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BBeenue

Ckansipsl ¥ BEKTOPbI

N

Puc. 1

BekTopHas cymma

s a S~
b
Puc. 2

BenuunHa, 3HaYeHHE KOTOpOIi omnpe-
JEASeTCA TOJIbKO MOJIOXUTEIbHBIMHU
M OTPUHATEJIbHBIMH YMCJIAMH, Ha3bl-
BAETCA (KaA4pom (CKaJNSPHOH BeNHU-
ugHoi). [IpuMephl CkasiIpHBIX BejH-
YMH: Macca, 3apsal, IUIOTHOCTD,
paboTta. BenuuuHbI, 3HaYEHHS KOTO-
PBIX ONpENENAIOTCS HE TOJBLKO Jei-
CTBHTEJbHbBIMU YHCIaMH, HO M Ha-
NpaBJICHHEM B MNPOCTPAHCTBE, Ha-
3bIBAlOTCA 8exmopamu (BEKTOPHBIMH
BenunHaMu). Hanpumep, yckopenue,
CKOpOCTb, CHJIA, HANPSXEHHOCTh HO-
JS U T.N.— BEKTOPHBIC BEJIHYHHBI.
Bektop u300pakaeTcs HanpaBieH-
HbIM OTpPEe3KOM B TNPOCTPAHCTBE
(puc. 1). Touka P, Ha3bIBaeTCs Haya-
JIOM BekTopa, P, —koHuoM. [lnuHa
oTpe3ka P, P, HasblBaeTCcad MoOayJieM
BeKTOpa. JIBa BeKTOpa paBHBI ApYr
JpYry, €CIM OHH HMEIOT paBHbIE
MOJy/Id ¥ OZIMHAKOBbIE HATIPABJICHHS.

[lepBriii cnocob: nepeHocATCS BEKTO-
pel a u b (puc. 2, a) napannenbHO
camuM cebe Tak, 4TOGBI KOHEL OTHO-
ro BEKTOpA COBMECTHJICH C HayaloM
ApYroro BEeKTOpa; TOraa BEKTOp,
NPOXOASALUMHA 4epe3 Hauyajo NepBOro
BEKTOPAa M KOHEL[ JPYroro BeKTOpa
(puc. 2, 6), paBeH CyMMe 3THX BEKTO-
pOB. DTa CyMMa Ha3bIBACTCH 8eKmMop-
Hoti: a+b=c.

Bropoii cmoco6: nepeHocsATcs Bek-
Topel a M b mapannenbHo caMum
cebe Tak, 4TOObI HAYana HX COB-
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PasnoxeHne BekTOpa
a.
a, 2
a3
a
Puc. 3

VYMHOXeHue BEKTOpa Ha CKajuiap

PasHocTtb BEKTOpPOB

Puc. 4

CK’dJ’IﬂpHOC TIPpOU3BEACHHUE

MeCTHIHCh (pHC. 2, 6), CyMMa BEKTO-
poB OymeT wn300paxaTbcs JHaro-
HaJIbl0 Mapajuiesorpamma, mocTpo-
€HHOrO Ha THX BEKTOpax (Ha puc.2 ¢
cymMMma BekTopoB paBHa c). [Tostomy
HHOTJa roBOPAT, YTO BEKTOpPHI CKJa-
JbIBAIOTCA 110 TpaBWJy MNapasuiesio-
rpamma.

BekTtop a 3aMeHseTcs CYMMO#M Hec-
KOJIbKHX BEKTOpPOB a,, a, U T. .
(puc. 3). Hampumep, cocTaBisroLiu-
MH BEKTOpPa @ Ha pHC. 3 ABISIOTCA
BEKTOpbI a;, a,, aj:

a=a,+a,+a;.

IMpu ymHOXeHHM BekTOpa Ha MoJO-
KUTEJLHOE YHCIIO NOJIy4aeTCs BEKTOP
C TeM ke HamnpaBJeHHEM, HO C Jpy-
THM MOJYJIEM; NPH YMHOXEHHH BEK-
Topa Ha OTPHLATEJILHOE YHCJIO Ha-
NpaBJIeHHE €ro H3MEHUTCA Ha Ipo-
THBOMOJIOXHOE; MOJYJIb BEKTOpA TaK-
KE H3MEHHUTCH: .

ak=ka, a(—k)=—ka.

Havana BektopoB a u b coBMewaroT-
cst (Oe3 M3MEHEHUs MX HanpaBJICHHH),
3aT€M MPOBOAMTCH BEKTOpP OT KOHIA
BbIYMTAaEMOro BeKTOpa b Kk KOHLY
YMEHbLIAEMOI0 BEKTOpa a; ITOT BEK-
TOop OynmeT paBeH pa3sHOCTH BEKTOPOB
a u b (puc. 4):

a—b=c.

CkansipHoe mpousBencHHe ab nByx
BEKTOpOB a H b paBHO NMpou3BeeHHIO
ux Monayneid a u b (unu |a| u |b])
Ha KOCHHYC yria ¢ MeXay HUMH,
1. ¢. ab=abcoso.

VYroa Mexay BEKTOpaMH H3MEHSETCS
B npeaenax or 0 mo m. CkanspHoe
NpOU3BENICHHE BEKTOPOB— BEJIMYHHA
cKaJsipHas.



BBEJIEHUE 9

BekTOpHOE TpPOM3BCACHHE BekTopHoe mpou3sBenenne [ab] aByx
BeKTOpoB a # b ob6pasyer HoBbIH
c=ab) BEKTOD C, HATNPABJICHHbIA MEpreHIU-

KYJIIDHO K TJIOCKOCTH, B KOTOpO#
JlexxaT BEKTOpbl a M b, paBHbIi no
MOJIYJIO TPOU3BEIECHUIO HX MOYJeH
Ha CHHYC yrjia @ MeXIy HHMH, T. €.
absing (puc. 5). OGo3HaueHHE BeEk-
Puc. 5 TOpHOTrO mnpou3BefcHUs [ab]=c.

[TpaBuno BuHTa HanpasieHne BekTOpa € MUXHO
OMNpPENEUTDb MO NPasuay npagozo GuH-
ma: eciad TOBOPOT TOJIOBKH BHHTA
COOTBETCTBYET IOBOPOTY BEKTOpa
a x Bektopy b no HauMeHblIEMY
yrily, TO MOCTyNaTeJIbHOe INepemellie-
HHE BHHTa OydeT yka3blBaTb Hamlpas-
JleHde BekTopa ¢ (puc. 6).

Puc. 6

Enunuunelii BekTOp BekTop Ha3bIBaeTCS CAMHHUYHBIM, €C-
M €ro MOIydb paBeH eIUHHIE.
JIro60# BEKTOp MOXHO NpEACTABHTH
KaK TpOU3BEACHHE €ro MoayJs Ha
€IMHUYHBIH BEKTOD; HampUMep, b=
- =|b|by (by—enuHHYHBIH BeKTOD),
CIMHHYHBI BEKTOD HE MMeeT pas-
MEDHOCTH, €ro HampasjIeHHE COBMa-
JIAeT C HanpaBJIcHHEM BekTopa b.

CucteMbl enuHuIL Enunnna ¢usuveckoit BeTHYHHBI—
5To (u3ndeckas BeJHYUHA, KOTOPOH
MO OIpENEJECHHIO NPHCBOEHO YHCJIO-
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OcHOBHbIE C€ANHULBL

BBEAEHUE

BOE 3HaueHHe, paBHoe enuuuie. Enu-
HUIBl Pa3/icjsAloOTCS Ha B4 THMA - -
OCHOBHble ¥ mnpou3BojHble. OcHOB-
HbIE €IUHUIbI YCTAHABJIMBAIOTCH He-
3aBUCUMO OT €[MHHUIl JAPYTHX BEJH-
YUH; TPOMU3BOAHbIC CAMHMIIBI OINpe-
NEJIAIOTCA 4Epe3 OCHOBHbIC €XHHHULIBI
Ha OCHOBaHHH 3aBUCHMOCTH MEXIy
OnpenenscMOll BENMYHHONW M BeJH-
YHHAMH, €AMHHNBI KOTOPBIX BBIOpa-
Hbl B KAQYeCTBE OCHOBHBbIX.
COBOKYMHOCTb OCHOBHBIX H TIPOH3-
BOIHBIX €JIMHHI, CBSI3AHHBIX MEXY
coboif onmpeneseHHbIMH COOTHOLLEHH-
SIMH, Ha3bIBAETCS CHCTEMOH EIUHHIL.
B coorBerctBuu ¢ I'OCT 8.417-81
(C3B 1052-78) B ¢u3MKe HCMOJIB3Y-
eTcss MexayHapoaHas CHCTeMa efu-
nun (CH). Jomyckaetcs Takxe NpH-
MEHEHHE HEKOTOPBIX BHECHCTEMHBIX
C/IMHHULL.

B CH ucnosb3yroTcs ceMb OCHOBHBIX
CAMHUL: METp (M) —eAMHNLA AJIHHBI,
KWJIOrpaMM  (Kr)-—eIMHMIA Maccehl,
CeKyHaa (C) —eQMHHMLA BPEMEHH; aM-
nep (A)—eAMHHIA CHJIbI 3JIEKTPH-
4eCcKoro Toka, kejlbBHH (K)—eauHu-
a TEeMMEpAaTypbl, MOJb (MOJb)—
€AMHHIA KOJIMYECTBA BELIECTBA, KaH-
nena (KO)—eAMHMLA CHJBI CBETa,
a TakXe JIB€ NOTOJIHMTEJIbHbIE €1H-
HUIBI — IUTOCKHii yron (paauaH, pan)
M TeJecHbi yron (cTepajauaH, cp).
HauMeHOBaHME OCHOBHBIX M JOMOJI-
HuteabHbIX cauHul CH, a Taxxke ux
onpeaesicHUs PUBOIATCS B Tabuuie.



Ocnosnbie

H JonoJjHuTeabHble exmunnel CU

dusnyeckas
BEJIHYMHA

Eannnua

HanmenoBanue

0603naueHHe

Onpenenexne

JlnuHa

Macca

Bpems

Cuna anexTpu-
4ECKOro TOKa

Tepmoauna-
MHYECKas TeM-
fnepatypa

KoaudectBo
BELIECTBA

Cuna ceeta

ﬁerp

KHJIOFpaMM

ceKyH/a

amMnep

KE€JIbBHH

MOJIb

Kanaena

m; M

kg, xr

K; K

mol; Moub

cd; xn

OCHOBHbBICE €IMHHIUBI

Memp paBeH paccTOsHHIO, KOTOpOE
NPOXOAMT IUIOCKAaA 3JIEKTPOMArHHT-
Has BOJIHa B Bakyyme 3a 1/299792458
[OJII0  CEKyHIb

KuiorpamM paBeH macce Mex1ay-
HAPOIHOTO IPOTOTHNA KWJIOrPaMMa

Cexynoa paBHa 9192631770 nepu-
OaM H3JIy4eHHs, COOTBETCTBYIOLUETO
NEpEXoay MEXAY [BYMS CBEPXTOH-
KHMH YPOBHSIMM OCHOBHOI'O COCTOS-
HHS aroma uesus-133

Amnep paBeH CHiE HEH3MEHSIOLIErocs
TOKa, KOTOPBI# NpPH MPOXOXICHHH MO
BYM MapajUicjbHbIM NPAMOJIHHEH-
HbIM MPOBOIHHKAM OeckOHeYHOH 1u-
Hbl M HHYTOXHO MAaJIOH ILUIOLIAM
KPYrOBOTO  MOMEPEYHOTO  CEYCHHSH,
PAacroJIOXEeHHbIMH B BAaKyyMe Ha pac-
CTOSHMM | M OIMH OT ApYroro, Bbi3-
Baj Obl Ha KaXIOM Y4aCTKE NPOBOJ-
HHKa JUIMHOH 1 M Ccuiy B3aHMOnCH-
crpus, pasHylo 2-107"H

Keaveun pasen 1/273,16 yactu TepMo-
JMHAMHYECKOH TeMmepaTypbl TpPOH-
HOH TOYKH BOJbI

Mo.1b paBeH KOJIHYECTBY BEILECTBA
CHCTEMBI, COAEpXallleH CTOJbKO XKe
CTPYKTYPHBIX  3JICMCHTOB, CKOJIbKO
COLNCPXHTCS aTOMOB B yrjepoje-12
maccoii 0,012 kr

Kandesa paBHa cune ceeTa B 3ajaH-
HOM HANpABICHHH OT HCTOYHHMKA,
HCIIYCKAIOIIETO MOHOXPOMATHYECKOE
u3nyuenue wactoroii  540-10'2 I'u,
JHEpreTHYCCKas CHJIa CBETa KOTOPOTO
B JTOM HANpaBjiEHMH COCTABISCT
1/683 Br/cp
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OCHOBHBIE 1 NOMOJHUTENBHBIE EAUHULIBI CHU

ITpodoaxncenue

dusuveckas
Be;IMYHHA

Eaununa

HaumenoBanue

Ob603navenne

Onpeaesenne

Ilnockuit yroa

TenecHblit yrojy

panuaH

cTepaauaH

rad; pan

SI,

cp

JononHUTeNbHblEe €AWHHULBI

Paduan paBeH yriy Mexay OByMs
pagMycaMH OKDYXXHOCTH, AJMHA Oyrv
MeX1y KOTOPbIMH paBHA paaHycy

Cmepaduan paBeH TeJECHOMY YIIIy ¢
BEPILMHOMA B LEHTPE cepbl, BLIPE3AtO-
IIEMy Ha MOBEPXHOCTH coepbl Mio-
wanb, PaBHYIO IUIOIIANM KBaapaTa
CO CTOPOHOM, paBHOH paauycy chepbl




Ipou3Bo/Hble €IHHMILI MEXIYHAPOIHOH CHCTEMBbI €/IMHHIL

(cn

Haumenosanue
BEJTHYHHBI

HanMeHOBaHAE EAHHHUBI H onpenesicHue

Ob6o3HaueHune
€AHHHLbI

Inowans

O6Bem

CxopocTb

Yckopenue .

Vriaosas CKOpOCTh

VraoBoe yckopeHue

Ilepuon

Yacrota nepuoauyec-
KOro mnpotecca

BosaHoBoe w4ucii0

I. IpocTpaHCTBO ¥ BpeMs

Kesadpamnpiii memp paBeH ILIOWIAAH KBaapa-
Ta CO CTOPOHAMM, MJIHHBI KOTOPbIX paBHbI
OHOMY METpY

Kybuueckuii memp paBen 06beMy Kyba ¢ peb-
paMH, OJIHHBI KOTOPHIX PaBHbi OJHOMY MeT-
py

Memp 6 cexyndy paBeH CKOPOCTH NpPSMOJIH-
HEHHO ¥ PABHOMEPHO [BMXYLICHCS TOYKH,
npH KOTOPOH 3Ta TOYKa 3a BpeMs OOHA
CEKYH[]a MEPEMELIAETCA Ha PacCTOSHHE OJHH
MeTp

Memp na cexyndy e keadpame paBeH ycKope-
HHIO NPAMOJIHHEHHO H PaBHOYCKOPEHHO [IBH-
KyIIEHCA TOYKH, MPH KOTOPOM 3a BpeMs
O/lHa CEKYHOA CKOPOCTb TOYKH H3MEHSeTCs
Ha OOMH METp B CEKyHAy

Paduan 6 cexyndy paBeH YTJIOBOH CKOPOCTH
PaBHOMEPHO BpAlLAIOLIErocs Tejia, BCE TOY-
KH KOTOPOro 3a BpeMs O[Ha CeKyHJa MOBO-
payHBAIOTCA OTHOCHTEJIBHO OCH Ha yroJ
OIMH paauaH

Paduan na cexyndy & kéadpame paBeH yrjo-
BOMY YCKOPEHHIO PaBHOYCKOPEHHO Bpallalo-
Lierocst Tejia, MpH KOTOPOM 3a BpeMs OJHA
CeKyHIa M3MCEHAETCA YrjoBas CKOpOCTb Ha
OOWH paluaH B CEKyHOy

II. Nepuoaunveckue konebaHus
Cekynoa

Tepy paBeH 4acToTe MEPHOAMYECKOrO IMpO-
1ecca, MpH KOTOPOH 3a BpeMs OJHAa CEKyHIa
COBEpIIAETC OIOWH UMK TNEPHOIMYECKOTO
npouecca

Memp ¢ munyc nepeoii cmenenu paBeH BOJIHO-
BOMY WYHCJly M3Jy4eHHs C J[UIMHOH BOJIHBI

OOUH METp

M/c

M/c

pan/c

pan/c?
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MPOU3BOAHBIE EAUHULIBI CU

Hpodb/z.xcenue

Haumenosanue
BEJIHUHHBI

oo}

)BaHHe H (

O6o3nauenue
EMHKLB

Koaddumaent 3atyxa-
HHUS

IMnotHocth

Yaenbuplii 00beM

KonuyectBo asuxeHus
(MMIyJIBC)

MoMeHT KoJn4ecTBa
JBHXKCHAS
(MOMEHT MMIIYJIbCa)

MoOMEHT uHepuuu

Cuna, cuia TAXECTH,
BeC

MOMEHT CWibl, MO-
MEHT [apbl CHJI

HiMnynbe critbt

JlaBiieHue, Hampske-
HHE, (HOpMaJIbHOE, Ka-
caTeJIbHOE),  MOJYJIb
(caBura, OOBEMHOro
CXKaTHs, RNPOLOJIbHOK
ynpyrocrH)

Lluuamlqecxau BSA3-
KOCTb

Cekynda 6 munyc nepeoii cmenenu paBHa KO-
3GOHUMENTY 3aTyXaHHA, [pPH KOTOPOM 3a
BpEMs OIHA CEKYHAA AMILIMTYAa yMEHbLIa-
ercs B e pa3 (e— OCHOBaHHME HaTypaJbHBIX
sorapu¢pmMos)

III. Mexannka

Kunozpamm na Kybuueckuii memp paseH
TUIOTHOCTH OJHOPOJHOIO BELIECTBAa, Macca
KOTOporo mnpu obbeme oauH KyOHueckuii
METp paBHa ONHOMY KHJIOTPaMMy

Kybuueckuit memp na Kunozpamm paseu
yAeAbHOMY 00OBEMY’ OHOPOQHOTO BELLUECTBA,
00beM KOTOPOrO MpH Macce OOMH KHJIO-
rpaMM paBeH OJHOMY KyOW4YecKoMy MeTpy

Kunozpamm-memp & cexyndy paBeH KoJM4e-
CTBY IBHXCHMS MAaTepHaJbHOH TOYKH Mac-
COH OIMH KHJIOTPaMM, IBHXYILCHCS CO CKO-
POCTbIO OMH METP B CEKYHAY

Kunozpamm-memp ¢ keadpame na cexyndy pa-
BEH MOMCHTY KOJIH4ECTBA [JBHXKEHHMS MATEepH-
aNbHOH TOYKH, ABHXKYHICHCH MO OKPYXHOCTH
PaMyCoM OIHH METP U HMEIolIeH KOJIHYecT-
BO [BHXCHHS OAMH KWIOTPaMM-METp B Ce-
KYHJly

Kunozpamm-memp ¢ xeadpame paBeH MOMEH-
TY HHEDUHM MAaTEpHAJLHOH TOYKH MAaccod
OJIHH KHJIOTPaMM, HaxOAsILEHCS HA paccTos-
HHH OJMH METP OT OCH BpAallCHHS

Hbeiomon paBeH cuwiie, NpUAIOIIEH Tely Mac-
CO#i OIMH KWJIOTPaMM YCKODCHHE OIHH METp
Ha CGKYHAY B KBAaJpaTe B HAlpaBJIeHHH AeH-
CTBMSA CHJIbI

Hoiomon-memp paBeH MOMEHTY CHJIbI, PaB-
HOH OJTHOMY HbIOTOHY, OTHOCHTEJILHO TOYKH,
PACMIOJIOKEHHONH HAa PAaCCTOAHHHM OJHH METP
OT JIMHHM ACHCTBUA CHJIBI

Heiomon-cexynoa paBHa HMMIIYJIbCY —CHIIBI,
paBHOH OJHOMY HBIOTOHY ¥ JCHCTBYIOILCH
B TEYCHHE OMHOH CEKYHIIbI

Ilackass paBeH NABJICHHIO, BBI3LIBAEMOMY
CHJIOH OJHMH HBIOTOH, PaBHOMEPHO pacmpe-
JIEJICHHOH M0 HOPMAJbHON K HEH MOBEPXHOC-
TH IUIOIAABIO OJMH KBAaApaTHbIH METp

Iackanv-cexynoa paBHa AMHAMHYECKOH BS3-
KOCTH Cpe/ibl, KacaTejIbHOE HaNpsKEHHE B KO-
TOpOH NPH JJAMHHAPDHOM TCYCHHH W NPH pa3-
HOCTH CKOPOCTEH CJIOEB, HaxXOQSILMXCH Ha

KT /M

M3 /Kkr

KI-M/C

kr-m2/c

Ia-c
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IIpoodoancerue

Haumenosanne
BEJIHYHHbBI

HammeHoBaHHe eNMHMUbI H ONpeneicHHE

O6o3HaueHHe
€IHHALB

HOBerHOCTHOC HaTd-
XCHHUE

Pabota, sueprus

Mouimocts

Temnepatypa Lleabcus
TemnepaTypHbiit

apdunmenT

KO-

TeMnepaTypHbli  Ipa-
LHEHT

Tennora, KOJH4ECTBO
TEIUIOThI

TemwnoBoit nmorox

Honepxnocmaﬂ IJI0T-
HOCTb TEIUIOBOTO [IO-
TOKa

TemwonpoBoaHOCTh

TennoeMkocThb

paccTOSHMM OIMH METP [0 HOPMAJIH K Ha-
NpaBJIEHAIO CKOPOCTH, PaBHOH OZHOMY MET-
py B CeKyHIy, PaBHO OZHOMY MNacKalo

Helomon na memp paBeH NOBEPXHOCTHOMY
HaTSOKCHHIO KHIKOCTH, CO3/IaBaEMOMY CHJIOH
O/IMH HbIOTOH, NPHIOXEHHOH K yJaCTKy KOH-
Typa cBOOOIHOH NOBEPXHOCTH IJIMHOH OIMH
METP H ACHCTBYIOIIECH HOPMAIBHO K KOHTYDY
H MO KacaTeJbHOW K TOBEPXHOCTH

Mxncoyap paBeH paboTe CHiIBI OJHH HBIOTOH,
nepeMellaloledl TeJo Ha PACCTOSHHE OIMH
METP B HANpaBJICHAM OCHCTBHSA CHJIBI

Bamm paBeH MOLIHOCTH, NIPH KOTOpo# pabo-
Ta OOMH [DKOYJIb NPOW3BOJMTCA 3a BpeMA
ollHa CEeKyHIa

IV. TennoTa
TI'padyc ILleabcus no pasMepy paBeH KeJIbBHHY

Keavgun 6 munyc nepgoii cmenenu paBeH TeM-
nepaTypHOMY K03((HIHMEHTY OTHOCHTEJIBHO-
ro M3MeHeHHUS (HU3HYECKOH BEJMYHMHBI, MPH
KOTOPOM HM3MCHCHHE TEMIIEpPaTypbl HA ONHMH
KeJbBHH OT NMPHHATOH 32 Ha4YaJIbHYIO BbI3bI-
BAa€T OTHOCHTEJIbHOE M3MCHEHHE JTOH BENH-
YMHBI, PABHOE CHAMHHLE

Keavsun na memp paBeH TeMIEpaTypHOMY
TPAJMEHTY MOJIS, B KOTOPOM Ha Y4YacTke
IUTMHOM OJMH METp B HaNpaBjeHHA IpalM-
€HTa TeMIepaTypa H3MEHSeTCAd Ha OIUH
KeJIbBHH

[I#coyae paBeH KOJHYECTBY TEILIOTHI, 3KBH-
BaJICHTHOMY paboTe OOMH KOYIb

Bamm PaB€H TCIUIOBOMY IIOTOKY, 3KBHBa-
JICHTHOMY MOILHOCTH OJHMH BaTT

Bamm na keadpammuwiii memp paBeH NOBEPX-
HOCTHOH IUTOTHOCTH TEIUIOBOTO NMOTOKAa OAHH
BaTT, PABHOMEPHO PaclpeAecsieHHOro Mo fmo-
BEPXHOCTH IUIOLIAAbIO OOMH KBaJpaTHbIH
MeETp -

Bamm na Memp-xeavsun paBeH TEILIONPO-
BOJHOCTH BEILECTBA, B KOTOPOM IIPH CTalHo-
HapHOM DeXHME C MOBEPXHOCTHOH IUIOT-
HOCTBIO TEIUIOBOrO MOTOKa OAMH BaTT Ha
KBAaJIPaTHBIH METP YCTaHaBJIMBAETCA TeMIie-
PaTYpHBI IPafHEHT ONMH KEJbBHH Ha METP

VIncoyab Ha Keabeun pPaBEH TEILIOEMKOCTH
CHCTEMBl, TeMIepaTypa KOTOpOH MOBBIIIa-
eTCS Ha OAMH KEJbBHH NPH MONBEACHHH K
CHCTEME KOJIHYECTBA TEMJIOTH OMH IXOYJb

H/m

Bt

°C
K—I

K/m

Bt

Br/M?

Br/(M'K)

Ax/K




MPOU3BOAHBIE EAWMHWLbI CU

IIpodo.incenue

HaunmenoBaunue

HaumenoBanue eIMHHILI H onpee.icHue

Odo3nayenue

BC.IMYHHDBI €IUHHUILbI
VaenbHas  1enioeM- | Axcoy.as  Ha  Kutoepamsi-ressurn pasen | ok (ki -K)
KOCTh yAe:IbHOM TENJI0EMKOCTH BRLUECTBA, HMMEHO-

Ulel Mpu Macce OIMH KUJIOTPAMM TeNJoeM-
KOCTb OIMH , JDKOY.Ib Ha KEIbBHH
VaesbHas razosas | Incoy.e  na  Kuioepamm-reawgun  pased | Ik (k1K)
NOCTOSAHHAS yOeNbHOM Ta30BOW MOCTOSHHOM HMOEAJIbHOIO
raa MaccoW OIMH KHJIOTPAMM, COBCPLLAIO-
LIeIO0 TNpH NOBBILIEHUH TEMIEPATYPbl HA
OMH KEJIbBMH W IPU MOCTOSHHOM IaBIICHUH
paboTy OaMH IUKOYilb
Tensnota dasoBoro | Ixcoy.ib paBeH KOMMYECTBY ICIIOThI. JKBU- Jox
IPEBPALLCHUS B4JIEHTHOMY paboic OIMH .IKOY.Ib
Y aenbHas Terio1a | Ancoy.ib Ha Ku1oepamst paBeH  yICIbHOMY JUK k1
(dazoBoro npeBpaile- |KOJUYECTBY TCIUIOTbI CHCTCMbl, B KO10POW
HUs BELLECTBY MACCOH O.IMH KH.I0I PAMM COOOLIA- .
ercs (MM oTOMpaeTcs OT HEro) KOIMYeCTBO
1eNA0TH OIMH KOY.lb
V. DIeKTpUHYCCTBO W MAIHETH3IM
Ko:myectBo 3:1ek1pu- | K)y.1on  paBeH  KOJMYECIBY  JJIEKTPUUECTBA, Ki
4eCTBA NPOXOAALIEMY Yepe3 MOIEPCHHOE  CEUYCHHC
NPOBOIHUKA NPH TOKE CHJIOH OIUH aMmep 3a
BpEMsi 0:1HAa CEKyHaa
HaupskeHHoc1b Bo.tem na semp paBeH HANPSHKEHHOCTH O:d- B M
JNEKTPHYECKOTO  F10.151 | HOPOIHOTO 3J1E€KTPUUYECKOrO MO, CO31dBac-
MOH Pa3HOCTHIO MOTEHUMAI0B OJMH BOIbT
MEX1y TOYKAMH, HAXOISLIMMHMCH Ha pac-
CIOSHUM OJMH METp HA IMHMM HalPSKeH-
HOCTH noas
DACKTpHUECKOC Ha- | Bo.tbi paBEH HICKTPUYECKOMY HAMPSIKCHUIO, B
NpSHKECHUE BbI3bIBAIOLIEMY B 3/EKIPHYECKON ULeNu no-
CTOSIHHBIA TOK CH.10W OJMH aMIIep NP MOILl-
HOCTH OIMH Ba11
DuleKTpUYeckuit  11o- | Bo.tem B
TEHLMAN;
Pa3HOCTb JNIEKTpHUUeC-
KMX MOTEHUUAIO0B;
NEKTPOABHIKYLIAS
CHa
OnekTpuyeckoe  cme- | Ky.1on na Keaopammuslit smemp paBeH JIEKTPH- Ka/m?
LIeHHe 4ECKOMY CMEUIEHHIO, MPU KOTOPOM [OTOK
JIEKTPUYECKOTO CMELLEHUS CKBO3b MOMNepey-
HOE CEYeHHE ILIOLAAbIO OAMH KBAAPATHBIA
METp P4BEH OOHOMY KYJOHY
nekTpuyeckas dapad paBeH eMKOCTH KOHIEHCATOPA, Hamps- (]
E€MKOCTb KEHHE Mexay oOKjJankamMu KOTOpOro OIMH
BOJALT NPH 3apsAae OAMH KYJIOH
AbGcontoTHas auanek- | Papad na memp paBeH aOCOMOTHOR IMIIEK- DM

TpU4eCKas TMpOHULAEC-
MOCTb

TPHYECKOH MPOHHLACMOCTH Cpeudbl, B KOTO-
POl HANPSKEHHOCTb 3JICKTPHYECKOTO 11015
ONMH BOJIbT HA METpP CO314CT J1eK1pHYecKoe
CMeLLUEHHE OIMH KySIOH Hd KBAIDATHBIA Me1p
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[Ipodoaxncenue

Hanmenosaime
BCIHYUHDI

HaumenoBanne eIuuuunl H onpeae.ieHue

Ob603Hauene
eMHHIIbI

DAeKTPUYECK U
MEHT HNOIs

MO-

[MaoTHOCTD
4eCKOro TOKa

JICKTpHU-

HanpsbkeHHocTb
THUTHOIO MOJs

Ma-

MHI'HH'I Hasg HHAYKIHS

MarHUTHBIH 110TOK

MHaykTHBHOCTH

AOCOIIOTHAS MATHUT-
H4sl TPOHULAEMOCTH

MarHuTHbIi  MOMEHT

HamaruuueHHocTb
(MHTEHCUBHOCTh
MarHH4YMBAHUS)

Ha-

E)nel(pr-lecxoe Co-
IIPOTUB.ICHHE

DieKTpHYecKas  Mpo-
BO/MMOCTb. AKTHUBHAs

Ky.10n-semp paBeH J;EKTPHYECKOMY MOMEH-
TY AMNOA, 3apsiibl KOTOPOIO, PABHbIE KdX-
Oblii OZHOMY KyJIOHY, PACIOJIOKEHBI HA pac-
CTOSSHHH OMH METp OJMH OT ApYroro

Asnep na Keaopammblii Memp pPAaBeH IUIOT-
HOCTH PABHOMEPHO PACHPENEIEHHOrO 10 Mo-
NEPEYHOMY CEYEHHIO TUIOLIAAbO OIMH KBa-
OPATHBIH METP 3/EKTPHYECKOTO TOKA CHJOM
OMH amnep

Amnep na memp PABEH HANPSHKEHHOCTH Ma-
I'HUTHOI O NOJI B UEHTPE [THHHOTO COJICHOM-
a C PABHOMEPHO paclpeeiieHHOH OOMOT-
KOH, MO KOTOpPOH NPOXOOMT TOK CHIIOH,
paBHOW OAHOM #-H YaCTH E€OMHMLBI CHJbI
10Kka ammep, Tde A -—4YUCJIO BUTKOB Ha
yudCTKE ATMHOH OIMH MeTp

Tec.ia paBeH MAarHHTHOW MHAYKUMH, TIPH KO-
TOPO#i 4epe3 HOMePe Hoe CCYeHHE ILIOLANbIO
OMH KBAAPAIHbIH METP MPOXOLHT MArHHMI-
HbIl TMOTOK OIMH Bebep

Beoep paBeH MalHUTHOMY NOTOKY, NPH YObi-
BAHMH KOTOPOTO 10 Hyjls B CUEMIEHHOH C
HUM YICKTPHYECKOW LCMH CONPOTUBICHHEM
OIMH OM Huepe3 MOMNCPEYHOE CEYCHHE MPOBOI-
HUKa TPOXOINT KOJHMYCCTBO 3/EKTPHYCCTBA
OIMH KYJIOH

TIenpu paBeH MHIYKTUBHOCTM JJIEKTPHYECKOM
LEMH, C KOTOpOH MNpH CHIE HOCTOSHHOTO
TOKA B HEM ONMH aMmIep CUEIISercs MAlHUT-
HbIi MOTOK OaMH Bebep

Tenpu na semp paBeH abCONIOTHOH MATHUT-
HOHM NPOHHIIAEMOCTH Cpelbl, B KOTOPOH Ha-
NPSXKEHHOCTh MArHUTHOTO NMOJIS OIMH ammep
HAd METP CO3J4€T MAarHHTHYIO HHIYKLHUIO
OIMH Tecaa

Amnep-Kkeuopammblii memp PaBeH MarHUTHO-
My MOMEHTY 3/€KTPHYECKOTO TOKa CHJIOH
OMH aMIIep, NPOXOAAILErO MO KOHTYpY IUIO-
WAdbl0 OIWH KBAAPAaTHHIH METP

Amnep na memp paBeH HAMATHHYEHHOCTH,
pH KOTOPO#H BELLECTBO 0OBEMOM OIMH Ky-
Ouyeckuii MeTp HMeeT M4nmmbm MOMEHT
ONMH ammep Ha KBAaJAPATHBIA MeTp

Om paBeH CONPOTHBJIEHHIO NPOBOJIHMKA,
MeXay KOHUAMH KOTOPOrO BO3HHKAeT Ha-
TIPAXKEHHE ONHH BOJILT NPH CHJIE MOCTOSHHO-
ro TOKa ONMH aMiep

Cumeiic paBeH 2J1EKTPUHECKOH MPOBOAMMOC-
TH NPOBOJHMKA CONPOTHBJIEHHEM OIHMH OM

Kn-m

A/m?

A/M

BS

Iu

'u/m

Cm
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Ipodoaxncenue

HanmMenosanue

HaumcHoBanue eaunuunt W OlIpEeAC.IEHHE

Obo3navenne

BEIHYHHbI CANHHUILLbE
YaensHoe  WeKTpH- | OM-semp paBeH yAedbHOMY 3JEKTPHYECKO- OmM M
YeCKOe COMPOTHBJICHUE | My COMPOTHUBJICHHUIO NPOBOIHUKA ILIOUIAABIO

NONEPEYHOr0 CEYEHHs OOMH  KBaJApaTHbIi
METP M IUIMHO# OAMH METP, MMEIOLIEro CO-
NPOTHBJICHHE OAUH OM
VnenbHas  anektpu- | Cumenc Ha Memp paBeH YOEIbHOH 3JCKTPH- CMm/M
4ecKas MPOBONMMOCTh | Y¢CKOH MPOBOJUMOCTH MPOBOJHHKA, KOTO-
pbil [PH TUIOWIAAM [ONEPEYHOIO CEYEHHS
OIHMH KBaApaTHbI METp M IUIHHE OJHH METP
HMeeT ICKTPHYECKYIO MPOBOJMMOCTb OIMH
CHMEHC
DjeKTpOMArHuTHas | Jowcoy1b paBeH 3NEKTPOMarHMTHOH JHEPrHH, Jx
JHEprus 9KBHBAJIEHTHOH paboTe OAMH J[DKOYJIb
VI. DnexTpoMarHuTHoe u3jnydeHue (cBeT)
DHeprus  usnyueHus | owcoy.as paBeH dHEPrUM H3ilyYeHHS, DKBHUBA- Hx
JIEHTHOH paboTe OMMH JXOYJlb
IMorok U3Jly4eHHs, | Bamm paBeH NOTOKY H3JIyYeHHs, JKBHBa- Bt
MOLUHOCTh M3J1y4CHHUS | IEGHTHOMY MEXaHHYECKOH MOIIHOCTH OIHH
BATT :
INosepxHOCTHas MIOT- | Bamm na keadpammbiii memp paBeH NOBEPX- Br/m?
HOCTb MOTOKa M3jy4e- | HOCTHOH MUIOTHOCTH NMOTOKA M3jlyd4eHHs, MpH
HUA KOTOPOii MOBEPXHOCTD ILIOLLAbIO OJHH KBa-
DHepreTHueckas CBe- | APATHbIA METp M3.y4aeT (WM NOrJIOLIAET)
TUMOCTb (M3JTy¥aTe/b- [[IOTOK M3Jy4YeHHs OIMH BaTT
HOCTb)
DHepreTuyeckas OcBe-
IeHHOCTh  (06.1y4eH- i
HOCTB)
JuepreTuyeckasi Cuia | Bamm na cmepaduan paBeH JJ1€KTPHYECKOH Bt/cp
cBeTa (CHMia M3Jyde- |CHJE CBETA TOYEYHOrO MCTO4HMKA, H3Jy4alo-
HUSA) Iero B TeJECHOM Yrje OJWH CTepajuaH Io-
TOK W3JIy4eHHsl OOMH BaTT
DHepretuueckas  Ap- | Bamm na cmepaduan-xeadpammviii memp pa-| Bt/(cp-m?)
KOCTb (JYYHCTOCTb) |BEH OSHEPreTHYECKOHW SPKOCTH PaBHOMEPHO
U3Nydalomweil 1UI0CKOH MOBEPXHOCTH  ILIO-
[IA/bI0 OMH KBAAPATHBIH METp B NEpNeHOH-
KYJIIDHOM K Heil HAMPABJICHUM NPH JHCPreTH-
4eCKOW CHJie CBETa OJMH BAaTT HAa CTepaiuaH
CBeToBOH MOTOK Jliomen paBeH cBETOBOMY MOTOKY, MCHycKae- M
MOMY TOYEYHbIM HCTOYHHKOM B TeJECHOM
yrije OAMH CTepajMaH NpPH CHJE CBETA OJHA
KaHgeaa
CperoBast 3Heprus Jliomen-cekynoa paBeH CBETOBOH SHEPrUH Im-c
CBETOBOrO IMOTOKA B OIMH JIIOMEH, ACHCT-
BYIOLIETO B TEYCHHE OIHOH CEeKYHAbl
SpkocTb Kanoc.ia na keadpamnsiit Memp paBHa spKoC- ka/m?

TH CBETALICHCA TNOBEPXHOCTH ILIOWALbIO
OIMH KBAIpATHBIA METP INpPH CHIe CBeTa
o/Ha KaHIeaa
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1Ipodo.incenue

Hawnmenosauue

HaumenoBanue eaunuib u ornpene.ienne

Ob603Havenue

BEIHYHMHBI €ARHHLbL
CseTHMOCTb Jiomen na keaopamiblii Memp PaBeH CBETH- m/m?
MOCTH MOBEPXHOCTH IUIOUIAJb0 OLMH KBa4-
ApaTHBIA MeTp, MCHYCKaloLeH CBETOBOH Mo-
TOK OJMH JIFOMEH
OcBelleHHOCTb JIoke paBeH OCBELUEHHGCTH MOBEPXHOCTH JIK
TUIOWIAAbIO OJMH KBAaJPATHbIH METp NpH na-
[NAIOLIEM Ha Hee CBETOBOM IIOTOKE OAMH
JIFOMEH
VII. AkycTHkKa
Iepuon 3ByKOBBIX Cekynoa c
KoJiebauuit
YactoTa 3BYKOBbIX Tepy 'u
KoJebanuii
3ByKOBOE JllaBJICHHE Hackanw Ma
JliivHa BOJIHBL Memp M
Ckopoctb  KkosieOanus | Memp ¢ cexynoy M/c
YaCTHLIbI
CxopocTh  3ByKa Memp 6 cexynoy M/c
3BykoBas 3Heprml' Hxncoy.ave Jx
InoTHOCTL  3BYKOBO# | wcoyab na Kybuueckuii memp pPaBeH IIOT- o /m3
3HEpPruu HOCTH 3BYKOBOW JHEPrHH B KaHajle 00beMOM
OIMH KyOMYecKkuii MeTp Nnpu 3BYKOBOH OHep-
MM OIMH JXOYJb
[ToTok 3BykKOBOI Bamm Bt
IHEPrHH; 3ByKOBast
MOLLHOCTb
WHTeHcHBHOCTD 3BYKa | Bamm na Keaopamublii memp DaBeH WHTCH- Br/m?
CHBHOCTH 3BYKA B KdHaJe HPH IIOTOKE 3BYKO-
BO# JHEPTUM OMH BaTT U IUIOLAJH MONepey-
HOTO CEYeHUs OIMH KBAJpaTHbIH MeTp
VIII. du3zuyeckas XMMHUS MU MOJeKynspHas ¢u3HKa
MonspHas macca Kuaozpamm na moas paBeH MOJISpHOR Macce KI' /MOJIb
BELIECTBA, HMEIOLLETO MPH KOJMYECTBE Bellle-
CTBA OAMH MOJb MAacCy OIMH KHJIOTPaMM
Mossipbiit 06beM Kybuueckuii memp na moab paBeH MOJspHO-| M>/Moib

MounsipHas
KOCTb

TEIJIOEM-

MaccoBas KOHUEHTpaA-
nus

My O0ObEMy BEUIECTBA, 3aHHMAIOLIETO IpPH
KOJIMYECTBE BELIECTBA OJMH MOJb 00beM
OnMH KyOuueckuii Mmerp

Hxcoyiav na modv-keavgun PaBeH MOJIAPHOMN
TEMJIOEMKOCTH  BELIECTBY, HMEIOLIEro NpH
KOJIMYECTBE BEILECTBA OAMH MOJb TEMIOEM-
KOCTb OAMH [DKOYJb Ha KejilbBHH

Kuaoepamm na Kyouueckuit Memp PaBeH KOH-
LUEHTPAUMH PACTBOPA, B KOTOPOM COICPXKMT-
Csl pacTBOPEHHOE BEILCCTBO MAccOd OIMH

Jx/(Monb-K)

kr/m?
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MPOU3BOAHBIE EAMHULIBI CU

IIpoodoarncenue

Haumenosauue
BE.THYHHbI

HauMmenoBanue emunuubl M onpeae.ieHne

O603Hayenue
€AUHULLBI

Koapduument
anddysun

IMpoBoaumocts
JNEKTPOJIUTA

IMoaBHXHOCTb HOHOB

KHJorpaMM B 00beMe OOMH KyOuueckwii
METp pacTBopa

Ksaopamubviii memp ha cekyndy paBeH Ko3d-
duumenty mupdy3uu, 0pH KOTOpPOM uepes
IUIOCKOCTb  IUIOWIAAbIO OAMH KBaIAPATHBIH
METp 3a BpeMsl OJHa CEKyHJa NEepeHOCHTCA
BELLECTBO MACCOH OAMH KMJIOTPaMM IpH rpa-
[MEHTE IUIOTHOCTH OMH KWJIOTpaMM Ha
METp B 4ETBEPTOH CTENMEHH

Cumenc Ha memp paBeH NPOBOJAMMOCTH
INEKTPOJIMTA, KOTOPHIH MpH IUIOWAAH MHOMe-
PEYHOTO CEYEHHS OOMH KBAAPATHHIH METp U
AJMHE OIMH METP MMEET JJIEKTPUYECKYIO
MPOBOAUMOCTb OJMH CHMEHC

Keadpammusiii memp na eosbm-cexyndy paBen
NOABHXXHOCTH, NIPH KOTOPOH noa JeHCTBHEM
9JIEKTPHYECKOrO  MOJS  HAMPSHKEHHOCTBIO
OOWH BOJBT Ha METP YCTaHABJMBAETCH YIO-
PSAOYEHHOE NBMXKEHHE MOHOB (MJIH 3JIEKTPO-
HOB) CO CKOPOCTHIO OJMH METP B CEKYHAY

CMm/Mm

M*/(B-c)




Tnasa 1

Mexannka

1. Knuematnka

OnucaHue MeXaHH4YECKOTO
JBUOKEHUS

BexTopHbiii croco6

-B MexaHuke H3ydaeTcs NpOCTEHIINii

BUJ JBHXCHHS — Y3MEHEHHE MOJIOXKe-
HUS TeJl OTHOCHTENBHO JpYr Apyra
WIM WX OTIENbHBIX 4acTeil; Takoe
JIBIDKCHHE HAa3bIBAETCH MEXAHUUECKUM.
Tesno, OTHOCHTEJLHO KOTOPOTO ONpe-
JIEJISIETCS TMOJICXKEHUE APYTUX (ABHXKY-
LIMXCS) TeJl, Ha3bIBAaeTCH Meaom om-
cuema. Teno otcyeTa, CBsI3aHHas
C HHM CHCTEeMa KOODJIHMHAT H CHH-
XPOHM3HUPOBaHHBIE MEXAY COOOi 4achl
o6pazytot cucmemy omcuema (puc. 1.1).

B xuHeMaTHKe M3y4aeTCs MeXaHH4ec-
KOE J[BHDKECHHUE, - HO HE paccMaTpu-
BalOTCA NPHYHMHBI 3TOTO IBHXEHMS.
Teno, pazMepamMu KOTOPOrO MOXHO
npeHeOpeyb NpH H3YYCHUH JaHHOTO
MEXaHHYECKOTO JIBHXKEHUS, Ha3bIBAET-
C  MamepuasbHoli mouKou.

JIuHus, BOONL KOTOpPOH JABHXKETCS
MaTepuajbHas TOYKa, Ha3blBaeTcd
mpaexkmopueil.

[Monoxenue TOUYKHM B onpenpensercs
pagHyCOM-BEKTOPDOM I, TPOBEMEH-
HbIM U3 Touku O BbIOpaHHOH cucTe-
Mbl otcueta (puc. 1.2). 3a npome-
KYTOK BpeMeHH At Touka B mnepe-
MeLIaeTCs M3 MO3MUHMU | B MO3HLHUIO
2, IpH 3TOM TIOJIOXKEHHE TOYKH B Oy-
IET OMNpENeNATHCA PaguyCOM-BEKTO-
poM r,. PasHocThiO  BEKTOpOB
Ar=r,—r, ompeaciseTcs H3MEHEHHE
TOJIOXKEHUS TOYKH.
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ITpsMoyroJibHas CHCTEMA KOOP/IH-

HaT

JyroBbie KOOPIHHATHI

f

a
Puc. 1.4

IMonspHble KOOpAMHATHI

Puc. 1.5

rJj1. I. MEXAHUKA

IMonoxenne Touku B ompenensercs
NPOEKLUSIMH pajinyca-BeKTopa I Ha
koopauHaTHble ocH (puc. 1.3). U3me-
HEHHE TOJIOKEHMS MAaTepHAJIbHOM
TOYKM NPH ABWKCHUH ONpEAEIAETCS
HU3MEHEHHEM paJuyca-BeKTOpa Ar,
T. €. U3MECHEHUSIMHU €ro mpoekimii Ax,
Ay, Az.

INonoxenue TOukH B ompexpensieTcs
NyroBoi KoopmuHaToit [/, KkoTOpas
paBHa pacctosHuio OB, NpoXoguMoO-
My TOYKOW MO TPAaeKTOpHM OT Hayasa
otcuera B Toyke O (puc. 1.4). U3me-
HEHHE TIOJIOXKEHHS MaTepHaJbHOM
TOYKH NpPH ABHXKEHHH OMNpeAessieTcs
HW3MEHEHHEM [IyrOBOH KOODPIHHATHI
L—1,=AlL

IMonoxenue MaTepuaJbHOR TOYKH
B npu [ABWXEHUM N0 OKPYXHOCTH
ONpeNeNIeTCs B MOJIAPHOH CHCTEME
KOOp/JIMHAT, T. €. MOJYJIEM pajauyca-
BEKTOpa P, IPOBEACHHOrO M3 MOJIOCA
O (puc. 1.5), u yriom @, KOTOpBbIH
OTCUHUTBIBaeTC OT ocd OX mNpOTHB
X0Ja 4acoOBOH CTPEJIKH.

B atom ciysae myrosas KoopaMHaTa
I=pe (yron ¢ onpenensieTcs B pa-
JMaHax).

2. KunemaTHueckne BeIHYHHDI

Mepemelnenue (puc. 1.2)

Iyt
CpenHsis CKOpOCTb

Ar=r,—r,. (L.1)
Al=1,—-1,. (1.2)
v, =Ar/At, (1.3a)

Ar —nepemeuienne 3a Bpems At
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MrHoBeHHasi CKOpOCTb

CpenHee yckOpeHHE

Yckopenue

IIpoexuuu CKOPOCTH IO KOOpIH-
HAaTHBIM OCSM
TMpoekuuu ycKOpeHHs

Moaysibp BeKTOpa CKOpPOCTH
Moayns BeKTOpa YCKOpEHMs

BekTop MrHOBEHHOH CKOPOCTH

TaHreHUHMaTbHOE YCKOPEHHE

HopmanbHoe yckopeHue

v=lim (Ar/At)=dr/d. (1.36)
At—0
a,,=Av/At, (1.4a)

Av— u3MeHeHHe CKOPOCTH 3a BpeMs
At.

a= lim (Av/At). (1.46)
Ar—0

v,=dx/dt, v,=dy|dL, (1.5)

v, =dz/dt.

a,=dv,/dt, a,=dv,/dt, (1.6)

a,=dv,/dt.

v=/ri+vi4+0l. .7
a=./a}+al+al. (1.8)

HanpasiyieH no KacaTeJbHOH K Tpack-
Topud. Mojysib 3TOro BEKTOpa
v=lim (Al/At)=dl/dt, (1.9)
At—0
Al—u3MeHeHHe AYroBOM KOOpAHHA-
THI.
Ha puc. 1.6 n306paxeHbl NOJOXEHUS
BEKTOPOB V B Da3JIM4HbIX TOHYKax
tpaektopuu. Ha puc. 1.7 yka3aHbl
H3MEHEeHUs BEKTOpa Av, a TaKkxe ero
HOpPMaJIbHOH Av, U TaHTeHIHAJILHOM
Av, COCTaBJISIOLIHX.

CocraBinstouias BCKTOpa YCKOpPEHHS,
HalpaBJICHHAsA no KacaTeJIbHOM
K TPA€KTOPHHU; MOYJIb TaHTCHIIMAJIb-
HOIO YCKOpE€HHUS

a,=dv /dt. (1.10)
CocraBisifolias BeKTOpA YCKOPEHHS,

HanpapJicHHas MEPHEHIUKYJIAPHO Ka-
caTeJIbHOH K TPACKTOPHH.
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Moaysib HOpMAJILHOTO YCKOPEHHS .

YckopeHHe (IOJIHOE YCKOpPEHHE)

VYron nosopoTta paauyca-BeKTopa

(puc. 1.6)

Cpennsis yrioBasi CKOPOCTb

VrnoBas (MTrHOBEHH1s) CKOPOCTb

a

Puc. 1.8

Ilepuon obpammenus

YrioBoe yckopeHue

Enunuipl, ux o603HaueHHS

-3a Bpems Atr).

a,=v?/p, (1.11)
p—pajdyC KpUBM3HBI TpPAaCKTOPHH
B Touke C, paBHBI paauyCy OKpy-
JKHOCTH, MPOXOJsAlLEH Yepe3 TpU TOU-
ku BCO, pacnosioxeHHbIE Ha Tpa-
€KTOpUM Ha GeckOHeYHO MaJioM pac-
CTOSHMM Ipyr oT apyra (puc. 1.7).

a=./a?+al. 1.12)
Ap=0,—0,. (1.13)
0, =Ap/AL, (1.18)

At—Bpemsi, 3a KOTOpPOE COBepLIAET-
Ccs MOBOPOT Ha yroja A@.

o= lim (Ao/At)=de/dt.

At—0

(1.15)

Hanpasnenne Bektopa @ ompenens-
eTcsl MO npasuay npagozo GUHMA: -
€CJIM TOJIOBKY BHHTa BpallaTh IO
HampaBJICHUIO CMELIEHHS TOYKH, TO
€ro MOCTYNMaTeJbHOE HEpeMEeLICHHE
OyneT COOTBETCTBOBaTh Hampa.Jie-
HUIO BEKTOpa YIJOBOH CKOpOCTH
(puc. 1.8).

Bpems nosnHOro 060poTa BOKpYr OCH
T =2n/w. : (1.16)

B= lim (Aw/At)=dw/d!,

At—0

(1.17)

(Ao — u3MeHEHHE YIJIOBOH CKOPOCTH
Bextop yrioBoro
YCKODEHHMs COBMAJaeT MO Hampasie-
HHIO C BEKTOPOM YIJIOBOH CKOPOCTH
®, €CIM MOAYJb YIJIOBOH CKOPOCTH
YBEJIMYMBAETCS; B NPOTUBHOM Cilyyae
HanpasJICHHs! BEKTOPOB B u ®@ mpo-
THBOMOJIOXKHBI.

[Mepemelnenne, nyTh — MeETP, M.
CKOpOCTb—METP B CEKYHAY, M/C.
VckopeHne —MeTp Ha CeKyHOy B
KkBaapaTe, M/c’.
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VrioBas CKOPOCTb—pajuaH B Ce-
KyHay, pax/c. ’

VrioBoe yckopeHue — paJdaH Ha Ce-
KyHAy B KBajpaTte, pan/c’.
Mepuon o6paiuenus — cekynaa, c.

3. OcHoBHbIE YpaBHEHHSi KHHEMATHKH

MaTepHAIbLHOH TOYKH

L

PaBHOMepHOE MPAMOJIMHEHHOE [BHXEHHE

PaBHOMepHOE IBHXEHHE MO OKPYXHOCTH

paauycoM R

CxopocTb YraoBas CKOpoCTb

v=const, ®=const,

v=s/t (1.18) lo=q/t (1.20)
Monynb sMHEHHOH CKOpOCTH
v,=Ro, (1.20)
BEKTOp V, HampaBjieH MO KacaTeJIbHOM
K OKPYXHOCTH.

+YckopeHue VYrnoBoe yckopeHue

a=0 p=0

Moayab HOPMaJlbHOTO YCKODEHHSH, KO-
TOpOE Ha3bIBACTCH B 3TOM Cly4Yae LIEHT-
POCTPEMHTENBHBIM YCKOPEHHEM,

a,=v?/R (1.21)
ITyTh, NpOXOOMMblH, MaTepHaJIbHON TO4Y- | Yroj moBopoTa 3a BpeMs At
KO# 3a Bpems At, A(Q=mAt 1.22)
As=|Ar|=v At (1.19) n .

yTb, MPOXOJUMBIH MO Ayre OKPYXHOCTH

MaTepuasibHOM TOYKOH 3a Bpems At,

As=RwAt=v, At (1.23)
Yckopenue VYriaoBoe yckopenue
a=const B=const

JIuneitHoe yckopeHue

a=BR (1.26a)
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M. I. MEXAHUKA

Ipodoaxncenue

Pammmcpnoe NPAMOJIKHERHOE JABHXEHHE

PaBloMepHOe JBHXEHHE MO OKPYXHOCTH
pamuycom R

CkopocTh (O ONpeAesieHI0)

v=dr/dl

VYrnosas ckopocTb (MO ONpEAENECHHIO)

o=de/d:

CKOpOCTb B MOMEHT BpEMEHH [
v,=totat (1.24)

(vo— CKOpPOCTbL B MOMCHT BpeMeHHu t=0)

VYrioBas CKOPOCTb B MOMEHT BPEMCEHH !
(1.266)

(wo— YTJIOBast CKOPOCTb B MOMEHT Bpe-
menn 1=0)

W, =0+ Br

IyTs, npoiineHHbI# MaTepHasbLHOH TOY-
Ko# 3a Bpems I,

s=vot+at?/2 (1.25)

VYrnosas KOOpAMHaTa B MOMEHT Bpe-
MeHH !

Q= +Br%/2 (1.27)

mn pPUMEYaHHE. Mtuc OTHOCUTCA K PAaBHO3AMCMJICHHOMY [JBUXEHMIO.

4. TpaekTopuH Teal B MNoJie TATOTeHHs 3emMun

HavajbRas cKkOpocTb v

Tpaektopus (cM. puc. 1.9)

Vo=0,=./Rg=1793 km/c

(R—paguyc 3emiH, g-—yCKOpEHHE CBO-
6oaHOrO mageHus);

v, Ha3bIBaeTcsi MNepBO
CKOPOCTbIO

KOCMMYECKOH

OxpyxHOCTb (KpuBas /)

vo=y2=vl\/§-——ll,l6 KM/ s

v, Ha3blBaeTCid BTOPOH KOCMHYECKOH
CKOPOCTBIO (WJIM CKOPOCTbIO YyOerauus)

[Mapa6osna (OTHOCHUTENBHO 3eMUM); Teslo
He BO3BpalllaeTcs Ha 3eMJiilo, HO OCTa-
er¢s cnyraukom CosHua (kpuBas 2)

CKOpOCTh 'y HAXONMTCA B Mpelesax
Uy <Uo<U,

Quumne, Omokaiuii Gokyc KkoTOpOro
pacnosioxeH B wHeHtpe 3emiau O (kpu-
pas 3)

Vo>,

lunepbona (kpuBas 4)
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TIpoooaxncenue

Havaneyas ckopocth v, Tpaexropus (cM. prc. 1.9)

Vo<V Onnunc, nanbHHA GOKYC KOTOpPOro COB-
o<V 3 P!
najgaer ¢ ueHTtpoM 3emun O (kpuBas 5)

Vo <KV, VYacTKH  JJUIMNTHYECKOM  TPAaEKTOPHM
MOXHO PpaccCMaTpHBaTh Kak napa6oiibi
(puc. 1.10)

Mpumewanue. 1. dns Jlyasl v,=1,68 km/c, v,=2,375 km/c; nns Benepsl

v,=10,4 km/c, nns Mapca v,=5,0 km/c.

2. Ecmn vy=v3=/2YM¢/Rc=42,1 km/c (y—rpaBHTalMOHHAs NOCTOsAHHAs, M—Mac-
ca Connma, R;—paccrosane Mexay ConHueM u 3emuieit), TO TelO YXOAHT 3a
npeaensl  CosnHEYHOH CHCTEMBI, NPH 3TOM TPAaeKTOpHSA [BHXKeHHs — napaboia
(orHocuTenbHO CoOsHOA); v; HA3bIBAETCA TPEThEH KOCMHYECKOH CKOPOCTBIO.

3. Ilpu pacyeTrax TpaekTOpHii npenno.naraﬁocn., 9TO ¥, HMMEET TOPH3OHTAIbHOE
HampaBJieHHEe, a Macca TeJla 3HAaYMTEJbHO MeHbIE MAacChl 3eMUIH.

Puc. 1.9

S. JiBlkeHHe Teaq ¢ MAJbLIMH CKOPOCTSMH

Eciu  HavanbHas ckopocTh  Tena

Y g% Vo <<V;, TO YCKOpEHHE CBOOOIHOTO
NafiecHust § MOXHO CYMTATh MOCTOSH-

U HbIM (MO MOAYJIO U HANPABJIEHHUIO),
x a HeGOJIbLIONA yY4aCTOK MOBEPXHOCTH

- , 3emutn — mwiockocThio.  KoopauHaThi
. I Tela OTHOCHTENbHO HENOABMKHOM

1 ) WHEPLHAJIBHOH CHCTEMBl OTCYETA OIl-
Puc. 1.10 peaensOTCsA CAEAYIOIUMMH YpaBHEHU-
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AMH (0L — YroJ1 Mexay Vo U TOPU30H-
TaJlbHOH TUIOCKOCThIO (puc. 1.10)):
X=0q!COSQ, (1.28)
y=votsina—gt?/2. (1.29)
JanbHocTh mosteta L u Haubosbluas
BBICOTA NMOAbEMa H paccuUMTBIBAIOTCS
(6e3 yyeTa COMpOTHBJICHUS BO3IYXd)
no ¢opMmynam:

L=vjsin(20)/g, (1.30)
H=v}sin’a/(2g). (1.31)
Haubonpmas panpHOCT,  HOJIETA
(IpH NMOCTOSIHHOM 3HAYEHUH Vy) JO-
cruraetcs npu a=m/2. Ipu HagMuuu

CONMPOTHUBJICHUS [OAJIbHOCTh TOJIETA
M BBICOTA NOABEMA YMEHBUIAKOTCA

B 1,5—2 pasza.
6. 3akonbl JHHAMHKH
Cuna Mepoit JeiicTBMS Ha TeJao APYrux
Toynw npunoxenun TeJl WJIM TNOJIEH SBJISETCH BEJIHYHHA,

KOTOpast Ha3bIBaeTcsl cuiioi. Cuita —
BEKTOpHAsi BEJIMYMHA; OHA Ompenes-
€TCs MOJYJIEM, HalPABJIEHUEM U TOY-
kol mnpunoxenus O (puc. l.11).

Puc. 1.11

Bunsl cun N3 ueTbipex BUAOB (yHAAMEHTAlIb-
HbIX (OCHOBHBIX) B3aMUMOMICHCTBHIA —
TPpaBUTALIMOHHOTIO, JJICKTPOMAIHUT-
HOT0, c/1aboro W CHJILHOrO — B MeXa-
HUKE B OCHOBHOM H3Y4YalOTCS I'DABH-
TAUMAOHHBIE U  DJEKTPOMATrHUTHBLIC,
O[HAKO OOBIYHO YKa3bIBAOTCS KOH-
KPCTHbIE BUABbI CHJI, MPOSBJISIOLLMECS
MpY  onpenesieHHbIX ycioBusix. Ha-
TIPMMED, CHJIA 3EMHOTO MPUTIKEHHUS,
CUJd TPABUTAIIMOHHOTO B3aWMOJCH-
CTBHSA [IBYX MATEPHAJIbHbIX TOYEK
OTHOCATCS K TPABMUTAIIMOHHOMY B3a-
HMO/.leﬁCTBMK)l CHUJTbl, ,E[ei;lCTByl'Ol]JMC



Tlone cun

WuepTHOCTL M Macca

[TnoTHOCTB

Ennanns:

3akoHbl HbroTona:
IepBblii 3aKOH

6. 3AKOHbl JIMHAMMKHU 29

MEXAY 3apsHKEHHBIMH  4acTHIAMH,
B3aMMOJICHCTBHE TIPOBOJHHKOB, 00Yy-
CJIOBJIEHHOE MPOTEKAIOLIMMHU MO HUM
JNMEKTPUYECKUMH TOKAMH, YIpYrHe
CHJIBI, CHJIBI TPEHHSI OTHOCSATCS K 3JIe-
KTPOMarHMTHOMY B3aMMOJEHCT-
BHIO.

Ecnu Ha Teno, pasmeiiaemoe B pas-
JIMYHBIX TOYKaX LPOCTPAHCTBa, AeH-
CTBYeT CHJIa, TO TOBOPST, YTO OHO
HaxoAUTCA B MOJE CHJIL.

[MpuMepsl: nose CHI TSKECTH, MOJE
IPaBUTALMOHHBIX CHJI, TNOJIE THIAPO-
MUHAMHYECKUX CHJI, JJEKTPOMArHUT-
Hoe mosie (cMm. ra. III) um T. ;.

CBOHCTBO TeJla OKa3bIBaTh CONMPOTH-
BJICHME M3MEHEHHIO €ro CKOpPOCTH
(KaKk MmO MOJIYJIO, TaK M MO Hampas-
JIEHUIO) HA3bIBAETCH  UHEPMHOCMBIO.
dusnyeckas BEJMUMHA, XapaKTepHusy-
oLas UHEPTHOCTL TEJa, HA3bIBACTCS
uHepmMHOU Mmaccou.

Kpome Toro, macca siBisieTcsi KOJH-
4ECTBEHHOW XapaKTEpUCTHKON rpaBH-
TALMOHHOTO B3aUMOAEHCTBUSA (Mepoi
TATOTEHHS); B 3TOM CJIy4ae Macca Ha-
3bIBaETCA 2pasumayuonHoil. 3 ombl-
TOB CJIEAYeT, 4TO MHEpTHas U rpa-
BHTALIMOHHAs] MACCHI OJHOTO M TOro
XK€ TeJla paBHBIL.

Macca enunnuHOro obvema: p=m/V,
m—mMacca, V—o0beMm.

cujia — HblOTOH, H;
MAcca — KWJIOrPaMM, KT
MJIOTHOCTB — - KWJIOTPAMM Ha KyOuue-
ckuii MeTp, kr/m>.

CyuIeCTBYIOT TaKue CHCTEMBI OTCYe-
T4, OTHOCHTEJILHO KOTOPBIX Tes0, Ha
KOTOpOE He jAeHCTBYIOT ApYrue Teia,
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Bropo# 3akoH

Tpetuii 3akoH

.

I. MEXAHHUKA

JIBUXETCS PaBHOMEPHO H MNPSIMOJIHU-
HeiHo. Takue cUCTEMBI OTCYCTA Ha-
3bIBAKOTCA uHepyuarvivimu. Ilo-uHO-
My 3TOT 3aKOH (OpMyJMpyeTcs clie-
AYHOIIMM 00pa3oM: TeO HaXOOUTCs
B COCTOSIHHUM MOKOS HJIM PaBHOMEp-
HOTFO MNpPSAMOJIMHEHHOTO  JIBHXKEHHS,
€CJIH Ha HEro He NEHCTBYIOT CHIIBI.

VckopeHue Tena B pe3ysibTaTe [Iei-
CTBHS Ha HEro CHJIbI NPONOPLHO-
HAJIbHO OTHOLIEHHUIO MOJYJs I3TOH
CHJIbI K Macce; BEKTOPBI YCKOpEHUS
M CHJIBI MMEIOT OJMHAKOBBIE HANPAB-
JIEHHUS:

a=kF/m.

E/MuHUIBI cUIBl B Maechl BbIOMparoT
TakuM 00pa3om, 4ToObl GblIO k=1.
Torna

F=ma=mdv/dt=dp|dt, (1.32)

p=mv —Koauuecmeo oOsuxcenus (AIH
umnyaec) Tena. Ecaum Ha Ten0 oaHo-
BPEMEHHO ACHCTBYIOT HECKOJIbKO CHIJI
F,, F,, .., F,, 10

F +F,+ ... +F,=ma. (1.33)

Bropoit 3akon HbroToHa siBisieTCs
OCHOBHBIM YPABHEHHEM JWHAMHKH
MaTepHajJbHOW TOYKH.

F,=—F,." (1.34)
Cunbl, ¢ KOTOPBIMH JEHCTBYIOT ApPYr
Ha JIpyra JBE MAaTepHaJibHbie TOHYKH,
paBHbl MO MOXYJIO, MPHJIOXEHBI
K Pa3jIMYHbIM TOYKaM ‘1 HANpaBJICHBI
B NPOTHBOIOJIOXHbIE CTOPOHBI BIOJb
NpsSMOM, COEOUHSIOIIEH 3TH TOYKH.
F,, ---cuna, NpUioXeHHast K MEpBOMY
teay, F,, —cuna, npunoxeHHas Ko
BTOPOMY TeJy.

YckopeHus a;, a,, KOTOpble I0J1y-
YaloT JIBA TE€Jla MACCaMH m,, mi,



7. AMHAMUKA BPAWATEJIbBHOI'O [ABUXEHUSA

3aBHCHMOCTb MAacChl OT CKOPOCTH

mp !

|
|
|
!
m [«
0 I
|
1
17

p:v/c

Puc. 1.12
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npu B3aUMOACHCTBHH, ONPEACIAOTCA
U3 COOTHOILUCHUH

mya, =—m,a,.

Ipu Gonbiuux ckopocTax (v~c¢, ¢ —
CKOpOCTb CBETA4 B BaKyyMme) cCremy-
€T YYMTBIBaTh 3aBHCHMOCTh Mac-
Cbl OT CKOPOCTH JBMXYILErocs TeJja
(puc. 1.12):

m=mq//T— P2, (1.35)
mg,— Macca HEMOJABHUXHOIO TCJ1a

(Macca TNOKOst), M1 --Macca JIABHXY-
werocst Teqa, P=v/c.

7. HHAMHKA BpaILATEJbHOTO [BHIKEHHH

MowmenTt
TOYKH

CU.TbI OTHOCUTEJILHO

77

r
Puc. 1.13

MOMEHT CHJIBI OTHOCHTEJILHO OCH

MOMEHT KOJIHYECTBA ABHXKEHHS
(MMnysbca) OTHOCHTEILHO TOYKH

BCKTOpHaﬂ BCJIMYUHA

M =[rF], (1.36)

MOJlyJIb KOTOpPOH paBeH NpOH3Bejie-
HUIO MOAYJS CUJIbl Ha TNPOEKLHIO
| pajmyca-BeKTOpa F, TMPOBEAEHHOrO
M3 Toukd O B TOYKY NPHIOKEHUS
cunsl F, Ha HanpaBjieHHe, NEPNEHAR-
KYJISPHOE HANpPaBJICHHIO JTON CHJIBL

M= Fl=Frsinp,

B—yron MeXay
r u F (puc. 1.13).

BEKTOpPaMH

CKaJ’lﬂpHaﬁ BCJIMYHMHA, paBHadA IIPOCK-
UMH MOMCHTA CHJIBI HAa OCh Bpaule-
HHA.

BCKTOpHaﬂ BECIHYMHA

L=[rp].

MOJyJlb KOTOPO# pABEH NPOM3BEjE-
HHIO MOJIYJIS KOJIMYECTBA JIBHXKCHUS
(uMnyJabca) Ha Npoekuuto [ pajuy-
Ca-BEKTOpa I HAa HampaBjeHue, NeEp-
HEeHIUKY:IAPHOE BEKTOPY CKOPOCTH

(1.37)
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Puc. 1.14

MOMEHT HHEpLUMH MaTepHaIbHOM

TOYKHU

MOMEHT KOJIUYECTBA JABHXKCHHUS
(MMTMYIbC) OTHOCHTEIBHO OCH

VpaBHeHus TMHAMUKH BPALATEb-
HOFO JIBHXCHHUS

Puc. 1.15

Mz

p:

0
Pic. 1.16

—

. . MEXAHUKA

(umnysbea):
L=muvrsinB,

B-- yrox MexXay BEKTOpaMHU
r u p=mv (puc. 1.14).

CxansipHas BeJIMYHHA
I=mr?, (1.38)

m —--Macca MaTepualbHOH  TOUKH,
r— €€ pacCTOsiHHE OT OCH BPAlLUEHHS.

Cxanﬂpuaﬂ BE€JIMYKMHA, paBHas MPOCK-
IIH¥ MOMEHTA UMNYJIbCA L Ha oce
BpaLICHHUA.

. AL
M= lim —. (1.39)

At - At

OCHOBHOE ypaBHEHME AMHAMMKH Bpa-
[IATEJIbHOrO ABUXCHUS MAaTepHallb-
HON TOYKH (ypaBHEHUC MOMEHTOB).
AL — u3MeHeHHe MOMEHTA KOJIMYECT-
Ba JBWXECHUA (MMIydbca) 3a BpeMs
At (puc. 1.15).

B,=M_. (1.40)

OcHOBHOE ypaBHECHME AUHAMHUKM Bpa-
LIEHUS] TBEPJOrO Tejia BOKPYr HEMOA-
BM)KHOM OCH.

I—MOMEHT HHEpUMH Tejla OTHOCH-
TCALHO OCH BpALLEHMs, paBHBIA CyM-
ME MOMEHTOB WHEPIMH MaTepHuasb-

HbIX TOYEK:

1=y mr;
i

M_-—anrebpanyeckas CyMMa MOMEH-
TOB BHEUIHHX CHJI, P,-— IMpoeKuus
yrjioBOro YyckopeHus Ha ocb O
(puc. 1.16)



8. MOMEHTbI MHEPLUMWU OJAHOPOIHbBIX TEJ

8. MoMeHTBI HHepUHH OJIHOPOJHBLIX Tell

33

Teao

OTHOCHTENBHO OCH

ToHKMHA CTepxeHb IUTHHBI [

— 1 )
Kpyrabiit asck g UMIHHAD
panuyca r

lllap panmyca r

Tonkas Tpyba HIH KOJBLO
panuyca r

¥ pajguyca r

IIpsamoyrombHblii  napaiesne-
nunen ¢ pebpamu 2a, 2b, 2c

. _:'_—_Z_T_'«\ I &

N

NIEPNCHANKYJIAPHOH CTep-
KHIO M- IPOXOASALIEH ue-
pe3 ero cepeluHy

NEPNeHANKYJIAPHOH ILTOC-
KOCTH AMCKa M MPOXOAs-
el 4Yepe3 ero LEHTP

coBnajarollieil ¢ anamer-
pom

coBnajaromei ¢
Tpy6bI

OCbIO

MEepNeHIUKYJIIPHOA K ocH
UMJIHHAPa ¥ TIPOXOASLICH
4yepe3 €ro CepenHHy

npoxoasiuei uyepe3 LEHTP
¥ napajuie]bHOH  pebpy
IUTHHBL 2a

mi*/12

mr?/2

2mr?/5

mr

7?2

%(b2+cz)

)

(1.41)

(1.42)

(1.43)

(1.44)

(1.45)

(1.46)

lpumMeuyanue. B Tabaune Mambl MOMEHTBI MHEPUMH Tel I, OTHOCHTENbHO OCei,
NPOXOAAIHX HYEepe3 MX LEHTPbl Macc. MOMEHTHI MHEPLUMH OTHOCHTEJLHO Ocei,
KOTOpbi€ Mapaule/ibHbl OCH, MPOXOAAIUEH 4Epe3 LEHTP Macc, MOXHO paccyMTaTh
no dopmyie [=1I,+mb* (b —paccrosuue MeKLy OCIMH).

2 H. WU. Kotuxun
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9. HennepmuaibHbie CHCTEMbI OTCYeTa

Cucrema OTCYCTA, KOTOpAas MNMEPEMEUIACTCA C YCKOPCHHEM OTHOCHTEJIIBHO
PlHCpIIPlaJIbHOﬁ CHCTEMBI, HA3BIBACTCHA Heuuepuua/tbnoﬁ cucmemoil.

Cucrema K' [BUXETCS MOCTY-
naTeJlbHO C MEpPEeMeHHOH CKO-
POCTBIO V, H YCKODEHHEM A,

Ecmu B cucreMe K' cKOpocTb paBHa V, a YCKO-
peHHe paBHO &', TO B HHEpOHMaLHOH cHcTeMe K

ckopocTh Oyner

V=V +v,, (1.47)
yCKOpeHHe
a=a'+a, (1.48)

Cucrema K’ Bpamaercs ¢ mo-
CTOSHHOH YTJIOBOH CKOPOCTBIO @
BOKPYTI' OCH, KOTOpas HenoIBHXHA
B WHEpUHMalbHOH chcTeMe K

Ecin B cucreMe K’ CKOpOCTh MaTepHAJIbHOH
TOYKH A paBHAa V, a YCKOpEHHE paBHO &', TO
B MHEpIHANLHOA cACTeMe K CKOpOCTh

v=v+[er], (1.49)

[or]=[wp]=v,— mreiinas CKOpOCTb Ma-
TepHaJILHOH TOYKH A,

p=rsina,

YCKOpEeHHE

a=a'+2[ov]+e’p (1.50)
KOpHOJHCOBO yCKOpeHHE a,,,=2[ov] (1.51)
LIeHTpOCTPEMHUTENILHOE YCKOpERHe | a, = —@2p (1.52)

Eciu MatepuanbHas To4ka A JBHXETCH B CH-
creMe K' ¢ mocrosHHO# ckopocThio V (a’'=0),
TO yckopenue B cucreMe K

a=a, +a, (1.53)
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10. OcHoBHOM 3aKOH IBHXKEHHA TeJ
B HEHHEPUMANKHBIX CHCTeMaX orTcdeTa. CHiIbl HHepHHH

Heunepumanbhas cuctema K' ne-|ma’'=F—ma,, (1.54)
peMelaeTcs MPSMOJIHMHEHHO € YC-
KOPEHHEM a, OTHOCHUTEJILHO HHEP-
uManbHOM cucTteMsl K

a’'---yckopeuue B cucteMe K,
a —yckopenue B cucreme K,

F,=—ma, (1.55)
— CHJIa HHEPUHMH (TIOCTYNATEIbHAA CHIIa HHEPLIMH)

Hennepumanshas cucrema K’ Bpa- | ma’'=F+mo?p+2m[v o], (1.56)
ILAETCS BOKPYT OCH C TIOCTOSHHO#

. a' —yckopenue B cucreme K',
YIJIO0BOH CKOPOCTBIO @

Fe=mo’p— (1.57)
LHeHTpoOeXHas CHIa HMHEpLMH;
Fp=2m[vo]— (1.58)
cuna Kopuonuca (koponucosa cuia)

B obmeM ciayuae

ma' =F,+F+F,,+F. (1.59)

Ha pucynke yka3anbl HampasiieHus cuibl Kopuo-
JIUca, KOTOpbiE NEHCTBYIOT Ha [BHXYLieecs Telo
[0 MOBEPXHOCTH 3eMJIM: a) MPH MEPEMEILEHHH 110
BEPTHKAJIH CO CKOPOCTBIO V; ©) mpn mnepeme-
[IEHWH NO 3KBATOPY CO CKOPOCTBIO V3

11. Canbl TpeHus

Cusibl  TpeHust Cusbl, KOTOpble BO3HHKAIOT Ha TMO-
BEPXHOCTH CONPUKOCHOBEHUS TNPHXKa-
ThIX ApPYr K JpYry TeJl NpPH CKOJIb-
KEHHUM (OTHOCHTEJIBHOM TNepeMelle-
HHH).

Tpenue cyxoe TpeHne MexXAay HOBEPXHOCTSIMHU CO-
NPUKACAIOIMXCA TBEPIABIX TeJl TpH
OTCYTCTBMM TNPOCJONKH KUAKOCTH
(cmasku). Cyxoe TpeHue Mmoapasfess-
eTcs Ha mpenue cKoabdicenus (OIHO
TEJO CKOJIb3UT MO NOBEPXHOCTH ApY-
TOr0) U mpenue kauenusa (OJHO TEJO
KATHTCS TO TOBEPXHOCTH JPYroro).

Cunbl TPEHUSA TIOKOS Ecnu BHemHss cuiaa HEAOCTaTOYHA
IJIA  OTHOCHUTEJILHOIO MNECPEMCHICHUSA
3*
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Cuel TPECHUA CKOJIbXEHUS

Puc. 1.17

Tpenue kayeHus

Puc. 1.18

I. MEXAHUKA

T€J1 MO MOBEPXHOCTU MX CONPHKOC-
HOBEHHS, TO BO3HUKAIOLLASI IPH 3TOM
CHJla TpeHHs paBHAa BHCLIHEH CHJE
U M3MEHSEeTCs OT HYyJs A0 HEKOTO-
poro mMakcumajnbHOro 3HauyeHus F,,
KOTOpOE€ HA3bIBACTCS CUAOU MPEHUs
nokoa. OTHOLIEHHE CHUJIbI TPEHUS MO-
KOsl K cCuJie AaBjieHus P, cxumaroeit
COTIpHKAcalOLIMECs Tejia, Ha3bIBaeTCs
K03 HUIMEHTOM TpPEHUS MOKOS:

J=F,/P. (1.60)

[ocsie TOro Kak HAYHETCA CKOJbXKE-
HHE, CHJIA TPEHUS HECKOJIbKO YMEHb-
IIAETCS MO CPAaBHEHHIO C CUJIOH Tpe-
Hus nokos. Cuia TpeHHs NpH cKoJib-
KEHUK HaA3bIBACTCH CUA0U mpeHus
ckoabncenus. CUa TPEHUS CKOJIbKe-
HUs F,, 3aBUCUT OT MaTepuana M Ka-
yecTBa  0OpaboTkM  compukacalo-
HIMXCS TIOBEPXHOCTEH, OT CHJIbI, CXKHU-
Maroulel TpyLUHECs TIOBEPXHOCTH (CH-
Tl gaBiacHus P). Ha puc. 1.17 cuna
nasjieHusi P, pacnpejeficHHas no no-
BEPXHOCTH CONMPUKOCHOBEHMS  Tel,
paBHa CHJIE TSXKECTH mg.

Moayab cuiibl TPEHHS CKOJIbKEHHS

F,,=/P, (1.61)

f—K03hdUIMEHT TpEeHHUS CKOJIbXKe-
HUsA, 3aBHCSLUMI OT Tex xe (axro-
pOB, YTO M CHJIa TPCHHS; HE3HAUYM-
TeNBHO f 34BHCHT OT OTHOCHTEJIbHOMN
CKOPOCTH CMeEUIECHHUs Tes (3Toi 3aBH-
CHMOCTbIO OOBIYHO npeHeOperaroT).

Cuna TpeHMs KaueHUsS

F.=f.PIR, (1.62)

R— pauyc KaTsSuUErocs LUIMHAIPA,
f.—x0dpUIMEHT TpEeHUS KaucHHA,
UMEIOIINIA pa3MEPHOCTb [UTHHBI.

,



12. PABOTA, MOIIHOCTb, DHEPTUS 37

Koadbduuuenr cuerutenus

Frp >
Puc. 1.19

OTHOILCHHE CHJIbI TPEHHS CKOJIbXKe-
Hus F,,, KoTopas BO3HHKAE€T TpU
TOPMOXEHUH MEXJY IUMHOW aBTOMO-
OUIS M IOPOXKHBIM TOKPBITUEM, K CH-

Jie fAaBjieHud - P:

Y=F,/P. (1.63)

12. PaGora, MomHoCTb, JHeprus

HpPl JABUXCHUUA TEJI CHJIBI, ﬂCﬁCTByIOLllPle Ha HHX, MOryT HU3MCHATLCA
KaKk mo MOAyJi0, TaKk W IO HaNpaBJICHUIO.

DneMeHTapHOe NepeMelLeHHe
(371eMEHTapHBI y4acTOK NyTH)

OnemeHTapHas paGoTa CHIIBI

E
?

4r
Puc. 1.20a
PaGota Ha KoOHeYHOM mepemeliie- ,
HUH

cP"an,-_
4s,

Puc. 1.206

OnemeHTapHas paborta mpu Bpa-
IaTeIbHOM JABWXCHHH

Maunblii y4acTok nepemeuleHHs (WK
NyTH), B Mpejiesiax KOTOPOro MOXHO
CYHTaTh CHJIy HOCTOSIHHOH.

CxkanspHasi BeJHYMHA

AA=FArcoso=FAscoso, (1.64)
Ar—a3sieMeHTapHOe  TepeMellIeHHe,
As— 3meMeHTapHBIA Ty Tb.

A=Y F,As;cosg; (1.65)

i=1

n—KOJINYECTBO 3JIEMEHTApHBIX Yyua-
CTKOB OYTH, Ha KOTOpbi¢ pa3buBa-
eTcs KOHe4HbId myTb. Boobiie

A=[Fcosqds. (1.66)
Ecim F=const u @=const, To pa-
6ora

A=Fscoso, (1.67)

S—NpPOHJICHHBI NyTh (He mnepeMe- .
uieHue!).

Pabora —BennuuHa anreGpaudeckas
(A>0, ecin cos@>0; A4<0, ecau
cos® <0).

AA,,=MAo, (1.68)

A@—yroa noBopoTa OTHOCHTEJBLHO
HETIOJIBMXXHON OCH.
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MoHocTs

Enununsl:

JHeprus

L7777 7777777,
Puc. 1.21

Kunernueckas JHEprug

&
Puc. 1.22

[MoreHunanpHoe moJie

[MoTteHunanbHble  (KOHCEPBAaTHB-
HBIC) CHJIbI

Pabora 3a Bpems 1 c
N=AA/At=Fv, (1.69)

A A—»snemenrtapHas pabora 3a Bpe-
Mst At, v—CKOPOCTb.

paborta, sHeprus — pxoyJb, JIx;
MOLIHOCThL — BaTT, BT.

Mepa pa3nuuHbix (GOpM ABHXKEHHS
MATEPUH H B3aHMOJCHCTBHUl.

Hampumep, CuJIbl, TNPHJIOKEHHBIE
K TeJly, yBEJMYHBAIOT JHEPTUIO 3TOrO
TeJa Ha BEJHYMHY, paBHylo paboTe

. OTHUX CHJL

Ecnu caHku nepememialoTcsi o ropu-
30HTaJILHOMY MYTH C TOCTOSHHOH
CKOPOCTBbIO, TO pe3yibTUpYIOLas CH-
Jla paBHa HyJio, T. €. (cM. puc. 1.21).
F,—F,,=0; pabota cunbl Tpenus F,,
paBHa paborte cunbl F,, koTopas
HeoOXoauMa JUIs MEPEMELICHHs ca-
HOK, HO MO 3Haky 3TM paboTsl
NPOTHBONOJIOKHBI; paboTa pe3ysbTH-
pYIOLLEH CHJIbI PABHA HYJIO, MO3TOMY
JHEPrUsi CAHOK HE H3MEHSETCH.

DHeprus ABWKYLIETOCs Teja, onpesie-
JiseMasi COOTHOILEHHEM

E =mv?[2, (1.70)

m—Macca Tesia, V—€ero CKOpOCTb.
W3MeHeHHe KMHETHYECKOH OJHEpruu
paBHO pabore cui.

IMose wHa3biBaeTCH NOTEHIMAIBLHBIM,
ecnn paboTa cWJI ITOrO mMOJs TPU
NepeMEUICHNH TeJla U3 OJHOW TOYKH
B JPYTYl0 HE 3aBHCHT OT (opMbi
TPAeKTOPHHU, NO KOTOPOH nepeMenia-
eTcs TeJo.

Cuibl  OTEHUMANBHOrO MOJIS Ha3bl-
BAKOTCA NOMEHYUuaAbHbIMU WA KOH-
cepeamugHbiMu.
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PaboTta KOHCEepBaTHUBHBIX CHJI

Puc. 1.23

INoTenuuansHas JHEprusa TeJa
m

mg

Puc. 124 '

3aBHCHUT JMIlIb OT HOJIOXEHHUS (KOOp-
JIMHAT) HAYaJIbHOH M KOHEYHOH TOYKH
Tpaektopuu (Ha  pwuc. 1.23—>3T0
Toukd A u B).

OHeprus, oOYyclOBJEHHAss B3aMMO-
JICACTBHEM 3TOr0 Tejia C JAPYTHMH
TeNaMH TOCPEJCTBOM KOHCEPBAaTHB-
HBIX CUJ (HanmpuMep, IPaBHTAHUOH-
HOE B3aUMOJCHCTBHE Tejia C 3eMuiei).
[MoreHuuanbHas 3HEpPrus 3aBUCHT OT
PacCTOSIHUS  MEXJy B3aUMOJEHCT-
BylomiuMu Tenamu. Hampumep, npu
ME/UIEHHOM TMNEPEMELLIEHHH B BEPTH-
KaJlbLHOM HamnpaBJICHHH Ha BBHICOTY
h Tena Maccoi m B moJie TArOTEHHS
3eMui CoBepLIAETCS BHELUHMMHU CHJIa-
mu pabora (puc. 1.24)

A=mgh, (1.71)

nNpyH 3TOM TMNOTCHUHMAJIbHAA JSHEPrus
YBCJIHYUBACTCA Ha

AU=mgh. (1.72)

Pa6GoTta cHIIbI TSXECTH nMpH MOIbeME
Tenma OyneT oTpuuaTesbHA.
Boobuie, npu mepemelieHun Tena u3
Ha4YaJIbHOTO TOJIOKEHHS B KOHEYHOE
paboTa MOTEHUMABHBIX CHJI pPaBHa
M3MEHEHHIO MOTEHIMAILHON SHEPTHH,
B3TOMY C OOpaTHbIM 3HAKOM:

Ad=—(U,—U,), (1.73)

U,, U,—nmnoTteHuuasbHble 3HEPrUH
B HA4aJbHOM U KOHEYHOM TOJIOXKEHH-
aX, U,— U, — npupauieHne 3Hepruu.
Hagajjo  oTcyeta  moTeHUMALHON
3HEPTHH BBIOHPAETCS NPOU3BOJILHO; BO
MHOTHMX C/Iy4YasiX CYMTAIOT, YTO B IMOJIE
TATOTeHHs 3eMJIH NOTEHIMAIbHAS SHED-
rMs Ha €€ MOBEPXHOCTH paBHA HYJIO.
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HOTCHHHaﬂbHaﬂ 3HEprust Mpu ne-
¢dopmManuu

1. 1. MEXAHHUKA

B pesynbTaTe paGOTHI BHELIHHX CHII
npd  aedpopManMu  NOTEHUHAJIbHAS
JHEPrHs Tejia yBEJIMYMBAETCs BCJE-
CTBHE M3MEHEHHS PACCTOSHUS MEXy
yacTuuaMu (cM. . 21 . ).

13. 3akoHbl coxpaHeHHsi B MeXaHHKe

3aKOH COXpaHEHHsS SHEPIHH

3aKkoH COXpaHEeHHs MMITYJIbCa (KO-
JIMYECTBA JABWKCHHUSA)

3aKOH COXpaHCHHS MOMEHTA HM-
nynsca (KOJM4ecTBa JIBHXKEHHUS)

E, + U=const. (1.74)

3aMKHyTO# Ha3bIBaeTCs CHCTEMa, HE
B3aUMOJCHCTBYIOIAs C BHEIIHUMH
TeJaMH.

B uHepuManbHBIX CHCTEMAaXx OTCYETa
CyMMa KMHETHYECKOH M TMOTCHIHAJIb-
HOM OJHEpPruit 3aMKHYTOH CHCTEMBI
T€J, MEXIY KOTOpPbIMU JEHCTBYIOT
JHMLIb KOHCEPBATHBHBIC CHUJIbI, OCTa-
€TC TOCTOSIHHOM.

Y’ p;=const. (1.75)

B mHepuMasbHBIX CHCTEMax oOTcYeTa
BEKTOpDHash CyMMa HMIYJbCOB TeJ
3aMKHYTOH CHCTEMbI OCTAEeTCs IOCTO-
SIHHOH.

Y L;=const. (1.76)

B uHepuMasbHBIX CHCTEMax oOTcYeTa .
BEKTOpHas CYMMa MOMEHTOB HM-
NyabCOB TEJI 3aMKHYTOH CHCTEMBI
OCTaeTcd TNOCTOSHHOM.

14. ®opmyianl pacyeTa KHHETHYECKOH

H TNOTEHIMAIbHOH JHCPruH

Kunetuveckas H/IH NOTEHUHAbHas SHEPrus

;
Kuneruyeckass SHeprus:

— NOPH [BHXEHHH Tel CO CKOPOCTAMH
v<<c¢ (c—CKOpOCTb CBETa B BaKyyMe);

— npu BpALIEHWM Tesja BOKPYT HENoAd-

DopMmyibl
E,=mg?/2, 1.77)
mgy—mMacca MoKos TeJa
E,=l0?)2, (1.78)
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4]

IIpodoaxncenue
KunetHyeckas WJIH NOTEHUMAJbHAS JHEPrus d)OpMyﬂbl
BHXKHOH OCH C YIJIOBOH CKOPOCTBIO ®; |/—MOMEHT HHEPLHH
— NpH OBHXKEHWH C OONBHIMMH CKOpOC- 1 :
p PO B =mpe? [ ———1 (1.79)
TaMH (v~cC) 1-p2
IToTeHuManbHass 3HEPrus:
— B MoJie TATOTEHUS 3eMIH U,=—yMyn/R, (1.80)

— B OJHOPOAHOM IMOJIC TAMOTCHHUSA

— 1eOpMHPOBAHHOTO Teja €AMHUYHOTO
obbema (npH npononbHOH IedopManuu
CTEPXKHA)

Y—TIpaBUTalMOHHAs MNOCTOsSHHAs, M;—
Macca 3emiu, m—macca Tena, R— pac-
CTOSIHHE MEXJY LEHTPOM 3eMJIM M LEHT-
pom Maccel Tena (R>R,;, R;—pamuyc
3emuH)

U=mgh, (1.81)

m-—mMacca Tena, g— yCKOpeHHE CBOOOI-
HOTO NajieHHs, h— BbICOTA Hal MOBEpPX-
HOCTBIO 3emMiu

Ug=¢E?*)2, (1.82)

£ — nedopmauns, E—monyns FOmrra (cM.
n. 21 3TO# riaBbi)

15. Ilpocreiiimme MexaHH3MBbI

HaxyioHHas IWI0CKOCTH

977

Puc. 1.25

Ha 6pycok, pacmoyioXeHHbI## HA Ha-
KJIOHHOH ILJIOCKOCTH, ACHCTBYIOT: CHU-
na TskecTH G, CHila peakud Onopbl
N u cuna Tpenus nokos F,; ycnosue
paBHOBecust (6e3 yd4eTa MOMEHTOB
CHT)

G+N+F,=0. (1.83)

Ecnn ock OX mpsAMOyrosibHOHR cucrte-
Mbl KOODIMHAT HampaBjieHa mNapaj-
JIEIbHO HAKJIOHHOM IUTOCKOCTH, OCh
OY —nepneHauKyJIsSpHO, TO YCJIOBHE
PaBHOBECHS B MPOEKUHUAX HA 3TH OCH
(cM. puc. 1.25):
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F,—Gsina=0, N—Gcosa=0,
F /N=tga.
Ilpu ycnoBuu, uto Gsina>Fy (Fp—
MaKCHMAJTbHOE 3HAYEHHE CUJIbI TPEHHUS
MOKOs), PaBHOBECUE Hapyliaercs, Opy-

cok Oymer cMeliaThcs BHU3 MO Ha-
KJIOHHOH TUIOCKOCTH.

Priyar Poryar npencraBnser coboit  crep-
a, a, XEHb, KOTOPBIA MOXET BpalATLCS
BOKPYT HENOJBIDKHOH ONOpHI WM OCH
BpaLlcHMA. Pblyar HaxomuTcs B pas-
z; F, ﬂOfecnn, ec ayrebpamyeckas CymMma
JEACTBYIOIMX HAa HETO MOMEHTOB CHJI

F, paBHa Hymo (puc. 1.26):

_ A F,a,—F,a,=0,

a, a, v a,—naeyu cun Fy u F,. Ycnosue
F, PaBEHCTBA MOMEHTOB CHJI NpPHMEHS-
g €TCs TaKKe K pPaBHOBECHIO BOPOTa
Puc. 1.26 wm nebenxu.

Brnok Biok —npocreiinmii  MexaHu3M B
Z ¢dopMe mitka c XkenoboM MO OKpyX-
HOCTH JUIs LIETHM, KaHaTa, TPOCca, HATH
u T. 1. Hemomerwxkuwiit 6110k (puc. 1.27)
CIIYXHT TONBKO JUIS H3MEHEHHS Ha-
npaBieHuss mnepemenlenus. Ha nogn-
BIDKHOM Onoke (puc. 1.28) cymma
BCEX HCHCTBYIOIMX CHJI H CyMMa BCeX
MOMEHTOB CHJI PaBHBI HYJIIO:

P—-2F=0.
Orcropa cnemyer, uro P=2F, F=
=P/2.

Puc. 1.28

IMomcnact INMosmmcnact npeacrasnseT coboil cuc-

TEMy TNOABIKHBIX H HEMOJBHXHBIX
6JI0KOB, YKDEIUICHHBIX B JBYX JepXa-
Tensx. - EcniM noymcnact uMeer n mo-
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JloMKpaT BHHTOBOH
R

. |= ’/F

PSS /L
Puc. 1.29

JBIXKHBIX M 7 HEMOABHXHBIX GJIOKOB,
TO Ul YpaBHOBEILIMBAHMs CHblI P He-
00XOMMMO TPHIOKHUTb CHITY

F=P|(2n). (1.84)

IMpn orcyrcrBun Tpenus cuma P,
JICCTBYyIOIIas  BOJIb OCH  BHHTA,
ypaBHoBeumBaercss cuioi F, mpuio-
XEHHOH K pykosaTke (puc. 1.29):

F=Ph/(2xR), (1.85)

R —paccTosiHie OT OCH BpAILCHHS OO
TOYKH  TPHJIOXKEHHA  CWIsl, h—
HIar BHHTA.

16. 3axon BCEeMMpHOIO . THrOTEHHS

3aKOH BCEMHPHOIO TSATOTEHHS

F72 F? 7

Puc. 1.30

CHna TAroTeHHs

mym,

F=vy RZ

(1.86)

JlBe MaTepHanbHblE TOYKH MAacCaMM
m, W m, NPUTATHBAIOTCS APYT K APYry
CHJIaMH

|F1a|=|F21 |='ym1m2/R2,

R— PAacCTOsTHHE MEXay TOYKAMH,
Y — rpaBHTAllMOHHAA TNOCTOAHHAA,

.paBHas 6,67-107'' H-m?/xr2.

OTH CWibl Ha3bIBAIOTCH 2pAGUMAYUON-
HbLMU, WIH CWIaMH TaroTeHus. Cuibl
TArOTCHUS. HANpABJICHBI BJOJL Mps-
MO#i, NPOBEACHHOW Yepe3 MaTepHab-
Hble TOYKH.

Mo ¢opmyne (1.86) MoxHo paccuu-
TBIBATH CH1y TATOTEHHS MEXIY JBYMS
OJIHOPOHBIMH TCJIaMH  CepHUECKO
dopmbl, npu 3ToM R Oyaer cooT-
BETCTBOBaTh PACCTOSIHMIO MEXAY LEH-
rpaMu 9THX wapoB (puc. 1.30).

F,=ymM,/R? (1.87)

—— CHJIa THATOTE€HHA MEXAY TEJIOM,



Cuna TSXeCTH

Puc. 1.31

Bec Tenma

HanpspkeHHOCTD

HHA 8,

JIBIDKEHME ILUTaHET

3akonsl Kemnepa

Puc. 1.32

TOoJIsA

. 1. MEXAHHUKA

TATOTE-

PacroOJIOKEHHBIM  Ha  ITOBEPXHOCTH
3emumn, U 3emuiell, m—Macca Tena,
M,—macca 3emim, R;~—ee pamuyc;
F, HanpaBieHa K UEHTpPY 3eMJH.

G=F,+F,. (1.88)

PagnoneiicTByrOIas BYX CHJI— CHJIBI
TaroTeHus F, M LEeHTpoOeXHON CHIIBI
unepn F,=mo?p (puc. 1.31).
Hamnpasnenne G coBnamaer ¢ Hampas-
JIEHHEM OTBECa; Ha MOJIocax 3eMM
G=F, Ha 3KBaTOpE G=
=F,—F,

P=G—ma. (1.89)

Cuna, ¢ KOTOpOil AEHCTBYET Ha TOpH-
30HTAJILHYIO ONOpY (WIM OTBEC) TEJIO,
HaxoJsuleecss B TOJE CHIIbI TSDKECTH.
a—YCKODEHHE TeJla, pa3MEIUEHHOro
Ha ormope.

BermuuHa, paBHas cuie TATOTEHMS,
JEHCTBYIOLEH Ha TeJlo eJUHWYHOM
Macchl:

g.=F,/m. (1.90)

IlnaneTsl ABHXYTCS NOA JAEHCTBHEM
IPaBUTALMOHHBIX CHJI, JICHCTBYIOLIMX
mexay CoiHLEM M IUIaHETaMH.

IMepsbiii 3axkoH. Ilnanersl nBu-
XKyTCSl MO 3JUTHITHYECKHM OpOMTaM,
B OJHOM M3 ()OKYCOB KOTOPOiH Haxo-
murca Consue (puc. 1.32).
BTtopoit 3axoH. Pamuyc-extop,
npoBefeHHbI# U3 1eHTpa CosHua
B IEHTP IUIAHETHI, ONMCBHIBAET 3a
PaBHBIE NPOMEXYTKH BPEMEHH OJH-
HAKOBBIE TUIOLIAJH.

Tpetruit 3axkoH. OTHOLUCHHE

r3/T?=const=3,36-10"18 m3/c?

A
s Beex mnaneT CoOJIHEYHOM CHCTe-
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MBl; r —pacctosigde ot ConHua ao
miaaHetsl, T—nepuoa obpauieHus
TUTAHETDI.

17. Cratuka TBepaoro Tejia

Vcnosus pasHOBecUs Ha Teno nedcTByeT HECKOJIBKO CHJI,
HanpaBJICHUs: KOTOPBIX NMEPECEKaloTCs
B OAHOM Touke (puc. 1.33); B sTOM
cilyyae Al paBHOBECHS HEOOXOAMMO,
4TOObI BEKTOPDHAs CyMMa BCEX CHJI
ObUla paBHAa HYJIIO:

Y F,=0. (1.91)

Teno ¢ HEMOABHXHOM OCHIO B TOHYKE
O HaxoauTCs B PABHOBECUH, €CIIH
anredbpanyeckas CyMMa MOMEHTOB
OTHOCHTEJIbHO 3TOH OCH paBHA HYJIIO:

Y M,=0. (1.92)

Ha puc. 1.34 M,=F,a, (Bpauenue
no uacoBoit cTpenke), M,=—F,a,
(BpailicHHE TNPOTHB YACOBOM CTpEJ-
KH); YCIIOBHE DAaBHOBECHS IJI ATOrO

ciyyas:
Puc. 1.34 M,+M,=F,a,—F,a,=0.
Lentp Macc (ueHTp uHepuuu) Touka, nmosoxeHue KOTOpO# ompene-

JS€TC  PaAHyCOM-BEKTOPOM

re= Y (mr)/M, (1.93)

1

m; 1 r;—MacChl ¥ PaJHYChI-BEKTOPBI
YacTul, M —Macca BCeX YacTHL.

Lentp TskecTH Touka, B KOTOpOii mpuiOXeHa pas-
HOACHCTBYIOIAA BCEX CHJI TSXKECTH,
JIEHCTBYIOIIMX HA OTJEJIbHbIE MaJible
o6beMbl Tena. CyMMa MOMEHTOB CHJT
TSDKECTH OTHOCHTENIbHO LIEHTpa T-
KECTH paBHA HYJIIO.
B oaHOpomHOM. NONIE TATOTEHHS UEHTP
TSOKECTH M UEHTP MAacC COBNAJAIOT.
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18. LlenTpnl Macc OJHOPOIHBLIX TeJ

Teao

Mojioxenne HEHTPa TAXKECTH ~

ToHku#i CcTEpXeHb

0
———/—/—

Lunuaap uaM npu3ma

Map

Inockunit cerMeHT Majloi TOJ-
LUMHBI

/ o0 :-'t
A

IMupamuna wiM KoHYC

Ha cepenune crepxus

Ha cepenvue npsaMoO#H, COCAHHSIOWICH LEHTPbI
OCHOBAHWH UMJIMHADA HJH TNPH3MBbI

B uentpe

Ha ocM CHMMETpHH, CMEMIEH OT OCHOBAHHMA Ha
2/5 ero BbICOTHI

Ha oTpe3ke, COeqMHAIOLIEM BEPLUHHY C LEHTPOM
OCHOBAaHHUA; CMELUEH OT OCHOBaHHsA Ha 1/4 3toro
oTpe3ka

Ha ocu cumMerpuu; cMmelleH OoT ueHtpa Ha 3/8
panHyca

19. Jledopmanus H CHIBI YyNPYrocTH

Jedopmauus

H3meHnenue pacCcToaHUd MEXAY TOY-
KaMH TeJld NOJX ACHCTBUEM BHEIIHHX
CHJL.
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Vnpyras nedopmauus

Cunsl  ynpyrocTtu

Hanpsokenne (BEKTOp Hampsike-
HUS)

HopManbHoe HanpskeHHE ©,

IMpononbuas aedopMaius

F— .'

—r

fe—
Puc. 1.35

TanreHunanbHOe HANPSAXCHHE T

Cnsurosas nedopmauus y

Puc. 1.36

Monepeunas nedopmauus

] o
T e |
= B |
s v - ————— —

Puc. 1.37

Hdebopmaums, wucyesamouas mnocie
NpEKpalleHUss IEHCTBHS  BHELIHHX
CHJL

Bo3suukaromue npu ynpyroi aedop-
Mal{M CHJIbI, KOTOpble MPOTHBOIEH-
CTBYIOT U3MeHeHHIO GopMBI H 00Be-
Ma Teha.

BekTopHasi BelM4YMHA, paBHas CHJIE
yOpYrocTH, KOTOpas HAeiHCTBYyeT Ha
wiowans ceyenns 1 M2 megopmupo-
BAHHOTO TeJa:

6=F/S, (194)

F,—cuna ymnpyrocrd, S—IUlomaasL
CeueHHs. -

CocraBnsonias BEKTOpa Hampsixke-
HUsl, TepNeHIUKYJApHas IUIOCKOCTH
CEYEHH .

Otnouenne Al/l=¢ (Al—n3MeHeHHe
JUTHHBI CTEPXHA TpH  PACTKCHHH
(cxaTuH) CTepxkHs, /— JUIMHA CTEpX-
Ha g0 pedopmauum (puc. 1.35)).

Cocrasnsirolas BEKTOpa Hampsbke-
HUs, mapajulefibHas IUIOCKOCTH ceve-
HHUA.

Ornowenue y=3// (38— cmeleHue
OIHOM MapaJjulefbHOW I'PaHH OTHOCH-
TEJNIBHO JPYTO# MoJ JAEHCTBHEM CIBHU-
FOBBIX HampsbkeHH# T, /— paccros-
HHE MEXIy STHMH TIpaHiIMH IO Je-
tdbopmanun).

Otnowienne Ad/d=g, (Ad=d—d,—
M3MEHEHUE JUAaMeTpa NpH HpPOJOJIb-
Hoi  nedbopmaumu, d— guaMmeTp
CTepXHs N0 nAeopmauuu).



48 . 1. MEXAHUKA

Koapduuuent IMyaccona

CXHMMaeMoCTh

Eauuunei:

3akon [yka

Mogaymu ynpyrocTtu

CooTHOlLIEHHE MEXAY MOAYJIAMH
B HM30TPONHOHN cpeje

34BUCMMOCTb HOPMA&JIBHOTO  Ha-
NpsXeHUs OT NPOJ0JIbHOI aedop-
Maluu

OrtHouleHue monepedHor uedopma-
UM K TNPOJOJIbHOM:

v=g,/e. (1.95)

OTHOCUTEILHOE M3MEHEHHE 00beMa
AV/V npu u3MeHEHHU NABJIEHUS HA
OOWH TACKa/Ib:

B=AV/(VAp). (1.96)

nedopmanus -—Oe3pa3sMepHas  BeJU-
YMHa; .
HamnpsbkeHue — nackaib, [la.

MexaHu4eCKHE HAMNpsOXKEHUS MpOTnop-
IMOHAJBHBI AedopManusiM. DTOT 3a-
KOH BBINOJTHAETCS NMPH Masiblx Acdop-
Manusx.

c,=FE¢e (1.97)
-- TMpPU TPONOJBHBIX AedopMalmsax
W30TPOMHON CpENbI.

=Gy (1.98)
— npu nedpopmanmsx CABUra M30-
TPOTIHOH Cpeabl.

P=KAV|V (1.99)
— TpHU BCCCTOPOHHEM CXaTHU H30-
TPOTHOW Cpefbl.

E=o0,/e—™Monynb IOHra,
G=1/y— Mmonynb casura, -(1.100)

K=P|(AV/V)—monyab 0GbeMHOTO
CKATUSL.

E=2G(1+v),
E=3K(l—2v), (1.101)
K=1p.

Ha puc. 1.38 rpadpuueckn uzobpaxe-
Ha JKCIEPUMEHTAllbHAs 3aBUCUMOCTD
G, OT g O,- TMpeae] TPOYHOCTH,
T. C. HAMPSIKCHHME, MPU KOTOPOM Ha
CTEPXHE MOAYy4deTCs MECTHOE CyxXe-
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Hue (1ueiika), o, -—Npenes TeKy4ecTH,
T. €. HampsbKeHHe, NpU KOTOPOM MO-
ABJISIETCS TEKY4YeCTb (YBEJMYCHHUE e-
¢dbopmanuu 6e3 ysenuueHus aedop-
MUDYIOLIEH  CUJIbI), G, — TMpeaesn
yINpYrocTH, T. €. HANpsOHKEHHE, HHUXKE
KOTOpOro cmpaBeJyiuB 3akoH ['yka;
B Touke O NPOUCXOMUT DPa3pylLEHHE
Puc. 1.38 MaTepuana.

20. Mexanuka XKMIKOCTeH M rasoB

3akoH [lackans BHeliHee naBiieHHE B HEMOIBUXHOM
XKUAKOCTH (ra3e), HaXoAsLIeHCH B 34-
MKHYTOM 00BbeMe, TIepeaaeTcsi BO BCE
CTOpPOHbl ~ PAaBHOMEpHO;  HHaye —
JI4BJICHHE B HEMOABHXHOM KHUAKOCTH
B HEKOTOpO# TOYKE OJMHAKOBO BO
BCEX HaNpaBJICHUSX.

Puc. 1.39

3akoH Apxumena Ha Teno, morpyxcHHOE B XHAKOCTb,
NCHCTBYET  BBITAJKMBAIOINAS  CUJIA,
paBHast MO MOJAYJIO CHJIE TSKECTH
BBITECHEHHOW MM JKMAKOCTH (rasa);
3Ta cuna (apxumenoBa cuia) F,
NpUJIOXKEHAa K LEHTPY MAcC Morpy-
KEHHOM 4YacTH Teja WM K UEHTPY
Macc BCEro Teja, €cJM OHO Morpy-
KEHO B XMAKOCTb MONHOCThIO. CHia
ApxuMe/a HanpasjieHa BEPTHKAJIbHO

Puc. 1.40 BBepx (puc. 1.40).
Coobwatouecss cocy bl be3 ydeTa mOBEpXHOCTHOrO HATsIKe-
_ Husg (cm. 1. II) BbicoTel  ypoBHeii
A h XuOKOCTeH, HAXOAAUIMXCA B MOJE

TATOTEHUS, OOPAaTHO  MPONOPIMO-
HaJbHbBl  TUIOTHOCTSM  KMJKOCTEIi:

hy/hy=p,/p, (1.102)

(uumexchl | OTHOCATCH K  OJHOM
KUIOKOCTH, HHAEKCbI 2-—K JpYroif).
Ecmu p,=p,, TO ypoBHM pa3Melua-
IOTCS HAa OJHON BBICOTE.

Puc. 141
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Teuenue MACANBHON KHIKOCTH HoeaavHoti Ha3bIBAaeTCH Takas XHI-
KOCTb, B KOTOPO# OTCYTCTBYIOT CHJIbI
Tpenus. TeueHHe XHAKOCTH Ha3bIBa-
€TCsl  AAMUHAPHLIM, €CIIA CKOpPOCTh
M [aBJICHHE B KaX/IOW TOYKE HE
3aBUCUT OT BpeMeHH. I paduuecku
Te4yeHHe H300paXaeTcs AUHUAMU MOKA
(puc. 1.42); 3TO0 TakMe JIMHMH, Kaca-

Puc. 1.42 TesbHbIE K KOTOPhIM B KaXHOH TO4ke
COBIIA/IAIOT C HANpPABJIEHHEM BEKTOpa
CKOPOCTH.
IMoBepxHOCTh, KOTOpas 0b6pa3syeTcs
JIMHASMH TOKa, MPOXOAALIMMH 4Yepe3
KOHTYp B JKHAKOCTH (HampuMmep,
OKpYXHOCTb), Ha3blBacTcs mpybkoti
moxa.

YpasHenue bepnynnu B onHoit u TOM Xe Tpybke TOKa
U1 J1060ro ee ceveHus BBINOJHACTCS
ycinoBue (puc. 1.43)

p+pgh+ pv?/2=const, (1.103)

p— HaBJieHHe, v — CKOPOCThb, h— BbI-
Puc. 1.43 COTa, Ha KOTOPOi PachojiokKeHO NaH-
HOE CeyYeHHUE.

®opmyna Topuyennu CxopocTh v, C KOTODOH BBITEKAET
XHAKOCTb K3 Majioro OTBEPCTHS
B cocyze, ompenensercs mo ¢opmyie
(puc. 1.44)

v2=2gH, (1.104)

/[ — paccTosiHHE OT BEPXHETO YPOBHS
XHAKOCTH 1O OTBEPCTHS.

TeueHne BA3KOH XUAKOCTH [Ipy naMHHapHOM TEYEHUH peasibHOK
KUAKOCTH (MM rasa), KOrja CJIOH
CMEIIAIOTCS OTHOCHTEIBLHO JIPYT ApY-
ra, BO3HHKAlOT CHJBl BHYTPEHHETO
TPEHHS, TOPMO3SILHE NBHXEHUE CIIO-
€B, OBIXKYLMXCS C Oonbuioi cko-
pOCTBIO, UM  YCKODSIOIUIME  CJIOH
C MeHbllIeH CKOPOCTBIO.
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AN
11 v,
R
\ N‘
Yo
Puc. 1.45

JIBMXXeHHE TBEpPAOro Tejia B BA3-
KOH XHIKOCTH :

4%

Cuna BHYTPEHHETO TpPEHHS (3aKOH
HsloToHa):

F,,= —mSAv/Al, (1.105)

Av—pa3HOCTb CKOpPOCTEH  JABHXY-
uuxcs ciioeB, Al/— paccrosiHue Mex-
Ay 3THMH CJOSMH TIO HalNpaBJICHHIO,
NEPHEHANKYJIAPHOMY CKOPOCTH; T —
JUHaAMHYecKast BA3KOCTb — CHJIA
BHYTPDEHHEro TpEHHs, IEHCTBYoIAs
MEXAy JBYMs CJIOSMH IUIOIIAJbIO
1 M2, KOTOpbie HaxXoAsATCs APYT OT
JApyra Ha paccTosHMH | M No Hop-
MaJii K BEKTOPDY CKODOCTH, NpH
Pa3HOCTH CKOPOCTEH MexAy O3THMH
crosimu 1 Mm/c.

BekTopHas BeqMYMHA, MOAYJb KOTO-
poi paBeH

lim (Av/Al)=dv/dt,

Al—0

Ha3bIBAETCS TPAJMEHTOM CKOPOCTH.
EnuHuIa BA3KOCTH: NacKajib-CEKyHAA,
IMa-c.

IIpn nBHXEHHM B KHUIKOCTH TBEp-
Joro Teja (Hanpumep, wiapa, IJac-
THHBI) ONMXalIKi CIOM XHUAKOCTH
TIPHJIMIIAET K HEMY U JABHUXETCHA BMeC-
Te C HHM; OCTAJIbHBbIE CJIOH CKOJIB3AT
JpYr OTHOCHTENBHO Jpyra.
JeiicTBylomias Ha [JBUXYylleecs B
XKHAKOCTH TBEPAOE TeNO CHJIa Ha-
npaBjieHa B CTOPOHY, HNPOTHBOIIO-
JIOXHYIO JBHXCHHIO TeJla; OHa Ha3bl-
BACTCA  2UOPOOUHAMUYECKOU  CUAOUL
(MM 100608b1M conpomueaenuem). Jlo-
60BOE CONMPOTHBIICHHE MMEET JBE
COCTaBJISIOIINE — CHIIy TPECHHUS U CH-
Jy naBneHus. Cuia TpeHus o0ycCiioB-
JICHA BS3KOCTBIO XHAKOCTH, CHJia
JIaBJICHAS] — Pa3HOCTBIO AABJICHHI Ha
MEpeHUX M 3aJHHX MOBEPXHOCTHX
JIBUXYLIErOCs Teja.
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IM'uaponunaMuueckas cuia

dopmysia Crokca

—
Puc. 1.47

dopmyna Ilyaseitns

I. MEXAHUKA

Cuna TpPEHHUA NponoplIrHoOHaJIbHA
CKOpPOCTH, CHJIa JAaBJICHHA MNpONop-
LIMOHAJIbHA KBAJApaTy CKOPOCTH.

I'uaponHHaMHYECKYIO CHly MOXHO
paccuuTaTh 1o Qopmyiie:

F,,=C, pv2S/2, (1.106)

C,—06e3pa3MepHas BEJIM4YHHA, KOTO-
past  HasblBaeTCs  Koddduyuenmom
2UOPOOUHAMUYECKO20 CONPOMUBAECHUS,
p—MJIOTHOCTb JKMAKOCTH, S-—IJjo-
Ia/b NMPOEKIMH TENa HA IMJIOCKOCTh,
NEPHNEHANKYJIAPHYIO  BEKTOpY  CKO-
pocTH V.

3Havenus C, npuBoasTCs B Tabiuue
(cM. Huxe m. 21).

[pn nBuXeHuH 1apa B BS3KOH XH]-
KOCTH CHJla TpEeHHs, JeHCTBYIOLIAS
Ha HEro, paccuyuThiBaeTcs mo ¢op-
Mynie

F, = —6mnRYy, (1.107)

T — JAMHAMMYECKAS BA3KOCTb XKHI-
KOCTH, R-—pamuyc 1mapa, v-—ero
CKOPOCTb.

Tpu najneHun mwapa B BA3KOH XHI-
KOCTH, HaxoAslleics B Mmojie TAroTe-
HUA 3eMIIH, YCTaHABJIMBAETCS JBHXKE-
HHC C IOCTOSHHOHW CKOPOCTBIO 0,
npH YCJIOBHH Fs+F,=-G

' (puc. 1.47, F,—cuna Apxumesna,

G—cuna THAKECTH).

CxopocTh v, PpACCUHTBLIBAETCS MO
¢dopmyne

0,=2g (p—p,) R?/(97), (1.108)

g — ycKopeHue CBOBOIHOTO NajeHus,
p — MJOTHOCTb MaTepHaa, u3 KOTO-
poro M3roTOBJIEH LIap, p, -—IMJOT-
HOCTb XHIKOCTH, R— pajauyc uiapa.

[lpy jpaMuHApHOM TeuyeHMH OOBEM
BA3KOH XHMAKOCTH (MM rasa), BbiTe-
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Puc. 1.48

Katolei u3 TpyObl C KpYIJbiM cede-
HHeM 3a Bpems 1 ¢, paccuMThIBaeTCH
no cieaywouei ¢popmyse:

V=nR*(p,—p,)/(8I), (1.109)

(p1—p,)—pasHocTh  naBiieHMii  Ha
KOHIax TpyObl mymHOW0 [/ (pHc. 1.48).

21. Kos¢¢puuuenThl rHIPOIHHAMHYECKOr0 CONPOTHBJICHHS

v IMonycohepa
_— @ 0,34
)
——

1,33
v Konyc a=30° 0,34
— <@ a=60° 0,51
Kpyrasiit nunuaap //R= 2 0,63
I o 4 0,68
10 0,74
20 0,82
2R 80 0,98
e [°9) 1.20

Kpyrastit mwmmaap L/R= 0 1,11

v 2 0,91
— 4 0,85
8 0,87
14 0,99

Y |Creumansusiit npoduwis //d= 2 0,2

» i 3 0,1

— kS )
5 0,06
L 10 0,08
20 0,09

22. MexanuveckHe Ko0JeOaHHS H BOJHHbLI
Konebanus OrpaHuyeHHbIE NEpeMELICHHS MaTe-

pHajbHOMH TOYKM WIH Tena (WiH
H3MCHEHHS COCTOSIHHIA), NOBTOPSIO-
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13

-
o N\ t
Puc. 1.49

Mepuoauyeckue kojebanus

alln
ARN

Puc. 1.50

apmonmaeckue xonebanus

3 T

Puc. 1.51

MaTtemaTHueckuii MasSTHHK

rJ.

1. MEXAHUKA

-~

IMECH TOJHOCTBIO WJIH 4acTHYHO
B OKPECTHOCTH HEKOTOPOTO 3HAYCHHMS
M3MEHSIOIEHCA BeJIUMYMHbI, Ha3biBa-
toTcs Koaebanuamu (puc. 1.49). Kone-
6anus Ha3bIBAIOTCA MeXAHUMECKUMU,
€CIIH OHH XapaKTEPU3YIOTCS H3MEHe-
HHEM TOJBKO MEXaHMYECKHX BEJTHUHH
(cMeleHus, CKOPOCTH, yCKO-
pEHHs, [IABJICHHA W T. IL).

Konebanus, B KOTOPBIX KaXAo€ 3Ha-
YEHHE  W3MCHSIOIICHCS  BEJIHYMHBI
MOBTOPSAETCA HEOrPAaHMYEHHOE HYHCIIO
pa3 4epe3 ONWHAKOBbIE MPOMEXYTKH
BPEMEHH.

HauMeHbilinif TPOMEXYTOK BPEMEHH,
M0 HCTEYEHHH KOTOPOrO MOBTOPSETCS
Kax/J0€ 3Ha4eHHE HU3MEHSAIOILEHCS Be-
JIMYUHBI, HA3bIBACTCA NEPuUodOM Ko-
nebanus T (puc. 1.50).

Yucno konebaHuit 3a Bpems OAHA
CEKyH/Ia Ha3bIBAacTCs yacmomoii ne-
puoduueckux xosebanuii f

T=1/f.

IMepuoauueckue H3MEHEHHs JO6OH
BCJIHYMHBI, KOTOPbIE MOTYT OBITH BbI-
pakeHbI TapMOHMYECKOH (yHKIMEH
(cuHyca wiu KocuHyca) (puc. 1.51),

(1.111)

Ay — aMILIMTYa KOJieOaHHH — BeJiH-
4YHHA, paBHasA HaubosbliemMy (MO MoO-
JIyJ10) 3HAYECHUIO M3MCHSIOLIEHCS Be-
JMuuHbL;  (wf+ @) —da3za rapMoHH-
4eCKOro KoJjiebaHus, @ — HayajbHas
$a3za, o—yrnoBas uacrora;

o=2n/T=2nf.

(1.110)

= A, cos (ot + ),

(1.112)

[TonBelweHHOE HAa TOHKOH HHTH TEJO
MaJibiX Pa3MepoB, COBeplAloIlee KO-
nebaHuss nox JNEHCTBHEM CHJIBI TS-
XecTH (MpU  OTCYTCTBMH  TPEHHUS
O BO3AYX M B TOYKE MOJBECA).
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Puc. 1.52

lonoxerue
pabrobecus

1
PY V&
Puc. 1.53

KBa3uynpyrue cuiibt

KonebaHuss MaTeMaTH4YECKOrO MasiT-
HHMKA TIPH MaJjlbIX YrjaXx OTKJIOHEHHUS
(MeHbIlle S5 TpafycoB) MOXHO CYH-
TaThb rapMoHuveckumu (puc. 1.52).
IMepuon konebaHus MalcvaTHYECKO-
ro MasiTHUKa

T=2n./lg, (1.113)

/-—nnuHa MasTHHKA, g — YCKODEHHE
cBOOOZHOrO MaJCHUS.

KonebaHus B BepTHKaJIbHOM Hampas-
JIEHMH Tejia, MOJABEUICHHOrO Ha Mpy-
XHHE, MOXHO CYHTaTb TdPMOHHYEC-
KuMH, eciu mnpu ee aedopmanmu
(CXaTMM M PACTSKEHHUM) BLINOJHS-
erca 3akoH Iyka (cMm. m. 5 ),
CHJIBI TPEHHUS MaJlbl, a Maccoil npy-
XHHBI M MOXHO mnpeHebpeub MO
CpaBHEHHIO C Maccoit m Tena, COBEp-
warouiero kosebanus (M <<m); npH
9THX YCJIOBHSIX TEpHOA KoieOaHHui
Tejla, TNOABEUIEHHOTO Ha TPYXHHE
(puc. 1.53), paccuuTbiBaeTca IO
dbopmyie

T=2n./mk, / (1.114)

k — XECTKOCTb  MPY>XXHHbI — BEJINYH-
Ha, paBHAas OTHOLUEHUIO BHEUIHEH
cuibl F K M3MEHEHHSM JIMHBI MpY-
XKHHbI Al

k=F/AL (1.115)

[To sToit xe ¢opmyie MOXHO pac-
CYHTATh MEPHOL FAPMOHHYECKHX KO-
JieGaHuM, KOTOpbie BO30YXIAIOTCH HE
TOJIBKO YNPYTHMH CHJIAMH, HO H JpY-
TMMH CHJIaMH, KOTOpbIE NPOMOPHU-
OHaJIbHBI CMELIEHHIO Teja OT Mo-
JIOKCHUSI paBHOBCCHS (KBasMyNpyrue
CHJIBI ).

Fo=—kyu, (1.116)

k,—xo3bOUUMEHT KBa3MYNPYroi CH-
JIbl, U— CMELIEHHE.
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KpyTunabHeit MasTHUK Teno, cosepuiarolee BpaliaTeIbHO-
KosiebaTeIbHOE IBHXKEHHE NMOA ACHCT-
BMEM NpYXHHbl (Hampumep, GanaH-
§=.; CHp B MEXaHMYECKMX  4acax)
) (puc. 1.54). Koraa ammiamtyma cme-
LICHASE M CUJIBI TPEHHS AOCTATOYHO
Majbl, 3TH KOJICOAHHS MOXXHO CYH-
TaTh TapMOHMYECKHMH; NEPUON KO-
nebaHui KpYTHJILHOTO MasiTHHKA

T=2n./1/D, (1.117)

Puc. 1.54

I—MOMEHT HHEpPLUMH Teja OTHOCH-
TEJILHO OCH BpallleHusi, D — KpyTHJIb-
Hasl XKECTKOCTb - —CKaJIApHAs BEJIMYHU-
Ha, paBHas MOJIYJIO MOMEHTa CHl,
KOTOPbIH HeoOXoouM IS MOBOPOTA
Tena Ha yroi | pamuaH.

Ousnueckuii MasTHUK Teno, coBepiuiaromiee xojiebaHus BO-
KpYr TODM3OHTaJbHOH OCH NOJ HEH-
CTBHEM cCHJIBI TshkecTd (puc. 1.55).
Meprnox xonedanuii pusuyeckoro Ma-
STHHKA

T=2n./1/(mga), (1.118)

I—MOMEHT HHEpIHMH Teja OTHOCHU-
TEJILHO OCH, NMPOXOJsAIlEH Yepe3 ToY-
Ky NMOJIBECa, d— PACCTOSIHAE OT LEHT-
pa TSXECTH JI0 ITOH OCH, m— Macca
Tena, g — yCKOpeHHe cBOGOIHOro na-
JleHUds. Bennuuna

I, =1/(ma) (1.119)
HA3bIBAETCA npugedeHHoll 0aunot Gu-
3HYECKOTO MAasITHHKA.

Puc. 1.55

3aTtyxawoluue KojieOaHUus Konebanus, aMIIMTyga KOTODBIX
' YMEHBINAETCA CO BPEMEHEM, Ha3bl-
BalOTCA 3aTyxaromMmu (puc. 1.56).
YpaBHEHHE 3aTyXalOLMX KoJiIcOaHHi

u=uge® cos (t+¢), (1.120)

U— CMEUICHHE TeJia OT INOJIOXECHUS
PaBHOBECHS; MOJIOXKUTENbHAS BEJTHYH-
Puc. 1.56 Ha Uy HA3bIBAETCA HAYaJIbHOM aMIUIH-
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BolHykIeHHbIE KONeOaHUs

0 =405
. (/4
8
6
47

4
2 %4

45

70_“

7 7
045 gswiz 16,20
Puc. 1.57

CroXeHne TrapMOHHYECKHX KOJIE-
Oanuit

57
Tyno#, & -—-ko3dpuyuenm 3amyxa-
HUA; Uge” ® — aMIUIMTyAa CMELUCHHS
B MOMEHT BPEMEHH !, ©— yrjioBas
4acToTa, e— OCHOBaHME HaTypalb-
HbIX JIOrapH(MOB;

d=r/(2m), 0= J0i—87
r—Kk03bdULUMEHT  CONMPOTHBJICHHA,
PaBHBIi OTHOLUCHHIO CHJIbI TpPEHHUS
K CKOPOCTH KoJjieOaHHil 4acTHL, m—
Macca Tena, k,— KOd(pOULHEHT KBa-
3uynpyroii cuibl, 0g=k,/m.

Konebanus, KoTopble COBEpLIAET Te-
JO0 MOA MAEHCTBHEM TNEPHOAHYECKOI
BHELIHEH CHJIbI. AMIUIMTYAA BBIHYX-
IEHHbIX koJyebaHuii pe3ko Bo3pac-
TaeT, €C/lM TMEPHOJ TapMOHHYECKOH
BHELUHEH CHJIbI MpHOJIMXKaeTca K 1e-
pHojly CBOOOAHBIX KoJieOaHHMil Tena.
DTO SABJCHHE HA3bIBACTCH pPe30OHAH-
com. Ecnu cunbl TpeHUS BEJIMKH
(boJibILIOE 3aTyXaHHE), . TO PE3OHAHC
BbIpaXKeH c1abo MM COBCEM HE NMpO-
aBjisieTcs (HampuMep, NpH 8/w,>1,
puc. 1.57, no BepTHKaJIbHON OCH OT-
JIOXEHa OTHOCHTEJIbHAs aMIUIMTYAA).

AMIUINTYJa pe3yjIbTHPYIOLIETO CMe-
IIEHUA A TPH CJIOXEHUM OABYX KOJe-
OaHuil, MMEIOIIHX OJIMHAKOBOE Ha-
npaBJjieHHE H YacCTOTY, HAXOOMTCHA MO
¢asoBoit auarpamme (puc. 1.58):
AS,=Ab+ A%+
+2A40,1 A0, 08 (02— @), (1.121)

Ay, 1 Ay, —aMIUTHTYABI KOJIEOaHHiA,
@, — ¢, —pasHocts ¢a3. Jlroboe He-
rapMOHHYECKOE KO;1e0aHHE MOXHO MpeE/l-
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I. MEXAHUKA

CTaBHTb KaK pe3yJIbTaT CJIOXEHUS rap-
MOHHYECKUX KOJIeDaHHi ¢ pa3jIM4HbIMU
YACTOTAaMM, aMIUIMTYJaMM M Hayajib-
HpIMH (aszamu. Takue rapMOHUYECKHE
KOJICOAHUs HA3bIBAIOTCH 2APMOHUKAMU.
[Tpu croxeHuH rapMOHHYECKHX KOJIe-
6aHui, UMEIOUIMX OIWHAKOBBIC Ha-
MpaBJICHHs, HO pa3jIMYHble (KpaTHbIE)
4acTOThl, 0Opa3yloTCs HErapMOHHYE-
ckHe KoyiebaHus, KOTOpbIE 3aBHCAT
OT aMIUIMTYJ M HayaJbHBIX (a3 rap-
MOHHK, @ TaKX€ OT MX KOJHMYECTBA.

u
7
p \/ -
/ \\ .//2 \ /7 /2 /
NNV AN N
/ / N\ 7
A A}
0 t \\/ A\ t
\ ¥ v
\ /
N~
Puc. 1.59

" ®urypst  Jluccaxy

Ha puc. 1.59 moka3aHbl pe3yJibTaThl
CJIOKEHHST NepBOW (OCHOBHOIA), BTO-
pO#l, TpeTbeH, YETBEPTOH TapMOHHK;
uudpsl yka3biBAlOT HOMEpa rapmo-
HHK; CIUIOILHOM JIMHHEH H300pakeHbl
pe3ybTUPYIOLIME KOJIEOaHHUS.

IMpu cnoxeHud OBYX B3aWMHO mep-
MEHANKYIAPHBIX TAPMOHUYECKHX KO-
nebGaHuil TPACKTOPUAMHU pE3YJIbTUDY-
IOLUMX JBHXKEHHH SABJIAIOTCS KPHBBIC.
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K

Puc. 1.60

BoJtHbl

CkopocTb koJicOaHUs 4acTHIL

KOTOpbIE  Ha3bIBAlOTCA  ucypamu
Jluccancy. Tlpu paBeHCTBe 4acToT
®, ¥ ©, burypsl Jluccaxy — umMn-
Cbl, KOTOpBIE NPH Pa3HOCTAX HayaJlb-
HbeIX ¢a3 o=mn (m=0, +1, +2,..)
BBIDOXKIAIOTCS B OTPE3KH MNPSMBIX.
Eciau oTHolIEHHE 4acTOT paBHO pa-
MOHAJILHOMY 4HCHY, TO (urypsl
Jluccaxy He u3MeHstoTcs; dopMma ux
3aBMCHT OT OTHOLUEHHS  4acTOT
M Ppa3sHOCTH HayadbHbIX a3 (cM.
puc. 1.60).

PacnpocTpanstomiecs B NpPOCTPaH-
cTBE M3MEHEHHA J060i ¢du3nueckoi
BCJIMYHMHBI.

CKOpoCTb  BOJIHBI — CKOPOCTb  pac-
NPOCTPAaHEHHS BO3MYILEHHS B Cpeje.

CkopocTh KOje0aTENbHOrO  JABHKE-
HHUS YACTHIl OKOJIO MOJIOXKEHHS paB-
HOBECHSI TIpH  pACNIPOCTPAHCHUH



JlnuHa BOJIHBI

VpaBHeHHE ILIOCKO# BOJTHBI

AlE

v vV
Puc. 1.61

BosiHOBasi moBepXHOCTH
ToveyHeid ucmoyHun

rJ1. 1. MEXAHUKA

Mexanudeckux BoJiH. Ecnu npu pac-
NPOCTPAaHEHHH BOJIH BEJIMYMHBI, Xa-
PaKTEpU3YIOIIME COCTOSIHHE CpEIbl
(HampuMep, IUIOTHOCTb, CMEILIEHHE
YacTHILl, OAaBJEHHE M T. I.), H3MEHS-
I0TCA B JIOOOH TOYKEe NMPOCTPAHCTBA
MO FapMOHHMYECKOMY 3aKOHYy, TO Ta-
KM€ BOJIHBI Ha3bIBAIOTCS 2apMoHuuec-
Kumu.

PaccTosiHue, Ha KOTOpOE pPacmpocT-
paHsieTCsi BOJIHA 32 BpEMS, DaBHOE
OHOMY IepUOAY:
A=vT=v/f, (1.122)
vV— CKOpPOCTb BOJIH, f—4acToTa.
MareMaTHueckoe BbIpaXeHHE BHA
E=Acos (o (t—r/v))=
=Acos(wr—kr), (1.123)
KOTOPOE OMNHCHIBAET H3MEHEHHE CO-
CTOSIHHSL Cpeibl NMPU pacHpocTpaHe-
HUM TapMOHHYECKUX BOJH; &—mio-
60if mnapaMeTp, XapakTepu3yIOUIH#
COCTOsHME Cpellbl, HapUMeEp, aBJe-
HHE, TeMmmepaTypa 4 T. A.; A—aMI-
JIMTYa; ®—YrjoBas 4acroTa, r—
paccTosiHHEe OT HCTOYHHKA, BO30YX-
JAouero BOJHY, XO TOYKH IIpoO-
CTpaHCTBAa, B KOTOpOil paccMaTpH-
BAeTCS H3MEHEHHE COOTBETCTBYIOLIEH
BEJIMYHHBI, V— CKOPOCTb BOJIHBL, k=
=2n/L— 6oanogoe wuco; (wt—kr)—
daza eoamvl.

IToBepXHOCTb, TNpOBeAeHHas Yepe3
TOYKH, B KOTODBIX COBEPLIAIOTCS KO-
neGaHUs B OJMHAKOBBIX (pa3ax.

ITo ¢opMe BONHOBBIX MOBEPXHOCTEH
pa3jMyaloT IUIOCKHE (BOJHOBas MoO-

'BEPXHOCTb — IJIOCKOCTb), LMJIMHIDH-

yecKue (UMJIMHIPHUYECKHE BOJIHOBBIE
TIOBEPXHOCTH) M cheprueckue (chepu-
YeCKHE BOJIHOBBIE MOBEPXHOCTH) BOJI-
Hbl. VYpaBHEHUS  LMJIMHIPHYECKHX
H chepHuCCKUX BOJH:
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l'[ponommme U TIOTIEPEYHBIE BOJI-
HBbI

Puc. 1.63

Cmewenue
Uy

&= A/ /rcos (ot —kr), " (1.129)
& =A/rcos (o —kr), (1.125)

A—aMHJ’IHTyIla Ha pacCTOAHUH Im
OT HCTOYHHKA.

Ecnn  cMelueHne vYacTuil cpeabl u
NPOMCXOAUT MapasuleIbHO Hanpasie-
HHMIO DPacCrpoOCTPaHEHUS! BOJIHBI, TO
Takas BOJIHA HA3bIBAETCS NPOOOAbHOIL,
€CJIM CMELLEHHE YacTULl U MPOUCXO-
JMT B IUTOCKOCTH, NEPHEHAMKYIIPHOM
HanpaBJEHWO PACMPOCTPAHEHHUS, TO
TaKast BOJIHA HA3bIBAETCS NONEPEUHOI.
MexaHuyeckHe BOJHBI B KHAKHUX
M ra3’oo0pa3HbIX cpelax SBISIOTCS
NPOJNOJbHBIMH; B TBEPABIX TeJAX
BO3MOXHBI M TNPOAOJbHBIE, U TOMNeE-
pEYHbIE BOJHBI.

BojiHbI Ha TNOBEPXHOCTH KHIKOCTH
HE SBJIAIOTCS HHM TMONEPEUYHBIMH, HHU
NpOJONbHBIMU.  JIBHXKEHHE YacTHU
BOJbl TPH PACNPOCTPAHEHHH TOBEP-
XHOCTHBIX BOJIH 3aBHCUT OT OTHOILE-
HUs A/h (A—[MHA BOJHBIL, h—
raybuna, puc. 1.63).

AMNIMTYaa CKOPOCTH KOJIeOaHHil ya-
CTHIL

Uy = Wllg, (1.126)
aMILUTUTYa YCKOPEHHS
ay=0u,, (1.127)

Uy—aMIUIMTYa  CMELUEeHHs, ®—
yrioBas yactota. ['paduku cMmeine-
HHUSl, CKODOCTH KoOJeOaHui 4vacTu
M YCKOpDEHMs  TNpPUBOASATCS  Ha
puc. 1.64.
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3Byk, MH(pPA3BYK, yIbTPa3ByK

[MoTokx 3BykoBOW 3HEPruM

MHTEHCUBHOCTD

I. MEXAHUKA

3ByK -— MeX4HHUYECKHE BOJIHBI, YACTO-
Tl KOTOPBIX JieXaT B MNpedesax oT
17—20 po 20000 I'u. Mexanuueckue
BOJIHBI TAKHX 4YaCTOT TPOU3BOAST
OLLYIICHHE 3ByKa B YeJOBEYECKOM
yXxe. MexaHHYecKMe BOJIHBI C 4HacToO-
TamMd Huxe 17 'u  Ha3wiBaroTCH
ungpaseykamu, a coiiie 20000 'y —
yAbmpaszeykamu. :

DHeprus, KOTopasi MEPEeHOCUTCS 3BY-
KOBbIMH BOJIHAMHU 4e€pe3 BOIHOBYIO
TMOBEPXHOCTb 32 Bpems | c.

[Tpn BoCHpUSATHH 3ByKa yXOM pasiiu-
HAIOT TPOMKOCTb, BBICOTY TOHA
u TeMbp. I'pomxocms 36yka ompe-
IeNsieTcs  aMIUIMTYIOH  CMELIEHUH,
8bicoma MOHa — 4aCTOTOH, membp —
4aCTOTAMH U aMIUIMTyaaMH obepTo-
HOB (koJiebaHU#i Cc Oonee BLICOKHMH
4aCTOTAMH).

CpenHsis 9Heprus, NepeHocuMas BOJI-
HOW 3a BpeMs | ¢ yepe3 BOJIHOBYIO
noBepxHOCTh MWiowansio 1 M2 MUu-
TEHCUBHOCTb [ 3BYKOBBIX BOJIH HHOT-
a Ha3blBAIOT cuiot 36yka. VIHTEH-
CHBHOCTb TapMOHHYECKHX 3BYKOBBIX
BOJIH DpaccuuThiBaeTcs mo ¢opMyJe

I=pou}/2, (1.128)

P — IUIOTHOCTb Cp€Abl, U— CKOPOCTH
pacnpoCTpaHEHUsT 3BYKOBBIX BOJIH,

Uy — AMIUIMTYa CKOPOCTH KoJje6a-
HUM YacTHIL.

WHTEHCUBHOCTHU 3BYKa MpPH CIYyXOBOM
BOCTIDUSAAITUH COOTBETCTBYET OLLYLIE-
HMe rpoMkoctH 3Byka. [Ipu ompene-
JIEHHOH  MMHMMAQJIbHOW  MHTCHCHB-
HOCTH Y€JIOBEYECKOE YXO He BOCHpH-
HMUMaeT 3Byka. OTa MHHUMAJbHAs
UHTEHCUBHOCTb HAa3bIBAETCSH NOPO2OM
caviwumocmu. Tlopor cabHUUMOCTH
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3ByKOBOC JABJICHUE

IMornomenne 3Byka

OtpaxeHUe 3ByKa

MMeET pa3iuyuHbie 3HAYEHUs Ui 3BY-
Ka pa3iMuHbix YacToT. [Ipu Gomnbimx
HHTEHCUBHOCTSIX yXO HCHBITBIBAET
6oneBoe omymenue. Haumensiuas
MHTEHCHBHOCTb TpH 60JIEeBOM BOC-
TMPUATHN 3BYKa HA3bIBAETCH NOPOZOM
604e6020 owyweHuA.

H3MeHeHHe naBieHus B cpene NpH
pacnpoCTPaHEHHH 3BYKOBBIX BOJIH MO
CPaBHEHHIO C [IABJICHHEM IIPH OTCYT-
CTBHH BOJIH. AMIUIHTYZA 3BYKOBOTO .
JaBJICHUS

Apo=pou, (1.129)

Uy— aMIUIMTYAa CKOPOCTH KoJjeba-
HHH 4acTHILl, v — CKOPOCTb BOJIH, p—
TUIOTHOCTb.

OTHoOlLIIEHHE TIOTJIOIIEHHOTO  Cpeoi
MOTOKA 3BYKOBOH JHEPTMH K MOTOKY
JHEPrMH, BXOISALIEMY B 3Ty Cpeay,
Ha3bIBaeTCs Koddiduyuenmom nozno-
wenud. AMIUIMTYA 3BYKOBOTO 1aB-
JIeHHSI IUTOCKHX. 3BYKOBBIX  BOJIH
YMEHBILAETCA BCJEACTBHE MOrJIOLIe-
HUSL JHEPrUM CPeNod MO 3aKOHY

Ap,=Apye™, (1.130)

Ap,— HauanbHas aMIUTHTYAa, Ap, —
aMIUTHTY/A NOCJe MPOXOX/CHHS BOJI-
HOH pacCTOsHMSL z, O.——TOKa3aTellb
TOTJIOIIEHUS. — BEJINYHHA, paBHast
1/z,, rne z,—paccTosiHHe, HA KOTO-
pOM aMILTMTYyJa HaBJECHHS YMEHb-
[IaeTcst B e pas.

OTHOLIIEHHE OTPAXEHHOTO MOTOKA
3BYKOBOH JHEPrMH K TNaJalouieMy -
NOTOKY 3BYKOBOM JHEPrMH Ha3biBa-
eTCcs  Kodduyuenmom ompaxrcenus;
OTHOILIEHHE TPOXOASILEro TNOTOKA
3BYKOBOW 3HCPrMM K NajarouiemMy
NOTOKY 3BYKOBOM OJHEPrMH Ha3bIBa-
eTC KodpuyueHmom nponyckanus.
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CTostuMe BOJIHBI

r

Q
g
2
UW g}
<
1 1 x
a IS §
R 3
Puc. 1.65

I. MEXAHUKA

O6pasyloTcs npH CIOKEHMH JABYX
MOHOXPOMATHYECKHX BOJIH, pacnpo-

. CTPAHSIFOLUXCS B MTPOTHBOITOJIOXKHBIX

HanmpaBJICHUsIX .
VpaBHeHHE CTOsiYell BOMHBI CMeLlie-
HHUi (IPU PaBEHCTBE aMIUIUTYA M Ha-
4aJbHbLIX (a3 B3aWMOAEHCTBYIO-
LIMX BOJIH):

u=2A cos (kz) cos (o1); (1.131)
aMIUINTYla CTOSIYel BOJIHBI
o, =2A | cos (kz)|. (1.132)

Touku, B KOTOPBIX AMIUTUTYAbI CMeE-
IIEHUS UMCIOT MAKCHUMAJIbHBIE 3HA4e-
HHs, HA3BbIBAKOTCI HNYUHOCMIAMU CMe-

WeHuA; TYYHOCTH PACHOJIOKEHBI Ha
TUTOCKOCTSAX, KOOPAMHATBI KOTOPBIX
YIOBJIETBOPSIIOT YCJIOBUSM
z=m\2 (m=0,1,2,..).
Touku, roe ammIMTYIBLI CMeLLEHM
pPaBHbl HYJIKO, HA3bIBAIOTCH y31aMu
cMewjenus; y3Jibl PAcroJIOXeHbl Ha
TUTOCKOCTSAX,  ONpPEJESEMBIX  yCIIO-
BHEM
A
z=(m+l/2)§ (m=0,1,2,..).
23. ®opMyJibl pacHeTa CKOPOCTH BOJIH
B H30TPONHLIX Cpeaax
Buabl BoJH Dopmyibl
IlpononbHbIe BOJHB B CTEPXKHAX vf)=E/p (1.133)
Bosmbl oGbeMHOTO ckartus B TBepmoM| v} =E(1—v)/(p(1+Vv){1—-2v)) (1.134)
Tene .
TMonepeynsie BOJHBLI (BOJHBI CIBHTa) ;:G/p (1.135)
TpononbHble BOAHBI B TOHKHX MIacTHH-| v2 =E/(p(1—v?) .~ (1.136)

Kax
BoiHbl B KHAKOCTAX

0, =1/(pBa) (1.137)
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Ipoooancenue

Buasl BoaH

Bonubl B ra3oBbix cpeaax

BosHel B MpeanbHBIX ra3zax
[ToBEpXHOCTHBIC BOJIHBI B XKHAKOCTSX (Ha |v

rpaHule ra3 — XHUAKOCTb)

IToBepxHOCTHbIE BOJIHBI B CJIOE€ MAJIOi

rony6unbl (h<0,51)

—gk/(Zﬂ)-FZM/(XP)

(1.138)
(1.139)

(1.140)

(1.141)

Mpumeuanns. 1. E—monyns FOnra, G—monyns casura, v— kodbduuuent Ily-
accoHa, PB,,—anmabaTuyeckas cxkumaemocTb (cm. ri. II), p—mnorHocTs, y—oT-
HOLIICHHE YJEbHbIX TEMJIOEMKOCTCH ¢, /cy, p— NaBJEHHE, o — KOIDOUIMEHT NMOBEpX-
HOCTHOIO HaTsDKEHMS, R-—MoJsipHas ra3oBas NOCTOSHHas, p— MOJIApHas Macca,
T--TemnepaTtypa, A— [UIHHA BOJIHbI, g — YCKOPeHHe CBOOOOHOrO ManeHus, h-— riy-

6MHA CJ0S XUAKOCTH.

2. B KpHCTajnax CKOpOCTb BOJIH 3aBHCHT OT HANpaBieHHs pacnpocTpaHenus. s
pacyeTa CKOpOCTEH B KPHCTAJUIaX MCIOJb3yeTcs Habop (MaTpHua) HEe3aBHCHMBbIX
MoayJied, KOJMYECTBO KOTOPHIX 3aBHCHT OT THNA KPHCTAJUTMYECKOH DeLIeTKH.

3 H. WU. Koukux



T1asa 11
TepMoauHamMuKka M MoJieKyJaspHasi (pu3HKa

B TepMoauHaMHKe HM3Y4YarOTCS 3aKOHOMEDHOCTH TpPEBPALICHHS 3HEPrHH;
B MOJICKYJIIpHOH (U3HKE MCTOJIb3YIOTCA MPEACTABJIEHUS O MOJIEKYJIAPHOM
CTPOEHHHM BEUIECTBA, PACCMATPHBAIOTCA pPa3jIMYHbIE MOJIEIH.

1. Temnepatypa, TemioTra, TenJI0eMKOCThb

Tep MOJAHWHAMHYECCKAA - CHCTEMA

TepMonuHaanecxue napaMeETpbl

TepMonuHaanecxoe PaBHOBECHE

Puc. 2.1

TeMnepartypa

Puc. 2.2

EaMHuna TeMnepatypsl - Kellb-

BHH,

K

COBOKYITHOCTb TeJ, KOTOPhIE MOIYT
obMeHMBaTBC Mexay coboif, a Tak-
ke C TeJaMHM BHE CHCTEMbI JHEprHei
M BELIECTBOM.

BenvuuHbl, XapakTepU3yloUUe CocTo-
sHHE CHCTeMbl (00BbEM, naBJICHME,
TeMmrepaTypa W Ip.).

U3onupoBaHHas cucTeMa NPUXOOMT C
TEYeHHEM BpPEMEHM B PaBHOBECHE,
T. €. BCE €€ MapaMeTphl BO BCEX Yac-
TAX CTaHOBATCS OIUHAKOBBIMH
(puc. 2.1); caMONpOMU3BOJBLHO BBIHTH
U3 paBHOBECUS CHUCTEMA HE MOXeET.

CkansipHas BeJMYMHA, XapaKTepU3y-
IOllAsi COCTOSIHHE TEPMOJIMHAMHYEC-
KOrO paBHOBECHS M OINpeessollas
HamnpaBJieHHE TelIooOMeHa Mexay
TelaMHU. B OTHOIIEHHH CHCTEMBI, KO-
TOpas He HAXOAWTCA B PABHOBECHH,
MOHATHE TEMIEPATYpbl He HMeeT
CMBICTA.

Asasercs B CU oanoit u3 cemu oc-
HOBHBIX eAMHHULL (M. «OCHOBHbIE €.1H-
HHILBI»).
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Tennorta

Puc. 2.3 .

TennoemMkocTh

CpenHsiss TENJIOEMKOCTb

c
Ccp -

l

Z R
Puc. 2.4

CpCHHﬂSI yac.ibHag TEMJIOEMKOCTb

Y nenbHas
THHHas)

TeIJIOEMKOCTb  (MC-

5*

YcraHoBIcHa MexyHapoaHas Mpak-
THYCCKAsh  TEMMCpaTtypHas  LIKaja
1968 r. (MIITLI-68) (cM. Huxke).

lMepenaya HepPruM OT OJHOIO Tejad K
JIPYromMy MoXeT ObiTb OCYLIECTBJICHA
JIByMSsi CTOCOOAMM: NEPBbIit Cnocod —-
MOCPCACTBOM DPaboOThl MeXaHUYECKUX
MJIM 31eKTPOMATHUTHBIX CHJI; BTOPOH
crnocob --mocpecTBOM  TermioodMe-
Ha, KOra JHeprus nepenaercs Tenso-
BbIM JIBHXKCHHEM MOJIEKY;1 3a cHeT
TEMUIONPOBO/IHOCTH  HJIM  TETUIOBBIM
nsnyuenueM (cM. ra. IV). Dueprus,
nepesiaBaeMas NMpu TEII00OMeEHe, Ha-
3bIBACTCS  KOAUYECMBOM — Meniombl
(w1 mpocTo men.1omoi). -

Tennora, HeoOXoauMas A M3MeEHe-
HUS TEMIIEpaTypbl Tela Ha OAuH
KeJIbBUH. Ten10eMKoCcTb AaHHOTO Te-
Jla 33aBHCHT OT TEMMNEPATYPbl U MpO-
LIeCCa HarpeBaHUs (OXJAXICHHS).

OtHolueHHe Tem1oTel Q, HeoOXOomu-
MOH MIi M3MEHEHHS TCMIMEPATYpHbI
tes1a oT Ty no T,, K pa3HOCTH TeM-
nepatyp T,— T, Ha3biBaeTCa CpenHei
TEILIOEMKOCTBIO B MHTCPBAJE TeMIle-
patyp ot T, no T,:

(2.1)

CpeaHsis  TEIUIOEMKOCTb Telda  e1M-
HUYHON Macchl

Coy= L 2.2)
Y m(T,~T,)
= lim (AQ/AT)/m, (2.3)
AT—0
AQ-- Terutota, HeobxomuMas s

u3MeHeHUs Temnepatypsl Ha AT Te-
.la Maccoi m.
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TenoeMKoCTh T€JAa, KOTOPOE COOEP-
XKUT KOJIMYECTBO BECLICCTBA |M0.l'[b,

24

U —MOJIsIpHAsg Macca, paBHas Mac-

C=cp,

C€ TaKoro Te€ja, KOTOPOE COHACPXKMUT

Y aeJjibHbIE TEMJIOEMKOCTH Cp, U Cy

Tennora, HeoOxoauMasi 1Uis Ha-
rpeBaHUs TeJa

1 Mmosb BeutecTBa (cM. «OCHOBHbIE
€JIMHHULIBI»).

TennoemMkocTs OpU  H3006apHYECKOM
mpouecce (HarpeBaHHe NPOUCXOIUT
NpHU TIOCTOSIHHOM [JaBJICHHH) HAa3blBa-
€TCS TEMJIOEMKOCTBIO TpPU MOCTOSH-
HOM JIABJIEHHH C,; TEMIOEMKOCTb TIPH
HW30XOPUYECKOM TMpoLEcce Ha3blBaeT-
Csl TEMJIOEMKOCTBIO NMPH NMOCTOSIHHOM
obbeMe cy; BCeraa ¢,>cy; AN TBEP-
ABIX BEWIECTB C, U ¢} HE3HAYMTEIHHO
OTJIMYAIOTCA JOpYyr OT Apyra.

AQ=cmAT, 2.5)

C—YyheiabHad TENJIOEMKOCTb, M —
Macca Tena, A T— u3MeHeHHe TeMIe-

paTypsl.

2. MexkjayHapoaHas npakTHYecKas
Temneparypuas mxama 1968 r. (MIITII-68)

PaBHoBecue ByX (a3, koraa 3TO He OroBopeHo ocobo, mpeanojaraercs
npy HOpMasibHOM aTMochepHoM naBiaeuu (1 atm=101325 Ila)

anlCBOCHIlMC 3HAvYeHua
1eMIiepalypbl
CociosHue pastioBecus
K C

TpoitHas TOYKa PABHOBECHOIO BOAOPOIA 13,81 —259,34
PaBHoBeCHs MEXy XHMAKOH M ra3000pa3HOi (azaMu 17,042 —256,108
Bojopoda mpu masieHuu 3333,06 Ia
PaBHOBeCHE MEXIY XUIKOH U razoobpasHoil dazamu 20,28 —252,87
BOAOPOA
PaBHOBecHe Mexy XHIKOH UM ra3006pasHoi dasgu 27,102 —246,048
HEOHa
TpoiiHass Touka Kucioponaa 54,361 —218,789
PaBHOBecHe MeXay XHAKOH M ra3006pa3Hoi daszamu 90,188 — 182,962
KHcJIopoaa
TpoiiHas TOYKa BOIbI 273,16 0,01
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IIpodoancenue
anCBOCIHIHC 3HA4YEHUs
reMiepaTypsbi
Cocrosnue PaBHOBCCUSA
K C

PaBHoBecue Mexay xuakoit u napoobpasuoit ha3aMu 373,15 100
BOIbI
PaBHoBecHe Mexnay TBEpAOH M XHIOKOH (a3aMH LMHKA 692,73 419,58
PaBuoBecue Mexay TBepaodH M xuakoi daszamu 1235,08 961,93
cepebpa
PaBHoBecHe Mexay TBepaod M kuakod (asamu 1337,58 1064,43
30510Ta

Mpumeyanue. INonoxenue o MITTIL-68 npuusaTo MexayHapoAHbIM KOMHTETOM

Mep ¥ BecoB B 1968 r.

3. 3aKoHbl TepMOJHHAMHKH

BHYTpeHHSISI 3Heprus

[MepBbiit 3aKOH TEPMOAHMHAMMKH

CyMMa KHHETHYECKOW 3HEPrHMH Xao-
THYECKOTO IBHXEHHS MOJIEKYJ] U TO-
TEHUMAJTBHONW OJHEPTMH HX B3aMMO-
NEHCTBHS; BO BHYTPEHHIOIO JHEPIHIO
He BXOAMT KMHETHYeCKas JHEprus Te-
Ja U TNOTEHUMaNbHAas JHEpPrus Tesa
BO BHELLIHEM ToJie (HanpuMep, B Noje
TArOTEHHsS); OHA 3aBUCHT TOJIKO OT
NapaMeTPOB COCTOSIHHS.

Cymma TenmnoTel AQ, KOTOpyro Tno-
JIy4yaeT CHCTeMa NpH HarpeBaHWH, M
paboTel A A, KOTOpasi COBeplaeTCs
HaJl CHCTEMOH BHEUIHMMHU CHIIAMH,
paBHA M3MEHEHHIO BHYTPEHHEH JHep-
ruu dU

AQ+AA=8U. (2.6)

WN3MeHeHne BHYTpeHHe# dHepruu dU
HC 3aBHUCHT OT MNpOIlecCa W onpeness-
€TCsl MapaMETPaMH HAYaJIbHOTO M KO-
HEYHOTO COCTOSIHMH; HanpoTuB, AQ u
A A 3aBUCAT OT NPOLECCOB NEpexoia
M3 HAYajbHOTO B KOHEYHOE COCTOS-
HHE.

IMpu pacuetax no ¢opmye (2.6) Ten-
JI0Ta, MO/BOAMMAS K CHCTEMeE, CYUTA-
cTes nooxuTeabHoi (AQ>0); ecm
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Pabora

Bropoit 3akoH TepMOAMHAMHUKH

@DOpMYJIMPOBKH BTOPOTrO 3aKOHA

CHCTEMA OT/JAET TEIIOTy BO BHELl-
HIOIO Cpedy, TO OHa CYHTAETCH OTpH-
uateabHo# (A(Q<0). PaGora BHew-
HUX CHJI CYMTAETCs IOJIOXMTE/bHOM
(AA>0), pabora. coBepuiaemas ca-
MOH CHCTEMOMW, CYMTAETCS OTpHLA-
TenbHoOl (A A<0).

CucreMoit coseplactess pabota npu
U3MEHEHHH ce oObema.
DneMeHTapHasi paboTa

AA=pAV, @7

p— naBieHue, AV -- anemMeHTapHOe
(mMasoe) u3meHenue obbema.
PaboTta cuctembl mpu nepexode u3
OIHOTO COCTOSIHUS B Apyroe:

VZ
A= | pdv. (2.8)
Vl
Vi, u V, --006beMbl CUCTEMBbI B Ha-
4aJbHOM U KOHEYHOM COCTOSHHUSAX.

B3aumHble npeBpallieHHs TEMJIOTHI H
paboThl HepaBHOLEHHBI; paboTa Mo-
KET MOJHOCTBIO NIPEBPATUTLCS B TErN-
JOTY, a TeMmj10TY HEBO3MOXHO MOJi-
HOCTBIO TIPEBPATHTbL B paboTy.
Maumna, kotopast Obl MOJHOCTBIO
npeBpalllaia TemIoty B paboTy, Ha-
3bIBACTCS BEYHBIM JIBUTATEjIE€M BTO-
poro poja.

BeuHblit ABUraTeslb BTOPOro poja 3a-
NpeiaeTcs BTOPbIM 3aKOHOM TEPMO-
JIMHAMHKH, XOTS OH M HE MPOTHBODE-
YUT NEPBOMY 3aKOHY TEPMOJMHAMHKH.

«B mnpupoae HeBo3MOXEH mpouecc,
€IMHCTBEHHBIM PE3y;IbTaTOM KOTOPO-
ro Obuta Obl MexaHuueckass pabora,
MOJTYYEHHAs 32 CHET OXJIAXKACHHS Ten-
JoBoro pesepByapa» (Y. Tomcon).
«Tennora He MEPEXOAHUT CAMONPOU3-
BOJILHO OT XOJOJHOrO TEld K rops-
yemy» (P. Kaaysuyc).
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Outponust S

Bodarnod
nap

Boda

fled

0 100 %
Puc. 2.5

Hepasenctso Knaysuyca

Kospduument nosnesnoro neicr-
BMS TEMUIOBBIX MalIHH

Tpetuit 3akOH TEpMOJAHHAMMKHU

Hanpassienne  CaMONPOHM3BOJILHBIX
TpPOLECCOB  yCTaHABJIMBaeTCA  (QyHK-
uMel, KOTopas MNOJyYuiIa Ha3BaHHE
IHmponuu.

DuTponus — Mepa becnopsaxa B Cuc-
TeMe: NOJHAas YNOPAJAOYEHHOCTH Yac-
THII B CHCTeMe (HampHMep, B KPHCTaJl-
J1aX) COOTBETCTBYET MHMHHMYMY 3HT-
ponuy, NOJNHbIA GecnopsAmoK — Mak-
cumymy. Hanpumep, 3HTponus -Boas-
Horo mapa O6oJjblie, 4eM 3HTpPONHS
BOJIBI; B CBOIO OY€pe/b, IHTPOINHS BO-
bl 60JIbIE, Y€M FHTPOIHS JIbAA (CM.
puc. 2.5). B 3aMKHyTBIX CHCTeMax ca-
MOTPOU3BOJIbHBIE MPOLECCH  yBEJIH-
YHBAIOT 3HTPOIHIO; B COCTOSIHHH Tell-
JIOBOTO PaBHOBECHS CHCTEMa HMEET
MaKCHMAJIbHYIO 3HTPOIMIO.

B 3aMKHyTBIX CHCTEMax H3MEHEHHE
HTPONHH

85=0. -

_01-0 Qz
o

Q, —TeIoTa, nojy4YeHHas paboyum
TesioM (ra3oM) ot HarpesaTens, Q, —
TEIUIOTa, OTAAHHAfA XOJOAMWIBHHUKY.
IIpenensHoe (MakCHMaJIbHOE) 3Haye-
Hue ko3 puIMeHTa NOJie3HOTO JeHCT-
BHS

(2.9)

Top = (2.10)

T, —7eMmnepaTypa HarpeBaTeis Ma-
winHbI, T,-—TeMnepaTypa X010 J41b-
HHKa,

n < 1']|1p'

DHTPONKA TNPOCTBIX KPHCTAJUIHYEC-
KHMX TeJl CTPpeMHTCS K Hyto npu T—0,
BCJIEICTBHC Y€ro TEIUIOEMKOCTh INpPH
T—0 Takxe CTPEMHTCH K HYJIO.
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4. ®a3oBbie Nepexobl

IMepexon BewiecTBAa M3 oAHOH Gasbl B ApYryio Has3blBacTCs ¢Ha3osbim

nepexooom.

®da3za

Hacsuennpnd

Tennora ¢a3oBbix nepexooB

ITapoobpa3oBaHue M CKHXKEHHUE -
(xoHAEHCALIUS) -

Hcnapenue
Kunenue

Cybnumanus

Hacpluennsiit nap

Kpurnueckoe cocrosHue

YacTb cuCTeMBI, KOTOpasi B OTCYTCT-
BHE BHEIIHMX BO3JCHCTBHHA HMeeT
O/IMHAKOBbIE (PU3UYECKHE CBOWMCTBA
BO BCEX CBOMX TOYKax d OrpaHH4YeHa
MOBEPXHOCTbIO pasnena. Hampumep,
Jiel, BOAa, BOASHOH map, oOpasyo-
LIME CHCTEMY, SIBJIIOTCSA pPa3jIHuHbI-
mu ¢asamu (piuc. 2.6); rpadut u an-
Ma3 — pa3JiMyHbie ¢a3bl TBEPAOro yr-
nepoga. CucteMa MOXET COCTOSTH
u3 onHoit dassl.

IMornouwieHue M BbIACICHUE onpe-
JACJICHHOI'0 KOJIMYECTBA TEMJIOTHI NPH
d)aSOBle nepexonax.

Ilepexoa u3 mapa B ®HIKOCTb Ha3bl-
BACTCA napoobpaszosanuem, oOpaTHBIN
nepexon — cocuncenuem  (KOHAEHCA-
1ei).

ITapoo6pa3oBaHue co cBOGOAHOM MO-
BepXHOCTH >xuakocTu. Ilpu mcmape-
HHH KHAKOCTb OXJIAXJAeTCH.

IMapoobpa3oBanue BO BCeM OOBeMe
MHUIKOCTH (TIpH TMOCTOSSHHOM TeMie-
paType KUICHHUSA).

l'lepexon H3 KPHCTAJUIMYECKOro CocC-
TOAHUA HEMOCPEACTBCHHO B mnap.

IMap, HAXOASIIUMIACS B JMHAMHYECKOM
DABHOBECHH CO CBOEH XMIAKOCTbIO B
3aKPbITOM COCYJE. '

COCTOﬂHHC, XapaKTEPHU3IYIOLEECSA TEM,
YTO NMJIOTHOCTHU XHUAKOCTH U €€ HACLI-
LICHHOTO napa CTAHOBATCA OJUHAKO-
BbIMHU, MPH I3TOM TIpaHUUA pasjciia
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Tennora ¢a3oBbIX NepexoaoB

W3MeHeHne pa3MepoB Tel MNpH
HarpeBaHUU

’

Puc. 2.7

MeX/y XHIAKOCTBIO M MapoM Hcye3a-
eT. COOTBETCTBYIOLIHE 3TOMY COCTO-
SIHUIO TJIOTHOCTD, [aBJICHHE U TeMIle-
patypa Ha3bIBAIOTCHA KPUMUYECKUMU
napamempamu.

Tennora niaBjeHUS
Opn=Am, (.11)

A—yoeavnag menaioma naasaeHus
(Tenyiora, HeoOXoauMas Ui TUIABJIE-
HHUS KDHCTaj/Ula WM TOJIMKPHCTasIa
maccoi | kr), m-—macca pacnjas-
JICHHOTO BelIIECTBA.

Tennora nmapooGpa3oBaHUs

Opap=rm, (2.12)

r— yoeabHAA menioma napooopaso-
sanus (Ternora, HeoOxoaumas s
TNIPEBPALLEHAS B TApP XHMIKOCTH Mac-
coit 1 xr).

JInneliHbIe pa3Mepsl MPH TEMIeEpaTy-
pe T paccuuThiBaloTCs Mo GopmyJie

Lr=1,(1+aAT), (2.13)

lo—nnuHA fipu Temnepatype T,=
=273,15 K, o.— TeMnepaTypHbii ko-
3(OUIMEHT [IMHBI (OTHOCHTEJILHOE
M3MEHEHHE [JIMHbl TNPH H3MEHEHHH
TemnepaTypsl Ha | kenbBuH), AT=
=T-T,.

O6veM mpu Temncpatype T paccuu-
ThiBaeTcs mo opmysie

Ve=Vo(1+BAT), (2.14)

Vo—obbeM mpu Temmepatype T,=
=273,15 K, B— TtemnepaTtypHsIii KO-
3bPuUHEHT 00beMa (OTHOCHTENILHOE
U3MEHEHHE 00BEMa NpH HW3MEHEHHH
TeMnepatypel Ha | KelIbBHH).

B u3oTponHbIx Tenax

B30 (2.15)
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5. Upeaabnbie rasnsl

WUneanbubiii ras

Temnepatypubiii  kodhduument
obbema M maBieHus

Pa3HOCTb MOJNSpHBIX  TEMIOEM-
KoCTe#

3akon [anbToHa

‘TepMonHaMHYeCKHe npOIECCs

a3, cBoiicTBa KOTOPOro OMHUCHIBA-
FOTCS  YpaBHEHHEM

pV =mRT/p. (2.16)

ITO ypaBHEHHE HA3BIBAETCH ypashe-
HUuem COCMOAHUA UOealbHO20 2a3a
WK ypasHeiiuem Menodeaeeea— Kaa-
netipona; p— naBieHue, V — 00beM,
m-—mMacca, [ —MOJIApHas macca,
R—MonspHas raszoBas MOCTOsiHHas,
paBHas paboTe OMHOrO MoJis Hi€allb-
HOro ra3a mpH HarpeBaHWu Ha | Xejb-
BMH (P TOCTOSHHOM  JIABJICHHH).
YpaBHeHHE MPUMEHSETCS IS pacyeTa
CBOICTB Tra3’oB, IUIOTHOCTb KOTOPBIX
MEHbLIIE TUIOTHOCTH MX HACBILIEHHBIX
NapoB NpH TeX Xe TeMIepaTypax.

B=1/(273,15)K 1.

C,—Cy=R. @)

P

B cMecH XxMMHuYeCcKH He B3aMMOJMEH-
CTBYIOLIMX TIa30B J[aBJIECHHE pPaBHO
CyMME NapuMajbHbIX JABJICHUMH:

P=Yp. (2.18)

[MapuuanbHOe AaBlieHHE — [AABJIEHUE
O/IHOTO ra3a, 3aHHMAIOILEr0 TOT Xe
0obbeM, 4YTO M cMech ras3oB (npH
TO ke TeMmepatype).

Ecnu npu  HM3MEHEHHH COCTOSHHSA
onuH M3 mapametrpoB (p, ¥V wm T)
OCTAeTCsl HEM3MEHHBIM, TO MPOLECChI
COOTBETCTBEHHO Ha3bIBAKTCA u300a-
puueckumu (p=const), uzo0xopuvecKu-
mu  (V =const), uzomepmuueckumu
(T =const). Ilpu aaguabaTuyeckom
Mpoliecce  TEMNOTA K CHCTEME HE
noasoaurcs, T.e. AQ =0.
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TMpouecc VpaBHenue PaGora rasza Maccoit | Mismenenue
COCTOSHUs m BHYTP. 3HEPTHH
1 Mona rasa
Usobapuueckuit V|T=const 4= mRAT SU=C, AT
m=const n
p=const (2.19)
(3akon Teii-
JItoccaka)
N3oxopuueckuit p/T =const A, =0 SU=AQ
P m=const (2.20)
o] V=const
(3axon [Mapis)
H3oxopa
—-———2
1’4 N
U3oTepMudeckuit pV=const | Ar=A,In(V,/V,)= |8U=0 (2.21)
P m=const = Aoln(p,/p,);
1 3obapa 2 T=const Ay=mRT/u
B ] (3akon
| Boitng —
. Mapuotra)
V; 7304
AnnabaTuyeckui pVY=const; mC
AQ=0 Ay=—T(T\~T,) | 8U=-4,
P; Y=¢pley (2.22)

P>

Mpumeuanue. Unnekcot I u 2y V, p n T yka3biBalOT COOTBETCTBEHHO 3HAYEHHs
ITHX NAPAMETPOB B HAYAJILHOM H KOHEYHOM COCTOsHUAX; Cy — MOJIApHas TEIUIO-
€MKOCTb MPH MOCTOAHHOM 06beme; NpH M30TEPMHYECKOM DACLIMPEHMM rasa Terora
pacxoayeTcss Ha pabOTy NPOTHB BHELIHMX CHJl, MPH CXaTHM TEIJIOTAa IMepeaaercs

BO BHELUHIOIO Cpedy.
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6. Peaapnbie ra3snl

VYpaBHeHUe
BaH-nep-Baanbca

p

Px

BrnaxHblii BO3myX

- VpaBHeHue

<p+v27“;>(V—vb)=vRT (2.23)

Ha3bIBAETCS ypaBHeHHEM Bau-aep-
Baanbca; v=m/u, V—ob6beM, m—
Macca rasa, T— TemmepaTtypa, p—
MOJIIpHas ~ Macca,  p-—JaBJICHHUE,
a v b—noctosHHble BaH-nep-Ba-
anbca.

M3otepmbl Ban-nep-Baanbca npuse-
neHbl Ha puc. 2.8. Tlpu Temmeparty-
pax nmxke T, U30TEpMbI UMEIOT S-06-
pa3Hblii M3rub; NpH ITHX TeMmepa-
Typax ONHOMY 3HAYCHHIO [ABJICHUS
p COOTBETCTBYET TpH 3HA4YeHHS 0Obe-
ma. Ilpu Temnepatrypax 7T, M Bbllle
Hee M30TEpPMbl HE UMEIOT S-00pa3HO-
ro u3ruba. Temnepatypa T, sBiseTCs
Kpumuyueckou memnepamypoi, COOT-
BETCTBYIOLLME JTOMY COCTOSIHHIO Aa-
BjIeHHE p, U 0oObem V, Ha3bIBalOTCH
Kkpumuyeckumu. B NeHCTBUTENIBHOCTH
Ha ydacTkax S-o0pa3Horo u3ruda
M30TEPMbl MPOXOAAT TNapajliesibHO
ocu abcuucc (HanpuMep, Yepe3 TOUYKH
A, B, C). DTH y4acTKH COOTBETCTBY-
IOT PAaBHOBECHIO MEXIY XHIKOCTbIO
W cc HaChlLEHHBIM mapoMm. [lpu
HEKOTOPBIX YCJIOBHSIX M30TEpPMA MO-
XKET MPOXOAMTb MO YuacTkaM AL
(neperpetas xuakocts) u DC (nepe-
CBIILICHHBbIA Map), HO TAKHC COCTOS-
HUS SIBJITIOTCS HEYCTOWYMBBIMH.

B okpyxatoiieM Hac Bo3ayxe Bcella
HAaXOOUTCS HEKOTOPOE KOJIHYECTBO
BONSIHOrO mapa. Abcomomuas 6.4a-
HCHOCHMb BO3JyXa — Macca ROJISHOTO
napa, cozjepxaierocs B oobvemc 1 M’
BJIAXHOTO BO3ayXa. Omiocume.iviioi
6.1aHCHOCMbIO  BO3JyXa Ha3bIBAeTCH
OTHOILIEHHE UMEIOLIIEHCS a0COHOTHOM
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BJIAXKHOCTH K MaKCHMAaiTbHO BO3MOX-
HOH abCONIIOTHOM BJIAXHOCTH TIPU
JAaHHOM [AaBJCHUM M TEMIeparType,
KOrJla BO3AYX HACBHILIEH BOJISHBIM
napoM. OTHOCHTeNbHAs BJIAXHOCTb
OMpeneJIieTCsl B TPOLEHTaX.

Unea.ibnbiii ras

PeanbHbiit ra3
(ypaBHenne Ban-nep-Baanbca)

VYpaBHeHHE COCTOAHMA (OJ1s
OJIHOTO MOJifi)

Cob6cTBeHHbIH 00beM MOJIEKY.T
BHyTpeHHee nabieHue

BHyTpeHHss sHeprus (oaHoro
MOJIst)

JByxazHoe paBHOBECHOE CO-
CTOSIHHE Map — XHUAKOCTb

pV,=RT

Ve=0
Pg=0
U,=GT

Her

(p+Viz>(V,,—b)=RT

Ve=b/4

pB=a/V,2,

U=CyT—alV,

CyLUeCTBYIOT TaKM€ COCTOSIHMS HUXe

KpHTHYecKOH TeMmnepatypbl T, (cM.
puc. 2.12)

Mpumeyanue. 3uauenus V,, py u U, npuBeseHbl AN OJHOTO MOJS.

7. MoJieky/iApHO-KHHETHYECKAasl TeOpHs

B ocHoBe Monexynapﬂo-xuﬂemqecxoﬁ TEOPUU JICX)KUT OIKCNCPpUMCHTAJIb>

HO

NOK434HHOE YTBEPX/EHHE,

4YTO BCC BEUICCTBA COCTOAT M3 MOJIC-

KYyJl — HAUMCHbLIUIMX 4YaCTHL, COXPAHANLIMX BCEC XUMHUYCCKHC CBOMCTBA

BCLLIECTBA.

MouekyasipHoe B3aMMOJCHCTBHE

B3aumogeiicTBue Mexay aToMaMu
U MOJIEKYJIAMH OCYILECTBJSETCA MO-
CCEICTBOM  3jlek {DOMATHMTHBIX  CHJI
MEXOY OJJEKTPOHAMH M SApaMH
atompB (cM. . V). Umeerca 2 Bupa
Takoro B3aUMOACHCTBHS —— CUJIBI
NPUTSXKEHUS M CHIIbl OTTAJIKUBAHHUS;
nepBEie MPEMATCTBYIOT PACTSKEHHIO
Tesa. BTOpPbiE TNPEMSTCTBYIOT CXa-
THIO.
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[MoTenuuanpHas SHeprus

ur),38

N

-4
Un
Puc. 2.9

MouJiekyIIpHO-KHHETHYECKAS
MOJIeJIb HACANTBHOTO rasa

CpeaHsis AnMHa CBOOOAHOTO TpPO-
Oera

[MoTeHuuasnbHas 3HEPrus B3auMOMAEH-
CTBHS [IBYyX OJWHAKOBBIX AaTOMOB,
0o0pa3yrolUX MpOCTEHIHUe IBYXaTOM-
Hble Mo.iekyas (Hampumep H,, O,
N,, Cl, u ngp.), npeacraBjieHa cxe-
MaTH4YeCkH Ha puc. 2.9 kak QyHkuus
pPacCTOSHUS r MEXAY SOPaMH aTo-
MOB. JTa (QYHKUHMSA MMEET riyOoKuit
MHHUMYM U, TIpH 3HAuYEHHSX r=r,;
Ha PACCTOSHHAX r<r, MPOUCXOAUT
OTTAJIKHBAHHE, HA PACCTOSHUSX r>r,
aTOMBbI TNPUTATHBAIOTCH; HAa PaccTo-
SHUAX r=r, MOJIEKYJbl HaXOAATCH
B YCTOMYHBOM DABHOBECHM; MPUOJIH-
XKEHHble 3HauyeHus ro u U,

ro=0,7+2,0-10"8 cm,
U,=4-+83B.

[ToTennuanbHas 3Heprus B3auMOJCH-
CTBMS MOJIEKYJl TpadHyeckH Tnpe-
CTaBJIACTCA AHAJIOTHYHBIMM KPHBBIMH,
onHako U, HMeeT MeHbIIME 3HA-
YEHHS:

U,=0,01=0,1 5B.

— MOJIEKYJIBI  JIBHXYTCH  XaOTHYe-
CKH M MMEKT Da3JIMYHble CKOpPO-
CTH;

— COYHAapeHHs MOJIEKYJ MeXIy Co-
60# M CTEHKamMH COCyAa YMpyrue;

— MeXIy MOJIEKYJIAMH OTCYTCTBYIOT
CHJIBI B3aUMOJECHCTBHS;

-— CcOOCTBeHHBIH 00BEM BCEX MOJIE-
KyJ MaJl 1O CPaBHEHHIO C 00b-
€MOM COCyZa, B KOTOPOM Haxo-
JIUTCS Tas.

Cpeanuil myTb, KOTODBIA HPOXOAST
MOJIEKYJIBI MEXAYy HByMs Oimxaii-
WIMMH coyaapeHusmu (puc. 2.10):

I=kT/(\/2nc? p), (2.24)
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Puc. 2.10

Pacnpenenenne Makcsesia

4

add

cv

VgUrpUss
Puc. 2.11

CpenHsisi CKOPOCTb MOJIEKYJT

Cpeansisi KBagpaTHYHas CKOPOCTb

Haybonee BeposTHas CKOpOCTb

JlaByienue raza

k= R/N — nocrosHHas BosnbiMana,
R-—yHuBepcaibHas ra3oBas MOCTO-
siHHast, N — 4YHMCJIO MOJIEKYJl B OJHOM
Mosie (nocmosunan Aeozadpo), ©—
JHAMETP MOJIEKYJIbl, p— JaBJICHHUE;
T— TeMnepaTypa.

Pacnpe/iesieHde MOJIEKYJT MIEaTBHOTO
raza mo ckopoctaMm (¢yHKIHs pac-
npefiefieHust). IJTO  paclpefiesieHHe
npexactaBneHo Ha puc. 2.11. Ilo ocu
OpIMHAT OTJIOXEHBI 3HAauYcHHUS An/n,
no ocu OX yka3aHbl CKOPOCTH MO-

* JIEKYJL; n— KOJIHYECTBO MOJIEKYJI

B JJaHHOM o0beMe; An— KOJIMYECTBO
MOJIEKYJI, KOTOPBIE UMEIOT CKOPOCTH
oT v a0 v+Av.

8RT )
vcp = Z 'vi !/n = _ﬂE’ (225)

U —MoJiipHas Macca, |v;|—Moaynu
CKOPOCTEH MOJIEKYJI, 71— KOJIHYECTBO
MOJIEKYJl B JaHHOM oObeMe.

Vw=+/ 20} n= %I (2.26)

CkopoCTh, KOTOPYIO MMeeT HauboJib-
1Iee YHCJIO MOJIEKYJ:

2RT
v,= [—. (2.27)
n
1 2
p=§n0 mvg=ny kT, (2.28)

Ny -—4YMCI0 MONEKya B obbeme 1 M3
(KOHIEHTpALMS MOJIEKYJT); M — Macca
OfHO# MOJIEKYNbI, Kk — MOCTOSIHHAS
Boabimana.
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OcHOBHOE ypaBHEHHE

CpenHsAsi KMHETHYECKAasi OSHEprus
MOJIEKYJIbI

Kuneruueckas JHEPruss MoJg
rasa

Tennosoi mNOTOK

TCHJTOH])OBOI[HOCTI)

'paanedT Temmnepatyp

3akon Pypne

pV=2E,[3=MvZ3, (2.29)

E,—KxuHETHYECKAass OJHEPrus Moe-
Kyl B obbeme V, M —macca rasa,
V,,— CpenmHsis KBaJpaTH4yHAs CKO-
POCTb.

&,=3kT)2, (2.30)

k—nocrosunas Bonbumana.

E,=3RT)2, (2.31)

R—MOﬂﬁpHaﬂ ra3oBas NoOCTOsSHHAasd.

Tennora, KoTopasi mepefaeTcs 4vepes
MOBEPXHOCTh 3a BpeMs | cekyHna.

TennoBoit NOTOK, OOYCJIOBJICHHBIN
0OMEHOM JHEpruM MEXjy 4aCTHUAMHU
(MOJIeKy1aMH, aTOMaMH, JJIEKTPOHA-
MH, HOHAMH), KOTOpble UMEIOT pas-
JIMYHBIE SHEPTUM; NMPHU ITOM MpolLecce
nepefaeTcs JHEprus OT Y4YacCTKOB
cpeabl ¢ GoJiee BBICOKOM TeMmepaTty-
poit k y4yacTkaM cpeibl C MeHbLIEH
TeMnepaTypo#.

Bexropﬂax B€JIMYMHA, MOAYJIb KOTO-
poii paBeH

lim (AT/A)=dT/dl,

Al—0

AT=T,—T,—pa3HOCTb TeMIepaTyp
MEXAY TOYKAMH, PACCTOSIHHE MEXIY
KOTOPbIMM MO HAmNpaBJICHHIO Hau-
60JbIUEro M3MEHEHUS TEMIEPATYphbl
paBHO A/. DTOT BEKTOp Hampas-
JIGH B CTOPOHY YBEJMYEHHS TEM-
nepaTyphl.

I'lpu TEMJIONPOBOAHOCTH MNEPENACTCH
Y€pe3 MOBEPXHOCTH TIJIOLIAABIO S 3a
BpEM4 At KOJIMYECTBO TEIIOTHI
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at

[l

Puc. 2.12

TCHJ’IOHPOBOHHOCTB UACAJIBHOTO
rasa

Hudoysus

['paaueHT NJIOTHOCTH
-

£
NN
: /“07

N
Puc. 2.13

a

AQ = —AS(dT/dl) Ai, (232)

A— k03ppULMEHT TEIIONPOBOAHOCTH
(TETIONPOBOAHOCTh), pPaBHBIA  Te-
IUIOBOMY MOTOKY 4€pe3 CeYeHHE IIOo-
wagpio | M? TpM IpajMeHTe TeM-
mepatypsl | KelbBHH Ha MeTp.

MMpennonaraercs, 4TO CEYEHHE pac-
MOJNIOKEHO TEPHEHAUKYJIAPHO TIpaau-

"enTy TemnepaTypbl. MUHYC yKa3blBa-

€T, YTO TCIJIOTAa MNEpEHAcTCd B Ha-
NMpaBJICHUHA YMEHBIICHUS TEMIEPATYy-

pHIL.
A=pv.,cpl/3, (2.33)

p—TJIOTHOCTb, U, — CPEAHSASA CKO-
pOCTb MOJIEKYJl, [—cCpenaHsas AJMHA
cBoGoaHoro mpobera, ¢, — ynejabHas
TEMJIOEMKOCTh NPU TIOCTOSSHHOM 00Db-
eMe.

[MepeHoc BewiecTBa MOJEKYJISAPHBIM
IBWXKEHHEM B Cpelie, pa3jIH4yHbIE JJIe-
MeHTapHble 06bEMbl KOTOPOH HMEIOT
Pa3HYHYIO TJIOTHOCTb (WJIM KOHIUEH-
TPaUMIO YacTHIL).

'BCKTOpHaﬂ B€JIMYUHA, MOAYJIb KOTO-

poil paBeH

lim (Ap/Al)=dp/dI,

Al—0

Ap=p,—p,— PasHOCTb TMIOTHOCTEH
B JJIEMEHTapHbIX oOBeMax, pac-
CTOSIHHE  MEXIy KOTOPbIMH MO
HanpaBJICHUIO HaubOJbLIEro H3Me-
HEHUs  TUIOTHOCTH  paBHO Al
(puc. 2.13).

[pagMeHT TUIOTHOCTH  HampaslieH
B CTOPOHY YBEJIHYEHHs TUIOTHOCTH.
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Koybduument nuddysuu

Koadpdunuent mubdysun B ume-
aJbHOM rase

Bsa3kocTh HaeasibHOro rasa

8. CeoiicTBa KHAKOCTEH

ITOBEpPXHOCTHOE HATSXKEHHE

Macca AM BewtecTBa, KOTOpOE Tepe-
Memiaetcsd npu audoysun gepes mio-
CKOCTb IUIOHIAZbI0O S 33 BpeMs
At, paccuutbiBaetcs 1no ¢opmyie
(3akoH Duxka) :

AM = — DSAtdp/d, (2.34)

dp/dl—rpagueHt WiIOTHOCTH, D—
Ko3@Puyuenm  Oud@y3suu — Beuuu-
Ha, paBHas Macce mubdyHAMpyrOIIEe-
rO BELIECTBA 4Yepe3 IUIOCKOCTh ILIOMIa-
abto 1 Mm% 3a Bpema 1 ¢ npu
rpaaueHTe IUIOTHOCTH 1 Kr/m*; mpen-
T0J1araeTcs, 4To IUIOCKOCTh pacmo-
JIOXEHA TePNEHIUKYJISAPHO FPaMeHTy
TUIOTHOCTH.

MuHyc yKa3biBaeT, YTC BELIECTBO
npu 1updy3uu nepeMemiaercs B CTo-
POHY YMEHbILICHHS IUIOTHOCTH.

D=uv,1/3, T (235
U,,—CpPEMHAA CKOPOCTb  MOJIEKYII,
| —cpenHgs moMHA CBOOGOAHOrO
npobera.

n=pv,, /3 (2.36)

(o BsskoctH cM. . I, m 22).

Cuitbl, NEHCTBYIOLIME HA MOJIEKYJIbI,
pacnojioxeHHble BOJM3M CBOOOAHOI
TOBEPXHOCTH, HAmNpaBlieHbl BHYTPb
KUAKOCTH.

Ha puc. 2.14 r—paguyc mMoekynsp-
HOTO B3aMMOJCHCTBUS, PaBHbIA pac-
CTOSIHHIO, Ha KOTOPOM JEHCTBYIOT
MOJIEKYJISPHbIE CUJIBL. DTH CHIIBI 00y-
CJIaBJIMBAIOT 0CO6OE COCTOSIHUE TOH-
KOro CJos XKHIKOCTH BOIM3M ee
cBOOOAHON TOBEPXHOCTH; OHH SBJIS-
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HOTCA l'IpP[‘lP[HOﬁ BO3HUKHOBCHHSA II0-
BEPXHOCTHOI'O HATAXCHUSA. Cunbl 10-
BCPXHOCTHOI'O HATAXCHUSA HarmpaBJic-
Hbl BJOJIb MOBEPXHOCTHOrO CJ104d.

Cuaa NOBEPXHOCMHO20 HAMAMNCEHUA

F,=al, 2.37)

. /—MHA y4acTKa KOHTYpa, oOrpa-
> - HUYMBAIOLIETO CBOGOHYIO TOBEPX-

~ > Fn HOCTh (cM. puc. 2.15), o— nosepx-
— HOCMHOe HamAdXceHue, PABHOE CUJE,
Puc. 2.15 TIPUIOXKEHHON TEPNEHAUKYIAPHO K

€IUHAYHOMY DJIEMEHTY JUIMHBI KOH-
Typa TO KacaTeJlbHOH K TOBEpX-
HOCTH.

KanumnnspHble sABJICHASA Benencreue pasnuuus Mexay Mole-
KYJSPHBIMH CHJIAaMH B XXHAKOCTAX H
TBEPABIX TeNax cBOGOAHAs MOBEPX-
HOCTh JHIKOCTH Yy CTEHOK cocyna
HCKpuBJIseTca (CM. puc. 2.16).

Yeon cmauueanua O onpenensercs
KaK yrojl Mexay KacaTeJbHOH K
CBOGOJHON TMOBEPXHOCTH JKMAKOCTH
U TOBEPXHOCTbIO TeNla B XHIKOCTH.
B xupkoctax, s Kotopeix 0<
<7/2, ypOBEeHb TIOJHHMAETCS Ha BBI-
coTy h mo cpaBHEHHIO CO CBOOOAHOM
TIOBEPXHOCTBIO 3TOH e JHIKOCTH;
ecmi 0>m/2, TO ypOBEHb JKMIAKOCTH
omyckaeTcs. BbicoTa ypoBHS B Ka-
MWUIAPHBIX ~ TpyOkKax C  KPYIJIBIM
CEUEHMEM M MAJOro MaMeéTpa

e 20.cos 0
rpg

> (2.38)

r—pamdyc Kamujuispa, p-—IUIOT-
HOCTb XHIKOCTH, g — YCKOPEHHE CBO-
6OAHOrO TajeHus.

N36biTOYHOE [aBiicHHE IMox HMCKPUBJIEHHOH TOBEPXHOCTHIO
CBOOOMHOH NOBEPXHOCTH XHIKOCTh
MOJBEPKEHA OMOJHUTEILHOMY JaB-
JIeHHIo (M30BITOYHOE AABJICHHE); OHO

6*
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paccuuThIBaeTcs ro ¢opmyle
pa=2a]r, (2.39)

: r—paanyc KpMBU3HBI CHEpHYECKOH
MOBEPXHOCTH MEHHUCKA.
Hdns coepuyeckoro my3bipbka rasa
B XUAKOCTH

Puc. 2.17 Pa=20r, (2.40)

s chepuveckoro MbLILHOTO  my-
3bIpbKa B BO3[yXe

p,=4a/r. (2.41)

9. Kpucrajniuyeckue M amMop(Hble Tesia

TBepasle Tesa pasfgeisioTCs Ha jiBa BHAa —aMOpdHble M KpHCTasIHyec-
KHe. Amop@Hble meaa COXPAaHAIOT CBOIO (OpPMy. (HampHMep, CTeKIo,
CMOJIbI, TUIACTMACCHI), HO 110 APYrHM CBOHCTBaM OHH MOAOGHBI KHAKOCTIM
C OueHb GOJBLIOH BA3KOCTbIO, KOTOpAas YMEHBIIAETCS C YBEIHYCHHEM
TEMIIEPaTyphl; NMOITOMY MNPH YBEJIHYEHUH TeMNeEpaTypsl aMopdHble Tesa
NOCTENEHHO Pa3sMArYaloTCd M CTAHOBATCHA OOBIYHBIMH JKUAKOCTAMH.

Kpucrannuyeckue CTpyKTyph Kpucmana— opHopoaHoe ‘aHM30-
(XpUCTaJIIBI) TPONHOE TEJIO, B KOTOPOM YacCTHIIbI
Zy 4 (MOHBI, aTOMBI, MOJIEKYJIbI) PACoJIo-

XEHbl B TPOCTPAHCTBE TNPaBHILHO
MNOCTPOCHHBIMU LIEMOYKAMH, MJIOCKH-
MH CETKaMH M TPEXMEPHBIMH pe-
HIETKAMH; 3TH YaCTHUbI COBEPLIAIOT
. _ koJieGaHMs OTHOCHTENBHO TOJIOXKe-
P HHUSl PaBHOBCCHS.
Ve VYV  KpHCTaJLIMYeCKHX TeJl Mepexol
B OKHAKOE COCTOSIHME TPOUCXOMUT
X  CKQYKOM TIpH ONPpENEJICHHOH TeMile-
Puc. 2.18 patype IUIaBJICHHS.
Kpucranmuueckyro pemieTky  KpH-
CTajlla MOXHO (IOJYYHTh TNEPEHO-
COM  D/4eMeHmapHot Aveuku B TpeEX
HanpaBJICHHSX. [eoMeTpuyeckas
tdopma sneMeHTapHOW sYelikM ompe-
nensercs Tpems pebpamu a, b, ¢ u
TpeMsl yrllaMH MeXAy HUMH o, B, y
(cMm. puc. 2.18); umeercs 14 TuUmOB
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TpurnuwHas MOHOKIURHER
. 1
| ! :
B- At
Pomduyeckasn
[
i g Ly
' 159° (-
b o) A4
TouzsorareHas TempasoransHas
T v #-
[} -]
A= Aod-
Ayouveckas
-
:q (R ' 04—}9 o
A A-+4> A
K[ AL k3
Puc. 2.19

10. )Kuakune KpHCTAJLIBI

Uto Takoe Xujakue KpHUCTaJLJIbI

Takux pewerok  (puc. 2.19). Be-
IIECTBA, COCTOSLIHE M3 MHOXECTBA
XaOTHYECKH OPHEHTHPOBAHHBIX Ma-
JIBIX KPHUCTJIJIOB, HAa3bIBAIOTCH NoO-
AUKPUCMANAUMECKUMU.

Psan opraHuYeckMX BeEUIECTB INEpexo-
IAT U3 KUOKOTO COCTOSIHMS B TBEp-
o€ KpHCTaJUIMYeCKOe He cpa3dy, a
uyepe3 pAd NPOMEXYTOYHBIX COCTOSA-
Huil ($a3), KOTOPBIM MPHCYIUH HEKO-
TOpbI€ CBOMCTBA Kak *HIKOCTEH, Tak
U KpPHUCTaJLJIOB.

Takue COCTOSHUS HA3BIBAIOTCH HCUO-
Kumu  Kpucmaaiamu (MM Me30-
dazamu).
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JlnoTponHsle ¥ TEPMOTPOMHbIE
KUAKAE KPUCTAIIbI

HemaTnki, CMEKTHKA W XOJec-
TEPHKHA

n

\

\ //
\\I \|\,\
\I

Puc. 2.20

\\\\I\l//\ \\
Wiy /,||
M

Puc. 2.21

Jluomponmpie XUIKUE KPUCTAIUIBI 00-
pas’yloTcsl B KOJUIOMAHBIX pacTBOpax
(HanpuMep, BOAHBIX PacTBOpax MHO-
TMX MOJIMIENTHIOB; TaKHe IKHIKHE
KPHCTaJUlbl HMEIOT PSSO Pa3sHOBHI-
HOCTEH).

Tepmompontble XUOKHE KPHCTAJLIbI
06pa3yroTcs NpH [JIABJIEHHH OpPraHHu-
YECKHX KPUCTAJIOB C YAJIMHEHHBIMH
MOJIEKYJIaMH.

TepMoTpoOnHbIE XUAKHE KPHUCTAJLIbI
JEeNATCA HAa TPU KaTErOpHH: HEMaTH-
yeckue (HeMatuku — HXK), cMmekTn-
yeckue (cMexTukd — CIXKK), xonecte-
puyeckue (xonectepuku — XXKK).
CxeMa pacroJIOXEHHs MOJIEKYJl B
HXK npencraBnena wa puc. 2.20;
[UIMHHBIE OCH MOJIEKYJ B CpeIHEM
nMapajulesibHbl, B pPeE3yJbTaTe Yero
obpa3yeTcsi BBIIEJICHHOE HampasJie-
HHE, Ha3blBAEMOE [UPEKTOPOM N
LHEHTPBI MOJIEKYJl PacloJIOKEHbI Xao-
THYECKH, KaK B XKHIKOCTSX.

CxeMa pacrojIOXeHHs] MOJIEKYJl B
CXK nmnpeacraBiena Ha puc. 2.21;
JUTMHHBIE OCH MOJIEKYJl YNOPSAOYEHBI
kak B Hematuueckux KK, HO ueHT-
pbl MOJIEKYJl B CpEOHEM pacroJio-
JKEHBl Ha TUIOCKOCTSAX, HAaXOAAHIMXCSH
OpYr OT JApyra Ha OJWHAKOBBLIX
PACCTOAHHUSAX, T. €. OHH HUMEKT CJIO-
uctyro crpykrypy; CXKK umerot He-
CKOJIbKO Pa3zHOBHIHOCTEM.
Xonectepuyeckas (asza XUAKHX Kpu-
crauioB (XXKK) sBnsiercs uckaxeH-
HO#l (opMOHl HEMATHKOB; B 3TOH
(haze MOJIEKYJIbI IMEIOT TMPEUMYLIECT-
BCHHYIO OPHEHTAIIMiO 1O HampaBJie-
HUIO [JUPEKTOpAa, HO HAampaBJieHHE
MOCJIEAHET0 M3MEHSETCS TpH Tepe-
XOA€ OT OJHOTO CJIOS K APYroMmy
pErynsipHbIM 00pa3om, HYTO MOXET
ObITh MPEACTaBIEHO BUHTOOOPA3HOM
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HXK CXK

TTpumepsi

H
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CTPYKTYpoi ¢ marom okojo 200—
300 am (puc. 2.22).

B OObIYHBIX YC/IOBHSIX KPHUCTAJLI
npeAcTaBiaser coboit kak Obl mosu-
KPHCTaJUl, COCTOSILMA U3 3epeH XUI-
KHX KDHCTaJUIOB, Y KOTOPBIX AUPEK-
TOpbI OPHEHTUPOBAHBI XaOTHYECKH. B
MAarHMTHBIX U JJIEKTPHYECKHX TOJIAX
MOXHO TOJIyYHTb JKHIOKHH «MOHO-
KPHCTaJLI».

Tunel coeauHerH#H

Temnepatypa nepexonos, “C

Hemamuxu
n-azokcuanuzon (ITITA)
n-MeTOKCHOeH3U N AeH-n-0y THIIAHUIIMH
(MBBA)
n-TeKCHIIOKCH-0-THAPOKCH-n-0yTHIa306eH-
301

Cmexmuxu

n, n'-AMHOHMWJIa300€H30J1

n, n'-AArenTUAreNTUICKCHA300eH301
(FOAB)

XOJIECTEPHII — MUPHCTAT

IMIpuMmeyanue:

KN-—nepexon M3 KpucTajula B HEMATHK;

KN—118, NI—135,5
KN—22, NI—47

KN—8, NI—8§2

K—38, S;—4l, S,—541
K—74,5, Sc—95,5, N—1241

K—71, S,—81
NI—nepexon u3

HEMATHKa B M30TPOMHYIO XUAKOCTb; K — TeMnepatypa kpucrajum3auuy; S— TeMre-
paTypa nepexoga B CMEKTHYECKOE COCTOAHME (MHIEKCHI yKa3biBalOT MOAM(HKALMU

A, B, C); N—nepexollT B HEMaTHK.

11. IMosumepni

INonumepHble LeNH

TMonumepaMu Ha3bIBAIOTCA BELIECTBA,
MOJIEKYJIbI KOTOPBIX COCTOAT U3 60Jb-
LLIOrO YKMCJIa aTOMOB (WJIM Ipynm aTo-
MOB), 00pa3yIoLIMX JUIHHHbIC LEMH —
noaumepnvie yenu. TlonumepHbie LeNH
Ha3bIBAIOTCS MaKpomosekysamu. Wc-

. XOHO€ BEUIECCTBO, U3 KOTOpPOro 006-

pa3yioTcs MOJUMEPHbIE LIEMH, Ha3bl-
BaeTca MmoHomepom. Hanpumep, us
MOHOMEpa — 3TUJICHA obpasyercs
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H H
—C ¢ —
H H

Puc. 2.23

CteneHn KPUCTAJUIMYHOCTH

TemnepaTtypa niaBjieHUs

AMopdHbIE TOTUMEPDI

nojuMep -— MOJMITHIeH. Yucno 3Be-
HbEB B TOJMUMEPHOH LEMH HA3bIBAET-
csi cmenenvlo  noaumepusayuu. Cre-
NeHb TOJUMEPH3alMd MOXET H3Me-
HATbCA B TPEAENaX OT HECKOJBbKHUX
envHui 1o 10000 u Gosbiue; OTHO-
CUTEJIbHbIE MOJIEKYJIAPHbIE MacChl
NONMMEPOB MMEIOT 3HaueHus 10% -+
+10°. 3BeHo uenu MONMITUNIEHA TIPH-
BEJEHO Ha pwuc. 2.23.

[TomuMepbl COCTOAT W3 KPHUCTAJLIH-
4eCKMX M aMOpdHbIX 00JacTeld; OTHO-
1IeHHe o6bemMa KPUCTAJUIHYECKUX 00-
sacTell k 00beMy Bcero obpasua Ha-
3bIBAETCH CMENEeHbI) KPUCMAAAUYHOC-
mu. CTeneHb KPUCTAJUIMYHOCTH 3aBHU-
CUT OT crocoba MOoJyYeHHs TOJIH-
mepa. Hanpumep, B nonustusene
BbICOKOH  TIoTHOCTH  (p=0,919+
+0,973 r/cM®) cTenenb KpHCTaNIHy-
HOCTH M3MEHseTCs B [peaeiax oT
60--90%, B mNOJMITHIEHE HUBKOHN
miotHoct  (p=0,913+0,934 r/cm?)
cTeneHb KPHCTAJUIMYHOCTH COCTaB-
aset 40-+60%.

Y noJMMeEpOB HE&T ONPENENIEHHOH TeM-
nepatypsl IUaBieHus. Hanpumep, Ha-
TYpaJIbHbI Kay4yK KpPUCTALTH3YETCs
B TEMIEPaTypHOM HHTEpBaJie OT —
25°C po 45°C. OpHako npu Men-
JIHHOW KpHCTAJUTM3aUMU (M IUIaBJie-
HUH) TTOJIMMEPOB C BBICOKOW CTENEHbIO
KPHCTQUTMYHOCTH MOXHO TOJIYYUTh
pPaBHOBECHYIO TeMIepaTypy IUIaBie-
Hus. Hanpumep, Ttemnepatypa mias-

"JICHUA Y NMOJIMITUJICHA HAXOOUTCA B UH-

Tepanie  Temmepatryp 102137 °C,

.y nonunpomaiena 160170 °C, y ¢pto-

porutacta-4 okojo 327 °C.
AMoOp(dHBIE TOJUMEPBI C JIMHEHHBIMU
LENMOYKAMH MOJIEKYJl MOIYT Haxo-



be3 depopmayuu

23

flpu Gegopravuu

Puc. 2.24

3akon I'yka
6,,Ma

20

12

04

=\
5

NE

/

/

W

7 2 3 ¢

Puc. 2.25
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JUTBCS B TPEX COCTOSIHHSAX: CTEKJO-
06pa3sHOM, BBICOKOJIACTHYECKOM U
BA3KOTEKYYEM.

B cTeks1006pa3sHOM COCTOSIHUM COBEp-
matoTcs kojebaHus. aTomMoB, 0oOpa-
3YIOUIMX MOJMMEPHYIO UEIb.

B BBICOKORIACTHYECKOM COCTOSHUH
INPOMCXOAAT (HapsaAy C KoJseOaHus-
MH aTOMOB) KPYTHJIbHBIE KOJIeGaHUs
OTHENIbHBIX ~ 3BEHbEB,  BCIICJCTBHE
4ero MOJIUMEpHas LeNb MOXET U3IH-
6aTbes.

Bs3koynpyroe COCTOSIHHE XapakTe-
pHu3yeTCs TMOABHXHOCTBIO  MAakpo-
MOJIEKYJIbl  (TIOJTAMEPHOH  Lenu) B
LEJIOM. .
Ilepexox H3 OAHOTO COCTOSIHUS B
JpYroe TNPOUCXOAUT B HEKOTOPOM
Juana3oHe Temmepatyp. Temnepamy-
poil cmeKA08aHUA HA3bIBAETCS Cpen-
HAS TeMIiepatypa nepexoja U3 CTek-
J1006pa3sHOro B BBICOKOIJIACTUYECKOE
COCTOSIHHE; Cpe/IHsis TEMIEpaTypa ne-
pexoaa U3 BBICOKOIIACTAYECKOTO CO-
CTOSHHS B BS3KOTEKy4ee Ha3bIBACTCs
memnepamypoii mexyvecmu; T, [T, =
=1,5 Ans HECUMMETPHYHBIX LIETEH;
T,,/T.=2 Ans CUMMETPUYHBIX Leneit
(T,,— TemnepaTtypa miasnenus, T, —
TeMIIepaTypa CTEKJIOBAHHS).

BBINMOJSIHAETCS TONBKO TPH MAaJIBIX Je-
dbopmanusax (I ywactok, puc. 2.25),
Ha II y4acTke MajbIM HM3MEHEHUAM
HANpSOKEHUS COOTBETCTBYIOT 60JIb-
mue nebopmauuu, Moayiar HOwra,
HanpuMep, IU1d KaydyyKa paBeH Ipu-
6mm3uTenpHo 2-10° Ia, T1.e. TOrO
Xe mopsiaka, 4yTo U y rasos. Ha III
y4acTKe pe3KO YBeJIMYUBAeTCA Hamps-
XKEHHE TIpH HE3HAYUTENbHBIX nedop-
MalHusX.
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12. Tlnazma

UYrto Takoe miaazMa

Huddy3ns uonos

TemnonpoBoaHOCTH

TennoBoe paBieHue mMIa3Mbl

[a3, aTOMbl M MOJIEKYJIBI KOTOPUIO
B 3HAYHTENbHO! MEpEe HOHU3UPOBAHBI,
Ha3bIBaeTCs naasmoi. BeuwectBo mpu
Temnepatypax 10* K u Beime sBis-
eTcd miasmMoi. OOHaxo He BCAKHiA
HOHHM3UPOBAHHDIH ra3 sBJIAETCH mjas-
MOH; HMOHH3UPOBAHHBIA ra3 Ha3bIBa-
eTcs  IIa3MOH, eClTd  BeJIMYdHA
8=kT/(4nng}) 3HAUHMTENBHO MeHD-
1€ pa3MepoB Cocyza, B KOTOPOM Ha-

" XooUTCA ra3 (n— KOHUEHTpaUus 3a-

PKEHHBIX YacTHL B Mja3Me, ¢;— 3a-
paA oaHoro HoHa, T— Temmeparypa,
k —mnocrosinHass Bonbimana).

Omnpenensercs Tak xe, kak U qudoy-
3Usl MOJIEKYJl MAEANbHBIX [a30B; KO-
abduunent nuddys3nn HOHOB B MIas-
Me

Di=vli/3, (242

.

v; ¥ |, —cpenHsast CKOPOCTb U CpelHss
MHa cBobogHOro mpobera HOHOB.

[naBHYIO pPOJib B TEPEHOCE TEILIOTHI
B IJIa3M€ MIPAIOT JJIEKTPOHBI; TEIIO-
HIPOBOAHOCTb, OOYCIIOBJICHHAS JJICKT-
pOHaMmH,

Ae=1,24-10"11T52 Br/(m-K). (2.43)
Hanpumep, mpu T=~10° K Tenno-
NMPOBOAHOCTL BOJAOPOMHON TIA3MBI

6outbilie TETJIONPOBOJHOCTH cepebpa
Opy¥ KOMHATHOH TeMmepaType.

p=(m+n kT, (2.44)

n; — KOHIICHTpaUHs HOHOB, h,—*-KOH-
LUCHTpAauus 3JICKTPOHOB.



Tnasa 11T
DJIeKTPOAMHAMHKA

B 3Toii riaBe M3y4aloTCs pa3jIMYHbIE BUABI JJIEKTPOMArHUTHOTO B3aUMO-
JICACTBUA: K HUM OTHOCATCS B3aUMOJCHCTBHUE 3apAXEHHBIX TeJl (HEMOJBUX-
HbIX M JBHXYIIMXCS OTHOCHTEJBHO CHCTEMBI OTCHYETA), NPOBOJHHUKOB
C JEKTPUYECKMMH TOKaMHU (YaCTHBIA Cjiyyall B3aMMOJECHCTBUS ABHXKYILHMX-
Csl 3apSOKEHHBIX YaCTHIl), MArHUTOB MeXJy co0olo, a Takxke B3auMoeii-
CTBHE MEXJYy MAarHWTaMd M TPOBOJHMKAMM C JJIEKTPUYECKUMHU TOKaMHU.
Bce Bubl 351K TPOMAarHUTHOTO B3aUMOEHCTBUS OCYILECTBIISIOTCS MOCPEA-
CTBOM 2JIEKTPOMArHUTHOTO TIOJNA.

1. DaexkTpudeckoe MNojie HENOJBHKHBIX 3apsi0B
(3JeKTpocTaTHKA)

DnekTpuueckud  3apan W CTOYHUK 3JIEKTPOMATHUTHOTO MOJISK;
n + HOCHTEJIIMH ~ 3apsOB  SBJISIOTCH
3EKTPOHbI, NIPOTOHBl M APYrUe 3Jie-
(—@ @—) MEHTapHble 4acTulbl (cM. 1. V).
+ oy PaznuyaloT aBa pona 3JeKTpHYECKHX
@-—» é—@ 3apAAOB — NOAOIHCUMENbHBIE W OMPU-
— - yameabible. TlONOKUTENBHBIMH  Ha-
‘_@ G_) 3bIBAIOTCA 3apsAfbl, BO3HMKAIOILIME HA
CTEKJIE, HAaTEePTOM KOXeH; OoTpHla-
Puc. 3.1 TeJbHBIMH — 3apAZbl, BO3HUKAIOLIKE
Ha sHTape, HaTepToM MexoM. Teia,
3apsKeHHbIE OJHOMMEHHBIMH 3apsijia-
MH, OTTAJKHBAIOTCS; Teja, UMEIOIIHE
pa3HOMMEHHBIC 3apsibl, MPUTArMBa-

oTCs Apyr k Apyry (puc. 3.1).

3akon COXpaHCHHUS 3apsinoB

Y Q;=const.
i

Aunrcbpandeckas cymMma 3apsioB B
U30JIMPOBAHHON CHCTEME COXpaHseT-
Cs TIOCTOSHHON; HOCHTENH 3apsa0B
MOIyT NEPEMEIATbCS OT OJHOTO TC-
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MaTepHaﬂbele HOCUTECJIHU 3aps-
J0B

OneMeHTapHbIA 3aps

ToueuHble 3aps/bl

3akon KyJjona

+02

u™
Puc. 3.2

Jla K APYTOMY HJIM CMELUAThCsi BHYT-
pH Tesa, B MOJIEKyJie, aTOME; 3apsj
HE 3aBMCHT OT CHCTEMbI OTCYeTa.

Hocutenamu 3apsi0oB B pa3jiM4HBIX
cpeziax MOryT ObITh 3JIEKTPOHBI, OTOP-
BaHHbIE OT aTOMOB (HampHUMmep, B
MeTajjlax), HOHbl —YaCTH MOJEKYJI
MJIM aTOMOB, HMEIOLUNE MOJIOXKHTEIb-
Hble M OTpHLATENbHbIE 3apfanbl (Ha-
NpUMEP, B JJIEKTPOJIMTAX M Trasax),
M JIpyrHe 4YacTHIbl, UMEIOILHE 3aps-
bl

e~1,6-10"1° Kn.

[To Monysmo Jsoboi 3apsan KpaTeH
3apsaay 9JIEKTPOHA (MM TPOTOHA).
3apsa 2J1eKTPOHA — OTPHUIIATEIBHBIIMA,
3apsi  NMPOTOHA — MOJIOXKHUTEbHBIN;
N0 MOJYNIO  3apsifbl 3TUX YaCTHI
paBHbI e.

Toueunvimu 3apsadamu Ha3bIBAIOTCA
3apsKEHHbIE Tejla, pa3MepaMH KOTo-
pbIX MOXHO TpeHeOpeyb MO CpaBHe-
HUIO C PAacCTOSIHUEM JIO TOYKH, B KO-
TOpOW omnpeaeifieTcs ACHCTBHE NaH-
HOTrO 3apsdja.

Cuwia, ¢ KOTOpOH AEHCTBYIOT ApPYr Ha
Jipyra J1Ba TOYEYHBIX 3apsja, paccyu-
ThiBaeTcs 1o ¢opmyie (3akoH Ky-
JIOHA)

_ Qlerzo cu
47(880"12

Fj,= -Q‘—ZQ-ZrO (cro), 3.0
Eriz

12

F,,—cuna, neiictBylowias Ha 3apsn
Q,, Haxoasumiics B nose 3apsaga Q,,
r,, —BEKTOp, NpPOBENECHHbI OT 3aps-
aa Q, x 3apamy @, (puc.3.2).
ro — GAMHUYHBIA BEKTOp MO Hampa.Jie-
HUIO  Ty,, &y—OJJeKTpuyeckas Tmo-
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DNIEKTPUYECKHH UTIONb

—_e
q q

Puc. 3.3

Haﬂpﬂ)l(CHHOCTb JIEKTPHUECKOT O
noJjig

JluAMM HAMpPSOKEHHOCTH IEKTPH-
4ECKOro moJis

CTOSIHHaS,
[
=1/(36n-10%)— =
go=1/(36n )M
(o)
~885+10712 = (CH)

B cucreme CI'C g,=1 (BesunHa 6e3-
pa3MepHas); € — OTHOCHUTE/IbHAsA JH-
3JeKTpHYeckass NPOHULAEMOCTb Cpe-
Jibl, B KOTOPO# DacHOJIOXKEHbI 3aps-
nel. Cuna F,,, nmeiicTBylomas Ha 3a-
pan Q,, HaxonALIMiACS B moJje 3aps-
na Q,, paBHa no moayo cuie F,,
Ho Bekropsl F,, u F,, Bcerna umeror
NPOTHBOTIOJIOXKHbIE HanpaBleHUS;
JIMHUS UX [OEHCTBUS NPOXOIUT uepe3
3apsaabl (cMm. puc. 3.2).

JIBa pa3HOUMEHHBIX TOYEYHBIX 3aps-
[ia, paBHBIX MO MOAYJIO.
CBoiicTBa  AMNONS  ONPENENAIOTCA
QAEKMPUYECKUM  MOMEHMOM _

pi=0L (32

Q —3apsn, | — BeKTOp, NPOBEICHHbIN
OT OTPHUUATEJIBHOTO K TNOJOXHTENb-
HOMY 3apsiay; Moayiab | pasen pac-
CTOSIHMIO Mexay 3apsgamu Q.

E=— (3.3)

Cuna, neiicTByrouiast B JaHHOH TOYKe
noJis Ha Tejo, MMeloulee MOJIONKH-
TenbHbIA 3apsg 1 Ko
HanpaBsyieHHe BeKTOpa HamnpsXeHHOC-
TH ekTpuyeckoro noas E cosmaga-
eT ¢ HanpaBieHueM cuiel F, peifct-
BYIOILIEH Ha TENO, UMELOlllee TIOI0XKH-
TeJbHBIA 3apaf.

DTO TaKHe JIMHUM, KacaTejibHbIE K KO-
TOPBIM B KaX/IOH TOYKE COBHAAAIOT
C HanpaBJIeHHEM BEKTOPOB HAaMPsKeH-
noctu E.
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3J’XCKTpl/l‘{CCKOC CMCELIICHHUE

DJIEKTPUYECKOE TOJE B JUIJIEKT-
puKke

(ONN©)
(O]
o O
(O]

0.
0.
0
0.

0.
0.
0.
0.

Puc. 3.4

MonspusoBanHoCcTh (BEKTOpP mO-
JNIpU3aLUK)

Iluanexqpmecxaﬂ BOCIIpUUMYH-
BOCTb

T110THOCTE  TONMAPU3ALMOHHBIX
3aps/10B

Bel(TOpHaﬂ BC€JIMYMHA, pABHAA NMPOU3-
BEACHUIO

£osE=D. (3.4)

Co3paercss BHELIHUM TOJEM (TOJIEM
BHEIWIHHX 3apsanoB) E, u nonem ces-
3aHHBIX (IOJIIPU3ALUOHHBIX 3apsN0B)
3apsapos E”:

E=E,+E". (3.5)

CBs3aHHbIE 3apsibl HAa TOBEPXHOCTH
JMINEKTpUKa 0Opa3yloTcss BCIEACT-
BHE WJIM CMELIEHHS HOCHTeell 3aps-
JOB B MOJeKy/Iax (B HENOJISIPHBIX
MoOJIEKyJIaX), HJIH B pe3yJjbTaTe OpH-
€HTAIllMH [UTMOJIbHBIX MOMEHTOB TO-
JIAPHBIX MOJIEKYJl BHELIHUM 3JICKTPH-
YeCKUM mnoaeM (cM. puc. 3.4). DTo
ABJICHHE HA3bIBACTCA noAApusayueil
oussekmpuka. Ha puc. 3.4 npuoaut-
cs cxema OOpa30BAHUS AMIIOJIBHBIX
MOMEHTOB  HEMOJISIPHBIX ~ MOJIEKYJI
W OPHEHTAIMH JUNOJbHBIX MOMEHTOB
TIONIAPHBIX MOJIEKYJ1 BHELIHUM 3JIEKT-
PHYECKUM HOJIEM.

P=Eﬁ=n<p>. (3.6)
vV

BenuunHa, paBHas BEKTOPHOIM Cymme
JJIEKTPUYECKUX MOMEHTOB JIUMOJICH
B CIMHUYHOM OOBEME NUIJIEKTPHKA.
P; — DJIEKTPUYECKHH JUIMOJBbHBIA MO-
MEHT OJHOH MOJIEKYJIbI, 71— KOHIIEH-
Tpauust MoJekya, {p) — CpeaHui au-
NOJLHBIA MOMEHT OZHOH MOJIEKYJIbI,
V—o6beM nuanekTpHka.

B u30oTponHOM auMaseKTpUKe
P=xgyE; 3.7)
6e3pa3MepHas BeJIMYMHA X HA3BIBACT-

CS OUINEKMPUUECKOL 80CHPUUMUUBOC-
moto.

.= P, e
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Lluanex'rpuqecxaﬂ TNpoHULIae-
MOCTb

Cas3b MEXAYy pa3JIfYHbIMH Xa-
PaKTEpUCTUKAMHU JIJIEKTPUHYECKOTO
ToJis B OUIJICKTPHKE

IMpoBOJHUKH B 3NEKTPHYECKOM
noJjie

v—
N

- .

=

Puc. 3.5

INoTenunasn IIEKTPOCTATUHECKOT O
noJjs

P, —npoekuus BekTopa P Ha BHeln-
HIOIO HOpMaJjlb K TOBEPXHOCTH M-
IJIEKTPHUKA.

B wusorponHo#l cpene
D=¢,E+P=cgg,E, (3.9

e=1+x%—omnocumeavnan Oudsexm-
pudeckas npoxuyaemocms. ITa BeJU-
YYHA SABJISETCS OCHOBHOW 3JIEKTpHU-
YeCKON XapaKTEePUCTUKOU HUIIEKTPH-
Ka.

B mpocrpaHCTBe, MOJIHOCTBIO 3aMoJ-
HEHHOM HM30TPOINHBIM JH3JIEKTPHKOM,

E=E,/e, (3.10)
"E'=—PJs,, (3.11)
P=0,/s, (3.12)

E — HanpspkeHHOCTDb TOJIS B JHIJIEKT-
puke; E,—HanpskeHHOCTb  moJis
NpH OTCYTCTBUHM Ju3NekTpuka; E'—
HANpPSXXEHHOCTh TOJIA TOJSpH3aLu-
OHHBbIX 3apsnoB, P—monspu3oBan-
HOCTb (BEKTOp MOJIAPH3ALMH); ¢ —
NOTEHUMAJI TOJNSA B  [MIJIEKTPHKE,
@o—TMOTEHIHaN IOoJsA INpH OTCYy-
TCTBHM IMINIEKTPHKA.

Ha noBepxHOCTH NpOBOAHHKA, HaXo-
JALIETOCS B  JJIEKTPHYECKOM TOJIE,
HaBoAATCH (MHIYLHMDYIOTCS) 3apsibl;
3TU 3apsapl (TMOJIOKUTEIbHBIE H OT-
pHLATENbHBIE) PaCIpPENEsOTCS 10
MOBEPXHOCTH TakMM o00pa3oM, 4YTO
HampsPKEHHOCTb MOJIS BHYTPH TIPO-
BOJHUKA OyneT paBHa HymO, a MO-
BEPXHOCTb MPOBOJHHKA SBISETCHA IK-
BHNOTEHIHaAbHOH (cM. Huxe). Ha
puc. 3.5 TMOKa3aHO W3MEHEHHE ORHO-
POMHOrO 3JIEKTPOCTATHYECKOTO MOJIS
NPOBOASILIAM 1IAPOM.

o== (3.13)
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Pa3HocTh moTteHuuMalioB MEXAy
TOYKaMH

OObeMHas TUIOTHOCTH IHEPrHH
3JE€KTPUYECKOrO MO

DKBUMOTEHIIHATbHAS MOBEPX-
HOCTb

Haﬂpﬂ)KCHHOCTb M IpajueHT Mo-
TE€HIMAJ1a

IMoTeHUManbLHas 3HEPTUS B3aUMOJIEH-
CTBUSL JJIEKTPUYECKOTO TOJS C €NH-
HUYHBIM TIOJIOXHTENLHBIM  3apAOM,
pacrnoJIOXKEHHbIM B JAHHOW TO4Ke
nons. [loreHuuan  onpexpensiercs
¢ TOYHOCTBIO A0 mocTosHHOH. B ¢u-
3MKe OObIYHO NMPHHUMAIOT, YTO TO-
TeHIHal B OECKOHEYHO YAaJleHHOM
ToYyke paBeH Hymo. [loreHuuasn ane-
KTPOCTATUYECKOrO TOJIS paBeH pa-
6oTe A, coBepuiaeMoil CHJIaMHU IJie-
KTPUYECKOrO TO0JIs TMpH NepeMellieHUH
TeNa, UMEIOUIEr0 TOJIOXHTEIbHbIA
3apsn 1 Kii, u3 nanHoii Touku B Gec-
KOHEYHOCTh, WM paboTe, coBepLIaeMOii
BHEUIHUMU CHJIAMH TIpU TepeMELICHHH
TOr0O ke caMoro Tena u3  Oecko-
HEYHOCTH B JAHHYIO TOYKY TOJIS.

(P;-(Pz=le—2- (3.14)
BenuuuHa, paBHas pabore, KOTOpYIO
COBEpINAIOT  CHJIBI  3JIEKTPUYECKOTO
HOJIS PH NepeMELLEHHH Tella, HMERo-
Lero MoJIoXHUTENbHbIA 3apsaa 1 K,
U3 OIHOH TOUKH B JpYrylo.

w=gue E2/2. (3.15)
Benuuuna, paBHas

lim (A W/AV)=dW/dV=mw,

AV—0

A W —3Heprusi 3JIeKTPHYECKOTO TI0-
As, 3aKAIOYEHHAss B 3JE€MEHTapHOM

obveme AV, E— HanpsXeHHOCTb
3JEKTPHYECKOTO TOJIS.

[ToBepxHOCTb, BO BCEX TOYKax KOTO-
poll MMeEETCSs ONWHAKOBbIA MOTCHIM-
ajl, Ha3bIBAETCH JKEUNOMEHYUAALHOU
noeepxnocmém (MM MOBEPXHOCTBIO
pABHOTO TOTEHIMANA).

JIunuu HanpsAXeHHOCTH TNEPNECHAUKY-
JIAPpHBI 3KBUMOTEHLMAJIbHBIM TIOBEPX-
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HocrsiM. Ecnu Mexay aByms Giu3ko
PacnosoXeHHbIMU TOUKaMHU A U B pas-
HOCTb TNOTEHLMasI0B paBHa A@ (pwuc.
3.6). a paccTosHME MEXAY HHUMH MO
JIMHUM HanpsbKEHHOCTH paBHoO A/, To

lim %=d(p/dl= —E.
Al—0

Benuuuna A@/Al (tounee. do/dl)
SBISIETCS MOIYJEM BEKTOpa, KOTO-
pblif Ha3bBIBACTCH 2pAdUeHMoM nomeH-
yuaaa. OITOT BEKTOp HanpaBJieH
B CTODOHY YBEJHYEHHS TMOTEHLHMAJa.

DNIeKTPOEMKOCTb KOH/eHCaTopoB  [IpoBONHMKHM, MeXQy  KOTOpBIMH
UMeeTCs JJIeKTpHYECKoe ToJie, Bce
JIMHUM HANPSHXKEHHOCTH KOTOPOro Ha-
YHHAIOTCA HAa OJIHOM TPOBOJHUKE
M 3aKaHYMBAIOTCS Ha JIpYroM, Ha-
3BIBAIOTCS KOHOEHCcamopamu, a caMu
NPOBOJHUKM — OOKJ1aZIKaMH  KOHJIEH-
Z caTopa.

a Daekmpoemkocmb  KoHOeHcamopa —
- BEJIMYMHA, PaBHas 3apsly Ha OJHOM
13 00K/IaJ0K KOHAEHCATOpa NMpHU pas-
| HOCTH NoTeHUManoB 1 B mexay ero
j OOKIaIKaMHU: -~

C=0/(¢,~¢,). (3.16)
Q-—3apsa Ha OOHON H3 OOKJamoK
KOHJIEHCATOpAa NpPH Pa3HOCTH MOTEH-
- uManoB (@, —@,) Mexay Humu. KoH-
JIEHCaTOpBl pa3iuyaloT no ¢opme
NPOBOAAIIMX TOBEPXHOCTEH: ILIOC-

8 KHE, OUIMHIPHYECKHE U cdepuyeckue
Puc. 3.7 (puc. 3.7).

- Lo +

|

EnuHuner: 3apsan—kynoH, K
HanpsHXKEHHOCTb JJIEKTPHYECKOTO MO-
Jis—BOJBT Ha MeTp, B/m;
NOTEHNMA, Pa3sHOCTH MOTEHLMAJIOB,
DAC —BoasT, B;
371€KTPOEMKOCTh — (papan, &;
06beMHas" JIOTHOCTh 3HEPTHH — KO-
yab Ha KyOuueckuit Metp, Jx/m3.

4+ H. K. Kowukuu
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2. HanpsikeHHOCTb JJIEKTPHYECKOr0 MOJIA

Teao

Touka B mnpoci-
paHC1BE

HanpsixenHOCTb, JIMHHM HANPSHKEHHOCTH

MarepuaibHas TOUK4 Ha paccrosnuu r| . O 317
T 4neger? (17
+{ -Q
. c
ITnockocTts C moboit cro- |E, =7 (3.18)
poHbnl (o —mno- Eof
BEPXHOCTHAA
IJIOTHOCT  3a- +Q ”
psua)
JlBe mnapasuiesbHbIE Mexny Ioc- E = c (.19)
MIOCKOCTH € 3apAAaMH | KOCTSIMH ll—:go_‘S '
+0u —Q Bue mwiockoc- | PaBHa HyJiro
Tel

+0/Na
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IIpodoaxcenuc

Teno Touka B mpoct- HanpsXeHHOCTb, JIMHHH HanpsXeHHOCTH
paHcTBe
Coepa (wap) paauy-|Bre chepsr Ha 0 (.20)
com R paccrosuun r or| * 4neger? ’
ee ueHtpa (r>R)
Buyrpu cdepsi  |PaBHa Hymo
(r<R)
IIpoBoauuk B6au3u moBepx- E = o
HOCTH TP g0E
T
PasroMepHO 3apsikeHHbIH | BHe mumHapa Ha | E = —), (3.21)
: 2meEr

JUIMHHBIA  OUIRHAD  (DO-
JIbIH)

pacCTOSHMH r OT
OCH
Bayrps mmiuBnpa

T—JIMHEHHAA IUIOTHOCTb 3apsja

PaBra mymo

CIUIOIHO#M CTEpXeHb, 3a-
PAXEHHBI#  PaBHOMEPHO
no obveMy

Bue - cTepxHs Ha
pacCTOSHMM r OT
ocH (r>R)
BuyTpu crepxHs
(R—panuyc mo-
[epevyHoro  ceve-
HMA)

Eo=5— (3.22)
TEET

Tr
Ea=3 nEoR 2 (3.23)

7*
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IIpodoaxncenue
Teno Touka B npoct- HanpsokeHHOCTb, JIHHHH HanpsykeHHOCTH
paHCTBe
Junoab Ha  paccrosuun /T+3cos20 .
r> I, p—wmonynm | E,=~————p, (3.29)

MOMCHTA [OHIIOJIA

4ngeyr’

60— yron Mexay BEKTOpaMM p H T

IIpumeuanue. [loBepxHocTHas MIOTHOCTD 3apina 6 =0/S (Q—3apaa, pacnpese-
JIeHHBI HA TMOBEPXHOCTH IUIOLIAAbKO S); JMHelHas IUIOTHOCTh 3apaga t=Q//
(Q —3apsan Ha GOKOBOM MOBEPXHOCTH LMIMHAPA, [JIMHA KOTOpOro papHa /).

3. 3JleKTp0€MKOCTb KOHACHCATOPOB H MNPOBO/IHHKOB

Konaencatopsl

i1eKTPOEMKOCTD

Ilnockuii koHaeHcaTop

C=¢qeS8/d, (3.25)

S-- miowans O4HOM IUIACTHHbI, d-— pacCTOsHHE
MEXAY HHMH

LlniMHApHYECKHI T KOHOEHCATOD;
KoakcHaIbHbIH Kabesb

C=2meeel/(In(b/a)), (3.26)

b—panaMyc BHEIIHErO UMWJIMHApPA, d-— Palauyc
BHYTPEHHEro UMJIMHApA, [— minHa

Cdepurueckuii  KOHAEHCATOP

Cep=4mee/(1/a—1]b), . (32D

a, b-—panuycbl BHyTpeHHEH M BHeLUHEH cdepbl
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ITpodoaxncenue

Konnencatopst 3IICKTPDCMKOCTI:

JByXnpoBOJHAS JIMHHS C,=ngyel/(Ind/a), (3.28)

! |—njavHa JMHMH, d— PacCTOSIHHE MEXIY OCAMH
:iI NapajUieibHBIX MPOBOAHMKOB, r—HX pPaaHyc

¢ |

[IpOBOAHMK, MApAJLTEbHBIH C.=2meyl / <]n %>’

IUIOCKOCTH 3eMuin
h—BBICOTA HajJ MOBEPXHOCTBIO, R—paauyc ce-

yeHusi, h> R, |— piuMHa NPOBOJHHKA.

Mapannenshoe coeaupenne KOH- | Copp=C,+Cy+...+C, (3.29)
ACHCATOpOB C,, C,...C,—€MKOCTH KOHJIEHCAaTOPOB

G C ==C5
Mocnenopatenbaoe  coeaumenue |Coi=Ci'+C3 ' +...+C L. (3.30)
KOH/IEHCATOPOB

A

]

4. TlocTosnHblii JMEKTPHYECKH TOK

DeXTPUYECKHH TOK Vnopsano4eHHOE ABHXEHHE HOCHTE-
JICH 3apsAnoB.

Cuna NOCTOSHHOTO 3JIeKTpU4ec-  3apsiA, KOTOpBI NMEPEHOCHTCS Yepe3

KOro TOoka (cujia ToOKa) MoHiaab CEYEHUs NPOBOAHMKA 3a
_ Bpems 1 c,
I1=Q/t. (3.31)
Cuna nepeMeHHOro 3JIeKTpHYeC- I= lim AQ._.Q

, 3.32
KOro TOKa a0 At dt (3-32)
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IInoTHOCTL TOKA

3J'ICKTpH“lCCKOC noJji€ B NpOBOJAHHU-
K€ C TOKOM

A Q —3apsan, KOTOpBIA NEPEHOCHTCS
3a Bpems At. Koraga roBopsaT o Ha-
NpaBJICHHH TOKA, TO MMEIOT B BHIY
HanpaBjiCcHHE BEKTOpa MJIOTHOCTH
TOKa.

BekTopHasi BesqMYMHA, MOAYJb KOTO-
poif paBeH OTHOLICHHIO CHJIBI TOKa
K TUTOLUAJH CEYCHHUS, NEPNeHANKYIAP-
HOrO K CKOPOCTH YNMOPALOYEHHOTO
JBHXECHHS HOCHTENIel 3apsaa:

j=1/S. (3.33)

HanpaBnenue BekTOpa j coBmagaer
C HanpaBJICHHEM BEKTOpPA CKOPOCTH
yNOPAAOYEHHOTO IBUXEHUA HOCHTE-
Jied TONOXHTENbHBIX 3apiaoB:

i=nqg, v), (3.34)

g, —3apsl OOHOrO W3 HOCHTEJIEH,
n—MHX KOHIEHTpauHs, (KOJHYECTBO
HoOcHTeNel 3apsiia B eIMHHYHOM 00B-
eme), {V)—CpeaHss CKOpPOCTb YNO-
panoyeHHoro aswxenus. IIpu ynops-
JIOYCHHOM IBHXEHMH HOCUTENeH OT-
pHMIATENbHBIX 3apsgoB  (Hampumep,
IEKTPOHOB B  METalax) BEKTOp
IUIOTHOCTH TOKa j W BEKTOp CpelHei
CKOPOCTH V, MMEIOT NMPOTHUBOMOIOXK-
Hble HanpasieHus (puc. 3.8).
Boobmie, naxe NpH HaJM4YUM NOC-
TOSIHHOTO TOKA MJIOTHOCTb HE OJWHA-
KOBa B Da3JIMYHBIX TOYKAX MNOMEpeY-
HOTO CeYeHHs mpoBogHMKA. B sTOM
cily4ae IUIOTHOCTh TOKa

j=dl|dS. ’ (3.35)

Ha MOBEPXHOCTH TNPOBOJAHHUKA, MO
KOTOpOMY TEYET MOCTOSIHHBIA TOK,
pasMeLlIaroTCd HEMOABUXXHBIC 3apsalbl,
KOTOpbIE BHYTPU NPOBOJAHHKA CO3-
JAI0T JJIEKTPUUYECKOE MOJIE, B PE3YJib-
TAaTC 4Y€ro BO3HHUKACT 3ﬂ6KTpH‘lCCKHl’l
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Puc. 3.9

CTOpOHHHE CHIIBL

Daektpoasuxymas cuga (DAC)

3akoH Oma

Tok. [10BEpXHOCTHAS TIIOTHOCTh ITHUX
34pANOB  Ha  Pa3JIMYHBIX  Y4acTKax
MOBCPXHOCTH  NPOBOAHMKA  HMCET
pa3iINYHbIC 3HAYCHUS M 3HAKH.

BHe npoBOAHMKA C TOKOM BOIM3M
Cro MOBEPXHOCTH BEKTOp HANpPSIKCH-
HOCTH DJICKTPUYECKOTO TMOJIS HUMEET
HopMmasibHylo E, M TaHreHumManbHyio
E. cocraBasioue; BHYTPH NPOBOJI-
HHKA HOpMajlbHas COCTaBsOIIAS
E,=0. a TaHreHunasnbHas COCTaBIs-
olast UMEET TO K€ CaMoe 3Hauc-
une E, uTO M BHe npoBOAHMKA
(puc. 3.9).

Cuabl, KOTOpbIE MNEPEMEIIAOT HA
MOJIFOCHl MCTOYHHKA TOKA HOCHTENH
MOJIOKHUTENIbHBIX M OTPHIATEIBHBIX
3apsa0B; 3aps/ibl, obpa3yoluecs Ha
MOJIIOCaX MCTOYHHKA TOKa, B CBOIO
ouepeab, 00eCneunBalOT COOTBETCT-
ByIOlIEE pacmpe/iesieHHe 3apsjoB Mo
BCEH MOBEPXHOCTH NPOBOJIHMKA, KO-
TOpPbI MOAKJIIOYEH K MOJIOCAM [aH-
HOTO MCTOYHHKA.

Ilpupo/ia CTOPOHHUX CHJT MOXCT ObITh
pa3IMYHON: BHXPEBOE IEKTPHUYECKOE
nojie B rcHeparopax, MeEXaTOMHOE
B3aUMOJICACTBHE HA rpaHMIEX CO-
NPUKOCHOBEHUS! PA3HOPOJIHBIX CPEN
(B rajJbBaHMYECKUX JJEMEHTAX W aK-
KyMyJsiTopax) 4 T. M.

PaboTa cTOpOHHMX CMJ1 NO mncpeme-
LUICHUIO TAKOro KOJIMYCCTBA HOCHTE-
JICH 3apsoB, KOTOPbIE NECPEHOCAT
nosioxurenbHbd 3apsa 1 Ka:

E=4/0Q. (3.36)

OJIC paBHa pa3sHOCTH MOTEHLUAJIOB
MEXly KIEMMAMH PAa30MKHYTOro MC-
TOYHHUKA.

Ha YY4aCTKE LENMH, rac HET MCTOYHH-
KOB TOKa, CUJIa TOKAa B NMPOBOJHHKC
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[
@7
a
r 6'_0
—{C
5
Puc. 3.10
— .
r -+
&E>0
a
/—\
r_o+-
—
5 &9
Puc. 3.11
£,
1
k|
r
—
d
Puc. 3.12

3akon Oma B auddepeHunanbHOR
¢dopme

Hanpsxenue

MpONOpPLMOHAIbHA Pa3HOCTH MOTEH-
MajgoB MeXJay ero KOHUAMH (pMC.
3.10,q)

I=(p,—@2)/r. (337)

Ha yuacTke 1emd € HCTOYHHKOM
Toka cuna Toka (puc. 3.10,6)

1,=(¢,—9,+6)/r, (3.38)

(@, —P,)—PpasHOCTb  NMOTEHLHANIOB
Mexjiy KoHuamu ydactka, & —DJC
MCTOYHMKA TOKA, r— BEJMYMHA, KO-
Topasi Ha3bIBAeTCA IJEKTPUYECKUM
CONMPOTHBJIECHHEM TPOBOJHHKA (CM.
HUXE).

Mpu pacuerax 3navenue IJAC npunu-
MaeTcsl MOJIOKUTEbHBIM, €CIIH MpO-
M3BOJILHO BBLIOpaHHOE HampaBJicHUE
obxola coBmagaer ¢ MEPEXOAOM OT
OTPHLATEILHOTO MOJIOCA K TOJIONKH-
TEJILHOMY.

B 3amxHyTOH memun @;=¢, (puc.
3.12),

I1=¢]r,

r — CONPOTHUBJICHUEC BCel LIeTIH, BKJIIO-
Yast BHYTPCHHEEC CONPOTHUBJICHUE HC-
TOYHHKa TOKa.

i=v(E+E.), (3.39)

j—MIOTHOCTB TOKA, 7Y-— yAeJbHas
INEKTPONPOBOJHOCT  (CM.  HHXe),
E — HanpshkeHHOCTb  3JIEKTPHUYECKOTO
nosis, E.— HanpskeHHOCTb NOJs
CTOPOHHUX CHJI.

PaGoTa anekTpHueckuX U CTOPOHHHX
CHJI MO TEPEMEILEHHIO HAa JaHHOM
y4acTKe HOCHTEJIeH 3apsaa, KOTOpbI-
MH TEPEHOCHTCS MOJIOKHTENbHbIH 3a-
pax 1 K,

U=, —@,+&=1Ir. (3.40)
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IMapenue HanpsAXeHus

DJIeKTpUUECKOe
HPOBOIHUKA

Puc. 3.13

3aBHCHMOCTb OT TEMNEPaTyphl

Pr

=
—Yy

CoeauHeHHE pPE3UCTOPOB

CONPOTHUBJICHHE

Tpoussenenue Ir Ha3biBaeTCcs nade-
Huem Hanpsincenus. Ecnu Ha ydacTke
HET HCTOYHMKOB TOKAa, TO HAampshke-
HHE pPABHO PA3HOCTH MOTEHIHAJIOB:

U=¢,—9,.

BenuunHa, paBHas pa3sHOCTH NMOTEH-
UMaI0B MeXJy KOHAMH NMPOBOJHHKA
npu cune Toka | A, mpoxonsiero
MO 3TOMY NPOBOJHUKY:

r=U/I, 3.41)

@, — @, =U—pa3HOCTb NOTEHLHAJIOB,
J—cuna Toka. ConpoTHBJIEHHE OJ-
HOPOJHOr0 NMpPOBOAHHKA MOCTOSIHHO-
rO CEYCHHS:

r=pl/s, (3.42)

p— yOeavHoe conpomusieHue, PaBHOE
CONMPOTHUBJIEHHIO MPOBOJHUKA B (op-
Me kyba c peOpamu JnuHOIO 1 M;
|—pnauHa, S—rmomanb HOpMalib-
HOTrO MOMEPEYHOro CeYEHHUs.
Benuuuna, oOpaTHast yaeabHOMY CO-
NPOTHUBJICHAIO, HA3LIBAETCHA YOeAbHOU
npo8oOUMOCMbIO:

y=1/p.

IMpubaM3uTENBLHO yAENBHOE CONPOTH-
BJIEHHE TPOBOJHUKA JIMHEHHO 3aBH-
CHUT OT TEMMNEpaTyphl:

pr=po(1+aAT), (3.43)

pr— CONPOTHUBJICHHE NPH TeMNepaTty-
pe T, po— conpoTujeHue npu To=
=273,15K, AT=T-T,, o—1teMne-
paTypHblii kK03 dHIHEHT conpoTH-
BJICHHS

a=(pr—po)/(PoAT).

IMpu nmocnenoBaTebHOM COEAMHEHHH
pe3uctopoB 1, 2, ..., n, HMEIOWIMX
COMPOTHUBJIEHUS Iy, Iy, ..., I, OOLIEE
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Ll T2

o
Puc. 3.15

Pabora mnocrosiuHoro Toka

MOUIHOCTh TOCTOSIHHOrO TOKAa

IpaBuna Kupxroda

N /-

7 =
Puc. 3.16

COLPOTHBJICHHE
Froe=Fy+Fy=+ .. (3.44)

[Mpu napa11eabHOM COCAMHEHHUH pe-
3UCTOpPOB

Foap=rit4ryt+ 4t (3.45)
A=1Ut=1%rt=U"r, (3.46)
/—-cuia Toka B uemu, U — Hanpsxe-
HUC Ha y4acTKC LCHH, F - -COMPOTHMB-

JIeHHe. | — BpeMsl.

Pabora Toka 3a Bpems | c¢
P=1U. (3.47)

Hcnosw3yroTcss TNpu  pacyeTe  TOKOB
W HATIPSDKCHUI B DA3BCTBIICHHBIX LETISX.
Touka, B KOTOpO# COCAMHEHO HE MEHee
TpeX NMPOBOHNKOB, HA3bIBACTCA V3.10.M1.
Iepsoe  npasuato: anrebpamyeckas
CYMMa CHJl TOKOB HAa Y44CTKaXx IIEIH,
CXO/IAIMXCS B 000K TOuke pas-
BETBICHUs, paBHA Hymw. Hanpumep,
Ha puc. 3.16 I, +1,+1,—1,=0. .
Toxu, BXOAfUIME B Y3€jI. CUUTAIOTCS
TOJIOXKHUTEIIbHBIMHU. TOKU, BbIXOASILLIME
U3 y3Ja, -- OTPHUATEIbHBIMU.
Bmopoe npasuio: nns moboro 3am-
KHYTOTO KOHTYp4, BBIACICHHOTO U3
Pa3BETBJICHHOW lienu, asircopavycckas
CyMMa TNIPOM3BEICHUH TOKOB Hd4 COOT-
BETCTBYIOIIME COMPOTHBJICHUS pPaBHA
anredpauyccKoif CyMMe Bcex 2JIEKTDO-
JBHXYIIMX CHJ1 B 3TOM KOHTYpE.
Ipu cocTaBiieHUH YKA3aHHON CYMMEI
NOJOXHUTEIbHBIMH CYUTAIOTCS T€ TO-
Ki, HarpaBlICHUS KOTOPBIX COBHAjad-
I0T C YCJIOBHO BBLIODAHHBIM Hampas-
JleHueM o00xona koHTypa. [losmoxu-
TeabHbIMH cunTatoTcs Te DJC, KoTo-



4. MOCTOSAHHBIA DJEKTPUUECKUA TOK 107

CoenuneHde HCTOYHMKOB TOKa

Puc. 3.18

3apsiaka M paspsika KOHJIEHca- |
TOpa

&
*Tq———

g

Puc. 3.19

Eaunuupl:

pble MOBBILIAIOT TOTEHUAANX B Ha-
npasjicHHH o6xoma (T. €. HampabJe-
HHe 06Xo/a COBNAfaeT C MEPEXOAOM
OT OTPHHATEIBLHOTO TMOJIOCa HCTO-
YHHKA K MOJIOXHATEILHOMY).
Hanpumep (cm. puc. 3.17):

hri+Lr,—Lir;=6,+6,—¢&;.

IMpu nocyienoBaTeIbHOM COCAMHEHHH
n  OJMHAKOBBIX HCTOYHMKOB TOKa
(puc. 3.18, a)

I{nr;+r)=né&,, (3.48)
n— YUCII0 UCTOYHUKOB, r;— BHYTPEH-
Hee CONPOTHBJICHHE OJHOrO HCTOY-
HHMKa, r—BHCLIHEE CONPOTHBJIEHHE
end, &;—IAC omHOro HMCTOYHHKA.
Ilpy napannensHOM  COEIXMHEHHH
n  OJMHAKOBBIX HCTOYHHMKOB TOKa
(puc. 3.18, 6)

I(r+r;/n)=¢&,. (3.49)

INpu 3apsgke KOHJEHCATOpa €MKOC-
Toi0 C d9epe3 pe3HCTOp CONPOTHB-
JICHUEM r H3MEHEHHE CHJIBI TOKa
paccYMThIBacTCA Mo Qopmye

I=Iye "0, (3.50)

& —O/1C wucrouHuka Ttoka, l,=&/r
—CHJIa TOKa B MOMEHT BpPEMEHH
t=0 (B Havane pa3palKH).
Ipu paspanke koHaeHcaTopa depe3
PE3UCTOP M3MECHEHHE HANPSDKEHUS
onpeaenserca no Qopmyie:

U=Uye 1O, (3.51)
U, HanpsxcHHe Ha KOHAEHCAaTOpe
B MOMCHI BpcvcHH t=0 (B Havaje
pa3ps,ikit)

JJIEKTPUYECKHH TOK — ammiep, A;
TUIOTHOCTh TOKa —aMIIep Ha KBajpart-
HbI MeTp, A/MZ;

SMEKTPOJBIXKYLIAS CHJIA, HAIPSDKECHHE,
Pa3HOCTb NOTCHLUMAJIOB— BOJILT, B;
conpotusyienne —om, Om;
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yIEJbHOE CONPOTHBIECHHE---OM-METD,
Om * M;

NPOBOAUMOCTb — CUMEHC, CM;
yaeiabHas  MPOBOJMMOCTb — CHMEHC
Ha metp, Cm/M.

5. DnekTpHyecknii TOK B 3JIEKTPOJHTAX

DJIEKTPOJIUTHI

InoTHOCTL TOKA

o).

Puc. 3.20

IMoaBUXHOCTL MOHOB

Onektponu3. 3akonol dapanes

Daexmpoaumamu (MIM TPOBOJHUKA-
MU BTOpOrO poja) Ha3bIBalOTCA pac-
TBODBI KHCJIOT, UIeNo¥ed u cosei
B BOJE WJIH JIPYTUX pacCTBOPHUTENSX, a
TaKXe pacruiaBjieHHble cojii. B asek-
TpOJIUTax HOCHTEISIMU 3apsIoB AB-
JIAYOTCS MOHBI, KOTOpbIE MpEACTaBIIs-
IOT COOOH YacTH MOJIEKyJ, AMEIOLIHe
MOJIOKHUTENbHBIE W OTpHLATENbHbIE
3apsabl.

Oan}ICHﬂCTCR ynopsaao4€HHbIM [BH-
XKE€HHEM HMOHOB B J3JICKTPHUYECKOM MO-
JIE, KOTOpOE 06pa3yeTcs; MEXAyY JJIEK-
TpoaaMH, MNOIPYyXECHHBIMH B JJICK-
TPOJIUT U MOAKJIIOYCHHBIMU K HMCTOY-
HHUKY TOKa. [noTHOCTH TOKa

" B oMekTponuTe

j=n,q vid+n_q vo), (3.52)

n,, {V, ) — KOHIEHTpAlLlUs ¥ CPEAHsS
CKOPOCTb yNOPAAOYEHHOTO BUXECHHUS
HOHOB, HECYILIUX IOJIOXHUTENbHBIN 34-
pax,  n_,  {V_)—KOHIEHTpauus
U CpelHSif CKOpPOCTb HOHOB, HMe-
IOIIMX OTPULATENBHBIA 3apsil.

OTHollIeHHE CKOpPOCTH YyNOpATOYCH-
HOI'o JBHXXEHHS HWOHOB K HaNpsDKEH-
HOCTH JJIEKTPUYECKOro MoJisg

u, = )E, u_={v_)E (3.53)

Korpma uepe3 2/1eKTposIMT mpomycka-
€TCs TOK, Ha JJEKTPOJax Bblaes-
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Puc. 3.21

CanbBAHUYECKHE DJIEMEHTBI U 4K-
KyMYJISTOPBI

JOTCSl BELICCTBA. DTO SBJIEHUE Ha-
3BIBACTCSA  JACKIMPOAUIOM.

Macca BelecTBa, BbUIECIWBILErOCH HA
INEKTPOJE MPH WIEKTPOJIU3E, MPIMO
NPONOPIHOHAIbHA 3apsAly, NPOXonas-
HIeMYy 4epe3 MEKTPOJUT (nepebili 3a-
kon Papades):

m=kQ. (3.54)

Ko duuueHT nponopuuoHaabHOCTH
k, paBHBIA OTHOILEHHIO Macchl Be-
IECTBA, BBIACIUBLIEIOCS HA EKTPO-
I, K 3apsiay, KOTOpblii Obln Iepe-
HECEH 4epe3 IEKTPOJMT HOHAMH,
HA3BIBAETCA DACKMPOXUMUYECKUM K-
BUBAICHMOM OAHHO20 8ewecmea. die-
KTPOXMMHYECKHH JKBUBAJICHT Bellie-
CTBa MNpPOMOPLUOHAJEH €ro Xumuue-
cKOM) IKeusasenmy (8mopoi  3aKoH
dapaden):

L
“F o

F=96485 kynoH Ha MOJb.

(3.55)

XUMHYECKH IKBHBAJICHT — BHECHCTE-
MHasl €IMHHLA MacChl, paBHas OT-
HOLLICHHIO MOJISIPHOM Macchl | JIaH-
HOrO BEI}ECTBA K €ro B4JIEHTHOCTH
n; F wuaseiBaeTcs noctosinHoil Pa-
panes.

[Tpu morpyxeHnuu B IEKTPOJUT ABYX
3JEKTPOJOB MEX/]y HHMH YCTaHaB-
JIMBAaeTCs  Pa3HOCTb  IOTEHIMAJIOB.
DTO sBJIEHHE MCMOJB3YETCS B rajbsa-
HUYECKUX JJIEMEHTaX, KOTOpbIe sBIIS-
IOTCS MCTOYHMKAMK Toka (CM. Ta-
6ummuy Ha crp. 199).

AKKyMYJISATOpbI SBJSIOTCS IajbBaHHU-
YECKMMH JJIEMEHTAMHM, B KOTODBIX
9I€KTPObl M3rOTOBJIEHBI W3 TaKHX
MATepuaoB, YTO OHH BOCCTAHABIIH-
BalOT CBOM MEpBOHa4aJibHbIE CBOHCTBA
NpH  NpONMYCKAaHHM ToKa  (3apsake)
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Hucnomusid  anxymynmmop

28
26 7
24 d
S 3apAdk®
$22
M !
0,
S 20/ 23090n
EER=N
X178
76
14
0 45 7 15 2 25 3 36 4 45 &
Prc. 3.22 Gpems, o

TonuBHBIE 3JIEMEHTHI

Inexmponum
Awod Y Kamod
H2—> <—02
Z
Z

B oOpaTHOM HampapjeHUM TO CpaB-
HEHHIO C TOKOM IpH paspsake. Ko-
JIAYECTB) JJIEKTPUYECTBA, KOTOpOE
MOXET ObITb NOJIy4eHO OT aKKyMYyJIs-
TOpa NpH JaHHBIX YCNOBUSAX paboTh
(Temmepartype, pa3psAAHOM TOKe, Ha-
4aJbHOM HaHpSOKEHWH), Ha3bIBaeTCA
3apAOOM aKKymyaamopa; 3apsji aKkKy-
MyJIATOpa BBIPAXaeTcs B KYJIOHaX.
Ha puc. 3.22 npuBoasiTcs KpHBbIE
3apsinku (TokoM Q/4A) W pa3psaaxd
(toxoM Q/3A) onHoW OaHKH KHC-
JIOTHOTO akkyMmyJisitopa (Q = (Q'/3600,
Q' —3apsaa onmHoW OaHKH, B KYyJIO-
Hax).

B TonnuBHBIX 3memenTax (puc. 3.23)
HCTIOJIB3YIOTCA XMMHYECKHE Ppeakiuu
OKHCJICHHS M BOCCTaHOBJICHHA. B ka-
4eCTBE BOCCTAHOBHTENS Haulle BCEro
HCTOJIB3YETCA  BOJOPOA, OKHCIIUTE-
JiS — KHCJIOpOJ WM BO3ayX. B Takmx
3JIEMEHTaX HENPEPHIBHO NMOAAETCS TO-
ILIMBO, @ TAKXE OTBOJATCS NPOAYKTHI
peaxiuu.
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6. DJeKTpPONpoOBOAHOCTL Ta30B M MJIA3MbI

Wonunzanus rasos

+".‘% e-*u* °
L. 0O
a

Puc. 3.24, a, 6

IInoTHOCTH TOKA

v9(/2,)
Tt
D K
I, LA c -
0 Ua
Puc. 3.24, ¢

HecamocrostenbHas npoBOaHU-
MOCTb

CaMocTosTeNbHas NPpOBOAUMOCTH

a3zl  CTAQHOBATCS  NPOBOJHMKAMHU
JJIEKTPHYECKOTO TOKA TNPH HAIHYMH
B HHAX MOHOB M CBOOOJHBIX 3JIEKTPO-
HOB, T.€. Ta3 [JOJKeH ObITb HOHM-
3upoBaH (puc. 3.24, a).

DHeprus, Heobxoaumas Ui OTpbIBa
3MEKTPOHA OT 4TOMA, Ha3bIBACTCH
pabomou uonusayuu.

DNeKTPOHbI OOBIYHO TIPUCOCHAHHSIOT-
csl K HEHTpaJIbHBIM aTOMaM, oOpa3ys
OTpHUATEbHbIE HOHbI

j=n.viq.+n_v_q_, (3.56)

n,, n_—KOHUCHTPALUH TIOJIOXUTE-
JIBHBIX ¥ OTPHIATEJbHbIX HOHOB,
V,, V_—CpeIHHEC CKOPOCTH HX YNO-
psAnodYeHHoro aBixkeHus. Cxema aist
CHATUS BOJIbTAMIICPHOU XapaKTepH-
CTAKM TPOBOJAMMOCTH Ta30B MpH-
BeoeHa Ha puc. 3.24, 6; BOJNBT-
aMIiepHasi XapaKTEepPUCTHKa IpPHBO-
IUTCS Ha pHc. 3.24, 6.

Ha yuactrke OA TOK o0O6YyCOBieH
WOHHM3allMeil ra3a HeHH3aTOpaMH pas-
JIMYHOTrO poja (HanmpuUMep, PeHTIeHo-
BCKMMH JIy4aMH WJIH PaJUOAKTHBHBIM
U3JIydeHHEM U Op.).

Ha yuactke AC ycraHaBiauBaeTcs
Tok HacbiueHus [,. Ha ywactke CK
HWOHHM3alHs TIPOUCXOOHUT 3a CYET COY-
JapeHHil JJIEKTPOHOB C aTOMaMH.
VYuactkn OABCK oTHOCSATCS K Heca-
MOCTOSITEIbBHOMY DPa3psiiy — Hecamo-
CMOAMebHAA NPOBOOUMOCTTb.

Ilpu Hampskenun Uy TNpPOUCXOOMT
NpoOOH, HANpsHKEHHE Ha JMeKTpoJax
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TepMOBHeKTpOHHaﬂ OMHUCCHS

Puc. 3.25

3ﬂ€KTpOHpOBOﬂHOCTb nJjia3Mbl

CKaykooOpa3HO YMeHblaeTcs (Touka
D). DToT BHA NPOBOJMMOCTH Ha-
3bIBAETCA  CAMOCMOAMEAbHbIM (WK
maetowum paspsaoom). Tlpu ysemmye-
Huu DJIC HCTOYHHMKA HANpsHKCHHE Ha
TpyOke He M3MEHseTcs OO0 TO4KH E,
HO CHJIAa TOKA YBEJIMYMBAETCH. ¥Y4acToK
DE cooTtBetcTBYeT 0671aCTH HOpMaJlb-
HOTO Tierowero paspsna. Ha yuactke
EF npoucxouT yBEJMYCHHE TOKA IpH
YBEJIMYCHUM HATIpSDKEHUsS (B 3TOM Clly-
4ac YBEIMYECHHE HANpPSDKCHHS HCTOY-
HMKA HE MOJIHOCTBIO KOMIEHCHPYETCS
NaJeHHEM HaNpsDKEHHs Ha PE3UCTOpE
CONMpPOTUBIIEHMEM r); 3TOT Y4acTOK
COOTBETCTBYET aHOMAJILHOMY TJIEIOLLIe-
My paspsny.

B Touke F NpPOMCXOOHT CKaYK0OO-
pa3Hblil mepexox B CTafHIO 0y208020
paspada (Touka M).

BbIXOJ 37EKTPOHOB M3 MeTajlla MO
JEHCTBHEM _ TEMJIOBOTO  JBHXKEHHS.
TunuyHas BOJbTaMIEpHas XapakTe-
PHCTHKAa TOKa TEpMOJIJIEKTPOHHON
9MHCCHH TNpHBEACHA Ha pHc. 3.25.
Haubonbluee 3HadeHMe TOKa TEPMO-
3JIEKTPOHHOM 3MHCCHM HA3BIBAETCA MoO-
KOM Hacbluyenus, TIOTHOCTb KOTOPOTO
MOXXHO paccuuTaTh 1O ¢(opmyJie

ju=BT2e~ 416D (3.57)

B—nocrosinHas, 4—paboTa BbIXO-
na, T—Tremnepatypa.

ITo TeopermueckuM pacyeTaM IS 4u-
CThIX MeTawioB B=1,2-10% A/(M?-K?),
OJIHAKO Ha OMbITE MOJIy4aroTCs pas-
JIM4HbIE 3HAYEHHS.

DNIeKTPONPOBOJHOCTb IIa3Mbl B OC-
HOBHOM ONPEIENISETCS MOJBIKHOCTBHIO
3JIeKTPOHOB (0 miasme cMm. ria. Il
n 12).

[InoTHOCTL TOKAa 3JIEKTPOHHOM MNpO-
BOJIMMOCTH

je=ene Ues (358)
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6, (Om-cm)”

10¢

102

Puc. 3.26

n,— KOHIIEHTpAL#sl JJICKTPOHOB, U,
— CKOPOCTb YNOPSIOYEHHOIO JBHXKE-
HHS DJEKTPOHOB.

MoHHas NPOBOAMMOCTDb MIa3Mbl 3Ha-
YHTEJIbHO MEHbILIE NEKTPOHHOH Npo-
BOIUMOCTH.

ViesbHas 3M€KTPOHHAs MPOBOIMMOCTD

o.~e*n,D,[(kT), (3.59)

D, — xoabduumeHT auddy3un d1eKT-
poHoB (cMm. ri. II); o, cnabo 3aBucuT
OT KoHueHTpauuu (puc. 3.26). Ilpu
TemnepaType Bbune 107 K mposoau-
MOCTb BOJODOJAHOH IIa3Mbl OoJbLLE
NMPOBOAMMOCTH cepebpa npH Temre-
patype okosno 20 °C.

7. DJeKTPONpoBOJHOCTE MOJIYNPOBOJHHKOB

IToaynpoBoauuku

P

Lu3snexmpuru

lonynpoBodrunu

remasne —

—_—

T

Puc. 3.27

30HbI IHEPreTHYECKHX YPOBHEi

f—=

Puc. 3.28

BelecTBa, y KOTOPHIX YAENBHOE CO-
NPOTHBJIEHHE P IPU KOMHATHBIX TEM-
nepaTypax HaxOmMTCs B Mpeaenax
10°4+10""OM-M. B omnnume oT
METaJIOB YIENLHOE CONPOTHBIICHHE
y TONYNpOBOJHHKOB YMEHBLIAETCS
C TIOBBIIIEHHEM TEMIIEPATypHI.

IMpu B3auMOIEHCTBHM aTOMOB 3Hep-
TETHYECKHE YPOBHM JJIEKTPOHOB HE3HA-
YUTEIBHO M3MEHSIOTCS O CPaBHEHHIO
C OJHEPreTHYeCKUMH YPOBHSMH 3JIEKT-
POHOB HEB3aWMOEHCTBYIOIMX aTOMOB;
BCJIEICTBHE B3aUMOAEHCTBUS N aTOMOB
obpasyercsi N O6/MZKO pacroIOXEHHbIX
JHEPreTHYeCKuX YpoBHeH (pwuc. 3.28).

COBOKYNHOCTb  paCILEIUICHHbIX 3Hep-
TETHYECKMX YPOBHeil oOpasyeT 30HY
paspeuienibix 3HAUYEHUH SHEPruM. 30HbI
OTIENAIOTCS APYr OT JApyra HHTep-
BAJIaMM  HEpa3pelleHHbIX  3HaueHHH
9HEprMW; TaKHe WHTEPBaJlbl OSHEPrHU
Ha3bIBAKOTCS  3ANPEUEHHBIMU 30HAMU.
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3ona
npobodumocmu

—
4E,

BaneHmian
3oHa

Puc. 3.29

3H€KTpOHHaﬂ " AbIpOYHAs NMpoOBO-
JUMOCTb

3onsr npobodumacmu

hy
B
0. 0 —f
——0 ——04 }——0—-0-
o o— o——o0—]
0——04 }——0——m0-
BanenmHoie 30Hb/
Puc 3.30

[Mpu 0 K BajcHTHBIC JJICKTPOHBI
3AHHMAIOT HHU3ILMC OJHCPreTHYECKHE
ypoBHU. Bce paspelieHHble YPOBHH
B JTOH 30He SABISIOTCH 3aHATHIMU.
DTa 30Ha SABJISETCH 3aMOJHEHHOM,
W eadenmuoti 30noi. Bo BTOpO#
30HE I03BOJICHHBIX YPOBHEH SHEPruu
npu 0 K HeT HH OOHOrO IEKTPOHA;
9Ta 30MAa HA3bIBAETCH 30HOU NPoBo-
oumocmu. Dueprusi AE, (puc. 3.29),
HeoOxoaumasi IS NEpeXoAa DJIeKT-
pOHa M3 BAJICHTHOH 30HBI B 30HY
NPOBOAMMOCTH, Ha3bIBAETCS WUPUHOT
3anpewjennoli 301bl. Y METAIJIOB 30HA
TMPOBOJMMOCTH M BaJIeHTHas 30Ha
HEPEKPLIBAIOTCS; Y  IUIJIEKTPHKOB
AE,>?2 3B.

DNeKTPONPOBOAHOCTL  0bycnoBieHa
HAJIMYUEM DJJIEKTPOHOB B 30HE MpO-
BOJMMOCTH; €CIM HET 3JIEKTPOHOB
B 30HE NPOBOAWMOCTH, HET M 3JEK-
TPONPOBOHOCTH.

TennoBoe aBWXeHHE, a TakkKe pas-
JIMYHBIE BHELIHHE BO3zeHCTBHA (Ha-
NPUMEP, CBET, IEKTPUYECKOE TMOJIE)
00yCIaBIHBAIOT NEPEXOA YACTH JIEK-
TPOHOB M3 BAJIEHTHOH 30HbI B 30HY
MPOBOAMMOCTH.

[Mocne mepexoma JnmeKTpoHa B 30HY
MPOBOAUMOCTH B BAJECHTHOW 30HE
OCTalOTC BaKaHTHble ypoBHH. [lpu
HAJIMYUM BHEIIHEro HJIEKTPHYECKOro
no;st GyAyT nepeMellaThCs JNEKTPo-
Hbl B 0beux 3oHax. [lpoBoguMocTs,
00yCIIOB/ICHHAS NIEpEMEUIEHHEM JJIEK-
TPOHOB B 30HE MPOBOAMMOCTH, Ha-
3bIBAETCH  IACKMPOHHOU RPOEOOUMOC-
mbio;, TPOBOJMMOCTH, 00YCIIOBIIEHHAS
JIBUDKCHHEM IJIEKTPOHOB B BaJICHTHOM
30HE, HA3BIBACTCS ObIPOUNOL RPOEOOU-
mocmeio.  TlepemellieHue 3meKTpoOHA
B 3aMO/IHEHHON 30HE MOXHO paccma-
TPUBaTh KaK MEPCMEIICHUE TONOKH-
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n=mun
AL, | Lowops:

a

p=mun
4ag, Axuenmops!

7]
Puc. 3.31

R *

TENbHOTO 3apsAfa B HaNpaBJICHUH,
OPOTHBOMOJIOXKHOM JIBIXKCHHIO 3JIEK-
Tpona. Taxoif MONIOXHUTENbHbIH 3a-
PAX  YCJIOBHO HAa3BIBAECTCH ObIPKOIl.
IIposoaumocTs, 00ycnoBlieHHas ABH-
JKCHHEM OJHHAKOBOTO KOJHMYECTBa
9JIEKTPOHOB H JRIPOK, KOTOpPBIE 00pa-
3yIOTCA B pe3yJibTaTe NepexoAa JJeK-
TPOHOB M3 BAJICHTHOH 30HBI B 30HY
TPOBOJJMMOCTH, HAa3BIBaeTcs cobcm-
8eHHOI.

IMonynpoBOAHUK C 37EKTPOHHOH MPO-
BOJMMOCTBIO Ha3hIBAETCHA NOAYNPoGo-
OHUKOM  n-muna; TOJYNPOBOJHHK
C IBLIPOYHON TPOBOAMMOCTBIO Ha3bl-
BAETCA NOAYNPOBOOHUKOM p-muna.

Ilpu npakTHYeCKOM NPHUMEHEHHH TO-
JIyIpOBOJIHMKOB HaHOoJiblllee 3Hade-
HUE HMEET NPpUMeCHas npogoouMocmn,
KOTOpast ONpeAenseTcs HNpPHMECSIMHU
npyrux BemectB. Ilpumecn ObiBaroT
JIByX BHJIOB— JOHODHbIE M aKIen-
TOpHble. [oHopHble npumecu CO3AaIOT
JIONOJIHUTENbHBIE pa3pelleHHbIE YPO-
BHH JHEpruM BOJIM3U BepxHed rpa-
HHIBI 3aNpEIIEHHOH 30HbI; ATOMBI
TaK#UX NMpHUMeEce OTAAIOT JIEKTPOHBI
B 30HY HNpPOBOAMMOCTH M, TaKHM
06pa3oM, 0becreYHBaIOT MPUMECHYIO
3NIEKTPOHHYIO NMPOBOAUMOCTb. AKyen-
mopnvle npumecu CO3JAIOT JONOJHHU-
TeNbHbIE YDOBHH BOJNH3M HWXKHEH
TPaHHIB 3aNPEIeHHOH 30HbI, ATOMbI
AKLENTOPHBIX NpPHMECEH MPUHUMAIOT
Ha CBOH YPOBHH OJJICKTPOHbI M3 Ba-
JICHTHOH 30HBI H TEM CaMbIM obec-
NEYHBAIOT TNIPUMECHYIO  ABIPOYHYIO
NPOBOJAUMOCTb.

B repmanu# TnpHMeECH 3IEMEHTOB
V rpynnsr Tlepuoauueckoil cuCTeMbl
(HampuMep, CypbMBbl) SIBJISIFOTCSH J0-
HOPDHbIMH, a TIDHMECH JJIEMEHTOB
III rpynnel (Hampumep, raiius)
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AKUCOTOPHbIMH. Bo3moxHa npUMeC-
Hasg TMNpOBOAUMOCTb, Korga B 1O-
JIYNNPpOBOAHHK BBCACHBI AKLICTITOPHBIC
U JOHOPHBLIE NPUMECH. Bo Bcex mo-
JIynpOBOJAHHUKAX BCEraa HUMEIOTCA
JJICKTPOHbI M ObIPDKM, HO BKJad HX
B JJIEKTPONPOBOAHOCTH MOXET OBbITH
HCOAUWHAKOBBIM 3a CYET pas3JIMYHBIX
xouueﬂ'rpauuﬁ MJIM TIOABHXXHOCTEH.

8. BzaumopneiicTBHe IBHKYHIMXCS 3apsKeHHbIX YacTHIL.

MarnuTHoe noJe

q E
X7 & K
[
Puc. 3.32
Q
07 57 2 v
Fz‘% —sF;
a
4
Q . QG F
; :51 [—*
£
2
v
]
Puc. 3.33
F/( 01 02 FK
Fy Fy
v v
Puc. 3.34

1. Ecnu pgBe 3apspkeHHbIE YacTUIIBI
(To4eyHble 3apsibl) HEMOABHXXHBI OT-
HOCHUTEJIBHO HHEPUMAIbHOW CHCTEMBbI
OTCYeTa, TO CHJIa B3AaUMOJCHCTBHS
MeXIAy HUMHM (KyJIOHOBCKas cuJia)
paccuuTbiBaeTcs no 3akoHy Kynona
(em. m. 1 o II):

F = 0,0,

- . 3.60
Y 4meyr? (3.60)

2. Ecnu yactuna, vmerouias 3apsg
Q,, HEMOJBUXHA, a JApyras 4acTula
c 3apsaoM (), OBHXKETCA CO CKOPO-
CTbIO ¥ BAOJb OJHOM U3 JHHUH
HANpPSHKEHHOCTH 3JIEKTPHYECKOTO TO-
ns 3apsaga @, TO CHJa B3aWMOJECH-
cTBUs F, yMEHbLUAETCS:

F,=F(1-p%), B=v/c, (3.6))

¢—CKOpOCTb CBETa B BaKyyMme, NpH
JBWKEHUH MNEPNEeHINKYJISAPHO JIHHUK
HaNpsOKEHHOCTH CHJIa B3aMMOJEHCT-
Busi F' yBeauuHBaeTCs:

hy=F,/1-B% (3.62)

3. Ecnu 06e 3apskeHHbIE HYaCTHIBI
0, u Q, ABWXKYTCS B ONHOM Hamnpas-
JICHHM C OJMHAKOBBIMH CKOPOCTSIMH
napajulelbHo Jpyr ApYry, TO CHIa
B3aUMOACHCTBHS F3 yMEHbLIAETCS MO
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MarHuTHble CHJIbI

MarsutHOe mnoJje

Cuna Jlopenna

7]

ANV

Puc. 3.35

3akoH Ammnepa

CPaBHEHUIO C KYJIOHOBCKOW CHJIOH:
F; =FK(1 —B3). (3.63)

JlobaBouHass COCTaBNsIOLIAsi CHUJIBI
F;, paBHas

FM = BZFU (364)

Ha3bIBAE€TCA MArHUTHOW CHJIOH.

Ilone MarHMTHBIX CHJI HAa3bIBAeTCS
MAZHUMHbBIM nbfl@M. MarsuTHOe ToJie
SBJISETCS N00aBOYHBIM JJIEKTpHYEC-
KHM IOJIEM, HCTOYHHKOM KOTOpPOro
SBJIIFOTCA ABHXXYLLUHECSA 3apsaabl.

HOCPCHCTBOM MarHMUTHOIO MoJis OCy-
LIECTBJIAETCA B3aHMOJEHCTBHE npo-
BOJHHKOB C TOKaMH, MNPOBOJHHKOB
C TOKaMM H MArHHTaMH, a TaKXxe
B3aMMOICHCTBHE MEX1Yy MarHuTaMH.
Xapak'repncmxoﬁ MArHiTHOIrO IoJs
ABJIACTCA MArHUTHAss WHOYKIHSA.

Ha pBuxyuiyrocsi B MAarHHTHOM TOJIE
4acTHLYy C 3apsaoM ( peicTByeT
CHJIa, KOTOpas Ha3bIBAECTCA CHJIOH
Jlopenna (puc. 3.35):

F,=Q[vB], F=QuvBsina, (3.65)

V—CKOpOCTb 4acTullbl, B— Maruur-
Has UHOYKUHUS, OL— Yroj MEXIy BEk-
Topamu v ¥ B. Ecin v.1 B, To cuna
JlopeHua uMeeT MaKCHMaJIbHOE 3Ha-
yenue: F,,,=QuvB; ecnu v|| B, TO cuna
Jlopenna paBHa Hymo. Moayib Bek-
TOpa MarHMUTHOH HHIYKIHH

F.’IM
B= .
Qv

(3.66)

JeiicTBylomas Ha NMPOBOJHHK C TO-
KOM B MarHMTHOM MOJI€ CHJIa paBHa
BEKTOpHOM cymMe cui JlopeHua, aei-
CTBYIOIMX Ha KaX/bli HOCHTENb 3a-
psda; Takas CHJIa HA3bIBAETCHA CuUA0M
Amnepa. Cuna Amnepa AF, neiictBy-
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aF

al

Puc. 3.36

KoHTyp ¢ TOKOM B MarHWHTHOM
nosje. MarHUTHBIA MOMCHT

D

Vd
7
/

T
n] [;

Puc. 3.37
P L L
1w X

Iouas Ha JJEMEHTAPHBLIA  OTPE3OK
Al TOHKOrO TPOBOAHHKA, OMpENEIsi-
€TCsl COOTHOLUCHHEM (3aKOH AMrepa)
(puc. 3.36)

AF=I[A1B], AF=IAl Bsina,
(3.67)

[-—cuna Toka, B--MarHuTHas HH-
JYKIHS, o.— YroJl MeXIy BEKTOpaMH
Al u B; HanpasneHue BekTopa Al
COBNAJa€T C HampaBjieHHEM BEKTOpa
IUIOTHOCTH TOKa j; BEKTOPHas BEJIH-
yuHa [Al Ha3biBaeTcs JJIEMEHTOM
toka. Ecitu A1L B, To cuna Amnepa
HMEET MAaKCUMAJIbHOE 3HAYEHHE:

AF,=IBAIl (3.68)

Ha niockuii KOHTYp TOKa Manbix
pa3mepoB (puc. 3.37), NMOMEIUCHHBIH
B OJJHOPOJHOE MArHMUTHOE moJie, Aci-
CTBYET MEXAaHHYECKHH MOMEHT CHJl
M (cm. . 1)

M=/S[nB], M=ISBsina, (3.69)

[—cuna toka, S—nuowanb KOHTY-
pa, B-—MaruuTHas HMHAYKUMA, o0—
yroji MeXay HOpMajblo K MIOCKOCTH
KOHTYpa H BekTOpoM B, n—eau-
HUYHBIA BEKTOP HOPMAJIH.
BekTopHas BeaM4MHA

p.=1ISn (3.70)

HA3BIBAETCH MA2HUMNBIM MOMEHMOM
Konumypa, MOAYJb MAarHMTHOrO MoO-
MeHTa p,=IS. HanpaBnesnue wmar-
HUTHOrO MOMEHTa ONpEAENseTCs Mo
NpaBHily NMPABOrO0 BUHTA: €CJIM BHHT
BpALaTh MO HAMPABJEHUIO TOKA B KOH-
Type, TO NOCTyNaTeJbHOE INepeMelie-
Hie OyneT coBMajaTh C HANpaBJCHHEM
P, M €IMHUYHBIM BCKTOPOM HOPMAJIH
n (puc. 3.38). Eciu n LB, To MOMeHT
CHJ1 MMEECT MaKCHMaJIbHOE 3Ha4eHHe

M, =ISB. “(3.71)
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MaruutHas MHIyKUMS

Puc. 3.41

3akon buo— CaBapa — Jlannaca

Puc. 3.42

Haﬂpﬂ)KCHHOCTb MAarHuTHOro
noJis

Paznnunble BapuaHThl OMNpeieeHus
MAarHUTHOH HHOYKUMH TPUBOASTCS
HUXC.

a) Bektop. Moaynb xoToporo paseH
MAKCUMaJIbHOW CHJIe, [OEHCTBYHOLLEH
Ha JBWXXYLUHHCA CO CKOPOCTbIO 1 M/C
TOYEYHBIA TMOJIOKMUTEABHBIA  3apsij
1 K. B=F,,/(Qv).

Hanpassicune B omnpenensiercs Bek-
TopHbIM Tpou3ssenennem [F,v] um
110 npaBuiy JeBoi pyku (puc. 3.39).
6) BexTop, MOAyIb KOTOPOTO paBecH
MAaKCHUMAJIbHOH CHJie, OCHCTBYIOLLEH
H4 €AVHHYHBIA JJEMEHT Toka: B=
=F,/(IAl).

Hanpassncuiue B onpenenseics Bek-
TOpHbIM nipousseacHuem [Fj] um
no npaBuiy JeBoi pyku (puc. 3.40).
B) BekTop, Moaynb koToporo paseH
MAaKCHMaIbHOMY MEXaHHUYECKOMY MO-
MCHTY, AEHCTBYIOILEMY Ha MIOCKHUMH
KOHTYp TOKa C €AMHUYHBIM MArHWT-
HbIM MomenTom: B=M,,/(IS).
Hanpasisichue B onpenensercs Bek-
TOpHbIM npou3sBegehueM [M,n]; Ha-
MpaBJieHHE N ONpeneseTcs Mo mpa-
BUWJIY MPaBOrO BHHTA (CM. BBEIIEHHE)
(puc. 3.41).

ITpumeyanune. Bextopsl, uzobpa-
JKEHHbIC IUTPHXOBBIMH JIHHUAMHU. Ha-
NpaBleHbl 3a IUIOCKOCTb YEpTexka.

JIMHEHHBIM 3JIEMEHTOM TOKAa BO BHe-
HIHEM TPOCTPAHCTBE CO3JAETCHA Mar-
HUTHOE T0.1€, MArHUTHAS WHAYKUHUS
koToporo (puc. 3.42)

I[A]
A BzL[}_ﬂ. (3.72)
4nr
BekTopHast BenMuMHa
B
H=— (3.73)

Ho
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B3aumoneiicTBHe ABYX mapai-
JIETbHBIX NMPOBOJHUKOB C TOKaMH

f——F

L
Puc. 3.43

9. MarnuTHele TOJS TOKOB

2%

HA3bIBACTCA HANPANCEHHOCMbIO MdAe-
HUMI020 hoia B BAKyyMe. Haﬂpﬂ)l(eH-
HOCTb MAr"uTHOro mnojs B cpele

B
H=—, (3.73,a)
HoHt
|L— OTHOCHTENIbHasi MAarHWUTHas TIpo-

HUaeMocthb cpedbl (cm. 1. 13 ro. IIT).

OOGyCIOBICHO MAarHUTHBHIMH CHJIAMH,
KOTOpBIE ACHCTBYIOT MEXIy IBHXY-
HIMMHUCS. HOCUTEJISIMH 3aps0B B MPO-
BOIHHKAX; KYJOHOBCKOE B3aHMOACH-
CTBHE B 3TOM Clly4ae pPaBHO HYJIO,
TaK KaK MPOBOAHMKH JJIEKTPHUYECKU
HEWTpaJibHbl (B3aUMOJECHCTBUE MEX-
Iy HOCHTENSIMH 3apsJOB Ha NOBEPX-
HOCTH TPOBOAHMKA HE YyYHTHIBACTCH).
JlBa JUIMHHBIX NPAMOJMHEHHBIX M Ma-
PAJLTEIbHBIX TPOBOJHHKA NPUTATHBA-
I0TCSL PYT K JIPYTY, €CJIM TOKH UMEIOT
OQMHAKOBOE HampaBJIeHHe; €CH TOKH
HUMEIOT TIPOTHBOIOJIOXHBIC HampaBJie-
HUS, TO MPOBOAHUKH OTTAJIKMBAKTCH.
Moaysnb MarauTHOR cmibl (puc. 3.43):
potiohildl (3.74)
2na

a— PpacCTOSHHE MeEXAy Napauieib-
HbiIMH mnpoBoaamu, I, u I,—cHu-
Jbl TOKa B HHUX, [—HX [UIHHa,
Ho —MATHMTHAs TOCTOSHHAS, o=
=47n-10"7 reHpu Ha MeTp; U— OT-
HOCHTEJIbHAsE MarHMWTHas TpPOHHULae-
MocTh cpeab! (cm. n. 13 ro. III).

pa3MyHoil  KoH(HTypauuH

IMposoanukH ¢
10KOM

JIvHuM MarHWTHOR MHAYKUMH B dopMy.bi

Ipsmoii anuk-
HBIH TPOBOA C
KpYIJ/IbIM ceye-
HHEM paauyca
R

WV

\

\
\
L)

\

Bunzl—lo“”(znr) (I’?R), 3.75
B, =poulr/2nR?) (r<R), &7
r— pacCTOAHUE MO HOpPMAJIM OT
OCH MpOBOJAHHKA
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IIpodoaxncenue

IMposonunku ¢
TOKOM

JInHun MarunTHOM uHAYKuMM B

dopmybl

Butok ¢ pa-
OHYCOM  OK-
pyxHocTH R
(8 ueutpe O)

Bo=uoitI/(2R) (3.76)

IIpsmoii cone-
HOM[I JIMHOM /
¢~ paamycom
BUTKOB R
(I>R) B TOY-
Kax Ha OCH

Jamaw

B.= o NI/l (3.77)

N — KOJMYCCTBO BHMTKOB

JBuxymascs
3apshkeHHas
JacTuua

Bo=up,Q[vr]/(4nr3), (3.78)
Q—3apsa YacTHUbl, V—ee CKO-
poctb (v<c)

10. DnexkTpoMarHMTHas HHIYKIHS

INepemMeHHOEe MarHUTHOE TOJIe SBAAETCS MCTOYHUKOM BHUXPEBOTO 3JIEKT-
PMYECKOTO TOJs, KOTOpOE B MPOBOAALUEM KOHTYpE BO30OYXKIAeT 3JIEKT-
puyeckuif TOK (MHAYKHUOHHBIH TOK). DTO sBNICHME, OTKpbiToe dapaneeM,
Ha3bIBAETCH J4CKMPOMAHUMHOU UHOYKYuUell.

MarHuTHbI MOTOK

&

Puc. 3.44

Benuuuna,
MAarHuTHO# MHAyKLMM B, mutomaan
S TMOBEPXHOCTH, OTPAHUYECHHOH KOH-
TYypOoM,
BeKTOpPOM B u HOpManbiO N K NoBep-
xHOCTH (puc. 3.44):

®=BScoso.

paBHasi TNpPOU3BEACHUIO

M KOCHHYCa Yyrjla Mexay

3.79)
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PadoTa cu:1 Amrepa R npoBoas-
IieM  KOH1ype

Puc. 3.45

BHCpFHﬂ MArHuTHOroO T10Js

O6beMHAS  MIIOTHOCTH  DHEPTHU
MArHHTHOTO 104 '

Buxpesoc JJICKTPUYECKOE MOJIE
)48 PlH,[lyKllHOHHHﬁ TOK

B xadecTBe KOHTypa MOXHO pac-
CMATPpHUBATH J0OYI0 BOOOpaxaeMyio
JIMHUIO, KOTOPAasi OFPAaHUYMBACT YacThb
nosepxuoctu. Eciau koHTyp 3ame-
HUTb NPOBOJHUKOM (Hampumep, TOH-
KOH ITPOBOJIOYKOM), TO TAKON KOHTYp
Oy/eT Ha3bIBATBLCS NPOBOOAUUM.

[Mpu nepeMenieHUy BO BHELIHCM Mar-
HATHOM TIIOJIe KOHTypa, B KOTOPOM
CHJIa TOK4 MOAJAEPXKHUBACTCS MOCTOSH-
HOM, cuiramMu AMmepa NpoU3BOAMTCS
paboTta

A=I1(®,— D), (3.80)

@, -~ MarHuTHbIA MOTOK CKBO3b KOH-
Typ TOKa B Hauyaje nepeMeuleHus,
@, --MarHuTHBIA NOTOK B KOHIE Me-
peMelleHus.

B npocTpaHCTBe, OKpYXakolleM Npo-
BOJHHUK C TOKOM [, pacmpeneieHa
JHEprus

W, =LI%/2, (3.81)
L-- MHOYKTUBHOCTb MPOBOJHHUKA
(cM. HHUXeE).

Mo omnpeneneHuro

w= lim (A W,/A V)=dWw,/dV,
AV—0

AW, —dHeprus MarHuTHOro TOJS

B JjleMeHTapHOM obbeme AV, B—-

UH/IYKLMS MACHUTHOTO TOJIs.

DHeprusi B €JMHUYHOM oOBEME

Wa=B2/(2pop). (3.82)

B 3aMKHYTOM KOHType, OrpaHuuu-
BAIOLLEM ILIOLIAAKY, Yepe3 KOTOpYHO
MPOXOAUT TEPEMEHHBIA MArHUTHBIA
NMOTOK, BO30yxjaeTcs (MHAYLUpPYET-
cfl) 2JIEKTPHYECKOE TOJIe C 3aMKHYThI-
MM JIMHUSIMU HanpsKeHHOCTH (BUXpe-
BOE 2JIeKTpHyeckoe noJie). Ecian kou-
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Dnexrpoasuwxymas cuia (34C)
HHAYKIUH

a \

Puc. 3.46

Lupkyasiius BEKTOpa HAmpsHKeH-
HOCTH

Mpasuno Jlenna

3axon Papages

Typ OyaeT mpoBoasuUMM, TO B HEM
obpasyeTcsi INMEKTPUYECKHit TOK, KO-
TOpBIfi  Ha3bIBAETCS  UHOYKYUOHHBIM
moxom.

XapakTepUCTHKO# HaBeJEHHOTro (MH-
JyUMPOBAHHOIO) MOJIA SBJAECTCA JJIEK-
TPOABMXYLIAS CHJa WHAYKLMH, paB-
Has paboTe, KOTOPYK COBEpUIAIOT
CHJIbl BUXPEBOTO JJIEKTPHYECKOTO TO-
JIS 1O MEPEMEILECHHIO BIOJIb KOHTYypa
HOCHTeJeH, CyMMapHBIi TOJIOXKUTEIb-
HbIH 3apsa koTopbix paBeH 1 Ki. U3
onpeaeyenust DAC MHAYKIMYU ClexyeT

=X EAIl, (3.83)

E,Al,—»o>nementapHas pabGota cun
BMXPEBOrO 3JIEKTPUYECKOTO MOJS Ha
3JIEMEHTAPHOM Yy4acTke KOHTypa Al
E,—npoekuus BEKTOpa HAmpshKeH-
Hoctu E Ha kacaTenbHyio K KOHTYpY
B JI4HHOM TOUKe.

Tounee SAC uHAyKUMHM ONpeENseT-
Csl COOTHOIIEHHEM

§E,d1=é”. (3.84)
L

DTOT MHTErpas Ha3bIBAETCA LUPKYJIsi-
uueit Bektopa E mo xoHTtypy L.

WMHAYKUMOHHBIE TOK MMeeT TaKoe
HanpaBJIEHUE, YTO CO3AaBaeMblifi UM
MarHUTHBIA TOTOK NMpPENSATCTBYET M3-
MEHEHHIO MArHMTHOTO MOTOKa, BO3-
6yxaarolero HMHAYKUMOHHBIA TOK;
HHAYe, MHAYKUMOHHBIA TOK Hampas-
JIEH Tak, 4YTOOBI «IPOTHBOACHCTBO-
BaTb» MPUYMHE €r0 BO3HHKHOBEHUS.

OAC wuHAYKUMH paBHa CKOPOCTH
H3MEHEHUST MarHMTHOTO TIOTOKa Ye-
pe3  MOBEPXHOCTb, OrPaHHYEHHYIO
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::: -"L
-—-—5 I\ /B
\\yB
S N_. ,
=== I
€ /"B
v
N
Puc. 3.47
Camouﬂnymuﬂ
B B B

Puc. 3.48

WHAYKTUBHOCTb KOHTYpa

KOHTYpPOM:
E=—AD/At (3.85)
U

E=—dd/dr.

3Haku & u d®/dt NPOTUBOMOJIONKHBI.
[Mockobky MarHMTHbI MNOTOK ompe-
NeJISeTCsl MPOM3BECHHEM TPEX BCJIM-
yyH: B, S u cos¢@, To M U3MeHeHHe
MArHUTHOrO MOTOKA 3aBUCHT OT 3THX
ke BEIUYHH.

Ipu M3MeHeHHH TOKa B NMPOBOJHMKE
BO3HMKAE€T MHIYLMpOBaHHOE (HaBe-
JEeHHOe) noJje, KoTopoe Bo30Yykma-
€TCS MArHMTHBIM TNOTOKOM 3TOTO
Toka. Takoe sBIeHUE Ha3bIBAETCA
camounaykuueit. IJC camouHayk-
LIMM KOHTYpa MOXHO DPaccyuTath Mo
dbopmyne

E.=—dd,/dt, (3.86)

@, — MarHuTHBINA : MOTOK, coO3JaBae-
Mblii TOKOM IPOBOASAILETO KOHTYpa
yepe3 TOBEPXHOCTb, OrPaHUYEHHYIO
9TUM KOHTYPOM; TakoM NMOTOK Ha3bl-
BACTCA MACHUMHBIM NOMOKOM CAMO-
UHOYKYUU KOHMYpaQ.

BenuuuHa, paBHas MarHUTHOMY TO-
TOKY CAMOMHAYKLMHM 4Yepe3 MOBEpX-
HOCTb, OrP4HHYEHHYIO MPOBOISIIUM
KOHTYpOM C TokoM | ammep,

L=0/I. (3.87)

Eciu  OoTHOocMTeNbHAass ~ MarHHTHas
MPOHULIAEMOCTb [OCTOSIHHA U KOHTYD
He nedopMupyeTcs, TO MHIYKTHB-
HOCTb L He 3aBMCMT OT TOKa; TOrAa

6.=—Ldl/d1, (3.88)

&.—3AC caMOMHIYKLMH.
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ToK TpH 3dMBIKAHHM M Pa3MBbIKa-

HHAU LCNH

Puc. 3.49

125

U3MeHeHnne Toka NpU pa3MBIKAHUHU
LENM C MOCJIEAOBATE/ILHO BKJIKOYEH-
HBIMH DE3UCTOPOM CONPOTUBJICHUEM

r M KaTYIIKOW MHIYKTHBHOCTbIO
L paccuutsiBaetcs no Qopmyse
I=1Ige ™k, (3.89)

I,—cuiia Toka B MOMEHT pa3Mblka-
HHUSA.
IMpu 3aMblkaHuM Hemu cujla TOKa

I=Iy(1—e "), (3.90)

I, —npenesbHOE 3HaYeHHE CHIIBI TO-
ka (npu t— o).

11. VIRAyKTHBHOCTH Ppa3/MMHBIX NPOBO/IHHKOB

®dopMa nNpoBOAHHKA

HnaykrusHoOCTHL

COCHOHA C CepHeYHHKOM

L=kpou N2S/I, (391

N —konudecrBo BHTKOB, [— niiMHa CoJIeHOH A,

l
k — ko3¢ ¢uunenT, 3aBucsLMi OT oTHOLIeHHus I/ d
A (d—OMaMeTp  KaTYLIKH); | — OTHOCHTENbHas
A () ) ) MAarHuTHas MPOHMULIAEMOCTh CepACYHHKA
=0~ o=== Iid | 01 | 05 | 5 10
k 0,2 0,5 0,6 1,0
OnuHouHBI#  mpsAMOH  mpoBon

KPYIJOro ceveHHWs W HeGOJBbILON

IUIMHBL M3 He(epPOMArHUTHOTO
Martepuana (//r<10)

2 3
L= uol<ln 7'2)/(2 ), (3.92)

/—nnvHa mpoBona, r— paaMyc CeveHMs
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IIpoooarncenue
dopma npoBoaHHKa HMunyk1uBrocrs
JITHHHBIA NPOBOJ KpYTJIOFO ceye- 2h
PO p“yr L.=p,l In———l)/(Zn) (3.92a)
HHS, PaclOJIOXEHHBIA Ha BBHICOTE r
h ropuzoHTansHO Hag moBepx- |C¢MM h>1;
HOCTBIO 3eMin
L 2h
1y L,=uolln—r—/(2n), (3.926)
& ecin h<l, |—pmHa mposona.
JIByXnpoBoiHas JIMHMS B BO3AyXe d 1
Y L,,,,,=u01(ln—+;)/1t, (3.93)
r

d—paccTosiHHe MEXy OCSMH NPOBOAOB, r — pa-
[MyC mpoBona, /— AIMHA JIMHWH.

Lo=upel (ln é + l) /2m), (3.94)
d, 4

dy —nuaMeTp BHEIIHEeH NpOBOAsAIIEH OGOJOYKH,
d,—IvMaMeTp nNpOBOAHMKA, [— miuHa Kabens,
U— OTHOCHTEJIbHASE MArHHTHas MPOHHIAEMOCTh
cpelbl MeXIy MPOBOAHHKOM H OGOJIOYKOM.

12. Hamarnnvenme BelecTBa

ITo MarHuTHBIM CBOWHCTBAM BCE -BEHIECTBA pa3JeisAlOTCd ‘HA TpU BHAA:
JHMAMArHeTHKH, NMapaMarHeTUKH H cbeppomamemku.

Hamaruunuennoctn

¢

BektopHas BesnMuMHa, paBHas Bek-
TOPHOH CyMMe MAarHUTHBIX MO-
MEHTOB B €JMHHYHOM oObeMe Be-
ILECTBA:

I=(Tp)/(AV)=nipy; (399
n—KOHUEHTpalus MoJekyl, <{p,>
— CpelHHil MATHHTHBI MOMEHT Of-
HOM MOJIEKYJIBI.
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[/]HIlyKU,Hﬂ MArHUTHOTI O noJjis
B BCHIECTBE

 —

_.)3(50

_B
"Ba B —

Puc. 3.51

D,uamarﬂemku U napaMarHeTuku

B wusorpomnHoii cpeic
J=xH, (3.96)

¥ - MArHUTHAass BOCHPUUMYHMBOCTD.

CoctouT u3 JIBYX KOMIOHCHT
B.=B,+xB,, (3.97)

B, — MHAYKLMS BHEUIHETO MOJs B Ba-
Kyym™me; ® By--- MHAyKIMsS coOCTBEHHO-
rO MarHNTHOTO MOJs  BELIECTBA
(puc. 3.51):

B.=(1+x%)B,=pB,, (3.98)

p=14%— OTHOCUTENIbHA MAarHWUT-
Has MPOHMLIAEMOCTb CpPEbl.

B nuamarHeTHkax (MHEpTHbIE rasbl,
30JI0TO, LMHK, cepebpo, Menb, Bona
M T. I.) BEKTOD MarHUTHOH MHAYKIMHU
COOCTBEHHOr0O MarHUTHOro NoJjs Ha-
NpaBJjieH TPOTUBONOJOKHO BEKTODPY
MarHUTHOX WHAYKUMU BHELIHEro mo-
J1sl, OTHOCHTEjIbHAasi MarHUTHas Mpo-
HuLaemMoctb p< 1. B mapamarmeTtu-
Kax (a3oT, BO3AyX, aJIIOMHUHMH, mia-
THHA M [p.) BEKTOp HHAYKIMU COOCT-
BCHHOIO MATrHUTHOTO NOJIS UMEET
OJMHAKOBOE HAMpABJICHUE C BEKTO-
POM MAarHUTHOH MHAYKLIMH HAMAarHu-
YYBAIOLIETO MO, OTHOCUTEJIbHAs
MarHMTHasi NMPOHHMLAEMOCTb U3 1.
3aBucumocts J ot H (kpuBas Hamar-
HMYEHMs) IS NapaMarHETHKOB
W JMAMarHeTHKOB SBJSETCH JIMHEH-
HOH.

MarHuTHass BOCIIPUHMYUBOCTL jMa-
MAarHeTHKOB (M HEKOTOPbIX Mapamar-
HETUKOB, HATMpPUMEp, B UIEJIOYHBIX
MeTajlllax) He 3aBHCHT OT TeMIepaTy-
pbl. MaruutHas BOCIPHUMYMBOCTb
NapaMarHeTHKOB (32 HEMHOTMMH HC-
KJIFOYEHUSIMH) H3MEHsieTCs O0OpaTHO
NPONOPLHOHAIbHO Temmnepalype T.
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deppomar HETHKH

Kpusbie HaMarHuyeHHst
7
Is

e —————

Ty

4
Puc. 3.53

Iletsns rucrepesuca

D

By

A
a
M

L He

Puc. 3.54

rn. 1. 2JJEKTPOAUHAMHUKA

B deppoMarneTukax (xene3o, HHKEb,
K0OaJbT. HEKOTOpBIE CIUIABBI) Mar-
HUTHasE NPOHMLAEMOCTb W>>1; OHa
B 3HAUYUTEIBHOM Mepe 3aBHCUT OT
HaNpsHKEHHOCTH MarHuTHoro mois H.
3aBucumocts B wim J ot H (mpu
YCJIOBUM, 4TO (eppOMarHeTHK B Ha-
4aJbHOM COCTOSHMM ObUT pa3MarHu-
YEH) Ha3bIBAacTCsl OCHOBHOW KpHUBOM
HaMarsu4eHust (WM HayvajdbHOM KpH-
BOJ HaMarHWU4YeHus).

Ha puc. 3.53 moka3aHbl OCHOBHBIC KpH-
Bble HAMAarHWYEHMs HAa JMarpaMme
J—H un B—H. HamaruuyeHHOCTb
J yBEJIMUMBAETCA C YBEJMYEHMEM Ha-
TPSDKEHHOCTH MarHuTHOro nosist H, Ho
yXe 1pu HeOGoublx 3HaYeHusx H=H,
JOCTUraeTcss HacblEHWE, T.€. TpH
JaibHeduieM yBeswueHuu H>H; Ha-
MarHH4eHHOCTb UMEET MOCTOSHHOE 3Ha-
yeHue J,, OOHAKO NPU ITOM MarHMTHas
MHIYKIMS TIPOJIOJDKAET YBEIMYMBATHCS
N0 JIMHEHHOMY 3aKoHY: B=p,H+ poJ,.
MarsuTHasi IPOHHLIAEMOCTD (heppomar-
HETHKOB PAacTeT C YBEIMUCHHEM TeMIle-
patypbl. Ilpn HekoTopo#i TemmepaType
Tk (beppoMarHeTHK npeBpalILaeTCs B Ma-
PaMarHeTuK; 3Ta TeMIepaTypa Ha3biBa-

" eTcs memnepamypoii (moukoii) Kiopu.

Mpn TemnepaTypax Bbiiue Touku Kropu
BELLIECTBO SIBJISIETCS MapaMarHeTHKOM.

MaruuTHas UHAYKLMS, COXpaHsAIOILA-
fcs B (eppomars€eTvke mocjie TOro,
KaK HampsDKEHHOCTb BHELIHEro MOJIs
CTAHOBUTCS PaBHOH HYJIIO, HA3bIBAET-
Ccf OCTaTOYHON MAarHMTHOH HMHAYKUM-
eit B, Ha puc. 3.54 ocraTounas
UHAYKUMs B, paBHa otpe3ky AD.
YrtoObl pa3MarHUTUTh (eppoMarHe-
THK, HEOOXOAMMO M3MEHMTh Ha MpPO-
TUBOMOJIOXHOe  Hampasienne H.
W3meHeHHMe MAarHUTHOH MHIYKIMH
B OTOM CJlydae OINpenesseTcs KpH-
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Boi KL. HanpsxeHHOCTb MAarHMT-
Horo monsa. H, (orpezok AK Ha
puc. 3.54), npu KOTOpOH MarHuTHas
UHIAYKIHMS paBHA HYJIO, Ha3bIBaeTCH
KO3pyumueHoti HaNpANCEHHOCMbIO
(MM KoIpyumugHot cuaoil).

3aBdcuMocTh B (unu J) npu u3me-
HEHMM HanpsHKEHHOCTH MAarHUTHOTO
noyist or 3Hayenus +H mo —H
BBIDAXAETC  3aMKHYTOH  KpHBO#
CDKLMNC. Takas kpuBas Ha3bIBa-
€TCs KpMBOH rucrepesuca.

MarusuTocTpuKkuus ®eppoMarHeTHK, MOMEILIEHHbIH B Ma-
THHTHOE [OJie, M3MEHSET CBOM JIM-
HeifHble pa3Mepsl, T.e. AehopMHpY-
eTci. DTO sABIeHUE Ha3biBaeTcs Mmae-
Humocmpuxyueii. OTHOCUTEJILHOE YII-
JIMHEHHE  3aBHCMT OT  [PHPOZLI
¢deppoMarHeTHka M HANPAKEHHOCTH
MAarHMTHOTO IOJIA.

13. OcHoBHBIE ypaBHEHMS 3JIEKTPOIWHAMHKH

Tok cMeleHHs IlepeMeHHOE  3JIEKTPHYECKOE  MOJIE
(HanpuMep, Mexay oOKJIaaKaMH KOH-
JeHcaTtopa) Bo30yXHaeT mnepeMeHHOe
MarHuTHOE TOJIe; 3TO MAarHHTHOE
NoJie 3KBHBAJICHTHO MarHMTHOMY TNO-
J1I0, KOTOPOE BO36YXKIAETCS MEPEMeEH-
HbIM TOKOM IPOBOIMMOCTH, IUIOT-
HOCTb KOTOpPOTO
j=AD|At=¢,AE/At+AP[At (3.99)
D —nanexTpuyeckoe cmeulenne, P—
TOJIAPU30BAaHHOCTL (cM. (3.9)). DToT
TOK Ha3bIBA€TCH MOKOM CMewjeHun.
II1OTHOCTD TOKAa CMEILEHHUS! COCTOMT
M3 JBYX YaCTei: IUIOTHOCTH HCTHHHO-
ro Toka cMmeiieHus ,AE/At ¥ nioT-
HOCTH TOKa mnojspusauuun AP/At.
[M10THOCTE MOJHOrO TOKa paBHA
CyMMe IUIOTHOCTEH TOKOB IPOBOJM-
MOCTH M CMEUICHUN:
j=lJup + jer. (3.100)

5 H. U. Komxun
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IMepsoc ypaBHeHue Makcperia

48
at

B

— N

T
et
ll €
Puc. 3.55

Btopoe ypaBHenue Makcse1a

4D
at
D
HHH
N\
— N
"
H
Puc. 3.56

Tperbe ypaBHeHue Maxcses1a

Aasercs 0000LIEHHEM 3aKOHA IJICK-
TPOMArHUTHOM HHIYKLHMHU:

$E,dl=—6(bl(“:t (3.10DH
1

(cM. (3.84) n (3.86)).

KauecTBeHHO 3T0 ypaBHEHHE MOXHO
chopMyIHpOBATH CeIyIOIWMM 0Opa-
30M: MEPEMEHHOC MAarHWTHOE [Mo.1e
NOPOX.IAET BUXPEBOC IICKTPUUECKOE
no:e.

SAsasiercs 0600LwEeHUeM 3akoHa buo
CaBapa - Jlanmaca (em. ron I
n. 11):

4)H, dI= T+ L. (3.102)
1

H, npockiuu Bektopa H Ha kaca-
1€IbHYO K KOHTYPY L B JaHHO#
1ouke, dl —-DIEMEHT KOHTYpa. [gp.
Iy * CHIBI  TOKOB  fIPOBO,IMMOCTH
M CMCILICHHS. KOTOPbIC OXBATHIBAKOT-
cd KOHTypowm L.

BTOpoC VPABHCHHUC KAYECTBEHHO MO-
KHO CHOpMY.IMpOBaTh TaK: MarHuT-
HOE MOJE MOPOKAACTCH KAK TOKAMMU
NPOBOIMMOCTH, TaK M TOKAMHU CME-
LIEHUS, T. €. MEPEMEHHBIM JJICKTPH-
YECKUM TO.IeM.

SBasercs oboOuieHueM 3akoHa Ky-
JIOHa — NOTOK BekTopa D uepes 3am-
KHYFYH MOBEPXHOCTb S. OXBATbIBAKO-
LIYIO 2JIeKTPHUYECKHit 3apsia Q. paBeH
ITOMYy 3apsaay (teopema [Taycca —-
Ocrporpajackoro):

D,dS=0Q. . (3.103)

S
D, -—npoekuns Bextopa D Ha Hop-
Maldb K 2JICMCHTY TOBEPXHOCTH (fS.



14. MEPEMEHHBIN DJIEKTPUUECKUM TOK, 131

YerBepToe ypaBHeHHe MakcBessia

MartepnanbHble ypaBHEHHS H30-
TPOMHON Cpebl

SIBRISIETCS CNIEJICTBUEM TOrO JKCTIEPUMEH-
TaibHOro (akTa, YTO JMHHM MATHUT-
HOW UHIYKIMH BCETId 3aMKHYTBI, CJIE0-
BATEJIbHO, MIOTOK BEKTOpa Yepe3 J1odyro
3aMKHYTYIO MOBEPXHOCTb PAaBEH HYJIO:

ffB" ds=0, (3.104)

.S

B, —npoekuus BexkTopa B Ha Ha-
NpaBJieHHEe HOPMAaJIH K 3JIEMEHTY 110-
BEPXHOCTH dS.

D=¢g4¢E,

B=p,uH, (3.105)
j=7E.

IMocnenHee ypaBHenue sBaseTcs o6o-
Ouienuem 3akoHa Oma [JiS TOKOB

NPOBOOUMOCTH; ] — IJIOTHOCTb ATOKa,
Y — yAcjbHasA MPOBOAUMOCTD.

14. Tlepemennbiii 3JeKTpHuUCCKHE TOK

MrHOBEHHOE 3HAYEHHE

Cuna mepeMeHHOro CHHYCOMAAJb-
HOrO TOKa W TepeMeHHOe Ha-
TpsHKEHHE

[HeiictByrouee uin 3ddexkTuBHoe
3HAYEHHE CHJIBI TOKa

g *

i=lim (AQ/At)=dQ/dt,  (3.106)
At—0

AQ —3apsn, NpoxXoASIMiA 32 Mpome-

KYTOK BpeMeHH At.

i=Iysin(0t+¢,), (3.107)
u=Ugysin(0+9,), (3.108)

Iy, Uy— aMIIUTyaHBIE 3HAYEHUS TO-
Ka ¥ HanpskeHHs, @, @, — Hayallb-
Hble da3bl.

3HayeHnHe MOCTOSIHHOTO TOKa, KOTO-
pblii Ha TOM X€ CaMOM pE3HCTOpe
pa3BHUBACT TAKYIO XK€ MOIIHOCTb, YTO
U TNEepPEMEHHBIA TOK.

JI18 rapMOHHMYECKHX TOKOB HEHCTBY-
IOLIME 3HAYEHHS TOKA M HampsKeHHs
paccuuThIBatoTC 1o dopMysnam

I=1,]/2, U=Uy/{/2,

Iy, Uy—aMImuTyasl Toka U Hanps-
KEHHUS.
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Cpem{ﬂa MOIIHOCTb TMEPEMEHHOTO

rapMOHHYECKOro TOKa

®da3oBble aAHArpaMMbl

B SE.7A

o~

o — — e ——— [o

A
0 X
Puc. 3.57

rJ1. 1II. 9JIEKTPOAMHAMUKA

1
P= UIcoscp-—-E Uylycos @, (3.109)

@=(p,—¢,)—pa3snoctb a3, cosp—
K03 Puyuenm mowHocmu.

'apMoHMyeckHe nepeMeHHble  TOKH
U HanpshKkeHHs TNpeJCTaBistoTcs (aso-
BbIMH [JHarpaMMaMi; Ha OJTHX [Ha-
rpaMmax H300paxcaloTcs aMIUTUTYIbI
I, 1 U, OpMEHTHPOBAaHHBIMH OTpE3-
KaMH (aHAJIOTHYHO U300paXeHUIO BEK-
TopoB, XoTa I, u U, He SBIAIOTCSA -
BEKTOPDHbIMH  BeJIMYMHAMM!); JUIMHBI
OTPE3KOB  COOTBETCTBYIOT ~aMIUIATY-
J1aMm, yriisl ¢ ocbto OX paBHBI HaYaJTb-
HbM dazam @, u @, (cM. puc. 3.57).
IMpenmnonaraercs, YTo OpPHUEHTHPOBAH-
Hble OTPE3KH BpalIAIOTCS NMPOTHB Ya-
COBOW CTPEJIKH C YIJIOBOH CKOPOCTBIO
®, KOTopas paBHa YIJIOBOH 4acroTe
U3MEHEHUS TIEPEMEHHOTO TOKa.
MrHoBeHHble 3HAYeHHs [ ¥ u OymyT
paBHbl npoekumsM I, u U, Ha Ko-
OPAMHATHYIO OCh.

15. OcHoBnsie ¢opMyJbl pacueTa wnenei /

NEepeEMEHHOIr0 TOKa

Cxema uenu u ¢asosas ConpoTusienune Ipaduxkn TOKa M Hanps-
JAMarpamma KeHMs, pa3HOoCTb (a3
MEXAy | U u
,L, (3.110) [e=0
—J
i — aKTHBHUE€ COMpO-
a t r bpslp Sp=0
u " Ur
—O0 A O ir
Panh N 7N
—— t
1] > U, ‘ ~_~
I, .
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ITpoooaxncenue
Cxema uenn H ¢asosas ConpoTHBricHHe I'papuxs TOKa B Hanps-
JMarpamMma XEHAS, Pa3’HOCTh (a3
MeXay | M u
. L :
L . |rn==—=0oL (3.111) |o=—=x/2
a *LL IL
uL — W iLiuL
o~to HAYKTHBHOE  CO- so:ﬂ/z
U [IpOTHB/ICHHE Y
L
-~ i -~
5 /2 bV \\L ) N
\J_ 7 t
I \\jL \
8
| Us 1
= re=—f=— (3.112) |@=+m/2
c IC oC
a 7 i =-71,2
W"' — eMKOCTHOE  COIIpO- bgr e p=-7
Ue THBJICHHE i Ue
~ A -
/ \\ / \\
7
I, “_\’ t
] /2 ¢ =
U 8

IMocnenoBaTenbHbIA KOHTYP

o % Y
— ” L
T oo¢ .
u i
-0 N\ O
a
U A
I Un
:l
—————— U
%

(3.113)

B pesonance r =rg;
Z viMeeT MHHHMallb-
HOe SHAaYeHHe

tgo=(r,~r)/r;

O=0,—¢,>0, ecmn r;>rg
O=0;—¢,<0, ecmn r <re
®a3zoBas QHarpaMma Ha pu-
CYHKE OTHOCHTCH KO BTOpO-
My ciayvalo. Ilpu pe3onaHce
o=0
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TIpodoarncenue
Cxema uenu W ¢asosas Coupo11BiieHHe Ipadpuku 10ka ¥ Hanps-
nMarpamma KeHHs, pasnocib a3
Mexay | U ou
[MapannenbHblii KOHTYp 1 1% 1 I 1\ 11
E§=—§=-—2+ ——— . {tgo=r{——1
u i r r, re r, re
N 3.114
r ( ) Ilpu pe3onance ¢=0

B pesonance r =r¢; Z
HMeeT  MAaKCHMAJIbHOE
Y 3HAYeHHe.

I\

MpuMeyanue. AMIUIMTYyOHble 3HAYeHHS [EPEMEHHbIX HANpsKEHHA M TOKOB
obo3Hayenbl coorBerctBenno: u,—U,, i.—1I, w,—Uy, i,—1I, uc—Uc ic—I

u—-U, i—-1I -

16. DaexkTpuueckue KoaedaHus ,
M 3JIEKTPOMArHATHBIE BOJIHBI

DneKTpuyeckue KkosebaHus OrpaHuYcHHblE W3MEHEHHS 3JIEKTpPH-
4eCKMX BEJMYMH (3apsjaa, CHJIbI TOKa,
HanpsDKEHUs), TOBTOpPSAOLMECS MOJ-
HOCThIO WJIM YaCTHYHO, OTHOCHTE]Ib-
HO KaKoro-anbo CpemaHero 3HaueHHs.
TlepcMeHHBIH J/1€KTPUYECKUH TOK SB-
JIIETCA OJTHUM U3 BHIOB 3JIEKTpHUeEC-
KMX KoJeOaHuM.

KonebaTe/NbHbii KOHTYD 3aMKHyTas 3JeKTpUYecKas LEeMb, CO-
cToflas M3 KaTYuIKH HHAYKTUB-
HOCTbIO L ¥ KOHACHCATOpa €MKO-
cteio C.
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Yacrota xonebaHuit B KOHTYpe
Q

Puc. 3.58

u
Up

~—_ g0t
/\\7\;/\
o!/u,u— -t

Puc. 3.59

BHCKTPOM&ITHHTHHC noJi€ U BOJI-
HBbI

H
E
\
2,8
Puc. 3.60
CxopocTs 3JIEKTPOMArHUTHHIX

BOJIH B BaKyyMe

wo=1//IC (3.115)

(6e3 3atyxanuif, cMm. puc. 3.58);

0=./0—0> (3.116)

(3aTyxalomue KojebaHHs, CM. pHC.
3.59);

d=r/(2L).
AMIUIHTYla TOKA TpPH 3aTyXaroLMX

KONeOaHNAX YMEHbILIAETCS CO  Bpe-
MEHEM

I=1e %

COBOKYMHOCTb TICPEMEHHBIX 3JIEKTPH-
4eCKHX M MArHUTHBIX TOJIEH, KOTO-
pble’ Hepa3pbIBHO CBSI3aHbl  ApYr
C ApYroM, Ha3bIBAETCH J1eKMpomae-
Humitbls nodeM. JJIEeKTPOMAarHUTHas
BOJIHA—-3TO  PacnpoCTpaHsroleecs
B IPOCTPAHCTBE NEPEMEHHOE 3JIEKT-
poMarHuTHOe nosie. BekTopbl Hamps-
AKEHHOCTEH JJIEKTPUYECKOrO ¥ MarHu-
tHoro noneit (E u H) B snektpomar-
HUTHOH BO./IHE, PacHpOCTPAHSAIOLLEH-
Csl B HEOrPaHHYEHHOM INPOCTPAHCTBE,
NepNeHIUKYJISApHBI Ipyr OPYry, a Ha-
MpaBJieHHE PACIPOCTPAHEHUS TEPHeH-
JUKYJISPDHO IUIOCKOCTH, B  KOTO-
poit “nexat Bektopsl E u H (puc.
3.60).

€=2,997925 - 10® Mm/c

CkopocTh ¢ HE 3aBHCHT OT JJIMHBI
BOJIHBI.

CkopocTh  31eKTPOMAarHUTHBIX BOJIH
B JPYrHX Cpelax MeHbLIe CKOPOCTH
B Bakyyme

c,=c/n, 3.117)

n—noKa3aTesb TPEeIOMJICHUS CPedbl
(M. ra. IV).
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Bextop TloiiHTHHra

E

S
Puc. 3.61

W3nyyenue 31eKTPOMarHUTHBIX
BOJIH

1—$*Q
\

AHTEHHBI

Monyas |S| aroro BekTopa paBeH
JHEPrHH, TNMEPEHOCHMOMN 3JeKTpomar-
HUTHBIMH BOJIHAaMH 3a Bpems 1c¢
Yepe3 MIOCKOCTb TUlomanpio 1 m%
pacroJIOXeHHYIO  MEPIEHAUKYIISIPHO
HalpaBJIEHUIO PAClpPOCTPAHEHHS:

S=[EH]. (3.118)

Hanpanenne BekTopa S coBmagaer
C HampaB/ieHHEM paCNpOCTPaHEHHUS
BOJIHBl B HM3OTPONHOH cpere.

3apskeHHbIE YacCTHIBI, IBIXYLIHECS
C YCKOPDEHHEM, M3Jy4aloT IJeKTpo-
MarHUTHBIE BOJIHBI.

CpenHuii TIOTOK 3JeKTPOMAarHUTHBIX
BOJIH, U3/1y4aeMBbIX AHMIOJEM, 3IEKTPHU-
4eCKHH MOMEHT p KOTOpOTrO H3Me-
HA€TCS 1O TapMOHUYECKOMY 3aKOHY
Qolocoswr  (BcneacTBUe H3MEHEHHUS
3apAanaoB Q WIM U3MEHEHUS DPaccTos-
Hus | MeXIy HHUMH):

®,=03130*/(12mgoc?), (3.119)

Qolo=po—ammnutyna xosnebaHuit p,
Qo — aMmIuTyaa Konebanuii Q, I, —
aMIUIMTYAa KoXeGaHU#t [, £, — 37eKT-
puueckas MOCTOSIHHAs, ®— yriosas
4acToTa, ¢—CKOPOCTb CBeTa B Ba-
KyyMe.

Nznyyatenem 97IEKTPOMArHUTHBIX
BOJIH ABJIAIOTCS TPOBOJHHKH C MEpe-
MeHHbIMH TokamH. HauGonee addex-
THUBHO M3JlyYeHHE MPOMCXOAUT TOTAA,
Korma pasMmepbl H3jy4yaTens Cpas-
HUMBbI C JJIMHOH BOJIHBI M3JIyYeHHS.
IMpoBoaHuky, 3bdPeKTUBHO H3ITyyalo-
upe (WIM TIPUHUMAIOLIKE) 3JIeKTPO-
MarHUTHBIE . BOJIHBI, Ha3bIBAIOTCS aH-
meHHamu.

JluneiinbiM  3eMeHTOM Toka (Al
B KOTOPOM CHJa TOKa M3MeHseTCs
no rapMOHHYECKOMY 3aKOHY



J
Puc. 3.63
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i=I,cos®¢, M3Iy4yalrOT IJIEKTpOMar-
HUTHBIC BOJIHbI, B KOTOpPBIX Hampf-
XKEHHOCTH JJIEKTPHUYECKOTO M Mar-
HUTHOTO TOJIEH pPaBHBl COOTBETCT-

*BE€HHO!

1

E=2c)»r80

I, Al sin 9 cos (@ t—kr),

I-I=%I0 Al sin 8 cos (o t—kr),(3.120)
r

3—yron Mexay NpAMO#H, COeTUHAIO-
iei JIMHEHHBIH 3JIEMEHT TOKa € TOY-
Ko HaOJIONEeHHS M HaNmpaBIEHHEM
BEKTOpPa IUIOTHOCTH TOKa j, k=
=27/ —804aH080€ uuCAO, \— IJIAHA
BOIHBI, 7— PacCTOSHHE MEXIy OJe-
MEHTOM TOKa M TOYKO# A, B KOTOPO#
OTIPEAEISIOTCS HANPSXKEHHOCTH, TPH-
yem r>A, Al<r (puc. 3.63), c—
CKOPOCTb CBETa.



Taasa 1V
OnTtHka

Onruveckoe u3iayueHde (CBET)— IEKTPOMATHUTHOE U3JIyYEHHMC C UIHHAMH
o ot 0,01 M no 1 cm. Manyuenne ¢ mmnamu Bosnd ot 400 uM 10

800 HM HA3BIBAETCH GUOUMbIM.

1. ®oToMeTpHYeCKHE BETHYHHLI

"Jnepreruyeckue  Be.IMHIHBI

CBeTOBbIC BEIMYUHBI

Dnepzemuueckuli NOMOK — YHEPTHsL, HEPE-
HOCHMas BOJIHAMH 3a BpeMs | ¢

®©,=AW AL

Eausauna —BatT, Br

(4.1)

C8emogoti nomok — YHepreTH4eckuii NoTok,
KOTODbI OLCHUBAETCA MO 3PHUTEILHOMY
BO3ACHCTBHIO HA [:1a3 4ejIOBeKa:

AD=7AQ. (4.1a)

[—cuna cBeta (cM. (4.3a)). Eaununa -
CI'OMEH, M '

>

DHepeemuueckds  OCECUJCHRUCHD — OTHO-
\lIeHHe JHepreTHyeckoro notoka Ad, K
nowamn AS  obsyyaeMo# MM MOBepX-
HOCTH:

E=AQ, AS.

EuHALA — BATT HA KBAIPATHBIA MeTP,
Bt/M*

4.2)

OceeweHHoCmb — OTHOLLIEHHE ~ CBCTOBOTO
noroka A® x miomwann AS 06:1yvaeMoi
HM MOBCPXHOCTH!

E=A®/AS. (4.2a)

EnuHMna — ST0KC, JIK

Inepeemuueckds culd céema — OTHOLLIEHHE
3HEPreTHYecKOro notoka A®, k teecHoMy
yray AQ, B KOTOPOM DAacnpelesicHO 3TO
M3I1yYeHHE!

L=A0,/AQ. 4.3)

- EnvHHua — BaTT HA crepamvad, Br/cp

Cuia céema— OTHOLUEHKE CBETOBOTO MIOTO-
ka A® k TesecHoMy yriy AQ:

I=AD/AQ. (4.3a)

Enuunua — kaungena, Ko (OAHa U3 OCHOB-
sbix eamnny CH)

X

DHepzemuueckas c6emumocmb — OTHOLUE-
Hue JHepreTuueckoro noroka A®, k mio-
IAJM M3Jy4alolledl MOBEPXHOCTH HMCTOY-
Huka AS,:

R,=A0,/AS,. 4.4)

Ceemumocmb — OTHOLLIEHHE CBETOBOIO NO-
Toka A® K IUIOLWAAH H3JTy4aloLei noBepx-
HoctH AS,:

‘

R=A®/AS,. (4.4a)
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IIpoooaxcenue

DHEpreTHYECKne BEIHYHHBI

CBeTOBbIE BEJTHYHHBL

Jnepzemuueckaa  Apkocmb — OTHOILEHHE
JHEPreTHYeCKO# cHibl cera Al, K mpo-
eKIHMH H3JIyyalolled IOBEPXHOCTH HCTOY-
HHKa AS,COSQ Ha IUIOCKOCTB, NEpHEHIH-
KYJISpHYIO HaNpaBJIeHHIO HaGJlomeHus:

B,=AL/(AS,cosp), 4.5)

Apkocmp — OTHOILEHHE CHIIBI cBeTa Al K
IUTOINAAH TPOEKUHH H3/y4alollieil moBepx- -
HOCTH MCTO4YHHKa A S, COS® Ha IIOCKOCTB,
NEPHEHARKYIAPHYIO HalPaBJIeHHIO, IO KO-
TOPOMY ONpENENSeTCS APKOCTb:

B=AI/(AS,cos ). (4.5a)

(@—yroa MexAy HOPMAlbi0 K H3JIy4aloIiel MOBEPXHOCTH AS, M HanpaBieHHEM,

Mo KOTOPOMY OIpENe;seTcss SPKOCTD.

ITpuMevanue: OCBEIEHHOCTb, CO3AaBaeMas TOYEYHBHIM MCTOYHMKOM, PAaCCUMTHI-
Baerca mo ¢opmyne: E,=Icos/r? (I—cuna cpera, r— pacCTOAHHE OT HCTOYHHMKA
IO TMOBEPXHOCTH, (@ —Yrol MexXIy HOPMaibl0 K HOBEPXHOCTH M HaNpaBJjeHHEM

PacnpOCTPaHEHHs BOJIH).

2. TeomeTpHueckasi ONTHKA

Jlyu (cBeTOBO# Jy4)

CoMoueHTpHYecKuit 1my4ok

—

U
\

T~

Puc. 4.1

A
n\
1\

IMapakcuaabHble Jy4ud

Vcnosus NpUMEHHMOCTH TEOMET-
PHYECKOH ONTHKH '

T'eoMeTpuyeckas JMHHS, BAOIb KOTO-
POl pacmpoCTpaHseTCs SHEprus
3JIEKTPOMATHUTHBIX BOJIH.

IIpsamosnuHeiinbie qy9u (WIM UX Npo-
JIOJIKEHHE), NepeceKaromuecs B O-
HOW TOYKe; MapajejibHbe Jy4d OT-
HOCATCS X TOMOLIEHTPHYECKOMY ITyy-
Ky, LEHTP KOTOpOrO HaxoAuTcs B
GeckOHEYHOCTH.

JIyum, cOCTaB/AMOLIME MATBIl yroiu
C OChbIO; Mapaiie;IbHEIE JIyYH SBJS-
JOTCA NapakCHATbHBIMH, €CIH IIpO-,
XOAAT Ha MAajJoM pacCTOSHHH OT
OCH.

IMnomane BogHOBOro ¢poHTa Q, KO-

R TOprﬁ OrpaHHYUBACTCSA BXOOHBIM OT-

BEPCTHEM JIMH3BI, JOJDKHA OBITH 3Ha-
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YUTENbHO GoJble NMPOHM3BEACHUS bA
(b-—paccrosHue OT JNMH3BI 10 TOYKH
Habmosienuss P, A— [NMHA BOJIHBI),
T.e. Q>bMA (puc. 4.2).

Puc. 4.2

3aKkoH OTpaKeHHs i=i
[lpu nageHuu nayya Ha rpaHuLly pas-
Jesa OBYX M3OTPOMHBIX CPed yroiu
OTpaxkeHUsl [’ PaBeH YIiy majeHus i;
najarouMid ¥ OTPaXEeHHbIH JIydd H
NepreHUKYJISp K MOBEPXHOCTH B TOY-
Puc. 4.3 Ke MaJieHus JiexaT B OJHOH IJIOCKOC-
1 (puc. 4.3).
B 3aBHCHMOCTH OT CBOHMCTB IpaHHIbI
pasziesia pasjaM4alroT ABa BHOa OTpa-
xeHus cBeta. Ecnu noBepxHOCTb pas-
Jefa MMeeT HEPOBHOCTH, Da3Mephl
. KOTOPBbIX 3HAYUTENIbHO MEHbIUE MJIH-
Hbl BOJIHBI CBET4, TO IMPOUCXOIUT
NpaBWIbHOE (MM 3epKajibHOE) OTpa-
xeHue. B sTOM ciyuae mnaparoriue
napanielbHble JlydM CBeTa Toce
OTpaXeHHs OCTalTCAd Tapaieib-
HbiMH. Ecnu HepoBHOCTH pacmoJio-
XKEHbl Ha OTpaxkarollell MOBEPXHOCTH
AET e i o
”///////////”///I////////" ucxomut  audbdy3sHoe  oTpaxkeHue
Puc. 4.4 (puc. 4.4). Tlpu ycnoBuu hcosi <<
(h—pasMepr HEPOBHOCTEH, ! — yrou
najeHHs nyileﬁ) Oynmer 3epkajbHOE
OTpaXeHHE.

3aKkoH TIpeJIOMJICHUS ﬂ:n (4.6)
sinr -
OTHoOllIEHHE CHHYCA YIiIa TaAeHus i K
CHHYCY yrja IpejlOMJICHHs r eCTb Be-
JIAYMHA TIOCTOSIHHAS AJI JAHHOR JUTH-
Hbl BOJIHBI M TPAaHMIbI pa3fiesia cpel;
NaJaroluil U TIPeJOMIICHHBIR JyuH U
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ili
1
2
r
Puc. 4.5

ITonHoe oTpakeHue

-2

Lap

Puc. 4.6

Xon nydell uyepe3 mpusMy

/P\
[
/N

Puc. 4.7

MEPNeHAMKYJIAp K TOBEPXHOCTH B
TOYKe MajJeHus JexaT B OQHOH Iuloc-
koctd (puc. 4.5). Benuuuna n Hasbl-
BAETCA OHOCUMEAbHbIM NOKA3amenem
npeaomaenua BTOPOR CpeAbl OTHOCH-
TEJNBHO TEPBOM:

n=c,/c, 4.7

(¢,, ¢;—ckopoctu cBera B cpemax |
¥ 2); n 3aBACMT OT UIMHBI BOJIHBL
Cpena, B KOTOpOM CKOpPOCTb CBETA
MeHbllIe, YeM B APYroil cpede, Ha3bl-
BaeTcsd ONTHYECKH OoJiee IUTOTHOM.

Ilpu nepexone u3 cpeabl ONTHYECKH
6osiee TIOTHOM, B Cpeny ONTHYECKH
MeHee IUIOTHYIO, JIyd CBETa MOXET
TIOJTHOCTBIO OTPAXaThcs. DTO sBIE-
HHME HAa3bIBAETCA TOJHBIM OTpaxe-
HUeM. YTON majeHus iy,, HaYMHas C
KOTOPOTrO JIEKTPOMAarHHTHOE H3JIy-
YeHHE TMOJIHOCTBIO OTPaXaercs OT
rpaHdlbl pa3fesia, Ha3blBaeTCs Mpe-
JeJbHBIM YIJIOM MOJIHOTO OTpaXxe-
HUS, KOTOPBIH ONpeaenseTcs U3 co-
OTHOILEHHUS

sin iy, =1/n

(n=c¢,/c;, c;—cKkopocTh cBeTa B
onTuyecku GoJlee TUIOTHOM  cpefe,
puc. 4.6).

[MpoaomkeHns BXOAALIETO U BBIXOAS-
uiero Jiyye oOpasyroT yroja oTkJo-
HEHus 0.

IMokazaTenb npesoMiieHus n CTekna,
M3  KOTOPOrO cjeflaHa  MpH3Ma,
MOXHO paccuuTath MmO (opmye
(puc. 4.7)

n=sin(3,,/2+P/2)/sin(P/2) (4.8)

(8,,—HaWMeHbLHMIA yroa OTKMOHe-
HUs, P— npenoMiisiioumii yroa npu-
3MBI).
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JIuH3a IIpo3pauHoe TenO, OrpaHHYEHHOE C

' TPOTHBOMNOJIOXKHBIX CTOPOH KpPHBO-
JINHEHHBIMH MOBEPXHOCTSIMH
(puc. 4.8); B 4aCTHOM cityyae OJHa 3
MOBEPXHOCTEH MOXET ObITh IJIOCKOM.
JIun3a Ha3bIBa€TCs TOHKULM, €Cid ee
TOJIIIMHA 3HAYUTEBHO MEHbIlE pa-
[MYCOB KPUBHM3HBI €€ CHepHUECKHX
MOBEPXHOCTEH.

I'naBHas onTHyeckas oCh IIpsiMas, npoxonsias 4Yepe3 LEHTPBI
pamuycoB kpuBu3HEl O,, O, noBepx-
HOCTeii; TMpH HAJIHYHM IUTOCKOH Mo-
BEPXHOCTH ONTHYECKasi OCb MPOXOAUT
MEpNeHANKYIAPHO 3TOH TMOBEPXHOCTH.

OnTHyeckuid LEHTP Touka TOHKOW JIMH3bI, 4epe3 KOTO-
pyIO JyuM MpoXomAT 6e3 W3MEHEHMs
HaIpaBJICHHUS.

®okychl, (okanbHble miaockoctd  JIuH3a HaswIBaeTcs cobuparowell, ec-
: Jii OHa mpeobpasyeT Napasule/IbHbIH
Ay4YOK JIydelt B CXOAAIIMHCA; B HpO-
THBHOM CJly4yae JIMH3a Ha3bIBaeTCs
pacceusatoyei. Touka F, Ha rias-
HOH ONTUYECKOH OCH, B KOTOPOH
MepeceKaloTCs MapaKCHaIbHBIE JTY4H,
napajuiefibHble TJIaBHOH ONTHYECKOR
- ocu cobuparoiieif TMH3bI, Ha3bIBAETCS
e 3aguuM ¢okycom (puc. 4.9). B pac-
) S CeHBAIOLIEH JIMH3€ MapaKCHAJIbHbIH
My4OK JIyyed, MapaijienbHbIi TJas-
HOIi omTuueckoit ocu, npeobpasyercs
B DacXOJALIMHCA My4OK; MPOJOJIKE-
v HHS OTHX JIyuell mepecekaloTcs B
Puc. 4.9 TO4YKe, JieXallell Ha TIJIaBHOW OMNTH-
4yeckod ocH; 3Ta Touyka F, HasbiBa-
erca 3agHuM (okycoM paccenBaro-
meid JuH3bl (puc. 4.10).

PaccTosiHHe OT ONTHYECKOTO LEHTpa
TOHKON 1MH3bl A0 ¢(oKyca Ha3bIBa-

eTcst POKYCHBIM PAcCmoAHUEM.
Ilnockoctu, mpoxoasiue 4epe3d ¢o-
KYChl NEpHEeHJUKYJIAPHO ONTHYECKOMH

F, F,

2

A Fa
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Puc. 4.10

dopMyna TOHKOM JUH3BI (IU1a Ma-
PaKCHAJIBLHBIX Jyueit)

’ a; 7 q,
& S[EC—"¢
-
Ccéem
v

Puc. 4.11

[MpaBuno 3HaxoB

OCH, Ha3bIBalOTCA (OKaJIbHBIMH ILTO-
CKOCTSIMH.

YV uH3BI uMeeTcs [gBa  (okyca
(puc. 4.9, 4.10): nepeannii ¢dokyc F,
u 3agHuit dokyc F,. Ecim cpembt
no o6e CTOPOHbI JHMH3bl OJHHAKOBBI,
TO Monyiau (OKYCHBIX pPacCTOSHHA
paBHBI.

Ecnu TOYeYHBIH MCTOYHMK CBETa I0O-
MECTUTDb Ha [JIaBHOW ONTUYECKOH OCU
Ha PacCTOSHUM @, OT JuH3H (a, >f),
TO HA PACCTOSHHH d, NMOJYYHTCS €ro
u3obpaxenue (puc. 4.11). Bennuunbi
ay, a,, f cBA3aHBl COOTHOILECHHEM

I 1 1 11
‘Z+£=}=(”“)(Z‘E)’ ,
4.9)

ry, ry—paauyChl KpHBH3HbI IOBEpX-
HOCTEH, n—OTHOCHTEJILHBIH MOKa3a-
Telb TPEJIOMIJIEHHS CTeKJia.

IMpu pacuerax 3HaYeHUs a, U 4,
MOJCTABJIAIOTCA CO 3HAKOM ILTIOC,
eclM HANpaBJEHWS HX OTCYETA OT
ONTHYECKOTO LEHTpA IMH3bl COBMa-
JaroT C HampaBJIEHHEM paclpocTpa-
HEHUS CBETA; 3HAYEHHUS ry U r, TAKXKe
MOACTaBJIAFOTCA CO 3HAKOM  ILIIOC,
€CJIM UX HampaBjieHHWs OTCYeTd OT
BEPIIMH COEPUYECKHX MMOBEPXHOCTEH
COBMAJAIOT C HANpaBJIEHHEM pacmpo-
CTPAHEHHUS CBETA; B NPOTHBHOM CITy-
yae 3HaYeHWs a,, a,, ry, r, MOACTaB-
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-ﬁ a
s . 5l 2
T
- F
T’ 2 S,
-a, |
Céem
Puc. 4.12

OnTuueckas Cuia JIMH3BI

OnTuieckas cuia  cepuyeckoi
TPaHHLbI

JIAIOTCS CO 3HAaKOM MHHYC. Pamuyc
KPMBU3HBI 7, OTHOCHTCA K TO# MO-
BEPXHOCTH JIMH3BI, KOTOpas MepBOH
niepecekaeTcs JIy4oM; 3HauyeHus f Cco-
Oupatoiel JIMH3bI MOACTABJIAIOTCA CO
LHAKOM TUTIOC, PAcCeMBaIOLIeif — CO
3HakoM MuUHYc (puc. 4.12).

n
q)n‘—" i

OTHOLUEHHE TOKa3aTeNs MpeIoMIle-
HUS OKpYXalollled JIMH3y Cpeabl K
(OKyCHOMY  pacCTOSHMIO  JIMH3BIL.
Enununa ontuueckod CUJIbl — AHONT-
pus (anTp), 1 onTp —3TO ONTHYeckas
CHJIa JIHH3bI, PACMOJIOKEHHONH B BO3-
nyxe, ¢ GOKYCHbIM paccTosiHMeM 1 M.

O,=0,+0,—dd,d,/n, (4.10)

®,, &,—onrtuyeckne cuibl chepu-
YeCKUX TNOBEPXHOCTEH JIMH3BI, d—ee
TOJIIMHA, N —TOKa3aTesb HpeJIoM-
JeHus creksa. OnTHyeckas CHJia CO-
Ouparomiell JIMH3bI MOJIOKMTENIbHA,
paccenBarowLieif — OTpUHATENbHA.

OnTtuyeckass cuna cepHiecKkor rpa-
HHMIIBI pa3fieyia OBYX Cpel PacCYUTHI-
Baercs no ¢dopmyie

O=(n,—ny)/r, ’ 4.11)

n, —T1oKa3aTeab MNpPEIOMJIEHHs TOH
CpeAbl. KOTOPYIO JIyY MPOXOAMT IEp-
BOH, n,—TmoKa3aTelb MpPEJIOMICHUS
BTODOH  Cpellbl, r—paauyC KpH-
BM3HBI. .



OnTuueckas CHjia TOHKOW JIMH3BI

3. Ontuueckune npuOOpsbI

a3

Bucovnas cmaboka

V.

A Cmennobudnoe\y
N0 \

Puc. 4.13

{:

N. Kowkux
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®,,=0,+0,. 4.12)

OnTHYeCKas CHJIA ABYX TOHKMX JIMH3
paBHa CyMME HX ONTHYECKMX CHJ,
npu yciosud uto d<|f|, d— pac-
CTOSIHME MEXIY ONTHYECKHMH LCHT-
pamu JuH3, |f|-—Monyab HaWMEHb-
iero (OKYCHOro paccTOSIHUS OJHOM
M3 JIMH3.

I'na3 paccMaTpuBaeTCs Kak ONTHYEC-
kas cucrtema. Ha puc. 4.13 npencras-
JIeH TOPU3OHTANbHBIA pa3pe3 rias-
Horo sibyioka. Bnepenu HaxoauTCs
npospayHas 000j04ka — porosuua I,
obpasyromiass noutH  cdepHuecKyto
nosepxHocTb. [lo kpasiM porosmuia
nepexoauT B ckiepy 2 (Gesok rnasa),
KOTOpasi MOKPBIBAET OCTaJbHYIO MO-
BEPXHOCTb IJ1a3HOro siénoxa. IMpoct-
PaHCTBO MeXIy XpycTajiukoM 3
POrOBHIEH 3alONHEHO CpenpH, co-

. croset u3 99% Boabl, oOcTajb-

HOe --CoJiH, Gellku. 3a XpyCcTaJIukoM
HAXOAMTCA CTEKJIOBMAHOC TENO 4,

' coCcTOsllEE B OCHOBHOM M3 BOJBI.

®opma rnaszHoro s610ka nouTH che-
pryeckas C paauycoM KpHBH3HBI OKO-
0 12 Mm. Mimeerca panyxHas o6o-
JIoyka 5 ¢ OTBEPCTHEM 6 (3pAYKOM);
JMAMETp 3pauka H3MEHSETCH OT 2 [0
8 MM. Ha npoTHBONOJIOXHOK CTO-
-pOHEe OT 3payka pachoJIOKEHa CeT-
yaTtka 7, I HAXOMATCA CBETOYYBCT-
BUTEJIbHBIE PELENTOPH — MAJIOYKU H
koa60oukn (oxono 1,2-10% namouek,
7-10° xon6ouex). Ilamouku pearu-
PYIOT Ha JHEBHCOE 3pEHHE, KOJOOYKH
obecrneynBalOT CyMEpEYHOE 3pEHHME.
MoOXHO CcuMTaTh, YTO ONTHYECKUI
LCHTD pAacnoJjiokeH BOIM3M poro-
BHLIBI, ¢okycHble paccTOsIHUSA
fi=17mM, f,=23 mm. Ontuueckas
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Vron 3penus

)

$1 :4‘>

25¢m

Puc. 4.14
BHH"MOC YBEJIHYCHHUE

JluHelHOe yBenudYeHue

Vr/10BO€ YBEJIHYCHHE

I 1v

ONTHUKA

CHJIa Iia3a paBHA NPUOIM3UTENLHO
58 mntp. KpuBH3HAa mNOBEpXHOCTH
XpYCTallMKa  MOXET  H3MEHAThCA
MBbIIIIaMy 8 ryia3a, BCJIEACTBHE 4€ro
H3MEHSETCH H OINTHYECKas CHJa: B
MOJIOAOM BO3pacTe H3MEHEHHS MoO-
TYT OCYILUECTBJIATbCS B HpeneIax
10 onTp, B cTapueckoM BoO3pacTe
OKOJIO 2 ANTp.

M3MeHeHHe ONTHYECKOH CWIBI TIj1a3a
MO3BO,ISET MONYy4aTh HAa CETHaTKe U300-
paXeHUsI MPEIMETOB, PACTIONIOKEHHbIX
Ha Pa3TMYHBIX DACCTOSHUSX OT IJjlasa.

¥Yro:, ofpa3oBaHHBIN ;1ydaMH, KOTO-
pble NPOXOOSAT 4epe3 KpaHHHE TOYKH
npeaMveta (WM ero u3obpakeHus) U
ONTHYECKUH LEHTp ria3a (puc. 4.14).

BuauMoe yBe:THYEHHE ONTHYECKOIO
npubopa

F=1g0,/tg0,, (4.13)
(®,— Yroa 3peHus npd Hab:roeHHH
npegMeTa uepe3 npubop, ¢, -—yron
3peHHs. NpH HaGIONEHHH HpeaMeTa
HEBOOPYKEHHBIM TJ1a30M, KOTOpbIH
IO/DKEH OBITh pacloJIOXEeH Ha pac-
CTOSHHHM: a) 25CM OT rjasa, ecii
BHIMMOE YBEJIMYEHHE ONpPERENACTCS
JUIS JTyTIBI HJIK MEKpOcCKona (puc. 4.14);
6) mpu pacyeTe BHAMMOIO yBEJHYe-
HHS 3DHTENIbHBIX TPYO yroa 3peHHs
ompenenseTcs IS DPAcCTOAHHS, Ha
KOTOpOM HaxOOUTCS NPEAMET OT Of-
THYeckoro npubopa.

OTHOILIEHHE MONEPEYHOro pasMepa
H300paXeHHss K IOMNEPEYHOMY pa3-
Mepy mpeaMera.

OT0 yBenHYeHHEe HHaYe Ha3blBaeTCs
HOTIEPEYHbIM.

OTHOLIEHME TAHTEHCA yrja u, B
HPOCTPAHCTBE H300paxeHu# K TaH-

\



3. ONTUYECKUE TPUBOPBI 147

OOBbekTUB U OKYJSIp

|
Pornanenas 1
nnocKOCTS 3

Puc. 4.15

Muxkpockon

Cemvamra N o
7

N
N

enasa

/a3
Oryngp <

AN
W
N st
Obpermub S A
“ 3
llpedmem <

Puc. 4.16
o=

[CHCY yria u, B NPOCTPAHCTBE NpeJ-
meToB (puc. 4.11).

B ontuueckom npubope 1mH3a, obpa-
uieHHass K npeaMety (oObekTy), Ha-
3bIBAETCH 00beKMuUBOM, JHH3a, 0Opa-
IeHHas K [JIa3y, Ha3bIBAETCS OKY/AA-
pom. B 6onbiHHCTBE cy4aeB oObek-
THBBI U OKYJSAPH NPHOOPOB COCTOSAT
U3 HECKOJIBKUX JIMH3; 3TUM YacTHYHO
YCTPAHSIIOTCS TOTPEIIHOCTH B H30-
OpaKeHHsIX.

Xon ny4eit moka3zaH Ha pwc. 4.15.
Bunumoe yBeiauueHHE JTYMbI

r,=250/f. (4.14)
f— GokycHOE  pacCcTOsSiHUE  JIyfbl
(MM); npeamer AB Haxoautcs B

(OKaNbHOM TMJIOCKOCTH.

Xoa nydeil mnokaszaH Ha puc. 4.16;
npeamMeT AB pacnosioxeH BOJU3U
dokanbHOM TMIOCKOCTH OOBCKTHBA.
Buaumoe yBeanuyeHHE MHMKpPOCKONA

T =250A/(fisfo): (4.19)

fos- fox— GOXYCHBIE paccTOSIHHS 00Db-
CKTMBA M OKy.1apa (MM); f; — (oKyc-
HOC paccTOsiHMC riasa; A---onruyec-
KM MHTCPBA7T MHMKPOCKOMA, PACCTO-
SHHUC MOX1Y 3aJHUM (PoKycoM oObek-
THBA M nepeaHUM (OKycom OKyJspa
(MM) (puc. 4.16).
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3putenbHas Tpyba

4. Boiimonas omyMxa

HHTepQ)epe}iuuu

Puc 418

JI. 1V. ONITUKA

Xon nyuek B 3pHTENIbHOH Tpyode.
YCTAHOBJICHHOM Ha OGECKOHEYHOCTD,
nokasaH Ha puc. 4.17.

Jlyun 11] BmixoasT M3 OeCKOHEYHO
yOQUICHHOH TOYKH ApPEAMETa, pacno-
JIOXCHHOW BBIIIE ONTHYECKOH OCH,
Jyun 222 BBIXOAST M3 TOYKH. pacro-
JIOKEHHOW HHKE OMNTHYECKOH OCH.
Buiumoe yBeiMueHMe  3pHTEILHOM
TpVOBI

T o=l foe- (4.16)

foo-  for— OKYCHBIE ~ PacCTOSHMA
o0BbEKTHBA M OKYJspa.

CioxcHue [BYyX (WJIM , HECKOJIbKHX)
BOJIH C O/IMHAKOBBIMH TEPHOJAMM, B
pe3ymﬂa‘c KOTOPOrO B OIHHMX TO%4-
KaX IPOCTPAHCTBA IPOMCXOIHT YBEITH-

. YCHHE, a B [pYIruX-— yMCHBIIICHHC

aMIUTHTYAbI  pe3yJIbTHpYIOlIEH BOJt-
HbL.

IMpu B3aumoneHcTBMM ABYX BOJH,
HMCIOLIHX OMHHAKOBbIC HATIPABICHU%
BexTopoB E, pesyabTupyiomyio am-
nauTyay E,, MOXHO paccuuTaTh No-
da3onoit nuarpamme (puc. 4.18):

»

E§y=E3,+E3;+2E  Ep;c050.(4.17)

Ey,. Eyy——aMILIMTYabl BOJH. pas-
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OnTtyueckas JJIMHA NyTH

Pa3HocTh Xx0aa BOJIH

MHTEHCHBHOCTD

HeKOl’CpCHTHblC BOJIHBI

KOl'CpCHTHble BOJIHBI

3

£Ep

A

S

v c0s0=7 T

a
£y
7\

~— z
c0s0=-7

Puc. 4.19

HocTh (a3
2n

149

0= (nx;—mx,)+03=0,. (4.18)

¢y, @,—HayajibHbIE

baswl,

Xy,

— paccTOsiHUA, KOTOPBIE MPOXOAAT

BOJIHBI

NPEIOMIIEHHS N, U N,.

B Cp€aax ¢ NOKAa3aTeNAMU

IMpou3sseneHne AMuMHBI MYTH X, MPO-

XOAMMOTO  BOJIHOIA,

M TIOKa3aTeis

NpEJIOMIICHUAA CpeENbI 'i, T. €. Xn.

Pa3HOCTb ONTHYECKHX [JIMH NyTEH:

A=nyx,—n;x,.

(4.19)

BennuuHa, nponopuuMoHanbHas KBaj-

paty aMmmautyasl E,

(nam

Ho)

I~E¥~H} (CM.~rJ1. I, m 22).

B it

BosHbl,

y KOTODBIX paSHocn, (a3

M3MEHSETCS XaOTHYECKH; B 3TOM CJly-
yae cpenHee 3HayeHug <cosf) =0,

E(Z)p=E(2)l+E529

pe3yjibTupyroliass MHTEHCUBHOCTDH

L=1+1,,

T. €. MHTEHCUBHOCEY [, 4. I3 CyMNM;,

pytoTcs, a HUHTepepeHIUs: OTCYTCT-

BYET.

BousHBI, Y KOTOpBIX pa3HoCTb (a3 B
JaHHOH TOYKE HE H3MEHIETCs BO
BpeMeHH (MM MeHSeTcs He3HaYM-
TesapHO). MuTtepdepenuus Habmona-

€TCd B TEX Cly4asx,

KOrga BOJIHBI

ABJIAIOTCA KorepeHTHbrdH. [1pu Hanu-
UM TIOCTOSHHOW PAa3HOCTH d)as pac-

CMOTpUM JIBA TNPEACIbH

cilyyasi,

COOTBETCTBYIOLLIHE MaxcumyMaM W IMU-
HUMYMaM MHTEHCHBHOCTH (pn&,4 }'9)

a) Korna cos0=+1,

L=5+1L+2I,1,.

B 3TOM ciyuae MHTEHCHBHOCTH YBe-

JIMYUBACTCA.

IS

s
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YcnoBUus KOFepeHTHOCTH
(BOJIHBI HE TNOJISPH3OBaHHBIE)

[TonyueHne KOrepeHTHbIX BOJIH
Npy  OCBELICHHM TMJIOCKOMNapas-
J1€;IbHON  TLTACTHHKH

7 2
i
\
<=
T
"N\
3 4
Puc. 4.20
Jndpakuus

IV. ONITUKA

6) Ecnu cos®=—1, TO WHHTEHCHB-

HOCTb YMCHBLIACTCA:
L=1+1,—/1,1,.

B peanbHbIX yCIOBUSX HHTepepeH-
uMsi HaGII0AAETCA NPH HAJTHYMH ABYX
YCJIOBHIA:

A

A
< — A}\.<<—;
m

—, (4.20)
2nsinu

[ --nuHeliHbIE pa3Mepbl HCTOYHHKA,
A — UIMHA BOJIHBI, 2u —Yyrojl Mexay
KPaHHUMH JIy4aMH, BBIXOISIIMMH U3
OAHOM TOYKH UCTOYHHKA, AL — HHTEp-
BajJ JJIMH BOJIH HEMOHOXpOMAaTHuec-
KOro u3ny4eHus, m=358/A— nopsaaok
HHTEPEPEHIIMH, & — Pa3HOCTb Xoja
BOJIH.

TIpi OCBEILICHHH TIOCKOMAPAILIENb-
HOI muacTuHku (puc. 4.20) npoucxo-
AHT uHTepdepeHuus BoiH [, 2 (B
OTPAXXCHHOM CBETE), a TAKKe BOJH 3,
4 (B MpoxoasieM CBeTe).

B oToMm citydae pasHOCTbL X0/1d BOJIH
I n 2, a Takke BOMH 3 U 4

A=2hncosr.

Pa3HocTb ¢a3 y oTpaxeHHbIX BOH [
u 2 (nns BexktopoB E)

0,,=@nnhcosr)/A+T; 4.21)

pa3HOCTh a3 y mpoxoasuiux BOJIH 3
u 4 (taxxe aas Bekropos E) -

05,=(4nnhcosr)/),; 4.22)

h - TONMLMHA TNIACTHHKM, F - -yroa
NPEOMIEHHS, 71— NOKA3aTedb Mpe-
JIOMJIEHHS MaTepuana. U3 KOTOPOTo
M3TOTOBJICHA TNNACTHHKA, A — UTHHA
BOJIHBI B BaKyyMe.

W3MeHeHHe HANpAaBJICHHS PACTIPOCT-
PAHCHUS  JJICKTPOMATHHUTHBIX  BO.IH.



Audpakuns Ha 1menu

/R

Puc. 4.21

I'1aBHBIE MHHMMYMbI
I

sing

-2/a |0 Am

Puc. 4.22

JudpakuronHas peuieTka

NI

Puc. 4.23

4. BOJIHOBAS OMNTUKA 151

KOrJd OHM TPOXOJAT BOJIM3U Kpaes
JKPaHOB, OTBEPCTHH MM JAPYrux He-
O/IHOPOIHOCTEH; TpPH ITOM MCKaXa-
CTCS MX BOJIHOBOH (pOHT.

Wckaxenne ¢poHTa MIOCKOH BOJIHBI
npu jmopakuuu Ha ‘y3koit (a) w
WAPOKOH (6) 1enM TOKa3aHO Ha
puc. 4.21. Ilpu audpakumm MIOCKUX
BOJIH, MAA4IOLMX HOPMAJIbHO HA Y3-
KYIO AJIMHHYIO 1LeJb, MHTEHCHBHOCTH
I3 BOJH, PACTIPOCTPAHAIOIMXCA TOM
yrioM udpakuun B, onpeaensieTcs
CJIelyIOUIUM COOTHOLLCHHEM:

2
@:%( ), (4.23)

k=2n/\, a— wmpuHa wenu, I, — uH-
TEHCHBHOCTb BOJIH, PACMPOCTpPaHS-
IOLIUXCS B MEpBOHAYaIbHOM HAmpaB-
JleHun (puc. 4.21, 6).

ﬁn(%kaﬁnﬁ)

1
ika sinf

Hanpasnenus, B KOTOpPbIX MHTEHCHB-
HOCTb JM(PAarMpoBaHHLIX BOJIH Ha
nieau paBHa Hymo (puc. 4.22),

asinP,,,, =m\i
(m=+1, +2, ). (4.24)

[MpeacraBaser coboit B HaCaIbHOM
ciyyae 60sbLIOE KOJIMYECTBO Y3KHMX
napajjie/ibHbIX  LieJed, MMEIOLLHX
OJMHAKOBYIO ULIMPHHY a W OJMHA-
KOBbIE TPOMEXYTKH MeXAy HUMH b
(puc. 4.23).

Paccrosinne d=a+b HaswiBaeTcs no-
cmosHHoU (MM nepuooom) pewemku.
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[1aBHblE MAKCUMYMBI
I

ri.

oo bsins

2A/M -AM 0 Al 2ad

Puc. 4.24

ﬂOﬂOJ’IHVlTCJ’lebIC MHUHAMYMbI

a =
—
N=2
13
=3
8
N=4
2
N=5
Puc. 4.25

IMpenen paspewenus

IV. ONTUKA

Hanpassenus, B koTopbix Habmroaa-
€TCs MaKCMMallbHask HHTEHCUBHOCTb
JubparupoBaHHbiX BoJiH (puc. 4.24):

dsinP,,. . =mA

(m=0, £1, +2..), (4.25)

d—Tepuol peleTKH; 3TO YCIOBHE
BBINOJIHAETCS AJs1 BOJH, KOTODbIE
NajaloT HOPMAaJbHO Ha IUIOCKOCTh
PELIETKH.

HanpassieHus, B KOTOpbIX Audparu-
POBAHHbIE BOJIHBI, POXOASILIME Yepe3
BCE ILEJIM pelIeTKH, racsaT APYr ApYy-
ra. [lpy HOpMaJbHOM MMaJCHHH BOJIH
Ha PELIEeTKY AOMONEHTEIbHbIE MHHH-
MYMbl OTIPE/IESISIIOTCA COOTHOLICHHEM

’

A

dsinf, =~

(4.26)
N—ducio wenei B pewerke, m'=
=41, +2, +£3, .., N—1, N+1, ..
3Haucuust m’, KpaTHbie N, HCKJIOYa-
IOTC Y3 psijla LENbIX YMCE.

Ha puc. 4.25 npusenensl (a3oBbie
AUATPAMMbI, COOTBETCTBYIOLLUKE [0-
MOJIHUTENbHBIM MUHAMYMaM TpH [1-
¢dpakuud BOJIH OT ABYX, Tpex, dYe-
THIPEX W HATH wiededi (cMm. c. 132).

Hdudpakuus CBETOBBLIX BOJH He MO-
3BOJISIET pa3juyaTh Mejbyaiinue nc-
TajJd NMPEAMETOB C MOMOLIbIO ONTH-
4ecKMX NpubopoB, kak Obl BEMKO HH
6b10 ux yBesnyeHne. HaumeHbluee
paccTosiHie MeXAYy ABYMsi TOYKaMH,
NP KOTOPOM MX H300paxkeHHs He
C.IMBAIOTCS, HA3bIBACTCH  npede1om
paspewieHusd ONTHYCCKOro npubopa.
Jns Mukpockona Tmpeaen paspeltiie-
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Hucniepcust

Puc. 4.26

TMonspuzauus csera

b4

3 E

Puc. 4.27

l'lomlpmamm TIpH OTPAXECHHUH

HUS
I,2x/(2n sinu), (4.27)

u-—anepTypHbId yron (monoBHHa yr-
Jla MeXIy KpaiHMMH JlyyaMH, maja-
IOIMMH OT TOYKH MNpeaMeTa Ha 06b-
eKTHB M JOCTHTaIOLIMMHY I1a3a HabJIio-
naress WM 9KpaHa), n— NoKa3aTellb
NpEJIOMIIEHUST CPEibl.

3aBMCUMOCTh CKOPOCTH cBeTa (MM
nmokasarteiss NPEJIOMJICHHA) B Cpelie
OT JJIMHLI BOJIHBI (4acToThl). Bcnen-
CTBUE [UCHEPCMM TIOCJE MpeoMIie-
HMs mapajiesbHOro mnyyka Oejoro
CBETA CTEKJISHHOH NPU3MOH BOJHBI
pa3/IMYHON AJIMHBI PAclpOCTPaHAIOT-
csi TO pa3jMYHBIM HanpaBJICHHAM:
BOJIHBI C MeHbllIEH NTMHQH OTKJIOHS-
I0OTC K OCHOBaHHMIO NpPU3MBI Ha
GONBIIMA  YroJ MO CPAaBHEHHIO C
BOJIHAMH, HMEOUMH  GOJBIIYIO
ey (puc. 4.26).

IMyockocThio nonspu3saumu (puc. 4.27)
Ha3bIBAeTCs JUIOCKOCTb, B KOTODOH
aexat Bektopsl E u S (S— BekTop
IMoitntunra, cm. . ). Ecan mioc-
KOCTb TOJIIpU3aLli¥ BOJIHBI HE H3Me-
HSET CBOETO MOJIOXKEHUS B MPOCTPaH-
CTBE, TO TaKas BOJIHA Ha3bIBAETCS
JIMHEHHO TOJIAPU30BAaHHOM.

CBeT, B KOTOPOM TOJIOXEHHE IL10C-
KOCTH TOJIApU3ALUU H3MEHSEeTCs Xa-
OTHYECKH, Ha3bIBAETCS CCTECTBEHHBIM.

EcTecTBeHHBI CBET NMpPH OTPaXEHUH
OT TNOBEPXHOCTH AMDJIEKTPUKOB Yac-
THYHO mnoJspusyercs. OTpakeHHbIH
CBET CTAHOBUTCS MOJHOCTHIO MOJIs-
PHM30BaHHBIM NpPU Yrje MajeHus, on-
peneasieMoM COOTHOLIEHHEM

tgig=n (428)

(n — OTHOCHTEbHBIH' nokasaTesib
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Puc. 4.28

JIBoliHOE J1ydenpesoM:IcHHE

Puc. 4.29

rJ.

IV. OIITUKA

NpejioMIeHUs BTOPOH Cpenbl), TpH
JTOM MJIOCKOCTh MOJSPU3ALMUU Tep-
NEHAUKYJISIPHA TMJIOCKOCTH MaJeHUsS
(puc. 4.28). Vroa iy Ha3blBaeTCs Je-
A0s bprocmepa. Tipoxonsuwmi ucpes
JUYIEKTPHK CBET YACTHYHO MOJISPH-
30BaH. IPU ITOM MPCUMYHICCTBCHHBIC
HanpaBicHus BekTopoB E  mapan-
NIebHBI TIJIOCKOCTH TMA/ICHUS.
YcTpoiic1Ba, KOTOpbIC Mpcodpa3yroT
€CTCCTBEHHBIA CBET B MOJISIPU3OBAH-
HbIH, HA3BIBAIOTCH HOAIPUIAMOPUMU.
[Ipu oTpaxeHMH OT MeTa/IOB CBET
He TOISPU3YeTCH.

B HekoTOpbIX MOHOKpUCTALIax (Ha-
NpUMep, KBapl, MCIAHACKMH ILMAT,
chofa, THUIC) ECTECFBEHHBINH CBET
pasfenseTcs Ha JABe JIMHEHHO MOJIf-
PHM30BaHHbIC B .Pa3JMYHBIX I.I0CKOC-
TAX BO.IHbI, KOTOpPBIE PACIPOCTpaHs-
IOTCSI C pa3/IMYHBIMU  CKOPOCTSIMH.
DTO SBJICHUC HA3bIBAETCS OBOTINbILM
AYUEnpeIoM 1eHUeM.

B 0/1HOOCHBIX KpUCTa1aX (THIIA KBAp-
11a) UMeeTcst OJIHO HanpaBiICHHe, B
KOTOpOM HC Hab1o1aeTcs ABOIHOTO
JlyyenpesoMieHns. DTO HANPABICHHE
Ha3bIBAETCH ONTHYCCKOW ocbio. Boul-
Ha, B koTopo#i BekTop E, neprenau-
KyJISpDEH ONTHYCCKOH OCH KPUCTAJLIa,
HA3BbIBACTCS  00bIKILOBENIO; €C CKO-
POCTb MO PA3.IMYHBIM HAMPABJICHUSM
B KpHCTaljle OOMHaKoBa. Brtopas
BOJIHA, ¥ KOTOpOi HamnpaBjicHUE BEK-
Topa E, cocraBiastoT pasnuuHble yr-
JIbl C ONTHYECKOH OCbIO (B 34BUCH-
MOCTH OT Yrjla MAJCHUS U MOJIOXKC-
HUS TUIOCKOCTY TNajeHus), Ha3blBa-
ercs 1eobwikiogeniioti. CkopocTb He-
OOBIKHOBEHHON BOJIHBI B KPHCTaJlle
3aBUCUT OT HANpABJICHUS; OHA MOXCT
ObiTh UM 6OJIbllIE CKOPOCTH OOBIK-
HOBEHHOH BOJIHBI (KaK B HCSIaHICKOM
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HckyccTBeHHOE BOMHOE JTydenpe-

JIOMJICHHC
g
<
S
§
§ z
<
—f [l I fe—
6 —{ || || }e206
—{ |i 1] b
I &

E~fy § o E 0
A
Eq-»&(-»f
s
N

Puc. 4.30

OnNTHYECKH AKTHUBHbBIE

BELIICCTBA

IHTATE), HJIH MEHbIe (Kak B KBapilE).
B HanpaBJICHHH ONTHYECKOH OCH CKO-
pocTH OGBIKHOBEHHOH M HEOOBIKHO-
BEHHOH BOJIH paBHbI (pHc. 4.29).

Ha6nronaercs B H30TPOMHBIX Ccpefax
NpH BO3JCHCTBMM HA HHX MEXaHUYEC-
KX HampskeHu#t (¢doroympyrocrs),
INIEKTPUUECKOTO O (INEKTPHUYECKOE
JBOWHOE JIy4YenpejOMJICHHE), MAarHUT-
HOro moJis (MarHMTHOE JIBOMHOE JIy-
4enpeIOMIIEHHE).

[Ipy OmHOCTOpPOHHEM CXaTHM WM
pacTSXKeHMH W30TPONMHOro Tejia B
HanpaBicHEM och OZ ero onruyec-
KHE CBOWCTBAa CTAHOBSATCS aHaJOTH4-
HbIMH CBOMCTBAM ONTHYECKOTO OJHO-
OCHOTO MOHOKDHCTAJLiIa, ONTHYECKAs
OCb KOTOpPOTO HampaBjeHa mapai-
siesibHo ocH OZ (puc. 4.30). B anekt-
PHYECKMX M MarHMTHBIX MOJSX M30-
TpOMHas cpela IpHoOpeTaeT CBOMCT-
Ba OJHOOCHOTO KpKCTajla C ONTH-
4eCKOH OChblO, cOoBnajaroulleil ¢ Ha-
npasieaneM BexktopoB E wm H.
Pa3HocTh nokasarelieil npesomiieHus
JUIS BOJIH OOBIKHOBEHHOH H HEOOBIK-
HOBEHHOH NPONOPLHOHANIbHA:

npH GoTOyNpyrocTu — MexaHU4EeCKO-
MY HanpsKeHHIO ©,;

NPpH JJICKTPUYECKOM [IBOWHOM Jlyye-
npesiomiienuu — E2;

Npyd MardHUTHOM JIBOHHOM Jydenpe-
JiomJjieHuu -— B2

IMpi pacnpocTpaHeHnn cBeTa uepes
HEKOTOpble BellecTBa (KBapil, pacT-
BOp caxapa B BOJIE U Op.) JIMHEHHO
HOJISIPU30BAaHHOrO CBETA MPOUCXOMHT
M3MEHEHHE TIOJIOKEHHS  TJIOCKOCTH
MONSAPU3ALMU. DTO SBJIEHUE Ha3bIBA-
€TCS @&pawyeHuem naocKkocmu noaApu-
3ayuu, a BELIECTBA, B KOTOPHIX Ha-
6JI0AETCS ITO SIBJICHME, HA3bIBAIOT-
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Puc. 4.31

JlaBienue cBeTa

p
Puc. 4.32

5. KBanroBasi onTHka

rJ.

IV ONTUKA

Csl onmuuecku akmugislmu. Yros Bpa-
HIEHHUS TLIOCKOCTH MOJISIPU3ALMM YMC-
TBIMH BeuiecTBamu (puc. 4.31):

o=al (4.29)

[-—TONWKHA €05, % — NOCTOSAHHAs
BpallleHUs, paBHasi yIjy MOBOpOTa
II0OCKOCTH TOJIAPU3ALUHA CI0EM TOST-
IMHOR | M.

Yros BpauieHus ILTOCKOCTH MOJIpH-
3allMM  pacTBOPaMHU

0,=[a]/C, (4.30)

C— obbeMHas KOHUEHTpaums, [%]—
yAeibHas TMOCTOSHHAS  BPALUEHHUS,
paBHass yriy NOBOPOTA [LIOCKOCTH
NONAPU3AIMA CIIOEM PACTBOPA TOJ-
mMHOW | M ¢ 06beMHOl KOHUEHTPA-
umeit 1 kr/m>. h

JlaBieHue 3ICKTPOMATHUTHBIX BOJIH
Ha I10CKOCTb, PACTIONONKEHHYIO Mep-
TNECHANKYJIAPHO HANpPAaBJICHHIO UX pac-
npocTpaHeHus (puc. 4.32):

p=E,(1+p)/c. @31)

- E,~— JHepreTuyeckas OCBELUEHHOCTD;

¢ —CKOpOCTb CBeTa B BaKyyMe, p—
kodQdULHEeHT oOTpaxeHUs (OTHoOLLe-
HHE MOTOKA OJHEPrMUM OTPAKEHHbIX
BOJIH K TOTOKY JHEpPruu TNajJalouiux
BOJIH).

Hasnenue nznyvennst CoiHua Ha 3eM-
HYIO TMOBEPXHOCTH B SPKUH [I€Hb
pasHo npubmusutenasHo 4 mxlla.

DHeprus 1000ro BHAA INEKTPOMATHUTHOTO HU3JIYYEHUS, B TOM HHCJIe
U CBETOBOTrO, COCTOMT U3 J[UCKPETHBIX HOPUMH, KOTOpbIC HAZhIBAIOTCH
&
KBAaHTAMH W3JIyYCHUS UM (POTOHAMM. )
- -

CBoiicTBa cBeTa, 00yC/IOBJICHHBIC €r0 KBaHTOBOH MPUPOAOH, HA3BIBAIOTCS
KBAHTOBBIMHM (MJIH KOPNYCKYJISPHBIMH).
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XapakTepucTHKH (OTOHa

doTorhexT

. v
Pnc. 4_.33
3akoHbt BHewHero (otodddekTa

by

Puc. 4.34

Puc 4.

[
w

€=hv-—3Heprus ¢oToHa MOHOXpO-
MAaTHYECKOTO  31EKTPOMArHMTHOro
H3JIyYCHUS  4acTOTO V. h—no-
CTOSHHas TMnanka, paBHas
6.625- 1073 Ik -c;

my=hv/c* —macca oToHa:

Po="NV' ¢ —HMAy.IbC;

M,=h 2n—wvoMeHT uMny.bca.

JIeKTpUYECKHE SBIICHHS MPH OCBELLe-
HHM CBETOM BELIECTBA!

— BBIXOA J.IEKTPOHOB M3 BELUECTBA
(enewnuti gpomosrgpgexmy),

— NEpeMELLEHNE J1EKTPOHOB M [bi-
POK 4epe3 rpaHHIly COTPUKOCHOBEHMS ~
NOIYNPOBOIHHKOB n- H p-THNA TpO-
BOAMMOCTH  (senmu.tonblii - omosp-
pexm), . :
— W3MEHEHHE  YJIEKTPONPOBOTHOCTH
(pomonposoduriocme).
Bonbr‘-aMhef)Hau XapakTepHCTHKA
sHewHero doro3ddexta npusencHa
Ha puc. 4.33.

1. 3axon Cmo.iemosa: GoTOTOK HaCht-
UICHAA i, NpPAMO TNPONOPLMOHATIEH
JHepreTHyeckomy noroky @, npu ero
HEM3MEHHOM CTEKTPAjIbHOM COCTaBe
(puc. 4.34). :

2. Hanbospas ckopoctb t,, ‘poTo-
37IEKTPOHOB He 3aBHCHT OT JHEPreTH-
YECKOH CHIIbI CBETA4; U, 33BMCHT OF
YACTOTHI /IEKTPOMATHHTHBHIX BOJIH.
3. DuepreTnyeckuii 6ananc onpenens-
€TCR  ypasuenuem imwimetna (oc-
HOBHOC YypaBHeHHe GoTodhdexTa):
hv=A+mv3/2, T 432
A—-paboTa BbIXONA, mM,— Macca
IEKTPOHA, U, — MAKCHMAJIbHAN CKO-
POCTb  37IEKTPOHOB.

4. CylecTByeT KpacHas rpanmia $o-
TOXhdEKTa — HANMCHBINAR  ACTOTa
v,. HHxXe xoTopoii GoToIPPexT - He

npoucxoauT (puc. 4.35); v,=A/h.
5. ®oTo3dpexT Ge3bIHEPUHOHEH.
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Puc. 4.36

CnekTp HcnyckaHus

CruloliHO#  CeKTp

o

JluneiuaTell cekTp

IV. ONTUKA

JIro6oe HerapMoHHueckoe KoJiebaHue
MOXHO TNpEICTaBUThL KaK pe3yabTar
CJIOXEHUS (CYyNepNoO3ULMIO) FapMOHHU-
YyeckuX kojebaHuit (kpaTko HMX Ha-
3BIBAIOT TAPMOHHUKAMH) C pa3JIHYHbI-
MH aMIuiMTynamMu u dactotamu. Co-
BOKYMHOCTb aMILJIMTYJ W 4acTOT rap-
MOHHK, M3  KOTOPHIX  COCTOMT
ClIoOXHOe koyiebaHue (WM BOJIHA),
Ha3bIBaE€TCA  CNEKTPOM  aMILIUTYA
M 4acTOT WIH, KpaTKO, CNeKmpoM.
CriexTpoM (B Y3KOM CMBICNIE CJIOBA)
MHOrJa Ha3biBalOT LBETHbIE NOJIOCHI,
MOJIy4aroIMecss Ha JKpaHe B DeE3yJib-
TaTe pa3jieficHds MapajuiesIbHOro
nyyka HEMOHOXPOMATHYECKOTO CBETa
npu3Moil (Wi apyruM npu6opom)
N0  HamnpaBJIeHHSM, COOTBETCTBY-
IOLIMM Pa3jM4YHbBIM JUIMHAM  BOJIH.
Ha puc. 4.36 nokasaH CHEKTp He-
rapMoHH4eckoro kojebanus (cron-
Has JIMHHA), COCTOAIIMN M3 Tpex
nepBbix rapmonuk (1-if, 2-é, 3-H—
INTPUXOBBIE JIHHUM) C Pa3JIHYHBIMHU
HavyaJbHbIMU  (a3amu.

COBOKYNHOCTb 4acTOT (MJIM [UIMH
BOJIH) TapMOHHK, M3 KOTOPHIX CO-
CTOMT H3JIyYeHHeE.

CoBOKYNHOCTb 4acTOT (MM JUIMH
BOJIH), HENPEPHIBHO  NEPEXOINHLHUX
apyr B apyra. Hampumep, usnyuenue
HarpeThiX TBEPAbIX TeJl M XHIKOCTEi
HMEET CIUJIONIHOHW CNEKTp.

CrnexTp, B KOTOPOM MOTOK M3Jyde-
HHS COCPEIOTOYECH B Y3KHX Mpenesax
BOJIM3M JIMIIb HEKOTOPBIX JJIMH BOJIH,
C UHTepBaJioM He Gosec 10 HM, a s
HHBIX [UIMH BONH NMOTOK PaBEH HYJIIO.
Hanpumep, u3nyyeHne HeB3aMMOJEH-
CTBYIOIUIMX aTOMOB HMeeT JHHeii4a-
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656 Hy

Aum

486 Hp
434 Hy
470 H,
365

Puc. 4.37

[MosocaTbie cHECKTPBI

CI'ICKTp TIOT T0MIICHU A
CneKTpaanaﬂ JIMHUA nor’ioue-

HUA

3axon Kupxroda — ByHseHa

Jlunun ®paynrodpepa

TbI CNEKTpP; JIMHEHYaTbI CHEKTD,
NOJIyYeHHBIE C TOMOLIBIO CHEKTPO-
ckoma B JMana3oHe [JIMH BOJIH
400—800 HM, npeacTaBiseTcs Ha K-
paHe (WM Ha ceTyaTKe rJjia3a) TOH-
KMMH LBETHbIMH nosiockamu. Ko-
JIMMECTBO JIMHHH M COOTBETCTBYIOLLHE
UM JUTMHBI BOJIH 3aBHCAT OT CTpO-
€HHUS aTOMOB.

Ha puc. 4.37 npusoautcs nuHeHva-
Thbill CIEKTP BOAOPOAA /1 BUAUMOrO
H3JIyYCHHUS; CieBa YyKa3aHbl [JIMHB
BO.TH, CNpaBa — 0003Ha4YeHUe JHHUI
CMEKTpa.

CocTosiT U3 60.1bILIOr0 Yucia 6JIM3KO
PACIOJIOXEHHBIX APYr K OpYyry .-
HUH, KOTOpbIE COCTABJISAIOT OTHENb-
Hbie wupokue nojockl (100 HM
60.16111e). [lo1ocaTeiii cnekTp ompe-
JIENISETCs CTPOEHUEM MOJIEKYIL.

COBOKYIHOCTb 4aCTOT FapMOHHUK, KO-
TOpbIE IO IOLAOTCS CPENOH.

CnekTp NOTJOLIEHHS, 3aHUMAIOLIHI
y3Kuil WHTepBaj, HIHPUHA KOTOPOTO
MEHbILIE CPeAHEN YacTOThl MHTEpBa-
na.

.

ATOMBI TIOFJIOWAIT TFapMOHHKH Ta-
KHX 4aCTOT, KOTOpbIE OHHU HU3JY4YaAlOT,

Oyly4d HCTOYHHKAMM CBeTa. ITO
sBJeHHEe Ha3blBaeTcs oOpalueHueM
CNEKTPAJIbHBIX THHHIA.

CnekTpaibHble JIHHWUM TOTJIOIIEHHS,
HabsronaeMble B CEKTpe HM3J1y4YeHHS
ConHua, Ha3pIBAlOTCH auHuamu Ppa-
ynzogpepa; onnm obpasyroTcs BCren-
CTBHE  TOIJIOLIEHHS  aTMochepoit
Co:THUA HEKOTOPbIX YYAaCTKOB CIIEKTpa
U3.1yYeHHs.
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TennoBoe u3Iy4YeHHE

CnekTpaJibHas MIOTHOCTb JHEpre-
THYECKOW CBETUMOCTH (UCMycKa-
TejIbHasl CIOCOOHOCTD)

[MorygomarensHas crnocoOHOCTb

YepHoe Tes0

Puc 438 M

3akon Kupxroda

IV ONTUKA

3HeKTpOMaFHMTHOG U3JIyYCHUE, KO-
TOpOE Bo36y>x11aeTcs| TEIJIOBLIM [IBU-
XKEHUEM dTOMOB U MOJICKYJL.

OTHOUICHUE DJHEPreTHYECKOH CBETH-
MocTH AR,, xoTopas COOTBETCTBYET
MaJoMy MHTEpBajy BOJH AA (Wiu
4acTOT Av), K LIMPHHE ITOro HH-
TepBaa:

Exr=AR,/AN, E,r=AR,JAv.

Enunnust: Br/(M? -um); Ix/m?

OTHOIlIEHHE TOTJIOILEHHOTO TOTOKa
n3ydenusi A®,, KOTOPOMY COOTBeT-
CTBYCT Masblii MHTEpBal BOJNH AR,
K MajalouleMy Ha 3TO TeJlo MOTOKY
A®, c TeM XC CAMBIM HMHTEPBAIOM
JUH BOJIH AA (WM YacToT Av):~

A,=Ad;/AD,,

.

A, —-BCNUuMHA Ge3pa3MepHas, u3Me-
Hatougasics ot 0 mo 1.

Teno, kotopoe morjowaer MOJHO-
CTbIO MAajalollee Ha Hero H3jy4yeHue
HE3aBUCHMO OT HANPABJICHUS, JJIUHbI
BOJIHBl W TOJSAPU3AIIUM, HAa3bIBACTCH
yepubim meaom (WM NOAHbIM  U3AY-
uameaem). Moaenblo Takoro Tena
MOXeT CJyXHTb MaJloe OTBEpCTUE
B CTEHKe Mo.Ioro suuka (puc. 4.38).
Ons uepHoro Tena A,=1.

—iLT:s,, (4.33)

AT

OTHOWICHHE CHeKTPalbHON ILIOTHO-
CTH JHEPreTHYEcKON® CBETHMOCTH Te-
MJOBOr0 U3JydeHHs Jioboro Tena
JTaHHOHM JJIMHBI BOJIHBI U TEMIEpaTy-
pbl K MOrJouiaTeabHON COCOOHOCTH
3TOro Xe Tena IS TOW e IJTHHbI
BOJIHBI M TEMIEPATYyphl ABJISAETCS Be-
JIMYNAHON TOCTOSIHHOM Ta BeJIWYMHA
(e,r) ABJISETCS YHHBEPCAJNbHON (ByH-
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KUMEH [JIMHbI BOJIHBI (MJIM 44CTOTbhI)
U TEMIEpPATypbl; OHAa OMNpeaesseT
U3JIy4aTeJIbHYIO CNOCOOHOCTb YepHO-
ro Tena.

Ha puc. 4.39 npusoaurcs pacnpe-
JIEJIeHHe CNEKTPaJIbHOM  TUIOTHOCTH
JHEPreTUYECKOi CBETUMOCTH B CIEK-
Tpe M3JIy4eHMs YEpHOTro Tena; s
MOCTPOECHUS MCNOJIb30BaHa KOCOYro-
JIbHas cuUcTeMa KOOpAMHAT C JiO-
rapupMHYECKMMHU LLIKAJaMH{; 1O TO-
PH30HTAJILHON OCH OTJIOXKEHBI JJIUHBI
BOJIH, 110 HAaKJIOHHOH OCH — 3Ha4YeHUS
&1, UMPBHI y KPUBBIX YyKa3bIBalOT
TEMINEpaTypy.

w3, 0% 07 s 75 g5 mmm
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Anruna Gomor, mrm
Puc. 4.39

3akoH Crtedana — BosbliMaHa

8285, 2 sg 20 20 17200 200490

R,=cT* (4.34)

DHepreTHYeckasi CBETUMOCTb YEPHOTO
Teja MNPONOPLUMOHAJIbHA YETBEPTOR
crencui Ttemmnepatypsl T.
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3akoH cMmeleHuss Buna

Gopmyna Tlianka

Ear

|
!
|
|
|
|
]

Puc. 4.40

Am

i

1v.

ONTHUKA

6=5,67-10"% Brt/(M? -K*)— nocro-
sHHas Credana — Bosbumana.
b
A=— (4.35)
T
JiMHa BOJHBI A,,, KOTOPO#M COOTBET-
CTBYCT MaKCHMMaJlbHasi CNEKTpaJibHas
NJIOTHOCTb JHCPreTHYECKOUW CBETHMO-
CTH YepHOTO Tesa, o6paTHO Mpomnop-
JiHOHAJIbHA Temmepatype 7.
b=0,2829 cm-K --nocrosiunas Bu-
Ha.

B = s gemny (439
€37 — CACKTPJIbHAS ILIOTHOCTb JHEP-
FeTUYECKOH CBETHUMOCTH 4YEPHOTO 1¢-
ja (puc. 4.40): ¢ —ckopocTb cBeTa
B Bakyy™me, h —mnocrosuuas Ilnanka,
k -nocrosunas BonabunMvana, A
JUIAHA BOJIHBI.

’



Tiasa V
CTpoelme aToMa H JIEMEHTAPHBIC YaACTHIBI

1. Enumnnbl, HCNoJb3yemble B aTOMHOM
H fJepHOH (u3mKe

dusnyeckas Ha3zpanue O603na- Onpenenexne 3nagenne, en. CU
BC. YCeHHEC
Macca AToMHas enunuual aem. |1/12 gacte 1,66-10727 kr
Macchl Maccel Aapa
H30TONA YTJie
poana =12
Dueprus DJeKTpOH- 3B A=QU(Q=e,|1,6-107"° IIx
BOJIBT U=1B)
3apsan DremMeHTapHbIH e 3apsan anmex- |1,6-107'7 Kna
3apsan . TpOHa
MomeHT HM- — h i= 1,055-1073¢ Jix-c
nynabca 2n ’
MarauTabiii | Marseton Bopa T eh/(4mm,), 9,274-1072* IIx/Tn
MOMEHT 3JIeK- m,— macca
TpoHa ) 3JIEKTPOHA
Maruutueiii | SinepHblii Marse- T eh((4nm,), 5,051-10727 [Ix/Ta
MOMEHT sipa |TOH m,—macca
NpOTOHA

2. BoumHoBbLIe CBOHCTBa YaCTHI

DJIeKTPOMAarHUTHOE U3JIyYCHHE MMEET KaK BOJIHOBBIC, TAK U KOPIYCKYJIAp-
Hbl€ CBOMCTBa (KOPIYCKYJIIpHO-BOJIHOBOM ayajiu3Mm). JIBHXylIMecs 4acTH-
ubl 06GNAjalOT TAKKE KOPIYCKYISPHBIMH ¥ BOJHOBEIMH CBOWMCTBaMH.
Hanpumep, 3JeKTPOHBI, MPOXO/JA Y€Pe3 TOHKYIO METAJLTHYECKYlo (oJbry,
nalT AMGPaKUMOHHYIO KapTHHY, NOAOOHYI0 IHGpPaKUHMOHHOH KapTHHE
OT PEHTTEHOBCKHX U Y-Jy4ei.

Kopmyckynsipubie # BONHOBbIE Xa-  v=E /h, w=E[h, A,=h/p, Gy

PaKTEPHCTHKH v-—4acToTa, E— 3Heprus, o — yrjio-

Bas 4acToTa, A,——J/JIMHA BOJIHBI 1€
Bpoiins, p—HMNyabC YaCTHUbI.

1*
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3. Crpoemme aToma

Moznens Pesepdopna — bopa —
3ommepodenbaa

Puc. 5.1
° n=2
n=1
@
=1 o0
a
n=3- -

)i=0

-2 -
]
Puc. 5.2

Monenb MHOI'037IEKT POHHOTI O
aTomMa

B ueHTpe aToMa HAaXOJMTCH MONOXKHU-
TEALHO 3apAXKEHHOC S[APO, BOKPYr
KOTOpOro NO ONpPEIEIEHHbIM KpYro-
BbIM M JUIMOTHYECKHM OpOHTam
BPALIAIOTCS 3J1EKTPOHBI; TIpH Tepe-
MELIEHHH TI0 TaKHM opbutaM (OHH
HA3BIBAIOTCS CTAlUHOHAPHBIMM) 31e-
KTPOHB He M3JY4aT 3/eKTpoMa-
THUTHBIE BOJIHBI, YTO NPOTHBOPEYHT
3aKOHAM 3JIEKTPOAHHAMHKH; Kaxnoi
CTaLMOHAPHOH OpOMTE COOTBETCTBY-

- €T ONpENCJICHHOEC 3HAawCHHC DHCPIrHH

atoma (mepeviti  nocmyaam Bopa).
finpo HaxoauTcs B oaHoM H3 do-
“KyCOB JLIMNTHYECKOH OpOMTHI (MiH
B HEHTPe Xpyromoi opbutm): Oc-.
HOBHa%* Macca aTOMa COCPEIOTOYEHA -
B sape. . CtaunoHapHpic KpYroBbl€
opbuTel aToMa Bojopoaa ompene-
JAOTCH COOTHOMICHHEM

mgv,r,=nh/(2n), 5.2)
m,—Macca 3MeKTPoHa, v, —ero Jiu-
HeliHas CKOPOCTb Ha .CTalHOHApHOMH
opbuTE, r,—— paIMyC CTAUMOHAPHOM
opbutel, h—noctosHnas [Ilnanxa,
n=123, .. )
ATOM M3JlyyaeT WIR TOrjolaer
KBAaHT JHEPTHH TPH TNEpexoje M3
OHOFO CTAHHOHAPHOIO COCTONHHA
B Apyroe (smopoit nocmyaam bapa):

» hvnnn:En_Eu’ (53)

NpH’ 3TOM JIEKTPOH NMEPEXOLHT C OA-
HO#i cTanmouwaptioii opbuTH Ha napy-
ryto.

B uenTpe aTOMa HaXOXMTCA HOJIOKH-
TENbHO 3aPAKECHHOC AAPO, OKPYKEH-
HOE JMEKTPOHAMM, KOTOphie pacrnpe-
zensoTcs no gbGosmoukam M mon-
o6os1oukaM (cM. HUXe). 3apsaa sapa
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Puc. 5.3

15 00):188

OHeprusi MOHM3ALMH

KBaHTOBbBIE HHCTA JJIEKTPOHOB N

1) maBHOE KBAHTOBOE  YUCIIO
n=1,2, ..

O =——=——=r1=00
« n=J
v,\o —n=2"
ot -
N
y
o
_a -
_7 L
2 i
Puc. 5.4

(B 7;1EMEHTAapHBIX 33psAlax €) paBeH
NOpSAAKOBOMY ’ HOMeEpY "7 SnemenTa
(aToOMHOMY HOMeEpy) Z B MNEpPHOIM-
yeckoii cucreme JI. M. Menneeesa;
Z Ha3bIBACTCA TAKXKE 3apA008bIM HU-
¢A0M; KOJIMYECTBO JICKTPOHOB B HEii-
TpajbHOM aToMe paBHO Z.
OcHoBHas Macca aToMa COCPENOTO-
4YeHa B aape. Snpo camoro Jierko-
ro aromMa BOJOPOJA COCTOUT U3
oAQHOro mnpoToHa. Macca mnporoHa
m,=1,67-10"7 kr, Macca IIEKTPOHA
m,=9,11-107*" kr, m,=1836 m,.

ATOMBI, Y KOTOPBIX KOJIMYECTBO 3Jie-
KTPOHOB HE PaBHO Z, Ha3bIBAIOTCH
yonamu. Y TIONOXHTEIbHOTO MOHA
IEKTPOHOB MeEHbLIE, a Yy OTpHIA-
TEJbHOro HOHa OOJblle MO CpaBHE-
HUIO C KOJHMYECTBOM JJIEKTPOHOB
B HEATpaJbHOM AaTOME.

OHeprus, KoTopas notpebyercss s
OTpBbIBA 2JJIEKTPOHA OT SIEpa aToma
(6e3 covbIIEHMST eMy KMHETUYECKOH
SHEpruu). : i )

JHepreTHYeckue YpOBHU aTOMa OTpe-
JEJISOTCS KBAHTOBBIMH YUCJIAMHU dJTe-

KTPOHOB.

OnpenesnsieT B OCHOBHOM, JJMCKPETHBIC
SHepreTHueckue yposHu. Hampumep,
IJisi aTOMOB BOJOPQJA OHEPreTHYec-
KM€ YDOBHH paCCYMTHLIBAIOTES MO
bopmyie
‘ me*

2,12’

_ el 5.4
8e3n G4

i
m,—mMmacca JJIeKTPOHA, e —€ro 3a-
pan, n=1, 2, 3, ...—J1aBHOE KBaHTO-
BO€ 4KCJIO, h—nmocTosHHas [lian-
Ka. DHEPreTHYeCKHE YPOBHH aToma
BOJAOpPOAAQ  DPHUBEACHBI HA  pHC.
5.4.



166

2) OpbHuTanbHOE KBAaHTOBOE YH-

cJjio

3) MarHuTHOE KBAHTOBOE YMCJIO

TJi. V. CTPOEHUE ATOMA WU JJIEMEHTAPHBIE YACTHLbI

1=0,1, ....,n—1

my=—1, . 0, .., +1

CnyHOBOE KBAHTOBOE YHUCIO S=

=1

/2

Mpunmun IMaymau

DJeKTPOHHBIE 000JIOYKH M TOJ-

OTHM KBaHTOBBIM YHCJIOM ONpenesis-
eTCsi OpOUTAJIbHbIH MOMEHT HMMYJlb-
ca JJICKTPOHa:

M,=h/I(I+1). (5.5)
OnpegensieT NMPOEKLHi0 OPOHTANIBLHO-
ro MOMEHTa Ha BblJEJICHHOE (HanpH-

ME€p, MAarHHTHbBIM NoJieM) HarmnpasJie-
HHE:

Ml:=mlh' (5.6)

OnpeaensieT COOCTBEHHBIE MOMEHT
UMIYJIbCa (CMMH) JJIEKTPOHA

M =h/s{s+1) (5.7)

U €ro npoeKiuro

h. (5.8)

DJIEKTPOHBI, BXOISALLHE B COCTAB OJI-
HOTO U TOro X€ aTOMa, OTJIMYAIOTCS
Apyr OT jpyra XoTs Obl OIHUM
KBAaHTOBBIM 4HCIIOM.

DJEKTPOHbI B 4TOME C OAWHAKOBBIM

06051049KH rJIaBHBIM KBAHTOBBIM YHCJIOM H, HO
Pa3IMuHbIMU  3HAYEHUSMH  JPYrHX
KBAHTOBbIX 4ucesl 00pa3yloT 0DOJIOUKY.
DNIEKTPOHBI B ATOME C OIMHAKOBBIMH
KBAHTOBBIMH 4YHCIIaMM h M [, HO
pasiMYHbIMH 3HAYCHUSMU m, 0Opa3y-
4F 14¢e 10T noxo00J04Ky.
2% _._c,_o_lgf'.o_c,_oﬁ 0O60J104KkH 0003HAYAIOTCS OOIBITUMHU
45—O0————0—] naTuHckumu  Oyksamu K, L, M.
3a e N, ..; nogobosnouku obo3HauaioTCs
3p|-o—o—0—0—0—0— uudpoit 1 Masiol naTuHCKOH GyKBO#A,
Js—o————o0— KaK yka3aHo B Tabmmuc.
Zplo—oo—o—o—oy  fmmmwe 1) 2 | 3|
25 —o— o—
Ob6o0uka K L M N .
15L_o—— oK TonoGonouku |1s| 25, 2p |3s, 3p. 3d 4s, 4p, 4d,
Puc. 5.5 4




M3nyqa'rcm>m>1e nepexo bl

n=1
Puc. 5.6

4. AtomHoe sapo

Hyknonsl

4. ATOMHOE SJ1PO 167

BykBul s, p, d. f, ... COOTBETCTBYIOT
COCTOSIHUSAIM C KBAHTOBBIMH YHCIIAMH
=0, 1, 2, 3, 4, ... Tlopsinok 3anoiiHe-
HHMS 3JJIEMEHTOB B MEPHOAMYECKO
cucreme anementoB . Y. Meunpenee-
Ba mpuBoAMTCS B Tabmuume 52 (cM.
CrnipaBouHbie TabGaMLB).

IIpu nepexofax INEKTPOHOB C OJHUX
JHEPreTHYECCKUX YPOBHEH Ha Apyrue
M3MEHSIIOTCA MX KBaHTOBBIE YHCIA.
Kak mnoka3biBaeT TeEOpus U ONBIT,
MEepeXod JJEKTPOHa BO3MOXEH HA
TakMe YPOBHH, KOTAa M3MEHEHHME
Am;=0, +1, wusmenenune Al=7TF1,
MIPH 3TOM MPOUCXOAUT aubo M3myye-
HUe, b0 morsolnenre (GoTOHA.
IMpu nepexonax 3JEKTPOHOB MEXAY
BHEIIHUMH 00oJioukamu oOpa3syeTcs
uHdpakpacHoe, BHIMMOE U YJIbTpa-
¢buoneroBoe u3nyuenue. Ecou  u3
BHYTpEHHell o0oJiouku aTtoma ynaa-
JIMTh JIEKTPOH, TO HAa 3Ty 000JIOUKY
6ynyT caMOnpOU3BOJIbLHO NEPEXOAUTH
JIGKTPOHBI M3 ApYrux - oboJiouek
¢ OonpmvMu  3HaveHusmu n. Ilpu
TaKuX nepexoaax obpa3yercst KOpoT-
KOBOJIHOBOE 3JEKTPOMArHMTHOE W3-
JIydYeHHEe C JIMHEHYaTbIM CIEKTPOM
(xapakmepucmuueckoe penmeenosckoe
U3.1yyueHue).

CxeMma Hanbozee BEPOSTHBIX H3JIy4a-
TEJIbHBIX TICPUXOIOB B H30JIMPOBAH-
HOM 4aTOME BOJIOpOJa TpHMBEACHA HA
puc. 5.6. 1lpu Takux nepexonax /[ u3-
MeHseTcs Hd4 |. MarHMTHBIA MOMEHT
JNMEKTPOHAa HM30JMPOBAHHOIO aTOMa
BOAOPO/Ia  MMEET  NMPOH3BO.ILHYIO
OPHEHTALHIO.

ATOMHOE S/IpO COCTOUT M3 NPOTOHOB
U HEHATPOHOB, KOTODbIE MOXHO pac-
CMaTpUBaTh KaK JBa pa3JMYHBIX CO
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(l00mOHbI |Hedmpons
—10 —1— 10—
- o—o—
o0 00— 0000
9-0-0-0-0-0-1-0-0-0-0-0-0
—o 0—0—
-0-0-0—1-0-0-0-0—|
90 000/000000
-~ o—o
—0—0—0—& -O—0—0—-0—1
o—o o—o0
Puc. 5.7
CumBoa sapa

59

3p
4

4

2s
Ja

2p

1S

M3zotonbl u uzobapsl

Pa3smep sapa ¥ KOHUEHTpauus

HYKJIOHOB

CTOSIHUSl OAHOW YaCTHLIbl — HYK.10HA.
[TosToMy 4acTto roBopsiT, 4TO fAPO
COCTOHUT W3 HYKJIOHOB, OJHA YaCTb
KOTOPbIX HAaXOAUTCS B NPOTOHHOM
COCTOSIHMH, ApYyras—B HEHTPOHHOM.
KosuuecTBO NpOTOHOB paBHO MOPSA-
KOBOMY HOMeEpYy Z JJIEMEHTa B Te-
pHOOMYECKON cHCTeMe; 3apsaa sapa
Q,=Ze. Konu4ecTBo HYKJIOHOB B SIf1-
pe Ha3bIBAETCS MACCOBLIM  HUCAOM
A. KonudectBo HeilTpoHoB N B siape
paBHo pasHocth A—Z. Hykionbl
B sape o0pa3yloT 0005104k, KOTO-
pble 0003Ha4alOTCA TaK XK€ Kak H
y1ekTpoHHble 0600uku. Ha puc. 5.7
YKa3aHO pacmpeleieHHe MPOTOHOB
M HEHTpPOHOB MO sOepHBIM 000-
JIOUKaM.

4Y —anpo Y c 3aps0BbIM HMCIOM
Z M MACCOBBIM 4MCIIOM A.

Sapa ¢ OAMHAKOBBIM KOJIHYECTBOM
NPOTOHOB U PAa3JIMYHBIM KOJIHYECT-
BOM HEHWTPOHOB HA3bIBAIOTCH U30MO-
namu. Slapa ¢ OJMHAKOBBLIM KOJIM-
YECTBOM HYKJIOHOB, HO pa3jM4HbIM
KOJIMYECTBOM TIPOTOHOB HA3BIBAIOTCS
uzobapamu.

Pa3zMmep sapa 3aBHCHT OT KOJIHYECTBa
HYKJIOHOB, BXOASIMX B €ro COCTaB;
B HEM OTHYETJIMBO BBUIEJISIOTCH BHY-
TPeHHsii 00JIaCTb U MOBEPXHOCTHBIN
cnoit. KoHueHTpauuss HYKJIOHOB BO
BHYTpEHHel ofsacTH npuOIU3UTENb-
HO TIOCTOSHHAa M JUIS Bcex siep
¢ A>10 pasua 1,68-10** nykson/m>.
B NOBEPXHOCTHOM CJIO€, TOJILMHA
KOTOpPOro TOYTH OAMHAKoBa s
Bcex saep W cocrasiser (1,5+2)x
x 107 !5 M, KOHUEHTpaLMs HYKJIOHOB
YMEHBILIIAETCH [0 HYJIA.

OT KOHUEHTPALMH HYKJIIOHOB 3aBHUCHT
IUIOTHOCTh  JJIEKTPHYECKOTO  3apsiia.
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PanuycoM sapa mnpuHATO CHUTATH
pacCcTossHUE OT LEHTpa [0 CJlod,
B KOTOPOM ILIOTHOCTh 3apsiia paBHA
MO;I0BMHE €r0 MAaKCUMAalbHOFO 3Ha-
yeHus. Paguyc s.ipa R ysennuyuBaer- -
csl C POCTOM YKCJa HYKJIOHOB; €ro
NpUOJIMKEHHOE 3HAYEHHC PACCUUTDI-
BacTcs mo (opmyJe

Y XN

R=R,A'73, (5.9)

Ry=12+13-10""5 M, A— wmacco-
BOE H4MCJIO.

Ha puc. 5.8 mpeacraBiieHa 3aBHCH-
MOCTb TIOTHOCTH  JIEKTPUYECKOTO
Puc. 5.8 3apsja B fApe 30J10Ta U YIJIEPOJa.

SlnepHble cuiblL ' Hykj0Hbl BHYTpU siipa  CBSI3aHBI

SACPHBIMM CcHJIaMHU (CcM. (QyHOaMeH-

TajlbHblE B3aWMOjeicTBUS), 00yc.10-
@ @ BJICHHBIMH  OOMEHOM  m-ME€30HAMH

(puc. 5.9). SlnepHbic cuibl NPOABISA-
IOTCA TOILKO Ha MAaJIbIX PACCTOSIHH-
AX, CPAaBHHUMBIX C MEXHYKJOHHBIMU
pPACCTOSHUAMKE B siApe  (MOPSIIKA
107" m). OHH He 3aBUCAT OT II€K-
TPHYECKOrO 3apsiia HYKJIOHOB (npuH-
yun 3apa0060tl He3a8UCUMOCMU) W 00-
JAJal0T  CBOMCTBOM  HACBILICHHUS.
SnepHble CHJIbI UMEIOT TPH COCTAB-
JMOWMe:  LEHTpasibHyo (), 3aBu-
CSLLYIO OT PACCTOSIHHUS, CNUH-CIIMHO-
BYI0 (2), KOTOpas 3aBUCUT OT OPHEH-
TalM¥ CIOHHOB, U CHHUH-OPOUTAJILHYIO
(3 ), xOoTOpast 3aBUCUT OT OPUEHTALMHU
CMUHOB OTHOCHUTEJIBHO TNPSAMOH, co-
enuHsowed Hykjgonel. Ha puc. 5.10
rpaduyuecku U3006paxeHbl KpHBbIC 3a-
BUCHMOCTH MOTEHIMAJIA COCTaBJIfAO-
LIMX SAEPHBIX CHJI NPU B3aMMOJCHCT-
BUM OJIMHAKOBBIX HYKJIOHOB (Mpo-
TOH -——NNPOTOH WJIM HEHUTPOH — HEHT-
poH). CnHH-CIMHOBAss W CNUH-OpOH-
TajlbHasi KOMIIOHEHTbl PpacCUUTAHbI
Puc. 5.10 A8 caydas, Korga oOOWMH  CcnuH
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Hedekt mace

JHeprus CBsI3H

DHeprus CBA3M A/Apa

ViearHass 3HepIus CBS3H fApa

|l T T L T

CAd

AF/A, MsB
(&) ~N

W
o7

O
T
®

1 I 1 i

Maccoboe yucno
Puc. 5.11

30 90 150 A

HYKJIOHOB TNIEPNEHIUKYJISIPEH NPAMOI,
COCIMHSIOMIEH JTH HYKJIOHBI.

Macca snpa M Bceraa MeHbille CyM-
MbI MacC TOKOs HYKJIOHOB, M3 KOTO-
PbIX COCTOMT sApo. PasHocTb mexay
CYMMOHl MacC TIOKOS HYKJIOHOB
M Maccoil sapa HasbIBaeTCs dedex-
mom macc:
AM=Zm,+(A-Z)m,—M. (5.10)
HedexkToM macc ompeaensieTcss IHep-
rusl CBA3M HYKJIOHA, paBHas pabore,
KOTOpYIO HEOOXOJMMO COBEpLIMTH
IS yAQJCHHS HYKJIOHA U3  sapa
(6c3 coobuieHHst eMy KHHETHYECKOH
JHCPIHUH).

OHeprueil cBA3M  Aapa  Ha3bIBAETCH
BEJIMYMHA, paBHas pabore, KOTOpPYIO
HeoOX0JMMO COBEpIUINTL AN pac-
IIEMUICHUS. Pa Ha HEB3aMMOJEHCT-
BYIOIIIHE MeXAY coboil HyKJIOHbI, TIPH
3TOM HX KHHETHYECKas JHEprus 10.-
)KHa OBITb paBHOH HYIIIO.

AE=AMc*. (5.11)

DHeprus CBA3M sapa NPUOIU3UTEINb-
HO NPOMOPLMOHAJIbHA YHCITY HYKJO-
HOB B sjpe.

E,=AE/A, : (5.12)

A - wmaccoBoe uuciio, AE-—3Heprus
CBA3M sAapa. 3aBucUMOCTb E . OT
A mnpencraBneHa Ha puc. S.11.
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5. PaamoakTHBHbIE TNPORECCHI

Tskesbie Apa B OCHOBHOM COCTOSIHMH 4acTO OKa3bIBAIOTCH HEYCTOHYMBBLI-
MH H CaMONPOM3BOJIBHO pacnajalroTcs, B pe3yjbTaTe 4ero obpasyrorcs
HOBbIE (HOYEPHHE) ALPA M JAPyrHe MHKPOYaCTHLbl. DTO CBOHCTBO sAep
Ha3bIBAETCH  PAOUOAKMHEHOCMbIO, a TaKMe sApa Ha3blBAIOTCHA  paduo-
aKmueHbIMU.

a-pacnan 4X—>4-32Y+4%He
W3 pannoakTHBHBIX saep BBIOpachl-
BaloTCA ajbga-4acTHLBl (Aapa resaus
4He). Mopsakosbiii Homep Z nouep-

HEro siJjpa yMeHbllIaeTcs Ha 2, Macco-
BO€ 4YHCIO A yMeHbuIaeTCs Ha 4.

B-pacnan 4X-41Y+e +V,

[TpOUCXOANT H3JIy4€HHE DJIEKTPOHOB
M IEKTPOHHBIX AHTHHEHTPHHO, y AO-
yepHero saapa Z yBEJMYMBAETCH Ha
I, A ocraeTcs npexHUM.

B*-pacnan FX-4  Y+et+v,

N3znyyaroTcs MO3UTPOH M DJIEKTPOH-
HOE HEUTPHHO, Yy [04YepHEro dapa

Z yMmeHbulaeTcs Ha 1, A ocrtaercs
TPEXHUM.
- A - A
K-3axBart 7X+e -z-1Y+v,

C iekTpoHHOM 060s04kH K 3axBa-
THIBAETCS  AAPOM  JJIEKTPOH, TIpH
3TOM OAMH W3 NPOTOHOB #/pa Ipe-
BpaLIAeTCs B HEHTPOH, Z 1OYEPHEro
Sipa yMEHbILAEeTC Ha |, U3aydaeTcs
JICKTPOHHOE HCHTPUHO M XapakTe-
PHCTHYECKOE PCHTTCHOBCKOE H3JIyye-
HHUeE.

FaMma-u3tyuenue FX* 54X +y

Bo36yxaeHHoe sapo X* mepexomut
B OCHOBHOE COCTOSIHHE, TIDH 3TOM
M3JIy4aeTcsi KOPOTKOBOJIHOBOE OJIK-
TPOMATHUTHOE M3JIyYCHHE C JUTMHOM
BoaHbl 1073+ 107 um.
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CHOHTaHHOE JeJIeHHe anep

IpoTOoHHas paaMOAKTUBHOCTb

3akoHbI PaTHOAKTUBHOCTH

Puc. 5.12 -

" TYpBI, [aBJICHHS, XHMHUYECKHX

/1 V CTPOEHUE ATOMA U DJIEMEHTAPHBIE YACTULIbI

2X~§1Y+'}§Y+2n;

CaMONpOU3BOJILHOE JIEJICHHE €D HA
JBE 4YAaCTH, TpH, 3TOM .H3Jy4yaercs
IBa—TpU HeliTpoHa. Sapa ypaua
U TUTYTOHMS JAEJATCS Ha /(Ba OCKOJIKA
C Ppa3IMYHBIMH MAccamu; MO Mepe
yBesuueHuss A macchl oOpa3syroumxcs
NpH [JIENIEHUH A/Iep CTAHOBATCS O/M-
HAaKOBBIMH (Hampumep, Y depmus-256).

$X-4Z1Y+1iH

BuiOpachkiBatoTcs M3 sAapa NPOTO-

- Hbl—spa JIETKOro_u30Tpna BoAJo-

poaa; B HOBOM A1pe VA YMEHbUIAECTCA

“Ha 1, 4 Takxe ymeubfiiabtéa wa®l.

£ ¥ - "~ %
1. PaaMoakTHBHLIIL. pacHal He. -3aBH-
CHT OT BHEUIHMX YCHOBAN (TeMiepa-
B3a-
- - g T s
UMOJEHCTBHH U T. ).
2. 0- W Y-4aCTHUbI UMEOT HAMCKPET-

HbIH SHEPreTHYECKUI CIIEKTP, SHEPTHH

~O-4aCTUIl M3MCHAKTCA B TMpeacjax

ot 0 o HEKOTOPOro MAakKCUMAJIbHOIO

" 3HAYeHHUA.
3. M3MeHeHue KOJMYECTBA. paAMOaK-

THBHBIX AI€P PaCcCYUTBIBAETCHA IO
¢dopmyne ‘
N=Nge M=N,27/T, (5.13)

No—KonauuecTBO SA€p B MOMEHT
BpeMenn t=0, N —KoJu4ecTBO saep
B~ MOMEHT BpemeRH I, T— nepudo
no.iypacnade -—BpeMs, B TEYEHHE KO-
TOPOro pacnanaeTcs MOJOBHHA SIEp
(N /2); A— -eposATHOCTb pacnaga of-
HOro sjpa 32 =peMs | ¢ (MocTosHHAs
pacnaja);

A=(n2)/T.

4. B pesyabTaTte

(5.14y

PAAUOAKTUBHOIO

- pacnaaa 06p’dSleTC$I HOBBIE fAapa

C IPYTMMHU NOPAAKOBBIMH HOMEpaMH
Z (32 MCKJIIOYEHHEM Y-H3JIyYECHHS).
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6. Anepunie peaxmm

CunbHoe B3aHMOZAEHCTBHE aTOMHOTO AApa C NICMEHTapHBIMH YacCTHUAMH
WM APYTHMH SAPaMH, B pe3yibTaTe KOTOPOFO NPOMCXOAHT BO3OYyXIaecHHE
wan npeobpazoBaHue sAcpP, HasbIBACTCH sACPHOI peakumert. [as Ttoro
4TOObl NpPOXOAW.IA SACPHAS peakllus, HeoOXoaumo cOankeHHe aapa
M HaCTHLILI Ha pacCTosHMs nopsaka 107! M, npu KoTopwix NposBiseT-
cs cuibHoe B3aumoacHcTeue. C ITOH UEIbIO aTOMHOE HAPO, KaK MH-
IieHb. 06.1y4aeTcs TNOTOKOM 4YacTUL ¢ 6OIIbHIOH KHHETHYeCKOH IHep-
TUCH.

DpdekTuBHOE CeueHHe AAEPHOI AN
o=—,
peakumm Non AZ

AN-—4YHCIO YaCTHL, BCTYNMHBILHX

B SICpHYIO peakumio; N, —IioT-

1 HOCTb NMOTOKAa B NApaslic/ibHOM RyY-
K€ YacTul, oO0Jiy4alolMX MHILIEHbL

. (KOJIHYECTBO YACTHL, NPOXOASIUUX 33
BpéMsa 1 ¢ "epe3 IUIOCKOCTh MOINa-

C | R
l l l 1‘ ll © b0 1 M?); AZ—TomuuHa MHILEHH

(5.15)

(uocraTo'mo manas), n— —~KOJIHYeCTRO
“agep mumenn B obbeme 1 M.
Puc. 5.14 Enunuub — KBagpaTHBll  MeTp, M%;
Takxe TPHUMEHSETCS BHECHCTEMHAs
enunnng 1 6apu=10"2% m?

DHeprus  peakuu "0 ... Qcpobo¥aeMas NPH KakAOM aKTe
AICPHOTO B3aUMOJCHCTBUA 3JHEPTHA.

JHepreTuuecknii nmopor peakunn  MHHMManbHas SHEPrus o6aydalommx
MHILEHb YacTHL, KOTOpas HeobXxoau-
Ma [UIA SECPHOrO B3aHMOACHETBHAR.

3aKOHBI COXpaHEHHsA TIpH A7epHBIX PeaKLHAX BHIONHAIOT-
- ) C 33KOHbI COXPAHCHHA: '

1) 3apsana;
2) Matchl — 3HEprum;
3) ummysbga; ’
4) MOMEHTA" MMIYJIbCA.
KpoMe yka3zaHHbIX 3aKOHOB COXpaHc-
HHA JI0JKEH BHINOHATLCA 3aKOH CO-
XpAHEHUS 6apuommx H JIENTORHBIX
uncen (cM. m.,10 ra. V), a Taxxe
apyrue cneuuq)uqecxue 3dKOHBI CO-
XPAHEHHUS.
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[MonyyeHue HCHTPOHOB

I'Ionyquue MO3UTPOHOB

SAnepubiii  poTo3dDdDEKT

JleTekTOp HEHTPOHOB

Peakuusi aHHUrUnALUU

[

TepMosiiepHas peakuus

JlesieHue TSDKENbIX AAEP

Puc. 5.15

DJIEKTPOHHBIN 3axBaT

Iamma-pacnan

2Be+%He—- L 2C+)n.

O6o3nauenne: 3Be(a, n)§2C.

Al+%He—32P+n,

27
13
9P 3SI+BT +v,.

JH+y-in+1p.

1°B+n—-JLi+%He.

O6o3uauenne: $°B(n, a)3Li.

IMeKTPOHa — No3uTpoHa: B~ +B* —
—2y; MPOTOHA — AHTHUIPOTOHA:
p+dont+nt+n +n +nl

CHHTe3 JIeTKMX S/Iep TNpH BBICOKHMX
(nopsnka 107 =108 K) Temnepatyp-
ax:

?d+3t—>3He+4n.

OHepreTuyeckuii ekt cocraiseT
17,8 MaB.

U+ -3 U- X +H0Y.
OG6pasyrouecs OCKoJkH saep, obo-
3HavyeHHble ycioBHO X M Y, BbiOpa-
CBIBAIOT OJIMH— IBa HEHTPOHA; He-
60JIbIIIOE KOJIMYECTBO HEUTPOHOB 00-
pa3ycTcs TpHM AENEHUM sAapa. DHep-
reTuyeckuit dGPexT Ha OAUMH HYKJIOH
COCTABJISET OKOJIO 0,8 MaB.

U3 obonoukn K (pexe uz obosouck
L, M) 3axBaTbiBaeTCi OJMH IJI€K-
TPOH; BHYTPH fApa TPOUCXOIHUT pe-
akuus

p+B —n+v.

SAnpo Bo30yxnaercs GombGapaupos-
KO vacTHuamu u QGoroHaMH; TpH
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nepexonc B OCHOBHOC COCTOSHHUEC H3-
JIYyYA€TCA TaMMa-KBAHT

FY*o4Y +y.

7. B3aumojeiicTBHe siZepHbIX H3JIyHeHHH € BelleCTBOM

an ABWXCHHUM YACTHIL B BCILUCCTBC NMPOUCXOAUT NOIIOUICHUC UX DHCPrUU
332 CYET B3AUMOICHUCTBUA C I ICKTPOHHBIMH 060.109KaMH | AIAPAMH
ATOMOB, TIpU DTOM [(IDOUCXO/AUT PACCEAHUC HACTUIL, A TAKKE HOHU3AIIUA
UM BO36y7K[(CHMC 4aTOMOB BCHICCIBA.

TOp\/iO)KCHMC JICTKUX HdCTHIL

RN

hv v8 hy  hv

Puc 5.16
\ v
i
e-
L
Puc. 5.17

Oc:1a6:1eHHC TIOTOKA  JICKTPOHOB

fMpu  B3aumoaeHCTBUM  1.ICKTPOHOB
1 NOIUTPOHOB C ST IPAMHU IPOUCXOJUT
X TOPMOXKCHHC. CONPOBOXIAEMOC
JICKTPOMAT HUTHBIM M3TYYCHHEM. KO-
1OPOC HABBIBACTCA 1MOPAO3IbIM . OHO
uvieeT creiowHon cnekrp. [lpu rop-
MOKCHUU OBICTPBIX YICKTPOHOB 0B-
pasyciCs  penineciogekoe U3 ueHue.
O6ime 1MOTCPU  HHCPTUM 34 CYET
U3JIYYCHUSI TIPY TOPMOXKEHUH HACTHL
Ha3BIBAIOTCA puduayuonneivu. Ecan
JHEPIHsi YaCTHLbLI IOCTATOUHA L%
BbIOWBAHUSA JIICKTPOHOB U3 BHYTDCH-
HUX CIOCB OOOJIOMKH aTOMA, TO
BO3HHMKACT XAPAKTCPUCTUHCCKOE PEH-
TIEHOBCKOE M3.IyUeHHE ¢ IMHEHYATBIM
cniekTpom. [lpu ABMKEHHH SICKTPO-
HOB B BCIUECTBE CO CKOPOCTAMM,
npeBblinaouMMU (Pa3oByl0 CKOPOCTh
cBeTa B HeM (T.e. korma u>c/n,
N —TOKa3aTeIb MpEIOMIIEHUS Belle-
CTBa), BO3HWUKACT u3.iyuenue Basu.o-
6a-— Yepenxosa. Yactb HTOoroe usmy-
YEHUS HAXOJIMTCH B [MANA30HE BU.IM-
MOTO U3:AYYEHHS W UMeeT CILIOLIHON
CIIEKTP. HO OCHOBHAS NOJISl €ro Tpu-
XO/MTCS Ha YIbTPahuOIETOBOEC H31Yy-
YeHHUe.

[MapanienbHbiii MY4OK ).1EKTPOHOB,
HMEIOIAX  OJHHAKOBYIO  JHEPIHIO,
B pe3yjibTaTe R22MMCIEHCTBHS C Be-
LCCTBOM MDPCBDAILAETCH B PACX018-



176 I'J1. V. CTPOEHUE ATOMA U DJIEMEHTAPHBIE YACTULIbI

Puc. 5.18

TopMoxeHHe HYKJIOHOB M siiep

n
. n /j/ /
n l /n
n /n
n
n
B
Puc. 5.19

Jnuna cpenxero mnpobera

LKACS TOTOK IEKTPOHOB, KOTOpbIE
MMEIOT pa3jiMyHble JHepruu. Yactb
3JIEKTPOHOB TOTJIOLIAETCS BELLECTBOM.
OcnabsieHue NOTOKA JIEKTPOHOB pac-
CYUTHIBaeTCA Mo GopmyJe

N=Nge #?=Nye FPZ, (5-16)

N,—TNOTOK BXOASAIIMX 3JIEKTPOHOB,
N —TOTOK BBIXOAALIUX IIEKTPOHOB,
Z— TONILUHKHA CJIOS, W — JIMHEHHBIN
ko3¢ duimeHT ocnabieHus, PpaBHbIA
1/zq (zo—paccTosiHHE, HA KOTOPOM
HOTOK ochabysercs B e pa3), p'=
=/ p— MaccoBbIH ko3 duumeHT
ocnabyiends (p—IUIOTHOCTb  BELLE-
CTBa MHILEHH); | UMeeT NpHOIU3H-
TEIbHO OJIMHAKOBBIE 3HAa4Y€HUS BO
BCEX BELIECTBAX.

["1aBHYIO poJib B TOPMOXEHUHM MIrpa-
10T HOHU3ALMOHHBIE TOTEPH, KOTO-
pble 3aBUCAT OT 3apsifa U CKOPOCTH
4acTHLL.

MapannenbHbl My4OK fAEp MIIM HY-
KJIOHOB, TIPOXOAs 4epe3  BEIeCT-
BO, TIPAKTHYECKM HE pacceuBaeT-
csa. HekoTtopas uacTb 3JeKTPOHOB,
BLIOUTBIX 4YacTHUaMu U3 00oJjouek
aTOMOB, MMEET JHEPTrHIO, J0CTATOY-
HYIO JUIf HWOHM3aUMU (BTOpHYHAS
HoHu3auus). BropuuHas HoHu3auus,
KaK TpPaBWJIO, NPEBBIILIACT TIEPBHY-
HYIO0. -

CpenHee pacCTosiHME, KOTOpPOE€ Npo-
XOMUT SApO B BELIECTBE.

Hnuua cpennero npobera o-4acTHIL
(B MeTpax) B BO3JyXe NpH HOPMallb-
HBIX YCJOBHSIX PACCYMTBIBAETCA MO
dopmyie:

Ry=3,18-1073E3/2,

E—»oHeprus B npenenax ot 4 1o
7 M3B.
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Tornowmenne y-u3Jy4yeHUus Oc.1abnieHue MOTOKa Y-H3JIy4eHUs pac-
cyuThIBaeTCs Mo ¢opmyse
rrzvz opmy

I i I j I I=Ige " 2= e *PZ, (5.17)

I—nmnoToK Ha BbIXOJAE U3 MHIICHH,

V 'A ~ , I,-—NOTOK Ha BXOAE B MHILEHb,

/ U W — JHHEeHHbIA Ko3hdHuMeHT ocnab-

$7 ir JieHus, p' = /p—MaccoBbiit K03 du-
UMEHT ocjablieHHst (CM. BBIILie)

Puc. 5.20 |,l=0'+f+)(,

O, T, ¥ — JIMHEHHbIE  KOIPPULIHEHTHI
ocnabieHns, yYUMTHIBAIOIIME pacces-
_HHe, TOTJIOLEHHE SHepruy npu ¢oTto-
3<b<beKTé, a TaKxe Npu oOpa3oBaHUU
JIEKTPOHOB M TO3MTPOHOB.

8. Exunuusl pamMoakTHBHOCTH
H HOHM3HMPYIOLMX M3.TyYeHHil

AKTHBHOCTH pPaaAMOaKTHBHOIO MC- Kosuyectso pacnaBiUxca d4A€p 3a
TOYHHUKA BpeMs lc

A=AN/At, (5.18)

AN — KOJIMYECTBO pacHaBLUINXCS AOep
3a Bpems At

Enununa: Gekkepenb, bBk.
Bekkepesb paBeH aKTHBHOCTM MCTOY-
HHKa, B KOTOpoM 3a Bpems |c¢
npoucxonut | pacnan.

IMornowcHHas no3a u3jyyeHus DHeprus, norjouaemass Maccoi | xr
JIAHHOTO BEIIECTBA.
Enununa: rpoit, I'p.
1 rpaii paBeH Tako#il NOIJIOLIEHHON
03¢ W3JIyYeHHs, NPH KOTOpOH Be-
11eCTBO Maccoil 1 Kr MOTJIOIAET 3He-
pruto 1 JoKoyJib.

MOUIHOCTb TOTSIOMEHHOH 103bI IMornoweHHas fo3a M3JIy4YeHHs 3a
Bpems 1 c.
Enununa: rpoii B cekyHay, I'p/c.

Kosddunuent kavectna [1pu OnMHAKOBBIX MOIJIOLIEHHBIX HO-
3aX pa3jIMYyHbIC BUIbI H3.1y4EHUS TPO-

11 W. Kourkux
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M3BO/IAT PAa3JIMYHbIE OHOIIOrMYECKHE
BO3/CHCTBUA Ha XUBbIE OPraHU3MBI.
Ko>bduuneHT. mnokasbiBaromuii, Bo
CKO:IbKO pa3 pa/iialliOHHas omnac-
HOCTb JAHHOTO W3ily4eHus Oosibiie
MO CPA4BHEHHMIO C PCHTTEHOBCKMM H3-
JIYYEHMCM TIDH OJMHAKOBBIX TMOTI0-
IIICHHBIX 033X, Ha3bIBACTCH KOIP-
PuyueImom Kauecmea U3.1vuenus.

Byt nsiydenus Q

PeHTI€HOBCKOC M [AMMA-H3JIyYCHHE

"JICK TPOHBI, MO3UTPOHBL. OC1d-H3.TyUeHHUC
[Mporousr ¢ sHeprueit menbwe 10 MdB

Heitipodbt ¢ oHepincii menbiue 20 k3B
Heditponst ¢ sdepinen 0.1--10 M1B

10
3
10

Azbba-u3ayuenue (¢ dHeprueit Mcubue 10 MoB) 20
[sokesble  sapa 20
DKBUBAsIEHTHAS jl03a u3iydenus  H=DQ. (5.19)

0 - kodpdHuMeHT KayecTBa. D - no-
rIOIUEHHAS 1032 M3.IyYEeHMS.
Eaununa: 3uscpt, 3B.

| 34BEpT -~ MOrJIOIIEHHAS 1034 U3.1Yy-
yeHHus TpH KodPPHUUMCHTE KavecTBa
u3;yyenus Q=1.

Mcrosp3yeTcs BHECUCTEMHAS €lMHH-
ma: 1 63p=0,01 3UBEPT.

9. dynjaMeHTAIbHbIE B3aNMOJIEHCTBHSA

U3syyaemble B (Qu3MKe B3aUMOOEHCTBUS MOXHO CBECTH K

HY€TbIPpEM

(byH}IaMeHTaJ'leblM B3aUMOJICHCTBUSAM: CUJIBHOMY, JJIEKTPOMATHUTHOMY,

c;1aboMy, TpaBUTALMOHHOMY.

CuiibHOE B34UMOICHCTBHE

& e

Puc. 5.21

K cusibHOMY B3aMMOJEHCTBHIO OTHO-
CATCS SAEPHBbIE CHJIbI, KOTODbIE TPU
HE CJIMUIKOM BBICOKMX TeMINCpATypax
obecneyuBarOT TUPOYHBIE CBA3M MEX-
Ay HYKJIOHAMHM; ITH CBS3U BbI3BAHBI
0OMEHOM T-ME30HAMH -— YaCTULLAMH
¢ Maccowo mnokos oxono 300 MHB
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(n. 10 ra. V). HCTHHHO CHJIBHBIM
B3aUMO/ICHCTBHEM SABJISETCH B3aUMO-
[IeWCTBHE MeEXIy KBapKaMH MOCpe.-
cTBOM oOMeHa TIFOOHaMH (CM. Ta-
OMLy HUXe).

DJIEKTPOMAarHuTHOE B3aUMO-  B3aumopeilcTBHe 3apsikeHHBIX 4a-
Z[eHCTBHE CTHIl TOCPEACTBOM 3J€KTPOMATHUT-
HOTO 1NOJf; OHO OOYCJOBJIEHO 00-
0 '
MeHOM (OTOHaMH.
Puc. 5.22
Cnaboe B3aumopeiicTue OHO CBOICTBEHHO BCEM YacTHLIAM
5 e- U 00ycIIOBJIEHO OOMEHOM HPOMEXY-
. TOYHBIMU 0O030HaAMM; NPUMEPOM SB-
o o o sasetcs B-pacnan.
Puc. 5.23
I'paBuTaumonnoe  B3ammoseiict-  TlpumepoM sBIsieTCA TFpaBUTALMOH-
BUEC HOE B3aUMO/IEACTBUE MEX]Yy TeJaMH
(cM. . I . 18); oHO oObBsAcHSeTCH
IpaBumor(?) 0OMeHOM rpaBuTOHaMH. OCHOBHBIC
XapAKTePUCTHKH  (YHIaMEHTAJIbHBIX
B34UMOAECHCTBHII NMPUBOAATCA B Tab-
Puc. 5.24 JIMLE.
OCHOBHBIC XaPaKTEPHCTH- Cunibnoro D:1eK1po- Csaboro I'paButaunon-
KH B3dHMOJCHC I BHI : MarHuTHOTO HOTO
Paauyc B3anmo- 10712 o 1077 o
NeHCTBHA, M P
WnTtencus- 1 1/137 10710 107'°
HOCTb
Yacruusl, obycnasiu-| Iroonb, DoTOHbB Bo3zonbl (npo-| I'paBuTOHBI
BAIOILUME B3aHMOACH- | TN-ME30HBI MEXYTOYHbIE) ?
crsue
Maccbl mokos 4acTvu,| riwoHa-0 0 100 I'>B 0
mc? T-ME30Ha ~
~300 MaB
CnuH 4acTHL h h h 2h
Bpems ku3R4, ¢ (xa- 10723 10-2¢ 10710 HewseecTHo
pakiepHOe BpemMs)

12*

=
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10. DnemMeHTapHble 4HacTHIBI M MX Kiaccnpukanms

JeMEHTapHBlE B TOYHOM CMBICIE OJTOrO CJIOBa-—3TO TMEPBHYHBIE,
HEPA3JIOXKUMbIE YACTUIIbI, M3 KOTOPBIX MOCTPOEHBI BCE BELIECTBA.

B Hacrosiiee BpeMs ITOT TepMHH npuMeHseTcs s obo3Haue-
HUS  OOJILIIOW TrpYyNNbl MHKPOYACTHI, KOTOpble HE SABJISIOTCH aTo-

MaMU HJIKd  HX dJpaMHu.

UckntoueHne npeacTaBiser MNPOTOH, KO-

TOpblﬁ ABJIACTCA H 3J'leMCHT'de0ﬁ qacTUUed, U AApOM JIETKOr0 H30TOoMa

BOOpOaA.

YacThubl ¥ aHTUYACTHUIIBI

Puc. 5.26

Bo3oHbl U (epMUOHBI

AZIpOHBL: HYKJIOHBI, [UMEPOHBI,
T-ME30HbI

BoJIBLIMHCTBO 3IEMEHTApHBIX YACTHIL
CYILECTBYET B JIByX Pa3HOBHHOCTSX.
OnHy U3 HHX, 4alle BCEro BCTpeyaro-
[iylocs B OKPYXawolEeM Hac MHpe,
Ha3bIBAIOT uacmuyeti, BTOPYIO —ee
anmuuacmuyeti. OCHOBHOW OTJIHYH-
TeJIbHOH OCOOEHHOCTBIO Maphbl 4acTH-
1a — aHTHYaCTHLA SABJIAETCS PEaKLs
AHHUTWIAUMM  (MCYe3HOBEHUS) — pe-
aKuMs TpeBpaLICHMS HX B JpYyrue
¢dopmbl MaTepuu (puc. 5.25).

YacTHua ¥ ee aHTHYACTHLA HMEIOT
OJIMHAKOBbIE MACChl, CIIUHBI, BPEMEHA
XKH3HM M PaBHbIE MO MOXYJIIO IJIEKT-
pHUECKHe 3aps/bl; OMHAKO HANpaBJie-
HHSl CTIMHOBBIX M MAarHMUTHBIX MOMEH-
TOB, 3HAaKH JJIEKTPHYECKUX 3apAAOB,
a Takke OAPHOHHBIX M JIENTOHHBIX
4HCes NMPOTUBOMOJOXHHL (pHUC. 5.26).

CoOCTBEHHBI  MOMEHT  HMIyJbca
YACTHIIbl (CMHH) MOXET ObITh LEJbIM
WIK [onyuensiM (B eguHHumax h).
YacTuusl, KOTOpble HMEIOT CIHHBL,
pasubie 0, A, 2/ ¥ T. 1., HA3LIBAKOTCH
0030HamMu; YACTHUBI C TOJYLEJbIM
CIIMHOM HAa3bIBAIOTCA depmuonamu.

Ilo BUOaM B3aUMOAEHCTBHI, B KOTO-
PBIX Y4aCTBYIOT YACTHUIbI, UX MOAPA3-
JIEJIMI0T Ha 4eThipe kiacca. K HacTo-
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JlenToHbI: 27€KTPOHBI,
M-ME30HbI, HEHTPUHO

DOoTOHBI

I'paBuTOHBI

TNO3UTPOHBI,

ILIIEMY BPEMEHH JKCMEPUMEHTAJIBLHO
MOATBEPKACHO CYLLECTBOBAHUE TOJIb-
ko Tpex kyaccoB. K mepBomy kmaccy
YaCTHL, NOJYYUBLIMX Ha3BAHHE anpO-
HOB, OTHOCSTCSI 4aCTHILbI, Y44aCTBY:O-
ILMe BO BCEX BHAAX (yHIAMEHTANb-
HbIX B3auMoneicTBuil. B 3ToT Kiacc
obbeauHsIOTCs OApUOHBI U ME3OHBI.
BapuoHbBl UMEIOT MOJyuesble CIHHBI,
a ME30Hbl — LEJIOYUCIICHHBIC CIHHbI.
IMpunanaexHocTs kK 6apMoHaM OTMe-
4aeTcs TNPHCBOCHHEM OApPHOHHOro
«3apsana» (4dcia), paBHoro +1 ass
H4aCTMLl MU — 1 19 aHTHYaCTHIBI.
Jnst Me30HOB OapHOHHbIH 3apsn pa-
BCH HYJIIO.

K OapuoHaM OTHOCATCS HYKJIOHBI H
6oJiee TSOKENbIE YACTHLbI, pacnajaro-
IMecs Ha HyKJIOHbI. Tsxenble 6apuo-
HbI, Macchl KOTOpbIX OOsblile Macchl
HYKJIOHA, Ha3bIBalOTCH TUIEPOHAMHU.

Bo BTOpOIi Kilacc 06BEANHAIOTCS Hac-
THLbI, HE YYacTBYIOUIME B CHJIbHBIX
B3aMMOJEHCTBUAX, HO CHOCOOHBIE K
TPEM OCTaJbHbIM; OHH HA3bIBAIOTCHA
nentoHaMmu. [IpHHAMIEXKHOCTL K 3TO-
My KJIacCy 4acTHIl OTMEYaeTcs MpH-
CBOGHMEM KaXIOMY WJIEHY JIENTOH-
HOTO «3apsna» (4Mcia)— s  yac-
™ML + 1, a8 aWTHyactan —1.

K TperbeMy Kjaccy 4acTHll, y4acTBY-
IOIIMX B IEKTPOMATHUTHBIX M Ipa-
BUTAIIMOHHBIX B3aUMOAEHCTBUSAX, OT-
HOCATCH (DOTOHBI.

CyluCCTBOBaHHC FPaBUTOHOB IJKCrE-
PUMEHTAJbHO HE TOATBEPXKIAEHO.
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11. OcHoBHbI® XaPAKTEPHCTHKH 3JEMEHTAPHBIX YaCTHI

Q —3apaa, my—macca nokos, J—cnuH, B—0OapHoHHOEe uHCIO, S—
CTPaHHOCTb, T-—CpE/IHEE BpEMS >KH3HH.

Cpennee Bpe- THnuYHbIE

Yacruua, cumeos Q, e ‘my, J, K B S Ms XKH3HH MNPOAYKThI

. MsB T, C pacnajga
T'uneponbr:
KCH-MHHYC- -1 (1319 12 | +1 | =2 2-1071° - +A
rMOEpoH, E~
KCH-HYJIb- 0 | 1311 1/2 | +1 | =2 | 2-1071'° o+ A
runepon, E°
CHrma- —1 |19 | 172 | +1 | =1 | 1,6-1071° m-+n
MHHYC-
THNEpOH, Y.~
curma- 0 (11921 172 | +1 | —1 1020 v+A
HYJIb-
runepoH, ».°
cHrMma- +1 (1190 | 1/2 | +1 | —1 | 0,8-1071° T+t +n
TUIIOC- no+p
ranepox, y *
nambna- O |15 12 | +1 | —1 | 1,5-107° n-+p
TUNepoH, A
Hyxkaonbi:

HEUTPOH, N 0| 940 172 | +1 0 1,0-103 e +v+p
MPOTOH, P +1 ] 938 1/2 | +1 0 | Crabunen

Me3onvr:

Ka-HyJIb- 0| 498 0 0| +1 1-10710 LA

me3oH, K° WK n®+n°

6-1078 m¥+u +v

{!.1 Ttv

Ka-TuIoc- +1 494 0 0 +1 12-10°8 )

me3oH, K™ rtn

NH-TUTIOC- +1 140 0 0 0] 26-1078 nt+v

Me30H, Tt

NH-HYJIb- 0| 135 0 0 0| 81077 Y+

me30H, n°

domon 0 0 1 0 0 | CrabGunex

Jlenmonbi:

Mio-MUHYC- | —1 106 | 1/2 0| — [226:107¢ | e" +v+V

ME30H, M~

3nexTpoH, e | —1 |0,511 1/2 0 — CrabuiieH

HEHTPHHO, V 0 0l 172 0| — »
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12. KBapku H CTPyKTypa aJpoHOB

CBoiicTBa aAPOHOB M MX MNPEBPALIECHHS MOXHO OOBACHATH, €CiM AOMyc-
TUTb, YTO OHM COCTOAT M3 0oJlee «INEMEHTAPHBIX» YACTHI, KOTOpPbIE
Ha3bIBAIOTCS KBUPKAMU.

K HacTosieMy BpeMEHH M3BECTHBI LIECTb COPTOB («apOMATOB») KBapKOB
(u, d, s, ¢, b, t). KaXkmblif U3 KOTOPBIX CYUIECTBYET B TPEX «IIBETOBBIX»
Pa3sHOBHIHOCTAX («KEJTBIN», «CHHUM», «KpacHbIH»). KBapku umeroT
nonyueabit cnuH. CBOWCTBA, KOTOPBIMH HAanejCHbl KBAPKH, HEOOBIYHBI.
JlonyckaeTcss BO3MOXHOCTb CYLIECTBOBAHHS IPOOHOTO 3JIEKTPHYECKOTO
3apsna M OapUOHHOTO 4HUCIA.

KBapku

XapakTepHCTHKH

u d s c b t
DJeKTpHYeCKHit 2/3 —-1/3 —1/3 2/3 —1/3 2/3
3apan, e
BapuorHOE Y- 1/3 1/3 1/3 1/3 1/3 213
cio B
Cnuy, h 1/2 172 12 172 1/2 1/2

KpoMe yka3aHHBIX XapaKTEPUCTHK KBApKH OTJIMYAIOTCH KBAHTOBBLIMH
4HCIIaMH, KOTOPbIE Ha3bIBAIOTCA «O4apOBAHMEM»; KBADK ¢ HMeeT O4apoBa-
Hue + 1, ocTajibHble — HYJb.

CtpykTypa OapuoHOB (npenamoJyia- bBapHOH COCTOMT M3 Tpex KBapKOB,
raemas) . cienoBaTeibHO, OapHOHHOE YHCIIO
B=1. Dnextpuueckuit 3apsn Gapuo-
HOB ONpENeNieTCs CyMMAapHBIM 3jie-
KTPHYECKHM 3apSOM BXOASUIAX B
€ro cocraB KBapkoB. bapuoHHOe yuc-
J0 Me30HOB B=0, no3toMy oHH 06-
pa3yloTcs M3 Tapbl KBapK — aHTH-

KBapK.
CTpykTypa HYKJIOHOB (mpeamnoJia-
raemasi)
- OpuenTauus
HyxsioHbl Cocras DieKTpHYECKHE 3apAMLI KBAPKOB, € CNHHOB
ITpoton uud 2/3, 2/3, —1/3 111
Heiirpon udd 2/3, —1/3, —1/3 ’ Tl




CrnpaBoynble Ta0MIbI

Tab6nauua 1. KunemaTHyeckHe napaMeTpbl IJIaHET

IMepnon obpawenns Bokpyr ConHua T, nepuon obpaieHus BOKpyr ocu T,
opOUTabHAS CKOPOCTb Uy, CKOPOCTb OCBOOGOXACHHS U

Inanetst Teo T T, Vo, KM/';: v, KM,C
Mepkypuit 0,241 59 cyt. 48,8 43,
Benepa 0,615 243 cyT. 35.0 10,3
3emuts 1,00004 23 456 mun4 29,8 11,16
Mapc 1,881 24 437 muu22 ¢ 242 5,0
IOnurep 11,86 9 451 Mun 13,06 57,5
CatypH _ 29,46 10 4 14 mun 9,65 37
VYpan 84,01 10 449 mun 6,78 22
Hentyn 164,8 15 440 mMun 5,42 25
Iayton 250,6 6,4 cyT. 4,75 10
Jlyna (Cnytauk 3emum) [ 24 cyt.7u43 munll c 1,02 2,37

g

Ta6nuua 2. Ilepsas H BTOpasi KOCMHYECKHE CKOPOCTH
Ha pa3iM4HbIX BbicoTax H

H, 103 km [v,, xm/c| v, kM/c || H. 10° kM pp,. km/clp,. km/c|| H. 103 kM Jv,, km/clr,, kM/c
0 79 11,19 5 592 | 837 30 3,31 | 4,68
0,5 7,62 10,77 10 493 | 6,98 40 294 | 4,15
1 7,35 10,40 20 3,89 | 5,50 50 2,66 | 3,76
2 6,90 9,76

Ta6nuuna 3. IMepuons!

H—cpenusas BbicoTa obOpallieHHs

obpamiennss 7 CNyTHHKOB 3emuin

H, xM T, 4 H, Kb;{ T, 4 H, xMm T, u

0 1,41 1000 1,75 5000 3,35
250 1,49 1500 1,93 10000 5,78
500 1,58 1690 2,00 lI 35800* 23,935
750 1,68 2000 2,12

*) BbicoTa, Ha KOTOpO#H OpOHMTajbHas YrjoBas CKOPOCTb CHYTHHKA DaBHA YIJIOBO#
CKOPOCTH TOYEK MNOBEPXHOCTH 3eMJH; B JTOM Clly4ae CIYTHHK HAaXONHTCS Hal

ONHOH M TOH XKe TOYKOH 3eMHOH MOBEPXHOCTH.
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Ta6nuua 4. JuHaMuvecKkne XapaKTePHCTHKH ILIaHET
CouHeuHoii  CHCTeMBI
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Paccrosune ot CosHua D, 3KBaTOpHaJbHBIA paguyc IUIaHeTHl R, IUIOTHOCTH
BEILECTBA ILIAHETHI P, YCKOpEHHE CBOOOAHOro MajeHus g Ha MOBEPXHOCTH ILUIAHETHI,

macca M
Heéécﬂoe Teno D, 10'°m R, 10°m |p, 103 xr/M3| g, m/c? M, 10%* kr
Connue — 696 1,41 274 1,99-10°
Mepkypuii 5,79 2,43 5,59 3,72 0,33
Benepa 10,8 6,05 5,22 8,69 4,87
3emuis 14,96 6,378 5,52 9,78 5,976
Mapc - 22,8 3,39 3,97 3,72 0,645
IOnurep 77,8 70,85 1,30 23,01 1899,3
CatypH . 142,7 60,1 0,71 9,44 568,4
Vpan 286,9 24,6 1,47 9,67 86,8
- Hentyn 449,7 23,5 2,27 15,0 103
Inyrou 594,7 2,2 10,4 8,0 1,1
Jlyna 0,03844 1,737 3,34 1,62 0,0735
(ot 3emuin)
Tabnuuma 5. HanpsikeBHOCTh 3€MHOr0 MNOJIi THATOTEHHS
(ycxopense CcBOOOJHOrO NajaeHHsl) Ha YpoBHe Mopsi
Hupoia g, m/c? Mupora 2, Mm/c?
0° 9,78050 55,45° (Mocksa) 9,81523
10° 9,78186 59,57° (JIenunrpan) 9,81908
20° 9,78634 60° 9,81914
30° 9,79321° 70° 9,82606
40° 9,80166 80° 9,83058
50° 9,81066 90° 9,83216

Tab6nuua 6. IlaoTHocTH, MOZYIAH YNPYrOCTH
1 xo3dpuunentnr Ilyaccona

p—miaotHocTh, E—wMmoaynbs HOHra, C—wmonynp capura, v—koddduuuent ITyac-

coHa
Martepuan p. 103 kr/m3 E, 10°a C, 10° ITa v
AsroMuH#M 2,7 63—70 25—26 0,32—0,36
beron 2,2 15—40 7—17 0,1—0,15
BucmyT 9,8 32 12 0,33
I'panut, 2,8 35—50 14—44 0,1—0,15
Mpamop
MopamoMu- 2,79 70 26 0,34
HHUHA
HWnsap 8,7 135 55 0,25
Kayuyk (HaTyp.) 0,9 0,008 0,003 0,46
Ksapu (H4TB) 2,65 73 31 0,17
Koncranrtan 160 61 0,33
JlaTyHb X 89—97 34—36 0,32—0,42
Mens 8,7—38,9 82—127 45 0,35




186

CIMPABOYHBIE TABJIULbI

IIpoooaxcenue
Martepuan p, 103 kr/m? E, 10° IMa C, 10° Ma v

Hukenb 8,9 204 79 0,28
Inekcurmnac 1,18 5,25 1.48 0,35
Pe3una 1,2 (1,5-5)-107% (5—15)-107* 0,46—0,49
Cauney 11,3 16 5,7 0,44
Cepebpo 10,5 82,7 30 0,37
Crans 7—17,9 195—205 80 0,25—0,30
CrexJi0 2—2,5 49—78 17,5—29 0,2—0,3
Turau 4,5 116 44 0,32
Yyrys 78 100—-150 44 0,23—0,27

Tab6nuua 7. [11oTHOCTE BOAbLI M PTYTH MPH Pa3IHYHBIX TeMmepaTypax

t, °C |p, 103 kr/mM3 |l 7, “C |p, 103 kr/mM3 || 1, °C |p, 10° xr/™m* t, °C [p, 103 xr/m®
a) ITnomnocme 800b1
—10 | 0,99815 6 0,99997 50 | 0,98807 250 0,794
— 51 0,99930 7 0,99993 60 | 0,98824 300 0,710
0 | 0,99987 8 0,99988 70 | 0,97781 350 0,574
1| 0,99993 9 0,99981 .|l 80 | 0,97183 374,15% 0,307
2| 0,99997 10 0,99973 90 | 0,96534
31 0,99999 20 0,99823 100 | 0,95838
4 | 1,00000 30 0,99567 150 | 0,9173
5 1 0,99999 40 0,99224 1 200 | 0,8690
6) ITnomnocme pmymu (npu HOpMAAbHOM OageHuu )
0 13,5951 25 13,5335 50 13,4723 75 13,4116
5 13,5827 30 13,5212 55 13,4601 80 13,3995
10 13,5704 35 | -13,5090 60 13,4480 90 13,3753
15 13,5580 40 13,4967 65 13,4358 100 13,3514
20 13,5457 45 13,4845 70 13,4237 300 12,875

* Kpurudeckas TeMIepaTypa.

Ta6nuua 8. [laoTnocrs razos npu 0 °C M HOPMa/ILHOM [JaBjleHHH

Bewuecrso p, xr/m3 BeinecTBo p, kr/m3
Asor 1,251 Heon 0,900
AMMHaK 0,771 O30H 2,139
AproH 1,783 Okuch yrieposaa 1,25
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Tabnuua 9. Kodppaumentsl Tpenns

Conpukacatoiuecs Tpenue nokos Tpeune cko:ibxeHus. f
NOBEPXHOCTH fo
cyxoe CO CMa3KoH c sonuugﬁ
CMa3KkoHn

Cranb — cranb 0,15 0,1 0,01 —-
Merann — nepeBo 0,5—0,6 0,4—0,5 0,03—0,08 0.25
JlepeBo — nepeBo -10,6—0,7 0,3 0,1 —
Koxa—uyryn 0,5—0,6 0,2—0,3 0,12 0,28
Koxa — nepeBo 0,4—-0.5 0,2—0.,3 — —
Cranb— nen - — - 0.014
Illrna aBTOMOGMAS — [0,55 0,3 0,15 —
acanbT

Koapduunentol Tpenns kauenus f, (cMm):

METAJ/UIMYECKOTO AMCKA MO METAIIIY ..oooriiiiniiiiiiceiienieeeeareseesaeeeanes 0,001 —0,002
KOJIECA CO CTajlbHbiM OaHIAXEM MO CTATLHOMY PEILCY ..occooenen.... 0,005
IIHMHBL aBTOMOOMNS no acdanbTy (ckopocTb 80 KM/4) .....cccceeeeee. 0,02

Koadduunenr cuensenus wmuHbl aBTOMOGOHIS \:

HAa CYXOM aCQAIBTE ..ocoeooeveieeniieenennenns 0,7--0,8
HA MOKPOM acCasbTe .....ccoccevvvevvenennee. 0,1--0,2
Ha cyxoM OeToHe ...... 09—1,0
Ha MOKpom OecToHe .. 0.8-—-0,9
Ha CyXOH TIpYHTOBOH jopore ... . 04—0,5
Ha MOKpPO#H [DYHTOBOH AOpOre .............. 0,3—0,4

Ta6bnuua 10. KoddpuunenTol oTpaxkeHHst 2BYKOBLIX BOJIH
NOJIMPUBAHHLIMH TOBEPXHOCTEMH MeETAJLIOB
npH HOPMAJLHOM mnaxenuH, %

Maiepua.i Asomunuii | Boaa Me Huke.ib Piyrs Craam Crex.10
ASIIOMHHHA 0 72 18 24 1 21 2
Bona 0 87 89 75 88 65
Measb 0 0.8 13 03 19
Hukens 0 19 0,2 34
Pryth 0 16 4
Cranb 0 31
Crekno 0

NMpumedanne. KoappuuverTsl OTpakeHHs 1IPH nepexose M3 OXHOH —Cpelbl
B APYrylo ¥ OOGpaTHO OyiyT HMeTh ONMHAKOBbLIC 3HAYCHHS.
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Ta6nuua 11. Koddpdnuuent noraomenns 3Byka B Bozayxe o, 1072 m7!
npu 20 °C
OTHOCH1E.IbHAS B.IAXHOC1b BO3ayxa, %
Yacrora, xI'n
10 20 40 60 80
I 0,13 0,06 0,03 0,03 0,03
2 0,47 0,23 0,10 0,09 0,08
4 1,27 0,82 0,38 0,24 0,20
6 1,87 1,61 0,84 0,54 0,39
10 2,53 3,28 2,20 1,47 1,08

Ta6nuua 12. CpoiictBa 3emiin Ha pa3sHbIX TIJIyOHHAX H CKOPOCTH
ceiliCMHYeCKHX BOJIH

H, xm | p, 10° kr;m? r,. KMjc vy, KM/C p. Ma g. M/c?
33 3,32 8,18 4,63 0,9 9,85
100 3,38 8.18 4,63 3,1 9,89
200 3,47 8,29 4,63 6,5 9,92

\ 500 3,89 9,65 5,31 17,4 " 9,99

1000 4,68 11,42 6,36 39,2 9,95

2000 5,24 12,79 6,93 88 9,86

4000 10,8 9,51 - 240 8,00

5000 11,5 10,44 - 318 6,13

HpuMeyanune. MexaHH4YeCKME BOJIHbI, DPACHPOCTPAHAIOLIMNECS B TOJILE 3EMHOM
KOpBI, Ha3bIBAIOT celicmuyeckumu. CeiCMUYECKHE BOJIHBI MOTYT ObITb KaK MpPOAOJib-
HbIMH U; (BOJIHBI C)KAaTHs), TaK M IONEPEYHbIMM U, (BOJHBI CIOBHMIa); yKa3aHbl

[UIOTHOCTb P, NdBJIEHHE p, yCKOpeHue g, riaybuna H.

Tab6auna 13. CkopocTb 3Byka B ra3ax NpH HOPMAJILHOM aBJICHHH

a3 1, C v, M/c %, M/(cK) las t. C r, M/c a, Mi(c-K)
Aszor 0 334 0,6 Teanit 0 965 0,8
AMMHAK 0 415 -— Kucnopoa| 0 316 0.56
Bonopon 0 1284 2,2 Vriekuc- 0 259 0,4

Jbli ra3
BonsiHoii 134 494 —
nap
Bo3nyx 0 331 0,59 Heon 0 435 0,8

IIpuMeyanue. CKOPOCTb 3ByKa B ra3ax NpPH MOCTOSHHOM 14BJIEHMH YBEJIMYMBAETCS
C MOBbIllIEHHEM TemmepaTypbl. Jliasi pacuera CKOPOCTH NPH IPYTMX TeMIepdrypax

NpHBEACH TeMNepaTypHbI KO3h(UUMEHT CKOPOCTH 2.
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Tab6nuua 14. CxopocTh 3Byka B TBEPAbIX H30TPONHLIX MaTepHaax
npn 20 °C

Marepuan te, M/C | vy, M/C | v,, M[c MaTtepuan vy, M/C | vy, M/c | vy, M/c
AnroMuHHI#H 5080 | 6260 3080 || ITosmctupon — 2350
Tunc — 4970 2370 || ITpobka 500 — —
XKeneszo 5170 | 5850 3230 |[Pe3una 46 1040 27
Kayuyk — 1479 — Caunen 2640 3600 1590
JlaTyns 3490 | 4430 2123 || Cranb yrne-
Jlen 3280 | 3980 1990 || ponucras 5050 6100 3300
Menb 3710 | 4700 2260 || Crekao
Mpamop — 6150 3260 ||xBapueBoe | 5370 5570 3515
Hukenb 4785 | 5630 3969 || Crekno 3490— | 3760— | 2220—
OsnoBo 2730 | 3320 1670 5300 5660 3420
Ilecua- — 3700— — ®dapdop 4884 5340 3120
'HEK 4900 6onuT 1570 2405 —
ITnexcurmnac — 2670

IIpumedaHue. v,—CKOPOCTh 3BYKa B CTEPXHAX, U;— CKOPOCTb IPOMOJIbHBIX
BOJIH, U, —CKOPOCTb IONEPEYHbIX BOJIH.

Ta6nuna 15. Yiaenbanie Tena0eMKOCTH c,, TEIIOTH MIABJIEHHA A,
TEWIOTHl Napoo0pa3oBaHust r, TEMNEPaTypbl IUIABJICHHA !,
H KHICHHS [

Beuecteo Cp A, tans Txns r
xx/(xr - K) tos °C xx/xr °C kJx/xr
AnoMUHHEA 0,88 658,3 322—394 2300 9220
AueroH 2,18 —94.3 96 56,2 524
Benson 1,705 5,5 127 80,2 396
BucmyTt 0,13 271 50 1560 855
I'nunepun 2,4 — 176 290 825

Tepmanmuii 0,31 958 478 2700 —
XKeneso 0,45 1530 293 3050 6300
305010 0,13 1064,4 66,6 2800 1575
Kanuii 0,763 64 » 60,8 760 2080

Jlatynb 0,38 900 — — —
Jlen (Boma) 4,19 0 334 100 2260
Jlutnii 4,40 186 628 1317 20500
Marnui 1,3 651 373 1103 5450
Menn 0,39 1083 214 2360 5410
Harpuii 1,3 9,8 113 883 4220
Hadranun 1,3 80,3 151 218 316
Hukesb 0,46 1452 243—306 3000 7210
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IIpoooaxncenue
Beectso [ A, [ A r,
xk/Jx/(xr - K) th, C kJx/kr “C k/JIx/xr
Os080 0,23 2319 59 2270 3020
Prytb 0,138 —38,9 11,73 356,7 285
Csunen 0,13 3273 22,5 1750 880
Cepebpo 0,235 961,9 88 2184 2350
Cnupt 3THNO- 2,43 —114 105 78,3 846
BbIH
Cmnag Byna 0,17 65,5 35 — —
Cranb 0,46 1300—1400 205 — —
Tonyon 1,73 —95,1 72,1 110,7 365
Yyryn 0,50 1100—1200 96—138 — —

TaGnuna 16. Temneparypuntii ko3pduuEenT AMHELI o

TBepALIX H30TPONHBIX TeJ NpH Temmeparype okono 20 °C

Beimecrso o 10°4K™! Bemectso a, 1074K™!
Anmas 0,91 Jlea (ot —10° mo 0° C)f 50,7
AIOMHHHR#H 229 Marnni 25,1
Bpousa 17,5 Mens 16,7
Bunmiact 70 Heiizunbbep 18,4
BucmyT 13,4 Hukens 13,4
Bonbdpam 43 OnoBo 214
I'pannt 8,3 IMnaTusa 89
Hepeso (BOOJbL BOJIO- 2—6 IInaruHO-UpHAMEBHIH 8,7
KOH)

Hepeso (momepek BO- 50—60 CauHen 28,3
JIOKOH)

IropanroMuBHi 22,6 Cranb, nepxaserouas 9,6—16,0
XKene3zo koBaHOe 11,9 Cranb yraepoaucras 11,1—12,6
»  JIMTOE 10,2 Crexyio 0obOblYHOE 8,5
305010 . 14,5 —»— MHpPEKC 3,0
Husap (36,1% nukens) 0.9 Vrnepon (rpadur) 7,9
Wpuanit 6,5 ®dapdop 3,0
Ksapn (ruiaBreHbli) 0,5 Husk 30,0
Kupnuunas xnanka 5.5 LlemenT H OeToH 12,0
KoHcrautan 17,0 Yyryn 10—12
Jlatynb 18,9 00HHUT 70




CNPABOYHbBIE TABJINLIbI

191

Tabauua 17. OTHOCHTe/IbHOE H3MeHeHHe 0o0beMa NpH MJIABJECHAR

Bewecrso AVIV, % Berectso AVIV, % ‘
Amommmﬁ. 6,6 Meanble cniaBbi 3,0—4,5
ANIOMHHHEBDBIE CILIABBI 4,5—59 Harpuit 2,5
BucmyT -332 Onoso 2,6
Tanuui -3 PryTs 3,6
3os10TO 5,19 CauHen 3,6
Wnawi 2,5 Cepebpo 4,99
Kaamuii 4.74 Cranps yrnepoaucras 4,5—6,0
Kanui 2,41 CypbMma —0,94
Jlea (Bopna) -8,3 Ue3uit 2,6
SInTui 1.5 - I HuHk 6,9
Mar Hnii 42 Yyryu cepbiil 24—3,6
Tabdauua 18 VaeabHas Tenj0eMKOCTL ra3oB
npn HopMmadbhom jiasiaewnn c,, k/k/(kr-K), y=c,/c,

Knc.iopoa Bosayx
Temuepatypa, C
<p 4 (‘p Y
0 09149 1,397 1,006 1,400
100 0,934 1,385 1,010 1,397
260 0.964 1,37 1,027 1,390
300 0,9948 1,353 1,048 1,378
600 1,069 1,321 1,115 1,345
Yraekuc:ibiii BoasHoit JTHAOBBIA
ra3 uap cnupT
Temuepatypa. C
< Y ¢ Y < Y

0 0,8148 1,301 — — 1,341 1,16
100 09136 1,260 1,103 1,28 1,689 1,12
200 0,9926 1,235 1,978 1,30 2,011 1,10
300 1,057 1,217 2,015 1,29 2,321 1,08
600 1,192 1,188 2,208 1,26- 3,168 1,06

Tadnuma 19.

Temnepatypubiii ko3pdnimentT odbema

Temmepatypa 18°C

B xmakocTeH.

BewecTBo B. 1074K™! Betuectso B, 1074K™!
AHanuH 8,5 Bona npu 5—10° 0,53
AneToH 14,3 » 10—20° 1,50
Benson 10.6 » 20— 40° 3,02
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ITpoooaxncenue
BewecTso B, 107Kt Bewutectso B, 1074K™!
Boana mpu 40 —60° 4,58 Ckunuaap 9,4
» 60— 80° 5,87 CnupT MeTHUNOBbIH 11,9
I'nunepun 5,0 » NPOMHJIOBBIA 9,8
Kepocun 10,0 » 3TUAOBBIA 11,0
Kucnora azorhas 12,4 Tonyon 10,8
Hedts 9,2 Xnopodopm 12,8
PryTs 1,8 O¢up ITUNOBLIA 16,3
Cepoyrnepon 11,9
Tadnuua 20. Kpurnyeckne mapamerpbi -
BewectBo ., C P MIla Py 10%-kr/M3
Asor —146,1 3,39 0,311
AueToH 235 4,76 0,268
Benson 288.,6 4,83 0,304
Bona 374,15 22,11 0,315
Boaopona —239,9 1,3 0,031
Tenmit —267,9 0,2 0,069
Kucnopon —118,8 5,03, 0,430
Kucnora ykcychas 321,6 5,79 0,351
MeTtaH —82,5 4,64 0,162
Hadranun 468,2 3,97 —
Cnupt MeTHJIOBbI 240 7,97 0,272
CnupT nponuIoBbii 263,7 5,07 0,273
Cnupt 3THIIOBBIH 243,1 6,38 0,276
Tonyon 320,6 4,21 0.292
VYraekucnblii ras 31,1 7,39 0,460

Ta6nuua 21. TennonpoBoAHOCTh Ta30B NMPH HOPMAILHOM /IABJICHHM
BeutecTBo Temnepaty- [A. 10~ 4 Br/(M-K) BewecTtso Temuepaty- |A, 10 * Bt/(M-K)
pa, pa,

A3sot 15 251 Tenuit 43 1558
Aprox 41 187 Kucnopon 20 262
Boaopon 1S 1754 Meran 0 307
Bozayx 20 257 Vraekuciblii

1a3 20 162
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Tadnuua 22. Temneparypubie kodddHuHEeHTHI daBieHHs ra3oB

las Asor

AMMHak

Bogmopon

Bo3snyx Feanit

Kucaopon

Vriexucnbiii

ras

B,1073K™Y 3,674

3,802

3,662

3,674 3,660

3,674

3,726

Tad6nuna 23. Koxppuunentst aupdy3un razos B sosgyxe mpn 0°C
H HOPMAJILHOM JIaBJICHHH

Ta3 D, 10" *m?/c a3 b, 10 *m?/c
AMMHaK 0,2 Meraun 02
AueTuiieH 0,19 MeTunoBsiif  cnMpT 0,13
BeH3nH aBHANMOHHbBIA 0,079 Cepoyriepoa 0,09
Bonopon 0,64 Vraekucasii ra3s 0,14
Boasno#t nap 0,21 OTHIOBbIH COMPT 0,10
Tab6nuua 24. I'a30KHHETHYECKHE JHAMETPHI MOJIEKY.1
Beweciso Jnametp, HM Bemtectso Jnamerp. HM
A30T 0,37 Meran 0,444
Aprox 0.36 Heon 0,354
Bomopoa 0,27 Okuchp yriaepoaa 0,370
Tenwuit 0,215 PryTh 0,30
Kucnopon 0,356 VYrnekucnablii ras 0,454
Kpunton 0,314 Xnop 0,544
Kcenon 0,40
Ta6auua 25. Nocrosnnbie Ban-gep-Baaanca
a, b, a. b,
Ax-m> M3 ok -m? M’
Betuectso 10°° Beuectso 10°°
MOJIb MOJIb MO.1b MO.J1b
A3zoTt 0,141 39,2 Kcenon 0,415 S1
AMMHAK 0,422 37,2 MeraHn 0,228 27,1
Aprou 0,136 323 Heon 0,21 17,1
ApneTon 1,58 98,5 IMponan 0,92 84,5
Ben3zon 1,85 115 PryTh 0,82 16,7
Bona 0,555 30,5 CnupT MeTHIOBBIH 0.95 67
Bonopon 0,0245 26.6 » NPONUIOBbIH LS 101
Tenuit 0,0035 238 » ITHJIOBbIH 1,22 84
Kuciopoa 0,138 30,8 Sdup ITHIOBBIH 1,75 134
Kpunton 0,234 39,9
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Tabauua 26. Baskocts rasos nmpu 0 °C

Bewectso n. 10 Ma-c BeuwectBo n. 107 Ma-c
A3sor 1,67 Kuciopoa 1,92
AMMHaK 0,93 MeTtuu 1,04
Boaopoa 0,84 Oxuch a3oTa 1,72
Bosayx 1.72 Oxuce yriepoaa 1,67
e 1.89 Vrjaekucmlid ras 1,40
3akuch a3orta 1,38 Xsop 1,29

Ta6nuna 27. Baskocts ra3oB npu

pasanuubix Aasiaenusx 1), mklla-c

T

Jlas.ieune, MIla

as Temnepaiypa,
woc 5.07 10.1 304 81.0
A3zoT 25 18,1 199 26,8 45,8
75 20.5 21,5 26,6 ) 41.6
Bozayx 0 18.2 19,7 28,6
25 19.2 20,6 28,0 -
100 224 234 28,1 -
Yriekucabii ras 40 18,1 48,8 - -
Tabauuma 28. BaskocTs BOLI 1PH PpasiHYHbLIX TemmepaTypax
. °C 0 S 10 15 20 25 30
n. mxlla-c 1797 1518 1307 1140 1004 §95 803
t, °C 40 S0 60U 70 80 90 100
n, mxlla-c 655 551 470 407 357 317 284
t, 'C 110 120 130 140 150 160
n, Mklla-c 256 232 212 196 184 174
Ta6auua 29. Baskocrs *uakocreii mpu 18 °C
Beinecto n, 107 2la-¢c Beuxecru_o n, 1072 Ma-c
AHWIMH 0,46 KacropoBoe Macio 120,0
Aneton 0,0337 Macno MaiuMHHOE
Ben3zon 0,0673 Jerkoe 11,3
Bona 0,105 Maciio MalnHHOe
I'nuoepun 1393 TSKEJI0e 66,0
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ITpodoaxncenue
Betectso n, 10 2Ma-c Bewuectso n, 1072 Ma-c
Macno uMIMHAPOBOE Pryts 0,159
ounienHoe (40 °C) 0,109 Cepoyrnepon 0,0382
Macno uHIHHApPOBOE CnHpT 9THIOBBIH 0,122
TEMHOE 240 Tonyon 0,0613
Ilentan 0,0244

Tab6auua 30. IloBepxnocTHoe HaTsmxkenHe Xmakocrteii mpn 20 °C

Bemecrso o, MH/M BewectBo a. MH/M
A30THas KHCJIOTa 59,4 Hedrs 26
AHWIHHE 429 Hurpoben3zon 439
ApneTton 23,7 Cepras kuciaoTa 57,4
Boaa 73,0
TaGuuna 31. YaenpHas Temwlora cropaHss TOILIHBA

Tonauso w, W,

Teepooe
ABTpauuT (Mapku «A») 32—34 19—27
Bypuie yram 25,0—29,0 10,0—17,0
T'oprouue ciaanub 27,0—33,0 6,3—84
JpesecHblit yrosb (Cyxo#) 30,0 —
Hposa 19,0 10,0
KaMeHHbie yriiM JUIMHHOIUIAMEHHBIC 31,0—32,0 21,0—24,0
Topd 22,0—25,0 8,4—11,0
JKuokoe (20 °C, 101325 ITa)
BeH3MH BHICLIETO Ka4ecTBa — 441
JiM3enbHOE TOILUIMBO — 42,7
Kepocun — 43,0
Masyt — 39,0—41,0
OTUNOBBIA CIMPT — 27,2
T'azoobpasnoe (0 °C, 1013 rlla)

AueTuniieH 50,0(58,2) 48,2 (56,0)
Byran 49,6 (132,0) 46,1 (123,0)
Bonopon 142,0(12,8) 120,0(10,8)
KoxkcoBbi#i ra3 (OYMILEHHBIH) — 34,8(16,4)

13#*
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I1podo.amcenue

Tou.nso W, W,
Ipupoanslii ras — 42.0—47
(33--36)
Ilponau 50,4(101) 46,6 (94)

Mpumeuanne. Tennora cropanus, onpenensemas 6e3 ydera noTepb Ha HCIapeHHE
BObI, CONEPXKAILEHCS B TOIJIMBE, HA3BIBAETCS BbIciledl TemioToid W,, ¢ ydyeToMm
ux — Husiwed Temnoroir W, (MIx/kr). Ha npakTuke Temjiota cropaHus raso-
00pa3HOro TOMIMBA PacCYUTHLIBAETCS HA OOUH KyOuyeckuil MeTp (IpH HOpMaJbHOM
nasnennu u Temnepatype 0 C); 3madendts B MJIx/M> ykaszaHsl B ckobkax.

Tabauua 32. DNeKTPOH30IHPYIOLIHE MaTepHAIb

€— MUIJICKTPUYECKash MPOHUIIAEMOCTb, E—NpoOuBHAsS HaNpPAKEHHOCTD,
p'-—TUIOTHOCTb, P— yAEJBLHOE COMPOTHBICHUE

Marepuan € E. MB/m o, 103 kr/m? p. OmM-M
Acbect — 2 2,3—2,6 2-10°
Baxenur 4—46 10—40 1.2 —
Burym 2,6—3.3 6—15 1,2 —_
TeTunakc 5—6,5 10—30 1.3 —
Kanudoias 35 — 1,1 5-10'4
Mpamop 8—10 6—10 2,7 1-108
IMapaduu 2,2—23 20—30 0,4—0,9 3-10"
Iiekcurnac 3,0—3,6 18,5 1,2 —
Moauctupon 2228 25—50 1,05—1,65 5-1013—

5-10'%
ITonuxnopBuHuI 3,1—3,5 50 1,38 —
Paguodapdop 6,0 15—20 2,5—2,6 —
Pe3una msrkas 2,6—3 15—25 1,7—2,0 410"
Cirona 4,58 50—200 2,8—32 10''—10'3
Crexsio 4—10 20—30 22—-40 10°—10'2
Tekcronut 7 2—8 1,3—1,4 —
®apdop 1eKTpo- 6,5 20 24 3-10'2
TEXHHYECKUI
[udep 6—7 5—14 2,6—29 10°
D60HUT 4--4.5 25 1,3 10'e
SuTapn 2,7--29 20—30 1,06 —1,11 o't
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Tabnuna 33. /ludjeKTpHYeCKas NPOHHNAEMOCTb KHAKOCTEH

Temneparypa, “C
Betecrso

0 - 10 20 25 30 40 50
Anerox 233 22,5 21,4 +| 209 20,5 19,5 18,7
Benson — 2,30 2,29 2,27 2,26 2,25 2,22
Iunepun — — 56,2 — — — —
Kepocun — - 2,0 — - - —
Yeroipexxsio- — — 2,24 2,23 e 2,20 2,18
PHCTBHI# yriepon
DTUNOBbI 27,88 26,41 25,00 24,25 23,52 22,16 20,87
CIHUPT
Ortunosblit 3¢hp 4,80 4,58 4,38 4,27 4,15 — —

ﬂpumeqaﬂue. anMCCH B HEOOJIBIUIMX KOJIMYECTBAX MaJlO0 BJIMAIOT HAa 3HAYECHHUE
ﬂHfﬂICKTpH‘lCCKOﬁ NPOHULAEMOCTH.

Tadnuua 34. InnekTpuyeckasi npoHHnaemMocT» razos npu 18 °C
H HOPMAJIbHOM /1aBJIeHHH

Bewuectso (e=1), 1073 Betecrso (e—1), 1073
Aot 61 Kucnopon 55
Bonopon 26 ITapsl BOABI 180
Boznyx 59 Yraexucanlii ras 97
et 7

IIpumeyanune. [nanekTpuyeckas MPOHMLAEMOCTb ra3oB YMEHbLUAETCS C MOBbILle-

HHUEM TeEMIEpaTypbl U BO3pacTaeT C YBEJIHYCHHEM OABJICHHUA.

Tadnuna 35. YaeabHoe compoTHB/IEHHE H TemmepaTypubii Kod(duiument
conpoTHBJienus MetauioB npu 20 °C

Merana p, 1078 OM M [%, 1073K ™! Merann p, 1078 OM-M |%, 10 3K !
AJIIOMHHH#A 2,8 4,9 Huxkenb 10,0 5,0
Bponsa ¢oc- 8,0 4,0 Onoso 11,5 4,2
dopucras CauHen 22,1 4,1
Bosabppam 5,5 4,5 Pryts 95,8 0,9
Keneso 9,8 6,2 Cepebpo 1,6 3,6
Jlatynb 2.5--6,0 2—17 Tanran 15,5 3,1
Meab 1,75 3,9 Xpom 2,7 -
Mosu6aeH 5,7 33 Hunk 59 3.5

IMpumeuanue. YKazanHbie B 1a6MUE 3HAYEHHUS ABISIOTCH CPEAHUMM: MX BEAHHMHA
VIS PA3MYHBbIX OOPA3LOB 3aBHCHT OT CTENEHH HMCTO1bI, 1€pMOOOPabOTKM H T. 1.




198 CMPABOYHBIE TABJIULbI

Tab6nuna 36. CnaBbl ¢ BHICOKHM aKTHBHLIM conpoTHBiennem npa 20 °C

Cnnas (cocraB 8 %) p, 107 Om-M[%, 10 *K ! t, 'C
Koncranran (58,8Cu, 40Ni, 1,2Mn) 0,44—0,52 0,01 - 500
Manranud (85Cu, 12Mn, 3 Ni) 0,42—0,48 0,03 100
Heiizunbbep (65Cu, 20Zn, 15Ni) 0,28—0,35 0,04 150
Hukennn (54 Cu, 20Zn, 26 Ni) 0,39—0,45 0,02 1000
Huxpom (67,5Ni, 15Cr, 16Fe, 1,5Mn) 1,0—1,1 0,2 1000
Pecotan (84Cu, 12Mn, 4Zn) 0,45—0,52 04 150
®expanb (80Fe, 14Cr, 6Al) ILI--13 0,1 900

Ta6nuua 37. YaeabHoe  CONpOTHBIEHHe  JEKTPOJHTOB  Pa3/IHYHBIX
KonuenTpaunii npn 18 °C

PacrBopennoe BeleCT BO C. % P’ 103 kr/m3 p. 10°20m M x K !
A30THas KHCJIOT4 10 1,05 2,1 0,0145
20 1,12 1,5 0,0137

30 1,18 1.3 0,0139

40 1,25 1,4 0,0150

Eaxuit Hartp 5 1,05 5.1 0,0201
10 1,1k 3,2 0,0217

20 1,22 3,0 0,0299

40 1,43 83 0,0648

Menublii  Kynopoc 5 1,062 52,9 0,0216
' ’ 10 1,107 © 315 0,0218

17,5 1,206 23,8 0.0236

Hawarsipb 5 1,011 » 10,9 0,0198
10 1,029 5.6 0,0186

20 1,057 3.8 0,0161

IoBapenHas coub 5 1,024 14,9 0,0217
10 1,071 8,3 0,0214

20 1,148 5,1 0,0716

Cephasl  kuciora 5 1,032 4.8 0,0121
20 1,14 . 1,5 0,0145

30 1,22 1,4 0,0i62

40 .30 1,5 0,0178

Consinas kuciora 5 1,023 25 0,0158
20 L1 1,3 0,0154

i 40 1,2 1.9 -
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Tadauua 38. CaoiicTBa noynpoBOAHHKOB
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t., —TeMnepaTtypa I.1aBjiCHHSA, EO_ LIMpHHA 3aHp€LLl€HHOﬁ 30HBI, U,, U,~- NOABHXK-

HOCTH 3JICKTPOHOB M ABIPOK

Bewecrso t,. C E,, 2B u,. u,.
10 *M?*/(B-¢c) | 10 *mM?/(B-c)

Bbop (B) 2030 1,16 1 50
Anmaz (C) 4030 54 1800 1400
®octop (yepHblii) (P) 44 0.33 220 350
Mbiubsik (cepslit) (As) 817 1,2 65 65
OnoBo (2=Sn) 232 0,08 2500 2400
Cypsma (Sb) 630 0,13 — —
Cenen (cepbiii) (Se) 217 2,8 — 20
Tennyp (Te) 450 0,32 1700 1200
Hon (1) 114 1,3 25 —
Kpemuuii (Si) 1414 1,15 1900 500
I'epmanuii (Ge) 958 0,75 3900 1900
Cenenna CBUHLA 1065 0,5 1400 1400
(PbSe)
Cynbdua cBuAma 1114 1,2 650 800
(PbS)
Bpomuctoe cepeb- 430 2,0 240 10° (1,7K)
po (ArBr)
Cynbdua kaaMus 1750 2,5 350 15—50
(CdS)
3akuce meau (Cu,O) 1232 1,5—2,2 — 100
Py6un (a-Al,0;) 2050 2,5 - —
OkHCh MUHKA (MMHKMT) 1975 3,4 200 —

INMpumevyanue [MoaBuxHOCTH yKka3aHbl [JIS KOMHATHOM TeMIepaTypbl NpH Halps-
JKCHHOCTSX, MEHbILIHX KPHUTHYECKOIrO MOJis. BcneacTBue 3aBUCHMOCTH MOABHXKHOCTH
OT HalpPKEHNS 3NEeKTPUYECKOTO MOJIA B MOJYNPOBOAHMKAX MOryT HabionaTbes OT-
cTynneHus o1 3akoHa Oma. HauMeHbinas HanpsKEHHOCTb MO, HAYHHAA C KOTOPOH
HaOMOAAIOTCA OTCTYIUIEHHs OT 3akoHa OMa, HA3bIBAETCA KPUMUYECKUM NOAEM.

Tadnauna 39. T'aanBanHyecKne 3JIEMEHTbI H aKKYMYJISITOPbI

WUcrounnk Ttoka (wmdp
3NEKTPOXUMHUECKOH DEKTPOXHMHUECKas CHCTEMA
CHCTEMBI)

91C, B

(pabouee Mpumepsl

HATIPSOKEHHE)

Onementsl Jlexnanme | ek (C aMokcnaoM map-

(ML) ragua); BOMHBIA pPacTBOp
XJIOPHIOA aMMOHUA M XJIO-
puaa LMHKA

Taaveanuueckue 31emeHimbl

1,5
(1,2)

DJIeMEHTBI:
«Ypan-M» (736),
«tOnutep-M» (343),
«Opuon-M» (373);
Barapeu: «Ilnanera»
(3336), «Kpona»
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IIpodoaxncenue
Hcrounux Toka (wmdp 94C, B
3,1eKT POXHMHHUECKOH DleKTpOXUMHHuEecKas cucTeMa | (pabouee IMpumepst
CHCTEMBI) HarpsDkeHve)
VrosbHO-UMHKOBbIE Lusk, rpadur (c AHOKCH- 1,5 —
anementsl (MLI) [IOM Maprasnoa); BOOHBIA (1,2)
pacTBOp XJIOpHIA LMHKA
AJkajyeckue ase- | LInHK — yrousib (C IHOKCH- 1,5 Barapen: «Kopynm»,
MeHTbl (A) oM -Maprarma); BoaHblii [ (1,25) |«PyGun».
pacTBOp TMAPOOKHCH Ka-| OnemenTs: «Can-
s ¢up»-316 BL], A332
OneMeHTel ¢ Bo3ayw- | Llunk — nonurerpadrop- 1,4 Barapen: «KpoHna
HOH [enoispu3auueid |3THJIEH C aKTUBUPOBAH- (1,2) BLl», «Candup BLI»,
(BO) HbIM YIJIEM, THAPAT OKH- «JTroke» :
CH Kanus, BO3AYX
PryTHO-uMHKOBBIE 3Jie- | LIMHK — OKCHUI  PTYTH — 1,35 Onementsl PLI-53,
menTsl (PLI) rMOPaT OKCHAAa HaTpus (1,25) [PU-55 wu np.
Barapeu 3 PLI-53 u jip.
Cepe6pﬂuo:unﬂxonue L{uHK — olHOBaJIEHTHOE 1,6 Onementsl CII-21,
anemenTb (CLY) cepeGpo— rugpar okcuaa (1,5) CI-30 w nmp.
Kanus MM HATpHS
JIntunesble aementsl ¢ | JIuTuii— xpomat cepe6-| 3,1 (3) |Daement CRI/3N
OPraHUYECKHM 3JIeKT- | pa; UM JIATUH — JUOKCHI
posutom (JI) Maprasna.
Jlutuit — okuch Memu; wim | 1,6 (1,5) |Barapeu: 'PX20L,
JIMTHH — COEIUHEHH S V28 PXL
CBMHUA C BHCMYTOM
AKKymy aamopol
KHMCJOTHO-CBUHIOBble |['yOuatbiii cBuneny—am- | 2,0— 1,9 |6 CT-68, 3 MTM-14
okeun ceuHUE PbO, — 27—
28%-npoueHTHbI  BOA-
Hpll pactBop H,SO,.
iesiouHbie cepebpsHo- | OKUCh LMHKA —— Cepebpo — 1,5 CLC-25, CLIC-100

LHUHKOBBIE

LUETIOYHbIE XKeJIe30-HHU-
KeJieBble (WM KaaMue-
BO-HHUKEJIEBbIE)

pacteop KOH

IMopotukoobpasHoe xeJe-
30— THAPOKCHI HUKess —
20%-ubiit  pacrBop KOH

1,4 —1,1

H ap.

4HKH-45, 4)XKH-45
" ap.
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Ta6Gnuna 40. MarHuTHbie CBOWCTBA MArHHTHO-MSIKHX MaTEpHAJIOB

Mapka Matepuana, | B,, 1072 Tn 6, °C p, 107¢ B, 103 H,, A/M
coctaB % (no Macce) OM M

80 HM —cynep- -

masutoft (80N, 100

5Mo, 15Fe) 8 400 0,55 (1000) 0,4
79 HM — monu6-

JIEHOBBIH TepMa-

ot (79Ni, 4Mo,

17Fe) . 8 450 0,5 40(200) 1,6
50 H (50Ni, 50Fe) 15 500 0,45 5(100) 8,0
40 HKMII — nep-

muuBap (40Ni,

25Co, 4Mo, 31Fe) 14 600 0,63 2(~2) —
49 K®-BU—

nepMerop (49Co, :

2V, 49Fe) 23,5 980 0,4 1(50) 40
10 CHO — anscu-

dep (5,4Al1; 9,6Si;

0,005—0,08Ge; e 500 0,7 15—20 0,4—3,2
~85Fe) . (50—70)

XKenezo apmko

(100Fe) 21,5 768 0,12 0,5(10) 63,7
XKene3o kapboHWIb

Hoe (96,8Fe;

1,20,) 0,8—1,1 768 — 10—20 8—40
Ni—Zn deppur,

(Ni, Zn) 0-Fe, 0, 2—3 150—500 10° 50—500 | 39,8—119,4
Mn—Zn dep- ’

put, (Mn, Zn) Ox| 3,5—4 170 10° 1000 47,8

x Fe, O, (2500)

IlpuMeyanue B;,—uHAyKIMS HacbileHUs, 6 —remnepatypa KropH, p— ynenbHoe
COMPOTHBJICHHE, W, —HadalbHas MarHMTHas NPOHHUAEMOCTb (B CKOOKax yka3aHbl
MaKCHMaJlbHble 3Ha4YeHHs), H — KOIPUMTHBHas CHJIA.

Tab6nuua 41. OcHoBHbIE CBOHCTBA MAIHHTHO-TBEPIBIX MaTepHAJIOB

OtH MaTe€pHajibi MMEIOT BLICOKYHO KOIPUMTHBHYIO CIUTy; OHH NPHMEHAIOTCA IS
M3rOTOBJIEHHsl TMOCTOSHHBIX MarsHuToB. BaxHo# xapakrepucnncoﬁ HX SABJIAETCA
HauOonblllee 3HAYeHHE BeJIMYMHBI BH, KOTOpass NnponopuuoHajbHa MaKCHMaJIbHOM
SHEPruM MArHHTHOrO IOJId, OKPYXamoLEro @CppOMaFHeTHl(

Mapka Matepuana, coctaB B % (no Mmacce) B,, Tn H,, xA/Mm BH, xJx/M*
V—13 (1,3C; 98,7Fe) 0,8 4.8 1,8
E—7 B6 (0,7C; 0,4Cr; 5,7W; 0,4Si;

92,8Fe) 1,04 5,4 2,9
E X 9 KI5M (IC; 9Cr; 1,5Mo; 88,5Fe)] 0,82 12,7 44
12 KMB—komoi (12Co; 6Mo; 12W; 70Fe) 1,05 19,9 8,8
IOHJ4 —anuu (25Ni; 12Al; 4Cu; 59Fe) 0,61 39,8 7,2
IOHOK —24 —wmarnuko (14Ni; 8Als

24Co; 3Cu; 51Fe) 1,23 478 31,8
IOHIK 35 T5BA —Ttukonan (14Ni; 8Al;

35Co; 3Cu; STi; Nb<1) 1,0 119,4 79,6
InK76 —nnatunakc (76Pt; 24Co) 0,79 318,4 95,5
52K®13 —pukawioit (52Co: 13V; 35Fe) 0,6 39,8 —
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Ipoooaxcenue
Mapka Malepnaia. coctaB B % (10 Macce) B, Ta H., xA/m BH. xJx/m?
2 ®K-—kobanbt-peppur (CoO- Fe,0;) 0,3 1433 15.9
1 BM —Gapuii-bepput (BaO -6Fe,0,). -
H30TPOIHbIA 0.2 135,3 8,0
3 Bba— Gapuii-dpeppur (BaO - 6Fe,0;)
QHU30TPONHbIH 0,37 159,2 23.8
Co;Sm, aHM30TpONHbII 0,94 270,6 191,0

Mpumedanune. B,—ocraTouHas MHAYKums, H — KOIpUMTHBHas CHJa.

Tab6nuuna 42. UnayKums M 1oOTepH HA TIHCTEPE3HC
B (eppomarneTuxax H ¢eppurax

Marepua.ibl H, A/M Morepn,
Tox/m®
8 40 160 800 4000 40 000
XKeneszo 3nek- .
TPOJIMTHYECKOE 0,004 0.05 1,1 1,5 1,7 2,1 250
XKenezo otox-
KEHHOE 0,01 0,075 1,4 1,6 1,72 2.1 60
Xeneso kpem-
HHCTOE JIMCTO-
Boe (4,3%) 0,02 0,45 1,0 1,35 1,53 1.95 69
XKenezo kobGasb-
ToBoe (35% Co)| — = 0,4 1,5 2,1 24 350
YyryHn oOTOX-
JKEHHbIH — — 0,06* 0,5 0,85 1,4 1000
Cranb msrkas
0,1% C) 0,003 0,03 0,6 1,4 1,7 2,1 500
»  aucrosas | 0,004 0,04 0,9 1,45 1,65 2,1 250
®epputr Mn—2Zn| 0,008 0,05 0,23 0,36 — — —
» Ni—Zn | 0,0005 | 0,008 0,01 0,15 0,24 — -—
» Mg—Mn[ — 0,01 0,2 0,23 - — -—
»  30%
Ni—Fe — — — 0,25 0,31 — —
»  10%
Ni—Cu — — — 0,05 0,1 — —

INpumeyanus. |. 3navenns B (Tx) cieayeT paccMaTpUBaTh Kak OPUEHTHPOBOYHBIE.
2. B mocnenneit rpade ykasaHbi MOTepH 3a OJMH LMKJI NEPCMArHNYMBAHUS B 0ObeMe
BewecTBa | M® [ NMETJM THCTEPE3HCA C MAKCHMAUIBHBIM 3HAYeHHEM MuayKLUHH
0,1 Tn.

A

Ta6nuua 43. lllkana 34eKTPOMArHHTHLIX M3JIy4YeHHH

Yacrora, Jlvua HasBanue auanasoHa * OCHOBHBIE HCTOYHHKH
I'n BOJIHBI. M N BO36YXaeHUS
1073 3-10''  |HuskouacToTHble (CBEpX- I'enepaTopbl cnenMaIbHbIX
10° 3-10° JJIMHHBIE) BOJIHbI KOHCTPYKLMH; TPOMBILILIEH-
Hble 9acToThl 50—60 Iu: re-
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Tpodoaxncenue

Hassanue nmanasoua

OCHOBHBIE HCTOYHHWKH
BO36YXIeHHS

HEPaTOpbl 3BYKOBBIX 4YacTOT
mo 20 kI'm

Ienepatopsi pasmodacToT IO
300 MTI'u; renepaTtophl CBEpX-
Bbicokux 4actotr (CBY)

UndpakpacHoe uznyueHue

Buanmoe wu3nydenue (¢ LH-
Hamu BoJsiH oT 800 no 400 Hm)

H3nydesne Mojekyn M arto-
MOB TpH TEIUIOBbIX H 3JEK-
TPHUYECKHX BO3IEHCTBHAX

ViabTpaduoneToBOE H3iyve-
HHUE; MSIKOE PEHTreHOBCKOEe

H3nyyenne atomoB npu 06-
JIy4EHMH BEILECTBA 3JEKTPO-
HAMM C 3HEprusMHu no 15 koB

Pentresonckoe H3J1y4YCHHE,
raMMa-u3sijly4eHue

ATOMHbIE TPOLECCHI, KOTO-

pbie BO3OYXOAIOTCSA 3JIEKTPO-
HamM c 3HeprusMu ot 20 k3B
0 HECKOJIbKHX coTeH' M»1B

Yacroia, JlHa
Tu BOJIIBL, M
10?2 3-10° . PaMoBONHBI
10 3-10°
102 3-1074
4-10' 8-1077
4-10'* 8-1077
8-10'* 4-1077
8-10'* 4-1077
3-10"7 107°
U3J1y4eHHe
3-10V7 -9
3-102° 10712
3-10%° 10712
1023 3-10718

'amMa-u3nyyesue

SlnepHbie mpoLEcChi, paano-
AKTHBHbIE PacHabl

IMpumeyanue. Mexay COCeNHMMM AMAaNa3’oOHaMM HET 4YETKOH IpaHMubl pas3iena.

Tadnuua 44. CeeroBas ornaua, KII/, spkocTb HCTOYHHKOB CBeTa

Wcicunnk cBera O/P. Kna. % T. K SApxocrb, ka/m?
s1mM/B
Jlamna: 50 Bt (nycToTHas) 10 1,6 2460 1,5—2,0-107

50 BT (ra3oHanonu.) 10 1,6 2685 5-10°

500 BT (ra3zoHanoju. 17,5 2.8 2900 107

2000 Bt (razona- )

MOJIH.) 21 3,5 3020 1,5-107

JIFOMMHECLIEHT -

Has 40—60 6.4 — 5—7 103
Mosepxnocts ConHua — — 6000 10°
BonsToBa ayra (B KkpaTepe) 25 4 4000 1,5-108
Uckpa npu paspsige B raze —_ — — 10''—10'2
DKpaHbl TENCBU3MOHHBIX KH- |
HECKONOB — - - 100---200
Hounoe 6e¢3nynHoe He6o — — — 10

Mpumeyanne. CBeToBas OTAaYa -— OTHOILEHHE CBETOBOTO MOTOKa ® K MOLUHOCTH
Toka P, norpebasemoii ucroyHukom cseta; KI1J=®/(683P).
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Tabnuua 45. Ocsemennocrn

Ocseuienue OcBellenHoC b, .IK
Co/HEYHBIMU JIy4aMH B MOJIACHb (CPEAHHE LIMPOTHI) 100 000
Ilpu kMHOCBEMKEe B CTy MM 10 000
Ha OoTKpeITOM MecTe B MaCMypHbIH JeHb 1000
B cBernoi koMHaTe (BOAM3M OKHA) 100
Ha paGouem crone ans TOHKuX paboT 100—200
Heobxoanmoe st urenus 30-—-50
Ha okpane kuHOTrearpa 85—120
Ot noasoi JlyHbt 0,2
Ot HouHOro HeGa B Oe3ilyHHYIO HOYDL 0,0003
Tab6nuua 46. INoraowenne co.rmetmou paauanmu
NOBEPXHOCTLIO 3emiin

MoBepxHocIb A.ibbesno
BoaHass noBepxHOCIb 0,03—0,04
BraxHble CBEXEBCMAXAHHbIE YCPHO3CMBbI 0,05
TMoBepXHOCTh € PAaCTUTE/IbHBIM MOKPOBOM 0,13—0,25
beccuexknasi MOACTHIIAIOWIAS MOBEPXHOCTb CyILIH 0,15--0,17
[MoBepxHOCTL MyCThIHH 0,25—0,30
IMoBepxHOCTh J1€AHHKOB 0,5
CHeXHblit TOKpOB 0,5--0,6
Ha3semHble M NUIaByuHe MOPCKHE M O3epible JTbibl 0,5--0.6
CIUTOIIHOM MAKOBBIA 1C1 CO CHElOM 0.8
3emiis KaK ILTAHCIA (CpeHee 3HAYEHH:) 0,34
be3ob:1aunbie yyaciku arMocdepsl 3emim (CpeilHee 3HAYeHMe)) 0,69
O6:1aKa 0,01--0.8

Mpumeyanus. 1) Aisdedo - OTHOLUICHUE MOI0KA SHCPIMM O1PAKEHHOH paanaLuu
K [OTOKY HZIIYHeHMs, MaJ4lollel0 Ha AaliHyo noBepxHeCrb. Vkasaudvie B Tabiimie
3HAQYEHUS ajIbOCIAO COOTBCTCTBYIOI HOPMAILIOMY [AACHUIO COSIHCHHOM DPajvaLMK

Ha 00.1yuaemMylo MOBEPXHOCTb.

2) Cpeanee a.160e10 1o ceBepromy nociyimapuo 0,08 0.14. no roxuomy 0.06- 0.08.
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Tabnnua 49. YieabHas NOCTOAHHAS BpaIlleHHS
(npu Temnepatype 20 °C, A=589,3 um)

BeiectBo PactBopuiein [2]

Caxap: TPOCTHHKOBbIK Boaa 0.665

BHHOT DA JHbIH Bona 0,525

¢bpyk10BBIT Bona -0.919
I"aroko3a Boaa 0.525
BaHHOKaMeHHAS KMC10ra i Boaa 0,148
Cxunuaap Yucroiit -0.37
Kamdapa CrnupT 3TUj0BbIA 0,409
XHHUH Cumpt 1HMA0BbIH - 1,69
HuxoTtun Boaa --0,79

Mpumeyanue. MHHYC yKa3blBAeT HA TO., YTO BPULICHHY IIPOUCXOLUT MPO1MB
44COBOJi CTPENKH, CCIIM CMOTPCTb HA BELICCTBO NPOTMB XOUa .Ivied [x]-- yriosbie
rpaaychl - M> /(KT *M). YieibHas [OCTOSHHAS BPALUCHHS 3ABHCUT OT LLTHHBI BOJHSI
1 TeMOepaTypbl.

Tadauna 50. CnekTpel M3dy4YeHHs MeTAJLI0B

Amor.mmlm Menn PryTo Hatpuit Kaamuit Hunk
(nyva) (ayra B Bakyyme) | (pTyTHas (B mtaMenu) (ayra) (ayra B BaKyyme)
Jamna)
308,3 324,8 312,6 588.997 326.1 303.6
309,3 3274 313,1 589,593 340,4 307,2
394,4 402,3 365,0 346,60 334,5
396, 406,3 404,68 ) 361.1 4680
466,3 510,55 435,83 398.2 4712,2
505.7 515,33 491,64 441,3 481,1
569.6 521,82 495,97 467.8 491,2
572,3 570,0 546,07 497,99 492.5
578.21 576,96 508,58 6103
578,22 579,07 533.8 536.2
615,20 537,9
623,20 643,85

Npumeuanune Haubonee spkue JIMHAK IIOT4EPKHYTHI.
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Ta6auna 51. CnekTpsl H3ay4eHHs ra3oB A, HM

Asor Aprou Bonopon Tenmit Kucnopon '
(B ra3oBoM pa3psue)

575,4 394,90 410,17 388,86 520,0
580,3 404,44 434,04 402,62 530,0
585,3 415,86 434,05 412,08 (noJoca)
590,4 416,42 486,128 501,57 555,0
595,7 418,19 486,136 587,56 564,0
601,2 419,0 656,271 667,81 (noJioca)
606,8 419,10 656,285 706,52
632,1 420,07
639,3 425,12
646.7 425,94
654,3 426,63
662,2 427,22
670,3 430,01
678,7 433,36

433,54

Mpumevyanus. 1. Jlnebl BOJIH M3MepeHbl B Bo3ayxe npH 15 °C M HOpMajbHOM
napieHud (101325 ITa).
2. lnuHbt BosH Haubosiee SPKHUX JIMHMA NONYEPKHYTHI.

Ta6nuua 52. Pacnpenenenne 3JIEKTPOHOB BO BHEWIHHX 000/109KaxX

DieMeHT Buemnne o6osoukn DneMeHT BHelnne 060104kH
Boaopon Is! Kanbumit 452
Cennit 1s? Ckanauii 3d'4s?
Jlutuit 2s! Turan 3d%4s?
Bepuiunii 25 Banaauii 3d34s?
Bop 2522p! Xpom 5d°4s?
Vraepoa 2522p? Maprasen 5d%4s?
Asot 2522p3 Keneso 3d%4s?
Kuciopoa 2522p* Kobanst 3d74s?
®top 25%2p° Hukennb 3d84s?
Heon 2522p* Menb 3d'%4s?
Hatpuit 35! Lnek 3d'%452
Marnuit 3s2 Tannmit 4s5%4p’
AnroMuHui 3s%3p! Tepmanmuii 4s524p?
Kpemuuii 3523p? Mbnubsk 45%4p?
docdop 3523p3 Cenen 4524p*
Cepa 3s23p* Bpom 4s524p°
Xnop 3s23p® Kpunron 4524p*
Apron 3s23p* Py6nmit S5
Kasuit 4s! CrpoHunii 552




CITPABOYHbBIE TABJIULIbI

209

Ipodoancenue
z1eMeH1 Buewnne o6onoukn DneMeHT Breinnave o60mn0ukH

UtTpuit 4d'5s? Tanran 5d36s?
Llupkonuit 44?552 Bonbdpam 5d*6s?
Huobuii 4d45s! Penwuii 5d%6s?
Monmbnen 4d°5s? Ocmuit 5d76s?
TexHeunit 4d° 55 HWpunuii 5d°6s!
PyTenuii 4d75s? IMnatuna 5d'06s!
Pomuii . 4d®5s! 3onoto 5d'%6s!
TMannanuii 4d'055° PryTh 5d1°6s%
Cepebpo 4410551 Tannuii 6s26p!
Kaamuii 4d'0552 Cauren 6s26p?
HWuaumii 5s25p?! BucmyT 6526p3
Onoso 5525p? Tononnit 6526p*
CypbMa 5525p3 Acrar 6526p°
Temwnyp 5525p* Panon 6526p®
Hon . 55%5p3 Opannuit 7s?
Kcenon 55!5p® Panuit 752
Le3uit 65! AkTuHMi 6d'7s?
Bapuit 652 Topuii 6d%7s?
JlanTan 5d'6s? TMpoTakTHHHUi 5/26d'7s?
Llepuii 4f'5d"'6s2 Vpan 5/36d'7s?

. Ipaseomum 4£36s2 HenTtynuit 5f4%6d!7s?
Heonum 414652 Ty ToHwmi 56752
Ipomerwii 4f56s2 AMepunmii 5f77s?
Camapuii 41%6s> Kiopuii 576d'1s?
Esponmii 4f76s2 Bepxmii 5/86d'7s%
Tagonuuuii 4£75d' 652 Kanudopuuit 510752
TepGuii 41%6s2 DinmrTeAHmi 5£117s2,
Hucnposuit 4110652 Depmuii 512752
TConbmai 4111652 Mennenesuii 513752
Dpbui 4112652 Hob6emmit 5f£147s%
Tynuit 4113652 Jloypencuii 5f£1%6d" 152
HWttepbuii 4114652 KypuaToBHii 6d?7s?
Jlrotenuit 4145465 Huwic6opuit 6d37s*
Taduuii 5d26s?

Tabnauna 53. MaccoBbie Ko3(p(dHUHEHTH 0C/IAGJEHAS 31EKTPOHOB

B AJIOMHHHH

Dnepras, 3B w/p, cM3r Dueprus, 3B u/p, cM3/t
9-102 2,5-10° 1,0-10° 130
5,8-103 1,5-10° 2,0-10° 29
1,05-10% 3,5-10% 4,6-10° 9,0
4.66-10* 740 6,6-10° 6,0

N H. WU. Kowxkux
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Ta6bnunma 54. Cpeannii maccosbiii mpoGer mpoToHoB
BLICOKO#H JHepruu r/cm?

Ouepras, MaB | Bepwuimii Vriaepon Boznyx AmromMuHHit Mens CsuHen
50 2,722 2,488 2,557 2,928 3,599 5,275
75 5,655 5,160 5,293 6,021 7,321 10,52
100 9,481 [ 8,623 8,835 10,01 12,01 17,17
500 144.4 131,3 133,3 148,9 1749 237,6
1000 404,0 365,3 370,0 412,0 479,4 642,2
5000 2879 2584 2543 2587 3248 4185
10000 5889 5270 5081 5777 6512 8234
Tadnuuma 55. OTHOCHTe/IbHAS MacCca M AKTHBHOCTh HEKOTOPLIX H30TOHOB
Yucno | Yncao | Otnocurens- | Coaepxanne |Pon aktus- Mepuon
DjieMeHT | NpoTo- | HEeHT- Has Macca % HOCTH nHoaypacuaia
HOB | ponoB
H 1 0 1,007825 99,99 Crab. —
D 1 1 . 2,014102 0,015 Crab. —
T 1 2 3,016049 — B 12,33 ¢
He 2 1 3,016029 0,00014 Crab. —
2 2 4,002603 ~100 Crab. -—
Li 3 3 6,015123 7,5 Crab. —
3 4 7,016005 92,5 Crab. —
Be 4 3 7,016930 — Y 53,3 cyT
4 9 9,012183 100 Crab. —
5 5 10,012938 19,8 Crab. - —
5 6 11,009305 80,2 Crab. —
C 6 5 11,011433 — M 20,4 Mun
6 6 12.000000 98.89 Crab. e
6 7 13.003355 1,11 Crab. —
6 8 14,003242 — B~ 5730 ner
N 7 6 13,005739 — B* 9,96 muH
7 7 14,003074 99,63 Crab. —
7 8 15,000109 0,37 Crab. e
(6] 8 7 15,003065 — - 122 ¢
8 8 15,994915 99,76 Crab. -—
8 10 17,999159 0,24 Crab.
F 9 10 18,998403 100 Crab. —
Ne 10 10 19,992439 90,51 - Crab. —
10 12 21,991384 9,22 Crab. —-
Na 11 11 21.994435 —- [ 2602 rona
11 12 22,989770 100 Crab. -
i 13 23.990964 —_ B,y 15,0 4
Mg 12 12 23.985045 78,99 Crab. —
13 14 26,981541 100 Crab. -
Si 14 14 27,976928 92,23 Crab. —
14 17 30,975364 — B™, v 2,624
P 15 16 30,973763 100 Crab. —
15 17 31,973908 — - 14,28 cyt
S 16 16 31,972072 95,0 Crab. —
16 17 34,969033 — B~ 87,4 cyt
Cl 17 18 34,968853 75,77 Crab. —
17 20 36,965903 24,23 Cra6. -
Ar 18 22 39,962383 99,60 Crab. -—
K 19 20 38,963708 93,26 CTab. —
19 21 39,964000 — B~ 1,28-10° et
Ca 20 20 39,962591 96,94 Crab. —
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IIpodoancenue
Yucio | Yucio | Otnocurens- | Coaepxanue |Pon akthB- Iepuon
Djiemen1 | nIpoTo- | He#1- Has Macca % HOCTH nonypacnajga
HOB pouos

Sc 21 24 44,955914 100 Crab.

Ti 22 26 47,947947 73,7 Crab. -

\% 23 28 50,943963 99,75 Crab. —

Cr 24 28 51,940510 83,79 Crab. —
Mn 25 30 54,938046 100 Crab.

Fe 26 30 55,934939 91,8 Crab. —

Co 27 32 58,933198 100 Crab. —

27 33 59,933820 — B,y 5,271 rona

Ni 28 30 59,930789 26,1 Crab. —

Cu 29 34 62,929599 69,2 Crab. —

29 36 64,927792 30,8 Crab. —

Zn 30 34 63,929145 48,6 Crab. -—

30 36 65,926035 27,9 Crab. —
Ga 31 38 68,925581 60,1 Crab.
Ge 32 40 71,922080 27,4 Crab. —_
32 42 73,921179 36,5 Crab. —

As 33 42 74,921576 100 Crab. —

Se 34 46 78,916521 49.8 Crab. —

Br 35 44 78,918336 50,69 Crab. —

Kr 36 48 83,911506 57,0 Crab. —

Rb 37 48 84,911800 72,17 Crab. —

Sr 38 48 85,909373 9,8 Crab. —

38 50 87,905625 82,6 Crab. -
38 52 89,907746 — - 28,8 rona

Y 39 50 88,905856 100 Crab. —

Zr 40 50 89,904708 51,5 Crab. —
Nb, 41 52 92,906378 100 Crab. —
Mo 42 56 97,905405 24,1 Crab. —

Tc 43 55 97,907210 — B, v 4,2-10° ner
Ru 44 58 101,904348 36,1 Crab. -—

Rh 45 58 102,90550 100 Crtab: —

Pd 46 60 105,690348 27,3 CTab. —

Ag 47 60 106,905095 51,83 Crab. —

47 62 108,904754 48,17 Crab. —

Cd 48 66 113,903361 28,7 Crab. —

In 49 66 114,90388 95,7 - 5,1-10" ner
Sn 50 70 119,902199 32,4 Crab. —

Sb 51 70 120,903824 53,7 Crab. —

Te 52 78 129,90623 34,5 B~ 2-10%! ner

1 53 74 126,904477 100 Crab. —
53 78 | .130,906118 — B,y 8,04 cyr

Xe 54 78 131,90415 29,6 Crab. —

54 82 135,90722 8,9 Crab. —

Cs 55 78 132,90543 100 Crab. —
Ba 56 81 136,90582 11,2 Crab. —

- 56 82 137,90524 71,7 Crab. —

La 57 82 138,90636 99,91 Crab. —

Ce 58 82 139,90544 - Crab. —

Pr 59 82 140,90766 100 Crab. —

Nd 60 82 141,90773 27,2 Crab. —

Pm 61 84 14491275 — a, ¥ 17,7 rona
Sm 62 90 151,91974 26,6 Crab. —

Eu 63 . 90 152,92124 52,1 Crab. —
Gd 64 94 157,92411 248 Crab. —

Tb 65 94 158,92535 100 Crab. —

Dy 66 98 163.92918 28,1 Crab. —
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IIpodoaxncenue
UYucno | Yucno | Oinocurens- | Coaepxanue |Pox aktus- Mepuoa
DneMeHT | npoTo- | HeliT- Has Macca % HOCTH nosypacnaaa
HOB | POHOB
Ho 67 98 164,93033 100 Crab. —
Er 68 98 165,93031 33,4 Crab. —
Tm 69 100 168,93423 100 Crab. —
Yb 70 104 173,93887 31,6 Crab. —
Lu 7t 104 174,94079 97,36 Crab. —
Hf 72 108 179,94656 32,5 Crab. —
Ta 73 108 180,94801 99,99 Crab. —
w 74 110 183,95095 30,7 Crab. —
Re 75 112 186,95577- 62,60 B~ 4-10° ner
Os 76 115 190,96094 — B,y 15,4 cytox
76 116 191,96149 41,0 Crab. —
Ir 77 114 190,96060 37,3 Crab. —
77 116 192,96294 62,7 Crab. —
Pt 78 117 194,96479 33,8 Crab. —
Au 79 118 196,96656 100 Crab. e
Hg 80 122 201,97063 29,8 Crab. —
Tl 81 124 204,97441 70,5 Crab. —
Pb 82 124 205,97446 24,1 Crab. —
82 125 206,97589 22,1 Crab. —
82 126 207,97664 52,3 Crab. —
82 |. 128 209,98418 — a, BT, v 22,3 rona
82 129 210,98874 — B, v 36,1 Mun
82 130 211,99188 —_ B, v 10,64 yaca
82 131 213,99980 — B, v 26,8 MuH
Bi 83 126 208,98039 100 Crab. —
83 128 210,98726 —_ a BT, v 2,15 muH
Po 84 126 209,98286 — a, Y 138,38 cyTok
84 130 213,99519 — a, y 1,64-107% ¢
At 85 133 218,00870 — a, B~ 2c¢
Rn 86 136 222,017574 — o, Y 3,8235 cyr
Fr 87 136 223,019734 —_ a BT, v 21,8 MuH
Ra 88 138 226,025406 — a ¥ 1,60 - 103 net
Ac 89 138 227,027751 — a BT, v 21,773 rona
Th 90 138 228,02873 —_ a, Y 1,9131 roma
Pa 91 140 231,035881 — a, ¥ 3,28 -10* net
U 92 140 232,03714 — a, ¥ 72 rona
92 141 233,039629 — a, ¥ 1,592 - 10° net
92 143 235,043925 0,72 o, ¥ 7,038 - 108 ner
92 144 236,045563 —_ o, y 2,342-107 ner
92 146 238,050786 99,275 o, Y 4,468 - 10° net
92 147 239,054291 — B, ¥ 23,5 MuH
Np 93 146 239,052932 ~— B, ¥ 2,35 cyt
Pt 94 145 239,052158 — a, Y 2,41-10% net
Am 95 148 243,061374 — o, ¥ 7,37-103 ner
Cm 96 149 245,065487 — o, ¥ 8,5-10° ner
Bk 97 150 247,07003 — o, ¥ 1,4-10% ner
Cf 98 151 249,074849 — a ¥ 351 ron
Es 99 155 254,08802 — a, B7, v 276 cyTox
Fm 100 153 253,08518 — a, Y 3,0 cyt
Md 101 154 255,0911 —_ a 27 MuH
No 102 153 255,0933 — o 3,1 MuH
Lr 103 154 257,0998 — a ~35c¢c
Ku 104 157 261,1087 — a 1,1 mur
Ns 105 157 262,1138 — a 0,7 MuH
106 157 263,1184 — [ 09c

ITpumeyanus. 1. IIpuBeneHsl Macchl HEHTpaJibHBIX aTOMOB B a.e.M. 2. Vka-

3aHO cojepxaHue (B npoueurax) B C€CTCCTBCHHBIX YCJIOBHSX.
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Tab6bnuua 56. Bera- W ramMma-paaMoaKkTHBHbIC spa

Maccosoe TMepuoa OHeprus u3nydenus, M3B
3J'ICMCHT YHUCII0 nonaypacnaga
B-uacTAub! Y-H3y4eHAe
VYrnepon 14 5730 ner 0,155 —
Harpwii 24 15,0 4 1,39 1,38; 2,76
®doctop 32 14,3 cyr 1,71 —
Cepa 35 87,4 cyT 0,167 —
Xnop 36 3,1-10°r 0,714 —
Kanbumit 45 152 cyt 0,254 —
Turtan S1 5,8 MUH 2,13 0,32; 0,61; 0,93
Xpom 51 28 cyT — 0,32; 0,57
XKenezo 55 2,9 ner — 0,21
» 59 45 cyt 0,46; 0,27 I,I; 1,29
KobanbT 60 5,3 ner 0,3 1,17; 1,33
Cenen 75 127 cyt —_ 0,2—0,4
CrpoHuuii 89 -S1 eyt 1,46 —
Lupxouni 95 65 cyt 0,36; 0,40; 0,88 0,23; 0,72; 0,75
Cepebpo 110 270 cyt 0,087; 0,53; 2,12; 2,86 |0,1—2,5
» 111 7,5 cyT 0,7, 0,8; 1,0 .10,25; 0,34
Kanmuii 109 43 cyT 0,7; 1,61 0,5-—1,3
» 115 470 cyT — 0,087
Hon 131 8,4 cyt 0,25; 0,34; 0,61; 0,8210,08—0,72
Le3uit 137 27 net 0,51; 1,17 0,66
Bonbppam 185 73,2 cyT 0,37; 0,43 0,056; 0,57; 0,77
Hpunui 192 74,4 cyt 0,10; 0,26; 0,54; 0,67 {0,2—0,9
3os0TO 198 2,7 cyT 0,29; 0,96; 1,37 0,41—1,09
» 199 3,15 cyt 0,29; 0,44; 047 0,05; 0,16; 0,21
Pryts 205 5,6 MMH 1,8 0,23

Ta6bnuua 57. MoMeHTBl HMIYJbCOB H MAarHHTHbiE MOMEHTbI HYKJIOHOB

H aaep
z Anpo MaccoBoe 4HCII0 (A ] MareATHBIH MOMEHT, My
0 n 1 1/2 —1,9125
1 P 1 1/2 2,7928
1 D 2 1 0,8565
2 He 3 1/2 —2,131
4 0 0
3 Li 6 1 0,821
7 32 3,2532
4 Be 9 3/2 - 1,176
5 B 11 3/2 2,686
6 C 12 0 0
13 1/2 0,701
7 N 14 _ 1 0,403
15 1/2 —0,280
8 (o} 16 0 0
17 Cl 35 5/2 1,368
29 Cu 63 3/2 2,2265
65 3/2 2,3847
48 Cd I, 113 1/2 —-0,65
119, 112 0 0

114, 116

N~
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TIpodoaxncenue
z Sapo MaccoBoe uucio I, h MarHuTHbI MOMEHT, Hy
80 Hg 199 1/2 0,5
201 3/2 -0,6
_ 198, 200 0 0
. . 200, 204 0 0
82 Pb 207 1/2 0,6
204, 206, 208 0 0

l'[pnmetla!-me. 3nak «MHHYC» YKA3bIBA€T Ha TO, YTO HANPAaBJICHUA MATrHUTHOIO
M MEXaHHYECKOr0O MOMEHTOB MNPOTHBOIOJIOXHBI.

Tab6nuuna 58. Peakuusn CHHTe3a H JHEProBbicjicHHE

Ne n/n Peaknas ueprus, MsB o, baph %epmﬁagamu,
1 |p+p~ d+B*+v 2,2 10-23 —
2 |p+d-3He+y ' 5.5 106 —
3 |p+t-*He+vy 19,7 1079 —_
4 |d+d-t+p 4,0 0,16
5 |d+d->3He+n - 33 0,09 1
6 |d+d-“*He+y 24,0 — —
7 |d+t—*He+n 17,6 5,0 0,13
8 [t+d—>*He+n 17,6 5,0 0,19
9 |t+t—-*He+2n 11,3 0,10 1,0

10 |d+3He—*He+p 18,4 0,71 0,47
11 |[*He+*He —» *He+2p 12,8 — —
12 |n+SLi—*He+t 438 [ 26 0,26
13 |p+°Li—*He+3He 4,0 1074 0,3
14 {p+7Li—>2*He+y 17,3 6-1073 0,44
15 [d+°Li-"Li+p 5,0 0,01 1,0
16 |d+°Li—2*He 224 0,026 0,6
17 |d+7Li—2%He+n 15,0 1073 0,2
18 |p+°Be—2*He+d 0,56 0,46 0,33
19 |p+°Be—°Li+*He 2,1 0,35 0,33
20 |[p+!''"B—3*He 8,7 0,6 0,67
21 |lp+!'*N—12C+*He 5,0 0,69 1,2

IMpuMmeuanue. d—peiitpon (sapo neiitepus 2H), t— TPHTOH (AXPO TPHTHA
3H), o, —MakcuMaibHoe 3HaueHHe dddekTHBHOrO ceuenus. B mocnenmedt rpade
yKa3aHel SHEpruM GoMOGapaMpYIOIHMX YacTHI, COOTBETCTBYIOIIME MaKCHMaJbHbIM
3HAa4YCHASM O,,.
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Tabxuna 59. Tepmosnepubie peakunn Bo Bcesennoi

Peakuus Oueprus, MsB Cpe/tiee BpeMs peaxuuu

Booopooneiii yuka

p+p—d+p*+v 0,33 (0,51) 1,4-10" net
B +B -2y 2,04 —
p+d—3He+y 10,98 57¢c
3He+3He - *He+2p 12,85 10° ner
Yeaepoonstit yuxa
p+12C - 3N+y 1,95 1,3-107 ner
BN 1B3C+B* +y L5 (0,7) 7 MuH
p+'13C > "“N+y 7,54 2.7-10° et
p+"*N-150+y s 7,35 3,3-108 aer
150 > SN4B* +y 1,73 (0,98) 82 ¢
p+'°N - 2C+*He 4,96 1,1-10° ner

IIpuMeuanune. B ckobkax ykasaHa oSHeprus HeWTpuHO. BpemeHa peakuui
paccuuTanbl s yciosuit B uentpe Comnma (T=~1,3- 107 K, mioTsHocTs BOmopona
100 r/cm3).

Tabnuna 60. /lo3oBbie npeneibi 00JyueHHs

«Hopmamu pannaumonso#t 6esonacsoctu HPB-76/87» ycraHaBimBaroTcs ciedylomue
KaTeropun oOJIy4aeMbIX JIML: KaTeropus A ——IepcoHali, karteropus b—-orpannuen-
Hasl 9aCTh HACeJIeHHsl, KaTteropus B--- Hacenenue o6GiacTh, kpas, pecnyGJIMKH, CTPaHbL.
B mnopsnke yObiBaHMsl 9yBCTBUTENLHOCTH K OOJyYeHMIO yCTaHAaBIMBAeTCA TPH
IpYNIbl KPHUTHYECKHUX OpraHos: 1 rpynma—Bce Tesno, TOHadbl, KpPacHbiH KOCTHBIH
mo3r; II rpynna — Mbliiusl, LIMTOBHAHAS >es€3a, XHpOBas TKaHb, NEYEHb, NMOYKH,
CeJie3eHKa, JXKEIyJOYHO-KUIIEYHbIH TpAaKT, Jerkue, xpycranuk rnasa; III rpymma —.
KOXHBIH HOKPOB, KOCTHas TKaHb, KMCTH, MNpEIIUIEYbs, TOJICHH H CTOMBI

J1030Bbie Npefiebl BHEITHETO M BHYTPEHHEro o6.1yueHus, I'pynnbl KPHTHYECKHX OpraHOB
. 38 (3uBepT) 3a roa -

1 I 14

IIpenensHO momycTumas A03a JUIS KaTErOpUH A, 0,05 0,15 0,3
nan
Ilpenen no3st ais kateropud b, T1JQ 0,005 0,015 0,03

IpuMeyanus. 1. Ing xateropmu -A (3a HCKIIOYEHHEM XeHIMH 1o 40 ner)
pacnpeneneHye O03bI W3JNy4eHHS B TEYeHHE ToJa He PerJaMeHTHPYeTCs.

2. B ;mobom ciydae mo3a, HakoruleHRas k 30 romam, e JospkHa npessiuats 12 T,
3. Mna xenmuH 10 40 siet mo3a obsiydenns Ha oOJIacThb Ta3a He JOJDKHA MPEBBLLIATH
0,01 38 3a moGbie 2 Mecsua.

4. Pernamentauus obiyyenus kaTeropuH B ycranaBiumBaeTcs MHHHCTEPCTBOM
3npaBooxpauenus CCCP.




Ipuinoxenus

I. Pacyer norpemsocreii

Ilpameie u Koceemuvie uzmepenua. VI3MepeHUs Ha3bIBAIOTCS NpAMbIMU,
€CIM 3HAYCHHUS BEJAMYHH ONpPEAEJISAIOTCS NPUOOpaMM HENOCPEACTBEHHO
(HampuMmep, M3MEpEeHUE JUIMHBI JIMHEHKOH, omnpeiesieHMe BPEMEHM CEKYH-
JIOMEPOM, CHJIbI TOKa — AMIEPMETPOM).

Ecnu 3HayeHue u3MepsieMOdl BEJMYMHBI OMpPEACISETCS MOCPEACTBOM
NpSMBIX H3MEPEHHI APYTMX BEJHYMH, KOTODbIE CBSI3aHBI C U3MepsieMOi
BEJIMYUHOM ONMpPENEIeHHON 3aBUCUMOCTBIO, TO TakKHe U3MEPEHHUS HAa3bIBAOT-
csi koceeHHbimu. [lpUMeEpOM KOCBEHHBIX H3MEPCHMH MOXET CJIYXHTb
omnpenesiecHde COMPOTHMBJICHUS Y4acTKa LIEH MyTeM H3MEPEHUS CHJIBI TOKa
U HANpSDKEHHS, ONpe/ieIeHUe TUIOTHOCTH MO NPSMBIM U3MEPEHUSIM MacChl U
obbema. - )
Abcomomnas u emuocumeavhas noepewrocms. IycTb MpoBeaeHO U3Mepe-
Hue (6e3 cucTteMaTH4eCKMX MOrpeUIHOCTEeH) OAHOW U TOH e BEJIMYMHBI
X HECKOJIbKO Pa3 M OTAEJIbHbIE PEe3ybTaThl M3MEPEHHIl MMEIOT 3HAYCHUS
Xy, X3, oy X, B KauecTBe HaMJIy4LIETO 3HAYEHUs BBIOMpAETCA CpejHee
3HAaYeHHE

ne

X+ X3 t.tx, 1<
n " n,

Xep=

PasHocTb | xc,—X;|=Ax; Ha3bIBAETCA abCcoAOMHOU NOZPeUIHOCHbIO €NUHUY-
HOTO H3MEpEHHS.
CpenHee 3HaueHHEe aGCOIFOTHOH MOTPELIHOCTH 1 €AMHUYHBLIX H3MEPEHUH

Y. Ax;

1
r,=-—
n;=y

n
Ha3BIBAETCA CPeOHell nozpewlHocmblo (CpeaHeR abCONIOTHON MOTPElIHOCTBIO).
OTHOLUEHHE CpeJHEH MOTPEIIHOCTH K CPEIHEMY- 3HAYECHHIO U3MEPEHHOM
BEJIMYUHBI X, HA3BIBAETCSH OMHOCUMEAbHOU NO2PEeUtHOCHIbIO

r'l

= Ax)/(Xx)-
rep i i
Cmandapmmuoe (cpeduexgaopamuunoe) omxaonenue (CO). Onpenenser cpen-
HIOKO MOTPEIIHOCTb eMHUYHBIX U3MEPEHHH NMPU HOPMAaJbLHOM pacnpenesie-
uuu; npubnmxernHo CO paccuuTbiBaeTcs no ¢GopmyJe
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S _\/Axf+Ax§+...+Ax§

n

Ipu Gonpimiom wuucie usMepeHuit lim S,=0; CTporo roBops, BeIHYMHA
n— o
G U SBJIAETCA CTAHOAPTHBHIM OTKJIOHEHHeM, a lim r,=p sBIsSETCH CpeaHeit
n—o0
MOTPEHIHOCTHIO. .
CpenHsst KBaJpaTU4Has MOTPELIHOCTb, KOTOpas oOycloBjieHa 3aMeHOR
BEJIMYMHBl G BEJIMYMHON S,, MOXET ObITh PacCUMTaHa MO COOTHOLLICHHIO

cs,,=c/,/2(n_—l).

Crnenyer 3aMeTHTb, 4TO TpPHM pacyeTe CTAHAAPTHOTO OTKJIOHEHUS HMHOTIA
BMECTO N MCHOJb3YyeTcs 3HaveHue n—l.

Cmanoapmnoe omiaoHenue cpedHezo. CpelHsis NOTPEIUHOCTb psSia €IAHUY-
HBIX U3MEpEeHHil HMeeT MeHbLee 3HaYE€HHE N0 CPABHEHMIO C IOrPELUHOCTHIO
€IMHHYHOTO M3MEPEHHUS; CPEHss IOrPELIHOCTh Pe3yJjbTaTa /1 eOUHHYHBIX
HU3MEPCHHH Ha3bIBACTCA CMAHOApMHLIM omKaoHeHuem cpednezo (COC)

o =0/m,

rIe ©—CTaHJApPTHOE OTKJIOHEHHE.
CraHoapTHOE OTKJIOHEHHE CPEHErO yKa3bIBAa€TCS TOTJa, KOra OLIEHUBAET-
Csi IOTPELIHOCTb 3HAYCHUH MO pe3yJIbTaTaM BCEX NPHUBEICHHBIX H3MEPECHHIA;
CTaHJapTHEOE OTKJIOHEHHE YKa3bIBAaeTCA NPH OLECHKE MOrPEIIHOCTH METOIA
H3MEPEHH.

IMMpumep. Pe3ynpratel M3MepeHHH CONPOTHUBJIEHUS OTHOTO M TOFO
K€ PpEe3UCTopa INpENCTaBNCHbl B Tabumue. PaccunmraeM 3HadeHHs R,

o, O,

- ZR.-
Ne R,, OM Ne R,, Om R°"=T=l74’7 Om;

1 175 6 174 CTAHIAPTHOE OTKJIOHEHHE

2 175 7 176

3 173 8 172 o=.,/),AR}/10=1,5 Om;

4 173 2 175 CTAHIapTHOE OTKJIOHEHHE CPEAHEro
b 178 10 174

G10=1,5//10=0,5 Om.
Pe3ynbTaT M3MEpeHHH 3anMChIBaeTCs B CleAyrowei ¢opme:
R=174,7+0,5 Om.

Yuem cucmemamuueckux nozpewnocmeii. Eciin cuctemMaTHyecKast morpeli-
HOCTb OMpEAENSCTCS JIMIIb IO MOXYJIO, HO HEM3BECTEH €€ 3HaK, TO
NOJIHAS TOrPEeLIHOCTh

A,=/c*+02,
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re ©-—CTaHAAPTHOE OTKJOHEHHE, G,— CHCTEMATHYECKas MOrPELIHOCTb.
Ecnu u3BecTeH 3HaK CHCTeMaTHueckodl OWAGKH, TO OHAa CyMMMpyeTcs
CO CpPENHMM 3HAYEHHEM HM3MEPSEMON BEJMYHHDI.

Pacuem  nozpewnocmeii 6 Kkoceenivix usmepenuax. Ecam  apryMeHThl
Yo Xz, ., X, OyHKIMM f(x, X,, ..., X,) M3MepEHBI C MOTPEHIHOCTAMM
0x,, 8x,, ..., dx,, TO CTaHAApTHOE OTKJOHEHHE GYHKIUH

f(oar . V. [ TS
AZ= \/(a_ ) +(;w725 )+ +(€an )

NpU  YCJIOBUM, 4YTO TOrPEMIHOCTH Ox;, 08X, .., 8X, HE3ABUCHMBI
U CITy4alHBI.

CraHmapTHOE OTK.IOHEHHe (GYHKLUH

of of N
AZZ|— dx,+.. 4| of
0x, 6 0x,

Ox, + 5 Xpe (%)

[IpaBas wacTh (*) COOTBETCTBYET cpejHeii aGCOMIOTHOH MOrPeUIHOCTH
OGyHkumu. AOGCONIOTHBIE W OTHOCHTEJIbHBIE MOIPEMIHOCTH MPOCTEHLINX
GbyHKuMiE npuBOASTCS B Tabsuue.

DyHKuus ABCOAI0 1HAS 110TPEILHOCTD OTHocHTelIbHAs MOTPEIHOCTD |
A+B AA+AB (AA+AB)/| A+ B|
A—-B AA+AB (AA+AB)/|A—B|
AB AAB+ BAA AA/|A|+AB/|B|
A/B (AAB+B'AA)/B2 AA/|A|+AB/|B|

A" . nA""'AA nAAj| A|
/4 AUTmAL AAj(n] A))
sin A |cos A|AA lctg A|AA
cos A |sin4|AA |tg A]AA

Okpyzaenue cpeonux 3nauenuii. 1) Ecnum nepBast otOpachiBaeMasi iubpa
Gonbllie NMATH, TO NMpeAUIECTBYIOas UUDPA YBEJIMIUBACTCA HA €IUHHLLY;
B TMPOTHBHOM Cllydae moOCJe/HAA IMbpa ocractcs 0Oe3 H3MeHeHHs; 2)
korma orbpachiBaeMast Lubpa ecTh NATh, a UMPP MIAAIIMX pPa3psAoB
HCT, TO COXpaHsSeTCs mnpgailecTByrolas uubppa 6e3 M3MEHEHHMi, eciu
OHA YeTHas, WIW YBEJMYMBACTCA HA EAMHHUILY, €CIH OHa HeyeTHas.
Okpyzaenue noepewnocmeil.

1) 3HayeHHe MOrpeuIHOCTe OKpYrIsAeTcs: a) 40 OAHOW 3Hadauieit uudphl,
eciu mepsas 3Hadaluas uudpa He paBHa eauHuue; 6) N0 ABYX 3HadallMX
uudp, ecnu mnepBas mubpa paBHA eAUHULE.

2) B cpemHeM 3HAYeHUH BEJIMYMHBI YyKa3biBaloTCs Bce LUPLI 10
nocJieHero pa3psaa, YKa3aHHOro B 3alHCH MOrPELIHOCTH. ’
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Hanpumep, morpeltHOCTh NPH M3MEPEHHH AMAMETPA CTEPXKHS COCTABJISET
0,02 Mm; cpemnee 3HaueHMe d,=22,534, pe3ynbTaT H3MEpEHHH 3amMCHI-
BaeTcs cieayromuM obpazoM: d=22,53+0,02 mm. HenpaBuiibHble 3anucu:
d=22,5+0,02 wm d=22,534+0,02.

IIpuMmep. CxopocTs 3Byka ompeneiasercs B BO3AyXe IO HEPBOH
FapMOHHMKE BO3IylIHOro croyiba B Tpybe. JmuHa cronba L=100+0,1 cMm,
qactota v=165+1 I'n.

Cxopoctb 3Byka v=2Lv=33000 cm/c=330 M/c.

PaccunTaeM mnorpemHocTs no Qopmyle

P
O S L—2v8L=2-165-0,1; 2 8v=2Lov=2-100-1:
oL ov

Av=./(2v3L)*+(2L 3v)* ~200 cm/c.

Omeem: v=330+2 M/c.

II. MBoxmTe/H ANs 00pazoBaHEu JECHTHIHLIX KPATHBIX H JOJLHBLIX €{HHHI

Hammenosanne MHoXHTENH O6Go3navenne
pyccxoe MEXIyHapOaHOe
3Kca 10'8 2 E
rera 10'3 n P
Tepa 102 T T
rara 10° r G
mera 108 M M
KIJIO 103 K k
TeKTo 10? r h
zaexa 10 aa da
JieH 107! I d
CaHTH 1072 c c
MHJLTH 1073 M m
MHKpO 10-¢ MK m
HaHO 10°° H n
[HKO 10-12 n p
demro 10715 (i f
arTo 1018 a a

III. Hexoropbie BHechCcTemEbie emummbl B emmmmnmax CH

Edunuywn 0aunvl u naowaou
1 amrcrpem (A)=10"°m 1 moiiMm=254-10"2 m
1 wxc-emmnmna (X)=10"'3m 1 ¢epmu=10""5m
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1 aCTpOHOMuquKaﬂ eAMHULA 1 Munsa=1,61-10°m
(a.e)=1,49-10'" m I Mopckas muas=1.85-10° M
1 cBetoBoll roa (cB. rom)= 1 rektap (ra)=10* m?
=9,46-10"° m 1 Gapu (6)=10"28 m?
Eounuybr macco

1 TonHa (1)=1000 kr | ¢yHT=0,454 xr

1 uentHep ()= 100 kr 1 aemM.=1,66-10"27 kr

I kapat (kap)=2-10"%kr 1 yHumus (tpoiickas)=31,103r

Eounuybr cu.tot

1 aun=10"°H 1 xuiorpamm-cuna (krc)=9.81 H

Eounuywr padomsl u dnepeuu

12pr=10"" Ik 19B=1,60-10"12 Ix

1 krc-M=9,81 JIx 1 BaTT-vac (Br-u4)=3,6-10° Ix
| xanopus (xan)=4,19 Ix

Eounuyer  mowiocmu

1 9pr/c=10""7 Br 1 1.c.=736 Br
| kuslokajiopuss B vac (Kkaja/4)=
. =1,16 Br
Eounuyvt  dasaenus
1 qun/cm?=0,1 TMa 1 atrm=1,01-10° [Ta
1 kre/mM2=9.81 Ma I MM pT. cT.=133 Ma

1 ar=1 krc/eM2=9.81-10* Ma

Eounuybr cu.ibl moxa u d.aekmpuueckozo 3apsoa
1en.CrC,=(10/c)A=1/(3-10°) A 1 en.CI'CM,=10 A
1en.CTCy=(10/c)Kn=1/(3-10°) Kn 1 ex.CTCM,=10 Kn
Eounuyvr  nanpsiycennocmu  2.1ekmpuueckozo moka

1 en.CI'Cy=¢"10"°B/M=3-10*B/m 1 B/cm=100 B/m

Eounuybr saexkmpuueckoit evkocmu
1en.ClCe=(1/c)-10°D=(1/9)-10" "' @

Eduituybl  3.1eKMpuieckoz0 CORpomusienta u yoeapiloco conpomus.ienus
1en.CTCr=c*10"° Om= 1 OM -MMZ/M=10"° OM M

=9-10'! Om 1 en.CrC,=9-10° Om M
10M-cM=10"20OM M

Edullulfbl MaAHUMHOU M/l()yk'lfllll U mazuumitoeo hnomokda

1 raycc (Ic)=10"* Ta 1 makcenn (Mxkc)=10"% B6
1 B6/cMm?=10* Ta
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El)ullul{bl HAnpAXcennocmu  Maznuniioco no.A

1 apcren (D) =1/(4n)- 10> A/m 1 Alem=100 A/m

Eounuyer  unoykmugnocmu

1en.CI'C,=10"°TH

Eounuyer  spxocmu u oceewjennocmu
1 ka/em? = 10* ka/m? 1 pot=10* nx
1 ctunb6 (c6)= 1,005 10* kn/m?

Eounuyer  akmugnocmu  nykaudog (d0ep)

1 kropu (Ku)=3,7-10'° Bk 1 pesepdopa (Pm)=10° Bk
Eounuybr 00361 u MOWHOCMU nO2AOWEHHOU 003bl U3AYUCHUSA

1 pan=10"2Tp 1 9pr/r=10"*Tp

1 pan/c=10"2 I'p/c 1 3pr/(c-1)=10"*I'p/c

Eounuysr sxcnosuyuonnoii 003bl uzayuenus

1 pentren (P)=2,58-10"* Ku/xr

IV. VYuuBepcannhbie ¢u3udeckne woucrantl ('CCCJ 1—88)

CkopocTh CBeTa B BaKyyme ¢ 2,99792 - 108 m/c
IpaBuTauMoHHas nocTosuHas y  6,672-107 11 H-m?/kr?
Monsipublii 06bEM HICATBHOIO

razsa V, (T,=273,15K,

Po=1.01-10° ITa) ' 22,4138 n1/moub
VHuBepcasibHasi ra3oBas MOCTO-

AHHas R 8,314 Ix/(K - Mob)
IMocrosinnas ®apanes F 96485 Ku/mMoub
Mocrtosunas Aoraapo N, 6,02204 - 10?3 momnb !
IMocrosunas bosabumana k 1,38066 - 10723 Ix/K
Macca nokos npoToHa m, 1,67265-10727 kr
Macca nokost JIEKTpoHa m, 9,10953-107 3! kr
Macca nokos HeliTpoHa m, 1,67495-10727 kr
OTHoLlIEHHE MAcC T0KOS MPOTOHA

¥ JJIeKTpoHA m,/m, 1836,1515

3apsn JJeKTpoHa e 1,60219-107'° Kn
IMocrosnnas Buna b 0,0028978 m-K
IMocrosinnas Ilnauka h 6,6262-1073* Ix ¢
IMocrosnnas  Credana-— Boabi-

MaHa © 5,67032- 1078 Br/(m-K*)
[ocrosunas Punbepra R, 1,09737318 - 10" m ™!
Marneton Bopa g 9,27408 - 10~ 2% Tx/Tn

MArHeTOH AOEPHBIN iy 5,05082 - 10727 Ix/Tn
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MarsuTHbI# MOMEHT 3JIEKTPOHA L,
MarHuaTHBIH MOMEHT NPOTOHA W,

V. OcnoBabie ¢GopMyabl H 3aKOHBI

Mexanuka

[Mepemenienue
MMyts
Cpennsis CKOPOCTb

MrHoBeHHasi CKOpPOCThb
CpenHee yCKOpeHUE

MrHoBeHHOE YyCKOpeHHe (yckope-
HUE)

[Mpoekuu# CKOPOCTH Ha OCH mps-
MOYrOJIbHOH CHCTEMBI KOOpAWHAT

IMpoekuun yckopeHuss Ha OCH Nps-
MOYIOJIbHOM CHUCTEMBI KOODIHHAT

TaHreHIMAIbHOE YCKOpEHHe
HopmasbHoe yckopenue
Moayne BekTOpa CKOPOCTH

Monynb BekTOpa YCKOpEHHS

VYpaBHeHUsI CKOPOCTH W NYTH pas-
HONEPEMEHHOTO JIBHXEHUS

Cpenusist yriosasi CKOpOCTb

MrHoBeHHas  yrjosas
(yrimoBasi CKOpOCTh)

CKOpOCThb

MPUJIOXKEHUE

9,28483-1072* JIx/Tn
1,4106171 10726 [Ix/Tn

Ar=r,—r, (1.1)
Al=1,—1, (1.2)
Vo =Ar[At © (1.3a)
lim 2% 4 (1.36)
v=lm —=— .
a—oAt dt
Av (1.40) ’
a,=— 4a
PAt
lim 2 %Y (1.46)
a=lim —=— .
a—o At dt
dx dy dz
==, o=, p=— 1.5
=a a1
dv, dv, dv, (1.6)
==, a=—>, a,=— .
*drt Yoodr dr
dv
= 1.10
a=_ - (1.10)
vZ
a,=— 1.11)
p
v=/vi+vi+v? (1.7

(1.8)
(1.12)

a=./ai+al+al=
=./at+a?

v,=votat :
s=vottat?/2 (1.24)—(1.25)
Ao
op = —— 1.14
®cp Al ( )
A d
o= lim =2=22 (1.15)
Ao At dt
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VrnoBoe yckopeHHe

JIuneitHas ckopoCTh (ABHXKECHUE Ma-
TEpHAJILHON TOYKH MO OKPYXHOCTH)

JIuneitHoe yckopenue
IleHTpOCTpEMHTENBHOE YCKODEHHE
Kocmuueckue  ckopoctn (. 1,

rn. I, c. 26)

OCHOBHOM 3aKOH JBWXEHHUA (BTO-
poii 3akod HproTOHA) B MHEpIIMAIb-
HOH CHCTEME OTcYeTa

OCHOBHOW 3aKOH JBHXXEHHS B He-
HWHEPLMAJILHON CHUCTEME OTCYeTa

MoOMeEHT  cuibl  OTHOCHTENIbHO
TOYKH )
MomenT ummysibca  (KOJMYeCTBa
JIBUXKEHHS) OTHOCHTEJIBHO TOYKH

MOMEHT MHEpLMH MaTepHaibHOU
TOYKH

OCHOBHOE ypaBHCHHE JIHHAMHUKH
BPAIIATENLHOTO ABUXEHUS MATEPH-
ANTbHOH TOYKH

OCHOBHOE ypaBHEHHE BpalIATEJIb-
HOTO JBHXXEHHMS TBEPAOTO TeJjla BOK-
pYr HENMOABHXHOW OCH

3akon BCEMHUPDHOI'O0 TArOTCHUA

Cuna TArOTEHHS

Cuna TSKeCTH

Bec Tena
Cuna TpeHHs CKOJIbXKECHUS

Cuna TpeHHs KauyeHHs

B= i Ao do
= lim —=—
Ao At dt
v=R®
a=BR
=0?R

F+F,+Fy+F, =ma,
F,= —ma,,
F=ma’p,
F,=2m[v'o]

M =[rF]

L=[rp]

I=mr

dL

T d

223

(1.17)

(1.20a)

(1.26a)
a.21)

(1.32), (1.33)

(1.56)—(1.59)

(1.36)

(1.37)

(1.38)

(1.39)

(1.40)

(1.86)

(1.87)

(1.88)

(1.89)
(1.61)

(1.62)
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OnemeHTapHas paboTa CHIIBI
Pabota mnepeMeHHOM CHIIBI

Kunernueckas sHeprus (mpu Manbix
CKOPOCTSIX)

Kunetnueckas sHeprus (npu
6OJIbHINX CKOPOCTSX)

Kunetuvyeckas SHEPrusa Bpallarouie-
rocsa Tena

nOTCHLlHaJIbHaﬂ JHEpruss T€Jia B
IOJIC TAroTCHUSA

3akon I'yka

3aKOHBI COXpaHEHHs B 3aMKHYTOMN
CHCTEME:

— 3HEprun

—HUMNyJbca (KONUYECTBA [BHXKE-
HUSA)

—MOMCEHTA HMIIyJbCa (MOMCHTa
KOJIHYECTBA lIBPl)KCHPlﬂ)

Vpasuenue BepHynnu

BuyTpeHHee TpeHHE XHIKOCTEH

I'iaponvuramMuyeckas cuiia

" YpaBHEHHE TIapMOHMYECKHX KoJie-
6anuit :

Iepuon kosiebaHuit:

—MaTeMaTH4YeCKOr0 MasTHHKA
—MasTHHKA C YOPYroif CBs3biO
— KPYTHJIBHOrO MasiTHHKa

— (GM3UYeCKOro MasiTHHKA

AA=FAscos¢o
A=[Fcosqds
s

E =—mp?
K 2 v
2
mgyc
E,=————myc?
J1-?
1
E,=-Io’
2
mM
g 1M
R
o,=¢tkE,
=Gy

E +U,=const

) p;=const
Y L;=const
pv?
7+ pgh+p=const
F SAU
BT n At

F.,=C,pvS/2
E=Aqcos(or+¢)

T=2n |2
=21 [—
k
I
=21 [—
D
I
T=2n |—

(1.64)
(1.66)

(1.70)

(1.79)

(1.78)

(1.80)

(1.97)
(1.98)

(1.74)
(1.75)

(1.76)

(1.103)

(1.105)

(1.106)
(1.111)

(1.113)

(1.114)

(1.117)

(1.118)
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Amniautyna pe3yIbTHPYIOLIErO
CMEIIEHUS] JIBYX TapMOHHYECKHX
BOJIH, UMEIOIIUX OAWHAKOBbIE Yac-
TOTHI ¥ HanpaBiIeHUS

JInvHAa BOJHBI

VpaBHeHue MJIOCKOH TrapMoOHHYeEC-
KOH BOJIHBI
— CTOSYMX IUIOCKHX TrapMOHMYeC-
KHX BOJIH

225

Ay=/A}+ 43+24, A;cos(p,—9,)

)\—vT—

\lt‘

&=Acos

—_—

ot —kr)

u=2A4cos(kx)cos (wt)

Tepmoounamuka u moaekyaapHas @usuka

CpCAHﬂﬂ yacjibHas TENJIOEMKOCTh
VpaenbHas TemIoeMKOCThb

MonspHas TemIoeMKOCTh
[lepBbIif 3aKOH TepMOAWHAMUKH

Pabota TepMoaMHaMH4eCKOH CHC-
TEMBI

PaboTta upgeanpHOro rasa:
— mpH Hu306apHUYECKOM TpOLECcce

— IIpU HU30TEPMHUUECKOM IIpoLecce
— IIpH aanabaTHIecKoM npouecce

YpaBHEHHE COCTOSIHUS HIEaJIbHOTO
raza (ypaBHeHHe MeHeneeBa —
Knanefipona)

VpaBHeHue BaH-mep-Baanbca

YpaBHEeHHE TEIIONPOBOAHOCTH

VpaBHenue auddyszuu

C.. =

AQ 1dQ

=— lim
€= mu—«;AT m dt

C=uc
AQ+AA=3U

v,

A=fpdV

<—V;—“)(V vb)=VRT

v=mfp

AT
AQ= —ASAI~
Q=-ASArgy

Ap
AM=—DSA:=P
oy

(1.121)

(1.122)

(1.123)

(1.131)

@.1)
(2.3)

2.4)
(2.6)

2.8)

(2.19)
(2.21)
(2.22)

(2.16)

(2.23)

2.31)

(2.33)
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CpenHsis  CKOPOCTb MOJIEKYJT HJe-
aJpHOrO rasa

Cpemmﬂ KBaJpaTH4Hasi CKOpPOCTb
MOJIEKYJT HO€a/IbHOro rasa

Cpennss IiMHa cBOOGOJHOrO npo-
fera uaeajNbHOrO rasa

OCHOBHOC ypaBHEHHE MOJIEKYJIsp-
HO-KUHCTHYECKOH TeOpHM Healb-
HbIX Tra3oB

TCHIIOHpOBOllHOCTb HACATbHOI'O ra-
34
Bsi3kocTh wWjeanbHOro rasa

Kosbouuuent nuddysun unpeann-
HOro rasa

: l=§pvcplcp
1
n=§pvcp1
1
D=§Dcp[

J.tekmpoounamura (eounuyst CH u CI'C)

3akon KysnoHna

HanpsxeHHOCTb 10/l  TOYEYHOro
3apsia

HanpseHHOCTb mONst BHYTPH MJO-
CKOro KOH/JIEHCaTopa

Pabota no nepemelueHuro 3apsia
B JIEKTPHYECKOM MoOJIE
DICKTpHUCCKas €MKOCTb

EmkocTh niockoro KOHICHCATOpA

DIEKTPUYECKH MOMECHT MO0

[Moaspu3oBaHHOCTH

0,07
I
4ne, er
0,0:%
F =—F
er
I N
4ngger? er?
o] 4noc
E=—, E=—
€€ €

A, =0(0,—¢,)

C=0/(¢,—¢,)
C_eoss C_,SS
T d’ T 4nd
P,=0Ql

P=xg E. P=xE

(2.25)

(2.26)
(2.24)

(2.28)

(2.32)

(2.35)

(234)

(3.0

(3.17)

(3.19)
(3.14)
(3.16)
(3.25)

(3.2)
3.7



V. OCHOBHBIE ®OPMVYJIbl U 3AKOHbI 227

DJIEKTPUYECKOE CMELLEHHE
3aBUCUMOCTb MEXAY € H X
[110THOCTL 3HEPTHH 3EKTPHYECKO-
ro moJs

3akon Oma a8 yvacTka Lenu
6e3 DC

O6061wenHblii 3akoH Oma
Pabota 3nekTpuyeckoro Toka
DJeKTPUYECKOE CONMPOTUBIICHUE

B3aumoaeiicTBue napajieyibHbIX
NPOBOJHUKOB CTOKaMH

MaruuTHbIH OTOK
MarHuTHas MHAYKLMUS
3aBHCHMOCTD MEXAY MU H X%

3axon buo— Capapa-— Jlannaca

Maruurtsas
TOKa
3akon Amnepa

HHAYKIHUA npsaMoro

Cuna JlopeHnua

3aKkOH 3JIEKTPOMArHMUTHOM HMHAYK-
UHH

WUHAyKTHBHOCTHL COJleHOMIA
[T10THOCTD 3HEPrHH MarHMTHOTO

nons
BexTop [lloiHTHHra

CKOpOCTb 3JIEKTPOMATrHHTHBIX BOJIH
B cpene

15*

=g, E4+P, D=E+4nP 3.9
e=1+%, eg=1+4nn 3.9)
w=¢goeE?2, w=¢E?%(8n) (3.15)
I=(¢,—@,)/r (3.37)
I=(¢,~ 9, +6)ir (3.38)
A=1Ut (3.46)
r=pl/S (3.42)
F=l»lolllllzl‘

2na
1 2ul, 1,1 (3.72)
F= L2

c a
®=BScos @ (3.79)
B=pouH,, B=pH, (3.73)
pu=l+x% p=1+4nx (3.98)
AB:“"IAIS;na,

4nr
IAlsina (3.74)
T
1 2ul
B:"l"_“, B:..E_ (3.75)
2nr cr
1
AF=I[AIB], AF=-[AIB] (3.67)
¢
1
F=Q[vB], F=-[vB] (3.65)
c
&= 4 &= 149 (3.85)

T oodtt T cdt '

kpouN?s 4nuN? S
L= ”"“1 . L="HT2 3qy)

B? wH?

= , w= 3.82
¥ 2ugp v 8n (382)
S=[EH], S=4i[EH] (.118)

T
i =1/\/HoMeot, c¢;=c/\/ep
(3.117)
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Onmuka, amomnad u d0epiuad @usuka

3aKOH OTpaXXCHUS

3aKOH Mpe;1OMIEHUS

[Moka3areab NpEJIOMJIEHUA CTCK.1d,
U3 KOTOpOro HM3roTOBJICHA TNpHU3Ma

®dopMmyna TOHKOH JHH3bI
Bunumoe yBennucHue:

-~ nynsl
- MHKpOCKOIMa

-— 3pUTEILHOH TpPYyObI

Pe3yabTUpyrolias aMmianuTyaa ABYX
TIJIOCKMX TapMOHMYECKHMX BOJIH
Hdubpakuus csera Ha OUbpPaKLUMOH-
HOM pelueTke (MpU HOPMAJBHOM
MaICHUH):

— YCJOBHMC [JIABHBIX MHHMUMYMOB

-— YCJOBHE T[JIABHbIX MAKCUMYMOB

yCJIOBHE [OMOJIHUTENIbHBIX MH-
HUMYMOB

Pa3peltaeMoe MHKpOCKONOM  pac-
CTOsiHHE

ﬂ’d BJICHUE JICKTPOMATHUTHBIX BOJIH

OcHoBHOe ypaBHeHue oTodpdekra

3aKOHBI TEMJOBOrO HU3Jy4YeHHUS:
— 3akoH Kupxroda

s

— 3akoH Credana — Boabumana

-— 34KOH cMmculeHus BuHa

i=i (cM. c. 140)
sin i
-—=n (4.6)
sinr
sin(8,,/2+ P/2)
= 4.8
sin(P/2) @8
: + . 4.9)
ap ay f ’
250
r,==- (4.14)
s
_250A @15)
N ‘
I",:j,i6 (4.16)
./OK
Ep=+/ E$i +E};+2Eq, Eqycos0
4.17)
asin B, =mhi
(m=+1, £2, +3,..) 4.24)
dsinB,,,,.=mhk
(m=0, £1, £2,..) (4.24)
dsinB,,,=m'A/N
m'=1,2 .., N—1, N+1, ..
(m’ He xpaTHO N) (4.26)
A
s 427
P> Insinu @.27)
E’)
p="(1+p) @.31)
1
hv=A+§m,v.ﬁ (4.32)
E,
A;“" (4.33)
R,=cT* (4.34)
b
Ay== 4.35
M=T (4.35)
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— ¢opmyna IMnanka

HnuHa BosHBI nae Bpoitns

DHepreTHYeckue ypoBHU BOIOPOIO-
nogobHpIXx aTOMOB

OpbuTanbHbIE MOMEHT HMMITyJIbCa
3NMEKTPOHa

CoOCTBEHHBII MOMEHT HMIIyJIbCa
(CIIMH) 3JIeKTpOHA

OHeprus CBS3H AApa
PaguoakTuBHblii pacnag simep

OddexTHBHOE ceueHHe SOEPHOH pe-
aKuuu

- 2mc? h

Br= 55 man | (4.36)
h

A=o .1)
P

- m,Z?%e* (5.4)

" 8ednih? '

M= J1I11) (5.5)

M=h/s(s+1) 5.7)

AE=AM c? (5.11)

N=Nge M=Ny2 T (5.13)
AN

o= (5.15)
NngAZ
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MPUJIOXEHUE

V1. Tepuonnueckan cucrema dnementos [I. K. Menaeneesa

=5 E(
g5 7 1 NEPUOAUHECKAA CUCTEMA 3NEMEHTOB
1) (H) T 11 v v
211113 Li nurui 4Bes:mnuﬁ s0p 5B yINEPOL, 60 A30T 7N
6,941 9,01218 10,81 12,011 14,0067
3l 11Na HATPHH 12Mg' MATHMA AmnmﬁﬂAl kpemnnid 14 Si POCPOP 15P
22,98977 24,305 26,98154 © 28,0855 30,97376
v 19K i | 2002 xanewi | 24 Sc,cxmr. 22“ THTAN 23Vmunnﬁ
4 39,0883 40,08 44,9559 47,90 50,9415
v nean28 CU | e 30Zn a3t Ga p—s] A nuux33AS
63,546 65,38 69,72 72,59 | 74,9216
VI 37Rb eyouni | 38 Srcmnu,uﬁ '39Ynnvui 40Zl'u.umom| ﬂNb NHOBHA
5 85,468 87,62 88,9059 94,22 92,9064
viI czvssvoﬂAg' xu,nui%Cd Funani 49 Ill onoso SOSll CYPLMA 518b
107,868 12,41 114,82 118,69 124,75
*
VI 55Cs WE3KRA 56Ba sarun |57La anwran | 72 caomi | 13 T8 rantan
6 132,9054 137,33 138,9055 178,49 180,9479
IX |senoro 1AU| sryre m.ﬂg i 81T1 cuntZPb o783 B
96,9665 " 200,59 204,37 207,2 208,9804
*
71X 87 Froeamuui |88 Ra oanui |89 A€ axrunnif104Ku 105 (NS)
[223] 226,0254 [227) [261] xypuaToBuit| [HnnbCEOPMA)
®*NAHTA
saCeﬁ gﬁ’r 60Nd | 64/Pm |[62Sm |63Eu |64Gd _
oh | 1400005 | seazhn | (a5 ] sran? | as S0 | asndE
B ®¥AKTH
90Th |s9tPa [s2U |93Np |s¢Pu |95Am |36Cm
TOPHA | NPOTAKTHHMA YPAH HEmTynMA|  avTonwi | AMEPHUp 0P
.| 232,0381 | 23,0359 | 238.028 | 237,0482 | [244] [243] Eﬂ?




VI. MEPUOAUYECKAS CUCTEMA 3JIEMEHTOB 231

VIl

AUMEHGENEEBA | VI

VI soaoron ! H [ e 2He
1,0079 4,00260

xucnopon 8 0 oror 9F HEOH 10N(‘.’

15,9994 18,398403 20,179
cern 16 S xnop 17Cl APTOH 1BAI'
32,06 35,453 39.948

24Cr o [25Mn maeraney, | 26 Fe xeneso| 27C 0 xoeanet] 28 Ni HUKEAD
51,996 54,9380 55,847 58,9332 58,70

CENEH 34SC BPOM 35BI' womiron 36 K1
18,96 79,904 83.80

42M0 MONMBAEH| 43TC TEXHEUMH 44Rll PYTEHWA 45Rh PO 46Pd NANNARMA

95,94 98,9062 101,07 102,9055 106,94
rennve 521 € wop, 53 I | cenon 54Xe
127,60 126,9045 131,30
.
74Waonwmn 75Re PEHMH 7505 ocMu# 77I['u9un.nﬁ 78PL nnarunn
183,85 186,207 190,22 192,2 195,09

NONOHUH 84P0 ACTAT 85At PALOH BGRH
[209] [210] [222] .
atomrstit | g9 T'] +anoui

105(E W) 107(E Re) HOMEP 204,37

ATOMHA® MACCA

IKABOSbPPAM 3IKAPEHNMHA [oTHOCHT.]
HOW Abl
|e6Dy |67Ho |68Er [6sTm |70Yb [71Lu.
TEPBUN AMPOSH“ roneMun 3IPBMN TYNUR WTTEPBUA MOTEUNNK
158,9254 |~ 162,50 | 164,9304 | 167,26 | 168,9342 | ~ 173,04 | 174,967

HOW Obl

F'”Bk L;asCf 39Es [100Fm

101Md [102(No) | 103(Lr)

1] eepxni [2stlxamooenni 254) simureinnid [257) oepuuin |Rsemenaereanil25S) (nosEnnk (noyPEHCHR)|




232 MPEAMETHbBIfI YKA3ATEJIb

IIpeameTtnblii yka3zaTeb

Anuabara 75

Anponbr 180
Axxkymynsrop 109
AKTHBHOCTBL 177
AMmMTyga BOJIHBL 60
— KonebaHuit 54
AHuurunsuus 174
AHTeHHa 136
AHTH4acTHna 180

Bapuonn 181
Bexkepens 177
Brok 42
bosonsr 180

BexTop eauHHuHBIA 9

— TloitaTHHra 136

BexTopn 7

Bec 44

B3aumopeiicteue 3apsgos 91, 117

-— ¢yHaameHnTanbHoe 178

Bnaxsocts 90

Bosna 59

—— JIMHEHHO mnoJyispu3oBaHHas 153

—- 1ulockas 60 °

--- nonepeyHas 61

— mnpojonbHas 61

— cdepuyeckas 61

— UMJIMHIApHYeckas 61

— 3JeKTpoMarHuTHas 135

BonHbl korepeHTHble 149

BocHpUHMYHBOCTb  AM3JIEKTPUYEC-
kas 94

— MarsuTHas 127

BpatieHue MIOCKOCTH MONSApH3aLMH
185

Bsaskocts 51, 82

a3z uneaibHbli 74, 78
I'uneponst 180

I'ucrepe3auc MarHUTHbIA 142
Inroonmr 179

I'paButoHBI 181

I'pagnesTt miuotHoctu 81
— moTeHuuana 96

-— ckopocTtH 51

—— Temmepatyp 80
['poMkocTh 3Byka 62

I'pait 177 .

JasneHue 3BykoBoe 63

—- KpuTHYeckoe 76

—- napuuanbHoe 74

— cBera 156

JIBiOKeHHe KUAKOCTH 48

— — BA3KOH 49

— — upaeajbHON 48

— MexaHHyeckoe 23

—- paBHO3aMeMJIeHHOe 25

— paBHOMeEpHoe 25

— PaBHOYCKOpEHHOe 25

— Tejaa B Mojie TAroteHus 26, 27
Hedexkr maccet 170
Hedopmanus 46

— OTHOCHTeJbHas momnepeunass 47
— — npojaonbHas 47

— cnpura 47

— ympyras 47
Juamarnetuku 127
Junamuka 28

— BpallaTeJbHOro [BHXeHHs 31
JuonTtpus 144

Jlunoab asnektpuyeckuin 93
Hucnepcus 153
NudpakuuonHnas pewerka 151
Hudpaxuus 150

Nuddy3ns 81

JlnuHa BoJHBI 60

— — ne bpoiins 163

— cBoboaHoro mpobera 78
Jlo3za mnornouleHHas 177



APEAMETHBIN YKA3ATEJb 233

Homennr 122, 142
Homxkpat BuHTOBOH 43

Enusuimb
11—20

¢)H3H‘ICCKHX BEJIMYUH

Kunkue xpucramibt 85
XKunxocts Bszkas S0
— uneanbHas S0

3akon Ammepa 117

— Apxumena 49

- - buo—Capapa — Jlanmaca 130
—- boiing —Mapuotra 75

— BCEMHPHOro TATOTEHHS 43
—- I'e#t-JIroccaka 75

— I'yka 48

— JlansTOHa 74

— Kupxroda 160

— Kupxrodpa — Byn3ena 159
— Kymona 92

— Oma 103

— Tlackans 49

— CcoxpaHeHHs 3apsgoB 91
— — umnyibsca 40

— — MOMeHTa umnyibca 40
— — sHeprun 40

— Credana — Bonpimana 161
— CroneroBa 157

— Mapns 75

3akoHbl BHelHero (oTo3adpdekTa
157
— Kennepa 44

— Herotona 29, 30

— TepMOJUHAMHKH 69
— ®apanes 108

— O®ypbe 80

3apsn anexktpuyeckuin 91
— JJeMeHTapHbId 92
3Byk 62

3ona BaneHTHas 113
— 3anpeieHHas 113

— mnpoBogumocTtu 114

H3ny4yenue TtemioBoe 160
H3o6apbr 168
Hzotonbr 168
Umnynse 30
WUnnyktuBHOCTL 124, 125
WUunykuns mardutHas 119
— JJeKTpoMarHuTHas 121

HHaykuus snexktpocraTuyeckas 121
WUneptHOCTH 29

MuTencuBHocTh 62
Hurtepdepenuus 148

Huodpassyk 62

Honusanusa rasos 111

Housr 92, 108, 165

Hcnapenue 72

HcnyckatenbHas crnocobrocTs 160

KBaHTOBbIE uMCha 165
Ksapku 183

Kunematuka 21

Kunenne 72

Koneb6anus BbIHYXIeHHbIE 57
— rapMoHuYeckHe 54

— 3aryxarouue 56

— aJnmeKTpuyeckue 134
KonuuectBo nmxenus 30
Konnencauust 72

KoHTtyp konebatenbHbiii 135
Koabdunuenr 3atyxanus 57
— xayectBa 177

— KBa3Hynpyroi cuiel 55
— momHocTH 132

— ocnabneHus nuHe#HHbId 177
— — MaccoBbit 177

— OTpaxeHHus 3Byka 63

— TNOrJIONIEHUs 3Byka 63
— mnpomnyckaHus 63

— TIlyaccona 48

Kpusble HamaruuyeHus 128
Kpucrann 84

Jlentonnl 181

Jlunza 141

JluHuM MarHuTHOM wWHAayKuMu 120
— HanpsHKeHHOCTH 98

— ®payHrogepa 187
Jlyyenpesnomiienue aBoiHoe 154

Marueton bopa 163

— saepHbli 163
MarautocTpukuus 129
Macca 29

— MouspHas 68
MaccoBoe uucino 168
MasTHUK KpyYWibHBIA 55
— MaTeMmaTHieckuil 54
— C ynpyroi cBs3bio 54
— (u3suyeckuii 56
Me3onnr 180, 181
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Mogens atoma 164

— uaeajbHoro rasa 78

Mopayne o6beMHOH ympyroctu 48
— casura 48

— Onra 48

Mo 11

MOMEHT AMIOJS ICKTPHYECKHH 93
— umny:bca 31

— wuHepuuu 32, 33

— KOHTypa MarHuTHbIi 118

— cuibl 31

Moiurocts 38, 106

-— MOTJIOLICHHOMH n03bl 177

HamaraudyeHHocts 126
Hanpsokenne Mexanuueckoe 47
— oanekTpuyeckoe 104
HanpskeHHOCTh KOJpIMTHBHas 129
— noas MarHutHoro 119

—— — TATOTeHus 44

— — ajexTpuueckoro 93, 98
Heiditposy 167

Hyxaun '168

Hyxmonsl 167

O6o0s0ukn 37€eKTpOHHBIE 166
OnTuka reomerpHyeckas 143
Ontuyeckass cuna 144
Opb6ura craunoHapHas 164
OcBeieHHOCTh 138
Otpaxenne muddysnoe 140
— nosiHoe 141

IMap HacbluleHHBbIH 72
IMapamarueruku 127

IMapameTpbl kputuyeckue 76

— TepMoAMHaMHueckue 66
[Mepemeiienue 22

[lepuon xosebanuii 54

-— — KOHTypa 144

—- obpamenus 24

— mnonypacnaga 172

Tletas rucrepesuca 128

Ilnasma 90

IMnotHoCTh BewecTBa 29

— 3apsaa nosepxHocTHas 100
— Toka 3nekTpuueckoro 108, 111
— 3Heprud MarHuTHoro mons 122
— — 3JeKTpuyeckoro noss 96
[MoBepxHocTs BonHOBas 50

— JKBUNOTEHUHMANbHas 96
[MornomarteabHas cnocobHocTs 160
[MorpemHocTe u3Mepennit 216
ToasuxxocTs 108

Moxasatens noryowenus 63

-— npejgomienus 141

MMone rpaBuTaumMonHoe 43

—- MarHuTHOoe 117

— mnoTeHuHasbHOe 38

—- anekTpuyeckoe 91

-~ — BHXpeBoe 122

- - 3JeKTpoOMarHuTHoe 135

[Monumepsr 87

Monucnacr 42

Monuelit u3ny4yatenn 160

IMoaynpoBoanuku 113

[lomrocsl MarHuTHBIC 163

[Moasipusauns muinekTpuka 94

— cBera 153

[Mopor 6oneBoro oiyiueHus 63

--- CJIBIIUIUMOCTH 62

TMoctosinnas ABoranpo 79

— bonbnmana 79

- BpauleHus 156

— — ynenbHas 156

— TrpaBHTalMOHHas 43

— Ilnanka 157

MoTeHuuan a3nexTpuyeckoro mnoss
95

— 31eKTpOXHMHUYeckui 128

IMToTox 3BYkOBOH JHEpruM H3iy-
yeHUus 62

--- MarHuTHbIA 121

— TerioBoit 80

IpaBuna Kupxroda 106

[Mpasuno BuHTa (mpasoro) 9,24

— Jlenna 123

Ilpeaen npounoctu 48

-- paspeuwieHus 152

— Teky4yecTu 49

— ynpyroctu 49

[Mpubopbr ontuyeckue 145—148

Ilpumecu akuenropueie 115

— JIOHOpHbIe 115

Mpunuun IMayau 166

IMpoBoaumocTs abipouHas 114

— HecamocTosiTeapHas 111

-— npuMecHas 115

— caMmocTosTenbHas 112

— 9nekTpoHHas 114

[MpoHHLaeMOCTb  IUANEKTPHYECKAS
95

— MarHuTHas 127

IMpoton 167, 182

Pa6ora 37, 70
— BbIxoxa 112
— HoHHW3duuu 111
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Pabora koHcepBaTHUBHBIX cuia 39
— cun Ammnepa 122
PanuoaktuBHOCTHL 171
PanmoaktuBHbie mpoueccol 171
Pacnpenenenne MakcBenna 79
Peakuuu saepHbie 173—174
Pe3onanc MexaHuyeckuit 57

— JJIEKTPHYECKOTO KOHTypa 134
Poiyar 42 '

Camounnykuus 124

Cser ecrecTBeHHBIH 153

— MONApH30BaHHbIA 153
Csetumocts 138
CxumaeMocTh 48

Cuna 28

— Awmmepa 117

— rugpoaMHaMuyeckas 52
— rpaBHTanMOHHas 43.

— nmMccHnaTtuBHas 40

— HHepuuH 35

— KkBasuympyras 55

— KOHcepBaTHBHas 38

— Kopuomuca 35 ’

— KO3pUHMTHBHas 142

— Jlopenua 117

— MarnuTHas 117

— cBera 138

— ToKa 3nekTpuyeckoro 101
TpeHns 35

TATOTeHHs 43

— TaXecTH 44

— ynpyroctu 47

— ueHTpobOexHasn 35

Cunbl croponnue 103

— snepHble 169

Cucrema eauHHn 9

— orcyera 21

— — HWHepuMayibHas 29

— — HeWHepuMajibHas 34

— TepMoaMHaMu4eckas 66
Cxopoctb kojnebanmnii uyactun 59
— KxocMmuueckas 26, 27

— MrHOBEHHas 28

— MoJiekyn 79

— pPaBHOMEPDHOTO [IBHXEHHS 25
Cxopocth cpennss 22

— yrioBas 24

— 3JIEKTPOMAarHUTHbLIX BOJH 135
CwmelieHse 3JieKTpHyeckoe 94
ConpomBieine emMkocTHoe 133
— MHAYKTHBHOe 133

— anexTpuyeckoe 105

— — yaensHoe 105

I

CriexTpasibHas TUIOTHOCTb JHepre-
THYECKOH cBeTHMOCTH 160

Cnektpbr 158

— ucnyckanus 158

-~ nuHeH4aTbie 158

— morJjiowenus 159

— XapaKTepHCTHYECKHe
HOBckHe 167

Cnun 166

Cy6numanus 72

peHTTe-

Tembp 62 -

Temnepatypa 66, 68

— KHNeHHs 72

— kpHTHUeckas 76

— Kiopn 128

— crexjoBanus 89

— TexkydecTH 89

TemnepaTypHBId
IUTMHBL 73

— — obvema 73

— — conpotuienus 105

Temnoemxocts 67

— MouspHas 68

— yaenbHas 67

Tennonposoanocts 80

Temnora 67

— mnapooGpa3oBanus 73

— IuiaBJeHus 73

— ¢a3osoro mepexoma 73

Tox MHAyKUHOHHEIH 123

— HachimeHus 112

— nepeMeHHbIR 131

— noctosuuuii 101

— cmeuieHus 129

— o¢pdexTuBHbI 131

Touka MartepmayibHas 21

Tpaektopus 21

Tpenue kauenus 36

— mnokos 35

— ckoybxeHns 36

— cyxoe 35

K03 dHULHEHT

VBenuucHHE ONTHYECKHX NpubopoB
146

VYron Bproctepa 154

— mpenenbHbiH 141

— cmauyuBaHus 83

VabTpa3Byk 62

VpaBuenue agmabatnl 75

— Bepnynim 50

— Ban-nep-Baansca 76

— BOJIHBI 60, 61, 64
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YpaBuenne MeHnnaeneeBa — Knaneii-
poHa 74
-- ¢otoaddexra 186
YpaBHenuss MakcBeana 129
YpoBHH 3Hepruu 165
YckopeHue KOPHOJIHMCOBO 34
HOpMaJjibHoe 23
— noJyiHoe 24
TaHreHUMaabHoe 23
yriosoe 24
LEHTpocTpeMHuTeNbHOE 34

®aza xonebanuit 54

— — HavanbHas 54

— TepMoAWHaMuueckas 72

depmuoHbl 180

deppoMarHeTuku 128

durypsl Jluccaxy 58, 59

dusuueckue KOHCTAHTHI
canbHble 221

®okycsl nHH3BL 142

®opmyna Ilnanka 161

— [lya3zeitna 52

— Crokca 52

®dopmysna TOHKOH JHMH3bI 143

dotomeTprueckue BenHuuHbl 138

®orton 156

®oroaddext 157

YHHBED-

-

Hentp uHepuuu (Mmacc) 45, 47
—— TXecTH 45

Yactuubl 3neMenTapHbie 180—182
Yacrora koneGanuit 54
— yrinosas 54

MPEAMETHBI YKA3ATEJIb

YepHoe Teno 160
Yucna kBaHTOBbIE 165
Yucno OGapuonHoe 181
— BoJiHOBoe 60, 137
— MaccoBoe 168

DKBHBAJICHT
109

OxBHBaJIeHTHas no3a 178

Onextpuueckuit Tox 101

Onextpoasuxymas cuna 103

OnexkTpoeMkocTs 97, 100

Onextponus 109

OnexTpoautsl 108

ONeKTPOHBOJIBT 163

DNeXTPONpPOBOAHOCTh Ma3Mbl 112

— noJynpoBoaHukoB 113

OneMeHT TOKa 119

DneMeHTapHble 4acTHubl 180

DneMeHTHl rajbBaHudeckue 109

OMHcCcUs TepMOdJIEKTpoHHas 112

Oneprus 38

DHeprus BHYTpEHHAs 69

— wu3ayyeHus 171

— HoHu3auuu 165

— KuHeTHveckas 38, 40

— noTeHuuanbHas 39, 40

— — e OpMHPOBAHHOIO CTEPXKHSA
41

3HCKTp0XHMH‘IECKHﬁ

— cBs3u sgpa 170

OHtpomus 71

OddexTHBHOE ceueHUE ANEPHOI pe-
akmus 173

Slnpo atoma 167
SApkocts 138
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Bunmanuio yuammxcs!

BCECOKO3HbIE 3AOYHbBIE IMOATIOTOBUTEJIbBHBIE KYPChI
MPUTJIAIIAIOT

yuamuxcess 10 u 11 kymaccoB obueobpa3soBaTenbhbix wkon u CIITY,
a Takxke paboTaloulyi0 MOJIOAEXb, XENAKLlylo nocTynaTs B BY3wl

BcecorosHble 3a04Hbie moaroroBuTesbHble Kypebl (B3I1K) I3HAWCHU
npn Akazemuu Hayk CCCP npoBoasT uefieHanpaBJieHHYIO HHIHBHOYaJlb-
HyIO MOATOTOBKY K NMOCTYIJIEHHIO B Bbiciune yueGHble 3aBeneHns. OcHOBY
3aHATUI COCTABJISET caMOCTOsATeNbHAs paboTa ydauMxcs MO METOAMYeC-
KMM [OCOGHSM, pEaM3yIOLMM TNEJarorHieckd OGOCHOBAHHYIO CHCTEMY
noarotoBkd. [TocobGus codepkaT KpaTKoe H3JOXEHHE TEOPETHYECKOTO
MaTepHalia, NPUMEpHl BLINOJHEHHS THMOBBIX 3aJaHMH ¢ HEOOXOMHMMBIMH
PEKOMEHJALMSAMHM BBICOKOKBAJTH(UIHPOBAHHbBIX CHELMAIHUCTOB M UHIUBHIY-
albHO OpPHEHTHPOBAHHbIE KOHTPOJbHBIE PabOTHI.

Vyamunecs B3IIK o6ecneunsarorcs uHbpopmanueii 06 u3bpaHHOM
y4e6HOM 3aBEfCHHH M OCOBGEHHOCTSX BCTYNHTEJBHBIX 3K3aMEHOB.

OOyueHue OCYyIUECTBJISAETCH MO MaTeMaTuke, Gu3uKe, XHMHH, OHO-
JIOTHH, PYCCKOMY S3bIKy M JIATEPATYpe, HCTOPHH, OOIECTBOBEACHHIO,
reorpaQuu, aAHTIUIACKOMY SA3bIKY, YKDauMHCKOMY S3bIKY M JIMTEpaType,
Ka3axCkoMy a3bIky M juTepaType. Gunuanb B3I[TK B KueBe u Anma-Ate
OCYHIECTBIISIOT OOyuyeHHE HE TOJBLKO HAa PYyCCKOM S3bIKE, HO H Ha A3bIKax
ITHX pecny6.IuK.

Ha xypchl npUHUMAlOTCA JMHa C JiIoObIM YpOBHEM HavajibHOH
noarotoBku. OO6y4enue ruaTHoe. MHBaymmMabl ¢ AeTCTBAa, BOCIUTaHHHMKH
JETCKMX JOMOB, BOHHbI-HHTEPHALMOHAIKCTH MMeloT JbroTel. O dopmax
OIIaThl M YCJIOBHMSX 3a4YMCIEHHS MOXHO Y3HaTh, HANlMCaB B ajpec
ynobuoro otaeneHus B3IIK. PexoMenayeM BbIOHpaTh oTiejieHHe nub0
N0 MeCTy D KHTENbCTBA, JMOO MO MECTy HAXOXICHUA H3OpaHHOro
By3a. Bo BCcex ocTanpHbIX ciaydasx oOpamaiitece B LleHTpanbHoe
.otmenenue B3IIK.

Appeca otaenenuit B3IIK:

129110, Mocksa, B3IIK;

190000, Jlenunrpan, JITO B3IIK;

252001, Kues, YPO B3IIK;

480100, Anma-Ara, CAKO B3IIK.






