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NMPEJUCJIOBHE K JECATOMY W3IJAHAIO

IMepBoe u3panne «CnpaBoOYHHKA MO 3JEMEHTapHOM (HH3HKE» BHILIIO
B 1960 T.; ¢ Tex mop OH M3JaBajCs Ha PYCCKOM s3blKe IEBSITh pas;
KpoMme TOro, OH M3JaBajcsi B NepeBojax Ha s3bKax HapogoB CCCP
H CONHAJIUCTHYECKHX CTPaH, a TaKxe Ha aHIVIMHCKOM, HCIIaHCKOM,
HNOPTYraJbCKOM, SIMOHCKOM M XHHAH.

FnaBam cnpaBoYHMKAa COOTBETCTBYIOT TPaIHUIHOHHBEIE Ppasziesl
¢u3nKH: MeXaHHKa, TePMOAHHAMHKa M MOJeEKYJsApHas (U3MKa, 3JMEKT-
PHYECTBO, ONTHKA, CTPOEHHE aTOMa H 3JeMeHTapHHe yacTHub. Kaxnas
IJ1aBa COCTOMT H3 JABYX uYacTefi: B NepBOH 4acTH B OCHOBHOM MpPHBO- -
JAATCA KPaTKHe CNPaBOYHBIE JAaHHHE O (PH3MYECKHX BeJHYMHAX M OC-
HOBHHIX 33KOHaX (H3MKH; BO BTOPOH YacTH NPHBOAATCA 3HAYEHHS
(H3UYeCKHX BEJHYMH H HX 33BHCHMOCTH OT Pa3JHYHHIX (akKTOpoB (B
TabJaHUAX HJIH HAa rpagukax).

TeopeTnueckue cBeJleHHS M TaGJHUYHBIE JaHHBIe He TpPETEHAYIOT
Ha SHUUKJIONEAHYECKYIO NMOJHOTY H, 6e3yCJOBHO, OHM He MOryT 3ame-
HHTb COOTBETCTBYIOLIHE YYeGHHKH MJIH CIelHatbHble yyeGHble MOCOGUs
JUISt M3yueHHs (H3MKH; 3TH CBEJEHHsI He COOTBETCTBYIOT KaKHM-JIHGO
yueGHBIM TNpOrpaMMam.

CnpaBoYHHK — He yYeOHMK: OH NpefHa3HauyeH JJIs TeX, KTO 3HaeT
GHU3MKY H yMeeT NPHUMEHSATb ee 3aKOHH JJs peIleHHs KOHKPETHBIX
3anay. OpHako, Kak NOKas3ajo BPeMs, OH LIHPOKO HCIOJb3yeTcs yua-
muMuca wkoJ, IITY u cTyleHTaMH Ipu BHINOJHEHHH paboT B Jnabopa-
TOPHHIX NPAaKTHKYMaX ¥ NPH PeUIeHHH 3ajay HAa CEeMHHapCKHX 3aHs-
THAX C HCIOJNb30BAHHEM MHKPOKAJbKYJSTOPOB H NepcoHaNbHHIX DBM.

Ilo MHeHHIO aBTOpPOB, B CIpPaBOYHHKE OTOGpPaHB TaKue IaHHbBIe,
KOTOpble MOTYT GBITh MCIIOJIb30BaHbI IUHPOKHM KDPYroM CIeLHaJHCTOB
Pa3NUYHLIX OTpPacjJell HapOXHOro XO03sificTBa NPH NPHONHKEHHBIX
OLlEHKAaX BJHSHHS TeX WJIH MHBIX QH3HUECKHX (PAKTOPOB HA pa3HUIHbIE
TeXHoJioruyeckne nponeccel. KoHeuHo, IJs KOHCTPYKTOPCKHX pa3spa-
GOTOK HEOGXONMMbI CMeNHaJu3HPOBAHHbIE CIPABOYHHKH, B KOTOPHIX
npuBoAsaTcs Gosee nojHble U Gosee TOYHBIE 3HAYEHHST HEOOXOAMMBIX
¢u3nYeCKHX BEJIHYHH.

B HacTtosileM JecfiTOM M3JaHHH MO CYLIECTBY 3aHOBO HAaNHCaHbI
pasgenbl «OCHOBHBIE NMOHATHS H 3aKOHBI», NPHBEJEHH HOBblE TEOPETH-
yecKue CBeleHMs, Ta6auubsl H rpaduxkn. Ha3panus ¢uanueckux Be-
JIMYHH, HX ONpejeJieHHsi U 0603HaueHus AaHbl B coorBeTcTBHH ¢ [OCT
8.417-81 (CT 1052-78) «I'CH. Exunuusl Gu3HUEeCKHX BEJHYHHY.

OcHOBHBIe H npou3dBoxHble enuHuubl CH npusoisATcs B Tabauuax,
pa3MellleHHBIX B HayaJie CNPaBOYHHKA; B NPHJOMEHHH MMeIOTCS CBe-
JeHHsa O cHMMeTpuyHOi cucteme eaunull CI'C (cucreme Taycca), a
TaKxKe O HEKOTOPHIX BHECHCTEMHBIX €IHHMIIaX.



K CBEAEHHIO
MOJIb3YIOLNXCA CIIPABOYHHKOM

B GosnblinHCTBe ClyyaeB Ha3BaHMS BellecTB B CIIPABOYHBIX Tal-
JIHIAX PacnoyioxeHsl B ajidaBHTHOM nopsiake. Hexoropbie u3 TaGaun
MOCTPOEHH B NOPSAKe BO3PacTaHUs WM YOBLIBAHUS 3HAUEHHH BeJHUYHH.

3HaueHHs BeJHYHH NPHBOAATCA C MOTPEMHOCTbIO 0 IBYX-TpPex
3HAYAMHX LHPP, YTO OOBIYHO XOCTATOYHO AMA NPHOTHIKEHHEIX BbIYAC-
JIeHHH.

KosnuecTBo 3Hagamux uudpp B TaGAHLAX HEOAHMHAKOBO. ITO 00b-
SICHAGTCS TeM, YTO HEKOTODble BElleCTBA MOXHO IOJYYHTb B YHCTOM
BHJle, B TO BPeMs KaK JApYrHe SsIBJASIIOTCA CJHOXHHMH cmecsiMu. Ha-
npuMep, B 3HAYEHHH MNUVIOTHOCTH INIATHHBI YKa3aHbl YeTbipe 3Hauyauue
undpet 21,46, a g1a naTyuu — aBe 3uadauue nudps: 8,4—8,7, Tak
K4dK MJOTHOCTh €e M3MeHseTCs B 3THX MNpejejax B 3aBUCHMOCTH OF
COpTa JaTyHH.

Ecnu B Ta6auunax uau rpadpukax HMeeTcsi MHOXHTeJb THma 107,
TO 3TO O3HayaeT, YTO yKa3aHHOe B COOTBETCTBYloued rpacge TaGaumnbl
3HauyeHHe HeOGXOAMMO YMHOXHTb Ha 3TOT MHOXHTeJab. Hanpumep,
B Ta6J1. 17 B TpeTbeM cToN61E HMeeTCs MHOXHUTeab 108, B mepBoil cTpoke
5Toit TabaHUbl yYKa3aHo yucao 696; sto o3nayaer, uro paauyc CounHua
pasen 696-10° m.

B npumeuanusx K TabiulaM yKa3bIBaIOTCA YCJAGBHSA, AN KOTOPBIX
MPUMEHHMbl NPHBOAMMBIE 3HaYeHHS (eCqM B CaMOM Ha3BaHHM TabJIHK
YCJOBHSI OTOBOPEHBI 'HE MOJHOCTHIO), AOTOJHHTENbHBIE CBEXEHHS IO
MCMOJB30BAaHHIO TaGJHL H PAR APYTHX CBeleHHi.

Ecnu B rpade Ta6aunel CTONT Npoyepk, TO 3TO 3HAYHT, YTO COOT-
BETCTBYIOLIHE JaHHLIE OTCYTCTBYIOT HJIH CBOHCTBO BelleCcTBa, Ofpeje-
JisieMOe COOTBeTCTBYIOI{eHl BeJHUYHHOH, INPHU YKa3aHHBIX YCAOBHAX
He HCIOJb3yeTcs.

Ecnu uurarenio He coBceM siceH (H3MYECKHA CMBICT BEJHYHH B
TaGJHIAX, TO Heo6XOAHMO OGDAaTHTBCH K COOTBETCTBYIOIIEMY pPasieny
«OCHOBHble TIOHATHE H 3aKOHBI.

CHpaBKH MO COOTHOLIEHHMIO €JHHHIL B Pa3JHUHBLIX CHCTEMaX MOXHO
HaliTH B INPHJIOXKeHUSX. B NPHIOKEHHAX, KPOME TOro, NPUBEAEHbI
dopmyasl At MpHUGAUMEHHHX BBIYHCJACHHA H JAPYTHe CBeleHH.
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BekTopbl H CKaaspsl

B ¢usnke HCNOJNB3YIOTCS BEKTOPHEIE M CKaJfipHblE BeJHYHHEL
BennuuHb, 3HaUeHHS KOTOPHIX ONPENENSIOTCS TOJbKO IOJOKHTENb-
HbIMH M OTPHIIAaTeJbHBLIMM YHCJIaMM, Ha3hIBAOTCSA cKasapamu (ckaasp-
Hoimu eeaudunamu). TIpuMepoM CKaJdsPHBIX BEJTHYMH sBJSIOTCS Macca,
3apsji, NJIOTHOCTb, paGoTa. Benuuunel, 3HaueHHS KOTOPHIX OImpeje-
JFIOTCS HE TOJBbKO JeiCTBUTENbHBIMH YHMCJIaMH, HO M HalpaBJeHHEM B
NPOCTPAHCTBE, HAa3bIBAIOTCH 6eKmMOpamu (6eKMOPHbLIMU BEAUHUHAMU).
Hanpumep, yckopeHHe, CKOPOCTb, CHJIA, HANpPAMKEHHOCTb NOJAS H
T. I,— BEKTOPHBIE BeJHYHHBI,

o
J
A b
D———————T - — . . S
a C //
. 7
<
5 b 8
Puec. 1. I'paduueckoe Puc 2. Ipaduyeckne crnocoln OMNpeRETeHHS CYMME!
npeAcTaByieHNe BeXTOpa ABYX BEKTOPOB

Ha ueprexax BeKTOp H306paxcaeTcs HAanpaBJEHHEIM OTPe3KOM
B npoctpanctse (cM. puc. 1). Touka P; Ha3blBaeTcs HAUAAOM sexmopa,
P, — ero xoxyom; nnuua otpeaka PP, nasniBaeTcs Modyiem eexmopa.
JlBa BeXTOpa paBHBI JAPYr APYTY, €CJIH OHH HMEIOT PaBHBIE MOAYJAH H
OJAMHAKOBBlE HaNpaBJIeHHs.

I'pajuueckn cymmy Osyx eexmopos a u b (puc. 2, a) MoXxHO om-
pefllesiuTh EBYMA CROCOGAMH.

MMepBuit cnoco6 (puc. 2, 6): BekTopn a H b mepenocsaTes
napajneibHo caMuM cefe TaK, 4TOGH KOHELl OAHOrO BEKTOpPa COBMe-
CTHJCS C HayajJloM JAPYroro BeKTOpaj TOrAa BeKTOP, NPOXORAmMIl
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uepes Hayajlo MepBOro BeKTopa W Komelr apyroro (puc. 2, 6), paseH
CyMMe 3THX BEKTOPOB. DTa CyMMa Ha3BIBaeTCs 6eKMmOpHOL.

Bropo#i cmoco6: Bektopsl a M b mepeHocaTcs mapadj-
JnenbHo camum ceGe Tak, YTOGHl Hayala MX COBMECTHJAHCH (PHC. 2, 8).
Torza cymMma BeKTOpoB OyZeT paBHa JAHAaroHaJ®W mNapaJjieJorpamma,
MOCTPOEHHOTO Ha STHX BeKTopax (Ha pHC. 2, 6 H 6 CyMMa BEKTOpOB
paBua c). ITostoMy mHOrja roBopsT, YTO CyMMa BeKTOPOB HaXOAHTCH
No NpaBuay napajiesorpamma.

Kaxpeii BekTop a (puC. 3) MOXKHO PasJOXHTb Ha HECKOJBbKO
BEKTOPOB a;, @, H T. A., CyMMa KOTOPBIX PaBHa BEKTOpY a.

3aMeHa OJHOrO BEKTOPAa CyMMOH APYFHX BEKTOPOB HA3HIBACTCH
pasnoscenuem eexmopa wa cocmasastouyue. Hanpumep, cocTaB/siiomUMH
BEKTOPa a Ha PHC. 3 ABJSIOTCS BEKTOPH a,;, a,, ag.

as a ap
“fQ y £
a @ a
Puc. 3. Pasnoxenne BekTopa  Puc. 4. PasHocTh Bek- Puc. 5.  BekTopHoe
Ha ero COCTaBJsIOLHE TOpOB NpPOH3Be/ieHHE

IIpu yMHOXEHHH BEKTOpa Ha MNOJOXKHUTEJbHOE YHCJO MOJydaeTcH
BEKTOP C TeM e HanpaBjeHueM, HO C APYTHM MOAyJeM; NPH YMHO-
EeHHH BeKTOpa Ha OTPHLATEJbHOE YHCJIO HaNpaBleHHe ero H3Me-
HUTCA HAa NPOTHBONOJOMKHOE; MOAYJb BEKTOPA TaKXe H3MEHHTCH.

OmnpefnesieHne PasHOCTH JABYX BEKTOPOB CBOAUTCH K CJIOXKEHHIO
YMEHBIAaeMOT0 BEKTOpPa ¢ BEKTOPOM, MPOTHBONOJIOXKHBLIM IO Hamnpas-
JIEHHIO BLIYHTaeMOMy BeKTopy. Ha puc. 4 BeKTOp, MAYWIHH OT TOYKH
C x touke E, paBeH pasHOCTH BekTOopoB a — b.

CkarapHoim npoussederues IBYX BeKTopoB a H b HaswiBaetcs
npousBe/ieHHe HX MOAyJell a H b Ha KOCHHYC yIja ¢ MeXAy HHMH, T. e.
ab=ab cos ¢.

VYron MexLy BeKTOpaMH M3MeHAeTcsl B mpefenax ot 0 1o . Ckansproe
npou3BefieHle IBYX BEKTOPOB — BeJHYHHA CKajJfipHasl.

Bexmopnxeim npoussedenuem JIBYX BeKTOpoB a u b HasmBaercst
BeKTOP €, HamnpaBJeHHH NMepNeHIHKYASPHO K INIOCKOCTH, B KOTOPOii
JieXaT BEKTOPH a W b, M paBHLI No MOAYJIO NMPOHU3BENEHUIO MOZRYJeil
Ha CHHYC YIJIa @ MeXJAy HHMH, T. e. absin ¢ (puc. 5). BekropHoe npo-
H3BeleHHe 0603HauaeTcsi CAEAYIOW MM 06pasoM:

[ab] =c.

Hanpasaenue BexTOpa ¢ OnpejesieTcss N0 npasusy npasozo sunma:

eclH BpalleHHe FOJIOBKH BHHTA COOTBETCTBYeT NMOBOPOTY OT BEeKTOpa a

K BeKTOpy b no HanMeHblueMy yrsy, To NMOCTYNaTeNbHOE IepeMelleHHe
BHHTA GyJeT YKa3blBaTh HanpaBJieHHE BEKTOpa C.
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- BekTop HasmBaeTcsl eQuUKUYHbBIM, €CTH €TO MONYJb PABEH EXHHHULE.
JI1060#f BEKTOpP MOXHO NpPEACTaBHTb KaK INPOH3BELEHHE €ro MOAyJsd
Ha eIMHMYHLIH BeKTop; Hampumep, b=|b|b, (b, — exunuuyHBIA Bek-
TOp); eNHHHYHBIR BEKTOD He HMeeT Da3MEPHOCTH, €ro HampaBJeHue
COBIIajJlaeT ¢ HampaBsJieHHeM BeKkTopa b.

Cucrema egMHMIL

Eounuya ¢u3aueckol eesudunsl — 310 (GuU3HYECKas BeJHUYHHA,
KOTOpPOil NO oOmnpejieJleHHI0 NPHCBOEHO YHCJIOBOE 3HAUEHHE, PpaBHOE
eaunnne. EXuHHUL pasfensioTcss Ha ABa THNA — OCHOBHBIE M NPOH3-
Boauble. OCHOSHble €JMHULbI YCTAHABIUBAIOTCS HE3aBHCHMO OT €JMHHIL
JPYTHX BEeJHYHH; npou3s00Hble eTUHUL ONpPeNeNsIoTCS Yepe3 OCHOBHbE
€MHULb HAa OCHOBAaHHMHM SaBHCHMOCTH MEXIYy NPOHM3BOAHOA BEJHYHHOMH
H BeJMYHHaMH, €JIHHHLB KOTOPHIX BHIGPAHB B KauecTBe OCHOBHEIX.
'COBOKYTIHOCTb OCHOBHBIX M NPOM3BOAHBIX €AMHHL, CBS3AHHBIX MEXAy
060t onpefie/leHHEIMH COOTHOWIEHHAMH, Ha3KBaeTcs cucmemoll edunuy.

B coorserctauu ¢ 'OCTom 8.417-81 (CT 1052-78) B pusuke Hcnoss-
syercsi Mescdynapoonas cucmema edunuy (CH). Honmyckaetcs Takxe
NPHMEHEHHe HEKOTOPBIX BHECHCTEMHBIX eJIMHHI.

B CH ucnonb3yercsi ceMb OCHOBHBIX €IMHHL: MeTp (M) — €AMHHLA
JUIHHBI, KHJOrpaMM (Kr) — eJHHHMIA MacChl, CeKyHAa (C) — eIHHHIa
BpeMeHH, amnep (A) — eAMHHIA CHJIBI 3JIEKTPHUECKOr'0 TOKa, KeJAbBHUH
(K) — exnHuna TeMmMmepaTyps, MOJab (MOJb) — eIHHHIIA KOJHYECTBA
BelleCTBa, KauJesaa (KA) — eJMHHIIAa CHJB CBeTa, a TaKke JBe JAOMNOJ-
HHTeJIbHEIE €IHHHUb: pajuaH (pal) — eNMHHIA IUIOCKOro Yriaa H
cTepajuad (Cp) — eAMHHIA TeJecHOro yraa. HaumeHnoBaHMe OCHOBHBIX,
JOTIONHUTENbHBIX M Npou3BoAHbIX enauHun, CH, a Takxke MX onpeje-
JieHHs NPUBOASATCSA B Tabauuax,



OcHOBHBIE €IWHMUB MeXZyHapoaHoH cuctembl eaunuy (CH)

HanMeHoBanme
dusnueckoft
BeJANYHHE

Haumeno-
BaHHe

Eaunnna

OGosHauexne

pyc-
CKoe

MEeXAyHa-
poaHoe

Onpepenenne

Hanuna
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Bpemsa
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KeJIbBHH

MOJIb

KaHaena

Kr

MOJIb

KA

kg

mol

cd

Memp paBeH PacCTOAHHIO, KOTO-
poe NPOXOAHT HMJIOCKAs 3JIEKTPO-
MarHMTHasA BOJIHA B BaKyyMe sa
1/2997924568 Ros0 CeKyHAS

Kunozpamm paseH macce MeXAYHa-
POAHOrO NPOTOTHIIA KHJIOrPaMma

Cexkynda paBda 9 192 631 770 ne-
pHOAaM HMSJYYEHHS, COOTBETCT-
BYIOLLErO Mepexoay MeXAY ABYMA
CBEPXTONKHMH YPOBHSIMH OCHOB-
HOrO COCTOSIHUA aToMa ue3usn-133

Amnep paBeH cujJe HCH3MEHSIO-
ulerocss TOKa, KOTOPblii NPH MPpo-
XOMAEHHH NG JBYM Napannieab-
HbIM OPSIMOJIMHEIHKM TPOBOAHU-~
KaM GEeCKOHeYHOH JJIHHBbI H HH-
4YTOXHO MaJsioff NJIOWAAH KPYyro-
BOrO MOMEPEeYHOro CeyeHus, pac-
fIOJIOXKEeHHBIMH B BaKyyMe Ha pac-
CTOAHHHM OAHH METP OAMH OT ApY-
roro, Bbi3BaJ Gbl Ha KaXJAOM
yyacTKe NMPOBOAHHKA JAJIHHOH OAUH
MeTp CHJ1Yy B3aHMOAelicTBUS, paB-
Hy0 2:10~7 HBIOTOH

Keavsun pasen 1/273,16 wyactu
TePMOAHHaMHUYECKON TeMIepaTypbl
TPOHHOH TOYKH BOABI

Moab paBeH KoIMYeCTBY BellecTBa
CHCTEMbI, COAEpXKalled CTONbKO
Ke  CTPYKTYPHBIX  3JIEMEHTOB,
CKOJMIbKO COAEPXKHTCA AaTOMOB B
yraepope-12 maccofi 0,012 kuiuo-
rpamMm

Kandesra paBHa cuJie cBeTa B 3a-
J@HHOM HanpaBJIeHHH OT HCTOY-
HHMKa, HCMYCKAIoUero MOHOXpoma-
THYECKOe H3JyYyeHHe YyacCTOTOH
540-10'* repu, sHepreTHyeckas
CHJIa CBETa KOTOPOrO B 3TOM Ha-
npaBJIeHHH cocTgBasieT 1/683 Barr
HA cTepajuaH




OCHOBHBIE EAWHULIH CU 15

IIOHOJ'IHHTCJ'IBHHC €IUHHL B

ITnockuit
yroJa

TenecHuit
yroa

paAnaH

CTepaAHan

Paa

cp

rad

se

Paduan paBeH yray Mexay ABYMsi
pajHycaMH OKDYXHOCTH, AJHHA
AYTH MeXAY KOTODHIMH paBHa
panpuycy

Cmepaduan paBeH TEJECHOMY yr-
Jy C BepUIMHOH B LEHTpe céephl,
BLIP€3aollleMy Ha MNOBEPXHOCTH
chepnl mJOWaAb, PaBHYI IO~
Iajd KBajparta co CTOPOHOMH, paB-
HOM pajnycy cdepn




Npoussoannie equnnun mexayHaponHolt cucremul epunuy (CH)

OGosHayenue

HavumenoBanue
BEJTHYHHb! HaumeHOBaHHe €AHHHUUB H ONpeAesIeHHE eAHHULBI
1. HDpocmparncmeo u epema.
Mnowaas Keadpamnoii memp paBeH mJiowagu KBaapara co | m?
CTOPOHAMH, AJHHB KOTOPHX PaBHHI OAHOMY MeTpPy | m?
O6beMm Kybuueckul memp pasen o6bemy Ky6a c pe6pamu, | M*
AJIHHBI KOTOPHIX PaBHbI ORHOMY METDY m?
CkopocTb Memp & cexyndy paseH CKOPOCTH NpsiMOnHHeHHO | M/C
H paBHOMEPHO ABHMXKYywWefics TOYKH, npx Koropo#t | m/s
3Ta TOYKa 8a BpeMfl OfiHA CEKYHJAA mepeMelaercs
Ha pacCTOfTHHe OfAHH MeTp
Yckoperue Memp ua cexyndy e Keadpame paBeH YCKOPEHHIO M/C‘.
NpAMOJIHHE{IHO H PaBHOYCKOPEHHO ABHXKYleficss | m/s!
TOYKH, TPH KOTOPOM 8a BpeMSl OAHa CEKYHAa CKO-
POCTb TOYKH H3MEHSETCS Ha OAHH METP B CEKYHAY
Vraopan Paduan 6 cexyndy paBeH Yryl0BO# CKOPOCTH PaBHO- paa/e
CKOPOCTB MepHO Bpaulalollerocs Tesa, BCe TOYKH KoToporo | rad/s
8a BpeMf OAHa CeKYyHJia NOBOPauHBAIOTCH OTHOCH-
TEJIbHO OCH Ha YT'0J OAKH pajuaH
VYranosoe Paduan na cexkyndy s Keadpame paBeH YIJIOBOMY PaJl/C}
yCKOpeHue YCKOPEHHIO DABHOYCKODeHHO Bpaluaolierocs Tena, | rad/sd
NPH KOTOPOM 8a BpeMs OJHA CEKYHAa YrJoBas
CKOPOCTb H3MEHfIeTCS] Ha OiMH PaiuaH B CEKYHAY
11, ITepuoduueckue xosebaHus
Iepuop, CexyHoa c, s
Yactora ne- | I'epy paBeH uwacTOTe NEPHOAHYECKOTo npouecca, | I'm
puoanyeckoro| NMPH KOTOpoOil 3a BpeMs OJHa CeKyHAa coBepwaercs | Hz
npouecca OJIMH UMKJ NepHOAMYECKOro mpoliecca
BosHoBoe Memp 6 munyc nepeoli cTeneHH paBeH BOJHOBOMY | m—1
YHCJIO YHCJY KosleGaHHP C AJIMHOR BOJIHK OAMH METP m=—t
Kosdpdunuenr | Cexynda 6 munyc nepeod cmenenu paBHa Kosdpdu- | c—1
SaTyXaHHs LHeHTY 8aTyxaHHsfl, NPH KOTOPOM Sa Bpems onua | s—1%
CeKYHAa aMIVINTYAa YMeHbLIaeTcs B e pas (e —
OCHOBaHHE HAaTypPaJIbHbIX JIOTapHPMOB)
II1. Mexanuka
[ngrHOCTHL Kunoepanm wna xybuuweckud memp paBen nuot- | kr/m?®
HOCTH OAHOPOAHOrO BellecTBa, Macca Koroporo npu | kg/m?

o6beMe OAHH KYGHYeCKHHA MeTp paBHA OAHOMY KH-
JnorpamMmy




MPOU3BOAHBIE ENUHUIIBI CHU 17
ITpodoscerue
HanmeHnoBanue OGosHagenue
BeJTMYMHbI HauMeHoOBaHHE elMHHIBI H ONpejeseHHe eAMHALB
VY genbHbift Kybuueckud memp Ha Kunroepamm paBeH yAeabHO- | M3/Kr
odpeM My oO0beMy OAHOPOAHOro BellecTBa, o6beM KoTo- | m3/kg
poro MpH Macce OAHH KHJIOrDAaMM PaBeH OAHOMY
KyGHYECKOMY METPY
Konunyecrno Kunoepamm-memp e cexyndy PpaBeR KOJHYECTBY | Kr-m/c
IBHUMKEHHS, ABHXXEHHS MaTepHaJbHOH TOYKH Maccoi OAHH KH- | kg.m/s
HMIYJIBC JIOrpaMM, JABHXKYIIEHCS. CO CKOPOCTbIO OAHH MeTp
B CEKYHAY
-
MOMEHT KO- Kuanoepamm-memp e xeadpame Ha cexyndy paBeH | kr-m2/c
JINYecTBa MOMEHTY KOJHU4YeCTBa JBHXKEHHS MaTepHaJibHOH | kg-m?/s
ABHXXEHHA TOYKH, ABHXKYWEHCA N0 OKPYMHOCTH pPajHyCcOM
(MOMEHT HM- ONMH MeTP H HMelollell KOJTHYECTBO ABHIKEHHSA OAHH
mnmyJabca) KHJIOTPaMM-MeTP B CEKYHRY :
MomeHT Kunozpamm-memp 6 keadpame paBeH MOMEHTY | kr-m?®
HHEepUHH HHEPIHH MaTepHaJbHOH TOYKH Maccoit ofHH Knio- | kg-m?
rpaMM, HaxoAasueHcs Ha PACCTOSHHH OAHH METP
OT OCH BpallleHHs
Cuna, cunia Holomon pasen cuie, npupalomedt Teny maccofi | H
TAMECTH (BeC) | OAMH KHJIOrPaMM YCKOpeHHe OAHH MeTp Ha ce- | N
KYHAY B KBajpaTe B HallpaBJIeHHH AeACTBUS CHJBI
MowmeHr cunbl, | Hetomon-memp paBeH MOMEHTY cHJIbl, paBHOl oa- | H.m
MOMEHT Mapnl | HOMY HbBIOTOHY, OTHOCHTEJIbHO TOYKH, pacrnojo- | N.m
CHJIL JKEHHOH Ha PaCCTOSAHHH OAHH MeTD OT JIKHHH Jefi-
CTBHSA CHJIB B
Hmnyase Hetomon-cexynda paBHa HMOYJbCY CHJBL, paBHOR | H.o
CHABI OAHOMY HDbIOTOHY M JAeHCTBYIOUleH B TeyeHHe ofAHOHK | N.s
CEeKYHAR
JDasnenue, Ha- | [Tackase paBeH JAaBJIeHHIO, Bbi3niBaeMOMY CcHJIoR | ITa
npAMeHHe O/lMH HbIOTOH, PaBHOMEPHO pacnpefeseHHoii no | Pa
(HopMmaJibHoe, HOPMaJIbHOI K Heli NMOBEPXHOCTH MJOW{aAbIO OAHH
KacaTeJlbHOe), KBaAApaTHLI METp
MOAYJb (CABH-
ra, ofreMHOro
C€)XKaTHs, Mpo-
AOJIBHOR yripy-
rocTH)
Hunamuyeckas | /Tackaaso-cexynda paBHa AHHaAMMYecKof BsisKocTH | Ila.e
BfAISKOCTb cpefbl, KacaTeJbHOe HanpsixKeHHe B KoTopoit npH | Pa.c
NaMHHapHOM TEYeHHH H NPH Pa3HOCTH CKopocTer
CJIOeB, HAaXOAMAIIMXCA Ha PaCCTOSHHII OAHH MeTp
MO0 HOPMAJH K HamnpaB/IEHHIO CKOPOCTH, PaBHOM
OAMH MeTp B CeKYHAY, PaBEO OJHOMY MNacKaJio
TMoBepxHocTHOe| Hbr0mon Ha Memp paBeH NMOBEPXHOCTHOMY HaTtsi- | H/m
HaTsXKEeHHe MCHHIO XHAKOCTH, CO3aBacMOMY CHJIOR OAHH N/m
HbIOTOH, MPHJIOXKEHHOM K YYacTKY KOHTypa CBO-
GOAHOM NMOBEPXHOCTH JJINHOH OAHH METP M AeHCT-
BYlolle#f HOPMaJIbHO K KOHTYPY H MO KacaTeJibHOf
K MOBEPXHOCTH
Pa6ota Hxwoyass paBeH paboTe CHJILI OAHH HBIOTOH, nepe- | R
Memaiolle TeJIO Ha pacCTOSHHE OAMH MeTp B Ha- | J
NpaBJeHHH AEACTBHA CHJ
Dueprus Moy
MownocTs Bamm paBeH MOIHOCTH, NPH KoTopo# pa6ora oauu | Br
AXKOYJIb MPOH3BOAHTCS 83 BpPeMs OAHA CeKyHAa w




18 INMPON3BOAHDBIE EAUHHULIBI CH
I podorsicerue
HanmeHoBanune H OGo3nayenune
BEJIMYHHDI aHMEHOBaHHE €AWHMUB M Onpejiesienue eAHHALbI
1V. Tenaoma

Temneparypa Tpadyc Lleascus no pasMepy PaBeH KEJIbBHUHY °C, °C
Lenbcus
Temnepatyp- Keavsun 6 munyc nepeoii cmenesu paBeH Temnepa- | K—1
Hbll KO3ddH- TYPHOMY KO3(ppHIHEHTY OTHOCHTeJbHOro H3mene- | K—3%
LHEeHT HHS GH3HYeCKOR! BeJIHYHHBI, NPH KOTOPOM H3Me-

HeHHe TeMnepaTypbl Ha OAHH KeJbBHH OT NPHHSA-

TOR 32 HayaJlbHYIO BbI3bIBaeT OTHOCHTEJIbHOE H3Me-

HEeHHe STOi BCJIMYHHBI, PaBHOE eJHHHLS
Temnepatyp- Kesveurn Ha memp paBeH TeMmmepatypHomy rpa- | K/m
Hblli TPajHeHT | AMEHTY MoJisi, B KOTOPOM Ha y4YacTKe AJqiuHOM oanH | K/m

MeTp B HanpaBJIeHHH FPajMeHTa TeMIepaTypa Hu3-

MeHSIeTCH Ha OAHMH KeJIbBHH
Tennora, Ko- | L% oyAss paBeH KOJHYECTBY TEMJIOTHI, 3KBHBajeHT- | JIxk, J
JINYECTBO Ten- | HOMY paGoTe OAHH JKOYJb
JOTLI
TensioBo#t mo- | Bamm paBeH TenJoBOMY NMOTOKY, S5KBHBaJeHTHoMY | Br, W
TOK MOLIHOCTH OAHH BaTT
IMosepxHocT- Bamm wna keadpamuoiil memp paBeH moBepxHocT- | Br/m?
Has NJOTHOCTb | HOM MJIOTHOCTH TEMJIOBOrO NMOTOKAa OAMH BaTT, paB- | W/m3
TENJIOBOI'O 1nO-| HOMEPHO pacnpenesieHHOro no TOBEePXHOCTH [1J10-
TOKa maAbio OAHH KBaApaTHBIY MeTp
Tennonposog- | Bamm Ha memp-keabeurn paBeH Tenyonposoasocth | BT/(k-K)
HOCTb BEWECTBa, B KOTOPDOM NpH CTalHOHapHOoM pexume | W/(m-K)

C NMOBEPXHOCTHOR MJIOTHOCTbIO TEMJOBOro MNOTOKA

OAMH BaTT Ha KBaApaTHbIA METP yCTaHaBJIMBaeTCs

TeMnepaTypHbl rpafiHedT OJAHH KeJbBHH Ha MeTp
Tennoemkoctb | H%oyas Ha KesvéuH paBeH TenyoeMKocTH cuctemsl, | Jk/K

TeMmrepaTypa KOTOPOUW MOBBILIAETCH Ha OAMH Keab- | J/K

BHH DNPH TNOABEJEHHH K CHCTEMe KOJIMYecTBa TeM-

JIOTHl OAMH JKOYJIb
VYaeavnas Hoxncoyss na xusroepamm-kesveur pasen ypenbHod | Jx/(xkr-K)
TEMJI0EMKOCTh TENJIOEMKOCTH BellecTBa, HMelomero npu Macce | J/(kg-K)

OAMH KHJIOPaMM TEMJIOEMKOCTb OAHH JKOYJb Ha

KeJIbBHH
Vaenvnasn ra- | Oucoysb Ha Kuaoepamm-kesveun paseH yaensHoit | JOk/(kr K)
80Bafl NOCTOsIH-| rasoBo# MOCTOSIHHON HAeanbHOro rada Maccoil ogun | J/(kg- K)
Has KHJIOTPaMM, COBEPLIAIOLIEro NPH FMOBLIWEHHH TeM-

MepaTypel Ha OAHMH KeJIbBHH (H TIPH MOCTOSIHHOM

AaBJIeHUH) PaGoOTy OAHH LXKOYJb
Tennora daso- | Awoysb paBeH KONHYECTBY TenJOTH, SKBHBajeHT- | Hx, &
BOro npeBpa- | HOMY pa6oTe OAHH AXOYJb
WeHus
Yaenvuas ten-| Oocoyss Ha Kuroepamm DaBen yAenbHOMY Koau- | JDK/kp
JoTa $asoBOro | yecTBY TEMJOThl CHCTEMH, B KOTOpOit BewecTBy | J/kg
npeBpameHua Maccoif OAMH KHJIOrpaMM coo6ulaeTcs (MJIH OTOM-

paeTcsl OT HEro) KOJIHYeCTBO TENJIOTH OAHH JKOYJb

V. Saexmpuvecmso u mazremusm

Konnyecrso Kyaon paBeH KOJMYECTBY 3JEKTpHyecTBa, mpoxo- | Kua
3JIEKTPHUYECTBA | AsllleMy uepea IONepeyHoe CeyeHHe MPOBOAHHKA | C
(31eKTpHYe- NPH TOKEe CHJIOR ONHH aMmnep 3a BpPeMs OJiHA Ce-

CKBii 3apsp)

KyHAa
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ITpodorscerue
HaumeHoBanue O6o3Hauenne
BEJTHYMHB HaumeHoBaHHe eAHHHL H ONpejesieHHe eRMHHLb

Hanpsxen- Bosasm nHa memp paBeH HanpsKEHHOCTH OAHOPOA- | B/m
HOCTb JIEKTPH- | 1I0TO 3JIEKTPHYECKOro MOJSs, Co3fAaBaeMoft passo- | V/m
YecKoro noJsis CTbI0 TOTEHI{HAJIOB OAHMH BOJBLT MEXAY TOYKaMH,

HaXOASIHMHCA Ha PACCTOSTHHM OJHH MEID Ha JH-

HHUH HaNpsXKEHHOCTH MOJS
AuekTpuyeckoe | Boabm paBeH 3JIeKTPHYECKOMY HampsikeHHio, Bu- | B, V¥
HallpsKeHHe 3bLIBAIOLEMY B 3JISKTPHYECKOH IleMH MOCTOSHHLIK

TOK CHJIOH OAHH aMmnep MPH MOLUHOCTH OAHH BaTT
dnekTpuyeckuit| Boavm B, V
MoTeHIHal
Pa3sHOCTb 3J1eK-
TPHYECKHX MO-
TEeHUUaJIOB
DJIeKTPOABH-
XKyulas CHaa
Anexrtpuueckoe | Kyson ra keadpamnoui memp paBeH saekTpuue- | Ka/m?
cMmeleHue CKOMY CMeIlelHio, MPH KOTOPOM MOTOK 3JIeKTPH- | C/m2

4YeCKOro CMeileHH CKBO3b MONepeyHoe CceyeHue

nJjouaabio OAHH KBaAPaTHHH MeTp paBeH ORHOMY

KYJORY )
AaekTpHye- Papad paBeH eMKOCTH KOHJAGHCATOpa, HanpsukeHue | &, |
CKasi éeMKOCTb MEXAY OOKJaaKaMH KOTOPOro OAHH BOJILT OpPH

. 3apafie OAUH KYJOH

AGconioTHas Papad na memp paBeH aGCONIOTHOH AudNeKTpHuye- | ®/M, F/m
AHYJIEKTpHYE- CKOH MPpOHHMI@eMOCTH CpeAB!, B KOTOPOA Hanps-
CKafl MpPOHH- JKEHHOCTb 3JIEKTPHYECKOro MOAfA ‘OAHH BOJIBT Ha
'1,aeMoCTh MeTP CO3J3eT 3JIEKTPHYECKOE CMEMIeHHe OAMH KY-

JIOH Ha KBajpaTHBIA MeTp
DJieKTpHUEe- Kyaon-memp paBeH 3NeKTpHYECKOMY MoMeHTY Au- | Ka-m
CKH{ MOMEHT nosisi, 3apsflbl KOTOPOro, paBHble KaXAbIH oaHoMy | C-m
Aunons KYJIOHY, PacriojioX<eHbl Ha PacCCTOAHHH OAMH MCTP

OfAHH OT ApPYroro
ITnoriocTe Amnep na xeadpammubiil memp pPaBeH NJAOTHOCTH | A/m3?
9JIEKTPHYECKO- | PAaBHOMEPHO paclpeaefeHHoro no nomnepedHomy | A/m?
ro ToKa CeYEHHIO MJIOLLa/lbI0 OfHH KBaJAPATHBI MeTp 3JeK-

TPHYECKOT'O TOKAa CHAOH OAHMH amiiep
Hanpsxen- Amnep Ha memp paBeH HaNPAXKEHHOCTH MATHHT- | A/M
HOCTb MATHHT- | HOFO N0JSl B LEHTPE AJHHHOIO COJIEHOH/A C paBHO- | A/m
HOro noJs MEepHO pacnpefeseHHOH OOMOTKON, M0 KOTOpoi

NPOXOAHT TOK CHJIOH, paBHO# OAHOH n-# yacTH

. amnepa, rae n—4YHC/JIO BHTKOB Ha yyacTKe AJIHHOU

‘OAHH MeTp
MarduTtHasn Tecra paBeH MarHUTHOM MHAYKUMH, NpH Kotopo# | Ta, T
HMHAYKUHA yepea nomnepeyHoe ceyeHue MJIOUIaAbl0 OAHH KBaj-

paTHbIA MeTP MNPOXOAHT MAarHHUTHBIA MOTOK OAHH

BeGep
MaruuTHuI Be6ep paBeH MarHHTHOMY MOTOKY, npH y6uBauuu | B6, Wb
TI0TOK KOTOPOro A0 HYJfl B CUEMJEHHOH C HHM 3JIeKTPH-

YeCKOH LEenH CONPOTHBJIEHHEM OAHH OM yepes Mo-

nepeyHoe ceyeHHe MPOBOAHHKA NPOXOAHT KOJH-

YeCTBO 3JIeKTPHYECTBA OAMH KYJIOH
HuayKTuB- Tenpu paBeH MHAYKTHBHOCTH 3JeKTpuyeckoi uenu, | I'm, KB
HOCThb C KOTOpO# CLEMJIAeTC MArHHTHbIA TOTOK ORHH
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TIPOU3BOAHBIE EAWUHHULIDI CH

I podorycenue
Haumenonanue H OGo3Hauenne
BEJUYHN B aMMeHOBaHHE €AHHHULI H ONpefiesienHe eAUHHIB

AGcomoTnasn Tenpu Ha memp paseH a6coioTHO!! MarHuTHOlt | T'H/M
MarHHuTHas NPOHHIIAEMOCTH CPeAbl, B KOTOPOi HanpsaXeHHOCTb | H/m
NPOHHLAEMOCTb| MAarHHTHOrO NOJS OAHH aMnep Ha MeTP CO3AaeT

MarHHTHYIO HHAYKIHIO OAMH Tecaa
MarHuTHHA Aumnep-xeadpamueiii memp’paBeH MarHuTHOMY Mo- | A.m2?
MOMeHT MEHTY 3JIEKTDHYeCKOro TOKa CHJIOH oAuH amnep, | A.m2

NPOXOANIEro NO KOHTYDPY NJIOINaAbIO OAHH KBaj-

paTHuIfi MeTp
Hawmarnuuen- Amnep HG memp DaBeH HaMATHHUeHHOCTH, npu | A/m
HOCTb (WHTEH- | KOoTOpO# BellecTBO O6GreMOM OXHH KyOuHuecknd | A/m
CHBHOCTb Ha- MeTP MMeeT MAarHHTHHIi MOMEHT OJHH aMmnep Ha -
MarsuuuBanusa)| KBagpaTHBI MeTp
OnekTpHyeckoe| Om paBeH CONPOTHBJECHHIO NPOBOAHHMKA, Mexay | Om, Q
CONpOTHBJIEHHE | KOHIAMH KOTOPOro BO3HHKAaeT HanpsiXXeHHe OAHH

BOJIbT NPH CHJIE NIOCTOSHHOIO TOKa OJHH aMnep
duentpuueckan| Cumenc paBeH SJEKTPHYECKOH MPOBOAMMOCTH mpo- [ Cm, 8
NPOBOAMMOCTb, | BOAHHKA CONPOTHBJIEHHEM OAHH OM
aKTHBHas
YaenbHoe Om-memp DpaBeH YAENbHOMY SJIEKTPHYECKOMY co- | OM-M
SNEKTPHYECKOe | MPOTHBJEHHIO NMPOBOAHHKA NJIOLAAbIO NonepeyHo- | Q.M
CONpOTHBJIEHHEe | rO CeyeHHA OJHMH KBaJpaTHbI MeTpP H AJHHOH

OfMH MeTp, HMEIOLEero CONMpPOTHBJIEHHe OAHH OM
¥ penvnas Cumenc Ha memp paBeH YJAeJbHON 3JEeKTpHYecKoh | CM/M
BJIEKTPHYECKAas'| NPOBOAHMOCTH NPOBORXHHKA, KOTOPH# npu nyo- | S/m
npoOBOAMMOCTb | WaAW nonepeyHoro ceyeHHs OAWH KBAAPATHHIN

MeTp M AJHHE OJHH METD HMEET SJIeKTPHYeCKYIO

NPOBOAUMOCTb OAHH CHMEHG
AncKkTpomar- Hscoysb paBeH 3JeKTPOMarHUTHON SHepruH, skeu- | Ik, 3
HUTHas SHep- BaJIEHTHO! paCoTe OAHH AXKOYJb
rua

V1. Ceem u censannele ¢ UM
JAEKMPOMAZHUMHbLLE UIAYHEHUR

Bueprusa ua- Hxoysb DaBeH SHEPruWH H3lyyeHus, sksupajent- | Jx, J
JyueHHs HOM pa6oTe OAMH AXKOYJb
INotok nanyue-| Bamm paBeH NOTOKY H3Ny4eHHsl, 3KBHBajseHTHOMY | Bt, W
HHS, MOLIHOCTb | MexaHHYeCKOM MOLIHOCTH OAMH BaTT
MSJIYueHHs
TloBepxHocT- Bamm na xeadpammoil memp paBeH mosepxHocT- | BT/M?
Has TUIOTHOCTb | HOI MUIOTHOCTH NOTOKAa HSJyuYeHHs, npH koropodt | W/m?
NOTOKAa H3Jy- | noBepXHOCTb MJIOWAALI0 OAMH KBaApaTHHIA MeTp
YeHHA H3JIy4YaeT (MAH IMOIJIOULAeT) MNOTOK H3JNYYEHHSA
DuepreTHye- OAHH BaTT
CKasi CBETH-
MOCTb (H3Jy-
YaTeJIbHOCTB)
SHepreTuye-
CKasl OCBeueH-
HOCTb (06ay-
YEeHHOCTb)
Dueprernye- Bamm na c¢mepaduan paBeH 3neKTpHueckoht cuae | Br/cp
CKas CHJa cBe-| CBeTa TOYEYHOro HCTOYHHKA, Majyualwouero B te- | W/sr

Ta (CHJIa H3ay-
vyeHus)

JlecHOM yryie OfMH CTepajaH MOTOK H3JIYUeHHs
OAMH BaTT
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HaumenoBanue OGo3HaueHue
BT HYHHBI HanmeHOBaHHMe e€IHHHIBI M ONpefiesieHNe eRMHHUB
DueprerTuye- Bamm Ha cmepaduan-xeadpamneii memp paseH | Br/(cp-m2)
cKasl ipKOCTb SHEPreTHYeCKOA SIDKOCTH DaBHOMEPHO H3Jyuaio- | W/(sr-m?)
(AIy¥HCTOCTD) ulell MJIOCKO# IOBEPXHOCTH IJIOWaAblo OAHH KBaA-
paTHbIfi METP B MEPNEHAHKYJSPHOM K Hel Hampas-
JICHHH TNPH 3HepreTHYeCcKol CHJle CBeTa ORHH BaTT
Ha CTepajHaH
CaeTOBOH mo- JItomen paBeH CBETOBOMY MHOTOKY, HCIyCKaeMOMY | Jm
TOK TOYEYHLIM HCTOYHMKOM B TEJECHOM YrJe oAHuH cTe- | Im
pPajHaH NpH CuJe cBeTa OAHA KaHJjena
CseToBan Jomen-cekynda paBHa CBETOBOR SHEPrHMH CBETO- | JaM-0
Heprus BOrOo IOTOKAa B OAMH JIOMEH, AeficTByouero B Te- | lm-s
yeHHe OAHONH CEeKYHAB!
SIpkocTd Kandesa na xeadpammnbii memp paBHa SPKOCTH | xa/m?
cBeTsiulefics MOBEPXHOCTH NJIOWAaAbIO OAHH KBaA- | cd/m®
PaTHHA MeTp NPH CHJIe CBETa OfHA KaHAe]a
CBETHMOCTb Jiomen Ha xeadpamroil memp paBeH CBETHMOCTH | sim/m®
NOBEPXHOCTH IVIOUIaAblo OAHH KBaApaTHHA MeTp, | Im/m?
HCITYCKawoueR CBEeTOBOH MOTOK OAHH JIIOMEH
OcbewenHocTb | JIIOKC -paBeH OCBELIEHHOCTH MOBEPXHOCTH MJO- | sk
aAbIo OfIHH KBaApPaTHLI MeTP NMpPH Mapaloiem Ha | Ix
Hee CBETOBOM ITOTOKE OJAHH JIIOMEH
VIl. Axycmuka
IMepuop 3ByKo- | Cexynoa ¢, s
BbIX KoJieGaHHi
Yactota spy- | lepy Tu, Ha
KOBHIX .KOJIe6a-
HHUA
3BykoBoe nas- | [Tackaas ITa, Pa
JeHue
Nauna soauw | Memp M, m
CKOpOCTb KO- Memp 6 cexyndy M/c, m/s
Jne6aHHA yac-
THIB
CKOpoCTb Memp & cexyndy M/c, m/s
sByKa
3ByKoBas Arxncoyro Ik, 3
SHEprus
TnotHoCcTH A woyas Ha kybuweckul memp paBeH NIOTHOCTH | [lx/m®, J/m?
8BYKOBOH 3BYKOBOH SHEPrHH B KaHaJe 06beMOM OfHH KyGH-
SHEpPruu YyeCKHU# METP MPH SBYKOBOH SHEPrHH OAHH JKOYJb

IToToK 3BYKO-
BOA SHEPrHH;
3BYKOBast
MOLIHOCTb

Hurencus-
HOCTb 8BYKa

Bamm

Bamm na xeadpamuelli memp pPaBeH HHTEHCHB-
HOCTH 3BYKa B KaHajeé NpPH I0TOKE SBYKOBOMH
SHEPrHH OAMH BATT H IJIOWAAH NoMepeyHoro ce-
YEeHHA OJHH KBaAPaTHbIf MeTp

Br, W

B1/m?
W/m?




22 TIPOU3SBOAHBLIE EAUHUIIH CU
ITpodosscerue
HanmeHoBanue H - O6osnagenne
BeJIHYHAB 2HMEROBAaHHE €ANHHLB!I H OTFpefiefiecHHe eAMHALL
VII1. @ususeckan xumua @
MOAREKYARPHAR Guauxa
Monspuas Kusocepamm nHa moab paBeH MoJsipHOM macce Be- | Xr/monsn
Macca HIeCTBa, HMEIOLIEro INPH KOJKuecTBe BemecTBa | kz/mol
OAMH MOJIb MacCy OAAHH KHJIOTDaMM
Monspunt Ky6uueckui memp Ha mMosb DaBeH MOJSIPHOMY | M2®/MoJb
o6beM ob6beMy BellecTBa, 3aHHMAIOLEro NPH KoJjiHuecTBe | m3/mol
BEMmEeCTBa OJHH MOJb o6beM OAHH Ky6uueckuft
MeTp
MonspHas DNxcoyss Ha Morb-Kenbeur paBeH MONHPHOA Temuo- | Jhxk/(Mons-K)
TENJIOEMKOCTH eMKOCTH BeNlecTBa, MMeKiero npH KoJjugectse Be- | J/(mol-K)
LIeCTBa OAUH MOJIb TEMJIOEMKOCTb OZHH AXKOYJb Ha
KEJbBHH
Maccosas kon-| Kuasoepamm Ha xybuweckuil memp paBeH KOHileH- | Kr/m¥
LEeHTpalus TpalHH pacTBopa, B o6beme 1 M3 koroporo co- | kg/m?
JePKHTCA | Kr pacTBOPEHHOrO BewlecTBa
Kosbduuuenr | Keadpamnod memp Ha cexkyndy paBeH Koapdu- | m2/o
anddysnun nreHTy AH(GdY3uM BemecTBa, B KOTOPOM NpH no- | m?/s
CTOSIHHOM TpajiMeHTe IJIOTHOCTH 1 Kr/M* uepes
MOBEPXHOCTb, NEPNEHAUKYIIPHYIO IPafiMeHTY, IJI0-
waasio 1 M* sa BpemAa 1 ¢ NepeHOCHTCA Macca
1 ®r
Moasmmuocts | Keadpamuoii memp Ha eosom-cexyndy paseH mo- | M2/(B-c}
HOHOB JIBHXXHOCTH MOHOB, TiepeMeujaloufHxcsi co cpeaune | m2/(V-.s)

CKOPOCTbIO YNOPSJIOYEHHOrO ABHXKEHHS 1 M/C B no-
CTOSIHHOM 3JIEKTPHYECKOM TMOJIe HanpsiXKeHHOCTBIO
1 B/m




I'nasa I. MEXAHHKA

/

OCHOBHBIE TIOHATHS W 3AKOHDI

B mexanuke msyuaercss npocrefimufi BUJ IBHXKEHUS — H3MEHEHHeE
NIONIOXKEHHUST TeJl OTHOCHTEJIBHO APYr APYra C TeYeHHeM BPEMEHH; TaKoe
JABH)KEHHE HA3bIBACTCS MEXAHUUECKUM. .

Tes0, OTHOCHTEJIBHO KOTOPOrO ONpEJe/sieTCs MOJNOXKEHH® APYTHX
(ABHIKYHIMXCS) TeJ, Ha3biBaeTcst mesom omcuema. Teno orcuera, cCBA-
3aHHAs ¢ HUM CHCTeMa KOOPAHHAT U CHHXPOHH3OBAHHBIE MeXJy coGoit
Yachi, PacmoJIOXKEHHble B pa3/JMUYHBIX TOYKax, oOpasyiT cucmemy
omcuema.

1. KHHEMATHKA

B kuHemaTHKe M3yyaeTcs NBHXKEHHE, HO He pacCMATpHBAIOTCA
NPHYMHBI, KOTOPble 06YCJOBIHBAIOT 3TO ABHMKEHHE,

Kunematnka MmartepuajbHofi Touku. Teso, pa3mepaMnm KOTOporo
MOXHO IIpeHe6peyb NPH OMHCAHUH €ro MeXaHHUECKOro JBHIKEHHA,

4

Puc, 1.1. Tpu cnoco6a ONMHCAHUS ABHIKEHHUA! BeKTOpHbIA (a), KoopRHUHATHHHA (6),
METOJ AYroBbiX KOOPAMHAT (8)

Ha3nBaeTCA mamepuarvHod moukoil. JluHus, BAOJAb KOTOpOf mepeme-
HaeTcsi MaTepHanbHAas TOuKa, HasmiBaeTci mpaexmopueid, Ilo Buay
TPaeKTOPHH JBHXKEHHS Da3feqsloTcs Ha JBa THNA: NPAMOAUHEUHOEe H
Kpugoauretroe.

IlpH ONMMCAHMH JIBHXKEHHS MATePUANbHOH TOUKH HCIOJB3YIOTCH
Tpu crnoco6a (puc. 1.1, a). Ilepsrii cnoco6 — eekmoprobll: MOJOXKEH e
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TOYKH B onpejensiercsi pajiuycoM-BeKTOPOM Iy, NPOBeJEHHBIM U3 TOUKH O
BEHIGDaHHOH CHCTEMBI OTcyeTa. 3a NIPOMEeXYTOK BpemeHH Af Touka B
nepeMemiaeTcss H3 NO3MUMH | B NMO3HMIHI0 2, NOCJE Yero MOJOXEHHe
TOYKH B Gyjer onpejensiTbCsi PaluyCcOM-BEKTOPOM ry. PasHOCTb Bek-
TOPOB ONpejessieT H3MEHeHHe IIOJIOKEHHSI TOYKH NPH JABHIKEHHH.

Bropoit cmoco6 — koopdunammueii: mojoxeHue TOUKH B; onpe-
JeJsieTcss MPOEKUUsAMH Xg, Yy, 2; Pafuyca-BeKTOpa ry Ha KOOpPJAUHATHLIE
ocu (puc. 1.1, 6). MameHeHHe NOJIOXEHHUS MaTepHaNbHOM TOYKH NpPH
TiepeMeleHny K3 TOYKM B; B TOUKy B, omnpelesisiercss H3MEHEHHSIMH
5THX npoeKuuit Ax=x,—x, Ay=y,—y,, Az=2,—z;, KoTopHle 3aBH-
CAT OT BPEMEHH.

B TperbeM cmocoGe mnoJioxeHHe TOUKM By onpenensiercs dyzosod
Kxoopdunamoid lj, xotopas paBHa paccrosHuio OBj, npoxoxuMomy
TOYKOH IO TpaeKTOpUH OT Havasna orcyeta B Touke O (pmc. 1.1, 6).
Hi3MeHeHHe NOJOXKEHHS MaTepHaJbHOH TOYKH IIPH NepeMelleHHH H3
TOuKH Bj B Touky B, onpejeiasiercss u3MeHEeHHeM JYyroBOii KOOpJHHA-
Th Al=I,—I;, 3aBucsmeil OT BpeMeHn; I, — JyroBas KOOpAMHATA
TOYKH B,.

Tlepememense, nyTb, CKOPOCTh, ycCKopeHHe. Pa3HOCTb BeKTOpPOB.

rg—ri=Ar (1.1)
Ha3LIBACTCSl NepeMeUeHUen.

ITyms — 310 CKajisipHasi BeJIMYMHA, PaBHasi PacCTOSAHHIO, KOTopoe
NPOXOAUT MaTepHajbHasl TOYKA N0 TPAEKTOPHH 3a LAHHBIH NPOMEXKYTOK
BpeMeHH; OH PaBeH Pa3HOCTH AYrOBbIX KOOPJHHAT

ly—1i=Al (1.1a)
B o6uiem ciyuae MOAyJb NepeMelleHHss H NYThb HE PaBHHI APYT APYry.
Cpednetl ckopocmbto HA3BIBAaETCH BEJHYHHA
Ar/At =vcp, (1.2)
rie Ar — nepeMemenue MaTepHaibHON TOYKH 3a Bpems Al Meno-
6eHHOU CKOPOCMbl0 HasblBaeTcss BeJHYHHA, PaBHas

Ar  dr
Alti_rr:0 NG (1.3)
YycKopetues Ha3blBaeTCs BEJIHYHHA
im A4 _, (1.4)

At—>0 -A—=ET=
IMpoeknun CKOPOCTH ¥ YCKOPEHHS ‘HA OCH NMPAMOYTONbHOH CHCTEMBI
KOOPJAHMHAT ONPeAeJsIOTCS CJAelyIOUIMMH COOTHOLIEHHAMH:
vy= lim (Ax/Af)=dx/dt, ]
At—>0
v,= lim (Ay/At)=dy/dt,
v At—»o( y/At)=dy/ (1.5)
vy= lim (Az/At)=dz/dt,
At—>0 J



1. KHHEMATHUKA [
a,= lim (Av,/At)=dv,/dt, )
At—>0
= I Av, /At)=dv,/dt,.
% Atlilo( vy/Al)=dvy/ (1.5)
a;= lim (Avy/At)=dv,/dt.
At—>0

N

Moxaynb BekTOpa CKOpOCTH

o=V i+, (1.7
MOAYJb BEKTOPa YCKOPEHHS )
a=V ai-+a}y+ad. 1.8)

Jna onpenesieHMsi MIHOBEHHOH CKOPOCTH MO JXYTrOBHIM KOOPJAH-
HaTaM BBOAMTCSH €JHHHUYHBIA BeKTOp T (T=1), HanpaBJeHHHH MO Kaca-
TeJbHOH K TPaeKTOPHH B CTOPOHY BO3pacTaHHs AYTOBOH KOOPIMHATHI
l; BeKTOp T — nepeMeHHHl, OH 3aBHCHT OT KoopAauHaTth .I. Moayan
MTHOBEHHOH CKOPOCTH

. Al dl p
v,= lim —=—, (1.9
at>0 At dt
BeKTop MrHOBEHHOM CKOPOCTH V=0T, TaKuM 06pa3oM, Uy SIBJIfeTCH
npoeKnuel BEKTOPa CKOPOCTH V Ha HanpaBjieHHe €LHHHYHOrO Bek-
TOpa T; Uy MOXKeT HMeTb KaK INOJOXKHUTENb-
HOE, TaK H OTPHIATENbHOE 3HAYEHHE.
Ilpoexuus yCKOpPeHHs Ha HanpaBJieHHe
BEKTOpa T
Av, do
a. = lim —=—= (1.10)
T At dt
At—>0
HA3BIBAETCA  MAHZEHYUANLHOIM  YCKOPEHUEM., 7
d
“Ilpoexuus yCKOpeHMsi Ha HanpaBJeHHE
P y p p Puc. 1.2, BeKTopHas JHae

HOPMaJI1 N K BCKTOPY T rpaMMa YCKOPEHHS NpH
2 KPHUBOJIMHEAHOM ABHXKEHHU
a,=vy/p (1.11)

Ha3LIBaeTCsi HOPMAAbHoIM Yyckoperuem. B ¢opmyne (1.11) p — paxuyo
KPHBH3Hbl TPAaeKTOPHH B NaHHOH Touke (puc. 1.2),
Mozynb NONHOrO YCKOpeHHs

2 2
a=V ditak. (1.19)
Npamoannefinoe psuxchue. IIpocTeflIHMH BHIAMH NpsSAMOJUHEN-
HOTO IBH)XEHHS ABJISIOTCH PaBHOMEepHOe, PaBHOYCKOPEHHOe H PaBHO-
3aMeJenHoe IBHXKEHHsA. [IpH pasnomepHOmM TNPSMONMHEHAHOM JBHXKe:
HHH CKODOCTb MOCTOSIHHA: B JI0GOH MOMeHT BpeMenu Ar||v, v,=v=
=const, a=0; MoayJb nepeMeumeHus
|Ar|=vAt=s, (1.13)
rie s — npoiileHHnli 3a BpemMa Af nyTsb.
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Ipu pasnoyckopenrom pBuKEHAH a||v, MOAYJb CKODOCTH YBe-
JIMYMBAETCS BO BpeMeHH, YCKOpPEeHHe MOCTOsHHO (a=const); ckopocTs
B MOMEHT BpeMeHH ¢

vy =vo{|af, (1.14)
rlie Vo — CKOPOCTb B MOMEHT Hauaja orcuera BpeMmenu (1=0).

L vot : 02"2/2

Puc. 1.3. BekTopHas Auarpam«
Ma fepemelieHus MpPH pPaBHO=
YCKODEHHOM ABHXEHUH

INepememenue Ar u myTbh s, NPOHAEHHHI MaTepUaNbHOR TOYKOH 3a
BpeMs / NPH PaBHOYCKOPEHHOM JBHXKEHUH, ONMpPEAENASIOTCA COOTHOLIe-
HUAMHU

Ar=vgyt }-at?/2, (1.15)
8y =Uot +at?/2. (1.16)

Tlpu pasuosamedrennom mnpAMOAUHEAHOM ABUIKEHHH BEKTODHl a
H V HMEIOT NPOTHBOIOJIOXHbLIE HANpaBJEeHUS; B 9TOM cayuae ¢opmyaa
(1.16) umeer caepyrowuil BHA:

s3=vot-—al’/2. (1.17)

KpuBoauneitnoe papuikeHue, JIBuKeHnHe MarTepHaJbHOH TOYKH
no OKpYiHOCMU ABJISETCS NPOCTEHIIMM BHAOM KpPHBOJHHEHHOrO ABH-
wenus. ITojoxenue Touku A onpelessieTcss B 3TOM cJyuae MOJAPHBIMH
KOODAHHATAMH: MOAYJIeM pajuyca-BeKTOpa F, MPOBeJEHHOro M3 Hayaja
koopaunat O (puc. 1.4), M yrioBoit koopAuHaToit @. Yroa @ oTCYu-
TeiBaeTca oT och OX mpoTHB Xxoxa uacoBoit cTpenku. Mismenenue yr-.'

Puc. 1.4, a. Tpaekropus ma-

TepuanibHOft TOYKM NPH  ABH-

MEHHH no OKPYXHOCTH;

6, K onpepescHul0 HanpapJje-
HHA BEKTOpa @

’

JIOBOH KOOPAHMHATHI Q,—@;= AQ Ha3bIBaeTcs yeiom nosopoma paduyca-
eéexmopa TOYKM A (uau yeaosom nepemeujenuesm). DleMEHTaPHOMY
yriy noBopota AQ COOTBETCTBYET 3JeMeHTapHOe NepeMeLieHHe, MOAY /b
Kotoporo Ar=r A@.
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'MrHOBeHHasi CKOPOCTh MaTePHaJbHOM TOUKH NpPH JBHMXEHHH N0
OKPYJKHOCTH HAa3LIBAETCH AUHEUNO CKOPOCIMbI0; OTHOLIEHUE

Ap/At=ocp (1.18)
Ha3LIBaeTCs cpeOned Yaa060il CKOpPOCMO6I; B 3TOM OTHOWIEHHH AQ —

yriopoe nepemeuienue 3a Bpems Af.
Menosennan yaaogas cxopocmo

— lim A2 _d9
0= Altl—n:() AL = dr (1.19)

yanro60e ycxopenue

. Ao  do
b= A]tl—n:O AT dr ! - (120

rie Ao — u3MeHeHHe YIJIOBOM CKOPOCTH 3a BpeMms Af.
YT/I0Basi CKOPOCTh H YIJIOBOE YCKODEHHE — BEKTOPHBIe BeJHUHHHL,
B ofmem cayuae
v={or], a=[pr], (1.21)

rfie r — pajuyc-BeKTOp TOYKH A, npoBejeHHHH H3 J060OH TOYUKH OCH
Bpauedus O (puc. 1.4, 6). HanpasieHus 3THX BEKTOPOB BJIOJb OCH
BpallleHHsl ONpejesIsioTC U3 BeKTOPHBIX ypaBHeHHuit (1.21) (cM. BBe-
Aenue). BexTop yrioBoro ycKopeHHs COBMajaeT IO HanpaBJieHHIO ¢
BEKTOPOM YIJIOBOH CKOPOCTH, €CJH YIJIOBasi CKOPOCTb yBeJHUHBAETCH;
€CJIM YFJIOBast CKOPOCTb YMEHbIIAeTCsi, TO BEKTOPH @ H f HMeIOT npo-
THBONOJIOXKHbIE HaNnpaBJeHHUs.
Ecan R — paaunyc OKpy»KHOCTH, TO

v=0R, a=fR, (1.21a)

rjie v — JIHHeliHas CKOpPOCTh, @ — JIMHefiHOe YCKOpeHHe,

JIBM>ReHHe MaTepHaJbHOM TOYKH NO OKPYHHOCMU HASBIBIETCS
PABHOMEDHBIM, €CHIH YIJOBasi CKOPOCTb MNOCTOSAHHA; TPH 3TOM BHAC
JABUXKEHHSI HOPMaJbHOe YCKOpeHHe

aunv%/RzmzR (1.22)

HaSHIBAETCHA YEHMPOCMPEMUMENbHBIM  YCKOPEHUEM; BEKTOP UEHTPO-
CTPEMHUTEIbHOTO YCKODEHHSI HanpasJieH IO Pajuycy K IeHTPY OKPYH-
HOCTH.

Bpems oAHOro 0GOPOTa MO OKPYXKHOCTH Has3bIBaeTCsl nepuodest
spawenus T; Bennunna v=1/T HasbiBaeTCH 4acmomoi 6pAUieHUR.
Ecau yriaoBas CKOPOCTb M3MEHSIeTCH, HO YIVIOBOE YCKOPeHHe OCTaerca
[IOCTOSIHHBIM, TO ABMXeHHE IO OKPYKHOCTH Ha3biBAETCHA PABHONEPEMeN-
HbiM; YIJIOBasi CKOPOCTb @; H YIJIOBask KOODAMHATAa Q3 B MOMEHT Bpe-
MeHN ¢ IPH DaBHOMEDPEMEHHOM BDAIIECHHH ONPEJEJSIOTCH COOTHOWE-
HHAMH
. op=0o + B#, (1.23)

Pt =g + 0of + PI?/2, (1.29)
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Tae g, Qo — YrJoBas CKOPOCTb H YrJoBas Koopzmaa'ra B MOMEHT
Hayasna oTcuera BpeMmeHHu ({=0).

Ecau HampaB/aeHus BEKTOPOB JIHHEHHO# CKOPOCTH M YCKOpEHHS
COBNAJA0T, TO ABHIKEHHE MaTepUaNbHOH TOYKH N0 OKPYICHOCMU HA3HI-
BaeTCH PABHOYCKOPeHHbIM; B TIDOTHBHOM CJyyae OHO HAa3bIBaeTCH pas-
nosamedrennoim. Munyc B dopmyaax (1.23), (1.24) orHocutcst K pas-
HO3aMeJJIEHHOMY JBHXKEHHIO.

Knuematuka tBepnoro tena., Jlro6oe ABHKeHHE TBEPAOTO TeIa MOXK-
HO NMpPEeACTaBHTb KAaK CYMMY MOCTYNAaTeJbHOrO ABHIKEHHS H BpalleHHS
BOKPYI' HENOABHXKHOH ocH. JIBHXKeHHe TBepIOro Tesa, MHPH -KOTOPOM
Ji06as cBA3aHHas C TeJOM NpPsSMas OCTAaeTCs NapasijesbHO# camolt
ceGe, Ha3blBaeTCl INOCTYNAaTEJIbHBIM; INPH IOCTYNAaTeJIbHOM IBHKEHHH
BCe TOYKH TBepJOTO TesNa 3a OJHH M TOT JKe NPOMEXKYTOK BPEMEHH CO-
BepLIAIOT OAMHAKOBLIE INepPeMEleHHs; BCJEJCTBHE 3TOr0 MTHOBEHHbIE
CKODOCTH H YCKOPEHHS BCeX TOUeK B JaHHbIf MOMEHT BDEMEHH PaBHHI.
IMostoMy M3yueHHe MOCTYNATENbHOTO ABHIKEHHS TBEPHOTO TeJNa MOMKHO
CBECTH K M3y4YeHHIO JABHXKEHHS OAHOM TOUKH 9TOro Tesa (cM. hOpMyJn
(1.1) — (1.8)).

Ipu- BpameHuu TBepAOro TeJa BOKPYI HEMOABHIKHOH OCH €ro
pa3jiHYHBe TOYKH OIMCHIBAIOT OKPYXKHOCTH B NJIOCKOCTSX, IEpIeHAH-
KYJSPHBIX OCH BPAalleHHS; LEHTPH STHX OKPYKHOCTEH JIeKaT Ha OCH;
NO3TOMY JJIsi OMHMCAaHHUS BpAIlEHHS TBEPJAOTO TeJa MOXKHO HCIOJb30-
BaTh yp&BHEHHs, KOTOPHE INPHMEHSIOTCH INPH H3YYEHHH JBHIKEHHS
TOYKH N0 OKpyXHocTH (cM. ¢opmyast (1.18) — (1.24)).

HHepumanbnble H HeHHepLHAJbHBIE CHCTEMB oTcueta. CucreMa OT-
cueTa, OTHOCHTEJBHO KOTOpO# cBoGojAHAsi MaTepHajbHasl YacTHlA
JABHIKETCSI PAaBHOMEPHO M INpPSAMOJNHHENHO, HAa3bIBaeTCH UHEPYUANbHOL.
IlpoBepuTh 3KCHEPHMEHTAJbHO HaJHYHE HHEPLHANbHBIX CHCTEM OT-
cyeTa HEBO3MOXKHO, TaK KaK Helb3sl BHIAENHTH CBOGOJAHYIO MaTepHalb-
HYIO TOYKY.

CKOpPOCTb U yCKOpeHHe TeJa 3aBHCAT B OOLIEM CJAyyYae OT CHCTEMBI
orcyera. IlycTb Hayano cucTeMbl orTcyeta K’ IBHIKETCS OTHOCHTEBHO
cucteMsl K ¢ nmepeMeHHOH CKOPOCTBIO V, W YCKODEHHEM a,y; €CJH B
cucreme K’ ckopocTh Touku V', a yckopeHnue a’, To B cucteme K CKo-
pocTb M yCKopeHHe GYLyT BbIpa)KaTbhCs CJEIYIOUHMH (OpMYyJIaMu;

v=vy+V, a=ay+a'. (1.25)

Ecau cucrema K’ aBuxeTcs OTHOCHTeNIbHO cucTeMbl K c moecro-
SIHHOH CKOpocThbio (Vo=const, a,=0), To a==a’. B HHepUHaAIBHBEIX
'CHCTeMax YCKOPEHHS Tel OJMHAKOBH. B uacTHOM ciyuae, Korja v,
NOCTOSIHHA M HanpaBJjeHa BIOJb ocH 0X, a KoOpAMHATHEIE OCH B O6eHX
cHcTeMax mnapanienabHbl (puc. 1.5), KOOPAHHATH CBSI3aHBl COTVIACHO
npeobpasosanusm ['arunes:

X =x—vyt, y=y 2=z  t'=t, (1.26)
TAe BEJIHYHHLI CO LUTPUXAMH OTHOCATCA K cucreme K'.
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TIpu Gonbwinx CKOpPOCTAX npeoGpasoBanuss amuies 3amensiorcs
npeobpasosanuamu Jlopenya. Ins gactHoro cayuas (vo|l0X), xoropmit
paccMaTpuBaeTcss HHXKe, 3TH Npeo6Pa3oBaHHsA 3aMHCHIBAIOTCS B CJe-
Ryiomeit ¢opme:

'’ x—vof ’ ’ ’
X' = —_—, =y, z2=z ¢
Vl—ﬁz y y ’

roe P=vy/c, ¢ — cKopocTb cBeTa B BakyyMe.

IMpu mManeix cropocTax (v,<c) npeo6pasoBanus JlopeHua nepexo-
AAT B npeo6pasoBanus lannaes.

B mBuxymeficsi cucTeMe OTcYeTa, CorJacHo npeoGpasoBanusm Jlo-
peHlla, LAMHA OTpe3Ka, DPacloJOXEHHOro NapaljelbHO BEKTOPY Vg,
COKpamaeTcs (A0PeHyeso CoKpaujenue):

__t—xuvy/c?

VIR

, (1.2

r

=1,V T=F, (.28 M
rae I, — co6cTBeHHass JNJIHHAa OTpe3Ka, K |/r'
T. €. €ro AJUHA, H3MepeHHas B CHCTeMe  ———
OTCYeTa, OTHOCHTENbHO KOTOPOH OH He- | PV
nogsuxeH. OTpe3ok, KOTOpHI pacmoJo- Y, : ,
JKeH TNepneHIUKYJIAPHO BEKTOPY CKOpO- b e i 2
CTH Vo, B MOOHX HHepuuadbHEX cucre- O 7 X

Max HMEeT OAHHAKOBYIO IJIHHY. Puc. 1.5. IMpocte#imuit cayyan
IlpoMexXyTKH BpeMeHH B ABHIKYIeH-  PacroJOXeHHs HHepUHAJIbHHX
CHCTEM OTCYeTa
CcA CHCTEMe OTCueTa YBEJHYHBAIOTCA:

v =1V T—P?, (1.29)
rae T, — cobcmeennoe 6pems (BpeMs, H3MEPEHHOS B HENOABHXKHOK
CHCTEME OTcyeTa).
Saxon caroxcenus cxkopocmei: ecan B cucteMe K (HenmoABHXHOH)
NPOEKUHH CKOPOCTH DaBHB U, M Uy, To B cucreme K’ (moxsmixuoi)

v Ux—Ug [ vyl/l—62
Ry =T 00 " (1.30)

CucTeMbl OTCYeTa, ABHKYINHECS € YCKODEHHeM, Ha3bIBalOTCH He-
UHEPUUANbHOIML.

Ecan HenHepumanasuas cuctema K’ Bpamaercss ¢ MNOCTOSTHHOA
YIJIOBOli CKOPOCTBIO ® BOKPYT OCH, HENMOJBMXKHOH B HHepUUaJbHOM
cucreMe K, a MarepHasbHasg TOYKa JBHXKeTCS OTHOCHTeabHO K’ co
CKopocTbio v', To B cucTeMe K CKOPOCTb 3TOH TOYKH

v=v'4[or], (1.31)
a ee YCKOPEHHe & OTHOCHTEJbHO CHCTeMbl K COCTOMT M3 Tpex uacreii:
a=a'+2[ov]—a, (1.32)

rie a' — yckopenne B cucreme K’', r — panuyc-BekTop Bpamamoumeics
TOYKH, NPOBEJEHHbIH H3 NPOM3BOJBHONK TOUKH OCH BPAIUEHHS CHCTEMHI,
© — Paauyc-BeKTOp, NPOBeJEHHEI NePNeHANKYNAPHO K OCH BpaIleHHS.
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Cocrasssiionlass yckopenusi a,=2[@v’] HasbiBaeTcs kopuosucosoim
YCKOperuem, a,c=—@%p Ha3BIBAeTCA oOcecmpemumenoroim (yenmpo-
CMpemMumensHolm) YCKoperuem.

B HeHHepLHAJbHBIX CHCTEMAX OTCYeTa, B OTJIHYHE OT AHEPLHAJb-
HBIX, YCKODEHHsSI PAa3JIHYHBI.

JIBHIKeHHe TeJa B NoJjie 3€MHOro TAroTeHus. Bo MHOTHX cayyasx
(HO He Bcerja) CHCTeMa OTCYeTa, CBS3aHHAas c 3eMmJjeH, MOXeT CcuH-
TaThCs MHepUHaJbHOH. 3€MJs cOBepLIaeT CYTOYHOE BpalleHHe ¢ yr-
n0BoO# cKopocTblo ®3 =7<10-% pan/c, a no-
TOMY CBfi3aHHBIE C Hefl TeJla HMEIT HEHTpO-
CTPEMHTENbHOE YCKOPeHHe a3 = 03 R3; cpexn-'
unit paauyc 3eman R3=6-10% cm, az=
=3 cm/c%; Benmuuna az <g (€=9,8 m/c?),
eif MOXHO mnpeHe6peub M CUMTATb CHCTEMY
OTCuera, CBS3aHHYI0 C 3emJel, HHEDLHAIb~
HOIl; HH)KE HCIOJIB3YeTCSi TaKas HHepUUaNb-
Has CHCTeMa.

Puc. 1.6. TpaekTopHR ApH-

»eHus Tens mone tarore-  Ha puc. 1.8 mokasanm TpaexkTopuu Ter,
HHA 3eMyaH npH GOJIbIIHX
CHOPOCTAE BbLIETAIOMHX H3 TOYKH A, Jexaued BOIU3H

NOBEPXHOCTH 3eMJIH, C Pa3JUYHBIMH CKOPO-
craMu. Bo Bcex cayuasx ckopocTh HampaBjieHa I'OPH3OHTAa/IbHO; Tpa-
€KTOPHH PaCCYHTAHH JJI TeJ, MAcChl KOTOPHX 3HAYHTeJbHO MEHbLIE
MaccH 3emJH.

Tpaekropuelt sBJAseTCS OKPYKHOCTb paguycoM R, ecau JuHed-
Hasl CKOPOCTb Uj B TOuke A TaKoBa, YTO LEHTPOCTPEMHTEJNbHOE YCKO-

pense Uj/R=g (g — ycKOpeHue CBOGOZHOrO MafeHHs). CkopocTs

v‘=l/7€-§=7,93 KM/C Ha3blBaeTC nepeoli Kocmu4eckoldd cKkopocmero.
IMpu pacuere v; 3HayeHHe R NPHHATO DaBHLIM CpPeAHEMY pajuycy
3eMau.

Yro6bl NMpeojosieTh CHJY TATOTEHHS y MOBEPXHOCTH 3eMJIH, Teay
Heo6xoAuMo (6e3 yueTa CONMPOTUBJIEHHS BO3JyXa) COOOGIIHTb CKOPOCTb

=0V 2. CxropocTb v,;=11,16 km/c HasmBaeTcs 8Mopoil KOCMu4ecKoil
CKOPOCMbIO; 3Ta CKOPOCTh TaKKe Ha3bIBAETCH CKOPOCMbIO 0C8Q00MO0eHUR
(ybezanusn).

[Tpu cKOpocTAX U, KOTOPLIE YAOBJETBOP SIIOT HePaBeHCTBY Uy <vU<9,,
TENO JABHXKETCH MO 3JJIMNTHYECKOH TPaeKTOPHH, NPU 3TOM OuHKHMH
K TouKe BhuleTa A ¢oKyc sjnunca Haxoaurcs B ueHtpe 3emuau. Ilpu
CKOPOCTAX U>U, TeJO JABHKETCS NO FHNepOOJHYeCKOH TpaeKTOpPHH.

Oas npeojonenus cuabn nputsikeHus CosHuLA HeoGXOAUMO CO-
o6IUTh Tesqy, KOTOpOe HAaXOAMTCA Ha 3emJe, CKOPOCTh Uz =

= V27MC/RC (? — rpaBHTallMOHHas mocTosHHasA, Mg — Macca CoJin-

ua, Rc—paccrosune 3emau or Connna). CxopocTh vs=42,10 km/c
Ha3miBaeTcss mpemoeli Kocmudeckold ckopocmoio. Tlockoabky 3emas
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zBixercs no op6ure Bokpyr CoMHIa €O CKOPOCTBIO Uop=30 KM/c, TO
PaKeTH 3anyCKaloTCR? B HaNpaBJeHHH HBHXXKEHUS 3eMJH; B STOM Cay-
yae MM HeO0XOAMMO COOOWIATh CKOPOCTh Ug—Uop = 12 km/c (6e3 yuera
CONPOTHBJEHHA BO3LYyXa).

.. Tlpu nBHXKEHHH Tea CO CKOPOCTAMH U<U; TPAEKTOPHH NPEACTaB-
JA10T cO6Oil yuacTKH SJJAuNCca, AaJbHHA GOKYC KOTOPOro COBHajaer
c mentpoM 3emau (Ha puc. 1.6 5Ta TpaeKTOpus M306paxkeHa WITPHXOBOIM
aunyeit). IlpH ABHXKEHHWH CO CKOPOCTSIMH U, 3HAUHTEJBHO MEHbLIIUMM
vy (v<€v;), YUaCTKH SJIHNITHUECKOA TPAEKTOPHH MOXKHO paccMaTpHMBaTh
Kak napa6oJinyecKHe TpPaeKTOPHHU.

Puc. 1.7. TpaeKTOpHH JABHXKEHHS Tes BOJAH3IH
nosepXROCTH 3eMAH nNPH HeGOABIIHX CKOPO-
cT8X. JJ8 YKa3aHHbIX TPaeKTOPM#A HauyagabHas
CKOPOCTb Uy=>550 M/c; KpuBasa !/ COOTBETCTBYET
yray a=20°0 kpuBas 2 — yray a=70°
KpuBas 3 — yray a=20° HO C YueToM
CONPOTHBJIEHHS BO3JYXa

Ecau Teso GpouleHo ¢ MOBEPXHOCTH 3eMJH NOJ YIVIOM & K TOpH-
SOHTaJbHOM IJIOCKOCTH C HayaJbHOM CKOPOCTBIO Uy<LUj, TO YCKOpEHHe
CBOGOJHOTO NaJeHHsi MOXHO CYHTaTh IOCTOSIHHEIM KaK MO MOAYJIO,
TaK H NO HamnpaBJieHHI0, a TOBEPXHOCTh 3E€MJIM PacCMaTPHBATh Kak
niockylo. B aToM cayuae TpaexTopueit siBisiercs mapaGosa (puc. 1.7},
a maavHoCTb nojera (S) u HauGoabwiass BhICOTa NMoAbeMa (/) Enumc-
aswoTca no ¢opmyJaam

S=ujsin (2a)/g, H=u}sin?a/(2g).

OzHa ¥ Ta Xe RaJbHOCTb NMOJIETa MOXET ObiTh MOJyuYeHa MPH ABYX
3HAYEHHAX yIJa o U Oy NpHYeM og=90°—0;. MakcuMa/jbHO# xanb-
HOCTH NOJieTa COOTBETCTBYET yroa a==45°

[lpy HaAUYHM CONMPOTHBJEHHS BO3AyXa JAaJbHOCTb MNOJETa H
BbICOTA NOAbEMA YMEHbLIAKOTCS.

2. 3AKOHbl JUHAMHUKH

B 1nuHamMuke H3yuyaeTcs BJHSHHE B3aHMOZENCTBHS TeJl Ha H3Me-
HEHHE MEeXaHHUECKOro JBHIKEHHS.

Cusa — Mepa B3aHMOJEHCTBHA TeJ (MM NOJeH W TeJ), NPOABAR-
IOWErocss B H3MEHEHHH CKOPOCTH Tesd. Cujla — BeJHUYHHA BeKTOpPBasn;
ECKTOP CHJIBI ONpejiesifieTcss MOAYyJeM, HanpaBjeHHeM H TOYKOH npH-
JIOXKEHNS.

MNepenit 3akon HpioToHa., Teso HAaXOAUTCA B COCTOSINHH NOKOSA
HJIM. DAaBHOMEPHOTO TNpPSMOJHHEHHOI'O IBHXKEHHS, MOKa NpPHJOIKCHIIHE
K TeJy CHJIb HE BLI3OBYT H3MEHEHHS 3TOTO COCTOSHHS.
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H3MeneHne JABHMKEHUS TeJla ONpEJeJsieTCs HE TOJAbKO JeHcTBy-
folelf CHJOM, HO M CBOMCTBaMH caMoro Tesna. TeJo OKa3HIBaeT «COMpPO-
THBJIEHHE» M3MEHEHHIO CKOPOCTH KaK 10 MOAYJI0, TaK H MO Hampas-
JIeHHI0. JTO CBONCTBO HasmlBaeTcst uxepmruocmeto. Cymuocts 1-ro 3a
KoHa HblOTOHA COCTOHT B TOM, 4TO YTBePKAAETCA HAJNHUYHE Y TeJ HHepT
HOCTH M CYIIeCTBOBAHHE HHEDIHAJBHLIX CHCTEM OTCYeTa.

Qu3nyecKas BeJIMYMHA, XapaKTePH3YHOL(as HHEPTHOCTb TeJa,
HasbiBaercst unepmuoil maccoik (maccod). Kpome Toro, macca siBasiercs
Mepoit IpaBMTAallHOHHOI'O B3aHMOJAEHCTBHS Tel (Mepoll TATOTEHHS).
B sTOoM cayuae Macca Has3bIBaeTCH epasumayuonroli. Bce onbiTHbIE
(aKkTH roBOPAT O TOM, YTO HHEPTHAsA Macca TeJa paBHa ero rpaBHTa-
LHOHHON Macce.

Bropoii sakon HeloTona. IIponsBefieHie MacCh MaTepHadbHOM TOU-
KH Ha ycKOopeHHe PaBHO JeiicTByioueil Ha STy TOYKy cuie. Bekropu
CHJIB H YCKODEHHS HMEIOT OJHHAKOBble HanpaBJeHHS!

F =ma. (1.33)

VeKopenne NpH ONHOBPEMEHHOM [EHCTBHM HA TeNO HECKOJIbKHX
CHJl OmpefesasieTcss pasnodedcmeytoujeli cuaoli, KOTOpas paBHA BeK-
TOPHOA CyMMe BCeX NMPUJIOKEHHBIX K Teldy CHJ, T. €.

F=F;+Fy+...+F,

Ipousselenne Macchl TeJa Ha ero CKOPOCTb HA3bIBAETCH UMNYAb-
CcOM (WM KOAUMECMBOM O8UNMCEHUA): P=mV; HMIYJbC — BeJUYHHA
BeKTOpHas.

Hcnonb3ys nonsaTHe HMnyJabca, BTopoli 3akoH HbloToHa MoxHO
3anucaTh B Gosiee ofuweil ¢opme:

lim Ap/At=dp/dt=F, (1.34)
Aft—>0

rae Ap — u3MeHeHHe HMIyJbca 3a BpeMs Af.

TakuM o6pa3oM, H3MeHEHHe HMIYyJbca TesJa 3a OIHY CeKYHAY
paBHO paBHOAeHCTBYIOULEH CHJIE.

Tperu#t sakon HbloTona. Cuabl, ¢ KOTODHIMH ABe MaTepHaJbHbIE
TOYKH B3aHMOJEHCTBYIOT MeXAy co06oil, paBHEI MO MOAYJI0 H Hampas-
JieHbl TNPOTHBONOJIOXKHO JAPYr JAPYry BROJAb NpPSAMOH, HNPOXOAAuLeH
Yepe3 3TH TOUKH:

Fio=—Fyf nau mja;=— myay, (1 '35)

rae Fy, — cuna, npuioxennas X nepsoit Touke, Fyi — cuaa, npuio-
JEeHHaA KO BTOPOHl TOYKe, my, Mgy — MACChl COOTBETCTBEHHO MePBOM
H BTOPOH MaTepHa/IbHOH TOYKH, a;, ay — HX YCKOpEHHS.

3akonsl- HploToHa crnpaBelguBbl B HHEPLUHAJbHBIX CHCTEMax OT-
cuera.

OcHoBHOM 3akoH ABH})KeHHA. MaTemMaTHyeckoe BhIparKeHHE BTOPOro
s8akona HbioToHa sB/IfSIeTCA OCHOBHBLIM ypaBHEHHEM AHHAMHKH Mare-
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pHajabHOR TOYKH!
F =ma. . (1.36)
B npoekuusax Ha KOOpAMHATHBIE ocH ypaBHenue (1.36) samuce-
BaeTCA B BHJAE TPeX YpaBHeHHI:

F,=ma,, Fy=may, Fz;=ma,, (1.36a)

TAe @y, @y, @; — NPOEKUUH ycKopeHus, F,, F,, F, — npoekuuu CHibl,

B nmpoeknusax Ha KacaTeJbHYI0O H HOPMalb K TPaeKTOpHH (T. e.

Ha HamnpaB/JeHHs eIUHHYHBIX BEKTOPOB T H n) cooTHouerue (1.36)
NPEACTaBAAETCH ABYMS YpPaBHEHHSMH

ma?:Fr, ma,=F,, (1.366)

rjie¢ Gy H a; — MOAYJH TaHI'€HIHAJbHOTO H HOPMAaJbHOI'O YCKOpEHHil,
Fy, F,— NpoeKuuH BeKTOPa CHJbl Ha COOTBETCTBYIOU{HE HANpaB-
JIeHHA,

' B HeHHepPUHAJbHLIX CHCTEMaX B OCHOBHOM 3aKOHEe AHHAMHKH Ma-
TepHAaNbHOX TOYKH, Kpome cuJabnl F, yYHTHIBAIOTCA CHJIBI HHEPIHH.
Hanpumep, eciu HeuHepuualdbHas cucteMa K’ BpawaeTcs BOKPYT
OCH C MOCTOSIHHONK YIJIOBO# CKOPOCTBIO @, 8 OCh NeEPeMeIlaeTcss MOCTy-
MaTeJIbHO C YCKODEHHEM a, OTHOCHTeJbHO K-CHCTeMB, TO YCKOpeHHe
B K'-cucreme

a‘=a—ap+0%+2[vel, (1.37)

Ifle V' — CKOPOCTb TOUKH OTHOCHTeNbHO K'-CHCTEMBI, a — ycKopeHme
B K-cucreme, [Tocne ymHoxenus (1.37) na m noayuaeM ocHOBHOe ypas-
HeHHe JBHXKEHHT1 MaTepPHaJbHOi TOUKM B HEHHEPLUAJbHOH CHCTeMe
oTcuera:

ma’ =F —ma,+ mo?0+2m [v'o], (1.38)

rge Fy=—may — cuna uHepuHH, OOGYCJOBJNEHHas NOCTYMAaTeJbHbLIM
JIBHXEHHEM HeHHepIHaJbHON cHCTeMbl otcuera, F,¢=mw® — uenrt-
pofexxunan cuna unepuud, Fy=2m[v'@] — cuna Kopuoauca.

CHJIB HHEPLHH MMEIOT XapaKTepHble OCOGEHHOCTH: OHH He OTPaXKaioT
B3aHMONEHCTBHA Tel, a OOGYCAOBJEHH IBHXXEHHEM HEHHEPIHAJbHBIX
cucteM. [To3TOMY K CHJIaM HHepLHM HENPHUMEHHM TPeTHH 3aKoH Hbio-
TOHA, T. €. VI HHX HeJb3fl YKa3aTb COOTBETCTBYIOW(HX CHJ NMPOTHBO-
neficTBus. B HHepUUMaNbHBIX CHCTEMaX OTCYETa CHJ HHEPUHMH HeT.
Cuibl MHEPLUHH, KaK H CHJH TATOTEHHS, NPOMOPLUHOHANbHBI Macce Tell.

INpu HeGOJBIIMX CKOPOCTAX (V<XC) CIpaBeMIMBH NpPeo6pasoBaHus
Fanunesa (cM. (1.26)); ycKopeHue MaTepHANbHOH TOYKH, CHJB, Jefi-
CTBYIOLIHE Ha Hee, a TaKKe ee Macca He 3aBHCAT OT CKOPOCTH JABHKEHHs
MHepIHAJbHBIX CHCTEM OTcuera; ¢opMa ypaBHEHHH ABHXKEHHS B HHep-
HHaJbHBIX CHCTEMaX OTCYeTa COXPaHseTcCsd.

INpu Gonbmnx CKOPOCTAX (V ~ C) CJAEAYET YUHTHIBATh 3aBHCHMOCTb
Macchl OT CKOPOCTH: _

m=mo/V T—B, (.39
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rfie my — Macca HENOABHXHOrO TeJa (Macca mNOKosl), m — Macca
JBHXKYILErocs Tesa, ¢ — CKODOCTb CBeTa B Bakyyme, f=uv/c.

ITpu nmepexozne OT OAHOR HHEPIHAJbHOR CHCTEMBI OTCYeTa K JApY-
roit mpoekuuu cuiabl F Ha KoopanHaTHbIe OCH Npeo6Gpa3yloTCs COTHacHO
npeoGpasoBanuaM Jlopenna (cM. (1.27)) caenyiouum o6pasom:

Fy=F, Fy=F,=V1—p, F,=FVT—fF (1.40)

(oTHOCHTeNpHAS CKOPOCTh NMapajuensna ocu 0X, 0X||0X*, OY||0Y¢,
0z|10z'). '

TIpoeKnmun CuJIB MMEIOT MaKCHMaJbHOe 3HAaUYeHHe B TOH cHCTeMe
OTCueTa, OTHOCHTENbHO KOTOPOH TEJO HaXOAHTCS B INOKOE.

3akos CoxpaHeHHs KOJHMYeCTBA ABMKeHHR (MMnyabca). IeficTByio-
M€ HAa CHCTEMY TeJ CHJBI MOXHO Da3ieNuThb Ha JBa BUAA — BHYTPEH-
HHUE€ H BHEUIIHHE. BHympeuuu)uu Ha3bIBAIOTCHA CHJBI, KOTODHBIE nei«'lcr-
BYIOT MeXJIy TeJaMH, BXOLSULMMH B CHCTEMY; 6HEUHUMU HA3HIBAIOTCH
cuibl, 0o6yCJOBNEHHbIe B3aHMOJEHCTBHEM C TeJaMH, He NpHHaAAEKa-
WHMH AaHHOH cucreMme. CHCTEMa Ha3LIBAeTCH 3aMKNYmMOL, €CH BHEIIHHE
-CHJIBl - OTCYTCTBYIOT. JIIsi SaMKHYTOH CHCTEMBl BHIMOJNHSETCH BAKOH
COXpaHerus Koauuecmsa Odsuscenus: BEKTOpHasg CyMMa KOJIHYECTB HBH-
JKEHHA Tel B 3aMKHYTOA CHCTeMe SBJAETCH BEJHYHHOM NOCTOSHHOI:

D pi=const. (1.41)
7

Hanpumep, Ans 3aMKHYTOH CHCTEMBI, COCTOSILEH M3 ABYX TeJ, BHINOJ-
HsIeTCS COOTHOLIEHHE

myu;g - mautg = myvi - myvs,

rfie Vi H V4 — CKOPOCTH NMEPBOFO M BTOPOTO TeJ IO B3aUMOAEHCTBHA,
a uj U Uy — CKOPOCTH HX IIOCJIe B3aUMOJEHCTBHS.

3akou COXpaHeHHs KOJHYECTBA JBHXKEHHS BHINIOJHAETCHA TOJIbLKO
B MHEPUHAJbHBIX CHCTeMaxX; B HEHHEPLUHAJbHHIX CHCTEMAaX STOT 3aKOH
BLINIOTHAETCS B TOM CJyuae, KOFAAa 'CyMMa BHEIUHHX CHJI (C y4eTOM CHJ
uHepuun) O6yAeT paBHa HyJw0. TakHe cCrnenHaJbHblE CJIAY4aH HMEIOT
YacTHHIL XapakTep. ’

3aKkoH COXPaHEHHS KOJHYECTBA JBHXKEHHs sBJseTc (yHIaMeH-
TaJbHHM 3aKOHOM NPHUPOJAH; OH NPHMEHSETCS He TONbKO LISl H3YYEHHSH
MeXaHHYeCKHX CHCTEM, HO H NPH HCCJIe0BaHHH $OTOHOB (cM. raaBy 1V),
a TaKkxe JAPYrHX 3JeMEHTapPHHX 4YacTHL (cM. raasy V).

JdunaMuKka BpPalaTenbHOro ABHXKeHHs. Jlis onmcaHuA Bpawartedb-
HOTO JABHXKEHHA BBOAATCA CJeAYiOUiHe BeJHYHHBI: MOMEHT CHJIbl, MOMEHT
KOJHYECTBA JABHXKEHHS, MOMEHT HHEpPUHH. YKa3aHHble BEJHYHUHBI ON-
PeAeasIOTCS WM OTHOCHTEJIbHO TOYKH, MM OTHOCHTEJIBHO OCH.

Momenmom cuavt OTHOCHTENBHO TOYKM O Ha3piBaeTcs BEKTOP
(puc. 1.8, a)

M=[rF], (1.42)
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rhe r — papuyc-BekTop ToukH A. Moayns M paseH RpOHU3BENEHHIO
MOAyJs cuai F Ha mnuedo [/ (miaeyo — KpaTuaiiimiee paccTosiHHe OT
Touku O 70 NHHUH AeHCTBHA CHABY), [=r sin B, B — yrox mexay r u F).

Momenmom umnyasca (MomeH-
moMm Koauuecmea OBUJNCEHUS) MaTe-
PHANLHON TOYKH  OMHOCUMEALHO
mouxu O Ha3pBaeTcss BeKTOp (pucC.

1.8, 6) o ot
L=l (L43) s

Fie p=mv — KOMHYECTBO IBHMKE-  p,. | 8 K onpesencHuio MOMeHTa Ci-

Husa (umnyaec), L=pr sin B=pl, Jn (@) ¥ MoMeHTa uMayJibca (6)

B — yron mexay r u v.
Momenmom unepyuu I maTepuatbHOH TOYKH MAcCO#t m OTHOCH-
TensH0 ToukM O HaspiBaeTcA CKaJsipHas BeAHYHHA

I=mr2,

OcHOBHOR 3aKOH BpPauUIATeNbHOTO ABHXEHUS MAaTePHANBHON TOMKH.
CKOPOCTb H3MEHEHHS MOMEH]a KO/MHYECTBA ABHIKEHWS PaBHA MOMEHTY
CHJI, AeHCTBYIOUIHX HA TOUKY, T. €.

M= lim AL/A¢t=dL/dt. (1.49)
At—>0

VYpasuenne (1.44) HasbiBaeTc ypasuenuem momenmos. B HeuHepuu-
aJibHOM CHCTEME OTCYeTa B MOMEHT M BKJ/IIOYAIOTCS U MOMEHTHl CHJI
HHepUHH. _

Momenmom curst OTHOCHTENBHO OCH OZ Ha3biBaeTcs MpOEKUHUA
mMoMeHTa cuibl M Ha sty ocb (o6o3nauaerca M,, cm. puc. 1.8, a).

Momenmon xoausecmsa Osuxcenus (UMNYA6Ca) OMHOCUMERLHO
ocu OZ HasbiBaeTCsi NPOEKIHs MOMeHTa uMmyJibca L Ha 3ty ock (o60-
3navaerca L,, cM. puc. 1.8, 6). MOMeHTBl CHABl H MOMEHTH HMIyJbCa
MaTepuadbHOU TOUYKH OTHOCHTEJNBHO OCH He 3aBHCSIT OT BHGopa Touku O
HA OCHM; 3TO — BeJHYHHBI CKaJsipHbBIE.

Ocnosroe ypasxenue OUHAMUKL 8PAUAMEAbHO20 OBUJNCEHUA TBEp-
JOro Tela BOKPYT HEMOABHIKHOH OCH:

1B, =M,, (1.45)

rpe M, — anreG6pauueckas CyMMa MOMEHTOB BHEIUHHX CHJI OTHOCH-
TenbHo ocH Bpamenus OZ, f, — NPOEKUHUS YIJIOBOrO YCKOPEHHA Ha
ock 0Z, I — #somenm unepyuu mesa omrnocumenrsro ocu OZ.

" MOMEHT MHepPIHH TBepPAOrO TeJa OTHOCHTEJbHO OCH PaBeH CyMMe
MOMEHTOB HMHEPIMM BCEX MaTepHAaJbHBIX TOYeK, COCTaBJISIOUIHX 3TO
Teno. MomeHT uHepuuH / OTHOCHTENBHO NPOHM3BOJIBHOH OCH “ompene-
asierca no meopeme Iwodicenca — Ilmednepa;

1=1y+mb?, (1.46)
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rae J§ - MOMEHT HHEPIWM TeJa OTHOCHTENbHO OCH, KOTOpas NPOXO~
JAT uepe3 ueHTp Macc 3Toro Tteaa (cMm. (1.64)) mapanneabHo naHHOR
ocH, ~b — KpaTuafiiee paccCTOsiHHE MeXJAY OCSMH.

.. MOMEHTH! - CHJI OTHOCHTEJBHO OCH SBJASIOTCA ajare6panyecKHMA
BeJMYMHAMH; 3HAKH MOMEHTOB 3aBHCAT. OT BHI6OpA IOJOXHTEJBHOTO
nanpaeieHuss ocu OZ ¥ OT HanmpaBjeHHs BpaueHus. I10M0XKUTETbHEM
HanpasJieHHeM BpalleHHs CYHTaeTcsd TaKoe, Korja HampaBJeHHe OT-
cueTa YrJ0BON KOOPAHHATH W HanpasjeHue ocH OZ CBA3AHH NpaBHJIOM
npasoro BHHTa. Ecau nox jeiicTBreM MOMeHTa CHJIBI NPOHCXOXMT Bpa-
IeHHe MO HanpaBJeHHI0 OTCYeTa YIJIOBOH KOODAHHATH ¢, TO MOMEHT
CUHTaeTcs HOJIO)KHTeJIbelM.

3akoH coxpaHeHHSi MOMEHTa HMNYyJabca (KOJHYECTBA JBHXEHHS).
B HWHepUHANBHEIX CHCTEeMaxX OTCYeTa BEKTODHas CyMMa MOMEHTOB MM-
NnyJbCOB TeJ B 3aMKHYTOH CHCTeMe sIBJIsieTCA NOCTOSHHOH BeJHYHHOI:

D L;= const, (1.47)
;

3aKOH COXpaHeHHS MOMEHTa HMIyJbCa HApAAY C APYTMMH 3aKOHaMH
COXpaHeHHs fBJAAETCH (GYHAAMEHTAJbHBLIM 3aKOHOM NPHPOXBI.
3aKOH BCEMHPHOTO TAroTeHHA. J[Be MaTepHa/NbHEHE TOUKH, HMeEIO-
IHe MacChl /m; H Mg, B3aUMOJERCTBYIOT MeXAy co6oil ¢ CHJIOMH, MOAYMb
KoTOpOH - ’
F = ymymy/R3, (1.48)

rie R — paccTOfiHHEe MeXAY TOUKAMH, } — 2paBUMAYUORHAA NOCMOAH-
Has, pasnas 6,67 -10=1% M3/ (kr -c%). OTH CHIH HA3HBAITCA 2PABUMAYU-
OHMbIMU; TPAaBHTALHMOHHEIE CHJB, JAEACTBYIOLIME MEXAy ABYMS Mare-
pPHaJbHHIMH TOYKAaMH, HanpasJieHHl BJOJb NpPAMOH, Npoxoxsiel
yepe3 3TH TOYKH.

TI'pasumayuonnas nocmossHasa paBHa I'DaBUTALHOHHON cHJe, Jefi-
CTBylomel MexJAy IBYMs MaTepHaJbHLIMH TOYKAaMH, KOTOpHE Haxo-
JATCA HA PacCTOSSHHM 1 MeTp APYT OT ApPYyra H MMEIOT Macch no 1 KuJo-
rpammy.

B ciyyae ofHOPOXHBIX WAPOB C MacCaMM Mj M mM, CHJAa B3aHMO-
nelicTBHA Bhipaxaercs To# xe dopmysoi (1.48), npuueM R cooTBeTcT-
ByeT PacCTOSHHIO MEeXJAy LEHTPaMH IIapoB.

CHia TATOTEHHSA, CHJA THAXKECTH, Bec. ['paBUTAUUOHHAS cuaa, Jefi-
CTByIOUIas MeXAYy TeJoM M 3eM/el, HA3BIBAaeTCHA CUAOU mA20meRuUs.
Cuna TATOTEHHSA

F.=ymM/R3, (1.49)

rie m — Macca Tena, M — macca 3eman, Rz — ee paauye. Cuia
TATOTEHHUS HanpaB/eHa K LEeHTPy 3eMJu.

BcaencTBHe CyTOYHOrO BpalleHHsl, KPOM@ CMJIbl TATOTEHHA, Ha
TeJ0, PaclosiOKeHHOe Ha NOBEPXHOCTH 3eMJH, ReHCTByeT LeHTpoGex-
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Hag cuna uHepunu Fye=maw? (cM. (1.38)), koTopas Hanpas/ieHa 0o
pazuycy-BekTopy p (puc. 1.9).

PaBuogefictylomas G=F,-Fys HasbBaerca cuaoii maxecmu.
HanpasJyenne BexTopa G coBmajaeT ¢ HanpaBJeHHeM OTBeCa; BEKTOp
CHJIH TATOTEHHS HanpasJieH MO PAAHyCy K LeHTPy 3emuu; obe CHJIAB
COBMAJAIOT N0 HANpPaBJEHHIO JHLIb HAa MOJIOCAX,

rie G=F., u Ha sksarope, rie G=F;—Fyg. @

BexTOp CHJBI TAMECTH H BEKTOP CHJIBI TArO- =—4= L Fy
TeHHUS HC3HAUHTENIbHO OTJHYAIOTCHA IO Hampas- =
JIEHHAIM; YTOJ O MeXJy HUMH paBeH npubiau- dl_ yLi7n
sureabro 0,0018 sin (29) (¢ — mupora). S, {2

g

Bec — cuna, c Kotopoit JeficTByeT TeJo,
Haxojslleecd B 1NOJE CHJI THAXKECTH, Ha TOpPH-
30HTA/JILHYIO OMOPY MJAH TNOJABEC, NPENsATCTBY-
ol He ero cBo6ogHoMy najeHuio. Bec tesa P=
=G-—ma (a — ycKopeHHe Tesa C omnopo#t or- Puc. 1.9, Cms THro-
HOCHTeJbHO moBepxHOCTH 3eMan); ecau a=0, renns F, Hcunsl TA-
170 P=G; B HeBeCOMOCTH a PaBHO YCKOPEHHIO xecti G Ha 3emae
csoGoanoro najgenuss g, Bec P=0, Ho cuaa
Taxectn G7=0.

I'paBuTanHoHnHoe noJe. 'paBHTaNNOHHOe B3aUMOJEHCTBHE OCYLIECT-
BJAsSeTCH IOCPeACTBOM TPAaBHTAIlHOHHOIO NOJAst (MOJNS TSITOTEHHS).
Hanpsasxcennocmeto TONS TATOTEHUS Ha3biBaeTCs CHJAA TATOTEHHS,
JeficTBYIOIas Ha eAMHHMYHYIO Maccy: gr=F;/m.

i
%

Puc. 1.10. HanpsixeHHOCTb
noss TAroTeHus Semau; pac-
CTOSIHHA  OTCYHTBIBAIOTCA OT
UeHTpa 3eMJH; 3a eRHHHUY
NPHHAT PafHYyC 3eMJH- RS

|
|
|
|
|
|
!

1 L 1
Ry 2R, R R -

HanpsXeHHOCTb MOJS TATOTEHHS Ha BHICOTE F OT MOBEPXHOCTH
3eman onpeaeasercs no gopmyse
M R}
E VR B R
riae gy — HanpsKEHHOCTb Ha MOBEPXHOCTH 3eMJIH.
‘B nepsoM mpu6auxenun (hKR3)
gr=8o (1 —2h/R;). (1.50a)

B uentpe 3eMaM HaNPsXKEHHOCThb gr PaBHA HYJIO. 3aBHCHMOCTB
OT PacCTOSIHHA 1O LeHTpa 3eMsn u3obpaxeHa rpapuxom puc. 1.10.
Ipu pacuerax 3emas paccMarpHBAeTCA KaK OAHODPOAHBIA wwap.

(1.50)
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VYckopeHHe CBOGOZHOTO MajeHHs PAaBHO CHJE THAMXKECTH, HEHCT-
Bylomeil Ha efuHHuHyl0 Maccy: g=G/m. B mnepsoM npuGauxenuwu
MOXHO CYHTaTh, 4TO g=g.

Cuanl TpeHus. CHJIBI, KOTOPHE NPOSBJSIOTCA HA NMOBEPXHOCTH ABYX
CONPHKACAIOMHXCA TeJ, €CJAH OHH IepeMel[aloTCs OTHOCHTEJNbHO ApPYTr
JApyra, HasblBaloTcsl cuaamu mpeHus. CHABL TPeHHs, KOTOpHE NpPOsB-
JISIIOTCSI W TNPH OTCYTCTBHH OTHOCHTEJIBHOT'O ABHXXEHHS TeJI, Ha3hBaIOTCS
curamu mpenus nokos., Ecjun MexJy MNOBEPXHOCTAMH CONpHKacalo-
WHXCA TBEPARIX TeJ OTCYTCTBYeT NPOCJAOHKA KHAKOCTH (CMa3sKa),
TO TpeHHe Ha3blBaeTcsl cyxum (uau erewrum). Cyxoe TpeHHe IOAPa3s-
JielIsleTC Ha mpenue cKoabxerus (OLHO TeJIO CKOJBb3UT IO NMOBEPXHOCTH
Jpyroro) M mpenue kauenus (OAHO TeJO KAaTHTCH NO INOBEPXHOCTH
Apyroro).

Cuna TpeHns cKonbxeHHs Fr, 3aBHCHT OT MaTepuana H Kaue-
cTBa 06paGOTKH CONPHKAacalOUHXCS IOBEpXHOCTeH TeJ, OT CKOPOCTH
HX. OTHOCHTEJIBHOI'O JBHXEHHS, OT CHJBI, CXKHMalolei Tpyuuecs Mmo-
BEPXHOCTH (CUAbL HOPMAAbHO20 Oa6NeHus), W OT APYTHUX (aKTOPOB:

Frp=[N. (1.51)

Ornomenne Fp/N=f uaswiBaetcs kospduyuenmom mpenus cxono-
JeHuA; OH 3aBUCHT OT TeX e (DaKTOPOB, YTO M CHJA TPEHHS CKOJb-
xenusi. Otnowenne Fy/N=f, (Fy — cula TpeHHs NOKOs) Ha3biBaeTcs
Koappuyuenmom mpeHus noxosa; OH H3MeHseTcss B mpejesax oT 0 jo
3HaueHHs, KOTOPOE HE3HAYMTENbHO NpPEBHIIAeT KOI(QPHLUHEHT TPEHHA
CKOJIbJKEH U1,

N 4

N

{g§3‘ T~ Puc. 1.11. 3aBHCHUMOCTb CHJIBI TPEHUR
X §1:2 OT CKOPOCTH ABUXKEHHS CTasbHOH nna-
§§ 7/ , CTHHKH DO TNOBEPXHOCTH CTaJbHOHA
J‘% NJacTHHKH

Ny

0 20 §0uymlt

Ha puc. 1.11 npuBoAuTCs B KauecTBe NpHMEpPa 3aBHCHMOCTB
CHJIB TPEHHS OT CKOPOCTH CKOJNbX€HHA ORHOH CTaJbHOM NJIaCTHHKH
N0 TNOBEPXHOCTH JAPYTofl CTalbHOH naacTHHKH. OpHEHTHPOBOYHbIE
3HaueHus [ npuBeJeHH B Taba. 15.

Mopaysp CHIBI TPeHHS KayeHHsd

Fy=fyN/R, (1.52)

rae R — pammyc Kartsamerocs Tena, fy — Kospduyuenm mpenus Ka-
wenus, WMeEIOMH pasMepHOCTb IJIHHH, N — cujaa JaBieHus.
OpHEHTHPOBOUHEIE SHAYeHHA [, NPHBOAATCA B TabJuHue:
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Kayenue fx, cM
MeTaIHYeCKOTo AUCKA MO MeTanty 0,001-0,002
KoJieca Co CTaJbHbIM GaHJaXeM 10 CTaJbHOMY pebCy 0,005
YYTYHHOTO KQJieca IO CTajJbHOMY peJibCy 0,12
UIMHK aBTOMOGHJIS (CO CKOpOCTbio A0 80 KM/4) 0,02

Ilpu yBesHYeHHH CKOPOCTH JABHKEHHMS aBTOMOGHJA [, Pe3Ko BO3-
pacraer.

Kos¢pdpumuent cuenseHus P Kojgeca € JOPOXKHBIM MNOKPBHITHEM
paBeH OTHOLIEHHIO CHJIBI TPEHHS CKOJIbXXEHHS MeXAy KOJIecoM H Io-
BEPXHOCTbIO JOPOTH K cuie AapieHns: Y= Frp/N. Kosddpuuuent
cuenjenus P Ha cyxom acdanbre ~0,8, Ha MokpoM acanbte — 0,1+
+0,2.

MaoTHocTb BewecTBa. /1a0mrocmeto 0 BelleCTBA Ha3bIBaeTCS Macca
eMHHYHOTO obbema:

p=m/V, (1.53)
rae m — macca Ttena, V — ero o6Gbem.

Macca CHIIyYHX H DHIXJbIX BellecTB (HampuMmep, necka, 3epia,
KaMeHHOro yrJif, APOB H T. I.), 3aHuMaowWwux o6bem 1 M3, Ha3biBaercs
06BemHOl Maccoli; B 3TOM Cjayyae oOuiuii o6beM onpenesnsieTcs CyMMO#
06beMOB 4YaCTHIL U OObEMOB MPOMEXKYTKOB H IMOJOCTeH MEXAy 4acTH-
1laM{ 3TOrO BeLlecTBa.

3. PABOTA, MOLHOCTb, SHEPT U4

dnementapHoit pabomod cusoe F Ha 31eMeHTapHOM mepeMeuleHHH

dr TOUKH TMPHJIOMKEHHsS CHJIbl Ha3blBaeTCH CKaJspPHAdA BeJHYHHA

AA=F Ar=F Ascos ¢, (1.59)
rae ¢ — yroa mexay Bektopamu F u Ar, As=|[Ar| — 3JIeMeHTapHbIil
orpesok nyTtH, Fg=F cos ¢ — npoekuus Bektopa F na nanpasaenue Ar
(puc. 1.12).

Pa60oTa cHJB Ha KOHEYHOM yuacTKe myTH (OT TOYKH A R0 Touku B)
onpeensieTcss CyMMHPOBaHHeM (MHTErpMpOBaHHEM) 3/IeMEHTapHBIX pa-
GoT Ha BCeX 5JEMEHTADHHX YYacTKax MyTH: '

B
A= Fshs= S Fsds. (1.55)
A

B uyacTHOM cJyuae, KOTfa CHJa MNOCTOSIHHA H COCTaBJAET OAHH

H TOT € YroJ C 3/IeMEeHTAPHLIMH NepeMelmeHusaMH, padoTa

Ap=Fs cos ¢, (1.55a)
rie s — NpPOHAEHHBI IMyTb. ‘
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Pa6oTta — BeanunHa anre6panuecKas; OHa MOXeT OHITH MNONOKH-
TeapHON (cos >0) u orpuuaTtenbHoit (cos @ <0).
Pa6oTa npu BpalleHHH TeJa NPH NOCTOSHHOM MOMEHTE CHJH M:
Ay=MAgp, (1.56)
rae A@ — yroa mnosopora. )
Momnocteio N HasbiBaeTcss paGoTa 3a BpeMs OAHA CEKYHAa!

N = A/At = Fo, (1.57)

rae F — cuna, v — ckopocts, A — pa6orta 3a Bpems Af

IMosem cun (cunrosoim nosem) HaspiBaeTcsi ofHa M3 GHOPM MaTepuH,
KOTOpasi NpOosBJAsieTCs KaK JefiCTBHe CHJ B NPOCTPAHCTBE; HE3aBHCH-
MOe OT BpPEMEHH MOoJieé CHJ HasH-
BAeTCS CMAYUOHAPHOIM.

Ecnu pa6ora cul1 mnpH nepe-
MEIeHHH Tesa MeXAy ABYMS TOYKa-
MH CTaIlHOHAPHOTO MOJISA He 3aBHCHT

Pue. 1.12. K pacuery paGors oT (OpMBI TPaeKTOPHH, a 8aBHCHT

JIMIIb OT HayaJbHOIO H KOHEYHOro

NOJNOXKEHHS Tena, TO TaKoe NoJe

Ha3bIBAeTC MNOMEHYUAAbHbIM, @ CHJIBl — KOHCEP8AMUBHbIMU; CHJBI

TAMECTH, KYJOHOBCKHE CHJH B3aUMONEHCTBUsI 3apsigoB (cM. ra. III)

SBNAIOTC KOHCEDPBAaTHBHBIMH CHJIaMH; CHJIBl TPEHHS — HEKOHCEpBa-
THBHBIE CHJIbI; OHH Ha3HBAIOTCA OUCCUNAMUBHLIMU CUIIaMH.

B noreHunanbHOM MNOJNe NPH NepeMElleHHH YaCTHUH HS pasJuy-
HHX ToYeK B; B ¢puKcHpoBaHHYIO TOuKy O CHJIaMH NOJs COBEpLIaeTcs
pa6ora, KOTOpas 3aBHCHT TOJLKO OT PaJHyCOB-BEKTOPOB r; TOYeK B;.
Bennunna U (r), 3aBucsllag TOJABKO OT I H onpejesioumas pa6oTy no
nepeMelleHHio YacTHIbl B NOTEHIIHAJIbHOM IOJIe, HA3BIBAETCS NOMeHyU-
arvroll sHepeuell 9TOM YacCTHUEI B JaHHOM noJe. [loTeHnuajbHast 3Hep-
TS ONpefiesiseTcss C TOYHOCTBIO J0 TNOCTOSTHHOH BeJaHuHHb. PaGoTa
CHJl TMOTEHIHAJbHOrO MOJsA PaBHAa YOLUIH NMOTEHIHANbHON 3HEPIHH NPH
nepexoje YacTHIbL H3 HayaJbHOI'O B KOHEYHOE IIOJIOXKEHHE.

JpyruM BHIOM MeXaHHYECKON 3HEPTHH - ABJAETCH KHHeTHUecKas
9HEPTHs, KOTOpas SBJASAETCH Mepof MeXaHHYecKoro ABHXKeHHSA. Ku-
Hemu4eckoll snepauell ABHIKYLIErocsi CO CKOPOCTbIO U Tesla Maccoil my,
Ha3blBaeTCs BeJHYHHA

Vil

Eyx =myv?/2. (1.58)

®opmyana (1.58) cnpasepnuBa npu anoanu vle=B<1 (c — cKopocTh
CBeTa B BaKyyMe).

l’Ipn CKOpOCTHX, npu6.nmxaxomnxca K CKOpPOCTH CB€Ta B BakKyyMe,
KHHeTHYeCKasd 3SHeprusg pacCUYHTHIBAETCS 1O q:opmy.'le

1
E“=m°cz(7—l—_ﬁi —l). (1.59)
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 Kunernueckas sHeprus Teaa, Bpamamouweroca OTHOCHTEJILHO He-
TOJIBHKHOM oOCH: ,
Ey=10?%/2, “(1.60)
rie | — MOMEHT HHEpUMH, ® — YIJIOBast CKOPOCTb.

ITorennunanbHas 3HePTHsi TeNa B MNoOJe TATOTEHHA 3eMiau$

Ey=—vyMm/R, (1.61)
Tle Y — IpaBHTALHOHHAS TOCTOSIHHAS (cm. (1.48)), M — macca 3eman,
m — Macca Tesa, a R — paccTosiHMe OT HeHTpPa 3eMJH JO0 LEHTPa
Macc TeJa.

IMpu ynaneHun Tena Ha HeGOJbIIHE PAcCCTOSTHHS OT HOBEPXHOCTH
3eMaHn Nojie TATOTEHASI MOXXHO CYHTAThb OXHOPOXHBIM (YCKOPEHHe CBO-
GopHOro najeHHsl NMOCTOSHHO). B OAHOPOAHOM mnoJe TATOTEHHS MNOTEH-
INHalbHash 3HEPTHA TeJa

Ey=mgh, _ (1.62)

Tle m — Macca Teja, g — ycKopeHue cBoGojHOro majeHus, h — pac-
CTOSIHHE MeXJY TeJOM H HEeKOTODLIM YCJOBHBIM YPOBHEM, Ha KOTOPOM
SHaueHHe TNOTEHIHAJIbHON SHEPIMH NPHHATO PABHBIM HyJ0. TakuMm
YCJIOBHBIM YPOBHEM MOXET CJYXHTb, HalpHMep, NMOBEPXHOCTb 3eMJIH.
3akon coxpanenus suepeuu. IHepeuel Ha3HBaeTCs eNWHAs Mepa
pPa3aHyHBIX (OPM JABHXKEHHS MaTepPHH, B TOM YHCJIE H MeXaHHYECKOro
IBHXXKEHHS. 3aKOH COXPaHEHHS 3HEPTHH ABAACTCA (YHAAMEHTANLHBHIM
8SaKOHOM NPHPOAHI: 3HEPTHA He CO3JaeTCq M He YHHUYTOXKAETCHA; OHa
MOXeT NepexoiuTb H3 OXHOH (HOPMHI B JPYrylo; BO3MOXEH OGMEH SHep-
FHell MeXIy PpasJHYHHMH BHJaMH MAaTepHH — BEMECTBOM M TOJIeM.

Moanod mexanuueckod 3nepauedd CHCTEMEI Ha3bIBAGTCH CyMMa KH-
HETHYECKHX H MOTEHIHAJbHEIX HEPTHH BCeX TeJ, BXOAAIHUX B STy
CHCTEMY. :

Hamenenue MexaHHyeCKOH SHEPrHH CHCTeMbl DaBHO ajareGpauue-
CKOll cymMMe paGOT BHEIIHHX CHJ H BHYTPEHHHX IMCCHIATHBHBIX CHJI:

Ey—E = A+ Ay, (1.63)

rie E, — XoHeuHOe 3HaueHHe 3HePrHM cucteMbl, Ej — ee HavajbHas
sneprus, A — pa6oTa BHewHHUX cul, A, — CyMMapHas Pa6oTa BHYT-
PEHHHMX NHCCHIATHBHBIX CHJI.

3aKOH COXpaHeHUA MexanuuecKod sHepeuu: B HHEPUHANbLHOR CH-
CTeMe OTCYeTa MOJHad MeXaHHYeCKas SHePTHA 3aMKHYTOM CHCTEMBI Tej,
MeXJ1y KOTOPLIMH JEHCTBYIOT JIHIIb KOHCEPBAaTHBHbE CHJLI, OCTAeTCH
NOCTOSSHHOH.

4, CTATMKA TBEPJOI0 TEJIA

Taepabm meaomM B ME€XaHWKe HA3bLIBAETCA CHCTEMA MaTepPHAJbHHLIX
TOUEK, PaCCTOAHHA MEXAY KOTOPLIMH OCTAIOTCA INPH JABHXKEHHH He-
H3MEHHBIMH,
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Cmamuka pacCMaTPHUBAeT YCJOBHS PaBHOBECHS TeJa HJH CHCTEMbI
Tes1. TOUKY NPHJIOXKEHHS CHJbl B TBEDAOM TeJe MOXKHO CMelLaTh BAOJD
auunu ee felictBus. Eciau Ha TBepjoe Teso HefCTBYeT HECKOJBKO CHII,
HanpaBJeHHs] KOTOPHX NepeceKaTCsl B, OAHOM TOUYKE, TO OHO OCTAHETCS
B NMOKGe TOTAa, KOTJa BEKTODHAS CyMMa S3THX CHJI PaBHA HYJIO;

n
2 F;=0.

{=1
Tneplloe TeNAO0 C HeﬂOlIBH)KHOﬁ OCbhIO ﬁaxonmcn B DaBHOBECHH, €CJaH
aJIl‘e6paH‘lecKaﬂ CyMMa MOMEHTOB BHEIIHHX CHJ OTHOCHTEJAbHO 3TOH

ocH paBHA HYJIO:
n
2 M;=0.

i=1
IfenTp macc. B s060ft cHcTeMe 9WacTHIL HMeeTCs XapakTepHas TOY-
Ka, KOTOpasi ompejensieTcssi pajHyCOM-BEKTOPOM

= mir))/m, (1.64)
rae m; W r; — MacChl H pajHyChl-BEKTOPHl YacTHI, m — Mmacca Bcedl
cHCTeMbl, JTa TOYKa HA3bIBAETCA YeHmpPom macc (yeHmpom uHepyuu).

B OAHOPOJAHOM MOJI€ CHJ THAMECTH LEHTP Macc COBNAjaeT C LEeHT-
POM THKECTH; yewmp maxcecmyu — TOYKa, B KOTOPOH MpPHJOXKEHA pas-
HOAEHCTBYIOLMAsl NapajjefbHHNX CHJ THAMXKECTH, ACHCTBYIOUIHX HA Ma-
TepuadbHble TOYKH Tesa (HJAH cHCTeMbl). B opHOpoaHOM nose Tsarore-
HMA CYMMa MOMEHTOB CHJl TSMKECTH BCeX MaTepHa/bHBIX TOYeK Tenaa
OTHOCHTEJNIbHO LEHTPA TSXKECTH paBHA HYJIO.

Bunbi paBHoBecus. EcaiM npu JOCTAaTOYHO MAJIOM OTKJIOHEHHH TeJsa
OT HeKOTOPOro MOJIOXKEHHMS PABHOBECHS BOSHHKAIOT CHUJBI MIH MOMEHTH
CHJI, BO3BpallalOl[He TeJO B NePBOHAYaJbHOE IMOJIOXKEHHe, TO TaKoe
COCTOSIHHE HAa3BIBAETCHA Ycmoduusbim pasHosecuem. B cocrosHum yc-
TOHYHBOTO PAaBHOBECHS MOTeHUHAJbHAsA 3HEPTHA Tela HMMeeT MUHH-
MaJIbHOE 3HaueHHe.

Ecau xe npu CKOJNb YroJHO MajlOM OTKJOHEHHH TeJa OT MOJIOXKe-
HHUSL PaBHOBECHS BO3HHKAIOT CHJBI, CIOCOGCTBYIOUIHE YBEJIHYEHHIO
3TOr0 OTKJOHEHMS, TO TAaKOe COCTOSIHHE Ha3bIBAEGTCHA HeYyCmoiuusoim
pasrosecuem. TIpU OTKJIOHEHHH Tesa H3 0e3pA3AUYHOZ0 NOAOHCEHUR
pasHogecus IOTOJHHTENIbHBIX CHJ He BO3HHKAaeT, H HOBOE MOJIOXKEHHE
TaKxKe SBJISETCSl MNOJOMXEeHHeM paBHOBECHS.

PaBHoBece Tena Ha HakJoHHOH njockoctu. Ha 6Gpycok, pacno-
JIOXKEHHBI Ha HAKJOHHOH MJIOCKOCTH, AEHCTBYIOT CHJBI TaxecTH G,
cuna peakuuu omopnl N u cuna tpenus mokos Fp; ycnoBue pasmose-
cus (6e3 yueTa MOMEHTOB CHJI): !

’ G}N-+4F,=0.
Ecnu ocs OX npaMOYyrosibHOM CHCTEMB KOOPAMHAT HANpaB/€Ha mapal-
JIeJIbHO HaKJMOHHOH MJIOCKOCTH, ock OY — nepmeHAMKYJNSPHO, TO yc-
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JIOBHSI PaBHOBeCHSI B NPOEKHHAX Ha aTH ocH (pmuo. 1.13) 6yxyr enpe-
JeNATbCH yPaBHEHUAMH:

Fn—Gsina=0, N—Gcosa=0;
OTHOLUIEHH® Fn/N='tg a. Ilpu ycxoBun, uro Gsin a>Fg (F,", — Max-
CHMaJbHOe SHaueHHe CHJbl TPeHHs II0KOsl), PaBHOBeCHe Hapyliaercs,
6pycok OyleT nepeMeljaTbCsi BHH3 IO HaKJOHHOM IIOCKOCTH.

Puo, 1.13. PasHoBecHe TeNa Ha Hae
KJIOHHOR IJIOCKOCTH

03
Poiyar. Pruar mnpencrtaBisieT co60i CTepXKeHb, KOTOPHIH MOXKET
BpalaTbCsi BOKPYr HENONBHXKHOH ocH (omopsl). Priuar maxoautcs B

F
a o a J
p amstseae ¥ swd— -

A o
JF} e

a F2 o

Puc. 1.14. Poiyaru? @ — puiyar ¢ TOYKOA OMOPbI, HAXOARLIEACH MEXAY TOYKAMH NpH-
JIOXKeHHs AeHCTBYIOWMX Ha Hero CHJI; 6 — phiYar C TOYKOR OMOPH, PacriosoXKeHHOMH
C OZHOH CTOPOHBLI OT TOWEK NPHJIOXKEHHS AEeHCTBYIOLHX CHJI

F2

PaBHOBECHH, €CJIH CyMMa MOMEHTOB JEHCTBYIOUIHX Ha HEro CHJ paBHa
Hygo (puc. 1.14):
Fla—F2b=0,
rae a u b — nyeun cun Fj u F,.
YCclIoBHSI PaBEeHCTBA MOMEHTOB CHJl NPHMEHSIIOTCS TaKkKe K pPaB-
HoBecHl0 Bopora (puc. 1.15, @) nau nebGenxn.

N

5 v

Puc. 1.15. Cxema BoporTa (a), kenoABHxKHoro 6J0Ka (6) B noABHKHOro 610Ka (6)

Baok. Biox — mpocteiimnit MexanuaM B GopMe AMCKa € XKeaT06OM
no OKPYXKHOCTH AJS LeNH, KaHaTa, TPOca, HUTH B T. I. HenoABHXKHbIA
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‘610K (puc. 1.15, 6) cAYKHT TOMBKO JJISI M3MEHEHHS HANpABJEHHS

nepemewennsi. Ha nossuxHOM GoKe cyMMa BcexX JefiCTBYIONULHX CHJ

H cyMMa BCeX MOMEHTOB CHMJA paBHH HyMi0 (puc. 1.15, 6)i,
P—2F=0.

Orciona cienyer, uro P=2F, F=P/2,

NMomucnacrt. [Monucnact (puc. 1.16, a) npeacraeBaser co6ofi cucre-
My TOABHXHBIX H HENOABMMKHBIX G6JIOKOB, YKPEIJIEHHHIX B ABYX Jep-
®arendx. ECIH TOMHCNIACT MMeeT n MOJBHXHBIX H N HENOXBHIXHBIX

L

%

Puc. 1.16. ITonucnacT (a) 1 BHHTOBOK JoMKpat (6)

G6JIOKOB, TO AJIf YPaBHOBELIMBAHHS CHAB P Heo6XOAMMO MNPUJIOXHTH
cuny F=P/(2n).

Jomkpatr BunToBOi. [Ipn oTcyrcrBHH TpeHus cuaa P, jmeficiByio-
mas BAOJb OCH BHHTA, YPaBHOBEIIMBAeTCA CHJION F, NpPUIOKEHHOMH
K pykosTke (puc. 1.16, 6): F=Ph/(2nR), rae R — paccrosinue oOT
OCH BpalleHHUs NO TOYKH MPHJIOXKEHHs CHJbI, A — IIar BHHTA.

5. 3JIEMEHTbI TEOPHH YNIPYTOCTH

ViameHeHHe pPacCTOSHMA MeXAy TOYKAMH TeJa MOX BO3JeHCTBHEM
' BHEWIHUX CHJ HasbBaeTcs Oegopmayued. Vnaue aedopMamuio MOXKHO
onpejeJauTh KaK H3MeHeHHe (OpPMH, Pa3MepoB TeJa HJH ero OTAel]b-
HBIX dacTei.

Jebopmanus, ucyesaioiljasi Mocje MpeKpameHHss AeHCTBHS BHELI-
HHX CHJ, Ha3biBaercs ynpyeod. Ilpu ynpyroi AepopManuu B Tese BO3-
HUKAIOT CuAbl ynpyeocmu, KOTOPHE NpPensTCTBYIOT H3MEHEHHIO ero
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-'(bbpMH n o6beMa; CHJIBI YIPYTOCTH NPH ynpyroii medbopmaunun nponop-
IHOHAaJbHH JAedopMaunu (3akon ['yka).

Hanpsascenuem HasbiBaeTCA CHJA YNPYrocTH, JHeHlCTBylomas Ha
eIMHUYHYIO IVIOWAkb CeueHHs NepOPMHUPOBaHHOrO Tesa, T. e. ¢=F/S
(6 — nanpsixxenne, F — cuna ynpyroctd, S — mIomanb ceueHHs).

BeKkTOp HanmpsiXKeHHS @ MOXXHO Pa3JIOXKHTb Ha JIBe COCTaBJISIOLIHE:
olHA W3 HMX, HMeloWasl HanpaBJdeHHe BJOJb HOPMAaJH K IJIOCKOCTH
ceyeHHs, Ha3bIBaeTCd HOPMaJbHBEIM HaNpsXKEeHHEM On; Apyras cOCTaB-
Jspomas, napajieibHas NIOCKOCTH CeYeHHs, Ha3blBaeTcsl TaHTeHIH-
8JIbHBIM HaNpsXKEeHHeM T.

Mpononbnas nedopmauus. Ilpocreiimedt nepopmaunedr spaAseTcs
paCTsXKEeHHEe HJIH CXKAaTHe CTePXKHA BJOJb €ro OCH; H3MEeHEHHe JUIMHBI
Al cTepXHS M BO3HHKaloUMe NPH Takol NeGOPMAalHH CHJIBL yNPYroCTH
F (no moay/io paBHbBle BHELIHHM CHJAaM) CBSI3aHBl MeXAy co6oii cJje-
AYIOIUHM COOTHOILUCHHEM: ’

Al=IF/(ES), (1.65)

rze S u | — niomank NONepevyHOro CeYyeHHs] H IJHHA CTePXKHSA JI0
Iepopmaunn, 1/E — kosdduuueHT nponopuuonaabuoctd; E Hasb-
BaeTcsi MOOysem npodossHolti ynpyeocmu wau modysem IOnza. OtHo-
menne Al/l=e nasmiBaeTca ommuocumeabroi npodoasroti dedopmayuers
(wau npocmo npodossbrot Oedpopmayued).

dopmyna (1.65) Bmpamaer sakon ['yxa daa npodossroil degop-
Mayuu, KOTOPHI MOXHO 3amHcaTh B cjenyiouell ¢opme:

0, =Ee. (1.65a)

Moayan IOHra paBeH HanpPsXKeHHIO, YBENHUYHBAIOWEMY JJIHHY
o6pa3ua B 1Ba pasa.

OznHako o6pa3llal ¥3 METAaJJIOB pa3pbiBalOTCA paHblie, yeM 6yner
JIOCTHTHYTO TaKoe YNJIHHEHHWe; Yy TOJHMEePHBIX MaTepHasoB YIJIHHEHLe
06pa3noB NMpH pacTAXKEHHH MoxKeT GBITb MHOrOKpaTHbIM (1o 1000%,
cMm. pue. 1.17, 6).

Ha puc. 1.17, @ rpajpuyecku H306parkeHa 3IKCMEepUMEHTANbHAA
3aBHCHMOCTb O, OT &; O, — TpejeJ INPOYHOCTH, T. €. HaNpsKeHue,
npu KOTOPOM Ha CTepXKHe MOJyuYaeTcs MECTHOe CcyXeHHe (wefika),
Op — Tpeles TEKY4YecTH, T. €. HaNpsiKeHHe, NPH KOTOPOM INOSIBJISAETCS
mexyuecme (yBennueHue nepopMauun Ge3 yBennueHHs AedhopMupyomet
CHJIb), Oy — mpeien yNPYrocTd, T. €. HANpsKeHHe, HHXKE KOTOPOro
cnpaBejnuB 3akoH I'yka. Moayab ynpyrocTd NpONOPIHOHAJNEH TaH-
reHcy yrJa HaKJOHa Ha JIHHEHHOM yuyacTKe JHarpaMMel 3aBHCHMOCTH
0, or € (cMm. puc. 1.17, a).

Magepuansl pasfesifiloTcsi Ha XPYNKHe H IJacTHYHBe. Xpynxue
eeujecmea pas3pylIaOTCS NPH OYEHb MaJblX OTHOCHTEJbHBLIX YHIsrAHe-
HHSIX; OHH OOGBIYHO BHIZEPXKHBAIOT, He paspyluasch, Gosbllee ckaTue,
yeM pacTsKeHHe. I[lnacTHuHble MaTepHaJLl THNA KayyyKONOZOGHBLIX
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noaumepoB (cM. m. 6 ra. II) umeioT sHauuTeNbHLIE OTHOCHTEJbHHE fe-
¢opmanun (puc. 1.17, 6).

Hapsaay c npojoabHoit JepopManueil CTepIKHA NPOHCXOLUT H3-
MeHeHHe ero Jauamerpa d (yMeHbIEHHe — NPH DAacCTAXKEHHH, yBead-
yenHe — NPH CXKaTHH); OTHomeHwe Ad/d=se; Ha3biBaeTcs OmMHOCU-
meaokoli nonepedroil Oedpopmayued; OTHOWEHHE &,/e=v HasblBaeTcs
xosgppuyuenmom Ilyaccona; v uaMensercsa B npepeaax or 0,1 go 0,5.

gn—.—".—_’—- r Sn M
4 0
7,6
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Puc. 1,17, a. 3aBHCHMOCTb HaNpsXKEHHS OT OTHOCHTEJNbLHOR NMpoAoabHOA Aedopmauum,

KpuBasi [/ OTHOCHTCA K NJIaCTHYHOMY MaTepHaay, Kpusas /] — K xpynkomy. B Toukax

O NPOHCXOAHT pa3pylueHHe MaTepHaJsa. 6. THNIHUHAA KpUBas 3aBHCHMOCTH NMPOAOJIb-

HOH Aedopmauuu Al/l OT HanpsiKeHHs ﬁ (p,nz) Kay4YyKONOAOGHHK MOJHMCPOB, CM.
I m

Nedopmauus casura. dnementapubiit 06bem ABCDKLNM, uwmero-
wHui go mepopmanuu c¢opmy Ky6a, moA AeilCTBHEM TaHTEHIHATbHBIX
yanpskeHuit u3MeHsiercs mo ¢opme (puc. 1.18). Ilpm orcyrcTBHH
HODMAaJIbHBIX HaNpsIKEHUH TaHTeHLHAJbHBlE HANPsIKEHUs He H3Me-
HAIOT AnuHy pebep AD, BC u 1. 1.,
Ho rpanb ABCD wu3 KBajpara npe-
o6pasyercs B pou6 AB;C;D. Yron
npu BepwnHe A Jo gedopmaunuu
6uia pasen 90° nocse aebopmauuu
oi_pases 90° —y, a yroa npu
BeplinHe B mocse aepopmanuu cra-

A HOBUTCA DaBHBIM 90°-+y.
Puc. 1.18. HNedopmauus cxsura Yroa y sABAseTCA Mepoil HC-
KaxeHUA (OPMBE; OH Ha3bIBaeTcs
depopmayuets clsuza. Ilepopmanus CABHra pPaBHA OTHOUIGHHIO CMelle-
HHS OAHOH TIpaHH 9/EMEHTa OTHOCHTEJbHO BTOPOH MNAapa/JenbHON
rpaHM K PacCTOSHHIO MeXAy STHMH TpaHAMH, T. e. BB;/AB=y. Cwue-
uienne BB; HasbiBaeTcs abCoaromHbim COBUZOM.

3akon 'yka Aasi cABHrOBBIX JeOpMaIHii 3aMUCBLIBAETCA B CJIERY-

oleM BHAE:

v=0Gy, (1.66)
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rae G — modyab cOsuca — BeNMUHHA, PaBHAs OTHOLIEHHIO MORYJAsS
TaHTeHI[HAJbHOTO HaNpsXKeHHS K JedopMalUH CABHUra.

CxumaeMocTh BelecTBa. BcectopoHHee cxxaTHe Tejla MPHBOXHT K
yMeHbIIeHHI0 o6beMa Tefa HA AV M K BO3HHKHOBEHHIO YNPYTHX CHJ,
éTpeMSAUIHXCA BEPHYTh TeJqy MepPBOHAYaNbHHIH 06beM. Cocumaemocmoto
B nasbiBaeTca oTHOCHTENbHOE H3MeHeHHe o6bema Tenra AV/V mpu
u3MeHeHUH JHaBieHus Ap Ha | nackane. CxHMaeMocTh NpH aiua6a-
THueckoM mpouecce (cM. ra. II) maswiBaercs aduabamudeckodl.

BenuuuHa, o6paTHas CXHMAaeMOCTH, Ha3bIBaeTcsl MoOysem 06%-
emnoil ynpyeocmu K.

Hsmenenne o6nvema Tena AV npu BCECTODOHHEM CIKATHH BHIYHC-
asercs mo ¢opmyae

AV=—VB Ap, (1.67)

rae V — nepBoHauanbHbi o6beM Tena, Ap — uU3MeHeHHE JaBJEHHA.

B nsorponnoit cpene monyae IOHra E, Koapduuuent Ilyaccona v,
Moayab o6nvemHo#t ynpyroctd K H Monyas cABura G cBSI3aHBI MeXAY
co6oil ypaBHEHHSMH:

E=2G (14-v)=2K (1 —2v). (1.68)

TMotenunanbHass 3Heprus JeGpOPMUPOBAHHOTO CTEPKHSA onpeze-

Jasiercss no ¢opmyae
E,=FyAl)2, (1.69)

rie Fy — Moayab cHibl ynpyrocTd, Al — yAJuHeHHe CTepXKHS.

6. MEXAHUKA )XHUAKOCTEA H TA30B

‘J)Xuakocty M rassl, B OTJIMYHE OT TBEPLBIX TeJ, He OGHAPYKHBAIOT
CONMPOTHBJNEHHS] H3MEHeHHI0 HMX (OPMbl NPH COXPAHEHHH HX o6beMa
nocTossHHbLIM. JlJ1d H3MeHeHHs o6beMa MXHAKOCTH MJIH ra3a Heo6Xo-
AMMO JeficTBHE BHEIUHMX CHJI. ODTO CBOMCTBO XHAKOCTH HasbiBaeTcs
ynpyeocmeto obvema. Jasrenue p — BeIHYMHA, PaBHAs OTHOIIEHHIO
CHABI, JeHCTBylomel nNepneHAHKYJAAPHO MNOBEPXHOCTH, K IJIOLWIAAU
STOH NOBEPXHOCTH.

Cratuka. [Ipy paBHOBeCHH JaBJieHHe BHYTPH XHAKOCTH (rasa) me
3aBHCHT OT OpHEHTAalMH IJIOMaJH BHYTPH JXHAKOCTH, T. €. BHELIHee
JlaBJieHHe nepelaeTcsi BO BCe CTOPOHH paBHOMepHO (3axon ITackaas).

Crton6 XHMIKOCTH HJM ra3a, HaXolfACb B NOJE€ TATOTEHHS, CO3JaeT
JaBjenue, OGYCJOBJEHHOE BECOM 3TOro cronba:

p=pgh, (1.70)

rie p — MJOWA@Ab MHAKOCTH HIH rasa, g — YCKOpeHHe CBOGOAHOrO
napenns, b — BhicoTa cToN6a. JlaBieHue He 3aBHCHT OT GOPMHI cTON6a,
a onpezensercs TOJLKO 'er0 BHICOTOI.
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B. coofmaomuxcs cocyAax BHICOTH CTONGOB MKHAKOCTeil 0GpaTHO
NPONOPUHOHANBHLl TJIOTHOCTAM XKHAKOCTEH:

hilha=pq/p1. (1.71)

Ha Teno, norpyenHoe B XHIAKOCTb HJH ra3, AeficTByeT CO CTO-
POHBI OKPYXalolel XHAKOCTH BBHITaJKHBAIOMasl CHJA, HaNpaBJeHHAas'
BepPTHKA/NbHO BBEPX H PaBHafA MO MOAYJIO BeCy MHAKOCTH, BHITECHEH-
ot TenoM (3axkon Apxumeda). Hampasienue BHITANKHBAIOWEH CHJB
NPOXOJAUT Yepe3 LEHTP MacC KHAKOCTH, BBITECHEHHOH TeJIOM.

Jlsuxenne HAeaJbHOH XHAKOCTH, TIpu NBHKEHHH XKHIKOCTH HJIH ra-
3a CO CKOPOCTSIMH 3HAYHTEJNbHO MEHBUIHMH, YeM CKOPOCTb 3BYKa B 3THX
cpefax, MOXHO NpeHefpeub HX CXHMaeMocTbio. IIpH OTHOCHTENBHOM
nepeMelleHHH CJ0eB XHAKOCTeHl M rasoB BO3HHKAKT CHJb BHYTPeH-
Hero TpeHus. Ecau 9TH CHJIBl HeBeJHKH, HMH NpeHeGperaioT H pac-
cMaTpUBaeMblii ra3 HJIH MHAKOCTh HasmBaloT uleasvnoimu. B nporus-
HOM CJiyuae FOBOPAT O 6A3k0: MHUAKOCTH WiH rase. TeueHHe XXHAKOCTH
WJIH Ta3a Ha3blBaeTCs AQMUHAPHbIM, €CIH CKOPOCTb. M JaBJEHHE B
KaxJlOd TOuKe MNpPOCTPAHCTBA, IAe NPOTeKaeT XHAKOCTb HJH ras, He
,34BHCAT OT BpPeMEHH; B NPOTHBHOM ClyuYae TeueHHe Ha3bIBaeTCs myp-
6ysenmnoim (euxpestin); nPH TypOYJeHTHOM TeUEHHH B KHAKOCTH
ofpasyloTcsa suxpu. »

Teuenne usobpaxkaerci rpapHyecKH JHHHAMH, KOTOPbHIe MPOBO-
NATCA TaKHUM 0o6pa3oM, 4TOObl KacaTesibHble K 3THM JIHHHAM COBMaAaJjau
M0 HanpaB/eHHIO C BEKTOPAaMH CKOPOCTH B NaHHBIX TOYKax B JaHHBIi
MOoMeHT BpemeHH. TakHe JHHHH Ha3blBalOTCA Aunuamu moxa. [lpn
JIAMHHAPHOM TEMEeHHH JIMHHH TOKA COBNAJAIOT C TPaeKTOPHAMH YacTHL

Puc. 1,19, a. TpyGka Toka. 6, BuTekaHHe MCHAKOCTH H3 MaJIOro0 OTBEPCTHSA

XKHAKOCTH (rasa). Ecan npoBecTn BHYTPH XKHJAKOCTH 3aMKHYTYIO KpH-
Bylo (KOHTYp, HanpuMep, OKPYXXHOCTb), a 3aTeM Yepe3 BCE TOYKH
KOHTYPa NPOBECTH JHHUH TOKa, TO MOCJeAHHe 06pa3yioT MOBEPXHOCTb,
KoTopas HasniBaercss mpy6xod moka (cM. puc. 1.19, a). Ilpu namu-
HapHOM TeuyeHHH (OPMa W PacmoNOKeHHWe JHHHH TOKa He H3MEHAITCH
BO BpeMeHd.
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[lp# /naMuHADHOM TeueHHM uepe3 Jio60e MONMEpEIHOE CeueHHe
TpyOKH TOKa 33 OJAUHAKOBBIE NPOMEXKYTKH BPEMEHH NPOXOAAT PaBHHE
0GbeMbl JKHAKOCTH:

S1v; At =S,y A, (1.72)
rae Sj, S, — MJIOWAAX Pa3jJHYHBIX CeyeHHHA OAHOMA M TOH Ke TPyGKH
TOKAa, Uj, Uy — MOJLYJH CKOPOCTH YaCTHI, JKHAKOCTH B STHX CEYEHHSX.

¥Ypasnenue Bepnyanu. Ilpn H3MeHeHHH ceueHMS] TPYOKH TOKa H3-
MEHsIeTC He TOJNIbKO CKOPOCTb ABHXKYILEMCH XHUAKOCTH, HO M JaBJieHHe,
T4K 4TO B JIOGOM CeueHHH TPYGKH TOKAa JIaMHHAPHOrO TEeYEeHHS HJe-
aNbHOM JKHMJKOCTH BBINMOJIHAeTcs ycaoBue (puc. 1.19, a)

p—+pgh-pv?/2 = const, (1.73)
rie p — HaBJeHHe, P — MJIOTHOCTb XHAKOCTH, U — MOAYJb CKOPOCTH
Te4eHHA MKHAKOCTH B NAaHHOM ceyeHHH TPYOKH TOKa, KOTOpoe pacmo-
JIOXKEHO Ha BLICOTE A OT YCJNOBHO BHIGPAQHHOTO YPOBHSA.

YpaBuenue (1.73) nasmiBaercs ypasnenuem bepuyaru. U3 storo

ypaBHeHHUs cJenyeT gopmuysra Toppuuerru:
' v?=2gH, (1.79)
rge v — MOAYJb CKOPOCTH }KHIAKOCTH NPH BHITEKAHHH M3 MaJjoro oT-
BepcTUa B cocyle, H — BHICOTa CTOJGa MHAKOCTH Hald OTBEpPCTHEM
(puc. 1.19, 6).

JiBuxeHne BA3KOH mHUAKOCTH. [IpH SlaMHHADHOM TEUeHHH peanbHOMH
JKHIAKOCTH (MM rasa) CJOH CMEWIaloTC OTHOCHTeJNbHO APYT Apyra,
NpH STOM BO3HHKAIOT CHJIB BHYTPEHHEr0 TPEHHs, TOPMO3SIUIHE LBH-
JKeHHS CJOeB, ABHXYyUWHXCA G GosabLIied CKOPOCTBIO, H YCKOpsiouiHe
CJIOH C MeHbIuefi, CKOpOCTbIO.

Moayab cHAbl BHyTPeHHero TpeHHus (8axon Hewomona):

Frp =—nS Av/Al, (1.75)
rae Av — pa3HoCTb CKOpocTell ABHXKYIIHXCS cJoeB, Al — paccrosnue
MeXJy STHMH CJOAMH MO HAaNpaB/JeHHIO, MNepNeHAHKYJSAPHOMY CKO-
POCTH; 1 — OUHAMU4ECKAR 6A3KOCMb — CHJIa BHYTPEHHEro TPeHHs,
KOTopas BO3HHKAaeT MexIy ABYMs CONpPHKACAIOWHUMHCA CJAOAMH MJ0-
maasio 1 M? npu pasHocTH cKopocreil cioeB 1 M/c, mpudeM STH cJaou
HAaXORATCH Ha PaccTOAHHWH | M MO HOPMaJH K HampaBJeHHIO CKOPOCTH.

Bennununa .
lim (Av/Al) =duv/dl
Al—>0

ABJfIETCA MOAYJIeM BeKTopa — zpaduenma ckopocmu.,

BaskocTh XHAKOCTH H ra3a B SHAYHTeNbHOA CTEMEHH 8aBHCHT
OT TeMmneparypHl.

JBukenne TBepaoro tesia B BA3KO# xuiakocTH. [IpH ABHXKeHHH B
JKHAKOCTH TBepHOro Tesa (HampuMep, wapa) GaHKaHIuHe.CJOH XKHA-
KOCTH NPHJIHNAIOT K €ro NOBePXHOCTH H ABHXKYTCA BMeCTe C HHM;
OCTa/bHble CJIOH NEPEeMEellalTcd APYyr OTHOCHTEJbHO Apyra,
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Cuna, IeiCTBylomasi Ha JABHXKYIIeeCs TBepPAOe TeJIO B XKHUAKOCTH
M HanpaBleHHas B CTOPOHY, NPOTHBOMOJOXHYIO IBUXKEHMIO Tena,
HasbiBaeTCa 2udpodunamuueckold cuaoli (MIu 406086im  conpomuene-
nuen). Jlo6OBOe CONPOTHBJEHHE HMeeT JBe COCTABJSIOU(HE — CHJY
Tpenuss M CHIYy JaBienHs. Cuia TpeHHs OGYCJIOBJE€Ha BS3KOCTBIO
JKHAKOCTH, CHJIA JaBJE€HHS — Pa3HOCTbIO JaBJeHHH Ha MEPefHHX - K
3a{HHX MOBEPXHOCTAX ABHXYllerocs Tena. Cuaa TPeHUS NPOMOPIHO-
HajJbHAa CKOPOCTH, CHJAa JaBAEHHS NPONOPIHOHAJbHA KBAajApaTy CKO-
pocTH.
Ecnn npu ABHXKEHHHM Tesla B BSI3KOH cpefie 06pa3yloTcst BHXPH,
TO HAa Hero JEHCTBYeT, KPOMe JOGOBOIO CONPOTHBJEHHS, NO0BEMHAR
cuaa, KOTOpasi HanpaBJieHa NepNeHIHKYJsSPHO K BEKTOPY CKOPQCTH.
[lpu ABHXKEHHH 1Iapa paguyca R cO CKOPOCTbIO U MOAYJb CHJBL
TpeHus
Fyy=6annRy, (1.76)

rae 1 — IAHHAMHUuecKass BS3KOCTb.
Cootnowenne (1.76) naswBaetcs ¢opmyrold Cmoxca.
CKopoCTh paBHOMePHOTo (YCTaHOBHBIUErOCsl) NAaJ€HHUsl IDapuKa
MaJjbiX pa3MepoB B BSI3KOH XHIKOCTH OIpelessieTcs MO ¢opmyJe

v=2g (p—pw) R?/(OM), (1.77)

rie p — MJIOTHOCTb MaTepHaja WapHKa, R — ero pajHyc, P, — IJIOT-
HOCTb JHIKOCTH, 1) — ee JAHHAMHYeCKas BS3KOCTb, g — YCKOpeHHe
cB06OJHOrO MNajeHHd.

Ilpn pasHocTH AaBJEHUH p; — P, Ha KOHLAX KanuJaJasipHo#l TpyG-
KM, KOTOpasi UMeeT PajHyC 7 U AJUHY [, MpoTeKaou il 3a BpeMs oiHa
ceKyHJa o06beM XHIKOCTH

V=anr* (p1— p2)/(8In). (1.78)

7. MEXAHHYECKHE KOJIEBAHHA H BOJIHbIL. 3BYK

Tapmonnueckue KoneGanus. OrpanugeHlbie ABHKEHHS, MOBTOPSAIO-
(HeCH N0 BPEMEHH IMOJHOCTBIO HJIH YaCTHUHO B OKPECTHOCTH HEKOTO-
pOro. cpefiero MOJOXEHHA (Hanpumep, OKOJO MNOJOXEHHA pPaBHOBe-
cud), Ha3bIBAIOTCA Kosebanuamu.

Kone6aHns HA3LIBAIOTCH MEXAHUYECKUMU, €CIV OHH XapaKTepH3y-
JOTCA HM3MEHEHHEM TOJBKO MeXaHHYeCKHX BEJHYHH (CMeuleHus, CKoO-
POCTH, YCKOpPeHHs H T. IL).

Mepuoduueckumu Ha3LIBAIOTCH TaKHe KoJeGaHHSA, B KOTOPHIX
KaXJoe 3HaueHHe H3MEHAIoelcs BEJIHYHHBI NMOBTOPSETCS HEOrpaHH-
YeHHOE WYHCJO pa3 uepe3 OJMHAKOBHE MPOMEXYTKH BpeMeHH. Hamu-
weHbluee BpeMd, 32 KOTOpOe MOBTOPsSeTCs KaxJoe 3HaYeHHe H3MeHs-

eiicd BeNHYHHBI, HasbiBaeTcs nepuodom koneGanus T. Beauunna
T—J/T Ha3BIBaeTCA 4acmomoy NepHOAHYECKHX KoJjeGaHui.
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Tapmonuveckum Kosebanuesm Ha3bLIBAETCH TNEPHORHYECKOE H3Me-
HEeHHe BEJMYHHBI, KOTOPOE BEIPAXKaeTCA CHHYCOMAAJbHBIM (MJIH KO-
CHHYCOHMJAJMbHbIM) 33aKOHOM:

x = A, sin (of @), (1.79)
rae Ay — amnaumyon kose6anuli — BeJIHYMHA, PaBHAA HAHOOMblIEMY
(M0 MOZRY/I0) SHAYEHHIO H3MEHsIouEeHCs BeJHYHHH; (0i+Q) — ¢asa
rapMOHMYECKOr0 KOJeGaHHA, @ — Hauasbnasa ¢asa, o — yar06as
wacmoma:

o =25/T =2xf. (1.80)

da3a rapMOHHYECKOro KojeGaHHS oOmNpeleseT 3HAYEHHE H3Me-

HALIWEHCA BeJHYHHB! (HApsAAy C aMIUIUTYAOlN) B NaHHBIA MOMEHT Bpe-

venn. Pa3a u3MepsAeTcsi B YIJIOBHIX eAMHHLAX (PajHaHAX MJIH rpa-
Aycax).

Y\

ec=w?’

Puc. 1.20. TapmMoHHYeCKHe KO-
ne6GaHHA NPOEKUHH PpaAuHyca-
BEKTOpa TOYKH, KOTOpas ABH-
ETCA N0 OKPYKHOCTH C MOCTO-
AHHOH YrJI0BO# CKOPOCTbIO

IpumepoM rapMoHHYecKoro koseGanusa (puc. 1.20) moxker cay-
KHTH H3MEHEeHHe TNpoekuuu Ha ocb OY paauyca-sektopa Touxu D,
KOTOpasi ABHIKETCA IO OKPYXKHOCTH pPajiHyca R C NMOCTOSIHHOH YrJioBOM
CKOPOCTbIO ®; B 3TOM ciyyae y=R sin (wf--,); B MOMEHT BpeMeHu (=0
¢asa paBHA @y, Y=Y,=R sin Q,.

FapMonuueckue Kone6aHHs TesJa BO3GYXKAAOTCA MPU BO3JEHCTBHHU
Ha Hero KBasuynpyroit cuawl. Kseasuynpyszumu Ha3HBAOTCA TaKue
CHMJIBI, KOTOpble MO CBOe NpHUpPoOje He SBJISAIOTCA YNPYTHMH, HO HX
MOAYJ/b NMPONMOPIIHOHANEH CMEUIEHHIO TeJNa OT MOJIOXKEHUS PaBHOBECHS;
STH CHMJbl BCerJa HampaBJeHb K MOJIOXEeHHI0 paBHoBecusi. Ksasuyn-
pyras cuiaa

F=— ku, (1.81)
rie k — K03(phHUHEHT MNPOMOPUHOHANLHOCTH, KOTOPHI Ha3bBIBAETCA
Kosppuyuenmom Keasuynpyzod cuabl, u — CMelleHHe; 3HAK MHHYC
yKa3plBaeT HA TO, YTO BEKTOPHI CHJIbl H CMELIEHHSA HMEIOT MPOTHBOINO-
JIOKHBIE HaNpaBJeHHS.

Mantuukn, Pusudeckusm MAAMHUKOM HA3RBaeTCs TeJoO, éosepma-
fouree Konedaunﬁ BOKPYI T'OPH30HTAa/JbHOH OCH NOJ JAeiHCTBHEM CHJIbI
TAKeCTH. MafTHUK Ha3LIBAETCA MOYEUHOLM (uan mamemamuueckun),
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ecJH MOXHO CUMTaTh, YTO €ro Macca COCpPeJoTOuYeHa B OJHON TOuKe.
TIpuMepoM MaTeMaTHYECKOTO MasiTHHKA MOXET CJYXHTb Teso, NojBe-
eHHOE Ha TOHKOM HHTH, NMPHUEM TPEHHE O BO3AYX W B TOUKe MOABeca
OYeHb MaJlo, ‘a pasMephl TeJa MaJbl IO CPaBHEHHIO C IJIHHOA HHTH.
Kone6Ganus MaTeMaTHYeCKOro MasiTHHKAa NPH MaJablX YIJax OTKJIOHe-
HHUA MOXHO CUHTAaTh TapMOHHYECKHMH.

Iepuod Korebanuil mamemamu4eckozo MAAMHUKAY

T=2nV Tjg, (1.82)

rie | — jpnHHAa MasATHHKA, g — YCKOpPeHHe CBOGOAHOI'O MNajAeHHS.

Kone6anua Tesa, NOABELIEHHOTO HA .MPYXHHE, MOMHO CUHTaTh
TapMOHHYECKHMH, eCJH NpH JAedopMaluK (CXKATHH H PaCTAKEHHH)
NPYXKHUHH BHINONHAETCS 3aKOH ['yKa, a CHJIBI TPEHHS NOCTATOYHO MaJbl}
nepuod xorebanutt MAAMHUKA ¢ ynpyeol C8A3610

T=2V m/k (1.83)

npn ycaoBuu, u4to M<Km, rie M — Mmacca NpyXHHB, m — Macca
Tena, R — JeCcmKkocmb npysuHol — CKajJsipHas BeJHYHHa, paBHas
MOAYJIO CHJIbI, HeOGXONHMOR /IS PACTAXKEHHS MNPYXHHB HAa JJIHHY
1 merp. ®opmyna (1.83) orHOCHTCA He TONBLKO K KojJe6aHHSAM rpysa
Ha mpyXHHe, HO H Boobule KO BCeM CJAyuasM, NPH KOTOPHIX clpaBei-
JayBo cootHoueHnue (1.81).

Kpymuabnoui masmuux npeacraBiasieT co6oil Teso, coBepiuaiouiee
BpalaTeabHo-Kose6aTebHOe JIBHXKEHHe IoJ JefCTBHEM NPYXHHB
(sanpumep, Ganancup B yacax). Koria aMmintyia cMemienHs M CHJIbE
TpeHHsi ROCTAaTOYHO MaJH, 3TH KOJe6aHHS MOKHO CYHTaTb rapMOHH-
9eCKHMH; B 3TOM CJyyae nepuod Koie6anud KpYmuabno20 MAAMHUKA

T=2aV T/D, (1.84)

rae I — MOMEHT HMHepIMH TeJa OTHOCHTEJIbHO OCH BpaumeHust, D —
KPYMUNLHAA KCECMKOCMb — CKaJdfpHas BeJIHYHHA, PaBHAs MOAYJIO
MOMEHTa CHJI, KOTODHH Heo6XoAMM JJs TMOBOPOTa TeJa Ha Yroa
1 paauan.

Ilepuod Kosebanuti usuveckozo Masmuuxa

T =2nV T/(mga), (1.85)

rae | — MOMEHT HHePLHH Tela OTHOCHTEJIbHO OCH, NMPOXOXAAILEH yepe3
TOUKY MOJBECa, @ — PACCTOSIHHE OT LEHTPa TAKECTH IO 3TOH OCH, m —
Macca TesNa, g — YCKOpeHHe cBOGOAHOro naneHusi. Beanunna [,=
=]/ (ma) wasmiBaercsi npugedennod Osunoli GU3UYECKOTO MaATHHKA.

CeoGonHble H BBHIRYXAECHHBIE KojdeGaHHA. MexaHuuyeckue KoJjeGa-
HHS, KOTOpble MPOHCXOXAT MOJ AeHCTBHEM CHJI, BOSHHKAIOUIUX B CaMolk
KoJe6aTeNbHOHl CHCTeMe, Ha3BIBAIOTCA C80600HbIMU  (COBCMBEHHbBIMU)
koae6anuamu. Ecan cBoGoinble Kose6aHHs Tesa 0GYCJOBJEHBl TONBKO
KBa3Hynpyro#f Cuiaoi, To OHH GYAYT rapMOHHYECKHMH.
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Kone6anuss Tema, o06yc/OB/NeHHbIE OXHCBPEMEHHBIM JeACTBHEM
KBa3HYNpPyrof CHJIBI H CHJIB TpPEHHs,” KOTOpas NPONOpPIHOHANbHA
ckopocmu xosebanuti vacTHI u (T. e. Frp=—ru), Ha3wBaioTCs 3amyxd-

Puc. 1.21. Saiiy)gal&mue KoseGaHus —-_7\
(P=

owumu; MUHYC O3Ha4yaeT, YTO BEKTOPbl CKOPOCTH M CHJIBI TPEHHS Ha-

npaBJeHsl NPOTHBONONOXKHO; u=du/d¢. [Ipu saryxaomux koneGaHHAX
CMeIeHHe '

-

u=uee-8sin (0t 4 ). (1.86)

ITonoxuTeNbHAN BEJHYHHA U, Ha3bIBAETCSA HA4QAbHOU amnaumydod,
8 — xosppuyuenmom samyxanus; upe-8t — apmauenuwe amnauTYAB! B
MOMEHT BpPeMeHH !, ® — YIJIOBas YacToTa, € — OCHOBaHHE HaTypa/b-

=006

S

Puc. 1.22, Pe3oHaHCHble KpH-
pble NPH PA3JHYHBIX 3aTyxa-
HUsX. [To ocu OY oT/oXeHHn
OTHOCHTeJIbHbIE AMIVTHTY bl
cmeuleHusas Ak/Fo,, tie A —
aMIVIMTYAA CMellieHHs, Fo/k —
CTaTHYECKOe CMellleHHe,paBHOe
TOMY CMeI{eHHIO, KOTOPOE Bhbi3-
paja OB TMOCTOSIHlIaa CHJA,
paBHasi aMIVIHTYJAe AeHCTBYiO-
uieft cuaibl. ITo och OX  otsioXke-
HBl OTHOLIEHHS YacTOT /W,
rie ®,=Vk/m — uacrora cBo-
6GoAHBIX KoJie6aHHNl npH OT-
CYTCTBHH TpeHHs. KpHBble OT-
HOCATCH K Pa3JHYHbIM SHaue-
HUAM 6/®y. KPYKOUKHM yKasnl- a5
BAKOT MAaKCHMaJIbHble 3HAYEHHSA o )
AMIVIATY /bl CMeLIeHH s 7,

Qo

A

5,2

OmHoCUmENIEHAA TMITUMYTT
(Y
S
.

N
d

170

07 g4 4810 12

7

6
7 o/ (27}

HEIX Jorapudmo; O=r/ (2m), .m=l/m%—62; r — xosppuyuenm
conpomussenus, PaBHbI OTHOWEHHIO MOAYJS CHJbl TPEHHA K MOAYIIO
CKOPOCTH KosneGaHHH 4YacTHL, m — Mmacca Tela, k — koappuyuenm
Kkeasuynpyzoil cuabl, wg=*klm. I'padpuk 3aryxalomux koJeGaHHil Mo-
kasaH Ha puc. 1.21.

Kone6anus, KOTOpHe cOBeplIaeT TesNo MOA AeHCTBHEM NEepPHOAH-
4eCKOH BHEWHEH CHJB, HasblBAIOTCA 6bIAYHOEHHOIMU, AMIARTYAA
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BHHYXJEHHHX KOJeGaHHil pe3Ko BO3pACTaeT, €CJOH NEePHOX rapMOHHYe-
CKoOll BHeIIHeH CHJbI NpHGJMIKaeTCA K NEPHOAY CBOGOIHEIX KosaeGaHui
Tesia (cM. puc. 1.22). 310 sfiBJIeHHe HA3BIBAETCS PE3OHAHCOM. Ecau cuabl
TPEHHS BEJHKH (T. e. HMeeTcss GOJbIIOE 3aTyXaHHe), TO PE3OHAHC
BbIPaXeH €Ja60 HJIM COBCeM OTCYTCTByeT (nanpuMep, npu 6/wo>1).

Kone6aTenbHEle CHCTEMBl, B KOTOPHIX MOTEPH SHEPTHH 3a TNEPHOX
KosneGaHMH IOMOJNHSAIOTCS 3a CYeT BHYTPEHHETO MCTOYHHKA SHEPTHH,
Ha3BIBAIOTCS AB8MOK0Ne6AMEAbHbIMU, @ CAMONOLNEPIKHUBAIOIIHECST KoJe-
Ganusl B TaKHX CHCTeMaX Ha3bIBAIOTCH asmoxkoiebanuamu (Hanpumep,
kone6anus GanaHcupa B yacaX WJIM MasTHHKA HACTEHHBIX 4acoB).

CnoxeHHe TrapMOHH4YeCKHX Kone6aHumil. YpaBHeHHe JBYX TapMo-
HHYeCKHX KoseGaHMil, HMeILW X OJMHAKOBbIE YaCTOTHl H HaNpaBJIEHHS
CMelleHHH, MOXHO 3amHcaTh B CJeNyIOlUleM BHJE:

uy= A, sin (o - @y),
Uy = A, sin (ot 4 @o),

rhe uj u 4, — cMeinenus, Ay, A, — aMIVIHTYIH. AMIINTYIA Pe3yJb-
THPYIOWEr0 CMeumeHuss A HaXOAMTCS H3 BEKTOPHOM JMarpaMMmbl, Kak

A

«42 Puc. 1.23. Cnoxenue amnine«
/4 Ty CMeleHHH ABYX TrapMOHH-
7 NEeCKHX KoJeGaHHM C OfHHAKO=
? BBIMH HamnpasJIeHHSIMH
7

%%

noka3aHo Ha puc. 1.23; pesyabTHpYyIOlee CMEWEHHE U=U;+ U=
= A sin(of+¢g), rae

A=V AL A5 24,4; cos (92— @), (1.87)
tg @p= (A1 sin @1 Az sin @3)/(Aj cos @i+ Az cos @g).  (1.88)

Jlpa B3aUMHO TepPTNEHAUKYJSPHEIE TaPMOHHYECKHE KOJeGaHHs OAMHa-
KOBOM YacTOTHl CO CMellleHHsAMH BLOJb ocefi OX n OY onpezensiorcs
yDaBHEHUAMHU:

U, = Aj sin (,?), uy = A, sin (0qf ). (1.89)

TIpu c10XKeHHH ABYX B3aUMHO NMEPHEHAHKYJSAPHBIX TapMOHUYECKHX
KoJe6GaHui, onpenenseMbix ypaBHeHusMu (1.89), TpaekTopum pe3ynb-
THPYIOUIET0 JIBHXEHHA B TJIOCKOCTH XY onpenesnsiotcss KPHBHMH,
KoTopnhie Ha3mBawTcs ¢ueypamu Jluccasy. IIpn paBeHCTBe 4YacToT
©; 1 0y duryps JInccaxy SBASIOTCS SJIHICAMH, KOTOpHle NPH pas-
HOCTH HaualbHHX a3 ¢=mn (m=0, =1, =2, ,..) BHPOXKAAOTCA B
OTpe3KH mnpAMBIX. EcaH OTHOWeHHe 9acTOT PaBHO PallHOHAJBHOMY
yHcay, To GHrypH JIHccaxy €o BpeMeHeM He H3MeHSWOTCH; GopMma uX
8aBMCHT OT OTHOLIEHHSA YaCTOT ¥ Pa3HOCTH HauaJbHBIX (pas (cM. puc. 1.24),
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Boanw. Pacnpoctpansiiomuecs B MPOCTPAHCTBE C TeYeHHEM BpeMe-
HY HM3MeHeHUs (H3MYECKOH BEJHYMHBI Ha3bIBalOTCHA 60axamu. Hanpu-
Mep, NpH YAape MO OHOMY KOHIY CTepxHs 06pasyercs ciaTue, Ko-
TOpOe PacnpoOCTPaHseTCs C ONpEJeNeHHOH CKOPOCTbIO BAOJIb CTEPKHS. .

2255

Puc. 1.24. ®uryps Jlnccaxy npH pasHOCTSX HauasbHeiX ¢as 0, 5t/4, 7/2, 3w/4, wn
OTHOLIEHHAX ©,/0,=1, 1/2, 1/3; ©®,— yacToTa KoJcGaHu# CO CMeLleHHEM BJOJb OCH
X, ®W,— yacToTa KoseGaHHA cO cMelieHHeM BoJb ocH OY

Ecau L<A (L — xapaktepuble pa3Mepbl CHCTEeMB, A — AJHHA

BOJIHbI, CM. HMXE), TO OrpaHHYEHHble MOBTOPAIOLLHECA H3MEHEHUs B
CHCTeMe fBJAIOTCA KoJeGanusAMH; eciu L>A, To Takue u3MmeHenus
SBJAAIOTCA BOJHAaMH.

CKOpOCTb pacnpoCTPaHEHHs] BO3MYIIEHHS B Cpele HasblBaeTcs
ckopocmoto 60aHbl. CKOPOCTb MeXaHMYECKHX BOJNH 3aBHCHT OT CBOHCTB
cpejlbl, a B HEKOTOPHIX C/yYasX H OT 4acTOThl. 3aBHCHMOCTb CKOPOCTH
BOJIHBl OT YacCTOTHl Ha3bIBaeTCsi ducnepcueli ckopocmu.

Ilpu pacnpocTpaHeHHH MeXaHHYeCKMX BOJH KaxAasd 4YacTHLa
cpeibl coBepIIaeT KoJeGaTeJbHOe ABHIKEHHE OKOJIO CBOErO MOJIOMEHHUs
PaBHOBECHS CO CKOPOCTbIO, KOTOPAfA HA3BIBARTCS CKOPOCMbIO KOACOAHUA
yacmuyol. EcaM npH pacnpocTPaHEHHH BOJH BEJIHYHHBI, XapaKTepusy-
IOU(HE COCTOSIHHE Cpeibl (HalpuMep, MJIOTHOCTb, CMEUlEHHe YacTHL,
JAaBJleHHe M T. Il.), U3MEHAIOTCA B J0GOH TOYKe NMPOCTPAHCTBA MO CH-
HYCOHJA/bHOMY BaKOHY, TO TaKHe BOJHBI Ha3BIBAIOTCH CUNYCOUOaAbs
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HoiMu (Mam 2apmoruveckumu). Bakuoll XapaKTepHCTHKOR CHHYCOH-
JaNbHBIX BOJIH SIBJISIETCS JAJIMHA BOJHBI
" PaccrosiHue, KOTOpPOe NPOXOJHT BOJHA 8a MePHOA, Ha3mBaercs’
Oaunoill 80AHDE ‘
' A=uT =v/f, (1.90)
TA€ U ~ CKOPOCTb BOJHBI, f — yacroTa.
Bupaxenue BHIa ~.

E=Asino (t—r/v)=Asin (of — kr) (1.91)

HasHBaeTc YPAaHeHUueM NAOCKUX 2apMOHudvecKux 6oaH. B ypaBHenun
(1.91) & — mo6as BenHYHHA, XapaKTePH3YIOWlasst COCTOSTHHE Cpefdl,
(nanpumep, JIaBJeHHe, TeMmneparypa H T. X.), A — aMmIuTyZa BoJ-
Hb, ( — yIJ0Bas YacToTa, 7 — PacCTOSIHHE OT HCTOUHHKA, BO3GYX-
JLaI0lllero BOJIHY, A0 TOUKH IIPOCTPAHCTBA, B KOTOPOH paccMaTpHBaeTcs
H3MeHeHHe TOH WM MHON BeJHYUHBI, U — CKOPOCTb BOJIHHI, k=2m/A —
802H060¢ 4ucao;, (©0f—kr) HasbiBaeTcst asold 60aHbL.

IMoBepXxHOCTb, TpPOBEJeHHas Yepe3 TOYKH, B KOTOPHIX COBepiia-
1oTc KoJeGaHHS B OJAHHAKOBHX (a3ax, Ha3HIBaeTCS 604HO80U nosepx-
Hocmb0.

IMo ¢opMe BOJHOBHIX NOBEPXHOCTeH DPas3NHualOT naockue (NIOCKHE
BOJIHOBHE TIOBEPXHOCTH), Yurunopudeckue (LHIAHHAPHYECKHE BOJHOBHIE
noBepXHOCTH) H cgepuueckue (chepuueckne BONHOBHIE IOBEPXHOCTH)
BOJHLl. YpaBHEHHS LHIHHAPHUYECKHX H CHepHYECKHX BOJIH:

A
= Vs sin (ot — kr), (1.92)
§c>=‘¢' sin (ot — kr), (1.93)

rae A — aMIINIUTYJa BOJIHBEl H@8 PACCTOAHHH 1 M oT ucrounuka.

Ecau cMmelleHHe YacTHIL CPeAbl NPOHCXOAUT napaJijieJIbHO Hanpas-
JIEHHIO pacnpoCTPaHeHus BOJIHBI, TO TaKas BOJHA HAa3bIBaeTCHA npoao/ur
HOU; eCJH CMelleHHe 4YacCTHl, DPOHCXOAHT B NJIOCKOCTH, nepnes AuKy-
llﬁpHOﬁ HanpasJIeHHIO PACIIPOCTPAaHEHHsA, TO TAKas BOJHA Ha3biBaeTcCs

a 7 4
O O —_— Puc. 1.25, TpaeKTOPHH YacTHL BOAb
= T NpH PacnpoCTPaHEeHHH MOBEPXHOCTHHIX
fan) o BOJIH: @ — B HeryiyGoKo# BOJAe; 6 — B
- rayGoko# Bofie (OTHoWIeHHe 27h/A>>1);
— ] 6+~ B MeJKOH Bole (OTHOLIEHHE
2nh/ A1)

%

nonepedroli, MexaHuuecKHe BOJHBI B Tra3006pasHbiX cpelax SBARIOTCS
NPOJOJLHLIMH; B TBEPJbIX TeNaX BO3MOXKHBI M NPOXOJbHbIE, H NOMEpey-
HEle BOJHHL,
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Ilpu pacmpocTpaHeHMM BOJH Ha TOBEPXHOCTH JXHAKOCTH, Haxo-
Ismefics B NoJe TATOTEHHs, YACTHIH IBHKYTCS MO CIOXHAEIM TpaeK-
TopusiM. Tpaekropuu uacTui B6JIM3H NMOBEPXHOCTH BOXBI NPH PaCHpo-
CTPaHEHHH NOBEPXHOCTHHIX BOJIH NMOKa3aHbl HA puc. 1.25.

Humencusnocmsto 60AH6 Ha3bIBaeTCsl CPelHSISA SHEPTHs, MNepeHo-
CHMasi BOJIHOR 3a BpeMsl OfHA CEKYHJa uepe3 BOJHOBYIO NOBEPXHOCTb
naomazneio 1 M2, Hurencus-
HOCTb SBYKOBLIX BOJIH HHOTI-
Jla Ha3LIBaeTCA CuA0il 38YyKa.

Ecan npu pacnpocrpa-
HEHHH BOJH CMEIleHHs vac-

u < U=UyGoSeT
Y,
THIL TIPOHCXOAAT IO Trapmo- v
[y

/N
S |

K
N
7

HHYECKOMY 3aKOHY, TO CKO-
pocTH KoJeGaHHA H YyCKope-
HHSl YaCTHI U3MEHAIOTCA TakK-
e 10 rapMOHHYEeCKOMY 8a-
KoHy (puc. 1.26). Amninry-

a ol
Zia CKODOCTH KoJseCaHns Ya- 2 4\ a=-"UptoseT

et U7\ /~ —
Uy = WUg, (1.94) L/ N/ +

aMIJIATYJA YCKOPEHHS r

0
) u=-ai, sine

e

t

U — n = @2
ug=ao=0%g (1.95) py. 1.6 CMeleHHe, CKOPOCTb KoaeGaHuA H
HHTEHCHBHOCTD YCKODEHHE YacCTHI Bcogle;x: B TrapMOHHYECKOH

I=puul/2,  (1.96)
Tle P — IVIOTHOCTb CPejhl, U5 — aMIUIMTYJa CMelleHHs, ® — YIJoBas
4acToTa, U — CKOPOCTb BOJH.

3ByK. 36yxom Ha3HIBAIOTCS MEXaHUUECKHe BOJHBI, YacCTOTH KO-
TOpLIX JieXaT B mnpepenax or 17—20 mo 20 000 I'u. Mexanuueckue
BOJNHbl TAaKHX YacTOT NPOM3BOAAT OWlYlleHHe 3ByKa. MexanuuecKue
BOJIHBl C uacToTaMd Huxe 17 I'l Ha3wBawT unppassykamu, a CBHILE
20 000 T'u — yasmpassyxamu,

Homoxom 8eyxosoll swepzuw Ha3bIBaeTCs SHEPTHS, KOTOpas nepe-
HOCHTCH 3BYKOBBIMH BOJIHAaMH Yepe3 BOJIHOBYIO NOBEDXHOCTb 32 BpeMs
OJiHa CeKyHJa.

ITpu BOCIIPHATHH 3ByKa YXOM PasiHdualoT 'POMKOCTh, BHICOTY TOHA
n TeM6p. [pomkocme B88yka ONpeneNfieTCs aMIUIUTYNOH CMeLeHHH,
8blcOMA MOHAQ — 4acTOTOM, membp — 4acTOTAMH H aMIVIMTYAaMHu obep-
TOHOB (KoJeGaHuii ¢ Gosiee BHICOKHMH 4acTOTaMH).

HHTeHCHBHOCTH 3ByKa NPH CAYXOBOM BOCHPHUSTHH COOTBETCTBYET
oLlyIIeHHe T'POMKOCTH 3ByKa. [IpH ompejaesieHHOH MHHHUMAaJbHOH HH-
TEHCHBHOCTH 4YeJIOBEYECKOEe yXO He BOCMPHHHMaeT 3ByKa. dTa MHHH-
MajbHas MHTEHCHBHOCTb HA3bIBAeTCH nOpo2osm caviuumocmu. Ilopor
CABLIIMMOCTH HMeeT pa3jHuHble 3HAYeHHA JJdd 3BYKa pas/IHYHLIX
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vyactoT. IIpH OGoOJbUIHX HHTEHCHBHOCTAX YXO HCIHTHBaeT GojeBoe
omymenue. HauMenbmass HUHTEHCHBHOCTD NpH 60/eBOM BOCHPHATHH
3ByKa HAa3bIBAeTCH NOP020M 601€8020 OUYU4eHUR.

YpoBeHb HHTEHCHBHOCTH 3BYyKa omnpefensiercs B Odeyubesax (AB).
KoaunyecTBo Jenubes paBHO JeCATHYHOMY JOrapupMy OTHOIUEHHS
MHTEHCHBHOCTeil, yMHOMXeHHOMY Ha 10, T.e. 10 lg (I/I,). Obbiuno B
akycTHke 3a I, mpuHHMaeTrcsi MHTeHCHBHOCTh 1 nJlx/ (M2-c), mpuGau-
3UTEJbHO PaBHAs HHTEHCHBHOCTH Ha nopore cjanmwndMocTd npu 1000 I'u.

Pa3HocTh MeXAy JAaBjieHHeM B Cpele NMPH PacnpOCTPaHEHUH 3BY-
KOBHIX BOJH M JaBJEHHEM NPH OTCYTCTBHH BOJH Ha3bLIBAGTCH S8YKOSHLM
OdasneHuem. AMIVINTYAa 3BYKOBOI'O JaBJE€HHA

APo:PU’.‘o» (1.97)

rie U — aMIJIATYAa CKOPOCTH KoJMeGaHWfi 4YacTHU, U — CKO-
POCTb BOJIH. .

Mornomenne 3pyka. YacTb snepruy, KOTopas NepPeHOCHTCH 3BYKO-
BLIMH BOJIHAMH, NOrJoulaercsi cpeRoil. BennunHa, paBHAs OTHOLIEHHIO
NOrJIOLWIEHHOH 3BYKOBOH 3HEPrHH K 3BYKOBOH 3HeprHH, MOCTYMarouiel
B Cpefy, Ha3bIBaeTCH K0IPPuyueHmom nozioujeHus.

AMIIHMTYla 3BYKOBOTO JaBJIEHHSl IVIOCKMX 3BYKOBBIX BOJIH YMEHb-
wmaeTcs BCJAeJCTBHe MOTJIOLIEHHsS 3BYKOBOH 3HEPTHH CPejoil 10 3aKOHY

Apyg=Apee—24d, (1.98)

rae Ap, — aMIUIHTYRa 3BYKOBOI'O AaBJeHUS BXOIMILIHX B CpPely BOJIH,
Apg — HX aMIVIUTYJa Noc/le NMPOXOXIEHHA paccTofHuA d; & — noka-
3amenb nozioujenus — BeJuuuna, pasuas l/d,, rae d, — paccrosuue,
Ha KOTODOM aMIUIHTYyJAa 3BYKOBOI'O AaBJEHHS yMeHbLIaeTcs B e pa3.

Otpaxenue 3Byka. IIpn nageHHH 3BYKOBBIX BOJH Ha NOBepXHOCTD,
pasaeadoumyio ABE CpeAasl, OJHA 4YacTb MMajaimouiero mnoTroka SByKOBOﬁ
SHEPrHH OTpa)kaercs o6paTHO B NepPBYI0 CpPely, APyras 4acTb HPOXO-
JUT BO BTOPYIO Cpeay.

BenuunHa, paBHasg OTHOLIGHHIO OTPAXEHHOIO IOTOKAa 3BYKOBOM
SHeprHH K MNaJaioleMy MOTOKY 3BYKOBOH SHEPTrHH, Ha3bIBaeTCfl Ko-
sppuyuenmom ompasxcenus. BenuuuHa, paBHag OTHOWEHHIO NPOXO-
JAAllEr0 MOTOKa 3BYKOBOH SHEPruHW K MNajaioueMy NOTOKY 3BYKOBOil
SHePruH, Ha3bBAeTCA KOIPPuyuenmom nponycKanus.

Jlasi 3BYKOBBIX BOJIH BBIMOJIHSAIOTCS 3aKOHB OTPAMKEHHS H IPesoM-
JIEHHsl, aHAJOTHYHBlE 3aKOHAM OTPaX<eHMs W MPEeJOMJEeHHS CBeTa (CM.
ra. IV).

Crosiune BoaHM. [IpH c/l0oKeHMH ABYX MOHOXPOMAaTHUeCKHX BOJIH,
PacnpoCTPaHSIOUIHXCA B NPOTHBOMOJIOXHBIX HanpaBJeHHAX, oGpa3y-
I0TCA CMOAYUe BONHOL

YpaBHeHHs IVIOCKHX BOJIH, OAHA M3 KOTOPBHIX PacmpoCTpaHseTcs
BAOJb MOJOMHTEJbHOrO HanmpasjeHus ock OX, a apyras pacnpoctpa-
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HfETC HaBCTpeuy MepBOM, MOXHO 3anucaTh B cjeaylouieil ¢gopme:
uy=A cos (ot —kx-+@q), uz=A cos (of +kx-+4¢y). (1.99)

Boana cMemeHnuilt u; HasbiBaeTcs Gezyuwjed 60axod, BONHA Uy — OTpa-
JXeHHOMN; aMIIuTyAn! A ofenx BOJNH NpeANOJaraloTcsi OLHHAKOBLIMH.
YpaBHenus (1.99) MOXHO YNpPOCTHTb NyTeM CMeIlEHHS Hayaja Koop-
JAMHAT M HadajJa OTCYeTa BPeMEHHM TaKHM 06pa3oM, 4TOGH Hayajbuue
¢a3bsl @j U Qg GBI PaBHBl HYJIO; B 3TOM CJyuae De3yJbTHPYIOLias
BOJIHA CMeIeHHs :

o u=uj-u; =24 cos (kx) cos (o). (1.100)

Coornowenue (1.100) HasbiBaeTcs ypasHenuem naockol cmosuedl
80AHb,, AMINIMTYJA TJIOCKOH CTOsiyell BOJIHH

Ac=2A cos (kx). (1.101)

TO'-IKH, B KOTOPBIX AaMIVIMTYJAbl CMELIEHHS HMEIT MAaKCHMAaJlbHhie
S8HaYeHHUHA, HA3bIBAIOTCA NYHHOCMAMU CMeEWEeHUA; NYYHOCTH pacnojo-
KEHBI Ha NJIOCKOCTAX, KOODPAUHATBHI KOTOPBIX YAOBJETBOPAKT YCJHOBHAM

x=mh/2 (m=0, 1, 2, ,..)

ToukH, IAe aMIVIHTYABl CMEUIEHHH DPaBHH HYJIO, Ha3HBAWOTCH Y34aMU
cMewjenus; y3Jbl PaclONOKEHH Ha IIOCKOCTSX, OMNpeJe/sieMbIX yc-
JIOBHEM

x=m+1/QNM2  (m=0, 1,2, ...).

[TyyHOCTH H y3JBl CMeLIeHBl OTHOCHTEJIbHO IPYr JAPYyra Ha uer-
Bepr JJMHBL BOJHBL. B oTsiune ot Geryieit BOMHH, B CTOAYeH IJIOCKOMH
BOJIHE aMIJIHTYABl CMEIlEeHHs H3MeHSIOTCS B npeaenax or 0 no 24;
¢daspl Kome6aHHI B TOYKAX MeXAy ABYyMs OJHXKaHIIHMH y3JaMu OAH-
HaKOBbI, a NPH Nepexoje uepe3 y3es (a3a H3MeHsieTCS CKaukKoo6pasHo
Ha 7; B CTOsuell BOJIHE OTCYTCTBYeT NEPEHOC SHEPTHH, T. €. CPelHMuil
IOTOK 3HEPTHH B J06OM CEYEHHH PaBeH HYJIO.

Ecau oTpaxkeHHas BOJIHA HMeeT aMIIHTYRy A,, Gerymas — A,
npnuem A,<Aj, Toraa B Toukax, rie nmpH ycaoBun A;=A, Gbun
y3Jab, aMIVIMTYAa Gyner paBHa pasHocty Aj — A, a B Tex Toukax,
rae GbUIM NMy4HOCTH, aMnauTyAa Oyaer paBHa cymme A;+A,.
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TABJIMLLbI U TPA®HKH

TaG6nuuma 1. CKopocTH B TeXHHUeCKHX YCTpOACTBaX

H TPaHCNOPTHLIX CPEACTB

BuAbl ABHXKEHHA

.CkopocTs, M/C

BHXOA BOJIOKHA H3 (QHIbepH!

DBuxcenHe GONBAaHKH B NPOKATHOM CTaHe

JABH)KeHHe CTPeJIOK HapyYHBIX 4acoB Mo Kpalo uudepGaara

Mereoposioryueckast pakera

MukpodacTHlla B YCKOPHTEASX

TlepemelueHHe NPOXOAYECKOrO LLHTA

IMaccaXx HpcKue AudThHi

Tnama no 6HKGOPROBY WHYDPY

TlopileHb aBTOMOGHJIBHOTO ABHraTeast

CHapfj NpH BbUIETe M3 OPYAHA

TpaHCIOpPTHbE CpPeACTBa:
aBTOMOGH/Ib
annapar «Bera» (BGJ‘IHSH KoMeTnl [anses)
BeJIoCHNeA
BepTONIeT |
MOTOUHKJ
noesn
MOABOAHAN JIOAKA
caMmoJsieT

YnopsiAoyeHHOEe ABHKEHHE 3JIeKTPOHOB B MPOBOAHHKAX

TMIpuMeuamnwue. *) c—CKOPOCTb CBETa B BaKyyMe.

no 1000

Ao 284
8-104
no 14

no 102
no 140
o 105
no 20

no 980
~10-¢

Ta6auna 2. CKopocTH npoueccos, MPOHCXOAAUIHX B NPHUPOJE

Bug nsuxeHus

CkopocTb, M/C

Berep
Boi6poc TBepALIX NOPOR MpH Hsnepx(emm By/IKaHa
JABHKeHHe JIaBHH
JBrxKeHHe HepTH B ray6uHe 3eMIH
BHXKeHHe O6GJIaKoB
OPCKHe TeyeHHs
ITanenne Kaneab JOXKAS
ITapenne cHera
IlepeMmemnieHe MaTepUKOB
TlepeMellleHHe METEOPHTOB B BEPXHHX CJIOSX aTMocdepn!
PacnpocTpaHeHHe NPHIHBHBIX BOJIH
Poct rop
TeueHHe BOAK B peke

no 70 (B yparaue)
no 400

no 30
no 6-10—2
no 20
no 3
no 8
0,2
1,5-10=9°
1-7-10¢
no 5
6-10—10
o 7
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Ta6anna 3. Ycxkoperus
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Bua pBMKeHns

Yckopenue, M/c®

ABapHfiHoe TOpMOXKeHHe aBTOMOGHAS

ABTOMOGH/Ib «)KHTYJIH»

BeryH Ha KOPOTKHX AHCTaHUHAX

BesocHnexuct

ToHOYHHIA aBTOMOGHJB

3anyck H TopMOXeHHe KOCMMYECKOro Kopabns

KoubKkoBexel

MaHeBp peaKTHBHOIrO camoJieTa

MHUKpPOYAaCTHIB B YCKOpHTeJe

MoOTOUHKA

IMaccaxupckrit angr

Iloean MeTpo

IlopuleHb ABKraTesns BHYTPEHHEro CropaHus
yaAsi B CTBOJIE BHHTOBKH

Pasrod noesfa

Cpas nocJse yaapa Konpom

CHapsaa B KaHajle CTBOJA

TopMOXeHHe NPH OTKPHITHH napaliora

TopMOXKeHHe Noe3na

TMIpumeuanne, g=9,81 m/ch

no 1
2.1014~5.1010

0,9~1,6
1

3:102
2,5-108

0258

4,53~ 10°
0.8

Ta6auua 4, KunemaTuyeckne napamMeTpnl H CIYTHAKH NJaReT
(nepuon obpamenus Bokpyr Coanua Tc, nepuop
o6pamenuss BOKpyr ocH Ty, op6HTaNbHAS CKOPOCTL Vg,
CKOpOCTb OCBOGOXIEHHS v, YHCJO CHYTHHKOB )

Inanera Tgy T To vy KM/c v, KM/c| N
Mepkypunft |. 0,241 59 cyr. 48,8 4,3 —_
Benepa 0,615 243 cyr. 35,0 10,3 —
3emas 1,00004 23 4, 56 MuH. 4 ¢ 29,8 11,16 1
Mapc 1,881 24 9, 37 mMuH. 22 0. 24,2. 5,0 2
IOnnTep 11,86 9 4, 51 MuH. 13,06 | 57,6 14
CaTypH 29,46 10 y, 14 Muu. 9,66 37 .10
VYpan 84,01 10 4. 49 Mmun. 6,78 22 5
Henryx 164,8 15 u. 40 MuH. 5,42 25 2
TlnyTon 250,6 6,4 cyr. 4,76 10 ?
Jlyna (CnyTHHK 24 cyr. 7 4, 43 Mun. 11 ¢ 1,02 2,37 —_

3eman)
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Ta6aununa 5. [Ileppas ¥ BTOpasA KOCMHYECKHE CKOPOCTH
Ha pa3iuyHbiX Bbicotax (H)

H, Uy Vg, H, Uty Us,

10% km KM/c KM/C 108 kM KM/c KM/C
0 7,9 11,18 10 4,93 6,98
0,5 ;.62 10,77 20 3,89 5,50
1 ,38 10,40 30 3,31 4,68
2 6.90 9,76 40 2,94 4,15
[ 8,92 8,37 60 2,66 3,76

Ta6anuma 6. Mepuon oGpamenus (7) cnyruuxa 3emad Ha pasHuX

Buicotax (H)*)

H, xM T,u H, xm T,y
0 1,41 1690 2,00
250 1,49 2000 2,12
500 1,58 5000 3,36
750 1,68 10000 5,78
1000 1,76 35800 **) 23,935
1500 1,93

*) YKasaHbl cpefiHHe BLICOTHI OGpalleHust.,
**) BoicoTa, Ha KOTOPOH OpGHTaNbHAfl yrioBasi CKOPOCTb CMYTHHKA PaBHA YIJO-
BOA CKOPOCTH TOYEK MOBEPXHOCTH 3eM/H, TaK Y4TO CIOYTHHK KaXeTCsl HelOABUIKHO

BHCAWMM B HeGe.

\

Ta6auuna 7. Mnorvocte xuakocren (npu 20 °C)

X uakocTb

p, 102 Kr/m?

JXunkoctb

0, 108 kr/m3

A30THasA KHC/IOTa
AuetoH

BeH3ux

Benson

Mounoeko
Mopckas Boae
Heprb

Bpom

Bona

Boga taxenas (D,0)
lekcaH

lentan
Fanuepun

Macno BasesnnHoBoe
Macuno MHHepaJbHoe
(cMa3oyHoe)

Macno noaconneyHoe
HuTtpornuuepun

PryTb

CepHas KHCAOTAa (KOH-
eHTPHPOBaHHA )
Constnast kucJsora (38%)
Xnopogopm

Tonyon

YKcycHas KHCaoTa
TUNOBLIA COHPT

Mpumeuanmne O cBodcTBax TsKeNA0H BOAbI cM. Tadm. 54.

0,8

0,90-0,93

0,92-0,93
1,6




Mpumeuanne O nomuMepax cm. ra. 1, n. 6.

TABJAULLBI H TPA®UKU 63
Ta6auua 8. INnotnocts TBepabiXx BemecTB (npu 20 °C)

BeuuecTso 0, 103 xr/m? BewmecTtso P, 103 Kr/u®
Memaasol, cnaaevt, noAYnpooOHUKYL Ksapy 2,68
AneMuuuit 2,7 g?:)i:u 9 z'_o: 2
Bponaa 8,7-8,9 ! ’

Banaguit 6,02
Bremys 9,8 TIopnvie nopodet
Bonbppam 19,34 Basanbr 2,8-3,3
Tepmannit 5,3 BOKCHTHI 2,9—3,8
HiopanioMRHH 2,79 TpaHuTH 2,6—3,0
Xeneso 7,8—7,9 || Kamennn#t yroav (cyxof) | 1,2—1,8
3o0a0T0 19,31 Men (BOSAYLIHO-CYXOH) - 2,0
Ko6anbr 8,8 Mpamop 2,56—2,8
Koncrantan 8,88
;::;‘::ﬁ 3, 42_': 7 Pasauunvle mamepuaist
Marsuit 1,76 KocTb 1,8—2,0
Menb 8,93 Jlen (npu 0 °C) 0,917
Monn6aen 10,2 Crekno 2,2-2,5
Hatpnit.. . 0,975 |l Crexsnio nupexo 2,23—2,28
Hukenuns 8,77 ®appop 2,2-2,4
Huxenn 8,9 D60HNT 1,2
Huo6u# 8,57 SIuTapb 1,1
QuoBo 7,29
TNaatuya 21,46 Hepeso (cyxoe)
Mayronnit 19,26
‘Counen 11,34 Banbca (npo6KOBOE AiepeBo) 0,12
Cepe6po 10,5 Bam6yx 0,4
Cranb 7,7—=7,9 Bepesa 0,7
Turau 4,5 Ay6, 6yx 0,7—0,9
Topun 11,71 XXeneanoe nepeso (6akayrt)] 1,1—1,4
¥Ypan 19,1 Keap 0,5—0,6
Xpom 7,15 Opex 0,6—0,7
Hunx 7,16 CocHa, enb 0,4—0,5
LiupKonuit 6,6 YepHoe AepeBO 1,1-1,3
Yyryn 7,0 slceHb, KpacHoe AepeBo 0,6-0,8
IToaumepns
Buuunaacoy 1,38—1,4
Munepaasi Inekcuraac 1,18
Monusnuunosuit naactn.| 1,34—1,4
Anmas 3,51 Kar
Anatny 3,16=3,22 || MosmcTupoa 1,06
Acbécy 2,35~—2,6 [ Pesuna (kayuyk) ~1,2
Tpadur 2,21=-2,25 || TekcTonur 1,3—1,4
Kanbuur 2,6—2,8 | droponaacTe 2,1—-2,4
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Ta6auuma 9. INIOTHOCTL METAIOB B XKHAKOM COCTOSHHH

Merana Temne‘%arypa, P, 10°% xr/m3 Meraan TeMneopérypa, logﬂ"./u.
Anovunnt 660 2,380 | Hatpua 100 0,928
900 2,315 400 0,854
1100 2,261 700 0,780
Brcmy? 300 10,03 Ousono 409 6,834
. 600 9,66 574 6,729
962 9,20 704 6,640
JKeneso 1530 7,23 CeHHer 400 10,61
3es0T0 1100 17,24 HE 18'27
1200 17,12 1000 81
1300 17,00 CepeGpo : 960,56 9,30
1092 9,20
Kanut 64 0,82 1300 9,00

Ta6auma 10. MIOTHOCTD BOAK M PTYTH NPH PasiHMHBIX
Temmepatypax (IpH HOPMaJbHOM JaBJIEHHH)

t, °C 0, 108 Kr/mM?® t, °C 0, 108 kr/m3 ¢, °C 0, 103 kr/m?
[T aomuocmey 6006
10 0,99815 8 0,99988 90 0,96534
~5 0,99930 9 0,99981 100 0,95838
0 0,99987 10 0,99973 150 0,9173
1 0,99993 20 0,99823 200 0,8690
2 0,99997 . 30 0,99567 250 0,794
3 0,99999 40 0,99224 300 0,710
4 1,00000 50 0,98807 350 0,674
) 0,99999 60 0,98824 374,15%) 0,307
6 0,99997 70 0,97781
T 0,99993 80 0,97183
- ITaomuocms pmymu
0 13,5951 35 13,5090 70 13,4237
5 13,5827 40 13,4967 75 13,4116
10 13,5704 45 13,4845 80 13,3995
15 13,5580 50 13,4723 90 13,3753
20 13,5457 55 13,4601 100 13,3514
25 13,5335 60 13,4480 300 12,875
30 13,5212 65 13,4358

*) Kputnueckas Temneparypa (cM. rir. II).
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TaGauuma 11. MuothHocts rases (mpy 0°C m HOpManbHOM
JlaBJIeHHH)

Ta3 P, Kr/m? Ta3 P, Kr/mM®
Asor 1,261 O3soH 2,139
AMMHAK 0,771 OKHCBb yriyieposa 1,25
Aprow 1,783 Yraekucanii ras 1,977
Anersien 1,173 Xaop 3,22
ggﬁz;gﬂ 0,(2)3388 HacnimenHsle napst npu 0 °C
Tenufi 0: 1785 Benson 0,012
Kucaopo, 1,429 Bopasinofi nap 0,005
KpunTo! 374 STHOBHM COHPT 0,033
Heon 0,900 StuaoBbli agup 0,683

TIpuMeyanue. [TJOTHOCTL MexK3Be3HOrO rasa — 1,2.10=3 gkr/m8,

Ta6muua 12. O6beMuHan Macca CTPOHTEJbHBIX MaTepHaJoB

Marepuan O6beMHasi macca, Kr/m?®

AcGBecroBasi 6ymara 850—900
Ac6ectToBHIft BOMNIOK 600
BetoH ¢ KamenHbIM 1e6HeM 2000
Acdanbt 2120
BeroH cyxoi#t 1600
Barta xJronyato6yMaxHas ~80
Tnuna, 16 — 20% Bec. BaaxH. 1600—2000
I'paBHi BO3AYyLIHO-CYXOi 1840
JKeneso6eToH ~2200
H3aBecTt (B mopourke) 500
Kupnuy (MJIOTHO YJIOXEeHHbIH)I

KpacHBIH 1600—1700

CHJIHKATHBIN 1700—1900
TTecok (cyxo#) 1200—1600

eCuaHuK 2600

I]eMeHT (B MOpOLIKZE) 1400
IllnakoGeToH 1500
118K AOMEHHBI 600—800
1Ak KOTesbHbIA 900—1300
LlITykaTypKa H3BeCTKOBaf 1100

Tab6auma 13. O6bemras mMacca celbCKOXO3SHCTBEHHBIX NMPOAYKTOB

(kr/u?)
Topox 700 Orypust 580
Kaprodenn 670 Puc 500—650
Kykypysa (3epHo) 750 Poxb 650—790
MOpKOBb, CBeKJIa 650 CeHo 50—100
Myka 400—500 Coitoma 40—100
Sumenb 550—750
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Ta6ayug 4. MomeHTH RuepUHH ORHOPOZHMIX Tej
cL T ) . R i) e o

Teno

OTHOCHTeIbHO OCH

Toukud CTepesb AJBHE [

Kpyranfi BHCK HJIH LHJIHBAD
paaunyca r
10ap paguyca r

Tonkas Tpy6a HAH KOJBLO
papuyca r

Kpyramfi uuauuap anvue [ u
paauyca r

Tpamoyroabum#t napannesne-
nunes pasMépamu 2a, 20, 2¢

THepHeHAYKYAAPHO! CTEPRKHIO
Y npoxopsiie#i yepes ero ce-
peauny

NMepneHARKYNISipHER NJOCKO-
CTH RACKa ¥ MPOXOAsSHLeH ye-
pe3 ero ueHTp

coBnajiaonefi ¢ AHaMeTpoM

copnapgaomeft ¢ ocblo TPyGnl
A Konbla

TiepneHHKYNADHO! OCH IH-
JMHAPa B npdxopsimelt gepes
€ro cepéhuny

npoxoAsineR uepes UEHTR M
napannensyoit pe6py ahu-
HH 2a

mi*/12

mr®/2

ITpumevanue B Tabauue AaHH MOMEHTH HHEPIMH TeJ OTHOCHTENBLHO Ocel,
NPOXOAALINAX YepeS HX LEHTPHI TSKECTH.

Ta6anna 15. KoshpHUHEHTH TPeHHSt CKONbHEHHS

ConprRracarwoluecs TIOBEPXHOCTH

BpoHnsa no Gponse
Bponsa no crann

LlepeBo cyxoe [0 CYXOMY AepeBy

Jy6 no ay6y BAOAb BOJOKOH

JlepeBsiHHBIC TIONO3bs N0 CHETY H JbAY
To ke, HO MOJIO3bsI OGHTHI XKeJle30M
KaHaT neHbKOBEII MOKDEI no Ry6y
KaHaT neRbKOBHHA CyXoH no ay6y

KoxaHHB peMeHb Nno aAy6y

KoxaHn#t peMeHb CyXo# 1o MeTananay
KoJseco o cTanbALIM 6aHaXKOM MO CTaJbHOMY PeIbCY

Mejb 1o yyrysy
MeTans pnaxgwit no AyGy
Merasa cyxoft no ny6y

TTOAIMHNHHK CKOJILIKEHHS] TIPH CMasKe
P e3nHa (WHHK) O TBEPAOMY TPYHTY

Pe3uHa 1o 9yryHy

Cranb (WIH YyryH) no geposo *) u paitbecty *)

Cranb No JAbAY (KOHbKH)
Crasnb No cTanau

CraJjib 110 YyryHy

Tsepaoe TeN0 Mo AbAY
dTopomvsiacT Mo cTanH
droponJact no ¢roponaacty
Yyryu no 6ponse

YyryH no yyrysy

N en
! Ny
oo

(<20 U"OISIQO)
(=2 =21
[=1=3-]
©Oow

OO0 0000000D0OOR

OO O

MMpuMmeuanusn 1. 3pe3n0UKofi OTMEuEHH MaTepHalLl, NpHMeHSEMble B TOP-
MO3HHIX H GPHKUMOHHBIX YCTPONRCTBaX.
2. TIpu HH3KHX TeMnepaTypax (0Kono —140 °C) Ko3dhdHUHEHT TPEHHS NPA CKOJAb-
JKEHHH TBEPABLIX TeJ 10 JbAY YBenuyHBaeTcss B 5—6 pas.
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Ta6auma 16. Yckopenne cBoGonHOro nageHus Ha PasHBIX LIHPOTAX
(na ypoBHe Mopst)

llupora, Illupora,

YrioBBIE TPajfyChl g m/c? YrJI0Bble FPagychl g, m/c?
0 9,78030 56,45 (Mocksa) 9,81823

10 9,78186 59,57 (Jleunurpan) 9,81908

20 9,78634 60 9,81914

80 9,79321 70 9,82806

80 9,80166 80 9,83058

0 9,81066 90 9,83216

Ta6auma 17. Xapaxkrepuctuxu nnaner ColHeYyHOA CHCTemul
(Paccrostune ot Connua D, s3kBaTOpHaJAbHBIA
pamuyc NaaHeTsl R, MJIOTHOCTH BelnecTsa MAAHETH p,
yCKOpeHHe CBOGOJHOTO mMajeHust Ha MOBEPXHOCTH
IJ1aHeTHl gy, Macca M)

Hiﬁ?oe D, 10" m R, 10 m |p, 103xr/m? | g, m/c® | M, 10%¢ xr
Counue - 6968 1,41 274 1,99.10¢
MepKypu# 5,79 2,43 6,69 3,72 0,33
Benepa 10,8 6,006 5,22 8,69 4,87
3emasn 14,96 6,378 5,52 9,78 5,976
Mapce 22,8 3,39 3,97 3,72 0,645
1OnmTep 77.8 70,85 1,30 23,01 | 18993
CarypH 142,7 60,1 0.71 9,44 568,4
Ypau 286,9 24,6 1,47 9,67 86,8
Henryu 49,7 23,5 2,27 15,0 103
IMayrton 94,7 2,2 10,4 8,0 1,1
JlyHa 0,03844 1,737 3,34 1,62 0,0735

(ot 3eman)

Ta6auua 18, LeHTPH TAKECTH OXHOPOAHBIX TeN

Teno TTosiokeHHe UEHTpA TAMXECTH

TOHKHMHA cTepWeHb AJIHHOI [ B TouKe Ha OCH CTePXKHS, PACNOJOKEHHON
HA PACCTOSHHHU [/2 OT ero KOHUOB

LIHAMHADP HJIH NpH3Ma Ha cepegune oTpe3ka, coeauusiiouero
LEeHTPHI OCHOBAHHHA LHMJIHHAPA HAH OPHIMB

'ap B meuTpe

InacTHHKa MaJOR TOJIHHLI, HMe0- B TOWKe Ha OCH CHMMETDHH, CMemer#HoR

mas ¢opMy cermemnTa OT OCHOBAaHHA Ha 2/6 BBICOTHI cérmenTa

Iupamuja HAH KOHYO Ha oTpeske, coeAuHsOLleM BepPUIHHY O
UEHTPOM OCHOBAHHSA] CMellleH OT OCHOBaHU A
Ha 1/4 sToro orpeska

ITonywapue Ha ocH CHMMeTpHH, CMCIUEH OT IleHTPa Ha
3/8 panmyca

Cunownas TpeyrosbHAN MNJIACTAHA B Touke mnepeceyeHHs MeauaH

MaJIOf TOJIHHBI
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"\
\
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Puc. 1.27. TMonoxenne
LeHTPa TAXKECTH TeJ npa-
BUJILHON  reoMeTpAYECKORA

;,/-4 ' dopmst

g .
]

TaGauma 19, Npepennt npoyHOCTH  MaTepHanoB, MOJHMEPOB

SR/8

.8
H

H BOJIOKOH
Ipenen npounocty, MIla
Marepuan
NPH PacCTSHKEHHH I TNPH CXKaTHH
Beron — 4,9—-34
I'patiut 2,9 147—258
Ay6 (15 % Baaxmnoctu)
BOJIb BOJIOKOH 93 49
TioflepeK BOJIOKOH - 14,7
Kupnuy - 749
Jlarynb, GpoH3a 216—490 -
Jlen (0 °C) ’ 1 1=2
Cocna (15 % pnaxnocTu)
BJIOJIb BOJIOKOH 78 39
nonepex BOJOKOH —_ 4,9
Cranb pJS KOHCTPYKIHIT 373—412 -
KpeMHex poMOMapraHLOBHCTas 1520 —
MallHHONOAe/IoNHas (yriepoaH- 314—-785 -
CTas)
CranbHasi MPOBOJIOKA 3400
IToaunepol
Amunonsnactst 78 196
Bununaact 39 78
TeTunake N 147—167 147—177
JpeBecro-caoucToie naactuxu (HCIT), 106—258 98—186
BOJIb BOJIOKOH
Kayuyx (HaTypajbHBI) 27—28 —_
ITeHonacT (IJTHTOYHBIT) 0,59 -
IMnexcuraac 49 68,6
Toanctupon (6aKenuT) 39 9
Moanatuaen 11,7—44,1 12,2
TeKCTONUT 0,2—0,4 0,13—0,16
droponact-4 29,4—-39,2 49,0-55,0
Boaokro
Ac6ecToBoe 2500—3000 —
AueraTHoe 175—220 —_
BHCKO3HOE 265—440 —
Kanpoxosoe 490—640 —
Vs kpemnesema (Si0,) 1380—1480 -
JlaBcanoBoe 172 —
JIbHAHQE 500—1000 -
CrekJIAHHOS 2000 —_
1llenkoBoe 480—500 -
1llepcTaHoe 150—250 —
XJnonkosoe 250—-550 —.

NMprMeganne O nomumepax ¢m. ra. I, m. 6,
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Ta6auuma 20. Moayiu ymnpyroctH u xoddpduument Ilyaccona

J1 , | Mo -

Marepuan Momyfours, | Mogym, caon- | Kgatuunenr
AmomuHHeBas GPOH3a, JIHTbe 103 41 0,25 *)
AJIIOMHHH i}t 63—70 25—26 0,32-0,36
Beron 15—40 7—17 0,1-0,15
BucmyTt 32 12 *) 0,33 %)
panut, Mpamop 35—50 14—44 0,1—-0,15
HiopailoMHHHA KaTaHuIft 70 26 0,31 %)
HsBecTHAK ~35 ~15 0,2
HuBap 135 55 0,25 %
Kaamuit 50 19 %) 0,3
Kayuyk 0,008 0,003 0,46
KBapy, (nynaBieHbill) 73 31 0,17
KoHcraHTan 160 61 0,33
JIaTyHb XOJIOQHOTAHYTas 89—97 34—-36 0,32—0,42
Menap, sauTbE 82 — -
Meab KaTaHast 108 39 0,31—-0,34
Mezb X0JMOAHOTAHYTAS 127 48 0,33 %)
Hukensb 204 79 0,28 %)
IMnexcuranac 5,25 1,48 0,35 %)
PésuHa MsArkKas BYJKaHU3NIDPOBAH- 0,0015— 0,0005— 0,46—0, 49
Hast 0,005 0,0015
Cepebpo 82,7 30,3 0,37 %)
Cranu JlerupoBalHble 206 80 0,25—0,30
CraJIH yrjepoaucThie 195—205 8 0,24—0,28
CraJbHOe JIHThbe 170 - —_
Crekao 49—-78 17,5—29 0,2—0,3
Turau 116 44 0,32 %)
®ochopucras 6poH3aa KaTaHas 113 41 0,32—0, 35
YyryH Genslif, cepuift 113—116 44 0,23—0,27
UyryHs KOBKHM 150 —_— —_

¥) PacyeTHble 3HayeHusd.

Ta6auua 21. CxrMaeMOCTb KHAKOCTEH M TBEPALIX TeJ

Temneparypa, Hurtepsan CX(HMaeMoCTh,
YKnakocts, TBEpAOe TeO °C nasaennuit, MITa| 10=1 [Ta—1
JKudkocmu
AueroH 14,2 0,9-8,6 112
0 0,1-50 83
0 100—200 43
Boaa 20 0,1—10 47
20 50—100 38
100 10—-20 74
100 50—100 61
Tanuepnn 14,8 0,1—-1 22,3
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Ta6auna 2l (npodosscenue)
Temnepartypa, HuTtepBan CXMMaeMoCTh,
_ XmzxocTs, TRepRoE Ten0 °C RaBaennd, MITa| 10— Ma=1
Kacrepopoe mMacso 14,8 0,1-1 47,7
Kepocun 1 0,1-1,5 68—92
94 0,1-1,5 110
185 0—10 110
OnnproBOe MacJso 20 0,1—-1 64
PT1yTb 20 0,1—1 3,96
CnupT 3THJOBHI 20 0,1-5 113
Toepdoie mesa
Anmas 20 — 0,23
Xeneso 20 — 0,59
Menb 20 — 0,74
Ounoro 20 — 1,8
CepeCpo 20 —_ 1,0

3aBuCHMOCTL Npexena DPOYHOCTH M Moayas HOmwra ot Temnepatypu

. KpeMHHsl, 4-XeJne3o0,

N BT 7
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G 200 400 600 800 7000 ¢,°C
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300 = ———
700 +—. .
N2gg @ <00

800 57200 7600 ¢,

Puc. 1.28. 3aBucuMocTH
OT TeMnepaTypn: a-—npe-
Aejla NPOYHOCTH (/—BONb-
dpam, 2~ HHKesNeBas CTaNb,

3 — Ko6anbTOBasn cTanNb,
4-cnmaB Mo 0,5 Ti; 55—
cnnap Ti 36 Al); 6-wmo-

Ayas I0Hra (/ — Boasdpam;
2 -monu6aeH, 3- xapgnn
Meab, 6 — CTEKJO)
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TaGauma 22. ‘Bssxocts mumkocrefi (npu 18 °C)

JKuaKocTs n, 102 [Na-c

AHunun

Anerond

Benson

Boaa

TanuepuH

Kacroposoe macso
Macano MamHHHOE Jerkoe
Macao MallBHHOE TAXKeN0e
Ilentan

PryTb

CepoyrJyeposa

CnupT STHJIOBHIA

Toayon

———
O = b0
CO0COI~DLODOD
OD WD
ANw
- (XN

OO OOWOW—OD A~
[ A XS 1)

DO 00 WO W

w N

Ta6arua 23. Baskocts rasos (npu 0°C) -

Bewectso n, 10~% [MTa-c BewecTtso

Asor

AmMmHak
Boaopoa
Bosayx
Tenuft
3akuch asora

Kucaopog
Merau

OKHCb a30Ta
OkHCb yryiepofia
Yraexucaot ras
Xaop

Bsaskoctb
(m, mxlla-c)

Ta6auma 24. ra3oB NpPH pPa3HYHBIX JAaBJAEHHAX

Jasnenue, Mlla

Temnepa-

la3 Typa t, °C
5,07 10,1 30,4 81,0
Asor 25 18,1 19,9 36.8 45,8
I
Bosayx ’ , , -
il 25 19,2 20,6 28,0 -
100 22,4 23,4 28,1 -
- Yraekucnora 20 -+ 18,1 48,8 - -
Srunen 0 13,4 28,8 - -
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Ta6aumna 25. Ea3kocTs BOAM NPH DAIIHUHBLIX TEMIEPATypax

n

t, °C 0 B 10 16 20 25 30 40 50 60

'

7, uxlla-c 1797 | 1518|1307 [ 1140 | 1004 | 895 | 803 | 655 | 581 | 470

t, °C 70 80 90 100 | 110 | 120 | 130 | 140 | 150 | 160

m, mxlla-c 407 | 357 | 317 | 284 | 256 | 232 | 212 | 196 | 184 | 174

Ta6aununa 26. BaskocTh XHAKOCTEH NpPH PasIHYHBIX
Temnepatypax (v, 10-2 Ila.c)

t, °C
JXuaKkocTb

10 20 30 50 70 1Co
AHuIuH 0,653 0,439 0,318 0,191 0,129 0,076
Aueton 0,0358] 0,0324 0,0295| 0,0251 — -
Eenson 0,076 0,065 0,056 0,0436| 0,035 -
KacrtopoBoe mMacao (244 98,7 45,5 12,9 4,9 -
TpalchopMaTopHoe 4,2 1,98 1,34 0,64 0,38 0,213
Macao

Ta6auna 27. BaskocTs METanIoB B XKHJAKOM COCTOSSHHH

BemecTeo t, °C n, MIla-c BeuectBo t, °C n, Mlla.c

AnoMuHUA 700 2,90 Onoso 240 1,91

800 1,40 400 1,38

Bucmy? 304 1,65 600 1,05

451 1,28 PTyTH 20 1,54

600 0,99 50 1,40

Kannit 100 0,46 100 1,24

200 0,34 300 0.0

500 0,185 100 0’83

700 0,14 500 0,77

Hatpnft 183,7 8'63 600 0,74
4 ,2

700 0,18 Camnen - Tes

844 1,18
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TaGauma 28. dopmyanl pas pacueta cKopocTed BOJH
- B H30TDONMHBIX cpejax

Buael BosH PacueTHnle GpOpMyJIB
TIpoAoJILHEIE BOJHBI B CTEPKHAX v§=E/p
BoaHB 00BbEMHOrO CKATHSI B TBEPAOM TeJie vi=E (1-v)/(p (1+V) (2-2V))
INonepeynbie BOJHBI (BOMHBI CABHra) ' v%:G/p
IpononbHEle BOJHE B TOHKHX NJACTHHKAaX v?m=E/(p (1=-v2))
BOJHE B XHAKOCTAX _ v%:l/(pﬁak)
BoJsiHBl B peasibHBIX rasax vE=yp/p
Bosubl B HAGATbHHX Tasax vfm=vR T/n
IToBEepPXHOCTHBIE BOJILI B JXHAKOCTAX (Ha rpa- uﬁ:gh/(?n)+ 2mo/(Ap)
HUIE I'd3 — XHAKOCTb)
TToBepXHOCTHBIE BOJHH B CJIO€ Majol ryGHHb v&:gh
(h < 0,54)

Mpumewannsa, 1. E—wonyas IOHra, G—MOAyab CABHra, V—Ko3ddu-
nuent Ilyaccona, f,,— anuabaTuyeckas CHHUMaeMOCTb, P—IVIOTHOCTb, OTHOMIEHHE

VACNbHBIX TenaoeMKocTel 'v=cp/cv, p —RaBJieHHe, O — NOBEPXHOCTHOE HaTsKeHHe,
R —MonsipHasi rasoBasl MOCTOSIHHasi, | — MoJsipHasi Macca, T —TteMnepartypa, A—

AJIMHA BOJIHBI, g—YCKOpeHHe CBOGOJHOro mNafieHHsi, h—ray6uHa CJ0S JKHAKOCTH.
2. B KpPHCTaJ/1aX CKOPOCTb BOJIH 3aBHCHT OT HAlpaBJ/JIeHHA PpaclpOCTpPaHEHHs.

Ta6auma 29. CKopocTb 3BYKa B KHAKOCTSAX

JKHAKOCTD ty, °C v, M/c o, M/(c-K)
AHunnn 20 1656 —4,6
Aueton 20 1192 —5,5
Boaa Mopckas 17 1510—1550 —
Boaa 25 1497 2,8
T'aunepux 20 1923 —-1,8
Kepocun 34 1295 —
PTyTh 20 1451 —0,486

Macara
BeperenHoe 32 1342 —
Keaposoe 29 1406 —_
JIbHsiHO® 31,5 1772 —_
CJ1 HBKOBO® 32,8 1381 —
Tpanchopmaroproe 32,5 1425 -

TipuMeuaHne CKOPOCTb 3BYKa B XKHAKOCTAX YMEHDBINAeTCS C MOBHILEHHEM
TeMnepaTypht (8a MCKJIOUeHHeM BOAbl). CKOPOCTb 3BYKa Uy NPH TeMnepaType ¢ MOxer

6bITh NMOACYHTAHA NO dopMmyJe vt=v+oc(t-l.,), rae v—ykasaHHasg B Tab/Hlle CKO-

POCTb, OL—TeMNepaTypPHBIH KO3bOHIHEHT, YKa3aHHBIA B MOCJefHeM cTONbLe, fo—
YKasaHHas B Tabyiule Temnepatypa.
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TaG6numa 30. CxopocTs 3ByKa 8 TBEPARX H3OTPOMHLIX

BemecTrax (upu 20 °C)

BeigecTso 0o, M/C vy, N/C vy, M/C
AnoMuHER 5080 6260 3080
Tunc - 4970 2370
JKeneso 65170 5850 3230
Kayuyk — 1479 —_
JlaTyHb 3490 4430 2123
Jlen 3280 3980 1990
Menb 3710 4700 2260
Mpawmop — 6150 3260
HHkenb 4785 5630 2960
OnoBo 2730 3320 1670
IMecyannk — 3700 —
4900
Mnekcurnac —_ 2670 1121
TMonuctHpon - 2350 1120
INpoGka 500 —_ —_
Pesnaa 46 1040 27
Casey 2640 3600 1590
Craab yriiepofHCTas 5050 6100 3300
Cre&s0 KBapuUEBOE 5370 5570 3515
»  KpOHraac 5300 5660 3420
»  serkH# QARHT 4550 4800 2950
»  TAXeJBIH KpoH 4710 5260 2960
»  Gaunt 3490 3760 2220
®dapdop 4884 5340 3120
D6oHUT 1570 2405 —

Mpamevanmne OGosxaveHus cMm. B Taba. 28.

Tat6aunna 3l. Csofictea 3eman Ha pasHoW riayGuHe

# CKOPOCTb CeiCMHYECKHX BOJIH

MexanuyecKHe BOJIHbI, PacnpocTpaHsioliHecsi B SseMHON Kope,
ueckumu. CeicMHYecKHe BOJIHHI MOTYT OBITb KaK NPOAO/BbHLIMH U; (BOJIHBI CMATHUR),
TaK M MOMePeyHLIMH U, (BOJMA CABHra); yKa3aHB IVIOTHOCTb O, AaBJEHHE p, YCKO-

penue g, ray6usa H

HAaSHIBAOTCA cedcMu-

H, kM p, 108 kr/m3 vy, KM/C Uy, KM/C p, I'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 2.68 11,42 6,36 39,2 9,95

2000 ' 24 12,79 6,938 88 9,86

4000 10,8 9,51 —_ 240 8,00

5000 11,5 10,44 - 318 6,13




TABAWLIBI H FPAOHUKH 75

Ta6anua 32. CropocTh 3ByKa B rasax npH HOPMaJbHOM AaBJECHUH

Ta3 te. °C v, M/¢ @, Mj{c-K)
Asor i} 334 0,6
Ammnak 0 415 —
Bopopon 0 1284 2,2
Bonsirof nap 134 494 —
Bosnyx 0 331 0,59
Tenut 0 965 0,8
Kucaopoa 0 316 0,56
Yraekucanft ras 0 259 0,4
Heon - 0 435 0,8

MTpameuannsn 1. CKOPOCTb SBYKa B rasaXx MnpH TNOCTOSIHHOM JaBJieHHH
YBEJIMYABaeTCR C MOBHILEHNEM TeMnepaTyphl. [k pacyeTa CKOPOCTH vy MPH TeMne-
paType [ NpuBefieH TeMnepaTypHhi Ko3dbHUHEHT a; a= (vt—v)/(t—t,,) (cM. npuMme-
4yaHue K Taba. 29).

ITpH BBICOKMX YacTOTaX (WIH HH3KHX JaBJeHHAX) Ha6JofaeTcss AHCNEp-
CHSl CKOPOCTH 8BYKa. IlpuBefeHHble 3HaYyeHHS OTHOCATCA K JHaMa30HY YacToT
(10—10%) 'y, rae AMCNepCcHs CKOPOCTH OTCYTCTBYET.

7

CKOpOcTh 3BYKa B BOSAyXe H a30Te

T ' L4 T
Q&'?é'
X 5 -
Puc. 1.29. 3aBHCHMOCTb CKODOCTH SBYKa Y (‘13 v ,/
B BOSAYXe B 830Te OF AaBjenns. Ilpmee- Q355 '
ZeHHble sz)agméumoc-rmmnocmcu X TeMmme- g - { . .
paType °C B AHanasoNy 4YacroT OT 030YX
200 50 500 KT §355/ < 7
% = -t
345/ 1 ] !
SN2 30 e 9

~ qabnesue,Mia

Ta6annxa 33. ixana mexanuyeckux BoOJH

Yacrora, I'n HanMeHoBanre | CriocoGbl BO30GyXKAeHHSR IIpuMeHenHe

0,56—20 Hudpaseyk Kone6auus -BoAm B | [TporHosMposanue no-
GoAbLIHX BOJOEMax roab

20—2-104 Caninnblfi 3BYK | FosiocoBble cBA3KH ue- | CBSA3b H CHIHa/IH3aLud,

.penH,

JIQBeKa M KHBOTHBIX,
MYSbiKaJbHblE HHCTDYs«
MEHThHl, CBHCTKH, CH-
rPOMKOTOBOPH-
Ted H T. J.

a TakXe H3MepeHHe
PaccTosiHKH (3BYKOMET-
pus)
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TaG6auma 33 (npodosscerue)

YacroTa, I'y

HaumeHoBaHue

CriocoGbl BO30YKACHHUSA ITpuMeHenue

2.104—10%0

YabTpassyK

MarHuTOCTpHKIHOHHbIE | [uaposokanus, HedeKs
H Nbe303JeKTPHYECKHE | TOCKOMHSA neraneft,
H3NyyaTeslH; BO36YX- | yCKOpeHHe XMMHYECKHX
MalOTCA TaKXKe HEKOTO- | peakluil, MEAHIIHHCKHE
PBIMH
HACEKOMBbIMH (JIeTyuHe | cJiefloBaHHSA
MBIIIH, CBepYKH, Ca-
paH4ya H T. A.)

JKHBOTHBIMM H | H GHOJIOTHYECKHE HC-

1011 u puime

T'unepsByk

TensnoBble KoJeGanus | B HCCJe/IOBAHHAX
MONIEKYJ1 U KPHCTaJJH- | CTPYKTYpPbl ~ MOJEKYJ,
YeCKHX peleToK B JIHHHAX SaJlcpXKKH

CBY

Ta6auna 34. Cuna 3Byka H 3ByKOBOe JaBjieHHE

Cuna sByka
Ap, Ta ITpuMepsl 3BYKOB YKa3aHHOH CHJH
né Br/m?
0 1012 0,00002 Cuna 3Byka BG6AH3M mnpefiesla YYBCTBH-

TeJIbHOCTH YeJIOBEYCCKOro yxa

10 10—11 0,000065 Iopox saucTeer. CmaGbl#h wONOT Ha pac-
CTOSSHHH 1 M

20 10— 0,0002 IlenecT JUCTHEB B THXOM capy

80 10-° 0,0065 Cuna sByka B ThXoH KomHaTe. CpefHHit
YPOBellb 1UyMa B 3pUTEJIbHOM 3aJjie

40 10—2 0,002 Herpomkas myssika. Ilym B KujioM no-
MelleHHH

50 107 0,0065 Cuna 3Byka npH ciaaboit pa6ore IpoMKo-
ropopuTesi. llIyM B yupexAeHHH C OTKDHI-
TBIMH OKHaMH

60 10-¢ 0,002 Cpeanuft ypoeeHb paaronopﬂoﬁ peuH Ha
PacCTossHHH 1 M

70 108 0,0645 IllyMm MoTopa TIpy30BOro aBTOMOGHJS.
LIyM BHYTpH ABHXYILErocst TpamBasi

80 10—¢ 0,20 IllyMbl Ha YyJHUE € MHTEHCHBHBIM JABH-
JKCHHEM TPAHCIOPTa M B MAlIHHOMHCHOM
Gropo

00 10—3 0,648 ABTOMOGMILHLIE  rypok.  PopTHCCHMO
60/1b1I0r0 CHM(MOHHYECKOr0 OpKecTpa

100 10—-3 2,0 3BYKH aBTOMOGHJIBHOH CHPEHBI

110 10-2 6,48 Illym npu pa6oTe NHeBMaTHYECKOTO MOJIOTA

120 1 20 PeaK-rnBHuﬂ ABHMraTeslb Ha PaCCTOSHHH

M. CHJbHble YAapbl rpoma

130 10 64,6 CH.na 3Byka BOGaH3H GosieBOro mnpeaeia,

3BYK YXe€ He CJbllIeH
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CKOPOCTb BOJIH Ha NOBEPXHOCTH BOABI

Ilpu Mmanwx AMMHAX BOJH (MEHBUIHX 2 CM) OCHOBHYIO DOJB HT-
PaloT CHJIBI NOBEPXHOCTHOrO HATSKEHHS; TaKHe BOJHBL Ha3hIBAIOT
KanuaispHolmiL.,

| ¢
\ ]
Nmyutee]
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Puc. 1.30. Jucnepcus mopepXHOCTHBIX BoaH (> 0,54

IIpn GOABIMINX JAIHHAX BOJH OCHOBHYIO POJIb HIPAIOT CHJBI TSXKC-
CTH, a BOJIHBl Ha3bIBAIOT B 3TOM CJyuae msaoscesoimu (WU epasumayuon-
Hbtﬁm). CKOpOCTb NOBEPXHOCTHBIX BOJH 3aBHCUT OT JJAMHBI BOJHEI,
€CJIH Ty6HHA XHAKOCTH AOCTATOUHO Besuka (A>A/2).

YPOBHH T'POMKOCTH 3BYKa

Ha puc. 1.31 npuBeieHH KpHBEIE MHTEHCHBHOCTH 3BYKOB DaBHCH
TPOMKOCTH. BepxHsis KpuBas COOTBETCTBYeT MHopory GoJieBOro ouy-
HeHHS, HUXKHAS — NOPOTY CJABIIHMOCTH. 3HAYEHHS YacTOT OTJIOXKEHbI
B JorapupmMuueckoM Macraée,

Ypabnu spgrrocmu
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Ta6auna 35 KosddBuueRT OTPaseHHS 3BYKOBHIX

ria. I. MEXAHHKA

NpH HOPMAJBHOM NaJCHHH

BOJNH

Marepuan M'A;:[':ﬁ Boaa | Macao | Meae | Hukeab | Pryte | Crans | Ctekao
AnmoMunu# 0 72 74 18 24 1 21 2
Bona 0 0,6 87 89 75 88 65
Macano 0 88 30 76 89 67
Menb 0 0,8 13 0,3 19
Hukenn 0 19 0,2 34
PryTtp 0 16 4
Craab 0 31
Crekno 0

lNpuMeyanwus.

1. KoapbHuneHT OTpaKeHHA 6GyJeT OAHHMM H TEM XKe Kak,
Hanpumep, NpPH nmepexojie 3ByKa M3 PTYTH B CTaldb, TaK H M3 CTand B PTYTb. 3Ha-
YeHHR KO3()PHUVEHTOB OTPAXKEHHS JlaHh B NMPONEHTax.
2. IIpn OTPa)KeHHH OT TOHKHX TVIACTHHOK KO3Q(HIUHEHT OTPa)KeHHS SaBUCHT
OT OTHOLIEHHS TOJIHHBI MVIACTHHKH K AJHHE BOJIHBI.
3. YKasaHul 3Ha4YeHHA AJa TpaHcHOpMATOPHOro Macia.

Ta6naumna 36. fMoxasaveap morjouwenus 3syka B BO3AyXe
o, 10-2 M~ (npr 20°C 1 HOPMaNbHOM NaBJIEHUH)

OrHocuTensbHas BJIAXHOCTD BO3AyXa, %

Yacrora,
KIu 10 20 40 60 80
1 0,13 0,06 ¢,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 0,64 0,39
8 2,26 2,48 1,45 0,96 0,69
10 2,53 3,28 2,20 1,47 1,08
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Ta6anua 37. MokasaTenb NOIVIOWEHHS 3BYKA AJS PASTMYHBIX
MaTepHajioB
Yacrora, I'y
Marepnan
125 250 500 1000 2000 4000

Bo#sok (25 MM) 0,18 0,36 0,71 0,79 0,82 0,85

2Zéec’peasmm,le Rockn | 0,10 0,11 0,11 0,08 0,082 { 0,11
MM)

Kupnuynas creHa (He- | 0,024 0,025 0,032 0,041 0,049 | 0,07

OMITYKaTypeHHas)

(23 mMm)

Kosep ¢ Bopcom (9 MM) , 09 0,08 0,21 0,27 0,27 0,37

MpamMop (kamenb) mno- | 0,01 — 0,01 - 0,015 -

JNHPOBAHHH

Crekaio (onuHapuoe) { 0,03 — 0,027 - 0,02 —_

(0,6—0,7 Mm)

CreKkJasiHHas pata | 0,32 0,40 0,51 0,60 0,63 0,60

(9 cMm)

Danepa (5 MM) 0,20 0,28 0,26 0,09 0,12 0,11

Xnonyato6ymaxkHas 0,03 0,04 0,11 0,17 0,24 0,35

TKaHb .

Urykatypka runcosaa | 0,013 0,015 0,020 0,028 0,04 0,05
» nasectkosas | 0,025 0,045 0,06 0,085 0,043 | 0,058
Ta6anua 38. INokasatens morgouweHust 3ByKa B XKHAKOCTAX

o Juanasoxn - 2
JXugkocts t,°C yactor, My o/f2, 10718 c?/m

A30T (KuAKuUil) ' —199 40—50 ~11

Aneron 25 4—20 50

BeHnaon 20 1—200 850—900

Boaa 20 1—200

'nnuepus 26 4—20 1700

KepocuH 25 6—20 110

Hedrs 25 1—10 ~100

PryTb 20 0,5—1000 5,6

TIpuMey aH ne. YKasaHHHe 3HAYEHHN OTHOCATCA K AaBjeHHsM 0,1—2 MIla.
B Tabanue npuBefleHl OTHOUIEHHS! MOKa3aTeNs MNOIJIOWEHHS K KBajpaTy YaCTOTHL
B yKa3jaHHWMX AYANA30HAX Y4CTOT Cff% He 3aBHCHT OT YaCTOTH.

Ta6anuma 39. Iokasaresb norJoueHns yJIbTPa3ByKOBBHIX BOJH

B Mopckoit Boge (npu 15—20 °C)

f, kT

20

24 100 200 230

480 940

a, 10—~ m—1

0,023

0,050 0,37 0,69 1,25

2,00 | 2,90




I'nasa Il. TEPMOAMHAMHUKA U MOJIEKYJISIPHAS
PHU3HKA

OCHOBHBIE TIOHATHUA W 3AKOHBI

Tepmodunamuxa — pasfes (GU3HKH, B KOTOPOM H3YYalTCsl 3a-
KOHOMEPHOCTH [pEBpAIleHHsi SHEPIHH; B MOAeKyafpHOL ¢pusure wc-
noJb3yeTcss MPEACTaBjeHHe O MOJEKYJAPHOM CTDOEHHM BeILIecTBa, Ha
OCHOBE PA3JHYHBIX MoOJeJeHl H3yuyaloTCs 3aKOHOMEPHOCTH, XapaKTep-
Hble JUIS GOJIBLIOTO YHCJa YacCTHIL, (MOJIEKYJl, aTOMOB, MOHOB, KBaHTOB
H T. 1.), H YCTaHaBJHBAIOTCH CBOHCTBA BelleCTBa B DPAa3IHUHBIX CO-
CTOSIHUSAIX.,

1. CCHOBbI TEPMOOHHAMHUKH

Tepmoaunamuueckas cucrema. COBOKYNHOCTb TeJ, KOTOPbleé MOTYT
o6MeHHBaTbCA MeXAy cob6off, a TaKkKe C BHEIUHefi cpefoii sHeprued H
BeleCTBOM, Ha3bIBaeTcs mepmodunamudeckol cucmemoll (WIH NPOCTO
cucmemot).

Tena, Haxojsmuecs BHe TPaHUI TEPMOAHHAMHUECKOH CHCTEMBI,
Ha3LIBAIOTCA BHeWwHel cpedod.

BesnunHb, XapaKTepHU3YIOUIHe COCTOSIHHE CHCTeMEl, Ha3bIBalOTCSH
mepMOOUHAMULECKUML naApamMemparmu; BaXKHEHIINMH U3 HHX SBJSIOTCS
o6beM (YAeJAbHBIH 00beM), JaBjeHHe, TeMIleparypa.

TepMoxnHaMuyeckass CHCTeMa, KOTopas He oOOMEHUBAeTC HH
SHeprueid, HH BelLIeCTBOM C BHCIUHell cpeaoif, Ha3LIBAeTCs U30AUPOEAH-
HOU; H30JIMPOBaHHAsl CHCTEMa C TeUeHHEeM BPEMEHH NPUXOIHUT B COCTOS-
HHMe TEPMOJHHAMHYECKOTrO PAaBHOBECHSI H He MOXET CaMONpPOU3BOJBLHO
BLIHTH W3 5TOro cocrosnusi (nepewtli nocmyaram mepmoOUHAMUKL).

Temnepatypa. CxajsipHas BeJHYHHA, XapaKTepu3ylolias COCTOA-
HHe TepMOAMHAMHYECKOrO0 PaBHOBECHSI H ONpefeisiolmas TensocOMeH
MeXJy TeJaMH, Ha3wiBaeTcst memnepamypoi. Temnepatypa siBasercs
OJIHHMM M3 HMHTEHCHBHBIX (T. €. He 3aBHCAIMX OT Macch) NapaMeTpoB
CHCTEMBI; OHA fIBJISIeTCSI Mepoii cpefHeld KHHETHYECKOH SHEepPrHH Tell-
JIOBOTO IBMXKEHHS MOJIEKYJ MM aTOMOB. JIJisi HepaBHOBECHOH CHCTEMBI
NMOHATHE TeMIepaTyphl He MMeeT cmbicja. IlosoxkeHHe O cyuecTBOBa-
HUH TeMIIepaTyphl PaBHOBECHON CHCTEMBI COCTaBJSET OCHOBY 6/m0p020
nocmyaama mepmoduHAMUKY.

C H3MeHEHHEM TeMIepaTypbl H3MEHSIOTCS pa3Mephl TeJa, IIOT-
HOCTb, YOPYIOCTb, 3JIEKTPONPOBOAHOCTH M T. A. TemmepaTypa, KOTO-
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pasi ompejessieTcs MO TepMOAMHAMH4YeCKofl mKaje TeMIeparyp, Hashl-
BaeTCs mepMoOUHAMUHECKOL.

Exnnnueit TepMOXMHAMHMYECKOil TeMIepaTyphl SBASIETCS KeAb8UH
(cM. «OcuoBuble enunuunt CH»). JonyckaeTcs DpHMeHEHHe TeMIepa-
Typh Llesbcus, Kortopas onpefensiercss BolpaxenueM f=T—T,, rae
T,=273,15 K no onpegenennto. Ilo pasmepy epadyc Lleascua pasen
KeJbBHHY; Temmeparypa Lleabcna o6osmauaercs cumBoJoM °C.

Is mpakTuyecKMX LeJNell Ha OCHOBE TePMOAMHAMHYECKOH MIKAJBI
TeMIepaTyp YycraHoBJeHa MewOynapoOHas npaxmu4eckas memnepa-
mypuas wrara 1968 2. (MIITII-68), B KOTOpo#l ycraHasjuBawoTcs 11
TeMIepaTypPHEIX TOYEK; TeMIepaTyphl STHX TOYeK M YCJIOBHS MX BOC-
Npon3BefleHUs yKasanbl B Ta6s. 40. Ecau Heo6xoamMo YyKa3aTb, 4TO
Temnepatypa onpegnenesa no MIITII-68, To B ofo3HayeHHAX Temme-
patyph noGaBasercs uuiekc 68 (nanpumep, Tgg HIH lgg).

Monaspnas macca. Macca Tesa, B KOTOPOM CONepKHTCS OJHH MOJb
BELIeCTBA, HA3BIBAETCS MOAAPHOL maccoid. OmHOCUmMEAbHOE MOAeKY-
AAPHOL maccoll Ha3bIBAeTCs OTHOLIEHHE MacChl MOJIEKYJIBI fm JJAaHHOTO
Bewecrsa K 1/12 wacTm macce atoMa mc u3orona yraepoxa-12 (cm.
ra. V, n. 5). Ornocurensnas macca M,=12 m/mc.

Tennota, TemynoemkocTh. Ilepesaua sueprus ot OQHOTO Tesla K Apy-
IOMY MOXeT GbITb OCYUIECTBJEHA ABYMS Cnocofamu: MepBBIA Crmoco6 —
NoCpPeCcTBOM paboThl MeXaHHYeCKMX HJH SJeKTPOMATHHTHBIX CHJI;}
BTOPOii €noco6 — MOCPeACTBOM TemlIoo6MeHa, KOrja SHEeprus rmepe-
JlaeTCsl TEMJIOBLIM JBHIKEHMEM MOJIEKYJ 3a CyeT TEmIoNPOBOAHOCTH HJIU
TEIJIOBLIM H3nyueHneMm (cM. ra. I1V). DHeprus, nepepabaemas mpH Tem-
Joo6MeHe, Ha3hBaeTCs KoAuyecmeom menaomot (MM MPOCTO MENAOMOL).

Tennoemxocmoo Ha3LIBA€TCS KOJHYECTBO TEIIOTH, KOTOpOe He-
06XOANMO COOGIIUTH JJisi HarpeBaHusl Tejda Ha OAMH KEJIbBHH.

s HarpeBanus Tena maccoii m ot temnepatypsl T no Ty=T-AT
HEeO06X0AUMO COOGLIUTD €My KOJHYECTBO TemaoTel AQ.

Bennuunna-
ccp—_:_éi @.1
mAT
HasblBaeTCsl cpednell yOesvHOl menaoemKocmsfo B MHTEpBaje TeMnepa-
Typ T=Ty.

Hemunnoldl ydeavrold mensoemxocmero (YOeabHOU MENL0EMKOCTLI)
npu Temnepatype T Ha3biBaercs

. AQ 1
= lim —= =—dQ/dT. 2.2
€= AT AT /m m 4 @2

YnenbHas TeMJIOEMKOCTb 3aBUCHT OT TeMnepaTypsl. OAHAKO B 6OJbLIHH-
CTBe CJIyyaeB 3TOH 3aBHCHMOCTbIO NpeHeGperaioT U CYHTAIOT, YTO YAe/b-
Hasl TelmJOoeMKOCTb — TeNJOTa, KoTopas HeoGxoiuMa Vsl MOBBINEHHSA
Temieparypnl Tena Maccofi 1 Kr Ha ONHH KeJbBHH.
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TensoeMKocTh TeNa, Macca KOTOPOro paBHAa MOJNSAPHOH Macce, Ha-
S8EIBAETCS MOAAPHOU MENnA0eMKOCHIbIO.
Monspras TenyoeMKoCTb

C==pe, 2.3)

TAe ¢ — YAeNbHas TENIOEMKOCTb, |\ — MOJAPHas Macca.
Tenxora, Heo6XoanMan AJs YBEAHYECHUS TEMNEPATYpPHl Tela Maccoi
m Ha AT, paccumThiBaetcs mo ¢opmyJel

AQ =cm AT, 2.4

Tlle ¢ — yAeabHash TeNJOeMKOCTb.

TensoeMKOCTh 3aBHCHT OT YCJHOBHIl HarpeBaHHs. TemI0OeMKOCTb
npu u306apuyecKoM npouecce (HarpeBaHHe NPOMCXOAHT NPH MOCTOSH-
HOM JaBJI€HMH) HA3LIBAETCSH MENA0eMKOCMbIO NPU NOCMOAHHOM 0aseHUU
(cp). TennoeMkocTh NPH H30XOPHUECKOM npouecce (HarpeBaHHe oOCy-
INEeCTBJSETC NPH TNOCTOSHHOM O6GbeMe) Ha3bIBaeTCsT MenA0eMKOCMbIO
npu nocmoanHom o6veme (Cy); BCerla ¢,>Cy; AJsl BELNeCTB B TBEPAOM
COCTOSIHHH TENJIOGMKOCTH Cp M Cy HE3HAUHTEJBHO OTIHYAIOTCs APYT OT
Apyra. »

3akoHbl TEPMORMHAMHKH. Brympennel snepeuell Ha3bIBaeTCs 3Hep-
THSI CHCTeMBH! (MJHM Tesna), NPH 3TOM He YUMTHIBAETCH KHHETHYeCKas
SHEPTHsT CHCTEMHl B I1€JIOM H €e NOTEHIHaNbHass 3HEPTHS BO BHEIUHEM
noJe.

C MOJIeKYNAPHO-KMHETHYECKO TOUYKH 3PEHHsI BHYTPEHHSISI SHEPTHS
paBHAa CyMMe KHHETHYeCKHX SHEPTruH OTJAEJbHBIX MOJNEKYJ H 3HepPruu
B3aUMOJEHCTBUA MEXLYy HHMH.

BHyTpeHHsIss HEpPTHA 3aBHCHT TOJbKO OT NapaMeTPOB COCTOSHHS
p, V, T ¥ He 3aBHCHT OT TOro, KaKHM CIOCOGOM OBLJIO NMOJNYYEHO STO
COCTOSIHHE. ’

CymMa TensoTl AQ, KOTOpPYI0 MOJyyaeT CHCTEMa NPH HarpeBaHuH,
H pa6oTel AA, KoTOpasi cOBepIuaeTCs BHEIUHMMH CHJIAMH, PaBHa u3Me-
HeHH10 BHYTpeHHel sHeprun OU (nepeoil 3axon mepmodunamuxu):

AQ+AA=5U. (2.5)

Hamenenne BHyTpeHHeit snepruu OU He 3aBHCHT OT mpolecca H
onpejensiercsi INapaMeTpaMH HayaJdbHOrO M KOHEYHOTO COCTOSIHHIi;
sanporus, AQ u AA 3aBuCAT OT NpPOLECCOB NMepexofa H3 HayaJbHOro B
KoHeunoe cocrosgHue. Ecau K cucreme nojsoautcs Temnora, To AQ>0;
ecsid pa6oTa coBeplaeTcsi BHEIUHUMH CHIaMH, T0 AA <0; B NPOTHBHHIX
cayyasx AQ<0 u AA>Q.

CoBepuiaemMasi cHcTeMOH 9JeMeHTapHas pa6oTa

AA=pAV, (2.6)

ghAe AV — n3meHenue of6bema;
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paboTa CHCTeMHl B IIpollecce Tnepexofa W3 OIHOIO COCTOSIHHA B
apyroe:
Vs
A = pav, @.7)
Vi
rae Vi, V, — o6heMbl cHCTEMBI B HA9aJbHOM H KOHEYHOM COCTOSIHHSX.

COBOKYMHOCTb H3MEHSIIOULHXCSH COCTOSHHH CHCTeMbl Ha3blBaercs
mepmoOuramudecKum npoyeccom (MWJIH TPOCTO npoyeccom). Pasnumuaior
cOpaTHMble M HeoGpaTHMble INpPOLECCHI.

O6pamumeim Ha3bIBaeTCS TaKOM mpollecc, KOTOPHIH MOXKET MpoUCXo-
JUTh B IPSAMOM M B OGPaTHOM HaNpaBJeHHSX, MPH STOM JAOJKRBI BhINOJ-
HATbCSA CJAELYIOUHe YCJIOBHS: @) NMPH BO3BPAIEHHH K NEPBOHAYAJBHOMY
COCTOSIHHIO CHCTEMA MPOXOJMT Yepe3 Te JKe cCaMble COCTOSIHHA, YTO H B
npsIMOM mpoluecce, HO B o6paTHOM Nopsifike; 6) B CHCTeMe M BHeIUHEH
cpefe MO OKOHYAaHHM MNpoiecca He OCTAHETCS KaKHX-JHGO H3MEHeHHH.

Ilpouecchl, He YJOBJETBOPSAIOUIHE 3THM YCJIOBHSM, Ha3bIBalOTCA
Heobpamumbimy,

Tensora He MOXET CaMONPOM3BOJNIBHO MEPEXOAHTh OT MeHee Harpe-
TOro Tesa K GoJsiee HarpeTomy Tesay 6e3 KaKnX-Au60 U3MeHeH Ul BO BHell-
Heil cpelie (8mopoil 3aKOH mepMOOUHAMUKY).

Ha ocHoBe BTOpOro 3akoHa TepMOAHHAMHKH ONpejiesisieTcsi, B Ka-
KOM HampaBJEHMH BO3MOXEH Nepexo] TEIUIOTHl MeXIy ABYMS TeJaMH
(cucTeMaMu), a TaKe YCTaHaBJHMBAeTCs NpeJeNbHOE 3HAYEHHE KO3(P-
duyuenma none3nozo Oelicmeus menaogoLx MAUIUH:

n=(T1—Ty)/Ty, (2.8)
rze T; — TemMnmepaTypa HarpeBaTeAsi TeMJIOBOH MauiuHH, T, — TeM-
neparypa XoOJOLHJIbHHKA.

TensoeMKoCTh A060TO TeJa NPH NPHOJHIKEHHH K A6CONIOTHOMY HY-
JII0 CTPEMUTCSH K HYJIO (C/I€ACTBHE U3 MPEMbe20 3aKOHA mep MOOUHAMUKLL).

2, ®A30BbIE NPEBPAIREHU A

$a3za. Yacrb cucteMsl, KoTopast B OTCYTCTBHE BHEIUHHX BO3feficT-
BHH MMeeT OJHHAKOBHE (pH3HYECKHE CBOHCTBA BO BCEX CBOHMX TOYKAaX W
orpaHHYeHa NOBEPXHOCTbIO pa3fiesa, HasmiBaercsi ¢pasod. Hanpumep,
Jlep, BOAA, BOASIHOH nap, o0pasylou(He CHCTeMY, SIBJISIOTCH PasJnd-
HBMH (a3aMH BOJRb; rpadHT H anMa3 — pa3yiHuHble (a3l TBEPAOro
yraepoaa. CHCTeMa MOXET COCTOSITb H3 OXHOMH (a3bl.

IMepexon BemecTsa H3 ORHOM a3kl B APYFYI0 Ha3biBaeTCA (Pa3086im
nepexodom.

Tennota (pasoBuix nepexonon. Pa30BHIil Nepexos BemecTBa A3 KPH-
CTaJJIMYECKOr0 TBEPAOTO COCTOSIHHSA B JKHJKOE Ha3bIBaeTCHA n.rasre-
rues; o6paTHBIA NepexoR — H3 KHUAKOTO COCTOSIHHS B TBEPAOE KPHCTAJ-
JIHUECKOE COCTOSIHHE Ha3biBaeTcs kpucmansausayueld. $asoBbie nepexont
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CONPOBOXKAAIOTCSH MOIVIOMWEHHEM HJH BbIJeJEHHEM ONpeleJeHHOrO KO-
JMUECTBA TENJIOTH (NPH MOCTCSHHHX JAAaBJEHHH H TEMIepaType), 3TO
KOJIHYECTBO TENJIOTH HashHBaeTcss menaomoil ¢azoeozo nepexoda.
Tennora (pa3oBoro nepexoja NPH NJaBAEHHH KPUCTANJIOB M MOMH-
KPHCTANIOB
Qn=~Am, 2.9

Tle m — Macca paciJaBJeHHOIO BeIecTBa, A — yAeJbHas TemlIoTa
nJ1aBJeHUS — TEINIGTa, HEo0XOAHMMas Jnisl TNpeBpalleHHs B KHIKOS
COCTCSIHHE NpPM TeMNepaType NJIaBJeHHsS TBepAOro Tesa Maccoi 1 Kr.
FIpu xpucTanausanuu INPOHCXOQHT BLIJEJNEHHE TEIVIOTH. TenaoTa
TUIaBJEeHHst DPaBHAa TeIJIOTé KPUCTAJNJIH3allUH; BO BPeMsS IJIaBJeHHS
(KpHMCTaNIH3aluK) TeMIepaTypa He H3MeHsercs.

Ilpn nyaBleHUH NMPOUCXONUT yBeJaHYeHHe ofbeMa; HCKJIOUSHHE CO-
CTaBJSAIOT BOAQ, Tejuil, CypPbMa, YYTYH M BHCMYT H HEKOTOPble APyrHe
CnyIaBLl, Y KOTOPLIX NIPOHCXOAMT YMeHbleHHe ofbeMma.

@a30BHI Nepexoj BelecTBa H3 KPHCTAJNIHYECKOrO COCTOSIHHS He-
IIOCPEJCTBEHHO B Nap Ha3mBaercsi cybaumayuet.

®a3oBHiil Mepexo napa B XKHAKOe HJIH KPHUCTAMIMIECKOe COCTOSIHHe
Ha3eBaeTCsl KordeHcayuell.

@a30BHI NMepexof KUIKOCTH B NIap Ha3bIBaeTCs napoobpa3osaruem,
ofpaTusifi Mepexo] Ha3bIBaeTCs Cacudceruem; napoo6pasoBaHue, NMPOHC-
xoJsiuée co CBOGONHONH NOBEPXHOCTH XKHAKOCTH (TBEPJAOrO TeJa), Ha-
3BIBAETCH UCnapexueMm; eCJH NapooGpa3oBanHe NMPOHCXOAUT KaK CO CBO-
GOHOI IMOBEPXHOCTH KHAKOCTH, TaK M BO BceM oGbeMe MHJKOCTH, TO
OHO HAashIBaeTCsl Kunenuem. IKHTNEeHHe NPOHCXOAMUT NPH IOCTOSTHHOM
TeMneparype (MpH NMOCTOSIHHOM BHELIHeM JaBJeHHHu). DTa Temmeparypa
HasnlBaetcsl memnepamypotl Kunenus. VisMeHeHue TeMIepaTyphl KHIle-
HUS BOABI C JaBJIeHHeM paBHO mpuGAH3HTENbHO 2,8:10~% KeJbBHH Ha
nackanb.

Tensora ¢a3oBoro mnepexoja NpH Napoo6pa3oBaHHH

Qu=rm, (2.10)

rlle m — Macca BeulecTBa, Nepelleuero B nap, 7 — yJdeabHas menioma
napoobpasosanus — TemaoTa, Heo6xoauMas Ijas nepexofa B map 1 kr
JKUIKOCTH - (MPH TOCTOSIHHBIX TeMIlepaType H JaBJeHHH).

Kpusbie ¢asoBbix nepexopos. Mcnapenue XHIKOCTH B OTKPHTOM
coCyJle MOXKET INPOJIOMKATBCA JO IIOJHOrO HCYE3HOBEHHS KHAKOCTH,
B 3aKpBITOM COCyJe HCNapeHHe XHAKOCTH NPONOJMKAETCS JO YCTaHOBJIE«
IIHST PABHOBECHS MeXIY XKHAKOCTbIO H NapoM, NMPH 3TOM NPOILeCcCH HCNa-
PEHHSl M KOHJEHCAUHH KOMIEHCHPYIOT APYyr Apyra. Taxoe paBHOBecHe
naspiBaercss Ounamudeckum. Ilap, HaxoAsmuiics B JHHAMHYECKOM
PaBHOBECHH CO CBOEH XHIKOCTbIO, HA3LIBAETCH HACOHUUYCHHOIM.

Kunenne mpouCXOIHMT NpH TaKoil Temneparype, KOrja JAaBJIEHH®
HAaCBIIEHHBIX NapoOB XHAKOCTH ’pam-xo BHeUIHeMY pnaBjenuio. Ilpu mo-
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CTOSIHHOM JlaBJIEHHH TeMNepPaTypa KHIEHHS NaHHOH KHJAKOCTH OCTaeTcs
HEH3MEHHOH.

C noBHIIEHHEM TeMIepaTypH YBeJIHYHBAaeTcs JHaBJieHUe H ILIOT-
HOCTh HACHII[EHHOrO Mapa, a IVIOTHOCTb MKHUJKOCTH YMEHbIUIAeTCH.
Kpusas, usobpaxaiomas 3aBHCHMOCTb XaBJIEHH HACHIIEHHOrO mapa
OT TEMIIepaTypHl, Ha3bIBaeTCH KPUSOL ucnapenus; AJsi TBEPAHIX KPHCTa-
JIMYECKMX TeJl TaKHe KPHBble Ha3BIBAIOTCH Kpusoimu cybaumayuu. Kpu-
Bas, u306paxkaiomas 3aBUCHMOCTb TEMIEPATYPHl IVIaBJEHUS OT JaBJe-
HHSl, Ha3BIBAeTCS KPUBOl NAABAEHUR.

Kpusble niaBjieHusi, HCapeHHs M CyGJHMalHH Ha3bIBAIOTCH KpU-
soimu ¢pasoebix nepexodos. Tunuunas auarpamMMa (pa3oBEIX NepexojoB
n3o6paxena Ha puc. 2.1, a. Cnpasa or aunuu KTpB naxoxurcs o6aacTsb
rasoo6pa3Horo COCTOSIHHS, cileBa oT JquHuH ATpB pacmosoxena o6-
J1aCTh TBEPAOro COCTOSIHUSA, MexAy JunusaMu ATp u KTp naxoxurcs
06J/1aCTb KHAKOI'O COCTOSHHS.

Touka, B KOTOPOii MmepecekaioTcst KPUBbie (a3oBEIX NpeBpalleHuf,
HasbiBaeTcs mpoiinoil mouxoi (touka Tp na puc. 2.1, a). Tpoiinas
TOYKa OmNpefeJsieT YyCJIOBUs (ZaBJEHHe, TeMIepaTypy H ILUIOTHOCTb)
TepMOJHHaMHYECKOTO paBHOBeCHS TpeX (a3: TBepLO#, KHAKOH H ra3o000-
pasHoit. Hanpumep, 115 BOABl TPOfiHAsh TOYKA COOTBETCTBYET TeMIepa-
Type 273,16 K (TouHO), naBnenuio 609 ITa. ¥ reanns KpuBHe paBHOBECHS
ra3 — XHJIKOCTb H TBepAbld renuit — xunkuit renuit (Hel, Hell) ne
nepecekamoTcs, T. €. y Hero HeT TPoiiHoii Touku (puc. 2.1, 6).

o, Ma

>~
” /asoodpasHas
paza

T 7
a

Pue. 2.1. a — gmarpamma ¢asoBbIXx mnpespalllennf, ATp — KpHBas NJaBJeHHS,

KTp — xpupas ucnapenus, BTp — KpuBasi cy6auMauui, K — KPHUTHYECKAA TOYKa,

Tp — TpofiHas TOuKa; 6 — KPHBble PaBHOBECHS TBCPABIA TenHi — :KUAKMH reui

M KHAKHA reqn# — ras; WITPUXOBAS JIMHHUSA — KPHMBasi PAaBHOBECHS MEXAY ABYMs
dasamu (xupkni reauit Hel u Hell)

Ilpu HeKoTopo#l TeMmepaType, XapakTePHOH NS AAHHOH KHIKO-
CTH, TUIOTHOCTH XXHAKOCTH M HACBHIEHHOTO Iapa CTAHOBATCH OJHHAKO-
BHIMH, a TPaHHLa pasjie]la MexIy STHMH asamu ucuesaer. Taxoe
COCTOSIHHE HAa3BIBACTCH KPUMUHECKUM, A COOTBETCTBYIOL(HE 3TOMY CO-
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CTOAHRIO NAOTHOCTb, AaBJIEHHE H TEMNEPaTypa Ha3WBaWOTC Kpumuse-
ckumu napamempamu (cM. Huxe puc. 2.3). Kpusas ucnapenns o6ph-
BaeTcs NPH KpHTHUeCKoH Temneparype (puc. 2.1, a).

24]
1\2)0 \\
3 NG
*”5 N Prc. 2.2, 32BRCHMOCTL YAeHb«
X \ HOl TenJOTH NapooGpasaBaHKs
kﬁlﬂ BOJAbI OT TeMNepaTyphl
® \
44

w0 200 300 4,

Yneabnas TenJoTa napoo6pa3oBaHUs 7 3aBHCHT OT TeMIlepaTyphl.
C yBeJuuenueM TeMneparypel yAeAbHas Tenjaora napooGpa3oBaHus
yMeHbillaeTcs; NPH KPHTHYECKOH TeMmepaType oHa paBHa HyJaw. Ha
PHC. 2.2 NOKa3aHa 3aBHCHMOCTb 7 OT TeMNepaTypH AJIs BOJAHL

3. TENJIOBOE PACIIMPEHHE TBEPABIX H )XMAKHX TEJI

C H3MeHeHHeM TeMINepaTyphl TBEPALIX H XXHIAKHX TCJA H3MEHSIOTCH

HX pa3mepnl 4 o6beM. Juna Iy Tena npu temneparype T onpeaessercs
no gopmyue: )
lp=1, 14aAT), (2.11)

rae Iy — nanna npu temneparype T,=273,15 K, o — memnepamyp-
Holl K0appuyuenm Oaunot — cpepnee (B mHTEpBaje Temnepatyp or T,
Jo T) oTHOCHTENbHOE YTHHEeH e TPH H3MEHEH HH TeMNepaTypel Ha | KeJb-
Bun: o= (l;—) (L,AT), AT=T—T,.
O6bvem Tena Vy mpu Temneparype T omnpefensiercss no ¢opmyJe
V=V, (1+BAT), 2.12)
rae V, — o6vem npu temnepatype Ty, f — memnepamypreul kospu-
yuenm o6vema — cpefHee (B JaHHOM HHTepBaje TeMNepaTyp) OTHOCH-
TeJlbHOE H3MeHeHHe o6beMa TeJla IPH H3MEHeHHH TeMNepaTypH Ha 1 KeJb-
BHH, T.e. P= (Vr—Vy)/(V,AT). '

B TBepioM u3oTpONMHOM Tese (CBOHCTBA TAKOrO TeJa OAMHAKOBLI
10 BCceM HanpasjeHHaM) P=3c.

Bonee Touno u3Menenue IauMHH Al mpeacrasisercs GopMyJsaamu
puga lp=Ily(14a AT+b(AT)?) (a u b — K03hdAIHEHTH, ONpeaesieMble
9KCMepHMEHTaNbHO JIJs KaXJOro BelecTBa).

TemneparypHbii KoadhpHUHEHT AMUHH H3MEHACTCS C H3MEHeHHeM
TeMIIEPaTyPHOro HHTEpBaja, B KOTOPOM NPOHCXOAHT HarpeBaHHe Tesa.
Tak, aas xenesa lp=Ily(14+1,17-10-8AT-+4,7-10-9(AT)?); ero Teum-
nepaTypHHii Kos(puiuenT AJHHH npH Harpesannn or 0°C mo 75 °C
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pases 1,21.10-% K-1, a ana uurtepsana 0°C— 750 °C ou $aBen
1,62.10-% K-1,

[pu narpeBanu# TeA NPOHCKOANT H3MEHEHHE HX IIOTHOCTH; MPH
Temnepatype T TNJIOTHOCTB

pr=pof(1-+B AT), (2.13)

rie Py — MJAOTHOCTb Tesaa npu Ty, § — Temneparypubiit Ko>3(pdHUHEHT
o6bema. )

4. TEPMORMHAMHYECKHE CBOWCTBA I'A30B

Uneansumifi ras. Tasbl, cBoiicTBa KOTOPBHIX ONHMCBHIBAIOTCH ypaBHe-

HHEM COCTOSIHHS
pV=mRT [, (2.149)

Ha3bBaIOTCA udearsuuimu, a ypaBHeHnue {2.14) na3biBaeTCsl ypasHeHuem
COCMOAHUA UOearbHO20 2a3a RIH ypasnetuem Mendeseesa — Kaanedpo-
Ha. B ypaBuenun (2.14) p — naBnenmne, V — obGbem rasza Mmaccel m,
p — mossipHasi macca (cM. m. 1 3To#i rsaBel), R — MoJsipHasi rasoBas
NOCTOSIHHAs, paBHas paboTe OJHOTO MOJS HIEaJbHOrO rasa npu Harpe-
BaH#uM Ha | KeJbBUH NP M300apHYECKOM npouecce (CM. HUXKe).

C TOYKH 3DEHHA MOJeKyJSPHO-KHHeTHYeckoii Teopun (cM. nm. 6
STOH TIJaBbl) MAeaNbHbIA ra3 — 3TO TAKOH# ra3, MOJeEKyJabl KOTOPOro
paccMaTpPUBAIOTCS KaK MaTepHaJbHble TOYKH, KOTOpble JBHXKYTCHA
Xa0THYECKM H B3aUMOJEHCTBHE MeXJAY KOTOPHIMH HMEET MeCTO JHLIb B
MOMEHTH YNDYFHX COYJAapeHHH.

Mozens MAeaNbHOrO ra3a COOTBETCTBYET NPefebHOMY COCTOSHHIO
peanbHOre rasa NpH MajblX NJOTHOCTAX; ypaBHeHHe (2.14) npumens-
eTcsl K TaKHM ra3aM, IVIOTHOCTb KOTOPBIX MEHbLIE IJIOTHOCTH HX HACH-
LeHHBIX MapOB MPH TeX Xe TeMnepatypax; Kak ciaeayer u3 (2.14), naor-
HOCTb HJeajIbHOIrO ra3a MOXMHO paccuHTaTh MO QopmyJe

p=pp/(RT). 2.15)
TeMmnepaTrypHbi Ko3¢pduUHEeHT o6beMa M JaBJCHHA HACATbAOrO
rasa p=1/273,15 K-1,
PasHocTe MOJMSPHBIX TeMJIOEMKOCTeil MAeaJbHOrO rasa
Cp,—Cy=R. (2.16)

3axon Janstona. Kaxawu# ras, Bxoaamuii B cocTas ra3osoil cMecH,
HMEeeT Takoe JaBjieHHe, KaKoe OH HMeJ OH OAMH, SaHHMad Bech 0ObeM
CMeCH NIPH TOH JKe TeMnepaTtype. 3TO JaBjleHHe HA3HBAETCA NAPYUANL-
Hotm. B cMecH maeaNbHBIX Ta30B, KOTOPbIe He BCTYNAlOT B XHMUYECKYIO
peaknmio, ofmee AaBAEHHE PABHO CyMMe MapUHAMAbHHEX AaBICHHH p;
(3axon Haromona);

p= gm. @.17)
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TepMoZMHAMHUYeCKHe Tpolecch B HAeanbHOM rase. Ecau npu uame-
HEHHH COCTOSIHHA OXMH W3 mapaMeTpoB (p, V uau T) ocraercs no-
CTOSIHHBIM, TO NPOLECCH COOTBETCTBEHHO Ha3bIBAIOTCS WU300apU1ECKUMU
(p=-const), usoxopuueckumu (V=-const), usomepmuveckumu (T=-const),
[Ipn aduabamuueckom mpouecce TemIoTa K CHCTEME He MOJABOAMTCS,
T. e. AQ=0.

OcHOBHEIE XapaKTePHCTHKH NPOLECCOB NPHBOAATCH B Tabauue.

: HsmeHeHHe
ITocTosiHHble YpaBReHHe Pa6ora rasa BHYTpeHHel
Mpouece napamerpsl COCTOSIHUA Maccoit m SHEpruu
1 Mons rasa
1 2 3 4 5
Hao6apu- m, p V/T=const A = mRAT 6U=CVAT
yeCKuil (saxon Ted- 4 n
JIroccaka)
Haoxopn- m, V p/T=const AV= 0 SU=AQ
yecKui (sakon Wlapasn)
Hsotepmu- m, T pV=const A.rleﬂ- X 6U=0
YeCKHH . (saxkon Boliag— [
Mapuomma) V,
XIln ==
Vi
=ﬂ In g‘.
w Pa
v mCy,
ApnuaGarue m, AQ=0 pV "' =const, AQ=———— X 6U=CVAT
YecKHii v=c,jcy 1
* P X(Ty=T,)

IMpumeganns 1) Ungekcst 1 1 2 y V, p u T yKasbiBaloT COOTBETCTBEHHO
311aY€HH s 3THX NapaMeTpPOB B HauaJbHOM M KOHEYHOM COCTOSHHAX; CV—MOJlﬂpHaﬂ
TENJIOEMKOCTb NP TNOCTOSSHHOM o6beMe.

2) TIpH M30TepMHYECKOM pacClUMpeHHH Trasa TelIoTa PacXOAyeTcs Ha paGoTy
NPOTHB BHEWIHHX CHJI, NPH CXKAaTHH TEIJOTA nepejfaeTcsl BO BHEIIHIO CPeay.

H3orepMbl peasbHOro rasa. Ec/i NJIOTHOCTb ra3a CTAHOBHTCS CpaB-
HHMOH ¢ NJIOTHOCTBIO HACHILIEHHOrO Napa NPH JaHHOH TeMmepatype,
TO ypaBHEeHHe COCTOSIHHSI HAeaJbHOro ra3a JJs PacyeToB HCIOJNB30BATh
HeJIb34. )

HsorepMbl peanbHoro rasa (puc. 2.3, @) OTVIHYAlOTCS OT H30TepM
HJeaNbHOrO rasa, KOTOphie B KoophuHaTax p—V u306pakaiTcs IH-
nep6oniamu. Ha puc. 2.3, @ npUBOAATCS THNHYHBIE H30TEPMHl peallb-
HOTO rasa; HX XapaKTepHO# 0COGEHHOCTbIO fBJfAETCS HaNHUHe FOPH3OH-
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TaJgbHbIX yyacTkoB A;Bj, AyBy M T. A. OTH YYaCTKH COOTBETCTBYIOT
PaBHOBECHLIM COCTOSTHHAIM MeXIY XKHIKOCTbIO M HACHIUEHHBIM MapoM,
npH 3TOM OIHA YacTb oGbeMa SaHATA JKHMAKOCTbIO, Apyras — Hackhl-
HIEHHbIM I1apoM.

g WV VilVe %/
I N &
NN 12
: K{ 77 10 -
S 4 148
AR\ - =4
Z2 1Al 15 A ==
T “ / 48
z H !
7 WA
N 1
4 v 0 7 2 3 4 &V

g
Puc. 2.3. HUsoTtepMpl! a — peanbHoro rasa (Tk = KpMTHYeCcKas TeMmnepartypa, K =

KPUTHUeCKas ToOYKa); 6 — Bau-niep-Baasbca. ITo ocsiM OTJI0OXeHB OTHOCHTEJbHBIG
3HauyeHHRn oGbeMma (V/VK) H AaBJieHHs (p/pK); YHeJla Y H30TEPM COOTBETCTBYIOT TemIe-

paTtype B OTHOCHTENbHHIX eXHHHUIAx (T/TK)

B toukax Ay, A,,. .. Pa3IHYHBIX M30TEPM Bech oGbeM V4 3amoa-
HEeH XHIKOCThbIO, B TOYKax By, B,,. .. Becb o6beM Vg samonusercs
HaCHIEHHbLIM NapoM. Pa3HOCTh 06HEMOB KHJAKOCTH H €€ HaCHIEHHOro
napa (npu ofHOH M TOH JKe TeMIepaType) YMeHbLIAETCS C yBeJHYEHHEM
Temneparypel. Ilpu Temneparype Ty, KoTopasl Ha3blBaeTCs Kpumuue-
ckoli, pasnocts Vgp—V,4 craHoBHTCA paBHOH HYJIIO.

Ypasnenne Ban-pep-Baanbca. B peasbHoM rase Heo6XogHMO yuH-
THIBAaTh MEXMOJNEKYJAPHLE CHAB (cM. I, 6 3Toll riaBw). B ypaBHeHHH
COCTOSIHMSA Trasa

m? a m

(p—{-FW) (V—Fb)=mRT/p, 218
KOTOpOe HasblBaeTcsl ypasuenuem Bar-Oep-Baaasca, cuIbl NPHUTSAKEHUS
yuHTHIBaloTCsi uienoM a/V2, a CHAB OTTANKMBAHHS — NOCTOSIHHOM
b. B (2.18) V — o6bem, 3aHHMaeMblii Maccoii rasa m, W — MOJSIPHAs
macca, @ u b — nocmosunvie Ban-dap-Baasvca, KoToprie MOTyT GHITh
onpejeJeHbl NO KPHTHUYECKHM NapameTpaM (Wi OXHOTO MOJs rasa) —
o6beMy Vi, MaBaeHHIO py M Temmepatype Ty:

2
a=3p Vi, b=Vy/3, 8piVyx=3RTy.
B neficTBHTENILHOCTH NOCTOSIHHBIE @ H b 3aBHCAT OT TeMNepaTyphl.

Hsorepmu Bau-nep-Baanbca npusenenst Ha puc. 2.3, 6. Ilpu Tem-
neparypax Huxe Ty H30TepMbl HMeIOT S-06pasHblii H3ru6; npu sTHUX
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TeMRepaTypax ONHOMY 3HAYEHHIO JABJEHMS P COOTBETCTBYIOT  TPH
suagenuss ob6beMa (HanmpHMEp, JNaBACHAN pP; COOTBETCTBYIOT OOGBEME
Vi, Vs, Vs). Tlpu Temneparypax Ty ¥ Bhie H30TEpMHE He HMeIOT S-06pas-
Horo usru6a. Temneparypa Ty sIBAsIETCS KpUMU4ECKOl memnepamypoi;
COOTBETCTBYIOI[HE 3TOMY COCTOSIHHIO AaBJieHHe p, H o6bem V, nasniBa-
I0TCA Kpumudeckum Oasreruesm W KPUMUYECKUM O0DBEMOM.

B gneficTBUTeNbHOCTH Ha ydacTKe S-06pa3Horo M3ruba H3OTEPMBI
HAYT FOPH30OHTANbHO, T. €. NMapaJJeJbHO OCH aGCLHCC; Hampumep, NPH
JlaBJeHUH p; M30TepMa NPOXoAHT uyepe3 Touku A, B, C. DTH yvacTku
COOTBETCTBYIOT PABHOBECHIO MEXJY MHUAKOCTbIO H HACHIH{EHHLIM NapOM.
[lpn HeKOTOPHIX YCNOBHSIX HM30TEPMa MOXKET MPOXOAUTH IO yIacTKaM
AL (nepeepeman acudkocms) u DC (nepecoiyenneui nap), HO Takue
COCTOSIHHA SABJASAIOTCS HEYCTOHYHBBIMH.

JIs CXKHMKEHHs Ta30B NOCPENCTBOM YyBeAHUYEHHS JHaBJEHHUS HIH
yMeHbIIEHHs o6beMa HeoGXOAMMO OXJAaJuThb HX HHKe KPHTHYECKOM
Temneparypel. B Ta6a. bl NpHBOAATCA TeMmepaTyphbl KHNEHHS CHKHIKEH-
HbIX ra3oB. YMeHbluasg JaBjeHHe (Hanpumep, OTKayHBasi oGpasylouuecs
napel), MOXHO NOHHNKATh TeMIepPaTypy KHIEHHS.

BaaxunocTb. B okpykaiouiem Hac Bo3Jyxe Bceria HaXOXHTCHA HEKO-
TOPOe KOJHYECTBO BOASIHOIO mapa. OTHOLIeHHe MAacChl HaXOZALLErocA B
BO3AYX€ BOASHOrO Napa K o6beMy, KOTOPHH 3aHMMaeT BO3AYX NPH AaH-
HBIX YCJHOBHSIX, Ha3biBaeTcs abcoatomuol eraxcHocmoto. OTHOIEHUE
MacChl HaChIIIEHHOTO BOASHOrO napa K o6beMy BO3JyXa, B KOTOPOM
HaXOAHTCS STOT HACHINEHHbIA Nap, HA3bIBAETCH MAKCUMAAbHOL abCo-
AOMHOL  8AQNHOCMBIO.

OmuocumensHoll 8aaxHOCMbIO 6030YXa HA3BIBaeTCA OTHOIIEHHe
abCoMOTHO! BJAXKHOCTH K MAaKCHMaJbHOH aGCOMIOTHOH BJIaXKHOCTH
npu Tex ke ycJaoBHAX. OTHOCHTeJbHAs BJAXHOCTh ONpPEJEAfAETCA B
NPOLEHTAaX.

6. ABJJEHHUSI NMEPEHOCA

B HepaBHOBeCHBIX CHCTeMaX NPOHCXOLAT HeoGpaTHMble Npoiec-
CHl — mepejaya TeIJIOThl, MacChl, KOJIMYECTBA JBHIKEHHS, KOTOpbie
HA3LIBAIOTCH ABACHUAMI NEPEHOCA; K HHM OTHOCATCH TeNJONPOBOAHOCTD,
Augdy3us, BHyTPEHHEe TPeHHe.

Tenaosoi notox. Tennora, KoTopas nepefaercd Yepe3 NOBepXHOCTH
8a 1 ceKyH1y, Ha3biBaeTcA menaossim nomokom. Ilepenaua TemnoThl
TeNIOBLIME IIOTOKAaMM Ha3sblBaeTcs menaonposodnocmbw. Yepes nosepx-
HOCTh IJIOWAJbI0 S 3a BpeMsi Af nepeHOCHTCA KOAHUECTBO TEMJIOTH (3a-
Kot Pypeoe)

AQ=—AS At AT/Al, (2.19)

rae AT — Da3HOCTb TemiepaTyp MexAy ABYMA TOYKAMH, PACCTOSHHE
MeXJAy KOTOPLIMH IO HaNPABJAEHHIO HaHOOJIbILErO HIMEHEHHs TeMmepa-
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Typu paBHo Al; A — menaonposodnocms — TENJOBOR NOTOK Sepe3
HJGCKOCTb Iaomansio | M2 npu otnowennn AT/Al, paBHoM | KeabBuH
Ha MeTp, NPH STOM TNPEANoNaraercs, 4YTO IUIOCKOCTb DacrnoJoMKeHa
NepReHAHKYANPHO HaNpaBJieHRIO IlepeHOca Temaa;

lim (AT/Al)=dT/di
Al >0

SABASETCH MOAYJEM BEeKTOPa, KOTOPHHI Ha3HIBACTCA 2padueHmom memne-
pamypei. ['paguenT — BeJHUHHA BeKTOpHAas; eAWHHUHbLINE BEeKTOp rpa-
AWeHTa HanpaBjied NEPNeHAHKYJASAPHO K NMOBEPXHOCTH B CTOPOHY YBe«
AnYeHus temsuepatypul. Munyc B dopmyse (2.19) ykaseiBaer Ha TO, YT®
TeNNOTA NEPEHOCHTCH B CTOPOHY YMEHbIIEHHs TeMIepaTyphl.
Nuddyans. lpouecc BHpaBHHBaHUS NIIOTHOCTEH ABYX HJH HECKOJb-
KHX CONPHKACalOIIHXCS BElleCTB Ha3biBaeTcsi Ougysued. Macca Be-
eCTBa, KOTOPas NEePEHOCHTCS NPH AHODY3HH Yepe3 NOBEPXHOCTb CONPH.
KOCHOBEHHf, BHIPaXaeTcs COOTHoweHueM (3axon Puka)

AM =— DS At Ap/Al, (2.20)

rae Ap/Al — cpeanuit TrpajueHT IUIOTHOCTH, DPAaBHBHI OTHOUIEHNIO
Pa3HOCTH IIOTHOCTEH AP MEeXAy IBYMS TOUKaMH K PacCTOSIHHIO MeXAY
numu Al; D — koappuyuenm Jdugdysuu — Mmacca nporudpysaspylo-
ero BewlecTBa Yepe3 NOBEPXHOCTh miowajbio 1 M2 3a Bpems 1 ¢ npu
rpajMeHTe MJAOTHOCTH, paBHOM | Kr/M*, mpu STOM mpefnoJaraercs, 4To
IJIOCKOCTh PAacnojioKeHa MNepIeHJHKYJspHO HANpaBJIeHHIO NepeHoca
Macchl; BeJHYKHHA

lim (Ap/Al)=dp/dl

Al—>0

ABAKETCA MOAYJEM BeKTOopa — 2paduenma nromwocmu. Munyc B ¢op-
myne (2.20) ykashiBaeT Ha TO, YTO NEPEHOC MACCH NPH AM(PPY3HH NPOHC-
XOIHT B CTOPOHY YMeHbLIEHHS TIOTHOCTH.

K sBJeHHsM nepeHoca OTHOCHTCS BHYTPEHHee TpPeHHe; OHO pacs
cvMoTpeno B ra. I, m. 6. ;

6. OCHOBbl MOJIEKYJ1APHO-KMHETHYECKOF TEOPHH

B ocHOBe MOJIEKYJASIPHO-KMHETHYECKONR TEOPHH JIEKHUT SKCIEpHMEH-
TalbHO JOKa3aHHOE YTBEpIKAEHHe, YTO BCE BELIECTBA COCTOAT H3 MO-
A€KYA — HAUMEHBIUMX YaCTHI, COXPAHSIOWHX BCE XHUMHYECKHE CBOM-
CTBa BeuecTBa. Mex Ay MOJeKynaMu AeHCTBYIOT KaK CHJILL TP HTSIXKEHHS,
TaK M CHJBl OTTAJIKWBAHHS; €CJAH TepPBble NPEeNsTCTBYIOT PacTAKEHHIO,
TO BTOpHE NPENSTCTBYIOT CXKATHIO Teda.

Iponecch, KOTOpHE H3y4YaloTcs B 3TOH TEOPHH, ONpejesioTes
B3aUMOJIeHCTBHEM ¥ XapPaKTepPOM JBHKeHHsl GOJbLIOTO KOJIHYECTBA MOde-
KyJa. Hanpumep, TemMnepatypa uAeaJbHOrO rasa Onpelesisiercs cCpeineit
KHHETHUECKOH SHeprueil (gg) Xa0THYECKOr0 NOCTYNATEJbHOIO ABHKEHHA
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OJiHOfi MOJIEKYJIBI:

T =2<ee>/(3k), @21
rie k=-1vli — nocmosuuaa Boasymana, Np — nocmosnrnas Asozadpo—
A

YHCIO MOJIEKYJ B OJHOM MoJe JI0oGOro BelecTBa (N0 ONpeiesEHHIO);
Na=6,02-102 moan-1,

MexaToMHOe H MeXMoJEKyaspHoe B3aumonedcreue. Baaumopedict-

BHE MeXJIY aTOMaMH H MOJEKYJaMH OCYIIeCTBJASETCS SJEKTPHUYECKHMH

CHJIaMH; NOCJeJHHE 00 yCJIOBJIEHBI 3JI€K-

ar TPOHaMH H siipaMu aToMOB (cM. . V).

INoTennnanbHas oHeprus B3aHMO-

JeHCTBHA JBYX OJMHAKOBHIX aTOMOB,

06pasyomux NpocTeHinne IBY XaTOMHbIE

mosekyanl (Hanpumep, H,, O,, Ny, Cl,

% H JIp.), IPEACTaBJeHa CXeMaTHYECKH Ha

J
7 puc. 2.4 Kak OYHKIHA PacCTOSIHUA &
MeXAy fApaMH aToMOB. dTa GYHKIHSA
Oy HMeeT ray6okuit MurumMyM Uy npu 3Ha-
Puc. 2.4. TloTeHIHanbHasl KpHUBas UEHHAX 7=T,; Ha PacCTOAHHAX 7 <7y
MeKaTOMHOro B3aHMOAeHCTBIS [IPOUCXONUT OTTAJKHBAHHE, HA PACCTOA-

HHUSIX r>>ry 8TOMBI IPUTSATHBAIOTCS; pac-
CTOSIHHE r=r, COOTBETCTBYET YCTOHYHBOMY DaBHOBECHIO B PaclojOxKe-
HHH aTOMOB B MoJieKyJe. 3HaueHHs r, uMeloT mopsgok 10-8 cm, Uy=
= (4+8) 3B.

Me:xxMoJiekysipHOe B3aHMOJEeHCTBHE (4aCTO Ha3LIBaeMoe @aH-0ep-
6aAAbCOBCKUM) MOXKHO B NIEPBOM NPHOIIKEHHH H306pa3HTh NMOTEHIHANb-
HBIMH KPHBBIMH, KOTOpDble aHAJOTMYHB KPHBBIM Me€XaTOMHOIO B3aHMO-
JeHCTBHSA; OAHAKO IJy6MHa NMOTEHUHAJIbHON SIMBI JVISi KPHBOH MexXMo.Je-
KyJASpHOro B3aUMOJEHCTBUS 3HAYHUTEJbHO MeHbLe U cocraBaser (0,1-+
<0,01) 9B.

KuHeTHYeckad TeopHsi MACAJbHBIX Ta3oB. B MoseKky/nsipHO-KMHETH-
9eCKO/ TEOpHH rasa MCNOJb3yeTcsi Mo0esb udearvroeo easa, KOTOpas
JIOI2KHA YIOBJETBOPSATH CJAEAYIOIUM YCJIOBHSIM: COGCTBEHHBIH 0GbeM
MOJIEKYJ MaJ IO CPpaBHEHHIO ¢ 06beMOM cOocyJa, B KOTOPOM HaXOAHTCH
ras; MexJIy MOJIEKYJaMH OTCYTCTBYIOT CHJIBI B3aUMOJeHCTBHSA; cOyZa-
PeHHsT MOJIEKYJ Mexnay co6oil M co cTeHKaMH cocyla abGCcoJIIoTHO ympy-
rHe; MOJIEKYJBI JBHXKYTCS XaOTHYECKH C PAa3JHYHBIMH CKOPOCTSIMH.

B paBHbIX 06beMax HAeaNbLHBIX I'a30B NPU OJHHAKOBHIX JaBJEHHHU Il
TeMIepaType COJEpIKUTCS OAHHAKOBOE KOJNHUYECTBO MOJEKYJI (3ax9u
Agoeadpo). Cpemnmit nyTb, NPOXOAMMBI MOJEKYJaMH MeXAy IBYMs
GauxafuMuE COyJapeHHsIMH, HasdbiBaeTcst cpedwet Oauroil ce0600H020
npobeza. Cpelusin AauHa cBoGopHOro npo6era B HIEaJbHOM rase:

1=kT/(V 2 n0?p), (2.22)
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ri¢ k — noctosnnas BoabuMana, 0 — auamerp Moxexkyn, T — Tem-
neparypa, p — JaBJieHue.

3aKoH pacnpejiesieHHsI MONEKYJT IO CKOPOCTSIM Ha3bIEAeTCS ynryuei
pacnpedesenus. DYHKUHA PacHpefeSeHHs MOJIEKYJd IO CKOPOCTAM
HJIeaNILHOTrO rasa (pacnpedeaenue Maxceeara) mpeicrasaena Ha puc, 2.5;

u\o T T T T T
< I
N
é .e'r‘T\,ﬂdc
;;5 4 A
1] 12
LS
/N

N TN e

% T T
8 T \
3
X03 H——Aerd 00 e
) 7 y. [TER'N
S 117 A A
S EEA T
RS TN ¢
N 7 T 7T\
Q I A\ N
N i 7 \ NN
N 117 1\ ! N
Yy | RVAWI LWAY AN
G < ALY N
S 4 A AN o
N/ VA N N
N4 T~
S 1 1 > 1 T~ T
NS 7 23 4 & 6 7 8w

CKOpoCmt MOZEKY M, MG
Puc. 2.5. PacnipeniencHue MoJIeKyJ1 BOXOPOAA 110 CKOPOCTSAM A5 PasIMYHLIX TeMnepaTyp

Ha OCH OPAMHAT YKa3aHO OTHOCHTENbHOE KOJNHMYECTBO MOJeKya (An/n),
KOTOpEIe MMEIT CKOPOCTH B Npefenax oT v Ao v+ Av; ma gpyroii ocu
OTJIOXKEHB SHAYEHHUA CKOPOCTei. }
CKopOCTb, COOTBETCTBYIOWAs MaKCHMYMY Ha pHc. 2.5, HasmBaercs
rauboree 6epoAMHOL CKOPOCMOLIO Ug.
Cpennsis CKOPOCTb MOJEKYJ

vep = Nl v; |/, (2.23)
i

rAe |v;| — MOAYNH CKOPOCTEH MONeEKYJ, n — KOMHUECTBO MOJEKYJI.
Cpennsas KBajpaTHYHast CKOPOCTb

= sz vi/n.
12
U3 pacnpenenenua MakcBeasna noayuaorcs CJeNyol e BbIPaXKeHHs
Ada pacuyetra cxopoc*rei&:
vep=V 8kT/(m) =V 8RT/ (np),
vg=V 3kT/m=V 3RT/p, (2.29)
ve=V 2%kTm=V 2RT/p,
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The M — Macca MOJIEKyJsl, U — MoAspHas Macca. M3 (2.24) caenyer,
UTO Uy >Uep>Ug.

Habnenne raza o6ycyOBIEHO yIapaMH OTAEJbHEX MOJIEKYJ O CTEH-
KH COCyHa; OHO pacCuHThiBaeTcs mo (opmyJie

p_—_-—;- nm vy ?= nkT, (2.25)

rlie n — KOHUEHTPalusA MOJeKya (KOJHYeCTBO MOJNEKYJN B ORHOM Ky-
OHYeCKOM MeTpe).

OcrosHoe YypasHenue MOAEKYAAPHO-KUHEMUUECKOd meopwit udeanrs-
HbIX  2a308:

SE=5 Md, (2.26)

rie B — cymMMapHas KHHETHYeCKas SHEePrus MOCTYNaTeNbHOrO JBH-
XEeHHS Bcex Mosiekysa B ofbeme V, M — macca rasa. -

Cpenussi KHHeTHYECKasi SHEPTHUS MOCTYNAaTeJbHOTO ABHIKEHHS OX-
HOH MONEKYJAH HAeaJbHOTO Ia3a 3aBHCHT TOJNLKO OT TEMMepaTyphl:

e.,—_—% ET. @.27)
Kune‘mqecxaﬁ SHEPrus MOJIEKYJ OAHOro MOJIA HIACANBHOrO rasa
3
E,=%4 RT. (2.28)

Monekynst, KoTophie 061aKalOT CKOPOCTAMHA, GONBLIIMMH CKOPOCTH
ocBoGoXKAeHHsT (CM. ra. I, m. 1), MOryT NOKHHYTb BEpXHHE CJIOH aTMOC-
¢epbl U YHTH B MHPOBOe NPOCTPAHCTBO.

BapomeTpuueckan ¢opmyna. Armochepa npeacranisger coGoft cMech
rasoB, HaXOJfIIHXCH B MOJE TATOTEHHs IIaHETH, KOTOPYIO OHA OKpY-
xaet. JlaBnenne aTMocepHl MajaeT C yBENHUEHHEM PacCTOAHHA h OT
MOBEPXHOCTH IJaHeTH. Ec/lH NpHHATH, YTO TeMnepaTtypa arMocdepH He
33BHCHT OT BBICOTH, TO

p=poe~HEHRD) (2.29)

rie | — CpelHsAs MOJSpDHas Macca CMeCH ra3oB, COCTaBJSIOU(HX aT-
Mocepy, g — yCKopeHue CBOGOAHOrO MajeHHs BOJIM3H MNOBEPXHOCTH
naaneTsl, R — MoasfpHasd rasoBas nocrosHHas, T — Temmeparypa,
py — MAaBjeHHe aTMochepH Yy MOBEPXHOCTH IJIaHEThl, € — OCHOBaHHUE
HaTypaJbHBIX Jorapudmon (e=~2,72). CooTtnowenue (2.29) nHasbiBaercs
6apomempuueckotl dopmyaoil.

Ias armocdepst 3emnn Gapomerpuueckas (opMysna MOXKET GHITh
npeAcTaBJeHa B CjaeAyioieM BHIE: *

h = 18400 T 1g (po/p)/ T,
rne h — BbicoTa (B Mmerpax), T,=273,15 K.
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TenaONpOBOAHOCTb, BRA3KOCTh, Ko9phuuHEHT AHPDY3HH HReans-
HOTo rasa, ST BeqnuuuH (M, 1, D) BHUHCAsIOTCS N0 GopMynam:

A=pogy ley/3, M=poplf3, D=ucy 13, (2.30)

Tlie p — MJIOTHOCTh Ta3a, Ucp— CPEIHSAS CKOPOCTb TEMJOBOIO IBHIXKE-
HHS MOJEKYJl rasa, Cy — YAeNbHas TelJO0eMKOCTb NPH NOCTOSHHOM 06Db-
eMe, ! — cpeinfia AaMHa CBOGORHOrO npoGera MOJEKYyJ.

Baxyym. Bcau pauna cBoGofHOro mpo6era MOJIEKYHA CTaHOBHTCH
Goablue pasMepoB cocyla, B KOTOPOM HAaXOAHUTCA ras, TO TaKoe COCTOs-
HH@ T43a HAa3LIBAETCH 6AKYYMOM.

B BakyyMe npH ABM)KeHHH JBYX IJIaCTHH NapajJeJbHO APYT APYry
€ OTHOCHTeNBbHOA CKOPOCTbIO AU BOSHHKAeT cuaa TpeHus Fy} Takxe
OCyIIecTBJsIETCH NepeHoc Tensa (menaonepedada) Qp MexAy IOBepX-
HOCTSMH, KOTODHI@ HMeIOT PasHocTH Temnepatyp AT

p="TaS Av, Qp=AgSATY, (2.31)
TAS . Mp=pPUcp/6, Ay=pUcpCy/6, S — mIomanbL NAACTHHHE HIH TO-
BEPXHOCTH, {-— BpeMs, P — INIOTHOCTb, Cy — YJeJbHAaAg TeMJI0EMKOCTb,
Ucp — CPElHAST CKOPOCTD.

Mouaexyasproe ABHXKEHHE B MHAKOCTHX. MOJEKYJH B XHAKOCTSX
BRaAH OT KPHTHUYECKOH TeMIepaTypH COBepLIAlOT KojJeGaHHS OKOJO
BPeMEeHHHIX TOJOXEHHA PaBHOBECHS CO CPEAHHM NEPHOXOM KoJseGaHuil
To; NMOJIOXKEHHS PaBHOBECHN COOTBETCTBYIOT NMPHOJH3HTENLHO paccros-
HHSIM 7y NMOTEHIHAJbHOR KpuBOH (cM. puc. 2.4).

B cpexHeM sa BpeMsa «OCENIOH XH3HH» T>T, LEHTP KojaeGanuit
CMeIlaeTCsi Ha MEeMXaTOMHOe pacCTOfHHe.

Ha MonexyaiH, HaXOAsAu(Hecs Ha MOBEPXHOCTH XHAKOCTH, CO CTOPO-
HH OCTAJbHHEIX MOJEKYJ JAeHCTBYIOT CHJILI, HanpaBJeHlibie BHYTPb XHA-
KOCTH.

[ToBepXHOCTHHIY CJIOA MOJNEKYJ HaXOLHTCS B COCTOSHHH, HamoMH-
HAIOMmEM PaCTAHYTYIO MJIEHKY, CTPeMSIYIOCH COKPATHTh CBOI NOBEpX-
Hocth. Ha n10608% y4acTOK CBOGOZHOM TOBEPXHOCTH NpHJEralouiHe
YYacTKH MOBEPXHOCTH AGHMCTBYIOT C CHJIOM, CTpeMsAmeca yAepxKaTb 3TCT
y4aCTOK B pPACTSAHYTOM COCTOSSHHH. ITH CHJblI HanpaBJeHH BJLOJb
NOBEPXHOCTHOTO CAOSi M Ha3LIBAIOTCH CUAGMU NOGEPXHOCMHO20 HaAmMA-
HeHUSA.

Cunra nosepxHOCMHO20 HAMANCEHUN

F = (Zl, (232)

rie | — nauHa KOHTypa cBOGOAHOI MOBEPXHOCTH JXHAKOCTH, O — no-
8EPXHOCMHOE HOMANCEHUE — TOBEPXHOCTHAST CHJA, NPHJIOXKEHHAs K
YYacTKy KOHTypa ANHHOH | M ¥ JelicTBylomasi HOPMaJAbHO X KOHTYPY
no KacaTeAbHOt X CBOGOAHOM NOBEPXHOCTH.

IMoBepXHOCTHOE HATsMEHHE YMEHLIIAETCS C YBEJHUEHHEM TeMIe-
pPaTypH M o6pamaerca B HYJb NIPH KPHTHYECKOH Temmeparype.
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Kpucrananueckas crpykrypa (kpucramnm). Tepime Tema pasfie-
JAIOTCS Ha JBa BHAAa — aMopdHble M KPHCTaJJTHYECKHE.

Amoproe Tes1a cOXpaHAIOT CBOIO GOpMy (HanpuMep, CTEKJO, CMO-
JIBl, MJIACTMACCH]), HO IO APYTHM CBOIHCTBAM OHH NMOXOGHBI XHUAKOCTAM C

oueHb OGOJbIIOH BA3KOCTHIO, KOTOPAS YMEHb-
Z‘ ¢ maercss C yBEJHYCHHEM TeMIEpaTyphl; T™O-
3TOMY NpPH YBeJHYEHHH TeMIepaTypnl amopd-
Hble TeJla IOCTENEeHHO pPa3MATvYalTCAd H CTa-
5 HOBAITCS OObIYHBIMH IKHUJAKOCTAMH. Y KpH-
CTa/VIMYECKHX TeJl Mepexoj B XuAKoe cbcTos-
ﬁ{ﬁ“ : HHe TNPOHCXOAUT CKAYKOM INPH OMNpejeseHHOMH
7 Y  rtemmeparype nJaBieHHs.
J— Kpucmaaar — onHopogHOe aHH30TPOMHOE
Iy TeJIO, B KOTOPOM YacTHIBI (HOHBI, aTOMBI, MO-
Puc..é.s. Mapamerps: sne-  J1€KYJIb) DaClONOXEHE! B IPOCTPAHCTBE Mpa-
MEHTapHOH sueHKH BHJIbHO MOCTPOCHHBIMH LENOYKaMH, IJIOCKH-
MH CETKaMH M TPEXMEPHLIMH pelIeTKaMH; 3TH
4aCTHIIbI COBEPINAIOT KOJeGaHHA OTHOCHTENIBHO IOJIOXKEHHST PaBHOBECHS.

Kpucmaaauueckyro pewemsy KPHCTaJIa MOXKHO NOJYYHTH NEPEHO-
cOM 3JeMeHTapHOH syellKH B Tpex HampaBJeHusX. [eoMeTpHueckas
(opMa sjeMeHTapHOH sueliKH onpejensiercs Tpems pebpamu a, b, ¢
H TpeMsa yIJIaMH MexJay HuMH &, B, 9 (cM. puc. 2.6); umeercs 14 Tunos
TaKHX pewerok (puc. 2.7). )

Bemecrsa, coctosilne H3 MHOXeCTBa XaOTHYeCKH ODHEHTHPOBAH-
HBIX MaJBIX KPHCTAJJIOB, HAa3LIBAIOTCH HOAUKPUCMAAAUMECKUMU.

Hexortopble BemecTBa B OnNpejeJeHHOM HHTEepBaje TeMIepartyp
MOTYT HaXOAUTbCH B CBOEOGPA3HOM COCTOSSHHH, KOTOpOe Ha3BIBaercs
acudkokpucmarsudeckum. B 0GBIYHON KHAKOCTH PACHONIOKEHHE MONEKYJI
M UX B3aHMHAs ODHEHTAIlMs COBEPLIEHHO XaOTHYHMLI. B XXHAKOM KpHucTad-
Jie B OTAeJbHBIX 06JIaCTSX HJHM CJIOSX HMeeT MeCTO YIOpSAOYeHHOCTh
B ODUEHTALH¥ MOJIEKYJ. B OGBIYHBIX YCHOBHAX XKUAKHH KPHCTAJJI Npen-
cTaBJssieT coGOH KaK GBI MOJTMKPHCTAJLJ, COCTOSIME U3 XKHUAKHX KpHCTAI-
JIOB, ODHEHTHPOBAHHEIX XaOTHYeCKH. B MarHUTHBIX H SJIEKTPHYECKHX
NOJSIX MJH IOCPeACTBOM JAPYTMX BO3JAEHCTBHH MOXKHO NMOJYYHTb XKHAKHI
«MOHOKD HCTaJLJI.

BelecTBo, HMelouee XHAKOKPHCTaNJIHYECKYlOo (a3y, HMeeT Tak-
e M OGBIYHYIO XKUAKYI0 H30TPONMHYIO, & TaKXKe TBEPAOKPHCTaJJIHuec-
Kyio ¢as3mul,

Masma. I'a3, aTOMEH H MOJIEKYJIbl KOTODOTO B SHAUMTEJNbHOH Mcpe
nouusosanbl (cM. i, 111, m. 2), naseiBaercs naasmod. BemecTBo nmpu
Ttemneparypax. 102 K u Brime sBisierca naasmoit. OnHAaKo He BCSKHMIt
MOHHM30BaHHBIl ra3 sIBJfETCS NJIa3MOil; HOHM30BAHHBIA ra3 Ha3LIBAeTCs
nnasmoii, ecan Bennunna 6=4kT/ (47ne?) sHauuTEbHO MEHBILE Pa3MePOB
cocyfia, B KOTOPOM HaXOXUTCSl ra3 (n — KOHUEHTPalHs 3apsKeHHbIX
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Prc. 2.7. Tunw S/eMEHTapHHX KPHCTAJIHICCKHX PEIIETOK

4acTHIl B IJ1a3Me, ¢ — 3apaf oaHoro HMoHa, T — TeMmepatypa, k —
nocrosnHas BoabuMana). 3aBmcumocTs 8 OT TeMmeparypw mpeactas-
JleHa ‘Ha puc. 2.8. ‘

Kosppnruuent audpdysnn HoHOB B maasme OnpefenasieTcsi TAK e,
KaK H ANS HACANbHHX [a30B, T. €. gpo,
COOTHOILIEHHEM ~J

. 2077} .
D =uv;A/3, (2.33) \\ :

rie v; W A; — CpelHAA CKOPOCTb B zp~3
cpelHAA AJAHHA CcBOGOZHOro mpoGera

S
I/

HOHOB. -5
- I'masuylo poss B mepenoce TemnJo-

TH B MIa3Me HrPaioT SAEKTPOHH; Tem- ., 0% nom e

JIONPOBOAHOCTb MJIa3MBI ’ ’

Pre. 2.8. 3aBrCAMOCTD BesHYUHKE O
OT MJIOTHOCTH AJiSi PaS/IHYHBIX TeM«

Ap=1,24.10-11T%2Br/(m-K), (2.34) nepatyp
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Hanpumep, npu T=10° K TenaonpoBoaHOCTb BOXOPOAHOI NJIa3MLl
Goablie TEMJAOMPOBOAHOCTH cepeGpa NpPH KOMuatHOf - TeMmeparype.

Noaumepnl.: IToaumepamu Ha3HBAIOTCA BEIUIECTBA, MOJNEKYJH KOTO-
PHIX COCTOAT U3 60NbMOro yueaa aToMoB (HJAH 'PYyAN aTOMOB),-06pa3syio-
WHX ATHHEHE neny (noaumephse yenu). [onuMepHne Neny Ha3LIBAIOTCS
maxpomosexyramu. HcxolHoe BelecTBo, M3 ‘KOTOPOrG . 06pasylorcs
NoJMMepHbIE IENH, HaspiBaeTCs MOHMOMepom. Hanpumep, u3 Monomepa
sTuNeHa o6pa3yeTcss NOJHMepP — MOJHITHIEH. UHCJIO 3BeHbLEB B TO-
JUMEPHO! ULEeNH Ha3LBaeTCR cmenenslo norusepusayuu. CreneHs mo-
JHMEePH3aIHU MOMET H3MEHATHCS B NpelieJlax OT HECKOJBbKHX €IHHHIL
no 10 000 u Goabiue; OTHOCHTEJbHHE MOJEKYJsiPHHE MAacCH MOJH-
MepoB mMeloT 3Hauenus 104+ 10% (cm. m. 1 sToRt raaBm).

[ToanMepH COCTOAT M8 KPHCTANNHYECKHX H aMopdHbIX obaacTteir;
oTHOWeHHe o6beMa KPHCTaAJAHYeCKHX objactelt K o6neMy Bcero o6pas-
A Ha3bBaeTcs CmeneHvlo Kpucmaassuunocmy. CreneHb KPHCTaNMHU-
HOCTH 33aBHCHT OT cnoco6a nosyyesus noauMepa. Hanmpumep, B moamu-
sTHneHe BHCOKOA maotHocTH (p=0,919+0,973 r/cM%) crenens KpucTas-
JHYHOCTH H3MeHsieTca B npenenax 60--90 %, B noaustuicHe HHU3KOI
naotHoetH (p=0,913+0,934 r/cM®) B npemenax 40--60 %.

Y nonuMepoB HeT onpejeseHHON TemmepaTypH naaBjenus. Ha-
npuMep, HATYpPaJbHHA KaydyyK KPHCTANJH3YeTCs B TeMIEepaTypHOM
untepBajne or —25 no 45 °C. OxHaKo npu MelJeHHOA KPHUCTANIH3aUUU
(1 nNaBJEeHHU) MNOJHMEPOB C BHICOKOM CTENeHbIO KPHCTANNHIHOCTH
MOXHO NOJNYYHTh PaBHOBECHYIO TeMnepaTypy naasienns. Hampumep,
TeMnepaTypa TNJaBJeHHS Yy NOJHSTHJIeHAa HAXOLHTCA B HHTepBaje
temneparyp 102+ 137 °C, y nonunponuaena 160170 °C, y ¢roponaa-
cra — 4+327 °C.

AMopdHbIE MOJTUMEDPH C JHHEAHBIMH LENOUKaMH MOJIEKYJ MOTYyT
HaXOJMTbCA B TPEX COCTOSIHHAX: CTEKJI006PasSHOM, BLICOKOSJIACTHIECKOM
H BsSKoynpyroM. B cmexaoo6pasnom cocmossuu coBepmalorcs Koseba-
HHS 8TOMOB, OOPaSYIOIIHX NOJHMEPHYIO LeNb; B 6HCOKOIAQCMULECKOM
€OCMOAHUYL TPOHCXOJAT (HApALY C ROJeGAHUSAMH 8TOMOB) KPYTHJIbHHE
KoJNe6aHHA OTAGNbHHX SBeHbEB, BCJACJACTBHE Yero MNOJHMEpHas Lenb
Moxer u3rnéarbcs.

Baskoynpyzoe COCTOSIHHE XapaKTEPH3YeTCs NMOJABHKHOCTHIO MHKDPO-
MOJIEKYJIH (noJuMepHOfR ueny) B uesioM. [lepexox U3 OXHOrO COCTOSTHUS
B ApYroe NPOMCXOAHT B HEKOTODOM JuanasoHe Temnepatyp. Temnepa-
mypold cmexA06GHUR HA3HIBAETCA CPENHAA TeMnepaTypa Nepexoia H3
CTeK1006PasHOro B BLICOKO3/aCTHIECKOE COCTOSIHHE; CPERHSsl TeMnepa-
Typa nepexoja M3 BHICOKO3JACTHYECKOTO COCTOSIHHSL B BA3KOTEKyuee
HasbiBaercs memnepamypot mexysecmu. Otnowenue Tp,/T.=1,5 aan
HecuMMeTpuunbX uenedt; Tp,/Te=2 Ana cummerpuunnx uenefi (Tpy —
TemMnepatypa naaejeHus, T¢ — TeMmepaTypa CTeKJOBaHHS).



TABJHUHN H FPAPUKH

. TABJIML(BI ¥ TPAOMKH

Ta6nauuna 40. Mexaysapoanas NpPaKTHYecKas

wkana 1968 p. (MIITII-68)

Pasuonecke gsyx ¢as, rae 3To He OrOBOPSHO 0c060, npennonaraeTcst NPH HOPMastb-

HoM armocdepHom paBsieHuH (1 atm=101 325 Tla).

vemmepaTypHas

BHAYEGHHSA

MpucBoeHH O
TeMneparyps
CocTosiHue paBHOBECHSA -
K t, °C
Tpo#ran To4Ka PaBHOBECHOTO BOJOPOAA 13,81 —239,34
PasuopecHe Mexay uaxkoRt u rasooGpasuoft da- 17,042 -—266,108
8aMH BOAOPOAa Npu paByieHHH 3333,05 [la
PaBuoBecRe MexAay 'uaxko#t @ rasoo6passoft da- 20,28 -252,87
saMm BOAOPOAA
PasHoBecre Mexay XKuako# u rasoobpasHoft ¢a- 27,102 —246,048
8aMH HeoHa
Tpofinas royka KHcCJIOpOAa 54,361 -218,789
PasuoBecne Mexay Kuakof u rasoo6pasmoft da« 90,188 —182,962
8aM# KHCJ0pPOAA
TpoftHasi Touka BOAB 273,16 0,01
PaBHoBecHe Mexay XHAKOA B mapoo6pasHoft ¢a- 373,13 100
saMM BOAM
PaBnoBecne Mexpy vBepaoRl B muaxkoft dasamu 692,73 419,38
uAAKA :
PasHobecue Mexay TBepaoR B uaxoft dasamu 1235,08 961,93
cepebpa
Pasuopecne Mexay Tseplofl B KaAAkoR (dasamu 1337,58 1064,43
soJsrora

Mpumenanue. IMonoxenne o MIITII-68 upauito MeXAyHapORHALIM KOMA-

TeToM Mep 4 Becos B 1968 r.

Ta6auma 41. Tennosolt Gasauc 3emuu

[MnorHoeTs  Tenuo

BOro MoToka,

KoMnoneHTn TeryioBoro Gasnanca MILc/(m2- o,
O6muA notox, norJaouaembift 3emsent 17034
B tom uncae: .
MOr/IoEeHHe NOBEPXHOCTHIO 3eMJIH 4689
norJsouteHse armocdepoft 2345
IToTepu MOBePXHOCTbIO 3emitu}
uepes AJMHHHOBOJIHOBOE HSJTYQeHH® 8783
Ha HCMapeHHe 470
nepeaava SHepraW B aTMocdepy
(Typ6yaentHan lren.uoornaqa) 544
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 Tabauna 4.

YielbHbe TenJjoeMKocTH Cpy TENVIOTH NAaBJIEHAS A,
TeNOTH NAapoo6pa3oBaHHs r, TEeMMEPaTypH
NAaBieHHs fn; H KHMeHHs $yy

cpy | A P . ,
G . f o Vs 2, oCt T
BeiijeeTso :ﬁ:xé(_gr;cl() na °C KILod/r ten °C o/
AMoMHHAR 0,88 658,3 322394 | 2300 9220
Aneron 2,18 -94,3 96 66,2 524
Benaoat 1,708 8,6 127 80,2 396
Buemyr 0,13 271 50 1560 888
Tepmanuft 0,31 988 478 2700
Trunepud 2,4 - 176 290 825
Hepeso:
Ay6 6-—8% smec. 2,4 — - - -
BIIAXKH,
cocHa 89% Bec. 1,7 -— - - -
BJIAXKH,
JKeneso 0.42 1630 293 3050 saog
3os0T0 0,1 1064,4 66,6 2800 167
Kaau# 0,763 64 60,8 760 2080
Jarynb 0,38 900 - - -
Jlen (Bona) 4,19 0 334 100 26
JInTRA 4,40 186 628 1317 20 500
Maruni 1,3 651 373 1103 54560
Menb 0,39 1083 214 2360 5410
Harpnaft 1,3 98 113 883 4220
Hadranna 1,3 80,3 151 218 316
Hukenb 0,46 1452 243—306 {30Q0 7210
Onoso 0,23 231,9 5 2270 3020
Pryth 0,138 —38,9 11,73 3566,7 2856
CeuHen 0,13 827,3 22,5 1750 880
Cepe6po 0,235 961,9 88 2184 2350
Cepoyraepon 1,006 -112 66,6 46,2 348
CnupT STHIAOBHR 2,43 -114 108 78,3 846
Cnnap Bypa 0,17 66,5 36 - -
Crann 0,46 1300—1400 205 - -
Toayon 1,73 ~95,1 72,1 110,7 365
droponiact-4 0,92~—1,08 - - - -
qyryn : 0,50 1100—-1200 96—~138 —_ -
3¥np STAJOBHI 2,35 -~116,3 113 34,6 351
Ta6auuna 43. OrHocuTenbHOe H3MeHeHHe of6beMa NMpPH NJABJEHHH
BemecTBo AV/V, % BemecTBo AV/V, %
AmeMuRER 6,6 QuoBo 2,6
Buemyr -3,32 PryTs 3,6
Tanni -3 Ceruen 3,6
3onoro 65,19 Cepe6po - 4,99
Humnit 2,6 CnaaBu  amoMAHAA (Cu,] 4,5-5,9
Kanmnft 4,74 » Mn)
Kanuft 2,41 Cranb yryepopucrasn 4,5—6,0
Jlen (Bona) -8,3 Cypbma -0,94
JluTRA 1,6 esafl 2,6
Marunf 4,2 HHK 6,9
Menp (6ponsa, narysn)| 8,0-4,8 Qyryn cepult 2,4-3,6
HaTrpait 2,56 L ]




TABJIHLIBI ¥ TPAGUKH

}

101

Ta6anna 44. Temmepatypa mJaBJeHHS 'r);ronnanux MaTepHasos

BemecTBo

fox °C

Kap6HAw TaHTada B UHPKOHHA
Boabbpam :

BoprAn UUPKOHHSA B radpHHA
Tanraa

HuoGuft

Llupxouuft

TaTan

3500—-3900
3416
3000—-3200
2950

TennoeMKocTh BOAH

424

/

G, K,d)f{\/é(f-ﬁ)
N
S

N

A
)

4

L

Pnc. 2.9. VaenbHasi TeNJ0OEMKOCTb BOAbI MPH PASJHYHBIK TeMmmepaTypax

V774

Ta6auma 45. YaeabHas TEMI0eMKOCTb NPH HU3KHX TEMREPATYPAX

(Ox/(xr-K))
Temneparypa, K
BemecTso 20 50 77 90 100 150 | 200 | 298
(knme- (kune- | (kumne-
Hue H,) Hue Ny) [Hue Og)
AMOMHHHRA 10,3 144 349 426 485 686 800 900
JKeneso | 4,6 4 147 189 221 332 393 447
Menn 7,9 8 202 237 260 331 366 396
Hukens 5,0 68,6 168 209 238 336 392 445
IMaasnennft 26,7 15 201 244 274 420 840 740
KBapy
C'l‘a.l!,lb (HepX.) 4,6 67 163 214 244 364 424 477
Odroponaacr-4 | 77,6 | 210 316 364 399 553 695 1 1120

NMprumevanne. B nureppase vemmepatyp ot 0 no 300 °C cpepusis Tenso~
emxocTb mefn pasBHa 410 Jk/(kr-K), nnasnenoro kBapua — 880 Jx/(kr-K).
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Ta6auna 46. TemnepaTypa ‘CTEKAOBAHHS, NJIOTHOCTD H CTENEHb
KPHCTAJLIHYHOCTH HOAHMEPOB

o TI0THOCTD
Temnepa- [ IOTHOCTD |y pyerannu-{ Crenenn
Typa aMopdHOH | “yeckoit KPHCT8JI-
Monnmep CTeKJIoBa- ashl dasm JIHYHOCTH,
HHA, K %
p, 103 kr/M8
Kayuyk Harypaabumnift 201 0,91 0,92 15
TIONMBHHHIOBLA CIHPT 354 1,26 1,35 30
Tonuak puAOHUTPHA 363 1,14 1,17 80
IToanMeTHIMeTaKpUiaT  (MJIEKCH- 378 1,17 1,23 10
raac) -
ToNuBHANIEHXNOPHA 254 1,66 1,95 25
TTONUBUHHAXNIOPHA 358 1,39 1,62 15
Ionunponuiex 253 0,85 0,95 55
IMoancTupoa 358 1,05 1,138
HNoauTeTpadTOp3THIAEH (dropo- 163 1,0 2,35 90
naact-4)
TMonusTuIeH 192 0,86 1,0 40—-90

MpuMmeuanunsn 1. CreneHb KPHCTaJUVIHYHOCTH ONpeAeNseTcs PasJHYHBIMH
MeTORaMH ¢ CoJbLIOA TNOrpelHOCTbIO; KPOMe TOro, OHa 3aBHCHT OT cnocofa moay-
yeuns o6pasua.

2. HauMmeHbIIas cTeneHb KPHCTAaJJIHYHOCTH Y TOJHITHJEHA OTHOCHTCH K NOJH-
STHJIEHY HH3KOro AaBJIeHHS, HaHOOMbWAS — K NOJIHITHJIEHY BBICOKOrO NaBJIEHHS.

Ta6anua 47. Yaeabnasa TenaoeMKOCTb ra3oB NPH HOPMaJbHOM
nasaeHun (cp, kIk/(kr-K))

© Yraekucanii Bopsuon Mapw sTHs0-
2»"_ Kucnopon Boanyx ras nap BOrO CNHpTa
o

20
: I cp b4 cp Y cp h4 Cp v ¢p v

0,91491,397}1,006)1,400]0,8148/ 1,301 - — 11,341]1,16
100 | 0,934 1,385{1,010(1,397|0,91364 1,260]1,103|1,28]1,689}1,12
200 | 0,964 1,37 1,027]1,390/0,9927{1,235|1,978{1,30|2,011]1,10
300 16,9948 1,363|1,048{1,378{1,057 |1,217}2,015|1,29/2,321{1,08
600 | 1,069 |1,321]1,115]|1,345}1,192 |1,188)2,208}1,26/3,168|1,06

Ta6anauua 48. Yaenbnas tenjora mapoo6pa3oBaHus

BemecTso t, °C r, kJx/Kkr

Bensnn 50—120 230—314
Bo3ayx (20% Os) 20 213
Tanuepun 100 828
Kepocuu 160—230 210—230
Kucsora asotna 20 482
KncaoTa cepHas 20 512
Hadranun 220 316
dpeon-11 (CFCly) 0 189
dpeon-12 (CF,Cl,) 0 155
Xanopodopm 61,2 247
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Temneparypa KHRNEAHSA BOXB
N
N 1
=%
S
Puc. 2.10. 3aBHCHMOCTb TeM- // ﬁk.m
nepatyps kunenns soasl (H,0) = S|
oT amoccbepnoro AaBJIEeHHA ¥ / &
947 969 043 7066
oxlla ’
Ta6aunua 49. Yaeapbsad Temiota napooGpa3oBanHs
NpH PasiHYHBIX Temniepatypax (r, kKIxk/kr)
CnupTsl
Atunosnf | YKcycHas
t, °C Bensoan
METHAOBBIA | 3THIOBMI | NMpoOnuJOBH# s¢up KHCJ0Ta
0 1220 927 - 388 — —
20 1190 925 — 367 352 -
40 1160 920 - 347 365 -
60 1130 894 — 329 376 —
80 1090 866 726 308 384 401
100 1030 827 688 287 387 383
120 974 773 642 261 396 363
140 906 717 598 234 385 347
160 831 658 641 193 376 331
180 743 584 488 134 368 313
200 688 487 429 - 358 288
220 472 370 358 - 344 261
240 — 169 266 - 328 227
260 - - 141 - 303 184
280 - - - - 266 115
Ta6auwa 50. YaenbHas Temjora napoo6pasoranus
YIJIEKHCJIOTH MPH Pa3iHyHLIX TEMIEPaTypax
t, °C r, kJUk/Kr ¢, °C r, & JK/Kr
—50 338 0 237
—40 320 20 155
—30 304 30 63
—10 262 31,1 0,0
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Ta6auuwa 51. Tepmuueckne cBOACTBA CXHHMXEHHHX ras3os

A, r,

CxumeHHE ras Top K Tx/Mons Tenp K Tk /Moab
Asor. 63,2 713 77,3 5530
Apron 83,8 1180 87,3 6610
Bonopoa 14,0 117 20,4 944
Bosnyx 60 - 81 6080
Tenuft - 14 4,2 93,8
Kucaopoa 54,4 445 90,2 6840
Heon 24,6 366 27,1 1770
Vraexucauft ras 216,4 7950 194,7 16500

(npu 0,505 MITa) (cyGanmanus)

®TOp 65,2 1620 85,2 6460

TIprMeuanne Moaspuas TenjoTa NJaBJeHRS A COOTBETCTBYET TeMImepa-
Type naaenenust T, B TPOHHOR TOuKe, TenJoTa Napoo6pa3OBaHus r — Temneparype

KHIIEHHSA Txn NPH HOPMAJbHOM JaBJIEHHH.

Ta6auna 52, MaorHocTs, Temnepatypa OTBepAEBaHHS
H TeMmmepaTypa KkIleHHSl BOZHOIO pacTsopa
NOBapeHHOH COJH NPH PasIMYHBIX KOHUEHTPAUHAX
H HOPMaJbHOM JABJEHHH

TlnoTHOCTB pacTBO- Konuestpauusa T

°C, aCl, 1 kr na emneparypa otsepnie- | Temnepatypa
palr(l)el-lx?/omc Nl[ﬁ) Kll‘ BOAH! Banus, °C Kunenus, °C

1,009 1,5 -0,9 100,2

1,02 3,0 -1,8 100,4

1,05 7,5 —4,4 101,2

1,10 16,7 -9,8 102,7

1,16 25,0 —16,0 104,9

1,17 30,1 —21,2 106.2

Ta6anuna 53. MakcumajbHble TeMIepaTypH KHMEHHS BOJHBIX
pacTBOpoB cojefl MPH HOPMaJbHOM JABJEHHM

Konueﬂ'rpau'x-m 1 Kr Ha
BemecTBo 100 Kr BOABLI NpPH TeMmrne- t, °C
paType KHNEeHHS

adNOn 308> 128"
cﬁlsd. 22,2 104,2
LiCl 151 168
NaCl 40,7 108,8
NaNO, 222 120

"TIprMeganne. JlaHH TakHe KOHUEHTPaUWH, NPH KOTOPHX TeMNepaTypw
KHAMEHHS PacTBOPOB SIBJISIOTC MaKCHMaJbHBIMH.
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Ta6anua 54, Cpolictea OOHIYHOK H TAKENOA BOXH
. : 4
& g 8
O T
3 2 3218
8 g X ]
] 8 ) 8
E ! 'A— Eﬂ
o o g ¢ | 85| &2
o
"l ¢ | .| Bs | Ee | BE | §F
- [ a8 = 5 @ o
,,.g B - S | x2 | 28 =2
Boja o6blyHast 0 3,98 | 100 374,15]22,11}0,315}1
Bofia Taxenan 3,82 | 11,23 [101,43]371 21,8 |0,338]1,106

NMpumeuanusn 1. IIpn temneparype {, NJOTHOCTb KMee? 'HanGojbluee sHa-

genne. 2. Tskenaa Boaa (D,0) — oKCHA AeHTepHA, KOTOPHIA ABJAETCH H3OTONMOM
BOAlopoAa (cM. Taba. 142).

Ta6nuna 55. KputnHueckne mapameTpu

BenecTso tx' °C Dy» MIla Pyr- 102 kr/m®

Asor —147,1 3,39 0,311
Auneron 235 4,76 0,268
Bensoa 288,6 4,83 0,304
Boaa 374,15 22,11 0,315
Boxopoa —239,9 1,3 0,031
Tennit —267,9 0,2 0,069
Kucnopon, —118,8 5,03 0,430
Kucaora ykcycHas 321,6 5,79 0,351
MeTtaH -82,5 4,64 0,162
Hadranvwn 468,2 3,97 -
CrupT MeTHJIOBHIA 240 7,97 0,272

» NponHuaoBHA 263,7 5,07 0,273

»  STHJOBBIA 243,1 6,38 0,276
Tonyon 320,6 4,21 0,292
YIJeKucI0Ta 31,1 7,39 0,460

Ta6auna 56. Temnepatypa u jnaBienHe TPOAHHIX ToueK

BewectBo T, K p, Klla Beluectso T, K p, Klla
Asotr 63,14 12,53 Bopa 273,16 0,61
Kucaopoa 54,361 0,15 AMMHaK 193,5 6,06
Heon 24,56 43,1 Yraekucnora 216, 56 518
Bogopoa 13,81 7,04 Bensofinan 395,51 -

KHCJIOTa
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Ta6anua 57. Temuneparypantii uosddrupesT 06beMA
KHAKocTel (Aas TemnepaTypsl okodso 18 °C)

BemecTno 10 -E'K— 1 Beuectso 10 —’}'K—:
Aunm 8,5 Hedts 9,2
Aueron 14,3 PTyTh 1,8
Benaon 10,6 Cepoyraepog 11,9
Boaa npe (5—10) °C 0,53 Ckunupap 9,4
» (10—20)°C 1,50 CnHpT MeTHNOBLIf 11,9
» (20—40)°C 3,02 »  MpONHAOBHA 9,8
» (40—60)°C 4,58 >  3THJIOBLA 11,0
» (60—80)°C 6,87 Tonyon 10,8
Taunepnn 5,0 Xnopodopm 12,8
Kepocuu 10,0 3dup STHAOBHIR 16,3
Kucsiora asoTHast 12,4
Ta6auuma 58, CpoiicTBa HaCHIEHHOr0 BOASIHOTO mapa
JlaBsieHne, Temncpatypa Ypenabunit o6beM, | YaeabHas Tenjora napo-
10% Na t, °C M3/Kr o6pasoBanus, KJAx/Kr
0,0059 0 207 2500
0,0196 17,2 63,3 2457
0,098 45,4 14,96 2388
0,196 59,7 7,8 2360
0,392 75,4 4,071 2322
0,588 85,45 2,785 2297
0,784 93,0 2,127 2278
0,88 96, 2 1,905 2269
0,98 99,1 1,726 2262
1,013 100 1,674 2260
1,209 105 1,42 2242
1,76 116,3 0,996 2215
1,96 119,6 0,902 2206
2,94 132,9 0,617 2168
3,92 142,9 0,4708 2137
4,90 151,1 0,3818 2111
5,88 158,1 0,3214 2088
6,86 164,2 0,2778 2067
7,84 169,6 0,2448 2048
8,82 174,5 0,2189 2031
9,8 179,0 0,1980 2014
11,8 187,1 0,1663 1984
13,7 194,1 0,1434 1956
15,7 200,4 0,1261 1930
17,6 206, 2 0,1125 1907
19,6 211,4 0,1015 1882
29,4 232,8 0,0679 1790
39,2 249,2 0,0506 1712
55,0 270 0,0356 1605
74,4 290 0,0255 1480
99 310 0,0183, 1320
128 330 0,0130 1140
166 350 0,00881 893
211 370 0,00493 440
220,6 374 0,00347 113
221,1 374,15 0,00317 0
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Ta6auna 59. TemnepaTypuuifi KoorbHUHEHT AMHM G TBEPAHX
B30TPONHKIX Tl
(mnst TemnepaTypst okoso 20 °C)

a, a,

Beuectso 10-¢ K—1 BemecTso 10-¢'K~1
AJsmnas 0,91 Maruauft 25,1
AnioMunnft 22,9 Menb 16,7
Bponsa 17,5 Henanastep 18,4
Bununaacr 70 Hukens 13,4
BucMyt 13,4 OsAoBo 21,4
Boangpam 4,3 Naartaxa 8,9
T'parnt 8,3 IaTHHO-HPHAHEBLI CNIVIaB 8,7
Hepeso (BAOAL BOAOKOH) 2—6 (10 % Ir)
JepeBo (nonepek BoJIOKOH) | 650—60 CeHHen 28,3
JIIOpaNiOMHHHIA 22,6 Cranb yriaepopucras 11,1—-12,6
Jeneso KoBaHOe 11,9 CraJsib HepxKaBpewllas 9,6—16,0

» AnTOR 10,2 CreKJsIo XHMHYeCKoe 9
3oa0T0 14,56 mocyAHoe (MNe 23)
Hupap (36,1 % HuKensn) 0,9 > nupexc 3,0
Hpuanit 6,5 » KBapneBoe 0,26
Kpapu (nnapjaeHbift) 0,5 ¥Yraepoa (rpaput) 7,9
KupnuyHas cTeHa ~5,5 dapdop 3,0
KoHcTaHTaH 17,0 LlemenT n 6eToH 12,0
Jlaty ub 18,9 Lnux 30,0
Jlep (ot —10° a0 0 °C) 60,7 YyryH 10—12
Stonur 70

Ta6auua 60. Temnepatypunit Kos$p HUHEHT NIHHBI

NpH pasiMYHBIX Temnepatypax (o, 10—8 K-7)

Temnepatypa, K

MarTepnan
0| 40 | 100 | 200 | 300
AnioMnBHA 0 1 11 19,5 23
Meap 0 1 9,6 | 15 17,5
CTtajlb Manoyriepoaucras 0 0,5 5 10 11,5
Cranb HepxKaBewouas 0|—0,2 8 13,5 16
Turan 0 0,5 4 7 8,5
dToponnacr-4 0 35 55 95 282
CTeKa0 (MHpeKc) 0|—-0,5 1,6 2,5 3,2

Ta6auuu 61. TNosepxnocTHOE HATAXKEHME BOABI M STHJIOBOro
CNUPTA NMpPH Pa3iHyYHBIX TemnepaTtypax (o, MH/m)

Temnepatrypa, °C
BewecTBo
0 30 | 60 90 | 120] 150 | 180 | 210 240 300]370
Bona 75,6|71, 18|66, 18|60, 75|54,9/48,63[42, 25/35,4|28,57[14,40{0,47
Cnnpr 24,4/21,9 [19,2 |16,4 [13,4{10,1 | 6,7 | 3,3] 0,1 —_ -
STHJIOBHI i s
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TaG6auna 62. NMosepxHocTHoe HaTsxeHHe xuaxocted (npu 20 °C)
BeuiecTBo o, MH/m Beuectso a, MH/M
ASOTHas KHC/IOTA 29.4 " Hedms 26
AHHUARKH 2,9 HutpoGenson 43,9
AueroH 23,7 CepHast KHCJIOTa 57,4
Benson 29,0 CNHPT MeTHJIOBLfA 22,6
Bopa 72,8 » NPONHAOBHA 23,8
Tanuepun 69,4 »  STHJOBHft 22,8
Kepocun 28,9 (0 °C) Tonyon 28,5
Macno kacroposoe 36,4 (18°C)" YKcycHast KHCJIOTa 27,8
»  OJIHBKOBOE 33,06 (18°C) Bdup sTHIOBHIA 16,9
Ta6anua 63. INoBepxHocTHOE HATAKEHHE METAJIOB
B XHAKOM COCTOSSHHH
o, o,
Meraaa t, °C mH/™M Merann t, °C mH/m
AnmoMuHuft 750 520 Pryts 20 4656
112 454
BucmyT 300 376 200 | 436
400 370 300 405
500 363 354 394
Kaan#t (8 atm. CO,) 64 410 CHuHen 350 442
450 438
Hatpu#t 100 206,4 500 431
250 199,5
QuoBo 300 526
400 618
600 610

Ta6auna 64. TennonpoBorHOCTh acbecTa H meHoGeTOHA
NpH pa3MyubX Temnepartypax, Bt/(m-K)

Temnepatypa, °C

Marepuan
-18 | 0 50 100 150
AcGecr -— 0,15 0,18 0,195 0,20
IenoGeron 0,1 0,11 0,11 0,13 0,17

NMpameganue IlnorHocts acGecra (676 kr/m3, fneHoGerona — 400 Kr/m?.
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Ta6auua 65. TennonpoBoAHOCT MaTepHaNOB
BelecTro Baaxnocts, % A, Bt/(M-K)
Memaaaso
ANOMHHHR - 209,3
JKeneao —_ 74,4
3oaoto —_ 312,8
JlaTyHn — 85,5
Mejb - 389,6
PryTs —_ 29,1
Cepe6po - 418,7
CraJb — 46,4
Yyrys - 62,8
Tepmousorsyuonnble mamepuanse
Ac6BecroBan 6ymara BoapyuwHo-cyxasn 0,177—0,134
AcGecToBHId KapTOH Boapyurno-cyxoft 0,157
BaTa CTEKJISIHHAA - 0,035—0,081
BofJiok acGecToBbift BosaymHo-cyxoft 0,052—0,093
»  WepcTAHOH > 0,047—-0,058
I'a30cTeKN0 (MeHOCTEKJIO) BospymHo-cyxoe 0,073—0,107
KaMbIlHT (MJHTH) BoaayuHo-cyxoit 0,105
Ileno6eTou BosaymHo-cyxoft 0,07—0,32
TMenonyacTu BosayuwHo-cyxue 0,043—0,058
TopbonauTu - 0,047—-0,07
Hlnak KoTeabHbIA BoanyuwHo-cyxoft 0,233—0,372
O pyeue mamepuavs

BeToH ¢ KaMeHHLIM we6HeM 8 1,28
Bymara Bosayuso-cyxas 0,14
Buuunmacy - 0,13
I'pasuit BoapyuwHo-cyxo#t 0,36
Cpannr - 3,14
Cnuna 15—-20 0,7—0,93
J1yS (BaOJIb BOJIOKOH) 6—8 0,35—0,43

» (nonepek BOJIOKOH) 6—8 0,2—0,21
JKenesoZeron 8 1,55
Kapron BoanyutHo-cyxo#t 0,14—0,35
Kupnuynaa xknagka Boaaywno-cyxas 0,67—0,87
Koxa > 0,14—-0,16
Jlen —_ 2,21
[Tpo5SKoBbIE MIHTHI 0 0,042—-0,054
Cuer cBeXeBbINaBIWH} —_ 0,105

» YNJOTHEHHbIA — 0,35

» npu 0°C — 0,64
CocHa (BAOJIb BOJIOKOH) 8 0,35—0,41

» (nomepek BOJIOKOH) 8 0,14-0,16
Creka0 (06HKHOBEHHOE) - 0,7-0,8
droponnacr-4 - 0,233
[leMeHTHO-NECYaHKWA pacTBOP - 1,1—-1,2
IllnakoGeToH 13 0,698
HiTykarypka (M8BeCTKOBaf) 6—38 0,8-0,9
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Ta6auua 66. TenJonpoBORHOCTD KHAKOCTEH MO KPHBOA HCNAPEHHS,

Bt/(m-K)
Temnepatypa, °C Temnepatypa, °C
B BemecTBO
eutecTeo 0 50 | 100 B 0 50 | 100
AHuIHH 0,19 |0,177]0,167 |Macsno Basennno- {0,126]0,122]0,119
AuetoH 0,17 |0,16 |0,15 fBoe

Beuson - 0,138]0,126 » Kacroposoe | 0,184 10,177]10,172

Bopaa 0,651|0,648] 0,683 (Cnupt M¢THsIOBMIE | 0,214 | 0,207 —_

rauuepun — 0,283]0,288 » STHJIOBBIA 0,188]0,177 -
Toayon 0,14210,129]0,119

Ta6auna 67. TenaonpoBOZHOCTL ra3oB MPH HOPMAJNbHOM JABJEHHH

BeutecTBo

Temnepatypa, °C

A, 10—¢ Bt/(M-K)

Asor

Aprox

Bopopon

Boanyx

Tennit

Kucaopon
Mertau
Yraekucanft ras

R RO BN b
ocCooWwWoOUmOn

Ta6aunna 68. TemnepaTypubiii KosphHUHEHT HaBJEHHS ra3oB

Fa3 Asor | AmmMuak | Bopopon | Bosayx| lenntt | Kucnopoa i’:&ell(_::.
« 10=2 K=t |3,674| 3,802 3,662 [3,674|3,660( 3,674 3,726

Ta6nanua 69. Koapdpuuuent nuddysun rasos u napos
B Bo3ayxe (npu 0°C M HOpPMaJbHOM JaBJICHUH)

4q75 ‘ I
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CHMOCTb Ko3(dnunenta

nubdy3HH rasoB B BO3AYXe OT TeMme-

patypn

a3

D,
10—4 Mm2/c

AMMHaK

Auernien

Ben3un aBHauuOHHBIN
Bopopon

Boasiuo# nap
Kucnopoa
Kucaora ykcycHas
MeTtau

Mertusiosniét cnupt
Cepoyraepoa
Yraekucasift ras
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OtuaoBoilft 3pup
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Ta6auua 70. Crasgaptnas aTMmocdepa

Brico-
mow | PIpo p/Po t,°C | Bucora, M| p/p, 0/Po t, °C
o 1 1 15 6000 | 0.465 | 0,538 | —24
1000 | 0,887 | 0,907 8,5 7000 | 0,405 | 0,481 | —30,5
2000 | 0.784 | 0,822 2 8000 | 09351 | 0.428 | —37
3000 | 0,692 | 0,742 .5 9000 | 07303 | 0381 | —43,5
4000 | 0.608 | 0,660 | —11 10000 | 0.261 | 0337 | —so0
5000 | 0,533 | 0,601 | —17,5 - it e —

IMTpumeuanHne 3HAUEHHA NaBJICHHS P H NJOTHOCTH P AaHbl B OTHOCHTEJbLHHX
eMHHUAX pP/Py, P/Po; Po U Po— AaBJICHHC U NJOTHOCTL Ha YPOBHE MOPs NPH TeMmmne-
patype 15 °C.

Ta6auna 71. Kospduuuent anddysnn BogHLX pacTBOpPOB

PacTtBopuMoOe Konuenrtpauus, -
BelECTBO t, °C MOJIB/I D, 10~=* m*/c
AMMHaK 12 1,0 1,64
4 3,55 1,23
Tauuepuu 10 0,125 0,63
0,875 0,40
1,75 0,35
Kannt xaopucrnit 25 0,02 1,95
18,5 1,0 1,61
2,0 1,73
Kanbuut XJOPHCTLIR 9 0,29 0,79
0,37 1,09
1,5 0,84
Kucsnora asotHas 19,5 0,10 2,4
0,90 2,62
3,90 2,85
Kncnora cepras 18 0,35 1,53
2,85 1,85
4,85 2,20
Kucaora consnas 19,2 0,10 2,56
0,90 3,04
3,20 4,5
Meaunt Kynopoo 17 0,10 0,45
0,50 0,34
0,95 0,27
Hatpuil xJopucThiit 15 0,02 1,09
0,1 1,09
0,9 1,12
3,9 1,18
Caxap TPOCTHHKOBHIl 18,5 0,30 0,36
0,97 0,28
1,97 0,50
CcpeGpo a30THOKHCJI0e 12 0,02 1,19
0,10 1,13
0,90 1,02
3,9 0,61
CnupTt STHAOBHIL 11 0,05 0,84
0,25 0,8
0,75 0,72
3,75 0,52
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Tab6auma 72. Mocrosunnie ana pacyera KoapduuneHron
audysnn H camopHddysHH B TBEPABIX TeEjNaX

Audbynaupyiouee Huddysnonnan W o,
BelleCTBO cpena Dy, w'/c kJLK/MOMB
Yraepog o-2Kene3n 2.10—¢ 84,2
» - ¥Y-XKeJne3o 1,9.10—¢ 118,6
Meapb JKesneso 3,0-10—¢ 255,6
» Huxean 1,01.10-7 148,7
» Cepe6po 5,9.10—° 103,9
» Menn 8,2-10—% 200
Bopopoa Hj o.-3Kene3o 2,2-10—7 12,2
Asor » 6,6-10—7 77.9
3oJi0TO 3onoro 9,1.10—¢ 174,7
Cepe6po Cepebpo 4,4-10—* 184,4
CaHHel Csuneén 1,4-10—¢ 109,0
o-Keseso - KeJeso 2,0.10—¢ 240,0
Kpemun#n Kpemunft 1,8-10—¢ 460,9

NMpumeuanne KosbdbHuneHTs pacCuHTHIBAOTCA MO SMNHPHUYECKOft dopmye

D=D°e'wo/(R T), rae R —MonnpHas rasoBas mocTosiHHas, T — TeMmepaTypa.

Ta6auna 73. lnamerp MosieKys rasos

las HOuaverp, HM las Iluamerp, um

Asot 0,37 Meran 0,444
Aprou 0,36 Heon 0,354
Bonopoa 0,27 OkHCcb yrJiepoaa 0,370
Tenuft 0,215 PryTh 0,30
Kucsnopoa 0,356 Yraekucanifi ras 0,454
Kpunron 0,314 Xuop 0,544
KceHOH 0,40

Ta6auna 74. YaenbHas Tenjora CropaHusi TOIVIMBA

TenJsioTa cropanusn, onpeaesnseMas C y4eTOM TeMJOThI, KOTOPas PAacXOAYeTcst Ha Hcna-
peHue BOAbI, COAepaluefics B TOMJIMBE, HA3LIBAGTCA BbiCUIed TemJoTOR WB, Ges

yueta— Hu3we Tenaotoh W" (Mx/Kr).

TonJsuBo Wn L™
Teepdoe

ARTpPanHT (Mapkn <As) 32-34 1927
Byphie yrau : 25,0—-29,0 10,0—-17,0
ToplogHe caaHub 27,0-33,0 6,3—8,4
JpeBecHuft yroan 3031 -
JpoBa 8,4-10,5 —_
KaMeHHBIe YIrVIH JIMHHONIaMEHHBI® 31,0-32,0 21,0—-24,0
Iopox —_ 3,0-3,1
Topd 22,0-25,0 8,4—11,0
SinepHOe TOMIHBO 7,4:107 -
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-Ta6auwa T4 (npodorscerue) -
Tonauneo L4 v,
MKudkoe (20°C, 101 325 ITa)
Bensun . — 44—47
JlnsenbHoe TOonNAHBO — 42—43
Kepocuu —_ 44—46
Maayr — 389,0—41,0
Tonauso LIS PEaKTHBHHX ABUraresell ca- 42,9 —_
mostero (T-1)
OTHAOBLIA CTHPT - 27,2
Iasoobpasnoe (0 °C, 1013 rlla)
AUueTHJIeH 50,0 (58,2) 48,2 (56,0)
Byran 49,6 (132,0) 46,1 (123,0)
Boaopon 142,0 (12,8) 120,0 (190,8)
KokcoBm#A ra3 (OYHUEHHKRA) —_ 34,8 (16,4)
Oxucp yraiepoaa ' 10,2 (12,7) —_
IIpApoAHbIfA ras -— 42,0—-47
(33—36)
Iponan 60,4 (101) 46,6 (94)

IIpumeyanne Ha npakTuke TensoTa cropaHus rasoo6pa3HOro TOMJIHBA pace
CUHTBIBACTCA Ha OAHH KYGHYeCKHA MeTp (NDH HOPMAaJILHOM JaBJEHHH M veMmIlepaType
0 °C); aHayeHHst B MJK/M? yKa3aH B CKOOKaX.

Ta6auna 75. Mocrosunsie B

an-nep-Baansca

Bemectso a, ik -M3/Monb by 10=9% u3/Monn
Asor 0,141 39,2
AMMHaK 0,422 37,2
Apron 0,136 32,3
Aueron 1,68 98,5
Benson 1,85 i15
Bona 0,555 30,5
Bogopon 0,0245 26,6
Tenuft 0,0035 23,8
Knacaopoa 0,138 81,8
Kpunron 0,234 89,9
Kcenon 0,415 61
Meraun 0,228 27,1
Heon 0,21 17,1
IMponan 0,92 84,5
PryTh 0,82 16,7
Cnuprt MeTHNOBHIfA 0,95 67

»  MponuJoBHit 1,6 101
»  STHJOBBLIK 1,22 84
Sdup stunobiit 1,78 134
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Ta6auua 76. NapaMeTpn aNeMEHTapHBLIX KyOHYECKHX peLIeToK

Tun Yucyo
Bemecrso peleTKH (M%;%P:(;l;) a, HM
Memanao
AmoMHHAR Iy 4 0,404
Bonbppam OLK 2 0,316
Keneso OLK 2 0,287
3onoto TuK 4 0,408
Meab rux 4 0,361
INaatuna TuK 4 0,392
Csnnern ruK 4 0,495
Cepe6po ruK 4 0,409
Ioaynposoonuxu
Aamas ruK 8 0,3566
ApPCeHMA rajnus rux 4 0,569
TepManni UK 8 0,5657
Kpemnnit raK 8 0,5431
Cepoe on0BO (0t) rukK 8 0,646
Dochua unpua TuK 4 0,586
Honnele xpucmanaot
Tanaut 'K 4 0,5638
CuibBHH ruK 4 0,629
XaopucTuft nesnit KyGHY. 1 0,411
Mousexyasproe xpucmanas

Apron 'K 4 0,543
Heon 19004 I 4 l 0,453

Mpumeuanne. TLUK—rpaieuesTpupoBannas Ky6uyeckas pemerka, OLUK —
06HheMHOLEHTPHPOBaHHAR KyOHYeCKan pelleTKa.

Ta6auuma 77. NcuxpomeTpryeckasi TaGJHIA OTHOCHTEJbHOI
BJIaXHOCTH BO3RyXa

<)
= ‘z:_ PAa3HOCTb NMOKa3aHHil CyXoro W BJIaXHOr0 TepMOMeTpoB, °C
: i.:o
894
4 'g% 0 1 2 3 4 5 6 7 3 9 | 10
O
ETz
0 100 81 63 45 28 11 — - - —_ —
2 100 84 68 51 35 20 — —_ — — —
4 100 86 70 56 42 28 14 — —_ — —
6 100 86 73 60 47 35 10 - — —
8 100 87 75 63 51 40 28 18 7 — —
10 100 88 76 65 54 44 34 24 14 4 —
12 100 89 78 68 57 48 38 29 20 11 —
14 100 90 79 70 60 51 42 33 25 17 9
16 100 90 81 7 62 54 45 37 30 22 15
18 100 91 82 73 64 56 48 41 34 26 20
20 100 91 83 74 66 59 51 44 37 30 24
22 100 92 83 76 68 61 54 47 40 34 28
24 100 92 84 77 69 62 56 49 43 37 31
26 100 92 85 78 71 64 58 50 45 40 34
28 100 93 85 78 72 65 59 53 48 42 37
30 100 93 86 79 73 67 61 55 50 44 39

TMIpuMeyaHnne CTHOCHTEJBHYIO BJAXKHOCTh ONPEACJSIOT C MOMOIIBIO NCUXPO-
Mempa, COCTOAINErO H3 ABYX TCPMOMETPOB— CYXOrO H C pe3epByapoM, MOKDbITHIM
BJaXXHOA Marepuefl. [lnsa onpeaenenus OTHOCHTENbHON BJAXKHOCTH MO TabJHLE HYXKHO
BSATH CTOJGEL, COOTBETCTBYIOUHIT PA3HOCTH MOKA3allMH CYXOro W BJIAXHOrO TePMO-
METPOB, H CTPOKY, COOTBETCTBYIOULYIO TIOKA33aHHIO CYXOr'O T€PMOMeTpa.




IF'aasa IIl. 3JIEKTPHYECTBO

OCHOBHBIE TIOHATHUA W 3AKOHDI
1. 3JIEKTPHUYECKOE MOJIE

AnekTpuueckne 3apanbl. HCTOUHHK 3JIeKT1pPOMAarHUTHOrO moas (cM.
n. 6 3Toil raaBbl), CBA3aHHBH C MaTepHAJbHBIMH HOCHTEAAMH 3TOrO
cBolicTBa (HampuMep, 3JeKTPOHAMH M INPOTOHAMH), HA3bIBAeTCHA I4eK-
mpuveckum 3apA0OM. DNEKTPHYECKHUH 3apsi]i He 3aBHCHT OT CHUCTEMH
oTcyera.

PasnuuaoT IBa BHIA 3aPANOB — NOAONCUMEAbHbIE U OMPUYAMENb-
Hble; OJHOHMEHHLIE 3apsiibl OTTAaJKHBAIOTCS, Pa3HOHMEHHblE — INpPHTH-
ruBaiotcsi. Hanpumep, 3apsipl, BO3HHKAW0IIHE Ha CTEKJe, NMOTEPTOM O
KOXY, CYHTAIOTCST NOAOICUMENbHbIMU; 33D b, BOSHUKAIOLIHE HA SIHTape,
HATEPTOM CYKHOM HJIH MeXOM, CUHTAIOTCA ompuyamenrvrboimu. Hocurens-
MU OTPHUATEJIbHBIX 3aPSJOB B aTOME SIBJISIOTCS 346KMPOHbLL, HOCHTENAMHU
NOJIOKHTENbHBIX 3apsAJ0B — NPOMOHbL, BXOASIHE B COCTaB SIEpP aro-
MoB. CyMMa IOJIOKHTEJNbHBIX H OTPHLATEJbHBIX 3apSJ0B B aTOMe PaBHa
HYJII0; 3apslbl pacnpelesasloTCs TaKUM 06pa3oM, YTO aTOM B LEJIOM fiB-
JifieTcsi HeHTPasbHBIM.

[Mpouecc srexmpusayuu 3akao4aeTcs B TOM, YTO OTPHULATE/IbHbIE
H TNOJOXHTEJIbHbIE 3apsalbl pacnpenesfatoTcd HePaBHOMEPHO MeXxnay
TesiaMH (HanpuMep, NPH 3JeKTPH3ALHH TPEHHEM HJIH B rajJbBaHH4YeCKOM
3JIeMEeHTe) WMJIH MeXJy OTHeJNIbHBIMH YacCTfIMH OJHOTO H TOTO Xe Teja
(HanpHMep, TNPU 3JEKTPOCTATHYECKONl HHAYKIHH).

Anre6panueckas cymMma 3apsiloB B H30JHPOBAHHON CHCTeMe COXpa-
HSIETCA MOCTOSIHHON (3aKOH COXpaHeHus SaexmpuuecKkux 8apados); 3a-
pAMBl MOTYT NepeMeuiaTbCsl OT OAHOTO TesMa K APYTOMY WM CMEI(aThCH
BHYTPH TeJa, B MOJeKyJe, aToMe; 3apsiil He 3aBHUCHT OT CHCTEMbl OT-
cyera.

HocHTensiMu 3apsl0B B Pa3JHYHBIX CPefaX MOT'YT ObiTh SAKMPOHbL
(nanpuMmep, B MeTaJJax), WOHbI — YACTHUBI MOJIEKYJA HJIH aTOMOB,
UMeloulHe TOJIOKHUTEJbHbIe H OTPHUATeJNbHLIE 3apsibl (Hanpumep, B
3JIEKTPOJNIHTAX H Fa3ax), H MOAUOH6, — KOJJIOHIHBIE YACTHMIBI B XKHAKO-
CTH, HMeIOUuiHe 3apsHl.

[To monymio aw060ft 3apAX KpaTeH 3apsiy 3JAeKTpona (WJIH mpo-
TOHa). 3apsij 3/MeKTPOHAa M MPOTOHA HA3BIBAETCS 9AEMENMAPHOIM 3P A-
Oox. 3apsj NPOTOHA PaBeH MO MOAYJIO 3apAAy 3JEKTPOHa,
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Baaumoneficeue sapsnoB. BaaumopelficTBHe TOYEUHHIX 3apsaoB
(3axon Kysona) B MHepUMaJbHOR CHCTeMe OTCYETa, OTHOCHTENbHO KO-
TOpPOA OHH HeNMOJBHXHbI, 3aNHCHIBaeTcs B cJaelylomeid dopme:

Q:Q, tis, Fm:'QlHQzl ,

Fio=
dneeyrs 4reegrl,

@.1)

rne Fyj, — cuna, nefictBylomasn Ha 3apan Q,, HaXOAAIHHCA B 3JeKTPH-
yeckoM mnoJie 3apsana Qy, rj, — pafnyCc-BeKTOp, NPOBENEHHEIA OT 3apaja
Q, x 3apany Q,, &y — 31eKmpuUeECKan NOCMOAHHAR, € — OMHOCUMEAbHAR
dJussexmpuyeckan npoHuyaemocms Cpelbl; & TNOKa3HBaeT, BO CKOJbKO
pa3 yMeHbILIaeTCs CHJa B3aUMOJEHCTBHS TOYEYHBIX 3apsloB B Gearpa-
HHYHON OXHOPOXHON XHAKOM HJH ra3oo6pasnoif cpefe Mo CPaBHEHHIO C
BakyymoM. Cuna Fyy, neiicTByomas Ha 3apsj Q;, KOTOPHIl HaXOXHTCH
B 9JIeKTPHYECKOM noJie 3apsna Q,, mo moayJo pasHa Fy,. HanpaBaenus
cun Fyr u Fj, NPOTHBOMOJOKHE; HX JIHHHS JAeHCTBHS NPOXOAHT yepe3
3apsipl.

B MexnyHaponHoii CHCTeMe eNUHHI[ SJEKTPUUecKas MOCTOsHHas

€9=1/(36t-10?) ¢apan Ha meTp=28,85.10~12 O/m.

B npocrpaHCcTBe BOKPYT 3JEKTPHYECKOro 3apsia o6pasyercs steK-
mpuyeckoe noae: 3TO NPOSIBASETCS B TOM, YTO HAa HENMOABMXKHBIA «npo6-
HHIi» 3apan neficTByeT cuJaa.

BsaumoaeiicTBHe MeXIy 3JEKTPHYECKHMH 3apflaMH OCYIULeCTBJS-
€TCA IOCPENCTBOM SJEKTPHYECKOro MoJs, KOTOpoe, KaK H ApYyrue BHIb
noselt, ABASIETCA OAHHUM HS BHJOB MaTepHH (Hapsily C BeLIECTBOM).
ITosle HeMOABMXKHBIX 3apSAN0OB HA3LIBAETCH S4eKMPOCMAMUYECKUM.

Hanpsxennoctp anextpnueckoro mnoas. Cuia, feficTBymowas Ha
€IHHHYHKA HENOABHXHBLIA NOJOXHTENbHBIA 3apsil, NOMEIlEeHHbA B
JaHHYI0O TOYKY TOJs, Ha3bIBAETCSl HANPANEHHOCMbIO 3NeKMPUHECKO20
noas

E=F/Q. 3.2

Hanpsxennocts — BeqHUHHA BeKTOpHas. HanpasJjienue BekTOpa
Hanp sXKEHHOCTH COBMNAjaeT C HaNpaBJIEeHHEM CHJIBI, AeficTBYIouleil Ha mo-
JIOKHUTEJNBbHBIA 3apsll B JaHHOR TOYKe moJA.

HanpsxeHHOCTh mNOJeHd HECKOJbKHX 3apsilOB paBHa BEKTOPHOM
CyMMe HanpsiKeHHOCTed mnoJeff, co3naBaeMHX KaXIhM 3apsioM B OT-
CyTCTBHE JIPYTHX SapsloB.

HanpaxeHnHOCTb SJEKTPHYECKOTO NMOJSA TOUEUHOro 3apsja:

E,=H£-’-)-r-3 rn 3.3)
rlie r — pajHyC-BeKTOp, NpPOBEIeHHHIA W3 TOUKH, TJe PachoJOKeR
sapsa Q, B TOYKy, B KOTOPOH onpejensieTcss HanpsiKeHHOCTh.

HanpsxeHHOCTb 3/IeKTPHYECKOTrO MNOJS PaBHOMEDHO 3apsXKEeHHOH

GeCKOHEYHOH IMJIOCKOCTH:
En=on/(2ee), (3.4)



1. SJIEKTPHYECKOE INONE 117

rAe O — noBEPXHOCMHKAA NAOMKOCMb 8apAda — sapsl, NPHXOAALUACH
Ha eIMHHYHYIO MIJIOIAaJAb NOBEPXHOCTH, M — EXHHHYHLI BEKTOp HOp-
MaJjH.

HanpsXeHHOCTb 3/JIEKTPHYECKOro MOJs PaBHOMEPHO 3apSIKEHHOW
chepu (wapa) (r=R):

E, = Qro/(4meeyr?), 3.5)
rie r — pPajHyC-BeKTOp, NpPOBENEHHEHIA H3 NEeHTPa cdepH B TOUKY,
B KOTOpOA oOMpejessieTcss HanpsiKEeHHOCTb, fp — EIHHHYHBIA BeKTOp
No HampaBjeHHi0o r, R — paxuyc cgepbl; BHYTPH Cdepbl HaNpsMKeH-
HOCTb PaBHA HYJIO.

HanpsaXeHHOCTb 3JeKTPHYECKOro NMOJAf AJIHHHOIO MHIHHApPA, 3aps-
JKEHHOTO PaBHOMEPHO MO TNOBEPXHOCTH,

E, =1ro/(2meeyr), (3.6)

rAe T — AuHelHas naomnocms 3apada — BeJHYHHA, PABHAS OTHOLICHHUIO
sapsifa Q X AIMHe UHJAHHAPA [, r — Daiuyc-BeKTOP, INPOBEACHHDI
nepneHAHKYJASPHO K OCH IHIHHAPA B TOUKY, B KOTOPOi Ompexeasercs
HaNpSAKEHHOCTb, Ty — eIHHHUHBIA BEeKTOp r, R — pajauyc UHAHHIpa;
BHYTPH IHJIHHAPAa HaNMpPAXEHHOCTb PaBHA HYJIIO.

Bektopnass Bennunna D=eeyE HaspiBaetcs ssexmpudeckum cme-
UujeHueM.

Junued nanpascenrocmu (MK cur080l Auruel) SN€KTP HUECKOTO Mo-
JIl Ha3biBaeTCA TaKas JHHHSA, KacaTeJbHas K KOTOPOH B KaxJIOH TOYKe
COBNajaeT C HanpasJieHHeM BekTopa HanpsxenHocTH E (puc. 3.1—3.3).

JueKTpHYecKHA Aunoab. JlBa pa3sHOMMEHHBIX TOYEUHBIX 3apsja,
PaBHEIX IO MOAYJIO, HA3BIBAIOTCH dAeKmpudecKum Ounosem (puc. 3.4).
Aarexmpuneckuii momenm Ounoss p;=Ql (I — BekTOp, NpOBeAECHHBIN
OT OTPHUATEJNbHOIO 3apsAa K NOJOXHTeJIbHOMY). Hamnpskennocts
9JIEKTPHUYECKOrD MoJIs XHIOJSA B KaKOA-uGO TOYKe onpeensieTcs Bek-
TOpHO# cymMMoit HanpsikenHoctelt moneit EL n E_ 3apsigos Q. u Q_,
o6pasyiouwux Aumnojas, T. e. E=E +E_.

B Touke, ynaneHHoit ot gunoas (r>[), MOAy/b BEKTOpPA HANp sxKeH-
HOCTH B BaKyyMme

4ne r3 VS cos20+1, 3.7

rie r — MOAYJAb pajuyca-BeKTOpa, NMPOBENEHHOTO OT LEHTPa AUNOJA B
TOYKY MOJIfi, B KOTOPOM PaCCUHMTHIBAETCH HANpAXKEHHOCTb, O — yroa
MEeXAY PafHyCOM-BEKTOPOM [ H OCbIO JHIOJS, NPOXOAfllefl yepes ero
3apanb, p; — MOAYJb 9JEeKTPHUECKOr0O MOMEHTa AHMOJSA.

JIMHUH HanpsiKEeHHOCTH 3JIEKTPHUYECKOro MOJA JAHMOJS NPeACTaB-
JIeHH Ha puc. 3.2, a.

‘PaGoTta m pa3sHocTb noTeHNHaJoB. IIpu nepemelneHHu 3apsajoOB CH-
JlaMH SJIEKTPHUYECKOro moJs cosepluaercs pa6ora. PaGora B saexTpo-
CTaTHYECKOM MOJe He 3aBHCUT OT GOPMbI TPAEKTOPHH, MO KOTOPOH nepe-
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Puc. 3.1. JINBUA HaNpPRKeHHOCTH SJEKTPHYCCKOro NOJS TOYEUYHOrO IOJIOMHTENLHOTO
Sapsifa; @ — HENOABHIXHOrO, 6 — JABMIKYLLErocs ¢ NOCTOSSHHOR cKopocThio (v/c=~0,8,
rAie ¢ — CKOpOCTb CBeTa)
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Puc. 3.2. JINHHA HaNPAXKEHHOCTH: @ — NOJAA ABYX PASHOMMEeHHBIX TOUYEHHHX SAPAKOB;
6 — noAs ABYX OAHOMMEHHBIX TOYEYHHLIX SapsAOB
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Puc. 3.3. DneKkTpHuecKoe TmoJie MJ0Cs PHuc. 3.4, dneKTpHUECKHA AUNOIb
KOro KonjieHcatopa
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meinaercs 3apsaf. flomenyuasom B JaHHOH TOUKe NOJiS HA3WBAETCR HO-
TeHIIHAJIbHAsl SHEePTHf MOJOXHTEJbHOrO EXHHHYHOIO 3apsja, mnoMe-
LLEHHOrO B 3TOf Touke. OGHYHO B (PH3HKE NP HHHMAIT, YTO B GECKOHEYHO
YRaleHHOH TOUYKe MOTEHIIHAJ PaBeH HYJRIO; HHOTAA CUMTAIOT, 4YTO 3eMas
uMeeT MOTEHUHaJ, PaBHHE HyMo. [loTeHHHaR 3JeKTPOCTATHYECKOFQ
noJisi paBeH paboTe CHJ STOrO NOJS NPH NepeMelleHHH NOJOKHATEAbHOFO
sapsia 1 KyJOH M3 JaHHOHl TOuKu B GecKOoHeuHocTb. [loTenumas, c
JApyroft CTOpOHHI, paBeH paboTe BHEIUHHX CHJ NPH NepeMelleHHH NOJo-
JKHTeJIBHOTO 3apsifia 1 KyJoH M3 GeCKOHEUHOCTH B JAHHYIO TOYKY MOJA.

Pasnocmoro nomenyuanros Mexay ABYMsI TOYKAMH SJIEKTPHYECKOro
noJisi HasbiBaeTcss paboTa CHJ 3JEKTPHUECKOrO MOJS MO NepeMelieHHio
MeXAY STHMH TOYKAMH NOJIOXHTEJNbHOro 3apsaja 1 KyJowu:

P1—2=A/Q. 3-8

IToBepxHOCTB, BCE TOUKH KOTQPOH MMEIOT ONXHHAKOBEIA MOTEHI(HAJ,
Ha3LIBAETCA SKBUNOMEHYUANbHOU nosepxnocmsto. Ha puc. 3.1—3.3
ceyeHHs SKBHIOTEHIHANbHLIX NMOBEPXHOCTEH H306PaXKeHDl WTPHXOBLIMH
JIHHUSAMU.

JIHuu HanpsiKEHHOCTH 3JEKTPOCTATHYECKOTO MOJS NepHeHAHKY-
JIApHBl SKBHNOTEHIHAAbHBIM MOBEPXHOCTSIM. Pa6oTa aJeKTpHuecKux
CHJ NPH NepeMelleHHH 3apsfa MO 3KBHMNOTEHUHAJbHON IOBEPXHOCTH
paBHa Hymwo. Ecain A u B — 1Be TOYKH, PaCNOJIOXKEHHLIE Ha OXHOM
H TOMH XXe JINHMH HaNPsKEHHOCTH 3JIEKTPHUYECKOFO NOJAS HAa MajaoM pac-
CTOSIHHH JAPYr OT ApPYyra, To B ToYke A HaNpfXEHHOCTb STOr® WOXM

EA = —A(P/Alr (3.9)

rge AQ — pa3HOCTb NOTEHUHANOB Mexay Toukamu A H B, Al —
paccTosiHHEe MeXNYy HHMMH IO JIMHHH HanpsKeHHOCTH SJIEKTPHYECKOro
noJis.
Benuuuna
i Ap do
im —=—
Al->0 AL dl
ABJIIETCS MOJYJIeM BEKTOPa, KOTOPLIii Ha3biBAaeTCs 2paduenmom nomes-
yuasa.
B 00HOpodHOM asaeKmpuuecKOmM noAe BEKTOPHl HAMNPSKEHHOCTH BO
BCeX TOYKAX MMEIOT OJIHHAKOBLIE MOAYJH H OXHHAKOBbie HANpaBJeHHs
(nanpuMep, mnoJie B TJIOCKOM KOHJEHCaTope); B TAaKOM IMoJe

E=|ps—eq:|/l,

rae |¢;—@,| — Moy b Pa3HOCTH MOTEHI(HANOB MEXAY ABYMS TOYKaMH,
KOTOpHE pacrnoJioxeHbl Ha OfHOH H TOH Ke JUHHH HanpsKeHHOCTH
9JIEKTPUYECKOro mojsi, | — PaccTosHHe MeXAYy HHMH.
JnekTpoemkocTh. JIBa (HaH GoJsiee) NPOBOXHHKA, MeXAY KOTOPH-
MH HMeeTcsi 3JeKTPHUecKoe MoJe, BCe CHJIOBbIE JIHHHH KOTOPOrO Hauu-
HAIOTCA Ha OJAHOM NPOBOJAHHKE H SaKAaHUMBAIOTCA Ha JAPYroM, Hasbl-
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BAKOTCH KOHOeHCamopom, a CaMH NPOBOXHHKH — o6Kkaadkamu Kowden-
camopa.
3apnaj, KOTOPHH Heo6XOAMMO COOOLIHTH ONHOM H3 OGKJANOK KOH-
JAeHcatopa, 4TOGH Pa3HOCTb NOTEHIIHAJOB MeXIy OGKJIajKaMH H3Mme-
HHJach Ha 1 BOJbLT, HA3BIBAeTCS 3aexmpoemKocmero (eMKOCMbI0) KOH-
dencamopa
C=Q/(pi—92). 3.10)

ITo ¢opMe npoBOASAUINX NMOBEPXHOCTEN Pa3HyalOT NJIOCKHe, WHJIHHADPH-
yecKHe M C¢epHYeCKHe KOHAEHCATOPHI.
EMKOCTB mIOCKOro KOHZEHCaTopa:

Cn= ee,S/d, 3.11)
rge S — nomanbs NOBEPXHOCTH OJAHOR MNJMaCTHHH (MEHbLUeH, ecau
OHH He paBHH), d — pacCTOSTHHE MeXYy NJIacCTHHAMH, 8 — OTHOCHTEJb-
Has SJIeKTpHYeCKass MPOHHLAeMOCTb MaTepHaJa, HaXORSIErocss MeXay
o6KNagKaMH.

EMKOCTh HHJIHHAPHYECKOTO KOHAEHCATOPA M KOAKCHAJBLHOTO Ka-
Gens:

C, = 2mneeyl/(In (b/a)), (3.12)
rie b — paguyc BHEIUHEro WLUJIHHApPA, @ — PAAHYC BHYTPEHHEro UH-
nuuipa, ! — piuHa.

EMKOCTb cdepHYECKOro KOHeHcaTopat
C.p =4neey/(1/a—1/b), 3.13)
rie @ 1 b — panuycel BHYTpPeHHeit H BHewHeR cdep,
EMKOCTb JABYXNPOBOJHOH JIHHHH:

C,=neeyl/(In (d/a)), 3.14)
rie d — pPaccTOSHHe MeXAY OCSMH NapajesbHHX NPOBOAOB, @ — HX
paauyc, ! — nnuHa.

Ilpx mnapajsieJbHOM COEIMHEHHH KOHJEHCAaTOPOB C €MKOCTAMH
Cy, Cy, €s,. .., C, O6mas eMKOCTb
Chap=Ci+Co+:i.+Cy; (3.15)

NPH TNOCJAENOBAaTeIbLHOM COeJHHEHHH TeX Ke CaMHX KOHAEHCATOpPOB
ofumas eMKocTb Cpoc ONpefessieTcsi M3 COOTHOLIEHHS

1/Croc=1/Ci+1/Ca+..i 4 1/Cp. 3.16)
Sﬂeprnﬁ 3apAXEHHOro KOHJeHcaTopa:
W =CU?/2. 3.17)

B NMPOCTPAHCTBE, I'IC HMEETCA SJIEKTPHUYECKOE MoJe, cocpeJoToueHa
SHeprud. O6vemnoidl naomuocmo:o dHepeuu SreKmpu4ecKkozo noas Ha-
3HIBAeTCA BEJIHYHHA, paBHad

lim (AW/AV)=dW/dt= .
Avlr_r:o( AV)=dW/dt=w, @3.19
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rie AW — sHeprus noxs, 3aKJiOYeHHas B 3JeMEHTapHOM ofmbe-
me AV.

B anekTpHyeckoM noJje HanpsixeHHOCTblo E oGbeMHast mIOTHOCTB
SHepTHH

w=eg,F?/2, (3.19)

TpoBonHHKH B 8JIEKTPOCTATHYECKOM NoJje, Bo BHellHeM 3JeKTpHue-
CKOM 110J1€ TIPOHCXOJHT CMeIleHHe OTPHIATEIbHEIX 3aP ANOB (3]€KTPOHOB)
B HanpaBJeHHH, NPOTHBONOJOXKHOM HANPaBJEHHIO BEKTOPA HaNpsKeH-
HOCTH, & TOJIOXKHTeJNbHBIE 3apsiibl (SApPa aTOMOB) CMeELIAOTCH IO Ha-
npasjeHHI0 BEKTOPa HaMNpPSKEHHOCTH; TaKoe NepeMelleHHe NPOHCXOAUT
B TeUeHHe OYEeHb MAJBIX NMPOMEXKYTKOB BPeMEHH M NMPHBOAHUT K YacTHY-
HOMY pasjieJIeHHIO 3aPSJoB, B Pe3yJbTaTe Yero Ha NMOBEPXHOCTH MPOBOJ-
HHKa TOABJSIOTCA HECKOMNEHCHPOBAHHHE 3apsifibl, Ppa3jJHYHHE o
3HaKy. DTO siBJeHHE Ha3biBaeTCH SAeKmpocmamuueckoli undyxyued, a
NOSBUBIIHECS HECKOMNIEHCHPOBaHHbe 3apsibl Ha3HBATCA UHOYYU-
posannbimu. ToJmMHA NOBEPXHOCTHOrO 3aPsIKEHHOrO CJOS HMEeT Io-
psanok 10-8 cM. MuayunpoBanHble 3apsibl CO3AAIOT JAONMOJHHTENbHOE
9JMIeKTPHYECKOe II0J1e, KOTOpOe BMeCTe C BHEIIHHM nojaeM ofpasyer
pesyavmupytoujee nose.

HanpsixkeHHOCTb Pe3yJNbTHPYIOIIEro NOJst BHYTPH NMPOBOAHUKA PaB-
Ha HYJI0, IOBEPXHOCTb NPOBOJHHKA SIBJISETCS S3KBHNOTEHLHANBHON NoO-
BEPXHOCTbIO; BEKTOP HAaNpPSXEHHOCTH 3JEKTPHYECKOTO MNOJsi BHe Npo-
BOJHMKA HANpaBJeH MO HOPMAa/lH B KaXXJOH TOYKe ero MOBePXHOCTH; OH
onpezensercss no gopmyae

E=no/e, (3.20)
rje ¢ — MOBePXHOCTHAsA MJIOTHOCTb 3apafa (cM. (3.4)), n — exHHHYHEI
BekTOp BHewHell Hopmanan. Ecan >0, 1o Bekrop E Hanpasasen ot mno-
BEPXHOCTH NPOBOAHHKA; ecan <0, To BeKTop E HampasjeH K ero mo-
BEpXHOCTH.

JIM3NeKTPHKH B 9JeKTPOCTaTHYeCKOM moje. Juasexmpuxamu Ha-
3bLIBAlOTCS BEllECTBA, He NPOBOAALLIHE SJEKTPHYeCKOro Toka. Bo Bmem-
HeM 3JEKTPHUECKOM moJjie AHIJIEeKTPHK MNOJASpH3yeTcs, T. €. NpHOGpe-
TaeT 3JEKTPHUECKHl MOMeNT, PaBHLI BEKTOPHOH CyMMe AHNOJBHHIX
MOMEHTOB €ro MOJeKYJ. Y HemnoJSPHBIX MOJIeKYJ JHNOJH o6pasyrTcs
npu nosnsipusanun. ITox Bo3feHCTBHEM BHEIIHEro 3JeKTPHYECKOTO Nosis
TNIPOMCXOANT NOAAPU3AYUS, T. €. B HEeNOJAPHEIX MOJEKYJaX NMPOHCXOLHT
CMelleHHe 3apsa/ioB Pa3JHUYHBIX 3HAKOB; B MOJNSPHBIX MOJIEKYJax JIH-
NOJbHBIE MOMEHTH MOJEKYJ MPEeHMYIleCTBeHHO OPHeHTHPYIOTCH B
HANpPaBJEeHUH BHELIHETrO MOJA; NPH STOM B AHIJEKTPHKE BO3HHKAIOT He-
CKOMNEHCHPOBaHHbIe 3apsaibl. [l KOJNMYECTBEHHOM OIlCHKH MOAsPH3a-
MK BCEro AHIJEKTPHKA BBOAMTCH BEKTOPHAs BeJHYHHA P, paBuad Bek-
TOPHON CyMMe BCEX MOMEHTOB AMMOJelH B €AHHHYHOM oGbeme:

P= D pi/AV =n<p>, @321
[
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rERe f — KOHIUEHTPANHA MOJeKyA, <{pd>= (Z p;)/(AN)-—cpemmﬁ n-
7

ROABLEHA MOMEHT OAHOH MoJieKyJam, AN — uncao aunonesi B ofneme
AV. BexkTop P HasblBaeTCA nOAAPU30BAHHOCMLI0 AHINEKTPHKA.
B H30TPONHOM JM3JEKTPHKe

P =xe,E, (3.22)

rae % — Ge3apa3MepHas BeJIMYHHA, KOTODAs Ha3biBaeTcsl Oussexmpuie-
CKOll ocnpuumM4uBOCMbI0; % BCerfa GoJblue HYJSI.
Bektopst D u E cBssanel mexay coGof:

D =¢g)E4-P=¢; (14 %) E=¢xE, (3.23)

rae e=1-4% — OTHOCHTeJbHAS AMIJNEKTPHYECKast NPOHHIL2eMOCTh CPeJbl.

CerneTooNeKTPHKH. CerHeTO3NEKTPHKH TOJYYHAM CBOE Ha3BaHHe
OT €erHeToBOil CONH, B KOTOPOii BmepBhle Gbl1a OGHapyXKeHa caMmompo-
u3BOJIbHAS (CMIOHTaHHAs) moaspu3anus. Jlaxe B OTCyTCTBHE SJCKTpH-
4ecKoro MnoJisi B CErHEeTO3JeKTPHKAaX HMeIoTCs MaJjble (MHKPOCKOMHue-
ckue) o6beMbl, KOTOpHe 06J1afaloT 9JAeKTPHUCCKHM MOMEHTOM. DTH 06-
JlaCTH CIOHTAHHOH TMOJSIPH3ALMH HA3LIBAIOTCH Oomenamu. DIEKTpHYe-
CKHE MOMEHTH! JIOMEHOB B OTCYTCTBHE IOJISi OPHEHTHPOBaHBI B pa3jiuy-
HBHIX HanpaBJIeHHsIX, INO3TOMY SJEeKTPHYECKHH MOMEHT BCEro CCriero-
sJeKTpUKa GyJieT paBeH HyJio. Bo BHelIHeM 3JeKTpHYCCKOM TMoJie cer-
HETO3JEKTPHK MOJAPH3YeTCs B LeJIOM 8a CUET H3MEHEHH S HaNpaBJelus
nojspu3alnu aomeHos. Ilocne npekpaumeHus RefCTBHA NOJs COXpa-
HAETCA OCTaTOYHas noaspusaunus. OTHOCHTeNbHAs JUSJEKTpHYeCKas
[POHUIAEMOCTb CErHETO3IEKTPHKOB € HMeeT GOJbIuHe 31aYeH s (HHOTAa
NOPsiAKA HECKOJNBKHX THICHY); OHA CHJbHO 3aBHCHT OT HANpSIXKEHHOCTH
5JIEKTP HYECKOrO NOJIfA; 3aBHCHMOCTb & OT E B CerHeTossJIeKTpUKax aua-
JOrHYHa SaBHCHMOCTH W oT H B ¢eppomaruerukax (m. 5 ra. TII).

[lpu TemnepaTypax, NpeBHILAIOUIHX HEKOTOPOE 3HaueHHe, Temjo-
BOe JBHIKEHHE pa3pyluaeT JOMEHBI, BCJEJACTBHE Yero CETHETO3JEKTpH-
yeckue CBOMCTBA Hcue3aloT. Takasi TeMmepaTypa Ha3biBaeTcsi memnepa-
mypod Kropu.

INbe3oanexkTpuyeckui apdexr. Ilpu mexanuyeckoft repopmanuu ne-
KOTOPHIX KDHCTaJJIOB B ONpeJEJeHHbIX HaNnpaBJeHHSX Ha HX NOBEpX-
HOCTsIX 06pPa3yIoTCs 3JeKTPHYECKHE 3ap sAbl NPOTHBOMOJOXKHBIX 3HAKOB,
a BHYTPH KPHCTa/Jla BOSHHKaeT 3JeKTpuueckoe noJe. IIpn u3meHenuu
HanpasJieHus fAepOpMalHN H3IMEHSIOTCS M 3HAKH 3apsfoB. ITO fBJIEHHE
11a3bIBACTCS noe303sekmpuieckum spdexmom (noe3osgppexmom), a Kpu-
CTalabl, B KOTOPBIX OH HaO6JIIOJaeTcsi, HA3LIBAOT Nbe303NeKMPUKAMLL.
ITbe3oanexTpuueckut 3¢peKT o6paTHM; ecaAH KPHCTANJI HAXOAHTCS B
9JIEKTPHYECKOM NoJe, TO OH JiepOPMHPYETCS; 3TO SIBJIEHHE Ha3blBAETCS
obpamnom  noesosnexmpuueckum sdexmom. O6paTHBIE Nbe303pPeKT
HCHOABSYETCA JJA TNOJNYYEHHHA YJAbTPa3BYKOB,
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3apsan, BO3HHKAOWHUA NPH Nbe303JeKTPHUECKOM 9ddeKTe, Onpeac-
JS€TCA COOTHOIUEHHEM
Q =d;,F, 3.24)
rae F — MoAyab AedpopMupyiomed Cuibi, d;; — IOCTOSHHBIE AAs AaH-
HOTO KpHCTasla Ko3(QHIHEHTH, KOTOPHE Ha3HBAIOTCS n7b6€3094KMpl-
ueckumu MOOYAAMU; OHH 3aBUCAT OT BHAA JAeOPMalHH, OPHEHTaLHA
H TeMnepaTypHl.

2. NOCTOSAHHBIA JEKTPHUECKHA TOK

Cuna Toxa, NJOTHOCTh TOKAa. YTNOPAJOUEHHOE JABMXKEHHE HOCHTe-
Jell 3apANOB HAa3biBAGTCS 3AEKMPUUECKUM IMOKOM.
Cunoil 5AeKmpu4ecKk0e0 moxa HasbBaeTcs

AQ _dQ .
m ——-1 3.25
at—0 BT ©-29)
rie AQ — 3apsan, KOTOPHil NepeHOCHTCS 4Yepe3 MOBEPXHOCTb 33 BpeMs
Af¢. Ecan cusa TOKa He M3MeHsSieTCH BO BPEMEHM, TO TaKoil TOK Hasbl-

BA€TCA MNOCMOAHHLIM; CHJIA NOCTOSTHHOTO TOKa
I1=Q/t, (3.26)
rae Q — 3apsaf, NMepeHOCHMBIN Yepe3 MOBEPXHOCTh 3a BpeMs I,
ITromuocmeio moxa Ha3bIBaeTCs BEKTOPHAas BEJNHYHHA, MOAYJb KO-
TOpOii
Al di

1= aS @S 20

rae Al — cuaa TOKa, NPOTEKAlOILEro 4Yepe3 3JCMEHT NOBEPXHOCTH AS,
PAaCNOJIOXKEHHHWA TNepPNeHAHKYJsPHO HaNpaBJeHHI0 YHOPSAXOYEHHOrO
JBMIKEHHs HoOCHMTeJeH 3apsioB. HanpaBieHHe BeKTOpa IJIOTHOCTH
TOKa j COBMalaeT C HanpaB/leHHeM BEKTOPa CKOPOCTH YNOPSJAOYEHHOTrO
JBMXKEHHsI HOCHTeJeH INOJOXHTEJNbHHX 3apsajoB. Hanpasienue Toka
onpejiesisieTcsl HampaBJeHHeM BeKTOpa j.

Ilpn paBHOMepHOM pacnpelieleHHH CHJE TOKA IO NOBEPXHOCTH MO-
AyJb BEKTOPa INIOTHOCTH TOKa

=1/S, (3.28)
rae S — miomanp NJOCKOM TMOBEPXHOCTH, DPAaCMOJOXEHHOHR nepmeh-
JUKYJAPDHO HAanpaBJICHHIO TOKa.

T1710THOCTL TOKA MOXHO pacCyHTaTh mo dQopmyJae
1=ngq ¢, (3.29)
rie n — KOJHYECTBO HOCHTeJeH 3apsjoB B €AUHHYHOM o6beMe, g —
3apsj OAHOro Hocureas, (V) — cpefHsst CKOPOCTb €ro YNopsiA0YeHHOro
JBHMEHHS.
Ecan TOK 0GYyCJOBJEH HOCHTENSIMH, KOTODhIE HMEIOT DasjHuYHbie
3apsajHl, TO MJOTHOCTb TOKa GyleT paBHA CyMMe IUIOTHOCTell TOKOB
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CTAENBHBIX HOCHTeJefl

Je= 2 niqi V> 3-30)

Modsuxcrocmero u HOCHTeNel 3apsloB HA3BBAETCA CKaJspHAs
BENMYHHA, PaBHAS OTHOIIEHHIO MOAYJs CpefHelr ckopocTh {(v) K MOAYJI0
HANPAXKEHHOCTH 3JeKTPHUecKoro moJas E:

u=<v)/E.

Toraa
j=nquE =yE, (3.31)

rae y=nqu — yoesvras asexmpuueckan nposodumocms (cM. (3.33)).

Tok B MeTaanax. uekTpoaBnxKyuwas cuna. Tox B meTajsax mpex-
cTaBjseT co6oft’ ynopsijioueHHOe JBHKeHHe CBOGOJHBIX 9JIEKTPOHOB,
KOTOpOe MOXXEPIKUBAETCS B TeYEHHE JJIHTEJBbHOrO NPOMEXKYTKa BpeMenu
9/71€KTPHYECKHM MOJIeM BHYTPH npoBoAnHKa. UToGbnl B NpOBOAHHKE GbLT
TOK, HeOGXOXHMO Ha €ro KOHLAaX MOANEPXKHBAThb Pa3HOCTb NMOTEHIHAJNOB
C MOMOINbIO CNEHAJbHBIX YCTPOACTB, KOTOPHE HAa3bIBAIOTCHA WUCMOYHU-
xamu (eenepamopamu) moka.

Ha ksieMMax pa3soOMKHYTOTO HCTOYHHMKA TOKAa MOALEDPXKHBAETCsT pas-
HOCTb MOTEHI[HAJNIOB 3a cyeT paGoThl TaKHX CHJ, KOTOphie MO CBOEH mpH-
pojle OTJNHYAIOTCS OT 3JeKTpocTaTHyecKHX. Takue CHJBI Ha3bIBAIOTCS
cmoposnumu. CTOPOHHME CHJB, JAeHCTBYIOUHE BHYTPH HCTOYHHKA,
1ePeHOCAT 3apAAbl MPOTHB HaNpaBJEHUS NEHCTBHS 3JeKTPUYECKHX CHI;
SJEKTPHUECKHE CHJIbI MIEPEHOCAT 3apALbl BHYTPH HCTOYHHKAE OT IMOJONKH-
TEJABHOI'O NOJIOCA K OTPHLATEJbHOMY, CTOPOHHHE CHJBI — OT OTpHIla-
TEJBHOrO0 MNOJIOCA K MNOJMOXHTeNbHOMY. CTOpPOHHHE CHJIBI BO3HHKAIOT
NMPU CONPHUKOCHOBEHHH Pa3HOPOIHHBIX NMPOBOAHHKOB (HampHMep, B rajb-
BaHMYECKHX 3JEMEHTaX, aKKyMyJATOpax), MNPOBOAHHKOB Pa3JHYHOIN
TeMmepaTyphl; BHXPEBOE OSJIEKTPHYECKOe Tose, Bo3GyxaaeMoe mpu

SJIEKTPOMAarHUTHONH HHAYKIHH, NMPOSIBJASETCH B NPO-

& BOAHMKAX KakK JedCTBHE CTOPOHHHX CHJI.

I Saexmpodeuscywjes curoll (3. A. C.) HCTOUHHKA
‘ HasbiBaeTcs PaboTa CTOPOHHHX CHJ NpPH Mepemelie-
7 HHH NOJIOXHTEeNbHOro 3apsga | KyJoH. 3. n. c.
HCTOYHHKA PaBHA Pa3HOCTH MOTEHI(HAJNOB Ha KJeM-

Puc. 3.5, Cxema MAax Pa3sOMKHYTOrO MCTOYHHKA.,

"P°:gc°:°ﬂ e Aaexmpuueckoil yenvio Ha3HIBAETCH COBOKYM-

HOCTb HCTOYHHKA TOKA, COEXMHHTEJbHBIX MPOBOOB,

npu6opoB (WAH APYTHX YCTPORCTB), B KOTOPHIX HMEETCA 3JEKTPHYec-
KHit ToK (puc. 3.5).

3axon Oma. Ha yuacTke uens, He cofepxamem 3. . C., CHJIa TOKa

B MPOBOJAHHKE NPONMOPIHOHANbHA PAa3HOCTH MOTEHIHAJIOB HA €ro KOHIAaxX:

I= (Cpl—q)z)/f. (332)
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Bennunna 1/r nasuiBaeTca saexmpuueckoil npoeoaumocmbro, r HasbBa-

€TCH SACKMPULECKUM CONPOMUBACHUELM. DIEMEHT 3JeKTPHUECKOH nenu

C 3JEKTPHYECKHM CONPOTHBJIEHHEM HASLIBAETCS PE3UCMOPOM..
ConpoTuBjeHHe OXHOPOAHOTO MPOBOAHHKA NOCTOSHHOTO CEUEHMS:

r=opl/S, 3.33)

rae p — ydeavHoe saexmpuueckoe conpomudrenue (yOeavroe conpomus-
AeHue) — COTMPOTHBJEHHE OJHOPOINHOrO INPOBOXHHKA JJIMHOA | M
M TJOWaAbI0 NONEPeyHOoro ceyeHusi 1 M2, | — jyiuHa NpoBOAHHKA, S —
n0manhb NonepeyHoro cevenus. Beaununna y=1/p nasuiBaercs ydesvroii
saexmpueckoll nposodumocmero.

C noBbILIEHHEM TEMIEpaTypH YAeJbHOE CONPOTHBJEHHE GOJbLINH-
CTBa METaJlJIOB YBEJHUHBAETCH; 5TO H3MEHEeHHe YJeJbHOTrO CONpPOTHBJE-
HHS MOXeT OHTb NPHOJHMKEHHO OMHCAHO COOTHOIIEHHEM

pr=po (1+aAT), (3.34)
rie pr — yHAeabHOE CONMPOTHBJeHHEe NpH TeMmneparype T, p, — yZeab-
HOe comnpoTuBJeHHe npuH Temneparype T,=273,156 K, AT=T-—T,,
o — memnepamyproill Koduyuenm conpomusienus; OH paBeH OTHOCH-
TeJIbHOMY H3MEHeHHI0 CONpPOTHBJEHHS NPH HarpeBaHHH NpPOBOAHHKA
Ha | KeabBun. IIpH onpeneleHHBIX HU3KHX TeMIepPaTypax y HEKOTOPHIX
METaJlJIOB yIelbHOE CONPOTHBJEHHE CKauyKOM YMEHbIUAeTCs M CTaHO-
BUTCA PaBHBIM HYJI0. 3TO fBJEHHEe Ha3LIBAeTCH C6EPXNPOBOOUMOCTIbIO.

7 » 2

o—1 1

g %

Puc. 3.6. VuacToK ues Puc. 3.7. ¥sen TokoB

nH ¢ 9. A c.

Ilpn mociienoBaTeNbHOM COENMHEHHH Pe3HCTOPOB obliee SJIeKTpH-
YyecKOe CONPOTHBJEHHE PaBHO CyMMe HX SJIEKTPHYECKHX CONMPOTHBIJIE-
HUA 7j, Tg, Tgye o oy Ty T. €.

Trnoe=ri+raties+rn (3.35)
INpu mapanseNbHOM COeIHHEHHH TeX JKe CaMHIX Pe3HCTOpoB ofias
SJIeKTPHUECKas NPOBOAHMOCTb PaBHA CyMMe HX 9JE€KTPHYECKHUX IIPOBO-
JuMocTel:
Urnap=1/ri+1/ra4...41/ry. (3.36)
O6o6mennnil 3akon Oma. Ha yuacrtke nenmn, rje HMeeTcsa HCTOYHHK
9. A. ¢. (puc. 38.6), cana TOKa

I=(@i~9a+&)/ry 3.37)

rie Qj—@y — PA3HOCTh NOTEHLHANOB MeXAy Toukamu I u 2, & —
9/IEKTPOABHIKYIAs CHJA, 7 — ofliee CONPOTHBJEHHE YYacTKa IenH.
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Hanpsascenuem U (uau nadenuem nanpsasxenus) Ha ydacTKe LemH
1—2 (puc. 3.6), rae HmeeTcs 3. A. C., Ha3blBaeTCsl BeJHYHHA, pPaBHaf
pa6oTe 9NEKTPHUECKHX H CTOPOHHHX CHJI IO NMepeMeileHHI0 MOMO0KHUTeb-
tioro 3apsjaa | KyJOH Ha 3TOM y4acTKe:

U=Ir=¢i—¢:+&- 3.38)
Hanpsixenne Ha yvuacTKe Iend PaBHO Pa3HOCTH MOTEHUHANOB B TOM
cjyuae, eCIH HAa 3TOM ydyacTKe HeT 9. J. C.

B 3amMkuyTofi menH TOYKH I M 2 COENMHSIOTCS BMeCTe, TOTJa

=@, H CHJIA TOKa

I=@r. (3.39)

3. A. c. H NpoM3BeleHue Ir — BeJMUYUHB CKaJspHbIE, aarebpaunyeckue.
3HayeHne 9. A. C. NMPUHUMAEETCS MOJIOXKHTEJNbHBIM, €CJH MPOH3BONBHO
spi6panHHOe HampasjieHHe 00X0Aa COBMAjaeT C MEPeXoJOM OT OTPHLa-
TeJIHOTO K MOJIOXKHTEJBHOMY MOJIOCY HCTOYHHKA. IIpousBeneHme
[r cuuTaeTCs MONOXKHUTEJIbHBIM, €CJAH HaNpaBjleHWe TOKa COBMAanaeT
¢ HampasJenueM o6xoja.

Paforta ajekTpHyeckoro Toka. Pa6ora CHJI ®JIEKTPHYECKOTO MOJMA
10 NMepeMelleHUI0 3apsAJI0B B Lenu HaswBaercss pabomod moxka. PaGora
(IOCTOSIHHOTO TOK2 Ha yuvacTKe LenH ¢ HanpsxedHuem U:

A=1Ut=Irt=U?Ht, (3.40)

rae { — BpeMs NPOXOXAEHUA TOKA, 7 — CONMPOTUBJIEHHE y4acTKa Lem:,
| — cuna ToOKa.

PaGora TOKa 8a BpeMs OfHa CeKYHJa Ha3bIBACTCH MOULHOCMOIO.

MomHoCTh
P=1IU. (3.41)

Npasuna Kupxroda. Toku, Hampsxedusd, 3. A. C. B pa3BeTBJ]eH-
HOM [leMH PacCUMTHIBAIOTCA HA OCHOBe npasua Kupxzopa. Touka, B Ko-
TOpOil COelMHEHH He MeHee TpeX MPOBONHHKOB pa3BeTBJEHHOH wnenw,
Ha3LIBAETCS Y3JIOM.

[TepBoe mpaBuao: aare6panyeckan CyMMa CHJ TOKOB Ha
y4acTKaX LeNH, CXOAAUHXCA B JIOGOX TOYKE pa3BeTBJEHHsS, PaBHA HY-
aio. Hanpumep, Ha puc. 3.7

I+ Iy 41— 14=0.
Toku, BXOAsIKE B y3eJ, CUHTAIOTCH MOJOMKHTENbHLIMH, TOKH, BHIXOAA-
uMe M3 ysJsa,— OTPHILAaTeJbHBIMH.

Bropoe npaBuaoO Aaaf JMo60ro S8aMKHYTOrO KOHTYypa,
BBIIEJNIEHHOIO H3 Pa3BeTBJIEHHON lenH, aiare6paHdyecKas cyMMa MPOH3-
BeJeHUHA CHJ TOKOB Ha CONMPOTHBJEHUS COOTBETCTBYIOUIMX YUACTKOB IeMH
paBHa anreGpaHyYecKoii CyMMe BCeX 3JIEKTPOABHIKYLIMX CHJ B STOM KOH-
type. Ilpu cocTaBieHun yKa3aHHOH CYMMBl NOJOXKHTEJIbHHMH CYHMTA-
IOTCSl T€ TOKH, HalNpaBJIeHUst KOTOPLIX COBMAJaIOT C YCIOBHO BHIGP aHHBIM
HanpasJieHneM 06xo4a KOHTypa. [1o/10KHTeNbHEIMH CUHTAIOTCA Te 8.4.C.,
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KOTOpHIE MOBHINAIOT NOTEHIHAJA B HanpaB/JeHHH 06Xofa (T. e. HanpasJc-
nue 06X0fa COBMajaeT C NMEPEXOAOM OT OTPHLATEIBHOIO MOJICA HCTOU-
HHUKa K nosoxurteasHomy). Hanpumep (puc. 3.8),

Iiritlry—Ilsrs=&i+ &1 —Es
ITpn nocnenoBaTeNbLHOM COEAHHEHHH OAMHAKOBHIX HCTOUHHKCD
I(ari4+r)=ndg, 3.42)
I 1 — YUCJAO HCTOYHHKOB, r; — BHYTPEHHEE CONPOTHBJCHHE OJHOrO
HCTOYHHKA, 7 — BHEIIHEe CONPOTHBJAECHHE LenH, & — 3. A. C. ONHOIO
HCTOYHHKAE.
[pu napannenbHOM COEJMHEHHH 7 OAHHAKOBHIX HCTOUHHKOB
I(rriin)=4¢. (3.43)
Tok B 9nekTpoantax. K ssekmporumam, unn nposodnuxam emopo-
20 poda, OTHOCATCA PacTBOPH KHCJOT, lIeJ0Uedl U CoJieil B BOAE H APYTHX
PacTBODHTENAX, @ TaKXKe pacljaaBjleHHble cOMH. B siextponurax Ho-

CHTEJISIMA 3apAJOB ABJAAIOTCS HOHH — Ya- Hanpabrexue 0dxoio
CTH MOJIEKYJI, HMeIollHe TOJOMHTeNbHbIMH
HJIH OTPHUATENbHHI 3apan. )

dnekTpHuecKOe NOJEe B 3JEKTPOJHTE 8; X \\ &
o6pa3yeTcsi MeXAY OSJCKTPOAAMH, KOTO- .Z',/ 7 n x
pHle COEINHAIOTCA C KJIEMMaMH HCTOYHHKa 73 }_
3. 1. C. H TNOTPYKAlOTCA B 3JEKTPOJIHT; -8+_J;

x

SMEKTPON, COEIHHERHBIH C TMOJOXKHTENb-
HBIM TIOJIIOCOM, HA3LIBAETCS AHOOOM; 3JEK- E:f,' ?lf'p;;:::ﬁé“z‘;‘med‘g'};
TPOJA, COEJIHHEHHHEI C OTPHIATENbHEIM

MOJIIOCOM, HasbiBaeTca kamodom. [T0NOXKHTENbHBIC HOHBI, NMepeMemao-
mHecs B SJEKTPHYECKOM MoJe K KaTOAy, Ha3HBAIOTCA KAMUOHAMU;
OTpHLATEJbHbIE HOHBI, NEepeMelaomnecss K anoly, Ha3HBAaeTCs AHUO-
Hamu.

TIN0THOCTL TOKAa B 3JEKTPOJHTE

J=n,04 VD> +n_g_ Vo), (3.44)
rae n,, {(v,) — KOHUEHTPALHUA H CPEAHAN CKOPOCTb YNOPSAOUEHHOTO
IBHXEHHs KaTHOHOB, ¢, —3apal ONHOr0 KaTHOHA, n_, {V_) — KOHLeHT-
pauus u CpeHsiss CKOPOCTb aHUOHOB, ¢ — 3apsan oAHoto annona. ITog-
BHXHOCTb HOHOB — CKaNfiPHAA BEJAHYHHA, PaBHAs OTHOUICHHIO:

u,=<uyd/E,  u_.=<{v_)/E.

TI10THOCTL TOKAa MOXHO ONpEeNeNHTb Yepe3 NOABHIKHOCTH HOHOB
Uy Mou_:

J=(Mniuiqs+n_u_q)E, (3.45)
rae B — HanpsKeHHOCTb 3JEKTPHUYECKOTO Noas. JJas S7eKTpOJaHTOB
cnpaBeanuB 8akoH Oma.

TIpu NpOXOXIEHHH TOKA uyepe3 SAEKTPONHUTH (HAH PacliaBieHHbIe
COJIH) M3MEHAETCS HX XHMHYECKHH COCTaB, a Ha SJEKTPOAAX NPOHCXO-
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ZMT BBIEJIEHAe PA3JHYHBIX BEIUECTB., ITO fBJIGHHE HAILIBACTCHA S4eK-
mpoausom. Macca BelecTsa, BHACTHBIICrOCH Ha $JAEKTPofAe NPH 3JeK-
TpoaM3e, NPONMOPIHOHANBbHA 8APANY, KOTOPHIA NEPEHOCHTCH uepes.
8NMeKTPONUT (nepsvid Bsaxon Papades): '
m=~kQ. (3.46)

Kos¢duuHueHT NPONOPIHOHANLHOCTH £, PaBHBIN Macce BellecTBa, OTJIO-
JKHBIIErOCS Ha 9/IeKTPOJe NPH NepeHoce uepe3 sJeKTPONUT 3apsija | Ky-
JIOH, HA3LIBAETCS 94eKMPOXUMULECKUM IKBUEALeHMOM DANHO20 eeuiecmaa.
OneKTPOXUMHYECKHH SKBHBAJEHT BELIECTBA NPONOPIHOHAMEH ero
XMMHYECKOMY SKBHBaJeHTy (8mopoi 3saxon Papades);

I p
k== (3.47)

Xumuveckuid sxeusasenm — BHECHCTEMHAasl eIHHHI@ MacChl, paBHas OT-
HOLIGHHIO MOJIAPHON MacChl U JaHHOTO BelleCTBa K €ro BaJIeHTHOCTH m.
F wasmBaior nocmoaxnod Papades; sTa NOCTOSHHAs paBHA 3apsafy,
NPH NPOXOXKJAEHHH KOTOPOTO Yepe3 3JIEKTPOJNUT Ha 3JIeKTPOJAe BHIAEJS-
eTCH Macca BenlecTBa, paBHas .ONHOMY XMMHYECKOMY 9KBHBAJIEHTY.

FanbBannyeckHe 9jeMeHTH. MeXay 3/eKTPOXOM, NOTPYKEeHHBIM
B 3JIEKTPOJIHT, H PacTBOPOM YCTaHaBJAHUBAeTCS Pa3HOCTb MOTEHIHAJOB.
3Ty Pa3HOCTb HAa3LIBAIOT JACKMPOXUMUMECKUM NOMERYUAAOM KaHHOTO
9/IeKTPOJa B JIAHHOM pacTBope.

CranJapTHHIM NOTEHIIHAJIOM HA3bIBAeTCH PA3HOCTb MEXIY XHMHYeC-
KHMMH NOTEHIIHaJaMH B PacTBOPaX C HOPMaJbHOM KOHIeHTPauuei (1 moap
Ha JIHTP) AAHHOIO MeTajJa H CTaHAAPTHOIO 3JEKTPOJa, MOTEHIHaJ
KOTOPOro NPHHUMAETCH PaBHBIM HYJIO. [IpH MOrpyXeHHH B 3JEKTPONUT
IBYX SJIEKTPOXOB MeX1Yy HHMH YCTaHaBJHBaeTC Pa3HOCTb MOTEHI(HA-
JIOB, pPaBHas Pa3HOCTH 3JICKTPOXMMHYECKHX NMOTEHLHAJNOB 9JEKTPOJIOB.
DNeKTPONHT C JABYMS NOIPYXXKEHHHIMH B Hero pPasHOPOJAHBIMH 3JIEKTDO-
JlaMH HAa3bIBAaeTCHl 2AAb8AHUMECKUM SAeMeHmoMm (Hanpumep, MelHas H
IHHKOBas MJIACTHHKH B PACTBODE CePHON KHCJIOTH — 9AeMBHM Boasma).

Akkymyaamopol SABAAIOTCA TaJbBaNHYECKHMH 3JeMEHTaMH, B KOTO-
PHIX 3JIEKTPOABI H3rOTOBJEHBHI M3 TAKHX MaTePHaJOB, YTO OHH BOCCTa-
HaBJHBAOT CBOM MEPBOHAYaJbHBIE CBOACTBA MPH MPOMYCKAaHHH TOKa
(3apaaxe) B 06PaTHOM HANpaBJeHHH NO CPABHEHHIO C TOKOM NPH pas-
psnke. 3apaf, KOTOPHA MOMeT GHITH MOJY4YeH OT aKKYMYJATOPAa MNpH
JlaHHBIX YCJOBHAX Pa6oTel (TeMneparype, PaspsiIHOM TOKe, HaYaJbHOM
HanpAKEeHHH), Ha3BIBAETCA 8aPAJOM KKYMYAAMOPA; 3aPAX aKKyMyJs-
TOpa BHIPAaXaeTcf B KYJIOHAaX.

Pa3pa6aThHiBaloTCA TOILTHBHBIE SJIEMEHTHl, B KOTOPHIX 9. . C. 06-
pa3yeTcs BCJEACTBH8 XHMMYECKHX PeaKUHil OKHCIEHHA H BOCCTaHOB.Ie-
Hug. B KavecTBe BOCCTaHOBHTE/A 4alle BCEro HCIOJB3yeTcs BOAOPOJ,
OKHC/IHTENs] — KHCJAOPOX HAH BO3AyX. B Takux siemMeHTax HenpepuiBHO
NoJaeTcs TOMIHBO, a TaKXKe OTBOAATCA MPOAYKTHl PEaKILHH,
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Tok B rasax. Tok B razax o6ycJOBJeH HaMIIYHEM B HUX HOHOB H CBO-
GONIHBIX 9JIeKTPOHOB. HOHU3ayusA 20308 COCTOHT B TOM, YTO DJEKTPOHDI
OTPBIBAIOTCS OT HEfiTPAJIBHBIX MOJEKYJ H 4acThb M3 HHX NPHCOEJHIACTCS
K JIPYTHM HeilTpa1bHbIM MOJEKYJaM H aTocMaM. DHeprus, KoTopas Heol-
XOAMMa ISl TOro, YTOGLI OTOPBATh 3JEKTPOH OT MOJIEKYJIB WJIH aToMa,
HaspiBaeTcs pabomol uoxusayuu.

Il1oTHOCTL TOKA B rasax, KaK B MeTalJaX H XHIKOCTAX, ONpeaes-
eTCi KOHLEHTpalHeii HONOB, HX 3apsjaMH H NOABHiKHOCTbIO. Oamako
BBHIY B3aBHCHMOCTH KOHLEHTPAlLlHH HOHOB OT HANpSKEHHOCTH NOAS
M HX HEPaBHOMEDHOTO pacnpejedeHuss Mo 06beMy, 3aliHMaeMOMY ra3oM,
NMPOBOAHMOCTb B rasax B GOJBLIUWHCTBE CJyuaeB He MOAYHHACTCHA 3a-
KoHy Owma.

Paznnuatorcs ABa BHIa MPOBOJAKHMOCTH ra3oB: HECAMOCTOSTEIbRAS H
camocrosTenbuasn. IIpu necamocmosmerbrotli npogodumocmu HOHbl o6pa-
3yI0OTCA B ra3e He NOJ JefCTBHEM NPHUJIOMKEHHOrO 3/JeKTPHYeCKOro moias,
a B CHIy APYTHX NPHYUH (HANpHMep, 3a CUET PEHTreHOBCKOTO H3JYy-
ueHusi, HarpeBaHus rasa u T. n.). [Ipu camocmoamervroii nposodumocmu
MOHBI 06pa3yIoTcst MOA AefiCTBHEM 3JEKTPHUECKOTO IOJsl, MNPHIOXKEH-
HOTO MeXJy 3JEeKTPONaMH.

TepMoaNeKTPOHHAA 3MUCCHSA. DHeprusi, KoTopast 1:eo6XonuMa pJjst
BBIXOJA 3JIEKTPOHA M3 MeTalnJa B BaKyyM (B COCTOsSIHHE C KHHeTHYe-
CKoOil 3Heprueii, paBHOH HYJ0), Ha2biBaeTcst pabomoti 8vixoda.

BEIXoJ 3/1€eKTPOHOB H3 MeTassIa Noj AefCTBHEM TENJOBOrO ABHMKe-
HUSL Ha3BIBACTCS MEPMOINEKMPOHHOL amuccueli; SEKTPOH MOXKET BLljie-
TeTh M3 MeTa/lJa MPH YCJOBHH '

mevn/2= A, (3.48)
rie me — Macca 3JeKTpona, v, — NPOeKUHS CKOPOCTH Heynopsjo-
YEHHOrO JBHXKEHHsS 3JIEKTPOHOB HAa HOPMajdb K NOBEpXHOCTH, A —
pa6oTa BHIXOJA. '

Hau6osbiee 3Hayenne TOKA TEPMO3JEKTPOHIOH IMHCCHH (Mpu
HEH3MEHHOH TeMmeparype) HA3LIRAETCS MOKOM HacviujeHus. Monpyns
NJOTHOCTH TOKA HacLIUleHHsi MPH TePMO3JEKTPOHHON 3MUCCHH ompeje-
JISIeTCSl BBIP aXKe€HHEM

j= BT2e~A/KT), (3.49)

rge B — noctosiunas, T — Temmeparypa, k — mocrostinast Boabu-
Mana, e~2,72 — OCHOBaH!ie HaTypaJbHbIX Jorapupmos. Beanununt A
W B Ha3LIBAIOTCH dMUCCUOHMLIMU nocmoAntoliy. COrJacHo Teopuu
BeJHYHHA B 15 BCeX YHCTBIX METAMJI0B NOMXKHA 6LITh ofnHakoBa (1,20 X
% 108 A/ (M2 -K?)); na onbite, 0A1aKO, NOJAYYAIOTCS Pa3JHYHbIE SHAUCLHS.
[lupokoe mpHMeHeHUe HA NPAKTHKe MOJIYUHIH OKcudHble Kamodst. DTu
KaTofsl MOJyYaloT NYTeM HalleCeHUs Ha MeTa/lJHuyeckoe OCHOBAaHHE
OKHCJIOB 6apHsi H HEKOTOPHIX APYIUX METAJIOB, YTO 3HAUNTE]IbHO YMEeHb-
maer paboTy BHIXOAA.
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MexAy XOJOAHBIMH 3JIeKTPOAaMM, HAXOAALLUMUCS B rase, INpH
GOJIBINMX HANpSKEHHOCTSAX NOJAS APOHCXOAHT Pa3psail B BHAE HCKPHI
(npo6oii). Hanpsxenune, Heo6xoaumoe 1ist npcGos (npobueroe ranpsa-
aHeHue), 3aBUCHT OT MaTepHania, GOPMEI, Pa3MepoB 3JEKTPOLOB, a TaKiKe
oT mpousseienus pd (rie p — LaBjeHHue rasa, d — PacCTOSIHHE MEXAY
anexTpopamu). Eciin p v d MensioTcs Takum 06pa3cM, YTO KX NpoM3Be-
JIeHHe OCTaeTCs MOCTOSTHHBIM, TO NPOGUBHOE HANP sIKEHHE He H3MeHsieTCs.
Paccrosnue MexAy 3JeKTPOjaMy, NPH KOTOPOM HacTynaeT npoGoil npu
JIAHHOM HaNPsiKeHUH, HA3bIBACTCS UCKPOBoIM npomescymkom. o naunne
UCKPOBBIX NPOMEXYTKOB MOXHO ONpeJeNfTb HaNpsiKeHHe MEKLy
3JIeKTPOJaMi.

JJIEKTPONPOBORHOCTDL NJa3mbl. B oTanune oT HeldTpasbHOTO rasa,
nJasMa SBJSETCS XOPOLWIMM NPOBOAHHKOM TOKa; HanmpHMep, HayHHas
c remneparyp 107 K, npoBofuMOCTh HOHH3OBaHHOro BOAOPOAa Goabiue
NPOBOAMMOCTH MeJu M cepe6pa; APOBORHMOCTb NJIA3Mbl KOCMHYECKOTO
NPOCTPAHCTBA CPAaBHHMA C NPOBOAMMOCTBIO METAJNJHYECKHX TNpPOBOAHH-
KOB INPH KOMHATHOH TeMmepartype.

B nepBoM npuG/HiKeHHH MOXHO CUHTaTh, YTO TOK B IJIa3Me CO3ja-
€TCSl TIOTOKOM 3JIEKTPOHOB, TaK KaK HOHBl HMEIOT 3HaUHTeJIbHO MEHbIUY IO
NOABMKHOCTb. B 3TOM ciyyae ylelbHYI0 3JEKTPOHHYIO NPOBOJAHMOCTb

MOJHO PaccYHTaTh no popmyae o~=10-3 T2 Cu/m; 0= c1abo saBucut
oT KoHuenTpauuu (pue. 3.9).

e,omm
e ] .
7 / Pue. 3.9. VxpeanHag ajaekTpuucckan
=A% v i NPOBOAYMOCTb NOJIHOCTLIO HOHH3OBAH-
' e a 2 A HOJ1 BOZIOPOZHOI IJ1a3Mbl B 3aBHCHMO-
704 L CTH OT TEeMAEPATYPhl; 0~ — 3JICKTPOH-
// /3' Hasi TPOBOAMMOCTb JJIsi KOBLeHTpa-
s A i [ —-10° cM—% 2—101% cM™3;
/ G+ — Hollas NPOBOAHMOCTb AJist KOH-
702 /G’+ uentpaunu 101% cm~—3 (3)
7° m® 07

Noaynposoanuk:. [ToaynposodHukamu HasbiBaIOTCS TaKHeE BELLECTBA,
B KOTOPHIX 3JE€KTPONPOBOJHOCTb OGYC/OBJEHA JBHXKEHHEM 3JIEKTPOHOB,
a yAeJIbHOE CONPOTHBJIEHHE NPU KOMHATHBIX TeMIepaTypax JeXHT B npc-
nenax (10-4—107) Om M. ¥YaeapHoe CONPOTHBJIEHHE NMOJYHPOBOJHHKOB
Pe3KO MeHSieTCsl C H3MCHEHHeM TeMmepaTyphl. B oTinuue oT Meranos,
CONPOTUBJIEHHE MOJYNPOBOJAHMKOB YMEHbLIAETCS C MOBBILICIIHEM TeM-
nepatypel. COnpoTUBJNeHHe NONYNPOBOAHHKOB CHJABHO 3aBHCHT OT Ha-
JHUYKS TpuUMecel.

SnexTPOHEI, BXOASULHE B COCTaB H30JHPOBaHHBIX aTOMOB, HAaXORSAT-
¢Sl B AUCKPETHBIX SHEPreTHYECKHX COCTOsiHuAX (eM. ra1. V). B msoaupo-
BAHHOM aToMe He MOxeT 6HTb 6ojiee ABYX 3JEKTPOHOB, HAXOAMIMXCSH
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B OJHOM U TOM K€ 3HEPTreTHUYECKOM COCTOSIHHH; HO M TaKHe 3JeKTPOHHI
6yAyT OTJIMuAThCA APYT OT APYra opuentaumeii cnuuos. IIpu B3aumo-
IeiiCTBUH ATOMOB SHEPreTHYeCKHe YPOBHH 3JEKTPOHOB HE3HAUMTEIBLHO
H3MEHSIOTCA O CPABHEHHIO C SHEPreTHUECKHMH YPOBHSIMH 3JEKTPOHOB
HEB3aUMOZEHCTBYIOWHX aTOMOB; BCJCACTBHE B3aHMOAEHCTBUA N aTOMOB

L- Soka mpobodurocmu

K- 0’/7176’[({8/7’/-/(75 30HQ A,
‘i / ﬁa/iemmaﬁ 80/-/5///
a o

Puc. 3.10. YpOBHH SHEPrHH SJASKTPOHOB B NMOJYNPOBCAHEKAX: @ — HCpacUeIICHHEIE
yponuu sHepruu K u L; 6 — pacluernieHue yposHeH Npu psanMOACACTBHH; ¢ — CXcMa
pa3MCILEHH s SOH: BaJIeHTHOH, 3anpclieHHOA H NPORGAHMOCTH

ob6pasyerca N OGJH3KO pPAaCNOJIOXKEHHBIX OSHepeemuueckux YyposHei
(puc. 3.10). CoBOKYNHOCTb pacIeNJIEeHHBIX 3HEPreTHUeCKHX YpoBHel
06pasyer 30HY JO3BOJEHHLIX (PaspelleHHbIX) — 3HAUCHHH 3ueprus.
30HBI OTAEJSAIOTCS APYT OT ApPYra MHTePBaJaMH HeJ03BOJEHHLIX 3laue-
HHil 5HePI'HH; TaKHe HHTEPBA/Ibl SHEPTHH HA3LIBAIOTCS 3QNPEUIHHOIMU
BoHAMU.

SaeKTPONPOBOJHOCTL KaK METAJJIOB, TaK U MOJYIPOBOXHHKOB 00yC-
JIOBJieHa JIHIIb BaJ€HTHBIMH 3JIEKTPOHAMH, TaK KaK 3JIEKTPOHBI BHYTPeH-
HUX 000J0YeK NMPOUHO cBA3aHb ¢ sfapoM. Ilpu Temnepartype 0 K Ba-
JIEHTHBlE 3JIEKTPOHbl 3aHMMAIOT HH3IIHEe 3Heprernyeckue yposuu. Bce
paspelieHHble YDOBHH B 3TOH 30HEe SIBASIOTCS 3aHSTBIMH. JTa 30HA sB-
JISIeTCS 3aN0AHeHHOU (MU earenmHol) 30104, Bo BTOpOil 30HE N03BOJIEH-
HBIX ypoBHei aHepruu npu temneparype 0 K HeT HH 0a110ro s/eKTpoHa;
3Ta 30Ha HA3LIBACTCS 30HOL nposodumocmu. Dueprus, HeoGXoRUMas AJs
nepexoja 3J1eKTPOHA H3 3aNOJHEHHOH 30HB B 30HY NPOBOAHMOCTH HAa3bl-
BaeTcs wupunol 3anpewennoil 3ou6t AEy,. Y MeTalJioB 30Ha NMPOBOAHU-
MOCTH M BaJIeHTHasi 30Ha NMepPeKPhIBAIOTCS; ¥ AHIeKTPUKOB AEy>2 3B.
DJACKTPONPOBOJHOCTb OOYCJHOBIEHA HATUYHEM 3JIEKTPOHOB B 30HE NMPOBO-
JIMMOCTH; €CJIM HET 3/IeKTPOHOB B 30HE MPOBOJMMOCTH, HET H 3JEKTPOIIPO-
BOAHOCTH.

B pesyJabTaTe TEN/JOBOrO ABMIKEHHT YaCTb 3JIEKTPOHOB MEPEXOAHT
H3 BaJNEHTHOH 30HBI B 30HY NpPOBOAMMOCTH. Ko/HuecTBO 3J/IeKTPOHOB
B 30He NPOBOJHMOCTH ONpeJesseTcsl COOTHOLIEHHEM

n=Ae~AEJ/2kT) | (3.50)
rxe A — nocrosinnas, k — nocrosinuas Boabumana, T — Temnepary-
pa. ¥YIeabHas 9/eKTPONPOBOLHOCTH MOJYNPOBOLHHKOB;

0= gge~ AE/(RT), {3.50a)

[Mocsie nepexoxa 3/71€KTPOHA B 30HY MPOBOAUMOCTH B BaJAEHTHOI 30HE
OCTal0TCA BaKAHTHbE YPOBHH. [IPH HANHYMH BHEIIHETO 3JIEKTPHYECKOTO
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nons GYAYT mepeMemlaTbCst SJEKTPoubl B o6enx 3onax. IIpcBOxHMOCTD,
o6ycioBJeHHas MepeMeleHHeM SJEKTPOHOB B 30He IPOBOAMMOCTH,
HAa3BIBAETCH 94eKMPOHNOL NPOBOOUMOCIILI0; TIPOBOJMMOCTh, O6YCIOBIEH-
HAR JBH)XXCHHEM 3/IEKTPOHOB B BAJEHTHOH 30HE, Ha3HBaeTCs QblpOuHCil
nposodumocmoro. TlepeMelieHne 3JeKTPOHA B 3aNOJHEHHOH 30HE MOXHO
paccmMaTpuBaTh KaK nepeMelleHHe NOJOXHTEeJbHOro 3apsija B Hanpas-
JIEHVH, NPOTHBOTOJIONHOM JBHXKEHHIO JCKTpona, TaKkoil NMOJoOMHTeNb-
HBII 3apsiJ YCJI0BHO HasbiBaeTcs Obipxod. ITpoBonumocTs, 0GyCJOBJIEH-
Has JIBHXKEHHEM 3JIEKTPOHOB H JBLIPOK, KOTOphe 06pa3yloTCs B pe3yJib-
TaTe mepexofa 3JEKTPOHOB H3 BaJEHTHOH 30HB B 30HY NPOBOJHMOCTH,
Ha3blBaeTCsl COOCMBeHHOM.

[MosynpoBOAHHK C 3J€KTPOHHOIl NPOBOAMMOCTBIO HA3BIBAETCH N0AY-
npoeooHUKOM N-THNA; TOJYNPOBOJHUK C ABIPOYHOH NPOBOAMMOCTEIO
Ha3LIBAeTC NOAYNPOSOOHUKOM p-THTIA.

[Ipu npaxkTHuecKOM NPHMEHEHHH NOJYNPOBOJHHKOB HauGoJbluee
3HaUeHHe MUMEET NpUMeCHAn npoeodumocms, KoTopasi onpeleasercs npu-
MecsMH APYrux BemecTB. ITpumecu GHLIBAIOT ABYX BHAOB — JOHOPHHE H
akuentopuuie. JJOHOpHbie npumect CO3AAIOT NOTMOJHHTENbHEE paspeien-
Hble YPOBHH 5HEPrHH BOGJIN3H BepXHell I'DaHHLBI 3anpelieHHOH 30HbI;
aToOMBl. TaKHX NpHMecell OTHAIOT 3JEKTPOHH B 30HY NPOBOXHMOCTH
#, TakuM 06pa3oM, 06GeCneuHBAIOT NPUMECHYIO 3NeKMPOHHYK NpPosodu-
mocms. AkyenmopHbie npumect CO3JAal0T AOTOMHHTENbHEIE YPOBHH BOJII-
3K HMXKHell IDaHMIBI 3aNpeIlleHHOil 30HBI; aTOMBI aKLUENTOPHHIX NpHMe-
ceil MIPUHHUMAIOT Ha CBOH YPOBHH 3JIEKTPOHBI U3 BAJEHTHOH 30HH H TeM
caMbiM 0GECNEYHBAIOT NPUMECHYIO ObIPOUHYI0 NPOBOOUMOCHb.

B repmanun npuMecu snementoB V rpynnel ITlepuoauyecko#t cucre-
MBI (HanpUMep, CYPbMbl) SIBJASIOTCS JOHOPHLIMH, a NPUMECH 3JIEMEHTOB
111 rpynne (Hanpumep, rajnaus) — axknenTopHbIMH. BoaMoxua npumec-
Has NPOBOAHMOCTb, KOra B NOJYNPOBOJHHK BBEJECHBl H aKLENTOPHHIC,
H poHOpHble mpuMecH. CiielyeT 3aMeTHTb, YTO BO BCEX MOJNYMPOBOIAHH-
KaX BCErla HMeIOTCH SMEKTPOHH M NBIPKH, HO BKJAX HX B SJEKTPONPO-
BOJXHOCTb MOXET GLITh HEOAMHAKOBHIM 3a CUET Pa3JHYHLIX KOHLEHTpa-
UMt HIH TIOABMKHOCTEH.

TepmoanekTpoaBuxywas cuja. Ecau B 3aMkHyTOH LemH, cocras-
JIeHHOH H3 JBYX Pa3HOPOJHBIX NPOBOJHHKOB, NOAJEPXKHBATh TeMIeEpa.
TYpHl MX CNaeB Pa3JHYHLIMH, TO B TaKOH LENH yCTaHaBJIHBAaeTCs 3JeK-
TPHYECKHH TOK, 00yCJIOBJIEHHHIH 3. A. €., KOTOPask B 9TOM CJyuae HasH-
BaeTCA TEPMO3JEKTPOABHKYINEH cuaoit (T. 9. A. c.). Llenp, B KoTOpoOii
TOK NMOAZep:KHBaeTcs T. 3. A. C., HAa3bIBaeTCs TepMONapoit.

B ne6osbuInx HHTEpPBaNaX TeMOepaTyp T. 9. A. C. NIPONOPLHOHAbHA
pasnoctu Temmeparyp cnaee: &y=a (Tj—T,); Benuuuna o, paeHas
OTHOIIEHHIO T. 3. H. C. K Pa3HOCTH TeMIlepaTyp MexAy CHasMH, Ha3:l-
BAETCH NOCMOAHHOW MmepMOnapol,
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8. MATHUTHOE NOJE

OnBITH NMOKa3LIBAIOT, YTO MexAy cobofl B3auMojeficTBYIOT: 2) mpo-
BOJHHK C TOKOM M Maruut; 6) MarHuT C MariHTOM; B) OJAHH NPOBOAHHK &
TOKOM € IPYTMM TNPOBOJHHKOM C TOKOM. DTH B3auMOAeACTBUS NOATBEP M-
JIAI0T CYLIeCTBOBaHUE MOJsl, KOTOPOe HasblBaeTcs macnuinnom. Ha Be-
NOABHIKHDBIE DIEKTPHUCCKHE 3apsi/bl MATHUTHOE NOJie He JieiicTeyeT. das
XapaKTePHCTHKH MAarHHTHOTO I10Js BBOJAHTCH BCKTOPHAd BEJIHYHHR,
KOTOpasi Ha3blBaeTCs MacHummuol unOyxyued (B).

MarnntrRas wuaykuus. [as onperenenuss Bektopa B mcnonnsy-
ercs JeficTBHe MarHHTHOrO MOJS: a) lla JBUXKYWuiics 3apaj, 6) Ha sae-
MEHT TOKa, B) Ha pPaMKy C TOKOM.

a) Ha naBmxyuuiics co cKkopocTbio V 3apsl Q B MarHUTHOM NOXe
JefictByeT cHsa, KOTopas HasbiBaercsi cusoi Jlopenya:

Fn=Q[vB], Fn=QuBsina, (3.51)

rxe B — MaruuTHAam MHAYKUHS, G — YroJd MeXAy BekTopaMH V U B.
Ecan v | B, 10 cuna Jlopenua umeer MakCHMaJbHOe 3HAYECHHE
Fny=QuB; ecnu v||B, To cuna Jlopenna pasua nyJio. Kak caenyer Bs
(3.51), moaynap B=Fp,/|Qu|.
6) HeiicTBylomas Ha NPOBOXHHK C TOKOM B MarHHTHOM IONTé CRAA
paBHa BekTOpHOf eymMe cua JlopeHia, IeiiCTBYIOWHX HA KaXKAbIR HOCR-
Te/Ib 3apAfia; TaKaf CuJja HaswiBaercs cusold Amnepa unum amneposod.

B ]
) g9 v o

AF -‘/@ff/fﬂ
A

Pue. 3.11. TpaekTopis [10J0KIIe Piac. 3.12, Cuna Awmnepa, JAefte

TeJIbHOro 3apsA/ia B MAI'HLTHOM NO= CTBYIOINAs 1a JHHeliubl sjieMeHT?
a6 (BeKTop B mneprneHAHKYJAAPCR T0Ka; BeKTOp B nanpasnes  oa
IJIOCKOCTH YepTerka) NJIOCKOCTL YepTeika

Cana Amnepa AF, peiicTByiomas Ha sjeMeHTapHE oTpesok Al Toukors
IIPOBOAHHKA, OINpelesieTCsl COOTHOLIeHHeM (3anon Amnepa):

AR =FkI [Al B}, AF=FkI Al Bsina, (3.52)

rge I — cuna Toka, B — MarHuTHas HMHAYKUHS, O — YrOJN MeXAY
sekropamMu Al n B; Hanpassenue Bextopa Al coBmajaer ¢ HamnpasJie-
HUeM BeKTOPa IIOTHOCTH TOKA j; BeKTOpHas Beauunna /Al naspiBaercs
saemsumom moxa. Ecau Al] B, 10 cuna AMnepa HMeeT MaKCHMaAbHOS
sHayenne: AF, =kIBAL
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KoaddunnesT nponcpunHoHaabHOCTH B 32aBUCHT OT BHGOpPA CHCTEMLI
eaunun; 8 CU k=1, 8 CI'C (cucrema T'aycca) k=1/c, rae ¢ — ckopocTsb
cBeTa B BakyyMe. Hanpas.enne AF onpezensieTcsi BEKTOPHBIM NPOU3BE-
nenrem (3.52). Ha npakTuke ucno/sb3yercst npasuao aesol pyku: necG-
XOJMMO JIaJJOHb JIEBOH PYKH PaclOJOKHUTb TaK, YTCOBI IHHHH HHAYKLHH
MarHMTHOTO NOJSI BXOJAMJIH B Hee, a BLITAHYTHIE NaJblbl YKa3blBajH
HanpaBJleHHe TOKa; TOrja OTCTABJEeHHH GOJbWON Najen yKasLiBaeT
HanpaBaeHue cuasl Amnepa (puc. 3.13).

B CH wmogyas B=AFy/(IA]).

B) Ha naockuii KOHTYpP TOKa MajbiX Pa3MepoB, NOMelleHnHbI B
MarguTHoOe noJe, JeHcTByeT MexanuueckKuil MoMenT cua M (cM. (1.42)):

M=1/S [nB], M= ISB sin a, (3.55)

rae [ — cuna Toxa, S — maomaib KOHTypa, B — MaruutHas uHayx-
IHs, G — yTOJ MeXJy HOPMajblo. K NJACCKOCTH KOHTYypa H BEKTOPOM
‘B, n — exuuuyHbii BexTOp HOpMaaH. Bek- ')

TOpHasi BeJdHYHHna py=1Sn naswiBaetcs mae-
HUMHOIM MOMEHMOM KOKMYpa; MORYJIb Mar-
HUTHOro Momenrta p,=IS. Hanpasaenue
MarHHTHOIO MOMEHTa ONpeje/sieTcsi o npa-
8UAY NPAGO20 GUHMA: €CAW BUHT BPawaThb IO
HanpasJeHHI0 TOKa B KOHType, TO NMOCTymna-
TeJbHOE MepeMemieHne GyJeT COBNafarth C Ha-

SR

g e fgeison O -t Q\

npaBJeHHEM Py H €AXHHYHLIM BEKTOPOM HOp- o
Manu n. MarHuTHBIH MOMEHT HECKONAbKHX %'
KOHTYPOB TOKa paBeH BEKTOPHOH CYMMC HX
4F
\\ /{l
/4
%
e
v
1
B !
Puc. 3.13. [Mlpasuno aceoit uc. 3.14. K sakony Buo —
PYKH apapa — Jlamnaca, [Ipasuao

BHHTA

Marnutnmex MoMenTtoB. Eenm n| B, To MOMEHT CHJ HMMeeT MaKCHMAalb-
uoe snauenne My=ISB. Kak caenyer u3 (3.53), Momyan BexTOpa
B= M,/ (IS).

Paznnukeie BapuaHThl ONpejeleHsi MaTHUTHOH MBAYKUHH APHBO-
AsiTcss B Tabauue;
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Onpepaeacuue moayds | B |
i

Onpepenenne nanpasnendsi B

a) MakcumanabHas cuia, AcicTayiouian
B AAaNHON TOYKE MATHHTHOrO NOJsA Ha
HBHXYIWHHCA ¢ eIHHHYHON CKOPOCTHIO
€MHHYHBIA  MOJIOXHMTENbULIA  3apsif,
visbiBaeTC macnumnod undyKuued -

6) MakcuManabHan cuJsa, AeficTByiowas
Hia elHUHNYHBIT SJAEeMeNnT TOKa B AAHROH
TOYKe MATHUTHOT'O I10JIs, Ha3bBaCTCA
Mazrumnod uHOyKyued

B) MakcumasabHbulf MexaHHuecKuit mo-
MEHT, KOTOpui# feficTByer B JaHHOM
TOYKE MAarHMTHOrO NOJA Ha NJIOCKHH
KOHTYP TOKa C eMIHYIbIM MOMEHUTOM,
Ha3biBaeTCA MazHumuotl undykyued

Hanpasnienve onpepesnserci BCKTOPHBIN
npousseacnucm [vB]

7
7 P
e

HanpanJsienne onpeAessieTcsi BEeKTOPHLIM
npou3asenenuem [jB]; TaxkKe npumeHsercs
npaBuJIo JCBOK DYKH

w
_ 7 aFy
Pd

Hanpapaesne B onpepcasiercss  BeKTOp:
HbiM npoussefeunncm [nB); nanpasscuue n
onpeaesisieTCs! M0 NPaBUIY MNPaBOro BUHTA

//

M »
7 n

”
//

n
i

fipuMeuaune. Bekroph, H306GpaxkeHHsie WTPHXOBOR JHHHEN, HanpasJjenb!
8a MJIOCKOCTb YepTexa; BeKTopsl B, v, | JeXaT B MJOCKOCTH 4YepTexa.

Junuamu macnumnoll unlykyuy Ha3bIBAIOTCS TaKue JHHHH, Kaca-
TeJIbHbIE K KOTOPHIM B JII060# TOYKE STOM JIMHHH COBMAAAIOT C HaNmpaBsJe-
HUeM BEeKTOPa MAarHUTHOH HHAYKUHH. JIMHHMM MArHUTHOM HHAYKUMU
3aMKHYTHI (B OTJIHYHEe OT JiUHUA HanpskeHHocTH E); Takue mons uasmi-
BalOTCA 8uxpesoimu. JINHUH MATHUTHOH MHAYKIHH NPSAMOro NPOBOAHHKA
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C MOCTOSIHHBIM TOKOM NpEeACTaBJfIOT COGOH KOHLEHTPHYECKHE OKpYiX-
HOCTH, Jiealle B IJIOCKOCTAX, MEPHEHAUKYASIPHHIX K NPOBOAHHKY.
Hanpasienus JHNEH MarHHTHOH HEAYKUHM ONpeNesIOTCS MO NPaBuay
npaeozo 8umma: ecny BHHT BpallaTh TakHM o6pa3oM, YTOGHI OH MOCTY-
nartesibHO TepeMeulacs N0 HanpaBJEHHIO TEXVINEro NO NPOBOAHUKY
TOKa, TO HampaBJienye BPalleHHsi ero rOJIOBKH OYJeT COOTBETCTBOBAThb
LanpasJeHui0 JHHHH MAardHUTHOH MHAYKIHM (puc. 3.14). ‘

Hanpaxennocmero maenumuozo noans H e eaxyyme HaspiBaerca
BeJIMYMHA, PaBHasl OTHOWEHHIO MarHUTHON MHIYKUUH K MA2HUMHOU no-
CMOAHHOL -yt

H= B/}lo.
Pa3mepHOCTh H 3HAYCHHE [y 3aBUCAT OT BhIGopa cucTembl einnul. B CU
po=4m-10-7 Tn/m (pasmepnocts LMT-2]%), B CI'C po=1 (eanunua
Ge3pasMepHas).

Hanpscennocmoto maznumuoco noas 6 at060t cpede Ha3bBaeTCs
BeNMYMHA, paBHas OTHOweEHHIO B/ (1p,), rae B — omuocumensvras
MazHUMHKAsA nPOoHUyaesocms cpelpl (CM. I. 5 3Toil raasnl). B n3orponnoi
cpene Bektopol B u H uMeloT oaunakoBble HanpaBJeHHS.

B3aumogeiicTsie AByX NPOBOAHMKOB C TOKAMU. DTO B3aUMOAeHCTBYe
06yCIOBJIEHO ~B3aHMONEHCTBHEM MEXLY MABHIKYUIHMHCS HOCHTEJNSAMH
3apsj0B B NPOBOAHMKAX; KYJOHOBCKOE B3aHMOJEHCTBHE B 9TOM CJY-
yae paBHO HYMIO, TaK KaK NDOBOJHKKH 3JEKTPHYECKH HeHTPalbHbl
(B3aumoseiicTBHe Mexy 3apAAaMM HA NOBEPXHOCTH HE YUYHThLIBaeTcs).

JIBa AJTMHHBIX NPSAMOJNHHEHHBIX M MapaJjljieJbHbIX NPOBOXHHKA NpH-
TATHBAIOTCS APYT K APYTY, €CIH TOKH MMEIOT O/luHAKOBOE HalpasJlieHue;
€CJIM TOKH MMEIOT NPOTHBOMOJOXKHbIE HanDaBJeHHs, TO OHH OTTaJKHBa-
10TCsI. B COOTBETCTEHY € 3aKOHOM AMITepa PacCYHTHIBACTCS MOAYJb CHIILL:

Fy=ppol1lslj(2na), (3.549)
rie a — paccTosHHe MeXJAy mNapasjesbibIMH NPOBOAHHUKAMH, Ii H
I, — cuapl TOKa B HHMX, | — UX JJiHHA, Mg — MarHWTHas NOCTOSIHHAS,
M — OTHOCHTeJNbHast MarHuTHasi NPOHHIAeMOCTb CpeLbl.
MaruutHag uHAyKRuus 3sgementa toka /Al (cM. puc. 3.14):
AB = ppo/ [Al r}/(4nr3),
Asz;LolAlsina (3.55)
4mr2 ’

Tle T — PafHyc-BCKTOP, NPOBeJEHHBI OT 3/JeMeHTa TOKa B TOUKY,
B KOTOPOH onpejeasercss MarHuTHas# HHAYKLUHSA, O — Yrol MexAy
Al n r. 3T0 cooTHOWeHHe Ha3bBaeTcs 3akonosm Luo — Casapa — Jlan-
aaca.

ITocToAHHBIM TOKOM, NPOTEKAIOU KM NO NPSMOMY JJIMHHOMY IIPOBOA-
HUKY, HMelolleMy KPyIJ/oe ceyeHue, BOo3GYKAaeTcs B TOYKax BHE Npo-
BOJHHKA (r=R) MarHuTHasg HHAYKDHS

Be = ppol/(2nir), (3.56)
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[
BHYTPH NPOBOJAHHKA B 3TOM CJyyae MAarHHTHas HBAYKIHS

By = ol r/(27R?), (6.87)
rae | — cuna toxa, r — paccrosinie no HOPMaJK OT OCH NPOBOAHHKA
JAC TOYKH NoJd, B KOTOpOﬁ onpenensieTCsi MariuTHag HHAYKIHA, ‘R —
paaunyc nonepeuHoro Ce4CHUsd MNPOBOJAHHKA.

Puc. 3.15. ToponganbHag Puc. 3.16. MarHuTHas MHAYKLHS
KaTyluKa JABHKYLLeica YaCTHIb

Moaynp MareuTHO#l WHAYKUMH B LIEHTPE KPYroBOTO TOKa:
By =pp,!/(2R), (3.58)
rge R — papuyc BHTKa.
Moayap MarguTHO! MHAYKUMH B TOYKaxX, PacloJIOXKEHHLIX Ha pac-
CTOSSHUH r oT ocu 0 BHYTPH TopoujaadpHOH Karywku (puc. 3.15),
By =ppN1/@2nr), (3.59)
rie N — monHOe YHCJAO BHTKOB KAaTYLIKH.
BHYTpu mpAMOro cosieHOMJa, JJIMHA KOTOPOro 3HAYHTENbHO GCJlb-
e JuamMerpa BHTKOB, B TOYKaX Ha €ro OCH, YJaJeHHHX OT KOHIOB,
MAarHuTHas HHAYKUHSA
Boe=ppeN1/l, (3.60)
raie N — KOJHYeCTBO BHTKOB, ! — JJHHA COJIeHOMJA.
MaruutHasg MHAYKLMS ABHXKYINeHcs 3apsKEeHHOM YacTHUBl (Npi
ycaoBuu, uto v/c<l) onmpelensercs CJACAYIOUIUMH COOTHOLIEHHSAMH:
Bo= 1oQ [vrl, B = QU sim‘}’
4nr’ Q 42
rae Q — 3apsj YacTHLb, V — ee CKOpPOCTb, ¢ — CKOPOCTh CBETa B Ba-
KyyMe, I — PaJKyc-BeKTOp, MPOBEAEHHBIN OT YacTHUBl B Touky C, rpe
onpejiessieTcsl MArHUTHAsA HHAYKuus, & — yroa Mexay v ur (puc. 3.16).

(3.61)

4. 3JIEKTPOMATHHUTHAS UHAYKUHSA

Marnutabiil noTok. Maenummuein nomoxom uepes IJIOCKHH KOHTYP
(B ONHODOXHOM IOJE) Ha3bBaeTCs INPOH3BeJeHHe MOAYJS MarHHTHOM
MHAyKnHM B Ha nuomane 31oro KOHTYpa S M Ha KOCHHYC yTJa oL MEXAy
BeKTOpoM B M HOopManibio K noBepXHOCTH KOHTypa (pHuc., 3.17):

@ = BS cos a. (3.62)
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Ilpn nepememenun B MarHMTHOM IOJe KOHTYpPa, B KOTOPOM CHJa

TOKa NOJJEPKHBAeTCA MNOCTOAHHOM, pabora cui Amnepa
A=TI(D,— D), . (3.63)

rxe O — MarHUTHHIA NOTOK Yepe3 MOBEPXHOCTb KOHTypa TOKa B Ha-

yajne nepememennsi, @y, — MArTHUTHHIH MOTOK B KOHIE MNepeMemeHus.

HaMmensiomuiics MarHuTHbLIH NOTOK BO30YIKAaeT 3JeKTPUUECKOoe
noJie ¢ 3aMKHYTBIMH JIMHUSIMH HaMp sKeHHOCTH (6UXpesoe saeKmpuueckoe
nose). B koutype HaBemeHHoe mnoJie 00YCJIOBJIMBaeT BO3HHKHOBEHHE
9JMIEKTPHYECKOTO TOKA, KOTOPBIl Ha3bBAeTCs UHOYKYUOHHOIM. DTO SB-
JieHHe Ha3BbIBACTCS 34eKMPOMASHUMHOL
unlykyuer.

JNeKTPOABHKY WAt CHAA MHAYK-
uun. XapakTepHCTHKOH HaBeJeHHOro
(MHAYLHPOBAHHIOr0) TMOJASA  SABJIAETCH
3JIEKTPOABHKYLLAA CHJIA HHAYKIHH;
3. 0. ¢. uHdykyuu — 310 paGora CHJI
Puc. 3.17. K onpeAcsicHuio Mar-  BHXPEBOrO 3JEKTPHYECKOrO TOJNA IO

iTiore motoka nepeMelieH IO MOJIOXKHTCABHOrO 3apA i
1 kyJion.

HMHAyKuHOHHBII TOK MMeeT Takoe HampaBJeHHe, YTO CO3/aBaCMLIil
MM MarHMTHbIH NOTOK NPensiTcTByeT H3MEHeHHIO MAarHMTHOrO [OTOKa,
KOTOpoe OGYCJOBHJIO MOsiBJEHHEe HMHAYKIHOHHOTO ToKa (npasuro Jlen-
ya). JApyras ¢dopmynupoBka npaBuia JleHna: HHAYKUHOHHbBIH TOK BCErAa
HanpasJieH TaK, UTOObl «[POTHBOJEHCTBOBATLY NMPHYHHE €r0 BO3HHKHO-
BeHHA.

DNIeKTPOABHKYILAA CHJIA HHAYKUHH MOXKCT GbITh paccudTaHa Mo

dopmye

&=— lim AD/At=—dD/dt, (3.64)
At—> 0

rae AQ — u3MeHeHHe 3a BpeMsi Af MarHUTHOrO MOTOKa uepe3 MOBEpX-
HOCTb, OrPaHHYEHHYIO KOHTYPOM.

Takum o6pa3oM, 3. K. C. HHAYKUHH DaBHA CKOPOCTH H3MeHEHHs
MarHHTHOrO TOTOKA Yepe3 MJIOWaib, OrPAaHHUYEHHYIO KOHTYPOM. 3HAKH
3. A. ¢. 1 A®/Af npoTHBONONOXKIE (B COOTBETCTBHH ¢ NpaBuaoM Jlenua).

Ilpu n3MeHeHMM TOKa B NPOBOAHUKE BO3HHMKaeT HHAYLHPOBaHHOE
(HaBefieHHO€) MoJie, KOTOPOe BO36YKAAETCSH MATHHTHBIM TIOTOKOM Camoro
aToro Toka. Takoe sBJieHHe HA3bIBAaeTCs CaMOUHOYKyuedl.

3. 0. ¢. camoundykyuu xKonmypa onpegeasiercss no GopmyJe

Ec= —Atllmo AD /At =—dD/dt, (3.65)

rie @, — MarHMTHBI NOTOK, CO3AaBaeMblii TOKOM KOHTypa uepe3 Io-
BePXHOCTb, OTPAHHUYEHHYI0 5THM KOHTYPOM; 3TOT NOTOK Ha3bIBAaeTCS Mae-
Humuoim nomoxkom camoundyxyuu xonumypa; d®./di — ckopocTs H3Me-
HEHUA MArHHTHOIO MOTOKAa CAMOMHAYKILHMA.
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ook @, nponopuuoxanen cuiae Toka I B KoHType:
®e=LI. (3.66)

Hnoyxmuenocmeto L xonmypa Ha3biBaeTCs NMONOKUTENbHAS CKAMAP-
Has BeJMUYMHA, PaBHas OTHOWIEHHIO NOTOKA CAaMOMHAYKLHH K CHJIE TOKa
B HeM. EcJiu OTHOCHTe/NIbHAsi MArHUTHAS NPOHHIAeMOCTh [ NIOCTOSIHHA H
KOHTYP He Je}pOpMHpYyeTcs, TO HHAYKTUBHOCTh L IOCTOSIHHAj TOrAa

&e=—Ldl/dt, 3.67)

rae dl/dt — ckopocTb N3MEHEHHMS CHJIBI TOKA.

BcaencTsne caMOMHIYKUHH TJIOTHOCTh TOK2 Y IOBEPXHOCTH NpoO-
BOJHNKA CTaHOBMTCS GoJiblue, YeM B CepelHHe; H3MEeHEHHe IIOTHOCTH
TOKa YBEJUUMBAETCS C YBeJHYEHHEM 4YacTOThl. Ha BEICOKHMX YacTorax
NJXOTHOCTb TOKA BGJM3H OCH NpPOBOJIHHKA MOXET OHITh NPAaKTHUYECKH
pPaBHa HYJIIO M OTJIHY2ETCS OT HYJIsl JIHLIb B6JIH3H NOBEPXHOCTH NPOBOX-
HHKa. JTO sABJI€HHE HAa3bIBaeTCS N08ePXHOCMHOIM Spdexmom (cKuH-
agppexmon).

HHAYKTUBHOCTE COJIEHOMIA C CepAeuHHKOM}

L= kpouN2S/l, (3.68).

rfie | — OTHOCHTeJbHAS MarHHTHas npoHunaemocts, N — uncio
BHTKOB, S — mJjowajb, MONEPEYHOTO0 CeYeHHs coJeHoupa, [ — njanna
conenoupna, k — Ko3(hULHEHT, 3aBHCHAMHA OT oTHouenusa I/d, d —
JAuaMeTp cosleHOHAa. 3HaueHus k mpusojstcsa B Taba. 113.
HMHAYKTHBHOCTD KOaKCHaJbHOro Kabenss AnuHoM Ui

Lie = pptol In (Ro/Ry)/(210), (3.69)

rge R, m Rj — pajnychl BHCIIHErO U BHYTPEHHEro WHJIMHAPOB.
WHAYyKTHBHOCTD JABYXNPOBOAHOH JIMHHM JJauuON [ ¢ pajauycom
CeYeHHsT TPOBOJOB i
Ly=1Ipep In (a/r)/m, (3.70)

rie @ — PaccTosiHHe MeXAy OCSMHM NPOBOAHHKOB (NPH yCaOBUH r<a).
dneprus MarsuTHOro moas. B nmpocTpaHcTBe, rje MMeeTcs MarHMT-
HOe noJie, pacnpejeneHa sHeprusi. dueprus W, MarHuTHOro noas
BOKPYT NMpPOBOAHHKA ¢ cujoil Toxa I onpefesisiercss no ¢opmyse
Wu=LI%/2, (3.71)
rge L — MHAYKTHBHOCTB.
O6vennas naomHoCmb 3Hepeut MAaTHHTHOTO TOJS — BEJIHYHHA,
paBHas

wy = lim AWy

ol =y =BH[2=B?/Qupa), 3.72)

rie H — HanpsKeHHOCTb MAarHUTHOTO noas, pasnas B/ (up), B —
MarHHTHas HHAYKOHL,
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[10dBeMHAA  curQ  IAEKMPOMASHUMA:
F = B2S/(2pop), 3.73)

i
rie S — mjaomagb NONMepeyHoro CeueHHdA HaKOHEYHHKaA 3IJeKTpomar-
HHTa, B — maruutHas HHAYKOHA.

5. MATHUTHOE NOJIE B BEIMECTBE

JAnaMarHeTHKM M napamarHeTHKH. Maexemuxkami Ha3LIBAalOTCS Be-
LeCTBa, KOTOPhie BO BHELIHEM MarHHTHOM IIOJIe HaMarHHYMBaIOTCH, T. €.
IPUOGPETAIOT MArHHTHHI MOMEHT. MarHeTHKu pasfjeJsiioTCS Ha TPH
BHJA: JMaMarHeTHKH, NapaMarHeTHKH H (eppOMarHeTHKH.

B Quamaenemuxax (iHepTHBIE ra3bl, 30J10TO, HHK, cepeGpo, Melb,
BOJAa M T. [.) BEKTOP MAarHUTHOH HHAYKIHH COGCTBEHHOTO MarHHTHOrO
MO HANpABJIeH MPOTHBOMIONOXKHO BEKTOPY MAaCHHTHOH HHAYKUHH
BHEIUHero TNOJSA; B napamazremuxax (a3oT, BO3AYX, adIOMHNUi, mia-
THHA H JP.) BEKTOP HHAYKUHH COGCTBEHHOTO MarHHTHOTO MNOJS HMeeT
OJMHAKOBOEe HalpaBJ/eHHe C BEKTOPOM MarHHTHOH HHJYKUHH HaMaru-
YMBAIOWErO IOJS.

JlnaMarHeTHKH H TNapaMarHeTHKH OTHOCATCHA K CJaGOMarHHTHBIM
BEIeCTBAaM, y KOTODLIX OTHOCHTeJbHAas MArHHTHas IPOHHLAEMOCTb
HE3HAUHTEJbHO OTJIHYAeTCA OT eJMHHIBI: y AHAMATHETHKOB P=1, y
napamMarHeTHKOB R >1.

KosnuecTBeHHOH MepOil HaMarHWYMBaHUS BELECTBA SIBJISETCH HA-
MazHudeHHocms J — BEKTOPHAsl BeJHUHHA, PABHAasi OTHOLIEHHIO BeK-
TOPHOIl CyMMbl MarHMTHbHIX MOMEHTOB MOJIEKYJ P, K o6veMy AV, B
KOTOPOM OHH HaXOAATCH:

3= pu/AV =npy, (3.74)

rie n — KOHUEHTPalHsA MOJeKyJ, {py> — CPeJHHH MAarHHTHBIH MO-
MeHT OfHOH MoseKyan, AV — Manblii 06beM; cyMMHPOBaHHE IPOBOAUT-
cs Mo MoJieKysam B obbeme AV.

B usorponnoii cpene J=xH. Beanununa ®x Ha3biBaeTCs MALHUMHOL
socnpuumiusocmsto; ® — GeapasMepHast BenuuuHa. B mapamaruetukax
#>0 (BexTops J 1 H mapaaneabusl); B 1uamarueTnkax ®¥ <O (Bekropnl J
u H HMEIOT NPOTHBONOJOMXKHBIE HANpaBJIEHHS).

MlHayknus pe3ysnbTHPYIOUIETO NOJNS B MariueTHKax

B = (1 %) Bo=pB,, (3.75)

T. €. NPH SaNoJNHENHH NPOCTPAHCTBA OXHOPOJAHEIM MarHeTHKoOM B yse-
JiguuBaeTcs B |\ pas; p=1-%. Beauuuna p HaswiBaerca omnocumens-
HOL MA2HUMHOL NPOHUYAEMOCMbIO cpedot; 5Ta BeJTMYHHA Ge3pa3MepHas u
UMeeT B Pa3JHYHBIX CHCTeMaX eJHHHI OJHHAKOBBle 3HAYeHHs, KOTOPbIC
YKa3bBalOTCA B TaGJHIaX; NPOHM3BEJAEHHE PyW=WN, Ha3blBaercs abco-
20MHO%  MA2HUMHOL NPOHUYAEMOCTIbIO.
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3asucumoctb J o H (kpusasn nHamasnu4venus) 1jisi rapaMarHeTHKOB
¥ JIMaMarHeTHKOB JHHeHHas.

MaruuTHas BOCIPHHMYHBOCTb JMAMarHeTHKOB (¥ HEKOTOPHIX na-
PaMarHeTHKOB, HANpHMep, B IEJTOYHBLIX METaJJNaX) He 3aBHCHT OT TeM-
nepaTtypbl. MaruuTHass BOCNPHMMYHBOCTb NapaMarHeTHKOB (33 HEMHO-
THMH HCKJIIOYEHHSIMH) H3MeHsieTCsl 06paTHO MNpPONOPUMOHANEHO TeM-
neparype.

deppomarneTnku. PeppomacHemuky (kKel1€30, HHKENb, KOGanbT,
HEKOTOpble CIJIaBB) OTHOCSTCS K TPyNNe CHIbHOMarHUTHBIX BELEeCTB;
y HUX p> 1. 3aBHCHMOCTb HaMarHH4eHHOCTH J ¢eppoMarHeTukos oT f1
nesquHeliHasgs. MarHHTHas BOCHIPHUMYHMBOCTD H NPOHHLAEMOCTb ¢eppo-
MarHeTHKOB 3aBUCSIT OT HaNpPsDKEHHOCTH MOJA.

Jas ¢peppoMarHeTHKOB OGHIYHO YKa3bIBAaeTCsl HavyajJbHAas MarHut-
Has NPOHHIAEeMOCTh (M,) — NpeAelbHOe 3HaueHHe MAarHHTHOH NPOHK-

1L2eMOCTH, T. €. py=lim p.
H—->0

3aBucuMocTs B OT H - ang ¢eppoMarHeTHKOB INPOXOAHUT Yepe3
MakcuMyM (cM. puc. 3.19). OGbIYHO yKa3biBaeTcsi H MaKCHMallbHOe
3HauYeHHe [y.

MarnuTtHass BOCNPHHMYHBOCTb (hepPOMArHeTHKOB PacTeT C yBelH-
ueHueM Temnepartypbl. [Ipu HekoTopoil Temneparype 0 ¢eppomarseTui
DpeBpallaeTcss B NapaMarHeTHK; 3Ta TeMIIepaTypa Ha3biBaeTcs memnepa-
mypoti (mouxoti) Kiopu. Ilpn Temnepatypax Beiie Touku Kiopu Be-
IMECTBO fBJsIETCA NapamariieTHKoM. BGausn Temnepatypsl Kiopu Mar-
HUTHad BOCNPHMMYHBOCTb ¢eppoMarseTuka yBeaunuusaercs. Kpusas,

7 o

|
ATt e =
|
7 H Vi V2
Puc. 3.18. OcHopHas Kpubas Puc. 3.19. OcHcBHas KpuBasi HaMari-
Hamarinyeus J—H Yeuus B—H; 3aBucCHMOCTb W OT H

npejcTapasiomas 3asucuMocTs B unu J or H, Korna QgeppoMarseTHKk B
HayaJbHOM COCTOSIHHH OLLI pasMarHuved (T..e. npu H=0, J=0),
Ha3bIBACTCH OCHO6HOU KpUBOl HamaeHuderus (WIH HAYAA6HOU Kpusol
HaMA2HUYEHUS).

Ha puc. 3.18, 3.19 noxka3aHbl OCHOBHbBIE KPHBble HaMarHHueHus
na auarpammax J—H u B—H.

HamarunyeHHOCTh J YBeJIHUHBaeTCsi C YBeJHYEHHEM HampsiKeH-
HOCTH MaruuTHOro nosis H, Ho yxe npd He6oabluX 3HayeHuax H=H
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'HOCTHraeTcs HachllleHue, T. €, NPH RajibHefiieM yBeaudenun H>Hg
HAMAaCHHYEHHOCTh HMeeT NOCTOSHHOE 3Hauénue Jg, OHAKO TPH ITOM
MarHuTHasE HHAYKLUHs B NponoJkKaeT YBENHYHBATbCA MO JIMHEHHOMY
3aKkoHY: B=p,(H+Jg). Benuunna Jg Ha3sbIBaeTCH HAMASHUYEHHOCMbIO-
Hacoenus, Bg=py (Hs+J5) Has3pBaer-
cA MazHumHOU uHOYKYyuel HacoUeHus.

Ha puc. 3.20 ocHOBHas KpuBas
HaMarHHYeHus npejicTasieHa Kpusok 01.

[Mpu ymenbwennu H po uyas B
M3MeHSeTC MO KpuBOH /2; u3MeHeHHe
HHAYKIHH OTCTaeT OT H3MEHEHUs Ha-
NpAXKEHHOCTH NMonsd. ITO ABJIEHHE Ha-

¢ 3bIBACTCH MASHUMHGIM  2UCIMEPESUCOM.
Puc. 3.20. IMetns rucrtepesuca MarsutHas HHAYKIHKA, COXpaHd-
deppomarHeTHka

jomascs B GpeppoMarHeTHKe nocje CHf-
THa noas (korxa [{=0), Ha3biBaeTcs O0CmMamounHol mazHumrol uH-
Cyxyued B,. Ha puc. 3.20 ocratounas HHAYKUHS B, ompejensercs
orpesxkoM OC. UTo6Ll pa3sMarHUTHTh (eppOMarHeTHK, HYMCHO CHATb
O0CTaTOYHYIO HHAYKLHIO; I 3TOr0 HeOGXOAHMO M3MEHHTh HampasJieHHe
H na nporusononoxroe. VaMeHeHHe MarHuTHOM HHAYKIHH B 3TOM
cayuae H3o6pasutcss KpuBoit 234. HanpsKeHHOCTb MarHMTHOrO moJjs
H, (orpeszox OK Ha puc. 3.20), npu KOTOPOi#i MarHuTHas HHRYKUHA
PaBHa HYJII0, Ha3bIBAETCS KOIPYUMUBHOL HANPANCEHHOCMbI0 (KOIpYUumus-
noti  cunoil).

3aBucuMocTb B (uiu J) npu M3MeHEHMH HaNpsMEHHOCTH MarHHT-
HOrO MoJs OT 3HaueHuit +H no —H Bbipa)aercss 3aMKHYTOH KPHBOH
1234561. Taxass KpuBasi HasbiBaeTCsi kpueold eucmepeduca. 3a ORUH
ILMKJ H3MGHeHMsS HanpsiKeHHOcTH oT +H go —H B ¢eppoMarHeruke
BblJieJIAETCS KOJHYECTBO TemJa, NPONOPIHOHANbHOE IJIOIAAH MNeTaH
rucrepesuca (cM. Ta6a. 112).

CsojicTBa ¢eppoMarieTHKoB OOBSICHSIOTCA HAJHYHEM B HHUX obJa-
cTeif, KOTOpble B OTCYTCTBHE BHELIHET'0 MarHHTHOTO NOJISI CAMONPOH3BOJIb-
1O HaMarHMYeHbl N0 HACBIUEHHS; 3TH 00JaCTH Ha3LIBAIOTCS OOMEHAMU.
Pacnosioxxenye 1 HaMarHHYeHHOCTb JOMEHOB TAKOBbI, YTO B OTCYTCTBHE
[OJIt CYMMapHas HaMarHHYeHHOCTb PaBHa HyJo. Koraa deppomarneruk
noMemaercss B cjgaGoe MarHuTHOe MOJe, TPAaHHIbl MeXIy JAOMEHaMHu
CMEHlaloTCf; B CHJABHBIX MOJISIX BEKTOD HAaMarHHYEHHOCTH JIOMEHOB
MOBOPaYHBAETCsl MO HANPaBJIEHHIO HAMarHHYHBAIOLLEro NMOAS; B Pe3yJb-
Tate ()eppOMarHeTHK HaMarHHYHBaeTcs.

<Deppomame'mx, [OMEeILeHHbIH B MarHHTHOE noJjie, U3MEHAET CBOH
JuHeHHbie pa3Mephl, T. e. AedopMupyercs. OTO siBJeHHE Ha3bIBaeTCs
Maeﬂumocmpufcqued. OTHOCHTEebHOE YAJIHHEHHEe 3ABHCHT OT NPHPOALI
(peppomarue'mxa H HANPAXEHHOCTH MArHHTHOrO IMOJfA. MaI‘HHTOCTpHK-
uuMoHHbIA 3ddeKT He SaBHCHT OT HanpaBsJeHus BeKTopa B; y oaHuHX
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BellecTB Ha6/I0aeTcsl YKOpouenHe (HHKeab), Y APYTUX yAJHHeHHe (iKe-
Je30 B caabblX NMOJAX) BIOAbL NoJjs. STO fBJIEHHE HCIOJb3yeTcst AIf
MOJIyYeHHs YJbTPa3BYKOBHIX KoJeGanuii ¢ wactoramu jo 100 xI'm.

6. 3JIEKTPUYECKHE KOJEBAHHUSA
H 3JIEKTPOMATHHUTHDIE BOJIHbI

VisMeHenusi 3HaueHHHl 3JeKTPUYECKHX BCJHUYHMH (3apsila, CHJH
TOKa, HanpsXKeHHS U T. A.), KOTOpble MOBTOPSIOTCS TOYHO HJIH NMPHOIH-
3MTEJHHO Ycpe3 paBHBIC NMPOMEXYTKH BPEMEHH, Ha3biBAlOTCH NeKmpu-
ueckumu Kosebanuamu. IlepeMeHHBIH 3JEKTPHYECKHH TOK sABJAETCA
ONHHM H3 BHJIOB 3JEKTPHUECKHX KoJeGaHHH.

Tepemenn b Tok. [lepemernoim Ha3piBaeTCs TAaKOH TOK, CHJA HJM
HanpasJeHUe KOTOPOro (MJAH TO H APYroe BMeCTe) H3MeHsIeTCS BO Bpe-
menu. CHJa NepeMEHHOro TOKAa B JaHHBLII MOMEHT BPeMeHH, KOTopas
onpezensiercsi cooTHoweHnueMm (3.25), HA3BIBAaETCS M2HOBEHHbIM 3HA'te-
Huem. MrHoOBeHHBIE 3HAaYEHHSI CHMJILI IIEPEMEHHOr0 CHHYCOHAAJbHOTO
TOKA M HanpsiXeHus BLIpaxawnTcs (GopMyaamu:

i=1, sin (0 +¢y),
u="U, sin (of 4 ¢o),
rie Iy u Uy, — uauGosbiuve (aMOIUTyAuble) 3HAUeHHd CHIABl TOKA K
HanpsXeHusa, ® — YrJaoBas 4acToTa TOKa, { — BpeMsl, Q;—@P,=¢ —
PasHOCTb (a3 MeXAy CHJOMH TOKa M HanpsxeHueM, ©=2nf, f — vacrora
TOKa, ¢, @y — HavalbHble (Ga3bl TOKA M HAMPSIKEHHS.

Iu

(3.76)

“ p=a
Puc. 3.21. \Cunyconpanuioe u3Me- /.1— 7
a

S

HelHe NCPCMEHHOIO HanpAXeHHus
H  CHJbI 3JIEKTPHYECKOIo TOKa

(@=10) 7

I'paduKHu CHIBI CHHYCOMIANBHOIO TOKA M HaNPsXKeHUS NPHBOAATCA
Ha puc. 3.21,

Hedcmeyrouwum (Wnu apexmusnoirn) 3HaueHUem CULbL NepeMEHHO20
moKa HasblBaeTCs TaKasi CHJa INOCTOSIHHOrO TOKa, KOTOpas Ha TOM
JK€°CaMOM ydYacTKe Iled Pa3BHBaeT Ty XK€ MOILIHOCTb, YTO U NEpPEMeHs
Hbl TOK. B 6osnbmnHCTBe ciyyaeB (HO He BCErZa) aMIIePMeTPHl U BOJBT-
MeTpHl TMOKa3HIBAIOT AeACTBYIOlIee 3HAYCHHE CHJIBI TOKA | HJIH Hamp sixes
Hua U, Jas CHHYCOHMZAJNBHBIX TOKOB

I=1/V2, U=U/VT, 3.77)
rjae 10' u Uo — aMIVINTYAhl CHJbl TOKA H HalpPAXKEeHHS.
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CpedHan MOWHOCMb NepemMeHH020 moKa e yenu:

P=UI cos g; 3.78)
€08 @ Ha3HLBAETCA KOdpduyuenmom moujHocmu.
Benuunna
rp=olL (3.79)

HasLIBaeTC UHOYyKmueHoim conpomusreruem. Paza CHIB NEPEMEHHOTO
TOKAa HAa Yy4acTKe LeMH C HHAYKTHBHBIM CONPOTHBJIEHHEM OTCTaeT Ha
80° or ¢a3bl nepeMeHHOro HaNPsIKEHHS Ha 3TOM yuacTkKe.

Benuunna

re=1/(wC) (3.80)
Ha3LIBAETCA emKocmHoiM conpomusreruem. Paza Criasl nepeMeHHOro
TOKa Ha yyacTKe LEeNH C eMKOCTHBIM CONMPOTHBJEHHEM OMNepexaer Ha
90° ¢asy mepeMEHHOro HANpPsKEHUs HA 3TOM y4acTKe.

KoneGateabebiit KOHTYpP. DieKTpUueckas LeNb, COCTOSIAA H3 Ka-
TYIKH MHAYKTHBHOCTH, KOHAEHCAaTOpa H Pe3HCcTOpa, Ha3LIBaeTcst Kose-
b6amenvHolM KOHMYpom. DNeKTPpHYeCKHe KoseGanus BbHICOKOH YacCTOTH B
6OJIbIIMHCTBE CJYyYaeB MOJNYYAIOTCH € MOMOULbI0 KOJNEGaTeJLHOrO KOH-
Typa.

Ecan xonaeHcaTopy KoJe6aTeJBHOrO KOHTYPa COOGUIHTb 3JEKTPH-
q9ecKuit 3apaj, a 3aTeM KOHTYP 3aMKHYTb, TO B HeM GYJyT NMPOUCXOAHTH
KoneGaHHsT TOKA, HaNPsXKeHHs, 3apfAAa Ha KoHAeHcaTope. B mieanbHoM
ciyyae, KOTJa COMPOTHBJEHHe Pe3UCTOpa PaBHO HYJIO, B KOHTYpe
NPOKCXOAAT TapMOHHYeCKHe KoJeGaHHus.

[lepuon (1 yrsaoBas uactoTa) CBOGOAHBIX KOJeGaHHH B KOHType, B
KOTOPDOM HeT pe3ucTopa, omnpelesiorcss mo ¢opmyaam

T=2aV LC (0o=1/V LC). (3.81)

310 COOTHOIIEHHe Ha3biBaeTcs opmyroli Tomcoxa.

Ecnu B KoJie6aTeJbHOM KOHTYpe HMeEETCS DPe3HCTOP CONPOTHBIE-
HueM 7, TO cBOGOAHbIE KOJc6aHus B HeM OYyAyT samyxarouumu; B 3TOM
caydyae nepuox Kousebanuii

Ty=21) o) — o¢, (3.82)

TOK B KOHTYpDE H3MEHSEeTCSl MO 3aKOHY 3aTyXawuuX KoseGaHuit (cM.
ra. I, n. 7)
i=Ize-5sln (of). (3.83)

Bennuuna 6=r/(2L) waswBaeTcs kosdpuyuenmom samyxauus.
Buinyxaesnble Kone6anus B KOHType. K HCTOUHHKY BHellHel mepe-
MEeHHOM 3. J. C. KoJeGaTeabHblil KOHTYP MOXKHO NMOAKAIOUHTb Pa3JdHUHbi-
My crnoco6amu: a) KaTyllKa HHAYKTHBHOCTH, KOHLEHCATOP H Pe3HCTOP
COeHHSAIOTCS TMOCJIeJOBATENbHO, @ KOHIB TaKOH LENH IOAKJIOUAIOTCS K
HCTOYHHKY NMepeMeHHoit 3. &. c. (cM. puc. 3.22, a); 6) KaTyluKa HHAYK-
TUBHOCTH, KOHJEGHCAaTOP M PE3HCTOP COSAMHAIOTCH NapaaJesbHO, a
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sareM y3JB NOAKJMIOYAIOTCS K MCTOYHHKY mnepemeHHofi ©. J. cC.
(puc. 3.22, 6).

B KoHType, MOAKJIOUEHHOM K HCTOYHHKY rapMOHHYeCKo# 3. H. €.,
yCTAaHABJHBAIOTCS BLIHYXKAEHHbIE KoJe6aHus C 4acTOTOH, paBHOH YacTo-
Te 3. I, ¢. OTHOWeHHEe aMIIUTY Bl 3. A. C. & K aMIVIHTYJle CHJIBI TOKa

. ur uL &L‘
- L &
T e [

=8, sinw?
0 O

. a
Puc. 3.22. IMoakaioyeHue KoseGaTebHOrO KOHTYpa K HCTOUHHKY 3. K. €. IOCJef0Ba~
TenbHoe (@) U — MapanjenbHoe (6)
B o6umei wenu (IpH NapajseNblOM COEAHHEHHH) HA3LIBAETCH MOAHLIAL
conpomugaenuem KOHmypa, BeJluunHHa X=ry—rc Ha3blBaeTCs peakmus-
HBIM  CONPOMUBACHUEM.
Korza uyacToTa rapMOHHYeCKOH 3. A. €. ® CTaHOBHTCH paBHON

0y = l/VLC, aMIIHTYJa CHJLI TOKa B KOHTYype, B KOTOPOM PEe3HCTOp,

OcHoBHBIE (GOPMYJIBI BHHYKACHHBIX 3JIEKTPHUECKHX KoJaeGanufi

B KOHType
MocnenoBatenvuoe coequ- | [lapannenbHoe coefnuenue
Beauynua HeHue (puc. 3.22, a) (puc. 3.22, 6)

Monuoe conpotusinenue | Z=Y r2+(r, —r, )% (1/2')2=
KouTy pa Vo =1rt+(r =1/rc)s
Pc3oHaHCHAA 4acTOTa wo=1/VLGC w,=1/VIC
ConpoTusieHne npH Zp=r HMeeT MHHUMaJbHOe Z;,:r HMeeT MaKCHMaJbHOS
pesouaHce

3HayeHHe s8liauyeHHe
AMONUTYAA CHJBI TOKA I4=80/Z= l;: of/Z’

=1p/V 1+ Q*(0/0s=ar/0)? Iy—aMnuuTyAa CHIH ToKa

B ofie# nend

AMnn‘n'ryna CHJIBI TOKAa I_=@&,/r—uMcer  MaKcH- 1] =8&,/r—aMnanTyAa cuns
npH pesoHaHce P . p

Ma/JbHOE 3Hayenue ToKka B OOILEA LenmH wuMeer

MHUHMAJAbLHOE 3HaYyeHHe

Avnmutyna nanpsxe- | U;=Up=1 VLG &o=1"r
HUAl P pesoHaHce Ha P p
KaTyumiKe HHAYKTHBHO-
CTH M KOHJeHcaTope
AMONATYAA CHIIBI TOKA I1,=1,.=1_=8&,/r [ =
B KaTylIKe MHAYKTHB- L=c™ I =1¢=8/(0l)=
HOCTH M KOHJieHcaTope =8,VC/L
Pasuoetp a3 tg vp:(rL—rC)/r tg q;':r(l/rL— l/rC)
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KOHJIeHCATOP M KaTyIlKa HHAYKTHBHOCTH COeJAMHEHH NOCJIEJ0BaTeJbHO,
HMeeT MaKCHMaJlbHOe 3HaueHHne [;; 5TO ABJielHe HAa3bIBACTCS PE3OHAHCOM
Hanpascerud.

B KoseGarenbHOM KOHTYpe, 3JEMEHTHI KOTOPOTO COEAHHEHB na-
paiJiebHO, NIPH YCJIOBHH ©O= )y aMIJIMTYAA CHJIBI ToKa B obwieill memu
HMeeT HauMeHbluee 3HaYeHHe, a aMIUIMTYIbl CHJABI TOKOB, NPOXOASIHX
Yyepe3 KaTyIIKy HMHAYKTHBHOCTH H KOHJAEHCATOP, HMEWT HaHGOJbLINE
3HAUEHHA; 3TO SBJEHHE HA3LIBACTCS DE3OHAHCOM MOKOB.

Bennunna Q=w,L/r=1/ (0,Cr) nassiBaercs 006pomHOCHbI0 KOH-
mypa. OCHOBHBIE COOTHOUWIEHHS MEXAY aMIIUTYAaMH 3. J. C., CHJI TOKOB,
HanpsiKeHH#A ¥ CONPOTHBJEHHH npuBOAATCS B Tabamme Ha c. 145.

dnekTpomaruutHoe mone. CoryacHo 3akony bBuo — Casapa —
Jlanaaca BOKPYr NPOBOJHHKA C TOKOM 06pa3yeTcsi MarHHTHOE IoJie C
SBMKlIyTblMH JHUHHUAMH MarHUTHOH HHAYKUHH. Takoe nojse Ha3kiBaeTcs
suxpesoim. BOKpyr nposola, no KOTOPOMY TeuyeT NePeMEHHLI TOK, 06-
pasyeTcs TepeMeHHOe MAarHHTHOE MoOJe.

ITepemennblf TOK, B OTJIHYHE OT MOCTOSIHHOTO, NPOXOAMT dYepe3
KOHJIeHCaTOp, HO 3TOT TOK He SIBJISIETCSI TOKOM NpPOBOAUMOCTH; OH Ha3Hl-
BaeTcs moxkom cmeuwjenus. TOK CMelieHHst NpejcTaBisieT coGofl H3Me-
Hsloleecss BO BPEeMEHH 3JIEKTPUYECKOE I10J1e, KOTOPOe SIBJASETCS HCTOY-
HHKOM NepPEeMEeHHOr0 MarHHTHOTrO MNOJsi, KaK U NMepPeMeHHbIH TOK NMPOBO-
JHMOCTH. B OfHOPOAHOH H30TPONHOH Cpefe BEKTOP IJIOTHOCTH TOKa
CMeleH s

j= eg, dE/dt, (3.84)
rie dE/dt — ckopocTh M3MeHEHHS BEKTOpa HAmpSXKENHOCTH 3JEKTpH-
YeCKOro moJs.

t_A.- 4B
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Puc '3.23. BosunksoneHme 9/71eKTPOMATHHTHOTO NOJA @ — MarHHUTHOrO MOJIS TIPH H3«
MEHEHHH CMelLeHHs 3JeKTPHYECKOro Nois; 6 — BHXPEBOrO SJIEKTPHYECKOro NoJs NpH
U3MeHeHHH MarHHTHOW WHAYKUHH

B Ka)Joil Touke MPOCTPaHCTBA BCJEJACTBHE H3MEHEHHS BO BPEMEeHH
HATIP SIXKEHHOCTH 3JIEKTPHYECKOro noss o6pasyercs nmepeMeHHOe BHXpe-
BOE MarHuTHoe noJse. BekToprl B BO3HHKAIOIEro MarHUTHOTO MOJS Jie-
Kar B IJIOCKOCTH, NepneHAuKkyaspuoi sektopy E (puc. 3.23, a).
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BenecTBue M3MeHeHHsl BO BPeMeHH MHAYKIHH MarHHTHOrO MOJS B
Kamjoii Touke NpOCTPaHCTBA 0OpasyeTcss BHXPEBOE 3JIEKTpHYECKoe
noJjie. BeKTOpH HanpsAMEHHOCTH BO3HMKAIOUIErO 3JEKTPHYECKOro MoJs
E nexaT B NJIOCKOCTH, NePHNEeHAUKYJsSPHOH BEKTODY MarHHTHOH HIi-
Aykuus B (puc. 3.23, 6).

E

Puc. 3.24., BazauMHOC pacnoJsio-
xeHne BekTopoB E, Hu S B
9JIeKTPOMAarHHTHOH BOJIHE

COBOKYITHOCTb NepeMeHHbIX 3JIeKTPHYeCKOro H MarHUTHOro moJefi,
KOTOpble Hepa3pblBHO CBfi3aHbl APYF C APYTOM, Ha3bBaeTCH 94eKmpo-
MASHUMHBIM  NOACM.

DAeKMPOMAZHUMHAA B0ANG — STO PACNPOCTPAHAIOUEECH B MPO-
CTpaHCTBe NepeMeHHOe 3JEeKTPOMAarHHTHOe moJsie. BeKTopnl Hampsked-
1ocreii asekTpuyeckoro u MariutHoro noJeit (E u H) B sanextpomaruur-
HOH BOJIHE, PacNpOCTPaHSIOWENHCH B HEOrPaHHYEHHOM INPOCTPAHCTBE,
nepneHAuKyJIsAPHBL APYT APYTYy, a HalpaBJeHHe PaclpoCTPaAHEHHUST nep-
NeHAHKYASIPHO IJIOCKOCTH, B KoTopoii siexxar Bektopsl E u H (puc. 3.24).

CKOpOCTb pacnpoCTpaHEHHs] 3JEeKTPOMAarHHTHBIX BOJH B BaKyyMme
1€ 3aBUCHT OT MX JAJIMHBI BOJHB M paBHa ¢=2,997925.108% m/c. CkopocThb
2JIeKTPOMAarHUTHBIX BOJIH B IPYTHX CPelaX MeHblle CKOPOCTH B BaKyyMe:

¢y =¢/n, (385)

rfie n — nokKasaTesb TpejoMJeHHs cpenbl (cMm. ra. IV, m 2).

DAeKTPOMATHUTHbIE BOJHBI NEPEHOCAT 3Hepruio. [losepxHocmuas
NAOMHOCME NOMOKQ U3AYy4eHuna S — BEKTOPHAS BEJHUYMHA, IO MOAYJIO
paBHas TOTOKY SHEPrHH, NEePEHOCHMO! BOJHAMHM Yepe3 IJIOCKOCTb
miomanpio 1 M2, pacnosoKenioff NEepNeHAUKYNSIPHO HAMPaBJICHUIO
X pacnpocTpaHeHH:

S={(EH]. (3.86)

Bektop S HasbiBaetcsi gexmopom ITodinmunea; HanpasJieHHe ero coBna-
JlaeT C HanpaBJieHHEM pacnpoCTpPaHeHHs 3SHEpPrHH.

Hanyuenue aieKTPOMATHMUTHBIX BOJIH, 3apsilKeHHbLIE YACTHIIH!, JBH-
KYyLUHecss C YCKOPEeHHeM, H3Jy4aioT SJEeKTPOMarHuTHble BOJHBL. [u-
NoJIb, PaCCTOAHHE MEXAY 3apsjaMH KOTOPOro H3MeHsIeTCsl IO TapMOHH-
4eCKOMY 3aKOHY [y COS ®f, M3Jy4aeT 3JeKTPOMarHMTHbIE BOJIHBI; NOTOK
H3/yYEHUS AUNOJS

O, = Q205 (12neyc?), (3.87)
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rae Q — sapsaj AunoJs, € — dAeKTPHYECKas NOCTOSHHAS, ® — YIJo-
Basl Ya€TOTa, ¢ — CKOPOCTb BOJH B BakyyMme, (D, — cpelHsAs 3HEPrHus,
XOTOpasi M3JyyaeTcs 3a BpeMs OJHA CeKyHJa.

HaayuyateneM 5J€KTPOMArHHTHBIX BOJIH SIBJASIETCS BCSAKHE NPOBOA-
MUK, IO KOTOPOMY NPOXOAAT NepeMmeHnHble TokH. HaunGouaee spdexrusHo

¢

>/~i.\'b Punc. 3.25. K pacuery HanpsKen-
~ HOCTEeH SJICKTPHUECKOro H MarHHT«
\ HOro mnoJsiedl OT 3JeMeHnTa TOKa

H3JyueHHe TNPOHCXOAHT TOTAa, KOrxa pasMephl H3JyuaTessl CPaBHHMBI
© ANHHOR BOJHBI M3JMydYeHnsi. IIpoBOAHHKH, 3(GEeKTHBHO HBJIyHalOLLHe
(uaM NpuHMMalONlHe) SJEKTPOMAarHHTHLIE BOJHbBI, HA3HBAIOTCA AHMCH-
wamu. JlpuefinbiM snemenToM ToKa i{Al, B KOTODOM CHJIa TOKA H3MEHsI-
€TCsl N0 TrapMOHHYECKOMY 3aKOHy =, coS @f, H3/JYyYalOTCs SJEKTpo-
MarHUTHHE BOJIHE, B KOTOPHIX HANpPfXXEHHOCTH J€KTPHYECKOro M Mar-
BUTHOrO 5oJieli PaBHBl COOTBETCTBEHHO

E=-L ]/—8"— fo Al sin & cos (of —kr),
2 Ko }»r
(3.88)
Iy Al
Ar

H= sin ¥ cos (wf —kr),

bo| —~

rae O — yronm Mexay npsaMOi, COEAMHSIOWEH 3J€MEHT TOKa ¢ TOYKOMH
nabJioNeH1 s, H HaNpaBJell HeM TOKa B IPOBOJHMUKE, k=2n/A— BoONHOBOE
QRCIO0, A — LJMHA BOAHBI, 7 — PacCTOSIHHE MEXJIY 3JE€MEHTOM TOKa M
TOuKoH A, B KOTOpOHl OnpelensioTCs HAaNpsKEHHOCTH, NpHYEM r>A,
Al<Lr (puc. 3.25).

[Torok manyuenus @;, co3naBaeMblii JHHEHHLIM 9JE€MEHTOM TOKa,
PaccunuThHBaeTca no ¢opmyJe

oy SE (A
o;= (=2 ) (3.89)
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. TABJIULIBI U TPAOUKU

Ta6auuna 78. dnexrpudeckoe nose 3emin

BricoTa, KM 0 0,5 1,5 3 6 l 12
Hanpsxentocts, B/u 130 | 50 30 20 10 | 25

TMpumevauusn. 1. 3apag rpososoro o6naka B COJIbUJHlICTDe CJ1y4yaeB uMeer
sHayeHdust 10 =~ 20 KJ, B oTpenbHbIXx caydasx go 300 Ka.
2. Cpeausisi . TNOBEPXHOCTHES TJIOTHOCTB sapﬂna SeM.rm paBHa— 1,15 uKa/m2.

Kn

3eMas KMeeT OTPHUATeNbHLI 3apsif, pPaBHbI 5,7

-10%

TaG6auuna 79. daeKTPOH3OJNPYIOUHE MaTepPHAJIbI

(E— AM3JIeKTPHUYECKasl NPOHHLAEMOCTD,

E -npo6uBHast Ha-

NpskKEHHOCTb, P’ — JIOTHOCTb, P—YAeJNbHOE CONPOTHBIIEHKE)

Marepnan e E, MB/m | p’, 103 kr/m3? 0, OM-M
AcGeer - 2 2,3-2,6 2.10%
bhakeant 4—4,6 10—40 1,2 -
Bepesa cyxas — | 3—4 40—60 0,7 -_
Burym 2,6—3,3 6—15 1,2 —
Buuunaacr 1 15 - -
Bock nmuennHpft 2,8—2,9| 20-35 0,96 2.108—2.1012
leTuHake 5—6,5 10—-30 1,3 —
I'yrranepya 4 15 0,95 2.107
Kanundoab 3,5 — 1,1 5.10t4
KapGosur - 10—14,5 1,2—-1,3 —
Mpamop 8—10 6—10 2,7 1.10°
ITapapuH 2,2—-2,3 20—30 0,4—0,91 3.10t¢
ITnekcuranao 3,0-3,6 18,5 1,2 —
TMoaucTupona 2,2—2,8 25—50 1,05—1,65(5-10ts—5-101®
TTOMUXNOPBUHHIA 3,1-3,5 50 1,38 —
IIpecciunan 3—4 9—12 0,9—-1,1 1-107
Papuodapdop 6,0 15—-20 2,6—2,6 —_
Fe3nHa msirkas 2,6—3 15—25 1,7-2,0 4.101t
CaofAa MYCKOBHT 4,5—8 50—200 2,8-3,2 -
Ciofia ¢Joronu? 4-5,5 60—125 2,6—2,7 10t1—1 01
CrekJo 4—1 20—30 2,2—4,0 10°—101%
TeKCTONUT 7 2—8 1,3—1,4 —
d>ap§)op 3JIeKTPOTEXHHYE~ 6,5 20 2,4 3.1013
CKH
dubpa cyxas 2,5—8 —6 1,1—-1,94 5.107
&droponaact-3 2,56-2,7 —_ 2,14 1,2.1018
Liennynoun —4 30 - 2-108
1llesk HaTypasbHBbI 4—5 — — —
Hlennak 3,5 50 1,02 1.10t
Lindep 6—7 5-—14 2,6—2,9 10¢
DGOHHT 4—4,5 1,3 1.101e
sIHrapn 2,7—2,9 20-—30 1,06—1,11 1-1018

Mpumevanua. 1. ITpobusnas HanpaxrceHHOcMs —3TO
CTHMOE 3HayeHHe HaNpPSKEeHHOCTH;

9JIEKTPHK NPOGHBAETCS.

) MaKCHMAaJISHO JOMY-
npH 6OJBIIKMX 3HAYCHUSX HanpsaxeHHOCTH Au-

2. IMpuBefeHHble SHaYeHHA AH3JICKTPHYECKOH NMPOHHLAEMOCTH OTHOCATCSH K TeM=
nepatrypaM 18—20 °C. JiuafneKTpHYecKash IPOHHLAEMOCTb TBePAbIX TeJ Maljlo u3Me-
HSIETCAA ¢ TeMNepaTypoH, 3a HCKJIOYEHHEM CerHeTo3JIeKTPHKOB (cM. puc. 3.26).
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Ta6auua 80. duanekTpHuecKkas NPOHHN2EMOCTb KHAKOCTEH

Temnepatypa, °C
Bemectso

o | 10| 20 | 25 | 30 | 40 | 50
Aueron 23,3 [22,5 {21,4 {20,9 J20,5 |19,5 |18,7
Benson - 2,30 2,29 |2,27 2,26 [2,25 [2,22
T'auunepun e - -_— 56,2 - — — —
Kepocuu ~ - — 2,0 - — - -
YeTh peXXJAOPHCTHIY
yraepoa — — 2,24 12,23 —_ 2,20 | 2,18
STHNIOBBLIA CNUPT 27,88126,41425,0024,25|23,25]22,16} 20,87
DTHN0BLIT 3buDp 4,80 |4,568 |4,38 4,27 |4,15 -

Npumeuanne. [TpuMecn B HeGONbIINX KOJHUECTBAX MaJo BJHSIIOT HA 3Ha«
yenue AM3JIEKTPUUECKOR NMPONMLAeMOCTH.

Ta6auua 81, JdusnekTpuueckas npoEHLaeMocTh ra3oB
(npu 18 °C H HOPMaJNILHOM RaBJIeHKH)

Beuecrso (e—-1)-10~» BeuiecTBO (e-1)-10—3
Asor 61 Kucsnopon 65
Boaopoa 26 TTapu! BOALI 780
Bosnyx 59 Vraekucamii ras 97
Tenut 7

IlTpumevanmue, JIH3JIeKTPHYeCKass MNPOHWILAEMOCTb Ta30B YyMeHbllaeTcs
C TNOBBIUIEHHCM TEMIIEPATYpPbl H BO3PAaCTaeT C yBeJHYCHHEM JaBJICHUHA.

Ta6mauua 82. CeoilcTBa CErHETO3JIEKTPHKOB

CerseTosIeKTpuK T K lO“Skn /M2 e
CerveToBa cosb ggg 2,6 200
Juruppodocdar xanus (KIP) 123 61 42
HAuruapoapcenar Kaaus (KIQA) 95.6 — 54
Hurunppodocdar ammonus (ALAP) 148 48 56
Tutanat 6apua 391 250 3000
Huo6at kanus 708 257 .
Huo6ar autus 1470 500 29—84

Mpumeuvanns I. O6osnayenns: T, —Touka KiopH, p —crnouTanHas nons-

pH3auHs (NONSAPH3OBAHHOCTD), €~OTHOCHTeNIbHAS AH3JIEKTPHUYECKAs NPOHHMIIAeMOCTb.
2. YV cerHeTOBOH conM yKa3aH HHTepBaJ TeMilefaTyp, B KOTOPOM NMpPOSIBJSIOTCS
CerHeTO3IeKTPHYECKHe CBOIlCTBa.
3. YKa3zaHbl MAKCHMAaJbHblE 3HAYEHHS AHINEKTPHUYECKOH NPOHHIIaeMOCTH H CNOH=
TaHHON MONSIPU3ANHH. ’
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HusnekTpuucckasi NPOHHUAEMOCTb CCrHETOBOMA COMM M THTaHATA Gapus

T
N <000 =L ]
NS N\ ]
9
Puc. 8.26. 3asucumocts pH- SR I000 l/ \
3/IEKTPHYECKOIl MPOHHLAEMOCTH NEN \
NJ1aCTHHKH CerneToBOH COJIH OT Q% 2000 I |
TeMNepaTypsl. l(Be KpxBbie CO- EQ\‘ ] \
OTBETCTBYIOT Ppa3JiMuylbiM  Ha- [N 0 ,.\
NPAXKEHHOCTSIM OIS S 7000 A\ KB 1
3R A N0 \
S ‘
-30 =70 0 70 30
7ermepamypa,°6 !
/v’a?me/mom nons, 8/
(ars mumarama dabus)
e 7 2 J
-]
© l %
S 8000 = 7200 §,
Puc. 3.27. 3aBucuMOCTb AH- § \/(/'>9 N
3/IKTPHUECK O/l NPOHHILAEMOCTH & < 000
TUTaHaTa ©Gapusi H CerHeToBot g \ \tieoé §
COJIA OT NAMPSIMECHHOSTH MONA S 300 - X
(npu 20 °C) ;% v \fé’a/ye/,,} (70\ 809 g
127,
& , 4 500 S
707 =
a1 0,2 4,8
Harpawennocme ngis,MB/
“(ans ceeHemabou coni)
Ta6auna 83. Mbe3oanekTpuueckue MOAYIH KPHUCTANIOB
Kpucrana nKa/H Kpucrann nKa/H
Kpapuy 2,31 (dyy) Ilurlmpo$oc$a1 ammonus (AP) 48 (dse)
Turanar Gapusn 3,90 (dy5) | Auruppodocdar kanusa (KIP) 21 (dae)
LiunkoBas obmanka | 3,3 (dy,) Huob at nuTus 68 (dss)
CerHeToBa CoJib 345 (dy,) Cyabdar autus 18,3 (d23)
Typmanud 3,8 (dys) Cyabhua KaaMHS 14 (dy,)

TMpuMey aHune HekoTopsle KpHCTan/Nbl HMCIOT DPa3NUYHbIE MOAYJH B 3aBM-
CHMOCTH OT HanpaBJIcHUSl AedOpPMallHH; B 3TOM CJyuae [PHBOAATCA HaHGOJbLIKE
3uHayeHHs (B CKOOKax YKa3aHO 0003HadeHue MOAYJIs).

dnekTpuueckne Toku B atMocdepe 3eman

IMon peficteueM ssekTpHueckoro mosas 3emau (cm. Taba. 78) B ar-
mMocdepe yCTaHaBIMBaeTCsI TOK HPOBOAMMOCTH, HaNpaBJeHHBIt BepTH-
KaJbHO BHM3; MJOTHOCTb 5TOrO TOKAa II0YTH He M3MEHSAETCS C BLICOTOH M
paBHa B paiioHe «sicHOi» noroast (2—3)-10-12 A/M2. Toku mnporuBomno-
JIOXHOTO HamnpasJeHHs CO3JAlTCA B pailoHaX C IPO30BOH AeATe/bHOCTHIO.

IlnoTHOCTs TOKa B ruppocdepe 10 MA/m2,
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TnoTHOCTE TOKOB, GOYC/IOB/IEHHEIX JBM)XKEHHEM 8apAM0OB Ha KamiasxX
HOXAS, CHera,Tpaja, PaBHA: NPH CHOKOHHHIX goxasx (10-7+-10-6) A/m2,
RPN TPO30BLIX JIKBHAX H rpafe g0 10-4 A/m2,

Cunaa Toxa pocturaer B moanuu 0,5 MA (nanbonee wacTo cusa TOKA
B MOJIRH JexuT B npepenax ot 20 mo 40 kA); HanpsikeHde HOCTMIaeT
10° B; nauTeNBHOCTL MOJAHHH — OKOMO 1 Mc, JAMHHa —TpuMepHo 10 kM,
TOJIKHA KaHajta— g0 20 cm.

Konuuentpauus siektporos B armocdepe

\
9001
\|
g \
&0 Puc. 3.28. HsmeneHue KOH-
N \ UEHTPAUHHU 3JEKTPOHOB B aT-
S \ mocdepe ¢ BuicoToH. lIITpHXO-
3 Basl YacTb KPHBOHl COOTBETCT-
Q 59 BYET NPHOAHKEHHBIM 3HAaYe-
HUSIM
aooLL N
Vs ol 2w¢
Kowyenmpayus
arermpokober”

Ta6numa 84. Yneanuoe SJIEKTPHYECKOE COTPOTHBJCHHE
M TeMmnepaTypHBbli xoadnbuuuem CONPOTHBJICHHA
metamoB (npu 20 °C)

Merann p, 102 Om-M a, 10=38 K-1
énmmumﬁa gg :,g
poHsa docdopucraa , ,
Boabdpam dop 6,5 4,5
JKeneso 9,8 6,2
JlatyHb 2,5—6,0 2—-7
Menb 1,75 3,9
Monun6aex 5,7 3,3
Huxenb 10,0 5,0
Qunoso 11,5 4,2
CBuHelg 22,1 4,1
PryTb 95,8 0,9
CepeGpo 1,6 3,6
Tantan 15,5 3,1
XpoM 2,7 —
Luuk 5,9 3,8

TIpuMeuanue VYKazaHHHe B Tabinue 3HauelHsl SBJISIOTCS CPEJHHMH; AN
PasnnunbplX 06pa3noB OHH 3aBHCSIT OT CTENEHH YHCTOTH, TePMOOGPAGOTKH U T. A.

Temnepa'rypﬂblﬁ KOS(b(bHuHeHT CONPOTHBJEHHST YHCTBIX METaJJIOB OJIH30K
K (1/273) K—1=0,0036
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Ta6auma 85. Temmepatypa nepexoga MeTaiioB N €IAABO3
B CBEPXIPCBOLALES COCTOSIHNE
Beuectso T, K BeiuecTso T, K BeutecTno K
Memaanot Cnaagst Coedunenus
LlupKonunit 0,3 Bi—Pt 0,16 NiBi 4,
Kagmuit 0.6 Pb—Au 2,0—7,3 PbSe 5,0
LLBHK 0,8 Sn—Zn 3,7 NbBl, 5,8
Anomunnit 1,2 Pb—Hg 4,1-7,3 NbB 6
Onoso 3,7 n—Hg 4,2 MoC 7,6—8,3
PTyTH 4,1 b—Ag 5,8—7,3 Nb,Q 9,
Tautan 4,4 Pb—SB 6,6 NbC 10,1—16,3
Cauien 7,3 Pb—Ca 7,0 NbN 151
Huobuii 9,2 V,Si 17,1
NbgSn 18
TNpumeuannsn 1, HMeeTcs HeCKONbKO CEeDPXNPOBOAALIUX CIJIABOR

¢ CoNblIMM YMCIOM KOMNOHERT: Mevans Pose (8,5 K), merana Hoilotona (8,6 K),
meTana Byzna (8,2 K), Pb—As—BIl (9,0 K), Pb—As—Bi—Sb (9,0 K).

ConpoTHBAENVe Yy COeAAMHEHHH H CNJaLOB DNpH NEpexofeé K CBepXNpPOBOAH-
MOCTH H3MEHSICTCS B 3HAYKTeJbliOM HHTepBane TeMnepartyp (nHoraa oxodo 2K). Kpome
TOro, TeMNepaTypa mepexoja 3aBHCHT OT crnocoba TepMHueckoH oGpaGoTKH cmj1aBa
WK coefunenust. B Takux cayyasx B Tafilile YKasaibl IPaHHUB H3MElEHHA TeMIe-
paTyphl 11€pexoAa.

Ta6auua 86. CnnaBel ¢ BHICOKHM AKTMBHBLIM CONPOTHBJEHHEM

Cunas (coctan B %) lo"'g)bM~M 10’-?';{—1 t, °C
Koncranuran (58,8 Cu, 40 Ni, 1,2 Mn) 0,44—0,52 0,01 00
Manrannu (85Cu, 12Mn, 3Ni) 0,42—0,48 0,03 00
Hehsuabgep (65Cu, 20Zn, 15Ni) 0,28—0,35 0,04 50
Hukennn (54Cu, 20Zn, 26N1) 0,39—-0,45 0,02 1000
fiuxpom (67,5Ni, 15Cr, 16Fe, 1,5Mn) 1,0 —1,1 0,2 1000
Pcoran (84Cu, 12Mn, 4Zn) 0,45—0,52 0,4 160
®expanb (80Fe, 14Cr, 6Al) 1,1 —1,3 0,1 900

NMpuMeuan e, YKaszane cpefuive 3HaueHHsT TeMIepaTypHOro Koddduuir-
enTa CONpOTHRJIENHsI O B MHTepBaje Temnepatyp or 0 jo 100 °C. B mocaepnei
rpade yKasaHbl MaKCHMasNbHO JIONYCTHMbIE TemnepaTypbl.

3HayeHyue TeMnepaTypuoro kKoddpduuHenTa CONPOTHRICHHA AJAS KOHCTAHTana
namensiercs or —0,06004 xo +0,00001 B 3aBHcHMOCTH OT OoJpaslla. MHHYC Tem-
neparypHoro KosdbbhuuMenTa ykasniBaer Ha TO, YTO C YBeJHYeHHeM Temnepatypui
CONPOTHB/ICHHE YMeNbLIACTCA.

TaGaunua 87. lonycTHMBbIe CHJIbI TOKa B M30JMPOBAHHbIX
RPOBONAX NPH NPOROMNETENbHOA paGore
(8 avnepax)

Ceyeline, MM?
Matepnan
RN R 16 | 25
AnioMnnuit 8 11 16 20 24 34 60 80
JKeneso — - 8 10 12 17 30 —
Menp 11 14 20 28 31 43 75 100
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Ta6nuna 88. MNaaskne npegoxpanuTenu

Cuaa Toka, A 15 30 60 100

JuameTp MeMu0#t NpOBOJIOKH, 0,213 0,508 0,914 1,42 | 2,03
MM

‘IMIpumeuwanune HomudanbHasm cHia TOKa, yKasdninaeMast Ha MpefOXPaHH-
TeNe, SBASETCH NPeASablioil, NPH KOTOPOA TOK MOMET NPCTEKaTh AJHTE]bLOE
Bpemst. Cujta Toka B 1,8—2 pasa Goabule HOMHHANBHOHA GMCTPO pacniapisieT Hpo-
LOJIGKY B NnpeJoXxpaHHTeJe.

ONIeKTPONPOBOAHCCTh BOLHLIX PacTsepos

B2 =unSUENE
INY4
o A o ~30)
N /& | kaﬁ ™~
N 77 AT iy ¥
540 1 § _$\(\b ‘(‘Q'\) > Vo AN =
)vs . ;/: —~ \\(’d’o S
Y/ ST S s >
;,7/ e KCoH3 0z —~d I | 1
Vb~
g 5 70 75 20

HOpMansHas Komyenmpayus, knoms/m>

Puc. 3.29. 3aBHCHMOCTb 3JACKTPORPOBORHOCTH OT KOHOEHTPAUHH BOAHMX PacTBOPOB

11eKOTOPbIX coeAnHeHHM (npu 18 °C). VYKasana HoOpMaJbHaf KOHUCHTPat{HA HOHOB.

EauuuLcl HOpMasbHON KOHUCHTPAIHH HOHOB SBJIACTCS TaKad KOHUEHTPAlUs, KOrja
B o0beMe 1 JIMTP COAepXHTCS 1/n 4acTb MO/ HONOB (N-BAJACHTHOCTb HOHA)

TaGnuua 89. YaeibHOe CONPOTHBJIEHHE 3NEKTPOJIHTOB
aas pa3nudHbiX KoueHTpauui (npu 18 °C)

-2
PacTBOpeHHOe BeLLeCTBO C, % p’, 10° kr/m? %’Ml_?d %, K—1
A30THasA KHCJOTa 10 1,05 2,1 0,0145
20 1,12 1,6 0,0137
30 1,18 1,3 0,0139
40 1,25 1,4 0,0150
Eaku#i Hatp 5 1,05 6,1 0,0201
10 1,11 3,2 0,0217
20 1,22 3,0 0,0299
40 1,43 8,3 0,0648
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Ta6auna 89 (npodossenue)

PacTBofpelioe BemeCTBO c, '% o’y 103 kr/m3 p.o'{’(?;’ #, K—1
Megupiit Kynopoc 5 1,062 52, 0,02‘6
10 1,107 l.§ 0,0218
17,5 1,208 3, 0,0236
HauwaThip: 5 ,014 1 0,0198
° 10 11058 8.3 g.0186
20 1,057 8,0 ,0161
Tosapennas cons 5 1,034 14,9 0,0217
10 1,071 8,3 0,0214
20 1,148 5,1 0,0718
Cepnasi KuCIOTa 5 1,032 4,8 0,0121
20 1,14 1,8 0,0143
30 1,22 ’.g 0,0162
40 1,30 ' 0,0178
Consinas KucjaoTta 5 1,023 2,5 0,0158
20 1,1 1,3 0,0154

40 1,2 1,9 -
Llunkosnuit kynopoc 5 1,062 62,4 0,0228
10 1,107 31,2 0,0223
20 1,232 21,3 0, 0243

MMpumeuanmue, ¥Yienvioe COIPOTHBJICHHHE 3JIEKTPOJKTOB C T[ICBbILUCHMEM
TEMNEPATyPbl YMEHLINACTCA (B OTAMUME OT MeTalNoB). Y AeabHOe COTIpOTHBIEHHE D,

npu TeMneparype ¢ MOXET GbiTb NOACYHTaHO no dQopmyse 04=Pss (1—% (£-18)),

1 e ®—Temnepal1ypubiit KO3pdhHUHEHT, yKasalHbill B Tabnuue, P,g—YyACHbHOE COAPO-
Tupaenne npn 18 °C.

Tab6anna 9). TepmoanekTponsuxyiuas cuia nap wmeranios (uB)

Tlnatnna— IMnatusa —
Temnepa- | pnatuna | YKeseso—| Megp— | Temnepa- | naatuna | XKencso—
1ypa°Ccnan, c 10% |koncranTan|konctanTan|typa cnasi,|c 10% po-lkoncTanran
poaus °C Aus

=200 — 8 5,5 600 5,22 33

100 0,64 5 4 700 6,26 39

200 1,44 11 9 800 7,33 46

300 2,32 16 15 1000 9,57 58

400 3,25 22 21 1500 15,50 —

600 4,22 27 - —_ - -

NMpumeuannue. Temneparypa Apyroro crast noafepxusaercst npu 0 °C.

Ta6anua 91. MocrosHnas 1.9.4.C. 0TROCHTENbHO NaTHHK (npu 0°C)

Metann o, MKB/K “ Merana o, MKB/K
Buemyr —65,0 Hukean —16,4
Keneso 16,0 CypbMa 17,0
3akHch Meau 1000 CypbMAHHCTLIH IUHK 200
KoucTanran —354,4 TennypucThiii cBHHel —300
Menp 7,4

n pHMEeUaHnHue. 3HaKH YKasbiBalOT, YTO TOK B HarpeTOM CNac TCYET €7 Rie
Tanna ¢ MCHbIIHUM anreﬁpanqecxnm 3l11aYeHHeM . HBHPHMQD. B Nape Me€Lb—XOil
CTAHTaH TOK B HArpeToOM cnae 6yferT UATH OT KOHCTAaHTaHa K MelH.
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Moctonwnan mapel neih — KOHCTAHTRN

e,mxB8/°C
00
) Puc. 3.30. 3
ue. 3.30. ABHUCHAMOCTL  [10e
44 - CTOSIHHO T. 3. A. C. OT TeMfles
'/ paTypbl Asi Napol MeAb —KOM~
/ 20 cTanTaH
200 & 200 4%

Tab6auma 92. I1eKTPOXHMHYECKHE IKBHUB2JICHTHI

Hon ,./l;,‘gl,;b k, wr/Ka Hou w/n, r/mons | k, Mr/Kn
+ 1,008 0,0104 COz ™ 30,0 0,3108
O— =~ 8,0 0,0829 Cut+ 31,8 0,3297
Al+r++ 9,0 0,0936 Zn+t + 32,7 0,3387
OH= 17,0 0,1762 Cl— 85,8 0,3672
Fett + 18,6 0,1930 SO4~ 48,9 0,4975
Cat+ 20,1 0,2077 NOg~ 62,0 0,642
Na+ 23,0 0,2388 Cu+ 63,6 0,6590
Fet+ 27,8 0,2895 Ag+ 107,9 1,118

n prMedYaHHe. KoauvecTBo miiocos unn MHIIYCOB Yy CHMBOJIOB MOKa3niBaeT
WHCTO SJIEMEHTApHbIX 3apANOB, MEePCHOCHMBIX OAIIHM HOHOM; W — MOJISIipHAA macca,
8 — BAJICHTHOCTh.

Ta6aunna 93. CraunaptHeie noTenuyxans npu 298 K

Oaektpoa E°, B dneKTpon ‘E°, B
L1+, LT —3,024 H,0+, Pt, H, 0,000
K+, K —2,924 AgBr, Ag, Br— 0,073

 Na#,Na —2,714 AgCl, Ag, ClI— 0,2225
Mg+, Mg —2,37 Kanomeabpuniil (nacwmim.) 0,242
e +, Al —1,66 HgCl, Hg, Cl— 0,268t
at+, Zn —-0,761 Cu?+, Cu 0,339
Fet+, Fe —0,441 I, Pt, 1— 0,535
Cd*+, Cd —0,402 Ag+, Ag 0,799
PbSO,, Pb, 502~ —0,350 Hgl*, Hg 0,799
yl”'. Ni —0,236 Br,, Pt, Br— 1,066
b*+, Pb —0,126 Clg, Pt, C1— 1,358
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3apaika M paspsaka akkymyJsTOpoOB

28
26 pm}
24 . A
S T
%2,2 p !
52:0 iai"na
§16 >
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4
‘0 45 7 156 2 256 G 36 4 46 d
Loems, 4
a
) ]
,8 FeNi /',
7 /] ] /
E\'i Sapsonal /
N B e s e e T L1
i
§ $§\\ R305%a
§52 ) 3s4 T~
] NN ~
474
48
2 3 4 & s 7

5 Lpems, 4

Puc. 3.31. MsMeHeHHe HanpsKeHHA aKKYMYJISITOpPa: @ — Ha ofHOR $aENe KrerorRero
aKKYMyJIsTopa NpH 3apsAKe HODMaJbHEIM TOKoM, Q/4, A (Q=Q’/3600, rre Q’— em-
KOCTb 8KKyMyJsiTopa, KJ1) ¥ nipy paspsfike TOKOM JJ1sl Tpexuaconoro pexuma, Q/8, A
6 — na ofiHOI! 6aHKe MPH 3aPAAKE H PaspPIAKE MCJe30HHKeJeBbIX (CNJotiHbe JUHHE
N KaJMHeBC-HHKeJeBBIX (WITPHXOBAsi IHHHSA) aKKyMYJSTOPOB. 3apsiLiKa BeARTCA NpH
HopMaabHOM pexkume, Q/6, A (6 u), paspsfka — npu NATHYACOBOM pexume, Q/5, A.
JNs eJle30HHMKeNEBbIX AKKYMYJSITOPOB YKasaHbl KpPHBblE JJIfi BOChHEYECOBOIO,
Q/8, A, n TpexuacoBoro, Q/3, A, pexxuma paspagKn
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Ta6mnuma 94. d.m.c. ralbBaHHYECKHX SJEMEHTOB

OTpHuaTenbubl

Tonoxurenb-

Haspanue siemenTta S1eKTPOA Hbifl 5AEKTPOA PacTtoop d.x.c., B
ARRYMYNATOD KH- | T'yGuatslil cBHHer Avokcup 27—28%-umit |2,0—1,9
CJIOTHBI CB HHLO- CBHHUA pactsop H,SO,
BB (PbO;) CBOGOAHEI OT
xJaopa, nJo1-
Hocth 1,20
(npu 20 °C)
AKKYMYyJnsiTOp 1ie- OKCuUA UMHKa Cepebpo PacTtBop eako- 1,8
NIOYHOH cepebpsno- (ZnO) ro Kanu
UHHKOBbI i (KOH)
Axxymyasrtop ue- | [Nopowkoo6pasnoe | Fuapokcup uu-| 20%-unift pac-|1,4=1,1
NOYHO{ XKese3o0- xKene3o (man Kapn- | keaa Ni (OH)g | TBop eaKoro
Hukenenbl (MM MHit ¢ npuMecbio | (nocae 3apsijia)| kanu (KOH)
KaiMHeno-HUKeNe- | OKHCJIOB JKese3a)
Bbitl)
Dnement BecTona Amanbrama Kajg- Pryts HacsbiueHHR | 1,0183
HOPMAJTBH b MHA (CTIJIaB KagMHs pacTBopCdSO,,
CO PTYTHIO) nacta M3 Hg,SO,
u CdSO,
duieMent Ipene Iuik Tpadpur 12 yacreit 2,01
K,Cr,O,
25 yacreft
H,SO,
100 uvacrteit
H,0
Daement Haunsaa | Hauk Mezp PacTBopni 1,1
Y 3JIeKTPOAOB
pasaeJieHbl;
LLMHK B pacT-
Bope cepHoH
KHCJIOTH (5—
10%), Mean
B HACHII{CHHOM
pacTBope MeA-
HOro Kynopoca
CuSO,
dancueHT Jleknanwe | Luuk Ipadur PacTpop 1,3—1,56
NH,C1 B Bopge,
AHOKCHJ, Map-
raHia, yroJb-
HBIft [TOPOWOK
Anement Jlekaanwe | uuk I'padur, auo- 1 yacte ZnO, {1,3

cyxo#

KCHJ Mapraiua
(MnOy)

1 vacte
NH,CI,

3 yactu ZnCl,
M BOAA A0 O-
JIYYCHHSA Ma-
CThI
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Ta6auma 95. ToABUKHOCTL HOKOB B BOEHLIX PacTBOPaXx

(npu 18 °C)

Kartnon u, 10—8 m2/(c-B) Annon u, 10—® m2/(c-B)
H+ 32,63 - 18,0

K+ 6,69 8{-'[' 6,8

Na+ 4,5 NOF 6,2

Ag+ 5,6 80, 6,8
Znt++ 4,8 cozy= 6,2
Fet+++ 4,6

INMpuMmeyanusn 1. IIpy nosbilennu Temnepatypul Ha 1 °C NMOABHXHOCTH
HOHOB BO3PacTaloT NpHMepHo Ha 2%.

2. YUucsio nJIKCOB HJIH MHHYCOB Y CHMBOJIa PAaBHO KOJIHUECTBY 3J1eMEHTapHBIX
3apsI0B, NEPCHOCHMbIX OAHMM HOHOM.

Ta6auma 96. HoaBMKHOCTD 9JEKTPOHOB B MeTalax

Mertaan Ag Na Be Cu Au Li Al Cd Zn

Hogbml(uoch, 56 48 44 35 30 19 10 7,91 6,8
104 m?/(c-B)

INMpumeyanne. IIpakTHUECKH HANPAIKEHHOCTb MOJS BHYTPH METaJJIOB RO
npesuuiaer 0,1 B/M, a NO5TOMY CKODOCTH YIIOPSIAOUEHIIOrO ABHXKEHHSI 3JIEKTPOHOB
NMEIOT MaJible 3HayeHHA (HEeCKOJNbKO MM/C).

Ta6auma 97. IlogBuKHOCTL HOHOB B ra3ax Npk HGPMaJbHOM
nasaennu 1 20 °C (10—4 m2/(B-¢))

IMonoxn- Otpuua- Monoxu- OTtpnua-
T'as TeJIbHbIE TesIbHble Tas TeNblible TeabHbe
HOUb HOHBI HOHbL HOHB
Asor 2,7 — Boz2nyx cyxo# 1,4 1,9
Aprou 1,5 1,7 Tennit 16,0 —
Boaopoa 6,3 8,1 Kucaopon 1,3 1,8
Bo3pyx, Hachl- 1,4 2,1 P1y1th (naBJ. 220 _
mMEeHHL napaMu 133 Ia)
BOJIbI Yraekucanit ras 0,8 0,8

Mpumevanusn 1. B oblieM cayyae MOABHKHOCT 3aBHCHT OT OTHOLICHMS
HANPSIXKEHHOCTH 3JIEKTPHUECKOro nons B rasde E K AaBJeHHio rasa p. [IpH neConbe-
WHX 8HAYEHHUSIX OTHOWEHHS] E/p NMOABHAKHOCTL OCTAETCSH HEH3MEHHOH; NPH 3HAYEHUAX
YNIOPAJAOUEHHBIX CKOPOCTCf HOHOB, CPaBHHMBIX CO CKOPOCTSIMH HX TEMJIOBOTO ABMIKEes
HHsl, TIOABHIKHOCTh MOHOB H3MEHSIeTCH. ) )

2. TTORBHKHOCTb JaHHOTO BHJA HOHOB M3MelsieTcs OOpPaTHO NPOMNOPLUHOHANEHY
NJIOTHOCTH r'a3a; NMPH NMOCTOSTHHO! TeMmnepaType MNOABHXKHOCTb H3MelsieTca oGpaTHO
NPONOPIHOHANBHO AaBJICHHIO (B HHTepBaJsle AaBjenkit ot 13 go 6104 [Ta). Ot sapsaa
HoHa TNOABHKHOCTb 3aBHCHUT cJyabo.

3. TToABHKHOCTb B CHJIbHOIl CTEMEHH 33aBHCHT OT YNCTOTHI rasa. Ilostomy upu-
BeleHnbie B TaGauLEe 3HaueHHs CIelyeT PacCMaTPHBATb KaK OPHEHTHPOBOYMHLIC.
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Ta6auuna 98. PaGora monusauun

Houusanus E, B Honusanus E,, oB Hounsauus E, 9B
He- He+ 24,6 C0,-COf 14,4 Xe—Xe+ 12,8
Ne-Ne+ 21,6

N,=NF+ 15,8 Kr=Kr+ 13,9 0,-0F 12,5
Ar-Art+ 15,7 H-H+ 13,5 Hg-Hg+ 10,4
H,-H} 15,4 0-0+ 13,5 Na—Na+ 5,1
N-N+ 14,6 H,0-H,0+ 13,2 K-K+ 4,3

Ta6numa 99. IMHCCHOHHBIE MOCTOAHHBIE METAJLIOB

H NOJNYNpPOBOJHHKOB

Mpumeyanmne,

DJyieMeHT A, 3B |B, 104 A/(M3.K3)|| Dnemenr A, 3B B, 104 A/(M2-K?)
AmomMuunft 3,74 —_ Onoso 4,31 —_
Bapu#t 2,29 —_ MNnatnHa 5,29 32
Boanppam 4,50 60—100 CenteH 4,72 —
TepMaHuit 4,56 —_ CypbMma 2,35 —_

- Xeneso 4,36 26 Tennyp 4,12 —

peMHH#A 4,10 — Topuit 3,41 70

eab 4,47 65 .Ypau 3,74 —
MonuGaex 4,37 115 Xpom 4,51 48
Huxens 4,84 30 Lleau#t 1,89 160

Pa6oTa BBIXOAAa CHJBHO 3aBHCHT OT YHCTOTHI MMOBepXHOCTelH

H OT npuMeceii. TIpuBefeHHbIe AaHHbiE OTHOCATCHA K YHCTBHIM OGpasLaM.

Ta6auna 100. ImucCHOHHBIE TOCTOSIHHBIE MJEHOK HAa METa/uiax

Merann Tlneuka A, 3B B, 10¢ A/(M2.K?2)
Bonbbpam Bapufl 1,56 1,5

» Topuk 2,63 3,0

» Ypau 2,81 3,2

» Ileau# 1,36 3,2

» Linpkouu#t 3,14 5,0
Monubnen Topuii 2,58 1,5
TauTtan » 2,52 0,6
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Ta6auma 101, IMHcCHOHHBIE MOCTOSTHHBIE OKCHAHBIX KAaTONOB

Bupa xatona A, sB B, 104 A/(m2-K?)

Bapuft Ha OKHCJICHHOM BoJbdpame 1,10 0,3
Hukenp BaO-SrO 1,20 0,96
Bapuit —KucJaopoj — Bosbppam 1,34 0,18
Pt—Ni; BaO—SrO ,37 2,45
BaO Ha HHKeJeBOM clJiaBe 1,50—1,83 0,087—2,18
TopHeBO-OKCHAHLIA KaTOA (cpeanee 3HayeHHe) 2,59 4,35

Ta6auma 102. CsoiicTBa MOJYNPOBONHHKOB

(¢ng—TeMNCpaTypa nuabaenus, Eo—wHpHHA 3anpeuien-
HOl 30Kbl, U5, Up—TIONBHNKHOCTH 3JIEKTPOHOB H ABIPOK)

tn, up,
Bemecrso fow °C | Eor 9B | 10-2 i/(Bc) | 10-% We/(B.<)

Bop (B) 2030 1,16 0,01 0,5
Anmas (C) 4030 5,4 18 14
dochop (yepHuH) (P) 44 0,33 2,2 3,5
MbiubsK (cepoiff) (As) 817 1,2 0,65 0,65
soBo (6.-Sn) 232 0,08 25 24
CypbMa (Sb) 630 0,13 — —_
CeJten (cepniit) (Se) 217 2,8 — 0,2
Teanyp (Te) 450 0,32 17 12
Hoga (I) 114 1,3 0,25 —
Kpemuuft (Si) 1414 1,15 19 5
I'epmanuit (Ge) 958 0,75 39 19
Cenennp, cBuHua (PbSe) 1065 0,5 14 14
Cyabopug csunua (PbS) 1114 1,2 6,6 8
BpomucToe cepe6po (AgBr) 430 2,0 2,4 1000

: - (1,7K)
Cynboupn kagmus (CdS) 1750 2,5 3,5 15—50
3akucb megH (Cu,0) 1232 1,56—2,2 —_ 1
Py6un (a-Al,04) 2050 2,5 — -
OKHCbh LMHKA (IHHKIT) 1975 3,4 2 -

IMIpumeqanne 3HaueHHA NOABHIKHOCTEH yKasaHBI JISl KOMHATHO{T 'reMnepa-
TYpbl MIPH HaMpPAKEHHOCTAX, KOTOPhE MeHble KPUTHYECKOro MoJs.

BcJieiCTBHe 3aBHCHMOCTH TOBHXKHOCTH OT HAaNpPSI)KEHHOCTH SJIeKTPHYECKOro
nojst, B IMOJYNPOBOAHHKAX MOryT HaGJIOAATbCS OTCTYMJIEHHS OT 3aKOHa OwMa.
[HaHMeHbIIAs1 HANIPSKEHHOCTL NOJSA, NaYHHAs C KOTOPOH HaGa0AaloTCA OTCTYnJeHHMA
oT sakoHa OMa, Ha3bIBAaeTCSl KPUMUUECKUM NOAeM.

IMpu ¢=20 °C KpuTHYeCKOe rnoJe B n-repmaHuH —0,9 kB/cM, p-repmanun —
1,4 kB/em, n-kpemuuun—2,5 kB/cm, p-kpemHHn—7,5 kB/cM. C noHH:KeHHeM
1eMNepaTypHl KPUTHYECKOe NoJie yMeHbIUaeTcs.




rJ1. 111, JIEKTPUYECTBO

YaeabHoe 9JIEKTPUYECKOEe CONpPOTHBJAECHHE TepManus W KpeMHus
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Puc. 3.32. 3aBuCHMOCTbL YJAeJbHOro

conpoTuBJieHHs repmanus (/) u Kpem-
aua (/1) OT KOHUEHTPAUHH NPHMCCHBIX
atomon. Temnepatypa—okoso 20 °C

Hexodksid odpasely
X -7 SEpMaHUSA
§ 70 T T gﬁ
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7 qao% 4o08 4012
vk
Puc. 3.33. 3aBHCHMOCTL YjAeJb-

HOTO CONPOTHBJICHHS FeéPMaHHUSN OT
Temnepatypel. Ilo ocH opannar
OTJIOXKEHbhl SHaYeHHs CONPOTHBJE-
Husi B JIorapH®MHYECKOM Macli-
Tabe, MO OCH aGCUHCC—BEJHYHHA,
o6paTHasi  TemIepaType; Nr—
HUHCJIO aTOMOB repManns, N, -—

YHCJIO aTOMOB CYPbMEI

Hanpsaxenue npo6os Mexay MJIOCKKMH 3JEKTPORAMH

tq " %
X 5 05’0.
o )
?y K \ §7e OO‘)& .
o
47 7 72N
pa, lla-m

Puc. 3.34. 3aBUCHNOCTD Hanps-
XeHHsT npo6os ANA NJAOCKHX
MEeTaJUTHYeCKHX 3JIEKTPOAOB OT
BeAHYHlb pd  (p —RaBlienue
rasa, d—paccTOSIHHE MeXAY
9JIeKTPOAaMK)

Ta6auna 103. Hckposbie NPOMEXKYTKH B BO3yXe
(B MHANHMeTPaX NMpPH HOPMaJbHOM ZaBJEHHH)

dopma MeTalINYecKHX dopMa MeTaJJIHyecK ux
9JIEKTPOZLOB 3JIEKTPOJIOB

Hanpsa- Hanps-

menge, Jpa mapa "‘e*’é‘e' HBa wapa
K HmBa Iee K Ipa Hre

OCTpHA }J.uasmc?;pom NJIOCKOCTH ocTpus ”"%“g{,”m‘ NJIOCKOCTH

20 16,6 8,8 6,1 200 410 263 78,3
40 48,5 13 13,7 300 600 830 114
100 200 36,7
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MaruntHoe noae 3eman

3eMIA OKPy¥eHa MATHUTHLIM nogem.

Touku 3emJH, B KOTOPbIX HANpPSXKEHHOCTb MAaTHUTHOTO NOJA HMeeT
BepTHKaJbHOE HanpaB/ieHHe, Ha3bIBAOTCA MazHumuoimu nomocamu. Takux
Touek Ha 3emiie aBe: CeBepHbI MarHUTHBIA MOJIOC, TA€ JIHHUM MarHMTHOH
MHIYKUMH HampaB/eHbl MepNeHAHKYJISIPHO TOPHU3OHTAJNBHOH IJIOCKOCTH
BHu3, M IOXHbII MarHuTHBI MOJIOC, TJA€ JIMHHM MAarHUTHOM HWHAYKUMH
HanpasJieHbl MepNCHAWKYJ/ISPHO TOPU3OHTAJIBHOH NJIOCKOCTH OT LEHTpa
3eman. MaruuTHele M TreorpadryeckHe MOJIOCH 3eMJH He COBIAJAIOT;
CeBepHBI MarHHTHbI TOIOC HaXOXHTCS B IOXKHOM NoJymapuu, FOxHbuil
MarHHTHBIA TMOJMIOC—B ceBepHOM mnoaywapuu. [onoxkeHne MarHHTHBIX
MOJMOCOB H3MEHSIeTCS C TeyeHHeM BpeMeHH.

INpsamas, Npoxoaswast yepe3 MarHuTHbie TOJIOCH, Ha3biBaeTCs Mae-
numoti ccoro 3emau. OKpyKHOCTh 60OJBLIOrO KPyra B IIOCKOCTH, KOTopast
MepNeHAUKYJ/ISIPHA MarHUTHOH OCH, Ha3bIBACTCH MACHUMHbIM 9KEAIMOPOM.
HanpsixkeHHOCTD MarHHTHOTO NOJST B TOYKAX MaCHMTHOI'O 9KBATOPA MMeEET
ropu3OHTaNbHOE HanpasieHue. MarHWThHasi ocb He COBNajaeT € OCbIO
CYTOYHOrO BpallleHHsI 3eMJH.

HanpsiskeHHOCTD MarHMTHOrO MOJIS HA MarHMTHOM  3KBaTope —
okoso 27,1 A/M, y MarHHTHBIX TOJIOCOB— OKOJO 52,56 A/M. B HeKoTOpbIX
paitoHax, Ha3blBaeMbIX MAarHHTHBIMH AHOMAaJHMSIMK, HANPSXKEHHOCTb DC3KO
pospacraer; B paitone KypcKoil MarHuTHOH aHOMaJjuy OHA JOCTHIIECT
~ 160 A/m.

HA/M
2\
Puc. 3.35. HanpsaxeHHOCTb 76 \
MarHMTHOroO MoJs 3emau Ha ’
6GosIbIIUX BBICOTAX \
381N
L

78000 26000 34099
PACCIosHue om 4ermpa 3emm,sm

Ta6auna 104. CeoiicTBa 3JEKTPOTEXHUUECKHX CTaJSH

:!r:&(;a‘ by He, A/m Ho, A/m B, Ta p, 10-¢OMm-m
a3l 250 5500 43,8 1,46 0,5
241 300 6000 36,8 1,46 0,6
42 400 7500 31,8 1,45 0,6
345 600 10000 19,9 1,46 0,6
310 1000 30000 9,6 1,75 0,5

IlIpuMevanue. u“—ﬂaqanbﬂah_ MariHHuTHas NMPOHHUAaeMOocTb, He—kodpun-
THBHAA CHJIa, B —MarHnuTHash HHAYKUHUS NPH HanpsKeHHOCTH H=2 KA/M.

DJICKTPOTeXiHYECKHE CTajlh OTHOCATCS K MATHMTHO-MSITKHM MaTepuanaM; ouu
comepxar 0,3—6% kpemuua u 0,1—0,3% maprauua.
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Ta6anma 105, CeofictBa MarHMTHBHIX (JIETHPOBAHHBIX) cTajed

Mapka cranu He, kKA/M By, Tn P, 10=7 Om:M | BH, gOx/M3
EX3 4,8 0,95 2,9 2,4
E7B6 4,8 1,0 3,0 2,6
EXB5K5 7,2 0,853 3,0 3,2
EX9K15M 11,9 0,80 2,8 4,1

lNNpnmMeuanne. He—Ko3puutnBHasg cula, By —ocTaToyHash MHAYKIHS.

Ta6muuma 106. CsoficTBa MarRHTHC-TBEPABIX MaTepHaJoB

Mapka MaTepnana, coctaB B % (mo Mmacce) Br, T He, xA/M xl?)f/h'
V¥ 13(1,3C; 98,7Fe) 0,8 4,8 1,8
E 7B6(0,7C; 0,4Cr; 5,7W; 0,4Si; 92,8Fe) 1,04 5,4 2,9
EX9K 15M (1C; 9Cr; 1,5Mo; 88,5Fe) 0,82 12,7 4,4
12KMB —koMmoa (12Co; 6Mo; 12W; 70Fe) 1,05 19,9 8,8
IOH]I 4 —annn (25Ni; 12A1; 4Cu; 59Fe) 0,61 39,8 7,2
IOHK 24 —maruuko (14Ni; 8A1; 24Co; 3Cu; 1,23 47,8 31,8
51Fe) ’
IOH/IK 35 T5BA —tukonan (14Ni; 8Al; 1,0 119,4 79,6
35Co; 3Cu; 5Ti; Nb< 1)
MaK 76 —naatuHake (76Pt; 24Co) 0,79 318,4 95,5
52K®P 13 —puxanoit (52Co; 13V; 35Fe) 0,6 39,8 —_
2 ®K —kobanst-deppur (CoO-Fe,O;) 0,3 143,3 15,9
1 BU —Gapuit-peppur (BaO.6Fe,0;)s H30- 0,2 135,3 8,0
Tponnb#
3 BA —Gapuit-deppur (BaO-6Fe,0;), anuso- 0,37 159,2 23,8
TPONHbIA
CogSm, anuaoTPONHHA 0,94 270,6 191,0

NMpumevaunsa, 1. OTh MaTepnasbl OTJIHYAIOTCA BHICOKOH KO3PUHTHBHOI
CUIOf H NPHMEHSIOTCA A/ M3rOTOBJEHHs MOCTOSTHHBIX MarHHTOB. BaxHoi Xxapakre-
PHCTHKOIl HX sIBJIseTcs HanGoJbliee sHayeHHe BeJIHYHHB HB, KOTOpas NpOmnopuko-
Halbla MaKCHMaJbHOH 3HEPrHH MAarHHTHOIO TMOJIsl, OKPYy»Kaiolero deppoMarHeTnx.

2. OGosnaueHus; Bp—oOCTaToOuHa#h MarHuTHass HHAYKuUHs, He—KO3PUUTHB-
Hasl cuJaa.
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Ta6anma 107. CeoiicTBA MArHHTHO-MATKHX MaTepHAJOB

Mapka MmatepHaJa, Bs, 0, .

coctaB % (mo macce) { 102 Ta 6, °c 10-¢ Om-n| Hu’ 1o He, A/
80 HM —cynepmanioft 100
(SONI. Mo, 15Fe) [ ] 400 0,88 (1000) 0,4
79 HM — monudaeHo-
BHIft nepmnnoﬁ (79Nti,
4Mo, 17Fe) 8 48 0,8 40 (200) ‘,0
50 H (5ONi, 50Fe) 15 50 0,48 5 (109) K)
40 H Mn—nepMHHBap
glOFN;’ 25Co, 4Mo, 14 600 0,63 2 (~2) -

e

49 KO®-BU — nepumen- 23,5 980 0,4 1(50) 40
mop (49Co, 2V, 49Fe)

10 CI0 — aabcudep - 600 0,7 | 15—20 | 0,4-3,3
(5,4A1; 9,6Si; 0,005— (50—70)
0,08Ge; ~85Fe)
Feneso apmxo (1 00Fe) 21,5 768 0,12 0,5(10) 63,7
JKeseao xapboxuabhoe | 0,8—1,1 768 - 10—20 8—40
(96,8Fe; 1,20,)
Ni —Zn ¢epput 23 150—500 100 50—500 | 39,8—
(NI, Zn) O-Fe, 0O, 119,4
Mn —Zn deppur 3,5—4 170 10% 1000 47,8
(Mn, Zn) O-Fe,O4 (2500)

Mpumevanmn 1. O6osnaueunsi: Bg—HHAYKUHS HaCBHILEHHS} n,—ua-
qanbHas MarHUTHasi MPOHHLAEMOCTb (B CKOOKaX yKa3aHnl MaKCHMaJIbHble SHAYEHHZ
MarHHTHON npoHuuaemoct); 6 —remnepatypa Kiopu; Ho—Ko3puHTHBHAS CHJa.

2. ®eppHTHI NPEACTABJTIOT COSOl OKHCJLI METaJJIOB (HHKeJNf, HHHKA, Xeless
U Ap.). MOiBepraemMpie CIelHaJibHOH TepMHUecKo# o6paGoTKe, B pe3yJibTaTe KOTOPOA
OHH npuodpeTaloT GoMblLIOe yAenblioe CONPOTHBJEHMHE.

3. lna nepMuHHBapa [pHBeleHbl 3HayeHHSs AR o6pa3uoB, o6padoTaHAwx
B NpPOAOTbHOM MarHMTHOM MoJe.

Ta6anma 108. CsoiicTBa MarHMTOAHIJIEKTPHKOB

Mapka n B, 10~8 K=t Mapka n B, 10—¢ K13
-250 230—-270 200 TY-90 82—94 —400; —500
I1-140 130—140 120 TUY-60 55—65 —300; —400
I1-100 90—-110 100 TY-50 50—69 —150; +50
P-10 10—11 150—200 BY-32 30—-34 —200; —250
P-20 10—11 100-150 BY-22 22—24 —150; —200
P-100 9—10 50—100 BUK-22 20—24 +10; —50

TMTpuMeuanke. 1. MaruHTOQUS/MeKTPHKH COCTOSIT H3 SJASKTPHYECKH H30M M~
pOBaHHBIX APYr OT Epyra (epPOMArHHTHBIX YaCTHI, CBS3AHHBLIX JAHITEKTPHYECKHM
MaTepuaJoM (5aKeNnuToM, MOJHCTHPOIOM, Pe3HHON). B KavecTBe MarHMTHHIX HanoA-
HuTeNnell HCMonb3yisrcA adbcHdep, MOJHOAEHOBBIK mnepmaiioi, KapGOHHIBLHOS
wene30, deppurh (cM. taba. 107).

2. B MarHHTOAMSJICKTPHKAX MapkH Il HCNONH3YeTcs HAMONHHUTENb H3 MOJNHSRe~
HOBOrO MepMasJjios, Mapku P —u3 KapSOHHAbLHOrO xene3a, mapku TY, BU, BUK -~
H3 anbcHbeDa.

3. YpenbHoe CONPOTURJIEHHE MarHUTOAMIJICKTPHKOB 3aKJIOYEHO B NpPCAeNZx.
or 0,01 1o 4 OM.M} 8 —TemnepaTypHBIl KO3(HIHEHT CONPOTIBICHHS.
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Ta6aunna 109. YaeabHas MarHMTHas BOCIPHHM4YHBOCTH
H OTHOCHTEJIbHasi MarHHTHAas NPOHHLAEMOCTD
napaMarHeTHKOB H JAMaMarHeTHKOB

IMapamarse- % (u-1), Hnama-~ Ky, (1—p),
s TV Kl g—s ﬁS/Kr 10“2 rueruxn |7+ K lg—oﬁ'a/Kr 10=¢
Bopo- 293| —25 0,0021
Kucnopoa(r) | 293| 1320 1,7 A ()
Kucaopop (x) | 77| 3300 3800 3ot (r) | 293 —5,3 0,0074
Bosayx (r) 293 270 0, TFenuit (r) | 293 | —24 0,004
Mnatuna 293 12 260 Heon (r) |293 —4,1 0,0034
3on0T0 296 1,8 34 Yrneku- |293 5,3 0,0022
Marhu#t 293 5,8 10 cabift ras
Aprou (r)| 293 —6,0 0,010
Bopma (k) | 293 —-9,1 9,1
I'padur 289 | -—38 84
Kamennas | 291 —6,3 13,7
cob
Ksapny 293 —6,2 16,4
Bucmyt 294 | -—16,8 165

TMpumeyan e Bckob6kax yKkasaHh COCTOSIHHSI] rasoo6pasHoe (r), MHAKOE (XK).

Ta6auua 110, Temnepatypa Kiwopu merannos

BewecrBo 8, °C
Tapoanunit 20
30-npouenTtibift mepmannoll 70
Cnaas leficnepa 200
Huxenn 358
78-0pOUEHTHHIA MepManyof 550
MarHerturt 585
JKeneso 3J1eKTPOSTHTHYECKOE 769
JKeneso, nepenJiaBjlesHoe B BOAOPOAe 774
Ko6aabT 1140

Ta6aunma 111, Yaerbnans mMarauTHas BOCHPHUMYHBOCTH
METANIOB U NOJYNPOBOAHHKOB
MeTtanaa Ao 10=9 m3/kr MeTtana Hp» 10—9 m8/kr

Amomunuft 7,3 Huobuit 29
Bananui 17,6 Quioso 0,33
Boauédpam 3,8 PryTh —3,1
TFepmauuit -1,8 Cpanen -1,6
Hupnri -—1,4 Cenen (aMopdHmfi) -3,9
Kanmu it -2,3 Cepe6po —2,4
Kanbuah 14 CypbMa —-10
Jintuh 45,2 Teanyp —36,4
Mapranen 110—120 Xpom . 45,2
Menp —-1,1 Huuk -—1,8
Harpufl 7,7




TABJIMIB! U TPAO®UKU 167

MarAHTHas NMPOHHILAEMOCTb, MHAYKUHS
M THCTepe3nc heppoMarHeTHKOB

Y/
90009
70000 \/7eorra o0
50000 A\
‘\
50000 Kereso
=~ QMK
w0000} ==
g 24 48 72 KuAMM
a
877
; [T T e | e
16 e amone
74 A [T 111 :
0 7 2 3 4 & & 7 8 9 W 77 K KAk
Z’ I - —
72 } {Iﬂlgn}.ﬂ ’/’ 5
’ nuﬁmflﬂ/ [ 'J//]/LIE e
A frant®
0,8 I
) 35’!‘_’____ -
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4214
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7.°02 g% 96 08 10 7'(2; 74 56 38 2,0 2,2 KA

Puc. 3.36. 3aBHCHMOCTH OT HAaNpPsKeHHOCTH NOJSA: @ — MAarHMUTHOH NPOHM-
1aeMOCTH JKeJie3a M nepMasios (B cnaGbix nodsix), 6 — MarHUTHOA MHAYK<
UMM B cTaJld U YYTyHe
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Mar nutocTprKuMS ¢eppoMarHe THKOB
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Y =1 Harpsenrnocms #, A’A//V
Puc. 3.37. Ilets1s rucrepesuca JAns Puc. 3.38. 3aBHCHMOCTb OTHOCHTEJbL-
MACKOr'o 2Kejne3a M 3aKajeHHoll HOii npofionbHON Jedopmauuu npu

cTann (~1% C) MarHUTOCTPHKLUHMH OT HanpsiXKeHHOCTH

MarHHTHoOro mouasi: I — 54% Pt, 46%
Fe; 2 — 70% Co, 30% Fe; 3-—50/ Co,
50% Fe; 4 — 50% Ni 50% Fe; 5 —
Xeseso; 6 — KoGanabT (OTO)K)KeHHuﬂ);
7 — deppnt 20% Ni, 80% Zn; 8 —
luKeab. B peAKoseMeJbHBIX H ypaHo-
BHIX COCArHeHuax Al/l, na 2—3 nopag-
Ka GoJiblue

Ta6auuwa 112, MaruurHas wHAykuusd B ¢eppoMarsHeTnkax

H ¢eppuTax
H, A/m } Konnye-
CTBO
Marepunaan TEMJIOTHI,

8 , 40 | 160 | 800 | 4000 | 40000 | Ma/md
)Keneso snextpoautH- | 0,604 | 0,05 1,1 1,5 |1,7 2,1 250
yeckoe :
Jesie30 OTOXMKEHHOE 0,01 0,075 1,4 1,6 |1,72] 2,1 60
JKeneao KpeMHHCTOR 0,02 0,45 1,0 1,35)1,531 1,95 69
nucrosoe (4,3% Si)
JKenez0 KOGaabTOBOE - - 0,4 1,5 |2,1 2,4 350
(35% Co)
YyryH OTOXKKEHHBIH - - 0,06 {0,5 (0,85 1,4 1000
CranbMarkas (0,1%C)| 0,003 | 0,03 0,6 1,4 1,7 2,1 500
Cralb JIHCTOBas 0,004 | 0,04 0,9 1,4511,65] 2,1 250
PeppuT Mn — Zn 0,008 {0,05 0,23 (0,36 — - —_
®deppur Ni—Zn 0,0005/0,008}| 0,01 }0,15(0,24 — —
deppur Mg — Mn - 0,01 0,2 0,23 —. —_ —_
®eppur 30% Ni — Fe - —_ —_ 0,25|0,31 - —_
®epput 70% Ni — Cu - —_ —_ 0,06 (0,1 - —

MMTprMeyanns 1. YucoBrle 3HAUEHHST CAEAYeT PaCCMaTPHBLTb KAK OpPHEH-
THPOBOYHLIC, TAK KaK [JIA Pa3JIHYHBIX OGpPa3lOB OHH MOTYT H3MEHATHCSH; 3HayeHHus B
npuBeJeHbl B TecJaax.

2. B nocnenneit rpade yKazaHa TenysoTa, KOTOPYIO NoJyuaeT 3a OAHH LHKJ nepe-
MarHiu4HBanua | M? BeulecTBa (mn MeTVIH IHCTepe3Hca C MaKCHMaJIbHbIM 3HayeHHeM
nepykoun 0,1 Ta).
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Ta6auna 113. Koapdnuuentnt B paa pacueta HAAYKTHBHOCTH
COJIEHOH A

OtHoweHKe A.'IHHbl(‘/!/i;)MOTKH K AHaMeTpy 0,1 0,5 1 5 10

Kosbduunenr & 0,2 0,5 0,6 0,9 1,0

TMpumevanue. Jnsa l/d >10 koapdbuunent pasen 1.

3aBucumocThb CONPOTHBJIEHHAA NPOBOAHHUKOB OT 4aCTOTHI
NepeMeHHOro Toka

ConpoTuBeHKe NPOBOHHKOB R 3aBucHT oT napamerpa E=d V popof,
rie d—IHaMeTp CeUeHUs, L — OTHOCHTENbHAS MPOHHILAEMOCTb MaTepHaa,
O0—yJNeNbHast NPOBOAMMOCTb, f—uactoTa. ITo ocu oOpAMHAT OTJIOKEHHI
snayennsi R/Ry (Ro — CONpOTHBJEHHE NPOBOXHHKA TOCTOSTHHOMY TOKY,
KOTOpOe paccunTHBaeTcs no ¢opmyae (3.33)).

2,0
Ky
Puc. 3.39. 3aBHCHMOCTb CONPO- /
THBJIERHS NPOBOJHHKOB OT Na- 19 7
pameTtpa § A /
/
//
o LT

3aBHCHMOCTb CHJbI TOKa B Kone6aTeNbHOM KOHType
OT 4acTOTbl BHELIHeH 3, A, C.

10
/| N5,/

/77//:0 /( N 47//0

Puc. 3.40. 3uauenns I, (n Z) paccun- 0:8 / / N j

TAHBM B OTHOCHTEJbLHBIX €JHHHLAX No 7 \

dopuynaM Ta6auubn Ha ¢, 146. Tlo 06 Iy L

rOpH3OHTA/IbHON OCH OTJIOXKEHBI OTHO- » / / PA

WEHHSA YACTOT ©/Wq, MO BEPTHKANLUGH

ocu — ortHomenua Iloflp= r/Z (gns 94 /

KOHTYpa, CXeMa KOTOPOro NpHBeJeHa ] (/ I
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Ta6auna 114, Fay6una nNpOHMKHOBEHHSA TOKOB BHICOKOA 4acTOTHI

B MeAHbIi NpoBOA

Yacrora, MI'y

0,1 |

1 10 100

I, MM

Mpumeuanus.
MaTepHasIoB MOXET GLiTh npoussened no dopmysne

rne | — rny6uHa NPONHKHOBEHHUS (M), ¥ — YAesabHast NpoBoauMOcTb (Cm/m),

0,21 I 0,065

0,021 0,006

1. Pacuer ] Ansi ApYrux sHaueHH# UYACTOTHI H paaqunux

1= (mtuomvf)

-1/2

~— OTHO-

CHTeNbHasi MarHHTHas NPONHILaeMOCTb MaTepHasa, f — yactota (I'u).
2. Fayb6uHol nNPONUKHOBEHUA HA3BIBAETCS TaKOe pAaCcCTOSIHME OT NOBEPXHOCTH
OPOBOAHHKA, Ha KOTOPOM MJOTHOCTb TOK@ YMEHbIUAETCs N0 CPABHEHHIO C MJIOTHOCTLIO

ero Ha MOBEPXHOCTH B e pa3 (e & 2,72).

Ta6nauma 115 lkana a1eKTPOMArHUTHBIX U3JTyueHu#

Yacrora, Anuna H OcCHOBHbIE HCTOYHUKH
T BOJIHbI, M a3BaHHe Hamna3oHa BO36YXACHASA
10—3 3-101 HuskouacToTHbe FenepaTopul CleUHANbHBIX KOH-
103 3-108 (cBepXAJHHHBIE) BOJHB! | CTPYKUHIl; FeHepPaTOPH! [IPOMBILI-
NeHHKX yacTor 50— 60 'u; re-
HepaTOpbl 3BYKOBBIX YacTOT A0
0 k'
102 3-10% FeuepaTopnt  pajgHoyacToT o
Pt
1012 3-10—4 PaaunoBsonHb 300 Ml y; reHepaToOpbl CBEPX Bhi-
coxux vactor (CBY)
1012 3-10—# HNudpakpacnoe usny-
4.1014 8.10—7 yenune
Hanyuenue MOJIEKYJl H aTOMOB
NIPH TEMJOBBIX H 3JEKTPOXHUM H-
4.10 8.10—=7 Bnpumoe  m3nyueHue | ueCKMX BO3AEHCTBHAX
L1014 4.10-7 (C AJMHAMH BOJIH OT
810 0 800 1o 400 1)
8.1014 4.10-7 YabTpaduonetosoe #3- Hsnyyenne atomos npu oSayye-
3. lon 10 —p Jiyuyenue; MATKOe PeHT- HHH BEWECTBA 3JIEKTpOIllaMu C
reHoBcKoe H3aJaydenue | suepruefi go 15 k3B
AtomHble mpouecchi, KOTOpuie
3.1017 10-° PenrtreHonckoe u3ayuye- | BO3GYXKUAIOTCH 3JIEKTPOHAMH ¢
3102 10—12 HHE, ramMma-uaayyenuse | sHepruamMu ot 20 k5B g0 ue-
CKOJIbKHX coTeH M3B
3.10%0 | 10— [aMMa-Ha/Tyyeline Sinepure  npouecchl, PpafiHOaK-
1083 3.10-1s THBHBlE pacnajsi '

Mpumevanue. Mexay CcCOCEXHHMH JHAaNa3OHAMH peasbHO HET DE3KHX

rpanmu.
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OCHOBHBIE TIOHATHUSA W 3AKOHBI

Onmuueckoe usayuenue (céem) npencraBiiseT co6of 3JM€KTPOMArHuT-
HOe u3JayueHHe ¢ AauHoM BoaHH OT 0,01 HM no 1 cM. Hcrounukom Takmx
BOJIH SIBJISIOTCS aTOMBI M MOJIEKYJIBI, B KOTOPHIX NMPOHCXOAHT M3MEHEHHE
9HEPTeTHYECKHX COCTOSSHHA 3JIeKTPOHOB (cM. ria. V). B onTnueckoM u3-
JyYeHHH BHIJEJISAETCH JAMaNa3oH 6uUOUMO20 U3AYy4eHUA C JJIHHAMH BOJH
ot 400 no 760 um.

1. SHEPTETUYECKHE H CBETOBBIE BEJIHYHHBI.
SO0TOMETPU A

IHepeus usayyeHus — 5TO 3HEPrHsA (OTOHOB (CM. HUXKe M. 5) Han
SHEPrusi 3MEKTPOMarHUTHHIX BOJH (cM. rJ. III), u3nyuaembix Tesowm.
MMomoxom u3ayvenus Ha3bIBaeTCs BEJMYHHA, PaBHAS SHEPTHH, EPEHOCH-
MO#l 3JIEKTPOMATHHTHBIMH BOJIHAMH 32 BPeMs OJHAa CEKYHJa Yepes mpo-
M3BOJILHYI0 TNOBEPXHOCThb. I[IOTOK H3JyYeHHs, OLEHHBaeMHH IO ero
BO3JEMCTBHIO HA YeJOBEYECKHH IJ1a3, Ha3bIBAETCS C6EMOBLIM NOMOKOM.

OHepreTHYECKHE XaPAKTEPHCTHKH MOTOKA H3JNYyuyeHMA. Inepeemuue-
cKkas cura céema (Cuna usayqenun) — BeJHYHHA, PaBHAS OTHOLIGHHIO
notoka usayuenus AQy K TesecHOMY yray AQ, B KOTOpOM pacrnpocrpa-
HSAETCA 3TO H3JyUYeHHe:

Is=A0,/AQ. 4.0

Onepeemuueckan oceeuyeHHocmo (006ay4eHnoCmb) — BENHYMHE, PaB-
Hasl OTHOIWEHHIO NoToKa H3aydeHus A, Kk niaomagun AS paBHoMepHQ
06/1ly4aeMoil MM TNOBEPXHOCTH:

Ey=A®D,/AS. 4.2

Onepeemuyueckas ceemumocms — BeJMYHHA, pPaBHas OTHOLIEHHIO
notoka usayuennss Ay K niomann AS, n3nyvaouei MOBEPXHOCTH:

R, =A®,/AS,. 4.3

CBeTOBBIE XAPAKTEPHCTHKH NOTOKOB H3ayueHHd. [Ja3 HeoiHHa-
KOBO UYYBCTBHTEJeH K INOTOKAaM CBeTa C Da3JHYHBLIMH JUIHHaMH BOJH.
OG6ruHO NPH JHEBHOM OCBEllEHHH Tya3 Hanbosee YyBCTBHTE/EH K CBETYy
¢ AMHHONH BOJMHH 555 HM; oTHOweHHe NOTOKA H3aydyeHus gy C AIHHON
BOAHE 555 HM K NOTOKY H3ayuenus @3 ¢ AMHHON BOAHB A, KOTOPbIH Bhl-
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3LIBAaeT TAKOE JK€ 3PHTEJIbHOE OlyLIEHHE, YTO U MOTOK H3nyuyeHHst Dyss,
Ha3bLIBAeTCH OMHOCUMEAbHOL CReKMPAibHOL 4YECMBUMENbHOCMbIO eAa3a
uau omuocumenssvroil sudnocmoto (K3):

Ka = @5/ D, .

I'paduueckast 3aBucumocts K OT A HashIBaeTCs KPUBOL OMHOCUMENbHOL
cnekmpanrsroll uyscmeumenssnocmuy. MaKcHManbHasi YyBCTBHTENBbHOCTD
NpH CYMepeuHOM 3PEeHHH COOTBEeTCTBYeT MiHHe BoJHH 507 um. Ilpn
IHEBHOM 3DEHHH SHepreTHUeCKOMY NOTOKY u3ayuenus 1 BT ¢ miuno#
BOJIHBI 555 HM COOTBETCTBYeT CBETOBOH MOTOK 683 sioMeHa (CM. HHuXKe);
GPH CyMepeuHOM 3DeHHH MNOTOKY H3Jyuenus 1 BT c januHO# BOJAHBI
507 nM COOTBETCTBYeT CBeTOBOM moTOK 1745 aM.

HcTounuK, JHHEHHBIMH pa3MepaMu KOTOPOrO MOXKHO HpeHe6Gpeyb
IO CPaBHEHHIO C PACCTOSIHHEM OT HEro JI0 TOYKH Ha6JofieHHsl, Ha3blBaer-
CSl MOuEHHbIM.

Ceemosoti nomox — BeJHYHMHA, pPaBHas NPOU3BEAEHHUIO CHJH cBeTa [
TOUEYHOrO MCTOYHHMKA HA TeJieCHbIi yroa Q:

O =IQ.
Hanyqaemmifl TOYEUHbIM HCTOYHHKOM IOJHBIH CBETOBOH MOTOK
@, =4nl. 4.4

OcseujeHoCms — BeJHYHIA, PAaBHAS OTHOLIEHHIO CBETOBOTO NMOTOKA
A®, napalpomero Ha MOBepXHOCTh, K Iuomanun AS sToil moBepxHocTu:

E=A®/AS. (4.5)

OcseuteHHOCTs L1 NJOCKOH NMOBEPXHOCTH, CO3/aBaeMasi TOYEUHbIM
KCTOYHHKOM, ONpeJesieTcs 1o (popMyJe

Ey=1cos @/r?, (4.6)
rae | — cuia cBeTa, r — pacCTOiHHE OT HCTOYHHKA 10 IOBEPXHOCTH,
() — yroJ MexJIy HOPMaJbi0 K MOBEPXHOCTH M HanpasJjeHHeM pacnpo-
CTPaHeHHsl BOJIH.

Ceemumocme — BeNHYMHA, PaBHasg OTHOLIEHUID CBETOBOrO MOTOKA
A®, u3ayuyaemMoro MOBEPXHOCThIO HCTOYHHKA, K miowagun AS, sto#
NOBEPXHOCTH:

R=A®D/AS,. 4.7

SIpkocmeto Bp'B HampaBJeHUU ( Ha3BIBAaeTCs BeJHYHHA, PaBHAS OT-
HOIUGHHIO CHJIBI cBeTa [ B 3TOM HanpaB/JeHHH K IUIOWAJH NPOEKIHH
S, cBeTsweHCH MNOBEPXHOCTH HA IUVIOCKOCTb, MEPNEHAMKYJISAPHYIO Ha-
[PABJICHHIO HaGJIIOJEeHHs:

Bg = Ig /(S cos @), (4.8
rje miaomwaxb npoeknuu Sp==3S, cos P, Sy — NJIOWALL NOBEPXHOCTH MC-
TOYHHKA.

Ceemosasn snepaus — 3TO BeTUYHHA, PAaBHAS TIPOU3BEIEHHIO CBETOBO-
ro notoka @ Ha Bpeys ! JeHCTBUS WM U3JIyYEHHS STOrO MOTOKA:

Q= 4.9
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2, TEOMETPHYECKAS ONITUKA

Jyu (ceemosotl ayu) — reoMeTpHUECKas JHHHS, BIOJb KOTOPOH
pacnpocTpaHsieTcs SHepPrus, NepeHoCHMasi 3JeKTPOMAarHHTHHIMH BOJIHa-
mH. B opnoponHoiil cpeje JyuH SIBASIOTCSA NPSMBIMH JHHUSAMH.

Ecau npsvonuHeiHble JYyUH (MJIH HX NMPOAOJKEHHE) NepeceKaloTcs
B OJHOMH TOYKE, TO TaKas COBOKYIHOCTb Jly4eil Ha3bIBaeTCst TOMOLEHTP K-
UeCKHM NYYKOM; NapaJjiebHble JY4YH 00pPa3yIoT 20MOyeHmPUiecKuti ny-
40K, EHTP KOTOPOTro HaXolHTCs B GeCKOHeYHOCTH. JIyuH, KOTOphle ¢ on-
THUECKOH OCBHIO JIHH3BI (CM. HHKE) COCTABJISIOT MaJblil YroJ, Ha3bIBAIOTCH
napaKcuasbHoLMU; Jy4H, napajiesbHble ONTHYECKOH OCH, SIBJAAIOTCA
napakCHaJbHBIMH, €CJH OHM NPOXOAAT HA MaJiOM PAcCTOSIHHH OT OCH
JIHH3H.

Touku mnpeaMeTa NPHHHUMAIOTCH 3a UEHTPH TOMOLEHTPHUYECKHX
PacXoAsLIUXCsl NMYyYKoB Jyueil. IIpH OTpaKeHHM OT MJIOCKOCTH TOMO-
LEHTPHUYECKHH NYYOK OCTaeTCsl FOMOLEHTPHYECKHM; NPH NpPeJOMJICHHH
Ha NJIOCKOit NOBEPXHOCTH FOMOLEHTPHYHOCTb COXPAHSeTCs TONbKO y na-
paKCHaJbHBIX NMYYKOB.

3aKOHBI reoMeTPHYECKON ONTHKH MOXKHO HCIIOJIB30BATh B TOM CJy-
yae, KOTJa IJOUAaAb GPOHTA BOJHBEI 3HAYHTEIbHO GOMbLIe MPOU3BENEHE S
tA (b — paccrTosiHMe OT JIMH3BL A0 TOYKH Habaio0JeHus, A — AJuHa
BOJIHBI).

3akoH oTpaxenus. Yziom nadeHus HaA3BIBAETCST YroJ MeXAYy Ha-
NpaBJeHHeM NaJaloliero Jyya H NepleHIHKYJAsSPOM K IpaHulle pasjea
B TOYKe NaJieHHs; YIoJl MeXAy STHM IepNeHAHKYJAsPOM H HanpaBJeHHEN
OTPaXKEHHOTO Jiyya Ha3blBAETCH YIJIOM OMpacceHus.

INpu majeHHn Jyya Ha TpaHHLY pasfesna ABYX H3OTPONHBIX cpe]
yro.a oTpaXKeHHs pPaBeH VIJy NajeHHs; NajaIOWMH H OTPaXKEeHHBIH JyYil
H MepPHeHJUKYASP K MOBEPXHOCTH B TOUKe NMajieHH s JexKaT B OJHOI nioc-
KOCTH (3QKOH OmpaseHus).

OTHOLIEHHE OTCKA H3JYYeHH A, OTPAMEHHOTO INOBEPXHOCTLIO TeJa,
K NaJaioleMy Ha 3Ty NOBEPXHOCTb NOTOKY Ha3bBIBaeTCs K0Ippuyuenmos
ompasenus.

B 3aBHCHMOCTH OT CBOHCTB I'PaHHIBI pasfiesa PasJuyaioT ABa BHJA
oTpaxeHus cBera. Ec/n noBepXHOCTb pasjieia HMeeT HEPOBHOCTH, Pa3-
Mepbl KOTOPHIX 3HAUKHTEJNBHO MEHbIle JJIHHB BOJHBI CBETa, TO NMPOHCXO-
JUT npasuibroe (I 3eprarstoe) ompascerue. B 3ToM ciyuae manaouue
napaJijieJbHbIE Jy4YH CBeTa NOC/Ie OTPaXKEeHHsl OCTAIOTCsI Nap alJIeIbHbIMI.
EcJi1 HEPOBHCCTH PAacCIOJOXKEeHB Ha OTpaxaloiel NOBepPXHOCTH XaoTuu-
HO M HMEIOT pas3MepLl, CPaBHUMble C JJIHHON BOJHBI, TO MPOMCXOXHT
dugpysnoe ompascenue. B 9TOM caydyae mapaJiesibHble JY4YH CBeTa
nocJsie OTPaXKeHHs MepecTaloT GHITh NapaJaesibHbIMH, OFHAKO NMPH yCJao0-
Buu h cos i< (h — pasamepH HEPOBHOCTEN, { — YroJl NajeHHs Jyueii)
OTpaXKEeHHbIE JYYH CTAaHOBATCHA NMOYTH NapasIebHBIMH, T. €. OTPaXeHHe
MOJKIO CYHTATh 3C€PKaJbHBIM.
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3aKkoH npefoMJeHHsl. YTOJd MeXAYy NEepneHAHKYJAPOM K TpaHHIe
pasjesa cpei B TOYKe NaJeHMs Jyua U HanpasjJeHHeM INpeJOMAEHHOro
Jy4a Ha3HLIBAETCH Y2A0M NPEAOMALHUA.

Ipu npenomiennn CBETOBOro Jyya Ha FpaHuue pasjena ABYX AaH-
HBX H30TPOMHBIX CPeA OTHOLIEHHE CHHYCA YIJa MajeHHus K CUHYCYy yIia
[peJIOMJIeHUS €CThb BeJHYHHA NOCTOSIHHAA A AAaHHOH IJIMHE! BOJIHBI

sin i/sinr=n; (4.10)

NajaoWuil 0 NpeJOMJeHHBI!l JY4H H MePNeHJHKYJAsApP B TOYKE MajeHHS
JiexkaT B OJHONM MJIOCKOCTH.

ATH JBa 5KCNEPHUMEHTAJbHO YCTAHOBJEHHBIX (haKTa COCTABJSAIOT CO-
NepIKaHue 3aKOHa npeAomieHus (IS M3OTPONHHIX cpen). Beauuuna n
Ha3blBAGTCS OMHOCUMENbHUIM HOKA3A-
meaem npeiomAeHuUs BTOPOA cpeibl OT-
HOCHTeJIbHO nepBoit. OTHOCHTeNBUBI
1oKasartesib NpPeJOMJEHHsI PaBeH OTHO-
LIEHHIO CKOpOCTeil cBeTa B COOTDET-

CTBYIOUIHX cpefax: n=c,/c,.
Puc. 4'"rfﬁ)‘}q";°:%’ggm’""““°‘ [Moka3saTeqb NPEJOMJCHHS CPEAL!
OTHOCHTEJIbHO BaKyyMa Ha3blBaeTcs
abcoatomuoim  nokKazamenem npeAOMACHUS CPefbl; 1 3aBUCHT OT JJIHHLI
posinbl. Cpefa, B KOTOPOi CKOPOCTb CBETa MeHblIe, Ha3biBaeTCsl Onmu-
qecku 6onee naomuoil.

[Ipu nepexome u3 cpenpl, onTHUECKH GoJiee MJIOTHOM, B Cpely,ORTH-
yecKH MeHee IJIOTHYIO, JIyd MOXET IOJIHOCTHIO OTPaxKaThCs. DTO SBJe-
HUE HA3bIBACTCS NOAHbIM OMPAdKCERUeM. YTOI NaleHUs ipp, HAUHHASA C KO-
TOPOTO 9JIEKTPOMArHUTHOE M3JyYeHHe MNOJHOCTbIO OTPa)kaercs OT rpa-
HHUUBI pa3fiesia, Ha3bIBaeTCsl npedenbHoIM YeA0M TIOJNHOTO OTPaXKeH s, KO-
TOpLI ompefensieTcss M3 COOTHOLIGHHS

sin {pp,=1/n, (4.11)

rae n=c,/c,, €, — CKOPOCTH CBETA B ONTHYeCKH Gosee MIOTHOK cpefe.

Tpusma. [lpoxopsuye yepes NPH3MY JYYH CBeTa NpPeJOMJSIOTCH
(puc. 4.1). Yron P npusmbl Ha3blBaeTcs nperomasoujum yearom. I1po-
LOJKEHHST BXOJSILEro M BLIXOASILLEro Jyyeit 06pa3yioT yrosa 6, KOTOpsii
HaseiBaeTCA yeaom omiaonenusn, 6=i,~+i,—P, P=r+r,. Ecau iyj=1,,
To yron 8 umeer maumeHnbluee sHayenue (WA NAHHOrO 3Ha4EHHMs yria
P); 6, =2i;—P. :

[TokasaTesb mpesioMyeHHs n CTeKAa, H3 KOTOPOro CAe/daHa Npusma,
MOXHO paccuMTaTh 10 ¢opmyae

n=sin (6,/2-+ P/2)/(sin (P/2)). (4.12)
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HanGoaviunil npejoMAsiioniuil yroJ npu3Mbl, NPH KOTOPOM JyuM eme
NPOXOAAT uepe3 NPeNOMJSIOIHE IpanH, Py=2i,y (Inp — Npeneabybli
YOl NOJHOrO OTPa){€HHH Ha FpaHHIE CTEKJIO — BO3AYX).

3. JIMH3bl. ONTHYECKHE NPUBOPbI

JIun30i Ha3bIBaeTCs NPO3PAYHOE AJIsl ONTHYECKOTO H3NYUEHHS TeJo,
Yy KOTOpOro ZiBe NMpPOTHBONOJOMHBIE CTOPOHB! OTPaHHYEHH KPHBOAHHeHR-
HBIMHM TOBEDXHOCTSIMHM; OAHA H3 MOBEPXHOCTEH MOXET GHITh IJIOCKOI.
Han6oablee npruMeHeHHe HMeEIOT JIHH3H CO CepHYECKUMH MOBEPXHOC-
TaMH. Huxe paccMaTpHBaOTCH CBONCTBa

Onmuyeckud

TaKUX JIHH3. yenmp
IMpsimas, npoxojasuias yepe3 LEHTPH

KPHMBH3HH chepHYECKHX TOBepXHocTell /zabwas F
JIMH3BI, Ha3LIBAeTCH 22a8HOE onmuueckol oo g = borye
ocero (puc. 4.2). Ecam ozna us nosepx- :@%’
HOCTell JIMH3H IJIOCKast, TO OnTHYecKas & 2, SN2y
OChb TMPOXOXHT MNepNeHAHKYJNSAPHO K Hed. Puc. 4.9, OCHODELE TOUKH 1
Toukn mnepeceueHHs MOBEPXHOCTEH JIMH- OCH TOHKOH JIHH3H

3Bl C TJIaBHOH OnTHYecKo#l ockio (puc. 4.2,
Touku Oy, 0,) HaswBaloTCA gepuuunanu. PaccTosiue Mex1y BepUIMHAMU
Ha3LIBAETCA MOAWUNOE AUH3bL.

Touxan snun3a, JIun3a HasblBaeTcs TOHKOM, eCJM ee TOJNLIUHA 3NHa-
UHTEIbHO MEHbIIE PaHYCOB KPHBH3HBI ee nmoBepxHocTefl. Touka TOHKOM
JINH3LI, Yepe3 KOTOPYIO JYYH MPOXOAAT 6e3 H3MEeHeHMs CBOEro Hampas-
JIeNHsl, Ha3bIBACTCS ONMU1ECKUM YEHMPOM AUN3b. [aBHAsT ONTHYeCKas
Oochb NMPOXOAMT uepe3 onTHyeckuil uentp. Jlwbas Apyras npsmas, npo-
XOAAWAS Yepe3 ONTHUECKMH LEHTP JHH3BI, Ha3biBaeTcs nobourold ocvio
AUN3GL.

Pokych aMH3W. JIMH3a Ha3biBaeTcs cobuparowjerl, eciH OHA npe-
of6pa3yer najaloomuil Ha Hee MapaKCHaAbHbIA NMYy4YOK JyueH, napanjenb-
HHl TJIaBHOM ONTHYeCKOR OCH, B CXOAAMACA TOMOUEHTPHYECKHHA my-
YOK; B MPOTHBHOM CJlyuae JIMH3a Ha3blBaeTcsl pacceusarouyetd.

Touka Ha r1aBHOH ONTHYECKON OCH, B KOTOPOH NepeceKaioTcs mna-
paKcuajbHble JY4YH, napajnesbHble IJ1aBHOH ONTHUECKOH OocH cobupato-
weil AuN3bl, HasbiBaeTcs oxycom.

B pacceunBaioulei JHH3€ NapaKcHANbHBIL MyYoK Jyueil, napaniens-
HBI TJ1aBHOH ONTHUECKOH OCH, Mpeo6pasyeTcs B PacXOAALLHACH NYyYOK;
NPOJOJIKEHHS STHX Jyueil mepecekanTcs B TOYKe, Jexallefi Ha I1aBHOI
ONTHYECKOH OCH; 3Ta TOYKA HAa3bIBAETCH (okycom pacceusaroujers AUH3bL.

Y mo060it JUH3BI HMeeTCs ABA (okyca. PaccTosinne OT ONTHYECKOro
IleHTPa TOHKOM JHH3H 0 OKyCa Ha3bIBACTCH POKYCHOLM PACCMOSHUEM.
IMnockocTH, npoxt?namue'qepea ¢oKycH nNepneHAMKYJNAPHO TIJaBHOM
onTHuecKoit ocH, HasbBAlOTCA QPOKALbHBIMU naockocmAmu. Ecan cpeaa
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1o 06e CTOPOHBI JIHH3EI OfHA U Ta Xe, TO MOAYAH ee (GOKYCHBIX pPaccTofl-
HUR PaBHHI.

®opmysa ToHKOM AMH3BL. [ mapaKcHaJbHBIX NMYYKOB Jy4el, KO-
TOpHle Npeo6pasyloTcs TOHKOH JIHH30H, BHITONHSAETCS COOTHOLIEHHE

1 1 1 1 1

as
rLe aj — paccTOsiHHe OT JIHH3H O NpeAMeTa, @y — PacCTOSIHHE OT JIHH-
36l JI0 u306paxkenus, f — ¢pokycHoe paccTosinue JAuH3b, Ry U Ry — pa-
JMYChl KPHBH3HBI CpepHYECKHX MOBEPXHOCTE!, OrpaHHYMBAIOMHX JIHH-
3y, n — OTHOCHTEJbHbI mOKasareJab NMpeJOMJEHHS BellecTBa, H3 KOTO-

A poro H3roToBJeHA JIHH3A, —f;=

g -7 a, =fy=f. CootHowenune (4.13)
o Ha3bLIBAETCA POPMYAOL MOHKOL
?w \/fz aunstl.  [locTpoenue uacGpaxe-
7 7 HUS TMPHBOAMTCA Ha pHc. 4.3.

INpn pacuerax mno dopmy-
\\‘ ne (4.13) snHaueHHs a; HIH a4
—ﬂ,

NMOACTaBJAIOTCS CO 3HAKOM IJIIOC,
v 2 5

€CJIH HanpaBJIeHHA HX OTCye-
Puc. 4.3. Xojx ayueit B Tonkoft coGupaio-

Ta OT ONTHYECKOTO LEHTPA JIHMH-
we#t qnuse 3bl COBNAfalOT C HaMpaBJIeHHeM
pacnpoCcTpaHeHHsl CBeTa; 3Haue-
iust Ry v Ry TaKKe MOJCTAB/NIOTCS CO 3HAKOM MJIIOC, CCJIM MX Hanpaslie-
liMsl OTCYUETAa OT BEepPIUHH cdepUYeCKHX MMOBEPXHOCTeH COBMAJaOT C Ha-
((paBJIEHHEM PaclpoCTPAHEHUs CBeTa; B MPOTHBHOM CJyyae 3TH 3Haye-
L1sT MOACTABJAIOTCS CO 3HaKaMH MHHYC; PaAuyc KPHBH3HBI Ry OTHOCHTCH
K TOH NMOBEPXHOCTH JIMH3BI, KOTOpasi MepBOil mepecekaercs CBETOM; 3la-
yenus f coGuparomeil JHH3B NMOJACTABJAIOTCS CO 3HAKOM ILTIOC, paccei-
Baiomell — CO 3HAKOM MHHYC.

" Ontuueckas cuna. OTHOIEHHe NOKas3aTeadss NPENOMIEHHS OKpY-
JKampoulell IHH3Y cpelbl K ee HOKYCHOMY PacCTOSHHIO HA3BIBAETCH ORMU-
ueckotl cunod.

Enununa ontuueckoll cuibl — duonmpua (antp). 1 Ouonmpusa —
3TO ONTHYECKAsl CHJ1a JHH3bl, PACHOJOXKEHHOH B BO3AyXe, C (GOKYCHBIM
pacctosuueM | M. Onruyeckas cuJa — BeJHYHHa ajreGpauyeckas;
cobupaouas JHH3a HMEeT MOJOXKHTENbHYIO0 ONTHYECKYIO CHJY, pacceu-
Baouas — OTPHIATEJIbHYIO.

OnTHuecKasi cuaa chepHuecKoii rpaHubl pasjena AByX CPeA ¢ mo-
£a3aTeqsIMH MPEJOMJCHHUA Ny H Ny

® = (ng—n1)/R, 4.14)
rae nj — IOKasaTeab NpeJOMJEHHS TOf cpeisl, KOTOPYI0 CBET MPOXO-
'JIMT NepBO#, Ny, — NoKasaTe/b MNPeIOMJACHUS BTOPOH cpeasl, R — paju-
yC KPHBH3HH,



8. JIHH3bl. ONITHYECKHWE INPHBOPBI 177

Onruyeckass CHJIAa JIHH3B CO Cq)ep}‘l'-]eCKHMH MOBEPXHOCTAMH:
(I),,=d)1+(D2—d®1(I)2/n, (4.15)

rae @7 u ®, — onTHUYECKHe CHIBI CepHUYeCKHX TPAHUI Pa3fe]a Ha mo-
BEPXHOCTSAX JIMH3BI, d — ee TOJIIHHA, N — NOKa3aTeslb INPeJIOM/eHuUs
crekna; ®; u @, paccunthiBaotcst no dopmyJe (4.14).

OnTtuyeckast CHIa ABYX TOHKHX JIHH3 PaBHA CYMMe HX ONTHYECKHX
cHJ MpH ycaoBuH, yto d<|] f|, rae d —paccTosiHue MeXJY ONTHYECKHMH
LHEeHTPaMH JHuH3, |f| — MoAy/abL HanMeHbIEro (JOKYCHOr'O PAacCTOAHHSA
OAHOH M3 JIHH3.

MHorune ontTHyeckue NpHGOPLl NPefHa3HAYEHBl AJs MOJYUYEHHA H30-
6paxeHUR NpPeIMETOB Ha 3KpaHaX, Ha CBETOYYBCTBHTEJbHbIX MJEHKax
HJIH HA ceTYaTKe rJasa.

lna3 kak onthyeckas cuctema. Ha puc. 4.4 npeacrasiien ropusou-
TaJbHBIA pa3pe3 riasHoro s6;joka. Bnepeln HaXOAHTCA MNpo3paunan

Bucoywas cmopona
. Crrepa

Cocyducmas
odonovra

cemyamixa
\

SoumensHolti keph

Cmernobudnoe
meno

Onimuyecrad
oce

Hocodas cmapore

Puc. 4.4, TopH3oHTanbHbI#A paspe3 Mpaporo rgaasa

060/104Ka — poroBuula, ofpasylomas MnoYTH cgepuuecKyio MoBepx-
Hocts (1/6 uwactb Beeil noBepxnoctn). ITo KpasiM poroBHUa MepexoaUT
B ckJjepy (6esok raasa). IIpocTpaHCTBO MeXKAYy XPYCTaJHKOM H POroBH-
el 3aNOJHEHO BOASTHUCTON BJaaroif. 3a XpyCTaJHKOM HaXOJIHUTCH CTeK-
JIOBHJHOE TeJO, COCTOsIlee B OCHOBHOM 3 Bojbl. Popma raasuoro s6.10-
Ka noyTu cdepHUecKas C PagHyCcoM KPHBU3HBI OKoJo 12 mMM. MmMeercs
panyxHasi 060J04Ka C OTBEPCTHEM (3PauyKOM); AuaMeTp 3payKa H3Me-
usercs oT 2 1o 8 MM. Ha npoTHBOMOMOXHOMN CTOPOHE OT 3payKa pacrofio-
JKeHa CeTyaTka, IjJie HaXOAATCH CBETOYYBCTBHTEJbHblE pelenTopbl —
naJoYKH H Koa6ouku (okoso 1,2-108 nanouexk, 7-10% xonGouex). ITanoy-
KH pearupyioT Ha IHEBHOe CBeueHHe, KOJOOUKH O0ecrneuHBaioT CyMe-
peunoe 3penue. IIpHOIHM3UTENLHO MOXHO CYHTATh, YTO ONTHYECKHi
LLEHTpP PACIOJIOXKEH BONH3HM POrOBHILb, (POKYCHBIE PAacCTOSIHUS f1=17 MM,
f-=23 Mm. OnTuueckas cHJa IJla3a paBHa NPHOJH3HTENbHO 58 aAnTp.
KpuBH3HA TOBEPXHOCTH XPYCTAJHKAa MOXET H3MEHATbCA MBI AMH
r/asa, BCJIEACTBUE Yero H3MEeHseTca H ONTHYEeCKas CHJIA; B MOJOAOM BO3-
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A Pnc. 4.5. XoA nyueft B nyne. Ipeamer AB
< HaxoAuTcs B dokanbHOR niockocTH. Hao-
*Q\L OpaxceHHe TMoJyyaeTcsi B GeCKOHEYHOCTH

~d ~ (ayyn I, 2 WAYT napaaJseabHo). Boamox-
HO H TaKoe pacroJioKeHHe, Korja npeiMer

| pasmewaercss B6/IH3H GOKaNbHON MJIOCKOC-

5,‘ TH G/HXKe K JIHH3e B TOJIOXKEHHH A,B,.
Hsobpaxenne A,B; nosyyaerci MHHMBIM

QorarsHam (Ha2 nepeceyeHHH NPOROKeHH N nydeht 2, 3);

SNIOCKACTTTE ;
I

OHO HAXOMHTCSI Ha TAKOM PAacCTOSSHHM OT
ry1asa, Koropoe siBysieTcsi HauGoJsiee yA0C-
HBHIM /IS 3peHust

& 2P &
07 \ /// / S BZ
A,\/

Alel 4 %o % #

-

Puc. 4.6. Xoa nyuel B MUKpocKone. AB — npeaMet, 0; — o6beKTHB MHKPOCKONA, KO-

TOphH JlaeT yBesnueHHoe, OGpaTHOE U AeHCTBHTeNbHOE H306paxieHHe A,B, npeAmMera.

HNao6paxeHue npeaMeTa HaXoAUTCs B GOKaJNbHON NJAOCKOCTH Fy OKyJ/sipa MHKPOCKONa

0,, ucpea KOTOpHl#i OHO paccMaTpuBaeTcsi, Kak B ayny. B doxanbHoli nyiockoctH Fy
rsnass Oy nonyuaercs AeACTBHTeNbHOe H3o6pakenue A,B, npeamera

Pue. 4.7. Xoa nyyehn B sputesnbHoft TpyCe. JIyun 1, I, 1 BHIXOAAT M3 ORHOA TOUKH npex-
MeTa, YRANEHHOTO B 6ECKOHEYHOCTb; 5Ta TOYKa HaXOAHTCSA Bbillle I'TaBHOA ONTHUYECKOH
ocH, ee HSOOpaXkeHHe moayuaercsi B TouKe I dokanbHOH naockoctH F o6bekTHBa O,
u oKyaapa 0,. [NapannenabHble Jy4H 2, 2, 2 OT BTOPOR TOUKH TOrO XXe NpeAMeTa, pacno-
JIOXEeHHOA HHXKe FJIaBHOR onTHYeCKOM OCH, MajaoT Ha OOBEKTHB NOJA APYTHM YIJIOM.
OTH IyuH NepeceKaloTcs B Touke 2 pokanbHolht naockoctH. Hsobpaxenus Toyek I u 2
PaccMaTpPHBAIOTCA Yeped oKyasp O, Kak B ayny
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pacre H3MEeHeHHMEe MOXEeT OCYIIeCTBAATbCA B mpenenax 10 antp, B crap-
YecKOM BO3pacTe — OKOJIO 2 ANTp.

H3Menenue ONTHYECKOH CHJBI MO3BOJSET MOJYyYaTh Ha CeTYATKE
H306pax<eHHsl NPeAMETOB, PACNOJOXKEHHBIX Ha Pa3/IHYHBIX PAaCCTOSHUAX
OT TJ1a3a; 9TO CBOMCTBO IJ1a3a Ha3blBaeTCs akKkomodayued.

YBeqnyeHHe ONTHYECKHX NpuGOPOB. Yeaom 3peHus HasbBaercs
yroJj, o6pa3oBaHHbIfi Jy4aMH, KOTODble BBIXOAAT M3 KPaHHHX TOuek
npeamera (HJAH ero H3o6pakeHHs) H NMPOXOAAT uUepe3 ONTHYECKHH LEHTP
riasa.

Tlo onpenenennio, eudumoe yeeauyeHue ONTHYCCKOro npuGopa
T=tg @,/tg ¢;; P, — yroa 3peHus npu HaGNIOAEHHH TNPeIMETa Yepes
npuGop, ¢y — YroJ 3peHHst NPH HaGJIOJleHHH HeBOOPYIKEHHbIM IJ1a3oM
1peaMeTa, KOTOPbIH HOJKeH GbITh PAcloNOXeH Ha PacCTOSIHHH 25 CM OT
rjiasa (Js Jynbl M MHKPOCKONA) MJH HAa TOM XK€ CaMOM DacCTOSIHHH,
4TO M NMpHU HaGJIOJeHHH yYepe3 NMpPuGOp (A 3PHUTEJNBHLIX TPYO).

B onTnueckom npuGope nuH3a, o6pauennas K npeamery (06bexry),
naspiBaeTcsi 06veKkmueom; JWH3a, obpalleHHAas K IJa3y, Ha3blBaeTcs
OKyJsipoM. B GoJbliMHCTBe CyyaeB 0O6beKTHBBI M OKYJSIDH MPHGOPOB
COCTOAIT M3 HECKOJBKHX JIHH3. DTHM YaCTHUHO YCTPAHSIOTCSA MOTPeilHo-
CTH B H306DaxKeHHAX.

Bupumoe yBenuuenue aynst (puc. 4.5):

2= 250/f, (4.16)

rae f — (GOKyCcHOe pacCTOsiHHe JyMbl (MM).
Bunumoe yBeluueHHe MUKPOCKOMA: .

Ty = 250A /(f1f3), (4.17)

rhe fi, fo — GOKyCHBIE paccTOSHUS OOBEKTHBAa H OKyJasipa (MM), A —
paccrosiHue Mexay GoKycaMu o6beKTHBA K OKYyJspa (MM) (cM. puc. 4.6).
Buaumoe yBesuueHue 3DHTESTbHONH TPYOBI:

'y ={o6/foxs (4.18)

rae fo¢ ¥ fox — QoXycHble paccrofAHus O00beKTHBA M OKyJspa
(puc. 4.7).

JluneiinoLm yeesudenuem Ha3bBaeTCsl OTHOIUCHHE MOMEPEeYHOro pas-
Mepa M306pakeHHA K MOMepeyHOMY pa3mepy npeamera.

4. BOJIHOBAS ONTHKA

Untepdepenuns. [Ipu pacnpocTpaHeHHH HECKONbKHX SJeKTpoOMar-
HUTHBIX BOJIH BEKTOPBI HANpSIXKEHHOCTH 3JIEKTPHUUECKOro (a TakkKe u
MAarHUTHOTO) MOJISi CYMMHDYIOTCS B KaXAOH TOYKE NPOCTPAHCTBA..

Crnoxenne ABYX (HJIU HECKOJbKHX) BOJIH C OJHHAKOBBIMH NepHOJa-
MH, B Pe3yJibTaTe KOTOPOrO B OJHHX TOYKaX MPOCTPAHCTBA MPOHCXOAUT

' yBeJiMYeHHE, a B JPYTHX — yMeHblIeHHe aMIUVIMTYAH Pe3yJbTHPYIoweil
BOJIHBI, Ha3blBaeTcs unmepdepenyued,
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YpaBHeHMSI JIBYX INJOCKHX TapMOHHYECKHX 3JE€KTPOMarHHTHHIX
BOJH, KOTOpble PacnpoCTPaHSIOTCSH B OJHOM HaNPaBJEeHHH BJOJb OCH
Ox, MOXHO 3amucaTh B caelywomeit Gopme:

Ey = Ey; sin (of — kyx; 4 1),

Ey=E s sin (0f — kgxo 4 @s).
Fcau BekTopsl E B 3THX BOAH2X MMEIOT OANHAKOBHE HANpPaBJeHHs, TO
B pe3yJsibTaTe HHTepepeHIHH o6pasyeTcsi pe3yJbTHpYIolas FapMOHH-
geckas BogHa (cM. ra. I, (1.87)) ¢ amnautyzci

Eop=V E3+E3;+2Eg Ey, cos 6, (4.20)
rie pasHocTb (a3 0=~Fkyx,—kiX;+Qa—@y, Xj U X, — PacCTOSIHUS, KO-
TOPHE NPOXOAST BOJHLI OT HCTOYHHKOB IO TOUKH HaGJIONEHHS B CPelax
€ NOKa3aTeJsIMH NPEJOMJICHHUS Ny U Ny

(4.19)

2
0 _—_T“- (ngxe — nyx1) + @2 — @i,

rae A — AJIMHA BOJNHH B BaKyyMe.
- CpenHee 3HaueHHMe NOBEPXHOCTHOH IJVIOTHOCTH TOTOKAa M3JYYEHHS
(cm. ra. I11 n. 6) naswBaercs uummencusrnocmsto (I); ona npomnopimo-

HalbHA KBaJpaTy aMILIUTYIHl HanpskenHoctn Eg (unu HE). Ontuuc-
cKkue NpuGOPH, B TOM HYHCJE M IJia3, OGBIYHO (UKCHPYIOT yCpelHeHHLe
3Hauenust KBaJpaTa aMIIATYAbl, T. €. HHTEHCHBHOCTb.

Ecnn pasnocTh a3 u3MeHseTCS] XAOTHYECKH, TO CpPefHee 3Haue-

nue <cos 6>=0, E3P=E§1+E§g, pe3yabTHpYIOIash HHTEHCHBHOCTH
I, =111, 1. e. untencusHoctu Iy u I, cyMMupylotcs; HHTepdepennns
B 3TOM CJlyyae OTCYTCTBYeT.

" TIpu noCTOSHHON PasHOCTH (a3 BO3MOXHHI JBAa NpeleJbHEIX CJIY-
gas:

a) ecnn cos0=1, 1o Efp=Ef+Ef+2EE, pesyabTupyomas
nutencusrocTs [p=1I1-4 I,-+2V Tily;

6) ecincos 6=—I1, 10 Io=1I11,—2 V T.I;. Taxum obpasom, pe-
SYJbLTHPYIOIAas HHTEHCHBHOCTh B OZHHX TOYKax GyaeT GoJblue, B Apy-
THX — MeHbIIE CYMMBI HHTEHCHBHOCTeHl B3aHMOJIEACTBYIOUIHX BOJII.
Ecnu @;=¢,, TO MHHHMaJabHAaA Pe3YJbTHPYIONAsT HHTEHCHBHOCTD ONpe-
JieafeTcs ycJOBHEM

_ | noxg—nyxy | = @m--1) A/2,
MaKcHMalabnas —
| nexg—nryxy | =2mA/2
(m=0,1,2, ...).

IIponsBenenve reoMeTpHYECKOro MyTH Ha NOKa3aTeslb NPEJOMIEH KA
Ha3bIBaeTCsl onmuueckoll OAurOd nymu; PasHOCTb ONTHYECKHX NyTeil
Ha3biBACTCS ONMUHECKOL PA3HOCMbI0 X00a BOJH.

Hurtepdepennns nabmionaercs NpH B3aHMOZEHCTBHH TaKHX BOJII,
§ KOTOPHIX Pa3HOCTh ¢a3 B TOYKAaX HAGJ/IIONEHHA He 3aBHCHT OT BPEMCHH,
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Jas uHTephepeHLUHH NONSPH3OBAHHBIX BOJIH (CM. HHXKe) HeO0GXOLHMMO,
KpOMe TOro, YTo6bl HX IJIOCKOCTH MOJAPU3alHd GBI NapaielbHbl.
Bosinbl, y KOTOPHIX PasHOCTb (a3 OCTaeTcs NOCTOSIHHOH 3a BpeMsi, J0-
CTaTOYHO® NS HalJIoJleHHsI, Ha3BIBAIOTCA KO2EPEHMHMOIMIU, W COOTBeT-
CTBYIOUHE HCTOYHHMKH TaKikKe Ha3hiBalOTCH KozepeHmHoimu. B Gonbiuuy-
CTBE CJyyaeB KOTeDEHTHble HCTOYHHKHM B ONTHKE MOJYYaioTCS HCKYC-
CTBEHHO NyTeM pa3fejieHus] OAHOH BOJIHBI Ha HECKOJBbKO YacTeid.

7 2
Puc. 4.8. INonyyerne KOrepeHT- \\ |/
HBIX BOJIH C MMOMOLU{bIO TJIOCKO- NI 2 (
napaJiJiesbHON NAaCTHHKH

NS

Ilpn ocBeueHMH NJIOCKONApaJeNbHOR MIACTHHKH MNPOHCXOAUT
nutepdepeHins BoJH I, 2 (B OTPaXKEHHOM cBeTe) MJH BOJH 3, 4 (B mpo-
xopsmeM csere) (puc. 4.8). OnTHuecKas pa3HOCTb XOja MexXIy OTpa-
JeHHBIMH BoaHamu 1, 2:

Ays=2dn cos r1-1/2; 4.21)

ONTHYECKas PAa3HOCTb XOAAa MeXAY NDOXOASUIHMH Yepe3 IUIACTHHKY
ponHamu 3, 4: )
Agy=2dn cosr.

H3menenue Ha 7t ¢a3bl BOJHB HaNpsKEHHOCTH 3JEKTPHYECKOrO MOJS
npu OTPaxKeHHH OT ONTHUYEeCKH 6oJiee NMJOTHOH} cpeibl (IPH yraax maje-
HHUsI, KOTOpPbl€ MeHblLIe yrJa NOJHOH NOoJspH3aUHH, cM. HUXe (4.28))
yuuTHBaercsi BBefeHuem B (4.21) 106aBOYHOro ujieHa, PaBHOro A/2.

Audpakuusa. OTK/IOHEHHE CBETOBBIX BOJNH OT NMPSAMOJHHEHHOTO my-
TH NPU NPOXOXAEHHH BOJH3U KpaeB 3KPaHOB, OTBEPCTHIl HJH APYrux
HEONHOPOAHOCTel Ha3mBaercss Oudpaxyueil.

HnrencuBHOCTh AH(DPArHPOBAHHBLIX BOJH MOXHO NPHOIHMEHHO
paccuutath, noab3ysce npunyunom Irolicenca — Ppenessn. Corsacuo
STOMY NPHHIHNY TOYKH BOJHOBOH MOBEPXHOCTH SIBJIAIOTCA LEHTpPaMu
BOOGpaXaeMblX KOTePEeHTHBIX HCTOUHHKOB, KOTOpDHIEe H3JYy4YaloT B OXHO-
ponuoii cpeze cepuyecKHe BOJHDLI; TH BOJHBI Ha3bIBAIOTCS 8MOPULHbIMU.,
Orubaionasi BTOPUYHLIX BOJIH NPeACTaBiasieT co00H BOJHOBYIO NOBepX-
HOCTb JJIS NOCJIEAYIOUIEr0 MOMEHTa BPEMEHH; OHA BO3HHKAET B Pe3yJib-
Tate HHTephepPeHLHH BTOPHYHBIX BoJH. [Ipeanosaraercs, 4To BTOpHY-
lible BOJIHBl PacNpOCTPAHSIOTCA JHUIL B ONHY CTOPOHY OT BOJIHOBOMH
MOBepXHOCTH (IO HAaNpaBJEHHIO PacNpPOCTPAHEHHS BOJHBI).

Audpakuua na wenn. [lpu nudpakuuu WIOCKHX BOJH, NMajaloUHX
HOPMaJbHO Ha Y3Kyi0 JIMHHYIO Weab (puc. 4.9), unTeHCHBHOCTh Ig
BOJIH, PACHPOCTPAHSIOUUXCS MOA yrJaoM [, onpefetseTcA CAEAYIOULHM
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COOTHOLUEHHEM?

Iy = I, sin? (’“’ sln 5) / ( masin g )z, (4.29)

rae Iy — MHTEHCHBHOCTb BOJIH, PaCHPOCTPaHSIIOUWMXCS B HanpasJe-
nun B=0, a — wupuna menau, P — yronx Mexay neprneHIHKYJAsPOM
K IJIOCKOCTH INeJM H HanpaBJeHHEM pacnpocTpaHeHHs Audparupo-
BaHHBHIX BOJIH, A — JUIMHA BOJIHHL

l{i

Puc. 4.9. Cxema Ha6noac- Puc. 4.10. Cxema nabaiofieHHs Audparnuun
uust AMOPAKUUH  TJIOCKHX NJICCKUX BOJIH Ha AHdpPaKLUHOHHOR pelieT-
BONH Ha weau: AB — aunn- Ke: AB — auH3a, O — ee ONTHYECKUH
sa, O — ee ONTHYECKHH UeHTp, & — 3KpaH, pacnosyoxeHHbii B $o-
ueuTp, 8 — 3KpaH, pacro- KaJbHOW NJIOCKOCTH JHH3H

NoXeHHuA B ¢okaabHol
NJI0CKOCTH JIHH3H

Hanpanneﬂnﬂ, B KOTOPBIX HHTEHCHBHOCTH IU/IQJPZI'HPOBZHHOI‘O Ha
OAHOM 1eNH CBeTa paBHa HYJI0, ONpenesisiloTCs H3 YCJHOBHA:

a sin Pyyy =mh (m=4+1, £2, ...) (4.23)

Andpakunonnas pewerka. CoBOKYHHOCTb GOJBIIOrO UHCAA Y3KMX
napanjiefIbHbIX wlesieH, HMEIOUHX ORHHAKOBYIO WUMPHHY H PacMoOJIOXKeH-
HBIX. HA OJMHAKOBOM DacCTCSIHHM APYr OT ApYra, Ha3biBaeTcs Ou¢ppax-
yuonnot pewemxoii. Pacctrosinne d=a-+b (@ — wHpuHA OAHOH mieaH,
b — paccTosinue MeXJAy COCEAHHUMH HIeJSIMH) HA3BIBA€TCHA NOCMOAHNOL
(wau nepuodorm) Ougppaxyuonnod pewemxu. Ha puc. 4.10 npusenena
cxeMa AH}PaKIHOHHOA peleTKH.

Ilpy HOpMaJNbHOM MaJeHHM MJOCKUX BOJH Ha peIlleTKy HanpasJe-
HMSA, B KOTOPHIX HaGJI0JaeTcss MaKCHMalbHas WHTEHCHBHOCTb Au¢pa-
TMPOBAHHBIX BOJIH, ONpEAEJAIOTCH BbIPaX<eHHEM, KOTOpOe Ha3hlBaeTcs
yCJIOBHEM TJaBHBIX MaKCHMYMOB:

d sin Pyaxc = mh (m=0, £1, +2,...), (4.29)
rage d — mepHOR peueTKH.
TaaBHLle MUHEMYMEI onpefeasiiorcs cooTHowenueM (4.23). Fimeercsa

PAR APYTHX HanpaBjieHHH, B KOTOPHIX MHTEHCHBHOCTb AH(pPArHpoBaH-
HOI0 Ha pelIeTKe CBeTa PaBHA HYJI0 (AONOJHHTEJIbHBIE MHHHMYMBEI);
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donoanumensHole MURUMYMOL OTIPDENEJIAIOTCA COOTHOILUEHHEM

, , 12 N—1 N41
dslnB,mzmh (m =T, —IV—"“.'T'T' i“).
(4.25)

rae N — uncio weneli B pewerke, m' ne xpatio N.
Paspewatoan cnoco6uocts, Paspewaroweli cnocobrocmoro audpak-
ILHOHHOI pelleTKH HasbiBaeTcss Ge3pa3MepHasl BeJHYHHA

R=WAN=m), (4.26)

rae AA — pasHOCTb IJIMH BOJH, NS KOTOPHIX IJIaBHble MaKCHMYMbI
na6/I04al0TCsA  Pa3JesbHO. .

Jiuppakuus CBETOBHIX BOJNH He MO3BOJISIET Pa3jiHyaTh MeJbuaiimue
JleTaju NMpeAMEeTOB C MOMOLIbI0O ONTHYECKHX NMPHGOPOB, KaK 6bl BETHKO
nu 6blI0 HX yBeqnueHHe. HauMeHbluee paccTosiuHe MeXAy ABYMS TOY-
KaMH, NPH KOTOPOM HX HM306pa)KeHHs He CJIUBAIOTCS, HA3bIBAETCA PA3-
pewumoin  paccmosnuem (npedesom paspeulenus) ONMUUECKO20 RPU-
6opa (9).

Jss MHKDOCKOMA paspelnMoe paccTosiHHe

6= A/(2n sin u), -(4.27)

rae u — anepmypHoli yeoa (MOJOBUHA yria MexAy KpalHUMH Jyyamw,
NajamUUMH OT TOYKH NpeAMeTa Ha OGBEKTHB H JOCTHTAIOL{MMH FAasa
wabjiofaTess WJIH 3KpaHa), n — M0OKa3aTelb NPEJOMJEHUS CPexsl.

Hucnepcusi. CKOpocTh cBeTa B JaHHOW Cpele 3aBHCHT OT IJUHBI
BOJIHB, DTO sABJEHHE Ha3biBawT Oucnepcueid ckopocmu. Tlokazateanb
npeoMJeHUs] TaKxke MEHsSeTCs1 C H3MeHeHHeM JJIHHBI BOJHB (Qucnepcus
nokasamean npeiomrenus). B pesyabraTe AHCIEPCHH NapaijeabHbIH
My4YOK HEMOHOXPOMAaTHYECKOrO H3JyUeHHs MOcJie NPEeNOMJIEHHS CTeK-
JIAHHOH MpPU3MON CTaHOBUTCA PACXONAMMMCSH: HM3JyuYeHHe C Menblue
JMJIMHOH BOJIHBI OTKJIOHSIETC K OCHOBAHHIO MPH3Mbl Ha GOJNBIUHA yroJ
MO CPaBHEHHIO C OTKJOHEHHEM H3JIy4YCHHs, MMelolero 66/bmyo AauHy
BOJMIHH (cM. puc. 4.11).

Puc. 4.11. Tlpenomiaenue BUAH~
MOro CDETa CTEKJISTHHOA Tpu3=
Mot

KpacHol

NMoaspusauns cseta. CeeT, M3/TyyaeMbld OGHIYHBIM (HeJA3EPHHIM)
HCTOUHHMKOM, Ha3LIBAETCSH €CMeCMmBeHHbiM, B €CTECTBEHHOM CBeTe OpHeH-
Tdnusa BekTopoB E u H u3MeHsieTcs XaOTHUECKH B MJIOCKOCTH, NMepreH-
JMKYJAPHO HanpaBJieHHI0 pacnpocTpanenus. B oriauyue or ecrect-
BEHHOrO CBeTa, cBeT, y KoToporo opHenTtauuu Bektopos E u H B ao6oii
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TOYKE NPOCTPAHCTBA OCTAIOTCSI HEH3MEHHHIMH C TeYeHHEeM BpeMeHH,
Ha3LIBaeTC AuUHelino noaapusoearteim. TlnockocTs, npoxoasmas yepes
BexTop E ® HopMaabr X ¢GPOHTY JHHEHHO NOJAAPH3OBAHHOR BOJHHI,
Ha3bIBaeTCA MAOCKOCMbI0 nosapusayuu (WIH NAOCKOCHbI0 Koaebanuii).

YcTpoiicTBa, KOTOphie mnpeoGpa3yioT ecTeCTBEHHHIf CBeT B NOJs-
PH3OBaHHBIA, HAa3bIBAIOTCS NOAAPUIAMOPAMU.

EcTecTBEHHBIM CBeT NMPH OTPax<€HHH OT INOBEPXHOCTH AHIJIEKTPH-
KOB YaCTHYHO mnoJssipudyercsi. OTpaKeHHHIH CBeT NOJSPH30BAH MOJ-
HOCTbIO NMPH yrIJle NajeHHs, ONpeje]seMOM COOTHOLIEHHEM

tg is=n, (4.28)

TIe n — OTHOCHTEJbHHIl TOKa3aTeJb MNpeJOMJeHuss BTOpolt cpexw.
Yroan ip HaswnBaercsa yeaom bprocmepa. INpoxonsmuil yepes JAH3JIEKT-
PHK CBeT TaKXe YaCTHYHO MOJAPH3YETCH.

HBoiiHoe ayuyenpenomieHue. B HeKOTOpPHIX MOHOKpHcTadlax (Ha-
npuMep, KBapll, KCJAaHACKHIl mNar, CJaI0Aa, T'MIC) €CTECTBEHHHIH CBET
pasgmensieTcss Ha JBe JHHEHHO NOJSPH30BAHHBIE B PA3JHYHBIX IJIOCKO-
CTAX BOJIHBI, KOTOpble PAacrpOCTPAHSAIOTCS ¢ Pa3JHYHBIMU CKOPOCTSIMH.
D10 sBJeHHEe Ha3LIBaeTCs OBOLHGIM AY4ENPEAOMAEHUEM. _

B oaHO0OCHBIX KpHCTaaJax (THNa KBaplia) HMeeTCS OJHO Hampas-
JieHHe, B KOTOPOM He HabJaiojaeTcs ABOMHOrO JyuenpeJoMJeHHs. ITo
HanpaBJIeHHe Ha3bIBaeTcs onmuteckol oceto. Boina, B KOTOpO# BeKTOD
E coBepiaeT Kone6anus NepNeHAHKYISIPHO ONTHYECKOHR OCH KpHCTAaNIa,
Ha3biBaeTCA 006/KHOBEHHOLU; €e CKOPOCTh IO Pa3JHYHLIM HampaBJeHHAM
B KpHCTaJJie OJHHAKoBAa. BTopas BOsHA, y KOTOpPOH HampaBJEeHHs
Kole6anuil BektTopa E cocTaBisioT pasjuuHBIE YIJBl € ONTHYECKOIl
OCbI0 (B 3aBHCHMOCTH OT YIJla NajieHHs H MOJOXEHHS MJIOCKOCTH na-
JleHnd), HaselBaeTcst He0ObikHOGeHHOH. CKOPOCTb HeOObIKHOBEHHOI
BOJMHBl B KpPHCTaJlle 3aBHCUT OT HaNpaBJeHHS; OHAa MOXKeT ObITb HJIH
6osLlIe CKOPOCTH OGBLIKHOBEHHOro Jyua (KaK B HCJIaHACKOM LInaTte),
HJIH MeHblle (KaK B KBaplle). B HanpaBienUH ONTHYECKOH# OCH CKOPOCTH
OOBIKHOBEHHOH M HeOOGLIKHOBEHHOH BOJIH PaBHBIL

HckyccrBeHHas onTuueckas anusorponus. I(BoiiHoe JydyenpesoM-
Jenne Hab/ai0faeTcsi B H30TPONHBLIX CPeAaX NpPH BO3AEHCTBUH HAa HUX
BHEIIHUX CHJI (gpomoynpyzocme), 9JeKTPHYECKOro NOMAS (34eKmpuyeckoe
0solinoe ayuenperomaeHue), MarHUTHOrO MOJA (Maznumroe 080tinoe
AYyuenpesoMaeHue).

ITpH OXHOCTOPOHHEM CXKAaTHH HJH PAacTAXKEHHH H3OTPONHOrO Tesaa
B HanmpasjJeHuHn ocn 0z oHO mpuoGpeTaeT ONTHYECKHE CBOHCTBA OJHO-
OCHOTO KPHCTa/J1a, ONTHYECKasi OCb KOTOPOrO HampasJjieHa napallieb-
Ho ocu Oz Ilpu pacnpocTpaseHUH CBeTa B HaNpaBjeHHH, NepIeH]H-
KyasapHoM ocH Oz, Pa3HOCTh X0j4a MeXAY OGLIKHOBEHHOH H HEOGBIKHO-
BeHHOHl BOJIHAMH

As =Kok, (4.29)
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rae K — necmoannas gomoynpyeocmu, 3aBuUCALWass OT NPHPOAH! Belle-
CTBa, 0 — MeXaHHYeCKoe Hampsixenue, | — ToamuHa AeHopMHpYyeMOro
ofpasua, A — AaHHA BOJHB B BaKyyMe.

IIpu 371€KTpHYECKOM H MarHUTHOM NBOHHOM JiyyenpeJOMJEeHHH, KO-
ria CBET PacnpocTpaHseTCs MepPHeHJHKYJSPHO K HalpaBJeHHSM BEKTO-
poB E uan H, pasHocTH Xoia MexJy OOBIKHOBEHHOH M HEOGLIKHOBel-
HOH BOJIHAMH COOTBETCTBEHHO PaBHBI:

Ap=1,11.10-7BE2[}, (4.30)

Apy=1,58-10-2CH?I}, (4.31)
rae B u C — cootBercTBenno nocrmosaxtoie Keppa u Kommona — Mymo-
na, E — HanpsXenHOCTb 3JMeKTpHueckoro mnoas (B/m), H — manps-
JKEHHOCTb MarHuTHOro noas (A/m), ! — reomMeTpuyecKMi NmyThb BOJHHI
B BelleCTBe.

Bpamenne niockocTH noasprsauun. IIpu pacnpocrpaneHHH uepes
HEKOTOpHIE BellecTBa (HanpuMep, KBapll, PacTBOp caxapa B BOAE) JH-
HEHHO MOJNSIPU30BAHHOIO CBETa M3MEHSIETCS] HCXOAHOE IOJIOKEHHe IToC-
KOCTH mojsipu3anun. TO sIBJEHNE HA3LIBAETCH BPAU{EHUEM MAOCKOCHLL
noaspu3ayuu, a BeulecTBa, B KOTOPBIX NPOHCXOAHT BPalleHHe NIOCKOCTH
NoJISpU3alluH, HA3bIBAIOTCA ONMUYECKU AKmMuUBHboiMU. BpalleHHe miIocko-
CTH MOJISIPH3AILHH XapaKTepHU3YeTCs MOCTOSIHHOM BpaleHus (M1 YHCTHIX
BEIECTB) H YJeJbHCH NMOCTOSIHHON BpauieHus (Aast pactBopoB). ITocmo-
annan epawenus a=gll, ydessrnas nocmoannas epawenus [a]=¢/(IC),
rjiie ¢ — yroJ MQBOPOTA MIOCKOCTH MOJAPHIAUHH (rpagn), | — Tonmuna
CJI0s1 ONITHYECKH aKTHBHOTO BellecTBa (M), C — KOHIEHTPaLHUs pacTBopa
(kr/m3). 3nauenue [o] 3aBHCHT OT KOHUEHTPALUH, TeMIEPATYPHI, AAHHLI
BOJIHBl M PAacTBOPHUTEJS.

3aBHCUMOCTb YIJa MOBOPOTA MJIOCKOCTH MOJSPH3aUHH OT JJAHHH
BOJIHbI Ha3LIBaeTCsl epawjamesvHoli ducnepcued.

JasaeHue csera. DIeKTPOMaruuTHble BOJHH, NaJaloliue Ha MOBepX-
HOCTb TeJla, MPOH3BOAAT MeXaHHUYeckoe JaBJieHHe (Ha3biBaeMoe padua-
YUOHKOIM WaW Oasaeruem u3nrywenus). JlaBileHHe 2JeKTPOMArHHTHEIX
BOJIH HA IJIOCKOCTb, PacloIOXEHHYI0 NePNeHARKYJASPHO HaIpaBJ/ieHHIO
HX pacnpocTpaHeHHs, onpejessieTcss COOTHOIIEHHeM

p=E, (1+p)/c, (4.32)
rre E, — sHepreTnueckas OCBELIeHHOCTb, ¢ — CKOPOCTb CBeTa B Ba-
KyyMe, P — KO3(b]HUHEHT OTPpaKeHus (CM. M. 2 3TOii IJIaBH).

JaBsesne, KOTOpoe NMPOM3BOXHT HA 3eMHYIO MOBEPXHOCTL H3JIyde-
nne CosHua B SPKHE JeHb, paBHO mpHGAH3uTeNbHO 4 MKIIa.

5. KBAHTGBAS! ONTHKA

DneKTPOMAarHuUTHOE H3JAyuYeHHe, B TOM YHCJE€ H CBETOBOE, COCTOHT
M3 IUCKDETHBIX MOPIHI HEPTHH, KOTOPble HA3LIBAIOTCA K&UHMAMU US-
AYHEHUA WNH PomoHamu; ¢omon — sneMeHTapHas yactTume (¢M. ra, V).
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SHeprufA GOTOHA & 3aBHCHT OT YaCTOTHI H3JNYUEHHS V!
e=hv, (4.33)
rae h==6,625-10-%¢ Jx-.c HasbiBaetcs nocmoannod ITranka; h/(2m)
o6o3nauaercs h
CorstacHO OCHOBHBEIM NOJIOXKEHHSM COBPeMeHHOfi (()M3HKU H3MEHEHHe
SHEPTHH KakKoi-nubo cucteMbl Ha BeqnuynHy AW coorBercTByer us-
Menenuio ee Macchl Ha AW/c? (¢ — cropocts cBerta B BakyyMme). [TosTomy
NpPH H3JY4YEHHH OJHOro (POTOHA Macca Tesla yMeHbLIAETCS Ha BEJHUYHHY
Am=hv/c?. (4.34)
Csery, KaK H BCeM APYTHM BHJaM 3JeKTPOMArHHTHOTO HM3JyYeHHH, NPH-
CyulH KaK BOJIHOBBIE, TaK M KOPNMYCKYJSPHBIE CBOACTBA.
®oroathdert. Pomosppexmom Ha3LIBAIOTCH 3ICKTPHUECKHE SBJIE-
HHUSI, TPOUCXOASILUIHE NPH OCBEUeHHH BeUleCTBA CBETOM, a UMEHHO: Bbi-
XOX 3JIEKTPOHOB H3 METAJJIOB ((0omoINeKmpPOHHAR IMUCCUR WU BHEUL-
Huld omosppexm), nepemelieHHe 3apsA0B Yepe3 I'PaHHLY pa3jiesa mo-
JIYyIPOBOJAHHKOB C Pa3/IHYHBIMH THUNAMH NPOBOLUMOCTH (8eHMUAbHOLE
homospdpexm), M3MeHeHHe 3EKTPHUECKOH NPOBOAUMOCTH (domonposo-
dumocms). POTOIpdEKT ABAAETCH OAHHM M3 NPHMEPOB INPOSBJIECHHSA
KOPNYCKYJISIDHEIX CBOHCTB cBeta.
3akons! BHewHero Goroaddexra. 1. Ynucao saekTpoHoB, 0cBoGOK-
JICHHBIX CBETOM 32 BPeMs OJHA CeKYHAa (MM TOK HaCBILEHHS), MpPAMO
NPONOPIHOHANbIIO CBGTOBOMY NMOTOKY NPpH HEH3MEHHOM ero CHEKTpalb-
HoM cocraBe (3akoH Cmoaemosa). 2. HauGonbiuasi CKOPOCTb Uy BHI-
sereBluux npH ¢oToddpdeKTe 3JTEKTPOHOB He 3aBUCHT OT CHJbI CBera,
a onpejessieTcsl YacTOTOH Majfatouero csera. 3. SHepreTHueckuii Ganauc
npu QorospdeKkTe onpenensierca ypasneHueM OIiiHwredina (0cHosHOE
ypasrerue omosppexma):
hv= A4 mevy/2, (4.35)
rae hv — sHeprus (oToHa, Uy — MAaKCHMaJbHasg CKOPOCTb 3JCKTPOHA,
A — pa6ora Buixoaa (cm. ra. III), me — macca anexrpoua. 4. ®oro-
5¢peKT NPOUCXOLHT NPH OCBEIUIEHHH BelleCcTBa CBETOM, YacToTa KOTO-
poro 60Jblue HEKOTOPOrO 3HaUYeHHS V. ITa YaCTOTa HA3BIBACTCS KPACHOD
epanuyed GpotodddexTa; oHa 3aBHCHT OT PabOTH BLIXOAA:
v = A/h. (4.36)
CywuoCTb 8HYy mperneeo pomospgexma cocTOMT B TOM, UTO NPH OCBe-
[EeHUH TOJYNPOBOAHHKOB M AHIJIEKTPHKOB H3 HCKOTOPBLIX aTOMOB BHI-
PHIBAIOTCS 3JIEKTPOHbBI, KOTOPBIE, OAHAKO, B OTJIHYME OT BHELHero (oTo-
s)peKTa, He BBHIXOAAT yepe3 MOBEPXHOCTb TeJia, a OCTAIOTCH BHYTPH
nero. B pesysabrate BHyTpenHero ¢oTosddekTa 37eKTPOHBI MepeMelia-
IOTCSl M3 BaJIEHTHOM 30HBI B 30HY npoBoxumocTH (cMm. ru. III), mostomy
CONMPOTHBJICHHE TNOJYNPOBOAHMUKOB H JAHIJEKTPHKOB yMeHbIIaeTcs.
IIpu ocBeuleHHH rpaHHUBl pasjesa NOJYNPOBOJHHKOB C Pasjny-
HBIM THOOM NPOBOJAMMOCTH MEXKJY HHMH YCTaHaB/IMBAETCHA Pa3HOCTb IO-
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TeHUHaJ0B (PoTo-3.1.¢.). DTO SIBJEHHE Ha3BIBaeTCs 6eHmMUuNbHbIM (Pomo-
sghpexrmom.

Ha ¢orosdpexte ocHOBaHO yCTpPOitcTBO (hoTOSNEMEHTOB, (GOTOpE3N~
CTOPOB, BEeHTHJbHHIX (POTO3JEMEHTOB H COJNHEYHbIX GaTapeil.

6. CNEKTPbI U3JIYUYEHHUSA H NMOIJIOIEHNUSA

Jlio6oe KosneGaHHe MOKHO NMpPEACTAaBHTh KaK Pe3yJIbTaT CJAOXeHus
(cynepno3uiuio) rapMOBHYECKHX KoaeGaHHi (KpPaTKO MX Ha3LIBAIOT rap-
MOHHKaMH) C Pa3JIHYHBIMH aMIIMTYyAaMH M yacToTaMd. COBOKYNHOCTB
aMIIUTYJ H YacTOT FapMOHHK, H3 KOTOPBIX COCTOHT CJOXHOe KoaeGa-
HHe (MM BOJIHA), HA3BIBAETCH Chekmpom amniumyd W wacmom (unm,
KpaTko, cnekmpom). Cnexmpom (B Y3KOM CMBICJIe CJOBa) MHOTJA Ha3H-
BAalOT lBeTHBle H306paKEHHS WIeJH, IMOJYYalolUlHeCss B pe3yJbTaTe
PA3JIOXKEHUsT HEMOHOXPOMAaTHYECKOTO CBeTa MPHU3MOil (MJIH IPYyrHM npu-
Gopom) no gmuHaM BoJH. COBOKYIHOCTb YacTOT (HJIM AJHH BOJIH) rapMo-
HHK, KOTOpble BXOJAT B COCTaB H3JyYeHUs, Ha3bIBAeTCSl CAEKMPOM UC-
nyckanus.

Hsayyenue HarpeThix TBEPABIX TeJ H KHAKOCTEH COCTOMT H3 COBO-
KYNHOCTH TapMOHHYECKHX BOJH C 4acTOTaMM, HENDPEPHIBHO Nepexoasd-
WHUMH APYT B Apyra. Takoi CneKTp Ha3BIBAETCH CRAQUUHLIM.

B auneduamom crmekTpe MOTOK H3JyYeHHS COCPENOTOYEH B OYEHE
y3KHX Tpenesax BGIH3H HEKOTOPHIX ONpeJeNeHHBIX JJIHH BOJH, a AAf
BCEX NMPOYKMX JIHH BOJIH OH PaBeH HYJ0. Maayuenue HeB3auMoaeicTByio-
IHX aTOMOB HMeeT JHHeHuaTkiil cnexTp. JInHed4aTeii cnekTp, mosyyeH-
HH ¢ NOMoWbI0O NPU3MHI (WJAH Apyroro npub6opa) B AHana3oHe AJhH
BosiH oT 400 po 800 HM, npencraB/aseT co60f TOHKHE JIHHMM, HMeOLlne
pas3IMyHylo OKpacky. UHCJIO H pachosioxkeHHe JHHHH MO JJIHHAM BOJN
XapaKTepHH [Ji aTOMOB HAaHHOTO 3JIEeMEHTa. :

Hanyuenue MOJMIEKYJ HMeET CNeKTP, COCTOSMHA U3 GONBLIOTO UHCAa
GJIM3KO PACIONOXKEHHBIX APYT K APYTY JIHHHH, KOTOpHIE TPYNNHUPYIOTCH
B OTAeJbHble MoJockl, Takue CneKTPHl Ha3HIBAKTCH N0A0CAMbIMU.

COBOKYMHOCTb 4aCTOT (WJIMH BOJIH) FaPMOHHK, KOTOpble MOrJoma-
I0TCSl JaHHBIM BELIeCTBOM, Ha3blBaeTcs crnekmpom nozaoujerusn. Cnexrtp
NOrJIOUeH s, 3aHUMAIOUHi1 Y3KHil HHTepBaJ, WIMPHHA KOTOPOro MHOrO
MeHblle cpeflHell YacTOThl HHTePBaJia, Ha3EIBACTCS CHEKMPAAbHOL AUNHU-
eid nozaowjenus. ATOMBI MOIVIOWAIOT FaDMOHHKH TaKHX YacToOT, KOTOphle
OHM H3JyualoT, 6yAyuYH HCTOUHHKaMH cBeTa (3axon Kupxeopa — Byn-
geMa). DTO siBJIeHUE Ha3LIBaeTCs 006paujeruem CneKkmparbHoix AUNUL.

CnekTpanbHble JHHHM NOIJIOIEHUS, HabJiofaeMble B CHEKTpPe M3-
Jayvyenus ConHlla, Ha3bIBaOTCA Aunuamu Ppayneodepa; onn o6pasyoTca
BCAeACTBHE morjowmeHus atmocdepoii CosnHua HEKOTOPBIX YYacTKOB
crnexTpa,
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7. TENLJIOBOE H3JIYYEHHUE

DNeKTPOMarHHTHOE H3JYyYeHHe, KOTOpOe BO3GYIKNaeTCs TemJaOBbIM
ABHIKEHHMEM aTOMOB H MOJIEKYJ, Ha3bIBAeTCS MeNA08biM U3AYYEHUEM.

PacnpejiesieHse 3HePruH H3JIYYCHHS IO AJIHHAM BOJH (MJM YacTo-
Tasi) ONpeeNISieTCA CREKMPANbHOL NAOMHOCIMbIO dHep2emueckoll ceemu-
mocmu (ucnyckameabroii cnocobrocmero). STa BeJHYHHA PaBHA OTHO-
QIeHHI0 SHEPTeTHYeCKOl cBeTHMOCTH AR,, KOTOpas COOTBETCTBYeT Ma-
AOMY MHTEPBANY ATHH BOJIH AA (1JIH 4acTOT AV), K WHPUHE ITOrO HHTEP-
Baja:

ry =ARy/AL wnn r, = AR,/Av,

OTHOWEHHE TNOTJOUWEHHOr0 TeJOM IOTOKa H3Ny4YeHHUusa A(Di, KOTO-
poMy COOTBETCTBYET MaJblii HHTCpBaJ BOJH A)\,, K najamouemMy Ha 3TO

70-'2 570 57” 2 5 ,2 & MM

<07 / /mzm
3 9 000y
0

l A ()

I//II////I/Iﬂﬁ"

6245, 2 & 0 20 50 ,wzm me
Anuna Bonkel, Mrr

Puc. 4.12. Manyycuue 4epHOro Tesla MpU pasJHUHBIX TeMOepaTypax

Teno noToky A®i c TeM e caMbiM HHTePBAJOM BOJH AM Ha3wsBaeTcs
CREKMPAarbHOlL  no2A0UAmeAbHOE.  CnocOGHOCMbIO: A;\=A(D}~/ AD,y
A\ — BeanuuHa Ge3pa3MepHad.

Teno, KOTOpOE MOTJIOWAET TOJNHOCTHIO BCE Majamollee HA HEro Hs-
JiydeHHe He3aBHCHMO OT HanpaB/enuf, AMUIDb BOJHb, MOJAAPHU3ALNY,
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Ha3LBaeTC 4epHolM mesoM (QOCOAIOMHO UEPHbIM MEAOM MIAN ROAHHM
usaysamenem). MoJenbio TAKOTO TeJa MOXKET CIYKHTh MajJOe OTBEPCTH®
B CTEHKe M0JIOT0 ALHKA; Y YePHOrO TeJa NOrJOoaTeJbHas enoco6HOCT
Ajp=1 (ans BCex AJIHH BOJH).
3akon Kupxroda. OTHOWeHHE CNEKTPAJbHON IJIOTHOCTA SHEPTETH-
YeCKOH CBETHMOCTH TeIIOBOTO H3JIyUeHHS AN JaHHOH JJIHHH BOJHH H
TEMIIepaTypPH K CNeKTPaJbHOH NOrJomaTelbHONH CnocOGHOCTH AJas Tof
JKe JJIHHBl BOJHBl H TEMIIEPATYypHl €CTh BeJHYHHA NMOCTOSHHAA AJs BCex
TeJa, T. €.
IarlApe =8t (4.37)

€hy ABJSETCH YHHBepPCaJbHOH (QYHKIKeH NTHHL BOJHH (HJIA YacTOTH)
H TeMIlepaTyphl; OHa PaBHA CHEKMPAAbHOU NAGMHOCIMU §Hep2emuyeckod
ceemumMocmu HepHO20 Mmeaa.

Ha puc. 4.12 npuBoauTcsa pacnpeneseHne CIeKTPadbHOR NIOTHOCTH
SHEPreTHYeCKOH CBETHMOCTH B CNEKTPe H3JyYeHHs YeDPHOTO Tesa; Ans
NICCTPOEHHA HCMOJNb30BaHA KOCOYTOJNbHAsl CHCTeMa KOOPJAHHAT € JIOra-
pHUOMHUECKHMH IUKaJaMM; IO TOPH3OHTAJbHOH OCH OTJIOXEHH JJMKiiul
BOJIH, 10 HAaKJOHHON OCH — 3HAYEeHHs Err; UHPPH Yy KPHBHX YyKasLi-
BalOT TeMIeparypy.

3akon Credana — Boabumana. DueprerHueckas CBETHMOCTbL uep-
HOTO TeJla TNpPOMOPIHOHAJbHA YeTBEPTOH CcTeneHH TeMmmeparypw T

R, =0T?*, (4.38)

rae ¢ — Ko3¢(UIHEHT NPONOPHUOHATbHOCTH (nocmoannas Cmegpana —
Boaoymana); 6=5,67-10-8 Br/(m2. K2).

~ 3akon cmewenus Buna. HanGosbmast cnexTpasbvasm NJAOTHOCTB
SHEPTreTHYECKON CBETHMOCTH COOTBETCTBYET ONPEIENeHHON AMHHE BONHL
MAy. JJMHA BOJHBI, KOTOPOH COOTBETCTBYET MaKCHMalbHasi CIEKTpab-
Has NJOTHOCTb SHEPreTHYeCKOl CBETHMOCTH YepPHOTO Teaa, ©6paThO
nponopiHoHanbua temneparype T

Au=b/T. (4.89)

IMocrosunas b=0,2898 cm.K; ona nasmBaercs nocmoaxrnod Buna.
$opmyna Ilnanka. CnekTpanbHas IJIOTHOCTb dHEPreTHYECKOR CBe-
THMOCTH Y€PHOrO TeJsa:
' or onc? h
AT AR T he/(RAT) |

(4.40)

rlie ¢ — CKOPOCTb CBeTa B BaKyyMe, A — JUIHHA BOJHB, % -— BOCTOSH-
nas DBonpumana, h — nocrosnuas Ilnauka. Tpaduueckn ¢ysxuus
(4.40) npencraBneHa Ha puc. 4.12 (#as pasIHYHBIX TeMIepaTyp).
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TABJIMUbBI H TPA®UKH

Ta6numa 116. OrHocurensHas BugHOCTE K3, JNEEHOTO 3peHHS

JOauua Onuna HAnuna

BOJIHbI, K,\ BOJIHBI, Kh BOJIHBI, KA
HM HM HM
400 0,0004 520 0,710 640 0,175
420 0,0040 540 0,954 660 0,061
440 0,023 560 0,995 680 0,017
460 0,060 580 0,870 700 0,0041
480 0,139 600 0,631 720 0,00105
500 0,323 620 0,381 740 0,00025

760 0,00006

IIpHMeuaHHe 3HaueHHS OTHOCHTENIbHOH BUAHOCTH DPa3MUYHL AJAS Pas3HBIX
gsonedt. OfHAKO 3TH 3HaYeHHS HE OYeHb CHJIbHO OTJIMYAITCA LJsi JiogeH ¢ HOpMaiib-

HuiM 3peHueM. B Tabsnue npuBenensl CpefHHE 3HayelHs.

K Domped <P ST L X ] [

RS 5 N h

¢ ¢§gg§:§-{§{§{§n §:§§I§!/\7Mcﬁoxy IS5

701~ 'S‘@:Q,"%; SIS 58

) I

45 ! J'(/ /) } i
46 1/ }‘\\ TR f
g S ! |
7ed }/ [ I \\I \ '
92 /1 N1 t
/4 2 | L 1IN |

500 400 600 600 700 A

Puc. 4.13. TpadHK OTHOCHTENbHOH BHXAHOCTH NpPH AHEBHOM (CIUVIOLWINAs KpHBasi) I
CYMCPEeUHOM 3PCHHH (IUTPMXOBasi KpuBas)

Ta6nuuma 117. SpkocTh OCBelwleHHBIX NOBEPXHOCTEMH

OcBelleHHas TIOBePXHOCTh

SpkocTsb, Ka/m?

DKpaH B KHHOTeaTpe

Jluct Genoit 6yMaru (npu ocBereHHOCTH 30 — 50 aK)
CHer Nox NpPsIMbIMH COJIHEYHBIMH JIyYyaMH
IMosepxuocTb JIyHbl

Ta6bauuma 118, SIpkocTh MCTOYHMKOB CBeTa

Hcrounnk

Consue
Kanuiaap PTYTHOR AYTH CBEPXBBICOKOTO AaBJCHMS
- Kparep yrosbHoH AyrH
MeTanaHYecK il BOJIOCOK JIaMMbl HaKAJHBAHHA
Houtioe Ge3nyHHoe HeGO
Hckpa npu paspsiie B aTmMocdepe KceHOHa
»

> » » » aprona
» *» » » » BO3AyXa (a3ora)
» » » » reJIHs

»
BxpaHbl TEJNIEBUSHOHHBIX KHHECKOMOB
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Ta6auna 119. OcBemeHHOCTb, CO3JlaBaeMas Pa3HYHbLIMU

HCTOYHHKAMH

Hcrounnkn

OcCBelLEeHHOCTD, JK

Conneuynmift cBET B MOJAJEHBL (CPeAHHE IUHPOTHI) 00000
CBeTH/IbHHKH NPH KHHOCbeMKe B CTYAHH 0000
Conueunsifi cBeT 3HMOH 10000
O6nayHoe HeGO JieroM 5000—20000
COnaunoe He60 3uMOR 1000—~2000
PaccesHHBIf CBeT B cBeTsION KOMHaTe (B6H3A OKHa) 100
CpeTHNIbHHK /st OCBEllleHHs1 CTOJIa NPH TOHKHX paGorax 100—-200
KHHONPOEKTOPBHl B KHHOTEATPaxX 85—120
CBeTH/bHHKH, CO3JalolHe HEOGXOAHMYIO JJIf 4YTEHHS OcCBe- 30-60
I€HHOCTD
Tonuan Jlyna, o6ayyaiomass NOBePXHOCTb 3eMNH ~0,2
Hoyhoe He60 B Ge3siyHHYI0O HOYb ~0,0003
Ta6auna 120. Otpaxenne cosHeuHoH papmauuu
MosepxnocTs AnbGeno

Boatast NOBEPXHOCTb

Baaxnble cBexcEMPaxannnie yepHoseMH
IToBEepXHOCTb C PACTHTEJILHBIM NOKPOBOM
BeccuexHasi NOBEPXHOCTb CYLUIH
TloBepXHOCTb MYCThIHH

TToBepXHOCTb JI€AHHKOB

CrexXunlt MoKpos

HasemHnle ¥ MUIaByYHe MOPCKHE H O3epHbBIe JbAB
CnnolHOA MakoBbIA Nef CO CHeroM
TMopepxHoCcTe 3€MIIH (CPEAHee 3irayeHue)
B=306saunan 3emMas (cpefHee 3HaueHHe)
TloBepXHOCTb 06/aKkOB

TNIprMeYaHns.
NOBEPXHOCTbIO, K TMOTOKY,
aavbedo.

0,03—0,04
0,05
0,13—0,25
0,16—0.17
0,25—0.30
0.5
0.56—0,6
0,6—0.6
0.8

0,34

0,09
0.01—0,8

{. OrHoweHHe NOTOKA SRePruM, KOTOPHM paccenpaeTcs
KOTOpPHWH najaer Ha STY IOBEPXHOCTb,

HasblBaercs

2. YKasaHHHe SHayYenus aJbGefjo OTHOCATCA K CJAYYal0 HOPMAJLHOrO NafieHHs
Ha TOBEPXHOCT:. CONMHeuHON papnaunu. Cpejnee anpOefgo MO CeBepHOMY NOAYMIapHIO

pasno 0,08—0,14, no oxunomy — 0,06—0,08.

3. Cpeanee sHauenue anbbepo Mepxypus — 0,09, Benepn — 0,77, Mapca —

0,20, IOnnrepa, Carypna, Ypana, Hentysa — okouno 0,5
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Ta6auuna 121. Pagnanvonnniii Gananc armocdepni CesepHoro
nosywapus

B mereoposorun paduayuonneim 6arancor HasbIBaeTC COOTHOLUGHHE
MexcAy TOCTYIJIEHHeM H PacXOOM JIYUHCTOH 3HepTHH.

IMocrynyenne syuyncToll sHepruu B aTMochepy obecneuHBaercs: COJ-
HeyHOH pajManued B Jnana3oHe OT yJbLTPa(HONETOBOrO H3JyuYeHHA [0
uud;paKpacHOro (KOPOTKOBOJIHOBOE H3JyuYcHHe), He3HaYHTENbHON paccesH-
HOf pajuanueli, NOTJOLIEHHEM aTMOCHEPOH H3JMyyeHMs 3eMHOH MOBepx-
HOCTH.

Pacxonnas uacTe Gaslanca oNpefensieTcss H3jyueHHeM aTMmocdepsbl B
HanpaB/eHHH K 3eMHOH IIOBEDXHOCTH, KOTOpPOE Ha3HIBAeTCH NpOmusous-
AyLeuem ammecgepol, B H3TyueHHEM B MHPOBOE NPOCTPAHCTBO.

PasHOCTb MeXJy TeNJIOBbIM H3Jy4YeHHeM 3eMHON NMOBEPXHOCTH H Mpo-
THBOM3JIyYellHeM 1la ypOBHe 3eMHOII MOBEPXHOCTH HasblBaeTcs ghgermus-
HOIM UBNYHERLIEM.

Ten/sioBoe H3JyyeHHe 3eMHO IOBEPXHOCTH, 06JaKOB M aTMoCheph!
B METEOPOJIOTHH HAa3blBAeTCS O/UHILOBONHOBLIM U3AYHEHUEM, CIEKTDP KOTO-
poro Jexut B AuanasoHe 4—40 Mkwm.

ITnorHocTh
CocTaBasiomue noToKa,
Bt/M?
Kopomkosoanosas paduayusn
[MoTOK COJIHEYHOA pafHalUy Ha BepxHeH rpaHuue atmocdepn 34,9
IMorJsiomenue B aTtMocdepsl (obuiee) 6,1
OTpa)keHHe M paccessHHe 3 MHPOBOe MPOCTPaHCTBO 12,8
ITorsnouleHUe BeMHOIl THIOBCPXHOCTBIO 16,5
A aunnosorrogan paduayus (4—40 Mrm)
OGuiee H3ayuyerHe 22,6
HsayyeHHe 3eMHOH MOBEPXHOCTHIOZ
TenJoBoe H3JYy4YeHHe 39,9
ITpoTuBoOH3yyeHHe aTMOChepst 33,7
DbdeKTHBHOE HSJIYUYCHHE 6,2
TensnoBoe H3JyyeHHe Tponocdepsly
TenJoBoe M3JIyueHHe, MOTJouaemMoe Tponocgepoft 38,7
CoGCTBEHHOE TEMJIOBOEe H3Jjyyelive 53,4
TensoBoe H3JyyeHHe B MHPOBOE NPOCTPAHCTBO;
3eMHOR MOBEPXHOCTHIO 1,9
Tpomnocdepoit 19,7
Crparocdepont 1,0
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CneKTpH CONHCYHOr0o M3NY4YCRUA

Anuna Bannsl, MM

43 84 45 0667 10 752(7 00
T T T T C rrrrrrr T TThn
70 -
T r AN T
N?J;i" 7 in . .
! | -
S |
\.«4}7_- 2 -
§ F J
S28F .
SO R
191 r :
’ 1 ] 1 1 [ :!'h\x\‘

30000 20000 70000 a7
Lornoboe yucno Yk, oM™

Puc. 4.14. CricxTp cosneuHoro Hayuenus: I — Ha Bepxueit rpanutie atMochepsr; 2 —
ta YPOBHe MOpsi B SiCHbIH JieHb; 3 ~— MpOLIEAUIero Ycped CIJIOIHYI0 06JIa4HOCTb.

BepxHAs IKana — AAsT ANHH BOJH ~— JOrapudMuyeckas; HIKHAS wkKaua — JJIs
BOJIHOBBIX uucea 1/A. ITo BepTHKa/NbHOI IIKaje OTJIOMKeHH 3HAYEGHHMS CMeKTPaJIbHOH
TUIOTHOCTH MOLLIIOCTH H3JIyYeHHs 1,. KoTopasi paBHa SHEpPruH, NepeHocHMOH CoyHed-

HBIM H3JIydYeHiicM B MHTEpBase Amn-x BOJIH | MKM Yepes NOBEPXHOCTb MJowafgsio 1 m?
salec

Ta6auna 122. KoaghuuueHtT oTpamedus npH pasiMyHLIX Yriax
najeHus AJs crekna W Boaw (0, %)

Yron najenus, rpaa.
Beiectso
n 0 | 20|30 40 |50|60]| 70 | 80 [ 8o | 90
Bona 2 |12,1{2, 2'2 5(3,416,0]13,5|34,5[90,5 100
CrekJ0o 4,714,714,915,316,6(9,8 18 39 91 100

Mpumeyanne. Jlns cTekKNa C MNPOCBETASIOUIER NUIEHKON M MOKasaTenem
nopendmaenus 1,5 npu HOPMAJLHOM Majcuuu P o 2, 5%. JI/s cTekJsa C MPOCBRT/AsN-
loxugﬂ &menxon W nokasatesqeM nNpeJqomJieHHs 1,9 NpH HOPMaJbHOM MaNeHUH
0=0,8%.

Tab6awnua 123. Otpaxenue cseTa NPpu nepexope M3 CTeknaa

B BO3ayX
Yron najeHus, rpaa. 0 10 20 | 30 [35]36(39,5| 40} 60
Yrosa npeaomieHus, rpap. 0 |15,66) 32 | 61 {6379 82 90| —

Hoasn oTpaxeHHol swepres, % | 4,7 4,7 |5,0(6,8|12|36| 47 |100| 100

Npumeuanue Tabiunua cocTaBleda A5 CTeKJa C I0Ka3aTeJeM IpeaoM-
nenns 1,66, ans KOTOPOTO NMpefiesibHbBIA YroJl MOJHOrO OTpa)keHUs paseH 40°.
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Koapduusert orpaxenns RONSPH3OBABHOrO
H eCTECTBEHHOTO CBeTa

10 70
48 48 > d
06 Ml gom ==L
42 20/4 5 % \\

J/f \

- 1
I 2" 20° 60° 80°c Y 2° 40;_ a0° i
a _

Pnc. 4.15. 3apncumocts kKosbduuHeHTa OTPaXKeNnus OT YIJla NajileNnsi @ = BIAUMOrO
CBeTa Ha rpaHuuUe pasfiesia BO3AYX — CTekJso (n=1,5); 6 — paaMOBOJIH OT NOBEPXHOCTH
. Bonn (n=Ve=9).
1 — oTpaxkeHue anHefiHO MONSPH3OBaHHBIX BOJH (BexTop E mepnenzukyaspen nnoc-
KOCTH NajicHuA): 2 — OTPaXKeHHe eCTECTBEHHOro CReTa: 3 — OTPaXKeHHue Jnlichno no-
JIPH30BAHHBIX BOAH (BeKTop E mapasiesicH MJIOCKOCTH NajeHns)

Ta6anna 124, Kospduument orpaxenns ceera
NOJMPOBAHHBIMH NOBEPXHOCTAMH METAJIOB
(npu HOpMaJbLHOM MafeHHH)

5
2 b X
u = g Z o 0 ﬁ
8JIyyeHue gg g o a % 5 = « ;
I Q =4 5 2 X o = ]
55 sl e 8l gl =2l 8|l =] e
Ha < | =2|lOo|lo|T|=x|d]|Xx
VYabTpadnoneTosoe 188 - -] 22| 22 -1 33 17 64
200 —_— — | 27 | 25 — | 36 | 22 73
281 | 80 | 26 | 38 | 34 | 38 | — | 39 75
305 -~ | 25 44 9| 44 | 37 | 48 73
357 84 27 50 | 75 | 49 41 1 60
Buanmoe 800 | 88 | 44 | 56 | 91 | 61 | 55 | 58 34
600 89 72 57 93 65 — | 58 32
700 87 83 58 95 | 69 56 | 61 -
Hndpaxpachoe 900 { 85 | 89 | 61 | 97 | 70 | — 62 -
1000 | 93 | 90 | 63 | 97 | 72 | 57 | 69 -
5000 | 94 98 | 90 | 99 94 81 97 -
10 000 | 97 98 | 94 | 99 | — 93 | — -

NMprmevsanne KosbpuunenTn oTpakenns yKasaHul B NPOUEHTAX.
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Ta6auuna 125. IpenerbHbie yriasl NMOJHOTO OTpPAXKEHHS,

195

rpagychbi

BellecTBo inp BeutecTBo inp

Boga 49 Cepoyriaepon 38
Cnpuepusn 43 CrekJio (TsLKeJbI# GuuuT) 34
CTeKkJI0 (JIErKHH KpPOH) 40 Anmas 24

Mpumeuanue, B Tabnuue npuBefeHH 3HAYCHUA

(anst iMHKHM HaTpus D, A=589, 3 um).

Ha rpaHuue C BO3JYyXOM

Ta6auma 126. Janusl BOJH, COOTBETCTBYIOLHE IVIABHBIM

¢hpayHrodepoBbimM JTHHUAM

O6o3unaue- O6o3Haye-
Hue DileMeHT A, uM HHe Anemeny A, HM
nuuui AuHul

A Kucsopog 759,4 by X eseso, maruuft 516,74
a » 718,8 0 » 495,76
B » 687,0 F Bopopon . 486,13
c Bogopon 656,3 d eneso 466,8
o Kucaopon 627,81 e » 438,36
D, Harpuit 589,569 f Bogopoa 434,05
D, » 589,0 G’ Heneso 432,58
D, Tenuit 587,56 G Xeseso, kaapuuit | 430,79
E XKeaneso 526,96 g Kanbuu# 422,67
b, Marnu# 518,36 h Boaopoa 410,17
by > 517,27 H Kanouu# 396,8
b, JKeneso 516,9 k » 393,36

Ta6auma 127, INokasateau npeioMiIeHHs AJf AJHH BOJIH,

COOTBETCTBYIOLIMX HEKOTOPHIM (ppayHrodepoBbim

JHHUAM
®paydrodpeposn JHHHH A B ! D F H
Jlnuda BOJIHBY, HM 759 l 687 | 589 486 397
Boaa 1,329 1,331 1,333 1,337 1,344
Cepoyraieposa 1,610 | 1,617 1,629 1,654 1,702
Bewecrso CnHpT 3THIAOBBHIX 1,359 | 1,360 | 1,363 | 1,367 | 1,374
CrexJio (nerkuit kpou)| 1,510 | 1,512 | 1,515 | 1,521 1,531
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TaG6auna 128. Mokasatenn npeioMJeHHSA Ta3oB

Tas wau nap (n—1)-10—4 Tas nau nap (n—1)-10—14
Asor 2,97 Pryts 9,33
AMMHuaK 3,77 Cenen 8,95
Aneruien 6,06 CepHHCTHIR aHTHAPHA 7,37
Benson 7,88 CepoyrJiepoa 6,19
Bogropoa 1,38 Tennyp 9,91
BoasiHoft nap 2,57 Yraekncabt ras 4,50
Bo3ayx 2,92 Xnopodopm 14,55
Tennit 0,35 Lunk 20,50
Kucaopog 2,72 YeThIPEXXJOPHCTLIA yryepog 17,63
MeTan 4,41

TMpuMeyanve. 3HaueHHs nNoKasaresefl NpesOMNERHs, YKa3aHHbE B Ta6-
Jinle, OTHOCATCS K AJIHHE BOJHBI, COOTBETCTBYIOLlEH XenTod JHHHH HaTpus (D),
Temneparype 0 °C u HopMaabHoMy Aaenenuio (101 325 ITa); no dopmyne (n— 1)/p=
=const (A1 AAHHOro rasa) MOXHO pPaCCYHTaTb NOKas3aTesNh IPENOMJIEHHN n AJsd
ADYrHX IJIOTHOCTEH p.

Ta6auua 129. Mokasatean npeJoMJeHHs] TBEPABIX Tel
n xugkocredt (npu 15°C, pis D-nuuuM Hatpus,
OTHOCHTEJNbHO BO3LyXa)

Beectso n BeuecTBo n

Teepdoie mesa CepoyrJiepog 1,632
Anmas 2,417 Ckunuaap 1,47
Jlen 1,31 CnupT MeTHJIOBHIAA 1,33
Caxap 1,56 »  STHJIOBBIA 1,362
Caopa 1,56—1,60 Xanopobopm 1,449
Tonas 1,63 Abup sTUNOBHIA 1,354

MK udkocmu Macara

Aunnnn 1,686 To3pnynoe 1,532
Benson 1,504 Kenpoeoe 1,516
Boaa (20 °C) 1,333 Kopuunoe 1,601
I'nnnepun 1,47 OJIHBKOBOS 1,46
Kanapckuit Ganb3am 1,53 IMapadpuHOBOS 1,44
Cepnas KHCJI0Ta 1,43
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Ta6auma 130. Jucnepcus riokasatessi NpesOMJeE ks

E CrekJo (15 °C) Ksapu (18 °C) o
- )
2 2 o =
o o .5 E ™~ E‘
Hanyuenne § El S8 28 2 = =
oR X @ a
< ] & R fx 2 3 2
= ¥z Y= %A o g a g, © 18]
S| g8 | B2 | 85| 85 | 35| § | i
= s & ~ & o= TR =3+ @ 52
Hudpa- 22 30C —_ - —_ - - — |1,3712
KpacHoe 9429 — - — - — — 11,4587
4200 — —_ 1,4569 — —_ — |1,4720
21721 1,4946 11,6153 11,5180 1,5261 — — |1,4750
1256 1,5042 11,6268 1,5316|1,5402 - 1,3210]1,477
Buaumoe |670,8]1,5140)1,6434[1,5415]|1,5505]1,4561]1,3308|1,4866
43,8|1,5149(1,6453|1,54231,5514|1,4568|1,3314]|1,4877
589,3|1,5170)1,6499|1,5443|1,5534|1,4585]1,3330{1,4904
486,41,5230)1,6637|1,5497|1,5590|1,4632|1,3371|1,4983
404,7)1,5318(1,6852|1,5572|1,5567|1,4697|1,3428{1,5097
YabTpa- 303,4]1,5552 —_ 1,57701,5872|1,4869|1,3581(1,5440
¢uonerosoe]| 214, 4 —_ —_ 1,6305(1,6428|1,53391,4032[1,6618
185,2 — —_ 1,675911,6901|1,5743 — 1,8279
a, —1 3 —5 —6 -3 | —80 | —40
10—8K~-1

INpumeyanus 1. lokazaTeNnu NPeNOMIEHHS Aalb OTHOCHTEIbIIO BO3AYyXa.

2. TeMnepaTypHbI KOY)OHUHUCHT ¢ — H3MEHEHHE MOKAa3aTe/s1 NPeJIOMJIEHHS MpH
nospllienuH Temnepatypst Ha 1 K. MuHyc ykasmiBaeT, YTO MNPU YBCJNHYCHHH TeCMMe-
paTyphl NoKasaTe b NMpeJioOMJIEHUS YMEHbIIAeTC s,

3. B KpHCTa/Jle KBapua CBeT paclieIIsieTcss Ha ABE TIONSPH3OBAHHKE BOJIHEI.
B TabsiMue NpHBOAATCA SHayeHHH TOKA3aTess NPEJOMJEHHST AJs1 O0CUX BOJIH; BIAA
11e0BBIKHOBEHHOH BOJIHB YKa3aHbl HaNGOJbUIHE 3HAYEHUS n,.

Ta6anuna 131. Kospduuuent oTpaxenus LHeBHOro cBera

Kosdduiuuest
MarTepuan o’rpa)?:gllf[ﬂ, %
Bymara rony6as 25
» nearas 25
» KOpHYHeBas 13
» oGblyHast GeJsast 60—70
» IIOKONAAHOrO LBETA 4
BesibBer yepHbiil 0,4
JepeBo (cocHa) 40
Tnuna 24-—-26
Kanbka ~22
KapToH Genuit 60—70
» WeJThIR 30
Mapasn . 16
Benusa Ha OKpalleHHOA MOBEDXHOCTH 50
JKenTast KpacKka (KpOH) Ha OKpalleHHOH NOBePXHOCTH 40
IlouBa BiaXHas 8
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Ta6auna 132. MocToAHHbE SJEKTPHUECKOTO M MATHHTHOFO
ZBCHHOrO JIyyenpenomieHus

BewecTso B, 10—* m/B? C, 1015 m/A3
Bensona 0,60 7,5 (26 °C, 580 HM)
Cepoyraepon 3,21 —4,0 (28 °C, 540 um)
Xnopodopm —3,46 —0,8 (20 °C, 546 M)
Boaa 4,7 —0,014 (20°C, 546 uMm)
XanopGenson 10,0 10,2 (25°C, 546 um)
Hutporonyon 123
HutpoGenson 220 24,1 (20 °C, 589 nm)

NMpumeyaunnsn, 1. 3nauennss B yKasann ana Temnepatypuw 20 °C » pnu-
HBl BOJIHB 589 hm.

2. 3HaK MMAYC YKa3bBaeT Ha TO, YTO CKOPOCTh HEOGHIKHOBEHNON BOJIHBI GOJb-
we CKOPOCTH OGLIKHOBEHHON BOJHBL

Ta6auma 133. Yaeabhas nocTosiHHas BpPaleBusA
(npu Temnepatype 20 °C)

BemecTBo PactBopuTeas [a] (A=589,3 um) xrc;;w

Caxap:

TPOCTHHKOBLIA Bopaa 66,47+1,27-10—2 C+ 0—50

+3,77-10—4 C?

BHHOTPaARLIA Bona 52,5

G PYKTOBLIA Boua —91,9
K033 Bopa 52,50+1,88:10—2 C+ 0—3%

+5,17-10—14 C2

BuunokameHnnaa kncjaotra | Bona 14,83—0,146 C 050
Ckununpap Unctoiit 37 -
Kamdopa Cnupt (5THA.) 40,940,135 C 10—-60
Xunun Caupt (3THI.) —169 2
Hukotnn Bopa —-79,4 0—10

TIpumeyanne 3HaueHH KOHUEHTPauWn C TNpHBeAeHHl B KHJIOrpPamMMax
Ha KyGrnueckufi merp. MHHYC YKa3sblBaeT, YTO BpaulenHe MNPOMCXOAHT NPOTHB Yaco-
BOl CTPEJIKH, €CcJIH CMOTPETE Ha BELeCTBO NPOTHB XOAa Jyued. B mocaenHelt rpade
yKasaHbl Npefesibl H3MEHeHHs! KOHUeHTpauHu C; [a]— yra. rpanycsi-M3/(Kr-M).

Ta6muua 134. Bpamarenbnas pucnepcus (npu 20 °C)

TpocTHHKOBHIA caxap
B BOJE BHHHAst KHCJIOTA B BOJE KBapu (BAOJb ONTHYECKOH
(C=10—26 Kr/m®) (C=28,62 xr/m%) ocH)
A, BM [a] A, HM [a] A, HM I o, rpap/MMm
300 309 275 —296,8 185,4 370,9
486, 1 100,3 300 —166,0 193,5 322,8
535,1 81,8 350 —16,8 257,1 143,3
589,3 66,3 450 6,6 434,0 41,92
656,3 62,9 550 3,4 486,1 32,76
589 ,8 589,3 21,72
656,3 17,32

INpumeyanune, Tpn nosuienuu Temnepatypsl Ha 1 °C [a] yBeanunBaeres
Ha 0,003 nepponayanbHoro snavenus (AN A=0589 HM); 3Hauenus [a] yKasaHbl
B rpap-M3/(kr-m).
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Ta6auuwa 135. CmekTpu McmycKanus metamnos (A, HM)

AnoMHHHH Mene PryTs (pryr- | [Harpufl aaMui Llunk ra
(ayra) B(E,’}(YYF;ME) ua}; néﬁn?) (s n}zl:)me- K(;&ra) slsaxyf%e)
308,3 324,8 312,6 588,997 326,1 303,6
309,3 327,4 313,1 589,593 340,4 307,2
394,4 402,3 365,0 346,6 334,5
396, 2 406,3 404,68 861,1 468,0
466,3 510,55 435,83 398,2 472,2
505,7 515,33 491,64 441,3 481,1
569,6 521,82 495,97 4587,8 491,2
672,3 570,0 546,07 479,99 492,5

578,21 576,96 508,58 610,3
578,22 579,07 533,8 36,2
615,20 537,9
623,20 643,85

NMpumeganus. 1. JJJIHHN BOJH H3MepeHs! B Bo3ayxe npu 15°C " HOPMaJib-
HOM JaBJsiennn (101 325 ITa).

2. TloAYepKHYTH AJHHBI BOJH,

crieKTpa.

COOTBETCTBYOLHE HauGosee SIDKUM JIHHHUAM

Ta6auma 136. Cnektpw ucnyckanus rados (A, HM)

Asor Aprou Bopopon Feantt Kucaopoa Heon
575,4 394,90 410,17 388,86 520,0 453,78
580,3 404,44 434,04 402,62 530,0 457,59
585,3 415,86 434,05 412,03 (nmostoca) 470,44
590,4 416,42 486,128 501,57 555,0 470,89
6595,7 418,19 486,136 587,56 564,0 471,53
601,2 419,0 656,271 667,81 (nonoca) 478,89
606,8 419,10 656,285 706,52 533,03
632,1 420,07 535,80
639,3 425,12 540,05
646,7 425,94 585,25
654,3 426,63 588,19
662,2 427,22 596,54
670,3 430, 01 614,31
678,7 433,36 626,65

.30
650,65
717,39
724,52

CM. npumeyanue K taba. 135.
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Ta6auua 137. CeetoBast oThaya, K. M. A B MPKOCTH
HCTCYHUKOB CBETa '

CeetoBast | , p SIpKoCTH,
Tun jamnu oTaaua, C o B T, K s 2
/BT % 10% xa/M
50 BT, nyctotrnas yrojibHas 2,5 0,4 2095 ]
60 Br, nyctorHas Boabdpamopas 10 1,6 2460 15—20
50 Brt, razonanoJHeHHas Boaudpa- 10 1,6 2685 5.10
MoBnas
500 BT, rasonano/iHeHHas BOJbd- 17,5 2,8 2900 102
amoBast
000 BT, rasoHanofiHeHHasl BOJIb- 21,2 3,5 3020 | 13.10—15-10
dpamopan
BosbTOBa Ayra 25 4 4000 15.102
(B KpaTepe)
JlioMuLecenTHan JamMna 40—60 6,4 - 1,5.10—2

A}

Mpumeyanne Ceemoens cmdaua eCTb OTHOLIEH € MONHOTO CBETOBOI'O NOTOKA
X MOUIHOCTHM TOKa, NHTAIOUEro HCTOUYHMK CBETa.
K. n. 8. ecTb OTHOLIENHE CBETOBOrO MOTOKA AJS AJNHHBI BOJHH 555 HM K Mouy-
HOCTH, NOTPe6/1sieMOii MCTOUHKKOM CBeTa:
n=0/(683 P),
rae O — cpeToBON MOTOK (M), P —wmomHocTs (BT), norpeGiseMass HCTOYHHKOM.

Ta6auna 138. PaGora BeiXoxa a/MEeKTPOHOB M KpacHas
rpanuua ¢orostdexra

BeuecTBo INoanoxka A, sB A, uM

3aKuCh MeAHR —_ 5,15 250
Cimopna —_ 4,8 255
XAcpucThil HaTpHit — 4,2 29
Bpomucroe cepeGpo - 3,7—5,14 335—240
Topuit Bonbdpam 2,62 473
Harpuft Boabdpam 2,10 590
Liesnit Boabdpam 1,36 909
Lesni#t IMnartusa 1,31 895
Bapuit Boabdppam 1,1 1130
Ckucb 6apusa Oxkuc, BoJibdpama 1,0—1,1 1240—1130




Fnasa V. CTPOEHME ATOMA. 3JIEMEHTAPHDBIE

YACTHL bI

OCHOBHBIE TTOHATHUA W 3AKOHbBI

1. EAMHULBI, HCNIOJIb3YEMBIE B ATOMHONA

U AJEPHOA ®H3UKE

dusnyeckas Hanmenobanue | OGo3na- 3HayeHue B eju-
BeJHYHHA CAMHHIL yeHHe Onpepenenne Humax CU
Macca AToMHas epu- a. e. M 1/12  yactn 1,66:10=%7 gr
HHLAa MacChi MacCcHl  sijipa
H3oTOMa yr-
aepoaa-12
dueprus DNEeKTPOH B A=QU 1,6-10=% IIx
BOJILT (Q=e,
U=1 B)
3apan AnementapHbit ] 3apsp snek- 1,6:10=2* Ka
sapsi TpOHa
MoMeHT KoJuye- h h=h/2n 1,055%
CTBa  JABHXEHUS X10=3uc-c
(MMNYyJbC) yacTu-
B!
MarHuTHelf  MoO- Marserod 1B eh/(4nme) 9,274X%
MEHT SJIEKTPOHa opa X10=2% Ix/Tn
MaruuTanif Mo slpepubiit mar- BN eh/(4mtm_) 5,051x%
MEHT SApa HETOH P X10=27 Jii/Ta
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2. BOJIHOBbIE CBOACTBA YACTHI{

D/IeKTPOMarH HTHOE H3JyUeHHe HMeeT Kak éonﬂonme, TaK M Kopmyc-
KyJnsipHble CBOHCTBA (KOPNYCKYAApHO-80AH060E Oyaarusm). [BuKymuecs
YacTHILE 06/1afal0T TaK¥Ke BOJTHOBBIMH H KOPNYCKYJ/AsPHBIMH CBOHCTBaMH.
Hanpumep, 2JeKTPOHB, NPOXOAslLiHe Ycpe3 TOHKYI MeTaJJIHYeCKYIo
doaery, RaoT AMPPAKIHOHHYIO KapTHHY, MOJ0o6HYI0 AH(PaKUHOHHOH
KapTHHE OT PEeHTIeHOBCKOro M y-u3Jjyuenuft (puc. 5.1).

4/ AN

Puc. 5.1. Judpakuns snekTpo-
HOB HAa TOHKOM cepeGpsHOil
donbre

KoprnyckyasipHble ¥ BOJHOBBIE XapaKTePHCTHKH CBSI3aHBI CJeRylo-
IUMH COOTHOLIEHHSAMH:
v=E/h, A=h/p, (6.1)
rae v — uacrora, E — sHeprus, COOTBETCTBYIOIAsA OMNpeJesleHHOMY
COCTOSIHHIO HJIH YaCTOTe M3JyUeHHs NPH nepexoj]ie U3 OJHOTO COCTOSHHS
B Jpyroe ¢ M3MeHEHHEM SHepPrHH, PaBHBIM E, p — HMIYJAbC YacCTHIbI;
BeJlYMHA A HasbiBaeTcs Oaunol eoanet de-Bpodiaa.

3. MOAEJIb ATOMA PE3EP®OPAA — BOPA —
30MMEP®EJIbIA

Jlio6ast Mojeab JIHLIb Hpﬂﬁ.’IH}KeHHO No3BOJIAET OMHCAThb HEKOTOPbIE
CBOJICTBAa aTOMa; MOJEJH cJeayeT paccMaTpHBaTh KaK OAHH H3 crnocobon
pacueTa HEKOTOPbIX BEJIHYHH.

h=2

n=7:
& (D
=q

=1 v

=2

Puc. 5.2. Bo3moxHbie OpOHTBI 9/IeKTPOHOB B aToMe BOZOPOAA (AJNs PA3JHYHBIX KBaH-
TOBHIX 'IHCCJI). Boabluue MOJIYOCH 3JIJIMIICOB OTHOCATCSA KaK KBaApaThbl LeJibiX 4YHCea
12, 22, 3% 4 u 1. .

B npocrefimmeit Mozenn Pesepdopra — Bopa — 3ommepdennia
npennoJsaraetrcsi, YTO B LIIEHTPE aTOMa HaXOAHTESA /PO, HMeuUee MoJo-
JKHTeNbHBI 3apsj; BOKPYT sfiApa o opGHTaM, uMelomuM GopMy OKDY K-
HOCTH WJH 3aaunca (puc. 5.2), ABHIKYTCS SJIEKTPOHB; SAPO pasme-
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maercs B OAHOM H3 ()OKYCOB 3JJIHNTHYECKOH OPGHTH (HJIH B LEHTpe
OKPYJKHOCTH); OCHOBHAasi Macca aToMa COCPeJloTOYeHa B sifpe.

CocTosiHHE aTOMa B paccMaTpHBaeMoi MOJAENH ONpeAeIsieTcs JIByMs
nocmyaamamu bBopa.

1-ii moctynar, DJeKTPOHBH B aTOMe ABHXYTCA MO CTALMOHAPHBIM
op6HTaM; NpH JABHKEHHH NO TaKHUM OpPOHTaM SJeKTPOH He H3Jyuaer
3JIEKTPOMArHHTHBEIE BOJHEI, YTO HaXONUTCS B MPOTHBOPEUYHH C KJacCHye-
CKOHl TeopHel H3;yUeHHs 3JeKTPOMarHUTHHX BOAH (cM. (3.87)). Pas-
JIMYHBIM CTAllHOHAPHBIM OPOHTaM COOTBETCTBYIOT BO3MOXKHbIE JUCKpeT-
Hble 3HaYeHHs SHePrUH aToma.

2-it noctynat. AToMm morsomaer MJH H3JyYyaeT KBAHT dHePTHH 0pH
nepexojie H3 OJHOrO CTallHOHAapPHOI'O COCTOSIHHUS B APYroe;

hv=E,—Ep, (.2

NpU STOM 3JIEKTPOH C ONHON CTAIlHOHAPHOH OPGHTHI CKaYKOM MEPEXOANT
Ha apyryto. Eciin aToM nepexoAuT H3 COCTOSHHA ¢ GObLIUM 3HaUEHHEM
SHEPTHH B COCTOSIHHE C MeHblleli sHepruelf, To oH u3nyuaer ¢oron. Ilo-
ryaouleHne GOTOHA aTOMOM BeJleT K BO3DACTaHHIO €ro SHEprHH.
CraunonapHeie OpOGHTH, HMelollHe (GOPMY OKPYXKHOCTH, ONpeje-
JIAIOTCA  YCOBHEM:
MeVpry ==nh/(2m), (5.3

rie me — Macca 3JeKTPOHA, U, — €O JiHHeilHasi CKOPOCTb Ha CTaLHO-
HapHoO# opbwute, r, — pajuycC CTallHOHApHON OpPGHTH, h — MOCTOSIHHAS
IMnanka, n=1, 2, 3, ...

Ha ocHOBe mOCTY/aTOB PacCUHTBLIBAIOTCS SHEPTETHYECKHE YPOBHH
E, BOXOPORONMOJOGHBLIX aTOMOB; MX 3HaUeHHS COIJIACYIOTCS C COOTHO-
wennem (5.7).

4. CTPOEHHE ATOMA. 3JIEKTPOHHBIE OBOJIOYKH

Mojenb MHOroaneKTpoHHoro aroma. B IneHTpe aToMa HaXOZHTCH
MOJOXHTEJIbHO 3apsKEHHOe PO, OKPYMKEHHOe 3JEeKTPoHaMHu. 3apsan
anpa paseH Ze (Z — mMOpSAKOBBI HoMep sjeMeHTa B [lepHopuueckoit
cucteme . M. MenzeneeBa); KOMHYECTBO 3JEKTPOHOB B HefTpaJbHOM
atoMe paBHO Z.

OcHOBHasi Macca aToMa CoCpelloToyeHa B siape. SIApo caMoro Jierkoro
aToMa BOJAOPOJA COCTOHT H3 OAHOro nporoHa. Macca mpoTona my=
~1,67+10~% Kr, Macca seKTpoHa me=~9,11.10=3 kr, my~ 1836 m,.
Bosee Tounvle 3HaueHns cM. B Ilpuaoxennn VI.

ATOM, Y KOTOPOTrO KOJIHYECTBO 3JIEKTPOHOB He PaBHO Z, Ha3bBaeTcs
uoHOM. VY TIONOKHTENbHOTO HOHA 3JIEKTPOHOB MEHbIle, a ¥ OTPHLATe]b-
HOTO HOHA — GoJsiblue, YeM y HeHTpaJbHOrO aToMa.

dueprus, Koropas norpedyercs Ans yAaJeHHs BHEIUHETO 3JeKTPo-
Ha OT AApa aToMa (6¢3 cooblieHus] KHHEeTHYECKOl HepPruu), HaskBacTCa
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snepeuetl uonusayuu. Ee wacTo BBIPAXKalT B 3ACKHPOHBONGMAX. JHEP-
rHfl, HEOGXONEMAs IS OTPHiBA 5JEKTPOHA GT .OTPHUATENBHOrO HONA,
1a3blBaeTcs cpodcmeom siexmpora (WIH axepeueli cpodcmea).

ATOMBI He HMEIOT YeTKHX FPaHHL, MO3TOMY UX PasMgpbl OLEHHBAIOT-
¢ OpUGJIHIKEHHO 10 MeXAaTOMHBIM PacCTOSHHAM, KOTQPHIE DacCUuTHI-
BAIOTCH HJH IO JJIHHAM CPeJlHHX NpoGeroB, WK MO PAacCTOSHHAM MemAy
y3/J1aMH KPUCTa/JJIHUeCKHX pemeTok (cM. ra. II); paccuuTanHble Takum
0o6pa3oM pajuycChl aToMOB Ha3bIBalOTCH dpexmusHunu. Pajuyc atoma
(HOHA), KOTOPHII OlleHHBaeTCS MO JIUHEAHOMY pasMepy BHCIUHeE(l 3JeKT-
pOHHOH ©GOJMOYKH (CM. HHIKE), Ha3blBaeTCsl O0pOUMAAbHBIM paduycom
(cM. Tab6x. 146).

KsanToBbie yncaa. CocTosiHHe 2/1eKTpOHA B atoMe (TOUHee, COCTOSI-
HHe aToMa B ILeJIOM) ONpeaessieTCsl YeTHIPbMf KBAHTOBBIMH UYHCJaMH:
2AABHOIM * KEAHMOBLIM “UCAOM N, Opbumanbroim (HAH QA3UMYMALbHBLM)
K8AMMOBLLM HUCAOM I, MAZHUMHbIM KBAKIMOBbIM HUCAOM My U CHUHOGHIM
4UCAOM Mg, 3HAYEHHs TMEPBHIX TPeX KBAaHTOBBIX UHCEJ CBS3aHBI MEXAY
co6oii. Ilpn 3ajaHHOM r1aBHOM KBAaHTOBOM YHCJe 71 OpOHTaJbHOE KBaH-
TOBOE YHCJIO [ MOXET MPHHUMATh LEJNOYHCJEHHEIE 3HaYeHUs OT HYJs A0
n—1, a MarHuTHOe KBAaHTOBOE YHCJO 77; — LeJOYHC/IeHHble 3HaYeHHS
oT —! no l. CnuHoBoe uHCJIO my uMeeT 3HaueHue 1/2,

I'naBHOe KBaHTOBOE YHCJO ONpefessieT (B OCHOBHOM) SLiepreTHue-
CKHe YPOBHH SHEPTHH B aToMe.

Op6uTanbpHoe KBaHTOBOE YHCJIO CIPEAessieT 0pOumanbtivlii mMomeHm
umnyseca My saekmpora B NaHHOM COCTOSIHHH, 8 MAarHHTHOE KBaHTO-
EO€ YHCJIO m; — €ro mnpoekuuu M;, Ha BbJeJenHoe (HanpHMEp, BHel-
HUM MAarHHTHLIM IIOJIeM) HanpaBJeHle:

M=h V I({IFT), (5.4)
My =mh. (5.5)

CrnuHOBLIM KBaHTOBLIM UHCJIOM ONPefeIsieTCH COOCMBEeHNbIL MOMEHM
Koauuecmea dguscenusn (cnur) Mg 3JEGKTPOHA M €ro BO3MOXKHbBIE NPGEK-
‘UM Mgg:

Mg=P Ving(msF1), Mg=+mgh. (5.6)

IIpuHATO TOBOPHUTH, YTO CNHH SJMEKTPOHA (MJIM FPYrofl YacTHIbI)
pasen oxuoii BTOpo# (1/2); mpu 9TOM NOApasyMeBaeTcs, 4TO NpOEKIKH
COGCTBEHHOI'0O MOMEHTa HMIYJbCa PaBHHI +Ak/2 wnn —h/2.

BoipoxkneHHble cocTossHuA. Ecan B a/1eKTpHUYECKOM nose siapa na-
XOJHUTCS TOJbKO OZHH 3JE€KTPOH, TO BCE COCTOSIHHS C OJHHAKOBLIM 3Ha-
YeHHeM TJIaBHOTO KBAHTOBOIO YHCJA #, HO Pa3JIMYHBIMH 3HAYCHHSIMH
! M my, COOTBETCTBYIOT OJAHOMY 3HAUeHHIO SHEPTHH; TaKHE COCTOSAHHUSA
11a3BIBAIOTCS  6bLPOVCOCHHbIMU, @ HX HHCJIO — CMENeHblo BbipoNcierus.

Bo0opodonodobubimu HasbiBaloTca HOHBI [Hetle, Ljt+2, Be+3e
H T A
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Snepeemuneckue yposuu 661poscdenHbIX COCMOAR UL BOXOPOAONIOA0G-
HBIX aTOMOB ONpPele/IfIOTCS CJEeAYIOUIHM BBIP aXKeHHeM:

meZ2et

8edn2h? ’

TAe me — Macca 9JeKTPOHa, &, — 3JeKTpHUecKass NOCTOsHHAsA, Z —
aTOMHBbI/ HOMep sApa (3apsAA0BOe YHCIO), 2 — TIJIaBHOE KBaHTOBOE YHC-
a0, h — nocrosiHas Ilaanka. Ecan B mose siipa HaXoAUTCSI HECKONBKO
3JIeKTPOHOB, NPOUCXOZHT pacluleNjieHHe BbIPOXKAEHHOIO YDPOBHS 3Hep-
ruH. Pa3sHoCTb 3HaueHMIl IHEPTHH MeXAY PacCUieNIEHHBIMH YDOBHSAMH
MaJla 10 CPaBHEHHIO C Pa3HOCTAMH 5HEPTHil BHIPOKJAEHHBIX COCTOSIHHI,
NO3TOMY B NepBOM NPHGJHXKEHHH NMPHHHMAETCH, YTO IJIaBHBIE KBaHTO-
BHIE YMC/Ia ONPeJleJsiloT B OCHOBHOM 3HEPTreTHUYECKHE YPOBHM aToMa.

OGosoukn ¥ noAaoGonouku. DAeKTPOHbBI, SHEPTETHYECKHE COCTOSIHUS
KOTOPBIX OMHCHIBAIOTCS OXMHAKOBLIMH 4KcaaMu n H [, o6pasyoT noj-
060/10uKH; MNOR0OONOYKH cSo3HaualoTcsa NHUEpPoOH, KoTopas COOTEET-
CTBYeT KBAaHTOBOMY YHCJY n, ¥ ORHON u3 6ykB s, p, d, f u T. 1., 4TO CO-
OTBETCTBYET COCTOSTHHAM C OPGHTANBLHBIMH KBAHTOBBIMH duciaamu (=0,
1, 2, 3,..

DJIEKTPOHEI, 3HepPreTHyecKue COCTOSAHHS KOTOPHIX ONpelessioTcs
ONMHAKOBHIMH TJIaBHLIMUM 4YHCAaMH (HO Da3jiMUHBIMH SHaUeRUAMH [),
o6pasytor o6osnouky. O60s0uKH 0603HayaoTcss GONBLIHMH JAaTHHCKHMH
6yKBaMH, KaK yKasaHo B Tab.ule.

En = (57)

I'taBHo2  KBaHTOBOE 1 2 - 3 4

Yucao n :

OGoNouku K L M N

TMopoGo0uKH 1s 2s, 2p 3s, 3p, 3d 4s, 4p
4d, 4f

CocTOssHYS 3JI€KTPOIIOB, BXOMSILHX B COCTAB OJHOI'O H TOT'O XKe aTo-
Ma, OTJIMYAITCH APYT OT APYra XOTs Gbl OZHHM 3HaueHHeM KBaHTOBOI'O
uycsa. dra 3aKOHOMEPHOCTb HasniBaeTcs npuxyunom Ilayau, xoTopomy
NOAYHHAIOTCS BCe YaCTHUIBI, HMelou{He moayueiasit cnud. YacTHus
C TOJyUeJbIM CIIHHOM Ha3blBAIOTCH (epMUOHAMU.

Hanyuenne atomoB. [Ipu mepexone 3JeKTpPOHA C OLHOTO dHEPTeTH-
Y€CKOro YPOBHSI Ha APYTOi H3MEHSIIOTCS KBAaHTOBLIE YHCJIa, ONMpenesio-
L{He ero cocTosiHus1. Kak nokasbiBaloT TEOPHS U OTBIT, TICPEXOA JIEKTPO-
Ha BO3MOXEH Ha TaKHe YDOBHH, Korjia uamenexnue Am; =0, F1, us-
MeHeHHe Al==X1; npu 5TOM NPOUCXOZUT JuGO H3NyyeHHe, JHOO MOTJI0-
nieHue ¢GoTona.

[Mpu nepexonax 3JeKTPOHOB MeX(Ay BHEIIHHMH o6oJouYKaMHu o6Gpa-
3yeTcs BHAUMOE H yJabTpaduoseToBoe M3ayueHus:. Ecau us BHyTpeHHel
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00OJIOURM aTOMa YAAJIHTb 3JEKTPOH, TO Ha 3Ty 06OJOUKY GYAYyT camo-
NPOU3BOJILHO NMEPEXOJUTH 3JEKTPOHBI H3 JP #THX 000J0YeK C GOIbUIHMH
3HaueHHsMH n. [Ipn TakuX mepexoiax 06pa3yercs KOPOTKOBOJHOBOE
3J1eKTPOMarHUTHOE H3JIyYeHHe C JIHHEHYATHIM CIeKTPOM. DTO H3JyueHue
HA3BIBAETCH XAPAKMEPUCMUYECKUM PEHMEeHOBCKUM USAYHEHUEM.

Eciu JHHHH CHEKTPA XapaKTepHCTHYECKOrO PEHTTeHOBCKOI'O H3-
JyueHus: 06pa3yloTCs B pe3yJbTaTe NMEPeXOoJiOB 3JeKTPOHOB C GoJee Bhl-
COKHMX SHEpPreTHYeCKHX YPOBHeill Ha BaKaHTHble MecTa B o6omouke K,
To oHH oTHocATcs K K-cepuu; nsnydyenue K-cepun spiasercs cambiM
KOPOTKOBOJIHOBbIM. [Ipu mepexojax 3/1eKTPOHOB Ha L-060/104Ky H3JTY-
vatoTcst NHHUH L-cepuu u T. X. CepHH XapaKTepHCTHYECKOrO PEHTIeHOB-
CKOrO H3/yueHHS O0GO3HAYaAlOTCH TeMH Ke JIaTUHCKHMH OyKBaMH, 4TO H
cooTBeTCTBylomMe 060noukH, T. e. K, L, M,... Pacnpenenenue snexrpo-
HOB MO 0060JI04KaM M Nojo6osioukaM npuBoAauTcs B Tabs. 140. 3anonne-
iive 060JIOYeK OCYILECTBJISiETCS B cJaelyiowell Nocjel0BaTeJbHOCTH:
Is, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d.

5. ATOMHOE AAPO

Moaeab atomsnoro sapa. AToMHOe SPO COCTOMT H3 NPOMOHO8 H
#etimporos. TIPOTOH M HEHTPOH MOXKHO paccMaTpHBaTh KaK ABa pa3Jiuy-
HbIX 3aPANOBLIX COCTOSIHHSA OAHOM 4acTHUB — HykaoHa. [TosToMy vacTo
TOBOPSAT, YTO AAPO COCTOHUT H3 HYKJIOHOB, OJHA YacTh KOTOPBIX HAXOLHUT-
cfl B IPOTOHHOM COCTOSIHHH, APYrast — B HEHTPOHHOM.

Ko/snuecTBO NMpOTOHOB paBHO MOPALKOBOMY Homepy Z (3apsadosoe
qucno) snementa B Ilepnopnueckoit cucreme. KonuyecTBO HYKJIOHOB B
ffpe Ha3blBaeTcs maccosuim qucsom A. KonuuectBo HefitporoB N B six-
pe paBHO pa3HoctH A—Z. Slapo 0603HauaeTcsi CHMBOJOM XHMHYECKOTO
3JICMEHTa C YKa3aHHeM 3apsil0OBOrO M MacCOBOTO HHCeJl B BHJAE HHXK-
Hero H BePXHero, MHJAEKCOB CJeBa OT CHMBOJIa SJeMeHTa (Hampumep,

N — AP0 a30Ta C 3apANOBHIM YHCJIOM 7 H MacCOBLIM 4ucjoM 14).

flapa C OAMHAKOBBIM KOJIMYECTBOM NPOTOHOB H Pa3/HYHBIM KOJIH-
4eCTBOM HeHTPOHOB Ha3BIBAIOTCA u3omonamu. SIapa C OZHHAKOBBIM KO-
JHYECTBOM HYKJIOHOB, HO Pa3JIHYHBIM KOJIMYECTBOM NPOTOHOB, Ha3bi-
BaloTCsl usobapamu. DNeKTPUUECKHIT 3apsR saapa Q paBeH cymMMe 3JIeKT-
PHYECKHX 3apfAJ0OB NPOTOHOB, BXOAfUIHX B €ro cocras, T. e. Q=~Ze.

Pa3Mep sapa 3aBHCHT OT KOJHYECTBA HYKJIOHOB, BXOAAI(HX B €ro
COCTaB; B HEM OTYETJIHBO BBHIJEJIAIOTCS BHYTPeHHAS 06/1acTb H MOBEPX-
HOCTHHIA c/ioll. KOHLEHTpalus HYK/IOHOB BO BHYTPEHHEH 06JacT npu-
MepHO NOCTOSHHA H A BeeX sifep ¢ A>10 pasna 1,68-10% nyxmon/md.
B noBepXHOCTHOM cJOe, TOJIIMHA KOTOPOrO MPHMEPHO OAMHAKOBA AMA
Bcex safep M cocrtaBaseT (1,5—2).10-18 M, KOHUEHTpaUHA HYKJOHOB
yMeHbluaeTcs J0 HYJS.
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OT KOHUEHTPAlMH HYKJOHOB SaBHCHT IJIOTHOCTb SJIEKTPHUECKOro
sapana. Paduycom adpa NPHHATO CYMHTATh PAacCTOSHHE OT LEHTpa Ao
CJI051, B KOTOPOM IIJIOTHOCTb 3apsijla PaBHA MOJIOBHHE €0 MaKCHMAaJbHO-
ro snavenns. Papnyc szpa R yBeqHUHBaeTcsi C POCTOM YHMCJIa HYKJIOHOB,
ero npHOJIMXKEHHOe 3HaueHue pac-
CUHTHIBAETCA MO ¢GopmyJe:

R=R,AV3, (5.8)

rie R,=(1,2—1,3).10-% m, A —
MaccoBOe 4HCJIO.

Ha puc. 5.3 npeacraBieno
pacnpejeJenne MJIOTHOCTH dJeKTPH-
4eCKOro 3apsiia B sipe 30J10Ta.

epRbie cuanl. HyKJa0RH BHYT-
Snep y g Lrcermonnue om yenmpa,
P¥ fiApa cBsi3aHbl OCOGLIMH CHJAaMH,
Puc. 5.3. Pacnpeneneune 3apsfa B

KOTOpbIe Ha3bIBAIOTCs A0epHoimU (CM. AApe 30J10Ta
9 aToft ry1aBH). SlmepHLie CHJBI

NPOABJAIOTCA TOJABKO HA MaJBIX PAaCCTOAHHSAX, CPABHHMLIX C MEXIYK-
JIOHHBIMH paccTOSHHAMH B ajape. OHH He 3aBHCAT OT 3JEKTPHUYECKOro
8apsajlla HYKJIOHOB (npunyun 8apsdosoii xesasucumocmu) W 06JaaRawoT
ceoticmeom Hactiujerus. SIIepHLIE CHJIBI HMEIOT TPH COCTaBJfloLLHe:
LeHTpaJbHbLIe CHJIBI, 3aBUCAILHE OT PAaCCTOSHHS, CNHH-CHHHOBBHIE, KOTO-
pble 3aBUCST OT OPUEHTAUHH CIHHOB, H CIIHH-OpP6HUTaIbHbIE, KOTOPHIE 3a-
BHCSAT OT OPHEHTALHH CNHIOB OTHOCHTEJIbHO NpPsAMOM, COeRuHsIoumeil
Hykaounsl. Ha puc. 5.4 rpajpuueckn H3o6paxceHbl KPHBblE 3aBHCHMOCTH
COCTaBJISIOUIHX MOTEHIHAJbHOH SHEPTHH B3aHMOJEHCTBHSA ABYX OAMHA-
KOBBIX HYKJIOHOB (NPOTOH — MPOTOH HJH HEHTPOH — HEHTPOH) AAd
cayuas, Korfa o6uiuii cnuH HyKJlOHOB neprneHjuKyJasfpeH npsmoi, co-
€JHHsIolel 3TH HYKJOHH.

S
S
)

Paduye Aipa

Ly Ny
g 42 44 46 48

S
8

[Tnomrocme sapsoa 770 omHo-
WEHUI K MOKGUMRIbHOY
S
N

o00
o 3 1L
%20(7
Puc. 5.4. CocTaBasiionine noTeHuu- g
anbHON SHeprun B3auMOAcHCTBHSI -
ABYX OIMHAKOBBLIX HYKJIOHOB: KPH- § 700
Bas I COOTBETCTBYET LEHTPaAbHLIM o 17 \
CHJlaM, KPHBas 2—CNHH-CIHHOBOM R l 2
cuJie, KpHBan 3 — CNHH-OPGHTAJb~ { \ /] ~ 1
HOH cHae S 7 =
N
700
a 47 92
Paocmmﬁue o

JedekT macc M sneprus cBsa3u. Macca sgpa M Bcerga MeHbine
CYMMBl MaCC NOKOS HYKJIOHOB, BXOASIIUX B €ro CocTaB. PasHoCTb MeXAy
CYMMOIO MacC NOKOS HYKJOHOB H MacColo sjpa Ha3mBaeTcs Odegexmom
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macc:

AM=Zmy+(A—2Z) my— M, (5.9)
JederkToM Macc omnpejensieTcs HePrHs CBSI3H HYKJOHOB, BXONSLIUX
B cOCTaB ajpa. IHepeued c63u HYKAOHA Ha3bIBaeTcs paboTa, HEOOXO1H-
Masi IA8 yAaJeHus HYK/JOHA U3 SAPA TaKHM COpPa3oM, uToGhl ero KiHe-
THUECKan SHEprus Gbl1a paBHA HYJO. dHepaueli c8A3u A0pa Ha3bIBaeTCA
pa6ora, Ko‘fopylo HeO0GX0/MMO COBEPUINTh IJIs paciuenJieHHss fAApa Ha
HeB3aHMOJeiCTBYIOUIHE MeXAY COOOH HYKJIOHBI, NPH ITOM MX KHHETHUEe-
CKas 5Heprus NOJMXKHa GbITb paBHOi HYyJI0. Ha ocHOBaHHH 3aKOHA B3au-
MOCBSI3H MAaccChl H 9HEPTHH 3HePrHS HEB3aMMOAEHCTBYIOIHX HYKJOHOB
ONpeJesieTCH: COOTHOUIEHHEM

Ey=Zmyc®-(A—Z" myc?, (5.10)
a 9HepPrusa MOKosl sApa — cooTHoweHueM E;=Mc? Pasunocts suepruii
AE=E;—E;i=AMc* (6.11)

paBHA SHEPTHH CBA3Y AApPA.

Sneprus CBA3H fApa OKA3LIBAETCA NPHUMEPHO MPOMOPLHOHANBHOR
YUCJIy HYKJIOHOB B fi/ipe, MO3TOMY ONpeJessieTcs CPeJHAsT SHEPTUs CBS-
8H fApa, NPHXOLAAACH HA ONMH HYKJIOH; OHAa Ha3LIBaeTCA YOeabHOd
suepeuetl cesisu. Ha puc. 5.8 (cM. c. 231) rpacduyeckn npeacrasnena 3a-
BHUCHMOCTb yJEJbHOH SHEPruu CBS3H siiep OT MAacCOBBIX YKCEM.

duepreTHuecKHe yPoBHU Ajpa. SIAPO MOXKET HaXOZUTHCH B Pa3nuy-
HbIX COCTOSIHHSIX C JAMCKPETHBIMH 3HAuyeHHsiIMH (YPOBHSIMH) SHEPTHH.
CocTosiHNe C HaHMeHbINeHd SHepruell Ha3LIBAETCS OCHOBHOLLM, @ COOTBET-
CTByIOLlEE 3HAYEHHE SHEPTHH B 5TOM COCTOAHHM HA3BIBACTCS OCHOBHOIM
yposrem swepeuu adpa. JIpyrue COCTOSHHS SABJSIIOTCA 68030y JcOeHHotMUL.
SHeprus mnepBoro BO30GYXKIEHHOTO YDOBHA JIJis Pa3JHYHBIX SI&EP MH3-
MeHsieTCs B INHPOKHX npefenax — oT 0,1 MaB no 3 MsB. Ilepexon sirpa
13 BO30GYIKJIEHHOTO B OCHOBHOE COCTOSIHHE CONpPOBOMJIAeTCS U3JYUCHHEM
Y-KBaHTa.

Cnun sapa. MomeuT uMnysabca (cnun) f1pa onpefiesisieTcs CHHHAMAU
BXOJSILHX B SIPO HYKJIOHOB H HX OPGHTAaJbHEIMH MOMEHTaMH, 06yC/10B-
JIEHHBIMH IBHXKEHHSAMH HYKJIOHOB. CNMHH siApPa C YETHLIM YHCJIOM HYK-
JIOHOB HMeeT IeJOYHCJeHHOe 3HaYenHe (B eAMHHUAX fi).

6. AJEPHDIE NMPEBPALIEHU S

PapnoaxkTusnoctTs, Tsaxensle fapa B OCHOBHOM COCTOSAHHU 4HACTO
OKa3blBalOTCSl HeyCTOYMBEIMH M CaMONPOH3BOJNIbLHO pacnajaiprcs, o6pa-
3ysl HOBble siApa (AOuePHHE) H Apyrue uacTHibl. Takoe cBOHACTBO siiep
Ha3bIBaeTcs paduoaKmusHocmeto, a CaMu siApa — PaduoaKmueHuIMU.

Pagu0oakTHBHOCTL siep, KOTOPHIE CYLIECTBYIOT B NPUPOAE, HA3bi-
BAeTCs ecmecmseenHoll; paiHOaKTHBHOCTb Iiep, KOTOpble MOJyUYeHs! B Ja-
* 60PaTOPHBEIX YCJAOBHSIX, HA3BIBACTCSH UCKYCCMBEHHOU.
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K panmoakTHBHLIM NpoleccaM OTHOCATCS: assa-pacnad, BCEe BHAB
€ema-pacnada, eamma-ussyierue, canonpoussossioe deaerue adep (cnox-
mannoe Oeserue), NPOMOHHAA PaduUOAKMUBHOCMb.

Tpu a-pacnage BhGpackBaloTcs siapa reaus sHe, KoTophle Hash-
BAaIOTCH G-yacTullamu; P-pafMOaKTHBHOCTb HMEET TPH Pa3HOBHIHOCTH:
B~ -ucnyckanue s7eKTpoHoB (e~), P*-ucnyckanue nosutpoHoB (et) u
K-3axpat (3axBaThiBaeTca ¢ Gamkafimedr k supy obomoukn K omud
aJsekTpoH). ITpu K-3axBaTe ojuu U3 NPOTOHOB sApa NpeBpaulaercs
B HEHTPOH, a H3J1y4aeTcss HeHTPHHO H XapaKTePHCTHYECKOE PEHTIEHOB-
CKOe H3JyYyeHue. ’

B Tabnuue npeicTaBieHB OCHOBHbIE THNBI PaJAHOAKTHBHBIX NpeBpa-
HIeHHHA.

Hsmenenne A u Z
Tun npeepaueHusn Tpouece AZ AA
o-pacnaj A A— 4 -2 —4
ZX — 7 _ oY+ He
=-pacnap A A - +1 0
B = 7X =z [ Y+eT+v,
-npeBpa- +.pacnag A A . -1 0
lal.uemm B ZX — 7 Y +et 4y,
K-3axBat A - A —1 0
gXteT — 5 TY4v,
Y-u3nyyenne Ax —_— Ax +9 0 0
VA z
2 3
CrnoHTaHHOE Aesenue ~Z/2 _5_A + 5
[MpoTodHas pafHOaKTHB- A A—1 1 -1 -1
HOCTb ZX— Z_ 1Y+ H

Y-H3JyYeHHe TNPeACTaBaseT co60ofi KBAHTHL SJEKTPOMATHUTHOIO
H3JYyYeHUs, KOTopoe o6pa3yeTcs NMPH Nepexofax MexAy Pa3judHBIMU
COCTOSIHHSIMH OJHOTO H TOT'O K€ BO36YXAEHHOro sfpa.

OCHOBHBIE 3aKOHOMEPHOCTH PAIHOAKTHBHLX pacnafos. 1. Pannoak-
THBHBIH pacrnaji He 8aBHCHUT OT BHEIIHHX YCJOBHI (TeMnepaTtypsl, AaB.e-
HHS, XHMHYECKUX BO3JEHCTBHII). 2. Ct- M Y-UACTHIBI HMEIOT HHCKDETiible
3HAYEHHSA SHEPTHH, OSHeprus P-yacTHL H3MeHHeTCs HeNnpepbLBHO OT
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anaqenuﬁ, GAH3KHX K HYJIO, 10 HEKOTOPOrO MaKCHMaJlbHOrO 3HaYeHM A,
3. Hsmenenue KoJuuecTBa P2AHOAKTUBHHX fAA€p PacCYUTHIBAECTCH nO
dopmyae

N=Nge M=N2-T, 5.12)

rae N, -— pavanbnoe unciao siiep B mMomenT Bpemenu ¢=0, N — ocras-
weecss KOJHYECTBO silep B MOMeHT BpeMeHH !, T — nepuod noaypac-
nada — MHTEPBaJ BPEMEHH, B TeueHHe KOTOPOro pacnajaercs MoJOBHHA
fnep, A — BepoATHOCTb pacnana OAHOro aapa 3a 1 ¢ (nocmoanxas pac-
nada). Cpednum epemenem xcusnu a0pa HasviBaeTcs BeaununHa t=1/A;
T=1n2/A.

Npasuno cmemenns. Ilocne paguoakTHBHOrO pacnaga o6pasyloTcs
HOBLIE SPa, Y KOTOPbIX H3MEHSIETCH NOPSAKOBHIH HOMep Z (32 HCKJI0-
uenneM y-u3ayvenns). Mamenenne AZ ykasano B Tabumuie (CM. BHIue),
TaM JK€ YKa3aHbl H3MeHeHHs MaccoBoro uucaa AA.

Sinepune peakunu. CHibHOe B3auMofeiicTBHE aTOMHOTO siapa ¢
SJI€EMEHTapHLIMH YacTHUAMH WJIH IPYFHMH SApPaMH, B pe3yJjbTaTe KOTO-
pPOro npoucxoiuT Bo36Y:KAeHHe HIH npeobpa3oBaHHe sillep, Ha3bIBaeTCH
adeprot peaxkyued. Iy ee OCYWECTBJeHHS HEOGXOAUMO COJIHKEHHe
aTOMHOTO SIAPa M WaCTHLLI HAa PacCTosiHusA mopsiaka 10-1% M, npu Koro-
PbIX MPOsBJSETCS CHAbHOE B3aumogeiictsne. L1 3TOro aToMHOe sIpoO,
KaK MHIIeHb, 06JyyaeTcs NMOTOKOM 4YacTull ¢ 6GOJbIIOH KHHETHYEeCKOI
3HepTrHel.

3¢dekTHBEOE ceyenne saepHoil peakuuu. [IycTb na uenOABHXKIYIO
MHIIeNb MajaeT napaJjJesabHbll NyYOK YacTHL, KOTOPLIE ABHXYTCS
Bloab ocH (Oz; KOMHMYECTBO YacTHI, NMPOXOASUHX 3a BpeMs | c uepe3
MJOCKOCTb, NeprelauKkyaspHyio ocu Oz, miaowagbio 1 M2, HasLiBaercs
RAOIMHOCMbBI0 NOINOKA.

Benuunna o0=AN/(NnyAz) wnasuiBaeTcs appexmusnoinm ceveruem
noeprod peaxyuu. B stom Bopaxeuun N — MIOTHOCTH MOTOKa 06.y-
Y3l KX MHIUEeHb YaCTHM, M, — KOJUYECTBO aTOMOB (HJIH JAPYTHX da-
CTHH) B €JHHHYHOM oO0beMe MHINEHH, Az — sjJeMeHTapHas TOJIHHA
MuileHH, AN — KOJIHUeCTBO YacTHL, BCTYNHBIIMX B PeaKiiHio.

Ennnuna sddekTuBHOro ceyeHnsi — KBagpaTublii meTp (M2). Yacro
ucnoas3yercs eauuuna 1 6apu=10-28 p2,

SHeprusi, BbJCASIOWASCS NPH KaXIOM SAePHOM IpEBPaIIEHHH,
HasbiBaeTcs dHepeueld adeprol pearxyur. MuHiManbHas sHeprus 6om-
GapAMpYIOUHX YACTHIL, IPH KOTOPOi NPOHCXOAHUT sAepHOE NPeBpalleHHe,
Ha3bIBAETCH INEP2EMUHECKUM NOPO2OM peaKyull.

SlnepHble peaKIHU WCIOAB3YIOTCS LA MOJNYYeHHS SIePHOM 3Hep-
FHH TNyTeM JAeJeHUs TSAKeJAblX sifep (Hampumep, ypaHa-235) miaH nyTem
CHHTe3a (CAHAHUA) JerKHX sfep (Hanpumep, Boaopoaa). CHHTE3 Jerkux
Alep MOxKeT GhITh OCYLIeCTBJIEH TOJbKO NMPH OYEHb BHICOKHX TeMnepary-
pax (mopsaka 10® K); Takne peakuuu Ha3bHIBAIOTCA mMepMOAOCPHOIMU.,
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7. BBAUMOAENCTBUE AJAEPHBIX HM3JYUYEHHUN
C BELIECTBOM

Ilpn NBHXKEHHH 3apSIKEHHOH YACTHUBI B BelleCTBE MPOHCXOXHUT
NOTJIOWEeHHEe ee IHEPTHH 3a CYeT B3aHMOJAEHCTBUS C 3JEKTPOHHLIMU 060-
JIOYKaMH H siapamMu aToMoB. [Ipu 3TOM NPONCXOJMT paccesHHe HaCTHLL,
a TaK)Ke MOHHU3alUs HJIH BO36GYyxJeHHe aTOMOB BeuiecTBa. Ilorepu snep-
IHH YaCTHIEH 33 cueT HONM3aLMM aTOMOB M MOJIEKYJ BCLIECTBA Ha3bl-
BaIOTCS UONU3AYUOHHOIMIL NOMEPAMU.

Topmoxenue nerkux yactuu. [Ipu B3auMoAcHCTBHH 3/MEKTPOHOB
H MO3UTPOHOB C sI/iPaMU NMPOUCXOJHT UX TOPMOKEHHEe, CONPOBOXAaEMOe
3JIEKTPOMarHUTHBLIM H3JIyYeHHeM, KOTOPOe Ha3LIBAeTCS rMOPMO3HbIM U3-
AYy4eHuem; OHO HMEeT CIJIOWHOM crnekTp. [Ipu TOPMOXKEHUU OBICTPHIX
3JIEKTPOHOB 0GpasyeTcsi PeHTreHoBCKoe Hu3ayuenue. OO6uue mnorepu
3HEePrHM 3a CUeT M3JIYYeHHs NPH TOPMOMKEHHUM YacTHL Ha3bIBAIOTCA pa-
OQuayuonneimu, Ecnu sHeprus yacTHUB JOCTAaTOUHA AJIsSi BBIGHBAHHUS
3JIeKTPOHOB H3 BHYTPEHHHUX CJOCB OGOJIOYKH aToMa, TO BO3HHKAeT Xa-
paKTepUCTHYECKOe PEHTreHOBCKOe H3JyueHHe C JHHeHYaTbIM CHEeKTPOM.
IIpu ABHIMEHHH 3JIEKTPOHOB CO CKOPOCTSIMH, MPEBHIIAIOUWHMH (a30BYyIio
CKOpPOCTb CBeTa B BellecTBe (T. e. KOrAa v>c/n, n — noxasaTeab mpe-
JIOMJIEHHSI BellecTBa), BO3HHKaeT ceeuenue Basurosa — Yepenkosa.
OHO COOTBETCTBYEeT BHAMMOMY AHAMA30HY M HMEET CIJIOIIHOH CHeKTp,
HO OCHOBHAf J0Jisl ero NMPUXOAHUTCA HAa KOPOTKOBOJHOBOE M3JIy4YeHHe.

ITapansienbHBI# MYyYOK 5JCKTPOHOB, HMEIOU[HX OXHMHAKOBYIO JHep-
FHIO, MPY B3aUMOJEHCTBHHU C BEIECTBOM NpeBpallaercsi B PaCXOASUHUIL-
Cfl MYyYOK 3JIEKTPOHOB, KOTOPble HMEIOT Pa3JHYHYIO SHEPTHIO.

Ocna6ienne noToka f-yacTHU ompeaessieTCs COOTHOLUEHHUEM:

N =Nge~H2—= Ng~h'0Z, (5.13)

rae Ny — NMOTOK BXOASIIHX B BeIeCTBO 3JeKTPOHOB, N — moTok mocJje
NMPOXOKAECHUS HMH PACCTOSIHUS 2, B — AuHeldnbill Kodppuyuenm ocrab-
senug, p'=plp — maccosvili kosppuyuenm ocrabrexus, UMEIOUHI TPHU-
6/1H3UTENILHO OAHHAKOBble 3HAYeHHA B Pa3/JMYHLIX BelecTBax, P —
naoTHocTh. EauHuna suHefiHOro kosdduuuenta ocnabaeHus — MeTp
B MHHYC NepBO{l CTemeHH — 3TO TakKoe ocsabseHne MOTOKa, MPH KOTO-
POM Ha PAaCCTOSIHHH OJMH MeTP NOTOK yMeHbIUAeTcs B e pas.
Topmoxenne HyknoHos u sigep. IIpH TOPMOXKEHHH SiZep H HYKJO-
HOB TJIaBHYIO POJIb HIPalOT HOHH3aIHOHHbIE NMOTEPH, KOTOPHE 3aBUCAT
OT 3apAfia H CKOPOCTH YacTHL, HO He 3aBHCAT OT UX MacCH; PafHaIlHOH~
Hble TOTEPH NMPH 3TOM MaJbl. TlapannenbHbil My4oK siep HIH HYKJIOHOB,
npoxoJs Yepe3 BelleCTBO, NMPAKTHYCCKH He pacceuBaeTcsi. Hekoropas
4acTh 9/JEKTPOHOB, BHIGHTHIX H3 060JI0YEK aTOMOB, 06JafaeT JOCTAaTOYHO
BBICOKOH SHEPruel M NPOH3BOAHT HOHH3AIHIO, HAa3bIBAEMYIO 8MOPUYHOL.
CpenHee paccrosiHHe, KOTOpOe MOMKET MPOMATH SAPO B BEILECTBE, Ha3Hl-
BaeTca cpedwneli Oaunol npobeza adpa. Cpelrsia AauHa npobera o-ua-
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cTull (B METPax) B BO3jAyXe (IPH HOPMaJbHBEIX YCJOBHSX) ONpelessieTcs
BLIPAXKEHHEM:

R, =23,18-10-3E%/2, (6.14)
rae E — sneprus B MaB (B npegenax or 4 1o 7 MsB). Bennuuna, pas-
Hasi NPOH3BEJEHHIO NJIHHBI CPelHero mpobera Ha IJIOTHOCTh BEHIECTBA,
Ha3LIBaeTCA CPeJHHM MaccoBhM npoberoM. Cpennuii MaccoBHlii nmpoGer
o-uacTHL B J1060M BeulecTBe (B Kr/MZ) MoXeT 6HITL onpefiesied 10 AJHiHe
cpeaHero mpofera o-4acTHIl JaHHOI 3HePruH B Bo3ayXxe Ry:

R,=0,56R A3, (5.15)
rge A — MaccoBoe YHCJIO aTOMOB BelmecTBa, Ry — cpefusia JjiMHa
npo6era B BO3LyXe (B MeTpax) NPH HOPMAJbHEIX YCJIOBHSX.

Mornomenne y-usnyueunsa. OcnaGrenne MOTOKa y-4acTHIL ONpefe-
JIR€TCH COOTHOIUEHHEM:

[=le~ M= [e~h'0z, (6.16)
rie Iy — moToK npu BxojZe B cJjoii BemecrBa, | — NOTOK mocje Npo-
XOXIEHHS CJOS TOJUHHOIO 2, W — Jauneiinbit KosdduuueHt ocaabue-
HuA, W =p/p — MaccoBHil Ko3hpHIHEHT ocnabienus.

JInnefinbii Koapounuent ocnabiesus n=0-+1-+x%; O, T, ¥ — JH-
neifHble K03 dHUHEHTH oOCaabaeHHs, YYHTHIBAIOLLHE COOTBETCTBEHHO
paccesinue, MOrJOIEHHE 3Hepruu NpH ¢otoaddexTe, a TaKxke HorJjome-
HHE 3HePTHH NPH 06Pa30BaHHH 3JIEKTPONOB U NMO3HTPOHOB.

8. EAHHWLDB! PARHOAKTHBHGCTH H HMOHH3IUPVYIOIMHX
H3JYUYEHUA

AKTHBHOCTb, AKTHBHOCTBI0O A PafHOAKTHBHOrO HCTOYHHKA Hashl-
BaeTCsl BeJHYMHA, PaBHAsA OTHOLIEHHIO KONHMYECTBA PacNaBLIMXCHA SIEP
AN x npoMexxyTKy BpeMenH Af, B Te4eHHe KOTOPOrO NPOHCXOAHT pacna:

A=AN/At. (5.17)
Exuuuna aktuBHOocTH — Gekkepenb (Bk); opun GekkepeJb paBeH ak-
THBHOCTH TaKOrO MCTOUHHKA, B KOTOPOM 32 BpeMs | C NMPOUCXOAUT OAMH
pacnafx. Maccy paiaMOaKTHBHOIO HCTOYHHKA, AaKTHBHOCTb KOTCPOro
paBHa 1 Bk, MoxHO paccuutarts no ¢opmyse
M=2,41.10-27A,T, (5.18)
rie M — macca (xkr), T — nepuon nonypacnaja (c), A, — maccosce
YHCJIO fllep PaJMOaKTHBHOTO BELLECTBA.

IMornomenHaa 203a M MOUHOCTb morjomeHHoil po3wl. Beanuuna,
paBHas 3HEPTHH, MOIJIOLIEHHOH Maccofl 1 Kr NaHHOro BellecTBa, Ha-
3bIBaeTCA TMOTJOLIEHHOH J030{ H3Jy4YeHHs; efuHHUed 5TOH BeJUYHHLI
seaserca rpait (Ip), 1 'p pasen Takoil 4o3e H3JAyueHHs, NPH KOTOPCil
BelEecTBOM Maccoif 1 Kr morJiomaercss 3Heprus KOHH3UPYIOLIEro H3JY-
yennss 1 JIx. [lpuMeHnsiercsa Takike BHECHCTeMHAasl €AMHHIA NOTIJIOLIEI:-
no#t no3wt — pan; 1 pax=0,01 rpaii.
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Jo3a u3ayyeHHsr 3a BPeMs OXHAa CEKYNJa Ha3LIBAETCS MOIIEOCTLIO
MOrJIOWEHHOM 71025, EXUHHUA MOUIHCCTH JO3H — IP3fl B CEKYHAY
(Tp/c).

3kcno3HuKUOHHaA Ro2a. {15 XapaKTePHCTHKH H3JY4YEHHs NO Mpo-
H3BOAMMON MM HOHH32IMH BBOJUTCH BEJHYHHA, KOTOPas Ha3blBaeTcs
AKCNO3ULUOHHOL 00306 Fomonkoeo usryueHus (SKCnO3ULUORHOL 0030
2AMMA- U PEHMEEHOSCKO20 U3AY4eHUT). SKCNO3HUHOHHAA Ro3a X ¢oToH-
HOTO H3JIyYeHUS] — 5TO BeJHUNIA, PABHAS OTHOWICHHIO CYMMBI 3JIEKT-
pHYecKHX 3apsaoB AQ BceX HOHOB OJHOIO 3HaKa, KOTOPbIE BO3HHKAIOT
nojA neHCTBHEM 3JeKTPOHOB, ofpasyiowuxcs B 00JyuacMOM BO3ayXe,
K Macce Am 3Toro Bo3ayxa:

X=AQ/Am, (5.19)
npH 3TOM NpEeANOJaraeTcs, UTO NOJHOCTHIO HCIONb3YeTCST HOHH3UDPYIO-
was cnoco6HOCTb 3JeKTPOoHoB. EXHIHLA 9KCNO3HIHONHON N03bI (HOTOH-
HOTO M3JyueHHs — KyJod Ha kuiorpamm (Ka/kr); 1 Ka/kr — 1o Ta-’
Kasi S5KCMO3HMIMOHHAs 103a, NPH KOTOPOM cyMMa 3apsifioB BCeX HONOB
oauoro 3Haka B 1 kr Bo3gyxa pasna 1 Ka. Taxxke mcrosb3yercst BHe-
CHCTeMHas eNMHHLA SKCIO3HIEOHHOH XO3bI (POTOHHOTO H3Jy4YeHHT —
pentren; 1 pentren=2,58.10~4 Ky/JIOH Ha KHJOTPaMM.

KosdduuuesT kauecTBa M aKBHBaJeHTHas Ao3a. Ilpu ogunakosbix
MOrJIOIEHHbIX J03aX pPa3JHYHBle BHIBI H3JYYeHHST NMPOH3BOAAT Pas-
JIUYHBIe GHOJIOTHYEeCKHe BO3JeHCTBUA Ha XKHUBble opranusmul. Kosddu-
ILHEeHT, NOKa3bLIBAIOULHI, BO CKOJILKO Pa3 pajHalliOHHAs ONMacHOCTh LaH-
HOTO H3JyuYeHHs OoJiblle IO CPAaBHEHHIO C PEHTIEHOBCKHM H3JyYeHHEM
NMPHU OAMHAKOBHIX IOIVIOWIEHHBIX J03aX, HAa3bIBAETCH KOIPPuyUeHriom
kauecmsa usnydenusi. Koapduuuenth kauvectBa Q npusoAsiTcsi B- Tal-
JIHIe.

Bun uMaayueHus Q

PeHTreHOBCKOC M raMMa-H3JyucHHe 1
BJIeKTPOHBI, MO3HTPOHBI, GCTa-H3TY IEHHe 1
ITportoHsl ¢ sueprueit Menbwe 10 M3B 10
He#iTpoHsl ¢ aHeprue# menbine 20 KB 3
HefiTpoHb! ¢ sxeprue# 0,1—10 MsB 10
Aunbda-usayyenne c suepruest meHviie 10 MaB 20
Tsokensic aapa 20

JKBUBaJeHTHAsA J03a H3ayuenus [ paBHa NpPOH3BEJAEHHIO IIOIJIO-
meHHo#t o3kl D Ha Koadruuent Kauecrsa Q: A=DQ.

Exununa skBHBaJIeHTHOH X03bl — 3uBepT (3B). 1 3uBEpT cooTser-
CTBYeT NOIVIOIEHHOH no3e 1 rpsit npu Ko3(hHuUMEeHTe KauecTBa H3Jy-
yenus Q=1.

Hcnonb3yercss Taxkxe BleCHCTeMHAass eAHHHIA SKBHBAJEHTHOMH
Jo3Bl — 63p (6HOJMOrHYeCKHil SKBHBaJeHT pentrexa); 1 63p=0,01 3s.
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Kepma. ITpu npoxoxaenun HOHH3UPYIOUETrO H3JNYUEHHUS B BELIECTBE
o6pa3yloTcsl 3apsixeHHble YacTHIbl, KOTOPHle B CBOIO OYepelb MOTYT
NPOH3BOAMTh HOHU3AIHIO aTOMOB (KOCBEHHas HOHM3auus). XapakrTepu-
CTHKOM KOCBEHHOH HOHH3aluu ABJIsieTcs KepMma. Kepma K paBHa OTHO-
WEeHHI0 CYMMBl NMePBOHAYaJbHBIX KHHETHUYeCKHX Hepruit W Bcex 3aps-
JKEHHBIX YacTHl, o6pa3yloluXcsl NPpH KOCBEHHOH HOHM3alMH, K Macce
STOr0 BElLECTBA;

K=W/m. (5.20)

Ennnnua kepmsl — rpaii (Ip); 1 I'p — 3To Takas xepMa, NpH KOTO-
poil CyMMa BCeX NepBOHAYaJbHBIX KHHETHYECKMX 3SHCPTHH 3apsKen-
HLIX 4acTHIl, OOPa3ylomMXCS NPH KOCBEHHON HOHH3allMH B BELIECTBC
Mmaccowo’ 1 kr, pasua 1 JIx.

9. PYHIAMEHTANbHBIE B3AUMOJAENCTBHSA
H HX KOHCTAHTDI

Bce B3auMoJeiicTBHS, BCTpeyaiolHeCss B Pa3HHUHBIX (DU3HYECKHX
ABJI€EHHAX, MOMXHO CBECTH K OCHOBHBIM HJIH (PYHOAMEHMANLHbIM 83AUMO-
Oelicmeunm: CUNLHOMY, SAEKMPOMALHUMHOMY, CAQGOMY W 2pABUMAYUON-
HOMY.

CuJbHO® HJIH fileDHOE B3aHMOJENCTBHE oONpefessieT -CTPYKTYpPY
AApa M B3auMOJEHCTBHE HYKJOHOB, BXOASIIHX B €ro cocTaB. B o6biu-
HOM cTalHJIbHOM Bel(eCTBE NPH He CJHIIKOM BBICOKOHW Temmepatype
CHJIbHOE B3auMOJeHCTBHe 06eCneyHBAaeT MPOYHYIO CBfA3b MEXAY HYK-
JoHaMu. Cuabubim e3aumodelicmeues Ha3bIBaeTCs B3aHMOACHCTBHE MeX-
Ay HCTHHHO 3JIEMEHTapHBIMH YacCTHUAMH — K68apKkamu; OHO OGYCJIOBJIC-
HO OOMEHOM 2A/00HaMU — TUMIOTETHYECKHMH YacTHIlAaMH, KOTOpble He
HMEIOT SJIEeKTPHYECKOro 3apfja.

Daekmpomaenumnoe  83aumodeticmelie — B3aUMOLEICTBHE  3apsi-
EHHBIX YaCTHL MOCPEJCTBOM 3JE€KTPHYECKOrO H MAarHHUTHOTO INOJENl.
JneKTPOMAriuTHOe B3aHMOJelcTBHe OOBSCHSETCA KaK mpouecc o6MeHa
¢oTonamu.

Caaboe e3aumodeticmgue CBOHCTBEHHO BCEM YacTHLIAM; NPHMePOM
cna6oro B3aumogpeiicTBus sBasiercs P-pacman. Cia6oe B3amMoneiicTBHe
oO6bsicHsieTCs OOMEHOM MPOMeINCYmouHoiMIL 6O30HAMU — YACTHILAMH, KO-
TOpble MMewT 6oabinyio Maccy mokos (okoso 100 I'aB) u cnux f.

TI'pasumayuontoe s3aumodedcmaue onpeneisieT B3aHMOLEHCTBHE TeJ
B aCTPOHOMHUECKHX Macwrtabax; NOAOOGHO 3JIEKTPOMarHHTHOMY OHO
JlanbHOAEHCTBYOlIEE, T. €. €0 pajuyc AeHCTBUA paBeH GeCKOHEYHOCTH.
[paButanuonnoe B3auMojeiicTBHe OGbsSCHSETC OOMEHOM THIOTeTH-
YeCKHMH HYaCTHLAMH — 2DA8UMONAMU C HYJNeBOH Maccoii MOKOA H
cnunom 2%.

B rTa6anue npuBOASATCS OCHOBHble XapaKTePHUCTHUKH QyHIAaMEHTAMb-
HBIX B3auMojelcTBHil.
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Papguyc
B3aHMO- HuTten- Yactuuw, XapakTepHoe
BaanmoneficTere | pojicrpus, | cupmocrp | Y4acTBytowue BpeMs, C Cunn
M B obmere
Cuabtioe 1018 0,1—1 Tnioonst 10—2 h
DNeKTPOMarHUTHOE @ 1/137 | ®oroun 10—3% B
CnaGoe 10—t 101 | [TpoMexyTou- fo—10 13
Hble GO30HbBI
IpaBuTauuonHoe ® ~10=3% | [paBHTOHBI HewnsBectHo ok

10, SJIEMEHTAPHbBIE YACTHL bl U UX KJIACCH®UKALH A

DeMeHTapHBle B TOYHOM CMBICJIE 3TOrO CJOBA — 3TO NEPBHYHBIE,
Hepa3JsIoNeIMble YacTHIBI, H3 KOTOPLIX NMOCTPOEHBI BCE BEINECTBA.

B nacTosiuiee BpeMst 5TOT TepMHH NpHUMeHsieTcs JJisi 0603HayeHHs
6GOJIbIIOA TPYMOBI MHKPOYACTHL, KOTOPHIE He SBJSIOTCS aTOMaMH HJIH
ux sapamu. MckJaoyenue mpejcTaBJisieT NPOTOH, KOTOPHIH SIBAAETCH U
3/7eMEHTapHON YacTULed, U SAPOM JIETKOro H3orona Boxopoaa. OcHOB-
Hble XapaKTepHCTHKH SJeMEHTapHbIX HacTHI — Macca, 3JeKTpHYeCKHH
3apsif, COGCTBEHHLIH MOMEHT KOJHYECTBAa ABHXKeHHs (cruH), coOCTBeH-
bl MarHHTHBIH MOMEHT, B3aHMHAasl OPHEHTAlHs CIHHA H MarHHTHOTO
MOMEHTa, BPeMS XH3HH.

BoOJIbIINHCTBO 3JIEMEHTAPHBIX YacTHI, CYIeCTBYyeT B ABYX Pa3sHo-
BuaHocTaX. ONHY M3 HHX, yallle BCEro BCTPEYAIOUIYIOCH B OKPYKaiolleM
Hac Mupe, Ha3LIBAIOT 4acmuyell, BTOpylo — ee anmuuacmuyeii, OCHOB-
HOH OTJIHYUTEJSbHOH OCOGEHHOCTBIO Maphl YaCTHI@ — AHTHYACTHIA $B-
JIAeTC peakyus aHHueurfyuy (MCYe3HOBEHHS) — PeaKlHs mpespalle-
HHfl HX B YaCTHIBI, HEe HMeEIOLUHEe MAacchl MOKOS.

YacTHua 1 ee aHTHYACTHIA HMEIOT OJHHAKOBBIE MacChl, CIIHH H Bpe-
Ma KH3HH. YacTHIa M ee aHTHYACTHIA HMEIOT PaBHbIe N0 MOAYJIO, HO
NPOTHBONOJIOXKHEIE MO 3HAKYy 3JeKTPHUeCKHe 3apsafbl, HanpaBJeHHs
CMHHOBBHIX M MAarHHTHBIX MOMEHTOB, GapHOHHBIE HJIH JIENTOHHBIE .(3a-
psAAb» (YHCIa) M CTPAHHOCTH. YacTHIB, Y KOTOPbIX aHTHYACTHIIA OTCYT-
CTBYeT, CYMTAIOT TOXKAECTBEHHLIMH CO CBOMMH aHTHYaCTHLAMH: OHH Ha-
3bIBAIOTCA  AOCORIOMHO  HeUmparbHuiMu, K HHM OTHOCATCA ¢oOTOH,
710-Me30HBl H 7)-ME30HHI.

Co6CcTBEHHDIT MOMEHT HMITYJIbCA YAaCTHIBI (CIIHH) MOXET GHITh LeJIHM
WIN TONylUenbiM (B efuHHUAX f1). UacTuibl, KOTOpble HMEIOT CIIHHbI,
paBubie 0, h, 2fi, Ha3biBaloTcs 6030HaAMU.

INo BuaaM B3auMOZEHCTBHI, B KOTOPHIX YYacTBYIOT YacCTHUBI, HX
NoApa3fieNIFI0T Ha KJacchl. Bo3MOXHO CyliecTBOBaHHe YeThIpeX KJaccoB
S/eMeHTapHBIX YacTHU. K HacTosiueMy BpeMeHH 3KCIEPHUMEHTAJbHO
NOATBCPK/JAEHO CYLIECTBOBAHUE NPEACTaBUTeNeidl TOJNbKO TPeX KJacCoB.
K nepsoMy KJjaccy 4acTHl, NOJYYHBLIMX Ha3BaHHe a0pPOHO8, OTHOCATCS
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YacTHIL, y4acTBYIollHe BO BCEX BHAAX (PYHAaMEHTANbHLIX B3aHUMOJeil-
ctBuil. B aToT KaMacc o6beaunsioTcs 6apHOHB U Me30Hb. Bapuone uMerot
HOJyLesble CIKHHBI, a Me30Hbl UMEIOT LieJOYHCIeHHbe CnHHBL. [IpuHan-
JIe3KHOCTb K 6GapHOHAM OTMeuYaeTCsi MPHCBOSHHEM HM 6GapuUOHH020 HUCAA
(2apada) B, paBHoro -1 nas uvactuusl u —1 IS aHTHYACTHIB, AJIs
Me30HOB GapHOHHBIA 3apsi] paBeH HYJIO.

K 6apnoHaM OTHOCATCS HYKJOHH M 6oJjiee TsIKeJble YaCTHIH (adpo-
Hbl), pacnajaiomyecss Ha HYKJOHBL. TsiKenble 6apHOHbI, Macch KOTO-
pBix 6oJibile Maechl HYKJOHA, Ha3bIBAIOTCSA 2UNEPOHAMU. ’

Bo BTOpoOii KJacc 06beAUHSIOTCS YacTHILI, He yYacTBYIOUHE B CHIb-
110M B3aHMOJEHCTBLH, HO CIOCOGHBLIE K TPeM OCTaJlbHbIM; OHH Ha3HBAIOT-
ca aenmosamu. IIpHHAJIERHOCTh K 3TOMY KJAacCy 4acTHL, OTMeYaeTcs
NPHCBOEHHEM KaXKAOMY UJIEHY /AenmoOHHO20 «3apsda», Jasa vacTuuy -+1,
AJs aHTHYacTHL —1.

K Tperbemy Kiaccy 4YacTHll, YYacTBYIOIHX B 3JEKTPOMarHHTHHIX
! TPABUTALHOHHBIX B3aHMOLEHCTBUSAX, OTHOCHTCS POMOHbL.

Cpean pa3Hoo6pa3HbIX 3J€MEHTAPHBIX YacTHL, C OXMHAKOBHIMH CIH-
11aMH BCTPEYAIOTCH TPYNOH C HE3HAYHTENbHO pa3/jiuyaoUHMHCA Mac-
CaMH, HO Pa3MYUBIMH 3JIEKTPHYECKHMH 3apsAjaMHu. Takue rpynnsl npu-
HATO HasblBaThb u3omonudecKumu mysomuniemamu. K HUM OTHoOCATCS
NPOTOH H HEHTPOH, T-ME30HbI, CHIMa-FHIIePOHE!, KCU-THIIEPOHH H T. [.

UacTungel, BXOAsALIMe B TaKHe TPYMMbl, paccMaTpHBAOTCA KaK pas-
JMYHble COCTOSIHMSL OAHON M Toit e uvactuusl. Cpednuil 3apad (Q)
4acTHl, BXOASAIMX B MYJbTHIIET, HAa3LIBAETCA TaKkKe 3apa0oseim yeHm-
pom um3oTomuyeckoro MyJabTumiaera. Cpeluuii 3apsjg HYKJIOHHOro Aay6-
Jeta paBeH -+1/2, T-ME3OHHOTO TPUIIETa — HYJIO.

Cpeanue 3apsijbl MYJbTHIJETOB aJPOHOB CMeLleHbl OTHOCHTEJNBHO
CpelHero 3apsja HYKJOHHOro Ay6JeTa. 3TO cMelleHHe ONpeAesseTcs
KBaHTOBLIM HYHCJIOM, KOTOPO€ HAa3BIBAeTCSl CMPAHHOCHE!.

Crpannocts S=2(Q)—B, rae B — Gapuonnoe umcino, {(Q) —
cpennuil sapsj MyJabTuniera. s 7-Me30HOB H HYKJOHOB CTPaHHOCTb
paBHa HYJ10. CTPAaHHOCTH COXPaHAIOTCS B CHJBHBIX M 3J1€KTPOMAarHHT-
HDLIX B3aMMOJEHCTBHX.

11. NPEBPAILEHHE YACTHL

Ilpu pasnuuubix BHAaX B3anMOAeHCTBUH OJHM 3JieMEHTapHHIE 4Ya-
CTHIBI MOTYT NpeBpauatecs B Apyrue. Hanpumep, npu caa6om B3aumo-
JeHCTBHH HEATPOH MPEBPAILaeTCsl B MIPOTOH, 3JEKTPOH B AHTHHEHTPHHO!

n— p-4e- '{’e:

Mesolibl pacnajaloTcsi Mo cxeMam

at — p'+ +vl-h
nT—un- +Vus
=+
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O6pasoBaBuKecs JENTOHL — MIO0H6! — NPOJOJIKAIT EACKaj npe-
BpalleHnii:

pt—et4-vetvy,
P — e 4-ve4-vu.

Ilyuku sneMeHTapHLIX YacTHL ¢ 6Goabwoil sneprue} npm BCTpeue
C AAPaMH WJH HYKJIOHAMM MHLUIEHH NPUBOAAT K PeaKLHsAM 0Gpa3oBaHkst
(POMAEHHS) TANENBIX 3JEMEHTAPHBIX YacTHIL '

p+N— A-KO,

p-+n—» p-Fn+E- 4K+,
p+n-— p4+n43+4+K°,
p+n— p-+n-+204K°

B ykasanublx peakuusax o6o3HayeHbi:
at, 7, 710 — MONOXHTEJNbHHIH, OTPHUATENbHEIN W HeHATPadbHELI
f-Me30Hb; KT, W~ — NOJOXHTENbHBIH H OTPHIATENbHBHIA MIOOHH;

Ve, V , Ge, Gu — 3JIeKTPOHHOE M MIOOHHOE HeHTPHUHO H HX aHTHYaCTH-
nEl; e~ — sJjgekTpoun, et — MO3UTPOH, P — NPOTOH, N — HEHTPOH,
N — axpo, -, T+, Z0 — oTpPHUATENbHDII, NOJOXKHTEAbHbIH H HeHT-
PajabHBIl CHrMa-runeponsl, A — asm6aa-runepod, KO — Ka-Hyab-Me-
son, K+ — ka-naoc-Me3oH, y — ¢OTOH. R

[Tpu BcTpeue yacTHUb ¢ aHTHUacTHIlell NPONCXOAHT peaKyus aHHU-
eurayuu;

e~ Fet — 2y,
p+p—> 2at 421~ -} a0,

IMpu TopMoxkenun ¢y-kBauteB 60.JblIOH 3HepPrun oO6pa3yloTCA napLl
3JIEKTPOH — INO3UTPOH:

T— e~ et

12. KBAPKH U CTPYKTYPA ARPCHOB

CpoiicTBa afpOHOB H HX NPEBPALICHUS MOXKHO OOBSACHUTb, €CJH
JONYCTHTBb, YTO ONH COCTOAT U3 6oJiee «3/1eMEHTapHBIX» YacTHL, KOTOphe
Ha3bIBAIOTCS KEAPKAMU.

K nacrosmemy BpeMeHM H3BeCTHHI MATb COPTOB («aPOMAMO8»)
KBapKoB (u, d, s, ¢, b), KaxAHil U3 KOTOPHIX CYLIECTBYET B TPeX «ysemo-
6bLX» PA3HOBUAHOCTAX (CKEATDLII», «CHHHE», <KpacHBIH»). KBapku umeior
-noayuesanlit cnui. CBoficTBA, KOTOPLIMH HaleseHb! KBapKu, HEOGBIYHEL.
Jonyckaercsi BO3MOXHOCTb CYLIECTBOBAHHSI APOGHOrO 3JIEKTPHUECKOro
u 6apHOHHOrO 3apsj0B.

HeKkoTopble XapaKTepHCTHKH KBapKOB MNPHBOAATCA B TabJuie.
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DyleKTpHYECKHit 3apsa, Bapuonusift
Ksapx B eIMHHUIAX %p 3apsp Caun, &
u 2/3 1/3 1/2
d —1/3 1/3 1/2
s —1/3 1/3 1/2
[ 2/3 1/3 1/2
b —1/3 1/3 1/2

[Mpeanonaraemas CTPyKTypa NPOTOHA H HefTpOHa

npeacrasJieda

B TabJuue.
OpueHTauus
OsieKTpHYECKHE 3apSAABI
Yacruua CocraB CMHHOB
KBapKOB, B efHHHLAX € KBapKOB
Iporou uud 2/3, 2/3, —1/3 t it
He#Ttpon udd 2/3, —1/3, —1/3 ty

TABJIMLBI U TPAGHUKH

OHepreTHyeckue ypoBHH aToMa BOXOpOAA

DHepreTuyeckKHe ypoBHH paccuuthiBaiotcs mo ¢opmyae (5.7). HMec-
NoJAb3ys CXeMy YpOBHei, JIEFKO PacCYHTaTh YacTOTHl CNEKTPaNbHBIX

=r P14
- = =4
72 ~ 1) < ‘ iL '7.5
> CEOUR
- :‘g l&?/]awe,‘/qm
r ceoust “*
N Lanbreua
cof
IR
§€ ré
< RN
4N
2+
/4 72 . =7
DU
Jrdmana
Puc. b5.5. Cxema 9oHepreTHYeCKHX

YPOBHell H CHeKTp H3JyUeHHA aToMa

BOAOpPOAA

JIUHUHR B CNEKTpe aToMa BOJOpPOAa
u3 cootHomenus (5.2).

Ilpn nepexoxe 3JIeKTPOHOB Ha
ypoBeHb n=1 H3Jyyaercs cHCTeMa
nuHuil, naspiBaeMas cepueid Jladma-
Ha (puc. 5.5); aunuu sTOR cepuu
HaXONATCA B  YJAbTPadHONETOBOH
obJsacTH.

Ilpu nepexose Ha ypoBeHb n=2
H3Jy4aloTC JHHUH cepuu Barvme-
pa (4eThipe JHHHH 3TOH CEPHU Haxo-
JATCA B BHIAMMOH 49acTH CHeKTpa,
ocTajlbHble — B YJAbTpadHoxere),
NpH Nepexoie Ha ypPOBeHb n=3 —
aunuu cepuu Iawena (undppakpac-
nas 06JacTb).

Yucma y caMBIX KOPOTKHX
CTPeJIOK KaxJHolt cepun Ha pHC. 5.5
YKa3bBAOT HauboJbWyld JIHHY
BOJHH (HM) B JXaHHOH cepHH.
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TaGauuwa 139. Cxema 3anojHeHHS SNEKTPOHHRIX 060J0uEK

aToMoB
KBaHTOBHIE 4HCJsIa Makca-
MaJbHOe
O6on0uK r_'n%)'}:f: ) YHCII0
. n 1 m m SJIeKTpo-
1 s HOB
K s 1 0 0 +1/2 2
]
2s 0 0 +1/2 2
2
L
—1 +1/2
2p 1 0 +1/2 6
+1 +1/2
3s 0 0 +1/2 2
-1 +1/2
3p 1 0 +1/2 (]
+1 +1/2
M 3
-2 +1/2
—1 +1/2
34 2 0 +1/2 10
+1 T172
+2 +1/2
4s 0 0 +1/2 2
-1 +1/2
4p 1 (1] +1/2 6
+1 +1/2
8
-2 +1/2
-1 +1/2
N 4 2 0 172 10
+1 +1/2
+2 +1/2
-3 +1/2
2 +1/2
-1 +1/2
4p 8 0 +1/2 14
+1 +1/2
+2 +1/2
+3 +1/2
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TaG6aema 140.

P(lcnpe,r.ze.neﬂue 9JICKTPOHOB BO BHELIHHX

000J104Kax
BHewnue Brewne
Diiemews 000J0YKH Snemeur 050JI04KH
Bopopon 1st Kcenon 5s25p0
Teaunt 1s2 Lleau#t 635t
JluTui 2st Bapuit 652
Bepunnut 252 Jlantan 5d16s?
Bop 2s22pt Hepmit 41541652
Yraepog 2522p% IIpaseonum 4f36s2
Asor 2522p8 - Heogum 4f46s?
Kucaopog 2522p4 IMpomeTnit 40652
DTop 2s522p3 Camapuft 4fips?
Heon 2522ps Esponuft 4§76
Harpuft 3st Tapoanuuit 4f75d15s?
Marnu#t 3s* TepGuit 40652
AJIOMHHHR 3s523pt JOucnpo3uft 4f106s®
Kpemuuit 3s523p2 Toabmuit 41162
Dbocdop 3s23p® DpSuit 412553
Cepa 3s23p* Tynunit 4f136s
Xuop 3s23p3 HrrepSuft 4f146s2
Aprou 3s23p¢ Jlioreun# 4f14541652
Kanni 451 Taduuit 5d26s?
Kanbuut 452 TanTan 5d36s?
Ckauauft 3d14s? Boabbpam Ed46s?
Turan 3d24s? Pennit 5d56s2
Baunaauft 3d34s® Ocmuit bd35s
Xpom 3ds4st Wpupu# bd?6s2
Maprarniey "3ds4s? IMaaruna 5d?6st
JKeneso 3de4s2 2os10TO 5dt¢6st
KoGanbp 3d74s2? PTyTh 541062
Hukenn 3d84s® Tannu# 6s26pt
Menb 3d194st CpHEel, 65263
Linuk 3d104s2 BucmyT 6526p3
Tannuf 4s24pt INonoHuit 6s25p*
Yepmauuft 4524p? Actar 6526p%
MbilIbAK 4524 p3 Panox 6526t
Cenex 4s24pt dpanuuft 7st
Bpom 4524ps Panuit 753
Kpunton 4524 ps AgTHHHA €d17s?
Pyouputt 5s1 Topwui €d27s3
CrpoHuu 58 ITpoTakTHHHA 5f26d17s?
Hrrpuft 4d15s? Ypau 5f26d17s?
ﬁupuomm 4d25s2 Hentynu#t 5f16d17s?
nobui 4d45s! ITnytoun# 5f87s3
MonuGaen 4ds5st Amepuuuit 5f77s2
TexHeuu 4d35s2 Kiopuit bf76d17s?
Pytenu#t 4d?5s Bepkaut 5f86d17s2
Ponuit 4d85st Kanupopuuft 5ft07s2
HNannagut 441955 DitHwTeA HU 5f117s%
CepeGpo 4d105s1 depMmuit bf127s8
Kagmuit 4410553 Menaenesuft Bf137st
Heanit 5s25p1 HoGenni 51472
OnoBo 5525p3% JloypeHcu#t bfte6d17s2
YpbMa 5s25p3 KypuartoBuit 6d27s?
enyp 5525 p4 Huabc6opuit 6d37s?
Mop 5525p%
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Ta6auna 141. OcHoBHbe JuHHM K-CepHH PEHTreHOBCKOro
XapakrepucTHueckoro cnektpa u K-kpail noryoiue-

HHA
JJivHa BOJIHEI, M
dnemen?

oy oy B K-xpait
AnoMunun 989 956 795
Kpemuuit 712,8 712,56 676,8 672,8
Xpom 229,4 229,0 208,5 207,0
Maprane 210,6 210,2 191,0 189,6
XKeneso 194,0 193,6 175,7 174,3
Ko6anbr 179,38 178,9 162,1 160,8
Hukenob 166, 2 165,8 150,0 148,8
Mean 154,4 154,1 139,2 138,0
Hunx 143,9 143,6 129,56 128,3
Tepmannit 125,8 125,4 112,9 111,6
Cene 110,9 110,56 99,2 98,0
Bouabdppam 21,4 20,9 18,4 17,9
3o0s0T0 18,5 18,0 15,9 15,3
Ceunel, 17,0 16,5 14,6 14,1
VYpan 13,1 12,6 11,1 10,7

Tab6nuna 142. OcHoBHblE XapakTePHUCTHKH JETKHX sijaep

Ane- ‘-lrx[lg(.v)l'o LL::%’.? OTHOCUT. aTOM- Oo;xepz«anne, Tlepnoa noay- | AKTHBHOCTb
MeHT | yonoB | poHOB Hasg Macca % pacnaja
H 1 0 1,0077 99,98 crabHJIeH
D 1 1 2,0139 0,0 »
T 1 2 3,0159 1013 12,26 ner p=
He 2 1 3,01588 1,3.10—+¢ cTabHeH
2 4,0024 100 »
3 5,0118 - 6:10—20 ¢ o, n
4 6,0183 - 0,8¢c B
C 6 4 10,0169 - 19,5 ¢ g+, ¥
6 11,0109 — 20,3 muH gt
6 12,0000 98,9 crabuJieH
7 13,0027 1,1 »
8 14,0026 - 5730 ser (i
(o} 8 7 15,0023 - 2,1 Mun gt
8 15,9942 99,76 crabuien
9 16,9983 0,04 »
10 17,9984 0,20 »
11 19,0026 — 29,1 ¢ B=, ¥
Al 13 13 25,9868 — 6,4 c g+
14 26,9803 100 cTauiiex
16 27,9807 - 2,3 mun B~ ¥
16 28,9792 - 6,6 mMuH [

TipuMeuanune B~ —u3lyyeHHe 3JIeKTPOHOB, B+ —m3snyueHue noaurpoHosn,
Y — ramMMa-k3JyycHHue, o — SIApO resiud, N — HEHTPOH. YKAa3aHO COAEPIKAHHE H30TONA
(P TPOLEHTAX) B 3€MHOI KOPE OTHOCHTENBHO OOLIEro KOJHUECTBA H30TONOB JaliHOro

3J1€MEeHTa.
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Ta6muuna 143. Bera- u ramma-pajHoakTUBHBIE SApa

dHeprus uaayueuusi, M>B
Macco- ‘Tlepuon
dneMeHT BOE
ancao | TOYPacnana B-dacTHUB B-H3JIyueHHe

Yraepon 14 6568 Jser 0,153 —_
Harpu#t 24 15,0 4 1,39 1,38; 2,78
docdop 32 14,3 cyr 1,71 -
Cepa 35 87,1 cyr 0,167 -
Xanop 36 3,1-108 yrer | 0,714 -
Kanbuuft 45 152 cyr 0,254 —
Turtau 51 5,8 mun 2,13 0,32; 0,61; 0,93
Xpom 51 28 cyr - 0,32; 0,57
XKeneso 55 2,9r - 0,21
Kenezg 59 45 cyr 0,46; 0,27 1,1; 1,29
KoGansr 60 5,3 r 0,3 1,17; 1,83
Cenen 75 127 cyr - 0,2—0,
CtpoHU U 89 61 cyr 1,46 -
LlupKoH nit 98 65 cyr 0,36; 0,40; 0,88 0,23; 0,72; 0,75
TexHeunt 99 2,12:10% ner | 0,3 -
Cepe6po 110 270 cyr 0,087;0,53; 2,12; 2,86 |0,1—2,8
Cepe6po 111 7,6 cyr 0,7; 0,8; 1,0 0,28; 0,34
Kanmu# 109 43 cyr 0,7; 1,61 0,5—1,3
Kanmuit 115 470 cyr 0,087
Hon 131 8,14 cyr |0,25; 0,34; 0,613 0,82 |0,08—0,73
Ile3u# 137 27 ner 0,51; 1,17 0,66
ITpomerni 147 2,6r 0,22 0,121
Esponu# 155 1,7r 0,15; 0,24 0,06—0,1332
Tynuit 170 129 cyr 0,88; 0,97 0,08
Tauran 182 111 cyr 0,53 0,06—1,8
Bonsdpam 185 73,2 cyr 0,37; 0,43 0,056;0,87;0,77
Wpunuit 192 74,4 cyr 0,10; 0,26;0,54;0,67 |0,2—0,
3onoto 198 2,7 cyr 0,29; 0,96; 1,37 0,41-1,09
3on0T0 199 3,15 cyr 0,29; 0,44; 0,47 0,05; 0,163 0,21
Pty 205 6,6 mMHH 1,8 0,2

Ta6auuma 144. MckyccTBeHHO NOJMYYEHHBIE SJEMEHTHI

ATOMHBIH Maccossie yucaa IMepuoa noay-

HOMep Haspaune Cumson M30TOMNOB pacnaga
61 IMpomerust Pm- 141—154; 15_ ~18 ner
85 Aorar At 210-219 8,3 w
87 ®panuuft Fr 203—229; 223 21,8 muu
93 Henrynuft Np 227—-241; 237 2,14.10% jger
94 MayToun#t Pu 232—-246; 34_4 7,6-107 ser
95 Awmepunuft Am 237—247; & 7370 aer




TABJIMIbBl U TPA®HUKN

223

Ta6anuma 144 (n;000n01cerue)

ATOMHBI}

MaccoBrie uncaa

Tlepnon nony-

HoMep Haasanne Cumson H30TONOB pacnana
96 Kiopnit Cm 238—251; ".’l’l. 1,64.107 ner
97 Bepkauf’ Bk 242-251; 247 1380 aqer
98 Kanudpopuuft Cf 242—-256; _‘.il 200 ner
99 SHnwTeAHNA Es 245—-256; _2i4_ 276 cyr
100 depuni Fm 244-—258; 257 97 cyr
101 Menpenesnt Md 252; 254—_2_5_2 56 cyr
102 HoGennt No 251—_2_5_9_ 1,5 4
103 Jloypencuft Lw 255—& 3 wvnu
104 KypuartoBuft Ku 254—?6_1 70 ¢
105 HuabcGopuit Ns 257; 260—-_22 4C c

Mpumeunanue.
NEePHOAOM ToNypacnapa;
nonypacnapa.

2. IlpepnonaraeTcs CyIECTBOBaHHE SJIEMEHTOB C aTOMHBIMA HoMepamu ot 105

no 118.

1.

B TabaKUe YKa3aHbl 3HayeHHs

TloquepKHYTH MacCOBLiE YHCJIa M30TONOB ¢ HauGoybunid

HAUGOJBILIKX DNCPIOLOB

Ta6auma 145, Maccosble KO9QPHUHEHTH noOrjomer:s

PEHTICHOBCKOTO M3ny4yeHHs (cM2/r)

DNIeMEeHTH!
Hmna
BOJIHbI,
HM .

C N (o] Al Fe Cu Ag Pb
0,02 0,167 0,177 { 0,183 | 0,27 | 1,06 | 1,45 5,4 4,68
0,04 0,243 0,34 0,336 | 1,05 | 7,1 10 37 23
0,06 0,40 0,73 0,730 | 3,3 23,5 32 17 77
0,08 0,80 1,51 1,53 7,3 50,7 71 39 147
0,10 1,40 2,6 - 14,0 95 134 71 77
0,12 2,6 - - 24 170 218 120 123
0,14 3,9 - - 36 270 42 174 1.0
0,16 5,8 - - 55 390 60 250 2R 8
0,18 7,9 - - 79 61 85 | 354 300
0,20 10,0 —_ - 106 78 119 436 -
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TaGauma 146. AToMHble M HOHHBIE PaAHyCHI

(B MHKOMETpax — IIM)

Paguyc, M

MOJIOXHUTENbHbI HOH

HefiTpa/ILHBEIH aToM

OTPHUATENLHLI KO

dneMeHT
Paanyc
sapan, ¢ paanyc sapan, e paruyc
3. opoKT.
Li 1 70 155 159
Be 2 34 113 10t
B 3 20 91 78
Q 4 20 77 62 4 260
N 5 16 71 52 3 1438
o 6 9 45 2 136
F 7 19 40 1 129
Ne 160 35
Na 1 98 189 171
Mg 2 74 160 123
Al 3 57 143 131
Si 4 39 134 107 4 271
P B 35 130 92 3 186
S 6 29 81 2 182
Cl 7 26 72 1 181
Ar 192 66
K 1 133 236 216
Ca 2 104 197 169
Sc 3 83 164 157
Ti 4 64 146 148
\% 5 40 134 140
Cr 6 35 127 145
Mn 7 46 130 128
Fe 3 67 126 123
Co 3 64 125 118
Ni 3 85 124 114
Cu 2 80 128 119
Zn 2 83 139 106
Ga 3 62 139 125
Ge 4 44 139 109
As 5 47 148 100 3 191
Se 6 35 160 92 2 193
Br 7 39 85 1 196
Kr 198 79
Rb 1 149 248 229
Sr 2 120 215 184
Cs 1 165 268 252
Ba 2 138 221 206
Fr 280 245
Ra 2 144 235 204

IMTpuMenaHwue.

nyicluiero HoHa.

ITycTeie MecTa B Tab/aulUe O3HayaloT OTCYTCTBUEC COOTBCTCT-
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Ta6nuua 147, dnemenrtapHbie YacTHUH

225

)
3
3 #
g g & Cpeguee THIHYHBIC
Yactuua @ 2 " = g BpeMst MPOAYKTH
3 2 © N S = WKH3IH, C pacnaja
a ® 3] ] = =1
Ele(s3|El5e
o s |[=2|85]|a8|6
Tuneponst
KCA-MUHYO-CHITe- = | =1 {1319} 172 | +1 | —2 2.10—1° KT +A
pPoOH
KCH-KYJ/b-THMIEPOH Be of1311)1/2) 41| =2 2.10~10 0+ A
CHrMa-MuHYyQ-rume- | £~ | —1 [ 1196] (/2| +1 | =1} 1,6.107%°] #x—+n
poy W .
CHIrMa-Hy/beTHIIe- z° ojt192) /2] +1 | —1 10=3 V4+A
pou
CHCMa-TIJHOC<THITe- =+ |4t ]t190| 12| +1}-=1}]0,8-10-10 {n+ +n
poH n°+p
naM6a-r HNepon A oftt15) 12| +1 | =1]1,5.10=1°) n—4p
Hykaonst
HeAAiTpon 0f 940 172 ] +1 0 1,0.10% e~ +Vv+Dp
npoToH +1 938 1/2 | +1 0 | crabuiaen
M esonot
Ka-HYJIb=ME30H K° 0] 4981 O 0 | +1 {.10=10 nt+m—
HITH o+t
6-10—2 Xt +pFV
Ka-TJI0C-ME30H K+ | +1 494 0 0 +1 | 1,2.10-8 nt+v
nt +n
fH-MJT0C-ME30H at | +1 140} 0 0 0 2,6-10=8 | p+4v
[OH-HY/IbME30R e 0 135} 0 0 0 8.10~17 Y+y
doToH 0 0 l 0 0 CTaGHNeH
Jleamonot
MIO-MHHYC-Me30H u= |—=1]106}1/2] 0 —|2,26-10=8) e=4viv
SJIeKTPOH e~ -—110,51111/21 0O — | craGuaeu
HelITPHUHO v 0 0 172 0 - »
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Ta6anua 148, HMCTOYHMKH M3nyyeHHs M AETEKTOPHI
IJsl O6HApYKEHUSA 9/IeMEHTAPHBIX YaCTHI

Yac- YTo GbIIO M3MepeHO HJIH ITpuGopur pna
qunn | HETOUHMKE Hanyyenns HabJaonanoch HabJIoeH s
- ~
v SlnepHuifi peakTOp P+V—>n+e+, annurunnuuy | Cuerunkn
e+, saxmar n
e= | KarogHo-nyueBas OTHoleHHe sapsila K Macce dayopecuenTumft
TpyGKa 3KpaHn
et | KocmMuyeckue nyun OTHouenHne 8apAfa K macce Kamepa Buabcona
ut | KocMuueckue ayun [ornowenne wuanyyenus npu | Kamepa Buascona
- NMPOXOXAEHHH uepe3 CBHHel|
He Ha6J0janoch; pacnajaer-
cfl B COCTOSTHHH NOKOS
n+ KocMuueckne ayuu Pacnaj B COCTOSIHHH MOKOS AMynbCHA
n= | Kocmnrueckne ayun Sinepnoe B3aHMoZelicTBHe B | dMyabcus
COCTOSSHHH TNOKOR
n° Yckopurens Pacnaa ¢ o6pasoBanneM Hefite | CueTyHKH
PpHIO
K+ KocMuyeckne nyan Pacnapn OMyabCHA
K= | KocMuueckne ayyn SlpepHoe BsamMoZeHcTBHE B | IMYJbCHS
COCTOSIHHH TOKOS
Ke Kocmuyeckne ayyn Pacnap na n+ +x— Kamepa Buancona
n Mononnit-Gep naauesmlii 10 7 Honnsaunonnas
HCTOYHHK Peaxuuﬁ 5B+n 3Li+a Kamepa
P YckopuTens OTtHoulenHe sapsfia K Macce n | CyeTynkn
AHHHUTHJASIUHHA
n Yckopurens AHHUTHASIUKSA CueTynkH
A° Kocmuueckue ayyu Pacnap Ha p+n™ Kamepa Buiaocona
A° Yckopurens Pacnag na p+n+ AMyabcus
>+ Kocmuyeckue ayun Pacpnaa B COCTOSIHMH MOKOR SMyaAbCHA
I= | YckopuTens Pacnapg Ha 1™ +n AnddysHonnan Kae
Mepa
Z° | YckopuTenn Pacnap Ba A°+y IMy3rpsKoBas  Ka<
Mepa
E- KocMuyeckne ayun Pacnap na t= 4+ A°® Kamepa Buancona
8e YcKopHTeNIb Pacnap na m®+ A® [MyswpuLKOBasi  Ka-
Mepa
3 YCHOPHTeNb t — nt+v, HckpoBas kamepa

V4N —> p+p=

Ta6auuma 149. HonnsaunoHHHE NOTEPH Q-YaCTHUH B rasax

Fas Hy He O, N, Ne Ar Kr
Morepn, 8B 36,0 | 30,2 | 32,3 | 36,2 27,1 | 24,3 | 22,3
Fas Xe Cco CO, | Bosayx| CH, C,H,
Torepn, 6B 21,3 | 33,9 | 33,8 | 34,7 | 29,3 | 26,9
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Ta6auma 150. MaccoBoie KoabhuuUHEHTH ocnaGreHust
9/IEKTPOHOB B aJIOMHHHH

dueprus, 3B w/p, cm?/r dueprus, 3B w/p, cm?/t
<10 2,5-108 1,0-10% 130
5,8-103 1,5-10s 2,0-10% 29
1,05-104 3,5.104 4,6-10% 9,0
4,66-10% 740 6,6-108 6,0

Ta6numa 151, Cpexnuit maccosbiii npoGer MNPOTOHOB BLICOKOI
aHepruu (r/cm?)

SHep;‘é{ﬁ, Bepuanuti | Yraepoa Bosayx AT,‘:R‘“ Meab Cauuen
50 2,722 2,488 2,557 2,928 3,599 6,275
75 5,655 5,160 6,293 6,021 7,321 10,52
100 9,461 8,623 8,835 10,01 12,01 17,17
500 144,4 131,3 133,3 148,9 174,9 237,6

1000 404,0 365,3 370,0 412,0 479,4 642,2
5000 2879 2584 2543 2587 3248 4185
10 000 5889 65270 5081 5777 6512 8234
Tab6auumwa 152. MoMeHTHl MMNYJbCOB M MArEMTHBIE MOMEHTH
HYK/IOHOB H SIieD HEKOTOPLIX 3/CMEHTOB
MaruuTaoii
Z siapo Maccoboe 4HCJIO I, h MOMEHT, 1Ly
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 3/2 3,2532
4 Be 9 3/2 —1,176
b B 11 3/2 2,686
6 C 12 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 ItL, 113 1/2 —0,65
110, 112 0 0
114, 116
80 Hg 199 1/2 0,6
201 3/2 -0,6
198, 200 0
200, 204
82 Pb 207 l({? 0,6
204, 206, 208 0

.Mpumeyanue 3HaK MUHYC B NnOCJAefHeM CTOJAGUE YyKa3nlBaeT Ha TO, YTO
nanpasJieHdsl MarHUTHOTO H MEXaHHYECKOrO0 MOMEHTOB NPOTHBOMOJIONHBL.
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Ta6auua 153. Jlo3oBuie npepeinl 06ay4eHHS
«HopMamu papnaunuoHnoft Gesonachoctdi HPB-76» ycTaHaB/aHBaloTCA CJeAyio-
mue Kateropuu o6jyyaeMbIX JIHIL KaTeropusi A — nepcoHas; Kateropus B —orpanu-
ucHAAS YyaCTh HaceJieHHs; KaTeropus B —HaceJeHue 06JaCTH, Kpas, pecnyGJHKH,
CTPAaHBL.
B riopsake yO6biBaHHS UYBCTBHTEIbHOCTH K OGJYYEHHIO YCTaHaBJIHBAETCA TPH
rpynnel KPHTHYECKUX OPraHOB;
1 rpynna — Bce TeJ10, rOHafibl, KPacCHbI KOCTHHIH MO3r}
11 rpynna— Mpluusl, IWHTOBHAHAS JKeJe3a, KHPOBasi TKaHb, MeyeHb, TNOYKH,
cesle3eHKa, XeJYAOUHO-KHINCYHBbIH TPaKT, JIErKHe, XPYCTaJlHK Iyasa; .
111 rpynna— KOXHbIii MOKPOB, KOCTHASI TKaHb, KHCTH, NPeANJeYbs, JIOABIKKH,
cTona.

I'pynnel KPHTHYECKUX OPraHoOB’

Jlosonﬁe -pefiesibl BHEIIHero H BHYTPEHHEro .
o0NyyeHHs, SHBEpT 8a rof
. 1 11 111
npeﬁxenbno AoNycTHMas J03a AJA KaTeropun 0,05 0,15 0,3
I‘li)enegr nO3H ANs kareropuu B, I1J 0,005 0,015 0.03f

INpumeyanue. 1. 19 KaTeropun A (3a HCKJIOYEHHEM XXeHUUH g0 40

neT) pacnpejeseHHe AO3bl H3JYU€HHs B TeyeHHe rona He pPerjlaMeHTHpyeTcs .
9 l'llﬁ}.IB -J1I0O6OM cJlyyae A0sa, HaKonJeHhas K 30 rojaM, He AO/DKHA NpeBbINaTh

12

3. JAasa xenmuH Ao 40 Jer pos3a o6ayueHHs Ha 00NacTb Ta3a He JOJKHa mpe-
sowatse 0,01 suBepT sa sioGule 2 Mecsla.

4. PersamenTauus o6Jayuenusi KateropHn B ycraHaBauBaerci MHHHCTepCTBOM
sapaBooxpanenusi CCCP.

Té 6auna 154. Tepmoagepusie peaxunu Bo Bcenennodt

Peakuus Oneprus, MsB Cpe;g;:;:g:mn

Bo0opolxblid yuxka

p+p = d4+B+4+v 0,33 (0,51) 1,4-.10%° ger
Bt +B— — 2y 2,04 -
p+d — *He+y 10,98 5,7 ¢
*He+*He — ‘He +2p 12,856 10¢ nep

Yeaepoonud yuxa

p+1¥C ~—> 13N +y 1,95 1,3:107 Jser
18N —> 13C+ B+ +V 1,5 (0,7) 7, MHH
p+33C —> 14N+ y 7,54 2,7-10¢ jger
p+UN — 130 +9y 7,35 3,3.10% jer
BO —» IN+B+ +7 1,73 (0,98) 82 ¢
p+1N —» 12C+ ¢He 4,96 1,1-10% nep

TMpuMmeganue. B cko6kax ykasaHa sHeprusi HedATpuno. Bpemena peakunt
paccynTann Ans ycaosrit B uentpe Connua (T oy 1,3:107 K, nnotHocts BOROpoAd
100 r/cm3).
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Ta6auma 155. Peakuuu cuHTe3a U SHeProsuijejieHHE

dueprun
, dHeprus
Peakius * | oy 6aPH | qactuu,
aKu °B M MsB
1 p+p —> d+Bt+v 2,2 103 -—
2 p+d —> 3He+y 5,6 10—+ -
3 p+t —> ¢He+y 19,7 10—¢ —_
4 d+d — t+p 4,0 0,16 2
5 d+d — *He+n 3,3 0,09 1
6 d+d —— ¢He+y 24,0 — —
7 d+t — fHe+n 17,6 5,0 0,13
8 t+d — 4He+n 17,6 5,0 0,198
9 t+t —> ¢lle+2n 11,3 0,10 1,0
10 d+3He — ¢He+p 18,4 0,71 0,47
11 3He +3He — ‘lle+2p 12,8 - —
12 n+8Li — ¢He+t 4,8 2,6 0,28
13 p+°eLi —> $lie+21le 4,0 10— 0,3
14 p+7Li —> 24He+y 17,3 6-10—3 0,44
15 d+eLi — L1 +p 5,0 0,01 1,0
16 d+8Li — 24He 22,4 0,026 0,6
17 d+7Li —»> 24He+n 15,0 103 0,2
18 p+°Be — 2¢He+d 0,56 0,46 0,33
19 p+°Be —> SLi+4He 2,1 0,35 0,33
20 p+1B — 3¢He 8,7 0,6 0,675
21 p+18N —> 12C+4He 5,0 0,69 1,2

INMpumeuwanne d—refitpod (aapo Aeittepus D), t—Tputou (A4po TpuTHA
T), 0,,—MaKCHMalbHOE SHauenue a¢bexTUBHOIrO ceuenns. B mocaeane#t rpade yka-

3aHbI 311eprm| 6oMGapAAPYIOILIX HACTHIL, ~ COOTBETCTBYIOLUIHE MaKCHMAJbHbIM 3Haye-
HHAM O, . ’
M

Ta6auna 156. pdekTusnsie ceyeHns HeATpoHOB

B uepBoM CTOJIGLE YKAa3aH 3JIeMEeHT, BO BTOPOM —IOJIHO® CeyeHHe ¢ forjoule-
HUA M paccesiHusl OGbicTpaix HeliTporos (3—10 MyB); B TpeTbeM, YeTBEPTOM K NATOM
cTonBuax yKasatbl CeYeHMs [/ TeNJOBLIX Hempouos (0,025 3B): 0, —ceuyenue
paccesinus, Op —CedyeHHe MOIrJIOWeNnHs, O,—ceyeHue 06pa30BaHHA HCKYCCTBEHHOrO

z/eMenTa (ceueune aKTHBAUMH) AR paanuqﬂblx H30TONOB; 3DpPeKTHBHLIE ceyenus
yka3aHel B GapHax; | Gapu=10—2% M

TenJjoBble HEATPOHBL
BricTpbie .
HeATPOH B!
DAeMeHT
- % o, g,
o
H 0,9 38 0,33 -
He 1,4 0,8 — -
Al 1,7 1,41 0,23 0,23
Fe 3,0 11,4 ] 2,53 0,003
Ni 3,2 17,5 | 4,6 0,03
Cu 3,2 7,8 13,7 0,64;-2,9
Ge 3,4 9 2,4 0,002; 0,02; 0,2; 0,6
Cd 4,3 7 2600 0,1; 0,3; 0,04
Hg 4,8 21 380 0,025; 1,0
Pb 4,7 11,410,17 0,0003
Th—232 7,2 12,6 | 7,4 7,4
9] 5,2 8,3 17,68 2,73; 0,76
U-235 1,3 - 687 107; 580 (meneuue)
Pu-239 2,0 - 1065 315; 750 (peneune)

Mpumeyaunne, B nocregiem crondue AT HEKOTOPHIX SJEMEHTOB YKA3bi-
BAIOTCA 3HAYEHHA O, AJIf PAa3JIHYHLIX H3OTONOB; AJNA ypaHa- -235 ¥ nayToHus-239

yKasatbl 3cbcbeKmBHue CeueHHA peakuun Ac/ICHHSA.
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Ta6auma 157. Jiauna cpeanero npoGera o-4acTHIY

Bueprus, M>B 4 5 6 7 8 9 10

B Bosayxe (npu 20 °C u HopMm. | 2,513,5|4,6(5,9|7,4|8,9{ 10,6
AaBJ/IeHHH), CM

B aJllIOMHHHH, MKM 16 | 23 | 30 | 38 | 48 | &8 69

Jnrna npoGera

B GHosorHyeckoi TKanm, MM | 31 | 43 | 56 | 72 | 91 | 110] 130

KomnonenTh Jannefinoro xospduunedta ocnabaeHus y-usnyyenus
B allOMHHER H CBHHLE

7” R ELRRALL ILRLRLL TTT
AL 3
Y E N
§“1€5 3
Y B ¥ 3
P 3
y F \ 1
§@7= \ \ 3
L
401 it N 11%
q07 aq7 10 /4
~ Jﬂipazg/‘/aﬁ
) 7005 T TIYTm T T TTTT T TTIT =
TN
)
X [A-wpai T
S 5
Yy E E
3 F ]
¥y 7 2\« -
Q T
§:0’ = A E
S E \\\,
~ g
gj grtnl ¢t lll!ln\ L 3““
q017 q7 Y4/ Y/

Gﬁepalgl, M3l

Pnc. 5.6. Iornollenne y-nsayyenus B aJioMHHuH (@) u cennue (6); Kpusas I — pac-
ceanne (0), 2 — dorosddext (1), 3 — o6pazoBanue Nap 3JeKTPOH — NO3UTPOH (%),
¢ = DOJHOE NOrJIoujeHue (U); WKaau JorapudmuyecKne
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Houuaupylomee KOCMHUYECKOE H3JNy4YeHUE

N N
Q /7\
S \,
S
S AR
Puc. 5.7. HoHusupymoiiee KocMuyec- ~N B _
KoOe M3JyYyeHHe Ha 51° ceBepHO# LWIHpO- x N
Tol: KpHBas [ — oOW@as HHTCHCHB- Q \
HOCTb, 2 — MArKas (3J1eKTPOH-NpPO- N 70
TOHHAsA) KOMMOHCHTA, 3§ = XecTKas Ny L —
KOMMNG:iehTa N
§ L 5 4
3
N
1
g 20
Loicomaxm

YieabHas sHePrus c3s3H HYKJIOHOB B sjpe.

ITo ocn aBcumucc (puc. 5.8) OT/IOKEHBI MaccoBLIe YHC/IA, MO OCH
OpAHHAT — Yyle/NbHAsl 9HePrus cBasH (M3B). 3nadenns sumepruu cBaA3u
JIErKHX siliep yKa3aHbl 0co60; CIJIOIWIHAS KPHBasi MNpeAcTaBjsieT coboil
yCpPeNHeHHBIE 3HAYeHHsl MO U306apaM; MOALEMBI H BIALHHBI HA KPHBOI
Ha6/I01aI0TCS B KCIICP HMEHTE.

> o

AE/H M8
b

NN

/4 70 7% 200 A

Puc. 5.8, KpuBas yJenbHON sHepruu CBA3M

[Tonyyenune anepHoit SHEPTHH BO3MOMKHO HJIHM MyTeM AEJCHHS THe-
JbX /P, MM NMYTeM CHHTE3a JIETKHX flep; B OGOHX CAydasX MOJy-
4aloTCs HOBBIE siAPa ¢ GoJblieli dHePrueill CBA3H, 4eM SHEPTLHsS CBs3H
siiep RO NpeBpalleHHs.
Henedne spep.
Slapo ypana-235 penntcs TemsoBbiMH Hefitpomamum (0,025 3B) Ha
ABa HepaBHBIX MO MacCe OCKOJKa; KpoMme Toro, obpasyiorcs 2—3 Hefit-
pona. HauGo.see BepOATHLIMH 3HAYCHHAMH MacCOBBIX YHCEN SIAEP-OCKOM-
KoB fABJAOTCA 92—94 u 138—140; gesenne Ha paBHBIE YacTH MPOUCXO-
AUT OYeHb Pexko (Bcero okogo 1% o6mero yucaa nenenuit). OcKoaKu
B GOMbIIMHCTBE Cly4YaeB pajuoakTusHb (B—-pacmap). [eaenue fapa
MOXET OCYWIECTBJSITECA MHOTHMH NYTSMH; HalpuMep, OPH JeJeHHH
ypaHa-235 TenaoBbIMH HeiliTponamu o6Hapyxkeno Gosee 80 pasiMuHbIX
‘aJep-0CKOIKOB.
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Ta6auna 158,

+-| =
ol o
gs g I NEPMOLMYECKAR CUCTEMA SNEMEHTOB
11} (0 It 1L v v
2111 3Li AUTHA 4Beszrnnnnﬁ EoP 5B yrnepon, EC A30F 7N
6,941 9,01248 10,81 12,011 14,0067
3|mr 11Na. NAT Pt 12Mg'mruwﬁ Amnmmi13Al Kp:nnnﬁMSi ©OCPOP 15P
22,98977 24,305 26,98154 28,0855( 30,97376
’IVF 13K Kannil 20C3 KA 21Sc CKANMUI 22T1 THTAH 23VBANAAMﬁ
4 39,0983 40,08 44,9559 47,90 50,9415
v nens 29 CUL | 30Zn i3 Ga [remann32 GO | nousnc33AS
63,546 65,38 69,72 72,59 14,9216
VI 37Rb pysuamit | 38 Srcrpmuuﬁ 35YMTT e | 40 Zl'um-xonnh 41Nb HHOBHA
5 . 85,468 87,62 88,9058 94,22 92,9064
VII czpzspo47Ag‘ Ku,nnHBCd w43 1N [ onoeo 505N | cveumn 51Sh
107,868 12,41 114,82 118,69 121,75
.
Vil 55Cs LE3NM s6Ba et [57La NAHTAH 72]{f et | 7318, tanman
6 132,9054 137,33 138,9055 178,49 180,9479
IX [30nero 18AU Pnn.'BDIHg' wanvi 81T1 csnnmﬂZPb suonv83 B 1
196,9665 200.59 204,37 207,2 208,9804
»**
71X 87FI'®PAm',Mi BﬁRa, PALHK 8sAc x| 104 K 105 (NS)
[223] 226,0254 [227]) [261] kypuAToBMI| [HHAbCEOPHE]
_ ' . *AAHTA
56Ce | 59Pr | 60Nd | #1Pm [62Sm | 63Eu |e4Gd _
WEPKH NPA3EOIUM HEOAWM NPOMET UW| CAMAPUN EBPONHA TALOSHHKMA
14042 140,9077 144,24 [145] 150,4 151,96 3
FE¥AKTH
s0Th |stPa |2l 3Np [s4Pu |ssAm |36 Cm
232, 0331 "{é’}‘d‘a‘é‘é‘”" 238, UQQH 237“52?2“”“ [24 94"]“0"“” [24551""“;1 {2475"09“':1

Hekoropbie peakuuu AeneHus ypasa-235:
U -+n — 250U — '30Ba 4 JeKr 4-2n;
U +n —> 253U — 33La + §3Br - 3n;
B0 4-n — 25U — "$3Cs 4 3IRb+2n.
IIpumepHoe pacnpeieseHHe 3HEPTHH NPH IeJeHHHW OAHOTO HApa
ypana-235 (MsB):
KuHeTHuecKas 9HEPTHA OCKOJNKOB « « + 4 « o« o o 168
SHeprus JMKECTKOTO Y-H3JIYUYEHHSH + + « o « o o o 6
KuHeTHYeCKAasA B3HEPIHA HEHTPOHOB . 4 + o« o o o )
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AMMEHAENEEBA | VI VIIL
soaoron H | 2He
VI 1,0079 4,00260
xcnoron 8 O eror ' | weon 10Ne
15,9994 | 18,998403 20,179
cern 18 S | xnor 1701 APIOH BAr
32,06 35,453 39,948
2401 xeon [25Mn woranei, |26 F€ xeneao | 27 C 0 xoses| 28 N1 ks
51,996 54,9380 55,847 58,9332 58,70
cenen 345€ | seom 35BI |emnren 36 K1
78,96 79,904 83,80 .
2Mo MONKBAEH 43Tc TEXHEUMH #Ru PYTEHNI 4sRh posuil 4GP d TALAARAR
95,94 98,9062 101,07 102,055 106,4

nnnyPSZTe on, 531 KCEHOH 54XG

127,60 126,9045 131,30 v
74Waonwrm 75R8 PEHUIE 7608 oonut 77]:1'MPMAM 18P1 naaruna )
183,85 188,207 180,22 192,2 195,09 :

nONOHUH 84P0 ACTAT BSAt PAZLOR 86R1’1
[209] [2410) [222] .
atomhstit | 81T 1 rannin

106(EW) 107(E Re) HOMER 20437

ATOMHAS MACCA

.UKABOJ“:‘PPAM 3KAPEHAN [OTHUCMT.]
HOW ILbl
|eeDy |67Ho |68 Er [6sTm {70Yb |[71Lu
TEPBUA AKCnPﬂGHﬂ roNeMun_ 3PBEUN TYNUA UITEPEMA JHOTE”,”“
158,9254 162,50 | 164,9304 167,26 168,9342 173,04 474,967
HOW Abl

37 Bk

[247] 6EPK MR

98Cf |s9Es 100Fm|1o1Md 1oz(No)|1o3(Lr)’

o5 kamoopnni |254] sinwrrmi] 257) wepmicii |5 Blrenaenesnif 255] (wosEnni){R5G oy PEHCHR))

OHEPrUA HEATPHHO + v & « v o ¢ « o o o o o o & .10

Kunernueckas sueprus f—-vactum . . . . . .. 5
DHeprus y-u3JyueHusl, HCIYCKAaeMOro OCKOJKaMH
RETEHHS o o o « o o ¢ & o ¢ ¢ o o o o o s o o o 7

Mpu npenennn 1r ypauna-235 ocBo6oxAaeTcs: SHEPrHH OKOJO
7,2 T Ox.

‘Hlenenue sfiep HCNOAB3YeTCS B SAEPHBIX PEaKTOpax; B KauecTse
AJePHOrO TOPIOYero NPHMEHAIOTCA H30TONbl: ypaHu-235, ypan-233, nay-
TOHHI1-239.
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1. HexoTopsle 9acTo BCTPeyaioL{HECcs Yucaa

n=3,141593 VYV w=1,77245  1°=0,017453 pan
47 =12,56637 e=2,718282 1'=0,000291 paa

%:0,63662 VT =1,41421  17=0,0000048 pax

n2=9,86960 V'3 =1,73205

I1. ®opmyasr AN NPHONMAEHHBIX BLIYHCNEHHI

l+a)=1—a —0,03! < & < 0,031
Vita=14a/2 —0,085 <a < 0,093
UVTFa=1—a2 —0,052 <a < 0,052
sina=a —0,077 < o < 0,077

e =1+4a —0,045 < o < 0,045

HepabencTsa MOKasblBaloT T€ MPEAe/bl BEJHYMHBI O, MPH KOTOPHIX
pacueT no NPHGJHXKEHHHIM (opMyJaM NPHBOXHT K MOTPELIHOCTSIM, He
npesbrwaiomum 0,1%.

111, dnemeHTH Teopuu mnorpeHocred

Hamepumes usudeckyto eeautury — 3TO 3HAYHUT CPABHHTH €e C Apy-
roit BeJHYHHON, KOTOpAasA NMPHHUMAETCSl 33 €AHHMIY; MHOrJA CPABHEHHE
MPOM3BOAUTCS C OJHOPOAHOH BEJHYHHOM, KOTOpas He ABJAETCA elH-
Huuen.

Pe3ysibTaT H3MepeHHs MNPeJCTaBASAETCH B CAeAYIOUEM BHIE:

ST A={4}(4)
rie {A} — Ge3pa3MepHOe YHCJO, KOTOPOe HAa3LIBAeTCS YUCA08bIM 3HAMe-
nuem seauyunnt A, [A] — edunuya seruduntr A.

Ecsu 3HauyeHHe BeJUYHHB ONpefiessieTcs npHGOPOM HEMOCPeACTBEH-
1o (HampuMep, H3MepeHHe JJIHHB JIMHeHKOH, onpefeseHue BpeMeHH
CeKYHJOMEepPOM, CHJIBl TOKa — aMIepMeTPOM), TO TaKHE M3MEepPeHHS ha-
SHIBAIOTCA NPAMOIMU.

Ecnu 3Hauenue H3MepseMOA BEJHYHHDBI ONpejessieTcsl nocpeacTBOM
NpsMbIX H3MEPEeHHH APYIHX BeJIMYHH, KOTODble CBSI3aHH C H3MepseMoil
BEJIHYMHON OMNpeAeJeHHON 3aBHCHMOCTbIO, TO TAKHE M3MEDEHUS Ha3bl-
RBAIOTCA KOCGeAHbIMY. TIPHMEPOM KOCBEHHLIX H3MEpPEHHil MOMKET C/IYIKUTb
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onpeJeseH e CONPOTHBJIEHNA YUacTKa LeNH NyTeM H3MePeHHs CHJH TOKa
M HanpsAXeHHs, ONpejeJeHHe NJIOTHOCTH MO NMPAMBIM H3MEPEHHSAM Mac-
CH H 06beMa.

Pe3yabTar OTAeNBHOrO H3MePEHHS OTJHMYAETCS OT UCMUHH020 3HA-
4enuf. Pa3HOCTb MeXIy OTAEJNbHBIM Pe3yJbTaTOM H3MeDEHHs BEJHYHHH
M ee HCTHHHBIM 3HAaYeHHEM Ha3BIBAeTCS HNO2ZPEUHOCMbI0 U3MepeHUs.

Pasannualor Tpu BuJa norpewmnocteit — epyboie owubku (npomaxu),
cucmemamu4eckue U Cay4ailHole nozpeuLHocmu.

T'py6oie owubku o6ycaoaenbl au60 OWHGKAMH 3KCIepUMEHTATOpa
NpH HEeNpaBUJBHHIX OTCYeTaX, JUGO HeHCpaBHOCTAMH npuGopos. Pe-
3yJbTaThl H3MepeHHs C rPyObIMH OWIKHGKaMH OTGPacHBAIOTCH, H MPOH3-
BOJSITCSl HOBble H3MepeHHs.

Cucmemamudeckue nozpewinocmu — 3TO TaKHe MOTPEUIHOCTH, KOTO-
phle IPH MOBTOPHLIX H3MEPEHHSX OCTAIOTCS MOCTOSIHHBIMH WJH H3MEHS-
IOTCAL N0 ONpelieJIEHHOMY 3aKOHY; OHH MOTYT GHITh OGYCJ/IOBJEHH Helo-
CTaTKaMH METOXHKH H3MEeDEeHHs HJH HETOUHOCTBIO PACYeTHHIX (OpMYJ
(memoduueckue nozpewrocmuy), a TaKKe HECOBED LLIEHCTBOM H3MEp HTeJb-
HHX npuGopoB (npubopuebie nozpewrocmu).

Cayuatinvie noepewsHocmy — 3TO TaKue MOrPEIIHOCTH, KOTOPHIE MPH
MHOTOKPATHLIX H3MEPeHHAX H3MEHSIOTCA KaK no a6COJIOTHOH BeJHuM-
He, TaK M MO 3HAKY.

Pacuer norpewHocteld npu npambeix n3mepennax. Hsmepsiorcs
n 3uauennit A, Ag, ..., A, BeTHYHHBI A; 3aTeM pacyeT MPOBOAHTCS IO
cxeme:

a) onpejeasieTcs cpednee aHadeHue W3MepseMoil BeJHUHHH

Acp=(A1+ A+ ...+ Ap)/n;
6) onpenennioTca abCOANOMHLE NOZPeWHOCMY KAXKAOTO H3MEpeHHus
AAi=|Acy—As], AAg=]Acy—As), ..., Ay=|Acp— A, ;

B) pacCUuTHIBaeTCs cpeanns abCoOJIOTHAS NOTPEeUIHOCTh
Adep=BA;+AA+ .. DA n;

r) pesyJbTaT H3MepeHHs 3anucChiBaeTcs B Caelyloumeil ¢opmes
A =Acp + AA,

rae AA — noanas 26CONIOTHAS NOrPEIIHOCTb, OMpefesasieMass M3 COOT-
nowenus AA= V(AA,;,)Z—}-(AA,,,,)’- (AAgpp, — npuGopras  norpeu-
noets). Otnomenne AA/A;, nasmiBaetcs omuocumeasvnod nozpeuws-

Hocmbi0.
Pacuer NOrpeilHOCTH NPH KOCBEHHHX H3MEpPEHHAX. Hsmepmorca

HENOCPEACTBEHHO BeJnunns By, By, ..., B,;, OT KOTOPHX 3aBHCHT BeJH-
unna A, Jlanee pacueT npoBOAUTCA N0 CAEAYyIOUEH cXeme:
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a) paccuMThBaloTcs cpennue sHauenna (B;), (B,), ..., (B,)
(M0 cxeMe pacueTa CpeAHHX 3HaueHUA NPH MNPAMBIX H3MEPEeHHAX,
CM, Bbllle);

6) cpeaune snauenus (B;), (B,), ..., {B,) noacraBasiorcs B CO-
OTBETCTBYIOILYIO PacyeTHY0 (OPMYJIy; OTpese/sieTCA CpelHee 3HaUeHHe
peanunHn (A4);

B) B 3aBHCHMOCTH OT BHAa $OpMyJ Bl (cM. TaGauLy), onpexeaseTcs
a6coNIOTHAA (WAM OTHOCHTeJbHas) morpewHocts AA BeauuuHw A;

r) pe3yJbTaT 3anHchiBaeTcsi B cjenylouieil ¢dopme:

A=<A) + AA.

Ipu 3amucH YHCIOBOrO 3HAYeHHs Pe3yJbTaTa HeO6XOAMMO PYKO-
BOJACTBOBAaThCS CJIeJyIOUHMH NPaBHIaMH:

a) 3Hauenue aGCOJIIOTHOH MNOrPEMIHOCTH ONpejejafercd A0 ABYX
3Havamux nudp, ecaH nepsas 3Hauamas HUH(pPa ABAAETCH eNHHHUEH;
BO BCeX APYFHX CAyyadX yAEPKHBaeTCH OAHA SHadamas Hudpa;

6) Npu 3amHCH CPeJHEro 3HAUYeHHs YKa3LBAIOTCA BCe WHOPH JIO
nocJeHero NeCATHYHOro paspfja, KOTOPHIA HCMO/Nb3YeTCA MPH 3aMHCH
a6COoJIIOTHON NOrPelHOCTH.

dopmyna AGCOJIIOTHAS MOrPelIHOCTh OTHOCHTeJIbHAA NOTPEMIHOCTH
A+B AA+AB (AA+AB)/| A+B|
A—B AA+AB (AA+AB)/| A—Bj|
A.B AAB+BAA AA/| A|+AB/| B
A/B (AAB+ BAA)/B* AA/| A +ABJ| B
AR nA"=1AA nAA/l A |
VA Alt=n)/npa/n AA/n| A )
sin A |cos A | AA {ctg AA
cos A |sin A| AA Itg A AA

[Tpumep., Jaa onpeneseHHss MIOTHOCTH TBEPJOro Tejaa Heol-
X0MMO H3MePUTh O6beM Tesa H ero maccy. [lycTb usmepenue o6nema
TeJa MPOBOAMJIOCH C OTHOCHTEJbHONH mnorpewmHoctbio 1,5%, a macch
TeJaa — € OTHOCHTeNbHOH mnorpewnocteio 1%. Toraa oTHocHTeabHAs
NOrpelHoCcTh H3MePeH s MJIOTHOCTH Tesa cocTaBuT 2,5%. Takum obpa-
30M, MOXHO MOJIOXHTb, YTO TOYHOE 3HaYeHHe IVIOTHOCTH P HAXOAHUTCH
B mpejenax

<p> (1—0,025) < p < <p> (140,025),



V. BHECHUCTEMHBIE EJAWHHWLEBI U EJUHHULIBI CH 237

IV. Muoxurtenu pisi o6pa3oBakus. JecsSITHYHBIX KPaTHBIX
.. M JOJIbEBIX eAHHHI

OGo3nayeHue OGo3HayeHnHe
A Q f—_—
- ] g
v @
Haumenopanne 5 g 5.% ‘|| Hanmenopaune| & g ;,g
% 5 I % 3] Yo
2 S | is 2 S | &g
= a = = a =x
3KCa 1018 3 E neuu 10—t a d
nera 1018 I1 P CaHTH 10—2 c c
Tepa 1012 T T MHJLITA 10—3 M m
rura 10° r G MHKDO 10—¢ MK i
Mmera 100 M M HaHO 10—°¢ H n
KHJI0 108 K k MHKO 10—12 n P
reKTo 102 r h demTO 10—13 (]
nexa 10 La da aTTo 1018 a a

V. CooTHOIEHUS MeXAY BHECHCTEMHBIMH €AHHHUAMH W eaMHHuamn CH

Edunuyte dauntt u naowjadu
1 anrcrpem (A)=10-10 u
1 uKkc-enmnnua (X)=10-13 M
1 acTpoHoMHuYeckas elMHNUIa
(a. e)=1,49.101' m
1 cBeroBoit rox (cB. roa) =
=9,46.10% M

aoiM=2; 54.10-% M
¢epmMu=10-156 y
muaa=1,61-10% m
MopcKas Muas=1,85-10%u
rektap (ra)=10* m?

6apu (6)=10-2% m?

b b et g et bt

Edunuybt maccer

1 Touna (1)=1000 &r 1 ¢ynr=0,454 kr
1 mentHep (w)=100 kr 1 a. e. M.=1,66.10~27 kr-
I kapar (xap)=2-10—4 kr 1 yHuus (tpofickas)=31,103 r

Eounuyer cuavs
| aun=10-% H 1 xnnorpamm-cuna (x¥rc)=9,81 H

Edunuyer pabomel u suepeuu
epr=10-7 Ox 1 sB=1,60.10-1? Ix«
krc.-M=9,81 llx 1 Barreyac (Br.4)=3,6.103 Ik
Kajsopusa (xkan)=4,19 Ix

—

- Edunuynr mownocmu
1 spr/c=10-7 Br 1 nowapunas  cuna  (1.c.)=
N
1 xunokanopua B yac (KKan/u)= =736 Bt
=1,16 Br
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Edunuysr dasrenusn
1 nun/em2=0,1 ITa 1 atm=1,01-10% [la
1 xre/M*=9,81 Ila 1 MM pr. cr.=133 Ila
1 ar=1 krc/cM2=9,81.10% Ila

EQunuyot cunret moxka u srekmpuueckozo sapada
1 en. CI'C;=(10/¢c) A=1/(3-10° A 1 en. CICM;=10 A
1 en. CI'Cq=(10/c) Kn= 1 en. CI‘CMQ= 10 Ka
=1/(3:10%) Kn
(Cm. npunoxenune VII),

EQuruybl HANPAMEHHOCMU 9ACKMPUHECKOZO NOAA
1 ex. CI'Cg=c-10-B/m=3.10* B/m 1 B/ecMm=100 B/m

Edunuybr srexmpudeckol emxocmu
1 en. CICe=(1/¢%)+10° ®=(1/9).10-11 @

Edunuybt srexmpu4eckozo conpomugrenus
u yOeabHo20 conpomugreHus

1 en. CI'Cp=¢?:10-20M=9:10 Om 1 OM-MM2/M=10-8 Om .M
1 OMscM=10-20M M 1 en. CI‘CD=9-109 Om-M

Edunuyor mascnumnod unOyxkyuu u MAZHUMHO20 NOMOKA
1 rayce (I'c)=10-% Ta
1 B6/cm2=10* Ta
1 makcseasn (Mkc)=10-8 B6

EOunuyst HGNPAXKEHHOCMU MAZHUMHOZ0 NOAS
1 spcren (3)=1/(4m)+10% A/m 1 AleM=100 A/m

Edunuybr undyxmusrocmu
1 ex. C[C;=10-° I'n

Edunuyb. apxocmu u 0csewjeHHOCMU
1 xa/cm?=10% ka/m?

1 cTuas6 (c6)=1,005:10% xa/m? 1 ¢or=10* ax;
Edunuybst akmugHocmu Hykaudos (adep) »

1 kiopu (Ku)=3,7.101° Bk 1 pesepdopa (Pa)=10° Bx
Edunuytr 00360 u mouwjrocmu 0036t U3LY“eHUS

i pag=10-2TIp 1 spr/r=10-¢ I'p

1 pap/c=10-2Tplc 1 spr/(c-r)=10-* I'p/e

Edunuyt sxcnozuyuonnoll 0036t omonH020 u3ry4eHu’
1 pentren (P)=2,58:10-* Ka/kr
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V1. YuuBepcanbibe QpH3HyeCKHe KOHCTAHTH

CKopocTh CBeTa B Bakyyme, 6 2,99792-108 m/c
I'paBHTanHOHHAA NOCTOSIHHAA Y 6,672-10~11H -M%/xr?
Moaspubiii o6veM HieanbHoro rasa Vu

(Ty=273,15 K, pe=1,01.10° [Ta) 0,022,4138 m®/moan
Monsipuas rasosas mocrosHHas R 8,314 /(K -moann)
MMoctosnnan Papages F 96485 Ka/moas
[Moctosnnas Asorazpo Na 6,02204 :10%% mosnp—*
[Moctosnnas Boasumana & 1,38066-10-23 /K
Macca nokos nportona myg 1,67265-10—27 kr
Macca noxkos SJEKTpPOHA Mg 9,10953 - 10—31 kr
Macca nokosi HeilTpoHa my 1,67495-10—-27 kr
OTHOLEHHe MacC NI0KOsl NPOTOHA H SJIeK-

TpoHa mylme 1836,1515

3apsaa sneKTpoHa e
ITocrosunas Buna b
[Noctosinnasn [lnanka h

1,60219-10-2% Ka
0,0028978 m+K
6,6262-10—3%¢ Ix -c

[Moctosnnas Credpana — Boavnmana o 5,67032-.10~8 B1/(m-K*%)

[NocTosnnas PuaGepra R, 1,09737318-10" m—%

Maruerton Bopa pgp 9,27408 -10-24 I/ Ta
Marneton fjepHbH MUN 5,05082+10-27 [Ix/Ta
MarHUTHBIA MOMEHT 3JIEKTPOHA [l 9,28483+10-28 Ix/Ta

MarsuTHbIlE MOMEHT NMPOTOHA Mg 1,4106171-10-2 Ox/Ta

[1pumedan ne YKaszaun 3navenus Koucraut no FCCCH 1-75.

VIL. Cpasnuteabnaa Ta6auuna pasmepoB eluHHI Mexaynapoguoii
cucremnl (CH) B rayccosoit cucremn (CI'C)

Cuctema laycca ob6pasyercs n3 cucrem CI'C3 u CI'CM. B cucreme
CI'C ocHOBHEIMH elMHHLAMH sBJAOTCA caHTHMetp (1 cM=10-3 ),
rpamm (1 r=10-3% kr), cexyuna (c). Pasnuuue B cucremax CI'C umeer
MECTO A/l 5J1EKTP HYUECKHX BeJHYHH. DTO 06YCJIOB/IEHO TeM, YTO YETBEPTOH
octopnoil eannuueii B CI'CO npuHATa sJeKTpHUueCKas MOCTOSHHAA
e,=1, a B CI'CM — marnnTHas mnoctosinnas po,=1.

B cucreme laycca (CI'C) ocHOBHBIMH eIHHHUAMH SBJISIOTCH IPamMM,
CaHTHMETP, CeKyHJa, &,=1, p,=1; B cucreme CI'C osaekTpHueckue
Be/IMYMHH (33pAJ, HanNpAMEHHOCTb 3JEKTPHYECKOrO MOJs, Hampsxe-
Hue, CHJa TOK3, NOJAPH30BaHHOCTb, OSJEKTPHYECKAsT €MKOCTb) BBl
paxaiorcs, Kak B cucteme CI'C3, MarHHTHHE BeJHYHHB (MarHHTHAA HH-
AYKLHA, NOTOK MarHUTHOM HHAYKNHH, MarHHTHBI MOMEHT, HHAYKTHB-
HOCTb H T. A.) Bblpaxaiotcsi, kak B cucteme CICM.

B Ta6nnne yKasaHbl COOTHOLIEHHS MeXAY eJHHHLAMH (HU3HYECKHX
BEJMYHH, BHLIPAaXKEHHbBIMH B Da3/IHYHHIX CHCTeMaXx,
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O6osfayenue CopepHT €AHHHI CHCTEMuL
crc
Beanynsa HaumeHnoBanue y g
. Iy
% 23 crea crem
8 Xa
) [R]
a 2=z
L. Ocnosrole edunuyvt
Inuna MeTp M m 10® cM 10% cm
Macca KHJIOTpaMM Kr kg 103 r i03r
Bpema CeKyHAA c 3 lc lc
Cuna  snekTpuye- | amnep A A 3.10° 10—y
CKOr'o TOKa :
TepMOAHHAMHKYE- KeJILBHH K K - -
cKasl TeMmneparypa
KosnyeccTBO  Be- | MOJIb Moas | mol —- -
ecTaa
Cuna cBeTa KaHpenaa KA cd - -
2. Mexanuxeckue seaununos
CxopocTb METP B CeKyH- | m/c m/s 10? cm/c 10% cm/o
Ry
Yckopenhe MeTp Ha CeKyH- | m/c* m/s® 10% cm/c? 10® cm/c?
Ay B KBappare
:Onepras u pabdota | AXOYJb Hx J 107 spr 107 spr
CuJaia HbIOTOH H N 103 aun 10% puu
MoutHocTs BaTT Br w 107 spr/c 107 spr/o
3. Baexmpuueckue eesut Hol
KonuuecTBO 3JeKT- | KyJIoH Ka C 3.10v 10—4
pHuECTBa
HanpsixeHue, BOJILT B " 1/300 100
9. A. C.
HanpsixeHnocTs BONIbT Ha MeTp | B/M V/m 1/3.10—# 10¢
SNIEKTP HYECKOro
nons
AUIeK TpUYECcKan dapag [ F 9.10tt ¢cm 10—
€MKOCTh
DeKTpHUYECKoe oM Om Q 1/9-10=1 |10°
COMpOTHBJIeHHE
YpaeabHOE  CONpo- [ OM Ha METp OM.-m | Q.M 1/9-10=°* 101t
THBJIEHHE
AG6comornana  An- | japag Ha merp | ®/m F/m 36mn-10° 4n.10-13
9JIeKTPHUECKAn
NpoHHIaeMOCTh
4, Maenumnole 8cauqunot
MaruuTHel? 0OTOK | BeGep B6 Wb 1/300 10® maxcpean
(Mkc)
MarnuTHas HHAYK- | Tecsia Ta T 1/3.10—° 104 raycc (I¢)
s
HanpsikeHHocTb amnep ua Metp | A/M A/m 12.107 4-10=3% spcrea
MarHHTHOTO noJs ()
HHAyKTHBHOCTD redph I'n H 1/9-10=11 {1 10° cm
" AGcomoTHaa Mar- | reupd Ha merp | 'm/m | H/m 1/(36mX 107/(4m)
HHUTHAA [pOHHLae- X1013)
MOCTb
B. Onmu4eckue seauuutor
CpeToBOfl NOTOK JNOMeH M Im - -
SIPKOCTb KaHjeaa Ha ka/m? | cd/m? | - -
KBaApaTHLIA
MeTp
OcBeleHHOCTb JIIOKC JK Ix - -
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VIII. OcHoBHuie $opMysnl H 3aKoHbI *)

Mexanuka

[epememenne
[Tyts

Cpenusia ckopocTn

MrHoBeHHas CKOPOCTb

Monyns MrHOBeHHOH cKopoctH,

onpe;(enﬁemuﬁ 1o JYroBbiM KOOp-.

AUHATaM

Cpennee yckopenue

MrroBenHOe ycKopeHue (yckope-
HHe)

[Tpoekuun ckopocTd Ha ocd mps-
MOYrOJLHOM CHCTEMBl KOOpAHMHAT

ITpoexuun yckopenus: Ha ocH
NpSMOYroJIbHOA CHCTEMBl KOOP AU~
Hat

TaureHunanbHoe yckopeHus

HopwmanbHoe yckopeHue

Mopysis BEKTOpa CKOPOCTH

Moay/b BeKTOpa ycKopeuus

YpaBHEHHS CKOPOCTH H NMYTH paB-
HOMEPEMEHHOTO ABHIKEHHS

Cpeausfa yrioBas CKOPOCTb
MruoBeHHasi  yrJoBag CKOPOCTb
(yr;i0Basi CKOpOCTb)

YraoBoe yckopenue

JluHefiHad CKOpPOCTb (ABUIKECHHE
MaTepua/ibHOfl TOYKH TO OKpYyXK-
HOCTH)

Ar=r;—rg (r.n
Al=1l3—1y ((1.1a)
Ar
ch='—AT (|.2)
Ar dr
v= AR»D AT d (1.3)
Al dl :
Al;ToEf dt (19
Av
nCP:KF
Av dv
a=lms=a (9
__dx dy dz
=aq =g =g (9
__duy __d_%{ __du,
ax_--‘ﬂ-, ay—— ar’ az——gt— (1.6)
Avr dv]:
"‘—A‘;TDW a (10
ve
a"=ﬁ (L.11)
v=Vv§-{-vz+v§ (.7
anafc-l-az-{—ag: (1.8
Vaiid (1.12)
v,=v,);tat, S-Ul:kat (1(115)17—)
A
Oep= A"t’ (1.18)
- Ag _do
m_Alt-,o Al df (1.19)
Au) dm
v—-Rw (L.21a)

*) 3anuch HeKOTOPHIX GOPMYJI AJs YAOOCTBA MOJIL3OBAHUS 31eCh MpH-
BOZUTCA B HHOI (opme MO cpaBHEHHIO C OCHOBHLIM TEKCTOM CNPaBOYLHKA.
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Jluneiinoe yckopenue
LentpocTpeMuTenbHOE yCKOpEHHE

Kocmuveckue ckopoctu (ra. 1,
n. 1)

KounuecTBo ABHXEHHA (MMIYJIbC)
(c. 32)

OcHOBHOIT 3aKOH JABHXKeHHS (BTO-
poit 3akoH HeloToHa) B uHep-
nuanbHol cHcTeme oTcueTta
OcHOBHOH 3aKOH ABHXEHHS B He-
HHEepUHANBHOR CHCTeMe oTcueTa
MOMeHT CHJIBI OTHOCHTEJILHO TOYKH
MoMeHT HMIyJbca (KOJMHYeCTBa
JIBVDKEHHS) OTHOCHTENBHO TOYKH
MoMeHT HHepUHH MaTepuanbHOH
ToukH (c. 35)

OCHOBHOM 3aKOH BpallaTesbloro
ABHXKEHHS MaTepHaJ/IbHOH TOYKH
OcHOBHOE YpaBHEHHE BPalaTe/b~
HOrO JBHIKEHHs TBEpAOro Tejaa
BOKPYT HENOJBHXHOM OCH

3aKoH BCEMH PHOro TAroTeHus

Cuna TAroTeHus

Cuaa taxecta (c. 37)
Bec Tena (c. 37)
Chla TpeHHs CKOJbXXEHHS

Cuaa TpeHus KaueHHus

dneMentapHasi pa6oTa CHJH

Pa6ota nepeMenHOH cHJH

KuneTnueckas sHeprus (npu Ma-
JB% CKOPOCTAX)

Kuneruueckas sneprus (npu 60Jn-
WK% CKOPOCTAX)

Kunernueckas SHEprHs Bpauiaio-
meroca Teda

. a=fR (1.21a)
a,=0%R (1.22)
U= VR—g", Ug=1j Ve,
vs=)/2yM/R
p=mv

—ma=P
F=ma =3 (1.33), (1.34)

F+4F,+4Fy+Fy=ma" (1.38)

M=[rF] [ (1.42)
L =[rp] (1.43)
I=mr?

dL
M= (1.44)
1B, =M, (1.45)

F=Y%"—’ (1.48)

F,=1mM 1,49
T (1.49)

G=F;+F,

P=G—ma
Frp=[N (1.51)

Fo=fo Y 1.52
K= x‘ﬁ' ( . )

AA=F Ascos ¢ (1.59)
A= S F cos pds (1.55)

s

Eu=% mu? (1.58)

2
Ey =_ﬂc__ —myc? (1.59)

Y T—£3
Eymglod  (160)
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[NoTeHuuanbHast sHeprust Tesa B
noJie TArOTeHHA
3axon I'yka

3aKoHBl COXpaHEHHs B 3aMKHYTOH
cHCTeMe:
— sHepruu (c, 41)

— HMOyJbca (KOJMUeCcTBa JBH-
KEHU )
— MOMeHTa uMNyJbca (Kosuye-
CTBa JBMKEHUA)
JaBnenue cronba KHAKOCTH

Ypasuenne Bepnysn

BHyTpennee TpeHHe XXHAKOCTEH

YpaBHeHHe TrapMOHHYECKHX KoJe-
Ganuit
INepuon koneGauuii:

— MaTeMaTHYeCKOro MasiTHHKa
— MasiTHHKA C ynpyroi cBA3bIO
— KPYTU/ILHOLO MadATIHKA

— ¢usuyeckoro MasiTHHKA

Amnantyna pesyJIbTHPYIOLIEro
CMEIUEHHs1 [JBYX TapMOHHUECK(X
BOJIH, MMEIOIIHX OIHHAKOBbLIE Yac-
TOTHl H HampaBJIeHHdA

JsuHa BOJHB

Y paBHeHHS BOJIH:
— NIJIOCKHX TapMOHHYECKUX

— UHNMHAPHUECKHX TapMOHHU-
YecKHX

— cepUYECKHX FaPMOHUUECKHX

— CTOSIYHX IJIOCKHX TIapMOHH-
YECKHX

En=— 1’"72"1 (1.61)
o,=Ee (1.65a)
=Gy (1.66)

Ey+4E,=const
2 p;=const (1.41)

D L;=const (1.47)

p=pgh (1.70)
pu
T-{-pgh-{—p:const (1.73)

Av
FT=~nSA—l (1.75)
x=A,sin (0t 4-¢) (1.79)

T=2n ]/f? (1.82)
T=2n ]/-’"k- (1.83)

T=:) & 8y

I

mga
A=V Aj+ A3++24; A5 cos (9 — 1)
(1.87)
A=oT =.;3. (1.90)

E=Asin (ol —kr4¢) (1.91)
ti= A_ sin (0f —kr 4+ @) (1.92)
r

7

Ec=%sln (ot —kr+q) (1.93)
u=2A4 cos (kx) cos {wt) (1.100)
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HurencuBHoCTh
BOJIH

TapMOHHYECKHX

Tepmodunamuxa u moreKyIApHAR Gusuka

Cpe,zu-xaﬂ yAelbHasa TeNJOEMKOCTb
[E

YaenoHasi TenJ0eMKOCTh

ManapHas TenJoeMKOCTh
INepBLift 3aKOH TepMOXMHAMHKH

KoaddunuenT nosessoro aeictous
TENJIOBHX MaLIMH

Pa6ota TepMoAHHAMHYeCcKOH cH-
CTEMBl
Pa6ora upeaabHoro rasa (c. 88):

— npH u306apHyeCcKOM rnpouecce

— NpH  H30TEPMMYECKOM npo-
uecce

;~—npH annabaTHyecKoM npo-
necce

YpaBHEeHHE COCTOSIHHS HJEaJbHO-
ro rasa (ypaBHeHne Menjeneepa —
Kananeiipona)

YpapHenue Ban-uep-Baasbca

Y paBHeHHE TENJIONPOBOAHOCTH
Ypasuenne auddysnn

Cpesnsis CKOpPOCTb MOJIEKYJ Hue-
aJbHOrO rasa

Cpepusisi KBafipaTHuiHas CKOPOCTb
MOJIEKYJ] MJEaNbHOro rasa

HaunGonee BeposiTHas CKOPOCTb
MOJIEKYJI HJeaNLHOro rasa

I=—§ pULD (1.96)
A
= @)
=1 jmdQ_14dQ
“=n AT-0AT md @2
C=npc (2.3)
AQ+AA=08U 2.5)
_»Tl-—-Ta
- X
v,
A= S pdv @7
Vi
A= RAT
P p

Ap= L RTInA
n P2
Ag=-rCy (Ti—Tay

pV=;—" RT 2.14)

m? a m m
(rtiews ) (v =o) = er

@.18)
AT
AQ=—MSAIG 219
AM =— DS At %;3 2.20)
8RT
o=V T 2.29)
3RT
vy = ‘l/-%- (2.29)
Up= ﬂ (2.249)

w
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Cpenuas pnuHa cBOGOIHOrO MPo-
Gera MOJMEKYJb MAEaNbHOTO rasa

OcHOBHOE ypaBHEHHe MOJIeKYJIsip-
HO-KHHETHYEeCKON TeOpHH HjJeab-
HHIX ra3oB

TennonpoBoaxoCTh
rasa

HIeaJIbHOTO

BA3KoCcTb MAEa bHOro rasa

Koadpduunent anddysun uneans-
HOro rasa

P _ KT

~VEe e
2 1, 4
pV=§- E=—§- Mug  (2.26)
1
A=gpuoley  (230)
1

n=-5 plieol 2.30)
D= vyl 2.30)

Saexmpodunamura (edunuyst CH u CI'C)

3akon Kysaona

HanpskeHHOCTh 1OJIA TOUGUHOTO
sapsza

HanpsxeHHOCTD ON S 32 P AxKEHHO
GeCKOHEeYHOH NJIOCKOCTH

Cuna, peficTBylomas Ha sapspn
B 9JIEKTPHYECKOM HoJIe

Pa6ota no nepemeueHHIO B 3/1eKT-
pHYECKOM noJie

SJICKTP HYyeCcKas €MKOCTb

EMKOCTb IJIOCKOTO KOHAEHCATOpa

DNeKTPHYECKHA MOMEHT AHNOJA
(c. 117)

IMonspusoBanHOCT
DJIeKTpHUECKOe CMelleHHe
3aBucuMocTb MeXXy & H % (c. 122)

[110THOCT 9HEPrHM ~ SJEeKTpUYe-
CKOro noJist

3akon Oma p71a yuacTka uenu Ges
s. I.cC.

O6o6uienHblit 3aKoH Oma
Pa6ota sjeKTpHYeCKOro TOKa

DJIEKTPHYECKOE COMPOTHBIIEHHE

_ Q1Qsr _QiQs
F——W, F= o r (3 l)
_Qr _Qr
 dnegerd’ E=cn B9

on 2no
:—_2808' =—n (3.4)
F=QE 3.2
A=QU (3.8)
Q
= 3.10
oy (3.10
_ €8S _ &S
C= R C_m 3.11)
p=Ql!

P =xgyE, P=xE (3.22)

D=¢,E+}P, D=E-{4aP (3.23)
e=1+4xu, e=1-44nx
egyE? eE?

w=—p—, w=3-(19

J=01—@: (3.32)

r
1=L—%+_@‘>:. (3.37)
A=1Ut (3.40)

=‘%’ (3.33)
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BsaumosieiicTBe  mapadiiesbHBIN
MPOBOAHMKOB C TOKaMH

MarsuTHHIl OTOK
MaruntHas uuaykuus (c. 136)
3aBHCHMOCTD MEXAY B H %

3akon Buo— Casapa—Jlansaca

MarnuTHash HMHAYKUHS TPAMOTO
TOKa

3akon Awmnepa

Cuna Jlopenua

3aKOH 9JIEKTPOMAaTHHUTHOR WIAYK-
LHH

HMupykTaBHOCTL coneHOMaa
[1710THOCTL SHEPrUM MAarHUTHOrO
nons

®opmyna Tomcona

PeakTHBHO® CONpPOTHBJEHHE

(c. 145)

Bexrop [loiinturra

CropocTb cBETA

Foitol1]2l F oL 2ulilsl
" 2ma ’ T a
(3.54)
®=BScosa 3.62)
B = pouH, B=pH
p=1+4x, p=1-44ax (3.75)
ppolAl sin &
AB= 4nr?
pl Alsina
crd
__Bho/ 2wl
B= 2nr ! B“_c_r_

v (3.55)
AB=

(3.56)

Onmuka, amomuas u sadepxas ¢usuxa

3akon orpaxenusa (c, 173)

3akoH npeJioMJIEHnA

Mpepeabhbift yroa mosiHOro oTpa-
Menus

Moxazarens NPEeNOMJICHN A CTEKAA,
H3 KOTOPOro HSrorosJ/i€Ha npusma

AF=1[Al B], AF=%1[AI B]
3.52)
F=QB], F=2 [VB' (3.51)
dd
E=—7m é):'__Ft' (3.64)
2 2
L="“°’lv S, L=4"”IN S 3.68)
1 1
w=- Buof2, W= nH2 (3.72)
T=2aV LC, T_—- VLC(3 81)
1 1
X= (DL—M, X— L—E
c
S=[EH}, S=--[EH] (3.86)
PO S i=—r
== 1= E—
"V motts | Ve
=0
sini
Snr=" (4.10)
1
sin inp=-z- (4.]1)

n=

s_"’(_'s%i@ 4.12)
ol
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@opmyna TOHKOH JIHH3BI

Buaumoe yBennueHue:

— Jynbl
— MHKpOCKONa

— 3pUTeNLHONH TPYGHI

Pesynabtupyromas ammiauryga £
IBYX IIIOCKHX TapMOHHYECKHX
BOJIH
Judpakuus cBeta Ha auppakuu-
OHHOM pelieTKe (IPH HOPMaJIbHOM
najieHun):
— ycJIOBYe TJIaBHBIX MHHHMY-
MOB
— yCJIOBHE [VIaBHBIX MaKCHMYy-
MOB
— ycjaoBue
MHHHMYMOB

JAOINOJTHHTENbHLIX

Paapemaemoe MHUKPOCKONOM pac-
CTOAAHHE

JlaBaeHue
BOJIH

3JICKTPOMArHUTHBIX

OcHoBHoe ypaBHeHHe poTodddeKTa
3aKoHBl TENJIOBOTO H3JAYy4YeHHS;

— 3akoH Kupxropa

— 3akoH Cretana — Boanimana

— 33KOH cMewleHHsi Buna

— opmyaa [lnanka

Ilnuda Bosikbl je-Bpofins

DHepreTHyeckHe YPOBHH BOJOpO-
JOTOZOOHBEIX aTOMOB

1 1 1
Tatam T
=(n—1) (-—]——-L) 4.13)
1 Ry ’
e
rn=§9 (4.16)
’ 250A
Tw=7Tr ¢
P‘_;:_z (4.18)
- V 3 2 .
Fop=V Eo1~Eoa+2Eq Eps cos 8
(4.20)
a sin Byyy = mA 4.23)
(m=:};l, Z‘i:21 --°)
d sin Byaxe = mh
(m=0, +1, +2, ...) (4.24)
dsinBy=m'A (4.25)
ol N—1 N+1
TN UUTN TN
E, .
===(l+p) (4.32)
hv=A+—%—mcv§, (4.35)
"
AA: =8M’ (437)
Ry=0T* - (4.38)
AM=% (4.39)
2nc? h
S~ Jgman _ 40
m-_-% 6.1)
2,4
_ melZ? 6.7)

= ——
8eln2n?
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OpGHTaNbHLII MOMEHT HMIyJbca
5JIEKTPOHA

CoGcTBeHHBI MOMEHT HMITYJbCa
(criuy) aMeKTpoHa

OHeprus cBsA3H aAApa

Pannoaktussni#l pacnan saep
DppeKTHBHOE CceyeHHe sAepHOR
peakuun (c. 210)

Ocna6aenue noroxa fl-wacrun
IMorsomenue y-u3jayyeHus

M=k VT0IF1)
M=k Vs(i1)

AE=AMc

6.9
(6.6)

6.11)

¢
N=Ne M=Ng2 T (5.12

o AN
- Nflo Az
N=Noe‘uz
I= loe‘uz

(5.13)
(5.16)



NMPEJMETHbIA YKA3ATEJIb

A6comotHo uyepHoe Te0 188
Anuabata 88
Anponn 215
Axxymyasitop 128
AxTHBHOCTL 212
Anbda-uactuna 209
AmnauTyza BoaHH 56
— xoneGanuii 51, 53
Aunon 127
Annurunauus 215
Aunon 127

Antenna 148
AnTnuactuua 215

Bapuorn 216
Bapomerpuueckas ¢opmyna 94
Bekkepeap 212

Baok 43

Bakyym 95

Bextop Tlofintunra 147

Bektopu 11—12

BsaumogefictBue 3apsapoB 116

— ¢yHaamenTanbHoe 214

BaaxHocts 90

Bosna 55

— JauneifHo noaspusobannas 184

naockas 56

nonepeyHas 56

npoxoabHas 56

cuHyconjanbuass 56

cepuueckaa 56

unjauHApuueckas 56

sJeKTpomMaruuTnas 147

BocnpHHUMYHBOCTL  AH3JEKTpRue-
ckas 122

— MaruuTHas 140

BpameHne NJOCKOCTH MOJfAPH3a-
uun 185

Bpems co6crBenHoe 29

Baskocts 49, 95

las upeanpuni 87, 92
I'uneponsr 216
T'ucrepeauc MarHuTHoi 142
Tnioonn 214
I'paButonn 214
I'paanent niorHoctn 91
— nmnorenuuana 119
— cKopocTH 49

— TeMnepatyps 91
I'pomkocth 3Byka 57
Ipan 212, 214

JaBnenne sBykoBoe 58
— KpHTHueckoe 90
— napuHaabHoe 87

— pagdaunonsHoe 185

JlBuXenne XuAkocTH 48
— — BfA3KOK 49
— — HjeajbHOl 48
— KpHBoJHHeliHOe 26
— MeXxaHHuecKoe 23
— npamoauHefinoe 25
— paBHO3aMelseHHOe 26
— paBHOMepHOe
— paBHOYyCKOpeHHoe 26
Tes1a B moJe tarorenus 30, 31
Ile(pem macca 207
Hedopmannsa 44
— OTHOCHTeJIbHas MonepeyHas 46
— — npopoJsibHaa 45
— capura 46
— ynpyras 44
Ileuyuc?;l 58
Jduamarnetuku 140
Hunamuka 31
— BpallaTesIbHOTO JABHMEHHA 34
Hunontpus 176
Junoab ajexkTpHuecKuit 117
Hucnepcusa 55, 183
— Bpamartenbias 185
JudpaknuonHas pemerka 182
Judpakuna 181
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Nuddysua 91, 95

JnuHa BOJHBE 56

— — pe-Bpoitna 202

— cBoGoanoro mnpobera 92
Jo6poruocts KouTypa 145
Josa mnorJjomenHas 212

— akcnosunuonunaa 213
Howmennt 122, 142

JomkpaT BHHTOBOH 44

Enununel GH3HYECKHR ReJHYHH

16—22

JKuakuit kpucraaa 96
Yuaxkoctb Bsizkas 48
— ujeasbHan 48
— nmneperperasa 90

3akon Ammepa 133

— Apxumena 48
buo—Casapa—Jlansmaca 135
Boitnis — Mapuorra 88
BceMHpuoro Ttsarorenns 36
leii-Jlioccaka 88

I'yka 45

HNanbTona 87

Kupxropa 189

Kupxropa — Byusena 187
Kyaona 116

Oma 119

Mackang 47

coxpanenus sapsajpos 115
— umnyabca 34

— MOMeHTa HMIOyJbca 36
— osuepruun 41

CrepaHa — Boabumana 189
CrosieroBa 186

[Hapas 88

ai(gélu BH.WHeIO (oTo3dpdekTa
— Hbworona 31—33

— TepMoiuHaMHKu 83

— Qapages 128

3apsan saekrpuuecknit 115

— ajieMeHTapHblll 115

3Byk 57

3ona BajentHas 13l

— 3anpemeHnHas 131

— mnposoAuMOCTH 131

T T I A O O

w

Hanyuyenne TensoBoe 188
H3o6aper 206

Hsoronu 206

HMmnyabe 32

Mupyknuss marnutHas 133
— HacelleHus 142

— 3JeKTpoMarHuTHas 138

— 3JeKTpocraTHyeckas 121
HueptHocTs 32
WutencuBioctb BoaH 57, 180
Hurepdepennus 179
Hudpassyk 57

Houusauns rasos 129

Wonwt 115, 127

HMckpopoit mpomexyTok 130
Hcnapenne 84
Hcnyckarenbuas cnoco6Hocts 188
Mctounnk toka 124
Hcrounnku xorepenthHoie 181

Karnoust 127

Katop 127

Kartoxsl okcuansie 129
KBaut usnyvenns 185
KBanToBele uncia 204
Ksapku 214

Kepma 214

KunemaTtuka 23
Kunernueckass Teopus rasos 92
Kunenune 84

KoneGauusi BbiHyXIeHHble 53
— rapmonundeckne 51

— saryxalowne 53

— cBoGopgHble 52

— 3JjieKkTpuueckHe 143
KosnnuectBo pBHXeHusa 32
Konpneucarop 120
Komnjencauna 84

Koutyp koneGatenbuuift 144
Koadduunenr satyxauua 53 .
— KauectBa 213
KkBasuynpyro#t cuasl 5l
mowHOCTH 144
ocnabnenus JauHeRHmi 211
— MaccoBuiit 211
OoTpaxeHHs1 3ByKa 58

— cBera 173

norjowenus 3sByka 58
— nponyckanus 58

— Ilyaccona 46

Kpusas Hamaruuyenus 141
— nJaaBJyenus 85

— cy6aumanuu 85

— (a3oBbLIX NepexofoB 85
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Kpucraan 96
Kpucrannusanus 83

Jlentonnt 216

Jlunsa 175

Jlusuu mareuTHONR MHAYKnuM 135
— Hanpsxkensoctu 117

— cnektpa 187

— ®paynrogdepa 187
Jlyuenpenomsaenne psoitHoe 184

Marnetuxku 140

Marneron Bopa 201

— sagepunift 201
Maruurtoctprkuus 142
MaxkcBesnsia pacnpefiesienne 93
Macca 32

— MoJasipHas 81

MaccoBoe unciao 206

MasTHHK KpPyTHJAbHHt 52

— MaTteMmaTHyeckuii 52

— ¢ ynpyro#i cBs3bio 52

— ¢u3snyecknit 51

Mesonn 216

Mogear atoma 202

— upgea’bnoro rasa ‘92
Moayabs o6bemuoii ympyrocru 47

— capura 47
— lOura 45
Moap 14

MomMeNT JHMNOJS BJIEKTPHYECKHH
117

— umnyabca 35

— uHepuuu 35

— KOHTypa Maruutunfi 134

— cuanl 34

Mownocrs 40

— norJomenHoR posm 212

Hamarnuuensocts 140

Hanpsixkenue MexaHHueckoe 45

— 3neKTpuueckoe 126

Hangﬁmeﬂuocn KO3DLHTHBHAA
14

— noas wmarauTHoro 136

— — rarotennsn 37

— — 3jekTpHueckoro 116

Heiitpon 206, 225

Hyxkaonw 206

0G6os0uKA 9NeKTpoHHbe 205
Ontka reomerpuveckana 173

Op6uta crauuonapuas 203
Oceemennocts 171, 172
Orpaxenne andoysnoe 173
— noJHoe 174

— cBeta 173

Nap wHacemenuwit 84

INapamarueruxkn 140

ITapameTpel KpHTHYeCKHe 86

— TepMOAHHaMH4YeckHe 80

[Mepememenne 24

— yrJaosoe 26

INepnox Bpamenus 27

— Kose6anuii 50

— — xkolitypa 144

— mnoaypacnaga 210

IMetnst rucrepesnca 142

IlnoTHOCTL BemwectBa 39

— sapsafa mnosepxHocThas 117

— KpuTHyeckas 86

— TOKa 3JeKTpuueckoro 123

— 9HeprHH MarHHTHOro noJjs 139

— — sJjekTpuueckoro mosas 121

[NoBepxHocTb BoOsMHOBast 56

— 3KBHIOTeHUHaJ bHass 119

INoraomarensuas cnoco6uocts 188

[Morpemnocts u3mepeHuit 234—
236

Hozgmmuocn HOCHTeJell 3apsja
124

[Nokasatenp mnorsomenus 58

— npeaomJaenus 174

[lone rpasuraunoHsoe 37

— MarHHuTHoe 133

— noteHuHabHoe 40

— oasekTpuueckoe 116

— — BHuXxpeBoe 138

— 9JIeKTPOMarHHuTHoe 147

[Mosumepnr 98

IMonucnacr 44

INonuwifi usnyuateap 189

INoaynposoannku 130

[Monmock mMaruuTHBIE 163

TNonspusauua puanekTpuka 121

— CcBéTa

INopor Goaeporo ouryumenus 58

— CJBILIHMOCTH

IMocrosinnas Asoragpo 92

— Boabumana 92

— Bpamenus 186

— — ygeabnas 185

— rpaBuTaiHonHas 36, 238

— Ilnanka 186

Hoctosinnpe SMHCCHOHHHE 129
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52

nOTeHllHaJl Qne'KTpH‘leCKOTO noas
119

o« 9JIEKTPOXHMHUeCKHA 128

"flotok Hanyuenus 171

— MarHuTHbifi 137

— cBeTOBOH 172

.= TenjoBoit 90

NMpasuna Kupxropa 126

Mpasuio Bunra (npasoro) 12, 134

“~— JseBofi pykn 134

"= Jlenna 138

‘Mpenen npounoctn 45

-— TeKy4YecTH 45

~— ynpyroctd 45

. fipeo6pasosanns Tanunes 28

"e— Jlopenua 29

gpnﬁopu ontuueckne 177—179

Ilpumecn axkuentopueie 132

— JOHOpHble 132

npmumn Tofirenca — Ppenens
181

— Ilayau 205

[lposopsimocTs AbIpouHass 132 -

HecaMoctosiTesbHas 129 ’

camocTosiTeslbHast 129

yrenpHas 129
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