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EAUHULBI U3MEpPEHUA
$dU3nyYeCKUX BEAUUUH

OcHOBHble eguHNLbI N3MepeHNs

OnvHa — 1 m (meTp).

Bpema — 1 ¢ (cekyHgaa).

Macca — 1 Kr (Kunorpamm).
Temnepatypa — 1 K (KenbBuH).
Cuna Toka — 1 A (amnep).
KonnyecTtBo BellectBa — 1 Morb.

Mpoun3BoAHble eANHNLbI U3MepeHNa

Cvna — 1 H (HblOTOH).

NasneHne — 1 lNa (nackanb).

3apag — 1 Kn (Kynon).

Ckopoctb — 1 M/c (meTp B cekyHAY).
[TnoTHOCTb — 1 Kr/m® (KMnorpamm Ha MeTp
B Kybe).

ConpotusneHne — 1 Om (om).

JHeprua — 1 [ (gxoynb).




1. MEXAHUKA

1.1. MexaHuuyeckoe
ABUXXEHUE U ero BUAbI

MexaHnyeckoe ABWXEeHNE — W3MEHEHMNe
NOSIOXKEHWA Tena OTHOCUTENbHO APYrnx Tes, TO
eCTb M3MEeHeHue ero KOOpAuHaT, C TeyeHuem
BpEeMEeHM.

MaTtepuanbHaa Touka — Teno, pa3Mepamu
KOTOPOro MOXHO npeHebpeyb B JaHHOW 3ajaue.

[lonoxeHne MmartepuanbHOM TOYKM B MNPO-
CTPAHCTBE OTHOCWTENIbHO Tefla OTCUYETA 3afaETCA
PaaNyC-BeKTOPOM: T =xi +yj + zk.

Mopynb pagnyc-BekTopa:

r=lr|=V+y + 2 .

1.1. MexaHn4eckoe ABWMKEHUE W ero BuAbl 17



BekropHas BennymHa — BennumMHa, KOTopas
Xapaktepusyetca abcontoTHbIM 3HayeHuem (Mo-
Ooynem) W HarnpasfieHWemM B MPOCTPaHCTBe (Ha-
nprMep, CKOPOCTb, YCKOPeHMe, HanpPAXEHHOCTb
nonsi). 0603HaYaeTCH: vV Unn v.

CKkanAapHasa BenuYMHa — BENMYMHA, KOTO-
paf He MMeeT HanpaBsfieHNA U XapaKTepusyeTcH
TONbKO YNC/IOBbIM 3HAYEHEM (Hanpumep, Macca,
MOLLHOCTb, TeMnepaTypa).

Cuctema oTcyéta — CUCTEMA KOOPAMHAT,
CBA3aHHaA C TeNIOM OTCYETa, U COBOKYMHOCTb
CUHXPOHM3MPOBAHHbIX  4YaCOB,  MOMELLEHHbIX
B Pa3HbIX TOUKAX CUCTEMbI KOOPAWHAT.

Teno oTrcyéra — Ten0, OTHOCUTENIbHO KOTO-
POro onpeaenAeTcA NONOXKeHne BCex 0CTaslbHbIX
Ten. C Tenom oTcuéta 0ObIYHO CBA3BIBAIOT Hava-
N10 OTCYETA N TPX B3AaUMHO NeprneHAnKYnapHble
NpAMble — OCU KOOPAUHAT.

18 1. MexaHuKa



Cuctema KoopaMHAT — BENYMHbBI, KOTOPbIE
onpefenAlT NoJIoXKeHne MaTepuanbHON TOUKM
Ha MNOCKOCTU M B NPOCTPAHCTBE.

[ponaeHHbIN NYTb ($) — ANMHA yYacTKa Tpa-
eKTOPUKN MaTepuasibHOM TOUKK, NPONAEHHOTO elo
3a onpefefieHHoe Bpems.

TpaekTopua — NMHWA, BOONb KOTOPOW [BK-
KETCA maTepuasibHaa TOYKa. TpaekTopuA 3aBu-
CUT OT BblbOpa cnCTEMbI OTCYéETA. B 3aBrCMMOCTM
OT GOPMbI TPAEKTOPUW PA3NNMYALOT NPAMOSIUHEN-
HO€ 1 KPUBONMHENHOE ABUXEeHMA MaTepranbHOW
TOYKW.

[lepemelleHne maTepranbHON TOYKK (?) —
HanpaBfeHHbIA OTPE30K NPAMOW, COeANHAOLLNIA

HauyanbHOE 1 KOHEYHOE MONOXKEHNA MaTepuanb-
HOW TOYKW. BekTop nepemelleHuna HanpasneH
N3 HauyaNlbHOrO MONOXEHUA MaTepuanbHOW TOu-
KN B €€ KOHeyHoe nonoxeHue. Moaynb nepe-

1.1. MexaHW4ecKoe ABUMEHWE W ero BuAbl 19



MELLEHNA He MOXeT 6biTb 6onblue nyTu. Ecnu
MaTepuranbHaA TOYKa OAHOBPEMEHHO y4yacTByeT
B HECKONbKMX [ABWMKEHWNAX, TO pe3ynbTupyoLlee
nepemelleHne pPaBHO BEKTOPHOW Cymme repe-
MEeLLEHNI, COBEPLUAEMbIX €10 B KaXKAOM U3 ABU-
XeHWI. B 3TOM coCTOUT NprHLMN HE3aBUCUMOCTY
NBVXEHWN.

[lepemelwieHne npu NPAMONNHENHOM paB-
HOYCKOPEHHOM ABVKEHUNU:

- o

. S =S, +V t+aty/2
rie S, — HauyanbHoe nepemelleHne matepu-
aNlbHOW TOYKMW, 70 — HayanbHaA CKOPOCTb TOY-
KW,  — YCKOPEHWe TOUKW, t — Bpems ABiKe-
HUA.

[lepemeHHOEe ABMKEHWEe — [ABWKEHVE Ma-
TepuanbHOW TOUKK (Tena) C NepemMeHHON CKOpo-
CTbi0 (MO MOAYNIO AW HAMPABNEHWIO).

20 1. MexaHuKa



[lepeHOCHOE ABMXeHne — [BUXeHue noga-
BUKHOWN CUCTEMbl OTCYETA MO OTHOLUEHMIO K YC-
JIOBHO HEMOJBUXHOW CMCTEME OTCYETA.

[InockonapannenbHoe ABMXeHne — ABuKe-
HMe TBEPAOro Tena, NPn KOTOPOM BCE ero TOYKM
nepemMeLLaloTcA napannenbHO HEKOTOPOW Henof-
BUXKHOWN MTOCKOCTW.

[locTynatenbHoe ABMMXEHMEe — [OBWKEHMe
Tena, NPU KOTOPOM OTPe30K MPAMON, COeaunHsA-
IOWMIN ABe NoOble TOYKKM, NPUHAANEXKALLME STOMY
Teny, nepemeLlaeTca, 0CTaBaACb napannenbHbim
camomy cebe. lNocTynatenbHoe ABMXKeHne abco-
NIOTHO TBEPAOro Tesla XapaKTepu3yeTca ABuxKe-
Huem nbon ero Toukn. ObbIYHO ANA ONMCAHWA
NoCTynaTeNbHOro ABVXEHUA TBEPAOro Tesa Bbl-
bupaloT ero LeHTp macc.

[lpamonnHenHoe HepaBHOMepHOe ABU-
KeHne — [BMKEeHMe MaTepuanbHOM TOUKM
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BAOSIb MPAMOM C M3MeHAlWenca no mopgy-
f1I0 CKOPOCTbIO.

1.2. OTHOCUTEABHOCTb ABUWKEHUSA

[TOCKONbKY MeXaHW4yecKoe ABUMKEHWE HOCUT
OTHOCUTENbHbIN XapaKTep, B Pa3HbiX CUCTEMAX
OTCYETA KOOPAMHATHI M CKOPOCTb Tena OyayT
onpenenATbCa Ha OCHOBaHUWM Mpeobpa3oBaHNiA
[anunes.

[peobpa3zoBaHna lanunea — CoOOTHOLWe-
HUA, NO3BONAKLWME NEPeXoAnTb OT MPOCTPaH-
CTBEHHO-BPEMEHHBIX KOOPAWHAT  Kakoro-nnbo
cobbiTa B OAHOW WHEPUMANbHOMW CUCTEME
OTCYETA K MNPOCTPAHCTBEHHO-BPEMEHHbBIM KO-
OpAMHaTaM 3TOro e cobbITA B Apyron UHep-
LManbHOM C1CTEME OTCYETA B paMKaXx Knaccuye-
CKor Pu3mnKK. Hanpumep, ecnu UHepUManbHas
cucTema OTCYETa K ABUKETCA CO CKOPOCTbK V
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OTHOCUTEeNbHO K' BAONb MX 0bLlen ocn x, a ocu
y 1 z obenx cuctem napannenbHbl Apyr Apyry,
TO: X' =X-Vt,y =Yy,Z =2t =t. OCO6EHHOCTbIO
npeobpa3osaHu lanunea ssnsetca abconiot-
HOCTb BPeMeHN BO BCEX MHepUManbHbIX CUCTe-
MaX OTCYETa.

3aKOH CNoXeHnA nepemeLyeHunn:

$-5+3

N
roe S — nepemelleHune Tena OTHOCUTENbHO He-
NOABMXHOW CUCTEMbI KOOPAMHAT, 5 | — nepeme-
LLIeHNe NOABUKHOW CUCTEMbI KOOPAMHAT OTHOCU-
TeIbHO HEMOABWKHOMN, S nepemelleHrie Tena
OTHOCUTENIbHO MOABWMXHOW CUCTEMbI KOOPAMHAT.

3aKOH cnoxeHua ckopocten. CKopocTb Tena
B HEMOABWKHOWN CUCTEME OTCYETA PaBHA BEKTOP-
HOW CYyMMe CKOPOCTU Tena B MOABMXHOU cUcTeme
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OTCYETA U CKOPOCTN MNOABUMXHOWN CUCTEMbI OTCYE-
Ta OTHOCUTENbHO HEnoABUMMKHOMN:
V=Vot+V/,

rie V. — CKOPOCTb Tena OTHOCUTENbHO Hemno-
OBVIXHOW CMCTeMbl KOOpAWHAT, 70 — CKOPOCTb
MOABMKHOW CUCTEMbl KOOPAMHAT OTHOCUTENbHO
HeMOABWKHOIA, V' — CKOPOCTb TeNna OTHOCUTENb-
HO MOABMMXHOW CUCTEMbI KOOPAMNHAT.

1.3. CKopocCTb

—_—

CpenHaa CKOpOCTb (ch) —  dur3nyecKas
BENNYMHA, MOAYNb KOTOPON PaBeH OTHOLIEHMIO
nepemeLleHna s K NPOMEXYTKY BpemMeHu t, 3a
KOTOPbI COBEPLUEHO 3TO NEPEMELLEHME:

v =5/t
cp
Bektop cCpeaHein  CKOpOCTM  coBMagaeTt

C HanpaBneHneM BeKTopa nepemelleHus. B pape
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Cnyyaes CpeAHAA CKOPOCTb v OMpefenaeTca or-
HOLUEHMEM MYTK S KO BPeMeHM t:
V, = s/t.

EonHuua cpegHenm CKOpoCTM — MeETp B ce-
KyHAY (M/c).

—_—

MrHoBeHHasa cKopocCTb (V) — npeaen, K Ko-
TOPOMY CTPEMUTCA CPefHAA CKOPOCTb 3a becko-
HEYHO Masblil NPOMEXYTOK BPEeMEHM:

L . .5 ds
v =limv =lim Z==-.
t-0 o [ dt

[lpoeKkumMn MrHOBEHHOM CKOPOCTU Ha OCU
KOOpAMHaT:

dx d dz
VX= —, |V —Z’ sz -
dt’ v dt dt

Mopynb MrHOBEHHOW CKOPOCTY PaBeH:

v=[V|=vVvi+v)+vs.
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MrHoBeHHaa CKOPOCTb HarpaBfieHa MO Ka-
CaTeNbHOM K TPAeKToOpUX ABUKEHMA B JaHHOW
Touke. MrHoBeHHasa CKOPOCTb — BeNNYMHA OT-
HocuTenbHaA. OQHO 1 TO Xe TeNo MOXET OfHO-
BPEMEHHO [BUraTbCA N HAXOAUTbCA B MOKOE
B pPa3HbIX CMCTEMAX OTCYETA.

EAMHMLUA MrHOBEHHOM CKOPOCTM — MeTp
B CeKyHAy (m/c).

1.4. YckopeHuUue

N

CpepHee ycKopeHue (acp) —  du3nyeckas
BE/INYMHA, YNCNEHHO PAaBHAA OTHOLLEHMIO U3Me-
HEHWA CKOPOCTU AV K NPOMEXyTKY BpeMeHH t, 3a
KOTOPbI 3TO U3MEHEHNe NPOU30LLIIO:

o o

a,= Av /t.

BekTOp CpeaHero yckopeHua CoBMnagaeT C Ha-
NPaBfeHNEM BEKTOPA U3MEHEHNA CKOPOCTMW.
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MrHoBeHHOe YyCKOpeHue (E ) — npegen,
K KOTOPOMY CTPEMUTCA CPeAHee YCKOpeHne npu
6ECKOHEYHOM YMEHbLUEHNM MNPOMEXYTKa Bpe-
MEeHW:

—

d=lima. =lim3Y.
At-0 P at-0 At
MrHOBEHHOE YCKOpeHWe — nepBas Mpous3-
BOHaA CKOPOCTU MO BPEMEHW W BTOPas Mpous-
BOOHAA OT KOOPAWHATbI NO BPEMEHMN. npOEKU,Vlﬂ

YCKOPEHUA Ha OCU KOOPAMHAT:
av, dv, dv,

“S=at YT a 92T
AbconioTHOe 3HaueHne (Moaynb) YCKOPEHUS:

a=|a|=Vay+a,+a;.
EovHuua m3mepenna yckopenusa B (N —
METP Ha CeKyHAay B KBagpate (m/c?).
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1.5. PaBHOMepHOEe ABU)XeHUue

PaBHOMepHOe MNpPAMONNHENHOe ABUXKe-
HUe — [ABWXKEHME, NPU KOTOPOM Teno 3a Jiko-
Oble paBHble MPOMEXYTKN BPEMEHN MPOXOAUT
paBHble paccToAHMA. B 3TOM cnyyae nyTb paBeH
MOAYNI0 nepemelLeHuna:

|s’| =5 =vt.

Mpu Takom ABM¥eHuM v = const. MyTb s,
MPOVAEHHbIA MaTePUaANIbHON TOYKOM 3a Npome-
KYTOK BPEMEHN t, COCTaBNAET S = VL.

1.6. PaBHOnepemMeHHoe
ABUWXXEHUeE

PaBHOnepemeHHOe ABMKEHNe — [BUXKEHMe,
NPy KOTOPOM 3a NtoOble paBHble MPOMEXYTKM
BPEMEHN MaTepuanbHaA TOYKA U3MEHAET CBOIO
CKOPOCTb Ha OAHY W Ty e BenuuyuHy. lpun Ta-
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KOM ABWXEHUMN YCKOPEHVEe MaTepuasibHOW TOY-
Kn a = const. CKOPOCTb 1 nepemelLieHre maTe-
pPUanbHON TOUYKM NPY PaBHONEPEMEHHOM [BIUXe-
HUWN U3MEHAIOTCA NO 3aKOHAM:
V=V +ats=s +Vt+at/2,
- -

roe vV, S, — COOTBETCTBEHHO HauasbHas CKO-
POCTb W HayasbHOE MnepemelleHre mMaTepuanb-
HOWN TOYKMW.

PaBHOMNepemeHHOe NPAMOIMHENHOE ABUXKe-
HUe — [BVXeHWe Tena C NOCTOAHHBbIM YCKOpe-
HUeM.

CywecTByeT fBa BW4a pPaBHOMEPEeMeHHOro
NPAMOSIMHENHOTO  [BWPKEHWA:  PABHOYCKOpPEH-
Hoe (npupalieHne MoAynsa CKOPOCTU MONOXMK-
TeNbHOE) W pasHO3ameodneHHoe (npupalleHue
MOZYNA CKOPOCTU oTpuuatenbHoe). PasHuua
COCTOWUT NUWb B HaMNpPaBfEHUN BEKTOpa YCKO-
PEHUA, NO3TOMY pPaBHO3aMEASIEHHOE [BUXKe-
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HMe oTobpaxaeTca B ¢opmynax CO 3HAKOM
MUHYC.

Mogaynb CKOPOCTU paccuUnTbIBAETCA no ¢op-
myne: v = v + at.

Mopaynb nepemelLeHna C Y4ETOM BPEMEHMN:

at’
§= Voti 7.

Mopynb nepemelleHns 6e3 yuéta BpeMeHu:

S_vz—vg
24

1.7. CBo60AHOE NapeHUue

CBoO6ogHOEe nafjeHne — [BWKEHWe, KOTO-
poe COBEpLUAET TeNo nof AEeNCTBMEM TOMbKO
CUNbl TAXKeCTW, 6e3 yuyéTa Cun CONpPOTUBNEHNS.
Mpu cBOOOJHOM MafeHUW TENO ABUMXKETCA C MO-
CTOAHHbBIM YCKOpeHueMm g. lMepemelLleHie s, co-
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BEpLUaemMoe TefIoM npu cBo6OAHOM nageHun 3a
BpemA t, paBHO:
S=Vit+gty2.

CKopoCTb Tena v npu CBOOOAHOM MageHuu

N3MEHAETCA MO 3aKOHY:
V=V +gt.
0

YckopeHne ¢BoOOAHO napawwero Te-
na (6) — YCKOPEeHMe, C KOTOPbIM ABUKYTCA
Tena noj AeucTBrem Cuiibl rpaBUTALNOHHOIO
B3anMoAencTBuA  (NpuTtaxeHna). YckopeHue
cBoboAHO Majatowero Tena Ha 3emne 3aBUCUT
OT BbICOTbl Hag YPOBHEM MOPSA W OT reorpadu-
YeCKOW WNPOTbI 1 HaMpPaB/ieHO K LeHTPY 3emnu.
Moaynb yckopeHusa ¢BOOOAHO nafatowero Tena
Ha 3emne onpepnenaeTca U3 3akoOHa BCEMUPHOro

TATOTEHUA:
g = Gm /R,
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rie G — rpaBUTaLMOHHAA NOCTOAHHAA, m, —
Macca 3emnu, R, — paccToAHME OT LEHTpa
3emnn. Ha wwupote 45° n Ha ypoBHe MopH
g = 9,80665 m/c%

Takum 0bpa3om, CBOOOAHO MaAaloT N KaMeHb,
OpOLLEHHbIN BEPTUKANbHO BBEPX, U Teno, bpo-
LUEHHOEe MOoJA NPOW3BOMbHbIM YTNOM K FOPU3O0HTY,
W AaXKe UCKYCCTBEHHDIA CNYTHUK 3eMN.

[OBvxeHne Tena, OpoweHHOro nop
yrIOM K ropusoHTy. [lpoekums BeKTopa
HaYanbHOW CKOPOCTN Ha OCU KOOPAWUHAT:

Vox = V€080, V, = v,sina,
rge a — yron, nojg KoTopbiM GPOLLIEHO Teno.

YpaBHEHNA [IBMXKEHUA Tena B NMPOEKLUMAX Ha

oM XWny:

X = Vot €OSQ, Y = Vot Sina — gzﬁ :
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CKOpOCTb Tena U3MEHAETCA MO 3aKOHY:

Vy = Vo €COSQ, V,= Vo sina — gt.

Bpema nogbéma Tena Ha MakCMManbHYHO Bbl-
COTy:

Vo Sina
nog — T

Bpemsa aBuxeHus Tena:
b 2V, sina_
AB g
BbicoTa nogbéma Tena:
V5 sin“a
2g
JlanbHOCTb Nonéra:
‘o Vi sin20.
g
MakcumanbHaa ganbHOCTb NONETa Tena (npwu

ero nageHuu nog yrnom 45°):

t

h=
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_ V%
Smax - ?
MakcmanbHasa BbICOTa NoabeémMa Tena (npw
ero nageHuun nog yrnom 90°):
b B
max ~— 29 ‘

1.8. AB)XXeHue no OKPY>XKHOCTU

PaBHOMepHoOe BpaLlaTenbHoe ABMKEHNE —
OBWXEHWe, Npu KOTOPOM Yr/ibl MOBOPOTa Mate-
PVaNIbHOW TOYKM 3a NIl0Oble PaBHbIE NPOMEXYTKN
BPEMEHW OfMHAKOBbl. Yron ¢, Ha KOTOpPbIN Mo-
BOpayMBaeTCA MaTepmasibHaa ToYka Npu paBHO-
MEpPHOM BpallaTeNbHOM ABUKEHUWN 3a BpemaA t,
paBeH

¢ = wt,
rae w — yrnoaa ckopoctb. CKOpOCTb V, € KOTO-
PON ABMXKETCA MaTepuanbHaA TOYKa MO OKPY-
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HOCTW, CBA3aHa C YrNOBOW CKOPOCTbIO W COOT-
HOLUEHNeM: V = Wwr, rae r — paanyc OKPYXHOCTH.

KpnBonnHenHoe ABWXeHME — [ABUXKEHUE
Tena no KPWUBOW TPAeKTOpPMM, KOTOPOE MOXHO
NpPeacTaBUTb B BMUAE ABVXKEHUA NO AyraM OKpYX-
HOCTeN Pas3fNyHbIX paguycos R. Ecnn gemxeHne
MaTepmranbHON TOYKM NPOUCXOAUT B MIOCKOCTH,
TO BEKTOP YCKOPEHUA MOXHO Pa3fioXuUTb Ha ABe
coCTaBnAwLyme:

- @ —

a=a +a,
e a, — HOpManbHOe (LEHTPOCTpeMUTETb-
HOe) YCKOPEHWe PaBHOMEPHO ABVKYLLErocs Mo
OKPYKHOCTW Tena, . — TaHreHLMasnbHOE YCKO-
DeHMe, xapaKTepusyloLee BbICTPOTY M3MEHEHNS
MOAYNA BEKTOpa CKOPOCTU MaTepuanbHOI TOu-
Kn. BEeKTOp LIeHTPOCTPEMUTENBHOTO YCKOPEHMS
BCerfa HanpasfeH K LeHTPY KPUBM3HbI Tpaek-
TOPUU, @ TaHTEHLMANbHOTO — MO KacaTenbHOM
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K TpaekTopun. CBA3b MOTHOMO YCKOPEHMA C TaH-
reHUManbHbIM N HOPManbHbIM YCKOPEHUAMM:

a=\ay+ad:, a,= %, a, = %

YrnoBaa cpepgHAA CKOpPOCTb (wcp) — Be-
NINYMHA, pPaBHaA OTHOLWEHWKD Yrna MnoBOpO-
Ta () paanyc-BeKTOopa TOUKKU, ABUXKYLLENCA BO-
KPYr 3aflaHHOro LeHTPa, K MPOMEXYTKY Bpeme-
HU (f), 3@ KOTOPbIN COBEPLUMACA 3TOT MOBOPOT:
W, = @/t.

EqvHuua cpeHen yrnoBou CKOpOCTM — pa-
OvaH B cekyHay (paa/c).

YrnoBasa MrHoBeHHaa CKOPOCTb (W) — npe-
nen, K KOTOpOMYy CTPeMUTCA CPeaHAA Yrnosas
CKOPOCTb Npu 6EeCKOHEYHOM YMEHbLUEHWUW NPO-
MeXyTKa BpemeHu t:

—lim w,, = lim & = 9@
W T T dt
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EQVMHML@ MFHOBEHHOWM YrnoBOW CKOPOCTU —
pagunaH B cekyHay (paa/c).
[IBMKeHne Tena no OKPYKHOCTU XapakTepu-
3yeTca nepuogom T 1 4acTOTON obpaLLeHna V.
[epuop obpalieHna — Bpema OAHOro non-
HOro obopora:
T=t/N,
roe t — Bpema aBmkeHuns, N — Konuyectso 060-
POTOB 3a 3TO BPEMSA.
EouHnua m3mepeHusa nepuopa obpalleHus
B (M — cekyHpa (c).
Yactota obpaweHuna (v) — BennumHa, paB-
HaA KonnMyecTBy 06OPOTOB B CEKYHAY:
N _ 1

V=—" = —.
t T
CooTHoLEeHMe, cBA3bIBalOLLEE YINOBYIO U NN-
HeVHYI0 CKOPOCTK:
v

w:ﬁ.
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Yrnosoe cpepHee yCKOpeHue (ecp) — pu3u-
YeCKan BESIMYMHA, YNCNEHHO PaBHAA OTHOLIEHWIO
W3MEHEHMA YrNOBOW CKOPOCTU K MPOMEXYTKY
BPEMEHW, 33 KOTOPbIA 3TO U3MEHEHME NPOun3o-
LLNO:

€, = Aw/t.

YrnoBoe MrHoBeHHOe ycKopeHue (&) — npe-
Oen, K KOTOpoMy CTPEeMUTCA CpeaHee YrnoBoe
YCKOPEHMe 3a HECKOHEYHO Manblil MPOMEXYTOK
BPEMEHN:

g=1lim g, =lim At“’: ‘é‘;’
t~0 t~0
CBA3b HOPMANbHOMO (LLEHTPOCTPEMUTENBHO-
ro) YCKOPEHMUA C YrNOBON CKOPOCTbIO:
a = wR,
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1.9. NepBbiu 3aKoH HblOTOHA

MHepumanbHble CUCTEMbI OTCYETA — CUCTe-
Mbl OTCYETa, B KOTOPbIX CBOOOAHAA MaTepuasib-
HasA TOUYKa NMOKOUTCA NI ABUXKETCA NPAMOSIUHEN-
HO N PaBHOMEPHO.

MepBbin 3akKOH HbloToHa. Jliobaa matepu-
aNbHaA TOYKA COXPAHAET COCTOAHME MOKOS UMK
PaBHOMEPHOIo NPAMONIMHENHOTO ABWXEHUA A0
TeX Nop, NOKa BHELLHKE BO3AENCTBUA HE U3MEHAT
3TOro CoCcToAHUA. lNepBbl 3aKOH HbIOTOHA YCTa-
HaBNMBaeT QaKT CyLIeCTBOBAHMA NHEPLMANIbHbIX
CMCTEM OTCYETA M OMUCHIBAET XapakTep ABuXe-
HUA CBOOOOHOWN MaTepuanbHON TOYKK B NHOOON
N3 TaKNX CUCTEM.
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1.10. MpuHUUN OTHOCUTEABHOCTHU

[MpuHyMn oTHocuTenbHOCTM [anunea —
OCHOBHOW MNPUHUNN KNAaCCUYECKON MEXAHUKN,
YTBEPXKAAOWNA MHBAPUAHTHOCTb 3aKOHOB Me-
XaHUYECKOro ABMXEHWA OTHOCUTENbHO 3aMeHbl
OfHUX WMHepuManbHbIX cuctem apyrumu. Marte-
MaTUYeCKn MPUHUMN OTHOCUTENbHOCTW lanunes
OnuCbiBaeTca npeobpaszoBaHuaMK [anunes, Ko-
TOpble NpeanonaratoT CyLWweCcTBOBaHNe abcontoT-
HOrO BpemMeHn K abConTHOro MPOCTPAHCTBA
0€30THOCUTENIBHO K MaTepuu 1 Apyr K Apyry,
YTO AOMYCKAeT IKCMEePUMEHTANIbHYIO MPOBEPKY.
Takaa npoBepka NPUBOAUT K MONOXKUTENbHbIM
pe3ynbTatam Npu ManblX MO CPABHEHWUIO CO CKO-
POCTbI0 CBeTa CKopocTAX. OAHAKO Npu CKOpo-
CTAX, 6NM3KUX K CKOPOCTW CBETA, MPOBEPKA NpU-
BOAUT K OTpULATENbHbIM pe3ynbTaTam.
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[ToyHUMN OTHOCKTEeNbHOCTU [anunea rnacur,
YTO 3aKOHbl MEXaHWKN BO BCEX WMHepLMNaNbHbIX
cMcTemax OTCYETa oavHakosbl. Otciopa cnegy-
eT, YTO HUKAKUMW MeXaHWYECKUMW OMbITaMu,
NPOBOAALMMNCA B KAKOM-NNMOO MHEepLManbHOM
CUCTEME OTCYETa, Henb3A onpeaennTb, NOKOUT-
CA AaHHaA CcMCTemMa UNN OBUMXETCA PaBHOMEPHO
N NPAMONNHENHO. ITO MONOXEHME ObINO Bnep-
Bble YCTAHOBJIEHO UTaNbAHCKUM YUéHbiM [. [anu-
neem B 1636 .

1.11. Macca. lIroTHOCTb
BellecTBa

Macca (M) — ¢u3nueckana BeNnUYMHa, OAHA
N3 OCHOBHbIX XapaKTepPUCTUK MaTepun. Kaxpgoe
Teno obnagaet uHepmHou (m) w 2pasumayu-
OHHOU (m) Mmaccamu. ViHepTHas macca fABnsAeT-
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CA MeponM WHEPTHOCTM MaTepuanbHON TOYKN,
rpaBUTaLMOHHAA — Mepon rpaBUTALMOHHOrO
B3avMofencTema Ten. B coBpemeHHON Qu3nke
C BbICOKOW CTEneHbd TOYHOCTM YCTaHOBMEHA
TOX[ECTBEHHOCTb MHEPTHOW N rPaBUTALNOHHON
Macc faHHoro Tena: m = m. [lo3Tomy ux He pas-
NINYAIOT M FOBOPAT NPOCTO O Macce Tena.

[noTHOCTb BewecTBa (p) — Pu3nyeckan Be-
NINYNHA, PaBHAA OTHOLLEHMIO MAacCbl m BelyecTBa
K ero o6bémy V.

p=m/V.
W3mepsaeTca B Kr/m°,

1.12. Cuna

_)
Cuna (F) — mepa B3aumopencTsva Ten unm
YaCTUL, U3 KOTOPbIX COCTOAT Tena. Cuna — Benu-
unHa BekTOopHaA. OHa xapakTepmsyeTca TOUKOU
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NPUNOXEHNA, MOAYNEM W HanpaBieHUeM [eu-
cTBuA. 13mepaeTca B HbloToHax (H).

1.13. NMNpuHuuUn
cynepno3vuuuu CUA

[puHUMN cynepno3vuyun Cun — MNPUHLMN,
yTBEPXAAoLWMN He3aBUCUMOCTb AeNCTBUA CUl.
Echm Ha Teno OpHOBPEMEHHO [OeUCTBYIOT He-
CKONMbKO €U, TO pe3ynbTUpytolaa cuna paBHa
reoMeTpuyeckon Cymme Cw, AeNCTBYIOWMX Ha
3TO Teno:

— —

F=xF,

1.14. Bropou 3akoH HblOTOHA

3aKoH. YckopeHune, npuobpetaemoe Matepu-
aIbHOW TOUKOW B MHEPLManbHON CUCTEME OTCYE-
Ta, NPAMO NMPOMOPUNOHANBbHO AeNCTBYOWeEN Ha
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TOUKy cune, obpaTHO MPONOPLUMOHANBHO Macce
TOUKM 1 HANPaBNEHO B CTOPOHY L0EeNCTBUA CUNbI;
a=F/m.

3aKOH YKa3blBaeT, Kakum OyfeT xapakTep aBu-
KEHMA MaTepuanbHOW TOYKM NPU AENCTBMU Ha
Heé cunbl. YpaBHeHMe 3aKoHa B obLen popme:
AP = FAt,
rge AP — n3meHeHue MMNyNbCa TOYKMN 3a Bpe-
mAa At.

1.15. Tpetuun 3aKoH HblOTOHA

3akoH. Cunbl B3aMMOLENCTBUA [BYX MaTepu-
a/IbHbIX TOYEK B MHEPLUMANbHOW CMCTeMe OTCYETa
PaBHbl NO MOAYNIO N HaNpPaBNeHbl B NPOTMUBONMO-
JIOXHble CTOPOHbI:
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roe F — C1Na, C KOTOPOW BTOPas MaTephasibHas
TouKa [IENCTBYET HA NEPBYH, F — CUna, € KoTo-
po nepBas MaTtepuanbHas Tqua OENCTBYeT Ha
BTOPYI0. 3aKOH OnpeaenseT UCTOYHMK BO3HUKHO-
BEHUA CUN 1 OTPaXaeT GakT paBHOMNPABMA B3au-
MOAENCTBYIOLMNX MaTePUabHbIX TOYEK.

1.16. 3aKOH BCEMUPHOro
TAroTeHUsA

3aKOH BCEMUpPHOro TaroteHusa. [IBe mate-
puanbHble TOYKN MPUTATMBAKOTCA APYr K Apyry
C cunamm, NPAMO NPONOPLUMOHANIbHbIMK MPOU3-
BEJEHMIO NX MacC m, 1 m, n obpaTHO NPOnop-
LMOHANbHbIML KBagpaTy pacCcToaHuaA (r) mexagy
HUMW:

F=Gmm,/r,

roe G — rpaBuUTaLMOHHAA NOCTOAHHAA. Cunbl TA-
rOTEHUA HanpaB/eHbl MO NPAMON, COEANHAIOLLEN

1.16. 3akoH BcemupHoro taroteHus 45



B3aMMOZENCTBYIOLWME TOYKMN. 3aKOH Obln OTKPbLIT
. HbtoToHOM B 1666 T.

1.17. Cuna TA)XecTH

e

Cuna Taxkectn (P) — cuna, koTopas peiicTsy-
eT Ha Nobyi0 MaTepPUasIbHYI0 TOYKY, HAaXOAALLY0-
cA BONM3M 3eMHOWN NOBEPXHOCTU, U OnpeaenseT-
CA KaK reometpuyeckaa Cymma CWibl TATOTEHWA
3eMnn 1 UEHTPOOEXHOM CUMbl UHEPLMK, yun-
TbiBatowwen 3pPeKT CyTOYHOro BpalleHua 3em-
nn. HanpaeneHne cunbl TAXECTU — BEpPTUKab
B JaHHOW TOYKe 3eMHOW MOBEepXHOCTU. AHano-
rMYHbIM 00PA3OM CUNa TAXKECTWM OnpeaenseTcs
Ha Nobom HebecHOM Tene.

1.18. Bec h HeBeCOMOCTb

_).
Bec Tena (P) — cuna, ¢ kotopoi Teno, Ha-
XOAslleeca B CUNOBOM none (Hanpumep, rpasu-
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TaLMOHHOM), [EeNCTBYET Ha OMopy uam nogsec.
Echn Ha Teno, HaxopasALweecA B rpaBMTaLMOHHOM
nosie, AENCTBYIOT CUMA TATOTEHUA F n cuna pe-
aKkLMm onopbl ? T0 cuna P = — T) MNPUNOXKEHHasA
K onope, — BeC Tena. Xapaktep ABWXEHWA Tena
nop AeNCTBMEM CUI TATOTEHUA U PeaKkL M Onopbl
onpeaenAeTca ypaBHeHnem:

—

F+T=ma.

W3 3TOro ypaBHeHuA HaxogAaT cuny T} a cne-
NOBAaTeNbHO, N BeC Tena P. Bec Tena Ha ro-
PU30HTANIbHOW MOBEPXHOCTU MpPU  OTCYTCTBUW
YCKOPEeHUA paBeH cune TaxecTu. Bec Tena, osu-
XYLLEroCA C YCKOpPEeHueMm a:

P=m(g-a).

HeBecomoCTb — COCTOAHME Tena, Npu Ko-
TOPOM €ero BeC paBeH Hynio. B coctoAHmmn Hee-
COMOCTW 1cYe3aeT AencTBue Ten Apyr Ha apyra,
BbI3BAHHOE BHELWHUM MONeM TAroteHudA. Hese-

1.18. Bec v HeBecomoctb 47



COMOCTb HabntopaeTcs npu cBOOOJHOM NageHNN
Ten. Ycnosus Hesecomocmu: 1) pencTsyrowme
BHELWHWE CWNbl MPOMNOPLUOHANbHbI MAacCaM Ya-
CTUL; 2) none 3TUX CUMN NOKaNbHO OAHOPOAHO,
TO eCcTb OHO cooOLllaeT BCeM uYacTMuam Tena
OAVIHAKOBbIE YCKOPEHUA; 3) CKOPOCTM BCEX Ya-
CTUL, TeNa OJMHaKoBbl. B HEBECOMOCTN M3MEHS-
eTcA pPAL OCHOBHbIX QYHKLWIA XMBOTO OpraHus-
Ma: 0bMeH BelecTB (0co6eHHO BOAHO-CONEBON),
KpoBOOOpalleHne; HabnoaalnTca pPaccTPONCTBA
BeCTMOYNApHOro annapata v ap.

1.19. Cuna ynpyroctu. 3akoH lNyka

5

Cuna ynpyroctu (Fy I1p) — CWNa, BO3HMKaKLWas
B AebopMMpyeMOM Tefe 1 HanpaBieHHasA B CTO-
POHY, MPOTUBOMONOXHYID CMELLEHNIO YaCTUL
Tena npu gedopmauui.
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3akoH [yKa cBA3bIBaeT BENNYMHY YMPYrou
nepopmaumm € CMnoun, AeNCTByioLLEN Ha Teno:

1) BennunHa abcontoTHoM aepopmaunn npo-
NopLUMOHaNbHa MOZYNI0 AePOPMUPYIOLLEN CUNbI:

F = kAl

rae K — XEcTKocTb fedpopmupyemoro obpasuga;

2) Cuna ynpyrocti, BO3HMKawowaa B gedop-
MWPOBAHHOM TeJle, MPOMNOPLNOHaNbHA BETMYMHE
nepopmauumm:

F =-kAlL

ynp

1.20. Cuna TpeHuna

Cuna TpeHus (FTp) — CWNa, BO3HUKaoLWlas
BO BCexX Buaax TpeHua. OHa Hanpas/eHa BLOJb
NOBEPXHOCTEN COMPUKACALWNXCA Ten u npe-
NATCTBYET OTHOCUTENbHOMY CMELUEHUID 3TUX
Ten. Mpu ABMXKEHUW Ten B XWUAKOCTWM UK rase
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NPU ManblX CKOPOCTAX MOXHO CYMTaTb, YTO CMNa
TPEHMA NPONOPLMOHaNbHA CKOPOCTU Tena —
F.=av, a npn 60nbLlKNX — KBAAPaTy CKOPOCTA —
F,= BV’ roe a n  — KoadppuumeHTbl, 3aBNCA-
Wme OT CBOWCTB XMAKOCTM (ra3a) u OT GOpPMbI
W pa3mMepoB ABMXKYLLEroca Tena.

Cuna TpeHna KayeHua (Fm) — CUNa TpeHus,
BO3HMKAOLWAA NPW KayeHnn OAHOro Tena no no-
BepXHOCTM Apyroro. OnbiTbl NOKa3bIBaOT, UTO
ec/In Koneco Katutca 6e3 npockanb3biBaHMUA, TO
CUna TPEeHWA KayeHnA NPOnopuMOHanbHa cune
HOpManbHoOro gasneHna N n obpatHO nponop-
LMOHaNbHa pagnycy Koneca r:

F. = kN/r,

rae kK — KO3pOUUMEHT TPEHWUA KauyeHus, OH
VMeeT Pa3smMepHOCTb ANnHbl 1 B CU namepsetcs
B MeTpax (m).
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Cuna tpeHus nokoa (F) — cuna TpeHus,
NPenATCcTBYioWaAA BO3HWKHOBEHUIO [OBWKEHUA
OAHOro Tena no NOBEPXHOCTM Apyroro. Makcu-
ManbHasA Cuna TPEHUA NOKOA NPOMOPLUOHANbHA
cune HopmanbHou peakuun N:

——
rne 4 — Ko3QOULINEHT TPEHUS CKOJTbXKEHWS.

Cuna TpeHua CKONbXeHuA (Fc) — cuna Tpe-
HUS, BO3HMKalOWAA NpPWU OTHOCUTENIbHOM [ABWU-
KEHUWN CONpUKaCcaloWMXCA Ten 1 HanpasfieHHas
NPOTUB CKOPOCTU UX OTHOCUTENBHOTO ABUMXEHUA.,
[1pn ManbiX OTHOCUMTENbHBIX CKOPOCTAX COMPUKa-
CAlOLLMXCA TEN MOAYNb CUSbl TPEHUA CKONbXEHNA
onpeaensaeTca no popmyne:

F.=pN,
rae 4 — KOIQOUUMEHT TPEHUA CKONMbXKEHWUA,
N — cuna HopManbHOW peakuun.
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1.21. AaBAeHue

[NasneHue (P) — Pn3nueckana BennymHa, pas-
HaA OTHOWEHNO NepneHANKYNAPHOW COCTaBNA-
lOLLEN CUMbl, PaBHOMEPHO pacrnpeaenéHHon no
MOBEPXHOCTW Tena, K Naowaan 3Tor NoBepXHoO-
cTL:

p = F/S.
EnnHuua pasnenna — nackanb (Ma).
1 Ma=1H/Mm.

1.22. MOMEHT CUADI

MomeHT cunbl (M) otHocutenbHo ocm —
npov3BeAeHre MOAynAa Cuibl F Ha nneyo d 3Tou
CUNbl OTHOCUTENBHO OCK:

M = Fd,
roe d — Kpartyavilee pacCToAHMe OT OCY Bpallle-
HUA 0O NMUHUN OEVUCTBUSA CUNbI.
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EoMHMLa MOMeHTa cunibl —  HbIOTOH-
meTp (H-m).

1.23. PaBHOoBecHe TBEPAOIro Tena

Ycnosua paBHoBecuA abCconoTHO TBEPAO-
ro tena. Ecnm abconoTHO TBEpAOE TENO MOXET
nepemelLaTbCcA NOCTynaTeNibHO U BpawlaTbCA
BOKPYr HEKOTOPOMN OCW, TO €ro pasHoBecue Ao-
CTUraeTca npu co6n|o,qe|-mm ycnosun: 1) ZF 0
2) ZM 0 r,u,eF — BHeLUHAA cuna, AencTeyroLlasn
Ha Teno MI — MOMEHT 3TOW CUJIbl OTHOCUTENIbHO
ocu. Mpu 3TomM abconoTHO TBEPAOE Teno nunbo
OBWXKETCA PaBHOMEPHO W NPAMOANHENHO, MO0
PaBHOMEPHO BpaLLaeTcAa BOKPYr HEKOTOPOW OCH.

Buobl pasHogecua: 1) ycmou4ugoe — ecnu
npv NtoObIX ManblX OTKNOHEHMAX Tenla OT NOoJo-
KEHUNA paBHOBECKA, [OMYCKAaeMbIX CBA3AMM, BO3-
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HUKAIOT CUNbl, CTPEMALIMECS BO3BPATUTb TENO
B MCXO[HOE MNONOXEHUe; 2) Heycmolyugoe —
eC/IN NPU HEKOTOPbIX MasblX OTKIOHEHWNAX Tena
OT NONOXEHNA PaBHOBECHKSA, JONYCKAEMbIX CBA3A-
MW, BO3HUKAIOT CUJIbl, CTPEMALLMECA eLlé bonee
OTKNOHWUTb TENO OT TMOJNIOKEHNA PaBHOBECUS;
3) 6e3paznuyHoe — ecnu npu NbbIX Manbix OT-
KNOHEHUAX TeNla OT NONOXEHNA PaBHOBECUA, OO-
NYyCKAeMbIX CBA3AMU, TENO COXPAHAET COCTOAHME
paBHOBECKS.

1.24. NaBAeHUE XXUAKOCTHU

[lasneHve Xupgkoctn (P) — AasneHue, Bbl-
3blIBaEMOE BECOM KMAKOCTM W 3aBuUCALlee OT
KOOPAMHAT TOYKM, B KOTOPOWN OHO M3MEpAETCA.
[laBneHune XnAKOCTW YUMTbIBAETCA NpU onpege-
NIEHUN CUN BO3LENCTBUA HA AHO N CTEHKU COCY-
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[a, Ha TBEp/ble Tena, HaxoAALWMeCs B XNAKOCTH,
n ap. Imppoctatmyeckoe [aBneHne XuUaKoCTy
NNOTHOCTbIO P Ha rNybuHe h:
p = pgh.
[laBneHwue XungKoctu Ha rnybuHe h:
p=p,,+ Pgh,

rae p,  — atMoChepHoe faBneHne, g — yckope-
HUe cBOOOAHOro NageHus.

EnnHuua paBneHWs  Xugkoctm —  na-
ckanb (Ma).

1.25. 3akoH lNackansa

3akoH [Mackana. Mupgkoct u rasbl nepe-
OaloT NPOU3BOAMMOE HA HWX [AaBNeHne BO BCE
CTOPOHbl OAMHAKOBO. 3aKOH Ha3BaH B 4eCTb
dpaHLy3CKOro MaTematuka, ¢usnMka u Gunoco-
da b. lNackans.
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1.26. 3akoH Apxumeapa

3akoH Apxumepa. Ha Teno, norpyxeHHoe
B XWAKOCTb WM ra3, OenCTBYeT BblTaJIKMBALO-
Waa Cuna, paBHas No MOAYNI0 Becy KNAKOCTU
unn rasa B OO6bEMe MOrpy)EHHOW YacTu Tena.
JTa Cuna HanpasfieHa B CTOPOHY, NPOTWUBOMO-
NIOXKHYIO HaMnpaB/IeHNIO Beca Tena, U NPUnoXxeHa
B LIEHTPE TAXKECTU XMOKOCTU UM rasa 06bema,
3aHMaeMOoro NorpyeHHOWN YacTbio Tena. 3akoH
OTKPbIT ApeBHErpeyecknm y4YéHbim Apxmmenom
(oK. 287—212 rT. A0 H. 3.).

1.27. YcAnOBUA NAABaAHUA TeA

Ha TBEéppoe Teno, I'IOpr)KéHHOE_) B XUA-
KOCTb, [ENCTBYIOT apxumenosa cuna F, n cuna
TAXECT mg. EL 3aBMCMMOCT OT COOTHOLLe-
HUa cun mg m F ., TeNI0 MOXET TOHYTb, MN/aBaTb
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1 BCMNbiBaTb. ECniu mg > F,, T0 Teno ToHeT; ec/iu
mg = F,, TeNO NNaBaeT BHyTPN XNAKOCTM UK Ha
e€ NoBepxHOCTW; ecim mg < F,, Teno BCNNbiBa-
eT A0 Tex Nnop, NoKa apxmmeaoBa CUla MU CuUna
TAXKECTN He CPaBHAKTCA No mogynt. Teno nna-
BAeT Ha MOBEPXHOCTW, €CIN P, = P; TENO TOHET,
ecmp > p; TEHOMBCI'IHbIBaeT, ecm p_< p, roe
P, — MNOTHOCTb TBEPAOrO TeNla, P, — MIOTHOCTb
XKUOKOCTN.
CKa3aHHOe OTHOCUTCA U K rasam.

1.28. UMmnyAbc TeAa

—_

Amnynbc (P) matepuanbHoM TOUKM — npo-
n3BefeHne Maccbl TOYKM Ha e€ CKOPOCTb B KOH-
KPETHOW CcucTeme OTCYéTa:

— —

p'=mv.
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1.29. UmnyAbC cUCTEMBbI TEA

Ecnn cuctema CcoCTOUT U3 OTAENbHbIX MaTe-
PUaNbHBIX TOYEK, TO €& UMNYNbC OnpefenseTca
BbIPAKEHNEM:

- =
p - Zp;f
— S .o v
e p,= My, — WMNYNbC i- MaTepuanbHoI
TOYKW.
EQvHMLa uMnynbca Tena — Kunorpamm-meTp

B CeKyHay (Kr-m/c).

1.30. 3aKOH coxpaHeHuUA
MMMNYAbCA

3aKOH COXpaHeHMa WUMnynbca. M3 BTOporo
3aKOHa HbIOTOHA CliefyeT: ecin BHEWHAR cuna,
NENCTBYIOWas Ha CUCTEMY MaTepuanbHbIX TOYek,
pPaBHa Hymio, To Ap = 0. VIHbIMM COBaMi, CyMMap-
HBI IMMYTIbC 3aMKHYTOM CUCTEMbI MaTepUanbHbIX
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TOUEK COXpaHAeTcAa npu NbbIX npoueccax, npo-
NCXoaALmnX B 3TON CUCTEME.

1.31. Pa6ota cunbl

Pabota cunbl (A) — BenuunHa, paBHas
npousBeAeHnio mogynen cunbl F, nepemelye-
HUA 5 N KOCMHyCa yrma o MexXpy BeKTopamu
cunbl F 1 nepemelyenna s: A = FScosa. Pabota
CUNbl — CKanApHaa BenuuuHa. EamHuua unsme-
peHuna pabotbl — mxoynb (). BHecnctemHas
eAvHuLUa pabotbl — BatT-4ac (BT-u).

1.32. MowHOCTDb

CpegHAA MOLHOCTb (Ncp) —  dun3mnyeckas
BENNUMNHA, paBHaA OTHOLIEHWIO PaboTbl A K Npo-
MEXYTKY BPeMeHU t, 3a KOTOpbIN 3Ta pabota co-
BepleHa: N = A/t.
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MrroBeHHasa mowHocTb (N) — npepen, K ko-
TOPOMY CTPEMUTCA CPeAHAA MOLWHOCTb 3a bec-
KOHEYHO Manbli I'IpOMQ)KyTOK BpPEMEHM:

N=IlimN_ —I|m = dA _ = Fvcosa,
=0 =0 T dt

roe a — yron mexay BeKtopamu Cunbl F 1 cko-
POCTU V.

EomHuua mowHocth — BatT (BT). BHecu-
CTEMHas eguHMUA MOLHOCTN — NOLWaAnHas
cuna (nc).

1.33. Paborta ana u3ameHeHuUnA
3Hepruu

PaboTa Kak mepa n3meHeHns 3Hepruu. Pa-
boTa paBHOAENCTBYIOLEN BHELWHKX cun (A), npu-
NIOXKEHHbIX K TeNy, paBHa U3MEHEHWNIO ero NOHOW

MeXaHNYeCKOoW SHepruu:
A=AE + AK.
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1.34. KuHeTuueckas saHeprus

KnHeTtnyeckaa sHeprua (EK) — Mepa Mexa-
HUYECKOro ABWXKEHUA Ten, 3aBUCALAA OT CKO-
POCTEN WX OBMXKEHWA B AAHHOW UHEPLMNaNbHOW
cucTteMe OTCYETA. KnHeTmyeckaa sHeprma marte-
PVianbHOM TOYKM MAcCon M, ABUXKYLLENCA CO CKO-
POCTbIO V UK UMELoLen UMNYNbC p = MV, paBHa:

E. = mv¥/2 nan E, = p*/(2m).

KnHeTnyeckasa sHeprua CUCcTeMbl MaTepuarb-
HbIX TOYEK paBHa CYMMe KMHEeTUUYEeCKNX SHepruii
BCEX MaTepuanbHbIX TOYEK, U3 KOTOPbIX COCTOUT
cucTema:

E =3E,
rae £, — KUHeTYecKasn SHepruia i-ii Matepunanb-
HOW TOYKW. 3HAYEHWUs KUHETUYECKOW 3SHEepruu
MaTepuanbHOW TOUYKW WKW Tena 3aBUCAT OT Bbl-
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bopa C1CTeMbl OTCUYETA, HO HE MOTYT ObITb OTPU-
uatenbHoimu (E >0).
EQMHMLUA KUHETUYeCKOW 3SHeprum — [OXKo-

ynb (IX).

1.35. lNoTeHuManbHaA 3HEeprun

[MoTeHymnanbHasA sHeprusa (EP) — 4acCTb Mexa-
HUYECKOWN 3Heprun Tena, 3aBncALLan ot B3auMHo-
O PacnosioXeHnA ero yacten BO BHELIHEM CUIIO-
BOM none. MoTeHunanbHaA 3HEPrua MOXeT ObITb
MONOXUTENbHOW, OTPUUATENbHOW WA PaBHOW
HYMI0. 3HAaK U BeNUYMHA MOTEHUMUANbHOW 3Hep-
M1 ONPeaensiTca BbIGOPOM HYNEBOrO YPOBHS,
TO €CTb KOOpAMHaT, cooTBeTCTBYloWMX E,= 0.

EonHMua noTteHUManbHOW 3HEpPrun — [xo-

ynb ().
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1.36. CoxpaHeHue
MEXaHUYEeCKOU 3HEepPrum

3aKOH COXpaHeHWA MexaHU4YeCKoOW 3Hep-
rmn. CymMa KUHETUYeCKoW W MOTeHUMWaNbHOW
SHepPruu Ten, COCTaBNALWNX 3aMKHYTYI0 CUCTEMY
W B3aUMOMENCTBYIOWMX MeXay cobon nocpep-
CTBOM CWN TATOTEHWUA N CUN YNPYroCTI, OCTAETCA
HensmeHHou. Cymmy E = E + E Ha3biBaloT nosi-
HOU MexaHuU4eckKou 3Hepaueu. 3akOoH COXPaHeHuA
MEXaHMYEeCKOW SHEepPrumM BbIMOMHAETCA TONbKO
TOrfa, Korga Tena B 3aMKHYTOM CuCTeMe B3au-
MOJENCTBYIOT MeXay Cobon KOHCepBaTUBHbLIMY
cunamm, TO eCTb Cunamu, AnA KOTOPbIX MOXHO
BBECTW MOHATME NOTEHUMANbHON SHEPruu.
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1.37. TapmoHnueckue KonebaHus

[apMmoHnYeckne KonebaHma — konebaHus,
NPY KOTOPbIX BENMYMHA, Bbi3blBAKOLWAA OTKIIO-
HEHMEe CUCTeMbl OT YCTOWNYMBOIO COCTOAHWUA,
N3MEHAETCA MO CUMHYCOMAANIbHOMY (KOCUHYCO-
VAANIbHOMY) 3aKOHY:

X = xgsinwt, X = X,COSWt,
rae x, — amnauTyda konebaHus, w — yrnoBsas
YacToTa.

1.38. AmMnauTyaa
U pa3a KonebaHum

AMnnutyga KonebaHuini — MofyNb MaKcu-
ManbHOrO 3HAYeHWA MEepPUOANYECKN W3MEHAIO-
LWKUXCA BENUUUH (Hanpumep, MOAYNb Hanbonb-
LIEro OTKNOHEHMA X MaTeEMATUYECKOro MaATHIIKA
OT NONOXEHUA paBHOBeCKA). i3mepaeTca amnnu-
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Tyda KonebaHui B TeX Xe eAnHMLaX, YTo 1 nepe-
MEHHaA BEeNNYMHa.

(®a3a konebaHum (@) — Pusmyeckaa Benu-
Y/NHa, onpeaensaowas Npw 3aaHHoM amnanTyae
COCTOSAHME KonebaTenbHON cucTeMbl B N0OON
MOMEHT BpemeHn. B ypaBHeHWM rapMoHuye-
CKUX KonebaHum x = x_sin(wt + ¢ ) BblpaxeHue
(Wt + @,) HasbiBaeTCA (pasol KonebaHuu. 3pech
W — UMKIUYeckas yactoTa, t — Bpems, ¢, —
HayanbHaa ¢a3za konebaHun. Pasa konebaHui
n3MepseTca B paanaHax (pag) unm B gonax ne-
profa.

1.39. lNepuoa konebanuu

Mepuop kKonebaHun (h — BpeMA OfHOro

NOMHOro KonebaHua:
T=t/N,
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rge t — Bpema, 3a Kotopoe coBeplieHo N Ko-
nebanwui. MNepunop KonebaHu n3mepsaeTca B ce-

KyHgax ().

1.40. YacToTa KonebaHUMU

Yactota KonebaHum (V) — 4mcno MNOJHbIX
konebaHu, CoOBEepLUEHHbIX KonebaTenbHOM Cu-
ctemon 3a 1 ¢

v=N/t=1/T,
rne t — Bpems, 3a KoTopoe coBeplieHo N Kone-
6aHun, T — nepuon konebaHun. Yactota kone-
baHu n3mepsetca B repuax (I'u).

1.41. CBob60oAHbIEe KOAeOaHUA

CBo6oaHble KonebaHna — KonebaHua B cu-
CTeMe Moj AEeNCTBMEM BHYTPEHHUX Ten nocne
TOro, Kak CUCTeMa BbIBeleHa W3 MOMOXEHWA

66 1. MexaHuKa



paBHOBecuA. KonebaHma rpysa, noaBeLeHHOro
Ha HUTK, UK TPY3a, NPUKPENNEHHOTO K NPYXKK-
He, — 3TO NpUMepbl CBOOOAHbIX KonebaHun. lo-
CNe BbIBEAEHWA 3TUX CUCTEM 13 NONOXKEHNA PaB-
HOBECWA CO3AalTCA YCSIOBUA, NPWN KOTOPbIX Tesna
konebniotcs 6e3 BO30eNCTBUA BHELLHUX CUI.

Ycnosua B803HUKHOBeHUA CB0OOO0HbLIX Kosle-
6aHuu: 1) npu BbIBEAEHUW TeNna U3 MONOXKEHNS
PaBHOBECMA B CUCTEME JOSKHA BO3HMKATb
CWNa, HanpaBfieHHaA K NONOXEHNI0 PaBHOBECUA
W, CnepoBaTeNlbHO, CTPeMALLaACA BO3BPATUTD
TENO B MONOXEHWE pPaBHOBECUA; 2) TpeHue
B CMCTEMEe JO/MKHO OblTb AOCTaTOYHO Mano. He-
3aTyxawowme KonebaHus BO3MOXHbI Wb MpK
OTCYTCTBUM TPEHWA.

MaTtemaTnyeCcKMn MaATHUK — MaTepuarnb-
HaA TOYKa, MOABELIeHHAA Ha TOHKOW HepacTa-
KMMOWN 1N HeBeCOMOW HUTW. [1pn manbIx OTKNOHe-
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HUAX MATEMATUUYECKOTO MAsTHIKA OT MOJIOXEHNS
PABHOBECKA ero KonebaHna ABNAITCA rapMOHU-
yeckumu. B6nm3m 3eMHON NOBEPXHOCT Nepuoa
KonebaHNn MaTeEMaTUYECKOrO MAATHMKA PaBEH:

r=2m |
\9
roe | — pnMHa MaTeMATUUYECKOro MasTHUKA,
g — ycKopeHue cBobofHOro nageHus. Mpu atom
TOYKa MogBeca MaTteMaTUyeCcKoro MaaTHMKa no-
KOUTCA NNOO [BMXKETCA PAaBHOMEPHO W NPSAMO-
NIMHENHO OTHOCUTENbHO 3emnu. [puBeaEHHaA
dopmyna ncnonb3yeTtca Ana onpeaeneHns yCKo-
peHnA CBOOOAHOro NafeHnaA Ha 3eMHON NOBEPX-
HOCTW.

[MPpyXWUHHBIN MAATHUK — MaTepuanbHas
TOYKa MacCcon m, MPUKPEnNEHHasas K HeBEeCOMOW
abContoTHO ynpyron npyxuHe. Mpu Manbix oOT-

KINOHEHUAX X OT NONOXEHNA PaBHOBECUA CNa F,

I
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[ENCTBYIOLLAA Ha MaTepurasibHY TOUKY CO CTOPO-
Hbl NPY>KUHbI, NPONOPLMOHANbHA OTKNOHEHNIO:
F = kx,
roe k — XEcCTKoCTb npyxuHbl. [og pencTBuem
3TON CUNbl MaTepurasibHasA TOYKa COBEpLUAET rap-
MOHMYeckne KonebaHua. leprop NPYXUHHOTO

MAATHUKA BbIUMCNAETCA NO GopMyne:

T=2n\l%.

[Tpy 3TOM TOuKa nojaBeca MAATHMKA MOKOMUTCA
nnMbo ABMKETCA PAaBHOMEPHO W MPAMOAVHENHO
OTHOCUTENIbHO 3eM/u.

1.42. BblHY)XA€HHblIe KOAebaHuSA

BoiHy)KaeHHble KonebaHmAa — konebaHus,
BO3HMKaOWmMe nof BAUAHWEM MNepPeMeHHOro
BHELWWHEro BO3AencTBUA. AMNANTYAA BbIHYXKAEH-
HbIX KonebaHun onpeaenaeTca aMnanTyaon aen-
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CTBYIOLWLEN CWNbl U 3aTyxaHWem B cucteme. Ecnu
3aTyxaHve Mano, TO aMNAUTYAA BbIHYXXAEHHbIX
KonebaHnn CyLeCcTBEHHO 3aBUCUAT OT COOTHOLLE-
HUA MeXZy 4YaCTOTOM OeUCTBYLWeNn Cunbl N Ya-
CTOTON COOCTBEHHbIX KonebaHu cmctembl. [pu
NPUONKEHUN YaCTOTbl BHELWIHEN Cuibl K COO-
CTBEHHOMN YacToTe CUCTEMbl aMMANTYAA BblHYX-
OEHHbIX KonebaHu pe3ko BO3pacTaeT — HacCTy-
naeT pe3oHaHC.

1.43. Pe30oHaHC

Pe3oHaHC — pe3Koe BO3pacTaHue amnu-
TyObl BbIHYXAEHHbIX KonebaHnuii npu npubnu-
KEHUWM YaCTOTbl BbIHYXKAAKLWeEro BO3AENCTBMUA
K HekoTopou QUKCMPOBAHHOWN (pe30HAHCHOWN)
yactote. [1py HannMumMm TPeHNA pe3oHaHCHaA Ya-
CTOTa HECKOSIbKO MEeHbLLE YacTOTbl COBCTBEHHbIX
konebaHun cmctembl. AMNAUTYAQ BbIHYXKAEHHbIX
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konebaHnn nNpu BO3AENCTBUM BblHYXKAAOLLEN
CUnbl cNabo 3aBUCUT OT YacTOTbl €€ BO3eNCTBIA
N0 TeX Nop, MOKa 3Ta YacToTa He npubnn3nTcs
K YacToTe COOCTBEHHbIX KOonebaHum CUCTEMDbI.

1.44. AAMHa BOAHBI

[nuHa BonHbl (\) — XapakTepucTKa rapmo-
HUYECKOW BOMHbI, PaBHaA PACCTOAHUIO MeXIy
OBYMA ONMXKanwmmmn TOYKamuK, PasHOCTb a3
BO/IHbI B KOTOPbIX paBHa 2m. [AnHa BOMHbI —
PAcCTOAHME, Ha KOTOPOE PaCnpPOCTPAHAETCH
QPOHT BOMHbI 3a BPEMS, PaBHOE OHOMY nepu-
oay:

A = v,
roe v — $a30BaA CKOPOCTb BOMHbI, T — nepuop
KonebaHuM.
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1.45. 3ByK

3ByK — B Y3KOM CMbIC/le 3TO ynpyrue BOSI-
Hbl B Cpefe, KOTopble MOryT BOCMPUHUMATHCA
opraHamn cniyxa. 3ByK — [BOWHOE ABNEHMUE:
C OHOW CTOPOHbI, 3TO ynpyrme KonebaHua, Ko-
TOpble XapaKTepu3ylTcA 4acTOTOW, WHTEHCUB-
HOCTbIO, C ApPYron — NCUXoPpr3nonornyeckoe
BOCNPUATME YESTOBEKOM ONpPeenEHHON BbICOTbI,
rPOMKOCTM 1 Tembpa. Cnyx yenoseka CnocobeH
BOCMPUHUMATL 3BYKOBbIE BOJSIHbI YAaCTOTOW OT 16
no 20000 My ¢ mHTEHCMBHOCTbIO OT 2:-107'° po
4.10* Bt/m% 3ByK € yactoton v < 16 [y Ha-
3blBAOT  UH(paA3eykoMm, 3BYK C  4acTOTOW
v = 20 kly = 1 Ty — ynempassykom n 3ByK
c vactoton v > 1 [Ty — eunep3sykom. CKo-
POCTb 3BYKOBbIX BOJMIH TeM 6osbLue, yem Gonee
MNIOTHON ABNAETCA Cpefa, B KOTOPOW OHU pac-
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NPOCTPAHAIOTCA: OHa MaKCMMasibHa B TBEPAbIX
Tenax U MMHUManbHa B rasax. [POMKOCTb 3ByKa
onpependAeTcA amnnuTygon KonebaHui 3Byua-
Wero Tena. Bbicota TOHa onpeaenaeTca 4actoTou
konebaHui.



2. MOAEKYAAPHAA ©U3UKA.
TEPMOAVUHAMMUKA

2.1. MoaeAu CTPOEHHUA TeA

[@3 — 37O arperatHOe COCTOAHME BeLLeCTBa,
B KOTOPOM COCTaBfAloWME ero atomMmbl U more-
Kynbl NOYTU CBOOOAHO W XaOTUYECKU [BUXKYTCH
B MPOMEXYTKax Mexay CTONKHOBeHMAMK. Bo
BPeMA CTOJIKHOBEHNA MOJIeKY/ibl Pe3KO MeHAIT
CKOPOCTb M HanpasfieHNe CBOEro [ABMXKEeHUA.
Bpema cTonKHOBEHMA MONEKYN HAMHOrO MeHbLue
MPOMEXYTKa BPeMeHN MeXay ABYMA CTONKHOBe-
HuAMU. OObEM, 3aHMMAEMbIN Ta30M, 3HAUUTENb-
HO CWSibHee 3aBUCUT OT JaB/ieHnA U Temnepary-
Pbl, 4eM OOBEM KMAKOCTEN U TBEPADIX TEN.
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Mupgkoctm — Tena, nmelowme onpenenéx-
HbIn OOBEM, HO He umelowme cBoen GOPMb
N npuHUMalowmne Gopmy cocyda, B KOTOPOM
HaxopAaTcA. [Ina XUAKOCTeN XapaKTepHbl ONNX-
HUM NOPAAOK B PACNONOXEHUN YacTUL U Manoe
pasnuume B KUHETUYECKOW 3SHeprum TennoBo-
ro [OBVXKEHWA MONEKYN M UX MOTEHUMANbHOW
SHeprum B3anmoaencTena. Knakoctb HaxoanTCH
B COCTOAHUW, MPOMEXYTOUHOM Mexay TBEPAbIM
1 ra3006pa3HbIM. DTO arperaTHOe COCTOSIHNE Be-
LeCTBa, B KOTOPOM MOeKynbl (Mn aToMbl) CBA-
3aHbl MeXy cOO0M HAaCTOJbKO, YTO BELLeCTBO CO-
XpaHAET CBOW 0ObEM, HO HeJOCTAaTOYHO CUIBHO,
yTobbl OHO COXpaHANo dopMy. KNAKOCTN Nerko
MEHSAT OpMy, HO COXPaHAT 0O0BbEM. B 00blu-
HbIX YCIOBUAX OHWU NPUHUMAOT GOPMY COCYAa,
B KOTOPOM HaxopaAaTcA. [TOBEPXHOCTb XMUAKOCTH,
He COMPUKACaloWAACA CO CTEHKaMM COCyfa, Ha-
3bIBaeTCA CBOOOAHON MOBEPXHOCTHIO.
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CBOWCTBA XNAKOCTEN OOBACHAIOTCA TEM, UTO
NPOMEXYTKN MeXAy UX MONeKynamu Manbl: MO-
NieKkysibl B XUAKOCTAX PACMONOXeHbl Tak NNOTHO,
YTO PACCTOAHNE MeXAY KaXXAbIMX ABYMSA MONEKY-
flaMn MeHblue pa3mepoB Monekyn. O6bAacHeHMe
NOBEAEHMA XMAKOCTEM Ha OCHOBE XapaKTepa
MONEKYNAPHOTO  ABWXKEHWUA KUAKOCTM  6Obino
OaHO coBeTCKUM yuéHbiM fl. V. OpeHkenem. OHO
3aKyaeTca B cnegyowem. Monekyna Xugko-
CTK Konebnetca OKONMO MONOXEHUA BPEMEHHOIO
PaBHOBECUA, CTaNKMBAACb C APYrMMI MONeKyna-
MW 13 GnmKanwero OKpyxeHua. Bpema ot Bpe-
MEHWN el YOAéTCA COBEPLINTD «MPbIPKOK», YTOObI
NOKMHYTb CBOMX COCeAen 13 bnmxanwero okpy-
KEHWA W NPOAOMKUTL COBepLUaTb KonebaHuaA
yXe cpean apyrux cocegen. Bpema ocepnowu
KU3HW MONEKYNbl BOAbl, TO €CTb BPemA Kone-
6aHMA OKONO OfHOr0 MONOXKEHWUA PABHOBECHS
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NPy KOMHATHOW TemrepaTtype, pPaBHO B Cpea-
Hem 107" c. BpemAa ogHOro KonebaHwa 3Hauu-
TEeNbHO MeHblue — 107" ¢,

[TOCKONbKY PacCTOAHNA MeXay MOneKynamu
KNAKOCTI Manbl, TO NOMbITKA YMEHbLUNTb O0BEM
XKNAKOCTM NpUBOAUT K Aedopmauuu Monekyn,
OHM HAUYMHAKT OTTANIKMBATbCA APYr OT Apyra,
yemM M 0ODBACHAETCA Manafa CKUMAEMOCTb WU[-
KOCTU. TeKyuyecCTb XMOKOCTM XapaKTepu3yeTcH
TEM, UTO «MPbPKKN» MONEKYN U3 OAHOr0 0Ceanoro
NONOXEHWA B ApYyroe NPOUCXOAAT MO BCEM Ha-
npaBneHnAM C OAMHAKOBOW YaCTOTOMW.

TBépAable Tena — Tena, OTAMYaKOWMeca no-
CTOAHCTBOM GOpPMbl 1 06BEMA NpU OTCYTCTBUM
BHELWHWUX BO3[ENCTBUN. JTO OODBACHAETCA TEM,
YTO MPUTAXKEHME MeXAy aToOMaMu (MK moneky-
nlamn) y Hux Gonblue, Yyem Yy Xugkocten (M tem
6onee ra3o.). OHO A4OCTaTOYHO, YTOOLI yaepXKaTb
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aTOMbl OKOJIO MOMNOXEHUI paBHOBeCUA. TBEpAbIe
Tena OblBAOT KPUCTANNMYECKUMUN U aMOPPHbI-
MW. TBEpOOe TeNno — arperaTtHoe COCTOAHKeE
BelleCTBa, XapaKkrepusyLleeca MOCTOAHCTBOM
$OpPMbI 1 XapaKTePOM [BVXEHUA aTOMOB, KOTO-
pble COBEPLIAOT Masible KonebaHua OKono no-
NoXeHnn paBHoBecnA. MoneKkynbl WnuM aTtombl
OONbLWMHCTBA TBEPADIX TEN, TAKUX KaK Néd, COonb,
afiMa3, MeTanfbl, PacrosioXeHbl B OnpenenéH-
HOM nopAagke. Takme TBEpAble Tena Ha3biBalOT
Kpucmasnnu4eckumu. XOTA YacTUUbl JaHHbIX Ten
W HaXOAATCA B ABVXKEHMM, NOJOOHbIE ABMXKEHUA
npeacTaBnAlT cobon konebaHmsa OKoNo onpepe-
NEHHbIX TOUeK (MONOXeHMN paBHOBecuA). YacTtu-
Libl HE MOTYT YWATW faneKko OT 3TUX ToYeK, N03TOMY
TBEPAOE TENIO COXPaHAET GopMy 1 06bEM. Kpome
TOro, B OT/IUME OT XKUAKOCTEN, TOUYKMN MONOXe-
HUW pPaBHOBeCUA aTOMOB WM WOHOB TBEPAOrO
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Tena, Oyayum CoefvHEHHbIMK, pacnonarakloTca
B BePLUMHaX NPaBuUIbHON MPOCTPAHCTBEHHON pe-
LWETKM, KOTOpaA Ha3blBaeTCA KPUCTaIMYeCKoW.
[lonoxeHnAa paBHOBECWA, OTHOCUTENIbHO KOTO-
PbIX MPOUCXOAAT TennoBble KonebaHua yacTuu,
Ha3bIBAKOTCA Y31aM/ KPUCTANNYECKON PEeLIETKMN.

AMoppHOe meno — arperaTHoe COCTOAHME
BeLLeCTBa, NPy KOTOPOM aTOMbl KONebnioTca BO-
KPYr XaoTUYeCKM PacroNioXeHHbIX TOUeK. Y Takmx
TeN OTCYTCTBYET JanbHUA NOPAAOK, HO COXPaHA-
eTcA ONVXKHUIA, Koraa MoneKysbl pacnonaratTcs
COrNacoBaHHO Ha PACCTOAHWUM, CPABHUMOM C KX
pa3mepamu.

2.2. TennoBOE ABUXEHUE

TennoBoe ABMKEHVE aTOMOB 11 MOJIEKY/ BelLle-
CTBa OMUCHIBAETCA B MONEKYNAPHO-KNMHETUUECKOIA
Teopun. [laHHasA Teopua 0ObACHAET TENNOBbIE AB-
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fIeHVA B MaKpOCKOMNYECKNX Tenax 1 BHYTPEHHKe
CBOWCTBA 3TUX TEN Ha OCHOBE NONOXeHun: 1) Be-
LecTBO COCTOWUT M3 YacTul (aTOMOB, MONeKy,
MOHOB U T. [.); 2) 3TN YacTuLbl HAaXOAATCA B He-
NPEPbIBHOM ABVXEHUM; 3) YacTuLbl B3aUMOAEN-

CTBYIOT ApYr C APYrOM.

2.3. BpoyHOBCKO€E ABU)XE€HUe

bpoyHOBCKOe pABMXKeHME —  TennoBoe
NBMKEHNE B3BELWIEHHbIX B XUAKOCTU WAWN rase
yactuy. OTKPbITO  aHMMUUCKUM  OOTaHUKOM
P. BpoyHom B 1828 r. MprunHON 6POYHOBCKOrO
OBWKEHWA ABNAETCA PAL HECKOMMNEHCNPOBAHHbIX
MMNYNbCOB, KOTOPble MonyyYaeT OpPOYHOBCKaS
YacTULA OT OKPYXKaKoLWKMX €€ MONEKYN XNLKOCTU
unn rasa. BaxHon xapaktepuctukon OpOyHOB-
CKOr0 ABWXKEHUA ABNAETCA CpeaHee KBagpaTu-
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yeckoe CMelleHne <x*> BPOYHOBCKOW YacCTuMLbl
33 ONpenenéHHoe BpeMmA.

3akoHomepHOCMU BPOYHOBCKO20 0BUXEHUS:
1) xapakTep ABMXeHMA OPOYHOBCKOWM 4YaCTULibl
COXPaHAETCA HeorpaHWYyeHHoe Bpems; 2) <x>>
BO3pacTaeT C POCTOM TemnepaTypbl U YMeHb-
LWWeHNEM BA3KOCTU XUAKOCTU UK rasza; 3) <x*>
3aBUCUT OT JIMHENHbIX Pa3mMepoB OPOYHOBCKOWM
yacTuubl 1 eé GOpMbl U HE 3aBUCUT OT Belle-
CTBA 3TOM u4acTuubl. KonuyecTBeHHaA TeopwuA
OpPOYHOBCKOro ABMXeHMA Obina pa3paboTaHa
B 1905 r. A. DAHILTEAHOM U NONbCKUM QU3NKOM
M. CMONyXOBCKUM.

2.4. A udboy3un

Onddysmna — npouecc, npu KOTOPOM B Cuny
TENNOBOr0 [BWMXEHWA [Ba BellecTBa camMu Co-
bon nepemewBatotca. nddysma HabnopaeTca
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B XWKOCTSAX, ra3ax 1 TBEpAbIX Tenax. Mpw and-
dy31M NPONCXOANT CaMOMNpPOU3BOSIbHOE BblpPaB-
HBAHME KOHLEHTPaLUUW aTOMOB WKW MOMEKY/
Pa3HOro copra.

2.5. Aoka3aTeAbCTBa
aTOMUCTUYECKOU TEOPUM

bpoyHOBCKOE ABWMMXEeHMe ABNAETCA OAHWUM U3
BaXHEMNLWMX ONbITHbIX PAKTOB, CNYyXKalNX [OKa-
3aTeNbCTBOM MOJSIEKYIAPHOIO ABVXKEHNA N 3aBU-
CMMOCTV 3TOrO ABVXXEHUA OT Temnepartypbl.

Lpyron onbITHbIN QaKT — ABNeHne And-
dy3mmn. OHO 3aKnyaeTca B TOM, YTO ABe CMe-
LINBAOLWMECA XKNAKOCTW, NPUBELEHHbIE B CONPU-
KOCHOBEHME TaK, UTO Mexay HuMKn obpa3zoBanachb
[OBOJIbHO pe3Kas rpaHmnLa, C TeYeHnem BpemeHu
nocteneHHo, 6e3 BHELHero BO3AeNCTBMA nepe-
MELLNBAIOTCA, U FPaHNLA MeXAYy HUMK UCYe3aeT.
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CoBpeMeHHble MeTO/ibl, OCHOBAHHbIE Ha WUCMOJb-
30BaHWUN WCKYCCTBEHHO PaAMOaKTUBHbBIX Meye-
HbIX aTOMOB, MO3BONAT CPABHUTENbHO Nerko
nccnepoBatb siBneHve anddysun,

2.6. Moaenb upeanbHOro ra3sa

peanbHbIn ra3 — ras, MONEKy/bl KOTOPOro
NPeAcTaBnAloT coboi abconoTHO ynpyrue LWa-
PUKM BECKOHEYHO Manoro o6bEma, B3aumopen-
CTBME MeX[y KOTOPbIMU MPOABNAETCA TONbKO
NPV HENOCPEACTBEHHOM CTONIKHOBEHUU UX APYT
C APYrom Wan CO CTEHKaMK cocyaa.

2.7. CBA3b AaBAEHMUA
C KUHETUUECKOU IHEeprueun

[laBneHvie npgeanbHOro rasa pasHo 2/3 npo-
“3BefeHNA KOHLUEHTPauuUM MONeKyn n Ha cpeg-
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Hee 3HayeHne KUHETUYECKOW JHEPIN XaoTun4ye-
CKOro nocCrtynaTtesibHOro ABMXeHNA MONekyn:

p=%n<Ek>,

2.8. AbconloTHaA Temneparypa

AbconioTHaA  Temnepatypa — @ TeM-
nepaTypHaa WkKana, B KOTOPOW Hayano OTCYETa
COBWHYTO MO CPaBHEHMIO CO wWwKanou Lenbcus
Ha 273,15 eauHny B 06NMacTb OTPULATENbHbIX
Temnepatyp. (BA3b abconTHOM  Temnepa-
Typbl T C TemnepaTypou t, 3MepeHHON Mo LKasne
Llenbcus, BbipaxkaeTca popmynon T =t + 273,15.
LLIkana abcontoTHOM TeMnepaTypbl Obina BBeAeHa
B 1848 r. aHrnunckum ¢pusnkom Yunbamom Tom-
COHOM (KenbBUHOM).

84 2. MonekynsipHas du3nKa. TepMoAMHaMUKa



2.9. CBA3b TemMmnepartypbl
C KUHETUYECKOU 3HEeprueu

AbconioTHaA TemnepaTypa ABNAETCA Benu-
YMHOW, MPAMO MPOMNOPLNOHANIbBHOU CpeaHen
KUHETUYECKON SHEepruv TennoBOro [ABWKEHUA
MOneKyn:

3
<Ek>=7kT.

2.10. YpaBHeHue p = nkT

[laBneHne naeanbHOro rasa:
p = nkT,
rge N — KOHUEHTpauma monekyn, k — nocro-
fHHas bonbumaHa, T — abconioTHasa Temnepa-

TYpPa.

2.10. YpaBHeHne p = nkT 85



2.11. YpaBHeHue
MeHaeneeBa — KnaneupoHa

YpaBsHeHne MeHpgeneesa — KnanempoHa
CBA3bIBAET OCHOBHblE TEPMOAUHAMMYECKMe na-
PaMeTpbl NaeanbHOro rasa:

pV = mRT/y,
roe p — pAaBneHue rasa, V — 06béM, 3aHUMa-
eMbll ra3oM, m — Macca rasa, R — monApHas
ra3oBas NOCToAHHaA, T — abcontoTHaA Temnepa-
Typa, | — MONAPHAA Macca rasa.

2.12. U3onpouecchl

N3oTepmuyecknn npouecc — npouecc
NU3MEHEHNA COCTOAHWA  TepMOZUHAMNYECKON
CUCTeMbl MPW NOCTOAHHOW Temnepatype. W3-
MeHeHne napameTpoB COCTOAHUA WAeanbHOro
rasa npu M3oTepMUYecKoM npouecce onpege-
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naetcA 3akoHoMm bowmna — MapwuotTta. Ha awua-
rpammax p-V un V-T n3otepmmyeckn npouecc
N300paXKaeTCA NMMHNAMU, Ha3blBaeMbIMK U3omep-
mamu.

3oxopuuecknin (M30XOPHbIN) npouecc —
npouecc W3MeHeHMA COCTOAHMA TepMOAMHa-
MMUYECKON CUCTEMbI MPU MOCTOAHHOM OOBEME,
VI3meHeHVe napameTpOB COCTOAHUA MAeaNnbHO-
ro rasa npu M30XOpUYeCcKoM Mpolecce onpe-
nensetrcA 3akoHom Lapna. Ha pgwarpammax
p-T 1 p-V n3oxopuyeckni npouecc n3obpakaert-
CA NPAMbIMK, Ha3blBaeMbIMIN U30XOPaMu.

N3o06apunyecknin (n306apHbI) npouecc —
npouecc M3MeHeHNA COCTOAHUA TepMOAMHAMU-
YyeCKOM CUCTeMbl MPU MOCTOAHHOM [AaBNEHUN.
3meHeHne napameTpoB COCTOAHWUA MAaeanbHO-
ro rasa npu n3obapunyeckom npouecce onpeae-
naetca 3akoHoMm [emn-Jlioccaka. Ha pgmarpammax
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p-V n V-T nzobapnyecknin npoLiecc n3obpaxxaet-
CA NPAMbIMK, Ha3blBaeMbIMI U306apamu.
Apnabatnyeckmin  npouecc —  TEpMO-
ONHaMMYeCKUN NpoLecc, KOTopbiM OCyLeCTBNA-
eTca B cucteme 6e3 TennoobmMeHa e€ C BHELHUMY
Tenamu. lpouecc MOXHO cumTaTb aguabatunye-
CKWM, €CNIN OH NPOTEKAET HACTONbKO BbICTPO, UTO
TENNO0OOMEH MeXay CUCTEMOW U OKPYXKatoLen
Cpeaon MpakTUYeckn He npoucxoguTt. Ha aua-
rpamme p-V agmabatnyeckum npouecc nsobpa-
KAaeTCA KPUBOW, Ha3biBaeMon aduabamou. Agwn-
abaTnyecKnin Npouecc paclMpeHnsa raza Moxet
NPOUCXOANUTb TONbKO 3@ CYET YObINM BHYTPEHHEN
3Heprum rasa. CBA3b MeXxay AaBneHnem p n obb-
émom V npgeanbHOro rasa npu agmnabatnyeckom
npouecce BblpaXaetcs ypasHeHuem [lyaccoHa:
p:VW = const, rge y = Cmp/CmV (Cmp — MOJIAPHaA
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n306apHan TennoémkocTb rasa, C  — monapHas
N30XOPHaA TEMNNOEMKOCTb rasa).

2.13. HacbiweHHble
U HEHAaCbILWEHHbIE napbl

HacbilweHHbIn nmap — nap, HaxoAAaLMNCH
B AUHAMMYECKOM PaBHOBECUN C XUAKOCTbIO UK
TBEPAbIM TENOM, TO €CTb YNCNIO MONEKYN, NOKK-
OAlOWKMX XNUAKOCTb B eAUHULY BPemMeHu, PaBHO
4yncny MoONekyn napa, nepexopAwmnx B TO Xe
BpemA B XWAKOCTb. [lpoueccbl B HacCbILEHHOM
nape He MOAUYMHAKTCA 3aKOHaM WAeanbHOro
rasa. [laBneHune HacblLEeHHOro napa Bo3pacraer
C yBennyeHvem temnepatypbl U He 3aBUCUT OT
06béMa, 3aHMMAEMOro 3TMM napom. [na Toro
YTOObI NMEepPeBEeCTV HEHACbIWEHHbIA Nap B HaCbl-
LLIEHHDbIN, ero Hago OXNaguTb 4O TOUKM POChI.
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HeHacbIWweHHbIN Nap — nap, He JOCTUTLLNI
OVHAMUYECKOrO PaBHOBECUA CO CBOEW XMIKO-
CTbIO.

2.14. BAa)XHOCTb BO3AYXa

AbGconoTHaa BRaxHoCTb  Bo3ayxa (P,
P) — Macca BOAAHBIX MapOB, COAEPMaLUMXCA
B 1 M’ BO3yXa Npu 3afaHHbIX ycnoBusax. YacTto
abCONMIOTHYI0 BNAXXHOCTb BO3AYyXa BblpaXatoT
napuuanbHbiM AaBNeHMEM BOAAHbLIX MapoB. Ab-
COMIOTHYIO BNAXXHOCTb BO3AyXa M3MEPAT B Na-
ckanax (Ma) unn B Knnorpammax Ha Kyonyeckuii
metp (kr/M’). [na HaxoxpeHna abCcontoTHOM
BNaXKHOCTU BO3[yXa HeobxoaMmo onpeaenvTb
TOUKY POCbl U MO Tabnuue HauTU COOTBETCTBYIO-
liee er faBneHne HacblWeHHbIX BOASHbIX NapoB
(MNOTHOCTbL 3TUX NApOB).
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OTHOCMTenbHaA BnaXHOCTb Bo3ayxa ((P) —
OTHOLLEHMe napumnanbHoro AaBneHna p BOAAHbIX
napoB, COfEepXalynxca B BO3Ayxe Npu JaHHOW
TEMNEepaType, K OaBNEHWIO P, HACbIWEHHbIX Ma-
POB NpY TOW Xe TemnepaType:

¢ = (p/p,)100 %.

OTHOCMTeNbHAA BNIAXHOCTb BO3AyXa MOXeET
ObiTb OnpefeneHa Kak OTHOLWEHWEe MIOTHOCTY
BOJAHbIX NApOB P, COAEPXaLMXCA B BO3AYXE Npu
[IaHHOW TemnepaType, K NIOTHOCTN HACbILEHHbIX
BOAAHbIX MapoB P, NpW TOiA Xe TemnepaType:

¢ = (p/p,)100 %.

2.15. UchapeHue,
KOHA€HCauuAa, KUlNneHue
AcnapeHne — ABneHne nepexoga Mosnekyn
U3 XNOKoCT! unu TBEpAOro Tena B nap. Mcna-
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peHne NPouCXoAMT NpPW BCAKOW Temnepartype.
CKOpOCTb MCNapeHna 3aBUCUT OT pPoAda *KUAOKO-
CTU unn TBEPAOro Tena, naowagn cBobogHOM
MOBEPXHOCTN W YBEIMYMBAETCA MPU MNOBbILLE-
HUK Temnepatypsbl. icnapeHune TBEpPAbIX Ten Ha-
3bIBA€TCA BO3roHKOW unu cybnumaumen. Hapagy
C MCMapeHneM MPoOUCXOAUT MpoLecc nepexoaa
MOMIeKy/l M3 Mapa B XWUAKOCTb (KOHAeHcauus),
KOTOpbIN 3amepnaeT mucnapeHue. lpun uncnape-
HUW W3 XMUAKOCTM MAW TBEPAOrO Tena BbineTa-
0T MOJIEKYNbl, KOTOpble 06naaaloT HanbonbLuel
KWUHETNYECKOW JHeprvein, no3Tomy B pesynbrare
NCrapeHuns BeWecTBo oxnaxaaetca. MicnapeHue,
NPy KOTOPOM [aBJfieHne napa B XMAKOCTU PaBHO
BHELLHEMY [aB/IeHNI0, Ha3blBAETCA KUNeHUeM.
KoHaeHcauma — npouecc nepexoga Mo-
Nlekyn 13 napa B XWOKOCTb Wnu B TBEpLOE CO-
ctoaHne. CKOpPOCTb KOHAeHcauuu onpegens-
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eTCA YMCIOM MOJIeKys, nepexogawmnx M3 napa
B KWNAKOCTb, Ha efMHULY NIOoLWaan NOBEPXHOCTM
XMOKOCTN B eanHuLy BpemeHun. ECnm CKopocTb
KOHOEeHCaUMn M CKOPOCTb WCMApeHUA pPaBHbl,
TO Map Ha3blBaeTCA HACbIWeHHbIM. [nA paBHO-
BECHOW KOHAEeHCaLuum HeobXxoanmo nNpucyTCTBme
KOHAEHCUPOBAHHON (a3bl MO0 MHbIX LIEHTPOB
KOHAeHcauun (NbliIHOK, MOHOB M T. 1.). B pe3ynb-
TaTe KOHAEeHcauMm BOAAHOro napa B atmochepe
BO3HMKAIOT 0bnaka, TyMaH, poca, MHen 1 T. n.
KuneHne — npouecc napoobpasoBaHus,
OT/IMYAOWMIACA OT WUCNapeHua Tem, 4to obpa-
30BaHMe rnapa MNpPonCXoauT He TONIbKO Ha Mno-
BEPXHOCTW, HO U BO BCEM OOBEME XMAKOCTH,
KOTOpaA WCNapAeTcA BHYTPb MHOTOYMCSIEHHbIX
ny3blpbKOB BO3ayxa. [lpy noBbilWeHUK Temne-
paTypbl OaBfieHNe HaCbIWeHHbIX MapoB B 3TUX
ny3blpbKax pacTer. Korga paBneHue HaunHaeT
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NpeBblaTb CYMMY rMApPOCTaTUYECKOro U BHeLU-
Hero AaBneHunii, o6bEM ny3blpbKa YBeNMYKBa-
etcA. C pocToM pa3mepoB My3blpbKOB PACTET
apXumeaoBa CUMa, BbITaNKMBaKOWAsA NX U3 XWUA-
KOCTW, OHW BCM/bIBAIOT Ha NMOBEPXHOCTb U Nona-
oTcA. [nAa ocywecTBneHNA KUNeHUA XULKOCTU
HeoOX0AMO VMETb LIeHTPbl KWUMEeHWA, HarpeTb
KNOKOCTb [O TemnepaTtypbl KUMeHWA, nomso-
outb Tenno. Mpn NOCTOAHHOM AABAEHUWN KUI-
KOCTb KUMWUT NPW MOCTOAHHOW TemnepaTtype. JT0
TemnepaTtypa KuWneHWA — oOfJHa U3 OCHOBHbIX
PU3NKO-XMMUYECKNX XapPaKTEPUCTUK XUMUYECKU
ynucToro BewectBa. Konmyectso TennoTbl Npwu
napoobpazoBaHun: Q = rm, rge r — ypenbHas
TennoTa napoobpa3oBaHuA.

EonHuua wu3mepeHMA yoenbHOMW  TennoTbl
napoobpa3oBaHNA — [XKOYNb HA KUNOrpamm
([x/Kr).
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2.16. NhraBAeHUE
U KpUCTaAAU3aLMUA

[lnaBneHne — nepexoj BeLlecTBa U3 Kpu-
CTANINYECKOro COCTOAHNSA B XKuakoe. [naBneHne
NPOUCXOAUT MpW ONpeaeNniéHHoON Temnepartype,
XapakTepHOW ONA KakAaoro BelecTtsa. Tak, néepg
nnasutca npu 273,15 K, onoso — 505 K, 30n0-
10 — 1337 K, Bonbppam — 3660 K. lnasne-
HUEe BellecTBa COMPOBOXAAETCA MOrOLEHNEM
Tenna v XapaktepusyeTcA yhAenbHOW TensoTou
nnasneHna. [lnAa nnaBneHnA TBEPAOro BellecTBa
Maccon m noTpebyetca KOAMYECTBO TEMOThl
Q = Am, rge A — ypenbHasa TennoTa NnaBieHNA.

EonHnua un3mepeHnAa ygenbHOW TennoTbl
NiaBNeHnA — OXOyNb Ha Kunorpamm (Ix/Kr).

Kpuctannmsauma — nepexoj BeLecTBa
N3 XUOKOrO COCTOSHMA B KPUCTaNIMyeckoe.
Kpuctannusauma BewectBa MNPOUCXOAUT Mpu
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onpepenéHHon Temnepatype. BewecTtBa Kpu-
CTAaNM3YIOTCA NPU TOW Xe TemnepaTtype, npu
KOTOpoW 1 nnaeAatcA. [pouecc Kpuctanamsaunm
BELLEeCTBA CONPOBOXAAETCA BblAENEHNEM TeNNa.
Mpu KpucTannusauumn BblJENAETCA TOYHO TaKoe
e KONMYEeCTBO TEMIOTbl, Kakoe MOrnoLaercs
npv NAaBneHNN.

2.17. da3oBble nepexoAapl

(Da3oBbI nepexoag — Mepexoq BellecTsa
U3 ogHoOM ¢asbl B APYryw (Hanpumep, nepexoq
U3 TBEPAOrO COCTOAHWNA B XKUAKOCTb, XUAKOCTY
B ra3 1 obpatHble M npoueccol). Pasnuuatot da-
30Bble nepexopbl AByx poaos. [pu ¢pa3osom ne-
pexode nNepBoro pofa CKaukoobpasHO M3MeHA-
I0TCA MNIOTHOCTb, BHYTPEHHAA JHEprua n gpyrue
TEPMOAMHAMUYECKE XaPaKTEPUCTUKK. K TaKum
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nepexofam OTHOCATCA Napoobpa3oBaHue (Mcna-
PeHMe 1 KOHAeHCauuna), nnaBneHne 1 3aTeepge-
BaHWe, CybnuMaumna U KoHAeHcauua B TBEPAYIO
da3y. Mpn 3TOM B eguHMLE MacCbl BellecTBa
BbIAENAETCA WAX MOrNOWAeTCcA onpeaenéHHoe
KONMYeCTBO TeMnoTbl, Ha3blBAEMOE TEMSIOTOW
da3oBoro nepexopa (yoenbHas TennoTa Nna.-
NEeHVA, yaenbHaa Tennota KOHAeHcaumm u T. a.).
[pu ha3oBOM nepexoae BTOPOro poaa Tepmoau-
Hammyeckme QYHKLMN N3MEHAIOTCA HENPEPbIBHO,
a TennoTa He BbIAENAETCA M He NOrnowaeTca.
CKaykoobpa3HO M3MEHAIOTCA  TENNOEMKOCTb,
CKMMAEMOCTb,  KOIOPULMEHT  TEPMUYECKOrO
pacwmpenHna ¢as. K Takum nepexogam OTHOCAT-
CA nepexoabl NapamarHeTUK — GeppoMarHeTuK,
NnapasfNekTPUK — CErHeTo3MNeKTPuK, nepexon
METaNNIOB 1 CNNABOB M3 HOPMAJSIbHOTO B CBEPX-
npoBoasALLee COCTOAHME U Ap.
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2.18. BHYTPEHHAA 3HEpruna

BHyTpeHnHas sHeprua (U) — sneprua asuxe-
HUA 1 B3aMOAENCTBMA YacTuL, U3 KOTOPbIX CO-
CTOWUT TeNl0. BHYTPeHHAA 3Heprua He 3aBUCUT OT
NONOXEHNA 3TOro Tena OTHOCUTESIbHO APYrnX Ter
U CKopocTn ero asukeHnA. OHa cKnagbiBaeTca
U3 JHEPruM XaoTUYeCKoro ABVXKEHUA MOJeKyr,
NOTEHLMANbHOW 3HEepruyM aTomoB, 0O6pasyoLmnX
MONEKyNy U KPUCTaNIMYECKyo CTPYKTYPY, BHY-
TPVMATOMHOW SHEpPrun 1 T. 4. BHyTpeHHAA sHepruA
onpegenAeTca NyTémM M3MepeHWA COBEpPLLUEHHOU
Tenom pabotbl uau npu Tennonepepaye. [
WAeanbHOro rasa BHYTPEHHASA 3Heprua — 3T0
CYMMa KMHETUYECKUX SHEpPrun OTAENbHbIX MO-
nekyn:

3m

U= NEk = Cva= 7HRT,
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roe N — KonnyectBO yactul, Ek — CpeaHAAa Ku-
HeTMYECKaA SHeprua Yactuubl, ¢ — YyAenbHas
TENNOEMKOCTb ra3a npu MOCTOAHHOM OObEME,
m — macca ra3a, I — abconoTHas TemnepaTypa,
L — MONApHaA macca rasa, R — yHuBepcasnbHas
ra3oBasf MOCTOAHHaA.

2.19. TennoBoe paBHOBecUe

TennoBoe paBHOBeCMe — COCTOAHUE Tep-
MOJNHAMNYECKON CUCTEMbI, B KOTOPOE OHa Ca-
MOMPOW3BOJIbHO MEPEXOAUT uepe3 JOCTaTOYHO
OONbLIOM MNPOMEXYTOK BPEMEHU B YCNOBUAX
M30nAUMN OT OKpyXatowen cpeapl. Mpu Tenno-
BOM PaBHOBECUW B CUCTEME MPEKPALLAIOTCA BCe
HeobpaTMble MPOLECChl, CBA3AHHbIE C U3MEHE-
HUEM SHeprun: TennonpPOBOAHOCTb, ANdGPYy3us,
XVMUYeCKne peakuun u ap. B coctoaHum Tenno-
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BOr0 pPaBHOBECNA MaKpPOCKONMMYecCkne rapame-
TPpbl CUCTEMbI HE MEHAKTCA CO BPEMEHEM.

2.20. Tennonepepaua

Tennonepepaya — nepefaya SHeprum oOT
OAHoro Tena K apyromy 6e3 coseplueHuna pabo-
Tbl. Pa3nunyatotT Tpy BuAa Tennonepeaaun: men-
JI0NPOBOOHOCMb, KOHBEKUUA, J1y4eucnyckaHue.
Tennonepenava onpegensieT 1 CONPOBOXAAET
MHOrVe npoLieccbl B npupojae (meteoponornye-
CKMEe NpoLecchl Ha NOBEPXHOCTW 3emnin, 3BONKO-
LA 3BE€34 U NMAHET U T. A.), B TEXHUKE 1 ObITY.

2.21. KonMuecTBO TENAOTHI

Konuuecteo tennotbl (Q) — sHeprus, koto-
pylo Teno TepseT unu npuobpeTaeT npu nepe-
naye Tenna. KonuuectBo TennoTbl 3aBUCUT OT
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npotekatoulero npouecca. Popmynbl KonmyecTsa
TENNOTbl NPU HEKOTOPbIX NpoLeccax:
Q = cmAt = cm(t, - t),

rae ¢ — yAenbHaA TEnNoEMKOCTb BELECTBa,
m — Macca BellecTBa, At — M3MeHeHue Temne-
paTypbl (KONMYeCTBO TEMAOTbl NPU HarpeBaHWK
N OXNaXXAEHWN);

Q = m\,
roe m — macca BewecTBa, A — yfenbHasa Tenno-
Ta NnaBneHna (Kpuctannmsayum) (Konnyectso
TENNIOTbl MPW NAABNEHWM WAN  KPUCTanam3a-
Lnn);

Q=nmn,
roe m — macca BelwecTBa, r — yaenbHaa Tennota
Nnapoobpa3oBaHMA 1 KOHAEHCAUMKN (KONMYeCTBO
TENSIOTbl MPU KUMEHUW, UCMAPEHUN XUAKOCTM
W KOHAEHCauun napa);

Q=mgq,
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roe m — macca BelecTBa, g — yaeSbHadA Tenno-
Ta cropaHuna (KoAMYeCcTBo TeNOTbl MPY CropaHny
TONNMBA).

KonnuecTBo TennoTbl BCerga nepefaérca ot
bonee ropaunx Ten kK bonee XonogHbIM A0 AOCTU-
KEHNA UMW OMHAKOBOW TemnepaTypbl (Tenso-
BOr0 pPaBHOBECWA), eCIN HET MHbIX MPOLEeCcCoB,
KpoMe Tensonepeaayu.

B 3aMKHYTOM CCTeMe Ten BbINOSHARTCA YPaB-
HeHue TennoBoro banaHca:

Q+Q,+..=0,
3TO KONIMYECTBO TeMnJIOTbl, KOTOPOe TepAlT rops-
yne Tesa, PaBHO KONNYeCTBY Tensna, Nonyyaemo-
MY XONOAHbIMK;
Q=AU+ A

rie AU — un3MeHeHVne BHYTPEHHEeW 3Hepruu,
A — paboTa, coBepluéHHasA Tenom (nepBbiit 3a-
KOH TePMOANHAMUKN).
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2.22. Pabora B TepMmoaAMHaAMUKe

PaboTa B TepMmoanHaMuMKe CBA3aHA C N3MEHe-
Huem o6béma V pabouero Tena. Ecnn nameHeHne
o6béma AV = 0 (n30xopuryecknin npouecc), To pa-
bota A = 0.

Pabota rasa npu n30TepmMmnyeckom npouecce:

A=TRTIN G,
M Vi
roe m — macca rasa, 4 — MonAapHaA mMacca rasa,
R — yHMBepcanbHas ra3oBadA MOCTOAHHaA, T —
abcosiotHan Temnepartypa, V, n V, — HayanbHbI/
N KOHEYHbIn 00bEM rasa. [lpu m3obapryeckom
npouecce (p = const) paboTa paBHa:

A =pAV=%RAT,

roe p — pasneHune, AV — n3meHeHne obbéma pa-
bouero Tena, m — macca, | — MOnApPHaA Macca,
R — yHuBepcanbHaAa rasoad noctoAHHaa, AT —
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N3MEHeHMe TemnepaTtypbl. /I3 nepBoro Havana
TEPMOANHAMUKI BbITEKAeT, YTo paboTa B Tep-
moanHamuke: A = Q - AU, rae Q — Konnyectso
TENnNOTbl, NOABEAEHHOE K TepMOAMHAMUYECKON
cucteme, AU — un3MeHeHne BHYTPEHHeN 3Hep-
rmm cuctembl. MNpu agnabatnyeckom npouecce
(NpoTekaeT B TENIOM30AMPOBAHHON CUCTEME)
A = - AU, T0 ecTb paboTa rasa ocyLecTBnAeTCA
33 CYET BHYTPEHHEWN SHeprun (ra3 oxnaxagaercs).

2.23. YpaBHEeHHUE
TennoBoro 6anaHca

YpaBHeHMe TennoBoro 6OGanaHca OTpakaeT
3aKOH COXPAHEHMS SHeprum npu TennoobmeHe.
OOblYHO ypaBHeHMe TennoBoro 6anaHca 3a-
NNCbIBAaeTCA B BUAE: Q1 + Qz+ Qg+ o Qn: 0,
rie Q, Q, Q,... Q — Tennora, nosyyeHHas
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WM OTAQHHAA TenaMu B npouecce Tennoobme-
Ha. CnegyeT umetb B BMAy, YTo: 1) Q cunTaetca
NONOXKUTENbHBIM, €C/IM Teno MonyyaeT Tenno,
W oTpuuaTenbHbIM — eCiu Teno OTAAET Tenno;
2) ecnun B npouecce TennoobMeHa BeLecTBO 13-
MEHSAET arperaTtHoe COCTOSIHME, TO HeoOXoanMO
YYUTbIBaTb TEMNOTY COOTBETCTBYIOLErO Ga30BOro
nepexopa. Hanpumep, ecnun B npouecce Tennoob-
MeHa BeLecTBO MacCon m nepexogut 13 TBEPLO-
ro COCTOSIHUA B XNIKOE, a 3aTeM B ra3000pa3Hoe
npu TemnepaType KuneHua, TO COOTBETCTBYIO-
las 3ToMy nepexody Tennota Q B ypaBHEHWN
bipasutea: Q = Q +Q +Q .+ Q , roe
Q = c1m(trm - t1) — Tennota, Heobxoaumas
[NA HarpeBaHVA BELIECTBA OT Temnepatypbl t,
[0 TemnepaTypbl NnaBneHua t (¢, — yAenbHas
TEN0EMKOCTb TBEPAOTO BewecTsa), Q = Am —
TENNOTa NnaBneHusa BewectBa (A — yaenbHas
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TennoTa nnasnenus), Q . =cm(t -t ) — Te-
nnota, Heobxoaumas ANA HarpeBaHWA Mony-
YEHHOW XMAKOCTU [0 TemnepaTypbl KUMNeHWs
t (C, — ynenbHas TEnI0EMKOCTb XWUAKOCTY),

K1n

Q ,= rm — Tennota mapoobpasoBaHuA Mpw

TemnepaType KuneHua (r — yaenbHas TennoTa
napoobpa3oBaHuA).

2.24. lNepBbIU 3aKOH
TepMOAUHAMMUKHU

[epBbli 3aKOH TepmoauMHaMuKK. Konuye-
cTBO TennoTtbl AQ, KOTOpoe MOsyyeHO Tenom
(cuctemon), pacxofyetca Ha W3MEHEHWEe BHY-
TpeHHen 3Heprm AU v Ha paboty A Tena (cucte-
Mbl) NpoTUB BHewHux cun: AQ = AU + A. lNepBbin
3aKOH TePMOANHAMUKIN YTBEPXKIAET, YTO Hesb3A
NOCTPOUTb BEYHbIV ABUraTeNb NepBoro poaa, To
eCTb TaKylo Nepuoanyeckn enCcTByLWY MaLu-
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Hy, KOTOpaA coBeplwana Obl 60nblwyo pabory,
YeM 3Heprus, Yto NOABOAUTCA K MaLUMHE W3BHE.,

2.25. Bropou 3aKoH
TepMOAMHAMMUKH

Bropon 3akoH TepmoguHamukun: 1) HeBO3-
MOXeH npouecc, eAUHCTBEHHbIM pe3ynbTaToM
KOTOPOro ABNAETCA nepefaya sHeprum B popme
TENSIOTbl OT MEHEe HarpeToro Tena K bonee Harpe-
Tomy Teny (opmynupoBka Knayswuyca); 2) HeBo3-
MOXeH Nepuoanyecknii NpoLecc, e4UHCTBEHHbIM
Pe3ynbTaTOM KOTOPOro ABNAETCA NpeBpalleHune
TennoTbl, MONYYeHHOW OT HarpeBsaTesa, B JKBYBa-
NEHTHYI0 el paboty (popmynmpoBka KenbBuHa).
BTopon 3akoH TepMOAVUHAMMKA UCKNIOYAEeT BO3-
MOXHOCTb CO3[laH1A BEYHOrO [BUraTena BTOpOro
poda, TO eCTb ABWratens, B KOTOPOM pabouee
TeNo, COBEpPLIAA KPYroBOM nNpouecc, nosyyano
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Obl 3Hepruio B GopmMe TennoTbl OT OLHOrO BHELU-
HEero Tena n LenMkom nepeaasano bl e€ B popme
PaboTbl Apyromy BHelHemy Teny. BTropoi 3akoH
TEPMOAVHAMUKIA  YCTaHABNMBAET HamnpaBneHune
CaMOMPOU3BOJIbHbIX MPOLECCOB B NPUPOAE U YC-
NIOBVA OCYLLECTBNIEHNA NPOLECCOB NPEBPaLLEeHUA
TennoTbl B PaboTy, C KOTOPbIMM NPUXOANTCA
VIMETb AEN0 Ha NPaKTUKE.,

2.26. KINA TenrnoBOU MaLLUUHBbI

KoaddunuymeHT nonesHoro gencrema Tenno-
BOW MalmHbl () — oTHowWweHue paboTbl A, co-
BEPLUEHHON paboyMm TenoM B NPAMOM LMKIE,
K KonmuecTy TennoTbl Q,, KoTopoe 6bino Co-
obueHo pabouemy Teny B 3TOM LMKNe Harpe-
BaTeNnem:

n=A/Q|=(Q]|-1Q)Q,|
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rie Q, — Tennota, oTaaHHaa pabouum TenoMm
XONOAWNAbHUKY 3a LMK,

KM/ TennoBon malvHbl, paboTatowwen no uu-
Kny KapHo (n ), onpegensetca Temnepatypoi T,
HarpeBaTens 1 Temnepartypoit T, XoNnofunbH1Ka
W He 3aBUCUT OT Npupoabl paboyero Tena:

n =T -T)T.

KNA npou3BOAbHOrO 0OPATUMOrO  LMK-
na (noﬁp) He moxeT npesbiwatb KM/ obpatumoro
LmKna KapHo, OCyLLeCTBNEHHOTO MEXIY TEMM Xe
Temnepatypamu I, v T, HarpeBaTens n Xonofub-
Hnka n o < (T, - T,)/T;; KM nponsBonbHoro He-
obpatMoro uvkna Bcerga meHblue K[ obpartu-
MOro uukna KapHo, NpoBeAEHHOrO B UHTEpPBane
temnepatyp I -T:n . < (T - T)/T.

Heobp
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2.27. MpuHUUNBbI AeUCTBUA
TEeNAOBbIX MalUUH

Tennosasa malumHa — yCTPONCTBO, NO3BONA-
lollee npeBpaLlatb BHYTPEHHIOK SHEPIUi0 B Me-
XaHUYECKY0 B MpoLuecce nepexoga Tennotbl OT
bonee HarpeTbix Ten Kk 6onee xonogHbim. Jltobas
TENNOBaA MalUMHA COCTOWUT U3 TPEX OCHOBHbIX
yacten: pabouero Tena, Harpesatena U Xono-
OVNbHUKA.

K TennoBbiM MaliMHam OTHOCATCA MapoBble
OBUraTenu, ABWUraTeny BHYTPEHHEro CropaHus,
PeaKTUBHblE ABUraTeENV 1 ap.

2.28. NIpobreMbl 3HEPreTUKHU

OxpaHa oOKpyXaloLwen cpefbl OT BPefHOro
BO3[eNCTBMA NPeanpuATAIA TENNOBOW JHepreTu-
Kn TpebyeT KOMMNIEKCHOro nopgxopa. Tennosble
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NEKTPOCTAHLUNN B pPaiOHE WX PaCMONOXeHWS
CYLLECTBEHHO BAMAIOT Ha OKPYXKaloLyl cpeay
W Ha COCTOAHME Brocdepbl B LIENOM.
MaccoBbiMM  3arpsasHUTENAMU NpKU  pabote
TENNOBbIX NEKTPOCTAHUUMA ABNAIOTCA NeTyvan
30/1a, ANOKCKA cepbl U OKcuabl a3oTta. Metoabl
COKpalleHnA BbI6BPOCOB 3aBUCAT OT CBOWCTB TO-
NnvBa 1 YCNOBUI €ro CxuraHma, Ytobol npenoT-
BPaTUTb 3arpA3HeHnA neTyyen 307101, HYXHO
OYNCTUTb BeCb OOBEM MNPOAYKTOB CropaHuA
TBEPAOro TOMAMBA B BbICOKOIPPEKTUBHBIX 30-
noynosutenax. CokpalleHue BbIBpOCOB OKCUAO0B
a30Ta C NPOAYKTamu CropaHusa TOMAMBA Ha Te-
NNOBbIX 3NEKTPOCTAHLMAX, @ TakXKe B Maporaso-
BbIX M ra30TypOMHHbIX YCTaHOBKax obecneymsa-
eTCA rNaBHbIM 06PA3OM TEXHONOTMEN CXKUraHUA
TONNMUBA. YMEHbLUEHME BbIOpOCa ANOKCHAA Cepbl
MOXET ObiTb AOCTUMHYTO Pa3NMYHbIMKA MeToAa-
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MW obnaropaxxkmBaHua u nepepaboTKn TOMMBaA
BHE TEMNIOBbIX 1EKTPOCTaHLUMIN NMbo Henocpea-
CTBEHHO Ha TEMNOBbIX INEKTPOCTAHLMAX, A TaKXKe
C MOMOLLbIO OYMCTKM AbIMOBbBIX ra30B.

B pAge cnyyaeB AOCTaTOYHO IPPEKTUBHBIM
peLleHneM BOMPOCOB OYWCTKN BblIOPOCOB B aT-
Mocdepy OCTaéTCA COopyKeHre (unbTPOB-yno-
BuTENEN U ObiIMOBbIX TPYyO. Y ObiIMOBOW TPYOb
[Ba Ha3HaueHMs: nepBoe — CoO3daBaTb TAry
N TEM CaMbiM «3aCTaBAATb» BO3[yX — 0bA3aTenb-
HbIl YYaCTHUK Npouecca ropeHna — B HYXHOM
KONMMYEeCTBE W C OOMKHOM CKOPOCTbIO BXOAMUTD
B TOMKY; BTOPOE — OTBOAWUTb NPOAYKTbI rope-
HUA (BpedHble rasbl U CoAepXalmeca B AbiMe
TBEPAbIE YacTMLbl) B BEpXHMe cnou atmocdepbl.
bnarogapa HenpepbIBHOMY ABUXKEHUIO BPEAHbIe
rasbl 1 TBEPAbIE YACTULIbI YHOCATCA OT UCTOYHMKA
NX BO3HUKHOBEHWA 1 PaCcCeNBaIOTCA.
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[a3bl, BbIOpacbiBaeMble 13 Tpybbl B aTMOCde-
Py, NOQHUMAIOTCA HaA BEPXHUM CPe3oM TpyObl.
[logbém ra3oB obecneynBaeTcA HanpaBieHHOW
BBEPX CKOPOCTbIO, @ TaKXe BCM/IbIBaHUEM TEMbIX
ra3oB, BbIMyCKaeMmbIx B 60nee XONnoAHbIN OKpY»Ka-
lowuin Bo3ayx. Boicota nogbéma ra3os 3aBUCKT OT
TYpOYyNEeHTHOCT, BO3pacTaloLen C yBeMYeHem
CKOPOCTV MPOTEKAHWUA ras3a B BbITAXHON Tpyoe,
NNOTHOCTW ra3a, yMEHbLLAKLWeNnca ¢ pOCTOM TeM-
nepaTtypbl, @ TakKe OT FOPU3OHTaNIbHOIO [BUXKe-
HUA BO3AYXa, YMEHbLUAOWEro AenCTBre BepTU-
KanbHOWM CKOPOCTM 1 3PdEKTa BCMIIbIBAHNA.

30M1a 1 WnaKkn 3aHUMatoT 6onblive NnoLwaam
3eMefNb, HeONAronpPUATHO BAMAIOT Ha OKPY»Kalo-
Lyto cpeay. B 1o e Bpema OHW cogepikaT Orpom-
Hble 6oraTcTBa. B HUX NPUCYTCTBYIOT pa3nnyHble
LEHHble KOMMOHEHTbI, BMOTb A0 PEAKUX Me-
TannoB. 301y MOXHO MCMOSIb30BaTb B KayecTse
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CTPOUTENIbHOrO MaTepuana, Hanpumep B JOPOX-
HOM cTpouTenbcTBe. OHa 3aMeHAeT necok, ru-
HY, U3BECTb, WebeHb 1 faXe LEeMEHT B OETOHe,
Kupnuye, Kkepamsure,

[lna oxpaHbl OKpyXawLen cpefbl paspaba-
TbIBAIOTCA aNibTEPHATVBHbIE HanpaBNeHUA SHep-
reTUKW: TennodHepreTuka, Noa3eMHasa rasudu-
Kauua yrna, Ucnosib3oBaHne MPUPOAHOro rasa,
pa3paboTka MarHUTOrMAPOAVHAMUNYECKUX TEHe-
PaTOpPOB, aTOMHAA 3SHepreTuka, TepmoaepHas
SHepreTuKa, SHepPrua pek, sHeprua TepmasbHbIX
BoA, sHeprua ConHua, SHepruA BOJH, 3Heprus
OTXOA0B, MPUANBHbIE SN1EKTPOCTAHLMMN.



3. SQAEKTPOAUHAMMUKA

3.1. AneKTpU3auuma TeA

dnekTpusauna Ten — coobLieHne SNeKTpu-
YeCcKMX 3apAaoB TenaM Wnn HaBeaeHue 3apsaoB
Ha HKX (Hanpumep, NoA BAVUSHUEM PACMONOXKEH-
HOrO PAJOM 3aPAXKEHHOTO Tena).

3.2. B3aumoaeunctTeue 3apanoB

3apAagbl aneKTpuyeckme — ToueyHble YacTu-
Libl, XapaKTepu3ytoLmne CBOUCTBO TeNl UK YacTuy
BCTYNaTb B 3/IEKTPOMArHUTHble B3aUMOAENCTBUA
W onpeaenaiowme 3HaYeHNa CUN U SHePrun npu
TaKMX B3aMMOJENCTBUAX. 3apAaabl AeNATCA Ha Mo-
NOXWTeNbHble W oTpuuaTtenbHble. [lonoxutenb-
HblM 3apAA BO3HWKAET, Hanpumep, Ha CTekne,
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HaTEPTOM KO»Kew, oTpuuaTesibHbiI — Ha AHTape,
HaTEPTOM LWepCTbio. BaXkHoe CBOWCTBO 3aps-
OB — WX B3aMMOAEnCcTBme: OAHOUMEHHbIE 3a-
PALbl OTTANKUBAIOTCA, @ PA3HOMMEHHblIE — NpPU-
TAMMBAIOTCA.

3.3. 3aKOH coOXpaHeHUA 3apAapa

3apAag MoObIX 3apsXKeHHbIX Ten — Lenoe
KpaTHOe 3N1eMEHTapPHOro 3NeKTPUYEeCKoro 3aps-
na. B 3amKHyTOM cucTeme anrebpanyeckan Cymma
NEKTPUYECKNX 3aPAL0B OCTAETCA HEVN3MEHHOMW:
2Q. = const.

3.4. 3akoH KynoHa

3akoH KynoHa: cvmna B3avMOAencTBMA [BYX
TOYeYHbIX 3apAL0B NPONOPLMOHaNbHa Npown3se-
OEHMNIO BE/IMYUNH 3TUX 3apAa0B, 00paTHO Nponop-
LMOHaNbHa KBagpaTy PacCTOAHUA MeXAy HUMY

116 3. 3nektpoanMHammKa



W Hanpas/ieHa BAONb MPAMOW NIMHUK, COefUHA-
loLWen ToOYeYHble 3apAabi:

F=1QQ,/r,
roe F — moaynb Cuiibl B3aMMOAENCTBUA ABYX TO-
YeuHbIX 3apanoB, Q 1 Q, — BeNMYMHbI 3apALO0B,
r — paccToaHne mexay 3apagamu, f — ko3dpou-
LMEHT NPOMNOPLNOHANBHOCTH.

BBakyymef=1/(4me ), roee,=8,8510"2O/m—

SNeKTpuYecKas NoctosHHas. B ogHopogHom au-
anektpuke f=1/(4nee ) = 9-10° H-m*/Kn?, roe € —
OVdNeKTpUuYeckasa NPOHMLAEMOCTb ANINEKTPUKA.
3akoH KynoHa npeactaBum B BEKTOPHOM Buje:

r_ Q1Qz

F=f 3
[1nA 3TOro HanpaBMM papnyc-BeKTOP I OT OAHOTO
3apAaga K gpyromy (puc. 1 Ha c. 118).

—_—
r.
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Q‘I Q2 F

> —>

®
~

Q _, F Q
® —<=()
Puc. 1

[loCKONbKYy OOHOMMEHHbIE 3apAQbl OTTaNKK-
BalOTCA, @ Pa3HOMMEHHble MPUTATMBAIOTCA, TO
B C/lyyae OLHOMMEHHbIX 3apAROB BEKTOP CUbl
MIMEeT TO Xe HanpaBs/eHne, YTo N pagunyc-BeKTop.
[lpn B3anumopencTsum pasHOMMEHHbLIX 3apAdoB
BEKTOP CWJbl HanpasfieH NPOTMUBOMOMIOXHO Pa-
O1YC-BEKTOPY. 3aKOH YCTaHOBNEH B 1785 . dpaH-
Ly3ckum pusnkom Wapnem O. KynoHom.
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3.5. AneKTpHUueckoe none

[loHATVEe 2NMeKTPUYECKOro nosiA BBEN aHr-
nunckni pusnk M. Qapagen. CornacHo ero ngee,
NEKTpUYeCcKne 3apsaabl He OEWCTBYIOT APYr Ha
Opyra HenocpeacTBeHHO. Kaablh M3 HUX CO3-
[AET B OKPYXatoLeM NPOoCTPaHCTBE dNeKTpuYe-
Cckoe none. [lone ogHoro 3apApa AeNCTBYeT Ha
apyron 3apag, n Haoboport. [lo mepe yganeHus
OT 3apsAga none ocnabesaer.

3.6. Hanps>kéHHOoCTb
3A\EKTPUYECKOro noas

HanpaXEHHOCTb  3neKTpuyeckoro  no-
nA (E) — CWNOBaA XapaKTepuCTuKa neKTpuye-
CKOro nond B 3afaHHOWN TOYKe. HanpAXEHHOCTb
NEKTPUYECKOro nona — puanyeckas BeNNYMHa,
PaBHaA OTHOLLEHWNIO CWMbl, C KOTOPOW NEKTPU-
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yeckoe none AenCTByeT Ha TOUYEYHbIN MNONOXN-
TeNIbHbIN SNEKTPUYECKM 3apAaa, MOMELLEHHDbIN
B 3aJlaHHYI0 TOYKY, K 3TOMY 3apAgy:

E=F/Q
roe Q — 3apAag, Ha KOTOpbiM BO3QEWCTBYeT
aNeKTpuyeckoe none. Ecnm anektpuyeckoe none
B BaKyyme MOPOX[AEHO ToueyHbiM 3apagom Q,
TO MOAYNb HANPAXEHHOCTA SNEKTPUYECKOro
nonsA B TOYKe, yAaNEéHHOM oT 3apAfa Q, Ha pac-
CTOAHME [, PaBeH:

E, = fQ/r,
rae f = 1/(4ne)) — KoadpduumeHT nponopumo-
HaNbHOCTY, € — 3NEKTPUYECKAA NOCTOAHHaA.

Ecnn snekTpryeckoe none cO3fJaétca Tem

e 3apAdoM B OAHOPOLHOM W30TPOMHOM Au-
NEKTPUKE, TO HANPAKEHHOCTb INEKTPUYECKOrO
nonsa B TakoW cpefe B € pa3 MeHbLUe, YemM B Ba-
Kyyme:
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E=E/
rae £, — mopynb B TOYKe, HaXOAAWENcA B Ba-
Kyyme.
EOMHMLA HanpsXXEHHOCTM  3NEKTPUYECKOro
nons — BOAbT Ha MeTp (B/m).

3.7. MpUHUMN cynepno3uuuu

HanpaXEHHOCTb 3NeKTPUYEeCKoro nona He-
CKOMbKMX 3apAL0B pPaBHa BEKTOPHOM CYyMMe Ha-
NPAXKEHHOCTENW, CO3AaBaeMblX B 3aJaHHON TOYKe
KaXXZblM 13 3apA0o0B:

o o
E =2E.

[1nsi NOTEHUMANOB TaKXe BbINOMHAETCS NPUH-
LN cynepnosunymu:

¢ =X,
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3.8. lNoTeHuUManbHOCTb
3N\EKTPOCTAaTUYECKOro NnoAs

[lockonbKy paboTta No nepemelyeHnto Npoob-
HOro 3apAfa B NEKTPOCTaTUYECKOM MOne He 3a-
BUCWT OT BMAA TPAEKTOPUW, TO 3TO 3HAUUT, YTO
Takoe none NoTeHLMasbHO.

3.9. NoTteHuuan
3NEKTPUUYECKOro Nnons

[loTeHUman >neKTpPoCTaTUYECKOro nons
((p) — >HepreTnyeckan XapakTePUCTUKA TOUKY
nons. MoTeHUman 3nNeKTpUYeckoro nona B 3a-
[0AHHOWN ero Toyke — 3TO CKansApHaA BENMUMHA,
PaBHaA NOTEHLMWANbHOW SHepPrum E‘D eQUHNYHOrO
NONOXMNTENbHOrO 3apAda, NMOMELLEHHOrO B 3Ty
TOUKY: @ = Ep/Q. [loTeHUMan 3NeKTPUYEeCKoro
nonsA, CO30ABAaEMOro HeCKOSIbKUMM 3apsafamu,
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paBeH anrebpanmyeckon Cymme MOTEHLMANOB,
CO3[aBaeMbIX B 3ajlaHHOM TOUYKE KaX[AblM W13 3a-
PAAOB: @ = 2. 33 €ANHNLY U3MEPEHNA MOTEH-
UMana 3neKTpuYeckoro nona npuHAT BonbT (B).
[loTeHUMan 3neKTpUYeCKoro Nonsa TOYEYHOro 3a-
paga Q B TOYKe, YOaNEHHOWN Ha paccToAHue r OT
3apafa (npu ycnosuu, 4to @ — 0 Npu r — ),
paBeH: ¢ = Q/(4meg 1), TAe €, — 3NEKTpUYeCKas
NOCTOAHHAA, € — ANANEKTPUYeCKana NPoHuLae-
MOCTb BeLLecTBa.

PasHocTb noteHuymanos (U) — otHoweHue
paboTbl A, COBEpPLIAEMON SNEKTPUYECKUM MO-
NIemM NpU NepemMeLLeHn NONOXKNTENbHOMO 3aps-
na Q 13 ogHoOM TOYKM MONA B ApYryto, K BennynHe
3apAapa:

U=A/Q.

EovHMua un3MepeHusa pasHOCTU MOTEeHUMa-

nos — BonbT (B).
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3.10. AeucTBHE NPOBOAHUKOB

[poBOAHUK — BeLleCTBO, XOPOLWO NpoBOAA-
Lee 3NeKTPUYEeCKnin TOK. XapakTepHaa 0CcobeH-
HOCTb — B HEM BCerga eCTb cBoboAHbIE 3apAgbl,
KOTOpble MOryT rnepemMeLlatbCcA No BCeMy MpPo-
BOAHWNKY MOA AEWUCTBUEM dNEKTPUYECKOro nons.

CBobogHble 3apafgbl B NPOBOAHMKE, MOMe-
LEHHOM B M1IEKTPUYECKOe nosne, Nog AenCTBUEM
Cun nonAa nepemeLyaroTca. Korga npoBoaHMK no-
nagaet B dMeKTpUYecKoe Mnone, OH 3MeKTpusy-
eTCA, TaK YTO Ha OAHOM ero KOHLe BO3HUKaeT
MNONOXNUTENbHBbIV 3apAd, @ Ha APYroM — Takow
e BeNMYMHbI OTpuULaTeNbHbIA. 3apadbl Ha NPo-
BOAHMKE CO3[dalT BHYTPU Hero pobaBouHOe
NEKTPMUYeCcKkoe none, CUNOBble JNHWUW KOTO-
POro HanpasneHbl MPOTUBOMNONOXHO CUOBbIM
NIMHUAM OCHOBHOro nond. [BuxeHne 3apAagoB
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NPEKPATUTCA, KOrga HanpsaXEHHOCTb pe3ynbTu-
pylolwero nonAa BHYTPU MPOBOAHMKA OKaXeTca
PaBHOW Hyno. TakaA aNeKTpu3auna Ha3blBaeTcA
anlekmpocmamuyeckol UHOykyued. Mpu paBHO-
BeCUM 3apsAAo0B Ha NPOBOAHMKE NOTEHLUMan BCEX
ero ToueK OfMHaKOB.

3.11. AM3AEKTPUKHU
B SAEKTPUUECKOM MOAE

OuanekTpuk — 3TO BeleCcTBO, He MPOBO-
asulee aNeKTpuYecKnn Tok. Ha nonoxmntenbHble
W oTpuuaTtenibHble 3apAabl MONEKyNn AW3NEKTpU-
Ka JeNCTBYIOT CUMbl CO CTOPOHbI NIEKTPUYECKOrO
nona. llog AencTBmem 3TMX CUN 3apAadbl Kakaou
MOJeKysibl CMEeCTATCA MO HanpasfeHUI0 Hanps-
KEHHOCTW nons. B pesynbrate monekysnbl pacno-
f10XaTcA ynopAanoYeHHo.
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B niobom 06bEME AMaNEeKTPUKA CYMMAPHDIV
3apAf OKaXeTcA paBHbIM Hyn. OgHako Ha no-
BEPXHOCTN [AMINEKTPUKA MNOABATCA  3apAfbl:
C OAHOW CTOPOHbI MOSTIOXKUTENbHbIE, C APYTrON —
oTpuuaTenbHble. [lpouecc CmelleHna 3apsaaoB
B AVINEKTPUKE, MOMELLEHHOM B 3NEKTPUYECKOE
nosne, Ha3blBaeTCA nosApu3ayued, a cam ananek-
TPUK B 3TOM COCTOAHUM — MONAPU30BAHHbBIM.

3.12. AneKTpUueckan
€éMKOCTb

Anektpuueckaa émkoctb (C) — dusnyeckas
BeIUNHA, U3MepAeMan OTHOLWEHneM 3apaga ye-
OVHEHHOro NpoBoAHMKa Q K ero noteHuwmany :

C = Q.

EavHuua v3mepeHusa 3neKTpuyeckon EmKo-

ctm — ¢apag (D).
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KoHpeHcaTop — cuctema 13 AByx NPOBOAHU-
KOB (0OKNafoK), pasaenéHHbIX CNOem [MdNeK-
TPUKa, TONWMHA KOTOPOro Mana no CPaBHEHWUIO
C pa3Mmepamm NPOBOAHNKOB. BaXKHOW XapaKTepu-
CTUKOW KOHAEHCaTopa ABNAETCA 3eKTpuUecKas
EMKOCTb. KoHaeHcaTopbl pa3nuyatotca no popme
obKnagoKk (nnockue, UUNUHAPUYECKNE, chepu-
yeckune n gp.) ¥ No TUNY UCNONMb30BAaHHOIO Au-
aneKkTpuKa (Bo3ayluHble, BymaxHble, CnoaaHbIe,
Kepamumyeckre n gp.). Ocobyto rpynny coctaBna-
0T 3NEKTPONUTUYECKNE KOHOEHCATOPbI, B KOTO-
PbIX AMINEKTPUKOM CNYXUT OKCMAHAA MNNEHKa.
MepBblin KOHAEHcCaTop («neipeHckasa 0OaHKay)
6bIn co3gaH HemeuKnM yuyéHbiM 3. 0. Kneinctom
B 1745 r. n He3aBUCUMO OT Hero B 1746 r. ron-
naHackum ¢usmkom M. MyweHO6pyKom.
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3.13. dHeprua nonn
KOHAEeHcaTopa

DHeprua 3NeKTPNYeCKoro nonsA KOHAEHCcaTo-
pa (EP) — MOTEHLUMANbHAA IHEPrua neKTpuye-
CKOro nons, CocpefoTOYEeHHOro B NPOCTPaAHCTBE
Mexgy OOKnagkaMy KOHAEeHCAaTopa. DHepruis
NEeKTPUYECKOro MNonsa KOHAEeHcaTopa BbluMCHA-
eTcAa no popmynam:

E = CU?/2 = Q¥(20) = QU/2,
rne C — émKocTb KoHaeHcaTopa, U — pa3HocTb

NOTEHUMANOB MeXay ero obknagkamu, Q — 3a-
PAA Ha OfHOWM 13 0OKNafoK KOHAEHCATopa.

3.14. NocToAHHbLIX TOK. CUAA TOKA

[TOCTOAHHDBIN 3NEKTPUYECKUA TOK (TOK Npo-
BOAUMOCTU) — NEKTPUYECKUN TOK, HE U3MEHS-
IOWNNCA C TeYEeHNEeM BPEMEHM HW MO CuUne, Hu
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no HanpasneHuto. MICTOYHMKaMM MOCTOAHHOIO
NEKTPUYECKOro ToKa ABAAITCA reHepaTopbl,
rafibBaHNUYeCKne 3NeMEeHTbl, TepPMO3SIEMEeHTbI,
$OTO3NEMEHTbI, KOTOPblE MOryT ObITb Crpynnu-
pOBaHbl B 6aTapen. [TOCTOAHHbIN SNEKTPUYECKIN
TOK MOXHO MOAYYUTb BbINPAMIEHNEM NepeMeH-
HOrO TOKa.

Cuna ToKa (I) — dusnueckas sennumHa, pas-
HaA OTHOLLEHWIO 3apAaga Q, KOTOPbIN NepPeHOCUT-
CA yepes norepeyHoe ceyeHvie NMPOBOAHMKA 3a
BpemsA t, K 3TOMYy BPeMEHM:

I=Qf.

MrHoBeHHOe 3HauyeHune cunbl Toka (i) — npe-
OeN Cunbl ToKa Mpu YCNOBUW, UYTO MPOMEXKYTOK
BPEMEHU t CTPEMUTCA K HYNIO:

i:Iimg.
t=0 1
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3a HanpaBneHue 3MeKTPUYeCcKoro Toka npu-
HMMAIOT HanpasneHne ynopALOUYEHHOro ABUXKe-
HUA MONOXUTENbHO 3apAMeHHbIX vacTuu. Ecnum
TOK 00YCNOBNEH [BMXKEHWEM OTPULATENBHO 3a-
PAKEHHbIX YaCTUL, TO HaMpaBfeHne dneKkTpuye-
CKOro TOKa MPOTUBOMOMIOKHO HarnpasieHUo KX
OBMXeHuA. Ecnm cnna ToKa M ero HanpasneHue
He MEHAITCA CO BPemeHeM, TO TOK Ha3blBaeTcA
NOCMOAHHbIM. HapAagy C TOKOM MPOBOAUMOCTU
PA3NNYaT KOHBEKLUMOHHBIA TOK M TOK CMelle-
HWA.

EanHunua nsmepeHuna cunbl Toka — amnep (A).

[NOTHOCTb TOKa (i) — CWna TOKa, Npuxoaa-
Wasaca Ha 1 M? Nnowaan NonepeyYHoro ceyeHus
NPOBOAHMKA MPW YCNOBUKU, YTO TOK HanpasneH
neprneHanKynApHO 3TOMY CeUYEHUIO 1 paBHOMEp-
HO MO Hemy pacnpefenéH: j = I/S. U3mepsaetca
B amnepax Ha KBagpaTtHbii MeTp (A/Mm?).
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3.15. HanpsxeHue

Hanpsxenue (U) — Bennuunna, pasHas otHo-
LWeHNo PaboTbl A KYNOHOBCKMX CUM U CTOPOHHNX
CWN, COBEpLUAaEMON Npu nepemeLteHnn 3apsaga Q,
K BEMYMHE 3TOro 3apAja:

U=A/Q.
EanHnua HanpsaxeHua — BonbT (B).

3.16. 3akoH Oma
AAAl YYaCTKa Lenu

3akoH Oma pgnAa yuvactka uenm, He coaep-
auwero 3[1C: cuna ToKa [ Ha yyacTke Lenu, He
cogepxatlem 3C, nponopumoHanbHa pa3HOCTY
NOTeHUNanoB AP Ha ero KoHLax:

[ = GAg = (1/R)Ag,

roe G — aneKkTpuyeckas NPOBOANMOCTb YYacTKa
Lenun, R — 3neKTpuyeckoe ConpoTUBIEHNE 3TOrO
yyacTKa.
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3akoH Oma B anddepeHLmanbHon popme:
j = oE,
roe j — TMOTHOCTb 3/1eKTPUYECKoro TOKa,
0 = 1/p — ygenbHasa sneKTpuyeckasa NpPoBOAU-
MOCTb MPOBOAHWKA, E — HanpPAXEHHOCTb eK-
Tpryeckoro nons.

3.17. dneKTpUueckoe
CONpPOTUBAEHUE

dnekTpuueckoe conpotusnenne (R) —
OCHOBHaA  JNEKTPUYECKaa  XapaKTepuCTMKa
MPOBOAHMKA. DNEKTPUYEeCKoe COMpOTUBEHNE
obycnoBneHo npeobpa3oBaHMeM IneKTpuye-
CKOW 3Heprun B Apyrue Buabl dHeprun. [lpu
HeobpaTMOM npeobpa3oBaHuKN  (MpenmyLie-
CTBEHHO B TEMNOTY) NEKTPUYECKOE CONPOTUB-
fIeHNe Ha3blBAETCA AKMUBHbIM CONPOMUB/IeHUEM;
3NEeKTPUUECKoe COMNpOTMBIEHNE, 00YCNoBNEH-
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HOe nepefayert SHEPrun 3NEKTPUYECKOMY WU
MarHUTHOMY nonaM (U 0b6paTHO), Ha3blBaeTCH
pPeakmueHbiM conpomuesieHuem. dNeKTpuyeckoe
COMpPOTMB/IEHe MNPOBOAHMKA OnpeaenaeTcs
ypaBHeHuem: R = U/, rpe U — HanpsAxeHue Ha
KOHLAaX NPOBOAHUKA, I — TOK, NpOTEKaoLWwumin no
NPOBOAHUKY. DNeKTpuyeckoe CONpoTUBAEHMNE
3aBNCUT OT maTtepuana NpPoBOAHMKA U ero reo-
MeTPUYECKNX Pa3MepoB. INeKTpuyeckoe Conpo-
TUBNEHME MPOBOAHMKA ANMHOW | C NOCTOAHHOW
NAOWaAbl0 MONEPeYHOro CeyeHna S pPaBHo:
R = pl/S, rne p — yaenbHoe CONPOTUBNEHUE
BeleCTBa. JNEKTPUYeCckoe COMpPOTUBIIEHME W3-
mepsaeTca B omax (Om).

YnenbHoe conpoTtuBneHne BelecTsa (p) —
OCHOBHas 3MeKTpuYecKkan XxapakTepucTrka selle-
CTBA. YAenbHOe COMNpOTMBIIEHNE BeleCcTBa PaBHO
CONPOTUBMIEHNIO MaTeprana NPOBOAHMKA C Mo-
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LWaablo nonepeyHoro ceveHna 1 m* v ANUHOW
1 M, ecnn TOK HanpasfieH BAOSIb HOPManu K no-
NnepeyHoMy CeyeHuto. YaenbHoe ConpoTuBleHre
BeLlecTBa OnpeaensaeTca n3 ypaBHEHUS:
R = pl/s,
rae R — conpoTtuBneHne NPoBofgHUKa, | — ero
ONVHA, S — nnowaab nonepeyHoro ceyeHus. Us-
MepAaeTca B OM*M; MHOTAa NCNOMb3yeTcA eanHnLa
Om-mm*/m. T OM*MM?/M paBeH COMPOTUBNEHUIO
NPOBOAHMKA C MMOWAAbI0 MOMepeyYHoro ceye-
HUA 1 Mm? 1 gnnHon 1 M. COOTHOLWEHME MeXAay
3TumMn eguHndamn: 1 Om-mm*/m = 1:10°° Om-m.
YnenbHoe CONpOoTUB/IEHNE BELLECTBA 3aBUCUT OT
Temneparypbl:
p =p,(1+ at),

rae p, — YAENbHOE COMPOTUBIIEHNE BELLECTBA
npu 0 °C, t — TemnepaTypa no wkane Lenbcus,
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a — TemnepaTypHbIii KO3GPULMEHT COMPOTHB-
neHus,

3.18. AneKTpOABMXKYLLAA CUAA

onektpoasmxywaa cuna (30C) (€) —
Pr3nyeckan BennUMHA, XxapakTtepusyowasa aen-
CTBME CTOPOHHMUX CUN B WUCTOYHMKAX MOCTOAH-
HOMO WX NepemMeHHOro TOKa; B 3aMKHYTOM Npo-
BOAALIEM KOHTYpPe paBHa OTHOLIEHMIO PaboTbl
CTOPOHHUX CUJT MO NMepemMeLleHuIo 3apAaaa B4ONb
KOHTypa K BennuuHe 31oro 3apaga: € = A_/Q. W3-
MepseTca B BonbTax (B).

BHyTpeHHee conpoTMBNeHMe WCTOYHMKA
TOKa — KONNYECTBEHHAA XapaKTepucTuka WC-
TOYHMKA TOKa, KOTOpasA onpepender BeNNYMHY
SHepreTMYecknx notepb MNpu MPOXOXKAEHNN
yepes WCTOUYHUK 3SNEeKTPUYEeCKOro TOKa. BHy-
TPeHHee COMpPOTUBNEHME WUMEEeT pPasMepPHOCTb
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COMPOTUB/IEHNA U M3MepAeTcA B oOMax. [lpu
NPOXOXAEHUMN 3M1EKTPUYECKOro ToKa uepes uUc-
TOYHUK HAbMIOAATCA Te e npouecchl AnCCu-
naynm SHePrn, YTo 1 NPU NPOXOXKAEHUN Yepe3
CONpoTUBNIEHMe Harpy3ku. bnarogapa 3tum npo-
Leccam HanpskeHne Ha Kinemmax WCTOYHMKA
TOKa He paBHO 3MeKTPOABUMXYLLen cune, a 3a-
BUCUT OT Be/IMYMHbI TOKa W, CiefoBaTesibHO, OT
Harpy3Ku. Mpr HeboNbLIMX 3HAYEHUAX CUMbI TOKA
3Ta 3aBUCUMMOCTb JINHENHAA, N €€ MOXHO npes-
CTaBWTb B BUIE:
U=¢e-1r,

roe U — HanpsaxeHve, € — 3M1eKTPOABMXKYLLAA
CUNa, I — BHYTPEHHEE COMPOTUBEHNE UCTOY-
HUKa TOKa.
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3.19. 3akoH Oma AN NOAHOM
3NEKTPUUYECKOU Lenu

3akoH. Cuna ToKa I B 3aMKHYTOW Lienu paBHa
oTHoweHwo 3[C uenn € K eé NoaHOMy Comnpo-
TvBneHuo (R + r):
I=¢/(R+r),
rie R — BHelWHee CONPOTUBAEHME Lenu, r —
BHYTPEHHee CONpOoTUB/IeHNE UCTOYHMKA TOKa.

3.20. CoepuMHeHuUA
NPOBOAHUKOB

[NapannenbHoe coefuHeHne npo-
BOAHWKOB — COe[VHeHNe, B KOTOPOM Hayana
M KOHLUbl MNPOBOAHWKOB COEAWHEHbl BMecTe
(puc. 2 Ha c. 138).
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[lapannenbHoe
R, coeguHeHWe NPOBOAHWKOB

— 11— 3KBI/IBaJ16HTHaFI I'IpOBOp,VIMOCTb
—— 1/R=1/R,+1/R,+1/R;+ ...+ 1/Rn

— R

Puc. 2

[lpy napannenbHOM coeAnHEHUN MNPOBOJA-
HUKOB CWUMa TOKa, MPOTeKalwero B Hepa3BeTs-
NIEHHON YacCTW Uenu, paBHa CyMMe CWUN TOKOB,
NpoTeKawwmx Nno Kaxaomy u3 NPOBOAHMNKOB:
[=21. HanpsxeHne Ha KaXAoM 13 NPOBOAHMKOB
oanHakoso: U = const. [lpoBogMmMocCTb npu na-
pannefbHOM COeAVMHEeHUN MPOBOAHMKOB pPaBHa
CyMMe NPOBOANMOCTEN KaXAoro u3 npoBof-
HuKkos: 1/R = Z(]/Rf). Echn Bce conpoTuBneHus
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oAnHakoBbl, TOR=r/nn U =u, rae r n u — co-
NPOTMB/IEHNE OAHOr0 3M1IeMeHTa U HanpaKeHune
Ha HEM. [pyn napannenbHOM COeAUHEeHUN Npo-
BOAHMKOB 00LLee CONPOTUBNEHME LENN MEHbLLE
CaMOro MeHbLUero COnpoTMBEHUNA, BXOAALLErO
B 3TY Lenb.

[locnepoBaTenbHoe coeAvHEHWe MNpPOBO-
AHUKOB — COEeAMHEHNe NMPOBOAHMKOB b6e3 pas-
BETBNEHUIN, KOrga KOHel Of4HOro MpOBOAHMKA
COefJMHEH C Havanom apyroro (puc. 3 Ha c¢. 140).

[lpn nocnegoBatefibHOM COeAUHEHUN NPO-
BOAHWKOB CW/a TOKA, NPOTEKaloWero yepes Kax-
[0€ 13 CONPOTUBNEHNI, OgHa 1 Ta Xe (I = const).
ObLyee HanpsKeHWe PaBHO CYMME HanpsXeHWii
Ha oTaenbHbIX yyactkax uenu: U = XU. Obuee
CONPOTUB/IEHNE Lenn paBHO CymMMe CONpPOTUB-
NEHNA OTAEeNbHbIX yyacTkoB: R = 2R. Ecnm Bce
CoOnpoTUBNEHMA oanHakoBbl, TO R=nrun U = nu,
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rae r 1 U — CONpPOTUBJIEHNE OLHOrO 3/1eMeHTa
W HanpaxeHWe Ha Hém. [1pn nocnegosaTesibHOM
COeANHEHNM NPOBOAHMNKOB 0bLlee COMpoTMBIE-
Hue uenu 6onblie camoro OonbLIero CONPOTUB-
NIeHnA, BXOAALLEro B 3Ty Lenb.

[TochenoBatenbHoe
coeflHeHVe NPOBOAHNKOB

R, R, R, R
— — — p------- b+

JKBMBANIEHTHOE COMNPOTUBEHME

R=R,+R,+R;+ +R,
R

1
| S |

Puc. 3
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3.21. CmelwnaHHoOe
coeAUHEeHUe NPOBOAHUKOB

CmelwiaHHOe coefuHeHWe NPOBOAHNKOB —
coeuHeHne NPOBOAHNKOB, B KOTOPOM UMEKTCS
y4acCTKM C NOCNeaoBaTeNbHbIM U NapannebHbIM
COeiNHEHNEM DSIEMEHTOB.

3.22. 3akoH Axoyn — NeHua

Pa6oTa anekTpuyeckoro Toka (A) — 3Hep-
rna, KOTOPY NprobpeTaloT 3apAabl B ANEKTpu-
yeckom none. OHa MoOXeT ObiTb NpeBpaLleHa
B Apyrue BuAbl SHEPrun: TENIOBYK, MEXaHunye-
CKylo, cBeToByl. Ecnm B 3anekTpuyeckom none
MEXAY TOYKAMK C Pa3HOCTbIO MOTeHUManoB A@
nepeHocmTca 3apaa Q, To paboTa aneKTpPNYeCcKo-
ro TOKa paBHa:

A = QAe.
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3akoH [xoyna — JleHuya. Konnuectso Te-
nnotbl Q, BblaenAaeMoe NPOBOAHNKOM C TOKOM 1,
PaBHO nNpou3BefeHuI0 Keafparta CWibl TOKa,
COMPOTUBIIEHUA NPOBOAHUKA R 1 BpemeHn At:
Q = I’RAt. 3akoH [xoynAa — JleHua oTpaxaeTt
npeobpa3oBaHne SHePrn NEKTPNYECKOro TOKa
B MPOBOAHUKE B TEMNOBYIO SHEPruo BCleacTame
B3aVIMOZLENCTBMA 3apAXKEHHbIX YacTUL, C NOHaMK
KPUCTanIMyeckon peLléTki NpOBOAHMKa.

3.23. MowHoOCTb
3AEKTPUUECKOro ToKa

MowHocTb anekTpuyeckoro Toka (P) — pa-
60Ta 3NEKTPUYECKOro Toka 3a 1 C:

P=A/t=QU/t = IU = IR = UYR,

rne A — paboTta aneKTPUYecKoro Toka, t — Bpe-
MA, 38 KOTOPOE COBepLIaeTcs 3Ta pabota, Q —

142 3. 3neKktpoaMHaMMKa



3apAn, NepeHeCcEeHHbIN SNeKTPUYeCKMM nonem
MeXAay TOUYKaMM C Pa3HOCTbio noTeHumanos U,
I — cnna ToKka, R — ConpoTMBIEHNE YYyacTKa
NEKTPUYECcKom Lenmu.

3.24. Hocuteau
CB0OOAHbLIX 3apAA0B

JNeKTPONPOBOAHOCTb METanfIoB Ha3blBaeT-
CA 3NEeKTPOHHOW, a NEeKTPONUTOB — WOHHOMW.
B rasax cywecrtByer ABMXKEHME MNONOXKUTESb-
HbIX NOHOB K Katody, a oTpuuaTtesibHbIX MOHOB
W 3NeKTPOHOB — K aHogy. [1onHbiv TOK B rase
CKNnagblBaeTcA M3 [BYX MOTOKOB 3apAMeHHbIX
YacTUL: MOTOKa, MAYWero K aHogy, M MNOTOKa,
HanpaB/ieHHOro K Katogy. Hocutenamm 3apapa
B BOJHbIX pacTBOpax Wnu pacniaBax 3NeKTpo-
NINTOB ABMAIOTCA NONOXKUTENIbHO Y OTPULATENBHO
3apAKEeHHbIe VOHbI.

3.24. Hocutenn csoboaHblx 3apsgos 143



Ecnn cocyg ¢ pacTBOpOM sneKkTponuta BKIIO-
YATb B SNEKTPUYECKYIO Lienb, TO OTpuLaTebHble
WOHbl HAYHYT [ABWUraTbCA K MONOXUTENIbHOMY
anekTpody (aHogy), a NoNoOXuTenbHble — K OT-
puuatenbHoMy (Katogy). B pesynbrate ycTaHo-
BUTCA INEKTPUYECKMiA TOK. [OCKONbKY nepeHoC
3apAfa B BOAHbIX PAacTBOpax WKW pacnnasax
NEKTPONNTOB OCYLIECTBNACTCA NOHAMK, TaKyHo
NPOBOAMMOCTb Ha3bIBaKOT UOHHOU.

3.25. NoAynpoBOAHUKH

[onynpoBOAHMKM — BeweCTBa, YAebHas
NEKTPUYECKana NPOBOANMOCTb S KOTOPbIX MEHb-
e, YemM y MEeTannoB, U bonbLie, Yem y AndNeK-
Tpukos (10° > ¢ > 10° Om'-m™'). MonynpoB.o-
OHVKA OTNNYAIOTCA OT MPOBOAHWMKOB CUNbHOW
3aBUCMOCTbIO  YAENbHON MPOBOAUMOCTU  OT
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KOHLUEHTpau1m npumecen, Temnepatypbl 1 BO3-
0EenNCTBMA pas3nyHbiX BMAOB M3nyyeHmAa. OCHOB-
HbIM CBOWCTBOM MONYNPOBOAHWKOB ABNAETCA
yBenmyeHne 3neKTpuyeckon MNpoBOAUMOCTU
C poctom Temnepatypbl. [lonynpoBOAHNKM Xa-
PaKTePU3YIOTCA CedyoWwmnmy OCHOBHbBIMU C80U-
cmeamu: 1) aneKTPonpPOBOAHOCTb MOJYNPOBOA-
HUKOB MMeeT [BOWCTBEHHbIN XapaKkTep: HapAdy
CO CBOOOAHBIMU SNEKTPOHAMU PONb HOCUTENEN
TOKa UrpatoT AblPKK; 2) 3NeKTPOoNpoBOLHOCTb MO-
NyNnpOBOAHNKOB YBENNYMBAETCA C MOBbIEHNEM
Temnepatypbl  (OTpuUaTeNnbHbIN  TemnepaTtyp-
HbI KO3QOULMEHT CONPOTUBNIEHNA); Y KaXAO0ro
NnonynpoBOAHMKA CyLLeCTBYyeT Takasa 00nacTb
Temnepatyp, B Mnpefenax KOTOPOW 3SMeKTPo-
NPOBOAHOCTb OCTAETCA MOYTU MNOCTOAHHOW;
3) 2NMeKTPONPOBOAHOCTb  NONYNPOBOLHUKOB
yBeNMUMBAETCA NPU [EeUCTBMM Ha HUX CBeTa
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(boTONPOBOANMOCTD); Y HEKOTOPbIX MOMYNPO-
BOJHVKOB [EeNCTBME CBETA OYEHb HE3HAUYUTENb-
HO W3MeHAET BeIMUYMHY SNEKTPOMNPOBOAHOCTH,
y APYrMxX OHa YBENNUYMBAETCA B TbICAYM U [axe
MUSNVOHBI pa3; 4) 3NeKTPONpPOBOAHOCTb NOny-
MPOBOAHMKOB CWUNbHO 3aBUCUT OT Pa3INYHOro
poaa npumecen; NPUMeCn N3IMEHAKT He TONbKO
BEJINUMHY NEKTPONPOBOAHOCTI, HO U 3HAK 3a-
pAga HocuTenen ToKa; 5) NonynpoBOAHUKN 00-
NafjaloT XopoLLer TepMO31eKTPOHHOWN SMUCCren;
6) 3NeKTPoNPOBOAHOCTb MONYMNPOBOAHNKOB yBe-
NINYMBAETCA C BO3pPACTaHMEM HaMNPAXKEHHOCTY
SNEKTPUYECKOro nond; 7) HEKOTOpble MONynpo-
BOAHMKMN 00M1aatoT BbICOKON AN3NEKTPUUYECKON
npoHuyaemoctbio (4o 2000), BennymnHa KOTopou
He ABNAETCA MOCTOAHHOM W 3aBUCUT OT NpK-
NIOXXEHHOr0 HanpsXeHua. PasnuuyaloT nonynpo-
BOAHWKM N-TUNa u p-tuna.
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CobcTBEHHaA NPOBOAMMOCTb — MPOBOAN-
MOCTb npeanbHoro (6e3 npumecer) nonynposo-
[HWKa, 00yCnoBNeHHaA NeKTPOHaMK MPOBOAK-
MOCTI 1 Ablpkamn. C yBenmyeHnem Temneparypbl
yaenbHasa 3neKTpuyeckasa MpoBOAMMOCTb Nony-
NPOBOAHUKOB, 00yCnoBneHHad COOCTBEHHOM
NPOBOAMMOCTbIO, PE3KO BO3pPacCTaeT.

[lpumecHaA npoBOAUMOCTb — MPOBOAW-
MOCTb MOAYNPOBOAHMKOB, 00YyCNOBNEHHAA Ha-
NMYNEM [OOHOPHbIX WM aKLENTOPHbIX MNpuMe-
cen. B Takom cnyyae xapaktep NPOBOAUMOCTM
NONynpoBOAHWKA  ONpedenaeTca  MNPUMeChIo,
co3patolenn bonee BbICOKYH KOHLEHTPAUUKO HO-
cuTenen 3apaga.

[bipoyHasa NpoBOANMOCTb — YNOPAROUYEHHOE
OBWXeHVe ObIpOK B NOAYNPOBOAHMKAX Nofg Aen-
CTBMEM BHELUHEro 371eKTpruYeckoro nond. Xapak-
TepHa A4NnAa NONynpoOBOAHMKOB p-TUNa.
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MoHHaA npoBoaMMOCTb — YynopALoYeHHoe
OBWXEHVEe NOHOB B NMOMYNPOBOAHUKAX NOA Aew-
CTBMEM BHELLUHEro 3N1IeKTPUYECKOro nons.

MonynpoBogHMKOBbIA  Agnog —  pa-
OVOTEXHMUYECKOe YCTPOMCTBO, copepallee OamnH
3NEeKTPOHHO-AbIPOYHbIA nepexopn (puc. 4).

I'IonynpOBonHMKOBbu‘/'l avnon

p
<:=(-=-)4]=-4}= i -
a +| <= dbdbi =-=-@—> -
<:=@4}==l}=g='='®—>

<=-)==> = : =D -@
6 -| == =D == |+
= = ; +=@ =D
Puc. 4
a — QWO BKIIOYEH B HanpasieHUn 3anupaHna
TOKa; 6 — Anopa BKMOYEH B HanpaBieHun npo-
I'IyCKaHI/IH TOKa
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BonbT-amnepHaa xapaktepucTuka
NoNynpoOBOLHMKOBOIO AN0Aa U ero
0003HaueHue B cxeme

[, MA
100]

90|
80|

',I 70|
I 60|
a 50| /
40|
30|
20|

10|
-700  -400 -10Q9L/f/ U B

= 010203

6

Puc. 5
a — yCnoBHOe 0003HauYeHne anoaa;
6 — BONbT-aMMNepPHan XapaKTepuCTMKa
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[lonynpoBOAHMKOBbIA Anopd obnagaer CBOK-
CTBOM OHOCTOPOHHEW NPOBOANMOCTN U UCNONb-
3yeTcA AnA BbINPAMIEHUA NepeMeHHOro TOoKa.
[penmylecTBa: Manble pa3mepbl, Hebonbluas
notpebnsaemas MOLHOCTb, BbICOKAA HAAEXHOCTb
1 OonbLION CPOK CNyX0bl. HegocTaTok: orpaHu-
YUEHHbIN NHTepPBan TeMneparyp, B KOTOpoMm pabo-
TaoT agnoabl (o1 -70 °C po +125 °Q).

3.26. BsaumoaeucTtBMe MarHUToOB

[MocToAHHbIE MarHUTbl — YCTPOWUCTBA U3
MarHUTHbIX XXECTKUX MaTepnanoB B BMAe NOMoC,
UMIMHAPOB, MNOAKOBOOOPA3HbIX KOHCTPYKLWNA,
MArHUTHbIX CTPENoK 1 ap. MoCTOAHHBIMK MarHu-
Tamu ABNATCA Takxke 3emnda, ConHue n 3Bé3Abl.
[lOCTOAHHbIE MArHWUTbl UMEKT CeBEePHbIN N HX-
HbI nontoca. CBOGOAHO MoABeLeHHAA MarHUT-
HaA CTpenka OPUEeHTUPYETCA B MarHUTHOM none
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3eMnn TakK, YTo NNHWA, COeMHAIOWAA ero nosno-
Cbl, HanNpaB/ieHa NpPUOAN3NTENbHO BAOMb MepU-
avaHa. KoHel MarHUTHOW CTpenku, 0bpaLLEHHBbI
Ha ceBep, Ha3blBalOT CEBEPHbIM NOJIIOCOM, NPOTK-
BOMOMOMXHbIA — 0XHbIM NoAcoMm. OLHONMEH-
Hble NOJIlCa NOCTOAHHbLIX MarHUTOB OTTaJNIKMBa-
10TCA, Pa3HOUMEHHbIE — MPUTArMBatTCA. Jlloboi
KYCOK NMOCTOAHHOIO MarHuTa 06sa3atefibHO MeeT
CEBEPHbIN 1 KXKHbIN MONtoCa.

3.27. MarHuTHoe noae
NPoOBOAHUKA C TOKOM

MarHuTHoe none NpPoBOAHMKA C TOKOM Onu-
CblBaeTCA npasunom OypaBuvka. ITO MpPaBUIIO
onpeaensAeT HanpaBneHne MarHUTHbIX CUSIOBbIX
NIVHUIA BOKPYr MPAMOr0 MNPOBOAHMKA C TOKOM
(puc. 6 Ha c. 152). Ecnn BBUHUMBATL OypaBuMK
TaK, u4Tobbl OH [ABWrancsa NoCTynaTenbHO Mo Ha-
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NPaBNeHNI0 TOKa, TO BpalleHne py4yku Oypas-
YMKa COBMAafZaeT C HanpaBleHWEM MarHWUTHbIX
CMNTOBbLIX JIMHWI 3TOrO NPAMOTO TOKa.

Puc. 6

3akoH bno — CaBapa onpefenaeT Moaynb
BEKTOpPa MarHUTHOM WHAYKuMn dB B nobon
TOYKe MarHUTHOro nonsd, MnopPoXKAAaemon no-
CTOAHHbIM SNEeKTPUYeCKUM TOKOM [ Ha y4acT-
ke dl (puc. 7 Ha c. 153):
dB = p uldlsing/4nr,
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rae [, — MarHuTHas MOCTOAHHAA, Y — Mar-
HUTHaA NPOHMLAEMOCTb BelecTBa, ¢ — Yron
MeXAay HanpaBiieHnem yyacTka Toka dl n oTpes-
KOM I, I — PacCTOsHME OT yyacTKa dl Ao TouKw,
B KOTOPOW Onpeaenserca BEKTOpP MarHUTHOW
WHAYKUMKW. HanpaBneHne BeKTOpa MarHUTHOW
VHOYKUM ONpeaensaeTca cornacHo npasuny 6y-
PaBUMKa U NepneHgnKynAapHO MAOCKOCTH, B KO-
TOpOn nexar r u dl.

e
-B_

1

0

dB
Puc. 7
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3.28. Cuna AMnepa

.
Cuna Amnepa (FA) — cuna, fencTByowwan Ha
MPOBOAHMK C TOKOM, MOMELLEHHbIA B MAarHUTHoe
none. Mogynb cunbl AMnepa onpefenseTca 3a-
KOHOM AMrepa: Ha Manbl OTPe30K MPOBOAHW-
Ka C TOKOM cunbl I 1 gnnHon Al, nomeLwéHHbIN
B OAHOPOAHOE MarHWTHOe Mnofe C WHAYKUW-
en E: [encTByeT cuna A?, MOAY/b |<0T0p0_ﬁ|>
AF = IAIBsing, rge a — yron mexgay BeKTopom B
 MPOBOAHNKOM C TOKOM (puc. 8).

)
N

Puc. 8
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3.29. Cuna NopeHua

N

Cuna JlopeHua (FL) — Cuna, KoTopaa aen-
CTBYET Ha ABWXKYLLYIOCA B MarHUTHOM none 3apA-
KEHHYI yactuyy. Ecnm yactuua, Hecywasa 3apag
Q, ABMXKETCA CO CKopOCTbroV nog yrnom a K Bek-
TOPY MarHUTHOW MHAYKUWW § TO MOAYNb CWNbl
JlopeHua paBeH:

F = QuBsina.

HanpasneHune cunbl JlopeHua onpepenaercs
NPaBWUIOM NEBON PYKK: eCNN NIEBYIO PYKY pacmno-
NOXWUTb TaK, YTOObI MeprneHAnKynApHasa CKOpO-
CTU 3aPAKEHHOM YacTWLbl COCTAaBNAKOLIAA BeK-
TOpa VHAYKUMK B, BXOAWNA B NafOHb, a YeTbipe
BbITAHYTbIX NanbLla ObinM HanpasieHbl NO ABU-
KEHMIO YacTuLbl, TO OTOrHYTbIN Ha 90° 6onbLUON
nanewL MoKaeT HanpasfeHue Oe/CTBYLWen Ha
MNONOXUTENbHO 3aPAMEHHYIO YacTULy CUNbl —
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cunbl JlopeHua. B cnyyae oTpuuatenbHOM yacTu-
bl HanpasneHue cunbl JlopeHua cnegyet B3ATb
NpoTuBONonoXxHoe. lockonbKy cuna JlopeHua
nepneHanKynaApHa BEKTOPY CKOPOCTH, TO OHa He
coBepLuaeT paborTbl.

3.30. dneKTpOMarHuTHas
UHAYKUUA

JNEeKTPOMarHMTHaA WHAYKUMA — fABNEHWE
BO3HUKHOBEHUA 3MIEKTPUYECKOrO TOKa B 3aM-
KHYTOM KOHType MpW W3MEHEHWN MarHWTHOro
NOTOKa, MpPOXoAsAlero uepe3 Hero. Bennuwm-
Ha aneKkTpoasvXyLwen cunol (34C) He 3aBUCUT OT
TOro, UTO ABNAETCA NPUYMHON U3MEHEHMA NOTO-
Ka — M3MEHeHne CaMoro MarHUTHOro Nona UNu
OBVXeHWe KOHTypa (Mnn ero 4yactn) B MarHUTHOM
rnone. INeKTPUYeCKnin Tok, BbiaBaHHbIN 3Ton J[1C,
Ha3bIBAETCA UHOYKUUOHHbIM MOKOM.
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3.31. MarHUTHbIX NOTOK

[InA NNOCKOro KOHTYpa, PACMOSIOKEHHOrO
B OQHOPOAHOM MAarHUTHOM MOfe, MarHUTHbIM
notokom (@) uyepe3 nOBEPXHOCTb MoOLWia-
Obl0 S Ha3bIBAlOT BENNYMHY, PaBHYIO npov3sepe-
HUIO MOZYNA BEKTOPA MarHUTHON MHAYKLUMUKN B Ha
naowaab S  Ha KOCKMHYC yrna a Mexay BeKTo-
pPOM B u HOpManbto K nosepxHocTu: O = BScosa.
W3mepsetcsa B Bebepax (BO).

3.32. 3akoH Papaaen

3akoH Mapages. 5[1C MHAYKLMMN B 3aMKHYTOM
KOHTYpe paBHa No MOAYN CKOPOCTU N3MEHEHNA
MarHUTHOrO NOTOKa Yepe3 MOBEPXHOCTb, OrpaHu-
YEHHY KOHTYPOM:

€] = |Ad/AY|.
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[Tpn BCAKOM U3MEHEHNN MarHUTHOMO MOTOKa,
NPOHM3bIBAIOLLErO KOHTYP, 00pa30oBaHHbIA 3aM-
KHYTbIM MPOBOAHUKOM, B NPOBOAHMKE BO3HMKAET
VHAYKUMOHHbBIN TOK, CYLeCTBYIOWNA B TeyeHne
BCEro BPEMEHU W3MEHEHUA MArHUTHOrO MOons.
HanpaeneHne 3TOro TOKa onpegendAerca npa-
Bunom JleHua. [lpn OBMXKEHUM PA3OMKHYTOro
NPOBOAHMKA B NOCTOAHHOM MArHMTHOM MOJe Ha
ero KOHLAx BO3HWMKAET Pa3HOCTb MOTEHLMASOB,
Be/INYMHA KOTOPOWN paBHa:

e = -AQ/At = Blvsina,
rae AQ/At — CKOPOCTb M3MEHEHMA MarHUTHOroO
NoToKa 4epe3 nowadb, MOKPbIBaeMYO MNpo-
BOAHMKOM NpW ero ABuXeHun, B — mopysnb
BEKTOpa MarHUTHOW MHAYKUWK, | — anuHa npo-
BOAHWKA, ABWXYLErocA B MAarHUTHOM Mofne,
V — CKOpOCTb €ro ABUMXEHNA, 4 — Yroi Mexay
BEKTOpamu B V. AHanu3 SBneHus dNeKTpoMar-
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HUTHOW MHAYKLUMK, caenaHHbin . Makcsennom,
NPVBOANUT HAC K BaXHOMY BbiBOAY: NPW BCAKOM
W3MEeHEHUN MarHUTHOTrO NMoNA BO3HUKAET UHAYK-
LUMOHHOE 3NeKTpuYeckoe norne.

3.33. NpaBuno AeHua

[paBuno JleHua — npaBuno, ycraHasnBa-
lolee HanpasneHue UHAYKUMOHHOrO ToKa. Bos-
HUKAIOWMA B 3aMKHYTOM KOHTYpe WHAYKLMOH-
HbI TOK MMeeT Takoe HanpasneHue, YTo CBOUM
MarHUTHbIM NOSIEM OH NPENATCTBYET U3MEHEHUIO
MarHUTHOrO TOKa, Bbi3blBalOLEro NHAYKLUMIO.

3.34. CamouHAYKUMUA

CamonHayKumMa — fABNeHMe BO3HWKHOBEHWA
JAC nHayKummn B NPOBOAHMKE BCNeACTBMNE NpPo-
TeKaHWA Mo Hemy M3MEHAIOLErocA BO BpemMeHu
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ToKa. BennumHa n 3Hak 3[0C onpegenAaoTca 3a-
KOHOM 311eKTPOMarHUTHON MHAYKLMUN.

3.35. UHAYKTUBHOCTDb

WupyktusHoctb (L) — dmsnueckas senu-
UMHA, uncneHHo paBHaa 3C camoumHayKuumw,
BO3HMKAOLWEN B NPOBOAHUKE MPU M3MEHEHWUU
cunbl TOKa B HEM Ha 1 A 3a 1 ¢. IHOYKTUBHOCTb
XapaKTepum3yeT CBA3b MEXY CKOPOCTbIO N3MEHe-
HUA TOKa B NPOBOAHUKe AI/At n BO3HMKaOLEN
npu 3ToM JC camonHAYKLWK €

e = - LAI/At.
EqvHnua nHayKTmBHOCT — reHpn (H).

3.36. AHEeprusa MarHUTHOro NoAs

JHeprma MarHUTHOro nons (Em): 1) 3HepruA
MarHUTHOrO MOAA KaTyLKN C TOKOM paBHa no-
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NIOBUHE NPOn3BeAeHNA eé UHOYKTUBHOCTK L Ha
KBagpaT Ccuibl TOKa [ B Hew:
E =LP/2;
2) 3Heprua 0gHOPOAHOr0 MarHUTHOro NosA C UH-
aykumen B B BbiaeneHHoM 06bEéme V n30TponHom
cpeabl paBHa:
E_=BV/(2uy,),

rae |, — MarHUTHas NoCTOsiHHasA, U — MarHur-
HaA NPOHNLAEMOCTb cpefbl. JHEPrnA MarHUTHO-
ro nons, Co3aaBaemoro Tokom I B NPOBOJHUKE

C MHAYKTUBHOCTbIO L:
W= LE/2.

3.37. CBo6OAHDbIE
3NEKTPOMarHUTHble KonebaHunA

CBobofHble 3N1eKTPOMarHuTHble Koneba-
HUA — 3TO NEepuoAnYecKn nOBTOPAIOLIMECA
N3MEHEHMA SNEeKTPOMArHUTHbIX BeNuUnH (Q —
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aneKkTpuuecknin 3apag, I — cuna toka, U — pas-
HOCTb MOTEHLMANOB), Nponcxoaalmne b6e3 norpe-
6neHNA SHePrMm OT BHELUHUX UCTOYHWKOB.

KonebaTtenbHblii  KOHTYp  —  3/eKT-
pryeckaa Uenb, copepalwasa nocnegoBa-
TefIbHO COefAWHEHHble KOHAEHCAaTop C EMKO-
cTbio C, KaTywKy C MHAYKTUBHOCTbIO L 1N aKTUB-
HOe conpoTueneHue R.

CB0OOAHbIE NEKTPOMArHUTHbIE KonebaHms,
BO3HMKaKOLWMe B KonebaTeNlbHOM KOHType, AB-
naTcA  3atyxawmumn. CKOpoCTb  3aTyXaHWA
3aBUCUT OT BeNUYMHbI conpoTtusneHua R. Ecnu
3TO COMPOTUBNEHNE NPEHEOPEXMMO MANo U HET
noTepb Ha W3NyyeHne B KOHTYpe, TO INEKTPOo-
MarHUTHble KonebaHua ABNAKOTCA He3aTyXatlowwu-
MU, UX Nepunof BbipaxkaeTca Gopmynon TomcoHa:

T=2m/LC,
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roe L — MHAYKTMBHOCTb KaTywkn, C — EmMKOCTb
KOHOeHcaTopa. M3meHeHMe 3apAaoB Ha 006-
Knagkax KOHAeHcatopa M 3NeKTPUYeckoro ToKa
B LUenu MOAYMHAETCA 3aKOHY rapMOHNYECKMX
KonebaHun.
[onHas 3Heprua konedbaHun W B npoun3sonb-
HbIl MOMEHT BPEMEHMU:
w @ P
2C 2
MaKkcumanbHaa 3Heprusa  3neKTpUYecKoro
NonA KOHZeHcaTopa:
W = Q, _ U
> 2C 2
MakcumanbHas 3Heprua MarHUTHOrO MoJIA
KaTyLLKMW:

_ L
7
KonebatenbHble KOHTYPbl  UCNONb3YHTCAH

B pagnotexHuke. OHM noapasfenAnTca Ha 3a-

Wm
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KpbiTble KonebaTenbHble KOHTYPbl U OTKPbITblE
(QHTEHHbI).

3.38. BbIHY)XKA€HHble KonebaHuA

BbIHY>Ki@HHble 3neKTPOMarHuTHble Koneba-
HUA — nepuognyeckne M3MeHeHUsa CUbl TOKa
M HaNpsXKeHWA B 3NEKTPUYECKON Lenu, npouc-
xogawme nog genctsmem nepemerHon S[C ot
BHELLHEro NCTOYHMKa.

Pe30HaHC B 3neKTpuyeckom Konebatenb-
HOM KOHType — ABJ/IeHMe BO3PacTaHMA aMnau-
Tyabl KonebaHuWn cunbl TOKa MPU HEKOTOPOM
3HAYEHUN LMKINYECKON YacTOTbl W, AO MakK-
CMMaJIbHOTO 3HayeHuA. Hactota w , HasblBaeTcA
PE30HAHCHOW LMKNNYECKON YacTOTOW:

() =1—=UJ0.

pe3 \/E
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[pw 3TON YacToTe NHAOYKTUBHOE CONPOTMBEHNE
KaTywkn X, = Lw_, 0Ka3blBaeTCA PaBHbIM EMKOCT-
HOMY conpOTMBneHwo KOHAEeHcaTopa:

XC C XL XC

AmnnuTyga cunbl T0|<a CTAaHOBUTCA MaKCUMasb-
HOW. Pe30HaHC HacTynaeT npu COBMajeHun ya-
CTOTbl NEPEMEHHOro TOKa W, C YacToTON CBO-
00AHbIX KONebaHN B KOHTYpE ..

3.39. FTapmoHHuueckue KonebaHusa

[apMOHMNYeCcKMne 3NeKTPOMarHUTHble Kose-
GaHUA — ABNEHNe, NPV KOTOPOM 31eKTpUYeCKne
napameTpbl Lenu (3apag, TOK, HanpaXKeHne) n3-
MEHAITCA MO rapMOHNYECKOMY 3aKOHY, TO eCTb

i =1 cos(wt + m/2),
u="U coswft.
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3pecb I — amniutypa Toka, U — amnnutypna

1
HaNPAXEHNS, Wo = /E — cobCTBEHHas Kpyro-

BaA, WM UMKNMYeCKas, YyactoTa. BolpaxkeHne nop
3HaKOM KOCMHYycCa (CMHYCa) B aneKTpuyeckmx na-
pameTpax Lenun HasbiBaeTca $pa3on kKonebaHui.
[apMOHMYECKMe 31eKTPOMarHUTHble KonebaHus
BO3HMKAIOT B KonebatenbHOM KOHType. CpaBHe-
HNE MFHOBEHHbIX 3HAYEHMUI TOKA M HaNPAXEHWA
noka3sblBaeT, yto (a3a konebaHuin ToKa B nek-
TPUYECKOM KOHTYpe OT/IMYaeTca OT (asbl Kone-
baHU HanpsXXeHUA Ha KOHAeHcaTope Ha T/2.
MVHVMManNbHbIN NPOMEXYTOK BPEMEHM, B Teye-
HMe KOTOPOro ¢usnyeckad BENUYMHA, U3MEHSA-
IOLAACA MO rapMOHNYECKOMY 3aKOHY, NMPOXOAUT
BCE BO3MOXHble 3HAYeHMA U BO3BpPALLAETCA
K NepBOHayasbHOMY 3HayeHMI0, Ha3blBaeTCA he-
pPUOOOM 2aPMOHUYeCKUX KosebaHuu:
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_on
o
[epropn cBoOOAHbIX KonebaHU B naeanbHOM

KOHTYpe onpeaenaeTca 3Ha4YeHUAMM 3NEKTPOEM-
KocTh C N MHAYKTUBHOCTU L KaTywku (Gopmyna
TomcoHa):

Tg - 2_” - 2.”\/E
Wo

BennunHa, obpaTtHas nepuomy rapmoHuye-
CKUX KonebaHui, HasblBaeTca yacmomoul Kose-
6aHuU:

3.40. NepemMmeHHbIU TOK

[lepeMeHHbIN TOK — 31eKTPUYECKUIN TOK, KO-
TOPbIN C TeYEHNEM BPeMeHN U3MeHAeTCA No Be-
NINYMHE N HanpaBfeHUI0 UNn (B YaCTHOM CIy-
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yae) Mo BeNnyMHe, COXPaHAA CBOE HanpaBneHune
B 2NIeKTPUYECKOM Lenu HensmeHHbIM. BennunHa
NMepemMeHHOro ToKa, COOTBETCTBYKOLWAA JaHHOMY
MOMEHTY, Ha3blBAeTCA M2HOBEHHbIM 3Ha4YeHuem
nepemMeHH020 moka (i). MakcumanbHOe MrHOBEH-
HOEe 3HayeHue NepemMeHHOro Toka, KOTOPOro OH
OOCTWraeT B npouecce CBOEro N3MeHeHua, Hasbl-
BaeTcA amniumyood moka I .

[OencTByiollee 3HayeHme CUnbl NepPeMeHHOro
TOKa:

(o dn

\/5 :
[encrtaytoulee 3HayeHne HanpaKeHNs:

Yn
n

[Ina npeobpa3oBaHMA  3SHeprun  Tonau-

Ba B 3/IEKTPOIHEPrMI0 UCNONb3yTCA Tenno-

Bble (T2C) unu atomHble anekTpocTtaHuun (A3Q),

U=
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rme ocBoOOXAaeMas Npw CXWUraHUW TOMNIMBA
SHEPrua PacxoayeTcsa Ha HarpeBaHWe Bofbl, npe-
BpalleHne e€ B mMap U HarpeBaHue napa. CTpys
napa BbICOKOrO [aBNIEHNA HAMPaBNAETCA Ha NO-
NaTKN POTOPa NapoBOVi TYPOVHbI 1 BPALLAET ero.
[pwv BpaLleHun potopa TypbUHbI BpaLLaeTca po-
TOp reHepaTtopa. Takum 06pa3om ocyLlecTBAAeT-
CA NpeBpaLleHne MeXaHUYECKOW SHEPTN CTPYW
napa B SHEPTUI0 INEKTPUYECKOrO TOKa.

[InA nonyyeHus snNeKTPO3HEPrun UCMosb3y-
I0TCA TUAPOINEKTPUYECKME CTaHLMK, KOTOpble
CTPOAT Ha peKkax. BpalueHne rupapaBnnyeckoil
TYPOMHBI MOTOKOM BOJbl MPUMEHSAIOT ANA NpuBe-
[IEHNA B AECTBME NEKTPUUYECKOrO reHepaTopa.

[lepemMeHHbI TOK OT reHepatopa Mo mnpo-
BOAM MOCTYNaeT K Pa3nuyHbiM noTpebutenam
NEKTPNYECKOW 3HEPrun, roe npeBpallaeTcs
B ApYyrvie BuAbl SHepruun. B namnax HakanvBaHus,
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CNUPAnAxX ANEKTPUUECKMX NANUT U SNEKTPUUECKMX
neyenm 3neKkTpuYeckaa 3SHepPrus nepeMeHHOro
TOKa NpeobpasyeTca BO BHYTPEHHIOW SHEPruio
HarpeBaeMmblIx Ten.

[lepepaya anekTpMYeCKon SHeprum OT reHe-
paTopa K noTpebutento Ha bonbLIne PacCTOAHNA
CBA3aHA C MOTEPAMM Ha HarpeBaHVe NPOBOLOB.
Y100bI CHM3UTbL UX, HEOOXOANMO YMEHbLUNTDL TOK
B Lenun. Bot nouemy nocne reHepatopa C NOMO-
LL|bl0 TPAHCPOPMATOPOB NOBbLILLAIT HANPAKEHNE
(ymeHbLwasa npu 3toM ToK B JI2I). [pK BbICOKOM
HaNPAXEHNN NMEPEMEHHBIN TOK nepeaaéTca Ha
bonbline PacCcToAHMA C ManbiIMU NOTEPAMMU, HO
ONS UCNOMb30BaHMA Ha MPOMbILUNEHHbIX Npea-
NPUATUAX, B TpaHCNopTe, bbITy HeobxoaMmo no-
HUKEHMe HanpsxeHua. B mecte notpebneHus
SNEKTPO3IHEPTAN HANPAXKEHME BHOBb NMOHMXaeT-
CA 1 NOCTynaeT K noTpeburento.
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3.41. dNAeKTPOMArHUTHOE noane

JNeKTpoMarHnTHoe none — ¢opma Marte-
puK, NOCPeacTBOM KOTOPOW OCYLIEeCTBNAKTCA
B3aNMOJENCTBUA  INEKTPUYECKN  3aPAXKEHHDIX
YaCTWL. DNEeKTPNYECKOE W MArHUTHOE MONs AB-
NATCA PA3NYHBIMA KOMMOHEHTaMMN NEKTPO-
MarHWTHoro nons. OAHAKO AeneHue 3NeKTpo-
MarHWTHOrO NOMA Ha ero CoCTaBnAwwWwMe NMeeT
OTHOCUTENbHLIN XapaKTep, Tak Kak 3aBUCUT OT
CUCTEMbI OTCYETA, B KOTOPOW PaccMaTPUBAIOTCA
3apAaabl. JNEKTPOMarHuTHoe none (M ero msme-
HEHMe CO BPEMEHEM) ONMCLIBAETCA B INEKTPOAN-
HaMWKe B KNaCcCUUYeCcKoM MpubnmkeHnn nocpes-
CTBOM CUCTEMbI ypaBHeHMn MakcBenna.
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3.42. CBoucrtBa
3AEKTPOMArHUTHbIX BOAH

JNeKTPOMarHUTHble BOJMIHbI — COBOKYI-
HOCTb NMEePEMEHHOro 3MeKTPUYECKOro U MarHuT-
HOroO nosen, KOTopble PacnpPoCTPaHAKTCA B NPO-
CTPAHCTBE C KOHEYHOW CKOPOCTbI (CKOPOCTbIO
CBeTa).

OCHOBHble c8oUCMBA 371eKMPOMAZHUMHbIX
80/1H: 1) SNEKTPOMArHUTHbIE BOJHbI MOMEPEYHbI,
TO eCTb BEKTOPbI HANPAXEHHOCTY NEKTPUYECKO-
ro E n marHuTHOro H nonen nepneHanKynAapHbl
OPYr ApYyry v HanpasfeHW pPacnpoCTpaHeHus
BOJIHbI; 2) BeKTOpbl £ 1 H B3aUMHO nepreHanky-
nApHbl; 3) BekTopbl £ n H Konebniotca B 0AHON
dase; 4) mogynu BekTopoB E 1 H CBA3aHbl COOT-

HOLWEHWEM:
'\/E_EOE: \/moH-
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B 3aBucumoctu ot ANNHbI BOJIHbI B BdKyyMe
Pa3/invaloT pPaAnOBOJIHbI, ONTUYECKOE W3Ny4e-
HWNE, PEHTTEHOBCKNE N FaMMa-Nny4i.

3.43. ANeKTpOMarHuTHble
U3AYUEHMUA

PagnoBONHbI — 3NEKTPOMArHUTHbIE BON-
Hbl C annMHOM A ot 5107 go 1-10'" m. Pagwmo-
BOMHbI CAyXaT AnNA nepefayn MHPopmaLmu
6e3 npoBojoB. WX NpWHATO AennTb Ha cne-
aylowme  rpynnbl:  CBEPXASMHHbIE  BOJHbI
c A > 10000 m (yactoTa f < 300 Klu); ANUHHbIE —
10000-1000 m (f = 30-300 Klu); cpepHne —
1000-100 m (f = 300 Kkl -3 Mlu); KopoTKne —
100-10 m (f = 3-30 MIy); ynbTpakopoTkne —
A< 10 m (f > 30 MIu). MNocnegHne NPUHATO
B CBOW oYepefb Nnoapasfensitb Ha METPOBbIE,
LEUMMETPOBbIE, MUNIMMETPOBbIE U CyOMUNNU-
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MeTpPOBble, WAN MUKPOMETpPOBble. Kaxpaa w3
nepeuyncieHHbIX rpynn paguoBoSiH NpUMeHsaeT-
CA ANA peleHna paga TeXHUYeckux 3agad. Tak,
noaBoOAHasA 1 NoA3eMHadA PagnoCBA3b BO3MOXHaA
NWb Ha CBEPXAJIMHHbIX BOJHAX, TeneBuaeHue
W pagnonokauma — UCKMYNUTESIbHO Ha YnbTpa-
KOPOTKMX BOJTHAX.

OnTuyeckoe u3NyyeHme —  INEKTPO-
MarHUTHOE M3fyYyeHne C ANNHOWN BOJSHbI B BaKY-
yme ot 1 mm go 107 m. B nHTepBane ainMH BOSH
400-800 HM n3ny4yeHme BOCNPUHUMAELTCA HaLIK-
MW rnasamu (Bugmmoe unsnydenue). Ontuyeckoe
u3nyyeHne C OAMHOM BOJIHbI MeHbwe 400 Hm
Ha3blBaeTCA YNbTPAPMONETOBbIM  U3/yYEHNEM,
a C ANMHon BoAHbl 6onble 800 HM — MHPpa-
KpacHbiM. OnTruyeckoe nsnyyeHmne NCnonb3yercs
KaK HOCMTENb MHPOPMaLUM B LUMPOKOM CMbIC-
ne. Ha ero ocHoBe KOHCTPYMPYKTCA OMNTO3/EKT-
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POHHble NpUbOPbI, Pa3BMBaETCA ronorpadus,
fla3epHas TexHuKa, CBA3b.

PEeHTreHOBCKME nyun — 3SNEKTPOMarHuT-
HOe M3NyyeHue C ANHOW BOJHbI OT [eCATKOB
0o 0,01 HMm. BO3HMKAOT npu TOPMOXKeHUn Obl-
CTPbIX 3NEKTPOHOB B BellecTBe. PeHTreHOBCKMe
nyun 06n1aatoT BbICOKOW NPOHMKALOLLEN Cnocob-
HOCTbIO B Pa3fiNYHbIX BeleCTBaX, Bbi3blBalOT MO-
HM3aLMI0 MONEKYS, aKTUBU3UPYIOT XUMUYECKMe
peakunn. lKcnonb3yoTca gna  nccnefoBaHusA
aTOMHOW CTPYKTYpPbl BelecTs NyTEM K3y4eHus
KapTVH uX audpakuum n pacceaHuda. 3aBucu-
MOCTb MOr/IOWEHNA PEHTIeHOBCKUX Jiyyen OT
NIOTHOCTW BeLeCTB Halla WKUPOKoe NpuMeHe-
HMe B MUKPOCKOMWK, AepeKTOCKONnUM 1 mepu-
LiNHe.

[amma-u3nyyeHne — 3NeKTPOMarHUTHoe
n3nyuyeHune C AnnHON BonHbl meHee 0,5 107" m.
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[aMMa-nyun  MCNycKalTca  BO3OYKAEHHbIMY
aTOMHbIMK AApPamMK NPW AZEPHbIX peakunax (Ha-
npumep, *H + *H — He + hv), pafnoaKkTMBHbIX
NPeBPALEHNAX aTOMHbIX AAep, NPU aHHUTUNA-
LW SNEKTPOHa 1 MO3WUTPOHA U APYruX npeBpa-
LLEHNAX NEMEHTAPHbIX YaCTuL,

Obnactvi NpUMeHeHMA raMmMa-n3nyyeHus:

® raMma-aepeKToCKONmMsA, KOHTPONb MU3AeNuii
NPOCBEUNBAHNEM Y-NyUaMK;

® KOHCEPBMPOBaHME NULLEBbIX NPOAYKTOB;

® raMMa-CcTepunmM3auma  cneuun,  3epHa,
pblObl, MACa 1 APYrMX NPOAYKTOB ANA yBenunye-
HUA CPOKA XPaHEHUS;

® cTepunM3auma MeauUUHCKUX MaTepuanos
n 0bopyaoBaHUA;

® flyyeBan Tepanus;

® YPOBHEMEPDI U T. A.

176 3. 3neKktpoaMHamuKa



3.44. NpAMOAUHEUHOE
pacnpocTpaHeHue cBeTa

B npo3payHon opgHopoaHOM cCpepde cCBeT
PACNPOCTPaHACTCA  NPAMONNHENHO.  JlnHuA,
yKa3blBalLllaa HanpasneHne pacrnpoCcTpaHeHuns
CBETOBOrO MyuyKa, Ha3blBaeTCA CBETOBbIM JyUYOM.
B pesynbrate TOro, Uto CBET PacnpOCTPaAHAETCA
NPAMONNHENHO, HENpOo3payHble Tena oTbpachl-
BalOT TeHb (MOMHYI0 TeHb W NosyTeHb). [NonHaA
TeHb — 005acTb MPOCTPAHCTBA, B KOTOPYHO
He nonagaeT CBeT OT UCTOYHUKA (MCTOYHMKOB)
cBeTa. [lonyTeHb — 3T0 06MaCTb NPOCTPAHCTBA,
OCBELLEHHAA HEKOTOPbIMU U3 HECKONIbKUX MMe-
IOLWNXCA TOYEYHbIX WCTOYHMKOB CBETa WU Ya-
CTbIO NPOTAXKEHHOTO NCTOYHMKA.
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3.45. 3aKOH oTpa)XeHUA cBeTa

3aKOH OTpaXeHuA cBeTa — 3aKOH, onpepe-
NAWNAA B3aMHOE PacrnonoxeHne nagatoLlero,
OTPAXXEHHOIO Nyyewn, a TakxKe NnepneHanKynapa,
BOCCTAHOB/NIEHHOrO K rpaHuue pasgena ABYyX
cped B TOYKe MafeHMA Npu 3epKaibHOM OT-
paxeHuwn. [lagalownin nydy, OTPAKEHHbIV NyY
U NeprneHanKynap K rpaHule aAByx cped, BOCCTa-
HOB/EHHbIN B TOYKE MafeHNA Nlyya, nexar B OA-
HOW MNOCKOCTW; YroNl OTPaXeHWA Y paBeH yrny
nageHuna a (puc. 9).

Puc. 9
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3.46. U306pa)xeHun
B NAOCKOM 3€epKaAe

[NocTpoeHne n3obpakeHna B NIOCKOM 3epKa-
ne nokaxem, NCNonb3ya 3aKOH OTPaXeHuA cBeTa.
[locTpoum B NNOCKOM 3epKane n3obpakeHne To-
YeYyHoro UCTOYHMKa ceeta S (puc. 10).

Puc. 10
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[lOCKOMbKY OT TOYEYHOrO WCTOYHMKA MOX-
HO MPOBECTW pa3Hble NyuywW, Bblbepem fBa U3
HUX (1 1 2) n Hangém Touky S°, rae 3T nyyu
cxopatca. OuyeBMOHO, UTO CaMU OTPaXEHHble
fly4n pacxopaTca, CXOAATCA NULWb UX NPOAOKe-
HuA. /1306paxeHune, nonyvatoLleecs He OT CaMiiX
fiyyeit, a OT UX NPOJOIKEHWA, HA3blBAETCA MHU-
MbIM. TTIPOCTBIM reoMeTpPUYeCKUM NOCTPOEHKEM
NIerko MokKasaTb, YTO M3006paxeHne pacnonoxe-
HO CUMMETPUYHO MO OTHOLLEHWNIO K MOBEPXHOCTY
3epKana.

3.47. 3aKOH NpenOMAEeHUA cBeTa

3aKOH npenomneHuna cseta. Jlyu nagatowunn,
NyY MPENOMNEHHDbIN 1 NEePNeHANKYNAP K rpaHu-
Lie OABYX Cpef, BOCCTAHOB/IEHHbIN B TOUKe nafe-
HWA NyYa, fIexar B O4HOWN NNOCKOCTYW; OTHOLLEHKe
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CMHYyCa yrna nageHua a K CUHYCy yrna npesnom-
NIEHNA Y €CTb BEIMYMHA NOCTOAHHAA ANA AaHHbIX
OBYX Cpef, Ha3blBaeMasA nokasamesem npesom-
neHus ceema (puc. 11):

n,. = v./v, = sina/siny.

a a
N
n,
Y
Puc. 11
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[loka3aTenb npenomneHnA CBeTa pPaBeH OT-
HOWEHNIO $a30BOM CKOPOCTU CBETa B MepBOV
cpene v, K $pa3oBoM CKOPOCTU CBETa BO BTOPOW
cpene v,. B aTom ciyyae OH Ha3blBaeTCA OTHO-
CUTeNIbHbIM MNOKa3aTenem npenomsieHna cBeTa
BTOPOWN Cpefbl MO OTHOLWEHWUO K nepson. Ecnu
B KayecTse nepBon Cpefbl B3AT BaKyym, TO NoO-
KasaTenb MpPenomneHns CBeTa BTOPOW CpeAbl
Ha3blBaeTCA dbCOMOMHbIM nokdsamesiem npe-
JIOMJIEHUA c8ema:

n,= c/v, = sina/siny.

3.48. [loAHOe BHYTpPEHHEe
oTpa)keHue

[lonHoe BHYTpeHHee OTpa)ieHue CBeTa —
ABNIeHMe OTPaXXeHWA CBeTa OT rpaHuLbl pasgena
OBYX Cpep, npuv KOTOPOM OTCYTCTBYET MpPenoM-
NEHHbIN Nyd. [lonHOe BHYTPeHHee OTparkeHue
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NPONCXOAMT NPW yrnax nageHnA CBeTa Ha rpaHu-
Ly pa3gena cpep, Npesblakolmnx npenesibHbIn
Yron MOSIHOrO OTPaXXeHUA NpKu pacnpocTpaHe-
HUW CBETa U3 ONTUYeCcKn bonee NIOTHOWM cpepbl
B Cpedy, ONTWYeCKN MeHee MNOTHYK (TO eCTb
n.>n, rae n, n n, — noKasaTtenu npenomneHuns
nepson n Bropomn cpen). onHoe BHyTpeHHee
OTpa)keHne CBeTa WCMONb3yeTcA B CBETOBOAaAX,
NOBOPOTHbIX 1 0OOpPaUMBAIOLLNX NPU3MAX.

3.49. OnTHueckKasa cMna AMH3bI

JINH3bI — OCHOBHOW N1EMEHT ONTUYECKNX CU-
CTeM, OCYLLeCTBAAWMIN cobmpaHmne nnn pacces-
HWe MYYKOB n3ny4yeHuna. JINH3bl N3rotaBnMBaoTCA
3 NMPO3pPayYHbIX MaTEPUANOB ANA OnpeseNiéHHbIX
O1ana3oHoOB ANUH BOMH. Tak, ana ynbtpaduone-
TOBOM 00nacTn CnekTpa NPUMEHSAIOT GnoopuT,
KBapL, WHOpaKpacHOW — OTOPUCTBIA NUTUN,
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KpeMHWI, candup; Ana BuaMmon obnactn — pas-
IMYHble COPTa CTeKna. Yalue BCEro 1Ucnonb3yT-
CA IMH3bI, UMetoLme chepuleckrie NoBEPXHOCTH.
OnTnyeckne XapakTepucTukn NnH3bl (GOKYCHoe
paccToAHMe, ONTUYECKaa cuna) onpepensAlTC
KPVMBW3HOWN UX NMOBEPXHOCTEN U MaTepunasnom, u3
KOTOPOrO OHW W3roTOBAEHbI. JIMH3bI, Y KOTOPbIX
TONWMHA 3HAYMTENbHO MEHbLUE PafNYCOB Kpu-
BM3HbI NOBEPXHOCTEN, Ha3bIBAOTCA MOHKUMU.

3.50. Dopmyna TOHKOU AUH3bI

Qopmyna TOHKOW NNH3bI — COOTHOLLEHME,
CBA3bIBalOLlee ONTUYEeCKyl cuny nuH3bl 1/F
C PacCTOAHWEM OT OMTUYECKOrO LieHTPa JINH3b
no npeameta d n ero nsobpaxenus f (puc. 12

Ha C. 185):
1/F = 1/d + 1/f.
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BennuunHbl F, d n f MmoryT 6biTb Kak NMomoXu-
TENbHbIMK, TaK N oTpuuaTenbHbiMU. Ecnn nuH3a
cobupatowan, 7o F > 0; ecnm OHa paccenBato-
was — F < 0. Echn ceeTawmmnca obbvekT (ero
n3obpakeHne) ABNAETCA AENCTBUTENbHbIM, TO
BennunHa d (f) nonoXxutenbHa; ecnvm 06beKT (ero
n300paxeHne) ABNAETCA MHUMbIM — BENUYU-
Ha d (f) oTpuuaTenbHa.

[peamet

M306pakeHne

Puc. 12
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3.51. U306pakeHnA B AMH3aX

«Y00bHble» nyqu: 1) nyd, NPOXOAALWMNA ue-
pe3 ONMTUYECKNA LEHTP TOHKOW JINH3bI, He npe-
NIOMNAETCA; 2) JNlyuyn, KOTOpble HarnpaBfeHbl
napannenbHO rMaBHON OMTUYECKOW OCKW, nocne
NnpenomneHuna B fiMH3e ByayT NPOXoAuUTb yepes
eé QOoKyC; 3) ecnm niyy nomnan B JIMH3Y, NPOAAA
yepes eé POKyC, TO Nocne NPeNoOMIEHNA B JINH-
3¢ OH OypeT HanpaBfeH napannenbHO NaBHOW
onTuyeckon ocu. [nA nocTpoeHusa m3obpaxe-
HUA TOYKWM B JIMH3E AOCTaTOMHO NOCTPOUTb [Ba
NoObIX Nyya, BLIXOAAWMX U3 ITOW TOUKW. 3d-
KoHoMepHocmu: 1) ecnn npeagMeT HaXOAWUTCA 3a
BTOPbIM POKYCOM, TO ero usobpakeHue pacno-
naraeTca Mexay nepsbiM U BTOPbIM $OKyCamu,
OHO [EeNCTBUTENbHO, YMEHbLIEHO, NepeBEPHYTO;
2) ecny npegmeT HaxoauTCA Ha BTOPOM QoKyce
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OT INH3bI, TO €ro N3006paxeHne HaAXOAUTCA TaKxe
Ha BTOPOM $OKyce OT NMH3bI (C Apyroi eé cTopo-
Hbl), OHO AENCTBUTENbHO, NEePEBEPHYTO, PABHO-
BE/IMKO; 3) eCnn nNpeameT HaxoauTCcA MeXay
nepBbiM 1 BTOPbIM GOKYCamu NIMH3bI, TO €ro 13o-
bpakeHne pacnonaraeTca 3a BTOPbIM GOKYCOM,
OHO JEeWCTBUTENIbHO, MepeBEPHYTO, YBENUYEHO;
4) ecnv npeaMeT HaxoauTca B GOKyCe NNH3bI, TO
n3obpaxeHve npeameTta popmmpyetca Ha bec-
KOHeyHocTn (He dopmmpyetca); 5) ecnu npeg-
MET HaXOAMTCA MeXAY NMH30M 1 eé GOKYyCoM, TO
n306paxeHne pacnonaraeTca Takxe nepep NnH-
3011, OHO MHMMO, YBennyeHo, Npamo. [lonb3yacb
YMOMAHYTbIMW MpPaBuiaMn MOCTPOeHUA, nony-
YM M300paxeHne npeameTa B OTPULIATENIbHOW
nuH3e (puc. 13 Ha c. 188).
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[Tpeamet

M306paxeHne

Puc. 13

3.52. OnTmueckue npubopsbl. Nas

Nlyna — cobupatowas nnH3a (cuctema nmH3)
C ManbIM GOKYCHbIM paccToAHueM. Jlyny nomelwa-
10T ONIM3KO K rnasy, a NpeaMeT pacnonaraT B eé
POKanbHOM MNoOCcKoCcTM unu B6AM3M Heé. Torga
fly4mn, BbIXOAALLME M3 Nynbl, ABNAIOTCA Napannesib-
HbIMK 1 BnarofapA XpYCTanuKy rnasa Gokycupy-
OTCA Ha ero cetyatke (puc. 14 Ha ¢. 189).
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Puc. 14
Mukpockon — onTuyeckni npubop ans

HabnoaeHna manbix 0O6BbEKTOB, HEBUAMMbBIX He-
BOOPYEHHbIM rna3oM. [lonesHoe yBennyeHune
MUKPOCKOMNa OrpaHNumnBaeTca gudpakumnen n He
npesbiwaet 1500. OnTnyecknn MMKPOCKON npea-
CTaBnAeT cobon KOMOMHALMK ABYX KOPOTKO(O-
KYCHbIX CUCTeM — 0b6beKTuBa 1 okynapa. Cxema
NOCTPOEHNA N3006paXeHNA B MUKPOCKONe npea-
CTaBfieHa Ha pucyHke 15 (c. 190).
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O6bEKTVB Okynsap
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Puc. 15
Yrnosoe yBennyeHmne MmmKkpockona:
_ DA
FiF,

roe D = 25 cM — paccToaHue Haunyylero 3pe-
Hua, A — nnanHa Tybyca mMukpockona, F n F, —
QOKYCHble pacCcToAHNA 00bEKTMBA U OKyNApa.
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Teneckon-pepnekrop — onTuyeckuin Nprubop
OnA HabnoaeHna HebecHblx obbekToB. OTNNMUK-
TeNIbHOM O0CODEHHOCTbIO Teneckona-pednexktopa
ABNAETCA NpPUMEHEeHWe B KauyecTBe OOBEKTUBA
BOTHYTOro 3epkana (puc. 16). [naBHble npenmy-
LecTBa TaKOro Tesieckorna no CPaBHEHWMIO C Tene-
CKOMOM-peppakTopoM — MeHbLUasA macca 1 oT-
CYTCTBME pAga abeppauuin.

3epKano-o6beKkTUB

> >
—> > <
>

>

Okynap
Puc. 16
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3putenbHaa Tpyba lanunea — pa3HoBUA-
HOCTb Teneckona-pedpakTopa, KOTopaa COCTOUT
n3 cobupatowen nnH3bl (06beKTMBa) U paccen-
BaloLen NuH3bl (OKynapa), npuyém B Tpybe la-
nunea, HaBeaEHHOM Ha OECKOHeYHOCTb, 3adHWNN
GOoKyC 00beKTVBA COBMELLEH C QOKYCOM OKynApa
(puc. 17).

O6beKkTnB

Okynap

\
L f
Puc. 17

3puTtenbHas Tpyba lanunesa faét HenepeBep-
HyTOe M300paxeHue; OHa TakXKe Kopoue 3pu-
TenbHoM Tpybbl Kennepa.
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3putenbHaa Tpyba Kennepa — ontnyeckuii
npubop ana HabnoaeHna HebecHbIX Ten C NUH-
30BbIM 00beKTUBOM (puc. 18).

Ob6beKkTuB
Okynap

F

V

N

Puc. 18

B npocTtenwem cnyyae Tpyba Kennepa cocrto-
WT 13 ABYX JIMH3: AANMHHOMOKYCHOW (0OBEKTHB)
W nynbl-okynapa. [pn HaBeaeHWW 3pUTENbHOW
TPyObl Ha OECKOHeYHOCTb (OKYC OOBEKTMBA
coBMeLaT ¢ GOoKycom okyndapa. [JaHHaa ontu-
yeckada cucTema npeobpasyeT napannefbHbii
Ny4yok nyyen, MAywmx OT yOanéHHOro oObeEKTa,
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B aAHANOMMUHbIA My4yOK Ny4yenl MeHbLlUero Awua-
MeTpa.

[na3 Kak onTtuyeckaa cucrema. HapyHas
060504Ka rnasa 3awWwuaeT ero BHYTPEHHOCTb
n obecneymaer HeobXoaUMYI XECTKOCTb. Ha
nepegHen MOBEPXHOCT 0OONOYKa nepexoanT
B NPO3payHyl0 pOroBuLy, Yyepe3 KOTOpyl CBeT
nonagaeT B rnas. 3a PoroBuLen pPacrosoxeHa
pagyHaa 000noYyka CO 3paykom. XpycCTanvk
npeacTaBnAeT Cobon NIMH3Y C M3MEHAKLWMMCA
QOKYCHbIM paccToAHMEM. 3a XPYCTaIMKOM Haxo-
OUTCA CTeKnoBugHoe Teno. M3obpaxeHne npea-
MeTa obpasyeTcA Ha ceTyaTKe, COCTOALWEN W3
CBETOUYBCTBUTENbHbIX KNETOK, MMetowmx popmy
Konbouek 1 nanoyek. HepBHble KNeTKN ceTyaTku
obpa3yloT 3puTenbHbin HepB. ObnacTb, rae cee-
TOUYYBCTBUTESIbHbIE KNETKN OTCYTCTBYIOT, Ha3blBa-
eTCcA c/1enbiM NAMHOM.
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3.53. UHTeppepeHuun cBeTa

NHTepdepeHyuma cBeTa — C/IOKEHNE CBETO-
BbIX BOJIH, MPX KOTOPOM 00bIYHO Habntopaetcs
XapaKTepHoe MNPOCTPAHCTBEHHOE pacnpenene-
HVe NHTEHCMBHOCTW CBETA B BUAE YepeayroLwnxca
CBET/IbIX M TEMHbIX nonoc. [inA BO3HMKHOBEHMA
nHTEpdepeHUmMn Heobxoanmo, 4ToObl Hanara-
lOWNeca BOJSIHbI UMeNN OfMHAKOBYIO 4acToOTy
N HEU3MEHHbIN CABUT Pa3 KonebaHnn B Kaxaon
TOYKe MPOCTPaAHCTBA. Takne BOJIHbI Ha3blBAKTCA
Ko2epeHMHbIMU. OHN CO3[al0TCA KOrepeHTHbIMY
WCTOYHMKAMW BOJH, KOTOPbIE KONebnTca ¢ oaun-
HaKOBOW YaCTOTOM M NOCTOAHHbIM CABUTOM ¢a3.

YcnoBue nHTepdpepeHLMOHHbIX MaKCUMYMOB:

AL=2mA
2

rmem=20,1, 2...
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YcnoBue nHTEpPEpPEeHLNOHHbIX MUHUMYMOB:

AL=@m+1)2

raem =0, 1, 2... B pe3ynbrate uHTEpdepeHL
BOMH nepepacnpeaenaeTca SHeprna BOAHOBOIO
OBV/XEHMA B MPOCTPAHCTBE. B TOukax Makcumy-
Ma NPOUCXOAUT KOHLEHTPALMA SHEPTAN 3a CYET
TOrO, YTO B TOYKY MUHMUMYMA SHEPTUA He MOCTY-
naet. MIHTepdepeHLmna cBeta WNPOKO NPUMEHS-
eTCA B UHTeppepoMeTpax 1 ronorpadpun.

3.54. Audpakuuna cBerta

Oudpakuma cseta — ormbaHue CBETOM
NPenATCTBUN (OTKNIOHEHME OT 3aKOHOB [eo-
METPMYeCKon ONTUKK). Tak, Npu nageHun ceeTa
Ha Henpo3payHbin KPyrnbil 06beKT (Wwapuk)
B LIEHTPE ero reomeTpuyeckon TeHu Habniopa-
eTCca CBETNoe NATHO (NATHO NyaccoHa), 0bycnos-
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neHHoe 3arnbaHmem ceBeta B 06nacTb reomeTpu-
YeCKoW TEHWN.

Mpn andpakumMm cBeTa Ha IKPaHe MOXHO Ha-
bnioaaTh XapakTepHoe YepefoBaHME OCBELLEH-
HbIX 1 TEMHbIX Y4aCTKOB. TakaA KapTnHa Ha3blBa-
eTcA ANPPAKLMOHHONW 1 BO3HUKAET B pe3ynbraTte
VHTepdepeHLn ormbalowmx NpenaTcTBua cae-
TOBbIX BOMH. [pvMepomM MCnonb3oBaHUA And-
PakumMn CBeTa MOryT CNyXWUTb CreKTpasibHble
NpnOopbl, OCHOBHbIM 3IEMEHTOM KOTOPbIX ABNA-
eTcA AMPpPaAKUMOHHAA peLLéTKa.

3.55. AuppakKuMOHHAA peLUETKa

OndpakynoHHaa peweTka — OnTUYeckoe
YCTPOMCTBO, UMetoLee 60nbLIoe KONMMYeCTBO OT-
BEPCTUIA, Pa3feNiéHHbIX HENPO3PaYHbIMK NPoMe-
KYTKaMK, Ha KOTOPbIX NPOUCXOAUT AUPpaKLMA
cBeTa (puc. 19 Ha c. 198).
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[OndpakumoHHasa pellETka MOXET NpeacTas-
NATb COOOM CUCTEMY OTPaXKaloLWMX SKPAHYMKOB,
COV3MEPUMbBIX C AJIMHOW BOMHbI NafalowWwero us-
nyyeHusa. CBONCTBOM ANPPAKLNOHHOW PELLETKN
obnapatot Kpuctannbl. OHM cnyxaT npocTpaH-
CTBEHHOWN ANPPAKLIMOHHOW PELLETKON ANA PEHT-
reHOBCKMX Nyyewn.

) | L] L

P

O/y S

/ JInH3a
/

7,

(DoKkanbHaA NNOCKOCTb JTUH3bI
Puc. 19

198 3. JnektpoanHamuKa



Hanbonee pacnpoctpaHeHbl AUPpaKLNOH-
Hble PeLETKM, KoTopble npeacTaBnAlT cobou
MHOXECTBO MapannenbHblX OAUHAKOBbIX LLEnen,
PACNONOXEHHbIX B OAHOW MNOCKOCTM Ha pas-
HbIX PACCTOAHMAX Apyr oT gpyra. WuprHa wenu
W HEeNpPO3pPayHOro 3KpaHa d B AUPPAKLNOHHOW
pelwéTKe Ha3blBAaeTCA nepuodom pewémku. Jnd-
PaKLUMNOHHbIE PELUETKI ABNAKTCA OCHOBHbIM 3J1e-
MEHTOM CNeKTPanbHbIX NPUMOOPOB. [nA HayyHbIX
uenen nUcnonb3yT AUPPaKLNOHHbIE PELIETKN,
kKotopble cogepxat 300, 600, 1200 n gaxe 2400
WTpMxoB Ha 1 mMm. [pn nageHnn napannenbHo-
ro nyyka CBeTa Ha TaKyl PeLleTKy MponcxoauTt
nnbpakuma BONH 1 Ux nHTepdepeHyms. Pacno-
NOXeHre MakCMMYMOB MHTEHCUMBHOCTM CBETa Ha
SKpaHe COOTBETCTBYET YCNOBUIO: dsing = kA, roe
d — nepvon ANPPAKLUNOHHOW PEeLLETKN, ¢ —
Yrof, Ha KOTOPbIN OTKSIOHAKOTCA NyYn B pesynb-
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TaTte andpakuyun, k = 0, 1, £2... — uenoe yncno,
Ha3blBaemMoe NOPALKOM CMEKTpa, A — ANvHa BON-
Hbl U3/yYeHNA, NAJAOLWEr0 Ha ANPPAKLNOHHYIO
PELLETKY.

3.56. Aucnepcusa cBeTa

Oucnepcna cBeTa — pasfioXKeHMe cCBeTa
B CNEKTP NpWV ero npenomMneHnn B cpeae u ang-
pakuuu. [lpy npenomneHun pasnuyarT Hop-
ManbHyto oucnepcuro ceema (yBenmyeHme noka-
3aTena NpenomieHna BeWeCTBa C YMEHbLUEHNEM
ONWHbI BOMHbI CBETA) U AHOMA/bHYIO UChepCulo
ceema (yMmeHblUeHVe TmoKasaTtena npenomne-
HUA BellecTBa C YMEHbLUeHWeM [LANHblI BOJHbI
CBeTa).



4. CTIELULUAANDBHASA TEOPUA
OTHOCUTEAbHOCTU

4.1. NMNpUHUUN OTHOCUTEABHOCTHU
AuHWTEUHA

AHBapMaHTHOCTb CKOPOCTKN CBETA: CKOPOCTb
CBeTa B BaKyymMe He 3aBUCUT HU OT CKOPOCTU
NCTOYHMKA CBETa, HN OT CKOPOCTU MPUEMHMKA.
OHa ofMHaKoBa BO BCEX HarMpaB/iEHUSAX, BO BCEX
VHepUManbHbIX CUCTeMax OTCYETA U ABNAETCHA
npeaenbHOW CKOPOCTbIO B npupoge. JTa npe-
NenbHaa CKOPOCTb paBHa: ¢ = 3- 108 m/c.

[MpMHUMN OTHOCUTENbHOCTU DUHLUTENHA:
B NIOObIX UHEPLMANbHbIX CUCTEMAX OTCUYETA BCE
Pu3nyeckme ABNEHUA (MexaHu4yeckme, ANeKTpu-
yeckune, OMTMYECKWE), MPOBEAEHHbIE BHYTPU
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[0AHHOW MHepuManbHOW CUCTeMbl OTCYETa, MpU
OAHUX W TeX e YCIOBMAX NPOTeKalT OANHAKO-
BO. DTN ABNIEHUA HE AT BO3MOXHOCTM OBHApY-
KWTb, MOKOMTCA JaHHaA C1UCTeMa NMOO ABMXKETCH
PAaBHOMEPHO 1 NPAMOINHENHO. To eCTb BCe Nnpo-
LLlecCbl NPUPOAbI NPOTEKAKT OAMHAKOBO BO BCEX
VHEPLUMANbHbIX CUCTEMAX OTCYETA (3HAYUMT, PU3K-
YecKne 3aKOHbl JOMXKHbl ObITb MHBAPUAHTHbI MO
OTHOLLEHUIO K nepexogy OT OfHOW UHepLumanb-
HOW CUCTeMbl OTCYETA K ApYrou).

4.2. lNNoAnHaA aHepruna

[lonHaa 3Heprua:
E= _mc_
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rge m — macca Tena, ¢ — CKOpOCTb CBETa B Ba-
Kyyme, paBHadA 299 792 458 m/c.

4.3. Hepruna nokKon

JHeprma nokoA. A. JMHWTENHOM Obino Mo-
Ka3aHo, 4To AnA NoboN 3aMKHYTOM CUCTEMbI
YaCTWL, BbIMOMHAIOTCA cCnegyloue COOTHOLLe-
HUA:

- p=mic*, p= %,

rae E, p, v, m — 3Heprua, umnynbc, CKOPOCTb
W VHBAPMAHTHAA Macca CUCTEMbl MAM YacTuLpbl
COOTBETCTBEHHO, C — CKOPOCTb CBETa B BaKyyMe.
W3 3TuX BbipaXkeHNn BUAHO, YTO B PENATUBMUCT-
CKOW MexaHUKe, laxe Koraa B Hynb obpaliatoTca
CKOPOCTb 1 UMMYNbC Tena (MacCMBHOro 00BbEKTA),

€ro sHeprma B HyJlb He Oﬁan.l,aeTCFl, OCTaBdACb
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PAaBHOW HEKOTOPOW BeNnuyuHe, onpeaenaeMou
Maccou Tena:

E=mc.
JTa BENNYMHA HOCUT Ha3BaHWe 3HepauuU NOKOA.

4.4. PeAMATUBUCTCKUU UMNYALC

PenATmBucTckun uMmnynbc onpegenseTcs

BblpaXeHneMm:
Ev mv
=—, N p=—.
P 2 ¥

CZ

[py v < ¢ nony4yaem M3BECTHOE BbIpaXKeHUe
HbIOTOHOBCKON MEXaHWKW: p = mv.



5. KBAHTOBAA ®U3UKA

5.1. 'mnoTte3a
M. lNMAaHKa 0 KBaHTaXx

CornacHo runote3e M. [lnaHka, 3Heprus
aTOMa MOXeT W3MEHATbCA onpenenéHHbIMM
nopumAMn (KBaHTamu). KBaHT 3Heprum — onpe-
OEeNEéHHOEe XapaKTepHOEe KOMNYeCTBO 3SHepruu,
KOTOpOe CrnocobHa MNOrnoTUTb WAK UCMYCTUTb
OaHHasa ¢u3nuyeckas CMCTEMA B OQHOM aKTe W3-
MEHEeHMA COCTOAHMA. BennumHa KBaHTa SHeprum:
€ = hv, rpe h — noctoAaHHaA naHKka, v — va-
CToTa u3nyyeHua. llocmosaHHaAa [lnaHka — ofHa
M3 GyHAAMEHTANbHbBIX PU3NYECKNX NOCTOAHHDIX,
onpeaenaAnLmnX ANCKPETHOCTb AeNCTBUS:

h=6,626176-10"* [xx-c = 4,136-10" 3B-c.
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5.2. doTo3apPekr

DotoaddeKT. BHewHUU homoagpekm — ncny-
CKaHWe 3N1eKTPOHOB 13 BeLWECTBa NoA AeNCTBUEM
SNEKTPOMArHUTHOrO 13NnyyeHus. BHewHun Goto-
3pdeKkT Habnopaetca B MeTannax, nonynpoBo-
OHVIKAX 1 AN3NEeKTPMKaX 1 MOAYMHAETCA 3aKOHaM
doToadppekTa: 1) MakCMManbHas HayanbHasA CKO-
POCTb GOTOINEKTPOHOB ONPEAENsAeTCA YaCcToTOM
CBETA W He 3aBUCUT OT ero MHTEHCUBHOCTK; 2) ANS
KaXA0ro BelecTBa CyLWeCTBYeT KpacHaa rpaHu-
ua GotoapdeKTa, TO eCTb HaUMeHbLIAs YacToTa
CBETa V_., NP KOTOPOIA eLIE BO3MOXEH (pOTOI¢-
PeKT; 3) KONMYECTBO INEKTPOHOB, NCMYCKAEMbIX
BelecTBOM 3a 1 ¢, NponopLMOHanbHO MHTEHCKB-
HOCTMN M3MTyYeHUA.

BHympeHHut  ¢pomoagppekm —  BO3pac-
TaHWe HOoCUTenenm 3apAaga B MNOAYNPOBOAHM-
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Kax W [WINeKTpUKax nop AencTBMEM BHeL-
Hero u3nyyeHna. QoToapPekT uncnonb3yeTca
B QOTOINEKTPOHHBIX Nprbopax (GoTo3n1eEMEHTDI,
doToconpoTnBneHns, GOTOINEKTPOHHbIE YMHO-
XUTenu n 1. a.).

5.3. OnbiTthl A. . CTOAETOBA

BHewwHMn GpoToapPeKT OblN1 SIKCNEPUMEHTASTb-
HO nccnepoBaH pycckum ¢usnkom A. I Ctoneto-
BbIM. Cxema OnbITOB MpeAcTaBfieHa Ha PUCYH-
ke 20 (c. 208).
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3apsAKeHHas
MnNacTUHa

Puc. 20

B anekTpuueckyto Lenb BKMNIOYEH KOHAEH-
caTop, NonoXutenbHaa obKnagka KOTOPOro —
MeAHaA CeTKa, a OTpuuaTenbHad — LMHKOBaA
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nnactnHa. Korga ot UCTOYHMKA CBETa U3JlyYeHne
HaNPaBNAT Ha OTPULLIATENIbHO 3aPAXKEHHYIO nna-
CTUHY, B Lenn BO3HWKAET 3MeKTPUYECKUN TOK.
Ero Ha3biBaloT $OTOTOKOM. ECiM nnacTuHa 3aps-
X€Ha NOJNIOXUTENbHO, a CeTKa — OTpULaTENbHO,
TO ranbBaHOMETP He ObHapYXXUBAeT neKTpuye-
CKOro TOKa.

5.4. YpaBHeHuUeE
AN doToadPpeKTa

KBaHTOBYI0 Mpupody $¢oTtoadpdeKTa Bbipasu

B 1905 r. A. DVIHIWITENH YpaBHEHUEM:
hv = A + mv¥/2,

0ObACHAIWMM  OCHOBHble  3aKOHOMEPHOCTU
potoaddekTa. 3gecb h — noctoaHHaA MnaHKa,
V — yacTtota u3nyyenma, A — pabota BbIxoaa
3NeKTPOHa 13 BELeCTBa, M — Macca 3NeKTPOoHa,
V — HayanbHaa CKOPOCTb NEKTPOHa Nocne Bbl-
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xofa 13 BelectBa. C MOMOLLbO YPaBHEHNA INH-
LWUTENHA MOXHO OODBACHWTb BCE 3aKOHbl BHELl-
Hero oToaddekTa. V13 npusenéHHON Gpopmynbl
CnepyeT, YTo MaKCMManbHasA KMHETUYEeCKasn Hep-
rma QOTO3/MeKTPOHa, a CNefoBaTe/lbHO, U €ro
MaKCMManbHaa HayanbHaA CKOPOCTb 3aBUCAT OT
YaCTOTbl CBETA U PaboTbl BbIXOJa, HO HE 3aBUCAT
OT MHTEHCUBHOCTW CBeTa. BHewHuin 3pdeKT Bo3-
MOXEH NLLIb NPK YCNoBUK, UTo hv > A. SHeprum
$OTOHa [JOMKHO XBaTUTb Ha TO, YTOObI BbIPBATbH
SNEKTPOH U3 MeTanna. 3T0 onpeaensieT MUHU-
MasIbHyl0 YacToTy usnydyeHus: hv_ = A. [laHHas
yacToTa ONpeaenseT KpacHyl rpaHuly ¢oTo-
3pPeKTa, KOTopas BCeueno 3aBUCUT OT paboTbl
BbIXOAa 3N1EKTPOHA, TO €CTb OT XUMUYECKON Npu-
poabl METaNa U COCTOAHMA €ero MOBEPXHOCTW.
M HakoHel, obLee uncno GoToaneKTPOHOB, No-
Kuaawwmx 3a 1 ¢ NOBepXHOCTb MeTanna, JOMKHO
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6bITb MPOMOPLMOHANbHO Yncny GOTOHOB, Naja-
IOLLMX 32 3TO Xe BPeMA Ha NOBEPXHOCTb. TakuMm
06pa3oM, Yncno GOTOINEKTPOHOB, EXKeCEKYHAHO
BbIJIETAOWMX M3 MeTana, NPOonopLUMOHanbHO
WHTEHCMBHOCTY CBETa.

5.5. DOTOHDI

®otoH (y) — 2nemeHTapHaa u4acTuua,
KBaHT 3nekTpomarHutHoro nona. ®otoH obna-
[aet 3Heprverd u umnynbcom. Macca ¢OTOHa:
m = hv/c?, rae h — nocToaHHaA NnaHkKa, v — va-
CTOTA JNEKTPOMArHUTHOrO M3NyYyeHusa, ¢ — CKO-
POCTb CBeTa B Bakyyme. Macca nokoa QOTOHa:
m,= 0, TO eCTb GOTOH He CyL|eCTBYeT B COCTOS-
HUK nokos. lNpeactaBneHne 0 GOTOHE BO3HUKNO
B XO[€e Ppa3BUTUA KBAHTOBOW TEOpUX U Teopuu
OTHOCUTENbHOCTMW.
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5.6. dHeprua $oToHa

JHeprua ¢otoHa: £ = hv, rae h — no-
CTOAHHaA [1naHKa, v — YacToTa 3M1eKTPOMArHuT-
HOrO M31yYeHNs.

5.7. Umnynbc poTOHa

Umnynbc poToHa: p = hv/c, rae h — nocTo-
AHHaA [naHKa, v — YacToTa 31eKTPOMarHUTHOro
N3NyyeHns, ¢ — CKOPOCTb CBeTa B BaKyyMe.

5.8. l'MnoTte3a ae bpounsa

B 1924 r. Jl. pe bponnb BbiCKa3an runoresy
O TOM, YTO COYEeTaHKe BOSIHOBbIX 1 KOPNYCKYNAp-
HbIX CBOMCTB ABNSAETCA 0OLLMM CBONCTBOM NHOObIX
MaTepuranbHbix 0ObEKTOB, a He TONbKO CBETa. ITO
3HAYUT, YTO NtoHOE TENO MACCON M, ABMXKYLLEeCA
CO CKOPOCTbIO V, MOXET ObITb OXapaKTePU30BaHO
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He TOMIbKO KOOpAMHATaMW B MPOCTPAHCTBE, UM-
NyNbCOM p W 3Hepruen E, HoO N OAVHON BOMHbI A,
a Takxe yactotom v. CornacHo npeanosioXeHuto
ne bpoins, gnuHa BonHbI N10OOro MaTepUanbHo-
ro obbekTa CBA3aHa C ero UMMybCOM TaKUM Xe
COOTHOLUEHMEM, KaKUM CBA3aHa [A/IMHA BOJHbI
GOTOHa C ero umnynbcom. Ana GoToHa:

E, hv h h

Ezh, :—V:—:—I)\:—.
I PETE T Dy

[lna yacTuy BewecTsa:
VZ
h,1-=
CZ

mv

E h
=—, A:—:
V h D

B Hepenatusuctckom npubnmxkerunn (v << c)

h
NMEeeM: )\znT/' [lpeactaBneHe O CyWHOCTU
MUKPOYACTUL, 3aK/oYyaloLWeeca B TOM, YTO B KX
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noBeaeHNN NPOABNAKOTCA KaK KOPMYCKYJIAPHDIE,
TaK 1 BOMIHOBbIE CBONCTBA, Obl0 NMONOXEHO B OC-
HOBY KOPMYCKYNAPHO-BOJIHOBOIO Ayasin3mMa.

5.9. AMdpaKuUa INEeKTPOHOB

KopnycKynapHO-BOSIHOBOW  Ayanu3m  Mo3-
BOMWN OMWCbIBaTb MOBeAEHMEe MUKPOOOBEKTOB
Ha OCHOBE WCMOJIb30BAHMA BOMHOBOWN QYHKLUW.
Oka3anocb, 4YTo BCe COCTOAHUA CMCTEM YacTuL
B MUKpOMMPE MOryT ObiTb OXapakTepu3OBa-
Hbl QYHKLUWEN, KOTOPYID Ha3blBalOT B0JIHOBOU
¢yHkuyuet VY (ncu-dyHkumen). Keagpat mopy-
na BonHosou ¢yHKumm |¥|* nponopumoHaneH
BEPOATHOCT HAXOXKAEHWA 4acCTuubl B AAHHOW
TOYKe MPOCTPaHCTBA. WMCNonb3ya BOJSTHOBYIO
QYHKUMIO, MOXHO OnucaTb pe3ynbTaTbl OMbiTa
No NPONYCKaHWMIO Myyka 3NeKTPOHOB yepe3 [Ba
OTBEPCTMA B IKpaHe crepytowm obpasom. pu
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B3aMMOZLENCTBUIN 3MIEKTPOHA C oboumm OTBep-
CTUAMKN B dKpaHe MNcu-QyHKLUMA, ONMCbiBatoLLan
OBWKEHNe >SNeKTPOHa 3a 3KpaHOM, [LaéT pac-
npegeneHve BepoATHOCTU NonafjaHuA 3M1eKTpo-
Ha B pa3Hble TOYKM Ha GoTonnacTuHKe. Kaxabin
3NEKTPOH NPOXoAWT Yepes OAHO 13 ABYX OTBEp-
CTU 1 Nonagaet B OfHY TOUKY Ha GOTONNACTUH-
ke. [locne npoxoxaeHna yepes 3KkpaH 60NbLIOro
KONIMYeCTBa 3NEKTPOHOB Ha $oTonnacTuHKe 60-
fiee TEMHbIMX OKa3blBalOTCA MeCTa, COOTBETCTBY-
owme O0NbWMM 3HAYEHUAM KBafpaTa MOZyNA
ncn-QyHKUMKM: B 3TW MecCTa nonagaet 6onblue
3NeKTPOHOB. YepenoBaHMe MakCMyMOB U MU-
HUMYMOB Ha (OTOMNNACTUHKE OTPAKAET KapPTUHY
pacnpegeneHna BepOATHOCTEN NonagaHua dnek-
TPOHOB B TY WM MHYKO 06/1aCTb MPOCTPAHCTBA.
Takum 0b6pa3om, BOMHbI Ae bponna nmeroT YncTo
BEPOATHOCTHbIN CMbICI.

5.9. udparuua anektpoHos 215



5.10. lNhaHeTapHan
MOAEeAb aToOMa

[naHeTapHas mopgenb atoma Obina npeasno-
eHa B 1911 r. aHrnunckum ¢usmkom J. Pesep-
popaom. CornacHo ero Moaenu, B LLEHTpe aToMa
HAXOAWUTCA MNONOXUTENIbHO 3apsXKEHHOE A[pPo,
B KOTOPOM COCpPEAOTOYEHa MNPAKTUYECKN BCH
mMacca atoma. Bokpyr agpa, nogobHo nnaHetam,
OBVXKYTCA 3NEKTPOHbI, YAepXKMBaemble CuUna-
MW KYNOHOBCKOro nputaxeHua. COBOKYMHOCTb
3NeKTPOHOB 0OpasyeT 000M0YKy aToma, Ko-
TOpas CBOMM OTPULIATENbHbIM 3apAJ0M KOMMEH-
cupyet 3apAag aapa. Paguyc agpa paseH 107" m.

5.11. NocTtyaatbl bopa

Moctynatbl bopa. [lepsbit  hocmynam
bopa — nocTynat CTauMOHapPHbIX COCTOAHUN:
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B aTOMe CYLUeCTBYIOT HEKOTOpble CTalOHapHble
COCTOAHMA, HE U3MEHAKWMEeCA BO BpeMeHn 6e3
BHELUHWNX BO34eNCTBMI. B 3TUX COCTOAHMAX aTOM
He M3NyyYyaeT NEeKTPOMArHUTHbIX BONH. Crauw-
OHAapPHbIM COCTOAHWAM aTOMa COOTBETCTBYIOT
CTaLMOHapHble opbUTbl, N0 KOTOPbIM ABUXKYTCA
3NEKTPOHbI.

Bmopou nocmynam bopa yctaHaBnmBaeT, uTo
npu nepexofe aToMa U3 OAHOro CTaMOHAPHOro
COCTOAHMA B ApYyroe NCnyckaeTca 1Unm nornoLa-
eTCcA oAWH KBaHT 3Hepruu. [pn 3TOM 3Heprua
aToOMa N3MeHAeTCcA Ha BennuuHy AE, nponopuu-
OHasIbHYI0 YaCTOTe KBAHTA V:

AE=E -E = hy,
roe E w B — 3Heprun atoma COOTBETCTBEHHO
B N U M COCTOAHUAX, h — nocToAHHaA [NnaHKa.
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5.12. AMHenuaTble CNeKTpbI

JlnHenyaTbIn CNEeKTP — CNeKTp, NpeacTas-
nAWMN cobon oTaenbHblE NTUHNW. TaKOB CNEKTP
MCNyCKaHNA aToma BOAOPOAA, KOTOPbIN OMMUCHI-
Baetca dopmynon banbmepa:

v = R(1/m? - 1/n?),

rgje v — y4actota u3fiyyeHus, R — noctoAHHas
Pupbepra, m n n — rnaBHble KBAaHTOBbIE YMCNA,
nopueM n =m+ 1, m+2ut a4 Mpum =1
nofyyaem cCnekTpanbHyto cepuio JlanmaHa, npu
m = 2 — ceputo banbmepa, npyu m = 3 — ce-
puto laweHa, npu m = 4 — ceputo bpakkerta,
npu m =5 — ceputo MyHaa.

5.13. Aa3ep

Jlasep — KBAHTOBbI reHepaTop, MCNycKa-
IOLUIA KOTEPEHTHbIE 3N1EKTPOMArHWUTHbIE BOJHbI
BCNEACTBME BbIHYXAEHHOMO W3/yYeHUs aKTuB-
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HOW Cpefdbl, HaxopdAwenca B pesoHatope. [lep-
BbIl nasep 6bin co3aaH B 1960 r. amepuKaHCKUM
¢n3mkom T. MenmaHom. B ocHoBe npuHUMMA
OeNCTBNA Na3epa nexar Tpu Gusnyecknx saene-
HUA: WHBEPCMA HACENEHHOCTW SHepreTnyeckmnx
YyPOBHeN (4em Bbllle SHepreTMyeckni ypPoBeHb,
TemM 60fblie Ha HEM YacTuL), BbIHYXXAEHHOE U3-
fiyyeHve 1 NonoXxmTenbHaa obpaTHasa cBA3b. [1pu
NPOXOXEHMN CBeTa 4yepe3 cpedy, B KOTOpPOM
CO3[aHa VMHBEPCMA HACeNEHHOCTEN dHepreTmye-
CKMX YPOBHEWN, CBET He ocCnlabnaetca, a ycunu-
BaeTcA. [lonoxutenbHaa obpaTHas CBA3b AOCTU-
raeTca 3epkanamu, 06pasylLwmnMm ONTUYECKNIA
Pe30HaTop, B KOTOPOM M3/lyYeHne MHOrOKpPaTHO
yCUNIMBAETCA nepep BbIXOAOM (4nA 3TOro OAHO
U3 3epKan Aenaerca nonynpospayHbiM). B 3aBu-
CMMOCTM OT BMAA aKTMBHOW Cpedbl pa3fnyaioT
fla3epbl ra3oBble, TBEpAOTE/bHbIE U XKNOKOCTHbIE.
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Na3sep ra3oBbin — f1asep, akTUBHOW Cpeaou
koToporo sasnAetca ras: CO,, cMeCb HeOHa u re-
nvs, napbl H,0 v gp.

Nazep razogmMHamuyeckmm — rasoBbiil fia-
3ep, B KOTOPOM NUHBEPCNA HaCeNEHHOCTEN SHep-
reTyecknx ypoBHei co3aaéTca aamnabaTmyecknm
OXNaXKAEHMEM ra3a, ABMXKYLLErOCA CO CBEPX3BY-
KOBOW CKOPOCTbIO.

Nazep XNAKOCTHbIN — fla3ep, akTUBHOW Cpe-
[0V KOTOPOro ABMIAETCA XUAKOCTb.

Naszep WHXEeKUNOHHbIN — TBEepAOTeNbHbIN
fla3ep, B KOTOPOM /11 UHBEPCUWN HACeNIEHHOCTEN
SHepreTMyecknx YpoBHEN UCNONb3yeTCsa NHXKeK-
UMA HOCMTenen 3apaga uepes 3/1eKTPOHHO-
ObIPOYHBIA Nepexos.

Nazep Ha Kpacutene — nasep, B KOTOPOM
B KaueCTBe aKTUBHOW cpefbl NCNONb3ylTCA Op-
raHnyeckne Kpacutenu.
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Nazep Ha cBOOGOAHDIX 3NEKTPOHAX — Nasep,
B KOTOPOM KOneobniowmeca sneKTPoHbl nepeme-
LLAKTCA C PenATUBUCTCKOM CKOPOCTbIO B Hanpas-
NIEHUI PACNPOCTPAHEHNA BOJHbI.

Nazep xumuyeckum — nasep, B KOTOPOM
NHBEPCUA  HACENEHHOCTeNM  SHepreTnyeckmx
YPOBHE BO3HMKAEeT B pe3yfbraTte XUMUYECKUX
peakuunu.

Jlasep 3KCMMEpPHbIN — Tra30Bbl  nasep,
B KOTOPOM A1 U3MTyYeHUA UCMOSb3YIOTCA nepe-
XOAbl MeXAy SNeKTPOHHbIMW YPOBHAMM K-
CMMEPHbIX MOIEKY/I.

5.14. PapMOaKTUBHOCTDb

PaagnoakTMBHOCTb — CMOHTaHHOE MNpeBpa-
WEeHNne saep HeyCTOMYMBBLIX W30TOMOB OfHMX
3/1EMEHTOB B AApa Apyrux nsotonos. MNpu pagmno-
AKTUBHOCTM MOTYT MPOMCXOAUTb MpPEeBPaLLEHNA
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OAHMWX 2NEeMEHTOB B apyrue. Pa3nnualoT paguo-
aKTUBHOCTb  ecmecmeeHHyto  (HabntogatoLyto-
CA Yy W30TOMOB, CYLECTBYIOWMX B NPUPOAHbIX
YCNOBUAX) U UCKycCcmeeHHyto (HabnioaatoLytoca
Yy M30TOMOB, NOMYYEHHbIX B pe3ysibTaTe AfepPHbIX
peakyun). CamonpounsBosibHble MNpeBpaLleHuns
OOQHWUX Afep B [ApyrMe CONPOBOXAAKTCA WUC-
NyCKaHWeM pPas3finyHbiX YacTuy. Bugbl paguo-
aKTMBHbIX MpeBpaleHnin: anbda-pacnag, beta-
pacnag.

Anbda-pacnag — CNOHTAHHOE MpeBpa-
LieHe paAMoaKTUBHOINO Afgpa B HOBOe AApo
C MCMyCKaHWeM a-yacTuubl. JTa yYacTuua npeg-
CTaBnAeT cobon YCTOMUMBYID CUCTEMY U3 ABYX
HENTPOHOB ¥ ABYX NPOTOHOB (AAPO aToMa
renva He). Anbda-pacnaj CBOWCTBEH BCeM
3/1eMeHTaM C MOPAAKOBbIM HOMEPOM B Tabnu-
ue MeHpeneeBa Oonblwe 82. Anbda-pacnaj
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agpa X B Aapo Y CMMBOMIMYECKM 3amnuncblBa-
eTca B BuAe:

"X = ta+ Y,
roe M n Z — maccoBoe Yncno 1 3apag UCXo4Ho-
ro agpa. B pesynbrate anbda-pacnaga UCXO4HbIN
SNeMeHT CMeLLaeTCcA Ha iBa HoMepa K Havany [le-
puognyeckon cuctembl MeHpeneea. V3BeCTHO
cebiwe 3000 0-akTUBHbIX AAep, 60NbWNHCTBO U3
KOTOPbIX MONYYEHO UCKYCCTBEHHO.

beta-pacnag — TN pagMoakTMBHOrO npe-

BpalleHNA HecTabunbHbIX aTOMHbIX Agep. Mpw
beTa-pacnaje 13 agpa aToma BblIETAET INEKTPOH
(B~-pacnag) unu no3ntpoH (B*-pacnaa). B pesynb-
TaTe 3apAag Agpa X yBennymMBaeTcAa Ha efuHuLy
(B~-pacnap):

K>S+ 2y

W YMEHbLUAETCA Ha eguHuuy (B*-pacnag):
M 0 M
ZX _)+1e t Z-1 Y’
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roe M v Z — maccoBoe 4Yncio 1 3apag UCxoa-
HOro Aagpa.

[amma-usnyyeHme (y-GOTOHbI) — INEKTPO-
MarHUTHOe Wn3nyyeHve C ANNHOW BOJIHbI MeHee
0,5: 107" m. laMma-n3nyyeHme McnyckaeTca BO3-
OY>XAEHHBIMI aTOMHbIMK A4pPamMin NPU ALEPHbIX
peakuuax (Hanpumep, ‘H + *H — IHe + hv),
PagNO0aKTUBHbIX NMpeBpaLleHNAX aTOMHbIX AAep,
AHHUTMAALNL 3MEKTPOHA M MO3UTPOHA U Npu
OPYrux npeBpaLleHnAX 3N1eMeHTapHbIX YacTuu,
[pun paanoakTMBHOM pacnage sHeprua y-GoToHa
nocturaet 10 MaB, npu AgepHbIX peakumax —
20 M3B. Namma-GOTOHbI BbI3bIBAKOT MOHM3ALMIO
aTOMOB, UMeIT OO0MbLUY0 MPOHUKAIOLWY Crno-
COOHOCTb, MOPOXAAKT SNEKTPOHHO-NO3UTPOH-
Hble napbl, He MPeNIOMNAINTCA, He OTK/IOHAITCA
B 2JMeKTPUYeCKnx M MarHUTHbIX nonax. Macca
NnokosA GOTOHOB — HYNb, Y HUX HET aHTUYACTUL,
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5.15. 3aKOH paAMOaAKTUBHOIO
pacnaaa

PagnoakTnBHbIN pacnag NPouCXo4nT Mo 3KC-
NOHEHLMaNnbHOMY 3aKOHY:
N = N exp(-At),
rae N v N, — uncno paanoakTiBHbIX aTOMOB
B HayasibHbI MOMEHT N Yyepe3 Bpema t COOT-
BETCTBEHHO, A — MOCTOAHHAA pacnaja, Xapak-

TEpU3ylolWasa nepuoa nonypacnaga msortona T:
A = In2/T.

5.16. XapaKTepuCTUKHU AAapa

HyknoHHaa mogenb agpa Obina npeanoxeHa
B 1932 r. coBetckum ¢usmkom [. [l. VBaHen-
KO M HemeukuMm YuyéHbiM B. TennzeHbeprom.
CornacHo 3ToM Mogenu, Aapo 0bpa3oBaHo
W3 ABYX BMAOB MWKPOYACTUL: NPOMOHO8 (o-
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NOXMNTENbHO  3aPAXKEHHbIX TAXENbIX YacTuL)
W HeUmpoHO8 (HeNTPanbHbIX TAXKENbIX YacTuL).
WX Ha3blBalOT HYKMNOHamW, TO eCTb ALEPHbIMY
yacTuyamu. MonoxXnTenbHbIN 3apag Agpa onpe-
OenseTca BXOAAWMMYN B €ro COCTaB NPOTOHAMM,
NO3TOMY UYNC/I0 NPOTOHOB B AAPEe PaBHO 3apAfo-
BOMYy umcny Z. Macca agpa 3aBucuT oT obLiero
YMCNA HYKMNOHOB. MOCKONbKY Macca OLHOMO Hy-
KNOHA (NPOTOHa UK HENTPOHA) NPUbNNU3UTENb-
HO paBHa 1 a. €. M., YNCNO NPOTOHOB U HEUTPO-
HOB B AApe paBHO maccosomy uncny M. Yucno
HEMTPOHOB N HaXOAWUTCA Kak Pa3HOCTb mexay
O6WKMM YNCIOM HYKNOHOB M 1 4ncnom npoTo-
HOB Z. Hanpumep, agpo *°U uveeT 92 npoToHa
n 143 HenTpoHa (235 — 92).

3apaa Aagpa — XxapaKTepucTMka aTOMHOrO

azpa.
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3apan agpa onpefenaseTca npousBefeHneM
3apPAA0BOro yncna Z v BeNYMHbI NONOXKUTENb-
HOrO 3IEMEHTAPHOrO 3apada e. 3apAaoBoe uunc-
10 COBMA/IaeT C aTOMHbIM HOMEPOM XUMUYECKOTO
3NeMeHTa 1 onpeaensaeT KONMYecTso NPOTOHOB
B aTOMHOM fiipe.

Maccosoe uucno agpa (M) — cymmapHoe
KONMYECTBO MPOTOHOB W HEWTPOHOB B AApe
Kakoro-nnbo m3otona. Maccosoe uncno agpa —
OOHa W3 OCHOBHbIX XapaKTEPUCTUK aTOMHOro
agpa. OObIYHO YKa3bIBAeTCA C/IEBA BBEPXY Y CUM-
BOJ1a XMMMNYECKOTO 3NIEMEHTA, Hanpumep: °0, *%S.

5.17. Heprua cBA3U HYKAOHOB

DHeprua CBA3N HYK/IOHOB B Aape (AECB) —
SHeprus, KOTopyr HeobXoANMO 3aTPaTUTb, YTOOL!
pacwennTb A4PO Ha COCTABNAIOLLME €r0 HYKJIOHbI
6e3 NpuaaHNAa UM KNHETUYECKOW SHePruun. JHep-
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rMA CBA3N HYKNOHOB B A4Pe — Pa3HOCTb Mmexay
SHepruen Bcex cBOOOAHbIX HYKNOHOB, COCTaBNA-
OWMX AOPO, N UX dHEepruen B agpe:

AE_ = Amc,
rae Am — pedeKkT Macchl, ¢ — CKOPOCTb CBETa
B BaKyyMme.

5.18. AaepHble peaKuuu

ApepHble peakuynun — npeBpalleHns aToM-
HbIX Afep, Bbl3BaHHble WX B3aMMOAENCTBMEM
C Yyactuamm unun gpyr ¢ gpyrom.

LlenHaa A0epHAs peakyua — peakunsa pe-
NIeHNA aTOMHbIX Afep TAXKENbIX 31eMeHTOB Noj
nencTemem HenTpoHoB. [locne Kaxporo pgene-
HUA YUCNO HEUTPOHOB BO3pacTaeT, Npu 3TOM
BO3MOXEH CaMOMOAAepXmnBaoWnnca npouecc
neneHva agep.
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LlenHaa sApgepHas peakuuma pa3BUBaeTCH
ype3BblyaHO BObICTPO (3a Bpema nopaaka 107-
107 €) 1 CONPOBOXJAETCA BblAENEHNEM OrPOM-
HOro Konuuectsa 3Heprimn (200 M3aB Ha Kaxpoe
fenauweeca Aapo ypaHa).

[leneHne agpa — pacnag aTOMHOro Aapa Ha
NBa (pexe Ha TpW UK yetbipe) ockonka. Camo-
MNPOW3BO/bHOE (CMOHTAaHHOE) AeneHne Aapa Ha-
ONnOAAeTCA NULLb Y TSXKENDBIX dN1EMEHTOB (Hanpu-
Mep, Y YpaHa) M OrpaHMYMBaEeT BO3MOXHOCTb
CYLLeCTBOBAHWA HOBbIX TPAHCYPAHOBbIX dN1EMEH-
TOB. CONPOBOXAAETCA BbITETOM BTOPUYHBIX HEW-
TPOHOB, Y-KBAHTOB W BblAeNeHneM dHepruun. Ha
OCHOBE [eNeHns aTOMHOMO Afpa OCYLeCTBAEHb!
LenHble AfAepHble peakuuu.

TepmosgepHaa peakuma (peakuusa CUHTe-
3a) — npouecc obpa3oBaHMA Aapa B pesynbTa-
Te coefuHeHna (CnnAHMA) Agep MasnbiX aTOMOB.
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TepmosagepHaa peakuna npoTekaeT Aulb B YC-
NIOBUAX OYeHb BbICOKNX TemnepaTyp (T = 106 K).
[lpumep TepmoAaaepHON peakuuu:
D+ 3T — ;n +3He + 16,8 M3B.
B pe3ynbrate CMHTE3a (CMAHMA) NETKNX Agep
nentepua (2D) v tputna (T) BbicBObOXKAAETCA
SHeprua 16,8 M3B.



6. POPMYAbI LUKOAbHOIO KYPCA

6.1. 3aKOHbl COXpaHeHUA

3aKOH COXpaHeHUs 3Hepauu

n
E= 2115,- = const,
| =

roe E — sHeprus.
EChm B MexaHnyeckmx npoueccax TpeHuem
MOXHO npeHebpeub, TO
E +E =const,
nort KWH
roe E  — noteHumanbHaA 3Heprua, E. - — Ku-
noTt KWH
HeTnyecKana sHeprus.
3aKOH coxpaHeHUs Maccol

n

m =2m;= const,
i=1

roe m — macca.
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3aKOH coXpaHeHuUs umMnynbca

n n
p=2p;=const; p=2tmv,=const,
i=1 i=1
— .
rae p — WMMynbc, M — Macca, V. — CKOPOCTb.
3aKOH coxpaHeHUs MOMeHma umnyneca

n n
L=2[;=const; L=2%J,w;=const,
i=1 i=1

N
roe L — MOMEHT umnynbca, J — MOMEHT VHep-
—

LK, W — YrnoBas CKOPOCTb.
3aKkoH coxpaHeHus 3apaoa

n
Q=2Q;=const,

=1

roe Q — 3anekTpuyecknin 3apag.
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6.2. MexaHUKa
CuAbl B MeXaHUKe

Cuna maxecmu, P

—>

P =mg,
le m — Macca, § — YCKOpeHue CBOBOJHOro
nageHus.

Cuna mpenusa ckonoxeHus, F.

F.=uN,

rae 4 — KO3QOUUMEHT TPEHUA CKONbXeHus,
N — cuna HopMasbHON peakummn onopbl.

LeumpocmpemumeneHas cuna, F

F.o=mvir F _=muwr,

rge v — NUHenHaa CKopoCTb, r — pagunyc, W —
yrnoBaa CKOpPOCTb.

Cuna ynpyzocmu, F
Froo = kAl

y

uc

6.2. MexaHnka 233



roe Al — mogynb gedopmauynmn NpyXuHbl, kK —
»KECTKOCTb NPYXMHDbI.

Cuna Apxumeoa, F,

F,=pVg,

roe p — NAOTHOCTb XMAKOCTY (ra3a), V — 06bém
NOrPYXEHHOM YacTh Tena, g — YCKOPeHne CBO-
0ofHOro nageHus.

Cuna mazomeHus, F (0na moyeyHbIX unu
chepuyeckux men)

F=Gmm.,/r,

rae G — rpaBuTaLMOHHaA NOCTOAHHAs, M., M, —
Maccbl, r — PacCToAHNe Mexay LieHTpaMmn macc.

3aKoHbl HbIlOTOHA

1-Ui 3aKoH HetomoHa

n_. ~ ~ -
Ecwm  2F,..,=0,T0 Vv=const,
—> i=1 —

rne FBHELU — BHEeLHne cunbl, v — CKOPOCTb.
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2-U 3aKoH HeromoHa

F=ma,
rne F — pe3ynbTUpyLWasa cuna, m — Macca,
a — yCKOpeHue.
3-u 3akoH HetomoHa

F1 - Fzr
- - .
roe f ., F, — cunbl B3aUMOAENCTBIA TeN.

MoMeHT CUABbI U YCAOBUE

pPpaBHOBECUA
MomeHm cunel, M
M = Fd,
roe F — cuna, d — nnevyo cunbl.
PasHosecue pbiyaza
n
XM =0,

i=1

rae M. — MOMEHT cunbl.
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Ycnosue paeHoeecuAa cun
n—b —
ZF‘; = 0 p

=1
—)
roe F.— cuna.

Aedopmauum, 3akoH lNyka

OmHocumenvHas oe¢popmayus, €
e=All,
roe Al — abcontoTHasa gedopmaums (yanmHeHue),
|, — HavanbHas annHa.
MexaHu4ecKkoe HanpsaxeHue, ©
o = F/§,
roe F — cuna, S — nnowaab nNonepeyHoro ce-
YeHuA.,
3akoH lyka
0 = kg,
roe E — mogynb ynpyroctu (mogynb tOHra), € —
OTHOCUTENbHAA AepopmaLua.
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3akoH yka 0ns npyxuHel
Fyrlp = k-Al,
rne Fynp — CWna ynpyroctun, k — XECTkocTb npy-
XWHbl, Al — abcontotHaa gedopmauua (yanmHe-
Hue).

NepemeLieHue TBEPAOIro Tena
(MaTepuanbHOU TOUKH)

PasHomepHoe npamonuHeliHoe 08UXKeHUue
s=s,% W,

rAe S — KOOpAMHAaTa TOYKM, S, — HauasbHas
KOOPAWHATA TOYKW, V — CKOPOCTb TOYKM, t —
BpEMA.

BpawamenovHoe 0suxeHue

v =2mr/T =2mv, a_ = v’/r = w’r = wy,

raoe v — NMHenHaa CKopoCTb, r — paanyc Bpalle-
HuA, T — nepuop BpaLLeHna, v — YacToTa Bpa-
WEHNS, d_— LIEHTPOCTPEMUTE/IbHOE YCKOPEHMUE,
W — YrnoBasA CKOPOCTb.

6.2. Mexanuka 237



PaeHoyckopeHHOe OsuxeHue
S T4
S=So+ Vot + -, W s =5, = v t * at’/2,
V= Vot+at,wmv=v, *at,
a = Av/At = const,
20s = V* - v},
rae s — KoopaviHaTa MaTepuanbHoW TOUKK, S, —
HayanbHaaA KoopAuWHaTa TOUYKM, V — CKOPOCTb
MaTepuanbHOM TOUKM, V, — Haya/lbHasA CKOPOCTb
TOUKKM, t — BpemA, a — YCKopeHue, Av — us-
MEHeHne CKOPOCTU.
Ecams, =0,v,=0, 70

s-at o=
.2 oG

[lna cBobogHOro nageHua B Bakyyme 6e3 Ha-
YanbHOW CKOPOCTH:
—.2
- gtt - -
S = 5 v=gt,
roe g — yckopeHue cB0OOOLHOro nageHus.
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JeuxeHue mena, 6poweHHO20 8epmu-
Ka/nbHO

y ==2vit-gti/2,v=2v - gt
re v, — HayasbHaa CKOpOCTb, t — Bpems, y —
KOOpAWHAaTa Tena, g — YCKopeHue CBOOOAHOro
nafieHus.
Bpema nogbéma:

t =v/g.

BbicoTa noabéma:
hoto
n 29

JeuxeHue mena, GpoweHHO20 20pU30H-
masneHo

X=Vvty=gt/2, v=Vvs +g't%,
rie v, — HauanbHaA CKOpOCTb, t — BpeMms, y —

KOOpAMHATa Tena, § — YCKOpPeHne CBOOOAHOrO
najieHus.
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TpaeKkTopuA ABUXKEHUS:

--L ¢
20,
JeuxeHue mena, 6poweHHO020 N0O npous-
80J1bHbIM y2/10M
X = v tcosq, y = v tsina - gt*/2,

v=V3+ g’ - 2ugtsina,

rae v, — HayanbHas CKOpOCTb, t — BPeMS, y —
KOOPAMHATA Tena, g — YCKopeHue cBOOOAHOro
nageHuns, a — yron bpocaHua Tena.
TpaekTopuA ABUXEHNA:
xt gxz
y=xtga- —————.
2vicos’a
[anbHOCTb Nonéra:
— 2c¢

s = visin2a /g.
Bpema nogbéma:

t =vsina/g.
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BbicoTa noabéma:

BpaweHue TBEPAOro Tena

PasHomepHoe spawjeHue
¢ =0, + Wt
w = A@/At, w = 2n/T = 2nv,
£=0,
a,= wW’r = V3/r = wy,
rAe ¢ — yron noBopoTa Tena, ¢, — HayasbHbii
yron MOBOPOTa, W — YrNoBasA CKOPOCTb, t —
Bpems, T — nepuof, v — 4acToTa BpalleHus,
€ — YINOBOe YCKOPEeHWe, a, — LeHTPOCTpeMU-
TENbHOE YCKOPEHWNE, V — NINHENHAA CKOPOCTb.
PaeHoyckopeHHOe epaujeHue
¢ =@, +wt+ et/2,
W= w,+ &t
€ = Aw/At = const.
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Ecm e, =0mnw,=0,70
¢ = &t?/2, w = ¢,
2 2
W - W, = 2€Q,
rae ¢ — yron noBopoTa Tena, ¢, — HayasbHbii
yrosf NoBopoTa, W — YrnoBasa CKOPOCTb, t — Bpe-
MA, € — YINI0BOe YCKOpeHue.
MomeHm unepyuu, J
L
J —_ szrf 4
i=1
rae m — Macca MaTepuanbHOM TOUKK, I, — pac-
CTOSIHME MaTePMaNbHON TOUYKM OT OCKU BPaLLEHWA.
[na matepranbHOM TOYKN:
J=mr
Teopema LLimeuxepa
J=J+ md>?,
roe J — MOMEHT MHepuun OTHOCUTENbHO MpPo-
N3BONIbHOW OCK, J, — MOMEHT MHEepPLMN OTHOCH-
TeNbHO MapannenbHou OCK, MPOXOAALLEeN yepes
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LEHTP MaccC Tena, m — macca Tena, d — paccro-
AHNe Mexay OCAMMU.

OcHosHOe ypaeHeHue epauwjeHus

M = Jg,

rae M — MOMEHT BHelHen cunbl, J — MOMEHT
VHEpLMK, € — YINOBOE YCKOPEHMe.

JHepaus epawjeHus, E

E=Jw/2,

roe J — MOMEHT MHepuun, W — YrnoBasa CKo-
POCTb.

CBA3b MeXAY XapaKTrepucTuKamMmu
nepeMeLLeHUA U BpalleHUA

lyme, s
s =,
rge ¢ — yron noBOpOTa, r — pPagunyc BpaLleHus.
Ckopocme, v
V= Wr,
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roe w — yrnosaA CKOPOCTb, r — paguyc Bpa-
LeHunA.
YckopeHue maHzeHyuaneHoe, a_
a = e,
rge € — yrnoBoe YCKOpeHue, r — pagnyc Bpa-
LLeHKA.
YckopeHue nonHoe, a

a=va +az,

A€ d, — LEHTPOCTPEMUTENIbHOE YCKOPEHME,
a_— TaHreHuunanbHoe yCKopeHue.

MMNyAbC U MOMEHT MMMYAbCA
Umnynec, p
p=mv -
Ap=mAv. Ap=FAt
rme m — macca, V. — cKopocTb, F — cina, t —
BpEMA.
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Momenm umnyneca, L
L = Jw,
AL = MAt,
roe J — MOMEHT MHepuun, w — YrnoBasa CKo-
POCTb, M — MOMEHT cunbl.

CTOAKHOBEHMA

Ab6conomHo ynpyauti yoap
(M =my)va+2m,v, |

U1=
m;+m,

U = (My = m)vy + 2myv,
2 m, + m, '

rAe m,, m, — Maccbl Tef, V., V, — CKOPOCTU Ter
10 yfiapa, u,, U, — CKOpOCTW TeN nocne yaapa.
A6conomuo Heynpyauu yoap
= Mvat mav,
m; + m,
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rAe u — CKOpOCTb Tena nocne yaapa, m, m, —
Maccol Ten, v., v, — CKOpOCTM Tes [0 yaapa.

MexaHuueckas pabora

MexaHuyeckas paboma, A
A = Fscosq,
roe F — cuna, s — nyTb.
Ecoma =0, 10 A=Fs.
Paboma no nodsémy 2py3a pasHomepHO
A = mgh,
rge m — Mmacca, g — YCKOpeHue ¢BOoOOAHOro
naneHusa, h — BbICOTa.
Paboma no npeodoneHuto cunvi mpeHus
A= FTps,
roe FTp — cuna TpeHusa, s — nyTb.
Paboma no pacmseHuio npyXuHol
A = kAF/2,
roe k — XECTKOCTb NPYXUHbI, Al — pacTaxeHne
(CKaTune) NPYXUHbI.
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Paboma e 2pasumayuoHHOM none
A=Gmm/1/r, - 1/r),
rae G — rpaBUTaLMOHHAs NOCTOAHHAA, M., M, —
Maccbl Tef, 1., r, — PacCTOAHNA MEX[Y LieHTpamMu
Macc Ten.

MexaHuuyeckan aHeprusa

lomeHyuanvHas 3xHepeus, E_
® Tefla BONM3M 3eMHOM MOBEPXHOCTH:
EI‘IDT = mgh"
rie m — macca, g — YCKopeHue cBOOOAHOro
nageHusa, h — BbICOTa;
® PaCTAHYTOW (CXKATOW) MPYXMHbI:
E = kAF/2,
not
roe k — XECTKOCTb NPYXUHbl, Al — BenuymHa
PaCTAXEHUA (CKaTWA) NPYKUHDI.
KuHemuyeckasn s3Hepaus, E

KWH

® nepemeLleHna TBEPAOro Tena:
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E =mvY/2,
KWH
rge m — macca, V — CKOPOCTb;
® BpalleHnA TBEPAOro Tena:
E =Jw2,
KWH
rae J — MOMEHT VHepuun, w — YrnoBasa CKo-
POCTb.

MexaHuyeckKkaa MOLLHOCTb
U KO3PPULUEHT NONE3HOro
Aeucteusa (KMA)

MexaHuyeckaa mowjHocmeo, N

N = A/t

rne A — paborta, t — Bpema.
N = Fvcosaq,

roe F — cuna, v — CKOpOoCTb, O — Yron mexay
CKOPOCTbIO U CUMOW.

N = Mw,
roe M — MOMEHT Cunbl, W — YrnoBas CKOPOCTb.
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A n N=A /A
roe A — nonesHas pabota (sHeprus), Ao —
3aTpayeHHan pabota (3Heprus).
O6wuu Kng, n
n=n,-N,* NN,
roe n,, N, N,... — YactHole KA.

MAOTHOCTb U AABAEHUE

TnomHocme, p
o=m/V,
rme m — macca, V/ — oObém.
flaeneHue, p
p = F/S,
rne F — cuna, S — nnowagb.
HaeneHue 2py3a, p
p = mg/s,
rme m — macca, g — YCKopeHne CBOOOAHOrO
nagenusa, S — nnowaab.
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bapomempuyeckaa ¢opmyna (3aeucu-
MOCMb 0aesieHus 8030yXa om 8bIcCOMbi)
p = poe-ugh/RT!
rage Y — MoNApHaA Macca rasa, g — YCKOpeHue
CBOOOAHOro nageHua, h — BblcoTa, R — yHUBep-
CanbHas ra3oBas NOCTOAHHasA, T — Temnepartypa.
Fudopasnuyeckuil npecc
F/S =FJS,
rge F], F2 — CWnbl, 4ENCTBYIOLME Ha NOPLUHMN, 51,
S, — nowaan nopLIHen.
Beimankuearowas cuna, F,
F.=pgVY,
roe p — NAOTHOCTb, § — YCKOpeHme cBOOOAHOro
nageHunsa, V — obbEM MOrpy>EHHOW YacTh Tena.

TeueHUe )XUAKOCTEMU U ra3oB

YpasHeHue HenpepbieHOCMU
S1v1 =Sv

2 2
roe S — nnowaapb, v — CKOPOCTb.
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YpaeHeHue bepHynnu
gh + p/p + v*/2 = const,

rne g — yckopeHve cBoboaHoro nageHusa, h —
BbICOTA NIMHUW TOKa, p — [aBNeHue, p — NioT-
HOCTb, V — CKOPOCTb.

3akon Cmokca 0na cmayuoHapHo20 namu-
HAPHO20 NOMOKa

F = 6nnrv,

roe F — cuna conpoTMBReHNA ABUMXEHWIO LWapa,
N — KO3OPUUMEHT BA3KOCTU XMAKOCTK, I — pa-
ONyC Wapa, v — CKOPOCTb LWapa.

MexaHnueckue Koneb6aHUA U BOAHbI
Mepuoo, T
T =t/N,
rne t — Bpema, N — yncno konebaHui.

Yacmoma, v
v = N/t,
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rae N — uucno konebaHun, t — Bpema.
Kpyzoeasa yacmoma, w
w = 2mnv,
roe v — yactoTa.
fJo6pomHocmb KonebamenvHoU cucme-
mol, Q
Q = 2nE/AE,
roe E — nonHaa sHeprua konebaTtenbHOW CUC-
Tembl, AE — yObifib SHEPruK 3a Nepuos.
lpocmpaHcmeeHHO-8peMeHHOU 3aKOH 2ap-
MOHUYecK020 KonebaHus
x = xsin(wt + @),
e X — OTKNOHEHMEe OT MOJNOXEHUA pPaBHOBe-
cns, X, — aMnanTyaa, W — Kpyrosas 4acToTa,
t — Bpems, ¢, — HauanbHaa dasa.
3asucumocms ckopocmu om epemeHu 0N
2APMOHUYeCK020 KonebaHus
v = x wcos(wt + @),
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rae v — CKOPOCTb, X, — aMNANTyAa, W — Kpyro-
BaA 4acToTa, t — Bpema, ¢, — HauanbHasA dasa.
3asucumocmeo ycKopeHus om epemeHu 018
20pMOHUYeCK020 KonebaHus
a=-xwsin(wt + @),
rae a — YCKOPEHWe, X, — aMnanTyaa, w — Kpy-
roBas yacToTa, t — Bpems, ¢, — HauyanbHas dasa.
JHepausa 2apMoHUYecKo20 ocyunnamopa, E
E=kx//2, E = mx w2,
rae k — XECTKOCTb, X, — aMnanTyaa, m — macca,
W — KpyroBas yacTtoTa.
llepuod konebaHuiiT mamemamu4ecKoz20

MAassmHUKaQ
/
T=) /—,
Mg

rae | — onvMHa mateMaTMyeckoro MasTHUKA, g —
yCKOpeHre cBO6OAHOro nafeHus.
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Mepuood konebanuu ¢pusuyeckozo masm-

HUKa
L
I=2m |-,
"o

rne L — npvBenéHHaa AnMHa GU3MYECKoro Ma-
ATHVKA, § — YCKOpeHne CBOOOAHOrO NafeHus.
Mepuo0 KonebaHuii npyXuHel

m
T:ZH\/;»*

rae m — Macca, K — ECTKOCTb.
BelpaxkeHue 0na 60/Hel

y:yosinZH(% - %),

Y = YosSinw(t - %),
rae y — OTK/NOHEHWe, y, — aMnanTyaa, t — Bpe-
mA, T — nepwop, X — KOOpAnHaTa, A — AnnHa
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BOJHbI, W) — KPyroBas 4actoTa, ¢ — ¢a3oBas

CKOPOCTb.
Ckopocmb pacnpocmpaHeHusa 60/HbI (¢ha-

3084 CKOpocms), €
¢ = At, rae A — ANVHA BONHbI, t — BPemA.

TAroteHue U ABUXKEHUe
B rpaBUTALUOHHOM MOAE

3aKOH 6CeéMUpPHO020 mA20MeHuA
m;m,

F=G—5=,
r2

roe F— cuna, G — rpaBuUTaLMOHHAA NOCTOAHHAA,
m — Macca, r — pacCcToAHNe MeXay TOYEUHbIMY
Maccamm.

HanpaxénHocmb 2pasumayuoHHo20 no-
nsa, G*
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roe G — rpaBuTaLOHHaA NOCToAHHasA, F — cuna,
m — Macca, r — PaccToaHne Mexay To4YeyHbIMU
Maccamm.

Ecnn Teno Haxogutca y 3eMHOM MOBEPXHO-

CTn, TO
G* =g,

rne g — ycKopeHue cBO6OAHOro nafeHus.

Paboma e 2apasumayuoHHoM none, A
1 1
A=Gmm,(— - —),
n
roe G — rpaBUTaLMOHHAsA NOCTOAHHAA, M — Mac-
Ca, r — PaccToAHMe Mexay TOYeUYHbIMY MacCamu.
B ogHopogHOM none:
A = mgh,
rne g — yckopeHue cBoOOAHOro nageHua, h —
BbICOTA.
1-u 3akoH Kennepa
Kaxgaa nnaHeTa ABMXXETCA MO 3AAUMCY, B OA-
HOM 13 GOKYCOB KoToporo Haxoautca ConHue.
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2-U 3aKoH Kennepa

Pagnyc-BEKTOpP MNaHeTbl 3a paBHble MpoMme-
KYTKM BPEMEHW 3aMeTaeT paBHble naowaan:

5/t =5/t =5/t = const,

roe S — nnowaap, t — Bpema.

3-u 3akoH Kennepa

KBagpaTbl BPeMEH OOpaLieHMA MAHET OTHO-
CATCA KaK KyObl 60nbLIMX NONyocen nx opouT:

2 3
h_a
2 — 3/
R a
roe T — nepwopg, a — AJIMHA NoAyocu opouTbl.
1-a Kocmuyeckasa ckopocmo, V,

me
Vi=\—7

rae G — rpaBUTAUMOHHAA MNOCTOAHHAA, m —
Macca Tena, r — pPaccToAHMe OT LieHTpa Tena Ao
LleHTpa nnaHeTbl (3emnn).
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[ina 3emnu V = 7,9 km/c.
2-1 KocmMu4YeckKasa CKopocmeo, V"

2Gm
V, =\’ ro

roe G — rpaBUTAUMOHHAA MNOCTOAHHAA, M —
Macca Tena, r — pacCToAHMe OT LieHTpa Tena ao
LleHTpa nnaHeTbl (3emnu).

Ina 3emnn V = 11,2 km/c.

6.3. Teopusa TeENAOTbI

TennoTa U 3Heprusa

Tennoma, Q

Ecnn He n3MeHAeTCA arperatHoe COCTOAHWE
BELLECTBa, TO
Q = cmAt,
rge ¢ — yaenbHasa TennoémKoCTb, m — Macca,
t — Temneparypa.
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Tennoémkocme, C
C = Q/At,
roe Q — Tennorta, t — Temneparypa.
Tennoma 2openus, Q
Q=gm,
rie g — Yy@enbHaa TennoTa CropaHua, m —
macca.
MowHocme mennoeou ycmaHosku, N
N = Q/t,
roe Q — TennoTa, t — Bpems.
KN4 mennoeou ycmaHoseKu, n

_Q-Q
n= Q,

rae Q, — noasefiéHHaA Tennota, Q, — oOTBEAEH-
HadA TennoTa.

Ina unkna KapHo:

_hL-T,
="
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rae T. — Temnepatypa HarpesaTtens, [, — Tem-
nepaTtypa XonogunbHuKa.

TepmoAUHAMMUKa

1-li 3aKOH mepmMOOUHAMUKU
AQ = AU + A,

roe AQ — Tennorta, nony4yeHHaa cucremon, AU —
W3MEHEHWNE BHYTPEHHeN 3Heprum, A — paborTa,
COBEpPLUEHHAA CUCTEMOW.

BHympeHHAa 3Hepeus, U

U=NE,

rae N — uncno vactny, £ — cpefHas KnHetunye-
CKaA 3Heprua YacTuupbl.

[na npeanbHOro rasa:

U=cmAT,

rae ¢, — yAe/nbHasA TenNOEMKOCTb rasa npu no-
CTOAHHOM 0b6BbéMe, m — Macca, AT — n3meHe-
HMe TemnepaTypbl.
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TennoBOe noBeAeHUe BelleCcTB

Tennoma nnaenenusa, Q (3ameepoesaHus
u/u Kpucmannusayuu)
Q=Im,
roe | — ypenbHaA Tennota MAaBfeHuAa, m —
Macca.
Tennoma ucnapenus (koHOeHcayuu), Q
Q=rm,
roe r — ypaenbHasa Tennota napoobpa3oBaHus,
m — macca.
OmHocumenvHas en1aXHOCMb 8030yxa, ¢
P = L 100 %,
Pmax
rae p — abComTHAA BNAXHOCTb, P — MaKCK-
ManbHasA abCoONOTHAsA BNAXXHOCTD.
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TennoBble CBOMCTBaA TBEPAbDIX,
XXUAKUX U ra3006pa3HbIX BellecTB

N3meHeHue 0nuHbl meépoozo mena Al ¢ us-
MeHeHUeM memnepamypbi
Al = al At,
rae a — TepMnYecKnin KO3PpOUUNEHT NMHENHOTO
pacwmpenus, | — anvHa npu t = 0 °C, At — u3-
MEHEHMNEe TeMMepaTypbl.
N3meHeHue 06éma meép0o20 mena u Xuo-
kocmu AV ¢ usmeHeHuem memnepamypel
AV = BV At,
roe p — Tepmuyeckunin Ko3GPUUMeHT 06bEMHOIO
pacwpenns, V. — ob6bém npu t = 0 °C, At — u3-
MEHEHWe TemnepaTypbl.
[ina TBEépAbIX Ten:
B = 3q,
rae a — TepMUYecKnin KO3POUUNEHT NMHENHOTO
paclMpeHMA.
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TennoBble CBOUCTBA
uAeaAbHbIX ra3oB

Xapakmepucmuku cocmosHUS uoeanbHo20

2a3a NPpU HOPMA/TbHBIX YC108UAX
t =0°C
T =27315K,
roe t, T — HOpManbHas Temnepartypa.
V. =22414-10 m*- monb™,
roe V. — HopManbHbIl 00bEM rasa.
p. =1,01325-10"a,

rae p, — HOpMasibHOe aBfieHue,

YpasHeHue cocmosAHUA udeanbHO20 2a3a

pV = %RT, p = nkT,

roe p — paBnenune, V— o6bém, m — macca, 4 —
MONAIPHaA Macca, R — yHMBepcanbHas ra3oBas
NoCTOAHHaA, T — TemnepaTypa, N — KOHLEH-
Tpaumna monekyn, kK — nocTosHHaA bonbumaHa.
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YHueepcanbHas 2azoeas nocmosHHas, R
R=kN,
roe kK — noctosiHHas bonbumaHa, N, — nocro-
AHHaA Asoragpo.
N3omepmuyeckuu npouyecc (3akoH bouna —
Mapuomma)
Ecnu T = const, v = const, TO
pV = const,
roe T — abconoTHaa TemnepaTtypa, Vv — Ko-
NINYeCTBO BellecTBa, p — pAaBneHune, V —
06bEM.
N3o06apHebit npoyecc (3akoH let-JTioccaka)
Ecnu p = const, v = const, 1O
V/T = const,
rae p — AaBneHune, v — KONNYeCTBO BeLyecTBa,
V' — 0b6bém, T — abconoTHaa Temnepatypa.
U3oxopHbiu npoyecc (3akoH Lapns)
Ecnu V = const, v = const, T0
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p/T = const,
roe V — ob6bEm, v — KoNnuecTBo BELLecTBa, p —
nasneHune, T — abcontoTHadA Temnepatypa.
Aduabamuyeckuti npoyecc (3akoH [lyac-
COHa)
EcrmQ =0, 10
pW = const,
roe Q — Tennota, y = 5/3 = 1,67 (ana ogHo-
aTOMHOro rasa), y = 7/5 = 1,40 (ana geyxatom-
HOro rasa).
YpaeHeHue BaH-0ep-Baansca
(p + al V“z)(VLl - b) = RT,
rAe p — AaBnexune, a — Ko3oPuLMeHT, V. — mo-
NAPHbIN 00bEM, b — nonpaBka Ha 06bEM Mone-
Kynbl, R — yHMBepCanbHasn ra3oBas NOCTOAHHas,
I — Temneparypa.
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dopMyAbl, cpaBeAAUBbIE
ANl UA€AABHOIO rasa

Yucno yacmuy uoeanvHoz0 2asa, N
N=Ny,
rae N, — nocTosHHasa ABOragpo, v — Konuue-
CTBO BeLleCTBa.
MonsapHeiu 06vém, V,
V“ = Vv,
roe V — oO6bEM, vV — KONMMUECTBO BellecTBa.
MonsapHaa macca, |
u=mh,
rge m — macca, Vv — KONMYeCTBO BELLeCcTBa.
Macca odHou yacmuyser, m,
m, = m/N,
roe m — macca, N — yncno vactuy naeanbHoro

rasa. m = W,

rae U — MmonsApHaa macca, N, — nocTosHHas
ABoraapo.
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CpeOHAA Keadpamu4yHas CKOpoCmb 4a-

cmuy, v,
’3RT
V.= |—
KB p I

rae R — yHuBepcanbHaa ra3oBas NOCTOSIHHaA,
T — abconoTHas TemMnepaTtypa, 4 — MONSAPHas
Macca.

Haubonee eepoamHas cKopocmb yac-

muy, v,
2RT
V, = f—
° M

rie R — yHMBepCanbHaa ra3oBas MOCTOSHHas,
T — abcontotHas TemnepaTtypa, J — MONAPHas
Macca.

CpedHasa apugpmemuyeckaa CKOpocmo 4a-

cmuy, v_
B ’8RT
vCp - Tl'_u I
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rie R — yHuMBepcanbHaa ra3oBas MOCTOSIHHaA,
T — abconioTHas TemnepaTtypa, 4 — MonapHas

Macca.
CpeOHAs KuHemu4ecKas >Hepaus 4acmu-

yol, E_

P

Ep= SHT,

roe k — noctoAHHasa bonbumaHa, T — abconioT-
HaA Temneparypa.

OcHoOBHble ypasHeHUA KUHemu4ecKou meo-
puu uoeanbHO20 2a3a

p = nkT, n = N/V,
2
pV= SNE,

e N — KOHUEHTpauuA 4actul, K — noCToAH-
Hasa bonbumaHa, T — abconoTHas TemnepaTtypa,
N — yncno yacTuu naeanbHoro rasa, vV — o6bém,

E_, — CpedHAA KNHETMYeCKan SHepruA YacTuLip.
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BHympeHHAaa 3Hepeus, U
U= NECp,

roe N — 4yncno yactul naeanbHoro rasa, ECp —
CpefHAA KMHeTUYyecKkan SHeprua Yyactuupbl.

[1na naeanbHOro rasa:

U=c mAT,

rae ¢, — yAenbHas TeMNOEMKOCTb rasa npm no-
CTOAHHOM 00bEMeE, m — Macca, T — abconoTHas

TemMnepaTypa.

6.4. INeKTpHUuecTBoO
AneKTpUuyeckoe noae

Anekmpuyeckuu 3apso, Q
Q = Ne,
roe N — 4ncnio 3N1eKTPOHOB, € — 3N1eMeHTaPHbIV
3apAg.
3akoH KynoHa
[na ToyeyHbIX 3apALOB:
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= Q%

C Amee 1

rae Q — 2MeKTPUYECKUN 3apafd, €, — INEKT-
pryeckaa MOCTOAHHAA, € — AUdNeKTpPUYeckan
NPOHNLAEMOCTb, I — PACCTOAHME Mexay 3apA-

Oamu.
HanpsaxenHocmb 3n1ekmpu4ecko20 nons, E

—

F

E=6.

[Ina ToyeuyHoro 3apsApa:

1 Q
E=
4nieye 1

!

rae Q — JMEKTPMYECKUN 3apafn, € — JNEKT-
pryeckaa NOCTOAHHAA, € — AMWINeKTpUYecKas
NPOHNLAEMOCTb, I — PACCTOAHME MeXay 3aps-
oamu.
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[ina ogHopopHoro nona:
E=U/d,
rae U — HanpaxeHue, d — pacCTofHUe mexay
OBYMSA TOUYKaMM.
dnekmpu4eckuli nomeHyuan, @
¢ =A/Q,
rae A — paborta, Q — 3neKkTpnyecKuin 3apaa.
Inekmpuyeckoe HanpsxeHue, U

U=0, - 9.
B ogHopoaHOM none:
U= Ed,
roe U — HanpaxeHue, @ — 3neKTpUYecKni

NnoTeHUMan B TOYKE, E — HanpsXEHHOCTb dnek-
TPUYECKOro nonsd, d — pacCToAHME MEXAY ABYMA
TOUKaMMW.
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KoHAeHcaTopbl

Emkocme koHOeHcamopa, C
Q

= U I
rne Q — anekTpuyeckuin 3apaa, U — Hanpsxe-
Hue.
HanpsaxéHHocmb 3/71eKmpuyecKkozo nons

8 N1I0CKOM KoHOeHcamope, E

_U
E=—

rae U — HanpsxeHue, d — pacCToAHME MexAay
NNacTUHaMN.
Emkocme nnockozo koHdeHcamopa, C
C=¢eeS/d,
rA€ € — AWINEKTPUYECKAA MPOHULIAEMOCTb, € —
NeKTprYeckaa NocTosHHasA, S — nnowaab nna-
CTUHbI KOHAEHcaTopa, d — pacCToAHME MeXAY
nnacTUHamu.
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JHepauA 3/1eKmpuy4ecKo20 NoaA 8 KOHOeH-

camope, E,
E,=CU/2,E,=QU/2, E, = Q/2C,

roe C — éMKOCTb NNIOCKOro KoHgeHcartopa, U —
HanpsxeHue, Q — neKTpruYecKnin 3apag.

[TnomHocmb 3Hepauu NN0CKO20 KOHOeHca-
mopa, w_

w _=E/N, w_=eek/2,

rae E, — 3Heprua 3neKTPUYECKOro noss B KOH-
neHcatope, V — 0b6bEM KOHAEHCATOpa, € — Au-
3NEKTPNYECKas MPOHMLAEMOCTb, € — 3JieK-
Tpuyeckaa nocToAHHana, E — HanpAXEHHOCTb
NEKTPUYECKOro nons.

lNocrnepoBaTeAbHOE COEAUHEHUE
KOHAEHCaTOopoB

O6pamHas émkocmoe 6amapeu
1/C=1/C, +1/C + ... + 1/C,
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roe C, C, C — €MKOCTU KOH[IEHCAaTOPOB, N —
KONMYeCTBO KOHAEHCATOPOB.

Ecnn KoHAeHcaTopbl OAMHAKOBDI, TO

C=C/n.
HanpsaxeHue 6amapeu
U=U+U+..+U,

rae U, U....U — HanpsxeHusa Ha obKknagKkax
KOHOEHCATOPOB, N — KONIMYECTBO KOHAEHCATO-

POB.
Ecnn KoHaeHcaTopbl OAMHAKOBDI, TO
U=Un.
3apao 6amapeu
9=4,=4,=...=4,

rae q., q,...q, — MOAyNV 3apAfoB Ha 0bKnajKkax
KOHAEHCATOPOB, N — KOJIMYECTBO KOHAEHCATO-
POB.
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MapannenbHOE coepAUHEeHue
KOHAEHCaTopoOB

Emkocme 6amapeu
C=C+C+...+C,
roe C, C....C — EMKOCTM KOH[IEHCATOPOB, N —
KONMYECTBO KOH[EHCATOPOB.
Ecnn KoHaeHcaTopbl OAUHAKOBDI, TO
C=Cn.
HanpsaxeHue 6amapeu
u=u=U,=..=U,
rae U, U,...U — HanpsaxeHua Ha oOKnapkax
KOHOEHCATOPOB, N — KONWYECTBO KOHAEHCATO-
POB.
3apso 6amapeu
g=q,+q,+...+q,
rae q., g,...q. — MOAyNU 3apAfoB Ha obKnajKax
KOH/[IEHCATOPOB, N — KOMNYECTBO KOHAEHCATo-
POB.

6.4. Inektpuyecteo 275



Ecnn KoHAeHcaTopbl OANHAKOBDI, TO
q=q,n.

INEKTPpUUYECKUe uenu

dnekmpuyeckoe HanpaxeHue, U
U = (p'| - (sz
rae @, — 3NEeKTPUYECKNA NoTeHUKan B Touke 1,
(, — NEKTPUYECKUN NOTEHLMAN B TOUKE 2.

A
U - A
Q
roe A — pabota, Q — 3nekTpuuecKuin 3apsag.
IneKkmpuyeckuu mok, I
-9
t
roe Q — anekTpuueckun 3apag, t — Bpems.
JneKkmpuyeckoe conpomuesieHue, R

_u
R_I"
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roe U — anekTpuueckoe HanpsxeHue, I — anek-
TPUYECKUIA TOK,
dnekmpuyeckas nposooumocme, G

6= =7,
roe R — anekTpuyeckoe conpoTtmeneHune, U —
NEKTPMYECKoe HanpaxeHue.
dneKkmpu4eckas mouwHocme, P
P=Ul,
roe U — anekTpuryeckoe HanpaxeHue, [ — anek-
TPUYECKUIn TOK.
Inekmpuyeckaa paboma, A
A= Pt
roe P — anekTpuyeckaa MOLHOCTb, t — Bpems.
3akon Oma Onsa yyacmka yenu

U
=%
roe U — anekTpnyeckoe HanpsaxeHue, R — anek-

Tpnyeckoe ConpoTmBeHNE.
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3akoH Oma 014 nosiHou yenu
3
[= TR
rge € — JJC NCTOUYHUMKA TOKa, r — BHYTPEHHee
COMPOTUBNIEHNE, R — BHelWHee CONPOTUBNEHNE
Lenm.
(@opmyna conpomueneHus, R

R:p%,

rne P — yAenbHoe COMPOTUBNIEHME MAaTeprana,
| — nnviHa NpPoOBOAHMKA, S — MNOLWaab nonepey-
HOrO CeYeHna NPOBOAHNKA.

YoenoHas  3nekmpuyeckas  npoeoou-
mMocme, \

A= 1/p,

rne P — yaenbHoe COnpOTMBNEHUE MaTepuana.

3asucumocme 3/1eKmpu4yecKo20 conpomue-
JIeHUs om memnepamypeol

R=R(1+ at),
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rae R, — conpotueneHne NPOBOAHMKA Npu
t =0 °C, a — TemnepaTypHbIN KOIPPULMEHT CO-
NPOTUBAEHNA, t — Temnepatypa.

NocnepoBaTeAbHOE COEAUHEHUE
CONPOTUBAEHUU

Tok e yenu, I
I=[=L=..=1,
roe 1, L...I — TOKW B CONPOTUBNEHNAX, N — KO-
NINYeCTBO COMPOTUBIIEHUN.
HanpsxeHue e yenu, U
U=U+U+..+U,
rae U, U....U — HanpsXeHnA Ha conpoTtuse-
HUAX, N — KONNYeCTBO CONPOTUBIIEHUN.
Ecnn conpotuBneHnsa oguHaKkoBbl, TO
U=Un.
ConpomueneHue yenu, R
R=R +R +..+R,

6.4. dnektpuyecteo 279



roe R, R....R — conpoTtuBneHns, n — Konuue-
CTBO CONPOTUBNEHWUIN.
Ecnn conpoTBneHna ouHaKoBbI, TO

R =Rn.
1
[lpasuno omHoweHuU HanpsaxeHuu
U _R U _R
U, R’ U R

lMNapannenbHOe coeAMHEeHUe CONMPOTUBAEHUH

Tok e uenu, I
I=L+L+..+1,
roe [, L...I — TOKW B CONPOTUBNEHNUAX, N — KO-
NINYeCTBO COMPOTUBAEHUN.
Ecnn conpoTuBneHna OgnHaKoBbl, TO

I=1n.
HanpsaxeHue 6 yenu, U
U=U=U,=...=U,
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roe U, U....U — HanpsaXeHns Ha conpoTtuse-
HUAX, N — KONNYeCTBO CONPOTUBIIEHNN.
lMposodumocme yenu, 1/R
1/R=1R +1/R + ...+ 1/R,
roe R, R....R — conpotuBneHus, n — Konnue-
CTBO CONPOTUBNEHWMN.
Ecnn conpotuBneHnsa 0guHaKoBbl, TO

R:&m.
lpasuno omHoweHuli MoOKo8
L _R L_R
[2 B R‘] ! ] N R‘I !

roe I — snekTpuyecknn Tok, R — conpoTtusne-
Hue.

MarHutHoe noae

Bekmop mazHumHoU uHoykyuu, B

B = M/IS,
_ Frnax p_ B!
B= I, ' B= 2nr '
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rae M — MakcMmasnbHbI MOMEHT CWN, OenCTBy-
IOLLMX HA PaMKy C TOKOM, I — TOK, S — nnowagb
PaMKn C TOKOM, F_ — Cuna, 4 — MarHUTHas
NPOHNLAEMOCTb BEWECTBa, U, — MarHUTHas no-
CTOSIHHasA, F — PaCcCToAHME OT NPOBOAHMKA.

B LeHTpe KpyroBoro BUTKa C TOKOM:

_ Mpo!
B="R

I

roe R — paguyc Butka.
Mazanumnasa npoHuyaemocme, |

“ MarHeTuk BaKyyMm d

e —— MArHUTHARA WHOYKUMA B Cpefe,
sayw — MATHUTHAA VHAYKLMA B BaKyyMme.
Maz2HumHeiti nomok, O
® = BScosa,
rne B — marHutHaa mHagykumsa, S — nnowagp
KOHTYpa, 0 — Yron mexay BeKTOpom B n Hop-
Masnblo K KOHTYpY.

rne B
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Cuna Amnepa, F (npaeuno neeou pyku)
F = IIBsinq,
rae [ — TOK, | — ANMHA NPOBOAHMKA C TOKOM,
B — marHutHaa nHaykumua, a — yron Mexay Bek-
TOPOM B 1 NpOBOAHNKOM.
Cuna Jlopenya, F, (npasuno neeoli pyku)
F =QvBsinq,
roe Q — 3neKTpuYecknin 3apag, v — CKOPOCTb
NEKTPUYECKOro 3apaga, B — MarHUTHaA UHAYK-
LUMA, a4 — Yron Mexay BEKTOPOM B 1 CKOpOCTbo
3apAaga.
SHepausA MA2HUMHO20 NONSI KAMyWKu ¢ mo-

Kom, E
E=LF/2,

roe L — WHOYKTUBHOCTb KaTyLwKu, [ — TOK.
3akoH 3neKmpomazHUMHoU UHOYKyuu
e = - AD/At,
roe € — 3[C, AO — n3meHeHNe NOTOKa MarHnT-
HOW NHAYKUnUK, At — Bpems.
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3/1C 6 nposooHuKe (npasuno npasoli pyKu)
€ = Bvlsing,
roe € — J[C, B — marHuTHaA vHAyKuns, v —
CKOPOCTb NPOBOAHMKA, | — AnMHA NPOBOAHUKA,
a — yron.
3AC camouHdykyuu, e,
e = - LAI/At,
roe L — WHOYKTUBHOCTb KaTywku, Al — n3meHe-
Hue ToKa, At — Bpems.

Llenu nepeMeHHOro Toka

Cuna moka e yenu nepeMeHHO20 MOKa, i
MrHoBeHHOe 3HayeHue:

i = Isin(wt + @);
LencTByloLlee 3HayeHue:

IO
I=_ =0;710,

V2
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rae I, — amnanuTyaa ToKa, W — Kpyroeas 4ac-
TOTa, t — Bpems, ¢ — HavanbHaa dasa.
Hanpsax<eHue 8 yenu nepemeHH020 MOKa, u
MrHoBeHHOe 3HayeHue:
u=U_sin(wt + ¢);
OEeUCTBYIoLLee 3HaYeHue:

UO
U=— :0,7U0,

D

roe U, — amnnnTyfia HanpsXxeHus, w — Kpyro-
Bas 4yacToTa, t — Bpems, ¢ — HavanbHas da3a.
Kos¢puyuenm mowHocmu, cos®
RG

cosQ =

1 I
\/R(Z; + (WL - R)z

rAe R — aKTUBHOE CONpOTMBNEHNE, W — KPYro-
BaA 4acToTa, L — MHAYKTUBHOCTb, C — EMKOCTb.
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lMonHaa mowHoOCMe, S
S=U],

roe U — pencteyiollee 3HauyeHne HanpaxeHus,
[ — pencreylowee 3HayeHe TOKa.

AKkmueHaa mowHocmeo, P

P = Ulcose,

roe U — pewncrsyioullee 3HayeHue HanpskeHus,
Icos® — KO3OOULMEHT MOLIHOCTU, @ — CABWUT

das.

PeakmueHaa mowHocme, Q
Q = UIsing,
roe U — peuncTeyiollee 3HayeHne HanpakeHus,
Ising — KO3QPULMEHT MOLWIHOCTA, ¢ — CABUT

das.
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ConpotuBAeHUe
B Lleny NnepeMeHHOro Toka

AkmueHoe conpomuseneHue R _ona meman-
JlU4eCK020 NpPOBOOHUKA npu ycnosuu, 4Ymo
t = const

R=Y =2,
roe U — pencTByiollee 3HauyeHne HanpaxeHus,
[ — pencreyloulee 3HayeHMe TOKa, P — yaesb-
HOe conpoTuBReHne, | — AnMHa NPOBOAHNKA,
S — nnowaab NonepeyHoro CeYeHus.
NHoykmueHoe conpomueneHue, X,
X = WL,
roe W — KpyroBas 4acToTa, L — MHAYKTUBHOCTb.
EmMKocmHoe conpomueneHue, X,
oo
< wC’
roe w — Kpyrosas yactora, C — EmKOoCTb.
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lMonHoe conpomueneHue, R
2 2
R= \/ Ry + (X =X

R= \ij (WL - —=

Ly
wC
rae R — aKTUBHOE COMPOTUBIEHME, X, — UHOYK-
TUBHOE COMPOTUBNEHNE, X — EMKOCTHOE COMPO-
TUBNEHMNE, W — KPYroBas 4acToTa, L — MHAYK-
TUBHOCTb, C — EMKOCTb.

AneKTpoMarHuTHble KonebaHua

[Mepuoo konebaHul 8 KonebamenbHOM KOH-
mype, T (¢popmyna TomcoHa)

T= ZH\’E,

roe L — WHAYKTUBHOCTb, C — EMKOCTb.
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3AeKTp0M3 THUTHbI€ BOAHDbI

Ckopocmb pacnpocmpaHeHus 3/1eKmpo-
MA2HUMHbIX 80JIH, C
=B\
roe A — AJIMHA BOJIHbI, V — YacToTa.

ANEKTPOAU3

3akoH Qapaodes
m = kQ = kIt

_ 1y
m=-—¢- It,

rme m — macca, K — 3NeKTPOXUMUYECKNI K-
BUBaneHT, Q — aneKkTpuyecknn 3apag, I — TOK,
t — BpemdA, N — BANEHTHOCTb BELeCcTBa, U —
MONAPHasa Macca.

lMocmosaHHaa Papaodes, F
F=eN,

6.4. dnektpuyecteo 289



rae e — aneMeHTapHbIn 3apag, N, — NocToAHHas
Asoragpo.

6.5. OnTuka

3aKkoH ompaxeHus ceema
a=y,
rne a — yron nafgeHna CBeTa, y — Yron otpa-
KEHMA.
3aKoH npenomsieHUs ceema

sind _ ¢ sina _ _ny
sinB 6" sinB - n,’

roe o — yron nafenuns, 3 — yron npenomnexus,
C,, C, — CKOPOCTb CBeTa, N, N, — abCOMTHbIE
noka3zaTenu NpenoMieHus.
[lpn pacnpocTpaHeHUn cBeTa M3 BakKyyma
B cpeay:
n=1unn =n,
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sina
sinfB n.

(Qopmyna moHKolU NuH3bI U 3epKana
1/F=1/d + 1/f,
F=0-Ng +7),
roe F — GoKycHOe paccTosHue, d — paccTonHne
N0 n3obpaxkeHuns, f — pacctosaHne Ao npegme-
Ta, N — MoKasaTenb npenomneHuns, R — paanyc
3epkana, R, R, — paanycbl KpUBM3HbI MOBEPX-
HOCTEN NNH3bI.
[ina 3epkana:
1/F=1/d + 1/f = 2/R.
Onmuvyeckas cuna nux3el, D
D =1/F,
roe F — GOoKycHOe paccTosaHme.

Yeenuyenue nuH3el, I
[ = IO/F,
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rae |, — paccToAaHue Haunyudllero 3peHus, F —
$OKyCHOe paccTosaHue.

Yeenu4yeHue mukpockona,
=TT,
rne [ — ysennueHne obbekTuBa, [, — yBenu-
yeHue oKynapa.
Ycnoeue bprocmepa
tga = n,
rae a — yron nageHua, Npu KOTOpPoM yron mexay
MPeNIOM/IEHHbIM N OTPAXEHHbIM NIy4Yami COCTaB-
naet 90°, n — nokasaTenb NpenomneHus.
AugpakyuonHaa peweémka (ycnosue mak-
cumymoe)
dsing = k\; k=0, 1, 2...,
roe d — nepuon andpakUMOHHON PELLETKU, ¢ —
yron, A — ASIMHa BOMHbI.
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6.6. KBaHTOBaA PU3UKa

JHepaus ceemoeso20 keaHma (pomoHa), E
E = hv, E = hc/\,
rne h — noctosaHHasa lnaHKa, v — 4acToTa, ¢ —
CKOPOCTb CBETA, A — [/IHA BOJHbI.
YpaseHeHue 3JSiuHwmeuHa 0na ¢Gomosep-

hekma
hv = A + mv¥/2,

roe h — noctosHHaA MnaHka, v — yactota, m —
Macca, V — CKOpOCTb.
CoomHouweHue Oe bpounsa

h _h

p~ mv
roe A — AnvHa BONMHbl, h — noctoAaHHaA MnaHka,
p — VMMMYAbC, M — Macca, V — CKOPOCTb.
CoomHoweHue HeonpedenéHHocmell

ADp > 072, DEAt > B/2,
h

h= 55,
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roe Ax — HeonpenenéHHoCTb KOOPAMHAThI,
Ap — HeonpefenéHHoCTb umnynbca, AE — He-
onpeneneéHHoCTb 3Heprun, At — HeonpeneneH-
HOCTb BPEMEHMW.
KomnmoH-3¢h¢pexkm
AN = 2Asin¥(©/2),
roe AN — n3MeHeHue QINHbI BOMHbI, A — KOM-
NTOHOBCKasA AsMHa BOnHbl (2,43 107" M), © —
yron pacceaHums.

6.7. Teopuss OTHOCUTEABHOCTH

PeAnaTUBUCTCKAA KUHEeMaTUKa

lpeobpa3zosanus JlopeHya

o t’+x’l2
X'+t C
X= rt: /
v v

c c’
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y=y,z=2
rae X, ¥, Z — KOOpAnHaThl B MHepLUmnanbHOW Cu-
cTeme S, X, ¥, Z — KOOPAMNHATbI B 4PYron nHepuu-
aNIbHOW cucTeme S, v — OTHOCKTENIbHAA CKOPOCTb
Sn S, c— CKOpOCTb CBeTa, t — BPEMA B UHEPLK-
aNibHOM cucteme S, t' — BpemA B NHepLManbHOW
cucteme S.
3ameoneHue epemeHu

= — L s
2
Vv

-5

C

roe t — Bpema B MHepumanbHou cucteme S, t' —

BpeMA B MHepLUManbHOW cucteme S, v.— OTHO-

CUTENbHAA CKOPOCTb S 1 S, ¢ — CKOPOCTb CBeTa.
CokpauwjeHue OnuH

2
;’ 4 '
[:I 1—?2 ’I<,’
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roe | — gnuHa B UHepumnanbHom cucteme S, I' —
OJIMHA B MHepuunanbHON cucTeme S, v — OTHO-
CUTeNbHAA CKOPOCTb S 1 S, ¢ — CKOPOCTb CBeTa.
CnoxeHue ckopocmeu
u+v
u'v

1+—2

C
e U — CKOPOCTb B UHEPLNaNbHON cucteme S,

U'— CKOPOCTb B MHEpLUManbHOW cucteme S, v —
OTHOCUTeNbHas CKOpoCTb S u S, ¢ — cKopoCTb

cBeTa.
[InAa manbIx ckopocTen: u = u' + v.

PeAnaTUBUCTCKaA AMHaAMMUKa

Umnynec 0suxywezocs mena, p
mv
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rme m — macca Tena, v — CKOpOCTb Tena, ¢ —
CKOPOCTb CBeTa.

Cea3b mex0y maccoll u 3Hepauell

E=mdc,

roe E — nonHana aHeprua Tena, m — macca, ¢ —
CKOPOCTb CBeTa.

lonHas 3Hepausa mena, E

E = mc® + mv?¥/2,

roe m — macca, ¢ — CKOpPOCTb CBETa, V — CKO-
POCTb Tena.

6.8. AToMmHas U AaepHana PU3MUKa

CtpoeHue aToma

JHepaus ucnycKkaemoz0 usau no20ujaemoz20
cgaema
AE=EF -E;
n m
AE = hv,
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roe £, E — sHepreTnyeckme ypoBHU aToma, h —
noctoAaHHaA lNnaHKa, v — vacToTa CBeTa.

Paoduyc bopa, a,

a, = €,h’/(nme?),

rae €, — 3NEKTpUYecKas noctosHHas, h — no-
CToAHHaA [naHka, m — macca SNeKTPOHa, e —
3apAg dNeKTpoHa.

CnekmpanvHas cepua amoma 6000pooda

L —R(~-21,
A (n2 mz)
(n=1,23...),
(m=23,4...),

rne A — JnWHa BOMHbl, R — nocToAHHas Pupa-
bepra.
OmHocumeneHas amomHas macca, A
A =m/u,
rae m, — Macca aToma, U — aTOMHasA eanHuua
Maccol (a. e. m.).
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Yucno HyknoHos, A
A=Z+N,

rae Z — 4ncno NPoToHOB (3apag aapa), N — uunc-
110 HENTPOHOB,

Cumeonuyeckan 3anuce

ACUMBOJT 3NEMEHTA,

roe A — maccoBoe uncno, Z — Yncio NpoToOHOB
(3apAp Appa).

Macca adpa, m,

m, < Zmp + Nm ,

roe Z — 4uaio NpoToHoB (3apag Aagpa), N —
4NCNO HENTPOHOB, M — Macca NPOTOHa, M —
Macca HenTpoHa.

Hepekm maccer, Am

Am = (Zm}0 +Nm)-m,

roe Z — 4nucno npoToHoB (3apaa aapa), N — yunc-
/10 HEUTPOHOB, M — Macca NpOTOHa, M — Mac-
Ca HeMTPOHa, M — Macca aapa.
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JHepaus ceA3u 8 aope, E

CB

E_=Amc,
roe Am — pedekT Maccbl, ¢ — CKOPOCTb CBeTa.

Y0enoHas 3Hepaus cesA3u 6 A0pe, €_
e =E /A
CB CB

rae E_ — 3Heprua CBA3N B Afpe, A — MaccoBoe
yncno.

PapuoaKTUBHOCTb

AKmueHocmb paouoaKkmueHo20 eelje-

cmea, A
A=Nit, A=Age"

rae N — uucno pacnagos, t — Bpema, A) — Ha-
Ya/ibHaA aKTUBHOCTb, A — MOCTOAHHAA pacnaga,
m — macca.

AKkmueHocmb paocuoakmueHo20 eewecmed
yoenobHas, a

a=A/m,
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roe A — aKTUBHOCTb PAaANOAKTUBHOMO BELLEeCTBa,
m — Macca.
Jlo3a usny4yeHusa noznowéHxas, D
D = E/m,
roe E — nornowéHHanA 3Heprua, m — Macca.
JKeusaneHmHas 0o3za, H
H = DQ*,
rae D — posa m3nyyeHua nornowéHHas, Qf —
CYMMapHbIN 3apAg OAHOro 3Haka.
Ho3a usnyyexusa 3kcnosuyuoHHas, X
X=0Q/m,
rie Q — KoO3pUUMEHT KauyecTBa W3NyyeHus,
m — Macca.

3akoH pacnada
N=N, e™,

_ N T,
N_NO(Z) ,
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roe N — 4yncno HepacnaBLUMXCA aTOMHbIX AAep,
N, — 4nCNo HepacnaBLINXCA aTOMHbIX Afep Npw
t =0, e — uncno Jnnepa.

llepuod nonypacnada, T, ,

In2
T,,= N2
1/2 A !

rae A — nocToAHHasA pacnaga.



7. YTO HEOBXOAUMO NOMHHTD
NPU PELLEHWUU 3AAAY

7.1. KuHemartuka

® [Tnowaab Gurypbl noa rpaduKomM CKOpOCTy
YMCNIEHHO PaBHa NEPEMELLEHNIO TeNa 3a YKa3aH-
HOe BpeMs. 3HaK NepeMeLLEHNS MOXET ObiTb Kak
NONOXNTENbHBIM, Tak U OTPULATENIbHbIM B 3aBU-
CMMOCTW OT HanpaBneHua AsuKeHuA. Mpn 3Tom
cnegyeT yUMTbiBaTb, YTO BENMYMHA MPONAEHHOrO
nyTV ABNIAETCA TOJIbKO MOJIOXKUTENIbHOWN (NYTb He
MOXeT YMeHbLLIATbCA).

® OguH 1 TOT e Bug rpaduika, MOCTPOEHHDI
ONA pasHblX OYHKUMOHANbHLIX 3aBUCUMOCTEN,
OyaeT onucbiBaTb pasHble TWUMbl ABUXeHMA. Ha-
npumep, NMHNUA, NapansieNnbHasa ropu3oHTaNbHOW
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OCW, MOXET O3HauyaTb MOKOW (rpaduk Koopau-
HaTbl), PaBHOYCKOPEHHOe ABMXeHue (rpaduk
YCKOPEHWA), a TaKKe pPaBHOMEPHOE [BVXKeHUe
(rpaduk ckopocTu), NO3TOMY Npu paboTe ¢ rpa-
PrKamy BaXHO BbILENUTb BEIMUMHY, rPaduK Ko-
TOPOWN N3006pPaKEH.

7.2. AMHaAMUKa

®Bec Tena M cuna TAXKECTM — pasHble
dur3nyeckme BeNNYnHbI.

¢ Obpallante BHUMAHME Ha KoyeBble pa-
3bl: «TENO ABUXKETCA MO rMafgKon NOBEPXHOCTU» —
6e3 Cunbl  TPEHWA; «Teno  ABWKETCA No
VHepunMm» — PaBHOAENCTBYIOWAA CUA PaBHA
HYMIO, TO eCTb [BWXeHuWe npAMOSIMHENHoe
W PaBHOMEPHOE; «rPy3 MOABELLEH Ha NPYXUHE» —
Cuna ynpyrocTu paBHa Cune TAXKECTW.
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® Cvna TPeHWA 3aBUCUT HEe OT CUJbl TAXKECTH,
a OT CuAbl HOPMANbHOW peakuun Oonopsl,
KOTOPYI0O HeobxoaMmo onpepensTb, NPUMEHUB
BTOPOW 3aKOH HblOTOHa: an = uUN npu ycnosun,
YTo TENO ABWXKETCA (peyb MOET O Cune TPeHWA
CKonbXeHua). Ecnn Xe Teno nokoutcd, TO
rOBOPVM O CUfie TPEHUA MOKOA, KOTOpasA paBHa
cune BO3[enCTBUS Ha Teno.

® PaBHOOEUCTBYIOWYIO  MOXHO  HaxoAuTb
TONbKO Y CUN1, NPUNOXKEHHbIX K OQHOMY Teny.

® [lpn onpegeneHNUn OTHOLLIEHUSA OOHOW
BENIMUNHBI K APYron cnegyeT CTporo cobnogatb
NOPAQOK, YCTAHOBJIEHHbIV YCNOBMEM 3adauMn.

7.3. 3aKOHblI COXpaHEeHUA

® /IMnynbC Ccunbl U MMNYNbC Tena He OfHa
N Ta Xe Ppusnyeckas BennymHa.
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® BekTOpHaa cymMa MMMYNbCOB Tesl 3aMKHY-
TON CUCTEMbI U apuPmeTmyeckaa CyMma UX Mo-
Oynen He OHO 1 TO Xe.

® BekTOpHaA Cymma MMMNyIbCOB A0 B3anMO-
LEeNCTBMA paBHA BEKTOPHOM CyMMe WUMMYbCOB
nocne B3aumoaencTana (N0 HavanbHbIM AaHHbIM
HaXOAWUTCA KOHEYHbIN UMMYNbC, 1 HA0OOPOT).

® [1pn pewweHnn 3aay Ha 3aKOH COXPaHeHUA
SHEPrumn HyXHO 0053aTeNIbHO, ONMPAACh Ha Ha-
yasibHble AjaHHble, PACCMOTPETb BCE NU3MEHEHWA
SHepruun, KoTopble MPOUCXOAAT C TENOM.

® Pabota cunbl TpeHua (CONPOTUBNEHUA)
PaBHA M3MEHEHMWIO KMHETUYECKOW dHeprun npu
OBWKEHMMN MO FOPU3OHTANN.

® Ecnv npw B3anmopenctsum Tena paedop-
MUPYIOTCA, TO U3MEHAETCA UX BHYTPEHHAA JHep-
MA U MeXaHuyeckaa dHeprua He COXpPaHAeTCA
(YacTb MepexoguT BO BHYTPEHHIOW), TOrAa Kak

306 7. Yo Heo6x0AMMO NMOMHWTL MPU PelleHUH 3ajay



CYMMapHbIA UMMYbC 3aMKHYTON CUCTEMbI TeJl
COXpaHAETCA.

® [Ipn pelleHnn 3aa4 Ha 3aKOH COXPaHEHWA
MMMynbca 06s3aTeNlbHO HAZO UCMONb30BaTb Yep-
TEX C YKa3aHMeM HanpasfieHUA CKOPOCTM.

¢ [lpn onpeaeneHUy OTHOLWIEHNA OOHOW Be-
NIMYNHBI K OPYron cnepyet CTporo cobnioaatb
NOPAQOK, YCTAHOBJIEHHbIV YCNOBMEM 3adauMn.

7.4. Ctatuka, KonebaHun
U BOAHDI

® [Ineyo cunbl — neprneHgnKynaAp (Kpatyau-
lee pacCToAHMe) OT OCM BpPaALLEHUA A0 AVHUK
OENCTBMA CUNbl, @ HE OTPE30K, COeAVHAILWNN
Hayano WM KOHeL, BEKTOpa CUJibl C OCbl0 Bpa-
LleHWA.

® [1pn pacyéTte faBNEHMA B XXMOKOCTN CrielyeTt
BHMMATENbHO YWTaTb YyCnosue 3agaun. [lpu
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Hanuuunm Qpas «onpeaennTb rmapPoCcTaTUyYecKoe
OaBfeHne», «onpeaennTb AaBfieHne XUOKoCTU»
peweHne uaet 6e3 yyéta aTMOCPepHOro
nasneHua no ¢opmyne p = pgh. Mpwn oTCyTCTBUM
3TUX $pa3 faBleHre PacCunTbIBAETCA C YYETOM
aTMochepHoro  paBneHusa  (bygeT  ykasaHo
«MpU HOPMaNbHOM aTMOCHEPHOM AABNEHUU»):
P=P,. TP,

® [1pu pacyéte apxmmef0BOU CUJTbI KNKOYEeBas
dpasza «Teno nnaBaeT» roBOPUT O TOM, YTO CMNa
TAXECTWU paBHa apxumenosoun cune. Pacyétsl
cnegyet npoussoanTb TonbKo B CU.

® [lpy yBennyeHUn amnanTyabl KonebaHwmii
nepuoa Nboro MasTHMKA He WU3MEHWUTCA, Npu
yBeIMYEHUN MacCbl Mepuog MaTemaTuyeckoro
MAATHUKA HE U3MEHUTCA.

® ECnun 3aaHO ypaBHEHNE KOOpAWHaTbl Tena,
COBEPLUAIOLLErO rapMOHMYeCcKne KonebaHus,

308 7. Yo Heo6x0AMMO MOMHWTL MPU PelleHUH 3ajay



TO CKOPOCTb Tena MOXHO HanTu, B3AB MepPBYIO
NPON3BOAHYI0 KOOPAMHATbI Tefla Mo BPeMeHN,
a YCKOpeHne — B3AB BTOPYIO MPOW3BOLHYIO KO-
OpAMHaTbI MO BPEMEHM.

® [Ipy pacuéte pacCToAHUA OO NPEnATCTBUA
cnegyeT NOMHUTb, YTO BOMIHA NPOXOAUT 3TO pac-
CTOAHME ABaXAbl (OT NCTOYHMKA [0 NPEenATCTBMIA
W OT NPenATCTBUA 4O NPUEMHMKA).

® [lpn onpegeneHNUN OTHOLIEHUA OJHOW
BENMUMHBI K APYron HeobXoammMo CTPOro co-
bniogatb NOPAAOK, YCTAHOBMEHHbIA YCNOBUEM
3ajaun.

7.5. MoneKynfipHO-
KUHEeTUYeCcKan Teopus

® AGConoTHas TemnepaTypa Tena — 3T0
TEMNepaTypa, BbipakeHHas B KenbBuHax (K).
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® [Tpy peleHnn 3aaay Ha NPUMEHEHNE 3aKo-
HoB MKT Temnepatypa BbipakaeTCcA B KesbBU-
HaX, MONIAPHaA Macca — B Kunorpammax.

e CniegyeT pasnnyatb MOHATUA «CpefHeKBa-
OpaTUYHAA CKOPOCTb» U «KBagpaT CpefHen CKo-
POCTUY.

® BaXXHO NOHMMaTb OTANYME UKAEANbHOrO
rasa OT peanbHOro rasa (npeHebperaem nOTeH-
UManbHOW SHepruen B3aUMOLEUCTBUA MeXay
MOJIEKYNaMu).

® B yCnoBuM 4acto BCTPeYaroTca KIuesble
Qpasbl, XxapakTepHble AnA OonpefenéHHbIX Mpo-
LLeCCoB: «CoCyq QUKCMPOBAHHOTO OObEMaY» WK
«COCYQ C XECTKUMMU CTeHKamu» — K30XOPHbIN
npouecc, «mnopleHb MOXeT cBobogHO nepe-
MEeLaTbCA» — K300apHbIi NPOLIeCC, «NopLUEeHb
MeAJIEHHO nepemMecTunny — WU30TepPMUYECKn
npouecc.
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® Cnepyet obpalyatb BHYMaHME Ha XapaKTep
V3MEHEHWNA BENNYNH: <yMeHbLAK Ha 10 nnTpoB»
unn «ymeHbLnam go 10 nuTpos».

7.6. TepmoaoHaMHUKa

® BaXXHO 3HAaTb OCHOBHblE 3aKOHOMEPHOCTY
ra3oBblX MPOLECCOB: MPW M30XOPHOM MpoLecce
paboTa rasa paBHa Hynw, npu aguabaTtHOM npo-
Lecce OTCYTCTBYeT Tenjo0OMeH, TO eCTb KOnu-
YeCTBO TENNOTbl, MOSlyYaemMoe TeIOM WU OTAa-
BaeMOe WM, PaBHO HYNIO, NPY N30TEPMINYECKOM
npoLecce W3MEHEHWe BHYTPEHHEN 3HEepruu
PaBHO HYJIO.

® PaboTa rasa no mopgynlo pasBHa paborte
BHEWHNX cun. Ecnmn ra3 pacwmpsercs, 10 ero
paboTta Oonble HynAa, a pabota BHELHWUX CUN
MeHbLUe HYNA (BHELHWe CUMbl CAePXKIBALOT YBe-
nnyeHre 06bEMA); eCnn ra3 CKUMatoT, To, Hao0o-
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POT, BHELIHMe Cufbl COBEPLUAKT MONOXKUTENb-
Hyl0 paboTy, a ras, CONPOTUBAAACL CKaTUIO, —
OTPULATENbHYIO.

® B 3aMKHYTOM UVKNe npyv HeM3MeHHON Mac-
ce ra3a M3MeHeHue BHYTPEHHEeW SHeprum paBHO
Hyno: 1—2—3—4—1.

® [lpn CoCTaBNeHUN YypaBHEHWA MepBOro
3aKOHa TepMOAUHAMMKK cnepyeT obpalatb
BHMaHMe Ha @pa3sbl, onpeaenawwme 3Haku
Y UUCNEHHbIX 3HAYeHUN QU3INYECKUX BENUYUH:
«yBeNMuymunacb», «rasy nepefanm» — 3HaK «+»,
«yYMeHbLUMNACb», «ra3 oTAan» — 3HaK «-».

® OObeaNHEHHDIN ra30oBbIl 3aKOH Cnpasepj-
NINB TOJSIbKO MPU HEN3MEHHOW Macce (Konnyectae
BELLEeCcTBa) rasa.

® Onpepenato KN4 uvkna no d¢opmyne

I -T
n= % . 100 % MOXHO TONbKO ANA UWKna

H
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KapHo (umkna c aByma agmabatamy U ABYMA
n30TepMamMu), TOraa Kak aHanornyHyo Gopmyny
C NPUMEHEHMNEM KONMYECTBA TEMaOTbl MOXHO
MCMONb30BaTh NPKU pacyéTax Nboro umkna.

® B yCcnoBum 4acto BCTPeYaloTCsa KioyeBble
dpasbl, XxapaKTepHble AnA onpeaenéHHbIX Npo-
LLeCCOB: «COCya PUKCMPOBAHHOrO 0OBEMA» MW
«COCYO C ECTKMMMK CTEHKaMn» — WN30XOPHbIN
NPOLIeCC, «MopLUeHb MOXeT CBOOOAHO nepe-
MeLaTbCA» — M300apHbIN NPOLEece, «NopLUeHb
Me[NIeHHO nepeMecTuany — WU30TeEPMUYECKNN
NnPoLecc, «MopLWeHb ObICTPO nepemecTunny —
afmabaTHbIN npouecc.

® CnepyeT obpalyaTb BHUMaHWE Ha pa3mep-
HOCTb GU3NYECKNX BENIMYMH Ha OCAX rPadurKoB.
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7.7. OTHOCUTEeAbHaA BAAXXHOCTD,
KOAMYECTBO TEMNAOTbI

® [Ipn @a3oBbiXx nepexodax TemnepaTypa
Tena He MeHAeTCA, OQHAKO M3MeHeHne BHYTPeH-
Her SHeprum NPOUCXoauT (38 CUYET M3MEHEeHUs
NOTEHLMANbHOWN SHEPruu).

® CniefyeT pas3fnMyatb M3MeHeHWe BHYTPEeH-
Heln sHeprun npu $Gas3oBbIX nepexogax (nnas-
NleHne, Kpuctannmsauyua, KuneHue, KOHOeHcCa-
UMA) N M3MEHEHMEe BHYTPEHHEW 3SHeprum npu
N30TEPMNYECKOM npoLecce B MAeasbHOM rase
(B mgeanbHOM rase Mbl npeHebperaem NOTEHLU-
anbHOW 3Heprven B3aMMOAencTBMA Yactu, no-
3TOMY W3MEHeHWe BHYTPEHHeW SHeprun paBHO
HYII0).

® YMeHblueHne oObéma Tena npu OTHOCU-
TenbHoOM BRaxHoctTn 100 % He Bne4YeT um3me-
HEeHVA JaBneHna npu QUKCUPOBAHHOW Temne-
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paType (Tak Kak AaBfeHMe pPaBHO AABMEHMIO
HaCblILWEHHbIX NMapoB).

® [pn Temnepatype BogaHoro napa 100 °C
[aBNeHNe HACbILEHHbIX NAPOB PAaBHO HOPMaJlb-
HOMY aTMocdepHoMy aasneHuio (10° M1a).

7.8. dNeKTpOAUHAMMUKA

® EMKOCTb KOHAeHcaTopa 3aBUCMT TONMbKO
OT XapaKTepuUCTUK KOHAeHcaTopa: naoLlaan
NIacTUH, PacCToOAHMA MeXAay nnacTMHamu u ot
CBOWCTB MaTepuana, KOTOPbIM 3amnosfiHeH Mpo-
MEXYTOK MeXAay NnacTMHamu, U He 3aBUCUT HU
OT 3apAAa, HX OT HaNPAXeHUA Ha KOHAEHCaTope.

® COnpoTuUBIIeHNE Pe3nCcTopa 3aBUCAT TOSIb-
KO OT CBOMCTB BeLeCTBa, U3 KOTOPOro OH CAleNnaH,
OSMHbI NPOBOAA, NNoLwWwaan ero NonepeyHoro ce-
UeHMA U He 3aBUCUT OT CUJIbl TOKA B NPOBOAHMKeE
M HanNpAXeHWA Ha HEM.
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® MoLLHOCTDb, Bblaensemasa BO BHELLHEN Lenw,
OyaeT MakCManbHOW, KOraa BHELHee CONpPOTyB-
NIeHne Lenu paBHO CONPOTUBAEHMUIO UCTOYHMKA.

® [eOMeTPUYECKNIN CMbICN 3apAfa, npolues-
Lero yepes nornepeyHoe ceyeHne nNpPoBOAHMKa:
nnowaab Gurypbl, OrpaHUYeHHON TrpaPrKom
CUNIbl TOKA OT BPEMEHM.

® [lageHne HanpaXeHnA — YMeHblUeHue
HanpPAXeHNA BAOMb NPOBOAHMKA 3a CYET TOro,
YyTo OH 06NMafaeT aKTUBHbIM COMPOTUBNEHWEM,
TO €CTb HanMpAXeHue yyacTKa BHeLUHeW Lenu.

71.9. dNeKTpOMarHuTHble
ABA€HUA

® BaXHO pa3nnuaTb MOHATMA «UHAYKLUAY
N «CaMOVHAYKUMA». MHAYKUMA — BO3HMKHO-
BEeHMe TOKa B Lienu noa AENCTBMEM BHELIHEro
NepeMeHHOro MarHUTHOTO MoNs, CaMOVHAYK-

316 7. Y10 Heo6XxoAMMO MOMHUTL MPW PELIeHUU 3ajay



UnA — ABneHne BO3HNKHOBeHUA 3LAC nHaykuymm
B NPOBOAALLEM KOHTYpe Mpu N3MEeHeHUn npoTe-
KaloLero yepes KOHTYp TOKa.

® [lageHne HanpsXeHNMA — YMeHblUeHue
HanNpPAXeHWA BAOJSIb NPOBOAHMKA, MO KOTOPOMY
TEUYET 3NEKTPUYECKNI TOK, 0OYCNOBNIEHHOE TEM,
YTO NPOBOAHMK 00nafgaeT aKTMBHbIM COMPO-
TUBNEHNEM (MHBIMW CNOBaMK, 3TO HanNpsXeHue,
BO3HMKaloLLee Ha pe3ncTope npu NpoxXoxaeHnu
yepes HEero 3NeKTPUYECKoro ToKa).

® MoLLHOCTb, Bblensaemasa BO BHELIHEN Lenn,
byaeT MakCMManbHOW, Koraa BHeLHee ConpoTyB-
fIeHne Lenn paBHO COMPOTUBEHNIO NCTOYHMKA.

® PaboTa MO nepemelleHnto  eauHNYHOro
3apAga M3 OHOM TOYKM B OOHOPOAHOM Lenu
B APYryl0 TOUKY He 3aBMCUT OT CONPOTUBIIEHNSA
NPOBOAHMKOB, a OnpeaenAeTca pPasHoOCTbio Mo-
TeHUMaNoB Mexay 3TUMK TOYKaMU.
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¢ [lpn pacnonoxeHun npeameTta B ABONHOM
doKyce nepepn cobupatoLen NMH30M NOyYaeTca
OeNCTBUTENbHOE M300paXkeHne, paBHOe npea-
MeTy.

® [lpn aHanuse wn3006paxKeHN, AaBaEMbIX
NINH30M, CneayeT NOMHUTb, 4TO U300paKe-
HMe y pacceMBalolwen NUH3bl BCerga MHMMOE
N YMeHblUeHHoe (npw Ntoboi NOCTaHOBKe Npea-
METa, KpOMe pacnonoxeHusa B pokyce), y cobu-
patoLien NH3bl MHUMOE 1 YBENNYEHHOE 1n300pa-
eHne nonyyaetca Npu pasmeLleHnn npegmeTa
MeXay GOKYCOM M1 JIMH3OM.

® Yron nageHua 1 yron OTpakeHua nyya oT-
MepAIOT OT NepneHANKynApa, BOCCTaHOBIEHHOIO
B TOYKY MafeHuA nyya, a He OT OTpaxatoLen no-
BEPXHOCTW.

® [lpy nepexomde 3/1eKTPOMArHUTHOWN BOJIHbI
U3 OHOW Cpefbl B APYryI0 YacToTa He MEHAETCA.
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7.10. KBaHTOBana pu3uka

® OOTOH — yacTnua, KoTopas He obnagaet
Maccoln, CnocobHan CyllecTBOBaTb B BaKyyme,
TONIbKO ABUrasACb CO CKOPOCTbIO CBeTa.

® ATOM B Le/IOM 3SNeKTPUYeCKn HeuTpaneH
(CyMmapHbI 3apAa NPOTOHOB PaBeH CyMMapHO-
MY 3apAAY 3NeKTPOHOB), TO eCTb 3apAA0BOE YMCIIO
yKa3blBaeT He TOMbKO Ha KOMMYeCTBO NPOTOHOB
B AAPE aTOMa, HO U Ha KONNYeCTBO /IEKTPOHOB.

® Macca sAgpa aTtomMa M MacCOBOE€ 4MUCIO
aTOMa — pasHble Gu3nyeckne BENNUYNHbI.

® BaXXHO pasnmyatb 3N1EKTPOHHbIA U MO3K-
TPOHHbIN [3-pacnap.

® YBenmyeHve WHTEHCMBHOCTM MNafatoLlero
CBeTa Ha NOBEPXHOCTb MeTanna BAUAET He Ha
CKOPOCTb BbINETAKOWMNX 3NIEKTPOHOB, @ Ha UX KO-
NIMYeCTBO N, COOTBETCTBEHHO, Ha BEIMYMHY TOKa
HaCblLWEeHUA.



Bce npasa aawmueHsl. KHura nnm mobas ee 4acte He MOXeT ObiTb CKOnuposaHa, BOCNpon3seaeHa B anek-
TDOHHOU MM MeXaHWYeCcKoi hopme, B Buae QOTOKONMMA, 3anucK B namste 3BM, penpoaykumm nnm kakmm-sm-
60 MHBIM CrIOCOBOM, a Takxke MCrobL30BaHa B Mook MHpOPMaUNOHHOM cucTeme 6e3 NonyHeHus paspeLueHms
oT maaarens. KonuposaHwe, BOCMPOU3BEAEHNE 1 MHOE MCMNOL30BaAHNE KHUMM nan ee YacTn 6e3 cornacus
m3naTtens ABNAeTCH He3aKOHHbLIM U BIEYET YroIOBHYIO, 8AMUHUCTPATHUBHYIO W IPDaXAaHCKYI0 OTBETCTBEHHOCTb.

CnpaBo4Hoe nsgaHue / AHbliKTamasnblk 6acblibiM
KAPMAHHbBI CMPABOYHUK AN4 NOATOTOBKW K Er3, Ora U BMP

Haymuuk Buktop Hukonaeeuu

dU3UKA §'§g

OTtBeTcTBEeHHbIN penakTop T. CyaakoBa
Crapwwnin pepaktop A. lpoLeHko
XyooxecTBeHHbIV pegakTop H. Kpusowta

B konnaxe Ha 06N0XKe 1 TUTYNE UCNOJSIb30BaHa MNNOCTPaLMS
Yunus Praditya / Shutterstock.com
Mcnonb3yetca no nuueH3nm ot Shutterstock.com

CrtpaHa nponcxoxaenus: Poccuiickan Pegepauns
Weirapywsl en: Pecein ®enepaunscol

000 «HaparensCcTBo «IKCMO=

123308, Poccws, . Mockea, yn. 3opre, . 1, crp. 1, at. 20, kab. 2013, Ten.: 8 (495) 411-68-86.
™ u Home page: www.eksmo.ru  E-mail: info@eksmo.ru

Emaipywi: «MagaTenscTBO «3wchmos KILIK
123308, Peceil, Mackey xanace!, 3opre keweci, 1-yi, 1-kypoinsic, 20 kabar, 2013-kab.

OqJH LI.H albHbI FI Ten.: 8(495) 411-68-86. Home page: www.eksmo.ru  E-mail: infoeksmo.ru.
Tayap Genrici: «3xcmo=

WHTEpPHET-MarasuvH MuTepueT-maraamnn | waw.book24.1u

um3poaTtenbcTea (‘3KCMO» HurepHeT-marasmn | www. book24 ke

HurepHeT-aywen : www.book24 kz
Wmnoprép s Pecnymecy Kazaxctas TOO =PI -Anmatsi=.

ISBN 978-5-04-206082-3  meminimine i e

OMcTPUBLIOTOD W NPEOCTABMTE N NO NPHEMY NPETEHINA HA NDOKYKLWO
B PecryBnuee Kazaxcras: TOO «POL-Anmares

TOO POLL Anmarsl, Ansaare, yi. JomGposceoro, 3-as= nutep B, odwc 1.

JrcTpubbioTop xase Kasakctad Pecys aHisre p
kabeinnay seHinneri exin: «PAL-Anmarse HILC.

Amaarsi k., Oosbpoeckii ko, 3 «a-, nurep B, odwic 1.

Ten.: 8(727) 251-59-90,/91/92. E-mail; RDC-Almaty@eksmo. kz

@ nog STETEMA MAAHWR COMACHO 3axnHonaranseTay POy

0 TEXHUHECKDM PEYNMPOBAMHIM MOXHO NOMYHHTE HA CaATE MANaTeNLCTEA «3KCMOs:
9 7 8 5 0 4 2 0 6 0 8 2 3 > www.eksmo.ru/certification

TexHUEANGE, PETTEY Typans PO 3am biHE Can Bac CORKBCTINH pacTay
Typamt ManimeTTERn Muna anpec GofwHwa anyra Gonanw: hitp://eksmo.ru/certification;

BINYNTAN-TOPOL oo memomomsn

CepTidrkarTayra Xarnamis

Hata narotosnenus / NoanuncaHo B neyatb 17.07.2025.
®opwmar 60x847/,,. NeyaTb odpceTHasa. bBymara Tunorpadcekasi.
Ycn. ney. n. 4,67. Jon. tupax 3000 3k3. 3akas

o




DU3NKA

ans noaroroBku K EI3, 013 m BIP

YAObHO
bPATb | | |

c cosﬂm 9"785042"060823">






