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Konebanua u eonnuvl
Mexanuueckue xonrebanus
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CpenHsisi CKOPOCTh

m/c (M, €)

Kunemamuxa meépdozo mena

ITepnoa cBOGOAHEIX KoneOaHMit
MATeMaTU4YCCKOr0 MasiTHUKA U TeJia
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OKPYJKHOCTH =TT Ha NPYXKHUHE ¥ MATEMaTHYECKOTO M, M)
L Yacrora o6paileHus NpH ABHKEHUH 110 T'u (c) MASTHHKA
T OKPYKHOCTH
— _ Onexmpomaznumuule Konreoanus
V=271 v=wr Jluneiinas CKOPOCTb TIPU JIBUKEHUHU 110 m/c (M, ['; pan/c, m)
OKPY/KHOCTH =0 COS @t ; KosebarenbHblii KOHTYp: 3apsij, K (Ku, ¢)
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v r2 M) U7U7m' 1 Im JleiicTByrommue 3HaYCHUS B (B); A(A)
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2 Yckopenue cBoOOIHOrO NaaeHus Ha m/c? (HxM?/kr?, kr,
9=G 98 p - - - . - R ( T u MHayKkTHBHOE COMPOTUBIICHUE U Om (T'n, ¢); A (B,
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t’T ’ t’T Tena (m/c, °, M/c?) A=2meLC - Tu)
2.2 2. MaxkcuMmabHask BbICOTa MOAbEMA Tela. M (M/c, °, M/c?); M AW P b HnrencusrocTs B;'/MZ (Zb;() M, ¢; Br,
h=0 25'” a. | _"sin2a JlansHocTs MonéTa Tena (m/e, °, m/c?) SAt s 3JIEKTPOMArHUTHOH BOJIHBI M Jlk/m®, m/c)
9 9 AW TInoTHOCTH SHEPrUN ,H)x/M3 (ix, M°)
Al=l-lp; £7A7I AGCOITIOTHOE M OTHOCHTEIIBHOE M (M, M) v UIEKTPOMATHUTHON BOJIHBI
R YIUTHHCHUS
— T T Monexynapuas ¢usuxa. Tennogvie ag1enus
s €CTKOCTh ™ (H/m®, M%, M
k=E> -
Ip Ocnosbt MONEK)YNIAIPHO-KUHEeMU4YecCKou meopuu
5=E|e| 3akon I'yka m NV Kos-Bo BelecTsa uepes MOJISpHYO MOJIb (KT, KI/MOJIb,
Cmamura Vﬁﬁ’NiA’W Maccy, 00bEM 1 umcio ABoraapo moub ™, M®)
- . 3
Fi+F+...+F,=0 T'eomerpuyeckas cymma cui, H n:E Konuenrpauus sactiu M ()
TPHJIOKCHHBIX K TCITY v
M=Fd MOMCHT CHIBL Hxu (H, M) S 3KT CpeniHssi CKOPOCTh MOJIEKYJT wm/c (M/c; /K, K, kr)
My+My+...+M,=0 x mo HJICATbHOTO ra3a
Al Poiuar H, Hym ™ 2 2 = 2 JlaBieHHe H1ealbHOTO ra3a H/m (xr, M, m/c, Tk,
P I p=-mgno :gnE =—p0“=nkT K]_/MQ’ K)
3 Prapy Pnay OTHOCHTENbHAS BIAXHOCTH % (Ila, Ia; kr/m®,
AKOHbl COXPAHEHUA 6 MEXAHUKE _Lnapy _Fnapy Bo3IyXa /)
Puac  Puac
3axkon COXpAHEeHUA umnyJibca
Ft=mv-mvy PaBeHcTBO MMITyJIbCA CHIIBI U TENIA H x c; kr x M/c 9H€p2u}l Menn06020 O6UIICEHUS MOJIeKy 1
I=Ft Mmrtyiibe cuibl Hxc (H, ©) E 73” Cpenusisi KHHETHYECKAs! JHEPrust Jox (/K K)
P=mo Hmmysibe Tena KrXm/c (Kr, M/c) k’E TOCTYNATEIbHOIO JABHKCHHS
Myog+ Mpv,=Myo'y+ Mv’ 3aKOH COXPAHEHHS MMITyJIbCa Krxm/c (kr, M/c) YaCTHIL
o= mxV, PeakTuBHOE JBIKEHHE m/c (kr, M/c, Kr) v RT ﬂfconst ‘YpaBHeHHE COCT. HIEAIBHOTIO ra3a. Tla, M (Kr, Kr/MoIb,
T e VR Ypasnrenne Knaiinepona (m=const) JUx/xxmob, K)
] VpaBHEeHHE TEPMOAUHAMUYECKOTO Ila, M (/K K
3akon coxpanenus snepzuu R pammonenn /K. 1)
A=Fs cosa PaGora Jx (H, M)
oA Mormocts Br (Jlx, ¢, H, w/c) OcHo8bl MEPMOOUHAMUKY
t - N
im i P BHyTpeHHss 3HEprUs UACaIbHOTO JUx (Kr, Kr/MOJTb,
mo Kunernyeckasi sHeprus rena Tl (r, m/c) UmeTff v, 20ei =356 rasa: 1-, 2- u 3-aTOMHOTO JLk/Kxmonb, K; Ta,
E= T2 .
2
— - X M3menenue BHyTpeHHEIl SHepruu u Jox (Mo, JDk); Jox
E= ko ToreruansKas SHepri A (H/wm, M) AU=A+Q; Q=AU+A KOJINYECTBaBA TEIIOTHI (K, JTK)
= Jie)opMHPOBAHHOTO TeNa
A'=pAV =RAT Pabota ujeansHoro rasa B ok (ITa, M°; MOJIB,
E,=mgh ii;eﬂunmmuax SHEPIHsl OJIHATOrO T (kr, M/c?, ) PAV=A TepMOﬂH:aMI/IKe ﬁ)x /i(XMonL, K)
— — — - , , Kon-Bo temnotst nipu (p, T, Jox (JIx, JUk); ok
A=A B -A Ey=mgh Pagora ll/)zz(ll?, A, kr, Qp=AU+A’ Q=A'; Qv =AU V)=const. Aauabatnmiii nponece. | (); T (Jw); Tl
M; M
2 Q=0, AU=A

(k)




Q. TennoeMKoCTh Te/la U MONSIpHAs Jox/K (JIx, K), e AAJI MOIHOCTB 37EKTPHYCCKOTO TOKa Bt (%, c; B, A)
e=1r M =M TEIIOEMKOCTh Jlx/mombxK (Kr/Momb, T
Jor/Kxmonb) Q:IZRI KonuuecTBo TENI0ThI, BHIACIIEMOS Jox (A, Om, ¢)
5R SR VY ienbHas 1 MOJISIpHAs TEIIOEM-TH JUx/K; Iix/monbxK IPOBOJIHMKOM
Cp=om Mp=y! npu u3o06ape
am” T 2 i i Mazenumnoe none
3R, 3 YiensHas ¥ MONSIpHAs TEMIOEM-TH JHx/K (JLx/KxmMoib, MOIIB); F:B| ) |I~sina Crinia Avnepa H (T, A, M)
V= MY =S [pH M30X0pe Jox/monexK (Jlx/K>xmMoib)
QQp.— Ten10Boii Ganac B 3aMKHYTOM Tok FaoBsins r- mo Cuna Jlopenna u pajinyc OnuCaHHOM H (Kn, m/c, Tim); M
crcTenme 2= A|uBsina; B OKPY/KHOCTH (xr, m/c, K, Ti)
|Q | T, KIT u maxkcumanbbiii KITJ| % ([x, K)
7= _7| Q:l TImax = T TEIUIOBOrO JABUrATENs QﬂeKmPOMaZHumHaﬂ quyKuuﬂ
T62pabl€ mena ®=BS-cos & MarHuTHBIH HOTOK B6 (T, m?)
L
QO=cmAt Komnnuectso Temnorst Tk (JIx/kr x°C |, kT, K) Si:l@ DneKTpOMArHUTHAS HHAYKLHs B (B0, ¢)
At
Bzaumnuvle npespaujerHus JCUOKOCIeEN U 24308 o | oLl OJIC caMOMHYKLMHI H MarHATHbIA ?(FH, A, ¢); Bo
(Sl VY Kt TIOTOK IIPH Hei T, A)
Q=gm Tennora cropanus JUx (JUx/Kr, Kr) At
L2 q2 DHeprus MarHMUTHOTO TIOJIS TOKA U Jox (TH, A); ok
O=+Am Temuiora m1aBiIeHus JUx (JUx/Kr, KT) Wiy =T? WfE KOHJICHCaTOpa (Ka, @)
Q=#Lm Temiora mapooopa3oBaHus JUx (JUK/KT, KT) Onmu](‘a
Fudgocmamuxa Ceemosbie 80JHbL
= Tasnenme Y H, Mz) sin “:ﬂ:"l:n; sin ao:nl 3aKkoH anﬂ?MﬂcHMS{ cBeTa. (°, m/c); ©
ng sinf vy m m IpenenbHblii yroa OTpaskeHus.
Fa=gpVm Cuna Apxumena H (H/kr, kr/v®, Ma) Dopmyia TOHKOH JTHH3BI JlnTp (M, M, M); M
(M, M)
A _Sy T'uppasmuyeckuit npece H; M
F S VBenuueHue JnH3b! (M, M)
p:pgh JlaBiieH#e B )KUIAKOCTIX H/M? (H, MZ)
A A VceioBue MaKCHMYMOB 1 M (M); M (M)
oL IlnotHOCTH Kr/m® (kr, M) Ad:ZK? Ad=( 2k+1) 2> MUHHMYMOB
\4
dsin p=k2 MakcuMyMbl B I(PaKIHOHHOM M,°%M
dnekmpoounamuxa pemérie
SﬂeKmpocmamuKa Onemenmoi meopuu omHocumenrbHocmu
OTHOCHTEIBHOCTb IIPOMEXKYTKOB Kr (kr, M/c, M/C); ¢
ataz..=const Adrebp, eymsia sapion Ka m=—0 5 = Macchbl, BpeMEHH, PacCTOsHMIi (c, M/c, M/c); M (M,
Ja]|az] Cuta B3anMOJICHCTBHS 2-X H (Hxm?/Kii?, Ko, m) 1% we, we)
F=k 2 TOYEYHBIX 3apsJ0B c
- _utv PensiTuBUCTCKUI 3aKOH CIIOMKCHUS wm/c (Mm/c, m/c, m/c,
E:E: Wl ey U HamnpsxeHHOCTB 110715 B/m (H, Ki; Kn HxM%/Kn?, o cKopocTeii )
2 d A M; B, M) 1=
r 15
E=E +Ep T'eomerpuyeckas cymma B/m e Dopmyna DiiHireiina. Jueprus JUx (xr, M/c; kT, M/C,
HaNpsHKCHUI E:mczzoiz; Eozmocz; E,=Eg+AE nokost. [Tonnas sueprus. m/c, m/c); [k (kr,
B0 - ¢ qulllqzl JluasekTpudeckas IIPOHALIAEMOCTh m/c); o (T, 1K)
‘:f » F a2 cpelbl M CHJIa, JISHCTB, Ha 3apsi)y
WogEd | Wy k292 TloreHunan. sHeprus 3apsaa B Jhx (Ko, B/m, M) K(:anmoea}l ¢u3”’<a
p p r OJIHOPOJIHOM TI0JIE U JBYX
TOYCHHBIX 3apAI0B Ceemosbie K8anmol
A=—AW, Pabora 3)1eKTpHYECKOro MoJs EPIEN
p P Ao (Rox) E=hv DHeprus KBaHTa T (Jlxc ¢, ¢ )
7
| TloBepxHOCTHAS IIIOTHOCTH 3apsiia Ko/m® (Ko, M%) h TUmna souttbl ge Bpoiuns M (K> ¢, kP M)
S T (u3myyaemas IBUKYIMMHCS
Wp " A 4 Tlorenunai, pa3HOCTb IOTEHILUAIOB B (Ix, Kin); B (B, Ik, Kir) YACTHUI[AMH)
“’*T’E s e1-peU s 1 IIOTEHIIHA TOYCYHOTO 3apsiia o Teopus porosppexra s ¢, &% Jl, e,
hv=A+——
q. . cas DIIEKTPOEMKOCTb U IEKTPOEMKOCTh @ (Kn, B); @ (M2, M) ! 2 we
C:U' = d TUIOCKOr0 KOHJACHCAaTOpa E-hv=ho; p h DHeprus 1 UMITYIIbC (OTOHA Tk (I c, ¢ %),
=hv=hw; p=— R
£ qu cu? ¢ [ToTennuanbHas SHEPTUs MIO0CKOr0 Jix (Ko, B/m, M, Ki, B, @, A Krx M/c ([, © 1)
Wp:q?j:qTZT:;Lc KOHJIeHCaTopa B, Ku1, @) b= 10 1 JlaBnenue ceera a (Br/m2, M/c)
c
_Aem DNeKTPOBMKYINAs CHla B (JIx, Kin)
g Amomnan Quzuxa
Ul R. 1 R OTHOUICHNS HANPSKCHHUS U CHITBI B; A; Om hvkn=Ek—En DHeprus U3Iy4EHHOTO WK Joxx e, T (Jx, JIx)
G:Riz‘ E:?1 TOKa K CONPOTHBIIEHUIO T10IJIOEHHOIO dJOTOHa
Yacro1 T Tu (T
A 3axon OMa /U1 HOJIHOM Lenu 1 A (B, Om); B (B, B) Vn,k:R(%flz) ACTOTA CBETA [IPH [EPEXOAC “i 1 (Fw)
|:ﬁ; e=UgenrtUgmym SIC Hetounka K2 n CTAIlMOHAPHOTO COCTOSIHHA N B
+
R Ugew KI1J1 netousmka % (Om; B) Du3zura amomHo2o 10pa
AN TTR
Rer 2 2 DHeprus CBA3M HYKIOHOB B M3B (a.e.m.,
R-Rg . 3aBHCHMOCTD CONPOTHBIICHHS! 1K K; Omxm, KK Ecg=AMc { ZmPJ'Nm“*Mﬂ) e ATOMHBIX pax MbBl/a.em.; aeM.,
Ro =at; p=po (I+at) MPOBOJIHHUKA OT TEMIIEPATYPbI M =m,~Zmg MbB/a.e.m.)
m=kl At ke L M 3aKOH MEKTPONIN3a U xr (xr/K, A, ¢); kr/Ku (Ki, Bt ge s=z4N VaenbHas SHEIus CBA3U HYKIOHA B M»sB
- * TeNp n 3JIEKTPOJUTHYECKUH IKBUBATIEHT Moutb ™, Mo, M) A ATOMHBIX A1pax
t 3aKOH pajMOaKTUBHOIO pacnaja (c,c)
3akonvl nocmosinno2o moka N:No-27T
R Cuuia TOKa U IIPOM3BOJIHAs OT CHJIbI AZ(KJ'I, c); A (K, M, m/c, Mo Mt 4 Mo B m o TpaBusia CMeIenHs uist o, B, Y 1 +B
t TOKa, KOHIICHTPAIUK | Jp. €. M ) 7 X = 272Y +2He, 7 X ”Z+1Y + 8 pacrianion
A DNeKTpHYECKOe HANpPSKEHHE B (JIx, Kin) 5
u== My My, 0. M P My 0
q zX>zX*or 7 X >z 8
R:Q DIIeKTpHYECKOe COPOTHBICHHE Om (B, A) DfE Jlo3a uzinyueHus T'p (JIx, xr)
| JUIS yd4acTKa Henu “m
rA DNEKTPHYECKOE COMPOTHBIICHNE Om (OM x MM%/M, MMZ,M)
s MPOBOIHUKA - —
1=1,=I, TlocreIoBaTeIbHOE COCTHHEHHE A G Ip noc 6’672)(1023 HX“fl/KZ
R=R,+R, HPOBOIHHKOB Om Na IHocmosinnas Aso2adpo 6,022x10%° monw
U=U,+U, B V., Monb-06vém 2azos 22,4 a/monv
1=Iy+1, [apaniensHoe COeaMHEHHE A k Ilocmosnnasn bonvymana 1,3807x107% Jjwc/K.
U=U,=U, [IPOBOHHUKOB B K Koo Kynona 9x10° H>xn/Kn
11 1 R Vnusepcanvnas zazosas nocmosnmas 8,31 [oc/K xmonw
EZQﬂTZ Om R IHocmosinnas Puobepea 3,20x10° Iy
e Onemenmapnwiil 3apso 1,60219x10%° Kz
11,1 TTocnenoparenbHOE COEIMHEHHE [} £ Dnexmpuyeckas ROCmosnnas. 8,854x10 @/u
cQq ¢ KOH/ICHCAaTOpOB C Ckopocmb ceema 6 6aKyyme 2,9979%x10° m/c
U=U,+U, B h Tlocmosnnas Inanxa 6,626x10° Joic xc=4,136x10™ 5B xc
4=9:=02 Kn Coomuowenue mem-pol no Kenvsuny u no Lenvcuio 0K=-27315°C
— a.e.m Coomuowenue mexncoy a.e.M. u ke Taem =1,66x10% k2
Siﬁlt& HapasiensHoe coenterne g 1 edunuya maccuvl dKeusareHma 931 MoB/a.e.m.
q=_q :_; 2 KOHCHCATOPOB 5B Dnepeus, npuobpeménnas on. npotios U 6 1B 19B =1,6%10" Jloc
e K me Macca snekmpona 9,1095%10° x2=5,486x10" a.e.m.
27—
A=Ug=Ult PaboTa 21eKTPHIECKOrO TOKa Ik (B, K1, B, A, ¢) my Macca npomona l,6726><10_2 xe=1,00728 a.e.m.
m, Macca netimpona 1,6749%x10“ k2=1,00867 a.e.m.
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