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4 IIpeducaosue pedaxmopos

IIpegucaoBue peaakTopoB

Dusura xax y4eGHbll npeamer OasupyeTcs Ha CpPaBHUTEJBHO
HebGonblioM umcsie byHIaMeHTaJIbHbIX 3aKOHOB NIPUPOJbI, OJHAKO MUX
raybokoe noHmManue TpebyeT yBepeHHOro BJaJeHMA MHOTMMM HeIpu-
BbIYHBIMKM ¥ He BcerfZa HariagHoiMu noHatuamu. Ilostomy HyMxHa
Oonbinasg M AJUTeJNbHAs NPaKTHMKa [0 YCBOEHMIO OTUX IIOHATHUM, KOTO-
pas OCHOBbIBaeTCA B MepBYI0 ouepe]sh Ha pellleHuM 3agad. VimeHHo 3a-
Jayy ABJAIOTCA TeM y4eGHBIM CpeACTBOM, IPM IIOMONIM KOTOPOro MOXK-
HO yBUIETh, KaKk peaJsibHO “paboraioT” ¢huaudeckue 3aKOHBI NPM ONMca-
HMYM KOHKPETHBIX ABJIEHMI B OKPY°KAIOIIEM Hac Mupe, IIpM MX obbACHe-
HMY U TIpeiCKa3aHu.

OcHoBoOIt HacTosLIero nocodbusa ABIAKTCA U3ObpaHHbIe 3aJa4u 110
dusuke U3 yncNa npexpsaraBuimxcsa aburypumenram BMuK MIY na
poTsAXeHun nocaenuux 15 jger. Beero B nocobue BrmodeHo okoyo 430
3aZlad, KOTOpbIe CrpyNNMpOBaHbl [0 TeMaM B IIOJIHOM COOTBETCTBMM C
nporpaMmoii o ¢puanke and nocrynaioumx 8 MI'Y. CocraButenn cbop-
HMKa CO4JIM lieJlecooOpa3HBIM HJIA OKA3aHMA IOMOMIM ydaIlMMCA NpH
MOArOTOBKE K 3K3aMeHaM JaBaTh B HauaJjle KadXJoil TeMbl KPaTKYIO
CBOAKY 0a30BBIX TeOpEeTHYECKMX CBeeHWUIi, Ipe/ICTaBISAIONLIYI0 coBoii 1o
CYLIECTBY KOHCIIEKT OTBETOB Ha COOTBETCTBYIOIIME 3K3aMeHallMOHHble
Bompochl. OJHaKO 4YMUTATeNAM JOJDKHO ObITh ACHO, YTO 3T CBeIEHus
HOCAT cyry6o cIIpaBOYHBI XapaKTep M He MOT'YT 3aMEeHUTh CTabuibHble
y4ebHbIe 11ocobus, CMCOK KOTOPBIX NpUBeAeH B KOHIE KHUTK.

B xonnekTMBe, KOTOpPOMY MOPYYeHO TOTOBUTH DKIaMEHAIMOH-
Hple GuyeTs! Mo dusMke s nocrynaomwmx va BMK MI'Y, va npora-
skeHUM MHorux JieT paborasnu B.B. Byxoenes, JLH. Kanios, BJI. Kysne-
nos, I'fl. Makumes, C.FO. Hukmruu, M.II. Hukonaes, H.B. IToabimoBa,
M.C. ITonakosa, C.B. Ilonos, A.B. IIpuesxer, C.C. HecHokos, JL.A. Ille-
Hasckuit, BJ1. IIImaneraysen. Hesbp3sa He 0TMeTUTb MX OTPOMHbBINA BKJAK
B popMupOBaHMe CAOMKUBILETOCSH K HACTOAWEMY BpPeMeHM CTUJIA 3K3a-
MEHAIMOHHBIX 3allaHMif M COOTBETCTBYIOIIETO eMy YpPOBHA TpeboBaHMIt
K nocrynamigum Ha BMK.
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1. Mexaauka

1.1. Kunemamuxa

Bonpocs! mporpamMma!

® Mexanuueckoe Jsudcenue. OMHOCUMEALHOCTND METAHUUECKOZ0
deudcenus. Mamepuasvnas mouxa. Cucmema omcuema. Tpaexmo-
pust. Bexmop nepemewenus u ezo npoexyuu. ITyms. Cxopocmo,
caoxceHue cxopocmeti. Yexoperue.

o IIpamoasuneiinoe pasnomeproe u pasnonepemennoe Osudxcenus. 3a-
SUCUMOCTNU CKOPOCTNU, KOOPOUHAT U NYMU O 8PeMeHu.

e Hpusoauneiinoe dsuicenue. Pasnomeproe dsuscenue no oxpyxrcHo-
cmu. Yanoeas cxopocms. ITepuod u vacmoma obpawerus. Ycxope-
HuUe mead npu G8UNEHUU NO OKPYICHOCTNU.

o (Ceob600noe nadenue mea. Ycxopenue ceobodno nadarowezo meaa.
Jeudcenue meaa, 6powenrozo nod yaaom K opusonmy. JasvHocms
u gvicoma nosema.

e Jlocmynameavroe u spawamenvroe deuncerue maepdozo mena.

Onpene.nenml, MNOHATHA M 3aKOHbI

Mexanuuecxoe OJeuxncenue. OMHOCUMEAPHOCTND METAHULECKOZO
deuxcenun. B mexanmke usydaercs Haubosee npocrasa cdopma ABUKe-
HUA — MeXaHudeckoe ABIDKeHue. Mexanuueckum deudceruem Ha3bIBa-
€TCA U3MEeHEeHMe IIOJIOXKeHMA MNAaHHOIo Teja (MJIM ero 4dacreil) OTHOCHU-
TeJbHO APYTUX TeJl, IpoMCXojsAlliee ¢ TedeHueM Bpemenu. Jlioboe mexa-
HUYECKOe ABMIKEHME BCerfla ABJIAETCH OMHOCUmMeavHsviM. B npuposne He
cymecTByeT abcoJiioTHOro AByaKkeHuA uim abeomoTHoro noxod. [loaromy
Ul ONMCaHUs MeXaHM4YeCKOTO IBMIYKEHMSA HeoOXOoOuMMo yKasaTh KOH-
KpeTHOe TeJIo, OTHOCUMTEJIbHO KOTOPOro HabsofaeTcA JIBMIKeHMe OPYIUX
TeJl. 3TO TeJIo Ha3bIBAlOT Mmeaom omcuema. Takum obpazom, MexaHMIe-
CKOEe JBMYKEHME — 3TO M3MEHeHMe IIOJIOMKEHUS TeJl OTHOCUTEJbHO BEI-
GpaHHOrO Teya oTCYeTa.
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Mamepuaavnas mouxa. [j1A MATeMaTHMYECKOTO ONMCAHMA ABMIKEHUSA B
KMHEeMaTHKe MCIOJb3yIOTCA pasiiMuHble Modenu ¢usmudeckux Ten. Ma-
mepuaibiHas Mmouka — MPOCTeilad MojelNib Tesa, MCIIOJb3yeMas AJA
onMcaHMA ABVMIKEHMA B TeX CJyd4asX, Korja pasMepaMyu M ¢opMoil Tesa
MOXXKHO IpeHebpeys. OTa MozZeNb IpMMeHMMa, Korga 1) pasmepnbl TeJsa
MaJibl [0 CPaBHEHMIO C XapaKTePHbIMM pasMepamyu o6JacTH JBMIMKEHUS
TeNa, WM KOIZa 2) TBepoe TeJIO CcoBeplIaeT NOCTYyIaTeJIbHOe IBMIKe-
Hre (cm. Huske). [losoxkenne mamepuanvbHou TOMKM B NPOCTPAHCTBE OI-
peAesieTcs MOJIOKEHMEM M300pasKkaioleli ee zeomMempu+eckKol TOYKMN.

Cucmemoti omcuema Ha3bIBAaIOT TEJIO OTCYETA, CBA3AHHYIO C HUM CHC-
TEeMy KOOPAMHAT ¥ upubop ANA M3MepeHus BpeMmeHM (dackl). Ilomoxxe-
HUe MaTepHaybHOM TOYKM B IIPOCTPAHCTBE ONpPeNIeNIAeTCA MPeMa Koop-
dunamamu x, y, z (puc. 1.1.1). OHO MoxeT OBITh 3afaHO TaKKe paduyc-

gexmopom F , COENMHSIOIMM Ha4aJso KOOPAMHAT C MaTepPUaJIbHOM TOu-

KOM, npu4yeM

rF= {x,y,z}. (1.1.1)
24 y
3
wl _AFx'Fz_P'
2| Ay-‘yz—)q{ . :2 .
Y, | r'; ! Ar={afr=
y "/ 4 | Taxt+ay?
o y ! i
/ — -

»~ x, Ax::xz-x“ x,

Puc. 1.1.1 Puc. 1.1.2

Epununa ans msMepeHMA JIJMHBI, ycTaHOBJIEHHaa B MerkyHapomHOI
cucreme exmuuy (CU), HaspiBaeTcs mempom. IlpubmmoxeHHo OH paBeH

1/40000000 wacTu 3emHOro Mepmumuana. [Io coBpemeHHOMY olipenene-
HMIO OZMH MeTP - 3TO PacCTOsIHMEe, KOTOPOe CBET NPOXOAMT B BaKyyMe
3a 1/299792458 pomo ceryHanl Takum o6pasoM, onpeseseHne eguHU-
LBl PAacCTOAHUA CBA3AHO C ONpefdesieHNeM eAMHHILI U3MEPEeHMS BpeMe-
HU - cexyndou. Onna cekyHpma npuOmmnpKesHO paBia 1/86400 gose

3€MHbLIX CYTOK. ,lIJIH TOYHBIX Msmepeﬂm“a BpPeMEHM MCIOJIb3YIOTCA aTOM-
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Hble yachl Onpenenennas B CY cexkyHaa paBHa 9192631770 nepuogam

M3TYyYeHUsA aToMa Le3ysl IpM TIepexXofe MeMKAYy HABYMA YPOBHAMM
CBEPXTOHKO} CTPYKTYPbI OCHOBHOTO COCTOAHMA.

Tpaexmopus. IIpn pBMKeRnyM MaTepuasIbHOM TOYKM KOHEL] paiuyc-
BEKTOpa OIUCHIBAeT B IPOCTPaHCTBE HEKOTOPYIO HENpPepBIBHYIO JIMHUIO,
Ha3BIBAEMYIO Mmpaexmopuel TOUKYM. YpaBHeHMe, ONUCBIBalOllee 3aBM-
CUMOCTB pajuyc-BeKTOpa ABUMKYIIEHNCA TOYKM OT BpeMeHM

F=F() (1.1.2)

Ha3blBa€TCA BEKTOPHBIM KUHEMaTUYECKMM YPAasHEHUEM feuxcenus
mouxu. OHO 3KBUBAJIEHTHO TPEeM CKaJIAPHBIM YPaBHEHUAM ABMIKEHUA:

x=x@),y=y0,z=1z2() . (1.1.3)

TpaeKTopuM OJHOM M TOM Ke TOUYKM B PasHBIX CHUCTeMaX OTCYeTa MMe-
10T, BooOie roBops, paszmuHyl dopmy. KnnemaTtuyeckue ypaBHeHHUA
ABVMOKEHMA TOYKM B Pa3HbIX CMCTEMaX OTcYeTa TaKiKe Pa3JIMuHbIL

Ilepemewerue MaTepuasbHON TOYKM M3 IOJIOKEHUA 1 B IoJIOXKeHne 2 -
9TO BEKTOpP

AF=F—-F , (1.1.4)

W

NpOBEeJICHHBIA M3 Ha4YaJIbHOTO TOJIO’KEeHUS TOYKM B KOoHewHoe (puc. 1.1.2).
IIpoexkiy BekTopa HepeMelleHUs Ha KOOPAMHATHBIE OCK MOTYT ObITb
BBIpakeHbl Yepe3 PasdHOCTH KOOPAMHAT €ro KOHIA M HavaJja:

Ax=X,—X, Ay=Y,-y, Az=2,~2 . (1.1.5)

OTH BeaMdYMHbBl YaCTO Ha3bIBAIOT IepeMelleHMAMU TO4YKM BAOJNB COOT-
BETCTBYIOLIMX KOOPAMHATHBIX OCe.

ITyms TOYKM PaBeH CyMMe PacCTOSIHMIA, NPOMJEHHBIX €0 BAOJL Tpaex-
TOPUM, M BCerza ABJIAETCS HeoTpUUaTeJIbHOM Bennumsoi. IlyTu, npoii-
[eHHBIE TOYKO 3a MocjefoBaTelIbHbIE IIPOMEIKYTKM BPEMeHM, CKIabl-

BaloTca apudMerndecku. Monyap Ar = Ax* + Ay’ +Az' nepemernenns

TOYKM B OOLIEM ciydae He pPaBeH IIyTH, IIPOIJAEHHOMY TOYKON 3a paH-
HBI/i MPOMEKYTOK BpPeMeHM. OTM BeJIMYMHBI COBNANAIOT TOJbKO NpH
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OABHUKEHUN TOYKH IO ﬂpHMOﬁ B O4HOM HarpaBJIEeHUH.

Cxopocms. Cpednsas cxopocmb TOYKM B JIAHHONM CHUCTeMe OTCHeTa Ha

uHTepBase BpeMeHu (I,1+Al) ecTb BekTOp V,,, PaBHBIA OTHOLIEHMIO
BeKTOpa IepeMeilienusa AF =7(t+Af)~7(f) & BenuuuHe MHTEpBaJsa
Bpemenu Ar (puc. 1.1.3):

_ Ft+AD)~F(t) =£

1.1.6
s At At ( )

b

o

HanpasjeHue cpefiHeif CKOPOCTM COBMNajaeT C HallpaBJieHMEM BEKTOpa
nepemeinedun Ar . CpefHsAA CKOPOCTh XapaKTepPUayeT ABUIKEHME TOY-
KM B TedeHMe BCEro INpOMeXYTKa BpeMeHM Af, IAJA KOTOPOro OHa OI-
penenena.

Ha npakTuke 4acTo MCHONBIYIOT
MOHATHE CpelHel 7Nymesol CKo-

P at POCTH, KOTOpPOE OMNpeleJsfloT Kak
OTHOILUEHME HyTH, TNPORAEHHOIO

Vo= ft% at TOYKOM, KO BPEMEHU €ro IPOoXOom-~

JeHudA. BaskHo uMeTs B BUAy, 4YTO
x BeJM4MHa (MOIyJNb) cpelHeil CKo-
Puc. 1.1.3 pocty B obuieM ciiydae He COBIa-

F(t+at)

JaeT co cpefHelt myTeBoi ckopocThio. OHM PasiM4YHBI, HAIpUMep, NPy
BO3BPATHO-IIOCTYNATEIbHOM JABMIKEHMM II0 NPAMOM, IPU KPUBOJMHEN~
HOM JIBVMOKEHMM U T.IL

Menogennot cxopocmsio (MM Ipocto ckopocmsio) V(f) Touku B gaH-~

HOJ CUCTeMe oTcyeTa B MOMEHT BpeMEHM ! Ha3bIBAETCH npenen cpe,zmeﬁ
CKOPOCTH (1PN HEOrpaHWYEHHOM yMEHbIUEeHNN MHTepPBaJia BpeMeHu At

ﬁ(')=§5ToA“z=71?=?' (1.1.7)

KomMmnoueHTamm BeKTOpa CKOPOCTH ABJIAIOTCA IIPOM3BOLHbIE 110 BDEMEHMU
OT KOMIIOHEHT paJnycC-BE€KTOpPa TO4YKN:
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V(1) = {x(1), )0),2(1)} - , (1.1.8)
BekTop ckopocTy HanpaBJIeH N0 KACAMEABHOU K TPAEKTOPUM TOYKU.

Caoxcenue cxopocmeti. BaxxHol 3afadell KMHEMaTHKN SIBIAETCS ycTa-
HOBJICHME CBSA3U MEMXJAY XapPaKTePUCTHUKAMM [ABVIKEHMUS TOUYKM OMMHO-
CUMEeAbHO PA3HbLX cucmem omcuema. IIycTs ofjHa cuCTeMa OTCHeTa,
KOTOPYI0 MbI OyJeM HasbIBaTb IOJBUXKHOM, ABMKETCSH II0CTYIIATEbHO

-

co cropoctbid U OTHOCHTENbHO APYroil CHCTEMBbl, KOTOPYI0 OymeMm Ha-

3bIBaTh HEHOABM?KHOﬁ. Hyc’rb CKOPOCTb TOYKM OTHOCHUTEJIBHO IIOOBUMK-

HO¥ cucreMbl orcdera paBHa V' . Torzma ckopocre V' aroii ke ToukHM

OTHOCHUTEJIBHO HeI'IO,IIBVID‘KHOﬁ CHMCTEeMbI HaXOIUTCA M3 COOTHOLIEHMA, Ha-
3pIBAEMOr0 3aKOHOM CAOXeHUR cnopocmeli:

V=V'4+U. (1.1.9)

Ycxopenue. Cpeduee  yckopenue
TOYKM B JaHHON cHUCTeMe OoTcyeTa Ha Y4
uHTepBaJie BpeMeHu (I, I+Af) ecTb

BEeKTOP 4,,, PaBHbUI OTHOLIEHMIO

BeKTOpa  MNpHUpallleHUuA  CKOPOCTH

AV =V(@+A)—-V(f) na stom unrep- —-

BaJjle K BeJu4MHe MHTEpBaJla Bpeme- Puc. 1.1.4
HU Af (puc. 1.1.4):

. V(t+AD)-V(0) :éﬁ

a 1.1.10
P At At ¢ )

 Mznoeennvim ycrxopenuem (MM IIPOCTO YycKopeHuem) TOUKU d(f) B Mo-

MeHT BpeMeHM ! B JaHHOW CHCTEMe OTCYeTa Ha3hIBAETCH Npelell Cpef-
Hero yCKOpeHMsl IPM CTPeMJIeHMM MHTepBaJja BpeMeHu Al K HYJIO:

- . AV aV s -
a(l)-—h—lﬂ)-z‘t—'———dt‘—l/——r . (1111)

IIpamoasunetinoe pasnomeproe u pasnonepemenroe dsumenusn. Ilo
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¢dopMe TpPaeKTOPUM ABUMKEHMA AEJATCA Ha NPAMOJIMHENHbIE M KPUBO-
JuHeliHble. B nepBoM ciyyae TpaeKTopuell ABMKEHMA TOYKM B NAHHOW
cucTeMe OTCUYeTa ABJAETCA IpAMad JIMHUSA, BO BTOPOM — HEKOTOopas
kpuBaf. 18 omicaHus npsimosuneinozo ABMKeHUA yIoOHO COBMECTUTD
KOOPIMHATHYIO ochb (HanpuMmep, ock OX) ¢ HanpaBJeHMNeM, BAOJbL KOTO-
pOro NPOMCXOAUT OBMIKEHYE.

PasnomepHbim HasbIBaeTCsl JBUXKEeHMe € IIOCTOAHHOM 1O MOJIYJIO CKOPO-
creio. [lpyu pasnomeprom npsmosunetiHom OsudceHur TOYKU MIHOBEH-
Hasi CKOPOCTL He 3aBUCMT OT BPeMEHM M B KalXJAoil ToYKe TpaeKTOopMM
HamIpaBJeHa BHOJIb TpaekTopmy. CpeinHss cropocTe 3a Jioboii npome-
JKYTOK BpeMeHM paBHa MIHOBEeHHOM ckopoctiu. KuHemaTudeckoe ypas-
HEHMe NBUKEHUA NIPUHUMAET BUA:

x(D)=x, +Vyt, (1.1.12)

rae Xo — Ha4aJbHafl KOOPAMHATA TOUYKM, Vo — NPOEKINsA CKOPOCTH TOYKM
Ha KOOPAMHAaTHYIO och OX.

Pasnonepemennoe npamosunelinoe deuxcernue — 5TO ABMKEHNE TOUKMU C
[IOCTOSIHHBIM 1IO BeJIMYMHE M 10 HalpaBJIEHMIO yckopeHuem. Ilpn sTom
CpesHee YCKOPeHME PaBHO MTHOBEHHOMY yckopeumio. Ecim Hanpabie-
HME YCKOPEeHMSA ¢ COBIaJaeT C HaMpaBJE€HMeM CKOPOCTM TOYKH, TO

ABIM)KEHUE Ha3blBae€TCA PABHOYCKOPEHHBIM, B IPOTUBOIIOJIOKHOM CJIy-
qae — pasnoaameaﬂenubm.

Hp)’[ paBHOIIEpEMEHHOM HpﬂMOJIMHeﬁHOM ABHXXEHMM 3aBUCHMOCTL CKO-
pocTt M KOOpAVHAT TOYKM OT BPEMEHU BbIpa)KaeTCA BEeKTOPHLIMU KU-
HeMaTN4YeCKUMMM YPaBHEHUAMNU

1

ar’
-

Q

V=V,+at, F=F+Vyi+ (1.1.13)

IIpoeKkuuM BEKTOPHBIX KMHeMaTHdeckux ypaBHenmit (1.1.13) nHa Koopzu-
HaTHYO ock OX umeloT BMA:

2

V@) =V, +at, x(i)=x,+V+2 (1.1.14)

BaskHO IIOMHMTB, 4YTO BeNWYMHBI, BXogAume B ypaBHeHus (1.1.12)
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(1.1.14), siBnsAoTeA anzebpaurecKumu, T.e. MOTYT MMETb Pas3Hble 3HAKM B
3aBMCUMOCTH OT TOro, COHaIpaBJIEH MJM IIPOTUBOHAIIPABJEH COOTBETCT-
BYIOLMI BEKTOP BHIOPAHHOMY HAIIPaBJIEHUIO KOOPAMHATHON! OCH.

3asucumocmu CKXOpPocmu, KoopduHam u nymu om epemeru. llpu
pelleHMM 3ajlay M aHaJu3e Pe3yJbTaTOB YAOOHO NpPeACTaBJIATL 3aBy-
CHMOCTM KOODAMHATHI ¥ CKOPOCTM Teja OT BpeMeHM rpadpudecku. Ipu-
Mepbl TaKMX IpPefCcTaBIeHMH IJA IPAMONMHEMHOIO PaBHOMEPHOTO W
paBHONIEPEMEHHOTO JBMXKEeHUI npuBeseHb! Ha puc. 1.1.5b u 1.1.6 coorBet-

CTBE€HHO.
ax : qzﬂ
Y t L t
Vao V/,
////// .
v
% I A// R
___________ -t l e ¢
x !
x |
//'_’-1-.\\
// .
o<~ - _ '
S ’
t l t
% s, !
P
-~ .
SR £” !
Z - — 1 -
t t
Puc. 1.1.5 Puc. 1.1.6

ITpu mocTpoeHny rpacuroB HEOGXOAMMO YHUMTHIBATh, YTO TAHMEHC YIJIa
HaKJIOHA KacaTeJIbHOM K KpMBOHA X = X(f) B Kakoi-11b60 MOMEHT BpeMeHH
TPONOPIMOHAJIEH CKOPOCTY TOYKM B STOT MOMEHT BPEMEHU, a TaHTeHC
yIJla HaKJIOHa KacaTeJIbHON K KpuBoii V = V{(f) nponopumoHasieH yCKo-
PEeHNIO ‘TOYKM B HaHHBIA MomeHT. Ilo rpacuky saBUCHMMOCTH a = 4(f)
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MOXKHO HaliTM M3MEHEHMe CKOPOCTY 3a NMPOMEXKYTOK BPeMeHM OT ! Jo [2:
OHO PaBHO IIJIOIIAAM IOJ KPUBoit a = a(f) B npefienax oT {1 Ao t2. AHajo-
riu4Ho, 1o rpaduky saBucumocty V = V{(¢) MOKHO HaliTH M3MEHEHME KO-
OpPIOUHATHI TOUKM 3a BpeMd (2 - 1)

Kpueoauneiinoe deuixcenue. Pasnomeproe deudcenue no OXPYi HoO-
cmu. Ilpocreitiieit MOZENBI0 KPUBOAUNHEUHOZ0

Q IBUIKEHUS FBIAETCA PASHOMePHOe Osudicenue
ﬁi\ no oxpydcHocmu. B arom ciydae TOYKa ABU-
JKETCHA 10 OKPYIKHOCTM C MOCTOAHHOM II0 BeJ-
ypuHe ckopocTtbio V. IlososkeHne Toukyu ynobHo
ONMChIBaTh YIJIOM (@, KOTOpBII COCTaBJsieT

palzuyc-BeKTOp TO4YKM C HEKOTOPOi OCbIO, Ha-

Puc. 1.1.7 npumep ¢ oceio OX (cm. puc. 1.1.7).

Yanoeas cxopocms. Illepuod u uwacmoma obpawenus. Bemrunnoi
12108010 CKOPOCMU TOYKM ( TIPU IBUMKEHWUH M0 OKPYXHOCTH Ha3bIBAIOT
OTHOILIIEHMe MpHUpaljeHus yrijla noBopora A@ ee pajguyca-BeKTOpa Ko
BpeMeHM At , 3a KOTOpoe ®TOT NOBOPOT npousomre. ITepuodom T pBu-
JKEeHUsl TOYKM M0 OKPY?KHOCTU Ha3bIBAIOT BpeMs, 3a KOTOpPOe TOYKa COo-
BeplIaeT TMOJHEBNA obopor. Hacmoma obpawenus Vv - 3TO BeJaMUYMHA,
obpaTHafa Nepuony. YTJIoBas CKOPOCTh, YacToTa M MNepuoh ofpallleHus

[Ip¥ paBHOMEPHOM [BMYKEHMM II0 OKPYXKHOCTM CBASaHbI Mexnuy coboit
COOTHOILIEHNAMMA:

I
T=—=—. (1.1.15)
JIuneitHasa ckopocTs V' IBMMKEHMS 10 OKPYIXKHOCTM BbIpadkaeTcsl depes
YTJIOBYIO CKOPOCTb © M pajuyc okpyskHocTu R no copmyne
V=wmR. (1.1.16)

Ycxopenue mena npu deudcenuu no oxpysxcxocmu. Ilpu asusKeHnu
TeNa IO OKPYKHOCTM BEKTOP CKOPOCTM M3MEHAETCS, IOITOMY y TeJia
CyIECTBYeT yeHmpocmpemumensvioe yCKOpeHHe, HaNpaBJIeHHOE II0
pazuycy OKpY’KHOCTH K ee LIeHTPY M II0 MOAYJIO paBHOe
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V? 2
a=—=0"R . (1.1.17)
R
Ceo6odnoe nadenue mea. Ycxopenue ceo60d1o nadanwezo meaa.
C80600HbiM nadeHuem Ha3bIBAETCA OBMKEHMe, KOTOPOE COBepIIaeT Te-
JIO TOJIBKO NI0J Ne/CTBMEM NPUTsIKeHMs 3emiy, Oe3 ydeTa COIpPOTUBJIE-
HUA BO3[yXa. YCKOpPeHMe g , C KOTOPBIM JIBMKETCH BOJIM3M IIOBEPXHO-

cTH 3eMnM MaTepuaJsibHadA TOYKa, Ha KOTOPYIO HeHCTBYET TOJBKO CUJIa
TAMXKECTH, Ha3BIBAeTCA Yckopewuem c806001H020 nadeHus. YCKopeHue
¢cBOOOAHOTO NaJIeHNA He 3aBUCHUT OT Macchl TeJla.

Heudcenue meana, 6powennozo nod yzaom K zopusonmy. Jaaw-
HOCTb U 8bicoma noaema. IIpu onmcauuy ABMIKEHMS TeJa y ITOBEPX-
HocTM 3emim yHobHo
BeIOpaTh CHCTEMY KO-
opauHAaT TaK, urober H
OfHa M3 KOOPAMHATHBIX

oceit (o6pruHo oce OX)

Y

Oblyla HanpaBJIeHA TO-
pu30HTAJIbHO, a Apyras
(obpruno OY) - BepTH- » Puc. 1.1.8

kaJipHO (puc. 1.1.8). Torna asmxenne no ocu OX Gyner paBHOMeDHBIM, a
no ocu OY - paBHONepeMeHHBIM. B GoJbHIMHCTBE 3ajad Hauyajio Koop-
IMHAT yJ0OHO COBMECTUTH C TOUKOM, OTKyZa TeJlO HauMHAET JBUSKEeHME.

Iost Tena, GpPOLIEHHOrO OT MOBEPXHOCTM 3€MJIM €O CKOPOCTBIO V, Tox

yraom Ol K TOPMBOHTY, B CHUCTeMe KOODAMHAT, M300parKeHHOl) Ha pHC.
1.1.8,

2

x() =Vtcosa, y(t)=V0tsinocngt_. (1.1.18)

Vickmouass U3 3THX COOTHOIUEHMI BpeMs !, NOJYy4HaeM YypasHeHue mpa-
exmopuu meaa

y(x)=tgot-x—g/—zigos—%?x2 , (1.1.19)
0
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KOTOpoe fBJifeTCH ypaBHeHyeM napabosnbl. B Touke ¢ xoopauHaToi

2

x, = —L-sinacosa (1.1.20)
4

TeJIO Jocruraet HanbOJNBIIEN BBICOTHI
Ve,
Hxy)=H=—-sin"a . (1.1.21)
2g

2 2

Vy . Ve .
Bemuuupr L =2x, = —>sinacosa u H= —23~sm2 0. Ha3bIBAIOTCS, CO-
g

OTBETCTBEHHO, 0aNbHOCMBIO U 8bICOMOU noaema.

IHocmynameavhoe u epaujamenvroe Osudcenus meepdozo meaa.
Taepdoe meao — 3TO MOHeNb, IPMMEHseMas B CIy4YasX, KorJa u3MeHe-
HueM OpPMBI ¥ PasMepoB TeJla [IPH €ro JABIMKEeHNN MOKHO npeHebpeds.
Mogenb paccMaTpMBaeTCHd KaK CUCTeMa MaTepHalibHbIX TOYEK, pac-
CTOSAHNA MEXJIy KOTOPHIMM OCTAIOTCH HeM3MEHHBLIMU.

PR .~ ¥
\
Y i
- VA /
\\
Puc. 1.1.9 Puc. 1.1.10

[Ipocreiilye MofeNny ABMIKEHMA TBEPHOIO TeJia — 9TO [OCTyraTesbHOe
¥ BpaujaTeJbHoe JBuKeHuA. Ilocmynamenvusvim Osuscenuem TBEPIOTO
Tesa (puc. 1.1.9) HaspIBAIOT Takoe ABMKeHMe, IIPM KOTOPOM TPaeKTopuu
BCEX TOYEK TeJia ONVHaKOBBL

IIpu 3ToM Teso He MOBOpauYMBaeTCA M KasKAasd JIMHMA, COEMMHSIOLIAA
Jiobble fiBe TOYKM TeJla, NMEePEHOCUTCA MapaslesibHo camoii cebe. Ilpu
IOCTYIIATEJIBHOM ABMMKEHUM BCe TOUKM Tesia B IaHHBI MOMEHT BPeMeHM
MMEIOT OAMHAKOBBIE CKODOCTM M yCKopeHus. Ilo3ToMy, 3Haf ABMIKEHME
KaKOJM-TO OJHOM TOYKM TeJa, MBI MOXKEM OJIHOBHAYHO ONpEeNEsMTL ABU-
JKEeHMe BCEX ero OCTaJIbHBIX TOYEK.
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Bpawamenvnbim Geudcenuem Ha3bIBAETCA TaKOe JABMIKEHME TBEPHOroO
TeJla, IPM KOTOPOM TPAeKTOPUM BCeX TOYEK TeJsia SBJSIOTCA KOHIIEH-
TPUYECKMMU OKPYIKHOCTAMY C LEHTPOM Ha OJHOI NPAMOI, Ha3bIBAEMOMI
oceio Bpaienus (puc. 1.1.10).

¥Yxkazaaua no pelmueHnIo 3axay

Ilpu pewrenuu sapay KMHEMATHMKM HY’KHO B IIEPBYIO odepenb BbIOpaThb
CHUCTeMy KOOPZMHAT, 3aJaTh ee Ha4aJlo M IIOJIOXKMTeJNbHble HalpaBJe-
HUA KOOPAMHATHBIX OCeli, a TaK<e BpIOpaTh HayaJlo OTCYETa BPEMEHU.

B caydae npAMONMHEHHOrO ABMIKEHMUSA CJIEAYET OJIb30BATLCSA CUCTEMOI
KOOPAMHAT, COCTOAIIEl M3 OJHONM KoopAmHaTHO ocu OX, BHonb KOTO-
poOJt MpOUCXOAUT ABMKeHMe. B foJiee CJ0MHBIX CJIy4asax HYXXHO IIpuUMe-
HATH JEKapTOBY IPAMOYIOJBHYIO CHUCTEMY KOOPAMHAT C B3a¥MHO INep-
neHIuryaAapaeiMu ocsamu OX u OV, nepecexawmmmucs B touke O, as-
JIAIOLEeNCSA HavyaJIoOM OTcYeTa.

Onmcannsa ABMIKEHMA B Pa3JIMYHBIX CHCTEMaX KOODIOMHAT 3KBMBaJIeHT-
HBI MeMXy co0OJ, IIOCKONBKY NPM UIBECTHOM PacIOJIOKeHNMN ABYX Cuc-
TeM KOOPAMHAT OTHOCHMTEJbHO APYT Apyra IO BeJIM4YMHaM, HaliZleHHbIM B
OIHOM CcHUCTeMe, MOXKHO OIIpeJeJIMTh COOTBETCTBYIOLME BeJIUYMHBLI B
JApyroit. Ilpy peliennn 3azia4 cyefyeT BbIOMpaTh Takylo CUCTEMY KOOp-
AMHAT, B KOTOPO# ypaBHeHMs, ONNCBHIBAlOIME [ABMIXKEHMe, SBJIAKTCA
HauboJiee NMPOCTHIMMU. ‘

IIpu cocTaBieHMy KMHeMaTHYeCKUX ypaBHEHMII O4YeHb BaXXeH BOIIPOC O
3HAKaX Nepel Mouyasamu npoekuui 7,V wm a. Eciu xoopamuata oT-

CYMTBIBAETCA B IOJIOXKUTEJIbHYI0 CTOPOHY OT HadaJsa O, To eft npumnu-
chiBaeTcA 3HaK mumoc. IIpoeknmy ckopocTeit M YCKOpeHMIT CUMTaOTCA
TIOJIOMKUTEJILHBIMM, €ClIM HalpaBJieHUE COOTBETCTBYIOU[EN COCTaBJIAIO-
el coBNaJaeT C IIOJIOMKUTEJIbHBIM HallpaBJIeHMEM OCM, B IIPOTUBHOM
cjlydae OHM MUIIYTCH CO 3HAKOM MUHYC.

IIpu mccnenoBaHMM ABMIKEHUA HECKONBKUX TeJl PeKOMeHAYETCA HOJb-
30BaTHCHA OLHOJ CHUCTEMOH KOOpAMHAT. B HEKOTOPBIX caydasx ObIBaer
yZ00HO CBA3ATH CUCTEMY KOODAMHAT C OJHMM M3 JBMMKYILMXCA TEJ U
paccMaTPUBATDL ABMKEHME OCTAJIbHBIX TeJi OTHOCHUTEJNbHO M3BpaHHOTO.
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3apaan no teme “Kunaemarunxa”

1.1.1. TTaccaskup MerporioanreHa HabmozaeT oThnpaBiaeHue mnoespa. Ha-
XOo4ACh Ha IaT¢opMe y Hadajia [IepPBOro BaroHa, OH 3aMedYaeT, 4YTo ¢
MOMEHTa OTIIpaBJIeHUA Noe3Ja DTOT BaroH Npolllesl MMMO Hero 3a BpeMs

7,= 5 ¢. Cunras ABW)KeHNe rioe3/la pPaBHOYCKOPEHHBIM, HaliTH, 3a KaKoe

BpeMA T, MMMO IlaccaKiupa IpoiiileT BTOPOii BaroH.

1.1.2. [Tynsa, aersmas co crkopoctsio ¥V = 400 m/c, nonajaet B 3emaus-
HOM BaJl M NpPOHMKaeT B Hero Ha paccrosnue | =20 cm. KakoBa cxopocTb

V, mynu Ha pacCTOAHMM OT IIOBEPXHOCTH 3eMJy, paBHoM [, = 10 cm?

Cuyy compotuBsenusl, OeACTBYIOIIYIO Ha IIyJIO B 3eMJe, CUMTaTb Io-
CTOSIHHOM.

1.1.3. Ilaccaxkup, cToALIMIt Ha IlepPOHe, 3aMEeTWJI, YTO EPBbIi BaroH
aMeKTponoesa, NpUOIMIKAIOLIETOCA K CTAHLIMM, NPOHIEJ MMMO HEro B
TeyeHMe [, = 4 c, a BTOpOJ - B Teuenue !, = 5 c. OnpepesnTe yckope-
HMe Toe3Mla a, ecJy MepelHMNA KOHell Hoelja OCTaHOBUJICA Ha PacCTosi-
uuu L = 75 m ot naccakupa. [IBurKeHue noessia cuuTath paBHO3aMe]-

JICHHBIM.

1.1.4. HapymuTess N1paBui JOPOXHOTO JBM)KEHUS NPOMYAJICs Ha aBTO-
mobuite mumo nocta I'AM co cxopocteio Vi = 108 xm/yac. Cnycrs ) =
20 c Bcyen 3a HapyUIMTeJleM OTHPaBWICA Ha MOTOLMKJIE MHCIICKTOD
TAU n, pasroHasce paBHOYCKOPEHHO B Teyerue /2 = 40 ¢, nabpasn cko-
pocte V2 = 144 km/uac. Ha xakom paccrosumm S ot nocra AU un-
CIIEKTOP LOTOHUT HapyILUMTeJd, OBMUIasfch II0CJIe Pas3rOHAa CO CKOPOCTHLIO
V)?

1.1.5. Paxera samnylieHa BepPTHMKAJILHO BBEPX C MOBEPXHOCTM 3eMIN U
Ha yJacTKe pasroHa MMeJsia NOCTOAHHOe yckopenue a = 19,6 m/c2 Ka-
Koe BpeMs ! najajia pakera ¢ yckopenuem g = 9,8 m/c? mocie moctu-
’KeHusA HauboJibllielf B MoJieTe BBICOTHI, €CJIM HAa y4YaCTKe pasroHa JBu-
JKeHMe NPoJOoJKaNoch B TeUeHye BpeMeHU T = 1 mun?

1.1.6. ITlonbemMHBI KpaH ONycKaeT OETOHHYIO IJINTY C IIOCTORHHON CKO-
pocteio V =1 m/c. Kora numra HaxoAmiachk Ha paccTosguun A = 4 M oT
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[IOBEPXHOCTY 3€MJIM, C Hee yraJ Heboublloit kamens. KakoB mpomedky-
TOK BPEMEHM 1 MeKJy MOMEHTaMM, B KOTOpble KaMeHb M ILIMTA IoC-
THUIVIA 3eMJ? YCKopeHMe CBODOJHOro INMaleHus NpUHATL g = 10 M/c?,
TOJILMHOM IJIUTHI 10 CpaBHEHMIO ¢ h npeHeGpeyn.

1.1.7. PakeTa zanyilleHa BePTMKAJIbHO BBEPX M BO BpeMs pabGoTel IBu-
raTeJf MMeJa IOCTOAHHOe yckopeHue a = 5g. Coycra ¢ = 1 mMua mocye
CTapTa ABMIaTeJlb PaKeThl OTKJIOYMIIcA. Yepes Kakoe BpeMs T II0CTe
OTKJIIOYEHUA ABUTaTeJisd pakeTa yrnaja Ha 3emyo? ConpoTHBIIEHME BO3-
OyXa He yUMTBIBaThb.

1.1.8. IlTapuk 6pocaioT BepTMKAJILHO BBEPX CO CKopocTsio V, = 5 Mm/c.

IIposiereB paccrosume h = 1,05 M, OH yIpPyro yaapseTrca O IOTOJIOK i
nazaer BHu3. epes Kakoe BpeMA T IIOCJle Hadasa ABUIKEHUS LIAPUK
ynageT Ha IIOJI, eCJiM PacCTofHMe OT IoJia 5o norojxa H = 2,25 m? Ye-
KopeHMe CBOBGOLHOTO MaJeHusi IPUHATL PaBHbIM g = 10 m/c2.

1.1.9. B xabune smdra BRicoTOM H = 2,5 M, ABMIKYIIElCA C yCKOpeHMeM
a = 0,8 m/c?, HanpaBJIEHHBIM BHMB, C BbICOTBI £ = 0,5 M OT noJia BepTH-
KaJIbHO BBepX OpocaloT ManeHbKMIt miapuK. C Kakoli HadaJIbHOM CKOpo-
cTteio Vo oTHocuTeNbHO sndra OpollleH LIapMK, ecyu rocje Opocka oy
MOAHAJCA TOYHO OO MOTOJKA KabuHbI?

1.1.10. [Ba Tena HavaJy NaZfaTh C OJHOM ¥ TOM Ke BBICOTHI C MHTEpPBa-
JoM t = 5 c. Hepes Kakoe BpeMA T IIocJle HadaJja IIaJIeHUs BTOPOrO Te-
Jia paccrofHue Mesxny Teaamu 6ynmet d = 200 m? YckopeHue cBoboxmHo-
ro majgenus g = 10 M‘/Cz, CONPOTMBJIEHME BO3yXa He YUMTBHIBATb.

1.1.11. [IBa TeJyia CKOJIb3AT HaBCTPedy APYI APYTry [0 HAKJIOHHOM ILJoc-
KOCTH, COCTaBJIAIOLIEN ¢ ropua3oHTOM yro o = 2:10°* paz B momenr,
Korjla paccTofHMe Mexpy Humyu S = 130 cM, ckopocTs Tena, OBMAKYIle-
rocs BBepX, coctaBiAeT Vi = 5 cM/c, a CKOpPOCTB TeJsa, OBMXKYILErocs
BHM3 - V2= 1,5 cm/c. Kakne nytu S1 n S: npoiiayr rena mo mecra
BcTpeun? YckopeHnue cBofogHOro mazieHusA npuHATb ¢ = 10 M/c2, Tpe-
HyeM TeJl O IUIOCKOCTEL NpeHebpedsn.

1.1.12. ¥onurnep GpocaeT BepTMKaJIbHO BBepPX ILUaAPUKU C OAMHAKOBON
CKOPOCTBIO Yepe3 paBHble IIPOMeXyTKM Bpemenu. Ilpu sToM nsaThili Ina-
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pMK KoHrJiep OpocaeT B TOT MOMEHT, KOTZla NE€PBbIA HMIapMK BO3Bpalla-
eTcsA B TO4YKYy OpocaHus. Haittm MakcuMalibHOe paccTosHMe S MexIY
NePBLIM ¥ BTOPBIM IIAPMKAaMK, €CJIM HavyajbHas CKOPOCTb IIAPUKOB Vg
= 5 M/c. Yckopenne cBoGOJHOrO nafileHMA NPUHATH paBHbIM g = 10
m/c2. ConpoTuBJIeHMeM BO3AyXa npeHebpets.

1.1.13. IlnoBen mnepemnsbiBaeT pexky HupuHoi L 1o npsAMoii, neprneHau-
KyJIAIpHO¥ Oepery, m Boa3BpalaeTcs obpaTHO, 3aTpaTHB Ha Bechb INyTb
BpeMs 1 = 4 muH. IIponsbiBag Takoe ke paccrofgnue L Bponb Gepera
PeKu 1 BO3Bpaljadck 0oOpaTHO, IJIOBEI] 3aTPayMBaeT BpeMA 2 = 5 MuH.
Bo ckonepko pasz Ol CKOPOCTb IJIOBL@a OTHOCMTENBHO BOABI IpeBblllIaeT

CKOPOCTBb TeYeHUs peKn?

1.1.14. Msau 6pomen ¢ nMoBepXHOCTH 3eMym mof yrtom o =45’ K ropu-
30HTY € HavaJIbHOM CKOPOCThI0 V' = 10 M/c B HanpaBJIeHUY BepTHKAJIb-

HOI CTeHKHM, paccTosHMe o kotopoit /| = 7 m. Ha kakoii BoicoTe A MAY
yaapurcs o creHKy? ConpoTueJieHMeM Bo3yxa IpeHeGpeds.

1.1.15. YenoBex Gpocaer kaMeHb 4depes 3abop BwicoToit H = 2,6 m. Ha
KaKoe MaKCyMAaJIbHOE paccTosiHMe S OH MoxkeT oToitTm oT 3abopa, ecim
fpOCOK TPOM3BOIMTCA C BBICOTHI A = 2 M OT TIOBEPXHOCTM 3€MJM CO
ckopocthio Vo= 5 M/c nog yraom o = 45° x ropusoHTy? YcCKOpeHMe
cBoboHOTO Nafenus NpMHATL g = 10 m/c2

1.1.16. Ilox KakuM YIJIOM O K FOPM30HTY HYKHO OpPOCUTH KaMeHb, YTO-
Obl OTHOLLIeHMe MaKCHMMAaJIbHOW BBICOTBI NObeMa KaMHA K IaJIbHOCTH

ero rnoJieTa COCTasMIIoO B = \/3 147

1.1.17. CHapaAz, BeuleTeBUIMil 13 NMywku nox yraom o, = 159 x ropu-
30HTY, MajaeT Ha paccrosanuu Li = 5 kM. Kakoit O6yzeT nasbHOCTH 10—
neta cHapsfa L npu yrye Bbuteta o, = 4507 ConporuBnenuem Bozny-

Xa npeHebpeds.

1.1.18. Teso nagaet ¢ BoicoTel H = 2 M Ge3 HavyanbHOM
crkopoctu. Ha BricoTe h = 0,5 M Haj 3eMmuneit TeJo uc-
NBITbIBaeT abCOJIOTHO yNPYI#il yAap o0 3aKpeNnJeHHYIO
IJIOLIAZIKY, HaKJIOHEHHYIO noj yriom 450 k ropusonry.
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HajiiT maJpHOCTB mnoJyera TeJya L.

1.1.19. Ilymka AenaeT nBa BeICTPeJNa c MHTepBajiom T = 10 c. Kaxum
Oyzer paccrosAnue [ MexJy CHapsaMyu CIyCTA BpeMsi [ = T IIOCJe
BToporo BeicTpesia? CkopocTs cHapaza npyu BeicTpete Vo = 300 m/c,
CTBOJI MYIUKM HaIpaBJIeH IOX yrioM o = 60° x ropmsonTy. YckopeHme
cBoboziHOro mafieHus NpPUHATL g = 9,8 M/c?, cuIy CONpoTMBIEHUA BO3-
AyXa Mpy OBWKEHUM CHapsJ0B HE YYUTBHIBATD.

1.1.20. Bpycok cockanibspiBaeT 6e3 TpeHuA ¢ Ha-

KJIOHHOM ILJIOCKOCTM BBICOTOM A = 1 M M C yriom A
ol

H

npu ocHoeanuM o. =45’ | a saTem ceoGopHO majaer

Ha noJji ¢ Beicotel H = 1 m. Haittu yron B mexny i

HallpaBJIeHMEM CKOPOCT M BEPTMKaJIbI0 B MOMEHT yAapa Opycka o IoJ.
ConpoTruBieHseM Bosayxa npeHeGpeyus.

1.1.21. Teno 6poirreHo ¢ GalllHM BBICOTON A = v
4,9 M nog yranom a. = 300 x ropusonty co cko-
pocteio vy =7 m/c. llpn nagenun Ha 3emJr0
TeJIO YHpyro ylapseTcs O HaKJIOHHYIO ILIOC-
KOCTb M BO3BpAlllaeTCA B TOYKY GpocaHusA o

h— 3

g

Toit ke TpaexTopuu. Kakoit yron P cocTaBisieT HaKJOHHAA IIJIOCKOCTh C
ropusonToM? YcKopeHMe cBOGOAHOrO NajeHusi NpuHATb g = 10 m/c2

1.1.22. C BepmmHbl xonMa 6pocuiay KaMeHb II0J[ YIJIOM K TOPM3OHTY CO
cxopoc'x'blé Vo = 10 m/c. B MoMeHT majieHusi KaMHA Ha CKJIOH XOJIMa
BeJIMYMHA yIJIa MEKAY HalpaBJIeHMeM CKODOCTM KaMHS U TOPM3OHTOM
cocraBuya 3 = 609 a pasHOCTH BBICOT TOYeK OpocaHMs M NafeHuMsa Ah

= 5 M. Halitm yrom o Mexcny HampaBJIEHMeM Ha4aJlbHOM CKOPOCTH

KaMHA Vo ¥ ropM3oHTOM. YCKOpeHue cBODORHOIO NafeHusA [PHHATD g =
10 m/c?

1.1.23. Manpunk 6pocaeT MAY B HalpaBJieHUM BepTH- v

- . i
KaJIbHOM CTeHBl TaK, 4ToObl MAY, OTCKOYMB OT CTEHEI, é
yhnaj ToYHO K ero Horam. KakoBa aoskHa OBITH Ha-

YaJIbHas CKOpocTe Msda Vo, ecau Gpocok InpoussBo- _
e——f —
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autes ¢ BeicoTel A = 1,5 M nox yriom o =45 k ropusonty? Paccros-

HME OT MaJIbyMKa JO cTeHbl / = 6 M. Yaap MAYa O cTeHy cuuTaTh abco-
JIIOTHO YNPYTUM, YCKOPEHMe CBOGOAHOTO MajeHus NpMHATL g = 10 m/c2,

1.1.24. MasieHbKMit IIapUK rafaeT ¢ BbICOTHI A = 50
CM Ha HaKJIOHHYIO ILJIOCKOCTb, COCTaBJIAIOINYIO YTOJ
o = 450 ¢ ropusonroM. Haittu paccrosinue S Mexny
TOYKaMM IIepPBOrO ¥ BTOPOro COyZAapeHMil mapuKa C
HaKJIOHHOM I1IockocThio. CoyRapeHus cuutarhk abco-
JIOTHO YIPYTMMM, COMNPOTHUBJIEHMEM BO3IyXa IIpe-

[o]
i
{
{

Hebpeys.

1.1.25. CamouneT JIeTUT MO gyre OKPYKHOCTH pajuyca R = 1 kM, coxpa-
HAA OJHY ¥ Ty ke BbicoTy h = 1,5 kM. C unTepBasoM Bpemenn t = 10,5
¢ (z10x/3 c) ¢ Hero cOpachiBalOT nBa Melika. Ha xakom paccrosHuu S

ApYr OT Apyra ynagyT Ha 3eMJIIO 9TH MEIIKHM, €CJiM CKOPOCTB caMoJieTa
V = 100 m/c? YckopeHue cBOGOAHOTO NMajeHus NPMHATH g = 10 Mm/c?,
CONPOTHUBJIEHMEM Bo3Ayxa IpeHebpeus.

1.1.26. JlecTHN1ia COCTOMT M3 TPeX OAMHAKOBBIX INIAJIKUX CTYIIEHEK ILIM-
m k puael a = 30 cM m Takoit e BeIcoThl. Ha BepxHein
CTYNEeHbKe pacIloJIoKeHa B IUJIOCKOCTM PHUCYHKa HeBe-

o coMad TPYyMKMHa »xecTkocThio K = 30 H/m, npaBeim
a KOHIIOM IIPUKpPEeIIeHHad K HEeNOJBVMIKHOM CTeHKe, a
JIEBBIM — YNMpaIOIAafACH B JieKalmyii Ha CTyIeHbKe

MaJileHbKMi1 wiapuk Maccoit m = 100 r. Hlapux caeu-
ralj0T BHPaBO, CKUMaA NPYKUHY, T0CJE Yero OTIIYCKaloT 6e3 HavyaJIbHOM

ckopoctu. Jlo Kakoit MaKCHMMaJIbHOI BeNMuMHbl Al .~ MOMHO CXKaTh

Opy’KuHy, 4TOObl BBIMYIIEHHBII lIapMK [O OJHOMY pa3y KOCHYJCA
cpenHelf M HMIKHeN cTyneHek? YIap IIapHMKa O CTyIleHbKY CYMTATh ab-
COJIIOTHO YNPYIMM, TPEHUE M CONPOTHUBIIEHMEe BO3AyXa HE YUYMTHIBATD.
Yekopenue cBoBOAHOro Najenus NpuHATL g = 10 M/c2,

1.1.27. Kosreco xaTirea 6e3 mpocKasib3bIBaHMA 10 JIeHTe TPaHCHopTepa,
IBUAKYIIeHiCA FTOPU30HTAJNBHO CO cKopocTeio Vo= 1 M/c, B HanpaBJIeHUM
IBVKEHNUs JIeHThlL VI3BeCTHO, YTO OTHOCHMTEJILHO HEMOABMMKHOro Habio-
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JaTeJisl CKOpocTs V, Toukm B, Haxopameltcsa Ha

0601.16 KoJieca Ha €ro ropmM3oHTaJILHOM OuaMeTpe,

8
&

Ve

cocTaBJsieT ¢ ropusonroM yroan o = 300. Haitru

\

CKOPOCTBb V IJeHTpa KoJieca OTHOCUTEJIbHO HENIOABUMHOTO Ha6mona're.7m.

1.1.28. Karep, Asmxyumiicst co ckopocteio V1 = 30 km/uac, 6ykcupyer
CIOpTCMeHa Ha BOAHBIX JbDKaxX. Tpoc, 3a KOTOPBIA NEPKMTCA CIOPT-

CMEeH, COCTaBJIAET C HalpaBJIeHMeM JIBMYKEeHMS Ka- v

repa yron o = 1500. HanpaBneHue HIBMKeHMA f :

croprcmena obpasyet ¢ Tpocom yroa B = 600. Ye- < L,

My paBHa BeJMUMHA CKOPOCTM CIIOPTCMEHa V2 B 1

3TOT MOMEHT BpeMeHu?

1.1.29. Crepkenp nymuoit /[ = 0,85 M »aBMKeTcss B TOPUBOHTAJIBHOM

IUIOCKOCTH. B HEKOTOpBIA MOMEHT BpPEMEHM CKOPO-~

CTM KOHIIOB CTEp»KHA paBHBI V1 = 1 M/cu Va=15 Ve 7
A

M/C, npu4yeM CKOPOCTE IepBOro M3 HMX HallpaBJie-

Ha nox yraom o =30° k crepokHio. KakoBa yrioBas

CKOPOCThb () BpallleHMs CTEPIKHA BOKPYT ero leHTtpa?

1.2. Junamuxa

Bonpocs!l mporpamMmsl

® Baaumodeiicmeue mea. Ilepeviii 3axon Hwvromowua. Ilonamue 06
UHEePYUAADHBLY U HEUHEPYUAALHBIX cucmemar omcyema. ITpunyun
omuocumeavnocmu larunes. IIpunyun omuocumeavnocmu IuH-

wmelina.

e Cuaa. Cuavt 8 mexanuxe. Caoxcenue cun, felicmayouur Ha mame-

PUAABHYIO MOUKY.

e JMuepmuocms mea. Macca. ITnomnocms.

® Bmopou saxon Hviomona. EQunuybt usmepenus cuast u mMaccot.

® Tpemui saxon Hviomona. .
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e 3axon eécemupn020 msazomenus. I'pasumayuonnas nOCMoOAHHAR U
cnocobur ee uameperus. Cuna msxcecmu. 3a6UCUMOCTNL CUABL MR-

acecmu om 6vbiCOMbL.

e Cuawnt ynpyzocmu. Honamue o degopmayunx. 3axon I'yxa. Modyaw
IOnea. g

o Cuawnt mpenus. Cyxoe mpenue: mpeHue nNOKOL U MpPeHue CKoLb-
scenust. Koaghpuyuenm mpenus. Basrxoe mpenue.

o [Ipumenenue 3axonos Hwviomona x mocmynameavHomy BGeudscenuio
mean. Hewmp macc. Bec meaa. Hegecomocms. Ilepezpysxu.

o [Ipumenenue 3axonos Huiomoua K OsudceHU0 MAMEPUALLHOL
mouku no oxpysxcnocmu. Jleudcenue UCKYCCMEEHHBLL CNYMHUKOS.
ITepeas wocmurecKkas CKOPOCMb.

Onpene.nemm, MOHATHUA M 3aKOHBI

B dunamuxe paccMaTpUBaeTCH BIMAHUE B3aMMOJEICTBUA MEXIY Te-
JIaMM Ha MX MexaHuudeckoe naBMKeHue. Ocnognas aadaua duHamuxu co-
CTOMT B OIIpefeJIeHNM TOJIOKEHNA Tella B IPOU3BOJLHBI MOMEHT Bpe-
MEHM T10 M3BECTHBIM HadaJIbHOMY IIOJIOMKEHMIO TeJia, Ha4aJbHOM CKOpo-
CTH M CUJIaM, JeliCTBYIOIUMM Ha TeJlo.

Bsaumodeticmsue mea. MexaHudeckoe JeiicTBMe OBHOro Tejla Ha
LpYyroe BO3MOXKHO KaK MNPy HENOCPEACTBEHHOM CONPHKOCHOBEHMM Tell,
Tak ¥ Ha paccroanun. [eiicTBue OfHOIO Tesla Ha APYroe B MeXaHHUKe
nposBJsAeTcA B AecopMaliuy B3aMMOJEMCTBYIOIIMX TeJl M B BOBHMKHO-
BEHMM Yy TeJ yCKOPEeHM.

CBoGogHBIM (MB0JMPOBAaHHEIM) TEJIOM Ha3bIBAeTCA TEJIO, Ha KOTOPOE He
OeffcTBYIOT Kakue-Jimbo Apyrue Tejla MMM MoJA. B HexoTopsix ciydasx
TEJIO MOXKET TaKKe CUMTAThCH CBOGONHBIM, €Cy BHEILHME BO3AeiiCTBUA
Ha Hero MMeIOTCs1, HO OHM ypaBHOBELIEHb! (CKOMIIEHCHPOBaHbI).

Hepeviii 3axon Hviomona. I[Tonamue 06 unepyuasdpusvlr U Neunep-
YUAADHBLE cucmemax omcuema. Ilepsuiii 3axon Huviomona mocTyim-
pyeT cyulecTsoBaHKe 0coDOro KJIacca CuCTEM oTcyeTa. B aTMx cucremax
orcyera cBoGOJHOE TeJi0 COXpPAHAET COCTOSHME IOKOA MJM MPAMOJMU-
He{HOTO pPaBHOMEPHOro MABMiKeHMs. CHCTeMbl OTCYETa, B KOTOPBIX Bbi-
HoJIHAETCA NepBblit 3akoH HbIOTOHA, HA3LIBAIOTCH UHEPUYULALHBLMU.
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Ocoboe 3HaYeH¥e MHePHUMAJIBHBIX CUCTEM OTCYeTa COCTOMT B TOM, 4YTO B
STMX CHMCTeMaX MeXaHMYyeCKue ABJICHMS ONMMCHIBAIOTCA Haubojee IpocCToO.

Ecmm cyuecrsyeT xoTa Obl ofHa MHeplyaJbHasg CUCTEMAa OTCYETa, TO
cyiiecTByeT U OeckoHe4YHOe MHOMKECTBO Takux cucrem. JeiicTBuTelNbHO,
ecan B OJHONM cucTeMe CBOGORHOE TEJIO OBMIMKETCHA C IOCTOAHHOM CKOPO-
CTBIO, TO B 1000 APYroit cucTeMe OTcyeTa, ABMIKYIIENCS OTHOCHTENb-
HO NIEepPBO ¢ MOCTOSAHHOM CKOPOCTBIO, 3TO TeJo Takike ByneT MMeThb I10-
CTOSIHHYIO CKOPOCTD.

CeoGofHBIM MOJKHO CUMTaThb TeJIO, JOCTATOYHO YyZIAJieHHOoe OT APYTUX
Ten. Onsa Toro, 4Tobbl BBIACHUTbL, B KaKO# CTENeHM [AHHYI0 CHUCTEMY
MO’KHO CYMTATh MHEepPLMaJIbHOM, HYKHO M3 9TOi cycTeMbl HabmozaTh 3a
cBOBOAHBIM TeJOM (HampuMmep, 3a yeAMHeHHO} 3Beagoit). Yem Oimsxe K
HYJIIO YCKOPEHME 3TOro Tesa, TeM OoJibllle OCHOBAHMI CYMTATH JaHHYIO
cucTeMy OTCYeTa MHepLMaJIbHOM.

V3 usBecTHBIX B HacCTOsillee BPeMs cyucTeM orcdeTta Hambosee 6IM3Ka K
MHEPIMAaJIbHO! TeJIMOLIEHTPUYECKada CUCTeMa, CBA3aHHAsA C LEHTPOM
Cogyana. A onmMcaHMs MHOTMX MEXaHMYECKMX JBUIKEHUI B 3€MHBIX
YCJIOBMAX MHePLMaJIbHOM MOMKHO CYMTATh CHCTEMY OTCYeTa, CBA3aHHYIO
Jnbo ¢ noBepxHOCTLIO 3emuy, smbO C ee LEHTPOM (2eoyeHmMpPuuecKas
cucmema omcuema). IIpu sTtom npeHebperaiT yCKOpPeHMeM 3TOM cUCTe-
MBI, CBSI3aHHBIM C BpalllaTeJIbHBIM IBVIKEHMEM 3eMJM BOKpYyr cober-
BeHHOJ ocy 1 BoKpyr CosHlia.

Cucrems! orcyera, B KOTOPBIX cBOOGOIHOE TeJIO He COXpaHAeT CKOPOCTb
JBMKEHUA IOCTOSHHOWM, Ha3bIBalOTCA HeuHepyuasvHbimu. Hemnepum-
aJIbHOM sABJIsIeTCS JI00ad cUCTeMa OTC4YeTa, ABMIKYLIAACA C yCKOPeHMeM
OTHOCHUTEJILHO VHEPIMAJIBHOM.

Hpunyun omuocumeavnocmu I'anunesn: JwoGoe MexaHMYecKoe ABJIe-
HMe BO BCeX MHEPUMAJIbHBIX CHUCTEeMaX OTCYeTa IIPOTEeKaeT OAMHaKOBO
IIp¥ OAMHAKOBBIX HadaJbHBIX ycJioBUAX. ClenyeT MOAYEpPKHYTB, HTO
BBIITOJIHEH)ME NPUHLNUIIA OTHOCUTEJIBHOCTM He O3HadaeT IIOJIHOM ToIe-
CTBEHHOCTU JBMIKEHMA OJHOTO M TOTO JKe TeJla OTHOCUTEJIbHO PasHbIX
cucrem orcueTa. ONMHAKOBBI JIMIIL 3aKOHBI JIBMMKEHMA. XapaKTep Ke
ABMYKEHNA TeJla olpelesIaeTcsa HE TOJbKO 3aKOHAMM ABMIKEHMUS, HO U
HaqaJIbHbIMM CKOPOCTAMM ¥ Ha4aJIbHBIMM KOOPAMHATAMMU.
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Hpunyun omuocumeavrocmu Junwmedna. B cnennanpHoit Teopum
OTHOCUTEJILHOCTY NPMHIMII OTHOCHMTeNbHOCTH obobljaeTcA ¢ MeXaHuye-~
CKMX Ha Bce d¢uaudeckme sasnenua. I[Ipunyun omuocumesvrnocmu
Diinwmelina rIaCUT. HUKAKMe (pyauyecKye DKCIEPMMEHTHI B 3aMKHY~
TOJt cUcTeMe TeJ He IMO3BOJAT OTIMYATE ONHY MHEPHUAJBLHYIO CHCTe-
My oTcYeTa OT JAPYroii.

Cuna. B mHepuyaJibHbIX CHUCTEMAX OTCHETa YCKOPeHMe Tejla, a TaKxKe
ero pedopmauys, MOryT ObITh BBI3BaHBI TOJNLKO €r0 B3aMMOJENCTBMEM C
ApYyIMMM TeslaMM. XapaKTepMCTMKON JEeHCTBMSA OJHOIO Tejla Ha Jpyroe
apngerca cuia. Cunod HasblBaeTCA BEKTOPHas puauyecKasl BeJMUMHA,
ABINAIOHIAACA Mepoil MeXaHWYEeCKOro BO3AEHCTBUA Ha MaTEepPMaJIbHYIO
TOYKY MJIM TEJIO CO CTOPOHB! APYIMX TeJl wiy noseil. Cuia NOJHOCTBIO
onpefeJieHa, ecJiu 3aJlaHbl ee MORYJIb, HallpaBJeHMe M TOYKA MPUIIONKe-
HUA

Cuavl 6 mexanuxe. Pazymunbele BS&MMO).IeﬁCTBVIﬂ, N3BEeCTHbIE B COBpE-
MeHHOM ¢)M3MK€, CBONATCA K YEeTbIpEeM THUIIaM: rpaBUTallMOHHEBIE, 3JICK-
TPOMariuMTHble, CUJIbHbBIE U cnabreie B3auMMoOIeNCTBUSA Cuna kax xosmde-
CTBEHHAA XapaKTepHMCTHKa II03BOJIAET OLEHMBATH JIMLIL IrpaBUTaL{MOH-
Hbl€¢ N JJIEKTPOMarHUTHBIE B3aMMOJENUCTBUA. B Tex ‘IpeSBbl‘{aﬁHO Ma-
JBIX 06JaCTAX NIPOCTPAaHCTBa U B TeX IIponeccax. B KOTOPLIX IIPOABJIA-
IOTCA CHUJIbHBIE U cJyabble B3auMOAeNCTBUA, TaKue MIOHATHUHA, KaK TO4YKa
OPpUJIIoKeHus, JIMHUA HOelCTBUA, a BMeCTe C HUMU U CaAMO IOHATUE CUJIbI
TepAeT CMbLICJL

Taxum oBpasoM, 6 300auaxr MeXaHUKU UIPAIOT PONb ZPASUMAYUOHHBLE
cuabt (Cutbl MAZOMEHUA), INEKTNPOMAZHUMMHDBIE CUABL, AeHACTBYIOUMe
Ha 3apssyKeHHOE TeJIo, a TaKiKe TPM UX pasHOBUAHOCTHU: CUAbL YNPY20-
CTMU, CUABL MPEHUR U MYCKYADHDIE CULBL YeJIOBEKa M YKMBOTHLIX. B Me-
XaHMKEe BaKHO B3HATH, IIPU KAKMUX YCHOBUAX BOSHMKAIOT CUJIbI, KAKOBBI
MX MOLYJIM M HalpaBJIeHMA, T.e. 3HaTh, KaK CHMJIbI 3aBMCAT OT PaccTOs-
HMIM MeMKJy TeJlaMM M OT CKOpOCTel MX ABIUKeHMA. B cBOIO odepepb,
y3HaTh 3HAYeHMA CUJI, OTIpPefiesIMTh, KAK M KOTZa OHM AEMCTBYIOT, MOXK-
HO, pacrojiaras JIMIIb criocobamm mx usMepeHus. Visyuenme dpusuye-
CKMX MPOLECCOB, B pe3yJibTaTe KOTOPHIX HNOABJAIOTCHA T€ MJIM UHbIE CH~
JIBI, BTO 3aJladya He MEXaHMKM, a JPYIMX pasfielioB (pU3MKN.
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CpaBHeHMe CHMJI NPOM3BOAMTCA Ha OCHOBaHMM CJIEAYIOLLETO yTBEpIKIAe-
HMs, ABJAIOLIETOCH OnpejiesieHNeM pPaBeHCTBa CHJI B MexaHuke: [lIBe
CUJIBI, HE3ABUCUMO OT MX IPUPOZLI, CYMTAIOTCA PaBHEIMU IO MOZYJIO U
MPOTHBONOJIOXKHO HallpaBJieHHbIMHM, €CliM MX OHHOBpPEMeHHoe HelicTBue
HA TeJIo He MEeHAET ero COCTOSHMA NOKOA I PaBHOMEPHOTO IPAMOJIN-
HeWHOro ABMKeHus. Bennunua cuiibl MoXeT ObITh M3MepeHa IO CTeNeHH
nedopManyy cneumaJbHOro npobHoro Teyia — duxamomempa. Moaensio
JMHaMOMeTpa OOBIYHO CIYXKUT IIPY KUHA.

Caoxcenue cua, deticmeyouyjur Ha MAMEPUALBHYIO MOoyKy. Ecnu Ha
MaTepuaJIbHYI TOYKY AEMCTBYyeT HeCKOJIBKO CUJ B B

Pa3HbIX HAIIpaBJEHMSAX, TO MX JeNCcTBME MOXKHO
3aMeHNTh JelCTBMEM OJHOM CMJIbl, Ha3bIBaeMoOit
pasHnodeticmeytowedl, BelMuMHA WM HalpaBJieHNe
KOTOpPOi1 olpefielifieTcd MO NpaBUIIy CJHOMKeHMA
pekTopoB (puc. 1.2.1).

2
BeR

-
-

Puc. 1.2.1

Hnepmnocms mea. CBOJMCTBO Tejla COXPaHSATb CBOK CKOPOCTh B OT-
CyTCTBUE B3aMMOJENCTBUA C APYTMMM TeJjlaMM, Ha3bIBAETCA UHEPMHO-
cCMubio. '

Macca. Cxansapsaa ¢usndecKkas BeJMUMHaA, SABJAOIIAACA Mepoit
MHEPTHOCTHM TeJia, HasbiBaeTcst maccod Teya. OHa CIYMMT KOJIUYECT-
BEHHOM XapaKTePMCTHKON OTKJIMKA Tejla Ha BO3JeiCTBMe Ha Hero Apy-
x tesa. Yem Oosbile Macca TeJla, TeM MeHBIllee yCKOpeHue Ipuobpe-
TaeT 3TO TEJIO NOoJ AeCTBUEM OJHOU M TOM e CHJIBL

JsmepeHme Macchbl Tejla, T.e. CPAaBHEHME €TI0 MacChl C 3MAAOHOM MACCHL
OCHOBBIBAaeTCA Ha CJIEAYIOLIEM yTBepXIeHuM, ABJsiomeMca o6obiuenn-
eM MHOTOYMCJIEHHBIX ONBITHBIX JaHHBIX: B MHePLMaJNbLHOM CUCTEMe OT-
cyeTa OTHOIIEHME MacC B3aMMOJEHCTBYIOILMX TeJ paBHO 0oOpaTHOMY
OTHOILUEHMIO MOJyJeil UX YCKOpeHUN.

B mMexanuke HrloToHa nmoctysmpyercs, 94To
1) macca Tesla He 3aBMCMUT OT CKOPOCTH €TI0 ABMIKEHNS,

2) mMacca Tejla paBHa CyMMe MAacCC BCeX WacCTHI[ (MM MaTepu-
ANBHBIX TOYEK), M3 KOTOPBIX OHO COCTOMT,
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3) npu mobwIX mpoueccax, MPOMCXOASAIMX B 3aMKHYTOM cuc-
TeMe TeJ, ee II0JIHasi MACCa OCTAETCH HEM3IMEHHOM.

3tn HOCTYJaThl CIIPAaBENJIMBBLI IOJIA MaKPOCKOIMYECKHX TeJI B CJydae,
KOorja CKOpPOCTH MX ABMMKEHUA HAMHOro MeHbIlle, YeM CKOPOCThb CBeTa.

Haomuocms. Cpedneii nwomuocmeio Tesa p,, Has3biBaeTCA BeJMUMHA,

paBHas OTHOLUCHMIO MacCChbl TeJia 1 K ero OG’beMy V.

pcpz‘i;. (121)

ITaomuocms Teya B TOYKe paBHa IIpefeJyly OTHOLUIEHMUA MAacChbl Am

3JIeMeHTa TeJla, BbIGPaHHOIO B OKPECTHOCTU 3TOH TOYKM, K ero obbeMy
AV npu HeorpaHM4eHHOM yMeHbLIeHMM AV :

. Am
p= lim

dim = (1.2.2)

Bmopoi 3axon Hviomona. OCHOBOM AMHaMHUKM ABJIAETCA 8MOPOl 3a-
xon HbIOTOHA, COIVIaCHO KOTOPOMY B MHEPIMaJIbHOM CHUCTeMe OTCHeTa
Npou3BeJileHMe Macchl TeJa Ha ero yCKOpeHue PaBHO CyMMe HAeJCTBYIO-
LIIMX Ha TeJIO CHJIL

ma=F. (1.2.3)
I'IozmepcheM elnle pas, 4To B 3aJavaxXx MEeXaHMKM CHMJIbI Kak IpaBuJo
SABJAIOTCA 3aJJaHHbIMU (i)yHKI.H/IHMM KOOpAMHaT TeJa, €ro CKOpOCTH, a
TaKxe BpPEMEHN. MCKJIIO‘IGHMG COCTaBJIAIOT CUADBL pemcuuu cas3ell (CM.
HVI)KE), KOTOpPbIe 3apaHee HEeU3BECTHbI, HO MOTyT 6bITb Haﬁﬂeﬂbl I1ocJie
pellesus 3ajadm.

Edunuybl usmepenus cuabvi 4 mMaccsl. 3a eIUHULY Macchl B CUCTeMe
CHU npunaTt Kxuaozpamm — 1 Kr. KnjorpaMm — 8To0 Macca 3TaJIOHA, M3ro-
TOBJICHHOTO M3 CIlaBa IIaTMHBI M upuiusa MedxaAyHapoOAHbII 3TaJIOH
knjorpamma xpakutca B I CeBpe Bo Ppanumn. C gocratouHoit ansA
IIPaKTUKM TOYHOCTBIO MOXXHO CUMTATh, YTO Maccol 1 Kr obGnamaer 1 J
XUMMYeCKM YMCTOl BOABI IIpu TemnepaTtype 150 C.

3a epumnny cuiasl B cucteme CVl npuHmMMaeTCA cuja, KOTOpaA TeJy



Onpedesenust, NOHAMUSL U 3AKOHDBL 27

Maccoit 1 Kr coobmaer yckopehnue lm/c? Dra emuHMIAa HasbIBaeTCH
pbioTon (H). ITpubimkenso 1 H paBeH cuie, ¢ KOTOPOit NPUTATUBAETCH
kK 3emae TeJio maccoit 0,102 kr.

Tpemuii zaxon Hvromona: Ilpu mobGoM B3aMMOAEHCTBUM ABYX Tel
cnila, AEefCTBYIONIAA CO CTOPOHBI OFTHOTO Tejia Ha JPYroe, papHa IO Be-
JMYVHE M IIPOTHMBOMOJOMKHA I10 HAaNPaBJIEHMIO CHUIIe, AeHCTBYIOLLEH Co
CTOPOHBI BTOPOrO TeJa Ha NepBoe. 3TU CHMJIbI HAIPaBRJIEHBH! BIOJIL IPA-
MO¥, COENMHAIOMIEN TOUKY MX [PWJIOXKEHMHA, U BCEIZla MMEIOT OJHY U Ty
)Ke PUBNYECKYI0 TIPUPOAY.

IJTOT 3aKOH YTBepKJaeT, YTO CHJIb B3aMMOZAEICTBMUA BCerjia IOABJIAIT-
ca nonapHo. Ecay B MHepnnaJbHOM CUCTeMe OTCYeTa Ha KaKoe-TO TeJIo
IelicTByeT cuja, To obA3aTeJILHO €CTh KakKoe-TO APYroe Tejo, Ha KOTO-
poe IepBoe AEMCTBYET C TaKo}i »Ke I10 MOAYJIIO CMJION, HO HAIpaBJIEH-
HOJ B IIPOTMBOINOJIOMHYIO CTOPOHY. Beerna cjeayeT IOMHUTD, YTO CUJIBL,
MOABJIALIIMECH IPM B3aUMOJEACTBMM TeJ, MPUJIOXKEHBI K PA3HBIM Te-
JlaM M II0STOMY He MOTyT ypaBHOBEINMBaTbL OPYT Zpyra. YpaBHOBEIM-
BaThCHA MOTYT TOJIBKO CHMJIbl, IIPMJIO}KEHHbIE K OTHOMY TeJy.

3axon ecemuprozo mazomenun. JIBe MaTepHasibHbIE TOUKM B3aMMO-
LeiCTBYIOT C CHMJIaMM, NIPAMO I[IPONIOPLMOHAJILHEIMYM NPOU3BEACHUIO WX
Macc ¥ o6paTHO MPOMOPIMOHAJIBHBIMM KBaZlpaTy PacCTOAHMA MEXIY
HUMU:

F=¢1"% (1.2.4)
>

rne G=6,67-10" H-m2/kr? - rpaBUTaLMOHHAA TIOCTOSAHHAA.

3akoH TAroreHusa B cdopme (1.2.2) cripaBenyMB TakMKe AJIA OZHOPOLHBIX
I1apOB MJI¥M OZHOPOJHBIX ILAPOBBIX CJIOEB. il TaKMX TeJl B KadyecTse r
HYKHO OpaTh pacCTOAHMe MeKIy LEHTPaMM 9TUX LIapoB (CJOEB).

I'pasumayuonnas NOCMoOARHAA U CROCOOBL ee udmepenus. I'pasu-
TalMOHHas IIOCTOAHHas OTHOCUTCA K YMCHIY (PYHIAMEHTaJIbHbIX KOH-
craHT npuponbl. Ee uncieHHoe 3HaueHue MoxKeT ObIThb oNpezeseHO
TONBKO ONBITHBEIM IyTeMm. OcHoBHas npobyieMa, CBf3aHHas € JKClepH-
MEHTaJIbHBEIM OlIpeliesleHeM TPaBUTALMOHHO! IIOCTOAHHOM, COCTOMT B



28 Hunamura

perucTpauyn 1 USMEPEHMUM O4Ye€Hb MaJibIX CHUJL

Ileproe uaMepenue rpaBUTAlMOHHOM IOCTOSHHOW ITpOBEJ AaHTJIMICKMIA
dusuk I'. KaBenauin B xoHue XVIII B. B ero onerrax cuyia rpaBUTany-
OHHOIO B3aMMOZIeiICTBMS CpaBHMBAJIACh C YIIPYroil cuiol, BO3HMUKAIO-
el Npy 3aKpyuMBaHMM HUTH. KaBeHIAMII MCIONB30Bajl TOPM30OHTAJNb-
Hble KPYTUJIbHBIE BeChbl, NpejicTaBJABLIMe coboil JierKkoe KOpPOMBICITIO,
IIOfiBEllIeHHOE Ha TOHKOJ YIPYToif HMTHM, Ha KOHIaX KOTOPOro Obiim yx-
pellyieHbl paBHBble NPoOHBIe Maccel. BGsm3n kopomeiciia pacnojarasmchb
3TaJIOHHBIe Macchl. Besn4ymuHa rpaBUTaLMOHHOrO B3aMMOAENCTBUA NPob-
HBIX M OTAJIOHHBIX Macc onpefeiisayach IO yriy S3aKpyuMBaHMA HUTH.
Ilosse Obwn paspaboTaH GoJiee TOYHBII AMHAMMYECKMIt MeTol, B KOTO-
poM perucTpUpoBaioch M3MEHEHME YaCTOThl KPYTHUIBHBIX KoJebanuit
BECOB NPy NMepeMellleHUn BOIM3Y HUX 3TaJIOHHBEIX Macc.

IIpoBomuimce Tax)ke BSKCIEPMMEHTBH! IO CPAaBHEHMIO I'PaBMUTaIMMOHHOTO
B3aMMOJIeMCTBMA MPOOHBIX TeJl ¢ CHMJION MX NPUTAKEHUA K 3eMJe C No-
MOIIBIO PBIYa’KHBIX BECOB. OTUM CnocoGoM IpaBUTALMOMHAA [IOCTOSHHASA
6b11a BriepBrle onpefenena . Vosm Bo BTopoit momoeuse XIX B.

B CCCP rpaeuTaumoHHas NOCTOAHHaA Oblia BIEpPBBIE OIpefielieHa B
TocynaperBeHHoM acTpoHoMuyeckoM yHcTuryTe uM. ILK. HItepnGepra
(TAUII) npn MT'Y. .

Bo Bcex COBPEMEHHBIX M3MEPEHUAX IPaBUTAUMOHHOM NOCTOAHHON MC-
TIOJIb3YIOTCA KPYTHUJIbHbIE BEChbl B PasHbIX pexmmax paborbl B wacTHO-
CTH, B Pe30HAHCHOM MeTo/le 3TaJIOHHBIe MAacChl BPaIalOTCA BOKPYT OCH
KOPOMBICJIa C YaCTOTOH, paBHO/ YacToTe coOCTBEHHBIX KoJebaHMi BECOB.
IIpu sTOoM BO3HMKaeT pe3OHAHCHOE yBeJIMYeHME aMIJIUMTYAbI KPYTHUIIb-
HBIX KoJjieDaHMii, 110 KOTOPOMY MOXKHO CYIMUTh O BeJIMYMHE TpaBUTALM-
OHHO TIOCTOSIHHOIA.

Cuna madxecmu, AefiCTByIOLIas Ha TeJIO CO CTOPOHBI 3eMJM, paBHa
NpouU3BEeZIEHMI0O MacChl TeJla /M Ha yCKOpeHue cBOGOZHOTO MajeHus g.
BOs3u noBepxHoCTH 3eMJIM

mM
RZ

mg, =G , (1.2.5)

roe M - macca 3emin, R - ee paamyc. Orciofa yckopeHue cBoGojHOro
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najieHus y IMOBEPXHOCTH 3eMIH
M
8 =G—. (1.2.6)
R2
3a8UCUMOCTD CUABL MANECMU om évicomui. {na Teina, HaxonsAme-

rocf Ha BbICOTE A Haj| MOBEPXHOCTHIO 3€MJH,

mM M 1
B=G = mG - .
me(h) Ry RA+RIRY A+ hIRY

(1.2.7)

Popmysa (1.2.5) BeIpa)kaeT 3A8UCUMOCTND CUAbL MANECTIU OM 6bLCO-
mot. W3 (1.2.7) BUAHO, 4TO yCKOpeHue CBOGOAHOrO NajieHus Ha BblcoTe A
CBA3aHO ¢ YCKOpeHMeM cBoGOAHOTC mafieHus y TIOBEPXHOCTM 3eMJM Co-
OTHOIIIEeHUEM

_ &o
gh) = Ao hIRY (1.2.8)

Cuavt ynpyzocmu. llonamue o defpopmayuax. Ilox nedopmaipeit
TBEPROTO TeJjla NMOHMMAIOT M3MEHEeHMe ero pasmepos u ¢opmel. K ne-
dopManUAM OTHOCATCA pacTAMeHMe, CKaTHe, CABUT, U3THD U KpydeHue.
ITockonbKy TBepAble TeJla COXPaHAIOT cBOi obbeM 1 cdopmy, npu moboit
[OIBITKE MX AedOPMMPOBaTh B TeJlaX BO3HMKAIOT CMUJIBI, INPENATCTBYIO-
IME 3TOMY.

Tesa, KOTOpPbie HMOJHOCTHLIO BOCCTAHABIMBAKOT CBOM (hopMmy 1 ofbeM mo-
cjie IpeKpallleEMA OefiCTBMA BHELIHMX CHJI, BBISBIBAIOLMX Jedopma-
UMM, HasHBalOTCH ynpyruMu. CoOTBETCTBEHHO, YHPYTUMM Ha3biBAlOTCH
nobele KedopMaluy YOPYroro TeJsa, a CHJIbI, BO3HMKAIOUIME B TeJjie U3-
3a ynpyrux gedopMaimii, HoCAT HasBaHMe cua ynpyzocmu. Hapany c
YIPYTMMM TeJJaMM MMEIOTCH IJIaCTMYHBble Tesia, KOTopble Iocje Ipe-
KpalueHnsa OeiiCTBMA BHELIHUX CUJI, BBI3BABIIUX AedopManuio, He BOC-
CTaHaBIMBAIOT CBOIO ¢dopMy. X0oTA npyu AedopMaluMaX MJIACTUYHBIX TeJl
TOXKe BO3HMKAIOT CUJIbI, OHY HE ABJIAIOTCA CUJIAMMU YIIPYTIOCTH, TOCKOJb-
Ky MX 3Ha4deHMe 3aBUCUT He oT OecdopMmaumy, a OT APyruX (paKTOPOB.
Ilnactu4neie fedopMaliiu B BJeMEHTAPHBIX KypcaX (GUI3MKKM He pac-
CMaTPUBAIOTCA.
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Cuibl yrupyrocTu IOeHCTBYIOT MEXKAY CONPMKACaIOIMMMCA CJIOAMH Je-
dopMupyemMoro ynpyroro TeJjla, a TakyKe B MeCTe KOHTaKra Aedopmu-
pPyeMoro Tejia C TeJIoM, BbI3blBalolumMM ZedopMauuio. B ajemeHTapHONM
¢u3uKe paccMaTPUBAIOTCA OGHOMEpPHBIe (JMHeliHble) pedopMaluy pac-
TAMKEHUA MIM CKaTusA. B 9THUX clydasX CMJIBI yIIPYTOCTM HAallpaBJIeHbI
BIOJIb JIMHMM HEMCTBUA BHelllHel (ecopMmupylomeit) cuipl, T.e. BAOJb
oceil poaoJibHO NetbOpPMUPYEMbBIX BUTEN, BUTBIX IPYXXMH, CTepkHelHk u
T.JL, MUY NEePNeHAUKYIAPHO IIOBEPXHOCTH CONpHKAacalOMXCA TeJl

3axon I'yxa. Modyav FOnza. 3axon I'yxa ycTaHaBJIMBaeT NIPAMYIO
[IPOIIOPIMOHANIBHYIO 3aBUCHMMOCTb BEJIMYMHBI CMJIBI YIIPYTOCTH, BO3HU-
Kaowei npy gedopManyuy Teja, oT BelMyuHbl Jedopmanmn. st npy-
SKUHBI OH MMeeT BUJ,

F=k(-1), (1.2.9)

rae [ -pyuHa nehbopMMPOBAHHON NPYsKUHEL, lb - ee HeedOpMUpPOBaHHAA
amvHa, k - Kod(UIMEHT sKeCTKOCTY NPYKMHBL M{ecTKOCTb NpPYXMUHbBI
3aBUCUT KaK OT pOPMBI HPYXKMHBI, TaKk M OT YIPYTMX CBOICTB MaTe-
pMaja, u3 KOTOPOra oHa M3rOTORJIEHA.

AHaJioruyHble 3aKOHOMEPHOCTY HabJIIONAaIOTCH NIPY PaCTAMXEHMM M CiKa-
TUM CTeprKkHell U3 yIpyrux MaTepuatos. BemuumHa xoadphuienTa xe-
CTKOCTY IJIA CTEPKHA 3aBUCUT HE TOJIBKO OT MaTepuajia CTePXXHs, HO U
OT ero MepBOHAYAJBHOM AJIMHBI /o ¥ IJIOCILaJM IOIEePEeYHOro cedeHms S.
OTa 3aBUCKMMOCTB BhIpaskaeTcs chopmysioi

k=2E, (1.2.10)

rae £ - Mozyns ynpyroctu MaTepuata, uav smodyas FOnea.

Cuabt. mpenus BO3HMKAIOT IIPM CONPMKOCHOBEHMM TBEePIbIX TeJ, a
TaK)Ke IPH LBMXKEHMM TeJl B BA3KOH cpefle (skuaKocTH Miu raze). I'mas-
Hafa 0co6eHHOCTh CHUJI TPEHUA, OTJINYAIOMAA UX OT rPaBUTAUMOHHBIX CUJI
M CUI YNPYTOCTHM, COCTOMT B TOM, YTO OHM 3aBUCAT He OT KOOPAMHAT
TeJl, a OT CKOPOCTY HNBMIMKEHMA TeJI OTHOCUTEJILHO IPYT Apyra, MAM OT
OTHOCHUTEJILHOM CKOPOCTH TeJia M BA3KOM CPelbl.
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Cyxoe mpenue: mpenue noxosa u mpenue cxoadvicenui. Koafpgdu-
yuenwm mpenus. TpeHne MeXAYy IOBEPXHOCTSIMM COIPMKACRIOIIMXCH
TBEPABIX TeJI IPH OTCYTCTBUM MEKAY HUMM HUIKOW MM rasoobpasHoi
pocJoitky Ha3blBaeTcs cyxrum mpenuem. Cyxoe TpeHue noapasiess-
eTcs Ha TpeHme IOKOA M TPeHue CKoJbiKeHuA. CUIIbI TpeHWudA, BO3HU-
Kalolie MeYKAY MOBEPXHOCTAMM TBEPABLIX TeJ, HENOABMMKHEIX OTHOCH-
TeJIbHO JPYT Apyra, HasbIBAlOTCA CUJIAMM MpPeHusA noxos. BemmuuHa
CHMJIbl TPEHMA NOKOA M3MEHAETCA OT HYJIA IO HEKOTOPOr0 MaKCUMAJIbHO-
ro s3HadeHna. CuJIbl MpeHus CKOAbNCEHUs BO3HUKAIOT IPM IBUIKEHUM
OJIHOTO TBEPJOro TeJia IO TOBEPXHOCTM Apyroro. Cuia TpeHUA CKOJb-
JKEHNsA HallpaBJieHa IPOTMB CKOPOCTHM OTHOCHUTEJILHOTC JBUMIKEHMUS TPY-
[MXCA IIOBEPXHOCTEI.

3aKOHBI CyXoro TpeHUA MMEIT c.nenyfonmﬁ BUI.

1) BesmuumHa cuibl TPEeHMA CKOJIbYXKEHUS IIPONOPLMOHAJBbHA
BeJIM4YMHE HOPMAaJIbHOM COCTaBJIAIOIEH CHUbl PeaKluu:

F,=uN. (1.2.11)

2) Kosppuyuewm mpenus | HE 3aBUCUT OT IUIOILIAAN CO-

NpuKacarnImnxCcsa HOBerHOCTeﬁ M OT CKOPOCTH MX OTHOCHU-
TeJIBHOTO IBUMXEHUA.

3) MaxkcuMmaibHasA BeJMYMHaA CUJIB] TPEHUSA MOKOSA paBHa BeJsn-
4YMHE CUJIbI TPEHNUA CKOJbXKEHNA.

Tpacdur 3aBMCHMOCTHM CHI TPEHMS OT CKOPOCTM OTHOCHUTEJILHOTO JBU-
KeHMs ITOBEPXHOCTeN AJA NPOCTeMIel MOAeJM CYXOro TPEeHUA U30-
6pasken Ha puc. 1.2.2.

F;'r E—P |
VVW" Voru
- N}

Puc. 1.2.2 Puc. 1.2.3
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Bsaaxoe mpenue. IIpu ABMIKEHNM Tesl B KUAKOCTM MJIM ra3e BO3HMKa-
0T cuabl 6:13%x020 mpenusi. OHM 3aBUCAT OT pa3mepoB U GopMbI Teja,
CBOMCTB Cpefibl ¥ OT CKOPOCTM OTHOCHMTEJIbHOro ABMikeHus. B mpocreii-
[Ieii MoZey BA3KOro TPeHMdA, NPUMEHMMON IpPM MaJbIX CKOPOCTAX
JABUIKEHUS, '

F =-BV, (1.2.12)

rae B - xoapduLMEHT BA3KOTO TpeHMA (BeMuMHa, NPaKTHMYECKH He

MOANAIOUIAsCA pPacyeTy WU olpefesseMasd 3KcllepuMeHTanbHO). Cuira
BASKOIO TPEeHMA BCErja HalpasJieHa NPOTUB OTHOCHUTEJBHONM CKOPOCTH
(puc. 1.2.3). B oraume OT TPeHMA MEMXAY CYXMMM MOBEPXHOCTAMMU, IPHU
IBMIKEHMY TeJl B BA3KOM cpelie mpeHue NoKos omcymemeyem.

Hpumenenue 3axonog8 Hriomona x nocmynameavromy Oeuiceruio
mea. [[enmp macc. Ilon neiicTBMeM MPOUBBOJILHO NPHUJIOMEHHON CHJIbI
TBepZoe TeJ0 CoBeplaeT B ofllleM ciydae CJIOJKHOE [BMIKEHME, Npyu
KOTOPOM pasyiM4Hble ero TOYKM JBVIKYTCS C pPa3HbIMM YCKOPEHMAMM.
IloctynatesbHOE ABMPKEHMe TBEpPAOro Tejla BO3MOXKHO TOJIBKO B TOM
cJyd4ae, Korga JVMHUA AeMCTBMUA CMJIbl, NIPUJIOMEHHON K Tejy, INPOXOoauT
Yyepea HEKOTOpYIO, BIIOJIHE OlNpefleIeHHYI0 TOYKY, CBABAHHYIO C TEJIOM.
Ora ToYKa NoJiyuymnsa Ha3BaHUe YeHmpa Macc.

IonoskeHne UeHTpa MacC 3aBUCMT OT TOrO, KaK Macca TeJja pacnpéne—
JneHa 1o ero o6bemy. Ecim cBA3aTh ¢ TEJIOM HEKOTOPYIO CHMCTEMY KOOp-
OMHAT M pas3buTh TeJIO MBICJIEHHO Ha MaJible 3JIeMEHTBI MaccaMu Am; ,
TO TOJIOKEHME LIeHTpa Macc TeJla B BHIOpaHHOI cucTeMe onpenesnTcs

pa;yc-BeKTOPOM T, , BBIYMCIAEMBIM 110 dopMyse

T =HZAm,-f,v ' (1.2.13)

rae M — macca Tesla, 7, — paauyc-BeKTOp djiemMeHTa Am; . lleHTp Macc
— reoMeTpuYeCKas, a He MaTepuaJibHasd TodKa. JIJIA ONHOPOAHBIX Tel
[IpoCTOol hOPMEI HEHTP MAacC COBIIajlaeT C LEHTPOM CMMMeTpuu. B gact-
HOCTHM, LIEHTp MacC TejJa B (opMe MapaJjuleslenuiefia JIEKUT B TOYKE
repecedenus ero auarosaneil. IleHTp Macc MoXKeT OoKasaTbCHA U B TOUKe,
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B KOTOPOJ HET BelljecTBa, o0pa3yolliero Teso (HanpuMep, B CliydYae Of-
HOpOZAHOTO 0Opy4a).

Ocoban PoJIb LIEHTpa MacC B MeXaHMKe 3aKJID4YaeTCA B TOM, 4YTO 3Ta
TOYKa AOBUXKETCA TaK, KaK 6leT0 B HeWt cocpenoTo4YeHa BCA Macca TeJa
M K HeH IIPHUJIIO2KEHBI BCE€ CUMJIBI, neﬁCTBYIOIIIMe Ha Teno. Ecau Telo
OBMKETCA NoCTyIaTeJIbHO, TO 3TC O3HavYaeT, YTo pasnoneﬁCTBymmaﬂ
BCEX CWMJI, ITPUJIOMKEHHBIX K TeJy, NIPOXOOUT Yepe3d ero LeHTp macc.

YacTHBIM Cily4yaeM HNOCTYNaTeJIbHOIoO ABUMKEHWSA SABJISAETCA CBO6OILHO€
nageHue rTeja, He NPpUBENEeHHOro InpeaBapuUTesIbHO BO BpalleHUe, B Of-
HOPOJHOM I10Jie TATIOTCHHUA. HOZI JefCTBUEM JJIEMEHTaPHbIX CUJI THAXe-
CTH, ,EeﬁCTBleIILMX Ha BCe TOUYUKM TeJla NapaJuiellIbHO, OHO BUMKETCH
IocTynaTeJIbHO. CJIellOBaTEJIbHO, paBHOZlei;ICTByIOI.D;aH BCEX CUJI THXe-
CTH IIpn JII0060M TI0JIOXKEHUM TeJa npoxoanT 4Yepes3 ero HeHTp macc.

Bec. Hesecomocmd. Tejo, HaXoOsleecss B 10JI€ CUIIbl THMKECTH, MOYKET
ObITb HEMOJABVMXKHBIM (MJIM JBUTATHECSA PABHOMEPHO M IIPAMOJIMHEHO),
TOJIBKO €CJI Ha HEero JEeiCTBYIOT Apyrie TeJja, HalpuMep, oropa Wi
noasec. Cusa, ¢ KOTOPO TeJNO B OJHOPOJHOM IOJIE THKECTH [eiCTByeT

Ha OIIopYy WM nofBec, Ha3blBaeTCA éecoMm meaa P. Bec HENOABMMHOTO

TeJia paBeH cuye TsiecTH: P=mg.

B pesynbraTe COBMECTHOrO AeMCTBMUA CUJIBI TAMKECTH M PeaKLUy [10fBe-
ca (Mau mogcTaBKM) TeJlo, HaxXoAslueecsi BOJAM3M IOBEPXHOCTM 3eMi,
6ynet medopmupoBaTheca. JBUIKEHME Tesla TONBKO NOJ AEHCTBUEM CUJIIBI
THMECTH NPOUCXOAUT TaK, 4YTo Aedopmanum ero orcytersyior. Cocros-
HUe TeJla B IHOJie THXKECTH, XapaKTepu3YIOLIeecHd OTCYTCTBMEM Aedop-
MaumMit, HasblBaeTcA Hedecomocmsbio. Hanpumep, B cocTosgHUN CBOGOILHO-
rO NajeHMsi B OJHOPOJHOM IIOJIE TSIKECTM TeJNO MCIBLIThIBAaeT HeBeco-
MOCTb.

ITepeas xocmuvecxas cropocTns. [Byikenue MaTepMaNbHON TOYKK
B6JIM3Y MNaHEeThl MJIM 3Be3Jbl MOXKET IMPOMCXOAMTD 10 OKPYKHOCTHU pa-
anyca R, ecom ckopocTe TOukM V' ImepneHAMKYJSApHa CHMJIe TAXKECTH, a
LEHTPOCTPEMUTENIbHOE YCKOPEHUe NMPH ABMKEHUM 10 OKPYHKHOCTU PaB-
HO YCKOPEHMIO, BbI3bIBAEMOMY CUJION rpaBUTALMM:
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2
%=%. (1.2.14)

Ecym paauyc opbuTsl coBnafaeT ¢ paguycoM IJIaHEThI MJM 3Be3abl R,

TO HEHTPOCTPEMUTEJIbLHOE YCKOPEHMe PaBHO YCKOPeHuI0 cBoOOIHOTO Ha-
neHus BOsM3M noBepxHOcTM HebGecHoro Texda g CKOpPOCTh TaKoOro ABU-
JKeHUA V, Ha3BIBAIOT Nepeoil KOCMUUECKOU CKOPOCMbIO:

V,=\gR, . (1.2.15)

HpM ABUMKeHNH 110 Op6I/ITe BOKPYT IUJIAHETHI TE€JI0O HAXOAUTCA B COCTOA-
HUY HEBECOMOCTH.

¥Yxazaaua 00 perueHUIo 3agayq

Ilpn pewlenum 3agayd MO OUMHAMMKE HYXKHO INpeEXJe BCETO BbIACHUTD,
KaKyie CUJBl JeJCTBYIOT Ha TeJlo, ABMIKEH)MEeM KOTOPOTo Mbl MHTepecy-
emca. Heobxoanmo naobpasuTb 9Ti cuiel Ha deprexe. IIpu atToM Hyx-
HO fICHO IPeJICTaBJATDH, CO CTOPOHBI KAKUX MMEHHO TeJl JAeMCTBYIOT pac-
cMaTpuBaeMble cuibl. CJenyeT IOMHUTB, 4TO CWJIbI “‘meiticTema” u
“nporuBoieiicTBUA’, durypupymomme B TpeTheM 3axoHe HpIOTOHA,
IPUJIOYKEHB] K pasHbiM Tenam. Iloromy Ha [aHHOE TeJO MOXKET AeicT-
BOBaTb TOJIBKO OJIHa U3 3TMX CKUJI, a He o0e cpaasy.

JlHOrAa BOSHMKAIOT 3aTPYRHEHMS [P onpelesleHuy HalpaBJIEHMA CHIIbI
TPEHUA [IOKOs, 0COGEHHO B CJIOIKHBIX CHCTeMaX, COCTOALUMX M3 HECKOJb-
KuX Tej. B aTroM caydae roMoraeT CJeAYIOLMI NpUeM: HYXKHO Ipenro-
JIOKHUTB, YTO TPEHMe JMCcYe3JI0 M HAWTM HAMpPaBJIEHNA OTHOCHTENbHBIX
cKoOpocTeli compukacaronmxcs Tes. Hanpasilenumsa cusi TpeHuss 6ynyT
IIPOTMBOIIOJNIOKHB] HATIPABJIEHMAM OTHOCUTEJIBHBIX CKOPOCTEN.

Ilocye Toro, xKak ompezesieHbl LEMCTBYIOIME Ha TeJO CHUJbI, CIeRyeT
3anucaTh ypaBHEHMe ABIKeHUA (BTopoil 3akoH Hbiorona). Ilpm peusxe-
HMM Tio mpamoit ma=F +F,+.+F,, Iie a - mpoexius YCKOpeHMA,
F,F,...,F, - npoekumMu CuUNl Ha IIPAMYIO, BAOJb KOTOPOM MPOMCXOONT
asuoxenne. IlonoxkuresibHOE HampaBJieHMe oTcyeTa ynoGHo BbIOMpaTh
COBIAZIAIOIMM C HalpaBJIeHMeM ycKopenus Tena. Jlo Toro, kax 3afiada
pellieHa, ONpeeNUThb HallpaBJeHuWE YCKOPEHMA He Bcerjia ylaeTcsa. B
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3TOM cJiydae OHO MoskeT OBITh BBEIOpaHO mpousBosbHO. Ecou rosrydeHHoe
B OTBeTe YCKOPEHMe MOJIOKHUTEJIbHO, TO €r0 HampaBJieHue BhIOPaHO Npa-
BUJILHO, €CJIY OTPUUATEINBHO - TO HEIPaBUJILHO M €ro HY’KHO 3aMeHUTh
Ha IPOTUBOIIOJIONKHOE.

B namnpaBJieHMM, NEePIEHIMKYJSIPHOM K HallpaBJIEHMIO NPSAMOJMHETHOTO
IBMOKEeHMusI, CyMMa IHpOeKIMi cuJa paBHa HyJilo. COOTBETCTBYIOLUMMM
paBeHCTBaMM MOJKHO IOJIb30BATbCH HaNpyuMep AJA Toro, 4robel HaiTH
CWJIy peakLyy OIOPBI, ONPEeNSIOUIY) CUILY TpeHUA.

Ecsim pacemaTpuBaeTes ABMIKEHME CUCTEMBI TeJl, TO YPaBHEHUA IABUXKE-
HMA HY’KHO 3alMcaThb AJIA KajKJOoro Tejia cMCTeMbl 3alada MoKeT ObITh
pelleHa JMIIb TOTZA, KOTJAa YUCJIO HE3aBUCHUMBIX YPaBHEHMIT DaBHO
YMCJIy HEM3BECTHBIX. B UMCJO HEM3BECTHBIX, KPOME BEJIMYMH, KOTOpPbIe
TpebyeTcA HaiTK IO YCJIOBMIO 3aZlayM, YaCTO BXOZAT elle CHUJIbl peak-
MM OIIOpPBI, HATAMXKEeHUA [ofBeca M JpPYrue CMJIbI, BO3HMKAIOL[ME NpPU
'B3aMMOZENCTBUU Tesl cucTeMbl. PaccMaTpuBas ypaBHEHMA ABMIKEHUS
COBMECTHO € KMHEMATHMYECKMMM COOTHOIIEHMSMM, BBITEKAIOIIMMM U3
CBfA3€M, HAKJIAAbIBAEMBIX Ha NEepeMelleHUs TeJ, Mbl [I0JIyYaeM CUCTEMY
ypaBHEHM, YMCII0 KOTOPBIX COBIMAJAeT C YMCJIOM HEM3BECTHBIX. ’

3agaun o reme “JAmHamura”

1.2.1. Bosgylusbli Iap oNyCKaeTCA C YCKOpeHMeM a, HallpaBJIEHHBIM
BHu3. Kakoit maccel mi 6GasutacT HaZlo cb6pocuTb, 4TOGBI ILAap Hadal
OBUTAaTbCH C TEM JKe I10 MOLYJIO YCKOPEHMeM, HalpaBJIeHHBIM BBepX?
HawansHaa Macca wmapa ¢ 6asacToM paBHa m. COonpoTMBJEHMEM BO3-
AyXa OBMIKEHMIO llapa npeHebpeys.

1.2.2. Bpycok maccoit m = 0,51 kr, nexalit Ha FOPMBOHTAJIBHON ILJIOC-
KOCTH, COBEpUIAEeT MPAMOJIMHEHHOE PaBHOYCKOPEHHOE [BUJKEHME [I0J
HelicTBMEM FOpU3CHTAJIbHO HampaBbJieHHoi cunel F = b H. Ecau yBeam-
4UTh Maccy Opycka B o = 2 pa3a, TO €ro yCKOpeHMe Ioj; AeicTBUEeM
TOM ke cuiibl yMeHbumTCA B 3 = 3 pasa. Ilosbpaysch 9TMMM AaHHBIMMY,
BeIMMCIIMTE KoadpburpmerT Tpenud (L 6pycka o mrockocTs. CUMTATh, YTO

CuJla TPEHMA CKOJIBYKEHUA He 3aBMCUT OT CKOPOCTH. YCKopeHMe cBoboz-
HOTO TafieHus NPMHATL g = 10 m/e2.
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1.2.3. ApToMo6MJIL TpOraeTcs ¢ MecTa ¢ yckopenueM a1 = 2 m/c2 Ilpu
ckopoctt ¥V = 50 kM/4 yckopeHMe aBTOMOOWJIA cTajio paBHBIM a2 = 1
Mm/c2 C KaKoit yCTaHOBMBIUeJCA CKOPOCTbIO Vo 6yfeT ABUraThCA aBTO-
MOGHIIB, ecqIM cuaa CONPOTHBIIEHMs] NPONOpHMoHaibHa ckopoctn? Cuiry
TATY IBUTATENS NIPU ABMIKEHUM aBTOMOOMJIA CUMTATh ITOCTOSHHOI.

1.2.4. Y4acTOK Tpacchbl CKOPOCTHOTO CIIyCKAa, PacCIIOJIOKEHHBIN BHM3 10
CKJIOHY TOpBl C YIJIOM HakKJOHa o =45° K TOPM3OHTY, TOPHOJBIKHUK
Ipolesy, He OTTAJIKMBafich NajkaMy. Kakyr MaKCHUMaJIbHYIO CKOPOCTb
V' mor pa3BUTh CIOPTCMEH Ha BTOM y4acTKe, eciy ero Macca m = 70 kr?
KosdduumeHT Tperuna gk o cHer p=0], cuna conpoTUBIEeHUS BO3-

IyXa IpPONOPLMOHAJbHA KBagpaTy ckopoctu: F =BV? | rme mocrosH-
Hblit Koapduiment =09 xkr/m. Yckopenune cBobofHoro NajeHUA NPHU-
HATL g = 10 m/c2.

1.2.5. K Teny maccel m npunoxeHa cuna F, nom neiicTBueM KOTOpoOi

2 TeJIO JIBMOKeTCA IO T'OPU3OHTAJIBHOW IIOBEPXHO-
g F ctu paBHoMepHo. Onpenesyte yron [3, KOTOpbIi

m ; .
o« COCTaBJIAET C BE€PTHUKAJbLID pPaBHOAEWCTBYOIas

R cun, peiicTBYIOUIMX Ha TeJIO CO CTOPOHBI IO-

BEPXHOCTH, eciin cuJa F cocTaBJIsieT ¢ TOPU3OHTAJbBIO YyroJ o. ¥YCKope-
HKe cBOOOAHOTO mazieHuns g.

1.2.6. Tlo HAKJIOHHOJ TLIOCKOCTH C YoM HakyoHa o =15° Teso nBusker-
cA BHM3 paBHOoMepHo. C KaKyuM yCKOpPeHMeM a ByzeT ABAraThCH 3ITO Te-

JIO, €cM YroJl HAKJIOHA IIOCKOCTH YBEeJMYMTh A0 Beawumubl P =30°?

Yckopenue cBOGOJHOTO MaleHnsA NPUHATL g = 10 m/c2.
1.2.7. 3a KaKoe BpeMA T TeJI0O COCKOJNBb3HET C BBHICOTHI A [0 HAKJIOHHOIA
TJIOCKOCTH, COCTaBJIAIOIE)] C FOPM3OHTOM YroJl O, €CJM IO IJIOCKOCTH,

HaKJIOHEHHOM K TOPMB3OHTY NOZ YIJIoM 3, 3TO TeJlo JBMYKETCA PAaBHO-

mepHO? KoadduimenT Tpernna B oboux ciayyasx OAMH M TOT Ke. YCKO-
penne cBobojHoro mafieHusi NpuHATL g = 10 M/c2.

1.2.8. CaHKM MOKHO yZepiKaThb Ha TOpKe C yrioM HaknoHa o =30" mu-
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HuMaJibHOM cuioit F = 60 H, manpaBnennoi Brosis ropku. IIpegocrags-
JleHHBble caMuM cebe OHM CKaTHIBaIOTCA C yckopeHueM a = 3,9 m/cZ Ka-
KyI0 MMHMMAaJbHYIO CUIy Fi, HallpaBJI€HHYIO BJIOJIb TOPKM, HYKHO Ipu-
JIO2KUTH K CaHKaM, 4To0bl TAHYTb MX B FOPKY C IIOCTOAHHOM CKOPOCTbIo?
Yckopenne cBobogHOro nafeHusA NpuHATL g = 10 m/c2.

1.2.9. Bpycok Maccoii m HaxoguTCA Ha HaKJIOHHOM IIJIOCKOCTHM, COCTag-
JAmoLei ¢ ropuscHTOM yroa o. OnpenesnTh BeJn4MHy cuibel R, ¢ ko-
Topoit Bpycok ReiicTByeT Ha IUIOCKOCTb, ecJiM Ko3((MLMEHT TpeHusg
MeXXAy HUMM {l, a yCKopeHue cBoOOQHOro najeHus g.

1.2.10. Teno maccoit m = 1 Kr MOKOUTCA Ha IIEPOXOBATON MOBEPXHOCTH,
COCTaBJIAKOIIE! C TOPU3OHTAJIbHOM IIJIOCKOCTBIO

yron o =30°. C kakoit MMEMManbHOM cuJoit F,
HallpaBJIEHHO! TOPU30HTAJBHO BHAOJL JIMHUM
nepeceYeHMA IJIOCKOCTeiH, HYMKHO IIOJEeNCTBO-
BaTb Ha TeJio, YTOOBI CTPOHYTH €ro ¢ Mecra?
Koadduument Tpenusa rena o nnockoete | =0,7 . Yeropenne croboguo-

A

ro majleHua NpMHATL g = 10 M/c2,

1.2.11. [IBa Tena maccamu mi = 0,4 xr u m2 = 0,1 Kr coeguHeHbI HEBeCo-
MO/l M HepacTAMMMOM HUTBHIO, IePEeKUHY-
ToM deped HeBecoMmblil Giok. Ocpk 6Giyoka
YKpelleHa Ha HETOJBUMKHOV HaKJIOHHOM m,
IJIOCKOCTH, COCTABJAIOILEN C TOPUIOHTOM m,

of

yrox o =30". IIpM KakKoM MHMHMMAJILHOM
3Ha4YeHuM KoddpuilmeHTa TpeHna | TeJia mi U my GyAyT HAXOAUTHCA B

nokoe? TpenneMm B ocu Giioka npeHebpedys.

1.2.12. HakJloHHas TUIOCKOCTh, oOpasyoljasl C TOPM3OHTOM YFroJl O =
300, mBuskeTcA ¢ ycKopeHMEM 4, HalpaBJIeH- -—2a

HBIM BJIeBO, KaK IIOKa3aHO Ha pucyHke. IIpu

KaKMX 3Ha4YeHMAX @ TeJIo, HaXOoHsAleecs Ha

HAKJIOHHOJ IJIOCKOCTH, OyAeT CKOJb3UTH v d
BBepX BoJb Hee? KodddulMEeHT TpeHUs MexIy TesloM M ILIOCKOCThiD
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p = 0,3. Yckoperne cBo6OXHOrO nageHnA NpuHaATs g = 10 M/c2,

1.2.13. Ha mMaTepuasibHyIO TO4KY C Maccoif m = 1 Kr, KoTopas nepBoHa-
YyaJBHO TOKOWJIAaCh, B MOMeHT BpeMeHHu ! = ( HauMHaeT AelCTBOBaThb
rnoctoAHHas 1o Besuunue cuna-F = 1 H. Jlo MmomenTa BpeMenu {1 = 5 ¢
CMJIa COXPaHAET IMOCTOAHHOE HallpaBJIEeHME, a B MOMEHT | IPOMCXOIUT

IIOBOPOT BEKTOPa CHJIblI Ha 900, nocJyie yero HallpaBJIEHME CHUJIbBI He Me-

HAeTcA. Ha KaKoe paccTosiuMe S yZajJuTCA MaTepuajibHAfd TOYKa OT
CBOETo HadaJbLHOIO IOJIOYKEHMsI K MOMEHTY BpeMeHm f2 = 2f, ecym Ha
Hee He JeJICTBYIOT HUKaxMe APYTUe CuUJbI?

1.2.14. Ha ropu3oHTaJIbHOM CTOJIE JIEXKUT Dpycok maccoit mu = 2 KI, Ha
KOTOPOM TMOMellleH BTOpoif Opycok Maccoii
mz2 = 1 xr. Oba Gpycka coeguHEeHbl HeBeco-
MOJi HepacCTHKMMOM HMUTBIO, IePeKMHYTOMH
yepes GJIOK, ock KOTOpOro HenmonaBuskHa. Ka-

Kyl cuiy F HaZo NPUJIOKUTD K BEPXHEMY
6pycky B TIOPM3OHTAJIbHOM HallpaBJIeHUY,
4yTOObl OH HayaJl JBUTATLCA C yCKopeHueM a = 4,9 m/c2 Kosddpuument
Tperusa Mmexny opyckamu p = 0,5. Tpenmem HuKHero Gpycka o CTOJ,

TpenuneM B Gy0Ke 1 ero Maccoil npenebpeys.

1.2.15. Bpycok maccoyt M = 4 Kr HaxoguTCsA Ha IJIaJIKOJi TOPMBOHTAJb-
HOJl IIOBEPXHOCTM, IO KOTOPOii OH MO-

l——‘__, Ker JBuraTeca O6e3 TpeHus. Ha Opycke

M JeRUT KyOuK Maccoit m = 1 Kr, K KOTO-

pPoMy IpHUJIOXeHa ropM30HTaNIbHaA CUJIa

F. Tlpu xakoM MMHMMAaJIbHOM 3HadyeHMu F_, 5Toif cuybl KyOMK HayHeT

ckoNb3uTh No 6pycky? Koosddummenr Tpenus memxnay kybuxom mu Gpy-
ckom p = 0.5. YckopeHue cBOGOLHOIO IafeHusi NpuHATh g = 9,8 m/cZ

1.2.16. Ha raankoMm croJjie moMelleH 6pycok maccoit M = 1 kr, Ha KOTO-
poM JrexkuT Kopobok Maccoit m = 50 r. Bpycok

. i m
2 k Ei NpUKperJvieH X OJHOMY M3 KOHIOB HeBECOMOM
M \ o
; IIPpYM¥UHbI, APYroM KOHell KOTOPOM 3ajeJlaH B

HETNOABIMIKHYIO CTeHKY. Bpycok oTBogsaT ot
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I10JIO’KEHMUA paBHOBECUA NEPHNEHAMKYJIAPHO CTEHKe Ha paccrosiae Al u
ornyckaioT 6e3 HauasnbHOM ckopocTy. IIpu KaxoMm 3HaveHnu Al KopoGox
Ha4yHeT CKOMNb3uTh no Opycky? Koaddwuumenr Tpeuns xopobra o 6py-
cok p = 0,2, xxecTrocThb Npyxuuel £k = 500 H/M. Yckopenne cBobonHo-

ro maZienus npuHAThL ¢ = 10 m/c% Tpenem 6pycka o cTos npeHebpeys.

1.2.17. IBa mapuxa ¢ Maccamu m; = 600 r u m2 = 400 r mosBemeHb! Ha
JIETKOJ HEepacTAMKMMO HUTH, NepeKuHyToi depe3 6JoK. B HaudaJbHBIA
MOMEHT BpeMeHM OJIOK 3aTOPMOXKEH, a PaccTOfHMe MeXJy LIapMKaMu
no Bepturaiyu ! =49 cm, npudem Gosee TsHKENbII LIAPUK PaCIIOJIOKEH
Bblle. Yepes Kaxkoe BpeMsa T IIapPUKYM OKa)KyTcs Ha OJHOM rOpU30OHTa-
JM, ecaM cuCTeMe IO3BOJMTE ABuratecsa? Biiok HeBecom. Tpenuem npe-
Hebpeysn.

1.2.18. Ha HepacTAXMMOI HUTH, IEPEKMHYTOH! 4depe3 HeBecoMblil OJIOK,
nojBelIe bl J1Ba rpysa maccamu 71= 100 r u nm2 = 50 r. B saTopmoxeH-

HOM COCTOAHMM (KOorja TIpPy3bl HENOIBMKHBI)
6JI0K ypaBHOBeIlleH Ha pbIYaKHBIX Becax. Ha
KaKyIO0 BeJIM4YMHY Am HY’KHO MBMeHUTB Maccy
I'Mpb Ha IIpaBOi Yallke, 4TOOBI NpM OCBODOM-
Ienuyu OJoka (Korzia rpysbl NPUEYT B JBUIKe-
HMe) COXPaHUTL paBHOBeclHe BecoB? m, M

1.2.19. K rpysuxy maccoit M = 300 r npuxperieHa Npy:KuHa, Apyroi
KOHel| KOTOpoif NPUBA3aH K HUTHU, [IepeKNHYTO! yepes Giok. Ha BTOpOM

KOHLie HUTM MofBelleH rpy3uMk Maccoit m = 200 r. Korpa
Oyiok 3aTOpMOKeH, AJMHa Ipyskmubl | = 15 cm. Kakrywo
amuny i 6yner uMeTh npysKMHa, ecait GJIOK OCBOBOIMTL?
m
M

CunraTe, 9To KoJebaHMs B CUCTeMe He EBOBHMKHYT, T.e.
rpysuxm OyAyT HABUTATBCH C IIOCTOAHHLIM YCKOPEHUEM.
Iymra HenmecdopMupoBanHoit npy»xkune: lo = 10 cm. Maccoii
NPy KuHBI, HUTU U OJI0Ka, a TakKe TpeHueM B OJIOKe Ipe-
HebGpeub.

1.2.20. Ipa oguuaKOBBIX IPy3a Maccoii M =1 xr caasaHbl MeKay coboii
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HUTBIO, IEPEKMHYTOM Yeped OJI0K ¢ HemojaBMKHOI ocklo. Ha
OMH U3 TPY30B KJaAyT neperpysok maccoit m = 0,1 kr. C
kKakoit cwioit F Oyner naBuThk meperpys3oxk Ha rpy3z M?
m  Maccoii 6510ka ¥ HMTH, a TakyKe TpeHMeM B ocu GJoka mpe-

M M  Hebpeub, HUTH CUMTATh HEPACTAXKIMON, yCKOpeHue cBoGOj-
HOTO TafleHusA NpUHATE g = 10 m/c2
1.2.21. Ha ropus3oHTaJIbHOM CTOJIe HaxoguTca Opycok maccer m; = 0,1

KT, K KOTOpOMYy MNpMBSA3aHa HepacTsKMMad HuUTb. BTOpPOl KoHell HUTH
m, MepeKuHyT 4Yeped GJIOK ¥ NPMUKPEIUIEH K Ipy3y
maccbl m, = 0,2 kr. Koachduument tpeuns me-

M2 xpy 6pyckom u cromom p = 0,5. IIpenebperas

Mmaccoi 6Jyi0Ka, onpeneduTs cuiay F, ¢ KOoTopoit HUTL AelicTByeT Ha 6JIOK.

1.2.22. Isa oguHakoBBIX Opycka Maccoit m = 0,1 Kr xaxjwlit, coenuue~

HBI HEBECOMOJ HEPACTAMKMMOJ} HMTBIO, IePeKUuHyTOl dYeped 6JIOK, ycTa-

HOBJIEHHBIIT Ha HaKJIOHHOM IJiockocTH. IlymockocTs

obpasyer ¢ ropusontom yron o = 300, IIpene6-

peras TpeHMeM B cuUcTeMe, HalTu cuny F, Koro-

= pas AeicTByeT CO CTOPOHBI HUTH Ha OJok. Ycko-

peHue cBobonHOro nafeHus NpuHATH g =10 M/cz.
Maccoit 6i0ka npeHeGpeds.

1.2.23. Manenskuit mapuk Maccsl m = 100 r nogpellleH Ha AJIMHHOM HM~
TU K NIOTOJIKY BaroHa, KOTOPbIi paBHOMEPHO JBMXKEeTCA 10 KPUBOJIUHE~
HOMY YYacTKy ITyTM CO CKOpPoCcTbI0 V = 72 km/uac. C kakoit cunoit T
HaTAHYTa HUTH, €CJIM PanyuycC 3aKpyriieHus y4yacTka myT™u R = 200 m?

1.2.24. JIse 3Be3abl OAMHAKOBO# Maccoit M ABMIKYTCA 1O OKPY2KHOCTH
paauycoM R, pacronaradck Ha TNPOTHMBOIIOJOMKHBIX KOHI[AX IMaMeTpa
okpyxHocTH. IIpeHebperaa BIMAHMEM Bcex APYIMX HeDecHBIX TeJs, OI-
penemutb nepuoi T obpallleHus 3sesl. I'paBurtaiMonnas nocrosuHan G.

1.2.25. Bokpyr nyiaHeTsl, uMelollell ¢opMy Iiapa paguyca r, 10 Kpyro-
BOJ opbute mBuxerca coyTHMK. OnpenesmuTe paanyc opbUTHI CIIyTHMKA
R, cuurasa usBecTHLEIMU ycKopeHMe cBOGOIZHOrO MafeHUA Y MOBEPXHOCTH
naHeThl g ¥ llepuoy obpallleHusA ciyTHuKa 7.
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1.2.26. CriyTHMK ABWIKETCA IO KPYroBoi opbure, pasmyc Kotopoii co-
cTaBJIfeT N paJMycoB IIaHeThl. KaKkoBa IJIOTHOCTb BeIIECTBA MIaueTh
p, ecou niepuop obpamenns cnyTHuka T7 IlnaHeTy cauTaTs ommopos-

HbIM lapoM. ['paBUTalMOHHAA rOcTOAHHAA G.

1.2.27. Bec Tejna Ha 3KBaTOpe cocTaBadeT 1 = 97% oOT Beca sroro ke
Tena Ha nojuoce. HaliTv mepuon BpallleHUS IJIAHETHI BOKPYT CBoeli ocu

— 3
T, ecai IJIOTHOCTE BelecTsa mnadets! p = 2,5:10° kr/m3, rpasuramy-

oHHas mocTosHHadg G =667-10""" wm3kr-lc-2 Ilnamery cumrats OIHOpOA-

HBIM IHaPOM.

1.2.28. V3BecTHO, YTO CuJla TAMKECTH, HEMCTBYIOMIAA Ha TENO Ha BblcoTe
h Haj TTIOBEPXHOCTBHIO IJIAHETHI Ha IIOJIOCE, PaBHa BeCy 3TOT0 ke Tea
Ha NOBEPXHOCTU IUIaHeThl Ha 3KkBaTope. Haiitu nepmop T mpamenus
IUIaHeTHI BOKPYT OCH, ecjy paauyc miaHeTs! R, a yckopenue csoGonmo-
TO MajieHus y TMOBEPXHOCTH Ha fomtoce g. Ilnamery cuurats ommopon-
HbBIM [1I2POM.

1.2.29. HIapuxy, nonBemeHHomy’ Ha HUTH, CoobIMIIM HEKOTOpYIo Ha-
4aJIbHYIO CKOPOCTB, IIOCJIe Yero OH HauaJl BPallaThCA [0 OKPYXMHOCTH B
BEPTUMKAJBHON IIockocTH. ONpeieNInTh Maccy LIapyKa M, €CM U3BecT-
HO, YTO CHJIa HaTSXKEHUA HUTH B BepXHell TOYKe TPAaeKTOPUM COCTABJIA-
er T1 = 1 H, a B amkHeit Touke TpaekTopum T2 = 2 H. Conporusmeny-
eM BoaJyxa npeHeGpedyp, yCKOpeHMe CBOGOZHOro nafeHus g = 9.8 m/c2.

1.2.30. MaJyeHpKoe TeJo COCKanb3blBaeT 6e3 HadaJbHON CKOpocTH 1
BHYTpPEHHe} MOBEPXHOCTM MOJYyCeprl ¢ BBICOTHI,
paBHOI ee paxuycy. OnHa InoJioBUHa NoJycdepsl
abcomoTHO IyIafikad, a Apyras - IlIepoxoBaTas,
Opu4eM Ha 5TOI NOJIOBMHE KOA(pPUILMEHT TpeHus
MeXAy TeNoM K moBepxmocThio B = (,15. OnpegemuTe yckopenue a

Tella B TOT MOMEHT, KaK TOJBKO OHO IlepeiifleT Ha IHEePOXO0BATYIO II0-
BEePXHOCTb. YCKOpeHye CBOGOJHOrO MaZieHus NPUHATE g = 10 M/c2,

1.2.31. MeTaJymMyecknii CTepKeHb, MBOTHYTBI IIOZ YTJIOM ¢ =45°, gak

TIOKa3aHO HAa PUCYHKE, BPallaeTcs C yTJIOBOJ CKOPOCTBIO ® =6 pax/c
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o BOKPYTr BepTHKajibHOA ocu OO’ . K xoHLy crepKHA

e MpUKpeIUIeH Irpy3 Maccoit m = 0,1 Kr Ha pacCTOAHMM

© [ =0,1 mor Tourn O. Onpegesuts Monysb F cuibl,

m o ¢ KOTOpOI CcTepsKeHb JeiiCTByeT Ha Ipy3. YCKopeHue

cBobosHoro nasenns g = 9,8 m/c?.

1.3. 3axonb. coxrpanenus 6 Meranuxe

Bomnpocs! nporpaMmmsl

o  Jmnyave mamepuaavnott mouku. Umnyave cuavt. Cesnsv mesncdy
NPUPAUWEHUCM UMNYALCA MAMEPUAMBHOU MOUKU U UMNYALCOM CU~
avi. Umnyavc mena. 3axon coxpanenus umnyavca. Peaxmushoe
deudicenue.

e Mexanuueckas paboma. Mowmocmsv. Inepeus. Edunuyst uamepe-
HUS pabombL U MOWHOCTNU.

e Kunemuuecxan snepzus. Casnsv mexndy npupaujenuem xunemuue-
cxoll 3Hepeuu mead U PAbomol NPULOHCEHHBLL K MeAY CUA.

e [lomenyuaavnas 3Hepzus. Ilomenyuanvras snepeus mea 86auU3U
nosepxruocmu 3emau. [lomenyuarvras anepeus ynpyzo degopmu-
POBAHHOZO Mead.

®  3aK0H COXPAHEeHUS MEeXTAHUUECKOU IHEPIUU.

Oﬂpene.nenmi, INOHATHUA M 3aKO0HBbI

MM‘nle‘bC .uamepua.n.buoﬁ mouxu. I/IM'nyJL’bCOM Mamepua./wnoﬁ mou-
KU Ha3bIBalOT BEKTOPHYIO BeJIMYNHY, PaBHYIO IIPpOU3BEJEHUIO MaccChbl
TOYKM Ha €e CKOPpOCTh

p=mV . (1.3.1)

I/IMIIyJIBCOM CHCTEMbI MaTepPHaJIbHBIX TOYEK Ha3biBalOT BEKTOPHYIO
CyYMMYy MMIIYJIbCOB BCeX N TOYEK, BXOOALIINX B CUCTEMY, TO €CThb

P=mV,+mV,++mVy=p+p++Py. (1.3.2)
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Baskibie 3aKOHOMEPHOCTM ABMIKEHUA CMCTEMBI MATEPMAJIbHBIX TOYEK
MOYKHO YCTAaHOBWTDb, MCIIOJL3Ys NOHATHE UEHMPA MaCC cucmemsvl. B
3alaHHOM CMCTEMe OTCYeTa CKOPOCTh LeHTpa Macc CUCTEMBl TOHYEK Ofl-
penenserca no dopmyne

- 1 & -
1 P_ZmV (1.3.3)
1M (R
M i=|
N el
roe M :me — Macca CUCTeMBl, M; — Macca i-if Touku, V, — ee

i=1

ckopocts. Cparuenne dopmyan (1.3.2) u (1.3.3) nmoxkassiBaeT, 4T0O
P=MV, . (1.34)

CrnenoBaTeJsibHO, MMIIYJIBC CUCTEMb! MaTe€pPHaJIbHBIX TOYE€K paBeH IIpOnU3-
BeACHHUIO cymmapnoﬁ MaccChl CUCTEMBI H& CKOPOCTDh €€ LIeHTPa Macc.

HUmnyasc meaa. ViMnysbe TBEPAOro TeJla SABJSETCA KOJMMYECTBEHHOM
XapaKTepUCTUKOM ero MoCTyHNaTeJIbHOTO ABVKReHMA. Kak u 1A npous-
BOJIBHOM CUCTEMBI MaTepuaJIbHBIX TOYEK, MMIIYJIbC TeJla PAaBeH IIpous-
BeEHMIO €r0 Macchl Ha CKOpPOCTb LeHTpa Macc. Bpamienune TBepporo
TeJla BOKpPYTr LIEHTPa MacC, eCJIM OHO CYIIeCTBYeT, He JaeT BKJaza B
UMILYJIBC TeJa.

Hmnyave cuavt. Mimnyavcom nocmosannoi cuavt F 3a BpeMa Af Ha-

3bIBAOT BEKTOPHYIO BesmunHy FA?.

Ceaszv mencdy NPUPAUCHUCM UMNYADCA MAMEPUALOBHOU MOUKU U
umnyasvcom cuasvt. Bropoit 3axoH HbloToHa TOYkM MoxeT GbITh cop-
MyJIMpOBaH B Bujle TeopeMbl 00 M3MeHEeHMM MMIIYJIbCa MaTepPuaJIbHOM
TOYKM: B MHEPLMAJILHOM CHCTEME OTCYETa MBMEHEHME MMIIYJIbCa TOUKM
.3a HekoTOpOEe BpeMA Al paBHO MMITYJIbCY IReMCTBYIOIEH Ha Hee CHJIbI
3a 3TO Ke BpeMA

Ap = FAt.  (1.35)
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Puc. 1.3.1

FpaHuubl CMCTEMBI YCTIOBHO
0603Ha4eHbl LWTPUXOBOH

nunven. F, -sHewnve cunl,

f;'j -~ BHYTpeHHWe cuUnbl

3OroT 3akoH MoxeT OBITL 0600IIEH Ha cuc-
TeMy MaTepuaJIbHbIX ToueK. Jinsa 3Toro He-
06XoMMO BBECTH IIOHATHE O BHYTPEHHUX U
BHEIIHMX cuiax. Buympennumu cusamu
Ha3BIBAKOTCH CHUJIbI B3aVMOAEMCTBUA MEXIY
TOYKaMy, BXOASILMMM B cucTemy. Bruews-
HUMU CUNAMU HA3BIBAIOTCA CUJIBI B3aMMO-
neiicTBUA TOYEK CHUCTeMbl C TeJaMM, He
BXOAAIMMHU B cuctemy (puc. 1.3.1).

3anuceiBasn OJIA KaXJOoM TOYKM CUCTEMBI

3aKOH M3MeHeHusa MMIIyJibCa TIoZ HeiicTBUEM BHYTPE€HHUX M BHEIIHUX

CHJI, TIOJIYHUM:!

Ap, =(J—}|2+ :3+"'+ZN +ﬁ|)‘At

Ap, =(ﬁ1+];3+"'+j2N+E)'At’

(1.3.6)

N =(?Nl+jN2+"'+jNN—l+FN)'AI

CknanpiBas ypaBHeHMA cucTteMbl (1.3.6) nouleHHO M YyUYMThIBasA, 4YTO

COIJIaCHO TpeTbeMy 3akoHy HbioTona f; =~f; , mony4yaem 3akoH usme-

v

HEHUA UMITyJIhCa CUCTEMBI TOYEK!

AP=(F+ vt B) At =F At (13.7)

rage

BHCI.I.!

BH €I

N
ZF,. — CyMMa BHEIIHMX CUJL
i=l

B MHepuma.anoﬁ CUCTeEME OoTCYeTa M3MEHEHHMe VMMIIYJibCa CUCTEeMbI Ma-
TepHaJIbHbIX TOYEK PaBHO MMIIYJILCY BHEUIHMX CHMJI, IIPMJIOKEHHBIX K
cucTeMe. BHYTPEHHME CHUJIbl HE M3MEHAIOT MMIIYJIbC CUCTEMbI.

3axon COXTPAHEHUR UMNYADBCA CUCTEMBI ABJAETCA CJIeACTBUEM CCt)Op-
MYyJIMPDOBaHHOIO BblIllle 3aKOHa WM3MeHeHUA MMIIyJbCa U TJIacuT. ecJin
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MMITYJIbC BHEIIHUX CHUJ, NPUJIOKEHHBIX K CHUCTEME MaTepMaJlbHbIX TO-
YEeK, paBeH HYJIIO, TO MMIIYJIbC CUCTEeMbl COXPDaHACTCH.

Ba’kHBIM YaCTHBIM CJIy4aeM ABJAETCA PaBEeHCTBO HYJIIO CyMMbl BHEIII-
HUX CMJI, OEeHCTBYIOIIMX Ha cHUCTeMy (TaKue CHCTEMBbl Ha3bIBAalOTCH
3aMKHYTBIMM). UMNYALC 3AMKHYMOU cucmembt coxrpansemcs. Cko-
POCTB LieHTPa Mace 3aMKHYTOM CHCTEMBI HOCTOSIHHA.

Ecan BHemiHue cuibl He PaBHBI HYJIIO, HO CYIIeCTBYeT TaKOo€ HEeUM3MEeH-
HO€ HanpaBJIeHMe B IIPOCTPaHCTBEe, YTO NPOCKUMUSA CYMMEBI BHEITHUX CUJI
Ha 3TO HalpagBJIeHue oGpamae’rcx B HYJIb, TO IIPOEKIIUA MMITYJibCa CHC-
TeMbl Ha 3TO HallpaBJIeHUe COXpPaHsAeTCAHA.

Peaxmuenoe dsuixcenue. Bonbilioe 3HaueHMe IMeeT 3aKOH COXPaHEHUA
UMITyJiIbCa JJIA McCCJefoBaHMA peaxkmuenozo dsuscenus. Ilony peakTur-
HBIM JBMOKEHMEM IIOHMMAIOT JABUKEHMe TeJla, BO3ZHMKallee Npu oThAe-
JIEeHMM HEKOTOPOM €ro 4acTy C ONpeZiesIeHHOM CKOPOCTBI0 OTHOCHUTEJIBHO
TeJa, HallpMMep IpU MCTeYEeHUM NPOAYKTOB CTOPaHUs 13 COILJIa peak-
TUBHOTO JIeTaTeJbHOro anmnapara. IIpu aToMm noABAAeTCA TaK Hal3blBae-
Maf peaxmueéHas cuaa, coobIalolad Teay ycKopeHue. I'JlaBHas oco-
6eHHOCTh PEaKTMBHOM CHJIBI COCTOMT B TOM, YTO OHa BO3HMKaeT 0e3 Ka-
koro-ymbo B3auMoOZeCTBMA € BHeINHMMM Tejjamu. IIpomcxommut smiib
B3aMMOIENCTBME MEXIYy PaKeTOi M BBITEKAIOLIEN M3 Hee CTpyeii Bellie-
crBa. [IpuHUMT peaKTMBHOrO ABMKEHUA OCHOBAH Ha TOM, YTO MCTEKAlO-
1Ie Y3 peaKTUBHOTO ABUTATeNsA rasbl IMOJMYy4aloT UMIIyJibc. Takoit e 1o
MOAYJIIO MMILyJIbC npuobpeTaeT pakera. Macca pakeThl CoO BpeMeHeM
ybbIBaeT; pakeTa ABJISAETCA TEJIOM IIEPEMEHHOM MAaCChL

s 3akoma coxpaHeHMs MMIIyJbca JJIA  3aMKHYTO!  CHUCTEMBI
“pakeTra+trasd” MOKHO HOJIy4YMUTh ypaBHeHKue MelepcKoro

Ma=-pU, (1.3.8)

rme M = M(f) - macca pakeTbl B MOMEHT BPEMEHH !, d - ee YCKOpeHHe,

[t - pacxoj TOILUIMBa (Macca CTOPEBIIEro TONJIMBA B €JIMHUIY BPeMeHM),

—

U - CKOPOCTb MCTEe4YEeHUA Ira30B OTHOCUTEJIbHO PaKeThbl BeKTOpHaH Be-

JuumHa F, =—pU Hocur HasBaHue peaxmuenol cuavi. OHa nosBaseT-
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cA BCJIeJICTBME MCTeYEeHMA ra30B M3 PAKeThl, NPUJIOMKEHa K pakeTe U
HaNpaBJieHa [POTHUBOIIOJOMKHO CKOPOCTHM Ta30B OTHOCHUTENIbHO PaKeThl.
Ecam Ha pakeTy [efCTBYIOT BHEILIHMe CHJIBI, TO ee JBMIKEHMe oIipeje-

- -

JsieTesi peaKTUBHOM cunoit F, ¥ cymMmoii BHeIIHMX cun F !

Ma=F,+F. (1.3.9)

=2 Mexanuuecxan paboma. Mownocms. Pabomoil cuavt

F Ha nepemeluenun AF MaTepualibHOM TOYKM Ha3biBa-
eTCA CKaJIApHaA BeJIMYMHa

el A= FArcosa, (1.3.10)

Puc. 1.3.2 rle o - YroJ MeXAYy HAIpaBJIEHUAMM CHUJIBI U Ilepeme-
wenns (pue. 1.3.2). B 3aBMCHMOCTM OT B3aMIMHOI1 OpyueH-
Tauyuu BeKkTopoB F m Ar pabora MokeT ObITb BENMYMHOM IOJIOMKM-

TeJIbHO}, OTPULIATENbHO! MJIM PaBHOM HyJm0. EciM Ha MaTepHaJbHYIO
TOYKy HelCTByeT cucTeMa cuJl, To pabora Bcex 9TMX CMJI Ha TlepeMe-

wennn ToYku A7 paBHa

N
A=ZF}Arcosa,. = F;Arcosa . (1.3.11)

rAe o, — yron mesxny cunoii F, u nepememienumem Ar rtouku, Fy -
MOAYJb PaBHOAEHCTBYIOILEH BCeX CUJI, AeHCTBYIOLMX Ha MaTepUalb-
HYI0O TOYKY, & — YIoJl Mexny Bekropamu f£; wu Ar. IIpum nocryna-

AN
TeJIbHOM IBYKEeHMM TBepzoro Teja pabora” cuisl (Mam paBHOAENCT-
BYIOIe}l HEeCKOJBKMX CMJI) BbluMcJisieTcA mo ¢opmyre (1.3.10), rae nox

AF TnoHMMaeTcs NHepeMelleHMe J0GO/ TOYKM Telsla, HanpuMep, LEHTpa

Macc.

Mownocmdbio HasbIBa@TCA OTHOIUeHMe paboThl 4 K BeJMYMHE MHTEpPBa-
Ja BpeMeHM Al , 3a KOTOPHIf 3Ta pabora coBepIieHa:

N==. (1.3.12)
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Ecan euna F pesicTByeT Ha TOYKY, ABMIKYIIYIOCS CO CKOPOCTBIO V | To

MOIITHOCTB OTOM CUJIbI paBHa
N =FVcosa, (1.3.13)
rae o - yroJji Mexay HalipaBJICHUAMU CUJIBI M1 CKOPOCTU.

Edunuyvt ussmepenus pabomuv. u moujnocmu. Enununa paboTer B
CH HaswiBaeTca jrroyiem (k). Joxkoynb paBen pabore, coBepriiaeMoil
cunoit 1 H npu nepemeleHuy TOUYKY €€ IPUJIOXKeHUA Ha 1 M B Hanpas-
Jeuun pemcreus cunbl: 1 sk = 1 H m. Eguanna momsoct B CU Ha-
3pIBaeTcs BaTToM (BT). BaTT paBeH MOIIHOCTH, IIpU KOTOPOI 3a BpeMA 1
¢ coBepiaetcsa pabora 1 k: 1 Br = 1 Ix/c.

Onepzun. OHeprueit Ha3bIBaeTCA CKaJIsApHaA ¢uaudeckas BeJMYMHA,
ABNAIIIAACA o0leli KOJMYEeCTBEHHOM Mepoi ABMXKEeHUs M B3auMonei-
CTBMA BCEX BUJOB MaTepuy. JHEPrus He BO3HMKaeT M3 HUYEro M He yuc-
yes3aeT, OHA MOJKET TOJIbKO IIePeXOoiuTb U3 ONHOM (POPMEI B IPYIYIO.
ITousATue 3Hepruy CBA3LIBAET BOEAUHO BCE ABJIEHUA NPUPOJEBL

A XapaKTepyCTUKY PasyiMyHbIX (POPM ABMMKEHMA MaTepuu BBOIATCA
COOTBETCTBYIOIIMEe BMIbI SHEPIMM, HAlpuMep, MexXaHMYecKas SHeprusd,
BHYTPEHHAA JHEPIUA, DHEPrus BJIEKTPOMATHMTHBIX B3aMMOIEVCTBMIA U

Ap.

MexaHnyeckas sHeprua E xapaKTepusyeT [BUXKeHME M B3auMOLENCT-
BMe TeJs 1 ABJAeTCA (PYHKUMEH MX CKOPOCTei M B3aMMHOIO paclioJloxKe-
HuA. OHa paBHa CyMMe KMHETMYECKON M MOTEeHIMAJILHOM 9Heprui.

Kunemuuecxan shepzus MaTepuasbHON TOYKM MJIM TeJja SBJAETCH
Mepoli MX MeXaHMYeCKOro ABMIKEeHMA, 3aBUCHAIIEH OT CKOpoCcTel ux
ABMOKEeHMA B JAaHHON MHepUMaNbHOM cucreMe orcueta. Kunemuuecxold
Hepzuell MaTePHaJbHON TOYKY Ha3bIBAa€TCH CKaJIApHas BeJV4MHa

E =" (1.3.14)

2

Ilpu nocTymaTesBHOM JIBMXKEHMM TBEpPIOTO Telia €ro KMHeTUIeCKas
3Heprua TakxKe onpefenserca no dopmyae (1.3.10), rae mog m nouuma-
eTcs Macca Tejla, a mop V= ckopocTs Jio6oit U3 ero Todek (Halpumep,
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LIeHTpa Macc).

,ZIJIH CHUCTEMBI MaTePUAJIBHBIX TOYUEK

V2 v} myV:
E =T e, (I (1.3.15)
2 2 2
Ceazbv mexncdy npupawyjenues KuHemMuuecKol 3nepzuu meaa u pa-
60moii NpuaoHceHHBLT K meay cun. V3 Broporo 3akoHa HbioToHa
clleflyeT 3aKOH M3MeHeHMs KMHeTMYeCKol SHepruyu MaTepMaJIbHOM Tod-
37

AE =—2 Lo g (1.3.16)

COIJIaCHO KOTOPOMY M3MeHeHMe KMHETHYECKOH 3HEeprMM TO4YKM Ha Ka-
KOM-JiMB0 OTpe3Ke TPaeKTOpPMM paBHO paboTe IPUJIOMEHHBIX K TOYKE
CHJI Ha OTOM Ke OoTpe3Ke. OTC YTBEDXKJEHMe CIPaBedJIMBO TaKe LJA
TBEPAOTO TeJa, COBEPHIAIOIIEr0 IIOCTYHaTeNbHOEe ABuKeHMe. IBUKY-
meeca Teso obnajaeT KMHETHYECKO) pHeprueii, xoropas papHa pabore,
KOTOPYIO HYXHO COBEPLIMTD, YTOOB! YBeJMUMUTb CKOPOCTh TeJsla OT HyJld
JIo TeKYyLIero 3Ha4eHMA.

Kusernueckaa SHEPrus Tejla yBeJUUMBaeTCA, ecau paboTa NpuUIIoKeH-
HBIX K HEMY CHMJI [TOJIOJKMUTEJbHA, M YMEHbIIaeTcs, ecym sta pabora or-
pullaTeJsbHa.

Homenyuanrvras anep2usn — 3TO IHePrMA B3aMMOAEHCTBUA TeJ, ONpe-
IeJsemMasd MX B3aMMHBIM pacnojioxxenueM. IloTeHlMaJibHaA BHEPrus
MoOKeT ObITb BBEJEHA IJIA TAKMX CHJI B3aMMOZENCTBUS, KOTOPbIE 3aBU-
CAT TOJIBKO OT PacCTOSIHMIT MEXKIY TeJlaMy CHUCTEMBI (HO He OT MX CKO-
pocTelt). 3T CMIIBI B MeXaHMKe BBIEJIAIOT B 0COOBIN KJAacC ¥ Ha3bIBAIOT
NOMEHYUALLHBIMU NI KOHCePEamusHbvimu. [LoTeHIMAILHBIMU ABJIAIOT-
Cf CHJIBI TATOTEHMA, CUJIBI YIPYTrOCTH, KYJIOHOBCKME M apXMMENOBbI CH-
npl. PaboTa noTeHuMasbHOM CMJIBI He 3aBMCUT OT (POPMBI TPaeKTOPUK
TeJia U ONpeliefiAeTCA TOJIBKO €r0 HayaJIbHbIM M KOHEUYHBLIM IIOJIOMKEeHM-
eM. JTO 3KBMBAJIEHTHO yTBEPKIEHMIO, YTO paboTa NOTeHIMaNIbHO CHUIIbI
no moboMy 3aMKHYTOMY ITyTH paBHA HYJHO.

Xora IoTeHUMaJIbHad 3BHEPIUA — JTO IHeprusA B3ayMOJENCTBUA TI0
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Kpalieit Mepe ABYX TeJ, dacTo OblBaeT yZ#oOHO npyu ee BBIYMCIIEHUY
MPUHSATL OJHO M3 B3aMMOAEMCTBYIOIIMX TeJl 3a HelolBM»kKHoe. B arom
cllydyae MOXKHO TFOBOPMTH O IOTEHI[MAaJIBHOM SHEPruMM BTOPOTO TeJjia, Ha-
XOUALUEroCA I10J AEeACTBMEM CMJBI CO CTOPOHBI [I€PBOrO, U paccMaTpy-
BaThb 9TY CMJIY Kak BHeUIHI00. Tak MOCTYnalT, HalpuMmep, oNpenelaf
MOTEHIMAJIBHYIO QHEPIMIO TeJla B I0oJIe MPUTMMeHUs 3eMiu (CM. HuKe).

Takum obpasoM, nomenyuarvrot snepzuel E; Tena B Touke M Ha3bl-

BaloT paboTy, KOTOPYIO HYKHO COBEPIUMThL IIPOTUB IOTEHLMANBHOW CU-~
561, 9TOOBI MepeMeCTUTH TeNIo U3 TOUKY, Ife NOoTeHnMasdbHas 3Heprus
paBHa Hym©O, B Touky M. VHbIMM cJOBaMM, HOTeHIMAJbHAf OHEPIMs
Tejia — 3TO B3ATaA ¢ oOpaTHHIM 3HaKOM paboTa NOTEHLMAJIBHON CHJIbI
Mo MnepeMelIeHUIO TeJa U3 JIaHHOM TOYKM B TOYKY, Tlle NOTEeHUMasbHad
3HEPTMA paBHa HYJIO.

3HadYeHMe ITOTEHUMaJIbHON 3HEPruMM Tesla 3aBUCHUT OT BbIOOpa TOYKM OT-
cueTa MOTEHIMAJJIbHON SHEPTUY, B KOTOPO ee IMoJIaraloT PaBHON HYJIIO.

3Has NOTeHLMAaJbHYIO0 3HEpPruio, MOMKHO HaiiTu pabory cunsl mo nepe-
MEILIEHNIO TeJia U3 TOUKM 1 B TOUKY 2:

A, =Ep, —Ep,. (1.3.17)

TMockonbky pabora onpesenfAeTcs JUIL M3MeHEHMEM NOTEHIMAJLHON
SHEPTMM, BBIOOP HYyJIEBOIO YPOBHA IOTEHLMAJLHOM 3HEPIMM He Urpaet
HMKaKoll 0coGoit poIM M AMKTYeTCA MCKJIIOYUTENIbHO COODparkeHuAMN
ynobeTBa IIpyM pellieHMM KOHKpeTHOM 3azauyu. Hu ogHo siBneHne npupo-
IObl He 3aBUCUT OT CaMOil NOTEHUMAaJIbHON SHepruyu. BaskHa JMIIbL pas-
HOCTb 3Ha4YEHMI MOTEHUMAJLHOM IHEPIUM B KOHEYHOM M HAYAJIBHOM CO-
CTOAHMAX CUCTEMBL

ITomenyuanadvuas anepzulk mend 66au3u MogepTrHOCMU Jemau BLI-
YUCHAETCS N0 PopMye:

Eq=mgy, (1.3.18)

ThAe y — BBICOTa LEHTpa TSXKeCTH TeJla Hall IOBePXHOCTBIO 3eMJn.

Tomenyuaavuas anepzus ynpyzo deopmuposannozo meaa. Ilpo-
CTeliiie/i MOAENBIO YNPYrMX JedopMalli ABJAETCH PacTAMKeHMe MIN
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cxxaTie HPy>xuHBL IloTeHIMaNbHAA 3HepTusA TeJl, B3auMOJeHCTBYIOWMX
NIOCPE/ICTBOM IPY2KMHBI, PaBHa

Ej=—"-, (1.3.19)

rae k — KeCTKOCTb NMPYIKMHBI, X — YIAJNMHEHNE MPYKUHBI, T.e. PasHOCTh
ee IMH B edOpMUPOBAHHOM M HelledpopMUpPOBaHHOM cocTosHuAx. Ilo-
TeHIMaJlbHasA SHeprus, onpegeiseMass Bblpakenuem (1.3.19), He BaBu-
CHUT OT CBOMCTB TeJ, KOTOphle CBA3bIBAET NPY’KMHA. JTa 3HEPIHUs CKOH-
IIeHTPHPOBaHa B IPYXKMUHE.

3axon corpanenus meranuuecxotl snepzuu. IToanoll mexarnuuecxou
sHepeuetl £ MaTepyaJIbHOM TOYKM HA3BIBACTCHA CyMMa ee KUMHeTHIecKo#i
M NOTeHIMaJIbHOM SHEePrui:

E=E.+E, . (1.3.20)

AHaJIOTYYHO BBOAMUTCA TOJIHAsA MeXaHMYeCKad 3HepIus CUCTEMBI TOYEK,
npyyeM IoJIHAA KMHETHMYECKas SHePruA paccYMThiBaeTcA no dopmye
(1.3.15), a monHasA MOTeHIMaJIbHasA SHEPIMA CUCTEMBI paBHa cymme IIo-
TEHIMAaJIbHbIX SHEPIMi BCeX Iap B3ayMOJIeICTBYIOIMX TOYEK, a TaKKe
NOTeBLMAJIbHBIX 3HEPIUii 9TUX TOUYEK B IIOJIe BHEIIHMX CUJL

KpoMe noTeHnMaJBHBIX CHJI, B CMCTEME M Ha CHCTEMY MOTYT HelCTBO-
BATH TAKIKE HENOMEHYUALbHDIE CUAbL, KOTOpHIE BABMUCAT OT CKOPOCTelt
Tes. PaGora HENMOTEHIMaJILHONM CUJIBI IIPU IePeMeleHUM TOUYKY WIIM Te-
Jla 10 3aMKHYTOI TPaeKTOpuy OTJMYHa OT HyJsd HeroTeHHMaJIbHBIMU
ABJIAIOTCA CUJIBI TPEHUSA CKOJIbIKEHMA M CUJIbI BA3KOTO TPEHUA.

VasmeHeHMe TIOJTHOM MeXaHMYECKO! SHEPIUM NOAYMHSETCH CJIEAYIOIeMy
3aKOHY: B MHePLMAJIbHOM cHCTEMe OTCUeTa M3MEeHeHMe IOJIHOM MeXaHM-
YeCKOM HEepIUM MaTepMaJIbHOM TOYKM, MJIM CMCTEMbl TOYEK paBHO pa-’
6oTe HeNOTeHUMAJIbHBIX CHJI (KaKk BHEIUHMX, TaK U BHYTPEHHMX).

Cnencq‘smem JTOro 3aKOHa ABJIAETCA 3AKOH COXPpaHeHUus NOAHOU Mexa-
HuuecKol IHepUU: eCIM HelloTeHIMaJIbHbIe CUJIbI, neﬁCTBleHLMe B CHuC-
TeMe ¥ Ha CuUcCTeMy, He COBepulIalT pa60’ry, Ir1oJiHasdA MeXaHn4deckKana
9HEPIUA CUCTEMBI COXpaHAETCA.
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¥Yxazaausa oo PpelIeHUIO 3axaq

Bonbluoe umcio 3azad M3 NaHHOTO pa3fiella CBA3AHO C COYJapPeHMsaIMU
TeJI WM pa3felieHneM Tejla Ha COCTaBHbIE YacTy (CTONKHOBEHME IUapy-
KOB, BbICTpeJ M3 MyUIKH, PaspbiB IpaHaThl 1 T.L). Ilpu peltnenun sanaq
TaKOIo TUIIA HY’KHO MMETb B BUIY, YTO €CJM KOHEYHOe COCTOAHME CyC-
TeMBl OTZEeJIEHO OT Ha4daJlbHOrO MAaJIbIM MHTEPBaJIOM BpeMeHH Af

(BpeMs coyZapeHMA MJM BpPeMA BBICTpeNa), TO MMIyJascoM FA? Takux

BHEIUHMX CWJI, KaK TATOTeHMe MJM TPEHMe, MOMKHO npeHebpeun u pac-
CMaTpyUBaTh CHCTEMY KaK 3aMKHYTY1I0. OQHaKo, MMIIyJIbCOM CUJIILHO Me-
HAOIENCA 3a BPeMA COyJiapeHus BHEIlIHel CHJIBI B oblieM ciydae mpe-
HebperaTs HeJb3s, TaK Kak hponsnezxenue majsioro At Ha Gonbluyio F

MOXKeT 0Ka3aTbCA KOHe4YHON BenuduHoi. Hanpuwmep, npu cronxuHosenun
apyuKa ¢ HENOABMMKHOM CTEHKOM KOHEYHOEe M3MEeHeHNe ero MMIlyJbCca
3a OYeHb KOPOTKOe BpeMsA coyAapeHMus 0OyCJIOBJIEHO MMITYJIbCOM BeChMa
BoJIB11103 CHIIBI YIIPYTOCTHM, BOSHMKAIOWIEH NpK AedopMalyAX LWapuKa U
CTeHKMU. '

Tlpu 3ammcu 3aKOHa COXPaHEHMS MMIIyJbCa HY’KHO CIEAUTb 3a mpa-
BUJIBHOCTBIO PacCTaHOBKM 3HaKoB. HekoTopoe HampaBieHue Bbibupaer-
CsA 3a JIOJIOXKUTEJIBHOE. HpOEKuMﬂ MMIIYyJibCa TeJia 3alliMChbIBAeTCsH Cd
BHAKOM ILIIOC, €CJIM HaIlpaBJieHMe COCTaBJIAIOLIeN COBIAJaeT ¢ u3bpaH-
HBIM HalpaBJIEHNEM, ¥ CO 3HAKOM MMHYC - B IIPOTMBOIIOJIOKHOM CJIyyae.
Ins Tes, HampaBJieHNMA ABMIXKEHUS KOTOPBIX HE 3aJiaHBl B YCJIOBUM 3a-
JlauM, 3HAKM MOTYT ObITb paccTaBJIeHBI IIPou3BOJIbHO. Ecyu B pesyssra-
Te peIleHNA OKaKeTCA, YTO IMPOEKLMS MMILYJIbCa IOJIOXKUTENbHA, TO
HaTrpaBJieHye JBUKEHMA BbIGpaHO NPaBMIIBHO, €CAM OTPMLATENBHA, TO -
HEeNpaBUJIbHO. '

CTOJIKHOBEHMSA TeJl OBLIMHO OMMCHIBAIOTCH OAHON M3 ABYX NPOCTeMIIMX
Mojeqeit: (abcosoTHO) ynpyzoe u (abCOIOTHO) Heynpyzoe COylapeHns.
B nepBoM ciyyae npyu coyJapeHMM COXPaHAETCA KaK MMIIYJLC, TaK M
CyMMapHas KMHETUYECKas SHEPIusl B3aMMOJENMCTBYIOIMX TeJ, BO BTO-
poM - Tejya 1ocie B3aMMOAEHCTBMA NBUMKYTCA C OJHON M TON e CKopo-
CTBLIO, MX MMITYJIbC COXPaHAETCA, HO CYMMAPHAA KMHETHYECKasd SHepruA
yMeHbIIaeTCH, T.K. 4acTh ee IePeXOAMUT Bo BHYTPEHHIOW 3Hepruio. Ecim
coynapeHue HEHTPaJbHOe, TO M B TOM, M B JPYIOM CIyYaAX 3afa4a
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TIOJIHOCTBIO OMMCaHa MaTeMaTHU4eCcKH U uMeeT pemneHue. Teopusi HeleH-
TPaNbHOTO yZiapa BLIXOOMT 38 PaMKM NPOCTEeMIIMX MoZeJiel, [109TOMY B
YCHIOBUMAX 3aZiay Ha STy TeMy 06A3a8TeRbHO AOJIKHBLI CONEPIKATHCA He-
KOTOpBble€ JOIOJIHMUTEJbHbIe JaHHbIE, IOSBOJANILME [ONYYUTH €OUHCT-
BeHHOe pelleHue. BHuMaTesbHOE MPOYTEHME YCJIOBUA BCeria NacT BO3-
MOJKHOCTB 9TO CHIENATh.

3anauy no Teme “3aKOHbI cOXpaHEeHMA B MexXaHUKe”

1.3.1. Kius maccoit M = 0,5 kr ¢ yroom npu ocHoamuu o =30° moxo-
UTCA Ha IVIaZiKOi MOPM3OHTAJIBHOM ILIOCKO-
cti. Ha HakJIOHHYI0O IOBEPXHOCTBL KJIMHA
CTaBAT 3aBOAHOM apTOMOOMJIE Maccoi m =
0,1 xr u ornyckalor 6e3 navaJbHOM CKOpPO-
CTH, IOCJe Yero aBTOMOGMIIL HadMHaeT
IAB/IKEHME BBEpPX MO KJIMHY B IJIocKocTM pucyHka. Hajitu ckopocts U
aBTOMOGMJIA OTHOCHMTENBHO KJIMHAa B MOMEHT, KOTZla KJMH npuobpeTaer
OTHOCUTEJNIBHO IJIOCKOCTH cKopocTts V = 2 cm/c.

1.3.2. Ha npsMonMHEefHOM TFOPM3OHTAJIBHOM y4acTke myTu ctoatr N = 5
OIMHAKOBBIX BaroHoB. IIpoMexyTKyu MeXIy COCeIHMMM BaroHaMm OnM-
HaKoBbl ¥ paBHbl L = 30 M. K kpaitHemy BaroHy MOKATBIBAETCS elle
OJIMH TaKON’ K€ BaroH, umeroupii ckopoctes Vo = 2 m/c. B peaysasrate N
TOC/IEZIOBATEJNIBHBIX CTOJIKHOBEHMIA, B KajXJIOM U3 KOTOPBIX CTAJIKUBAIO-
upiecsi BaroHn! CLenNATcs BMecTe, Bce N +1 BaroHOB COeAMHSIOTCA B
onmH coctas. Halftu BpeMs ! MexxJy NepBLIM M IOCJEAHMM CTOJIKHOBE-
HuAMY. CUilaMy CONPOTHBJIEHUA ABMIKEHNIO BaroHOB npeHebpeus.

1.3.3. 'panaTa paspelBaeTC B HAUBBICIIEH TOYKE TPAEKTOPMM HA [BA
OLVHAKOBBIX OcKoyKa. OfMH M3 OCKOJIKOB JIeTUT B 06paTHOM HaIpaBJe-
HYJ C TO¥ K€ JI0 MOAYJII0 CKOPOCTBIO, KOTOPYIO MMeJa IrpaHaTa o pas-
prisa. Ha xakoMm paccrosmmm ! or mecTa GpocaHus rpaHaThl ymazieT Ha
3eMJII0 BTOPOIl OCKOJIOK, €CNIM PAacCTOAHMEe [0 FOPM3OHTAJM OT MecTa
Gpocanusa 10 TOYKM, HaJi KOTOPOJ NPOMU3OLIES Pa3phblB IPaHATHI, COCTAB=

asger a = 15 M? 'panata GpomeHa oT noeepxHocTH 3emym. COMPOTHMB~
JieHye BO3JyXa He YYMTBLIBATb.
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1.3.4. I'panaTa maccoit m = | Kr pasopBajiack Ha BbICOTe 2 = 6 M Hajg
3eMJell Ha ZiBa oCKoJixa. HemocpeZcTBeHHO mepes pa3pbIBOM CKOPOCTb
rpaHaThl Oblila HapaBJIeHa TOPM3OHTAJLHO U II0 MOAYJIO paBHa V = 10
M/c. OnuH 13 OoCKOJIKOB Maccoif m; = 0,4 Kr IoJyieTesl BePTUKAJILHO BHKU3

M ynaJ Ha 3€MJIIO 1107 MeCTOM pas3pEIBa €O CKopocThio Vi = 40 m/c. He-
My paBeH MOAYJb CKOPOCTM V; BTOPOro OCKoJIKa Cpa3y rocjie pa3pbiBa?

1.3.5. Ky3HeuMK cMIMT Ha ONHOM M3 KOHLIOB COJIOMMHKM AJMHBI [ =
50 cm, noxkosmelicA Ha IyafKoM nony. C Kakodl MMHMMAaJIbHOM OTHOCH-
TeJILHO MMoJIa €KOPOCTbIO Vo OH HOJIKEH IIPBITHYTb, YTOGB! MPU NPU3EM-
JIeHU¥ IOIIaCTh TOYHO Ha BTOPOH KOHell coJloMMHKM? Macca KysHeduKa
B B = 3 pasa OGonblue MacChl COJIOMMHKM. PazMepaMyu Ky3Hedmra u

TPEHUEM MeXKAY II0JIOM M COJIOMMHKON IpeHebpeds.

1.3.6. Mz mymIku NpoMSBOAMTCH BBICTPEN TakMM of6pas3oM, YTO Oajb-
HOCTH IIOJIeTa CHapAZa B O = 2 pasa MpeBbIaeT MaKCUMaJbHYIO BbI-
coTy TpaekTopuyu. CunTas M3BECTHOM BEJMYMHY HAYAJILHOIO MMIIYJbCa
cHapAna pe = 1000 xrm/c, ompenennths BeJMUMHY er0 UMIYJbCa P B
BepxHeli Touke TpaeKTopun. ConpoTuBieHMeM Bo3ayxa npeHebpeys.

1.3.7. JIsa rpysa MaccamMu mi M m2 NoJBelIeHbl Ha KOHUAX HUTH, Nepe-
KuHyTOli depes 6iok. OGa rpysa BHa4dajle HENOABUMKHBI U

HaXONATCA HA OOHOM BbIcOTe h HAaJ, TOPU3OHTAJBLHOM IOk~

craBroil. HaiiTu BesmuyHy M3MeHEHMsS MMITYJIbCA CHMCTEMBI d
ITpy3oB Ap 3a BpeMs, NpolIefilllee OT HAa4ajla MX IOBUIKE- mio_oMa
HMA [JO MOMEHTa, KOrjla OIME M3 TPYy30B KOCHeTCHA Mo~ ht A
craBku. HuTh HeBecoMa u HepacTsuMa, BJIOK HEBECOM.

1.3.8. Ha nmokoAumiica Ha IJaJikoM ropy30HTAJBHOM CTOJE KJMH MAacCoi
M = 1 kr c BbicoTel A = 50 cM magaer wa-

m
puk Maccoit m = 10 r u oTCcKaKMBaeT IMOJ, T
h
yriom o =30° k ropusonry. Haiitu CKOpPOCTH o v
Kiuna V mocne ypapa. CoyAapenue Mexay M
WIaPHUKOM M KJIMHOM CYUTATb AGCONIIOTHO YII-  srrssrrrmrrrorrrrrrrr

PyTuM, TpenMe MeXIy KIMHOM M CTOJIOM HE YUMTBHIBATh. YCKOpPEHME
CBOBGOZHOrO MaZieHns MPUHATL g§ = 10 M/c2.
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1.3.9. Teso maccer mo = 0,1 Kr nojABelleH0 Ha MJIMHHOI HEeBeCOMOM HUTH.
HuTh OTKJIOHNIN TaK, YTO TeJIO NMOXHANOCH Ha BbicoTy A = 0,4 m. ITocne
3TOr0 TEJIO OTHYCTUIW. B MOMEHT, KOrfla OHO MPOXOIMJIO HMMKHIOK TOY-
Ky TPaeKTOpuM, B TeJIO IOnaJl FOPM30HTAJLHO JIeTEBIIMI I1J1aCTUIIMHO-
BBI/i LIAPHK, KOTOPbIH NPUIINII K TeJy, MocJe 4ero TeJO OCTAHOBMJIOCH.
C xaxoii ckopocTblo Vi JleTes MIapuK, echy ero mMacca ni = 7 1?7

1.3.10. IITap maccoit M = 1 Kr nopeelleH Ha HUTK anmHoMi [ = 1,25 M. B
: wap nonazaeT myaa Maccoit m = 10 r, JeTAIUaA CO CKO-
\": pocteio V' = 500 m/c nog yraom a = 459 x ropusonty, un
v L
\

sacTpeBaeT B HeMm. OnpefieNnTb MaKCUMAaJILHBIL yroa f3

~

AY
AY
-2

OTKJIOHEHMA HUTY OT BEPTHKAJIN. yCROp&HMe CBOﬁO,Z[HOI‘O

2
M nanenus g=98m/c .

1.3.11. [Isa 0AMHaKOBBIX I'Py3a HY’KHO IIONHATE Ha Kpblialy aoma. Onun
pabounii pemms MoAHMMATE IPY3 Ha BepeBKe PaBHOMEPHO BEPTUKAJLHO
BBEPX, BTOPON — TAHYTbL TPy3 PaBHOMeDHO BBepX MO Tpaily, Yroj Ha-
KJIOHa KOTOpOro K ropusoHTy o = 600, a xoadbduument tpenna mexmy

rpyaom u Tpanom p = 0,05. Bo cxosbko paz P orimualorcs paboTer,

CoBepIlIeHHble IIPY IO/ 'beMe FPY30B Ha Kpblllly obonmu pabounmm?

1.3.12. C ropkyu BbICOTHI I = 2 M C YIJIOM HakJoHa o = 450 HaymmaioT

CKaThIBaThCA CAHKM C HYJIEBOW HadaJIbHONM ckopocTeio. Haliti ckopocTs
V CaHOK y OCHOBAHMSA FOPKM, €CJIM Ha BePXHeli IOJOBMHE TOPKyM K03~
(bUIMEeHT TpeHusA NpeHeOpeKMMO MaJl, a Ha HMIKHEH I[ONOBUHE Kod-
dbuiyenT Tpeana p = 0,1

1.3.13. Kupmry, nexkammit Ha Kpalo KpBIM JiOMa, TOJKHYJM BBEpX
BIOAbL CKaTa CO cKopoctero ¥V = 10 Mm/c.

Ilocne ympyroro ymapa O KOHEK KUPINY

f COCKOJIb3HYJI O0paTHO M OCTAHOBMJICA Ha

Kpalo kpoium. Haditu xoadpduument Tpe-
HMA M MeXIY KUMPIMYOM M NOBEPXHOCTBIO KPBIIM, €cM KOHEK HaXo-

ol

AuTCs Ha Bbicore A = 2,5 M OT Kpas KpBIIM, & YTOJI HAKJIOHA KPBIINX K
ropusonty o = 300. Yekopenue cBoGonmoro najenns g = 9,8 m/c2
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1.3.14. C HaKJIOHHOJ ILIOCKOCTHM, CoCTaBjswoIeit yroa o = 450 ¢ ropu-

't

30HTaJIBIO, COCKasb3biBaeT 0e3 HavaJIbHOI CKOpPOCTH
HeGoJIbIlIoe TeJIO M yAapsAeTCA O BBICTYI, IepHeHIuKYy-
JNAPHLIA HaKJOHHOM myockoeTi. Cunras yAap O BeICTYO
abCoJIIOTHO YIPYTMM, HaiiTy, Ha KAaKyI BbICOTY A Ion-
HUMETCST TeJIo IocJie yaapa. Havanbuasa Beicota Tena H = 1 M, xoad-
dunmeHT TpeHusa o maockocts g = 0,5.

H

1.3.15. Ha ropusoHTaJLHOM IOCKOCTH JIEKUT NepeRAHHLBIN 6pycox Mac-
coit M = 100 r. B 6pycok nonapaer nyjisa maccoit m = 10 r, jJerAwasn
ropus3oHTAJILHO co ckopocTeio V1 = 800 M/c, n pobuBaeT ero HaCKBO3b.
CxopocTs nyJsin nocJe Bbiieta us 6pycka V2 = 200 m/c. Kakoe konuye-
CTBO dHepruy Q mnepenuio B Temyio B mnpouecce yaapa? Tpenuem 6pycka
0 ILJIOCKOCTE IpeHebpeys.

1.3.16. Ha ropu30HTaJILHOM ILTOCKOCTH JIEIKUT AepeBsIHHBIN 6pycoKk Mac-
coit M = 4 Kr, NpUMKpPEIUIEHHbI! K Bep-
TUKaJILHOM CTEHKe NPYXKMHO ¢ Koacp-

¢uimenTom ynpyroctu k = 100 H/m. B A~~~ -— 4
neHTp Opycka nomajaer IMyJd Maccoi e

m = 10 r, JmeTAmasa TOPMU3OHTAJIbHO M IapajllesIbHO NPYXKHHE, ¥ 3a-
crpeBaeT B HeM. OnpeiennTh CKOPOCTL MyJiM, €CJIM MaKCUMaJlbHOe CoKa-

THe TIPYKUHBI nocJie yaapa cocraBuyto A/ = 30 cm. Tpernuem 6pycka o

ILTOCKOCTB npeneﬁpeqb.

1.3.17. Cdepuuecran gamxa maccoyt M = 200 r noxouTca Ha TiajKoil

I‘OpI/I3OHTaJIbHOI71 HIOBEPXHOCTHU. ITo BHYT- A
peHHef/'[ MIOBEPXHOCTU YalUK} M3 [TOJIOXKEeHUA R
A HayuHaeT CKOJb3UThL 0e3 HayaJIbHOM B

CKOpPOCTHM MaJIeHbKOe TeJio Maccoyt m = 20 r.

Kakywo ckopocts V Bymer MMeThp Yalluka B

TOT MOMEHT, KOTZia TeJI0 AOCTUIHET HaMHMu3IIei Touku (monoxeHwme B),
ecru panuyc damku R = 8 cm. TpenneM mexay BCceMU MOBEPXHOCTAMU
npenebpeys.

1.3.18. "z noxosiyeiics nymky maccoit M = 500 xr, Haxonasienics Ha
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IJIAZIKOM TOPM30HTAJIBHO! IOBEPXHOCTH, HPOM3BOAMUTCA B IOPM30OHTAJb-
HOM HampaBieHuy BbicTpel. Ilocsie BeicTpelna cHapsax Maccoit m = 10 kr
MMeeT CKOPOCTh OTHocuTesbHO 3emim V = 500 m/c. Kaxoe xonmuecTBo
sHeprum E Boelfesmslock TPM CropaHuM IOpOXa, €CJIM KMHeTHYecKas
SHepruA CHapsAja M IYILIKM rocyie BhicTpesa paBHa oF . IIpu pacyerax

npuHsTe o = 1/3.

1.3.19. I'panata GpollleHa OT MOBEepXHOCTH 3eMyy mog yryom o =30° k

rOPU30HTY ¢ HauaJibHOM ckopocTeio Vo = 10 m/c. B BepxHeli Touke Tpa-
eKTOpUM rpaHaTa pas3pbiBaeTCA Ha JBa OAMHAKOBBIX OCKOJIKa, CKOPOCTH
KOTOPBIX cpa3dy IocJjie B3phbIBa HallpaBJIeHbl MOPU30OHTasbHO. Ha KakoMm
pacctoaauu | Rpyr or zpyra yuaAyT OCKOJIKM, €CJM KMHEeTHUYecKasd
sHeprusi, coobljeHHads M npu BapbiBe, E = 18 Ilx, a macca rpaHaTsl
m = 1 xr? ConpoTMBJIEHKEM BO3AyXa Ipenebpeun, yckopenue cBobos-
HOTO NafIeHNs IPUHATL g = 10 m/c2.

1.3.20. C npucraHu Ha naJyyby [MOKOAIErocA HeNpKIIBAPTOBAHHOIG Ka-
tepa Maccet M = 500 xr 6pocal0T ¢ rOpM3CHTAJIBHOI CKOPOCTBIO V =
5 M/c Aamuk Macesl m = 50 Kr, KOTOpLI B pe3yJbTaTe TPEHHMA O HaJIy-
Oy ocranaBymBaeTcs Ha Hejl. Kaxoe KoxmyecTBo Temsa  BhifesmrTes
npu TpeHuu sAimka o najdyby? ConpoTuBJeHMEM BOIbl IBMIKEHMIO Ka-
Tepa npeHebpeys. ‘

1.3.21. YenoBek Maccoit M = 70 Kr, He[IOABMIKHO CTOABIUMIT Ha KOHbKaXx,
BpocuJ Briepen B rOPM3OHTAJILHOM HallpaBJIEHMM CHEXKHBIA KOM Maccoit
m = 35 xr. Kaxyio paboty A4 coeplnur yejioBek npu Gpocke, ecayu no-
cie Gpocka OH OTKAaTUNCA Hasal Ha paccroanne S = 0,2 m? Koadbdpuum-
eHT TpeHuA KoHbkKoB o Jel U = 0,01. Yckopenmne cBobBomHoro majenus

npuHATE g = 10 M/c2.

1.3.22. Onupasce o Gapbep KaTKa, MajdbiMK OpocMy KaMeHb rOpH30H-
TaJIbHO €O ckopoctpi0 F, = 5 M/c. KakoBa 6yzeT ckopocTs V, KaMmHA
OTHOCUTEJIBHO MaJjibuMKa, eciM OH OpPOCUT KaMeHb TOPU3OHTAJILHO, CO-
BepuIMB Ipu Opocke IpekHIIO paboTy, HO CTOA Ha IJaZKOM JIbay?
Macca kaMHA m = 1 xr, macca MaJgbpunka M = 50 kr. Tpeunem o Jex
npexebpeys.
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1.3.23. IIpu OGpocke Tesna OT NMOBEPXHOCTM 3eMJIM NOJ HEKOTOPHIM YIJIOM
K ropusonTy 6susa coBepiueHa pabora 4 = 58,8 Il:x. Ha kakoM paccrod-
HuM S oT Mecta GpocaHMs Tejio yHaJio Ha 3eMJHO, €CIM €ro Macca m =
1 Kr, a MaKCHMMaJIbHaA BbICOTa IogbeMma B noJyiere H = 3 m?

1.3.24. CrniyTHuK 3anyleH Ha KPYroByIO op6uTy, NPOXOJAMIYIO Ha BBICO~
Te h = 350 kM Hapx noBepxHocThio 3emiu. Uepes HexoTOpoe BpeMms
CIIYTHUK IlepeBesiM Ha JHpPYIyl0 KpPYroBylo opbuTy, paauyc KOTOpoit
MeHbiie Ha Ah = 25 kM. Ha kakylo BesMuuHY 1 HU3MEHWIAChH NpM

JTOM KMHeTU4YeCKasd DHePruA CIIyTHMKA II0 OTHOLIEHMIO K ee IepBOHa-
yaJibHOMY 3HadeHMio? Pagnyc 3emnu R = 6400 xm.

1.3.25. Bpycok maccolt m = ] Kr nokKouTcA Ha FOPUIOHTAJIBHON HIEPOXO-
BaTOl moBepxHocTu. K HeMy npukpenseHa m :
npy»xuHa ectxoctn k = 20 H/m. Kakyiwo m
paboTy A HYMKHO COBEPIIUTHL MJIA TOTO,

9YTOOBI CHBUMHYTb C MecTa OpyCOK, pacTArMBas NPY:KMHY B COPU3OH~
TaJIbHOM HaINpaBJIEHUY, ecly KodchdUIMEHT TPeHUs Mexay GpycKoM u
nosepxHocTbio U = 0,27 Yckopenme cBoOopHOro nalleHMs IPUHATH

g= 10 m/c2

1.3.26. Mesxxny nsyma kyOukamm ¢ MaccaMu m M M HaXozuTcA crkaTas
npy»xuHa. Ecnu kyOuk ¢ maccoit M ynep»KmuBaTb Ha MecTe, a APYTOi
ocBOGOaAUTH, TO OH OTJIeTaeT ca ckopocteio V. C

Kakoif ckopoctbio V) Oyzer ZABuraThCcs KyOuk [M— e
Maccel m, ecam oba . Kybukxa ocsoGoautbh omuHo- P TIITFITIITI 7777
BpemenHo? edopmanusa npysKuHbI ofMHaKoBa B oboux caydasx. Tpe-
HueM M Maccoli IIpyKMHBI IpeHebpeyYs.

13.27. Isa Teina, KoTopble NEPBOHAYAJBHO MMOKOMJMCL Ha IJIAZKON IO-
PM3OHTANbHOM ILIOCKOCTM, PacCTAJIKMBAIOTCA 3a’KaTOM MeKAY HUMMU
TUPYKVMHOM M HayMHAaOT ABUraTBCA MOCTYIIATENIBHO CO CKOpoCTAMM V, =
3 m/cu V, =1 M/c. Boruseaurs sseprmio W, koropas Gbiia 3araceHa

B npysxuHe, ecJM U3BECTHO, YTO CyMMapHasi Macca oboux Ten M = 8 kr.
IIpy>xuna nesecoma. TpeHue oTCyTCTBYyET.
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1.3.28. Apromobune Maccost m = 1500 Kr emerT mo ropM3CHTAJIBHOMY
Y4acTKy Hoporu co ckopoctbio V = 72 xm/4. Ha kakylo Bemumuuny AN

yBeJMUMBAETCA pa3BMBAREMAas JBHUraTeJeM MOHIHOCTbL IIPM JBMIKEHMM
aBTOMOOKMJIA C TOW K€ CKOPOCThIO B IOPY, YroJl HakJIOHa KOTOpPO#i co-
craBiasier a = 0,1 pan? Cuiy conpoTHBIIEHNA CUMTATh B 0DOMX CIyda-

AX OAMHaKOBOIL

1.3.29. IITapuxk Maccoit m = 100 r mopsereH Ha HATH AJMHOMA | = 1 M.
Ero npuBogAT B ABMIKEHMe TaK, YTO OH ofpalljaeTcs 1O OKPY»KHOCTH,
JIeKalUeil B TOPM3OHTAJBHON MUIOCKOCTM, KOTOpasg HAXOAMTCA Ha pac-
ctoauun l/2 ot Toukm noaseca. Kakyio paGoTy 4 HY»KHO COBEpPILUUTL JJIA
coODLIeHNS [APUKY TAKOTO ABUMKEHUs?

1.3.30. Isa Tema maccamu mi = 3,8 r u m2 = 6 T IpMUKPeEIIEHB]l K HeBe-
COMOJ HUTHM, NMEPEKUHYTOIl deped OJIOK ¢ HEMOABMIKHOM ockio. B Ha-
YaJibHBIE MOMEHT BPEMEHM I'Py3 Macchl /2 HaXOAMTCA Ha Bbicote h = 1
M HaJ| FOPMIOHTAJILHOM MOBEPXHOCTHIO U 00a IPy3a HeNOABMMKHLL 3aTeM
rpy3bl oTmycKaloT. OnpefesMTb KOJMYECTBO TEIWOTH ), BBIAENMBILEH-
cA TP HEeYNPYTOM yZape TeJla MacChl /3 O POPUMIOHTAJIBHYIO TOBEPX-
HOCTb, €CJIM 3TO TeJo Cpaly nocje yAaapa ocTaHaBiauBaerca. Cuiamu
TpeHuA NpeHebpeds. BJOK cuMTaTh HEBECOMBIM.

1.3.31. Ha HeBecoMoit HUTH, ePEeKMHYTOI 4Hepe3 HEeIOABUMKHBIA -
JIMHJp, NojiBelIeHkb! ABa Ipysa ¢ Maccamyu mi = 10 xr u m2 = 1 xr. I[lep~
BOHA4aJIbHO Ipy3bl YAepPIXKMBAIOT Ha oAHOM BbicoTe. IIpm ocBoboxaenun
rpy3oB Oe3 HayaJbHOM CKOPOCTH NEPBBIM M3 HUX ONNYCKaeTCH Ha BBICOTY
h = 2 m 3a Bpema Tt = 1l c, nBuraAchk paBHOyCKopeHHO. Kakoe kosrge-

CTBO TeIJa Q BbIAEJIACTCA M3-3a TPEHUA HUTU O NOBEPXHOCTL LMJINHI~

pa 3a aTo Bpema? Yckopenme cBOBOZHOrC NafeHMA NPUHATL g =
10 m/c2

1.3.32. nacTunnHOBbie LIAPHUKN UMEIOT OAMHAKOBYIO MacCy /M M B3auM-

= HO TIepleHAMKYJNsApHble ckopoctu V; u V,, ne-

il

iy | JKalle B OQHOM ILTOCKOCTM. B pesynbTaTe CTOJIK-
!  HOBEeHMA IUAPUMKM CIHMNAIOTCH M JABWIKYTCA Kak
J

>

onHo nejyioe. Kaxoe xosmdyecTBo Temya Q BblAenn-
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JIoCh IIPM CTOJIKHOBeHMM, ectum =1r, V, =2 m/c, V, =4 m/c.

1.3.33. Jipa oAMHAKOBBIX IJIACTHJIMHOBBIX LIapa, ABMMKYLIMXCH C paB-
HbIMM [0 BEJIMYMHE CKOPOCTAMM, COBEPINAIOT Heympy- O

™Mit yaap, Tocjie KOTOPOro CJIMIIAOTCA B ORHO LeJoe. o g“\".‘
Kakoit yros o cocTaBJAIM IOPYT C APYTOM BEKTOPbI -
CKOpoOCTejl mMapoB 0 yJapa, ecliu IIpu yjaape n = 1/2

Ha4gaJIbHOM KHHGTM‘IGCKOIX JHEPruu apos nepeuuvio s Tenno?

1.3.34. Illapux 1 maccoit m = 200 T gBUIKETCA PaBHOMEPHO CO CKOPO-
ctei0 Vi = 10 M/c. HaBcTpeuy emy ABMKeTCA HIApHMK 2 TAKOI »Ke Mac-
¢bI co ckopocthio V2 = 8 M/c. Ilocne coynapenmsa wapuk 1 cran meu-
raTeCa MepHeHAMKYJIAPHO HANPABJIEHMIO €0 ABMKEHMUs J0 COylapeHus
co cxopoctbio Ul =5 m/c. Kakoe KomudecTso Tema @ BbIZEIMIIOCH NIPU
coyZlapeHuu IiapuKOB?

1.3.35. YacTuua, AsMKyIIafcA B BaKyyMe co ckopoctsio Vi = 1000 m/c,
HaJjleTaeT Ha IMOKOALLYIOCA YacTHMILy, Macca KOTOpoi B 3 pasa Gomnblie
macchl nepBoH yacTuubl. IlpoucxoauT ynpyroe HeleHTpaJbHOE CcoyZape-
HHe, IIocJle KOTOPOro BTOpas 4acTHIla HauMHaeT JBUIATbCA MOJ YIJIOM

45° k mepBOHauaJILHOMY HANpaBJIEHMIO ABMIKEHMA MEPBOH YaCTUIBL

Onpenesnts BesuyumHbl ckopocteit Ui u Uz obeux wactun nocje coyna-
peHuA. Cuity TSKECTH He YUUTHIBATS.

1.3.36. HayanpHoe nosoxkenne kabunel smepta K 1 nporu-

BoBeca [1 naoGpaxeHo Ha pucynke. Ha kakyio BenuumHy -
AU wuaMeHuTCA NOTeHUMAJbHAA OHEPIUS CHMCTEMBI NPuU T ‘ n
nepeMeryenuy kabuHpl BBepX Ha paccrosuue h = 10 M, H

ecM HayaJIbHaA pasHOCTb ypOBHeii IIPOTMBOBeca u Kabu-

ubi H = 15 M, macca kabuget M = 1 T, Macca POTUBOBE- J__
cam = 0,5 T, a Macca e€IMHMIIBI AJIMHBI TpOCa, COEAM- K
HAowero kabuxy c nporusoBecoM, B = 10 xr/m? Ycko-

penue cBoGOAHOrO MajeHMA NPUHATh ¢ = 10 m/c2.

1.3.37. Kanar pymHoit | = 2 m nepebpoiuen 4yepes 6ok, B HavabHBIN
MOMEHT KaHAT IOKOUTCA U Mo obe CTOPOHbI 6Ji0Ka CBELUMBAIOTCS paB-
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HEIE €T0 OTpe3Kyu. 3aTeM, B pesyJibTaTe HEe3HaYUTEJBLHOIO TOJIYKA paB-
HOBECHE KaHATa HapyIIAaeTCd M OH NPUXOIMUT B JBUXKEHME.
Kakosa Gyjger ckopocTe kaHaTa F B TOT MOMEHT, KOrfla C
OZHOM CTOpOHEI GJ0Ka GyZeT CBelIMBaThCA OTPE30K KaHaTa
nomHoit Tt = 1,5 M? Maccoit 6ioxa U ero pasmepamy npeneb-
pedb, YHEPTUIO TONYKa U TpeHue B OJIOke He yYMUTHIBATh, yC-
KopeHMe CBOGOIHOrO MajieHus NMpuHATL g = 10 M/c2.

1.3.38. ITTapuk maccoit m = 10 r NpUKpenJeH K HEeMOABUKHBIM CTEHKaM
TpeMs HPYXKUHAMM, JIBE U3 KOTOPBIX MMEIOT 2KecT-
Kocerb k = 0,375 H/M, a Ttpersss — ki = 0,25 H/m.
IMlapuk MoXKeT ABUTATHCA TOJBKO MOCTYIATEJHLHO
BHOJIb TOPU3OHTAJIbHOMK ocy. IIpyskuHbI HEBecoMb! U
B IOJIO’KEHMM paBHOBecusa He HanpsikeHbl [Ilapuxy coobniairor cro-

pocth V¥, = 10 cm/c. Hajtt aMmnauryny konebGanmit mapura. Cuay Ta-

HeCTH He yUYUTHIBATD.

1.3.39. Ha rnanxoM crosie nokourcs 6pycok mMaccoyi M = 20 r, npukpen-
JleHHbIf NPYKUHOM KecTkocTH k = 50 H/M k crene. B Gpycok ymapsaer-
cs1 mapuk Maccoit m = 10 r, ABMIKYLIMIICA IO CTOJNY CO CKOPOCTBIO Vo =
30 M/c, HANPABJIEHHO BAOJb IPYXuHbL CuuTas coyfapeHie MapuKa u
6pycka ynpyruM, HaiiTv aMIMtyay A xoseGanuit 6pycka mocie ypapa.

1.3.40. Ha ropM3oHTaJBHOM y4acTKe IIyTH AJMHONM L = 3 KM CKOpPOCTb
nmoessia yBenuumsack or ¥, = 36 kM/4ac go V, = 72 xm/4ac. Kaxoe
KOJIMYeCTBO TOIJIMBA M M3PaCcXoJ0BaJl ABUTaTelb JIOKOMOTHBa Ha 3TOM
y4acCTKe, eciM cyMMapHasa Macca noesga u .JiokomoruBa M = 1000 T,
koagduumesT tpeanuss p = 0,005, yaenpHada TeluioTa CropaHus TOILIM-
Ba h = 42 M/Ix/kr, ko3 ULMEeHT MONEe3HOro JeCTBUA JBUTATENSA 1)

= 30%. Yckopenue cBoGOJHOTO najenus NpUHATb g = 10 m/c2

1.3.41. JIBa neGoabimx TeJla, HAXOMAILMECS Ha KOHUAX roOpu3OHTaJIbHO-
ro AMaMeTpa IJIafKoil nosycdeps paguyca R = 20
CM, COCKaJIb3bIBAIOT 0e3 HadaJbHBIX CKOpOCTEM
HaBCTpeYy ApPYyr Apyry. IIlpu cToJKHOBeHMM Tena
"counalores” u pajiee ABYKYTCA KaK OJHO LieJioe.
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HajiiTy oTHOIIEeHME (O MacCC TeJl, eCJIM MaKCyMaJibHas BbICOTa HaJ HMIK-

Helf TOYKOM Ilosycdephl, Ha KOTOPYIO NOAHMMAIOTCA CJAMIIIMECH TeJla
nocse CTONKHOBeHMA, A = 5 cM. TpeHue He yIUTHIBATE.

1.3.42. /IBa OAMHAKOBBIX MaJIeHBKMX IIapyKa COeOVMHEHbl HeBeCOMBIM
JKECTKUM cTepikHeM fimHoi [ = 60 cm. CrepikeHs
CTOMT BEPTHKAJBHO BIJOTHYIO K BEpPTUKAaJbHOM
nnockoctu. IIpu cMellleHMM HUMKHero IapyuKa
BIIPaBO Ha MaJIOe PAacCTOAHME CHUCTEeMa M3 Iuapu-
KOB NPUXOIMT B JBMIKEHME B IIOCKOCTH PUCYH- |
ka. HaifTu cxopocTe HyokHero mapmka V B Mo- i
MEHT BpPeMEeHM, KOIZla BEePXHMI IapMK HaXOOUT-

ca Ha BbicoTe A = 40 cM HaJ, TOPM30HTAJIbHONM IIOCKOCTBIO. CuuTaTh,
YTO NPM ABUIKEHMM INAPMKM He OTPBIBAIOTCA OT ILJIOCKOCTeM, TpeHueM
npenebpeus. Yckopenue cBo6oHOrO NafeHusi NPUHATL g = 10 m/c2.

1.3.43. Brosb ryafikoii HaKJIOHHOM TWIOCKOCTYM, COCTaBJIAIOIUEN ¢ ropu-
soHToM yron o = 0,01 paj, ¢ HavameHOI ckopocThio V, = 0,5 m/c,
HaIlpaBJIEHHOJ BBepX, MYCKalOT GpYyCOK, KOTOPHBIN depes BpeMsa T=2 C
YIOPYro yAapAeTCA O CTEHKY, ABMIKYIIYIOCA BIOJIb HAaKJIOHHOM IIJIOCKO-
et BHu3 co ckopocthio U = 0,1 m/c. Yepes kakoe BpeMmsa 1 nocne ynpa-
pa o cTeHKy Opycok BepHeTcA B McxoxgHoe nonoxkenue? TpeHuem Opy-
CKa O HaKJIOHHYIO IIJIOCKOCTB IpeHeOpeyb, yCcKOpeHMe cBOOOAHOrO Haje-
Hus NpuHATh g€ = 10 M/c?, npu pacueTax IOJOMUTL SindL =0 .

1.3.44. Bpycok Maccoit m, = 4 r cockaJib3biBaeT 06e3 HaYaJIbHOM CKOpO-

cTy ¢ BeICOTEI h = 10 M 0o HaksoHHO# TIockocTH. Jpyroit 6pycox mac-
COii m, = 2T IBMIKETCA [0 HTON IJIOCKOCTY OT OCHOBAHMSA BBEPX C Ha-

HaJIbHOJ CKOpOcThIo V, = 10 M/c. Bpyckyu HaumMHAIOT [BUXKEHME ONHO-

BpeMeHHO. Ha HeKoTOpoli BhicoTe OpPYCKM CTAJIKMBAIOTCSH, IIOCJE Hero
ABMIKYTCA Kak efmHoe TeJo. OpenenauTb CKOPOCTL V 3Toro Tela y oc-
HOBaHMA HAKJIOHHOM TuiockocTH. Tpenue 6pycKOB O IJIOCKOCTh He yHUM-
THIBaTh, IIPM pacyeTax ycKopeHue CBOGOAHOrO mNafeHMs IPUHATE
&= 10 m/c2
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 1.4. Cmamuxa meepdozo meaa

Bomnpocel nmporpaMms!

e Caoocenue cunr. Momenm CUAbL OMHOCUIMEABHO OCU 8PAULEHUR.
Ipasunao momenmos.

e Ycrosus paenosecus meaa. Lenmp manxcecmu mena. Ycmoinusoe,
Heycmotnugoe u He3pasaunnoe pasHosecue med.

Onpenenenuﬂ, INOHATHUA M 3aKOHBbI

CraTnkoit Ha3piBaeTCA pa3zgest MeXaHMKH, B KOTOPOM M3y4aloTCH yCJIo-
BUA paBHOBECHS TBEPABIX TeJl

Caoxcenue cua. Cuja, JeiCTBYIOIasA Ha TBepAoe TeJ0, XapaKTepuay-
eTcs TOYKOM NMPHUJIOIKEHMA, U JIMHKMEN NeicTBuA. B cBA3KM ¢ 3THUM BbIOe-
JAIOT ABa THUIIA CUI:

1) KoHTaKTHBIE CHUJIBI, BO3HMKaIOLye npyu CONPMKOCHOBEHUMN
Ten. K HMM OTHOCATCA CHUJIIBI yunpyrocTu, CuJibl TPE€HUA U CHU-
JIbl OaBJECHUA MHUOKOCTHU MJN rasa.

2) JHanapHopelcTBYIOLUME CUJbI, NEeHCTBYOLIME Ha PacCTOAHUU
Mexkay TenamMu. K HUM OTHOCATCA rpaBUTAlMOHHBIE U DJIEK-
TPOMarHUTHbIE CHUJIBL

CuJibl YIIPYTOCTH M TPEHMSA MPUIIOYKEHB! K TeJly B TOYKE WJM B IJIOCKO-
CTM CONPUKOCHOBEHMSI C APYIUM TBepAbIM TeJioM. CUIIbI JaBJEHUS KU~
KocTy (rasa) IPMIOYKEHBI KO BCEM TOYKAM IIOBEPXHOCTM Tejla, OKpPY-
KEHHOM IKMAKOCTBIO (rasom). I'paBuTalMOHHBIE CHJIBI JEMCTBYIOT Ha
KaXKAyI0 TOYKYy BHYTPM TeJsa. JIX paBHOAEHCTBYIOLasA NPUIIOXKEHa X
HEKOTOPOIt TOYKe MPOCTPaHCTBa, CBA3AHHOM C TEJNOM: K €ro HeHTPY Ti-
sKecTH (CM. HusKe).

BekTop cuibl onpezesnser JIMHWUIO, BIOJIb KOTOPOi AeiicTByeT cuja -
JMHUIO JeitcTBuA. JIBe cunbl, JeiCTBYIOUME HA TBEPJOE TEJO, YPaBHO-
BEIIMBAIOTCA TOTZa M TOJIBKO TOI'AA, KOTAa JIMHUM MX NeMCTBUA JIEHKAT
Ha OIHOJ NPAMOM, CUJIBI PaBHBI IO BeJMYMHe U JeJiCTBYIOT B IIPOTHUBO-
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MIOJIO’KHBIX HallpaBJieHusAX. IlepeHoc TOYkKM HpMIIOMKEHMA CHUJIbI, AeliCT-
BYIOIle}i Ha TBeploe TeJio, BAONL JIMHUM ee HEeNMCTBUA He BJIUsAET Ha
n3MeHeHMe MeXaHUYeCKOro COCTOSAHuUA Tenaa. TakuM obpasoM, B 3ajadax
CTAaTHMKM MOXKHO IIePEeHOCUTb TOYKY IIPMJIOKEHMA CUJMbl BIOJb JIMHAM
JeNCTBUSA.

Tlop caoocenuem cun, OefiCTBYIOIMX Ha TBepZOe TeJo, NOHUMaeTCA Ha-
XOMJeHNe uX pasnodelicmeyroweti, T.e. CUJIbI, BBISBIBAIOIIE} TaKoe Ke
M3MeHeHNe MeXaHMYEeCKOro COCTOAHUA TeJla, KaK M JaHHafd cucTeMa CuJlL
B 3aBMCHMMOCTHM OT B3aMMHOTO HAIIPaBJEHUA CUJ ¥ COOTHOLIEHUA MEXAY
MX BeJIMYMHAMM MCHOJL3YIOTCA CcleAyiolue crocobbl onpeneneHnsd
paBHOAEMCTBYIOHIEN.

PapHozelicTByOIasA ABYX CUJI, JIMHMU JIEMCTBUA KOTOPBIX NepeceKaloT-
cfl, paBHa TreOMEeTPUYECKON CyMMe BTMX CWJ. JIMHMA JEeVicTBUA paBHO-
JeHcTBYIONIel TPOXOAMT yYepe3 TOYKY IepecedyeHMsi JIMHUII HeicTBUA
CKJIaAbIBAEMBIX CHUJL

PagHogelicTByIoIasa ABYX NapaJuienpHbIX cun {puc. 1.4.1 (a)) paBHa ux
reoMeTpuU4ecKkoit cymme, a
JVHUA ee JeCTBUA JeJuT
paccTosiHMe MeXXAy TOuYKaMM
NPUIIOKEHUA DTUX CUJI B OT-
HollleHMy, oOpaTHOM OTHOLIIE-
HUIO MOAYJIeN CUJI:

Puc. 1.4.1

Lo

L _F (14.1)

L R
PapnopeiicTByIOIan ABYX He COBIaJAaKLMX [0 MOLYJIO aHTHUIapal-
JNenbHbIX cuil (puc. 1.4.1 (6)) paBHa MX reOMeTPUYECKOI CyMMe, HaIlpaB-
JieHa B CTOPOHY boJblleli M3 HMX, a JIMHMA ee JENCTBUA IepeceKaer
NpogoJKeHue MPAMO¥, COeIUHAIONIEeN TOYKM NPUJIOXKEHUS CUJI, B TOYKE
O, nna KoTopoit TakXke BEHITIONHAETCH paBeHcTBo (1.4.1).

Ecan Ha Tesyio JefCTBYIOT HECKOJIBKO CHJ, TO WX paBHOZeJicTBYIOIIAA
HaXOJMTCH IIONAPHBIM CyMMMPOBaHMEM CMJI OIMMCAHHBIMM BBIIIE CIIOCO-
Gamn.
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CucreMa JBYX paBHBIX II0 MOZYJIO aHTHUIIAPAJIIEJILHBIX CUJI, JHMHMU
JeCTBMA KOTOPBIX He JIeKaT Ha OJHOM IpAMON, Has3pIBaeTCHA TIapoi
cui Ilapa cuia coobijaeT Tesy yriioBoe YCKOpeHMe, HO He BLI3bIBAeT
YCKOpeHue ero IjeHTpa Macc. CBeCTM 3Ty CHCTEMY CMJI K OZHON cuie,
Ko'ropaﬁ npuBoanya Ob1 K TAKOMY e M3MeHEeHMIO COCTOAHMUS TBEpPAOro
Tena, HeBo3MoykHO. Ilo3ToMy roBopAT, YTO napa CMJI He MMeeT paBHO-
JeicTBylomen.

Momenm cuab. OMHOCUMEABHO OCU Epaujenusr. Jna rtoro, 4TobbI
TIPUMBECTM TBEPJOE TeJIO BO BpallleHyue BOKPYT HEKOTOPOM ocH, K HEMY
HY’KHO TIPMJIOMKUTB CUJILy, MMEIOHIYI0 OTJMYHYIO OT HYJH COCTaBJAIO-
LIYI0 B ILIOCKOCTH, NEPHNEHAUKYJIAPHONA K ocu. IIpm aTom snmHMA meiicT-
BUS DTOR COCTABJAIOLIEH He NOJDKHA IPOXOAUTH Yepe3 OCbhb BpallleHus.
Cocrasisamoiniaa BHEIIHEN CWJIb], IapaJlleJIbHaA OCH, He BHI3BIBAeT Bpa-
LIIeHUs TeJjia, a IPMBOAUT JMIIL K JecopMalum ocy. YUMUTLIBas 3TO, IO
CMJION, NeCTBYIOLIe)l Ha TBephoe Tejo, 6yJeM NOHMMATL COCTaBJIAIO-
LIYIO STOM CUNBI B IVIOCKOCTH, NePHEHIUKYJIISPHOM ocy Bpa‘menma

IIneuoM cuibl Ha3bIBalOT PaccToAHME OT OCM BpallleHUs (B ILJIOCKOCTH,
N NepneHgMKYJIAPHO! K OCM) A0 JIMHUM JeiCTBUA

F cuner (cM. puc. 1.4.2). .
Momenmom cuav. OTHOCUTENBHO OCM Ha3bIBAIOT
BEJIMYMHY, PaBHYIO [IPOM3BEINEHMUIO BEJIMMMHBI CUJIBI
F Ha mneyo ! u B3ATYIO cO 3HaKOM +, ecau cuia

CTPEMUTCSH BbI3BAThE INOBOPOT TeJa IO 4aCcoBOM CTpeJIKEe, 1 CO 3HAKOM —,

Puc. 1.4.2

€eCcJin [IPpOTUB JacoBOM CTpeJIKN:
M=FI. (1.4.2)

IIpasuro momenmos. CocTosHue TBEpPAOro Tejla, B KOTOPOM BCE €ro
TOYKM OCTaIOTCH CKOJIb YrOAHO HOJIIO HENOABUIKHBIMM I10 OTHOUIEHMIO K
BbIGpaHHON MHEPLUMAJbHOM CHCTEME OTCYEeTa, Ha3bIBAETCH PAsHO8ecUeM.
YcnoBye paBHOBecHsi TBEPJIOTO TeJia, MMEIOIIETO OCh BPALLEHMA, MOMKET
ObITe chOpMySMpPOBAaHO B BMAE NPAsULd MOMEHMOE. TeJIO, MMeloliee
HETIOABM’KHYIO OCh BpAallleHusd, HaXOAMTCA B PaBHOBECHMM, €CJIM ajreG-
pauyeckad CyMMa MOMEHTOB BCeX NPWIOKEHHBIX K TeJy CHMJI OTHOCH-
TeJIbHO 2TOJ OCM paBHAa HYJIO.
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Vcaosus pasnosecus meaa. Eciiu TBeplioe TeNo MOYXKeT NepeMelaTh-
cA IOCTYIATEJBHO, a TakyKe COBEpIIATh BpalllaTeJIbHOe ABMMKEHMEe OT-
HOCHMTEJILHO HEKOTOpPOi OcM, paBHOBecHe Tejia AOCTMraeTcs IpPM OJHO-
BPEMEHHOM BBIITOJHEHUM OBYX YCJIOBMIL:

1) Cymma Bcex CuJl, NPUIJIOKEHHBIX K Telly, paBHA HYJIO.

2) Ausrebpauyeckan CyMMa MOMEHTOB BCEX CWJI, NPUJIOKEHHBIX
K TeJly OTHOCUTENBHO OcH BpallleHMA (Mim Joboit Jpyroit
ocH, apaJuleNIbHOM ocy BpallleHNUs) paBHa HYJIO.

Henmp maxecmu meaa. Beakoe Teso, HaXofAlleeca B rpaBUTalMOH-
HOM [I0Jle, MOYKHO NIPEeCTaBUTh B BUAE CUCTEMbI 4aCTUL, Ha KasKIAYIO U3
KOTOPBIX ZEHCTBYeT CUJa THMECTH, MPOMOpUMOoHaTbHaA ee Macce. [los-
HaA CMJIa THMKECTH, AEICTBYIOLasa Ha TeJo, AABJAETCS paBHOAEHCTBYIO-
el Bcex atux cui BOamau nmoepxHoctu 3eMiu, rae rpaBUTALMOHHOE
[TOJIE€ MOHO CYMTATh OJHOPOAHBIM, BJIEMEHTapHbIE CUJIbI TAMECTH, fAeii-
CTBYIOLME Ha YacTHlibi, NapajuiesibHbl. ToYyka HPMJIOKEHMA PaBHOAEN-
CTBYIOLIIe}l BCeX BJIEMEHTAapHBIX CHJI THAMKECTM Ha3BIBaeTCA YEeHMPOoM
msascecmu Teja. B 0HOPOJHOM TPaBUTaLMOHHOM IIOJie LIEHTP TAXKEeCTH
TeJla COBNAJAET C LIEHTPOM Macc TeJla.

OTHOCUTEJIPHO OCH, IPOXOAAIeil dYepe3 UEHTP THXKECTH Tesa, CcyMma
MOMEHTOB BCEX 3JIeMEHTapHBIX CHUJI THXKECTH paBHa HYJIO.

Ycemotivueoe, neycmotivuesoe u Gespaszauunce pasnogecue mea. Ha
npakTure OOJIBLIYIO POJIb MrpaeT KadeCTBEHHasd XapaKTepUCTHUKa paB-
HOBeCM#A, HasblBaeMaf YCTOHHUMBOCTRIO. B CBABKM C TUM pasaudyaioT Tpu
THIIa paBHOBECHA TeJl: YCTOiuMBOe, HeyCcTOlunBoe n GeapasymyHoe.

ITonoxkeHne paBHOBECHSA CMCTEMbl HAa3BIRAETCA YCMOUUUSHLM, €CIAY [IPU
OTKJIOHEHMM JIIODOro Tejla CHUCTEMbI OT OTOIO IIOJIOXKEHUS BO3HMUKAIOT
CUJILI, HanpaBJEHHble K 3ToMy nonoeHuio. Ilojioxkenme paBHOBecusA
Ha3pIBAeTCA HeYCmoUuuussblM, €Ciy IPHU OTKJIOHeHuM JioGoro Teja cyc-
TEMBI OT JTOTO NOJIOMKEHNMA BO3HMKAIOT CWUJIbl, YAAJIAIOIME Tejla CUCTe-
MBI OT paBHOBecHA. PaBHOBecye CHCTEMBI Ha3LIBAETCH 6e3PAAUUHBIM,
e€cau cyulecTByeT o0JIacThb OTKJIOHEHMI! OT IIOJIOKEHUA PaBHOBECUA., B
KOTopoii cMellleHMe JI0GOro Tejla CUCTEMBI He BbI3LIBAET CUJI, M3Me-
HAIOUMX COCTOSHME cucTeMsbl (cm. puc. 1.4.3).
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Puc. 1.4.3. Bune pasroBecus: (a) - ycToiumsoe, (6) - Heycroiiumsoe,
(8) - 6espasmuroe

¥Yxazasusa no pellieHMIo 3agad

IIpu pemrenuu sazay no NaHHOM TeMe, KaK ¥ NPK peIUeHMM AMHaMude-
CKUX 3afad, HY)KHO IIpeJie BCero BBIICHUTH, KaKye CMJIbI HeJfiCTBYIOT
Ha paccMaTpMBaeMble TeJia. DT CMJIbI HeobXoaMMOo 1300pa3uTh Ha dep-
TexKe.

B craTuke MCIIOJIB3YIOTCA ABa THIia ypaBHeHMf"l, BbIparxXaloljux ycJioBUA
PaBHOBeCHUA TeJia:

1) cymMa npoexumit AeiCTBYIOIIMX Ha TeJO CUJ Ha Jioboe Ha-
rpaBJieHMe paBHA HYJIIO,

2) cyMMa MOMEHTOB 3THMX CHMJ OTHOCHTeNbHO Ji00oi Henox-
BUKHOI OCM paBHa HYJIIO.

IIpu pemreHMn sagad Ha IUIOCKOCTYM (MMEHHO TakMe 3ajady Yallle BCEro
BCTPEYaloTCs) IJIA MPOEKIMIH CUJI MOMHO 3alMcaTh JABa He3aBUCUMBIX
ypaBHEHMA JJIA B3aMMHO IepIeHAMKYJISAPHbIX HallpaBJIeHMM, HalpuMep
[JIA TOPUB0HTAJIbHOTO M BepTukajsHoro. llenecooGpasHo BhIOMpaTh Ha-
NpaBJIeHUA TakuM oOpa3oM, 4ToGbl IPOEKLMM CUJI BhIpaskajmch Haubo-
Jiee MPOCTO, T.e. YTOOBI COOTBETCTBYIOIIME KOCUHYCHI YIJIOB MEXLY CH-
JiaMM ¥ BBHIOPAaHHBIM HampaBJieHMeM PaBHIIUCh HYJI0 MM eOuHMIE,
uiu Obwu OBl 3apaHee M3BECTHHL

Ecmm paccmaTpuBaeMble B 3ajjade CHUJBbI JIEXKAT B OFHOM IIJIOCKOCTH, TO
MOJCHO 3aNlMCaTh TOJILKO OZHO He3aBMCHMMOE YpaBHEHME JJISI MOMEHTOB
CHUJI OTHOCUTEJILHO OCH, TEePHNeHAMKYJAPHO# K 5T0it nmockocTyu. Perre-
HMe 3aZa4dy YIpOLIAeTCH, ecyi ochb BeIOpaTe Tak, 4yrobbl B ypaBHEHMUe
MOMEHTOR I10 BO3MOXKHOCTH He BXOJAMJM MOMEHTBI CMJI, 3HAHUE KOTOPBIX
He TpebyeTcA mo ycyioBmio 3ajaun. JyA sTOro Hy)HO, 4ToObI Nyleym
aTHMX cKuJl GBLIM paBHBI HYJIO.
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3agadm no reme “CraTuxka TBepaoro rTeia”

1.4.1. OpHOpPOAHBII IIap Maccel m = 7 Kr NPUBA3AH 3a BEPEBKY K I'BO3-
Ko, BOuTOMy B creHy. Kakyio ropusoHTaNbHYIO cuiy F Hy»HO mpuio-
HUTb K CepelyHe BepeBKM, YTOOBI HaTAKEHUA HIJKHE! M BepxHeil ee
MOJIOBMH OTHOCHMJIMCh Kak 1:2, a Imap He kacaJjicA CTeHKM? YCKopeHMe
cBOGOHOTO MaZeHNsA NpUHATL & = 10 mM/c2

1.4.2. Tpys maccoit m = 1,2 xr noaBemex K cepeiyHe HUTH AJuHON L =
2 M, KOHIBI KOTOPOil 3aKkpeIllyleHbl Ha ORHOM ypoBHe. HaijiTu Mmaxcu-
MaJIbHO BO3MOKHO€ DacCTOsHNME X MEMIY TOYKaMM 3aKpelyieHus KOH-
I{OB HUTH, €CJIM OHa BbllepiKkuBaeT Harpysky He Gosee F = 10 H. Ycko-
peHMne cBoGOZHOrO MajeHMus NPUHATL g = 10 M/c2.

1.4.3. Ha gByx rBo3gsax, BOUTBEIX B cTeHy B ToukaX A u B (cM. pucCyHOR),
noBellleHa BepeBKa. PaccTosiHye MeAy TBO3LSAMM M0
ropusoHTasm b = Bu = 1,73 M, pasHOCTH BBICOT,
Ha KOTOPBIX BOMTBI IBO3AM, @ = 1 M, AJIMHaA BepeEBKMU
paBHa a + b. Ha BepeBke Ha pacCTOAHMM @ OT TOYKM
A mopBelIMBAIOT Ipys, KOTOPBIf HE KacaeTCsl CTEHBL

HaitTy oTHOLIEHMe O CMJI HATAMEHUA BEPEBKMU CJIeBa M CHPABA OT IPy-
3a. BepeBKy cUUTATH HEBECOMOM U HEePacCTAMKUMOIA.

1.4.4. Ha BHyTpeHHe#l NOBEPXHOCTM IJIAAKOM Cephl JIE)KUT HEBECOMbIN
CTepiKeHb C MaJIEHBKMMM IUIapuKaMy MaccaMyu My
u m2 Ha KoHNax. J[JIMHa cTepKHA paBHa paauycy m, o

ceprl. I[Ipenebperas TpeHueM HalTM yron o

MeXNy CTEepXKHEM U IOPUIOHTAJNLIO.

1.4.5. Bpycok Maccoii m = 1 Kr HaXOAUTCA Ha HEIIOABMSKHOIN HaKJIOHHOM
IIOCKOCTH, cocTaBNsmmet yron o =45 ¢ ropu3onToM. C Kakoit MuHK-

MaJIbHOM TOPM3OHTAJILHON cujoit F Hy»XHO peiicTBO-
BaThb Ha Gpycok, 4yTo6p1 on noxousnca? Koadpduumenr
TpeHus Opycka O HAKJOHHYIO ILIocKocts W=025.

Yckopenne csoBogHoro nafenus g = 10 m/c2 of
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1.4.6. OxHopoxHbIi cTepsenp AnuHoi [ = 1 M u Maccoit m = 0,8 kr He-
ceT Ha KOHIaX JBa MaJIEHbKMX IapMKa, MacChl KOTOPBIX M| = 0,2 Kr 1
mz2 = 0,25 kr. CTrepKeHb MO’KeT IIOBOPa4YMBAaTLCA Ha TOPUBOHTAJBHOM
ocu, Haxopsmelica Ha paccroaduu /i = 0,3 M oT mapyka MeHbIeif Mac-
cel. Jtobb! cTepsxkeHE OBII PacIOJIO’KEH TOPUBOHTAJIBHO, MOJ, UIapHUK
GoJspnlelt maccel TNozcTaBseHa onopa. Haiitu cuny F, zeificTBylollyo Ha
onopy. YckopeHue cBOoBOJHOTrO NajileHuA mpuMHATL g€ = 10 m/c2.

1.4.7. OgHopozaHBI! CTepXeHb JIEKUT TOPU3OHTAJIBHO Ha [BYX OIOpax.
PaccrositHMe OT LleHTpa CcTep)kHA A0 Osmokaliweit omoper § = 0,3 m
Hajitu paccrosnme mMexxay ormopaMu /, ecam M3BECTHO, YTO CHJIBL, Aeit-
CTBYIOII[MEe Ha CTEPIKE€Hb CO CTOPOHbI OINOpP, OTIMYAIOTCS APYT OT Apyra

Ha BeJIMYMHY, paBHYI0 o =1/5 Beca cTepoxHsA.

1.4.8. X rsoagio, B6uTOMy B CTeHKy, IPUBA3aHAa HUThH, HaMOTaHHa# Ha
\ raTymiky. KaTymka Bucut, onmpasick o cTteHky. Hutes co-

cTaBlseT co cTeHkoit yronm o=30° . Paamepsl KaTymkmu:

r=1cm, R = 10 cm. Haitty MuaEMMaJIbHOE 3HaYeHME KO-
G acbbunmenTa TPeHUA U MeXIY CTEHKOM M KaTYIIKOHA, Ipu

KOTOPOM KaTyYIKa HelloaBMXKHa.

1.4.9. Tonkmit OHHOPOJHBIN CTEPsKeHb YKPEIUIEH Ha HIapHUpe B To4YKe A
M yHepXuBaeTCA TOPM30HTaJbHOM HuUThHIO. Macca
CTEepKHA M = 1 KI, yrojq ero HakJIOH& K TOPU3OHTY

o =45" . HaitTu BenMuuHy CHJIBI peaKiuy mapuupa F.

Yckopenne cBoBOLHOTO MafieHUA NpUHATL g = 10 m/c2

1.4.10. JlecTHMLIa CTOUT Ha LIEPOXOBATOM IIOJIY M ONMPAETCA O BBICTYII,
cHabxeHHEL ponukoM. Paccrosnue AB oT HMMHETO KOHIA JECTHULBI A0
BBICTYNa coCTaBJisieT 3/4 ee IIOJIHOM JJIMHLI, yroj

HakJOHa JectHuubl o =45° . KakoB nossken 6bIThb
KO3(DUUMEHRT TPEHMA |L MEXKAY JIeCTHUIlEH wu

moJioM, 4ToGbl OHa HaXOAMJACh B paBHOBecun?
TpeHuem B posnke npeHeGpedb.
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1.4.11. JlepeBsAnHasa JMHeNKa BBIABMHyTa 3a Kpai crojla Ha o=1/4
yacTh cBoeil Ajymubl. IIpu 3TOM OHa He ONPOKMABIBAETCA, €CIOM Ha ee
CBEIUMBAKOLIMIACA KOHell IIOJIOMKUTL Tpy3 Maccoit He Gosee nmm = 250 r.
Ha kakyio 4yacTp JumMHBI B MOMKHO BBIABMHYTH 3a Kpail cTOoja 3Ty JiM-

HeJMKY, eCJIM Ha ee CBEIUMBAaIOLIMICH KOHel IIOJICXKEH TPy3 Maccoi m2 =
125 r?

1.4.12. AsTomoGune Maccoit M = 1000 kr paBHOMEpPHO ABUIMKETCA BBEPX
10 HaKJIOHHOMY Y4YaCTKYy HOPOTM, COCTaBJAMIOIIEMY C IOPUM3OHTOM YTOJI

a =15 . Haittu cunry N, ¢ KOTOpOJt JaBAT Ha JOPOry HepefHMe KoJeca

aBTOMOGMJIA, €CIIM PACCTOSIHME MEKIY ero ocaMm L = 2 M, LeHTp Tsske-
CTM PacIIOJIOMeH IIocepesIMHe MeKAy ocaAMM Ha pacctosHuu H = 0.5 m
OT NMOBEpPXHOCTH JIOPOTHM, BeAyllMe Kojleca — 3afHMe. YCKOpeHMEe CBO-
GomHOro nageHus NpuHATL g = 10 m/c2.

1.4.13. ABToMO6MIIL Maccoit M TMOAHMMAETCH C TIOCTOSHHON CKOPOCTBIO:
BBepX [0 Aopore, cocTaBjAwLIe yron o ¢ ropusoHToMm. Hasttu cuny F
B3aMMOZENCTBUA BeAYILIMX (3aJlHMX) KOJIeC C II0BEPXHOCTBIO LOPOTH.
Paccrosanue mexny ocsiMm aBTOMOGMJIA L, NeHTP TAXKeCTHM HAXOAUTCA
nocepenyuHe MeKAY OCAMM Ha paccToAHMM H OT NOBEPXHOCTH HOPOTH.
Cuny TpeHnsa, OelCTBYIOLLYIO Ha IlepeljHMe KoJieca, He YYUTBIBATh., YC-
KOopeHue CBOBOJAHOrO nafeHus g.

1.5. Mexanuxa xudxocmeti 4 2a306

Bonpocs! nporpaMmel

*  [Jlasnenue. EQunuybl usmepenus dasienusi: nackaad, Mm pm.cm.

* 3axon Ilackaan. I'ufpasaureckuii npecc. Jasaenue dudxocmu Ha
0no u cmenxu cocyda. Coobwarowjuecs cocydo..

*  Ammoceproe  Oasaenue. Onwum  Toppuuwerau. HMamenenue
ammocgepHozo 0asaeHus ¢ 8bLCOMOU.

* 3axon Aprumeda 0as men, Haxodawuxca 8 wudkocmu uau zase.
IMrasanue mea.
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Onpene.neuua, NMOHATHA M 3aKOHBI

B MexaHmMKe KHMAKOCTEN M ra3oB M3YyHalOTCA paBHOBeCHe M BHKeHMe
KMAKOCTEN M Ta30B, a TAK)Ke MX B3aMMOJENHCTBME ¢ TBePALIMM TeJlaMM.
B 4aCTHOCTY, B TMAPOAIPOCTATHUKE PACCMATPMBAIOTCA YCJIOBMA M 3aKO-
HOMEPHOCTM PABHOBECHSA XMUAKOCTEH M TasoB II0f, BO3ZEHCTBMEM IpH-
JI0’KEHHBIX K HMM CMJI, & TaKXKe yCJOBUSA PaBHOBECWS TBEPIbIX TeJ, Ha-
XOOAIIMXCA B HMAKOCTAX MJIM rasax.

Haeaenue. JeitcTBue Ten (TBepAbIX, KUAKMX MM ra3oobpas3HbIX) Ha
MBICJIEHHO BBIJIeJICHHbIN O6'beM MKMIKOCTM (ra3a) MOXKHO OTHECTM K O~
HOMY M3 [ABYX THMIOB: OECTBME HA PAaCCTOAHMM M KOHTAKTHOe BO3feil-

CTBUeE.

BesnunHa AaJIbHOZEHCTBYIOWMX cUJ (IPaBUTAaLMOHHBIX M 3JeKTpoMar-
HMTHBIX) IIPOIOPIMOHAJIbHA BbIeJIeHHOMY obbeMy KMIOKOCTM (rasa),
[I0STOMY 3TM CMJIbI HA3BLIBAIOTCA 06BemMHbLMU. BelmuyuHa KOHTaKTHBIX
CHUJI TIPOIMOPUMOHAJbHA IUIOMIaAYM BBIEJIEHHOTO Y4YaCTKAa NOBEPXHOCTH,
orpaHM4MBAOLIEH JaHHBIL o6beM, MMO3TOMY 3TM CHUJIBI TOJYHMJIM Has3Ba-
HME N0BEPTHOCTHBLE.

Fcnu moboil BhIflesIeHHBIN O0BEeM KUIOKOCTH MM ra3a HAXOOUTCA B
paBHOBeCHMM, TO NOBEPXHOCTHBIE CUJIbI JEMCTBYIOT JIMINbL IEpPIeHAUKY-
JIAPHO B3JIEMEHTAPHBIM II0BEPXHOCTSM, OTPaHMYMBAIOIUM 3TOT OfbeM.
CyuiecTBoBaHME KacaTeJIbHbIX COCTaBJIAIOIMX NNOBEPXHOCTHBIX CMJ IIPKU
paBHOBECHM HEBOBMOMKHO, Tak KaK M3-3a TeKydecTy Jobas CKOJb Yrof-
HO MaJsias KacaTeJibHad CuJjia BbI3biBaeT AedopMaumio CABMUIA MKUIKOCTH
(raza), T.e. HapylllaeT paBHoBecue. [J03TOMy NpPHM ONMCAHMM B3aMMO, (€M1~
CTBUSA 3JIEMEHTOB KUOKOCTU (raza) Meyay coboil M ¢ APYIMMM TeJaaMyu
paccMaTpHBAIOT JIMIIIb HOPMAaJibHble KOMIIOHEHThI [IOBEPXHOCTHBIX CHJL

Jaenernuem Ha3BIBAIOT CKAJAPHYIO BEJMYMHY, PAaBHYIO OTHOLIEHWMIO Be-
JuunHel  AF, HOPMaJIbHOM KOMIIOHEHTBI OBEPXHOCTHOM CHIIBI, ZeiCT-

ByIOIIelf Ha S3JEMeHTAPHYH MIOIEAAKy, K [IOAJM STOH IJIomanKu
AS:

LIy (15.1)
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Ecim cuna HaBJIEeHNA F PaBHOMEPHO paclpeleJieHa N0 NOBePXHOCTH

momanbio S, To naBieHMue

n B

r (1.5.2)
Edunuyv usmepenus dasrenus: nacxaadv, mm. pm. cm. Epununa
JaBJeHMss B MelIyHapoJHOH cuCTeMe eJMHMI Ha3bIBAaeTCA TNaACKalb
(I1a): Ilackanp paBeH ZaBJeHMIO, Bbi3biBaeMomy cuyoit 1 H, paBnomep-
HO pacrpegneJsieHHOM [0 HOPMaJIbHOM K Heil ITOBEPXHOCTHM ILIONIaJb0 1
M2 1 IIa = 1 H/m2 Ha npakTuxe Takoke IIMPOKO [IPUMEHSETCA BHECHC-
TeMHasi eIMHULA JaBJIeHUS — MUALUMEMDP PMYMHO20 cmoaba (MM. pT.
CT.). 3TO JaBjieHUe, OKa3bIBaeMOe Ha JHO COCyha CTOJOMKOM PTYTH BHI-
coroii B 1 mM: 1 mm pt. cT. = 133 Ila.

p:

3axon Iacxaas. Korga BHeUIHAA cujla AeiICTBYET Ha TBepJOe€ TeJO, TO
cosflaBaeMoe €10 JaBJIeHMe NlepellaeTCA TeJIOM B HallpaBJIEHMM HeCTBUA
cuabl. KuakocTH u rasel BeAyT cebst mpuHUMOMaNbHO MHade. CorslacHo
saxony Ilackans, naBJjieHNe, OKa3bIBaeMOe Ha MOKOSLIYIOCH KUAKOCTD
BHEILIHMMU CHJIaMH, IlepefiaeTcs €0 ONMHAKOBO BO BCeX HAllpaBJIeHUAX.
To ke caMoe YTBepiKJeHMe CIpaBeAJMBO U JJIA rasa.

WubIMu cnoBaMM, 9TO O3HavaeT, YTO JAaBJIeHMe Ha BJIEMEHTapHYIO IJIO-
ajKy, MOMEIUEHHYI0 B MOKOAILYIOCA KUAKOCTb WM Ta3, OAMHAKOBO
py J10GoV OpMEeHTalY MJIOIAgKN.

Haeaenue mudrxocmu nwa 0o u cmenxu cocyda. CrefcTBueM 3aKOHa
ITackans sABNsteTcs ypaBHeHMe, ONMCHIBaIOIllee paclpelelsieHue aBJie-
HMA BHYTPM TIOKOALIENCH HeC)KMMaeMoil JKMIKOCTH, HaXOHAILEHCA B
IoJle TATOTEHUsA. 3anuchiBasd yCJIOBMS PaBHOBECHA MBICJIEHHO BbIeJIE€H-
HOr0 BEpPTMKAJBHOIO CT0J6a XUAKOCTM, MOMKHO TIOJIYYUTD ISl JaBJIeHUA
SKMIKOCTH Ha IVIyOuHe A clefylolllee BhIpajskeHMe:

B =pgh , (1.5.3)

rae p — IJIOTHOCTH XUAKOCTH, KOTOpas BCIEANCTBUE €€ HEeCKVNMMaeMOCTUu

oJuHaKoBa Ha J060i riryOuHe, g — yCKOpeHue CBOGOAHOrO NajeHUA.
HJasnenne, onpenensiemoe copmynoit (1.5.3), HasbiBaeTCcs rMApPOCTATH-
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YeCKMM. OTO LJaBJeHME CO3OAaeT JKUAKOCTH, HAaXOAAIAafACA B PpaBHOBECUH
o, NeCTBUEM CUJIIBl TSAMKECTH.

Ilockonbky faBJeHMe BEPXHMX CJIOEB JKUIKOCTM Ha HIKeJexxalye
CJIOM TepenaeTcs MMM OIAMHAKOBO IO BCEM HANPaBNEHUAM, IPUIONKEH-
HOe K [OBEPXHOCTH YMKMAKOCTH BHeIlIHee HAaBJICHME P YBENMIUBaeT NaB-
JieHMe B KaXKZOil TOYKe SKMIAKOCTHM Ha OJHY M Ty ’Ke BeJuuuHy. B aTom
ciydae

o) =p,+pgh. (1.5.4)

Taxkum 06pa30M, Ciua THMXeCTH M BHelllHee JaBJIEHMEe Ha ITOBEPXHOCTHU
XKUAKOCTHU CO3ZaKOT BHYTPU HOKOAUIeACA KUAKOCTY JaBJieHue, KoTopoe,
COIrJIaCHO 3aKOoHy Hacxa.nﬂ, nepenaerca Ha M AHO, M H& CTE€HKM CoCcyla.
Tlo TpeTbeMy 3aKOHY HreroToHa OHO M CTEHKMU cocyla OKa3BIBaAKT Ha
KMUIOKOCTb TaKoe e 10 BeJIMYMHE JaBJIEHue.

Ecny creHKyu cocylla BepPTMKaJbHBIE, TO CMJIBI JaBJIEHMA CTEHOK COCyZa
Ha KMAKOCTb HallpaBJIEeHbI ropuaoﬂ'ranbﬂo M He MMEIOT BEPTUKAJIBLHOM
cocrapaAoiueil. B artom caydae cuia I'MAPOCTATHMYECKOro NaBJIEHUA
JKMAKOCTH Ha JHO cocyZia paBHa Becy »KMAKOCTH B cocyle. Ecam crenkn
coCy/Za HaKJIOHHBIE, TO CMJIa JIaBJIEHMS CTEHOK Ha JKMAKOCTBL MMeeT Bep-
THKAJBHYI0 COCTaBIAAILLY0. IIo9TOMy B paclUMpSAIOIUEMCS KBEpPXY CO-
CcyZie CMJIa OaBJIeHUA JKMIOKOCTHM Ha OHO PaBHa PasHOCTM Beca KUIAKOCTHU
M BEpPTHKAJILHOM COCTaBJIAIONIE} CHUJIbI HaBJIEHMS CTEHOK. B aToM ciy-
yae cuja IMAPOCTATHYECKOro AaBJIeHUA Ha JHO MeHbIlle Beca XXKUIKOCTH.
B cy»xaloleMcs KBepXy cocyZe, Hao6opoT, cuila NaBJEHMA Ha JHO paB-
Ha CyMMe Beca KMIKOCTM M BePTUKAJIbHOM COCTABIAIOINEH CMJIIBI OaB-
JIEHMs CTEHOK Ha JHMIKOCTb. B 5TOM ciydae cuia IruApoCTaTHYECKOro
JaBJeHUHA Ha OHO GoJiblile Beca »KMAKOCTMH.

K mppocratudeckomMy OaBJeHMIO NobaBJiseTcsa AaBJieHMe BO3ZyXa po,
KOTOpOE OH OKAa3hiBaeT Ha CBOOOAHYIO NMOBEPXHOCTb XHAKOCTH, OTO He
BIMAET HAa paBHOBECHE COCYJa C KMAKOCTDHIO, IIOCKOJLKY TAKOe JKe JaB-
JIeHMe BO3JlyX OKasbIBA€T Ha CTE€HKM ¥ JHO COCyHa CHApYIKU.

I'udpasauvecxust npecc. 3akon Ilackana nossossier o6bACHUTL Heii-
CTBMe IIMPOKO NPMMEHAEMOro Ha NpaKTHUKe ycrpolicTBa — 2udpasauue-
cx020 mpecca. 'uApaBMUecKuii Mpecc COCTOMT M3 JBYX IMIMHIAPOB
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pa3HOro AmMaMeTpa, CHabyKeHHBIX MOPIIHAMM M COeIMHEHHBIX TPYGKOL.
IIpocTPaHCTBO ION NOPINHAMM 3aMONHAETCHA XUIAKOCTHIO (06BIYHO MM-
HepaJbHBIM MacyioM). IlycTe Ha nopmeHs miomangy Si geiicTByeT Hop-
MaJjibHast cuia Fi, a Ha [opineHb IowiaZy S» - HOpMaJbHas cuia Fi.
Ecan ropiHy HaXoAATCA Ha OJHOM YDOBHeE, TO COIJIACHO 3aKoHy Ilac-

F F
KaJifl JlaBJIEHHe TOJ MOPIIHAMM OJMHAKOBO, T.e. — =2 . OTciona

1 2
S,
F=F—=. 155
2 |Sl ( )

Ecay mopuiHy HaxoBATCA Ha PasHbIX YPOBHSAX, TO AaBJIEHUA MOX HUMMU
pasin4aloTcA Ha BeJMHuuHYy Ap=pgAh, roe p — IUIOTHOCTE 3KMIKOCTH,

a Ah — pasHocTb BbICOT fnopuiHeill. B arom ciydae copmyana (1.5.3) Bo-

obule roBopsA HeBepHa, OJHAKO YKa3aHHOW pasHMIlel AaBJIeHMIT Kak
[IPABMJIO MOKHO rpeHeOpeydb IO CPaBHEHMIO C AaBJIEHMEM MXKUIAKOCTH B
npecce, co3jaBaeMoM OPLIHAMMA.

Tuppasanyecku’t npecc ABAAETCA MeXaHU3MOM, IIO3BOJIAIONIMM pPas3By-
BaTh GoJibluoe ycuJiie Ha ONHOM M3 NOPIIHeN Npu HeOOoJbIUOM yceuimm
Ha gapyrom. IlojioKeHHDbI1 B ero OCHOBY NPMHIMII MCIOJL3YETCH U B
JAPyTMX THMZPaBIMYeCKMX MalmyHaX (TMApaBIMYECKME MOAbeMHUKH,
TMEPOYCUIIATENN U T.IL).

Coobwjarowyueca cocydu.. CucreMa COCyZOB, COeJMHEHHBIX TPyDaMu,
3aII0JIHEHHBIMY TIOKOSIENCA KUIKOCTBIO, Ha3blBaeTcd coobuarnwumu-
ca cocydamu. PaBeHCTBO JaBJCHMI >KMAKOCTH Ha OLHOM M TOM e
YpOBHE TPMBOAUT K TOMY, 4TO CBODOLHbIE MOBEPXHOCTHM OJNHOPOIHO
KMIOKOCTHM B COODINAIONIMXCA cocyZax Jiobojt ¢hopMbl HaXONATCA Ha Of-
HOM YPOBHe (€CiM BJIMAHYE CUJI INOBEPXHOCTHOTO HATAMKEHMA IpeHes-
pesxumo Matio). Ecam B coobaronmxes cocygax HaXOOATCA KUAKOCTH C
Pa3JuMYHBIMM IJIOTHOCTSAMM, TO IIPM PaBeHCTBe AaBJICHMI BBICOTa CTOJ-
6a KMOKOCTM C MeHbIlel IIOTHOCTBIO Gyner OoJiblue BBICOTHI CTONOa
SKUAKOCTH ¢ Gosbineil IIOTHOCTBIO. .

Ammocgeproe dasaenue. Onvim Toppuueasu. Hama 3emiusa oxpy-
JKeHa aTmocepoii - cloeM BO3JyXa, COCTOAIIEN0 M3 CMeCH Pa3JIMYHBIX
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razoB. JlaBJieHMe BO3ZyXa y IOBEPXHOCTH 3eMJ¥ PaBHO HPMMEPHO po =
10% ITa. OmHako yeJioBeK B IIOBCEeIHEBHOi KM3HM He 3aMeyaeT JeicT-
Bus aTMocdepHOro AaBJeHMA, IIOCKOJBKY BCe OpraHbl BHYTPM ero Teja
CoKaThl [0 TaKOIo Ke JaBJICHUA.

OnuyMU M3 TMEPBBIX DKCIEPUMEHTAJBHBIX HOKa3aTeJbCTB CyLUEeCTBOBa-
HUST aTMocepHOro AaBJIeHNA ABUIIMCH ONbIMbL UTAJBLAHCKOTO (hU3MKa
E. Toppuueanu, nponenanusie MM B 1643 - 1644 romax. A 9TUX ONBI-
TOB OH MCIIOJIb30BAJ CTEKJIAHHYI0 TPyOKy IJMHOM B 1 M, 3amasiHHYIO C
OOHOTO KOHLA. 3alloJIHAA 3Ty TPYOKY PTYTBIO M ONycKas ee OTKPBLITBIM
KOHLIOM B 4YalIKy co pryTbio, Toppuuenmu ybemmica, 4Tro PTYTh M3
TpyOKM BBINMBAETCA B HYalUKy He IOJHOCTHIO. KaskIplit pas3 BbhICOTa OC-
TaBIIerocsa crojba pTyTy Oblyla IPUMEPHO OAMHAKOBOM ¥ COCTaBJIANA
oxoso 760 mm.

IIpuGop, onucanusnt ToppuyesIn HpelCTaBiIAeT coboit pmymHsii 6a-
pomemp. HeitcTBue atoro npubopa, ABJIAIIIErOCA PasHOBUIAHOCTBIO CO-
obIaonMXcA COCYHOB - TPYOKM CO PTYTBIO M aTMocdepbl - OCHOBAHO
Ha TOM, 4TO JaBjieHue B obJyiacTy Hajy MOBEPXHOCTHIO PTYTH B TPyOke (B
moppureatesoll nycmome) npenebperxkumo Majio. VI3 ycJjoBuii MexaHU~
YEeCKOI'o paBHOBECUA PTYTM CJeAyeT CBA3b MEMKAYy JHaBJIEHMEM ATMO-~

ccepbl 1 BhICOTO! cTONOA PTYTH fyy

Py =pghy, - (1.5.6)

H3menenue ammocdeprozo dasaenus c avicomoii. lapnenmue aTmo-
cdephl 3aBUCUT OT NOTOAHBEIX YCJOBMIT M BBICOTHI MecTa Habmonenns. B
OBBIYHBIX YCIOBUAX Ha YPOBHE MOpPs BbIcoTa cTonba PTYTM COCTaBJISIET
oxojio 760 MM ¥ ymeHpinaeTcs ¢ nogbemoMm Gapomerpa. Onnaxo usme-
HeHue ammoceprozo JasaeHus ¢ 6bicOMOll TIPOUCXOAUT HE IO JVHeM-
HOMY 3aKOHy, KaK [JIS JKMAKOCTEl, a 110 Gojlee CIOKHOMY. OT0 obbAC-
HFIETCA TEM, UTO BO3AyX (kKak ¥ Jio6ot ras) ABAAETCA CXHMUMaeMoi cpe-
IIO¥t, ero IJIOTHOCTh 3aBMCHUT OT AABJEHMA M TEMIEPATYPbLI (CM. pasmen
6 HacTosAero nocobmua). Pacuer ¢ yueToM COKMMaEMOCTM BO3JLyXa IOKa-
3bIBAET, YTO NpM IOCTOAHHOM TeMmepaType aTMocdepbl usMeHeHMe
JaBJEHMA C BBICOTON A omuchbiBaeTcsi GapoMeTPUYIECKO opmyoit



Onpedenenusr, NOHAMUR U 3AKONBL 75

Mgh
Kh)=p, CXP(——R—‘E;—) , (15.7)

rae M - MoJspHas Macca Bosngyxa (29 r/moub), g - yckoperue csoboz-
HOIO MafieHns y noepxHocty 3emum, T - abcomoTHaa TemiepaTypa, R
- yHuBepcaJibHasA rasoBas noctoanHas (8,31 Ik /(mous * K)).

3axon Aprumeda 0aa mea, narodiujurca 8 mudxocmu uau zase.
3aBMCHMOCTDb AaBJIEHVA B XUAOKOCTHU MJIM ra3e OT l‘JIy6MHI>I IIPpUBOIUT K
BO3HMKHOBEHHUIO BRITAJIKMBAIOLIEH CHMJIBL, BejicTBYOIlei Ha Joboe Telo,
MOrpy»KeHHOe B JKMIAKOCTb MMM ras. BrlTajaxuBaioliasa (apxmuMeznosa)
CMJia TpefCcTaBlfeT coboi pPe3yNbTUPYIOUIYIO SJEeMEHTAapPHBIX CUJ HaB-
Jienusi, AEMCTBYIONMX Ha MNOBEPXHOCTh TeJla CO CTOPOHBI OKpPYXKaloirei
Kuznkocty (raza). B cooTBeTcTBUM € 3aKOHOM Aprumeda, BHITAJKUBRIO-
Las CUJIa HallpaBJIeHa BEPTUKAJIbHO BBEPX; ee BeJIMYMHA paBHa BeCy
sKMpKocTy (rasa) B ofbeMe NOTPYKEHHOM 4acTM TeJa, a TO4YKa IIPUJIO-
JKEHMA COBIaZaeT C LEeHTPOM TsKecTH oO0beMa BBITECHEHHOH TeJIoM
smuuaKroctTu (rasa).

IInaBanue tea. IlycTs Teso, NOTPYy2KEHHOE B YKHIKOCTD, IIPEAOCTAaBJIEHO
camoMmy cebe. Eciu cuia tsaoxecTH, peiicTByloujad Ha 9TO TeJo, paBHa
apXMMeJLOBOIt cujle, TO TeJlo IJIaBaeT BHYTPM SKMIKOCTH, T.. HAXOOUTCH
B Ge3pasyiMyHOM paBHOBecuM Ha Ji00ojt ryrybuse. Ecnm cuna TskecTn
bosblle apXUMENOBO CUNBI, TO TeJIo oIlyckaeTcs BHU3 (ToHer). Eciau
CuJia THJKECTM MeHblle apXMMeJOBOM CMJIBI, TO TeJO MOAHMMAETCH
BBePX (BCIUIbIBAET Ha IOBEPXHOCThL >KMAKOCTM) JO TeX IOp, NOKAa Bec
SKMIKOCTH, BLITECHEHHOJM HOTrPY’KeHHO! B Hee 4YacTH TeJjla, HE CTaHeT
PaBHBIM cHUJIe THAMKECTH, AEHCTBYIOLECH Ha TeJo.

3azaum 110 Teme “Mexammira sKMAKOCTEM U razos”

1.5.1. Bpacaer maccel M = 80 r cmesaH u3 cILiaBa 30J0Ta M cepebpa.
BorumcamTh Maccy 30JI0Ta M, cofepikauleroci B GpacieTe, MCXOAS M3
CleAylomMX AaHHbIX. IlnorHoceTs sosora p, =19,3 r/cm®, miaoTHOCTB
cepebpa p, = 10,5 r/cm3. Ilpu norpy»xeHun Gpaciera B BOAy, HAXOLA-

mMyoca B COCyae ¢ BepTUKAJLHBIMM CTEHKaMM M ILIOIAZAbI0 OCHOBaHMA
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S = 25 cm?, yposenn Bopsl HopHuMmaercs Ha A = 2 Mm. O6beM crnaBa
PUHATH PaBHBIM CYMMapHOMY OGBEMY MCXOAHBLIX KOMIIOHEHT.

1.5.2. Ha moBepXHOCTHM BOZBI IJaBaeT JMCT IEHOMLIAcTa, IPUYEM TOJ-
IMHA TIOrPY’KEeHHOI B BoAy 4acTu b = 1 cm. Ecim HOJIOMKUTHL Ha NEHO-
macT rpys3 maccoit M = 50 kr, To BbIcOTa BhICTyHawUlel HaJZl BOHOI
YacT¥ NeHomjiacTa yMmeHblmmTca Ha Ah = 5 cm. Yemy paBHa Macca m

neHoryiacra?

1.5.3. Ha HakJOHHOM JHe cocyZHa, HATIOJIHEHHOTO BOJOM, MOKOUTCS Ha

MaJIeHbKMX NOLCTaBKaX aJllOMMHMEBHIN KyOuk ¢ pebpom
' — — — —| a=10 cm OnpenenuTs CyMMapHYIO CUJIy TPEHNMA MEXIY
- KyOMKOM ¥ ToACTaBKaMy. YTOJI HaKJIOHA JHa cocyZa K

ropuzonTy o =30° , MIOTHOCTY AJIOMUHMA U BOXBI, CO-

orserctBenno, p, =27-10° xr/m3, py=10° xr/m3 Ve-

KopeHue CBOGOJHOTO MajeHus MPUHATL g = 10 m/c2

1.5.4. B cocyne, BepTMKaJIbHOE CeUEeHMe KOTOpPOro uzobparKeHO Ha pU-
CYHKe, HaXOAATCA B PAaBHOBECUM [IBa HEBECOMBIX IOPIII-
HA, COeAMHEeHHLIE HEBECOMOJl HEepPacCTAMKUMON HUTLIO.
IIpocTpaHCTBO MeKAYy IOPIUHAMM 3aIOJHEHO MKUIKO-
CTBIO, TJIOTHOCTH KoTopoit p = 103 xr/m3. Hairru cuny

HaTAkeHuA Huti T, ecoy nuomwagy nopuHeit S = 0,1 M2
n S2 =0,05 M2, a qumHa srru [ = 0,5 M. TpeHneM NOpPIUHENH O CTEHKU
cocysa npenebpeun, yckopenne csobonnoro nagerus g = 10 m/c2

1.5.5. B oxuHo us xosen U-o6pasHoit TpyOKHM, HacTuuHOo
3aII0JIHEHHO! BOZO!, ONYyCKalOT NJiaBaTbh KYCOYeEK JAepesBa

¢

Maccoit m = 10 r. Ha xaxywo Beicory AR mnoguumerca

yPoBeHp BOZB! B TpyOke, ecin ee cevenme S = 10 cm??
IlnorHocTs Boapl p = 1 r/cme.

1.5.6. BepTukaapHo pacnonoxkeHHad U-obpasnaa Tpybka
YaCTUYHO 3aloJjIHeHa PTYTBIO, IPUMYEM JIEBBI KOHel TPyGKM
Bblllle ypOBHA pTyTH Ha by = 50,2 cM, a OPaBelif - Ha Iy =
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25 cm. B oba kosieHa TpyOkM HaJMBalOT BOXY TaK, YTO OHM OKa3bIBAKOT-
€A MOJHOCTBIO 3amosiHeHHbIMM. Ha Kakylo BemuamHy Al nepemecturcs
YPOBeHb PTYTM B JIEBOM KoJieHe TPYOKM, ecyiM M3BECTHO, YTO PTYTb M3
Hero He BhITecHsercA nonHocThio? IlmotHocTs prytM p =136 r/cmd,

MJIOTHOCTB BOZEI Py =1 r/cm3.
1.5.7. B Tpex ofyHaKOBBIX COOBIIAOIIMXCA COCyAaX HaXOAUTCH PTYThb. B

JIEBBIIt COCYZ, HAJIMJIM CJIOM BOAB! BbicoTONl A1 = 180
MM, a B IIpaBblif - BbIcOTOI A3 = 228 Mm. Ha kakyio

BeJIMUMHY H2 CMEeCTUTCS yPOBEHb PTYTH B CpelHeM
cocyzie, ecy M3BECTHO, UTO PTYTh M3 JIEBOI'C M IIPABOTO COCYZOB HE BbI-
TecHAeTCA BOJloit monHocTeio? IlmoTHoeTs pry™ p = 13,6 10% kr/m3,

IUIOTHOCTB Bogbl Py = 1 r/cms.

1.5.8. Oxguoponueiit map pagmyca R = 1 cM nopasenieH Ha NPy KMHe TakK,
YTO IIOJIOBMHa €ro Norpy»keHa B Bony. IlmorHocTs BOmbl p, = 1000
kr/m3. IlnoTHOCTE MaTepuasa, U3 KOTOPOTO M3rOTOBJEH map, p = 1200
kr/m3. Onpeznesuts cuny F, OeiiCTBYIOIIyI0 Ha LIap CO CTOPOHBI Npy-

MKUHBL YCKOpeHue cBOGOJHOrO NMageHua NpUHATL g = 10 m/c?

1.5.9. K xopombicly paBHONJIEYHBLIX BECOB I10J(BELIEHbI ABa CIIJIONIHBIX
OHOPOIHBIX IHapyKa PaBHO! MaccChl, CAeJaHHBIX M3 Pa3HBIX MaTepua-
JnoB. Ecan ogHOBpeMEHHO OAMH M3 LIAPUKOB NOMECTATH B JKUIKOCTb C

wioTHOCTEIO p, = 10% xr/M3, a fApyroit - B KMAKOCTH C IUIOTHOCTBIO
p, = 0,8:10% kr/m3, To paBHOBecue coxpanurtca. Cumras, 4TO IJIOTHO-

cTy mIapuKOB GoJIbIlle MJIOTHOCTEN >KUAKOCTel, HaliiTU OTHOILIIeHMEe MJOT-
HOCTeN IIapUKOB O .

1.5.10. B nmuamMHAPUIECKOM COCyZe YPOBEHb BOIBI HAXOOUTCA Ha BBICOTE
H = 20 cm. Korga B cocyn nycTuiy IJIaBaTh IIyCTOM CTEKJISAHHBIA CTa-

KaH, YpOBEHb BOABI IOZHANCA Ha Ah = 2 cm. Ha xaxkoit Beicote H) Gy-
JeT pacroJiaraThCsi ypPOBeHb BOJBI B COCyZle, €CJIM CTaKaH YTOIMUTH?
IlnoTHOCTD BOAbl Py = 1 r/cM®, muOTHOCTB cTekyaa p. = 2,5 r/emd.

1.5.11. B xByx cocyZaX HaJIMThl OAMHAKOBble 06BEMBI Pa3NUYHBIX KU~
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rocreil. Ecom 6pycok u3 IJIaCTMacChl IOMECTUTD B riepBbIi COCya, TO OH
IJIaBaeT B HeM, NpuyeM CTOpoHa Opycka, MMewliad AJWHY d, HEpIeH-
JVKYJIApHa IOBEPXHOCTU »KMAKOCTHM ¥ BBICOTA BBICTYMAlOINEH dYacTH
paBua hi. Ecom ator 6pycok mOMecTUTs BO BTOPOH COCyJZ, TO BBICOTA
BBICTYNAWIIeil yacTy craHeT /2. Kakoit Syner Beauumna BBICTyNaKIIEeR
4acTH A, ecayu JKMUIKOCTU CIUTHL B OOMH cocyn?! CuMTaTth, YTO MKUIKOCTU
cMelunBaloTes 6e3 uaMeHeHMA CyMMapHOro obbema.

1.5.12. B cocyze ¢ KMAKOCTBHIO IUIOTHOCTH P, = 900 xr/m3 nnaBaer
OZIHOPOZHBI KyOuK. BepXHAA rpaHb KyOuKa NapasifielibHa [10BEPXHOCTH
SKMIKOCTH, & BHICOTA BBICTYMAIOLIEN HaZ *KMAKOCTBIO wactu h = 1,8 em.
Korga kyObux IoMecTMIM B COCYZA € "KMIKOCTBIO IJIOTHOCTH P, = 1800
Kr/m3, BeIcoTa BbICTyMamowieit dactu craqa Az = 24 cm. Hajtru mior-
HOCTB MaTepuasna KyGuka p .

1.5.13. IIummugpudeckasi npobupka ¢ TPy3uKOM, MMeONIasd IIolajb
nonepew4Horo cevenyus S = 1 cM?, IJaBaeT B BoJie BePTUKAJILHO, IPUYEM
M3 BOIbl BBICOBBIBAETCA 4YacTh Npobupku BeicoTO# A = 5 cm. Kakosa
MMHMMAaJIbHasd INIOTHOCTD MKMIKOCTM  , B KOTOpPOH Ipobupka ¢ rpyamu-
KOM HE YTOHET, ecJi CyMMapHafd Macca IIpobyupku u rpysuka M = 20 r?

IlnoTHOCTH Bombl p, = 103 xr/mS.

1.5.14. B mmymHApUYEeCKuil CoCy C BOJOIf OMyCKalOT JAEPEeBAHHBIA luap
paanycoM R, BHYTPU KOTOPOro IOMELeH CBUHIIOBBIA I'PY3UK Maccoii m.
Ha kaxym BbICOTY 4 TOJHMMETCS [IPM 3TOM YpPOBEHb BOALI B cocyie,
ecay IUIoa/b ero AHa S, IJIOTHOCTb BOABL Py , ILIOTHOCTB NepeBa pj ,

IJIOTHOCTb CBMHIA Pcp 7
1.5.15. Tejo, cocrosliee U3 KyCKa Jibjia M BMep3LIEro B HETO AJIIOMU-

HMeBoro Opycka, IaBaeT B BOHE Tak, YTO
non, Bozoii Haxomutea o = 95% o6mema Te-

— — — — — — ~  ja. Kaxoit npouesT gpfa B IoJvken pacra-
ATb, YTOOBI TEJIO OJHOCTHIO TIOrpysuiiock B Bofy? ILIOTHOCTE Boner p,

= 103 xr/m%, mnorHoers JBAa p; = 0,9-10° Kr/M3, IJIOTHOCTD ajoMu-
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muA p, = 2,7103 kr/m3

1.5.16. AmomuHMeBad crmuna ¢ gauHOM L = 25 oM M ILIOIIAALIO TIONe-
peunoro ceyenusa S = 0,1 cm? moxBelena Ha
HMTU 3a BepxXHUN KoHell Hyxuuii koHel onu-
paeTcA Ha TOPM30OHTAJIbHOE LHO COCYJa, B KO-
TOpBIi HanmMTa Boha. JnuHaA NOTPYXMEHHOR B —_-%— o _—
Boay yactu couub! [ = 10 cm. Havitu cnory F, ¢
KOTOPOM cnuya FaBUT Ha OHO COCYJMa, €ClIM M3BECTHD, UTO HUTH PacIo-
JoyKeHa BepTHMKasbHO. [InoTHocTh amioMuEna p .= 2,7 r/ceM®, maoT-

HOCTBb BOZbl Py = 1 r/cm3. YckopeHue CBOBGOAHOTO MafeHMs NPUHATH g
= 10 m/c2

1.5.17. ToHkas omHOpoZHasd MaJjioyKa OMMPaeTCs OOHMM KOHILIOM O Bep-
IIIMHY OCTPOIC KaMHs, BBICTYIAIOLIET0 U3 Boxbl Jlpyroii KoHel IMaJIoUKu
HaXOAWTCA Ha IJIaBy, IpUYEM IOTPY>XKeHHas B
BOAY 4YacTh MaJIOYKM B (L pa3 MeHblle BCell ee
mnymues Ilnorsocts Bomer p, = 103 xr/m3, o

= 3. HaifTu rjioTHocTh P MaTepmalia, M3 KOTO-

poro cneJsiaHa rnaJiodka.

1.6. Mexanuuecxue xoneb6aHUA U BOAHBL. 36YK

Bonpocs! mporpammael

e [lonamue o xosebameavrom Osudxcenuu. Ilepuod u wacmoma xone-
6anul.

o Tapmonuuecxue wonebanus. Cmewenue, amniumyda u gpasa npu
2aPMOHUNECKUX KOALOAHUAL. '

o Ceo60o0nvie Koaebanus. Korebanus epysza nHa npyxcune. Mamema-
mudeckull masmuux. Ilepuodv. ux xoaebanui. Ilpespawjenus
IHepeUU NPU 2apMOHUYecKuUX Koaebanusax. 3amyxarowue Koneba-
HUA.

¢  Bunysclennvie xoaebanus. Pezonanc.
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o Jlonamue o soanosvix npoyeccax. Ilonepeunsvie u npodosvHble 804~
o, Jauna eoanvi. Cxopocmb pacnpocmparerus eoan. DPpoum
80AHDL.

e Unmepdepenyus soan. Hpunyun Ioteenca. Jupaxyus eoan.

o  3synosbie eoanbvl. Cropocms 38yKa. 'POMKOCTRL U 8bLCOMA 36YKA.

Onpe;xe.nenuﬂ, MOHATUA M 3aKOHDBI

Monamue o xoreb6ameavrnom dsudcenuu. Konebanusmm HasbpiBalOTCA
OBMIKEHMA WMJIM M3MeHEHUs COCTOAHMSA CHUcTeMbl, obnajaiouiye IOBTO-
pAemocTbi0 BO BpeMeHn. KonebaHusa BechMa pasHooOpasHBI IO CBoeil
npupone. Monenu rojebaTeJIbHBIX MPOIECCOB LIMPOKO MCIIONb3YHTCA B
pusure, xumuu, 6uosiorny, Haykax o 3emie. Konebanusa camolt pasHoit
[IpUPoLbl MOTYT UMETb OBlMe KOJNYeCTBeHHble 3aKOHOMEPHOCTHM U
ONMCBHIBATHCA OJMHAKOBBIMM MaTeMaTHYeCKIMN METOHaMMU.

Kosnebauyus MexaHMYECKUX CHCTEM IIPeACTaBJASIT coboll NoBTOpAIOLIMe-
CA JBUIKEHWUS B OKPECTHOCTHM YCTOMYMBOTO IOJIOMKEHMA PaBHOBECUA.
IpumepamMy’ MexaHUYECKUMX KoneDaHuMil ABJIRIOTCA IBMIKEHMA rpysa,
MOABELIEHHOrO Ha NpY’KMHe, KadaHMUA MaATHUKA, KojiebaHusa HaTSHYTOM
cTpyHbI, KonebaHuA BeTBeN U CTBOJIA JepeBa Ha BeTPy U T.IL

Konebanusa HaspIBAIOTCSA NepuoduveckKumi, eciiy 3HAYEHUA (PUBHMYECKUX
BeJIMYMH, U3MEHAICIUXCA B Ipouecce KosebaHMM, IOBTOPAIOTCA depes
pasHnble MNPOMEKYTKM BpeMeHN.

Hepuod u wacmoma xoaebanuii. Illepuodom Konebaumit T HasbIBaeTCs
HayMeHbUINIi IIPOMEXYTOK BPEMEHM, II0 MCTEYEHMM KOTOPOro IIOBTOPH-
I0TCA 3Ha4YeHMs BCEeX BEeJIMYMH, XapaKTepuslymolmx kojebaTesbHoe
IBJOKEeHMe (HAlpuMmep, CMELUeHMsi, CKOPOCTM M YCKOpeHuA Komebiio-
Ljeyics To4YkM). 3a DTO BpPeMs COBepLIaeTcd OJHO NoAHOe Kosebanue.
Ilepuon xoseGanuit uaMepsdeTca B ceKyHuax. Beiwunna, obpaTHas ne-
puony, v=1/T , HasbiBaerca dacroroit xonebaumii. Yacrora Kosebanmit

usmepsaerca B repuax. OnuH repy ~ 3To HacroTa Konebamuii, mepuon
KOTOPBIX paBeH OfHON cekyHpe. KpyroBoil mmm IMKJINMYECKON 4acToTOM
KonebaHMIl HAasLIBAIOT BelmduHy © =2mv . Kpyrosas uyacTora uasmeps-

eTcsi B paguaHax B cekyHpay. OHa cBszaHa C TNEepMOJIOM KoJeDaHuii
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cdopmynoit @ =2x/T .

T'apmoruuecxue xonebanusr. Cumewenue, amnaumyda u $asza npu
zapmonuveckuxr xoaebanusxr. JTacTHbIM, HO BeCbMa LIMPOKO pacrpo-
CTPaHeHHBIM CIY4YaeM NepHoAMyuecKuX KoJieGaHMil ABJAIOTCA 20PMOHU-
uecxue xoyebaHuA, NPOUCXOJALME BO BPEMeHM IO 3aKOHY CHMHYycCa Wan
xocunyca. lapMonndeckne xojiebaHus B o0IieM cliydae OIMCHIBAIOTCH

dopmynoii:

x:asinmt+bcos£ot , {16.1)

rme x - CMelleHue K,o.neﬁmomerocx TeJla OTHOCUTEJIBHO TIIOJIOXKeHUA
PaBHOBECUS B JaHHbIA MOMEHT BpeMeHU [, a u b — KOHCTaHTBI, ollpene-
JisieMble Ha4daJlIbHBIM COCTOAHMEM TeJia, T.€. €ero HadaJIbHbIM CMElleHueM

Xo M HadaJbHOI cxopocteio Vo: a=V;/w, b=Xx, . Bo MHOTMX ciy4asax

yanobuo BMecto (1.6.1) mcHonb3oBaTh NJIA onucaHusA kosebaHuil SKBMBa-
JIEHTHYI0 QOopMYyIy

x = Acos(wt+9,) , (1.6.2)

rae A — MaKCHMaJibHOe CMeleHue TeJla OTHOCHTEINbHO IOJIOKEHN paB-
HOBECHs, Ha3blBaeMoe aMINIMTYZoi KoJjebaHwuit, ©!I+¢Q, — aprymenr
rapMOHMYECKO (pyHKIMM, HasbIBaeMblit ¢asoii Kosnebaumit. AMIUIMTY A
u dasa KoseGaHMit OJHOBHAYHO ONpeesIAIOT MEXaHNYeCKoe COCTOAHMe
(T.e. KOOpPAMHATY M CKOpPOCTb) Kojsebiouieroca Teia B Joboit MomeHT

Bpemenn. Ammntyna A u HadasbHaa casa KoseGaHMit @, Bhipaska-

I0TCA qepea KOHCTaAHTbI a n b, cye [y OIuMm 06pasomz
2 2 2 2 2 _ —

A=Na+b =V} o +x; , @, =arctg(-a/b)=arctg(~V, /(ox,)). Tpa-

q)MK 3aBMCHUMOCTHM CMeILleHnA KOJIeﬁJHOmerOCﬁ TeJla OT BPEMEHU H30-

BpaskeH Ha puc. 1.6.1.

ox

b.l
axH

Ac
<

Puc. 1.6.1 Puc. 1.6.2
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CROpOCTb KOJIeGJIIOIIIEI‘OCH TeJla paBHa HPOM3BOI[HOI7[ OT KOOPIOVMHATBI
TeJla 110 BPeMEHHU:

V=x=-Aosin(o? +9,) . - (16.3)

CxopocTh M3MEeHsIeTCs TI0 CMHYCOMIaJIbHOMY 3aKOHY C TaKoi »Ke 4acCTo-
TOM, 4TO U cMemenue (puc. 1.6.2). AMmumrysa ckopoct A@ Iponop-
LMOHaJIbHA IIMKJIMYECKOI YacToTe M aMIIMTyAe cMeluenud. Pasa cKo-
pocTu onepexkaer a3y cmelneHuss Ha =/2. B wacTHocTM, CKOPOCTB

Kostebuiolerocs Teya MaKCHMMaJbHa 10 abGCONMIOTHOM BeJu4MHE B MO-
MEeHT MPOXOXKJEeHNA TeJIOM IIOJIOXKEHUS paBHOBecus. [Ipu makcumalin-
HBIX CMeleHuAX TeJla OT MOJOKeHUs PAaBHOBECHS ero CKOpPOCThb paBHa
HYJII0.

YckopeHne KoJebJIOIerocsi Tesa PaBHO BTOPOJ NMPOM3BOJHON CMelle-
HUA TI0 BPEeMEHH:

a=x=-Ao*cos(ot+9,) (1.64)

YcropeHne M3MEHAETCS IO KOCUMHYCOMZAJILHOMY 3aKOHY C TOM e 4ac-
ToTOl, wro u cMemenue (puc. 1.6.2). AMnautyna yckopenus Ao’ npo-

MOpPLIMOHAJIbHA KBaJpaTy LIMKJIMYECKOi JacTOThI M aMIUIATyZle CMelle-
uusa. Pasa yCcKOpeHMA OTINYAETCsI OT Pas3bl CMEIeHMA Ha 7 . OTO 03-

Ha4daeT, YTO yCKOpeHue KOHGGHIOIHGPOCH TeJjla Bcerga HanpasJI€eHO K II0-
JIOMKEHMIO €ero paBHOBeECHUA. Benuuuna YCKOpeHNA MaKCHMaJibHa IIpyu
HaubONMBIINX CMEUIEHMUAX TeJa OT IIOJIOXKEeHUA paBHOBeECHUSA.

Caobodnvie xorebanun. Konebanua zpysa na npyxcune. Mamema-
‘mukeckuii maamuux. Ilepuods. ux xoaebanuii. Ocoboe mecto B dhu-
3uUKe 3aHMMAaeT OlNpeleJIeHHBI THUII KoJleGaTesbHbIX ABMMKEHMI — C80-
600nbie woaebanus. OHM BO3MOIKHBI B Cllydae, KOra B KoJebaTeJsbHOM
cyUcTeMe He lIEﬁCTByIOT InmepeMeHHble BO BPEMEHM BHEUIHNEe CHUJIbI, MU
xorga pabora mepeMeHHBIX BHEHIHMX cuJl paBHa Hymo. CeBobonHble KO-
JebaHuA BO3HMKAIOT B CHCTeMe, NPeZOCTaBJIEHHO# caMoii cebe mocie
KaKkoro-anbo OZHOKPATHOTO HAYaJIbHOIO BO3IEHCTBMA Ha Hee, NPUBOLAA-
L[ET0 K OTKJIOHEHWUIO OT IOJIoKeHuA paBHoBecus. IIpu cBoGopHbIX KoJe-
0aHKAX B cUCTeMe Bcerja AeliCTBYIOT CMJIBI, CTPEMAILMECH BEPHYTHL ee
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B ITIOJIOKeHMe paBHoBecusa. Eciy BHellIHMe M BHYTPeHHME CMJbI MOTeH-
LMaJibHbI, TO NpM KoJieGaHuAX CoXpaHAETCS MeXaHKW4YecKas SHeprus. B
aTOM CJlydae CBOOOMHBIE KOJIeDaHMA Ha3bIBAIOTCA He3QMYITLIOUUMU.
Hesatyxaloupme cBobogHsle KosiebaHMA B CUCTEME BOSMOXKHBI JIMIUL TIPU
OTCYTCTBMM TPeHMSA M JIOOBIX APYIMX CMUJI CONPOTHBJICHMSA. AMIIMTYAa
HesaTyXaolux KonebaHuit I0CTOAHHA (He 3aBUCUT OT BPEMEHM).

YpaBHEeHuE [BMIKEHUA CUCTEMbI, COBepHIaloeit cBobogHbie rapMoHuYe-
ckMe KojebaHysA, Bcerzja MoKeT ObITh NMpPUBeAeHO K BUAY:

i+0’x=0. (1.6.5)

MHoKHUTENb, CTOAILMI Nepel, KoopAuHaTONM B ypaBHeHuu Buzaa (1.6.5),
npeAcTaBydAeT cobolt KBalpaT LMKJIMIECKONH YacTOTHI CBOGOAHBIX KOJE-
Baumit. '

BaxupiM npumepoM KojebaTesbHOM! CHCTeMBbI ABJAETCA TPy3, NOLBe-
IIEHHbI Ha NpyskuHe. Takad cucTeMa cliocoGHa COBepIIaTh rapMOHMYE-
ckue KojieDaHMA, eclM CHJIa YNPYTOCTH IIPYKMHBI HPOIOPUMOHAJbHA
BeJIMYMHE CMeIlleHUs I'Py3a OTHOCHTENbHO MOJIOMEHNS PaBHOBECHSA, T.€.
ecJiM cuJla yUpyrocTu nopumasercsa 3axory I'yka. Huxnmudeckasa yacrto-
Ta ¥ nepuop, cBobogHbIX KonebGaHMit rpysa, NOLBELICHHOTO Ha NIPY2KUHE,
onpeneNATca GopMyJlaMu:

oo [EronfE oo
m k

3pech m — Macca rpysa, k - KodpPULMEHT YIPYTOCTH IIPYKMUHBL

MarteMaTHuyecKMii MaATHMK NpeAcTaBiser coboil MAeaNM3UPOBAHHYIO
MozieNib KoJleGaTesIbHOM CUCTeMbl: MaTEePUAIbHYI0 TOYKY, NOABEIICHHYHO
Ha HEBECOMOJf HepacTAMMMOJM HUTM M HAXOLALLYIOCA B II0JIe€ CUJIBI TH-
secTu.. JIBMoKeHMs MaATHUMKA [POMCXONAT MOA AEMCTBMEM CUJIbI THMKe-
CTM M CMJIBI HaTsXKeHMsT HUTH. [IMKIM4eckasa yacToTa u nepuof KoJeba-
HUI NPY MaJbIX YIJiaX OTKJIOHEHMS MasTHMKA OT BEPTMKAJM JAAIOTCA
BbIpa’KeHUAMHU

m=\/g, T=21t\/z , (1.6.7)
! g
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rae | — pnuHa HUTH, g — yCKOpeHHe CBOOOAHOrO NajleHusA.

ITpespawenus anepzuu npu zapsmonuueckuxr xoaebanusax. Ilpu
CcBOBGOZHBIX rapMOHMYECKMX KOJIeOaHMAX NOJHAA MeXaHM4YecKas SHepPrus
KoseGaTesIbHOM CUCTEeMBbl OCTaeTCs TOCTOAHHOM. OfHaKO oHa Iepuoay-
4YecKy MeHSeT CBOW ¢opMy, IpeBpalllascCh U3 KMHETUUECKO! dHEPruu B
MOTEeHIMANBHYI0 M obpaTHO. 3TOT Iponecc NOBTOPAETCA ABa)KIbl Ha
Ka)kJoM Ilepuofie kojiebauma. KuneTrudeckasa dHeprusa JoCTUTaeT MaK-
CUMyMa B MOMEHTHI IIPOXOMKIEHMUA CHUCTEMOH IIOJIOKeHNUA PaBHOBECHA.
TloTeHumasbHas 9SHepPris, HAIPOTMB, MaKCMMaJibHa B MOMEHTBI Hau-
BoNBUINX OTKJIOHEHMIT K0JIeOJIoIIierocs Teja OT IOJIOMKEHUA PaBHOBECHS,
T.e. B MOMEHTbl BPeMeH)y, KorJa CKOpOCTb [BMJKEeHUs1 obpamaercA B
HYJIb.

Tlosman 9HeprMA rapMOHMYECKMX KoJieDaHMii TPYXXMHHOTO MAafATHMKA
[PONIOPIMOHAJIBHA KBaJlpaTy aMIIMTYAbI KoseGanuit A:

__fiz__ me’A?.
2 2

E (1.6.8)

J 71 MaTeMaTHU4eCKoro MasATHUKA, KOJeOJIoLerocsa ¢ yrjaoBoil aMIINTY-
Joit o, , IOJIHAA 3HepIusa
2 2.2
mglal  mo*lal

E =mgl(l -cosa,) = 5 = 2 . (1.6.9)

3amyxawwue xonebanus. B peaspHbIx KosnebaTesNbHBIX CHUCTEMaxX
cBobonHple KonebaHMA IIOCTENEeHHO 3aTYyXaloT MOJ OeMCTBMEM CHMJ CO-
NpOTUBJIEHUA, HanpuMep, CUJbl TpeHus KoJebJomerocs Teja 0 BO3AYX.
Oneprus cBoGogHbIX KoNeGaHMii YMEHbIAETCA ¢ TEHeHMEM BPEeMEHM.

3aryxampiiyue koneGaHMA MpPelcTaBIAIOT coboii HemepMogudecKue IBMU-
sxenus. [lodToMy K HMM HENPUMEHMMBI HEIOCPEICTBEHHO ITOHATHA Ile-
pMoZia ¥ YacTOTbi, BBEIEHHbBIE JJIS MMEPUOJUNYECKNX KoJieGaHmMiL.

Ycaoenvim nepuoBom Tiar 3aTyxamumx KosneGaHU Ha3bIBAaeTCA MPO-
MeXYTOK BPEMEHM MeXXAY ABYMS IOCJEeIOBAaTEJIbHLIMM IIPOXOXKAEHMSI-
MM KoJieBIoleicss CMCTEeMOM MMONOKEHUST PaBHOBECHA NP IBUOKEHUMN B

OJHY M Ty e cTOpoHy. Bemnmuuua o,, =2n/T,

»ar HASBIBAETCH YUKAU-
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yecxol wacmomotl 3aTyxamumx KonebGaumit. OHa Bcerzja MeHbIIIE IIMK~
JIMYECKON JacTOThl ® He3aTyXalolmx konebaHWi B MAeaIn3nMpOBaHHON

cucreMe 6e3 TpeHmua. PasHocTh MexAy ® M ©,, YBeJMIMBAETCA C
po3pacTaHueM KoadulMeHTa TPeHNUA.

Konu4yecTBEHHOM XapaKTepUCTMKON 3aTyXaHus sABideTca OJobpom-
Hocms KoneGaHMit, onpefienseMas Kak 4ucyo cBoOOIHBIX KoJse6Ganuit

CUCTEMBI, KOTODEBIE nponaoﬁny'r A0 TOro, KakKk IojgHasg MeXaHu4decKad
SHeprua KoJiebaTenbHOM CHUCTeMBI YMEHBIUINTCA B JIBa pasa.

Buinyscoennvie xonebanus. Pesonanc. Boinysclennvimu xonebanus-
MU Ha3bIBAalOTCH IBMMKEHMA CUCTEMBI, KOTOPbIE BBIBBIBAIOTCA JeiCTBHEM

Ha Hee BHEIIHUX CUJ F(I) , Iepuogn4eCKyl U3MEHHAKIMXCA BO BPEMEHN.

Cuna F(tf) HasbIBaeTcA abinyscdatoweti curol.

Ecsn BeIHyKAawlnas cuia F(f) M3MeHAETCA 10 rapMOHMYECKOMY 3a-

KOHY
F(@) = F,cosyt , (1.6.10)

roe Fo — aMIIUTyaa maymnalomeﬁ CHJIBI, a Y — ee HUMKJIMYecKad

YacToTa, TO B CHCTEME YCTAaHaBIMBAIOTCA BBbIHYXKJEHHble KoJsebaHus,
KOTOpble TaKKe ABJAIOTCA FapMOHMYECKMMM, MPOUCXOLAT € LUKJIMde-
CKOM 4aCTOTOM, PaBHOM YacTOoTe Y BBLIHYKAAIOlIel CUJbI, ¥ OMMUCHIBaA-

I0TCSA ypaBHEHMEM
x=A,,cos(yt+9,). (1.6.11)

3neck Asuw — aMIUIMTyZa BBIHYXKJAEHHBIX KojebaHmil, @, — pa3HOCTb

dasz mexay cMmemenueM x u cunoii F(f) . B mpouecce ycraHOBJIeHUA

BBIHYKJeHHBIX KoJlebaHMii ABMYKEHMA B CUCTEMe HOCAT CJOXKHBI Xa-
paKTep: IIPOMCXOAUT HaJIOXKeHNEe CBOGOMHBIX 3aTyXalmX KosebaHuit u
BBIHYKJeHHbIX koJiebaumit. Ilocne Toro, Kak cBOGOAHBIe KoJieGaHMA
NIpeKpaTATCA, B CUCTEME YCTaHOBATCA BHIHYXKJEHHbIE KomebaHus.

AMIUIMTY/Ia YCTAaHOBMBILMXCA BbIHYKJICHHbIX KosileBaHMi 3aBMCHUT OT
COOTHOLIIEHMA YACTOT BBIHYKJAAIOLEN CUJbl ¥ M cBOGOJAHBIX KonebaHuii
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® , a TakKe OT TpeHusA B cucreme. VMiameHeHue am-

IWIMTY bl Kosle6aHuit B 3aBMCHMOCTH OT YacCTOTBI BbI-
Hy’K/Jaloleil CUJIbI TIPY PasJIMHHBEIX KoddduLmenTax
TpeHnua uzobpaskeHo Ha puc. 1.6.3. Kpusoit 1 coor-
BETCTBYeT MMHMMaJIbHOE TPEHNMe, a KPUBOi 3 — MaK-
cUMaNbHOe.

flBnenye Bo3pacTaHuA AaMIUIMTYAbl BBIHYKIEHHBIX
KoneGaHuii npu nNpuUBMMKEHUY YacTOThl BBIHYX-
Jaiomiei cMibl K dacToTe cBoBOAHBIX KoJieDaHMII CHCTEMBbl Ha3blBaeTcs
pesonancom. PacueT mokaablBaeT, YTO IIPM HAJM4YMM TPEHMA B CUCTeMe

Puc. 1.6.3

PE30OHaHCHaA LVMKJMNYeCKasa HacToTa 'Yp” HECKOJILKO MeHbIle cobCTBeH-

HOI LMKJIMYECKONW HacTOTBI «,, CBODOXHBIX 3aTyXaloMX KoJebaHMil

BOSpaCTaHVIe aMILIMTY bl BbIHYXXJEHHbIX koJnebGaHuit npy pes3oHaHce
BBIPa’»XeHO TeM OTYeTJINBee, YeM MEeHble TpeHMe B CHUCTEME.

Honamue o0 8oanosvix npoyeccar. Ilonepeunsvie u mnpodoavnsie
60AHDBL. BONHOBBIM IIpoleccoM (BOJIHOM) Ha3bIBAaeTCA IPOLECC paclpo-
cTpaHeHua xojiebaHuil B mpocTpaHcTBe. IIpMMephl BOJIHOBBIX IPOLIECCOB
- BOJIHA Ha IIOBEPXHOCTY BOZbI, BOJIHa B ynpyroi cpene. Bonubl Gu1BaloT
npojioJibHEIE M Honepeunsle. B npojonpHoit BoaHe kosebaTenbHoe NBU-
JKEeHMe 4YacCTul] CpeAbl NPOMCXOAMUT B HAIpaBJIEHMM, NapaJijielIbHOM Ha-
[paBJIeHNIo pachpocTpaHeHuA BonHel TakoBa, Hampumep, 3ByKOBas
BoJIHa B Boszyxe. B mnomepeunoit BosiHe konebaTesbHOe ABMIKEHME Yac-
TUI| Cpefbl NPOUCXOLMAT B HAIpaBJeHMM, NepPHEHAUKYIAPHOM Halpap-
JIGHMIO paclupocTpaHeHuA BoJiHbl IIpuMepoM nNonepeyHbIX BOJH SABJA-
I0TCA CHBMIOBbIE BOJIHBI B YIIPYTON cpefe.

Hauna soanvi. CXopocms pacnpocmpanenus aoansv.. Pponwm eoa-
#bl. IIpM BOJHOBOM IBMKEHMM BO3HMKAET NEPUOLMYHOCTbL LBOSIKOTO
pofia. Bo-nepebixr, oTHesbHbIE HacCTUIbl CPefbl COBEpIHAlOT KoJebaHms
OKOJIO CBOMX IIOJIOXKeHMii paBHOBecus. IIpu arom daser xosebannit vyac-
TUL, PAcCIONIOKEHHBIX B PA3HBIX TOYKAX [POCTPaHCTBA, PasjM4Hbl Bo-
8MOoPbLX, B KaXKIblii (DMKCUPOBAHHBIA MOMEHT BPEMEHM MeXaHMYECKOe
COCTOSIHME CpeJbl llepuoAuYecKnu MOBTOPAETCS B IMPOCTPAHCTBE BHAOJb
HalpaBJieHUs PaclpoCTPaHeHUA BOJIHBL
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B kadecTBe MJunocTpauum Ha puc. 1.6.4 nsobparkeHn npocdunp nonepey-
HOM BOJIHBI B ONpPeJeJIeHHbIT

MOMEHT BpeMeHyM (CIUIOLIHAA
-qmHnsa). C TeyeHMeM BpeMeHM ,
BCA KapTHHa NepeMellfaeTcs Co l/ \_,Z \,/ \ X Veeat”
CKOPOCTBIO ¥ CJieBa HaIpaso. ' Puc. 1.6.4

Cnycta TIPOMeXXyTOK BpeMeHM

v LH 45=vat

~,
\

At=As/v BomHa O6ynmer umeTh BuA, u3oOparkeHHbN! Ha puc. 1.6.4

HITPUXOBOH JIMHUENA.

daza konebanmili yacTUL] JMHEHHO CBA3aHA C KOOPAUHATOM, OTCUYMTBI-
BaeMoO} B HalIpaBJIECHMM pacCIIpOCTPaHeHMsA BoJIHBL KpaTtyaiilllee pac-
CTOAHME MeXKZy IBYMS TOYKAMM, B KOTOPBIX YaCTHIBI cpeZbl KoJyeb-
JIOTCA B OAHOM M TO ke ¢hasde, Has3bIBaeTCA AJIMHONM BoJHbI A . Takoe

paccTOsHMe BOJIHA [POXOAMT 3a BPEM:, PaBHOE OJHOMY IIEPHOLY KoJe-
Gannii.

FeomeTpuyeckoe MecTo TOYEK, B KOTOPBIX HacCTHMIbI Cpelbl COBEPHIAIOT
xosiebaHMA B ORHOI ¥ Toit ke a3e, Ha3bIBAETCA BOJIHOBBIM (PPOHTOM.
BonuoBoit OpPOHT MOMKET ObITb, B YaCTHOCTM, IJIOCKMM uim cdepuye-
ckuM. CKOpPOCTBIO PacIpoCTpPaHeHMs BOJIHBI HAa3bIBAETCH CKOPOCTH JIBM-
eHUA ee BOJIHOBOTO ¢hpoHTa. OHa BBIMHUCIISIETCS IO GopMyJie

=—=Av, | 16.12
v=or ( )

rae T — nmepuopn, v=1/T — yacrora KoJebaHMUIl YaCTUI] B BOJHE.

Numepdepenyus e6oan. Ecom B cpene Boa30GyKjeHbl OJHOBPEMEHHO
HECKOJIBKO BOJIH, TO OHM PAacCHpPOCTPaHAIOTCS, He BJIMAS OLHa Ha APYryIo.
B xanoit Touke cpesibl KoneGaHMsA, BHI3BaHHBIE Pa3JIMIHBIMM BOJHAMIY,
CKIanbIBalOTCA. PesysbTUpylollee IlepeMereHne 10601 4acTyUbl IIpes-
cTaByseT coboit cCyMMy nepeMellieHMit, KOTOpble NPOMCXOZMIM Obl npu
pacnpocTpaHeHMM OJHOJ M3 BOJIH B OTCYTCTBME OCTaJIbHBIX. B pesyJsb-
TaTe TaKOro HaJIOKEHUA BOJH aMIUIMTYZbl KoJieGaHMil 4acTHIl Cpejbl,
pacroJiosKeHHbIX B Pa3HBIX TOYKaX MpOCTpaHCcTBa, 6yAyT, Booble roeo-
PA, pa3nuuHBIMU. B YaCTHOCTM, B HEKOTOPBIX TOYKAX IIPOCTPAHCTBA KO-
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nebaHuA 4acTUI[ MOTYT HpaKTH4YeCKM OTCyTCTBOBaTh, B TO BpEMA Kak B
IPYTHX TO4Kax aMIJMTyAa kKojiebaHuit Moxxer 6brrb Besmka. Ecom mpu
HaJIOXKEHMM BOJIH BO3HMKAET Takoe HEONHOPOHOe pachnpepesicHME aM-
IJIMTY ), KoslebaHMii B NIPOCTPAHCTBE, M OHO COXPaHAeTCA BO BPeMeHM, TO
rOBOPAT, YTO MMeeT MecTo unmepdepenyus éoan. s noxydenusa yc-
TOMUMBOR MHTepepeHIMOHHOM KapTUHBI HeobxoauMo, YTOOBI MCTOYHU-
KM BOJIH MMeJN¥ OJJMHAKOBYIO 4acTOTy M ¢a3bl MX KoJebaHmil coBmajga-
JM, UK OTAMYAJIMCh HAa HEKOTOPYIO IOCTOSHHYIO, He 3aBUCHILYIO OT
BpeMeHy BeJuuMHy. VICTOYHMKM, YHOBJIETBOPSAIOUME STHUM YCJIOBMAM,
Ha3bIBAIOTCA KOZEPEHTHBLMU.

ITpunyun INoiizenca. OBmii NPMHIMII, ONMUCHIBAIOMIMI PACIPOCTPaHe-
HME BOJIH, BliepBble ObIJI BBIABMHYT rojuiaHjckum ydeHosiM X. lojiren-
com. ComacHo STOMY DPMHIMIIY Ka)XZad TodKa Cpenbl, A0 KOTOPOHi
JOILIO BOJIHOBOE BO3MYyIlLleHNe, CTAaHOBUTCA MCTOMHMKOM dJleMeHTapHO
BTOPUYHOIT BoJHblL [ToJioikenne BoJIHOBOrO (bpoHTa pacHpocTpaHAIIIe-
csl BOJIHBI B CJIEZAYIOIIMIA MOMEHT BpeMeHM olpefiesfAeTcs orubalomeit
3JIeMeHTapHBIX BTOPMYHBIX BOJH. IIpusain ojireHca no cyuiecTBy orn-
pellesisieT HanpaBJIeHMe JIy4el, T.e. JIMHMIL, MepNeHIUKYIAPHBIX BOJIHO-
BoMy ¢dporTy. C ero NmoMOILbIO MOXHO, B YaCTHOCTM, BbIBECTM 3aKOHBI
oTpasyKeHUs ¥ MPeJIOMJIEHMA BOJIH Ha FpaHyle pa3jejia ABYX Cpef,

Jsia MexaHuM4YeCKMX BOJH NpuHLMI [oifreHca MMeeT HarJIAHOE MUCTOJI-
koBauye. JacTuubl cpenbl, N0 KOTOPBIX AOXOAAT kKoyebaHusi, B CBOIO
ouepenb, KOJeOIACH, NPUBOAAT B ABMIKEHME COCEIHME YAaCTHMLBI CPEeLBI,
C KOTOPBIMM OHM B3aMMOAEHCTBYIOT.

Audpaxyua eoan. [Iucdpakumeli Ha3pIBAIOT ABJeHMe OTTMOAHMA BOJI-
HOM IIPENATCTBUA, BCTPEYAIOILErocd Ha ee HyTH. 3TO ABJIEHNE NPOABJISA-
erca Haubojlee OTHETANBO, €CJM pPa3Mephl NPENSITCTBUA d MMEKT TOT
sKe NOPALOK, 4To M AsmHa BoJHbI A . Ilpm d>>A saBnenme aucpparumm

0BBbIYHO He UrpaeT CYIeCTBEHHO! poJm.

36yxo06bie 80ARDBL NPEICTABNAIOT coboil depenyiolmecs obiacTy Cixa-
TUA U paspeXxeHNns, PaclpoCTPaHSAIOIIMECA B YIPYroi cpese. 3BYKOBbIE
BOJIHb! ABJAIOTCA NPOAoJbHbIMM. OHM MOTYT paclpOCTPaHATHCH B BO3-
JyXe, B Bofie, B [IoYBe, B MeTallmaX u np. B wacTHocTH, coxatis u pas-
peXkeHUA BO3AyXa B 3BYKOBOW BOJIHEe BBISHIBAIOT KOJIeOaHMs AaBJIeHUSA
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OTHOCHUTEJILHO cpefHerc arMmocdepHoro KassieHud YacroTa CHBIUIMMBIX
YeJIOBEYECKMM YXOM BOJIH JIEXKMT B IpeAesiaX 38Yxoeozo duanaiona,
obpasyiomiero obnacTs yacTot kosebammit or 16 Ty go 20 Kri. 3syxko-
Bble BOJIHBI ¢ yacToTaMyu MeHee 16 T'i[ HasbIBaroTCH un@passyxamu, a ¢
yactotamu bosree 20 Kriy — yavmpassyxanu.

CKopoCTh 3BYKa B rase npubiausuTenbHO PaBHA CpefHEN CKOPOCTH Tell-
JIOBOTO [BMI/KEHMA MOJIEKYN ¥, NOAOGHO eif, NPOIOPUMOHANBHA KOPHIO
KBajpaTHOMY u3 abcomorHoit TemnepaTypsl IIpu 00 C ckopocTs 3Byxa
B BO3XyXe coctasisieT 332 M/c.

T'poMKOCTb 3ByKa 3aBUCUT OT UHMEHCUSHOCTMU 3BYKOBOH BOJIHBI, T.€. OT
cpelHell SHepruM, IEePEHOCHMMONM BOJIHOM 3a eJMHMIly BpeMeHM dYepes
eIMHUILY ILIOINAIM IOBEPXHOCTH, NEPIEeHIMKYJIAPHON# K HalpaBJIEHUIO
pacrpocTpaHeHUs BOJHbL VIHTEHCMBHOCTL 3BYKOBOI BOJIHEL [IPOMOPLMO-
HaJlbHa KBaJpaTy aMIUIMTYZLbI KoJleGaHMit DaBlNeHuUA BOBAYXa M MU3Me-
paerca B Br/m?2 Haubonbiieii 4yBCTBUTENLHOCTHIO YeJIOBEYECKOE YXO
obnanaer k 3BykaMm c yactoramu oT 700 ngo 6000 I'nm. B srom auanazsone
yx0 cnocoBHO BOCTIPMHMMATE 3BYKM € MHTEHCMBHOCTBIO okoso 10712
Br/m? (nmopor cabmmmocty). Hanbosbliasa MHTEHCHBHOCTD, IPU KOTOPOI
BOCIIpMATHE 3BYKa He BbI3blBaeT O0JIEBBIX OLUYILleHMii, HasbIBaeTca 6o-
JeBbIM noporoM. BoJjieBoit mopor 3aBMCHT OT YacCTOTHI 3BYKOBBIX KoOJe-
Gammit v ipu v =1 Krig cocraBnser okono 1 Br/mZ

BplcoTa 3ByKa omnpejiesisieTcA 4acToToif kKonebanwmit. Ilpu sTom Huskme
3BYKM COOTBETCTBYIOT KOJIeOaHMAM BO3JAYyXa Ha HMBKMX JacTOTax, a BbI-
cokme - KosebaHMAM Ha BBICOKMX HacCTOTax.

YkazaEua mo pelIeHMIO 3aAad

Saja4y JaHHOro paszesa B OCHOBHOM JEJIATCA Ha JiBe IPynnsl B ofHOj
u3 Hux TpebyeTcs olpeXesUTh MEPMON MIIM YaCTOTY KoJebaHUIl KaKou
Jmnbo cucremsl InA 3TOM Lenu ClenyeT COCTABUTh ypaBHEHME ABMIKE-
HUA CUCTeMb! BOJMM3M MOJOMEHUA PAaBHOBECUSA, JIOCJHE YEro CBECTH €ro K
Buny (1.6.5). Torga MHOXWUTeNb, CTOALIMI Ilepef, KoOpAMHaTOM, Oyzer
TipezicTaBJATE co0o0il KBaJgpaT 4acTOThl CBOOOZHBIX KoJebaHuil. B HEeKo-
TOPBIX CJy4YasAX B ypaBHeHMM KoJjebGaHuit BO3HMKalOT MOCTOSHHbIE CJa-
raemple (Hanpumep, AJA rpys3a, NOABELIEHHOTO Ha INPYKUHE U COBEP-
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IIAIOIIEro ABMMKEHMA BIOJIb BePTUKalNIbHON npamost). Hasmume Taxmx
YJIEHOB B YPaBHEHMM He BJUAET Ha HaCTOTY CBOGOJHBIX KoebaHmii.

Bropas rpynna sajady CBA3aHa C ONPeJeJIeHMEM aMILUIMTYZbl Kojeba-
Hyot. st Takmx 3a/adq yROGHBIM OKa3bIBAETCA MCIOJH30BaHME 3aKOHA
COXpaHEeHM IIOJIHOM MeXaHWYEeCKOo# 3Hepruyu B KoJebaTesbHONM cuCTeMe.
IJTOMYy 3aKOHY CJeAyeT NmpuiaTh ¢opMy, CBA3BIBAIOIUYI0 aMILIHTYAHbIE
M TeKylLMe 3HAYEHMA CMeLIeHus b0 CKOpocTH KoJeGJIIoIeroca Tena.

3apaum no reme “Mexaaudyeckue Koaefauua M BOJTHEI"

1.6.1. FopusoHTambHAsE HOCKA COBeplllaeT rapMoHWYecKMe KojebaHuA B
FOPM30HTAJLHOM HarpanJyieEuu c rnepuogom I = 2 c. IIpu kakoi amnim-
Tyne Koyebauuit 4 jerkalllee Ha Hell TeJjio HayHeT CKoJb3uTh? Koad-
buyent Tpenua p = 0,2, yckopeHue cBoGojHOro majeHmMa g =

10 m/c?.

1.6.2. Ilnnuuap Maccolt m ¢ MIOUIRZbI0 OCHOBAHMA S NNaBaeT B JKUAKO-
©TH IUIOTHOCTBIO p . Ero norpysusu ewme Hemuoro u ornyctuyn. Onpe-

ZenUTb Nepyuof 1° MaJIbIX BEPTHUKAJbHBIX Kojebauuit mmusyuapa. Conpo-
TUBJICHMEM JKUIKOCTH NpeHeOpeub. YCKopeHne cBoGOHOTO MajeHnd g.

1.6.3. Onpenesmnuts nepuon T BepTHMKAJLHBIX KoJjiebaHMI rpys3a Maccoit
m, NOJBEIIeHHOr0 K ABYM IOCJEeNOBATEJILHO COeAMHEHHBIM MpPYXKMUHAM
JKeCTOKOoCTAMMU K1 U Ka.

1.6.4. 3uana nepuop kojebanuii MaATHMKa Ha ypoBHe mopsa To = 1 c,
HaliTi nepuop KoseGaHuit oToro MaATHMKa 71 Ha BbIcoTe A = 6,4 kXM Hazg
yposHeM Mopa. Paguyc Semmm R = 6400 km.

1.6.5. MaTemMaTH4ecknii MasTHUK, NIPEACTABJIAIOIMI coboll IuapuK Mac-
Coit m, NOABEUIEHHBI# HA HUTH ANUHOI /, MOMEINeH B BJIEKTPUUYEcKoe
TroJie IUIOCKOro KOHAEHCATOpa, 3apsAskeHHoro no Hamnpsikenusa U. Pac-
CTosIHME MeXZAy oOxNajkaMu KoHAeHcatopa d. Onpepesmts nepuon T
KonebaHmit MaATHMKA, €CHM IUIACTHMHBI KOHAEHCATOPa pPAaCIIOJIOMKEHBI
TOPMU3OHTANBHO. 3apAfk WapMKa NOJOXKHUTENEH M paBeH ¢. YCKOpeHme
cBoOOHOrO NajileHuA g.

1.6.6. Temno maccoit M = 10 kr, HacasKeHHOE HA IJIAJIKUI TOPUICHTAIbL-



3adayu 91

HbI/I cTepiKeHb, CBA3aHO MPYKMHON C HENOJBMKHOM cTeHKoi. B ato
TeJIo NIonaZlaeT U 3aCTpeBaeT B HEM IyJiA Maccoit m =

10 r, eTsINAA TOPUBOHTANBHO CO CKOPOCThIO V' = 500 m&_l_om
M/c, HampaBJIeHHO! BJONbL cTepakHA. Teslo BMmecTe ¢

3acTpsiBIIelf B HeM IIyJieit HauMHaeT KoJebaTbCA C aMIUMTYZOM A =
10 cm. Haittu nepuon T xosnebaHuii Tesa.

1.6.7. I'pysuk, HajeThblil Ha IJIAJKYI0 TOPUBOHTAJbHYIO CIMILY, [IPUKpEIl-
JIeH K KOHIaM JBYX HEBECOMBIX NPYKUH.

Bropele KOHUBI NPYKMH BaJesaHbl B me
HEMIOABUIKHBIE CTEHKM TaK, 4YTO B IIOJIOKEHMM PaBHOBeCUSA TIPY3MKa
IpyKMUHBI He NecopmupoBanbsl. KakxoB nepyuoz T roseGauuii rpysuxa,
ecyIM M3BECTHO, YTO IIPY IMOOYEePeHOM NOABELIMBAHUN TPY3UKa K KaK-

JIoff M3 NpPYXKMH 10 OTHENBHOCTM UX yIANMHEHMA COCTAaBUIM A1 = 4 cM u
h2 = 6 cm? YcropeHune cBOGORHOTO NaeHUA NPUHATE g = 10 m/c?.

1.6.8. Tesno maccoit m = 1 kr, Haca’KeHHOe Ha IVIAJKMI TOPM3OHTAJIbHbIN
CTepXeHb, coBepuiaeT cBODOJIHBIE TapMOHMYECKME KO- m
nebaHuA NoA nAelCcTBRMEM NpyKuuHbl. Kakosa ronaHas W@_
MexXaHM4decKas dHeprusa Kojebanmii E, ecan aMmantyla Konebaumit 4 =

It

0,2 M, a MakCMMaJIbHOE YCKOpeHMe TeJsla B mpouecce KoJieOaHMA dmax
3 m/c??

1.6.9. Teqo maccoit m = 0,1 Kr, Haca)KeHHOe Ha IJIaJKMil FOPUIOHTAJb-
HBIIl CTepXKeHb, CBA3AHO IPYKMHON »KecTKoCcThio K = 10 H/M ¢ Henon-
BUKHOJ cTeHKoi. Tello CMeINaloT OT MOJIOMKEHMS pPaBHOBeCUA Ha pac-
croaHne xo = 10 cM u oTnyckaloT 6e3 Ha4dajbHOM cropoctu. Haittu
CPe[HIOI0 CKOpPOCTh Tesa Vep 3a BpeMs, B TedeHMe KOTOPOIG OHO MPOXO-
JWT M3 KpaliHero IOJIOKEeHNA NyThb Xo/ 2.

1.6.10. I'mps maccoit m = 1 Kr, MoABeLlleHHaA Ha NPYIXKMHE, COBepIUaeT
BepTUKaNbHble rapMoHndeckue Kosiebanua c ammumuryaon 4 = 0,2 m u
nepuogom T = 2 c. OnpenenuTs CuJly HaTsPKeHUA NpPYsuHbl F B Mo-
MEHT, KOTJa2 TUpPH JAOCTUraeT HMYKHell Toukyu. Yckopesnme cpobBopmHoro
nagesma g = 9,8 m/c%
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2. Moaekyasapuasd (pM3MKa M TEPMOAMHAMUKA

2.1. Ocno8bt MONEKYAADPHO-KUHEMULECKOU MEOPUU

Bonpocsl nporpammsl

¢ OcHO8HbBIE NOAOHEHUR MOACKYAAPHO-KUHEMUUECKOU MeopuUU U uUx
onwumuoe obocrnosanue. Bpoynoacxoe OsuscenHue. Macca u pasmep
moaexya. Moav sewjecmea. IHocmoannas Asozadpo. Xapaxmep 06u-
HCEHUR MONCKYA 8 2A3AT, HUOKOCTAX U MEePIbLT MeAax.

e Tenaosoe pasnosecue. Temmepamypa u ee Gusuneckuil cmbica.
HIxana memnepamyp Leavcus.

o Jleanrvnniti za3. OcHO8HOE YpPasHEHUE MOACKYAAPHO-KUHEMUUECKOU
meopuu udeanrvbrozo 2a3a. Cpednas KuHemuuecKas sHepeus MoAeKYAs
u memnepamypa. ITocmosannas Boavymana. Abcoaromnas memmne-
PAMYPHAL WKAAA.

o Ypasnenue Kaaneilipona-Mendeneeea (ypasnenHue cocmoarusn ude-
aAbHOZO 2a3a). YHUBepCarbHAR 2a306a5 nocmosHHar. Mdomepmuye-
crutl, u306apHbLil U UOTOPHBLL NPOYECChl.

Onpenenenuﬂ, NOHATHUA M 3aKOHBI

MonexynsapHas GpU3MKa - 3T0 pasfes PUIUKY, UBYUaIOLMil CTPOEHNe U
CBOJICTBa BEIIECTBA B Pa3JMYHBIX arperaTHLIX COCTOAHMAX, UCXOAA U3
MOJIEKY IAPBO-KMHETUHECKIX NPEeLCTaBICHMI.

OcHo8NHBIE NOAOHEHUR MOACKYAAPHO-KUHEMULLCKOL TMeoPUU U UL
onsimnoe ob6ocHosanue. OCHOBHBIE NOAOHEHUA  MOACKYAAPHO-
KUHeMu4eckol mMmeoPuU COCTOAT B CIELYIOIEM:

1) uob6oe BeHIECTBO COCTOMT M3 MOJIEKYJN - HAMMEHBIIMX YyC-
TOMYMBBLIX YaCTHUI[ AaHHOro BellleCTBa, oOJaZalomUX BCEM¥U
€ro XMMMYeCKMMHU CBOICTBAMMU,

2) BC€ MOJIEKYJIbI HAXONATCHA B COCTOAHMM HENPEPLIBHOIO Xao-
TUYECKOro ABMXKEHMA, XapaKTep KOTOPOro 3aBMCHUT OT arpe-
raTHOI'0 COCTOAHMA BellleCTBa,
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3) Mexny MoJeKyJaMM JeHCTBYIOT CUJIBLI NPUTMEHMA U OT-
TaJIKMBAHUSA.

MHOKeCTBO IPAMBIX M KOCBEHHBIX JOKa3aTeJbCTB PeaJIbHOCTU MOJIEKY.JI
[MO3BOJIAIOT CUMTATh MOJIEKYJIAPHO-KYHETIHeCKMe IIPeACTaBJIEHUA O
cTpoeHuMn BeluecTBa abcomoTHO AgocToBepHBbIMU. OCHOBHbBIE MOJIOMKEHUS
MOJIEKYJIAPHO-KMHETUYECKO! Teopuy IONTBEPMKAAIOTCA MHOrOYMCIeH-
HBIMM OIBITaMM C MCIIONB30BaHMEM LOCTMIKEHMIA COBPEMEHHOM JKcIe-
pMMeHTaJbHOM TeXHuky. C IOMOIILI0 MOHHOTO MPOEKTOpa I[10JIy4YaloT
n306pasKeHns - KpPUCTAJJIOB, TI0 KOTOPBLIM MOJKHO IIPeJICTaBUTh UX CTpPOE-
HUe, OJIEKTPOHHbIE MMKPOCKOIbI II03BOJMJIM IONY4YUTh M300parkeHns
KPMCTAJJIOB, MO KOTOPBLIM OKa3aJjioch BO3MOMKHBLIM OIpelesleHue pac-
CTOAHMUIA MeMXAY OTHENbHBIMM aToMaMM M MmoJjekyJamyu. Oauum U3 Ba-
HEMIIMX IIPAMBIX JIOKA3aTEeJIbCTB CIpPaBeJJIMBOCTM  MOJIEKYJIAPHO-
KMHETUYECKO! TeOpUM Ta3oB ABJIAIOTCA UBMEPEHMA 3IHAYEHUI CKOpo-
CTeif MOJIeKYJl ra30B M CpaBHeHMe 3TUX pe3yJIbTATOB CO 3HAYEHUAMH,
MIOJIyYEeHHBIMY Ha OCHOBaHMM TEOPUM.

Bpoynoecxoe deuixcenue. Bosbilioe 3HayeHUe B ODOCHOBAHMM MOJIEKY-
JIAPHO-KMHETHYECKOl TeopMM MMeJI0O B CBOe BpPeMs OTKPBITME aHIJIMA-
ckoro 6oranuka P. BpoyHa. B 1827 roay on o6Hapysxun SecrniopanodHoe
OBMIKEHMEe BUIMMDBIX B MMKPOCKOIl YaCTHI[ LBETOYHOM INBLIbUbI, B3Be-
LIEHHBIX B Bojle (Ha3BaHHOE BIIOCJEACTBUM OGPOYHOBCKUM OBUNCEHUEM).
HaGmonaeMble yacTuilpl pa3dMepoM IPMMEPHO B 1 MKM COBEpLUAJIM He-
yIopano4YeHHble ABUMKEHUA, OMMChIBas CJIOXKHbIe 3uraaroobpasuble Tpa-
exTopuy. MHoroumcjeHHble 3KCIIEPMMEHTHI, NpoBeJieHHble pPaHIys3-
ckuMm ydenpIMm K. IleppenoM, II03BOJMIIM yCTAHOBUTL OCHOBHLIE 3aKO-
HOMEepPHOCTH OGpPOYHOBCKOro ABMIKEHMS €ro MHTEHCMBHOCTb He 3aBUCHT
OT BpeMeHM, HO BO3pacTaeT C POCTOM TeMIIepPaTyphb!l cpelibl, YMeHbIIIe-
HUEM ee BASKOCTHM M pa3MepoB YacCTHIL

O6bacHuTE GPOYHOBCKOE ABUMKEHUE ¥ €ro 3aKOHOMEPHOCTM CMOTJa
JMIIB MOJIEKYJIADHO-KMHeTHYecKasa Teopus. IlpwumHOil GpoyHOBCKOIO
ABVIKEHMA FBJIAETCH TEIUIOBOE IBMXKEHME MOJIEKYJI Cpefbl M OTCYTCT-
Byi€ TOYHOI KOMIIEHCAllMy yHapoB, MCIIBITHIBAEMBIX YacTHUIEH CO CTOpO-
Hbl OKPY’KaIOLIMX €€ MoJleKyJ. VIMInyJsbc OofHOM MOJEKYJIbl CIMIIKOM
MaJl, 4Tobbl pesyJIbTAT ee CTOJIKHOBEHMs C OpOYHOBCKON dacTuieit
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MO2KHO 6bLTO0 yBHUAeTh Noxi MukpockoroM. Ho ecan ¢ dacTuueit crajaku-
BaeTcs cpasy GoJibllioe 4YMCIIO MOJIeKYJ, CAy4HalHO ABMMKYIIMXCA B Of-
HOM HalpaBJIeHUH, TO OHM MOTYT BBI3BATL €e 3aMeTHoe cMelleHyue. Jem
MeHbIlle pa3Mephbl M Macca YaCTHHBI, TeM 6osiee 3aMETHBIMM CTaHOBATCA
M3MEeHEeHUS ee UMITYJIbCa BO BPEMEHM.

KonmyecTBeHHasi Teopusa GPOYHOBCKoro ABuskeHus 6blia paspaborana
A. OnumreitioMm M M. Cmoayxosckum B 1906 roxy. Ona mnosHoCTBIO
0ob'bACHUIIA BCE 3aKOHOMEPHOCTH JTOr0 ABJIEHUA.

Macca u pasmep moaexya. CoBpeMeHHble NpuOOPB! MO3BOJAIOT pac-
CMaTpUBaTh OTJEJIbHbIE aTOMbI Ha TIOBEPXHOCTAX TeJsl ¥ M3MEpATb MX
pasmepsl. Tak, Hanpumep, AMaMeTp aToMa Yriepoa, M3MepeHHBIR ¢

MOMOUIBI0 TYHHEJILHOTO MMKPOCKOIA, OKasaJCsa pPaBHBIM 1,4-10% cm.

Takoit 2Ke MOPAAOK MMEIOT pa3Mepsl APYTMX aTOMOB ¥ GOJbIIMHCTBa
MoJieKyJ. B wacTHOCTHM, pasMep MOJIEKyJbl BOJOPOAA COCTaBJIAET

2310 cm

3Hasi pasMep MOJIEKYJibl KaKOro-mbo BelilecTBa, MOMKHO OLEHUTH ee
maccy. Hanpumep, HAuaMeTp MOJIEKYJb! BOABI TIPUMEPHO paBeH
3.10® cm. Cumras, 4TO MOJIEKYJbI B BoJe yNaKOBaHb! ILJIOTHO, T.e. TIpe-
nebperas MeXMOJIEKYJIAPHBIMM IIPOMEKYTKaMM, JIETKO IIOJYYMThL JJIst
Macchbl OHOM Monexynt;x H,0 crenymomyio oueHky: Myu,0 ~2710% 1.

Maccs! Takoro xe rnopAxKa MMeEIT MOJICKYJbI OPYTUX BeLleCcTB (33 nc-
KJIIOYEHUEM OTPOMHBIX MOJIEKYJ CJIOKHBLIX OpPraHUMYeCKUMX COEIMHEHUM,
comepxKalmnx ThICAYUU aTOMOB). Hawubosee To4HO Macchl aTOMOB M MoJie-
KYJI USBMEePAITCA ¢ IIOMOIIRIO COBPEMEHHBIX MaCC-CIIEKTPOMETPOB.

Tax xax MacChl MOJIEKYJl O4€Hb MaJbl, yA00HO MCNOJIb30BaTh Ha NpakK-
TUKe He abcoJIoTHBIE 3Ha4eHUA Macc, a OTHocuTeJsbHble. OrHOCKHTENH-
HOSl MOJIEKYJISIDHOM (MJIM aTOMHOI) MacColl BElECTBa HA3bIBAIOT OTHO-

LIeHHe Macchbl MOJEKYJIbl (MJ¥ aTOMa) JaHHOTO BELIECTBA K % 5 Macchl
aToMa yrJiepoga.

Moav sewyjecmea. ITocmoannas Aeozadpo. KonmyecTBo BemecTBa Vv

MNPONOPLIMOHAJIBHO YUCIIY CTPYKTYPHBIX eOMHNIY (a’I‘OMOB nim MOJIEKYJI),
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M3 KOTOPBIX OHO COCTOMUT. IIOCKOJIBKY YMCIIO TAKMX €IMHMII B MaKpPOCKO-
MMYEeCKNX TeJlaX OTPOMHO, IPMHATO MCIOJIb30BaTh B pacdyerax He abco-
JIIOTHOE MX 4YMcJio, a oTHocuTesbHoe. B cucreme CH xosmuecTBO Bellle-
CTBa BBIPAKalOT B MOAAX.

OznmH MOJIb - 3TO KOJIMYECTBO BEHIECTBA, B KOTOPOM COJEPIKUTCH CTOJb-
KO ’Ke CTPYKTYDHBIX eIyHMI] (MOJIEKYJ MJIM aTOMOB), CKOJBKO aTOMOB
COmepPIKUTCA B yriepoge maccoit 12 r.

B 1 momne moforo BelllecTBa COHEPIKUTCH OLHO M TO K€ YMCJO CTPYK-
TYPHBIX eIMHMI], U3 KOTOPBIX OHO COCTOMT. 3TO YMCJIO Ha3BbIBAIOT MO-
CMOAHHOU Asozadpo Na. ITocToannasn Asorazpo paBHa

N, =6,022:10” momp™L.

MousnstpHO#T Maccoilt M HasplBaeTCA BeJIMYMHA, paBHasd OTHOIIEHMIO Mac-
CBI BElLIeCTBa M K KOJMYECTBY BELUECTBA V :

M=" (2.1.1)

VMHpIMM clioBaMM, MOJIApHas Macca - 9TO Macca BellleCTBa, B3ATOIO B
koJyuyecTBe omHoro Mojs OHa M3aMepseTca B rpaMMaX Ha MOJb M 4MC-
JIEHHO PaBHa OTHOCHTEJILHOH# MOJIEKYJIIpHOM (MJIM aTOMHOJ) Macce Be-
HIecTBa.

Xapaxmep menaogozo 0suiceHuUs Moasexya 2a3ax, scudxocmar u
meepdvixr meaax. XapakTep TEIJIOBOTO JABIPKEHUA B BellleCTBe 3aBU-
CUT OT €ro arperaTHoro cocroAaHuA. MoJjiexyJbl (aTOMEI) 8 meepdom me-
/e coBeplIaloT GecrnopsazoYHble KonebaHMs OTHOCUTENBHO MOJIOIKEHMIA, B
KOTOPBIX CHJIbI NPUTSAMKEHUS M OTTAJIKMBAHMS CO CTOPOHBI COCENHMX
MoJieKyJl (aTOMOB) ypaBHOBellleHbl. B x#udxocmu MOJIEKYJIbl HEe TOJBKO
KoJIeGJIIOTCA OKOJIO TIOJIOKEHUA PaBHOBECHA, HO M COBEPIUANOT IEPecKo-
KM 13 OIHOTO TOJIOXKEHMUsI PAaBHOBeCMA B cocefHee. 3T MEePECKOKU AB-
JIAIOTCA NPUYMHON TEKY4eCTH XMIKOCTM, ee CIHOCOOHOCTM MPMHUMATH
topmy cocyna. B zazax paccTOsiHUA MeXIy MOJIEKYJaMU B CpenHeM
3HauMTeNdbHO OoJbille pasMepoB MoJeKyJ. CHJibl OTTAJIKMBaHMA Ha
BonbImMx paccTOAHMAX MaJibl, TIOSTOMY a3kl JIETKO CXKUMaloTcA. IIpak-
THUYECKH OTCYTCTBYIOT MeXAY MOJIEKyJlaMM Ta3a M CUJbl NIPUTSAXKEHUA,
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ITIO3TOMY raabl 06.718.).]3.10'1‘ CBOMCTBOM HEOrpaHU4YeHHO pacClIupPATHCH.

Tenaosoe pasnosecue. Ha ocHOBaHMM MHOTOYMCJIEHHBIX 3KCIIEPUMEH-
TOB YCTaHOBJIEHO O4Y€Hb BAajKHOe CBOJMCTBO TEIJIOBBIX SABJIEHUI: TeJO
UM cucTeMa TeJ NMPM HeM3MeHHBLIX BHEIIHNX YCJIOBMAX CaMOIIPOU3-
BOJILHO NI€PeXOoAnT B COCTOSHME TEILJIOBOTO paBHOBecus. Tenaosvim, uau
mepmodunamureckum pasrHogecuesm HA3LIBAIOT TaKOe COCTOAHME, HpU
KOTOPOM BC€ MAaKpOCKOIMYecKMe IapaMeTpPhl CUCTEMBI CKOJb YTOOHO
ZIOJITO OCTAIOTCSA MOCTOSIHHBIMM. DTO O3HAYAET, YTO He MEHAITCH 00beM
M HaBJieHMe, He IPOUCXOIOUT TeIlNooOMeH (Ilepeladva DHEPIUM) MENAY
YaCTSAMM CUCTEMBl, OTCYTCTBYIOT B3aMMHBIE IIpEBpAllieHMs ra30B, KU~
KocTel1, TBepAbIXx Tea M TJA Ho MuKpockonmmueckue npoLecchbl
(ABMIKEHME MOJIEKYJl, MX CTOJKHOBeHUHA, OOMEH CKOPOCTAMM) B CHUCTEME
He NpeKpalaloTcA ¥ IIPY TENJIOBOM DPaBHOBECUM

Temnepamypa u ee Pusuvecxuil cmvica. Pusudeckuit napamerp,
OIMHAKOBBII BO BCEX YACTAX CMCTEMBI TeJl, HAXOUALMXCA B COCTOSHUM
TENJIOBOrO paBHOBecHs, HasbiBaeTcs Mmemnepamypol. Ecau npm koH-
TaKTe ABYX TeJ HUKaKue MX puslidecKkue NapaMeTphsl He MBMeHAKTCH,
TO MEXKAY TellaMM HET TeIlIoo0MeHa M TeMIepaTypa TeJl OIyMHAKOoBa.

Criocobpl M3MepeHusl TeMInepaTyphbl OCHOBBIBAIOTCHA Ha CJeAYIOLIEM yT-
BEPIKIEHMM, KOTOpoe fABJsAeTcs 0600HIeHMEM MHOIOYMCIEHHBIX HKCIie-
pUMeEHTaJbHBIX JaHHBIX: Ecau meao A naxodumcsa 8 menaosom pagHo-
gecuu ¢ meaom C, a meao B modxce narxodumca 8 menaosom pasHose-
cuu ¢ meaom C, mo meaa A u B maxice naxrodamcsa 8 COCMOAHUU
MeNA08020 PABHOBECUA. ITO JaeT BO3MOIKHOCTH CPaBHMBATH COCTOSHMA
TEIJIOBOTO PaBHOBECHS TeJl, He NPUBOAA MX B HENOCPEACTBEHHBI KOH-
TAKT.

HIxara memnepamyp Leavcusn. 1A uamepenus teMnepaTypbl MOXK-
HO BOCNOJIB30BAaTbCA 3aBUCHMMOCTAMM JII0OOM MaKpOCKONMYECKOH Besm-
YMHBI OT TeMIEPaTyphl, & MMeHHO, obbeMa, HaBJIEHUS, BIEeKTPUUECKOIO
corpoTuBJenusi ¥ T.i Ha NpakTuKe dHallle BCETO MCHOJBL3YIOT 3aBUCU-
MocTb oOBeMa KupkocTy (PTYTHM MJIM cImpTa) or Temnepatypsl Ilo
wxare Leavcus 3a Hauajyio orcyera (0) NPUMHUMAIOT TeMIepaTypy Talo-
IIero JbJa; BTOPOV NOCTOAHHON To4koli (100) cuuraroT TeMmeparypy
KMIIEHMA BOABI IIPM HOPMAaJLHOM aTMoccdepHoM nasieHuy. Lllkany me-
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sy Toukamy 0 u 100 genar na 100 paBHBIX yacTell, Ha3bIBAEMBIX rpa-
nycamu (1° C). IlepemelnieHue cronbura >KMAKOCTHM Ha OAHO JeJIeHME
COOTBETCTBYET MBMEHEHMIO TeMIlepaTyps! Ha 1° C.

Hoeanvnvii za3. [Ina obbACHEHUA CBOMCTB BellleCTBA B ra3006pa3HOM
COCTOSIHMM MCIIONB3YeTCA MOAelb uleanvbHoz0 2a3a. B aToit Mozesnn
IIpeAnoJaraeTcs, YTO MOJEKYJbI 00afaoT npeHebpeKumMo MaibiM 00b-
€MOM I10 CPaBHEHMIO C 06'beMOM COCYZa, MEHILY MOJIEKYJaMu He HAeiicT-
BYIOT CMJIBI LIPUTAMKEHNA, IIPU COYRAPEHUAX MOJIEKYJ APYr ¢ APYIOM U
CO CTEHKaMM COCyza NeiCTBYIOT CHJIBI OTTAJIKMBAHMIA

Ocnosnoe ypasHenue MOACKYALPHO-KUHEMUYECKOU meopuu ude-
aavHozo 2a3a. OpHMM u3 caMBbIX Ba’KHBIX YCIIEXOB MOJIEKYJIAPHO-
KMHETUYIECKO TeopuM ABUJIOCH KOJUYECTBeHHoe ob'bACHEeHUEe HaBJIEHMS
rasa Ha creHKM cocyza. OcHoéHoe YypasHeHue MOACKYAAPHO-
KUHemuueckol meopuu udearbHozo 2a3a OBLIO BEIBEIEHO B IIPeIIoNo-
JKEeHMM, YTO MOJIEKYJIbl rada IIPM CTOJIKHOBEHMSX CO CTeHKaMM cocyza
B3aMMOJAEHCTBYIOT C HMMM JIO SaKOHAM MeXaHMKM KaK yIOpyrue Teja.
CornacHO 3TOMY YpPaBHEHUIO,

p=—]3—nmo; , (2.1.2)

rfie p — JaBJIeHMe rasa, /1 — KOHLIEHTPaLys MOJIEKYJ (YMCJI0 MOJIEKYJI
B enuuuie obbeMa), m, — Macca MOJIEKYJIBI, v - cpenHee 3Ha4YeHUe

KBagpaTa ckopoctu Mojsiekysn OGosHaums depes E cpepgmiow kuneTn-

YeCKYI0 3HEPTHio ﬂOéTyHaTeﬂbHOTO ABMIXKEHUA MOJIEKYJI rada

2
E="Y (2.1.3)
2
ypashenme (2.1.2) moxHO 3anmyucaTh B 9KBUBAJIEHTHO/ hopMe
2 —
ngnE . (2.1.4)

Cpednaa xunemuuecxas snepzun moaexys u memnepamypa. Oc-
HOBHOe YpaBHEHNME MOJIEKYJIAPHO-KMHETHYUECKON TEOPUN WHAEaJIbHOTO
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rasza ycraHaBJMBAaeT CBA3b MaKpOCKONMYECKOro IlapaMeTpa - JaBJIeHUsA
- C MHMKPOCKOIMYECKMMM NapaMeTpaMy rasa - cpefHell KUMHETUYeCKo
SHepryueil u KoOHUEHTpauMelt MosexkyJs. Ho, M3MepuB TONbKO IaBJeHMue
rasa, Mbl He MOXKEM B OTHEJIbHOCTM Y3HaTh HM cpe/iHee 3Ha4YeHUe KUHe-
THHYECKO 3HEeprMM MOJIEKYJI, HM MX KOHIeHTpauMio. A HaXOoXOeHUA
MMKPOCKONMYECKMX TIapaMeTPOB Ta3a HYKHbl M3MEpeHus elle ONHONI
¢uanyeckoil BEMMUYMHBI, KaK-TO CBASAHHOM CO CpefHell KUHETUYECKO!
JHepruelt MoneKyJ. Takoit BeIMUMHON ABRJISETCA TeMliepaTypa.

JIns ycTaHOBJIEHMSA DTOM CBA3M MCIIOJB3yeTCH M3BECTHBI M3 9KCIIEpH-
MeHTOB (paKT, 4TO IJIs DOJIBIIMHCTBA pa3perKeHHBIX ras0B, HAXOMALMX-~
€A B COCTOAHMM TEIUIOBOTO PaBHOBeCHA, OTHOLIEHNe NpOoM3Be/leHns JaB-
JIEHUA ra3a Ha ero 00beM K UMCIly MOJIEKYJl SABJISETCH OJMHaKOBBIM:

av _pV, _pl -9, (2.1.5)
N N, N,y

STOT ONBITHBIA (PaKT NO3BOJIAET TPUHATL BeJNM4YMHy 6O B KadecTBe

N
ecTeCcTBeHHOl Meph! TeMIlepaTypbl Tak kak n= 7 TO ¢ y4ueroM (2.1.4)
TOJIyYUM

%?:%E:e. (2.1.6)

CrenoBaTeNlbHO, CpefHAA KMHeTHMYecKad DHEPIMA MOJIeKyJ JoOpIx ra-
30B, HaXOJAIIMXCA B TENJIOBOM PaBHOBECMM, OMHakoBa. Besmduna 0
paBHa [BYM TpeTsIM cpejlHeil KMHeTHMYecKoi 3HePruy TEeIJIOBOro IBU-
JKeHMA MOJIEKYJI ra3a M BhlpadxaeTca B Jxcoyaax. B cdhusuke Temnepa-
TYpy BBIpa’xaloT B 2padycax, NIpUHMMAs, YTO TeMIlepaTtypa 1 u BeJm-
ypuHa O CBA3AHBI ypaBHeHNEM

0=kT , (2.1.7)

rae k - koadpMIMEHT MNPONOPUMOHAJNBHOCTY, 3aBUCHIIMII OT BbIGOpa
eIMHMLBI TeMIlepaTypbl. OKOHYATEJILHO NOJIyJaeM
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EK: kT . (2.1.8)

N
Afcoaromuas memnepamypHaes wxaaa. Hocmoannas Boavymana.
IlocnegHee ypaBHeHMe IIOKa3bIBa€T, HTO MMeeTCA BO3MOXKHOCTB BbI-
OpaTe TeMIepaTypHYIO WIKaJly, He 3aBUCALILYIO OT NPUPOABI ras3a, MUC-
noJib3yeMoro B KadecTBe pabouero Tesia. Takas IKaJia Ha3bIBaeTCH
abcomomnoli memnepamyprol wkxaaoti, uiu mkasoit Kempeusa. Egu-
HMLAa TeMIepaTypbl IO0 abCOJIIOTHON IIKaJie, Ha3blBaeMas KEALEUHOM
(K), BpibpaHa paBHOI opHOMY rpaxycy no mxaJse enscusa: 1K=1° C.

IIpu TaxoMm Bbifope eIMHMIBI TeMIepaTyphbl KOd(dMUIMEHT kK B ypaBHe-

mn (2.1.8) npurnMaer sHavenne k =1,38-107 Jx/K. O HasbiBaeTCH

nocmoannoi Boavymana. Iocroaanyo BosbiimaHa MOXHO paccMaTpu-
BaTb KaK BeJIMUMHY, CBASBIBAIOILYIO TEMIIEpaTypy, BbIpaskaeMylO B
SHEpPreTUYeCcKnX eIMHMUIIAX, C TEMIIEpaTypoli, BEIPAXKEHHO B rpafycax.

AbGcomoTHag TeMneparypa 7 cBf3aHA C TeMIEPATYPOil ! 0O IUKaje
Ifeabcua cOOTHOLUEHMEM

T=1:+273 C. (2.1.9)

W3 ypasrenwuit (2.1.6) n (2.1.8) cienyet, uro

= 3
E==kT. (2.1.10)
2
Cpennas KuHeTHMUeCKasd OHEPIMA XAOTUUECKOTO [ABVIKEHMS MOJEKYJI
rasa IPOIOPIMOHaJNbHa abCoJIFOTHOM TeMmmeparype. W3 ypaBHeHwmii
(2.1.4) n (2.1.10) MOKHO NONYYHUTB, YTO

p=nkT . (2.1.11)

IIpu onMHAKOBLIX 3HAYCHUAX TEMOEPATYPHI U KOHUECHTPALMYU MOJICKYJI
JapJieHue JIOBEIX rasos oauHakoso. OTCl0fa cienyeT 3akon Agozadpo: B
paBHBIX Oo0’b€Max ra3oB IPM OJMHAKOBBIX TEMIIEPATYpPax M AaBJIEHUAX
COZlepIKNTCA OAMHAKOBOE YKUCJIO MOJIEKYJL

Ucnonpaysa ypaprenusa (2.1.3) u (2.1.10), HaiimeM cpeguuii KBafpaT CKO-
PocTy NoCTynaTesbHOIO ABUKEHUA MOJEKYJI:
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— 3kT
v =—,
my,

(2.1.12)

KpBazpaTublif KOpeHb M3 3TOIf BeJMYMHBLI Ha3blBaeTcs cpedHneu keadpa-
MULHOU CKOPOCMBIO:

= \/— 3kT (2.1.13)

Ypasnenue Kaaneiipona-Mendeneesa (ypasnenue cocmosnun ude-
anvnoz0 zaza). Ynusepcarvnas 2a3oéas nocmoannan. Kaxpaa pu-
3UYeCKM ORHOPOJHAsI cUCTEeMa, COCTOAllas U3 BoNBbINOro 4ymcija YacTHIY
(ras, »KUAKOCTb UM TBEPOe TeJO) U HAXOAALIAsACA B COCTOSAHMM TEILIo-
BOrO pPaBHOBECKS, XapaKTepHU3yeTcsd CBOMM YpasHeHUem COCTNOAHUA, T.e.
ypaBHEHMEM, CBASBIBAIOIIMM AaBienne, obbeM u abCoNOTHYIO TeMIlepa-

typy: f(pV,T)=0 . Haubojee mpocTo BHINMIAOUT ypaBHEHHE COCTOA-

HUSI MAEaJILHOro ra3a, XOpOIUQ M3BECTHb! passM4Hble NPUOIMIKeHHble
ypaBHeHNs, ONMCHIBAIOIIME COCTOSAHNE peasibHBIX ra3oB. B To »xe BpeMs,
IJISL JKMAKOCTEN M3-3a MX CJIOKHOI'O CTPOEHMS HO CMX HOp He YJaJjioch
MOJIyYMUTH OOLIEro ypaBHeHMs cocTosHuA. HeT yHMBepcaJIbHOTO ypaBHe-
HMA COCTOAHUA M JJIA TBEPIBIX TeJl

YpaBHeHMe, yCcTaHaBJMBalolllee CBA3b MEXIY HaBJIeHKeM, oObeMOM M
TeMIlepaTypoii ra3os, GbLIO MoJiydeHO hpaHIly3ckuM ¢usnkom B. Kia-
NeipoHOM IIyTeM O000bOIUeRNs MHOTOYMCJICHHBIX SKCHepUMEHTAJbHbBIX
ZaHHbBIX. B Hambojnee ynobuoit dopme, ncnonssyemoit BIJIOTH HO Ha-
cTosllero BpeMeHy, ero Bnepsble npumennn J.JI. Mengeanees. Ilostomy
YypasHeHue cOCTOoAHUR UGeai1bH0Z0 203G Ha3bIBaeTCH TaKiKe YpasHeHu-
em Kaanelipona-Mendeaeesa. OHO MMeeT BUE,

m
V=—RT, 2.1.14
PV =0 ( )

rae m - Macca rasa, R - YyHUugepcandbHal 2a3oeasl nocmosaHHas, paBHasd
IpOU3BEAEHMIO TIOCTOAHHOM ABoraspo Na Ha IocTosaHHYIO BosibuMana k:
R=N,k=831 I/(monp K). Vicnoneaya BbIpaskeHMe AJA IJIOTHOCTH
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m .
rasa =—, aBHeHMe HKJjanejipoHa-MeHllesleeBa MOXKHO 3armcaThb
V

3KBMBaJIeHTHOM (opme, Gosee yz06HO! B HEKOTOPBIX CJAydYaAX:

p=2M (2.1.15)
RT

HN3omepmuunecxutl, uzoxopusiti u u3obapnviti npoyeccovi. C nomo-
INBI0 YpaBHEHMA COCTOAHMUA UAeasIbHOrO rada MOJKHO MCCIe[oBaTh NPO-
Ilecchl, B KOTOPBIX Macca rasa M OJMH M3 TPeX IlapaMeTpoB - AaBJieHue,
obbeM MM TeMnepaTypa - ocraloTcAa HeusMmeHHbIMM. Ocobyi0 poibp B
dusuKe ¥ TEXHUKE UTPAIOT TPM IIpoliecca - MIOTEPMMHYECKMil, M30X0Op-
HBII U 13062 pPHBIA.

HNsomepmuneckum npoyeccom  Hal3pIBaeTCA MNPOLECC, IPOTEKAIOMIMIA
IpY NOCTOAHHOM Temnepatype 7. VI3 ypaBHEHMA COCTOAHMA MIEaJILHOTO
rasa cjefnyerT, YTO B TAaKOM IIpouecce MpousBejeHne NaBJIEHUA rasa Ha
€ro o6beM JOJIKHO OCTABATLCS [TOCTOAHHBIM!

pV =const . {2.1.16)

T'pacur nsorepmmyeckoro npolecca HasbiBaeTca usomepmoti. Ha nioc-
KOCTH IlepeMeHHBIX 00beM — JaBJIeHMe OH NpeAcTaBideT coboit runep-
6oury.

YpasHenne (2.1.16) OblI0 MOJy4ueHO OKCIEPUMEHTAJIBHO aHIVIMIACKUM
cusuxom P. Boitnem u dbpannyackum dbusukom 3. MapuorToM 3a40)ro0
0 CO3JIaHMA MOJIEKYJSIPHO-KMHETHYECKOi Teopuy. 3TO ypaBHeHMEe Ha-
3bIBaIOT 3axonom Bolins-Mapuomma.

IIporece, MpoTeKaIOMIMIA IPK MOCTOSHHOM 06BbeMe, HasbIBaeTcsa U3oxop-
Hoim. VI3 ypaBHenus (2.1.14) BolTekaet, yto npu ¥V = const

L _ const . (2.1.17)
T

T'pacdmr nzoxopHoro npouecca HasbiBaeTcA uadoxopold. Ha mmockocTy
InepeMeHHBIX TeMIlepaTypa — JaBJieHMe OH IipeficTaBiseT coboii orTpe-
30K IPAMOJ, IIPOJOJIKEHMe KOTOPOTO MPOXOAMUT 4Yepes HadaJlo KoopAu-
HaT. DKCIEePHMEHTANLHbIM IyTEM 3aBUCHUMOCTH JaBJIEHMA ra3a OT TEM-
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mepaTypbl uccixemoBan cbpanugyscknit ¢usux K. Ilapaws. Ilosromy
ypaBHeHue (2.1.17) HasbiBaeTca 3axonom Llapan.

Ilponecc M3MeHeHMsl COCTOAHUA rasa IIPYU MOCTOSHHOM AaBJEHMM Ha3bl-
BaeTcsa usobapusim. Ero ypaBHeHMe nMmeeT BUJ

K=const . (2.1.18)
T

3TOT 3aKOH GBI yCTaHOBJEH JKCIIEPUMMEHTANIbHO (PPaHI[y3CKUM yUeHBIM
. Teit-JlroccakoM m HocuT HasBaHue 3axona Iei-Jlwoccaxa. I'padpux
nsobapHoro mponecca HasbiBaeTca usobapod. Ha miockocTy mnepemen-
HBIX TeMNepaTypa — 00BEM OH IpeicTaBJseT coboil OTPe3oK IpAMO,
IIPOJOJIPKEHME KOTOPOro IIPOXOOMUT Yepes Hayallo KOOPAMHAT

¥Ykazaaua mo pPeIeHUI0 3aaa4

Pemenne 3afav Mo 370 TeMe cjeflyeT HaYMHATH C aHaJmM3a TeX CO-
CTOSIHUIA TEeIJIOBOIO PaBHOBECHUS, B KOTOPBIX IO YCJIOBMIO HAXOOUTCA ras.
Ina KaKJOoro M3 TaKMX COCTOAHMI HYIKHO 3alMCaTh BCE IapaMeTpbl
rasa: fAaBJjieHne, o6beM, TeMIepaTypy M €ro Maccy, a TaKKe yCTaHO-
BUTH CBA3b MEXJY HMMN.

YacTo B 3a/ja9ax OKa3bIBAaeTCA I0JIE3HBIM UCIONB30OBAHME 3aKOHA NAp-
yuarbholx dasaenuil (3akona JManbTona). HanoMHuM, 4TO mapryasibHbIM
Ha3bIBaeTCA JaBJIEHME, KOTOPOE OKasbiBaJ Obl a3, BXOAALUMI B COCTaB
rasoBoil cCMecH, ecoiu Obl OH OOMH 3aHUMaJl Bech o6beM. CorylacHO 3aKo-
Hy J[JanbToHa, JaBJIEHME CMeCM XMMMYECKM He B3aMMOAEHCTBYIOIIMX
ra3oB paBHO CyMMe MX NapIlMaJbHBIX JaBjeHnit. C TOYKM 3peHus MoJie-
KyJIApHO-KMHETHYEeCKO Teopuy 3akoH [JasbToOHa O3HA4YaeT, 4TO peicT-
BMA Ha CTEHKU COCYZa MOJIEKYJ KaKAOTO M3 Ta30oB CKJAALIBAIOTCA. B
4acTHOCTHM, 3aKoH JlaJIbTOHa NPUMEHMM M Npu AoGaBJIEHMM B COCYH, B
KOTOPOM Yy’Ke HaXOAUTCA ra3 MOoJA JaBJIeHMEM P, HEKOTOPOro KOJIMYECTRa
3TOro JKe rasa. B 9ToMm caydae mapumaJjibHOe HaBJIeHMe H0GaBJIEHHOIO
raza MOJXKHO PacCUMTHIBATDL TakK, Kak ecau 6wl cocyn 6bL1 mycroit. Pe-
3yNbTUPYIOlee JNaBlieHMe CKJIaJblBaeTc M3 3TOro NapUMaJbHOrO HaB-
JIEeHMA M JIaBJIeHMsA p, KOoTopoe ObLIO B cocyze MepBOHAYAJBHO.

HacTo B 3aja4ax OTHeJibHble IOPLMM ra3a M30AMPYIOTCA APYT OT Apyra
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MOABMIKHBIMM IIOPIIHAMNY. B 9TOM ciyvae AaBJieHMA rasa II0 pa3Hble
CTOpOHBI IOPILIHA HE HE3aBMCHMEI, a8 CBA3aHbl MeXAY coboit ycJoBuem
MEeXaHMYECKOro paBHOBECUS IOPILHA. B YacTHOCTH, eCM HEIOJBUIKHbI
cocyz pacliojlaraeTcs BepTUKaJIbHO, PaBHOCTb CUJ JaBJIeHMI rasa CHU3Y
M CBepXy OT IOPIIHA paBHa €ro Becy. -

3amauu no reme "OCHOBBI MOJIEKYJIAPHO-KMHETHIECKON Teopum”

2.1.1. Armocdepuoe paBnenue Ha muke Jlenuna (Bblicota 7134 M) p =
3,8-10% Ila. OnpenesuTh IVIOTHOCTH BO3ZYyXa f, Ha BepIIMHE IIpU
tremneparype f, = — 100 C , ecnu npym HopMaJbHBIX yCJOBMAX (fp =

0°C, p, = 10° IIa), nnotHocTs Boamyxa P, = 1,29 kr/md.

2.1.2. Hajitu oTHouIeHue kK MaKCUMAaJbHOM IJIOT- P

. ASpb---
HOCTM MAeasIbHOTO Tasa K €ro MUHUMAJBLHONH 1% V
MJIOTHOCTY, KOTOpbIe JOCTUIalOTCH NPYM LMKINYe- R

CKOM IIpollecce, IIOKa3aHHOM Ha pUCYHKe.

2.1.3. C uageaslbHBIM OJHOATOMHBIM ra30M IPOBOIAT
npounecc 1 — 2 | noka3aHHBIN Ha pHUCYyHKe. Bo
CKOJIBKO pas O M[OpM 3TOM M3MEHUTCA CpefgHAA

KMHEeTHYeCcKas DHePrus ORHON MOJIeKyJibl?

2.1.4. TopusoHTaNBHBII LMJIMHID C ra3oM paslielleH Ha TPU KaMephbl
ABYMs HETOABMKHbIMM NopiuHsaMu. TeMmneparypa rasa Bo BceX KaMe-
pax onuHaKoBa M paBHa 7). JlaBleHNe rasa B nepBoit kaMepe p;, 0bbeM
V1, BO BTOpOI py , V3 , B TpeTbell COOTBETCTBEHHO p3, V3. KakroBo Oyzner
AaBJleHMe p B KaMepax IIOCJIe TOTO KaK, OCBODOAMB NOPIUHM, NATb MM
BO3MOJKHOCTh CBOGOJIHO IBMraThCs, a TeMIlepaTypy rasa ciaejaTb paB-
HOM Tz?

2.1.5. Ha pucyHke IOKa3aH LMKJI, COBepIIaeMblit P 4 o

HaJ, MpeaJIbHBIM ras3oM, IpumdeM 1 — 2 — wuso-

XOpHBIN, 2 — 3 — usobapHslii nporeccel. TeMmme-

paTyphbl ra3a B To4Kax 1 M 3 paBHEI COOTBETCT- -4 -
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perHo T} = 300 K u T3 = 400 K. Hajitu Temnepatrypy T rasa B To4ke
2. Macca rasa TIOCTOSIHHA.

2.1.6. B 3akpertom cocyznie obbemom V = 2 M3 comepxkurca m; = 3,2 kr
KMCJIopoZa, K KoTopoMy AobaBaeHo Vv, = 150 mosp asora. Kakoso Gy-

ZeT JaBJeHMe p B cocyjie npu Temnepatype ! = 5270 C ? Monapuan
macca kucjopona M = 0,032 kr/mosb. YHUBepcasibHadA ra3osBad IIOCTO-

auHasa R = 8,3 )x/(mons - K).

2;1.7. JIBa OIMHAKOBBIX COCyJZa, COeVHEeHHble TPyOKOMi, colepIxaT uzae-
aJbHBIL ra3 obueit maccoit m = 6,6 r. IlepBoHayasibHO TeMmIlepaTypa
rasa B oBOMX coCyAaxX OJMHAKOBa. 3aTeM ra3 B EPBOM COCYJZe Harpe-
BAIOT ¥ TOIJIEPKMBAIOT pu TeMmneparype {; = 270 C, a ras Bo BTOpOM
cocyne HArpeBaloT M TMOALEPIKMUBAIOT NpU Temrepatype !y = 870 C. Ha
KaKyl BeIM4MHY Am M3MEeHUTCA Macca rasa B nepsoM cocyne? Obvem

Tpyb6KNM HE yUNTHIBATD.

2.1.8. B xomuaTe obbemoM V = 60 m® Temnepatypa c t; = 179 C nonus-
nach 7o I3 = 270 C. Ha Kakyl BeNMuUMHY Am M3MEHMJIACh Macca BO3-

IyXa B KOMHaTe, ecylu aTMocdepHoe HaBjieHue py = 10° Ila? MonapHas
Macca Bosgyxa M = 29 r/mois, yHuBepcalbHas ra3oBasl [IOCTOSHHaA R
= 8,3 Ixx/(moas * K).

2.1.9. HakaumBasa pyTOOJILHBI MAY, KOTOPI! MepBOHaYaJIbHO OBLI IMyC-
TBIM, MaJibuMk cienan n = 50 Kawammit macocom. Kakoe pamienne p
YCTAHOBMJIOCh B MfA4Ye IIOCJIe TOro, Kak TeMIlepaTypa BO3LyXa B HEM
CpaBHAJACH C TeMIlepaTypoit okpy:Kammeit cpeansi? Obbem MAva V =
4 7, obpeM Bo3xyxozabopHoii Kameph! Hacoca v = 200 cM® |, a aTMmo-
cpepHoe maBnenue py = 0,1 Mlla.

2.1.10. 3axpbIThlit ¢ 060MX KOHLOB IOPMBOHTAJbHLIA UMIMHAP 3allofHeH
MeasbHLIM rasoM pu Temnepatype ¢ = 270 C u pasgesneH NOABMIKHBIM
TeIlJIOHENIPOHMUIJaeMbIM MOPIIHEM Ha [JBe paBHble YacTM AJuHOI L = 50
cm kaxgan Ha Kaxyio BesumumbHy Al HYKHO IOBLICUTD TeMIEPaTypy
rasa B OXHOM NOJIOBMHE LMJIMHAPA, YTOOhI MOpIleHb CMECTUJIICS Ha pac-
crosaue { = 20 cM npy HeMSMeHHOH TeMIlepaType rasa BO BTODOl IO~
JIOBMHE LMauHApa?
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2.1.11. 3akpeIThIii coCcyn 3aII0/IHEH rasoM npu temnepatype Ty = 300 K
u nasnenun py = 150 klla. Cocyn cHabGikeH NpefoOXpaHMTENLHBIM KJla-
[MaHOM, OTKDPBIBAIOLIMMCA NIPM LaBJICHUM, NpeBbIIaiomeM p,, = 200 xlla.
Cocypn narpenu ao temnepatypsl 77 = 600 K. IIpu sToM u3 Hero BhIIINIO
m = 10 r rada. OupezienuTs Maccy #p rasa B cocyjie JI0 €ro Harpesa.

2.1.12. Cocyn, comepiaumii ugeanbHbll ras npu Temiepatrype ¢ = 279
C, cHabskeH KJallaHOM, OTKPBLIBAIOLIMMCS NPU Iepenaje NaBJEeHUN p, =
400 kIla. I'as HarpeBaioT Ho TemnepaTypsdi f; = 1279 C, npu sTom yacTb
rasa BBIXOJMT M3 cocyla depe3 kJjanaH. HajiiTu paBienme p, koTopoe
YCTAHOBMTCA B COCyZe Tocje OXJaKIeHMsl rasa [0 HadafbHOM TeMie-
paTypsl &. ATMocgepHoe faBieane py = 100 klla.

2.1.13. B GannoHe, cHaBGKEHHOM NpPeNOXPAHUTENbHBEIM KJIaNaHOM, HAXO0-
IMTCA uIeaJibHbliL a3 1of AasjeHueM p = 0,5+ 106 IIa npu Temnepaty-
pe ¢ = 270 C. KnanaH oTKpbIBaeTcA, ec AaBJieHre B 6aJlIOHE NpeBbI-
waet p; = 0,6 - 10% IIa. lo xakoit TeMnepaTypsbl /] Hy’XHO HarpeTh 6aJ-
JioH, ¥ToObl M3 HEro BBITEKJIAa YacCThb rasa, Macca KOTOpOi cocTaBiaseT f

= 0,01 mepBOHa4aJyIbHOI Macchbl?

2.1.14, 3axkpbiTelll IMAMHAPHYeCKUit cocyn obbemom V = 6,6 n pasge-
JIeH Ha ZBe 4acTy HEBECOMBbIM ITOPIUHEM, CKOJb3AImMM 6e3 Tpenmusa. Ox-
Ha 4YacTb COIEpP’KUT MIAealbHbIA ra3 maccoil m; = 6,6 r, BTopas 4acTb -
TakKoli ke raz Mmaccoit my = 13,2 r. Temnepatrypa ra3oB ogMHaKoBa U
paBHa TeMmmnepaType OKpyXaiouleit cpennl. V3 Bropoit yactu cocypa
BBIIIyCKalOT MacCy raza Am, = 1,65 r. Ha kaxyio Besmunny AV  wus-

MeHMUTCA oGbeM 4acTH cocyza, cofepakallieif ra3 Maccoit m;, KOrja TeM-
mepaTypa ra3oB CTaHeT PaBHOI IlepPBOHaYaJIbHOHK?

2.1.15. B BepTHKAJIBHO PACIIOJIOKEHHOM LMIMHIPE NOCTOSAHHOTO CeYeHUA
[10Ji, HEBECOMBIM IOJBVIKHBIM IOPLIHEM HaXoAuTCA Bo3ayx. Ha mopiiexb
noMewaT rupo Maccoir m = 10 xr. Ha kakywo BemuumHy Ah nepe-
MEeCTUTCA NOPIIeHb, €CIM TeMnepaTypa BO3JyXa B IWIMHApE IHOpAep-
JKMBaeTCA IIOCTOAHHOI? ATMocdepHoe masnenme py = 10° Ila, ceyenne
nopusa § = 100 cM?, paccTOsHME OT HEHArPy’)KEHHOTo MOPILIHA [0 AHA
wmHApa Ay = 100 cm. Yexoperue cBobopnoro magennsa g = 10 m/c?,
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2.1.16. BepTukaJIbHO PaClONOXKEHHbI LMIMHOPUHECKMI COCYJ, 3aKpbl-
TBbII MOABMIKHBIM HOpPILIHEM Maccoit M = 2 Kr, COmep:KUT KJeasIbHbI
ras npu temnepatrype 7; = 300 K. Ha mopieHp 11oMelaioT Teso Mac-
coit m = 100 r 1 HarpeBalOT ra3 Tak, 4TOOBI IOpIIEHb 32HAJ NEpPBOHA-
JaneHoe nonoxkenme. Haittm Temneparypy 7T, Harperoro rasa. ATMO-
ccepHOE NaBJeHyNe He YYUTHIBATS.

2.1.17. BepTHMKaJbHO PAaCIOJIOMKEHHBI 3aMKHYTHI LUAMHAPUUECKUN
cocyz Boeicotoit H = 50 cM paspesieH NOABMIKHBIM MOpPIIHEM BecoMm P =
110 H Ha n#Be wacTu, B Ka’)XJOH M3 KOTOPBIX COJEPIKUTCA IO V =

0,0255 mosnp upmeanbHOro rasa. Ilpm Kakoit TeMmepatype 7  paccTosHue
MeXXAY NopINHeM M AHOM cocyza Gyzer paBHo A = 20 cm? IIpu pacuye-
TaxX TOJUMHON MOPIIHA IIpeHebpeyb. YHMUBepcasbHaA ra30BasA IOCTOAH-
Hast R = 8,3 lx/(Mous - K).

2.1.18. BepTuMraJBHO pPACIIOJIOMEHHBII 3aMKHYTBIA LIMJIMHIPUIECKUI
cocyZ paszelieH Ha JABE YacTy IOJBMIKHBIM MopiiHeM. B ofeux yacTax
cocyia COREPIKUTCA OLAMH M TOT ’Ke MjealibHblil ra3. PaccTosanne Mexny
nopiiHeM U gHoM cocyga Hy; = 30 cm. Cocys mepeBopayuBalT Tak, UTO
JIHOM CTaHOBUTCH €ro BepXHsii IJIOCKOCTb. B HOBOM IIOJIOMKeHMM pac-
CTOAHME MEXAY OHOM cocyha yu mopiuHeM cocrtapisetr Hy = 20 cm. Hait-
T oTHomeHue Ol Macchl rasa, COOEpPIKaBIIETOCHA B TOM 4acTH Cocyna,
KOTOpas HepBOHAaYaslbHO HAXO0JMJIach BBEpPXY, K Macce rasa. cofiepKaB-
mrerocsl B Apyroit 4acTu cocyzna. Beicora cocyaa L = 60 cm. Temnepary-
Py CUMTaTh NOCTOAHHOM, TOJIIMHOM NOPUIHA NpeHebpeysb.

2.1.19. B quauuzpe 1107 HEBeCOMBIM IMOpLIHeM Iowansio S = 100 cm?
HaxopuTess 1 MOJIL MZeaJIbHOrO rasa IIpM TeMIlepatype

1, =100° C. K nopurHio gepes jpa GJioka Ha HeBeCOMOIt
HepacTAMUMONM HUTH TOZBeIleH Ipy3 Maccoit M = 17 kr.
Ha xakyio Beicory Ah mnofHMMeETCS Tpys, ecliM OXJa-

InTL ras po Temneparypbl 1, =0° C? ATmocdephoe

JaBJIeHMe P, =10’ Tla. YuupepcanpHaa razosad mnocTosHHas R = 83

Ix/(mons K), yckopenme cpo6GopHoro najieHums mpuHATH g = 10 m/c2
Tpenuem npesHebpeysn.



3adavu 107

2.1.20. B BepTHKaJLHO PacHOJIOMKEHHOM LMIMHAPE HAXOAUTCH KMCJIIOPOX,
Maccosi m =64 r, OTHeJIeHHbIi OT aTMocdeph] NOPIIHEM, KO-
TOPBIA coefMHEH C J(HOM LMJIMHPA TIPYKUHOM HKECTKOCTHIO k
=8,3-102 H/m. IIpu tremneparype 71 = 300 K mopuens pac-
nonaraeTcss Ha paccrosHuu A = 1 M oT gHa mmumappa. Jo
KaKoil Temmnepatypbt 12 HaZJo HarpeThb KHUCJIOPOX, <YTOOBI
[OPLIEHb PACIOJIOXKMIICA Ha Bbicore H = 1,5 M oT gHa mummugpa? YHU-

BepcaJipHas razosad nocroaunas R = 8,3 Ix/(monpK), Monapras mac-
ca KucJygopona M = 32 r/moJn.

2.1.21. B BepTMKaJbHOM HMJIMHAPe NoA HopuiHeM Maccoit Mo = 100 xr u
wiomanse S = 100 cM? waxogurca m = 28 r azoTa OpM TeMmepatype
71 = 273 K. T'az B uuymMHpe HarpeBalOT Ko TeMmnepatypsl 15 = 373 K.
Ha kakyo BbICOTY h momHMMeTCs HoplleHs? ArMocdepHoe AaBJIeHME Py
= 0,1 MIla, monsipnasa macca asora M = 28 r/moJb, yHUBepcaJibHasd
ra3oBad mocrosHHaa R = 8,3 JIx/(mouss - K), yckopenue coBopHOTrO
nagesua g = 10 m/c2

2.1.22. B BepTMKaJIbHOM 3aKpbITOM LMJIMHAPE HaXOOUTCS WAeaJIbHbI
ras3, pasjieJIeHHbI Ha JBe 4acT¥ THMKeJIbIM IIOPIIHEM, KOTOPBI# MOKET
nepeMeraTbea 6e3 TpeHua B HMIKHelN wacTM uMIMHIpa Macca rasa
BaBoe Oojblle, yeM B BepxHeil. IIpu TemnepaTtype T, OAMHAKOBONM BO
BceM IMJmMHApe, oObeM V) HIOKHe! YacTy LMIMHApa paBeH obbemy Vy
Bepxuelt wyactu. Kakum Oyzmer orHowenme obbemoB a=V,/V,, ecin

TeMIepaTypy rasa yBeJIMYMTE B 1 = 2 paza?

2.1.23. BepTukanbHaA LMIMHAPUYECKaA TPYGKa ¢ 3alafHHBIMM KOHLA-
My pasjesieHa Ha JBEe HacTU TOHKMM TOPUBOHTAJLHBIM IOPIUHEM, CIO-
COOHBIM mepeMelaThbesl BAOML Hee Ges TpeHmA. BepxHaAs yacts TpyOKu
3alloJIHEHAa HEeOHOM, 8 HIGKHAA — relveM, Ipu4eM MacChl Ta30B OXMHAa-
KoBblL IIpy HekoTOpOli TeMmnepaType MNOpPIUEHbL HAXOAUTCA TOYHO IIOCE-
penune Tpy6ru. Ilocne Toro, xak TPyGKy HarpeJy, HOpLIEHbL IlepeMec-
TUJICA BBEPX M CTajk AesuThb obbeM TpyOku B oTHomenun 1:3. Onpene-
JMUTb, BO CKOJIBKO pa3 o Bo3pocia abcoyoTHad TeMrepaTypa Trasos.

Monspnasi macca Heona M,, = 20 r/Mosb, MonApHaA Macca TeJus

M, =4 r/mons.
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2.1.24, VineanuHeill ra3 nepepomurces ua coctoAuus p; = 200 klla, T) =
500 K B cocrosnmne py = 138 klla, T = 300 K raxk, yro o6beM rasa me-
HseTcs 1Mo 3axkoHy V' =a + b7, rge a n b - nocroaunee, 71 > T > T2 On-
penesuTh MaKCUMaJIbHY!0 KOHIIEHTPaUMIO 1y MOJIEKYJ ra3a B 3TOM IIpoO-
necce. Tlocrosnnaa Bonbumana k = 1,38+ 10723 /K.

2.1.25. B Oamnone obwemom FV = 10 2 cozepkurca BOAOPOZ IIpHU
remnepatype ¢ = 200 C nox massenuem p = 107 ITa. Kakaa macca Am

Bozoposa Obina BhINylleHa K3 0aJuloHa, ecay IIPM IIOJIHOM CrOPaHMu
ocraBHIerocs rasa obGpazoBasiock m = 50 r Boxwl? YHMBepcaJibHad
ragzoBasa mnocroAHHasd R = 8,3 [xk/(mone K), MonApHele MaccChbl

BOZIOpPOZA MHZ = 2 r/mons, BoAbl M, , = 18 r/monk.

2.2. dnemenmosb. mepmoOuHAMUKY

Bonpocs! mporpaMmmsi

o Tepmodunamuuecxkan cucmema. Brympennss anepeus cucmembst.
Koauuecmeo menaomsl u paboma Kax mepvl USMEHEHUS SHYMPEH-
ned anepzuu. Tenaocemrocms meaa. Ilonamue 06 aduabamuiecxom
npoyecce. Ilepeviii 3axon mepmodunamuru. IIpumenenue nepsozo
3axona mepmodunamuru x usonpoyeccam. Pacuem pabomwbi zasa ¢
nomowv1o pV - Suazpamm. Tenaoemrxocms odHoamomnozo udeanb-
HOZO0 2030 NPU UIOLOPHOM U U306APHOM NPOYecCax.

e HeoGpamumocmsd npoyeccos é npupode. Bmopoi saxorn mepmodu-
namuxu. Dusuveckue ocHosbl pabombv. mennogvix Osuzameaneil.
KII]l menaosozo Jguzamens u e20 MAKCUMAALHOE 3HAUEHUE.

OnpeaesieHnsA, MONATHA U 3aKOHbI

TepmonmHaMuKa - 9TO HayKa o HauboJsiee OOILMX TEIJIOBBIX CBOMCTBaXxX
MaKpocKonuyeckux Tei. TepMmoauHaMudeckuii mnoxxon He TpebGyer ka-
KNX-J1M60 KOHKPEeTHBIX IPEeZIIOJIOMKEHN O CTPOEHNH BeIlecTBa, MI0ITOMY
BLIBOZIbI TEPMOAMHAMMKM MMEIOT YHMBepCaJLHBI XapakTep. 3aKOHBI
TepMOAVHAMMKM CIIpaBelJIMBBI AJIA BCEeX TeJl He3aBMCHUMO OT MX BHYT-~
PEHHETO CTPOEHMA.
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Tepmodunamuuecxas cucmema — 3TO COBOKYIIHOCTb MaKpOoCKomMde-
CKUX TeJi, KOTOPble MOI'YT B3aMMOJENCTBOBATE MexXAy coboit u apyrumu
Tenamu (BHewHelt cpepoit). TepMoaMHaMMYecKass CHCTEMa COCTOMT M3
HACTOJILKO GONBLIOrO 4YMcyla CTPYKTYPHBIX HacTHI{ (ATOMOB ¥ MOJIEKYJI),
4TOGbI €e COCTOSIHME MOXHO OBLIO XapaKTepH30BaTh MaKPOCKOIIMYECKH-
MM IapaMeTpaMM: IIJIOTHOCTBIO, JlaBJeHMEM, KOHIEeHTpalyeil BellecTs,
obpa3yommx cucremMy, u T4

Tepmo,uvmamuqecrcaa cuCTeMa HaXOoIMTCs B paBHOBECHH, €CJIM ee Ilapa-~
MeTphbl H€ MEHAKIOTCA BO BPEMEHM M B CUCTEME HeT IIOTOKOB SHEPIUn u
BellleCTBa. JIJI.R PaBHOBeCHBIX TePMOJMHAMMYECKUX CUCTEM BBOIOUTCAHA
MIOHATHE TeMIlepaTypbl KaK lapaMeTpa COCTOAHMA, MMEIoIIEro oauHa-
KOBO€ 3Ha4YeHMe NJIs1 BCeéX MaKpPOCKOIIMYEeCKUX yacTell CUCTEMEL

TepmoanHaMuyeckue CUCTEMBI, He 0OMEHMBAIOIIMECH C APYTUMM CHUCTe-
MaMM HM SHeprueif, Hu BellleCTBOM, Ha3bIBAIOTCS M30JMpoBaHHEIMU. Ec-
JM cucTeMa He MBOJMPOBaHa, TO €€ COCTOAHME MOXKET MEHSTBHCH; uaMe-
HeHMe COCTOAHMA CUCTEMBbl Ha3bIBAETCA TEPMOJVMHAMMYECKUM MpPOoLEec-
com.

Brnympennas aHepzus cucmemdsi. Bce MaKpocKomuuecKue TeJa Ha-
pAny ¢ MeXaHMYECKO!l sHeprieii obJyagalOoT TaKike dHepruei, 3aBuCA-
meifl OT BHYTPEHHEro COCTOSHMSA TeJl. JOTy JHEepPruio HasbiBalOT BHYTPEeH-
Heit. C TOYKM 3peHusl MOJIEKYJISPHO-KMHETHYECKO! TeopuM eHYympeH-
HASL 3HeP2UuA MAaKPOCKOIMYECKOro TeJla PaBHa CyYMMe KMHETHMYECKUX
SHEPruil Xraomuueckozo JABUIKEHMS BCEX MOJEKYJN (MJIM aTOMOB) M IO-
TeHUMAaNbHbIX DHEPIUI B3aMMOAEMCTBUA MOJIeKyJ LPYT ¢ APYTroM (Ho He
C MOJIEKYJIaMM OPYTUX TeJl. '

BuyTpennasa sHeprus ueasIbHOTO Ta3a paBHA KUHEMUUECKOU IHepIuUU
Xa0TU4YECKOro JIBMKEHNSA MOJIeKyJI, IIOCKOJbKY IOTeHIMabHasa dHeprus
B3aMMOJEACTBUA MOJIeKyN paBHa Hymo. Hambosiee mpocTo paccyMThIBa-
€TCA BHYTPEHHAA SHEPTUA 00HOAMOMHDBLL 24308, COCTOALMX M3 OTHAeNb-
HBIX aTOMOB, a He MoJieKyJ. OJHOATOMHBIMM ABJIAIOTCS MHEPTHBIE Tasbl:
Tesnii, HEOH, aproH u aAp. C TOYKM 3peHMA MeXaHUKM OJHOATOMHBIN ras
npescrapaseT coboii cMcTeMy YacTHII, KOTOPble COBEPIIAIOT TOJLKO I10-
CcTymnaTeJibHOe NBMMKeHMe. MosekyJsbl AByX- (M Gojiee) aTOMHBIX Taz3oB
MOTyT COBEPIUATb M APYyrue BUALI IBMIKEHUA - BpalllaTeJIbHOE M KoJe-
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6aTeJIbH0€, C KOTOPBIMU TOKEe CBA3aHa OllpejeJieHHasa B3Hepris.

HOCKOJIbK.y cpelHAA KMHEeTHYeCKass IHeprusa MOJIEKYJIbI OJHOaTOMHOIO

rasa paBHa E= £;—kT , BHYTPEeHHAA DHEPruA OJHOTO MOJISI TAKOrO rasa
U=%NAkT=%RT. (2.2.1)

m "
IIJIH V?-’—A-l“ MOJIEM OOHOATOMHOI'0O WMJ€aJIbHOrO ra3a BHYTPEHHAA

9Heprusa

3 :
U==VRT. (2.2.2)
2
BHyTpeHHHH JHeprusa }laHHOﬁ MacCcCbl MA€aJIbHOTO ra3a 3aBUCUT TOJIBKO
OT TeMIlepaTypbl M HE€ 3aBUCUT HM OT JaBJIeHUdA, HU OT obbema raasa.
(ILJIH HeugeaJibHBIX ra30B, a TaKXXe APpYyrux BellecTB, 3To, B006Lue TOBO-

pA, HEBEPHO).

Koauuecmeo menaoms. u paboma xax mepb. usmeHeHUus GHYM-
penneii avepzuu. Pacuem pabomut zasa ¢ nomowsvio pV — dua-
epamm. IlonATnA 06 DHEpPruMM M Mepe ee M3MEHEHMA - paboTe, BBelleH-
Hble B MeXaHMKe, [T0Jly4aloT B TePMOJAMHAMMKe JajibHelilliee pasBUTHE.

Heobx0aMMbIM yCJIOBMEM COBEPILLIEHUA TeJIOM (MJIM cucTeMoil Tes) pabo-
TbI ABASETCA IepeMellleHue Teja noA AevictBueM cyuiy O paGoTe MoXKHO
TOBOPUTH TOJIBKO TOFJia, KOrja IMPOMCXOAUT M3MeHeHMe MeXaHUYIeCKOro
COCTOSAHMA Tena (MM CUCTEMBI), IIPUYEM pedb MUAET O HepeMelleHUu
MaKpOCKOIMYECKUX YacTell CUCTEMBI APYT OTHOCHTEJILHO ApPYTa.

Pasmuyarorcsa pabora A4, KoTopas coBeplllaeTCA CUCTEMOM Hal BHEILIHU-
MM TeJlaMM, U pa60'1‘a A’ , KOTOpasa coBeplIaeTCA BHEIIHMMM TeJlaMu
Hajx cuctemoi. Pabora 4 npuHMMaeTrcs moJiokuTeNbHOH, paGora A’ —
oTpuUaTeNbHONA, npudem 4 = — A4’ .

Paccmotrpum pabory paciimMpeHusi rasa, T.e. paboTy, KOTOpyio ras co-
BeplIaeT NPOTMB BHEIIHEro AaBJEHMs, CO3/aBaeMOro IIOPIIHEM. OJie-
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MenTapHasa pabora A4 onpepeinsierca dpopMyJoii
Ad=p-AV, (2.2.3)

TZe p - BHelllHee JaBJyieHue, AV - mpupalneHue ob6bema rasa. Takoi ke
dopmyioit BbIparkaeTcA djleMeHTapHas pabora, coBepiiaeMas HE TOJIb-
KO ra3oM, HO M JIIOOBIM TeJIOM MPOTUB BHEIIHETo JaBJIeHMUs.

IIpu paciivipeHMyt ra3 COBeplUaeT IOJIOKUTENBHYIO paboTy npoTus
BHemHux cuit ( AV > 0). IIpu cxxaTum rasa coBepllaeTcd OTPHULATEN b~
Hasa pabora ( AV < 0). OHa ecoBepIIaeTCA TEMM BHELUHMMM TeJlaMy, KO-
TOpble CO3JaJIX BHEIIIHee NaBJIEHME.

PaGora pacmmpesus npm msameHeHuu obwvema rasa ot Vi mo V2 paBHa

cyMMe dyieMeHTapHBIX pabGor. Hanpumep, B ciayyae u3obaproro npouec-
ca, 1IpM KoTopoM p=const , pabora pacuiMpeHns

A=p,-V), (2.2.4)

rge Vi u V2 - HadaJbHBIN M KOHeYHBbIN 0O'beMbI rasa. IIpu msobaprHOM
pacumpenun pabora uzobpasxaerca Ha pV-amarpamMme IJIOIIAOLIO NIPs-
MoyroJsibHMKa (puc. 2.2.1).

Pabora pacmmpenns npu soboM mpoliecce M3MepseTCA MIOMaAbio Ha
pV-punarpaMme, orpaHM4eHHO) KPMBOI Npolecca, ocklo abcuyce M Bep- .
THUKaJIbHBIMU NpAMBIMU V' = Viu V = V> (puc. 2.2.2.).

Y v, Vv 0 v, v v
Puc. 2.2.1 Puc. 2.2.2
P aﬁoma, COoBepuUieHHana CHCTEMOM B TOM WMJIM MHOM npouecce, ABASACTCAHA

Mepoﬁ usmeneHus ee gHepsuu B ITOM Ipolecce. Ecan HajJg TeJIOM CoO-
BepulaeTcsa pa60'ra, TO 3TO MOXeT IIPUBECTH K YBeJIMYEHMUIO Jio6oro Bu-
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Ja DHepTruMyM NaHHOIO TeJla, KaK BHYTDEHHei, TaKk M 3HEPruyu yIopsio-
YEeHHOTO ([IOCTYIIATENIBHOIO) ABUKEHNA.

CyimecTByeT Takxe Opyeai popma Nepefgayy SHepPryuu, Npu KOTOPOI
OCYILECTBJACTCH HEMOCPeICTBeHHbI o6MeH dHeprueil MeMAy XaoTude-
CKM IBMKYIIMMUCA 4aCTMLAMM B3auMojeicTsyomux Tes. Ilporece ne-
penaun sHepruu Ges coBepiueHus paboTel Ha3bIBAETCA TEIJIOOOMEHOM.
Mepoti anepeuu, nepefaHuoit B popMe TEIUIOTHI 8 Npoyecce Menioos-
MeHQ, CIY?KUT BeJIMYMHA, HaShIBAEMAs KOAUUECTNBOM MENnioMmbl.

Tennora, kak u pabora, ABJsieTcs He BUJIOM dHepruu, a GopMoii ee mne-
pemaun. Temrora u pabora o6yafaloT TeM OBIIMM CBOMCTBOM, YTO OHH
onpejiesleHbl JIMIIb B IIpoHecce Iepejayiy, ¥ MX UMCJIeHHble 3HAYEHUS
3aBMCAT OT BUIa STOr0 Ipoliecca.

Tenaoemrxocmsbio meaa HasblBaeTcA (U3MYECKad BeJMYMHA, pPaBHAsd
KOJIM4ecTBY Temyiorbl AQ , kKoTopoe Heo6XoAMMO cOOBIIUTE TNy OJIA

HarpeBaHMs ero Ha OJMH rpajyc:
AQ
C=—=. (2.2.5)
AT »
TernioeMKOCTb TeJla 3aBUCUT OT €ro MaccChl, XMMMYECKOIO COCTaBa, Tep-

MOJAMHAMUYECKOI0 COCTOSHMA M BUZA TOro Mpolecca, B KOTOPOM TeJy
nepefaeTcsa SHeprus B popMe TENNOTEHL

Yoeavnoli menaoemxocmsio ¢ Ha3BIBAETCHA TEINIOEMKOCTH E€IUHUIBI
MacChl OJJHOPOJHOTO BeIlecTBa:

c=—, (2.2.6)
m

rme m - Macca BelljecTBa. MOJLRP‘H,O'& menaocemrocmsvio CMm HasblBaeTcA
TEIJIOEMKOCTb OQHOTO MOJIA BeIeCTBa:

Cy=cM, (2.2.7)

rae M - MOJIAApHasdg Macca BelecTBa. Yp;e.nbﬁaa M MOJfIpHaA TelnJjoeM-
KOCTHM HE€ ABJHAIOTCHA INOCTOAHHBIMM BeJIMYMHaMM M B Ta6.mmax TeIrjaoeM-~
KocTen yKa3blBaloTCA YyCJIOBMA, IPU KOTOPBIX NaHHbIE Ta6J'IMI.( crpasej-~
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JINBBL

Honamue 06 aduabamuvecxom npoyecce. Aduabamuueckum npoyec-
com HasblBaeTcs TePMOAMHAMMYECKMiI Ipolece, KOTOPBINA 0CYyIUeCTBJIA-
ercs B cucteme Ges TensiooOMeHa ee ¢ BHemIHMMM Tenamu. Ilpn aguaba-
TudeckoM mpouecce AQ = 0; TenJ0eMKOCTb BEUIECTBA B TAKOM IIPOLEC-

ce paBHa HyJIO.

ITepenviii 3aK0H MepMOJUKRAMUKU — BTO 3aKOH COXPaHEHWs BHEPIuuy,
06001eHHbI Ha TenJoBble ABNeHMA. CorsacHO 3TOMY 3aKOHY, KOJMYe-
CTBO TEILJIOTHI, IOJIydeHHOe CHCTEMOi, pacXoOyeTcs Ha M3MeHeHMue ee
BHYTpeHHeJl SHEPrMM } Ha CcoBepIleHue cucreMoif paboThl NpoTHB
BHEIIHUX CUIL:

AQ=AU+A . (2.2.8)

IIpumenenue mepeozo 3axona MePMOOUHAMUKU K UIONDOYELCCAM.
Tenaoemxocms 00HOAMOMNHO2Z0 UTEANBNOZ0 2a3Q NPU UIOTOPHOM U
usobaprom npoyeccax. Ilepsbni 3akoH TepMOAMHAMMKM IIPUMEHN-
TEJNILHO K U30MepMUYECKOMY IPOLeCcCY B MIEallbHOM rase uMMeeT BUJ,
AQ = A . BHyTpeHHAA 3HeprMa MieasIbHOIO ra3a IIPU 3TOM He MeHAeT-

ca, mockodabky AT =T7,-T7/=0 u AU=0 . Bea nmozapegeHnas Temjora

pacxogyeTcsa Ha paboTy rasa NpoTUB BHELUHETO AaBJIEHUA.

IIpu usoxopHoMm Tpolecce KOJMMYECTBO TeNyoThl A(Q HMIET ToJBKO Ha
yBeJudeHne BHYTPeHHeli dHepruyu rasa: AQ =AU, nockoiarky pabory

ra3 He coBeplIaeT. TeIIOeMKOCTh Ta3a B TaKOM IIPOLIECCe HA3bIBAETCS
MenA0eMKOCTNBIO NPU NOCTNOAHHOM 00Beme u obosnavaerca Cp. Ins
OIHOATOMHOIO MIEAaJIBHOTO raza

3

C,=ZVR. (2.2.9)

2
IIpi mnzobapHOM mpollecce KOJMHECTBO TEILIOTHI, MOABOAMMOE K TIa3y,
pacxoayeTcsi M Ha YyBeJMuMeHMe BHYTpPeHHell sHeprumu, u Ha paboTy
paciuMpeHus, KOTOPYIO cOBepiliaeT ra3 MPOTMB BHENIHEro AaBJICHWUA
Nockosery A= p-(V,-V,)=VRT,-VRT, = vRAT , TernoeMkocTb uge-

AJIbHOroO rasa B TaKOM I[Ipolecce, Ha3biBaeMad mMenaoemMKxocmbsio npu
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nocmoanuom dasaenuu C,, paBHa:

Cp=§vR+ vR=§vR . (2.2.10)
2 2

TenyoeMkocTb raza B M300apHOM Mpollecce IMPeBLIIAeT €ro TeIoeM-

KOCTb B M30XOPHOM IIpOLleCcCe Ha Benu4uMHy paborel pacimmpesus. A

OJHOTO MOJIS MZAEaJIbHOTO Ta3a pa3HOCTh 3THMX TEIJIOEMKOCTel paBHA

YHMBepCaJIbHOM ra3oBoii NOCTOAHHOM! R.

IIpu ammabaruyeckom mpollecce MEpPBBI 3aKOH TEPMOAMHAMMKM IIPU-
uuMaeT Bun: A=-AU . B orcyrcTBue TennoobMeHa c BHeIlHe# cpenoin

paboTa, KOTOpYi0 coBepulaeT ra3 IIPOTMB BHEIIHEro AaBJIeHMA, Ipouc-
XOOMT 3a CYeT yObLIM €rc BHYTpeHHell sHeprun. AnuabaTmueckm pac-
IUMPSAIOIMIICA MAeaNbHBIA ra3 OXJasKaaeTcH.

Heo6pamumocms mpoyeccos ¢ npupode. B Tepmonunammxe 6Goib-
LIYIO PoJib UrpaeT MoHATHEe obpaTumoro nporecca. O6paTUMBIM npolec-
COM Ha3bIBAE€TCA TAaKOE M3MEHeHMe COCTOSIHUA TepPMOAMHAMMIYECKOIT
cucTeMbl, KoTopoe, ByZyuy nposelleHO B 0OpaTHOM HampaBJIeHMM, BO3-
Bpallla€T ee B UCXOJHOE COCTOSHME TaK, YToObl cHUCTEeMa NPOHLIa 4Yepes
Te Ke TIPOMEXKYTOYHBIE COCTOSIHMSI, YTO M B MPAMOM Ipolecce, HO 06-
paTHOM NOCJIeIOBATEJIBHOCTY, & COCTOSHME BCeX TeJl BHE CUCTEMBI, C
KOTOPBIMM OHa B3aMMOZelCTBOBaJla, OCTAJOCh B MTOIe HEM3MEHHBIM.
Baskno, wro npu coReplueHnn ofpaTuMoro npoljecca cHayasla B MPSMOM,
a saTeM B oGpaTHOM HAaIllpaBJIeHMM B MICXOAHOE COCTOSHME BO3BPAlLa€T-
CA He TOJLKO CUCTEMa, HO BCe BHEIHME Tella, B3aMMOZEHCTBOBaBIIME C
cucreMoit. Heo6xoauMbiM ¥ JOCTAaTOYHBEIM ycloBHMeM obpaTuMoCTy Tep-
MOAMHAaMMYECKOTO Npolecca SABJAETCH €ro PaBHOBECHOCTD.

PaBHOBECHBI! IpoliecC — 3TO UIAEaJM3UPOBAHHBIA IIpollecc, PN IpoBe-
IeHuM KOTOPOro B KayKAbIM MOMEHT He HapyluaeTcA paBHOBECHE TepMO-
IMHAMU4ecKoit cucrembl. OH MoykeT GbITH HNpelcTaBJieH KaK HeNnpephIB-
Haf IIOCJIEJIOBATEJbHOCTh PaBHOBECHBIX COCTOAHMHA. OTO O3HAYaeT, YTO
rporecc JOoJKeH ObITh MeAJIeHHBIM 110 CPABHEHMIO C NPOLeccaMu ycra-
HOBJIEHUA TePMOLMHAMMYECKOTO paBHOBecusa B cucTeMe. CTporo roBops,
TONBKO GeCKOHEeYHO MeAJIeHHbIe MPOIECCH] ABJAIOTCH PABHOBECHEIMM.

Bcee peaJibHble TepMOJAMHaAMMYECKMe TIPOLEeCChl NPOTEKAKT C KOHEYHOM
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CKOPOCTBIO M MOBTOMY ABJAIOTCA HepaBHOBeCHbIMM. OHM CONpPOBOXKIa-
1OTcA TpeHueM, muddyaneil n TemnoobMeHoM C BHellIHel cpenoil npu
KOHEeYHOl PasHOCTM TeMIIepPaTyp CHCTeMbl U BHeluHel cpenbl. Cieznosa-
TEJNBHO, 6Ce Pearbibie NPOUECChH, Heobpamumbt.

Bmopoii 3axon wmepmodunamurxu. MHorounciyeHHble HabmooeHnsa
[IO3BOJIMJIM yCTAHOBUTD, YTO TEIUIOBBIM IIpoleccaM IIPUCYIa Onpeie-
JeHHaf HallpaBJEHHOCTb, KOTOpas He BBITEKAaeT M3 IepBOro 3aKoHa
TepmonuHaMuKy. Hanpumep, B pesysnbTaTe TennooOMeHa MexAy Io-
pasHOMy HarpeTbIMM TejlaMM BCeTZa IIPOMCXOAMT BLIPAaBHMBaHME UX
TeMIepaTyp, XOTA C TOUKM 3PEHMA IIEPBOTO 3aKOHA TEePMOIMHAMUKM
OJIMHAKOBO BO3MOXKEH KaK INepexoJ TeIJIOThI oT foJlee HarpeToro rejia K
MeHee Harpetomy, Tak U obpaTHbIi nepexop. Ilepsnlii 3akoH Tepmonu-
HaMuKKM OpMasibHO [AOMyCcKaeT CO3JAaHMEe BEYHOro ABUraTeNisi BTOPOrO
pona. Tak HasbIBaeTcA ABMraTesb, B KOTOpoM pabouee Tesyo, coBepluas
KPYTOBOJ TIpoilecc, INOJIydaeT 3HepPruio B PopMe TEIJIOTHl OT OLHOro
BHEIIHEero TeJjia ¥ IeNMKOM IepefaeT ee B ¢opme paborbl zpyromy
BHEIIIHEMY TeJy.

HeBO3MOKHOCTb CO3AaHMs BEYHOTO ABUTaTesd BTOPOTO POfia ABJAETCHA
yTBepKAeHMEM, BBITEKAIOIMM U3 000GIeH)sT MHOTOYUCIEHHBIX OMbITOB.
OHO Ha3bIBaeTCA 8MOPBIM 3AKOHOM MePMOOUHAMUKU U UMeeT He-
CKOJIBKO 3KBMBAaJICHTHBIX opMYJMpPoBoK. IIpuseneM ogHy M3 Hux:

HeBosMorxeH nepuonuveckmii npouece, eduUHCMEEHHbIM PE3YALMAMOM
KOTOpPOro ABJIAETCA IpeBpallleHue Bcell TelJIoThI, ITOJy4YeHHOH OT Ha-
rpeBaTeJis, B 9KBUBAJICHTHYIO ei1 paborty.

Bropoit 3aK0OH TepMOAMHAMMKN YKa3bIBaeT Ha HeoGpaTMMOCTh Ipolecca
npespallednsa paGoTsel B Temnory. B dopMysmposke sTOro 3akoHa 0CO-
Boe 3HadeHNEe MMEIOT CJIOBa 'e[MHCTBEHHBIM pe3yJibTaToM'. 3allpeTsl,
KOTOpble HAaKJaJbIBAIOTCA BTOPHIM 3aKOHOM TEPMOAMHAMMKYN, CHMMAIOT-
cd, ecyiu TPOLEeCcChl, 0 KOTOPBIX MAET pedb, He SBJAIOTCH eNUHCTBEHHBI-
mu. Hanpumep, nnepezayia Telia oT MeHee Harperoro Teja GoJiee Harpe-
TOMY BO3MOX<H2, €CIM IPY 3TOM NPOMCXOAMUT KAK MUHMMYM elle OAMH
nporjecc (B XOJOAUILHON yCTaHOBKE.

Pusunecxue ocHosvl pabomut menacevixr Jeuzameneii. KIIJ[ men-
208020 Jsuzamean u €20 MAKCUMAAbHOEe 3HaueHue. Tenaosvim O6u-
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zamenem Ha3bIBAETCA YCTPOICTBO, KOTOpOe IIpeBpalllaeT BHYTPEHHIOI
SHEPIMIO TOIUIMBa B MeXaHMYeCKYIO SHepruio. JHepruA, KOTOpasA Bblhe-
JisieTesi IPM CTOPaHuy TOIUIMBA, IepeflaeTcs NMyTeM TemoobmeHa pabo-
yeMy Teiy (oObryHo rasy). Ilpu pacumpenun pabouero teja copepiua-
ercd paboTa IIPOTUB BHENIHUX CUJI M NPUBOAUTCA B ABUIKEHMUE COOTBET-
CTBYIOLUMI MeXaHU3M.

OCHOBOM TENJNOBLIX ABUTaTEJiel ABJIAIOTCA KPyroBble Ipoileccsl. Kpyro-
BBIM ITPOIIECCOM, MJM LMKJIOM Ha3bIBAeTCA TEPMOJMHAMMYECKMi IIpO-
Iece, B peayJsbTaTe KOTOporo paGouee Tesio (BO3BpalljaeTCs B MCXOOHOE
cocrosiuye. Ha guarpammax cocrossusa (pV—, pT—, VT—auarpammax)
LMKJIMYECKe IpoLiecchl n306pakaloTcs B Bye 3aMKHYTHIX KPUBBIX.

Pabora mpoTuB BHeIIHeTo JaBJIeHNUs, KOTOPYIO coBepliaeT pabouyee Teno
B IIPOM3BOJILHOM KPYroBOM IIponecce, M3MepdAeTcA MIOLIaAblo, OrpaHn-
YEHHOM KpMBOi TOro mponecca Ha pV-auarpamme. IIpAMbIM IMKJIOM
HasbIBaeTCA KPYTOBOi INpolecc, B KoTopoMm pabodee Tejlo coBepliaeT
TOJIOXKUTENbHYI0 paboTy 3a cdeT cooblieHHOi eMmy Terorel Ha pb—
AuarpamMMme mpaAMoil HMKN n3obpaskaeTcA 3aMKHYTOM KPMBOI, KoTopas
obxomuTest 1o 4YacoBoit crpesxe. OOpaTHBIM LMKJIOM Ha3bIBaeTCHA KPYTo-
BOJf 1Iponiecc, B KOTOpoM HajZ pabodmMm TesioM coBepluaerca paboTa U GT
HEro OTBOAMTCH DKBMBAJIGHTHOE KOJM4YecTBO Temnjorkl. Ha pb—
IuarpaMme oOpaTHBINM LMKJ M3oOpaskaeTcss 3aMKHYTOM KpPMBOI, KOTO-
paa o6XoauTCA NPOTUB YaCOBOH CTPENIKMN.

B Tennosom gBuraTesie pabouee TeJIo coBeplIaeT NPAMOM LMKN, a B
XOJIOOUJIBHON yCTaHOBKe — OGpaTHBINL.

I{urknom KapHuo HasbiBaeTcss NPsAMOIl 00paTMMBIN KpPYyTroBOiM mporecc
(puc. 2.2.3), cocTosaumit U3 nByx musorepm 1 — 2 u 3 — 4 u nByx aguabart
LT 2 — 3 u 4 — 1. Ilpu usorepMuyeckoM pacumpe-

& Hum 1 — 2 pabodee Teso mosiydaeT OT Hazpesame-

AR ~ MCTOYHMKA DHEPTUHM C IIOCTOAHHON TeMiepa-
typoit T1 — xommdecrBo Temwrors! (). IIpu wmzo-
TepMu4YecKoMm cxxkaTuyu 3 — 4 pabouee Teno orpaer

v .ronoawtbnuxy, VMEIIEeMY INOCTOAHHYIO TeMIle-

Puc. 2.2.3
patypy T2 (7, <T)), xommuectBo Temnorsl (2

ITpn agmabaTHyecKMX pacIMpeHUN M CIKaTUM aHeprua K pabouemy Te-
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Jiy u3BHe He MNOCTYMaeT U 3TU NpPOolecChl MPOUCXOAAT 33 CUYET UIMEHe-
HMUS ero BHYTpPeHHel 3Hepruu.

Koagppuyuenmom moaesnozo deiicmeusn (KIII]) nponssoJbHOIO IMKJIa
Ha3bIBaeTCA OTHOWeHMe paboTei A, coBeplleHHOW pabounmm Tesom B
OIPAMOM IMKJIE, K KOJMYECTBY TeIJoThl (J1, coobleHHomy pabouemy
TeJly HarpeBaTeJleM:

_A_0-9| (2.2.11)
) o

KIII obpatyumoro 1mukia KapHo He 3aBMUCMT OT npupops! paboyero rena
U onpenessdeTCA TOJBKO TeMIepaTypaMmyu HarpepaTena I1 U XOJOOWJb-

1

Huka T2

-7 .5 (2.2.12)

Mk = T 7;

Cornacro Teopeme Kapno, KIIJ[ nmpousBojsbHOro obpaTHMOro LMKJa He
moxxeT npeseiinaTs KIIJ obpaTumoro uukna KapHo, ocyliecTBIEHHOrO C
TeMu e Temnepatypamu 1) u 71> HarpeBaTessa u Xonoguabnuka. KITJ
MIPOM3BOJIBHOTO HeobpaTuMoro lmkJja Bcerza Menblne KIIJL obpaTumoro
nukya KapHo, nporesenHoro mesxxay temneparypamu 11 u Ta

JIoboit TensoBoOji ABUraTeJb, HE3aBUCHMO OT €r0 KOHCTPYKTMBHBIX OCO-
GeHHOCTE}, COCTOMT M3 TPEeX OCHOBHBIX 4acCTeW:
pabGouero Tejyla, HarpeBaTeJIi M XOJIOAMJIBHUKA
(puc. 2.2.4). PabGouee Teno — ra3 uiu map — Ipu
pacumpeHum coBepmiaeT paboTy, Hosydas oOT

Hazpebamens, T, |

HaTrpeBaTeJd HEKOTOpPOe KOJMYECTBO TEIIOTh! Q.
Temnepatypa 71 HarpeBarteNsi ocTaeTcs IpU
3TOM IIOCTOAHHOM 3a CYeT CropaHus TOILJIMBA.
IIpu cxaTtum paboyee TeNo mepefaeT HEKOTOpOE ‘—XOAoauAbuuKJ A J
KOJIMYECTBO TeNJIOTh (J2 XOJNOAWJIBHUKY — Ty Puc. 2.2.4
NIOCTOSAHHON TeMmIepaTypbl 12, MeHbIlen, yem 7T1.

HaBJyienne rasa py coxaTUM HMoKe, YeM TPy pacluuMpeHuy, 4yro obecrie-
4YuBaeT I0Je3HyI0 paboTy ABUraTeJIA.
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PeaJpHble TenJjioBble ABUraTeay paboTaloT N0 Pa3OMKHYTOMY LMKJIY:
nocJjie paclllMpeHMs ra3 BbIOpaCBIBAETCA, M CXKMMAeTCA HOBadA TMOpPLMA.
OpnHaxo, TEIUIOBbIE IPOLIECCHl B PACCMOTPEHHOM BbIllle 3aMKHYTOM LMK~
Jie, KOTJla CXKMMAeTCHA M PaclIMPseTCs OJHa M Ta ’Ke IOpLAs rasa, SiB-
JIAIOTCA XOpollei anlpoKcuMalyeii 4iif NpouleccoB B peajibHOM JABUra-
Tejie, U MOTYT BBITH MCTIONB30BaHb! A pacdera ero KITM.

¥Ykazauusa 1o pemieHuIo 3agad

Ilpu pelreHuy 3ajay BasKHO MMeThb B BMIY, YTO KOJMYECTBO TEILIOTSHI,
[oJIy4eHHOE WJIM OT/AaHHOe Ias3oM B HEKOTOPOM IIpoiecce, 3aBUCUT He
TOJIbKO OT HAauaJibHOrO ¥ KOHEYHOTO COCTOSHMII rasa, HO M OT BUZA ca-
Moro rpouecca, IOCKOJIBKY BHUZ IIpolecca onpejeinser pabory, coep-
LIeHHY10 ra3oM. IIo9TOMYy 9acTo TOBOPAT, YTO KOJMYECTBO TEIIOTHI - 3TO
He (yHKUMA COCTOAHMSA, a (pyHKHMA Ipolecca. B To ke Bpems, BHYyT-
PEeHHsAs dHEPIMs OJHOBHAYHO OIpe/esIAeTCA COCTOAHMEM rasa, MO3TOMY
€e M3MeHeHMe He 3aBUCUT OT BMJIA Npollecca. B yacTHOCTH, B IMKIMYe-
CKOM IIpoliecce NOJHOEe VM3MEHEHMe BHYTPeHHel! BHePruyu PaBHO HYJIO U
pabora, coBepllleHHasi ra3oM 3a HMKJ, paBHa ajreGpandeckoit cymme
BCEX KOJIMYECTB TEILIOTBI, NMOJIYYEeHHBIX M OTHAHHBIX ra3oM B 3TOM IpO-
uecce.

3agaum mo Teme "JIEeMEHTH TEPMOXMHAMMEM

2.2.1. B cocyne emkocTeio V = 5 ;1 HaXonuTca rexmii mox AaBJEHUEM p
= 0,3 MIIa. KakoBa BHyTpeHHsAA dHeprua Urasa B cocyzne?

2.2.2. Tas, B3ATLI B KoJn4yecTBe v = 5 MOJIb, CHaYaJla HarpeBawT IpyU

IIOCTOSAAHHOM o0'beMe TaK, 4To aGCcosoTHaA TeMIepaTypa rasa BO3pacTa-
eT B n = 3 pa3a, a 3aTeM COKMMAIOT IPK NOCTOSTHHOM [aBJIEHMM, NOBOAA
TeMIlepaTypy Ao nepsBoxadaspHoit T = 100 K. Kakasa pa6ota A cosep-
lieHa npu coKaTMn? YHMBepcasbHas rasoBasdl IIOCTOSHHasg R =
8,3 II»xx/(mons * K).

2.2.3. Haittu pabGoty A, CoBEpLIEHHYIO uie-

P, -
Lo AN? 3 aJbHBIM Tra3oM B xofle nporecca 1-2-3 (cm.
iLle - [

Lo i pucyHok). B cocroanum "1" jgaBieHme rasa
v, v, 4v, V paBHo pp = 10° IIa, a o6vem Vp) = 1 a1 B co-
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crogHMM "2" IaBJIeHMe rasa BABOe MeHbIe, a 06beM BABoe Gosbuue.
IIponecc 2 — 3 — usobapHoe paciupenue 1o oovema 4 Vo

2.2.4. C maccoit m = 80 r uneanbHOrO rada, MoJsipHas MacCa KOTOPOro
M = 28 r/moub, coBepIIaeTCA LMKJINYECKMIA p \
npouecc, u3obpakeHHbl! Ha pucyHke. Kakymwo 1 2

pabory A coBeplllaeT TaKOi JABUTaTelNb 3a
OoZMH IMKJA? YHUBepCaJIbHYIO0 Ta30BYIO IIOCTO-

|

_ |

sHHyI0 npuHaaTtk R = 8,3 x/(mons - K), Tp = AN ll
300 K, T, = 1000 K. IIpu HarpeBanuu Ha yda- / /J' N
cTke 4 — 1 JaBleHue rasa yBenMuIMBaeTCA B 2 ¢ 7, 7;ﬁ

pasa.

2.2.5. B BepTuMkaJIbHO pacIOJOKEHHOM LMJIMHAPWYECKOM COCyhe, 3a-
KPBITOM IOJBM’KHBIM IIOPIIHEM Maccoil m = 4 KT, COAePXUTCA OAMH

MOJIb OJiHOaTOMHOro rasa. Ha Kakyio Beimuudy AA nepeigsBuHeTCs

MOpPIIeHb, €CJN ra3dy coobiuuTs KommdecTBo Temna Q = 9.8 Jxx? Maccoit
rasa [10 CPaBHEHMIO C Maccoil nopuiHs npeHebpetdb, aTMocepHoe aB-
JIeHMe He y4YUTbIBaTh. YCKOpeHMe CBOOOIHOTO MafleHUA NPUHATh g =
10 m/c2

2.2.6. B zakpenneHHom nog yrnom o = 600 x ropusoHTy uMamMHApe Mo-
'KeT Oe3 TpeHMs IBUraThecsA NopuieHb Maccoit M = 10 kr u
mwromaneio S = 50 cm2 Iox MOpLUIHEM HaXOJAMTCA OLHO-
aTOMHBII MAeaJbHBIM ra3. ['a3 HarpeBalOT Tak, 4TO IIOP-
HIeHb TiepeMenjaeTcs Ha paccroanue [ = 5 cm. Kakoe ko-

JndecTBo Temnorel § 6blno coobiueno razy? Armocdep-
Hoe nasiyiemme py = 10° Ila, yckopenmne cBoGOAHOrO mafeHusi MPUHATL g
=10 m/c2

2.2.7. neanpHblit ra3 NepeBONAT U3 COCTOAHMA pi, V)1 B COCTOAHME P2,
V2 nByms pasHbIMM crocobaMi. B mepBbiit pas mepexor coBepliaeTcA
CHavaJjyia 110 nsobape, a 3aTeM II0 M30XOpe, a BO BTOPOl — CHavaJa 10
u3oxope, a 3aTeM no usobape. HaiiTu pa3HOCTE KOJUYECTB TEIJIOTHI
AQ , BblIenMBIIMXCA NPM 3ITUX Nepexodax. IIpu pacyeTax MOJOKUTH

p1=8-10°Ta, V; =4 M3, py = 4-10° Ma, V, = 2 M3,
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2.2.8. HekoTopoe KOJMYECTBO OJHOATOMHOrO MIECAJILHOTO ra3a HYMKHO
nepeBecTM M3 COCTOAHMA 1 B cocroanme 2,

P MCIIOJB3YA M30XOPHEIN M usobapHeBll nporec-
3 L
Lp.1~—-- cpl (cM. pucyHok). Bo ckonbko pas B otamya-
P I0TCA KOJMYecTBa TEIJIOThl, KOTOphle Tpeby-
: 1, 4 0TCA JUJIA NIepeXofia U3 MCXOAHOro B KOHEYHOe
i
. \—>  cocTOAHMe MO NyTAM 1 — 3 — 2wl ~— 4 — 2
Vo W,V ?
COOTBETCTBEHHO?
P 1

2.2.9. Haittut koymdectso Temna AQ , mepepaH-

HO€ OJHOAaTOMHOMY rady Ipu IepeBojde ero mus
cocToAHMA 1 B COCTOSAHME 2 Kak I[I0Ka3aHO Ha

pucyHnke. Ilpu pacdere npunsarte p; = 500 klla,

v, Vv, V Vi=2ma Vo=4m

2.2.10. OpHoaTOMHBI MOeaJIbHBIA rad NepeBOJAUTCA U3 COCTOAHUA Py =
130 klla, V; = 1 a1 B cocTosiuue py = 10 klla, Vy = 2 51 no mpsamoit, co-
eauHAILEN Touky (P1,V7) u (D2, Vs) Ha pV-nuarpamme. 3ateMm ras nepe-
BoauTcsl B cocrosiuue py = 20 xIla, V3 = 3 x1 mo npsamoii, coeauuAIonIen
ToukM (P2, Vo) u (p3,V3). Kakoe kommdecTBo terta AQ coobreno rasy?

2.2.11. C upeanbHBIM OLHOATOMHBIM Ta30M COBepIIaeTCA LIMKJIMYECKMIA
nporece. Macca raza m = 60 r, ero mossipHaa macca M = 20 r/mosb. U3
HayaJILHOTO COCTOAHMs ra3 aauabaTuUyecKy pacIIMpsieTcsl, IPUYEM ero
TeMmIiepatypa mameHsercs ot 73 = 400 K pmo 7, = 64 K. 3arem ras
uzobapuyeckyu coxmmalorT npu gasieannu po = 200 xIla no nepBoHavanb-
Horo obvema Vy = 500 cM3. Lluxn saMbixaetcs uzoxopoit V = V. Kaxoe
KOJIMYeCTBO Tella () IepeziaHo rasy 3a HMK?

2.2.12, [Ipa cocyzia cOiepaKaT OJHOaTOMHBIA MeaJbHBNI ras. Macca rasa
B nepBoM cocyge mi = 20 r, ero remneparypa 71, =300 K. Bropoii cocyxn
COIEPsKMT TaKoit e rasd Maccoit m: = 30 r npu TeMmneparype
7, =400 K. Cocyns! coepuuanT Tpy6koit. [IpeHeGperaa ofbeMoM Tpy6-
KM ¥ Tensoo6MeHOM ¢ OKpy)Xalollleif cpezioii HajiTu TeMIepaTypy rasa
T, ycTaHOBMBIIYIOCA B COCyJHax.



3adavu 121

2.2.13. Ira cocypa, o0beMbl KoTOphIX Vi u Vo, comepixany oguHaKOBbIA
OHOATOMHBI ras MoJsipHoii Maccht M. B cocynme ofbemom V) macca
rasa paBHAJNacb 71 Ipu Temnepatrype Tj, a B cocyne c obbemom Vy -
COOTBETCTBEHHO Mgy npu Temnepatype T,. Cocynbl coeMHAIOTCA TPy6-
koit. IIpeneGperasi oGbeMoM TPyOKM M TeIJIOOOMEHOM € OKpYJKaloLleit
cpeJioit, HaliTu JaBJieHue p, yCTaHOBMBLIIEECHS B COCYAaX.

2.2.14. TensousonupoBaHHbIil cocys obbemom V = 500 cm® comepoxur
OIHOATOMHBINi ras, MoJIApHad Macca Kotoporo M = 4r/mons. B cocyn
BBOAUTCA HOIOJIHUTENBHO M = 1 I TAKOro ke ras3a npu temmnepatype T
= 400 K. Ha kakyo BeJMuMHy Ap N3MeHUTCH JaBleHue? YHHUBepCasb-

HYIO ra30BYIO [TOCTOAHHYI0 npuHATE R = 8,3 Jm/(mons - K).

2.2.15. B BepTHKaJIbHO paclioJIOXKEeHHOM LMJIMHIAPUYECKOM cocyze, ILJIo-
miame ceueHMs Kotoporo S = 23 cm?, mop nopmgeM Becom P = 10 H
HaXOOUTCA OJHOATOMHbIA ra3. PaccrodHue MedkAy [AHOM cocyza U
opurgem £ = 30 cm. Ha BHYTpeHHe!! CTEHKE COCYAa MMeeTcH CTONOpPHOe
KOJIbLO, He TI0BBOJIAIOIIEEe PACCTOAHMIO MEMAY AHOM COCYAa U MOPIIHEM
npeBbicuTb BesmunHy H = 50 cm. Kakoe kosmyecTBo Temna Q HysxHO
coobmTh rady, 4yrobbl ero OaBJeHMe yBeJMymyock B o = 1,5 pasa?

ATtmocepHoe naBienne py = 100 klla.

2.2.16. C oHOATOMHBIM MIOEaJIbHBIM Ta30M COBEPLIAETCA IMKJIMYeCKMi
nponecc. VI3 HavyanpHOTO cocTosHuA py = 1,6 MIla u V' = 2 1 ras pac-
IMpsieTcs IPY IOCTOAHHOM JaBJIEHMU o obbema Vo = 16 j1. 3arem npu
MOCTOSIHHOM o0beMe V), IaBJileHMe rasa yMeHBIIAeTCs N0 TaKOil BeJMYu-
Hbl p; = 50 xlIla, 4TO M3 COCTOAHMA pq,Vy ra3 OpMBOAUTCA B Ha4yasbHOE
cocTosHMe afuabaTudeckum ckaTtueM. Haiitu pabory A4, coBepiueHHyo
rasoM 3a LMKJL

2.2.17. C ogaum MojeM MJIealIbHOIO Ta3a IIPOBOAAT UMKIMYECKMIl [IPO-
uecc, COCTOALMIA U3 JBYX M30X0P M ABYX U30- p

G6ap. Hastru paboty A, coBepiiaeMyio ra3om 3sa 2 3
LMKJI, €CHM M3BECTHO, YTO TeMIepaTypa B CO- '
croauuu 1 Ty = 300 K, a B cocToauuax 2 u 4
TeMnepaTypa oAMHaKoBa M paBHa 1 = 320 K. -~
YHuBepcaJibHasi rasoBad IIOCTOfAHHas R = v
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8,3 >x/(mous - RK).

.

2.2.18. C ogumuMm MoJieM MZeaJIbHOro OZHOATOMHOrO rasa IIPOBOAAT LIMKJIL,
MoKa3aHHbI Ha pucyske. Ha ydactke 1-2 065~

P A
eM rasa yseamuusaercsi B m = 2 pasa. Ilpo-
1 1ece 2-3 - aauabaTuyeckoe pacumypeHue, IIpo-
T 3 Hecc 3-1 - uBoTepMuUyeCKoe cCKaTHUe NPKU TEM~

nepatrype Ty = 300 K. Hajitu paGory A, co-
BepIIaeMylo ra3oM Ha ydacTKe 2-3. YHMBepcaJibHaf ra3oBas MOCTOSH-
Has R = 8,3 Ik /(mons - K).

2.2.19. B BepTHKaJBHO PAaCIHOJIOXKEHHOM IMIMHAPMYECKOM COCyJZle IIof

s mopitHeM BecoM P = 20 H cogepxxutca mnjeasibHbIA

E ofHOATOMHBIN ra3. MeskJy NOpLIHEM ¥ HENOIBMMKHOH

r g OTIOPOJt pacnojyiaraeTcsi NPYKMHA, KECTKOCTb KOTOPOit k
m’_ = 200 H/m. PaccTositaue MexXny HOPIIHEM M JHOM COCY-
Ja H = 30 cm, npu aToM npyxuHa He AedopMupoBaHa.

Kakoe kommuectBo Teria (¢ Hy’sKHO COOGILIMTL rasy,

yro6bl NOPIIeHb NepeMecTMNICA Ha paccroanyue Ah = 10 cm? Armo-

cdepHOe JaBJeH)e He YYUTHIBATD.

2.2.20. B muauHzpuyeckoM cocyze 1 mop mopImHeM Maccoil m = 5 Kr

HaXOOUTCH ONHOATOMHBIN WUeaJIbHbIN ras.

14 3 Cocyn 1 coepuHer TpyOKOit, CHabsKeHHOI
m ‘ KPaHOM, C TaKUM JKe COCyZIOM 2, B KOTOPOM

K —: oy, nopiudem maccoit M = 10 kr HaxogmuTCs

¥ | £ Takoit xe ras. Cocyapl u TpybKa Teronso-

JMpoBaHbL B HadaJbHOM cocTosiHMM KpaH K 3aKpbIT, TeMIlepaTypa rasa
B ofoMX cocyZAaxX OAMHAKOBa, NOPIIEHb B cOCy/e 2 pacHoJIO’KeH Ha Bbl-

core H = 10 cm or nHa. Ha kakxoe paccrositime Ah mnepeJBMHETCHA mOp-

1IeHb B cocyZe 1 mociie oTKphiBaHMA KpaHa? O6beMoM TPYOKM ¢ Kpa-
HOM NpeHebpeyb, aTMOChepHoOe HaBJIeHME HEe YUMUTHIBATD.

2.2.21. Cocyn copmepskut m = 1,28 r resma npu temnepatype [ = 27° C.
Bo cxonbko pasz B usMeHMTCA CpefHEKBaApaTHYHasd CKOPOCTh MoJie-

KYJI TeJMA, ecay NpH ero agmabaTHuyecKoM CXKATHMM COBepIIMTH pabory
A = 252 JIx? Monsapnasa Macca reaua M = 4 r/moJsib. YHMBepcasbHaA
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rasoBaf nocroarHad R = 8,3 Jax/(moub © K).

2.2.22. B BepTMKaJIbHO pPaclOJIOMKEHHOM LMJIMHAPMYECKOM cocyZie C
womazapio cevenns S = 20 cm? mox nopiuHeM Maccoit M = 4 kr cogep-
SKMTCA MAeaJibHbII OJHOATOMHBII ras. PaccTosHume MexxIy MNOpLIHEM U
nHoM cocyza h = 1 M. Tagy coobupuim xonmmudecTsBo Teria AQ = 126

I.[}K. Bo ckomnbko pa3 o M3MEHATCHA CpejHeKBajpaTiMyHasd CKOPOCTh

MoJieKyJ raza? AtmocdepHoe naBieHue po = 100 klla, yckopenue cBo-
GomHOTO MajZieHusA NpUHATL g = 10 m/c2.

2.2.23. VineanpHadA TerioBad MallinHa MMeeT TeMnepaTypy HarpeBaTessd
T = 400 K, a Temneparypy xosoguneprura 12 = 300 K. Kakyio mou-
HocTh N pasBuBaeT 9Ta MalllMHA, €CJIM pacXof TOIJIMBAa COCTABJAAET

u=10" kr/c, a ero ynennHas Teriora cropaua q = 4 - 107 i/kr?

2.2.24. C ogHMM MOJIEM MJ€aJIbHOTO ra3a MNPOBOJAT LMKJIMYECKUi Ipo-
1ecc, COCTOALUMIA M3 JBYX M30X0p M ABYX M30- p

6ap. Haittu kosdpdnuyeHT I0JIe3HOT0 AeNCTBUA 2 3
MKJa 1], €cIM U3BeCTHO, ¥TO TeMllepaTypa B

cocrosamu 1 Ti = 256 K, B coctoanmm 3 T3 = -
625 K, a B cocroaanax 2 n 4 teMnepaTypa oiu-

HAKOBa. YHUBepcaJibHas ra3oBasl IIOCTOsIHHasA R v
= 8,3 Ix/(monb - K).

2.3. Usmenenue azpezammnozo COCMOAHUA 8eujecmaa

Bonpocel nnporpamMmet

e [lapoo6pasosanue. Henaperue, xunenue. Ydeavias mentoma na-
poobpasosarus. Hacviwyennvii nap. 3asucumocms Jagaenus u
NAOMHOCTNU HACBIUWEHHOZ0 NAPA OM MemMnepamypst. 3a8UCUMOCMb
memnepamyps. Kunenus om Oassenus. Kpumuueckas memnepa-
mypa.

e Baascnocemsb. Omuocumenvias Aa¥CHOCMS.

* Kpucmanauueckoe u amopPHoe cocmosnus eewecmea. Ydeavnas
MeNnIOma NAaACHUSL.

* Ypasnenue mensoeozo 6ananca.
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Onpenenenml, NOHATHA M 3aKOHBI

B passmmuHBIX MHTepBaJlaX TeMIepaTyp M ZaBJleHMit GOJIbIIMHCTBO Be-
IIECTE MOMeT HAXOAMUTHCH B Pa3HBIX COCTOSHMAX -~ 2a3000DPasHOM,
scudxom u meepdom. OTU COCTOSHNUA BeEIECTBA Ha3bIBAIOTCH arperaT-
HbeiMU.  MojleKyJIapHO-KMHEeTUYeCKasi Teopus IN03BoJAEeT OObACHUTH
Impolecc IepexXofia BellleCTBa M3 OAHOTO arperaTHOrO COCTOSHUA B JApPY-
roe.

Hapoo6pasosanue. Ucnapenue. Hacwviwyennstii nap. 3asucumocms
nAOMNHOCTU U 0a6AEHUA HACHIUEHHOZO MAPa OM memnepamypsl.
BaauMHble NpeBpallleHUs JKMUIKOCTE! ¥ Ta30B ONMCBHIBAIOTCS Mpollecca-
My rapoobpa3oBaHusa U KoHAeHcauun. [Tapoo6paszosanuem HasbiBaeTCH
nipoliece Nepexo/ia BelecTBa M3 KUIKOIO COCTOAHMA B rasoobpaaHoe.
ITapoobpazoBanue, npoucxonAilee npu 060l TeMiepaType co cBoboA-
HOJ TOBEPXHOCTM >KMUAKOCTH, HasblBaeTca ucnapenHuem. COBOKYITHOCTB
MOJIEKYJI, BBLIETEBIIUX M3 JKMAKOCTM NPK nNapoobpas3oBaHMM, HaSbIBaeT-
cA MapoM AaHHON KugkocTu. Obpas3oBaHKue Napa MPOUCXOAUT HE TOJIBKO
y JKUIIKOCTEM, HO ¥ y TBEePABIX TeJl.

713 noBepXHOCTHOTG CJIOA SKUIAKOCTHM BBIIETAIOT MOJEKYJIbl, KOTOpBIe
obnaal0T HaMOOJIBIIIEN CKOPOCTBIO M, CJeJOBATEJIbHO, KMHeTMYEeCcKOoH
3Hepruei TEeIJIOBOrO XIBMIKEHMSA, IOJITOMY B pe3yJbTaTe UCIapeHnsA
JKUAKOCTD OXJIaXIAETCA.

Ecsn nponece napoobpa3soBaHMA IPOUCXOAUT B 3aKPBITOM cocyze, TO N0
MCTeYeHMM HEKOTOPOTO BPEMEHM KOJIMYECTBO JKMIAKOCTHM IepecTaeT
y6bIBaTL, XOTA MOJIEKYJbI KMIOKOCTH, CrIocOOHBIE NOKMHYTH €€ IIOBEepX-
HOCTB, ITPOJOJIKAIOT IePeXoauTh B nap. B sroM ciyvae, Hapany ¢ npo-
LeccoM MNapoobpaz3oBaHMA, ONPeAesAILNYI0 PoJL HAaYMHAET UIPATh
KOMIIEHCHMPYIOIMit ero obpaTHBIf Ipollece — KOHJEHCAIUA, T.e. IIpeBpa-
lleHMe Tapa B JKUAKOCTb. KOHLEHTpauus BellleCTBa B rasoobpazsHom
COCTOAHMM JIOCTUTAeT TAKOTO 3HAYeHMs, HPM KOTOPOM HUCJIO MOJIEKYJ,
BO3BPANIAIONMXCA B KMIKOCTb, CTAHOBUTCA PaBHbIM YMCIY MOJIEKYJ,
NOKUAAIOIIMX TIOBEPXHOCTh KUJKOCTH 3a TO K€ BpeMs, MHBIMM CJIOBa-
MH, CTaHOBATCA PaBHAIMM CKOPOCTH Mapoobpas3oBaHMs M KOHAEHCAIMMNL
YcTaHaBAMBaeTCA OuNaMuUYecKoe pasnosecue MeXIy IIpolleccaMy uc-
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IapeHnsa U KOHJACHCalUM. Hap, HaXonALMICA B COCTOSSHUM OMHaMMK4ye-
CKOro paBHOBeCHUA CO CBOEM >KMIKOCTBIO, Ha3bIBaeTcH HACHLWEHHDIM
napom. Hap, HaXoaAmiitcsa Ip1 JaBJIEHNMM HUIXKe JaBJIEHWsA HaCbIIEH-
HOTr0 rnapa, ABJAETCA HeHaCbIIlI€eHHbIM.

JaByieHne HAaCBILIEHHOTO Napa py 3aBUCUT TOJBKO OT €ro XMMHUYECKOIo
CoCTaBa M TEMIEPaTypbl M He 3aBUCHUT OT BeJIMUMHBI CBOGOAHOrO OT
KuAKoCTH of'beMa COCyZa, B KOTOPOM HaXomuTcA Map. 1o obbACHAETCA
TEeM, YTO IIPY CKATUM HACHIIEHHOTO Hapa KOHUEHTPalusa MOJeKyJ rnapa
yBeJu4MBaeTCs, PaBHOBECHe MeXIy IpolleccaMy MCIapeHNuA ¥ KOHAECH-
calMy HapylIaeTCsd M 4YacThb [apa IpeBpalljaerca B KuUAKocTb. IIpu
paciMpeHUM HACBIIEHHOIO Mapa KOHIEHTPAaLUA €ro MOJIEKYJ yMeHb-
HIaeTcA M YacTh SKUAKOCTM NpeBpaliaeTcs B Hap.

HMurencuBHOCTD npouecca MUCIapeHUA yBeNIuduBaeTCA C BO3pacCTaHMEM
TeMnepaTypbl KUIOKOCTH. HOSTOMy OVMHaMMUYE€CKOE paBHOBECHE MeXOY
ucrnapesmuem u KOHZleHcaIuen py IIOBBILIEHUM TeMIlepaTypbl yCcTaHaB-
JMBaeTCA IIpn Bonbrunx KOHLeHTpalMAX MOJIEKYJ IIapa, T.e. INPpU BoJib-
IIIUX ero JaBJIEeHUAX.

JapyieHre upaeasIbHOIO ras3a IpM ITOCTOAHHOM KOHLEHTPalMM MOJEeKYJ
Bo3pacTaeT MHPSAMO NPONOPLMOHAJBHO abCoJoTHOM

TeMmIlepaType. Tak Kak B HaCBIIIEHHOM Ilape IIpU ’ Pu
BO3paCcTaHUM TeMIlepaTypbl KOHLEHTpPalud MoJie-

KyJl yBeJIMuMBaeTCH, NaBJEHMe HACBIILIEHHOro mnapa Frns

C TIOBBILIEHMEM TeMIlepaTyphl Bo3pacTaeT ObicTpee,
4eM AaBJIEHME MJIEAJIbHOTO rasa ¢ IIOCTOSHHOM KoH- 0
HeHTpanuei mosiekya (puc. 2.3.1).

-

i
Puc. 2.3.1

Kunenue. Ilpouecc nmapoobpasoBaHuA MOXKET IIPOUCXOOUTH HE TOJIBKO C
MOBEPXHOCTH KMAKOCTM, HO ¥ BHYTPM XKUAKOCTM. Ecom naBjieHuMe Ha-
CBILLEHHOTO lapa PaBHO [aBJIEHUIO B JKMIKOCTM WJIM NpeBbIIAeT ero,
NMy3bIPbKM IIapa BHYTPM JKMIAKOCTM PACIUMPAIOTCHA M BCIUIBIBAIOT Ha
noBepxHoctTh. Ilponiecc MHTEHCMBHOrO rNapoo0pa3oBaHMA HE TOJBKO CO
cBoOOHOI MMOBEPXHOCTY KMAKOCTH, HO ¥ IIO BCeMy ee o6beMYy BHYTPb
obpasyroluxca NPy 9TOM IIy3bIPLKOB Mapa, Ha3blBAeTCs KUNeHUeM.

3asucumocms memnepamypu. Kunenui om dasaenus. Temnepa-
mypou (mouxoil) Kunewus Ha3bIBAaeTCH TeMIlepaTypa KUAKOCTH, HpU
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KOTOpO# JlaBleHye ee HACLIIIeHHOTO Napa PaBHO BHeIUHEMY [AaBJICHMIO.
IIpu NoHMsKeHNY BHELIHETO NaBJIeHMA TEMIEPaTypa KUIEHUS KUMKOCTU
MOHMKaeTCA, NPy IOBBIIIEHUNM JIaBJIEHMA - NOBblLaeTcA. B dacTHoCTH,
npu Temneparype 100° C naBienne HachbleHHOTO BOASHOIO Mapa pas-
HO HOPMAaJIbHOMY aTMOCCEPHOMY AaBIEHMIO U KUIIEHME BOAbI IPOYCXO-
OUT npu 100° C. Ecau saBiieHyMe HaJ BOJOW YMEHBIUMTb AO IIOJIOBMHBI
HOPMAJILHOTO aTMOC(EPHOro JaBJIEHMA, BOAA 3aKUIIUT TIPU 800 C. TIpn
NaBJIeHMM, B 2 pa3a IPeBbIIAIONIEM HOPMAaJibHOE aTMocthepHoe HaBJie-
HMe, TeMIlepaTypa KMHeHus BoAbl paBHa 1200 C.

Ydeavnas menaoma napoobpazocsanusn. Eciy BHeniHee HaBJieHMe He
u3MeHsAeTCH, B IIpolecce KUIMEHMA TeMIepaTypa MKMAKOCTY OCTAeTCH
nocrosiHHoit. Tensora, KOTopad M3BHE NOABOIUTCA K YKUAKOCTH, Pacxo-
nyetcsa Ha napocbpasoBamme. KomudecTso TeOTH 7, HeobXomumoe s
[peBpallieHMsa B Nap €OMHULbI MAacChl MKUIKOCTH, HarpeToil OO TeMile-
paTypb! KulieHusA, HasblBaeTcA yodeavnotl meniomoil napootpas3oeanus.
U3 saKoHa COXpaHeHMA IHEPIUU CJELYeT, 4T0 IpU oBPaTHOM MpoLecce
~ KOHZEHCAlMy Iapa B JKMIAKOCTb ~ BBIIEJAETCA TO e KOJMYECTBO
TEILIOTEL

Kpumuuecxas memnepamypa. IIpu yBenuyenuyu teMnepaTypsl KUA-
KOCTM YBeJMYMBAETCA [OAaBJE€HME HACBIIEHHOTO
rnapa ¥ OJHOBPEMEHHO pacCTeT €ero ILIOTHOCTb.
IInorHOCTE >KMAKOCTH, HaXoAslleliCA B paBHOBECHMU
CO CBOMM IIapoM, YMEHBIIAeTCA BCJELCTBME TEILIo-
Boro pacmmupenus. I'padukyu 3aBUCHMMOCTM OT TEM-
nepaTyphbl IJIOTHOCTEN HACBIIEHHOTO Mapa M uJ-
KOCTH NepeceKaloTcd B HEKOTOPOM TO4YKe, HAa3bl-
BaeMoil kpuTudeckoit (puc. 2.3.2). B KpuTudeckoii
TOYKE IJIOTHOCTDb JXKUJIKOCTM paBHa ILJIOTHOCTM HACBLILIEHHOTO Iapa, Ha-
XOAAulerocsi B paBHOBecHM ¢ KMAKOCTbIO. IIpm xpumuuecxoi memne-
pamype MIOTHOCTb U JaBJIEHMe HACBIIIEHHOIO Mapa CTAaHOBATCA MaKCu-
MaJIbHBIMM, 8 IJIOTHOCTB JKMIKOCTM, HaXoxsAlleiicA B paBHOBECHM C Tia-
poM, MuEMMalbHOi. Kputudeckas remnepaTypa mJis Bogwl I, = 374°% C.

Ocoboe 3HaueHne Kpn’rnqecrcofix TEMIIEPATYPbl COCTOMT B TOM, YTO IIPH
TeMIlepaType BbILIE KpMTM‘{eCKOﬁ ra3 HeJb3dA NPEeBPaTUTh B XXUIAKOCTH
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HU NIpU KaKUX NaBJICHUAX.

Baraxcrocms. Omunocumeasnas saadxcnocms. Conep:rkaHue BOJIAHOTO
napa B BO3JAYyXe MOXHO XapaKTepM30BaTb HECKOJBbKMMM BeJMIMHAMIN.
Ab6coaromuoll eaancHOCMbI0 6030Yyxa (MM MPOCTO BJIAMKHOCTBLIO BO3IY-
Xa) p Ha3bIBalOT IJIOTHOCTH BOAAHBIX IIapOB, COAEPIKAIIMXCA B BO3JY-

Xe Mpy NaHHBIX ycnoBusx. OBBIYHO BJIA2KHOCThL BbIpaskaloT B r/me. Ilo-
CKOJIbKY B aTMocePHOM BO3AyXe WMHTEHCUBHOCTH MCNAPEHMS BOIBI
3aBMCHUT OT TOrO, HACKOJIbKO OJIM3KO JaBJIEHME I1aPOB BOJABI K NaBJIEHMIO
HACBIIEHHbIX I1apOB IIPM JaHHOM TeMmilepaType, BadXHO TaKe 3HaTb
OTHOCUTEJILHYIO BJaKHOCTh. Omuocumensnoll saaxcHocmvio eo3dyxa f
Ha3blBaeTCA OTHOIIEHMe NaplUMajJbHOrO JaBJIeHMA BOIAHOIO Tapa p,
COZlePIyKAIUETOCH B BOBAYXE IPY NAHHOM TeMilepaType, K HaBJEHUIO Py
HaCBINIEHHOTO BOZSHOIO rapa IIPM Toii JKe TeMilepaType, BbIpaskeHHoe B
IIpolLeHTax:

r=L100%. (2.3.1)
P,

Tak Kak JaBJIeHMe HACBILIEHHOrO Ilapa TeM MeHbllle, YeM HIwKe TeMIle-
paTypa, TO IPH OXJa’XAE€HMM BO3JyXa HaXOINALIMIICA B HEM BOIAHON
nap IIpyu HEKOTOPON! TemnepaType CTAaHOBMTCSH HacbhiuieHHbIM. Temnepa-
Typa Ip, IPY KOTOPOH HaXONAIMICA B BO3LyXe BOAAHONM Iap CTAHOBUT-
Cs HacCbILIeHHbIM, Ha3bIBaeTcs Moukoi pocsi. [Ipy TemnepaType BO3LYy-
Xa, paBHOIii, nyy Bosiee HU3KOI, YeM TOYKa POCHI, UCIIapeHME BOZBI IIpe-
KpalllaeTcs.

Kpucmaanuueckoe u amopdroe cocmoanus sewecmea. TBeprble
TeJla II0 CBOMM CBOJMCTBaM M BHYTPEHHEMY CTPOEHMIO AeJIATCA Ha Kpu-
cmaasuveckue ¥ amop@usie.

Kpucmaanv, —~ 3To TBephble TeJla, aTOMBI MJI MOJIEKYJIBI KOTOPBIX 3a-
HUMAIOT oNpejelieHHble, YNOPAZOUYEHHBIE TIOJIOXKEHUS B NPOCTPAHCTBE.
Kpucranmmdeckne tBepzaple Tesia oGsaZialoT aHMB3OTPONMelt — 3aBUCH-
MOCTBIO (PUM3WYECKMX CBOJICTB OT HallpaBJIeHMsI BHYTPM Kpuctajuia. K
YUCIIy TaKMX CBOMCTB OTHOCATCA MeXaHMYEeCKasa HPOYHOCTb, Koadduim-
€HT TeIJIOBOTO PAaCIIMPEeHMA, BJIeKTPO- M TeIIONPOBOLHOCTD, ITOKa3a-
TeNib IPEeJIOMJEHUSA CBETa 1 TIp.
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Pazymyaiorca crenyoouye YyeTsipe THIa TBEPALIX KPHMCTAJLJIOB!

1. MHownmuvie xpucmanabt — GOJIBIIMHCTBO HEOPTaHMHECKUX COeNVMHEHMIA,
wanpumep cosm (NaCl u np.), okmucy MeTasioB u T.40. B ysnax xpucran-
JIMYECKUX pelIeTOK MOHHBIX KPUCTAJJIOB pa3MelliaioTcd [PaBUIBLHO
YepeAyIoIMecs I0JOKUTeIIbHbIE ¥ OTPUIATENIbHbIE MOHBI, MEXKIY KOTO-
pbIMM IeHCTBYIOT IJIaBHBIM 00pazoM CHMJBI 3JIEKTPOCTATUYECKOro B3an-
MOJIefiCTBUA, OCYLIECTBIRIOLME MOHHYIO CBA3b. B nponecce kpucrasnm-
3aLuM ogHy aTombl (HampuMmep, Na) TepsIOT BJIeKTPOHBI, KOTOPBIE NIpH-
coeuHAIOTCA K ApyruM aToMaM (Hampumep, Cl), 1 BOBHMKAIOT ABa IpoO-
TUBOIIOJIO?KHO 3aPAKEHHBIX UOHA.

2. Amommbie (8aneHmHble) KPUCTNALALL — KPUCTAJINIECKIe PEIIeTRN
noaynpoeogaukos (Te, Ge u np.), MHOrME OpraHMYECKHe TBePAbie TeJa.
TUNMYHBIMM NPUMEPaMy TAaKUX KPUCTAJIIOB SBJAIOTCA PAa3HOBUIHOCTY
yriaepofa - ajmMas3 ¥ rpacduT. B ysnax KpuCTaJIMYECKMX pelIeTOK
aTOMHBIX KPUCTAJJIOB HAXOJATCA SJEKTPUYECKN HeiTpaJbHble aTOMBbI,
yallle BCEro OAMHAKOBbIE, MeMKIY KOTOPBIMM OCYLIECTBJAeTCA ocobad
KOBaJICHTHas CBSI3b, MMEIOasl KBAHTOBOMeXaHN4YeCKOe IIPOUCXOKIEHNE.

3. Moanexyaapusie kpucmaaast — Brg, I3, CH4, Hacdranuu, napaduH,
MHoOI¥e TBepAble OpraHMuecKMe coefyHeHnsa B yanax xpucranmmyecknx
peuIeTOK TaKkuX KPUCTAJIIOB HaXONATCH MOJIEKYJIbl, COXPaHAIOIIMEe CBOIO
"MHAMBUAYAJIBHOCTR . MeXJy OTHMMM MOJIeKyJIaMM HAEeWCTBYIOT CHJIIbI
MIPpUTHMKEHUA, XapaKTepHble AJA B3aumozeicteua MoaexyJs. OrHocH-
TEJBHO MaJiad yYCTOMYMBOCTE MOJIEKYJIAPHBIX KPHCTAJJIOB, MX HU3Kue
TeMIlepaTypsbl IJIaBJeHUS OOBACHAIOTCA TeM, YTO CUJIbl NPUTAMEHMUS
MEXIY MX MOJIEKyJNaMM MeHbllle, 4YeM Y KPUCTAJIJIOB APYTUX TUIIOB.

4. Memaaauueckue wxpucmaanbvt (memasinst). Ilpu kpucrammmsanmun
METAJIJIOB ITPOMCXOOMUT OTLIENIeHNe OT aTOMOB BHEUIHUX (BaJIeHTHBIX)
3JIEKTPOHOB M 00pas3yloTCs IOJIOXKMTEJIbHble MOHBI, KOTOPhIE pacroJa-~
raloTcs B ysJjaX KPHUCTaJUIMYeCKOoR pemieTkyu. BaJsieHTHble BJI€KTPOHBI
CTAaHOBSTCH "KOJUICKTMBM3VMPOBAHHBIMM & — OHM MPMHAIJIEIKAT BCEMY
KPUCTaJULy B LieJioM, 00pa3ys 3JeKTPOHHLIN ra3. Merasnndeckas CBA3b
B KPMCTaJJIMYECKOH pelleTKe MeTaJuUioB obecneuuBaeTcA MPUTSAMKEHUEM
MEXKJY HOJIOXKUTEILHO 3aPAMEHHBIMM MOHAMM, HAXOARIIMMMCS B y3Jax
KPHUCTAJIJIMYECKON pelleTKM, U OTPULaTeJbHO 3apPAXEHHBIM 3JEKTPOH-
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HbIM raszoM. KosekTHMBM3MpOBaHHbIE SJIEKTPOHBI METAJNIOB Kak Gbl
"CTArMBalT' IOJIOKUTENIbHbIE MOHBI, YPaBHOBENIMBas OTTaJIKMBaHMUe
Mexy Humn. IIpy paccTOAHKMAX MeXXJy MOHaMM, PaBHBIX IIePMOLY Kpy-
CTaJLIMYecKoi pelIeTKY, BOSHUKAET YCTOM4YMBasa KOHMUrypauus MOHOB.
HanuuyeM 3JeKTPOHHOTO rasa oODbACHAETCS Xopollas 3JeKTPONpOBO-
HOCTb METAJLJIOB.

Kpucrainndeckue TeNa AeJATCA Ha MOHOKPUCTNAALLL U NOAUKPUCTILAA-
Abl. MOHOKPUCTAJIIBI 49aCTO OOGNAiaoT TeOMeTPUYECKM NPaBUJILHOMR
BHELIHel) (PopMOJi, HO TJIaBHBIM NMPU3HAK MOHOKPMCTAJLIA -~ Iepuogude-
CKM TMOBTOPSAIOIIAACA BHYTPEHHAS CTPYKTypa Bo BceM obbeme. Ilosu-
KPHUCTaJIMYECKOe TeJIO IpeLCcTaBisgeT cobol COBOKYIHOCTh CPOCILMXCH
IPYT ¢ JPYroM XaoTH4YeCKy OPMEHTMPOBAHHBLIX MaJIeHbKUX KPMUCTAJIJIOB.
Kaskgpiit MaJleHbKEMII MOHOKDPHMCTAJINI aHM3OTPOIEH, HO MOJMKPHUCTAIIIN-
YecKoe TeJIO KAk IPaBuJIo M30TPOIIHO.

Hapsagy ¢ xpucTalMyecKMMH, B NIPUPOLE CYILIECTBYIOT TakxKe amopdh-
Hble mead. Y aMOPMHBIX TeJ HET CTPOroro NopsAfKa B PAaClOJIOXEeHUM
aToMOB. Bce aMop(pHEIe Tesla M3OTPOIHEL, T.€. UX (PU3MYECKHe CBOKCTBA
ONMHAKOBbI IO BCeM HampaBJjieHMsaM. K aMopdHBIM TeslaM OTHOCATCH
CTeKJIO, cMoJa, KaHM@OoJb, IJIaBJIeHbH caxap U Ap. Ilpu BHeIUHMX BO3-
HericTBuAX aMopdHble Tejla OODHAPYMKMBAIOT OLHOBPEMEHHO YIpyrue
CBOJicTBa, MOAOOHO KpyCTaJlilaM, M TeKydecTh, MOHobHO »kmuaxocTym. YiI-
pyrue CBOMCTBa aMOpP(HBIX TeJl MPOABJIAIOTCA NPV HU3KUX TeMIlepaTy-
pax. IIpy NOBBIIIEHUM TeMIePaTypPbl OHM IIOCTENIEHHO PadMATrYalOTCH U
o cBojicTBaM Bce OoJiee npubmmkaloTcsa K sxkuAxocTsaM. OrnpenesieHHOM
TeMIlepaTypbl NJaBJeHUA y aMOPKhHBIX TeJ, B OTJN4Me OT KPUCTAJLIU-
YeCKHX, HeT.

Yoeavnan menaoma naaeérenus. BlauMHble NpeBpalueHUA KPUCTAaJ-
JMYeCKMX TBEDPJABIX TeJl M JKMUAKOCTE OINICHIBAIOTCA HpoleccaMy IUiaB-
JeHUA M KpHUCTajMsaumuu (orBephAeBaHmsA). Ilaassenuem meepdvix men
Ha3bIBAETCA UX MEPexXoi M3 TBEPIOro COCTOAHMA B KMuAKoe. B pesys-
TaTe NJaBJEeHUA IIPOMCXOOUT pa3pylIeHye KPUCTAJJIMYECKON pelueTKyu
TBephoro Teja. IlJlaBjieHMe NPOMCXOZMT IIPY OINpeHeNIeHHOH TeMiepa-
Type, Ha3bIBaeMoii memnepamypou (mouxkoid) naagaenusn T, Kak npa-
BWJIO, IUIaBJICHMEe TBEPIBIX TEJI COMNPOBOXKJAAETCA YMEHBIIEHMEM ILJIOT-
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HocTH. VIcKiodeHue COCTaBJSAIOT Jiel ¥ BUCMYT, Y KOTOPBIX ILIaBJICHNE
COIIPOBOMAAETCA yYBeJIMYEHUEM ILJIOTHOCTH.

B nponecce niaBieHNA TBEPHOTO Teja OHO CYIIECTBYET OJHOBPEMEHHO
U B TBEPAOM, U B KMAKOM cocTosHuAX. Temneparypa Teja He U3MeHA-
eTcA NPU NJIaBJICHUM M ocTaeTcs Bce Bpemsa paBHoit T ;. Bce kommyect-
BO TEIUIOThI, KOTOpOe MNOABOAMTCA K TBEPAOMY TeJy, pacxolyeTcs Ha
paspyllleHuMe KpMcTaJmMdeckoit peietkn. KomuecTBo Temsorsl, HeoO-
Xoaumoe AJA nepesofila €RMHULLI MacChl TBEPJOro TeJsa, HaXONAWEerocd
1Py TeMnepaType IJ1aBJeHMd, B KMUAKOE COCTOAHME Ha3bIBaeTcs yoeab-

HOU Menaomol NAasACHUR A .

Ilepexoy BelrlecTBa M3 XKMIKOTO B TBEPJOE KPHUCTAJIUIECKOE COCTOAHME
Ha3bIBaeTCA Kpucmarausayuetl (3aTBepieBannem). Jina noboit xummude-
CKM YMCTOM KMAKOCTM DTOT HPOLECC UAET MPU MIOCTOSHHON TeMIlepaTy-
pe KpucTaJiM3alidy, KOTOpas COBIAJaeT C TeMIepaTypoi NJaBJieHusA
T.n Kpucranmmusamms eauHMIBI MacChl KMAKOCTHM COIIPOBOXKIAeTCH
BBIZleJIEH)IEM HEKOTOPOro KOJMYECTBa TEIUIOThl — YAEJBbHONM TeIJOoTHI
KPUCTAJIM3ALMK, — PaBHOM YAEJIbHO TeIUIoTe MJaBIIeHnA.

Ypaeuenue mennogozo 6asarnca. Eciyu BHYTPH TenjoM30JIMPOBAHHOM
CMCTEMBI He COBEpIIAETCA MeXaHN4Yeckoli paboTel, To LJIA Hee clpaBefi-
JIMBO YpasHeHUe men.aoeozo basanca:

AQ, +AQ,+...+AQ, =0, (2.3.2)

rae AQ,,AQ,,...,AQ, —  KOJIMYECTBa TEIJOThl, IOJiydeHHbIe

(nonokuTeNbHBIE) MM OTHaHHbIE (OTPULATENLHBIE) TeJAMM CHUCTEMBL
OT# KOJNIMUYECTBa TENJIOThI PACCUMTHIBAIOTCA N0 cleAyIomuM dopMyaaM.

IIpu maMeHeHMM TeMIepaTyphl Teja MacChl 7 KOJMYECTBO IepeaHHO
eMy TeIlJIOThI

AQ=cm(1,-1) , (2.3.3)

Ie ¢ - yHheJbHas TEIJIOEMKOCTh BeLeCTBa, [1 ¥ [2 - HaYaJibHasg M KO-
HeYHafd TeMIepaTypbl.

Ilpm npeBpamieEny >KMAKOCTY, HaXOAAIIESHCA NP TeMNepaType KuIe-
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HMA, B M1ap, KOJMYECTBO TEIJIOTHI, IepeaHHOM KUAKOCTH,
AQ=rm , (2.3.4)

rge r - yAeJbHadA TeloTa Napoobpasopanusi. IIpu KoHZeHcaumu Oapa
BBIJIEJISAETCS TaKoe »Ke KOJIUYeCTBO TEIJIOThL

IInasnexnue KPUCTaJJIMICCKOro TeJia, HarpeToro A0 TeMIiepaTypsn! njae-
JIeHUA, Tpe6ye'r nepegayy eMy KOJIMYEeCTBa TerlJIOThbI

AQ=Am , (2.3.5)

rZe A - yHzesbHa#A TeluoTa myaBienHud. IIpu kpucrannmusaumm Beife-

JAeTCA TO e KOJIN4YeCTBO TellJIOTHI.

Ykazanua oo PpellIcHHIO 3alaYd

Ilpu peluenuyu saniady, B KOTOPbIX pacCMaTPMBaeTCA BJAXKHOCTH BO3LY-
Xa, cJleflyeT MMeTb B BMAY, YTO HEHACBHILEHHBI IIap IO CBOel Impupole
HMYEM He OTJIMYAeTCH OT OGLIYHOrO rasa, MOITOMY JJIS OMMCAHMS €ro
COCTOSAHMA clpaBeluBo ypaBHeHne Kinaneiipona-MeHgeneesa. OgHaxko,
B COCTOAHMAX, OJMBKMX K HACBIIEHMIO, 3TO ypaBHeHME B OOBIYHOI
dopMe CTAaHOBMTCA HENPMMeHMMbIM. I[Ipu paccMOTpeHMM mIpOLIECCOB,
MPOUCXONALIMX C HACBIIIEHHBIM HapoM, HaJO YYMTBIBATbL, YTO [IpU M3-
MeHEeHMM TeMIlepaTypbl, AaBJEHMA MJM 06beMa M3MEHSIeTCH TaKKe U
Macca mapa. B 4acTHOCTHM, NIpM M30TEPMHMYECKOM CoKaTHMM Macca Iapa
M3MEeHsIeTCs MPONOPLMOHAJIBHO ero oo'beMy. CleqoBaTeNbHO, MJIOTHOCTh
mapa p W ero JaBJeHMe p MOCTOAHHEL II03TOMY CBH3b MEMIY IJIOTHO-

CTBIO U HaBJIEHMEM, BbITEKalollaA M3 ypaBHeuua p=pM /(RT), cnpa-

BeJiJINBa M JJIA HaCBHIEHHOro Iapa.

B 3ajavdyax, CBA3aHHBIX C UBMEHEHNEeM arperaTHoOro COoCTOSIHUA TeJl, Ha-
XOOAIIUXCA B TEIJIOBOM KOHTAaKTE, LJIA HpaBMJIbHOﬁ 3almcy ypaBHeHUA
TerwioBoro GaJslaHcAa BaXHO AeTaJIbHO IIPOCJIEANTD, Yepe3d Kakue IpoMe-
HMYTOUHBIE COCTOAHUA TIPOXOAAT WMCXCAHBIE BellecTBa, IIpexie ueMm
AOCTHUTHYT KOHEYHOI'0 COCTOAHMA TEepMOIAMHaMMNYECKOrO paBHOBECHUA. B
CBA3Y C ITHM PEKOMEHAYeTCsl cHadajia 4YMCJIIEHHO OLCHUTH KOJIM4YecTBa
TEIJIOThI, KOTOPbI€ MOTYT BBIAEJIMTBCA JIM IONJIOTUTBCA IIPHU BCEX BO3-
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MOXKHBIX B JJaHHOM 3aZladye Mepexofax M3 OZHOTO arperaTHOro COCTOAHMUA
B Zpyroe, M onpeZesJMUTh Ha OCHOBAHWUM 3TOTO, B KaKMX arperaTHbIX CO-
cTosIHMAX OGyAyT HAXOOUTHLCH BCE BEIIECTBA B KOHEYHOM COCTOSHUM.
TosbKO IOCJIe DTOrO MMEET CMbICJI 3alMCHIBATh ypaBHEHME TENJIOBOTO
fananca.

3amgauu oo Teme “VMamMeneHMe arperaTHOro COCTOABMSA BellecTBa”

2.3.1. OTHocuTeNbHAS BJIAYKHOCTB BO3AyXa B KOMHaTe obbemom V =
40 m3 paBna f = 70%. Haittu Maccy m BOJAHBIX MApOB B KOMHATeE, €CJM
TeMmnepaTypa Bodfyxa ¢ = 200 C, a naBieHue HaCBHIUEHHOro fHapa HpHU
9TOJ TeMIlepaType p, = 2330 Ila. YHuBepcasbHad rasoBad [IOCTOAHHAA
R = 8,3 'k /(Mo - K), moniaspHass macca Bogsl M = 0,018 kr/mouns.

2.3.2. B xomuaTte npu Temnepatype [ = 200 C oTHocuTennHas BJask-
HocTh Bo3ayxa f; = 20%. Kakyio maccy Am BOIbI HY’KHO MCHApUTb
I yBeJMYeHUs BJIAXKHOCTHM JO BeJimumHbL fo = 60% npu Toit ke Tem-
nepatype? O6beM KoMHaThl V' = 50 M3, IJIOTHOCTD HACBHIILIEHHBIX TAPOB

Bojbl Ipy TeMnepatype ! = 200 C pasna p, = 1,73-10°2 kr/m3.

2.3.3. B xomuate npu Temnepatrype ! = 200 C oTHocuTesbHAA BiaXK-
HOCTh f] = 20%. Hajit OTHOCHTEJIbHYIO BJAAXHOCTE fp MoCiie MCHapeHus
B KomHaTe m = 0,2 xr Bopp. O6bem xoMmuatel V = 50 m®, njoTHOCTEH
HACBIIEHHBIX TapoB mpu Temmepatype { = 200 C paBma p, =

1,73 - 10-2 kr/m3.

2.3.4. Bosayx B KomHaTe obbemoM V = 50 M3 umeer TemnepaTypy ¢ =
27° C u orHOCHMTENBHYIO BJAXHOCTb f; = 30%. CKOJBKO BpeMeRu T

AOJIMKEH pa60'ra'rb yBJaXHNUTEJb BO34yXa, pacnbmmoumﬁ BOA4Y C IIpo-
U3BOAMNTENBHOCTBIO O = 2 ICI‘/‘IaC, 4TOOBI OTHOCUTEJNIbHAA BJIAXKHOCTL B

KOMHaTe NOBBICMNIach 10 fo = 70%? JlaBiieHue HacCbILIEHHBEIX [1aPOB BO-
nb1 ipu ¢ = 270 C pasmo p, = 3565 Ila, yanuBepcanbHaA razoBaf IMOCTO-
audad R = 8,3 Jhx/(monb-K), monapmuas macca Bogbl M, . =

18 r/mous.

2.3.5. OTHOCHTENIPHAA BJAYKHOCTB IIpK TeMnepatype ¢; = 270 C paBna f;
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= 75%. Bo CKOJIbKO pa3 n M3MEHUTCs OTHOCUTENbHaA BJ&XXHOCTb, €CJIN
TeMnepaTypa ynager 1o !y = 100 C? Japsienue HacbllieHHOro napa Ipu
11 = 279 C pasno p; =27 mMm prcr., npnu 15 = 10° C pasHo p; = 9,2 MM
pT.CT.

2.3.6. T'opM30HTAJIBHO PAaCHOJIOMKEHHBIN LMINHAD pasfielleH NOABMMKHBIM
MOPLIHEM MacChl M = 5 KI Ha JiBe paBHble 4acTyu obbeMoM V' =1 1 Kax-
pasa. C offHOIt CTOPOHBI OT IOPIIHA HAaXOJMUTCS HachllleHHbI BOJAHOM
nap npu temneparype ¢ = 1009 C, ¢ apyroit - Boaayx npy Toil ’Ke TeM-
neparype. uanHap noctaBunM BEPTURAJBHO TaK, YTO CHUBY OKasaJICs
nap. Ha xakoe paccrodHme X onycTuTcs HOpIIeHb, ecJii TeEMIIEPaTypy B
oberx HacTAX LUIMHAPa NMOANEP’KUBAIOT HeyaMeHHou? Ilmou@ane ocHo-
BauMA wmamegpa S = 0,01 M%, naBJieHMe HaCBIIEHHOTO Napa NPy TeM-
nepatype ¢ = 1000 C paBuo p, = 10° ITa. Yckopenue ceoboasoro mame-
HMA OpUHATB g = 10 m/c2,

2.3.7. Onpenenuts Maccy BOABI M, KOTOPYIO TepseT YeyloBeK 3a T = 1

yac B mHpolecce AbIXaHMA, MCXONSA U3 CIeAYIomMX AaHHbIX. OTHOCK-
TeJIbHAfA BJAXHOCTH BAbIXaeMoro eosgyxa fi1 =609%, oTHocuTenbHAS
BJIA’KHOCTB BblIbIxaeMoro Bozzyxa f» =100%. Yenosex nejaer B cpel-
HeM n = 15 BIOXOB B MMHYTY, BAbIXaf Kaxkabli pas V' = 2,5 1 Bosay-
xa. TeMnepaTypy BABIXaeMOro ¥ BBIABIXaE€MOTO BO3AYyXa TIPMHATDL [ =
360 C; maByeHyMe HACBILEHHOrO BOASHOIO Ilapa IpM 9TO¥ TeMIiepaTtype
pa = 5,9 xlla. MonsapHas macca Bogsl M = 18 r/mMoub, yHUBEpPCAJILHARA
rasoBas noctoAnHas R = 8,3 JLix/(mons - K).

2.3.8. B yaiiuux Hammam Bozwpl npu Temnepatype ! = 100 C u nocraBumm
Ha 3neKTpoumMTKy. Yepea Bpemsa 1, = 10 Muu Boza 3akunena. Yepes

KaKoe BpeMAa 1T, BOJa [NOJHOCTBIO BBIKMIINT? YheJbHas TeJIOEMKOCTb

Boaer ¢ = 4,2 xklx/(xr-K), yoensnas Terora mapoobpasosaHus r =
2,3 MLk /xr. Temneparypa kunenus sogpt I, = 100% C.

2.3.9. B xanopumetpe Haxoamiuoch m; = 400 r BoAbl NpM TeMiepaType
t; = 59 C. K mneit gomym eme my = 200 r Bogs! mpu TeMmIeparype o =
109 C u nonoskusm mg = 400 r abna npu temneparype i3 = - 600 C.
Kakaa macca m nppa okasasack B KaJlopuMmeTpe IocJie yCTaHOBJICHMS
TEINJIOBOrO paBHOBeCUA? YesibHble TEIJIOEMKOCTM BOAbI M JbIA, COOT-
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peTcTBEHHO, ¢y = 4,2 Ik /(r- R), ¢, = 2,1 Jisx/(r* K), ynenpHaa tenmuora
nmaBaenna aega A = 330 x/r. TeroeMKOCTbIO KaJlopuMeTpa Ipe-

HeOpeys.

2.3.10. Ha npumyc NOCTaBUJIM OTKPBITYIO KAaCTPIOJIO C BOXOW IIPU TeM-
nepatype { = 200 C u cHaym ee yepea © = 40 mun. Haittn obbem V;
ocTaBUIENCA B KacTploJie BOABI, €CJIM HadaJbHbI 00beM BOAbI COCTAB-
aan V = 3 1. B nopuMmyce KaXKAyl0 MUHYTY cropaeT m = 3 r KepOoCHHA,
yAenbHaA TellloTa cropauus xoroporo h = 40 xlx/r, RKIIJI npumyca
(oTHOCUTENBbHAA [OJIA BBIZEJNMBINETroCA TeIa, MAYLas Ha HarpeBaHue
Boabl) T = 420, TEIJIOEMKOCTb ¥ yZeNbHasA TEIIoTa NMapoobpazoBaHMs

BOzbI cooTBeTcTBeHHO ¢ = 4,2 kIk/(kr* R), r = 2,1 MJI>x/Kr, VIOTHOCTD
Bompl P, = 103 kr/m3, TemnepaTtypa kunenns Bogsl 1, = 1000 C. Ten-

JIOEMKOCTBIO KacCTPIOJM nTpeHebpeyb.

2.3.11. HarpeTslii MeTaJIMYECKMII IOPOILNOK BBICBIMAIOT B KUIKOCTH
Maccoi m, HaXoOALLyIoCcH Nnpu TeMmnepaType 77. Macca nopoixa paBHa
M, ero ynenpHas TeIIOEMKOCTb ¢. Korza ycTaHOBMJIOCH TeNJiOBOe PaB-
HOBeCMe, OKa3aJioCh 4YTO TeMIlepaTypa cucTeMbl paBHa 7T M Macca
MKMUIKOCTY yMEHBIUIMJIACh Ha Am . YZeJbHad TEMJIOEMKOCTb KUIKOCTU

paBHa ¢}, ee yAeNbHaA TEIUIOTa Napoobpa3oBaHMs I, TeMIIEPAaTypa Ku-
rterus T,. Haittu Temnepatypy 73, KOTOPYIO MMeJ HarpeThlit MOPOIUOK.

2.3.12. Turenp, cojepsKallili HEKOTOPOEe KOJMYECTBO OJIOBA, HAarpeBaloT
Ha IJIMTKE, BBIAEJAIOINEN B eAVHMIYy BPeMeHM NOCTOAHHOE KOJIMIECTBO
Tensa. 3a Bpema t, = 20 MMH TeMnepaTypa 0JIOBa MOBBICMJIACE OT ! =

20% C o 13 = 70° C, a ewe yepes T = 166 MMH OJIOBO IIOJIHOCTBIO pac-
mnasuiocb. HaitTu ynenbHy1o TEIJIOEMKOCTb OJIOBA ¢, €CJM €T0 TeMIte-
paTypa mnaBieHns I; = 2320 C, a ynenvHas Tennora niaBneHMa A =

58,5 kll»x/kr. TennoeMKoCTbIO TUIeJIA U TIOTEPSIMM Tefljla IpeHeGpeys.

2.3.13. KenesHonopoxHblit BaroH Maccoit M| = 60 T, gBMAKyHUMiica co
CKOPOCTBIO ¥y = 7,2 KM/4, CTAJIKMBAETCH C HEIIOABUIKHO CTOSALIMM Baro-
HoM Maccoit M2 = 40 . Ilocne cTONKHOBEHMA BaroHbI IpHOGpPeTaloT
OIHY M Ty ’Ke CKOPOCTb M ABMKYTCA KaK eJuHbLA cocTaB. Kakoit obbem
BoApl V MoskHO GbLio Obl KOBEeCTM [0 KMIIEHU:A, €CJIM BCIO OHEPTMUIO, BbI-
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AEeJMBIIYIOCH IIPY CTOJKHOBEHMM BarOHOB, yZaJjochk Obl o6paTuTh B Ha-
rpes Bomer? Hawanbmas TeMnepaTypa Boxsl to = 200 C, Temnepatypa
KuleHUA Bogsl & = 1000 C, yIOeJbHas TENJOEMKOCTb BOABI ¢ = 4,2 - 103
I /(xr - K), nnorsocts Bogel p = 103 xr/m3.

2.3.14. B Tensou30JMpPOBaHHOM cOCyJle B Ha4aJIbHbII MOMEHT HaXOAUTCH
OJHOATOMHEIN ra3 mpum Temiepatype 7o = 300 K u xycodek »xenesa
maccel m = 0,2 Kr, HarpeTslt o Temnepatypbl 77 = 500 K. Hawanbgoe
naBjenue rasa py = 10° Ila, ero obwem V = 1000 cM3, ynenbnas Temn-
JoeMKOCTb xeJjieda ¢ = 0,45 x/x/(kr - K). Hajitu naBieHue rasa B paB-
HOBECHOM COCTOSIHMM, cYuTas o6beM rasa HeMBMEeHHLIM.

2.3.15. ToncrocTeHHbIT cocyl Maccoil m = 1 Kr U3rOTOBJIEH M3 MaTe-
puajia, yhenbHas TenjoeMKocTb Kotoporo ¢ = 100 Dwx/(xr- K). Cocyn
COIEepPXUT V = 2 MOJIA OLHOATOMHOTO rasa, obbeM KoToporo V =
500 cm3 ocraeTca HeumsmenubiM. CucTeMe COOBINAIOT KOJMYECTBO TeILIa
Q = 300 Ox. HaitTu m3aMeHeHue AaBJIeHMA rasa Ap. YHMBepcalbHYIO

ra3oBYyIO MOCTOAHHYIO NpuHATE R = 8,3 Il /(moub - K).
2.3.16. HekoTopoe koJM4YeCTBO BOXbI HarpeBaeTCA JJeKTpoHarpeBaTe-

JeM moitHocTeio W = 500 Brt. IIpm BRIIOYEeHMM HarpeBaTesid Ha BpeMms
1 = 2 MuH TemIepaTypa BoAbl noBbicuyiack Ha AT = 1 K, a npu ero

OTKJIIOYEHMM - MOHM3UJACh 3a BpeMA /o = 1 MMH Ha Ty Ke BEJIMUINHY
AT . KaxoBa Macca m HarpeBaeMoOil BOJAbI, €CJii MOTePu Tellsia 3a CYeT
paccesHMsA B OKPYXKaIOIUYI0 Cpeny IpPONOpLMOHAJILHBI BpeMeHn?
Y gesbHas TeIoeMKocTh BojAbI ¢ = 4,19 - 103 Mo/ (kr - K).
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3. dnekTpoaMHAMMEKA

3.1. rexmpocmamuxa

Bonpocsl nporpammsl

o Oaexmpuueckue 3apsadbl. OieMEeHMAPHBLL seKmpuueckutl 3apsol.
Hposodnuxy u OusAeKmpPuUKy. 3aKOH COTPAHEHUS IACKMPUHECKOZO0
3apada. Baaumodeiicmeue IACKMPUNECKU  3APAICEHHDBIX MeA.
Saexmpockon. Toueunwii sapad. 3axon Kyaona.

e Jaexmpuueckoe nose. HanpPANCEHHOCMD 3INeKMPUECKOZO TOAA.
JTuHuu HANPANEHHOCTNIU (CUN08bIE AUHUU) FAEKMPULECKOZO TMOAR.
O0nopodnoe anexmpuuecxoe mnose. Hanpsaacennocms anexmpo-
emamuneckozo noas moxeunozo 3apada. Ipunyun cynepnosuyuu
noaet. Iose nposodaweii chepuot.

e Pg6oma cua 3texmpocmamuieckozo noas. Ilomewyuar u pas-
Hocms nomenyuaaos. Ilomenyuan noas moveunozo sapsada. Ceass
PAZHOCTIU NOMEHYUAA08 € HANDAMEHHOCTIBIO 2AeKIMPOCMAMUYE-
CKO020 NOAS. FKEUNOMEHYUAALHDBLE NOBEPLHOCTNU.

e [ITposoduuxu u OGuasexmpuru 8 asexmpocmamuueckom noae. Ju-
NEKMPUUECKAA NMPOHUUAEMOCTND BEULLCTNEA. DAEKMPOLMKOCTMS.
Kondencamoput. Ilone naockozo kKoHOeHCaAMOpa. DAeKmMpPoemMKocms
naockozo korndencamopa. Ilocaedosamenvioe u napamieavHoe co-
edunenue KOHOeHCAMOpos. dHePp2uUs 3aPAHCEHH0Z0 Kordencamopa.

e 3nepzus 3AeKMPUUECKOZ0 NOASR.

Onpenenenusn, NOHATHA M 3AKOHBI

OJIEKTPOCTaTUKOM Ha3blBaeTCA pa3fell 3JIEKTPOAMHaMMKM, B KOTOPOM
paccMaTpUBAalOTCA B3aMMOJENCTBUA HENOIBMIKHBIX B WHEPLMAJILHOM
CHCTeMe OTCHeTa IJIEKTPUYEeCK) 3apsAKeHHBIX TeJ WJIM YaCTHULL

drexmpuuecKue 3apadvl. IemeHmMaPHBU MexmpudecKuti aapad.
Pdusnveckas BeJMHUMHA, XapaKTepPUIYOLIAsa CBOWCTBO TeJ MJIM HaCTMUI]
BCTYIIATE B JJEKTPOMarHMTHble BSAMMOLENCTBMA M OINpPeAeNsSIoNan
3HaYeHMs CUJI, BOSHMKAIOLMX IIPY TaKUX B3aMMOJIEACTBUAX, Ha3bIBaET-
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CA nexmpuuecKum 3ap.u60m. 3J1e1c'rpuqec1cme 3apAAbl AeNATCHA Ha Mo-
A0HCUMENDHDBLE T OMPUUAINEAbHDIE. ITonoxxurensHbI 3apsaa BO3HMKaeT,
HallpyMmep, Ha CTEeKJIe, HaTEPTOM Koxcef/'x, OTpMIIaTeJII:Hin"I - Ha #AHTape,
HaTepPTOM LIepCThIO.

Hocurensamy siieXTPHYECKMUX 3apAKOB ABJAIOTCHA dJEMEHTapHbIe YaCTHM-
bl ¥ ux aHTM4yacTHIbL CTabMIIBHBIMM HOCHTENAMM IMOJIOMKMTEIBLHOTO
3apAna ABJAIOTCH NPOTOH M MO3UTPOH, OTPUIATENBHOTO - JJEKTPOH U
aHTUDPOTOH. JIpyrue sneMeHTapHBIE HacTHUB!, MMEIWIIME IJEKTPUIE-
CKyMe 3apAnbl, ABJAIOTCA HecTaOMIbLHBIMM, UMX BpeMa "MKM3HU' 4pPEe3BEI-
4ajiHo MaJo.

B MexaynaponHoit cucteMe 3a eAMHULY 3apapa NPUHAT xyaon (i)
Kynon - sro sapan, npoxojgsimmii 3a 1 ¢ yepes nonepednoe cedeHue
MpoBoAHMKa IIpM cuie Toka 1 amnep (A). Onpenesnienne eIMHNLIBI CUIIbI
Toka 1 A Gyner maHo B paspjede 3.2.

OseKTpUYeCcKuit 3apAl IPOTOHA ¥ JJIEKTPOoHa mo abcoJloTHOMYy 3Hade-
Huio paseH 1,602 101° Kn Macchbl IpOoTOHa M 3JIEKTPOHA PaBHBI, COOT-
BeTcTBenHo, 1,67 +10°%7 kr u 9,1 103! kr. OmexTpuyecknit 3apax npo-
TOHa ¥ 3JIEKTPOHA Ha3BhIBAETCA INeMEHMAPHBIM 3APAOOM.

OneKTpu4ecKuit 3apAj Jioboro 3apAXEeHHOro TeJla pPaBeH LEJIOMY 4MCJLY
aJIeMEeHTapHBIX 3apAfoB. B bieKTpuvecKy HeWTpaJIbHOM (He3apsi-
JKEHHOM) TeJle COAEPIXKUTCA PaBHOE YMCJIO BJIEMEHTapPHBIX 3apAHOB IIPO-
TUBOTIOJIOXKHOTO 3HaKa. OJEKTPUYECKM HENTPaNbHBIMYU ABJISIIOTCS HENO-
HU30BaHHbIE ATOMBI ¥ MOJIEKYJIBL.

Ecmm snekTpuyeckast HeNTPaJIbHOCTL TeJla HapyllleHa, TO OHO Ha3bIBa-
eTCsA HAIMEeKMPUSOEAHHBIM, NIV 3apAAKeHHBIM. 14 anekTpusauny Tesa
HeoOXoamuMo, 4ToObl Ha HeM ObII co37aH M3OBLITOK (HEZOCTaTOK) dJleMeH-
TapHBIX 3aPANOB TOI0 MJM JPYIOTo 3HaKa. OJIEKTPU3ALUMUA TeJl 0CYLIEeCT-
BJIAETCA Pas3iIMYHBIMM criocobaMy, IIPOCTENIIMM M3 KOTODPBIX SBJSETCA
JIEKTPU3aliUsA CONPMKOCHOBEHMEM. OTOT crocob OCHOBaH Ha TOM, YTO
IIPY CONIPUKOCHOBEHMM HEKOTOPBIX TeJI, KOrjAa IPOUCXONUT KOHTAKT Me-
YKy PasHOPOJAHBIMM BelUecTBaMM, BaJIeHTHble 3JIEKTPOHBI MOTYT Iepe-
XOOUTBH U3 OJHOTO BelllecTBa B Apyroe.

Hpoesodnuxu u dusrexmpuxu. II1posodHukamu Ha3bIBAIOTCH BeEIIECT-
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Ba, B KOTOPBIX MOJKET I[IPOMCXOAMTH YIOPAJOUYEHHOe IepeMelleHne
3JIEKTPUYECKUX 3apAnoB (ayexkTpudeckuit Tok). IlpoBomHmxamm ABJIA-
IOTCA MeTAaJIb, BOAHbIE PAaCTBOPBI CoJeil, KMCJOT M ApP., MOHMIOBAHHbIE
ra3pl. B yacTHocTH, B MeTaJulaX BaJIeHTHBIE BJIEKTPOHB! B3aUMOAEMCT-
BYIOUUX JAPYT C APYILOM aTOMOB OTUIEIUIAIOTCS M CTAHOBATCA C80600-
HLIMU, T.e. CTIOCOOHBIMM CBODOIHO MepeMellaThCsl B ofbeMe MeTaJia.
OTH 3JIeKTPOHbI, Ha3bIBaeMble TaK)Ke 3JIEKTPOHAMM IIPOBOLMMOCTH, U
obecrieuyBaOT SJIEKTPOIPOBOLHOCTL METaJIoB. MexaHM3Mbl JJIEKTPO-
IIPOBOZHOCTY APYIUX MPOBOASAIIMX BellecTs OyayT moppobHO paccMoT-
peHsl B pasfene 3.2.

Huasexmpuramu Ha3bIBAIOTCA BEIIECTBA, KOTOPble HE IIPOBOAAT 3JI€K-
TPUYECKUi Tok. B AnasekTpuKax IMpaKTUYECK! OTCYTCTBYIOT cBobozHbIe
3JIEKTPOHBI, ¥ YIOPAAOYEHHOE JBMIKEeHME DJIeKTPUYECKUX 3apsAfioB B
OOBIYHBIX yCJIOBMAX HEBO3MOXKHO. K IMdJIeKTpMKaM OTHOCATCH HEKOTO-
pele TBepxabie BemlecTBa (CTekJo, dapdop, pAn KPUCTAJJIOB M LP.),
SKMAKOCTHM (XMMMYECKM 4YMCTas BOJa, KEePOCHMH, MMHepaJIbHOe Macjio u
Zp.) M GoJIbIUMHCTBO ra3cB. BajleHTHEIE BJIIEKTPOHBI B aTOMax AMdJIEK-
TPUKOB NPOYHO CBA3aHBbI CO CBOMMM FAPAaMM M B ODBIYHBIX YCJOBUAX He
MOTYT OTILEIJIATLCA OT HUX.

3axon corpamenus aaexmpuuecxozo 3apada. lIpu Bcex ABIEHUAX,
CBA3SAHHLIX C IlepepacrHpefelieHMeM JJIEKTPUYECKNUX BapAZIOB B M30JU-
pPOBaHHON cyucTeMe B3aMMOIENCTBYIOIMX TeJ, anrebpaudeckas cyMma
3JIEKTPUYECKUX 3apAfOB OCTaeTCA IIOCTOAHHONW. OTOT 3aKOH, HOCAILMMA
Ha3BaHME 3AKOHA COXPAHEHUS INeKMPUUEcK0z20 3apadd, SIBJIAETCA Ta-
KMM 2Ke (byHAaMEeHTAJbHBIM 3aKOHOM (DUBMKM, KaK YU OPYrMe 3aKOHBI
COXpaHeHMA: DHEPTUM, UMNIYJIbca U Ip.

JaexTpomeTp M eKTpockon. JIns obHapy’KeHUA 3apAKOB M UsMepe-
HUA UX BeJMUYMHBLI CIyKaT 3JIEKTPOMETPbI U 3JEKTPOCKO-
nel. IIpocreitnmmit asaexmpomemp (puc. 3.1.1) copeporurt
JIETKYIO aJIIOMMHMEBYIO CTPeJIKY, YKPeIlJIeHHYI0 Ha MeTaJl-
JIMYECKOM CTepXXHe C TIOMOIbIO TOPM3OHTAJIbHOM OCH.
Ilentp TAMeCTH CTPENIKY HAXONMUTCH HyKE OCH, IIODTOMY Y
He3apAKEHHOTO 3JIeKTpoMeTpa CTpeJIKa pacnoJjaraeTcs

Puc. 3.1.1 BepTuxajbHO. CTepXKeHb CO CTPENKO MOMelIeH B MeTaJll-
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JMYECKUIA KOPIyC, M3OJIMPOBAHHBINA OT CTEPIKHA. JTO AeJlaeTcA IJIA To-
ro, yToGbl BHEIIIHee dJIeKTPMYECKoe IoJle He BJMAJNO Ha NOKasaHUA Mpu-
Gopa. HabuiofieHus 3a CTpeskoit HPOBOAATCA Yepe3d CMOTPOBOE OKHO.
Ecayu OpuKOCHYTBCA K HIAPUKY 3JIEKTPOMETpa 3apPAMKEHHBIM TEJIOM, TO
Ha CTepKHe U CTPeJIke BO3HMKHYT OHOMMEHHBIE 3apsAjbl, KOTOpbIE OT-
TaJIKMBAIOTCA APYT OT OPyra, U NOOBMXKHAA CTPEJIKA OTKIJIOHMTCA. DJIeK-
TPOMETpHl OOBIYHO TPagyMpYIOT, YTO IIO3BOJIIET AOCTATOYHO IIPOCTO M
TOYHO NPOBOAMTL M3MEPEHNA 3aPANOB ¥ PA3HOCTH IOTEHIMAJIOBR MEMIY
[IPOBOJHMKaMHU. JAeXMPOCKON OTJMYAETCA OT 9JEeKTPOMEeTpPa TEM, YTO
He ¥MeeT MeTaJLIMYeCKOro KopIlyca, a BMeCTO IOIBUKHON CTPEJIKM MUC-
[IOJIb3YIOTCA ZBe IIOJIOCKM TOHKON (POJIbIM, NOABELIEHHblE K HUIKHEMY
KOHI[y CTepP’KHf. OJeKTPOCKON 0OBIYHO NPMMEHAIT KaK JEeMOHCTPalM-
OHHbIT npubop nna obHapy)KeHMA ajeKTpudeckoro 3apsazga. [Ipu coob-
I[EHNM CTEePIKHIO DJIEKTPOCKOIIA 3apAla IOJIOCKU PacXOmATCA B pa3HbIE
CTOPOHBI, N0 YIJIy MEXIY HMMM MOMKHO TaKyKe Ipybo oneHMBaTh Besm-
YMHY 3apana.

Bsaumodeticmaue asexmpuuecku 3apaxennsix mea. Toueunvii
3apad. 3axon Kyaona. Cuisl afieKTPOCTATUYECKOrO B3aUMMOJEHCTBUA
3aBKCAT OT POPMBI U Pa3MepoB HaJJIEKTPUIOBAHHBIX TEN, a TaKMKe OT
pacnpegeJsieHMa 3apAfOB Ha 3THUX TeJax. BHEKTPM‘{GCKIAG 3apfanbl Ha-
3bIBAOTCA MOUEUHbLMU, €CJIM OHM pacloJjaralTcda Ha TeJyax, pa3Mepnl
KOTOPBIX 3HAYMTEJNILHO MeHbIlle, YeM pacCTOosfHMEe MeJy Humu. B aTom
ciy4yae Hm popMa, HM pas3Mepbl BapAMKEHHBIX TeJl CYLIeCTBEHHO He
BJIMSIIOT Ha B3aMMOZENCTBYE MEXKAY HUMM.

KonudecrBeHnHble XapaKTEePUCTHUKM B3aMMOAENHCTBMA TOUYEUHBIX 3apAZOB
ycTaHaBAMBaeT 30K0H Kyaona:

BeJM4MHa CUJIbI BJIEKTPUYECKOTO B3AaMMOZAENCTBUA ABYX HEIOABUMKHBIX
TOYEYHBIX 3apANOB ¢I H @2 B BaKyyMe NPONOPLMOHAJLHA IPOU3BEEHUI0
BeJIMYMH BTUX 3aPAJ0B M 00paTHO NIPOMOPLMOHAJIBHA KBaApaTy pac-
CTOSHUSA I' MeXAY HUMMU:

Fo_t 9% (3.1.1)

dng, r’

rae g, =885-10"" &/m — snexTpudeckas MocTosHHAA.
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Cunbl, HefCTByIOIME MeEXAY TOYEYHBIMM B3apAAaMy, HaIpaBJieHbl
BIOJIb IIPAMOJ, COeOMHSAIOIER 3TH 3apaabl. OTH CHUJIBI HABBIBAIOTCA KY-
AOHOBCKUMU. 3apAlbl OAHOIO 3HaKa OTTAJIKMBAIOTCH, a 3apsfbl PasHbIX
3HaKOB IIPUTATUBAIOTCS.

Cuna B3aMMOJIe/ICTBUA 3apPAfOB B AMIJIEKTPUKE II0 CPaBHEHMIO C MX
B3aVIMOZEJCTBMEM B BaKyyMe€ YMEHbBIIAeTCHA OTO YMeHbIIeHue XapaK-
TEPU3YETCH IUAJIEKTPUYECKO/ MPOHMIIAaEMOCTHIO BelllecTBa € . 3aKOH

Kynona nna sapaAnop, HaXOOAUMXCA B AMAJIEKTPUKE, MUMEeT BUX!

F=——l~ﬂ‘% . (3.12)
4ne,e r

II'punyun cynepnosuyuu. KysmoHoBckaa cwuia, geiicTBymoowias# Ha TO-
YeYyHBIN 3apAJ CO CTOPOHBI CHCTEMBbl TOYEYHBIX 3apPANOB, paBHa BEKTOP-
HOIT CyMMe KYJIOHOBCKMX CMJI, JeHCTBYIOIIMX Ha BTOT 3apfAXR CO CTOPOHBI
Ka’KJO0ro U3 3apANOB CUCTEMBL OTOT IPHHIMII, HasbIBaeMblil NPUHYU-
NnoM CYNepno3uyuu IJNsa KYJOHOBCKMX CMJI, MOXKeT ObITb BbIpajkeH

chopmyJtont

N
F=Y'F, (3.1.3)

i=1

i

rne F, — KyJsoHOBckas cmia, IeiCTBYWOLIad Ha 3apsfl ¢ CO CTOPOHBI

i

TO4Y€4YHOro 3apsaga gq; , N - gucio 3apfaAnoB B CUCTEME.

daexmpuuecxoe mnoae. Hanpsaixennocms nexmpuyecxozo noas.
Jli060if HENMOABMIKHBLIN DIEKTPUYECKMIA 3apAn cos3faeT BOKPYT -cebs
BJIEKTPOCTATUYECKOE [10Jie, KOTOPOoe B KaKJOJ TOYKe NMPOCTPAHCTBA Xa-
pakTepusyeTcsi BEKTOPHOM (PU3MUEeCKO BeJMUMHON — HANDPANCEHHO-

cmuio E(F) . HanpaxeHHOCTs BJ€KTPUYECKOTO NONS ONpeAesiAeTCa Kak

cusa, AeHCTBYIOIIas B AAaHHOM TOYKe IIPOCTPAHCTBa Ha €JMHMYHBIA IIO-
JIOKUTEJNIbHBIN ToYeyHbllt 3apan. B MesxxayHapogHoi cucreme enuumuei
HAIPS’KeHHOCTM BJIEKTPUYECKOICo TIOJIA SIBJIAETCS 60A4bM HA Memp
(B/m). Onpenenesne eavHULBI Hanps:KeHuA (pasHOCTM IIOTeHIMAJIOB)
1 B 6yzmer naHo Hitke.



Onpedenenus, NOHAMUSR U 3AKONDL 141

Hanpsajcennocms 34exmpocmamuiecKozo NOAL MOUEUH020 3APR-
da. B coorBercTBuM ¢ 3akoHom Kysona (3.1.1) BekTop Hamnps»KeHHOCTH
NoJIA TOYeYHOro 3apsZia ¢ HalpaBJieH 0 HPAMOJ, COeAUHAIOLIENH TOYKY
HaXoXXJeHMA 3apafa U Todky HabiofeHuA Besauumna HanpAXKeHHOCTH
3TOro II0JIA1 B BaKyyMe

E=—9 (3.14)
4me, r-

Ecmu B I[IPOCTPAaHCTBE €CTh HECKOJIbKO 3apsAfoB, TO pe3yJabTHpYIOIlee
110J1e paBHO BeKTOpHOﬁ cymMmMme noJieit KayXJaoro u3s 3apANO0B.

Junuu Hanpaxcenrnocmu (Cua08ble AUHUU) ILEKMPULECKO20 TLOAS.
SJIeKTPUYECKOE TIoJie M300parkaloT C NIOMOIIBIO AUHUL HANDPANCEHHOCTRU
(cuyoBBIX JIMHMI). OTH JIMHMM YKa3bIBalOT HalpaBJIeHMe CUJBI, AeicT-
BYIOILie}# Ha TIOJIOMKMTEJIbHBbIA 3apfAn B Kamgoil Touke nojis. Cusosble
JIMHUM BJIEKTPOCTATHYECKOTO NMOJIA He 3aMKHYThI, OHM HauYMHAIOTCA Ha
MOJIOJKMTENIbHBIX 3apAfaXx M OKAH4YMBAIOTCA Ha OTpMUaTenbHbIX. Cuio-
BBIEe JIMHMM HellpepbIBHBI M He nepecekarTcsa. OHM Bcerzia NeprneHauKy-
JIAPHBI TIOBEPXHOCTM IPOBOJAHMKA. Pacmpefiesienyie CHMJIOBBIX JIMHUIA B
IIpoCTpaHCTBe oTobparkaeT BeNUYMHY IOJS MX IyCTOTa B OKPECTHOCTH
KaKo#-ub0 TOYKM NPONOPUMOHAJNbHA BEJWUYMHE HAPAXKEHHOCTH IOJA
B 9To¥ Touke. IIpuMephbl CUNOBBIX JIMHMII II0JIe)], CO3NaBaeMbIX HEKOTO-
PBIMM DPOCTEMIMMM CUCTEMaMM DJIEKTPUUECKUX 3aPAJIOB, U300parKeHsl
Ha puc. 3.1.2.

¥ % % é% (D)
@) (6) (=)

()

Puc. 3.1.2

3apAl, NOMeleHHbl i Ha IPOBOAHUK, pacrpenesIsieTcA 10 ero ToBepXHOo-
cTM Takum obpasoM, 4ToOBI IToJle BHYTPM IpoBOAfMKa ObLIO paBHO HY-
JI0.

Odnopodnoe arexmpuuecxoe noae. HanpaxeHHOCTs MM0JIfA, co3paBae-
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Moro HecKOHe4HOI PaBHOMEPHO 3apPAMEHHON IJIACTMHOM, paBHA

[¢]
E=—. 3.1.5
" (3.15)

rge o - 3apdAl €AUMHHMIbI IIOBEPXHOCTU (HOBerHOCTHaH IIJIOTHOCTE 3a-

pANOB). JIMHUM HaIPSAKEHHOCTHM MePHeHAVKYJIAPHLI IlacTuHe. JIBe paB-
HOMEPHO (¢ OAMHAKOBOM IIJIOTHOCTBIO © ) MU Pa3SHOMMEHHO 3apsiKeHHbIE
HecKOHeYHble TJIACTHMHBI CO3JAaI0T OZHOPOJHOE 3JIEKTPOCTaTHYeCcKoe IIo-
Jie, HallpAMXEeHHOCTh KOTOPOTo B IIPOCTPAHCTBE MEKAY IJIOCKOCTAMYU

E=—. (3.1.6)

B ocTasbHOM NPOCTPAaHCTBE JJIGKTPUUECKOEe IoJle paccMaTpuBaeMoit

CHUCTEMBI PaBHO HYJIIO.

Ioae nposodawet chepvi. HanpsarkeHHOCTb TMOJIA 3apAKEHHOM ITpoO-
BogALelt cepsbl paguyca Ro, Hecyleit Ha NoBepXHOCTH 3apAn Q:

0 npur <Ry,
E= (3.1.7
_Q 5> npurzR,. )
4ne,r
COBOKYIHOCTH [ABYX PaBHBIX II0 BeNMuMHe ¥ NPOTUBOIOJOMHBIX II0
3HAKy TO4YEYHBIX 3apAXOB +q M - ¢, PaclOJOXKeHHBIX Ha paccTosHum [
IpyT OT Apyra, Haa3plBAeTCA JJIEKTpUYeckuM aunosem. Juronp xapax-

TepuUsyeTcs aaexmpuueckum momewmom P, =ql , rHe BekTop

! HaripaBJieH IO OCHM [OMIIOJIA OT OTPUMIATEJIbBHOIO 3apdAlla K II0JIOMHU-

TesbHOMy. JloMellleHHbII B HeoO0HOPOOHOe BHEILHee [oJie, NUIIoJb BT~
ruBaeTcA B 0bJiacTh DoJlee cuJbHOrO noJid. B o0nopodnom BHeIHEM IIO-
Jle Ha OUIGJb OeHCTBYEeT MOMEHT CMJ, NbITaloluitCa pa3BepHYTh AU-
[oJIb TakK, YToObl €ro AMIIOJIBHBI MOMeHT OblJl HallpaBJIEH BAOJL CUJIO-
BBIX JIMHMIAL.

Pa6oma cua asexmpocmamuuecxozo noas. Ilomenyuanr u pas-
HOCTMb momeHyuaaos. PaboTa 3JeKTPOCTaTUYECKUX CHUJ IO IepeMe-
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IeHUIO 3apALOB He 3aBMCUT OT (OpPMEI TPaeKTOpuu M'OnpeneJIHeTCH
TOJIbKO BEJIMYMHOM 3apAja M IOJIOMKEeHMeM HadaJibHOW M KOHEeYHOM To-
yek TpaekTopuu. CJlefoBaTeNbHO, BJIEKTPOCTATHYECKME CUJBI TTOTEHIN-
aJIbHBL OTO JlaeT BO3MOXKHOCTH BBECTY SHepreTHYecKYIO XapaKTepMCTyu-

KY 9JIEKTPOCTATUYECKOro MOJNA - nomenyuan O(F) .

HoTenumas — sTo paboTa, KOTOPYIO COBEPIIAIOT CHJIBbI 3JIeKTPOCTaTHYe-
CKOro IoJif IO IIepeMeIleHMI0 eJMHMYIHOro 3apsfa U3 JaHHOi TOYKM
MPOCTPaHCTBa B TOYKY, NMOTEHLMAJl KOTOPOJM NPMHAT 3a Hysb. OueBup-
HO, 4YTO TOTeHIMaJl Tak)Ke paBeH paboTe, KOTOPYIO HYXHO COBEPIINTHL
NPOTHUB 3JIEKTPOCTATUYECKUX CUJI, YTODBI [TepeHeCTy eAMHNYHLIA IToJo-
KUTEJIbHBIA 3aPAA M3 TOYKHM, B KOTOPOM IIOTEHLMAJ IPUHAT 33 HyJb, B
JaHHYI0 TOYKY NIPOCTPaHCTBa

Dusudecknit CMbICT WMEET PAZHOCMbD TNOMEHYUAL08 MEeNILY OABYMA
TOYKaMM, a He 3HaYeHMA NOTeHUMAaJIoB B 3TMX Toukax. Iloaromy BBIGOD
TOYKM C HYJIEBBIM IIOTEHHIMAJIOM oIipejesisieTcs coobpaKeHMAMM IIpo-
CTOTBI U yHobCcTBa pelleHna 3afad. Hallle BCero BbIOMPaIOT pPaBHBIM Hy-
JIO IoTeHuman Jsinbo GecKOHeYHO yHaJleHHON TOo4YKM, JMbo IIoTeHIMAas
3emun.

Pabora moJs mo repeMenieHuio 3apsifa M3 ONHOW TOYKM IIPOCTPaHCTBa
B APYyTy1O

A=ql¢,-9,)=qU, (3.1.8)
rae U=(¢,—-9,) — nHanpsaxenue (Pas3HOCTb NOTEHIMAJIOB) MEMXIY TOY-
xaMu 1 n 2.

EnuHMia HanpsKeHusi M pasHocTu NoreHlimasoB B CV HasbiBaeTcs
eoavmom (B). 1 B =1 I/l Kn.

Hlomenyuan noas moueunozo zapsada. IloTeHuman oOJA TOYEYHOrO

3apAza ¢, B BaKyyMme

) .
- ) 3.1.9
4ne,r ( )

HOTEHHMaJI TIOJIO?KNUTEJIbHOTO 3apsAaza TMOoJIOKUTEJIEH U y6bIBaeT Cc pac-
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CTOSIHMEM OT 3apsdja, a IMoTeHHMaJ OTPUMIATEJILHOro 3apsanga oTpuHaTte-
JIeH 1 yBeJIndMuBaeTCA [IpK1 yAaJeHUN OT 3apana.

IIpy HaJ UMy HEeCKOJBKMX TOYEHHBIX 3apANOB oblMii NoTeHUMas B He-
KOTOpOJ TOYKe IIoJs PaBeH aJirebpaydyecKoii CyMMe NOTEHIMaJIoB, CO3~
JaHHBIX OTAEJIbHBIMM 3aPAJaMu.

[Torenumas npoBofsAlleli 3apAMEHHON cdephl paguyca Ro, Hecyiel Ha
roBepxHocTH 3apan O, paper

Z——L npur<R,
0= oy (3.1.10)
Q
npur=R,.
4re,r

Ces3b PaA3HOCMU NOMEHYUANR0E C HANPANECHHOCTMDBIO INEKMPO-
cmamuueckozo noas. CBA3bL MeXXAY HAIPAKEHHOCTBLIO E 1 pasHOCTBIO
moreHUManos (HanpsiskenueM) U Ojia OBYX TOUEK B OJHOPOJHOM BJIEK-
TPOCTAaTU4ECKOM II0JIe onpejiensaeTca hopMyJIoi

E=—= (3.1.11)

rine d— paccTofgHNe MeXAYy STHUMHM TOYKaMM.

B opnoponnoM nusJleKTPUKe Pa3HOCTh MOTEHIMAJOB (KaK M HANpsKeH-
HOCTBb DJIEKTPOCTATUHYECKOTO IIOJIsA) yMEHbIIAaeTCA B € pasd M0 CpaBHe-

HMIO C 3TUMMU BeJIMYMHaMM B BaKyyMe.

IKBUNOMEHYUANBHBIE NOBEPTHOCMU. ['eOMeTpUYECKOe MECTO TOo4YeK
3JIEKTPOCTATHYECKOTO MOJIA C OIMHAKOBBIMM MOTEHIMAallaMM Ha3blBaeTCs
IKEUNOMEHYUAABHOL NO0BEPTHOCTHI0. DKBUIIOTEHIMAJILHEIE TOBEPXHO-
CTH UMEIOT CcJIefyIolMe CBOMCTBA!

1) B Kax[Oil TOUKe SKBUIIOTEHLMAJBLHOM IOBEPXHOCTU BEKTOP
HalpPAXEHHOCTY IOJIA NEePIeHIMKYNIAPeH K Hell M HalpaBJieH B
CTOpOHy yObIBaHMSA MOTEHIMANA;

2) pabota 10 riepeMellleHMIO 3apAAd 10 OAHOM U TOM e SKBU-
[IOTEHIIMAJILHOM TTOBEPXHOCTH paBHa HYJUO.
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OI.IHOI‘/’I M3 SKBUIIOTEeHIMAJIBHBIX HOBerHOCTeﬂ ABJIAETCA IIOBEPXHOCTH
3apAMEeHHOro IIpoBOAHUKA.

Puc. 3.1.3

Hapsagy ¢ cuJIOBBIMM JIMHMAMM, SKBUIIOTEHIYAJIbHbIE NOBEPXHOCTH AB-
JSIOTCH yIOOHBIM CPeACTBOM ANsi rpadiuecKoro usobparkeHus dieK-
TpocTaTudeckoro nond. O6bIMHO MX IMPOBONAT TaK, YTOOB! Pa3HOCTH IO-
TEHIMAJIOB MEAY JABYMHA COCeIHMMMU INOBEPXHOCTAMHK ObLIM ORMHAKOBBI
(puc. 3.1.3)).

HIposodnuxu u Suasexmpuxu 8 arexmpocmamuueckom noae. Ju-
anexmpuiecKas NPoHUYAEMOCTd éewjecmed. Ecan MeTasumidecKuii
NPO8OOHUK NOMECTUTb BO BHelIHee dJeKTPUUYECKoe MoJie, TO Iog AeicT-
BMEM JTOTO IOJIA TIOMMMO TeIUIOBOTO, XaOTMYECKOro ABUMKeHus cBoGO1~
HBIX BJIEKTPOHOB BO3HUMKHET UX YIOPANOYEHHOE ABMIKEHHE, B pe3yJib-
TaTe KOTOPOTO OHM OYAyT MepeMellaTbCA B HAIPaBJIEHMHU, [IPOTUBOIIO-
JIOXKHOM HaIpsKeHHocTM Tionid. Ha noBepxHoCTHM NpOBOAHMKa, obpa-
HIEHHO HaBCTpPeYy CUJIOBBIM JIMHMAM IOJIA, [MOABUTCSH U3BBITOYHBINA OT-
PUUATENBHBIN 3apAZ, Ha NPOTHMBOIOJOMKHON MOBEPXHOCTU - U3BBLITOU-
HBI TIOJIOXKUTENbHBIA. 3apAabl, MOABJAIOIMECA HA ITOBEPXHOCTSAX IIPO-
BOIOHMKA, CO3JAIOT BHYTPM HETro JJIEKTPMYECKoe IIojle, BEKTOp Hallps-
MKEHHOCTY KOTOPOTo MPOTUBONOJOMKEH BEKTOPY HANPSIKEHHOCTH BHEMI-
HEro rnoJsd. YHopAAo4YeHHOe ABMIKEHME BJIEKTPOHOB B IIPOBOJHVKE IIpe-
KpaTUTCH, KOrjla BHYTPEHHee II0Jie CTaHeT PaBHBIM [0 BeJMYMHE BHEI-
Hemy nonio. Ilom pgejicTBMeM BHEMIHEro 3JEKTPOCTATHYECKOro IIOJs
3JIEKTPOHBI IIPOBOAMMOCTY B IPOBOLHMKE IIepepaclpefessaiorca Tak,
YTO HANPMAKEHHOCTh Pe3yJbTUPYIOUIEro mojs B J000il TOYKe BHYTPU
INPOBOLHMKA CTAHOBUTCH PaBHOR HYJIO, HEKOMIEHCHPOBAHHBIE 3apPsfbI
pacrioylaraloTca HeTOJBMXKHO TOJIbKO Ha IIOBEPXHOCTH NPOBOAHMKA. fIB-
JleHVe IiepepaclpefelfieHNd 3apAZOB B NPOBOJHMKE BO BHEIIHEM 3JIEK-
TPOCTATUYECKOM [OJIE HasbiBaeTCs atexmpocmamuyeckod undyryuerl.
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IIpu noMelleHNy B 3JEKTPOCTaTHMHYeCKoe mnoje Ousiekmpuxa B HeM
IIPOMCXOAAT HECKOJbKO MHbIe rpouecchl. MoJekyJysl IM3JIeKTPUKA dJIeK-
TPUYECK) HENTpaJIbHBI - CyMMapHBIe IIOJIOXKHUTe bHble 3apAAbl UX fAnep
¥ OTpMIlaTesbHbIe 3apAAbl BCEX 3JIEKTPOHOB paBHBI JApPYr Apyry. B sza-
BYICHMOCTY OT CTPOEHMS MOJICKYJl pas3yM4aloTCA NOAAPHbIE U HENOoAAP-
Hble OUINeKMPUKL.

Ecsym B OTCyTCTBMe BHEIIHEro 3JIEKTPMYECKOIO IOJA LEHTPHl IOJIOMKNU-
TeJIbHBIX UM OTPUUATEJIBHBIX 3apANOB B MOJIeKyJe IM3JIeKTPUKa COBIa-
JAI0T, TO OH Ha3bIBAeTCH HeNoAAPHbIM. B OTCYyTCTBMM BHELIHEro ITOJA
JUTIOJNIbHBI MOMEHT MOJIEKYJIbI HEIOJAPHOrc JUAJIEKTPUKA paBeH HYJIO.
Ecan monexyny HenonsapHOro AMIJIEKTPMKA [OMECTHTb BO BHeIHee
3JIeKTPUYECKOoe IToJIe, TO IPOou3oiifeT ee dedopMals M BOSHMKHET UH-
OYyuposarHHbill JUMOJbHBI MOMEHT.

B MosleKyJlax noAspHLLE AMDJIEKTPUKOB sZpa UM SJEKTPOHbl PacHojo-
JKeHbI TAKUM 00pa3oM, YTO LEHTPHI JIOJIOKUTENBHBIX M OTPULATEIbHBIX
3apAfOB He coBnazaioT. Takme MONEKYJbl, He3aBUCUMO OT BHEUIHNMX
3JIEKTPUYECKUX ToJIelt, BeAyT cebs kak Jcecmiue Junoau, obajzaoime
BJIEKTPUYECKMM MOMEHTOM, MOAYJb KOTOPOro noctrosHed. Eciu BHelHee
SJIEKTPUYECKOe 110Jle He I[IPMJIOKEHO, TO U3-3a TeIJIOBOTO XaoTUHEeCKOoro
IBMOKEHMSA MOJIEKYJl B PacIIOJIOOKEHMM 2KECTKUX AUIOJER OTCYTCTBYET
yropAAcYeHHOCTh. [103TOMY, XOTSH KadKAbIA AUIONL CO3JAeT CBOE 3JJIEK-
TPMUYECKOe II0JIe, CyMMapHad HanpPsPKEeHHOCTDL IOJIsT BCeX XaOTMHYECKH
ABVMAKYIIMXCSA AUIIONell JUBJIEKTPMKA paBHa HYJIO.

IIpu BHeceHMM HUBJIEKTPUKA 60 8HeulHee Nnoae IPOUCXOJUT €r0 NoARAPU-
sayus. ITonapusanyeil quajgeKTPUKa Ha3bIBAETCsS IIEPEXOf] ero B TaKoe
cocTosiHME, KOTZla BHYTPM ero o0beMa reoMeTpMyecKas CyMMa BEKTOPOB
JMIIONBHBIX MOMEHTOB MOJIEKYJ CTAaHOBMTCH OTJMYHOI oT HyJsss. Mexa-
HM3M FABJIEHUS TOJIAPUIALMM OJIA TOJAPHBIX M HENOJIAPHBIX AUDJIEK-
TPMKOB pPasdyiMyeH, HO NPUBOAUT K CXOAHBIM MAKPOCKOIMUYECKUM 3-
dexram.

Ecay oHOPOJHBINA HenoAAPHbill OAMIJEKTPUK BHECEH BO BHEIIIHee BJIeK-
TpUUeCKoe MoJle, TO B €ro MOJIEKyJlaX MMPOMUCXOAMT CMellleHue MOJI0XKU-
TeNbHBIX U OTPHIATENBHBIX 3apsAnoB. Ha moBepXHOCTAX, orpaHU4YMBAIO-
ILMX IMBJIEKTPUK, MOABJIAIOTCA NO08EPILHOCTHbIE CBA3AHHbBIE 3apsdbl.
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CBasaHHble 3apsafbl He HPOABJIAIOT cebsa BHyTpu moboro obnema am-
3JIEKTPMKa: CyMMapHBIi JIeKTPHYECKMl 3apAf MOJEKyJ B J0GoM 06b-
eMe paBeH HyJi0. Ho Ha NOBePXHOCTAX AMIJIEKTPMKa CBASAaHHbIE 3apf-
JIbl HEeCKOMIIEHCHPOBaHbI 1 CO3JAlOT CODCTBEHHOE JJIEKTPUYECKOoe IIojie
OM3JIEKTPUKa. BeKTop HaIpPMKEeHHOCTM STOTO IOJA [IPOTUBOIIOJIOMEH
HallPsAYKEeHHOCTH BHEIIHEeTo I0JIA, BBI3BaBLIEro nonsapusaipno. IlosTomy
Pe3yABTUPYIOLIEe BNEKTPUYECKOe NOJie B OLHOPOLHOM M30TPOIHOM IM-
SJIEKTPHKE MMeeT HalpAXeHHOCTh, B € pas MeHbIUylo, 4eM B BaKyyMe.

TlonApusaimsa AUaJIEKTPUKA C HETIOJNAPHBIMY MOJEKYJaMM, COCTOALIAA B
BO3HMKHOBEHMM Yy MOJIEKYJ MHAYUMPOBAHHOTO DJIEKTPUYECKOIO MOMEH-
Ta, Ha3bIBaeTCA aaekmpornol umm Jeopmayuonnoil noaspusayue.
ITonApuaaumaA 3TOro THIa He 3aBUCUT OT TeMIEPATypPhbl IUBJEKTPUKA.

IIpu BHeceHMM OIHOPOJHOTO MNOAAPHOZO IMBJIEKTPMKA BO BHELIHee
IEKTPUYECKOe TI0JIe KAaXKJaA MOJIeKYJia - MeCTKNI AunoJb - 6ymeTr uc-
MBITHIBATHL OPMEHTHPYIOIlee BIMAHME ToJA ¥ OyAeT CTPeMMTbCH pas-
BEPHYTbCA TakK, YTOObl BEKTOP ee AMIOJILHOTO MOMeHTa Oblil HanpasJieH
napaJiieslbHO BHEIUHeMY oo, TenyoBoe ABMIKeHNME MOJIEKYJ paspy-
HiaeT YHNOPAJOYEHHYI0 OPUEHTALMI0 MOJIEKYJ, BCJIEACTBME 4Hero CyM-
MapHbI/i AUMNOJBHLIE MOMEHT MOJEKyJ OUSJIEKTPUKa B HEKOTOPOM aMa-
Na3oHe M3MEHEHMs BHEIUHEro IOJIA OKAa3bIBA€TCA IIPOMOPLMOHAJIBHBIM
HalIpSIPKEeHHOCTM BHellHero nois. Ha rpaHMYHBIX IOBEPXHOCTAX I[1OJISA-
PUBOBAHHOTO OMANEKTPMKAE BOSHUKAIOT HECKOMIIEHCUPOBAaHHBIE CBS3aH-
Hble 3apsaAbl. Kak 1M clydae HeNOJIAPHOrO IOM3JIEKTPHMKA, 9TH 3apPAAb
co34al0T coOCTBEHHOE AJIeKTPHYeCKoe MoJie, ocjabiAwiee BHElLIHee 110~
se B € pa3s. [lonApysalmio oMMCaHHOTO TUIIA Ha3bIBAETCH OPUEHTNAYU-

oHnol noaspusayueil. OpueHTAIMOHHAA MOJIAPU3aLMA YMEHDIIAETCSA C
MOBBHIIEHMEM TeMIIePaTypbl.

Jaexmpoemxocms. Korzia Ha NpoBoHMKE yBeJMYMBAETCS 3apaf ¢, TO
NPsAMO IIPONOPLMOHAJIBHO 3apAAY BO3PacTaeT MOTEHIMAJ MPOBOJHMKA
@ . 370 crpaBeJIMBO AJIA NMPOBOJHMUKOB JI0G0H reoMerpudeckoit dop-

bl OTHOIEeHMe 3apAla NPOBOAHMKA K €ro MOTeHIMAally He 3aBUCUT OT
BeJIMYMHBI 3apaAfa, HaXOAAIerocsi Ha IPOBOAHMKE, M OlpefeliseTcs
CROMCTRAMM CaMOro IIPOBOJHUKA, a TAKMKe Cpelbl, B KOTOPOM OH HAXO-
auTcA. XapaKTePUCTUKON BJIEKTPUYECKUX CBOMCTB IPOBOAHMKA, ONpe-
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JfeNnAoleil BO3MOKHOCTb HaKOILIEHMA 3apANOB Ha HeM, ABJAETCA
anexmpPoemMxocms (KN IPOCTO €MKOCTD).

EMKOCTBIO yeAMHEHHOro NPOBOAHMKA Ha3blBaeTcsa Ko3duUMeHT IIpo-
HOPLMOHAJNBHOCTY MEXKAY 3apANoM, HaXONAHMMCA Ha 3TOM NPOBOAHM-
Ke, 1 €ero NOoTEHIMAJIOM

c=2 (3.1.12)
¢

EMErocTp yenyuueHHOro mapa pazuyca R paBHa

C =4ng,R . (3.1.13)

Kondencamopunt. JIBa M30IMpOBaHHBIX JPYT OT Jpyra NpoBOAHMKa, 3a-
PFAXXEHHBIX PaBHBIMM 110 BeJIMYNMHE M IPOTHBOMNOJIOMKHBIMY 110 3HAKY 3a-
pAanamu, obpasyor xkonBencamop. IlpoBonHMKM KOHZEHcaTOpa Ha3blBa-
oTCeA ODKJTagKaMu.

Ilone maockxozo xondencamopa. IAeKMPOEMKOCTND TMAOCKOZO KOH-
dencamopa. I[Irockuil KOHZEHcaToOp npencrasyaeT coboil zBe MapaJi-
JleJIbHBIE MeTaJlIMYecKyue IJIaCTUHLI, pasjelieHHbie CJI0eM AMAJIeKTPUKA.
Ecnu paccrosHme mexxAy NiacTMHAMM MaJio 10 CpaBHEHMIO C MX IIolle-
PEYHbIM PasMepoM, TO IPaKTHUYeCKy BCe DJIEKTPMUYecKoe IoJie cocpeno-
TOYEHO BHYTPM KOHZeHCAaTopa ¥ ABJIAETCH ORHOPONHBIM 33 MCKJIIOYEHM-
eM Hebonbummx obsacreli 86sM3u kpaeB mnactud (puc. 3.1.2 r). 3T0 noJse
paBHO CyMMe NOJiel, cO3aBaeMbIX IOJIOKNUTEJIBHO M OTPULaTeJbHO 3a-
pAKeHHbIMY oOKMazakaMyu (cM. popmyiy (3.1.7)). EMKOCTE NIOCKOro KOH-
JleHcaTopa, MIOIIazb KaKAoi M3 IJIacTMH KOToporo §, a paccrosnme
MeXy ILIacTMHaMu d, paBHa

_&S
-

c (3.1.14)

EmxocTts KOHJOeHcaTopa C 6u3./te1c'mpu1com, SalOJHAIIINM IIPOCTPAHCTBO
Mexnay OGKJIaIIKaMI/I, B € pas Boavue €MKOCTH IIycToro

{He3aI0JIHEHHOr0) KOHAEHCATOpA.

Enunnua anextpoemkocty B MexayHaponHoit cucteme — ¢hapad (D).
Onextpoemkocteio 1 D ofmamaeT Takoit KOHAEHCATOpP, HAlpAMKeHKE



Onpederenus, nOHAMUR U 3AKOHDBL 149

Mesxzy obxJiazkamMyu kotoporo paBuo 1 B npu coobigenun obknazkam
pas3HouMeHHBIX 3apAgoB o 1 Kn: 1 & =1 Kn/1 B.

Iocaedosamenvnoe u napaaneasnoe coedunenue xKoxndencamopos.
IIpn nocaedosamesvrHom COeAUHEHUMM HECKOJBKMX KOHAEHCATOPOB 06-
1asa eMKOCTh ornpefensaeTcsa popMyJIoin

rF_r,ro .t (3.1.15)

c ¢ G Cy
IIpu napasresvHom coeguHeHUN KOHAEHCATOPOB 001asd €MKOCTb PaBHa
C=C +C+..+Cy . (3.1.16)
Suepzun 3apaxcennozo xondencamopa paBHa

w-V_gq U

3.1.17
2 2C 2 ( )

Jnepzun aaexmpuuecxozo mnoasi. CorjlacHO COBpeMeHHOI Teopunu
3HepruA MOoObIX 3apAMKEeHHBIX TeJsl COCPel0TOYeHa B BJAEKTPUYECKOM MOo-
Jle, co3jaBaeMoM 3TUMK TejaMmiu. [loaTomy roeopAT o6 anepzuu asex-
MPULECKOZ0 NOAA, IPUYEM CUMUTAETCH, UTO BHEPTHMA UCTOYHMKOB IIOJSA -
3apAMEHHBIX TeJl - paclpefelieHa II0 BCeMY IIPOCTPaHCTBY, Te MMEET-
cs1 anexkTpudeckoe mnoJste. Hanpumep, B NJIOCKOM KOHAEHCATOpe JHEPrUs
cocpeJIoTOYeHa B IIPOCTPAHCTBE MEMKIY ero obKjajKaMu.

OHeprusi OHOPOJHOTO - DIEKTPUYECKOr0 MOJIA, COCPEJOTOYEHHOr0 B He-
KOTOpoM of'beMe OJHOPOJHOM Cpejbl, NIPOIIOPLMOHAJIbHA 3TOMY OOBeMYy.
OTo JaeT BO3MOXKHOCTbL BBECTM IOHATHE NAOTMHOCTU IHEPUU IJIEK-
TPUYECKOro TOJNA, T.e. SHEPIMH, COCPeNOTOYMEHHOM B eAuHHuIle obbeMa.
IInoTHOCTE SHEPrMM BIEKTPUUECKOTO I10JIA BBIMUCIAETCA 1o hopMyIe

g, E?

3.1.18
W, 5 ( )

310 BbIpaKeHue ClIpaBeJIMBO He TOJIBKO IJIA OOAHOPOAHOrC I10Jid, HO M
JJIA IIPOU3BOJIBHBIX, B TOM 4YMCJle ¥ U3MEHAIOIIUXCA BO BPEMEHU OJIEK-
TPHUYECKUX oJieit B OJAHOPOLHOM M3OTPOITHOM HMIJEKTPUKE.
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Yxkazaausa no pelIeHuIo 3axa4d

I[Ipn pacdyeTe pasHOCTM MOTEHLUMAJIOB MEXKAY KaKMMu-JM60 TouKaMm
yacTo ObIBaeT I0JIE3HO IPUHATH MOTEHIMaJ B OJHOM M3 TOYEK 3a HYJb
U IOCJIe[OBATENBHO PaccMOTpPeTh paboThl [0 [TepPeMElIeHHIO eAMHITHOTO
MOJIOKUTEJIPHOTO 3apAfa M3 BTOil TOYKM BO BCe OCTaJibHble UHTEpe-
cyrolye Hac TOYKNM. OTO KacaeTcsa Kak olnpellesleHUA NOTEHUUaJIoB, CO3-
JAaHHBIX CMCTEMOJ 3apsJioB, TAaK M pacyeTa HalpsyKeHUN B LENAX, CO-
JeprralliiX KOHAEHCATOPhL

B samavuax, B KOTOPBIX PaCCMATPMBAIOTCA PasiMuHBIE THUIEl COELMHE-
HUA KOHIEHCATOPOB, CJeAyeT BCerga MMeTb B BMAY Te€ COOTHOLIEHMS,
KOTOpble MCIOJIL3YIOTCA Npu BbIBoAE dopmyn (3.1.15) u (3.1.16). B wact-
HOCTM, Ha IOCJIeJJOBaTEJbHO COENMHEHHBIX KOHIEHCATOpaX ONMHAKOB
3apsAj, a Ha NapaJulesIbHO COeIMHEeHHbIX KOHIEHCaTopax ONVHAKOBO Ha-
NIpsKeHue.

3agaau mo Teme “AaeKTpocTarMKa”

3.1.1. B nByx BepuiMHaX pPaBHOCTOPOHHETC TPEYroJbHMKA [OMEUEHbI
O[IMHAKOBBIE 3apAfbl ¢ =¢, = q=4 MxKiu Kakoii Toueunnlit sapan g,
HeoOXOAMMO [OMECTHTh B CePeJMHY CTOPOHBI, COeIMHFAIONIEN 3apsjibl
g, M g, , 4T06bl HANPA’KEHHOCTbL 3JIEKTPUYECKOIO 1014 B TpeTbeil

BepLIMHEe TPEeYTroJIbHMKa OKa3aJiacCh paBHOI‘;I HyJﬂOv

3.1.2. Tpu monoxuTeNbHbIX 3apAAa pPacHoNoKeHbl B BepLIMHAX pPaBHO-
cTopoHHero TpeyroiabHuka ABC. Besmumua 3sapsaza,

A
% HaXOAAIIerocHs B Todke A, paBHa i, BeJIMYMHBI 3apA-
JoB B Toukax B u C paBHbI 2 Haittu oTHoluenue
8 ¢ oa=q,/q , €CclIM HaIOPSOKEHHOCTL BJIEKTPUYECKOTO
q g, IoJIsl, CO3JlaBaeMOro ITMMMU TPeM:d 3apsAfaMu B TOYKe

2
D, nexaiuelt Ha cepenyHe BBICOTBI, OIIYUIEHHON M3

BepummHbl 4 Ha cropony BC, paBHa HyJw.

3.1.3. Ira ToveuHslx 3apana +q m +2q, pacnosioKeHHble, COOTBETCTBEH-
Ho, B BepuunHaX A u B kBazgpata ABCD co cropoHoit a = 1 M, co3RaioT
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B BeplumHe D dJleKTpMYECKOe I0JIe HANPAKEHHOCTBIO D c
E . B xakyio TOYKy HY>KHO [TIOMECTUTEL TPETHUH TO4Yeq- o
HBI/I 3apAn —q , 4ToObl HaIPAMKEHHOCTb CYyMMapHOIO A

SJIEKTPUYECKOTO TOJIf, CO3/laBAEMOTO BCEMU TPEMA  ,q +2q

3apazamu B BepumHe D, craja paBHa — E ?

3.1.4. B oxkpyskHocTh paauyca R = 3 cM ¢ uenrpoM B Touyke O BOucaH
npaBuibHbll BochbMuyroabuuk ABCDEFGH. B mecty BepIIMHAX BOCh-
MMUYTOJIbHMKA TIOMELIeHbl ONMHAKOBbIE MOJIOMKUTEJNIbHblE 3apAnbl Tak,

-

4yTo BeKTop K, HampsaeHHocTH B Touke () HanpasJeH no otpe3ky OH.

Yemy paBHa BeauuuHa mona E, , ecim BeauumHa KaKJOIo M3 3apAAOB

q=10" Kn? Dnexrpuyeckas nocrofnHas £, =885-10"7 ®/m.

3.1.5. Tpu MONOKUTENbHBIX TOUYEHMHbIX JEKTPUIECKUX 3apANa HaXOoOAT-
CA B BaKyyMe M DacHOJIOKEHbl B BEpUIKMHAX PaBHOCTOPOHHEro Tpe-
YTOJIbEMKa CO CTOPOHOM a = 1 M. CuJpl OTTAJIKMBaHUA 3apAJIOB PaBHbIL

nepsoro u Broporo: Fi, = 1 H, nepeoro u tpersero: Fi3 = 2 H, BToporo
u Tperbero: F23 = 3 H. BerumcinTh BenuuuHy 3apAna gqs. OJeKTpude-

CKad rocTosiHHaA €, =8.85:107"° Pd/m.

3.1.6. K HutaMm pmuHoi [, TOYKu nozBeca KOTOPBIX HAXOLATCS HAa OLHOM
YPOBHe Ha pacCTosHMM L JApyr oT apyra, nofiBelleHBl ABa OAMHAKOBBLIX
MaJIeHBKMX IIapMKa MaccaMyu m KaxKuerit. Ilpu coobuieHun um onuHa-
KOBBIX TI0 BeJIMUMHE Pa3HOMMEHHLIX 3apPAf0B UIApPUKKM COMMBNIUCE 10
paccrossusa L. OnpenenuTs BeIuuuHy COOOILEHHBIX LIAPUKAM 3aPANOB
g. YckopeHne cBOGOJHOTO MajeHus g.

3.1.7. Tpyu oauHaKOBLIX 3apsjfla PACIIOJIOXKEHbI B BepUIMHaX paBHOOel-
penHoro TpeyrombHMka c yriaom o =90’ npu A

BepumHe 4. Bo crosbKO pad k uM3MeHMTCA BeJH-
YMHA CHUJIBI, HelicTByOULleil Ha 3apsan B Touke A, 8 c
ecsm 3Hak 3apAzna B Touke C MBMEHMUTH Ha IIPOTHMBONOJIOMKHBIN?

3.1.8. IIBa oOMHaKOBBIX MaJIeHbKMX LIapMkKa maccamu m = 10 r, sapsa-
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JKEHHBlE OJIMHAKOBBLIMM sapsamamu ¢=2-10"° Kn, sakperienn! Ha He-
MpPOBOASALLE HWUTH, NOJBeIeHHON Ha wraTuBe. IIpu Kakoi
Aaube | oTpe3ka HUTM MeXJy Ilapukamyu oba OTpe3Ka HMTH
(BepxHMit ¥ HMxKHWIT) GyMyT MCNIBITHLIBATE OAMHAKOBOE HATS-

{  sxemme? DyeKTpudecKas NOCTOAHHaA €, =885:10™7 d/m, yc-

m KopeHye cBOBOAHOrO MajeHus NpuHATb g = 10 m/c2

3.1.9. Isa MaJieHBKMX TeJla ¢ PaBHBIMM 3apAXaMM ¢ PacCIIOJIOKEHBbI Ha
BHYTPeHHel MMOBEpPXHOCTU IJIaJKON HelpoBozAieii cdepbl paguycom R.
ITepBoe Teso B3akpeIieHO B HMXMCHEN TouyKe cdepbl, a BTOpPOe MOMKET
cBoboOHO CKOJIB3UTE N0 ee noBepxHocTy. HaiiTy Maccy BToporo Teda,
€cJI M3BECTHO, YTO B COCTOSAHMM PaBHOBECHUS OHO HaXOIAWTCS Ha BBICOTE
h orT HUIKHEeI TOYKM IIOBEPXHOCTU cdepsl

3.1.10. [Isa ygmaJsieHHBIX APYT OT Apyra Ha OoJibllioe paccTOSHME MeTaJi-
JIMYecKux Iapa paguycamu r1 =5 cMm u r2 = 10 oM, Hecyuime 3apsansl g
= 2109 Kn u g2 = —10"° Kn COOTBETCTEEHHO, COEAMHAIOT TOHKUM IIPO-
Bojiom. Kakoit 3apsapf g riporedeT IpU 3TOM IO IPoBOAY?

3.1.11. [Isa ypaseHHBIX APYT OT Apyra Ha DoJbliioe pacCTOSHUE MeTal-

JUYECKUX Ulapa pajguycamu r1 = 1 cM u r2 = 2 cM, HecyllMe OOUHAKO-
Bhle 3apAibl, B3aMMOJEeHcTBYIOT ¢ cuioit F = 10~ H. Kakosa Gyzmer cu-

Jla B3aMMOJEMCTBUSA ITHX ILIapoB F', ecaM uX COeOUHUTH APYT C ApPY-

T'OM TOHKHMM HpOBOILOM?

3.1.12. Tlo HaKJIOHHO} TNJIOCKOCTH, COCTABJIAIOLIEH Yyronl G C TOPU30H-

TOM, COCKaJIb3biBA€T C BBICOTHI A HeOoJblLlIoe TeNo, BapsKeHHOe OTPH-
LaTeJIbHBIM 3apsfioM — ¢. B Toyke nepecedenusa BepTHKaJm, NPOBEAEH-
HOJt dYepe3 HavaJIbHOE TIIOJIOXKEHMEe Tejla, C OCHOBaHUMEM HAaKJIOHHOI
IJIOCKOCTU HaXoauTcs 3apAn +q. OnpenennTs CKOPOCTb, ¢ KOTOPOIi TEJo
IOCTMIHET OCHOBaHMsA HaKJIOHHOM IuockocTu. Macca Tesla M, yckopeHue
cBobopuoro rnajeaus g. TperneM npeHebpeds.

3.1.13. Isa MaJleHpKUX HIapuKa Maccamu M = 6 r u my = 4 r, Hecyuue

[P —— sapagbl 1 = 106 Kn u ¢ = —=5-10 Kn
o] o— Y COOTBETCTB
€HHO, YAepXKMBAalOTCH Ha pac-

m, ma
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croauun | = 2 M Apyr or apyra. B Hekoropslii MoMeHT ofa mapyura oT-
IIyCKaloT, COOGIIMB OJHOBPEMEHHO BTOPOMY M3 HMX ckopocTs Vo = 3
M/cC, HallpaBJIEHHYIO OT IIepBOro LIapMKa BXOJIb JIMHUM, COERMHSAIOIEN
ux nentpbl. Ha xakoe MakcuMaJibHOe paccTosHue L pasoigyTcsa mapu-
KM apyr ot gpyra? Cuiy TAXKeCTU He YUMUTHIBATh. JJIEKTPUUECKYIO ITOo-

CTOSIHHYIO IPMHATL € = ;é—mlO'g D/m.
T

3.1.14. [IBa mMaJleHbKMX mIapuKa MaccaMu mi = 6 r u m2 = 4 r HeCyT 3a-
panst ¢t = 108 Knu g2 = 5-107% Kux coorser-

gt~ }
CTBeHHO. B HaYaJbHBIT MOMEHT OHM ABMOKYTCH | ¢ !
) 0— _<~—O0
HaBCTpedy APYr APYry IO IPAMOMA, COEMM~ p, V, A (o
HAomeN ux nenrtpnl Ilpm sTOoM paccTosHMe
MeX Iy lUapyuKaMy COCTaBjfgeT / = 2 M ¥ uX cropocTM paBuel V1 = 1

M/c un V2 = 2 M/c coorBeTcTBeHHo. Ha Kakoe MMHMMAaJbHOE PacCTOSHME
L npubnusarca mwapuxyu Apyr k Apyry? Cuiy TaKeCcTH He yYMThIBATh.

SJEKTPHUUECKYIO [IOCTOAHHYIO NPUHATL € =—l—-10'9 d/m
P * 36m

3.1.15. MeTtasnnnyeckan cdepa, uMewuiad Hebosbllloe oTBepCTHe, 3apa-
JKeHa [NoJIoKuTeJbHbIM 3apsjgoM (. Ilepsona-

4aJIbHO He3apPsKeHHble MeTaJUIMYeCKue LIapUKK A 8
A n B pacnoJioskeHbl, KaK IOKa3aHO Ha PUCYHKE. OG0
Papuyc cdepnt paBeH R, paauycsl Ka)XAOro Iua-
puxa r, paccrosane 4B >> R. Onpegesurs 3apsnsl g, M ¢ , KOTO-

pble MHAYLUMPYIOTCA Ha lLIapHKaX, KOTJa MX COeAMHAT MPOBOJIOKOI.

3.1.16. MeTrajy4yecKuM ImyiacTUHaM 1 M 2 COOBUMIIM TIOJIOMKM- Q Q
TenbHble 3apAnpl Q =2-10° Knu Q, =4-10° Kx coorsercr-

BeHHo. Kaxue sapanst Q; u () DPaclososKaTcsa Ha GOKOBBIX
CTOPOHaX IJIACTHUHEI 27 1 2
3.1.17. KorzeHrcaTop npencTabysAeT coboil JBe KpyTJble MeTalIMyecKue
nnacTMHRl paamyca r = (0,2 M, pacnoJioskeHHble NapaJJIeNIbHO HAPYT

Apyry. Paccrosane MeXCAy IUIacTHMHaMM OY€Hb MaJIo I10 CPaBHEHMIO C UX
pagnycom. HaHpﬂ?KeHHOCTI: OJHOPOAHOrO 3JICKTPUYECKOr0o IIONS MeXAY
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mnactuaamyu E =0,9-10° B/m. Hajitu a6ConoTHYI0 BeMuMHy 3apsija ¢
Ha RaM o u3 MJIaCTHH. OueKTpUdecKasn [IOCTOAHHAA
g, =885-10" d/m.

3.1.18. O6xJyazKy IJIOCKOTO BO3AYLIHOIO KOHZEHCATOopa, HNOAKJIIOUEHHOTO
K MCTOYHMKY IIOCTOSIHHOI'O HAIIPSIKEHWUf, TPUTATMBAIOTCA ¢ cuioit Fo.
Kakass cuna F Gyner feficTBoBaTh Ha OOKJIAJIKM, ecsii B 3a30p Mapati-
JIeJIbHO MM BCTAaBUTb METaJUIMYECKYIO IJIACTHMHKY TOJILMHOM B n = 2
pa3a MeHbIUe BeJMYMHBI 3a30pa, a OCTajbHble pa3Mepbl COBNANAIOT C
pa3mepaMu oOKJIazoK?

3.1.19. B xByx OIMHAaKOBBIX IJIOCKMX KOHAEHCATOpPaX IPOCTPAHCTBO
Mexxay oOKJIafKaMy 3AIIOJHEHO INVUIJIEKTPUKOM C AM3JIeK-

TpUYeCKO# IIPOHMIAEMOCTBIO € = 3, B OJHOM HAIOJIOBM-
HY, B Jpyrom noJiHocTblo. HaliTu oTHOlIEHME eMKOCTEN o
1 2

9TUX KOHIOEHCaTOPOB.

‘e‘—‘ C 0 1. ‘Pz 3.1.20. B u3o0bpa’keHHO! Ha pPUCYHKe CXeMe 3aJaHbl
| OTEHIMAaJbl @, P,,¢; ¥ €MKOCTM KOHJeHCaTOPOB
l ¢ Cs C,,C,,C, . Onpegenuts noreHuymasa @, touku O.
3

3.1.21. Ha pwucyske wusobpakeHa Oarapes

G I A I Cs KOHJEHCATOPOB, NOAKJIOYEeHHadA K TraJibBaHM-
yeckoMmy oaJsiemenTy ¢ JJIC E. Emkoctn KoOH-
¢ zencatopos pasusl: C| = C, C2 = 2C, C3 = 3C,
2 ! l C
8
, 1L
i

Cs = 6C. Jemy paBHa pa3HOCTb IIOTEHIMAJIOB
U mexxay Toukamu A u B? CuuraTth, 94TO HO
[OJKJIIOYEHMUST K MCTOYHMKY BCE KOHHEHCAaTO-

E
1

phI OBITIM He3apAYKEHbL

3.1.22. B cxeMe, noxa3aHHON Ha PUCYHKe, EMKOCTM KOHIEHCATOPOB paB-

A 1(Ca C, g ueu C=1Mrd, Co= 2 Mx®D, C3=3 Mmxd, C;, =4
c Mk®. Hanpmaxenne Mexay Toukamu A u B paBHO
T C"‘ U = 100 B. Haittu Hanpsoxeune U, Ha KOHIEHCa-

Tope Cy4, ecam A0 TOAKJIOYEHMA Hanpsixenns U
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KOHIJeHCaTOpPBHI OBl He 3apsAKeHbl.

3.1.23. Ipa mjockuxX KOHZEHCATOpa 3apseHbl: NEepBBIf O Pas3HOCTH
noreHumanioB U1 , BTopoit — n0 pa3HocTy noreHiuyanoB U, Ilnomagm
[UIACTUH KOHAECHCATOPOB COOTBETCTBEHHO: S1 ¥ neproro u S2 y BTOPOTrS,
paccTosiHye MeXAY IJIACTMHaMM y ODOMX KOHIEHCATOPOB OIMHAKOBO.
Yemy 6yneT paBHO HallpsKeHMe Ha KoHAeHcaropax U, eciu coeIuHUTH
X OJHOMMEHHO 3apsi>KeHHbie oOrayku?

3.1.24. [Ipa IJIOCKMX KOHZEHCAaTOpa MMEIOT OJMHAaKOBYI0 EMKOCTb. B
OMH M3 HUX BCTaBMJIM IVIACTMHKY C JAMIJIEKTPUYECKON IPOHMUIAEMO-
CTBIO € =6, 3aNlOJHAIINYI0 BeCh 00beM MesKAy OOKJIagKaMy, U 3apsf-

AWM 3TOT KOHIEHCATOpP TakK, YTO 3allaceHHas B HEM DHEPIrus COCTaBuJa
W, =210 K. OTCOeIMHMUB MCTOYHMK, IJIACTUHK aNlMIM U K 3a-
0

PAYKEHHOMY KOHZEHCATOPY IONCOeNMHMIIM BTOPOH, He3apsAKeHHbIA KOH-
fencartop. Hasitu sHeprumio W, xoropas dyzner 3anaceHa B KOHAEHCATO-
pax IrocJie X nepesapalKi

3.1.25. J/IBa oAMHAKOBBIX IJIOCKMX  KOHZEHCATOpa, OAMUH M3 KOTOPLIX 3a-
IIOJIHEH IMIJIEKTPUKOM C AMSBJIEKTPUYECKOi IIpOHMIae-
MOCTBIC € , COeIMHEHBl KaK MOKa3aHO Ha PUCYHKe U %

3apsxenbl o HanpsxeHna Uo. Kakylo pabory A HyxHO N

COBepIUMTb, 4YTOOBI BBITALIMTL AVIJIEKTPUYECKYI0 ILjia- L

CTUMHKY 13 KOHZeHcaTopa? EMKOCTb mycToro koHzmeHncatopa pasHa C.
3.1.26. KorpeHcaTop emrxocteio C = 15 nd zapaguim fio pasHOCTH IO-
reHiuanoB U = 100 B u OTKIIOMMIM OT MCTOUHMUKA. 32TEM NPOCTPAHCT-
BO MexAy OOKnagxkaMy 3aloJHUIM IUBJIEKTPUKOM C JUSJIEKTPUYECKOM
nponunaeMocTeid € = 1,5. OmpesesuTh, Ha KakKylo BeuuuHy AW

U3MEHNTCHA DHEPIrusa KOHJeHCcaTopa.

3.1.27. K ucrounnky ¢ 3JC E mocnenoBaTeJbHO MOAKIIOYEHB]! JBa KOH-
nercaTopa ¢ eMrocTpro Cy u Co. Iocne 3apsafKy KOHOEHCATOPOB MCTOY-
HMK OTKJIOYAalOT, a K KoHZeHcaTopy () depes pe3aucTop NOAKIIOYAIOT
He3apAMKEHHbII KoHAeHcaTop eMKocThio (3. Kakoe KommdecTBo Temna Q
BBIZIEJIMTCH Ha Pe3NUCTOPe B Ipoliecce 3apANKM xbnnenca'ropa Cy?
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3.2. Hocmosannviii mox

Bonpocsr nporpamMmmser

e Oaexmpuueckuid mox. Cusra moxa. Ycaoeus Cyujecmeocsanusi moxa
8 yenu. aexmpodsudxcywan cuaa (3JC). Hanpascenue.

e  3axon Oma Oan yuacmua yenu. Omudeckoe CONPoMuUBAEHUE NPO-
8o0nuKa. YOeavnoe conpomueienue. 3a8UCUMOCTNDL YOeAbHOZO CO-
npomusaenus om memnepamyps. Ceeprnposodumocms. Iocaedo-
8aMmenbHoe U NAPAIIeAbHoe coedunenue nPoso0HUKOSE.

s 3axon Oma 0as noanol yenu. Memounurxu moka, ux coedunenue.
H3mepenue moxa u pazHoCMU NOMEHYUAN0E 8 YenU.

e Pab6oma u mowyHocms moka. 3axon Jaucoyan-Jlenya.
s Jaexmpuueckull mox 6 mMemannax.

e  Jaexmpuueckulli Mok 8 asexmpoaumax. 3AKOH IAEKMPOAU3G
(3axon Papades).

e OJaexmpuueckull mox 6 saxyyme. TepmoarexMPOHHAA IMUCCUS.
Saexmponnas aamna - 0uod. Srexmponno-ayiesas mpydra.

e [Ioaynposoduuxu. Co6cmeennas u NpumecHas nposodumocms no-
AYNPOBOJHUKO08. 3ABUCUMOCTE NPOSOGUMOCTIU  NOAYNPOBOTHUKOE
om memnepamypst. p-n - nepexod u ezo ceoticmsa. IToaynposodHu-
Kxo6wLli 0uod. Tpansucmop. Tepmucmop u pomopesucmop.

e  Jaexmpuueckull mox 6 zasax. Camocmosmenvhsvitli U Hecamo-
cmoamenvuulil pa3pidvt. [Tonamue o naasme.

0npeneneﬂna, HOHATHUA M 3aKOHBI

daexmpuueckuil MoK — 3TO YNOPANOYEHHOE IBUIKEHMEe 3JIEeKTpumUe-
ckux 3apsanoB. HampaBieHueM 3JIEKTPUYECKOTO TOKA IIPUHATO CYMTATh
HallpaBJIeH)e YIOPAZOYEHHOIO JIBMKEHUS MOJIOKUTENBHBIX 3apAnoB. B
MeTaJIaX cBoOOAHBIe 3apAAbl (JIEKTPOHBI) OTPUIATENLHBl M HallpaBJle-
HMe MX JBUMKEHMA IIPOTMBOIIOJIOMKHO YCJIOBHO IPMHATOMY 3a IIOJIOMN-
TenbHOe. B Teopuyu 3JeKTpUUYECKMX Ielleil 3TO He urpaeT poJM, IO-
CKOJIBKY BCe 3aKOHBI JJIsl KBa3MCTAlMOHAPHBIX TOKOB MMEIOT OAHY M TY
e ¢opMy He3aBUCHMO OT PeaIbHOTO HalpaBJIEHMUS ABMIKEHMA 3apPALOB.
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Cunoti moxa Ha3bIBaeTCH CKaJsipHas BeJIM4YMHa I, PaBHasaA OTHOILUEHNIO
BeJINYMHL] 3apAla Aq , IePeHOCHMOro 4epea IolepeyHoe cevdeHue IIpo-

BOJIHMKA 3a NPOMEXKYTOK BpeMeHM Al , K 9TOMY IIPOMEXYTKY:

1=—A—q=enl7s, (3.2.1)
At

rae e — BeJIMYMHA 3apsAna OJHOM 4YaCTUUBbI, B — KOHLEHTPaluumn 9acTuil,

V — cpenHAs CKOpOCTH YNOPSAOYEHHOI'O NBMKEHMSA dacTuil, § — mio-

manb rnonepevYHoro cCeYeHus IIPoBoaHMEKA.

Cuna Toka npepzcTaBisieT coGoii onHYy M3 OCHOBHBEIX BesmuumH Memxny-
HapOJHOJ CHMCTEeMBbI eIVHNII, OHa MaMepseTcs B amnepax (A). 1 A — aTo
cuJia TAKOro TOKA, KOTOPHUi, IPOXoAA MO ABYM NPAMOJIMHERHbIM Ia-
palyieNlbHBIM GeCcKOHeYHBIM [POBOJHMKAM, PACIOJIOXKEHHBIM Ha pac-
cToAHMM 1 M APYT OT ApYyra, BhI3BIBAeT Ha KaXJOM y4acCTKe JJIMHOM 1 M
cuity BaaumogeiicTeua 2 10°7 H.

Ycnosun cywecmsosanus moxa 6 yenu. Tok, cusia M HallpaBJeHMUe
KOTOPOro COXPaHAIOTCA C TeueHMEeM BPEeMeHM HeM3MeHHbIMM, Ha3bIBaeT-
csi NOCTOAHHBIM. [71A Toro, 4ro0hl B MPOBOJAHMKE MOT CylLieCTBOBATH IO-
CTOSIHHBI TOK, HeOOXOAUMO BHIIOJIHEHNE CHEAYIOUMX YCIOBUIA!

1) HanpsAMXKeHHOCTb 3JIEKTPUYECKOro II0JA B  IIPOBOJHUKE
JoJiHa ObITh OTJIMYHA OT HYJIA U He NOJKHA M3MEHSAThCA C Te-
yeHueM BpeMeHy;

2) UOenb NOCTOSHHOIO TOKA JOJI’KHA OBbITH 3aMKHYTOMN;

3) Ha cBobDopHBIE 3NEKTpUHECKHe 3apAbl, [MOMMMO KYyJIOHOB-
CKMX CHJ, OOJPKHBI JIeliCTBOBaTh He3JeKTpOoCTaTHUeCKue CUJIBI,
Ha3blBaeMble CMOPOHHUMU CUAAMU.

CTopoHHME CUJIBI CO3JAlOTCA MCTOYHMKAMM TOKa (raJlbBaHMYECKUMMU
JJIeMeHTaMM, aKKyMyJATOpaMy, BJIeKTPUUIeCKMM) reHepaTopamMu M Ap.).
3a cYeT CTOPOHHUX CUJ JNEKTPUUECKUE 3apsnbl SBUOKYTCH BEHYTPU MC-
TOYHMKA TOKA B HANpPaBJIEHUM, IIPOTHUBOTIONIQMKHOM AEMCTBUIO CUJI 3JEK-
TPOCTAaTUYECKOro IoJIA. BjarogapA 3ToMy Ha KOHIAX BHeEIIHe) Ienu
HoANep KMBAEeTCA IIOCTOSHHAsA Pa3HOCTh IIOTEHIMAJIOB M B LENM MIET
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rnocroAHHbIt Tok. PaboTa, koTopas Hy»KHa Ajs obecniedeHUA MOCTOAHHO-
ro BREKTPUYECKOro TOKa B LIENH, COBEPIAeTCA MCTOYHUKOM TOKa.

daexmpodsuxnywyeti cuaot (DIC) E, peiictByroumlell Ha yyacTke LieNH,
Ha3biBaerca QU3HUecKas BEMUHHA, YHCIEHHO paBHas pabore, KOTOPYIO cO-
BEPLUAIOT CTOPOHHHE CHIIbI MO IePEMEIUEHNI0 eOMHIYHOrO IOJI0MKMTE b=
HOro 3apsAa/la Ha 3TOM y4acTke.

g=ter, (3.2.2)

q9
DJIC ucroynuka paBHa Pa3HOCTM IOTeHLMAaJIOB (HAHNPSA'KEHMIO) Ha €ero
KJleMMaX IIPY pasOMKHYTON BHeIHeN Lenu.

3axon Oma Ora yuacmixa yenu yCTaHaBJIMBAET IaBUCHMMOCThL MEMIY
HanpspKeHueM (pasHOCTBIO ITOTEHIMAJIOB MeKAy KoHIaMy ydacTka) U,
TOKOM Ha 3TOM y4acTke I u ero conporusieHuem R. JIJA yvyacTka Lemu,
He comepakaiiero 3JIC, 9TOT 3aKOH MMeeT BU

I=—=, (3.2.3)

Omuuecxoe conpomuasenue nposodnuxos. Ydernrnoe conpomusne-
nue. 3asucumocmsd Y3eAbHOZO CONPOMUBAEHUA OM Memnepamy-
put. Conpomussenue ABJISIETCA OCHOBHOM OJJIEKTPMYECKOM XapaKTepu-
ctukoit npoBopHMka. CoONpoTHBJEHMe MeTaJIMYeCKOro IIPOBOAHMKA Ha
y4YacTKe Hepas3sBeTBJIEHHO! LeIM 3aBUCUT OT MaTepualia [IPOBOJHMKA,
ero reoMerpudeckoif ¢hopMbl ¥ Pa3MepoOR, a TaKke OT TeMIepaTyphL
Ins ofHOpPOAHOTO NPOBOAHMKA JJIMHOK | M NUIOMAALI0 HOIIEPEYHOro ce-
yeHus S conporuBgenne R paBHO

/
R=p—, 3.24
P ‘ (3.24)

re p — ybeavHoe conpomueéseHue MaTepHala, U3 KOTOPOLO M3rOTOB-
JieH IPOBOIHMK. YHAeJbHOE COIpPOTUBJIEHME MPOBOAHMKOB 3aBUCUT OT

TeMIEepPaTyphl:

p=p,(l+ar), (3.2.5)
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rae p, — yZnAenbHoe comporusienne npu 09 C, + — remmepaTypa mno

mikagte Ienbeusa, o — remnepaTypHbIA kKoo pUIMEHT CONMPOTURIIEHNS.

IIJIH BCeX MeTaJuioB o > , & OJIA JJIEKTPOJINTOB O <0 , T.e. ¢ BO3pac-
TaHMeM TeMIlepaTypbl COIIPOTUBJIEHME METaJlJIOB BO3PacTaeT, a JJIeK-

TPONUTOB — Najgaer.

Enuunna snekrpuueckoro conpotueienust 8 CU ~ om (Om). Onexrpu-
yeckuM compotruBiierreM 1 OM obJsafaeT Takoil y4acTOK eIy, Ha KO-
TOpoM Iipu cujie Toka 1 A HampskeHMe paBtHo 1B: 1 Om =1 B/1 A.

Ceepxnposodumocms. fsjnenHne ceeprnposodumocmu, roropoe obHa-
pysKuBaeTcs Yy HEKOTOPBIX METAJUIOB ¥ CIUIABOB, 3aKJIIOYaeTCsd B TOM,
TO HMMKe HEKOTOpOM TeMmepaTypsbl (TeMmiepaTyps! Txp Nepexoja B
CBEPXMPOBOLAIIEE COCTOSHME) YAENbHOE CONPOTHBJIEHNE 3TUX BEIECTB
CTAHOBUTCH McCYe3alolle MaJibIM. 1eMnepatypbl Txp AJIA YUCTBIX METAJIOB
COCTABJSIOT MOPAIKA HECKOJBKHX rpaxycoB mo wkane KemssuhHa. Cnenyer
MIOAYEePKHYTH, 4YTO IIepexol B CBEPXIIPOBO/ALEE COCTOSAHME NTPOMCXOANT
He IIaBHO C YMEHBUIeHMEeM TeMnepaTypbl INPOBOAHUKA, a CKaYKOM IIpU
JOCTUIKEHMM TIPOBOILHMKOM TeMIepaTypbl Txp.

B HacTosAllee BpeMA ABJICHME CBEPXIIPOBOAMMOCTH UCHONL3yeTCH ANA
NOJyYEHUS CBEPXCUJIBEHBIX MalHMTHBIX ITosieil. Ha sBjenuu ceepxnpo-
BOZMMOCTYM OCHOBaH IPMHLMI AEHCTBUS 3JIEMEHTOB MaMATH COBPEMeH-
HBIX CYIIepKOMIbIOTepoB. PagpabaTeIBaloTCa HPOEKTHI M APYIUX IIpaK-
TUYECKUX TPUMEHEHUI 3TOro ABJIEHMUS.

Iocaedosamenvnoe u napasreavroe coedurenue npogodnuxos. Ilpn
COCTaBJIEHMM DJJEKTPUYECKON LEeny NOPOBOAHMKYN MOTYT COENMHATHCSH
NOCJIEAOBATEJIBHO U IapaJlliesibHO.

ITpu nocaedosamenvrom coenyHeHUM NPOBOSHMKOB CHMJIa TOKa BO BCEX
YaCTAX LenM OfMHAKOBa, HAUPMAMEHME Ha KOHIAX UelM PaBHO CyMMe
HalpsKeHW Ha OT/AeJIbHBIX Y4YacTKaX, HallpAXKeHMS Ha OTHEJIbHBIX
NPOBOAHMKAX IPAMO IIPONOPLMOHAJBHBEI MX CONpPoTHBJIeHUAM. ObOwee
conpomueaenue Ro nernm, cocrosmeil U3 1 MOCIEAOBATENLHO COENVHEH-
HBIX IPOBOJHMKOB, PaBHO CYymMe CONPOMuUBAEHUL OMOEAbHBLL NPOLOOD-
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HUKOE!
R, =R +R,+.+R,= Y R, (3.26)
i=1

IIpu napaaesvHom coeIMHEHNM MPOBOXHUKOB CHMJIa TOKA B Hepa3BeTB-
JIEHHO! 4YacTM LNy paBHA CyMMe€ TOKOB, TEKYLUIMX B Pa3BETBJICHUAX,
HaIpAXKEeHUA Ha IMapaJifieTbHO COeNMHEHHBIX YYaCTKaX OIMHAKOBBI, TO-
KM B y4acTKaX pas3BETBJICHHOH Liem o0paTHO NPOIOPIMOHAJILHBI MX
conporuBiieHusaM. [Iposodumocmdb (BeauuuHa, oOpaTHas COIIPOTHBIIE-
HUIO) Lieny, COCTOsALe M3 1 MapalulesIbHO COeIMHEHHBIX IIPOBOJHMKOB,
paBHa cymme npogodumocmell cex NPoBOGHUKOS:

n
—I—=L+—1—+...+L=ZL. (3.2.7)

R, R R, R, &K
3akor Oma ana noadoit menm (puc. 3.2.1), cocToAlEeil M3 MCTOYHMKA
Toka ¢ JAC E u BHYTPEHHMM COINPOTHUBJEHMEM I M BHELIHEIo COIpPO-
TuUBJIeHMA R, rjlacuT: cijla TOKa B 3aMKHYTOM lLleny paBHAa OTHOLIEHMUIO
3C B penu ¥ IOJHOMY COIPOTMBJIEHMIO LETIN!

E
= Rar’ (3.2.8)
+ E
A B
[
Puc. 3.2.1 Puc. 3.2.2

3akon Oma ana y4acTka meny, copepokautero 3C (puc. 3.2.2) dopmy-
JMPYIOTCA TaK: Hanps)KeHMe Ha KOHL@AX y4yaCTKa I{ely, COoLeprKallero
IC, paBHa Besmumude sroit DIC MuHyC npousBezieHMe CUJBI TOKA Ha
BHYTPEHHEE CONpOoTuBJeHNe UcTouHmnka IJC:

Ug=E-TI. (3.2.9)

Hcmounuxu moxa, ux coedunenue. VICTOUYHMKM TOKa B 3JE€KTpUUe-
CKMX LelfX MoryT 0bIThb coeamseHsl 1o pasHoMmy. HaubGosiee ynmorpebu-
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TE€JIbHbl Ha IIPaKTHUKE IBa crocoba coeauMHeHMA MCTOYHMKOB B 6aTape10:
rocJyieJoBaTeJIbHOE U I1apaJjijiesibHOe COeMHEHNA.

IIpn nocaedosamenvnom coenuuennyu mcrounukor IJAC obpasoBaBiuesi-
ca OGarapeyu paBHa asrebpamdeckoit cymme SIC MCTOUHMKOB, a ee
BHyTpEeHHee COIIPOTHBJIEHME - CyMMe BHYTPEHHMX COIPOTUBJIEHMIA MC-
TouHukoB. lna onpeneneHud 3Haka kakoy-ymbo 3AC HysHO paccMoT-
peTh HampaBJieHMe TOKa, TeKYIero uepes COOTBETCTBYIOLMI MCTOYHMK.
Ecau ToOK TedeT BHYTPHM MCTOYHMKA OT OTPMLATEJNBHOrO IOJIOCa K IT0-
noxkurensHomy, o SC Geperca co 3HakoM "+", ecam HaoGopoT, TO co

3HakoMm "—".

IIpu napasseavHom coeauHeHny oOBIYHO MCIOJB3YIOT OAMHAKOBBIE HC-
TOYHMKM, BKJIIOMadg uX B DaTapelo C OHON M TOM e IOJAPHOCTHIO. B
arom caydae 3JIC Gatapeu pasrHa 3JIC ofHOro MCTOYHMKE, a BHYTpPEH-
Hee CoOIlpoTHUBJIeHMe DaTapeu B /1 pa3 MeHblUe BHYTPEHHETO COIIPOTUB-
JIeHMs WCTOYHMKA (3heCh N — 9MCJIO MCTOYHMKOB). IlapauiesbHble CO-
eIHeHMA PAIHBIX UCTOYHMKOB KaK IIPaBHUIIO HE UCTLOADIYIOMCS.

Hsmepenus moxa u HANDANKEHUR 6 Yenu INPOBOAATCA IPU MNOMOIIM
crienMaibHBIX MpubopoB: amnepmempa n soavmmempa. Mx pabora oc-
HOBBLIBaeTCs Ha MarHUTHOM JelCTBUU ToKa (cM. pazpgen 3.3).

Vs W Y —{Fr
O— | ol |
Puc. 3.2.3 Puc. 3.2.4

Ia usMepeHUA CUIIBL TOKa B UEeNM aMIIEPMeTP BKJIOYAIOT B 3Ty ULelb
nocaedosamenvio (puc. 3.2.3). lockonabky moGoit amnepmerp obmnasaer
HEKOTOPBLIM CONPOTUBJIEHUEM, €T0 BKJIOYEHME MEHAET COIPOTHUBIIEHME
Heny M ToK B Heit. YToObl aMmepMeTp OKa3bIBaJ KaK MOKHO MeHbIIee
BJIMSHME HAa CUJIy TOKA, M3MepAEMYI0 MM, €ro COIPOTHBJIEHME HeJal0T
O4YeHb ManbIM. [[IA yBeNIMYEHMA [MAMA30HA WIMEPAEMBIX TOKOB
(yMeHbIlleHN)s1 YyBCTBUTEJILHOCTH aMIIEpMeTPa) B M pas MapasllesbHO
aMIIepMeTPy HY’KHO MOAKIIOYNUTE LIYHTUPYIOIEE CONPOTUBIeHME Ru:
RA

R, =—2—, 2.
= (3.2.10)
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rae Ra — conpoTusieHue aMnepMeTpa.

Ina Toro, 4Tobbl M3MEPUTE HANpPAXXEHMe Ha ydacTKe LeNM, K HEMY na-
pPaateavHo TIOAKNIOYaloT BoJsbTMeTp (puc. 3.24). HanpsxeHue Ha
BOJIbTMETPE COBIaJZlaeT C HanpsKeHMeM Ha ydacTke Hermm. OpHako, mo-
CKOJIPKY COIIPOTMBJIIEHME JIF0OOro BOJIBTMETPA KOHEYHO, €To BKJIIOYeHNe
B LIeIIb MEHAEeT COIPOTUBJICHME CaMOro ydacTKa Lemu. VMs3-3a aToro mus-
MepAeMoOe Hallpf)KeHMe Ha ydacTKe LienM yMeHbumTcA. Ins Toro, yro-
ObI BOJILTMETD He BHOCKMJ 3aMeTHLIX MCKajXKeHMI B MaMepseMoe Hallp#-
JKeHMe, ero CONPOTHMBJIEHME JOJKHO ObITh Kak MoskHo Oosbmie. Jls
yBeJIMUYeHUA [Mala30Ha M3MepseMbIX HallpfAMKeHMui (yMeHblIeHMA 4yB-
CTBUTEJNIBHOCTH BOJBTMETPA) B M pa3d IOCNeN0BaTeNIbHO K BOJIBTMETPY
HeobOX0AMMO TOJKJIIOYMTE AOIOMHMTENLHOE CONpoTuBenne Ru:

Ry = Ry(m-1), (3.2.11)

rue Rs — COIIPOTUBJICHNE BOJIBTMETDA.

Pa6oma u mouynocms moxa. 3axox Qaucoyas-Jlenya. Ilpu nepeme-
LIIeHUM 3aPHJ0B BAOJMDL 3JEKTPUYECKO 11eNM KYJIOHOBCKME M CTOPOHHME
Cuibl coBepuialoT paboTy, KOTOPYH NPMHATO HadblBaTb PaboToi TOKa.
Oneprusa W, koropas BblAENAETCS B IIPOBOJHUKE 3a BpeMs !, PaBHa
COBeplIeHHO) ToKoM paboTe A4:

2

W=A=qU=IUt=Ith=%t ) (3.2.12)

rae ¢ - 3apsj, llepeHeceHHBI# O NPOBOAHMKY 3a BpeMs [, | - TOK B
npoBOJHMKe, R - conporuBienme nporogumuka, U - majeHne Hanpsiske-
HMA Ha IPOBOJHMKe (HaIpsiykeHMe MexXIy ero KoHuamu). Ecam Ha paH-
HOM yY4acCTKe ILeIlM He COBepllaeTcsd MeXaHumyeckasa pabora M Tox He
HPOM3BOAUT XUMMYECKOTO NeHCTBUA, IPOUCXOJUT TOJBKO Harpes IIPO-
BoztMKa. BblzesleBHHas SHepruA HeobpatuMmo npeobpasyeTcs B TeEILIO.
3aKOH, OIpeAeJISIOIMIA KONMYECTBO TEILJIOThl, KOTOPOe BBIAEJIAET IIPOo-
BOOHEUMK C TOKOM B OKPYKalOLIyIO cpelly, 6610 BllepBble YCTAHOBJIEH IKC-
IIepMMEHTAJIbHO aHITMiCKUM y4yeHsiM [I. J[»KoyJieM M PyCCKMM YUYeHBIM
3.X. Jlenuem. 3axon [ocoyas-Jlenya ObLT chopMyIMpoBaH CBeLyIUVIM
0o6pa3oM: KOJIMYECTBO TENJIOTHI, BBIAEJIAEMO TOKOM, IPOTEKAIOI{MM Ha
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HEKOTOPOM YHacTKe LeIlM, paBHO NNIPOU3BENEHMIO KBaJzpaTa CWUJIbI TOKA,
COIIPOTHUBJIEHNA ITOTO yYACTKa M BPEMEHM ITPOXOKIAEHUA TOKa!

Q=1IR:. (3.2.13)
Moumocmb moxa, BplIesiaeMad Ha yqaCT}ce neny,

2
P=UlI=I'R= %. (3.2.14)

MoluHocTb, pasBuBaeMas ucTouHukoM ¢ SJC E, paBHa

P=EL (3.2.15)

KoaddpuuueHT nosie3Horo AeMcTBUA 3JIEKTPUYECKON Lieny olpenesiseT-
cA KaK OTHOLIEeHMe IIOJIe3HOM MOIIHOCTH, BbIAEJAEMO!l B Harpyske, K
ITOJIHOM MOIIIHOCTH, Pa3BUBaeMoOil MCTOYHUKOM B LeNu.

Arexmpuueckuii mox 8 memaanax. Bce meTasl B TBEPAOM M XKHI-
KOM COCTOSAHMM SABJIAIOTCH IIPOBOAHMKAMIM 3JIEKTPUYECKOrO TOKA. JKCHe-
PUMMEHTaJIbHO YCTaHOBJIEHO, YTO HOCHTENAMM CBOGONHLIX 3apANOB B Me-
TaJJIaX SBJIAIOTCS CBODOAHBIE 3JIeKTPOHBL COOTBETCTBYIOLME OITLITHI
Oblnm BhinosiHeHb! B 1913 - 1916 rogax pycckumu ¢pusuxamu JLVI. MaH-
nensurramom u HJI. ITananekcw, a Takske aMepuMKaHCKUMM (PU3MKaMuU
B. Crioaptom n P. TonmenoMm. B sTux omnbrrax ObuIo 00Hapy’keHO, 4TO
IIpy pe3Koit ocTaHOBKe ObICTPO BpallaloIIeiicAd KaTYyIUKM C IIPOBOAOM B
Hell BO3HMKaeT KpPaTKOBPEMEHHBI syieKTpudeckmit Tox. HampaBienme
TOKa TOBOPMT O TOM, YTO OH CO3JlaeTcA JBMIKEHMEeM OTPMULaTeJIbHO 3a-
pAXKeHHbIX HacTull. JaMepeHue 3apsia, IPOTEKIIEro B LelM KaTYILKW
Py TOPMOKEHUM, JAJI0 BO3MOYKHOCTBL OIIPEJEeIUTH OTHOILUEHME 3apsaja
9TUX 4HaCTHI[ K MX Macce, KOTOPOe COBIAJIO C COOTBETCTBYIOIMM OTHO-
LWIeHMEM [JIS DJIEKTPOHA, M3MEPEHHBIM paHee APYTUM criocobom.

KoHueHTpauusa cBOGOAHBIX JJIEKTPOHOB B MeTaJlaX BEChbMa BeJIMKa -
nopsaaka 1022 ¢cM3. B oTCyTCTBMe BHEIUHETo 3JIEKTPUYECKOTO IIOJIA 3T
3JIEKTPOHBI ABMIKYTCA B MeTaJule xaoTuuecku. Ilon nesicTBueM sJeK-
TPUYECKOro IIOJIA OHYM, KPOME XaOTHMYeCKOro ABMIKEHMS, NpuobpeTraroT
YIIOpALOYEHHOe JBMIKEHME B ONpejeJIeHHOM HampaBiaeHun. CpenHss
CKOPOCTb YIOPAAOYEHHOTO JBMIKEHWUA ODJIEKTPOHOE COCTAaBJSET JOJM
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CAHTUMETpPOB B cekyHAY. CBoGOJHBIE BJIEKTPOHbI CTAaJKMBAIOTCA C MO-
HaMM KPMCTAJIIMYECKOit DeIlleTKM, OT/AaBasd MM IPM KajXXOOM CTOJIKHO-
BEeHMY HYaCTh KMHETMYECKO! HHeprmu, npuobpeTeHHOH mnpu cBobomHOM
npobere 1o JeitcTBMEM 3JIEKTPUUYECKOro 1oJid. B pesysnbTaTe ynopsazno-
YeHHOe JBMKeHHe 3IJIEKTPOHOB B MeTaJjlle MOMKHO paccMaTpMBaThb Kak
paBHOMEPHOe NBMIKEHME C HEeKOTOPOl! IOCTOAHHOM CKOPOCTBHIO, IPOIop-
LMOHAJILHOM HaNPsyKeHHOCTY BHEITHero BJeKTPUUECKOTro II0JA U, CJIeNo-
BaTeJIbHO, Pa3HOCTH TOTEHIMAJIOB Ha KOHLIAX NPOBOAHMKa. B aToMm co-
CTOMT KadecTBeHHOe OObsACHeHMe 2akoHa OMa Ha OCHOBE 3JIEKTPOHHON
TeOpUM MPOBOIUMOCTH MeTaJuIoB. IIoCTPOUTE KOJIMHEeCTBEHHYIO TEOPMIO
IBUIKEHMA DJEKTPOHOB B MeTaJle Ha OCHOBE 3aKOHOB KJaCCHYecKOM
MeXaHMKM HeBO3MOXKHO.

Tak KakKk 4YacThb KMHETHMUECKO) DHEpPIMM OIJEKTPOHOB, IpyuobpeTaeMoit
UMM TOJ HAeCTBMEM 3JIEKTPUYECKOro IOJIA, INepefaeTcsa NP CTOJKHO-
BEHMSX MOHAM KPHCTAIIMYECKO! pellleTKM, TO NPy IPOXOKLEHUY DIIeK-
TPUYECKOro TOKa [IPOBOJHMK HarpeBaeTCs.

Maunble zHadenus CKOPOCTH YIHIOPANOYEHHOIC IBMMXEHUA CBOGOI[HbIX
3JIEKTPOHOB B MPOBOJHMKAX He NPUBOAAT K 3alla3fblBaAHMIO BO3HMKHO-
BE€HNUA TOKa B IIEIIN. HpM 3aMbIKaHMU ILelIM BAOJIb IIPOBOLOB CO CKOPO-
CTBIO CBE€Ta PacCIIpOCTPaHACTCHA 3JIEKTPOMarHMUTHOE IioJie, KOTOpoe IIpHu-
BOJANT B OBMXKEHIeE CBOGO).IHbIe QJIEKTPOHBI TPaKTUYECKN OAHOBPEMEHHO
BO BCeX TO4YKaX IIelin.

daexmpunecKull MOK 6 IAeXMPOLUMAT. ILEKMPOAUMAMY HA3bIBA-
IOTCS BeleCTBa, B KOTOPBIX IJIEKTPMUYECKMII TOK OCYLIECTBJIAETCA NO-
CpelCTBOM MOHHOM ITPOBOAMMOCTH, T.. YHOPSOYEHHOIOo ABMXKEHUA MO-
HOB IIOJ| AeNCTBMEeM BHEILIHEro SJIEKTPHUYECKOro IMOJA. OJIEKTPOINTAMHU
ABJIAIOTCA PACTBOPBl KUCJIOT, LIeJIoYel M coJieit, a TaKKe paclijlaBlieH-
Hble COJIM. JJIeKTpu4ecKoe IIoJie, BHI3bIBAIOIEEe YIOPSAJAOYEHHOEe IBMUIKE-
HU€ MOHOB, COBJAETCA B JKMIKOCTH IJIEKTPOZAaMM — MPOBOAHUKAMM, CO-
eIMHEHHBIMY C MCTOYHMKOM TOKa. IIOJIOMKUTENBHO 3apsAKeHHBINA SJIeK-

TPOJ, Ha3bIBAETCA aHOAOM, OTPUUATENbHO 3apseHHbll — kaTojoM. Ilo-
JIO2KMTeJIbHbIE MOHBI (KATHOHBI) — MOHBI METAaJIOB ¥ BOZOPOAHLIE MOHbI

— ABMIKYTCA K Karoldy, OTpuLaTeJIbHbIE MOHBI (aHI/IOHbI) - KMCJIOTHBIE
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OCTaTKY U I'MAPOKCUJIbHbIE I'PYNIIbL OH — ABMXKYTCHA K aHOLY.

ITpoxoskeHne 3JEKTPUYECKOTO0 TOKA Yepes3 3JIEKTPOJMUThI COIIPOBOMAA-

eTCHA aneKmpoau3om — BbIOGJICHUEM Ha JJICEKTPoJaX BeIUeCTB, BXOLAA-
X B COCTaB 3JIEKTPOJIUTA. SJIGKTPOJIIATBX nHaye Ha3bIBalOTCA ITPOBOA-
Hukamu I1 poaa. B Hux TOK CcBsizaH C IIepeHOCOM BelecTBa, B OTJINYINE

OT NPOBOAHMKOB I pona — MeTaJlJIOB, B KOTOPbIX HOCUTEJSAMM TOKAa fAB-
JIAIOTCA CBOGOI.(HI:IG OJIEKTPOHBIL.

BoanukHoBeHMe MOHOB B JJIEKTPOJINTax O0BACHAETCA ABJEHUEM JJIEK-

TPOJIMTUUECKON OMCCOLMAIMU — PacHasioM MOJIEKYJ PaCTBOPEHHOro Be~
IleCTBa Ha IOJIOKUTEJIbHBIE M OTpUIaTesbHble MOHBI B peadyJibraTe
B3aMMOZENCTBUA ¢ pacTBopuTeseM. MoJleKyJibl pacTBOPAEMBIX BELeCTB
COCTOAT M3 B3aMMOCBA3aHHBIX WOHOB IPOTMBOIOJIOXKHOTO 3HaKa
(sampumep, Na*Cl—, H*Cl-, K*I—, Cu**SO,~ n.n,) BasaumopeiicTeue
STUX MOJIEKYJI C MOJIEKYJIaMM PacTBOPHUTess (Halpumep, BOZAbI) IIPUBO~
IMT K OcJIabJIeHuI0 B3aMMHOTO NPUTHIKEHMS MPOTHBOIONOIKHO 3aps-
MKEHHBIX MOHOB. IIpM TEIUIOBOM ABMIKEHMM MOJIEKYJ PACTBOPEHHBIX Be-
LIECTB M PacTBOPUTENEH MPOUCXONAT MX CTOJKHOBEHMSA, KOTOpble IIpU-
BOJAT K pacrazy MOJIeKyJ Ha MoHbL OJHOBpEMEHHO MPOUCXORUT IIPO-
Liece BOCCOeAMHeHUA (PeKoMOMHALMM) MOHOB MPOTMBOMONOMKHLIX 3HAKOB
B HejiTpaJibHblEe MOJIEKYJIbL. Mexay IpoljeccaMy AvccoLMalmy ¥ PeKoM-
GMHaLMY MOHOB NP HEM3MEHHbIX BHEUIHUX YCJIOBMAX yCTaHABJMBAETCSA
IMHaMHU4YeCKoe paBHOBeCHe.

VioHB! B BJIEKTPOJMTAX OBMAKYTCS XaoTUYECKM A0 TeX [0p, IoKa K
3JIEKTPOJaM He NpPMKJIajblBaeTcs HanpssKeuue. Torga Ha XaoTuueckoe
ABMKEHMe MOHOB HAKJIaJbIBAeTCH MX YUOPALOUEHHOE NBUMKEHUE K CO-
OTBETCTBYIOUMM BJIEKTPOAAM M B XKMAKOCTY BO3HMKAET JJIEKTPUUEeCKMA
TOK. IIJIOTHOCTH BJIEKTPUYECKOTO TOKa B HJEKTPOJIMTaX NOZYMHAETCS
saxkoHy Oma. OpgHako BhIpaskeHMe AJIA YIEJBbHOM 3JIeKTPOIPOBOLHOCTH
3JIEKTPOJIMTOB MMeeT GoJiee CJIOMKHBIN BUI, YeM JJIA METaJJIOB.

3axon aaexmpoausa (3axon Papades). [lepBriil 3aKOH 3JEKTPOIUIA
(mepBbit 3akon Papales) ITacUT: Macca BelleCTBa, BBLAENMUBIIETOCS Ha
3JIeKTPOZie, MPAMO IIPONOPIMOHANbHA 3JIEKTPUYECKOMY 3apPALY ¢, 1po-
HIeiieMy depes 3JIEKTPOJIUT:
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m=kq=klt (3.2.16)

rae k -k03¢pdULMEHT NPONOPLMOHATLHOCTY, Ha3blBaeMplil BJIEKTPOXMU-
MMYECKUM SKBUBAJIEHTOM BeILleCTBa.

CorJlacHO BTOPOMY 2aKOHY 3JieKTposin3a (BTopoMy 3axoHy Papapnes),
3JIEKTPOXMMHUYIECKME BKBUBAJIEHTHI BELIECTB NPAMO IPOINOPLMOHANBHEI
OTHOLLUEHMIO MX aTOMHBIX (MOJIAPHBIX) Macc A K BaJleHTHOCTH N:

P (3.2.17)
F n

Besmunna F =9,648-10" Kn/monb HasbiBaeTca moctosHHoi Papames.

YacTo 2T [ABa 3aKOHa (hOPMYJMPYIOT B Buie 00BeduHeHH020 3aKOHQ
anexmpoausa (saxona Papades):

mzl-ﬁ-lt . (3.2.18)
F

n
Aaexmpuneckui mox 6 saxyyme. Baxyymom HasblBaeTCA TaKoe pas-
pelKeHHOe COCTOsIHMe rasa, IIpM KOTOPOM CpefgHAS ANMHa CBODORHOTO
npobera MoJIeKyJl MpeBbIIIaeT pasMepbl COCYMa, B KOTOPOM HaXOOUTCA
raa. Ilponecch! MOHM3ALMM MOJIEKYJI rasda B COCTOSHMM BaKyyMma He Mo-
ryT 0BGecrneduTh TAaKOro YMCJIa JJIEKTPOHOB M IONOMKUTENbHBIX MOHOB,
KOTOpOe HeoOXOAMMO IJIS BJEKTPONPOBOLHOCTH MEXKIJIEKTPOLHOTO IPO-
mexxkyTra. [1oaToMy aJeKTpuYeckuli TOK B BaKyyMe BO3MOYKEH JIMILb
[IpY HAJIMYMM 3apAMKEHHBIX YACTMUI, BOSHMKIIMX B pe3yJibTaTe UX IMUC-
CUU C JTEKTPOJOB.

Tepmoarexmponnas amuccusn. TepmoasexmpouHotl amuccueti Hasbl-
BaeTCA UCIYCKaHMe DIEKTPOHOB C IOBEPXHOCTY TeJl, HATPETHIX IO Bbl-
COKOJ TeMIepaTypbl. ¥ MHOIMX TBEPABIX TeJ TEPMOIJIEKTPOHHAA SMIC-
CMUs HauYMHAETCH IPU TeMIlepaTypax, NPy KOTOPBIX MCIIAPEHME CaMOro
BelllecTBa ellle He NpoucxoiuT. Takue BellleCTBA M MCHOJNB3YIOT AJA
M3rOTOBJIEHNUS HarpeBaeMbIX 3JIEKTPOJOB. BOKpyr Harperoro ajekTpoja,
TIOMEIIEHHOro B BaKyyM, obpasyeTcs dJIeKTpPoHHOe "0bsako”. SJyekrTpon
[IpM 5TOM 3aPAKAETCH NOJIOKMUTEIBHO, M TI0H AefiCTBMEM BO3HMKAIOIIETO
3JIEKTPUYECKOro TOJIA 3JIEKTPOHBI 13 obJaKa YaCTUYHO BO3BPALLAIOTCH
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Ha 2JIeKTpoZ. B paBHOBeCHOM COCTOAHMM YMUCJIO DJEKTPOHOB, IOKMHYB-
IINX BJIEKTPOX B €OUHMUI]y BPEMEHM, B CPeAHEM PaBHO YMCJY DJIEKTPO-
HOB, BO3BPaTUBILUMXCH Ha 3JIEKTPOX 3a 3TO ke BpemA. YeM Bbllle TeM-
nepaTypa 3JIEKTPOZia, TE€M BhIllle ILIOTHOCTh 3JieKTPOoHHOro obiyaka. Jis
MOJyYeHMUsA OOCTATOYHO MHTEHCMBHOM OMMCCHMM 3JIEKTPOIbl HarpeBaloT
[0 TeMIIepaTyphl, COOTBETCTBYIOILIE! BUIAMMOMY CBE€YEHUIO PaCKaJIeHHO-
ro MeTaJlna.

daexmponnan aamna — 0uod. TepMOsJIEKTPOHHAA BMUCCUA MCIOJb-
3yeTcsA B pa3JIM4HBIX BJIEKTPOHHBIX Npubopax. IIpocreiimmii M3 HMX -
saKyymuuill Ouod. 3ToT npubop COCTOUT U3 CTEKJIAHHOTO UJIM KepaMu-
yeckoro 6GaJljoHa, B KOTOpBI/i BMOHTMPOBAHBI JIBa DJIEKTPOJa: KAaTOA U
aHox (puc. 3.2.5). Bo3gyx BuyTpu OasyioHa OOBIYHO OTKauMBaeTCA MO
nasyenns 1076 - 10°7 mm. pT. cT. AHox npencraBnsier coboii MeTaJMYe-
CKyl0 ILIACTMHY, BHYTPM KaToja IIOMellleHa M30JMpPOBaHHAsi OT Hero
TOHKafl MeTaJlIn4decKas IPOBOJIOKa, CBEPHYTad B cIupasb (HUTb HaKa-
na). KoHIBI cnupasy MMeEIOT BBIBOIbI AJA NOIKJIIOYEHUA B dJeKTpuue-
ckylo Lenb. Tox B Leny HakKajla BhI3BIBaeT HarpeB KaToJa L0 JOCTaTOY-
HO BBICOKOJ! TEMIIepaTypbl.
Angd

KNamod

Hums noxang
Puc. 3.2.5

KaToz oOBbIYHO NOKpPHIBAIOT CJIOEM OKCHJIOB IHEJIOYHO3EMEJbHBIX MeTaJl-
JoB (bapusA, CTPOHIMA, KaJbIUs). 3TO CBA3aHO C TEeM, YTO IIpPY HarpeBa-
HMU TOBEPXHOCTb OKCHJIHOTO KaToAa BbIfeJigeT ropasfo OoJble aJiek-
TPOHOB, Y€M ITOBEPXHOCTb YMCTOTO METAaJLIa.

OcHoOBHOe CBOJMCTBO BaKyyMHOTO AMOJ& — 3TO OLNHOCTOPOHHAA IPOBOLM-
MocTh. IIpy NOAKIIIOYEeHNN MCTOYHMKA TOKA IIOJIOMKMTEJIbHBIM IIOJIIOCOM K
aHOAY M OTPMIIaTeJbHBIM IIOJIOCOM K KaTOAY 3JIEKTPOHBI, MCIIyCKaeMble
HarPeThIM KaTOLOM, ABUXMKYTCA IOZ AeNCTBMEM a.nexc'rpnqecx{oro noJjA K
aHOZY — B LM TedeT SJEKTpUyYecKuii ToK. IIpy MoAKIIOYeHUM K AMOLY
MCTOYHMKA C 0OpaTHOI MONAPHOCTBIO SJIEKTPHYECKOe [10JI€ NPEeNATCTBY-
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eT OBMYKEHMIO 3JIEKTPOHOB OT KaToAa K aHOZY M TOK B LlelM He Teder.
CBOJCTBO 0JHOCTOPOHHE! TPOBOAMMOCTM AMOMA MCIIOJNb3YeTCA JJIA Ipe-
ofpasoBaHMs NEPEMEHHOI'0 TOKa B IIOCTOAHHBIA (BLIIPAMJEHUA Iepe-
MEHHOrO TOKa), a TaKXKe JJiA APYTUX Lejei.

Anexmponno-ayuesas mpybxa. OCHOBHBIM BJEMEHTOM TeJIeBM30pa,
AucIuiesi ¥ ociuiulorpada SBAHETCA JAeKMPOHHO-AYUuesas mpydxa.
YCTpoiCTBO SJIEKTPOHHO-JIy49eBoil TpyOkyu nokaszano Ha puc. 3.2.6. B
aHoZe 2 cIeJslaHO OTBepCTHe, Yepe3 KOTOpOe YacThb dJIEKTPOHOB, MCITY-
[IEHHBIX TIOJOIPEBHBIM KaTOAOM 1, mpoJieTaeT B NPOCTPAHCTBO 3a aHO-
oM u ofpasdyeT 5JIeKTPOHHBIM my4dok 5. dopma, pacrosioskeHMe ¥ Io-
TeHUMaJl aHoLa BBIOMPAIOTCH Tak, YTOOBI HapARy ¢ YCKOpeHMeM JJIeK-
TPOHOB OCYLLECTBJANACH TaKie (POKyCHMpOBKa ITyyka. BHyTpeHHAA moO-
BEPXHOCTb CTEKJIAHHOTO BaJljIoHa 3JIEKTPOHHO-JIY4YeBOi TPyOKM HaIpo-
THUB aHOJA MOKPLITa JIIOMUHOMOPOM - BELECTBOM, CIIOCOOHBIM CBETUTHCS
npu HomBapanpoBKe BJIEKTPOHaMM. OTy 4YacTbh TPYOKM Ha3bIBAIOT IKpa-
HoM (6). Ha myTy K 9KpaHy IyYOK NOCJIENOBATEJBLHO NPOXOAUT MEMNAY
ABYMs HapaMy yIpaBJIAKILIMX IacTul 4,5. Ecay ajextTpudeckoro noss
MEXKAY ILJIaCTMHAMM HET, TO IIy4YOK He OTKJIOHAETCA M CBEeTALIAACA TOY-
Ka pacrioslaraeTcs B lieHTpe 2kpaHa. IIpy nopade Ha ymnpaBiasmwoliye
IJIaCTHMHBI Pa3HOCTM IMOTEHLMAJIOB IIYYOK OTKJIOHAETCH, UM CBEeTAIAsICS
TOYKa Ha SKpaHe cMeljaercs B TpeGyeMoM HampaBJeHuyu. Tak Kak Mac-
ca BJIEKTPOHOB O4YeHb MaJla, Y OJIEKTPOHHOIO IIy4YKa IPaKTMYeCKH OT-
CYTCTBYeT MHEPIMA M OH IIOYTM MIHOBEHHO pearuMpyer Ha M3MeHEeHMe
YIPaBJAIOIIMX Pa3HOCTel NOTEeHIMAaJIoB. MI3MeHeHe APKOCTH CBEYeHUs
[ATHa AOCTMUIAeTCA IyTeM YIIPaBJEeHUs MHTEHCUBHOCTBIO 3JIEKTPOHHOIO
IMy4YKa C [OMOIIBIO CIEelMAJIbHOTO 3JIeKTPOJa, PaCIIOJIO?KEHHOIO MEXKAY
KaToZoM ¥ aHonoM. Ilono6GHoe yCcTPOMCTBO 3JIeKTPOHHO-JIYYeBOil TPpyGKu
OTKPBIBA€T BO3BMOYKHOCTM MCIIOJb30BaHMA ee JJIA IOJy4YeHUsA Ha DKpaHe
OBICTPO CMEHAILIMXCH N300parKeHni.

Hoaynposodnuxu. IloaynposodHukxamu  Ha3bIBAIOTCA  BelUleCTBa,
yIAeJIbHOE 3JIeKTPMYEeCKOe COIIPOTHBJIEHME KOTOPBIX MOXKET U3MEHATbCS
B IIMPOKUX HIpefesiax U ObIcTpo ybbIBaeT C NOBBIIEHMEM TEMIEpPATyPhL
THUIMYHBIMY, IMPOKO IPUMEHAEMBIMM IIOJYNPOBOIHUKAMM SBJIAITCAH
repmanuii Ge, kpemumii Si, Tennyp Te. OTu XxuMuyeckue 3JIeMEHTHI
npuHagieskaT K IV u VI rpynnam nepuoaudeckoit cucTeMbl DJIEMEHTOB
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Menpeneesa. Kpucrasisl MOJYIIPOBOAHMKOB MMEIOT aTOMHYIO KPUCTAI-
A¥M4ecKylo peumieTKy. BaneHTHBIe 3JIeKTPOHBI Ka)K[Ore aToMa CBASAHBI C
BaJIGHTHbIMM SJIEKTPOHAMM COCeZHMX aTOMOB XVMMWYECKVMM NapHOJIEK~-
TPOHHBIMKM CBA3sAMM. TaKue CBA3U HASBIBAIOTCA KOBAACHMHBIMU; IJIA
BBICBOGOXAEHMA 3JIEKTPOHA M3 KOBAaJIEHTHOM CBA3M Tpebyercs cpaBHM-
TeJbHO HeboJbiiasa 3Heprua (He Gosee 1,5 - 2 apexTpoH-BosbT). IlpM
KOMHATHOH TeMIlepaType CpelfHAA 3HEepPIruA TENJIOBOro ABUMKEHUS aTo-
MOB B HOJIYIPOBOAHMKOBOM KpucTajie coctrabisieT okojio 0,04 snex-
TPOH-BOJILT, YTO 3HAYKMTENBHO MeHblle PHepruu, Heobxomumoit ANA oT-
phiBa BajiewTHOro ajnexrtpoHa. OnHako, BCIeACTBMe QIAyKTyalit dHep-
MM TEILNIOBOTO IBMIKEHUS HEKOTOPblE aTOMBI IIOJIyIIPOBOJIHMKA MOHU3Y~
IOTCHL.

OcpoGopuBIINECH BJIEKTPOHBI HE MOTYT OBITH 3aXBadeHbl COCEHHUMU
aToMaMy, TaK KaK BCe MX BaJIeHTHbIE CBf3M HachlileHbi. Csobonmbie
3JIEKTPOHBI II0J JleAICTBMEM BHEIUHEero 3JICKTPUYEeCKOro IOJIA IepeMe-
IAIOTCA B KPUCTAJIIE, CO3JaBasl 3AeKMPOHHBIL TMOK Mposodumocmu
(npoBogMMoOCTH n-THHA). YHasleHMe BJIeKTPOHa C BHelHe 06OJIOUKM
OIHOTO M3 aTOMOB KPMCTAJIMYECKO) pelleTKY IPUBOAMT K IpeBpallle-
HMIO STOTO aTOMa B IOJIOMKMUTEJIBHBIA MOH. 3TOT MOH MOXKeT HelTpasiy-
30BATHCH, 32XBATUB BJIEKTPOH ¥ OMHOrO M3 cocefHuX aToMORB. [lanee, B
pesyJsibTaTe MEePeXofoB OT ATOMOB K TIOJIOXKMUTEJNBHBIM MOHAM IIPOMCXO-
IWUT TPOLIECC XaOTHMYECKOro TIepeMelleHns B KPUCTaJlJle MeCTa ¢ HeLoc-
TAOWMM 3JIeKTpoHOM (Ovipxu). IIpy npuitoskeHuy BHEILIHEro 3JIEKTPU-
YeCKOro IoJIA B KPHUCTaJlle BO3HMKAaeT YIOPAAOYEeHHOE ABMMKEHME IIbI-
POK - OvipouHbLL MoK nposodumocmu (IIPOBOAMMOCTH p-THUIIA).

Cobcmeennas u npumecuas mNPosodUMOCTD TNOAYNPOCOOHUKOS.
3asucumocmsd NPosodUMOCTNYU TOAYTNLPOBOOHUKOE OM Memnepamy-
pui. B nneanbHOM NOJYNPOBOAHMKOBOM KpMUCTaJUle BJIEKTPUYECKUI TOK
co3laeTCs BCTPEUHBLIM [BMIMKEHMEM DAaBHOIO KOJMYeCTBa OTPHUIaTeILHO
3aPSKEHHBIX SJIEKTPOHOB Y HOJOMKUTEJNLHO 3aPsAMKEHHBIX ObIpoK. Takoii
TUI IPOBOJAMMOCTH HasblBaeTCHA c06CMEeHHOU NPosodumMocmsio UOJy-
NIPOBOJHMKOB. '

Kouuenrpaumua HocureNeit 3apafa B MOJYNPOBOAHMKAX IIPH KOMHATHBIX
TeMIlepaTypaxX 3HA4YMTEJBHO MeHblle, 4YeM B MeTajuaX. IlosToMy
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YAeJabHOEe COIIPOTHMBJCHME ITOJYINIPOBOOHUKOB 06BIYHO 6o.nbme, yem Me-
TaJJIoB. HpM NOHMXKEeHMH TeMhnepaTypb! YAEJNBbHOE€ CONPOTHUBJIEHME 10—
JYIIPOBOLHNKA YBeJIMYMBAETCHA, OH BCe GoNbIllIE CTAHOBUTCA IOXOMKUM
Ha AU3JIeKTPUK.

ITpumecroli nposodumocms0 NOJNyNPOBOJHUKOB HasblBaeTCsA MX IIPOBO-
IMMOCTb, 0ByCJIOBJIEeHHas BHECEHMEM B MX KPHCTAJJIMYECKME pelIeTKM
npumecedi (mpuMecHbIX LeHTpoB). IIpumecn ObIBaOT ABYX BUROB — JHO-
HOPHbIE ¥ aKIENITOPHbIE.

Ecnu, Hanpumep, B KpUCTaJyle KpeMHUA Si uMMeeTcs IIpyUMech aTOMOB
MpIUbAKA AS, TO 9TH aTOMbI 3aMeLalOT B y3JjaX KPMCTaJINMYeCcKoil pe-
INeTKM aToMbl KpeMmHusA. IlaTuBaneHTHBIN aTOM MbllIbAKa BCTyHNaeT B
KOBaJIEHTHEIE CBA3M C YeTbIPbMS aTOMaMM KPeMHUs, a €ro NATLIA 3JeK-
TPOH OKa3blBaeTCcs He3aHATHIM B CBARAX. OHEpPIUsA, HeoOXomumas IJiA
pas3pblBa CBA3M MATOTO BaJIEHTHOI'O SJIEKTPOHAa C aTOMOM MbINIbAKa B
KpHUCTaJljie KpeMHKdA, MaJsa. [JoaToMy moYTH Bce aTOMBI MBILIBAKA JIU-
HIAIOTCA OJHOrO M3 CBOMX JJIEKTPOHOB M CTAHOBATCA IIOJIOMUTEJbHBIMM
noHamy. Tak Kak BHeprus CBSA3M DJIEKTPOHOB C aTOMaMy KpeMHUA 3Ha-
YYTENbHO NMpEeBhIIIaeT 3HEPIUIO CBA3Y IIATOTO BAaJIEHTHOTO BJIEKTPOHa C
aTOMOM MBIIIbAKA, IlepeMelleHMA 3JIeKTPOHHOM BarkaHCcuMM (OBIPKM) He
rpoucxonuT. IIpumMecu, NOCTaBJIAOIME BJIEKTPOHLI IPOBOAMMOCTH Oe3
obpa3oBaHMs TAKOIO ’Ke YMCJa AbIPOK, Ha3bIBAlOTCA GOHOPHbLMU. B mno-
JYTIPOBOLOHMKOBOM KPHMCTaJlIe, cOzeprKallieM JOHOPHBIE IIpMMecH, JIeK-
TPOHbBI ABJSAIOTCSA OCHOBHBIMM, HO He e€IMHCTBEHHBIMM HOCUTEJIAMM TOKa,
Tax KaK HeDoJblliasi YacTh CODCTBEHHBIX aTOMOB KPMUCTAJlJIa MOHM30BaHA
M 4aCTh TOKa NepeHoCUTCs AbipKamiu. IlosynpoBOgHMKOBEIE MaTepHallsl,
B KOTOPBIX 3JIEKTPOHB! CJYKAT OCHOBHBIMM HOCUTEJIAMU TOKa, a ABIPKHU
— HEOCHOBHBIMM, HA3BIBAIOTCH ANEKMPOHHLIMU ITOJIYIPOBONHUKAMM
(rostynpoBOAHMKAaMK H-THIIA).

Ecnn B KpucTasle KpeMHMS 9aCTh aTOMOB 3aMellleHa aTOMaMM TPeXBa-
JIEHTHOTO 3JIeMeHTa, HallpuMep, MHAMA In, To aTOM 9TOro 3JIeMeHTa MO-
skeT ObITb CBA3aH TOJIBKO C TPeMs COCEeHMMM aTOMaMy, a CBA3b C YeT-
BEpPTBIM aTOMOM OCYILECTBJIAETCA ONHMM dJNeKTpoHoM. Ilpu atux ycio-
BUAX aTOM MHIUA 3aXBaThIBaeT HJIEKTPOH Y OOHOIO M3 COCETHMX ATOMOB
KPEMHUA M CTAHOBUTCA OTPHUIATENbHBIM MOHOM. 3aXBaT BJIEKTPOHa ¥y
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OIHOro M3 aTOMOB KPEMHMA IIPMBOAUT K BO3HMKHOBEHMIO AbIpku. Ilpnu-
MeCH, 3aXBaTbIBAlOIIME BJIEKTPOHBI ¥ CO3JAIOIME TEM CAMBIM TIOBUIK-
Hble ALIPKM, He YBeMMUUBas NPM OTOM HMUCIO IJIEKTPOHOB NMPOBOIMMO-
CTH, Ha3BIBAIOTCA aKyenmopHuimu. IIpu KOMHATHBIX TeMIlepaTypax oc-
HOBHBIMM HOCHTEJIIMM TOKa B IIOJIyNIPOBOLHMKOBOM KPMCTaJlIe C aKlell-
TOPHO! NPUMeChI0 ABJIAIOTCHA [ObIPKM, 8 HEOCHOBHBIMY HOCHMTEJIAMM -
2J1eKTPOHbL IIoNMyNpPOBOJHUKHM, B KOTOPBIX KOHLEHTPALMS NBIPOK IIpe-
BhIIIaeT KOHLEHTPALMIO 3JeKTPOHOB IIPOBOAVIMOCTH, HAa3bIBAIOTCA Obl-
POUHBIMIU TIONYTIPOBOLHUKAMM (TIOJIYIPOBOJHUKAMY p-TUMA).

p-n - nepexod u ezo caoticmea. IlonynpoBogHuKoBhle NPUGOPBI ABJIA-
IOTCA OCHOBOJ COBPEMEHHOI! SJIEKTPOHHOM TeXHMKM. IIpMHUMII AeCTBUA
BonbIIMHCTBA 3TMX Npubopos OasMpyeTcs Ha MCIIONB3OBAHMM CBOMCTB
p-n - nepexoda. p-n - IEPEXOAOM HasbiBaeTcA 00JIaCTh MOHOKPUCTAJUIIMYE-
CKOTrQ MOJIyPOBOJHMKA, B KOTOPOI IPOMCXOAMT CMeHa TUIA IPOBOAM-
mocTyi. Takaa obsacThb co3gaeTcs BBeIEHMeM IIpuMecei! B Ipolecce Bbi-
palliMBaHMA KPHUCTaJJla WJIM BBeJeHMEM aTOMOB IIpyMecelf B TOTOBLIH
KpHMcTaJulL

Yepes rpaHuly, pasfessiiolyio obaacTy KpHucTaJjla ¢ pa3HbIMKU TUIIaMU
[IPOBOAMMOCTH, Npoucxoaut mucddysnusa dJaeKTPoHOB U Ablpok. Huddy-
3UA SJIEKTPOHOB U3 N-TIOJIYIIPOBOAHMKA B P-TIOJYIIPOBOAHMK NPUBOAUT K
TIOABJICHUIO B 3JIEKTPOHHOM IIOJIYIIPOBOJHMKE HECKOMIIEHCHMPOBaHHBIX
TIOJIOKUTENIbHBIX MOHOB NOHOPHOM NIPMMECH; B ABIPOYHOM IIOJIYNPOBOJ-
HHUKE PeKOMOMHAIUA 3JEKTPOHOB C ALIPKAMM NPUBOAUT K MOABICHMIO
HEeCKOMIIEHCHMPOBAHHBLIX 3apPAJIOB OTPMULIATENBLHBIX MOHOB AaKUEITOPHOM
npumecu. Mesxny OByMsA cJloAMM OOBEMHOTO 3apsfa BO3HMKAET JJIEK-
TpUYecKoe IoJie, HaNPAXEeHHOCTh KOTOPOro Bo3pacTaeT II0 Mepe HaKoIl-
JeHns1 oGbeMHOro 3apAfa. OTO IoJie HauMHAeT IPenATCTBOBaThH JaJb-
Heledt audpdysun dIeKTPOHOB M JbIPOK. B pesyibrate norpaHm4Has
obnacTb paszeJia NOJYNPOBOAHUKOB PasJIMYHBIX TUIIOB IIpeBpPallaeTCsa B
3anupaoiiyui CJOM, KOTOpbIi MMeeT IOBLIIIICHHOE COIMPOTHMBJIEHME TIO
CpaBHEHMIO C OCTaJIbHBIMY 00BEMaMy IOJIYIIPOBOAHMUKOB,

Buenixee AJIEKTPUHIECKOE II0Jie BAMACT Ha COIPOTHBJIEHKEe 3anupalllue-
ro ciosa. Eciu n- NOJYNIPOBOAHMEK IOAKJIIOUEH K OTPUUATEJIBHOMY [IOJIIO-
Cy MCTOYHMKa TOKa, a p-NOJYNPOBOAHMEK CO€IMHEH C NOJIOXKHUTEJILHBIM
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IIOJIIOCOM, TO IIOJ KEHCTBMEM 3JIEKTPUYECKOTO IOJIA 3JIeKTPOHBI B M- IO-
JYNPOBOJHMKE ¥ IBIPKM B D-TIONYNPOBOZHMKe OynyT ABMraTbCA Ha-~
BCTpedy APYT APYTy K IpaHMIe pa3fiefa IOJYNPOBOAHMUKOB, yMEHbIIAA
€ro aJeKTpudeckoe corporuBiaeHue. IIpn TaxoM npAMoM (NPOITyCKHOM)
HanpaBJIGHUM BHEIHETo IIOJIS 3JIEKTPUYECKMiI TOK IIPOXOAMT dYepes
rpaHMLy TIOJYNPOBOAHMKOB. IIpy NMOAKJIOYEHNM MCTOYHMKA ¢ obpaTHOM
[OJIAPHOCTBIO DBJIEKTPOHBI B M- MOJYNMPOBOJHMKE M JBIPKM B p-
NOJIyTIPOBOZIHMKE TIOf AefCTBMEM 3JIEKTPUYECKOoro monsa OynyT lepeme-
IIaThCA OT TPaHMLLI pasfesia B IIPOTMBOIOJOMHBIE CTOPOHBEL 3TO NpH-
BeJIET K YTOJINEHMIO 3alMpPaloLIero CIod M yBeJIMYEHUIO ero COIpPOTHUB-
nesusa. HanpaBjieHue BHeIIHEro IOJIA, pacIIMpAOIIee 3allMpalommi
cJioil, HasbiBaeTcs obpaTHbIM (3ammpamowmmMm). IIpu Takom HalpaBJIeHUNM
BHEIIIHETO [IOJIA 3JIEKTPUMYECKMII TOK 4depe3 KOHTAaKT K- M p- MOJYIpo-
BOJHUKOB NPaKTU4EeCKM He IIPOXOLNT.

Hoaynpoeodruxosviti 0uod. DNEeKTPOHHO-ABIPOYHBI Nepexon obiaga-
eT OJHOCTOPOHHe/l NIPOBOAMMOCTBIO, aHAJIOTMYHO IIPOBOAMMOCTM BaxKy-
YMHOro ayoja. OTO CBOMCTBO p-A - Ilepexofia UCIOJb3yeTCA B MOoAYNnpo-
600HUKO6bLX Ouodaxr, NperHa3HAYEHHBIX JJiS BREIIPAMJIEHUA IIepeMeH~
Horo Toka. IlosynpoBofHKKOBbIe AMOMAEI 001aJal0T PAJLOM IPEeUMyIEeCTB
[0 CPaBHEHMIO C BAKYYMHBIMM: SKOHOMMYHOCTb, MMHMATIOPHOCTE, BBICO-
Kas HaJle’KHOCTDh M BoJbiIoii cpok cayskObl. HemocTaTkoM mosrynposofn-
HMKOBBIX IMOJOB fBJIAETCS 3aBUCHMMOCTh MX IIapaMeTpOB OT TeMIlepa-
TYpPHI, a TaKKe OrpaHMYEHHOCTh TeMIlepaTypHoro Auanasona (ot -70 mo
120° C), B koTopoM omm MoryT paboTaTsb.

Tpansucmop. YpesBpluaifHO IIMPOKOE PACIpPOCTPaHEHME B HaCTOALIlee
BpeMs MOJY4YMJIM TaKdKe IOJIYyIIPOBOAHMKOBBIE TPUOABLI, MJIM MPAHIU-
cmopot. Ilo criocoby M3roTOBJIEHMA TPaHSUCTOPHI MaJio OTJMYAIOTCH OT
NIOJIYIPOBOJHMKOBBIX JAMOA0B. PaszHMia 3aKJioyaeTcs B MHOM pacrpene-
JIeHUM TIpuMeceil B KpUCTaJlle IOJIYIIPOBOAHMKA. OTO paclpejielieHue B
TPaH3UCTOPe TaKOBO, HTO MeKJy OOJacTAMM IONYNPOBOLHMKA ONHOIO
TUIIa CO3HAETCA OYeHb TOHKas (MOpAAKa HECKOJIBKMX MMKPOH) IIPOCJION-
Ka IOJIyNIPOBOJHUKa APyroro Tuna. B pesysbTaTe B KpucTajule TPaH3M-
cTopa obpasyloTcs JBa p-n - Iepexoja, IpsAMble HalpaBJeHMA KOTOPBIX
NPOTHUBOIION0MXHEL TOHKYIO IPOCJIONKY, HAXOOALYIOCA B cepeauHe Kpu-
cTaJula, Has3bIBalOT 6as30i, a ABe KpaliHue obGJacTM KPHCTANJA — 3MUT-
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TE€POM M KOJJIEKTOPOM.

TpaH3UCTOPEI, B KOTOPBIX HMMUTTEP M KOJUJIEKTOP 08iaJaloT AbIPOuHOM
IIPOBOMMOCTBIO, a 6asa — BJIEKTPOHHOJ, Ha3bIBAIOTCA TPaH3UCTOPaMM
p-n-p - Tuna. TpaH3ucTops! A-p-n - TUIIa UMEIOT aHAJOTMYHOE YCTPOVCT-
BO, TOJIbKO MaTepuaJ 6asbl B HuX obyafaeT NbIPOYHON IIPOBOAMMOCTHIO,
a KOJLIEKTOP M 3MUTTEp - 3JIEKTPOHHOM. YcJoBHBIe 0603HadYeHMA TpaH-
3UCTOPOB B CXeMaX IpuBelleHbl Ha puc. 3.2.7.
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5 g
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Puc. 3.2.7 Puc. 3.2.8

B xadecTBe npuMepa PacCMOTPHUM BKJIOUYEHME B LieNb TpaH3ucTOpa p-n-
p - tuna (puc. 3.2.8). Ins npuBefeHuUsa B AeliCTBME TAKOIO TPaH3MCTOPa
Ha KOJUIEKTOD IOJAIOT HalpsAMKeHye OTPMLATEeJbHON IMOJAPHOCTH OTHO-
cuTenbHO sMuTTepa. Hanpskenne Ha Gase IO OTHOLUEHMIO K SMUTTEPY
MoOXKeT ObITb KaK ITOJIOXKUTEJNBLHBIM, Tak M oTpuuaTes]bHbIM. OCHOBHBIM
pabo4YnM COCTOSIHMEM TpaH3MCTOpa SBJAETCA T.H. aKTUBHOE COCTOSIHUE,
NIpM KOTOPOM K 3MUTTEPHOMY p-N - IlepeXxoily IPUJIOKEeHO HallpshKeHye
B IIPOITYCKHOM HaNpaBJICHMM, a K KOJUIEKTOPHOMY — B B3alMpalolleM.
IIpyu sTOM BMUTTEpPHBIR p-n - Iepexoj OTKPLIBAETCA M M3 SMUTTEpPa B
6a3y nepexonsiT AbIPKMU.

Ilytem mudpdysun npipkm pacnpocTpaHsIOTCs M3 ODJIACTHM C BBHICOKOM
KOHILIEHTpalmeil BOam3u amuTTepa B 0o0JacTh ¢ HM3KOI KOHLEHTpalyeil
K KoJuleKkTopy. IbIpkyM, ZocTUramlnye KOJWIEKTOPHOrO p-hn - Iepexofa,
BTATMBAIOTCA €ro IojeM M IepexoisaT B KosnekTop. Heboapmaa nonsa
abipok (1-5%), aBVsKyHMXCes OT BMUTTEPa K KOJUIEKTOPY, BCTpedaeT Ha
CBoeM NyTH 4Yeped 6as3y 3JIEKTPOHBI M PEKOMOMHUPYET ¢ HUMU. YObLIBL
3JleKTpOoHOB B Da3e 3a cyeT PEKOMOMHALMM BOCIOJHAETCA NPUXOLOM
3JIEKTPOHOB 4Yepe3 6as30Bblif BbIBOA. TakuM o6pas3oM, TOK, IPOTEKaOIIMii
4yepe3 OSMUTTEPHBI BBIBOJ TpaH3ucTopa I, B aKTMBHOM COCTOSHMM, OKa-
3bIBaeTCA PaBHBIM CyMMe TOKOB Hepes €r0 KOJUIEKTOPHbI [y u 6a30BBI
I BEIBOZDL
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CooTHollleHMe MEXAY TOKaMM KoJUIeKTopa u 0asbl onpefessaeTcs ycJo-
pusaMu auddysnn u pexomGuHaIMM ALIPOK B 6a3e. OTH yCIIOBUA CUIILHO
3aBUCAT OT MCIOJIb3YEMBbIX MaTEPMAJIOB M KOHCTPYKLIMM 3JEKTPOHOB
TPaH3MCTOpa, HO O4eHb cJabo 3aBUCAT OT KOJIEKTOPHOIO U 6as30BOro
Hanpsxenni. Iloaromy TpaH3MCTOp sBJAAeTcH NpuGOPOM, KOTOPBII pac-
npenesisieT TOK, IIPOTEKAIoLINi Yepes OAMH U3 €0 BJIEKTPONOB -~ OMMT-
Tep, B 3aJaHHOM COOTHOIIEHMU MeXIy ABYMA IPYTUMM JIEKTPOLAMM -
0a30/1 ¥ KOJUIEKTOPOM. OTa CIIOCOGHOCTH TPaH3UCTOPa MCIIOJIb3yeTCs
IS YCUJIeHUA BJIEKTPUYECKMX curHasoB. OTHOLIEHME M3MEeHEHMS CUJIb
TOKa B LEeNM KOJUIEKTOpa K M3MeHEeHMIO TOKa B leny 6asbl IIpu MocTo-
SHHOM HaNpsAMXeHUM Ha KOJJIEKTOpPE eCTh BeJM4MHA, AJNA KaXKZoro
TPaH3uCTOpa MOCTOSHHAs M Ha3biBaeMad KOd(pUIMEHTOM Nnepenayn
H6azoBoro Toka. IJis TPaH3MCTOPOB PA3JIMUYHBIX TUIIOB 3HAYEHME ITOrO
KoadpduimerTa Jexxut B npepenax or 20 no 500. CnefgosaTensho, Bhi-
3bIBasd KakuM-subo criocoboM u3MeHeHMe TOKa B Hemy 6asbl TPaH3UCTO-
pPa, MOKHO TOJIYYUTb B HECATKM M COTHU pa3 OoJblle M3MEHEHMS TOKa
B €Ny KoJUIeKTopa. B KayecTBe yCHMJIMTENIbHBIX DJIEMEHTOB TPaH3UCTO-
PBI IIMPOKO MCIOJB3YIOTCH B HAaYUHOM, IIPOMBIILIEHHO) 1 GBITOBOM aI-

napaType.

VasmeHneHmMeM 3HaKa HalIpsAXEeHUA, IIoJaBaeMoro MeXxXany 6az0i1 u sMuT-
TEPOM, MOMHO BKJIIOYaThb M BBIKJIIOYaTh TOK, HPOTEKalOLuMI‘;I Hepea3 KoJl-
JIeKTOprIﬁ BBIBOJ TpPaH3UCTOpPaA. B xauyecrBe GeCKOHTaKTHBIX NepeKrJo-
YJaTeJIbHBIX 3JIEMEHTOB TPaH3MCTOPBI UCIIOJNbB3YIOTCA B pPa3dJIMYHBIX YyCT-
poﬁc'rBax aBTOMaTU4YeCKOro yrnpaBJIeHUA.

Tepmucmop u gdomopesucmop. CuibHadg 3aBUCUMOCTBL BJIEKTpUYE-
CKOTO CONPOTUBJIEHUA IIOJYNPOBOJHMKOB TEMIIEPATYPh! UCIIOJIB3YETCs B
npubopax, MNOJY4YMBIUMX Ha3BaHME MePMUCTOPOS MU TEPMOPE3UCTO-
poB. 3Ty npubopbl CIYMHAT AJisi UBMEPEHUA TeMIIePAaTyphl 10 CHJIe TOKa
B HenM MNoJiynpoBoAHuKa. lmanasoH uaMmepsAeMbIX TeMuepaTyp HJsA
GOJIBIIMHCTBA TEPMUCTOPOB JIE€XKUT B MHTepBaJe oT 170 mo 570 K. cy-
IIECTBYIOT TaKMe TEepMMCTOPBl JNs M3MEPEeHMA OYeHb BBICOKMX
(nopsankxa 1300 K) n odyedp Hu3knx (nopsazka 4 - 80 K) remnepartyp.

BJIGKTPM‘{eCKaH IIPOBOAMMOCTh IOJYIIPOBOOHMKOBR IIOBBILJAETCA He
TOJIBKO IIPpKM HarpeBaHM¥, HO U IIPU OCBELICHUMN. JTOT SQ)QDGKT CBA3aH C
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TeM, YTO pPa3pbIB KOBAJIEHTHBIX CBfleit u obGpasoBaHue cBOGOJIHBIX
9JIEKTPOHOB M HBIPOK MOJKeT NPOMCXOAMTbL 3a CHeT SHEePruMM KBaHTOB
cBeTa, Majalolliero Ha NoJymnpoBoAHMK. IIpnGopsl, B KOTOPBIX MCIIOJNB3Y -
erca poToddpbpeKT B IONYNPOBOJHMKAX, HasblBalOTCA ¢domopesucmo-
pamu. MyHMaTIOPHOCTL ¥ BHICOKAd YyBCTBMTEJIBHOCTh (hOTOPE3UCTOPOB
MO3BOJISIOT UCMONLIOBATE UMX B CAMBIX PadNMYHBIX OGNACTAX HAYKM U
TeXHMKM AJIA PerMCcTPauuy M usMepeHus caabblX CBETOBBIX ITOTOKOB.

daexmpuueckuti mox 6 2a3ax. I'a3pl COCTOAT U3 BJIEKTPUYECKM Heli-
TPaJIbHBIX ATOMOB ¥ MOJIEKYJ ¥ B HOpPMaJIbHBIX YCJIOBMUSX He COIEpIKaT
cBODOOHBIX HOCUTEJIEl TOKa (dJIeKTPOHOB ¥ MOHOB), T.e. IPeJCTaBJSAIOT
coboit puanexkrpuiu. Hocuresm 5SJIeKTPHUYECKOro TOKa B rasax MOTYT
BO3HMKHYTb TOJIBKO IIpYM MOHM3alMy Ta30B — OTPBIBE 3JIEKTPOHOB OT
aTOMOB MM MoJiekyJ. IIpu sTOM aTOMBI (MOJIEKYJIBI) Ia30B IIpeBpalla-
I0TCA B IIOJIO’KMTeJIbHbIe MOHBL OTpuljaTesbHblE MOHBI B ra3ax MOTYT
BO3HMKHYTB, €CJIM aTOMBbI (MOJIEKYJIbI) IIPUCOEIMHSIOT K cebe 3JeKTpo-
HbL VIoHM3auuA ras’oB MOXKET NPOMCXOIMTL ITOL BIMAHUEM DPa3JIMYHBIX
BO3ZI€/ICTBUI: CMJIBHOTO HArpeBaHUA, 00JIyUeHNA BJIEKTPOMATHUTHBIMU U
pPaauMoaKTUBHBIMU UBJIydeHUAMM, OGoMBapAMpoBKYM aTOMOB (MOJIEKYJI)
ra3oB OBICTPBIMM DJEKTPOHAMM ¥ VIOHAMMU.

CamocmoaAmMenbubili U HECAMOCTMOAMEAbHbLU pa3padbl. fsnenne
NPOXOXIOEeHUSA JJIEKTPUYECKOro TOKa qepea3 ras, Ha6JﬂOIIaE‘MOG TOJABKO
npu ycJIOBUU Kaxoro-yubo BHELIHETO BOS,U‘eI;'ICTBI/IH, Ha3bIBaeTCsa Heca-
MOCTNOSIMENbHBIM 2a308bim  pa3dpsidom. IlpocTeiimmii crocob BbI3BATH
HeCaMOCTOATeJIbHbI pas3psz CoOCTOMT B ero Harpese. Ilpouecc BO3HMK-
HOBeHMs! CBODOAHDBIX HJIEKTPOHOB U IIOJOMKMTEJLHBIX MOHOB B pesyJibTa-
Te CTONIKHOBEHMI aTOMOB WJIM MOJIEKYJ ra3a IpU BBICOKOH TeMIlepaTy-
pe, Has3bIBAETCA TEPMUYECKO) MOHM3alMel. JHeprus, HeobxonmumMasa AJjA
OTPBIBa JJIEKTPOHA OT aTOMa MJIM MOJEKYJbl, MoXKeT ObITh TakyKe nepe-
JaHa coroHamy. VIoHMzauMsi aTOMOB MJIM MOJIEKYJ rasa, BbI3BaHHAs
IIOTJIOIIIE€EHMUEM CBETOBbLIX KBaHTOB, HAa3bkIBaeTCA (ﬁomouonusauue"&.

Hapsaany ¢ npoueccoM moHMsalu B rase BCErzia NPOMCXOAUT [IPOTHBO-
MOJIOYKHBIH €My IIpoliecc PeKOMOMHalUWM, T.e. COeIVHEHMUA IOJIOMKUTENb-
HbIX MOHOB M 3JIEKTPOHOB B HENTpaJibHblE aTOMEI (MoJieKyJibl). Ilpu He-
M3MEHHOM BO BPeMeHM [eiiCTBMM BHEIUHEero VOHM3aTopa MeXJAy IIpo-
LeccaMM MOHM3AIMM M peKoMOMHAIMM YCTaHABJIMBAETCA AMHaMMIIECKoe
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paBHOBecue. Ecny BHEIIHMIt MOHM3ATOpP IepecTaeT AeHCTBOBATb, BCIE -
crBue peKoMbMHaLMy 3apsAKeHHble YaCTHMIIBl MCYe3aloT ¥ HecaMoCTOsA-
TeJIbHBI pa3pAz NpeKpaiaeTcs.

IIpyu yBenuueHMy HANpPSMKEHHOCTHM JJIEKTPUUYECKOro IOJNA MEXAy 3JeK-
TPOAAaMM IO HEKOTOPOro OIlpeJeJIeHHOro 3HaueHudA, 3aBUCANIEro OT Co-
cTaBa rasa M €ro JaBJIEHUA, B rase BOSHMKaeT SBJIEKTPUYECKUI TOK M
Gea Bo3ZelicTBMs BHEIIHMX MOHM3aTOopoB. Takoii TOK Ha3bIBaeTCA CAMO-
CTNOAMENbHBIM 2a308biM paspadom. B qacTHOCTH, B Bo3ZyXe NpU aTMO-
CPepHOM JaBJIEHUM CaMOCTOATEJbHBbIN pa3pAj] BO3HMKAeT NPy Hanps-
JKEHHOCTH 1101, IpUMepHo paBHoit 3 - 104 B/cm.

OcHOBHOJ MeXaHM3M MOHM3allMy ra3a IIPY CaMOCTOATEJbHOM pa3pdAje -
3TO MOHM3alMsl aTOMOB ¥ MOJIEKYJ BCJeNCTBHME yJapoB CBOOGOIHBIX
JIEKTPOHOB. DTOT 3pGeKT, Ha3bIBaeMblif YapHO} MOHMU3ALMER, COCTOUT
B OTPLIBE OT aToMa (MOJIeKYJbl) ra3a OJHOTO MJIM HECKOJBKMX 3JIEKTPO-
HOB, BbI3BAHHOM COyZapeHMeM C aToMaMM (MJIM MOJIEKyJIAaMM) rasa CBO-
BGOZHBIX BJIEKTPOHOB MJIM MOHOB, Pa3sOTrHAaHHBIX JJIEKTPUYECKMUM IIOJieM B
paspsize. OH CTaHOBMTCA BO3MOKHBIM, KOrZla cBODOZHBIE BJIEKTPOHbI
MJIM MOHBI NpY npobere BO BHEUIHEM 3JIEKTPUUYECKOM IoJie npuobpeTraioTr
KMHETHUYECKY SHEPIuIo, NPEeBRBIIAONIYI0 SHEPTUIC CBASU IJEKTPOHOB C
aTOMOM MJIM MOJIEKYJIOM.

PasBuTie caMOCTOATEJILHOTO pas3psAia MPOMCXOOUT JaBUHOOGPasHo, Mo-
CKOJIbKY OCBODOXKZEHHbIE B pedyJlbTaTe MOHM3aLyy 3JIeKTPOHBI 1 obpa-
30BaBIIMeCA HPU 3TOM MOHBI TaK:Ke NpMobpeTalT yCKOpeHMe M y4YacT-
BYIOT B Hocjefylolmx coyzapeHuax. OQHoBpeMeHHoO, 1IpU yhapaX Io-
JIOMKUTENbHBIX MOHOB O KaTOJl, a TaKyKe IOJ AeHCTBMEM CBeTa, MaJNY-
YaeMoro Hpy paspsAfe, ¢ KaTofa MOTYT OCBOGOMKJAThCS HOBBIE BJIEKTPO-~
Hbl. OTM AJIEKTPOHbI B CBOIO o4Yepelb Pa3rOHAITCA BJIEKTPUYECKMM IIO-
JeM paspsifia M CO3LAIOT HOBBIE 3JIEKTPOHHO-MOHHBbIE JaBMHbBIL KoHIjeH-~
Tpauus 9JEKTPOHOB M MOHOB B rase IO Mepe Pa3BUTHUA CaMOCTOATE]b-
HOTO pa3psAfa yBeJuUMBaeTCs, a BJEeKTPUYECKOe COMNPOTUBJIEHME pas-
pAIHOTO NpOMeKyTKa yMeHbinaeTcA. Cujla TOKa B LIEIIM CAMOCTOATEJNb-
HOTO pa3psAfa oObIYHO olpefesIAeTCA JIMIIL BHYTPEHHUM COIPOTMBJIE-
HMEM MCTOYHMKA TOKa ¥ COIIPOTMBJCHMEM APYTMX 3JIEMEHTOB LENMN.

B 3aBucumocTH OT JAaBJIEHVMA ra3a ¥ IIPUJIOMKEHHOI'o0 K 3JIeKTpoJaM Ha~
NpsAXXeHnus1 pas3anyvaloTCA HEeCKOJIbKO THUIIOB CaMOCTOATEJIbHOTO pal3pAla
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B rasax. [Ipy Hu3KMX JaBieHMAX (OBBIYHO OT COTBIX JOJIEi N0 HECKOJb-
KMX MM. pT. CT.) HabGmopaerca muaetowuil paspsad. Jns Bo3byxaeHuA
TJEIOIEer0 pa3pAfa [OCTATOYHO HAIPAMEHUA B HECKOJBKO IeCATKOB
uau cortex BoibT. IIpu TieloiieM paspsne nmouyTy Bes TpyOka, 3a uc-
KJIOYeHueM HeOOoJIbIIOro y4YacTKa BO3JIE KATOZa, 3arojiHeHa OJHOPOX-
HBIM CBe4YeHMEM, Ha3bIBAEMBIM IIOJIOMKUTEJNLHBIM cTojboM. Tiewommii
pa3pAk MCIOJb3YIOT B ra30CBeTHBIX TPyOkaX, JaMIlax OHEBHOIO CBeTa,
ra3oBbIX Jla3epax.

IIpu HopMasBHOM JaBJIEHMM B Trase, HaxofsuleMcs B CHMJIbHO HEOJHO-
POAHOM BJIEKTPUYECKOM IIoJsie (OKOJIO OCTPMEB, IPOBOAOB JIMHMI 3JIeK-
TpoIepesiayy BBLICOKOTO HaNpAXeHMA) HabmozaeTca KOPoHHbitd paspsad.
YnapHaa uOHM3alMA rasa M e€ro CBeuYeHue, HaTlOMMHAlOlee KOPOHY,
TPOMCXOAAT TONbKO B Hebombiuoil obsnacTi, npuieramolneil K KOPOHNU-
pYIOLIEMY DJEKTPOxNy.

Hcxposoii paspad, poucXoiAImil 1Ipy HOPMaJIbHOM AaBJieHUM U 60Jib-
I[LIO} HATIPAMEHHOCTM IIOJI MEMKAY SJICKTPOJaMM, MMeeT BUJ IPepPbIBU-
CTBIX APKMX 3MUr3aroodpas3HbIX HUTEN - KaHaJOB MOHM3OBAHHOTO Trasa.
IIpu sTom HabaomaeTcA MHTEHCMBHOE CBEYEHME Ta3a M BbIAEJAETCA
Gonpmoe komuM4decTBo TeloThl IIpuMepoM McKpoBOro paspaAjga ABJAET-
ca MonHuA. [JaBHLI KaHaAJN MONHUM uMeeT amameTp or 10 mo 25 cm.
MosHuUM AOCTUTIAIOT B JUIMHY [0 HECKOJbKUX KWIOMETPOB, B HUX pasBy-~
BAaeTCHA TOK B MMIIyJbce JJO COTeH ThICSY aMiep.

Ayz0801 paspsd npoucXoauT Npy OoJbIIOH IVIOTHOCTH TOKA M CPaBHM-
TeJMbHO HeOOJBIIOM HANPAMEHMM MEXIY dJIeKTpozaMyu (mopsaxa He-
CKOJIBKMX JeCATKOB BoJibT). OCHOBHOM NPUUMHONA AYroBOro paspsiga fB-
JIAeTCs MHTEHCMBHAs (POTOBJIEKTPOHHAsA 3MMCCHUA PACKaJICHHOIo KaTola
M nocJyienymolas yaapHasd MoHM3auMA. MexAy BJIeKTPoAaMy BO3HMKAET
cTtonbé ApKo cBeTAllerocsa rasa (snexkTpudeckasa ayra). [Ipu armocdep-
HOM J@BJIEHMM TeMIepaTypa rasa B KaHalJle Iyru gocturaer 50000 C.
HyroBoii pa3pfAj MUCHOABL3YETCA LJIA CBAPKKU ¥ Pe3KM MEeTaJUIoB, a TaK-
’Ke KaK MOIHBIA MCTOYHMK CBeTa B OCBETMTeJIbHBIX npubopax.

Honamue o naasme. ITaasmol HazpIBaeTCA ocoboe COCTOsSIHME BelllecT-
Ba, XapaKTepuaylueecs BBICOKOJ CTeNeHbI0 MOHM3ALMM €ro YaCTHMII
CreneHp MOHM3aUMM INIA3Mbl O IIpeAcTaBjAeT coboii OTHOIMIeHMe KOH-
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LeHTpalMy 3apAKeHHBIX 4YacTUll K oO0Iueit KoHIleHTpaumyu dactun. B
3aBMCUMOCTH OT O IL1a3Mma NOAPasfesifAeTcs Ha cnabo MOHM30BaHHYIO

( o cocTaBiseT JoJM NPOLEHTa), YaCTHIHO MOHM30BAaHHYIO ( O cOCTaB-
JisieT HEeCKOJIBKO NPOUEHTOB) M IMOJIHOCTHIO MOHMU30BaHHYIO ( o OiMska K

100%). Cnabo MoHM30BaHHOA TLIa3MOM B NPUPOMHBIX YCIOBMAX ABJIAOT-
cs1 BepxHue cyoyn atMmocdepnl 3emsm. CoJsiHlie M gpyrue 3Be3nbl npen-
CTaBJAIOT co00i KOCMMUYECKHMe TeJia, COCTOsALME M3 IOJNTHOCTBIO MOHUIO-
BaHHOM IL1a3Mbl, KoTopasa obpa3yeTcsa Npu OYeHb BBICOKOH TeMilepaType
{cBpire 20000 K), Tak Ha3bpIBaeMOJN BBICOKOTEMIIEPATYPHO! ILIa3MblL
ITon Bo3zelicTBMEM Pa3JIMYHBIX U3JIyyueHMit uny GombapaupoOBKY aTOMOB
rasa OBICTPHIMM 3aPAKEHHBIMM HacTHLIaMyu obpasyeTcs HMBKOTeMIepa-
TypHas [a3Ma.

IInasma obsaziaet pafoM crnenudUYECKMX CBONCTB, MO3BOJAIOIIMX pac-
CMaTpUBATh €€ KaK YeTBEPTOe arperaTHOe COCTOAHME BelllecTBa. 3apsf-
JKeHHble YaCTHUIbl [JIa3Mbl BECbMa NOABIIKHBI M [IOITOMY JIETKO Iepe-
MelaloTCs MoK ReICTBMEM 3JIEKTPUMYECKUX M MarHUTHBIX noJeit. JlroBoe
HapylleHMe 3JEKTPUYECKOM HEMTPaJIbHOCTM OTHeJBHBIX obJacTteil
Ia3Mbl GBICTPO KOMIIEHCHMpPYeTCA IMepeMelleHUeM 3apAyKeHHBIX HacTyl]
nop, JeiicTByeM BO3HMKAIOILETO NPM 5TOM aJleKTpudeckoro moJsA. B or-
JuYMe OT HEeMOHM30BAHHOIO rasa, MexAy MoJieKyJiaMi KOTOporo cyiie-
CTBYIOT KOPOTKOJENCTBYIOLIME CHUJIbI, MEXY 3apsfAKeHHBIMM HYaCTULlaMyU
IUIa3Mbl AEeMCTBYIOT KYJIOHOBCKME CHUJIbI, CPaBHUTEJBHO MeIJIeHHO yObI-
Batommue c paccroaHueM. IloaToMy KaXjas 3apsiKeHHas dYacTUIa B
nJja3Me B3auMOENCTBYeT cpaldy ¢ OGoJbIIMM KOJMMYEeCTBOM HaCTHL,
bnarofgapfA uyeMy HapAAy C XaOTHMYECKVUM TEIJIOBBIM IBUMEHMEM YacTH-
bl IJIa3Mbl MOTYT YHacTBOBaTb B Pa3HOOOpa3HBIX YITOPAROYEHHBLIX
(KONIEeKTUBHBIX) JABMKeHMAX. B nuasme JIerKo BO3OY K AlOTCA pas3iimy-
Hble TuUIbl KoJNebaHmit 1 BoJH. IIpoBomuMoCTe Mila3Mbl yBeIM4YMBaeTCA
o Mepe pocTa TeMIlepaTypbl IIONHOCTBIO MOHMBOBaHHAsA MJIA3Ma IO
CBO€it IPOBORMMOCTH NPUOIMIKAETCA K CBEPXIIPOBOLHUKAM.

¥kazaaua no peuieHMI0 3aja4

IIpn pacyeTe 2JeKTPUYECKUX Lelelt, coaepKallMX pasBeTBJEHMA C
BKJIIOYEHHBIMM B HUX MCTOYHMKAMM TOKa, yAOOHO NOJL30BATHLCA IIPABU-
namu Kupxroda:
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1) B kaskgom yaje LenM CyMMa BTEKalOIUuX TOKOB paBHa CyMMe
BbITEKaIOIUX TOKOB, MHBIMM CJIoBaMM, aJrebpandeckas cyMMa BCeX
TOKOB B Ka’KJIOM y3Jie paBHa HyJIO.

2) B moboM 3aMKHYTOM KOHTYPe, IPOM3BOJIBHO BbHIOPaHHOM B pa3-
BeTBJICHHO! Leny, anrebpamndeckas cyMma IJC UMCTOYHMKOB paBHa
CyMMe BceX MajJieHuii HalpsYKeHNA, BKJIOYasA NMafleHuA HalpsAXeHus
BHYTPM MCTOYHUKOB.

TIpu mcrnons3oBaHMM npaBuyt Kupxroda, ANA KaKJIOTo KOHTypa LeIls Bbi-
fupaloT npousBosibHOe HampaBseHMe obxoma. IIpm srom IJC mcrounHuxa
CYMTaEeTCH IOJIOKUTEIIbHOM, ecyit 00X0/ HAaHHOrO MCTOYHUKA [POM3BOAUTCH
B HaIpaBJIEHMM OT OTPHMUATEJBLHOrO IIOJI0CA K NOJOXKUTENbHOMY. TOK cum-
TaeTCsA MOJIOKUTENBHBIM, €CJIM OH COBNAajiaeT ¢ HallpaBJieHHeM 00Xojia KOH-
Typa. Ecnu kakoit smbo sjieMeHT Lleny ABJAeTcH OBMMM AJA HECKOJNBKUX
KOHTYPOB, TO MaZieHue HAIPAMKEHUS Ha ITOM 3JJIEMEHTE OIpefeJiaeTcs ajl-
rebpau4ecKkoil CyMMOil BceX TOKOB, IIPOTEKAIOIIMX dYepes3 HETro.

IIpou3BoNbHBIE 3aMKHYTBIE KOHTYPBI BBIAEJNSIOTCA TaK, YTOOBI KasKAbI HO-
BBIIl KOHTYpD cozepskaJl 10 KpajiHell Mepe OAMH y4acCTOK lerM, He BXOHHA-
Ml B paHee pacCMOTpeHHble KOHTYphI IIpu 3aTOM 4YmMCiO0 He3aBUCUMBIX
ypaBHeHMiI OTHOCHMTEJIbHO TOKOB B IIeNM JOJKHO COBIAcTb C YMUCJIOM HEUs-
BECTHBIX.

3agaun nmo reme “Ilocroaunbiii Tok”

3.2.1. Ycrounuk ¢ 3JIC E = 50 B u ¢ BHYTPEHHMM CONPOTMBIICHUEM 7 =
1,2 Om ponskeH muTaThk AYTOBYIO JlaMITy C conpoTuBideHneM R = 6 Owm, Tpe-
Oyoouyio AnA HOPMaJbHOTO ropeHus Hanpsxkenuda U = 30 B. Onpepenuts
conpoTuBJieHMe Ry pe3ucTopa, BBEAEHHOTO MOCNEAOBATENLHO B Lellb JIaMIbl
AN ee HOPMAaJIbHOTO TOPeHUH.

3.2.2. OnexTpuyeckas LeNb COCTOUT U3 Pe3UCTOPa C CONPOTHUBJEHMEeM R; =
10 Om u mcTOYHMKA C BHYTPEeHHMM comportusyeHueM r = 2 Om. Hanpsske-
HYe Ha pe3ucTope WU3MEePAIOT BOJBLTMETPOM, BHYTPEeHHee CONpOTHBJIEHME
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kotoporo rg = 20 OM. Onpenesuts nokasanue U BosbTMetrpa, ecau ISIC
uctoyHmka £ = 26 B.

3.2.3. Kakoe xosmmyecTBo m cepebpa BbIAEJIMTCA Ha KaTOLE SJIEKTPOXUMMU-
YecKo¥ BaHHbI, COeNMHEHHOI IOCJIeJOBATEbHO ¢ KOHNEHCATOPOM €MKOCTBIO
C = 1000 mxd, ecu B mpolecce MPOTEKaHUA TOKA HaNpPsKeHMe Ha KOH-
JencaTope usMensiercss Ha AU = 100 B? OyeKTpoxMMH4ecKuil SKBUBa-

Jent cepebpa k = 1,12 mr/Kn.

t—  3.2.4. [lBa raJpBaHNYECKMX IJIEMEHTA, DJIEKTPOABMIKYILINE CHIILI
xoropeix £y = 2 B u E; = 1 B, coeguHeHsl 10 CXeMe, yKa3aH-
HOJt Ha pucyHke. IIpM KakoM 3HadeHMM COIPOTHBJIEHMA R TOK
4yepes rasgbBaHudeckuit asement ¢ IJC E, He moiigetr? BryT-
I—E—L peHHee conportusjenne asemenrta ¢ JJC E; pasao r; = 1 Om.

3.2.5. B cxeMe, noka3aHHOM Ha pUCYHKe, E;
I T il = 10 B, R; = 20 Om, Ry = 40 Om. Yemy
paBHa JJC BToporo mcrounnka E,, ecan Tok

yepes amiepMmeTp He Teder? BHyTpeHHMMH
COITPOTUBJICHUAMM UCTOYHUKOB NpeHebpeyb.

3.2.6. Kakoit Tox i nokaXkeT amMnepMmeTp B cxXeMe, NIOKa3aHHOM Ha pUCyHKe?
Kaxoit Tox [2 nokakeT aMIepMeTp, €CJIM MCTOYHUK
TOKa ¥ aMIlepMeTp NoMeHATs Mectamu? Ri = 20
OmMm, R2 = 40 Om, Rs = 60 Om, E = 10 B. BayTpen-
HUMJM COIIPOTHMBJIEHMAMY MCTOYHMKA TOKa M aM-
nepMeTpa npeHebpeys.

3.2.7. B uens BKIO4YeHb! ABa ucroudnka ¢ JC Ei, E»
M BHYTPEHHUMM COTIPOTUBJEHUAMMU Fi, 72 COGTBETCT-
BeHHO, ¥ TPM OJMHAKOBBIE PEBUCTOPaA COIPOTUBJIEHU-
em R. IIpn kakoii BesmumHe R 3Ha4YeHMA TOKOB [ U

I 6ynyT paBHbI APYT Apyry?
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3.2.8. llennv o6pa3oBaHa AByMA OAMHaKOBLIMM DaTa- 14 E 2

pesimu E ¥ TpeMsa paBHBIMU COIPOTHMBJIEHUAMM R =

0,5 Om. IIpu KaKoM 3HaUYEeHMM 7 BHYTPEHHEro COIpO-
THUBJIEHUA Ka)XIoi u3 GaTapeil HalmpAKeHMEe MeXAy

Toukamu 1 u 2 6yzet pasuo 3JIC barapeit?

3.2.9. B cxeme, moka3aHHON Ha PUCYHKe, NOLGOPOM
BEJIMYMHBI conpoTuByeHUA Ri pobuamcws Toro, urto
TOK [2 cTas paBeH HyJo. JeMy paBHO BHyTpeHHee
CONPOTHUBJIEHME 7t IlepBoit bGaTapenu, ecom £ = 2 B,

E;,=15B,R=250m R; =9 Om?

3.2.10. Iens, nsobparxkeHHass Ha PMUCYHKe, COCTaBJIeHa U3 4 OAMHAKOBBLIX

peaucTopoB conporuBiesueM R = 7,5 Om u pe-
aucropa R1 = 1 Om. Ha wkiemmax 4B nopneprxu-
BaeTcsA NOCTOAHHoe HanpaxeHue U = 14 B. Ha-
CKOJIbKO M3MEHUTCHA CUJa TOKa, TeKyllero yepes
peaucrop Ri, niocyne 3ambikanua kmoda K? Co-
NpOTHUBJIEHUEM ITPOBOJOB M KJI04Ya IIpeHeOpedb.

R R R R
K A

AU I

3.2.11. B cxeMme, noxa3aHHO/ Ha PUCYHKe, PE3UCTOPBL! MMEIOT CONPOTHUBIE-

Husg Ri = 1 OM, Rz = 2 Om. OnpegesuTs BHYT-
peHHee CONpPOTUBJIeHNe GaTapeu 7, ecam U3BECT-
HO, YTO TIpM pa3oOMKHyTOM Kiode K uyepes peau-
crop Ri Teder Tok i =2,8 A, a npu 3aMKHYTOM
kiiode K depes pesuctop R2 TedeT Tok [ = 1 A.

K

Qi 'l' 92

3.2.12. OnexTpuyeckada cxeMa COCTOMT M3 NOCJIEOBATEJIBHO COEOMHEHHBIX

peauctopa ¢ conporuBleHneM R = 10 Owm, koHpeHcaTopa u Gatapeu c
BHYTPEeHHMM cornpoTusienueM r = 5 Om. [lapasutesbHO KOHZIEHCATOPY HOJM-
KJIIOYNIM Pe3ucTop ¢ conporuBieHneM R; = 5 Om. Bo ckosibko paz m ua-
MEHMTCA 3HepPIrud KOHJeHcaTopa IocJe TOro, Kak HamnpsKeHMe Ha HeM CTa-

HeT TTOCTOAHHBIM?
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3.2.13. Batapesa u3 aByx OIMHAKOBBIX TaNIbBAHMUECKUX IJIEMEHTOB, COEMM-
HEHHBIX MoCJeoBaTeNIbHO, Harpy’KeHa Ha BHewHui pesmcrop R = 2 Om,
Jepes KOTOpBIA 3a HEKOTOpoe Bpems mnporexaeT 3apax ¢ =20 Kn Kakoit
BeJIM4MHBI 3apAR (Jo MPOTEYeT 3a TO e BPEMs Hepe3 KadK/blit BJIEMEHT,
€cJi X COeRUHUTH MapaJiyleIbHO ¥ Harpy3uTh Ha TOT e pesucrtop? BuyT-
peHHee COMPOTHBJEHMe Kazporo ajemenTa r = 0.1 Om.

3.2.14. /3 kycka ORHOPOJHOM IIPOBOJIOKM WM3TOTOBJIEH 3aMKHYTBII KOHTYP,
umeromit  opmy kBafpara ABCD. Bartapew NIOAKJIIOHAKOT CHavajla K
BepiuuHaM kBaapaTa 4 u B, a 3aTem K Bepumuam 4 u C. B nepsoM ciy4ae
CUJIa TOKa, MpoTeKaloujero yepes GaTapelo, oxka3biBaeTca B m = 1,2 pa3sa
Goapile, yeMm Bo BTOpoM. ONpeZiesMTe BHyTPEHHEe COIPOTHBJeHMe GaTapeu
T, €CJIM MBBECTHO, YTO CONPOTHUBJIEHME IIPOBOJIOKM, M3 KOTOPOI M3TOTOBJEH
kBazpart, paBHo R = 4 Om.

3.2.15. Ilpu BryOYeHMM NPUGOPOB IO cXeMe, U300parkeHHOM Ha puc. 1, aMm-
[IepMeTp NOKa3bIBAe€T TOK
I, = 1,06 A, a BonbTMeTp
— HanpsiskeHue V; = 59,6
B. IIpn BrJIIO4YEHMM TeEX
e npubopoB mno cxeme
Ha puc. 2 aMIlepMeTp IIo-

P gl
1| L]
®

Puc. 1 Puc. 2

Ka3biBaeT Tok [ = 0,94 A, a BonbTMeTp — HampskeHue Vs, = 60 B. Ompe-
IeJNTh CONMPOTUBJIEHMe pesucTopa R, cuMTasd HanpsoKeHMe Ha 3aKumax
faTapey HeM3SMEHHBIM.

3.2.16. Barapesa ¢ 3JIC E = 2 B u BHyTpeHHNM conporuBienuem 7 = 0,1 Om
M | N npMcoefMHeHa K Leny, u300parKeHHO! Ha PUCYHKE.

CornporusJjenne KasJoro u3 pesuctopoB R = 1 Om.
Havitu nanpsokemme U, Ha xnemmax OaTapeu.

ConpoTuBJeHMEM BCEX COEAMHMTEJILHBIX IIPOBOJIOB
npexHebpeys.
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3.2.17. B cxeme, mokasaHHO# Ha pucyHke, rae Ry = 60 Om, R2 = 20 Om, R;
= 40 OmM, R4 = 20 Om, DaTapeio ¥ KOHAEHCATOP l

TIOMEHANM MecTaMM. Bo CKOJIBKO pas o u3me-

HUTCA IIpM OTOM 3apsAn KoHAeHcaTopa? BryTt- l
PeHHUM conpoTuBJeHMueM baTapen npeHebpeyb.

3.2.18. Ecsn BONBLTMeTp, MMEIOLIMII KOHEYHOE CONPOTHUBJIEHME, IMOJAKJIOYEH
napaJiesibHO pesucTopy Ri, TO OH NoOKa3bIBaeT —
Hanpspkeane Ul =6 B, ecam napasuiensHo pesu- Ry R,
cropy R», To — HanpsbkeHume Uz = 4 B. KakoBsl

OyAyT najeHusA Hanpsikeaua Vi m V2 Ha pesu- {; E
cTOpax, eciu BOJILTMeTp He mnogkiouath? SAC
b6atapen £ =12 B, ee BHyTpeHHee COIPOTUBIIEHNE IpeHEOPEMMUMO MAJIO.

3.2.19. B cxeme, noka3aHHOI Ha PUCYHKe, HalpssKeHNe Ha KJeMMaX MCTOY-

auka U = 100 B, conporussienus B uemn Ri = Re 4 R
101 Om, R = 100 Om. OmpenmenuTs BEJIUUMHY T o E
Toka I, mporekaoumero no nposoguuky AB. Co- “"
IPOTUBJIEHMEM IORBOAAIIMX IIPOBOJAOB, IIPOBOZ- S gy S
HUKA AB M BHYTPEHHMM COIIPOTHMBJIEHMEM MCTOY- " >

HMKa npeHebpedsn.

3.2.20. IIpu nopxmodennio K  GaTapee Ioo4YepelHO [BYX COMpPOTHMBJIEHM
Harpyskn R, = 4 Om n R, =1 Om BpigesifeMad B HMX MOIIHOCTH OKa3a-

Jlach OIMHaKOBOI M paBHoit W=9 Br. Yemy pasua 3JIC E batapeu?

3.2.21. JlamMnoyKa HakaJMBaHMA BKJIIOYEHA B Liellb, [IOKaB3aHHYI0 Ha PUCYH-
ke. DJIC MCTOYHUKOB B cxeme paBubl E1 = 3 Bu E2 =4 B. £
X BHyTpeHHME COIIDOTMBJIEHMS COOTBETCTBEHHO ri = 2 4
Om u r2 = 1 Om. Haittu MowHocTs Wi, BBLAENSIOUYIOCA B

JIaMIIOYKe, ecJM M3BeCTHO, YTO NIPY Hanps'KeHUM Ha JIaM-

nmouyke U = 6 B B Heit BblZiesAeTcs MolHocTe W = 9 Br. |E2,r*2 ‘
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Vi3aMeHeHMEM CONPOTHMBIIEHUA HUTH JIaMIIOYKM B 3aBMCHMMOCTM OT TeMIlepa-
TYpBI NpeHebpeus.

3.2.22. JIse samnbl uMeloT MolHocT Wi = 20 Br u W2 = 40 Bt npwu craH-
IDapTHOM Hanpsykenuy cety. IIpy UX mocslefioBaTeIbHOM BKJIIOYEHMM B CETbh
¢ IPYTMM HaOpSKEeHMEM OKas3aJioch, YTO B ABaJUATMBATTHOM JlaMIile BbIIe-
JIAeTCA Ta e MOLUHOCTb, YTO M IIpM CTaHZApTHOM Hamnpsikenuu. Kakas

MOIHOCTE W, BblEesdeTcA NPYM 2TOM B npyroi jamne? Vsmenenuem co-

MPOTMBJIEHUSA HUTEH JiaMIl ¢ TeMIlepaTypoii npeHebpeys.

3.2.23. SJIEKTPM‘{ECKaH‘JIaMHO‘IKa MOAKJIOYEHa K MCTOYHMKY TOKa wHepes
CONPOTHUBJICHME, MOJCOeVHEHHOe IocjenoBaTesbHo. VaBecTHO, YTO Ipu
3IC wucrounnka Ei = 20 B u nojacoegMHeHHOM cONpOTHUBJIeHMH I'y = 4 OMm
yepes JIaMIIOYKY TedeT Takoit e Tok, 4yTo u npu 3IC E; = 14 B u comnpo-
TusJeHun rp = 1 Om. Halitu moinHocTb W, BBIZENAIONIYyIOCA B JaMIIOUKe.

BHYTPEHHP{M COIIPOTUBJIEHNEM MCTOYHMKA TOKa npeHereqb.

3.2.24. Yemy paBHO BHyTpeHHee CONPOTMBIIEHME aKKyMYJISATOPHOI GaTapen,
ecsiu NIpy ee paspAfe depes BHEIIHIOW Lenb C conpoTuByeHneM R = 3 Om
BO BHeIHel ueny Belgesdercsa 1 = 90% sanaceHHoit sHepruu?

3.2.25. B cxeme, noka3aHHOJ Ha pUCYHKe,
Ri = 10w, R» =2 Om, R; = 3 Om. UssecT-
HO, YTO Ha conmpoTuBjJeHum R Bwinensercs

mouHocTh P1 = 25 Br. Kakas moimgnocTs P2

BhIJIEJIAETCS Ha COMPOTHMRIeHUM R?

3.2.26. V3 ogHOpoaHOM NMPOBOJIOKU cniasaH KBaapaT ABCD ¢ anaronansio AC
(cm. pucyHok). McTounmuk HanpsskeHus (BHyTPeHHMM COIPO-

B ¢
TUBJIEHMEM KOTOPOIrO MOXXHO NIpeHeGpeub) MOACOEAUHSIIOT K
ToukaM AC cxemp! (ciay4air 1), a 3aTem K Toukam BD
{catydait 2). Bo croJbko pa3 pasimdaloTesa MolqHocT Wi u
A D

W2, BpIOEJIACMEBIE B LI€NIM B 3THUX c.ny'-lanx?
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3.2.27. Batapes u3 JBYX OAMHAKOBBIX IapaJuieJIbHO COeNUHEHHBIX 3JIeMeH-
TOB C BHYTPEHHMM colpoTusjieHueM r = 1 OM Harpy-

JKeHa Ha BHelIHee compotuBjeHue R =1 Om. Bo ckosb- _[-L_:}j
KO pa3 [} w3MeHMTCA OTHOLIEHMEe MOILHOCTH, Bbljie- l ,

JIAeMOJ BO BHEIIIHEM COIIPOTHMBJIEHMM, K IIOJIHOM MOII-
HOCTH, €CJI/ JJIEMEHTH! COeUMHUTD T0CIeJOBATeIbHO?

3.2.28. B cxeme, nNoka3aHHOI Ha PUCYHKE, COMPOTHUB-

R
nerme R; = 1 Om. OmpegennTs BHyTpeHHee COIPO- '—"lj'——

THUBJICHME WMCTOYHMKa TOKa r, €CJIM MU3BECTHO, 4YTO
R
IIpM 3aMblKaHUUK KJIO4Ya K cuna Toka qepea HMCTO4- __:__/-_
K

HUK Bo3pacTaeT B n = 3 pasa, a MOILIHOCTb, BbiZle- E.r
JISIIOLLIAACA BO BHEINHEe} LieNy, yBeJIUuYuBaeTca B M = 4F
2 pasa.

3.2.29. Batapes u3 ABYX OIMHAKOBBIX IaPaJUleJIbHO COeAMHEHHBIX IJIEMEH-
TOB Harpy»KeHa Ha BHelllHee conporusiJenue R = 1 Owm. Ilocse Toro, Kak
3JIEMEHThI COeRMHMJIN TOCJeoBaTeJIbHO, MOIIHOCTD, BbiJeJIieMas BO BHeII-
HeM COIIPOTMBJICHNY, YBeJIMUWJIack B # = 2 pasa. YeMy paBHO BHyTpPeHHee
COTIPOTMBJIEHHME I KaKJOro U3 dJIeMEHTOB?

3.2.30. Konnencatop emkoctbio C = 10 Mxd paspsoxaerca 4yepes Henb U3
OBYX IapaJijleJIbHO BKJIIOYeHHBIX conpotusiieEnit Ry = 10 Om u R2 = 40
Om. Kakoe xosmuecTBo Teria (1 BBIAETMTCA Ha MEHBIUEM M3 CONPOTUBIIE-
HUM, ecay KOHAeHcaTop Obli 3apseH A0 Hanpsxxkenua U = 100 B?

3.2.31. JTo sambixanuda gioda K xougencaTopet C; = 1 M®d u Cy = 2 mrd
Op1M 3apspUKeHb! fo Hanpsoxenuit U; = 400

R K
B u U; = 100 B, kak noxkasaHO Ha PUCYHKe. _E——L—_]——/——_—L
“ES GRS

Kakaa OHEPTUA BBIJAECJIUTCA Ha COIIPOTHUBJIIE-

HuM R mocjie 3aMbIKaHMA Kio4da?

3.2.32. Uenp, noxa3aHHasA Ha PUCYHKe, HaXOoAuJachb HOCTATOYHO ZOJIO B
COCTOAHMM C 3aMKHYTBIM KJII04oM K. B HEKOTOpPBIi MOMEHT BpeMeHM KJI0d
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— pasomknysm. Kakoe konudecTBOo Temia Q
__L Ry BBIJENNTCA Ha pesucTope Ry Iociie pasMmbl-
R, T c
X E
N
)

KaHMaA kmoda? Ilpu pacyerax nonoxutb: E
= 300 B, R; = 100 Om, R, = 200 Om, C = 10
MKD. BHyTpeHHMM CONPOTUBJIEHMEM MUCTOUYHMKA NMpeHeGpeys.

3.2.33. Koupnencarop emkocteio C = 20 mMxd BKJIOYEH B 1eNlb uepes KOM-
MYTaTOp, TaK YTO €r0 BbIBOJBI MOMKHO Me-

! I —‘!‘:LC HAT Mectamyu. [locne Toro, Kak Halpsxe-
E _—[L:l" HMe Ha KOHJEHCaTope yCTaHOBMJIOCH, KOM-
MyTtaTop neperkmounsy. Kakas BdHeprus

BBIZEJIMTCA NpYU 3ToM Ha pesuctope? Ilpu pacyerax npunars £ = 300 B.

3.2.34. HarpeBaTeJbHble BIE€MEHTHI, COIIPOTUBIICHNA KOTOPBIX OTJIMYAIOTCH B
o pa3, coeIVHEHbl KaK IIOKa3aHO Ha
PUCYHKE M HOAKJIOUEeHbl K MCTOYHUKY

TOKa C IpeHeOpe’KMMO MaJIbIM BHYTPEH-
HUM conpoTuBJeHMeM. Haitn o , ecan

M3BECTHO, YTO IIPY 3aMbIKAHMM KJIOYa OOIasd MOIIHOCTH, BBIAEJAIOLIAACA B
Leny, ypeauuusaeTca B K = 2 pasa. VIaMeHeHneM CONPOTHMBJIICHMIT 3JIeMeH-
TOB IIpM HarpeBaHMUM NpeHeGpeus.

3.2.35. Ilate oOMHAKOBLIX JIAMIIOYEK COeNMHEHb! B
LIellb KaK [OKa3aHO Ha PUCYHKe M IOAKJIIOYeHb! K Oa-
Tapee. Bo ckoJibKO pa3 o M3MEHUTCA MOILHOCTD, BbI-
JeJIAINadACA B 3TOM Lemy, ecayu JaMIIoyka Homep 1
neperopuT? BHyTpeHHee conpoTuBileHMe OaTapen
NnpeHebpesRuMo MaJo.

3.2.36. HanpakeHue Ha 3a’KMMax IeHepaTopa noctosHHoro Toka Uy = 220
B, a Ha saykumax Harpyskm U; = 210 B. Onpenennts momHocThs P, Bble-
JAIOUIYIOCA B JIMHUM MEXKIY reHepaTtopoM U motpeburesieM, ecayM HOMU-
HaJbHAA MOILHOCTb HATPY3KM IIPM HaNpPssKeHMM Ha Hei, paBHom Uj, co-
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craBaser P = 10 kBr.

3.2.37. Tlpu NOOKIOYEHNH K aKKYMYJIATOPY C BHYTPEHHMM COIIPOTHMBJIEHM-
em r = (0,16 OM HarpeBaTeJbHBIN! JJIEMEHT pa3BMBaeT MoIIHocTs Wi = 200
Br. Ilpu mofkJOYeHUy HarpeBaTeJLHOTO 3JIEMEHTa K ABYM TaKUM aKKyMy-
AATOpaM, COEAMHEHHBIM IOCJEAOBATEJIbHO, BbifiejisieMasd B HarpesBaTelsie
MOIIHOCTb cocTtaBuia W: = 288 Br. Haitru 3JC E akkymyssTopa.

3.2.38. IIpy noakJIIOYEHUM K aKKYMYJATOPY C BHYTPEHHNM COIIPOTHUBJIEHU-
eMm r = 2 OM HarpepaTenbHBIl 3JIeMeHT pa3BUBRaeT mouHocTs W) = 50 Br.
[Ipy IOAKJIIOYEHMM HArpPeBaTENILHOTO 3JIeMEHTa K JIBYM TaKuM aKKyMyJiA-
TOpaM, COeOMHEHHBIM IIoCcJeloBaTeNIbHO, BhlfeJiieMasd B HarpeBaTeJie MOIIl-
HOCTBb cocTaBuya Ws = 72 Br. Hajitu conpoTtuBnenue R HarpepaTeJs.

3.2.39. Ilpu nogxmovYeRUy K aKKyMYJISTOPY C BHYTPEHHMM COIIPOTMBJICHM-
eMm r = {,2 Om HarpeBaTeJIbHBIA 3JIEMeHT pa3BuBaeT MolHocTh W) = 10 Br.
Ilpu mopkyOUeHMM HArpeBaTeJIbHOTO SHJIEMEHTa K JIBYM TaKuM aKKyMyJis-
TOpaM, COeAVHEeHHBIM NapaJjulesibHO, BhlesiseMas B HarpeBaTeJie MOIHOCTb
cocraBuya W2 = 12,1 Br. Haittu conporuBienne R HarpeBaTeJs.

3.2.40. Ilpn noxrmo4eHNN K aKKYMYJATOPY € BHYTPEHHUM CONPOTMBIIEHM-
em r = 0,2 OM HarpeBaTeJIbHBIA 3JIEMEHT pa3BMBaeT MolHocTs W = 10 Br.
IIpy mopwMIOYeHNMM HATPEBATeNbHOTO BJIEMEHTa K ABYM TAKMM aKKyMyJid-
TOpaM, COeIMHEHHBIM IlapaJlieNibHO, BbIAENIAeMasi B HarpeBaTelie MOIIHOCTD
cocraBuna Wy = 14,4 Br. Haittu 3JIC E akkymynarTopa.

3.2.41. Bo BHelHeji Harpyske, MNOAKJIIOYEHHOM K 0OaTapee, BbIfeJAeTCH
mowHocTe W, = 1 Br. Yemy paBeH Koah(ULUMEHT MOJE3HOI0 AeHCTBUA 1
9TOM Leny (T.e. OTHOLIeHNe MOLIHOCTHM, BbIJEJNAOLIeca B HarpyskKe, K I10JI-

HOJM MOLHOCTH, pasBMBaeMoli baTapeeil), ecay OpyM INOJKJIIOYEHMM TOH Ke
Harpys3Ky K ABYM TakuM GaTapesaM, COeJMHEHHBIM MOCIEAOBATENbHO, MOMII-

HOCTh B Harpyske crajia paBHoit W, = 1,44 Br?

3.2.42. IIpy nogxJO4eHUN Harpys3kyM K GaTapee ¢ BHyTPEHHUM CONPOTHBJIIE-
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mmem 1, = 0,1 OM Bo BHeIlHel ey BHIZENIAETCH MolIHOCTE W, = 1 BT.
B Toi e Harpy3Ke, IuTaeMoit or 6aTapeyu ¢ BHyTPEHHMM COIPOTHBJIE-
unem r, = 0,2 OM u npexueit DJIC, Bbensercs MolHOCTb W, =

0,64 Br. Yemy paBHO conpoTuslieHue Harpysku R?

3.3. Maznemu3im

Bonpocsl nporpaMmmel

e Maznumnoe nose. Jlericmeue mMazHumMmHO20 NoAs HA PAMKY € MO-
KoM. MuOyKyus MazHuUmHOZ0 Noas (mazHumuas unoykyus). Ju-
HUU MAZHUMHOU uHOYRyuu. Kapmunbvl MAZHUMHOZ0 TOAA NPAMO-
20 moxa u coaerouda.

e Cuaa, Geticmeyrowas Ha NPOBOOHUK C MOKOM 6 MAZHUTMHOM NoAe.
3axon Amnepa.

o Jlelicmeue maznumnozo noas Ha dsuxcywutica sapsd. Cuaa Jlo-
Perya.

¢ Maznumnbie ceotcmea esewecmea. I'unomesza Amnepa. Peppo-
MAZHEMUKU.

Onpeneneuua, NOHATHUA M 3aKOHBI

Maznumnoe noae. AHOYKyus maziummnozo noas (MAZHUMHAR UK~
dyxyusn). CunoBoe nose, JeiCTByIOUiee Ha IBMIMCYIIMECA 3JeKTpUde-
CKMe 3apAAbl, IEKTPUYECKMe TOKYU ¥ HaMarHM4eHHble Tesa (MarHuThI),
HasbIBAeTCA MaTHMTHBIM NoJsieM. B CBOIO o4epeb, MATHUTHOE HOJIE CO3-~
JaeTcs OBMMKYLIMMUCH 3apafaMi, ToKaMM ¥ MarHMTamu. CuisoBoit xa-
PaKTepMCTHKOK MarHMTHOTO TNOJA ABNAETCH 8eKMOP MAZHUMHOU UH-~

oyxyuu B . Ilonatue o BexTOpe MarHMTHON MHAYKUMU BBOAMTCS Ha

OCHOBaHMU CJEAYIOIIMX ONBITHBIX PaKTOB: a) OPHEHTHUPYIOlee HeicT-
Bli€é MaTHUTHOTO NOJA Ha 3aMKHYTBIN INIOCKUI KOHTYP (PaMKy) C TOKOM,
6) cyiecTBOBaHME CHJIBI, JeCTBYIOLIEH Ha TPOBOJHMK C TOKOM B Mar-
HUTHOM II0JIe, B) OTKJIOHEHME IyYKa 3apAXKEeHHBIX YaCTyIl B MarHWTHOM
noJie.

~
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Heticmeue maznummnozo noas na pamxy ¢ moxom. Ha niockyro
paMKy C TOKOM, IIOABEIEHHYI0 Ha HUTM B OJHO-
pPOAHOM MAarHMTHOM MNoJie, JAefCTByeT MOMEHT
CMJI, KOTODBIlI CTpeMUTCA pa3BepHYThH ee ollpe-
IeJleHHbIM obpasoMm. OpueHTHpYOLLEe HeiicTBUE
[0JIA Ha paMKY MCIOJb3YyeTCA IJiA BbIOOpa Ha-
npaBJeHMA BeKTopa MarHuTHOI wmHAykumu. C Puc. 3.3.1

3TOM HeJbI0O BBOJAT IIOHATHE NOAOHUMEAbHOU

HOPMAAYU K PpaMKe, KOTOpas onpefiesIAeTcs KaK eJIMHUYHBLINA BEKTOD,
NepneHAMKYJIAPHBIA IJIOCKOCTY PaMKM M HallPaBJICHHBbI B CTOPOHY Ile-
peMelenns GypaBumka (BMHTA), eCIM BpallaTh €ro I10 HAIpPaBJICHUIO
Toka B paMmke (puc. 3.3.1). 3a HanpaBJIeHMe BEKTOpPa MarHMTHOM MHIYK-
MM B JaHHOM TOYKe NPOCTPaHCTBa IIPUMHMMAaeTCs HalipaBJIEHME I10JI0-
SKUTENbHONM HOPMasyu K paMKe, ¢BOOOAHO yCTaHABJAMBAIOWIEHCA B Mar-
HUTHOM II0JIe B OKPECTHOCTM NaHHOM TOYMKM. OTO HallpaBJIeHME COBNaja-
eT ¢ HalpaBJIeHMeM OT I0’KHOTO IoJiioca S K ceBepHOoMy moJiocy N cBo-
6oz1HO Bpallaloleiica MarHUTHOM CTPEJIKM.

3aMKHYTBII KOHTYp Ionjaieio S ¢ TokoMm [ co3faeT MarHUTHBIA Mo-
MeHT

D, =1Sn. (3.3.1)

Hanpaa.ne}me MarfimMTHOrO MOMEHTa paMKHu C TOKOM, CBO6011H0 yYcTaHaB-
JIMBAIOILENICA B MarHMTHOM roJie, coBnazaeT C HallpaBJIEHMEM BEKTOpPa
MarHUTHOM MHOYKLIMNN.

Junuu maznumuoii undyxyuu. I'pacdhuyeckn MarHuTHOe INOJIe U30-
6pakaloT C HNOMOIUBIO AUHUL MAZHUMMOU UHOYK-
Yuu, KOToOpble NpeAcTaBJAIOT coboit JmMHMM, Kaca-
TeJIbHbIE K KOTODPHIM HallpaBJIeHbl TakK JKe, Kak

BekTop B B ZaHHOM TOuKe, a rycToTa KOTOPBIX

NMponopUMOHaNIbHA BeJIMYMHEe NOJIA B JAaHHOM TOY-
ke. B kavecTBe npumepa Ha puc. 3.3.2 usobparxe-
HBbl JIMHMM MarHMTHOM MHAYKIMMK, CO3LaBa€MON IIOCTOSHHBIM MarHMTOM.
JIMHMM MarHMTHOA MHIYKIJMM Bcel[a 3aMKHYTHL IIpe/cTaBlieHHbIE Ha
puc. 3.3.2 TuHUM 3aMBIKAIOTCA BHYTPM MaTHMTA.
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JnA BbIYMCIIEHNA MATHUTHOTO TOJA 3JIEKTPMYECKOr0 TOKa MCIOJb3YIOT
dopmyny Buo-CaBapa-Jlannaca. CorsacHo 3toit ¢opmyJie, MarHMTHas

UHIYKLUMA, co3laBaeMasi OTPE3KOM IIPOBOJHMKa IJuHOW Al , mo KoTo-

pomy TeyeT Tok I, paBHa:

oA o MAlsing

, , (3.3.2)
4nr’ 4nr’
rae F — pajguMyc-BeKTOp, NPOBeleHHbI OT djeMeHTa Al B TOYKY Ha-
OJIofeHusa, O — yrona MesKAy BekTopamu Al M 7, | — MarHMTHas

NpPOHULIAEMOCTh Cpefbl, M, = 1,267-10°% B-c/(A'M) ~ marauTHas mocro-
AHHaA.

Kapmuns. mazHummuozo noas npamozo moxa u coaenouda. Pop-

-

myJia (3.3.2) no3BosisieT paccuMTaTh MaTHUTHYIO MHAYKIMIO B | coazan-

HYIO NPOBOJHMKOM C TOKOM J000ii chopmbl. Tak, BeqmuuMHa MarHUTHOJ
MHOYKUMM OecKoneuHo JAUHHO0ZO NPOBOOHUKA ¢ TOKOM | Ha paccTOAHMUM

X OT Hero paBHa

B=bil (33.3)
2nx

JIMHMM MATHMTHOM MHAYKIUM IPEeNCTaBJIAIT coDOM KOHLEHTpUYECKue
OKPY’KHOCTM B IUJIOCKOCTSIX, IePIIeHAMKYJIAPHBIX HPOBOJHUKY (puC.
3.3.3). HanpaByieHue MarHMTHOM MHAYKIMM TOKa OIpeJeJIAETCA NpaBu-
JoM OypaBuMKa: ecJy IoCTynaTeJIbHOe ABM:KeHue OypaBuMKa coBnaja-
eT c HampaBJIeHMEM TOKa, TO BpallleHie PYKOSTKM 6ypaB4YMKa yKas3blBa-
eT HalnpaBJleHMe MaTHMTHOTO IOJIA

MarauTHoe NoJie BHYTPY IAJIMHHOTO coaerHouda (KaTYILUKM ¢ TOKOM) BIa-
JM OT ero KOHIIOB fABJsieTcsA ofHoponxubiM (puc. 3.3.4). MarHuTHaA MH-
OYKIMA BHYTPM coJleHOMAa B TOYKaX, yHalleHHBIX OT ero KOHLIOB, paBHa

N
B=pul 1 (3.3.4)

rae I - TOk, nporexalonmii 1o BUTKaM, N — umucio BUTKOB, L — nimHa
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coseHoupna. MarHMUTHOe moJie BHe CoJIeHOMAa Nofo6HO MarHMTHOMY TOJIIO
TOJIOCOBOT'O IIOCTOSTHHOTO MarHuTa (cp. ¢ puc. 3.3.1). Konen kaTtymkm, us
KOTOpPOro BBIXOJAT JIMHMM MHIAYKLMM, aHaJIOTM4EH CeBePHOMY IIOJIoCY
MarHHUTa, JAPYToil KOHEI[ aHaJIoTUYeH IOMKHOMY MAarHUTHOMY IIOJIOCY.
PacrionosxeHne MOJIOCOB KATYIIKM ¥ HAIpaBJI€HME MArHUTHOIO IIOJIA
onpenesseTcA Mo npaBuiry GypaBuMka: ecay BpamlaTk DYKOATKY Oy-
paBuYMKa N0 TOKY, TO IepeMellleHue OypaBuykxa yKaykeT HallpaBJIeHMe
JIMHUIT MarHUTHOM MHIYKUMN.

Puc. 3.3.3 Puc. 3.3.4

Cuaa, deticmeyowas Ha NPOBOGHUK C MOKOM 8 MAZHUMHOM NOAE.
3axon Ammnepa. Ha npoBoAHMK C TOKOM, HaXOLsIMIACA B MarHMTHOE
rnoJie, JeMCTBYeT cuaa Amnepa:

F= I[Ai : E], wnn F = IAIBsino = IAIB,, (3.35)

rde Al — anuHa oTpeska IPOBOJHMKa C TOKOM [/, O — YroJ MeXnay
HANPaBJICHNAMM OTpPe3Ka [IPOBOAHMKA M BEKTOPa MarHUTHOI MHAYKLIMM,
B, - npoekuya BekTOpa MarHMTHOM MHIYKUMM Ha HOPMaJb K IPOBOJ-

nuxy. HanpaBnenue cusbl AMnepa onpepesseTcs NpaBuyioM GypaBuu-

Ka: PYKOATKY 6ypaBumMka BpamjaioT oT Bekropa Al K BekTOpY B,

TOrAa HallpaBJIeEHME €ro IIOCTYNaTeJIbHOroO ABMXKeHMA ollpeneJideT  Ha-

npaBlieHue CUMNBl F |, MM NPaBMJIOM JIEBOI PYKM: €CIM JIEBYIO PYKY

pacIoyioXKUThL Tak, 4TOOBI NeprneHIMKyNnAapHasd K IIPOBOAHUKY COCTaB-

JIAOIIasd BEeKTOpa MarHMTHOM MHAyKUMM B Bxoxmnaa B nagoHb, a ye-
ThIPe BBITAHYTHIX Najblia ObIM HalpaBJIeHbI 0 TOKY, TO OTOTHYTBIA Ha
90" Gosbiiofi maJiel] IOKaXXeT HalpaBJleHMe HelcTByomleit Ha y4acToK
NPOBOAHWKA CHJIBL.
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Mesxay ABYMA NapajijiefIbHO PAcCIIOJIO?KEHHbIMM OeCKOHEeYHO JJIMHHBIMM
NPOBOAHMKAMM, II0 KOTOPbIM NPOTEKAalOT IIOCTOAH-

1,’ 3 ?,z Hple Toxu (puc. 3.3.5), BO3HMKaeT CuJia B3auMojeil-
CTBMA, HaIpaBlleHME U BeJMYMHA KOTOPOH MOTyT

ObITh HalifieHbl U3 3akoHa AMnepa. ITockosnbky mpo-

BOAHMK C TOKOM I HaxouTcsA B Iojie ¢ MHAYKLMel

Puc. 3.3.5 B, , coafaHHBIM NMPOBOJHMKOM ¢ TOKoM /i, cuna AM-

nepa F HampaBJieHa, KaK NOKa3aHO Ha pucyHke. [IpoBonHmku ¢ oguHa-

KOBO HaIllpaBJIEHHBIMM TOKaM¥ HPUTATMBAIOTCH, C NIPOTUBOIIOJIONKHO Ha-
npaBJIEHHbIMM — OTTaJIKMBAIOTCA. MOIly.Hb CHJIbI B3aMMOJEVCTBUA MeXK-
Ay yd4dacTKaMu eNVHUYIHON JJIMHBI ABYX BGEeCKOHEYHBIX napaJuieNIbHbIX
[IPOBOOHMKOB, PacCIIOJIOKEHHbIX Ha pPacCTOAHNU R Apyr OT jpyra, paBeH

I
F= et 3.36
Moo 2 ( )

Helicmeue maznumnozo noas Ha Jdeuxcywuiica szapad. Cuaa Jlo-
penya. Ha zapan ¢, ABYOKYLIMICH B MATrHUTHOM [OJI€ CO CKOPOCTBIO

V |, neitctByet cuaa Jlopenya:
F= q[I7, B], wmm F=qVB,. (3.3.7)

rxe B, - npoerIMA BeKTopa MaCHMTHOM MHAYKIMM Ha HOPMaJib K CKO-
poctu yacTuipl. HanpaBsenme cuiubl JlopeHua Takske ompefeisieTcs
[IPaBUJIOM JIeBOI PYKM MM IPaBMUIIOM GypaBUmMKa.

B onHOpomHOM MarHMTHOM IIOJIe, BEKTOP MHJIYKLMM KOTOPOTO IE€PIeH-
JUKYJISApeH CKOPOCTM 3aPsKEeHHO! JacTHIbl, OHA ABMIKETCH II0 OKPYIK-
HOCTH [IOCTOAHHOTIO paamuyca R

r="2 (3.3.8)

rfe m - Macca 4acTHLbl, g - aGcosoTHOe 3HaYeHMe ee 3apsaga, V - cko-
POCTb YacTHUbI, B - MHIYKIWA MarsuWTHOro NoJd. JBMXKeHMe 4YacTHLbI

NPOUCXOANUT B IJIOCKOCTH, TEepIeHAMKYNApPHOi BexkTopy B . Cuna Jlo-
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PeHIa B STOM cJiydae MIPaeT pOJIb LIEHTPOCTPeMMTeNbHOM cuibl Ee
pabora Bceraa paBHa HYJNO, IIOCKOJBKY cuia JlopeHIla B KadXAblii Mo-
MEHT BPEMEHM NEpPHEeHAMKYJIAPHa BEKTOPY MIHOBEHHON CKOPOCTM Hac-
THULIBL

Maznumnvie ceolicmaa sewecmsa. 'unomeza Amnepa. MarHuTHbIE
B3aMMOZEMCTBUA 34BUCAT OT CBOMCTB Cpe/ibl, B KOTOPON OHU IIPOMCXO-
aar. dusuyeckad BeNMYMHA, NOKA3BIBAlOLasd, BO CKOJBKO pa3 MHIYK-
IMA MarHuTHOrO HoJsi B B OQHOPOJHOM BelieCTBe OTAMYAETCHA OT VH-
BEykuuy Bo MarHMTHOIO NOJIA B BaKyyMe, HaSBIBAeTCH MUZHUMHOL NPO-
HUYBeMOCTNHIO 8ewyecmasa:
p= —Bé— . (3.3.9)
0

CornacHo zunomese Amnepa MarHMTHBIE CBOMCTBa BelECTBa oOlpeAe-
JIAIOTCA 3aMKHYTHIMM 2JIEKTPUYECKMMM TOKaMy BHyTpM Hero. B coor-
BETCTBMM C COBPEMEHHBIMM NPEACTaBJICHMAMY, STH TOKM CBA3aHbI C
IBMXKCEHMEM DJIEKTPOHOB B aToMax BelllecTsBa. Kaskneni snexTpon, nsu-
JKYLLIMICA B aToOMe BOKPYT AApa IO 3aMKHyTOJi opbute, mpeacraBisgeT
coboJi 3JleMeHTapHBIA SJIEKTPOHHBLA TOK, MAarHMTHBLII MOMEHT KOTOPOFO,
Ha3bIBaeMblii OpPOGMTaJIbHBIM MarHMTHBIM MOMEHTOM, NepPIeHIMKYJApeH
IJIOCKOCTH OPOUTEHI

- OpbuTanpHelii MarHMTHbIA MOMEHT aTOMa paBeH BEKTOPHOI cymMe op-
GMTAJILHEIX MaTHUTHBIX MOMEHTOB €TI0 DJIEKTPOHOB. Ecom BeuwjectBo co-
CTOMT M3 MOJIEKYJl, TO MarHUTHbIi MOMEHT MOJIEKYJHl SBJIAETCH BEK-
TOPHOJ CYyMMOJ OpOUTaJIbHBIX MaTHUTHBIX MOMEHTOB ee aToMos. Taxum
obpa3omM, aToMBl ¥ MOJIEKYJibl B oDllleM ClIy4dae MMEIOT MarHUTHbBIE MO-
MEHTBI ¥ MOT'YT CO3ZaBaThb MaTHUTHOe IoJIe.

Maznemuxamu Ha3bIBAIOTCA BELIECTBa, CHOCOOHbIE HAMATHMYMBATLCH BO
BHEIUHEeM MAaTHMTHOM IIOJie, T.€. CO3[aBaThb cobGcTBeHHOe (BHyTpeHHee)
MArHMTHOe IIoJle caMorc BeiilecTBa. Ilo CBOMM CBoiicTBaM MaTrHeTUKM
NOAPa3AeNAIOTCH Ha cllaboMarHMTHRBIE ¥ CUMJIBHOMATHMTHBIE BelliecTBa. K
ciaboMarHUTHRIM BelleCTBAM OTHOCATCS AWaMarHeTMKM ¥ IlapaMarte-
Tuky. OCHOBHYIO IPYIINy CHJIBHOMATHMTHBIX BellleCTB cocTaBiawT dep-
poMarHeTHKM.
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HAuamaznemukamy HaIBIBAIOTCH BELIECTBa, ¥ KOTOPBIX aTOMBbI MJM MO-
JIeKyJIbl B OTCYTCTBME BHEUIHETO MarHMTHOTO IIOJA HE MMEIOT MarHuT-
HbIX MOMEHTOB. JIlMaMarHeTMKaMy ABJISIOTCA MHEPTHBIE rasbl, PAA Me-
TannoB (3o)0TO, cepebpo, PTYTh, LMHK, MeIb), Bofa, CTEKJIO, MHOTHE
opraHuyeckyue coenyHenud. Ilpy BHeCeHMM OMaMaTHUTHOIO BeleCTBa B
MarHMTHOE TIOJIe B KaXKJIOM €ro aToMe (MJM MoOJIeKyJie) MHAYLMPYeTCs
IOTOJIHUTENbHBI! aTOMHBIA (MM MOJIEKYJNAPHBIN) TOK C HEKOTOPBIM
MarHUTHBIM MOMEHTOM. STOT TOK MMeeT TaKoe HalpaBJieHMe, YTO CO3Ja-
BaeMoe ¥M MarHMTHOe IToJie IIPOTMEOIIOJIONKHO BHeIIHeMy IoJo. Bektop
MarHMUTHO} MHAYKIMM BHYTPEHHErO NOJIA HalpapBJieH NPOTMB BHEIIHEro
noJsA M ocyabiaser ero. B 8TOM M cocTOMT HamarHM4YMBaHME HMaMarHe-
TMKOB, IJIA KOTOphIX W <l. JImamarseTsm sBiseTcs oueHb ciabbiM

adbdexToM. MarauTHad NPOHMLIAEMOCTD Ja’Ke CaMbIX CMJBHBIX AMaMar-
HETMKOB OTJMYAEeTCA OT eAMHNULLI He GoJiee, 4eM JECATUTHICIYIHbIE JOJN.

Arombl (Mnu Mojekynbl), obJjajaroimye B OTCYTCTBME BHEINTHEro INOJA
HeBOJIBIIIMM MarHMTHBIM MOMEHTOM, Ha3BbIBAIOTCA IapaMarHMTHBIMMU, a
coCcTosiNMe U3 HuX BelleCTBa — napamazHemuxamu. K mapamarHeTukam
OTHOCHATCH KMCJIOPOJZ, OKMCh a30Ta, aJIOMMHMIA, IJlaTUHAa, IesJoYHble U
LIeJI09HO3eMeJIbHble MEeTaJIbI M Ap. B oTCyTCTBMEe BHEINHEro MarHMTHO-
ro MoJA TeIJIOBoe JBMKEHMEe aTOMOB (MOJIeKyJl) mapaMarHeTuxa Ilipe-
OATCTBYET BO3HUKHOBEHMIO YHOPAZOYEHHOIO PaCIOJIOMKeHMsS MarHuUT-
HbIX MOMEHTOB OTZEJIbHbIX aTOMOB (MOJIEKYJI), M COOCTBEHHOrO MarHMT-
HOTO NOJIA B BellleCTBe He Bo3HMKaeT. [Ipy BHeceHMy napaMarHeTuika Bo
BHelllHee MarHMTHOe IioJIe aTOMHbIe (MOJIEKYJIApHBIE) TOKM CTPEeMATCHA
PacHOoJIOXKUTBCA Tak, YTOObI MX MarHUTHbIE MOMEHTHI ObLIM NapaJijenb-
HbI BEKTOPY MHAYKLMM BHemHero noss. CoBMectHoe AeHCTBME MATHMUT-
HOTO NOJIA M TEIJIOBOTO ABVIKEHMUS IPMBOIUT K TOMY, HTO BO3HMKAeT
NpeUMyIUeCTBEHHAA OpPMEHTAIMA MAarHUMTHbBIX MOMEHTOB AaTOMOB
(MoneKkyJi) IO HampaBJIEHMIO BHEIUHEro nojisa. B mapaMarHuTHOM Bele-
cTBe coszlaercAd cobcTBeHHOe (BHyTpEeHHee) MarHMTHOe IoJie, BEKTOP
MHAYKIMM KOTOPOTO HAIpaBJieH OJMHAKOBO € BEeKTOPOM WHAYKIMM
BHeIUHero nojid. [iyia nmapamarseTMkoB W >1, Ho sdpextT nmapamarue-
TU3Ma OYeHb CJia0; MarHMTHad NPOHUIAEMOCTH JayKke AJA HauGoiee

CUNIbHBIX IIapaMarHEeTMKOB OTJIMYAEeTCA OT eAMHMObLI He GoJiee, yeM Ha
THICAYHBIE JOJIN.
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Peppomaznemurxu. Peppomazhemuramy Ha3biBaeTCA IPyNIa BEIIECTB
B TBEPAOM KPHCTAJLIMYECKOM COCTOSHMM, OOJIAZAIOIUMX MATHMTHBIMMU
cBojicTBaMM, 00yCJIOBJIEHHBEIMM OCOOLIM B3aMMOJENMCTBMEM aTOMHBIX HO-
curerneit marderusMa. K ceppoMarHeTMkKaM OTHOCSITCS KeJIe30, HUKEb,
k06GaJibT, a TakKe psf ciaBoB. PeppomarHeTusm oObsICHAETCA KBaH-
TOBBIMM MATHUTHBIMM CBOKCTBaMM 3JEKTPOHOB. [leJio B TOM, YTO BJjeK-
TPOH, HE3aBMCUMO OT €ro npebbIBaHMA B Kakoil Jmbo cucTeMe 4acTuI]
(aToM, MoJsekyJia, Kpucrajui), obnazaer coOGCTBEHHBIM MOMEHTOM WM-
nyabca (CnuHom) u CBAGAHHBIM C HUM COGCTBEHHBIM (cnuHOBBIM) Mar-
HUTHBIM MOMEHTOM. BarxHasi ocOGEHHOCTh CIIMHA DJEKTPOHa COCTOMT B
TOM, YTO B MarHUTHOM Tiojie (Kak BHEIIIHEM, TakK M CO3NAHHOM ATOMHBI-
MM ¥ MOJIEKYJIAPHBIMM TOKaMM) CIIMH MOXKeT ObITh OPMEHTMPOBaH TaK,
4TOOBI €ro HpPOoeKIMA Ha HallpaBJIeHMe BEeKTOpPa MAarHMTHONM MHAYRLMM
NpMHMMaJa TOJbKO JBa 3HA4EHWs, paBHbIEe MO MOZYJIO M IPOTUBOINO-
JIo’KHBIE 10 3HaKy. B pesysneraTe sToro, B Heko'ropbxx KpHUCTannax, Ha-
NpUMeEp B KpUCTaJllaxX JKejie3a, BOSHUKAIOT YCIJIOBUA IS NapaJLiesbHOM
OpMeHTaIMK COBCTBEHHBIX MATHMTHBIX MOMEHTOB 3JIEKTPOHOB TPYIIIIb!
aTOMOB.

BuyTtpu kpucrasna deppomarHeTMra o6pas3ylOTcA HaMarHM4YeHHble 06-
nactu pasmepom nopsiaxa 107% - 1072 cM, B KOTOPBIX CIIMHBI 37IEKTPOHOB
napaJijieNbHbL. OTY CaMOIIPOM3BOJIBHO HaMarHudeHHble o0JIacTy Ha3bi-
BalOTCA JAOMeHaMM. B OTAeNbHBIX AOMEHaX MarHMTHbIE TOJNA MMEIOT -
pasyMyHbie HanpaBieHus ¥ B 66JBIIOM KpPMCTaJLle B3aMMHO KOMIIEHCH-
pyior apyr npyra. IIpu BHecenun cheppoMarHuTHOrO 0oOpasla BO BHeIl-
Hee MaTHMTHOE IoJie NMPOUCXOAMT YacTHIHOe YIOPAAOHeHMe opyMeHTa-
MM MArHUTHBIX MOMEHTOB OTHENIBHBIX [OMEHOB M Ppe3yJbTUPYIoIan
MarHMTHafd MHAYKIMA B BellecTBe pacreT. C yBeJMYeHMEM MarHUTHOJ
MHAYKIMY BHELIHETO IOJIA CTeNeHb YHOPANOYEHHOCTM JIOMEHOB IIOBhI-
maeTcs. IIpy HeKOTOpPOM 3HAaYEHMM MHAYKIMU BHEITHEIo IOJA HACTyIa-
eT IoJIHOe yMopsfodeHie OpPMeHTalMy JOMEHOB ¥ BO3PACTAHME MATHMUT-
HOl MHAYKLMM B BellecTBe MpeKpaljaeTcs. OTO fABJEHNe Ha3bIBaeTCsA
MAaTHMTHBIM HacblllleHueM. B cocTOAHMM HACBHIIEHUA MAaTHUTHASA IIPOHM-
1jaeMocTh (PeppPOMATHETHKOB MMEeT O4YeHb GoJbluye 3HAYEHUS; HAIPH-

Mep, AJiA Keyesa W, ~ 5000, ana nepmasiosn (craB HUKeNA ¢ Keje-

3oM) W, =~ 100000. Ilpn oTkmoyenuMy BHEIHHETO MATHATHOrO MOJA
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3HauYMTENbHAsA YacTh AOMEHOB B ¢heppOMarHMTHOM obpasue coxpaHAeT
YHOpANOYEHHYI0 OpMeHTanmio — obpasel; CTAHOBUTCA NOCTOAHHBIM Mar-
HUTOM.

Ynopsano4YeHHOCTh OPMEHTAIMM NOMEHOB B theppoMarseTuke HapyIlaer-
CA TENJIOBLIMM KoNteGaHMAMM aTOMOB B KpHUCTajuie. JeM Bbllle TeMIle-
paTypa, TeM MHTEHCMBHee paspylIaeTCA MOPHNOK B OpMEHTaIuM AOMe-
HOB, B pe3yJeTaTe dYero obpasel] pasmarHnansaerca. TemnepaTypa,
BblIlE KOTOPOM BemIECTBO TepAeT CBOMCTBa (heppoMarHeTHKa, Has3bIBa-
erca temnepartypoit Kiopu. Temnepatypa Kiopu y sxenesa 7700 C, y
mmkens 3560 C, y kobanpra 11300 C.

VYxasanua 1o peileEMio zaaad

BonpummueTBo 3afad AaHHOrO paspjefia CBA3AHO JMGO C paBHOBeECHEM,
JMb0 ¢ ABMIKEHNEM TeN ToJ NeMCTBYEM PasJIMYHBIX CUJI, BKJIIOYad CHIY
Amnepa u cuxy Jlopenna. IlosToMy, Hapsangy ¢ 3aKOHAMM MarHeTy3Ma M
9JIEKTPOMArHUTHOM MHAYKILMM, NPU pelleHuM 3a4ad HeoGXoAMMO yc-
IIOJIb30BATh 3aKOHBI MEXaHMKH.

3apaan o reme “Marmernam”

3.3.1. Yactuna maccoit m = 107 r, Hecyulasa sapsan q = 10-7 Kn, meu-
JKETCA B IJIOCKOCTHM, INEePHeHIAMKYJSPHON OAHOPOJHOMY MAaTHMTHOMY
noyo ¢ uanykuuein B = 1 Tia Haitty nepuop obpamennsa gactuner 7.
Cuiny TAMXEeCTM He YUMUTBIBATS.

3.3.2. BapaxenHas wacTuia Maccoit m=64-10"" xr BieTaer co CKOpO-
cteio Vo = 100 kM/c B 06J12CTh C MOCTOAHHBIM M ONHOPOMHLIM MAarHuT-
HBIM TI0JIeM, BEKTOP MHIYKIMM KOTOPOIO B epIEHIUKYISIPEH 17}, . Ha
KaxKoli yroJ O OTKJIOHMTCAH YacTHULR, e€cJu 06JacTh, 3aHMMaeMasd Mar-
HUTHBIM II0JIEM, B KOTOPOM ABMMKETCH YaCTHUA, orpannqe}fa JIOCKOCTH-

—

MM, TIePHeHIMKYJAPHBIMM V, , paccrosHMe Mexjy Koropbimu L =

10 cm? Bapsap wactuust ¢=3.2-10"" Ka, vaayknmsa maramuraoro mosa B
= 0,01 Tan. Cuny TaXKecTH He YIUTHIBATH.

3.3.3. TopusonTanbHble peJsbCHI, HaXOAAlIMECH B BEPTUKAJLHOM Mar-
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HUTHOM HoJte ¢ uHAykKmeit B = 0,1 Ta, pacronoxeHsl Ha PacCTOAHUYU
I = 0,5 m gpyr or apyra. Ha HuMX JIeKMT MeTaJIMYECKMii CTepIKeHb
Maccoit m = 0,5 xr, nepreHmUKyNApHLIL pesnbcaMm. Kakoit Bemuamubr |
TOK HY2KHO INPOITYCTHUTH I10 CTEPIKHIO, YTOOBI OH HayaJj ABuraTbca? Ko-
acbHUUMEHT TPEeHUA CTepsKHA 0 pesabckl i = 0,2,

3.3.4. llopBenIeHHbIH# rOPM3OHTANILHO Ha ABYX HEBECOMBIX HUTAX MPAMO-
JIMHEHbI IPOBOJHNUK HaXOJWUTCH B OQHOPOJHOM MarHUTHOM MoJie, BEK-
TOp MHAYKLMY KOTOPOro HallpaBJieH BePTMKaJbHO. EciM no MPOBOOHUKY
TeyeT To0k /I = 1 A, ToO HMTHM OTKJIOHSIIOTCA OT BepTHMKaJ M Ha YroJ

o, =30° . IIpu xakoit cuse Toka [2 B NPOBOJHUKE HUTY OTKJIOHATCH Ha
yron o, =60"?

3.3.5. KpagpaTHas npoBoJioyHasi paMKa MOXKeT CBOGOJHO BpalljaTbCA
BOKPYT TOPM30HTaJIbHOM OCHM, COBHajalolleif ¢ OOHOM U3 €e CTOPOH.
PamMka nmoMmemeHa B OJHOpPOZHOe MarHuMTHOe TOJIe ¢ MHAYKIMER B , na-
npaBJIeHHO}# BepTHKaJbHO. Korma no paMke Teder Tok I = 5 A, oHa or-
KJIOHAETCA OT BEePTMKANbHOM IIOCKocTH Ha yron o =30° . Onpegesuts
MHAYKIMIO MarHWMTHOTO rnojia B, ecay mionjafp cedyeHMs IPOBOJIOKM, M3
KOTOpOJt M3roToBJIeHa paMka, S = 4 MMZ, a NJIOTHOCTb MATepyuasa IpPo-
Bosoku p=8,6-10° xr/m3 VYckopenme cpoBomHoro mameHMs TPUHATS -

g =10 m/c%

3.3.6. Bmons HaKJIOHHOM IUIOCKOCTH, ofpasyioieii ¢ ropMs30HTOM YToJI
=30 , mpomoMeHsl penbCH, O KOTOPBIM MO-

YKeT CKOJIb3UThb NPOBOILALIMII CTEPIKEHb Maccoit m
= 1 rr. Kakoit MuHMMasbpHO Benuuunsl TOK [
Hy’KHO IIPOIYCTUTD I10 CTEPIKHIO, 4ToGBI OH ocTa-
BaJiCA B IIOKOE, €CJIM BCA CUCTEMA HAXOOUTCH B OJHOPOJHOM MarHMTHOM
monte ¢ meAyKumeit B = 0,2 Tx, HanpasyenHoit BepTukaibHo? Kosdpdn-
LIMeHT TPEeHUSA CTEPIKHA O pedbebl B = 0,2, paccrosuue Mexay Humy [

= 0.5 M. YckopeHMe cBoGOHOTO NAAEHMA NPUHATL g = 10 m/c
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3.4. SaexmpomazHumHas UHOYKYUR.

Bonpocsl nporpaMmmsl

o Maznumunili nomox. Onwmu Papadesn. feaenue asexmpomaz-
numuotl undyxyuu. Buxpesoe asexmpuueckoe nose. 3axon anex-
mpomazHumuold undyxyuu. IIpasurc Jlenuya.

e Camoundyxyus. Mudyxmusnocms. 3AC camoundyxyuu.

L4 3uepauﬁ MAZHUMMHOZ0 NOoAd TMOKA.

Onpeneneﬂuﬂ, HOOHATUA M 3aKOHBI

Onvimvt Papades. Asaenue anexmpomaziumnot undyxyuu. AHr-
mitckuit pusug M. Papagnent B 1831 r. obHapy i, 9To NpH U3MEHEHEUH
MAaTHUTHOTO M0Jisl, HPOHU3BIBAIOLIEre 3aMKHYTHI! NPOBOAAILIMIA KOHTYD,
B HEM BO3HMKaeT DJIEKTPUYECKMH TOK. JTOT TOK 6bLI HasBaH MHIYKIU-
OHHBIM TOKOM. B cBoux onsitax Papafeil HabioOIan BO3HUKHOBEHME
MHIAYKLMOHHOrO TOKa B KaTyLIKe M3 MeTaJlIM4ecKOoi ITPOBOJIOKM IIPH
BIABHUIaHKM B Hee ¥ BBIABMIAHWM M3 Hee TOCTOAHHOTO MarTHuKTa, a TaKdKe
py M3MEHEeHUM CiJIbl TOKa BO BTOPOH KaTyIIKe, MAaTHUTHOE II0Jie KOTO-
poii IPOHM3bIBaeT MEePBYIO KaTYLIKY.

fIByleHMEe BO3HUMKHOBEHMSA DJIEKTPUYECKOrO TOKA B 3aMKHYTOM IIPOBOXSI-
IIIeM KOHType NPy WM3MEHEeHWMAX MAaCHMTHOIC II0JIfA, IIPOHM3BIBAIOILETO
KOHTYP, Ha3blBaeTCA IAEKMPOMAZHUMHOU uHOYyKYuell.

Maznumusiii nomox. QJs KOIMYECTBEHHOTO ONMCAHUA ITOrO SABJEHUA
BBOAMTCH IIOHATHE MAZHUMHOZ0 NOMOKA. IIOTOKOM MarHMTHON MHIYK-
umuy (MarHUTHBIM IIOTOKOM) uYepe3 HEeKOTOPYIO MOBEPXHOCTL MAOHIALBIO
S HasbIBaeTcsa BerMuUMHA

®=BScosa= B, S, (3.4.1)

TAe O — YroJ MeXAy BeKTopoM Bu HOPMaJbI0 K IIOBEPXHOCTH S
(puc. 3.4.1).

Ilorox MarHMTHOM MHAYKIMM 4Hepe3 KOHTYP C TOKOM OyAeT IOJIOMHM-
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TE€JIBHBIM, €CJIM COCTaBJIAKNIasd BL BeKTOpa B

BOOJb HOpMaJIM K KOHTYpPY COBIIajJa€T C IIOJIOXKU-
TeJIbHbIM HaIlpaBJIeHMEM HOpMaJyM, ¥ oTpuHa-

TeJIbHbIM, €CJIM COCTaBJAKIasa B.L NpOoTUBOIIO-

JIOJKHA IIOJIOKUTENLHOMY HaIpaBJIEHMIO HOPMaJu
(puc. 3.4.1). - Puc. 3.44

s moboro KOHTypa ITOJIOKUTeIbHOe HallpaBJeHMe HOpMaJiy CBA3aHO C
[I0JI0’KUTEJILHBIM HallpaBjeHyeM of6xofla KOHTypa npaeuiom GypabBum-
Ka: eCcJM pyKoATKY GypaBumka BpalliaTh [0 HalpaBJIeHMI0 obxopia, TO
nepeMellieHye OypaBuyMKa YKa’KeT IIOJIOKUTeNIbHOE HalpaBJIeHue HOp-
MaJIn. '

3axon snexmpomaznumuoti undyxyuu. Ipasuro Jlenya. Ilosprne-
HMe BJEeKTPHYEeCKOro TOKa B 3aMKHYTOM KOHTYpe Npu M3MeHeHUsX mar-
HUTHOTO TI0JIfl, IPOHMBHIBAIOIIET0 KOHTYD, CBUAETENBCTRYET O A€HCTBUN
B KOHType CTOPOHHMX CUJI He3JIeKTPUUECKO! NPUPOAbI, UM 0 BO3HUK-
#opeumy IJC undyxyuu. OnbITEl noKasbIBalOT, YTo Hanpasjenue I4C
VMHOYKIMK (M, cJefoBaTelbHO, MHAYKIMOHHOIO TOKAa) 3aBUCUT OT TOTO,
BO3pacTaeT MM yObiBaeT MarHMTHBIA IIOTOK 4Yepea KOHTYP, a TaKKe OT
3HaKa MarHUTHOro noroka. Oblee mpaBuiio, NO3BOJNAKILEE ONpeAeNNTh
HANpaBJIeHMe MHIYKIJMOHHOIO TOKa B KOHTYPe, GbLIO YCTAaHOBJEHO B
1833 r. pycckum dusuxom I.X. Jlennem. CornacHo npasuay Jlenya,
BOSHMKAIOIMIT B 3AMKHYTOM KOHTYpe MHAYKIMOHHBLIT TOK MMEeT TaKoe
HANIpaBJIeHMe, YTO CO3MAHHBIN MM MATHUTHBIA MOTOK Yepes IUIOIIAAD,
OrpaHUYeHHYI0 KOHTYPOM, CTPeMMTCHA KOMIIEHCMPOBaTh TO M3MEHeHHe
MaTHUTHOTO [IOTOKA, KOTOPBIM BEI3BaH JaHHBI} TOK.

OKClepUMEeHTalbHble HccyenoBaunsa sapucumoctu SIC viimymmm oT
XapaKTepa M3MeHeHus MarHMTHOTO MOTOKA IIpMBENM K YCTaHOBJEHMIO
3axona anexmpomazhumuoi undyxyuu: Ilpy M3MeHeHMM MarHMTHOTO
MOTOKa Yepe3 INOBEPXHOCTb, OTPAHMUYEHHYI) 3aMKHYTBIM KOHTYPOM, B
HeM Bosuukaer JJC unayxumy E, KoTopas 4MCJIEHHO paBHa M IIPOTH-
BOMOJIOXKHA 110 3HAKY CKOPOCTM M3MeHEeHUA MarHUTHOIO TOTOKA:

_AD

E= , 34.2
Al (34.2)
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“

rae A® — u3MeHeHMe MarHUTHOIO TOKa 3a BpeMs Af . 3Hak oT-

paskaeT npaBuio Jlenua: ecan A® > 0, to IJIC MHAYKIMHU B KOHType
HallpaBJIeHa NPOTUB MOJIOXKUTEJILHOrO HallpaBJieHuMs 06Xxofa KOHTYpa,
ecin A® < 0, To HanpasjaeHue 3AC uMHAYKLMM COBHAjaeT C MOJOMKM-

TeJIbHbIM HallpaBjleHMeM 06Xo/la KOHTYpa.

B MexayHapoaHOil cucTeMe eIMHMUI] 3aKOH BJIEKTPOMATHMTHOM MHIYK-
LMY UCIIONBIYIOT IJIsi YCTAHOBJICHMUA efVHMIlbl MaTHUTHOTO IIOTOKa. OTY
eIVMHMLY Ha3bIBalOT éebepom (B6) u onpependoT ciexyomuMm oGpa3oM:
MaTHMUTHBIA NIOTOK 4Yepe3 ILIOMIaJb, OIPAHMYCHHYIO 3aMKHYTBHIM KOHTY-
pom, paBer 1 B6, ecan npu paBHOMepHOM YObIBaHMM 3TOrO IOTOKa IO
Hyns 3a 1 ¢ B koHType BodmnkaeT JJIC munykimu 1B: 1 B6 =1B -1 c

E}.IMHMI.Ky MarHMTHOM! MHAYKIMM YyCTaHaBJIMBalOT Ha OCHOBE COOTHOUIEe-

Hua (3.4.1). Ecim BexTop B nepreHmuKyispeH [IOBEPXHOCTH S, TO
® = BS . Orcioga MarHMTHasd MHAYKUMSA paBHa €QMHKIE, eCJIM OHA CO3-

naet 4epes muomazgs 1 M2 MarHuTHbUI notox 1 B6. Bty emummiyy Mar-

HMTHOM MHAYKUMM HasbBalOoT mecaa (Ta): 1 Ta = 1 B6/1 M2 =
1H/(1 A-1mnm)

SIAC MHAYKIMM BO3HMKAET KAaK B HEIOABMUIKHOM KOHTYPe, IOMEILEeHHOM
B M3MEHsAIOUleecs MarHuTHoe IIoJie, TaK M B IIPOBOJHMUKE JABIKYLIEMCH B
MarHMTHOM IIoJie, KOTOpOe MOKeT He MeHATHCHA CO BpeMeHeM. 3HadeHue
SJC uupykumy B oboux ciaydaax onpepensercsa 3akoHoM (3.4.2), Ho
npoucxoxgeaune SJC pasziHoO.

Ecnu MaranTHoe mnoJjie IIOCTOAHHO BO BpeMeHM, HO MAarHMTHBLI IIOTOK
Jepe3 KOHTYP M3MEHASTCHA M3-3a NBUMKEHMS OT/EJNIbHBIX IPOBOJHUKOB,
ofpasyiolMx KOHTYp, TO IpuuMHON Bo3HuMKHOBeHus IIC wuumyrumu
sapJAeTcA cuna Jlopenua, AeiicTByoouas Ha cBoGORHbBIEe 3apAXLI B ABU-
skylemMca nposopuuke. Ilpy ucnonbzoBanMM 3aKoHaA 3JIEKTPOMAarHMTHOI
uEAYKIMU B opme (3.4.2) Hy»>XHO MMeTb B BHUAY, YTO M3MEHEeHMe Mar-
HWTHOTO MOTOKA CBA3AHO C M3MeHeHMeM ILIoaiu KoHTypa. Ilpm nsu-
JKEeHMM He3aMKHYTOro NpOBOJIHMKA B MarHMTHOM IoJie, Ha KOHILAX Mpo-
BOOHMKA Takye BosHuMKaeT DJC MHAyKImy, BeJmyuMHa KOTOPOIH oxipe-
HeJsieTCs MaTCHMUTHBIM MOTOKOM Hepes ILIollajib, "3aMeTaeMyo" IIPOBOJ-
HUKOM B €IMHHUIly BPEMEHM. B 4aCTHOCTH, IPH ABMIKEHMU B MATCHUTHOM
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—

[oJie NPsIMOJNMHENMHOro IPOBOAHMKA ANMHOM ! co ckopoctsio V , nmep-

NeHAMKyIsapHoi npoBoguuky, SJC MHAyKIMM Ha KOHUAX NPOBOIHMKA
pagBHa

E=BV, (34.3)

-

rge B, — mpoeknusa BeKTopa MarHUMTHOM MHAykumum B Ha Hanpasie-

HHEe, IePNeHOIUKYJAPHOEe CKOPOCTH ABMXXEHUS ITPOBOJAHMEKA.

Buxpeeoe aaexmpuuecioe noae. Dusmyeckoit IPUIMHON BO3IHUKHOBE-
uma JJC uHAYKUMM B HENOJBUKHOM KOHTYpe ABJIAETCA AeHCTBME 8UX-
Pe6ozo INeKXMPUUECKO20 NOASA, BCeTHa BO3HMKAOIIETO B NPOCTPAHCTBE
IpY MSMEHeHUM MAarHMTHOro nojdA. Pabora BMXPEBOro 3JIEKTPUYECKOTO
[I0JISL 110 TIepeMEeIeHNI0 eIMHUYHOTO 3aPAJa B NPOBOJHUKE U NPeCTaB-
asAeT coboit IAC MHgyKIMN.

BYIXPEBOE AJNEKTPUHECKOe IIoJie OTINYaeTCss OT JJeKTPOCTaTUYeCKOro
(KYJIOHOBCKOI'O) IIoJIA TeM, YTO OHO CO3JaeTcsA He 3JIeKTPUYEeCKUMMM 3a-
pAgamMu, a II€PEMEHHPIM MAarHuTHbBIM IIOJIEM, IIPMYEM €roc CUJIOBBIE JIM-
HMUM 3aMKHYTBI CaMi Ha CEGﬁ, a8 He Ha4YMHaIOTCA M 3aKaHYMBAIlOTCA Ha
3apAagax, Kak B cJIydae KYJIOHOBCKOIO IIOJIA. Pabora BHMXPEBOro 3JIEK-
TPUYECKOro I1oJIA NnIpyu IepeMeleHuy 3apsja 110 SaMKHyTOﬁ TpaeKToOpUMu
OTJIMYHa OT HYJA.

Camoundyxyus. Mndyxmuenocms. I[C camoundyxyuu. Ecin mar-
HUTHOE II0Jle BLI3BBAHO TOKOM I, MPOTEKAIOMM 110 KaKOMY-JMBO KOHTY-
PY, TO MaTHMTHBI} IIOTOK Yepe3 IOBEPXHOCTb, OTPAaHMYEHHYIO STMM KOH-
TYpPOM, nponopumosaNer Toky, T. €. ® =Ll  roe L — undyxmusnocms

KOHTypa, KoTopas 3aBUCUT OT ero hOpMbl ¥ PasMepoB U OT MAaTHMTHBIX
CBOJCTB OKpYkawowei cpeipl. IIpM M3MeHEHMM MATHUTHOIO IIOTOKA He-
pe3 KOHTYp BCJEACTBME M3MEHEHMA TOKA, IIPOTEKAIOLIEro [0 ITOMY
KOHTYpPY, B HeM BozHukaeT 3JC camoundykyuu

Al

E=~L—. (34.4)

At .
Epmuauna uanyxtusHoctu B CH HasbiBaerca zewpu (I'a). MupywrTme-
HOCTb KOHTYpa paBHa 1 I'H, ecsi B HeM nIpM U3MEHEHMM CMJIBI TOKa Ha
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1 A 3a 1 c Bo3aukaer 3JIC camomunykuumn 1 B: 1Tu=1B -1 c/1 A,

Juepzus mazvumnozo noas moxa. JIna cospanua Toxka I B KOHType ¢
UHAYKTUBHOCTRIO L HeoGXonuMo coBepmMTE paboTy IO IIpeofoJIeHMIO
SIC camouuzyruun. CobcTBeHHO aHeprueit Toxka W, HasblBaeTCs Be-
Ju4uHa, paBHaA atoit pabore. Ecamu cpena, B KOTOPOJi HaXOOMTCA KOH-
Typ, He beppOMarumMTHa, TO

2
w oL
2

(3.4.5)

CoficTBeHHasn sHeprua TOKa COCPEJOTOYEHa B MarHMTHOM IIOJle, CO3JaH-
HOM NPOBOAHMKOM C TOKOM, HpMYEM 5Ta DHEPruMs paclipefiejieHa IO
BCEMY IPOCTPaHCTBY, TZle MMeeTCA MarHMUTHOe Iojle. DHEPIUA OXHOPOJ-
HOT'O MarHUTHOIO IOJIS, COCPeNOTOYEeHHOro B oObeme V M3OTPOIHOI
HedeppPOMAaTHUTHOM Cpezpbl,

BZ
)

W, =
2

V. (34.6)
O6bLeMHOI IIJIOTHOCTBIO 3HEPTrMM MarHUTHOTIO I10JIA Ha3pIBaeTCA DHEPI'MA,
3aKJIIO4YEHHaA B equHuIle 06beMa I10JIsA:

1 B
=12 (34.7)

2 pp,

n

3Jto BbIpa’KeHyue CIpaBedJIMBO He TOJIBKO IJIA OJHOPOJHOIO TIOJIA, HO M
AJiA [TPOU3BOJIBHBIX, B TOM 4MCJIE HEOJHOPOAHBIX B NPOCTPAaHCTBE M Iie-
PeMEeHHbIX BO BpeMeHM MarHUTHBIX nonei.

3agaau o reme “AieKTpOMArHMTHAA MHAYKOMA”

3.4.1. 3aMKHYTHII IPOBOJHMK B BUJE IIPSAMOYroJbHOI Tpamenyuyu HaXo-
IAUTCA B MarHMTHOM Tojle C  MHAYKLMeit

a
B=6-107 Tx, HanpaBJIeBHO/ NePNeHAUKYIAPHO
£ @® 8 ILUTOCKOCTM Tpamenmm oT Hac. CompotusieHue
eaMHULBI AJMHR! npoBogumka p = 0,023 Om/m.

HaiitTu BesuuuMHYy M HampaBJieHue ToOKa I, TEKy-
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Ier0 B NPOBOAHMKE INIPM PaBHOMEPHOM YMEHBIIEHUM IOJIH AO HYJA B
TeyeHme ! = 3 c. Pasmeps! oTpe3koB npoBoguuka @ = 0,2 M, b = 0,5 M,
h=04mMm

3.4.2. KosbLio pazmyca r = 1 M, cielaHHOE M3 TOHKOM NPOBOJIOKM, HAXO-
IUTCA B OAHOPOAHOM MaTHUTHOM HOJe, MHAYKIMS KOTOPOro yBeaudYmBa-
eTCA POIOPIMOHAJIbHO BpeMeHM | 1o 3akoHy B = k. OnpenennTts Mol-
HOCTb P, BHIZeNAOLIyIOCS B KOJbllE, €CJIM UBBECTHO, YTO CONPOTUBRJIEHUE
Kosbiia paBHo R = 1 Owm, BexTOop uMHAYKIMM B coctaBiaseT yrona

o =60° c HOpMaJsbIO K MTOCKOCTM KoJbna, k = 1 Ta/c.

3.4.3. Karywka 13 n OAMHAKOBBIX BUTKOB C ILIOIaAbi0 S NpucoenuHeHa
K OannucTudecKkoMy rajbBaHOMeTPy. BHagajle KaTylUIKa HaXoOujach
MeMX Ay MoJIIocaMy MAarHUTa B OJJTHOPOJHOM MarHMTHOM IOJie C MHAYKIIM-
el B, napansienbHOM ock KaTyIukM. 3aTeM KaTyHIKy HepeMeCcTUJIM B
IIpOCTPaHCTBO, TZ€ MarHuTHoe IoJie orcyTcrByer. Kakoe kosmdecTBo
ayleKTpuyecTBa () NPOTeKJIO Yeped raibaHoMeTp? ConpoTusieHne Beet
ey R.

3.4.4. IIpu paBHOMEDHOM M3MEHEHMM CHJIBI TOKa dYepez IPOBOJIOYHYIO
KaTywmky B Hell BosHmukxaer JOJIC camomunykmmyu E = 10 B. Karyumixka
cogepsxkur N = 1000 surkoB. Kakoit 3apan g nporever 3a BpeMsa Al =
0,05 ¢ 4yepes 3aMKHYTBII INPOBOJIOYHBINI BUTOK, HAaJeThbIl Ha KaTYUIKY
TaK, YTO €ro IJIOCKOCThb MepIeHAMKYJIApHa ocy KaTyuiku? Conporusie-
Hue Butka R = 0,2 Om.

3.4.5. Karywmky ¢ uanykTuHOCThI0 L = 0,3 'H NOAKIIOYAOT K MCTOYHM-
ky ¢ SIC E = 1,5 B. Yepes kaKoii TPOMeXXyTOK BpeMeHn Al cuia TOKa

B termu 6ygaer paBia [ = 5 A? OMMUECKMM CONPOTHBIEHMEM KaTYIIKU U
BHYTPEHHVM COIIPOTHBJIEHMEM MUCTOYHMKA ITpeHeOpeys.

3.4.6. ITo nByM napaJynejyibHBIM IIPOBOAAM CO -
ckopocteio ¥V = 20 cM/c, HampaBJIeHHOM

1 B

17
BOJIb TIPOBOZOB, IOBMIKETCH IPOBOAALLMI l -
crepscenb. Mexly KOHLaMu NPOBOAOB R & o
BKJIIOYEeHBl peauctopsl Ri =20M u R2 = 4 *

Om. Paccrosinme Mexny mnpoBofamMu d =
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10 cm. IlpoBosa nomenieHs! B OZHOPOAHOEe MarHMTHOe IioJie, MHAYKIMA
kKoroporo B = 10 Tn mepneHOMKyJIpHa IIJIOCKOCTH, NPOXOAALIell dyepea
nposofa. Haittu cuny Toka I, Texyiuero no crepxxuio. ConpoTuByieHeM
IIPOBOZIOB, CTEPIKHA M KOHTAKTOB MeXXJIY HUMM npeHeGpeyb.

3.4.7. Tlo ABYM BepTMKaJLHBIM TpoBOAALMM peiikaM AB u CD (cm. pu-
A ¢ CYHOK), HAaXOLSLIMMCA Ha paccTossHuu [ M coenyiHeH-
HBbIM CONPOTHMBJIeHNEM R, Nopg AeicTBUEM CHUJIbI THMKe-
CTH HaYMHAET CKOJIb3UTEL NIPOBOAHUK, JAJIMHA KOTOPOTO

[ mu macca m. CucreMa HaXOOUTCA B OAHOPOLHOM Mar-

p HHMTHOM TIIOJIe, MHAYKIMA KoToporo B nepneHauxy-
JIipHa IUIOCKOCTHM pucyHka. Kakosa ycTaHOBMBLIASACS
CKOPOCTE V' ABMIKEHMS NPOBOJHMKA, €CJIM CONPOTHBJIEHUEM CaMoro Ipo-

BOJHMKA ¥ peeK, a TaKiKe TPEHMEM MOXKHO TipeHebpeun? YcKopeHnue

cBoGoOJIHOTO MajeHus g.

3.4.8. IlapannespHble NMPOBOAAILIME INMHBI, PaclioJIo’KEeHHbIe B TOPU30H-
8 TAaJILHOM IJIOCKOCTM, 3aMKHYTBI Ha pe-
3MCTOpP CONMpOTHBIIeHNeM R u mnomelne-

2 g HBI B IIOCTOAHHOE OAHOPOJHOE MarHMUT-

HO€ TIoJie, BEKTOP MHAYKIMKM KOTOPOTO

HanpaBJleH No Beprukajgu BHu3. Ilo

umMHaM 0e3 TpeHMS MOXKeT IepeMe-

B

LaThCA NPOBOOHUK AB, coXpaHAsA IMOCTOAHHO KOHTAaKT ¢ muuamu. Haii-

T BEJIMYMHY UM HampaBJieHMe Cuiibl F | KOTOPYIO HYKHO IPUJIOKUTE K
MPOBOAHMKY, 4TOOBl OH ABMUIAJICA BIOJb IUMH IOCTYNATEJBHO C HOCTO-
SAIHHOI! ckopocThio V . CompoTuBIeHMEM IIMH M NPOBOLHMKA IIpeHeb-

peun. Iipn pac'{é'x‘ax nososkutk: R = 100 Om, B = 2 Ta, V = 0,1 m/c,
=20 cm

3.4.9. [lo mapanyenbHBIM peJibcaM, HaKJIOHEHHBIM nof yraom o =30° x

TOPU30HTY, COCKaNb3blBaeT 6e3 TpeHMA INPOBO-
asupi 6pycok maccoit m = 100 r. B BepxHeit
YaCTM peJIbChl 3aMKHYTBHI Pe3UCTOPOM C COIpO-
TusjieuneM R = 20 Om. Bea cucrema Haxomures
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B O/JHOPOZHOM MarHMTHOM II0Jle, HaIlpaBJIEHHOM BepTHMKaJIbHO. Yemy
paBHa cuya Toka I, Tekyilero no 6pycKy, eciu M3BECTHO, YTO OH NiBU-
JKeTCA ¢ NOCTOAHHOM cxopocTsio ¥ = 1 mM/c? ConpoTusienneM 6pycka u

pesibcoB npeHebpeub, ycKopenye CBOBOJHOTO NafeHuA NPUHATL g =
10 m/c2 '

3.4.10. B marautHOM noJie ¢ MHAYKuMedt B = 1 Tu, HanpaBsJneHHo# Bep-
THMKaJIbHO BHM3, II0 TOPUBOHTAJBHBIM [

penbcaM PaBHOMEPDHO ABMIKETCHA MPO- . = l " ?
BOOALMIA cTepsKeHb mHbl L = 0,4 m B j'

co cropocteio ¥V = 5 wm/c. Konnsl £

pesbcop npucoeguueHsl ¥ Garapee ¢ IJC E = 10,1 B u BHyTpeHHUM
corporusienuem r = 0,1 Om. Kakoe KOIMYeCTBO TEMJOTH () BHIAETUTCSH

B CTep)KHe 3a BpemaA ! = 10 ¢, ecqm ero comporusienue R = 10 Om?
ConporuBjiesueM PellbCoB U COEAVHUTENLHBIX IPOBOAOB TIpeHebpeys.

3.4.11. ITpamoyronbubii KoHTYp ABCD nepeMeniaeTcs MOCTYNATEJHHO C

ITOCTOSHHOM CKOPOCTBIO V' B MarHUTHOM II0JIe TOKa A B
I, Tekyiero mo AJMHHOMY mnpsiMomy nposony OO’

Cropoust AD u BC mapajnensHb! mnpoBogy. Ornpe- v
[eJIMTh BeIUYMHY ¥ HaIpaBleHue TOKa, MHAYLupo- Lo

BAHHOrO B KOHTYpe B TOT MOMEHT, KOrZa CTOPOHa L o

AD BaxoayTcs Ha pacCTOSHUMM Xo OT rnpoBoya. AD =
BC = a, AB = DC = b. Conporusnenue kourypa R.

3.4.12. Ilo nByM MeTaJIMYeCKUM IapaluleNbHbIM peiikaM, pPacHoJIoMKeH-
HbIM B FOPM30HTAJBHOM IJIOCKOCTHM K 3aMKHYTBHIM S
Ha konpeHcaTop C, moxxeTr Ge3 TpeHus ABUraTbCA ¢ @B F
NPOBOJHMK Maccoit m u amnmuoit /. Bea cuctema e
HaXOOUTCA B OJHOPONHOM MarHMTHOM MOJIE C HH- T
Aykiuent B, nanpasJsieHHOM BBepx. K cepexmue npoBofiHMKa neprieHAM-
KyJAPHO eMy M NapaJUlesibHO peitkaM rpuioxkeHa cuna F. Onpenests
YCKOpeHMe MNOABMIKHOro npoBoaHuia. CONPOTHBIEHMEM DeeK M MOJBO-
AALMX IPOBOJAOB NpeHeGpeub. B Ha4aJlbHBIA MOMEHT CKOPOCTh IIPOBOJ-
HMKa paBHa HYJIO.

3.4.13. Meranaudeckuit amck pazuycom 7 = 10 cM, pacroJoXXeHHbIA
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[NepHeHAUKYJIAPHO CUJIOBLIM JIMHUAM OOHOPOAHOTO MAarHMTHOTO IIOJIA C
napykuueit B = 1 Ta, BpamaeTcsa BOKPYT OCH, IPOXOXAINel yepe3 ero
LIEHTP, C YIJIOBOM cKopocThio ® =628 pazn/c. IBa CKONB3ALMX KOHTaK-
Ta, OAMH Ha OCH JUCKAa, APYToif — Ha Kpalo, COeAMHSAIOT AUCK C Pe3UCTO-
pom conpotuernenneM R = 5 Om. Kakasa Momnocte W BeIgeJsieTCA Ha
peaucrope? ConpoTHBIeHMEM IUCKA M COEAMHUTEJbHBIX IPOBOLOB IIpe-

HeOpeysn.

3.4.14. Karymxka unayktusHocTeio L = 0,4 T'H ¢ conpoTusnenueMm o6-
Motk R = 2 OM nofxjiodeHa napaJjJjeJjibHO C pe-
3UCTOPOM conpoTuBJieHMEM Ri = 8 OM K MCTOYHUKY
¢ 3JIC E = 6 B 1 BHyTPEHHUM CONpPOTUBJIEHUEM I =
0.2 Om. Kakoe kosmdecTBo Terna () BBIAEJINUTCA B

COITPOTUBJIEHNN R\ nocyie oTKIIIOUEHMA MCTOYHMKA?

3.5. daexmpomazHnummnsie KoAe6aHUSL U BOAHDL

Bonpocs!r nporpaMmel

o Jlepemenuviii arexmpuueckull mox. Amnaumydnoe u Jelicmsyio-
wee (afexmusnoe) ananeHue nepuoduUecku UIMEHAIOULE20CA HA-
NPANCEHUR U MOKA.

e [loayuenue mepemeHH020 MOKA C NOMOULDBIO UHOYKYUOHHDBLL 2eHe-
pamopos. Tpancgopmamop. ITepedaua saexmpureckol snepzuu.

e  Koaebameavnnii kxoumyp. Ceo600uble aaexmpomazHummble Koae-
6anus e xoumype. IIpesepawerue 3nepeuu 8 Koae6aMenbHOM KOH-
mype. YpasneHnue, onucwvleaOUjEe NPOYecch. 8 KoaebaMeasbHOM
xouwmype, u ezo peuiernue. Popmyasa Tomcona das nepuoda xoaeba-
HUll. 3amyrarouue 3LeXmpomnazHumHmble Korebanus.

e BunyscdenHnbie KONeOAHUA 6 arexmpuueckuxr yensaxr. Axmusnoe,
eMKOCTMHOE U unay'pcmuenoe conpomusaeHus 8 yenu zapmoHuue-
cxo020 moka. Pesonanc e MNEKMPUUECKUX YeNnaX.

*  Omxpuimosiii Koaebameavhovill Kxowmyp. Onvumve Iepya. Saexmpo-
MmazHumMHble 60ansvt. Mx ceolicmea. Illkara aaexmpomazrumuoix
80an. JMaayuenue u npuem 3AeKMPOMAZHUMHBLE 80AH. VI3o6peme-
nue paduo Ilonosvim.
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Onpene.nenml, ODOBATMUA M 3aKOHBI

ITepemennviti anexmpuuecxuti mox. IlepeMeHHBIM Ha3bIBaeTCA TOK,
BeJIMYMHA ¥ HalpaBJjeHue KOTOPOro NepMoAMYeCKy MEHHAIOTCA BO Bpe-
meHn. Hanbosblllee NMpaKTuyeckoe 3HaYeHME MMEET IIepEMEeHHBIN TOK,
M3MEHAIIIMICA 110 rapMOHMYECKOMY 3aKOHY (T.e. II0 3aKOHY CMHYCa
wm kocuuyca). Kak u moboe rapmoHmyeckoe kojebaHue, Takoil TOK
Mo2KeT ObiTh ommncaH Ghopmysoi

I =1,cos(wt+q,) , (3.5.1)

rae / — sHaveHMe CUJIBI TOKA B AaHHBI MOMEHT BpeMeHu !, lo — ammuu-
Tyha TOKa, ® — Kpyroead YacToTa, ¢, — HadaJibHadA caza. Kpyrosasa

YyacTOTa (@ CBfA3aHa C YacToToit Vv U mnepuozoMm 1 dhopMyrnamu

o=2rv, o=2x/T.

Amnaumydnoe u Jdeicmeyrowee (agpexmusnoe) 3nauenue nepuo-
duvecKu UIMEHAIOWEZO0CA HANDANCEHUR U moKa. Ecan nepemeHHbI
rapMOHMYECKMi TOK IIPOXOANT Yepe3 pe3ucTop, TO HalpAKeHUe Ha HeM
TaK)Xe MEHseTCA II0 rapMOHMYEeCKOMY 3aKOHY, IIpM4YeM B Toi ke dase,
YTO M TOK:!

U=U,cos(ot+9,), (3.5.2)

rae Uo — aMiMTyZa HanpssKeHnsa. MrHOBeHHas MOIIHOCTb IIePeMeHHO-
ro TOKa B pe3yuCTOope ONnpenesAeTcs BhIPaKeHHEM

P=1U=IU,cos* (ol +0,) . (3.5.3)
CpenHsifA 3a TIePyON MOLIHOCTL paBHa

p=lth (3.5.4)

2
Dopmyna (3.5.4) ngaeT BO3MOMKHOCTHL CPaBHMBATL HEPEMEHHBIA U [1OCTO-
AHHBIE  TOKM M0 MX TemjoBoMy  JeiicTBuio.  OddeKTUBHBIM
(mevicTBYIOIIMM) 3Ha4YeHMEM IIepeMEeHHOTO TOKa Has3bIBaeTCs Cujla II0-
CTOSIHHOI'C TOKa, BBIZEJAIOUIEr0 B NPOBOJAHMKE TaKoe XK€ KONIU4YeCcTBO
TENJIOTHI, YTO M AAHHBLIA IlepeMeHHEI TOK 3a TO »Ke BpeMA. B cooTser-
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CTBMM C DTHUM, JefiCTBYIOIee 3Ha4YeHMe CUJIbI ToKa pasHo [; =1,/ V2.

AHaJlorn4Ho, AejicTByloOllee 3HauYeHNE MMePEMEHHOIO HaIPAMKEHMUA OIpe-

nenserca kak Uy =U,/ V2

Moayuenue nepemennozo Moxa ¢ NOMOWHIO UHOYKYUOHHBIT zene-
pamopos. IlepeMeHHBINi TOK HaXOJUT LUMPOKOE IIPMMEHeHMe Ha IpaK-
TuKe Grarojaps IPOCTHIM M 3KOHOMMYHBIM criocobaM ero moJsydeHus (c
[IOMOII[bI0 MHAYKIMOHHBIX r€eHepaTopoB) U npeobpa3oBaHusA IepeMeHHOo-
ro HanpskeHMA (c nomolubio TpaHcdopmaTopos). IIpmHUMN nelicTBuUA
reHepaTopa IlepeMeHHOro TOKa OCHOBaH Ha ABJE€HUM BJEKTPOMarHMUTHON
MHAYKUMM, OPUBOJALIEM K BO3HMKHOBeHMIO IepeMenHoit JIAC npu
BpallleHny POBOJIOYHOrO BUTKA B MaGrHUTHOM IIOJie.

MarsuTHBI# NOTOK OZHOPOAHOIC NOJA dYeped IUIOCKMIT BUTOK paBeH
IpOM3BeJeHMIO IUIOIany KOHTypa S Ha MH-
OYKLMIO MarHUTHOrO nojdA B, NpoHMU3bIBalOLIe-
ro KOHTYpP, M Ha KOCMHYC yIjla ¢ MeXHAy Ha-

IpaBJIeHMeM WMHAYKIMM ¥ HOPMAJIbI0 K MJIO-
Puc. 3.5.1 uiajixe, orpaHM4YeHHO! KOHTypoM (puc. 3.5.1):

©® = BScoso . (3.5.5)
Ecnm BUTOK M3 NPOBOJIOKM PaBHOMEPHO BpalllaeTcA C YIJIOBOI CKOpPO-

CThbIO (O B MarHMTHOM IIoJie, TO YroJg ¢ MeXAYy HallpaBJIEHMEM Mar-

HUTHOWN MHAYKINUM M HOPMAaJbI0 K IIJIOCKOCTU PaMKH 6y11e'r MEHATbCA IO
3aKOHY @ =®! , YTO BBI3OBET IIOABJIEHNE nepeMéﬂnoro MarHmTHOro I10-

Toka @ = BScose! uepes IUIOIAAKY, OrPaHMYEeHHYI0 KOHTypoM. B pe-

3yJIbTaTe B KOHType BO3SHMKHeT NepeMeHHad IJC mMHAYyKIMN
E =-®=BSosinot = E,sinot (3.5.6)

rae E,=BSo - ammuryzHoe snadenue 3JC munyxumu. Ecom B Mar-

HUTHOM ToJIe BpalllaeTCsAd KOHTYP, COCTOALMIt M3 N TmociefoBaTeIbHbIX
BUTKOB, HAMOTAHHBIX Ha CEpPIEYHMK C MATHUTHOI IPOHULIAEMOCTHIO [ ,

To ammummtyaa SJC uunykmuu uNE; .
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JIIA MOAKJIOUEHMA BUTKA K BHEIIHEH LelM MCIONb3YIOTCH CKOMBASAIIHE
KOHTAKThI, COCTOALLME M3 KOHTAKTHBIX KOJIEl], [MOACOEAMHEHHBIX K BbI-
BOJIAaM BUTKA, ¥ HEHOJBMIKHBIX [UJIAaCTUH (ILEeTOK), NPMIKATBIX K KOJb-
naM. Ha npakTMke BMecTO OJHOIO BUTKA MCIOJb3yeTCA LeJlasg cUCTEMa
06MOTOK, pasMellleHHBIX B Ila3aX KeJIe3HOro cepjedHMKa. B Mommbix
regepaTopax OGMOTKM OOBIYHO HENOABMIKHBI, & BPAILAeTCH WCTOYHMK
MAaTHMTHOrO MOJI. OTO TIO3BOJAET CYLIECTBEHHO YNPOCTUTH npobraemy
OTBOJia TOKa, BhipabaThiBaeMoro resepaTopoM, K norpeburernio.

Tpancgopmamop. TpaHcchopmaTop npejcTaBiigeT coboit yCTPOiCTBO
IS Npeobpa30BaHMA IIepeMEHHOro HampsxeHusa. OH
COCTOMT U3 3aMKHYTOrO JKeJIe3HOro CepAeYHMKa, Ha KO-
TOPBISI HAaMOTaHbI JjBe OOMOTKN: IIepBUYHAA M BTOPUYHAS
(puc. 3.5.2). K nepeu4Hoii 06MOTKe NpUKJIagbIBaeTCs Ie-
peMeHHoe Hanpspkenyue. OHO BbI3bIBaeT B OOMOTKe Ile-
PEMEHHBI TOK, KOTOPBIA, B CBOIO O4Yepeldb, INOPOMKJAeT
epeMeHHblii MarHWTHBIA IIOTOK B CepAeYHMKE TpaHC-
¢opmatopa. [lepeMeHHbI MarHUTHBIA [IOTOK MPOHUIBIBAET BUTKU BTO-
putHOM OOMOTKM TpaHCcdOpMaTopa ¥, B COOTBETCTBUM C 3aKOHOM 3JI€K-
TPOMarHUTHON MHAYKUMY, MOpoOMAaeT Bo BTOpMUYHO obmorke BOC uu-
aykimu. Jns HeHarpy»keHHOro TpaHccOpMaTopa OTHOIIEHME HANpsiKe-

HMA Ha BTOPMYHON oOMOTKe (BbIXoZHOro Hampsikenus U2) K HamnpsKe-
HMIO Ha NEPBUYHOI 06MOTke (BXoAaHOMy Hanpsokenuio Up) paBHO OTHO-
LIEHNIO YMCJIa BUTKOB BO BTOPMYHOM OGMOTKe K YMCJy BMTKOB B Hep-
BUYHOM oOMOTKe:

% = Ny . (3.5.7)

UI N 1

Ecymm yucso BUTKOB BTOPMYHOM oOMOTkM GoJjipllle Umcjia BUTKOB Iep-
BMYHOJ 0OMOTEM TpaHcOpMaTopa, TO BBLIXOJIHOE HAaIpsiKeHMe GoJiblie
BXO/IHOTO M TPaHCGOPMATOP Ha3bIBAETCHA MOBBILAIMIMM. B nporusHoM
cay4dae TpaHcdopMaTOp HasblBaeTcAa MomykammmM. Tak Kak npu npe-
oGpa3oBaHUM [I€PEeMEHHOrO TOKa TPaHC(OPMATOPOM MOLIHOCTL TOKA
I0YTH He MeHAeTCA, Ipou3BelieHMe CMUJIBbl TOKa Ha HANpPsKeHue OfuHa-

koBO pasA ofeux obmorox: U, =LU,. Otcioja caegyer, d4To
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LIL,=N,IN,.

Ilepedaua anexmpuuecxoii anepzuu. Ilepejaua BJIEKTPUYECKONH
5HePIrMM Ha PaCCTOAHME COIpSAKEHa C IOoTepei SHepruu B NPOBOAAX, IO

KOTOPBIM TeueT Tok. MomgocTs noreps ecTs I°R , rae — I cuia Toka,

R — conporusnenne npoBoja. Jnisi yMeHbIIeHUA MOIIHOCTH IIOTePb He-
06XoauMO yMeHbIUaTh Be/MYMHY CUJIbI TOKa B IIpoBofe I (Tak KaK BO3-
MOXKHOCTYM YMeHbIIEHUA CONPOTHBJIEHUA NpPOBOLOB R moka orpanmte-
Hbl). IIpu aToM Ans coxpaHeHUA BeJIMYKMHBI ITOJIE3HOM MOIIHOCTH Ilepe-
IaBaeMOro TOKa, paBHOM NpOMSBeNEHUIO TOKa Ha Hampsxenme, JU,

Heobxoxumo noBbIIaTh HanpsskeHue U. IlosToMy Ha npaKTHKe NpU He-
obxonuMocTM IlepefaTh BJIEKTPOSHEPTMIO Ha GoJbllioe paccTofAHMe Io-
CTYHAKT clenyoumM obpaszoM. CHauajla TOBBIUAIOT HaMpsKeHHUE Ie-
PEMEHHOTO TOKa ¢ IIOMOLIbI0 MOBBIIIaloLerc TpaHcdopMmaTopa (4o Ha-
NPpAXKEHNHi B NeCATKU - COTHM KMJIOBOJIBT), 3aTEM I€peAaloT TOK I10 JIN-
HMM DJeKTpolepeiayy, a 3aTeM MOHMIKAIOT HAIpsAKeHE C IIOMOIIBLIO
MOHMIKAIOLIEro TpaHcdopMaTopa.

Konebameavnviti xoumyp. Ce0600nbIie InexMPOMIZHUMNHDBIE KOAL-
6anun 8 xoumype. KojeGaTesbHblI KOHTYP mnpezcTaBJseT coboit
3JIEKTPUYECKYIO 1Ielb, COCTOAILLYIO0 U3 KOHAEHCATO-

. ‘ l pa’' M KaTyHIKM MHAYKTUBHOCTHM, COEIMHEHHBIX Me-
Ay coboit (puc. 3.5.3). Ecin 3apaauTe KOHIEHCa-
TOp, & 3aTeM 3aMKHYTb €ro Ha KaTYyIIKy MHIYK-
THBHOCTH, TO depe3 Hee IoTe4eT TOK. TOK B Ka-
TYIIKe BbISOBET IOABJIEHME MarHMTHOTO TIOJIA M MarHUTHOTO [IOTOKa de-
pe3 BUTKM KaTyIIKM. B MOMEHT, KOrja KOHIEHCATOP IOJIHOCTHIO pasps-
JUTCA ¥ HAIpAKeHME Ha HeM CTaHeT PaBHBIM HYJIIO, TOK B Karyllke
JOCTUI'HET MaKCHMMyMa. 3aTeM CMJa TOKa HayHeT yYMeHBIIATbCA. ITO
BBI3OBET M3MeHEeHyie MaTHMTHOIO ITOTOKA Hepe3 BUTKHU KaTyIIKM M, KaK
CJIeICTBHE, SIEKTPOABMAKYIIYIO CHMIy B KOHType, Kotopas 6yneT crpe-
MUTBCA NoAaepKaTh ybniBarommit Tok. B uTore Toxk OyZner ele HekoTo-
poe BpeMs Te4Yb B IIPEXXHEM HAIPaBJIEHMM, YTO NPHUBEAET K 3apHAAKe
KOHJleHcaTOopa. B MOMEHT npeKpallleHua TOKa KOHAEHCATOP CHOBa OKa-
JeTcA 3apsAXKEHHbIM (C MMOJMAPHOCTHIO, OOPaTHO IO OTHOIIEHMIO K Iep-
BoHa4asbHoi). Ilocse 9TOrO TOK MOTeuYeT B IIPOTUBOIIOJOMHOM HaIlpaB-~

Puc. 3.5.3
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JIeHUun, ¥ Bech Npouecc NoBTOPUTCA CHOBA.

IIpeepaujenue sxepzuu 8 xoaebameadbnom wKowmype. OHeprua B
KOHType INepuoIudecku MeHAeT CBOI0 ¢opMy, NpeBpalliafach U3 SHEPruu
3apsAXKEeHHOro KOHAEHCcaTopa (3HEPrUA dJIEKTPUYECKOro oJis) B SHEPruio
KaTyIIKM C TOKOM (PHEPTHMA MaTHUTHOTO HoJisi) ¥ HaoGopoT. IIpespanie-
HHE DHEPIMM B KOHTYPE aHAJIOTHYHO NpEeBPalleHUI0 SHePIruK Npyu Koje-
faHMAX MaATHWKA, KOLJA JHEPrus TEPUOAMYECKM NpeBpamigeTca U3
[IOTEHIMaJIbHOM B KMHETUYECKYIO U obpaTHo.

Ypasnernue, onucwéaiowee npoyeccyt 6 xosebameaviom xonmype,
u ezo pewenue. Gopmysa Tomcona a5 nepuoda xoaebanui. Cpo-
bopnuble kosebaHUA B KOHTyPe OIMCBIBAIOTCA ypaBHEHMEM

.1
+——qg=0 , 358
q qu ‘ ( )

rae g — sapsaf KoHpueHcatopa, C — eMKOCTb KOHjeHcaTopa, L — MHAYK-
THBHOCTb KaTyIIKM, § — BTOopasf NPOU3BOAHAA 3apAfa KOHAEeHCATopa

1o BpeMeHNn. Pemenne sroro YpaBHEeHMA UMeeT BUL:
g(1) = Qcos(w,t +@,) (3.5.9)

3pecy Q — aMIUIMTyJHOe 3HadeHMe 3apsAfia (T.e. MaKCHMaJIbHasd BeJiu-

uMHA 3apsifa Ha KOHJEHcaTope), @, — HadaJbHas asa kosebaHuii,
o,=1/vLC - kpyroas 4acroTa. Ilepuon cBoGomubIx KoseGaHMit B

KOHType Bblpaxkaerca ¢opmyJoii Tomcona

T=2nJLC (3.5.10)

3uauenusa Q M ¢, ONPeJeNIAIOTCA HAYAJLHBIMM YCJIOBMAMM. B 4acTHO-
CTH, TIPM OTCYTCTBMM TOKa B KaTYIUKe B MOMEHT NOAKJIOYEHMA K Hejt
sapscenHoro kounescatropa @,=0, a O paBHo HavanLHOMY 3apany

KOHAeHcaTopa.

Tok B KOHType paBeH POM3BOAHONM 3apAZa Mo BpeMeHM:

I=4=-Qo, sin(@yf +9o) =— I sin(@ ot +,), (3.5.11)
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,C
roe [, = —ZUO — aMIiMTyZRa Toka, U =% — aMIUIMTyZla HalpsKe-
HUAL

3amyxaowue asexmpomazHumusie xoaebanus. Hamume compo-
TUBJIEHUS COEOUHUTEJILHBIX MPOBOLOB M KATYIIKM B peaJlbHOM KOHTYype
NPUBOAMUT K TOMY, YTO CBOGOJHBIE 3JIEKTPOMarHMTHble KosiebaHus mo-
cTeneHHO 3aTyxXawT. [Ipu aToM sHeprusa xonebaHmii mepexoauT B Tel-
JIOBYKO 3HEPTHIO, BbI3bIBas HarpeB MPOBONOB M KaTYIIKH.

Buinyacdennnie xonebanus 6 asexmpuuecxuxr yensxr. IlepemeHHBI!
SJIEKTPHUUECKUIL TOK B IIPOMBIUIJIEHHBIX ¥ GBITOBBIX 3JIEKTPHYECKUX Le-
NnAX SABJAETCS PeayJbTaTOM Bo3DysKIleHMsl B HUX BBIHY)KOEHHBIX BJIeK-
TPOMarHuUTHBIX KoJiebaHuil NoJ AeiiCTBMEM IepUOAMHYecKy W3MeHA0-
meiica 3IC. B obuiem ciydae Henb NepeMeHHOTO TOKa MOXHO pac-
CMaTpuBaThb KaK KoJjiebaTeJbHBII KOHTYP, K KOTOPOMY IIpMJIOXKE€Ha
BHemwIHAA cuuyconpaanpHaa JJC. Kosebanua Toka M HanpAKEHMA B Ta-
KO el NPOMCXOEAT Ha dacToTe © BHeluHei SJC.

Axmuenoe, emxocmuoe u UHOYKMUEHOE CONPOMUEBIEHUA 6 Yenu
zapmonurecxozo moxa. IIyctb 3aMKHyTas SJeKTpudecKas Uenb (puc.
3.5.4) conmepmuUT pesMCTOP, KOHAEHCATOp, KaTYLIKy WMHAYKTUBHOCTH M
ucTouyHMK nepemensoi SC

¢ l E()=E,sinot . (35.12)

E®

Ota 3JC BrI3BIBaeT B LleNM NepeMeHHBI TOK
Puc. 3.5.4 I()) = I, sin(o! + ), (3.5.13)

rie [, — aMIUIMTYa IepPeMeHHOro TOKa, a @ ~ CABUT IO ¢asde Mex-
ny kojyiebanuamu Toxka B term u SIC.
HamnpsiskeHusa Ha OTAEJNBHBIX 2JIeMEHTaX LENM ¥ TOKM, NPOTeKalolue B

HMX, KoJIeOJIoTCsA C OJMHAKOBOJM 4acTOTOM, XOTA MOTYT ObITH CABMHYTHI
o dasze (puc. 3.5.5).

OrHouleHne aMIUIMTYZBl KoJeGaHKI HaNpPAXKEHUs K aMIIUTyIe KoJe-
faHMit TOKa Ha NAHHOM B3JIeMeHTe llell Ha3bIBA€TCA CONPOTHMBIICHMEM
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IaHHOTG dJIeMEHTa MepeMeHHOMY TOKy. JJiA pesucTopa 3TO CONPOTUB-
JIeH)e pPaBHO OOBIYHOMY OMHMYECKOMY COMpPOTHBJIEHMIO R (TakoMy e,
KaKk M [AJA II0CTOAHHOTO TOKa). OTO COIpo-
THUBJIEHME CBA3AHO C HarpeBaHUEM pes3u-
CTOpa TOKOM, T.€. C IIEPEeXOfOM SHEePruu
TOKa B TEIUIOBYIO 9HEPIMIO, ¥ HasplBaeTCA f—\ =
aKTUBHBIM. [JiJIn KOHIAEHCATOpa CONPOTHUB- v X

senne paBHo X =1/(wC) u HaspBaerca

iR QU
- o
IR

eMKOCTHBIM. i KaTyIIKN MHIYKTUBHOCTH
conpoTuBJieHne paBHo X, =0l u Hasbl-

BaeTCs MHOYKTVUBHBIM.

Ha ommuyeckoMm (aKTMBHOM) CONPOTHBJIEHNN
R Tok u HanpsxeHMe KoJebIIOTCA B onM-~
HakoBoi casze { @ =0). Ha xonzmencatope
C Toxk onepexxaer uanpsykenne Ha 900
(@=mn/2). Ha xaryluke MHRYKTMBHOCTM L

KonebaHMA TOKa OTCTAIOT OT KoJieGaHmi

Hanpsoxerns Ha 900 (@ =-n/2). Puc. 3.5.5

B nennu nmepemMenHOro Toka HalpAMEHUS HA OTHEJIbHBIX HOCJIeAOBaTeb-
HO BKJIOYEHHbIX B3JIEMEHTaX MOryT OBITh CABMHYTHLI IO hbaze OTHOCH-
TeJIbHO JPYT Apyra. AMIUIMTYRY M (a3y pelynibTUpyIolero konebanns
HalpPSPKEHMUA MOMKHO JIETKO ONPeZeNnTh, IOJb3YACh METOJOM BeKTOp-
HbIX pAuarpaMMm. JlaHHBIA MeTOJ OCHOBaH Ha
TOM, 4YTOo JioGoe rapMoHuYecKoe KojyebaHue
HaIJIAAHO MpPEeJNCTaBUMO B BUJE MPOEKIMM Ha
HEKOTopoe HallpaBJIeHMe BeKTOpa, Bpaljawlie-
rocs ¢ 3aZlaHHOW YIJIOBOM 4acCTOTOM ® , IJMHa

Puc. 3.5.6

KOTOpOro paBHa ammumryae Kojebanmit. Ipu
9TOM cJOXKeHMe KoJebaHul CBOAMTCA K HaXOMKIECHUIO CYMMbl COOTBET-
CTBYIOIIIMX BekTOpoB. KoneOaHUA NEepeMeHHOro TOKa ¥ HalpsasKeHWUs

naoBpaxaoT B Buse sekTopoB [, n E, | Bpamanommxca ¢ oAMHaKOBOIi
YacTOTON © TIPOTMB YacCOBOM CTPEJIKM ¥ OTIHMYAIOUIMXCH aMIINTY IO

u caBuroMm ¢as (puc. 3.5.6). Takum 06pa3oM, BeKTOPH! TOKa M HaIIpsKe-
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HMA Opy BpallleHny He MeHAIOT CBOEro B3a-
MMHOTO pACHOJIOMKEHMSA, T. €. COXPaHAlT
NOCTOSAHHYI0O pas3HOCTE pad. InA cXeMbl, (U, ~T)
CcOCToAIIeH M3 II0CJIeOBATENLHO BKJIIOYEH-

HbIX dnementoB R,L,C , BexTOopHas aua-

0 6on inn"foc"rox.

rpamMma usobpaskena Ha puc. 3.5.7.

UVoc
. Puc. 3.5.7
Casur daz nasa aToif CXeMbl OnpejessaeTcs
o dpopmyJe
oL~}
tgp = —2L0C (35.14)
R
a II0JIHOE CONIPpOTUBJIEHNE Lielli PaBHO
2
_ |p2 1
Z_JR +(mL Ac) . (35.15)
3axon OMa Ui Leny NePEMEHHOTO TOKa MMEET BUJ:
E, E
I, = 0 0 (3.5.16)

: Z°
2 |
+lol - /
‘/R ( wC)
CpeaHaa MOIIHOCTb, BblAeJdeMasd MCTOYHMKOM B ILellM NEepeMeHHOro
TOKa

o/
P= —°2-Eicos<p = I E; cosQ, (35.17)

rne In, En — neiictByomme sHadeHus Toka ¥ OIC. MHOMXKMTENb COSQ

Ha3blBaeTcA KoaddUIMEeHTOM MOITHOCTH.

Pesonanc 6 snexmpuuecxur yenax. PesoHaHc B 2/1eKTPMUYECKON Lemu
HacTyInaeT Nnpu NpubiyKeHuM 4YacTOTHI BHIHYKAEHHBIX Kojlebanuii ©

K yacToTe cobCTBeHHBIX KoJleGanmii KOHTypa o, . [Ipu pesoHaHce pesko

BO3PAacTalOT aMILIUTYAbI KoJleOaHuii TOKOB M HaNpAXKEHMIA Ha BJeMeH-
Tax cxemsl Tak, 0 KOHTypa, usobpaskeHHoro Ha puc. 3.5.4, pesoHanc-

Hasl aMIMTyZa Toka papHa [, =FE /R v npu MajloM CONPOTMBJIEHMH
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R MmoxeT pocturate BechbMa GoJIbIIMX BeJMYMH Jake npyu HeGonbmmx
sHavenusax OJC. OnHoBpeMeHHO C POCTOM CWMJIbl TOKa IpU pe3OHaHCe
PeSKO BO3pacTaloT HaIlpSKEHMA Ha KOHJIEHCaTope M KaTyllKe MHIYK-
TUBHOCTHM. OTH HANPAXKEHUS CTAHOBATCA OJAMHAKOBBLIMM [0 BeJIMUMHE:

L
Upe =Uy =1, 'E . (3.5.18)

M MOTYT BO MHoro pas npeBocxonutb SC.

flpneHne pesoHaHca LIMPOKO MCMOJL3yeTcA B paauorexHuke. Tax, Ha-
CTPOMKOI1 4acTOThl KoJebaTeNIbHOTO KOHTYpa paiMOolNpHMeMHMKa Ha dac-
TOTy Mepelaiollell pajaMoCcTaHUMM MOKHO HODMTBCA 3HAYMTEJNBHOrO
YBEJIMYeBUSA aMILUIUTYAB! 3JIeKTPOMarHMTHBIX KoJjiebaHuil B KOHTYpE.

Omxpuimuill xosebameavuwviii xonmyp. OObLIYHBIA (€ro0 MOXKHO Ha-
3BaThk 3aKPHITBIM) KOJIeOATENbHBIN KOHTYP MPaKTUYeCKM He MU3Jyyaer
SJIEKTPOMATHUTHLIE BOJIHBI, [IOCKOJIbKY JHEPTrUA 3JIEKTPOMATHUTHBIX KO-
nebaHnit cocpenoToueHa B O4YeHb MaJoit obyacTy mpocTpaHcTBa. Tak,
BHEPIUs BJJIEKTPUYECKOro MNoJis 3aKJIO4YeHa BHYTPM KOHEHcaTopa, a
SHEPTUA MaTHMTHOTO HOJA - BHYTPM KaTYMIKM MHAYKTMBHOCTH. ITOOBI
M3JTy4YeHNe B3JIEKTPOMAarHMTHBIX BOJIH CTaJIO JOCTATOYHO MHTEHCHMBHBIM,
HY’KHO obecneuyTh CyIeCTBOBaHME [MEPEMEHHOIO BJEKTPUYECKOrc HOMsA
B Oonbitoii o6nacTy NPOCTPaHCTBaA, HE JKPaHMPOBAHHON MeTasiMye-
CKMMM [UIaCTMHaMM. OTOrO MOXKHO AOOMTBLCHA, pPasnBUTras NJIacCTUHBI KOH-
JieHCaTopa ¥ yMeHbIlaA UMX pa3Mepbl. 3aMeHMB OJHOBPEMEHHO KaTyIIKY
UHAYKTUBHOCTY NPAMbIM IIPOBOAHMKOM, MBIl IOJIYYMM TaK Ha3blBaeMblii
OTKPBITEIAI KOJNebaTeNbHbli KOHTYD. B mpocreiiuieM cjiy4ae OTKPBITBIi
KOHTYP HpeJZicTaBJisieT coboii CTepKeHb C MIapMKaMy Ha KOHIaX, pasme-
JIEHHBI}1 TocepelnHe HeGONbUIMM paspAZHBIM NMpoMeKyTKoM. Ecau sa-
pAAUTD LMIAPUKM OCTATOYHO OOJIBIIMMM 3apsajgaMi IPOTHBOIIOJIOMHHOTO
3HaKa, TO B Pa3pANHOM IPOMEXYTKe IIpou3oiizeT npoboif Bo3LyXa, U B
KOHTYpPe BO3HMKHYT 3JIeKTPOMarHMTHEIE KoJjieOaHus BBICOKO} YaCTOTBL
MexaHnsM BO3HMKHOBeHWMA KOJeGaHUM TAKOM Ke, KAK U B 3aKPbLITOM
KOHTYpP€, OAHAKO €MKOCTh Telleph ONpefielifeTcaA eMKOCThI) IIAPUKOB, a
MHAYKTUBHOCTD ~ MHAYKTUBHOCTBIO CTEPXKHA.

Onwmws I'epya. B 1881-1888 romax Hemeuxmii dpusnk Tl'enpux Tepn
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[POBOANMJI OMBITHI C Pa3pANOM, CO3JaBaeMbIM MOIIHON MHAYKIMOHHOM
KaTYLIKOM! B MCKPOBOM IIPOMEXYTKE OTKPHITOro KojebaTesIbHOro KOHTY-
pa. EmMy yaajoch nonyduTb cBepXObicTphle KonebaHMA 2JI€KTPUYECKOro
TOKa B NPAMOJMHEfHOM OTpe3Ke NPOBOJHMKA C NepuofioM KoJsebauuit
Toka okoyio 1078 cexymnpl Ilpomoskas onbiTel epry ycTaHOBUI, YTO
6picTpole KojieGaHusl TOKa B OJHOM NPOBOJHMKE CIIOCOOHBI BBI3BATH KO-
JebGaHnA TOKa B JPYyroM HNPOBOLHMKE, YHaJIeHHOM OT MepBOro Ha HEKOo-
Topoe paccrosgHyue. Tak GbIIM OTKPBITHEI 3JeKTPOMarHuTHbIE BOJIHBL Vc-
noNnL3ys éepxana M3 LMHKOBOWM KecTy, I'epl] cyMes IpoAeMOHCTPUPO-
BaThb OTpa<eHue ¥ (POKYCHPOBKY 3JEKTPOMaTHUTHBIX BOJH. C IIOMOIIBIO
NMPU3MBbl, U3rOTOBJIEHHO U3 CMOJIBI, OH HabJIoAal IpesioMJIeHMe 3JIeK-
TPOMAaTrHUTHBIX BOJIH, NOJ00HOE NPEeJIOMJIEHNI0 CBETOBOTO Jiyda B CTEK-
JNsAHHON rpuaMe. HakoHel, ¢ NOMOLUbIO IPOBOJIOYHOM CETKM OH ybemycs
B MOJSAPU3aLMM 3JIeKTPOMAarHuTHLIX BoJIH. IlonBoma mMTOr CBOMM mMcciie-~
JOBaHMAM, OH HarucaJ, “... ONMCAHHEIE OIBITBHI JOKa3bIBAIOT MIAEHTUY-~
HOCTh CBeTa, TEIUIOBBIX Jyd4ell M 3JIeKTPOJAMHaMMUYECKOro BOJIHOBOTO

AByKeHus”.

daexmpomaznumusie 60Anbl. Mx ceoticmea. CorylacHo COBpeMeHHBIM
NpeACTaBJeHUAM 3JIEKTPOMAriUTHaA BOJIHA IMpeAcTaBJsieT coboil Koje-
GaHMs B3JIEKTPUYECKOTO M MAarHUTHOTO IoJlelf, pPacHpOCTPaHAIOIIMECH B

IpocTpaHCTBe co cKopocThio ceeta ( ¢=3-10° MeTpos B cexynmy). Mc-

TOYHUKaMM OJIEKTPOMaArHUTHBIX BOJIH HABJAIOTCA W3MeEHHAIOIIMECA BO
BpeMeHy JJIeKTPpUYeCKHe TOKHK, a TaKiKe OoTHAeJIbHble YCKOPEHHO JBU-~
Kympeca sapsKeHHbIe YacTULBIL BJIGKTPOMaI‘HMTHaH BOJIHa XapaKTe-

pusyeTcda BeKTOpaMy HallpAXKeHHOCTU E QJIEKTPUYIECKOro M MHAYKUINUH

-

B marsmTHOrO HOJIGVI, COCTABJIAIIIMX €[MHOE JJIEKTPOMAarHMTHOE IIoJIe.

Bo3MOYKHOCTE CYIIECTBOBAHMSA 3JE€KTPOMATHMTHBIX BOJIH 0BycCJloBJIeHa
TeM, YTO MMEeTCS CBA3b MeXJy MEHAUMMUCA BO BPEeMEHM JJIeKTpU-
YeCKMM ¥ MarHMTHBIM NoJamu. IlepeMeHHoe MarHMTHOE II0JIe CO3JIAET B
IIPOCTPaHCTBE BUXPEBOE DIEKTPHUUECKOe I0JIe, a [IepeMeHHoe BO BpeMe-
HU 2JIEKTPUYEeCcKoe NoJie MOPOoMKIaeT BUXpeBoe MarkumTHoe noje. Opna-
JKJBl HadaBIUMJICA IIPOLleCC B3aMMHOrO NOPOMKIEHMS MarHUTHOTO M
SJIEKTPUYECKOro mMoJieil Jajlee MPONOJIKAETCH M 3aXBAThiBAET HOBbLIE
obJIaCTy B OKPYIKAIOIIEM IIPOCTPAHCTBE.
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CroiicTBa 3JIEKTPOMArHUTHBIX BOJIH BO MHOTOM CXOZHBI CO CBOMCTBaMu
MexaHnuyeckux BoJiH. Ha rpamnne pasgesia AByX cpejl BJIEKTPOMATHMUT-
Hblé BOJIHbBI YaCTHMYHO OTPAa’XalOTCH, YACTUYHO IIPOXOOAT BO BTOPYIO
cpeny. IIpu s3TOM YroJl OTpa)KE€HMA PaBEeH YNy NaleHKA, MHajalouuii,
OTPaKeHHBIN U MPeJIOMJIEHHBIA JIy4YM UM HOpMaJlib K IOBEPXHOCTM pasje-
Jla cpep Me<aT B OJHOM IIJIOCKOCTHM; OTHOLIEHMe CUHyca yIVIa MaleHus K
CHUHYCY yTJla IpeJIOMJICHUA ABJIAETCA BeJMYMHON, NIOCTOAHHON A ABYX
JaHHBIX cpeJ M paBHOM OTHOLIEHMIO CKOPOCTell pacrnpocTpaHEeHus BOJIH
B IIEPBO¥ U BTOpOI cpefaX. Y Kpasd Nperpajbl MJIM IPH IIPOXOKAEHUN
SJIeKTPOMarHUTHLIX BOJIH Hepe3 OTBepcTMe HabJojaeTcA ABJEHHE nAU-
¢dpaKLKUy BOJH, T.€. OTKJOHEHME HAIIPAaBJICHMA MX PAaCIpPOCTPaHEHMUS OT
npAMoJiMHeiHoro. s BoJH, U3Jly4aeMblX KOT€PEHTHbIMU MCTOYHUKAMMY,
HabulofaeTcA siBJieHMe MHTEP(EePEeHIIMNL.

OJIeKTPOMAaTHUTHBIE BOJIHBl HABJIAIOTCA IOIe-
peunbiMyu. BexToph! HanpspkeHHocTM E  Buek-

—

TPUYECKOIro M MHAYKIINN B marauTtHOrO noseit

HepneHaUKYJIAPHBl HallpaBJIEHMIO pacnpocTpa-
HEeHMSA BOJHB! M B33MMHO NePHEHANKYJIAPHLI
Mex gy coboit (puc. 3.5.8). Puc. 3.5.8

lIxana 3saeKMPOMAZHUMNBIE 80an. Kiaccudukauyio sieKTpomar-
HUTHBIX BOJH OOBIYHO HPOBOJAT MCXOAA JMBO M3 JIMHBI BOJHBI A , JIU-
60 13 YaCTOTBI V, CBA3AHHBIX MeEMKAY coboli cooTHomienmeM h=c/V .
I MMHHOBOJIHOBbIE 3JIEKTPOMATHMTHBIE Mamyuenus ( A = 510°. 3-10-3 M)
OTHOCAT K AMAalas30oHy PpaZiMOBOJIH, KOTODhle BO3b6yKAAlOTCA NepeMeH-
HBIMM TOK&MM M BJICKTPOHHBIMU TIOTOKaMu. UHbpakpacHbie BoJHb! ( A =
3:10-3.. 81077 M) u3ay4aloT MOJEKYJIBI M aTOMbl PM TEIUIOBBIX M OJICK-
TPUHECKUX BO3AENCTBUAX. BUAMMBIA CBET 3ammmaeT amamasoH A =

8107.. 4107 M u mamyyaeTcs NPY NEPEXoflaX BHEIIHMX IJEKTPOHOB
aToOMOB C OIHOTO SHepreTquCROFO YPOBHA Ha npyroﬁ YJIpraCbMOJIeTO"

BOe usnydenme { A = 410-7.. 10-? M) BoBHuKaeT IIPpM BO3JeCTBUAX Ha
aTOMBI YCKOPEHHBIX 3JJIEKTPOHOB. Penrtrenosckue nyuaw (A= 109.
10"12 M) noposxaaloTcA aTOMHBIMM NPOLECCAMM NPU BozjielicTBIUN YCKO-
PEeHHBIX 3apSKeHHBIX yacTul. HakoHel, raMMa-uanygenye (A = 10-12.,
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10-15 M) BoaHMKaeT npyu AHEepHLIX NpoLeccax, B TOM Yucie NP paamo-
aKTMBHOM pacnaje.

H3ayuenue u npuem snexmpomazHumMHBE 80an. M3o06pemenue pa-
duo Ilonosewvim. Kak nokasaym ombITel I'eplia, MeTaJyM4ecKuit crep-
’KeHb, B KOTOPOM BO30Gy»KJieHB! BBICOKOYACTOTHBEIE KoJlebaHusa B3JIeKTPH-
YeCKOTo TOKa, ABJAETCH MCTOYHMKOM 3JIEKTPOMArHMTHOM BOJNHEL Ecam
Ha CBOEM MyTy BJIEKTPOMArHMTHAs BOJHA BCTpedaeT NPYroil MeTaJnu-
YeCKMIf CTepeHb, TO B HeM BO30y’KIaloTCsA BbIHYKIEHHBIE DJIEKTPO-
MarHUTHble KoNeOaHUs, KOTOPbie MOXKHO 3aperucTpupoBaTk. Takos oc-
HOBHOJ! IIPMBUMI U3JIyYEeHUA U IIpUeMa 3JIeKTPOMarHUTHBIX BOJIH.

B 1895 rony pycckwmit yuennlit A.C. IlonoB npuMeREus AnsA perucTpaiuy
3JIEKTPOMArHUTHBIX BOJIH HOBBINf UyBCTBUTEJIbHBI OJIEMEHT - Korepep.
OTO MO3BOJIMJIO 3HAYMTEJIPHO YBEJIMYUTh HNaJIbHOCTL IpHeMa 3JIEeKTPO-
MarHuTHOM Bosubl CospmaHHbIi IlomoesbIM npubop 6p1 mo cyTu zeja
IlepBBIM B Mupe panguonpuemuukom. B 20 Bexe Gbim paspaboTaHb! crio-
coObl HOJIyYeHMA He3aTyXaloUMX 9JIeKTPOMaTHUTHBIX KoJebGanuit Gonb-
LIOJ MOINHOCTM. OTM CHOCOOBI OCHOBaHbLI Ha NPUMEHEHMM BJIEKTPOHHBIX
JaMIT ¥ MNOJYIIPOBOJHMKOBBIX IpubopoB. CoBpeMeHHbIE IPMEMHUKM M
repefaTYMKM 3JIEKTPOMarHUTHBIX BOJH IO3BOJIAIOT YCTAHOBUTBH pajAyo-
CBASH MeXJy JII0OBIMM TOYKaMM Ha ITOBEPXHOCTHM 3eMJIM, a TaKKe MerK-
Iy 3eMJjell M KOCMMYECKMMM, anllapaTaMy, HaXOAALIMMMCA Ha pacCToA-
HMM B COTHM MMJIJIMOHOB KMJIOMETPOB OT 3eMJIN.

Ykazaunsa no pPelIeHnIo 3axav

Bo mHorMx 3ajadax HaHHOrO pasfesia YZOOHO MCIIOJIb30BaTh 3aKOH CO-
XpaHEHMA DHEPTrMM. OTOMY 3aKOHy CJlefyeT NpuUAaTb (POPMY, CBA3BI-
BaIOLIYI0O aMIUIMTyZHble ¥ TeKyllye 3HadeHMA HalpsAxKeHUs, 3apsafa
MJIM TOKA B OTHEJIbHBIX SJIEMEHTaX CXeMBIL.

3agagu oo reme “IONeKTPOMArHMTHLIE KOJeOaHMA M BOJIHBI"

3.5.1. B xoneGaTesbHOM KOHType C MHAYKTMBHOCTBIO L M emkocthio C
KOHJIEHCATOp 3apsyKeH J0 MaKCHMMaJbHOro HanpskeHus Um. Kakum Gy-
et Tok I B KOHTYpe B TOT MOMEHT, KOT/ia HalpsiKeHMe Ha KOHJIeHCaTo-
pe yMeHbIIMTCA B ABa pasa? KoseGaHnsa cuMTaTh HE3aTYyXalOIMMM.
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3.5.2. B konebaTeJbHOM KOHType KOHOeHcaTopy ¢ eMioctbio C =
10 Mx®d coobumm 3apan ¢ = 1 MKn, nocsie 4ero BO3HMKJIM 3aTyXalo-
upMe 3JeKTPOMarHuTHble KojeGaHus Ckoybko Temia () BeIIEMTCA K
MOMEHTY, KOTAa MaKCHUMAaJIbHOe HalIpsiKeHMe Ha KOHJIeHCaTope CTaHeT
MeHbllle Ha4aJIbHOTO MaKCHMMaJIbHOTO HalpsiKeHusa B 1 = 4 pasa?

3.5.3. Karymra unaykTuBHocThio L = 2 MI'H ¢ conpoTuBjeHneM o6MOT-
ku R = 10 Om n xomgencaTtop emroctbio C = 100

@ nopxmoYeHbl NapajuiesbHo Kk uctounmky ¢ 3IC ¢ ¢ L
E = 100 B u BHyTpeHHNM cONpoTHBJeHMeM r = 10 R
Om. Kakoe xosmdecTBo Tenya (J BBIXEJNUTCA B KOH-

Type IocJie OTKJIIOYEeHUA UCTOYHMKA?

3.5.4. Ha kakyio JyIMHY A BOJIHBI HACTPOeH KojeGaTelbHbII KOHTYP ¢

MHAYKTMBHOCTHIO L, ecy MaKcMMaJIbHBEI TOK B KOHType IM, a MaKCu-
MaJjlbHOEe HalpshKeHMe Ha KoHJeHcaTope Um? CkopocTh pacnpocrpaHe-
HMs DJIEKTPOMarHUTHBIX BOJH C.

3.5.5. B rojebaresbHOM KOHType KOHAeHCaTop eMKocThio C 3apsKeH Jo
MaKCcUMaJibHOro HanpstkeHna Um. OnpenenuTe pe3oHaHCHYO HaCTOTY
v, KoJjeGaHMIT B KOHType, ecliM MaKCUMAaJIbHLI/ TOK B HeM IM. AKTUB-

HBIM CONIPOTMBJIEHMEM B KOHTYype IIpeHebpeus.

3.5.6. KonebaTesbHbBIA KOHTYP COCTOMT M3 KaTYUIKM MHAYKTUBHOCTH U
JBYX OQVHAKOBBIX KOHJEHCATOPOB, BRJIIOYEHHEBIX napaseibHo. Ilepuon
cobcTBeHHBIX kKoJiebaHumit koHTypa 1. KakoB 6yaer nepuon 7> xoseba-
HMIt B KOHTYpe, ecJM KOHZIEHCaTOPbl BKJHOYKUTD I10CJI€ZI0BaTE ILHO?

3.5.7. Kougencatop emrocteio C = (0,1 Mrd, s3apskeHHbI! 0 HalpsKe-
mna U = 100 B, noacoeIMHAIOT K KaTylIKe MHIYKTMBHOCTBIO L =
1 MT'n. Yemy paBHa BesMuMHa ToKa | yepes KaTyIIKY CIyCTA BpeMs lo
= 0,785'10% ¢ mnocye noAryIO4EeHMA KoHzencaTopa? CoNpoTMBJIIEHMEM
KaTyLIKM M COeAVHUTEJIbHBIX IIPOBOJOB NpeHebpeys.

3.5.8. KonebarenbHblii KOHTYP COCTOMT M3 Ka-

TYWIKY MHAYKTMBHOCTM M YeTbIpeX KOHAEHCATO- . - &L
POB, COeAMHEHHbIX KaK [IOKa3aHO Ha pucyHke. Bo P“SE

D
\_.I

CKOJIBKO pa3 O HM3MEHUTCA Nnepyuon cobCTBeHHBIX
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KoJieGaHNii B KOHTYpe, ecjii 3aMKHYTb KJIOY, COeOMHAIOINMIA TOUKM A K
B? Ci =103, C2:=4-10% .

3.5.9. B uenu, noxkasaHHOM Ha PHUCYHKe, KOHAeHcaTop eMmkocreio (i =
10" @ BHawaye zapsskeH no Hanpsskenma U1 = 200 B,

L a xouzeHcaTop emxoctbio C: = 1078 & paspsoxen. Jo
<] HC4 i KaKoro MaKCHMaJIbHOTO HanpseHus Uzmax MOXKET 3a-
Y, paauTeea KoHpeHcarop (2 B npouecce xosjebaHuit, Boz-

HUKAIOUMX B L{eny 1ociie 3aMblkauusa xmoua? IloTepsiMm B coepuHu-
TeJIbHBIX NMPOBOZAX M B KaTyIIKe MHAYKTMBHOCTH IpeHebpeys.

3.5.10. Karymka waaykTHsrOCTRIO L = 3 MI'H mojxioyeHa K ABYM IIO-
CJIe[IOBAaTENIbHO COeAMHEHHBIM KOHAeHcaTopaM (cM. pu-
CYHOK), OIMH U3 KOTOPBIX, eMKocTeio Ci = 1077 @, za-
ps>eH BHavyaJse Jo Hanpsbxenus U =150 B, a BTopoi,

emkocteio C2 = 3-10°7 @, paspsxen. Yemy 6yzneTr paBHa
MaKCHMaJbHas CUJa TOKa Imax B LIeTM [oclie 3aMbIKaHUA Kmo4va?

4. OnoTuxa

4.1. 'eomempuuecxas onmuxa.

Bonpocs!l nporpaMMei

e Passumue @3z2ai1008 nHa npupody ceema. 3aKOH MPAMOAUHEUNHOZO
pacnpocmpanenus ceema. ITonamue ayua.

e  3axoHnbl ompadcenus céema. ITaockoe 3epxrano.

¢  3aKOHbL NMpesomaeHun ceéema. AGCOAIOMHBIU U OMHOCUMEAbHBLL
noxasameau npesomienusi. Xod ayuel 8 npusme. fSsaenue noaHozo
(eHYympenHezo) ompanceHus.

e Tonxue aunsvl. PoOKYCHOe PaccMosHUe U ONMUUECKAR CUAL AUH3BDL.
ITocmpoenue uzobpaienus 8 coOOUPAOWUT U PACCEUBAIOWUL AUH-
sax. Popmysa aunsvt. Yeeauuenue, Gasaemoe AUHIAMU.

e  Onmuuecxue npubopsi: ayna, omoannapam, nPoeKYUOHHDBLL an-
napam, muxpocxon. Xod ayued ¢ amux npubopax. I'naa.
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Onpene.nenua, NORATHA M 3AKOHKI

Pa3zeumue 632245008 na npupody ceema. llepBhble NONLITKYM MOHUMA-
HMSI IPUPOJbI CBeTa Ha OCHOBE ONBITHBIX AaHHBIX oTHocATes K XVII
pexky (HsioroH, Toitrenc). Benukuit anrsmitickuit ¢pusuk JMcaaxk HeroTon
rnojaraJji, YTo CBeT nIpeicrapjsAer cooil morok wacTun {“kopmyckya” —
OTCIOa TEPMMHB! “KOPIYCKYJSpHa# Moesb cBeTa’, “KOPHyCKyNApHaA
Teopus cBera”). IIpubimauresnsHo B 3710 Ke BpeMs TOJUJIaHIACKMIT yde-
b Xpuctnan I'ojireHc BbiCKasaJsl MAEI0 O TOM, YTO CBET MMEET BOJIHO-

BYIO IPHPOAY.

B 1801 roxpy anrymitckuit ontuk Tomac IOHT Briepsble Habaroman sABJe-
HUe UHTepdepeHIMN CBeTa, T.e. ABJeHMe obpas3oBaHMA KapTHMHBI TeM-
HBIX U CBETJBIX JMHWI NIPY HAJOMEHUM JIBYX CBETOBBIX MYYKOB. 3TO
ABJIEHME MOXXHO OOBACHUTH TOJIbKO Ha OCHOBE IIPeACTABJICHMA O CBeTe
Kak o BoyHe. Taxk Obliia AoKa3aHa BOJIHOBaf NIPUpPOJa CBeTa.

B 1861 rogy anrmmiickuit dusuk Joxeiime Kaepk MakcBess BeIBes Cuc-
TEMy YpaBHEHUI AJIS DJIEKTPUYECKOTo M MarHUTHOTO IoJiei, U3 KoTopoi
clenoBajla BO3MOKHOCTb CYLIECTBOBAaHMS JJIEKTPOMArHUMTHOM BOJIHBL
MaxkcBesT BBIYMCIMII CKOPOCTh PAacCIpOCTPaHEHUs 3JIeKTPOMarHUTHOM
BOJIHBI M NOJYYMN BeJN4IuHy, OJm3Kyw Kk ckopocty cBerta (okxojyo 300
ThIC. KM/C). OTO rmo3Bosmyo MakcBeny clesaTh BbIBOJZ O TOM, YTO CBET
IpeACTaBJIsAET cOGOM BJIEKTPOMarHMTHYIO BOJIHY.

B 1888 rogy nemeukwmii cdusuk I'erpux I'epu skcriepumeHTasnbHO o0Ha-
PYuJ mnpelcKa3aHHble MaKCBeJIJIOM 3JIeKTPOMarHMTHbIE BOJHBI M MC-
cslefioBall ux cBoyicTBa. ['epI| yCTaHOBWMII, YTO 3JIEKTPOMArHUTHBIE BOJIHBI
criocoGHBI UCIBITBIBATh OTPakeHMe M MpeJIoMJIeHue, T.e. obiajaloT Ta-
K/AMM ’Ke CBOJMCTBaMM, KaK ¥ CBeT. JTOT haKT HOCHYKUJ [OKa3aTellb-
CTBOM 3JIEKTPOMAarHMTHO NPMPOJEL CBeTa.

Haxonen, B 1900 rony nemenxmii pusur Marc IInank npumen k BblBo-
Oy o cymec'rBOBarmn 9JIeMeHTapPHBLIX HeJeJMMBIX nopumn cBeTa
(“cBeToBBIE KBAaHTHI" UM cpc'rom;x”)

B HacToAlee BpeMs CYMTaeTCd, YTO CBET MMEeT JBOAKYIO Ipupoay: B
OJHUX ABJIEHMAX OH IPOABJAET cebA Kak BoJIHa (MHTepcbepeHuvm, AN~
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cdpakumsi cBeTa), a B JAPYIMX SHBJEHMAX — Kak I[IOTOK 4YaCTHI]
(dboToaddexT).

3axon npamosuretinozo pacnpocmparenus ceema. Honsmue ay-
va. B reoMeTpmyeckoii ONTHMKE pacCMaTPMBAIOTCH 3aKOHBI PacCIpoOCTpa-
HeHMs CBeTa B IPO3payHBIX cpeflaX Ha OCHOBe IIpeJICTaBJIEHUs O CBeTe
KaK O COBOKYIIHOCTM C8emosblr Ayvell — JIMHMI, BJIOJIb KOTOPBIX Pac-
[IpoCTpaHAeTCA SHEPruA cBeTOBhIX BoJH. IIpencraBiieHMe O CBETOBOM
Jlyde MOJKHO IIOJIydYMTh, HAIllpMMep, ecllM IPOIYyCTUTBH COJHEYHBIN# CBET
yepes HeboJblIOE OTBEPCTHE B cTaBHe M HalJozaTh ero pacmpocrtpaHe-
Hye B TEeMHOJl KoMHaTe. YMEHbIIasg AMaMETP OTBEPCTHUSH, MOYKHO JO OII-
pefiesieHHOro IpefeJia YTOUHATL HaIlpaBJIeHMe PAclIpOCTPaHEHUA CBeTa.
OpnHako MOJYy4YMTh CKOJIb YTOJHO TOHKMIt IIyHOK CBETa HEBO3MOXKHO, T.K.
Korfia AMaMeTp OTBEPCTUA OKAaXXeTCSA CPaBHUMBIM C JJIMHOM BOJIHBI, IIy-
YOK Ha4HeT CMJIbHO PacUMpAThbCA 3a cdeT Audpakuuu. CBeTOBOM JIyd —
3TO TeoMeTpUUECKoe TNOHATHE, BBOAMMOE IJIA TOro, YTOObI NPUGIMIAKEHHO
omMcaTh paclIpocTpaHeHMe CBeTa B IPOCTPAaHCTBe, MOJB3YSACh 3aKOHAMU
reoMeTPHUYECKOi ONTHKNM. OTY 3aKOHbI GBLIM yCTaHOBJIEHB! SKCIIepyMeH-
TaJIbHO 3aJl0JIr0 O BbIACHEHUS NPUPOABl CBeTa. B To Ke Bpems, OHU
BLITEKAlOT M3 BOJIHOBOM TEOPMM CBeTa KaK NpuGIMAKeHMe, CrpaBelJiv-
BOE, eCJIM AJIMHA BOJIHBI CBeTa ycuesalollle MaJjla 10 CPaBHEHMIO C pas-
MepaMu NIPeNATCTBUIL Ha IIyTH CBeTa.

Habmonenns NorkaspIBalOT, YTO B ONTHMYECKM OJHOPOJHOM cpeiie T. €. B
cpefie, B KOTOPOJ NOKa3aTelNb NIpeJIOMJIEHNA Be3jle OAMHAKOB, CBET pac-
mpocTpaHAeTca NpAMOJMHeliHO. B ofHOpOAHOM cpefle CBeTOBblE Jy4n
NpeJICTaBJIAIOT 0G0l NPAMBIE JIMHUN.

3axonst ompaxenus céema. Ilaockoe sepxano. PaccmMoTpum oTpa-
»KeHye CBETOBOIO Jiyda OT 3epKaJsa. HasoBeM yrjioM mafeHus: yroj me-
KAY NagaloluM JIy4oM M NepIeHAUKYJIAPOM K 3epKaJly, BOCCTAHOBJIEH-
HbIM B TOYKe NaJleHMA. YIJIOM OTPakeHMA Ha3bIBAeTCH YToJl MeXIy
MepreHaUKYIAPOM K 3epKaJly, BOCCTAaHOBJEHHBIM B TOYKE MajleHMs, U
OTpa’keHHBIM JIy4oM. I1JIOCKOCTBIO MajeHus Ha3bIBaeTCsl ILIOCKOCTDb, CO-
JepoKaluad NaJalowMii Jyd M INepHeHAMKYJApP K 3epKajly, BOCCTAHOB-
JIEHHBII1 B TO4YKe NaZeHMA. B onbiTax ¢ 3epKajlaMy M TOHKMMM CBETOBBI-
MM IMy4YKaMM YCTAaHOBJIEHHI CJELYIOLIME 3AKOHbL OMPANCEHURA Céema:
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1) magaonomii Jryd, oTpaskeHHBIHl Jiyd M TePHNeHAMKYJAP K
3epKaJly, BOCCTAHOBJICHHbIN I B TOYKe MajeHMud, JeKaT B Ol-
HOJ ILJIOCKOCTH;

2) yron nageHus paBeH YIJIy OTPaKeHMA.

Ha puc. 4.1.1 nokasaHo mocTpoeHmue n300parkeHUs CBETALIENCA TOYKM B
TLIOCKOM 3epKane. Jtro usobparkeHue ABJAET-

CS1 MHMMBIM, TaK Kak OHO o0pa3oBaHO Ilepece-

YeHMeM He caMMX OTpa’sKeHHbIX Jydei, a MX s ~o ®
NpOAIOJKEeHUAMY (Ha pPUCYHKe II0Ka3aHbi

nyuxtupom). Vs pucyrka BupHo, 4To usobpa-

MeHMe CBETALIEACA TOUKM B [IOCKOM 3epKalie

JIeKUT Ha [POJOJIKEHMU NepleHAuKYIapa, Puc. 4.1.1
NpOBENEHHOI0 OT MCTOYHMKA K 3€pKaJy, a

paccToAgHue OT 3epKajia Io n3obpa’XeHuA paBHO PacCTOAHMIO OT MCTOY-
HMKa [0 3epKaJa.

3axonsv. nperomaenus céema. VI3 onbiTa M3BECTHO, 9TO €CJM CBETO-
BOJM JIy4 MajaeT Ha TrPpaHMUy paspgesa ABYX cpel, TO OH MeHAeT Ha-
npaBJIeHMe PaclpoCTpaHeHMA. OTO FABJICHHE NOJNYYMJIO HasBaHue npe-
aomaenua ceema. IlpesloMyieHne cBeTa NPOMCXOOMT Ha TPaHMLAX pas-
JeJla TakMX Cpel KakK BO3AYX M BoJa, BO3AYX M CTEKJIO, CTEKJO M Bojda
M TIL YIJIOM NaJeHMA Ha3bIBAETCA YTOJI MEXIY NaJaioliMM JIy4OoM U
MMeprIeHAMKYJIAPOM K rpaHMlie pasfiesa, BOCCTaHOBJICHHBIM B TOYKe Ia-
JeHuA. YTJIOM IpeJIOMJIeH)A Ha3bIBaeTCA YroJl MEXKAY NepHeHAUKYJIiA-
POM K TpaHMIE pasjiesla, BOCCTAHOBJIEHHBIM B TOYKe IaZleHis M Ipe-
JIOMJIEHHBIM JTy4oM. ILJIOCKOCTHIO MafeHusi Ha3bIBAETCA ILIOCKOCTb, CO-
Jepoxalliasl Mafalolymii JIyY M NepIeHOUKYJIAp K I'paHulue paspeja, Boc-
CTAHOBJIEHHbIJi B TOYKe NafeHuA. ONBITHBIM IIyTeM yCTaHOBJIEHBI CJle-
Iyiolye 3aKOHbI IIPEeJIOMJIEHUs CBETa:

1) naparommil Jiyd, mpesIoMJEHHBIR Jyd UM NepHneHAMKYJNAp K
rpaHune paspejia, BOCCTAHOBJIEHHBIN B TOYKe NaJeHud, Jie-
JKAT B OZHOM IJIOCKOCTH;

2) OTHOIIEHMe CHMHYyCa YIJla NMajeHMA K CMHYCY yIila NpeJioM-
JIeHUA He 3aBUCUT OT yIJla NaJeHud, eCJM NpeJOMJIeHHBIA
Jy4 cyimjecTByeT (3akoH CHeJummyca).
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OTHollleHMEe CHMHYCa yIjia MajeHusl K CUHYCy yIjla IIpeJIOMJIeHUsA 3aBU-
CUT OT TOTO, KakyMe cpezibl o6pasyloT rpaHMIly pazfesia M Ha3blBaeTcsA
OTHOCHMTEJNILHBIM INOKa3aTeJieM IPeJIOMJIEHNMA BTOpON cpefipl (T.e. Cpepe,
B KOTOpPOJf pacHpocTpaHAETCs INPeJIOMJEHHBIH JIyd) IO OTHOLIEHMIO K
nepsoit. Ecau ny4 cBeTa majaeT Ha IpaHMIly cpejlbl M3 BaKyyMma, TO
OTHOLUEHME CHMHYCZ yIJa NaJleHWA K CHMHYCYy yIJIa IpeJIOMJIEHUS Ha3bl-
BaeTcs abCoJIOTHRIM [TOKas3aTeJieM IIPeJIOMJIEHUA MJIM IIPOCTO IoKa3aTe-
neM npenomieHnsa cpefbl. MaTemaTudecky 3akoH CHeasmmyca 3anychl-
BaeTcA caenylowmm obpasom

nsino, = n,sina, . (4.1.1)

Kaprusa npejioMIeHNs CBETOBOro Jiyda Ha rpaHulle pasfesia IIBYX cpej
I n, rmokasana Ha puc. 4.1.2. 3gecs o, — yrox ma-

JleHusd, o, — yroJ mpejloMieHus, h, — abco-

i JIOTHBIY IIOKa3aTeNb [IpPeJIOMJeHus IIepBoi

(% cpenbl, n, — abCcoMIOTHBI MoOKa3aTeldb IIpe-

JIOMJIEHUsI BTOpPOM cpenbl. Bemuuuna n,/n
Puc. 4.1.2 P pen LR

€CTb OTHOCHMTeJIbHLIN IoKasaTeJsb IIpeJloMJIe-
HWUA BTOPOI Cpelbl IO OTHOIUEHMIO K IepBoii. ABGCOMIOTHEI NoKa3aTelb
TIpPeJIOMJIEHUs Cpefbl paBeH OTHOILIEHMIO CKOPOCTM CBeTa B BaKyyMe K
CKOPOCTY CBeTa B JaHHOM cpeje:

n=clv. (4.1.2)

Xo00 ayueiu e mnpusme. llpenoMmieHue CBETOBOTO JIyda CTEKJIAHHON
npusMolt nokasaHo Ha puc 4.1.3. MameHeHue Ha-
IpaBJIeHUs JIyYa Ha TPaHMIaX NPU3MBI Onpere-
JifeTcA Ha OCHOBaHMM 3aKOHA IIPeJIOMJIEHUA CBe-
Ta. Yron 0, Ha KOTOpPEI NPU3Ma OTKJIOHSET CBe-

TOBOJM JIyd B3aBMCUT OT NPEJOMISAIOINEro yria
npuamel (o6o3HayeH Ha pucyHke OGYKBOM ¢ ), yr-

Puc. 4.1.3

Jia najgeHua o ¢ IoKa3aTeJid IIpeJIoOMJIeHns

CTeKJia, 3 KOTOPOro M3roToBJI€Ha Npu3Ma.

ITokazaTens npeJyIoOMIJIEHUSA CTeKJIa 3aBUCUT OT IJIMHBI BOJIHB] IIajalolie-
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ro ceeta (mucnepcus cseta). [lostoMy, ecau Ha NpU3MY NajfaeT IIy4YOK
Besoro ceeTra, OHa pa3JiaraeT €ro Ha I[BeTHble KOMIIOHEHTH! (pa3jlaraeT B
cnexktp). IIpM 3TOM KOPOTKOBOJIHOBOe Majy4yeHue ((puoNeTOBBIA IBeT)
[peJioMJAeTcA IMPU3MOJ CHUJbHee, YeM [JIMHHOBOJIHOBOe (KpacHbIi
BeT).

Henenue moanozo (enympennezo) ompaxcenus. PaccMorpum mnpe-
JIOMJIEHMe CBETOBOrO Jiyda Ha IpaHuile pasiesa ABYX cpeji B yCJOBUAX,
KOTJa JIyd NEePeXOouuT U3 cpelibl ¢ GONBIIMM IIOKasaTelleM NpeJIOMJIeHUS

( n, ) B cpeny ¢ MeHBIIMM NIOKa3aTeJeM NpeJoMneHus ( 1, ), T.e. U3 OM-

THYecKku GoJiee IJIOTHON cpefbl B MeHee muoTHyH. CoryiacHo ¢dopmyJtie
(4.1.1), B aTOM ciydae yroJ npeJsiomyienuns 6yner Gosblle yria najeHus.
Yros nmazieHus, IPY KOTOPOM YroJi NpeJIOMJIEHMA PaBeH IIPAMOMY YIJIY,
Ha3bIBAETCH Kpumuuecxum yzaom nadenus. Kpuwruyeckmit yron nane-
HUA BoIpakaeTcH opMyoit

a, =arcsin(n, / n,) . (4.1.3)

Ecou yros nasenmsi 60Jipllle KPUMTHHECKOrO, TO IIPEJIOMJIEHHBIA JIyd OT-
CyTCTBYET, M IIaalOliMii JIyd ITOJIHOCTBIO OTPajKaeTcA OT IPaHMIbI pas-
Hena.

Tonxue aunsst. Jlunsa npepcrasnder coboil npospavHoe Teso, orpa-
HUYEHHOE ABYMA CpepuyecKuMM No-

BEPXHOCTAMMU. B wacTHOM cJiydae

ofilHa M3 NOBEPXHOCTEl MoxeT ObITb

nnockoit. IlpuMeps! JIMH3 IOKa3aHBI

Ha puc. 4.14. JInnsa, xotopas B ce- @) 4 § a4 4§ e
penuse ToOJNe, YeM Yy KpaeB, Hal3bl- Puc. 4.1.4

BaeTCs 8bINYKAOU Man cobuparoweld

(puc. 4.14 a, 6, B). JIuuzsa, KoTOpasA y KpaeB TOJIle, YeM B CepeluHe,
Ha3bIBaeTCA 80eHYymMol unu pacceusarowjeti (puc. 4.14 r, xn, e).

Hpoxonm.une Hepes JIMH3Y JIy4YM NPeJIOMJIATCA ABaM bl OI(HaKO, ecJimn
TOJILLMHa JIMH3bl MHOro MeEHbIIle, 4YeM paanycbl KPMBU3HBLI OrpaHHM4N-
Bamwmnux ee HOBerHOCTeﬁ, Ipu TIOCTPOEHUMN XOonLa le‘lef;l npeJioMJieaiue
Ha obeux TIOBEPXHOCTHAX MOXHO HpMGJIM?KEHHO 3aMEHUTb OOHUM IIpe-
JIOMJIEHMEM B TaK Ha3bIBaeMOM 2AA8HOU NAOCKOCMU AUHSDLL. I/Iuea.nnsn—
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pOBaHHble JIMH3BI, YIOBJIETBOPAIOIME

T I TAaKOMYy YCJOBMIO, Ha3bIBAalOTCA MOHKU-

= l F ¥ F  mu aunsamu. JlnA TOHKOM JIMH3BI Bep-

o 5 l HIIMHBl [PEeJIOMJIAIONIMX IOBEPXHOCTEN

Puc. 4.1.5. CIMBAIOTCA B OJHY TOYKY, Has3blBaeMYIO

OB03HaUEHHS TOHKHX M3 yenmpom JymH3bl. OOo3HAYEHMSA TOHKUX

{a) cobupatowas, (6) paccevsarouwsas JIMH3 B ONTHYUECKMX CXeMaX IpPeICTaB-~
JeHbl Ha puc. 4.1.5.

Ilpamas, npoxopAmas 4Hepea LEHTP JMH3bI, Ha3biBaeTCA ONMUNECKOU
ocvto JmH3BL OnTuueckas oCh, NepeceKalolas IVIABHYIO IJIOCKOCTh
JIMH3bI TI0 HOpPMaJiM¥ K Helt, Has3blBaeTCs 2aasHol onmuueckoll ocvio
JuH3bL OcTaJbHbIE OCH Ha3bIBARIOTCH NOOOUHBIMU.

doxycnoe paccmosnue U ONMUYECKER CUAC AUH3BLL. Eciu Ha ToH-
Kyl cobuparmowyio JIMH3Y HallpaBUTH ITy4OK CBeTa, NTapaJuieNIbHBIA ee
IJIaBHOJ OIITMYeCKOiI ocu, TO IocJle MpesIoMJIeHMs B JIMH3e BCe JIyHH,
ofpasyoilye IIy4oK, NPONAYyT 4Yepea OJHY TOYKy Ha IJIaBHOWM onTude-
CKOJf OCyM 3a JIMH30J OTa TOYKAa Ha3bIBAaeTCA IJIABHBIM (DOKyCcOM cobu-
palle JIMHSBL

Bece nyun, mapannesibHble TIJIaBHOM ONTHYECKON OCHM pacceusarowel
JIMH3BI, MOCJie NPeJIOMJIEHUs] B HeM OTKJIOHAIOTCA OT OITHMYECKON ocu
TaK, YTO MX IPOJAOJLKeHUA IepeceKaloTCA B OLHON TOYKe Ha IJIaBHOM
OIITMYECKOJ OCH Ileper JIMH30/. OTa TOYKa Ha3bIBaeTCHA IJIABHBIM (hOKY-
coM pacceuBaolleli JnMH3bl. I'aBHble (QOKYyCEl pacceMBalOleil JIMH3BI
MHMMBIE, T.K. B JeVICTBUTEJIBHOCTHM JIy4M CBeTa B HMX He cobupaioTcs.

Paccroanme or dokyca no nedTpa JMH3bI Ha3blBaeTCA POKYCHBIM pac-
cmoanuem JinH3bL PoKycHoe paccrosHue obo3HauwaloT OykBoit [ uan F
¥ U3MepAT B MeTpax. Bemruuna, obpatHas (hOKYCHOMY pacCTOSHUIO,
D =1/F , nasbiBaercA onmuueckotl cuaoll JIMH3LI U U3MEPSeTCH B M-
ontpuax (anrp). OnHa AMONTPMA — ITO ONTHUYECKAsk CUJIA JIMH3BI ¢ ¢o-
KyCHbIM paccTosHueM B ofuH MeTp. Onrtuyeckas cuna coGuparoiueii
JIMH3BI TOJIOKUTENIbHA, ONTHYECKadA CUJIa PacceyBalollelf JIMH3bI OTpU-
naTeJibHa.

JBa rymaBHBIX bokyca J060I JIMH3BI JIesKAT Ha IJIABHOM ONTHYECKON ocy
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Ha OJMHAKOBOM pPACCTOSHMM OT LI€HTPa JIMH3HI 0 pa3Hble CTOPOHBI OT
mee. IlyockoeTy, IpoxXofAluye Yepes riaBHblE (POKYCHI JMH3BI NepreH-
IMKYJSAPHO IJIABHOM ONTHYECKON OCH, HA3LIBAIOTCA (DOKAJBHBIMM TJIOC-
kocTamu. Jliobas suH3a obnafaeT OBYMA (POKAaJIBHLIMM IJIOCKOCTSAMM,
PACIOJNIOKEHHBIMU CUMMETPUYHO OTHOCHTEJIBHO JIMH3BI MO Pas3Hble CTO-
POHBI OT Hee.

CeeToBble Jy4y, mapaJuiesibHble ITODOUHOIM ONTHYECKOH ocu cobuparo-
el JIMH3bI, CXOOATCA B TOYKe INepecedyenns nobo4Hoit ocyu ¢ ¢oxab-
HOM NJIOCKOCTBIO. Jlyuy, napaJileNbHble nobouHON ONTUYECKo} ocu pac-
ceMBalOLleil JIMH3bI NPEJIOMIAIOTCA TaK, YTO UX IPOACIDKEHMA CXOAATCHA
B TOYKe NepeceyeHus MoGouHON ocu ¢ GOKANBHON IMIIOCKOCTBIO Tepen
JIMH3OM.

Hocmpoenue usobpaxenus 8 cobuparOWUT U PACCEUBLIOWUT AUH-
sax. CpeToBbie Jyuyy, MCXOAAlMEe M3 KaKoi-mbo cBeTsAlelics TOYKH,
JNMH3a TpeJioMJAeT TakuMm o0pas3oM, YTO Bce OHM (MIM UX NPOJOIKE-
HUsA) NepeceKaloTes B ofHOM Touke. Taxum obpa3oM, JIMH3a CTPOUT M30-
Opasenue cpersameiica Toukn. [IpousBonbHbI 06bEKT MOXHO paccMaT-
pUBaTh KaK COBOKYIIHOCTb CBETALMXCA TodeK. IIo9TOMYy JNMH3a CTPOUT
TaKXKe U u3obpaskeHne MPOUBBONBLHOIO abbeKTa.

UzobparkeHne, cosjaBaeMoe JIMH30M, Ha3blBaeTCA JelicmeumenvHbim,
ecsn oHO o6pa30BaHO Il€peCevYeHMeM CBETOBBLIX Jiy4deil, MpollefuInX ye-
pes smu3ay. IIpy 5TOM B NpPOCTRAHCTBe BO3HMKaeT o0JacTh KOHHUEHTpa-
LY CBETOBOM MHTEHCHMBHOCTH, reoMeTpyudyecky nopobHas cBeTAILEMyCS
06bexkTy. Ee MokHO HabmIOAaTh HA 9KpaHe, PETUCTPMPOBATH C IOMOILULIO
cdotosmynbeun u T B mpoTusonosiokHocTs aTOMY M3obparkeHue Ha-
3LIBAETCA MHUMbBIM, €CJiM OHO ofpa3oBaHO mepecedyeHuMeM He CaMMX
CBETOBBIX Jiy4el, a uMX NpofoJkeHuii. Muumoe maobpaskeHue He SIBJIA-
eTcsi 06J1acTBIO KOHLIEHTPallMyM CBETOBOI uHTeHCHMBHOCTM. JnA ero Ha-
OmiomednA MM perucTpanuu HeobXoaum o KpajiHeli Mepe enle OOMH
oIrru4ecKknii ipubop, HANIPUMEP a3 YeJIoBeKA.

Uzobpakenue MoxkeT GbITh IPAMBIM WJIM 0GPATHBIM ([IepeBepHYTHIM), B
3aBMCMMOCTYM OT B3aMMHON OPMEHTalymyu ofbekTa M uzobpaxcenus. Jus
XapaKTEPUCTHKM pasMepa M300PasKeHUA BBOAAT BEJMHUMHY AUHEUHOZO
yeeauuenus, nasaemoro JuH30/. IIo onpenenenmio, mueiinoe ypennue-
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HMEe €CTb OTHOLIEHME pasMepa n3obpareHusa K paamepy obbeKTa.

IIpu nocmpoenuu uzobpascenuil B JMH3aX CJeyeT PYKOBOJACTBOBaTbLCA
cJefyOMMY ITpaBUJIaMK:

1) cBeToBOM Jy4, MaZaONMl Ha JMH3Y NapajyieibHO ee rjaB-
HOJ ONTHMYECKO} OCH, JIMH3a IIpesIoMJIAeT TaKuM obpasom,
YTO NpOoUIeIUNi JIyd (MIIM ero IpojoJKeHKe) epeceKaeT
IJIaBHYIO ONTMYECKYIO OCh JIMH3BI B poxyce (puc. 4.1.6);

2) ecayu cBeTOBOJ JIy4Y (MJIM €ro HPOJOJPKEHME) IIPOXOONUT He-
pes oKy JIMH3BI, TO IPEJIOMJIEHHBIN JIyY pacrpocTpaHdeT-
cA mapaJulesIbHO ee IJIaBHOM onTudeckoit ocu (puc. 4.1.7);

3) a1y, TIPOXOZAILMIT Yepe3 ILEHTP JIMHBbI, HE NpeJIoMJAeTCH
(pnc. 4.1.8).

1 .
\F - -
\ F

r A
Puc. 4.1.6
h
 ama e T—~————>~
F/ ~
Yl
F
\L §
Puc. 4.1.7

Puc. 4.1.8
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Popmyara aunsv.. Yeeauuenue, 0asaemoe aunzamu. Ilpumep mno-

CTPOEeHMs u300pakeHusa B cobu- N

pamouieif JMH3e NOKa3aH Ha pHC. \
., 4 I < F
4.1.9. JInH32 CTPOUT HEINCTBUTENb~

F _&4'

HOe IIepeBepHYTOe YBeJIMYEHHOe
uzobparkenne obbeKTa (CTpesiKy).

Vcronb3ys pPUCYHOK  HeTPYIHHO —
BBIBeCTH (POPMYJIBI IS yeeauue- Puc. 4.1.9
Hus, Gasaemozo Aun30U:
r -
m=L__F _b-F (4.14)
!l a-F F

a TaK’Ke COOTHOLIIeHMe MexIy (POKYCHBIM pacCToAHMeM JMH3BI F, pac-

cToAHMeM oOT ofbexTa IO JMHBBI @ M PACCTOSHMEM OT JIMH3BI NO MU30-

Spaskenus b. 3To COOTHOLIEHME MMEET BUL
I 1 1

+ —

- 4.15
a b F ¢ )

M HasbiBaeTcA opmyrou aunsvi. Ha ocHoBe cchopMyamMpoBaHHBIX Bblllle
NpaBuJl NOCTPOeHUA M300paskeHMil B JMH3aX aHaJOTM4HBIE (HOPMYJIbI
Moryt ObITb MOJy4eHb! M Qs APYIUX CIAydaeB: pacceuBalolleil JIMHBBI,
MHMMOTO M300paMeHua 1 T.I1.

Onmuuecxue npubopsi: ayna, fomoannapam, nPoeKYUOHHBLE an-
napam, muxpockon. Xod ayueu e amux npubopax. Iaasz. Jlyna
IpenHa3Ha4yeHa IJIA  pacCMaTPUBaHUA

MeNKMX OOBEeKTOB (IIOCTPOEHUSA yBeJu- o
[N
4yeHHBIX M306parxkenwnii). OHa npencraBna- ! ‘,<
eT coboit cobupalolyi0 JIMH3Y, BCTaBJIEH- F
HyI0O B onpaBy c pyukoit. Xoxn Jydeit B
Jyrne nokaszadH Ha puc. 4.1.10. Kax Buauo Puc. 4.1.10

M3 PUCYHKa, JIylla CTPOUT MHHMOE NIpsAMoe
yBenmnveHHoe u3obpaxceHume obbexra. OGbekT ciemyeT pacnojaraTk
MeXay JIMH30M M cokycoMm BOMM3M cdokyca. IIpm arom Jyum, ucxozs-
M€ M3 OJHOM TOYKM TIpeyMeTa, He cobUpaloTCs B OAHY TOYKY 3a JIMH-
3011, a BBIXOAAT M3 HeEe PacXOAAIIMMCH MyYKOM. PacxoJsiumiics IIy4OK
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CBeTa IIpM NonajJaHuM B IJIa3 4eJIOBEKa BOCHPUHMMAETCA MCXOXSAUIMM

U3 OZHOM TO4YKM, B KOTOPOH INepeceKaloTCH NPOJOJIKEHMA Jydei. OTa

TOYKAa ABJAETCA MHHMBIM #n300parKeHMeM COOTBETCTBYIOIIEH TOYKM

obbeKTa. YBeInueHue, JaBaeMoe JIyIoH,
r F

M="=-=

= . 41.6
| F-a ( )

OnHo TeM Gousnlite, yeM Gike K ¢hoKycy pacriojiokeH 06beKT.

domoannapam npenHaszHadeH A GoTorpaduiecKoit perueTpanmmn

uzobpaxcennit obbekToB. OH npen-

£ cTaBJsieT coboit Kamepy ¢ O6beKTU~

- - y BOM CDOTOII.HEI:IK& pacrioslaraeTcs

BOnM3u 3apHelt CTeHKM KaMephl

OOGBbeKTUB CTPOMT Ha IJIEHKE CUJIb-

Puc. 4.1.11 HO YMEHBUIEHHOE JEeMCTBUTEJIbHOE

nepeBepHyToe u3obpaxceHue obbekra. B mpocreititeM cnydae o6bekTHB

NpeAcTaBiysgeT coboii cobyupalollyio JMH3Y, POKYCHOE pacCTOAHME KOTO-

po¥i NpMMepHO PaBHO PaCCTOAHMIO OT JIMH3BL O INIOCKOCTM, B KOTOPO

pacrosiokeHa ¢oTomnyernka. Xon Jydeit B ¢oroannapaTe nokasaH Ha
puc. 4.1.11.

ITpoexyuonnwiii annapam npefHasHadYeH A (DOPMMPOBAHMA CHUJILHO
yBeJMYEeHHbIX NefCTBUTENbHBIX M300parkeHnit o6beKToB (06GBIYHO CHA-
THIX Ha TUIeHKY). Xof Jiy4ueil B NMPOEKIMOHHOM annapaTe MIUIIOCTPUPYET
NpeAbplgyLIIni PUCYHOK, TOJIbKO OOBLEeKTOM Tenleph CJefyeT CYMUTaTb

crpesary ', a usobpaskeHueM cTpesky I

Muxpocixon npejHasHa4YeH AJIS NOJIYYEeHMS CUJILHO yBeJMYEHHBIX MHM-
MbIX M300parkeHuit oyeHp MeJIKMX 06bexToB. B MMKpOCKOIle peannsyeT-
cA TpefesibHOE yBeJIM4YeHMe, NOCTHUIKMMOE B ONTHKE.

J A
IS
z 2 T
s
2 . £ o
1"
v

Puc. 4.1.12
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Munumansublit pa3Mep o6bexTa, KOTOPEI MOMKHO PacCMOTDETh B MMK-
POCKOI, MMeeT HOPANOK JJMHbI CBETOBOJ BOJIHEL, T.e. 0KoJio 106 MeTpa.
Mukpockon cocToUT U3 o0'beKTMBa M OKyJApa. B npocreifiueM cny4yae u
o6'beKTHB M OKyJAp npeActaBiAloT coboit cobupaioime anuasl. O6bek-
THB ofpallleH K 00beKTy, Yepe3 OKyJAp riasoMm Habmozalor nsobparke-
Hue obbekra. XoA Jydeil B MMKPOCKOINe MOKa3aH Ha puc. 4.1.12.

I'nas. OnTndeckas cucrema IViada 4deJIOBeKa 1ozobHa onTMyeckoit cyc-
Teme doToannapata. IIpu nocrpoenun nsobpaskeHus
npeaMeToB Ha ceTdaTke 4 rjyasa (puc. 4.1.13) ocHoBHYyIO
poJie UrpaeT IIpeJIoOMJIEHMe CBeTa Ha cdpepuHecKo mo-
BepPXHOCTM TpaHMIbl pasfiena "poroBulia — Bo3nyx' I,
JIOTIOJIHUTENIBHOE IpeJIOMJIeHMe OCyILUeCTBJIAeTCH Xpy-
CTAJIMKOM 2, HAaXONALMMCH 3a PaLy’KHOH obosoukoit 5.
Xpycrammk uMeeT ¢pOPMY HBOSAKOBBIIYKJION JIMHBBL
Papnuyc xpMBU3HBI XpycTaJIMKa U3MeHAeTcA Noj Helt-
CTBMEM CHEeNMaJIbHOM MBIMNBl 3. OTOT HPONECcC Ha3bIBAETCHA aKKOMOJa-
uneit. IlyTem akkoMozaumm uMsMeHsieTcs POKYCHOe PacCTOsIHME ONTHHe-
CKOJ1 cycTeMBl IJla3a M NoJIydaeTCA yeTKoe u3obparkeHne Ha ceTdaTKe.

Puc. 4.1.13

Ykazaausa no pelieHHI0 3axadq

Peruenne zagmay no teme "OrparkeHue u mnpesioMJIeHMe CBeTa' CyIIlecT-
BeHHO ofJileryaeTcs, €cJM aKKypaTHO BBIYEPTHUTh PUCYHOK, usobpa-
JKalpoumil xoz Jsiydeli B paccMaTpuBaeMoit cucreme. Ha pucynke mosx-
HBI ObITh COOJII0ZIeHbl OCHOBHBIE 3aKOHOMEPHOCTHM IIOBeZleHUs Jiyuelt cBe-
Ta Ha IpaHule pasjfiesa cpeZ.. B yacTHocTH, nonagas B cpeny, onTUde-
cky Gosiee IUIOTHYIO, JIyd OTKJIOHSE€TCA B CTOPOHY HOpMaJM K rpaHuie
paszena cpen. HaoGopoT, nepexonst B ONTUYECKM MeHee IUIOTHYIO cpe-
Ay, JIyd OTKJIOHSAETCH OT HOpMaJiM K IpaHMIle pasgeJa.

3azaum mo teMme "ToHKMe JMH3BI" OCHOBBIBAIOTCA Ha M3JIOMKEHHBIX BbI-
IIe IIpMeMax NocTpoeHuA usobpaskennii. IIpun 3TOM HY’XKHO MMEThH B BU-
Oy, 4To u3o0parkeHMe KaXJoyl TOYKM IIpeJiMeTa CO3[AeTCA He TOJIBKO
TeMU ABYMA WM TPeMsA Jy4daMy, KOTOpPble MCIIOJb30BaHbl IIPU €ro Io-
CTPOEHMY, a BCEM MHOKECTBOM JIy4eil, MCIYIIEeHHbIX TOYKO}l MpezMmera
¥ cobpaBIIMXCS B TOUKe M300pasikeHMs.
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Ecxm pasmep npenmera Gosblile pasmepa JMH3bI ¥ JIy4 TPOBEJEHHbI,
HanmpuMmep, Yepes (oKyc, NPOXOAUT MUMO Hee, CJleflyeT MBICTIEHHO Mpo-
IUIMTE JIMH3Y, IPUIAB eii Takue paa3Mepbl, NPy KOTOPBIX NOCTPOEHHUe
XapaKTePHBIX Jiydeit MOXKHO ObLIO 6bl JIETKO BBIMOJHUTD.

Ecan HeobxonmMo mocTpouTh M300pa’keHMe, JaBaeMoe He OJHON JIMH-
30/, a CMCTEMO JIMH3, TO IIpPaBuJla ITOCTPOEHMsS CJeAyeT IPUMEHSTHb
rocJiefoBaTEeNIbHO: CYUTATh M30DpaskeHue, IOCTPOeHHOE NEPBON JIMHIOI,
0o6'LeKTOM M1J18 BTOPOM JIMH3BI U T.J,

Ilpu ucrons3oBanuu GOPMYJIIbl JIMH3LI HY)KHO MMeTh B BHAY, 4To oO-
KyCHOe pacCTOsIHWMe pacceyBaloIlieif JIMH3BI, a TakK)Ke pacCTOAHHME OT
JIMH3BI 0 MEMMOTO n300pakeHud B (popMyJly JIMH3BI BXOAAT CO 3HAKOM
"MuHyC".

3agaum o teme "T'eomerpudeckasn onTuka"
Ompadxcenue U npeaomienue ceéema

4.1.1. ToyeyHbIit UCTOYHMK CBETa DPACIIOJIO’KEH Ha JHe BojoeMa LIIyou-
Hoit h = 0,6 M. B HeKoTOpOJ1 TOUKe IIOBEPXHOCTM BOZIbl BLILIEAIIMI B
BO3JyX NPEJIOMJIEHHBI! JIyd OKazaJicad MepHneHAMKYJIAPHBIM Jydy, OT-
pa’KeHHOMY OT IIOBepPXHOCTM BOAbI oOpaTHO B Bomy. Ha kakoM paccrosi-
Huu L OT MCTOYHMKA Ha AHe BOJOeMa JOCTMTHET IHa OTpa’KeHHbIN nyu?
IlokasaTens npenomineHns Boasl 1 = 4/3.

4.1.2. JIy4 cBeTa najaeT B LEHTP BepPXHeil rpaHM CTEKIAHHOro KyOuKa.
YeMy paBeH MaKCHMMaJIbHBII YTroJl HajleHus O, NPY KOTOPOM IIpeJIoM-
JIEHHBIII Jy4 ellle NonajaeT Ha HUIKHIOW rpaHb Kybuka? Ilokasatenn

TpeJioMJieHuA cTekya 1 = 1,5.

4.1.3. Ilnockoe 3epKaJio BPA&LIAETCA BOKPYT OCH, MepIeHAMKYJAPHOMH
TIJIOCKOCTY PUCYHKa M IPOXOAAIIEil MO MOBEPXHOCTH

M . )
3epkasa. Hajitu TpaekTopuio nsobparxeHUs TOUKHU
0 .
M, pacrioioxeHHOI Ha PacCTOAHUM @ OT OCKH Bpa-
IIeHMUA 3epKaJa.

4.1.4. JIy4 cBeTa najaeT Ha IUIOCKONAPaJJIeNBHYIO CTEKIAHHYIO ILJIACTH-
Hy ToJIUyHBL d = 2 cM nog yriom o = 30°. Kakoe paccrosanue g 6ymer
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MEeXJIY JydaMM: MNpomefuIMM ILIacTMHY Oes ° l/
orpaxkenua (A) ¥ NpeTepneBHIMM ABYKpaTHOE d’l_
a
s/

oTpakeHue ot ee rpaneit (b)? Ilokasaresb
4.1.5. JIy4 cBeTa najjaeT HOpMaJIbHO Ha MePeJHION I'PaHb IPU3MBI, KakK

npeJioMJIeHnd cTeksa n = 1.5.

MOKa3aHO Ha pUCYHKe. I[IpeloMIIAIONIMIT Yyrosl OpuaMsl

paBer o = 30°. Kakum gomxer ObITh TOKa3aTeJb rpe- o
JIOMJIEHUA MaTepualia IPU3MBI 7 AJIA TOTO, YTOOBI YroJ
OTKJIOHEHMS JIy4da NPU3MOoil Obl paBeH o ?

4.1.6. IIyuox mapaJulesbHBIX JIydeil INMPUHBI @ =

3 M najaer nopx yriom o = 45° u3 Bozmyxa Ha a o
IJIOCKYIO TPaHMILy CPeJbl C IOKasaTeJjleM IpPeJioM-

aenusa n =1,5. Kakosa Oyner mmpuHa a1 nydyka B \‘{4'\

cpexne?

4.1.7. Ha nmoBepXHOCTM BOZBI NJIaBaeT HENPO3payHblil 1ap paauyca R =
1 M, HanOJIOBMHY MOTPY>KeHHbIl B BoAy. Ha kakoit MaxcuMaJIbHO# TJIy-
6mHe Hmax HYKHO NOMECTUTHL NOJ| LUEeHTPOM Illapa TOYEYHBIA MCTOYHMK
cBeTa, 4ToOBI HM ONMH. CBETOBOM Jyd He npoien B Bo3gyx? IlokxasaTesb
IpeJyioMJyieHus BoAel B = 1,33.

4.1.8. B crTekse c norasarejieM NpeJsiomJieHus n1 = 1,5 umeercsa cdepu-
YecKas rojocTs paguyca R = 4,5 cm, sanonHeHHas Bopoii. [lokaszatess
npeJsioMJ€HUA Boabl n2 = 4/3. Ha nonocTh mafaeT LIMPOKMI IIYy4YOK Ila-
pajyiesibHBIX CBeTOBBIX Jydelt. OnpenlenTe paguyc r Mydka CBETOBBIX
Jydeil, KOTOpble NIPOHUKAIOT B IIOJIOCTb.

4.1.9. J[pa mapaseNbHBIX JIyya, PacCTOSHUE MeXXAY KOTOPBIMM PABHO
paguycy R KpPYyIJoro NpAMOro HpPo3payHOTo

OMJMHApPa, NMajaloT Ha OOKOBYIO HOBEPXHOCTD  — R
Rz

aroro umsmHApa. Jlyuu napaJinesibHbl OCHOBa- — %
o R/2

HMIO0 nuauHApa. Haiitu BeauunHy nokasartenss —%

[peJiOMJIEHMA N MaTepuayia LMIMHZApPa, [Ipu
KOTOPOI1 JIyuy nepeceKaloTCHa Ha ero IIOBEPXHOCTH.



234 Ompadsicenue U npesomienue ceema

4.1.10. Isa napaJineJIbHBIX Jy4a, pPaccTosiHye MeXJAY KOTOPbIMM PaBHO
paauycy R Kpyrjioro npAMOro IpO3payvHOro
IMIAVHApPa, MafaloT Ha OOKOBYIO IOBEPXHOCTH
3TOro UMJIMHIApa, Kak IIOKa3aHO Ha pUCYHKe.
Jlyuyun napaJsileNbHbI OCHOBaHMIO LMJIMHApPa U
fMepeceKaloTCA Ha IIOBEPXHOCTM LMIMHIpPA.
Hasitit yron ¢ MedkAy BHIUEAMIMMY U3 HUIMHAPA JydaMiu.

4.1.11. JIyu cBeTa oTpakaeTCA OT IIJIOCKOTO 3epKaJia, Majas Ha HeEro nop
yrom o = 30°. Ha xakoe paccroAnMe ! CMeCTHTCA OTPajKEHHBI OT

3epKaJla JIyd, ecjy HOBEPXHOCTBb 3epKajia 3aKpbITh CTEKJIOM TOJILIIMHOM
d = 3 cm? Tlokasarensb MpeJIOMJIEHNA CTeRNa B = 1,5.

4.1.12. JIyu cBeta majlaeT Ha IJIOCKOIlIapaJlleJIbHYI0 CTEeKJIAHHYIO ILja-
CTHHKY ITOA, yIjioM o = arcsin(,8 . Beleguimii ua niacTHHKM JIy4d OKa-
3aJicAd CMelleHHbIM OTHOCUMTEJIbHO NPOAOJIKEeHMA Majalollero Jjyda Ha
paccrosiune d = 2 cm. KakoBa TosmmHa /i niacTUHKM, ecyiM NOKas3aTelNb
npesoMiieHus cTekya v = 1,7.

4.1.13. [Ira Jy4a cBeTa NajjaloT M3 BO3JAYyXa B XKMAKOCTb. YIJIbl IIPEJIOM-
neHmMa nydveit paBuel B, = 30° u P, = 45°. Hajttu nokasatesb mnpe-
JIOMJIEHMA KMEKOCTH H, €CJIM M3BECTHO, YTO Najalomye Jy4u NepreH-

JIMKYJSPHbI IPYT APYTY M JIEXKAT B OAHOM IJIOCKOCTH, NepHeHAMKYINAp-
HOJ1 NOBEPXHOCTH KUJAKOCTH.

4.1.14. Boposias HanpaBaser M3 1of BOALI JIYY CBeTa Tak, YTobGBI OH IIO-

najpero u3 Boabl. Onpefmenuts JiuMHY [ 4actu
CTEpsKHA, BBICTYNAIOLIEr0 M3 BOXBI, €CJIM M3-
H BECTHO, YTO JIy4 COCTABJIAET C [IOBEPXHOCTHIO
TOPMBOHTAJILHOTO JHa YTOJ ¢ , a BOZAOJIa3 HaXo-

naJr Ha KOHeIll BEePTUKAJIbHOIO CTepPXKHHA, BBICTY-
lI

4

auTcAa Ha raybune H v Ha paccrosHmM L OT HMIKHEro KOHUA CTEPICHAL
IloxaszaTesns npesoMJIeHNA BOZbI paBeH n. PocToM BojoJasa I10 CpaBHe-
HUIO ¢ rayounoit H npenebpeys.
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4.1.15. JIy4 cBera najgaeT Ha CTEKJIAHHBIA NoJjylap pa- o
Auyca R Ha paccTosHMM 4 OT €ro OCM CMMMETPUM Ta- ;
paJutenbHO eil. Ha kakKoif yronl o OTKJIOHMTCS BBILIeA-

M NocNe [NpeJIOMIEHUA B MOJyHIape JIyd, eciim a =
0,5 R, n = 1,414?

4.1.16. IIInpoxuit cBeTOBOj Iy4YOK IafaeT HAa OCHOBaHME CTEKJISHHOIO
noJsymapa c I[oKa3aTeJieM IpeJioMyeHnsa n = 1,41, nepneHAuKyJIsAPHO K
ILIOCKOCTM OCHOBaHMA. KaKOB MaKCUMAaJIBHBIA YroJsl O OTKJIOHEHMA
NpolIeAUINX Yepes NoJyuap Jy4deil OT UX NepPBOHa4aJIbHOTO HallpaBJie-
HuA?

4.1.17. CpeToB0i1 Jiyu najaeT Ha NOBEPXHOCTb CTEKJIAHHOIO Llapa. YToJ

mageuus o = 45° , TOKa3aTenp IpeJioMlleHuA ctekya h =1,41. Haittu

Yron y MeMkAy NaJalolMM JIy4YOM ¥ JIy4OM, BhILeAIIMM M3 IIapa.

4.1.18. CseToBO}l JIy4 NMajaeT Ha IOBEPXHOCTb CTEKJIAHHOrO Iuapa IOJ

rom o =45 . HaitTu nokazaTesb NpeJIOMJIEHNA CTeKJa /1, eClu Yrog
’ y

Mely MaJarolliyM JIyHOM M JIyHOoM, BbIIIeAnmMM u3 mapa, 7 =30° .

4.1.19. IInmuaapydecknii cocys ¢ HeNpo3payHbIMM CTEHKAMM pPAacCICJIO-
JKeH TaK, 4To rja3 HabmogaTens He BUAMT AHa cocy- VW
Ja, HO BMAMT IOJIHOCTBIO obpasylomyo unimugpa CD.
Broicora mmamuzapa a = 40 cM paBHa ero amaMeTpy.
Kakoit 06beM V BOZbl Hy’KHO HAJIUTh B COCYH, YTOOHI
HabmofaTesp cMOr yBMIeTb MaJleHbKHUit npeamer F, 4
HaxofALMiics Ha paccrosamu b = 10 cm ot touku D?
Kosdpdunuent npesomnennsa Boasl n =1,3.

4.1.20. Ha 6oxoByK rpaHb paBHOOeZpEHHO} NMPU3MBI C YIJIOM IIpU BEp-
mmHe 90° mafiaeT NepPHEHAMKYJAPHO 3TOM rpaHuU
JyY CBeTa C JJIMHONI BOJIHBI, IJIA KOTOPOI Mokasa- 90°
Tenb npesiomaerna npuamel m = 1,1. Iocne BrI-

XoAa M3 MpM3MBI Jyd IlafiaeT Ha 3KpaH, HaxXxons- 2]

mmiicss Ha paccrossEMu D = 10 cM oT oCHOBaHuSH 7
Ipu3Mbl lapaJjileJlbHO OCHOBaHMIO. Ha Kakoe paccrosHue cmecTUTCs
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Jy4 Ha DKpaHe, ecau oH OyZeT MMeTb APYryio AJKHY BOJHBI, AJIA KOTO-
pojJi moKa3zaTeJlb NPeJOMJICHMS NIpK3Mbt 2 = 1,27

4.1.21. JIy4 cBera, Jedxalyit B IIJIOCKOCTM PUCYHKa, IajaeT Ha GOKOBYIO
rpaib AB npusMmbl, MMeloLleit Npyu BeplIMHE
yron 90°. B kakux npepenax JeaT BO3MOX-
Hble 3HAYEHUS yrJja NaJleHUsA o, ecJIM U3BECT-

HO, 4YTO JIyd BbIxomuT U3 Goromoit rpamm AC?

c IloxasaTeJsb IpesioMJIeHMs IPU3MBL 1 = 1,25.

4.1.22. JIy4 cBeTa, MAYLIMI B IIJIOCKOCTM PMCYHKE, NajaeT HAKJIOHHO Ha
BEPTUKAJILHYI0 CTEHKY MNpOo3pavHOiM KIOBETHI,
3aITOJIHEHHOM JKUAKOCTBIO C IIOKas3aTeJieM IIpe-
Jomyernua n = 1,25. B kakux npepenax noi-
y JKEH JIeXKaTb YyroJl MajeHMs o, 4ToObl Jy4

MOT BBIITH U3 HKUIKOCTH, KaK INIOKa3aHO Ha pMC}’HKe?

4.1.23. Ily4ox mnapaJilelbHbIX CBETOBBIX JIydeit NajaeT HAKJOHHO Ha
BEPTUKAJILHYIO CTEHKY ITPO3PaydHOil KIOBEThI, 3a-
TIOJTHEHHOM »KUJIKOCTBIO C IIOKasaTeJieM NpeJioM-
neHusa n. Ilpu kKakux 3HaAYeHUAX N IYHYOK He
BBIZIET Uepe3 IIOBEPXHOCTb JXUIAKOCTM He3aBM-
CMMO OT yTrJia najeHusa?

4.1.24. Jly4 cBeTa, MOYLIMIT B IJIOCKOCTM 4epTeXKa, lajlaeT Ha Iepej-
HIOIO TPaHb CTEKJIAHHOTO KJMHa ¢ yryoM P = 45° mex-

Iy rpanaMyu. IIpM Kakux 3HaYeHMAX YIyla NaZileHus o

< Jy4 BhblifieT Yepes BTOpYI0 rpaHb KimHa? IlokaszareJsb

IIpeJIOMJIEHMUSA CTEKJIa n = \/—2- .

4.1.25. Ha nosepxHocTMt BojoeMa, umewero rirybuny H = 3.3 M, nia-
BaeT daHepHBII Kpyr paguycoM r = 3 M. Ha ocu xpyra pacriojloKeH
TOYEYHBI/i MCTOYHMK CBETa, BHICOTa KOTOPOTo HaJ, IOBEPXHOCTBHIO Kpyra
MOXXeT M3MeHATbCA. eMy paBeH MaKCHMAaJIbHbIN pajguyc TeHM Kpyra Ha
IHe R, ecJm mokasaTelb NpeJsioMJIeHnA Bogsl 1 = 1.33 ? \
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4.1.26. PaBHOoGeipeHHas MpU3Ma C YIJIOM IIpM BeplUMHE O, M NoKasaTe-

JieM TIpeJIOMJIEHMS Nj IIOMeIleHa B KMJIKOCTb, IIOKasa- A
TeJlb NpeJoMJIeHUA KoTopoit m < ni. IlepnenaukyyapHo
GokOBO1 rpaHM NPU3MbI NajlaeT Jyd CBeTa, KOTOPBHIA,
OTpa’kaficb OT OCHOBaHWU#A, BEIXODUT depes Apyryio 6o-

KOBYIO rpaHb. IIpy KakMx 3Ha4yeHMAX yria o Jyd4 OyleT mpeTeprneBaThb

[ N

MOJIHOe BHYTPEHHEe OTpPa’keHue OT OCHOBaHMS IPU3MBEI?

4.1.27. BoicoTa cojHIla HaJ TOPMB3OHTOM cOCTaBjiser yroa ¢ =10".
IonpayAck 3epkaJjioM, IycKaloT '3aifuMk” B BojoeM. [lonm xakmm yriom
B Kk rOopM3OHTY HY»KHO PaclOJIOKMTB 3ePKaJio, 4Tobbl JIyd cBeTa ILueJ B

Bozie nox yraom o =41" k sepTuxaisn ( sina = 0,655). ITorkasaTtens npe-

JomJenuAa BoAbl 1 = 1,32. CuuTaTh, YTO HOpMaJib K 3€PKajly JEXKUT B
BE€PTUKAJILHO! MJIOCKOCTHU.

4.1.28. Ha BozxHoit nosepxHocTu GaccefiHa roybunoit H = 2 m nuasaer
KpYyIJIbIA 1oT paguycom r = 1,5 M. B LeHTpe njoTta yKpenseHa BepPTHU-
KaJlbHasl Ma4Ta, Ha BepliyHe KOTOpOit noiBeilleH (oHaps. OnpenennTs
BBICOTY MauThbl /I, €eclay MBBECTHO, YTO pajuyc TeHM OT IJioTa Ha JHe
6acceitna R = 2,1 M. IlokasaTens npejomiyenus Boasl 7 = 1,33. PoHaps
CYMTATb TOYEUHBIM MCTOYHMKOM CBETA.

4.1.29. Y3kuit NMy4oK CBETOBBIX JIydel IajaeT Ha CTeKJAHHBIA KJMH
NepreHIUKYJIAPHO €ro Nnepefneit rpaHu, pacro-
JIO}KeHHOJ BepTuKaJbHO. IIpoiaa kjuH, IIy4oK o
nonazaeT Ha BepTUKaJIbHbII dKpaH. Ha kakoe

paccToaHue AA CMeCTUTCA CBETOBOE IISITHO Ha

3KpaHe, eClIM CABMHYTb KJIMH BBEPX Ha paccTos- '
h
Hue h = 5 cm? IlokasaTesb MPeJIOMJIEHUs KJIMHA *
n = 1,5, yron npu ero BepiummHe o =35,7". IIpu pacuyeTax IIOJIOXKUTH

tga =sinaz=ao .

4.1.30. IBe npu3Mbl ¢ paBHBIMU yIJIaMM NIPU BepLIMHE o
o =5°, uMelollye pasHble IOKa3aTeJM IIPeJIOMIIEHNS, a

IJIOTHO TIPMKAThLI APYT K JAPYTY M PacroJioyKeHbl, Kak
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rnokasaHo Ha pucyHke. IIpyu ocBellleHMyu 3Toif CHMCTEMBI NPU3M Hapat-
JIeJIbHBIM ITYYKOM CBeTa, NMajalolliMM HOPMaJIbHO Ha IEepeiHIOI TPaHb
cHCTeMBI, OKa3aJioch, YTO BBIUEAUIMI M3 Hee NYYOK OTKJIOHMJCH OT
[epBOHa4YaJIbHOrO HampaBJeHus Ha yron ¢ =3°. Hajttu pasHocts An

IoKasaTeJiell IpeJioMJieHNs1 MaTepuasoB nmpusMm. IIpu pacderax moso-
KUTH Sinawz=a, singz=e.

4.1.31. Ha paBHOGeZpeHHYIO CTEKJIAHHYIO NPU3MYy NajaeT IIMPOKMIA Ia-
8 pajinenbHbI IIYHOK CBeTa, NePHNeHAMKYNAPHBIA IpaHu
T BC, mupuna roropoit d = 5 cm. Ha kakom paccroanun L
d

A or rpaau BC npesnomieHHbI/I NPU3MOIt CBET pas3fiesIUTCA
- Ha JBa He nepekpbiBapiuuxcAa nyudka? Ilokasaresb

oy npenomnennsa cteksa n = 1.5 yron npm ocHoBaHuM
— « ¢ umpusmsel o =57°. [Ipu pacuerax y4ecTb, YTO AJNA Ma-
JIBIX YIJIOB tgo =sina=ao .

4.1.32. Kakos HoJoKeH OBbITh IPEJIOMJIAIOINMI YToJi NPU3MbI O , YTOObI
HM OOMH M3 JIydeli, MajalomMXx Ha OOHY M3 ee OOKOBBIX
rpaHeil ¥ JiealllMX B IJIOCKOCTM PUCYHKA, He BBIIIEJ U3
Ipyroit 6okoBoit rpaan? IIpusmMa M3roToBJIEHa U3 CTEKJia
¢ NoKasaTeJieM NPeJIOMJIEHUA n =2.

4.1.33. Ha rpaau A u b npsmoyronbHoii paBHOGEpEHHON IPU3MEI Na-
JaloT JBa Jiy4a, JIeXalMe B OJHOM IIJIOCKOCTM.

Jiyuy , maparoummit Ha rpaHb A, BHIXOAMT M3 TpPaHu
- b nepnenpumrynsapro x Heil Jlyd, mapamommii Ha
rpaie b, BeIXOZMT M3 rpaHu A NepHeHAMKYJIIAPHO
K 2Toit rpann. HaiiTu yrosi o Mexay BXOIAIUMMMU

B Ipu3My Jiydamu. IlokasaTesib ITpeJIOMJIEHNA CTEKJa PaBeH M.
4.1.34. CrexAHHaA NpuU3Ma MMeeT pPaBHBIE YIVIBI IIPK OCHOBaHMN. YeMmy
/ / paBeH yroJ 0. IIpM BeplUMHE IPUBMBI, €CJIM M3BECT-

HO, YTO IIPOM3BOJIbHbBIA JIyd, NaJaolliyii Ha ee OCHO-
BaHME€ B ILIOCKOCTM YepTerka, Iocjie ABYKPATHOIO

A oL/ B orpamenus or rpaneit 4 v 5 npusMel BBIXOOMT Ia-
paJiesbHO MepBOHAYaJbHOMY HAaIlpaBJIEHMIO.
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4.1.35. Ha noBepXHOCTh TOHKOI cobyupaloieit JuH3bI ¢ (hoKyCHbIM pac-

croaaneM f majaer Jiyd cBeTa Ha PacCTOAHMM d OT af o
UEeHTPa JIMH3bL [10J] YIIOM O K €e rJaBHOM onruye- \\jﬁ'jT
ckoit ocu. Ilox kKakum yrioM K raaBHOM onTude- ~

CKOJi OCM BBIAZIET JIy4 U3 JIMH3bI?

4.1.36. Ha noBepxHocTb TOHKOJM pacceuBaouieii JMH3bI C (POKYCHBIM
paccroanneM f Najjaer Jiyd CBeTa Ha PaCCTOSAHMM a

4
OT 1jeHTpa JMH3bl IOJ YIJOM O K €e IJIaBHOit OM- o ¢

o

Tudeckoyt ocu. Ilox kakum yriom [ Kk rnaBHON oOn-

TUYIECKOM OCHU BbIAZET JIYY U3 JIMHIBI?

g

4.1.37. Ha paccrosnuu / nepen TOHKOVM cOGMpaIOLLEN JIMHB0/ paciioJo-
JKeH BKpaH C MaJIeHbKUM OTBEPCTMEM, HaXoZs-

. ~ |
IIMMCA Ha paCCTOHHVII/I a OT rJIaBHOM oIlTu4de- e p
ckoit ocu. Ha sxpan moj yrioM O K OCH JIMH3BI a ]
najgaer I'Iy‘IOK ﬂapaJIJIeJIbHLIX J'Iy'{&ﬁ CcBeTa. !..,t‘.l \

IMon wkakum yriiom [ K IJIaBHOM oIrTMdecKoit

OCH BBIAAET MYyYOK U3 JIMH3BI, ecJm ee JOKYCHOe paccrosHue [ ?

4.1.38. Ha paccrosiHuyu / nepes TOHKOJM pacceMBalOLiell JIMH30# pacro-
JIOXKeB BKpaH C MaJIeHbKMM OTBEpPCTHMEM, HaXo- o

OAIMMCA Ha PaCCTOAHMM 4 OT IJIaBHOJM ONTuUde-
ckoit ocn. Ha sxpan nop yrjiom O K OCH JIMH3BI QI I <p<
najaeT Ny4oK napaJiiesbHbIX Jiy4dei cBeta. [lox Ft i

~N

KakuM yrjoM B x rsiaBHOM ONTMYECKOH ocu

BBIAJIET ITy4YOK M3 JIMH3BI, ecsiu ee pokycHoe paccrosHue f?
4.1.39. Tonxas JmH3a ¢ GokycHbIM paccroanueM F = 0,4 M coszjaeT Ha
3KpaHe yBeJM4YeHHOoe M3o0parkeHMe MpeAMeTa, KOTOPLIA MOMEIeH Ha

paccrosauuu L = 2,5 M or skpana. KakoBo paccrosnne d or npefMmera
A0 JIUH3bI?

4.1.40. C nomoipo TOHKOi COBMpaIOIlelt JIMH3LI Ha 3KpaHe, yCTAaHOB-



240 Tonxue aunant

JIEHHOM [ePIEHAMKYNAPHO OINTMYECKON OCM, NOJYyHaloT M3obparkeHMe
cBeTHAILerocsa Aucka. [luameTp m3obpakeHns B # = 8 pa3 MeHbllle, YeM
cam zauck. Korna muH3y OoTOABMHYJIM OT 9KpaHa Ha Al = 28 cM, To Ha

3KpaHe CHOBa IOJy4uJioch usobparxenme aucka. Onpenemnuts pokycHoe
paccrosnue F JIMH3BL

4.1.41. Cobuparomas JMH3a CO3ZAET Ha SKpaHe M3o0parkeHMe IpelMeTa,
pacrosio)eHHoro Ha paccroaunyu /i = 0,12 m oT nepeasero ¢oxyca JIMH-
3bl, IPUYEM SKPaH HaXOAMTCA Ha paccrosHmu /2 = 3 M or sagHero do-
Kyca JiH3bl OnpefiennTs poKycHOe paccTogHMe F JIMHBBL

4.1.42. Muumoe usobpaskeHue IpeIMeTa B pacceMBalOllleil JIMH3e HaXo-
IUTCA OT Hee Ha PacCTOSIHMM, B JBa pa3a MeHblleM, uyeM npeamer. Haii-
T paccTosiuue d OT JIMH3BI [0 u30bparkeHud, ecym (POKYCHOe PaccTos-
HMe JIMH3LI F u3BecTHO.

4.1.43. C momoupio JMH3b! ¢ POKYCHBIM paccToAHueM f = 20 c¢M Ha 9K-
paHe IosyyeHo msobpakeHue IpenaMmera ¢ yseandenuem m = 2. Yemy
paBHO paccTosiHue | MEeKAY NpeAMEeTOM ¥ SKPaHoM?

4.1.44. C nomousio NUH3BI Ha 3KpaHe MOJy4YeHO M300parkeHue npeame-
Ta ¢ yBeandenyeMm m = 3. Uemy paBHO (pOXyCcHOe paccTOsAHMe JIMH3BI f,
€CcJIM paccTosHMe MeKAy dKpaHOM u npexametom /= 80 cm?

4.1.45. C nomoliupio auH3b! ¢ (POKYCHBIM paccrosaHueM f =7.5 cM Ha 2K-
paHe nomydeHo u3obparxeHue penMeTa, IPUYEM PacCTOAHME MEXIY
npeaMeToM U 9KpaHoM coctaBuio [ = 40 cm. HeMy paBHO yBenudeHue m
naobparkenna?

4.1.46. Ilepemerniaa JUH3Y MeXAY 3KpPaHOM M IIpeAMETOM, yZaeTcA IT0-
Jy4YuTb JBa €ro 4eTKUX usobpaskeHuA, OOHO pasmepoM /I = 2 cM, a
npyroe paamepom 2 = 8 cm. KakoB pasmep / npenmeta?

4.1.47. ToyeyHbli1 UCTOYHUK CBETA OIIMCHIBAET OKPYXKHOCTb B ILJIOCKOCTH,
IIepPIIeHAMKYJIAPHON ONTUYECKON Ocu TOHKOM cobupalollleil JmH3bI, ¢o-
KycHoe paccrosiane Kotopoit F =7 cMm. Uszobpaskenne MCTOYHMKA Ha 3K-
paHe pacriosioxkeHo Ha paccroanmu d = 0,35 M or smu3bl. KakoBo oTHo-
IlIeHMe YCKOpeHMi u3obparkeHnsa 1 MCTOYHNKA?
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4.1.48. HayaJjio cucTeMBbl KOOPAMHAT IOMEIEHO B LIEHTP TOHKOM Co6u-

paloieit smH3b! ¢ (POKYCHBIM paccTogHuEM f, Yy
IIpu4eM 0oCh X COBHAaJaeT C IJIaBHOH OIITMYECKOM i 1 Io
OCBIO JIMH3bL TOYeYHBII MCTOYHUK CBeTa yZLaJif- @ >
eTCA OT JIMH3BLl PAaBHOMEPHO CO CKOPOCTBHIO ¥ IO v | T x

NPAMON, MapaJiyieJIbHOM OCH X ¥ IIPOXoAsAlleil Ha

paccroaHun a ot Hee. Haittu KoopauHaTbl x(f), y(f) usobpaxkenus uc-
TOYHMKA B 3aBUCHMMOCTM OT BpeMeHM. IIpu ¢ = 0 MCTOUHMK HaXommJICA B
¢hOKaJIbHO IJIOCKOCTY JIMH3BL

4.1.49. Hauaso cucreMbl KOOPAMHAT IIOMELIEHO B LIEHTP TOHKOM CoBu-

pamomeid MMH3B! ¢ (POKYCHBIM PacCTOsiHueM f, ¥
npudeM OChb X COBHajflaeT C IJIABHOM onTuye-

CKOJ1 Ocbhbi0 JiMH3bL ToO4YeyHbNI MCTOYHUK CBeTa ! Lo
yhaJiAeTCA OT JIMH3BI [0 NPAMON, Npoxonsamnei x

Py
yepe3 POKYC JIMH3BI IIOX YIJIOM ¢, C IIOCTOAH- v
HOJ ckopocTeio v. HaliTu KoopAMHaThl Koopau-
Hatel x(f), y(f) n3obparkeHua MCTOYHMKA B 3aBUCMMOCTM OT BPEMEHMN.

IIpu t = 0 ucTouHNK HaxoOmuicA B oKyce JMH3bL

4.1.50. Orpesox AB, napalnenbHbI! rJIaBHOM ocu cobupaloieit JMHSDI,
pacrioJioskeH Ha PacCTOAHMM d OT OCM Tak, 4YTO
€ro KOHIIbl yHaJieHbl OT ILIOCKOCTM JIMH3bI Ha

B A
et

paccroseMAa a M b coorserctBeHHo. Haiitu

ey ! nsobpaskeHuA oTpeska, eciyu Goryc-

Hoe paccTosAHMe JuH3bl Fu b>a>F. Y

4.1.51. Orpesok AB pacnososeH BJOJb NPAMON, NPOXOHALIE yepe3d
¢oxyc cobuparolieit JMH3BI II0f, YIJIOM

o =45" Kk rnaBHOM onTtuueckoit ocy. HaiTu F T

anmuHy | nzobpakeHns 9TOrO OTPE3Ka, €CM

C3%
dokycHoe paccroAHne smH3bl F, a paccTosi- VA\(" I .
HuUA oT Touyek A u B 1o dokyca paBHBI, CO- \(6

OTBETCTBEHHO, a u b.

4.1.52. Orpesox AB pacrnosoxeH BAOJb NPAMOYA, NPOXofswieit uepes
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dokyc cobuparomieit JMH3B! [OJ  YTNIOM
F T o =60" Kk ee rnaBHoit ocu. Paccrosuma or To-

d 7
. /S;\ yexk A u B go ¢okyca F paBHbBI, COOTBETCTBEH-

HO, a =5 cm u b = 10 cm. Yemy paBHO dokyc-
HOe paccTosiHue JIMH3LI F, ecjii u3BEeCTHO, YTO ANMHa oTpe3ka AB paBHa
IUTMHE ero msobpaxeHns?

4.1.53. Otpesox AB, Jemxalmit Ha TJIaBHOM ONTUYECKOH OCH JIMH3BLI 3a

8’ A ee ¢oKycoM f, cMecTusM mapaJuslesIbHO
F——1

dI H i caMomy cebe M TepHeHAUKYNAPHO OIITH-
L —d
8 A g I yeckoii ocyu B moJyokenme A’B’, kak

IoKasaHO Ha pucyHrke. Yemy paBHa Be-
NMYMHA CMElUeHua oTpe3ra d, ecnu ANMHA u300parkeHUsa OTpesKa
A’B’ Gosnbie pinuHB! M3obpaskenusa orpeaka AB B k = 2 paza? Poxyc-

HOe pacCToAHMe JMH3bI f = 3 cM.

4.1.54. JIna monydeHus m3o6paskeHMs TOYEYHOTO MCTOYHMKA CBETa Ha
9KpaHe MCIONb3YIOT coBupalonlylo JiMH3y ¢ (OKYyCHBIM paccTosiHueM F
= 7 em. Ha xakom paccrosiiuy b oT 9KpaHa clefyeT pa3MeCTUTh JIMHIY,
yrobbl B (popMMpOBaHMM W300parKeHMA MCTOYHMKA NIPUHAJ ydacTHe
MaKCHUMaJbHbI cBeToBoii mnoTok? PaccTosAHme MeXAy MCTOYHMKOM U
sgpaHoM L = 64 cm.

4.1.55. Ha pucynke npezcraslleHbl cBeTAwasAcd Todka S M ee usobpa-
sxkenue Si, JaBaeMoe JIMH30M, IJIaBHAs ONTHU-

8 P
3 Yyeckas ochb KoTopoit — npamaa NiNa2 Pac-
i CTOAHUA OT Touek S u S| Ao orrTu4ecKoit ocn

fa— Q —oe

N

1A ~———c—=>a M paBub, coorsercTBenHo, a = 20 cM u b =
30 cm, paccrosumne Mexny Toukamu A M B pasuo ¢ = 15 cm. Haittu dpo-
KyCHOe paccTosHue JuH3bl F.

8 4.1.56. Ha pucyHke npezcTaBJIeHbl CBeTA-

54{ } masca Toyka S u ee usobpakenme Si, za-
'y a BaeMoe JIMH30M, IJIaBHAA OITHYECKad OcChb
¥ J K, Kotopoit — npamas NiN2 Paccrosnus ot To-

ek S u S| Ao onTMYECKoif ocH paBHBI, COOT-
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BeTcTBeHHO, a = 30 cM u b = 20 cm, paccrosanue Memay Toukamu 4 u B
¢ = 10 cM. Haittit ¢pokycHoe paccTosHMe JUHILL F.

4.1.57. Ha pucyHke mnpezicTaBJeHb! CBeTAIIAaACA ToYyKa S u ee us3obpa-
skeHme S|, DaBaeMmoe JIMH30M, rIaBHas OI-

THMYeCKas oOChb KOTOpok — mnpamas NN “i c B N,
PaccTostHua OT Todek S u St go omtmue- Ng B ’15
CKOI1 OCU paBHBI, COOTBETCTBEHHO, a = 10 cm S,

n b =20 cm, paccrosinne mexay Toukamu A u B paBHo ¢ = 40 cm. Hatitu
¢oxycHoe paccTogHNe JIMH3LL F.

4.1.58. ToueuHblit MCTOYHMK CBeTa 4 PacroJiOMXeH Ha PacCTOAHMM @ = 2
cM or ¢okyca cobuparomeit JMH3BI Ha ¢

i
npamoit, obpasyioweit yron o=60" c £ ? £/{

. . d Va
[JIaBHOM ONTMYeCKoil ocblo. Ha KakoM /A

paccrosamn | oT BToporo ¢okyca HaxoguTcs uaobpamenmue A’ ucrod-

uuka? PorycHoe paccTosgHue JuH3BL f =5 cm

4.1.59. Cobuparoiias JnH3a fAaeT Ha JKpaHe, HNePIeHIAMKYJIAPHOM ee
[JIaBHOJ ONTHYECKON ocM, pe3koe u3obpasxkeHye IperMeTa C yBeJMye-
uem M = 4. JIuH3y cABUTalOT IePIEeHAMKYJAPHO ONTHHECKON OCM Ha
paccrosiume h = |1 mm. KakoBa 6yznet BesmmunHa H cmeniennsa nsobpaxe-
HMUA Ha BKpaHe?

4.1.60. Y3xuii cBeTOBOJ) IyHOK NIajlaeT Ha CobMpaloUlylo JIMH3Y ¢ (o-
KyCcHbIM paccrosiiueMm f = 20 cM mapasesibHO ee IVIABHOM ONTHYECKON
ocu. Ilpoiina nuH3Y, Ny4oK NonafiaeT Ha SKPaH, HAXORAAINMIACA Ha pac-
crostuuu L = 50 cm oT NMH3B U NEPIEHAUKYNAPHBIL €e IJIaBHOW OIITU-
yeckosi ocn. Ha kakoe paccrosnme H cMeCTUTCA CBeTOBOe NMATHO Ha 3K-
paHe, ecjiu CABMHYTH JIMH3Y NEPHEHAMKYJIAPHO ee OCy Ha paccTosHue A
=2 mm?

4.1.61. lzobparkeHue npenmeTa HabJIOJAlOT Ha 9KpaHe, PacHOJIOMKeH-
HOM Ha DACCTOAHMM @ = 5 CM OT TOHKON JIMH3BI, (DOKYCHOE pacCTOAHuE
Koropoit /= 3,5 cm. JIuHay cmelyalor B HanpaBJIeHMHM, EepPIEHAUKY AP~
HOM ee IJIaBHOJ ONITMYECKOl ocy, Ha paccrosinMe A =7 mm. Ha xakoe

paccTosiHye X CMEeCTMTCA MPY 3TOM u3obparkeHue npegmera?
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4.1.62. CBeTAIasAcA HATH JIAaMIIBl B OCBeTUTeJle NMeeT (opMY OTpe3Ka
ammasl  A=lcM u pacnojiodkeHa BJZOJB

___F TJaBHOI ONTMYECKON OCHM JIMH3BbI AMaMeTpa
) D =5 cm ¢ doxycHbIM paccrosumeM f =9 cm
TakuM obpasoM, YTO JaJibHMIt OT JIMH3BI KO-

Hell HUTH HaXozurcs B ¢pokyce JMH3bL IlocTpouB Xoz Jiydeit, onpene-

- f

JIATb AMaMeTp d CBETJOro NATHA Ha DKpaHe, PacloJIOKEHHOM Ha pac-
croaHuu [ = 72 cM oT JMH3BI TEPNEHAKKYJIAPHO ee [JIABHOM OINTHMYeCKoM
ocu.

4.1.63. Caeramjadgca HUTb JaMIbl MMeeT ¢OpPMYy OTpe3Ka [JIMHBI

A

- f _b[_eh, croauuem f = 5 cM Tak, ytro OMMMKHMI K
JuH3e KOHell HUTU HaXoOuUTCA B ee doxKyce.

E A=1 cM u pacrojio’keHa BIOJEB TJIABHOI

ONTHYECKOM OCH JIMH3BI ¢ (POKYCHBIM pac-

Ha paccrosnuyu ! oT JMH3BH! NEPHeHAMKYJIAPHO ee [VIABHOW OITHYECKOMH
ocy pacnoJioykeH skpad. IlocTpouB xon Jiydel, olpefesNTb, IIPM KaKOM
3HaveHMM [ pasmep IATHA Ha DKPAHE NIPEBBICUT AMAMETP JIMH3bI?

4.1.64. ToyeyHblif MCTOYHMK CBETa JIEXKMT Ha IJIABHOM ONTHMYECKOH ocy
cobupalomeit JIMH3bI ¢ pokycHbIM paccroAanuem F = 70 cm. Paccrosune
OT MICTOYHMKA JIO HEeHTpa JIMH3bI paBHO 2F. Ha kakoe paccToAHue X cMme-
cTUTCA M300paXkeHMe MCTOYHMKA, €CNM JIMH3Y NOBEPHYTb TakK, YToObi
nIpAMad, NPoBeJleHHad OT MCTOYHMKA K IeHTPY JIMH3bI, COCTaBJIAJA YTOJ

o =30 c ryaBHOM onTHueckoit ockio JMH3bI? IleHTp JMH3BI ocTaercs

HeTIOABUACHBIM.

4.1.65. Tonkaa pacceMBaiollasi JMH3a C (POKYCHBIM PacCTOAHMEM fi =
— | M npuxkaTa BOJIOTHYIO K TOHKOM cobupaloujeit JmH3e ¢ (POKYCHBLIM
paccroanmeM f2 = 0,6 M Tak, 4TO MX IJIAaBHBIE OIITMYECKME OCM COBHAJa-
ior. Ha paccemBamolnyo JMH3y BHOJB o0uHiell ONTHMYeCKOM ocy IajaeT
NMy4oK NapajiiefbHbIX Jydeii cBeTa. Ha kakom paccroanum f or cobm-
pamouieii JIMH3bI 3TOT ITy4Yok OyzeT ccporycupoBan? ’

4.1.66. Tonxan cobupamoowmas JuH3a ¢ POKYCHbIM paccTrosaHueM fi = 0,6 m
¥ TOHKas pacceMBalOllas JIMH3a ¢ (POKYCHBIM paccTosHMeM f2 = — 1 M
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uMeloT OOIIyI0 OITMYECKYI0 OCh M PACHOJIOMKEeHbI Ha L
paccroasuu L = 0,2 M gpyr or apyra. Ha cobuparo-
Y10 JWH3Y BRONL ONTHYECKOH OCUM NajfaeT Iydok Na-
paJiienpHbIX Jydein cBeta. Ha kakom paccrosuumu f oT
pacceuBaloiei JMH3bI 0H 6yset cdorycupoBan?

Al

4.1.67. [IBe omuHaKoBble coOMpaolMe JIMH3bl C (POKYCHBIMM PAacCTosi-
HuaMu F pacriosioskeHbl Ha paccrofgHmuy 2F fpyr oT Apyra Tak, 4TO MX
IVIaBHBIE OIITMYECKMe ocH coBnagaioT. Ha rnaBHO onTuyeckoi ocu rne-
pen mepBoli JIMH30M NOMelleHa HEKOTOpasd TodKa A Takas, YTO Jyd CBe-
Ta, BRILIEANNH U3 Hee U npoulenimii obe JMH3bI, rIepecekaeT 3Ty OCh B
Touke B, HaXofsmedics 3a BTOpoil JmH30K Onpejenuts pacCTosAHKE
MeKRy Toukamu A u B.

4.1.68. Orrruyeckas cucTeMa COCTOMT M3 ABYX OAMHAKOBBIX cobuparo-
umx JmH3 ¢ POKYCHBIM paccTosiEMeM f, pac- 1 T
TIOJIOMKEHHBIX TaK, YTO MX (POKYChl COBIafa- 7 l 7 7
1oT. IlpegmeT HaxomuTcA Ha paccToaHun a < f

nepey nepBoit amuzoi. Ha kakom paccroAaunyu b ot BTOpOIt JMH3E! OyneT
pacriosaratecs naocbpasieHue npexamera?

4.1.69. ITapansesbHBI! ITy4Y0K CBETOBLIX Jyueil AuaMeTpoM d = 2 cM mna-
IaeT Ha COBMpAaOILYI0 JUH3Y ¢ (POKYCHBIM paccToauueM Fi = 10 cm. 3a
3TOM JMH30/1 Ha HEKOTOPOM pacCTOAHMM OT Hee, NpeBblamiiem Fi,
pacriofioskeHa BTopasi cobupalioiljasa JuH3a ¢ (POKYCHBIM PaccTosHMEM 2
=15 cM, a B ee (pOKaJbHOI IJIOCKOCTH CTouT 9KpaH. Hajitu amamerp D
CBETOBOrO NATHA Ha SKpaHe, eCly IJIaBHbIE OITHYECKME OCH JIMH3 M OCh

CUMMeTPHMU ITyYKa COBIIaZaloT, a 3KpaH INeprneRAUKYyJIApPpeH 3TUM OCAM.

4.1.70. Ha cobupawwyio anusy ¢ ¢okycHeiM pacctosnueM Fi = 40 cm
nNafaeT IYYOK MapajiielIbHbIX JIydeil cBeTa paauycoM R = 2 cMm. 3a 9ToM
JIMH30/{ pacloJiosKeHa paccenBalolias JMH3a ¢ (POKYCHBIM PacCTOSHMEM
F> = ~15 cMm, npuyeMm IJlaBHBIE ONITMYECKME OCHM JIMH3 M OCh CHMMMETPUYA
ny4xa coBnajaloT. YeMy paBeH paAuycC IIy4Ka 7,BBIIIEALIET0 U3 BTOPOW
JIMH3BI, €CJIM M3BECTHO, YTO JIydM B HEM MapaJljlesbHbI?

4.1.71. Ha cobupalouyio juH3y ¢ POKYCHBIM paccrosinueM F Brosn ee
IJIaBHOM ONTHYECKONM OCHM MaJaeT NapaJsijieNbHbIi ny4ox cBeta. Ha pac-



246 Tonxue aunast

croaauu L or smusel (F < L < 2F) nepnesauMKyJIsIPHO OITHYECKON ocyu
pacrnosokeH skpaH. Ha KakoM pacCTOAHMM X OT JIMH3bI MEXKAY Heil u
SKpaHOM HY><HO IIOMECTHTb BTOPYIO TaKylo Ke JMH3Y, 4ToGbl amuameTtp
NATHa Ha 3KpaHe CTajl paBeH IepPBOHAYaJbHOMY AMAMETPY Nalaiolerc
nyuxa? Haittn uncienHoe 3Hadenue x gy F=10em u L = 15 cm.

4.1.72. ToyeyHbIt UCTOUYHMK CBETa PaCIIOJIOMKEeH Ha IJIaBHOM ONTUYECKON
ocu TOHKOVM cobuparoweii smuabl Ilo APYry10 CTOPOHY JMH3BI HAXOAUTCA
JKpaH, NepHeHAUKYJIAPHBIA ee TNaBHOM onTudeckoi ocu. Haiitn paguyc
r CBETOBOro IATHA Ha 9KpPaHe, €CJIM M3BECTHO, YTO PaCCTOSIHME OT uC-
TouHMKa Ao JuH3bl d = 30 cM, pacCcTodHMe OT JMH3BI 2o 3KpaHa b = 80
cM, okycHoe paccrosane nuussl f= 20 cM, a ee paguyc R =3 cm.

4.1.73. TodeyHbIt MCTOYHMK CBeTA PacHOJIOXKeH Ha IJIaBHOM OITMYeCKOoM
ocK TOHKOM cobuparomieil Jua3E!I ¢ boKycHbIM paccrosnueM f = 20 cm.
ITo npyryio cropoHy JMH3bI Ha paccTosauu b = 80 cM oT Hee HaXOLWUT-
cs 9KpaH, NepHeHIMKYJISIPHBIA ee IJlaBHOM OINTHUYECKOM ocu. VIzBecTHO,
9TO ecsM NepeMeCTUTh PKpaH Ha paccrosiiue d = 40 ¢M B CTOPOHY JIMH-
3pl, TO pa3Mep [ATHa CBeTa, CO3JaBaeMOT0 MCTOYHMKOM Ha 3KpaHe, He
usMenntces. OnpefieMTh pacCTOAHNME @ OT MCTOYHMKA CBETAa A0 JIMH3DL

4.1.74. ToyeyHblit MCTOYHHMK CBETa HaXOOUTCHA Ha IJIABHOM OIITUYECKOI
ocu pacceuBalomer JMH3bL EcyM [IOMECTUTh MCTOYHMK B
-éz%zi— TOYKy A, TO ero m3obpaskeHMe PaCHOJIOKUTCH B TOYKe B.
Ecnn nomecTuTh MCTOYHMK B TOYKY B, To ero usobparke-
Hue pacnosioxkurca B Touke C. 3Hast pacCTOAHMA MeXay Toukamu A u
B: I = 20 cm u mexny Toukamu B u C: 2 = 10 cm, Haiitn GoKycHoe

paccTosiHMe JMHSBL f

4.2. Saemenmovl pusuveckolu onmuxu

Bonpocs! nporpamMmmei

e Boanosbvie ceoiicmea ceema. Iloaspusayus ceema. daexmpomaz-
Humuas npupoda ceema. Cxopocms ceema 8 00HOpPoOHOU cpede.
Hucnepcus ceema. Cnexmpockon. Mngpaxpacroe u yavmpagpuo-
Aemosoe U3AYUeHUA.
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e Unumepgepenyun ceema. Kozepenmunie ucmounuxu. Yecaosus o06-
DA30BAHUSA MAKCUMYMO8 U MUHUMYMO8 6 urnmepdepenyuonnol
Krapmune.

o JTugpaxyus ceema. Onvim Onza. [Ipunyun Iolizenca - Ppenenn.
Hudparyuonnas pewemua.

o  HKopnyckyaapusie ceoticmsa ceema. ITocmosannas Iaanxa. Pomo-
appexm. 3axonvl omosPpexma. Pomon. Ypasuenue Sunwmeri-
Ha 0an omoaggexma.

e Jlasaenue  cgema. Onwmbr JlebGedesa mno usmepenuro Oasaenus
ceema.

e ITocmyaamw Idnwmetinag. Cansv medcdy maccoi u anepauell.

Onpene.nenmx, MMORATHA U 3aKOHbI

Boanossie ceolicmea ceema NpOABJIAIOTCA B adderTax, MPUCYIIMX
JoboMy BOJIHOBOMY HABMiKeHMIO. K TakuM adexTaM B NepByI0 odepens
OTHOCATCA MHTepdepeHusA 1 Audpakiyus cBeTa (CM. HMvKe).

Aaexmpomaznumnar npupoda ceéema. Ha ocHOBe MHOrouMCJIEHHBIX
9KCIIEPMMEHTOB YCTaHOBJIEHO, YTO CBET M DJIEKTPOMArHMTHEIE BOJIHEI
MMeIoT pAxd obLMX CBOMCTB: OJMHAKOBYIO CKOPOCTb pacIpoCTPaHeHMd,
HajJu4yue NoJApM3alMu (CM. HUIKE), COCOGHOCTL MCIIBITBIBATD OTPaXXe-
HUEe M IpeJIOMIIeHKe M T.UI. JTO MO3BOJIMJO CHeJlaTh BbIBOL O TOM, YTO
CBET MMeEeT JdtexmpomazHumHylo npupody, T.e. NpeAcTaBiaseT cobGoi
3JIeKTPOMAarHUTHbIE BOJIHBI ONPEAeJIEHHOIO 4aCTOTHOro nuamnasoHa. Jmm-
HBI BOJIH BUAMMOIO CBeTa B BaKyyMe JieokaT B AmuanasoHe or 0,39 muk-
poHa (cuoneToBrlit cBeT) A0 0,77 MukpoHa (KpacHbIit CBET).

Hoaapusayueii ceema HaspiBaeTcs HU3NYECKaA XapaKTepPUCTHKa OII-
THUYECKOTO M3JyHeHMA, CBA3aHHAA C 3aBMCHUMOCTBIO CBOMCTB CBeTa OT
HarlpaBJIeHMA B IJIOCKOCTM (PPOHTA CBETOBON BOJIHBL 110JIAPM30BaHHBI-
MU MOryT OBITH TOJBKO MoNepeyHble BoJIHBL IlollepedHOCTH CBETOBBIX
BOJIH JJOKa3aHa MHOlOYMCJIEHHBIMM 3KCIePMMEHTaMM IO paclpocTpaHe-
HMIO CBeTa B KpMUCTaJJIaX.

CBeT HazbIBaeTCA JII/IHei"IHO—HOJXHpM3OBaHHbIM, ecyiM B CBETOBOH BoOJIHe
HaIlpaBJIeHUA koJebaHmi IEKTPUYECKOTO ¥ Mar"HmMTHOIoO noyen CTporo
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- (pMKCHMpPOBaHBl M TIepINEeHAMKYJIAPHBL! HAMPaBJIeHMIO PaclIpocTpaHEeHMA.
EcTecTBeHHBIf CBET HEMOJAPM30BaH, HanpaBJieHHMA KoJjiebaHMiA Silek-
TPUYECKOro ¥ MarHUTHOIO II0Jiell B HeM XaOTHMYECKM MEeHAITCA TaK, 4TO
BCe HalpaBJIeHMs KoJieGaHMil B IJIOCKOCTH, NepPNneHAMKYJAPHOi Jyd4y,
PaBHOBEPOATHBL ’

CyliecTByI0T pasauuHble crocobbl MONydYeHUs MOJIAPH3OBAHHOIO CBETA.
YerpoiterBa (Kak OpaBUIIO Npo3payHble KPMUCTAJUIBI), ¢ TIOMOLIBIO KOTO-
PBbIX M3 €CTECTBEHHOrO CBeTa BBIJEJIAIOT IOJIAPM30BaHHBIA CBET, Ha3bl-
BaloTca mnojsipusaTopaMyu. JnA obHapy’KeHMSA NOJAPU3AIMU CJIYMKAT
aHaJIM3aTOPbI, KOTOpbIE II0 CBOEMY INPHMHIMIY HeJCTBUA MIEHTUYIHBI
nostsipusaTopam. [HonsipusaTop IponyckaeT CBeT TOJBKO C OIpejiesieH-
HBIM HamnpapjieHMeM KojieGaHuil BIeKTPUYEeCcKoro (M COOTBETCTBEHHO
MAarHMTHOIO) HONA. B 3aBMCHMMOCTHM OT OpMEHTallMy aHaJM3aTopa IIOJA-
pu30BaHHBIN cBeT JaubGo nmpoxoaut, aubo He NpoxoauT yepes Hero. Iipu
CKpEeIleHHOM TOJIOKEeHUN [OoJIAPM3aTopa M aHaJu3aTopa, KOrja OHM IO-
BEPHYTBI APYr OTHOCKTENBHO Apyra Ha 90° cBeTOBble BOJHBI Yepes HMX
He NPOXOJAT.

Cxopocmdb céema 8 00nopodnoii cpede onpepenserca HopMyJoi

v= (4.2.1)

P
rie ¢ — CKOpOCTH CBeTa B BaKyyMe (c=3-10) m/c), n — nokazarens
npeJsioMJieEns cpefpl. JnuHa CBETOBON BOJHBI A B BEeUIECTBE C IOKa3a-
TeJleM NPEJIOMJIEHUS H YMEHBIIAETCH [0 CPaBHEHWMIO C JJIMHOM BOJHBI
A, B Bakyyme: A=A,/n. Ha paccrossiHumn d, KoTopoe NpPOXOJUT B Be-

1iecTBe CBeTOBas BOJIHA, YKJaJbIBaeTCsa B N pa3 6oJbilIee UMCHO OJNH
BOJIH, YEM B BaKyyMe.

Hucnepcueii ceema Ha3bIBaeTCA SBJEHME 3aBUCHMOCTM MOKasaTeNsd
IpeJIOMJIeHUs Cpelbl OT YacTOThI (IJIMHBI BOJHBI) cBeTa. VI3 (4.2.1) BbI-
TEKaeT, YTO AUCIIEPCHUA CBETa MOYKET ONpPefeJIATHCA TaK)Ke KaK fABJe-
HME 3aBUCUMOCTHM CKOPOCTM pPaclpoCTPpaHeHNs CBETOBOJ BOJHEI B Belle-
CTBe OT ee YACTOTHI (AJIMHBI BOJIHDI).
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Cnexmpocxon — 5To npubop A HabGJIOAeHUA CIEKTPaJILHOIO COCTaBa
cBeta. IIpocTeiiliMM  CHEKTPOCKONOM 1 figs Geaes o

CHYXXUT CTeKJIAHHaA Ipusma, C IIOMO- g

IIBIO KOTOPOJI MOX<HO HabuomaTh pas-
Jnoxenne GeJioro cBeTa B CIIEKTp, T.e. Ha
COCTaBJIAOIIME C PasJIMYHBIMK NJIMHAMMI
BOJIH (puc. 4.2.1).

Puc. 4.2.1

Hugdpaxpacnoe usayuenue — HeBUIOUMOE SJIEKTPOMATHMTHOE M3Jy4Ye-
HMe, JIMHA BOJIHbI KOTOPOrO IpeBbIulaeT JJIMHY BOJIHBI KPacHOTO CBETA.
VucdpakpacHble BOJAHB MMEIOT AJMHBI BOJH B Juanasode 3-1075.
7,710°7 m.

Vavmpagduoremosoe usayuenue — HEBUIAMMOE DIIEKTPOMACHUTHOE
U3NIyYeHMe, OJIMHA BOJIHBI KOTOPOIO MEHbIe JJIMHbI BOJHBI (PUOJIETOBO-
ro CBeTa M JIEKMUT B amanaszone 3,9'10°7.. 10-9 m.

Humepdepenyun ceema — 310 NMPOCTPaHCTBEHHOE Iepepaclipenele-
HUe SHePIuy CBeTOBOro M3Jy4eHMA IPYU HaJIOXKEHMM ABYX MIM HECKOJb-
KMX CBeTOBbIX BoJH. IIpaBmibHoe 00BbACHeHMe MHTepdepeHIUM CBETA
KaX THMIMYHO BOJIHOBOTO sABJeHUA ObLN0 gaHo B Hauvane XIX Beka T.
IOurom u O. Ppenenem. UnrepdepeHnua cBeTa XapakTepusyerca o0~
pa3oBaHMEM CTallIOHAPHONM ([TIOCTOAHHOM BO BpeMeHM) MHTepdepeHIn-
OHHOJ KapTHMHBI - PeryJIApHOro 4epeJoBaHUs B IpOCTpaHCcTBe obsacreii
MOBBILLIEHHO) ¥ TOHMXKEHHO) MHTeHCHMBHOCTM CBeTa, IOJydaloLleicsi B
peaysbTaTe HaJIOKEHMS KO2ePeHMMHUBLL CBETOBBLIX BOJH, T.e. BOJH OV-
HaKOBOJ HacCTOTbl, MMEIOIINX IOCTOAHHYIO pa3HocTh ¢a3. Jobutbes mo-
CTOSIHHOJ pPa3HOCTH (pa3 BOJH OT HE3aBMCHUMBIX MCTOYHMKOB MPaKTHYe-
CKM HEBO3MOXKHO. IlodTOMy JAJNA IOJy4YeHUA KOT€PEeHTHBIX CBETOBBIX
BOJIH OOBIYHO MCIIOJIB3YeTCA CIAeLYIOLMIA CrIocod: CBET 0T OAHOTO UCTOH-
HMKa KakKuM-Jmbo o6pa3oM paspesisioT Ha [IBa MM HECKOJBKO IYUYKOB
M, IyCTUB MX [0 PasHBLIM IIYTSM, CBOAAT MX 3aTEM BMecCTe.

MuTepdepenima HabmozaeTes TaKXKe IIpK OTPaKEHMM CBETa OT TOHKOI
MBUIBHOM IUJIEHKM, OT HedTAHBIX IUICHOK Ha IIOBEPXHOCTM BoAbl VH-
TepchepeHIMOHHAA KapTHHa NpK 3ToM obpasyeTcs 3a CYET HaJIOMKeHUA
CBETOBBIX BOJIH, OTPaX<e€HHbIX OT HAPYXKHOM M BHYTDEHHEN! IOBEPXHO-
creit meHkn. KorepeHTHOCTh MHTEPdEPUPYIOIIMX BOJH obecnieynBaeTcA
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TEeM, 49TO o6e oHu UcnylneHbl OT OAHONo MCTOYHMKA.

IIpocras ana HabmomeHnsa MHTepdepeBUMOHHAA KapTHMHA BO3HUKAET B
TOHKO! INPOCJIOKe BO3JyXa MeXIy CTeKJAHHON IJIaCTUKOM M NpuXKa-
TOM K Hell MJIOCKOBBINYKJION JIMH30M GoJsbIloro pajyyca KPUMBUSHBEL 3Ta
KapTUHA MMEET BUJ KOHUEHTPMYECKMX KoJell, IOJNYy4YMBINMX Ha3BaHue
rosen HeioToHa.

Maxcumym B uHTep(EpPEeHIMOHHO KapTuHe HabJjlogaeTcs IIpU yCJo-
BMM, YTO CBETOBBIe BOJIHBI OT KOT€PEHTHBIX WMCTOYHMKOB IIPUXOLAT B
TOYKy HabJiomeBuAa B ofHOM M Toit Ke chase (onTUUecKas pasHOCTBH XO-
Jla Jiydeil OoT MCTOYHMKOB JIO HaHHOM TOYKM paBHa IIPM DTOM YeTHOMY
YUCJY TOJIyBOJH). Munumym B MHTepdepeHUMOHHON KapTuHe HabJio-
JaeTcsA NPK YCJIOBUM, YTO CBETOBblE BOJIHEI OT KOT€PEHTHBIX MCTOYHMKOB
TIPUXOOAT B TOYKy HabmoneHus B TnipoTuBodase (KOTAa ONTUYECKad
pasHOCTB XoJa Jiydeli paBHa HEYETHOMY YMCJY IIOJIyBOJIH).

IIpu Habmonpenny nHTepepeHIMM B MOHOXPOMATHYECKOM CBeTe C OIl-
pelleleHHOM IJNMHOI BOJIHBI MHTepdepeHIMOHHAA KapTHMHa Ha JKpaHe
npexncTasJiaeT coboit YepeZoBaHMe CBETJBIX M TeMHBIX MecT. VIHTepde-
PEeHUMOHHAsA KapTuHa B 6eJIoOM cBeTe ABJIAETCA OKpallleHHOM, b0 Kask-
Jlag cocTaBJAolianA 6esoro ceera faeT yCuJeHMs U ocjableHnsa cBeTa B
CBOMX MecTaxX Ha DKpaHe.

Jlugparxyus ceema — 910 ormbaHue JydaMy CBeTa
rpaHMIbl HEIIPO3PayHbIX TeJl, B TOM 4YMUCJe IIPOHUK-
HOBEHME cCBeTa B 00JIaCTh [EOMETPHMYECKOM TEHM.
Brnepsrie audpakuuio cBera Habmopan D. T'pu-
masbau B cepenmue XVII Beka. CoBMecTHOE IIPOAB-
JleHHe MHTepdepeHIMM U AUDpPaKIMU CBeTa Ha-
6imozanock B KJjaccuueckoM onbvime FOwneza, mno-
craBJleHHOM MM B 1802 r. Cxema omblTa nsobpaxe-
Ha Ha puc. 4.2.2. CBeT, npole/lInii Yepe3 MaJieHb-
Koe oTBepcTMe 4 B HENpPO3payHO!l IIMpMe, Mafajl
Ha JpYyryl0 IMPMy C ABYMA GiIM3KO pacIoJIoKeH-

HbIMM MasteHbKMMM oTBepeTuamu B u C. Cdepuye-

= CcKasl BOJIHa OT oTBepceTus A Bo3OysZaJsia B oTBep-
Puc. 4.2.2 ctuax B u C korepeHTHBIE CBeTOBHIe Kojebauusa B
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pesyJsbTaTe MHTepdepeHIMy BoJH OoT oTBepcTuit B 1 C Ha skpaHe no-
ABJIAJIVCH 4Yepenylolecss TEMHbIE ¥ CBeTJbIE IOJIOCHL 3aKphIBas OLHO
n3 orBepcTiii IOHr obHapysKMBaJl, YTO MHTepgepeHUMOHHbIE IIOJIOCHI
ucqesanu. C nomotpio a1oro onsrra KOHrom ObuM BeCbMa TOYHO U3Me-
PeHBI AJIMHBI BOJIH, COOTBETCTBYIOIIME CBETOBBIM JIy4YaM Pas3HOTO LIBETa.

IIpuanunmasbHoe 3HauyeHme ombiTa FOHra COCTOMT B TOM, YTO OH JaJ
HepBoe HeolIPOBEPKUMOoe J0Ka3aTeJILCTBO BOJIHOBOM IIPUPOLLI CBETA.

ITpunyun Iotzenca-Ppeness ABIAETCA OCHOBHBIM IPUHLMIIOM BOJI-
HoBOJt onTuky. OH MCronb3yeTcs AJIA pelleHMA AMQPaKIMOHHBIX 3ajad
— OTBLICKaHWUA paclpefe/ieH!A MHTEHCUBHOCTYM CBETOBOH BOJIHLI, PaCIIpo-
cTpaHAWINelica B cpefie ¢ NPeNATCTBUAMM (HENPO3PayHLIMM TeJlaMu).
CorsacHo 3ToOMy NPMHUIMITY KaKZad TOYKa IPOCTPAHCTBa, KOTOPOH goc-
TUTJIa B HAaCTOALIMII MOMEHT paclIpOCTpPaHAIOUIasCA BOJIHA, CTAHOBUTCS
JMICTOYHMKOM 3JIeMeHTapHEIX cdepuyeckux BoJsH CBeToBoe mone B cie-
LyIOIMii MOMEHT BpeMeHM obpasyeTcd B pe3yJibTaTe MHTepdepeHImM
BJIEMeHTapHBIX BOJIH, U3JIy4YaeMbIX TOYKaMM BOJIHOBOM IIOBEPXHOCTH B
HalpaBJIeHMM PACIPOCTPaHEHUA BOJIHBI (dJIEMEHTapHble BOJIHBI, U3JY-
yaeMble TOYKaMY BOJIHOBOJ TIOBEPXHOCTY B 0GPATHOM HANIPABJIEHUM, BO
BHMMaHMe He IIPUHUMAIOTCH).

B otmmume ot npuanuna [oiredca, 0651acThio MPUMMEHUMOCTY KOTOPOTQ
AIBJIIETCA reoMeTpMUYecKas OIITHMKA, Jamoulasd JIMIIbL HalpaBJieHue pac-
IpOCTPaHEeHMsT CBETOBBIX Jyd4elt, npuHuun [olireHca-PpeHens 1103Bo-
JAeT HalTM aMIIMTYRY M a3y CBETOBOH BOJIHBI B JIODOJ TOYKe MpPO-
crpa”crBa. C ero nomompio Ppenemo ynasock o0bACHUTD AUPaKLIO
cBeTa Ha OTBEPCTMM, Ha JMCKe, Ha Kpalo dKpaHa M B APYIMX 3afiadax.

Wccnenosanna asnennit gucdpakumyu OTYETIMBO MMOKa3bIBAIOT HpubIm-
JKeHHBIIl XapaKTep 3aKOHOB eOMEeTPMYECKOi ONTHMKM. OTH 3aKOHEI BbI-
MOJIHAIOTCS JOCTATOYHO TOYHO JIMIUL B TOM CJydae, KOTZa MNollepeyHble
pasMepsl HENPO3PaYHBIX MPENATCTBUN Ha HNYTHU PaCHpOCTPAHEHUS CBe-
Ta HAMHOTO GoJibllle NJIMHBI CBETOBOM BOJIHBIL

Audparyuonnas peuwemxa — 5TO MPOCTPAHCTBEHHAA [EPUOLUYECKAH
CTPYKTypa, NIepMoj] KOTOPOil COM3MEPUM C IJIMHO/ CBETOBOI BOJHBLL B
rpocTeifilleM cjlydae pellleTKa IpeJicTaBiigeT coboit cucTeMy wiesieil B
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Henpo3pa4yHoM dKpaHe (puc. 4.2.3). Ecom Ha pelreTky najjaeT MOHOXpPO-
MaTu4yeCKas MJIOCKaA BOJHA, TO AudpaKIMOHHaA

= KapTuHa, [IoJIydeHHasl C [OMOIIBIO JIMH3BI Ha DKpa-
= He, MMeeT B pe3yJibTaTe MHTepdepeHUMM CBeTa OT
- PasiMYHBbIX IeJIeil BUJ, YepeAyIolUXCA CBeTJbIX U
= TeMHBIX nojioc. IIpu 3ToM yrioBble HalpaBlIeHMS
Ha MaKCUMMyMbI AudpaKLIMOHHON KapTHHBI ONpe-
Puc. 4.2.3 JeJATCA ypaBHEHNEM:
dsing =mh . 4.2.2)

3nechk d — Nepuop pelIeTEH (T.e. PACCTOAHME MEXKAY COCEIHUMM IIeJisi-
MM), ¢ — YTOJ MeXIy HOPMaJbIO K pelleTKe ¥ HallpaBJIEHueM Ha OOVH

M3 MaKCUMYMOB IM(PaKIMOHHON KapTHHBI, A — AJMHA CBETOBON BOJI-

HBI, M — LeJI0€ 4MCJo, Ha3blBaeMoe NMOPAAKOM AN(GPaKIMOHHOTO MaKCH-
myma. Ecim Ba pemerky najaer Gesblii CBeT, TO pelleTKa pasJjaraer
ero B cnexTp. IIpu aToM Bce MaKCMMYMbI, KpoMe LeHTpaJgbHoro (m = 0),
O6ynyt orpaineHbl. JuppakiMOHHYIO PeLIeTKY 4YacCTO MCIIOJL3YIOT Kak
CIIeKTPaJbHbI NpUGOP: IIPOBOJAT C €€ MOMOIILI0 UBMEPEeHMUe IJIUH CBe-
TOBBIX BOJIH U T.IL

Kopnycxyaapusie ceolicmea céema MPOABJIAITCA B SABJIEHUAX B3au-
MOJEJICTBUS CBeTa C BEIIECTBOM, B YACTHOCTM, IPY MUCIIYCKAHMM ¥ IIO-
IVIOLLIEHMM CBETAa aTOMaMM. B COOTBETCTBUM C 3aKOHAMM KBAHTOBOM (hu-
3MKM aTOMb! CIIOCOGHBI MCIIyCKaTh U IOIJIONIaTh CBET He B JOOBIX KOJM-
YyecTBaxX, a JIMIIb CTPOTO ONpefielIeHHRIMM IopumaAMM (KBaHTaMmm).
OHeprus KBaHTa CBeTa onpezessercs cdopmynoi [lnanka

E=hv. (4.2.3)

3mece v - uacTora cBeta, h=662-107" IIk-c — mnocmosnnas

ITaanxa.

Pomoadexm. B pasuruu npencTaBlIeHHIi O IPUPOJE CBETa BasKHBIA
mar 6517 cHeslaH IIpM U3yYeHuM ABJIEHMUA, oTKpbrtoro I'epuem B 1887 1.
¥ TiIaTeJbHO uccyaenoBaHHoro CroyeToBeiM B 1888 r. 3To siBJIeHMe, co-
cTosAlllee B UCIyCKaHUM BJIEKTPOHOB BELIECTBOM IO JeCTBMEM CBeTa,
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mostyumsio HasBaHue doroadpdekrta. Cxema ycTaHOBKM AJA HaOGIOAEHUA
dborosdpgerra n3obpaskena Ha puc. 4.24. B crexnsaHubUi GasuioH, U3
KOTOporo BblKadaH BO3AYX, NOMEIleHb! JiBa ajexTpoja. Ha oxus us
2JIEKTPOZOB CBET IIOCTyNaeT depel3 KBaplleBoe OKHO, IIpo3payiHoe He
TOJBLKO OJIA BUAMMOrO, HO M JJiA yJbTpadmojerToBoro manyderma Ha
3JIEKTPOJB! OJAETCA HalpAXKeHKe, KOTOpoe MOYKHO MEHATh C MOMOIIbIO
MOTEHIMOMETPA ¥ M3MEpATh BoJbTMeTpoM. Tok B Ienu uU3MepAeTcA
MuJIMaMriepMeTpoM. TunuuHeli rpacuk 3aBUCUMOCTHM CUJbI DOTOTOKA
I or HampsxeHua Mexxny xartofom M aHomoMm U msobparkeH Ha puc.
4.2.5.

Puc. 4.2.4 Puc. 4.2.5

Wcenenosanua, BbnosiHeHHble CTOJIETOBBIM M IPYrMMM YYeHBIMM B
koHIle XIX — Hawajie XX BeKOB, HO3BOJMJIM YCTAaHOBUTH CJeAyIOLIye

3axonst homoagpdexma:

1) umcso BNEKTPOHOB, MCIIYCKAaeMbIX IIOBEPXHOCTBIO MeTaJlia,
U cuna (poTOTOKA HACBIIIEHUS [IPONOPLMOHAJIBHB! OCBEIeH-
HOCTY KaToAa;

2) oHeprua BbIeTaIMX HOpu GoToddcdeKTe 3JNEKTPOHOB 3a-
BUCUT OT YaCTOTHI CBETA ¥ BellleCTBa KaToHAa, HO He 3aBUCUT
OT OCBEIIeHHOCTY KaToZa;

3) Jlnsa Ka»kzoro BelecTBa CYyLECTBYeT KpacHas rpaHmuia ¢o-
To3deKkTa — Takasa HauMMeHbLIasd 4yacToTa (MM HaubOJb-
mad, “KpacHaa” JJIMHA BOJIHBI) Najialollero cBeTa, NPM Ko-
TOpOiIi euje BoaMoKeH PpoTodddeKT.

Ypasuenue Jinwmetina dan omoaddexma. Pomon. O6bacueHue
3aKOHOB ¢hoToadpdexra nan JitHmuTeiH B 1905 r. PassuBaa mnen Ilnan-
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Ka, OH NPEeJIoJNOMKNII, YTO CBET CyIIeCTBYET B BUJE 3JIEeMEHTaPHbIX He-
JeIuMBIX mopumit (pomonos) ¢ sHepruest, onpenensaemoii dopmyJoi
(4.2.3). OitHIITeNIH TeopeTudecKM OBGOCHOBaJl CBA3b MEMAYy DHeprueis,
noJiy4aeMoil ¢bOTOBJIEKTPOHOM IIPM €Fr0 OCBOGOXKIEHMM CBETOM, M 4acTo-
Toit 3Toro cBera. OH JONyCTMJI, YTO, BCA DHEPrus, NOJNy4YeHHaA BJIEK-
TPOHOM, [IOCTaBJAETCA €My CBETOM B BMJe ONpefielleHHo# mopuum hv

u moryomaercs uM LedukoMm. IIpu 3TOM 3JIeKTPOH He 3aMMCTBYyeT
3HEPrUI0 OT aTOMOB KaToja. OMHIUTENHH NoJyuun Ana c¢oroaddekrTa
ypasHeHue

my?
hv=A+ , (4.24)
2
rme mV?/2 - MakcuMaspHas KMHETHYECKas JHEPIUA BBLIETAIOIIMX

asexTpoHoB, 4 — pabora BeIxozja, T.e. SHeprus, HeobXoAauMas IJIA yHAa-
JleHMA SJeKTpoHa ¥u3 Merananda. B 1915 rony Mwmimker askcnepyumeH-
TaJIbHO MCCJE0BaJ 3aBMCHMOCTL MaKCHMAaJIbHONM 3HEepPruM BJIEeKTPOHOB,
MCIyCKaeMbIX MeTaJuioM Ipyu doroaddeKkTe, OT HacTOThl NafalolIETo
cBeTa M HOATBepMI ypaBHeHMe OifHIITelHa.

Haenenue céema. Onvimur Jlebedesa no umepenuio dassenun cee-
ma. BaxHoe CBOJMICTBO cBeTa COCTOMT B TOM, YTO OH OKa3biBaeT JAaBJe-
HMe Ha HerpoapaydHble TeJa. VI3 siieKkTpoMarHuTHON Teopum Maxkcresta
cienyeT, 4TO CUJIa JAaBJIeHMA CBeTa omnpefessierca POpMYJIoin

F= (1+R)-§ , (4.2.5)

roe P — wmoiHocTb cBera, ¢ — CKOpPOCTh cBera, R — koadduimeHT 0oT-
pasKkeHus, T.e. OTHOLIEHME MHTEHCMBHOCTY OTPa’KEHHOrO CBETa K MHTEH-
CHMBHOCTHU IIazialoiiero. B KBaHTOBOJ ONTHKe CBEeTOBOe HaBJjieHMe 0o0BbAC-
HAETCHA TeM, YTO y KaKJoro boTOHa MMeeTCA MMIyJbe p= hv/c , koTo~

pBI TIPY CTOJIKHOBEHMM (POTOHA C TEJIOM IEpefaeTcsa aToMaM MJIM MO-
JeKyJaM BeriecTBa. UucrenHble oleHKM no dopmyne (4.2.5) nokasbiBa-
10T, YTO OOBIYHO CHJIa CBETOBOTO JAaBJIEHMsA 4YpesBbdajiHo MaJa. IlosTo-
My DKCIEpMMEHTaJIbHOe ODHApY’KeHMe CMJI. CBETOBOTO AaBJIEHMUA Ipes-
craBiseT coboit TPyIHYIO 3aZady. OTy 3ajady peumi JleGenes B 1898
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rony. B ero ombrTax cBeT MOILIHOM JYTOBOM JIaMIbI HallpaBJIAJICA Ha
JIETKM}f KapKac C yKpeIJICHHBIMM Ha HEM TOHKMMM “KpBUIBIIKaMu” —
CBETJILIMM ¥ TEMHBIMM OMCKAMM M3 IUIATMHOBONA pOJBIY TOJIIMHOM OT
0,01 no 0,1 MMm. Iuckm pacrnojyiarajuch CUMMETPUYHO OTHOCUTEJIBHO OCH,
BOKPYr KOTOPOM Kapkac, IOABEIIEHHBLIN Ha TOHKOM CTeKJAHHO! HUTH,
Mor' oBopaunBaThcA. CucTeMa moMeluajiack B COCYZ, M3 KOTOPOro GbLI
BbIKa4yaH Bo3nyX. Ceer, majlad Ha CBeTJible M 3aTEeMHEHHBIC JIMCKM, OKa-
3blBaJl Ha HMX pasjy4Hoe JaBJieHMe, BBHI3bIBas 3aKpy4MBaHUE HUTML.
JlebenreB m3MepsAN MOIHOCTL NaJalOIIET0 CBETOBOrO My4Ka J YTJIOBOE
OTKJIOHEHME KapKaca. B pesyJsibraTe ONBITOB OH yCTaHOBWUJ, YTO

1) napalonmif My4YoK cBeTa NPOM3BOAMT JaBJeHMEe KaK Ha I10-
rJIoLIaoIIMe, TaK M Ha OTpaskaollie MOBepPXHOCTH;

2) cuma JaBJeHMA CBeTa IIPSIMO IIPONOPLUMOHAJBHA MOLIHOCTU
aJaoLIero Jy4a;

3) mnabmiofaeMas cujla AaBJIGHMs1 CBeTa KOJIMYECTBEHHO paBHa
cuie, onpezeJiaeMoit popmysoit (4.2.5).

Taknm o6Gpas3oM, cyleCTBOBaHUE CKUJI CBETOBOTO AAaBJIeHUA ObLIO JOKa-
3aHO SKCIEPMMEHTAJBHO.

Hocmyaamur Jidnwmeiina. Ceaszv mexcdy maccoi u nepaueii. B
Hayase XX BeKa ONMHIITENH ChOPMYIMPOBaJ CIeyIOIye IBa IOCTY-
JlaTa, MOJIOKEHHBbIE UM B OCHOBY TEOPUM OTHOCUTEJIEHOCTH!

1) B mobbIXx MHEpPIMAJIBHBIX CHMCTEMaX OTcdeTa Bce usyde-
CKMe ABJICHMA IPY OJHUX ¥ TeX JKe YCJOBUAX IPOTEKAIoT
omuHaKoOBO. JVIHBIMM CJIOBaMM, HMKaKuUMM (PUIMIECKUMMU
OIIbITaMM, NPOBEAEHHBIMM BHYTPM ZIaHHOM CHCTEMBI OTCYETa,
HeJIb3s1 yCTAaHOBUTb HAaXOJMUTCH JiM AaHHasd CUCTEMa B CO-
CTOSIHUM TIOKOSl MJIVM PaBHOMEPHO NMPAMOJIMHEHHO ABMIKETCS
(npunyun omuocumeavrnocmu),

2) BO BceX MHepIMAJIbHBIX CUCTEMaX OTCUEeTa CKOPOCThH CBETa B
BaKyyMe OJMHAKOBa M HE€ 3aBUCHUT OT CKOPOCTY IBVIKEHW
MCTOYHMKa CBeTa (NPUHYUN NOCMOAHCMER CKOPOCTMU cae-
ma). :
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Cea3v mencdy maccoti u Inepauett. OpHUM M3 BaKHERUIUX BJA Axep-
HOJ busnuKy U PUUKKA ITeMEeHTaPHBIX YaCTUL CJIeACTBMI Teopuu OTHO-
CUTEJIbHOCTM SBJISIETCA B3aUMMOCBASh Macchl Teja (YaCTMIBI) M €ro
3Hepruy, BeipaskaeMas GhopMysoil

2
E=—1¢ (4.2.6)

J=viie’

rae m — Mmacca Texna, V' — ero ckopocTb. Beipaskenne
2
E,=mc . (4.2.7)
npencTaBaAeT coboif DHEPIryuIo MTOKOA Teja (4acTHIbI).

Mesxny nonsHoit sHeprueit E, sHeprueii noxosa Eo M MMIyJbCOM p Tesa
(4acTuLBl) CYLIECTBYET PeJATUBUCTCKAA CBA3b IHEPLUU U UMNYALCA:

E*=E}+pc®. (4.2.7)

3apasu no reme “JaeMeRTHI pU3HIECKON OOTHEN

4.2.1. iBa KOTE€pPEeHTHBIX UCTOYHMKa Si ¥ S2 MCIYCKAIOT MOHOXpOMaTHYe-
CKui cBeT ¢ AimHOi BouHbl A =06 Mrm. Onpenenuts,
Ha KaKOM pacCTOSAHMM A OT TOYKH, PACIIOJIOMKEHHO! Ha
3KpaHe Ha PaBHOM pPacCTOSHMM OT MCTOYHMKOB, Oyner
HaxXOAUTBCA TIEPBBIf MaKCHMYM OCBEILIEHHOCTU. OKpaH
yZaJieH OT MCTOYHMKOB Ha paccroanMe L = 3 M, paccTosHMe MeXKLy
ucrouysukamu ! = 0,5 Mm.

4.2.2. [Ipa KorepeHTHbIX Iy4YKa CBeTa MaJaloT Ha dKpaH: OJMH IO HOp-
:,: o MaJu, a Apyroit — nox yraom o =001 pazn Haittmn nepuog

d uHTepdhepeHIMOHHO! KapTHUHBI, T.e. PAaCCTOAHME MEXKIY
— COCEHMMM CBETJBIMM IIOJIOCaMM Ha SKpaHe, ecJiM AJMHa

CBETOBO BOJIHBI B 000MX Iyukax paBHa A =05 mxm.

4.2.3. Ha TOHKMIiI CTEKJAHHBIA KJMH IajaeT HOPMAJILHO
N IIMPOKUIA My4YOK MOHOXPOMAaTHM4YECKOro cBeTa C IJIMHOM

3

poanbl A =0,6 mMxM. IIpu 3TOM B OTpaKeHHOM OT KIMHA
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ceere HabmoZalOTCA MHTEepdEepPEeHUMOHHbIE I10JI0CH], PACCTOAHME MEXIY
xoropbeiMu d = 4 mm. Haitty yron kiiMHa ¢ , CYMTas €ro MaJbIM, T.e. TIO-

narasg sin@=¢, cos@=1.IlokasaTens npenomyenna crekna n= 1,5.

4.2.4. Ha CTeKJAHHYIO IJIaCTMHKY HaHeCeH TOHKMM CJIOM IIpo3paydHOro
MOKPBITHUS, [I0Ka3aTeNb MpesioMyIeHna Kotoporo n = 1,41 MeHblle moka-

3aTessi mpesioMyenus crexia. Ha nnactusky nox yrmom o =30 naga-

er nyd4ok GeJoro ceeta. KaxoBa MMHMMAJIBHAs TOJILMHA TIOKPBITUA dmin,
ey B OTPaKeHHOM CBeTe OHO KaKeTcs 3esieHnIM? [InuHa BONHBI 3ejie-

Horo cBeta A =0,53 Mxm.

4.25. Karon doroanementa obsydaeTca CBETOM C JJIMHOI BOJIHBI
A =3510"7 m Kakas sHeprua mepefjaHa hOTO3JIEKTPOHAM, €CJIA B Iie-
nu ¢oToanemenTa nporexk 3apag Q@ = 2:10°12 Kn? Iocroannas Inanka
h = 6,62-1073¢ Ik - ¢, BenumHa 3apsaga anextpona |e| = 1,6 - 10719 Ku,
cKopocTb cBeTa ¢ = 3:108 m/c.

4.2.6. Karop dorossemenTa objiydaeTcsi CBETOM C IJIMHOM BOJIHBI
A=3510"7 m KaxoBa moxeT GbITb MaKCHMaJbHAA BeJMYMHA ToKa po-
ToaseMmenTa I, ecnm morjolaeMas CBeTOBasA MOLIHOCTb cocTaBjaAeT W =
2 MBT1? Iloctoannasa Ilnanka A = 6,62-10°3¢ Il -c, Beauunna 3apsaga
anexTpoHa |e| = 1,6 - 1019 Ku, ckopocTs cBeta ¢ = 3108 m/c.

4.2.7. Kpucrann pybmHa obOJydaeTCA BCIBIIIKOH CBETa IJIMTEJILHOCTBHIO
= 102 ¢ u mommsocTteio P = 200 kBr. JlnuHa BOJHBI cBeTa A =
0,7 mxMm, kpuctann noryowmwaer T =10% sHepruu msnydenms. Bbrame-

JIUTH KOJIMYECTBO KBAaHTOB CBeTa N, IOIJIOIEHHBIX KpucrasuioM. Cko-
pocTh ceeta ¢ = 3-108 m/c, nocrosiunas Ilnanka h = 6,62 10734 Ix - c.

4.2.8. Kakoii maxcumanbHblil 3apafn 0 MoskeT ObITh HAKOIJIEH Ha KOH-

nencaTtope emkocteio Co = 2-10°11 &, onna us 06-
KJIalOK KOTOPOro ofJiy4aeTcA CBETOM C JJIMHOM ——-l-—
BosiHbI A =35-107 M? PaBora BbIXOZa 3JIEKTPOHA

cocraBaster A = 3-10719 Jx, nocrosunas IInaura
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h = 6,62-1073¢ JIx - c, BesumHA 3apAna anexTpoHa |e| = 1,6 - 1019 K,
cxopocTb cBeTa ¢ = 3108 m/c.

4.2.9. YenuHeHHbl! U30IMPOBAKHLIN MeTaJJIMYECKKiA lIIapUK paguycom 7
0,5 cm, Haxopammiici B BaKyyMme, OCBeLIaloT YJbTpachuosieTOBbIM
M3JyHYeHNEeM C JJIMHOI BosHB! A, = 250 HM, KOTOpasi MeHbHUIe, 4YeM

JJMHA BOJIHBI, COOTBETCTBYIOLIAsA KpacHo# rpaHune cdoroadderra a4
JaHHOTO MeTaJyla. KakoBo MaKCMMaJlbHOE KOJIMYECTBO 3JIEKTPOHOB Nmax,
KOTOpble MOTyT MOKMHYTH IUApUK IOCJEe TOTO, KaK ero HOIOJIHUTEJIbHO

OCBETAT UBNydeHMEM C OJMHOM BOJHBI A, = 200 HM? IlocToannas
Inaska h = 6,63103% e, anekTpudeckas MHOCTOSIHHadA €, =

8,85:10-12 & /m, cxopoers cBeta ¢ = 3108 m/c, BesmuuHa 3apAma SNEK-
Tpona Je] = 1,6 - 1019 K.

4.2.10. Ha MeTayumMuecKylo ILTACTMHKY CKBO3b CETKY, NapaJllesIbHYIo
IJIAaCTUHKe, NajaeT CBeT ¢ INuHOM BojHbl A = 0,4 Mxm. PoToTOK Mpe-

KpallaeTcs NPy 3aJepoKMBalolleil PasHOCTM NOTEeHLMAJIOB MEXAY Ia-
cruHroit u cerxoit U = 0,95 B. Onpegennts Kpacuyio rpautyy oTodd-

dekTa (MakCHMMaJbHYIO JVIMHY BOJHBI A, ). IlocrosHHusi Tlmanka h =

6,62 - 10-3¢ I3k - ¢, BesmuuHa 3apsiga 3JieKTpoHa |e] = 1,6+ 10719 K, cko-
pocth cBeta ¢ = 3108 m/c.

4.2.11. Vi3aMepeHus: 3aBUCHMOCTU HalpAXKeHNsa oTcedky GoToToKa (T.e.
HaIIpSXeHusl, IpM KOTopoM (POTOTOK MNpeKpalliaeT-
¢} OT AJIVHBI BOJIHBI CBETAa, Najalolliero Ha Ieaue-
By IutacTuHy CS, TpOMSBOZATCA MO CXeMe, U30-

A OpaskeHHOit Ha pucyHke. IIpu ocsenieHun cBeTom c
2 nauHOM BoJHBl A, =04 MKM HanpsKeHUe OTCEUKH
cocraemao Uy = 1,19 B, mpu A, =05 mm — Up =

__{H 0,57 B. OnpeiennTs 1o pesysbTaTaM ITOrO ONBITA

LJIMHY BOJIHBL A COOTBETCTBYIOILYI0 KpacHOi1 rpanulie ¢orodddek-

max ?

Ta AJA Le3us.
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5. ATOM M aTOMHO€ AJXPO

Bonpecsl nnporpaMmel

e Onwumwt Pesepgopda mo pacceanuro o -wacmuy. Ilaanemaprnasn

Mmobeav amoma. Keanmossvie nocmyaams. Bopa. Menyckanue u no-
zaowjenue IHepauu amomom. Henpepwienvii u auneluamsiil cnex-
mpuvt. Cnexmpasvusvill aHa U3,

o  JKCNEPUMEHMAAbHbIE MemOObL PecUCMPAyUU 3APANEHHLX Uac-
muy: xamepa Buavcona, cuemuux [eilizepa, nyswvipvrosas xamepa,
HOMOIMYALCUOHHBLY MeMOD.

o Cocmas sdpa amoma. Maomonvi. OHepeus €833u AMOMHBLL Adep.
Ionamue o adepHblx _peaxyusx. Paduoaxmuenocms. Budvt paduo-
AXMUBHBLY U3AYUeHUU U UL ceouUCMaq. Lle'rmue s0epHble pearyuy.
TepmondepHas peaxyus.

e Buonozuueckoe Oeiicmeue paduoaxmuenbir udayvwenui. 3aujuma
om paduayuu.

Onpeneneuux, MOBHATHUA U 3aAKOHDbI

Onvimusi Pesepgdopda mo pacceanuiro o -uyacmuy. Ilnanemapnan

modear amoma. K ragany XX Beka 6bLio ybenuresbHO IOKA3aHO, YTO
3JIEKTPOH ABJIAETCA ONHOM M3 COCTAaBHBIX YacTHIl JoGoro Belyecrsa. V3
KJIACCHYECKO} BIEKTPOMATHUTHOM TeopuM CJeIoBasio, 4TO pasMepbl
aJMeKTpoHa He mpeshimaioT 1071% M (no coppemennbM faHHBIM — He Go-
mee 10722 m). KumeTuueckas Teopusa 19-ro cToJeTMA NOKa3aja, 4YTO
pasmepbl aToMoB umetoT nopsizok 10710 + 10° M. YuurwiBam oro,
Jox. Iox. Tomcon B 1906 rony npepsiosmsi MoZeJb, COIVIACHO KOTOPOIi
aTOM COZEPIKUT 3JIEKTPOHBI, KOTOPhIE BKpallJieHbl B IMOJOXHUTENLHO 3a-
PAXKEHHYIO cpeny, 3allONHAIOIIYI0 BeChb of’beM aToMa, Macca KoTOpoit
cocTaBJifeT GOJBIIYIO YaCTb €ro Macchl, a ee 3apAll HENTPaIU3yeT CyM-
MapHbIl 3apsaj 3JeKTPOHOB.

Opnaxo y»xxe B 1911 rogy OphecT Pesepdopa onbiTHBIM NyTeM JoKasadn,
YTO 3Ta MOAeSb HeCOCTOATeNbHa. VIM ObLmyi IpoBeZeHbl SKCHEPUMEHTHI
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o pacceAaHMI0 O-jay4eit. (O-Jyuu TIpeACTaBAAIOT coboil IMOTOK
a-uacmuy, T.e. OBaXXAbl VMOHM3OBAaHHBIX aTOMOB TreJiMs, MMEIOIIMX ITO-
JIOKUTEJIbHBIA 3apsf, paBHbIA +2e, M BO3HMKaIOIMX B pesyJbTaTe pa-
duoaxmusnozo pacnada (cMm. Hmxke)). 3. Pesepdop/ ¢ IOMOIIBIO CBUHIO-
BOrC KOJIIMMATOPA BBIAEJAN Y3KMIl IIy4OK C-Jy4deil M IIPOIycKaJl MX
depe3 OYeHb TOHKYIO 30J0TyI0 (osibry. PermcTpupopamuch O-4acTuIlb
O BCIMBIIIKaM CBeTa Ha JeTEeKTOpe M3 CepHMCTOro IMHKa. Dpuio ycra-
HOBJIEHO, YTO [IOYTH BCE O-YaCTHUIIbl IIPOXOAMIIU CKBO3b (OJIBry, COXpa-
HAA TpeKHee HallpaBJIeHME ABMIKEHUA MJIM OTKJIOHAACH OT HEro Ha
o4yeHb MaJible yrapl. OfHAKO HEKOTOpble O-HaCTHIBI OTKJIOHAJIMCE Ha

yrael, npessiuaonme 90°, T. e. 0OHM paKTHYECKH ABUraJMCchb B 0OpaTHOM
HanpaBJieHny. Ecjm 6b! Gblna cripaBenjiMBa MojJelib aToMa ToOMCOHa, TO
TaKye COBBLITHA GbLTA Gbl HEBOSMOXKHEI B TIPUHLAIIE: O-HaCTULBI AOJIK-
HBI GBI GBI CBOBOAHO IPOXOAUTH CKBO3b ATOMEI 30J10Ta, M TOJBKO He-
KOTOpbIe M3 HUX MOIVIM CJieTKa OTKJIOHMTBCSA B KYJIOHOBCKOM IIOJIE BJIEK-~
TpoHOB. PeayibraToM omelToB Pesepdopna ABuiack AdepHas modead
amoma: B LeHTPe aToMa HaXOOUTCA ALPO, UMeolllee OYeHb MaJblii 00b-
eM, B KOTODOM COCPeROTOYEH BeCh ITOJIOKMTENbHBIA 3apAnd aToMma; oc-
TaJIbHYI0 4YacTb aToMa 3aHuMaeT o0Jako 3JeKTpoHOB. JIuHeliHble pa3-
Mepbt AApa cocTaBaswoT ~10714+10-15 M. TIpakTuuecku Bca macca aToma
cocpeZioTOYeHa B sifpe.

B aroit momesu omnpiThl Pesepdoppa monyumim mnpoctoe obbsCHeHMe.
IIpoxons cKBO3b 2JIEKTPOHHYIO 000JI0UKY aToMa ((-4acCTULbl HE HOJISKHBI
MCHBITBIBATE 3@METHOIO OTKJIOHEHUH, TIOCKOJBKY Macca QJIeKTPOHA Ha-
MHOTO MEHBIIle MacChl O-YACTUI[BI, 8 OTPHUIATENBLHEBIA 3apsll BCeX IdJIeK-
TPOHOB pacIipefieleH No BeceMy ob6bemy aToma. OfHAKO Te HEMHOTOYMC-
JIeHHbIe YaCTHUIbI, KOTOpble IIPOJIETalOT BGJIM3M sAApa, MCHBITHIBAIOT
pesKue OTKJOHeHNMs. B 3Tix ombITax Oblla TaKKe MOATBEpIKJeHa crpa-
BeZJMBOCTh 3akoHa KyJioHa nnsi od4eHp MaJIbIX PacCTOSHMII MeXKAY 3a-
pARamMu.

OJIEKTPOHBI aToMa, YTo6bl He yIacTb Ha AAPO IOL JAeiCTBMEM KyJIOHOB-
CKOro NPUTSKEHMA, NOJKHBI JBMraTbCA BOKPYT spa no opburam, mo-
no6HO myIaHeTaM, TIOCKOJBKY KYJIOHOBCKME J TPaBMTAaLMOHHBIE CUJIbI
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OMHAKOBO 3aBUCAT OT paccrosuus. I[losTromy mozmens atoma Pesepdop-
Aa Has3bBAIOT naaHemapHoi. OnxHako Bpamaioliiecss BOKPYT #AApa
SNIeKTPOHBI, COIVIACHO KJIACCHMYECKOM JJIEKTPOAVHAMMKE, JOJIKHbI MC-
NyCKaTbh 3JIEKTPOMarHMTHbIe BOJIHBI, Tepss IpU STOM CBOK SHEPIHIO U
rnocTereHHo NpubIKaach K AApY, T. €. aTOM He MOKeT OBITh ycToiium-
BbIM. CIeKTp M3JIy4YaeMbIX 4aCTOT IIPYM 3TOM JOJI3KeH ObITh HelpepbiB-
HBIM.

Eme B cepemyune 19-ro Beka ObIIO yCTaHOBJIEHO, YTO CBEYEHME Pazjnu-
HbIX Ta30B (B IJIaME€HM M B JJIEKTPUUECKOM paspsalle) COLepPKUT y4dacT-
KM CMEKTpa C YeTKO BBLIPa)XEHHBIMM AMCKPeTHbIMU ymauMaAMU. lnsa gac-
TOT V JMHEeAYaTOTO CreKTpa BozopoXa Oblia IoJydeHa ¢opMyJia

mn

Banemepa-Punbepra:
VI)I’I :R(L'?_ 17] ? (51)
m

roe R = 3,293 -10!% ¢’ — nocrosnnas Punbepra, m u n — LeJble yucJa,
npudem m=n+1l,n+2urT g

Keanmosewvie nocmyaamst Bopa. Hna obbacHenua HabiofaeMbx
cporictB aToMoB Husbe Bop B 1913 r. BRIZBMHYJI [iBa MNOJIOKEHNUSA, Ha3bl~
BaeMble nocmyaamamu Bopa:

1) B artome cyluecTBYIOT IMCKpeTHble CTalMOHapHBIE COCTOH-
HWA, KaXXAOMY M3 KOTOPBIX COOTBETCTBYET OlpelelleHHad
aHeprusa E,. Ilpu nBuxxkeHUn BOKPYT AZipa 3JIEKTPOHBI aToMa,
HaXONSILIErocss B CTAlMIOHAPHOM COCTOSHMM, He MBJydaroT
BJIEKTPOMAaTrHUTHBIX BOJIH.

2) Ilpm nepexofie aToMa M3 OJHOTO CTAIMOHapPHOTO COCTOSAHMSA
B Jpyroe MCIyCKaeTcd WJM IOrJoulaeTca OLMH hoTOH.
Oneprusa ¢oTOHa paBHA Pa3HOCTY 3HEPIMH B ABYX ero cTa-
HMOHAPHBIX cocToAHMAX: hv,, =E, -E, .

mn

Hcnycxanue u noznowyenue anepezuu amomom. Ecou E, > E, ToO
npoucxoguT uamydenue. oToHa, ecau ke E, < E,, To — norsoimenne

¢orona. Yacrora t¢hoToHa V,, , KOTOPBI ucnyckaeTcs (MOrJOMaeTCsH)
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atomoM, pasia V,, =(E,-E,)/h . Atom, HaxonAnmiica B COCTOAHMY C

HaMMeHbIIlel SHepruel, He MOKeT MCIyCcTuThb ¢orToH. Takoe cocToaHMe
aToMa Ha3bIBaeTCS OCHOBHBIM, OCTaJIbHble COCTOAHMA (¢ Ooabiuesi
SHeprueit) Ha3LIBAIOTCA BO3OYHIEHHBIMM.

Ina onpenesiedna ypoBHeli SHepruu atomMa Bopopoxa H. Bop mpepso-
JKMUN TUIIOTE3Y O TOM, YTO B MNJaHETapPHOM MOJeJNy CTalMOHapHBLIMM AB-
JIAIOTCA JMILB T€ COCTOSHMA, TIPY KOTOPBIX MOMEHT MMIYJIbCa 3JIEKTPO-
Ha, ABMIKYIIETocs M0 KpyroBoii opbyuTe, NPMHUMaeT QUCKPETHLIE 3Hade-

HUA:
mor =" (5.2)
2r

Tle ¥ — CKOPOCTb 3JIEKTPOHA, ' — paguyc opOuThel, n — HaTypaJbHOe
yucsao. IOra ¢opmysia HasblBaeTCA NpPaBUIIOM KBaHTOBaHMA Bopa nas
KpyroBeix opbut. HajijeHHOE C ee IOMOIIBIO BhIpasKeHye IJisl YaCTOThI
M3JIy4eHUA MOJHOCTHIO coBnagaet ¢ (5.1).

Paszsutas BrHocseACTBMM KBAHTOBasg MeXaHMKa eCTeCTBEHHBIM obpazom
o6bACHAeT 1N0CTyNaThl Bopa M IOJIHOCTBIO ONNUCBIBAET JBUIKEHUE MMK-
poYacTuiL,

Henpepuienviii u aunetivamoiii cnexmpsvi. Cnexmpasvuviii avaaus.
CriekTp M3JIy4eHMs UM MOIJIOLLeHMS BellecTBa B ra3o06pa3HoOM cocTos-
HUM BCErfla COJAEPIMKUT YyUaCTOK, COCTOALIMIA U3 Y3KUX AUCKPETHBIX JIM-
HMIi, KOTOPBI Ha3bIBAETCHA AUHEUUAMBIM CNEKMPOM, M YHaCTOK, Tre
pacnpejiesleHMe 4YaCTOT HeIIpepBIBHOE (Henpepbuienvil cnexmp). JIuHeii-
YaTbifl CIIEKTP Yy KAaXIOTo XMMMYECKOro 3JieMeHTa M y KaXXJOoro copra
MOJIEKyJT VHIMBHKIAYAJIeH M OTpax<aeT CTPYKTYPY YPOBHelt 3SHeprum
MMEHHO JaHHOTO BellleCTBa. OTO 06CTOATENIbCTBO MCIONB3YeTCs IJA OIl-
peldesieHusA KaudeCTBEHHOrO M KOJMYECTBEHHOIO COCTaBa BellecTBa, T. e.
[JIA TaK Ha3bIBA€MOTO CNEKMPAlbHO20 AHAAU3A. JJIA [ONy4eHus CHex-
TPOB M3JIy4YeHMs BellleCTBO BO3OYKJAIOT C IOMOINBIO MCKPOBOrO, Nyro-
BOTO MJM pajModacTOTHOro paspfAfa, Jubo obJrydeHmeM CBE€TOM OT JoO-
ITOJTHUTENbHBIX MCTOYHMKOB: ras3opas3pAlHBIX JIaMll,. Jla3epoB M T. 1.
CrneKTpBI [OTJIOIIEHUA NOJYHalOT, NPoIycKaa GeJblit cCBET depes ucclie-
Ayemoe BenlecTBo. B aToM ciydae Ha CIJIOIIHOM CIEKTPE HOABJAIOTCH
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TeMHBIe JMHNHM, 06yCJI0BIEHHbIE MOIVIOIEHUEM CBEeTa B BaHHOM y4dacTKe
CITEKTpa.

CriekTpaJsibHBIE aHAJM3 OTJAMYAaeTCs OBICTPOTON NONYYEeHUS pe3yJibTa-
TOB M BBICOKOI YyBCTBUTEJBHOCTHIO. VcIonb3oBaHMe Jla3ePoOB II03BOJIA-
€T perucTpMpoBaTh Harke eAMHUYIHBIE aTOMBI MJIM MOJIEKYJbl JaHHOTO
coprTa.

IKCNePUMEHTNALLHDIE MEMOODL PEZUCTMPAYUU IAPANEHHBE HaAC-
muy. na pezucmpayuu paauMoaKTUBHBIX MBJIYYEHUN MCNOJb3YIOTCA
npubophl, OCHOBaHHBIE Ha MOHM3MPYIOHIEM UJM (POTOXMMUYECKOM Jeii-
CTBUM ITUX UBJIYUEHMIL

Kamepa Buavcona — npm66p IJisi HabmiofieHus ciefoB (TpekoB) 3a-
pAYKeHHbIX YacTul. JeficTBMe OCHOBaHO Ha KOHAEHCAly IepechIleHHO-
ro mapa Ha MOHaX, 06pas3yOLUMXCS BJAOJb TPaeKTOPMM 3apsKeHHO!
yacTunpl. Ilepechnuennsni nap nosy4aeTrcs ObICTPBIM CXKATMEM HacChI-
IIIEHHOTO Napa BOABI MJIM CIIMPTa, HAXOASAIETOCA B CTEKJIAHHOM LIMJIMH-
Ipe. Hactuupr MmoryT Jmbo MCIyCKATbCA MCTOYHMKOM, IIOMEILeHHBIM
BHYTPM KaMepbl, nbo ronajaTe B Hee u3BHe. Tpekyu dororpadpupyror-
cA HecKoJbKMMM dhoToanmapaTaMiu AJiA NOJYUEHUS CTEPEOCKONNYECKOTOo
naobpaxxenns. IIpupony u cBojficTBa YaCTMIl MOYKHO OHpPeNeNMTh IO
nimHe ee npobera M MMIYJbCY, M3MEPAEMOMY 110 MCKPUBJIEHUIO TpaeK-
TOpMIf YacTHIl, B MalHMTHOM IIoJle, B KOTOpOe [OMelllaeTcs KaMepa
Busbcona.

IlyanippkoBana Kamepa — Tpubop ANA PErucTpanyyl ClEeHoB (TPEeKOoR)
3apAXKEHHBIX YaCTHI] BbICOKMX 3Hepruil. JeiicTBMe OCHOBaHO Ha BCKMU-
fMaHuM IeperpeToil »KMIAKOCTM BOJM3M TpaekTopuu dactuius. OueHb
YUCTYIO KMAKOCTb MOKHO HarpeThb BBIIIE TOYKM KHUIIEHNS, HO Takasd
sKuAKocTb HecrabunbHa. IlpoxoycaeHme 3apaAKeHHONM HacTHIbl Yepes
MeperpeTyr *KUIKOCTb NPUBOIUT K 06pa3oBaHKIO BHOJMB cJela YaCTHUIlbl
“sapofplllleBbIX” LEHTPOB KMIIEHMA, KOTOPblE BO3HMKAIOT BCJIEICTBME
MOHM3alM aTOMOB yawm MOJIEKYJI, BXOASAILIMX B COCTaB XUAKOCTH. 3a
BpeMs MNOpAIKa MMUJIIMCEKYHIbl oOpasylolumecs Iy3bIPbKM JOCTHTaloOT
pasmepoB nopaaka 50-300 MxM u MoryT GbrTk choTorpadmMpoBaHbL

Cuemuux leiizepa — rasopaspspsblit npubop, cpabaTbiBaouyii npu
MPOXOXAeHUM Yepes ero pabounit o’beM 3apsKeHHBIX YacTul. CYeTUnK
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COCTOMT M3 CTEKJIAHHON TpyOKM, MOKPBHITOM BHYTPM MeTaJlsIM4YecKuM
cimoeM (KaTof), M TOHKOM MeTaJlTMYeCKOil HUTH, MAyUIel BIOJb OCK
Tpybku (aHom). TpyGka 3amonHseTcsa ra3oM, Halpumep, aproiom. K
3JIEKTPOJAM MpPMKJAAbIBAETCA HaNpsKeHMe B HEeCKOJIbKO COTEH BOJIBT.
SapsiskeHHasd dacTulla, IIpoJieTas dYepe3 ras, BbIpbIBaeT M3 aTOMOB
3JIeKTPOHBL OJIEKTPUYECKOe II0JIe MeXIy aHONOM M KaTo[OM YCKOpAeT
cBOGOAHBIE BJIEKTPOHBI IO SHEPIWMi, IIPM KOTOPBIX OHM CIIOCOGHBI MOHM-
3UpOoBaTh aToMbl. Bo3HKMKaeT JlaBMHA MOHOB M BJIEKTPOHOB, M TOK MEXK-~
Ly DJEeKTpoxaMM BO3PACTAET, YTO M PEeTMCTPUPYETCH DJIEKTPOHHOM CXe-
Moit. BesmumuHa curHasa (MMITyJibca TOKa) HE 3aBUCUT OT SHEPIUM dac-
THUL], T03TOMy npubop paboTaeT Kak Cuemuux 3apAKEeHHBIX 4YacTHLL

DOoMOoImMYALCUOHNDBITL Memod OCHOBaH Ha IPMMEHEHMM TOJICTOCJIION-
HBIX (pOTOYYBCTBUTEJBbHBIX IOKPBITHIL. POTOIMYJIbCHA COREPIKUT OoJb-
[II0€ KOJIMYECTBO MMKPOCKOIMYECKMX KPUCTAJUIMKOB HGpomuza cepebpa.
BricTpas 3apspKeHHas 4acTula, IPOXONA Yepe3 KPMUCTAJIMKM, OTPbIBa~
€T 3JIEKTPOHB! OT OTHAEJIbHBIX aTOMOB OpoMa. Ifenouka Takux KpucTaj-
JMKOB 00pasyeT ckpbiToe usobpaskenue. Ilpu npoABieHMM BoccTaHaB-
JKBAETCA MeTaJuMyecKoe cepebpo M TpeK 4acTUIbl CTAHOBUTCH BUAM-
mbiM. Ilo mmmHe M TOJIMHE TPeKa MOXKHO OLIEHMTb SHEPTMIO M Maccy
YaCTULL

Cocmas s0pa amoma. Uzomonsvi. A9po amoma n0OGOro XMMUYIECKOTO
3JIEMEHTa COCTOUT U3 Z IIOJIOKUTEJIbHO 3apAKeHHbIX npomonos u N He
MMEIOUINX 3JIEKTPUUECKOro 3apfAfa Hetdmponos. 3apsl NMpPOTOHa IO ab-
COJIIOTHOM BesIMYuHEe paBeH 3apAny dJieKTpoHa. IIpoToH M HeMTpoH sB-
JIAIOTCA ABYMS 3aPAJOBBIMM COCTOSHMAMM SAZEPHON 4aCTHIBI, KOTOpas
HasblBaeTCA HyxaoHom. KosmyecTBo NPOTOHOB B Afpe Z COBHAjgaeTr ¢
ATOMHBIM HOMEPOM COOTBETCTBYIOIIETO XMMMYECKOIO 3JIEMEHTa B Ile-
puonudeckoit cucteme MeHeseeBa. 3apal Anpa paBeH Ze.

MaccoBbIM uncnom siffjpa A HasblBaeTcs oblliee UMCJIO HYKJIOHOB B sfpe
A=2Z+ N. Ina obo3HayeHUs AApa LaHHOTO XUMMYECKOro ajieMeHTa X
UCIOJIL3YETCH CUMBOJ ;X . flgpa c OOHUM M TeM Ke 3apAAOM Ze, HO C

pasHbiMy A, HAa3bIBAIOTCS u3omonamu. VIZ0TOIL Afep KaHHOTO XUMuYe-
CKOI'0 3JIEMEHTa OTJIMYAlOTCH YMCJIOM HeiTpoHoB N. Ilpumepnl: M30TONBI
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somopopa H, *H (wm D - peitrepumit), (H (umu °T — Tpurwit);
usorons! ypana U, WU .

Macca aToma IpakTHUeCKM COBIIaZlaeT C MAaccoil ero Anpa, IOCKOJBKY
Macca 3JIeKTPOHa m, cocraBiseT Bcero 1/1836 or maccel npoToHa m, u
1/1840 ot macce! HeifTpoHa M, (HEITPOH HECKOJIBKO TAXKeJee IIPOTOHA).
B aToMHOII M AlepHOit pu3KKe HIMPOKO UCHOJb3yeTC amomHas edu-
2
HUYA MACCHL — a. e. M., KoTopas paBHa 1/12 macce! anpa yraepoma ':C

yTO cocTaBaAer 1,6605655-10-27 xr.

HyKJIOHBI, T. €. TIPOTOHBI M HEATPOHBI, B AApE CBA3aHBI MesKAy coBoit
ANEPHLIMUA CUJIAMY, KOTOpble HAMHOIO HPEBLINIAIOT CUJTYy KYJIOHOBCKOTO
OTTAJIKMBAHUA MEMIy NPOTOHaMK (OTCIOfla HasBaHME — CUJIbHBIE B3aM-
mopesicTBus). fnepHble CHNIBI HEMICTBYIOT TOJBKO HA PACCTOAHMAX MO-
panxa 10715 .

B aToMHOIl ¥ sAnepHOil u3MKe NJIA M3MEpPEeHMsA IHEPrUM LIMPOKO MC-
MoJIb3yeTcsT BHECUMCTEMHAs eAMHMIa 9JIeKTpoHBoabT (3B); 1 5B =

1,60201-10°1% ). B apepHoit puauke 3Heprus 49acTo U3MEPAETCA Tak-
’Ke B MerasnexTpoHeosbTax (MaB); 1 MaB = 106 »B.

Snepzua céf3u amomnozo sdpa AEs 1o aGeolloTHOM BesM4YuHe paBHA
pabore, KoTOpyI0 HafO COBEPIUMTEL AJIA PaclLIeIUIeHUsA AApa Ha COCTaB-
JISIIOIIMEe ero HyKJIoHbl 6e3 cooblmenmsa MM kuHeTMdeckoit sHeprum. Vs
3aKOHa COXPAHEHMS DHePTMM CJleflyeT, 4TO HpyU obpa3oBaHMM ALpa U3

CBOGOAHBIX HYKJIOHOB [OJDKHA BBIJEJMThCS OHeprusi, paBHasg AFc.
YpaenpHOW bSHeprueit cBA3KM Anpa A€ HaspigaeTca BeamumuHa AFEw/A,
paBHas cpefHeli SHEPIUM CBA3M, IPUXOLAIUEHCA Ha OOUH HYKJIOH.

Mepoit sHepruy CBA3M aTOMHOIO Afpa sBJAseTca Jegexm maccw. le-
cdexTOM Macch! Am Ha3bIBaeTCA Pa3HOCTE MEMZY CYMMAapHOM Maccoit
BCeX HYKJIOHOB sifipa B CBOGOZIHOM COCTOSIHMM ¥ Maccoi sgpa My

Am = Zm, + (A - Z)m, - M. (5.3)

CornacHo Teopuyu OTHOCHMTENHLHOCTHM, SHEPIUs CBA3M AaHHOTO A7pa U €ro
JedekT Macchl CBA3aHbl coOTHoLIeHneM: AEc = Amc?.
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ITonamue o sdepuvix peaxyulxr. SJOepuvimu peakyusimu Ha3bIBAIOT-
CA UpPEeBpPalllEHUA ATOMHBIX ANEp, BhI3BaHHBIE UX B3aUMOAENCTBHUEM C
pas3iMYHBIMM YaCTULIaM¥M MJIM APYT ¢ ApyroMm. B GosbimHCTBE ciydaeB
B AJlepPHBIX peakUUAX y4HacTBYIOT IBa fnpa M ABe 4YacTuibl CHMBOIN-
yeckas 3alych AfepHoi peakumn: A +a— B+ b, rne A u B — ucxoz-
HOe M KOHEYHOoe fApa, a U b — McXoAHasA ¥ KOHeYHad YacTMIbI B peak-
unu. Meropudecku mnepBoii Gblla HabMNIONeHa AfepHad peaKuusd npe-

BpallleHusT  a30Ta [oJ  JelicTBMeM  O-4JacTuMl, B  KHUCJIOPOX:

"“N+i{He—'{O+\p. Ilpu Bcex ANEpHBIX peakuuaAx cobiONalOTCH 3aKO-

HbI COXpaHeHUA JJIEKTPUUIECKOIro 3apAaa U 4Ynucjia HyKJIOHOB.

Paduoaxmuenocms. Budsi paduoaxmusnbvix usayuenuid u ux
ceoticmea. PaduoaxmuerHocms — crocoOHOCTb HEKOTOPBIX aTOMHBIX
Aep CaMONPOM3BOJILHO NMPeBPALIaThCA B APYIUe AApa C MCIIyCKaHMeM
yactuy., Ecmecmeennas pasyoakKTUBHOCTb, Kak Mpasuyo, Habaonaercs
y TAXKeNbIX fgep. PaamoaKkTuBHOEe mpeBpallleHMe CONPOBOXKAAETCA MC-
IYCKAHMEM O-4aCTMI, P-4acTuil, a TakKe O4YeHb KOPOTKOBOJIHOBOIO
9JIEKTPOMarHMTHOrO wMajdydeHust (y-uanyuemns). CocraB ©-, B- u
Y-M3JIy4YEeHUI YCTAHOBJIEH IO UX OTKJIOHEHMIO B MarHMTHOM noJe. V3-

BECTHO, YTO O-JIyYu NPEeACTaBJSIOT coboi NOTOK sAnep reams, B-ayum —
OTOK OBICTPBIX 2JIeKTPOHOB. IIpeBpallleHMA aTOMHBIX fAAep, KOTOpble
COIIPOBOKAAIOTCA UCIIYCKAHMEM O~ M P-9acTull, HasLIBAKOTCS COOTBETCT-

BEHHO O~ 1 P-pacmagoM.

BonbumMHCTBO BCTpewammuMxcsA B Ipupoze anep ycroitumso. OnpHako
IpM 3Ha4YEeHMAX MACCOBBIX umcen BOmmu3u 4 = 210 agpa mnepecraior
BBITE yCTOHYMBBIMM. OTO B NEPBYIO odepelb obbscHAeTCA GiM3Koneii-
CTBYIOIMM XapaKTepoM SJEePHbIX CMJII CMJIBI ANIEPHOTO IIPUTSAKEHNA
IelCTBYIOT TOJIBKO MeXJAY NaHHBIM HYKJIOHOM M eTo HelloCcpejCTBEeHHBI-
MM cocegsiMu. BmecTe ¢ TeM, TaK Kak KYJIOHOBCKME CUJIbI JaJIbHOJENCT-
BYIOIL[Me, MeKAY JaHHBIM IIPOTOHOM M BCEMM OCTAJIbHBIMM IIPOTOHAMM B
fAnpe HAeVICTByeT KYJIOHOBCKOe OTTajJKuBaHme. 1A Azfep ¢ AOCTATOYHO
OONMBIUMMM ATOMHBIMM HOMEpPaMy KYJIOHOBCKOE OTTaJKMBaHME MOXKET
NPeBBICUTL AflepHOe IpUTAxkeHMe. JleficTBUTeNBbHO, HE CYIIeCTBYeT YC-
motivuesix sinep ¢ Z > 83.



Onpedenenusn, nonamusi U 34KONbL 267

Iennuvie adepuvie peaxyuu. fAxpa ypana M pAna TpaHCypPaHOBBIX
3/IEMEHTOB CIOCOBHBI K peaKiuAM Oesenus A0pa, NPHU KOTOPLIX AXPA,
B0o36ysKIeHHble 3aXBaTOM HEMTPOHA, paclaJalOTCs Ha JBe 4acTH, Hasbl-
BaeMble OCKOJIKamu. [IpM BTOM BO3MOYKHO BBICBOGOXKIIeHME HEKOTOpPOro
KOJM4ecTBa HeHTpoHoB. JlesleHne TAMKEJOro Anpa CONPOBOMKAAEeTCHA BhI-
JelleHueM OrpoMHOi sHepruu. Hampumep, npu peneHun Apnep, cojep-

xammxcs B 1 T ypana U , BblfieJseTcs dHeprua nopsaznka 8- 1010 IDox.

(YnenbHaa Temsora cropanms Hedtu, paBHas 4,3 - 107 ok /kr, pumep-
HO B JBa MMJUIMOHa pa3 MeHbiie!) B xasxnom akrte mejieHus, nomMmmo
OCKOJIKOB, BOSHUKAIOT HECKOJIBKO Y-KBaHTOB U B cpenHeM 2,5 HelTpOHA.
Eciu 3THM HeHTpPOHBI BBI3BIBAIOT APYIMe aKThbl NeJIeHWUs, TO BO3HUKAET
IpOLIECC CaMOTIOAAEPKMUBAIOLIMIACA MIpollece Yyennol AdePHOU Pearyuu.
IlenHble AepHbIE PeaKLMK KUCHONB3YIOTCHA B AAEPHBIX PeakTopax IJif
MOJIyYEHUA SHEPTUM, & TaK:Ke B SAINEePHOM OPYKUM.

Tepmosadepnas peaxyun. BrlneneHuMe ANEepPHONI 3HEPrMM BO3MOYKHO
TaK)Ke B peaKlMsAX CHMHTe3a (CIOMAHMUA) Jerkux apep. Hus ocymecrsie-
HUA TaKoil peaklmMy HeobXOAMMO IIpeoioJIeTh KYJIOHOBCKME CMJbI OT-
TaJIKMBAHUA MEMNIY AAPaMM, 9TO BO3MOYKHO TPY IOCTATOYHO GOJBIIMX
CKOPOCTAX CTaJIKMBaloIMxcA dYacTyy. Tak, CMHTe3 rejiMs U3 JIETKOTOo
M30TONa BOJOPOZA IPOMCXOAWT Ipu Temneparype okono 102 K, a nnsa

CHMHTe3a reymMaA w3 mefitepuss u Tputusa mo cxeme .H+ H—jHe+;n

rpebytoTca TemmepaTypsl nopsaaka 5107 K. IlostoMy Takme peakuum
Ha3bIBaloTCs mepmondepruimu. IIpu cunTesde 1 r resmsa w3 Jeiirepusa u
TpUTHUA BSmeJme'rCH aneprua 4,2+ 101 Jx. YrpasjsiemMble TepMoazep-
Hble peaximy NpPeACTaBJIAIOT GOJNbLION MHTepec AJiA SHEPreTHKM Gymy-
Lero.

Buoaozuueckoe Jdeticmsue paduoaxmusnutx udayuwexui. 3awuma
om paduayuu. VsinydeBundA pagMOaKTMBHBIX BEIIECTB OKa3bIBAIOT
CUJIbHOE BO3JENCTBME HA BCe IKyBBIE opraumambl Jadke crabpie mamy-
YeHUs CIoCOOHBI HaHECTH CYIECTBEHHbIE MOBPEMKICHUS KUBBIM KJeT-
KaM U Bbi3BaTbh onacHble 3aboneBaHusa (ydemBas Oosieanb). Mexamyuam
[OparKaloUIeTo AeMCTBUA M3JydeHMit Ha OMoJiorMyeckue OOBEKTHI 3a-
KJII0YaeTCs B OCHOBHOM B MOHM3AlM¥ aTOMOB M MOJIEKYJ, YTO NPUBOAUT
K M3MEeHEHMIO MX XMMMUYECKO! aKTMBHOCTU. B pesysbTate 00JydyeHMA B
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TKaHAX oOpa3syloTcs cBoOomHbIe paiuKalibl, HOABJIAIOIIME AeHCTBUE
thepMeHTOB, IPOUCXOAMT Pa3pbIB XPOMOCOM, YBEJIMYMBAETCH HMCIIO My-
taumit. Hanbosee yyBcTBUTENbHBI K U3JIYyYEHUAM sAApa KJIETOK, ocobeH-
HO TeX, KoTopble OpicTpo zensrcA. IloaToMy y yermoBeka U3JIy4YeHMA B
NepBYyI0 odYepelb IOpa’kalOT KOCTHBIA MO3r, M3-3a 4Yero Hapyulaercsa
rporecc o0pa3oBaHNA KPOBU.

CreneHp 00JydyeHHMs1 CBA3aHa C DHEPrueli INOTJIOIEHHOTO M3Jy4YeHuA. B
CH enunuiieil noryomieBHoi no3ei AsnAercs rpait (I'p). Josa B 1 I'p os-
HavaeT, 4To obJy4eHHOMY BelleCTBY Maccoil 1 Kr nepefaHa SHeprusd
MoHM3NpYyIoIero uanydenus 1 Jx.

Memodul saujumuv. om obayueHus: yhalleHMe OT MCTOYHMKOB M3Jyde-
HUSA; orpaHuYeHye BpeMeHM NpebOblBaHMA Ha 3arpA3HEHHO# MeCTHOCTH
nyy BOIM3M panyMOaKTHMBHBIX MCTOYHMKOB, OrParXAeHMe paanoaKTUBHBIX
MCTOYHMKOB CHeLMaJIbHbIMM BKpaHaMy. K 3alliMTHBIM MepaM OTHOCHMTCA
TaKMe JO3MMEeTPUYECKUH KOHTPOJbL OKPY’Kalolleif cpefbl ¥ IMPOAYKTOB
NUTaHUA

6. 3agaum nJIs MOBTOpEeHMs

6.1. Cniupausb, conpoTHBJIeHUe KOTOpoil 7 = 9 OMm, roMelieHa B 3aMKHY-
Teli1 cocyn. Cocyn comepsKUT ONHOATOMHBIN HJealNbHBI rald, KOTOPbIA
3aHMMaeT obvem V = 6 5. B Teyenue BpeMeHu ! = 1 MMH IO cniupasm
IIPOITYCKaNy IOCTOAHHBINA TOK, IOcJle Yero NaBJIeHKe BO3POCJIO Ha Besu-

uny Ap=6-10* IIa. Hajitu cuay Toka L.

6.2. Jlazep masiydaeT CBeTOBble MMIIyJbChbl ¢ sHeprmeit W = 0,1 Dx.
Yacrtora moBTopermua umnyisbeoB [ = 10 I'u. Kosdduument nosesHoro
JeiicTBMA Jlasepa, onpezesaeMblil KaKk OTHOLUEHME M3JIy4aeMoi SHepruu
kK norpebnsemoit, cocraBiasier 1 = 0,01. Kakoit obvem Bozawsl V Hy’kHO

[IpOrHATh 3a BpeMsA T = 1 Yac 4Yepes OXJaKJalOU[YI0 CUCTEMY Jlasdepa,

4T106B! BOJla Harpejyiach He DoJiee, yeM Ha At =10° C? YaoensHas Tenno-

eMKocTb BoAbl ¢ = 4,2 Ix/(rK), nuotHoeTs Boger p = 1 r/cmd.
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6.3. MoJjleKyIsApHBIA IIy4OK COCTaBJIAIOT OAMHAKOBbIE MOJIEKYJIBI, IBU-
JKylmecs ¢ oguHakoBbiMu ckopoctsimu V' (V= 500 m/c). Macca mone-
Kyapl m = 4,8+ 10726 gr. Ha nyTu nydka ycTaHOBJIEH 9KpaH, IJIOCKOCTb

KOTOporo nepnenmmukynapHa V . Haiitu naBnesme p, oKasblBaeMoe

OyukoM Ha oKpaH Yuclo MOJEKyJ B eauHule obbema IMydxka n =
3-10% M3 Yap monexyssl 06 3KpaH CYNTATbH abCOJIIOTHO YIPYTUM.

6.4. 3apsoKeHHaA YacTuma Maccel m = 9,2 r BJieTaeT CO CKOpocThio V =
3 M/c B IPOCTPaHCTBO MeKJIAYy NJACTHMHKaAMM IIJIOCKOro KOHIEeHcaTopa,
PacnoJIoXKeHHBIMM TOPM30HTAJbHO. B MOMeHT BJjleTa HalpaBJIeHUE CKO-
POCTH TaKXe TOPM3OHTAJIBHO, @ PAaCCTOSHME HYaCTHLBL OT HMUMKHEeNR Ilja-
CTHHBI M = 4 MM. YunThIBasA JeWCTBME CUJIBI TAMKECTH, HAITH paccTosa-
HMe Ay 4acTULB! OT HMYKHElN IIJIACTMHbI B MOMEHT BBIJIETAa HaCTULbBI U3
KOHZleHCaTOpa, ecim ee 3apan ¢ = 1078 K, sapan na Bepxueit rnacTyu-
He KOHJleHCaTopa OTpHMUaTeJIeH, HaIPAKEHHOCTb 3JIEKTPUYECKOro I10JIA
roHzencatopa E = 108 B/m, gnnua nuactun L = 30 cm.

6.5. BepTHKaJIbHO PacIoOJIOXKEHHbI LMIMHAPUYECKUI COCYA, BaKPbIThINA
TAMENbIM MOABVOKHBIM TOPIIIHEM, COLEPXKUT WIealnbHblil rad. Hepeas
3a30p MesKIy IOPIIHEM ¥ CTEHKOM cocyja ra3 MeJAJieHHO ¥ PaBHOMEPHO
BBITEKAEeT U3 cocyJZla Tak, YTO TEMIIepPaTypa rasa ocTaeTCHd HeM3MEHHOM.
B mMomenT Bpemenu t = () macca ras3a B cocype m = 0,15 Kr, a paccros-
HMe OT IIOpLIHA A0 AHa cocyda A = 75 cm. VIsmeHeHue Macchl rasa B
cocyie B eguHMIy BpeMmenu coctabiger p = 0,01 r/c. C xakoit cKopo-

cTei0 V OyzeT ABUraThCsi MOpLUIEHB?

6.6. 113 Kycxa OOHOPOJHOI IIPOBOJIOKM IJIMHOM /, CONPOTHBJIEHNE KOTO-
poro R, cmasHa curypa B Buae KoJbla c xopnoit AC, £
paBHOM AyaMeTpy KoJbla (cMm. pucyHok). Kospno mome-

IalOT B OJHOPOAHOE MarCHMTHOE IoJie, BEKTOD MHIAYKLMM

KoTOoporo B mnepneHAuKyJsApeH MIIOCKOCTY KoJbla. Mo-

AyJib DTOr0 BEKTOpa MeHSeTCA CO BpPeMeHeM II0 3aKOHY A
B = ki. HaitTu BBIlesisieMy10 B IPOBOJIOKE MOHIHOCTL W.

6.7. Kornencatop emrxoctbio C = 100 Mrd zapsrxaeTcA NOCTOAHHBIM
TOKOM d4epes3 pesucrop compotusienreM R = 100 xOm. Yepea kaxoe
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BpeMs ! Ilocjie HadaJla 3apAfKM DHEprus, 3anaceHHas B KOHAEHcaTope,
CTaHeT paBHOM SHEPruy, BbiJleJIeHHONM Ha peauctope?

6.8. Kakyio emkocTb C HY’KHO INOAKJIOYMTEL K KaTyIIKe C MHIYKTMBHO-
croio L = 0,001 T's, utobel mojydeHHBI KoJjebaTeJbHBIN KOHTYP ObLn
HACTPOEH B PEe3OHAHC C 3JIEKTPOMATHMTHOM BOJIHOM, IJIMHA KOTOPO¥H

A = 300 m?

6.9. Ilo cniupaau, conporuBieHue kotopoit R = 168 Om, Teyer Tok I =
10 A. CoupaJsip oxJ1asKAaeTCA MOTOKOM »KuIKocTH. TeMIlepaTypa »Kuz-

KOCTM Ha BXOJLE CHUCTEMbl OXJIAKIAEHUA [ =20° C, a Ha BbIXOZE

t, = 60° C. YaenbHas TemnoeMKocTb suakocty ¢ = 4,2 kllxx/(krK). Ka-
KYI0 MacCy KMIKOCTM {4 HY>KHO INIPOILyCTUTb Yepes CUCTEMY OXJarkie-

HMA 3a CEeKyHAy, 4ToDbl TeMIiepaTypa CIMpaJyu He uaMeHANach. Cum-
TaTh, YTO BCe BbLIENAIIEECH B CIIMPAJM TENJIo HepefaeTcA XKILKOCTH.

6.10. Yepes crnmpanb KMIATHIbHMEA conpoTuBieHueM R = 20 Om npo-
[yCKAaIOT IIOCTOAHHBIA TOK cuiyoit I = 5 A. Ckosbko BpeMeHM nortpeby-
eTcs, 4YTOOBI HarpeTb KUIIATUILHUKOM [0 TeMIepaTypbl KMIEHUS M=

3 xr Bogp1? Hauasmbuan Temnepatypa Boasl I, =20° C, ynenbnas Ten-

JoeMkocTek Bogwl ¢ = 4,2 kllsx/(kr K). CunraTe, 4To Ha HarpeBaHMe BO-
ool uaet 75% BpIeNAeMOro KMIATHIIBHUKOM TeIla.

6.11. HeBecoMblil NOPLIEHb COeOUHEH C JHOM UMJMHIPUYECKOro cocyla
npyskuHon xectroctelo k = 100 H/M. B cocyzme nop
MOpIIHEM HaXOOUTCA OJHOATOMHEI MIeasbHbI ras. B
Ha4aJIbHOM COCTOSHMM PaCCTOsIHMe MeXZAYy IOpIIHEM W
IHOM cocygza cocTaBiseT £ = 0,2 M. HajiTy KommdecTBO
Tenna AQ , KOTOpoe HYXXHO NepeJaTh rasy, 4TobbI pac-

£

CTOAHMEe Me’KJy INOpIIHEeM M JHOM CcoCyZa YJBOMJOCH.
CunraTh, 4TO Npy>XuHa HeldedopmupoBaHa mpu h = 0.
ArtMoccepHoe JaBJeHMue He YUUTBLIBATE.

6.12. BeprTuxaJsibHas CTeKJAHHaA TpyOka, BEpXHMII KOHel] KOTOpPO# 3a-
nasH, IOTPy’keHa B COCyJ, CO PTYTBIO, IPMYEM YPOBEHb PTYTHU B TPyOke
Ha h = 5 cm Bblllle YPoBHA B cocyZe. IInmHa yacTu TpyOxu, 3alloiHEeH-
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HoO#l BoszyxoM, / = 50 cm. Ha kakyio BemmumHy At

JOJKHA NOAHATBHCA TeMIlepaTypa Bo3fyxa B TpyOke, 4To-
O6bl PTYTH B Heill omycTuiach IO e€e YPOBHA B cocyze?

IlepBoHauasbHaa TeMIeparypa Bosayxa (=17° C, aTmo-

cepHoe paBieHne po = 760 MM pPT.CT., NJIOTHOCTE PTYTHU
p=136 r/cmd

6.13. TenoBaa mMammHa ¢ MakcuMaJbHO BosMoskKHbIM KIIJl MMeeT B Ka-
YecTBe HarpeBaTeJsi pesepByap ¢ Kunsmeit somoit pu f, =100° C, a B

KadecTBe XOJNOAUJIBHUKA ~ COCYJ CO JIBZOM Ipu I, = 0° C. Karas macca

JbRa m pacTaeT IpM coBeplleHnyu MalumHOi pabotel 4 = 10 JIx?
YaenbHasi TeIJIOTa MJaBJIeHMA Jabfa g = 334 Ik /Kr.

6.14. IIpu neHTpaJBLHOM COyIapeHMM ILUapuKa, ABMUIKYHIErocs €O CKOPO-
ctei0 V' = 20 M/c, ¢ TakKMM »K€ HEeMOJBMKHBIM [IAPUKOM MOCJeHUN
npuobperaeTr cxopocTsb V/2. HailTu uaMeHeHMe TeMIepaTypbl IIapUKOB
At , ecoiut yheJIbHas TEIJIOEMKOCTBb BelleCTBa, Y3 KOTOPOro OHM COCTO-

ar, ¢ = 0,25 xkl>x/(xrK). PaccesHueM Tensa B OKpy’Kalolllee IIPOCTPaH-
cTBO npeHebpeyb.

6.15. B 3aMKHyYTOM cocyfle K BepXHejf CTeHKe MNojBellleHa Ha IPYyXKUHe
sxecTKoCcThIO kK = 4 H/M cchepa obbemom V' = 2 . Ha xakoe paccTosiuue
Ah  mopHuMerca cdepa, ecam AaBJeHME BO3AyXa B COCYZAe MOBBICUTD

npy nocrosHHOM Temnepartype ! =170 C or p1 = 100 xIla go p2 = 500
kIla? Monspnasa Macca Bo3ayxa M = 29 r/moJsp. YHMBepCaJIbHYIO raso-
BYIO NIOCTOAHHYI0 NpuHATE R = 8,3 Ilx/(MonpK), yexkopenue csobomHo-
ro nageausa g = 10 m/c2. ‘

6.16. Hag cepenyuHoit LMIMHAPUYECKOrO COCyZa C NIOLagbl0 ceyeHud S
Ha BeicoTe H = 60 cm 3akperien cocyj ¢ Iola-

neio cevyennda 0,2 §. B BepxHeM cocyzie HaXoauTcA

pTyTh, IpPHYEM BbICOTa €€ YPOBHA HaJ IHOM

BepxHero cocyZa h = 1,5 m. Yepes oTBepcTHe B H

cepeZiuHe JHa BEpXHEro cocyZia PTYTb BbLIMBaeT-

cAa B HmxHUA. HaliTu msMeHeHue TemIlepaTypel pTyTH Al, ecym ee
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yaesabHas Teroemkoctb ¢ = 0,12 k/lx/(krK). Yckopenue crobonHoro
nafleHua OpuHATH ¢ = 10 M/c?, TemIoeMKoCTh COCyZOB M paccesHueM
TEIJa B OKpysKalolliee IPOCTPAHCTBO NpeHebpeyb.

6.17. O6beM TOHKOCTEHHOTO IMIMHAPUYECKOTo cocyla Bbicoroit H = 40
cMm paBen V = 400 cm3, ero sBec P = 3,3 H. Ilpu
temnepatype ¢ = 47% C u atmocepHOM maBieHUN
po = 100 klla cocyn nepeBopa4mBaiOT BBEpX IHOM
¥ NOrPYy»KaloT B JKMAKOCTB INIOTHOCTBIO p = 1000

kr/m3. Ilpu kakoit TemnepaType ! cocyl yToHeT? ArmocdepHoe nasie-
HIME CYMTaTh HEeUM3MEHHBIM, YCKOPeHMe CBOOOJHOro mnaZieHus HpUHATL g
=10 m/c2

6.18. Kongencarop emrocteio C = 10 mxd, npensapurensHO 3apaKeH-
— - HbIii Ao Hanpsxenua U = 100 B, non-

. _L TR S _L , KIOYalOT 4Yepe3 pesucrop K OaTapee c
'-[ E c T 3JIC E = 300 B u npenebpexumo Ma-

JbIM BHYTpPeHHMM conporusjennem. Ka-
Koe KoJmdecTBO Teivia (J BBIEJMTCA B pe3UCTOpe 3a BpeMsi MOJIHO

3apAaldKun KOHILeHC&TOpa?

6.19. Jlerkyio cdepy maccoit m = 80 r BaBeummBalT B Bo3ayxe. Ilpu
TemriepaType Bosayxa ! = 470 C Bec cdepnl okazanca paBHbM P = 0,1
H. IIpu kakoi TemnepaType Bo3Oyxa !; cdepa mepecraHeT HaBUTH Ha
yamiky BecoB? JsmeHeHueM ofObema cdepbl mpeHeGpeub, aaBJIEHNe
BO3lyXa CUMUTATh HEM3MEHHBIM, YCKOPEeHMe CBOGOIHOro MmafeHus Mpu-

HATb g = 10 m/c2

| 6.20. B cxeme, roka3aHHOM Ha pucyHke, E =
e 60 B, C = 10 mx<®. Kaxoit 3apaa g mporeuer
R B LK, ecyy OAVH U3 KOHAEHCATOPOB 3allofi-

|C HC HUTh JUBJIEKTPUKOM C JIMIJIEKTPUYECKON
NIPOHMLIAEMOCTbIO € = 27

6.21. Cucrema m3 fByx mapos Maccamu » = 0,6 xr u mz = 0,3 kr, co-
eVMHEeHHBbIX HeBecoMoil crmueit asmubl [ = 0,5 M, Bpamaercs BOKpPYyT
ocy, IPOXoAAIIe Yepe3d HEHTP THAMNKECTU M NePleHANKYJIAPHON cnuile, ¢
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YIJI0BO# cKOpocTeio ® = 2 pan/c. Haittu sHepruio cucreMmst E.

6.22. Ilyuyox MoJeKyJ, ABMMKYIIMXCS B BaKyyMe C OJMHAKOBBIMU CKODPO-
CTAMU, NajaeT Ha [LIaCTUHKY-MUIIEHDb NePIIeHIUKYJIAPHO ee IJIOCKOCTH.
CyMMapHad Macca MOJIEKYJ, MCIIYCKaeMbIX MCTOYHMKOM B €IMHUILY
BpeMenn, paBHa K = 0,01 r/c, cuna, ¢ KOTOpo# IyY4OK HeiCTBYeT Ha
mumiens, F = 4-10-3 H. Cunras coyrnapeHne MOJEKYJbl C MUIIEHBIO
abCoJTIOTHO YIPYTUM, HaiiT¥ CKOPOCTH MOJIEKYJI B ITyuke V.

6.23. TemnepaTypa HarpepaTeld MJeallbHON TerjoBoi Mammebl 11 =
400 K, remneparypa xosmopunbHuka T2 = 300 K, kosmyectso Temua,
rnoJiydaemMoe OT HarpeBatesid 3a mmuka @ = 400 Ik, ymcno LMKJIOB B
cekyHny n = 2. C KakKo#t CKOpPOCTbIO OyZIeT nepeMelllaTbCA [0 FOPU30OH-
TaJILHOM Jiopore TeJieXkka, NPUBOAMMAA B [ABMKEHME TaKOl MallIMHOIA,
ecau cuiya conporuBiyenus F = 100 H? CkopocTs TesleKM CUMTATD IO~
CTOSIHHOM.

6.24. B BepTMKaJLHO DPAacCIIOJOXEHHOM IMUJIMHAPMYECKOM cocyze T[oJ
TIOpUIHEM HaXOIUTCA MAeanbHbN1 rad. Cocyn nomemaercs B Jaudt. Ko-
raa JimT HENOABUIKEH, paccmxﬁme MesKly TIOpUIHEM ¥ JHOM cocyna h
= 12 cm. IIpu geurxeruu Judra ¢ MOCTOAHHBIM YCKOpeHMEM & pac-
CTOSIHME MeXKJy [OpIHIHEM M JHOM LMJMHJpPa oOKasaJjioch x = 10 cm.
Hajttu yckopenne mudra d . TemIepaTypy CHUMTATb MOCTOAHHOM, yc-

KopeHye cBOBOJHOTO MajeHust NpuHATE ¢ = 10 m/c?, aTMocdepHoe naB-
JIEHY€ He y4YUTBIBATh.

6.25. SapsrxkeHHas YacTMIA JBIMIKETCA B ONHOPOJHOM 3JEKTPUYECKOM
nosie HamnpsexeHHocTbio E = 30 B/m. VIsBecTHO, 4TO B MOMEHT, Korga
KMHETHMYECKAs DHEPrusa YacTMIB! LOCTUTaeT MMHMMYMa, €€ CKOPOCTb

HanpaBseHa noj ymiom o =30° x ropusonTty. Onpenenuts pa3HOCTEH

norediuanoB U mexny toukamu 4 u B nosyd, nesalmmmy Ha OXHONR ro-
pusoHTasm Ha paccrosaHmu ! = 30 cM Apyr or gpyra. HeiicTBueM cubl
TAXeCTM IpeHeOpeub.

6.26. Kaxoit maccoit M posxHO ob6iazaThk ctpepudeckoe Teso paguyca r
= 1 M, yToOBI OHO MOIJIO ILIaBaTh B aTMoccepe Benepn!? ATMocdepa
Beneps! coctont na yriaekucyuoro raza COz, gaBeHue y oBepxHOCTH Py
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= g MIla, remnepatypa ! = 5270 C. YuuBepcanbHyI0 ra30ByI0 IOCTOSH-
nyio npuaATh R = §,3 Tk /(Monn'RK).

6.27. HaxgyBHoit IIapuk, 3allOJHEHHBIA TeJiMeM, YHAEpP:KMBalOT Ha HUTH.
Hasitn HaTsA)KeHMe HUTH, ecsi Macca OGOJIOYKM Iapuka m = 2 r, obbeM
V = 3 n, naBnenue reqma p = 1,04-105 Ila, remnepatypa ¢ = 270 C.
MonspHas Macca rexma M = 4 r/mMoJib, IJIOTHOCTb Bo3Ayxa p = 1,3
Kr/M3, yHUBepcaJibHafd rasosas nocrosHas R = 8,3 x/(monpK). Ve-
KopeHue CBOBOAHOro najieHus NpuHATh g = 10 m/c2.

6.28. 3anasnnas c ogHoOro KoHUa Tpybxa ajymHoi L = 110 cM nmorpyxa-
eTcA B BOAY B BEPTMKaJIbHOM IOJIOXKEHMM OTKPBITBIM KOHLOM BHM3. On-
penenuTk AaBleHUe p BO3LYyXa BHYTPM TPYOKkHM, eciii ee BepXHMII KOHel]
HaXOOMTCA Ha yPOBHE ITOBEPXHOCTM BOIbL ATMocdepHOe HaBJIEHME pp
= 10° Ila. Temneparypy Bo3AyXa B TpybKke cuMTaTbh IOCTOSAHHOM, yCKO-
penne cBobozHoro nagenus NpuHATh ¢ =10 M/c2 InoTHOCTE BOABI p =

103 xr/m3,

6.29. AsToMoOKUIIb, ABMIKYINMIICH IO TOPM3OHTANLHONM fopore, NonajaeT
B IOJIOCY HAOYKAA, KaIlliM KOTOPOTO MajaloT Ha 3€MJII0 BEPTUKAJBHO C
TIOCTOSIHHOM CKOPOCTHI0. JI3BecTHO, YTO NpM CKopocTH aBToMobuaa V; =
36 ¥M/4ac B ero HakJIOHHoe JioboBoe cTekJio nomagaet n; = 200 goxxze-
BBIX Kalledb B CEKYHIY, a Npu ckopocTu Vy = 72 kM/4ac 3TO UKCIO
BoapacTaeT no hy = 300 kanenb B cekyHAy. CkojbKo Kanenbs ny 6yzer
nonafgaTtk B J0O0Boe cTekJO 3a 1 ceKyHAy, ecsiM aBTOMOOGMJIbL OCTaHO-
Butca?

6.30. SapsyxeHHasA yacTULa BJieTaeT B IIPOCTPAHCTBO MEXAY IJIaCTHMHA-
MM IIJIOCKOTO KOHJZEHCaTopa, Halpsi)KeHue Ha

] ‘{4 KOTOPOM IOJJePKMBaeTCA IoCcTOAHHbIM. Ha-

' yampHas CKOPOCTb YaCTHIIbI NTapaJuiesbHa NJja-

— CTMHaM KoHJeHcaTopa. Ilpy BbuleTe M3 KOH-

i , AeHCaTopa CKOPOCTh YaCTMLblI COCTaBuJla yrona

o =60° c ee mauanbHoO¥ ckopocthio. Ilox ka-

KM YTIJiOM B K HavdaJlbHOt CKOPOCTH BBUIETHUT 3Ta YacTULA N3 KOHAEH-

caTopa, ecyqi pacCTOAHME MEeXAy €ero IviacTMHaMy YBEJIMYHUTL B k=3
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paza? Cury TAMKeCTH He YyUMTHIBATE.

6.31. lapux maccoit m = 7,2 r, mecymmii s3apag ¢ = 1,73-10°7 Kx, noxn-
BelUeH Ha HEBECOMO, HEPaCTMKMMOM M HENPOBOXAINCH -

HuUTH aymuoit [ = 0,1 M M BpalaeTcs ¢ IOCTOAHHO YIJO-
BOJ CKOPOCTLIO, IpUYEM YTOJI MEXAY HUTBHIO ¥ BepTUKa-

apio o=60° . B LeHTpe OKPYXXHOCTH, N0 KOTOPOIt JIBY- L iq:: q,

JKETCA LIAPHK, PacHoJIoMKeH ToueuHbld 3apsax g2 = 31077
K. HaiiTu yIJIOBYIO CKOPOCTb BpallleHMA LIapura O . OJIEKTPUYECKAA

nocrosinHan £, =8385-10""? ®/m. YckopeHme cROGOMHOTO majeHus pu-

HATb g =10 m/c?, paamepoM mapuka npeHebpedys.

6.32. DnexTpoH ByieTaeT B 06JIACTb IIPOCTPAHCTBa C OAHOPOAHBIM IJIEK-
TPUYECKUM TIIOJIeM HampsKeHHocTbio E = 6-10% E

B/M mnepneHAMKYJIAPHO cUIOBBIM JuHUAM. Onpege- ~€_
JIUTb BeJMYMHY ¥ HallpaBJIeHMEe BEKTOPa MHAYKUMK

MarHMTHoro noys B, koTopoe Hafo co3AaTh B 9TOM 06JIaCTHM IIPOCTPaH-

CTBa AJIA TOrO, YTOGBI 3JIEKTPOH IPOJIETE)l ee, He OTKJIOHAACH OT MepBO-
HayaJIbHOrO HanpaBJleHuA. KuHeTuueckaa sHepruma osnekTpoHa Ex =
1,6 - 10716 II»x, macca anektpoHa m = 9-1073! kr. Cunoit TsxecTH npe-
Hebpeys.

6.33. B sudte, OBUKYLIEMCA C YCKOPEHNEM @ = 5 M/c?, HanpaBJEeHHBIM
BBepPX, HAXOAMTCA LMJIMHIAPUYECKMI COCYI, 3aKPLIThIN [TOPLIHEM Maccoi
M = 20 kr u momaneio S = 100 cm? Tlog NOPIIHEM HAaXOOMUTCH
uzeanbHbI ras. IlopieHb pacriosioeH Ha paccTosHuMM A = 22 CM OT
nHa cocyna. OmnpepenuTh, Ha KaKyl0 BenuumHy AR nepeMecTHTCA
[opuieHs, ecau JnucdT OyAeT IABUraTbCA € TeM Ke 10 MOAYJI0
yCKOpeHueM, HallpaBJeHHBIM BHM3. TeMIepaTypa rasa He U3MEHAETCH.
AtmocepHoe fasyenne py = 10° Ila, yckopenme cBoGopHOro majeHMs
npuHATb g = 10 M/c2 TpeHueM NOPLIHA O CTEHKM COCYAa NpeHeOpeyb.

6.34. B ropusoHTaJIbHOM LMIMHAPUYECKOM cocyze [0z
nopiHem maccoii M = 20 xr u mwiomaznso S = 100 cm?
HAXOOUTCA MAealbHBIA ra3d. PaccTosuue OT NOpPIUHA [0
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IHa cocyzna h = 55 cMm. Ha xakoe paccrosnue Ah u B KaKyi0 CTOPOHY
IepeMeCcTUTCA MOpIleHb, ecJY LHUJIMHAP HavdaTh ABUraTbhb C YCKOPEHUEM
a =5 M/c? Kak NokasaHO Ha pUCyHKe. ATMoccepHoe ZaBjieHue py =10°
Ila. TemnepaTtypa ra3a He wuameHserTcA. TpeHueM MNOPIIHA O CTEHKM
cocyza rmnpeHebpeus. CuuraTh, YTO Opu COODLIEHMM LMIMHIAPY
yCKOpeHusa KoJieGaHuA MOPIUHSA He BO3HMKAIOT.

6.35. MasileHbKMIl mapuK, rojBellleHHbIl Ha HUTU AJuHBI [ = 1 M, oT-
KJIOHSAIOT OT IIOJIOKEHMSI PaBHOBECUS TaK, YTO HUTBH COCTaBJfAET C Bep-
TUKaJbio yron o = 600, u ormyckaior 6es HauasbHONM cropocTi. B Mo-
MeHT, KOT[a LIAPUK NMPOXOAMUT IOJIOMKEHMEe PAaBHOBECUA, HUTh O0OpbIBaEeT-

ca. Hajttu yron B, KOTOpBIA CoCTaBJsAeT ¢ BEPTUKAJbIO CKOPOCTH Hia-

pUKa B MOMEHT NaJeHuA Ha I10JI, eC/iM PaccTofiHMEe OT TOYKM IojBeca
HUTH OO noJa A =25 M.

6.36. IBa maJjleHbKMX TeJla Ha4MHAIOT OJHOBPEMEHHO COCKaJIb3bIBaTh

B8 A 0e3 HavyaJIbHOM CKOPOCTHM M3 TOYKM A: NepBoe I
\—/ N i

BHYTpPEHHell NOBepPXHOCTM TJIAAKOM cdeprl 1o ee

HIMOKHE! TOYKM B, BTOpoe 1o I'JIafKoil HaKJoHHON muockocty AB. Ilpe-

Hebperasi TpeHMeM HaWTH, BO CKOJIbKO pa3 O OTJIMYalOTCA BpeMeHa

OBMIKEHUA 3TUX TeJ OT HavaJIbHOM O KOHeuHoil Touek. Paccrosnme AB
HaMHOI'O MeHblle paguyca cgepsbL

6.37. Bpycox pacrosiodkeH Ha IJIaJIKOiI TOPMB30HTAJILHONM ILJIOCKOCTH M
coeJjMHEH TOPM3OHTAJIbHOM MPYXXMHON KeCcTKo-

Vo
“Zem crei0 k = 100 H/M c BepTHMKaJIbHOM CTEHKOIL
-0
2. IepnenaukynapHo moBepxHocTH Opycka JeTAT

KamaM BoAbl Maccoit m = 0,1 r KaXxzgasa co cKopo-
cteio V' = 5 m/c. Yaapusuimchk o 6pycoK, Kalyiy, He OTCKaKMBas OT He-
ro, crekaloT Ha 3emimo. HaiiTy, Ha rakywo BemnumHy Al cxumaercs
NIPyXKMHA, €CcJM M3BECTHO, UTO Opycok He coBepiuaeT KosieGanmit. Yucno
KaIeJib B eflMHMIe obbeMa noToka n = 2-103 m-3, Ilnomans moBepxHOCTH
6pycKa, B KOTOPYIO yAapsAOT karmm, S = 100 cm2

6.38. IIlapux Maccoit m = 0,1 r, HeCcyMii OTPHUATENBLHBIL 3apaAny ¢ = —
107 Kn, gBueTCA BIOJb CHMIIOBOM JIMHUM OJIHOPOJIHOTO AJIEKTPUYECKOT0
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nojiA ¢ HanpsokennocTeio E = 7-103 B/M, HanpassieHHOM BEPTHMKaJIbHO
BHM3. Ha mytv / = 1 M BesMuMHa CKOPOCTM LIAPUKA U3MEHMIAChH B 2
pasa, a HallpaBJIEHMe CKOPOCTM OCTaJlock HeudMeHHbIM. HaiiTu Benmmun-
HY CKOpOCTM iiapura V B KOHLle 3TOro IyTH. YcKopeHMe cBoGOJHOro
najgeHusA NpuHATh g = 10 M/c2 ConpoTusieHneM Bodiyxa IpeHebpeds.

6.39. Ha 1epoxoBaToM cTOJIE JIEXKUT HOcKa Maccoit M = 1 Kr u anmHOi

L = 0,5 m Tak, 4To 3a Kpajl CTOJIa BBICTyIaeT ee
YacTh gimuuoit oL , rge o = 1/4. Kakyoo muau-

MaJIbHYIO CKOPOCTB Vg HYXKHO COOGL[H/ITI: MaJIeHb~-

3«1.

xoMy Gpycky Maccoit m = 1 kr, HaxoAsIlleMycsl Ha JIEBOM KOHIle JIOCKH,
yToOBI B pe3yJbTaTe ero NnepeMelleHUs JIEBbI KOHell JOCKM NPUIIOJ-
HancA Haj crosoM? Koodduiment tpenns mexay GpyckoM u Jockoit W
= 0,1. Jocka mpu IOBu>KeHunu Gpycka He CKOJB3UT IO cToJry. TosimHoit
nocku npenebpeun, yckopenue cBoboaHoro najgenus g = 10 m/c2

OTBeTnI

1. Mexanuxka

1.1. Kunemamuxa

L1l 1, = 1:1(«/5— 1) =2lc

/ 2
112 ¥, =V 1—47=Vi2:5280 M/c.

8L(1,—1)?
1.1.3. a="——l‘l'(‘:—7*l‘)—,—,50,25 M/c.
(2[,[2 +t2- _tl_)-
Va2, +1,)
114 S=-12"1—22 - 4800 m.
Ar,-1)
T 2
1.15. =E,/a'+ag =245 mun.
h VvV 2gh
116, t=— | 14282 1 |=32 ¢
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117 =24 -‘1(1+5) =630c=10,5 Mun.
g \/g g
s / AH-h)g 2gh
118 t= g(l+ l+__V02 -2 1- V2 =08 c.

1.19. ¥V, =J2AH-h(g—a) =6 m/c.

1.1.10. ‘c=i—£=l,5 c.
gt 2

nsS gas’
Vi+V, AV,+V,)

1.111. §, = =60 cm, S, =70 cm.

3v;

=09375
8¢ 09375 m.

1.112. §=

1113, oo=—==

gl
1114, h=ltgo~—7F——=2m
2V cos o

v, 28(H - F)
1.1.15. S=-Ysinacosal 1+ l-—— =18l m.
g V sin”" o

1.1.16. a:arctg(4n)=arctg«/§=60 .

1L117. L, =1, 2% 10
[ B9 = = KM.
i sin 20,

1.1.18. L=2JmH-#) =17 m.

3gt 3gt
1L.L19. [=V l————smoz+ W =187 m.

1.1.20. B=arcsi J cosa)—30

coso.
1121 sinf=—F——==0,5, B=30".

2
1+ 22

Dy
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2gAh 0
1.1.22. a=arccog cosP [1+——— [=45".
Ve
l 2g
1.1.23. V¥, = ——=10m/c.
coso | A+2itga
4h

sm20ccosZoc+tg(xsm Za) 8hsino =4k 2 =283 m.

1.124. S=

CcosQ

Ty

mga
1.1.26. Al -——~=414 cM.

" V2+1

1127 V V" s 236 m/
d.4. “—"_———: M/C.
I-tga 3- 3
cos(180" — o
1.1.28. ¥, =V,——(-—3=V,«5552 KM/,
cosf

1 3
1.1.29. o= ;(Vl sinoc+\/V22 -V coszoc) =2 pan/c.

1.2. Junamuxa

1.1.25.

2am
at+g
-0) F
1.2.2. p=—(E——(£)—-——50,25
aB-1) mg

Va,
123. V,=——=100 xkm/u.
4q-4

124 V= \[ mg(smaﬁ— Heose) 223 m/c.

coso.
1.25. P=arctg ——
mg/F—sina

121 m=
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1.26. a= g(sinﬁ-— tgocos B) = g(2— \/3) =263 m/c2

1 2h 1
127 1= — .
sino§ g 1-tgPctgo
1.28, E=F(2§sinoc—l)=90 H.
a

mgyl+p’cosa npu pu<t o,
129, R=1{ EVTH pi p<tg
mg npu y2tgo

1.2.10. F =mgy/u’cos’o—sin’a =343 H.

3
1211 pu= tga—-—ﬁ—— =-—=0,29.
mcosa| 6
L+tgo
1.2.12. a> g=10,6 m/c2 Eciu ptgo 21, teso He 6yzmeT
{—utgo
CKOJIb3UTH TIPU JOBBIX YCKOPEHMAX.
J10 F
1213 S=-—— 72395 m
2 m

1.214. F=(m+m)a+2umg=245 H.

m
1.2.15. F =umg(l+~—)5 6,1 H.
M

(M +m)
1.2.16 Al> -
k
I} +
1.2.17. t= —-M=0,5 c
Vg (m—my)
—¥
1.2.18. Am=(m1 n’)~~167
m+m,
M~ +2ml
1219, = MR
M+m

Mm

1.220. F= g=095 H.
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‘/Emm,mz (d+wg npnp.<zlz—
1.221. F= ' " IIpu mauHBIX 3ajaun
V2m,g npup>2
m,
F=139H

T oo
1222, F= mg(l+sma)co{———] L3 H.

1.2.23. Jg +
R

1.224. T= 41\:R
242
r'T
1225 R=1% =
1.2.26. p=

1.2.27. ————— =434-10 ¢ =12 wac.
T]/lOO%)

| h
1228 T=2m1+—
R g[(1+h/R) -1}

T-
1.229. m= EO, 17 xr.
6g

1.2.30. a= gy’ +4 =205 m/c%
1231 F=myg'+0'Psin’@=101 H.

1.3. 3axonvi corpanenus 6 meranuxe

M+m
131. U= V=14 cm/c.
mcoso.
LN*+N-2)

132, t=——=210c
2y,

0
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1.33. I=4a=60 m.
1

m~m

135 V= |81 =11y
0.0, = = M/C.
* Vi+B

b P4
1.36. p= =-==447 krm/c.
Vi+16/o® S

134. V,=

v+ nd (v —2gh)‘ =306 m/c.

2ghm, —m,
1.3.7. Ap=|mz—m,| |———|—
m,+m,
2gh
1.3.8. V =mcoso =27 em/c.
M(M + mcos” o))

139. V. =2 [2gh =40 m/e.
m,

m’V? cos’ o .
1.3.10. B=arccogl-————=—[=60".
2m+ M) gl

1.3.11. B=1+pctga=103.
1.3.12. V =,/gh2—pctga) =6, m/c.
2

V
1313, p=—-tga=0,59.
: 4gh
1-puctgo
1314 h=H-—8% 033y,
I+pctgo

Al
1.3.16. V=——,/(M+m)k =600 m/c.
m .

2gR
1317 V=m | — =119 cm/c.
M(@m+ M)

1315 =ﬂ(V—V)-[V+V— " (V—V)]=2820 i
e 2 1 2 1 2 M 2 )
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1.3.18.

1.3.19.

1.3.20.

1.3.21.

1.3.22.

1.3.23.

1.3.24.

1.3.25.

1.3.26.

1.3.27.
1.3.28.

1.3.29.

1.3.30.

1.3.31.

1.3.32.

1.3.33.

E=—I|1 V2 =3825
2u[+M) Mok,

V. sina [2F
=200 1f—:s M
g m

mM

2(m+

M(l+—}gS 294 k.
, m
V, =V, 1+— =505 m/c.
M
A
S=4H |——~1=12 m.
mgH

Ah -3
Nn=————=37-10",
R+h—Ah

2
A= (P;”lg_) =01 Ix.

2k
M

=568,2 .

v=v

1
W= MV, =12 Ix.
AN =mgVsina =294 xBr.

5
=—mgl=12 Mx.
4
Q0=m- 2" gp=132.10? I
+ .
+
Q-(m.-mz)gh—z(ﬁ—;?) =92 11

o = 2arcsin\n =90’
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1334. Q=m{V¥,-U?)=11 IIx.

Vio

V2
1.3.35. U, =TVI =791 m/c, U, =—;—V; =354 m/c.
1.3.36. AU = gh(M —m)+pugh(H — h) = 55 xlx.

1337 V=2gl--—|=
8 2

m
1.3.38. A=V, =1 cm.
2k+k

w, [M
1.339. A=—— |—=04 m.
t+Mim\ k

100% (Vi -V}
1.340. m= M +ugL |=23,8 xr.
nh 2

_l+\/h/R _3
T1-JyrIR

h
1.3.42. =-l—,/2g(l—h)sl,33 M/c.

1.341. o

1 >
1.343. T= —[\/(V0 —ogt+2U) +20g(Vt—o0gt /2) —(V,~ogT +2U)] =14 c.
og

m oV
1344, V= 2gh-\/(——-—— PR U SV

m+m) 2gh m+m,
1.4. Cmamuxa

141. F=mg3=1188 H.

mg
142, x=L,jI-|— | =16 m.
2F

1
143 a=—7==0577.

\/3 =V,
m=m

1.4.4. tgo= J§(n1I+nlz) .
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tgo—
145 F=mg ga-i =6 H.
ptga+l

mli2—(m+m)}

=385 H.
1= ]g

146. F =[m2 +

28
14.7. I=—=075m.
l-a

148 p= =02

Rsino

’ 1
1:49. F=mg l+zctg2a =11 H

2sinocoso
1.4.10. T4 S = 0,5.
I+2sin“o
mo

1
1411, p=— = —,
my+20(m—m) 3

1 H ;
1412, N=M, Ecosa——zsma =4]18-10° H.

/ I H Y
1413. F=mg sin2a+(gcosa+zsina].

1.5. Mexanuxa mudxocmeii u 2a308
151 m=(M-Shp,)- P =603 r.
PP,

h
152. m=M—=10 xr.
Ah

153. F = (pA - pB)a3gsin(x =85 H.

ISS
154. T= PEDS, =490 H.

1 2

m
1.55. Ah=—-=05 cm.

2pS
Palh—h) _

Z(P— PB)

1.5.6. YpoBeHb B JIeBOM KOJIeHE ONyCTUTCH Ha Ah= I cm
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157. h =§:;(h| +h)=10 .

4 3 -2
158. F=_nR (p-05p,)g=29-10" H.

5
1.5.9. a—i——.
p, 4
15.10. H, = H+Ah3£—208 o
+ —2
1511 p= KATR)-2AA
2a-(h+h)
15.12. p= plpz—hz——h'——=360 Kr/mS.
PPy~ P,
M
15.13. p= P =08 r/cmd.
(M +p,Sh)
114
1.5.14. h=——[—nR3pﬂ+m[l—p—uH npu m<my,
SpeL3 cB
I 4 4 -
h=—-—nR’ npu mz2m, m0=—nR3pCB-EE—p—H—.
S 3 3 Pcs— Px

1—a/100% -
15.15. 100% = WCa=Pr) 5000 = 519,
(P, —opy /100%)(p, —

1
1.5.16. [ELP_( ———)lpB]Sg 0,025 H.

l
1.5.17. (2 ] =0,55-10" kr/m3.

a

1.6. Mexanuuecxue xoreb6anus U 80AHBL

Tl
16.1. A> ad 5
4n”

162 T=2n |—
pgs
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163. T=2r m(k'+k’).

1.6.4. ( )T =1,001 c.
1.6.5. T=2n |——— (sHak "+", xorga HM>KHAA oOKJazKa
gxqU/ (md)

3apfKeHa OTPUIIATEJIBLHO).

M+m

166. T=2rn A=126c.

. mV

167. T=2m |—*" _ ~031¢
glh+h)

1
168. E= —2-mAamax =0,311x.

k
169. V. =—_ [— =048 m/c.
2t \m

an’A
1610. F=mlg+— =118 H.
T

2. Moaekynapaas (pM3MKa M TEPpMOAMHAMUEA

2.1. OcHuo8bl MOAEKYAAPHO-KUHEMULECKOU TMEOPUL

T,
2.1.1. p =p, B0 _ 0,51 e/,
(]

212 k=15.

1 .
213. a= —2—, KMHeTH4YecKad SHeprusa yMeHbIIMTCA B 2 pasa.

@V +pV,+pV)T,
(V +V,+ V)T
215. I, = =346 K.

2.1.6. p= ( +vz]— 831-10° Ia.
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_ nt,-1) _

21.7. Am= ———_—Z(I, +t2+546°C) =03r.
_baVM (L-T)

2.1.8. Am= R TT, = 2'4 KI.

219. p= po-':/—”:o,zs MITa.

AT
2.1.10. AT = ‘L——I- =400 K.

T
9111 my=—nBL =30,

B 2 - puTy

(1+273°C)
21.12. p=(p +p0)zt‘+—27§56 =375 klla.
1

_ pe+273°C)

2.1.13. 4, = ih

_ mAmV
(m+m)-(m+m,— Amy)

. Sy
2.1.15. Ah=h—~h= h{Spo +mg —IJ— -89 cm.

m
2.1.16. T, = 7;(1+ﬁ)=315 K.

_ _PHH=-H)
~ Rv(H -2h)
vi _(L-H,+H) (L-H)H, _
v, (L-H +H,)-(L-H)H,
_RG-D)
aS-Mg ™

(T~ TR
2121 h=—7—"—""—=415cMm
M(Sp,+ M,2)

-273°C=906"C.

=200 cm3.

2.1.14. AV

2117. T =3105 K = 37,50C.

2.1.18. o= 0,7.
2.1.19. Ah

=4875 K.

9122 a=1-1, (1—-1—JZ+2 =2.
n n
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3 M -M,
2.1.23. a—z m—&

2124. ny = -,-C—TT—3,333 10” em3,
2

VM
P 2 m—2-=77r.
RE+273°0) "My

2.1.25. Am=

2.2. Saemenmo. mepmodunamuxu

221 U=3pV =225 xllx.

22.2. A=(n-1)vRT =8310 Dx.

2.23. A= p¥, =175 Ix.

224 A= WR(E -T) =83 xllx.

2.2.5.Ah=£~=0,l M.

Smg
2.26. Q= %1( nS+ Mgsina) =7338 I
2.2.7. AQ=(H—pZ)(V-Vz)=8-105 Tox.

2.2.8. ﬁ:——l,lSl&

229. AQ= 7(!/; -V =6 xllx.
1

i
2210. AQ =S 1A0;- )+ B~ 1)+ BAV, - V)] =20 oxc

R
22.11. =%--2—(37}-5T2)+ vV, =11) .
2212 T="0¥MD a6k

m+m,

- (T +mT)R
2213, p=pr

289
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22.15. Q=(—’"§2if)—-[(3a+2)y—5h]=210 I,

2.2.16. A=pV, +%

R(T-T)
L

5
v, _EPZV' =188 xlx.
2217 A= =11,07 Ix.
3 2
2.2.18. A= ER(m ~DT, =112 xIx.

1
2219 Q=2 (5P+3kH +4kak)Ah=18 Jlx.

M
2220 =—"—H=20 CM.
m
2MA
2.21. B= _— =13
2.221. B \/1+3mR(t+273°C) 13
2AQ
2992 o= [l4——% -
Mg+ pS)h
2.2.23. N=pgq- T’—;Q—lo xBr.
2.2.24. n= 4‘/_ )/_,—) - =104%.

5T, -3 -2/TT,

2.3. N3menenue azpezamnozo COCMOSHUA éewjecmaea
MpV
RT

L=
100°/ P

231 m= =048 kr

232 Am=-2_ 0 [/ =346 .

233. f,=/, =43%.

Pn(fz - fl) HZO

234 U= 00%-aR@+ 2170

=155 mun.

4
235. n= 3= 133 paza (BS12sKHOCTH yBENMUMTCH).
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VvV mg bS
036 S pS-mg 2’ 5
.3.6. x = X S npu JaHHBIX 3ajaum x = 5,3 MMm.
S 2g’
_BnVIM(L- 1) _
237 m= RT-100% =373 r.
r
238. 1,=1, =D =608 mMun.
2.39. m=502r.
mthm c
23.10. V=V - p,,r-lOO%+ . -(z,—z)V_—z,sz n

|
2311 Ty =T+ ~[rdm+cAm-(T,~ )+ Gm(T; - T)].

2312 ¢= " (5—!.)200 -0 =0,23 xIlx/(kr - K).
2313 V= ‘(’t"’_to) Ay ﬁl =143 o,
23.14. p=p E%s 167-10° Ia.
2.3.15. Ap= V(;IQ:;”’ ) =8-10* Ia.
2.3.16. m= Zﬁ%—iﬁ =48 xr.
3. dnekTpoamHEaAMMKa
3.1. darexmpocmamuxa
3.1.1. g =—¥-q=—5,2 MEKJIL
312 a=ﬁ=%\[§:—-_w

3.1.3. BuyTpy kBajgpata Ha Ouccekrpuce ZADB Ha paccrosnmu



292 daexmpodunamuxa
a
b= =0,5 M oT Touknu D.
2\/008 J8+4s/_
- _21/5_ -
314 E = e R =141 xB.
l3F23 -5
3.15. ¢ = a"41|:.¢:0 I =257-10
12
-
3.16. q=2L, |ng, L0
,/412—(L—L1)2
o
317 k= th—l.
318 |=——3— =06 m.
4ne,mg

3.1.9 m—-—j— 2—R "’
s datts _321t£°gR2 h .

3.1.10. g=22"%0 _ 167,10 K
1 +th
,_ 4rr, _§ 4
3.1.11. F'=F oo 10 H.
,: 7
112, V= l2gh-
3.1.12. ¥ \Jgh mth(l tgo)
3.1.13. L=W_385 M.
(m, +”5)%|qu
I
31.14. L= - 5 =132 M.
+21t£lm,mz(V+V)
G9,(m +my)
Qor
3115, gy =—gy=—"r-

3.1.16. Z—QZ 9 =10" K, Q{=g'i&=3-10* Kn

2
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3.1.17. g=gmnr’E=10" Kux

2

n
3.1.18. F=F -5 =4F,
0 (n_l)z 0
3119, a=E.2
W1, 0= 2£ —3.
_ G +C,+Cy0,
3.1.20. ¢, = C+C,+C,
CC,-CC
3121. U=E—3232 1%
G, +CYC,+C))
CcCU
3122 U, = — =909 B.
cc+(c+c)c+c,)
US +U,S.
3.123. U=—-—22,
2 5,+5,

3.1.24. W=§W0 =6-10° IIx.

3125 A= %CU‘,’(:;2 -1).

U (-

3.1.26. AW =—C7—-(~——£)—=—2,5-10'8 K. OHEPrust yMeHbIINTCA.
CCIC,E?

3.1.27. Q GG

T 2ACHCY(CHCY
3.2. Hocmoannsiii mox
E- ‘ '
321 R = —U—q-R-r =28 Om.

E
322 U=s———=20B.
T+
R
323 m=kCAU =012 mr.

' Exn
3.24. R= F-E =] Om.

1 2

E,
3.25. E, = —;'R—Z =20 B.
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326. I =1I,= ER, _La
T RR+RR+RR, 11T
397 R=D0=E0

'3(E -E)’

328. r=R=05Om

E,
3.29. r =[—‘—1}( ~R=05 Om.
EZ

UR
3.2.10. AI-—(3R‘+R)(5R‘+2R) =05 A.
LR —1R,
321l r=——""""—=4 OM.
LA+ R,/ R)-1]
w R 1
3.2.12. m—Wo (r+R+R,)2 16
3213. 0, =0, ":f;]’: =54 Kn
35214 r=R.823M 05 on
16 m—1
3215, R=2-227V 634 o
L ]
ER
3.2.16. Uy —m=1,54 B.
(R+R)R,+R)
3217 ao=——7""7T"""""—""=]2
(R +R)R,+R,)
E
3.2.18. K—W—IZB, V,=E-V,=48B.
_®R-B U_
3219. I= (R+3R) R 25 MA.

3220. E=VW(JR +|R)=9B.

E +E, U?
3.221. W= (m)t W =4 Br.
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W2
3.222. W)= W;z =10 Br.

_ (Eyi—ER)E ~E)
B G-n)’

100% 1
3.2.24. r= -1 R=—0m.
n 3

=P,—£2£32——2=18 Br.
R(R,+R)

W,
3.2.26. ~u72 =2-+2=0,586.

=24 Br.

3.223. W

3.2.25. P,

R+r/2
3.227. B= =0,5.
R+
n—-m I
©3.2.28. r= =—
n(n-1) 6
22—
3229, r= R‘(—@ =0316 Owm.
@Vn-1
cv? i
3230. O =———=4-10" Ix.
21+R /R)
CC,U -U)
323l W= SO0 =0,03 Ix.
AC,+C,)
B CEZ 2
3232 0= ——Ri; =02 Ix.
AR +R)

3.2.33. Q=2CE* =36 Iix.
3234 a=2k-122k —k =3+ 22 o, =017, 0,=583,

P
3235 a=-—2=06.
14
(Uo _Ut)Ul
3236. P, =" "~ P=434 Br.

a1 Uo
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3237 E= —?—v. - =12 B
V2-wiwm S, 1w 1)
3238, R=p VR o,

3.239. R=r

3240 E= |yt oy =3 B
2w )

3241. n=2{1-

3242. R=e—F——F —
W -,

rm
331 T=——=628c.
B

180° n pu¥, <L BL,
m

332 a= B saganubIx yenoBuax o =30’
. BL q
arcsin| —-—— | n pu¥, >—BL.
m ¥, m
m
333 =289 A,
Bl
tga,
334. I,=1—=3 A
) tgo,
2pSg

3.35. B =——I—~tgoc§0,078 Ta.
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sinol— pLcosa,
336, 1> TEEMATHCOSD) o) A,
Bl(usino+coso)

3.4. daexmpomaznumuan uHdYKYyus
B(a+ b)h

341. I= . - =76 MA.
2pt(a+b+ h+ 1 +(a-b?)
2.4
342 P= k*cos’a=25 Br.
BSn
343 Q=—1o0u!.
: R
EAt
344 g=——=25-10" Kn.
9=NR 2,
345 a=Eo1e
45 M= =le
346, I=VBd -+ =015 A
46. I= xR .
R
3.4.7. V=';flz.
% BYV
348. F=_F, F= =16-10* H.
oo
349, 1=JM =016 A.
R
E-BVI
3410, O=—""|Rr=64 mx.
0.0 ( R4r j T
1%
3411, [=tohV
2mx, (x, + HR
3412 a=—F
e A= Y BPC
Bl
4.13. = =196 Br.
3413 W=—r"=19 Br
LEZ 3
34.14. 0 R L =114 I

B AR+R)rR+rR+RR)
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3.5. Jaexmpomazrumnsie xoreb6anus U 0AKBL

’3(:
35.1. I=U, _‘i .

_a[,_1
352. Q=5 (1= |=0047 Iox

2

E
2r +R)?

353. Q= (L+CR?) =375-10" IIx.

LI
54, h=2mc—.
354 21:cUM

355, v, =

356. T,=

35.7. I=

358 a=-

359. U, = CTCz =364 B.
t

CC
35.10. I, =U, 2

A m =075 A.

4. OnoTuka

4.1. 'eomempuuecxan onmuxa

Ompaoaceuue U npeaomaerue ceema

2h
411. L=—=09m.
n

3
412. o= mcsin(n§J= 60" .

- 4.1.3. OkpyskHOCTb paguyca 4 ¢ ieHTpoM B Touke O.
sin 2o

414 a=d—ﬁsl,22 CM.
vn' —=sin’a
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4.1.5. n=2coso.= \/351,73 .

avn’ -sin’a

416. g =———=3T4 cm.
ncoso
417 H_, =Rn=133 m.
4.18. r=Ri=4 cM.
n,
419 ! ! 1,93
19 n= = =193.
2sin15" 243
41.10. 9=60".
1 1

41.11. /=dsin =7 > =117 cm.

\/l—sin o \[n —sin“ o

d n —sm o
4112 A =42 cm.

sma(w/;_ —sin’a— w/l smW;)

1

41.13. n= T = 115.
ysin B,+sin'B

l n cos
4114 I=(L-Hetgg) ' - ‘p
ncose

4.1.15. o= arcsm( )—arcsu\( J
41.16. o, —-——arcsu{ ):
2 n

1
4117. y= 2a—2arcsir(——sina]= 30°.

n
sino
4118. n= =2.
Y
a___
na’b J 2n’ -1
41.19. V= =357 n

4 2 —1-1
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Onmuxa

4.1.20.

4.1.21.

4.1.22.
4.1.23.

4.1.24.

4.1.25.

4.1.26.

4.1.27.

4.1.28.

4.1.29.

4.1.30.

4131. L

4.1.32.

4.1.33.

4.1.34

4.1.35.

| n A
- \o-x

Jni -l <sina<l, 0,75<sina<l, 48°40'<a<90’.

I=D) ;58,67 cM

sina>Vn’ =1=0,75.
n>2.

. . 2 .
sina>sinfvn —1-cosp, Te. sino>0.

R=r+ =68 m.

n -1

o<180° ~ 2arcsin(i).
n

l|n . .
B=—2--[;+q)+arcsin(nsmoc)]=80 )

r

h= JH = =D(R=-1)* =363 m.

- (R—r)n
Ah=hol(n-1)=25-10" cm.

an=2=06.

0 4

= =50 cm.
20(n-1)

1
o> 2arcsil{—]= 60° .
n

5 D arcsi n
o=—f-—zarcsiny —(— |.
4 NG

o=90".

a
=arctg —+t
B=arc {f ga)

Tonxue AuH3bL
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4.1.36. p=arctg tgo~— arctg{tgon—J
{ Iﬂ] !
4.1.37 B—arct{—a-+[l——l—} oc]
.1.37. 7 7 go |.
4.1.38 B—arct%(l+—{—J ] arct{( i]tgowf—]
o A5 TA r)
L sz
4139. d=—=— —-LF =05 m
2 4

nAl 32
4140. F=—5—=— cm

n-1 9
4141 F= 1, =06 m

|F|
4142 d=—.

2

(m+l)’
4143. I=f =90 cm.

m

4144. f m_ s
144, f=-—>5=15cm

(m+l)2
4.1.45. "'l 1x LL i =3 —l
120, My, 2f 2/) f,m, ’mz“3'
4146 I=[IL =4 .

d-F
4147 n= =4,

F

f af

4148 X(O)= [+~ p)=—"

2

4.149. x()=f +

P W)= ftga.
4150. 1= FJF? +d’( —~1——)

a-F b-F
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Onmuxa

4.1.51.

4.1.52.
4.1.53.

F* {1 1 11
Lol
cosa\a b a b

F=+abcoso. =5 cm.
d=fyk'~1= f3=52 em.

L 4F
=—]|1+_|{l—-— |=56 cm.
2 L

4.1.54.
abc
4.155. F= >=90 cm.
b-9
ab
4.1.56. |F]=( ~=60 cM, nuH3a pacceuBamoIasn.
1B}
abc
4157. F= =89 cm.
(a+b)
4158, I= A \[f2+azsin2a=10\/7_cm =246 cm.
acoso.
4.159. H=hM+1)=5 Mmm.
hL
4.1.60. =—=5 Mm.
S
alA
4161. x=—=10 Mm
S/
A
4.1.62. d=D{1+ ]:1
J(f-8)
41.63. 1>2/{ f) 60 cm.
A
4F(1—- 2—
4164, x=Fzcos0) fF§51,3 em.
2cosa—1 \/—°
s165 f=t Al AL s
. A5 A+ 4
-L -L
4.1.66. f=(ﬁ WA _ =D,

|A-f+L fi+ f~
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4.167. L=4F .
4168 b=2f-a.

Fd
4169. D=——=3 cm.
K

F|R
4.1.70. r=I 2

=0,25 cm.
A

4171. x=L-F=5cm

b b
4172 r=R|———-1]=lcm

f a
4.1.73. a=M=30 cM.
2b—d-2f
41.74. | f]= 2'ﬁ;'-i)‘élz':lZO CcM.

(II ‘lz)2

4.2. Snemenmor pusunecxoi onmuxu

L
421 h= A.7 =3,6 Mmm.

A
422 d=——=—=50 MEM.
sinot o
423 A 5-107
23 ¢p=—=35. paz,
¢ 2dn _
424 d A 02
24. d =—=———==02 MM
- 2\/n2—sinza
h 2
4.2.5. W=—Q——£§7~10—" Iox.
N
426. I= VV)‘M =05 MmA.
hc
A
127 N=— PP g0t

T 100% ke
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C, [ he -,
428 0=—"—-4|=12-10" Kn
g\ A

4ne hrc
EAA,
h
4210, A, =———=57-10° .
he I—dU

X
7‘le - szz

429. N, =

(A, -1,)=43-10°.

4211 A, = (Ul - Uz) = 0,65 MmrMm.

6. 3agaau nia MOBTOpEeHMA

61 I=[——=]A.

Wreil-
_f_( n

— =849 n
pcAI\ M

6.3. p=2nmV? =720 xIla.

64. b h,+(Eq }i 9
4. = I =Y MM.
: m 8 20?

H m s 4
65 V=h—npun 0<1£—; V=5-10" m/c upu 0<r<15-10" c.
m u
3 Kt
T 16R(+1)*
6.7. t=2RC=20c.

6.6. W

1{aY «
68 C=—|—1{ =25 nd.
L\ 2nc

2

I'R
69. pu= =100 r/c.

mcet,. —1
6.10. t=——ﬁ-’-(z—°)£45 MMH.
0,75I'R

6.11. AQ =6kh’ =24 Ilx.
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I+ h
6.12. At:(z+273°C)-[—p°£——)—-1]551,5"c.
(Po'pgh)l
t, +273°
6.13. m= Lz———QA =82 xr.
q(t| - 2)
2

V 0
6.14. At=—=0,2'C.
8c

MVvg
6.15. Ah= ~R—T—k—(pz—p‘) =24 cm.

6.16. Ar=2(H+04k)=0,°C.
c
P PH
6.17. 1 =(+273'C)-—[1+— |-273°C=16,8°C.
Vpg nv

C 2
618. Q= —(E-U)’ =02 Jixc

P 0 0
6.19. 4 =[{1-— |(t+273°C)-273'C=7"C.
mg .

620. g=———=10" Kn.

6.21. E=—"2—@'F =0} Ix.
F

6.22. V=—=200 m/c

623 V=t 22 y/e

6.24. a= g(l——} a=2 m/c 1 HanpaBsJeHo BBEPX.
x

6.25. U=Elsina.=45 B.
4 3 PoMcoz

6.26. M < —nr ———= =249 xr.
3 RT
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6.28.
6.29.
6.30.

6.31.

6.32.
6.33. Ah

6.34. Ah=

6.35.
6.36.

6.37. A

6.38. V

6.39.

{
B= arctg(; tga): 30°.

W= £ __ q'qz_ 3 =10 pan/c.
Icoso  4me m(lsino)

, m
B=E —ZE— =32-10" Ta MaruutHoe mone HaIlpaBJIEHO K HaM.
” «

2Mah
- =4 cm.

Sp+M(g-a)
Mah

- nS+Ma

’l(l—cosa) 1 o
=arctg,|[——— =arctg—=30".
B g P gﬁ

=5 cm. IToplueHs nepeMecTUTCA BIEBO.

2 l4E
2.|—lf g—— | n pu mg >{qlE,
3 m

= Opu JaHHBIX 3ajja4un

—1 —————g) n pu mg <|qE,
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