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to:g'ri chitigdan barat bo'lndl. Ty # 0 bo'lgmds ess tezlik prafigi ordina
o'qida T, ga teng kesmadan boshlusindi. | I-usmdagi 1.240'g'ri chizighr @ > 0
Mo'w'el chiriq wekis (@ <) sekinlmvchan harakatn, gt chitig can
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lanish olishi tarzidngi umm dam;?uhm et g
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o*zgarishini

Agar o zprﬁu mssali 1m~—mmqj,hmm kueh ta"sirida olgan tezlanishl sha
kuchga o' g'ri propossicnal by’

a-F 2.1y

Agar bir xll kil ta'sirida (F-conat) ar xil jismlar mrdi sl teziandsh olss,
bumda. jism messnsi gancha kuite bo'lss, ulaming inersiyasl ham shuncha los
e, eelnavishi con slumichi kichik bo*ledic
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a= .P_!l o
AL 1) va (23] dun fydalunlb, kuch v texlanisni vekior knttalik chunfigini hisobys
ofib, quiidaginl yozamiz
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Bu tenglama Nywonning kkinchl qooumin Myut. 1 iquyidigicha

w'eiflanadi. Kuch ta'sivida flsm erishgan teshanisic ta'sir etuvchi kuchge n'g'r,

Mm‘mmmﬁwwutmwuwmmwﬂ
e .
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bog'liy. 51 e
ksﬂ.nﬂmﬂr-i;nm;.uhnld. :

a=Fim an
Agar jismgs bir vaqini o'zida bir nechn kuch ta'sir gitss, u helds Nyuton
likinehi ganmini matematik ifodssini quyidagt ko*rinishds yorish mumkin.
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Deepk, inersizl sanog h. Il|||
massnilgn | ke punms ]lnm;n 'y cum kuchlnming vclunr
i indisigs tengdir,

0

wchischi jismtarning i ifodatuydi ve

E gﬂm:nunwna:'ﬂ-n:vwm-w

- lan garama: garshidi:

" w==Fn -"“.’

e, B, - ta'sr ctuvehi kich, sk t'sir ctuyeh Kch,
M|wmmww mmml

_»ia—%’-.mﬁmm ﬂ;-—-% tezlanish oladi, yugoridagi ikki
; "y

2 F3 ——E?-a1 an

Bu muposshal, o'zam um ki jin o'elarining
muuw x"w:w m:_:m-ﬂﬂx
wvolidan otilib chigadl (ks S aatjnid

o texianish bilan) harakost giladi.
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P=m
Ok farakar ﬂtﬂ“.l. 11) dan mﬂ.l
X rﬂ mipderi (211 dan foy 9)
%:;J-. @
Demak, jism impublidan vagt bo'yichs olingsn birinchl tartibli  hosils
ta"slr etayolgan teng
jismgn hech quadsy kuch t'sir etmasa (2.12), ifods
' e
ko'rinishga kelodl,  Impulsning hosilasi nol LS IgAnmas
mﬂh‘hﬂ.n o jga teng tming o'z 0

]

P=const @1
Bu ifods impulsining saglenish qonunini ifodalaydi: keck te'sir stmagunche

-‘&m m.mﬂﬂ yarsmiE

dP=F dt )
Bu tenglikdagl Fodi Kantalikni elementar kuch impulst i:yrladr {2.14) dan
ko rinadiki, moddsy mugts ning o Itwchhnpuslp

Endi Impuls soglanish qmnnl o'rinii
o fimhsimi koo ramty fik. Teshagi maikit bilsn 2" sirlashmaydigon sistema berk sistema

Jismlarga berilgan w'sirlemi moa holds F. Fi Fy g [chki
kuchlarinl !llf;. _\. fi ga teng deb hisabluylik, uchala jisn uchun dinamika
tenglamasing med guyldagicha yazaylik;
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otk (it
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webye e fe e

Lp=pe sty

Bu ifodalami budmhad go'shib va ichki kuchlaming yig indisi nolga feng
quyldagi wu u&

Z(F‘,+P,+P,]=F,+F,+F,

wmumiy hobde:
in':ip: 15
Demuk, moddiy nagislnr m:émm impulsidan vagt o'yicha ol
POy et g e phi o
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'Iﬁh]mdﬂﬂwpﬂﬁllﬂlﬂm* k=01 g v

=128:10"w

! Vagonetkags t'sir giluvehi Fy tortishish kuchini aniglash uchun
suchini F, = Psin pasiga mﬂd va Fy =Feosa aomal
sjrmtamiz bumids
i yoramiz:
3 ma = F,— Psina— Pcosa
w uchl FlugkPabmg ckanliglel hisotgt olfb teoglamint

Fy =mia+gsina+kgcosa)
sy tortiaksish MM' bajargan A ishi quyidagiya teng bo'ladi;
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A=mia+gsina+kgoose) 5=
=3:10°(0,2 +10sin 30" + 0,1 - 10c0s30") - 50 =
=3-10"-6,066 50=910.10"S =910/
11-masala. Agar biz tanlngan pryjima £, = 3-10°N kuch 1a'sirida ze=tam
wiqilsa, prajinani e=Ssm gn nigish uchun gancha A ish bajariladl?
Berligat:  x= bsm = 1107 m
= S = 5107m
F=310'N =310'N
‘-—’

unga o'rgaruychan koch ta'sic giladi. Prujinani

Whﬂh mm-hupwmmwu
kx

Fimsss
dd = Fdx yoki Ani
poujinaming bikrligl yoki elastiklik koeffsiventi deb yutiladi, u
quyidagichs aniglanadi k=£
b ifoduni formulaga qoylb quyidagiai hosil qilamiz:

+ . 4

A=fexl 310" 35007 o0 aoenr
1107
12-masala, Massasi m, bo'lgan, minyyan Uj teaiik bilan
mmmxm:ﬂm“wwwuw‘rﬂmh‘vm
;hm mﬂimﬂi o' kinetik energiynsining qanchu gismi w
Berllgan: v,.ui..ll,
e DT

Yechish, Birinchi shar

Bunda, k -

w..x“"““‘w*"‘

wwwm
w:.._a. i %
woomyom v‘

bia yerdn, W) — mehmmm..n W,—
ildkinchi sharning urifishdan keyingi teeligi va kinetik energiyasi (1) ifodsdan
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i uchun s i topish kerak Absolut clastik
wnlllﬁh!““;: top

'mumwwmnmmh
Qe L, = MU, 0y Ve energiya sagianish  gounini

"yt
45 nisrg bus (focdanin (1) tenglimaga qo 'yib &/l topamic :
_m| (Gmy)
" [utn+ml’] (my 4 mt;)*
Purkagichdn muglle  U=25m/8 ek bilue aiilib
suyudlikning zichllgh p:l;ﬁT Purkagich idishining hajmida
qunday py basim hesil qiladi?
m: U=25mls ~Bmh

::_,‘x‘ ~ 110 kg s

p=lglom’

]
Bermulli tenglarasl (4.30) go muvofi Ggh = coNSE deb hisoblab
yozamis:

B P
_ e
o Ly - purkagich |dishidagt syeqlikning teslig, py -purkagichds
supucik ogimidegs bosim 14 =10, chunk) idishda suyuglikning testigh
tan kichilk, p==th, chunki Bernulll bosimida artiq. Shuning uchun
: 4 .
n-ﬂli-lﬂ%é“—’ﬂ.u-w'mf =3latm-
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¥ bab. NISEIYLIK NAZARTYAST ELEMENTLARE
5.1 Galileyning nishiylik prinsipi

hamy vagl bis treds o'tsdi (e PP !
deb fraz: gibsak, u holda qayidagi o
ifodalurgs egs ba'Tumiz. ”ﬁguﬂhﬂﬂ wspeun Ibmm
r=x ) =zl el 5% ty ho'ishi ez edl. 14 e
| ham vorg 1 sztigi bir il bor b, u doimty
J=y V=y .
% 5.2 3, Loress almashtirishlarl
SR I? . o |+ 52 : -
t=f e I

(5.1} wm (52) \fodaler Galiley almesbiicihlan deb ataladi. Bu ifoda o'
vhatids moddiy nugtn (4) ning ixtivorly payids ddealn sanoq sisemasidagi
i o'z bog'leydl.  (51) munosabatiomi  veqr  bo'yicha
differensiallusnk, 4 pugtuning K va K sinoq sistemalaridagi tezliklar omsidagi
g lanishni topamiz.

d_d | [
By = = [ ) 0 1y p !
2 lyy o e oy K s stig oot 15
v)’:_:_""ﬂ“v) (¢} dun & sanoq sistermpaidag & i3 4, o e
Sl 4 sissepmadan K "sistemaga o'tish wehun (8.5) Wodani quyidag ko' rinishe
v == G, b
Bu munosshatni vekior ko' rinishda Sy " . '_r— 1 )
v=0'+7, 50 PO . BT T Lt
o ki, (34) otk ok il dob ol : 1= Y% -4
muman, mmmﬂ ikkinchi - i i
PP i Bl o o e b o fi
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Biflam

kuzatuvehi slerjenning
ekanfiginl  c'tirof
kueatuvehi

harakatlanadf, Ietiyori§ ¢ ‘vagidn stecen
8% " ba'lsin. U holda sterjen uzunligi K sistemas du = 272 X" lfoda bitan

aniglarad], & mm buzatuvehi uchun sterien weusigs | (f XXy i

nisbatan. X yo'nalishida & qeaty

harukutlanayotgan & sistemada ey
tingh mwﬁ-rmm@m

ueunligini |y ga ey
e K sistemmbay:

uchon segien @, etk bitan

s ravishds ¥, *

laylic. Lorens Irighlarigs ssosun ¥, vy Xy 1
%r@mnw X oy dagichn bog gy
r K = ’ -~
B e B T
1-4% =2
F ¢
P 7 i
Bundw  f — = yoii = -
i P
t,‘, ca
Demak,
J
n‘-=i,1||[-§% 5.7
s i K3 i i f
Mm stetfen urnnligi *:M|p hisbatan gisqurng bo'lar ekan
B b]hq;%aw:LLummmenux, vagtiar
oy sistetmg soat ho'yicha qayd qilinad) n " ve 6" vagtlar hiln
wovidegchn b ngan: g i j
A=ty =SfeTh__ Ay (58
ul
e S
€ c
Demak, nisbivlik ozt mlmmhimh.o'mww-
biriys nisbet harakstinnay, i istemlarida dar B

yief 310" mib bo'hs, (5.4) ga ssosan

=
o= 210" prinsipigs Fddic. (3.9) dan

Bt o, v 1 borganlg] o i

L3510 oeac00 ks
BT

E:]




57—"— 0
18] tet

Nywton {1 L
Yorunini cduk. t'sir etuvehi Luch impulsning o‘zgarish teeligigs

(5.11)

bo'lud, yo'
P2
bu quoun Lavens
nunning ey k' iih e it shaki Qo e T N
F-—i[j.cﬁﬂ
del Ji 7/t Gy
By dinamikaving e
g ek dlnamibiogs sk e ot maddh
zm,.."‘"""“""‘““"‘.""*ﬂm
TRy oraidagi universal o lnish odesie laridun biri massa; va

(5.13)

w=..;:,7¢5’_.

-

thunm!uv de
llckeimchi

M‘Wh dcb {%.15)
Rolasdagi jism energiyasi i e Ten deb staladl. Kiasaik
ﬂf . hunki 10 da inc,holsng)

X I I
S = sxf
L [3——!_”,;?, ] (5.16)
i W bl belgilab (5.16) ni quyidagi shaklnl yozamiz.

W=mc' =mc’ + W, (317
b mmnwunm
mnida; o' zgarishi - uning
p llnduul mmmnuqm
l'?lam kv:x:un u'um‘. quyidagichs o' zgartirit
mie? —mivt = (38)

ng ikki tomenini &' ga ko'payticib, (301} (5:15) va (5.17) lemi
=P +mc’

W= Jp'c +mc’ (519)
B munosabel ety energlin va lwpuly oresidagl beog Tanishnd

wulosalirdan birl shundan fborukd, tiach holutds
ham reluivistik

dan kelib chigadigsn
m& neyiri knbi snmachalne
* iz '&:m=ﬂmu¢[smq\wwmm

W=p-e (520

ummmwﬁﬂ
mexanika gonunlari << bo'lgan hollards kdessik mexsnika
_mmmmm-mmmwm-

B R

£



chgtenini - belgiinrd] tida Kinslk 1
el mesanianing qﬂmm"’.... m:““

s e anigl
mexanlka tasavyurlarigy e & = X
ekan, balki tezllk orishi .ihj mPWW crmas
s ksl belmagan hasskid terliklurids 3000 ks gachs terliiarda)
Jismnivg s deyarl] o s masss

uehirilgan tinch holudag imwssa m, = {300 kg bo'lgan
1
w.:&;"igl_@';_‘?-“_ﬁ_:;.‘,m.u
un oetadi, ming mussusi ex

k ek 1 = 10,2 ks bilan

Ly,
M-;:!-IU'}’ k.

Shundday qilib, rakets massasining niabiy 0" zgarishi
|~
Am 107 o2 =107,

", 1500
ing. o'zare bog'lighk gonimin] faqu
u_éln:‘u;;&&mﬁrgwlr
e kit magaming snergiya bilan o*zara ‘bogligligi Juda
Sh.mda\y qiliby, nishivlik mazariyasl Gollley, Nywlon va boshgs olimbar
Ihiur-;m e e V. umumlashiradi pamd hsam e

chegaralurin ¥

hamida ki

L Gl ishiviik i v ung ¥
I Ooniy ks Gy G oo
4 ayting?

qgisgarishi va vagl o'tishining  sekinloshishlari ssosida

dinomikaning asosky qonuniarind, massa, energlya va impuls
rui ifodakang.

Fazoviy kema 0= 0.9m/ 5 terlik bilan Yer marks woon

i, Yeming sutkalik oylanishi va Quyash strafidegi orhinl harmkni
e 00t i Ay

;Lu;mm;mhﬂul_wmw'mm

formula arqali i I=v At
i~ [} -
At — K sanoq sisemasids hisoblagan vaqt orslig'l. Bu vaqt aralig'i K-
vagt oralig’| bilun

At=
I=(uie)

o tangin A ning [fodsini (1) formulags 4oy b quyhdaginl elamiz
P

I—(ule)
W'H“m.




5= AT,

W, + W,
bu yerda, Wy ~ elektronning tinch = "
HeO1 MV, Buformuly wm‘“ B16:107 yuii
Mummm "‘“mm
ot ™ i g 30 wolilarga qo'yib, quyidagi

ﬂ-ml U= e chanligidan 2= 2,8210%m /5.
""""“- U=09m/5tedtik ilun

hurkatianayolgin  elektrnning
ik fmpubi 1 va Kinetlk eneegiyat #, sniglansin (binds,  ~ yorsgfikning

Berligan:  =09m/s
y..._...:a.”,;:..‘

P=me : ﬂ'
(1) formula bo'yicha hisoblah

p=56" 10‘”
Retstivistik mexnnikada 1o'la kg l‘l.l’ll i
v Wy
w&'&ﬁ’““wm“mmm i,

mn

W ¢
-f

e

M'WW'WW
S,
W =106.10" "-i‘i“m"elf:mﬁ'w.g? =0.66Mel

£

—me

1 STATISTIK FIZIKA VA TERMODINAMIKA

W ot MAKROSKOPIK HOLATLAR
dlnamik, ..m,. ainamik alar

m bir milkiongn yagin smaini
i barcha mnllkulllnmlﬂ; o' rinturis va bexliklarin qayd gilish
‘ il yil !nfﬂnﬂllhl Bumday hallards alohlda mstemadik
anish mogandga mavollq bo'ladi Statistlk usul
I Statistik wni  bir-hirign

: ﬁ w lekin bir-bitiden mustagil bo'lgan hodisnlar 14 plumini

- A0 l.lnunumm wsaldin, Juda Kep sonll zsrachalardan vashiil
" stttk wpibdan fosdatanib o' raamiveh|

il Mmldﬁ bl o imalain yetarlicha chugur va anlg uishic
gl uchun bunge asoclungan siatiseik flzike hozingl daveds Mzl
 sotlanga umwﬁhq-m. tuthi_etilmagda Maslan, ml&ulu

i ol

mwu‘hmmwwmww
deb ntatudi. Shiy va uinming o*lchav birdilclan bilan

2



Hmmqaummmdﬁmum o'nrg
ta'sir kuchii bo'lgani uehun O'zhariming hajiniaii va shakfini, liklar esa
L e i .MMMM:E lickulal mnuﬁhwmllzhlgz;

n o'z i sistema
5‘-‘3“ mmu‘hfwm sl Sy L
Harorat. Mﬁmﬁ?zlqlﬁww xasakierlash uchun termodinamik Lattalil

Sluhmmwmmmwm "0l Kebvin shiknfasi sy
umuuw-q-mwmm t-p’f::tuwmmrln

oy i m.mwwh;wmm,-u
hn‘lkﬂm hasoesini o' Ichushda whtkalas! keng go'Naniladi, Nooma!
bosimda arishi v suvning quynash hasorstinr Intervalinig 17100 wlish
Sﬁyﬂlﬂhﬂhﬂlrdw u:dngmmhﬂzrﬁnlmg‘ Innish faznlatining
mmmumw‘gdm deb olsak, u vagtds uchlanma
kelvin shimlasida 373, (6 K shu sfmroitda suvning qaynnsh

blmr.lﬂuu.l?.h‘ﬂl.’ bu'
shialnlari oridug| bog"lanish quvidagi tenglamy
T=273 lo+

(5.
Mmh.dnmxdu Kelvin shialasi bo'yichs o Idm;mhm T i bl Selw
thhhqh‘}’ﬂu ehargan s aral esa ¢ harfi bilan belgil

Hanim in (R=F5) guu birligiga normal n'nu mm:m knch bitan
o'lchanuvchl ﬂ.:ll kateallkdie mmun. un-q- birtigi nn.:ru- m Pa) qubl
Yilingan, Bogimn birligaian ham

fovdalaniladi, Bu lmlllshn rsids wlda;l.du LT Imkn bof | mnvsion s =
133,532 Pa.

Modda migdari, Madds migdorini o*fchash uchun asosiy bielik sifiuiids Mol

bl qifingan, ing bir molini fladi:
W_um. ing mussasigs o s deyiladi
atoue, maleknln) fopgan i bir
deb atoladi, Molsr da o'lchunad] va g harfi bilun belgilanad)
Masalan, Kiskowod (0:) ing molar massasi 0,012 A ,1 udnn
ﬁﬂ:wm;&;.ﬁm;m:amd 1 mol
E turiga bog'liq bo'imagan o' zgarmas kettolik be JibAwnm‘
deb ataladi va adntds, N, dets Lwn.u‘;vd-ﬁm:z 16" Lol teng ho'ladi
Mﬂ*ﬂdnﬂﬂugmﬂambﬂhm mwmmmmwm
niglash uchun quyidagi ifodndan foydalamamiz;
N L
=—— . p=l 162)
mhﬂmmmmwummn.knulnwmlmmm ya'ni
H=my N, kgimol (63)
h‘hﬂLNulwlehhhrdm Hllu BATiing massusi: M=m N Bu ikki
:‘m Taydntanib, hwmhtmqf maleleulalnming  samini
i :

b1

o i6.4)
uwufqinpn hugm emalum wlu, bl hgmelngi
_x ‘,:":L::u-m ussemivateiyesin aniqlash ki

6.5

R

whacaitda | kilomol W hajmi ¥, =224 m' chanllyinl
Tm' MLnd.nu mmm = Nyl = 2700w g teng
.Buunm-ﬁ mlnil A
-1 kldnk bo'Iganligi sababll, odatds, ntom

" m . ]u;nw {mab) du ifodelansdl Mah giymal
= 12 atomi msmning 1717 wliakiga teng gifib olinadi:

1 mb.:{im =1.6607-107 kg

ga aydi. Moddalsming
oty nmaﬂm n'slr asosida o"egamivehi
insi hmenkal inbensivhigh
lashgtik ho mntﬂmhh!.w ivuiglik (caotik)
ko Iesicik hurakut inlensivigi o' zgungands Jismning jchid energiys vo
minddani lik. Birinchi miodda
h“:‘mﬁ muﬂ nikidun imﬂvmq bolsin. Bu
Hir-biriga fekkizdak, birinchi modd 7 i
lkkinchi modds molekulalnsps urilib, uluming
oshiradi. Nutijade. moddalarning issighik holatlari n"nm
R e v T 0% it ot
Fsmbglik hnrukati iﬂlﬂl‘l!\‘”lﬁl migdory jihaden ifodubevehi fizik

miodda wolekulalirining fsiqlik husskati ganchalik imtensiv bo'lsa,
hnchalik yiiqori bo'ladl.

6.4, Ideal pmhdi‘ i
bilan bo lgan |
ll el Quy idagi ““"m"“ m i

oflchamlisi isobs oimaik dusyjsida Kichil:




te'grashuvidek sedir bo*lad)

e T
qn-iw-.w_ﬂ'“ (T=sonsty da gaz holmining o'zgarishi Boyl-Masior

. BV -
3 T arsyon (R-somt] Gy yusak qomniga bo'ysunad,
F=t+a.)

win

(6.7)

(LE]]

Bu yerdn, idesl gaz wchun @ = & & - bosimning termik
paramctrining har uchalssi- By, ¥, Ty hotaidan o' zagarib £ ¥y

da (T, =consr) du gaz bosimini £, gacha o'egaticaylik. Natjda gas
&(n.m@"ﬂ.m :
RV, =RV’

p=Bl @1

£
hosil gilamiz Tekinchi jarsyonda (K. =comsi) da hasosinl T, gachs
lije V;WMWLMMM
yozamiz:
Lin %%
non

V= ft}l (613
I
poludi. (6.12) va (6.13) lardan

B _Eh
T,

yezmmiz. Demak, o'zgarmas massali gue ushun bosim va hagm
haroratgn nishati

(6.14)

16.16)

16" w'imol | mal il gazning hajmidic,
) tengiomaning har ikki tomonign. migs i ko' poyticd va imijy Ve =



6.5, Tdeal gax ~ kinettk
_ Molekulalar ik husratkestd mﬁﬂhli
Mﬂ:lruﬁh]m:mmmh '“Qﬁ“"‘
devar qilingan o'zaro @ sidaridin devorg
Fachl '~ bosimi  betiohamadi. ;.ﬁ:;'

Rekulador o n = _'ﬂlﬂp
bir molekulu husskat yo' nalishigs mdﬂuh,ww : mwsn,

Myt = (=mig t,) = 2m, v,

B4 o'zgarndl, Agar qimularining wannligi [, bo'lgan kubning birlik hajmidag)
mhlmllhr somini w deb b:llnmk, kubning qarama-qarshl devarlari arusidn

N!}-mi" (6,18

ifodn bitan wniglanishi mumikin. Kib qierasining snligh { bo'lgnnligi uchug
malekulalatning v yoki bu davorga uritishtar har £ = 207y vagida: tkroriinib
turadi. Bulomi b alib J - molekuls

e Ink;m' mol tomosidan devargs berlluyoigan o rtucha

2
£ oMb m -
T
Dievorgs ta'sir etuvehl umumiy luch esn
fs Zi“—

seng bo'lndi. Bu ifodaning surt va mMu{Nph pavytirsak,

Nm,z v

i —ﬁl— (6.20)
Bundugd
gx
2y
J:.__N = uj‘r s (621}
kaateafikni o°rtache kvadeatik teziik
{618} v (6,21 larni e’ubnm uHh tazu: lrndniumdsalehn yoeamiz:
F= _""F"' AL
Bundan
F s
P_J_’zim Bl (622
62

(623)

e basimi bislik u-y-w ax mobekulatari o'rischs kinetk
wiamign teng. Tkkinchi tomondan teng bo'lgeni ockun (6.23)

g qilishtari ay
ol tabayli lsrning, tesliklari migdor va yo'nalish jikaldan "
parib ternd|. Keylnchalik tekphiriahl nw Ul e ldiki, pormal
ar bie mialekuln bir sekunda weminan (0 martn o' guashar e, Shu
‘qinga wvagl ichids ham eedligi aniy glymatps egs ba'lpan
g mootins] aaiqlusl mumkin emoe Lekin idtiyony yo'nallsbda tesligh u
b gachi inbervaldu yolgan mbckulnlar somis - aniglash  miakin.
butun sulisaini \eelikning jm Teichik o o deny inlervallarigs
b b teeliklar bvervaligs N mibckulnlar soni 10"y keladi deb
mun:uhﬁ barcha malekulalar sanl N go va el inbervall od gu

AN~ Ny (6.24)
el katsligini kiritib (6.24) i quyldugichn yoeidh mumbin,
AN = fTuNdu

Al = f{v) 16.25)
ifodan folekalnlaring feeliklar bo‘vichn tagsimot funksiyast deyiladi
ol

tealiklargn ega molekulalsr qolpan barcha
‘qunday wlieshini tashk] etish =mmiw ko' restadi

63




BU Ixgaimor fusksiyasini birinchi boclib, inglie. fizigl Maksvell sasaiiy yo'}
bﬂn~mzn||- mg:;;m ‘41 i an.mrm-,m Mtlx’:-:n
tomonidan 6 d-rmsmda il sifatide tasvirlangan. Maksvell jiz
wmmmmﬁﬁwmmﬁw: il

4 (m, Y '—-:;:.[ 3
= s v :
f(w) 7;(2*1,], e 1626}
b yerda, w,, — mobekubaning massssi, 7'~ gnemng absolut harorati,
Biroe Wdon v+ ) teeliktar Bilan b i
 Bire qud-?—hm:;:l‘wlmlv U gacha ki s -d:lhn-y: e

L S
%’f (u)dv=j}[~—;*}] & Wy (637)
Uning qivenall bbssmidugl Makwvell epri chiig'i ontidagi stivistangun
yuzachuga teng. (6.37) meumws
il Matkavel! gavwusn deyiladi.
Muksvell egri chizig“ininj ksl g kelgan nexliging eng Lt

ehtinsalli pesitl (i) deb atalndi o, ning glymatmi logrish ochun 7o) Nenksiyadan o
b yricha olingan hositani nolgs tenglashtiramis vy

2T
U= ﬂ—— (6,25
m,
ekunligind topamiz.

Harerst. yugorilashgan sari Maksvell egri chisigh pusayib Kats: festilclor
sabasign chobad, oSl
Tdeul gae molckulnlarining energiva bo'yichit ligsimol) fNﬁ w i et

energlya omalig'ide wean//2 kinetik energivign cga bo'lgnn g molekulalarl
uemrusly soni N ning ganday ulikinl tashkil ilsshi bilan aigglanadi:

daN 2 WA

—= [(Wdw=—= (kT ™ e (6:29)
N Jz

Bu ifods gz malekulalarining isnqlik herkat energivatari Bo'yicha

tagsimianishign oid Makevell qomuni deb amingi Makivell  nueslyasining
o' 'riligh 1920-y Tida tiemis olimi Shiern da isbotlung,

| 6.7 Balvmun tagsimat gonusi
Ideal gun molekular-kinetik yasining asesiy tengiamsi v gazning helal
Keliirih | g fezliklari  bo'yichs
tagsimlanishign oid Maksvell qoronidy gur g3 taahgl kuchlar en'sir

mafekulalary
llmaydl va shular sababli molekialalar berilgan hajmdn bir tekis tagsimiangan deb
hisoblanadi. Aslide stmosferamiz oatidagi q{mb\! Bai bir molckulnal barinchidan
Yemming turtish. kuihi b b Ki ] doimat
ﬁﬁw ho'ledl. Havo  molekniatariniig Issiglik barokati bo*lmaganda
o, malekulatar Ver sintlda to*plani 10 metr qaliniikdagi zick gatlanns bosil

&

¥ kT
uﬂ;rww%iwhduimhﬂl&'hlw

LT 3
nP L
Inp=Ing, =25 h_p,)

=~ (6.33)



; R
Hodagn crishamiz. K=y e chasliviarini etiborga olak. (633)
wﬁdwmwﬁ
S L]
F=fe & (634
B tenglara bavometrik formula det 11 (6.32) dan e
n

L)
deb hisablob (6.33) i quyidagichs ifndalayeniz

n=n,e *
o 6:35)
By ifedndngi mygh=ll potcnsial energiyuni ifodaiaydi U holds (6.35)
=
&1
= n=n.e 16.36)

yoellad) MMWMM
“ilaﬂmt:hduk artlaki bilay havo ssrmachulaining Kusinantrataivua
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wvaipidugl terfigi v 2) pugtags ' amvchl makyimal kuch Fig : 3) tebruniy clgan

bl
Ve L5Gt, S g=5 40 Ky, A= dom 300 m
w4 Sam= 13 10" m
Yechivh. | jgarmanik tebeanish lmslnmwldnal ko*rinishga egn
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um A -x
Shu formls bo'yicha isoblushed bajarsak
v=3825m/ s
2) nigtaps o' sy etvehi ilsluih‘yulmnhg Jl..k:mﬂll qonuniga hinoarn mmﬁl
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dn b hgmm qushill Imereferensiye hasil ho*ladi

Ihki manba interferension
miwnzaram hisablaxh, 5 va 5. kogerent (15.5-
rasm) manbalar bosil qiloyotgan va R nugosda
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nsi fkki jorayonnitg, ya'si vorog'fikning F ayTim M.
ir, Birng b waosiy Ko'prog
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2 dan, foydalaniladi. d, & va m ai bilgan holda renigen murluming
dsinw=l23l+l}3 115,14y t i aniq
! 5.4 Golograflys
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Kentgen nurlnr duseast (L2 8 - sicpanish Burchugi axtida kristulign
okmogde  va ], f;;_!m to'lgin  wifirida fargalmogda o
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USM6) munossbet Valf — Rregglar formulasi deb umladi. By formuladan
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nevirontardan mm auhirilishl mumbin bo*lgan clekironografiys,:
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Tawvimni tikash uehun sehun gologramms avvalg) holstiga joytsshtirilad;
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B teng, Yashll yoruglikdn ckrands mlerferensiva vo'llasl bir-biridan Ax—5 m
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A=05mm=0510"m

Berkgm:  p= S A S =S
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A~
Vechish: Musalaning shuri 157F dhgh 19315 Seratmiargs yoos keladi. (159
gty qo'sha interforensiyn yo'lli] oraskds masofs Av = —f— u
Vil

— -1
C =S ST 50 - 0smi.
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yorug']
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Yechlsh: Y pamibagn
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munds ko'rsifilgan. A v B
gt

) dam behil bo'l Inmhpdm fnr ikkals sl hasm q:wllsh g
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n ham AR, y—p'lik dmmmg‘l:hmhh hml;.qud|un
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dast+{achn, ~jain = zr+nd
ar E burchak nolgaintlgan Bolds Kamayfb borsa unds AD—f
IAVHVSI-2d s s
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A=2dn, =k+1) 2
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4=k
01,2 an

A 34
e
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i [ ko'rish mnvdomida

p=3, A=04dnkm=044.10"m,
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P

Diifrshaiva panjarmsign qo'llash mumkin bo'lgm (15.13) formulaga
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dsin g=nd=nd, .
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e 0,44
len'rn Ak nishat °—~ =11 iun F =067 pacha chegarads,

0,63 < Ai-: 11

Bundan 0,63 < . < 1,] yoki n=3 ekanligini e'tiborgn olsak,
» "

1B <n<33

tim som, shunkng wchun ki fol bo'Tishi mumkin: 1,=2 v n=3. Bl.ma

In oimaydi, chunki o ham 3 pa feng: spekirning bitia wrtibign teglsh
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=2 U halds 4, =4l=qu%=w, far - b gisdl ranggn
"
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16,1, Yaruglik dispersi
Muddalar sindicivh ko'rsuigichining Y
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162,
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ﬁ}mm Ina. b moddadagi yoriy Tikming dispersiynsi mormal  dispersiva
deyiladl (16.2-rm). Agar chugtota artishi bilan modduning sindirish ko‘rsatkichi
kamnysy (16 3-msm), vani .A_"( Obollia, bundey moddadayi yorug ik

W MWW‘ML
mﬂs‘!k M-smu tmlm qumh'ldu mm.: dispersiyi,
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u. m’w ?ﬂllﬁm nazariyast
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uluinmmh 1o Iqh.um inhini exn ﬂthmm::;; mldnmliléiu
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F=F +F =—elE+vB]) (161
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Fw-:—u'x.
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m$=—rx—-ef.‘,,msm {16.35)
1
:', -—%x-—E,ms.-ur
x
d—f:ﬂx——!_‘.‘ncumr; W == (164)
dt m m
Teniglamuning yechim|
1= X cos e (1&5)
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¢
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iguthl fixza sehvatcdars uilfigan ikkiln tebratiish vigindiaj sifutida gamsh mumkir.
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6.4, Y
Tubtl.”y.m Iihua;ll.n ki dklﬂ:mk mlmhm

m!;q bl (masalars
havidas qaytsdi, hir qm." sinadi Tojrihalar
q;muln va m'\m nln‘h' qnn-n qm:l.lmpnllglnf o' raataddi, Gnytgon nupda tshis
i lit g

lur ko'peoq ohanligigs. singan
A\ amiglandy,

shish burchagln, va, sindich, ko oakihips
- mmtmﬂ”*“"»
3 dhquuwM* iwi=ty (1614

qaytgan il yessi. 'WW
Mhﬂ"ll‘

(,-ml S!‘!mwyw bwdml
Diemak. tbily yorug’
67 barchk frdlen, g wr
s ll:hll':';:lq'::w"dj.“h FaHMhds

Nl ikkilenth sinishl. Keistalining optik o°ql
ikt yu‘nuuhhp bo;‘llq o T it ‘L’“’ it .
e e e
, rintalidan (KKi bir i e hm,
v kristaiining
deb atnludi. Ihbinchi
: WMM-FII mmn:"wu b ' gty
. i Kihik sisiemuga Kiruvehi hrhlll!nw:
y ‘boshan Teristalinr mumi (Kkilangi

sindirith i
::;qnn Istand mhn W'“‘“"‘“

Wumhrdu ‘el yonalishdn £, &
"hww“nﬂp o ihi mwnldnhgl &_Im M‘B"M—
Demuk, sindirish Too'raatkic

% =& n={E) wh-;:;
retun o Eristaliys tshganda
huining “yorniaish borkL bu vonnlhh«h
iknlar y omﬂﬂhﬁ
R
yetganda yorug° Tl quiblanmay i

vh
gy

fd

Quiblovehl prizmalar. Malyuy gosunt
‘l;:dw quiblangan m]”l‘k ollsh wchan shundsy sharoie }n:.::!‘
yor’ ining IRy bir yo'

e i o
d mgmww targs b Tinadi:

195



onglling sochilhi begona | s
L Pogal yassi guiblangan noe olinadigan. bn’ll:w tors, mwhillardn ham  kitilisht
i3 a ki, LiMmndelshism by hadisani
priemalr, Tobiining sindirish ko' rsaigichining doiimiy
Eng svwilo. Brywser qomunl ssosida ko'p cnaligi bilan,  Ya'ni WA 0o
rmmmwch{mmmwm otpands dm& h::::l sabah
qayiish Keyinehallc’ bR e harskan Wufl

tiirtnrgn
LA, skuning uchon havo rang. ko'k 1_

" bo‘% hfrlm! Hichlik va

gp:'mlmll Wi osmon hnumhul: u““’  Shuning wchan yorda csmon

ety nptfia lementlarl
Hnd:“llﬂlﬂ “ww“mmﬁ

aptikaia ik
s inganidan i muilardag) optk nul.h-lnlns
e 0 p!la!lnk.n_nh nddlly it yulilih. thgal i e o nochly i
Uernsm. .-yrhddq o chigadi. Bo e dixrofemd] m imensivii o'
kit i\ quiblugich sifatids foy datanish Mﬂﬁ
Quiblagich sifutids polaroidiar

keng g0 llaniladl. Polaraid
pb-ﬂuldun Ibim b Ia‘h. unga jerapatii ingichio lruulhnm n.f.'.'ﬁ::..‘;!:'m
iy i ocley ol 10° ks yuadi
. Turrain wm fekinchi  curmalin M

sohaluryn ham
brdl.lbﬂﬂnﬂlgihmmwukhl*-
mwmmum)mmawu :shllwhl]
bl wumumlsh?wl-mm

mw‘ﬂmmw%
wably yorig*lik niensiviigl /; boksn. fy = 1,2 die. (16, — ks i ik owiiie S
i i(ﬂl’}ﬂ‘iﬁf e (16.15) dogl @ Jl:ﬂmnﬂlﬂ"“! ¥ e

Mm!l@ﬂllﬂt'iﬁlhmnl yorug ik intensiviigini 1, chuqmclu yareg'lik

I=l,co8' e (1615

P
f satkichi, yorug ik iensivilgl ordbborlshi bl
Gt il sindirish ko-rsutkicht yorup

knlng wocl
Tinkj bol mihitlrda, va'ni npuu,hm b firsli bo*lmagan it
b yerugeiik difiaksiynsi Euzalindi. Bunday mlﬂlﬂu—pj mmnnmlu‘- ity
tuman, emutsiya, kolloidli ecitmalur va bokasolar kimdi, ya'ni maydn zarmachalat
urgan mubiliar kisdi, YorugHk bundey muhiidan. o'ty taetbsiz
Jy?:mb;’ Jm;h h:‘l“ Joylurdan, nmlwm ifimksiyalonadi v Mﬂﬂ";
uil int Ieradi skzian hos:
i nmmuﬂw'm o el el

[if.16)

dusta foushasiadi
wlikdan fntta bo'lse.

W



komponentiar paydo bo*lor ek, Axmigan, by hodiss rabin laser narin i)
:Eh sochilishidn yorqint namoyan bo'lad), u-mlﬂ&k?fﬁ?ﬂ?
: poncatlsr s darsjads Lo'paygty
gleil bo'lgan Hisgishs yorig*Hkka aylanadi, Sheird,
part i o it g s ki b o s

Kristallords sochilagandy spekirining vo'ldosh
s wshuvehi yonig Ik chastoms @ g knrmali b’ |
. Ha'e
atudl optik garmenikalaming imiensivlig shy dorajudn kutta bo'ladiki, )
nurlaming 30 - 51 % quvea o'g'ri keladi, lfiml b rubin lazerining l.nnhlilnt
dasinsi bvarsdon o' gands Jgzer nu to'gin turanligign w'g'ri kelavehi nur (A=gogs
A\ bilan bingn 42 = 3477 A ga teng bo'lgnn ullrsbinafsha mr anlg)

s

Xudal shuningdel. ko'zga ko'rinmaydigm Infraqizi (410600 4) ncodin lnzee

zuu.'h‘l ditstasi krigtallps wmm ikkinchi garmonike ko' rinuuchl
o'k 10°g'ri kelad] (4, =5430 4),

m=1331, e=310"mls
i o

-
A== to'lih
Yorug'lik nurining wakumdagi 10'lqin wﬂ]l yl v
. yorug likning tunqalish tecligh. V- uning fl::ﬂm. Yﬁ: Ll bk
[ v 'l ':::dlsl:u t'mtilnm yorig fi nurining suvdagh gl
\Jig

: —  bo'indl.  bondan
okgin weunligh B be'lss, sz

N tnshane, kuchli dastn w'steidn mubit shuffolligh ham o' sparar chan.

Kuchsir intensiviikda shaffof ho'lyan myhit, kuchli intensiviikds shnffof b by

mdm Boahgn mufitlasdy nfa “lishi mmbin, Kuchll yorug ik 1a*siridy

ehiming  qizil cheparasl  busiler  ckan, FotoefTekiing  fonlashirish

i 2-3 bo'sids 6-7 marta kam energiyall fotnlae hilan amalgs

Shunday. qiib, yorg'lik intensiviigining-orishi malum optik hadlaslarning

vangi girmilicing va Yol effektlamni ochish imkwnini berdi. Bunds Intensivlih

! Fom" gachn, ya'si. - 10%10'" enarta oriadi, fiu hoisslaeni

birlushtiravehi omumiy narss utarning tabiati insersiviikin bog liqligidir. Ba
sffcktiaming aksariyat ke insermiviik chegurasi maviud

i
i
it v = - horligani em quy Wbigh ishchi formuln kelib chigud
Ay

o3
o_cin A _TI _sa6107m=526mm
= e 30 "
byt . cM. " jpan ‘i 1 emas, yashil
wellk dispersiyasi deb B ljgan. yoew ik nurl gizi o
tnjr i . w?ﬁ:n&w hh}lyﬂzlm:;mqkﬂwhm;
L Yorup'llk nimaga ayliladi? Mywton tajtiiniari orgali 2 Wlilh‘s'lm“dnlﬂ“ml?’ i [

m’- v anomal dispersiya qanday shartlur wesidy ey ik wrunligips qamt

Im-l ifan yorsg ik chastouns) orusidag] bog | i mm‘_dim, irlsh ‘alk itining  chisiotnsi sarab

= otyan
#l-masaln. Quiblagichga tusha-yolal
e BT
& Yo lik io'kiinining. ko'ndalang to°lgin  ekamlig  yeeie likaing du e ¥ iyotgan  yoruy ikning
wi‘;‘m:m e, ___a:? " i quiblagichdan A
g _Nu:;ﬂi? q‘l::ﬂm‘h sindshini --—‘Ma;' elektr  febranishlating
keristallning o' qigs munosabati qunday b’
E.‘"TMH, vorug*fikdmn  qandsy qiflb, vassi uithiongun  yorog fik olish
Mﬂl‘l

; 3 ?leul pelzmasida nur yo'lin ko'resting va quiday murlar chigishing
K Mabyus qoemiiing ifodasing vozing va fkki urmlin plasthikalaming
X w?i. muditlarda Tk sochilishi - ganday

. Xira va toem yorug W ning bl g
timbunticlladi? ’



Berigu: i'i"i“—ﬂiﬂ i
o I
Vllhi WMH; (16,1 2-rmsen)
yorug'likning m“? tutilih. qolishi
=mw- la:wm‘m gl (1) m.f&.,,d‘:'l‘:;
Hﬂﬂ“lhlmnw“u“ Bildirag|

mwmmdmhmmd’ i
: p|ﬂhhmng qufinfi
WWW yorug' ik intensiviigining mechs mar kf.'...m..ug.,.‘

o ﬂmdd- tekisligi hilan
Yoeug ik tehranish jekis tushayogan yassi quib|
barchl [ i aniginymis, au’? yangl :unm T !I]m;:w ot blaeign

i e
ﬂ'=-5-—¢ CIRR e —

(o

I=1sin'p
(11 mi isobuga oleak, (2) tenglikdan 2

v @il = aresin |I'.;”°
mmqnm;.mmmmhfwmmﬂiwL

yicki

d= L)m_m id
S“mwmwlnhrrm.j,,mh ',“
‘=;g§wmm~.,,=mi e

wmu&:.,a‘*,

v analizntor oeqalj o'tgan whiiy

4 m
Inlyiodi fim, Q'lbfwci bitin analizstor
m e m" teng? Yorug qu; ;lllﬂnl‘x.lnl
Bertlgun: _iﬁ-__“_!gyﬂg
200

Yorug ik quiblagichdan o'tgmeda imtensiviigi ki marts knmayadi.
I Blf,-.huymh. I~ bty yorug Tikning intensiviigh, & -
tgan yong Tikning imbensivigl
-ﬂ%ﬁm o'tganda luiunjﬂid Malyus qonunign muvafiy
nl
I=dycof' 2,
~ panllzator oryali o'tgan yau:rbrmlng intenabviigi, hirog masalaning
. I=%fr-5!m' wuchum

1 1 3
;Ir =Efrcos &,

wstz=§ va a=45". -

i ik dnstani nifol osquli quralindi, Dastlib

okl g o-kasih el chil_quiblangan

g tobranish tekisligign paralic] bo'ladi, Nikol g=60" ga hurllgandn u

yorug' ik imeasiviigh k=1 marin Kamayadi. A

yorug'likniny, tashlil awdmnrl Tha* bmiksh Mn“{ a chizigl qmt-'nh‘
v mmmmnm mishati LT, hamda dnstasining quibiani

k—2marta
P~1

p=60"
L1 =2

it

¢ Tabily yomg'lik Al by ming 4 yorug'lik
ulohizalardan mnm; dusiabiki holsiids o
%!M foln v mm “filoning ynrmini o'tknzadi.
o yoorug likming to'la insensiviigi
1
L=l + —f T-
ing WIII o'feagilgan  gu
- < :n-qllmﬂ o°thailigan
hirtnchl hnldl['d fushayotgan
“lxmhn teng, Dkkinehl hnldl b‘ll Intensivlik

m‘lknln;
Hy yorng'likning
yoruy 1k

1
I, =1, cos o+ 2!,.
‘shartiga ko', fi=kb yokl

m



7 i
inosabat bilan o v
o m]qh;di, bunda, hl.;, :.l.... fikoldan o touilgan Yeruy'likning

Muksimal inseasisiik [, =7 =7 4 1p "
= s = !¥+lfr)‘mh“1.lﬂwﬂ|¢im,nm

finkoul intenaiviik  nikoining g yoi
o ning tebransh ekisigdn 1 ki ekisligi i , banam
ng
3 o nikel s
oiadl. o'l lensivi quypgt ey

Shamday yifib, yorug ik dastasining qublanist danyjas =i
2

AVIE bob, YORUGLIKNING KVANT TABIATI

Birur yuza orgali
F oyim deb vagr Birligi ichida shu yuzedan o'tayorgan nurlanish
fushumilind.

r:.‘{{. (e
ol £ hiror plastinkags loshayotgan bo'isin. By ogim qisman
Q::n}imh yI.rHILII lpﬂﬂw%m o'tadl (F, ), yo'ni
F+F +F =F
- flsemning nur quyenrish qubiliyati;
- g mur yutish gobilivatl,
v%nwn' Hyail.
hun foydadanit (17.2) i quyidagich yozamiz:
pta+d=1 (731
gualinred bo'lgan jismlar wchun d=0, u hokln (17.3) quyidagi
ol

(17

pra=1 [
i k" psatishicha @ va @ ning giymosiard 4 va T luming funksdyssidic
Pip tagr=1 ({EE]
o, 74 vu @y g qiymattart O dan 1 gacha o,
A= @y =0 nur 10l guytariladi (absolt og jism),
B4 =0, a5 =1 nar woinyuiladi (shslu qora jism).
absolut oy jism hom, absolut gors fism fam bo*tmaydi Har quaday
M:\qﬂmg bir gismini utsa, golgan qismin quytarsdi, Fargi
7 jismlar ko'proq qismini yutib ozmg'ini qaytarss, boshqa jismiar

el



QG r =ty =const <] tital

Odatde. o'zining xususiyaidad b
S ot lan B gl Mo o
Bunday model juds Kichik feshigi b‘j.‘]""m’ml

ing uchun  bunday
My s
. isF gmytacsh vn i
qﬂbll!ymnﬂmd T hsronatidng) _Im:ﬁgjl:im
i e o s
T g iy e e
b\ i3 (e orqali belgilanayi
:mm m:’:‘ £ b‘rl::fm h;i'. Jllmh:- i) dqm‘:ummwv}:
; 4 - i
Mfﬂhﬂl-“ faydaloniladi. Absolut qoru fism nuir chigurish m-:i ;l;qu;n:

Tssiglik  purlanishi  boshqgs 4
frlan i . urdng
Qilnylik (1

17 Zerunm.

¢ Jiam  imiqlik
qobiq bilan o'ralgan dtzwt-qnl:

nurlanishe sisman voki to" i

man yoli to'ln vistsds, Qiman
yutea, qolgan gismini yang igohig tarnds
Shuning tichun jism vagt birligi l:—‘;h‘l‘nmwth‘l

i Jimmuing Crgmmaydl, Bu holt

i . Shu subabsdan

deby yurititadi. By L isslalik muslanishint mnvozanati - urfanish
A smiaedug o o hide 2 (173 b il Barorsidu s b1

B i Pr yutavolgan bo'lss, b

e, e B’ ke iy o ik

20 fism bo*fsin: mign siddie. Aytaylik | jism oddiy, 2 — fism absolst
wur chiqurish Zer; 2E;

ar 3 1
iﬂ‘;-]m murlantiigan energiyaning @ ¢ glamini. ya'nl @ F encrgtyani
Demk, | = jimm achim ¢~ & Ep, 2 Jism 1 jism chignigan e, energiyani va
i quytargan ({-@ 7}Ey energiynni yutadi, ya'ni 2 — jism uchin ErmerHl-

foF,

e

ar

ing integral gonunidic: har Jlsmning musyyan haronmtdagi

chigarish va nur yutish qohilivatining o'zgarmis kattalik bo'lib, w
tmyri mbsolsil gors jismning to'ln nur chigarish yohiliyatiga teng.

ikl Jlam oraligign 4 dan A+ gacha fo'lin urnlikrdagl murlmishnd

db yoborgan  filrgn  joylashtivssl, Kirgolning

(1Ef ]

m..mm«mmqumn
heylly be'tmay, barcha fsnbar mchnn to'lgpin pniik ve
wniversal funkslyasidic va w ahsolut qorn lumning nur whigarivh

Ky, g tengdir. c -
mirlanih nueartyvesining eng sosiy yarilsg alvenut gors jrem uchim

rinisln topishdle.

e i mimg ta'le i chigarish qubilfpati lure saiming 4 dirafesipe

E;=al" 78

Sasfin-Bolaman duimiysl {0 =85,07 J0° V') (179) ifods Saefin-
i deb ateladl

an qoviani deb _
fijalarin wblil qitish natijssida topdi lekin xago
arnt deb hisohl Bolsman es bu gonmsi

harakatloe bo'tdi: By = BT lekin V hon o

ham wll x| horornilar uchin turlichs bo'lib

chigaveradi, 174-rasmda absclul gora jism

it ehigurish qobiliystining to'lqin wrunligign

bog-ligligi {spekiral msimal) turli T o
il

wehun keltirigan.

|. Unda sbsolut goon fism murissish
speki ueluksizfigi.

2. Har bir haronugs oid bo'lgin

{fadibovehl egrl chisigda nniq maksimim

205



whit maksimumiar sy
mikstm

17,10
bandu, v Vin domiysi, v = 2,404 - 100K (17,10) dim ko' rinadiki, T ganchy.
shuncha WM‘IH&IMM)‘HBIMNINMnm
‘maksimumn gl t'lgin wennlikfr

17 d-rusmda mmhnm sichim ko'p urinishlar bo'lgan. Bulsrdan vig
tertnodmmik mo;

oK
E .?e & [1EAT1)
ifodani bosil giledi, Bunds @ vi - foydtalanib tinlunadigan

8 = wiribatardan
doirmiyberdir. Vin taklif etgan (17,11) ifodn gisga 1o lapin uaninliklng sohasids vaxshi
mos keladfi, Lekin kst to'lgin oundilar sohssids Vin formuslasi £, uchun

hadaghdan kicthil i beradi
w“hﬂw W Jmmq'{"wh‘hup smistih firika. aloblariden foydalanit,
alisulut qara jiem nur chiguzish gobiljyatl
')k*
E,;= -Tr (1742

ifodand topdl By ifods Lans 1o lijin wamiikiar sobasidn tnjribu bilen nos kelsdi

Qisga  w'lgin  sohnsids  Eyp  cheksic ket
(wultrsbinafshaviy  halokatw, P, Frenfest)
qu:um cga bo'ladi, Reley-Jina: formmlasidon.
Stel

gonunini keltirib chigarishga
Mmhrhmmbemml
"’ 113
E= IEUJA TwckT 4 - oy

V1 %am, Reley- llnu ifodasi ichassik l'!xﬂu qonaniargs
2 qswm]wﬂgmhurdaddmﬂwbﬂlll\“
mihim tajribainr nutijalaring qudir ko'ryntadi. Shunda
Mah P'h::h(!lﬂlh- b verda, Huﬁn:dh wsasida kamchiliklar hnrm
hngl Iulu:;lpmwxﬂnli surdi: ya'ni jismiurning nurd
walitloiz emus, balld alohids kvantlar sifstids ;Jq.m Har bir nurksnish
Kvantining egnergiyasi:

g:,h.-z;.% (T4

wateng Bundy v = % nurlanishaing chastulesd b - Plank doimiysi (k=662 - 107"
a0 (V7,049 g mscsin A0 dis Kovant exiergiyasi shu darsjady ortib ketadik, natijads

harkataing caergiynsi, hmummmm chiqurishga ham yetmuydi

(17.15)

3

ldobnllﬂ.lh[mhnhfhﬁ
1a tushuntiradi va undne obeolut qoes fism murlanishi uchun

1 quhrhclihduimdi Bunddan 1. Stelan-Bolsman qomunin olish
lmwlqhmdhll\goh-wmmmdahmmlx

J'EHM zuc’j —,.——
menﬂnwﬂ“""‘“’“?'“’
AL, o _he . ke
—d=—xdi=—ds
he xT xT

{1716}

x
i (17.16) g qo'ysak:
Ey = 21he (':] [ —4—

O e =1y
qilamiz. Bundngi integral 7715 g teng. Shuning uchun
E -——,2"’“ r=ort

LT =

27t
1570
h:l.h:y;ldl{l'mnh|suhﬂ! ganunini lopish ochon maksimamge mos
L i topish kerak, baning uchun
ALy, =0

Hosila olib nolgs  tenglashairib,
tenglimani yechank, o,

4 497xT
Ko rinisheln botadl. B ifodani

he
AT

e (174m

ulingan

{1718)



shuklgs yozih, uneng o'ng tomondagi hadni

i {ya'ni chigish |:: Al uchin yetatll hw

. e
= — lektron “arib olishi uchun soatlab ba'zan
. e : ha sy, yorugHkoing habi 13
tenglah hisablash mumkin. orlaming vujlgs kel m&;"swo’ndl. 1
smak. yorup'likning. w'lqin nazariyasi v fotaclTeks ﬂlﬁﬂl
17,2 FotoeMokt v uning qoousiard i, 1 Thaif QAL g,'f},.,m Plank
'h’l Wk ra’ 1 sleida Jimdan Em,'n m kvomt m
JutoefTeks deb avniudl, B hodisani bicinchi bo'lib, 1HETvilds ﬂmi;:’:nﬁ ’}uqmu nishatan qu'Hah, yorug'fik kvantlar tarigasida muclunibging
Birog uming xossalurini hae wmonume chuqur o mm va ganuniar ynratgn i worug'lik energivisining trqulishi ham, yutilishi ham, kvaatlashgan
olim, rus fieigi A.GStoletoydit,” 1998-yilda Lenand va Tomsonlar fotocfie; il

Mﬂnld.l katoddan ujralib chiguvehi zarmlar elektronlirdon iborst elantigini
magnis maydonidn og ' ishgn nsoskanib aniqladilar.
Fotoeliekt hodisesini kuetish uchun havosi so'rib alingan shishy idish ikki
mednll elekirod-kutod va v mnodlar tashai ampermetr zanjirigs ulnngsn t!'l'b—m}
(¥ thnzilgan tnjrikalar natiinglda. 17, Trmsmda tsvi Ensvirtangan voll-amper xamkierisiknsi

(yurug'th  sorradari) m garaladi. Iy

encrgivasini beradi, Agar bu

| mﬂlhn clekiron q]lIle chigadi, Fhﬂ'ﬂ‘hﬂ“ﬂ.
chiglh

metitldan
wifitiids smmoyon bo*ladi. Hun)

=¢‘+"‘_“1ﬂ AL

2

Festoe Tekining 4 & asosly qonuni har:
[ b Muoyyan foaokstodgn  tushayoigme

yorug likning spekiral tarkibi o"sgarmos. bo'ba, sl ataafi,
fn & ki o yiiah ol o cqmis e Wil ol et ol oo wen
‘g {17, g
" : . l1 m':.‘ = \Efl i e o uchun [1719) ga asoann, :l:hmminj mictuildin chigish ishring
gon fomelckironlar hoshlang'ich teeliklarining ali
oo s T okl gomall yorg'ik  ineasvlips ] hv, =4, (12
v S et Ty s s i gt i
T o i

Foton uwgirnl €= .h' energiyn v massaning ckyivalenilic gomni

3. Har bir fotokntod uehon biror wqleil chogearas maviul bo'lib, undan attrisg S i

16 Kqen sirmikl yorg'Tik o'sirida fotoetfekt wjidgn kelmaydi, by ning qiymil £ _hv
yorug'tik inicusiviigign mutiago bogly. tmay . ot e i Lk i G T $iel
kimyoviy tabdatign va srumqghﬁmp bog'l 1
4, YorugHikning fotokstodgn thishi bin foicel i bosil bofishi qn sarmalindon Garglatvehd i
orntide seallarhl vagt oimaydl. foton {inchikdng! missspn e emas. Folor fagst i
Froeifekining I-qonunini to'kgin nazaniyasi asvsida tishuntirish mumkin. Mlﬂml'h- “"‘E""W'{"’“‘F'H“ teligig leng.
Lekin to'lgin 2.3 va deqonumslarni tshuntleishan ojizhk giladi Chlsget
To'lgin nararivagn asosan  fotokntodgs :3:) itivoriy  n'lgin hv v
urunficlogl yog'lining intensivliel o sl i | eligsyoigin B e e )
fatoelckiro energiynsi ham ortishi kerik edic ammn folockekironlarning e £,

mmwwwlﬂinmvﬂmmhwhg tig emas.
maziclyags siosan, elekima metalldm ajealib chigishi
uchun Ivmk]i nur; ivani  hur  qandny ;mqg‘inhd.n olishi  mamkin, yo'ni
ynmﬁilisn[ng to'lgin isnligining ahemiyati vo'q, Fagat yorig'lik inicnsivigl
g” cha knttn bo'lishi bosien. Lekin 10" I.giu um.ra{q“uqm jaradans katia
g yorug' likhing mmlvﬂ;l har ganchs ko P, ferpel Tkt vijudgn
helmaydi. Aksincha, to'lgin wemligh wgisil chegaradung Kichik bo" Igan vorug ik
intepsiviig] nlhuyndl il bo'lsn ham  foloeffekt koeotibull  Ammo  ssll

gl yorug'lik tush

Shuday qilib, burchs mrrubsr kubi fodon
T enerplya (£ = h) m,a(.n, = hi) va
limpus (R, ) b ifodals
Yowuy Tk bosimi. Muhw;ll nazariyalga
taoon [am sl ushnyeagan  hor  gunday
elebtro mugnit 1o'hgin jisnga bosim berndi:
P=ull+ ) (17.233)

1 ik

tgan tqdirdn, t'lgin nazariyagn asosm vooup & s Iwﬂm i
w'lgialari  tashin kelgan  evergiyalar  hisohiga H lam encripyasining hjm P g
miqladig) energiyani jamg'arb olishi Lerak, ghangy bu w”,. ektouaing i s i

208



nigiacdi; ‘yeng|zing

bosimieil birinclsd bo'lih, 1900-vikda PN Lebedey
birl g = yalliog qilly

yalﬁ[lllﬂ'n;

ganotlami navhatmn-navbal yoritish natljasids bosil ba'lndigan

h..mm aqoatansdl it Fermoi
:-wﬂ + g)y=2w,

Yaltirog wchun  @=f, Shoning  uchay

Yorug'lilni jo'la yutuvehi qonayirilguy
it wchun o= nuttjods

P =wii+ g)=w nisbati
_;-_,2. [17.24)
Tt b e tasdigha
orag Tl basimini  kvant - fssavviriar
axosidn ham fushustirish in.
.-m:u. Yﬂnr' Tiknimg
horpuskislar  wemsalart effektida
yorgin, emoyen bo'ladl 1923yids wmerkak ok Ko Kuﬂp‘ﬂm ”wwmn
murlanash tackibilda birkamchi wimn wrunhikli Mnhlbllm Kanturog o hh
wennlikll mutlanish  borflginl amiglaci.  Tajrhalar Ad=A"2 Mg tashuvehi

musrlanishining fo°lqin wrantigs A sochuvehi fmigs bog*hig bo"lmay, Fagal sochilish
burchingi #ga bog ligligind ko' ruadi:

M=x~.a.=2xm*-? 1739

bundagl K~ komptou duimivsl ded miotadi va K=241 - 10 "m teng. 17 %-rasmids
Ko rsatilgan Dy, D Wﬂmewmﬂampnmk,hMp
yushadl Sochilpe martsnithl 5, tekshirii mumkin
Nurlanish yo'nifishids (#=¢)4 o'zgurmiydi. boshgs yo'ralishlardn A4 —zin” 62,

Mi&xmmu mlm

To'kgin mazariya nugiay nazridan tushuntirib o’ imaydi, Elckimon
yorug'fik 1o*Iqioni ta"sinds shu ﬂmw leng chaston bilan tebramishi va shi
chnstotsgn teng - lgin mukantirishi kerak,

Kvani nuglay| h‘umwmumm hifan
tasirlshgunds ¥ ifodn hoail bo'lndi K=himye. Hisob-kitoblur K uchun
qiymantlaridan foydalanib,

imw.)nuimmunm

K=1420 Demak.  nusary (K=Wme, yo'nt

A= _d,.’El ffodu Vo (1725) monosahat mos kelib, foronlaming
me 2

s indiigin isbotkovhi dakit bl xiemat gt

-gipotezasi mimadan  fborm?  Kynnt  mossriynsining  klassik
msasiy fargi nimada?

) Eipotezasing qaysi hodisalar tnsdiglnydi?

Fiatan quday vossnlargn cgn?

mun-‘ mosiy qonunlorini ayfing va ulami kvent tassavariar
m&‘ el chegarusin nima?
| nq "
WI‘ qonunlaring tushuntirs  oladipan  Eynabteyn

Afodasing yirging.
xmwlzj"rhm provasind, cheperimental qurilmesl sxesmasini vo

Gors jism nurinnish spektrida energiyaning maksimal qymatign
_n;fmumﬂ.zi =058 mhan, Jlsw sirtining R, energetik

; Sietus-Relman ol e abwohix s Jlsmalig sncigeilk
Il rwmuum& tempernturaning w'rinehi does|asigs: proporsansl

R=aT', (1
iysl, T = termodinamik tempernm, Vinning
yordmmidn remperatur T ol hisoblash mumkin:
AT, (i)
8, B—Vin doimiyal. (2)va (1} Fmﬂd:l{z:dﬂ-ﬂ!.
R=riiwi
W giammi, Flincbiny mis:

290107
R, =567 m—‘[ G JVm’=3.s4-lc“1-;m’

;-=3_$ AMY m,

'- Nt chigarishi ssbabli Yer 0'e sirtining har bir kvadral metr
o'racha 9] J'dm'llyn ‘qetadl, Yern| abalut wn}lam m 1
o'riachs ;n energiya bk

mﬁamlllsl-nlnn}qhn;. Tl
r=ls
W=91r

R

an



tmquMm
Bunds, :,-er Vi) = Yerning mr m gobilivati, @ — Stefan-Rolsmg,

L5 if
r.(. TS e -e

Vin goaumi (17, 103 pu muvofig

B, b~ Vin doimiysi; mm..n
b 298107

A== a5 00 m= 145 m bk
Shundny qil ‘er nur chigarish gobiliyatining moksimumi spektrni
et g e e i)

G6-mannli  Sesiy 10k wasligh A=400 am botlean binahha i bl

yowitligands uning siriidan uchib chiggan cloktranlarmkig energiyunl Wi, vi
W gl y#lmmnumlw-ﬂ‘”lﬂ"'l o’ likning
ndu.l-} MPII 1s ga v

kg ya leng.

A=400mm =410 m, 4=1710""7,
e=3-10"m/s, h=662510"1 %

W, =7 #=7
Yeehish: Foloeffeds uchun Eysishtiyn fommulasind yosamiz:

Barligan:

”=1-9_:+4 ymﬂzhv-s.
2 2
bnndn.v»i—ms.u'@ldu
_he_,_662510% 310"
W A 4 4107

F i ng Wy kinctik

l’=‘m
"

~L7 107" =510,
i bilgan bolds wming v texligint

o 1'04. = JLIT0° =105 10°m s

67-massla, Emm duqnn ishi A=3,610" | bo'lgan ltﬂv uﬂ;::
fotaeffekt u STiagponl o hin Yorug
umrnhmfl;ﬂFil mhumddndy va e
Beriigen; A=3610S, c=3-10"mls, h=6,625-107 Sx
i1
12

u: 6,625 107 -3.10 3
e =" 5006 107w,
& TR TSR R

wmmuuumummuumwmnms
sochilpan. Sochilgsn fotonming encrgiyasl £, = 0,4 MeV
sochilgungs godar bo'|zan energiyasi. £, ol aniqlang.

e B=90°, £ =04MeV

&1

Tistonming destlabki energiyusini aniginsh vchun Kompon

Foyelaturamiz:

M=1_"_I{ﬂ‘£. i

e 2

- lektrondan sochiishl 1ufhy 1 folon to°lgin wenkigining o sgarishi.

m‘:umo -l i mhuhuhuimu—ymh‘hunu
;& — fotonming sochilish burchigl, (1) formuluai quyidagicha

.t aa - by g almashiicamie; b) €= he/ A formladan

Ay wa Ay w'lgin apailfidaml mos ravishdn folonsing £ ve £,

hilin Hoddlaymiz. U holda (11 ) va b) landan foydalanih quyidaging

gihe he "‘z;h*"

E, E me F
ifi, bis 3 \ encrgiyani topumiz:
et &) 12}
e T2
el = :,m\ = E, — g, in

clekirnmming tinch hnmdm encrgiynst. i2) fnmhh‘ﬂdﬂ
! mnﬁmwmmmm Elektron nchun
| MV b lgani uckun

. o4 0511

o T MeY = s el
05112 04+sie|

k]



fi, ATOM MOLEKULA VA QATTIQ JISMLAR KVANT FIZIKAS]
AVIL bah. ATOM TUZILISHINING BOR
NAZARIYASI

18.1. Atomning Rererford miodeli
Uzng Iarndm ma'lumki, hizning ongimizdm tshqarida yashoyotgan obyeksiy
borkiq, ya'ni miateriza tomisedan tishkil wpgan. O°sha dividan  siomgs
rmmteriyaming botinmers eng kichik smrisi deb gomigns edi. Shuning uckun ham
miom grekchs sntomose so'zidan ofingan boiib. <bolinmase degan - famoni
anglatadi

XIX nar ocirign kelib stomning muraklob nelipandig tjribolardan ayan bo'lik
qoldi. Aymigan, bu 1896-yildn (marsoe olimi A Bekkerl wman tuzlari qandaydis
sioma’him nurfanish mantai ekanlipinl anlglagandan so'ng yaqqel bo'lib qoldi’ Bu
murlunish keyinchalik mdioaktiv nurdanish noming oldi. Radioaktiv narbanish som

tarkibign mushat v manily aaryndlangan saeealr. Kirishi mumikintigin ko'ratdi
Aomning tieellishi bagidagl bireehi slom modelinl 1904-yilda inglic olim|
1) Tomaon (18561940 yartll. By modelgs hinosn atons e shaklids bo'lib,
unig batun hajmida znryatlar hie tekis taguimisngan, Sha mushat saryidhe araside
elekironiar fum joylashgan bo‘lib, ulmu1 s parshug nrg-ulhr mn{p tengl
bul.wuuchmmmml" bl il
unl ozl vizivetlgn qayisruvehi elastik Iwclq;u o' xshush kuch hosil bo'ludi,
Sho Luch t'sirida clektton garmonik tebranma hoeked  qiindi. Maksvell
elekimmagnit 10°kqin mm uaoan elekinon somda tebranma harskad giliand
achun slom monosronatik elektmmagnit jo°kin sichadl.

Hu elekiromagnil o' ln chasiotsi elebironning ichranbsh chustotnsign 10'g't
keladi. Tamson shis utom modedi bilan stomning nurkanish spekiri chizigh bolishini
Hishuntirib hordi. GON Lorens, Tomsonning hu siom modeli ssosidn yoruylik
dispersiyaining clekiron nosarivosinl yarstdl, B moxariys normal o amomal
disporstyalsrin| tushunsirih berdi, Oz nnunh Tosnzon modell fzikadn mubim mol
o'ynaydi. Amemo bi model uuq yashamodi. Tngliz olimi Ryzorfordning radivaktiv

chiguvelti yupqn metall quilamiden o°tganda
nchl!bluml nmh I9I I-_\dluh alom turilishining yang modelinl yanasdi.
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i i o'k Meandd ko umitig slom massast bilan cmas, haly;
ko zaryndi hllm i hmdl. Rezerfond ayrim &mﬂlmmgﬁ\my Sistemadig;
o'miga tuentishlar ki il ularming tartib radamlarini o'zgartimdi. Rezesfong
uqumyﬁunkhnl i;il.r"m]mnhlmm mkon berdl,

Ammo b (azilishi o°g risidagi Rezerford modeli kbassik fiziks il lar
doirasida jevizshmaydi. Bu mioded vadro atrofida wylnnayoignn elekironning orhitasi
iema submbiban tiorg'un ekanligign hu juvoh bem olmaydi. Elektron yadro sirofid
Ay lanar ckan ma'lum testanishpn ega ho' badi, shuring uchun stomdin elekiromapni;
nurianish chigib tarishi kemk, Bundny narianish energly, wrbuksiz famayib
‘borishi bilon birgalikdn sodir bo'lganidan, elektron spirul boylab hurukotlanily, asi.
sekin yudroga vaginiashib borishi va axiri yadroga tushushi lozim, Elekiron yaddroga
ywlluhmgm s, elekironning aylanish chustotssd shy biln bivgs elekiromngns

ish chastotusi ham weluksly o zgam borishi kerk, Bu klmssik faika Ry
nazridan  mom tutash  nurlanish  spekirinl beradignn frgunmes  (urog
yashamaydigon) sisemsdan jbort degon fikemi bug'diredl. Ma'lumki, bunday hoi
lnzmilmayd), neom tueg unligicha qoladi. Atom sochiluyotgen yormp' ik spekir ham
fuzduksiz o'y, balki :hld.qll!lr Bunday :anl spekerga misol qilib vodomd
atomi spekirmi olish mumkin, Awmlar spektri nima snhabadan ehizigli hoh:hml
ham Rezerford atom yadro modell mshuntivib bers. obisaydi, Demak, kia
mexanika i elek m-hnlh yurulilgnn Hezerford atom nu.r,:rimj
atom fehida sodir ho' et tushuntirishys vte ehan. Shimdat keyin
daniyalie firik Nils Bor M lelnln] kvmnt energivasi hagidagl 1w'lanotini va
tajribaddn kuzsilgan vodared aiomi spekiml seoyalanni o “rigamihy, mtom builishining
ol nagnriyasisl yardi

1.2, Vadared atoml spekiridagl atlar

Ao niilishinl o'vganishua. 1860-ylda nemis ofimlani G-Kirugof (1524-1887)
vit R Bunzen { I840-1R98)lar iemonidan yoratilgan spekeral analis weuli muhim rol
o' ynaydi

LER3-vildln %vq'lﬂfhﬂ makinh ﬂrJL«l o'gituvehlsl  Rabmer  kotaa
Ko rimndigin sohidn Jay lushinh variyatida
T T N T Ednmndm qu]uhun. to'kjin kol
Kamayishi blun alar orasidag! masofi ham knmay b bomar

& Balmer :crﬁmpj (m-z;

P * Liymon seriyasi (m=1)
fe '
1o vaaed
”m i of 02
o g W2
18, 3ormum,

Vdornd stomi mirlinishning spekirini o'reanish notijssids spekirdagi chisighr
tartibsie emas, balld guridhlar tarzida (ha gul\rli.!lmn chizighhr soriyaluri deh atsh
odt” bo'lgan) ma'lem gonumiyat bitan joylashganligi niglanadi 18 3-smis
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Aksinein, simob atomi il nocliik o
i 10’ sl i o'
e i s Sy v K St Lk
iy T, et A0 V94 tomar g1 ‘algan hotaig o'tadi. Boe
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Mm-t n-hs idigh
Renttafiklor
;W :
i jismilarning g v
lagussqlknwhmdaimenhkhﬂuikmMm

qaminiyatleeni migdoriy jhatden taveiffash achiun ko'p o'kehavil
fazodin foydalsnamte. Cheksiz fumoni statiiknds fircoely fizn deb

i ~N),  impilstasining
3N} biikan belgitasale, N, o ekt fuzovly frmodnp
aordinatalar differensinflarining ko'paytmast ko'rinishids

<o cligsy oy - dpseodpy, = dgodp 21y
Ganeha Tt b lsa, sistem hotatini Hodalovehi fasovly magtasd shis
ho'lish elitimalligl ham shuscha Lt botladi, ya'nd ©

dW{g, p)= [(q. p)dg dp 212)
MK wmyﬂ. uﬂnmlww-mm:uvhnmnl

hhahwehdmnﬂidwmlu; yig'imdlizi- | g teng bo'lishi kemk:
Jdwtq.01= [sta, priq dp =1
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(xy= [xlq. pydW (g. p= [s(q.p)f (g, P)dg -dp (214)
Taqsimat funkstyasini topishga crishish mubim ahamiyaigs cga, chunki o
irmkro sistemn wissas © v injribuds anigbangan givmailan b xi]
bo*Hshini wmin wizmint giladl. Endi es biz kvant va Klassik statistiatari
omsidagl umumiylikni va furgni oydintashtirib olay
Yuquorida bayos ctilgan l'hllrlwm kl-ﬁr. lm Kl mellmhil wlﬂ‘lﬂnﬂ
botysunavehi ko'p soali i
o'rgunish uchun nﬂnmﬁ Uty u-dw l‘nmq ewn klassik va kvant zamaloe

hilan
a) kvamt sarmlurining holntlari diskrer o' zgarndi, kinssik anrrndaciniki ess
wrlukaiz o Ik

) hwunﬂkmm:mddammm
miupb-bmr-q dilar fo-xshash_
mmumwmmm«mmaum

lé‘pnuplyamdnhh-i

) kvant zarralns o'zining Fususly mexanik momentigi ya'ni spinipn egic

) kvand mrmlari kompuskslir - w0'lgin \:mmmbn‘lul;lqlm !:lld\g
oanidlikiar ipign binoan, feeoviy fweodngl hajm element
Kichik bo'ln simaydi. Binobarin, oltl o"lchamii fzoviy feo élementar b takchusi
jmiming grymiati guyidagi ifoeda bilan aniglanadi

(AX -AV-AZ - AP, - AP, ‘AZ3 ) =k (213)

1) Klnssik sistieikagn smoan bir vagids it holadn (xtiyoriy sonil earmalae

bo*lisht mumkin. Kysni statistikns) cen magkur savolys quyidagichn javob berad)

spintarl ) va i’.% 0 Jult sep et kel be'lgan zarmaar, va'nd bozonlar uckun

mgsimo BIMII qq}dnﬁll kn'rinishgn egz va uni W, energiyall Talsidugi
etk soni tagalmuti deb atsladipan

W‘):W ais)
ifiods yordneida sniglanadl. Bu ruu..l Kimyaviy potensial bo'lib, uning
qmnéhumq:':qmmw;‘ nm:d.g ’mnpuuﬂmd
AN, )= A bolishi shastidan anisjianai.

[

Spinlari t; fn toq pon marti karvali bo'lgan sarralar, ya'ni fermioniar
uchm esa tnquimet furksiyasing Fermi-Dirak taquimoti deyiladi,
r:nlmmmuwl- ‘o' yichi tagrimoli
1

Ny = 2

. €
hilan (fodal A Fa i ! i 'ﬂnllbol&ll
muhnuchml’-ﬂpinﬂpin‘m bnhg:p'h.lwvmhuu':-hw

™

i W

Rusmdan ko'rinadiki, W ortlshi il bindsy

nlllpch bt Ipn hrml holaibari Aoiini
mos kebuvehi kvant holatlori seni kam ol

i \:ulluh\imhi elekironlaming o'rinchn jani
(NOwhy=—

munosabai  bilen  amiglaaadi,
Rmhlym]ug T=0K

clekironlur [shg'e! etgam (bu
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biride hittudur eleltton bor), Ay

20 2-rusm,

B bu‘ynﬂu ‘taguimilanishi Fermi-Dirak tagsimoti (21.7) 2 bo'ymmadi
kimyoviy potensialin gy bilan belgiiassl,

(21K

20 rmmmda by

dun
pasirog Ii barcha rixsat etilgan holaslarni
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ivali bointler cxn batemom bo'sh bo'ladi. Demk, Ay — absolut nel harortdag
::3 liin etkin elekironiar ega bo'lishi mumkin bo'kgan maksimal encrgivads,
Encrxiyaning bu Fermi v Wy bilan belgibanscl
Shuning wchun Fermi-Dirak tagsimati quyidngi ko“rinishda yosiladi:

(Ncw1>=—.r,f.zf— a19)
+1

ﬂ\:r'iydi HMMMMMM
hnrorati petlshii bilas elektronlar vogorirog energetik sathinrgn o'ts
mhmm i ulnriing holathar be“vicha tsgsimbmnishi ham o'zpamndi. (21.9) ga
s, ToOK wchun

=i b lnicdn <Nw>> yurimg teng,
W= bis Tziindn <Nfw)> varimean kichik,
W< 1y o' lganda <Nfw)> vieimdan knfra.
21 d-pasmdn <Njw )= ning If'p bog"! Ilqllk

erfigl tawviclongan. (K dan
hiags umvmnmmm:xnmm
© haror oshirilganda
ng fogal i
°i bilan KT

encrgetik sath] 1
e o koo ks

2140

i bajariisn, ilyorly erkin elekimn kristall panjart bilan energiyn ilmashinish
imkoniyatiga egn bo ludi

213, Metallar elekir o
Zommericd Fermi — Dirak  saisthnsign #sotungan  motallir  clekir
otkaenvehanligi (o0 g old nazrly hisoblashlursl wmalgs oshirb yideg
munoaahatnd el giide

1
6=e’nl, s o= (r=l, fu) @
mu, m
By i i ek eletroh syt
— Fermi ! clehironsing crkin onndnmm!L L)
— fermi uamk mh:m elekironning. issighik o'miachu tezli F-

vl -mh'-hﬂ- erkin yugurish mascfusi () wriichs Bigin
ailimncti wWmemﬁmmw pnmhl"mmmwdrg
Tisohinnar edi, Bu gasning sarmiar — elekionlir 02 yo'lida uchratgan kristd
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innlerga wilib wemdi Merilaening clekie queshiligi nna g
i puydo bo'adi

P = Pig t Pty :
gl 4,4, — panjaraning balglik tebranishlar Wiyl vjudza keladignn queshili,
aminshma siomiarida elekiron joiginlaming sochilishi Wiyl vijudgn

origan sari elekiron 10" hgin panjnra fssiqlik ichranishintido
-ﬂl.,n'nl elektronlaming erkin yugnrish o'rincha masofnsl | kamaysdi,
ik i kamnyadi, pey oniadi. Haromt 0 da o440 bo'ladi, amaio
m.ﬂnmll'wmm%i-nwmlldm« i
by lg bo'Imagani vchun S8 du ham aning iy o' zgamisy qoladi

L4 Yartme'tkarglchlar ks
LK ristull fisminr zonaviy nazarivusining chemeutlarl

0 ol nusijasicn gkl i Fanavly sy
gildi. B pomriyads guttlg Jism ksl cosnaga ey deb quealih, s
“panjaralar oroskdn haakatinouvchi - elekironluming holatlasd o'l

Kristall elekiron  fimm

oo erkin elekarontar  knbi
{0ttt daveiy potensinl maydonds hacska
romaniy i Pual o
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ctilgnn encrgetik zoms vujudpe kelodi O'tkmnuvehanlic zonn valent zonadan
mijqlangan {man etilgan) sonn bifsn ratiledi (21.5-rasm).

i Fonadagi
aanmdan fkkinchi alomgn o'ty ofib, hemms sombar tchun wmumly bo'lib goladi
Energetik sonadugi hamma sathlar elekronlar hilan to'lgan bo"la, bunday
conani fo fvatens) zona dieb atatadi,
Shondny kristnllards eleksranlor energetik zonalar bo'yiab tagsimisngun

'l
Mkﬁwhmmkmmhumm@mh
w'fib horat, Zoual va man gilingan zoamning
Teenpligipn wm qlnlq fsmlur ottkuzgich, yurimo'thazgich va dielektrik
woesalarign epn b lncdilar (37, 5-mam).
vmmwmmnmmumwmu
ba'sh wwmmmmm-w

e atalodi.
Mml! b Imlgm akaariyal qnﬂuuuumin valent sonadagh harcha encrgetik
nmi ehcktronlar bund o' ladi, Shuning uchun clekiron yugorirog energetik
uﬂw l.o'lm‘.lnm Jocim be'le fagat o' tkazuvchonlik zonadngi coergetik ssthyn
ko'tarilishl kerak. Vaning sehun elekly muydon in'sinda chekiron erbshoyoigan
o’ shisncha enengiyn g iglnngan monaning energetik kengligh A0 dan ket bolishi
koeruk

Deinak, lmll.hqmiq]ilmldng elektr v optik xosslari tagiglangan ronnning
ump,!ll le il il anliglanad
veturficha kaita bo Ia va elektr mapydon ta"sivida yoki lssiglik harnkat
HIEX")‘HI lullyli clekironlar valeat o
aaman o mwwiw o'l
olmas  ya'ni clekironlar  valent
zanadagi 'z o'risleridone
qr'zg ol-mosa,  bunday jismbami
dlelektriklar

Yo“tariishga :
21 femam.

msydun yo'nalishi t'sirido erkln elekironlandes: haakal
qilishlari mumkin. Buinday jismlur ymrime ‘thoggichlar deb atafodi {AR>3e¥).

mmmr elekir n‘ﬂmmhndhi h'yldn metnllar bty dielekirikias
]lmi-mhlp kiradi va ulordn valent zona lo°lig‘icha elekironlar bilan

Wmﬁy va dralnshmali yorimo® tkaegichlnrgs bo'llmadi.
chirdn xuststy cloktr

T=OK da xususiy
" v biuhwlulwlvlwnh'hdihn
gmummwrgrmn botadi. mwraowka. nl.;t:

o'madi (21 5msm). Bu holda clekir “ta'siricln ollum\'u{:ﬁk
clekironlar va valent zommda hosil b Iwbo‘uh Joytar ;lnhil]d-l

efk.ln elekinon va Mlvu].mhﬂ keladl.
elektronlar teskar

v
nevtrallnydi  Demnk, sof yurimo'
ya‘ujul{mlhmwwmﬂum

lnrda aralashmali elelr

itk
sof varimo*tirgich kristull vchramaydi, ya'nl or migdonda bo'ts
whemsliri b Lol

keltirishi

erdstall
A okl
ﬂnmhrldm fis' it

aw yarbma thusgich deviladi Kiritllgan & vadx
yiski - tip arnlashimn devilu, 5
[

iglangon

il 25 sabab bo'lodi (21 8-rsm).
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i thaznvchanlik ywriritadi. By bodisni
J |wl1-yll'dn nlimd fizlgi Kamerfing — Onm Iumhhn Kashi’
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ham o't o tkismvehanik hodisas

21 -, 21, Bt o o mumm ol bo*jgan meiall hudgada wk bosil bo'ls, keyin
bt e b o . il i e e L T
u(hmlun nlmhﬂy Adh qushilgnn bo'lss, phaminiyrdng uehta nlu}:: clekirpni ERe s ncac gamden h’r‘"ﬂm‘ i spnica e Sk Licauod
uchin qe'shiti kremndy stomlari uu-u kovalent bag'l lqu:c’da botladi, To'rincin ' 15913 fidn Mevasner o'
kremndy atomi Bilan kovalent boe tanish o' Idiriimagan bo'ladi, ya'ni bitis elekiron v, ] it i ¥ iord kil otedi.
wchuin bu‘gh joy mavjud balndi. Go i kremsidy momarining birona ehoktran o'z i ’ nrn. o thariychnnl |E xuuﬂ{\‘m e ho'l rw
womidan ajrafib by joyni wtidimdl, Netjjody sralashma stomd steofldagi bos*Bnish metllnl mogilt maydonigs joylashilo i Vi
o b, ke edekironni yo'qoigan kremnly afomi atmfid teshil vujudign keladi. f \ laroraimi pasayticih borylik T=7F bur w: di
feshik ikkinchi kremaiy slomddan wimdih chiggan clekton bila 0 ldicifish) ’ metall ichida ity polgan femli, T« Th
nvikin. S tarign teshik kristal boviat snotik avishd ko-chil yirishi mumki pasgidermripa i ey e
Agar by yarimo'easgichdn. elebir maydon hooll gllines, teshik clektr mayion s ua? m@l'."m ol i
kuchlunganiik velton yo'nalishida ko'chib, yorimo tkaegichds feshikii eleker g ol ]

X 1957 plds  Hosdin, Ky Vit Shrifferiar
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wath iy keladi, b slektron o'tishi uehun lozim ho'lgan energiyn AWa hnq-l i Oddiy haroraida. o toasgich Rinoblangnn
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Iikan i DTt Feenitl sathi Reiad v oltin) | jsmie o'
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hiilin ) 020t win asasty
Aynigea, v]dﬂmnhﬂll o'z wnrtiskidd fasoalar ket rol o'ynaydi,
!l dmpulaps eps be'lgan holutds fonon bilan o b ceqell
 Bisahgn eicktron bilan bog'langun. Agor i uh elehpinlae omsidagi
ol torinhish o oomideg Rabkm jmrshishdon katia bo'lss, o't
ik vijoda keladi. Shunday qilib, o'la ( trmnelanlikaing o lchivi
g Kichli elektron fnon a'zare ta'sld hischlanadi, 0718 o' therychanlth,
To'ldirilgan Nungan Sickironlar jufti (qumma-ganhl va'nolgan spinfi) hosil giladi,
valent zona Juftining (ukuper jeftin ning) spind molgn teng bo'lib uler
i Bioal] giludi. Banlar esn akosly holatids to'planishad] v slemi qozg"olgsn
w'ikarish Jucda qivin. Bu ekektron Juftinig muvolile Jm bt} i

di vu v elekiron juitining
Elekiionlas Juftining  hostl  bo'lish . metalining enw,-gn apektimi

g olets baeluddi.
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chasionll uzoq infrugiell elektromugnit- to'lqinlar suhasads e 00 posi
80 zidagl i hadi fngliz tlidugs mik oo i s
obingan, quigan horflur luser mﬂi Bilin m’:&?ﬁwm} L

At bz i sganiniadek, enesgivn. Wi W ... bt

biz y
vt holasharda bolishi mkin. Agr stom 1,
h energlyall wsosty 1 holnida by
W laa mbaish t'sicida Y ecglylt g angan yuaors 2 holgge
v tharish mumkin. Atom uvg‘ongan  hatatdn qisqn vagr (=10
IL:}‘: r::;;:l;d’lrr mwﬂ.);:ﬁ_fmm chigarib, u'e-'tidan tashai
P ¥a lg“dy ntign gay i mumici,

Spontan aurlanishai chsimallind gancli kndta bo'lag, stomni uy g
tish vagil shimebs kichik bo'ladi, Atomnlatring spontan ':.n':i'f.;‘.i’“ﬁ.ﬂ?."?.':’.‘
i mnmt turli yo'mudish vi vagulardn sodir bo'tadi, Shuning uchay
ru'm;ﬂ:‘m s wnm"n:.llumw tehranish nkj;:;:hﬂ. Tmralrd,
" i aarakieri pontan nurlonish kogerent
:ﬁ;::ﬂ‘ Cho'glanmi v |yuminessent tmasbalaridan doime spontan murlanish

AEymsiteyn  1916ayilde mgnely  wekshirishlar tnfijsica

I I
m‘P;J,lqﬁ dl:’:hh:nm" P un hngm:liml tnfngs o' z-0"yidan upu::\']mhﬁll
lyalangin} bo' ik

i S0k ey b k) bk hum, mamin dcn
" . el ataladi; T; fin'sir deganda,
:'::‘TH .:m wm"mm I:;m::::lmf :.'..'Mumﬂm;u'mi. Lekin
i n iEn wyan tetig b Tgan
Chustotall clekiramugnit to'lqin  {fwton) usiridn b i
o s b sodir ba Indi,  Chastacesi

ba

- v ida herukatini davim cliirih, o*fida uchragan boshas
mmﬂqﬂlmr T maborty Aurlantirislgn nﬂum’lil-. Shu tariga bargan
; 2 .::m ka'pavih boridigsn fotonlar ogimi has ba'lib, moddagn
i nnishni :: g2 sabab bo'ladi, Mujburty nuclanish fushuvchi
rm{:m kogerent lndi,n Bl yerdn bir 511 chasfota, harnkat yo-matishi,
ki nurfanish n o kuchayishign fotonlami quyi enerpetik
hitstdnzi alomler fonssnidan ymm beradi. A, Eyishicyn li?n:nﬂnrh
s L mrnur Veqtidn spontan va majburly nurlnish ehtimolligi o°sha
oladugi mnhm“ i yutilish ehiimolligigs teng. Shaning uchum termodfinamik
mnddaga - shayotgan murlanishnivg  yutifishi - majhurty

ustu keladi, patijadn yorug'lik moddadan o'tgands imensiviigi
ik moddags wshpandn. unda kuchayishi uchun sistemani muvseanli

n holatini wmalgn oshirish kerak Tundny holada uygongan atom
o, furg'un bolatdagi atominr sonidan ko'p bo'lishi kerk. Mann
i sistcnnda majburiy murlanish ko chic i ds Lk

i

ELS

201 2-rasm, 28,1 3-rasm,
i modunlarning wombarids shunday o' glgan, lekin nishutan g i
Bearki, atomlar b holatdy ancha weog vaqe (/07 - 137 5) bo'la olodi. Baday

B metantnbil holuilor deyiladi. Atombaride metastubil olathari bo'lad

lirgn tackibide 0,005 % srom (Cr) bo'lgan yoqut kristalli (AT, K;) misol
ulard alyuminiy atomslarining bir etastabil] halailar bo'lgan xrom

tl cpallugan, Y kristalli yorsg ik bilan voriilgands xrom  ionlari
di va W, mﬁ: W, energetik snthgn mos keluvehl holatgs o't

g energetk sathinrt 200 3-rnsmdn teavilongmn. Yoqut silinds shakdids
o'l wning asosiari niboyat darajads silliglangan. Asoslar kumush hilsn

qoplanganki, chap omonktagin (24 12-ram) t0'in  gaylarvcheniit

e e, o'ng fomonddag] esn gisman shaTol. Sifmdrsiguon yoqut ktealin

o clio'g’lanma lamps o'eb olgan, Bu lampaning nurlanishi - yoque

g o fontazini Wy va W enegetiic sathinrgn loo'tiradi (21,1 3-msm). Bu

on sathlarmibig yashash davri anchn Bk - 1070, ulidan W% v W,"
o'tish nodii botadi, ltlr—tnri?n yagin jortashgnn by sathluening yashash
gl ancheging kaity, #5007 5 Bu  metastabil ssihlards xrom lanks

In borudi. Natiinds ;" va W, “sithinsdngi ionlar soni W gl lonlir soeidn

. Kristall o'gi bo‘vish igan s i

Eo'p et quveadl, bu banikat davemide ko'p sondi majbury

wiljidgn kebwdi. Nutijnia fotonluming kuchl ogimi kristallning gisman

fomonidagi msosi ongali tshgariga chiqedi. Shundim w'ng manbadan
olfnnd; qytaritadi,

Savollur
Moddalaming stom va molekalalan hagiddngi ' umotiarga asostanibh,
tashkil topgan dartsing ganday 0*rganisl

Fazoviy fiuen deganda stntistikads nims feshunilad?
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3 Kvent v Mussh ssatistilalan oresids gandsy wmumiylik vy filrtglur
mnyjud? .

4 Boronlwr ochun Boee-Es p I niehun  ggy
Fermi-Dirak tesimot mmnm yarzing.
S, Mima sibabdan Pall prinsipt fermionlar uchun bajariladi, bozonlsr uchun

cxa bajarimaydiT
Erkin elektronlar  bilan  metalluming  Lo'pohili sossabari yuday
i I. FTony elektr otk " 14, I Raas.

yoring va
lnrqa ;Imaﬂ varimo‘kazgich v diefelirikloming energetil sonalarl yanday
bl
9. Xususly va amlashmal yerimeo® biridan
10, ¥primn'tkargichlards Fermi sathining i’ nosini ayling.
11 Qanday hodisapa o*ta o'tknznvehaniik hodisssi deb ntnladi?
12 Spontun nurlanish deb gun ayiiladi?
- 13, Mujburiy urlinish yoki induksiyalangan wordunish e ganctay

mﬂ? ayiiladi?
14, Rubinli luseeni ishlash prinsipini teshuntiving, sietastabil saitlor vazifsiol
ayiils bering.

Masalalur
puschasd =0 harovatds. tusibdl. Impulslasi
maksimal impaile Ry, disn 0, 1Ry, gachs ke'p farg qilmaydigen erkin elektrontar
soni AN uniglundy. Fermii energivasl £ = 5 eV,
Berilgan: Va2l im' <2 107 oy, Te=l), p=8 V.
An-?
Yechish. Mesafldag! erkin elekirminming impulslar bo'yichs tagsimeding hosll
iplbiah uehun T=0 i erkin elekironlar uchim Femi tnggimotidan foydalonimiz:
1 20 s
dnle)= e e mn
dnie) 2—‘3( JI}
dng £ birlik hoymdagi energivalor € don £-+de gachn (E<E; ) giymaiar

Th-manalu. V=20 wn' hajmii metull

orfig'ide bo'lgan elektronlar soni bo'lganligidon, o 7 dan redr gachn
mml. T‘n!la‘in botign birlik hapmdagi elektrontir soni dair) g teng bo*lishi

ya'
wfniri=ni £ ) {21

Hunda quyldagi sharigs rioyn qilinmog’| Togm, Berilge & eperglys ma'lum
b
impuls ;p[e-{;]m mas keladl va enesgiyenieg € onalig'ign ungs mos

keluvehi impabelarming tﬁ{
ekanligini nznedy naib, (2) tenglikning o'ng tomenidagi dn (&) o'rmiga yugorids

de——f— onslig'i to'g'rl keladi; £ P=riizm)"
mdp
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siyli £ i ¢ bilan vu d £ i dr bilen almashtirib (1)

1 (2m* ) 8
¥ i '(MJH.Y m '
ehn elelronlaming =0 da jupulslar

qoymmi, yini

1
MP)‘;.}TP"#’
P
i r,;;ﬂ.l r_ﬂmr_gmmuqﬂhhn . huymidagi
r ! o el
i | P o T O] ek

P

An
02H P,

v T
b W o
m elektrontaming sakcsimal mpuls £ wa mnksinal energiynsi £
o = 2, numosabet orgali bog'lmmgnalipisi Meshgn olib (1=0ds)
i eekin elekironturning qulicilayatgan sont AN i topaniz.

A T
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