHIIis € IPSIMUM HACIIJIKOM XBHJIBOBOI IPUPOAM cBiTia. OCTaTOUYHUN yJap 1o
KOPIYCKYJISIpHIN Teopii OyB HaHeceHui pociigamu K. dyko. BiH BUMIpSB MIBUAKICTH
CBITJIa Y BOJAI W TOKa3zaB, IO il 3HAYEHHs 30iraeTbCs 3 TECOPETUYHO 3I00yTUM Y
XBUJIBOBIN Teopii. XBUJIbOBA TEOPIs 3 €IMHOI TOYKH 30pY MOSICHUIIA YCl BIAOMI TOII
ABUIIA ¥ mepenbaumina HU3KY HOBHUX. [loHam cTO pOKiB KOPMYCKYJsipHA W XBHIJIbOBA
rinoTe3u Mpo MPUPOY CBITIA ICHYBaIM mapaienbHo. JKogHa 3 HUX He Morja 3100yTu
BUpianbHOi nepemoru. Jlume aBtoputeT I. HproToHa 3myinyBaB OUIBIIICTh YYEHHX
BIJIIaBAaTH MEepeBary KOPIyCKYJISApHIA Teopii.

EnexrpomaruiTHa teopist cBitJia.

VY npyriii mosnoBuHi XIX cromitrsa JIax. Makceena (1831 — 1879) nosis, mio
CBITJIO fBJISIE COOOI0 OKPEMMi BHJ €IEKTPOMATHITHHX XBHIIb. MOro po6OTH 3aKimamy
OIAIPYHTS €JIEKTPOMArHiTHoi Teopii cBiia. Ilicis exkcrnepuMeHTaJIbHOTO BHSIBICHHS
esnekTpomarHiTHUX XBwib I'. 'epuem He 3anummiocs HiIKMX CYMHIBIB y TOMY, LIO Mij
Yyac TOMUPEHHS CBITIO «IOBOAUTHCS» K XBUiA. Y 1899 pomi II. M. JleGeneB HaBiB
HOBHH JIOKa3 TOTOXHOCTI CBITJIOBHX 1 €JICKTPOMArHiTHUX XBUJIb. BiH BUSIBUB TOCIITHUM
IUISXOM, IIIO CBITJIO THCHE Ha TiJIa, Ha SIKI Haja€e, ¥ BUMIPSAB I THUCK. 3a TEOPIEIO
MakcBemia eneKTpOMarHiTHI XBWJI TaKOX YUHATH MOAIOHMI THUCK. Takum 4yuHOM, Y
npyrii nomoBuH1 XIX cTomiTTs Oyiia 3aCHOBaHA €NEKTpOMAarHiTHa Teopis CBITIA.
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KBanToBa Teopis cBiTJia.

Y 1900 pomi Himenpkuit ¢izuk M. IlnaHk nTpunmycTuB, M0 aTOMHU T
MOTJIMHAIOTh 1 BUIPOMIHIOIOTh €HEPTil0 CKIHUEHHMH MOPIsAMH — KBaHTamu. Y 1905
poui A. Eiinmreitn (1879 — 1955) npunyctus, 110 CBITJIO HMOMIKUPIOETHCS B IPOCTOPI y
BUTJISIII TUCKPETHUX 00'€KTIB — KBAHTIB CBITJIa. TakuM 4rHOM, OYyJId BUSIBJICHI KBAaHTOBI
BJIACTUBOCTI CBITJA.

Kopnycky/JasipHO-XBHJILOBHIA AyatizMm.

Bunnkna waa3zBuuaiiHa cuTyarlis: sBum@a iHTepdepeHiii ta gudpakmii, Sk 1
paHiIe, Mo>kHa OyJ10 TIOSICHUTH, BBOKAIOUH CBITJIIO XBHJICIO, & SIBUIIA BUIMPOMIHIOBAHHS
U IIOIJIMHAHHS — BBa)KaIOUM CBITIO HMOTOKOM dYacTtHHOK. ocmimu O. I'. CroseroBa
(1839 - 1896) 3 doroedekTy TakoK IMOKa3ald, IO CBITIO MOBOJUTH ceOE SK TOTIK
YACTUHOK. Y pe3yJbTaTi YMCICHHUX OOTrOBOPEHb, MOUIYKIB 1 JOCHIIKEHb BUHHUKIA CY-
JacHa TEOopis CBITJA, IO € CHHTE30M KOPITYCKYJISIPHOI Ta XBHJIbOBOI Te€opi. B ocHOBI
i€l TEopii JIGKUTh JYyMKa, IO CBITJIO OJHOYACHO Ma€ 1 XBWJIbOBI, i KOPITYCKYJISIPHI
BJIACTUBOCTI.

['eomempuunoro onmukor HA3UBAETHCS PO3JLI ONTUKH, B SKOMY BHUBYAIOTHCA
3aKOHM TOIIMPEHHS CBITIIOBOI €HEPTrii B MPO30PUX CEPEJIOBUINAX HA OCHOBI YSBICHHS
PO CBITJIOBUM IIPOMiHb.

[ 'eomempuuna onmuka 6a3yemvbcsi HA MPbOX 3AKOHAX:

® 3aKOH NPSIMOJIIHIMHOTO MOIIUPEHHS CBITIA;

® 3aKOH B1IOMBAHHS CBITIIA;

® 3aKOH 3aJIOMJICHHS CBITJIA.

OCHOBHUMU MOHATTSIMU T€OMETPUYHOL ONITUKHU € 1YUOK 1 HPOMIHb.

VY nepuioMy HaOIMKEHH1 1)yY0K TTPOMEHIB — 11€ CYKYIHICTh CBITJIOBUX MPOMEHIB.

VY cyuacHiil (i3uii Mg ceimaosuM npomenem PO3YMIIOTH JOCTATHBO BY3bKHUI
My4OK CBITJIA, SKUH y MeXax 30HU, B SIKIl BHBYAETHCS HOro MOIIMPEHHS, MOXKHA
BBAJKATU HE PO3O1KHUM.

OCKUJIBKM CBITJIO, SK 1 OyJb-SK€ BHUIPOMIHIOBAHHS, MEPEHOCUTH EHEPrito, TO
MOXHa TOBOPHUTH, IO CBITJIOBUM MPOMIHb YKa3y€e HampsiM [EePEHECEHHs1 EHeprii
CBITJIOBUM ITyYKOM.

3aK0H NPAMOJIIHIHHOTO MOIIMPEHHS CBITJIA.

I Céimno 6 onmuyno 00HOPIOHOM) cepedosuuyi NOWUPIOEMBCS NPAMOLIHIUHO.

OnTUYHO OJHOPIAHUM BBAXKAETHCS TaKe CEPENOBHINE, B SIKOMY CBITJIO MOIIH-
PIOETHCA 31 CTAJIOK0 MIBUAKICTIO. SIKINO € ABa CEPEOBHINA, B SIKUX CBITJIO MOIIMPIOETHCS
3 PI3HUMH IIBUJKOCTSAMH, TO CEpPEIOBHINE, JE CBITJIO TMOUIUPIOETHCA 3 MEHIIOI0
IIBUJKICTIO, HA3WBAaIOTh ONTUYHO OIIBII TYCTHM, a CEpeAOoBHINE, [ CBITJIO
MOIIUPIOETHCS 3 OUTBIIIOIO MIBUIKICTIO, — OMTHYHO MEHII TYCTHM.

7?7 HaBeniTh MpUKIIAAM SIBUIIL, SIKI TATBEPIKYIOTh 1I€H 3aKOH.

Tinb — 0061acTh MPOCTOPY, A0 SIKOi HE MOTpAIUIsie eHepris Big Jkepena cBiTia (a0o
1HaKIIe: 00JIaCTh MPOCTOPY, 3 AKOI HE MOKHA TOOAYUTH JKEPETIO CBITIA).

SK1o Kepeno CBITia NPOTSKHE, TO HA €KpaHl HABKOJIO TiHI YTBOPUTHCS MiBTIHb.

Ilieminb — 0065acTh MPOCTOPY, IO SKOi €HEpris Bij JpKepelsia CBITJIa MOTparuise
4acTKOBO (200 i1HakIie: o0JlacTh MPOCTOPY, 3 SIKOi JIKEPENIOo CBITIa MOXXHA MOOAYUTH
JIUIIIE YaCTKOBO).
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Puc.20 Ymeopenns mini ma
niemiHi

YTBOpEHHSM TiH1 il MIBTIHI MOSCHIOIOTHCS COHAYHI 1 MICAYHI 3AMEeMHEHHS.

?7? T1oSACHITH 11l IBUIIA 3 TOYKH 30py T€OMETPUYHOT ONITUKH.

Hosacnenns: 1lin yac conaunozo 3amemmnenHss TOBHA TiHb Bix Micss majgae Ha
3emutto. 3 11p0T0 Micis 3eMHOi ToBepxHi Conig He BUaHO. Ko Micsib, o0epTarounch
HABKOJIO 3eMJI1, TOTPAIUISE B i TiHb, TO CIIOCTEPITA€ThCA MiCAUHE 3amMeMHEHH .

VY TUX MICISIX TUTAHETH, KyAH BIlajia TiHb, OyJe CIOCTEpIraTUcs MOBHE COHSYHE
3aTeMHEHHs. Y MicCIX MiBTiHI TUIbku yacThuHa CoHug Oyne 3akputa Micsiem, ToOTO
B1JI0YJIE€THCS IOr0 YaCTKOBE 3aTEMHEHHS.

B 3anexnocti Big (GopmMu MoBepxHi, Ha SIKy Iaja€ CBITJIO, BiJIOMBaHHS OyBae:
n3epkanbHuM (puc. a.) Ta audy3aum (puc.0):

Puc 21. Buou 6iobums. a) 0zepranvha, 6) oughysua
3akoH BifOMBaHHA CBiTJIA.

3 BIZOWBAHHSAM CBITJIA MM CTHKAa€MOCSI IIOJHS: JI€Hb Y JI€Hb KOXXHUW 13 Hac
JTUBHUTHCS Ma ceOe B J3epKalio; MU 0a4yMMO Ha CIIOKIMHIM TOBEPXHI BOAW 300paKeHHS
Comnng i Micsus, nepeB 1 xmap. Le npuknaau q3epKkajbHOTO BiIOUTTS CBITIA.

[Tix gac moaiay CBITJIOBOTO MyYKa BUKOHYETHCS 3aKOH
30epeKEeHHS EHEePTii.

Hexait cBiT/IOBUII TpOMIHb Tajac Ha MEXY PO3JALTY
nBox cepenoBunl. JliHis MN — nmepnengukynsp 10 Mexi
noaury aABox cepenosuii. [Ipomiae SO — mamaroumii; IpOMiHb
OS; — BigbOutuii; npomiab OS, — 3anomienuil. Kyrtom
najiHHsg (0l) HA3UBAETHCS KYT MDK MMaJal0uuM ITPOMEHEM 1
NEPICHIUKYIAPOM, OMYIIEHUM Yy TOYKy NamiHHg. KyTtom
BiOMBaHHA () Ha3UBAETHCS KYT MiIXK BIAOUTHUM MPOMEHEM 1
THUM CaMHM HepneHauKyaspoM. Kyrtom 3anomieHHs (Y)
N HA3WBAETHCS  KyT MK  3QJIOMJICHUM  MPOMEHEM 1
nepneHauKkysspoM MN.

3akoH BiAOWMBaHHS CBiTJA, SK 1 3aKOH HIPSMOJIHIMHOIO MOIIMPEHHS CBITJA,
BIIKDUTHIA TABHHOTPEIILKUM YYCHUM EBKIIIIOM.
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[eomeTpryHa ONTHKAa — PO3IiJ ONTHKH, B SKOMY BHUBYAIOTHCS 3aKOHH
MOIIMPEHHS CBITJIOBUX MMPOMEHIB.

3aK0HM reoMeTpUYHOI ONTHKHU — L€ 3aKOHH, SKi BCTAHOBJIIOKTH NPaBHJIA
reOMeTPUYHOI0 PO3MOBCIO’KEHHS CBITJIOBHX NIPOMEHIB B Cepel10BHIIIL.

3akon BiadouTTa I[lamarouuii mpoMiHb €JIEKTPOMArHiTHOI
XBWJI1, BIMOUTUN TPOMIHBb 1 NEPHEHIUKYJAP B TOUYKY MaJiHHS
JexaTh B OJHIA TUIONIMHI, KyT TMaJIHHSA JIOPIBHIOE KYTY
BIIOUTTA. [IpoMiHb €IeKTPOMAarHiTHOI XBUJIl — 1€ HANPaBJICHUH
BIJPI130K B37IOBX SKOTO PO3MOBCIOKYIOTHCS €IEKTPOMArHiTHI

xpui. <X =<y

3akoH 3ajoMJeHHs [lagarounii mpoMiHb, 3aJTOMIICHUIN
MIPOMiHb €JIEKTPOMArHITHOI XBHJII 1 MEPICHAUKYJISIP B TOYIII
MMaJIHHA JIE)KATh B OXHINM IUIOIIHHI.

sina_n,

- = n, >n

sing n 200t

N,,N; — aOCOJIOTHI TIOKAa3HHKH  3aJIOMJICHHS

CEpellOBHUINA, SIKI TMOKa3ylOTh y CKUIBKH pa3iB HIBUIKICTb

XA/ /4 PO3IIOBCIOIKEHHS €IEKTPOMATHITHUX XBHJIb B CEPENOBHMIII
o s 4 3MEHIIYETHCS BIIHOCHO BaKyyMmy.

n _ %lgak'yij Sin (04 n2 Vl 21
e —— - = = = = — )
Vv, sing n V, 4
%/lrepedoeume
doTomeTpis.

1. CgiTJ0 i€ Ha TiIa BHACIOK TOTO, IIT0 BOHO IMMEPEHOCHUTH CHEPTiIO. 3a
Teopicro MakcBeia CBITIOBa €HEprisi — 1€ HepTisl eIEKTPOMArHiTHUX XBWIb. MeTou
BHUMIPIOBAHHS CBITJIOBOT €HEPrii CTAHOBJISATH PO3JLT ONTHKH, IKUM Ha3UBAIOTh

dboTomeTpiero.
Psin BenmuuuH xapakTepu3ye CBITJIO IIOJO €HEPTii, SKy BOHO NMEPEHOCHUTH.
HaiiBaxxnuBima 3 HUX — CBITJIOBMM mNOTIK. [[ns crnpuiiMaHHs CBITJIOBOi €HEprii

0CcoOJIMBE 3HAYEHHS, 3BUYANWHO, Ma€ OKO. TOMy Hac I[IKaBUTh HacaMmrepe]l He MOBHA
EHEPTis, 10 MEPEHOCUTHCS CIIEKTPOMArHiTHUMHU XBUJISIMH, a JIMIIIE Ta i1 YaCTHHA, HA SIKY
pearye Haiiie OKo.

CeitsoBuii mortik. Hailbuipin 4yTauBe OKO 110 3€JI€HUX MPOMEHIB. Tomy
MPAKTUYHO BAXKJIMBO 3HATH HE MPOCTO KUIBKICTH CBITJIOBOI €HEPTii, 110 PEECTPYETHCS
BIJIMMOBIAHUMH BUMIPIOBAJILHUMHM TPHJIAJIaMH, a IHTEHCUBHICTD CBITJIa, SIKA OIIHIOETHCS
Oe3mocepelHb0 HAMM OKOM. J[7isi Takoi OIIHKK CBITJIOBOi €HEPTii 3ampoBaKEHO
0co0MBY (PI3UUHY BEIMUUHY — CBITIIOBUH TOTIK, (TO3HA4YA€ThCsi OykBOtO D).

CBITJIOBHM MOTOKOM HAa3WBAKTh CBITJIOBY €HEPril, fiKa NMPOXOAUTH Yepe3
JAesIKy MOBEPXHIO 32 OJIMHUIII0 YACY i OLIHIOETHCS 32 30pOBUMHM BiI4yTTAMHU.

[HIIMIME clioBaMHM, CBITJIOBUU TMOTIK — 1€ TMOTYXKHICTH CBITJIOBOTO MPOMIHHS, KA
OIIHIOETHCA OE3MOCEPETHHO HAIITUM OKOM.

CBITJIOBUI MOTIK YTBOPIOETHCS JXKEPEJIOM CBITJIA U Jli€ HA MPEIMETH HABKOJIO.
BianoBigHO BBOIUTHCS I JIBI €HEPreTUYHI BEJIIMYMHM: OJHA JIJII XapaKTEPUCTUKHU
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JDKepena CBITJIa — CHJIa CBITJIA JDKepesa, a Apyra JUls XapaKTepUCTHKHU Jii CBITIA Ha
MOBEPXHI TI1 — OCBITJIEHICTh. [IOHATTS CuiIM CBITJAa HAWUIMPOCTIIIE BBECTH MJIsA TakK
3BaHOT'O TOYKOBOTO JKEpEJia CBITIIA.

ToukoBe qKkepesio cBiTJaa. /[epeno CBiTIa MOKHa BBaKAaTH TOYKOBHUM, SIKIIIO
HOro po3Mipu 3HAYHO MEHIII 3a BIJCTaHI, HAa SKUX OIIIHIOEThCSA Jis IbOTO JKepesa.
Kpim Toro, nmpumyckaeTbcs, 110 JHKEPENIO MOCHIIAE CBITIO PIBHOMIPHO B YCIX HaIpsiMax.
Hanpuxknan, BigcTrani A0 31pOK HACTUIBKM OUIBIN 3a iXHI PO3MIpH, IO caMe 3IpKH €
HAWKpaIow MOJAEIUTI0 TOYKOBOTO JDKEpenia, X04 pO3MIpH iX BenuyesHi. Bpoasuum
MOHSTTS TOYKOBOTO JDKEpeNa CBITJIa, MM BUIUIIEMO TIIbKU ICTOTHI s oTOoMeTpii
BJIACTHBOCTI PEANbHUX JDKEpE, a6CTpary10qHCL BIJ AIPYTOPATHUX BJIACTUBOCTEM.
ToukoBe mKxepeno — 1€ Taka cama ifeanizamis K 1 1HI HpI/II/IHSITl y bi3uri Mmoaem, —
MaTepialibHa TOYKa, a0COJIIOTHO TBEPJE TINIO, 11€aNbHUIA Ta3 1 T. 1.

Tinecuuii kyt. l[{06 omucaTy po3moaisn y pi3HUX HampsiMax CBITJIIOBOTO

HOTOKY, L0 HOro BUIIPOMIHIOE JIKEPENO CBITJIA, KOPUCTYIOTHCSA MOHSATTSM TLIECHOTO
KyTa.

Tinecuuii kyr {2 ,Bupi3ye” Ha moBepxHi cdhepn
chepuunuii cermeHT Iwiomiero S. Ilig BenMUMHOIO
TinecHoro xyra () po3yMitoTh BiTHONIEHHS i€l momi
110 KBajpara pajiyca chepu:

Q=—7 (36)
Cuna CBiTJIA.
Cunoro CBiTJIa JKEpelia Ha3MBA€ThCS CBITJIOBUN TMOTIK, YTBOPEHHH JKEpPEIOM B

OJMHMYHOMY TiJleCHOMy KyTi. SIKIIO JpKepeno YTBOpOe B TimecHoMy Kyri — {2
cBiTJIOBM noTik @D, TO cuiia CBiT/Ia JKkepena | 3a 03HaAUEHHSIM JTOPIBHIOE:

= (37)

OCKiNbKM TOBHUH TiecHUU KyT mae 470 cTepajiaHiB, TO CWJIa CBiTJa TOYKOBOTO
IpKepena

@
A (38)

ne @ — MOBHUM CBITJIIOBHM MOTIK, TOOTO MOTY>KHICTh CBITJIOBOTO MPOMIHHS, 1110
NOIIKPIOETHCA BiJI JKEpeJia B yCiX HAMpPsMaXx 1 OLIIHIOETHCS 32 30POBUM BiIUYTTSIM.

Y Miuixnapoauiii cucrtemi oguuuilb Cl 3a OCHOBHY OJMHMINO (HOTOMETPUUHUX
BEeJIMYMH TIPUHHATA OJWHUIL CHIM CBiTia KaHzaema (k). CmpaBa B TOMy, IO
HaWIMPOCTIIIe CTBOPUTH €TAJIOH caMe JJIsl CHJIM CBITJIa. ETallOHOM OJHMHMIII CHIIM CBITJIa
(1 k1) € cremiaJbHUI BUMPOMIHIOBAY. YCl1 IHII CBITJIOBI BETUYHHH, Y TOMY YHCII U
OJIMHHUIISI CBITJIIOBOT'O MTOTOKY, MTOX1/THI.
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OpuHUI CBITJIOBOTO MOTOKY. 3a OAWHUINIO CBITJIOBOTO TIOTOKY MPUHAHATO JTIOMEH
(im); 1 1M — 1€ CBITVIOBHH MOTIK, 1[0 BUIIPOMIHIOETHCS TOUYKOBUM JIXKEPEIOM, CHUJIA
CBITJIa SIKOTO 1 KJI, y TUIECHUHM KYT, 10 IOpiBHIOE 1 Cp.

OcsiTtieHicTh

Jlxepeno cBiTIa Maibke 3aBXKIU OCBITIIIOE TOBEPXHI MPEIMETIB HEPIBHOMIPHO.
Hanpuxman, namma, sika BUCUTH HaJ CTOJIOM, HaWKpalle OCBITIIOE IEeHTp cTojia. Kpai
CTOJIa OCBITJIFOIOTHCS 3HAYHO TipIe. | e He TUTBKU TOMY, IO CHJIa CBITJIa €EeKTPHUIHOT
JamMmny pi3Ha B pi3HUX Hampsmax. HaBiTh Bi TOYKOBOTO JKepena Ha IEHTP CToja
nmpunajae OiIbINa CBITIOBA MOTYXKHICTH (CBITJIOBHI TOTIK), HDK Ha TaKy caMy IUIOIIY Ha
Kparo.

OcgitnenicTio £ HAa3WBAIOTh BIJHOIICHHS CBITIOBOTO MOTOKy D, sikmii mamae Ha
IJIOMY S, 10 BEJTMYHMHM ITi€1 TJTOIII:

E=3 (39)

OnuHULIST OCBITIIEHOCTI — JIFOKC (JIK) — BU3HAYAETHCS K OCBITJICHICTD, MPU K1
Ha 1 M° TOBepXHi PIBHOMIPHO PO3MOMINAEThCA CBiTIOBMI moTik 1 M. Jls
(GOTOMETPUYHUX PO3PAXYHKIB BAXKJIMBO 3HATH, SIK 3aJIKUTh OCBITIEHICTh E Oyab-sikoi
MOBEPXHI Bl i1 pO3MIIIEHHS IIOAO0 NaJaroyuX MPOMEHIB, 01 BiAcTaHi R 1o mkepena
CBITJIA 1 BiJ] CWJIM CBITIIa R mxepena.

O4eBuHO, IO 3@ IHIIUX OJHAKOBHX YMOB OCBITJIEHICTh IPSIMO MPONOpPLIHA
cuil cBiTina kepena. CropaBiai, JBa OJHAKOBHUX JDKepesa, PO3MIIIEHUX TOPA/I,
MOCWJIATUMYTh Y JTaHOMY HampsMi B JiBa pa3u OuIbIle CBITIOBOI €HEpPTii 3a OJMHMIIO
qacy, HDXK OJIHE JDKepelo. AJie 1Ba JKepesia MOKHA 3aMIHUTH OJTHUM, CUJIa CBITJIa SIKOTO
B JIBa pa3u OlLIbIIIA.

3'sicyBaTH 3aJICKHICTH OCBITJICHOCTI OJ] BIACTaHI JO JDKepelda MOXKHa,
MOMICTHUBIIIM YSIBHO TOYKOBE JpKepelio B IleHTp  cdepu. Ilnoma mnoBepxHi chepu

S =47R?, a noeuwii ceiTosuii notik @ =47 . Tomy ocBitieHicTs
©  4d | (40)
S 4sR* R?
OTXe, OCBITJICHICTh MOBEPXHI OOEPHEHO MPOMOpIiiiHA KBaJpaTy BIJACTaH1 Bij
IpKepena.

Jlin3a — npo3ope Tis0, 00MexkeHe 3 ABOX O0KiB chepMYHMMHU NOBEPXHAMMU.

(I

Puc. 20 Jlinza
Tonka iiH3a — 1€ JiH3a, TOBIIMHA SIKOT B 0arato pas3iB MeHIIa BiJ] paJilyCciB
c(hepuYHUX MOBEPXOHbB, IO il 0OMEXYIOTb.
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Puc.21. Cxema 31axo0xcenHs onmuuHo20 yewmpy JiH3u
O1, 02 — TeHTpH cdep;
01, 0 R, Ry — paniycu cdepruHMX TTIOBEPXOHb, IKi 0OMEXKYIOTh JTiH3Y;
0102 __ ronoBHa onrruHa Bich (npsima, sKa MPOXOJUTh Yepe3 LEeHTPU
c(hepUUHUX TTOBEPXOHb, III0 OOMEKYIOTh JIIH3Y);
O — onTuyHMiIt HeHTp TiH3H (TOUKA, Yepe3 IKy IPOMiHb CBIiTIa HPOXOITIH He
3JIOMJTIOETHCA ).
3a hopmoro JT1H3U NOAUISIOTE HA ORYKL 1 yeicHymi.
Onykna JiH3a — JIiH3a, TOBIIHMHA K01 MOcepeArHI OlIbIa, HXK OIS KpaiB.
(ABOOMYyKIIA, MJIOCKO-OIYKJIA, YBITHYTO-OIyKJIa) (puUC. a)
VYBirHyra jgiH3a — JiH3a, TOBIIMHA SKO1 MOCEPEIMHI MEHIIIa, HiXK 0111 KpaiB.
(IBOBBITHYTA, MJIOCKO-BBITHYTA, OMYKJIO-BBIrHYTa) (pHUC. 0)

Puc. a Puc. 6
Puc.22. @opmu ninz: a) onykna; 6) yeienyma
JIiH3HM TaKOX MOAUISIOTH Ha 30UpanbHi Ta PO3CII06ANbHI.
30upanbHa JliH3a — 1€ JIIH3a, KA [IePETBOPIOE MapajebHUI My4OK TPOMEHIB B
301KHUIA.
F — nilicHuii hokyc iiH3M (TOUKa Y SIKii MEPETUHAIOTHCS 3aAJIOMIJICH] IPOMEH1).
Po3ciroBanbpHa jiH3a — 11€ JIiH3a, SKa MePEeTBOPIOE NMapayiebHUN My4OK MPOMEHIB
B PO301KHMIA.
F° — ysaBHMI QoKyc JIIH3M (TOUKA y SIKIi IEPETUHAIOTHCS MPOJAOBKEHHS
3aJIOMJIEHUX ITPOMEHIB).

A

[

|

| :
|
i}

Puc.23. 36upanvna ma poscirosanvha ninza
Koxna miH3a Mae 06a ghoxycu, po3TalioBaHi Ha OJHAKOBIN BiJICTaHI Bij
ONITHYHOTO IIEHTPA JIH3H.
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dokycHa BIACTaHb JIIH3U — II€ BIJICTAaHb BiJl ONTHYHOTO IIEHTpa JIiH3H 10 (hoKyca

(Puc.24).
[F]=1n
A T
E O E E O &
4 A

Puc.24. @oxyc siocmani ninzu
®oxkycHy BiJICTaHb 30MPATBHOI JIH3U JOMOBHINCS BBaxkaTu poxatHoro (F > 0), a
poscitoBasibHOT — Big'emHoro (F < 0). Yum wMeHmmmm € paxgiycn chepudHHX
MOBEPXOHb, 10 OOMEXKYIOTh JIIH3Y, TUM CHJIBHIIIE IIs JIiH3a 3aJOMJIIOE CBITJIO, OTXKE,
TUM MeHIna ii (okycHa BijcTanb.(Puc.25)
i

':
A\
/%\
[T\

"

-.:}".-

RU
= e
T e
T ¢
390

< =0
"
.f\----i
T

Puc.25. @oxyc siocmani 36upanvroi ninzu
OnTryHa cuiia JiH3U — 1€ (Pi3uyHa BEIMYMHA, KA XapaKTePU3ye 3aJI0MITIOI0Y1
BJIACTUBOCTI J]liH3I/I Ta € 00EpHEHOI0 70 ii (OKYCHOI BiJICTaHI.
D=—
F
F — ¢dokycHa BiicTaHb JaiH3H.
OnuHULS ONTUYHOL CUIIA — J10OTPIs:
[D]=1nnTp=1/m=1m—1
1 mionTpist — 1€ ONTUYHA CUJIa JIIH3H, OKYCHA BIACTaHb SIKO1 JOPIBHIOE 1 M.
OnrtryHa cuiia 30upabHoi JiH3M € AogaTHoo (D > 0), a po3citoBaabHOI JTiH3H —
Bia emHoro (D < 0).

Jlekyia No26. XBUJIbOBA ONITHKA

Ilnan:

1. Hocaixg FOnra

2. InTepdepenitist y TOHKIN MJTiBII

3. 'onorpadis

4. Mudpakiis

OCHOBOMOJNIO)KHUKAMU XBUJIBOBOI mpupoau cBiTia Oynu [roiirenc, dpeHelns.
[Ticnst BigkpuTTss MaiikeaTbCOHOM MIBUAKOCTI €JIEKTPOMArHiTHOT XBUJII Ta JOCIIIB 1O
iHTEepdepeHii Ta audpaxuii Oyn0 3po0JieHO BHCHOBOK, IO CBITJIO — 1€
€JIEKTPOMArHITHA XBUJISL TO JJIsl BUKOHYIOTHCSI 3aKOHH B1IOUTTS Ta 3aJIOMJICHHS, SIBUIIA
iHTepdepeHii Ta nudpakiri.
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Intepdepenuis. InrepdepéHuis — HakIagaHHS XBWIb, NPH SKOMY B
Pi3HMX TOYKAX CIOCTEPIraeTbCcs MOCWIeHHN (KOHCTPYKTHBHA iHTepdepenuisn) ado
nocjaadjaeHHsl aMILUNITYAd KOJMBaHb. Pe3ynbTaT HakiIaJaHHA XBUJIb Ha3UBAETHCS
1HTep(EepeHIIIIHOI0 KapTUHOIO.

Oco0suBO BeJIMKE 3HAUYCHHS THTEPPEPEHIIisi Ma€ B ONTHUIll, BOHA JIEXKUTh B OCHOBI
ONTHUYHOI Ta aKyCTUYHOI Trojiorpadii.

Iumepghepenyicto XBUIb HA3UBAETHCS SIBUIIE MiJICWICHHS KOJIMBAaHb B OJHHX
TOYKaX MPOCTOPY Ta OCHAOJCHHS a IHIIUX Yy pe3yibTaTi JAOAaBaHHsS IBOX a0o0 Oiiblie
KOTEPEHTHHX XBUJIb, SIKI HATXOATh Y 111 TOUKH.

KorepeHTHicTh XBUJIb.

[aTepdepeniiist — 3arajqpHa BIACTUBICTh XBWIb Oyab-akoi npupoau. Crilika B yaci
iHTep(epentIriiiHa KapThHa MOXKE CIIOCTEPIraTucs TUIBKH Y pa3i 10AaBaHHS KOTEPEHTHUX
KOJIMBaHb.

Kocepenmni (3B'si3aHi) x6uni — 1€ XBHJII, II0O MAarOTh OJIHAKOBY 4YacTOTy Ta
HE3MIHHU 3CyB (a3 y KOXKHIH TOUIll IPOCTOPY.

Kocepenmni dorcepena — 1ie xepena, Mo MarOTh OJIHAKOBY YAaCTOTY Ta HE3MIHHUHN
3cyB (pa3 y yaci.

He3zasnexHi x Jpkepena cBiTia (KpiM ONTHYHUX KBAHTOBUX FEHEPATOPIB)HE JIAIOTh
KOTepEeHTHUX XBWIb. [IpuunHa mossrae B TOMy, IO aTOMHU JIKEPET BHUIIPOMIHIOIOThH
CBITJIO HE3aJEXHO OJMH BiJ OJHOTO OKPEeMHUMH «OOpuBKamMmu»  (I[yraMu)
CHUHYCOIJaTbHUX XBWIb. | Taki yrd XBWJIb BiJl 000X JKEpEI HAKIAJAIOThCS OJIMH Ha
OIHOTO. Y pe3ynbTaTi aMIUIITyJa KOJUBaHb y OYyIb-AKId TOYLI MPOCTOPY XAOTHYHO
3MIHIOETbCA 3 yacoM. OTxKe, 1l Lyrd HeKorepeHTHi. Hisikoi CTiiikOi KapTUHU 3 MEBHUM
PO3MOALIOM MAaKCUMYMIB 1 MIHIMyMIB OCBITJIEHOCTI HE CIIOCTEPIra€eThCs.

Iumepghepenyitinuti excnepumenm FOnea

InTepdepenmiitnmnii gocniy FOura adbo InrepdepomeTp Ha MOABIMHUX UIUIMHAX -
ONTHUYHUNA mpunaa, 3ampornoHoBanuii B 1802 pomi Tomacom IOurom s
CIIOCTEpEXKEHHsI sBHINA 1HTepdEpeHIli KOTepeHTHUX CBITJIOBUX XBUJIb. Llew
€KCIIEpUMEHT 3irpaB T'OJIOBHY pOJIb B MPUMHSITTI XBHJIBOBOI Teopii cBiTia. Ha aymky
camoro FOHra, 11eit excriepuMeHT OyB HAMBHUIIMM JIOCSATHEHHSM HOTO KHUTTSL.

[e#t mputan ckiIagaeTbes 3 IBOX BY3bKHMX HIUMH S1 Ta S2, siki BUKOHYIOTH POJIb
JIBOX KOTE€pPEHTHHUX Jikepen cBitia. CrnpaBa B TOMy, IO 4Yepe3 HUX MPOHUKAIOTH JBa
KOTepPEHTHI MPOMEHI1 CBITJIa B1JI OCHOBHOTO JiKepesa cBiTia S. BijcTans M IIiIMHAMUA
nopisHioe d. Biccro inTepdepeniiitnoi cxemu FOHra € JiiHis, mpoBeneHa BiJl OCHOBHOTO
JpKepenia CBITJIa Yepe3 CepeMHy BIACTaHl MK IiuinHaMu. basa inrepdepomerpa L - 1e
BIJICTaHb BiJ TUIOIIMHU UIIJIMH O IUIONIMHU 1HTepdepeHiiiiHoro mojs ekpany. Ha
€KpaHi BHHHUKA€ iHTep(depeHIliiiHa KapTUHA Yy BUIVIIAL MapajelbHUX 0 MIUIMHU
€KBIIUCTAHTHUX CBITIUX Ta TEMHUX CMYT. 3a HIMPHUHOI 1HTep(hEpeHUINHOT CMYTU
MO’HA BU3HAYUTHU JOBXKUHY XBHUJI1 CBITJIA.

Hpunuun I'oiirenca.

I'eomeTpuyHe Miclie TOYOK CEpEeAOBHINA, IO KOJUBAIOTHCS B OJHIN a3i,
HAa3UBAETHCS XBUTLOBOIO NOBEPXHEIO.

[lepennss XBWJIbOBAa TOBEPXHS, OXOIUTIOIOYM TOYKH, SKI MIOWHO JICTamd TIO-

YaTKOBUU IMITYJIbC, IEPEMIIIAETHCSA B TipocTopi. Lle pporm xeuni.
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Hanpuknan, ¢poHT xBuil, SKUid 30yIKYETbCS OJMHOYHHUM  BiOpaTOpOM
HEBEJIMKUX PO3MIpiB, Mae GopMy KoJa.

Hanpsm mnommpeHHss XBWII 3aBXIU TMEPICHAUKYISpHUNU 110 i1 ¢ponty. Llei
HampsiM Ha3UBA€TbCS npomeHem. BiH ykazye HampsiM e€Heprii, 10 MEePEHOCUTHCS
XBUJICIO.

lNomnanacekuit (izuk X. ['roHreHc 3HAWIIOB MPOCTHM TE€OMETPUYHHUM CHOCIO
3HAXOKEHHsI (POHTY XBHJII B MOMEHT Hacy t=At,
SIKITIO B1JIOMO MOTO MOJIO’KEHHS B MOMEHT t.

Hpunuun I'oiirenca: xooxcna mouka
GPpoHmy X8UNi Modtce PO32NA0OAMUC SIK OHCEPELO
eémopuHHux xéuns. HoBe MoJ0KEHHS! (PPOHTY XBH-
a1 300pakaeThcsi AK OOBiHA LHMX BTOPUHHUX
XBUJIb.

[IBuakicTy cBiTHA Yy BakyyMi. Meroau
BUMIPIOBaHHS IIBHIKOCTI CBITJIA.

Y ¢i3uill MBUAKICTH CBITIA € OJHIED 3
dbyHnaMeHTaIbHUX KOHCTAHT. JKoJHa KOHCTaHTa
He HaOyja TaKOro BaXKJIMBOIO 3HAYEHHS, SK IIBUJIKICTh CBITJA: SK MapaMeTp BOHA
BXOJIUTh Y YMCIICHHI PIBHSHHS TEOPETHUYHOI (PI3UKH, ii 3HAYEHHS BUKOPUCTOBYETHCS B
pajionokartii, mpyu BUMIpIOBaHHI BiAcTaHed Bia 3eMJli 1O 1HIIUX IUIAHET, I 4ac Kepy-
BaHHS KOCMIYHMMH TOJbOTaMU. BuHpa3uTu MIBUAKICTH CBITJIA Yepe3 1HII cTajl
HEMOKJIMBO, ii MO’KHA TUIBKU BUMIPSATH JOCIITHUM HUIIXOM.

[IIBMAKICTH CBITJA € CKIHYEHHOIO, TPAaHUYHOIO Ta 1HBAPIAaHTHOKO IMIOAO PI3HUX
1HEepIIATBHUX CUCTEM BIJIJIIKY.

InTepdepenuis cBitiia.

Jlnst oxepkaHHS TBOX KOTEPEHTHUX CBITIIOBUX XBHJIb MOXHA BUITPOMIHIOBAHHSI
BIJI OJJHOTO W TOTO CaMOTO aToMa PO3JUIUTH IIJISIXOM o
BiIOMBaHHS a00 3aJIOMJICHHS Ha JIBa MMyYKH. \

Kinbist Hetorona. \

KorepeHTHICTh XBUJIb, BITOMTUX BiJ 30BHINTHBOI \
Ta BHYTPIIIHKOI TOBEPXOHb ILTIBKH, TMOSICHIOETHCS iX \
HAJIEXKHICTIO 70 OJHOTO ¥ TOr0 Camoro CBITJIIOBOTO \
myJKa. \

Axmo mxepena KorepeHTHI Ta cuH@aszHi (TOOTO \
30iraroThes 3a azoro B yaci), TO B TOUKAX CEPEIOBUINA, \
KyId XBWJl HaIXondTh, 30irarounch 3a (¢asoro, \
YTBOPUTHCS MAKCUMYM THTEPPEPEHIIIITHOT KAPTUHH. R \ &

Makcumymu Ta MiHiMyMH iHTep@epeHuil

Ymosa maxcumymy: aMIuiiTyga KoJIMBaHb // \
CepelOBHINA B JIaHIM TOYI[l MaKCUMajbHa, SKIIO I~ el i
PI3HUL XOIy JABOX XBWIb, SIKI 30YIKYIOTh ‘7
KOJIUBAHHSA B 1[Il TOYII, TOPIBHIOE IIJIOMY YUCITY >
noBxuH XBWIb: Ad =KA, ne Ad — pi3HUI XOay
nBox xBwib, ak=0,1, 2, ....




Ymoea minimymy: ammunityga KOJIWBaHb CEPEAOBHINA B JaHIN TOUIl MiHIMaIbHA,
SIKITO PI3HUIL XOAY JABOX XBHJIb, SIKl 30Y/KYIOTh KOJMBAHHS B 11 TOYII, JOPIBHIOE HE-

napHomy 4uciy miBxBmwib: Ad = (2k +1)%

TexHiuHe 3acTOCYyBaHHS IHTep(epeHIrii.

SBuie iHTEpdepeHIlii CBiTIa 3HAXOAUTh PI3HOMaHITHE MPAKTUYHE 3aCTOCYBaHHS.
BuxopucToByouH 11e sBHINE, MOXHA JTy’KE€ TOYHO BU3HAYATH JOBKHUHHU CBITIOBUX
XBUJIb, BAMIPIOBATH IMOKA3HUKH 3aJIOMJICHHS Ta3iB Ta IHIIUX PEYOBUH, 3IHCHIOBATH
TOYHI BUMIPIOBAHHSA JIHIHHUX PO3MipiB, KOHTPOIIOBATH SIKICTh NLTi(yBaHHS i MO~
JipyBaHHS TTOBEPXOHb Ta iH.

JAudpaxuis

Nudpakniss - sBuime, 10 BHHHUKAE IPHU
MOIIMPEHHI XBWIb (HAMPUKIAA, CBITIOBUX 1 3BYKOBUX
xBuiIb). CyTh IBOr0 SIBUIA TOJISITAE B TOMY, IO
XBWJIA 31aTHA 00TMHATH NePeKo/IH.

[le 3yMoBmIO€E Te, WO XBWIBOBUH PyX
CIIOCTEpITa€ThCS B 00JIACTI 3a MEPENIKOA0I, KYyAH
XBUJIA HE MOXKE MOTpanutu npsmo. Judpakimis godpe
HPOSIBJIIETHCS TOJI1, KOJIA PO3MIpP MEPEIIKOAN Ha IUISIXY m—Z‘ m—ﬁ b
XBUJI1 IOPIBHSIHUH 3 i JJOBXUHOIO a00 MEHIIIHIA.

k1o qoBKMHA XBUII O1IbIIA MM JOBKHHA TEPEIIKOINA, TO XBHJIS TMPOXOIUTH il

He3MiHIOOuH cBOT mapamerpu. A > l..

SIKIIO MOBXXMHA XBHII MEHIIA YNM TOBXHHA Tepemkomn A < |.To xBuns orunae
MEPEIIKOTY 1 3a MEePEIIKOA0I0 CTBOPIOPETHCS MPOCTIP B SKOMY HEMOMJIMBO MPUHHSATH
€JIEKTPOMATHITHY XBHIIIO.

ABume nudpakiii CcBITIIAa HAMSIAHO MIATBEPIKYE TEOPIIO KOPITYCKYJISIPHO-
XBUJIBBOT IPUPOJIH CBITIIA.

Ju¢ppakuis ceitaa. Exkcnepument Tomaca FOnra

Posrnsmaroun XBuili Ha TIOBEpXHI BOAM BiJ JIBOX KHHYTHX KaMeEHIB, MO>XHA
MOMITUTH, K, HAKJIAJalOUYUCh OJWH Ha OJHOTO, XBHJII MOXYTh 1HTEephepyBaTH, TOOTO
racuti abo MiJACUIIIOBATH OJHA OJAHY. I pYHTYIOYHCH Ha I[bOMY, aHTJIINACHKUM (i3uK i
nikap Tomac FOnr moctaBus B 1801 pori 1ocniay 3 NpOMEHEM CBITIIA, KU MPOXOAUB
gyepe3 Ba OTBOPH B HETIPO30POMY €KpaHi, YTBOPIOIOYH, TAKUM YHHOM, JBA HE3AICIKHUX
JDKepenia CBITJIa, aHAJOTIYHUX JBOM KHUHYTUM Yy BOJAY KaMmeHsM. Y pe3yJbTaTli BiH
criocTepiraB iHTepPEepeHIIHY KapTUHY, 1110 CKJIAJAE€ThCS 3 TEMHUX 1 OLJTUX CMYT, sIKa HE
Morjia O YTBOPUTHCS, AKOM CBITJIO CKJIalanocs 3 KOpnyckyis. TeMHi cMyrd BiANOBiIaau
30HaM, Jie CBITJIOBI XBHWJII BiJl JBOX IIUIMH TacsiTh OAUH OJHY. CBITII CMYTd BUHUKAIU
TaM, JIe¢ CBITJIOBI XBWJII MIJCHIIOBAIUCA. TakuM YWHOM, OyJI0 JOBEACHO XBHJIBOBY
MIPUPOTY CBITIIA.

JNudpakuisi — 11¢ SBUIIE OTUHAHHS CBITJIOM MEX HEMPO30pUX TIT: KpPaiB OTBOPIB,
BY3bKUX IIUIMH ¥ €KpaHiB, TOOTO MOPYIICHHS TMPSIMOJIHIHHOCTI CBITIA.

[Ipomyckatoum TOHKMW TMYyYOK CBITIAa Kpi3h MAaJEHBKHA OTBIp, MOXHA
CIIOCTEpIraTd TOPYIICHHS 3aKOHY MPSMOJIHIMHOTO TomupeHHs cBithna. Jlocmiau
T.FOnra, pocmipkenHss O.Openens, npuHuun X.[roiireHca [anu  MOSICHEHHS
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MPSIMOJIIHIHHOMY TOIIMPEHHIO CBITJIA B OJHOPITHOMY CEPEIOBHILI Ha OCHOBI XBHJIbOBOI
Teopii.

BignoBigno no inei dpeHens XBWIbOBA MOBEPXHS B OYIb-SIKUM MOMEHT 4acy
siBJIsi€ COOOK0 HE TIPOCTO OOBITHY BTOPUHHUX XBUJIb, @ PE3YJIbTaT iXHBOI IHTEp(EpeHITii.

Hudpakitis cBiTia BU3HAYa€ MeEXI1 3aCTOCOBHOCTI TE€OMETPUYHOI OITHKH.
BusiBnisieTbes1, 3aK0H MPSIMOJTIHIHHOTO TOIIMPEHHS CBITJIA W 1HIII 3aKOHU T€OMETPUYHOT
ONTHUKU BUKOHYIOTHCS JOCUTh TOYHO JIMIIE B TOMY BHUIAJKY, KOJIU PO3MIPU MEPEUIKO
Ha [UISXY MONTUPEHHS CBITIA Habarato OLIBIN 3a TOBKUHY CBITIOBOT XBWiIl. OTHHAHHS
CBITJIOM TIEPEIIKO OOMEKY€E DPO3AUTIOBAIBHY 3JaTHICTh HAWBAXJIHMBIIINX ONTHYHUX
1HCTPYMEHTIB — TEJIECKOIa i MIKpOCKOTA.

Judpaxuiiina peuriTka.

JudpakuiiiHa pemiTka — CKJISHAa TOHKA IJJACTUHKA, HA SIKy HAHECEHO Ia-
payienbHI IITPUXH 3 IPOMIKKaMH Mk HUMH. [lluprHa miguHT i ITpUXa NO3HAYAETHCS
d i Ha3UBAETHCS CTAJIOK pelriTKH (a00 MepiooM penriTkm).

JudpakiiiiHa penritka CIy>KATh I PO3KJIQJaHHS CBITJIa B CHEKTp 1 BU-
MIDIOBaHHS JOBXKHMHM XBWIl. SKio Ha audpakiiiiHy pemnTky Mnaaae IIIocKa
MOHOXPOMATUYHA XBWJISI JIOBXUHOIO A, TO BIJMOBIAHO N0 NpuHIUIY [loiirenca —
OpeHens KOXKHY TOUYKY (GPOHTY XBUJII MOXKHA MPUNHATH 3a JHKEPESIO BTOPUHHUX XBUIIb,
SK1 TIOIIUPIOIOTHCS B yC1 OOKH.

Hexait BTOpuHHI XBWIi, IO WAYTh M1JI KYTOM O,
B pe3yabpTaTi 1HTepdepeHiii miacuioTbes. TolTo
ISl HUX BUKOHY€EThCS yMoBa Makcumymy: Ad =KA, ne
Ad — pisHuIs xoay aBox xBuib, a K =0, 1, 2, ... —
IOPAIOK CIIEKTpY. 3 TPUKYTHHKA ABC:
AB=Ad =d-sinp. Takum uuHOM, piBHSIHHS
audpakuinHol peliTKH MaTHUMe BUTJISI;
d-sinp=kA.

3BiJICH BUIUIMBAE, 110 MOJOKEHHS MAaKCUMYMIB
CBITJIa 3aJICKUTH HE B1J YKCJIA IIIJIAH, a TIIBKH BiJ JOBXUHU XBHIl. YnM MeHIIa
JIOBKMHA XBUJII BUITPOMIHIOBAHHSI, THUM MEHIIIOMY 3HAUY€HHIO KyTa BIAMOBIA€
MOJIOKEHHSI MAaKCUMyMY. TakuM 4WHOM, BUAMME ONITUYHE BUTTPOMIHIOBAHHS
PO3TATYETHCA B CIIEKTP TaK, 110 BHYTPIIIHIM KpPaeM HOTO € (p10JIETOBE ONTHYHE
BUIIPOMIHIOBaHHS, @ 30BHILIHIM — YEPBOHE.

Jucnepcis.
Jucnepcisi cBiT/Ia — e MpoLec PO3KJIAJTAHHA
cBiTIa OUWIOr0 KOJIBOPY Ha CHEKTPH NpPH

NMPOXO/’KEHHi Yepe3 CKJSIHY PU3My.

\ Jucrepcist cBITIa — 3aJIGKHICTh TOKa3HUKA
3amomiieHHsT  (a00  MICNEKTPpUYHOT  TMPOHUKHOCTI)
CepeoBHIIA BiJl YACTOTH XBUJI1 CBITJIA.

sina _n, V, A4

smpg n V, A,
[3 3akoHa 3aJOMJICHHS BHUJHO, YMM OlblIa JOBXKHHA XBWJII TUM OUIbIIE KYT
3aomiIeHHs. Tak sIK KOKE€H KOJIip Ma€ CBOKO JOBXKHHY XBUJIl, TO TPH MPOXOKEHHI
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yepe3 MpU3MYy BiH 3aJOMIIIOETHCS M1J CBOIM KyTOM, IO 1 MPHUBOAUTH IO CTBOPEHHS
CHIEKTpY.

Monayasb 7. KBaHTOBI BJ1aCTHBOCTI CBITJIA.
Jekuyia Ne27. DoToeeKTPUIHNH e(eKT

Ilnan:

1. [IpenmeT, MeTOIM 1 3aBJIaHHSI KBAaHTOBO1 (D13UKHU

2. 3akonu otoedexry. Jocmimkenusa CtoneToBa

3. KBanTtoBa Teopist poToedekTy

4.dDoTOETEMEHTH Ta 1X 3aCTOCYBaHHS

KBanToBa onTuka

KBanToBa omnTWka po3Tisgae ONTHYHI SBHINA, B SKUX BUBYAETHCS KBAHTOBA
npupoza cBitia. OCHOBHI 1/1e1 KBaHTOBOI Teopii Oyiu po3pobieni B mepioa 3 1900 mo
1930 pp. 3rigHo 3 rinote3oto M. Ilnanka, eHepris BUIIPOMIHIOETHCSI HE Oe3MepepBHO, a
JTUCKPETHO, TOOTO MIEBHUMH MOPIisIMA KBaHTaMH ((poToHaMM).

KBaHTOBa mpupoja CBiT/ia BU3HAYAE, IO CBITIO — II€ MOTIK (OTOHIB (KBAHTIB)
KOXeH (POTOH Ma€ Macy, IMITYJIbC 1 AJUCKPETHY €HEPTito TIJIbKU MPH MIBUAKOCTI CBITIIA.

I'imore3a Ilnanka.

B 1900 pomi M. IlmaHk BHUCYHYB TEOpitO PO KBAaHTOBUU XapakTep
BUIIPOMIHIOBAHOI €HEpPTii: €Hepris BUIPOMIHIOBAHHS CKJIAJA€ThCS 3 OKPEMUX MaJMX 1
HEMOJUIbHUX YaCTHH — KBaHTIB. EHepris Takoro kBaHTa BU3HAdasacid BeJUunHOIO E =
h+v , ne h — crana ITnanka.

3a cydyacHUMU JaHUMH h =6,626-10'34 Jk-c .

[noteza Ilnanka oTpuMmana NOAANBIINA PO3BUTOK B pobOorax ElHInTelHa.
EnexTpoMarHiTHa XBWJIS HE TIIbKM BHUIIPOMIHIOETBCS, ajieé 1 TOLIMPIOETHCA 1
MOTJIMHAETHCS Y BUTJIAJII MOTOKY KBaHTIB. KBaHT CBITIIOBOI eHeprii Ha3UBa€eThCS (POTOH.

[Ticns BiakputTs [lnaHka moyana po3BUBaTHCA HOBa, HaiiCyyacHIla Ta riMdoka
¢13uuHa Teopis — KBaHTOBa Teopis. Po3BUTOK i1 He 3akiHUMBCA W gotenep. Eneprito
KBaHTa MOKHA BUPA3UTH B JKOYJISIX a00 B €JIEKTPOH-BOJIbTaX:

1eB=1,6-10"° ik

Eneprist porona piBusauns Ilinanka

C
Eneprist ¢porona no [TnaHky JOpiBHIOE: Eqb =hv V= Z

i (S N — nocriitaa IInanka,
V —uactora cBitia, ¢ =3-10° M/cek. — mBUIKiCTH CBIiTIA.
Maca, immyJabc poTona.
@®OoTOH— KBaHT CJICKTPOMArHITHOTO TIOJIS, €JIEMEHTapHA YaCTHHKA, IO € HOCIEM
€JICKTPOMAarHiTHOI B3a€MOIIi.
Enepris porona no Exmreiiny

2 2 =
Ed) =m,c. hy = m,c Maca ¢orona: m, =—7%

Imnynbe hoToHA BU3HAUYAIOTH 32 (HOPMYIIO0

104



hv hv _hv
p, =M,c= C—2‘C = Py =7 ivmymse dotona

dDortoedekT

Bigkputts siBuima GotoedekTy Majio BEJIMKE 3HAYEHHS JJIs1 OUTBIIIOT0 PO3YMIHHS
NPUPOIU CBITNIA. AJie IIHHICTh HAYKH IOJIATA€ HE TUTBKH B TOMY, IIIO BOHA 3'SCOBYE
CKJIaJHy 1 OararorpaHHy Oy/IOBY HABKOJIMITHHOTO CEPEAOBHINA, & i B TOMY, III0 HayKa
Ja€ HaAM B pyKd 3acoOu, 3a JOMOMOTOI0 SKMX MOYKHA YIOCKOHAJIWTH BUPOOHHMIITBO,
TOJITIIITYBAaTH YMOBH MaTePiabHOTO 1 KYJIbTYPHOTO KHTT.

®otoedexT. 3akonu poroedexry.
®dotoedext Oy Bimkputuit 1887 poky I'. I'epuem, a

HOTIM JOCIIKEHUH €KCIIEPUMEHTAIbHE POCIHCHKAM yd4eHuM | /| /. o ®

A.T. CroneToBuM. L L
®ortoedekT —  SABUILEC BUPUBAHHSI EJEKTPOHIB 13 _\‘r:'_. _‘i,\

TBEP/IMX i PIIKNX PEYOBHH M/l JIi€I0 CBITIIa. ® o ® _o._
Po3p13HAI0TE: e

1) 3oBHimHINA QoToedheKT — BUPUBAHHS EJIEKTPOHIB 3
PEYOBHHH ITiJ1 JIIE€FO0 CBITIIA.

2) BuytpimHiii $oToedekT — Mepepo3noaia €IEKTPOHIB 3a EHEPreTHUHUMHU
PIBHSIMU i1 JII€I0 CBITJIA(€JIEKTPOMArHeTHOTO BUTIPOMIHIOBAHHS).

3akonn ¢oroedexkry Oyiu EKCIEPUMEHTAIBLHO BCTAaHOBIEHI Ipodecopom
MockoBcbkoro yHiBepcutery A. I'. CtoneroBum:

* cuna (GOTOCTPYMY HACHUYEHHS MPSMO NPOIOpILiiiHA 1HTEHCUBHOCTI CBITJIA, IO
MajJa€e Ha KaToI;

* MaKCUMaJbHa MOYATKOBAa MIBHJKICTh (DOTOEJNEKTPOHIB HE 3aJIEKUTh BiJ 1H-
TEHCHBHOCTI ITaJal0vyoro CBITJa, a BU3HAYAETHCS TUILKH HOTO YaCTOTOIO;

* Il KOKHOT PEYOBMHHU ICHY€ MiHIMaJIbHa 4acTOTa CBITJa, Ha3UBaHA YEPBOHOIO
Mexero poroedekTy, HUKYE 3a Ky POoToe(HEKT HEMOKITUBU.
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Puc. 30: Cxema excnepumenmanvHoi ycmanosKku 011 usuenHs pomoeghekmy .

B ekcrnepuMeHTI BHKOPHCTOBYBABCS CKJISHUM BakyyMHUH OajJoH 3 JBOMa
METAJIEBUMHU EJICKTPOJIaMHU, TIOBEPXHs SIKUX Oyja peTeNbHO ouuiieHa. J[o emekTpoiiB
NpUKIIaganack Aeska Hanpyra U, MOJSPHICTH SKOiI MOKHA OYJIO MIiHSTH 3a JIOIIOMOTOIO
noagiitHoro kitova.(puc. 30) Onun 3 enektpoxaiB (karoa K) depes3 kBapioBe BIKOHIIE
OCBITJIFOBABCS MOHOXPOMATUYHUM CBITJIOM 3 JIOBKHMHOIO XBWJII A, U TP HE3MIHHOMY
CBITJIOBOMY IOTOIll JOCIIKYBaJIach 3aJIKHICTh CUIU (GoTtocTpyMmy | Bij mpukiiaaeHoi
Hanpyru (puc. 31).

L0 o

Puc. 31: 3anescnicmo cunu pomocmpymy 6io npukiaoenoi nanpyeu. Kpuea 2
gionosioae Oinbwiill iHmeHcugHocmi ceimuogoco nomoky. l,; u l,, — cmpymu nacuuenns,
U, — sanuparoua nanpyaa.

PiBusinus EifHIITElHA.
3akoH 30epeKeHHsT €HEPrii AJIs poliecy B3aeMo il (HOTOHA 3 €JIEKTPOHOM ITiJ1 Yac
doToedexTy onucyeThes piBHAHHAM ElHIITEHHA:
2
hv=A_+ %

ne A— poGoTa BUXO/y €TEKTPOHA 3 PEYOBHHH,

2
meVe
2 — KIHCTHYHA CHCPI'LA CIICKTPOHA

MiHnimanbHa eHepris GoToHa, siKa JOCTATHs Jisl oepxKaHHS (HOTOECPEKT,
JIOPIBHIOE:

A, . =hv

Pisnanus EtHwmetina MOJCHA PO327A0AMU SIK SUPANCEHHSL 3AKOHY 30epediceHH s

eHepeii 015 0OUHUYUHO20 AKMY 83AEMOOIL (homoHa 3 enekmpoHoM.
E,=Uj3e, ne e — 3apsij eIeKTpoHa.

min

Yepeona ecpanuys omoegexmy — MiHIMAIBHA dYacToTa ab0 MaKCHMallbHA
JOBXKHHA I1aJIaf0901 XBHIII, 3a SKOT BCE IIe CIIOCTepiraeThes poroedexr:

hvmin = Agux s Vmin = Agurd N.

A60: he/Amax = Agux: Amax=hc/A 4«

3oeuiwniti pomoeghexm — BUTTYCKAHHS €JICKTPOHIB 13 TTOBEPXHI METaTy MiJ] JTI€0
ceitna. [lpwmamu, B OCHOBI MpUHIMITY [ii SIKAX JEXKUTHh sBUIlE (HOToedEKTy,
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Ha3WBaIOTHC (oToemeMeHTamMu. Y (OTOEIEMEHTaX EHEPris CBITJIa KEPYy€E EHEPri€io
€JIEKTPUYHOI0 CTPYMY ab0 MEPETBOPIOETHCS HA HE.

DOTOCHHTE3 TA IOT0 POJIb B C.-T.

®DOoTOCHHTE3 — MPOLEC CUHTE3Y OPraHIYHUX CIOJYK 3 BYIJIEKHUCIOrO Ta3y Ta
BOJY 3 BHKOPHUCTAHHSM €HEprii CBITIa M 3a ydacTi0 (POTOCMHTETHYHHUX IITMEHTIB:
(xsmopodin y pociuH, xyiopodia, 6akTepioxsiopodia i 0aKTepiopoONCUH y OakTepiit),
4acTO 3 BHUJIJICHHSM KHUCHIO SIK MOOIYHOTO mpoAykTy. lle Ham3BuyailHO cKIilagHui
MPOLIEC, 110 BKJIIOYAE JAOBTY IMOCHITOBHICTh KOOPIMHOBAHUX O10XIMIYHMX peakiiil. Bin
BiJIOYBA€ThCS Y BHUILUX POCIMHAX, BOJAOPOCTAX, OaraTboX OakTepisix, ACSIKUX apxesx 1
HaWIIPOCTIMIUX — OpraHi3Max, BiIOMUX pa3oM sk (ororpodu. Cam mporiec Bimirpae
BAYXJIMBY POJIb Y KPYrooOiry BYIJICLIO Y PUPO/II.

B xomi cBiTinoBoi cranmli (OTOCHHTE3y YTBOPIOIOTHCS BUCOKOCHEPTETUYHI
MPOIYKTH: aaeHo3uHTpUudocdar, mo cirykuTh B KIITHHI JpKepenoM eHeprii, 1 HAJIOH,
1110 BUKOPUCTOBY€ETHCS SIK BIIHOBHUK. SIK MOOIUHUHN POAYKT BUIUISIETHCS KUCEHb.

Xnopodis1 BUKOHYE /1Bl GYHKIIIT: MOTJIMHAHHS 1 Iepeiady €HEeprii.

@DOTOCUHTE3 € OCHOBHHM JDKEpENIOM O10JIOT14HOI eHeprii, (HOTOCHUHTE3yI0Ul
aBTOTPO(U BUKOPUCTOBYIOTH ii ISl YTBOPEHHSI OPTraHIYHUX PEUOBHH 3 HEOPTraHIYHHUX,
reTepoTpodu iICHYIOTh 32 PaXyHOK €HEprii XIMIYHUX 3B'A3KIB, 3al1aC€HOT aBTOTpOdaMu,
BUBUIBHSIOUM 11 B IIpoLiecax aepoOHOro Ta aHaepoOHOro quxaHHsa. EHepria, oTpuMyBaHa
JIOJICTBOM TIPHU CIATIOBaHHI BHUKOIMHOIO ManuBa (Byruuis, HadTa, MPUPOJHUMA Tra3,
Topd), TAKOXK € 3aMaCEHOIO B Mpo1eci POTOCUHTESY.

®doTocHHTE3 € TOJIOBHUM METOAOM 3alTy4YeHHs HEOPTaHiYHOTO BYIJICHIO B
OlosoriuHui LMKI. Bech kuceHb atMocdepu O10T€HHOrO MOXOMKEHHS 1 € MOOIYHUM
MPOJIYKTOM (poTocuHTE3y. POPMYBaHHS OKMCHIOBAJIBHOI aTMOC(EpPHU MOBHICTIO 3MIHUIIO
CTaH 3eMHOI MOBEPXHI, 3pOOUIIO MOKJIMBOIO MOSBY JUXaHHS, @ HaJall, Mic/isl YTBOPEHHS
030HOBOTO IIAPY, T03BOJHIIO KUTTIO BUHTH Ha CYIITy.

Jlekyia Ne28. 30BHIIIHINA Ta BHYTPilIHIA (oTOEePeKT.

Inan

1. 3oBHimHINi poToedekT

2. Baytpimmiit dotoedext

3. ®oToranbpBaHIYHUIN edeKT

4. ®oToedeKT B ra3oIoAi0HOMY cepeaOBHIIII

1)3oBHimHii GoToedekT — BUpUBAHHS €ISKTPOHIB 3 PEUOBHHHU II1]1 JII€IO CBITA;

2) BHYTpilHiil ¢QoToedeKkT, mnpu SKOMY BiTOYBA€TbCA JHINE 30iTbIICHHS
KIJIBKOCT1 BUIBHHX €JIEKTPOHIB BCEPEIMHI PSUOBHUHH, aJic BOHU HE BUXOAAThH Ha30BHI;

3) ¢pororanbBaniuHuii edeKT, IPH SIKOMY HA TPAHUII MOy HAIIBIIPOBITHHUKA 1
MeTairy abo Ha TpaHMIll MOALTY JBOX HAIMIBIPOBIIHUKIB Mij] BILIMBOM OMPOMIHIOBaHHS
BUHMKAE JIEKTPOPYIIiitHa cuja (3a BiICYTHOCTI 30BHIIIHBOTO €JIEKTPUYHOTO OIS );

4) poToedeKT B ra3omomioHOMy cepeaoBHINi, SKHi ToJsrae y (oroioHizarii
OKpPEMHUX MOJICKYJI 200 aTOMIB.

3oBHilIHIN poToedekT criocTepiraeTbes y TBEPAUX Tilax, a TAKOXK y Ta3ax.

doroedexT BiakpuB y 1887 p. I'. I'epir, a nepmni GpyHmaMeHTaIbH1 JOCTIKEHHS
dotoedexty BukoHani . Y 1898 p. Jleonapa 1 ToMcoH MeTOOM BIIXUJICHHS 3apsiB y

107



4

€JIEKTPUYHOMY 1 MAarHiTHOMY MOJSX BH3HAUYMIM TUTOMUN 3aps] ™ YacTHUHOK, IO
BUPUBAIOTHCS CBITJIOM 3 KaTO/1a, IOBIBIIH, IO 1[I YACTHHKH € eJIEKTPOHAMH.

JlocimijTaMy BCTaHOBJICHO TakKi OCHOBHI 3aKOHHU 30BHIIIHLOTO (poTOE(eKTY:

I. ITpu dikcomaniii yacToTi ¥ magar04oro CBiTIa KUTHKICTh (DOTOEIEKTPOHIB, IO
BHPHBAIOTHCSA 3 KaTOa 3a OJUHHUIIIO Yacy, MPOIOPIiiHE 10 IHTEHCHUBHOCTI CBIT/IA (CHja
doTocTpyMy HacHYEeHHs NPOMOpIiiiHA 10 eHepreTH4Hoi ocBiTieHocTi E katoma)
(puc. 32).

1. MakcumanbHa MOYATKOBA MNIBUAKICTH “mm (hOTOEIEKTPOHIB BU3HAYAETHCS

JIUIIE YacTOTOK V¥ CBITJIA 1 HE 3aJIEKUTh BiJ WOro 1HTEHCHBHOCTI. Bennunnpa Ve
3pOCTae i3 301IBIICHHSM 9acTOTH V.
III. Jlns xoxHOI pEYOBMHHU ICHYE ,depBoHa Mexa’ QoroedekTy, ToOTO

MaKCHMasbHa JOBKUHA XBHJII Amax | IpH sIKil criocTepiraeTbes Gporoedekr.

I‘F‘ - -
| oo > g

ia-\. e s s o = e =

=

"ir IH

i

— Uy { rr

Puc.32. I'pagix cunu pomocmpymy Hacuuenus nponopyiina 00 enepeemuyHoi
oceimnenocmi E xamooa

Bennunta “mm sanexuts Big XiMiuHOI OPUPOAN TiIa 1 CTaHy HOTO MOBEpPXHI.
A. Eitnmreitn B 1905 p. mokazas, mo sBuimie (oroedekty 1 HOoro 3akKOHOMIPHOCTI
MOXKYTh OYTH MOSCHEHI Ha OCHOBI 3aIIPOIIOHOBAHOI HUM KBaHTOBO1 T€Opii (hOTOCHEKTY.

3rigHo 3 EHHIITEHHOM, CBITJIO YacTOTON ¥ HE NHINE BUIPOMIHIOETHCS, alie i
MOIIUPIOETHCS B MPOCTOP1 1 MOTJIMHAETHCS PEUOBHHOIO OKPEMHUMH TOPIISIMH, €HEPTis
sakux £=8v  ne A crama Ilmanka. TlommpeHHst cBiTia Tpeba po3IsIaTH HE SIK
HEMEepEepBHUI XBUIJILOBUN MPOLEC, a SK MOTIK JOKAII30BaHUX y MPOCTOP1 JTUCKPETHUX
CBITJIOBUX KBAHTIB, II0 PYXalOThCS 31 MIBUAKICTIO MOIIMPEHHS CBITMIa y Bakyymi. L1
KBAaHTH OTPUMAJIM Ha3BYy (POTOHIB.

3a EiHmTeiHOM KOXHUM (DOTOH MOTJIMHAETHCS JIUIIE OJJHUM €JIEKTPOHOM. Tomy
KUIBKICTh BUpPBaHUX (POTOENEKTPOHIB MOBMHHA OYTHM TNPOMOpLIHA 10 KUIBKOCTI
NOraMHYTUX (OTOHIB, TOOTO mMpomnopuiiHa A0 1HTeHcMBHOCTI cBiTHa (I 3akoH
dotoedekty). besinepiiiiHicTh (GoTOCPEKTY MOACHIOETHCS THUM, IO Tepeaada eHeprii
MIpH 31TKHEHH1 ()OTOHA 3 €NIEKTPOHOM Bi0YBA€THCS Mai’ke MUTTEBO.

Enepris magarogoro ¢oToHa BUTPAYAETHCS HA BUKOHAHHS €IIEKTPOHOM POOOTH
BUXOMYy A 3 MeTajdy 1 Ha HaJaHHS EJIEKTPOHY MAacoro ™  sSKWil BUJICTIB 3 MeTamy,

MUy
KiHeTHuHO1 eneprii £
3a 3aKOHOM 30€pEeKEeHHsI eHepril
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hAv=A+ !bi“

Ile piBusinHs EifHIITeliHA 1151 30BHIIHLOTO (pOoTOCEKTY.

PiBusanns ElnmreitHa nae 3mory mnoscHutd Il 1 III 3akonm dotoedekry.
MakcuManibHa KiHETHYHA eHepris (POTOoeNeKTpoHa JIHIMHO 3pocTae 13 30UIbIICHHSIM
YaCTOTH TaJIal0u0ro BUIIPOMIHIOBAHHS 1 HE 3aJICXKUTh BiJ] HOTO IHTEHCUBHOCTI, OCKIJIBKH
H1 poOoTa BUx0ay A, HI yacToTa ¥ BiJ IHTEHCHBHOCTI CBiTJa He 3anexath (Il 3akon).
OCKUTbKM 13 3MEHIIEHHSM YacTOTH CBITJIAa KIHETHMYHA €Hepris (OTOCTIEKTPOHIB
3MEHIIYETHECA, TO IMpU JAeAKii JocuTh Majii wacrori ¥ ~¥mm kinernuna eHepris
doToenekTpoHiB Oy/Ie AJOPIBHIOBATH HYNIO. TOMYy e€HEeprii KBaHTa BUCTAYa€ TUTBKH, 1100
BHUPBATH €JEKTPOH 3 MeTairy. OTxe,

[
Ann

Bennunta “mm sanexurs nuume Bix poOOTH BHUXOMy €JIEKTpOHA, TOOTO BIJ
XIMIYHOT MPUPOJIA PEUOBHUHH 1 CTaHY 11 TOBEPXHI.

Ao  cTBOpUTH  TOJiE€  BCEpeauHl  BakKyyMHOro  (OTOeNeMEHTa,  fKe
3aTpUMyBaTHME PyX €JIEKTPOHIB, TOOTO Ha KaToja mojatu ,,+°, a Ha aHod,— , TO

;!'Il"-'l=j! =d

dboTocTpyM Oyjie 3MEHIIYBATUCh 1 MPU HAMPY3i Ue CTPYM JOPIBHIOBaTUME HYJIIO (JIMB.
puc. 3.1). Llg Hanpyra Ha3UBA€THCS 3aTPUMYIOUOI0 Hampyroro. Toi

el, = %

a piBHsHHSA EffHIITeHA 17151 30BHIMIHBOTO (DOTOEHEKTY MAaTUME BUTIIS]
hv=A+ell,

Ocranne piBHHHHH MOKHa 3aIllMCaTHu TaKOXX TaKUM YHHOM

Uu=f_v—£
e e

Iz dopmyna omwmcye rpadiuno Hampsmy UO =f(¥), sxa mae kyT Haxmiy & 10
oci ¥, mpuyomytgo = h/e, a Touka mneperuny 1ii€i mnpsmoi 3 Biccro U0 nae
3HadyeHHs A/e (puc. 33).

BusHavarouu i IBOX PI3HHUX YacTOT Ta MaJar0uoro BUIMPOMIHIOBAHHS 3HAYCHHS

Hanpyr UO1 ta UO 2, MoxxHa oTprMaTti GopmyIty Uit BusHaueHHs ctayoi [Tnanka h:
B & Uo1-Um)

bi-w)

0

Puc. 3.2
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Puc. 33. I'pagiunuii onuc nanpsmy U0 =f(¥),

OcK1JIbKM 1HTEHCUBHICTh CBITJIa TPSAMO MPONOpIIiiiHA KiIbKOCTI (hOTOHIB, TO
30UIBIIICHHS! IHTEHCUBHOCTI MaJar0yoro CBITJIa NPUBOAUTH 10 3O0LIBIICHHS YHCIIA
dboToeNneKTpoHIB, TOOTO a0 30uUTbIIeHHS (otocTpymy Id. ko npumycTuTH, 10
JDKEpENo CBiTIIa TOYKOBE, TO MOXKHA BBaXKaTH, 110 OCBITJICHICTh E kKaTo/ma 3MiHIOETHCS
00EepHEHO MPOMOPIIIHO KBaJIpaTy BiJCTaHI B JKepena cBiTaa J0 ¢oroeneMenTa. Tak
K ocBiTJIIeHICTh E mpormnopiriiina 1HTEHCUBHOCTI CBITIIA, TO BEJIMYMHA
doroctpymy I Oyzae nponopiiiitHa MOTOKY BUTPOMIHIOBAHHS.

Moayas 8. bynoBa aroma.

Jekuia Ne29 Bynosa atoma
Inan:
1. BiakpuTTsi, sIKi JOBOJSATH CKIIAHICTh Oy/I0BH aTOMY.
2. Monens atroma Pesepdopaa.
3. Iloctrynatu bopa.
4. Bynosa snpa aToma.

Mopaeab atoma TomcoHna.

Ho 1902 poky Oyno 3a1HCHEHO AOCTaTHHO EKCIEPUMEHTIB, SKI MEPEKOHIUBO
JIOBEJIM 1ICHYBAaHHSI €JICKTPOHIB.

Puc. 34. Mooenv amoma [[oxc. Tomcomna.

Hxo3ed [xon ToMcoH mnoka3aB Ha OCHOBI KJIaCHYHOI
€JIEKTPOMArHITHOI TEOpii, L0 PO3MIPU EJIEKTPOHA MaloTh OyTH
mopsiaky 10° M. Kpim Toro, 6yno Bizomo, Imo pos3mipu atoma
cranoBiiTh Kimpka arrcrtpem (1 A=10"0 m). Ha miit mincrai Tomcon B 1903 powi
3aMpONOHYBAaB CBOIO MOJIENIb aTOMa, BIJAMOBIMHO JO SKOi aTOMHU SIBJISIIOTH COOOO
OJIHOP1/IHI KYJI1 3 MO3UTUBHO 3apsKEHOI PEUOBUHHU, Y SIKIM MICTATHCS €IEKTPOHH (UB.
puc.). CymapHuii 3apsii €JIEKTPOHIB JOPIBHIOE MO3UTUBHOMY 3apsiy aToma. ToMy aTom
y IUJIOMY €JIEKTPUYHO HEHTpaTbHUN.

[{s momenb micTalia Ha3BYy «IYIAUHT», OCKUIBKH €JIEKTPOHU Oy BKparuieHi B
MO3UTUBHO 3apsi/KEHE CEPEIOBUIIEC, HEMOB 13I0M Y MY/IUHT.

Mopens ToMcoHa 37aBanacs MpUBAaOIUBOIO 3 Ti€l TOYKHU 30py, IO Nependadana
HasBHICTh €JIEKTPOHIB B aTroMi. OJTHaK BOHA MpoicHyBasa TIIbKH 10 1911 poky.

Hocaigu Pe3epdopnaa.

Y 1911 poui Epuct Pesepdhopn 3anpornoHyBaB CBOiM CHIBPOOITHUKAM
eKCIIepUMEHTAaJIbHE MEePEBIPUTH MIEPEKOHINBICTh MOJeNi aroma TomcoHa. [nes mocmimy
Oyna mnpocra. Skmo Moaens aroma ToMcoHa — BIAMOBIZA€  JIIMCHOCTI, TO
EKCIIEPUMEHTATOPH, TIPOITYCKAOYH KPIi3h Iy’KE€ TOHKY METAJIEBY IUTIBKY BY3bKHUM MTy4OK
MIBUKUX 0-YaCTUHOK, HE TIOBUHHI BUSIBUTH
CKUIbKU-HEOYZIb TOMITHOTO  BIIXUJICHHS
IIUX YaCTUHOK.

Puc. 35 Cxema odocnioy Pezepgopoa
1O PO3CISAHHIO O-4ACMUHOK.
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K — cBHUHIIEBHIA KOHTEIHED 3 Pali0aKTUBHOIO PEUOBHUHOIO

D — eKpaH, NOKPUTUNA CIPYUCTUM [ITHKOM

® — 3o1s10Ta (hospra

M — MiKpOCKoOTI.

Pesepdopn BcTaHOBUB, MI0 KOXHA 0-9aCTUHKA, MOTPAIUIAIOYM Ha €KpaH 13
CIPYMCTOTO IMHKY, BUKJIMKA€E CMallaX CBITJIA. 3a3HABIIN PO3CIIOBAHHS B 30J0TIH (Pob3i,
O-4YaCTHHKH BJAPSUIMCS MOTIM B €KPaH 1 PEECTPyBaJIHCS 3a JOIMOMOT0I0 MIKpPOCKOTIA.

OuikyBanocsi, U0 My4YOK (.-YACTHHOK I1J] Yac MPOXOKEHHS KPi3b TOHKY (OJIBIrY
3JIeTKa PO3CIIOEThCSA Ha HeBeNWKki KyTu. lle mificHO cmocTtepiramocs. Ajie HECIOIiBaHO
3'sicyBaliocs, 0 MpUOIM3HO oHA o-yacTtuHKa 3 20 000, siki maialoTh Ha 30J10Ty (HOIBTyY
3aBTOBIIKU YChOro e 410 > cM, OBEPTAEThCS Ha3a y GiK HKepela.

PezepdopaoBi 3Hamo0uocs Kibka pokiB, 00 OCTATOYHO 3PO3YMITH TaKe
HECITO/[IBaHE PO3CIFOBAaHHS 0.-YaCTMHOK Ha BeJIMKi KyTd. BiH A1HIII0B BUCHOBKY, 1110
MO3UTUBHUM 3apsi/i aTOMa 30CEPEHPKEHUN Y Iy Ke MajioMy 00'eMi B LIEHTP1 aToMa, a He
PO3MO/IUICHUI TT0 BChOMY aTOMYy, K y Mojieni ToMcoHa.

Aapo
o i o K / Puc. 36 .Po3scianuus o-uacmunox 6
+‘ .

. &~ amomi Tomcona (@) i 6 amomi
T Pezepghopoa (b).

(2 (b

Snepua moaean aroma Pesepgopaa:

1)  aromu Oyab-IKOTO €JIeMEHTa Ma€ MO3UTHUBHO 3apsKe Spo;

2) 70 CKJIaay sipa BXOASATH MO3UTHBHO 3apsKEHI €JIEeMEHTapHI YaCTUHKH —
IPOTOHU 1 HENUTPaNbHI HEUTPOHH,

3)  HaBKOJIO si/ipa PyXarThCs HEraTUBHO 3aps/KEHI SJICKTPOHH.

Jlocnio E. Pesepghopoa zanowamkysas OCHO8U CYYACHUX YAGIEHb NPO 0OV008Y
amoma

[IIo6 mosicauTu oxepxaHi pe3ynabtatu, E. Pesepdopa mpunyctus, mo atoMm mae
CkJagHy OyaoBy, cxoxxy Ha COHSIUHY CHUCTEMY: BCEpPEAMHI HOTO MICTUTHCS TTO3UTHUBHO
3apsKEHE AP0, HABKOJIO SIKOTO 00EPTAOTHCS €JICKTPOHH

Puc.36. Aoepna mooenv amoma
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Moro po3paxyHKHU JOBENH, 10 B sAPi 30CepeKeHa IPAKTHYHO BCS Maca aToma,
ajie oro po3Mipu Habarato MeHI 3a caMm aToM. BumiproBaHHs MMoKa3aid, 110 JIHIHHI
po3mipu aToma craHoBIATH puOmu3no 1070 M, a paxiyc Horo sapa ZOPIBHIOE GIM3BKO
10 M. 3po3ymino, MmO CcXeMaTHYHi 300paKCHHS ATOMIB TYT i B IHIIMX KHHrax
MOa0ThCs 0€3 JOTpUMaHHS MacIITa01B.

OTxe, Ha MiJACTaBl OJAEpKAaHUX eKcnepuMeHTalbHuX naHux E. Pesepdopn
3aMpoONoOHYBaB siAepHY (IJIaHETapHYy) MOJENIb aToMa, sKa Yy3rojuKyBajlacs 3
pe3ynbTaTaMu JOCHTIAIB 1 MOsSCHIOBajga OaraTo IHIIUX SIBHUIN, TMOB'S3aHUX 3 OYyIOBOIO
aToma.

Bucnosox: Ilnanerapna mMojenb atoma, 3amnponoHoBaHa Peszepdopmaom, crana
BOXJIMBUM KPOKOM B PO3BHTKY 3HaHb Mpo OymoBy aroma. [Ipore, BoHa BUsABHIACS
HE3JITaTHOIO MOSICHUTU caM (paKT TPUBAJIOrO ICHYBaHHA aToMa, TOOTO HOro CTIMKICTh. 3a
3aKOHAMHU KJIACHYHOI EJEKTPOJWHAMIKH, PYXOMHH 3 TPHCKOPEHHSM 3apsi] MOBUHEH
BHIIPOMIHIOBATH CIICKTPOMArHITHI XBHII. 3a KopoTkmil uac (Gmmssko 107° ¢) Bei
€JICKTpOHU B atoMi Pezepdopia mMOBHHHI PO3TPATUTH BCIO CBOIO €HEPTiiO 1 BMACTH HA
sapo. Te, 1m0 11boro He BIIOYBAETHCSA B CTIMKUX aTOMa, IOKa3ye, 10 BHYTPIIIHI IIPOIIECH
B aTOMI1 HE MIAKOPSIOTHCS KIIACHYHUM 3aKOHaM.

B pesynbrari mociigkeHb OyJIo BCTaHOBJICHO, IO SAPO aToMa AyKe cTalbilibHA
yacTMHKa . He3Baxkaroum Ha Te 1O O CKIAMy sapa BXOASATh MO3UTUBHI MPOTOHU 1
HEUTpaJIbHI HEUTPOHU 3PYWHYBATH SIAPO MOKIUBO TIIBKUA 3a JIOMIOMOTOIO SIIEPHHX
peakiiii.

Bci xiMiuHI e1eMEeHTH MaroTh i30TONMH. [30TOIMM JaHOro XIMIYHOIO €JI€eMEHTA
BIJIPI3HAIOTBCS KUTBKICTIO MpoToHiB. Hampukian, i3otonu [Miaporeny: 2H — oeumepiil,
*H — mpumiii. 130TONM MarOTh OJTHAKOBI XIMIYHI BIIACTHUBOCTI, ajie¢ MOXKYTh BiJIPI3HATHCS
(G13MYHUMH BJIIACTUBOCTSAMH, a CaMe€ Pal0aKTUBHICTIO.

3a J0MOMOTOI0 SIACPHUX PEaKIliii MOXKHA JICTaTH PaJlIOaKTUBHI 130TOMHU BCIX
XIMIYHUX €JIEMEHTIB, K1 3yCTPI4atOThCS B MPUPO/II TIJILKUA B CTIMKOMY CTaH.

Macose i1 3apsiioBe 4mcJia.

B sikocTi oauHUIII Macu B aTOMHIN 1 siiepHii (i3ulll BUKOPUCTOBYETHCS aTOMHA
OJIMHUIIA MacH (a.0.M.).

AToMHa ojauHuUIlsl Macu AopiBHIoEe 1/12 mMacu atroma KapOoHy aTOMHOIO Macoro
12,

1 a.0.m. = 1,66057-10 kr.

[{ite yucno, HaOMMXKYE O ATOMHOI MHCHU, BHUPAXKEHOI B a.0.M., HA3UBAETHCS
MaCOBHM YHCJIOM 1 O3HAYAETHCS OYKBOIO A.

Uucino mpoTOHIB y SApl HA3WBAETHCS 3apSsIOBHM YUCIOM (3apsiioM sjpa) i
MO3HAYA€THCS OYKBOIO Z.

JI71s1 KOKHOTO XIMIYHOTO €JIEMEHTA 3apsil siipa JOPIBHIOE TTOPSIIKOBOMY HOMEPY B
tabauii [1. I. Menneneena.

B 3araibHOMY BHIJIS/II XIMIYHHNA €JIEMEHT MMO3HAYAETHCS Tak: 4 X .

Yucnio HEUTpoHIB y sApi no3HayaoTh OykBoro N. N=A - Z,

Koxunuit ximiuauii enemeHnt B Tabmuui . . MenneneeBa enekTpoHeUTpanibHUIMA
TOMY IO KUTbKICTh IPOTOHIB B sIIp1 TOPIBHIOE KIJIBKOCTI €JIEKTPOHIB Ha OpOiTax aroma .
st K1IbKICTB BiAMOBIAE TOPsIAKOBOMY HOMepy B Tabsuii J. I. MeHneneena.
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3MIHUTH E€JEKTPOHHY OO0OJIOHKY aToMa MOXJIMBO TEIJIOBOIO, CBITJIOBOIO,
XIMIYHOIO Ta MEXaHIYHOIO EHEPTisSIMH.

AToM, skuil yTpatuB (un HaOyB) oJMH a00 KUJIbKA EJIEKTPOHIB, IEPETBOPIOETHCS
Ha MMO3UTHUBHUM (200 HEraTUBHUM) HOH.

[To3uTUBHO 3apsiKeHe TUIO — KUIBKICTh €JIEKTPOHIB B TiJIl MEHIIIA, YUM KiJIbKICTh
IIPOTOHIB B sAJIpax aTOMIB 13 IKMX CKJIAJA€THCS T1JIO

HeratuBHo 3apsimkeHe TUIO — KUIBKICTh €JIEKTPOHIB B TiJI1 O1IbIIIA, YMM KUIBKICTh
MIPOTOHIB B sIipax aTOMIB 13 SIKUX CKJIQIA€ThCS T1IIO

Jekuia Ne30. AToMU ejieMeHTIB MePioaMYHOI CHCTEMH - 2 10/

Inan:

1. XapakTepucTrKa eIeKTPOHY 3 TOUKH 30py KBAHTOBOI MEXaHIKH.

2. bynoBa aToMiB €IeMEHTIB EPIOANYHOI CUCTEMHU.

3. BasieHTHICTB 3 TOUKHU 30py Oy/I0BU aToMa.

BynoBa BoaHenogiOHNX aTOMIB.

[Mparmun BuxmrodeHas: [laym (a6o mpuHImn 3abopoHu Ilaymi)— KBaHTOBO-
MEXaHIYHUI TPUHIIUI, 3T1JHO 3 SIKUM y 0araTo4acTUHKOBIN CHCTEMI HEB3a€EMOIIOUUX
dbepmioHIB, KOJHI [JBI YaCTKM HE MOXYTh OIUCYBaTUCS OJHOYACTUHKOBUMHU
XBUJILOBUMU (DYHKIIISIMU 13 OJTHAKOBUM HA0OPOM YCiX KBAHTOBUX UHCET.

[Tpuniun OyB cdopmynboBanuii Bonbdranrom I[laymi B 1925 poui. Bin €
HACJIIJIKOM TPUHIIMIY HEPO3PI3HIOBAHOCTI YacTOK (@00 MPUHLUIY TOTOXKHOCTI
YaCTHHOK).

DepMIOHH XapaKTEpU3YIOThCS THUM, IO iXHI XBUJIbOBI (PYHKIIi aHTHCUMETPUYHI
[0/I0 TIEPECTAaHOBKU 1EHTUYHUX 4acTUHOK. [1[00 3a0e3nmeunTy aHTUCUMETPUUHICTD,
XBUJIBOBY (PYHKI[IFO cucTeMH OaraThbox (DepMiIOHIB 3a3BHuYail OyJIyrOTh 3a JIONOMOTOIO
nerepminanTa Creiitepa, BHUKOPUCTOBYIOYM TEBHUM HaOlp OJHOYACTUHKOBHX
XBUJIBOBUX (PyHKIN. [3 1mMX OJHOYACTMHKOBUX (YHKIIA HE MOXKe OyTH JBOX
OJIHAKOBHMX, 00 3T1JTHO 3 BJIACTUBOCTAMH BHU3HAYHUKA MPHU JABOX OJHAKOBUX PSAKAX UM
CTOBITYMKAX BU3HAYHUK JIOPIBHIOE HYIIIO.

[Ipu noOymoBi craHy 0araTo4acTUHKOBOI KBAaHTOBOMEXAHIYHOI CHUCTEMHU 13
OJIHOEJICKTPOHHUX CTaHIB JIBa €JIEKTPOHU HE MOXYTh 3HAXOJIUTHUCS B OJJHAKOBOMY CTaHI.
31e01IbII0T0 CIiHOBA MMiJICHCTEMa He3aeKHa BiJl KOOPAUHATHOI, TOX, BPAaXOBYIOUH JIBI
MO>KJIMB1 TIPOEKIIIi CIiHA, OAMH OpOITATBHUI CTaH MOXKYTh 3aiMaTH JIBa €JIIEKTPOHU 13
MPOTUIICKHUMU cliHaMu. EnexTpoHH1 KoH(irypaiii atomMiB 1 MOJEKysl OyIyrOThCs 3
BpaxyBaHHSIM 11bOTO (akTopa. Hampukian, ais atroma JiTito, SIKU Ma€e TpU €JIEKTPOHH,
eNeKTpoHHa KoHoirypamis 1s22sl, TOOTO ABa €NEKTPOHU (3 pI3HUMHU CHIHAMHU)
3aiiMaroTh BHYTpIIIHIO 1s-0pOiTanb, a TpeTid eneKTpoH mnepeOyBae Ha 30BHIIIHIA 2S-
opOiTaui.

3aranom, aTOMU MOXXYTh MaTu 2 €JIEKTPOHHU Ha S-0pOIiTajsix, 6 €JIeKTPOHIB HA p-
opOitansx, 10 emekrpoHiB Ha d-opOiTaisiX, TOIIO, UMM TOSCHIOETHCS CTPYKTypa
MIEePIOANIHOI CUCTEMHU CIIEMEHTIB.

[Tpunmun Ilaymi ¢opmanbHO O3HAaYae HESBHY B3a€EMOJII0 Y HEB3aEMOIIOUIN
CHCTEMI, OCKIJIBbKM 3HAIOUYM CTAaH OJHIEI YaCTHMHKM, TOYHO BIZOMO, II[O HIfAKa I1HIIA
YacTUHKa He mepedyBae y I[boMYy CTaHl (OCOOJMBO SICKPaBO 1€ MPOSIBISIETHCA, SKILO
BCHOTO 2 YaCTUHKH Y CUCTEMI, SIK JIBa €JIEKTPOHU Ha 1s-opOitaii).
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PosrnsineMo 1Ba €JIEKTPOHHU, MPOCTOPOBI KOOPAMHATU SKUX 301ratoThesi, TOAI
SIKITO CIIHOB1 KOOPJMHATH TE&X 301ratoThCsl (CIIHM CIIBHAMPIMIIEH1), TO €JICKTPOHU HE
MOXYTh TiepeOyBaTH B OJHIA TOYIl, ajieé SIKIIO CIIHU HampsMJCHI y MPOTUIICKHI
CTOPOHH, TO EJICKTPOHHU MOXKYTh 3HAXOJUTHCS B OJHIM TOUIII TPOCTOPY.

3.1lepionuuna cucrema MeHe1eeBa.

[Tepioariuna CUCTEMA
CIIEMAHTIB (pOC. 9 :'.:;uw-u’;.‘.-w'; Ll lEbrm I Vi AT YU M g
MEePUOTNYECKAS CHCTEMA

3JIEMEHTOB, aHri. periodic law,
periodic system, periodic table;
miMm.  Periodensystem  (der
Elemente), periodisches System
(der Elemente)) —
KJTacudiKaIis XIMIYHHUX
€JIEMEHTIB, po3pobJiieHa Ha
OCHOBI MEPIOUIHOTO 3aKOHY.

CydachHe popmytoBaHHS
MEepIOIMYHOTO 3aKOHY 3BYYHUTH
TaK: BIJIACTUBOCTI EJIEMEHTIB
nepedyBalOTh 'y TEpIoJUYHIN
3QJIEKHOCT] B 3apsiy IXHIX aTOMHUX sjaep. 3apsa sapa Z JOpPIBHIOE aTOMHOMY
(mopsIIKOBOMY) HOMEPY €JIEeMEHTa B cucTeMi. EieMeHTH, po3TaiioBaHi 3a 3poCTaHHsIM Z
(H, He, Be...) yrBoprotots 7 mepioniB. Ilepiom — CyKymHICTh €JEMEHTIB, IO
MMOYMHAETHCS JIY)KHUM METaJIOM Ta 3aKIHYYe€TbCs OJaropoJHUM ra3oM (0COOIMBUI
BUMAJ0K — MEPIIUN Mepio, U0 CKIAJAAEThCS 3 ABOX ra3onoAioHux eneMmeHTiB — H Ta
He). V 2-y 1 3-y nmepiogax — mo 8 enemeHTiB, y 4-y 1 5-y — mo 18, y 6-y 32.
BepTtukanbHi CTOBMIII — TPyNU €JIEMEHTIB 3 MOJIOHUMHU XIMIYHUMHU BIIACTUBOCTSIMU.
Bcepenuni rpyn BIIaCTMBOCTI €IEMEHTIB TaKOXK 3MIHIOIOTHCS 3aKOHOMIpHO (Hamp., y
ny>kHux MetaniB Bix Li 1o Fr 3poctae xiMiuHa akTuBHICTD). Enementu Z = 58-71 ta Z =
90-103, 0cobnMBO CX0Xi 3a BIACTUBOCTSIMH, YTBOPIOIOTH JIBa CIMEMCTBA — JIAHTAHOI 1B
Ta akTUHOIAIB. IlepiogWYHICTh BIACTHUBOCTEH €JIEMEHTIB 3YMOBJICHA IEPIOUYHUM
MMOBTOPEHHSIM KOH(ITYpaIlli 30BHINIHIX €JIEKTPOHHUX 000JIOHOK aTOMIB.

IHorMHaHHA Ta BUNIPOMIHIOBAHHS KBAHTIB.

Buxonsum 3 mocrtynatiB bopa, MoXHa TOSCHHTH TIpOIleC TIOTJIMHAHHS 1
BUIPOMIHIOBaHHSI €HEPrii aroMaMu. SKIIO aTOM MOTJIMHAE €HEPril0, TO MPU UbOMY BiH
TIepexouTh y 30y/KeHHil cTaH. Moro eneKTpoH MosKe MiIHIMATHCS Ha BHILY OpOiTYy.
k1110 ICHYIOTh BaKaHCIi1 Jis €JIeKTpoHa OJIMKYe 0 sapa, TO 3 YaCOM €JIEKTPOH 3aiimae
iX, mepexojsyu Ha OUIbII HU3bKUN E€HEepreTUYHHM piBeHb. EHepris, sika mpu IboMy
BUBUIBHSETHCS, BUTTPOMIHIOETHCS ATOMOM Y BUIJISI/II KBAHTA CBITIA.

SKIo CBITIO0 BUIIPOMIHIOIOTH PO3PIHKEHI Ta3u, TO aTOMHU Ta3y 3HAXOISTHCS TaK
JaJIeKO OJMH BiJ OJJHOTO, 110 HE YMHSTH HISIKOTO BILIUBY Ha BUIIPOMIHIOBAHHS CYCITHIX
aTOMIB, 1 y CIEKTpl TAaKOro Jpkepena OyayTh CIOCTepiraTHCh JuIe IeBHi JiHil. Llei
CHEKTP HA3UBAIOTh JIHIHYACTUM CHEKTPOM.

SAxio CBITJIO BUIPOMIHIOIOTH TBEPAl TN, PIAWHU YU JYXKE€ CHIBHO CTHUCHEHI
ra3y, TO Ha BUIPOMIHIOBAHHSA KOXXHOTO 3 aTOMIB CYTT€BO BIUIMBAIOTH CYCIJIHI aTOMH.
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YHaCHiI0K [HOTO MOXHA CIOCTEPIraTH PO3MUBAHHSA JIIHIN B CIIEKTP1 BUITPOMIHIOBAHHS 1
TUIAaBHUH Mepexi BiJl OJHOTO KOJIbOPY A0 1HIIOT0. Tak BUTTISAAA€ CYILUIbHUMN CIIEKT.

CnekT posirpiToi xmapu
BOAHIO

Puc.37.Cyyinonuu uensio cnekmpy pizHux peyosu

1917 poky EliHinTeiin nependadynB MOKIMBICTh 1HIYKOBAaHOTO BUIIPOMIHIOBAHHS,
CyThb AKOTO Taka. SIkOM 3HAaYHy YaCTUHY aTOMIB PEYOBMHHM MOXHa OyJIO MEPEBECTH B
30yPKeHHUM CTaH, a TOTIM SIKUMOCh YHHOM OJHOYACHO MOBEPHYTH B MOYATKOBU CTaH,
TO MOKHA OTPUMATHU MOTY>KHUU CIajax CBITJIA.

KBanToBi reneparopm.

KBanTOBUII TeHepaTOop - 3arajibHa Ha3Ba JDKEpEN  EJIEKTPOMArHiTHOTO
BUIPOMIHIOBaHHS, 110 MPAaLIOOTh HA OCHOBI BUMYIIEHOTO BUIIPOMIHIOBAHHS aTOMIB 1
MOJIEKYJI. 3aJIEKHO Bl TOTO, XBUJII SIKOI IOB)KMHU BUIIPOMIHIOE KBAHTOBUM T'€HEPATOD,
BiH MOK€ HA3MBATHUCA IO PI3HOMY: Jla3ep, Masep, pasep, razep.

Brniepiiie Ha MOKIIMBICTh CTBOPEHHSI KBAHTOBOTO T€HEpAaTOpa BKa3aB PaAsSHCHKHMA
¢13ux B. A. ®abpuxant B kiHil 40-x poki. Ilepmmii Mazep Ha MOJEKyJax amiaKy
(po3uMH amiaky y BOJI - HAIATUPHUN criupT) OyB 3podiienuit B 1954 porii ofHOYACHO 1
He3zanexHo y Dizuynomy iHctuTyTi Akanemii Hayk CPCP H. I'. bacoBum 1 A. M.
[IpoxopoBum 1 B Komymbiiicekkomy yHiBepcuteti Y. TayHcom 31 cmiBpoOiTHHKamu. B
1964 pori 3a 1110 podoTy iM Oyna npucykeHa HobemiBcbka pemis.

KBanToBuit reneparop, TeHepaTop EJNEKTPOMATHITHUX XBUJb, B SKOMY
BUKOPHUCTOBYETHCS SIBUILC BUMYIIICHOTO BUIIPOMIHIOBaHHS (MB. KBaHTOBA €NEKTpOHIKA
). Ho. p. pamiomianazony HaaBucokux yactor (CBY), Tak camo Sk 1 KBaHTOBHM
MiJICHIIIOBAaY I[LOTO JIiana3oHy, 4acTo Ha3uBarOTh Maszepom . llepmmit Jlo. p. OyB
ctBopeHuil B mianazoni CBY(nanBucoki wacrtotu) B 1955 omnouacno B CPCP (H. P.
bacis 1 A. M. IIpoxopos ) 1 B CIIIA (Y. TayHc ). B akocTi akTUBHOTO cepeJOBUIIA B HIM
BUKOPHCTOBYBABCS ITy4OK MOJIEKYJ amiaky. ToMy BiH OTpUMaB Ha3BY MOJEKYISIPHOTO
renepatopa . Hamani Oy moOynmoBanuit Jlo. p. CBU(HagBUCOKI 4acTOTH) HA MY4YKYy
aToMiB BOJHIO. BaxxnuBa ocoOnuBicTh 1ux J[o. p. — BHCOKa CTaOUIBHICTh YacCTOTH
reHepaiii, nocsraroua 10 —13 , depe3 MO0 BOHU BHUKOPUCTOBYIOTHCS SIK KBAHTOBI
CTaHAApTU YaCTOTH .

Jlo. p. ONTUYHOTO Jiarma3oHy — Jja3epu . (onTuyH1 KBaHTOBI reHepatopu, OKI)
s'seunucst B 1960. Jlazepu mpalforoTh B IIMPOKOMY Jiama3oHi JIOBXKWH XBHJIb BIJ
ynbTpadionieToBoi A0 CyOMUTIMETpOBOi oOjacTeid CHEeKTpy, B IMIyJIbCHOMY 1
Oe3nepepBHOMY pexuMax. [CHyIOTh Jla3epy Ha KpucCTajaxX 1 CTEKJax, Ta30Bi, PIAMHHI 1
HaIiBOPOBiMHUKOBI. Ha BigMiHy Bim 1H. JDKEpeN CBITJIA, Ja3epyd BHUIPOMIHIOIOTH
BHCOKOKOTE€PEHTHI MOHOXPOMATHYHI CBITJIOB1 XBUJI, BCSI €HEPTIs IKUX KOHIICHTPYETHCS
B Jy’K€ BY3bKOMY TIJIECHOMY BYTLJLIIL.

CnekTp TBepaoro Tina kpisb
XOnoAHy XMapy BOAHSA

ChekTp T8EpAOIO Tina -

Jexuyia No31. EqeMeHTH KAaHTOBOI MeXaHiKH - 2 ToJ.

llnan:
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1. KopnyckynsipHo-xBuiiboBuil ayanizm. ['inoresa Jlyi ne bpoiins.

2. XBuiboBa PyHKIIIS Ta 11 CTATUCTUYHUM 3MICT.

3. PiBusans Llpeninrepa.

4. Pipasuus llpeniarepa ns aroma BojH0. KBaHTOBI yuncIa.

XBuii ge bpoits.

XBuii 1e bpoins - o0CHOBHUI KOMITOHEHT KOPIYCKYJISIPHO- XBUJIBOBOTO JIyalli3My
JIyi ne bpoiins, korpuii B cepeauni 20-x pokiB 20- 1o CTOMTTS cipoOyBaB MO0y 1yBaTH
aNbTepHATHBHY aKCIOMaTUYHY KBAaHTOBY T€OPIIO BIIMIHHY BiJ KOHIICTIIIi, IO 0a3yeThCs
Ha piBHsHHI Illpeninrepa. OcHOBHAa nymka jae bpoiins mossrae y po3mOBCIOKEHHI
OCHOBHUX 3aKOHIB KBaHTOBOI Teopli cBiTia (BipHimie BumpoMiHioBaHHS [lmanka -
EitHmireiina) Ha pyx MaTepiaJibHUX YAaCTHHOK MEBHOI MacH. 3 pyXOM BCSKOI BUIBHOI
JaCTHHKH, sika Ma€ eHepriro E ta immynasc P, e Bpoiias 3B's13y€ MI0CKY XBHIIIO

Y(r,t) = C - etk

1ie - pajiyc- BEKTOp YaCTUHKH, 1110 BUIBHO pyXaeThes, t- yac. YacTora 1€l xBuii
® Ta 11 XBHWILOBHIA BeKTOp K 3B'f3aHi 3 €HEpri€ro Ta IMIyJbCOM YACTHHKH TaKUMH XK
PIBHSIHHSIMH, 1110 CIIPaBEJIMBI 1 JJIs1 KBAaHTIB CBITJIa, TOOTO:

E=hw,p=~Fhk

Ile 1 € ocHoBHI piBHsAHHS A¢ bpoiing. Ha BigMiHy Bijx Teopii KBaHTIB CBiTiIa, 1€
WA B1Jl XBUJILOBOI KOHIIEMINT O KOPIMYCKYJISAPHOI, TYT BCE MPOTIKAJIO HABMAKU - BiJl
KOPITYCKYJIIPHOI - 10 XBHJIbOBOi. TOOTO TYT MU JOTIOBHIOEMO KOPITYCKYJISIPHY TEOPil0
eJIeMEHTaMH XBWJIBOBOI, IIUISIXOM BBEJICHHS YaCTOTH () Ta IOBKUHU XBHUIT

Bigomo, 1110 He3BaXkar0uM Ha YUCEIbHI €KCIIEPUMEHTATbHI TIATBEPKEHHS M1IX1]
ne bpoitns, sik akcioMaTUYHOT Teopii 3a3HaB ICTOPUYHOI Mopa3ku... CrnpaBa B TOMY, IO
ONKMC MAaTeplaJbHUX YacTOK y BUINIAAl Tpyn XBWIb A¢ bpoilis Mae Taky- coO1
HEMIPUEMHY BJIACTHBICTH PO3ILIMBAHHS 3 YacoM (Haramye A0 MESKOI Miph pO3MHBAHHS
MPSAMOKYTHOTO IMITYJIbCa B JJOBI'MX JIIHISIX €JIEKTPOTEXHIKU Ta €JIEKTPOHIKHU), MO30yTUCS
SKOTO HIKOMY HE BJAJIOCS JI0 CUX Mip. 3BHYaWHO reHii ae bpoitnsg moxke i BupimmB Ou
110 Mpo0OsIeMy, NMPOTE B CBil Yac BiH MpU€EIHABCS A0 T.3. KoneHrareHchbKoi KOHBEHIIIT 1
MOBEPHYBCS 10 cebe e Ha nmovarky 50-x poki. [IpoTe moi3n mimos..., 1 mpobiaema
JUIIIIIACS HEPO3B'sI3HOIO. | BCEX TaKu MOTEHIIIT JIMITUIIKCS, 1 € HAJ(isl HA BIIPOKEHHS. .

ChniBBigHOIIEHHS HEBU3HAYEHOCTI.

Ha mouatky 1927 poky NmpakTHYHO OJHOYACHO BIAOYJIMCS 1B BaXKIIMBI TOIi.
I'eiizen-Oepr 3moragaBcsi, 10 MOHATTA "XBWis" M "dacTHMHKA" CTOCOBHO KBAHTOBUX
00'eKTIB MO>KHA 3aCTOCOBYBATH CTPOTO TUIBKU MOPI3HO ¥ BUPA3UB 1€ 3/10Ta]] KIIBKICHO
y BUTJISAJII CITIBBITHOIICHHS HEBU3HAUYECHOCTEH. bop 3ampomnonyBaB 3araibHUN TPHHIIHI
JIOIATKOBOCTI, OKPEMHM BHIMAJAKOM SIKOTO OyJIO CIiBBIIHOIICHHS HEBU3HAUYCHOCTEH
I'eiizendepra.

AHa3yl0ud MOJIMBOCTI BHUMIPIOBAHHS KOOPAMHATH ¥ IMIYJIbCY KBaHTOBOIO
o0'exTa (Hampukiaj, eaekTpoHa), ['eli3eHOepr CTBEpKYBaB: HEMOKJIMBO OJIHOYACHO 1
70 TOTO » TOYHO BUMIPSTH KOOpAMHATYy M immyibc. bepyun no yearum ¢opmyny ae

_h__h
m-V p

bpoins
1Ie 0O3HAaYa€: HE MOYKHA OJHOYACHO M y TOM K€ 4ac TOYHO BU3HAYMTH MOJOKCHHS
X aTOMHOTO 00'eKkTa i JOBXUHY Horo xBuil X. OTxe, 0JHOYaCHE BUKOPUCTAHHS MMOHSTh
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"gactuHKka" 1 "xBunA" € oomMexxeHnM. UucenpbHO Take OOMEXEHHS BUPAKa€ HEPIBHICTh
— CIIIBBIIHOIIEHHS HEBU3HAYEHOCTEN:

Ax-Ap=h

OpHOYacHO BU3HAYUTH 1 KOOPJAUHATY, 1 IMITYJIbC YACTUHKM HE MOXHA TOYHIIIIE,
HIK 1€ JONYyCKae CHIBBIAHOIIEHHS HEBU3HAueHOCTeH. YuM TOYHIIIE 3aJlaHo
KOOPJIMHATY, TOOTO YUM MEHIIEAx , THM MEHIII TOYHO MO>KHA 3aJaTH IMITYJIbC, TOMY 1110
BenrurHa AP oOepHEHO mporopiliiHa Ax. | HaBmaku, YUM TOYHIIIE 3aJaHO 1MITYJIBC
YaCTUHKHU, TUM TipIlie BU3HAYCHO 11 KOOPUHATY.

OOMeKEHHSI, SIKI BCTAHOBJIIOE CITIBBIJIHOIICHHS HEBH3HAYCHOCTCH, € HE3MIHHUM
3aKOHOM TIPUPOM 1 HISIK HE MOB'sI3aHI 3 HEOCKOHAICTIO HAmMMX npuiafiB. [locumanus
Ha BCEMOTYTHICTh HaYKH TYT € HEIOPCUYHHMH, CHJIA HAYKW IOJIATa€ HE B TOMY, II00
MOpYyIIyBaTH 3aKOHU TMPHUPOAM, a B TOMYy, MO0 BIAKPUTH iX, 3pO3yMITH W
BUKOPHCTOBYBATH.

XBWiIboBa QyHKILis.

bopn Makc iHTepnpeTyBaB XBWIbOBY (DYHKIIIO, SIK aMIUTITYqy WMOBiIpHOCTI. B
i 1IHTEepIpeTallii KBaipaT MOIYJIsl XBHIIbOBOI (DYHKIIIT BIJIMOBIA€ TYCTUHI KMOBIPHOCTI
MOJIO)KEHHSI YAaCTUHKU. TakuM YMHOM, IMOBIPHICTH TOTO, IO YacTHMHKa mepeOyBae B
obmnacTti mpoctopy W B MOMEHT 4acy t BU3HAYAEThCS SIK

P(W) = / |y (x, t)|>dW.

W

;| 2 i# 3 i* . i

Ile |2 (x)]" = 7 (2 ) (r) 5 ¥ (2) — (DyHKIi, KOMIUIEKCHO CIIPSKEHA 3 ib(x)
[Ipu iHTErpyBaHHI MO BChOMY MPOCTOPY LE€H BUpPA3, SK IMOBIPHICTH LIJIKOM

IIEBHOI MO/I11, TOBUHEH JAaBaTH OJWHUIIIO:
| 2

/ |2 (x, ) [*dV = 1.

[ ]

[{s ymoBa Ma€ Ha3By YMOBH HOPMYBaHHS NC1-(DYHKIIII.

XBuiaboBa QyHKIIS 0O3HAYEHA 3 TOYHICTIO JO JOBIJILHOTO MHOXKHHUKA Yy popMi eia,
ne o - Oynp-sike niicHe uucio. [limctanoBka QyHKIi

) !

?Lr f— Et& t||l£r

HE MIHS€E CEpPEIHIX 3HAUEHb CIIOCTEPEKYBAHUX (DI3UUHUX BEJTUYMH.

XBWIbOBA (PYHKIISI KBAHTOBOI CHCTEMH, IO CKIIAJAETHCSA 3 KUIBKOX YACTHHOK,

i i H U(ry, Ty, t)
3aJIeKUTh BiJl KOOPJIMHAT BCiX YaCTHHOK. Hampukiian, Ay TBOX 4aCTUHOK y 12
[Ipn BU3HAYEHHI CEpeIHIX 3HAYEHb CIIOCTEPEKYBAHUX BEIUYMH IHTETPYyBaHHS
MIPOBOJIUTHCA Y BChOMY KOH(iTypariiiHomi ipoctopi. Hampukian, s 7B0X 4aCTHHOK

{:1(1‘-)}=/t,f,'*(rl,rg,f);lt,f;(rl,I‘g,ﬁ)dﬂdi@

VY BuUNagKy TOTOXXHOCTI YAaCTUHOK, HA XBWJIbOBY (YHKIIIO HAKIAJAETHCS
JI0JIaTKOBa YMOBA, TIOB'Si3aHA 3 1HBAPIaHTHICTIO MIOJI0 TMEPECTAHOBOK IUX YAaCTUHOK,
3T1IHO 3 NPHHITUIIOM HEpo3pi3HIOBaHOCTI. KBaHTOBI YaCTHHKH TOIUISIOTHCS Ha JBa
Kiacu - ¢hepmionu i 6030uu. [ hepmioHiB

Y(ri,T2,1) = = (T2, 71, £)

TOOTO XBUJILOBA (PYHKIiSI MiHSIE€ 3HAK MPU MEPECTAHOBII YaCTUHOK. Taxky (yHIIi0
HA3UBaIOTh aHTUCUMETPUYHOIO 1010 NTepecTaHoBOK. J[Jist 0030HIB
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Y(ry,ro,t) = Y(r, 11, 1)

TOOTO TMPH MEPECTAHOBIII YACTUHOK XBHJIbOBA (PYHKIIIS 3aJTUIIAETHCS HE3MIHHOIO.
Taky QyHKIIII0 HA3UBAIOTh CUMETPUYHOIO 11010 IEPECTAHOBOK.

PiBusinas llpeninrepa

PiBusinus Illpeninrepa — OCHOBHE pIBHSHHS HEPENATUBICTCHKOI KBAaHTOBOI
MEXaHIKH, SIK€ BU3HAYAE 3aKOH €BOJIIOLII KBAHTOBOT CUCTEMU 3 YACOM.

H (1)) = ifi g [ (1))

[v(t)) — xBunboBa (QyHkuis, H — ramineToHiad. Ymepiue Le piBHAHHS OYJIO
3anucane Epsinom Ulpeninrepom y 1926 porii.

BHacniiok KBaHTOBOTO MPHUHIIMITY CYNEpIIO3UIlli CTaHIB PIBHSHHS, IO OIHUCYE
€BOJIIOLIII0 cUCcTeMU, Mae OyTu miHiitHuM. PiBastaHs Llpeainrepa € came Takum.

Pipusinast Hlpeninrepa He JopeHI-iHBapiaHTHE, TOOTO CHpaBEIJIMBE JIHILIE IS
YaCTHMHOK, INBHIKICTh SKHX Ha0arato MeEHIIIa 3a IIBHUJKICTh CBITJA. 3arajbHIIIEe
piBHsiHHSA Jlipaka nepexonuTs y piBHsAHHS lIpeninrepa npu mManux mBHIAKOCTAX. Tomy
IpU B3a€MOJI] 3 MarHITHUM IOJIEM (SIK€ € YMCTO PEISITUBICTCHKUM SIBUIIEM) HE MOXKHA
BUKOPHUCTOBYBATH 3BUYaiiHe piBHsHHS Llpeninrepa.

KommuiekcHO cpsikeHe pIBHSIHHS
. a ur’r*} 3 *
—lha—f = H[y")

30iraeTecst 3 piBHAHHAM Illpeninrepa, gAKMo 3aMiHUTH t Ha —t, a XBUJIbOBY

o) ) . . . - ..
dynxuio [/, [e dakT BigoOpakae 3BOPOTHICTh MPOLIECIB Y KBAHTOBIN MEXaHIIIl.
dopmanbHuit po3B'sa30k piBHsSHHS Llpeainrepa

7
[ (r, 1)) = exp { == Ht ) [¢o(r))

exp ( - %ﬂ’ t) 5
€ HE YHCIIOM, a OIlepaTopoM, SIKMl Ha3MBalOTh ONEPATOPOM
€BOJIIOLII].

Sxio raMuIbTOHIAH KBAHTOBOI CHCTEMHM HE 3aKWThb BiJ 4Yacy, pPIBHSIHHS
[lIpeninrepa MOKHA PO3B'A3aTH BIJTHOCHO Yacy METOJIOM pO3IUICHHS 3MIHHHUX 1
OTPHMATH TaK 3BaHe cTalioHapHe piBHsHH [lpeninrepa

H1p) = )

ne E — meBHe niiicHe 4uCIo, sIK€ 1HTEPNPETYIOTh, SIK eHeprito. Lle piBHSHHSA €
PIBHHSIM Ha BJIacHI 3Ha4eHHs. Po3B'sA3yr0uM HOro 3HAXOASTh €HEPreTUYHUN CHEKTP
KBaHTOBOI cucTeMH, TOOTO Takl 3HaueHHA E, mpu saxkux po3s's30k icHye. KoxxHomy
BJlacHOMY 3HaueHHI0O En cramionapnoro piBHsHHs Illpeninrepa BiamoBizae BiacHa
GyKHIIA yn.

3aranpHuil po3B'A30K 4YacoBoro piBHsAHHS [lpeainrepa Toxai 3amucyeTbes Y
BUTJISII:

(U(E)) =3 ane™ 35 [g))

Jie an — KOMIUIEKCHI KOe(IL1€HTH, sIKI MO’KHA BUSHAYUTH 3 OYATKOBUX YMOB.
VY pasi, KoM TaMUTBTOHIAaH KBAHTOBOI CHCTEMH 3aJIe)KHUTh BiJl Yacy, HaNpUKIa,
MpU B3a€EMOJIT CHCTEMH 3 €JIEKTPOMArHiTHOI XBWJICI0, TEPEXiJl JO CTaI[lOHApPHOTO
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piBusinus lpeninrepa HemoxuuBHMiA. B Takiii KBaHTOBIM CcHCTEMI €Heprisi He
30epiraeTbcsi, CUCTEMa MOYKE TTOTJIMHATH €HEPTit0 XBUJI1 a00 BIJaBaTH 11 XBUIII.

Pyx yacTHHOK B MOTEHUiAJbHIN sIMI.

[ToreHmianpbHa s$iIMa — CKIHYCHHA 00JIaCTh TPOCTOPY, B SAKiM IOTCHIlialbHA
EHepris YaCTUHKU MEHIIIA, HI>K 30BHI.

[ToTeHmianpbHa siMa 3a3BUYail XapaKTepU3ye€ThCS IIUPUHOIO U rHOUHOI0 (200
BHCOTO0). Touka 3 HaWHWKYMM 3HAUYEHHSM MOTEHIAJIbHOI €Heprii Ha3UBAETHCA THOM
SIMH.

Sxmo moBHA €HEpris YacTUHKM MEHIA 3a BHCOTY MOTCHIIANIBHOI SIMH, TO
YaCTHUHKA 3MIMCHIOE B SMI KOJMBaHHSA, YacTOTa SKUX BH3HAYAETHCS (HOPMOIO Ta
pO3MipaMu SIMH.

Touku, g€ TmMOBHA e€HEpris YaCTUHKH JIOPIBHIOE TMOTEHINANbHIA eHeprii
HA3MBAIOTHCS TOUKAaMU MOBOPOTY. Ha pucyHKy npaBopyd 11l TOUKy nmo3HadeHi X1 ta x2.

[ToTeHIrianbpHa siMa YyTBOPIOETHCS BHACIIIOK ICHYBaHHSI CUJT TIPUTSITAHHS.

Jl71st BUXO/Ty 3 SIMM YaCTHHKA MMOBUHHA OTPUMATU €HEPTIiIO.

Pyx KBaHTOBO-M€XaHIYHOI YACTHHKU B
NOTEHIANbHIN SM1 Ma€ TeBHI OCOOJUBOCTI B
MOPIBHSHHI 3 KIIACUYHUM PYXOM. Vid

Enepris KBaHTOBO-MEXaHIYHOI YACTUHKU B
MOTEHITIAJIbHIN M1 MOKE€ HaOHMpaTH JIUIIE TTEBHUX
(p1IKCOBaHMX JUCKPETHUX 3HAYEHD.

HaliHnxkunii eHepreTMyHud piBEHb Mae
EHEPrilo BUIILY 3a €HEPTiI0 JTHA SIMHU.

KBanTOBO-MexaHIuHA JaCTHUHKA - - -
JIOKAMI3YEThCS HE B Oynb-4K1 simi. Jly’ke MIJIKI AMH
HE MOXYTb 1i yTPUMaTH.

3amaya mMpo pyX YaCTHMHKU B MOTEHIIAJBHINA SIMI € OJHIEI0 3 HAWBAXIMBIIINX Y
¢i3umi. 'mubuna ta Qopma sSMHU BH3HAYAIOTh YAaCTOTH KOJIMBaHb YACTUHOK, SKI
MPOSBJISIIOTECS B ONTHUYHHUX CIEKTpax. ICHyBaHHS TMOTEHINIAJbHUX SIM JJIi YaCTHHOK
obmexye ixHIO nudy3ito, I aKTHBAIlli K01 HEOOXIIHO, 00 YaCTUHKH OTPUMYBATH
NIEBHY €HEPTii0 BHACIIIOK B3a€MO/IT 13 TEIJIOBUM PYXOM IHIIUX YaCTUHOK.

TyHeabHui edexr.

TyHemoBaHHS — (i3W4YHE SBUINE, SKE TOJATaE B TOMY, MO (i3UUIHUN 00'€KT
J0J1a€ TOTEHIINHUNA Oap'ep, BeIMYHaA SKOro OUIbIIA BiJf HOTO KIHETUYHOI €HEeprii.
HaiiBinomimuM mpukiaagoMm sBuiia € anbga-po3nag. lLle sBumie icHye 3aBAsKu
XBUJIBOBIH TIPHPOII KBAHTOBUX IPOIIECIB, aje MPOSBISETHCA HE JIMIIE Y KBAaHTOBHX
cucremax. [Ipuknaau TyHeTIOBaHHS MOXKHA CIIOCTEpITaHHA 1 B ONTHIN Ji¢ MPOIECU
TaKOX OIMKMCYIOTHCS XBHUIIBOBHUMH PiBHIHHSIMH.

TepMosimepHuil CUHTE3 MOXMJIMBUM JIMILIE TOJI, KOJW sJipa aTOMIB JEUTEpito
J0JIAI0Th KYJIOHIBCHKUI Oap'ep 3aBASIKM TYHEIIOBAHHIO KP13b HBOTO.

BaxiMBuMM 3aCTOCYBaHHSMHU SIBUILA TYHEJIOBAHHS € PE30HAHCHUM TYHEJIBHHUU
KBAaHTOBUUM 107 Ta TYHEIbHUM MIKPOCKOI, TYHEIIOBaHHS BUKOPUCTOBYETHCS IS
PO3psAIKU eldeMeHTIB Quienn mam'sti. TyHeIOBaHHS CBITJIa BUKOPUCTOBYETHCS B METOII
HETOBHOTO BHYTPIIIHHOTO BIAOUTTS Ta MPHIIaJax, podoTa SKuX 0a3yeThCsl HA HhOMY.

Vi
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B kBaHTOBil MeXaHilll YAaCTMHKH OIHUCYIOThCS XBHJIBOBUMHU (YHKIISIMHU, SIKi
KBaJpaT MOAYJs SIKUX 3a7a€ TyCTUHY MMOBIpHOCTI mepeOyBaHHS YaCTHUKHU B TIEBHIM
TOYIIl MPOCTOPY. XBWIHOBI QYHKIIIT € HEMEPEPBHUMHU (DYHKIISIMUA KOOPAUHAT, a TOMY B
obyacTi JIe KiHETHYHA EHEepris YacTHHKHM MEHIIA 3a MOTeHIanbHy (10 00JacTh
HA3MBAIOTh KJIIACUYHO HEJOCTYMHOIO 00JAacTIO) CHaAaroTh A0 HYJsSl MOCTYINOBO. 3aBXKIU
ICHye TIeBHa MMOBIPHICTh TOTO, III0 YaCTUHKA Oyje 3apeecTpoBaHa i MOTEHIIaTbHUM
Oap'epoM. SKII0 MOTEHIIAILHUM Oap'ep Mae CKIHUCHHY IIMPHUHY, TO ICHY€ BiIMIHHA BiJ
HYJISl AIMOBIPHICTb MTPOXO/HKEHHS YaCTHUHKH uepe3 Oap'ep.

VY KBa3iKJIaCMUHOMY HAOJIMKEHHI KBAaHTOBOI MEXaHIKM XBWJIBOBY (DYHKIIIO IS

OJTHOBUMIPHOI1 33/1a4i MOKHA 3amMKCcaTH Y BUTJISII
£

Y = Aexp (% :p(:t’)d:c’) + Bexp (—% : p(:t:’)da:’) 1)

ne fi - 3Benena crana Ilnanka, p (I) = \/Qm(E‘ - V(I)) E - eHepris 4acTUHKH,
m - i maca, V(X) - moTeHIllaJbHa €Hepris 4acTku, koedimietHu A, B BU3HayaroThCs
3HAYEHHSAM XBWJIbOBO1 QyHKIIIT B meBH1M Toutll X0.

B o6mnacri, ne E < V(X), kBaapaTHU KOPiHb B €KCIIOHEHTI Ma€ JI1MCHI 3HAaYeHHS, 1
OJIMH 13 JIBOX YJIEHIB y BHUpa3l Ui XBWIbBOI (YHKIII HApOCTae, a APYTHMl CIajae.
JloJlaHOK 13 HApOCTAHHSIM BIANOBiNA€ XBWII, BIIOUTIN BIJ JajeKoi rpaHulll Oap'epy i
3a3BUYall Ny)K€ MaJIEHbKUI. Y TpaHWYHOMY BHUIIAQJKy HECKIHYEHHHOro Oap'epy BIH
JOpIBHIOE HyJI0. JloJmaHOK 13 cHaJaHHSAM BH3HA4Ya€ WMOBIPHICTh MPOCOYYBAHHS
KBAaHTOBOMEXAHIYHOT YAaCTUHKHM Ha TJIMOMHY X mig Oap'ep. 3a3Buuail 1sl IMOBIPHICTH
HEBEJIMKA ¥ Jy’Ke MIBUJIKO 3MEHIITYETHCS 13 301TIbIIEHHSAM X.

KoedimieHT mpoxo/keHHS 4YacTUHKU uepe3 Oap'ep 13 mmpuHoio d y pamkax
KBa31KJIACHYHOT'O HAOJMKEHHS BU3HAYAETHCS (POPMYIIOF0

2 d
D = exp —ﬁjj V/2m(V(z) - E)dz

(42)

[HTerpyBanHs mpoBoaUTHCA B 00acTi, Ae V(x) > E.

Takum 4MHOM, KUMOBIPHICTh MPOCOYYBAHHA (TYHEIIOBAHHS ) KBAHTOBOMEXaHIYHO1
YaCTUHKHU yepe3 Oap'ep eKCIOHEHIIHO 3a]1eXXUTh BIJl TOBUIMHU Oap'epy. [ns Toro, mod
CIOCTEpIraTH TYHETIOBaHHS Oap'ep MOBUHEH OyTH y’K€ TOHKUM - aTOMapHUX PO3MIpIB.

JIMOBIpHICTb TyHEIIOBAaHHS 3aJIGKHTh Bill BEIMYMHU Oap'epy, iforo (opmu, a
TaKOXX BiJ] MacH YaCTHHKHU. SIKIIO €JIEKTPOHHM MOXYTh TYHENIOBAaTH uepe3 Oap'epu
TOBUIMHOIO KiJbKa AECATUX HAHOMETpa, TO Ba)KUl YACTHHKHU, HANpUKIAI, albda-
YaCTUHKHU, TUIBKK 4Yepe3 Oap'epu 13 po3MmipamMu TOPSIKY pO3MIpiB siapa. EmekTponu
MPOBIAHOCTI B HAMIBNPOBIJHUKAX XapaKTEPU3YIOThCSI €(PEKTUBHHUMH MacamH, SKi
MOXYTh OyTH Ha0aTo MEHUIMMHM 3a Macy BUIBHUX €JIEKTPOHIB, IO J03BOJISIE
CTBOPIOBATH TYHEIIbHI JIIOAH 13 IIUPUHOIO 0ap'epy B KUJIbKA IECATKIB HAHOMETPIB.

IpyuHOUN NPUYMHHOCTI B KBAHTOBII MexaHili.

[TpuHIIMTT TPUYMHHOCTI - OAWH 13 OCHOBHUX MPHUHITUIIB (PI3UKH, TKUA CTBEPIIKYE,
110 Ha TMOJII0, sika BiAOYBa€eTbCcsl B MEBHUI Yac y MEBHIA TOYIl NPOCTOPY, MOXKYTh
BIUIMBATU JIMIIE TOJIi, sIKI MepeAyBalid i y wvaci (TOYHIilIEe BiAJAUIEHI BiA Hel
4acomnoAI0HUM 1HTEPBAJIOM).

[TpuHIMT TPUYMHHOCTI TICHO 3B'3aHUH 13 IPUHIUIIOM OJIM3BKOII.
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SIKuio B MEBHIM JUISIHII TMPOCTOPY BUHUKIO fKECh 30ypeHHs, HaNpHUKIA,
BUOYXHYJIa HaJIHOBA, @00 BUIIPOMIHUBCS KBaHT CBITJIa, TO Ha 1HIII TOYKHU MPOCTOPY LIS
MOJIis1 3MOJKE BIUIMHYTH HE paHiIle, HiXK CBITIIO 3MOYKE MO0JIaTH BiAAaIb MK TOUKaAMHU.

Moayab 9. ATomMHe s1/1poO.
Jexyin Ne32. EneMenTH (pi3MKN aTOMHOIO siipa - 2 ro/l.

Ilnan:

1. Cxyiam aTOMHHX s71ep. 3apsii 1 MacoBe YUCIIO siipa.

2. Enepris 3B's13Ky siep.

3. AnepHi peaxiiii.

BynoBa atomHoro sipa.

Cporoani (i3ukd ychOro CBITy KOPHUCTYIOTBCA TEOPIED MPO Te, IO SAPO
CKJIQIa€ThCS 3 €JEMEHTAPHUX YaCTMHOK — TMPOTOHIB 1 HEHUTPOHIB. Ymeplie Take
npunynieHHss BUCIOBUB Y 1932 poui pansucbkuit ¢izux [, JI. IBanenko. OpnHax
IPOTOHHO-HEUTPOHHA MOJIENb sjipa HE BiApady Oyna mnpuiiHsTa ydyeHuMu. HaBiTh
Pesepdopn cTBep/KyBaB, 110 HEUTPOH — JIMINE CKIIAJHE YTBOPEHHS MPOTOHA W
enekTpoHa. Y 1933 porii IBaHeHKO BUT0JIOCKB JIOTMOBIIb PO MOAEII SiApa, BIACTOIOIOUN
IIPOTOHHO-HEUTPOHHY Teopito. BiH crimpaBcs Ha Te, 0 B SAPI € TIIBKU Ba)KKl YaCTHHKH.
[BaHEHKO BIAKMHYB 1Jie PO CKIIAJIHY CTPYKTYpY HEHTpoHa it mpoToHa. Ha ioro nymky,
0oOHU/IB1 YACTUHKH MOBUHHI MaTH OJIHAKOBHUH CTYMiHb €JIEMEHTAPHOCTI, TOOTO 1 HEHUTPOH,
1 IPOTOH MOXKYTh NEPEXOAUTH OAWH B OAHOro. Hajmani mpoToH 1 HEUTPOH MHOYalu
po3MIIAIaTUCA SK JBa CTAHW OJHIE]T YacTHHKM — HYKJIOHa, W imes IBaHeHKO cTana
3araJbHONPUUHATO, @ He3a0apoM y CKJIaJl KOCMIYHHMX IMPOMEHIB Oyia BIAKpHUTA IUIE
OJlHA eJIEeMEHTapHa YaCTUHKA — MO3UTPOH.

3apa3 nIpOTOHHO-HEUTPOHHA MOJIENb s/Ipa B’KE HE BUKIIMKae cCyMHIBIB. Kpim Toro,
MPOTSrOM JIOBFOTO 4acy iCHyBajia TinoTe3a Mpo Te, U0 B SAPI MOXKYTh 3HAXOAUTHCS
TakoX 1 enekTpoHu. O HAK BOHA Maya Ay>ke 0arato MpoTHpiy 1 He OyJa MiATBEpKEHA
eKCIIEpUMEHTalIbHO. Tak, BIAMOBITAHO 1O IIi€i TINOTE3W, MacOBE YHCIO ITOBHHHO
BIJIMOBIAATH 3arajbHIM KIJIBKOCTI TPOTOHIB Yy SJpl, a PI3HMIL MacoBOr0 YMcla M
KUTBKOCTI €JIEKTPOHIB MMOBUHHA JIOPIBHIOBATH 3apsioBi siapa. Lls monens He cynepeunia
3HAYEHHSM 130TONMHMX Mac 1 3apsAiB, OJHAK HE TOTOJKyBajaci 31 3HAYCHHSIMHU
Mar”HiTHUX MOMEHTIB siiep, CHIiHIB W eHepriii 3B's3ky sapa. Kpim Toro, BoHa
CIIPOCTOBYBAaJIa CITIBBIIHOIICHHSI HEBU3HAUYeHOCTEH [ eiizenOepra, BIAMOBIAHO J0 SKOTO
HEMOXJIMBO OJHOYACHO BCTAHOBUTH NEBHY KoopauHaty (X, Y, Z) 1 NeBHY BIANOBIIHY

Ar Ap 2 h,
Ay Ap_ > h,

TIPOEKIIito iMIynIbCy (X, /y p;) MikpodacTuHkm: & 47, 2 h.

ne h — koncranra [Inanka.

VY pe3ynbTari IbOro MPOTOHHO-HEHTPOHHA MOJIEIb sA/ipa Oyia BIAKUHYTA.

Kparummanaa moaens siapa

Kpannuana Mozens siapa Oyia 3anpornonoBana B 1936 porii bopom 1 dpenkenem.
BoHna rpyHTyBanacsi Ha aHajorii MK MOBEAIHKOIO HYKJIOHIB y SiApI Ta MOBEAIHKOIO
MOJIEKYJ Yy Kpami piguHd. B 000X BUmagkax CuM, MO JIOTh MK CKJIaJOBUMHU
YaCTUHKaMM PIAMHMU (MOJIeKyJamu) 1 sipa (HyKJIOHaMH), € KOPOTKOAIIOYUMH, 1 iM
BJACTUBE Hacu4eHHs. s Kparal piadHA 0Opd  TOCTIMHMX 30BHIIIHIX YMOBax
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XapaKTEPHOIO € TOCTIMHA TyCTHMHA PEYOBMHU. Sapa K XapaKTepU3yIOThCS MPAKTUIHO
MOCTIHHOIO MUTOMOIO €HEPTi€l0 3B'SI3KYy 1 MOCTIHHOI T'yCTHHOIO, IO HE 3aJIeKUTh Bij
yuciaa HyKJIOHIB y sapi. HapemTi, po3mip kparuii, K 1 po3Mip siapa, NPONopIidiHUN 10
yycia yacTUHOK. OnIHAaK I MOJIENb MPENCTaBIse€ SAPO SK KPaAIUIO EICKTPUYHO
3apAJKEHOT HECTHCIMBOI PIAMHM 3 TYCTHHOIO, IO JOpiBHIOE simepHiil. Ll pimuna
H1IOPSAIKOBYETHCS 3aKOHAM KBaHTOBO1 MexaHiku. KpamivaHaa Mojens sijpa 103BoJuia
oJIep)KaTh HamiBeMITIpUYHY (HOPMYITY JJIsi €HEPTii 3B'SI3KYy HYKJIOHIB Y SIJIpi, MOSICHUIIA
MEXaHI3M SIEPHUX peakIliii 1 0coO0IMBO T0Ope onucana peakiii po3noainy sapa. OmxHak
BOHA HE TOSCHIOE MiABHUIIECHY CTIAKICTH SAEp, 110 MICTATH MariyHi 4ucia MPOTOHIB i
HEHTPOHIB.

O060s10HKOBa MOJIENB SApa

VY 50-x pokax IBaJIsATOrO CTONITTS amepukanenb M. ['enmept-Maiiep i Himenb X.
MeHceH BUCTYNHIM 3 OOOJIOHKOBOIO MOJCIUIIO sijpa. BimmowimHo mo Hei po3momin
HYKJIOHIB Yy sipi  BiIOYyBa€TbCs 3a JAUCKPETHUMH EHEPreTUUYHUMH  PIBHSIMHU
(o0o0sIoHKaMM), 110 3aMOBHIOIOTHCS HYKJIOHAMH BiINOBiIHO jo npuHiuny I[laymi. o
TOTO K BOHA TOB'si3ajla 3alOBHEHHS IIUX PIBHIB 31 CTIMKICTIO sigep. BBaxaeTncs, 1o
s/pa 3 TOBHICTIO 3allOBHEHUMH OOOJOHKaMHM € HaWOUIbIN CTIMKUMH. Taki 0cOOIHBO
CTIMKi (MariuHi) siijpa crpaBii ICHYIOThb. Lle anpa, B SKMX YMCIIO MPOTOHIB 200 YHCIIO
HEHUTPOHIB JIOPIBHIOE OJTHOMY 3 MariuHux uucen (2, 8, 20, 28, 50, 82, 126).

O060JI0HKOBA MOJIEITb siApa J03BOJIMIIA TTOSICHUTH CITIHM 1 MarHiTHI MOMEHTH sIjiep,
PI3HY CTIMKICTh aTOMHHX SIJIEp, a TaKOXX NEPIOJUYHICTh 3MIH IXHIX BIacTHBOCTEH. Lls
MOJZIeJIb 0cOOJIMBO A00Ope OMNMHUCYE JIETKI M cepelHl sfapa, a TaKoXK sapa B OCHOBHOMY
(He30yKEHOMY) CTaHI.

Y wmipy TOmamBIIOTO HArpOMa/DKCHHS CKCIEPUMEHTAIBHHX JaHUX PO
BJIACTUBOCTI aTOMHUX SiIep 3'IBISIMCS HOBI (paKTH, K1 HE 3aBXAU BKIIAJAIUCS B pAMKHU
onucaHux mojeneil. Tak BUHMKIM y3arajlbHeHa MOJENb SApa (CUHTE3 KPaIrIMHHOL i
000JIOHKOBOi Mojeneli), ONTUYHA MOJEeNb sAjapa (MOSICHIOE B3aEMOJIIO snuep 13
JaCTHHKAMH, 1[0 HAMITAIOTh) 1 0araTo iHIIUX.

SinepHi cuiu.

Hyxnonu B siapi aroma yTPUMYIOTHCS 3aBIISKHU SIIEPHUM CHJIaM, SIKI € TIPOSIBOM
oJiHI€T 3 4YOTHPHOX (YHIAMEHTAIBHUX B3a€EMOJIM — CHJIBHOI B3aeMOJil. 3a CBOEIO
IPUPOAOI0 BOHU KopoTkoitoui (r~ 10-15 M), ane myxe iHTEHCHBHI. Y MeXaX aTOMHOTO
anpa BoHu maibke y 100 pasiB mepeBa)karoTh CHJIM €JIEKTPOCTATUYHOI B3a€EMOJIi ABOX
npoToHiB 1 B 1038 pa3iB — cuiy iXHbOi IpaBiTauiitHoi B3aemo/ii. [IpoTe Ha BiACTaHsX,
OUIBIIKX 32 PO3MIPH siiep, BOHU HACTUIBKM MaJll, 110 IXHBOIO JI1€I0 MOYKHA 3HEXTYBATH.

SnepHi cuiv [iFOTh HE3aJIEXKHO Bijl HASBHOCTI B HYKJIOHAX €JIEKTPUYHOIO 3apsly.
Bnacniiok 11b0ro B aTOMHOMY SIip1 YTPUMYIOTBCS €1€KTPOHEUTpaIbHl HEUTPOHU 1 HE
PO3JITAIOTHCA OJJHOMMEHHO 3apsiKeHl MPOTOHU. ExcriepuMeHTanbH1 JOCTIKEHHS CHUJT
AJIepHOI B3a€EMO/IIi MPOTOH-MPOTOHHUX, MPOTOH-HEUTPOHHUX 1 HEUTPOH-HEUTPOHHUX
nap mokasajy, 110 B YCiX BUITAJIKaX BOHU OJTHAKOBI 1 HE 3aJIe)KaTh BiJ] THITY HYKJIOHA.

SAnepHi cunM — KOPOTKOAIIOYl, OCKUIBKH TPOSBISIIOTE ce0e Ha BIJICTAHAX Y
Mekax aroMHoro siapa (10-15 m)

OOMiIHHUHN XapaKTep SAEPHOI B3a€MOIi MOJIOHUI 10 KOBAJEHTHOTO 3B'SI3KY MIXK
aToMaMH B MOJIEKYJI1, JIe POJIb TAKOTO «MTOCEPETHUKA» BIAIrPatOTh BAJICHTHI €JIEKTPOHH
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VY 1935 p. snoucekmii ¢izuk X. KOkaBa BUCYHYB NpHUIYIIEHHS, IO MPUPOAA
SIEPHUX CHUJ TOJiAra€e B iXHbOMY OOMIHHOMY XapakTepi, TOOTO, 3a HOro
nepen0ayeHHsIM, HasIBHICTD SIIEPHUX CUJI 3yMOBJIIOE TIIOTETUYHA YACTUHKA HEHYJIbOBOI
MacH, SIKOX0 OOMIHIOIOTHCSI MIDK CO00I0 HYKJIOHH IT1JT YaC B3a€MOII1.

I30TOMMN.

[30Tomnu (Bim rpelr. 1S0S — OJHAKOBHM 1 tOPOS — MiCIe) — PI3HOBHJMU OJHOTO I
TOTO CaMOT'0 XIMIYHOT'O €JIEMEHTA, 1110 BIPI3HAIOTHCS 32 ATOMHUMU MacaMu

He#itpon (Bim nat. melllrut — Hi Te, HI 1HINIE) — HECTAOUThbHA EICKTPUYHO
HEWTpasibHa, TOOTO Taka, IO HE MAa€ Hi IMO3UTUBHOTO, HI HETAaTHBHOTO 3apsiy,
eJIeMEeHTapHa YaCTUHKA

VY cyuacHii (i3uIll TPOTOHM 1 HEUTPOHH B SAJIPi HA3WBAIOTh HYKJIOHAaMH (BiJ JIaT.
IIKieT — SI7IPO)

Yucno HYKIOHIB Yy siipl aromMa JOpiBHIOE ioro macoBoMy umciy A. Ywucno
IPOTOHIB Y SIIP1 aToMa JIOPIBHIOE 3apsany sapa 2. Uucno veitponis N = A-Z

VY toMy xk poini pansacekuit Buenuit J[. [. IBaneHko (ykpaiHelb 3a MOX0KCHHM,
HapoauBcs B [lonrasi) 1 HiMeubkuit ¢i3uk B. ['elizeHOepr He3aneKHO OJUH BiJ] OJJHOTO
3aMpONOHYBaJId  O0OJIOHKOBY IPOTOHHO-HEHUTPOHHY MOJeNb siapa aromMa. BoHu
PUITYCTUIIU, IO aTOMHE SIIPO CKIAAAEThCS 3 HYKJIOHIB — IMPOTOHIB 1 HEUTPOHIB, K1
PO3MIIIYIOTECS TIEBHUMH TpyMaMU W YTBOPIOIOTH siiepH1 oOosioHkH. KokeH HYyKJIOH
nepeObyBae B TIEBHOMY KBAaHTOBOMY CTaHI, SKHH XapaKTEpU3ye€TbCS CHEPri€l0 Ta
Ha0OPOM 1HIIIMX KBAHTOBUX BEIUYMH.

3riIHO 3 LI€I0 MOJIEJUII0, 3arajJlbHe YMCIO HYKIIOHIB, TOOTO CymMa NIPOTOHIB 1
HEUTPOHIB y sIApi aToma, JOPIBHIOE MAacOBOMY YMCIYy aroMa A; 4YHUCIO MPOTOHIB
JOPIBHIOE 3apsiay siapa atoma Z, unuciio HeUTpoHiB N = A — Z. B sinepHiit pizuiii 130Ton
XIMIYHOTO €JeMeHTa X MPUUHATO MO3HAYaTH BIAMOBIIHUM CHMBOJIOM 13 3a3HAYCHHSIM
Horo MacoBoro umciia A (371Ba Bropi) 1 3apsiioBoro uucia Z (37iBa BHU3Y), TOOTO y
Burisini AZX. Hanpuknaa, Hainermui i3oton [iaporeHy — mpoTid, SAPO SIKOTO
CKJIQJIA€ETHCS 3 OJTHOTO MPOTOHA, Mo3HauvaTh 1 1H, anbda-uyactuHky, 1o € sapoM atoma
I'emiro, 42He Tomo.

3anoBHEHHS AIEPHUX OOOJIOHOK MiJISATAE TIEBHIM 3aKOHOMIPHOCTI — MPUHITUITY
[Taymi: nBa TOTOXXHI HYKJIOHH HE MOXYTh OJIHOYACHO TMepeOdyBaTh B OJHAKOBOMY
KBaHTOBOMY CTaHi, TOOTO XapaKTepU3yBaTHUCS OJHUM 1 TUM CaMUM HaOOpOM KBAaHTOBUX
gucen. Tomy icHye psin ancen — 2, 8, 20, 28, 40, 50, 82, 126, HazBaHUX MariyHUMH, SKi
BHU3HAYAIOTh MAKCHMAJIBHE YHCJIO HYKJIOHIB y 3alIOBHEHUX 00O0JIOHKAX.

[lepexin siapa aromMa 3 OJHOIO CTaHy B IHIIWWA, HaOpHUKIad 13 CTaOLIBHOTO Y
30y/PKCHHMI Y1 HaBIaKH, 32 000JJOHKOBOIO MOJICIIIIO MOSCHIOIOTh SIK KBAaHTOBHH TIEPEXiT
HYKJIOHA 3 OJHi€l 000soHKM Ha iHIMy. [I{opa3y, Koiau 4Mcio MPOTOHIB YU HEUTPOHIB
CTa€ MariyHuM, BiIOYyBa€eThCs CTPHUOKOMOIOHA 3MiHA BEJIMYMH, SIKI XapaKTEPU3YIOTh
BJIAcTUBOCTI siapa. [lum, 3o0kpema, MNOSCHIOIOTH (GI3UYHY MPUYMHY 1CHYBAHHS
MEePIOIUYHOCT] y BIACTHBOCTSIX XIMIYHHUX €JIEMEHTIB, BIIOOPaXKEHY TMepiogUIHOIO
cucrtemoro /1. I. Menaeneena.

[Mpunuun [laymi crnowatky OyB cdop MyJabOBaHMM [ TOSICHEHHS 3aKo
HOMIPHOCTEW Yy 3alOBHEHHI €JeKT-POHHUX OpOiTajeil B aroMi; 3rojJoM BiH OyB
MOIIMPEHU Ha BC1 €JIEMEH TapH1 YaCTUHKH 3 HAIIBIIAM CITIHOM

[Tpunmun [aymni € ¢pi3udHO0 CyTTIO TIepioandHoro 3akonHy 1. I. Menaeneepa
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O00710HKOBa MOJIENIb ATOMHOTO sIJIpa € OAHIEI0 3 HAUNPOAYKTUBHIIINX Y SACPHIN
¢b13u11l, 30KpeMa B MOSACHEHHI MEP10IMYHOCTI BIACTU-BOCTEH SA7Ep 1 MEXaHI3MY SAEPHUX
peakmiii. Ilpore BoHa Takok Mae CBOI OOMEXEHHS, OCKUIBKM HECIPOMOXKHA
PO3TIYMAYUTH BJIACTUBOCTI BXKKHUX SIACP 1 MOSICHUTHU BC1 TUIM B3a€MOJIIi HYKJIOHIB y
sapi. ToMy iICHYIOTH TaKO 1HIII MOJIENII aTOMHHUX SAep, HAIIPUKJIIAJI, KparneabHa, 3T1HO
3 SIKOIO aTOMHE PO YABIAIOTH ¥ (hOpMI Kparuii 0COOIMBOT KBAHTOBO1 P1AMHH.

HedexT macu.

JlepekT ™Macu — pI3HHLSA MiX
Macor CIIOKOI0 aTOMHOTO siipa JIAaHOTO
i30TOMy,  BUPQXKEHOI B  ATOMHHX

OJIMHUIISIX MacH, 1 CyMOIO Mac CITOKOIO
CKJIQJIOBUX HOTO HYKJIOHIB (MacOBUM
yuciioM). [lo3HavaeTbes Am.

3rinHo 13 dopmynoro ElHmTElHA
nedeKT MacH 1 eHeprisl 3B'A3Ky HYKJIOHIB
B SI7Ip1 €KBIBAJICHTHI:

AE = Amc2

[ Ll 1 1 ] 1 1 ] L !

Auvmage kinding energy per nuclesn [Me]
-

e ¢ — HIBI/II[KiCTI) CBITJIA y ] n n n 121 158 T EITIETT 2
BaKyyMl. Nurriaer nf muclesms mn nucleus

JledekT Macu xapakTepusye CTIHKICTb siipa.

JledekT Macu, BIAHECEHUH [0 OJHOrO HYKJIOHA, HA3WBAETHCS MaKyBAJIbHUM
MHOKHHUKOM.

JledeKT Macu BUHMKAa€ BHACIHIJOK NPUTSITaHHS MK HYKJIOHAMHU Yy SIAp1 3aBISKH
CWIbHIN B3aemojli. BiH HalOIbIKMKA s siA€p B CEpeauHI MepioAuYHOl Tadiuml (K
BUJHO 13 HABEIEHOIO PHUCYHKA) 1 3MEHILYEThCS NPHU 30UIBIICHHI aTOMHOIO HOMEpa
eJeMeHTa. 3aBIAKU [bOMY MOl BaXKKHUX €JIEMEHTIB, HAIIPUKJIIAJ, ypaHy a0o IUIyTOHIIO,
BUBUIBHSIETHCS €HEPrid. 3 1HIIOro 00Ky, SIK BUIAHO 3 PUCYHKA, EHEPTii0 MOKHA OTPUMATH
TaKOXX IIPU YTBOPEHHI Spa TEeito 3 siiep BOAHIO. Takuil mpolec Ha3uBA€ETHCS SIIEPHUM
cuHTe30M. BiH € mxepenoM eHeprii 31pok.

Emnepris 3B's13Ky.

Enepriero 3B's13Ky CKJIaJIHOI CUCTEMH 3B'sI3aHUX 00'€KTIB Ha3UBAIOTh PI3HUIIIO MIXK
CYMOIO €HEpriii CKJIaJ0BUX YACTHH, B3SITUX OKPEMO M €HEPri€l0 CUCTEMHU Yy 3B'I3aHOMY
CTaHl.

AE=>E; - E,

ne AE - enepris 3B's3Ky, Ei - 3HaueHHsI eHeprii CKIa0BUX, B3SITUX OKpemo, E -
EHEeprisl CKJIaJIHOI CUCTEMHU.

Came Taka eHeprisi BUAUIAETHCS y BUIJISAIl TEIUIOBOI MPU YTBOPEHHI 3B'S3aHOTO
CTaHy, HallpUKJIaJ, Npu XiMIyHIN peakiii. Came TaKky eHeprito nmoTpioHO 3aTpaTUTH, 1100
PO3IUIUTU CKJIAJ0B1 YACTUHU 3B'SI3aHOT CUCTEMH.

Jekuia Ne33. SInepHi peakuii. AToMHa eHepreTuka TepmosiaepHi peakuii - 2 roa.
Inan:
1.3arasibHa XapakTEPUCTUKA SACPHUX PEAKIIIH.
2. Posnoain siaep ypany. JlaHiorosa peakiisi.

3. SlmepHi 1 TepMOSIIEpH] peaxilii 1 iX MpaKTUYHE 3aCTOCYBAHHS
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SnepHi peakiii.

SnepHa peakiis - SBUILE NEPETBOPEHHS SAEP aTOMIB XIMIYHUX €JIEMEHTIB 1
€JIeMEHTapHUX YaCTHHOK.

SAnepHi peakiii MOXyThb BIIOyBaTHUCS CIIOHTaHHO a0o mpu OomOapayBaHHI
PEYOBUHM IIBUJIKUMH YacTUHKaMmH. CIIOHTaHHI SIJIEpHI MEPETBOPEHHS € MPUYUHOIO
IIPUPOJIHOI PAI0aKTUBHOCTI.

Ak 1 XimigHl peakiii, SAepHI peakiii MOXyTh OYTH €HJOTEPMIYHMMHU ¢
€K30TEePMIYHUMHU.

SnepHi peakiii MOAUIAIOTHCS HA PEAKIl po3May Ta peakiiii CHHTE3Y.

Oco06MuBHUM THUTIOM SIIEPHOI PEaKIIii € MOALT sIpa.

[Ipu simepHUX peakuisX BUKOHYIOTbCS 3arajbHI 3aKOHHM 30€pekeHHs eHeprii,
IMITyJIBCY, MOMEHTY IMITYJIbCY Ta €IEKTPUYHOTO 3apsiay.

OxpiMm TOro icCHY€ HM3Ka crienu(IyHUX A7 AAepHOol (Pi3uKu 3aKOHIB 30€peKeHH I,
HAIPUKIIAJI, 3aKOH 30epeKeHHS OapiOHHOTO 3apsy.

SAnepHi peakiiii CUHTE3y

[lix yac ssAepHUX peakiliii CUHTE3Y 3 JIETKUX SiJep €JIEMEHTIB YTBOPIOIOTHCS HOBI,
Baxxyl sifpa. Peakiis BimOyBaeThCs 3 BUAUICHHSIM €HEprii. 3a3BUuail peakilii CUHTE3y
MO>KJIMB1 TIJIbKM TIPU 32 YMOBHU BUCOKHX TEMIIEpaTyp, KOJHU siipa HAOyBarOTh BEJIMKOI
KIHETHYHO1 €Heprii, OCKUIbKM KYJIOHIBCHKI CHJIM BIAIITOBXYBAHHS TEPEUIKOIKAIOThH
30JMKEHHIO 3apsi/DKEHUX YaCTHMHOK, CTBOPIOIOYM MOTeHLianbHui Oap'ep. Lltyynum
[UIIXOM IIbOTO BJAETHCS JOCSITTH 3a JIOMOMOTOI0 TPUCKOPIOBAYIB 3apsKEHHUX
YaCTUHOK.

[IpOTOH-IPOTOHHUI LUK Y 30pAX

VY npupojl peakiii CHHTE3Yy BaXKUuX siAEp 3 JIETMIHX BiAOYyBalOThCS y sapax 3ip,
Hanpukiazg, y Conmi. Yepes Bucoky Temmeparypy y sapi (0iau3pko 10x106K) neski
MPOTOHU 3aBJASIKM BUCOKIM KIHETHYHINA €Heprii BCTyNalmTh B SIEPHI peakiii 3
YTBOPEHHSIM BaXK4HX SITIEP.

Braciniiok BUCOKOI KIHETUYHOI €Heprii ABa MPOTOHU JOJAI0Th €JIEKTPOCTATHYHE
BIJIIITOBXYBAaHHS 1 30JIMKYIOTHCS HAa XapakTEpHY BIACTaHb CHIbHOI B3aemoii (1,3%10-
15 ™). Ilpy 1pOMy BOHHM YTBOPIOIOTH NPOMDKHUW CTaH — JUOPOTOH, SKUNA €
HECTaOLIbHOI cHUCTeMOI0. BimOyBaeTbesl mepexiy 10 CTaHy 3 MEHIIOK €HEpriero: u-
KBapK OJIHOTO TMPOTOHA MEPETBOPIOEThCS y d-KBapk i3 BUIIPOMIHEHHSIM W-+-0030HY
(6era-rumtoc posman). W-+-0030H HECTaOUIbHHM, TOMY pPO3MANa€ThCs Ha MO3UTPOH Ta
€JIEKTPOHHE HEUTPUHO. TaKUM YUHOM, YTBOPIOETHCS CUCTEMAa HEUTPOH—IIPOTOH —
nenuTpoH. bera-po3najn € moyaTkoBUM (haKTOPOM MPOTOH-TIPOTOHHOTO IUKITY.

JIeUTpoH B3aeMOAIE 3 MPOTOHOM Ta YTBOPIOE SIAPO TeIii0-3 3 BUIPOMIHEHHSIM
raMMa-kBaHTiB. Ha HacTymHOMYy eTari B3a€MOJIIIOTh JBa sipa refiito-3, mo 00yMOBIIIOE
CUHTE3 fAJipa Tefito-4 3 BUIIPOMIHEHHSM JIBOX MPOTOHIB Ta raMMa-KBaHTIB.

ptp—2*D+et+ve+04MeB

2D+ p— 3He +v+5.49 MeB

3He + 3He — 4He +2p + 12.85 MeB

Takum 4MHOM, 3 YOTHPHOX MPOTOHIB CUHTE3YIOTHCS OJHE SApo aroma remito. [lin
9ac CMHTE3Y OJTHOTO KiJIorpama Teliro BUAUsieThes 6,3x1014 Jx eneprii).

AnepHi peaxiiii po3naay

125



1939 poky OyJi0 BUSIBIICHO, IO sSApa ypaHy-235 31aTHI HE TIILKH 10 CIOHTAHHOTO
noainy (Ha ABa Jermwux sapa) 3 BuauieHHsIM ~200 MeB eHeprii Ta BUNPOMIHEHHSIM
JBOX-TPhOX HEHUTPOHIB, ajie ¥ O BUMYIICHOTO MOJLTY, IO 1HIIIOEThCS HEHTPOHAMHU.
BpaxoByroun, 10 y pe3ysibTari TaKOro MOJLTY TEXK BHUIPOMIHIOIOTHCS HEUTPOHH, SAKI
MOXYTh BUKJIMKATH HOBI peakilii BUMYIICHOTO MOJAUIY CYCITHIX sJep ypaHy, cTraja
OYEBHUTHOIO MOJKJIMBICTB JIAHITFOTOBOI siJIepHOi peakilii. Taka peakilis He BiIOYBaETbCS y
IPUPO/I JIUILIE TOMY, 1110 IPUPOJHUN ypaH Ha 99,3% ckiagaeThes 3 130ToMy ypany-238,
a 0 peakiii MOAUTy NPHUIATHUN TIIBKK ypaH-235, AKOro y NpUPOJHOMY YpaHi
mictuthes auie 0,7%.

MexaHi3M siiepHOI peakiiii po3naay MoJyiArae y HaCTymHOMY. SlepHi cuiin dyepes
B3a€MOII0 OOMIHHMMHU BIPTYaJdbHHUMH YacTHHKaMu (y OUIBLIOCTI  BHIIAJKIB
B1IOYBA€ETHCS MIOH-HYKJIOHHA B3a€EMOJIis1), Yac JKUTTS SKUX, BIAMOBIIHO 10 TPUHIIAITY
HeBU3HaueHOCTI ['eiizenOepra, oomexxeHuil HeBenukoio BenuuuHowo dt = h'/dE = R/V =
(1,3*10-15/3*1010) * (140/8)0,5 = 2,3*10-23 ¢, MaroTh HelleHTpaJIbHUI Xapaktep. Lle
03HAYae€, M0 HYKJIOHU HE MOXYTh B3a€MOJIISITH OJJHOYACHO 3 yciMa HYKJIOHAMHU Y SJpi,
0CcO0MMBO y 0araTroHyKJIOHHHMX siapax. [Ipu Benukiid KUTBKOCTI HYKJIOHIB Yy SIpi 1€
0OyMOBJIIOE aCHUMETPII0 TYCTHUHU SIEPHUX CHJI Ta HACTYMHY aCHUMETPII0 HYKJIOHHOTO
3B'SI3Ky, @ OTXKE, 1 acUMETpilo eHeprii mo ob'emy siapa. SAnpo HaOyBae dopmu, sgxa
CYTT€BO BIAPI3HAETHCA BiJ cPepuyuHOi. Y TakoMy pasl eleKTPOCTaTUYHA B3a€EMO/IIS MK
IPOTOHAMU MOJKE 3a BEJIMUMHOIO €HEPTii HAOIMKATUCS 10 CUIIHLHOI B3a€MOIII.

TakuM 4MHOM, BHACHIAOK acCUMETpli, eHEpreTUUYHU Oap'ep MOALTY J0JIA€ThCA, 1
AJIpO PO3MATAETHCS Ha JIETII SIpa, aCUMETPHUYHI 32 MACOI0.

[HOM1 51ApO MOKE TYHENIOBATH y CTAaH 3 MEHIIIOI0 EHEPTIEIO.

JlaHiiorosa sizepHa peaxuis.

JlanuroroBa peaxiiisi — peakilisi, MPOAYKTH SKOi, CBOEID UEPror0, BCTYIMAKOTh Y
B3a€EMO/III0 3 MOYATKOBUMHM MpoaykTramu. Lle XimiuH1 1 siaepHl peakiuli, y SAKUX MosiBa
MPOMDKHOI aKTMBHOI YacTKM (pajgukana, atoma abo 30yIKEHOI MOJIEKYJId — Y
XIMIYHUX, HEUTPOHA — Yy SACPHUX MPOLIECaX) BUKIMUKAE BEIHKY KUIBKICTH (JIAHIIIOT)
NIEPETBOPEHDb MOYATKOBUX MOJIEKYJ a00 si/iep BHACTIIOK perenepailii akTHBHOI YaCTKU B
KOXXHOMY €JIEMEHTApHOMY aKTi peakiii (y KOXkHiH JIaHiii).

VY sapepHiii ¢Gi3UI  JAHIIOTOBI peakiii BUHUKAIOTH M dYac MOAULY sJpa,
3yMoBJIeHOMY HeHUTpoHOM. [losin BigOyBaeThCs 3 BUBIJIBHEHHSIM KIUJIBKOX, 371€01JIBIIIOTO
2-3 HEHTpOHIB, AKi B CBOIO Yepry MOXKYTb iHII[FOBATH MOJLN iHIIHX siaep. FIMOBipHiCTH
3aXOIUICHHS SIPOM HEUTPOHIB 3aJI€KUTh BIJl IXHBOI IIBUJIKOCTI, TOMY JUISl IATPUMAaHHS
JIAHIFOTOBOI peaKilii HEUTPOHU HEOOX1THO CIIOBIJILHIOBATH.

OCKUJIbKM YacTMHA HEUTPOHIB, YTBOPEHUX MIJ Yac MOJUTy, BTpavyaeThCs,
NOTJMHAIOYUCh 0€3 MONUTy IHIIMMU sapamMu a0o BWJIITAOYM 3a MEXl peakTopa,
JIAHIIFOTOBY PEAKIII0 XapaKTEePU3YIOTh €(PEKTUBHUM KOE(IIIEHTOM PO3MHOXKEHHA K -
KUIBKICTIO HOBOCTBOPEHMX HEWTPOHIB MiJ Yac OJAMHUYHOIO aKTy MOJAUTY, SIKI B CBOIO
Yepry BUKJIUKAIOThH MO IHIIUX siaep. Akmo epexTuBHHUA KOeIIiEHT PO3MHOKECHHS
OUTBIINI 32 OJMHUINIO, TO YHCJIO aKTIB MOJLTY 30UTBIIYETHCS, PEAKIlis PO3TaHIEThCS,
BUBUIBHIOIOUW Jiefaji Olible eHeprii 1 Moke 3aBepmuTHcs BHOyxoMm. Taka peakilis
Ha3UBAETHCSA HAAKPUTHYHOIO. SIKIO K MEHIIMI Bij OJAMHUIN, PEaKIlis 3racae 3 4acoM.
Takuii pexxum HazuBaeTbest miakputuaHuM. st k = 1 mepeOlir peakiiii 3aauIaeTbes
He3MiHHUM. CaMe Takuil KpUTUIHUA PEKUM BUKOPUCTOBYETHCS B SIIEPHUX PEAKTOPaX.
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SnepHuii peakTop.

JInsi mepeTBOpEHHs TEIJIOBOi €Heprii po3nady sAep Ha ENEeKTPUUYHY EHEPriko
BUKOPUCTOBYIOTh SJIEPHUN peakTop. SIK majbHE y peakTopl 3aCTOCOBYETHCS CyMIII
130TomiB Ypany-235 ta Ypany-238, abo IlmyToniit-239. Ilpu moTparuisiHHI HIBUIKUAX
HEUTPOHIB J10 siapa atoMa YpaHy-238 BigOyBaeThCs MOTO MEPETBOPEHHS HA TUTYTOHIM-
239 1 i¥oro mnojanmelIMid po3man 3 BUBUIBHEHHAM eHeprii. Ilpomec Moxe OytH
UKITIYHUM, TPOTE IS LBOr0 HEOOXiTHI pPEaKTOpH, SKI MPaIlol0Th Ha IIBUIKHX
HEUTpOHaxX. 3apa3 kK€ SIK OCHOBHUW KOMIIOHEHT B pPEaKTOpax 3aCTOCOBYETHCS HYKJIIT
YpaHy-235 Jlnst  #ioro  B3aemomii 31 IIBUAKAMH HEWTpPOHaMH HeEoOXimHe iX
CHOBITbHEHHS. SIK CTIOBUTHHIOBAY 3aCTOCOBYIOTH:

rpadit — g06pe CoBUTbHEHHS, CIa0Ke MOTJIMHAHHS, TPUIATHUHN 11 YpaHy-238
SK TIAJTBA

BOAy: «jerka Bojga» H20 - myxke moOpe CHOBUIBHEHHS, 3HAYHE IOTJIMHAHHS
HEUTPOHIB, 1110 HETATUBHO MO3HAYAETHCS HA KIJIBKOCTI BUBIJILHEHOT €Heprii

Bakka Bojia D20 - nyke 100pe COBIIbHEHHS, CJIa0Ke MOTJIMHAHHSA HeHTPOHIB.

3a TUTIOM BOJHU, 1[0 BUKOPUCTOBYEThCS y peaktopax, D20 a6o H20, peakropu
MOJIUISIOTHCS. HA BaYKKOBOJISIHI Ta JIETKOBOJISIHI BIAMOBIAHO. Y Ba)KKOBOJISIHUX PEAKTOPAX
K TIaJbHE BUKOPUCTOBYETHCS HYKIiA YpaHy-238, y JerkoBojasHUX - Ypan-235. Jlns
KEepyBaHHS PEAKIIE0 PO3Naay Ta ii MPUIIMHEHHS 3aCTOCOBYIOTh PETYIIOBANIbHI CTPUXKHI,
0 MICTATH 130TONK O60py abo KaaMiro. EHepriro, sika BUIUISETHCS i Yac JaHIIOTOBOi
peaxiii noJIlTy, BUBOJUTH TEIUIOHOCIH. Yepes 1ie BIH HarpiBa€eThCs, 1 IPU NOTPAIUISTHHI B
BOJly BIH HarpiBae ii, IEpeTBOPIOIOYM HA Napy (Y4acTo TEIUIOHOCIEM € cama Boja). [lapa
obOepTae nmapoBy TypOiHY, sika 00epTae pOTOp T€HEPATOPa 3MIHHOTO CTPYMY.

Jexuyia Ne34. TepmosinepHuil cuHTe3. MeToaM CrOCTEPIraHHA eJIeMeHTapHUX
YaCTHHOK
Inan:
1. TepmosiiepHUil CUHTES .
2. BukopucTtaHHs siiepHOi €Heprii.
3. Jliunnehuk I eiirepa.
4. Kamepa Binbcona.
5. BynnbamkoBa kamepa.
6. MeTtoa ToBCcTOMIAPOBUX (OTOEMYIIBCIH.
TepmosinepHui cunres.

SnepHuit CUHTE3 — 1€ MPOIIEC, i Yac IKOro °H 3H
JBa aTOMHHUX sAapa 00'€enHYIOTbCA, (HOpMyIOUH
BaXkue AIpO. 3a3BuyYai uen IPOLEC @ a
CYNpPOBOJKYETHCA BUAUICHHSM €Heprii. AnepHuit
CUHTE3 € JIKEpEJIOM €Heprii B 31pKax Ta BOIHEBIN
60MO0i.
Jlns 30mMKeHHST aTOMHUX S7Iep Ha BIiJCTaHb, @
JOCTaTHIO il TOro, 100 BixOynacs saepHa
peaxiisi, HaBiTh JJIS HAWJIETIIIOTO €JIEMEHTY, BOJIHIO, o ‘He + 3.5 MeV

NOTpiOHA Ay’Ke 3HA4YHA KUIBKICTh eHeprii. Ame, y  h+ 14.1 MeV
BUITAJIKY JIETKHMX SIIEpP, BHACHIIOK O0'€THAHHS JTBOX
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Aaep 13 YTBOPEHHSM BaXXUOro sipa BHIAUISETHCS 3HAYHO
OlnbIe eHeprii, HIX 1€ Ha T[OJO0JIAHHS KYJIOHIBCHKOIO
BIJIITOBXYBAHHS MI)X HUMH. 3aBASKU IIbOMY SIIEPHUNA CHHTE3
— JyXe TEepCHeKTHUBHE JKEpeno eHeprii 1 € OoaHuM 13
OCHOBHHX HaIIPSIMKIB JOCII/HKEHHS Cy4acHOT HAyKH. v

KinbkicTh eHeprii, 1o BUAUISETHCS B OUTBIIOCTI SASPHUX
peakiiiii HabaraTo O1IbIIa, HIK Y XIMIYHUX PEaKIisAX, TOMY IO
€Hepris 3B'I3Ky HYKJIOHIB y SApl 3HAYHO OUIbINA, HIX €Heprii
3B'SI3KYy €JICKTPOHIB y aroMi. Hampukiasn, enepris ioHi3ariii, ska
OTPUMYETHCSI TIPU 3B'SI3yBaHHI €JNEKTPOHA 3 MPOTOHOM 13
YTBOPEHHSIM aTOMy BOJHIO, ckiafae 13.6 eneKTpoH-BOJIBT — MEHIE, HIXK OJHY
MUTBHOHHY Bim 17 MeB, mo BUAUIMIOTECS M Yac peakiii IeUTepito i3 TPUTIEM, IO
OIHcaHa HIDKYE.

BuxopucraHHs siiepHOI eHepril.

BukopuctanHs aToMHOT €Heprii CTUMYJIOEThCS HacaMIiepe] TUM, IO BXKE Ha
NEepIIoOMy eTalll i BAKOPUCTAHHS BapTICTh €JIEKTPOEHEPTii, 0/1epKyBaHOi BiJl aTOMHHUX 1
BYTUIBHUX CTaHII{, TPUOJIU3HO OJTHAKOBA.

ExonomiuHa mepeBara aTOMHHUX €JIEKTPOCTAHIIIN HaJl TEIMJIOBUMU Oe3MepepBHO
3poCTaTUME SIK BHACHIIJIOK iXHBOTO YJOCKOHAJICHHS, TaK 1 BHACHIJIOK MOJOPOKYAHHS
KaM'stHOTO BYTULISA, TOpQy, HAPTH 1 TPUPOJHOTO Ta3zy, 3aMacu SIKUX Yy BEPXHIX IIapax
3emi1i MIBUAKO 3MEHINYIOThCA. [Ipu cydacHMX Temmax 3pOCTaHHsS BHKOPHUCTOBYBAHHS
eHeprii ux 3amnaciB najuBa Moxke BuUcTauuTH Ha 100—150 pokiB, BUKOpUCTaHHS K
AJIEPHUX pEAKUIN MOAUTY ypaHy, TOPIIO 1 IUTyTOHII0 3MOKe 30LIBIINTH LEH CTPOK IIE Ha
200—300 pokis.

Jlutie OBOJIOAIHHS TEPMOSIICPHUMM PEAKIIIMU CHUHTE3Y 3a0e3MeYUTh JIFOJCTBO
€HEPric€r0 B HEOOMEXEH1M KUIBKOCTI 1 Ha HEOOMEKEHHI TEpMIH.

SnepHa TéxHIKa — Tany3b TEXHIKH, IO OXOIUTIOE BUKOPUCTAHHS SACPHOI Hepril;
CYKYMHICTh TEXHIYHMX 3aco0iB, 3B'SI3aHUX 3 BUKOPUCTAHHSM BHYTPIIIHBOT €HEPTii
ATOMHOTO SIJIpa, 110 BUIAUISETHCS TPU SJIEPHUX MTEPETBOPEHHSX.

Metoau cnocTepiraHHs eJ1eMeHTAPHUX YACTHHOK.

[Ipunanu, mo 3acCTOCOBYIOTBCS JUIsl PEECTpallii Ta BUBYEHHS Pal0aKTUBHOTO
BUIIPOMIHIOBAHHSI Ta CIIOCTEPEKCHHS €JIEMEHTAPHUX YAaCTUHOK MOJUISIOTHCS Ha JIBa
BUJU: CIOCTEPEXKHI, M0 JO3BOJSAIOTH CIOCTEpIraTH CHigu (TPEKH) YaCTUHOK Ta
peecTpaiiiiHo-BUMiproBaibHl. Jlo mepmmx BigHOCAThCS Kamepa BinbcoHa, audy3Ha
Kamepa, OynpOamkoBa Kamepa Ta siiepHi poroemynbcii. Jlo Ipyrux MoxHa BIJHECTH
CUMHTWISILINHUN, YEpEHKIBCbKUI, Tra30pO3psiAHUM, HAMIBIPOBIAHUKOBUN JTYMIBHUKU
Ta IMIYJbCHY 10HI3allIHHY Kamepy.

VYci cyyacHi MeTOonM peecTpallii siICpHUX YAaCTMHOK 1 BUIPOMIHIOBaHb MOKHA
pPO30UTH Ha JIB1 TPYIIH:

1)  oOumcharoBaibHI METOJM, 3aCHOBaHI HA BUKOPUCTAHHI NPUJIAIIB, SKi
OO0YHCITIOIOTh KUTBKICTh YACTUHOK TOTO Y 1HIIOTO TUITY;

2)  TPEKOBI METO/H, IO J03BOJIIOTH BIATBOPHUTH CJIiJ] YAaCTHHKH.

1. Jliunapnuuk Ieiirepa — npunan as aBTOMaTAYHOI Ti4OM 4acTHHOK. Jlist
TYWIbHUKA 3aCHOBaHA Ha yAapHIM 10HI3amii. 3apsakeHa YacTHHKA MPOJIITaE B rasi,

128



BIJIpUBAIOYH BiJ] aTOMIB E€JIEKTPOHH, i YTBOPIOE MO3UTHUBHI 10HU Ta BUIbHI €JEKTPOHHU.
JlivnnpHuk ['eifrepa 3aCTOCOBY€EThCS JJIsSI pEECTpallii €IEKTPOHIB 1 Y-BUITPOMIHIOBAHbD.

2. Kamepa Binbcona. VY miif kamepl mIBHJIKa 3aps/KEHA YACTUHKA 3aJUIIAE
Cif, SKMH MOXHa crocrepiratu Oe3mocepeaHbo 4 ¢dororpadyBatu. [is kamepu
BinbcoHna 3acHOBaHa Ha KOHJEHCAIlli MEPEHACHYEHOI Mapu Ha 10HAX 3 YTBOPEHHSIM
Kpaneiabok Boau. LI 10HM CTBOpIOE Y3J0BXK CBO€I TpPAaeKTOpii pyxoma 3apsiipKeHa
yacTUHKa. Kpanenbku yTBOPIOIOTh BUAMMME CIiJ] YACTUHKH, IO TPOJETLIA, - TPEK.
[adopmariis, aKy Aar0Th TpeKu B kamepi BinbcoHa, 3HayHO OaraTiia 3a Ty, 1[0 MOXKYTb
JaTH JIYWIBHUKH. 32 JOBXKHHOIO TPEKYy MOXHA BHU3HAYUTH EHEPril0 YaCTUHKHU, a 3a
YHCIIOM KpareaboK Ha OJMHHULIIO0 JOBXKUHU TPEKY OLIHUTH ii MIBUAKICTb.

3.  Bbyab6amkoBa kamepa. Y 1952 poui amep. Yuenum [l. I'neitzepom Oyro
3aMpOoNOHOBAHO BUKOPUCTOBYBATH JIJIsl BUSIBICHHS TPEKIB YaCTHHOK MEPErpiTy piauHYy.
VY wiit pianHI Ha 10HaX, K1 YTBOPIOIOTHCS MiJ] Yac PyXy IMIBHJIKOI 3apsAIKEHOI YaCTHHKH,
BUHUKAIOTh OyNbOAIIKy MapH, siKi JaloTh BUAUMHM Tpek. [IpoOir 4acTMHOK, yHACTIIO0K
OUIBbLIOI TYCTUHH po00YOi PEUOBUMHU, BUSBISAIOTHCA JTOCUTh KOPOTKMMH, W YaCTUHKH
HaBITh BEJIMKUX EHEPTid «3acTpsitoTh» y Kamepi. Lle no3Bosisie cnocrepiraTé cepiro
HOCIIOBHUX MEPETBOPEHb YACTUHKU Ta PEaKIIii, 10 HEIO BUKIMKAIOTHCS.

4, Metoa ToBCcTOIApPOBHX (oToemyJibCiid. Lleil MeTon TIpyHTyeTbcs Ha
TOMY, LIO 3apsP)KeHa YaCTUHKA, PYXalouuCh Y (OTOEMYJbCli, pyWHYE MOJIEKYIH
Aprentym Opomigy B THX 3€pHaX, Kpi3b sKi BoHa mpoimuia. [licias mposBieHHs B
KPUCTAJIMKAX BIJTHOBIIOETHCS METalieBe CpiOJ0 M JIAHIIOKOK 3€peH cpidia yTBOPIOE
TPEK YaCTHHKHU. 32 JOBXKWHOKO i TOBIIMHOIO TPEKY MOKHA OI[IHUTHU €HEPrito i macy
YaCTHHKH.

S. HaniBnpoBiTHMKOBI JiYMIBHUKH PEECTPYIOTh YACTUHKH, IIO MPOXOIATh
yepe3 HamiBIPOBIAHUKOBUM 110/, CTBOPIOIOYM B HBOMY €JIEKTPUYHUIN IMITYJIbC.
6. Ionizauniiini giynmabHuku. Jlo npunazaiB, ae BiAOyBaeTbcs 10HI3ALIA

CEpellOBUINlAa YACTUHKAMH, IO PEECTPYIOTHCS, BITHOCITHCS IMITYJIbCHA 10HI3aIliiHA
Kamepa, JiywibHUK ['edirepa-Mromnepa, kamepa Binbcona, mudysiiiHa Kamepa,
Oynp0OarikoBa KaMmepa Ta sijepHi PoToemMyIbCii.

7. ImnyabcHa ioHi3amiiina kamepa € JIE€TEKTOPOM YacTUHOK. B ocHOBI i
OyZOBHM 3HAXOAMUTHCA KOHJEHCATOp, JO SKOTO MiJBeleHa BHCOKa Hampyra. ['a3, mio
3HAXOAUTHCS MDK €JEKTPOJaMH MOKE 10HI3yBaTHCS TMAJal0OuYMMU YaCTUHKAMH 1
CTBOPIOBATU CTPYM B €JIEKTPUYHOMY KOJIi kKamepu. Hampyry miaOupaiots Tak, mo0 i0HH,
PYXar4uch N0 €JIEKTPOJia, HE 3MOIJM PEKOMOIHYBaTH 1 HE 3MOTJIM 3/1HCHIOBATH
MOBTOPHY 10HI3aLlI0 razy.

8. Mudysiiina kamepa € pI3HOBUAHICTIO Kamepu BigbcoHa 1 Moxe
NpaloBaTH B HEMEpPEpBHOMY pexkuMi. [lepecnueHuil map CTBOPIOETHCS HETEPEPBHOIO
nudy3i€ro MapiB CIUPTY Bl HATPITOI KPUILKHU A0 OXOJIOHKEHOTO JIHA KaMEPH.
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