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IKOJIbHASI MATEMATHKA

® YucioBbIe HEPABEHCTBA!
Econ a>b,T0 b<a.
Ectm a>bmb>c, T0 a>c.
Ecau a>b6,T0 a+c>b+c.
Eciu a>b v ¢>0,TO ac > bc.
Econm a>b m c<0,TO ac<bc.
Ectm a>bmc>d, T0 a+c>b+d.
Ecmi a>0,6>0,¢>0,d>0,0pu4eM a>b U ¢>d,TO ac > bd .
Ecimu a > b >0 U n — HaTypanbHOE YUCIO, TO a" > b".
® Pa3j0)KeHUE HA MHOXKHUTEIIN:
a’-b*=(a-b)a+b); a’> +2ab+b* =(a+b);
a’ +b :(airb)(az Fab+h) a® +3a% +3ab> + b = (a + b);
ax’ +bx+c=a(x-x)(x-x,),
TZe x, U x, — KOPHU YPaBHEHUS ax’ +bx+c=0.
® KBajpaTHOE ypaBHEHHUE ax’ +bx+c=0"

—b+JD  —b+b? —4dac

K== " — (hopMy1a KOpHEH KBaJpaTHOTO ypaBHEHNS.

b c
Teopema Buera: x, +x, =——, xx,=—.
a a

® ApudmMernueckas IpoOrpeccus:

A, Qs s @, ... — YIICHBI APUYMETHUECKON IPOTPECCHUH;

d — Pa3HOCTh apH(PMETHIECKOH MPOTPECCHH;

Q.1 = a, +d — OnpeaesieHre apu(pMeTHIECKOM MPOTPECCHH;
a, =a; +d(n-1) — GopMyia n-ro 4scHa;

a +a o
a, = % — XapaKTEPUCTHUECKOE CBOWCTRO;

_ara, e xdpol) (dbopMyIia CyMMBI 72 TIEPBBIX YJICHOB.

S
4 2 2




® [‘comeTrpuyeckasi MpoOrpeccus:

a, Qy, ey Ay, ... — YICHBI TEOMETPUYECKOMN MPOTPECCUU;

¢ — 3HaMEHaTeIb F€OMETPUYECKON TPOrPECCHH;

by =bq, b=0,q=0 — ONpeNeIICHUE TEOMETPUUECKON POrPECCHUU;

b, = bq""' — dopMmyIna n-ro 4ieHa;

b} = b, \b,., — XapaKTEPUCTHICCKOE CBOMCTBO;

s, = bud _1b1 _h la 11) — (hopMyJ1a CyMMBI 71 TIEPBBIX YJICHOB;

q- q-
S= lb—' — (opmyna cyMMbI GECKOHEYHON T€OMETPHIECKOH IIPOrPECCHH TIPH |g| < 1.
TPUT'OHOMETPUSA

® (CBoOIiCTBa TPUTOHOMETPHUECKUX (DYHKITHIA:
sin(—x) = —sin x ; sin(x + 2nk) = sin x ;
cos(—x) = cos x ; cos(x + 2nk) = cos x ;
tg(-x)=-tgx; tg(x + nk) = tgx;
ctg(-x) = —ctgx; ctg(x + nk) = ctg x,

rae k — Jr000e 1eI0€e YUCIIO.

® TaGuuia 3HaYe€HUH TPUTOHOMETPUYECKUX (PYHKIIMKA HEKOTOPBIX YIJIOE

AprymeHr a
Qynkmas | () ud i T i n 3
6 4 3 2 2
. 1
sina | 0 [ 3 | 2B ] o |
2 2
1
cosa | 1 | B2 Lo | | o
2 P 2
tg o 0 _*/35 I Y N O
ctg a —X V3 1 g 0 — 0
IIpumeuanue. CBs3b MEXAY TPAAyCHOM U paluaHHON MepaMu U3MEPEHUH yTJa:
ol T
I* = Tg0 PoA-

® DopMyJIbl, CBA3BIBAIOIINE TPUTOHOMETPUYECKHE (PYHKIIUH OJHOTO U TOTO K€ apryMeHTa:

. sin cos
sinfo+cosla=1; tga=-% ctgo = SB%.
cosa sin o
1
l+tgoa=—y—; l+ctg’a=—.
cos” o sin” o
® OopMyIbl JBOMHOTO yria:
. . 2t,
sin 2o = 2sina.cosa = go; ;
1+tg7a
. . 1-tg?
cos2oc=cos2a—smzoc=1—2sm2a=#;
1+tg°a
2t tg? o — 1
tg2a = g‘;; ctg2on:0g—(x.
1-tg°a 2ctga



® OopMyJbl TPOMHOTO yIuIa:
sin3o = 3sino — 4sin’o; cos3a =4cos’ a —3cosa.
® DOopMyJIbl MOHM)KEHUS CTEIEHU:

. 1-cos2a ) 1+ cos2a
sin“o=——; cos‘a=—F"—".
2 2
® DOopMyJIbl CII0KEHHS U BBIYUTAHUS apIyMEHTOB:
sin(oc + B) =sinocosP + cosasinf ;

cos(a + B): cosa.cosP Fsinasinf;

tgo £ tgp

tg(aiB):litgath'

® DopMyJIbI CIIOKEHUS U BEIUUTAHUS TPUTOHOMETPUUECKUX (PYHKIIUI:

sina + sinp = 2sin

o+p o-p.
2

cosz,

. . Loo— o+
sino —sinf = ZSlnTBcosTB;

o+p a—-p.

cosa + cosP = 2cos cos

2 b
cos o — cosP = —2sin OHLBsinOLT_B;
in (o +
tga?tg[}z—sm(a_ﬁ) .
cosa cosf

® Dopmysl peodpa3oBaHUs IPOU3BEACHUS TPUTOHOMETPUUECKUX (PYHKIUI B CYMMY M Pa3HOCTb:

sinasinp = %(COS(OL —B)-cos(o +B));
CoSa CoSP = %(COS(OL ~B)+cos(a +B));

sinocosp = %(sin(on —B)+sin(a + B)).

® 3HaKU TPUTOHOMETPHUECKUX (DYHKIHI 110 YETBEPTSIM

CD}’HKHI/I o9 quBepr
II III v
sin + + — -

cos + - - +




ctg + - + -
® DopMmyJITbl IPUBEACHUS
AprymeHr ¢
3 3
CDYHKHPM %—0‘ g+a T—o T+ o TTE—O‘ TTC‘*‘O‘ 21— o
sin ¢ COSa | COSa | Sina |—sin o|—COS a|—cos a|— sin a
cos t sina |—Sina|—cosa|—cosa|—Sina| Sina | COSa
tg ¢ ctga |—ctga|l —tga | tga | Ctga |—cCtga| —tga
ctg ¢ tga | —tga|—cCtga| Ctga | tga |—t2a |—Ctga

® PenieHue NpoCTEUIINX TPUTOHOMETPUUYECKUX YPABHEHUM:
sinx =a, |a|£1, x =(~1)" arcsina + nn ;
cosx=a, |a|<1, x=tarccosa+2nn;
tgx=a, x=arctga+nn,
ctgx =a, x=arcctga+ nn, n — LCJIOC YHUCIIO.

® (OOpaTHBIC TPUTOHOMETPHUECKUE (YHKITHH:

|2

<arcsin x <

Y
—, O<arccosx<m;
2 b
Y

YR

<arctgx < > 0<arcctgx<m,

arcsin(—x) = —arcsin x;  arccos(-x) = — arccos x ;

arctg (—x) = —arctg x; arcctg (—x) =m—arcctgx.

METPUYECKHWE COOTHOIIEHNWA B TPEYI'OJIbBHUKAX

Obo3nauenus: a, b, c — JUIAHBI CTOPOH A ABC , h — BBICOTa, p = %b” — TMOJYyNepUMeTp, S — Mmiomaib, R

U 7 — PaJuyChl ONMMCAHHOW U BIUCAHHOW OKPY>KHOCTE.

® Teopema cuHycoB. B 11060M TpeyronbHUKe

a b ¢
sina. sinp  siny




® Teopema KocuHycOB. B 11000M TpeyroiabHuKe

a’ =b%+c? - 2bccosa..

® DopMyJIbI IUIOIAAM JTIO00T0 TPEYTOJIbHUKA!

oy _ch, g1 s_abe

S=yp(p-a)lp-b)(p - c) — dopmyna I'epona.

BBICIIIASA MATEMATHUKA

AHAJIMTUYECKAA TEOMETPUA HA TIJIOCKOCTU

0 d=y(t, %) +(s —5) — paccTosiHue MeXITy TOUKAMH M,(x,: 4,) K My(x,; yy)-

] ox= x'1+ 7‘;‘2, - y'1+ 7;;1/2 — KOOPJMHATHI TOUKH, JIEJAMICH OTPE30K ¢ KOHIAMH M, (x; ) U My(x,; y,) B
+ +

OTHOIUEHMH % = | MM |:| MM, |.
[] Ax+By+C =0 — o01iee ypaBHEHHE TIPSIMOK ( A, B, C — JIF0OOBIC BEIIECTBEHHBIC YKCa, A2 + B2 = 0)-

"] y=kx+b — ypaBHEHHE NPSAMOU C YTJOBHIM KOXPPHUIHUEHTOM . (b — BEIMYMHA OTpPE3Ka, OTCEKAEMOTO
MIPSIMOM 110 OCH Oy ).

1 y-y, =k(x-x) — ypaBHEHHUE [IPIMOIl C YIIOBBIM KOIDPUIIMEHTOM £ , IPOXOASIICH Yepe3 TOUKy M, (x, ; y;)-

0 yy _yy‘ = ;_);‘ — ypaBHEHHNE PAMOi, IPOXOAIIeH depes TOuKn M,(x,; ) ¥ My(xy; ).
2 7Yl 2 T A

O X +% =1 — ypaBHCHHE MPSAMOU B OTpe3Kax (a, b — BEIMYHUHBI OTPE3KOB, OTCEKAEMBIX MPSAMOM Ha OCSIX Ox
a
u Oy).
| Axg + Bxo +C| .

1 d=1"—"2—"1 — paccTosIHUE OT TOUKH M, (x; y,) JO MPSAMOU Ax+By+C =0-

VA* + B?

ky — Ry
[ tge = —2—L — ¢dopMyJia BEIYUCICHUS OJJHOTO U3 YTJIOB MEXKIY MPAMBIMU y = Rx+b U y = kyx + b, -

1+ Rk,

2 2
X
0 =+ y_2 =1 — KaHOHUYECKOE ypaBHEHUE 3yuiunca (a, b — MOJIYyOCH).

S}
>



2 2
[ X -Y_ -1 — KaHOHMYECKOE yPaBHEHHE THIEPOOIIBI.
b
T y? =2px, y* = 2px — KAHOHUYECKOE ypaBHECHHE Napa0oIIbl C OChI0 CHMMETPUHU Ox (p >0 — TapaMmerp).

AHAJIMTUYECKAA 'EOMETPHUA B ITPOCTPAHCTBE

IS

] X=xy-x,Y=yy-y,, Z=2, -2 — BBIP@KEHHE KOOPJMHAT BEKTOPA AB 4epe3 KOOPAUHATHI TOUEK Ay, y; 2) H
B(x2; 23 23)-

71 |a|=vXx?+Y?+2? — BBIpOKEHHE JJIMHBI BEKTOPA a = {X; Y; Z} Yepe3 ero KOOPAMHATHI.

] d= \/(xz - X )2 + (yz -y )2 + (22 - 21) — paCcCTOAHUE MEKIY TOUKAMH M, (xl s YL 21) n Mz(xz; Yy 22)-

0 Z-E:|E|~m-cosq} — OnpejielicHHE CKaIsAPHOIO MPOM3BEJACHHUS BEKTOPOB a U b (¢ — yrom MeExIy
BEKTOPaAMH).
"l a-b=XX, +Y\Y, + Z,Z, — BBIPOKEHUE CKAJSPHOTO TMPOU3BEIACHHS BEKTOPOB a={X;Y;Z | U b={X,:Y,; Z,}

4Yepe3 X KOOpAUHATHI.

D oS = X1X2+YIYQ +2122
VR +vd+zi x3+vi+ 23

— BBIPAXXCHHUC yTJIa MCKAY BCKTOpaMU.

] Ax+By+Cz+D=0 — oOIIee ypaBHEHHE IUIOCKOCTH (A4, B, C — JOObIe BEIIECTBEHHBIC YHCIIA,
A%+ B? 4+ C? ¢0).

d—leO + Byy +Cz +D|

]
A% + B2 4+ C?

— PacCTOSIHUE OT TOUKH M, (xq; 4o ; 2o) JO TUIOCKOCTH Ax + By +Cz+D=0.

X —X — 2 -2 o —
] ; 0 _Y "% _ 0 — KaHOHHUYECKOE ypaBHEHUE NPSAMOW C HANPaBIAIONIUM BEKTOPOM a={; m; n},
m n

MIPOXOJIAIICH Yepe3 TOUKY M, (¥, o 2p)-

U x=xg+it, y=yo+mt, 2=2p+nt — napaMEeTpUICCKUC YPABHCHUA HpﬁMOfI.

2 2 2
O x_2 + g 2—2 =1 — KaHOHMYECKOC YpaBHEHHUE JUIUNCouAa (a, b, ¢ — MOIYOCH).
a® b ¢
0 )C2 y2 22 6
PR | — KaHOHUYECKOE YPAaBHEHHUE OJHOINOJIOCHOIO ruIepoononaa.
a
D )C2 ]/2 22 6
P -1— KaHOHMYECKOE yPaBHEHHE ABYIOJIOCHOIO runep0oIonaa.
a
X2 y2
O 2 + 7l 2z — KaHOHMYECKOe YpaBHEHHUE 3JUIMNTHYECKOro napadonouaa (p>0, g>0 — mapamerpsl).
2 2
O ’26— - g— =z — KaHOHHMYECKOE ypaBHEHHE IrMIIepOOINIECKOro napadoaonsa.
p 4
0 )C2 y2 22
P 0 — KaHOHHUYECKOE YpaBHEHHE KOHYCa BTOPOIO MOpsIKa
a

ANPOEPEHIIUAJIBHOE HCYUCJIEHUE OYHKINM
OZHOUM NIEPEMEHHOU



] fim S0

x>0 X

L] lim [1 + 1
X—>0 X

0 fl)= Alilllo
[]
[

-1 — MEpBBIA 3aMevaTeIbHbIN Tpeae.

X
j = e — BTOpPOM 3aMeUaTesIbHbIN peaes.

dy = f'(xy)dx — muddepeniuan GyHKIUN f(x) B TOUKE x -

[Tpon3BOIHBIEC MPOCTEHIINX HIEMEHTAPHBIX (DYHKITHIHA:

Flo + A0) - flo) OIpeIeTICHUE MTPOM3BOHON QYHKIIUHU y = f(x) B TOUKE x; -

¢ [IpaBuna nudpdepeHuupoBaHms CyMMBbI, pa3HOCTH, IPOU3BEACHUSA U YACTHOTO

¢ [IpousBoaHasi MOCTOSSHHOM (YHKIIHH

'

7)2

y=flx)=C = y=0.

(Cu) =cu'-

¢ [IpousBogHas cTeneHHON QyHKIIUN

el emers (o)

¢ IlpousBoaHas nokasareabHON PyHKIMU

U
(a") =a*lna;

¢ [IpomwsBoaHas norapupmMuyeckor GyHKIIN

(log, x)

"I [Ipou3BOIHBIE TPUTOHOMETPUYECKAX (PYHKIIHI:

xIna

_uw'v—uv

1) (uiv), =u'+v; 2) (uv)l =uv+uv'; 3) (%) -

v=0.

(sinx) = cos.x 5 (arcsin x) = ! ;
1-x2
(cos x)' =-sinx, (arccos x), B ;
1-x?
: 1 .
fon) = secte; O =
COs™ X ,
(et x) = ~—5— = —cosec’y ; farccte v) = - -
sin”- x
1 oylty)=f(x) ot,) — mnpaBuino muddepeHIHpOBaHHs CIOKHON (QYHKIIUN

Xy = (p(to).

O (P’(yo):

1
F'%)

y=flo@) B TOuKe £ ; 3mech

— npaBuito audpepeHIrpoBanust 00paTHON QYHKIUH x = ¢(y) B TOUKE y, = f(x,).



0 (@o) = uo + nul-Ner 4 _n(lrl ;l)u(”’z)v” + oot uol?

— ¢opmyna Jlarpanxa; c < (a, b).

"] Ilpu a =0 momyuyaem opmyiry MakiopeHna

F)= 0 L@y 0 o 700 o F0) e

1! 2! TR P

[l HeomnpeneseHHbIN U ONPEIEICHHBIM HHTETPAJIbI

¢ TabnuuHble HHTErPaANbL:

— (opmyna JleitOuuma.

(n+1)
L V() (x—a)"*' — dopmyna Teiinopa; ¢« (a, x).

a+l

1+C(a¢—1);

aq. X
jxdx—a

ja dx—m+C(O<a¢l)

jsinxdx =-cosx+C;

'[.d)zc =—ctgx +C;
sin” x

X
= arcsm +C;

-

IJ;C_ikzln|x+szik|+C;

jl 5 = arctgx + C;
+x
dx 1 xX-a .
sz_az—z—aln P +C(a¢0),
dx 1 X .
'[xz 3 —Earcth+C (@ =0);

dx 1n|x|+C

Je"dx:e" +C;

Icosxdx =sinx + C;

I dj; =tgx+C;

cos” x

I dx = arcsin x + C;
V1 - x?

I 2dx 5 =—arctg—+C
a’+x a
dx 1 x-1

=—1 C;

-1 2 Nerl ™™

f 2dx =arctgx + C;
x“+1

J'\/xdf?:lnh-m/xzil |+C

14 J'f dx|

=1 [o(t)]¢'(t)dt — dopmMyIia 3aMEHBI IEPEMEHHO# B HEOTIPEIEIICHHOM HHTETpaJie.



b
¢ [ f(x)dx = [ flo(t)]o'(t)di — dopMyIIa 3aMeHEI IEpEMEHHO# B OIIPENEIEHHOM HHTETpane; ¢ (o) = a, ¢ (B) = b.

a

¢ Julxp'(x)ds = ulxo(x) - [o(x)u'(x)Jdc — dopMyna HHTErpUpPOBaHMA II0 4YacTAM B HEONpPEIEIECHHOM
UHTErpale.
b b
¢ fudo= uv|z - [vdu — QopMyIa HHTErPUPOBAHMS [0 YACTAM B OIPEIEICHHOM HHTETPAJIE.
a a
b

[ [ f(x)dx = £(c)(6 - a) — dopmyna cpeHEro 3HAUEHHS; C < [a, b]-

a

0 T Flx)dx = F(b) - F(a) = F(x)|, — popmyna HeroroHa-JleiibHuma.

a

b
® s=[f(x)dx — muomanL KPUBOJIUHEHHOH Tpanenuu

a

0<y<flx),a<x<b.

B
[ s=[vy(t)e(t)dt — nuormanas KPUBOIMHEHHOH Tpanenuu, BEpXHss rpaHilia KOTOPOH 3a]1aHa NapaMeTPUUECKH:

o

x=0t)y=y(t),a<t<p.

B
s :% [0’ (p)dop — muomanas KpUBOIMHEHHOTO CEKTOpA, OTPAHMYEHHOrO KPUBOH, 3aJaHHOM B MOISPHBIX
a

KOOpAUHATAX: p=p(p), a< ¢ < B-

b
[ L =[y1+(f(x) dx — mmuHa KyT¥ KPUBOM, 3a/{aHHOI ypaBHEHHEM y = f(x), a<x<b-
ﬁ v v
[ L= [J(@@) + (')} df — pmuHa KyTH KPUBOH, 3a/1aHHOM TIApaMETPUIECKHU: x = o(t), y = y (1), a<t <.

B
[ L=[y(ple)) +(p(e)’ do — AmviHa Jyrn KPUBOMH, 3aJaHHON B TIOJIAPHBIX KOOPAMHATAX: p= p(p), a< ¢ < B-
a

b
1V =nff’(x)dx — oObem Tena BpaieHus BOKpYT ocu Ox KpMBOIMHEHHOH Tpanenun 0 <y < f(x), a<x <b.

a

b
[ P =2nf f(x)y1+(f(x)} dr — TIOmA1B TIOBEPXHOCTH BPAIIECHHs BOKPYT och OX KPUBOIMHEHHON Tpameium

OPU3UKA

1. DUSHYECKHE OCHOBbI MEXAHUKH



1.1. 9JIEMEHTBI KUHEMATUKU
'] CpenHsisi ¥ MTHOBEHHAs! CKOPOCTU MaTepUaIbHON TOUKHU

Ar As
Vv=—, 0=—),
At At

IJIe Ar — 3JIEMEHTApHOE TIEPEMEIICHUE TOUKH 32 MPOMEKYTOK BPEMEHU Al; I — paguyC-BEKTOP TOUKH; AS
— MyTh, IPONACHHBINA TOYKOHN 32 MPOMEXYTOK BPEMEHHU Af.

| CpenHee 1 MTHOBEHHOE YCKOPEHMSI MaTEPUAIbHOM TOUKH

Av dv
<a>=E, aZE.

] ITonHOE yCKOpEHUE MPU KPUBOJIMHEWNHOM JIBUKEHUU

a=a_+a, a=4a’+a?,

2
)
rae a, = % — TaHIeHLHMaJIbHAs COCTABJISIONIAS YCKOPEHUS; a, =— — HOPMaJIbHas COCTaBIISAIOLLIAS
r
yCKOpeHus (r — paauyc KpUBU3HBI TPAEKTOPUU B JAHHON TOUKE).
[ ITyTh M CKOPOCTH [IJIs1 PABHONEPEMEHHOTO JIBUKEHHUS
at?
S =y £ ——;
2
v =17, tat,
rae v, — HavyaJbHas CKOPOCTbh.
] YrioBas CKOpOCTb
0=32
dt
'] YTrii0BO€ yCKOpEeHUE
do
e=—1.
dt
] YrioBast CKOpOCTb JIJIsi PABHOMEPHOT'O BPAIlATEIbHOTO ABUKECHUS
wo=2_ 2 =2nn,
t T
rae 7 — MepUuoj BpAILlEHUS; n — YacTOTa BpalleHus (n=N /¢, T N — 4ucio o0OpOTOB,

COBEpHIAEMBIX TECJIOM 3a BpEMs ¢ )

'] Yros moBOpoTa M yriioBasi CKOPOCThH JJIs pABHONIEPEMEHHOTO BPAIaTeIbHOTO TBUKEHUS
2

et
¢ =0l ==
o=yt tel,

TAC o, — HadaJibHas YIjioBas CKOPOCTb.



[J CBs13b MCKOY JIMHEUHBIMHA 1 YIJIOBBIMH BCIMYHWHAMU

s=Rp; v=Rw; a =Re;, a,=0oR,

T
1€ R — pacCTOAHUE OT OCH BpalllCHUSI.

1.2. JTMTHAMMHKA MATEPUAJIbBHOM TOYKU U TIOCTYIATEJIBHOI'O JIBVXKEHUS TBEPJOI'O
TEJIA
| Umnysbe (KOJIMYECTBO JBUXKEHUS ) MaTEepUAIbHOW TOUKU

p=mv.

"I Bropoii 3akoH HploTOHa (OCHOBHOE ypaBHEHHE JUHAMHUKU MaTepUaIbHON TOUKH)

F:ma:mﬂ:@.
dt dt

] DT0 5xe ypaBHEHHE B MIPOEKIIMAX Ha KacaTeIbHYI0 U HOPMaJlb K TPAEKTOPUH TOUKH

2
FI:maT:m%; F,Z:man:m;) = mo’R .

] Cuna TpeHHUs CKOJIbKEHUS
FTp = fN )

rae f — Kod(pUIUEHT TPEHUS CKOJIBXEHHs; N — CHUJIa HOPMAJIbHOI'O 1aBJICHUSI.

[] Cuita TPCHUSA KAUCHUS
FTp = «fK“‘\I/r )

rae f — Kod(pUIUEHT TPEeHUS KaueHUs;, r — PaJiilyCc Kadarolerocs Teja.

] 3aKOH COXpaHEHUsSI UMITYJIbCA JIJISl 3aMKHYTOW CAUCTEMBI
n
p =) .myv; =const,
i

TAC n — YHUCII0 MAaTCPUAJTIBHBIX TOUEK (I/IJ'II/I TeJ'I), BXOOAIHUX B CUCTEMY.

] KOOp[[I/IHaTI)I ueHTpa MacCC CACTCMBI MaTepI/IaJ'H)HLIX TOYCK:
_Imx; _Imy; o Im;z;

xm; Ye="5m " ¢ Em

Xc

i i

rAe m; — Macca i-il MaTepuagbHOU TOYKH; X¢, Yc, - — €€ KOOPJIUHATHI.

| YpaBHEHME IBUKEHUS Tejla IEPEMEHHON Macchl (ypaBHeHHE Melepckoro)
ma=F+F,,

dm
rJic peakTHBHasA cuna F, = u—- (u — CKOpOCTh HCTEUCHHUS Ta30B U3 PAKETHI).

'] @opmyiia LInoJIKOBCKOTO ISl ONMPEACIICHUSI CKOPOCTH PAKEThI

m
v=uln—,
m

TAC m, — HadaJIbHas MaCcCa PAKCTHI.

1.3. PABOTA U ODHEPT U
] Pabora, coBepiiaemasi IOCTOSIHHOM CHUIION



dA = Fds = Fdscosa ,

rae F, — TPOEKIMs CWIIBI Ha HANpaBICHHE MEPEMENICHUS; o — YToJd MEXIy HalpaBICHUAMHU CUIBI U
HepEeMEICHUSL.

" PaGora, coBepiiaemasi mepeMeHHON CUIIOHN, HA Ty TH S

A= [Fds =[Fcosads .

] CpenHsst MOIITHOCTD 3a IMIPOMEKYTOK BPEMEHU Al
(Ny=naA/At.

[ MraoseHHas MOIIHOCTD

N:ﬁ,I/IHH N=Fv=Fov=Fvcosa.
dt :

I[1=mgh,
7l g — YCKOPEHHE CBOOOIHOTO MaJCHUS.

| Cuia ynpyrocTu
F=—kx,

rae x — nedopmanus; ¢ — Kod)PUIMEHT yIPYTOCTH.
"] IloTeHIManbpHas SHEPTHS YIIPYToAe(pOPMUPOBAHHOTO Teja
M=~kx?/2.

"] 3aKOH COXpaHEHUS] MEXaHUYECKO SHEPTUH (/151 KOHCEPBATUBHOU CUCTEMBI)
T +11 = E=const.

] Koa(b(l)I/IuI/IeHT BOCCTAHOBJICHUSA
e=0,/v,,

rae v, U v, — COOTBETCTBECHHO HOPMAJIbHBIC COCTABIISIOIINE OTHOCUTEIbHOM CKOPOCTH TeCJI ITOCJIC U O0 yAapa.

"1 CKOpOCTH JBYX T€J MacCaMH m; M m, TIOCJIe aDCOIIOTHO YIPYTOro IEHTPAIBHOTO yaapa:

o = (ml - m2)vl +2myv, |
1= D)

my + my

o) = (m2 _ml) 0, +2myy,
- b
my + my

r€ v, ¥ v, — CKOPOCTHU TeJ 10 yaapa.

] CKOpOCTh IBMDKEHHSI TEJI TTOCJIE a0COFOTHO HEYIIPYTOro IEHTPAIBHOTO y1apa
mo
o = o+ Mt



1.4. MEXAHUKA TBEPJJOT'O TEJIA
'] MOMEHT UHEPIIMU MaTepUATTBHOM TOUYKHU

2
J=mr-,
Trac m — MaccCa TOUKHU; ¥ — PACCTOSHUC O OCHU BPAILICHUA.

'] MOMEHT UHEPIIMU CUCTEMBI (Tela)

IJ€ r, — PAacCTOSTHUE MaTEepPUaIbHOM TOYKHA MacCol m; 10 OCH BpalCHUS.
B cirydae HenpephIBHOTO pacmpeaeneHus Mace J = [ridm .

"] MOMEHTBI MHEPIIMH TeJ MPABHILHON T€OMETPHUECKOM (POPMBI (Tena CYMTAIOTCS OJHOPOAHBIMU; 71 — Macca
Tena):

Teno [TonoxxeHnue ocu BpalleHUs Mowent
VHEPLIUU

[Tonbrii  TOHKOCTEHHBIN|OCh CUMMETPUN mR?
LU-JTUHAD paaunycoM R
CrnomHoit  muiuHAp|OCh CUMMETPUU
WJIW TUCK paanycom R

[Ipsamoit TOHKUH
CTepXKEHb ITUHOM /

Ocp NIEPTIICHAUKYJISIpHA
CTEPXKHIO M [TPOXOJIUT UYepe3

€ro cepefiiHy
[Tpsamoit ToHKUI|OCE neprneHauKyaspHal 1 o
CTepXKEHb IJTUHOM / CTEPKHIO U MPOXOAMT uepes| 3

€ro KOHell
[Tap paguycom R Och npoxoauT yepe3 HEHTP| 2,
mapa S
'] Teopema llrelinepa
I=1I.+ma®,
rae J. — MOMEHT WHEepIHK OTHOCUTEIBHO OCH, MPOXOJAIIEH depe3 IEHTP Macc; / — MOMEHT HHEepLUHu

OTHOCHUTEJIBHO MapajuieIbHON OCH, OTCTOSIIEH OT MEPBOM HA PACCTOSIHUM a; m — Macca Teda.
'] Kunetnueckas 3Heprus Tena, Bpalarerocst BOKpYr HEMOABUKHOM  OCH z ,
TBp. = JZ(D2 /2,

rae /, — MOMCHT HHEPIUU TEjIa OTHOCUTEIIBHO OCH z , ® — €I'0 YIJIOBasi CKOPOCTh.
[ Kuneruueckas SHEPTU: TCJIAd, KaTAIICTOCA IO INIOCKOCTU 663 CKOJIBXXCHUA,
L, 1 2
T==mv;+=J 0
2 C 2 C ’
rac m — Macca TCja; v, — CKOPOCTb HCHTPA MacCC TECia, ]C — MOMCHT MHCPHOHU TCJIa OTHOCUTCIIBHO OCH,

MPOXOASAIICH uepe3 ero HEeHTP MACC; o — YTJI0OBasi CKOPOCTh TeJa.
[ MOMEHT CUJIbI OTHOCHUTEILHO HEMOABUKHOU TOUYKHU

M = [rF],



I ¥ — paanuyc-BeKTOP, NPOBEACHHBIN U3 3TOM TOYKH B TOUKY NPUI0KeHUs cuiibl F.

") Moaynb MOMEHTA CHJITBI
M =Fl,

rae [j — mie4o cuibl (KpaTyaiiiee pacCTOsSHUE MEXTy JIMHUEH TeHCTBUS CUIIBI M OCBIO BpallleHus ).

] PaboTa mpu BpaleHHH Tena
dA = M,de,
rze de — yros nmoBopoTa Tena; M, — MOMEHT CHJIbI OTHOCUTEIBHO OCH 2 .

') MoMeHT umMityibca (MOMEHT KOJIMUECTBA JIBHXKEHHSI) TBEPJIOTO TEJIa OTHOCUTEIBHO OCH BpAIllCHHS

Lz = Zm’i'virz‘ = Jz’

A€ r;, — PAcCTOSIHUE OT OCH z JO OTAEJIBbHOM YAaCTULBI TENA; mu, — UMIYJbC 3TOW YaCTULBL, /, — MOMEHT

4

HWHCPIUU TCJIa OTHOCUTCIIBHO OCH z ; ® — €T0 YIJI0Bas CKOPOCTh.

] YpaBHeHHE (3aKOH) JMHAMHUKH BPAIaTEILHOTO ABHKEHHUS TBEPAOTO TeJla OTHOCUTEIHLHO HETOIBIIKHONW OCH

dL do
M= oy -89,
dt 2 TleTqy TR

'€ ¢ — YIJIOBOC YCKOPCHUE, /, — MOMECHT MHCPLMM TCJIa OTHOCUTEIBHO OCH 2z .

"] 3aK0H coXpaHEHHUS] MOMEHTA UMITyJIbca (MOMEHTA KOJTUYECTRA TBHKECHHUS ) U1 3aMKHYTON CHCTEMBI
L = const.

] HanpsbxeHue Tpu yrpyroi nedopmanuu

o=F /S,
rae I’ — pactsaruBaroias (C:KuMarolasi) cuna; S -— mioumaiab NornepeyHoro CeUeHHus.
'] OTHOCUTENBEHOE MPOJOJIBHOE PACTSHKEeHUE (C)KATHE)

e =Al/l,
re All — u3MeHeHue JJIMHBI TeJla MPU PACTSHKEHHUH (CKaThM); [ — JyIHA Telna 10 nedopmaruu.
"} OTHOCHUTENHHOE MOTIEPEYHOE PACTHKEHHUE (CKATHE)

e = Adl/d,

rze Ad — U3MEHEHHUEe TuaMeTpa CTePXKHs IIPU PACTSKEHUH (CKATUH); d — AuaMeTp CTEep KHS.

] CBsI3b ME@X/y OTHOCHUTEJBHBIM IOMNEPEUYHBIM CHKATHEM (PaCTSKEHHEM) & U OTHOCUTEIBHBIM IMPOJOJbHBIM
pacTshDKeHHUEM (CKATHEM) &

| —
€ = pe,

"] 3akoH I'yka Ju1st MPOAOIBHOTO pacTsyKeHUs (CHKATHS)

c=FEs¢,



rae £ — monyns FOHra.

| [ToTeHuManpHas HEPTUSI YIPYTOPACTSIHYTOTO (CKATOT0) CTEPHKHS
1 ES Eg?

Al
— — 2 = —_—
n_gnu_z 1@0 v,

rae V— o0beM Tena.

1.5. TATOTEHUE. DJIEMEHTHI TEOPUU T1OJIA
] Tpetwuit 3axkon Keruiepa
PR
rae 7, u T, — NepuoIbl oopaienus mianet BOKpyr CosHIa; R, M R, — OOJIBIIME TIOTYOCH UX OPOUT.

('] 3aKOH BCEMUPHOTO TSATOTEHUS
mm,

H
1’2

rae F —cCujla BCCMHUPHOTO TATOTCHUA (I‘paBI/ITaHI/IOHHaH CI/IJ'Ia) ABYX MATCpHUAJIbHBIX TOYCK MacCaMu m; U m,,

F=G

r — PAaCCTOSIHHUC MEKAY TOYKaMH; G — TpaBUTAlMOHHAs IIOCTOSIHHAS.

[1 Cuya TIKeCTH
P=mg,

rJie m — Macca Tela; g — yCKOpPeHHe CBOOOHOTO TaICHMS.
[] HaHp}I)KeHHOCTB I1OJISA TATOTCHUA
g=F/m,
rae F — cuia tarorenus, 1edCTBYIOIAs HA MAaTEPHAIBHYIO TOYKY MacCOW 71, TOMENIEHHYIO B TAaHHYIO TOYKY

T10J14.

U HOTCHL{I/IaJILHaSI OHCPIUs IrpaBUTALITMOHHOTO B3aHMOﬂeﬁCTBHH ABYX MATCPUAJIbHBIX TOYCK MACCAMU m; U m,,

HaXOMSIIIMXCS HA PACCTOSTHUM r APYT OT IPYTd,
im=-Gmm,/r.

] HOTeHL[I/IaH II0JIA TATOTCHUA
¢ = n / m,

riae I — norennuansHas OHEPI'rA MaTepHaHBHOﬁ TOYKH MacCoH m, MMOMEILIEHHOM B AAaHHYI0 TOYKY ITOJIA.

[J CBs13b MCKAY NOTCHIHUAJIIOM ITOJIA TATOTCHHA U €TI0 HAIIPAKCHHOCTBIO

rae i, j, K — eauHUYHBIE BEKTOPHI KOOPAMHATHBIX OCEH.

"I IlepBas u BTOpasi KOCMMYECKHUE CKOPOCTH

v =y8Ry, 1y =428R; ,

rae R, — paauyc 3eMIiu.
'] OCHOBHO 3aKOH AMHAMUKH JIJIs1 HEUHEPIIUAIbHBIX CUCTEM OTCUETa

ma' =ma+F,

WH. >



7€ a U a° — COOTBETCTBEHHO YCKOPEHHUE Te€jla B MHEPLHAIBHON M HEMHEPUHUAIBHOU cUCTEMax oTcyeTa, F,,

—CHJIbl MHCPIHH.

] Cuibl nHEpUUU

F, =F,+F, +F,
rae F,, — cuibl nHEpUMU, NpOSBISIOMIMECS MPU MOCTYNATEIBHOM JBHKEHUU CUCTEMBI OTCUETA C YCKOPEHUEM
ao: Fy =—-may; F,,; — TEHTPOOCIKHBIC CWJIBI MHEPLMH (CUJIBI MHEPIIMH, JACHCTBYIONIME BO Bpallarouiencs
CHUCTEME OTCYETA Ha Tela, YJAJECHHbIE OT OCH BpALICHMs Ha KOHEYHOE paccTtosiHue R): Fy .= —mo'R; F —

KOpHOJIMCOBa CHJIa MHECPpLUU (CI/IJ'IH HWHCPILUH, HeﬁCTBYIOIHHe Ha TeJo, ABMXKYIIEECS CO CKOPOCTBhIO o' BO
Bpama}omeﬁc;l CHCTEMCE OTCUCTA:

F, = 2m|v'o}
1.6. JIEMEHTBI MEXAHUKU XXUJIKOCTENU
| 'uppocraTudeckoe JaBieHHUE CTO0A KUAKOCTH Ha TIIyOuHe A

p= pgh 5
r€ p — IJIOTHOCTh KUIAKOCTH.
] 3akoH Apxumena
FA = ng )
rae F, — BBITAJIKHUBAIONIAA cujia; V' — 00beM BBITECHEHHOU KUJIKOCTH.
] YpaBHEeHHE HEPA3PBIBHOCTU
Sv = const ,

rze S — miomnaak NoNepeyHoOro CEYeHus TPyOKH TOKa, v — CKOPOCTH JKUKOCTH.

[l YpaBHenue bepHyJn sl CTallMOHAPHOI'O TCYEHUS HICAIbHON HEC)KUMAEMOM KUJIKOCTH

2
%+pgh+p:const,

T€ p — CTaTUYECKOE NABJIECHUE JKUIKOCTH [UJISI OMPENENIEHHOTO CEUeHUs TPYOKHM TOKa, v — CKOPOCTh
JKAJIKOCTH JIJIL OTOTO K€ CEUEeHMS; pv’ /2 — IMHAMUYECKOE JaBJIEHHE KMIKOCTH ISl DTOTO K€ CeUeHus; I —
BBICOTA, HA KOTOPOM PACIOJIO®NEHO CEUCHUE; pg/h — TUAPOCTATUYECKOE JaBICHUE.

Jlst TpyOKHM TOKA, PacTONOKEHHOW TOPU30HTAIIBHO,

2
%+p:const.

[l @opmyiia Toppuueiiv, NO3BOJIAOLIAA ONPEAETUT CKOPOCTh UCTEUEHHUS! JKUIKOCTU U3 MAJIOTO OTBEPCTHS B
OTKPBITOM IIMPOKOM COCYJIE,

v =42gh ,

rae h — riyOuHa, Ha KOTOPOW HaXOJUTCSI OTBEPCTHE OTHOCUTENBHO YPOBHS KUAKOCTH B COCY/E.

| Cuiia BHyTPEHHETO TPEHUS MEXY CIIOSIMHU TEKYILEHN )KUIKOCTH

r7e n — AUHAMUYECKas BI3KOCTh )XKHIKOCTH; Av/Ax — TPATUEHT CKOPOCTH; S — IJIOMIAb CONMPUKACAIOIIUXCS
CJIOEB.



[l Yucno PeitHoubaca, ONPENETONIee XapakTep IBUKEHUS JKUIKOCTH,
Re=p<v>d/n,
T/i€ p — TUIOTHOCTH KHUIKOCTH; < v > — CPEAHSS 10 CEUYCHUIO TPYOBI CKOPOCTH XKHUIAKOCTH; d — XapaKTEPHBIN
JUHEHHBIN pa3Mep, HapUMep TuaMeTp TPYObL.
'] ®opmyna Ctokca, MNO3BOJISIIOLIAS OMNPENEIUTh CHIY CONPOTHUBIICHUS, JEUCTBYIOIIYIO Ha MEIJIEHHO
JBHOKYILMICS B BA3KOM Cpelie apuK,
F =6mru,

rae r — paguyc mapHmkKa; v — €ro CKOpocCTb.

| ®opmymna [lya3zeiins, mo3Bossitomas ONpeaeIuTh 00bEM KUIKOCTH.
MPOTEKAIOIINN 32 BPEeMsI { Yepe3 KalUBIPHYIO TPYOKY JJIMHOMH /,

V = nR*Apt /(8nl),
rne R — paguyc TpyOKH; Ap — Pa3HOCTb JaBJICHUM HA KOHLAX TPYOKH.

] JIoGoBOE COMPOTHUBIICHUE

2
v
R, =C, —pz S,
rae C, — 0Oe3pa3mMepHbid KOdPPUIIUESHT CONPOTUBIICHHS; p — IJIOTHOCTh CPEIbl, v — CKOPOCTh JABHUKEHUS

TCIa, S— mIomaab HauOOJIBIIETrO MOMNECPEUYHOTO CCUCHUS TECJIA.

[ IToppemHas cuia
po’
R‘,’, =C )y S,

rae C, — 6e3pasMepHbIi KO3QOHIMEHT NOIBEMHON CUIIBI

1.7. DJIEMEHTBI CITELIUAJIBHOM (UACTHOI)
TEOPUN OTHOCUTEJIBHOCTHU
"] IIpeoOpaszoBanus Jlopenma

_ _ 2
Xr:x—'vt yr:y’ 2'22, H = t 'UX/C

9 —,
J1-2%/c? J1-2%/c?
rac nmpeamnojaracrcsa, 4To CucréMa OTCUETa K' JIBHXKETCA CO CKOPOCTBIO v B ITOJIOKHUTCJIBHOM HAIIPaBJICHUUN
OCH x CHCTCMBI OTCUCTA K, IIpUiIeM OCHU x' U x COBIIAAAOT, 4 OCHU yl ny, 22 Uz — napajjiCIbHbI; ¢ —

CKOpOCTB PacIpOCTPAHEHUS CBETa B BaKyyMe.

[ PenaTuBucTCKOE 3aMCAJICHUEC X0Ja 4aCOB
, T

T=F
v1- 0%/ c?
IJIe © — TPOMEKYTOK BPEMCHH MEXIY JBYMS COOBITHSMH, OTCUYUTAHHBIN IBWKYIIUMUCS BMECTE C TEIIOM
yacamu; 1 — MPOMEKYTOK BPEMEHU MEX]Ty TEMHU Ke COOBITUSIMU, OTCUMTAHHBIN MOKOSIIMMHUCS YaCaMH.
] PensitTuBUCTCKOE (JIOPEHIIEBO) COKPAILEHUE JUTHHBI

[=l1-0%/c?,

rge [, — JAJIuHa CTEPXKHS, M3MEpPEHHas B CHUCTEME OTCYETa, OTHOCHUTEIBHO KOTOpOfI CTCPIKCHDb ITOKOUTCA

(cobcTBeHHast JUIMHA); [ — JAJUHA CTEPXKHS, U3MEpPEHHas B CHUCTEME OTCYETa, OTHOCHUTEIBHO KOTOPOH OH
JBUKETCS CO CKOPOCTBIO .



] PensTUBUCTCKUI 3aKOH CIIOKEHUSI CKOPOCTEN

[ 2,2 [ 2,2
.U, -v ,  ul-0v"/c v oo 1-v°/c
2

u. = =4y - =
Yodl-ou /Y -, /c? ° l-ou, /c?

rac MpeamnojgaracTcsa, 4To CUCTeMa OTCUCTa K' ABMIKETCS CO CKOPOCTBIO v B MOJOKHUTCIBHOM HaNpaBJICHUS
OCH x CHCTEMBI OTCUYETAa K , IPUYEM OCH x' U x COBIIAJIAIOT, OCH y' U y, 2' U z — NapalJICIbHBI.

] UaTepBai s, MeXay cOObITHUSIMHU (MHBApHAHTHAs BEJTMUNHA)

s = C’th — I = inv,
rae f, — MOPOMEXYTOK BPEMEHHU MEXAy coObitTusiMu | u 2; [, — paccCTOSHHE MEXIy TOYKaMH, TIe
MIPOM3OIILTN COOBITHSI.

] Macca pensiTUBUCTCKOM YaCTULIBI U PEITUBUCTCKUN UMITYJIbC
my myv

w/l—vz/cf 1121/1—112/(:2 ’

m =

rac m, — Macca I1OKOs.

1 OCHOBHOM 3aKOH PENIATUBUCTCKOMN TMHAMUKH
dp
dt”’
I p — PEIATUBUCTCKUAN UMITYJIbC YACTULIBI.

U] IlonmHas 1 KMHETHYECKask DHEPTUN PEJIITUBUCTCKON YaCTHIIbI

2 2

E=mc* =myc’ +T, T:(m—mo)c.

"] CBsI3b MEX/1y HEPTUeH U UMITyJIbCOM PEJIiTUBUCTCKOMN YaCTHILIBI

E* = mic* + p*c?, pc= ,/TiT +2myc? ).

[ 9Hepr1/m CBA3HU CUCTCMBI

E. =

2 2
cB. my;C _MOC s

o

L

rae m, — Macca IOKOs i-i 9acTHIbI B CBOOOJHOM COCTOSIHHH; M, — Macca MOKOsI CHCTEMbI, COCTOSIICH U3 1

qaCTHII.

II. OCHOBBI MOJIEKY/IAPHOH ®HU3HKH H

TEPMOJAHUHAMHKH

2.1. MOJIEKVJIAIPHO-KMHETUYECKAS TEOPUA
NAEAJIBHBIX 'A30B

| 3akon boinsa-Mapuorra

pV = const ipu T = const, m = const,



rae p — nasieHue; V' — o0beM; T — TepMOJAMHAMHUYECKas TEMITepaTypa; m — Macca rasa.
[1 3akou I'eit-JIroccaka

V=V,(l+at), wta V, /V, =T, /T, Ipa p = const, m = const;
p=py(l+at), wmu p, /p, =T, /T, ipu V = const, m = const,

rae ¢ — Ttemneparypa no mkane llembcus; V, m p, — COOTBETCTBEHHO 00beM u naBieHue mpu 0 °C;
KOOQPUIUEHT o = }5,, K™ ; HHAEKCHI | 1 2 OTHOCATCS K MPOU3BOIBHBIM COCTOSTHUSIM.

(] 3akon JlaapTOHA /IS AABJICHUSI CMECH 71 WJICalTbHBIX T'a30B
n

pP=20i>s
i=1

TAC p; — MapuuajIbHOC NaBJICHUC I-TO KOMIIOHEHTAa CMECH.

] YpaBHEeHHE COCTOSIHUSA UealbHOro rasza (ypaBHenue Knaneiipona-MeHze-neeBa)
pV, = RT (1711 OHOTO MOJIS Ta3a),

pV =(m/M)RT (U1 MPOU3BOJIBHOI MacChl raza),

rae V, — MOJIApHBIH 00beM; R — MoJsipHas Ta3oBasi MOCTOsiHHAsS; M — MoOJsipHas mMacca rasa; m — macca
rasa; m/M = v — KOJIMYECTBO BEILIECTBA.

] 3aBUCUMOCTD JABJICHUS Ta3a OT KOHIICHTPAIIUHU /1 MOJIEKYJ U TeMIIEPaTyphl
p=nkT,
rae k — nocrosinHas bonenmana (k=R/N,, N, — HNOCTOSHHasE ABOTaJpo).

] OCHOBHOE ypaBHEHHE MOJIEKYJISIPHO-KUHETHUECKON TEOPUH UJI€AIbHBIX ra30B

1
p= gﬂm0<vka. >2 )

nimn
2
2 | Mp(Y 2
pV:_N 0( KB4> :—E,
3 2 3
nim
1 | 2
pv:ENmO<UKB.> :§m<vka.> 5
rac <’UKB_> — CpCOHAA KBapaTU4dHasd CKOPOCTb MOJICKYII; E — CyMMapHasd KHHETHUYCCKas OSHEPIHUA
NOCTYIIATCIIBHOI'O ABHUXKCHUSA BCCX MOJICKYII I'a3a, n — KOHOCHTpalnuAa MOJICKYJI, m, — MaccCa OHHOﬁ

MOIJICKYJIBI, m = Nm, — Macca rasa, N — uuncio MOJICKYJI B obbeMe raza V.

1 CKOpOCTb MOJIEKYJI:

¢ HauboJsee BeposiTHAS

Uy =2RT /M = 2kT [/ m, ;

¢ CpeAHsA KBagpaTUYHasd

(v ) =3RT /M = J3kT / m, ;



¢ cpennsis apupMeTHIecKas

v = /8RT /(M) = /8T /(nm,) ,
rae m, — Macca OJHON MOJIEKYJIbI.

] CpeI[Hﬂﬂ KHHCTHUYCCKAas 3HepFI/I$[ HOCTyHaTeJILHOFO OBUXXCHUA MOJ‘IeKyHH naAcCaJIbHOI'O ra3a
3
g9)=—kT.
< 0> 2

'] 3akoH MakcBesia Juist pacipeIesieHls: MOJIEKYJT HEAIBLHOTO ra3a M0 CKOPOCTIM
3/2
flo)= INE) _ 47{&} ol /047)

b

-\ 2nkT

Ndv
rae GyHKIUS f(v) pacmpenelieHHs MOJICKYJ O CKOPOCTSIM OIPENENSeT OTHOCHTEILHOE YHCIIO MOJICKYJT
dN(v)/ N u3 obrero yuciaa N MOJIEKYJI, CKOPOCTH KOTOPBIX JICKAT B MHTEPBAJE OT v J0 v +dvu.

[] 3akoH MaxkcBemnna IJIA pacupeacICHUA MOJIEKYJI HACAJIbHOI'O ra3a 1o SHEPrusaM TCIIJIOBOI'O ABUKCHUA

f(s) _ dN(S) _ i(kT)—3/281/26—g/(kT) ,

"~ Nde ﬁ

rae GyHKIuUs f(g) pacmpeneseHus MOJICKYJ 10 SHEPIHsSM TEIUIOBOTO JBHKCHHUS OMPEACISCT OTHOCUTEIbHOE
YHCJI0 MOJICKYJI dN(e)/ N w3 00IIero 4ucia N MOJIEKYJ, KOTOPbIC UMEIOT KHHETUYCCKUE DHEPTUU & = myu’ /2,
3aKJIIOUEHHBIE B UHTEPBAJIE OT & JI0 etde.

"1 Bapomerpudeckas popmyiia
D, = pye M-I )/(RT).
rae p, W p, — JABJICHHE ra3a Ha BBICOTE A W fy.

] PaCHpCI[eJ'IeHI/IC bonriMana Bo BHeNIHEM IOTEHIIMAIILHOM I10JIE

1= nye ME/RT) — g o mgh/ET) piyg g = pge /0T

rae n U ny, — KOHLICHTpAIlks MOJICKYJ Ha BBICOTEC & U A =0; N = mygh — NOTCHIUAJIbHAasI YHECPTUA MOJICKYJIbI B
10JIC TATOTCHUA.

'] CpenHee 4nclio coyAapeHui, UCTIBITHIBAEMBIX MOJIEKYJION raza 3a 1 ¢,
(2) = ﬁnd%(v) ,

rae d — >QQeKTUBHBINA TMaMETP MOJEKYJIbI; 77 — KOHLEHTPALKs MOJIEKYI; (v) — CpPelHss apu(pMeTHIECKas

CKOPOCTb MOJIEKYI.
) Cpennsisi AmuHa cBOOOIHOTO Mpobera MOJIEeKyI ra3a

() 1

05

('] 3aKOH TEIIONpOBOAHOCTH Dyphe



dT
=2 st
Q dx

rae Q — TeIIoTa, MpoIeaas NTOCPEACTBOM TEIUIONPOBOJIHOCTH Yepe3 IJIOMmaab S 3a BpeMs f; dT/dx —
IpagueHT TEMIIEPATYPHI; A — TEIIONPOBOIHOCTE:

= ganle)l)

ra€ ¢, — yJelbHas TEIIIOEMKOCTh Ia3a IPH MOCTOSHHOM OOBEME; p — IUIOTHOCTh Trasa; (v) — CPEeXHss
apu(MeTHIECKask CKOPOCTh TEIUIOBOrO JBHMIKCHHS €0 MOJIEKYI; (/) — CPeAHss JJIMHA CBOOOJAHOro mpobera
MOJIEKYI.

] 3akon muddy3un Ouka

dp
Pst,
dx

rne M — macca BelecTBa, MEePeHOCHMasl TIOCPEACTBOM T Qy3un uepes Iuiomanb S 3a Bpems £; dp/dx —
IPaJMEHT MI0THOCTH, D — muddy3ust:

M =-D

"] 3akoH HproTOHa /11 BHYTPEHHETO TPEHUs (BA3KOCTH)

do
F=-n—3S8,
ndx
rac F — cuna BHYTPCHHCIO TPCHHUA MCKAY ABWXYIIHUMUCA CIHOAMH IUIOIIAAbO S; dv/dx— rpaucHT

CKOPOCTH; n — AUHaAMHUYCCKaA BA3KOCTD:

2.2. OCHOBLI TEPMO/NMHAMUMKU
'] CpenHsisi KHHETHYECKAsE SHEPTUS MOCTYMATEILHOTO JABUKEHUS, MPUXOISINAICSI Ha OJIHY CTETEHb CBOOOJBI
MOJIEKYJIBI,

1
<81> = EkT .
] Cpe,Z[HHH SHEPTHUA MOJICKYJIbI
i
g)y=—kT
< > 2 ’
rac i — CyMMa IOCTYHAaTEeNIbHbIX, BpAalllATCIbHbIX U YABOCHHOI'O 4YHCJIa KOJ'IC68.T6J'IBHLIX CTeleHeNn CBO6OI[LI

(l = Nnoer. T lgpaw, + 2”Kone6.) .

] BHyTpeHHsIs SHEprus HIeaibHOro rasa

U=virT="LRT,
2 M2
rae v — KOJWYECTBO BEIECTBA, m — Macca rasa; M — mossipHass macca raza; R — MonsipHas ra3oBast
HOCTOSIHHAS.
L] IlepBoe Hayano TEPMOAUHAMUKHU
Q=AU+A,

r7e Q — KOJMYECTBO TEIUIOTHI, COOOIIEHHOE CUCTEME MM OTJAHHOE €10; AU — H3MEHEHHE €€ BHYTpEHHEH
sHepruu; A — paboTa CUCTEMbI IPOTUB BHEITHUX CHJI.

[] HepBoe HadaJio TCpMOJUHAMHUKHU AJI1 MAJIOT'O0 U3SMCHCHUA CUCTEMBI
3Q =dU + 8A.



] CBSI3b MEXKIYy MOJISIPHOM C,, ,, U YAEIBHOMN ¢ TEINIOEMKOCTSIMH Ta3a
C,=cM,

m

rae M — molisipHas Macca rasa.

'] MonsipHbI€ TEIIJIOEMKOCTH T'a3a MPH MOCTOSTHHOM 00beMe U TTOCTOSTHHOM JIaBJICHUU
i+2

i
C,==R, C R.
2 )
L] YpaBuenue Maitepa
C,=C, +R.
] I3MeHeHne BHYTPEHHEH SHEPIUH UICAIIBHOIO ra3a
du = %chT .

] Pabora, coBepiraemasi ra3oM Mpu U3MEHEHUH €ro 00beMa,
dA =pdV.

"] ITonHast paboTa pu U3MEHEHUHU 0ObeMa rasa

v
A= [pdV,

4

rae V; u V, — COOTBETCTBCHHO HaYaIbHBIA M KOHEYHBIH 00BEMBI ra3a.

| Pabora rasza:
¢ 11pu 13006apHOM Tpoliecce

m .
A=p(Vy -V,), wmu A4 :ﬁR(Tz -T);
¢ IIpU U3OTCPMHUICCKOM ITPOUIECCC

A= Rrin2  wmu A= Rrm AL
M Vi M P

" YpaBHeHue aguabatuyeckoro nporiceca (ypaBuenue Ilyaccona)
pV' =const, TV''=const, T'p'""=const,
rae y=C,/Cy = (i +2)/i — HoKa3arenb aquabaThL.

] PaboTa B ciry4ae aanabaTuiyeckoro mnpouecca

A :%CV(TI - TZ)’

nim

-1 -1
A RTm| (VY eV (W)
'Y—IM V2 'Y—l V2

rae 7,, T, 1 V;, V, — COOTBETCTBEHHO HauYaJbHbIC M KOHEUHBIE TEMIIEpaTypa u 00beM rasa.

] Tepmuueckuii K03(pGUIMEHT MOJIE3HOTO ASHCTBHUSA ISl KPYTOBOTO Tporiecca (IUKIIa)
A Q-6 9
n=—=——-"=1--=,
Q Q Q
re Q — KOJMYECTBO TEIIOThI, MOJIYYEHHOE CUCTEMOW; Q, — KOJUYECTBO TEIUIOTHI, OTJJAHHOE CUCTEMOM; A

— pa60Ta, coBepliacMad 3a HUKIIL.



] Tepmuueckuit K03 GHUIUEHT MONE3HOTO AeicTBUA ukia KapHo

T, -T
11=l 27

T
rae 7, — TeMmIepaTypa HarpeBaTessi; 7, — TeMIlepaTypa XOJIOAMIbHHUKA.

| I3MeHeHue SHTPONUH NPU paBHOBECHOM II€PEXO/IE U3 COCTOSAHUSA | B cocTOsIHKE 2

2 2
AS; , =85 -5 = dTQ:J.w
1 1

2.3. PEAJIBHBIE I'A3bI, ) KUJIKOCTU U TBEP/IbIE TEJIA
| YpaBHEHHE COCTOSIHUS pealbHbIX T'a30B (ypaBHeHue Ban-nep-Baanbca) as Mosst rasa

(p+I;L2J(Vm ~b)=RT,

m

rue V,,,, — MOJISIpHBIN 00beM; @ u b — noctosiHHbIe Ban-nep-Baanbca, pa3nnynble Ui pa3HbIX T'a30B.

] YpaBuenue BaH-nep-Baanbca 1 mpou3BoIbHOM MacChl ra3a
2 2
vaa |V via
[p+7](7—bJ =RT , HJIN [p+7](l/—vb): RT,
rne v = m/M — KOIW4eCcTBO BEIIeCTBA.

] BHyTpeHHee JaBJICHUC, O6YCHOBHCHHOC cujiaMu BSaHMOﬂeﬁCTBHﬂ NIOHeKyH,
p=a/Vy.

"] CBsI3p KPUTHYECKUX MaPaMETPOB — 00BbEMa, JABICHUS U TeMIIEpaTypbl — C NOCTOSHHBIMU a U b Ban-nep-
Baansca ,
Vi =36, p.=a/70%), T, =8a/(27Rb).

'] BHYTpeHHSIs1 SHEprus peajbHOro rasa
U=v(C,T-a/Vy,),
rae C, — MOJIApHas TEeIJIOEMKOCTh T'a3a MPH MOCTOSTHHOM 00BbeMe.
[] DHTAJIbINS CUCTEMBI
U +pV =U, +p)Vy,
I7Ie MHAEKCHI | M 2 COOTBETCTBYIOT HAYAIIbHOMY U KOHEYHOMY COCTOSTHUSIM CHCTEMBI.

] IToBepXHOCTHOE HATS)KEHUE
c=F/l,AN o =AE/AS,

rae F'— cuina MOBEpXHOCTHOTO HATSDKEHMS, JEHCTBYIOLIas Ha KOHTYDP /, OTpaHMYMBAIOLINA MOBEPXHOCTH
KHUIOKOCTH, AE — IMOBCPXHOCTHAA SHECPIrus, CBA3aHHAas € IJIOMAAbIO AS MMOBCPXHOCTHU IIJICHKH.
Ap=o(l/R +1/Ry),

ric R U R, — paauyChl KPpMBU3HBI JBYX B3aHUMHO HCPIICHAUKYIAPHBIX HOPMaJIbHBIX ceueHuit MOBCPXHOCTHU

KHUJIKOCTH; PaJInyC KPUBU3HBI TIOJIOKHUTENICH, €CITU IIEHTP KPUBU3HBI HAXOIUTCS BHYTPH JKUIKOCTH (BBITYKJIBIN
MEHHUCK), U OTPULIATENIEH, €CJIM LEHTP KPUBU3HBI HAXOIUTCS BHE JKUIAKOCTU (BOTHYTBIM MEHMCK). B ciyuae
chepuyeckoi MOBEPXHOCTH

Ap=2c/R.



] BeicoTa mogbeMa KUJIKOCTU B KaTMJUIIPHOUN TpyOKe

he 26cosO ,
pgr
r7ie 6 — KpaeBOM yroJl; ¥ — paanyc Kanwuisipa; p — IVIOTHOCTh KUAKOCTH; g — YCKOpEeHHE CBOOOTHOTO
MaJICHUSI.
[J 3akon Hrononra u Iltu
C, =3R,

rae C, — MoJsipHast (ATOMHas) TEIIOEMKOCTh XUMHUYECKH MPOCTHIX TBEP/IbIX TEII.

'] YpaBaenune Kuaneitpona-Knaysuyca, mno3Bosioliee ONpEASTUTh HW3MEHEHHE TeMmIeparypsl (a3oBoro
Mepexo/ia B 3aBUCUMOCTH OT U3MEHEHUS JaBIICHUS IPU PAaBHOBECHO MPOTEKAIOIIEM MpoIiecce,

4 __ L
ar 1V, -y)’

rae L — temioTa daszoBoro mepexona; (V, —V;) — U3MEHEHHE 00beMa BEIIECTBA MPH MEPEXOJIE €ro U3 MepBOi
(ha3sl BO BTOpYy10; T — TeMriepaTypa rnepexojia (mporecc n30TePMUUYECKHI ).

I11. JJIEKTPHYECTBO H MAI'HETH3M

3.1. OJIEKTPOCTATUKA

" 3akon Kynona
L @]

F=o—lalll

47g, r? ’
rae F — cuia B3aPIMOI[eI>’ICTBHSI JABYX TOYCHYHBLIX 3apsA10B Ql u Q2 B BAKYyMC; r — PACCTOSAHUC MCIKIY
3apsAaamMu; g, — JJICKTPHUYECKAs MOCTOSHHASA, paBHAS 8,85-1072d /m.
"] Hanps»KEHHOCTh U MOTEHIUAIT DJIEKTPOCTATUYECKOTO MOJIS

E=F/Qy; o=10/Q wm ¢=A4,/Q,
rae F — cuia, AeMCTBYIONAg Ha TOYEYHBIN MOJIOKUTEIbHBINA 3apsl Q,, MOMEIIEHHBINA B JAHHYIO TOYKY IOJIS;
[T — moTteHnmanbHas »Hepruis 3apana Q,; A, — paboTa mepeMenieHus 3apsaa U3 JaHHOW TOUKH MOJIA 33 €ro

IIPEJEIIbL.

] HaprDKeHHOCTB 1 IOTCHOHAJI BJICKTPOCTATHUYCCKOI'O ITOJIA TOYCUHOI'O 3apsjia Ha paCCTOAIHHUU OT 3apsdaaa
1 1
k= L o= e,
dng, 72 dng, r

"] [loTOK BekTOpa HANPSKEHHOCTH Yepe3 IUIOIATKY

d®, = EdS = E,dS

rae dS =dSm — BEKTOp, MOAYJIb KOTOPOI'O paBCH dS, a HaIIpaBJICHUE COBIIAAACT C HOPMAJIBIO N K INIOIIAAKE, E,
— COCTaBJIsIOIIasl BEeKTopa E 1Mo HalIpaBJICHUIO HOpMaIH K INIOLIAAKE.

"] [ToTOK BekTOpa HANPSKEHHOCTH Yepe3 MPOU3BOJIbHYIO IOBEPXHOCTh S



®; = [EdS = [E,dS.
S S

" IlppHIMI cyneprno3uuuu (HaJI0KEHUs) 3JIEKTPOCTaTHUECKUX T0JIEN
n n
E=YE; ¢=>09,
i=1 i=1

rae E,, 9; — COOTBETCTBCHHO HAMPs>KCHHOCTh U MOTCHIUAI ITOJISI, CO34aBaACMOT0 3apsIOM.

"] CBSI3b MEX 1Yy HaIPsHKEHHOCTHIO U MTOTEHIIMAJIOM AJIEKTPOCTATUYECKOTO MO

E = —gradeo wm E:_é’_cpi+6_cpj+a_(pk’
ox 0y 0z

rae i, j, k — €IMHUYHBIC BEKTOPHI KOOPAMHATHBIX OCEM.

| B cimyuae nossi, 00s1ajaroniero HeHTpabHOM WM OCEBOM CUMMETpUEH,
_do

I
] DNIEKTpUYECKUA MOMEHT AUMOJS (AUTOJbHBI MOMEHT)

p=|QfL,
rac I — mIeyo JUIIO0JIsd.

U] JIuneiinasi, MOBEpXHOCTHASI M 00BEMHAsI JIOTHOCTH 3apsJI0B
do . do. dQ

- b G = bl bl
dl as’ P av
T.€. COOTBETCTBCHHO 3apsi/l, IPUXOAIINNACS Ha SAUHUIY JTHHBI, TOBEPXHOCTH U 00beMa.

T

L] Teopema I'aycca 1t 37IEKTPOCTATUYECKOTO OIS B BAKYyMe

®; = §EdS = § E£,dS = é_"zl@ =8ijpdV,
S S i=

0 v

n
IIe & — ODJIEKTPUYECKass MOCTOSHHAA; » Q. — anredpandeckas CyMMma 3apsjoB, 3aKIIOYCHHBIX BHYTPH

i=1

3aMKHYTOM MOBEPXHOCTH S; n — YUCIO 3apsifos; p — 0O0bEMHas IUIOTHOCTD 3aps0B.

] HanpspkeHHOCTD T0JIsI, CO3/1aBaeMOI'0 PAaBHOMEPHO 3apsHKEHHON OECKOHEYHOM TII0OCKOCTHIO
E =o/(2¢)

[] HaHpH)KeHHOCTI) I10JIA, CO3A4BaCMOro AByMAa OCCKOHCUHBIMHU napajjiCJIbHbIMHA PAa3HOMMCHHO 3apsAKCHHBIMU
IIJIOCKOCTAMU

E =o/g,
] Hamps>kKeHHOCTB TIOJIsI, CO3/1aBaeMOT0 PABHOMEPHO 3apsHKEHHOU c(hepruiecKol MOBEPXHOCTHIO PanycoM R ¢
00IIIMM 3aps/IoM Q Ha PacCTOSIHUU r OT IHEHTpa cepbl
E=0 npu r <R (BHYTpH chepbl);

E I 0

= r2 R (BHE cephl.
TEy 1

| HanpsK€HHOCTh TOJIsI, CO3/1aBaeMOro 00bEMHO 3apsKCHHBIM IIAPOM PagrycoM R ¢ OOIIMM 3apsoM Q Ha
paccTOsIHMM r OT IICHTpa [Iapa

E

= 2 % npu ¥ <R (BHyTpI/I IHapa);
TEy 1
Q

E=—1 = mpu r > R (BHE 1Iapa).
4meg r

] HaHpH)KeHHOCTB MoJrs1, CO34aBacMOro paBHOMCPHO 3aps’KCHHBIM OECKOHEYHBIM OUIMHAPOM paanyCcom R Ha
PacCTOsIHUU r OT OCHU HUWJIMHAPA,



E=0 npu r < R (BHYTpH HIJIUHJIPA);

oL T npu r > R (BHE LIWJIMHJPA).
47'580 r

U IupkyJianyst BEKTOpa HAIPsKEHHOCTH JIEKTPOCTATUYECKOrO MOJIS BOJIb 3aMKHYTOIO KOHTYpa
§Ed1 = J.Eidl =0,
L L

rne E, — mpoekuusi Bekropa E Ha HampaBnenue snementapHoro nepemernenus dl. MurterpupoBanue
MIPOU3BOIUTCS 110 THOOOMY 3aMKHYTOMY ITyTH L.

| Pabora, coBepiiaeMasi cujgaMH 3JIEKTPOCTATUYECKOTO MOJIS MPH HEpEeMEUIeHUM 3apsiia Q, U3 TOYkKH | B
TOUKY 2

2 2
Ay = Qoloy —9,), WA Ay = Q[ Edl = Q[ EdL,
1 1

rae E, — npoekuus Bekropa E Ha HanpaBieHue anemeHTapHoro nepemerenus dl.
L] ITonsspu30BaHHOCTH

P= zpz/va

rae V' — o0beM AUAIEKTPUKA; p, — JUMOIBHBIA MOMEHT i-i MOJIEKYJIBI.

[0 CBs3b MCKAY NOJAPHU30BAHHOCTBIO JUIJICKTPHUKA U HAIIPAKCHHOCTBIO DJICKTPOCTATUYCCKOI'O IMOJIA
P =y¢E.

TAC x — AUDJICKTPHUYCCKASA BOCIIPUHUMYUNBOCTL BCIICCTBA.

[J CBs3p HHSHCKTPH‘ICCKOI\;I IMPOHUIACMOCTH ¢ C HHSHCKTPHHCCKOﬁ BOCIIPUUMYHUBOCTBIO y:
e=1+y.
[J CBs3p MCKAY HAIPAKCHHOCTBIO Enonas JAUDJICKTPUKC U HANIPSDKCHHOCTBIO E, BHCHIHETO IOJIA
E=E; - Pley, mm E =E/s.

[0 CBs3b MCIKAY BCKTOPAMU SJICKTPUUCCKOro CMCIICHUA U HAIPSAKCHHOCTBIO 3JICKTPOCTATHYCCKOI'O ITOJIA
D =¢yE.

") CBsa3p Mexay D,E u P
D=¢E+P.

| Teopema I'aycca 15 37€KTPOCTAaTHHEECKOI0 MOJIS B AUDIIEKTPUKE

n
®, =§DdS =§D,dS=>Q;,
S S =1
n
rae > Q — ainredpamyecKas CyMMa 3aKIIOYCHHBIX BHYTPM 3aMKHYTOM IIOBEPXHOCTH S CBOOOJHBIX
=1

3JICKTPUYCCKUX 3apsiioB; D, — COCTaBISIOIIAsA BEKTOpa D II0 HAIPABJICHHIO HOPMAIM K MIIOIIAAKE — BEKTOP,

MOJIyJ b KOTOPOTO paBeH dS, a HampaBleHUE COBMAAAET C HOPMAJIBIO N K Tuiomaake. MHTerpupoBanue BeIeTcs
10 BCE TOBEPXHOCTH.
] HanpsKeHHOCTh 31€KTPOCTATHYECKOTO MOJIs y MOBEPXHOCTH MPOBOAHUKA

E = o /(gpe),
TAC o — HNOBCPXHOCTHAA IIJIOTHOCTH 3apAI0B.

] DIEeKTPOEMKOCTh YEIMHEHHOIO MPOBOIHUKA
C=Q/o,
rae Q — 3apsj, COOOIIEHHBIN TPOBOJHUKY; ¢ — MOTEHIIMA MPOBOIHUKA.

1 EMKOCTB IZIOCKOTO KOHZEHcAaTopa
C=¢yeS/d,

rac S— IUIOIIAIb KaXKIOM ITACTHHEI KOHJCHCATOpa, d— PACCTOAHNEC MCKAY IJIIaCTHUHAMMU.



"1 EMKOCTB IMJIHHIPHYECKOTO KOHIEHCATOPA
2neyel

ln(r 2 /N ) ’
rae [ — juuHa OOKJIAJI0K KOHIEHCATOPA; 7, r, — PaJUYChl MOJIBIX KOAKCHAIBHBIX IHJIHHIPOB.

| EMKOCTB cpeprueckoro KoHaeHcaTopa

nr
C = 4ngpe—12—,
n=nh

Te n U r, — PaJNyChl KOHLIEHTPUUECKUX chep.
] EMKOCTB CUCTEMBI KOHIEHCATOPOB IPH MOCIEI0BATEIBHOM U NIapAJJIEIbHOM COCIUHEHUN

L=Ylmc=}

—=Y_—uc=Yc¢,

c =G i
rac Ci — €MKOCTbD I-TO KOHACHCATOpAa, # — YHUCJIO0 KOHACHCATOPOB.

| DHeprusi yeAMHEHHOT O 3apsHKEHHOT0 IPOBOIHUKA

2 2
woCe _Qo_0Q°
2 2 2C

] SHCPFI/IH BSaHMOHeﬁCTBHH CHUCTEMBI TOYCUYHBIX 3apsA/10B
1
W = 3 Z Qi(pi >
i=1

Ira€ ¢; — INOTCHIIHMAI, cO3/1aBaeMbIil B TOM TOYKE, TIC HAXOOMUTCA 3apsa Q, BCEMM 3apsaaMu, KpoMe I-TO.

] DHeprus 3apsHpKEHHOTO KOHAEHcaTopa
’
W = M _Qhe _ Q.2
2 2 2C°
re Q — 3apsa KOHAEHcaTopa; C — €ro EMKOCTh, Ap — Pa3HOCTb MOTEHIIMATIOB MEXTYy OOKIaIKaMHu.

] CuJta IpUTSDKEHUS MEXKTY IBYMs Pa3HOMMEHHO 3aps/KEHHBIMH OOKJIaIKaMH KOHICHCATOpa
2 2 2
| F| 0 o°S _ gk S'

p 2808 2e0e 2

] SHCPFI/IH QJICKTPOCTATUYCCKOI'O IMOJIA INICCKOT0 KOHJACHCATOPa
goeE? £0eSU?  goeE?
= Sd = = v,
2 2 2
rae S — miomaab OAHON minacTiHbl; U — pa3HOCTh MOTEHIMANOB MEXAY IiacTuHamu; V = Sd — o0bem

KOHJIEHCATOpA.

W/

'] O6bemMHast IITOTHOCTh SHEPTUU

rae D — 3JICKTPUYCCKOE CMCIICHHUC.

3.2. TIOCTOSHHBIN DJIEKTPUYECKHI TOK
] Cuiia ¥ INIOTHOCTB JIEKTPUUECKOT0 TOKA

I:QQ; f:i,
dt S
rage S — miomanab MOIMNCPCYHOTO CCUCHUS MPOBOJHUKA.
] IITOTHOCTH TOKA B MPOBOJAHUKE
j= ne(v),
rae (v) — CKOpOCTb YIOPSAIOYEHHOTO IBUKEHUS 3aPsI0B B IPOBOIHUKE; n — KOHUEHTpALMS 3apsi/I0B.

] DneKTpOoABMKYIIas Cuja, AEMCTBYIOIIAs B IIEMH,



E=A/Q, wm E=§ECTdZ,

rne Q, — CIMHUYHBIN TOJIOKUTENBHBIA 3apsii; A — paboTa CTOPOHHUX cuil; E, — HamnpsHKeHHOCTh OIS
CTOPOHHUX CHIL

] COHpOTI/IBJIeHI/Ie R OIHOPOJHOI'O JIMHEHHOT O IIPOBOJHKKA, MPOBOJAMMOCTL G TIPOBOAHHWKA MU YJCJIbHAasA
OJICKTPpHUYECCKas IMMPOBOAMMOCTL y BEIIECCTBA IIPOBOJHHKA

R=pl/S; G=1/R; y=1/p,
raic p — yzxeanoe BHGKTpI/I‘IeCKOC COl'IpOTI/IBJ'ICHI/Ie; S — mIomaab nonepequro CCUCHUA HpOBO,Z[HI/IKa; [ —
€0 JJIMHA.

] ConpoTuBIIE€HNE TPOBOITHUKOB MPHU MOCJIEI0BATEILHOM U MapaJlICIbHOM COSTUHEHUHN
z I &1
R=>SR u —=>—,
" R AR

IrZIC R, — COIPOTUBJICHUEC I-TO IMPOBOAHUKA; n — YHUCJIO IPOBOAHHUKOB.

] 3aBHCUMOCTH YJIEITBHOTO COMPOTHBIICHUS p OT TEMIIEPATYPhI
p = po(l+at),
I7ie o — TEMIEePaTypHbIH KOAPPHUIIMEHT CONPOTHUBIICHHUS.

[l 3akon Oma:
¢ 1151 OTHOPOJIHOTO Y4YacTKa IeTH
[=U/R;
¢ U1 HEOJHOPOJIHOTO Y4YacTKa IeMH
I= (‘Pl ) +Elz)/R§
¢ 115 3aMKHYTOM LIenn
I=E/R,
rae U — HanpsDKCHHWE Ha y4YacTKe IeMH; R — COMPOTHUBJICHHE IenH (ydacTKa Ienu); (¢, — ¢,) — Pa3HOCTh
MOTEHIIMAJIOB HAa KOHIIAX y4acTKa Lenu; E, — 9.)I.C. ICTOYHUKOB TOKAa, BXOJAILINX B Y4acTOK; £ — 93.1.C. BCEX
HMCTOYHUKOB TOKA ILIETIH.
] 3akon Oma B nuddepeHmanbHoi hopme
i=1E,
rae E — HanpsHKeHHOCTH DJIEKTPOCTATHIECKOTO TOTIS.

] Pabora Toka 3a BpeMs ¢

2
A-qut=12ri =Y 4.
R

[ MomHoCTEL TOKa
U2
P=IU=1*R==—.
R
] 3akon JIxoyins-Jlenma
Q =I*Rt = IUt,
r7ie Q — KOJUYECTBO TETUIOTHI, BBIJCIISIFOIIEECS B YUACTKE ETH 32 BPEMSI {.

1 3akon [xoymns-Jlenna B muddepeHmansaoi popme
w = jE = yE?,
rZie w — yJAelbHas TeIUIOBas MOITHOCTh TOKA.

"1 ITpaBuno Kupxroda
S1,=0; SIR =YE,.
k i k



3.3. OJIEKTPUUYECKHE TOKU B METAJIIAX,
B BAKYVYME U TA3AX

] KoHTaKTHas pa3HOCTh MOTEHIIMATIOB HA TPAHUIIE IBYX METAJLIOB 1 1 2
A4 kT m

P =Py =~
e e 1,

bl

rie 4,, A, — paboThI BBIXOJOB CBOOOIHBIX AJICKTPOHOB W3 METAJLJIOB,; k — mocTtosiHHas boisbiMaHa;
ny, n, — KOHIIEHTPALIUU CBOOOIHBIX JIEKTPOHOB B METaJLIaX.
[l TepmMO3JIEKTpOABMKYIIASL CHIIA

E= S(Tl - Tz)lnﬂ,

1y
rae (7, - T,) — pa3HOCTb TEMIIEPaTyp CIIacB.
[l ®opmyina Puyapacona-Jlemmana
e = CT?e AT,
I1€ j,.. — IUIOTHOCTh TOKA HACHIIICHHUS TEPMOAIICKTPOHHON 3MUCCHH; C — TIOCTOSTHHAS, TCOPETUUCCKH

OJIMHAKOBAsI JUTsl BCEX METAJJIOB; A — paboTa BBIXOJIa AJIEKTPOHA U3 METaJlja.
3.4. MATHUTHOE I10JIE
[] MexaHn4eCcKuid MOMEHT, ACHUCTBYIOLIUN Ha KOHTYP C TOKOM, IOMELIEHHBIN B OJTHOPOJHOE MarHUTHOE I10JIE,
M= p,,B],
rae B — MarHuTHAasi MHAYKIMS; p,, — MarHUTHBI MOMEHT KOHTYpPa C TOKOM:
P =15,
rae S — IUIOLIAb KOHTYpa C TOKOM; n — €IMHUYHBIM BEKTOpP HOPMaJIU K IOBEPXHOCTH KOHTYpA.

] CBsI3b MArHUTHOM HHIYKIIMK B W HAMPSHKEHHOCTH H MarHWTHOT'O TTOJIS
B =pH,

TAC p, — MAarduTHasd MMOCTOAHHAA, u — MAarHuTHas NPOHUIACMOCTb CPCABI.

] 3akon buo-Caapa-Jlamiaca

aB = Mok ][dl, r]
v
rge dB — Mar"uTHas WHAYKOUA II0JI, co3gaBacMasi 3JICMCHTOM [JIMHBI dl IMPOBOAHHUKA C TOKOM I; r —

paaunyc-BeKTOp, IPOBEJACHHBIN OT dl K TOYKE, B KOTOPOU ONpeeiseTcss MAarHUTHAs WHAYKIIHSL.

L] Monayns BexkTopa dB
B - Mo Idlsina

d )
4 r?

Irae o — YrojJ MEXIYy BEeKTopaMu dl U r.

| [lpyHIMN cyneprno3uuuu (HajJ0KeHUs1) MarHUTHBIX MOJIeH
B=>B,,
i

rAae B — MarHuTHas UHAYKLUS PE3yIbTUPYIOIIETO M0JIs1; B, — MarHUTHbIC MHAYKLUU CKJIAbIBAEMBIX I1OJICH.

[l MaruuTtHas HWHAYKIUA 1101, CO3AaBaCMOT0 OECKOHEUHO AJIMHHBIM IIPAMBIM IPOBOAHHUKOM C TOKOM

g Mo 2l
dn R

rae R — paccTostHUE OT OCH IIPOBOJHUKA.

[ MaruuTtHas HHAYKIUA B HCHTPE KPYTrOBOI'0 MPOBOAHUKA C TOKOM

[
B=uou§,

rae R — paauyc KpUBU3HBI IPOBOJHUKA.



] 3akoH Amnepa
dF = /[dI, B,

rae dF — cuna, neiicTByrolmas Ha 3yieMeHT AnuHbl dl mpoBOIHMKA ¢ TOKOM / , TIOMEIIEHHBIH B MATHUTHOE T0JIe
¢ uHaykuuen B.

'l Moaynb cuisl AMiiepa
dF = IBlsina.,

rae a — yroa Mexay Bektopamu dl u B.

71 Cuna B3aMMOJACWCTBUS JABYX TPSMBIX OECKOHEYHBIX MPSIMOJIMHEHHBIX IapajUIeTIbHBIX IMPOBOJHUKOB C
TOKaMH [\ ¥ I,

po bt 20D g
4t R

rae R — paccTosIHUE MEXLY MPOBOHUKAMK; d/ — OTPE30K MPOBOIHUKA.
B bor Qvr]
4n 3

TAC r — paaunycC-BEKTOP, HpOBeI[eHHHﬁ OT 3apsJa K TOUKE Ha6J'IIO)IeHI/I$I.

'] MoayJib MAarHUTHOM MHIYKIUU

B= %% sina,
I/I€ o — YTOJI MEX1y BEKTOPAaMU V U I.
| Cuna JlopeHua
F=Q[vB],

rae F — cuna, nelictByromas Ha 3apsf Q , ABUKYIIHUNUCS B MATHUTHOM I10JIE CO CKOPOCTBIO V.

L] ®opmyina Jlopenua

F - 0E+Q[v, B],
rie F — pesynprupytomas cuia, AEUCTBYiOUlash Ha ABWXKYIIMWCS 3apsii Q, €CIIM Ha HEro JEWUCTBYET
3JIEKTPUYECKOE T0JIE HAMPSKEHHOCTHIO E 1 MaruuTHOE noJie uHayKuuen B.

[ XoJtoBcKas MnorepeyHast pasHOCTb NOTCHIUAIOB

IB
ro=RIE.
=57

rie B — MarHuTHas MHAYKIWS; [ —— CUJIa TOKA; d — TOJIIUHA IUTACTUHKH; R = 1 /(en) — mocTostHHAs XoJuia (7
— KOHIIEHTPAIUS JJIEKTPOHOR).

"] 3aKOH MOJIHOTO TOKA JUIsl MATHUTHOTI'O T10JIs1 B BaKyyMe (TeopeMa 0 LIUPKYJISLHUU BeKTopa B)
n
$Bdl = §B.dl = oY Iy,
L L k=1

T7ie p, — MarHuTHas noctosiHHas; dl — BeKTop s1eMeHTapHO! UTMHBI KOHTYpa, HalpaBiIeHHON BIOMIb 00x0/1a
KOHTYpA; B, = Bcosa— COCTaBJIAIONIAS BEKTOpa B B HampaBiieHMM KacaTelIbHOM KOHTypa L MpPOU3BOJIBHON

(hopMbI (c yderom BBIODAHHOTO HampapieHHsi 00X0za); yroy Mexay Bektopamu B m dli; Y7, —
k=1

asnireOpanyeckasl CcyMMa TOKOB, OXBAaThIBAEMbIX KOHTYPOM.
| MarauTHas HHAYKIMS 110JIs1 BHYTPH COJIEHOUAA (B BaKyyMe), UMEIoLIEro N BUTKOB,
B=pgNI/lL,

rae | — JJIMHA COJICHOUA.

| MarauTHas HHAYKIMS 110JIs1 BHYTPH TOpouaa (B BaKyyMe)



B =upyNI /2nr.

) [ToTOK BeKTOpa MAarHUTHOW MHAYKIMH (MATHUTHBIA MOTOK) Yepes3 miomaaky dS
d®, = BdS = B,dS,

rae dS = dS,, — BekTop, MOyJIb KOTOpPOTO paBeH dS, a HalpaBJIeHHE COBIAAET C HOPMAJIBIO 71 K TJIOMIAKE; B,
— MpoeKIus BekTopa B Ha HanpaBieHHe HOPMaJIH K TUIOIIAJIKE.

" [loTok BEKTOpa MarHUTHOM MHIYKIIMU Y€PE3 IPOU3BOJIbHYIO TOBEPXHOCTD S

®, = [BdS = [ B,dS.
S S

U] TlorokocruerniaeHue (TIOJHBII MarHUTHBINA MTOTOK, CIICTUICHHBIN CO BCEMU BUTKAMHU COJICHOW/IA)

NI
® = MOHTS,

TAC p — MAar"vuTHas NpOHUIIACMOCTh CPCbI.
[J PaboTa 1o NEepeMEeIICHUIO ITPOBOJHUKA C TOKOM B MArHUTHOM II0JIC

dA = Ido,
rae ddo — MarHUTHBIM IIOTOK, HepecequHLIﬁ ABWXKXYIIHUMCS ITPOBOAHUKOM.

[J Pabora mo MEPEMCILICHUTIO 3daMKHYTOT'O KOHTYypa ¢ TOKOM B MArHUTHOM 110J1€

dA = Ido',

rae do' — U3MEHEHHE MarHUTHOTO IIOTOKA, CLIETNIEHHOTO C KOHTYPOM.
3.5. OJIEKTPOMAI'HATHAS MHAYKIIA

] 3akon ®apazes
~ do

ST
rae E, — 3.1.C. UHAYKIUU.

(] D.1.c. MHOYKIWK, BO3HUKAIOIIAs B PaMKe IUIOLIAIbI0 S IIPU BPALEHUM PAaMKU C YIJIOBOM CKOpPOCTBIO B
OJTHOPOJTHOM MarHWTHOM I10JI€ C UHAYKIIMEHN B,

E; = BSosin ot,
I7le ot— MIHOBEHHOE 3HaYCHME yIiia MEXy BEKTOpOM B 1 BEKTOPOM HOpPMAJIH N K IUIOCKOCTH PaMKH.

] MarHuTHbIN OTOK, CO3/IaBa€MbII TOKOM / B KOHTYpPE ¢ UHAYKTUBHOCTBIO L,

®=LI.
(] D.1.c. CaMOUHIYKIIUH
E, = —Lﬂ,
dt
rae L — MHIYKTUBHOCTh KOHTYDA.
'] IHAyKTUBHOCTH COJIeHOUAa (TOPOUIa)
NS
L=pon 7
rae N — 4KCII0 BUTKOB COJICHOMIA; | — €ro JJINHA.

'] TOKY TP Pa3MBIKAHUH U [IPH 3aMBIKAHUH [[ETTH
I=le's I=Ifl-e'/),

r1e t=L/R — BpeMs peNakcaiyi ( L — UHIYKTHBHOCTD; R — CONPOTHUBIICHHE).



] D.1.c. B3aUMHON MHAYKIHH (3.11.C., HHAYLIIUpyeMasi U'3MEHEHHEM CUJIbI TOKa B COCEHEM KOHTYpE)

d/
E = —le a,

rae L, — B3aMMHasg MHOYKTHBHOCTH KOHTYPOB.

") B3aumMHasi WHAYKTHBHOCTh JBYX KaTylleK (C YHCIOM BHUTKOB N, H N,, HAaMOTaHHBIX Ha OOUIMii
TOPOUJATBHBIA CEPIACUHUK,

NN
Ly =Ly = pop 11 25,

TJIe |l — MarHuTHas MPOHUIIAEMOCTh CepJIeYHNKA; [ — JIJTMHA CepACUYHHKA 110 CPEHEH JTUHUM; S — IJIOIA b
CepleYHHKA.

"1 Koo duuumeHt tpanchopmanmm
N _E L

N E L

rae N, E, [ — COOTBETCTBEHHO YHCJIO BUTKOB, 3.71.C. U CHJIa TOKa B 00MOTKax TpaHchopmaTopa.

] DHeprus MarHuTHOTO MOJIs, CO3/1aBAEMOr0 TOKOM B 3aMKHYTOM KOHTYpPE, [0 KOTOPOMY TEYET TOK /,
W =LI?/2.

"1 OO6bemMHast ITIOTHOCTH SHEPTHH OTHOPOTHOTO MArHUTHOTO TIOJISL JUTHHHOTO COJICHOH 1A
wo B _wenH’ BH
2ugn 2 2
3.6. MATHUTHBIE CBOMCTBA BEHIECTBA
[] CBAa3b Op6I/ITaJIBHOFO MAarduTHOIrO p,, U Op6I/ITaJ'ILHOl"O MEXAHUYECCKOI'O Le MOMCHTOB 3JICKTPOHA
e
2m
rIe g =e/(2m) — rHPOMarHUTHOE OTHOILEHHUE OPOUTAIEHBIX MOMEHTOB.

pm:_gLe:_ Lea

[l HaMmaram4eHHOCTE
J=P,/V=Xp,/V,
rac Pm = Z p,.— MaFHHTHBIfI MOMCHT MarHe€Tuka, paBHbH‘/Jl BCKTOpHOfI CYMMG MAardimuTHBIX MOMCHTOB OTACJIbHBIX

MOJIEKYI.
] CBsI3b MEXy HAMarHM4E€HHOCTBIO U HAMPSX)KEHHOCTHIO MATHUTHOTO TIOJISI

J:XHa

TAC y — MarHuTHasi BOCIIPUHUMYHNBOCTL BCUICCTBA.

| CBs13p MeXAy BeKTOpamMu B, H, J
B=py(H+J),

A€ ppo — MAar"HuTHasg IOCTOsSHHAasA.

[] CBAa3b MCKAY MarHuTHOU MMPOHUIACMOCTBIO U MarHuTHOH BOCIIPUUMYHNBOCTBIO BCUICCTBA
p=1+y.

[l 3aKkOH ITOJIHOT'O TOKa JJIs1 MAaroHuTHOT'O I10JIA B BEIICCTBEC (T c€opeMa 0 HUPKYJIALUHU BEKTOPa B)
§Bdl = §Bdl = (I + 1),
L L



rzae dl — BeKTop 3yeMEeHTapHOH IJIMHBI KOHTYpa, HalpaBJICHHBIH B0JIb 00X0/1a KOHTYpa; B; — cOCTaBIIsIOmas
BekTopa B B HampaBineHMM KacaTelnbHOM KOHTypa L mpou3BoiabHOW (opmbl; [ U I° — COOTBETCTBEHHO
anreOpandeckrue CyMMBI MakKpOTOKOB  (TOKOB MPOBOJMMOCTH) W MHKDPOTOKOB (MOJIEKYJISIPHBIX TOKOB),
OXBAaThIBACMBIX 3aJJaHHBIM KOHTYPOM.

[l Teopema 0 HUPKYJISALHUU BEKTOPA HAIPSIKEHHOCTH MAarHUTHOTO T1OJIS

$HdI =1,
L

rae [ — anreOpanueckas cyMMa TOKOB ITPOBOJAMMOCTH, OXBAaThIBAEMBIX KOHTYPOM L.

3.7. OCHOBbBI TEOPUN MAKCBEJUIA
JJIA DQJIEKTPOMATHUTHOI'O ITOJIA

] TITOTHOCTh TOKA CMEIICHUS
i _ob_ oE 0P
Jow =57 =805 T

oE oP
rne D — QJICKTPHUYCCKOC CMCIICHUC; ¢ W — INIOTHOCTH TOKa CMCHICHUS B BAKYYMCE; E — IINIOTHOCTb TOKa

MOJIIPU3ALUH.
[l ITonnas cucrema ypaBHeHU Makcseia:
¢ B HUHTErpanbHOU popMme

fEal = —[Bas; §DdS = [pdV ;
L S ot S v
§Hdl=j[j+@JdS; fBAS = 0.
L S ot S
¢ B auddepeHmaIbLHON hopme
rotE=-2B. divD=p;
ot
rotH:j+Q; divB=0,

ot

rae D = gpeE; B = pouH; j = yE (g0 ¥ no — COOTBETCTBEHHO 3JIEKTpUUYECKasi U MAaTHUTHAs IOCTOSTHHBIE; (¢ M p —
JTURJIEKTPUYECKasi U MarHUTHasi IPOHULIAEMOCTH;, y — yIeNIbHAasl POBOJAMMOCTD BEILIECTBA).

1V. KOJIEBAHHA H BOJIHB!

4.1. MEXAHNUYECKUE "
OJIEKTPOMAT'HUTHBIE KOJIEBAHMA

] YpaBHEHHE TapMOHUYECKUX KOJeOaHHi
s = Acos(wgt + ¢),

IJIe § — CMEIICHHE KOJICOIIOMIEHCS BETMUUHBI OT ITOJIOKCHHS PABHOBECHS; A — aMIuIHTYy 2 KOJICOAHUM; o
0 = 27/T = 2nv — KpyroBas (LUKINYecKas) yactota; v = 1/T — uacrtora; T — mepuoa KoinebaHuii; ¢y —
HayvajbHas (asza.

] CKOpOCTh M YCKOPEHHUE TOYKH, COBEPIIAIOIIEH TApMOHUYECKHE KOJIeOaHus,
d .

d_; = —-Aw, sin (mot + (p) = Aw, cos [wot +o+ %) ;

d’s

de?

= —-Aw, cos (wot + (p) = —0ls.



| Kunernueckasi 3HEprus KOJeOIOLIEHCsl TOUKU Maccou m

22
e - msinz(coot +0).

] IloreHIManbHas SHEPIUs

2 2
= mcosz(coot +¢)

IHonunass DHepru+

_ mA’o]

2

E

" JuddepeHunansHoe ypaBHEHHE TAPMOHHUECKHUX KoJe0aHU MaTeprallbHOM TOYKU Maccou m
mx = —kx, WIA X%+ ojx =0,

rae k& — Kod(pQHUIUEHT ynpyrocTu (k = mﬁm).
"] Ilepuon xonebaHuit Mpy>KUHHOTO MAITHUKA
T = Zn\/m_/k 5

rJie m — Macca NPy>KMHHOTO MasiTHUKA; k& — JKECTKOCTb IPY>KUHEI.
"] Ilepuon xonebanuit pU3NUECKOro MasiTHUKA

T = 20T el = 24172
rae J — MOMEHT MHEpLUUN MasiTHUKA OTHOCUTENILHO OCU KOJleOaHM; [ — paccTosiHMe MeXAy TOYKOH
noJiBeca W LEHTPOM Macc MasTHuka; L =J/(ml) — mnpuBeleHHas AIUMHA (U3NYECKOTO MAasiTHUKA, g —

yCKOpeHue CBOOOHOTO Ta/ICHUS.

U] Tlepuon xoneOaHMit MATEMATHYECKOTO MASITHUKA

T=2n,l/g,

rae / — JarHa MasTHHUKA.

"] ®opmyna TomcoHa, ycTaHaBIMBaIOMIast CBSA3b MEKAY MEepHoAoM 1 COOCTBEHHBIX KOeOaHHM B KOHType 0e3
AKTUBHOTO COIIPOTUBIICHUS U HHIYKTUBHOCTBIO L M eMKOCTBIO KOHTYpa C,

T =2nvLC.
Ul InddepennuanpHoe ypaBHEHHE CBOOOHBIX TAPMOHUYECKUX KOJIeOaHMIA 3apsiia B KOHTYPE U €ro pPeIICHHE:
L1
Q+L—CQ =0; Q=Q, cos(w0t+cp),

rae Q, — aMIUTUTY1a KoueOaHuil 3apsiia; o, =1/vLC — cOOCTBEHHAs 4aCTOTa KOHTYpA.

"l AmMmuiutyna A pe3yJbTHPYIONIETO KOJIeOaHUs, TMOJIYYaloMIerocss MPH CIOXKCHHU JBYX TapMOHHUYECKUX
KoJe6aHuit OJMHAKOBOTO HAIPABJIEHHS U OJIMHAKOBOH YaCTOTHI,
A% = A} + A} + 24,4, cos(e; — ¢, ),



rae A u A, —aMIUIMTY b CKJIAIBIBAEMBIX KOJIEOAHUM; ¢ U 2 — WX HadaJbHbIE (asbl.

"} HauanbHas ¢a3a pe3ynbTUPYIOLIEro KoyeOaHus

_ Ajsing; + A, sing,
A cos, + A, cosp,

tge

] [epuon 6uenuit
T = 2n/Ao.

'] YpaBHEHHE TPaeKTOPHUH JABIKEHUS TOUKH, YUYACTBYIOIICH B JBYX B3aUMHO MEPIEHANKYISIPHBIX KOIeOaHUIX
OJIMHAKOBOM YaCTOTEHI,

2 2

X 2xy y .2
= +=Zcosp+ L5 =sin“¢.
A a T ¢

rae A 1 B — aMIUTUTYIbI CKJIaABIBAEMBIX KOJICOAHHI; ¢ — Pa3HOCTh (a3 000UX KOJIcOaHMIA.
"1 IuddepenunanbHoe ypaBHEHHE CBOOOIHBIX 3aTyXAIOIUX KOJICOAHNH JIMHEHHOIN CUCTEMBI U €r0 pelIeHue:

2
%+ 28$+ s =0; s=Ae cos(ot + ),

Ir7ie § — KoJeOrouasics BeJIMYruHa, ONUChIBaIOIas (GU3MUECKUN IpoLece; O — ko3 unment 3aryxanus (
8 = r/(2m) B ciydae MexaHWYECKUX KoseOanuii u & = R/(2L) B ciiydae 3JICKTPOMarHUTHBIX KOJIEOAHH); vy —

IUKJIMYECKAsT 4acTOTa CBOOOJHBIX HE3aTYXaIONUX KOJCOAHHH TOi JKE KOJIeOATSIbHOU CUCTEMBI; o =, of — &

— YacToTa 3aTyXaloIuX KoJleOaHui; Ae® — aMIUTUTYAa 3aTyXat0IuX KoJaeOaHHH.

L] JIekpeMeHT 3aTyXaHus
Alt) o

- =e
Alt+T) ’

rae Aft) m A(t+7) — aMIUIMTYIBl JABYX IOC/eI0BATeIbHBIX KOJEOaHUH, COOTBETCTBYIOUIMX MOMEHTaM

BPEMEHH, OTJIMYAIOIINMCS Ha ITEPUO/.

"] JIorapupMHUECKHI TEKPEMEHT 3aTyXaHUs

T_

Al g T
@—lnm—BT—T—N,

rae © =1/5 — Bpems penakcariyn; N — 4UCIio KoJieOaHuil, COBEpPIIIAeMbIX 32 BPEMsI YMEHBIIICHUS aMILTUTYIbI B
€ pas.

] JIoOpoTHOCTH KOJIEOATETHLHON CUCTEMBI

T _%

9 e 23
d3s ds 2 .
W+2éa+wos=xocoswt, s = Acos(ot - ¢)

IJIe S — KOJICONIONIAsICS BEJIMYMHA, OIMHCHIBAIONIas Gu3ndeckuil mporece (x, = £ /m B CIydac MEXaHHYCCKHX
KonebaHui, x, = U,, /L B CIly4ae IEKTPOMArHUTHBIX KOJIeOaHMi);



*o K ¢ = arctgzs—w
\/((oé - (02)+ 48%w? wp — o

"] Pe3oHaHCHAsI YacTOTa U PE30HAHCHAS aMILTUTY1a

_ [ 2. _ X0
wpes. =y® — 28 ’ Apea. - 2

25 \Jwp — 8°

A=

"I [lonHoE conpoTuBieHUE Z LIENIH IEPEMEHHOIO TOKA, COAEPIKAIEH MOCIEI0BATENbHO BKIOYEHHBIE PE3UCTOP
CONPOTUBIIEHUEM R, KaTYLIKy MHIyKTUBHOCTHIO L M KOHJEHCATOp eMKOCThI0 C, Ha KOHIbl KOTOPOW MOJAaeTCs
MIEpEMEHHOE HanpsHKeHUe U = U,, cos ot ,

2
z =JR2 +£mL—L] =yR*+(R, - R;) ,
oC
rie R, = oL — peakTHBHOE HWHIYKTUBHOE compoTuBieHue; Rc = 1/(oC) — peakTHBHOE EMKOCTHOE

COIIPOTHUBJICHUC.

"] CaBur ¢a3 Mexay Hanps>KeHUEM M CUIION TOKa

g = ol —]l?/(mC) .

] HeitctByromue (3 PpeKTUBHBIC) 3HAYCHHS TOKA U HAIPSIKECHUS

]:]m/\/i; U:Um/‘/E:

] CpenHsisi MOIIIHOCTb, BhIICNIIEMasl B IIEMH TIEPEMEHHOI'0 TOKa,

(P) = %]mUm cos @,

rac
R

2
\/Rz + [mL - LJ
oC

4.2. YIIPYTUE BOJIHbBI
] CBsi3b [UTMHBI BOJIHBI A, Tieproia 7 KoJeOaHUi U 9aCTOTHI v:

cos =

A=oT; v=2»Av,

I7le U — CKOpPOCTh pacHpocTpaHeHus kojebanuil B cpene (hazoBasi CKOPOCTH).
| YpaBHEHME MJIOCKON BOJIHBI, pACIPOCTPAHSIOLIEICS BAOIb TOJI0KHUTEIBHOIO HAIIPaBJIEHUS OCH X,

&(x, t)= Acos (ot — kx + ¢p),
rae &(x, ) — CMEIICHHE TOYCK CPEeIbl ¢ KOOPAWHATON X B MOMEHT BPEMEHH f; 4 — aMIUIATY/a BOJHBL, & —
[UKJINYECKast (KPyroBasi) 4acToTa; k =2n /A =21 /(oT)= /v — BOJHOBOE YHKCJIO (A — JJIHHA BOJIHBI, v —
GaszoBas ckopocTs; T — nepuoj konebaHuil); oo — HavanbHas (asza koaeOaHU.

"1 CBsI3b MEX1y Pa3HOCTBIO (pa3 Ap U Pa3HOCTHIO X0/1a A

A
Ap =2n—.
i A



] YciaoBus MakCUMyMa 1 MUHUMYMa aMIUTUTYIbI TPU UHTEpPEepEeHInN BOJIH

A
Amax =+2m 55 Amin

= +(2m + 1)%,

rnem=0,1,2, ....
] ®a3oBas v W IPyNIoBas z CKOPOCTH, a TAKIKE CBA3b MEKIY HUMHU

® do do
v=—; U=——; U=U—h—.
dr da

[l YpaBHEHHE CTOSYEN BOJIHBI

&(x, t)=2A4cos % x cos ot = 2A cos kx cos ot

"} KoopanHaThl My4HOCTEHN U y3710B

"] YpoBeHb nHTEHCUBHOCTH 3BYKa (B)
L=1g(1/1),
rae / — WHTeHCUBHOCTH 3BYKa; /) — WHTEHCUBHOCTH 3ByKa Ha MOpore cibimumocth (Ip = 1 HBT/MZ).

] CKOpOCTb pacipOCTpaHEHUs 3BYKOBBIX BaJi B razax

v=JYRT /M,

rae R — MamApHas raszoBas NOCTOsHEAs; M — MmonspHasd Macca; y= C,/Cy — OTHOLIEHHE MOJSPHBIX
TEIUIOEMKOCTEH raza mpu MOCTOSHHBIX JaBlieHuU U 00beMe; T — TepMOJAMHAMUYECKas TeMIepaTypa.
"1 O¢ddexr Homepa B akycTUKe

v (v + vnp.)vo

Z}$UVICT.
TAC v — 4YaCTOTa 3BYKA, BOCIIpUHHUMACMAas ABWXYIIUMCS IMPUCMHUKOM; vo — YaCTOTa 3BYKa, MOCHIIaCMas
HCTOYHHUKOM, Unp. CKOPOCTh ABUKCHUA NPUEMHUKA; v,., — CKOPOCTb ABHWKXCHUA UCTOYHUKA, v — CKOPOCTH

pacripocTpaHeHust 3Byka. BepxHuii 3Hak OepeTcsi, €cid TpH JBIKEHUM HWCTOYHHMKA WJIM TPUEMHUKA
MIPOUCXOJUT UX COMMKEHUE, HIDKHUN 3HaK — B CIy4yae UX B3aMMHOI'O yJIaJeHHUS.

4.3. DJIEKTPOMATHUTHBIE BOJIHbI
] da3oBast CKOPOCTh PACHPOCTPAHEHHUS dJIEKTPOMArHUTHBIX BOJIH B CpeJie

o= 1 1 ¢
- - b
\/SOHO veER  qen
e ¢ =1/,gu, — CKOPOCTh PacCHpOCTPaHEHUSI CBETA B BaKyyMe; gy M no — COOTBETCTBEHHO DJICKTpUUYECKAs U

MarduTHas MMOCTOAHHBIC, € U u —COOTBCTCTBCHHO JJICKTPHUYCCKASA U MarHUTHAA NPOHHUIAEMOCTU CPEABI.

] CBsI3b MEXy MTHOBEHHBIMU 3HAQUYECHHMSIMU HaANpPsKEHHOCTEH anekTpuyeckoro (E) u marautHoro (H) monei
3JIEKTPOMATHUTHOMN BOJIHBI



ggeE = \onH ,

rae £ u H — COOTBETCTBEHHO MTHOBEHHbBIC 3HAUCHUSI HANIPSKEHHOCTEH AJIEKTPUUYECKOTO U MArHUTHOTO TTOJIEH
BOJIHBI.

] YpaBHEHMS TUIOCKOW 3JIEKTPOMArHUTHON BOJIHBI
E = E,cos(of — kx + ¢); H =H, cos (ot — kx + ¢),

rae Eo u Hy — cOOTBETCTBEHHO aMIUIUTYAbl HAIIPSYKEHHOCTEH AIEKTPUUECKOTO U MAarHUTHOI'O MOJIEH BOJIHBIL;, o
— KpyroBas 4acToTa; k = /v — BOJIHOBOE YHUCIIO; ¢ — HadallbHbIe (a3bl KONeOaHH B TOUKAX C KOOPIAWHATOU
x=0.

0 O6beMHast INIOTHOCTE SHEPTIHUU SJICKTPOMATrHUTHOI'O I10JIA

2 2
w = 808E n }lo]J.H )
2 2

S = [EH].

V. OIITUKA. KBAHTOBAA IIPUPO/IA U3/IYYEHUA

5.1. DJIEMEHTBI TEOMETPUYECKOM 1
DJIEKTPOHHOU OIITUKN

[J 3akoHBI OTpaXXCHUA U IIPCIIOMJICHUS CBCTA
i =1g; sini /sing =y,

A€ i — YroJ MaJCHHS; i — YroJd OTPAXKEHUS; i, ~— YTrOJ MNPEIOMJEHUS; n, =n,/n — OTHOCUTEIbHBIN
MOKa3areiab MPETOMIICHHS BTOPOW Cpeabl OTHOCHTCIBHO TEpPBOH; n, W n, — aOCONIOTHBIE MOKa3aTelu
MIPEJIOMJIEHHUSI TIEPBOM U BTOPOM CPEBI.

"] [IpenenpHBIN yroia MOJIHOrO OTPAKEHUS IipH paclpOCTPAHEHUH CBETA U3 CPEJIbl ONITUYECKH OoJiee MIIOTHOM B
Cpey ONTUYECKU MEHEE IUIOTHYIO

siniy, =ny /1y =1y .

1 IIpenomienune Ha cheprudecKoi TOBEPXHOCTH (1151 TapaKCUATTBHBIX JTy4eil)
h _m_Mm-—m

b a R
rae R — paauyc cheprudeckoi MOBEpXHOCTH; ny U n, — IOKA3aTeNIN MPEJIOMIICHHs Cpel] O pa3Hble CTOPOHBI
chepruyeckoi MOBEPXHOCTH; a — PACCTOSIHME OT TOYKH, JIeXKAIlell Ha ONTHYEeCKOM ocH chepuyueckon
MIOBEPXHOCTHU, /10 NPEJIOMJISIONIEH MOBEPXHOCTU; b — pPACCTOSAHUE OT IOBEPXHOCTH 10 M300paxeHus. B
dbopmyne R > 0 — 11 BRIMYKIION MOBEPXHOCTH, R < 0 — 7151 BOTHYTOIA.

| dopmya cepryecKoro 3epKana

2 1 1
_:_+_,
R a

1
I

r1e a U b — COOTBETCTBEHHO PACCTOSHUSI OT MOJFOCA 3epKaja 70 mpeaMera U u3obpakenus; [ — QokycHoe
paccTosiHue 3epKaiia; R — pajnyc KpUBU3HBI 3€pKaia.

[1 OnTryeckast crjia TOHKOU JIMH3EI



q):l:(N_l)(l +L]:l+l’
i Ri R) a b

rae f — (oKycHOe pacCTOSIHME JIMH3BI: N =n/n, — OTHOCHUTENbHBIN MOKa3aTelb HpejaoMieHus (n u n, —
COOTBETCTBEHHO a0COJIFOTHBIE MTOKA3aTEeNH MPETOMIICHUS JIMH3bI U OKPY’KaloLlel cpeaibl); R, U R, — paglyChl

KPUBHU3HBI MOBepxHOCTEN (R > 0 175 BBIMYKJIOM oBepXHOCTH; R < 0 11 BOTHYTOH); @ U b — COOTBETCTBEHHO
PacCcTOSIHUS OT ONTHYECKOI0 LIEHTPA JIMH3BI A0 IPEeaAMETa U U300paKeHusl.

"l Cuita u3iny4yeHus

[p=®, /o,
rie ®, — MOTOK M3JIyuyeHHMs HCTOYHMKA; o — TEJECHBI yros, B Mpeaesiax KOTOPOro 3TO H3JIydeHue
pacnpocTpaHsaeTcs..

(] TTomHBINM CBETOBOM IOTOK, UCITyCKAa€MbIH N30TPOIHBIM TOYEYHBIM UCTOUYHUKOM,
D, =4nl,

rae / — cuia cBeTa UCTOYHHUKA.

] CBETUMOCTh MOBEPXHOCTH
R = /S,

/i€ ® — CBETOBOM MOTOK, UCITyCKAaEMbIl TOBEPXHOCTHIO; S — IUIOMIAAb TOH MOBEPXHOCTH.
"] SpkocTe B, cBeTALIElCS IOBEPXHOCTH B HEKOTOPOM HAIIPaBJICHUHN ¢

B, =1/(Scosg),

?

rae [ — cuna cBera; S — IUIOMIAlb MOBEPXHOCTHU; @ — YTOJI MEXKIY HOPMAJBIO K 3JIEMEHTY MOBEPXHOCTU U
HarpaBJIeHHEM HaOIIOICHUS.

"1 OcBeleHHOCTh £ MOBEPXHOCTH
E=d/S,
r7ie ® — CBETOBOM MOTOK, NaalONIMK Ha MOBEPXHOCTD; S — IUIOIIAAb ITON MOBEPXHOCTH.

[ CBsI3b CBETUMOCTH R 1 SAPKOCTHU B IIpU yCJIOBUH, UYTO APKOCTb HC 3aBUCHUT OT HAIIPABJICHUA,
R=1B.

5.2. UHTEP®EPEHIIA CBETA
I CkopocCTb CBETa B Cpelie
v=c/n,

IJle ¢ — CKOpPOCTh CBETA B BaKyyMe; # — aOCOIIOTHBIN NTOKAa3aTeNb MPEIOMIICHHUS CPEIbI.

] PazHOCTB (ha3 ABYX KOI'€PEHTHBIX BOJH

2n
§=""(,-L)=2ZA
7\‘0 (LZ 1) 7\’0 s
rac L = sn — omnrnueckas AJINHA IMYyTH (S — I'COMCTpUYICCKAA MJIMHA IMYTH CBCTOBOM BOJIHBI B CPCAC; n —
NOKas3aTciib MPCJIOMIICHUA 3TOH cpemﬂ); A =L, - L, — OINTHUYECKas Pa3HOCTL XOJa ABYX CBCTOBBLIX BOJIH, Ay —

JAJINHA BOJIHBI B BAKYyyMC.



] Ycnoue naTephepeHIITMOHHBIX MAKCUMYMOB
A=xtmhy, m=0,1,2, ...

1 YcnoBue nHTEpHEPCHIIMOHHBIX MHHHMYMOB
A= i(2m+1)%0, m=0,1,2, ...

| llupuna nHTEpHEPEHIINOHHON MOJIOCHI

[
Ax =—X\
a""

r1ie d — paccTosHHE MEXIY ABYMS KOT€PEHTHBIMH NCTOYHUKAMH, HAXOAAIIMMUCS HA PACCTOSHUM / OT HKpaHa,
napayiebHOro 000UM UCTOYHUKAM, IIPU YCIOBUU [ >> d.

] YcioBus MakCUMYMOB M MHUHMMYMOB IpPH MHTEP(QEPEHLIMHU CBETA, OTPAXXEHHOI'O OT BEpPXHEH U HUKHEH
TTOBEPXHOCTEH TOHKOH TIOCKOIApasuIeIbHON TUICHKH, HaXosmencs B Bo3ayxe (np = 1),

2dncosrt7”7°:2d nz—sinzii%]:mxo, m=0,1,2,..;

2dncosrix7°=2d nz—sinzii%)z(Zerl)%), m=0,1,2, ..,

rjae d — TOJIIMHA IUIEHKU; 1 — €€ MO0Ka3aTellb MPEJIOMIICHHUS; | — YTroJi MaAeHus; ¥ — YroJj npejiomieHus. B
olmieM ciydae 4jieH +\,/2 oOyCIIOBJEH MOoTepell MOJYBOJIHBI IPU OTPAKEHUU CBETa OT TPaHMIIbI pasjena:

€CJIU 1 > Ny, TO HEOOXO0AUMO YNIOTPEOIISTh 3HAK IUIIOC, €CIIH 1 < g —- 3HAK MUHYC.

] PaI[I/IyCBI cBeTIbIX Kosel HeloToHa B OTPAXCHHOM CBCTC (I/IJ'II/I TEMHBIX B ITPOXOAAIICM CBCTC)

ry=fm=1/20R, m=1,2,3, ...,

I m — HOMEp KOJbla; R — paanyC KpUBU3HBI JIMH3LL

ry =AmhR, m=1,2, ...

'] B cnydae "mpocBeTaeHuss ONTUKH" UHTEPOCPUPYIONINE JIyYH B OTPAKEHHOM CBETE TacsT APYT Apyra Mpu
yCIIOBUU

n=qh,

Ie n, — IOKa3aTeJNb MIPEIIOMIICHUS CTEKIIA; n — MO0Ka3aTelb IPEIOMIICHUS TUICHKH.
5.3. IUOPAKIIUA CBETA

] Paguyc BHEIIHEH rpaHUIlbl m-i 30HBI DpeHens 11t chepruaecKoi BOTHBI

ab
:/ A,
I a+bm

riae m — HoMep 30HbI DpeHens; A — JUTMHA BOJHBL, @ U b — COOTBETCTBEHHO PACCTOSHUS AWadparMbl C
prrﬂLIM OTBepCTI/IeM OT TOYCYHOI'O HCTOYHHKA U OT 3I<paHa, Ha KOTOpOM )II/I(l)paKHI/IOHHaSI KapTI/IHa
HaOJII0aeTcs.

1 YcnoBust TUdpakIMOHHBIX MAaKCHMYMOB M MHHMMYMOB OT OJHOM IIENH, Ha KOTOPYIO CBET Iajact
HOPMAJIBHO:

asing = +2m + 1)%, asing = iZm%, m=1,23...
rac a — IHI/IpI/IHa e, ¢ — yFOJ'I I{I/I(l)paKHI/II/I, m — HOpﬂI[OK CHeKTpa; A — JJIMHA BOJIHBI.
] YCHOBI/Iﬂ TJIABHBIX MaKCI/IMyMOB U OOITOJTHUTCIIBbHBIX MI/IHI/IMyMOB HH(l)paKHHOHHOfI peHIeTKI/I, Ha KOTOpyIO
CBCT NMaaacT HOPMAJIbHO!:

dsin<p:i2m%, m=0,1,2, ..



dsing = i2m’%, m=0,1,2,3, ... xpome 0, N, 2N, ...,

rae d — nepuo TuppakinOHHON PemeTKH; N — YHCIIO MTPUXOB PEIICTKH.
] [Tepuon nudpakInOHHON PEIIETKH
d=1/Ny,
rae No — 4ucIo Lenen, NPUXOoAAIIMXCs Ha €IUHUILY JUIMHBI PELIECTKU.
" YcnoBue qudpakIMOHHBIX MAKCUMYMOB OT MPOCTPaHCTBEHHOM pemieTku (hopmyna Bynsga-bparros)
2dsin3=mix, m=1,2,3, ..,
rie d — pacCcTOsIHUE MEXIY aTOMHBIMH TUIOCKOCTSMH KPUCTAIIA; & — YTrOJl CKOJIBKCHHUSI.

'] YraoBas gucnepcusi TUPPaKIIMOHHON pelIeTKH
%9 0m
T SL dcoso
'] HauMeHbliiee YIJIOBOE PAacCTOSIHHME MEXKIY JBYMSI CBETJIBIMH TOYKAMH, MPH KOTOPOM H300paKEHHs ITUX
TOUYEK MOTYT OBITh pa3pelieHbl B POKAIbHOM MI0CKOCTH 0O0BEKTUBA,
0=>1220/D.
rae D — nuametp 0ObEeKTUBA; L — JJIMHA BOJHBI CBETA.
] Pa3pemaromiasi crtocoOHOCTh TUGPAKITUOHHOHN PEIIeTKH

:Lsz,
S\

rae A, (A + 81) — JUIMHBI BOJH JIBYX COCEIHUX CHEKTPAJIbHBIX JUHHUM, pa3periaeMbiX peleTKol; m — MOpsIoK
crniektpa; N — oO1iee 4ucio ITPUXOB PEIIETKH.
5.4. BBAUMOJIEMICTBUE DJIEKTPOMATHUTHBIX BOJIH
C BEIHIECTBOM

'] CBs13b yri1a ¢ OTKJIOHEHUS JTy4eil TPU3MOU U MPEIOMIISIIOLIETO YTiia A TPU3MBbI
¢p=An-1),
r7ie n — M0Ka3aTesb NPeIOMIICHHS PU3MBI.

| CBs13b MEX Ay ITOKA3aTeNIEeM MIPEIOMIIEHNS U AUDJIEKTPHIECKON IPOHUIIAEMOCTBIO BELIECTBA

n=+s.

"] YpaBHEHHE BBIHYXKJIEHHBIX KoJeOaHMI ONTHYECKOTO JJIEKTPOHA TIOJA JCHCTBUEM 3JIEKTPUYECKOM

COCTaBJISIOLIEH MO BOJHBI (IpocTeHias 3aJa4a JUCIIEPCUN)
.. ek,
¥+ oix =—2cosnt,
m
rae eky — aMIUIMTYJHOE€ 3HAYEHME CHIIBI, NEHCTBYIOIIEH HA DJIEKTPOH CO CTOPOHBI IOJIA BOJHBL, o) —
COOCTBEHHAs 4acTOTa KojeOaH!l 3JIEKTPOHA; » — YaCcTOTa BHELIHETro IMOJIs; 71 — Macca 3JIeKTPOoHa.

| 3aBHCUMOCTB TIOKA3aTesl IPETOMIICHHS BELIECTBA # OT YaCTOTHI » BHEIIHETO I10JIs1, COITIACHO 3JIEMEHTAPHOM
JIEKTPOHHON TEOPUU AUCTIEPCHUH,

ny; 62/m
4T3 o
€ (D%i—(}\)z

n? =1+

TZie &) — DJCKTPUYECKasi MMOCTOSHHAS, 1o, — KOHIEHTPAIHS JICKTPOHOB C COOCTBEHHOW YaCTOTOH wy;; M —
Macca JIeKTPOHA; e — 3apsi]l JICKTPOHA.
] 3akoH ocmabieHus cBeTa B BemecTBe (3akoH byrepa)

] = [Oeiax P}

rac I() U [ — WHTEHCHMBHOCTH IIJIOCKOMU MOHOXpOM&TH‘lGCKOﬁ CBETOBOM BOJIHBI COOTBETCTBEHHO Ha BXOAC u
BBIXOJ€ CJIOA IOTIOIIAar0ImICro BEMCCTBa TOJIIJ_II/IHOI\/‘I X, o — KOZ—)(i)(I)I/II_[I/IeHT HOTJIOIICHNA.



71 D¢ddexr Horutepa mist 31€KTPOMarHUTHBIX BOJTH B BaKyyMe

J1-2%/c?

Yo 1+(v/c)cos9’

Vv =

ra€ vop U v — COOTBETCTBCHHO 4YaCTOTBI JJICKTPOMArHUTHOI'O0 H3JIY4YCHHA, HCIIYCKACMOI'oO HCTOYHUKOM H
BOCIIpUHUMACMOI'0 IMPUEMHUKOM, v — CKOPOCTH HMCTOYHHKA BJICKTPOMArHUTHOI'O HU3JIYUYCHHSA OTHOCHUTCIBHO
IIpUEMHHKA, ¢ — CKOPOCTH CBE€TA B BAKYYME€; § —YyTI'OJ MEXKOY BEKTOPOM CKOPOCTH V M HaIIpaBJICHUEM

HaOJIOACHNS, M3MEPSEMBIN B CHCTEME OTCYETa, CBSI3aHHOM ¢ HaOIro1aTeem.
"1 IMomrepeunsiii 3ddexr Jormiepa 1is SIEKTPOMArHUTHBIX BOJH B BaKyyMe (9 = n/2)

v=vyyl-0v/c%.

'l Db dext BaBunosa-Uepenkora

cos 9 = c /(nv),

I1€ 9 — yroj MeXIy HallpaBJICHHEM pPaclpOCTPaHEHHs] M3Iy4YEHHs] U BEKTOPOM CKOPOCTH YaCTHUIBL, 11 —
MOKa3aTeNb NPETOMIICHUS CPEJIbI.

5.5. IIOJIAAPU3ALIMA CBETA

| CtreneHp NMOJIIpU3aLuU CBETA
Toax — 1

5
]max +]min

max min

rne  Imax,, U Imin — COOTBETCTBEHHO MakCHUMalbHasg Y MHHUMaJbHAsd WHTEHCHUBHOCTH YacCTUYHO
MOJIIPU30BAHHOTO CBETA, MPOIYCKAEMOT0 aHAIU3aTOPOM.

[0 3akoH Mairoca

[ =1jcos’a,
rae / — WHTEHCHUBHOCTh IUIOCKOIOJSPU3OBAHHOTO CBETa, IMPOIIEANIEro dYepe3 aHamusarop; Iy —
MHTEHCUBHOCTD IIJIOCKOIIOJIIPU30BAaHHOrO CBEeTa, Ma/alollero Ha aHajgu3aTop; o — YTOJl MEXAY IJIaBHBIMU
IJIOCKOCTSIMU TOJISIpU3aTOPa U aHAIHU3aTOPA.
] 3akon bproctepa

tgig =11y,

rac iB — YIroJ nmaaCHus, 1nmpu KOTOPOM OTpa)I(eHHBIﬁ OT OUBJICKTPUKA JIYY SABJIACTCA INNIOCKOIMMOJIAPHU30BAHHBIM,
ny1 — OTHOCHTEIBHEINA IOKa3aTeNlb IMpECIOMIICHUS.

] OnTHyeckasi pa3HOCTh X0J1a MEKAY OOBIKHOBEHHBIM U HEOOBIKHOBEHHBIM JTy4aMH Ha 1y TH / B stueiike Keppa

A=1(n, —n,)=kIE*,

rac ny, ne — INOKaA3aTCIN IMPCIOMIICHHUSA COOTBETCTBCHHO OOBIKHOBEHHOI'O M HEOOBLIKHOBEHHOIO nyqeﬁ B
HaIlpaBJICHHUU, HNCPHCHIAUKYJIISIPHOM ONTHYECKOM OoCH; E — HAIPpsPKCHHOCTL  DJICKTPUYCCKOI'O  T10JIA; kR —
IIOCTOsAAHHAasA.

[J OnTuueckast Pa3HOCTh XO04Aa JJI IMIJIACTUHKN B YETBEPTH BOJIHBI
A=(ny—n)d=+(m+1/4)ny, m=0,1,2,...,

I'Jie 3HaK IUTIOC COOTBETCTBYET OTPHUIIATEIbHBIM KPUCTAJIaM, MUHYC — MOJIOXKHUTEIBHBIM; )9 — JUIMHA BOJIHBI B
BaKyyMe.



1 YT0J1 HOBOPOTA IIOCKOCTH TIOJISIPU3ALIAH:
¢ JJI1 OIITUYCCKU aKTUBHBIX KpI/ICTaJIJIOB N YUCTBIX )KHﬂKOCTeﬁ
¢ = ad,
¢ IJISI OIITUYCCKU aKTUBHBIX paCTBOpOB
o =[a]Cd,

rjae d — JUIMHA MyTH, IPOWIEHHOTO CBETOM B ONTUYECKU aKTUBHOM BEILECTBE; ag[a] — yAenbHOe BpauieHue; C
— MaccoBasi KOHIICHTPAIMS ONTHYECKH aKTHBHOTO BEIIECTBA B PACTBOPE.

5.6. KBAHTOBAA ITPUPOAA U3JIYUEHUA
] 3akon Credana-bonapimana
R.=oT",
rae R, — DHepreTHuYeckas CBETHUMOCTh (M3IIy4aTelbHOCTh) 4YEpHOro Tena; o — mnocTtosiHHas Credana-
bonbimana; T — TepMOAMHAMUYECKAS TEMIIEPATYPA.

] CBs3b DHEPreTHYECKON CBETUMOCTH R, M CIEKTPAJIBHOM IJIOTHOCTH DHEPICTHYCCKON CBETUMOCTH 7, 1 (r”)
YEPHOTO TeJa

R, = [r,sdv = [r, rdr.
0 0
] 9HepreTI/IquKaﬂ CBCTUMOCTD CEPOro Tejia
c _ 4
Ry = A, oT",
rae Ar — IoraomaTeIbHas CocOOHOCTh CEPOro TEMA.

[] 3akoH cMmelenust Buna
A‘maXn” = b/T’

TJAC Amaxssss — JAJHHA BOJHBI, COOTBCTCTBYIOIIAA MAKCHMAJIbHOMY 3HAYCHHUIO CHCKTpﬂJ'IBHOfI IIJIOTHOCTHU
9HepFeTquCKOI>’I CBCTUMOCTH YCPHOIO TCJIa, b — nocrosauasg Buna.

] 3aBHCUMOCTh MaKCHUMAaJIbHOW CHEKTPATbHOM TUIOTHOCTH SHEPreTUYECKOW CBETUMOCTH YEPHOrO Tejia OT
TEMIIepaTypbl

(r.r) = CT",
rae C = 1,30 .10° Br/(m’ K°).

L] ®opmyia Panes-JIkuHca 151 CIIEKTPaIbHOM INIOTHOCTH SHEPreTUYECKOM CBETUMOCTH YEPHOT'O TENa

for = 2”;/2 kT,
4
rae k — nocrosiHHas 1lnanka.
| DHeprust KBaHTa
gy =hv=hc/\.
L] ®opmyia [TImanka
2y’ hv

hr =T T
v, cZ ehv/kT -1



2nc?h hv
B /T

nr=

| Cea3b paguanonHou T, u uctunHou T TeMneparyp

Ty :MT’

rae A, — TmoryionareabHas CltocOOHOCTh CEPOro Tena.

] YpaBHeHue DiHIITeHA 111 BHEITHETO hoTodhdekTa

e=hv=A+T,,,
rje &= hv — dHeprus (pOTOHA, MaJAIOIIETO Ha MOBEPXHOCTH METAJLIA; A — pabora BBIXOJa DIEKTPOHA
U3 METAIUTA; T, = M2, /2 ,, — MaKCUMaJIbHasi KHHETHUYCCKast SHEPTHUst (POTOIIEKTPOHA.

"] "Kpacnas rpanuna” ¢otosddexra st JaHHOTO MeTaa
vo=A/h; Ay =hc/A,

TZe Lo — MaKCHMajbHas JJIMHA BOJHBI M3Iy4eHHS (vo — COOTBETCTBEHHO MHHHMAJbHAs 4YacTOTa), MpHU
KoTopoit poTodrpdexT erre BO3MOKEH.

"] Macca u uMItysibe (poToHa

rae hv — sHeprus (oToHA.

E
p=—t(l+p)=wliso)

rne E, = Nhv — o01y4eHHOCTh TOBEPXHOCTHU (3HEPTus BeeX (POTOHOB, MAJAIOIIMX HA €MHUILY TIOBEPXHOCTH B
€IMHUILY BPEMEHH); p — KOO(PPHUIUEHT OTPAXKEHUs; w —- 0OBEMHAs TUIOTHOCTH YHEPTUU U3ITyICHUSI.

[ M3MeHeHue JJIMHBI BOJTHBI PEHTI'CHOBCKOI'O N3Jiy4CHU IIPU KOMIITOHOBCKOM paCCCAHUN

AL =L =) =L(l ~cos9)=2—hsin2§= ¢ sinzi,
myc myc 2 2

r7e L ¥ ) — JUIMHBI BOJIH AJIAIOLIETO U PACCESTHHOTO U3JIy4EHUS; My — Macca dJeKTPOHa; § — Yroi
paccesiHust; A = h /(myc) — KOMITOHOBCKASI UTHHA BOJTHBI.

VI. 2JIEMEHTbI KBAHTOBOY @WH3HKH ATOMOB, MOJIEKYJI H TBEP/JbIX TEJI

0.1. TEOPUA ATOMOB BOZAOPO/IA 10 BOPY
1 O6o61enHas popmyna banemepa, onuceIBaromias cepuu B CIIEKTPe BOAOPOA,

1 1
v=R|—-—|,
(mz nz]

I€ v — 4YacToTa CIEKTPAJIbHBIX JIMHHK B CHEKTpe aTroma Bojaopona; R — mocrtosiHHas Punbepra; m
ompexenseT ceputo (m = 1, 2, 3, ...); n onpeAensieT OTAeNbHbBIC JIUHUN COOTBETCTBYIONIEH cepuut (n =m +1, m +
2, ...): m =1 (cepus Jlaitmana), m = 2 (cepust banbmepa), m = 3 (cepus [lamena), m = 4 (cepus bpakera), m =5
(cepus [1pynma), m = 6 (cepus Xombpn).

"] ITepssrii moctynat bopa (moctynar cTalfmOHapHBIX COCTOSHUMN)

myur, =nh, n=1,2,3, ..,

TJIe MM, — Macca dJIEKTPOHA; v — CKOPOCTh JIEKTPOHA TI0 71-if OPOUTE PATHYCOM 7.

"I Bropoit moctynar bopa (mpaBuiio yactor)



hv=E,-E,,
rne E, u E, — COOTBETCTBEHHO 3HEPIMM CTALMOHAPHBIX COCTOSIHMM aToMa [0 U MOCIE H3Iy4YeHUs
(moruomeHus).

"] DHeprus 37€KTpOHA Ha n-i CTallMOHAPHON opOuTe
1z ’m,e*
! n* 8h’}

roe Z — HOpr)IKOBBII‘/JI HOMCDP 3JICMCHTA B CUCTEME MeHﬂeHeeBa; g0 — JJICKTPUYCCKAd IIOCTOSAHHAs.

, n=1,2,3, ..,

6.2. DJIEMEHTBI KBAHTOBOI MEXAHUKU
] CBs13b 1eOpOIIIEBCKON BOTHBI YACTHIIBI C UMITYJILCOM P

XZh/th/(m'Z)),
rac m — Macca 9aCTuubl; v — €€ CKOPOCTh.

"] da3oBas CKOPOCTh CBOOOTHO ABIXKYIIECHCS CO CKOPOCTHIO V YaCTUIBI Maccoil m
2
Vs, =o/k=E/p=c"/v,

riae E = ho — dHeprus 4acTullbl (o — KPyroBasi 4acToTa); p = ik — UMITyJIbC (kK = 2n / . — BOJIHOBOE YHUCIIO).
| I'pynnoBast ckopocTb CBOOOIHO ABUKYLIEHCS YaCTHIIbI

u do dE
dt  dp”
'] COOTHOIIEHUSI HEOTPEIETICHHOCTEH:
¢ Ui KOOPJAMHATHI U UMITYJIbCA YACTUILIBI
AxAp, > h,
AyAp, =2 h,
AzAp. =z h,
TI€ Ax, Ay, Az — HEONPEICIEHHOCTH KOOPIMHAT; Ap,, Ap,, Ap, — HEONPENEIEHHOCTH COOTBETCTBYIOIIMX

MPOEKIUH UMITYJIbCA YaCTULIBI HA OCU KOOPJAUHAT;
¢ I DHEPTUU U BPEMEHU
AEAt > K,
rae AE — HEONpEeEeNeHHOCTh SHEPI MY IAHHOTO KBAHTOBOT'O COCTOSIHUS, At — BpeMsl peObIBaHUs
CUCTEMBI B ITAHHOM COCTOSIHUU.

] BeposITHOCTh HaX0Xk/I€H s 9acTULBI B 00beMe dV
dw =wwdV =| ¥ |*dV,

rae ¥ = ¥(x, y, 2z, t) — BOJHOBas (pyHKIHS, ONMUCHIBAIOIIAS COCTOSTHHE YaCTUIIBI, ¥* — (yHKIHUS, KOMIUIEKCHO
COTPSDKEHHA C ¥; |¥|* = Ww* — KBapaT MOJyJIsl BOJTHOBOH (DYHKIIAH;
¢ JUIs CTAIlMOHAPHBIX COCTOSIHUH
dW = yydV =|y [*dV,
rae v = y(x, y, 2) — KOOpAMWHATHAsS (AMILIUTYHASI) YaCTh BOJHOBOW (DYHKIIUH.

L] YcioBre HOPMUPOBKYU BEPOSTHOCTEU
[lwPav=1,

TAC UHTCTPHUPOBAHUC IIPOU3BOAUTCA 11O BCCMY 6€CKOH€‘~IHOMy MMpOCTPAHCTBY, T.C. [10 KOOpAUHATAM x, y, 2 OT —
o 10 to.



"] BeposiTHOCTh OOHApYKEHHUSI YaCTHUIIBI B HHTEPBAJE OT X JI0 X2

X2
W = [ y(x)[* dx.
X

"] Cpennee 3HaueHHe (DU3UYECKON BEIMYMHBI L, XapaKTepHU3YIOIIEH 4YacTUIly, HAXOMAALIYIOCS B COCTOSIHUH,
OINHCHIBAEMOM BOJHOBOM (PyHKIUEH P,

+00
(Ly=[LI¥[av.
roe ¥ =¥(x,y,2,t) — BOMHOBas (YHKIHMS, OMUCHIBAIONIAsS COCTOSIHUE YacTHIL, 7 = h/(2r); m — Macca
Foah SR R
Tt o7t o3
0x oy 0z
MMOTECHIIUATIbHAS SHEPTHS YaCTUIIBI B CHIIOBOM TI0JI€, B KOTOPOM OHA JIBUKETCS.

JacTuIlpl; A — omeparop Jlamiaca [A\P = ; i=+-1 — MHUMas emuHuIa; U=U(x, y, 2, t) —

] Ypasuenue lIpenunrepa ais craninOHapHBIX COCTOSHUM
2m

A\V +h—2(E—U)\V :0,
e vy =v(x, y, 2) — KOOpJMHATHASI YaCTh BOJHOBOH (YHKIIMU (‘P (x,y,2,t)=vlx, y, z)e’i<5/h)’); U=Ulx, y, 2)
— MOTEHIMAaTbHAS SHEPTUS YaCTHUIIBI; £ — TOTHAS SHEPT U YACTHUIIBI.

] BostHOBast pyHKITHS, OMUCHIBAIONIAs OJTHOMEPHOE JIBM)KCHUE CBOOOTHOM YaCTHIIHI,

¥(x,t)= ae ) ,

rae A — amMIuIMTya BOJH e bpoilns; p, = ki — UMITYJIbC YaCTULIBI; E = i@ — SHEPrUs YACTHIIBI.

'] CobcTBeHHBIC 3HAUCHUS DHEPTUHU E, 9aCTUIIBI, HAXOAIIEHCS Ha /1-M SHEPTeTHYECKOM YPOBHE B OJJTHOMEPHOM
MPSIMOYTOJIBHON "MOTEHIINATBHOM siMe" ¢ 0ECKOHEYHO BBICOKMMI ""CTEeHKaMu'",

22
2 /]

E =n
" 2mi>

, n=1,2,3, ...,

rae [ — mupuHa SMBbI.

"1 CoOcTBeHHasi BOJHOBas (YHKIMS, COOTRETCTBYIOLIAs BBIIICTIPUBEICHHOMY COOCTBEHHOMY 3HAYCHHIO
SHEPIHH,

\yn(x):\/gsin%x, n=1, 2, 3, ....

1 KoadduuueHT npozpaunocts D MpsIMOYTOJIbHOTO MOTEHIUATBHOTO 0apbepa KOHEUHOU IIUPHHBI /,

D:DOexp{_gm}

rae Dy — MHOXHTENb, KOTOPBI MOYXHO MPHUPABHATH equHuIe; U — BbICOTa MOTEHIMAIBHOTO Oapbepa; F —
OHEPIrusa 4aCTHUIIbI.
[] ypaBHCHI/Ie ]_HpeI[I/IHFepa JJIS JIUHEHHOT O rapMOHHUYECKOI'0 OCHUIIIATOpA B KBAaHTOBOUW MEXaHUKE
2 2.2
2m mogx
Py, Infp_mar) o
ox n 2

rae mojx’/2=U — TOTEHIUAIbHAS DSHEPIus OCLHUWUIATOPA; oy — COOCTBEHHas wYacTora KoJjeOaHHi

ocCHUJIIsITOpA; M — MaCCa YaCTULbI.

"1 CobcTBEHHBIE 3HAUSHHSI SHEPTHH TAPMOHUYECKOTO OCIHILIATOPA



E :(n+%}hw0, n=1, 2,3, ...

n

] DHeprus HyJIeBbIX KOJIeOaHUI rapMOHHYECKOTO OCHMIIISATOPA

1
Ey = —hwo,.
02(00

6.3. DJIEMEHTBI COBPEMEHHOM ®WU3UKU
ATOMOB 1 MOJIEKVYJI

"] IloTeHnmanbHas Heprus U(r) B3aMMOJCHCTBHS DIIEKTPOHA C SAPOM B BOJIOPOJONOA0OHOM aToMe
_ ze
dneyr’

U(r) =

IJIe ¥ — PAacCTOSTHUE MEXIY 3JEKTPOHOM U AIpOM; Z — TOPSAKOBBIA HOMEp AJIEMEHTA; g) — DJIEKTpUUECcKas
MOCTOSIHHASL.

"] CoOCTBEeHHOE 3HaYCHHE SHEPTrUu E, SJIEKTPOHA B BOJIOPOIONIOJO0HOM aToOME

1 Z*me*
E =————, n=1,2,3, ...
" n? 8h%el
] DHeprus MFOHU3ALMU aTOMa BOJOPOIa
m€4
Ei=-E =55
Sh 80

"] MoMeHT uMIyJibca (MEXaHU4eCKUi OpOUTATBHBI MOMEHT) 3JIEKTPOHA

Li=n \/m >
rne ! — opOuTampHOE KBAaHTOBOE YMCIO, IliPUHHMAIOIIEE IIPU 3aJaHHOM 7 CIEAYIOIIME 3HAuYCHHS:
1=0,1, .., n—1 (Bcero n 3HaUCHUN).

] HpOCKHI/IfI MOMCHTA UMITYJIbCa Ha HAITPaBJiCHUC z BHCIIHETO MAarHUTHOI'O ITOJIA
le =hm,

rie m; — MarHUTHOE KBAHTOROE YHUCIIO, NPHHUMAOIIEE IPU 3aJaHHOM [ CJICAYIONIUE 3HAYCHUS:
m =0, +1, .., 1 (Bcero (2] + 1) 3naueHuii).

U] TlpaBmia oTO60Opa A7t OpOUTATIELHOTO U MAarHUTHOTO KBAHTOBBIX YHCEIT
Al=+1 n Am; =0, £1.

") HopmupoBaHHasi BOJIHOBasi (DyHKIIMSI, OTBEYAIOIIAs ls-COCTOSHUIO (OCHOBHOMY COCTOSIHHIO) DJIEKTPOHA B
aToMe BOJIOPOJa,

e—r/a ,

\Vloo(”) = 3
na

TIe a = 4negyh’ /(me2) — BEJIMYMHA, COBMA/IAOIIAs C IIEPBBIM OOPOBCKUM PaJUYCOM.

"] BeposSTHOCTH OOHAPYKUTH JJIEKTPOH B aTOME BOJIOPOA, HAXOIAMIEMCS B ls-COCTOSHUH, B UHTEPBAJIC OT 7 JI0
r+dr

dW =] w10 |2 dV =| w00 |2 4nr’dr .



] CriuH (coOCTBEHHBI MEXaHUYECKHI MOMEHT UMITYJIbCa) JIEKTPOHA
L = h,lsis+1) R
rJie § — CIOUHOBOE KBAHTOBOE YHUCIIO (s = 1/2).

[] HpOGKHI/IH CIIMHA Ha HaIIPpaBJICHUC & BHCIIHCTO MAarHUTHOIO ITOJISA

L

sy = M,

s s
/i€ Mg —MAarHUTHOE CITMHOBOE KBAHTOBOE YHMCIO (m; = £1/2).
U IMpunuun [laynm
Zn, I, m,mg)=0wm 1,
rae Z (n, [, m; , mg) — YHUCIIO AJEKTPOHOB, HAXOAIINXCSI B KBAHTOBOM COCTOSTHUH, OMHCHIBAEMOM Ha0OpOM

YCTBIPEX KBAHTOBBIX YHCCII: n — TJIABHOTO, | — Op6I/IT8.J'IbHOFO, m; — MArauTHOI'O, my; — MAr"HMTHOI'O
CIIMHOBOI'O.

] MakcuManbHOE YHCIIO AJIEKTPOHOB Z(71), HAXOIAIIUXCS B COCTOSIHUIX, OMpPEACIIeMbIX JaHHBIM TJIaBHBIM
KBAHTOBBIM YHCJIOM 71,

Z(n)= nz_lz(zz +1)=2n%.

=0
] KOpOTKOBOJ’IHOBaﬂ I'paHHulla CINIOMIHOT'O PECHTTCHORCKOI'O CIICKTPa

Amin = Ch /(eU) N
r7ie e — 3apsia deKTpoHa; U — pa3sHOCTh HOTEHIIMATIOB, MPUIIOKEHHAs K PEHTTE€HOBCKOM TpyOKe.

(] 3akoH Mo3nu, onpenensiouidi 4acTOThl CHEKTPAIbHBIX JIMHUN XapaKTePUCTHYECKOTO PEHTTEHOBCKOTO
W3ITy4eHUs,

v:R(Z—c)Q(Lz—in,

m n
rie R — mocrosiHHas Punbepra, Z — mNOpSAKOBBI HOMEp 3JIEMEHTa B IMEPHOAMYECKON CHUCTEME; o —
MOCTOSIHHASI SKPAHUPOBAHUS; M ONIPEACIIIET PEHTICHOBCKYIO ceputo (m = 1, 2, 3, ...); n onpeAenseT OTAe/IbHbIC

JIMHUYW COOTBETCTBYIONICH cepun (n=m + 1, m + 2, ...).

) 3akoH Mosznu nnst iuanu K, (6 = 1)

6.4. DJIEMEHTBI KBAHTOBOM CTATUCTUKU
[l Pacnipenenenne boze-Diinmreitna u @epmu-/{upaka

1 1
W) = ey & W) = e



rae (N;) — COOTBETCTBEHHO CPEJHHE YHCIIa 6030HOB U (PEPMHUOHOB B KBAHTOBOM COCTOSIHMHM C SHEPTHEH E;; k

— nocTosiHHas bonbiMana; 7 — TepMOAMHAMMYECKAs TEMIIEpaTypa; p — XMMHYECKMH noTteHuuail. Ilpu

eBw/ET) 51 0ba pacmipeneneHHs TIepeXoAAT B KJIAacCHYeckoe pacmpesencHue Makcenna-bombsiMana
(N)) = Ae B/ ‘rne A =et/¢T),

"] Pacnpenenenne @epmu-/lupaka mo s3Heprusm st CBOOOAHBIX JIEKTPOHOB B MeTalIe

1
(N(E» = PE-ER)/RT) | |
rae Er — sHeprus Oepmu.

¢ [lpu7=0K
1 mpu E < F,

ey - |

0 npu E > Fg.

] Xapakrepuctuueckas temmneparypa Jebdas (mpu 7 << Tp)
Tp =hop /&,

[] 3JICKTpI/I‘ICCKaSI MMpOBOAMMOCTH METAaJlJia, COIJIaCHO KBaHTOBOM TCOPHUU SJICKTPONMPOBOAHOCTHU MCTAJIIIOB,

rJ€ 71 — KOHLEHTPALKs JJICKTPOHOB IMPOBOAUMOCTH B METAJIC; () — CPEAHAsA IJIMHA CBOOOAHOrO mpobera

QJICKTPOHA, UMCIOIICTO SHEPTUIO (DepMI/I; (uF> — CpeasAsi CKOPOCTb TCIIJIOBOI'O ABUIKCHUS TAKOTO 3JICKTPOHA.

6.5. OJIEMEHTEL! ®M3UKU TBEPJIOI'O TEJIA

n, =C, e*(t'rEF)/(kT) un,= (o e*(EI*EF)/(kT) ,

rae E, — BHeprus, COOTBETCTBYIOILAs AHY 30HBI IPOBOJWMOCTH; Ey — »sHeprus,
COOTBETCTBYIOIIAs BEpPXHEW TIPAHUIIE BAJICHTHON 30HBI, Er — »psueprus ®epmu; 7' —
TepMoauHamuueckas temreparypa; C; u C, — TOCTOSIHHBIE, 3aBUCSIINE OT TeMIeparypbl U 3(PPeKTUBHBIX
Macc 3JIEKTPOHOB IPOBOAUMOCTH M JbIPOK (IpH paBeHCTBE nocaeaHux Ci = Cy).
'] YpoBenbp @epmMu B COOCTBEHHOM TIOJTYITPOBOTHUKE

Er=AE/2.

rae AE — mupuHa 3anpenieHHON 30HBbl.

] Y nenpHas MPOBOAUMOCTb COOCTBEHHBIX MOTYTIPOBOJTHUKOB

Y =17 e—AE/(2kT),

TAC yo — IMMOCTOSAAHHAA, XapaKTCPpHaA IJId JaHHOI'O TOJYIIPOBOJHUKA.



VII. 9JIEMEHTbI ®USUKH ATOMHOI' O A/]PA

7.1. DJIEMEHTHBI ®U3UKN ATOMHOI'O SIIPA
'l Paguyc anpa
R=RA3,
e R, =1,4-10"°M; 4 — MaccoBoe YHCII0 (YHCII0 HYKJIOHOB B SpeE).

] DHeprus CBsA3M HYKJIOHOB B SIZIpe
Eg = [Zmp +(A-2)m, - mﬂ]c2 = [ZmH +(A-2Z)m, - m]02 ,

rae m,, m,, m, — COOTBETCTBEHHO MAacChl MPOTOHA, HEHTPOHA M s1pa; Z — 3apsAA0BOE YMCIO Aapa (UHCIO0

IIPpOTOHOB B ;Iz[pe); A — MaccoBoe qucio, my = m, +m, , MaCCa aToOMa BOJAOPOJa (% H); m — MaccCa aroMa.

1 Medekt maccol spa
Am = [Zmp +(A- Z)an— m, = [ZmH #(A = Z)mn]—m .

[l YaenpHas OHEPIUs CBA3U (SHCPFI/IH CBA3H, OTHECECHHAA K OZiIOMY HYK- HOHy)
SE = Ly JA.

'] Hucno siaep, pacnaBIIUXCs B CPEIHEM 3a MMPOMEXYTOK BPEMEHH OT ¢ 7o ¢ + dt,
dN = -ANdt,

rae N — 4KciIo HEpaclaBUIMXCA sIep K MOMEHTY BPEMEHH ; L — IIOCTOSIHHAS PaJIHOaKTUBHOI'O pacIaja.
(] 3aK0OH pagMoaKTUBHOIO pacmajia
N =Nge™,

rae N — 4Yuciio HepachaBIIMXCS Sep B MOMEHT BPEMEHH ¢, Ny — HadaJbHOE YMCIIO HepachaBIIuxcs saep (B
MOMEHT BpeMeHH ¢ = (0); A — MMOCTOsTHHAsA PaJUOAKTUBHOIO Paclaia.

"1 Yucso szep, pacnaBInXcs 3a Bpems 7,
AN = Ny =N = Nyfi - )

'] CBs13b nepuopa nosrypacnaaa 7, 1 TOCTOSSHHOM PaJuOaKTUBHOIO pac- majaa i
Tip= (1112)/7»
] CBsI3b CPEIHETO BPEMEHU KU3HU 1 PAIMOAKTUBHOTO SAPa U MMOCTOSIHHOM A paIMOAKTUBHOTO pacrajia
=1/
'] AKTMBHOCTb HYKJIHJIA
A= ‘ NN,
dt

"] [IpaBuna cMemieHus:



¢ JUId o-pacrajaa

IX—>T4Y+3He
¢ UId B -pacmaza

7X—>,0Y+ e ;

+
¢ U B -pacriaga
I1X—, Y+ .
'] CuMBOIMYECKas 3aMUCh SIICPHON peaKkuu

2X +a—%Y +b, WK QX(a , b)/}Y,

rae 4X ¥ %Y — UCXOJHOE U KOHEYHOE s/Ipa COOTBETCTBEHHO C 3apsAAOBBIMU YHUCIaMU Z U Z' 1 MacCOBBIMHU

yrcinamMu A U A', a 1 b — cooTBeTCTBEHHO OoMOapaupylomias 1 Ucmyckaemas (WM UCIyCKaeMble) B sSAEpHON
peaKIfy YacTHUIIbI.

[l DHeprus siAepHON peakinu
=¢’ [(ml + mz)— (m3 + ”14)],

TJIe M| U M, — MAacChl TIOKOS sIIpa-MHIIEHU U O0MOApAUPYIONIeH YacTuIler; (m3+ms) — CYMMBI Macc MOKOS
siAep MPOAYKTOB peakuuu. Eciin Q > 0 — 3K30TepMuyecKas peakius, Q <0 — 3HIOTEPMHUYECKAs pEaKLIHsI.

] DHeprus siIepHOM peakIuy MPEACTABISICTCS TAaKKE B BUJIE
Q=M +1)~(+17,),

rae 711, Ta, T3, T4 — COOTBETCTBEHHO KWHETHUYECKHE HHEPTUH siApa-MHILIEHH, OOMOapAUpYIOIed YacTHIIbI,
HCITyCKaeMOM YaCTHULIBI U siApa MPOYKTa PeaKIin.

'] CkopoCTh HapacTaHUs [IEMTHON peaKIuu

AN N(k-1)

L=, OTKyma N = Noel /7 |

rae Ny — 4uCIIO HEUTPOHOB B HAYaJIBHBI MOMEHT BPEMEHH; /N — YKCIIO HEUTPOHOB B MOMEHT BPEMEHH f; T —
cpeaHee BpeMs KHU3HHU OJTHOTO MOKOJIEHUS; k& — KOA(POHUIMEHT pa3MHOKEHHsI HEHTPOHOB.

puioxenus

OcHoBHBbIE pU3NUYECKHE MOCTOSIHHbIE (OKPYIJIEHHbIE 3HAYEHMS)

®dusndeckas moctossHaas | O0o3HauCH 3HaueHue
ue

HopmainsHoe yckopeHue g 9.81 m/c?
CBOOOJTHOTO TAJCHUS
['paBuTanMoHHas G 6,67.10 " M/(kr.c?)
ITOCTOSTHHAS
[TocTostHHas ABoraapo Na 6,02-1023 MOJIb |
[Tocrostnnas dapanes F 96,48.10° Ki/mos

MomnsipHast razoBast R 8,31 JIx/(MoIb




MOCTOSTHHAS
MousipHbIii 00beM V. 22,4107 M3 /momp
U7ealbHOTO rasa Mmpu
HOPMAaJIbHBIX YCIOBHSIX
[TocrosiHas boibMana 1,38.10 % /K
CKkopocTh CBETa B BaKyyMe c 3,00.10° m/c
[Tocrostnnas Credana- o 5,67.10"° Br/(M>K*)
Bonbimana
ITocTostHHas 3aK0oHA b 2.90.107° MK
cMmenieHnsa Buaa
34

ITocrosnnas Ilnanka h 6’63'10_34 Hce

1=h/2x 1,05:107" Ix-c
[Tocrosinnas Punbepra R 1,10-107 M
Paguyc bopa a 0,529.10 " m
Macca okost 2J1eKTpoHa m, 9,11.10°" kr
Macca nokost npoToHa m, 1,6726.107 kr
Macca 1okost HeUTpoHa m, 1,6750.10 > xr
Macca 1okos o-4aCTHIIbI m, 6,6425-10_27 K[
AToMHas eIMHUIIA MACChI a.e.M. 1,660-10_27 KT
OTHO1IEHHE MaCChI m,/m, 836,15
MPOTOHA K Macce
AIIEKTPOHA
DJIeMEeHTapHbIN 3apsij e 1,60.10"° Kx
OTHoI1lIeHHE 3apsa %im, 1,76-10“ Kon/xr
AIIEKTPOHA K €T0 Macce
KomnToHoBcKkas qinHa A 243102y
BOJIHBI JIEKTPOHA
DHeprusi MIOHU3aLNUN E; 2’18.10718 Tk (13,6 5B)
aToMa BOJIOpOJia
Marueron bopa LB 0,927-10723 A’
DneKkTpudeckasi €0 8,85.10 "2 ®/m
MOCTOSTHHAS
MarauTtHsasi mocTossHHas m 12,566~1077 I'a/m

EpuHunsl 1 pazMepHocTH Qpusnyeckux seanynH B CH

Beipaxenu

Bennunna

Enunnna

HanMMCHOBAaHUC

pa3MepHO
CTh

HauMme-

0003H4|
HOBAHUC |-UCHUC

e uepes
OCHOBHBIC
u
JIOTIOJTHUTETT
b-HBIC
CANHUIIBI

OcCHOBHBIE eTMHHUIbI

Jnuna L MeETp M

Macca M KWIorpam| Kr
M

Bpems T CEeKyHIa| ¢




Cuita 351eKTpUYECKOro 1 aMmriep A
TOKa
TepmonnHamuueckas o e —
TeMIiepaTypa
KonuyecTBo BemiecTBa N MOJb | MOJIb
Cuna cBeta J KaHAena | Ko
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