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KOHTPOJIBHAS PABOTA 1
Mexanuka.
Yueonvie mamepuanwi

du3nvecKre OCHOBBI KJIACCUUECKON MEXaHUKU. MexaHn4eckoe
JBUKEHME, KaK MpocTeiias popma IBUKEHUS MaTepUU.
IIpencraBnenus 0 CBOMCTBAX MPOCTPAHCTBA U BPEMEHH, JIEXKAILKE B
OCHOBE KJIaCCHUECKON MEXaHUKU. DJIEMEHTbl KUHEMATUKU
MaTepHaIbHONU TOUKH. HopMaabHOE M TaHT€HIIMAIBHOE YCKOPEHHUE.
[TocTynarenbHOE qBUKEHNE TBEPAOTO TEIA.

JluHamuka MaTepuanbHON TOYKHU. JJMHAMUKa MOCTYIAaTEILHOTO
JBUKEHMSI TBEPAOIO Tesa. 3aKOH MHEPLIMU U MHEPLUATIbHBIE CUCTEMBbI
OTcu€Ta. 3aKOHBI JMHAMUKHN MAaTEPUAIBHON TOUYKU U CUCTEMBI
MaTepuaJbHbIX TOUEK. BHemHue u BHyTpeHHue cuibl. LlenTp macc
MEXaHUYECKON CUCTEMBI U 3aKOH €0 ABM)KCHHUA. 3AKOH COXPaHECHMUS
HMITYJIbCA.

DHeprus Kak yHUBepcallbHasi Mepa pa3IM4YHbIX (JOpM JBHKEHUS U
B3aumoeiicTeus. Pabota nepemenHol cuiibl. Kunernueckas s3Heprust
MEXaHUYECKOM CUCTEMBI U €€ CBA3b ¢ Pa0OTON BHEIIHUX U BHYTPEHHUX
CHJI, IPUJIO’KEHHBIX K CUCTEME.

I[Tone, kak popma MaTepun, OCYIIECTBISIONIAS CUIOBOE
B3aMMOJICIICTBIE MEXKIY YacTUllaMu BenlecTBa. [loTeHunanbHas
9HEPrusl MaTepUaIbHON TOYKU BO BHEIIHEM CHIJIOBOM II0JIE U €€ CBS3b C
CUJIOW, NEUCTBYIOIEH HA MaTepUAJIbHYIO TOUKY. IIoHsTHE O rpanueHTe
CKaJIApHOM (PYyHKLIMHU KoopauHaT. [Tose eHTpaabHbIX CHIL.
[ToTeHunanbHas 3HEPTUS CUCTEMBI. 3aKOH COXPAHEHUS MEXaHUUECKON
sHepruu. {uccunanus suepruu. [IpumeneHne 3aKk0HOB COXpaHEHMUS
SHEPTUU K CTOJIKHOBEHHIO YIIPYTUX U HEYNIPYTUX TE.

DJIEMEHTHI KWHEMATUKHU BPAILATEIBHOTO IBWKEHUSA. Y TII0Bas
CKOpOCTb U YIJIOBOE YCKOPEHUE, UX CBSI3b C IMHEMHON CKOPOCTHIO U
YCKOpeHHuEeM. MOMEHT CHJIbI U MOMEHT UMITYJIbCA MEXaHUYECKOU
CUCTEMbl. MOMEHT CHUJIbI OTHOCUTENILHO OCH. MOMEHT UMITyJIbCca Tena
OTHOCHUTEJIbHO HENOJBWKHOM OCH BpallleHUs. MOMEHT HHEpLMU Tea
OTHOCHUTEJIbHO OCH. YpaBHEHHE TMHAMUKY BpaIlaTeIbHOIO JBHKECHUS
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TBEPJOTO TEJIa OTHOCUTENIBHO HEMOABMXKHOM ocu. KnuHetnueckas
SHEPTHUs BPAIIAIOIIETOCS Tesa. 3aKOH COXpaHEHUsI MOMEHTa UMITYJIbCa.

Heunepuunanshbie cuctemsl oTcuéTa. Cuiibl HHEPIUU. DJIEMEHTHI
CHenuaibHOM (4acTHOM) Teopuu OTHOCUTENbHOCTU. [IpeoOpazoBaHus
lanunes. MexaHuyecKuid NPUHLMI OTHOCHUTENBHOCTH. [loctyiarsl
CIIeNMaIBbHON Teopuu OTHOcHUTENbHOCTU. [IpeobOpazoBanus Jlopenia.
[TonsiTue ogHOBpeMEHHOCTU. OTHOCUTENBHOCTD JJIUH U MPOMEKYTKOB
BpeMeHH. VHTepBay MEXAy COOBITHSIMH M €r0 WHBAPUAHTHOCTH I10
OTHOIICHUIO K BHIOOPY MHEPUHUATbHOH CHCTEMBI OTcuéra, Kak
MPOSIBJICHUE B3aWMOCBSI3U MPOCTPAHCTBA U BPEMEHHU. PensiTUBUCTCKUI
3aKOH CIIOKEHMsSI CKopocTed. PensituBucTCKMil ummyJibc. OCHOBHOM
3aKOH  PEISATUBUCTCKOM  AMHAMHKA  MaTEpPUAJIbHOM  TOYKH.
PenstuBuCcTCKOE  BBIp@XXEHHE  JUIsl  KMHETHMUYECKOM  DHEpPrumu.
B3auMocBs3p  Macchl M JHEPTUU. OHEPrusi CBSI3U  CHUCTEMBI.
COOTHOIIIEHHE MEX]y MOJHON 3HEpPrued W HMIIYJIbCOM YACTHIIBL.
['panu1pl IPUMEHUMOCTH KJIACCUYECKON (HPBIOTOHOBCKOM) MEXAHUKH.

Mexannueckue konebanus. [‘apMoHMueckue KoneOaHUs, WX
KHHEMaTH4eckue Xapakrepuctuku. JluddepeHnuansaoe ypaBHEHHE
rapMoHHuYeckux  kojeOanuih.  [IpykuHHBIA,  QuU3MYecKUit  u
MaTeMaTUYECKU MasTHUKU. ODHEPrusi TapMOHUYECKHX KOJIeOaHUH.
CrnosxxeHue KoneOaHHW OJHOTO HAMpPaBICHUS W OJUHAKOBOW YacTOTHI.
buenus.  CrnoxkeHue  B3aMMHO-TIEPICHAMKYJISIPHBIX  KOJIeOaHUH.
JuddepennnansHoe ypaBHEHHE 3aTyXaloIIUX KoJNeOaHWid U  ero
pELICHHE.

Anepuoanueckuii mpouecc. JuddepeHuuanbHoe ypaBHEHUE
BBIHYKJICHHBIX KOJICOAHUN U €ro pelieHrne. AMIUTUTYIa CMEUICHUs U
¢aza BEIHYKACHHBIX KojeOanuil. [lonsTue o pesoHaHce.

OcHogHble (bODMWZbl

MrHoBEHHass CKOPOCTh:
ds dx

NI V=——"

T dr dt

\%



Cpennsis myTeBast CKOPOCTb:

AS Ax
(v) = A_t 583071 (v)y=—

MrHOBEHHOE YCKOPEHUE:

dv d’S dv, d’x
a=—=—> W a= =—
dt dt dt dt
TanreHnmaabHOE U HOPMATBHOE YCKOPEHHUS:
dv Vv
a, =— a,=—
dt R

ITonnoe yckopeHue:
2 2
a=+a +a,

MrHoBeHHBIE yTJI0Basi CKOPOCTb U YIIIOBOE YCKOPEHHE:

do do d’¢
a):—; = —=
dt p dt dr’

CBs13b MCKOY JIMHEWHBIMH U YIJIOBBIMH BCIIMYUHAMMU:
2
v=wR;a =pR;a =R

Kunemarndeckoe ypaBHEHHE TAPMOHHUYECKUX KOJICOAHHIA
MaTepUaIbHON TOUKHU:

x=A-sin(wt + ¢,)

CKOpOCTh ¥ YCKOPEHHE MaTE€pUaIbHONW TOYKH, COBEPIIAOLIECH
rapMOHUYECKHE KOJIeOaHus:

dx

v=—=A- -0 cos(at+¢,); a=7‘;=—A-a)2-sin(a)t+(po)
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CrnosxeHue rapMOHUYECKUX KOJIEOaHUN OJTHOTO HAMPaBJICHUS U
OJUHAKOBOW YaCTOTHI:

a) aMIUTUTY/a Pe3yIbTHPYIOIIETO KOJICOaHNS:
A= L+ 424244, cos(p, - p,)

0) HauanbHas (a3za pe3yIbTHPYIOIIETro KoJeOaHus:
A sing, + A, sin @,

= arct,
4 & A cosg, + A, cosp,

TpaekTopus TOUKH, YUYaCTBYIOIIEH B AIBYX B3AUMHO

HNEPHEHAUKYJIIPHBIX KONeOaHusIX x = A, cosawt, y = A, cos(wt + @) :
2 2

x oy 2xy .2
— +————Ccos@ =sin
1412 A22 A1A2 gp ¢
AZ
a) y= 7x (ecu pazHocTh a3z ¢ = 0)
1
AZ
0) y=—"=x (ecmu pa3HOCTh Qa3 ¢ = +7r)
1
x2 2
B) — + y_2 =1 (ecmu pasHOCTH a3 ¢ = +1/2)
A5 A4,

NMnynsc MaTepuanbHONW TOYKU:
p=my

Bropoii 3akoH HeroToHa:
dP = Fdt



CI/IJIBI, paccMaTpruBACMbIC B MCXAHUKC!

a) cuna ympyroctu: F = - kx
0) cuna TsoxecTu: P = mg
B) CHJIa TPABUTAI[MOHHOTO B3aUMOICUCTBUS:
F:GMle =G MM,
2 2
R (R, +h)
r) cuia TpeHust: F = uN

3aKOH COXpaHEHMsI UMITYJIbCA:

2131 = const

i=1

Kunernueckas SHEPTIHU: TCJIa, ABUXKYLICTOCS IMOCTYIIATCIIBHO:

2 2
my WA T = P—
2 2m

T =

[ToreHmanbHas 3Heprus:

a) ynpyroze(popMupOBaHHOM MPYKUHBL:
ka
T2

i

2

rne k — )KECTKOCTh MPYKHUHBI; X — a0COMOTHAS 1ehopMaIns;

0) rpaBUTAIIMOHHOTO B3aUMOJICHCTBHUS:
Jo_ MM,
R

2

rac G- TpaBUTAalMOHHAA IMOCTOSAHHASA; 7 ; U My — MAaCChbL

B3aUMO/JICUCTBYIOIIMX TEJT; R — PaCCTOSIHUE MEXIY LIEHTpaMu

Macc;

B) TeJa, HAXOIAIIETOCS B OJJHOPOTHOM I0JIE CHITBI TSHKECTH:
1 =mgh,

r7ie g — YCKOpeHHe CBOOOIHOIO MaJeHHUsI; /1 — BHICOTA Tella Hajll
YPOBHEM, MPUHSTHIM 3a HyJIEBOH ((popMyIia cripaBesiMBa MPU yCIOBUU
h<<R, rae R — paauyc 3emin)

3aKOH COXpaHEHUsI MEXaHUYECKOM SHEPTUu:
E=T+1 =const.

Pabora A4, coBepiiaemasi BHEIIHUMH CUJIAMU, ONPEAEIISeTCS Kak
Mepa U3MEHEHUS SHEPTUU CUCTEMBI:
A=AE=FE,-FE,.

OcHOBHOE YpaBHEHHE TMHAMHUKHU BpalaTeIbHOU JTBUKECHUS
OTHOCHUTEIIbHO HEMOABMXKHOU OCH Z:

M z= J z" IB ' >

rae M; — pe3yapTUPYIOIHUI MOMEHT BHEITHUX CUJI OTHOCUTEIBHO
OCH Z, ICHCTBYIOIINX Ha TEJIO; f’ — YII0BOE YCKOPEHHE; J, — MOMEHT
HHCPIUHA TCJIa OTHOCUTCIILHO OCH BpalllCHUAA.

MOMEHT MHepIUU HEKOTOPBIX TEI MACCOM M OTHOCUTEIIBHO OCU
Z, IPOXOJAIIEH Yepe3 UEHTP Macc:

a) CTEep KHsI JUTMHOH / OTHOCUTENBHO OCH, IEPIECHUKYIIPHOM
CTEPIKHIO:

J, = Lml 2
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0) 0Opyua (TOHKOCTEHHOTO IIUJIMHAPA) OTHOCUTEIHHO OCH,
NEPIEeHIUKYISPHON MIOCKOCTH 00pyya (COBIaAAOIEH C OChIO
HUIHHIIPA):

J, =mR?,

rae R — paguyc o6pyya (uuinuHapa);

B) IMCKA PaglycoM R OTHOCUTENBHO OCH, EPICHIUKYISIPHOM

IIJIOCKOCTH JUCKA:

1
JZ =EmR2.



MoMmeHT umIybca Tefa, Bpallaroerocss OTHOCUTEIbHO
HEITOABUYXHOU OCH:

L=J,0,

rac a - yrioBas CKOpOCTb TeEJIa.

3aKOH COXpaHeHI/IH MOMCHTAa I/IMHy.]'ILCB. CHUCTCMBI TCII,
BPAIAIOIINXCSI BOKPYT HEMOABMKHOM OCH:

Jo, =J,0,,

rae J;, @y, Jo, (0 — MOMEHTBI HHEPIIUU CUCTEMBI T U YTIIOBbIC

CKOpPOCTH BpAILIEHUSI B MOMEHTHI BPEMEHU, IPUHSATHIC 3a HAYaIbHbBIN U
KOHEYHBIN.

Kunernueckast sHeprust Tena, Bpallaroierocs BOKpyr
HEMOABMXHOU OCH Z:

J,0’
2 2J,

T =

10



KOHTPOJIBHAS PABOTA 11

JuiekTpocTaTuKa. [10CTOSIHHBIN 3JIeKTPUYECKHUI TOK.
JIEKTPOMATHEeTH3M.

Yueonvie mamepuann

DeKTpUYecKoe Moje B BaKyyMe. DIEKTPUUIECKHUE CBOMCTBA Tell.
DneMeHTapHbI| 3apsi]l. 3aKOH COXPaHEHHsI AJIEKTPUUECKOTro 3apsia.
3akoH Kynona. DnexTpuueckas MocTosiHHas. DIEKTPUUYECKOE MOJIE.
Hanpsoxénnocts nosst. [punnun cynepnosunuu nosieit. CuioBble
nuHuM noJid. [IoTok BekTopa HanpsikEHHOCTH. Teopema
Octporpazckoro-I'aycca. Berunciaenne HanpspkEHHOCTH OIS
Pa3IMYHBIX 3apsDKEHHBIX TNl PaboTa CHIT 2NIEKTPUYECKOTO MO TPH
nepemenieHun 3apsiaa. LIupKysamums BeKTopoB HaNpsHKEHHOCTH.
[Torenunan. CBsA3b MEXKIY HAPSHKEHHOCTBIO 3JIEKTPUUECKOTO TOJIS U
noteHuagoM. IloTeHnuan noss TOYEYHOro 3apsaa. DIeKTPUIEeCKoe
oJIe BHYTPH 3apsHKEHHOTO MPOBOIHUKA. Pacripenenenue 3apsaoB B
MPOBOJHUKAX.

[TpoBOIHUKY B 37IEKTPUUECKOM I10JIe. DHEPTUs IEKTPUIECKOTO
1oJisg. DIEKTPOEMKOCTh NPoBOIHUKOB. KoHneHncaTopsl. CoerHeHNe
KOHJIEHCAaTOPOB. DHEPIUsl CUCTEMBI 3apsi/I0B. DHEPrusl 3apsKEHHOTO
MIPOBOJHMKA. DHEPrus 3apsLKEHHOTO KOHJIEHCATOpa. DHEPrust
JIeKTpOocTaTH4YecKoro nosst. O6bEMHAs IIIOTHOCTh SHEPTHH.

DneKTpruecKoe moje B qudjekTpukax. CBOOOAHbIE U CBsI3aHHbIE
3apsbl. DIEKTPUUECKUN AUMONb. DIEKTPUUECKUI MOMEHT JIUIIOJIS.
Junosns B OJHOPOIHOM 3JIeKTpHUYecKoM node. [lonsapHeie n
HENnoJIsipHbIEe MOJIeKyIbl. [lospr3anus Iu3IeKTPUKOB.
[onspr30BaHHOCTH (BEKTOP MONIAPU3ALMH). DIEKTPUUECKOE
CMEIIIEHHUE.

IToCTOSIHHBIN 2IEKTPUYECKUN TOK, €r0 XapaKTEPUCTUKU U
yclioBUs cylecTBoBaHMs. BeiBoj 3akona Oma B auddepenunanbHoi
(hopMe U3 INMEKTPOHHBIX MpeAcTaBieHni. 3akoH Bunemana-Opania.
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3akoH OMa B uHTerpanbHoi hopme. Pa3HOCTH MOTEHIMATIOB,
AJICKTPOJIBIDKYINAS CHITa, HanpspkeHue. Tok B ra3ax. [lma3zma. Pabora
BBIX0/Ia 3JIEKTPOHOB M3 MeTaljia. TepMO3JIeKTPOHHAS 3MUCCHSL.

MaruutHoe nosne. MaruutHas UHAyKIHA. 3aKOH AMIiepa.
MarnutHoe noJje Toka. 3akon buo-CaBapa-Jlamnaca u ero npumeHeHue
K pacu€Ty MarHUTHOI'O I10JIs1. MarHuTHOE 1oJie NPSMOIMHEHHOTO
IIPOBOJIHMKA C TOKOM. MarHuTHOE 10Jje KPyroBoro Toka. MarHuTHbIN
MOMEHT BUTKA ¢ TOKOM. BUXpeBO#l XapakTep MarHUTHOIO NOJIs. 3aKOH
MIOJIHOTO TOKA (LIUPKYJISLMS BEKTOPAa MAarHUTHOM MHIYKIUH) JUIs
MarHMTHOTO T0JIS B BAKyyM€ U €r0 IPUMEHEHHUE K pacd€Ty MarHUTHOTO
II0JIsI TOPOUJIA U JUIMHHOIO COJIeHOU1a. JleicTBME MarHUTHOTO MOJIs Ha
aBrKyuiics 3apsa. Cuna Jlopenna. /[BrxeHne 3apsyk€HHBIX 4acTUL B
MarHuTHOM rone. D dext Xomna. MarHuTHbIM moTok. Teopema
Octporpaznckoro-I'aycca. Pabora nepemenieHus poBOIHUKOB U
KOHTYpa C TOKOM B MarHUTHOM I10JIE.

SBnenue anexkTpoMarHuTHON UHAYKIMU. [IpaBuno Jlenna. 3akon
AJIEKTPOMAarHUTHOW MHAYKIMM U €r0 BBIBOJ U3 3aKOHA COXPAHEHUS
sHeprud. fABnenue camonHaykuuu. MaayktuBHOCTH. TOKM ITpu
3aMBIKaHUU U pa3MbIKaHUU LENH. SIBIIeHNE B3aMMHON MHIyKLUH.
B3aumHast UHlyKTUBHOCTb. DHEPIUs CUCTEMbBI IPOBOJAHUKOB C TOKOM.
OO6BEMHasI IIIOTHOCTh SHEPIMU MarHUTHOT'O TOJIS.

OCHOBBEI TeOpHUUn Makcaeiia AJIsL 3JICKTPOMArHuTHOT'O ITOJIA. Tox

cMelleHus. Y paBHeHne MakcBeia 11 3J€KTPOMarHuTHOTO TOJIs B
MHTETpaIbHOH (opme.

OcHogHble (bODMVJlbl

3akon Kynona:

99,

b
dre R’
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riae F — cuiia B3auMOJecTBHs TOUeUHBIX 3apsiioB O u Oz; R —
paccTosiHue MEXAY 3apsiiaMu; € — TUAJICKTPUIECKask MPOHUIIAEMOCTh
CPEIIbL; &9 — DNMEKTPUUECKAst MOCTOSHHAS.

HaHpH)KéHHOCTB QJICKTPHUYCCKOI'O I10JIA 1 TOTCHIHUAJIL:

E=lr b=
np np

rae /1 — noTeHuuagbHasi SHEPTrus TOUEYHOTO MOJIOKUTEIHHOTO
npoOHoro 3apsiaa (,,, HaXOJAIErocs B JaHHON TouKe 1o (Ipu
YCIIOBUH, YTO MOTEHIIMATIbHAS SHEPT U 3apsaa, YAaIEHHOTO B
0ECKOHEUHOCTh, paBHA HYJIIO).

Cuna, aeiicTByromas Ha TOUYCYHBIN 3apsi/l, HAXOAAIIUKCS B
3JIEKTPUYECKOM I10JI€ U MTOTEHUHAIbHAS SHEPTHUS ATOTO 3apsia:

ﬁ:EQ(); I = @0,

Hanpspk€HHOCTD M IOTEHLMA T10JIs, CO34aBaEMOr0 CUCTEMON
TOUEYHBIX 3apsJ10B (MIPUHIUI CYNEPIIO3ULIUHN IEKTPUUECKHUX T0JIEH):

p= Z¢i >
i=1

rac Ei’ @ - HaHpH}KéHHOCTL U IIOTCHLOHUAI B HaHHOﬁ TOYKCE I10JI41,

E=-YE;

i=1

CO3JaBa€MOro i-M 3apsAa0M.

11 IHBIM

SpapaaTa.

= ’ = ,
dre R’ dre,eR
rae R — paccrosinue ot 3apsiaa ( 10 TOYKH, B KOTOPOM
OTIPEACIISAIOTCSA HAMPSHKEHHOCTD U MTOTEHIIAT.

Hanpsok€HHOCTD M TOTEHIIMAN OIS, CO34aBaeMOro MPOBOASIIEH
3apsokEHHON cepoit paguycoM Ry Ha pacCTOSTHAH R OT IIeHTpa chepshl:
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0
a) E=0, p=—=% _ (mpu R <R
) ¢ dre,eR’ (mp )
6) E:Lz, (p:L (ipu R = Ry)
dreyeR, dreyeR,
B) £ = 0 = 0 (npu R > Ry),

» @
dre,eR’ dre &R
rie O — 3apsn chepsr.
JIuneiinas MIOTHOCTH 3apa/a:
r==
/

[ToBepXHOCTHAs TUNIOTHOCTH 3apsijia:

==

S

Hanpspxk€HHOCTh 10715, CO3/1aBaeMOTr0o O€CKOHEYHO MPSIMOM,
PaBHOMEPHO 3apsKEHHOM JIMHUEH WY NUWIMHAPOM Ha pacCTOSHUU R
OT OCH:

T

27€,6R

Hanpsok€HHOCTS 1MoJIs, CO3/1aBaeMOro OECKOHEUYHOW paBHOMEPHO
12

EyE
CBs13p IOTEHIIMANA C HAPSXKEHHOCTHIO:

a) E = gmd(p (B oOmieM ciydae);
b
5 E = 1 2

d (B citydae 0JTHOPOJIHOTO TOJIS).
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DJIEKTPUUECKUIT MOMEHT JIUIIOJIS:
P=|0|-1,
rae Q —3apsan; [ — mieyo qunods (BEKTOpHas BEIMYMHA,

HaIpaBJIEHHAs! OT OTPUIIATEILHOTO 3apsi/ia K MOJIOKHUTEITLHOMY U
YHCJIEHHO paBHAs pacCTOSIHUIO MEXKIY 3apsamMu).

PaGoTa cmit mois mo NEPEMCIICHUIO 3apsjia U3 TOYKHU I10JIA C
NOTCHIUAJIOM @; B TOUKY C IOTCHOHUAJIIOM (!

A12 = Q(¢2 _(01)

DIIEKTPOEMKOCTbD:

C= Q wm C= Q ,
1) U

I/i€ @ — MOTEHIMaJl IPOBOAHUKA (IIPHU YCJIIOBUH, YTO B

0EeCKOHEYHOCTH NOTEHIMaN MPOBOJHUKA IpUHKUMaeTcst paBHbIM 0); U —

PAa3HOCTH MOTCHUUAJIOB IIJIACTUH KOHACHCATOPA.

D1eKTPOEMKOCTD VEAUHEHHON MIPOBOIAIIEN chepbI paauycom R:
13

DneKTPOEMKOCTh TUIOCKOTO KOHJIEHCATOpa:
C— £yES
d
rie S — miomajs miacTUHbI (0HOM) KOHAeHcaTopa; d —
pPacCTOSIHUE MEX]Ty TUIACTHHAMH.

2

DNeKTPOEMKOCTh OaTaper KOHACHCATOPOB:

n

1
a)—= ) —  (IIpH MOCJIe0BATEILHOM COEIMHEHNUN );
cC “<c ’

n

0) C= z C,  (npu mapajuieIbHOM COEIMHEHHH),
i=1

7€ 71 — YMCII0 KOHAEHCATOpPOB B OaTapee.

15

DHeprus 3apsKEHHOIO KOHAEHCATOpa:

2 2
woQU. o CU 0
2 2C
Cuia Toka:
ng, J:d_Q
t dt

rae Q — 3apsj, OpoUIeAInNA Yepe3 NONepeuyHOE CEUCHHE
IIPOBOJHHUKA 3a BpeMms 1.

IImoTHOCTE TOKA:
CJ
J==>
S
rjae S — IJIOIIA/lb MONEPEYHOr0 CEYEHUs TPOBOIHUKA.

CBsi3b IUIOTHOCTH TOKA CO CPEAHEN CKOPOCThIO <V>
HAIPAaBJIEHHOTO JIBUYKEHUS 3apsKEHHBIX YaCTHUIL

14
O | 0
3akon Oma:

a) J = % = % JUISl y4acTKa LIeTH, HE COACPKaIIEro
9JIC;
—0,)+
0) J= % JUIsl ydacTka uenu, cogepsxkauero 9/1C;
& .
B) J = F JUIS1 3AMKHYTOMU LIETIN.
+r

ConpoTuBieHHE TPOBOJHUKA!

16



)
R=p—.
S
COHpOTI/IBJIeHI/Ie CUCTCMbI ITIPOBOAHUKOB:

n
a) R= ZRI. [IPU [IOCIIEJIOBATEIILHOM COEIMHEHUY;
i=1

I &1
0) 2 = ZF MIpH MapayIeIbHOM COEAMHEHUH.
i=1

Pabora Toka:

U2
A=JUt; A=J*Rt; A=—t.

R
MoIIHOCTh TOKA:

U2
P=JU; P=J°R; P:T.

3akoH [xoyns-Jlenna:
O=JRt.

3akon Oma B muddepennmanbaon hopme
J=IE.

CBs13b yJIeTIbHOW MPOBOAMMOCTH Y C TTOJABUKHOCTBIO b
3apsKEHHBIX YaCTHUIL:

y=0n(b, +b.),
T7€ 71 — KOHIICHTPAIKs HOCUTEJIEH TOKa.

CB43b MArHUTHOW MHAYKUIMHU B ¢ Hanpspk€HHOCTRIO H
MAarduTHOTO IIOJISL:

B = pyuf

17

IZI€ {{ — MarHUTHAs IPOHULIAEMOCTh U30TPOIHOM CPEIBL; Uy —
MarHuTHas IOCTOsiHHAs. B Bakyyme u = 1, 1 Tora MarauTHas
WHAYKLYS B BAKyyMe

—

B=u,H .

3akoH buo-Casapa-Jlamnaca:
= -1 J dlsina
dB=M|:dlr:|_3 UIu dB:’uO’UJ—Z’
4 r 4mr

rae dB - MarHUTHAs WHAYKIHS TTOJIsI, CO37]aBaeMOT0 SJIEMEHTOM
MIPOBOJIHHKA, JUTHHOH dl ¢ TOKOM J ; 7 - paJInyC-BEKTOpP, HAIPABICHHBIN
OT 3JIEMEHTa MIPOBOJIHUKA K TOUKE, B KOTOPOU OIpeesieTcs
MarHuTHas UHAYKIHS; 0L — YTOJI MEXKAY pailnyc-BEeKTOPOM U
HaIlpaBJICHUEM TOKA B 3JIEMEHTE IIPOBOJHUKA.

MarnuTtHas HHAYKIUA B HCHTPC KPYTrOBOI'O TOKA:

_ HoptS
2R’
rae R — paguyc KpyroBoro BUTKA.

MaruutHas HUHAYKIUA Ha OCHU KPYT'OBOI'O TOKa
Hot127RT _ popR*T
An(R+ 1Y 2R+ 1)
rae h — paccTosHue OT LEHTPa BUTKA 10 TOYKH, B KOTOPOI
OnpeaACIACTCA MarnHuTHasd HHAYKI KA.

B=

MaI‘HI/ITHaSI UHAYKOUS T10JIs HpHMOFO TOKa
B = Mot
b
i
Tae ro— paCCTOHHI/Ie OT OCHn HpOBOIIHI/IKOB J0 TOYKHU, B KOTOpOfI
ONpeACIIACTCA MarHuTHast UHAYKIHA.

18



MarnuTHas HHIAYKUUS 110JIs, CO3aBAEMOI0 OTPE3KOM IPOBOJA C TOKOM
(puc. 1, a):
B= M(cosatl —cosaz).
27,
O0o03Ha4YeHNs ACHBI U3 PHCYHKA.

HamnpasneHue BekTopa MarHuTHON
UHAYKIUH B 0003HaY€HO TOYKOM — 3TO

3HAYUT, YTO B HalpasiieH
MEPIEHIUKYJISIPHO IIOCKOCTH YEPTEXKA K
HaM.

IIpy cuMMETPUYHOM PaCIIOIOKEHUN
KOHIIOB IIPOBOJIa OTHOCUTENIBHO TOYKH, B

KOTOPO ompeensieTcss MarHUTHAST
6) uHaykuus (puc. 1, 6)
—cosa, =Cosq, =cosa , Torga
J
B="* Hol) = cosa .
27,
Puc.1,06

MarauTHas HHAYKIOWA I10JIA COJICHOMAA:

B = ILIO/I}’IJ >
A€ n — OTHOIICHUC YK CJla BUTKOB COJICHONAA K €0 AJJINMHEC.

Cuna, neicTByIOIIas Ha IPOBOJHUK C TOKOM B MAarHUTHOM TI0JIE
(3akoH AMHG[)a)I

dF =J\dI,B| wm  dF = JBdisina .

MarHuTHbIM MOMEHT IJIOCKOTO KOHTYpa C TOKOM:
P =JSn wm P =JS.

19

MexaHnuecKuii MOMEHT, AeHCTBYIOLIMI Ha KOHTYp C TOKOM B
OJIHOPOJAHOM MarHWTHOM II0JIE:

M = [f’mé] wm M =P Bsina.

Cuna Jlopenua:
F=0[B] wm F=QVBsina.
MarsuTtHbeIN IOTOK:

O =B,S=BScosa .

[ToTokocuennenue:
v =NO.

Pabota 1o nepeMemnieHnio 3aMKHYTOr0 KOHTYpa B MarHUTHOM
rnoJje:

A=JAO,

rae A® — n3MeHeHne MarHuTHOTO OTOKA.

OJ1C uHayKIMu:
gin = _d_l// *
dt

Pa3HOCTh MOTEHIIMAIOB Ha KOHIAX MPOBOIHMKA, ABHKYIIETOCS
(610) CKOpOCTBIO VYV B MAIrHUTHOM I10JIC:

U=BVisina,

rae [ — JyTMHA TPOBOIHKKA, (L — YOI MEXIY BeKTOpamu V u B.

3aps, NpoTeKaroui 0 3aMKHYTOMY KOHTYPY MPH U3MEHEHUHU
MAarHuTHOTO IIOTOKA, IPOHU3BIBAIOIIETO 3TOT KOHTYP:
AD AD A
OQ=—wum QO=N—ro l’[/
R R R
rae R — conporuBinenue KoOHTypa.

NHAyKTUBHOCTH KOHTYpA:

20



rac B — marunTHas WHAYKIOUS, H- HaprI)KéHHOCTB MAar"guTHOTI O

=%
J OJISL.
OJ1C caMOMHIyKIIMH:
E, = —Ld—J .
dt

NHIyKTUBHOCTH COJICHOM/IA:
2
L= popm’V",
rJie N — OTHOIIIEHHE YHCJia BUTKOB COJICHOM 1A K €ro JIuHe;, V -
00BEM COJIEHOHUIA.

MrHoBeHHOE 3HaYeHHE CUJIbI TOKA B LIENH, 001aaroei
COTPOTUBIICHUEM R Y UHAYKTUBHOCTBIO L:
R

—1
— _ L
a) J=J 0 (1 e ) (Ipu 3aMBIKAaHUU LETIN),
rae € — OJ1C ucrounuka Toka; t — Bpemsi, IpouIe/liee mocie

3aMbIKaHUs LCITH.

R
-—t

— L
0) J=J 0 e (pu pa3MbIKaHUHU LIETN),
rie Jy — cuiia Toka B Lienu npu ¢y = 0, t — BpeMs, NpoILeIIIee ¢
MOMEHTA pPa3MbIKaHU LIEIIH.

BHCpFI/I}I MArgmTHOTI'O I10JIA:
LJ*?
W= )
2

O0bEMHas MIIOTHOCTh SHEPTUU MarHUTHOTO 10JIs (OTHOIIEHHE
SHEpPrUy MarHUTHOTO T0JIs COJICHOM/IA K €ro 00bEMY):

2 2
a)=ﬁ HniIn = B niIn CO=M,

2 2, 2
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KOHTPOJIBHAS PABOTA I1I KJ1accuueckoi Teopun. PoToHBL. YpaBHEHHE DWHINTEMHA IS
BHemHero GoTtodppexra. MHOTOGOTOHHBIH POTOIDDEKT.
®du3nka BOJHOBBIX npoueccos. BorHoBas ontuka. KBanroBas

NpHUPoAA U3TyYeHH. S dexr Komnrona u ero teopus. JlaBnenne cBera. OmbITHI
JleGeneBa. KBaHTOBOE 1 BOJTHOBOE OOBsICHEHHE 1aBJICHUS CBETA.
Yueonvie mamepuann JlnanekTuyeckoe eIMHCTBO KOPIYCKYJISIPHBIX U BOJIHOBBIX CBOWCTB

AJEKTPOMATrHUTHOI'O U3JIYyUYEHHUS.
MexaHnu3M 00pa3oBaHusT MEXaHHUYECKUX BOJH B YIIPYTOU Cpe/ie.

IIpononbHble 1 nonepedHslie BoaHbL. BoHOBOe ypaBHeHue. Da3oBas OcHognvie gopmynel
CKOPOCTb U JUCHEPCUsl BOJIH. DHeprus BosHbl. [IpuHimn
cynepno3uuu. KorepentHocts. HTEphEpeH1us BOIH. YpaBHeHHE II0CKON Oery1eil BOJIHBI:

X
" = Acosw(t ——
Crosiune BOHBL. Y paBHEHUE CTOSYEH BOJIHBI. y ( v)’

HuddepennnanbHoe ypaBHEHHE HIEKTPOMArHUTHON BOJIHBI.
OCHOBHBIE CBOWCTBA IEKTPOMArHUTHBIX BOJIH. DHEPrUs
3JIEKTPOMArHUTHBIX BOJIH. I10TOK 3Hepruun. Bektop YMmoBa-IloitHTHHTA.
W3nydenune nunosns.

I7ie Y — CMEIICHUE TOYKH CPEJIbl C KOOPJAMHATON X B MOMEHT f; V —
CKOPOCTh paclpoCTpaHeHHUs KoneOaHuH.

CBs3b pa3zHocTH (a3 A@ ¢ paccTossHUEM Ax MEXAy TOUKaMU

cpenbl
Wntepdepennus cBera. KorepeHTHOCT 1 MOHOXPOMAaTHYHOCTh o

CBETOBBIX BOJH. Pacuér nHTephepeHIMOHHON KapTUHBI OT ABYX Ap =—Ax,
KOT€pPEeHTHBIX UCTOYHHUKOB. OnTuyeckas JuinHa myTH. MHTepdepenms X

CBeTa B TOHKUX IUIEHKax. MHTephepomerpsl. Judpakuus cera. TZie /. — JUIHHA BOIHBL.
[Ipuniun I'toiirenca-Ppenens. Meron 300 Openens. [Ipsmonunerinoe

pacrpocTpanene ceera. JTubpaxius OpeHens Ha KPyTIOM OTBEPCTHH 3aBHCHUMOCTB Pa3HOCTHU (a3 OT Pa3HOCTHU XO/1a CBETOBBIX BOJIH:

u aucke. Judpaxnus Opaynrodepa Ha OHOMU HIETH U Ap=2 ﬂ-é ,

mrdpakimoHHoN peméTke. Pazpemaromas crtocOOHOCTh ONTHYECKIX A

npubopos. Jugpakiuus Ha npocTpaHCTBEHHOH peméTke. Popmyra rae A — JUIMHA CBETOBOM BOJIHEL

Bynbda-bparra. [Ipuanun romorpaduu. MccnenoBanust CTpyKTyphbI

KpuctajuioB. OnNTHYECKH HEOHOPOAHAs cpeaa. lucnepcus cpera. VYcnoBrue MakCMMAaabHOTO YCHJICHHS CBETa IPH MHTEP(EPECHIINN:
O06acTi HOpMaNbHON M AaHOMAJILHOM JUCHIEPCHH. DIEKTPOHHAS A =xkA (k=0,1,2...).

Teopus qucnepcun ceera. D¢ dekt Jomnepa. M3nyuenue BaBuiosa-

UYepenkona. [lonsapusanus ceera. ECTECTBEHHBIN U MOJIAPU30BaHHBIN VYcnoBue MakCUMaIbHOTO OCIa0JICHUs CBETa!

cseT. [lonsipuzanus ceera npu orpaxkeHuu. 3akoH bproctepa. [[BoiiHoe
nydenpenomienne. OgHopoaHble KpucTauisl. [lonspous! u
NOJISIPU3ALIMOHHBIE TPU3MBI. 3aKOH Maitoca. 3aKOHBI TEJIOBOTO
u3ny4yenus. BHemnuit potorddexT u ero 3akonsl. HecocTosTenbHOCT

Azi(2k+1)§.
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OnTryeckasi pa3HOCTb X014 CBETOBBIX BOJIH, BOSHUKAIOIIAs IIPU
OTPaKEHUH MOHOXPOMATUYECKOTO CBETAa OT TOHKOM IIEHKMU:

A=2d+/n* —sin’j, +%,

niu:
. A
A =2dncosi, +5,

rae d — TONIIMHA TUIEHKH; 7 — TTI0OKa3aTellb MPEJIOMIICHUS TUIEHKH;
i; — YroJ maicHus; i; — yroJl MPEIOMIIEHUS CBETA B IUIEHKE.

Pannyc cBetnbix kosery HproTOHA B OTpaXXKEHHOM CBETE:
2k—-1DR
r,= %ﬂ, k=1,2,3...),

re k — Homep Koiblia, R — painyc KpUBU3HBI JIMH3BI.

Pannyc TémubIx konery HproToHa B OTpaXKEHHOM CBETE:
r, =~N2kRA .

VYT0J @ OTKJIOHEHUs JIy4el, COOTBETCTBYIOIIUI MaKCUMYMY

(cBeTnas moJyoca) npu AUGpaKIUU Ha OAHOU LIEIH, ONIPEACIIACTCS

U3 YCJIOBUS:
asingoz(Zk—i-l)% (k=0,1,2...),

r/ie a — MUPUHA IEeNH, K — TOpsSAKOBBI HOMEpP MaKCUMyMa.

VYron ¢ OTKJIOHEHU JIy4el, COOTBETCTBY IO MAKCUMYMY
(cBeTnas mojoca) npu AUQpakiui Ha AUQPaKIIMOHHON peréTKe,
OTpeeNnsaeTcs U3 yCIOBUS:

dsmp=1xkA (k=0,1,2...),

rae d — nepuo TuPpakIuOHHON PEIIETKH.

Pazpemarommast cnocoOHOCTh TUGPAKIUOHHON PEIETKH:

R=2 -,
AL

25

rae AA - HauMeHbIIas pa3HOCTh JUIMH BOJIH JIBYX COCETHUX
CHEKTPATBHBIX JIUHUH (A U A + A1), IPU KOTOPOH 3TU JTHHUU
MOTYT OBbITh BUJIHBI Pa3/IEJIbHO B CIEKTPE, OTYyUYEHHOM
MOCPEACTBOM JAHHOM PEIIETKU. N — MOJIHOE YUCIIO LIENIeH
PEMETKY.

®opmyna Bynbsga-bparros:

2dsinf = kA,

rze 0 — yroa ckonbxeHus (Yroi MeXIy HalpaBIeHHEM
MapajIeIbHOTO MyYKa PEHTT€HOBCKOTO M3JIy4EHUs], M1aJal01Iero
Ha KPUCTAJUT M aTOMHOM TUIOCKOCTBIO B KpUcTaslie); d —
paccTosiHUE MEXTy aTOMHBIMHU TUIOCKOCTSIMHU KPHUCTAIA.

3axoH bprocrepa:

181, = nyy,

7€ i;— yroJ najieHus, Mpu KOTOPOM OTPAa3UBIIMICS OT
JUBJIEKTPHUKA JIyd ITOJHOCTBIO NOJISPU30BaH; 127 —
OTHOCHUTEJIbHBIN MMOKa3aTesb NPEIOMIICHHS] BTOPOU CPEeIb
OTHOCHUTEJIBHO MEPBOM.

3akoH Mamroca:

J=J,cos’ a,

rjie Jy — MHTCHCUBHOCTh TIOCKO IMOJIIPU30BAHHOTO CBETA,
MaJaro0IIeTo Ha aHAIU3ATOP; J — MHTEHCUBHOCTH 9TOTO CBETa

IIOCJIC aHaJIn3aTopa, & — Yroj MEXIay OITHYCCKUMU OCAMHA
MoJIApU3aTopa U aHajIn3aTopa.

3akon Credana-bonbpivana:
4
R, =GT",
rae G — nocrosinHas Credana-bonbumMana; 7 — abcomtoTHAs
TeMIiepaTtypa.
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3akoH cMeleHus Buna:

Am — JAJIMHA BOJIHBI, HA KOTOPYIO MPUXOJUTCS MAaKCUMYyM SHEPTUU
u3nyudeHus; b — mocrossHHas Buna.

Oueprus GoToHa:

e=hv wm &=ho,

rae h — nocrosinHas Ilnanka; i — noctosauas [1nanka, geaéauas
Ha 27; v — 9acToTa (DOTOHA;  — MUKIUYECKas 4acToTa.

Macca ¢orona:
e h hv

= =—m=—
2 2
¢t A c

A€ ¢ — CKOpPOCTh CBC€TA B BAKYYMC, A— JJIMHa BOJIHBI q)OTOHa.

b

HNmnynbe ¢poToHa:

P:mc:h—v.
c

®opmyna DitHmTeHa a5 poToapdexra:
2
m-V
hv=A+T, = A+—=,
2
rae hv — 3Heprust PoTOHA, MAAAIOIIETO HAa TOBEPXHOCTh METAILNIA,
A — paboTta BbIX0OJa 2JIEKTPOHA; 7, — MaKCUMasbHas
KUHETHYecKasi SJHeprust POTOIIEKTPOHA.

Kpacnas rpanuna gorospdexra:
A he
Vo=— HImM A, =—
h A
TJie Vo — MUHUMaJIbHAasi 4acTOTa CBETA, IIPU KOTOPOM emIé
BO3MOXEH (poTod(hexT; ) — MakcHmanpHas AJTMHA BOJIHBI CBETA,
MIPU KOTOPO# €€ Bo3MokeH PoTorhexT; 4 — mocTosTHHAS

[1nanka; ¢ — CKOPOCTh CBETA B BaKyyMe.

3

27

®opmyna Komnrona:

A/I:ﬂ'—/lzi(l—cose)

m,c

uim

AM=2-2 :Lsinzgzlc sinZQ,
m,c 2

rze A — JUIMHA BOJHBI (JOTOHA, BCTPETUBLIETOCS CO CBOOOIHBIM
WU c1ab0 CBSA3aHHBIM 3JIEKTPOHOM; A’ — IJIMHA BOJHBI (DOTOHA,
paccessHHOTO Ha yroJi § mocje CTOJIKHOBEHUS C AIEKTPOHOM; g —
Macca MOKOAIIETOCS AIIEKTPOHA.

KomnronoBckas JJIMHA BOJIHBI:

A =L (4=2,436 ™).

myc

I[aBJ'IGHI/IC CBE€Ta HpI/I HOpMaJ'IBHOM IMaacHUU Ha HOBerHOCTI)I
P=E.(1+p)/c=a(l+p),
rae E. — sHepreTudeckasi OCBEHIEHHOCTh (00MyuYE€HHOCTD); 0 —

00BbEMHAS TUNIOTHOCT YHEPTUH M3ITyUEHHUS;, p — KOIPDUITHESHT
OTpaXKEHUS.
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KOHTPOJIBHAS PABOTA IV (byHIaMEHTaJIbHBIX B3aUMOACHUCTBUIL: CUIIbHBIE, JJIEKTPOMarHUTHbIE,
ciabble ¥ TpaBUTAIIMOHHEIE.
DJIeMeHThI ATOMHOI (PM3UKHU U KBAHTOBOM MEXaHMKH.
DJieMeHThI (GU3NKH aTOMHOIO SIAPA M 3JIEMEHTAPHBIX YaCTHII. Ocnosgnule popmynbvi

Yueonvie mamepuanv boposckas Teopusi.
e=F —-E. .
OrnbITHOE 000CHOBAHHUE KOPITYCKYJISIPHO-BOJIHOBOTO Ayaliu3Ma.
®opmyna ne-bpoitnsa. CooTHoleHNE HGOHpeHeHéHHOCTfﬁ, Kak MOMEHT UMITyJIbca dMeKTpoHa (2-if moctynar Bopa):
NPOSABJICHUE KOPITy CKYIIPHO-BOJIHOBOIO Jlyan3Ma CBONCTB MaTepHHU. I = Fn wim mv.r = hn,
Bonnosas ¢ynkuus, e€ craructudeckuii cMpicii. OrpaHUYEeHHOCTD ! "
MEXaHNYECKOro aeTepMuHu3Ma. [I[puHINI IPUIMHHOCTH B KBAHTOBOM
MexaHuke. CtanmoHapHble cocTossHus. Y paBHenue [llpenunrepa nis
CTallMOHAPHBIX cocTossHNH. CBOOOHAS YacTula. TyHHENbHBIN 2P PEKT.
YacTuua B OTHOMEPHOU NPSIMOYTOJIBHON «IIOTEHLIHUAIBHOU SIME».
KBanToBaHue 3HEprun U UMIyJibca 4yacTulbl. [loHATHE O TMHETHOM

IZie m — Macca 3JeKTpOoHa; V, — CKOpOCTb €ro Ha n-it opouTe; r, —
paanyc n-i cTalmoHapHOUM OpOUTHI; /i — mocTosiHHAs [lmanka; n —
IJIaBHOE KBAHTOBOE YHCJIO.

Panuyc n-ii craiimoHapHoi OpOUTHI:

_ 2
rapMOHUYECKOM OCLIIILIATOpe. ATOM Bojopoaa. ['naBHoe, Ty =l
OpOUTANIbHOE U MArHUTHOE KBAaHTOBBIE YHCJIA. rne ap— paauyc bopa.
Omnert HlTepna u 'epnaxa. Cniun snexktpora. CinHOBOE DHeprus 3JIEKTPOHA B aTOME BOAOPO/A:
KBaHTOBOE uncio. Depmuonsl 1 0030HbI. [Ipunnun [aymu. E E
Pacnipenenenue 35ekTpoHOB B aTOME 10 cocTostHUSAM. [ToHsiTHE 00 ng
SHEPreTUYECKUX YPOBHIX MOJeKyJ. CeKTpbl aTOMOB U MOJIEKYI. rae E; — SHepris HOHM3ALUH aTOMa BOLOPOJA.
[lornoienue, CIOHTAHHOE U BBIHYKJIECHHOE U3nyueHus. [lonstue o
J1asepe. DHeprusi, u3ay4aeMas UM MoriomaeMasl aToMOM BOJIOPOa
L 1 1
3apsin, pa3Mep U Macca aTOMHOTO siipa. MaccoBoe U 3aps0Boe e=ho =Ey-E, um & =E, (_m2 —?) >

yycyia. MOMEHT UMITyJibca siipa U €ro MarHuTHbIM MoMeHT. CocTaB

snpa. Pabora MBanenko u ['ezen6epra. Hyknonsl. B3aumonerictue

HYKJIOHOB ¥ TTOHATHE O CBOWCTBAX U MPHUPOJIE SAEPHBIX CH. JledexT

MAaccChl ¥ DHEPIUS CBS3U AApa. 3aKOHOMEPHOCTH U ITPOUCXOXKACHHE

anb(da-, 6eTa- ¥ raMMa-U3ITy9CHUS] aTOMHBIX siAep. SepHbIe peakuuy U .
CHeKTpOCKONIUYECKOE BOJTHOBOE YHUCIIO:

3aKOHBI coxpaHeHus. Peakuuu nenenus snep. Llennas peaxuust. 1 1

[Tonsitue o simepHo sHepreTuke. Peakiusa cunresa saep. [Ipodnema v=—=R(—5-—),

YIPAaBIISAEMBIX TEPMOSIICPHBIX PEAKLIMNA. DJIeMEHTapHbIe YacTULbl. Mx A m

KJaccu(uKanus ¥ B3aMMHas IPEBPaLaeMOCTb. 4 THIIA

IZIE M U N — KBAaHTOBBIE YUCJIA, COOTBETCTBYIOLINE
OHEPreTUYECKUM YPOBHSIM, MEKIY KOTOPBIMHM COBEPIIAETCS NIEPEXOL
JJIEKTPOHA B aTOME.
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rie A — JUIMHA BOJHBI M3JTyUSHHSI WJIH MOTJIOIICHUS aTOMOM; R —
noctostHHast Punoepra.

Jlnuna BosiHBI ne bpouns:

A=2nh/P; A = I ,
P

rac P- HUMITYJIbC YaCTHUIIBI.

MMty ibC 4acTULIBL, €70 CBA3b C KHHETUYECKOW SHEPTUEH:

P=\2mT ;
&) P=mv; P=—""_. p_L 0E 7T,
C

a) P=myv;

rac mgp—mMacca nokKos 4aCTHUUbI; m — PCIIATUBUCTCKAA MaccCa; v —
CKOPOCTDb YaCTHUIIBI; ¢ — CKOPOCTh CBE€TA B BAKYYMC, E() — OHCPI'UA MOKOA

2
gactuusl ( £, = myc”), T — peasITUBUCTCKAsi KWHETUYECKAsl SHEPIUs
YaCTULIBI.

CoOOTHOILIIEHHE HEOTTPEACIEHHOCTEM
a) Ap Ax>h (11 KOOpAMHATHI U UMITYJIbCA),

rae AP, — HeonpenenEHHOCTh IPOEKLNU UMITyJIbca Ha och X; AX
— HEONpeAeaEHHOCTh KOOPANHATHI;

0) AEAt>h (st JHEpTUU U BPEMEHH),

rae AE — Heonpeen€HHOCTh SHEPTUHN; Af — BpEMS J)KU3HU
KBAHTOBOM CHCTEMBI B IaHHOM 3HEPIreTHYECKOM COCTOSIHUU.

OnnomepHoe ypaBHeHue llpeaunrepa niisa craimoHapHbIX
COCTOSIHUI:

d’v 2m

>t

dx~ h

(E-Uy(x)=0,
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rae W (x) — BoHOBast DYHKIIMS, ONUCHIBAIOIIAS COCTOSIHUEC
4yacTULbl; m — Macca yactuupl; E — nonnas sueprus; U = U(x) —
NOTCHIUATIbHASL YHEPTHS YaCTHIIBL.

[l110THOCTH BEPOSITHOCTEN:

daw(x)

——=|y(x)
dx |

rze dw ) — BEpOSITHOCTh TOTO, YTO YaCTUIA MOXKET OBbITh

oOHapy>keHa BOJIM3HM TOYKU C KOOPAMHATON X HA y4acTKe dX.

2
’

BeposiTHOCTh OOHapYKEHUSI YaCTHUIIBI B UHTEPBAJIe OT X; JI0 X2:

o= [y dx.

X

Pemenue ypaBuenus lllpenunrepa s oqHoMepHOTO,
0ECKOHEYHO TITyOO0KOTO, MPSMOYTOJIBHOTO MOTSHIIMATLHOTO SIIUKA:

2 . 7&n
a) ¥, (x)=,|—sin—x (coOCTBEHHass HOPMHUPOBAHHAS BOJIHOBAs
! / [

byHKIMSN);
°h'n’
0) E, =——+ (coOCcTBEHHOE 3HAYEHHUE SHEPTUN),
2ml
rjie n — KBaHToBoe uncio (n =1, 2, 3,...); [ — mmpuHa siimuka, s —
nocrosuHas Ilnanka, genéunas Ha /2.
B obmactn 0<x</,U =0, Y(x)=0.

MaccoBoe unciio sipa (4Ucio HyKJIOHOB B SIAPE):

A=7Z+ N,

re Z — 3apsaa0Boe YUCIO (YUCIO MPOTOHOB); N — Y4UCIO
HEUTPOHOB.
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3aKOH paJHOaKTHBHOTO pacraja:
dN = ANdt wm N =N,

rae dN — 9ucio saep, pacnagaronuxcs 3a UHTepBall BpeMeHU df;
N — 4ucno snaep, He paclaBIIUXCs K MOMEHTY BpEMEHH ¢; Ny—4ucCIiio
snep B Ha4aJlbHbIH MOMEHT (¢ = 0); 4 — MoCcTOsTHHAS PaOAKTHBHOTO
pacnana.

Yucio saep, pacnaBIIUuXCs 3a BpeMs £:
AN=N,-N=N,(1-¢").

B ciyuae, ecau uHTEpBasl BpeMeHU A?, 32 KOTOPBIN ONpeAesaeTcs
YHCJIO pacHaBIIMXCS SAEP, MHOIO MEHBIIIE ITeproja pacnaaa 7, To
YHCIIO PACHaBIINXCA s7ep MOXKHO ONPEEIUTh 10 Gpopmyiie:

AN = AnAt .

3aBUCUMOCTh NIEPUO/IA MOJTypaciaja OT HOCTOSIHHON
pa,Z[I/IoaKTI/IBHOFO pacnaz[a:
In2 0,693
T, =—== .
) A

Cpennee BpeMs 7 ®KU3HHU PAJUOAKTUBHOIO AJIpa, T. €. HHTEpBa
BPEMEHH, 3a KOTOPBIA YNCIIO HEPACIIABIINXCS AI€P YMEHBILAETCS B €
pas:

Yucno N aTroMoB, coepKalUXCs B paJUOAKTUBHOM HU30TOIIE:
N = mN ,
M
rae m — Macca usorona; M — MmoissspHas macca; Ny — IOCTOSIHHAs
ABorazpo.

3

AKTHBHOCTb A paiMOaKTUBHOI'O U30TOIA!
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dN - -
A=7=/1N wm  A=ANe " = 4.,
t
rne dN — 4ucno saep, pacnagaroluxcs 3a UHTEpBaJl BpeMEHU df;

Ay — aKTUBHOCTb U30TOIAa B HAYAJIbHBIII MOMEHT BPEMEHH.

YIIGJ'IBHaH AKTUBHOCTbH H30TOIIa.

a=—.
m

JHedekT maccsl spa:

Am=Zm,+(A-2Z)m, —my,

rjae Z — 3apsA/10BO€ YUCIIO (YUCIIO MPOTOHOB B AJpe); A —
MacCOBOE YHCIIO (YUCIIO HYKJIOHOB B sIIpe); (A — Z) — 9iCII0 HEUTPOHOB
B sI7Ipe; m, — Macca IPOTOHa; m, — Macca HEUTPOHA; Mg — Macca sapa.

DHeprus CBA3M sSApa:
_ 2
AE ., = Amc”,
rae Am — nedexT Macchl siipa; ¢ — CKOPOCTh CBETa B BaKyyMe.
Bo BHecuCTeMHBIX eMHUIIAX SHEPTUS CBs3U siApa paBHa AEcp =

9314m, e nedext maccel 4m B a. €. M.; 931 — koahduIeHT
nponopuuonansHoctd (1 a. e. M. ~ 931 MaB).
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KOHTPOJIBHAA PABOTA V

CraTucruueckas (1)1/131/11(3. TepMOI[l/IHaM]/IKa. KOH}IeHCI/IPOBaHHOC
COCTOsIHME BelleCTBa.

Yueonvie mamepuann

JlnHaMUYeCKHe U CTATHCTUICCKUE 3aKOHOMEPHOCTH B (PU3HKE.
CrarucTuueckuii ¥ TepMOJUHAMUYECKUA METOIbl. MUKPOCKOIIMUECKHE
coctosHUA. TemnoBoe ABMKEeHNE. PaBHOBECHOE COCTOSHUE.
TepMoanHaMHUeCcKHE apaMeTpbl COCTOsIHUA. IHTEHCUBHBIE U
SKCTCHCHBHBIC MTApaMETPhl. Y PaBHEHHE COCTOSHUS UJI€ATBLHOTO Ta3a.
JlaBneHue u Temneparypa ¢ TOUKH 3pEHHS MOJIEKYJISIPHO-
KUHETUYECKON TEOPHH.

Pacnpenenenue Monekyn rasza no ckopoctsim. OyHkuus
pacnipenenenus (pacnpenenenue Makcenia). CKOpOCTH TEIJIOBOTO
JBUKEHUSI MOJIEKYJI.

bapomerpuueckas popmyna. Pacnipenenenue Moaekys B mojie
cun. Pacnpenenenue bonbimana. Pacnipenenenne ['m66ca. 3akon
PaBHOMEPHOT'O pacIpe/IelIeHHs SHEPTUU 110 CTEHEHSIM CBOOO/IBI.
BnyTtpeHnnss sHeprus uaeanbHoro rasza. Kimaccuueckas teopus
TEIJIOEMKOCTH T'a30B, €€ HEOCTAaTKH. MeToa TepMOAMHAMUKH.
OcHOBHBIE 3aKOHBI TEPMOJMHAMUKU. [IepBoe Hauano TepMOAMHAMUKH.
Mzomnporneccrl. PaboTa ra3a npu pasnuyHbIX mnpoieccax. Bropoe
Hayajo TepMoaAuHaMHKU. TernnoBoi asuratens. Kpyroseie mponeccsl.
Hukn Kapno. KI1/] uuxna Kapno. [IpuBenénnas temnora. DHTponusl.
Boruncnenue suTponuu. M3amMenenne DHTpONHUH MPU HEOOPATUMBIX
npoueccax. CTaTUCTUUECKUI CMBICI BTOPOTO Havyana TEPMOJUHAMUKH.
CBs13b SHTPONUU U BEPOATHOCTU cOoCcTOAHMS. DiyKkTyanus napameTpos
cocrosHus. Terosas Teopema HepHera.

CTOJNIKHOBEHHS MEX Ty MoJieKyraMu. D(HPEeKTUBHBINA JHAMETP
Mouekyibl. CpenHss JuinHa cBoOoaHOro mpobera. TennoBoe ABMKEHKE
Y CBSI3aHHBIN C HUM NIEPEHOC MACChI, UMITYJIbCA SHEPTUH.
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OKcnepuMeHTaIbHbIN 3aKoH AU dy3uu, BI3KOCTH U
TEIJIONPOBOAUMOCTH; MOJIEKYJIIPHO-KUHETUYECKAsT TEOPHSI ITHX
ABJICHUN. Y cnoBue paBHoBecus (a3. dazoBble AUarpaMmbl. Y paBHEHHE
Knaneiipona-Knaysuyca. Kputudeckas Touka, MeTacTabMIIbHbBIE
coctosguus. TpoitHas Touka. YpaBHeHue Ban-aep-Baanbca u ero
aHanu3. Pa3zoBbIe IEPEXOABI BTOPOTO poAa.

Kpucrannuueckue u amopdHusie Tena. Buabl MexaTOMHOHN CBS3H
B TBEPABIX Tenax. Kpucrannuueckue pemérku. Toueunsle qeeKkTsl B
Kpuctauiax. Bakancuu, npumecu BHEAPEHUS U IPUMECH 3aMELCHUS.
KpaeBbie 1 BUHTOBBIE AUCIOKAUU. AKYCTUYECKHE U ONITHYECKUE
KoJIeOaHusl KpucTauTnueckoi pemérku. [lonsatie o poHoHAX Kak
KBazn4acTuuax. TeroéMKOCTh KPUCTAIOB IIPYU HU3KUX U BBICOKHUX
Temneparypax. Pemérounas remmonpoBogHocts. Kiaccuueckas
AJIEKTPOHHAs TEOPHUs IPOBOAMMOCTH U €€ HEAOCTAaTOYHOCTb.

DneMeHTHI 30HHON TEOPUH KPUCTAILIOB. Y poBeHb Depmu,
oBepXHOCTh Pepmu. UNCI0 37EKTPOHHBIX COCTOSIHUN B 30HE.
3anoiHEeHNUe 30H: METAJUIbI, IUAIEKTPUKH, TOJIyIpOoBOAHUKH. [loHsATHE
JpIpouHOM npoBoguMocTu. COOCTBEHHAs U IPUMECHAS.
Knaccugukaius MarHeTukoB: MapaMarHeTUKH, AMaMarHeTHKHY,
beppomarneTuku, antudeppomaraeTuku. [Ipuposa napamarsetusma u
nuaMmarietuzMa. CrnHoBast npupojia peppomarsetusma. JlomenHas
cTpyKTypa peppomarneruka. Kpusas HamarunuuBanus. [letmns
I'ucrepesuca.

Ocnosnvle d)ODMVJZ bl

KonnuecTBo BemecTBa 0IHOPOJAHOTO Ta3a (B MOJISX)
m
V=— um Vv=—,
B M
rae N — uucio Monekyn rasa; N, — noctosiHHas ABoraapo; m —
Macca rasa; M — MoJsipHasi Macca rasa.
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Ecau cucrema OpeaACTaBIACT CMCCh HECKOJIBKHUX I'a30B, TO
KOJIMYECTBO BECIICCTBA CUCTCMBI:

1 N2 Nn
V=V +V, .tV =— 2+ +
NA NA NA
N
m m m
v=—1b4+ 24 42,
Ml M2 Mn

rae v, i, m;, M; — COOTBETCTBEHHO KOJIMYSCTBO BEIICCTBA, YHCIIO
MOJIEKYJI, Macca, MOJISIpHAsl Macca i-q KOMIIOHEHThI CMECH.

VYpasuenue MenneneeBa-Knaneiipona (ypaBHEHUE COCTOSHHUS
WJIeaTbHOTO Ta3a):

PV =""RT =yRT,
M

rje m — Macca rasa; M — moyisipHas Macca rasa; R — MoJsipHas
ra3oBasi IOCTOSIHHAS; V — KOJIMYECTBO BEIECTBa; 1 —
TEPMOJMHAMHMYECKas TEMIIEPATYpa.

OnbITHBIE Ta30BbIE 3aKOHBI, SIBIISIIOIINECS YACTHBIMU CITydasMu
ypaBHeHMI MeHeneeBa-Kianeiipona ais U30mponeccos:

a) 3akoH boiing-Mapuorra (M30Tepmuueckuii npouecc — 7' =
const, m = const):

PV = const
WJIM IS IBYX COCTOSIHUM Tasa:
PV, =PV,

0) 3akoH ['eii-JIroccaka (u300apHsIiil mpouece — P = const, m =
const):

Vv
— = const

T

WJIM JUISL ABYX COCTOSIHUM:
n_»n

T,

B) 3axoH lapns (n30xopHBbIi npotiece — V' = const, m = const):
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P
— =const
T

Wi Uit ABYX COCTOSTHHH:

B_PB

(.

I') 00bCIMHEHHBIN Ta30BbIN 3aKOH (m = const):
a_br, L,

— =const Wi = =..= R
L T T,

rae P, Vi, T| — naBnenue, 00bEM 1 TemMrieparypa raza B
MEePBOHAYAIBHOM COCTOSIHUM; Py, V2, T, — Te ke BeIHYUHbI B
KOHCYHOM COCTOSIHUMH.

3akon JlanibTOHA, OMpEesIONni JaBJICHUE CMECH Ta30B:

P=B+P+..+P,

rae P; — mapuuanbHble JaBICHUS KOMIIOHEHTOB CMECH; /1 — YUCIIO
KOMIIOHEHTOB CMECH.

HapunaﬂmeM JaBJICHUCM HA3bIBACTCs JAaBJICHHUEC Ira3a KOTOPOC
MMPOU3BOANII OBl OTOT ras, €Clin OBI TOJIBKO OH OJHMH HaXOJUJICA B
CoCyac, 3aHATOM CMCCBIO.

MOJ’IHpHaSI Macca CMECH I'a30B:
m +m, +..+m,

M =
VAV, ety

rae m; — Macca i-ro KOMIIOHEHTa CMECH, V — KOJIMYECTBO
BEILIECTBA I-T'O KOMIIOHEHTA CMECH.

KOHI_ICHTpaI_[I/IH MOJ'ICKyJ'IZ
N pNA
14 M
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OcHOBHOE YpaBHCHUEC KUHETUYECKOMH TCOPHHU I'a30B:

2
P:§n<Ek>,

rae <Ep> - cpeHsss KHHETHYEeCKast SHEPTHsI TOCTYaTEIbHOTO
JIBUKCHHSI MOJICKYJIBI.

CpeﬂHHH ITIOJIHasI KHHETUYCCKas 3H€pF 155 MOHCKYJ'IBIZ
i

<g> =—kT,
2

/i€ [ — YHCIIO CTENCHEH CBOOOIBI MOJICKYJIBL.

CkopocTtu M oneKyn'

3RT _
ea M - 7
SRT \/7
7zM m
2RT _ \/7
o=

rac m — Macca O,I[HOI/I MOJICKYJIBI.

VY nenbHBIC TEMIIOEMKOCTH Ta3a MpH MOCTOSTHHOM 00BEMeE (Cy) u
pH MOCTOSTHHOM naBnieHuu (Cp):
iR (i+2)R
v = ; CP =
2M 2M

CBs13b MEXy YIETBHOM ¢y U MOJISIPHOM Cp TETUIOEMKOCTSIMH:

G = 5 Cp

M

VYpaBaenue Maiiepa:
C,-C,=R.

BHyTpeHHss sHEprus uaeaabHoro rasa:
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U:ﬂRT_—C T.
2m M

[TepBoe Ha4yanoO TEPMOJTUHAMUKH:

O=AU+4,
rae O — TemioTa, coo0nméHHas cucteme (razy); AU — n3MeHeHue

BHYTPEHHEHN YHEPTUHU CUCTEMBI; A — paboTa, COBepIIEHHAs CUCTEMOM
MMPOTHUB BHCIIHUX CHUIJIL.

Pabora pacumupenus rasa:

A= J' pdV (B 06ImeM ciydae);

14
A=plV,=V) (mpu n306apuUYeCcKOM MpoIecce);
A= % RT ln% (Ipu U30TEPMUYECKOM IIPOILIECCE);

1

A=-AU="2C,AT
M

170171
RTm v Y
=—|1-| =+ (npu aanabaTHUUECKOM Ipolecce),
(y=DM v,
rae y =—X - nmokasaresb aquabarsl.

Vv

ypaBHeHI/Ie HyaCCOHa, CBA3bIBAOIICE MTAPAMETPLI HACAJIEHOT'O
rasa mnpu aI[I/Ia6aTI/I‘-IeCKOM mnmponecce:

-1

PV7” =const ; £= 14 ;
o\

, =)

E_[L). L_(B)’

R \L) L \R)

40



Tepmuuecknii KIIJI nukna:

_ Q] — Qz
77 - s
0,
rac Q 1 — T€IJI0TAa, MMOJTyYCHHAsA pa60‘II/IM TECJIIOM OT
TCILIOOTAATUHKA, Q 2 — TCIUJIOTA, NICpCaaHHas pa60‘-II/IM TCIIOM

TETUIONTPUEMHUKY .

Tepmuueckuii KI1/] nuxna Kapno:

nZQl_szTl_Tz
0, T

rae 715, T, — TeMreparypsl TEIIOOTAATUYNKA U TEIUIONPUEMHUKA.

rae M — MossipHasi Macca; p — INIOTHOCTh KPUCTAJLIA.

OO0BEM 371eMEeHTapHON SYESHUKH IS PEIETKHA KyOudecKoi
CHHTOHHH:

V

vé

3
:a’

T a — apaMeTp PEMIETKH.

Yucao SJICMCHTAPHBIX A4YCCK B OAHOM MOJIC KpUCTAJLJIa:

z,=ln
m 5
Vi
CCJIM KPUCTAJLJI COCTOUT U3 OANMHAKOBBIX aTOMOB, TO
z, =
m ’
n
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TAC n — YUCJIO 3JIEMCHTAPHBIX ATOMOB, ITPUXOJAIINXCAI HA

AIIEMEHTAPHYIO STYEUKy; N4 — IOCTOsIHHAs: ABOraapo.

OTHOIIICHHE YKCTIa JIEMEHTAPHBIX STUeeK K 00bEMY KpUCTalia:

Z — ZI?I ,

Ve
€CJIM KpHUCTAJIJI COCTOUT U3 OAMHAKOBBIX ATOMOB, TO
Z — pNA

nM

[TapameTp KyOMUecKoi pemeéTK U3 OJJMHAKOBBIX aTOMOB:
nM

PN, .

a=

PaccrosiHre Mex 1y COCETHUMH aTOMaMH B KyOUYEeCKOM peréTke:

a) d= 4 (TpaHeleHTPUPOBAHHO );

N

0) d= \/ga (0OBEMHO-TICHTPUPOBAHHOM ).

Cpennsis sHEpTrHsi KBAHTOBOT'O OJHOMEPHOTO OCIIMIUIATOPA:

fi
(&)=t 55—
e —1

1
IZie €9 — HyJeBas 3Heprus (&, = Ehw; h — moctostHHas [1nanka;

KpyroBas 4acToTa KojieOaHui OCIUIUIITOPA; k — MOCTOsTHHAS
bonbsumana; 7' — TepMoiMHaMHUUecKasi TEMIIEpaTypa).

MousipHast TEINIOEMKOCTb KPUCTAIUIMYECKOTO TBEPAOIO TeJa 110

JlebGaro:

42



C, =3R|12| —

C
3| 2o
T 3®fx%ix_ Tj
0,) ye -1 .

riae Op — xapakrepucTrueckas remmnepatypa lebas (mpenenbHblii
3akoH JlebOas nmpu 7<<Op).

B o6mactu Hu3kHX TemmepaTyp (TpenenbHbli 3akoH [lebas npu
T<< Op):

4 2 2
c =127 Rl T} _ozan| L

"5 e, 0,

Tennora, HeoOXoaMMast AJI HarpeBaHUs Teja:

m
Q=M£Cde.

DJ1eMEHTBI KBAHTOBOM CTATUCTUKHU

Ouneprusa @epmu B Metaiuie npu 7' = 0 K:
n 2
—@7’n)’,
2m
/1€ 1 — KOHLIEHTpALMs 3JIEKTPOHOB B METAJLIE.

Ep =

HonynpoBoaHUKH

Y nenbHas MPOBOAMMOCTE COOCTBEHHBIX MOTYIIPOBOJHHKOB!
o=en(b,+b,),

T1I€ e — 3JIEMEHTapHbI 3apsn; b, U b, — IOABUKHOCTU
3JIEKTPOHOB U JIBIPOK.

XO0nI0BCKas pa3HOCTh MOTCHIUANIOB:
U, =R,Bja,
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rae Ry — nocrosiHHas Xouia; B — MarHuTHas MHAYKUUS; j —
IJIOTHOCTH TOKA; @ — IUPHUHA 00paslia.

[TocTostnuas Xosuia yist MOJIyNpPOBOAHUKOB TUIIA alIMas3,
repMaHuil, KpeMHHUH, 00JIaJalONTNX HOCUTEIISIMU 3apsiia OJTHOTO BU/IA:

3z
R, =—.

8en
Marnetuku

HamaramueHHOCTH ] - BCJIMYMHA, YUCJICHHO paBHAasA MAarHUuTHOMY

MOMCHTY CIUHHIIBI 00BbEMa MarHeTHKa I10 OIMPCACIICHUIO:
N

FRY 1 ~
= 1Im — .

J= % AV &S

rae P - MarHUTHBIA MOMEHT OTIEJIbHOM (i-11) MoneKynbl, N —

YHUCJIO0 MOJICKYJ B 00BbEMe A V.

HamarauueHHOCTh j , IPONOPLMOHATIbHAS HAIPSKEHHOCTU

MarHuTHOTo noJis f :
J=xH,
/i€ ¥ — MarHUTHas BOCIPUUMYHUBOCTD (Oe3pa3smepHa).

yI[eJ'H:»HaSI MarauTHas BOCIIPUUMYHNBOCTS Y,y CBA3aHaA C
MarHUTHOM BOCIIPUUMYHNBOCTBIO ¥ COOTHOLICHUCM!

TAcC p — IJIOTHOCTD BECIICCTBA.

KunomonbHas (KujioaToOMHasi) MarHuTHasi BOCIPUUMYUBOCTD Yk
CBf3aHA C MAarHUTHOM BOCIIPUMMYUBOCTBIO )y COOTHOILICHUEM:

M A
Iw=——)  WH g, =—J
P P
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CBs13b MEX1y MAarHUTHOM MHIYKLMEN B, HanpsEHHOCTBIO H 1
HaMarHW4YEHHOCTBIO BBIpaXkaeTcsi (hOpPMYJIOif:

B = p,(H +))
Marueton bopa us — 351eMeHTapHbIii MAarHUTHBIA MOMEHT -
orpenensercss GopMyoii:

_eh
Hi dzm

MaruurtHasa BOCIIPUUMYHMUBOCTD IMapaMariMTHBIX BEIICCTB ITPH
P,B<<kT:

2
m

b
3kT
I/I€ 7 — KOHLIEHTpauus MOJIEKYJ; P, — MarHUTHbIA MOMEHT
OTZIETIbHON MOJIEKYJIBI.

X =Hy
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TABJMIIA BAPUAHTOB 3ATAHUI

MEX. 9J1. | 3. | Mard. | /M COLL BOJIH. | KBAQHT. 1\:10;1.' aTom

CT. | TOK | IIOJIE | MHJI. OIIT. OIIT 1 H,
1 1 7 | 13 19 25 31 38 44 50 56
2 2 8 | 14 20 26 32 39 45 51 57
3 3 9 | 15 21 27 33 40 46 52 58
4 4 10 | 16 22 28 34 41 47 53 59
5 5 11| 17 23 29 35 42 48 54 60
6 6 12 | 18 24 30 36 43 49 55 61
7 3 10 | 14 22 25 34 39 44 53 56
8 5 7 | 16 20 27 35 40 46 51 58
9 2 12 | 18 23 29 36 41 47 54 60
10 6 8 | 13 19 26 37 43 48 55 57
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3AJTAYHN

1. 13 npyXKMHHOTO NUCTOJIETA C MPYKUHHOMN KECTKOCTHIO k = 150
H/m, Gb11 mponsBe€x BhICTpen mysel Maccoil m = 8 r. OnpeaenuTsb
CKOPOCTH V IyJIM MPHU BBUIETE €€ U3 MUCTOJIETa, €CIIH MPYKUHA ObLIa
cxarta Ha Ax = 4 cm.

2. HaneteB Ha npy>xuHHBII Oydep, BaroH maccoit m = 16 T,
JBUTABIIUNCS CO CKOPOCTHIO v = 0,6 M/C, OCTAHOBUJICS, C)KaB MPYKUHY
Ha Al = § cm. Halitu o61ryro xkEcTkocTh k pykuH Oydepa.

3. OnpenenuTh CKOPOCTh MOCTYMATEIBHOTO JABHKEHUS
CIUIOLITHOTO IMJIMHAPA, CKATUBIIETOCS C HAKJIOHHOM IJIOCKOCTH
BbICOTOM /1 =20 cMm.

4. CruiourHOM MIJIMHIIP Maccoil m = 4 Kr KaTuTcs 6e3
CKOJIbKEHUS TI0 TOPU30HTAILHOM MOBEpXHOCTHU. JIMHEHHAs: CKOPOCTH V
ocu IMHIpa paBHa | M/c. OnpenenTh MOJHYI0 KHHETHIECKY O
sHepruto T MUIMHIpA.

5. O0pyd U CIUIOLIHON IJIMHJIP, UMEIOIIUE OJIMHAKOBYIO MAcCy
m = 2 KT, KaTATcs 0€3 CKOJIBKEHHSI ¢ OIMHAKOBOI CKOPOCTHIO v =5 M/C.
Haittn xunetnueckue suepruun 7; u 1, 3TUX TeIL.

6. Ha xparo nnatdopMbl B BUIE JUCKA, BPALIAIOIIETOCS 110
MHEPIIHH BOKPYT BEPTHKAIBHOI OCH C YaCTOTOM V; = 8 MHH ', CTOUT
yesnoBek Maccoil m; = 70 xr. Korza yenoBek nepemén B HEHTP
1aT(OpMBbl, OHA CTala BPAIIAThCs C 4aCTOTOH v, = 10 MHH .
Omnpenenutb Maccy m; wiarGopmbl. MOMEHT HHEPIIUH YeIOBeKa
pacCUYUTHIBATh KaK JJIsi MAaTEPUATBHOU TOUKH.

7. Toueunsle 3apsaasl Q; = 20 mxKn, 0, = -10 mxKun HaxoasTcs Ha
paccTosiHuu ¥ = 5 cM Apyr oT Apyra. OnpeneauTs HanpsHKEHHOCTD
ToJIs B TOUKE, yainéHHou Ha [; = 3 cM oT nepBoro u /; =4 cM ot
BTOpOTO 3apsiaa. Onpenenurth Takxke cuity £, 1efCTBYIOUIYIO B 3TOM
TOUKE Ha ToueuHbIN 3apsia QOp = 1 mxKu.

8. Tpu oanHaKOBBIX TOUEUHBIX 3apsina Q= 0= 03=2 uKn
HaXOJATCS B BEPUIMHAX PABHOCTOPOHHETO TPEYTOJIbHUKA CO CTOPOHOMN
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d =10 cM. Onpenenuts MOYJb U HAIIPaBJIEHUE CUIIBL F, IeHCTBYIOIIEH
Ha OJIUH U3 3apsJ10B CO CTOPOHBI ABYX JIPYTHUX.

9. TOHKMI IMHHBIN CTEPKEHb PAaBHOMEPHO 3apsyKEH C JIMHEHHON
wioTHocThio 7 = 1,5 HKn/cm. Ha nponomkenun ocu cTepkHs Ha
paccTossHuu / = 12 cM OT €ro KOHIIa HaXOAUTCs TOUeUHbIN 3apsaa O =
0,2 mxKi. Onpenenuts cuily B3aMMOAEHCTBUSA 3apsHKEHHOIO CTEPIKHA U
TOYEYHOI'0 3apsja.

10. InuHHAs npsiMas TOHKas IPOBOJIOKA HECET paBHOMEPHO
pacrpenesn€HHbIi 3apsa1. BEIYMCIUTE IMHEHHYO ITIOTHOCTD 7 3apsa,
€CIIU HaIPsDKEHHOCTD 110J1s1 Ha paccTosHuu [ = 0,5 M OT IPOBOJIOKH
npoTuB e€ cepenunsbl. £ =2 B/cm.

11. [Teutnnka Maccoit m = 200 Mkr, Hecymias Ha ceOe 3apsia Q =
40 uKun, Bierena B 371€KTPUUYECKOE 110JI€ B HAIIPABJICHUU CHIJIOBBIX
nuHui. [Tocne npoxoxaenus pasHocty noreHuuanoB 4¢g =200 B
MBUTHHKA UMeNa CKopocTh v = 10 mM/c. OnpenenuTb CKOPOCTh Vg
IBUIMHKH JI0 TOTO, KaK OHA BJIETEJIA B MOJIE.

12. JIBa MeTaITMYECKUX IIapuKa paguycamu R; =5cmu R, =10
cM umeroT 3apsaasl Q; =40 uKn u Q, = -20 uKi cooTBeTCTBEHHO.
Haiitn sHepruro W, koTopas BBIIEIUTCS IIPU pa3psie, €CIIH aphbl
COEJIMHUTH MPOBOJHUKOM.

13. D]JIC Garapeu ¢ = 80 B, BHyTpeHHEE CONIPOTUBJICHHE 7 = 5
Owm. Buemnss uerns norpediser mourHocts P = 100 Bt. Onpenenuts
cuiy Toka J B 1enw, Hanpspkenue U, 1o KOTOpbIM HaXxOIUTCS
BHEIIIHSAA 1IeMlb, ¥ €€ CONpoTHBIIeHHE R.

14. OnpeienTh YUCIIO 3JIEKTPOHOB, MPOXOASIINX 3a BpeMms ¢ = |
C Yepe3 MONMepeuHoe CeUeH e MIOManbio S = 1 MM” JKeNe3HO
IIPOBOJIOKU JUIMHOM / = 20 M nipu HarnpspkeHuu Ha e€ koHuax U= 16 B.

15. DJIC Garapeu ¢ = 24 B. Haunbosnbias cuia Toka, KOTOPYIO
MOXeET Jatb Oatapes, J,, = 10 A. Onpenenutb MaKCUMabHYIO
MOIIHOCTb P,,, KOTOpasi MOXET BbIJICIIUTHCS BO BHEILIHEH LIETIH.

16. 3a Bpems ¢ =20 ¢ mpu paBHOMEPHO BO3PACTAIONICH CHIIE TOKA
OT HyJIsl 10 HEKOTOPOTr0 MaKCHUMyMa B IIPOBOJJHUKE CONPOTUBJICHUEM R
=5 OM BbLAECTMIOCH KotuecTBO TenoThl O = 4 /. Onpenenuts

50



CKOPOCTb HapacTaHMsI CUJIbI TOKA, €CJIU COIIPOTUBJIEHUE ITPOBOJHUKA R
=5 0Om.

17. Tlocepenuue Mex Ay MEKTPOIaMU HOHU3AIIMOHHON KaMephbl
MpoJeTena a-4acTHIIa, ABUTasch MapajuiebHO JIEKTPOoAaM, U
oOpa3oBaJia Ha CBOEM ITyTH LIENOYKY HOHOB. CIycTs Kakoe BpeMs T
MocJie Mpos€Ta a-4acTHUIIBl HOHBI IOMAYT 10 3IEKTPOJOB, ECIIH
paccrosiHue Mexay dJeKTpoaaMu d = 2 M, pa3HOCTb MoTeHIanoB U =
6 kB 1 moaBMXXHOCTH b NOHOB 000MX 3HAKOB B cpeAHeM paBHa 1,5
cm?/(B-c)?

18. Haiitu conporuBnenue TpyOku jymmHoi# / = 0,5 M U MII0IAbI0
TIOMEPEYHOr0 CeUeH s S = 5 MM”, €CJTH OHA HAIIOJHEHA a30TOM,
MOHM3HPOBAHHEIM TaK, 94TO B 00bEMe V= | cM’ ero HaXOIUTCs IpH
paBHOBecuu N = 10° nap noHOB. IOHBI OJTHOBAJICHTHBI.

19. AnroMuHUEBBIN TPOBOJ JUIMHOK 5 M U TUaMeTpoM 1 MM
MOKPBIT M30Jsiuuel ToamuHoi 1 cm. [IpoBoj corHyT nomosam, npuyémM
o0e MOJIOBUHBI NPUIIEratoT Apyr K apyry. C kakol cuiioi AelcTByeT
0JlHa TIOJIOBUHA HA APYTYIO, €CJIU IPU IPONYCKaHUH TOKA Ha KOHIIAX
MPOBOA co3AaETCs pa3HOCTh MOTeHIManoB 1 B?

20. Tox cunoii 5 A oOTekaeT NpIMOYTOJIbHYIO PAMKY CO
cTopoHamu 4 u 6 cMm. OnpeIenuTh UHIYKIIUIO MATHUTHOTO TIOJIS B
LIEHTPE PaMKH.

21. BuTku ABYXCJIOWHOTO YTMHHOTO COJICHOUIa HAMOTAaHbI Ha
rpoBoJioku pagauycom 0,2 MMm. B mepBom cioe Teuét Tok cuioit 0,3 A,
BO BTOpOM — 1 A. ompeieinTh HalpsHKEHHOCTh MATHUTHOTO TOJIS
BHYTpH coJjieHoH1a. PaccMOTpeTh J1Ba cilydasi: TOKU TEKYT B OJHOM U B
MIPOTUBOMOJIOKHBIX HAMPaBICHUSIX.

22. Hamnpsi€HHOCTh H MarHUTHOTO OISl B IEHTPE KPYTJIIOTO
BuTKa paBHa 500 A/M. MarHuTHBIA MOMEHT BUTKA P, = 6 AM.
Bprunciuts cuny Toka J B BUTKE U paiiyc R BUTKA.

23. KopoTkas kaTyIlKa IJI0OIAAbio IonepevHoro ceuenus S = 250
cM?, comeprkamas N = 500 BHTKOB IPOBOJIA, [0 KOTOPOMY TEUET TOK
cwioit J =5 A, nomenieHa B 0IHOPOJAHOE MarHUTHOE T10JIe
HanpspkéaHocThI0 H = 1000 A/M. Haliti: 1) MarHuTHBIN MOMEHT P,
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KaTyIlKH; 2) Bpalalouii MOMEHT M, NeiCTBYIOINI Ha KaTyLIKY,
€CII OCh KaTyIIKH cocTaBisieT yroia o=30" ¢ TMHUAMU MOJIS.

24, DneKTpOH ABUKETCS B MArHUTHOM T10JI€ C MHAYKIMEH B =
0,02 Tn no okpyxHoct paguycom R = 1 cMm. Onpenenurs
KMHETUYECKYI0 SHEPTUIO 3J1eKTpoHa (B [KOYIISIX U 3JI€KTPOH-BOJIBTaX).

25. B ognoponHoMm marauutHOM mone (B = 0,1 Ti) paBHOMEpHO ¢
qacToToif v=>5 ¢’ BpaIIaeTcsi CTEP>KeHb JIuHOM [ = 50 cM Tak, 4To
IUIOCKOCTh €T0 BpallleHHsl EePIEeHAUKYIISIpHA JIMHUAM HaNpsHKEHHOCTH,
a OChb BpallleHUs IPOXOJUT Yepe3 OJUH U3 ero KoH1oB. Onpenenursb
UHIyLIMPYEMYIO Ha KOHLIAX CTEPXKHsI pa3HOCTh MOTeHLuanoB U.

26. IH1yKTUBHOCTb COJIEHOM/1a, HAMOTAHHOT'O B OJIUH CJIOM Ha
MarHuTHeIN kapkac, L = 0,5 mI'n. [{nuna conenounna / = 0,6 M, tuametp
d =2 cm. OnpeenuTb OTHOLLEHUE /1 YHCIIa BUTKOB COJIEHOUA K €T0
JUIMHE.

27. Conenoun coaepxkut N = 600 ButkoB. [Ipu cuiie Toka J = 10
A MarautHbIi notok @ = 80 MkB6. OnpeaenuTs HHTyKTUBHOCTD
COJICHOU /1.

28. ConeHON I UMEET CTAIBHOMN NOJHOCTBIO Pa3psKEHHBIN
cepaednuk 00bEMoM ¥ = 500 cv’. Hanpsvkénnocts H MarHHTHOTO
noJsi cosieHoua npu cuiie Toka J = 0,6 A pasna 1000 A/m.
Onpenenutb HHAYKTUBHOCTD L coJeHOUa.

29. B snektpuyeckoi nemnu, cojaepxaiiend conporusienue R = 20
OwM u unayktuBHOCT L = 0,06 ['H, Teuét Tok cmioit Jo = 20 A.
Onpenenutsb cuily ToKa B Lenu uepes ¢ = 0,2 Mc nocie e€ pa3MbIKaHusl.

30. ITo 3amxHyTOI e ¢ conporuBiaeHueM R = 20 Om Teuér
ToK. Yepes Bpems ¢ = § MC IOCiIe pa3MbIKaHU LIETIU CUJla TOKa B HEl
ymeHbiunach B 20 pa3. Onpenenutb HHAYKTUBHOCTD L IETH.

31. MatepuasibHasi TOUKa y4acTBYeT OJHOBPEMEHHO B JIBYX
KOJICOAHUSX, TPOUCXOISAIINX BO B3aUMHO TIEPIICHTUKYJISIPHBIX

T
HAIIPpaBJICHUAX, YPABHCHUA KOTOPLIX UMCIOT BU: X = COS(7ZT + 5) u

y=coszt . Onpenenurb TPaeKTOPUIO ABMXKEHUS TOUKH U HAUEPTHUTh
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e€ ¢ cobmonennem MacmTada. IlokaxuTe HanpasieHne
PE3YJIbTUPYIOLIETO IBUKECHUS.

32. MarepuasibHas TOUKa y4acTBYEeT OJJHOBPEMEHHO B JIBYX
rapMOHUYECKUX KOJeOaHUsIX, IPOXOSAIIUX BIOIb OAHOM MPSIMOH U
MMEIOIINX OJIMHAKOBBIE AMITIUTY/IbI U YaCTOTHI, HO OTIMYAIOIINAECS 110
¢aze Ha 7/3. YpaBHEHUE CMELICHUS PE3YIbTUPYIOIIEr0 KOJIeOaHus B
cucreme umeet Bua: x =0,01coswr . OnpenennuTs aMIUIUTY 1Bl U

HavalbHbIe (Pa3bl caraeMbIX KoJieOaHUM U HANTUCATh YPaBHEHHE STUX
KoJie0aHuii.

33. MarepuanbHasi TOUYKa y4acTBYET OJJHOBPEMEHHO B JIBYyX
B3aMHO HepHeHIII/IKyJIHpHI)IX KOJIC6aHI/I$IX, ypaBHCHI/Iﬂ KOTOpI)IX
UMEIOT BUJ: X =COS2/ cM U y =2coszt cM. OnpenenuTb

TPAEKTOPHIO IBWKCHUS TOUYKU HAYSPTHUTD €€ ¢ COOI0ICHIEM
MaciuTaba. Yka3aTb HalpaBJiIeHUE IBUKCHHUS.

34. Haiitu cMenieHue x oT MOJIOKEHUS PaBHOBECHSI TOUKH,
OTCTOSIIIEN OT UCTOYHUKA KosieOaHuil Ha pacctosiHuu [ = A/12, nns
MoMeHTa BpeMenH ¢ = 1/6 T. Ammuryna konebanuit 4 = 0,05 m.

35. YpaBHeHue He3aTyXaloUMX KojJeOaHUi nMeeT BUJI:

x=sin2,57t.

Haiitu cmenienue x OT MoJI0KEeHUs! paBHOBECHUS, CKOPOCTb V U
YCKOpPEHHUE @ TOUKH, HaXoJsIIeicst Ha pacctosaun [ = 20 M ot
UCTOYHHKA KoJIeOaHUH, JUIsi MOMEHTa BpeMeHH ¢ = 1 ¢ rociie Havyana
kosebanuii. CkopocTh pactpoctpanenus konedanuii u = 100 v/c/

36. [lonepeuHas BoJIHA paclpoCTpaHsIeTCs BIOIb YIPYTroro
IIHypa co CKOpocThio v = 15 M/c. [lepuox konebanuii Touek mHypa 7' =
1,2 c. Onpenenuts pazHocThb Ga3 Ap KosiebaHui IByX TOUEK, JEKAIIUX
Ha JIy4e W OTCTOSAIINX OT UICTOYHUKA BOJH HA PACCTOSHUSX X; = 20 M 1
X = 30 M.

37. Ha xakoMm pacCTOSIHUM OT LEHTpa 3eMJIM HaXOAUTCS TOUKA, B
KOTOPOH HaIPsDKEHHOCTh CyMMApHOI'0 IPABUTALMOHHOIO OIS 3eMJIU
u Jlynsl paBHa nymo? [punsts, uro Macca 3emiuu B 81 pa3 Gombime
Maccbl JIyHbI 1 4TO paccTosiHUE OT LIeHTpa 3eMiu 10 eHTpa JIyHsl
paBHoO 60 paanycam 3eMiu.
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38. Ha MbUThHYO IIEHKY MaaeT OSNbIi CBET MO YIJIoM i = 45° K
noBepxHocTH MIEHKH. [Ipy kakol HanMeHbIleH ToNHMHE d TUIEHKU
oTpak€HHBIE JTyuu OyIyT OKpamieHsl B xKENTHIHN nBeT (4 = 600 HM)?
[TokazaTenb npeaomiIeHusI MbUIbHOM BOAbI 1 = 1,33.

39. IInockoBeITyKITast TMH3A ¢ POKYCHBIM paccTostHueM F =1 M
JIKUT BBIIYKJIOW CTOPOHOM Ha CTEKJIIHHOW IUIacTHHKe. Paanyc nsroro
TéMHOTO KoJiblla HetoToHa B oTpak€éHHOM cBeTe s = 11,1 mm.
Onpenenutsb JJIMHY CBETOBOM BOJIHBI.

40. ITocTrostHHAs TUPPAKINOHHON PEMETKH B 12 = 4 pa3a OosbIIe
JUIMHBI CBETOBOM BOJIHBI MOHOXPOMATHUYECKOTO CBETA, HOPMAJIbHO
[aAI0IIEro Ha €€ MOBEPXHOCTb. ONpPeneanTh yroi o MexXay AByMs
HEPBBIMU CUMMETPUYHBIMU TU(PAKIIMOHHBIMU MAaKCUMYyMaMHU.

41. PaccrosiHue MeXay mTpuxamMu JUGPaKMOHHON peméTku d =
4 mxM. Ha pemérky najgaet HOpMaibHO CBET € JUIMHOM BOJHBI A = 0,58
MKM. MakcuMyM KakoTo HauOOJIbIIETro MopsiaKa Aa€T 3Ta pemerka’?

42. IHTEHCUBHOCTb €CTECTBEHHOI'O CBETa, MPOLIEALIEro Yepes
HOJIIPOUJ, yMEHbIIMIACH B 4,5 pa3za. Bo cKOJIbKO pa3 OHa yMEHBIINUTCS,
€CIIM BTOPOI TaKOM e MOJIIpOU1 OCTaBUTh 3a MEPBBIM TaK, YTOOBI
YTOJI MKy TUIOCKOCTSIMH mosisipu3anuu ux 0su1 50°? Kosddumment
HOTJIOILEHHS CBETa B 000MX MOJISPOUIAX OJJUMHAKOBBIM.

43. Haiitu yron Mexay INIOCKOCTSIMH MOJISIPU3ALUN JBYX
HOJISIPOMJIOB, €CJIM MHTEHCUBHOCTb CBETA, ITPOLIE/IIEro ooa
MOJISIPOHIA, YMEHBIIIIIACH B 6,5 pa3. Koaddunuent nornomenus ceeta
B nossipougax 0,3.

44. OnpenenuTth yCTAaHOBUBLIYIOCS TEMIIEPATYPY aOCOIIOTHO
4EpPHOH IJIACTUHBI, HAXOAIIEHCS B BAKyyMe MEPIEeHAUKYISIPHO
MOTOKY JIy4HCTOM SHEPTruu, paBHomy 1,4 10° Br/m®. Ornpenenutsb, Ha
KaKy10 JJIMHY BOJIHBI IPUXOAUTCS MAKCUMYM CHEKTPAIbHOM
IUIOTHOCTH YHEPreTUYECKON CBETUMOCTH IIPU JIaHHOM TeMIieparype.

45. Kakas sHeprus nusnydaercs 3a 1 mun. C 1 cM” aBCOIOTHO
4EPHOIO TEJA, €CJIM MAKCUMYM CIEKTPATIbHOM INIOTHOCTH
SHEPreTUYECKON CBETUMOCTHU MPUXOIUTCS Ha JUIMHY BOJIHBI 0,6 MKM?
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46. Kpacnas rpanuna gorodddexra i LIUHKA Ay, = 310 HM.
OnpenenuTs MaKCUMaIIbHYIO KHHETHUECKYIO SHEPTHIO gy
(OTODIEKTPOHOB B JIEKTPOH-BOJIbTaX, €CIIM Ha IIMHK MAJaeT CBET C
JUTHHOM BOJIHEL A = 200 HM.

47. Ha moBepXHOCTh KaJIs MAJaeT CBET C IJTMHOW BOJIHEI A = 150
HM. OnpeaesnTh MAaKCUMAaJIbHY0 KHHETUYECKYIO SHEPTHUIO T)yax
(hOTOIEKTPOHOB.

48. B pesynbTare paccessHusi OTOHA € JJIMHOM BOJIHBI 2 HM Ha
CBOOOTHOM 3JIEKTPOHE KOMITOHOBCKOE CMEIICHUE 0Ka3aJI0Ch PaBHBIM
1,2 mm. Haiitu yron paccessuus. Kakas yacts sHepruu poTtoHa
nepeiaHa Ipy 3TOM JIEKTPOHY ?

49. OmnpeesinTh U3MEHEHUE JUTMHBI BOJIHBI U YTOJI paccesHus

¢dorona npu 3pdexte Komnrona, eciim ckopocTs 31ekTpona oraauu 0,4

c. DHeprus nepsuuHoro ¢orona 0,42 M»B.

56. CxoJIbKO MOJIEKYJI a30Ta HAXOAUTCS B cOCyJle EMKOCTbIO 1 11,
€CJIM CpellHsIs KBaIpaTHUHasi CKOPOCTh JIBIXKEHUS MOJieKy azoTa 500
M/c, a TaBJIeHHE Ha CTeHKH cocyaa 1 klla?

57. JIBa cocyna oguHakoBoro o0bséma coaepxkaT kuciopo. B
onHoM cocyne nasienue P; =2 Mlla u temneparypa 7; = 800 K, B
npyrom P, =2 Mlla, 7> = 800 K. Cocynbl coeaununu Tpyokoi u
OXJIaJININ HaXOJAIIMICS B HUX KuciopoA 1o TeMieparypsl 7 =200 K.
OmnpenenuTtsd ycTosIBILIEECS B COCYAax JaBieHue P.

58. Kucnopon maccoit m = 200 r 3aaumaet o0beM V; =100 1 u
Haxoautcs nox nasieHuem P; =200 kIla. [Tpu narpeBanuu ras
pacuImpuiics Mpy MOCTOSHHOM JaBlieHuu 70 00béma V), =300 71, a
3aTeM ero AasiieHue Bo3pocio a0 P, = 500 klla npu Hem3mMeHHOM
o0béme. Haiitu n3menenue BHyTpeHHen sHeprun AU rasa,
COBEpUIEHHYIO UM PadoTy A U TeroTy Q, NepeJaHHyo rasy.
[octpouts rpaduk mporecca.

59. Bo ckoibKO pa3 yBeIHYUTCS 00bEM BOJOPO/IA, COACpKAIIUN
KOJIM4YeCTBO BeniecTBa v = (0,4 MOJIb PU U30TEPMUYECKOM
pacuIMpeHH, €ciii IPH 3TOM ra3 nosyyut temioty Q = 800 JIx?
Temnepatypa Bonopoaa 7= 300 K.
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60. Bo ckonpKo pa3 yBennuuTces K03(ppUuueHT moae3Horo
neiictBus 1ukiia KapHo npu MOBBIIIEHUH TeMIIEpaTyphbl
teruiootnatuuka ot 7,; = 380 K no 7, = 560 K? Temnepatypa
TerutonpuéMuuka 7,, = 280 K.

61. CtpoHiuii MMeeT rpaHelIEHTPUPOBAHHYI0 KyOUUECKYIO
pewérky. OnpenenuTs paccTossHue d Mexay OMmKaiIuMu coceTHUMU
aToMaMu, ecJiu mapameTp pemérku a = 0,605 am.
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