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1 BOB. IOJIAY3JIAP ®OTOCPEPACH

1 - mae3y. Hypiaannm maiiioHu

Makcao: Hyprnanuin MaiiioHu Ba yHU XapaKTEPJIOBUM KaTTAJIUKIIAp OnIaH TaHUIIUII.
Hypnanum Ttapkamaétran MyxuT - Oy HypJaHHUII MaWJIOHUIUP. YHH KyHUJaru
KAaTTAJIKIIAp XapakTepiaiau:
. HypnaHui HHTEHCUBIUIH - 1

2. Hypnanum okumu -H,
3. Eputunrannmk - E,
4. HypmnaHuII 3U4JIATH -p,.

VYnapuu anoxujaa - anoxuaa Kypubd 4uKaMus.

1, . ®apa3 kunaiuiuk do ro3ara dt BakT 1aBomMuaa de (a3oBuii Oypyakaa v yacTtoTa Ba

dv 4acTOTa MHTEpBaJIMJA MEPIEHAUKYIAp EPYFINK Tymaérrad OyicuH. Arap Oy 3Heprus
MUKIOpHHH d =, OmiaH Oenrmnacax,

dZv o« do Ot dw dv
ne6 €3uin MyMKuH. Jlemak,

dz =1, do dtdo dv, @

v A%

Oy eplia I, - UHTEHCUBIIHK.
Tavpud. WHTeHcHBAMK (I,) AeraHuMu3 03a oupjurura (dz=1) BakT OuMpJauruga

(dt=1) ompauk ¢a3zosuii oOypuaknaa (do=1) OGepumiaran uyacroraga (dv=1) Tymaérran
yHepruss MuKaopuaup. HO3ara mnepneHAMKYJIsIp TYIIA€TraH JHEpPrus, JacMak [

v !

KapanaéTraH HyKTaHWUHT KOOpJMHATAcHUTa, Hyp HYHaIuIIMra Ba BaKTra OOFIuK O0yinanu;

L=1,0%Y.29,6,1) 1)

Arap WHTEHCHUBIMK t-ra OOFIMK Oynmaca OyHIal MailoH cTalMoHap MaiIoH
Ieumaau
H,. ®apa3 kunailnuk HypJaHUI 103ara NepreHauKysp amac, 0 Oypyak ocTuaa Tymaérral
oyncun. Y xonna dz ro3ara TymaéTran SHeprus MUKJIOPH Kylnarura TeHr 0ynau;
d=z =1,c080 dodt do dv, 2

FO3ara xamma iyHanum Oyiinya TymaéTraH >Heprus MUKIOPHUHHM Tomum yuyH (1)-Hu o
Oyiinya UHTErpaIaiMus;

d= ,=dodtdv [ 1,6C080 do (3)

bearunanr, H,-/1,c080 do (4)
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H,.nypnanum okumu. Yena dx |, =H, dodt dv

Tabpud. Hypaanum oxkumu aeranumm3 0y Oupauk rw3ara (do=1) Bakr OMpaurujaa
(dt=1) Ba 6epuiaran yacroraga (dv=1) Tymaérra ;kaM YHePrusi MUKIOPHIHP.

MabayMKH, dw=sin6d de dO Jlemax,
2n I
H, =[[1,cos0sin0dedd = [ de [l 6 cos0sin0d6 (5)
(o] (o]
2n I
H, = [do[I, cos0sin6do (6)

o o

E,. bu3 ro3ara mactaaH Ba IOKOpPHJIAH TYIIAETraH SHEPTUST MHUKIOpPJIApUHHU ATOXHIIA
XUCOOAITMMU3 MyMKHH. (6)-11aH;

2n n/2 2n ol
H,=[de [I,cos0sin0d0 + [do [I cosOsin0dO=E , +E, SIbHU
o o o n/2

2n nl2
E, = [de [I, cos6 sin 0d6 -fo3ara nmacTaaH TymacTran OKMMHU,

2m b
E V = [de [I,cos0sin 6d6 -f03ara IOKOPU/IAH TyLIAETIaH OKUM;
0 n/2

E, Ba E',-éputunrannuru

Taspud. Epuruarannuk (E,) neranuMu3 GUpJIHK 103ara, BaKT OMPJIUruaa, 6epuirax
YOCTOTAA O3AHUHT OMP TOMOHHUIAa TYIIAETIaH JHEPIUsi MUKIOPH.
pyv. Mabiymku,

dz, «dVdv

S’bHU DHEPIUsl MUKJIOPHU Kapala€Trad Xa)Xxmra rnpoopuuasanaup. Jlemax,
ds =p,dVdv (7)

ds - sec®9
(3)-namBa dt = ————  Xamja
C

dV=ds - do skaHIUrHHM XKUCOOTa 01O, UCOOT KHIUII MyMKHUHKH
1
p, = —J1l,do (8)
C

OyHaa c-EpYFIMK TE3IUTH.
FOkopuna kypcaTuirad KaTTaIUKIAP YIyH HHTErpal KHMMAaTIapuHU KUPUTHIII MyMKHH;

I=[I,dv E=[E.dv

H = [H dv p=[p,dv

bab3u xonnapaa ymoly HHTErpaa KaTTaluKiIap UIUIaTHIaaH.

Cunos casonnapu.
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1. Hypaanuw unmencugiueunune MavHocu KaHoau?
2. Hypaanuw oxumu ¢hopmynacu Kanoai onunaou?
3. Epumuneaniux Ounan Hypaanuu oKUMu opacuda Kanoai bosnanuw oop?

2 - mae3y. Hyp yTka3uu TeHrjiamacu.

Maxkcao: Hyp yTKa3zuil TEHIJIaMacUHU KEATUPUO YMKAPUII Ba YHUHI YMYMUUA €UUMUHU
TOTIMILL
Hypnanum MyxuTaa TapKaaull JaBOMMJA WHTEHCHUBIMK —y3rapaid. YHHHT
KoopAuHaTa Oyinya Yy3rapuimivHU HQPONAJOBUYM TEHIVIAaMa HYyp VYTKa3HII TEHIJIaMacu
neiiwnanu. by TeHrnamMaHu KenNTHpUO YMKApUII Y4yH 2Ta KaTTAIMKHU KHPUTAMU3: €~
HypJaHUII KO3Q(PUIUEHTH, o , ~IOTUIHII KO3 (ULIEHTH.

€,. Dapa3 xnaitnuk, oupop dV xaxumuaan HypiaHui do-aa TapKaaasnTd. Yoy dSHeprus
dz, «dV dv do dt

dz =¢,dVdvdtdo (1)

Taspud. Hypaannm kodpdpuuentu (g,) nerannmMus, 6y XakuM OMPJIUTHIAH, OepPUITaH
yactoraga Oupauk ¢a3zoBuii Oypyakaa Ba BaKT OMPJIMIHAAa HYPJIAHAETraH dHEPrus
MMKIOPH.

o, . Kamuamurn ds wmyxwrra [, HTGHCHBIMK OWJIaH HYpJIaHHII TymaérraH OYIICHH.

MyxuTaaH 4YMKHUIIAA WHTEHCHBJIMK KaMmMalumM €KW OIIWIIA MYMKHH. VHTEHCUBIMK
Y3rapulu.

dl, « I, ds KaJIMHINKKA OOFIINK
dl,=-a I, ds 2
Mamn¢uii uopa HypJIaHHII IOTWIUIIUHA XUCOOTa ONa/Iu.
Jlemak,
dl
a ds =- .

I

v

Tabpud. HOTHaum koddduueHTn aeraHuMu3 OUPIUK Macodaga HWHTEHCHBJIHMK
V3rapumiMHUHT  TYIAéTraH  MHTEHCHBJIMKKA  HHUcOaTura TeHr  OyJagurad
KATTAJUKAMP.

Hyp yTka3uin TeHTIaMacHHU KEITHPUO YUKAPUII YUIyH MYXHUTTa TymiaéTraH Ba
YHJIaH YUKAETTaH SHEePTUsI MUKIOPJIAPUHU €310 YNKAMU:

Tymaérran sHeprus; dz  =I,do dtde dv, (3)
YukaéTran SHEPIHs; d¥', =(I,+dl,)do dtdw dv, 4
JNemak, sHeprustaunr y3rapumi; dl, do dt de dv, (5)
IOTunaérran sueprust Mukaopu ; -o I, dsdo dt de dv, (6)
Hypnanaérran sHeprust MUKI0pH eydodsdtde dv, @)
OyHIa do ds=dV
Tymynapauku, (5) = (6) + (7)

dl,dsdo dt do dv=¢,dodsdt do dv-a [,dsdc dt de dv, (8)
EKH dl,= ¢, ds-a, I, ds 9

bynnan (10)
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Bby-nyp yTkasum tenrmamacumup. byHma S-myp Oocub yrtran macoda. by Tenrmama
UHTEHCUBJIMKHUHT Macoda Oyiinab ysrapumuau wudomanaiinu (OupuHUHd TapTHOIH
muddepennman tenriaama). TeHrTaMaHWHT KYPUHHINM OJUIMN OYnraHu OwWiaH y acimua
Mypakkabaup. UyHKM o , Ba €, - JapHUHT y3u S-ra Ba |, -ra 6ornukaup. LLlyHuHr yuyH

TCHI'JIaMaHHUHI' XycyCI/Iﬁ XOJIMHHU Kapa6 YUKaMU3.
1) «,=0, & =0

dl
=0 = I, =const (11)
IV
2) o,#0, §=0
dr,
= -a I, = dl, = —a I ds
ds
dI
[— = -]a,ds = InT, = —-[a ,ds+C
|
S=0 Oynmamm INl,=C = InI =InI, - [o ds
I, =1 J0® (12)
BCJIFI/IHaHI; '[OL Vds = 1 -OIITHK KaJIMHJIHNK
I, =1c¢ " (12)
3)a,=0, &=0
dI
=g, I, =[¢,(s) ds 13)
ds
4) a ,#0, &= 0
- [o,ds’ s -[o ds"
I,=1,e ™ + jav(s')~e s ds’ (14)

So

By Hyp yTKa3ui TeHriamMacu €YMMUHUHT YMyMUH KYpuHHUIIW. bynaarun 1-xan Tymaérran
HYpJaHUII UHTEHCUBIUTHHUHT YUKUIIUAATH KUMMAaTUHA OWIAMpau. 2-Xal 3ca MyXUTHUHT
Y3UHUHT HYPJIAHUILI UHTCHCUBJIUTMHUHT YMKUALIIArY KUAMATH.

Cunos casonnapu.
1. Myxumea mywaémean 6a uuxaémean snepeusi MUKOOPU HUMA2A MeHS?
2. FOmunaémean 6a nypranaémean suepeus MUKOOpU HUMaza meHa?
3. Hyp ymxazuw menenamacunune MavHocu Kanoau?
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3 - mae3y. Hypuii MyBo3aHAT TeHIJIaMAaCH.
Maxkcao: Hypuii MyBo3aHaT HIapOUTH Ba YHU M(OAATIOBYM TEHIIaMa OWiIaH TaHULIUIIL.
o,, €, |, Karranuknap opacumaru MyHocaOaTHH Kapa® uumkamu3. by Hyp YyTkazum

v
TEHIJIaMAaCUHU €4MII YUyH 3apypaup. YOy OOFJIaHMIIHN HYpUH MyBO3aHAT XoJuaa Kypuo
yukamu3. Hypuii MyBo3aHAT AeraHMMM3 BaKT OMPJIMIHAA XaKM OMPJIHIMra Xamma
YacToTa Ba XaMMa HyHAIUIIIA KeJu0 TYIIAéTraH Heprusi MUKJIOPH, XaMMa 4acToTa
Ba MyHAIMIIJA HYPJaHAéTraH 3Heprusi MUKIOPHMra TeHr Oyiaaaurad xoJiart. byHnai
xonat porochepana maBxynaup. Potocdepana s3Heprus ManOau Oyiamaca xaM HypJIaHAIH.
VHAa IOJAY3HUHT WYKM KUCMJIAPMJAH KelaéTraH HypiaHunuiap oTuinbd (kaTra
yacTOTajlapJurd), ONTHUK Juano3aHia Kailita HypiaHagu. byHaa roTuiaetraH Ba
HYpJIaHAETTaH 3HEPTusi MUKIOPJIapH ¥3apo TEHTAUP.

XKamu roTunaérran sHeprust MUKAOPH KyHuaaruda XxucooaaHau.

ABBaJ Oepuiirad 4acToTa Ba HyHaIMILIJAruCH;

avIVdeG dt dw dv,

JKamu rotunaérranu sca;

do dsdt [a,I, do dv = do ds dt Ja,dv[l do (1)

JKamu Hypnanaérran sHEprus MUKIOPH;

deSdt”svdwdv=dcdtdsj'svdvjdw =dodsdt-4nfe dv (2
o (o)
Jlemak,
do ds dt [o,dv[l do =dodsdt-4n|e dv
o o
€K1 4nfe,dv=[a dv[Il do 3)
o o

by-Hypuii MyBO3aHaT TEHIJIaMACH.

Cunos casonnapu.
1. Hypuii mygozanam de2anoa HUMaHu myuyHamus?
2. Yuoby menenama kanoati wiapmoau keaub yuxaou?

4 - maezy. OTnanm ko3(pPpuueHTH yacrtorara 60FJIUK 0yJIMaran xoJjjaa
HYP YTKa3MII TEeHIJIaMacH.

Makcao: o, = o OynAraHga Hyp YTKa3ull TEHIJIAMACUHU KEJITUPUO YMKAPUIIL.

o, = a OydAraH xoinaa, SbHU IOTHIKAI KO3(QQHUIEHTH yacToTara OOFIHK OyamaraH

\%
X0JI7a, HYp YTKa3WIIl TCHIVIAMACHHHHI €YUMHUHU KYpuO 4yMKaMu3. ByHJaH Tamkapu siHa
Hypul MyBO3aHaT MaBXyJ 1e0 ¢apa3 kuwiamu3. Arap Oupop Mojelbla o dYacToTara
OornuK OynMaca, OyHaall MOJENb “paHrcu3’’ MOJEb ACHUIaIN.

a_ cos® (1)
ds

JleMak, Hyp yTKa3HIll TEHIJIaMacH;



dr
cos—=-a I, +¢, (2)
dr
Hypwit MmyBo3aHaT TeHI1amacu;
4nfe,dv=[a dv|l do (3)
o o
o, = o JKAHJIHUTH XUCOOIa OJIMHCA;
dr, ]
cos® =-al, +¢,
dr
% o 4)
4nfe dv =ocj'dw.|'lvdv’
o o

By cucremanaru 1-reHriamanu v OyilMua mHTerpamuiaiMu3 Ba KyHuJaru OelruianuiapHu
KUPUTaAMU3:

© 0

[e,dv=c¢ [l,dv =1
I} o
VY xonga
0Lt
cCoOsSsP —=—-al + &
dr 5)
4ne = afldo J
4
Auru S = — QyHKUMSAHU (MaHOanap (pyHKUMSCH) KUpUTaMu3. Y XoJiJa, Ba dt = —adr
a
HU Xucobra onuo:
dl ]
cos—=1-S |
a > (6)
S=—[ldo |
4 J

1=1(t,0) S=5(1)

by TeHrnamanap cucremacu Kyduaaru 4erapaBuil mapmiapaa eqduiaam:
~ ~ TE ~r
arap t = o Oyinca (x0Jay3 ro3acura TYFpHu Kejaau) Ba 6 > — Oyica = 1(0,0) = o, SIbHU
2

dboTocdepa ro3acura KOPUIaH TYIIAETTaH SHEPTUs MUKJIOPHU (MHTEHCUBIIUK) O-Ta TEHT.

do = sin 6d0do

SKaHJUTHHU XUCOTOra 0JIM0,

27 T 11’[
S=—[de[Isin6d® = —[Isin 6d6 (7)
47‘{:0 o 20

Mynnait kumb, oxopuaa (apa3 KWIMHTAH XOJAa KyHHJard TEHrJamauap CHCTEMAacHHU
0JIaMU3:
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di(r.0) |
= 1(7.0) - 5(7)
" (8)
[1(t.0)sin06d6 |

) J

By cuctemaHuHr euuMu 1(t,0) -HU, IbHU Xap XWJI ONTUK KAJTUHJIMK T Ba WYHaIUIIIapaary (

0 ) UHTEHCUBIIUKHU Oepajiu.
Cunos casonnapu.
1. Yoy xonoaeu nyp ymrkazuw menenamacu Kanoau gpapasznapoa Kermupuod vuxapuiaou?
2. Manbanap ¢pynxyuscu decanumus Huma?
3. By menenama kanoati yecapasuii wiapmiapoa e4uiaou?

5 - mae3y. Hyp yTka3uu TeHrJJaMacHHU eYUIITHUHT TAKPUOUH ycyJiapu

Maxkcao: Hyp yTKa3ull TEHINIAMACUHU TaKpUOUH eunil ycyiuiapy OusiaH TaHUIIUIIL.
Onauaru naparpadaa-onunran (8) TeHIVIaMaliap CHCTEMAaCHHHU EUYUIMHUHT 2Ta

TaKpUOWH yCyJin OWJIaH TaHUIIIAMU3.

1. sapmmnuisa-llyerep yevin.

nl2
(8)-HMHT GMPUHYMCHHM sin 0 -Ta KYNaHTUPHO [d6 MHTerpaiaimMus

[

d n/2 n/2 n/2
— [1(t,8)cos0sin06d6 = [ I(7,0)sin6d6 — [S(7,)sin6d6 (1)
dr o o
bynna;
w/2 n/2
1)  [S(t)sin6d6 =S(t) [sinBd6 = S(71)
(o] o
2) TeHINMUKHUHT 4Yal TOMOHHUJAH cos0 =;—-HI/I (IbHU COS-HUHT O-J1aH Z—-raqa
MHTEpBAJIIaru ypraya KUKMaTUHN) UHTErpall onaura yukapamus. Llynga
1 d w/2 n/2
S1e [1(t.0)sin6d6 = [I(7,0)sinBd6 — S(7) (2)
T

o

OHJu Genrusian KUpUTaMus;
nl2

[1(t,0)sin 6d6 -macTaaH KeIacTralH HypIaHUIIl HHTEHCHBIIUTH

I,(t) = [I(r,08)sin 6d6 - FOKOpPHJIaH HHTCHCUBJIUK.
nl2

1 1 [ r 1
[I(r,0)sin 6d6 = —| [I(t,0)sin 6d6 + [I(7,0)sin 0d0 |

S = —
20 2|_0 nl 2 J

éKu

S = ;_[II(T) + 12(1:)] (3) = I(r)+ 1, = 28(1)
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Hemak, (2)-nan

(4)

Oy (8)-HUHI OMPHMHYUCHHM Sin 6 -ra KynauTupu® [d6 HHTerpaanaimus. by opamukna

nl2
1
cos0 = — — DKaHJIWTMHH XucoOra ojuo;
2
141,
— =1, —S(rt 5
2 dt 2 ( ) ( )
(4)+(5)-nan
1(d1, dI
——(—1— 2} =1, +1, - S(x) (6)
2 \dt dr
(3)-nan doitnaaanuc
1(dl dI
_(_1_ _2] -0 (7)
2\dr dr
1 d
€KU ——=(I,-1,)=0 8
() ®
Hemak, (I, - 1,)=cons t
Exn (1, - 1,)=F 9)
Ouau (4)-(5)-man
d dI
l—(i + —2] =1, - 1, (10)
2 \dr dr
1 d
——(1, +1,)=F
1)
I, +1,=2Ft+C (11), bynpma C=?
Mabnymkn, T =0 ga OZZ— na 1(0,0)=o0 €ku 1,(0) =0
Hemak, © = o -1a
I, -0o=F 1, = B
Il+0:2F-o+C} - I, = } - F=C
VY xonpa (11)-nan
I, +1, =2Ft + F =N I, +1, = F(2t +1)
(3)-ra acocan
S(t) = 1—[I1 + 12] = —F(2t +1) = F(‘C + 1—)
2 2 2
[ynnait kumuo,
1
S = F[r + —j (12)
2

Jlexkun, F = ?

MasbiyMku,
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bid nl2 T '|
H = ZnJIcose sin 6d06 = 2NL jIcose sin 0d0 — jIcose sin edeJ ~
o o nl2
|— n/2 | b
~2n|— [Isin®d6 — — [Isin6d6 |= n[l; ~1,]=nF
LZ 2
0 n/2
H
Jlemak, F = — (13)
T

bynna H ronay3HuHr OUpiMK ro3acuaaH BaKT OUPIUTHAA YMKAETTaH DHEPTUs MUKIODH,
S'bHU HYPJIAHUII OKUMH .
MabnymMKu, EpKUHIMK

2 L
L =4nR"H = H = -
4R
Jlemak,
L
F=—"
41t R

[ynngait kunub, ymoy ycynaa S(t) (12) udona OunaH aHUKIAHAIA Ba HYp YTKa3HII
TEHTJIAMaCH
dI(t,0 1
COSGL= I(r,e)—F(r+—j (14)
dr 2
KYpUHHUIITa Kenaau. DHau Oy TeHrnama ¢dakar I(t,0)-ra HEUcOaTaH OYynuO, yHAa OoliKa

HOMAaBbJIyMJIap MyK, Ba YHU OCOH €YUl MyMKYH.

2. DIIMHTTOH YCYJIU

K
(8) TeHrnamanap CHCTEMACHHUHI 1-TEHINIAMACHMHM 27 - cosO sin O - ra Kynmautupub [de

o

WHTErpaJlIIaiMu3.
d g g
[lynna 2n —jI(r,e)cos2 6sin6d6 = 2n [I(7,0)cos6sinBd6 — 2x
dt o
[S(t)cosbsinBd®
Jemak,
d g
2n — [1(z,0)cos’ 6 sin 6d6 = H (15)
dt
2 1 h 2 .2 L L2
cos" 0 = = = [I(t,0)cos” 6sin” 6d6 ~ — [I(7,0)sin” 06d6
3 o 3 [}
VY xonna (15)-nan
d g
2n —[1(x,0) sin 0d0 = H (16)

dr

[
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4n dS(7)
3 dt
H=const skanmuruau xucoOra oiub Ba (17)-Hu uHTerpaiad ;

- H (7)

S(r):%Hr + C (18)

Homabnym C-HM TOnUIN y4yH YerapaBuil mapTAaH GoiganaHamMus ;

T
T =o0 -Ha 6 > —-ma = I(0,0) = o0
2
Jlemak Oy xomnaa
1 nl2
S(0)=— [I(0,0)sin 6d6 (19)
2
nl2 1 nl2
H =2n [I(0,0) cos®sin6d® ~ 2n - — [1I(0,0)sin 6d6
2
€K1
nl2
H=rn [I(0,0)sin0do (20)

o

[ynnait kummo, =0 -ga (18), (19) Ba (20)-gan
S(0)=0+C = S(0) = C ukkuH4YM TaMOHAaH, (19),

n/2

5(0):;— [1(0.0)sin 06

o

¢xu (20)-Hu xucobra oscak

S(0) SN : Hemax
2 = 2n
C = —. bynu (18)-ra kyiiuo0,
T
3 H H (3 1 3 1
S(t) = —Ht+ — = _(—‘E-i- —j = F(—r+ —J
4m 2n n \4 2 4 2
S(t) = F(3—t + 1—] (21)
4 2

Bbynu (8)-auHr 1- TeHrnamacura Kyiui MyMKuH. By DAIMHITOH yCynu OUlaH OJTMHTaH
eunM Oymaau.
Cunos casonnapu.
1. lsapywunvo-Lllycmep ycynunune acocu numaoa?
2. 200unemoHn ycynuoda manbanap QyHkyusicu Humaza metne oynaou?
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6 - mae3y. TepmaguHaMUK MYBO3aHATAA HYPJAHUII MAHIOHM.

Makcao: TepMOAMHIMUK MYBO3aHAT TYUIYHYacHd OWJIAH TAaHMILIMOI Ba YHUHI Y4YyH
HYpJIaHUII MalJIOHU XapaKTePUCTUKATIAPUHH OJIHIIL
TepmoamHaMuK MYBO3aHAT [eraHMMH3 MYXUTHHHT Xap OHpP HyKTacuaa
TeMieparypa Oup xmja O0yamd, myHra mMoc XoJjda Xap OHp HYKTaga HYPJIAHWII
HHTEHCUBJHMIH OuUp xua O0yaaau. Jlemak, HHTEHCUBIUK KOOpAMHATAra OOFIMK OYiamaiiau
Ba my cababmm (XamMma HyKTajga Oup XWiI OYAraHJurd y4yH) OyHIald MyXuTAa SHEPTHS
y3aTHIUIIN OYIMaiu, STbHA MYXUT W42 HypPJIaHUII OKUMH HOJIBra TEHT.

I, = const- KOOpAUHATa Ba HyHauIra OOFIMK 3Mac.
dr,
ManaymMku, =-a /0, +¢,
ds
dr,
TepmonnHaMuK MyBO3aHaTAa = 0. Jlemak
ds
€ N
—a 0, +e,=0 =1 = Q)

[II.k. tepmomuHamuk wmyBo3aHaTaa (TJM) HHTEHCUBIMK HYpJAHWII Ba FOTHIJIMII
KOX(UIEHTIApUHUHT HucOatura TeHr Oynmap skaH. by- Kupxrod xonynumup. by xomma
WHTEHCUBJIMK Y4yH KyWuaaru opMya OJUHTaH ;

2hv’ |
IV = 2 hv (2)
c hv
ex T 1

-Ilnank hopmynacu.

DHIW HypJIaHUII OKMUMHMHHM TONMUIIUMU3 Kepak. dakat Oy MyXWUT MUMJArH dMac, YHJaH
TalIKapyura TapKaxaéTral HypJIaHWI OKUMU OYIaan.

Mabikmku,

H

v

[1,cosbdo éKH

2 nl2
Jde [I,cos0sin6do .
0 0

ByHnaru 1, = const 3KaHJIUTU XMcoOra OJMHCA,

H

A%

1 .
H,6 =2rn- -1, -—=m=xl,, CKH
2
H,(T)=nl, (T) (3)
Ounu T/IM-aa HypaaHULI 3UYIUTH p |, -HUA TOIIAMU3.
MasbiyMku,
1
p, = —[I,do
C
Jemak,
1 47
p, = —I1, -4 = — 1,
C C
47

Py == — 1, (4)

Bbynra (2)-Hu kyiicak,



Py = 3 hv (5)
e T -1
OHJY YHUHT UHTETpall KHMaTUHU XUCOOIaiMu3.

* Sndv: 1
p=[p,dv = | dv
0

3 hv
C 0o

hv k T
benrmnam kupurtammsz: — =X = v=—x
k T h

4

3 4

8nh [k “x §th (x T =« 8 ok’ 4
p=—"7|—] I= dx = ——|— =" 557T
c h o —1 c h 15 15 ¢’h

benrunam kupuramus ; —

V xona p=aT’ (6)

-by Credan-bonbiiman KOHYHUTUD.

47
WKkuHYH TOMOHIAH p = — 1. Jlemak,
c

47 ac
—I:aT4 = I:_T4=BT4
C 4

1= BT4 (7)

ac o
Oy epna s = — - Credan noumwuiicu.
47

Ouau H TynuK OKUMHHM TOIaMu3

ac ac
H = =l = TC-_T4=_T4:G T4
41 4
H=0cT" (8) - Oy abcomOT KOopa KHUCMIAH YMKASTraH

HYPJIAaHULI TYJIUK OKUMH, sibHU T/IM MaBKyJ MyXUTIaH YUKAETTaH HYpPJIAHUII OKUMH.
Cunos casonnapu.

1. Huma yuyn mepmoounamux mye03aHamoa 3Hepeus y3amuiuwu oyaimaniou?

2. Kupxeogh konynu xaunoaii é3unaou?

3. I[Inank ghopmynacunu é3ub Kypcamume.

[ - mae3y. KucMaH TepMOJAMHAMMK MyBO3aHaT.

Makcao: KucmaH TepMOAMHAMHMK MyBO3aHaT TyHIyHYacu OWJaH THHMIIMII Ba
TEMIEPATYPAHUHT ONTHUK KaTMHIUKKA OOFTUKINK (POPMYITACUHU OJIMILL
®dortochepana Tynmux TAM mapxyn ned O6ynmaiinu. UyHkH y epja MHTECHCUBIHK
YyKypJIUK Ba HyHanum Oyinua y3rapaau. LlyHuHr yuyH ¢akat KucMmaH, SbHU KUYHUK OUp
xaxmuaarura T/IM tyrpucuiarnia ranupuil MyMKuH. by xaxkmzaa



3
€ 2hv 1
BV(T): - = 2 hv (1)
(X‘V c —
e T
®apa3 KWIAWINKKA, o, = o . YHAA
3
2hv 1
8V =a 2 hv (2)
c hv
ex T 1
ac
Szfsvdv=(x—T4 (3)
4n
0
ac 4
Masbnymku, e=a-S = S(t)=—Tr 4)
47
Arap DAIUHTTOH eYMMHIaH oiTanaHcak
3 1
S(t) = F(—r + — j .y XoJaa
4 2
ac 4 (3 1 j
— =F|—1+ — K1
4 4 2
ac 3 1
—T4 =TEF(—T+—) (5)
4 4 2

ac v
MabiyMKH, — T * - aGCOMIOT KOpa KUCMIAH YUKAETIaH HYPIaHUII OKUMH,
4

nF - porochepanaru HypIaHUIIT OKUMH.

. 4 ac
Esum mymkusky, H= nF =oT_,, OyHIa ¢ = B = —.

4

(5)-nan

3 1

T4:T:(—r+—J 6)
4 2
s 1y 4 |
t=0-1a T, = —Te = T, = —=T, 1032 TeMIlepaTypacu
2 2
. o 2 .
€ku T, =0,841T,. T =T,0ynumu ydyH t = — OyiumM Kepak, sbHU 3(QexTus
3

2
Temreparypa 0y t = — 4yKypJIMKIard TemMreparypa.
3

Cunog casonnapu.
1. Kucman mepmoounamux my8o3anamoa Hypaanuus UHMEeHCUsIueY HumMaza mene?
2. By yonoa manbanap ¢ynkyuscu kanoai ézunaou?
3. Dggexmue memnepamypa oecanumus Huma?
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8 - mae3y. Temneparypa Ba 3UMVIMKHUHT YYKYPJIUKKA 0OFIHKIUTA

Maxkcad: Dotochepana Temreparypa Ba 3UWIMKHUHT YYKYpJUKKAa OOFIUKIUTUHU
YpraHuI.

Onpuurn  maparpapaa T = T(r) OoFMaHuMm onMHrad sad. OHam T = T(r)

OofmanumHn onamu3. Papas Kunainuk, gorochepa MexaHuKk MyBo3aHaTAa OYJICcHUH. Y
XoJa

dp = —gpdr 1)
HMpnean ra3 xonat TeHrjIaMacHaaru
R *
p=—pT (2)
n
6ocum (1)-ra kyiinica
R *
—d(pT) = —gpdr (3)
n
4 43 1
MasbiayMku, DIIUHTTOH MOJAEIHAA T  =Te | —1+ —|,
4 2

Badt = —adr XucoOra ojimHca

3

dT4:——Te4(xdr (4)
4

Mabnymku, o = Ep, E=const. Ouau (4)-uu (3)-ra Kyiiuo,
4

4 dT

d(pT)=— gﬂ* y 5)
3R Te

4 4

4 gu T =T

byHnan p=——"" 0 (6)
3R Te” =T

T, - 1033 TEMIIEPaTypacH.

T 5> T 04 XOJUHM (4yKyp KaTjaamiiap) Kkapad YuKaMus.

YH,D;a :ii T (7)
3eR" Te?

bynu (3)-ra x¥yituo,

dT gH

=& ®)

dr 4R
Kyé€ur yuyH ;
g =27-10° -
wo=1 N — =10 'K/ ecm = Ar=lkm-ma T=10K
R™ =83-10] dr

Cunog casonnapu.
1. Ywuby b6oenanuwinu ypeanuw yuyn xanoau gapas xuiuHaou?
2. Temnepamypa epaduenmu popmynacu Kaicu Mooei Yy4yH onuHeau?
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9 - mae3y. ®oTocdepana HypJIaHUII BA FOTHIHIIL.
FOTHNm k03¢ GPUIEeHTHHUHT YaCTOTOra OOFJINKIUTH.

Maxkcao: Hypnanuim Ba IOTWIMIL, HOHJAHUII Ba pPEKOMOMHAIUs TyHIyHYanapu OuiaH
taHumut. FOtunum kosdduimenT yayH GopMynaHu KeATHPUO YHMKAPHUIIL.

ATOMIa TUCKPET SHEPTeTUK caTxjap OYiaub, YHHHT HYpJIaHHUIIA Ba HYp IOTULIMN Iy
caTxJiap opacujaaru yTunuiap ouinad OOFIUKIUP.
Arap E < 0 6¥ca, snektpoH atom Ouinan 6ofnanrad. Arap E > 0 6yica, 37MeKTpoH 3pKUH.
ATOM EpYFIMKHU IOTUIIl HATHXKACUA TTACTKU caTXJaH IOKOpUCHUTA YTalu. AKCUHYA, FOKOPH
caTxJiaH MMacTKHCHTA YTHIIJIa aTOM HypJlaHau. Arap K — | yTum pyii 6epca,

hv,, = B, - E, (1)

SHEPrusl HypIaHa/Iu.
Oaektpounur 6orauk (E < 0) xonmaruaan ’pkun (E > 0) xoamura yTHIIM MOHJIAHWII
aelmiaau. Arap Oy Xxoamca €EpyFJIMKHH OTHII HaTHKacujaaa pyd Oepca, y
doToMoHIAHMII AeHWJIAAH. I-CATXMHM HOHJIAIIM YYYH Kepak OV/jagural JHeprus
MHUKAOPH y; OwjiaH OedruwiaHagM Ba Y HOHJAHMII NOTEHUMAJW Aedmjaaau. Arap

IOTWJITaH SHEPTUst MUKAOPH hv ., [y, O¥ica,

1
h\/:xi—i——m\‘)2 (2)
2

1 2
TCHINIMK Oakapwiaam, OyHOa —m 9 - akpadubd YHKKAH SJIEKTPOHHHHT OSHEPIHSCH,
2

Bogopon yuyH 1-caTx voHIaI NOTEHIUAIH y ; =136 3B, 1-CaTX YUyH 3ca

z"— 3)

HNonyianumra Tteckapu KapaéH, AbHH 3PKHH 3JIEKTPOHHU ATOMHHUHI KYIIUO OJIHIIH
peKOMOMHANMSA JAelnjaau. YMyMaH IOTWIUII OWiaH OOFIMK YTULUIApHU 3-Ta CHUH(ra
KpaTUII MYMKHH :

1) 6oFnuK-O0OFIHK YTHILIAp (MacanaH 1— K YTHILIAp):

2) OOFIUK-3pKHUH YTHIIIAP (MacaJlaH 1— oo YTHIILIAP):

3) SpKUH-3pKUH YTHUILIAP .

FOTtunmum kosddutienTrHN 2 KUCMIaH nOopat 1ed Kapall MyMKHH |

+ ol (4)

o !, -00FIMK-OOFINK YTUIIIAp IOTWINI K03 duiieHTH,

— ’
a, =a,

o ! -DPKUH-3PKUH YTUILIAP IOTWINII KO3 (ULIEHTH,

o, -HM KyWHJaruda TOIMII MYMKUH;

a, = 2k n; (5)
i=i,

OyHma. k T I-caTxgard 1 aToM y4yH v -4acTOTaJaH FOTHIIHIII
v

KO3 PUIIEHTH,
n ; -I-caTXJaru aTromsaap KOHICHTPAIIUACH.

26 7z4melo
HcboTcus, k.

=T Sy g;, ~ 1-l'ayHT KynalTyB4YHCH.
3\/;ch v
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2112me4
A = h—z BOJIOPOJI YUYH x, =136 O3B.

n . -HU TOIHUII YYyH aTOMJIAPHHUHT PHEPreTHK carxjapu OYiHndya TaKCUMOTHHU H(OaI0BUU
Bonbiman ¢opmynacunan doinamaHamus ;

X1 =X
i_ B okt (6)
ny g

=

n, Ban,-i-4d Ba l- carxjaru aTomyiap KOHIICHTPAIUSICH;

i
g,Ba g, - I-un Ba |- caTXJIApHUHT CTATHCTUK OFHPIIMKIIAPH JICHHIaIH.

T- 6u3 KapaéTran MyXHUT TeMIepaTypacu.

K-bonbMaH TOUMHIICH.

(6)-man n; -HU TommO (5)-ra KYHMIIMMH3 MyMKHH. Arap MyXWT/Aa HOHJIAQHHUIUIAD XaM

MaBxkyq O6ymca, 0y pimopmynara sibHa Caxa popMyIacuHU KYIIUITAMUA3 Kepak:

+ + 3/2 Xi
n 2nmkT i
ne—zzg—¥ o KT 7)
ny g1 h

byHna,
n , -MYXUTIAry 3J1€KTPOHIap KOHLIEHTPALMICH,

n " - MyXUTIard HOHJIap KOHIEHTPAIUSCH,
n, -1-catxmaru (acocuii caTx) HeHTpan aToMaap KOHIICHTPAIIHSCH,

g’ , g, -MOHJAp Ba HEHUTpAJ aTOMJIAP yIYH CTATUCTUK OFUPIIUKIIAP,

(6) Ba (7)- naH n, -HU TOMAMM3 ;

. h -=
n;=n.n S e KT (8)

Bbynu (5)-ra k¥yiicak,

25 2266 71 Lo g R

’ +

a, =n.n \/_ i _32 .ie kT (9)
3v3ch  (27mkT) vVoizip 13

Arap

v=v,  Oyaca i, =1

vg < v<vp 6}“fnca i0=2

v, < v <vg Oyaca i, =3 Baxako30

bynna v, -Jlaiiman yerapacu.

Arap 6upon catxaaH 1-carxra ytunca = JlaliMad cepusicuaa Yu3uKIap XOCHI Oyaau.
Arap « -1 yrunca L | unsuk (JIaifiMaH KOHTHHYYMH) XOCHI Oynaan, 1, = 912A °
Arap, Oupon catxjaan 2-ra ytunca boasmep,

Arap, 6upoH carxaal 3-ra ytuica [lamen cepusnapu Xxocus Oynaau.

o !/ 3ca Kyluaaruia aHUKJIaHA]H ;

v

. 24 22elkT 1
oy =mn_n —gvV (10)
3\/;ch(27zka)3/2 v3

(9), (10) - (4)- ra kyimica




20

|— X —| hv
4 2 6 i ( hvy
2 77e kT X g 1 -

+ Iz 1z .lvekT+gV:_3|1_ekT| (11)

3v3ch 2zmkT) 2 ] kT, i3 I k
by udonanaru oxupru KaBc TeCKapu IOTHIMIIHM XUCOOTa OJaAu,-IOTHINII KO3 ULIEHTH
KaMaumuHu Kypcataau. HOtunum ko3d@uueHTHHUHr yacToTrara OOFIMKIMK Trpaduru
appacuMoH KypunHuiga Oymanu. bynnait 6ynummura ca6ad - i, -HUHT Xap XWUJ 4acToTaja

Xap Xui1 KHMMAaTTa 3ra SKaHJIUT1uaa.

Cunos casonnapu.
1. Kaiicu xonda amom mypranaou, Kauox Hyp omaou?
2. Honnanuw 6a pexomounayusanu myulyHmupuHe.
3. Jlatiman konmunyymu Huma?

II bOb. IOJITY3JIAP ATMOC®EPACH

10 - mae3y. ATOM YyTHIIJIAPUHUHT IXTUMOJLITUTH.

Makcad: ATOMIIapHUHI DSHEPreTHK CaTXJapud OpPACHAArd YTHUIIAPHU XapaKTEPJIOBUU
KaTTaJIUKIap OMJIaH TAaHUIIMIL.
ATOM YTUNUIAPHUHT 3XTUMOJUIMTMHU  XapakTepjOBYM KaTTaJUKiIap Owuiad
TaHUILIAMU3.
k —» i YTUILIAp COHM HUMara TeHr[| Y K-caTxJaru aromuiap KOHLEHTpauuscu n, Ba dt

BakT t HHTepBaJIUra OOFJIMK OYJagau, aHUKpOFH Oy YTUIIUIAp COHU
n, A dt (1)
-ra TeHr. byHna A ,, -DHHIITENHH crioHTaH YTUIap Kodh@uiueHTn, DHI1 IO0TUINI OUIaH

OoFnMuK OYiTra" i — k YTUILIAp COHWHU aHUKIAWUMH3. Y NIy MyXHUTHA i — k YTUIIIATH
v, YacTOTacu HypJaHWII 3UWINTU p , -Ta nponopiruonan 6ynaau. lyHuHT yayH OyHmait

yTULLIap COHU

n;pge By dt (2)
-I'a TCHI'. TeCKapI/I IOTUINILIAP COHU 3Ca
n, pp By;dt (3)

-ra TEeHr. B, Ba B,, ODHHIITEWH MaxOypuil yrunuiap kosdduuentnapu aeunnaau. DHau
myxutaa TAM maexyn ne6 ¢apa3 kunaitnuk. Jlemakk — i Bai —» k YTUlIap COHU
¥3apo TeHT Oynaau.

Bakr oupnuruna (dt= 1)

e Aty py By =05 py By (4)
TEHTJIMK Oaxkapuiaau. byHnan
N A =n;py Byomny py By (5)
N A g
o - N A o MiBii A 1 6)
niBy —n By, niBj By nj By

-1
ny By ny By

-1
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Mabnymku boneiiman ¢opmynacu :

hv hv,
n = . n-: .
71(: gie kT eKUu 1 _ Ei e kT (7)
oy g e gy
bynu (6)-ra kyamus ;
Ay 1
P =— hy 8
B g. B. -
i ik kT _
gx By
Masbnymku, TIM-na
3
8thv 1
Pvik = 3 hv (9)
e kT _ 1
Hemax, (8)=(9)-nax ;
3
A :8nhv (10)
B 3
ki c
1 1 . B. ..
= = Bi Pik =g EKH
hvg, hvi, g, By
gilBilk kT kT 1
e -1 e -1
gx By
gi By (11)
8k By

DWHITENHH K03 UIeHTIIapu opacugaru MyHocabaTiapHu Tornauk, CHOHTaH YTUILIapaa
Ba TECKapH IOTHIHIILIAP/Aa IOKOPU caTXJaH MaCTKUCUTA YTUIaJAN Ba HypJIaHUII pyi Oepaiu.
VYHpaa ynapHuHr Oup-Oupuaan papku Humaaa?
1. CionTOH yTHIIIAp/Aa HYpJIAHUII aTOMIaH XaMMa WyHaIuIaa Oup Xuil TapKanaiam.
2. Teckapu IOTHIUIIA dCa HYpJIAHUII aToMra Keiaub Tymrad (OTOHHUHT TapKaJIUIIT
HyHanummaa pyi 6epaiu.
Teckapu IOTUIUII MACTAH IOKOpHUra i — k YTUIUIAp COHHMAA (HYyp IOTHUIN OWiaH OOFIUK
yTHmmap/aa) Kauaai Xxucoora ouHaIH.
FOxopuna kypraHuMu3aex
n By, )
n; BikJ
(11)-nan ¢povinananu6 Oy npoJaHUHT YHT TOMOHHU KyhHuaarnda 0ynany ;

N By pig "0y Byipi =0 By pyy Ll—

( n )
Kk &i

n; By pikLI_ J

ng gy

TJM masxyna 6ynranna boneiman dopmynacunan dorigananud

hv

=

k g
= —e

ny g

kT
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(v

ny By pikkl_e kTJ

KYpUHMILIA E3UII MYMKHH. ByHI1a KOByC i — k YTHIIapJa TeCKapu IOTHIMIIHU XUcoOra
OJIaJu.
OHAM 3ca aTOM YHFOHTaH K-caTXJa KaH4ya BaKT OYJIMIIMHY aHUKIaNMHU3.

- dn
tg = [t (12)
ny (0)
OyHaa n, (0) - t=0 BaKT MOMEHTH/IA K-CATXIaTd ATOMJIAP KOHIICHTPAIUACH. MabIyMKH,
dn,;=-n, Akidt (13)
k-1
Jlemak, dn,=-n, Y A, dt (14)

i=1
k-1
benrunam, Y A, =y, . YHna(l4)-nan

i=1

d
k :-ykdt = lnnk(t)z—ykt+const
oy
ny(t) = n, (0)e "x' (15)
VY xonna
_ *® d
A T (15)
0 n, (0)
€KU
o= [te Ty dt (17)
0
Arap Oenrunani KUPUTCAK ; v, dt =X, y Xoj/aa
- @ 1
t, = l—jxe_x dx=— (18)
Tk 0 Y«

t, ~10  cek atpopuma 6ynanu. TakMKIaHraH YTHILIApaA t, ~ OUp Heya coaT aTpoduia
Oynaau Ba OyHIail XoaTiiap MeTacTaOui XoJaaTiap JeHuIaam.

Cunos casonnapu.
1. dt eakm uuuoacu x — i ymuwinap conu Humaza mene?
2. dt sakm uyuoa i — k madxcOypuil ymuwiiap coHu Humazea meue?
3. Teckapu tomunuwinap Huma?

11 - mae3y. TYKHAIIMIJIAP IXTHUMOJIJIMTH.

Makcad: AToMnapHUHT y3apo Ba 3JEKTpOHJIAp OWIaH TYKHAIIMIIUIAPWHU XapaKTEPJIOBUU
KaTTaJIMKJIap OMJIaH TAHUIIIHII.
Onguary naparp@ua aToM YTHIDIAPUHUHT SXTUMOJUIUTY MacallaCHHU KaparaH UK.
OHIW aTOMJIAPHUHT ¥y3apo Ba JJEKTpPOHJap OuiiaH TYKHamaunuiapu OwiaH OOFIUK
KaTTaIuKIap OWiaH TaHWIIaMu3. TYKHaIIWIUIAp HAaTWXKacuJa XaM aToM Oup caTXJaH
OomKacura YTUIIM MYMKHH.
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I > k yrumapu I-typaaru 3ap6asap,
kK- i yrumaapu 6wnan 6orauk TykHammmiap Il-rypmaarm 3ap6anap neitmiaanu. |-
X0J/1a aToMra Kenu0 ypwiraH 3appada ¥y3 sHepruscunu iykoramu. Il-xonma sca E, - E,
SHEprusl yia sappadara Oepuiaau.

YTuin ko3(pULEeHTIapUHA KUPUTAMU3:

n.b.,dt - |-Typ 3apbanapu coHu,

na,dt - ll-typ 3apbamapu coHu, OyHOga b, Ba a,,-TYKHAIIAIOUIAP
HXTUMOJUTUKIIAPU. YJIAPHUHT Opacuaaru MyHOCa0aTHU TOTIaMU3.
®apa3z: TAM mapxyn. [lemak, n;b,, =n, a,;, OYJIUIIHM Kepak.

7hvik
n g
MasinymKu, —k o2k kT
I gi
hvy
g, -
Hemaxk, by =2, 2k o kT
gi

OHAM TYKHAIIMOUIAD XapakTepuCcTUKacu cudatujga o, TYKHAIIWOUIAP KYHAAJaHT
KECUMUHM KypuO UYMKAaMH3 Ba YHUHT b, Ba a,, KaTTaIUKIap OWIaH MyHOCa0aTHHU
Tonamu3. AToMm Te3nuru v OyincuH. Arap dt BakT nupaa 3appaya ymly HUIUHIAUDP UYUTa
Tylica, TYKHAIMII pyi Oepaau. DIEKTPOHIAp KOHIEHTpauuscu n, OyicuH. dt BakT
WYUJaru TYKHAIIKUIILIIAPD COHU:

n,n,o, v di=n, b, dt

bynna by =n,0;, Vv
Iy cunrapu a,;=n, oV
by
Hemaxk, Ok =0 4i Ek okt
gi

Mucoa. 1-4yu Ba 2-catxyiapau kypamus. Kyiugaru 2-ta xonaad Oupu 103 Oepuiid MyMKHUH:
1) n,A ,, -cnoHTan 2 — 1 yTUImnap conn

2) n,a,, -ll-Typ 3apbanap conmu.

Arap 3appavanap 3WWIMrM Katra Oyinca, 2-uucH, Wykca l-umcu pyit Oepaau. Arap
TYKHAIIMIUIAp COHU n, n, 6,V >>n, A, , €KH n, 6,,v >> A, O¥yica, TYKHaIIMILIAP
HYPJIAHUIIHU CYHIUPAIU Aerunaau. by TeHrcusimuknan

A
n, >> 2L

Kenno YuKaau.
o 21 \%

o 8
2 1 yrumra Moc Kenrad L , YU3UFU YUYH A ,,=4,67-10

021z10_16c M v =2kT /m

16]

k=1,38-10_ 9
_23 8 10 17 -3
m=9,1-10 v =10" cM/cex = n,>>———=10 c¢w™m
4 10710 .10®
T~10%K J

Mana myHaai 37eKTPOH 3UWINrK O0yiica, TYKHAIIWIUIAP HYPIaHUILIHU CYHAUPAIH.
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Cunos casonnapu.
1. I 6a Il mypoaeu 3apbarap numa?
2. Kanoau ¢hapaz acocuoa ywiby bonanuuinap otunean?

12 - mae3y. Kucman TepMOAMHAMHUK MYB03aHAT/AA IOTHIMII YU3UKJIAPH

Makcao: Kucman TepMOIMHAMUK MYBO3aHAT XOJUAA IOTHJIMII YU3UKIAPUHU TPOGUIUHU
xucooanmi.
1. Acocuit dopmynanap. Kucman TtepMoAMHAMUK MyBO3aHATAa XOCHJI OYyiaaurax
IOTUJIUII YU3UFUHUHT PO MINHY aHUKJIAIT OUJIaH MIYFYJIaHAMU3.
benarunamt:
o, - OTWINLI YU3UFUIaTH FOTUIMII KO3(ULIEHTH,

¢ , ~IOTWJIMII YU3UFUIarK HYpJIaHUII KO3(PUIIEHTH,

a ,, "Y3JIYKCHU3 CIICKTpAaru IOTHUINII KOC—)(bI/II_[eHTI/I,

& ~y3IIyKCHU3 CTIEKTP/IATH HypPJIAHHII KOS(DULIEHTH
I, -IOTWJIMII YU3UFUIArH HYpJIaHUII KO3()ULIEHTH

0
I, -y3IyKCU3 CIEKTPAAry HypJIaHUII KOI(DULIEHTH.
Kucman TepmainHaMuK MyBO3aHATIard HYPJIAHUII UHTEHCUBIIUTH

3
2hv 1
B (T) = —— 1)
) eg -1
B, (T) = = “ (2 = el=a,B,(T) (3)-Y3aykcus crekTup ydyH.
a\/
e, =0, B (T) (4) - HOtwmmm uyn3ury yayH. UH3HMK y4yH HYp YTKa3UIIl TEHIIIaAMacH
Kylujaaruda €3umaau:
dI
coséd V:—(av+av)lv+g(‘),+gv (5)
dr
dt, = [(o, + a,)dr
0
t, = [(o, +a,)dr (6) - YMBHK YYyH ONTHK KaJTHHIUK
0
(3), 4) > (5)-ra kysmus;
dI
cosd——= (o, +a ), +(c, +a,)B,(T) (7)
dr
€K1
dr,
coso = (o, +a,)(I,-B,)
dr
Bbynnan (6)-uu xucobra onuo,
dr,(t,,0
cosewzlv(tv,é’)—Bv(T) (8)
dt,,

By TenrnamaHuHr t, = 0 -garu eYUMH Kyduaaruda oynanu;
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1,(0,6)=[B,(T) "**°" secodt, 9)
0
BY'IOHZ[y3 I03acuaaH Yu3uKia o 6ypan ocThuaa III/IKaéTl“aH HYypJIaHUII UHTCHCUBJINI'H.

@
12(0,0)=[B,(T) ¢ “**°° secod (10)
0
By-ton1y3 r03acuan y3ayKCHu3 CIIEKTP/Ia YMKAETIaH HypIIaHUII HHTEHCHBIIUTH.
Tabpud. HOTHIMII YHU3UFUHUHT NPOQHIH JeraHMMH3, Oy YM3UK MYMAA HYPJIAHHII
MHTEHCHBJIUTH €KH HYpPJaHUIII OKUMHHHUHI YacToTara 60FJ1HKJ1HK Fpa(bl/ll"lzl.
Maremartuk )XuxataaH rpaQuk Jeranaa Kyinaard udoia TyIIHHAIAIN;

_ IV(O'G) (11)
15(0,0)

€xKu

r, = —Y 12)
HO

v

IOTunaérran sHeprusi MUKJIOPUHU XapaKTepJiall y4yH IOTUIUII YU3UFUHUHT SKBUBAMEHT
keHrauru (W) aerad TylryH4a KUPUTHIAIN.

o0

HOW = J(HY - H Jdv (13)
0
ooHO _H oo( H \ 0
by epman w = [————dv = JLI— VJdv = [(I-ry)dv
o HY HY 0
[yamait Kumo: W = [(I-r,)dv (14)

0
KeiinHru myHKTAa r , -HU Xap XWJI yacToTajiapaa xucoomnam (GopMyIacuHU OJaMu3.

2. FOTunum Yu3uruHUAT 0pOMUINHA AHUKJIAIL.

Masbnymku, [Tnank popmynacu B |, (T) Kyiimaaru kypuHuia:

3
2hv 1
o

YOy ¢yukuusau T Oyitnua 19=0 HykTaga xaTopra €iMu3 Ba 2-4M Ba YHJaH IOKOpU
TapTUOAAry XaUIapHu Tanad rodopamus. Y Xoma;
dB (T)dT

B,(T)=B,(Ty))+ ————1+... (16)
dT dr

benrunan; p,= L 14B.(T)dT] (17)
BV(T)L dT er

Hemaxk, B, (T) =B, (Ty) [l +B,t+..] (18)

T, -IOJY3 I03acUJaru Temneparypa. DIIUHITOH Mojieu Olinya

T! =Te4£3—r+l—] (19)
4 2
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(15), (19) Ba (17)-au xucobra onubd B , (T)-uu, nemax, (9), (10) 6yiinya THTEHCUBIUKIAPHU
Xuco0am MyMKHUH.

3 hv 1
p\/ = -
8 kT, hv
1 - e kT,
dapa3 KuIalmK; T = irv (20)
aV
SIbHM — 1 -Ta OOFJIMK dMac.
aV
( o, )
B, (T) = BV(TO)LHBV TVJ (21)
aV
Sna dapa3: —— HHCOAT 1 -Ta OOFIIMK HMaC,
UVV
* ]
t, = [(o, + a,)dr .
Yuna v L = t,=[oc.,dr+ 1,
T, = [a,dr J r
0 o0 GV
[o,dr=]—a ,dr= v Javdr: T,
T T v aV r a\/
( )
t, =LGV +1Jrv (22) = 1,
aV
SSLL T (23)
GV +OLV
bynu (21)-ra xyssmMu3
( a 3
BV(T)=BV(T0)L1+ﬁV—V th (24)
O'V+0!V

Oumun (21)-um (10)-ra, (24)-am (9)-ra kyitno, (11) udomanan uyu3zuk npoduan ydyH
udoaaHu oaMu3;

£, (0)= Sl (25)

a’\/
1+B, —cosH

d
Arap T=const 6ynca, nemak LI Oynca, y xonna B, =0 6ynagu. lemax, (25)-nan r, (0)

T
=1, IBHU IOTWINLI HYK.

Cunos casonnapu.
1. Yusux yuyn Hyp ymxasuw meunenamacu KaHoat ésunaou?
2. Yusuxoazu HypaaHuw UHMEHCUBIUSU HUMA2a meHe?
3. FOmunuw yusueuHune IKUBANEHM KeHeaueU Huma?
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111 BOB.T'A3 TYMAHJIMKJIAPHA

13 - mae3y. TyMaHIMKJIAPHUHT HYPJIAHUII MeXaHU3MJIAPH.

Makcaod: TyMaHIUKHUHT HYPJIAHWUII MEXaHU3MH, NWIIONUS KO3PQPUIIMEHTH Ba yHIArd
TeMIepaTypaHy YpraHulll.

Tymannuknap 2-ra OYnuMHaIW; Ta3 Ba YaHr TyMaHJIUKiIap. ['a3 TyMaHJIUKIaAp Xam
mrakmra Kapad 2-ra 0ynuHaau; ianerap Ba 1udy3uoH TyMaHIAKIIAp.

['a3 TymaHnukiap acocaH Ky/Aa MCCHUK IOJIIy3jap arpoduaa Ky3aTwiaad. Y epaaru
Temreparypa ( aHMKpOFH Ionay3 temmeparypacu) 20 munr K Ba yHjgaH rokopu Oynamau.
KOnnysnapu sca A Ba B crmekrtpan cundnapra terunmu Oynmamu. ['a3 Tymanmmkiap
I0JITy3J1ap/iaH Kena€Trad I0KOpU 4acTOTalu HypiapHH totanu ( yabTpabuHadina Ba yHIaH
KUCKa TYJIKUH Y3YHJHMKIaru) Ba Oy HypJapHHU ONTUK TUANoO30HAa KaiTa Hypiaiau. ['a3
TYMaHJIMKIIApJa MOJJa 3WWIMTH KaM OYiau0, YHHHT CIEKTPHIa 3MHCCHOH YH3UKJIAp
kypunaau. Iy xymnagaH TakKuKJIaHTaH 4YHA3UKIAp XaMm KypuHaau. Macanan, 2 kappa

0 0
WOHJIAIITaH KUCIOPOAHUHT A = 5006 A Ba A = 4959 A TYIKWH y3YHJIHKIard N, Ba N,
YU3UKJIAPH.

OHIU TYMaHIIMKAArd HYpJaHUII 3UYWINTH Ba TeMIepaTypaHd Tonmaiuk. TyMmaHIuk
¥pTacuaaru Jy3 HypJaHUIIHHE a0COTIOT KOpa KUCM HypJIaHUIIH 1e0 (apa3 KujaMus.
HOnay3 ro3acuaaru HypJaHUII 3UYIUTH;

3
* 8zhv 1
Pv = 3 hv (1)
C
|
Tymangaru, 1JIy3 MapKasuaad r Mmacodagara HyKTaja
Py=Wopy ()
W - mmrorust ko3P huImeHTy.
Q
W = —, OyHaa
4
2r 90
Q= [do [sin0d0 =27(1-cos0) 3
0 0

* 2
T _sino, = coso, :wll—sinze():‘/l—(r—*j (4)
T T
( 2)
. 1—[r—*J 5)
L o)
r >> r, OYNraHu yuyH

e

oynaau.

10

Arap r, ~10'° oM, r ~ 10" cm 6Ynca, W~ 10~'* 6ymamgu. Credan-BomsiMan KoHyHHTa

acocaH p = aT ' JleMak, TYMAaHIMKHUHT KapanaéTraH HyKTacHIard TeMIepaTypa
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T =w'"*r (7)

*

T, ~10°K = T, ~10 K. Illynjgaii kunu6 TyMaHIMKIArd HypJaHHII 4acToTa Oyiinmda

*

TAKCUMOTH FOJI1y3[1ary KaOu, JJEKUH NacT TeMIepaTypaja.

Cunog casonrapu.
1. I'a3 mymanauk Kanoai Hypranaou?
2. Hunioyus ko3¢ uyuenmu numa?

14 - mas3y. FOany3 TeMmnepaTypacuHu BOAOPO/ YM3UKJIAPH OYiiM4a aHUKJIALIL.
(3aHcTp ycyan)

Makcao: YOnny3 TeMiiepaTypacuHi aHUKJIAII yCYJIM OMJIaH TAHUIIMIIL.

MabayMKH, TYMaHJIHMK JIaiMaH 4YacToTalapuaard HypjaHUIIapHu 10THO boibmep
cepusnapuaa HypiaaHaau. bynnai yacroranapia « >> 1 Ba IIYHUHT Y49yH HYPJIAHUII TYJIUK
I0TUJIaAU. AHUKPOFH, HYpJIaHUII JaiiMaH 4acTOTAJIApUHUHT IOKOPU YerapacuaaH XaM KaTTa
yacTtoTajapaa pyu 6epaau. bynna rotunran xap Oup L . KBaHTra KailTa HypJaHraH Kamuja
1 Ta baneMep cepusicnaru KBaHT Ba KaMuJa | Ta L , KBaHT TYFpU KeIaau.

Arap Oenruian KHpUTCaK;
N ., -bonbmep cepusicunaru kBaHTiIap COHU.

*
N .- L. KBaHTJIap COHH,
JIeMaK, N | = = N OyIuIy Kepak.

Arap 1, -1ony3/1aH YMKa&TralH HypJIaHHUII HHTCHCUBIUTH Oyiica, [v;v + dv] MHTepBaJIaru
L . KBaHTJIap COHH,
2 ml i

. dv r, -IOJIIy3 paguycH,
hv

L . KBAaHTJIAPHUHT TYJIUK COHU

47 r

© %
rl
N|.Z4n r} [ “dv (1)
hv
Vo
banpMep KBaHTIApUHUHT COHU 3ca
o0
E i
N, =Y 2)
i—1hv;

OyHAa E , -TYMaHJIMK HYpJaHUIIMJIATH 1- HOMEPIU OallbMep YU3UFUIArH TYIUK SHEPTHUsl.
Ky#tugaru 6enrunanuiapHu KUpUTaMuU3:

1) E - i-banpMep YM3HMFM YacTOTACHra SIKAH YacTOTa[a FOJIIY3/aH KenaéTraH HypIIaHUII

DHEPIUSICH.
E, o
2) A = - (3) - Ky3aTyBaaH TOMHUII MYMKHH OYJIraH KaTTaIuK.
viE;
Tymynapnuku, E] = dnr nl}, (4)
* 2 * *

* A.v.E. ® 4nr,Av.nl . , = nl .

VXOJUIa NBa:z i S it S z ivi vi 4nr] z Ai vi (5)
i=1 hv, i=1 hv; h

i=1
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lynnait kw6, N | =N, -man  (1)=(5);

\4 *
[—dv=X A1}, (6)
vy | i=1
3
o 2hv 1
dapa3 KWJIAINKKY: 1*; - = - @)
14
C -
e kT 1
0 V2 © V3
bynun (6)-ra kyiicak; ———dv=YA, hv—l (8)
v by i=1 ‘
0o kT _ e kT _
hv hv. hv
benarunnam xupurcax; - x, Lo x,, 0 _ x, 9)
kT, kT, kT,
© X2 © X3
¥ xonna Jdx = XA, (10)
e -1 i=1 el —1

X0

(10)-man doiigananu®d T, KaHmald Tomwiaaud? YHHUHT 4Yam TaMOHHM Xap Xwi T-nmapna
xucobmananu. XyAau MIyHAaW VHT TaMOHM XaM xucooOmanamgu. Mawvaym Oup T=T,
kuiimataa (10) rerarnuk 6axapwiaau. llly remneparypa ronay3 Temmnepatypacu Oyaaau.

Cunos casonnapu.
1. Ywby ycyn kanoaii papaszea acocranaou?
2. L. keanmnap conu numaea mene?

3. E| - Kammanux HUManu aneramaou?

15 - mae3y. Atomunap uoHnaHumu. PekoMOMHaus1ap COHM.

Makcad: ATOMITapHUHT MOHJIAHUII Ba peKOMOMHAIMSIIap COHUHU aHUKJIAIll.
TyMaHnuKIapHUHT KalHOK KHCMJIapHia aToMjiap MOHJIaHUIU pyil Oepaau. JlekuH

yHra TecKapu Kapa€H-peKkoMOMHanusi xam pyi Oepaau. 1 cM>-marm, 1 CEeKyHIa

peKoMOMHaIMSIAp COHUHU aHUKITaiMu3.

Mabnymku,

1) n " Ban, -1cM®-aru HOHIIAp Ba SNEKTPOHIIAP COHIE;
2)f(v)dv -Te3muru [v; v + dv | uHTepBana 6yiIran >IeKTPOHIAp YIIyIiu;
3) B;(v)- Tesmurm v OYAraH SIEKTPOHHHMHI i-caTXra KyIMO ONuHHUII >()PUKTHB

KYHIQJIaHT kecuMu. by xonzga 1 e’ XaxMmaa 1 cekyHa1a Te3IUru [v; v +dv ] WHTEpBaJa

OyiraH 31eKTPOHIAPHUHT 1-caTXra Kymuob onunuiap (peKkoMOMHALMIIAP) COHU KyHuaarnya
Oynanu;
n+ne Bi(V)f(V)VdV @
1 em®-1a 1 cexyHamaru i-caTxra peKOMOMHALMSIIAP TY/IHK COHH 3¢ KyiHIarura TeHT,
0
n’n, jﬂi(v)f(v)vdv 2

0
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éki n " n C;(Te) Oynna,

Ci(Te)=[B;(v)f(v)vdv (3)
0
-pexomOuHaIus Ko3pPHUIIeHTH.

®apa3 kwrainuk, TJAM  ypuatunran OynacuH. YHma: [v:v +dv]| HHTEpBaIard

KBAaHTJIApHU FOTUII HATHXKACKJIA 1-caTx/laH pyi OepaJurad HOHJIAIINIIIAP COHU LIy 1-caTxra
TE3MMIU [v;v + dv | UHTepBaaa OYIraH 3JIEKTPOHIAPHUHT PEKOMOWHAIMAIAPU COHHIA

TEHT Oyau.

bynna
1
hv = mv? gy @
2
BYHJIafI MOHJIaHUIIIJIap COHU:
( hv
T e
nikivtl_e kTJ—:VVdv (5)
[ynnai Knmuo;
( hv\
T lc
rlen+Bi(Te)f(V)vdv:n‘k. |1_e KT | Py gy ©)

“VL th

bynnan B - f - vdv -Hu TonuO, (3)-ra Kysmu3. bynnan tamkapu Caxa ¢opmynacunas, p

yuyH Ilnank udonacu Ba f(v) yayn Makcsesun

4nm -
f(v)= syl 2Tey? (7)
(2nmkT,)
dbopmynacunan dorigananuo,
g h2 OOv2
Ci(Te)=— S 5 [—ki, f(v)dv (8)
E+rc'm” 4V

TOIMAIIT MYMKHWH.

Cunos casonnapu.
1. f(v) @ynkyuacunune mavrocu numa?

2. Pexombunayusnap conu numaza meue?
16 - mae3y. TymanauKJIapaaru HOHJIAHUII JapPaKacH.

Makcad: TymaHIuKIaru HOHJIAHMII TapakaCuHU XyucoOam GopMyIaCHHU OJTUIIL

TyMaHnukIapaard MOHJIAHUII JAapakaCUHU XUCOOJAIl Y4yH TYMaHJIUMK CTallloHap,
SIBHY MOHJIAHMIIUIAP COHM PEKOMOHMHALMSIIAP COHMra TeHr 16 dapas kuiamus. lem® -1a 1
CeKyHJIard acoCHi caTxJaH pyh Oepaauran (cababu TyMaHIMKIApAa HOHJIAHUIILIAD
acocaH Iy caTXJaH pyi Oepajan) HOHJIAHMIIUTAP COHU Kyhnaarura TeHr ([v; v+dv] gacrora
MHTEPBAIMJATH HYpJIAHUILIAP TAbCUPU OCTU/IA) :
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cp,
hv

n, k

dv (1)

1v

Masiymku, p =W pi. Hemak xaxm Oupnuruaaru | cekyHIIard TYJIUK HOHIAHUIILIAP
COHH:
0 cp
W[k, —dv, (2)
hv

OyHza v, -acocuil caTXJaH HOHJAIUTUPUII Y4yH 3apyp O¥iraH HypJaHHUII YacTOTACH.

PexomOuHamusnap 3ca xamma carxjapra Oyiaumu MyMkuH. [IIyHUHT ydyH yITapHUHT TYIUK
COHH;

nenJr ZCi(Te) (3)
i—1
2)=0) =
n, W Iklv Cthdv=nen+ZCi(Te) (4)

i=1
Vi

# 1

p, C;(T,) Ba f(v)-mapHu OIJUHTY Haparpdaan Ounran xonnaa, Ba k, ~— ned KalOy
v

K0, p - 1-catra pyi OepamuraH peKOMOWHANMSUIAPHUHT HUCOWM YIYIIN SKAHIUTUHU

xucobra o0, =yWHuJJaruHu OJIUII MYMKHH:

(<

32 _hn
n" g’ T, 2(27mkT,) kT
n,—= —pW |-<% . e <
n, g1 T, h

(5)

S

T
by dopmyna pwW _[— x¥ymaiTyBuucu 6mnan Caxa ¢hopmynacuaan Gpapk Kuiaau.
T

*

Cunos casonnapu.
1. Honnanuw oapasxcacu gpopmynacu kanoati papazoa onunaou?
2. Onunean popmyna Caxa popmynacuoan gpapx Kunaoumu?

17 - mae3y. ATomjapHUHT (POTOMOHJIAHUIIN BA PeKOMOUHAIUS MAHTHIATH
YHFOHMILIIAPH.

Maxkcao: Tymannukaaru aToM yUFOHUIUIAPU Aapa)KaCUHU XUCOOJall.

ATOM HYpJIaHMILIHY I0Tray, Ba yWFOHTaH X0JlaTra yTrad, MacTKH carxJjapra KacKaaiau
yrunap pyi 6epanu.

By mnaparpapma TymaHnukaa yHFOHMIUIAp Japa)xacMHU XucobOnam — OuiaH
HIyFyJulaHaMHu3. ByHUHT ydyH i-carxra yTHIUIap COHM i-JaH OOIIKa carxjapra YTHII
COHHUTa TEHTTUTUaH (QoiganaHamMus.

1) 10M3-na 1 cexynana i-catxra yTHIILIap COHMU;

0
+

n,n Ci(T,) + X n Ay +nBpy, 1)
k=it

OyH1a
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1-xax - I-caTxra peKOMOMHAIHUsIAp COHU;
2-XaJ - K—»> 1 CIOHTOH YTHUIIJIAp COHU;
3-xan - 1-catxan JlaiimaH HypJIaHUIIN OCTHIA Py OepaauraHn YTHIILIAP COHU.
2) i-catxman mactra oca (1 cM® -na | cexyHmarn) yTuImwap conu
i1

n; A (2)
k=1

Jemak,
i—1 ©
n; YAy =n.n Ci(T,)+ X n A +nBpy (3)
k=1 k=i+l

(i-23.)

MabnyMKy TyMaHJIMKIapAa JaiMaH YM3UKIapUia t, >>1 1e0 olui MyMKUH. YHAa 1— 1
YTHIIIA XOCHI OYIaurad xaMMa KBaHTJIap TecKapu, SbHU 1 — | YTHIIIA IOTUTIIAIN.
Jlemax
Ny A =ng Bypy;.

bynu (3)-na xucobra oycax

i—1 0

+
n; XAy =n.n Ci(T,) + YnAy 4)
k=2 k=i+1

(i= 345..)
[lynmail Kumub z; = n, / n n ' -ra HUCOATaH TEHIIIAMAIAp CUCTEMACHHU ( z, -yHFOHUIILIAP

JapaxkacH, 1-caTX y4yH) OJIIMK. YHH TaKpuOaH, MacajaH AacTia0ku 12 TeHryiamaHu oJuo,
abHU 1= 3,4...14, edniin MyMKUH.

Cunos casonnapu.
1. i - camxea ymuwinap conu Humaza mene?
2. | - camx0an nacmku camxnapea ymuwiiap COHu HUMaza meme?
3. 1 - camyx yuyn ytigonuwnap oapazicacu KaHoai oeieunanaou 8a y Kanoai monuiaou?

18 - mae3y. TymanauKIap Maccacu Ba 3UYJIUTH.

Makcad: Tymannukiaap Maccacu Ba 3UWIMTMHU 0axoJiall ycylIyu OMJIaH TAaHUIIMII.

TyMaHIMKHUHT BOJOpPOJ YH3UFMIATW HYpJAHWIIM OYiMYa YHMHI Maccacu Ba
3UWIMTMHU TONWII MYMKHH. MabiyMKH, k — i YTHIIAArd Xocwi OynaauraH HypJaHWII
YU3UFUJIaTY DHEPTHS

E ;

i = Agihvy[n,dv 1)
Arap k — 2 Oynca
By = Agphvipngdv, (2)
V-TyMaHJIUK XaXMU
E |, KaTTAIMKHUHT Y3MHU Ky3aTyBJlaH OJMIIMMU3 MyMKUH. OnuHry naparpadaan
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N
n, :zk(Te) n.n (3)
OyHIaz, -Ha3apui Hyn OuilaH aHUKIaHaaW. Bogopoa ydyH n, = n T memak
2
Dy = Zyp.n, (4)
®dapa3 KWIanuk; n, = const Macoga Oyiinya. /lemax,
2
Ewy =z Aohvy,n V. ()
+ E k2
byHnan n, =n (6)
z A ,hv,V

Tymaniauk Maccack M = m ,n 'V, OyHIa m,-BOJOPOJ aTOMH MaccacH,
E .,V
k2
Jemak, M =m,_ |———— @)
Zp A gohvi,
Tyman 3u4nuru 3ca

p = m  n -TaTeHT Oymamy. (8)

Cunos casoJjiapu

1. Tymanaux maccacunu monuwt yCyau HUMAaza acocianean?
2. Bynoa 6000po0 uoHiapu KOHyeHmpayusacuea Hucoamau Kanoau ¢apas Kuiunaou?

IV BOb. HOCTAIIMOHAP IOJITY3JIAP

Hocrammonap 1onay3napHUHHT OOIIKa IOJAYy3JdapiaH  (apKu-yJIapHUHT CHEKTpuia
AMHUCCHOH 4YM3MKJIap MaBxyl. Hocramumonap ronaysnap 3pra Ba Keu crekTpai cuHgpiaapra
TEeruuUIM Oynumu MymkuH. bupunumnapu O, B cundunpan, keitmnrucu M crnekTtpan
cuHbuIaHAup. YIapaaH TOMMHUI MoJiIa COYMIHIIN 103 6epud Typanu. by xapaén y3mykcus
Ba MOPTJIANI MaKiIuaa Oynumu MyMKuH. bupunun Typaaru ronmaysnapra W-R, Oxkymr P Ba
Be Typunaru oiy3iap, ukkuadmcura sca UV Kur, T Casp, SIaru Ba VTa SHrH 1011y371ap
KHpaJaH.

19-mae3y. EpKMH YMHCCHOH YH3HK/IN I0JIAy3J1ap.

Makcad: Dpra Ba Ked chekTpal cuH(pIapard HOCTALMOHAP IOJAY3JIapHUHT acOCHIi
XapakTepHuCcTUKaIapy OUIaH TaHUILHUIIIL.

OpTa cuH(AAru HOCTAIMOHAP HOJAY3Jap/ia SMUCCUOH YM3HUKIIap KylHaruia X0CHui
oynanu. FOnny3 ro3acunaH 4MKa&TraH Mojja Jay3 arpoduaa JUCK EKM KOOMK XOCHII
kunanu. by ronmysmap A €ku B cmektpan cuHdra rternnum. Jlemak, ymapHHHT
temnepatypacu T= 20-50 munr K, Ba ymap karra dactorajga HypiaHagu. by Hyprap
KOOMKIa IOTHJINO, ONTUK AMANO30HJa KalWTa HypJiaHaJIu, sS’bHM SMUCCHUOH YHU3HMK XOCHII
oynanu.

W-R 1oJuay3u. Abcomtor onay3 karramuru M~ -3" . Maccacu m ~ 10m,, OyHzIa

m , - Kyém maccacu. Criekrpan cundu SpO. Bup imnma 10* - 10 °m, Moana coumnm.
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VYHapHUHT CHEKTpHJIa KUCMaH YCTMa-yYCT TYIIQJHWTaH KEHT SMHUCCHOH YHM3UKJIAP MaBXY.
Koouk xenraiinm Te3auru 1000-2000 xkm/cexk.

Okkymr P tunmparm ronpysnap. SpB cunpura terunum. AOCOMIOT 10IAY3
KaTTaJUTX Ba Maccacy xuxarugad W-R-ra skuH. JICKUH CrieKTpasl XyCyCHsITH O0OIIKa4apoK;
CHEKTpUAa EpKMH SMHCCHOH YHM3WK OWjaaH OWpraivkaa yiaTpbaOuHadIna TOMOHHIAH
IOTWIMII YM3WFA XaM Ky3aTwiagd. HOTHIWIN YM3UFMHHMHT Maijgo Oyiauimmra caba0-
IOJIY3HUHT Y3UJaH Kena€TraH EpYyFIUKHUHT KOOWKAA IOTWIMIIHIUAD. YHHUHT OunHadima
TOMOHTA CHJDKHUIIHM 3¢a KOOMKHUHT OM3ra HUCOATaH XapaKaTH, aHUKPOFH YHUHT KeHTaHHUIIIH
onnan 6ormukaup. Koouk rexsimuru v ~ 100-200 km/cex. MabiyMKH,

Av v
— = —-Jlomuiep dhopmynacu.
14 0 C

L . V)
v = v, + —v, cos6 -0u3ra eTud kena€Trad Hyp 4acTOTacH, v, -MapKa3Hil yacTora.
C

() L
1) 6 = 0-na (A HyHamum), v = vo[l + —j , 'BHU v > v, -OMHa(]IIara CHIDKUIIL
C

0 oo oo
2) 6 = 90 -ga (B ityHamum) = v = v, -CHJDKHUII HYK.

() L
3) 0 = 180°-1a (C iynamum) = v = VOEI - —j , Vv < v, -KH3WIra CUDKULI.
C

Be Tunparu rJaaysaap. SpB cnekrpan cunura terunuin 6ynub, my cuHdparu O0omka
oNay3i1apaan  gapk Kwiuim yuyyH Be tummparu (e-SMHCCHOH) OJNAY3Jap JeHumamu.
Crektpan XyCyCHSITH; SMHCCHOH YHW3HMK IOTWIMII YW3WFU OWJIaH YCTMa-ycT TYIIaJH.
KoOMKHHMHT Xapakat Te3aurd v ~ 10 km/cexk.

Keu cnekrpan cundpaaru ronaysznapra UV Kut, T Tau Ba z AHapomena xabu roJiay3nap
KUpaJu.

Z AHjpoMeia 10ny3u -0y KaTTa JaBpiid y3rapyBYaH I0iay3 OYynu0, y3rapuin naBpu ~ 1

m

i, Kusun ruranr, abComioT roiay3 Karramurm M= -2™ - 0™, Maccacu m =~ 10m .

Cnekrpan cundu M. Temneparypacu 3ca T~ 2000 — 3000k atpoduna. by ronny3napHusr
XaM CIeKTpuaa E€pKUH AMHUCCHOH YHM3UKIAp MaBxXyaA. JIEKWH yIapHUHT XOCHJ OYiwil
MEXaHM3MU 3pTa cuH(dIaru Iay3IapHUKUIaH OolKayapok; OyHra cabab-arMmocdepanan
3ap0aBuil TYJTKMHUHT Y TUILUAMP.

1
UV Kur ronay3u Ku3ui Kapiauk 6ynuo, M= 15", m ~ 0Jm,, SpM Ba paauycu R~ —R .
5

bynap wakHoBum tonmysnapaup. Cababu ymap 1 munyrna paBmannuruau 10-15 mapta
oprrupaan  Ba  10-15 wMuHyTAa aBBaiaruw  Xojaura —KaWtagd. TemmepaTypacu
T =~ 2500 — 3000K .

T Tau ronny3u €pKUHIUTMHA HOPETYJIAp y3rapTupaan. M =~ (+3) + (+4m ) . Sp cundu G-

M. T~ 5000-6000 K. By ronay3mapHUHT XamMmacuaa XaM EpKHUH DMHUCCHUOH YHU3HKJIAp
MaBXKY/I.

Cunog casonnapu
1. Opma cunghoazu Epxun smuccuor YU3UKIU 1010Y31aped KAlcu 10a0Y31ap Kupaou?
2. Yaapoa épkur yu3uKHuHe X0Cun Oyaum Mexanusmu Kanoau?
3. UV Kum on0y3u xanoau 1010y3?
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20-mae3y. SIuru woJmgysaap.

Makcad: SIaru 10I1y3JIapHUHT Ky3aTyB MabIyMOTIapU Ba YJAPHUHI IIOPTJIAII MEXaHU3MHU
OMJIaH TaHWIINIIIL.
1. Ky3aTyB MapIyMOTIIApH .

DBaMIONMOS TaBoMHAa 0ab3| IOJITy3Jap SHTUIAH sSTHA Yyapakjiaiad. DHT aBBaJaMOop
Ky3aTHIIJIaH SIHTY PABIIAHINK 3TPU YM3UFU OJIMHAM. PaBIIaHIMK KUCKA BaKT WYHAA XKyaa
KaTTa KUWMaTiapra e€Tajid Ba aBBaITM XOJUTa KaWTHUII Y9yH HHIIap Kepak Oymamu.
Pasmannuru my gaBpaa 10000 mapra omagu. Macanas,

Mpax = 7" M iy = +157, Mabaymkn, M = -25lgl+const. VY xonga:

I Lmax I Lmax Lmax 4

Mmax_Mminzzisg = g =48 = =6-10
min min Lmin

Paprrannuk y3rapuin OuaH CeKTpUIa XaM KaTTa y3rapunuiap pyi oepanu. Tekmmpumiap
HIYHU KypcaTaJuKH, 4Yapakijamraya toiaay3 SpO-ra terunuim Oynaau. Makcumymrada
cunektpasn cuHpu SpA-ra €ku SpF-ra terummum O6ynagu. XapakTepid TOMOHM IIYHAAKU;
IOTUJIUII YM3UFU OMHadIIIa TOMOHTa CHIDKUTaH OYynaau. Makcumymia sca;

1) SMUCCHOH YU3HKIIAp XOCUI OYIaau.

2) KeiinHuanuKk y31yKcU3 CHEKTPHUHI Ba IOTHIWII YM3UFUHUHT HYKonuO Oopuin
Ky3aTWJIAIN.
bup Heda oiiiaH KeWnH Sp-1a TaKUKJIaHTaH YU3HUKIap Xocua Oymanu. HeOymnsap 6ockuy Oup
Heva iun naBoM stanu. KeilnH sca aBBairm xonura Kaitaau Ba Oy maiitna Sp— O. Kyn
Wusutapaan KeuH oay3 atpoduua TyMaHiIuk Xocwi 0yinaan. = Jlemak Moiia COUMIHIIN
103 Oepaau, SHbHM YHUHT TalllKd KaTJamyiapd axpainl® YuKaau. Sp-Jard y3rapuiiap
cababuncu-1ry KoOOUKaup. SIHTH 0JIIy3/1aH TalllKapy

1) TakpopiaHyBUH SIHTH FOJIAY3J1ap;

2) sHrUra yXmam y3rapyBuu I0Jay3Jap MaBxy/l.

TakpopnanyBun siHTH IOJAy37ap Xxapakrepu OViimua SO cuHrapm, JeKMH KAYUK
macmtabnapna pyit Oepamau. bymapra mucon kunu6 Opuon N, Kommac T, Tox T
FOJITy3J1apUHU KYpCaTHII MyMKHH.

SHruya yxmam y3rapyBuu 0Aay31ap Aespiau Takpopiaanysuu 1O, nekuH aHasm
KUYUK MaciTabna pyi 6epaau Ba yHra KeckuH OyimMaraH ¢opmasa pyit 6epaam.

bup #imnna lanaktukana 1-2 Ta wapaknam pyi 6epamu. by daxar Kyém atpoduna.
Jemax 100 Ta gapakmam 6yryH I'amakTukaga. Mabaymku [anaktukasusr émm 10'° fu
— 10'? Ta yakHam pyit 6epamu. IOnaysnap conn TaxmuHaH 10' ' Ta. Jlemak xap 6up omnmys

10 mapraman wyapakigamu kepak »3au. Jlekun Kyém yapaxnamaiiaun. byHpaH 4ukau
YapakJIOBYH FOJAYy3/1ap CUH(PU MaBXKYy/ dKaH.

Cunos casonnapu
1. Aneu ronoysnap xanoaui onoyznap?
2. Aneuea yxwaw xanoaii 1010y31ap magxcyo?
3. Vaapuune cnekmpu xauoati yzeapaou?

21-mae3y. KOOMKHMHI XapaKaTu Ba HYpPJIaHHIIN.

Makxcad: STaTy 101y3HUHT YaKHAII YHEPTUSICUHU OaxoJall.
1. YakHaI DHEPTUSICH.
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YTran napciapja sSHTU HOJAY3JIAPHUHT PABIIAHIUK 3TPU YU3UFUHU UHTEPHPETALIMS
KWINII OW/aH IIyFyJUIAaHAJAUK. OHIW YaKHAIl SHEPrUsCH Ba KOOWKHUHT XapaKaTUHH

(ronmy3napapo xapakaTuHu) Kypub unkamus. YakHai sHeprusicu 3 KucMmaan uoopar;
1) Hyp 3Hepruscu;

2) KOOMKHHUHT KHHETUK DHEPTHSICH,
3) KOOMKHUHT FOJIAY3/1aH a)KPalInIll SHEPTHSACH;

E=E_ +E
Jactnab Hyp 2HEpruscuHu 6axonaimMus.

E, = [L(t)dt. Taxmunan E, =L

+E

K HUH axp

max At 11€0 é3un MyMKuH. MabiayMKHy,

M L .x = —-251gL .« +const
M, =-25IgL, +const

L
max
M .« M,=-25lg———

LO
L L
Mmax:_7m’ M0:+5m' I[eMaK lgﬂ:4,8 %:6.104
0 0
L0=4-10333pF/C6K = Lmaxz10383pr/cex

At=10cyT kKa = 106061(

38 6 44
Ey =10°°-10° =10

apr
Ey  ~10" —10%spr
1
E, yu= M 32, M = lO28 —10291“ , 9 =1000 k M/ceK=1080M/ceK
2
28 16 44 45
E,,.=10°.10° 210" +10% 5pr
M*MK o € 33
Ea)icp_ , M*zMOzIO T
R,
G~ 10, R,=01R,, R, =10 cwm
33 26
10 10
-7 44 45
Ea)Kp=10 10—10%10 3pr—10 “apr

45

spr. By sHeprusau Kyénr 10° - 10° finnma TapkaTamm.

Cunog casonnapu
1. Yaxnaw suepeuscu kaunoaii Kucmaapoar ubopam?

2. Ymymuil xon0a HypiaHuuL dHepeusicu Humaa metne?

22-maeg3y. YTa IHTH 10JLy30ap

Makcao: YTa SHTU IOJNIY3JapHUHT TypJiapyd Ba YJapHUHT XapaKTepUCTUKajgapu OusaH
TaHUIIUII.
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MabaymMKd SIHTH 10JAYy3 YaKHaraHjga yHUHT aOCOJNIOT IOJIIY3 KaTTalurd Oup Heda
KyHJIa Yypraua -7 rada etaau. KowHOTHma ImyHIai YakKHOBYM IOJIIy3Jap XaM OOpKH,
yIIApHUHT 10AAy3 Kattanuru 1 xadra mumaa -15 gan -20 rava eragu, ssbHU OUTTa IOJIAY3
KMYUK OWp rajakTUKadaluKk HypiaHagu. byHnma axpanu® 4YMKaauraH TYIUK SHEPTHs

10°° —10°" apr. Illynuar yuys ymapeu ¢axkaT OM3HMHT ['amakTurajgarmHa aMac, OOIIKa
rajakTUKaaa XaM Ky3aTuil MyMKUH. Bu3HUHT ranaktukamusaa noptiarad yra A0 ;

1) 1006 i,

2) 1054 #iun, Xutol Ba AMOH acTpoHOMIIapu ToMoHHAaH CaBp I0Jay3 TypKyMHIa
KY3aTUJITaH;

3) 1572 #iumm Tuxo bpare Tomonunan Kaccuormnes rwoiny3 TypKkyMuaa Ky3aTHITaH Ba

KYpUHMA I0JITy3 KaTTauru V = —4,5" OyIraH;

4) 1604 tinmu Kernep “UnoH snaTyBYn” 10J1y3 TypKyMUaa Ky3atrad, V= -2,2" .
Vra SIHO-nap paBIIaHIMK SrpM uM3HMFM Ba crektpura kKapa6 I Typ Ba II Typra
Oynmuuagu. 1 Typ 0JAY3JapUHMHI CIIEKTPHIA BOAOPOA YM3MKJIAPH Ky3aTHJIMAaHIH.

HypJaHunI SHeprusicH TAXMHHAH 4 -10° 3pr.

II Typ wagy3napu aHMK Xapakrepra 3ra 3mac. YmMymad [ typra kupmaran
obexTaap (YIOSI) my Typra kupaan. By Typaa paBIIaHTMKHHHT KaMAHHIIN OJIMHTHIAH
Te3 aMac. I- Typaa YOS xaMma Typar ranakTHKaa Ky3aTHIam.

Il typnarmmapu sca ¢daxkatr SB Ba Sc Typuaaru cnupaib TajJaKTHKaJlapAa Ky3aTUIalu.
Cnektpu OKkym P Typuparu roiaay3inapHUKU CHHTapu. MablyMKH 3MHCCHOH YHU3UK
KeHraéTran KoOMKaIa XoCui OYiaam.
KoOuk Te3nuru

9 =20000 xm/c l-Typ rongy3napuaa;

9 = 15000 xm/ ¢  ll-Typ ronmy3napuna.
busnuar Tamaktukamuszma xo3up (akar 100000 #HwMK roiaay3 KOOMKIaApWHUTHHA
Ky3aTHII MyMKHH. YHIAH TalIKapy yiaapja Myibcapiiap XaM Ky3aTHINIIH MyMKHH. Y STFO-
HUHT KOJIIMKJIapH 2-ra OYIuHaIu;
1) ém, émm < 1000 vinn

2) ackm, émm ~ 10* - 10° #u.
[yHn aiiTUIl KepaKKd KOMAUKIAP KYyWIH paauo HypJIaHUII MaHOau O6Ynnbd xucoOmaHaaH.

VYIapHUHT HypJaHWII KOHYHHUATH 1,0 v ' KYpUHHUIIAA OVIagd, n >0, MabIyMKH

14

WCCHK/INK HYpJIaHMIINIATH PadoNa3oHja I =const , arap t KHYHK Oynca, Ba I0)v’,
arap « Karra O0yica. byHnan Xynoca KWWl MyMKUHKH, HYpJIaHUII MEXaHHU3MH OOIIKaya.
AHHKPOFU CHHXPOTPOH HYPJAHUII JKaH. XO03Up KYmiad paguoHypJaHUIIl MaHOamapu
tonwirad. Ynapnaan sHr €mm Kaccuomes A. ¢ ~ 7000 km/c, 1r=3400 nc. YmOy
TyMaHJIUKAard ojaay3 taxmuHad 1700 #unga nopTiarad, JeKWMH ONTHUK JMana3oHJa
KYpHUHMAaraH.

K O

Cunog casonnapu
1. Yma aneu wondyznapuune abconom 010y3 Kammanueu KaHoai?
2. Tanaxmuxaoa Kauon Yma aueu 1010y3nap nopmiazan?
3. Yma aneu wonoysnapuune neva mypu magncyo?

V BOBb. I0J1Y3JIAPAPO MYXHUT
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KOnny3mapapo Mmyxut abcomoT OynuMKaad nubopar 6yamacaan, Oaiku:

1) ganr,

2) ras,

3) KOCMUK HypJIaHUII,

4) MaHTHUT MaliJIOHH,

5) HypJlaHUIII MalTIOHUAaH HOOopaT,

YaHTHUHT MaBXYIJIUTH Y3JIYKCU3 CIEKTPIArd IOTWIMIIAAH KYpuHaau. CICKTPHUHT KU3UIT
TOMOHHJIa IOTWJIMIN KaMpoK. [amakTMkamMu3ga WKKA XWJI; KOPOHFM Ba EPYF YaHT
TYMaHJIMKJIap MaBXY/I.

['a3 TyMaHTUKIAPHUHT MaBXYIJIUTHHH FOJIY3 CIEKTPUA FOTHIIMII YU3WKIApUIaH
Onmmm MymkuH. FOnmysmapapo mMogma acocan ['amakThka TEKHCIWTHIA KaTTa 3WYWIAKra
ora. YHJaH Y30KJaIlul OWiaH dKCHOHEHIMan kamasau. HOmmay3mapapo MyXWT maccacu
TaXMUHaH FOJITy3JIap MacCaCUHHUHT 1% TaIllKui1 Kujiau.

23-mae3y. Onny3napapo 4yaHr

Makxcad: HOnny3napapo 4yaHT Ba TyMaHJIMKJIAp, YIAPHUHT IOJy3j1ap OujiaH OOFIaHUIINHU
YpraHuIL.

['a3 tymannukiapuHur Hypianumu >xkyga uccuk O Ba BO cmexrtpan cunduaru
IOJIIY37Iap TabCUPH OCTUA Py Oepaau. JIeKHH YaHT TyMaHJIMKIIap acocaH COBYK FOJIIy3Jap
aTpoduaa xoinamrad 0yica xam HypiaHaauiap. byHu Kkangail TymyHTUpHUIT MyMKAH?

TymyHTHpUII y4yH 2 TUIIOTE3a WITapH CypuiIaiu:

1) uccux ronaysnap yanru “ mypuaiam

2) KaTTa TeMIepaTypajaH YaHr rasra aiiaHaiau.
Acnuja 4aHr TyMaHJIMKJAa ra3 XxaM MaBxkyJ. Arap TyMaHJIMK MCCHK IOJy3ra sIKuH Oyica
ra3 HypJjaHaJy, arap COBYK OyJica yaHT I0J/1y3/aH KeJaeTraH HypHHU COYaIH.

OHau 1onay3 OwilaH TyMaHJIUK opacujard OOFJIaHUII XapaKTepUHU Kypamus. Y
taconuduii OYuIM XaM, TeHeTeK OVIHUIIN XaM MYMKHH.
Wupux actpodusuk AmGapuyMsH (uKpura kKypa arap 6y Gornanum Tacomuduit 6yica,
TYMaHJIMKJIAPHUHT COHU (a3oHHUHT ronjay3iap (Yuma Teruuuid Sp cuHuaaru) €purra
KHCMHTa MPOMOpLHUOHAT OYIUIIN Kepak. Xap OutTTa 10iay3 Y3UuHUHT atpoduaa V XaKMUHU
Eputud Typaau (épurrannuru E-nan karta 6yiaran KHCMUHU OJIaMU3).

L
E = (1)
4T:r02
ro ~XakKM PaIUYCH.
4 L 3/2
V- —n( j 2)
3 4nE
LOwo ™™ = v=v, 10 %M (3)

¢(M) - EPKMHIUK QyHKIMACH;
¢(M )dM -0y FOJIy3HHHI abCOJIOT IOJIY3 KATTaluru [M; M +dM | opamuruaa Oynumn

DXTUMOJIIUIY. YHIA ypTadya XaxM
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o
V=V, [oM)10 "M am )
—
N-rony3napHuHr V= 1-naru conu. YHAa nv -(Ga3oHUHT My cUH(IATH I0NIy31ap EpUTras
KUCMHU.
NuTenrpaiamn xucooai Kyilaarnia OaxkapuaIu. MasbirymMkn FOJITY3J1ap
CTaTUCTUKACUHUHT aCOCHUIl TeHIIaMacH

N(m)=Q[n(r)p(M )rzdr (5)

N(m) - Q ¢a3zouii Oypuakmaru [m - ;— m + ;—} opanuryaard roimaysnap conu. dapas

KWJIAWITUKKY n(r) = cons t OYJICHH.

MabiyMKH, M=m+5-5Igr (6)
©+06) = )
N(m): Qn j-(p(M)~10_O’6(m_M)+3dM (7)
S5lge B

KENTUPUO YMKAPHILI

1 —(m-M +5)
(6) = Igr:—(m—M +5) = r=107
5
2 1
) —(m-M +5) —(m-M +5) qM
r-=10° = dr=-10°
5Ige
r=0 Ja M = o
® E(m—M+5) lf(m—M+5)
r=ow Ja M =-o. N(m)=20Q J‘ngo(M)oIOS 107
— 0
[e¢]
dM _ QOn 0,6(m -M )+3
= = J'-(p(M)-IO dM
S51ge SIge_OO
— N(m)V
A+ = nV:gJO%_Oﬁm-SIge
Q

Yoy ¢popmyna Oyitnya GpazoHUHT EPUTHIITAH KUCMUHHUHT X2KMHHH XUCOOJIAIl Ba yHAATHU
EpUTIIITaH TYMaHJUKJIAPHUHT COHUHM aHUKJANI IIYHU KYpcaTaJuKd, Oy WKKHA KaTTaluK
y3apo mpomopuuoHan Yy3rapap SkaH. Jlemak, rokopuma adTwiraH OOFIaHUIN Tacomudwii
OymuI Kepax.

Cunos casonnapu
1. Yane mymannuknap xanoau Hypaanaou?
2. Yane mymaunux ounam 1on0y3 ypmacuoasu O00NAHUWHU AHUKIAW KAHOAU NPUHYUNSd
acocnaneaun?
3. Yoy 6ozranuw kanoai sxkan?

24-mae3y. Onny3napapo ras
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Makcad: YOnmy3napapo ra3HUHT TYJIWK HOHJIAIITAaH COXaCHHUHT PaINyCUHU aHHUKJIAII.

[NamakTukamgary Ta3HUHT aCOCHMHHU BOJOPOJ TAIIKHWII KHWJIATW Ba IIYHUHT YIyH XaMm
KYT Tporecciap BOJAOPIHUHT HEHTpan €KUM MOHJAITaH Xoifa Oynummra OOFnuK Oymamm.
HIyHUHT yYyH IOJIIy3/1apapo BOJAOPOIHUHT MOHJIAIIUII Japakacyu OWiaH OOFIUK MacalaHd
KYpuO YMKaMU3.

r’ -IONAY3 pajuycH, T, -yHHHI TeMIIEparypacd OVICHH. YH/a HOHJAIIraH aToMjap

yiymu X OyHjai TeHriiama Ouinan Gepuiaau.

2 Fofr)e (1)

1-x n

(1e) g 202am T) oy

e m K

OyH1a f(T*)th— i—h—36 kT, )
* 1

OyHIa n-KoHIeHTpamus, W-auironus Ko3hGuieHTu.

e
:%, r:k}n(l—x)dr (4)

r*

K-YpTada ;T ko3¢ duieHTr (1 aTom yuyH)
®apa3; n =const = (In(l))'

[3_ : ]d—x—(l—x)nk+3:o (5)

x 1-x/dr r

By TeHriamMaHuHr e4yuMu ILIYHH KypcaTaJuKH, r = r, Macodara x ~1 Oynu0 Kojagu Ba

r>r, YYyH X OupnaH Kkamaiin0 keraau.

[Mynpaii r, Mmacoda MaBXKYyIKH YHAA t ~1 Oynmagu. r,=

To

(4) = kn[(1-x)dr=1 (6)
(1) > Arapr<r, = x’e~1 l—-x=——" )
W f(T,)
|_ r2 _|1/3
M@= -l 8)
4kn J

by-CtpemMrpes 30Hacu JeiimyiagM Ba y BOAOPOA TYJIMK HOHJAIIIaH C(pepaHHHT
paaguycunu udonanaiau. by 3oHana bansMep cepusicn Kackajuiu yTUILIAp HaTHXKacuja
xocun 6ynanu.

CuHOB caBoJIapu
1. Hounawean amomnap ynywu Kanoat menenama ounan oepunaou?
2. Honnawuw oapasicacu yuyn Kanoau oughghepenyuan menenama otuHaou?
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3. Cmpemepen paouycu Huma?

VI BOB. IOJITY3JAPHUHT WYKHU TYIUJINIIN

25-mae3y. FOnay31apHUHT MeXaHHUK MYBO3aHATJINK TEHIJIaMACH

Makcad: YOnny3naru MeXaHuK MyBO3aHAT TeHrIamaaapy OuiiaH TaHUILIHUII.
@dapa3 KWIAMIMKKA 0JAYy3 CUMMETPUK Ba CTAallMOHAp Xojaraa Oyin0, TOPTHUILUII
KYy4H Ba Ta3HUHT 0OCUM KY4H OCTHJIa MyBO3aHaTAa OYJICHH.

benrmman: P-6ocum, P =P(r)
p “3HYIIUK, p = p(r)

I paguyciu chepa HuujJaru Maccea:
T
M, = 47rJ'pr2dr 1) = dM , = 4nx rzpdr
0

MI‘
dP:G—zpdr= gpdr
r

Jlemak, dP = gpdr (2) - THAPOCTATHK MyBO3aHAT TEHTJIAMACH.
dp M ;
—=-G —p (3) €éxu (1) bunan
dr 02
1 d [+ dp)
—2—L— J = -4t Gp (4)
r-dr{p g’

TEHIJIaMaHU OJIUII MYMKHUH. By - MEXaHUK MyBO3aHAT TEHIJIAMACH.
By-tonny3nap vuuky Ty3WJIUINIA HA3apUSCUHUHT acOCU TeHTNamanapujaH oupu. Jlekun Oy
TEHIVIaMaJa MKKM HOMabiaym: P Ba p kartHamMokzaa. IllyHuHr ydyH ynap opacuaa
KaHJaiaup OOFIaHMII MaBXKy Oynuim kepak. MacanaH,

P=aG pk (5)
C=const, k=const. by mouTponuk 6OFJaHHII JeHHIATH.

OHAau, ar Ckpk_ld—p, pk_ld—p:L—dpk_1
dr dr dr k-1 dr
Ld_P_ﬁdpkil (6)
pdr k-1 dr
benrunarr; pX=u (7)

1
k-1

=U. (6)udonanu (4)-ra Kyiinod, KyHuIaruHu OJIUII MyMKHUH:

C(1+n)1—d—[r2d—u] =-47 Gu" (8)
dr

OyHAa N-TIOJIUTPON MUHJEKCH.
OHau AHTH QYHKUIUS KUPUTHO Oy TEHTJIaMaH! COAANAIITHPUMU3.
u=u,y, X=Ar (9)
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bynna, r=0 Oyaranaa u = u, Oymagu.

A JouMMH dca myHAaW TaHinab onuHaauku, (9)-am (8)-ra Kydranma gouMuiinap
OynMaciuru Kepak. Yoy aman 0akapuica:

n-1

C1+n)2*=4n Gu, (10)

Ym0y Tennuk 6axxkapuica
l—zd—[xz d—yj Ly (11)

x° dx dx

TEHTJamMacu onuHaau. by-DnMeH TeHrmamacuamp.

by nuddepenunan TeHrnama Kyiuaaru mapriaapaa €UnIny JO3UM:
arap x = 0 0yica (Mapkasna) y=1 Ba y’=0.

n =0,1,5 oynragaa (11) - HUHT eunmMu

y=1-— n=0 (12)
6
y:sinx o (13)
X
1
Y=ﬁ, n=>5. (14)
X

S

Kosran n y4yH aHUK aHaJTUTHK €YUMH UK.
Cunog cagonnapu
1. Tuopocmamuxk mysozanam menenamacu Kanoai é3unaou?
2. [lonumpon mooennap Kanoai mooeniap?
3. Mexanux mysozanam menenamacu Kauoau é3unaou?
4. Dmoen meHnenamacu HUmManu ugooananiou?

26-mae3y. FOnny3naru 3u4yiuK, 60cuM Ba TeMIepaTypaHu TONHII

Makcao: HOnny3 vuupard 3u4idK, OOCMM Ba TeMIlepaTypaHU aHHKIANl YCylIu OuiiaH
TaHUIIUII.
Arap 1onAy3HU TONUTpON map aed Kapacak, yHaard p, P, T-HM Tomuin MyMKUH.

Onpnunru naparpaduaaru (7) Ba (9) udonanapaan KyduaaruHu E3ui1 MyMKHH:
p(r) =ugy” (r) 1)
byHnarm u, Ba 1 KaTTalUKIApHU KaHAall TONUII MYMKHH? ByHUHr y4yH uerapaBuii
mapTiaapaas GonganaHaMus.
Onny3 cupruna, apau =R 6ynranga X=x, OyicuH. Y xonmga = p=0 = y(x;) =0,

Hemak
x; =AR (2)
[Mynaa onnuuru naparpaduaru (2) TeHraamagad =
(1dP) M
e ©
pdr) o R 2

Vra sxoitnaru (6), (7), (9) hopmynanapaan doiinananu6 (3)-Hu GyHIal E3UM MyMKHH;
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. M
C(l+n)u0/1y (x1)=—G—2 (4)
R
(10)-man C-uu, (2)-maH A -Hu TomuoO, (4)-ra kysmus. llynma:
. M
SN ©)
47R "y (Xl)

[Mynpait kuu6d » kattanuk (2) -mpa”, u, 3ca (5)-gan Tomumica, (1)- maH p -HU TOMMII
MYMKHH.
MabiayMKu 1071y3 MapKa3uaa, SbHU r = 0-72, y = 1. =
n
P, =Ug -

3UYIMKHUHT YpTadya KMiMaTH:

Mapkasuii 3uuImMK 5ca: p, = -———— p.

3y (x1)

Bocum P-mm Tommm yuyH ommuHrH maparpaduaru (5)-ra C-HM Kyium kepak. Yma
xoinaru (10)-nan Ba Oy epaaru (2) Ba (5)-nan

_ 416G R’ |F_ x M 1| n @)
l+n x12 L 47rR3y'(x1)J
lynna mapkasziaru 60cuM yuyH
G [ M —|2
P, = | | (8)

c = [
4n(l+n) LRZy (X)J
Temmneparypa dca Kyhunaruda tonuiaan. dapas KMIaNIUMKKY, FOIIy30ard MOIAA - UIea

ras.
VYuaa Oy ra3HUHT X0JaTH YOy TeHriaama Ounan 6epuiaiu:

¥

R
P=—>pT 9)
n
Bynna, R " -ra3 JOMMHICH, p -MOJIEKYJISIP Macca.
Onpunarn maparpadaaru (5) Ba (7)-nan =

T--+—cu (10)
R *
Mapxkaszna aca T, = - i : M (11)
(1+n)R*x1y (Xl) R

bynna M-ronny3 maccacu, R-yHuHT pagnycu.
Cunos casonnapu
1. Buunux Omoen menenamacu opxanu Kanoai ugpooaranaou?
2. Viuamcuz macogpa Kanoaii kupumunaou?
3. Uxmuéputi macogadazu memnepamypa Kanoau aHuKkIaHaou?
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27-mae3y. FOaay3n1apHMHT TY3WJIMIIH Ba IBOJTIONUSICH
Maxkcao: YOnny3nap Ty3wIMIIMHA U(OAATOBYM TeHIIamManap OujiaH TaHUIIUII
1. Acocuit Ttenrmamanap. Ongy3map Ty3WJIUIIMHU acocaH KyWuAaru TeHraamaniap
udonanaiiam:
1) MexaHHK MyBO3aHaT TEHIJIAMACH;
2) sHEpreTUK MyBO3aHaT TEHIJIaMacH.
dP GM,

— = p (1)
dr 02
dM

~ = 4nr2p (2)
dr
dT 3 L
ar _ 3 ep Ly 3)
dr 4ac T3 47zr2
dL

! :4nr28p (4)
dr

Arap (2) trearnama (1)-ra kyiunaca MeXaHUK MyBO3aHAT TEHIJaMacu XOCWJ Oymaau. Arap
(4) Tenrnama (3)-ra Kyiniica SHEPreTUK MyBO3aHAT TEHTJIAMACH KEeITUO YHKaIH.

Byuma P~ T, p, n. V3 HaBGatuna p X-ra (FOJIy3 MOJIACHIATH BOJOPOIHHHT
HUCOWK ymymu) Ba Y-ra (TeMUHHWHT HHCOWM ynymm) Oornuk. Jlemak p  10iaay3
MOJITACHHUHT KUMEBUH TapkuOura OoOfiuK. byHmaH Tamkapu ¢ (HypJIaHHII
kodddunmentu) Ba & (Oupiamk Maccara TYFpU KeJIraH OTWIHIL KO3(POUIIMEHTH)
KarTanukiap xam p, T, X Ba Y-napra 6ornuk. Illynnaii kum6, arap X Ba Y Oepuiica (1)-

(4) Tenrnamanapgad M _,L . ,p Ba T-HH TONmMII MyMKUH. SIHa derapaBHWil IiapTiap Xam

o
MabJIyM OYJIHINN Kepak;

M, =0,L, =0 arapr=0

p=0, T=0 arapr=R .
IOxkopunarn 4-ta TeHrnama ymly uerapaBuil mmapTiap OuiaH IOA1y3 TY3WIHIIMHU
aHukKimaWau. by cucrema ewymica r =R Oynaramma M Ba L anumknanagu. bymap sca
Ky3aTyBJaH XaM aHMKJIAHUIIM MYMKHH. YHAa Oy cuctemanaH, arap M Ba L mabiym G¥ica
X Ba Y-HM TONUII MyMKHH (TYFpH TaHjaad ONMII MYMKHUH). JIEKUH IOJNAY3HUHT MapKazuja
Ba 103acua KUMEBUN TApKUOM Xap XHII OYIuIT MyMKUH. UyHKH MapKa3Jard BOJIOPOIHIHT
kyn kucmu EHHO OynraH Oynmumm MyMmkuH. Jlemak, Oy MacajdaHMHT €YUMHU IONIYy3 Ba
ABOJIIOLMSICK OujiaH OOFIMK. DBOJIOLMS MacajaCMHU KYpHILJAH OJIMH acoCUid KeTma-
KETJIMKJAry 0Jay37ap Ty3WINIIH OWIaH TaHUILIAMU3.
2. Acocuil KeTMa-KETIUKIAry I0JIy3Iap TY3VIIUIIH.

IOxopuna kentupwiran cucrema ojaria TakpuOui eumnaau. Mucon Tapukacuia
acocHMili KeTMa KeTJUKIard roiaysnapaaH Oupu - Ky€m ydyH KuiauHraH xucooOummuiap
HATH>KACHHU KEJITUPaMU3.

r M . L. X Ig P |g T |g p
R M L

0 0 0 0,494 17,351 7,165 +2,128
0,1 0,073 0,396 0,611 17,135 7,102 +1,932
0,5 0,919 1,000 0,744 14,788 6,535 +0,113
0,9 0,999 1,000 0,744 11,898 5,782 -2,204
1,0 1,0 1,0 0,744 - - -
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Kypunub typubauku; r = 0,5R -/1a M,k =0919M Ba L =L. bBynnan rtamkapu r
Macoda kamanumuy 6unaH X (BoJAoOpoa HUCOWM ynymu) kamasad. Aciauga X BakT Oyiimda
y3rapaau, SbHU

dX
- = paTsx 1
o )

X xamaimmu OwinaH p, & ¢ KaTTaJuKIap XaM y3rapaau. by ronays3 cTpyKTypacHHUHT
y3rapaummra onu0d kemamu. Xap XWiI t BaKT MOMEHTIAPH YYyH ymOy KaTTalWKIapHU
X1c001a0 IBOJIIOIMOH WYIIHU OJIUII MYMKHH.

. . o (R, ) oV
By y3rapuman xucobra onumi yayH (4) garu ¢ YpHHTA ¢ — —L T|-P — -HH
ot\ p ot

é3um kepak, by epaa 2-um Xaa-1011y3 MOAJNACUHU Ku3aupuiura capd Oynaérran sHeprus,
3-4KcU TPaBUTALMOH CHUKWJIUIIJAH SHEPTUSHUHT OLIHIIN.

1 dv P dp
bupnuk macca ydyH, SBHU m =1-Ja V = — = —P —— =— —
p dt p2 t
1 oL o (R, ) P o
@) = e oo TJ+—2—p (5)
4nr-p Or ot n p t

[Mynmait k6 (1)-(4) - MyBo3aHAT TEHIJIaMallapH,

(2)-(3), (5) - ronTy3HUHT PUBOXKIIAHUII TCHIJIaMaJIapH.
Kaiicu xomnma kaiicu Oupugan doigananum kepak? AWTaWIuK, MapKa3gard XOCHJ
Oymaétran SHeprus 103ara YUKKyHYa t, BAKT Kepak OyJica, YHEprusi MaHOAWHUHT CE3WITUPIIN
JapakaJa Y3rapull ydyH ty,. BaKT Kepak OyicuH. YHAa, arap t, << ty, Oynca, yaaa (1-4)

Tenrnama, akcunua 6yica (1)-(3),(5) Tenrmamanap unmatuianu. Ky&m yuyn ¢ ~ 210’
nun. Jlemax (1)-(4) TeHrnamanapH UILIATALT MYMKHH.

Cunos casonnapu
1. FOnoy3znap mysunuwunu Kanoat meneramanap ugooanaiou?
2. by menenamanap cucmemacu Kanoau 4e2apaguii wapmiapod evunaou?
3. Katicu xo10a 1010y3HUH2 PUBOINCIAHUUL MEH2AAMANAPU ULUAAMULAOU?

28-mae3y. Acocuii KeTMa-KeTJIMKAATH 0JI1Y3J1ap IBOJTIOIHACH

Marcad: YOnny3nap 3BONONUSICH OUJIaH TAHUIINIIL.
Acocuii KeTMa-KeTIMKAard m = 5m, OYJTaH FOJIy3HUHT SBOJIONMICA OWJaH

TaHuIIaMu3. Bakr gaBoMuia ronaysnap  Y3UHUHT  (DU3UMK  XapaKTepUCTHKAJIapUHU
y3raptupanu Ba I'-P nnarpammacuiaru xosatu xaM ys3rapagu. Y nuarpaMMaznar oJiysiap
MYJIH SBOIOLIMOH TPEK Aeruinaau. MabiayMKH, aCOCUM KETMa-KETIMKIArd FJy3J1Iap acoCaH
KyhHugaru Kucmiiapaan ubopar:

1. Snpo peakuusnap 30Hacu,

2. Hypnanum #ynu Ounad SHEprus y3aTUIl 30HACH,

3. Kongekmus 30Hacu (yHAaH rokopuaa porocdepa).
KOnay3nap sBofoLMSICHHYE XaM TaXMHUHAH 3 Ta JaBpra OyJIuil MyMKUH;
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1. Acocuil keTMa-keT/IMKKa eTryHya (OyHIa royiaysfiap IoJay3iapapo MyXUTAaH MHaio
oynaman),
2. Acocuii KeTMa -KeTJIUKIAru JaBpH,
3. Acocuii KETMa-KeTINUKAAH Y30KJIaIIHIIH.
Ym0y tpekau 14 kucmra 6Ynubd ypranamus.
1-2 opanuknga acocuil KeTMa-KeTIMKIArd SBOJIONMS OOILUIaHAIM Ba JAaBoM 3Taau. byHaa
BOJIOPOJ peakiusiapu pyil Oepaau Ba HaTWKaja YHUHI KOHIEHTpaUUsICH Kamasaud. Bakr
VTumm OuiaH 10Jy3 MapKa3uaara TeMiepaTypa KyTapuiaan Ba JeMak, EpKUHIUK OpTaju.
by BakrTma rNAy3HUMHI TallKd KaTjamjapud O3rMHa KeHrasau. Harwkana Ttamku
TeMIeparypa Tylaau. 2-HyKTara eTraiia BOJOpOJ KOHLIEHTPAUICH ~ 1 % OYyiiaau.
2-3 opaymKaa BOJIOPOJ KOHIICHTPAIMSACH KaMaNTaHIUTH YIyH (IeMaK SHEPTUs aKPaIAIITN
nacalraHiurd yd4yH) IONAYy3 Y3 MYBO3aHaTHHHM cakjiall y4yH cuKaigaan. Jlemak,
IpPaBUTAllMOH SHEpPrusi HUCCUKJIMK Ba HYpPJAHUII »>SHEpruscura annaHagu. by oca
EPKUHJIMKHUHT ONIMIINIa Ba TAallIKM TEMIIEpAaTypaHHHT omuIura oiaud kemaau. by sca
IOJIY3HUHT MapKa3uJaH Y30KJard Karjiamiiapuaa xaM TeMIIepaTypaHUHT OIIMINUTAa OJHO
KeJlaJIu.
3-4 opayMKaa BOJOPOJA KHYMK KaTiamiiapaa €Haau. by maitna Tamku Katjaamiap sHa
KEHTalUIITHN OOILUIAMTIH.
4-5 -n1a BOAOPOJ KaIMH Kariamiapia €Haau. Tamky KaTJaMHUHT KEHTaWuIM sHa JIaBOM
sraau. lynunr yuyn T. TemmepaTypa macasgu. Mapkazma sca TemmepaTypa O3TMHa
kyTapunagau. by épKUHIMKHUHT OLIMIINTA OJUO KeJlaau.
5-6 opanuk. Bomopos koHIeHTpalusicu Kamaiuimm Owian EpKUHIMK macasiau. KoHBeKTHB
30Ha Te3 KeHrasau. Hatmxkana temreparypa te3 Tymub ketaau. by naBp te3 yTub xetaau.
6-7 opamuk Ku3WI TWUTAHT Qaszacu Aevninany. byHna ronay3mapHHHT MapKa3uidi KHCMHU
CUKWJIMIIN JaBOM 3Taau. Tamku KaTiamiap 3ca o3ruHa keHrasau. T. nacasgu. by naspna
IOJITY3HUHI MapKa3uil KUCMU KECKUH CUKWIaau. by 3ca Mapka3jga TemrmepaTypaHUHT Ba
EPKUHIIMKHUHT omummura onud kemaau. Hartmxkama Mapkasmaru 3uwink, OOCMM Ba
TeMIlepaTypa KaTTa KuiiMaTra 3puIiinaiu.
7-8. By naBpna mapkasna renuii moptiamu pyi 6epanu. ByHUHT HaTmKacuaa XakM KECKUH
opragu. bocuM Ba TeMmeparypa o3rMHa Tymaau. EpKunmuk Xxam kamasau. T, opTaau.
8-9 opanmukna renuii €Hamu (Mapkasna). by peakums 3-kappanu-o kapaéH AeHuIaaH.
Cababu 3 Ta o 3appavagad 1 Ta yriaepoa sapocu xocui 0ynanu. by y30K BakT 1aBoM 3Tajiu.
Harwxkana temneparypa Ba EpKUHIIMK OLLIAH.
10-11. JlekuH BakT JaBOMHJAa TeIUN KOHIICHTpAIMSCH KaMasau. by sca E€pKUHIMK Ba
TEeMIIepaTypaHUHT O3TMHA KaMmauuiura onu0 kenaau. KOHBEeKTUB KOOMKHUHT KEHTaWUIIU
coaup Oymau.
11-14. By naBppa 1onay3 Mapkasuaa CUKWIUII OonmaHaau. by sca MapkasmgaH y30Kpokia
(kaTmamma) renuii €Huinura onuoO kenmaau. Jlemak, TemmepaTypa KyTapuiaad, EpKUHIUK
omaau. Bakr yTumm OuiaH reqMMAHUHT KaTiJaMaard KOHIEHTpalusicu Kamasau. by sca
IOJITY3HUHT TallKU KaTJIaMUHUHT KeHraiumura oJu0 Kenaaud. YHJaH KeHUHTH JaBpaa 3ca
CNO peakmnusnapu OolUTaHAAW Ba IOJIIY3 acOCHU KETMa-KEeTIWKAaH OyTyHJIail YUKHO
KeTaJu.

Cunos casonnapu
1. FOnoysnap ssonoyusicu Kanoau Kucmiapea 6yiunaou?
2. FOnoysnap uuudazu KUMEBUL INeMeHMIAPHUHS EHULL KemMa-Kemausu Kanoau?
3. 3 - kappanu « - KHcapaén decanumus HumMa?

29-mae3zy. MutTH 10ay3aap. Ok kapaukiaap.
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Maxkcao: OK xapnuknap Ty3WIHIIUAATA XyCYCUSTIAPHU YpraHUILL

IOnny3nap »BOMIOLUSACUHUHT OXMpPrHM OOCKMYMIa Maccacura Kapa® Kyiuparu
I0JIAy3J1ap/1aH OUpOHTacura aijiaHaau;

m < 1,44 my O¥yica - OK Kapiuk, my . Kyémr maccacu.

m < 2,5my 6¥yica - HEUTPOH 0JITY3,

m>25m, 06¥yica - Kopa ypara ayIaHUTIIN MYMKHH.

Ok kapnuk maccacu m < 1,44 my ynauamu 3ca taxmuHaH Ep ymuamuaex Oynanu.
bynnaii ronaysnap acocaH aiHWraH SJ€KTpOH rasyjaH wubopar. dakar 5Hr TalIKu
KaTJamiIapuaarvHa Iomka ujaean ras 0op.

-3

Ez106r/CM3, Haz103OCM T~10 K .

OK KapJUKHUHT ©9KW TYySWINIINHU v << ¢ X0JIaad

P - Cp5/3

5

TEHIJIMK OniaH udoganam MyMKuH. JleMak, k = — = n = —. MabiaymKu,

(98]
D | W

n -1

n

472G RZ|r x| M

L 4 7R 3y'(x1)

2
1+n X

| I —|

3.
Hemak, n = — Oynranga = M R 3 — const SKAHJIUTH KeJHO IUKAJIH.
2

Arap v=C XOJIHHM Kapacak, OK KapJIUKHUHT WYKH TY3WIAIINHA

p oyt

TeHIJ1ama OwIaH udoaaiamn MyMKHH.
Cunos casonnapu
1. Ox kapaux maccacu kanoaii unmepeanoa Oyauuiu MymKun?
2. v <<c 6aVv &c 0y1ean xo11apoa oK Kapauxk my3uiuuuoa Kanoau gapx 6op?

30-mas3y. HeiiTpoH 1oJay3aap.
Maxkcao: HeltpoH ronmysnap, myiabcapiiap Ba pPEHTIEH KYIIAJIOK cucTeManap OwuiaH

TaHUIIHUIII.
bynnaii ronmy3nmap aiiHWraH HEWTPOH Tras3jiapjaH HMOoOpaTaup Ba  acocui

XapaKTEPUCTUKATAPY TAXMUHAH KyHHAaruda: p, .. ~10 °r/cwm’ -MapKas-Iaru MakCUMall
3UWINK, R ~10 KM - PaIMyc, m < 2,5m, - Macca.
Hazapwuii )xuxarnan: 0,lm, <m < (1,4 -2,5)m,

210" r /e < p, <2107 =101 /om

Huma yayn m > 0,1 my? Cababu, arap yaur maccacu m < 0,1mg 6ynca, Oy xonma HEHTpOH
HOTPFHUH Ba3uATIA OYIaau Ba HEUTPOH DJIEKTPOH Ba MO3UTPOHTA AKPAIHO KETHUIU KEpak.
Arap m > 2,5 my 6ynca, rpaBUTalMsl IOJY3HU SHA CUKAJU Ba Y KOopa ypara ailaHUIIM
Kepak. HelTpoH 1oiay3napHu Ky3aTHIIHUHT 2 Ta yCyiu 0op;

1. Ilynbcapnap maxknuja.

2. PeHTreH Kymanoxk cuctemMa KypUHUIIUAA.
[lynbcapaap 1967 viun xamd xkuauarad. YHuHT gaBpu P=1,3377295 cek sau. Ilynbcapnap

) 11
Ky4JIM MAHTHUT MauJOHUTIa ora: H =10 3.
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HOnny3nan ynkaérran Hypiaanum GaxkaT KyTOgapaaH TapKaJIUIIH MyMKHH. XO03HPTH
nautaa MabiIyM; P . = 0,3 cek. Huma yuyH alinanum te3nuru karra? MabiiyMKu XapakaT
MUKJIOPUHUHT MOMEHTH mv R-ra TeHr, Ba mvR =moR?*=const. by udonanan xypunub
Typubauku, R kamaiica, o KECKUH OPTHUIIHN KEPaK.

Pentren kymanok cucremanap. Arap HEHUTPOH IOJAy3 KYIIAJIOK CHCTEMaHUHT
KOMIIOHEHTacH O¥yica, yHJa acoCHi IOJAY3/laH HEWTPOH IoJy3ra MojAJa OKHO VTHIIH
oynagu. Helitpon ronay3 arpoduaa Kydiad TpaBUTAIMOH MaWIO0H OYITaHINTH YYyH
Tyma€TraH MoOJJa TE3JIMTU XKyJAa IKopuaup. by Mopnmamap HEHWTPOH HOJIAY3UHUHT
KyTOnmapura kenu6 tymanu. Hatmxkana KyrOnapaaru temmeparypa xyjaa KaTra Kuidmatra
SpUIIAAM Ba Yy €pla PEHTTeH HYpJIAaHWIIM Maigo Oynaau. AHa U1y peHTIeH HypJapuHU
Ky3aTUII MyMKHH Ba yJap xaMm ¢akat KyronapaH TapKaiaiu.

Cunos casonnapu
1. Hetimpon rwonodysiap Kaunoaii Moooadan ubopam 6a yHUHe acoCutl XapaxmepucmuKkaiapu
Kanoaui?
2. Ilynvcaprap numa?
3. Penmeen Kywanox cucmemanap Huma?

31-mae3y. Kopa ypanap
Makcao: Kopa ypanap XyCyCUSTIApUHUA YPraHMUIIL.
Arap ronay3 maccacd m > 2,5 my 6yica, y Kopa ypara aiJlaHWIIA MyYMKHH. YHUHT
VI4aMUHH aHUKJIAIIAaH OJIIMH, TPABUTALMOH PAINYC TYIIYHYACH KUPUTHIIA]IH.
MabiiyMKH, PENSITUBUCTHK X0JI1a

M m
F =G
2 2G M
R 1- 5
Rec
. 2G M 2G M o
Arap M oprca Ba R pannyc kamaiica S lBaRrR =R, -na ;=1 oynamyu, =
Re R ;¢

2GM

R, = Ymby paguyc rpaBUTATIIMOH PAAUYC JACHUIAIN,
C
Macanan m =1 Mg ydyH R = 3 KM.
Kopa Vypamapaun Xam Ky3aTHllga PEHTTeH KYyIIAJIOK CUCTEMAJapHU Ky3aTUUIAaH
doinananuiany.

Macanan, 1) I'epkynec X-1 manbacu. Acocuil 101ay3 MaccacM m ~ 1,5-2,5m,, MHUTTH
IOJTy3HUKA m = 0,5 - 1,8m , . By Kopa ypa smac.
2) Oxkym X-1 manOacu. AcocHii I0JTy3HUHT Maccacu m = 25 — 30m ,, MUTTH OJTy3HUKU
acam =7,5-10m,. [ewmak, Oy Kopa ypa.
Cunos casonnapu
1. Kaiicu xon0a xopa ypa naiioo oyiuwiu MymKut?
2. I pasumayuon paouyc decanumus Huma?
3. Kopa ypanrapnu Kanoatl Ky3amuut MyMKUH?

Anabuétaap:
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