Y3BEKVCTOH PECNYB/IMKACU ONNIA BA~TA MAXCYC
TABAVM BA3UNPTNTU

A. TEWWABOEB, C. 3AVVHOBUAAVNHOB, L. 3PMATOB

I*"TTWMWbBN X N CM ® N 3N KACWU

AM3bekucTon Pecny6avkacu Onuii Ba ypTa Maxcyc TabAuM Basupiuru
TOMOHMAAH y/Are K\ynnaHma cupaTuaa Tascus aTunraH

bneJVOTEKA

TOWKEHT - «MOJINA» - TrOw _J



YK 539.2

A. Tewaboes, C. 3aianobeaamHoB, LLI. SpmatoB. KaTruk, XXucm usmkacu.
TowkeHT, «Monus» Hawpuétn, 2001 ann. 324 6.

Ywoéy yKkyB K\NnaHMaja Karrvk, >XUCMap (U3MKACMHWHE  acocuii
OynMMnapn X,akuga mabaymoTnap KenTupuarad. KarTuk, XXUCMAapHWHT aii-
puM Xxoccanapu 6yiinya Typnapu, )03upru 3aMeH K,aTruK, )XUCM KBaHT u-
3MKacy acocuii TacaBBYpnapy 3aMuMHUAa MeTannap, SpUM  yTKasruunap,
OV3NEKTPUKNAPHUHT UCCUKAMK, MEXaHMK, 3NeKTPUK, MarHUTUK Xoccanapu
6aéH K,unuHraH. byHaaH Talwk,apu, X03up haH Ba TeEXHMKada KaTTa ax,aMusT
Kach 3TaéTraH K,aTrvK mMaTepuannap — Kepamuka, MapTeHCWUTNap, KOMMo-
3UTNap xoccanapy Ba KN'AmaHMWKM Tyrpucuga “am MabaymoTnap GepusraH.
YTunraH MaB3yfnapHU MycTa’Kamnall Mak,cagnga Xap O06HWHI oxupuia
HasopaT y4yyH caBo/inap, Wy 606ra TEruwaM macananap ohnawTupuaraH.
Ky'nnaHmaga KentupunraH pacmnap, »kaasannap, Kywumuyanap yHUHT MaT-
HUHW Tynavpagu. YKyB KynnaHMa OfWiA yBYB HOPTAAPUHWUHE TEruwam
Kacbnap Oyinuya MyTaxaccucnawaétraH 6akanaBp, MarucTp Tanabanapw,
TafK,MKOTYMNap, acnmpaHTiap Ba YKMTyBUMIap yUyH My/hKainaHraH.

Macbyn my?@ppup 3. 3. mamoB, Pu3nka-matemaTmka aHnapm
LOKTOpM, npodeccop

Takpusumnap: A. T. Mamagonumos, (pu3nkKa-matemaTtmka anHiapu
LOKTOpYW, npodgeccop, Y3P ®A akafemuru.
M. C BbaxpfupxoHOB, hu3nKa-maTeMaTmka aHnapu
JOKTOpu, npodeccop.

Y36ekncToH Pecny6nmkacu [asnat ®aH TexHWKa KYMWUTACUHUHT WMHHO-
BaLMa noimxacm acocmga xampa Y3P ODTK, Onuit Ba ypTa maxcyc makTab
MyamMO/1apu UHCTUTYTW, AHAVXOH [JaBnaT yHMBEPCUTETU XOMUAIMIMAA HaLp
aTnnaw.

© Y36ekncToH Pecnybnmkacu baHk-monus
akagemuacu «Monus» Hawpmétu, 2001 i.



CyY3 bOLUN

Mabnymku, y36ek TuauMga UaTTUK XWUCM (u3mkKacujaH YKyB
KynnaHma (gapcnuk) Wyk- BaxonaHkKu, YHUBepCUTeTNap Ba TeXHUK
YKyB tpTnapuga 6y daH ymymuii Ba Maxcyc (aH cudaTtuja
ykutunagn. buHobapuH, Kyn MuHrna6 tanabanap, yk“uTyBuunap,
TafKUK;0TYM, acnuMpaHTiapra aHa WyHAak YKyB KynjnaHMa Xyfja Ke-
pak. LWy a\TuéxnapHu xucobra o0nmb, Maskyp (GaHHU YK MTULI
Taxpubacura TasHUG, Yywoby «KMNaTTUK, >XUCM (QU3MKACcU» YKYB
KynnaHmacu &3mngu. By KUTOBHWHI MyHAapuXacuHu Tysuwpga
Onuihi Ba ypTa Maxcyc TabAWM BasMpauUrn TOMOHMAAH Tac-
OuKyTaHraH «K™atTuk, )XucMm gusnkacu» aHu gacTypuHu («YHusep-
CUTeT TabAMMMW YYYH (PU3MKa Ba aCTPOHOMMUSA MyTaxacCucnmknapu
6yiinya ykyB gactypnapu», TOWKEHT, «YHUBepcuteT», 1996 i., 90-
92-6eT) acoc K,unmb onmHaun. KynnaHma acocaH «bakanaBp» UXTU-
cocaurura MmynxannaHraH 6yncaga, yHAaH «MarucTp»” uxXTucocau-
rm Tanabanapy \am oinganaHMWmM MYMKUH. YWw6y KynnaHmaga
KNaTTUK, XXuUCMAaap Typnapw, Kpuctan KMaTTUK, XXUCMAap Xxacuga
MabaymoT, (IM3NK CTaTUCTUKA acoCNapMHUHT KMucK.a4a GaéHu Ge-
pungu. Kpuctann naHxapacu TebGpaHuwnapu aH4ya 6GaTadcun
K;apab uu|<ungu. Kpuctann  KaTTMK; Kucmnapga  MCCUKAUK
Yogucanapura MyHocu6 ypuH axpatungu. KynnaHMaHUHT MyX,UM
KucMuum ungean Kpucrtan KarTuK, XuUcMmnapfa 37eKTPOHMApPHUHT
3HepreTMK CMNEKTpU Hasapusacu (3o0Hanap Hasapuscu), Xak™ uui
KpucTannapgaru Hyk“coHnap ¢usukacu 6aéHu TalWlKua 3Tagu.
CyloK, KpucTannap Ba amop( KaTTUK Xwucmnap xa¥wnga kKuckaya
MabnymoT 6epuu] no3um ae6 Tonungu. KeWluHru BakTaa MUKpO-
3NeKTPOHUKAHWHT >Kajan pUBOXAaHUWMK Tydalinnm KaTTUK XMWUCM-
nap cuptuga to3 bepaguraH xopucanap, XycycaH, CUPTHUHT X,0Nnatu
mMacananapu Myxum axamuaTra ara 6ynm6 6opmokpa. LLUyHUHT yuyH
0y Macananapra x,am MyHocu6 >xoi axpatungu. K,atTuk xxucmnap-
HWHI MexaHWK Xoccanapu Ba ynapra fgegopmauusanap Tabcupura
\am 3bTubop Gepunau, K,aTTuK XuUcmpaa cogup bynaguraH Xaxmui
y3rapuliaapHUHT 3HT My~*umnapu Kapab ymkungu. K,aTTUK XUCM-
NapHUHT acocuil Typnapu 6ynMuwl MeTannap, spum ;“kasruunap,



AvaneKTpuknapra anox™mga 6o06nap 6arvwnaHan. Tafk;uK,JaHUWK
Ba Ky/nnaHuwmn To6opa KeHras 60paéTraH KepaMWUK KaTTWK, XXUCM-
nap Ba KOMNO3MLUMOH Moffanap )'akuga mMablyMOTHW KynnaHmara
KNPUTUWHKN 3apyp Aeb xucobnaguk. KaTTuk, xucmnapga to3 bepa-
aunraH KunHeTuk \ogucanap, mopgganap, acbobnap xoccanapuHu Ha-
3apuil ypraHuil Ba aManuii KynnaHuwpja katTa a*amuaTnu 6ynraHu
YUYYH ynap Tyrpucmpa acocuii mabvaymotnap 6aéH K,uauHau. X.ap
6up 606 oxmpmpa HasopaT y4yyH caBo/njap Ba Macananap >KoinaH-
an. KynnaHma oxupupa 3apypuii Kywumuyanap, afgsannap Kentu-
punawn, gonganaHunraH Ba TaBCUSA K,MAMHaguraH agabmuért pynxatu
6epungn.  Anoxupa  Tabkugnaw Kepakku,  y30K  WWANUK
Xamkopumus MockBanuk npodeccop B. N. PUCTYAHUHT UKKU
Xungnum «dusnka n xumua teepgoro tena» (M., «Metannyprus»,
1995 r.) pgapcaurngarn 6up K,aTop Kepaknu mabnymoTtnapgaH qoi-
fanaHAuK. YHAaH Kyn MWHHaTgopmui3. KynnaHMaHWHT Teruwnm
Xolinapuga Kepaknu 4usmanap, 4YmM3Manap, guarpammanap, >Xag-
Bannap kKabu MaTHHW SKKOANawWTWPyBYM MaTepuannapgaH oiga-
naHnngun. M-YM1 6o6napHu npogeccop A. Tewaboes, XI, XII,
X1, XIV 6o06napHun npogeccop C. 3aliHobugauHos, |, IX, X,
606napHu ¢paH Hom3oam L. A. SpmartoB é3raH.

KynnaHmaHu 3bTubop 6mnaH ykn6 4yumkmnb, y3 Kmummatnm ¢ukp-
MynoxasanapuHu anTraH Takpusuunap: akagemuk A. T. Mamago-
numosra Ba npodeccop M. C. baxoAMPXOHOBra MWUHHATAOPYUNM-
MU3HW 6ungupamms.

KynnaHmaHwn Hawpra Tahépnawpga gactypuunap B. B. JlapkuH
Ba L. b. baxpuTanHOBNapHUHI xu3matnapu \am Katta 6yaraHuHU
MaMHYHAUK 6unaH Tabknanamnmus.

An6atTta, y3bek Tunupa €3unraH Ba Hawp KWAUHaéTraH ywoy
YKYB KynnaHMaga Kamumnuknap ydpawu Tabuuii, ynap xakmja ys3
(huKpnapumHn Hawpuétra &3mb tbopraH yKyBuYMnapgaH MWUHHATAOP
6ynapauk.

Myanandnap



| BOB

KOTTUK XXUCMNAPHUHI TY3UJTNLLWN BA TYPJIAPU

Tabuatgaru mopaganap ras, CyrokKyWk, K°aTTuK, )XUCM Ba nnasma
xonatnapuga 6ynagu. by xonatnap MOAfaHWHI arperat Xxonatnapu
peb aranmb, 6up-6bupupgaH Guank xoccanapun 6unaH  dapk
Knnagunap. KMaTTuk; XXUCMNapHWHT CYIOKAWK Ba rasnapfaH ¢apk;u
WYHAAKKW, ynap y3 LaknnapuMHuW cak™ailgm Ba ynapja OKyBYaHIUK
Ky3aTunmamngu. MWKPOCKONNK  HYKTawu HasapgaH  OyHpali
hapKHUHT 6ynuwmn, MoAAaHM TalWKWA 3TyBYM aTOM Ba MONeKyna-
nap opacujaru ysapo TabCUp 3HEPTUACUHWUHI KaTTa KU KUYUKAU-
rm 6unaH TywyHTupunaan. CyloK WK Ba rasfapfa ynapHu TawkKun
KWNYyBYM aTOM Ba MOJeKynanap opacuparu ysapo TabCcuprawui
JHEpPruacu ynapHWHT WUCCUKAWK XapakaTh 3HEeprusicujaH Kuuuk
6ynagn. LLUYHWHT YyUYyH CYIOKAUK &KW Fa3HW TallKWUA 3TYBYN aTOM
Ba MOJieKynanap 6up Hyk,TagaH WMKKWHYM HyKTara Kyudmb ropuwm
MYMKWH, AbHU OKYBYaHNMK Xoccacura ara. K"aTTuk, Xucmnapjga aca
Monekyna éku atomnap opacugary Tabcupnawys 3Hepruscu ynap-
HUHT WCCUKNMK XapakaTu 3HepruscupjaH aH4ya kKatta b6ynagum, wy-
HUHT YYyH ynap 3pKuMH Kyuub topa onmainm Ba MyBO3aHaT BasuAT-
napu atpodumpa TebpaHma xapakaT K'wmb Typagw. [emak, K aTTuk,
XWCMHM 6OlKa arperat XxonaTnapfaH axpatut TypyBuM acocuii
thapknapu: 6GUpMHYMAAH, YHWHI HOpMan LapouTha Y3 LWakiAnuHu
cakMalWy; MKKWMHYMAaH, ynapHu TalwkKun 3TyBYM aTOM MoOfekyna-
NapHWHT TebpaHMa xapakatga 6ynuwmnaup.

KaTtTuk, Xucmnaap Tysuaumwura kKypa amopd, KpucTann, wulia-
CAMOH Ba MNOAMMEp K,aTTUK, >Xucmnapra 6ynuHagn. ByHAaaH
TalWkKapy KaTTUK, XXUCMAApP YHW TalKWA K,MAyBYM aTOM EKU MoJe-

KynanapHUHr ys3apo 6orpaHuMwunra kKypa xam apkgaHagm (1.1-
4ynsma).



bynraH XucMmnapHu xank;apo 6enrunawga 1
pakamu 6unaH 6enrmnaHagn Ba Wakn 6u-
pUHYM  TapTMBAM CUMMETPUA yKura ara
pevinnagn.  13.6-um3magarum  Wwakn - aca
y3yK-y3yK UM3VK 6unaH TacBuMpnaHraH Te-
KUCNMKKA HucbaTtaH cuUMMETpUK 6ynaau,
6yHaal wakn CUMMETPUACK T
KypuHuwga  é3unagu. 1.1 B-un3magarm
WwaknHu 180° ra mabaym 6up yk atpoguaa 1.3-unsma. LWaknnap
6ypraHMMmnsga ycTma-ycT Tyllaau, ra cuMMeTpUACU
bypraHga y UKKM mapTa yCcTMa-ycT Tylaau, AemMaK, UKKUHYN TapTuo-
NN CUMMETPUS ykura ara — 2. OXUpru WaknMMu3 MKKUHYU TapTuné-
NN CUMMETPUSA YKWUTa Ba UKKU CUMMETPUSA TEeKUCNUrura ara, SbHuU —
2rnt. Kpuctannap )'aM cummMmeTpusara ara, YnapHUHI CUMMETPUACK
KpUCTana MaHXapacUHWHI CcuMMeTpusicugaH Kenub uukagn. Kpu-
cTannap 3nemMeHTap KaTaKHWHI TalWKWi 3TYBYMNApPUHU, SHHU TpaHC-
NALWOH BEKTOPNAapHWHI Y3yHAUTrUra Ba ynap opacuparu Oypuaknap-
HUHT KuiiMaTura K"pab 7 Ta KatTa rypyx“ra 6ynuHagunap. By ry-
py>ylapHuHr \ap 6upu y3 HomuUra ara 6ynmb, KpucTann CUHromusnapm
ne6 atanagn (1.1->kafBanra KapaHr).

/. 1->kaggan
Ne Kpuctann CUHroHusicu dnemeHTap KaTakHu TaBsc|lpnol3um kaTTanuknap
(napameTtpnap)
1  TpuknvH a\*o2*a®a ¢ P oy
2 M OHOKNNH cudeceda™ a = p = 90° dy
3 Pombuk axPa2de-, a = P =y = 90 °
4  TeTparoHaa ax=aPg*a = P =y = 90°
5 Kybnk 171=A2=p3 a = O = 7 = 90
6  TpwuroHat al=n2=«3 a = P =y ®90 <120
7 ekcaroHan A=077"3a = P - 90 -Y = 120

Kpuctann ydyyH MYyMKWH 6ynraH 6apya cUMMeTpuUs amannapu
KPUCTAHUHT CUMMETPUS TYPYX;UHU Talwkun kunagu. Cummetpusa 17-
pyx“apu \aMm WKKM Towucpara OynuHagu: uy/anasuii Ba TPaHCASLMOH.
HykTara Huc6ataH akcnaHTupuw (MHBepcud), YK atpodmuga 6ypuLl
Ba TEKMCNWKKa HUcbaTaH aKcnaHTUpuw 6unaH 60rnuk, 6ynraH cum-
MEeTpUSA amCluiapu HyuTaBuii CUMMETPUA Typy>\MHWM TallKnWia Kunagu.
KpuUCTanHWHI TallKW CUMMETPUSICUHWU aHWKNOBYM OyHAAW HYKTaBWiA
cuMMmeTpua rypy>ylapu coHu 32 Ta 6ynub ynapHUHT KpUCTana CUHIO-
Husnapu 6yinya 6>'MHNWKN 1.2- xafBanga KenTupuaraH.



Kpuctanr

cunroHmanapmn
1 TpuUKNUH

2. MOHOKNIWH

3. Pombuk

4. TeTparoHan

5. Tpuronat

6. ekcaroHan

Ky6nk

Hykrasuii rypp~wn’
6enrmnaHramu

Xankapo LW eHdnunc 6}nnua

4T
4/TT
4/TTT

4271

32

6T2

(0o
6/T
6/TT

6/TTT

23
T3

4 3T
4311

T3T

C,

0211

04

C4b
C4,,
O,

Cs3b

O3H
C6

06

AL
C6.,

1.2-xapasw

HykTaBuin rypy?™

HOMW
MoHOo3apUK
MuHakonpgan

YK™M QU3fpuK

YK,CU3 [U3LPUK
MpusmaTnk
Pom6-TeTpasgpumk
Pom6-unpamungan
Pom6-gunupamugan
TeTporoHan nupamupaan
TeTparoHan Tpaneynosgpuk
TeTparoHan gunupamupgan
AuvTeTparoHan nupamugan
AnTteTparoHan
aunupamugan

TeTparoHan

TeTpasgpuk

TeTparoHan CKasieHO34pUK
TpuroHan nupamugan
TpuroHan

Tpanewunosjpuk
OvTpuroHan nupamugan
Pom60o3gpunk

AnTpuroHan cKaneHosfpuk
TpuroHan

aunupamugan

[OvTpuroHan gunupamupjan
[ekcaroHan

nupamugan

[ekcaroHan Tpaneynosgpuk
[ekcaroHan gunupamugan
AurekcaroHan

nupamugan

AurekcaroHan aunupamu-
nan

TputetTpasgpuk

Anpoaexkcasgpuk

[ekcaTeTpasgpuk
TpUOHTA3APUK

eKcaHToO3ApUNK



1.2-xagBanga ywoéy 32 Ta HyK,TaBUd CcUMMeTpus rypy\napuHu
Xankapo Kabyn KunuHraH 6enrumnaHvwnfad Tawkapu, kKpuctanorpad
onum LUEHMDMANC KupuTraH Genrnnawnap Y'am kentupunraH. K"artmk
XUCMAa KPUCTan/ naHXapacUHWHIr maBxygnurm 1,234, 6-un Tap-
TM6AN CUMMETPUA YKnapufaH HOKOpW TapTUOBAM CUMMETPUA YKnapwu
6ynmacnurnura onmb kKenagu. 5-4m, 7-4n TapTUOINM CUMMETPUA YK.M
Xam 6ynuilIn MYMKWUH 3Mac, YyHKW 6ew Ba eTTW Oypyaknu wakn ép-
famuga (pasoHM KONAMKCK3 Tynaupub 6ynmaingm (6ab3u 6up 6uono-
rMK Kpuctasgap 6yHAaH WCTUCHO). bolwka cMMMeETpUA YKAApUHM 3ca
IOKOpMaarn CUMMETPUA yKAapura KenTupunuwm MyMKUH. \ap 6up
CMMMETPUSA TYPYXM acOCWUil XOCWUA KWAYBYM CUMMETpUA amannapu 6u-
naH 6enrvnaHagu. KpucTtannap HyKTaBuil cCUMMeTpusafaH TawKapu
TPaHCNALMOH CUMMeETpuAra xam asragupnap. Kpuctann naHxapacu-
HUHT MYMKWH OynraH 14 xun TpaHCNAUWOH CUMMeTPWUS amann Mas-
Xyf. Xap 6up TpaHcnauuoH CUMMETpUA amanura 6uTTa anemeHTap
KaTakHM MOC KyWuWw MyMKUH. Hatuxaga 14 xun 3nemeHTap Kartak
xocun 6ynaau, 6y anemeHTap KaTaknap bpass naw>kapanapu peb ata-
nagn. TpaHcnAuMOH CUMMeTpUsa - 6y KpUCTanHW mMabnym 6up BeKTOp
byinya KyumpraHummnsga ysm 6mnaH ycTMa-ycT Tywuwmngup. Xap 6up
KpucTannap CUHroHuscuga gakat mabaym 6up Typgarn bpase naH-
xapacu 6ynmwmn MyMKUH.

Kpuctann naHXapacUHWHT TY/UMK CUMMETPUSCMHU  (a30BMid
CUMMETPUSA Typyxu aHukparign. ®asoBuii cuMmeTpus [ypyxuaa Kpu-
CTaflHN HYKTaBWii.Ba TPAHCAALMOH CUMMETPUS amanfiapu myxaccam-
nawraH 6ynagn. Xammacu 6ynn6 230 Ta asoBuin lypyxnap maBXyg
6ynnb, xap KaHfau Kpuctann ys Ty3uauwmra K>pa aHa Wy npyxaapHuHr
6upura maHcy6 6ynagn. KpucTanHWHT (ha30BMIA CUMMETPUA TYPYXu
Mabaym 6ynca, YHUHT KpUcTann TY3UIUWUHU KENTUPUG YuKapuLl Xypaa
OCOH, WWYHWHT YYyH KPUCTAIHUHT CUMMETPUS TYPYXUHU BUANLL MYXUM
axamuaTra ara. Xo3upru nantga Kpuctann CUMMETPUACU PEHTreH Hyp-
napu épgamupa aHukgaHagn. ®a}HuUHT ywby WyHanuwmn KpucTanorpa-
thus HoMnaHagmn. 1.3- xaaBangaH KypuHub Typubaunku:

1 TpwkanH cuHronua naHXxapanapu ¢ak™Mr cog/xa P - wakngaru
naHxapanapaup. bpase naHxxapacuMHW u(oLaNnoBYM nNapameTpnap co-
HW 6 Ta: y4 Kuppa Ba y4drta bypuak.

2. WworenT cuuranmaga wMkKkuTa bpaBe naHxapacu Lwaknnapwu
6ynuwn MyMKWH. YnapgaH 6upn P — lwakngaru coffa karakka ara
65'N16, MKKMHYMCK 3ca, MapkasnawraH acocnm abHM C — wakngar!:
KaTakka ara. Ywoy naH)apanapHu 6 Ta napameTp aHuknaingu {a\, ai.

03,a,p.y )



1.3->xagsan

3. Pombuk cuHroTsaga TypT xun bpaBe naHxap”‘Tapu MaBXyp
6ynuwmn MymkuH; P — copgpa, C — mMapkasnawraH acocnu, \axmui
mMapkamallraH — ) Ba KW MapkasnawraH — P Typgary naHxapa-
dap-  Yw6y wakngarum naHxapanap TypTTa napametp  6unad
Ny naHagn. (0,, "2, 13, a)

4- TeTparoHan CUUIOMWUA MKKW Xuna, sbHM P Ba 1 wakngarn na-
~m\pagapra ara 6ynu6 yuyTta napame7p 6unaH aHuk/taHagun. (O], oz, a)
AN 5 Tpurovan cUMroMnss MKKMTa napameTp 6unaH aHuk“uaHagum (a, a)
- CUHroHuAga ab;at P - wakngarn bpaBe naHxapacu MaBXyf.

N 6. lekcaroHan cuHrommsaga 6utTa bpaBe naHxapacu 6\'nmb6, TypT
'PameTp 6unaH aHubnaHagu. Y]nby katak C — unknr¢gr MaHcy6



6ynnb6 Kyn xonnapja yHuW yuyta P — waknnarm cogja KaTak
KypuHuwmnga xam ndoganaHagu.

7. Kybuk cuHrommsga y4y xun kKartak 6ynuwm MymkuH; P, 1 Ba P
Wwakngarn karaknap. Ky6WK CUHTOHUSHW WKKW NapameTp 6unaH
aHukKgaw MyMKuH (a, a)

1.4 Mwvnnep nHaekcnapu

KpucTannapHWHT aHW30TpoONus-
cu, ynapga Typau AyHanuwnapga

phur3mk XoccanapHu Typanya
6ynuwun, wy N5«anuiinapHm
thapkgaw ydyH mabnym 6up 6enru-
nawnap 3apyp 3KaHNIUTNHU

Kypcatagn. 1l.4-yMsmafa Kpuctann
naHxapacu TacBMpnaHraH, YyHAaH
KypuHn6 typubaukm O O Ba OA Ke-
cM6 yYTYyBUM TeKMCAUKNap Typau
MyHanuwira sra Ba ynap TpaHcnauu-
OH BeKTopnapra HucbataH Typnauya
XonnawraH.

ByHpaii TekMcnuknapHu dapkgaw yuyH
Mwunnep uHaekcnapu 6enrmnapugaH goiigana-
Hamu3. YwWOy WHAeKcnap b;aHfdain Tonunu-
WWUHU Kyinga Kypcatnb ytammns. KoopguHa-
Tanap YKMHM WyHAan TaHnab onamusku,
ynap afeMeHTap KaTaKHWUHI TpPaHCAALWOH
BEKTOpnapu 6unaH yctma-ycT TywcuH. (1.5-
ynsma). busra (ABC) TeKUCNIUK WHAeKCNa-
PUHU TONULW Kepak BYNCUH. Y HUHT YUyH fa-
cTnab 6u3 TEeKUCNUKHW KoopAuHata 1.5-unsma. Munnep
yKMiapy  6unaH  KecuwraH  >KONnapuHm WHACKCN NPUHM Tonuwra

2 OA Ob oC Aoiip

aHuKpgab T =— ,n=- ,p=--—- coHnap-
a\ a3

4-yn3,ma. TeKNCNUKNAPHUHT
Mwunnep vHaekcnapu

HW Tonamu3. KoopauHata yKgapuHu 6Mp Yy3yHAUK 6GUPAUTK ylla yKaa
8TYBUM TPAHCNSLMOH BEKTOP Y3yHAUrura TeHr G6ynagu. ByHpain Typnu
mMacwTabgarn KoopguHaTa yKAapuHU TaHnaw, 6enrunawinapHyu OCOH-
nawTtupagu.-(T, m, p) COHNapu TOMMATaHAAH KeWWH ywa TeKUCIuK-
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HUHT Munnep WHAEKCUHM aHWK AW MYMKUH. YHWHT yuyH (T,0,p)
COHMIAPUHWHT TeCKapu HUcbatnapu ésunagu, SbHu

J . Ba WY HucbaTra TeHr 6ynraH 3Hr KMYUK OYTYH COH-

| B P

nap  ésunagw, macanaH COHfap H K; @ 6yncuH.

Jemak, il : K — Y xonga (b, k, 1) coHnap ABC
T n P

TEKUCNIUKHUHT Munnep wHgekcnapu fe6 arartagn. bup mwucon Kypub
yTamus. bupop Tekmcnauk ydyH T1=1, n=1/2, p=1/3 6yncuH, y xonga
1iKl=1-- —__m__ '~ AbHM ywby TeKUCNAUK Yy4yyH Mwunnep Tekuc-
"X "X

nmknapn  b=1, k=2, 1=3 O6ynagn Ba Maskyp Tekucaumk (123)
KypuHuwga 6enrmnaHagn. Arap TeKUcnukK 6upop koopguIara ykira
napannen 6ynca, Wy yKKa MOC WHAEKC

(001) (0] ra TeHr 6ynagu.
(100 yk;wu maHpUii Kucmuga Kecub yrea,
YKKa MOC MWHAEeKC MaHhui
(010) 6ynagn, NeKWH WlWopa COHHUHT 0f-

(010)
Aura amac Tenacura Kyihunagu, [?=-1,

A-2, 1=2 6ynca, Tekucnumk (122)

| 100) (001) KypuHuL ga 6enrvnaHagu. 16-
yn3Maga KyOGHUHI EH TeKUCaMK-napw

1.6-umsma. Munnep Kentupunrad. [(100), (010), (001),

K ;4 cnapnHn Tonnw MuMconun
P (100) Ba 6owkanap]. by Tekucnunoap

3KBUB;WeEHT Oy.Manmm yyyH ynapHu 6up omnara MaHcy6 Tekucnmknap
ne6 kapanagum Ba KaTTa KaBc 6wunaH GenrmnaHagn [100}, KaTTuK
YXUCMHUHT YWOY jn'Hanuwnap 6yinya GpusmnkK xoccasapH 6up xungmp.
Kpuctanna TekucanknapgaH tawkapu, WyHanuwnapHu xam 6enrunad
Kabyn KUAMHraH. VyHaauwHn 6enrnnoBun MHAEKCNap WyHAalh SHT Ku-
UMK BYTYH u, vV, COHNApPKW, YNapHWUHT Hucbatm UM: v. ) wy
NyHaumMwaa ofIMHraH BEKTOPHUHI KOoop-
OuHaTa  yK'/apugarn  npoekuusanapu
y3apo Hucbatura TeHrgup. by epaa xam
KMKWWHATATapHUHT MacwTtab 6upauru
"PancnaunoH  BEKTOPU  Y3YHAUTU A

ne6 onuuagn. WyHanuw uH-
JT"Kcnapy, TApTOypYak KaBcnap myura 1.7-u(uma. HyHanuuinapHnur

“ynagn. MacanaH, [1001, 1TOO ( X Milnncp liunekenaplt



— YK/ 6yiimya mycbaT Ba MaH(MUA NyHanuwnapHu 6ungupagm
(1.7- unsma). SKBMBANEHT WyHanuwnap ounacu CUHWUK, KaBCc 6u-
naH 6enrunaHagn <uyv,w> XOY AwnaroHann [110J 6wunaH
6enrunadagun. fill] - Ky6HUHT pazosuin guaroHann. Ky6uk cuH-
roHmaga arap h=u, k=v, \=w 6ynca, [uw\ AyHanuw {hk\) Tekuc-
NNKKa nepneHaukynsap oynagu.

JneMeHTap KaTakgarm TYryH KoopAuHaTanapu XonaTuHu
aHuK/law y4yyH \am 6enrmnaw kKabyn KuauHraH. TyryHnap TpaHc-
NALWOH BEKTOPJAPHWUHI KaH4a KWCMWHUW TallKWa 3Tca, ylla COH-
nap 6unaH 6enrnnaHagm.

MacanaH, 1.8-unsmaga KenTupuaraH
3/IeMeHTap fiueiika Mapkasujaru TyryH Koop-

1 1 1
AWHatacn -, -, - HW TallkKun Kunagw.

Ywby coHnap KaBcu3 éamnagu.

Arap TyryHnap éH éxktlhp MapKasnapupa
oynca, (EKMIn MapKasnawiraH 3neMeHTap Ka-
Tak) yNnapHWHI KoopAuHatanapu Kyhugarmya

11 11 1.1
esnnagu; g O-——-- — g
2 N 2 2 2 2 Takgarn TyryHnap HasuaTUHU

11( i 6enrmnnaw
puctann Ty3nnuwnap TaBCVI(,!pI/I

KeNTUpUAraH >agsannapga onAguH ogaTaa, sfleMeHTap KaTak Typu
Ba ynuamnapu Gepunagu, KelnH TyryHnap KoopauHatanapu Ken-
TMpunagm.

1,5. Kpuctann aTomnapyvHUHE Ba MOJIEKYalapUUMUHE 6ornaHuL Typnapu

KpucTtann naHxapacu KpucTannapHu dapknaw, Kpuctan-
HUHT TEeOMEeTPUK Ty3WaMWMW TYyrpucupa TacaBByp XOCUA KUAWLITA
éppgam 6epagun. JlekunH, ywoby 6unum Kpuctangarn atom €Ku Mmo-
neKynanapHu KpuUcTann naHXxapacu TyryHnapupga TyTub TypyBu#u
KyynapuumHr tabmnatm x~kupa mabnymoT 6epa onmaingu. LyHUHT
YUYYH KpuUcTannapHu ynapHu TalWKWA KUAyBYM aTomnap €KuM MoO-
NneKynanap opacuparm TabCup Kyuniapura kapab axpaTuw Ba
ypraHuw makcagra myBoguk 6ynagu. 1/1-yumamajga atomnap Mmo-
nekynanapuHuHr 6ornaHnwmnra Kypa 6ew Typgarum 6ornaHuwnap
MaBXyf, 3KaHAWrum KkypcatunraH. bynap monekynsp, BOJOPOA,
KOBaneHT (aToM), MOH Ba MeTann 6ornaHuwnapanp.
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1.5.1. ATom 6ornaHuwNn (KoBasieHT, rOMEeOKyrouin) Kpuctannap

ATOM  60rnaHuWANM  Kpu- Q 0
cTannap TyryHnapuga 6upop
MOALAHWHT aToMaapu >Kounawl- / \
raH 6ynagn. ATom 60rnaHuw W
WKKW KYLIHW aTomnap opacupa \V J1
YMYyMWUiA  BaneHT 3/eKTPOoHNapu Cr
6ynmwmn 6unaH TyWyHTUPUNaan.
a3 xonatgarn Hi, N2 Ba Oz mo- 1.9-unsma. KpemHUii kpuctanuga

neKynaﬁ&pYHj‘érM a?‘BWﬁéBapo koBa.!lleHT 6ornaHmLw

KOBaneHT pasuwpa 6ornaHraHaup. bornaHuw xocun kunuwpa \ap
6up atomgaH 6MTTajgaH 3N1eKTPOH WWTUPOK 3Tagu. by anekTpoHnap
6up atomgaH UKKUHYUCUTA YTULIWU XaM MYMKWH, LWYHUHT YYYyH’ 6YH-
fail 60rnaHuW  KyynapuHM — anamawuw  Kyvnapu,  6ornaHuw
JHEpPruacuMHM  3ca anmawuw  3Hepruscu fge6 aranagn. ATOM
6ornaHuwWra KpemHWin kpuctanu mucon 6Yna onaan (1.9-umsma). Y
O/IMOCCMMOH KpUCTann naHxapacura ara 6ynmb xap 6up atom atpo-
hnga 4 Ta SAKWH  KywHucu 6op. Ywby artomnap TeTpasgp
rypMuvwimparyn GasoBuin maHXapa X0cun Kuaub Mapkasga KpemHuii
aToMmm KoinawraH 6ynagu. KywHM UMKKUM atoM  opacuparu
60rnaHMWHY XoCcUN Kunuwaa xap 6up atomgaH 6utTa, MKKKM aTtoMfaH
MKKUTA 3NeKTPOH KaTHawagu. KoBayeHT 60rnapHuHr myxum 6enru-
napugaH 6uMpu ynapHWHr TyWUHraH 60rnaHull 3KaHAUTUAWP, AbHU
ynapga xap 6up 6orga MKKUTajaH 3NeKTpoHnap KaTHawagun. WKKWH-
yn OGenrncu WyHAAH M6opaTKM, KOBaNeHT O6OrnaHWMWNap KyLiHu
atomnap opanuru 06ylinmya iyHanraH 6ynagu. byHW 60rfaHULIHUHT
WyHanTupuaraHaurn &ku aHuszotponusacu pAe6 atanagn. KoBaneHT
6ornaHuw xap XWn atomnap opacufa xam Xocun Oynumwun MyMKWH
(macanaH, SiC KkpemHuin kKapbugu, AIN ant0.MUHUA HUTPUAN Ba
6owkanapga). Kyn xonnapga anemeHTnap xagsanuHuur I, I, 1V, V
*TPYX 3leMeHTNapn KOBaneHT 60r xocun Kunagunap.

1.5.2. NoH (reTepouyr6éuii) 6ornaHHWAN KpucTaniap

ByHOail KpucTannapHUHI MNaHXapacu TyryHnapuga WoHiap Xoli-
nawiraH 6ynagu. Typau vwopany MoHnap opacuaaryu macoda Gup Xun
ywopasn MoHMap opacugaru macodagaH KuWUMK 6ynagu, LYHWUHT
YUyH TypAM uULIopany WOHMap opacuaaryn TOPTULLIMLI Kyuu GUp Xun

MOpasIn MOHMap opacugary UTapull KyyuaaH kattagvp. JIeKnH Top-



TMUMm Kyunapu Mmabaym 6up g macodarava Tabcup punagu. Arap
MoHNap opacugaru macoda I4paH KMYKuMHa 6ynca ynap opacupa uta-
puw Kyuum naigo 6ynagu. Kpuctangarum KywHW atomaap opacugaru
TOPTUWWIL Ba MUTapuW Ky4ynapu KBaHT MeXaHukacu opuann TYLWYH-
Tupunagu. bab3nm MacananapHu eyumwgarnHa 6u3 WOH 6GornaHuwu
Kpuctannapgarm ysapo TabCUp KyuynapuHu 3fnekTpoctatuk KyJoH
Kyuynapu peb onmwmnmus MyMKUH. VMIoH KpucTannapu kyn \onnapfga
afnemMeHTnap faBpuin cuctemacu l-um Ba VII rypyx anemeHTnapm 6u-
pukunwmngad \ocun 6ynagu. MIoH KpUCTanMHWHI X,ap 6Up MOHWU aTpo-
thupga myalisH K coHpary 60wKa WOHMAap Xoinawaaun. Ywoey mnoHnap
COHWHMN KoopguHauuoH coH — K ne6 aranagn. KooppguHauuoH COH-
HUHT KWAMaTKh naHXapafjarun WOHNapHWHT paguycnapu Hucbatu 6u-
NaH aHuWKnaHagu. Yw6y COHHW KaHvfaih aHuknaw 1.4- xaasanja Ken-

TupunraH. by eppaa WOHNApPHUHT paguycnapyu Hucbatu.
1.4->kaggan
Koop,imianiioii coH 12 8 6 4 2
f-A Ta Ta
J— HUHT 1> — >0,73  0,73> -~ > (),4! W41>-A><)22 — <022

s '8
X blatnupy

Mwucon Tapukacuga ow Ty3m (NaCl) kpuctanum Ty3uUIULWWHK
Kypnb umkammns. Na aTOMUHUHI 3DKDEKTUB paguycu />"/:O,98£,
XN0op aTOMUHUKKM 3ca 181 A, pgemak — =0,98/1,81=0,54.
KOkopugarn xafBanjaH ywoby KpucTan y4yH KOOPAWHALMOH COH K=6

3KaHNUTUHWN aHuKaamus. by kKpucTtangaru \ap 6up nMoHHK atpoduga
6 Ta WOH ypab TypuLWIWHK aHrnatagu.

>-—---C
(1 10-ynsma).
[Japxakukat, oW Ty3um Kpuctanu copga %/
Kybuk Tysunuwra sragup. Kpuctatn Ty- o CI
MW Kyn xu\atgaH KpucTanjarm MOH- +
» Na r

NapHUHT 3 (eKTUB paguycnapnm HucbaTm-

ra 6orguk- “aCl kpucTanmga X/J0p MOHU

paguycum HaTpuil MOHW paguycupaaH aesp-

M WMKKN 6apl)6ap KatTa, WYHWUHT yuyH 1.10-umn«lll. Von Gonatui
YNapHUHT >'pracura fiHa 6Up WOHHU >KOIi- NiiCl kpucTaL
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nawviy yyyH 6yw >xoii “onmaigu. HaTtmxapa ywey moHnap copna
Ky6ux LIAKNAa Xohnawagunap. MoH Kpuctannapupa ysapo 6ornaHuL
3HEpPrusAcK acocaH 3MeKTpoCcTaTuK TaBcudra ara 6°1ub, 6y aHeprusaHu
MagenyHr sHepruscu aeb mam aTanagw, Kpuctangarn wnxTtuépuii / Bay
HOMep/M aToMnap opacugarn 6ornaHull sHepruscuHu ¥ ne6 araii-
AVK. Y Xonja MHOMepnn WMOHHWMHI 60lKa XaMMa aTomnap 6unaH

TabCUpnawyBs 3Hepruscu ra TeHr Oynagn L. WoH
1

60ornaHUL KpucTann YYyH MKKM KucMmpaH umbopat ge6 Kapaw MyM-

KWH:

;""Flexp(-T-”‘)i-" (1.1)(CrcCga)
P Iy

MhogaHUHT BUPUHYM XadW WOHTa Ta'bCUp KWNaéTraH WTapyBuM
KYYHUHT MoTeHUMann 6ynmb, MKKnH4YM xagn aca KynoH Tabcupu no-
TeHuManmaaH wmbopatamp. KywHW atomnap opacupgaru mMacogaHu 9
[ne6 onaJMuz Ba 6enrunaw Kuputammus r/=P,]H4 Y3apo utapuw Ky4ynapwu
(hakaT AIKWMH >XolnawraH atom/jap opacujaruHa MaeXyp Aeb6 oncak, y
Xonga rKopugarn ugoga cogaanawiagm.

T\
Aexp T - AkuH atomnap yuyH,
p) y¥
y [/ (1-2)
* - ¥T - KONraH Gapua atomnap yuyH.

Kpuctangarn myc6art Ba MaH(uii noHnap coHu 2M ra TeHr 6ynca,
KPUCTANHUHT TYNNK 3HEpruscu ra TeHr 6ynagu. (7 HU N ra
K nanTupuwmmni cababu Xap 6up Tabcupnawysyum XY(pTHU 6up
MapTa xucobra onvHagn. HOkopuparu ngopafaH (Y/Hu Tonamus:

n-r
n, "N\Acxp{-U/p)- - (1.3)
Pu
Ywoy ¢opmynaga | 3|-ér AKWH KYLWHN aTomnap coHu. UdoaaHn

coffanallTUpUIL YYyH Z— HU WMKKUHYKU Xafra Kywué KyingaruHu
K

AoCcUn Knnamma:

Py



By ngopgara xam 6enrunall KMpuTamums:
1
a (1.5)

Ywéy coH MagenyHr goumuiicu ge6 atanagu. SHAKU o opuaaru
ndonamMmns coaaa KypuHuLITa Kenagu:

Mp! Xexp{-H/p) — a m K (16)

Ndhogagary OXMpru -lX 3HT SK;MH 7 Ta aTomMfap XWCCAacWHM Xam
y3 numra onagn. TYNUK SHEPrus yuyH aca:

Nexp(-U/p) - « ¢ ) .7
1
ngpofaHn xocun kK mnamus. MyBo3aHaT xonatha Tynuk aHeprus K ra
clur _
60rnunK amac, gbHU =0, WYHWUHT YYyH
clK
MEA K,. Maa?" .
N exp(—-) +228 7 =0 éxn
7.9 P P
(1.8)
p 2n

(1.7) Ba (1.8) ntpopganapgaH

(1.9)

Kenubé unkagu.
by utogagarn p Knumk coH 6ynub ogatga p=0.1 Ko HuW Tawkun

Nag”
K

atagn. LLYHUHT yyyH YT = -- neb onuwuMn3 MyMKuH. [lemak,

MOH 6ornaHuWANM Kpuctannapga 60rnaHuW 3HEPrUACUHUHT Aespau
Xammacuun KynoH aHeprusacu (Bku MafenyHr 3aHeprusicu) TalKun
aTap 3kKaH. XapopaT EKW GOCMMHUHI Y3rapuliy WOH KPUCTaNUHUHT
3NeMeHTap Katarm ysrapuwura onmé Kenuwu MyMKUH. Xapopat
owunwn 6unaH MycbaT MOH (aHWOH)HWHT 3PDEKTUB paguycu MaH-
hnin MoH (KaTMOH)HMHT 3hPeKTMB pagmycura HucbataH Te3 KaTTa-
nawagun. Hatuxaga ynapHWUHI paguycnapu Hucbatu ysrapagu Ba 6y y3
HaBbaTmMga Tysunuw ysrapuwura onné kenagu. MacanaH, Xnopau Le-
3min (C5CY Ba xnopnu pyo6uaunin (KbCl) kpucTannapu TemnepaTtypa
owunwmy 6unaH xaxmuii MapkasnawraH KybgaH cogfga Kybra alinaHu6
Konagu. Xnopau Kanwid, xiopaum 6pom, xnopau iognapga aca 60cum
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owunwu 6unaH Teckapu YTWW, SbHU codua Ky6uK naHxapajaH
XaXXMUWIA MapKasnawraH naHxapara aiifiaHuiw KysaTunaau.

WoH KpucTannapuHu cyBAa 3puTWAraHga ynap Mmyc6aT Ba
MaH(pWin MOHNapra napyanaHagunap. Ynap UCCUKAUK Tabcupupa
apuTuaraHga \amMm WOHNU CYHOKNUKKa allnaHagu. BYHW ynapHWUHT
3NeKTPUK TOKHU AXWW yTKasuwugaH O6GUANIWLINMWU3 MYMKUH.
MoHnap kpucTannapu nact Temnepatypanapga 3/eKTP TOKWUHMK
AXIWKW yTKasmaingu. XapopaT owunwmM 6unaH yTKasyBYaHIUK XaM
optnub 6opagum. WoHnap kpucTannapu WHOPakK M3nMA HypnapHu
AXWW TYBYN Moaganapaup.

1.5.3. Monekynsap 6ornaHwnnmn Kpuctannap

Kpuctann naHxapacu TyryHnapuja MoOJieKynanap >oinawraH
KpucTtannapHu MONeKynap 6o0rnaHuwamM kKpuctannap pfe6 atanagu.
Kpuctangarn xap 6up Monekyna Y3WHWUHI XOoCCanapuHu cak”angu.
Ywby kpuctannapra H2, N2, C12 Br2b CH4 CO2 H20 kpwucTtannapu
mucon 6yna onagu. MonekynanapHu KpucTann naHxapaga Tytné Ty-
pyBUM Kyunap OOl Ka Typaarum Kydnapra HucbataH 3and 6ynaaw.
YnapHun baH-[ep-Baanc kyunapu ge6 atanagu. by Kyunap y3 HaB6a-
TMAa MoneKynanap Typura Kypa yd Xxun 6yamwm MyMKUH.

1 Arap Kpuctangaru Monekynanap Kyt6au, SbHU MONEKYNaHWUHT
amnon €Ky Ksagpynon MOMEHTW HongaH (apkau 6ynca, Kpuctann
MoneKynanapy ys3apo OpeuwnauunoH Kyunap 6unaH Tabcupnawagunap.
ByHgall Monekynanap opacuparu TOPTULIMLW Ky4dnapu Monekynanap
6vp uYmM3MKga XoilnawraHga makcuman éynagun. By Kyunap monekyna-
napHu Mabaym 6up RyHanuwra Oypulura xapakat Kunagu, LWYHWUHT
YUYH OpeuwlnaunoH Kyunap ge6 atanagu. VIcCUKAMK xapakatu MOfeky-
NnanapHUHT  3/1eKTPUK MOMEHTNAPK AyHanuwnapuHm fonm
y3rapTupn6 Typuwura Kapamald, xamma WyHanuwnap 6yilinva
ypTayanawTupuarad TabCUp Kyuu HOAra TeHr 3mac. OpeuHTauuoH
rabCUPHWHI NOTEHLMan 3Hepruscu Mosnekynanap opacmparu macoda-

japaxacura Teckapu  nponopuuoHan, AbHU
n0 P\P2l'. By epjaa Ba 72 Jlap TabCupnawyByn MoOneKynagap-
HUHT gunon MomeHTnapu. Monekynanap opacuparv TabCup Kyum

I, AbHW MoOfeKynanap opacugarn MmMacoaHuHr eT-

Teckapu nponopuuoHan. by Kyunap macoda op-
n OrwaH Xygda Te3 Kamasgu. Xapopat opTuwu 6unaH Monekyna-
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NapHWUHT MyHanuwun 6y3unagn Ba HaTMXKaja OpPeuHTaLMOH Tabcup no-
TEHLMan 3Heprusacu Kamasagu.

2. Kpuctann kyr6nu Ba Kyrécus mosekynanapjaH TawkKuia TonraH
6ynca, ynapHWHr MoOJfieKynanapu opacufpa WuayKuuoH (monsipusaumon)
Tabcup Kyunapu naingo O6ynagn. K nrénm monekyna 3 atpogumga
371eKTpP MalijoHW Xocun Kunagu. by mMaiifjoH Tabcupupa KyTbCcm3 MO-
nekyna KyTbnaHagu Ba YHAa WHAYKLWANAHraH AWMOA MOMEHTM XOCWI
6ynagn. Monekynanap opacujarum Tabcup 3Heprusacu un~p\-aTrh
Kyrénm MOneKynaHWHT aunon MomeHTu P\ ra, KyT6cm3 MosieKynaHUHT
KyTOnaHuw Koag(puuMeHTH LW, ra TYrpu nponopumoHan Ba macoda-
HUHT ONTWHYM Japaxacura Teckapu nponopuuoHan. by 3aHeprus
TemnepaTtypa opTUWLKN 6unaH y3rapmaingu.

3. YuuHuu typgaru BaH-gep-Baane KyunapuHu OUCNEPCUOH Kyk/iop
ne6 HomnaHagu.- By Kyunap KyT6CM3 MoONekynanap opacuga nango
O0ynn6, YynapHUHTr Kenué YUKUIWIMHK TYWYHTUPULW Y30K, BaK,Tiap
KUANHYMANK Tyrguprad. Ywoy Myammo KBaHT mMexaHukacu épgamuia
TywyHTUpungn. KyT6ecus MonekynanapHUHr  AUNOA  MOMEHTAapw
ypTaya Honra TeHr 6ynca XaMm, BakKTHUHI Xyfa LWck,a Gynaknapmpaa
MOneKynagaru 3nekTpoHnap Oynyru cuMmeTpusicu 6y3mnub Typapaum.
Hatmxaga 6y KWCK,a Bak,TAa MOAeKyna Mablym 6GMp AWMON MOMEHTra
ara bynagu. by gunon MaingoHW KylWHW MOfieKkynaga MHAYKUUOH AK-
Mos MOMEHTU XOCWUA KWNagu, HaTuKaja y3apo TabCup Kyunapu naigo
6ynagu. Monekynanap y3apo TabCMpW MOTEHLMAN 3HEPTUACK Ba Kyuu
Kyinparnya éannagn:

o (r)~waz2l?, ra(r) -r (110

By KyuynapHuW AMCNEPCMOH Kyuniap Aeb HOMMaHULWIMHWUHT cababu
mogdagarn  EpYrAMKHWUHE  OUCNEpPCUMACUM  XAM  MOJEKynanapHUHr
IOKOpMAa KenTUpUAraH xoccanapura 60rnMKANInanp.

Monekynsip 60rnaHuWAN KpucTannapga, TOPTUWMLW Ky4napugaH
Tallkapu, MoJfieKynanap opacuja MTapulluLl Kydnapu Xam MaBxyp.
By kyunap monekynanap 6up 6upura Xyfga fIKMHNaWradHga naigo
6ynagn. KsaHT mexaumkacuparum [laynm KOHYHUAAH 3M1eKTpoHAap
Kobuknapu 6up-6mpura KUpUWKNG KEeTULWKU MYMKWUH 3Maciuru Kenmo
uynkagu. [emak, MoONeKynanapHWHI 31eKTPOHNap Kobukgapu 6up-

6upura AKMHNAWMWKW 6GuNaH UTapMWKLW Kyynapu naigo 6ynagu.

Taxpubanap Kypcatuwnya, 6yHAah TabCUMp 3HEPrUsicm MacoaHWHT
YH MKKMHYM papaxacura, Talbcup Kyum 3ca yH YYMHUM [apaxacura
Teckapu MponopuuoHanaup.
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M,]_{r) 12 J'Ir) ~ (1.1!)

Mornekynanap  opacugarm  TabCcup
3HEPTUACUHWHT yiap opacujary macodara
fornaHumM NPOAACUHU KBAHT MexaHWKa-
CM acocufa KenTUpM6 ynuapuil xyga my-
pakkab, W]YHWUHT YuyyH ofaTga YHU Typau
Takpubuii KypunTuna TaHnab onuHagu. 1-11-4msma. Monckynanapapo
Kyn xonnapga JleH Hapa-[XoHC ndogacu- Taveap snepruscu u{n).
faH ovganaHunaaw;

n{r)y=-arybrrr. (1.12)

OHEPrusHUHIT MUHUMYM K,uiimaTura Fo-macoda Tyrpu kenagu. Ylliey
Macodata MoneKynanap opacujarv Ta'bCUp Kyuum HonAra TeHr bynagu. by
mMacoa COH K AMaTuHK /(") HUHT T Byiinya XOCMNaCUHWU HOMra TeHrnab
TOMWW MYMKWH. [0-Macotha KpucTMmgaru Mosnekynanap opacn/wiru myBo-
3aHaTWUii macodara TeHramp.

an(ry
ar

Yw6y Ba WyHra yxwary 60ow”a nhofanapHUHT Kamuuamoapuaan
6UpY — yNapHUHT MOfeKyanap opacuaarm opHeHTaLumor! y3apo Tabcup-
ra uynnaé éynmacnmrugup. OpUeHTaLMOH Yy3apo Tax\cupHU Wdodanall
YUyH Kyn xonnapfa fWHONNapHUHT 6ypunnw 6ypyarvHu xucoéra onys-
UM K>'NaiTyBuM Knputunagu. Xosupru naitga Monekynavap opacuaaru
y3apo TabCcupiap KBaHT KUMECK ycynnapy 6unaH xucobnaHmoLaa.

1.5.4. MeTann 6ornaHnwWNn Kpuctanniap

Cytok, 8K1 KaTTWUK, Xonatnapga MeTann atomnapu 6up-bupura xy-
Ja aK,MH Kenagn Ba 31eKTPOH 6GynyTnapu Kupuwunbé ketagn. HaTukaga
MeTaBf, aTOMWHWHI BaTEHT 3/IEKTPOHNApPU O6MpP aTtoMAaH MKKUHUK
aToMra 3pKWH xapakaT K,ummb yTa onagunap. Ynap OyTyH MeTann
YWnab xapakaT Kunub opuwnapn MyMKUH. By afnekTpoHnap Xx“mma
MeTal/l aTOM/apu YYyH YMyMuUIAi 6ynn6 Konagunap. Ynap 3pKuH anek-
TpoHnap (yTKasyBYaHIMK 3NEKTPOHIapKU) EKU MeTan/IHUHT 3NEKTPOH
*rasv» fe6 )"am atanagn. MeTannHWHI KpUCTana nNaHXapacuparu
‘  Mflapu aHa Wy yMyMmallraH 3/1eKTPpOHMap OpKa.nyM y3apo TabCcup-
Alllagunap Ba ynapHW MaHXapa TyryHnapuga TyTuo Typagu.



MeTann aTtomnapu >yga \aM 3wy >xoinawraH O6ynagum (A=12,
K=8). Kyn wmeTannap Y3WHWHT KpUCTana naHxapacu TY3UAULIWUHU
Temnepatypa ysrapuwiu 6unaH ysraptupmb Typagu. KpuTewTapHUHT
Typnu Temnepatypafa Typnn TYpKyH Kpuctana Tysuauwinura 3ra
oynuwm kpuctann nonmMmopgusmu ae6 atanagu. MeTannap KpucTan
naHxapacuHur a, [ y, < ne6 HOMAaHraH TypryH Typfrapu MaBXy[
6ynn6, ynap Typau Temnepatypa opanuttapupa TYypryH xonatja
bynagunap. MeTann 6ornaHMWAn  Moafanap KOBaNeHT €KW WOH
6ornaHuwnn mogpanapra HucbataH KaTTUKAWUTW, 3rUAYBYAHAUTU Ba
NNacTUKAMK Xoccanapra aranuru 6unaH axpanub Typagu. MeTannap-
fLa 3pKUH 3N1eKTPOHNap Kyn OYAWUWAUIN 3ca YNapHUHT AXWW 31eKTp
Ba UCCUMbYTUK YTKa3yBYaHIUTUHW TabMUHNARAN.

1.5.5. Bogopog 6ornaHnwnm Kpuctannap

Bogopoa 6ornaHuwnn Kpuctannapfga BOAOpo4 aTomu 6up mMone-
Kyna 6unaH KUMEBMI 60Or XOCUN KUAraH Xonja MKKWHYM Monekyna
6unaH xam Tabcupnawagu, KyT6naHraH BOAOPOJ aTOMU UKKWHYU MO-
nekynaja xam AWMOA MOMEHTU WHAYKLMANAaBAM Ba HaTMXKaja etapiu
Japaxaja Kyunm 6ornaHuw xocun 6ynagll Bopgopon 60rnaHuLIHK
MOALAHWHI yyana arperaT xofnatnapuga xam Kysatull MYMKUH. Bogo-
pog 6ornap 3neKTpoMaH(pWUAAMIK OKppu 6ynraH atomnap, MacanaH,
P,0 Ba N opacmaa fK.K,on HamoéH 6ynagu. Bogopos aTOMM Y3UHUHT
AroHa 3NeKrpoHMHU K>'lWHW aTomra 6epm6 myc6aT uoHra alinaHagu Ba
MKKWHYM KYLIHW aTom 6unaH MoH 6ornaHul xocun kunagu. Bogopopa
6ornaHuIL opraHMK Mogfanap MOJieKyfnanapy opacuia xam Kyn ydpain-
an. CyB MOJMEKYNaCMHUHI Kyn aXoimb xoccamapu BOAOpPOA 6opnaHuul
xoccacufaH Kenué umkgau. KOkopupja KenTMpunaraH Kpuctannapgaru
6ornaHuiL Typnapu sikKa Xonja KysaTunmaiau. Kpuctangaru atom éku
Monekyna opacuga 6up nalitga 6up Heya 60rnaHUL Typnapu Kysatu-
AVWIN MYMKWUH. JIeKUH, Mabaym 6up Lwapoutja KpucTannapga 6upop
60rnaHuLW Typu ycTUBOP OGY/NMLIM MYMKWMH. AHa WY HYKTau HasapfaH
KpucTan 6ornaHuwnapy Typnapra axparunagu.

1.6. KpuctannapHu yctupuLl
MopapaHuHr kKpuctann 6ynmaraH xonatufaH (CYHOKIWUK, Tras,
amop@) kpuctan xonatura (dasacura) \Tuwm xapaéHu kpucTanna-

HUW fe6 aTtanagu. KpuctannaHuw  GOWAAHUWKU  YUYyH yTuULl
xonatmga TypraH Moagaga (TyWuHraH spuTMa, COBYTMATaH
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nwma Ba X-K-) mrepmoglwamMmK MyBO3aHatT Oysuauwu  3apyp.
KnMncTannaHmiy >xapaéHupa axpadb UYUKKAH WUCCUKAWK MUKAOPI
KNUCTaNNaHUWHWHT SUANPUH WCCUKAUTM Ae6 HomnaHagu. Moppa
KnucTagnauuiiy yuyyH Cylnuw TemnepaTypacufjaH nacT Temmepa-
Typaraya COBYTMIMWMK KepaK. XapopaT MabAyMm 6uMp KPUTUK
Kniimatura eTraHga Mofjafa kKpuctan 6ynakyanap naingo 6yna
Gownaiian. By KpUTUK TemnepaTypa MOALAHWHI Tapkubura, yHpa-
rm 6eroHa 3appanapHUHI 3UYAUTUTA, MOAAA COMMHIAH WAWNWHUHT
AeBOpu Xonatura Ba 6owka 6up KaTop omunnapra 6opank- Anpum
TO3a MeTanfapHy CyHIuWwW TemnepaTapacupan WKKW MapTa nacT
TemnepaTtyparaya COByTu/ca XxaM KpucTanjaHMmali KonaBepajgw.

KaTra MOHOKpuCTannapHu TyWWHTaH 3puTManapfaH yctupunagu.
Ynapra ojatfa KMYKMHA «KapMOK» KPUCTryacy Tywmpunagu Ba acta
CEKWHNMK BunaH toKopura Kytapunagu. By ycyn KpucranHu Tarnmkka
Kyiunb ycTmpuwaaH Kypa XKW HaTuxanap 6epagu. Xosupru nantga
KpUCTaNnapHU YCTUPUILHUHT Turencus, Yoxpanckuin, anutakcman
ycynnapu KynnaHunagu.

1.7. NMonnmopdunsm

KfaTTuk >xucmnap Typnu TemnepaTypa Ba 6ocumnapfa Typavya
Kpuctann Ty3uauuwra ara 6ynuwum MyMKuH. By xogucaHu nonmmop-
nsm peb aranagn. MacanaH, yrnepof (kap6oH) atomiapu 0/MOC
KypuHuwnga xam, GauT KypuHuwmnga xam 0ynmwm mMymMKuH. by mnk-
KU KpucTan Tysunmwum 6up —mbupuaaH GuU3MK Xoccanapu XuxaTugaH
KEeCKMH (hapk kunagu. Ky6uk Tysunuwra ara OynraH 0AMOC >Xypa
KaTTuK, waddod KpucTan, rekcaroHan Tyaunmwnm, gauT aca mypT
Ba épypavK yTKasmaingu. Ywoey mogganap 6up kKpuctana Ty3uauwaaH
MKKMHYUCUTa STUIM yYyH Mabiaym 6up wapouT (Temnepatypa Ba 60-
cum) O6ynuwn 3apyp. YHAaH Tawkapu, S‘uw xapaéHuga atomnap
3HepreTUK TYCUKHW eHrmb yTtuwnapu 3apyp. Arap 3HepreTuk TYCUK
eTapnuua Katta 6ynca, 6yHgal yTuw TalWwKW TabCUMPCU3 COAMP
AynMacnury xam MyMKuH. MacanaH, onmoc 7>1500** K Ba ~>=10" la
AYnraH wapo!!tga 6apkapop hasaga 6ynagun, nekuH, arap 6m3 onmoc-

aTmoctepa 60cMMM Ba XOHa TeMnepaTypacura 5'kasmb Kyicak

y rpauTtra annaHm6 konmangmn. ONMOC HOpMan LwapouTaa Xam

CaknaHuWmn MyMKuH. MonumMmopd ysrapuwnap HaTuxkacuia
Pon*AAN 'NAMEBMIA GOrNaHMW Typu y3rapuwn MyMKUH. Ogunii wa-
CUMM *<NoganeHT 6ornaHraH 51 Ba Oe sipum yTKasrmynapu tokopu 60-

«P[la MmeTann 60rnaHuLWAM KpUCTan Ty3MAMLITA YTULLIU MYMKUH.
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1.8. Kpuctannapfa peHTreH Hypnapu gugpakumscu

Kpuctann naHxapacu TY3WIULIUHK
6eBocuTa KaTTanawTupub Tacsmpra Ty-
WMpMW KaM XonatnapfaruHa MYMKW;;.
LLYyHWHT y4yyH KpUCTan/l MaHXxapacum Ty-
SUNNWWHN  ypraHuwaa PeHTreH Hypna-
PUHWHT KpWUcTan naHXapagarn gudgpak-
umacupaH thonpganaHunagu. TYNKWH L
Y3YHAUTM KaTTa OynraH HypiapgaH X.am
oiganaHnb 6ynmaign, 4YyHKU Audpak-
UMAMU  Ky3aTWIL YYYH TYAUUH Yy3yHaury 1)2-4msma. Kpuctanjad pexT-

reH Hyp.nap gudpakumsacu.

OndpakuMoH MaHXapa faBpu 4amacupja
6ynuwun nosum. Kpuctann naHxapacmparu pPeHTreH Hypnapu au-
(hpakuMACUHM 3HT copfa Kunmb 6upuHum mapta Y. bperr Ba I. A
Byndnap TywyHTUpn6 6Gepuwign. PeHTreH Hypnapu Kpucranra Tyul-
ray, ynap Typam atoM TeKUCNMKNapujaH KaTagunap Ba peHTreH Hyp-
NapuHWHT RAyn ¢apku TYNKWH Y3yHAWrUra kappanu 6ynraHuga au-
(hpakuMoH Makcumymnap, AbHU EpyT HyKTanap naingo 6ynagu. Arap
KpucTangaru MKKW TeKUCAMK opacugarum macoda c! ra TeHr 6ynca, Ba
peHTreH Hypnapu O 6ypuyak ocTmpa Tyuwca, y xonga 1.12- uusmaga
KypcarunraHuiek WKKW HYPHUWHT iyn (apku, 2c18TB ra TeHr Gynaau.
OndppakumoH MakCMMyM LWapTu aca.

2a5In0=nf, (1.13)

6y epga n - 6YTYH COH J1- peHTreH HYPUHWHT TYNKUH Y3YHIUTHU.

Ywoéy ndoga bparr-Bynd KoHyHu feb xam toputunagu. Kpuctann
naHxapacmjaH >yfa Kyn aTtom TeKUCAUKNAPUHW YTKasuw MYMKMWH
(1.4- ymsma). Audpakuma MakCUMyMaapu y.map y4yH xam 6axapunuiun
MYMKWH. LUYHUHT yuyH gudpakyusiHn Kaing kunyBum ¢oTonnéHkaga
6Mp KaHu4a épyr Hyk!'anapHu Kypamus.

Bparr-Bynd KOHYHMUra acocaH peHTreH Hypfiapu KpuctangaH
KaTuwm yuyyH A Ba 0 ypTacuga Mabaym 6up wapT 6axapunuwuy ke-
pak. Arap 613 MOHOXpamMaTWUK HYpHU WUXTUEpPWIA Bypuak ocTuga yd
ynyoanu KpucTan naHxapacura TylWMpcaK, Xey KaHgan pudpakuus
Ky3aTUIMaciuru MyMKUH. OugpakuuoH TacBUMP XOCUA KUAWLW Yyuyid
6u3 J1-Hn €kn 0- HM CeKMH acTa y3rapTupuLl, AbHW CKaHepnaw WM-
KOHMATUTa ara OynuwumMmn3 kepak. Xo3upru naintga kpucrannap Ty-
SUNNWUHW YPraHULWHWHE acocaH Y4 XUN ycynu KynnaHunagu.
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1.8.1. Nays ycynn

By ycynga peHTreH Hypu M maH6agaH
() 13- umusma) un”n6, O- AuathparmagaH Y \
>Tagn Ba Ma\kamnaHraH K - MOHOKpU-
cranra Tywiaau.

PeHTreH HypnaHuWKW MOHOXpaMaTuk
6ynvangmn, YHUHr Tapkubuga wunoxmu 6o-
pvya kaTTa AuanasoHgarn TYAKUH Y3YyH-
NVKAN HYypnap X0Cun umanHa’\gu. M V LU

MHrnuyka peHTreH Hypu Kpuctanra
Tywray, bparr-Byng KoHyHura 6uHOaH
MOC WyHanuwnapga gudpakynoH Makcu-
Mymnaap Xxocun 6ynaau. by épyr Hyk™anap KpucTanHu o0nau Ba
opkacura ypHatuaraH 3 — 3kKpaHparum (OTOMNNEH-Kanapja TacBup
Xocun Kunagunap. Yuwéy ycyn KpucTann naHxapa TY3WIULWHK,
CMMMETPUACUHM  aHMKMNawga AxXwu camapa 6Gepagu. Kpuctanra
TYNKWUH Y3YHAUKAAPU Typnuya OynraH peHTreH Hypaapu TyLWraHaurm
YYyH 6y ycynga TYNKUH Y3yHIUru 6yiimuya ckaHepnaHMOKAa feinL
MYMKWH.

(o]
].13-U113ma. PeHTreH HypnapH
angpakumscy Jlays ycynu.

1.8.2. KpucTanHu annaHTMpuLl ycynm

ByHAa yKKa MaxkKamiaHraH MOHOKPUCTann Wy ykK atpoduaa aii-
naHm6 Typagu (6ypuak 6yimua ckaHepnaw). MOHOKpUCTanra MOHO-
XpaMaTuK peHTreH Hypu Tywwupunagu. Kpuctan bparr-Bynd waptu-
HW KaHoaTnaHTUpyBuYM Oypuyakka OypunraHga ¢oTonnéHkaga pAu-
(hpakuMoH MakcuMym Xxocun bGynaan. by ycyn mypakkab monekynanap
TY3UAMLWMNHWN aHUKAALW A KEHT KynnaHunagu.

1.8.3. KykyH (NOpOLUOK) ycynu

By ycynga MOHOKpMUCTann HamyHa MaijanaHub KyKyH xonura
KenTupunagn Ba HnkK,a WwWuwa uanWAn Kanunnap Halira conuHagu.
amepara mMaxkKamnaHraH mauwira MOHOXPOMaTWUK PEHTreH Hypna-
Pu Tywwnpunagn. TywaéTtraH Hypnap bparr-Bynd waptuHu 6axa-
PYBuu BasuaTha €TraH kKpuctan 6GynakyaTapupaH kKantagunap. Yuw-
Y YyCYNUUHT Kynalnuk TOMOHW LWYHAAaKU, AUPUK MOHOKpucTan-
APHW MW NATUWHWHE XOXaTU WyK,.



Arap KpUCTann nNaHXapacWHWHT  TPaHCAAUWOH  BEKTOpnapu
a ,a2,a3 Mablym 6ynca, y Xonga K TYAKWUH BEKTOPAU PEHTreH Hypu

TywraHgaa gudpakyus Xocun GynuWl WapTaapuHu Kypué Umkamus.

dapas Kunainuk, K' WyHanuwipja KaiTraH peHTreH Hypnapuga Au-
(pakuua KysaTungu, y xonga bBparr-Byng wapTura acocaH

AK =K’-K BEKTOp Kyiugaru wapTiapHu K,anoaTnaHTUpULWK 3apyp.
a’Ak = 2nn”, a®AK = 2T, a”AK = 2nuw, (1.14)

by ngogaga M\, Ik, «3 nap 6yTyH coHnap. Ywo6y ndoga JlayaHUHT
Andpakums TeHrnamanapu geb atanagu.

1.9 Teckapu naHxapa

FOKopuaa KentupunraH AK BEKTOPUHM SbHW TywaéTraH Ba Au-
(hpakunsa wWwapTu GaxkapunraH NHyHanuwaa KaiTaéTraH PeHTreH Hyp-
NAapUHWHT TYNKWH BeKTOpnapy (apkKuMHM 6GU3 BeKTOpnap MUTMHAUCK
KYPUHULLMAA TacBUPNa6 onnLINMM3 MYMKUH:

AK = «|B]| + «,¢2 +«3"3 (1-15)
(1.14) wndogapgaH:  atAK = + ¢,«263 + =2nuw,
AbHU =2n  a3KaHAurM  kennb umkagn. Xyaau  LWYHWHTLEK

¢2n2 =20, ¢363 =2n [lemak 6, BeKTOp W3 Ba ra TUK, ¢2 3ca a,
Ba ra, BEKTOp 5, Ba ra Tk (4yHKW ckanap KynanWTmanapwu
Honra TeHr). LWyHWHT yuyyH 6,,¢ 2,63 BEKTOpAapHW Kyimparmya TaH-

nab onamms:

6, = 2n[a2as]/y,,, =2d/a3a|7/K,, ¢3=27/a,A27/K,, (1.16)

Yoy BEKTOP/Mapu KPUCTaNNIHUHT Teckapn naTTpacu
BekTOpnapn T 6 atanagm, (1.16) ndoganap maxpaxmgarun = 311a23y] '

Ty(u naHxapa 3NeMeHTap KaTarMHWHT XaXMWHW 6ungupagu. Teckapu
naHxapa abCcTpakT TylWyH4a 6ynub, KpucTangaru aipum XxogucanapHu
ngpoganallHn  ocoHnawTupagm. MacanaH, Kpuctanna Audpakuus.
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TYNKWHNAPHUHT TapKanuwu, KBasn 3appanapHUHr (hOHOR, CONMTOH,
nnasmoii Ba \.K.) 3HepreTMK CMeKTPAapuMHu Taxnn kunuwpa goligana-
Hunagn. Teckapu naHxapagaH (oiganaHn6, JlaysHUHT gundpakuma
TeHrnamacuHu 6oWwkKa KypuHuwga é3uwmnmm3 MyMKIUH:

ne6 onamuns, y xonga (1.15) ra acocaH.

AK = K'-K =b,, (1-17)

K' akaHnurugaH Ba (1.17) pgaH kx =k'2 =(b,, +K)" Kesinb

ynKagn
K =bl +k" +2{b,,K), KM =K', 6yAraHun y4yyH

¢2 +2(b,,K) =0 (1.18)

XOCUNT KUNaMus.

Ywby wndopa KpucTannjarn peHTreH Hypnapu AugpakynsicuHu
TecKapu naHXapa BeKTOpW opkanu TaBcuuaup. Teckapu naHxapa
BEKTOPNAPUHUHI Kylinaaru xoccanapu maeXyf.

a) Teckapy Ba Ty(u naHxapa BEKTOPNAPUHUHT CKansap
KynaiiTmacu OyTyH COHra TeHr.

b,, =mY +/22" + B8 OyncuH. a, =/f« +««2 +«3"3+ by xonga
(b",,) =k, + + UL, a9bHM 6YryH coH 6ynaaw.

6) 6,,BEKTOP Y3YHAUTM TeKWUCNMKNAp opacugaru MacogaHuHr

Teckapucura kappanu |6,,|=rnlcl, T - OyTyH COH, d - TeKucauknap
opacugaru macoda.

B) b,, BEKTOPU Y3UHWHT TalIKUA 3TyBUMNaApu WHAekcnapu 6unaH
6up xun Munnep MHAEKCAN TEeKUCAMKNApra TUK iyHanraH.

1.10. BpunntosH 30Hacu

c 30HaNapuUHN TYLWYHTUPULL YUYYH WKKW YNYOBAU KpU-
Ty  '“3"l"apacuHu Kypu6 ymkamus (1.14-ynsma). Kpuctann naHxapa
YnK aTOMHUHI atpodugarn atomnap 6unaH 6upnawTupub

Mmu3z. Xap 6up KyWwHU atom 6GunaH OGupnawTUpyByYn YM3UKHUHT
XocuMane YM3MKKA TWK Kecma OunaH TeHr WKKura 6ynamus.
feb a WTPUXNaHraH Wwakn BurHep-3eiiy anemeHTap Kararu

oyinyar*n Yoy kKaTakHM TeKUCAMKAA TpaHCNauus BekTopnapu
Kyympcak, KpucTaBf naH)apa TY3UNULWMWUHU TUKNaW MYMKWH.
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AbHA BurHep-3eiiy, anemeHTap Kataru \am
3fleMeHTap KaTaK TaHAalWHWUHT 6up ycy-
AaManp. SHAU ywby KpucTan naHxapara
TecKapu na)Hxapamm Tysamu3 Ba 6y naH- 1
Xapafja \am rokKopuparn Taptubaa ane-
MeHTap KaTak axpaTub onamus. Teckapu
naWxapagarn ywéy KaTak OuUpuHUM
BpThito3H 30Hacu aeb atanagn. BpunntosH
30HACMHUHT (U3NK MOXMATU  LIYHAAH
nbopatkn, BpunnaH 30HacM  unumga
&TyBUM (TYNKWH BekTopura 3ra 6ynran
6apya peHTreH Hypnapu bparr - Bynd
llapTura acocaH KpucTaTnjaH KaiTuwm
MYMKUH. X03upru KyHpa BpunnosH 30-
Hanapu kpuctannogadusga UWNATUAMA-  1.)4- unsmn. BLUWUTIOBH 3oHacura
cafia, KpUcTannapHuUHr 30!™anap Hasapus- BOHP.
cupa xyga Myxum a\amusaTra ara.

BpnnntosH 30Hacugaru 31eKrpoHNap Y3MHUHT 3HEPruscUHU Ba UM-
MyACUHW Y3NYKCW3 y3rapTupa onagwnap. bpunnsH 30HacMHKM Tapk
STUL YUyH 31eKTPOHNapH)1HT 3Hepruscu cakpab ysrapulln Kepak.

w

CaBonnap Ba mMacananap

1 Kratruk, Xwucmnap ynapjaru MmoJjiekyna Ba  aTOMAApPHUHT
6ornaHuwmnra K.apab K,aHgai Typnapra 6ynumHagn?

2. KpucTtann naHXapaCUHWHI HYKraBuMil Ba TPaHCAALWOH CUM-
METpPUSACU feraHia HUMaHu TylyHacus?

3. Munnep nHgekcnapn Huma?

4. bpaBe naHXapanapu Ba KpUCTana CUHToOHUANapu apkKuHu Ty-
WYHTUPUG 6epuHr?

5. EKMin Ba \aXMuii MapkasnawiraH xamga cogga KyGuK Kpuctans
naHXapacuMHWHT 3feMeHTap KaTarumja HeyTa aToM >olnawraH 6ynagn?

6. Maean 3uMu rekcaroHan naHxapa yuyH lasWinl|=1,633 akaHAUrun-
HU KypCaTWHT.

7. Coaua Ky6uk na’Mhykapa/X KaTuii 6pOM KPUCTaNIMHUHT 3MYNN-
rMHW TONWHI? (;7=6,59 A)

8. lekcaroHan naHXapanu KPUCTaNNHWUHI 3NeMeHTap KaTaruHWHT
XaXMUHK TonuHr? O] Ba «3 nap 6epunraH ge6 xmcobnatr.

9. Kagmuil kgucTannu 3yd rekcaroHan KpucTani naHxapacura
ara. Arap 01=291A , (73=561 A , bynca, KagMnUii KPUCTaNAUHUHT 3UY-
JINTMHWN aHUKLAHT?

10. MonuMopMuU3M XOAUCACUHUN TYLIYHTUPUHT?
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11 BOb
KPUCTAJI/T MAHXAPACW TEBPAHULLUNAPU

Kpuctann naHxapacu LUHAMWUKACUHW Ta“Aua K?MULWHWUHT UKKU
ycnybum Mmabaym. YnapgaH 6upu MUKPOCKONWUK (aTOMUCTUK) ycny6
LeAnnnb, YHWHI acoCUHM KpWUCTann naHxapacuga atomnaap (MoHnap,
MOfieKynanap)HWHr faBpuil AMCKpeT >Xolnawwuwm Ba ynapHu 6upra
Tyrn6 TypyBun Kyunap \akmparu tacaBBypnap Tawkun kKnagu. By yc-
ny6 Kpuctann 6yinab TapkanaétraH TynKuHNap $ y3yHAuru naHxapa
a fjoumuiicnm (MKKM KyLWHW aTOM MapKasnapu opacupgarv ypTadya éku
MyBasaHaTUii macota)faH GUPMyHYa KaTTa GynraH X,0n4a, AibHU

X>a (2.1)

MyHOcabaT 6aapunraH x,0nga mabkyn 6ynagn. MKKUHYM ycnyoHu
MaKpOCKOMWK €KW KOHTUHyan ycny6 peiumnagn. By yCnyGHUHT
KYyNnnaHuWwmn yyyH

n»a (2.2)

wapT 6axapunuwmn 3apyp. TaxpubagaH Mabaym Oynuiinya, Me-
Tan/l, WOHAM Ba KOBafeHT KpucTannapfa TapkKanaguraH y3 TOBYLU
TebpaHuwnapyn Te3numrn 5000m/c, 1 Try Takpopuinnukka 9 = SMKM
TYNKWH Y3YHAUTW Typpu Kenagu. by aca ogatgaru naHxapa Aou-
muinicn 0=2,5-10""m paH 2000 mapTa KaTTa. by ycnybga KaTTuk,
XUCMHU TyTaw My~ MT feb kapanagu. Xap WKKW YCNYyOGHUHT (a3u-
natnapu Ba Kamumnuknapu 6op. Ynap KaTTUK XXUCM LUHAMUKaCUHU
ypraHuwaa 6up 6upuHun Tyngupagu.
OHAN 63 6y ycnybnapHu 6aéH Kunuwra Kupuwamms.

2.1. Yusnruii coaaa naHxapa aToMIaPUHUHT TebpaHuLLIapy

KpuctannHuHr Tapkubugaru 3appanap (atomnap, vwoHnap, Mose-
TUHNMAM*A - DakKAT MYT/IOK MO TeMnepatypafa naHxapa TyryHnapuia
Tan TemnepaTypa owraH canH atomnap (6yHAaH KelwH
I 3appanapHu atomnap fe6 artaimus, TasyTugdaH Kenmb

m [luraH XxynocanapHu, macanaH, WoHnapfaH TapkubnaHraH Kpu-
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cTannapra tagbubylaw MymKuH) TebpaHma \apakatu amnauTygacu op-
TM6 60pagu.

ATomnap 4yekcus 6up u4M3ML ycTuga faBpuid paBuwga (xap MKKW
KyWwHN 6up-6upmnagaH a macodaga) >konnawraH. Xap 6up aTom 3HT
AKUH WKKW EH KYLWHUCKM 6unaH KBasuW 31aCTWK y3apo TabCupnallagwu.
By hapa3 aToOMIapHUHI MyBO3aHaT Ba3WATUAAH YETNAHWLWMW KNYUK,

abHn W, \{{a 6ynraHmga agonatnu 6ynagn. Kgasu 3nacTuK Kyunap

Tabcupmaa atomnap rapMoHWK  TebpaHuwwnap 6axxapagunap.
— Ternwam atomnap CU/mHKULLINapu.

KBasu anacTuk Kyd Tabpudu 6yinya, CUMKULWLHUHT BUPUHYK fapa-

Xacura nponopumoHan, YHUHT
MyHanuwmra Kapwu HyHanraH 6ynagw.

[lemak, n- atomra n-1 aToMHuHr Tat.cup O T e 0~
Kyum

(2.3) RO S

", s

N+l aTOMHUHT TabCUP Kyuu;
2.1- yn3ma. a) umsnrunii cogna

naHxapaga aToMnapHWHT MyBO3a-
HaT/H BasusATK;

6) BepTMKan 4m3nmK™aap CUKUraH
atomnap W3nATK.

(2.4)

6ynnb, n- aromra TabCUp KunaétraH
HaTMXaBWi Kyu;

(2.9)

6y epfa p - KBasu 31aCTUK Kyd KOI(DDOULMEHTH.

HBIOTOHHUHI MKKWHYM KOHYHWUra acocaH n- aTOMHWHI Xapakar
TeHrnamacu;

TC1'WM,,
df
YHUHT €4NMM YONYBYM TYNKWUH KYypuHUWKUAa 6ynagu;
M, = ( 2 : 7 )

By ndopgaga A — amnautypga, (san-cit) — dasa geiinnagmn, a n-

2n
KoopAauMHaTa 6owngaH n — aTtoMravya AMcKpeT Macoda, ( = T

= -/32m,, -u,,_, -r/,.,). (2.6)

TYNKUH COH,  — TaKpOpUWAUK, t — BakT, A — TYAKUH Y3YHAWUTU.
(2.6) TeHrnamara (2.7) e4MMHN KyWicaK.
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~TO)N =-i3(2-67" -e™") (2.8)

W =2—(1- Q8 =4—5n
T T

KM
. . fa
<=2,1 5n e msw - (2.9)
T 2 2
nogaHn Xocun Knnamms, byHaa a,,~ MaKcuman TaKpopuinamk.

Arap 00 TaKpoOpuUNuK A TYNKWH COH 6unaH (2.9) AUCnepcuoH my-
HocabaT opkanu 6opnaHraH 6ynca, y xonga (2.7) opkanu ugopganaHraH
4yonyBYM TYNKWUH (2.6) TeHrnaMaHUHT edyuMmn b6ynaan. bab3m xynocanap
Xakmaa TyxTanamu3. o0 =coiq) QyHKuus paBpuin ysrapagn [(2.9)ra

KapaHr]. a Hu (2.7) ngopgaga 4' =4 ra anmawTtumpcak, u,, =Wu,
a
6ynnb uynkagun, AbHM U Ba q' (PM3UK XuxaTgaH Gapkcms. bowkaya

o . 2n
anTraHga, ( ysrapuwaapuHWHI Xap KaHpaai KEHrnKgarm opa-

NUTWHW Kapall eTapaugup. s HUHT acocuii ysrapuiu opanmpWl' Kunmé

n %
(2.10)
a a
COXaHun TaHNnab onnu MYMKWH.

o =co(g) 6opnaHuw 2n naBp 6umnaH
y3rapuwmn 2.2- pacMmfaH KypuHu6 Ty-
puéaun, 6yHaa

(7=0 fda co=0 6ornaHunw

9 =+— pga w = (0,,
a

o= ~5:| MyHocabaTra kypa g=0 ga 4., =",4 =+— pga 9., = 2a.
a

[emMak, 3HI KWYUK TYNKWH Y3yHAUTM 2a 6ynub, 3Hr KatTacu
ueKcusgmp.
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Makcuman TakpopuiiNinK Ba MUHMMAN TYNUWUH Y3YHIUTWM MaBXY[-
AUTU QUCKPEeT aTtomaap Ty3umu TebpaHulinapura Xoc Xycycustaup.
Bu3 KypraH xon aToMnap YeKcU3 3aHXupura Teruwnu sgn. Kpuctan-
NapHUHT MaKpOCKOMWK HamyHanapu Kymn, aMMO YeK/M COHAaru aTtom-
napfaH TapkubnaHraH. ATomiap 3aHXupyacu uyerapanapu TabCUPUHM
Hazapuii  GapTapad Kwamw yyyH O Ta aTOMapHM KaTTa pagnycnm
ainaHa 6”na6 xoWnawTupunaan neé hapas K;umé.

w7 = W, (2 11)

KypuHuwparn BbopH-KapmaH aiinaHaBWii WApTUHWM KUPUTUL MYM-
KWH, 6yHga n+0 aTtom n- atom 6unaH 6utTa. By wapTtgaH (2.10)
ypHura

) (2.12)
wapt (B-6yTyH COH) Kenub6 umuagu. Aemak, O aTomMpaaH TalKua Ton-
raH 4YM3MIuii 3aHXUPYaHUHT 3PKUHAWK dapaxanapu C Ta, 6MHOOGa-
PUH, A HUHT K*MiAMaTnapu Wy cCOoHra TeHr 6ynagu. (2.11) wapTaaH:
2n g
a a
(O paH oHcli) 6ynraH opanuMkKga LaH4a coHAa TebpaHuwnap 6op Aerad
caBo/ira xaBo6 Tonainnuk. (2.9) ndopgagaH

aA cos A

(2.13)

3
ao) = o0 ,— cos
IT

[demak, clad) opanukgarn TebpaHuwnap
COHU

(il=2cl6=—J— <3
n\T aj
cos5

(2.14)

6yna,q|/|. ByHAaH Te6paHmmnap COHN 2.3-yn3ma. (3r/YwoéornaHuu.

3NUNUT:
dz 2C
(2.15)
oo (o1 -co”
SNACTUKNNK HasapuACUAaH MablyMKW, TOBYLI Te3/INru 3NacTUK-

NTIUK MOAynn Ba 3UYJINK OpKanu I/I(*)O,D'aﬂaHa,ﬂ'Vl.
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(2.16)

a an

Y3yH TYNKWUHAAp Y4yyH 2q q <1 wokopugarn (2.9) ndogasaH w

6unaH (@ opacupa nponopuynoHw! 6GornaHuw 6yauwanrn - Kenuoé
umKagu:

0 =v,.a (2.17)

AMMO yMyMUWii \onfa TYNKuUHAap AUcrepcuscn Maexyd. byHaa ¢asa
TapKanuLIW TE3UTU Vj, HW Ba TYJKUHAAPHUHT TYPYX;Uid TE3NUTU V, HU

6up-6upungaH hapku 6op. XaknkataH \am (2.9) acocuga onnH3guraH

- Ul
) sin -y-
=, (2.18)
A aq )
2 Y
it \
vee 1O Vv, COS aq (2.19) N oAm
dg Y
npoganap daduknapu (2.4-umsma) 6y LE:!
(hapkHK Kypcatmb Typnban. byHpa 613
uyn3Nruin coffa naHxapa TebpaHuWwna- Oaiaiiiiii IUi*0"pyViii

pu Ba TYNKUHNAPUHN rapMoHuK Tc Milknapullur g ra 6ornaniLnm.
Takpubga Ta>ymn KUnraHMMmu3Hu TabkugnaimMmus.

2.2. Ymsurnii Mypakkab naHxapaga TebpaHuLiap Ba Ty/LHWIap

JHAM 6M3 anemMeHTap Katarmga MKKW aro.M 6y.nrmH Mypakkat 6up
ynuamnu (YU3Mruin) Yekcus naHxapaja Tebpavuiinap Ba TYNKUHAAPHU
Kapab uymkanmk. NacCl,

C30 «kabu WuoHnappaaH el 11|
V m TapkubnaHraH, 51 Ba Ce

Kabu artomnapgaH Tap- |<_aj_
( KnbnataH KpucTtannap ST
AO-"NanemeHTap fAdelikacupa unsma. UsUNN'! mypakka6 namxap;wa atomnap

Xunnammurid.
2 Ta aToMm 6ynagw.

K"apanaétraH 4n3Hrunl] naHxapa™Ta atomnap gaspt'! xonnawuwm 2.5-
ymsmaga TacBupnaHraH. bupuHum xun atomnap /r'l, /', n'+\ paBunwga,
WKKUHYM Xun atomnaap n'-\, n", n"+\ pasuwga 6enlvnaHlaH.



By xonga xam rapMoHWK Takpu6pa uw Kypamus. Xap 6up atom
3HI  SAKMH  WKKW  KywHucu 6unaH  y3apo Tabcupnawagum [feb
Xucobnaiimms. byHpa n' Ba atomnap opacmparv KBasu 3n1acTuK
TabCuUp Kyunm KoagppuumeHTuHn /3,, ammo n' Ba n"-\ aTomnap opacwu-

farum Tabcup Kyun koahpuumentuHn (2 gee apas kunamus. Bu-

PUHYM Ba UKKMHYM XWN aTtOMap Maccanapu MoC paBuwjga T' Ba T"
6ynCuH.

n Ba 0N

aTOMMAPHUHT  CUMKULLNAPUHMK n Ba W, Aeo6,
60 KanapMHUKNHM n, - \u',, +\u,, - \u",, +1 ne6 6enrnnab
Kyimparu xapakaT TeHr1aManapuHu é3a onamus,

n (2.20)

,c1-n
T - =-Pl(«n - «n)- p2K - «stl)e (2.21)
cm

KBasn anacTMk Ky4 Tabcupufga Xamma Bak" rapMOHWK Xxapakat
t03ara KenwmHu abTnbopra oncak, (2.20) Ba (2.21) TeHrnamanapHuUHI
eymmMnapm

M =0 . (2.22)
ByHAa a naHxapa LOUMWUACU-UKKUTA BUP XUA KYLHW aTtom opa-
cupgarn macoda. (2.22) eummnapHu (2.20) Ba (2.21) ra onub 60pu6

Kyiimnca, 6ab3u amannapgaH cyHr A' Ba A" amnautypanap YYyH UK-
KWTa TeHrnama xocun éynagu;

A+ (2.23)
T T

A+ LLI2 /31+/32
T T

A" =0. (2.24)

By MKKW 4YM3UTUI 6UP XUHCNKU TeHrnamanap cucremacum 6ynub,
A' Ba A" HOMabnymaap oaguparn KynawhTyBuunapgaH Ty3uarad
aHWKNOBYN (LETEPMUHAHT)
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L2 L1+.42
= T T =0 (2.25)
jB,+)82e-""  Ap p| o4n2

T T
GynraHjarMHa HOKopuaarn cucTemMa MabHOAM eduMmpapra ara 6ynaau.

(2.25) aHuknoBynM 04mb umk™nca, OY ra HucbaTaH KBagpaT TeHrnama
Xpcun 6ynnb, YHUHT ednumaapu MKKuta bynagw;

cof = -to,? (2.26)
1+J1 - sin® — (2.27)
byHAa,
h, +P2)(T'+T") r PP, " TT’
|_|_|I = Y =16
TT Jm'+T17)°

Arap Ds.a " opacsgaru 6ornanuw (2.26) Ba (2.27) K nHWLW Aa 6ynca,
(2.22) eunmnap (2.20) Ba (2.21) xapakaT TeHrnamanapuHW K3HOATNaHTU-

pagw.

(2.26) Ba (2.27) eummnap acocupa Kyimaarn my\um xynocanap ke-
nnmé ymkagm.

1 (2.26) Ba (2.27) wndoganap Te6paHULWNAPHUHT UKKU TapMOTUHM

aHuknangu. (2.26) ugopa TaBcunaiguraH TapMOKHWU aKyCTUK TapMOK,
(2.27) TapMOKHM ONTWK TapMoK fgerinnagn. Maskyp ndoganapgaH

(6x(0) = «OK N1 K N1-X J0) =0 (2.28)

MyHocabaTnap akycTUK TapMoK
ONTUK TapMOKAaH mnacTha >oli-
nawiraH, y Hon Takpopuinnukpad
folwnaHraHn xonpa onTUK TapMoK
aH4ya HKOpWU TaKpopunnuknu teb-
paHuWWnapHX y3 umyura onagu
(2.6-4nsma).

2. AKYCTMK Ba ONTWUK Tap-
Atoknapga TebpaHuwinap GebauHun
Kapainuk. (2.22) — (2.24) ndoga-
napgaH

ala.

2-6-ylkma. CT(q) 6opnaHuLL rapmok”™apu.
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MyHocabat onmw Mymk!'l«- yerapasuii “onnapga Kypanniuk.
A) Yekcuns y3yH TynkHnap \onunga

2n 0
by xonpga
=1 T (2.30)
Jemak akycTuk Teruwnn TtebpaHuwnap TYNK MHAapu

yekcus 'yayH OynraHu[”N atomnap 6up asaga TebpaHagu, SAbHMU
n' = u', bynagn. OntTuK Tapmoega aca 6y \onga atomnap 6up 6upura
Kapwu dasTa Tebp;!Hagn, amMMo yNapHWHT OFMPAMK  MapKasu
Xapakatcus Konagu.

BUpUHUYM  TapMoOK aKyCTUK TYNIKMHNapra MOC Kefnafu,
WYHAAH YHUHT HOMMU UHKKaH. VIKKMHY;® TapMOK rebpaHuLlna-
MM ONTUK XXMXaTfAaH MH(PAKN3UA  HYPAaHWLLIHW

IOTUW Ba YuMkapuwga ("Hawa onagu, WYHAAH YHWUHT HOMU Kenub
YMKKaH. XakKukaTaH, aap KpucTann 3femMeHTap Kararmga WKKuTa
Kapwu uwopann WoHANP 6ynca, ynap 3MeKTpuUK fwwongaH uéopar
6ynm6 TebpaHuw xapaéHWOa gunon momeHTW S”3rapmb Typagu. Inek-
TpoAuHamukaga kKypcatMuwmnua, y3rapyByaH MOMEHTAW AWUMON HYp-
NaHWW YyuKapa Ba toTa

B) QHr Kucka ysyHnI'<f'™ TynkuHnap xonuna

d= Qa”\7 = &1 = _n
X a
(2.22), (2,24) wdopanap™~H % MyHOC336aT XOCWUN KWMHAAW.
YHUHT = /3, 6ynraHgA™ Taxnunm Kyhmparu HaTuxanapHu 6epagm:

T \T ' xonga akycTuk
T')T" xonga ONTUK TapV/ o
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Oemak, aHr MCka J1=2a TynipH xonupa akycTUK TapMOKAA eHrun
aTomnap xapakaTcus, ormpnapu TebpaHu6 Typagu, ONTUK TapMokaa
3Ca aKCuHYa.

B) AHa 6Mp XONHW, AbHM T '=T7 Ba /f3])/52 XONHU Kypannuk.
FOkopuparura yxwaiu Taxaun ok*batnga 6y xonga
/ |/|/ n
=1Ba To=-1. (2.32)

akK

JHr KucKa aKycTUK TynkumHpa, 6y xonga atomnap 6up xun asaga
TebpaHagnm. ONTWUK Ty/NKWMHAa 3ca Kapwwu dasanapga tebpaHagu. bus
onguH arap (2.9) aucnepcua myHocabatn 6axapunca, (2.7) ndoga 4o-
nyBYnM TYNKWUH (2.6) TeHrnama e4yumMu OYAULWIAUTUHU KypAuMK. AMMO
(2.7) rapmMoHMK TyNnK THNAp By 3aHXupyagarn aToOMAapHUHE 3HT YMyMUii
XapakaTuHu TaBcunamangn. BYHUHT ydyH (2.7) KypuHuwgarn mym-
KWH OynraH 6apya TYNKWHAQPHWUHT YM3UTUA AUTUHAUCK ONUHULLIKN Ke-
paK. AHT YMYMUIA X042 aTOMHUHT CUDKULLN

(2.33)
y

KypuHuwga vdoganaHuium kepak. Arap O aTtompaH TallKua Tonrad
3aHXupua Kapanca, y Xonga:

2.34
o (2.34)
byHaa a, =
ATOMNap 3aHXWPYACUHWUHI KWHEeTUK 3Hepruscu EN
TeHUnan aHeprusicn m, = —V («, - ) . (2.34) nuthopanaH doliga-
2 TH
NaHNG 3aHXUPYAHUHT Tyna SHEPTUACUHM
E=E, +E=2T1"0lay"
y
TCo
KYpUHULLTA Kentupunagm. = +ah, = Ya,~a") 6en-

rmnawiniap KMpuTcak.
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(2.35)

" ~ KaTraTMKnap HopMaT KoopfuHaTanap Ba Yynapra

KyluMa MMMyfncnap BauugacuHu 6axapagu. femak, 6Up ynyoBau Kpu-
CTan/ 3HI YMYMWH XapakaTW Tyna sHepruscu E  Hop.man Te6pallu-
nap aHeprusnapyu YMruHgucu cugatnga udogadyaHagm.

2.3 Y4 ynuoBnuM Mypakkab KpuCTasl MaHXapacu atoMiapu
TebpaHuLNapn

Bup ynuoBnm (4M3urunid) KpucTann naHXxapacu atomnapu Tebpa-
HULWINAPUHWHT acocuii xoccanapu (as3oBWii MaHXxapa aTtomaapu Teb-
paHuwnapura xam Ternlllimanp. AMmMo (a3oBuii NaHxapa TebpaHuWL-
napura Xoc Xycycuatnap Maexypg. bus sHam yd ynyoBnu (hasosuid)
Mypakkab KpWUCTaniHW KapalnuK. YHUHT 3feMeHTap KaTarmga Ta

(/(=1,2,..,0) Typnn maccanapra ara 6ynraH atomnap OYNnCWH. K-

ATOMHWHT //-SI'IEME‘HTap KaTak™yarn Ba3usTu
(2.36)

6yncuH, 6yHga a, = +n"at +n.a. — TyrpuM naHxapa BeKTopw,

r* - K- atToOMHUH!" 3neMeHTap KaTaK MWuMxTarm BasUATUHU aHWUK.U0!™un
pagnyc-BekTop. LUy K- aTOMHWHI MyBO3aHaTWii BasnATUAAH CUDKU-

WWHK , YHUK:T Tyrpu 6ypuyaknu KoopauHaTa cucTemMacugaru Tal-

KWUN aryBuYnnapuHun w*,(i = x,3\r) aeé benrnnainmus.
KpucTwin unumpa axpatnb onmHraH kKyn C COHAM 3app;liapHu ys3
nuura onraH coxaHmHr N 3femMeHTap Katarmga 3.2 Ta W, CUMDKTNK-

nap 6ynagu, cumkuwnap 6ynmaraHga = O, noTeHuman aHeprus E

IE.,..

Mulmman  (3Hr  Kuumk)  6ynanu,  AbHU }
ar/

(A« =0) = O pe6 \mcobnainmmns. By xonga cumxkuwnap ¢ynk-

uuscn b6ynmuw  E,,,,,,(1,) nNOTeHUMAY 3IHEPTUSAHU M°, [apaxanapw
6ylMua Katopra ésamus;
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AM«“2 E C Ec«/;, 2-37
EenC® Ec (2-37)

(dy

6yHAa,
«1l =0
Calt W - o
ANE.. M =0-
MY =0

Cop/ 4 ,,3;/,"pImn A
=0
FapmoHMk TalH6Aa, ABHM aToOMaap y3apo TabCUp Kyunlapu KBasu
anacTuk pe6 xucobnaHraH \onga (2.37) éimnmaga OGMPUHUM
AnpnHamaaH 6owka \ammMa xailnapHu Tawnab o6opul Kepak:

(2.377)
A-nnkk'ap”™-P
Ma3skyp co\a aToMnapy¥ KUHETUK 3Hepruscu WNTMHAUCK
(2.38)
KBagpatuk (2.37) KypuvHuWwga wudgoaanaHraH JaH cunxkuuw

byiinya ONMHraH Kocuna MOC KBasn 31aCTUK Ky4dHU aHulc aigu:

M

YIpmolmk TakBubaa KapaléTraH aToOMAapHWHI Knaccuk \apakaT
Tellrrlamanapu, 6uH obapuH,
T Cho s (2.39)
n' anl '
KypuHuwaga 6ynné (/r=1,2,3,....715 /;=12 , 3 ,.=X.r,r). Yap 3" T1a
110mabl'[ym ul, yuyH 3n/1'Ta guddepeHumar TeHrnamaaap cucrtemacu-

HU TalKul kuaanu. By x,0nga \am TeHrnamanap e4uMuun

(2.40)

YOMYHMU TY.MKWH.NAP KyPWHULWUAA TacBU[>NnaiiMus.
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— TYpPAU aToM/ap XUAW YUYyH Typnu 6ynraH -== [4*— KOM-

nnekc amnauTyda TallKUA STyBUMNapu, A :—ﬂ i,  TYNUWH BeKTOp

(A,, - Accu TynK MHra HOpManHWHI 6upnuk BekTopu), o = (o(")

Takpopuinnuk.
By MacanaHu euymwpgaH Kenub YMK3AUTaH acocuii HaTukanapra
TyXTanamms:

A) bBup ynuoBnAM naHxapa TebpaHMWNapW XonuWAaruaek, LU Ba

A’=pn+  (6yHha Teckapu naHxapa BeKTopwu +4Ar2 + )

BEKTOpnap TaBcunangmraH TynkuHnap 6up 6upu 6GunaH aiHaHgup,
AbHU

<np) =ul{n). (2.41)
Byun a, Ba BEKTOpNap TaWwKWa 3TyBYUMMapu opacugaru
6ornaHnwnap acocmupa mcbotnaw ocoH. [emak, 4 ra 6ornuk, 6ynraH
6apua KaTTanuMknap faBpuii ysrapagu, 6yHga = a, Ba KNUYUK

KninmatnapHu Kabyn KMwncak, g 5- = pgat* +1n  TeHrnuk kenub

unkagu. [Jemak, (hasoBMil MaHxapa TebpaHWULWINAPUHWM  TaxyTwun
KUnraHga f & HWHT KMiAMaTnapuHu

-n <pa, <+n, (r=123) (2.42)

opanukfga kapanca 6ynagu. by yuTa TeHrcusnuknap g — asogarn 6u-
pop X,2KMHW ugoganainan. YHU 6upuHumM bBpunnosH 3oHacu geimnagun.

Ky6uk kpuctann yuyH (a, =B = 5 1 1 ¢35 1 53)
(2.42) TeHrcusnmknap yuta

(2.43)

WaknHu onagu. By x,0nga 6UPWHYM  BPUNIIO3H  30HAcK \aXMWU
¥]
6ynagn, 6yHaa = a" 3neMeHTap KaTak X,2KMWU. bolika

KpucTana naHXapa Y4yH KUAWHTAH XWCO6 XaM XyAAu WYHAaR, SbHW
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Vh :(zny nhopaHn Gepagn (anbaTTa, — 3neMeHTap KaTtak

XaXMU TYPAU MaHxapanap Y4yH xap xun).

B) (2.40) eunmnapHun (2.39) TeHrnamagapra Kyicak, HOMabnym
amnauTyganap ydyH 3sN Ta 6Mp XXMHCAWM YM3KNLLA TeHrnamanap cucrema-
CU XOCWUN Bynagn. Y HUHT MabHWIN e4uMapu masxys 6”'nuwm yuyyH Ho-
Mabflymnap onguparu KynantyBumnaphaH Ty3unraH aHuknosyun (getep-
MWHAHT) HOAra TeHr 6ynuwu 3apyp.
YHU eunwigaH a ra HucbataH 3i ga-
paxanu TeHrnama xocwun 6ynagun. by
TEHrnaMaHuHr 3y e4umMmra Moc paBuLl-
fa (ha3oBWil naHxapa aTomnapu Tebpa-
HULWNAPUHUHT 35S TapMmMoru MaBsXyf
6ynagun.

By TapmoknapHUHr ¢ak™aT 3 Tacu
aKyCcTuK, 3s-3 Tacu OMTMK Tapmoknap
6ynagw.

Arap KpWUCTaN/HWHI 31eMeHTap
Katarmga 1 atom 6ynca, ak™aT yuyTa akyCTUK TapMOK, MaBxXxyf 6ynagu,
arap anemeHTap KaTakga 2 atom ("=2) 6ynca, 3 Ta aKycTMK Ba 3 Ta on-
TUK TapMmoK, 6ynajn Ba X0OKO030.

Xap 6up Tapmok,jaru TYNK;UHNapHUHT 6upun 6yinnama (L ékm L
Xaptm 6unaH GenrmnaHagu), MKkutacu KyHpananr (/ ékm T xapgu
6unaH 6enrunaHagu) Gynaaw.

B) o HWHT yHKUUACK 6ynmMuw o Xam AaBpuii y3rapagu;

COj{q +by = CO0j{g) (2.44)
ByHaa KJ— nXTuépuit Tapmok; 6enrmcu.
N 10 TaKPOPUNNNK q HUHT XYDT QYHKLMACK
0)ji~g) = cOj(g) (2.45)
by (O wudoganapura A HUHT akaT XyqpT gapaxanapu Kupaau
Aemakgup.
[) BpunntosH 30Hacugarn xap 6up TebpaHuwnap TapMoru YuyH
cOy(™) = comt cupTnap fcaw MyMKWUH. By 6up Xun TaKpoOpUANUKHN EKK

B=IT o=+

2.7-4n3Ma. Y4 yn4yoBnu naHxapa
TebpaHuwnapmn Tapmok~lapu.

6up xun aHepruanu hcoj{q) = E{q) cuMpTRapHUHT Ty3uAULWK KpucTann

TYrpu MaHXapacu CUMMeTpUsicura Myxum gapaxaga 60rivk,.
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E) 2.7- un3maaan kypuHuwmya. O, A, C Ha C' HykTanapg" ai~
HUI MaBXyf, AbHW Oy HyKTaoapisn 6uMp Heya TapMoK,uap Keculnanu.
AHa WYyHN alnuw KepakKwu, HWUHT 3KcTpemyMmnapu bpunnnwos!!

30HacM Mapkasu Ba 4erapanapuga ,\aM, YHWHI  6ab3nM  UYKK
HykTalapuga (2.7- umsmaga M Ba M' HykpgaTpga) \am ypuHAM
Oy'WWN MYMKUH.

XX) By ,\onga xam KpucTann acocuid coxacu cupTugalu yerapaBuii
wapTnapHu BopH- KapmaH wurapTnapy 6unaH aTmallTMpunagu.

3) 4-ha3oHMUT KUYMK \aXXMuUra Tyrpum KearaH tebpaHuiunap CoHu

- K (2.46)

6ynagn, 6yHga V — KpucTtann coxacu \axmu, aca f-

thasofarn Kuumk Xx,2kM. Bup Tapmokpgaru TebpaHuMTnap Tyda corul
<=N, 6apuya Tapmo”napgarn TcbpaHuwnap T\na coHn r=35/V, AbLHH aco-
cuii  co\a aTtomiapu 3pKUMHAWK Aapaxanapu coHura TeHr {N —
co\agarn anemeHTap d4velikasap COHW, O6UP aTOMHWUHI 3PKUHANK Aa-
paxacu 3 Ta geb xmcobnaHagm).

2.4. N30T|)0U koHUnHUYM Taly)mbraa Kpuctanniapga TebpaHuinap
Ba T)'/IK,uHNap

Maskyp 600HWHI MyKafaumacupa aTuiraHugek, Kpuctann nau-
Xapa AMHaMUKACMHU TafK,MKgawaa UKKMHYM ycny6 — 6y KOHTUHUYM
Takpnb 6ynnb, yHuMm)' acocumpa KaTTuK, XXUCM 6up 6YyryH anactuk Ty-
law MyxuTganm wnbopaT geraH dapa3 étagu. by Tay])mé kpucTtaTn naH-
Xapacu gouMmullcunaH aHya KaTTa 6yNnTaH, AbHW KPUCTan/HHHI aTOM-
napjaH  y3twuwaM - TysunutumHu - \ucobra  onmaca  GynagutaH
Y3YHAUKAArn TynkuHnap \onuga aHT AxXwn Hatuxanap 6epagu.

Bus Kk*nuTaa MOHMap KpucTanaTbya Y3yH aKyCTUK Ba Y3yH ONTUK
TYNKUHNAp Xwlnapumy Kypmé ynkamus;

A) Y3yn akycruk |y.mkl’!-"ap x,0nnaa KOUTWUHYyaT TakpT® 3anactuk-
AWK  HasapuacMHM  Kxnnawra 6apobapxwp. Arap  MyX,UTHAWT T
HykTacuga ! Haktga cumxkuwHun un{\l) pe6 6ennuTcak, 6GUP >XUHC.
M30TPON, 3M1aCTUK KO)MMHUYM YUYYH \aXMWA Kyunap WYKAUTUAAT
\apakat TeHr.namacu

, = (M +A)grad(ijvij + N/Y’In (2.47)

or

42



6YH/la, M Ba J1—Jlam3 foumuii KoagppuumeHTnapmu, p — 6Up XnHC-
MM KOHTUHUYMWUHT goumMuid 3nuanrn (6y Tewnama \axm 6upauru
VAVH &31nraH. YHUW YHT TOMOHW 31aCTUKAUK Ky4dnapuHu udonaingu).
JnacTMK.NMK Hasapllacua<'H  mMadnymku, divu = 0 — \aXMHUHT T

nykKTaga HUCOMA y3rapuwmn (kucunmwm), \*rolih=d a3ca ywa

UyKTaas \sS>KM 31eMEHTUHUHT 6up ByTyH cudatnga 6ypunuw bypuyaru.
(2.47) TeHlnamaHUHT \ap MKKW TOMOHUAaA AuBepreHuns (c/iv) amanvuu

H6axapcak, 6 KUCUANL YYYH
A€ - v/y-0 ~2.48)
dt-

TYNKWH TeHrnama onamms3, 6yHga V=721 +)/p  kucunuw

TYNKUHNApU Te3UTK.
(2.47) TeHrnamaHuHr \ap WKKu TOMOHuga potop (rot) amanuHu
6axapcak, bypaTww.! 6ypyarn <p yuyH

(2.49)
df’
M
TYNKUH TeHrnama \oc[¥1 kwunamus, OyHga Y, 6ypaTnw
TYNKWHAapyu Te3nur)l. 3KaHAUTK paBlWaH, YYyHKU OBUPUHYK

\onga WMKKWHYM \onra HucbaTaH 3NacTUKAWUK KapLUUAMTU KaTTagup.
LWy epga Tabkuntaw kKepakku, HKOHr mogynu éku 6Gylinama 3na-
CTUKNMK moaynm F 6unaH J1/ Ba J1 opacmuga (M3oTpon moAnaaa)
Kyl jaarm ,6\ornaanLu tL)op:r E= M-(-:'-;A-t-z-!vl--)-. %omka 3aNaCTUKINK
mogynnapu \am ysapo 60rivK, Mogfaja MyCTakun 3NacrukamK mMoayn-
napu ukkuta (J1/ Ba J1 ékn E Ba v, KeMHIM MoaynHM [yacCoH Koag-
B .
S 2{M +N)
YNAYAMUHUHT  HWACONA  y3l'apulumMHW  Gyiinama  ynyamMu  HUCOWiA
y3rapuwura Hucéatummn 6)L;1ampagn.).
AryKn 6yiuia6 TapkaiaétraH SicCU TYNIKMHHU Kapaimk.

d=As'm((o/ - gx). (2.50)

tuueHtn  gednllanm: v Y  HamyHa  KyHpAanaHr

BbyHAaaH;
O (/lrm = -Ayqg)cos{col - gx). (2.51)
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coMLL - gx) + co5(co/ - ax), (2.52)

6yHparu vy, Ba K-y W T yk™ap 6upnuk sekTopnapu. (2.51) gaH Kypu-
HUWNYA, KACUINLW TYAKUHNAPW KYHAANaHT Tyn MHnapamp.
(2.48) TeHrnama Ba (2.49) TeHrnamaHwHr ¢ TaWwKWA 3TyBUMIapu

YUYH KYPUHUWWU OUP XUA, WYHUHT ydyyH (2.48) TeHrnamaHu kapab
ynknw  Kugos. 0 KUCUAUW  TYNKWMHNApUHM b kuppanum Ky6ga
Kapaimus. x, y, | KoopauHatanap YknapuHu KyGHUHI Kuppanapu
6pnab iyHanTupamn3. YerapaBuil wapTnapHu 6Gapya 6 Ta Ky6 ékupaa
{x=y="=0- x=y=z=I) 0=0 6yncuH geb TaHnanmms. (2.48) e4ynMmuHu

e=/"gIn(wt)8ln( a x)8r(#>)8in(cr) (2.53)
KypuHuwga knanpamms. (2.53) Hu (2.48) ra k" cak,
©= . (2.54)
UerapaBuil WwWapTnapHy KaHoaTNaHTUPULL YUYH
al = «,4, bl = n-"n, cl =n™n (2.55)

[eb onuw Kepak, 6yHga ,«3 - BYyTyH mycbart coHnap éku Hon;'
(2.55) HK (2.54) ndpopara Kyamms;

Q=n +«@ +«3e (2-56)

W coHnapHUHT \ap 6up yuynurura MyaiwsiH 0 TakKpoOpUANUKIM 6uUTTa
HOpMan TebpaHWL MOC Kenagw.
Arap «l,«2.73 coHnap KaTra 6ynca, TebpaHuwnap TYNKUH Y3yHIUTK

b gaH aH4Ya Kn4uk 6ynagu, 6y coTakpo-
puiinuk N coHnapra Xyaau y3nykcus
paBuLwwa 6ornaHraHgan 6ynagm.

+«@ +«3 = benrnnaw  KWpuUT-

cak, oo="ﬁ: . 2.8-uM3maga TacBup-

NnaHraH Kky6 naHxapa (6yHaa dakat
(«2,«3) TekucnAnkgaru TyryHnap Ken-

TUPUATAH) TYryHNapuHuHr \ap 6upwura
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yuTa COH Tyrpu Kenagu. AMMO MauwxaprnHWHr \ap 6up tviv-
Hura 6uTTa Mopman TebpaHMW MoC Tywaaun. [?, coHnap karra 6ynlaHn
?(onga 10,(0 +d(o Takpopuiinuk opanurura Tyrpu kenraH tebpaHuinnal
COHUHWN aHubylainmuns. By coH KoopamHaT okraHTgarm (C, C+dC) cde-
pUK UuaT-namnarm TyryHnap coHura TeHr. [emak, (co, on-dio) opaTukK.a
Moc KenraH 6>Tlnama TebpaHuLnap CoHu

goxapdi)= *"C 9V ordo). (2.57)

8 2n"vh

(2.49) reHrnamata <) BEKTOPHWHI TaWKWA 3TyBYMIapura HucbaTaH
\am 6y x,uco6 Tygpu, ammMo OyHAa WKKWTA TalKWA 3TyBYM OynraHu
YUyH TebpaHuwnap coHW \aM WKKW MapTa OpTUK,;

2V
g, Uo)dco = it ti)"d(o . (2.58)
Takpopuinuknap Tyna TaKCMMOTU QYHKLUsICH
g(w) giU») + g, (o)) = - - (2..59)
6yHaa
L2 (2.60)

V,,- ypTaya TOBYLU TE3/UTHU.

B) OHAM KOHTMHMyaT Takpubaa MoOHNap KybuK Kpuctanuna ysyH
ONTUK TYNKUHNAp TapkKanwuu  macatacuMHu  Kapainmk. ®Papas
Kunamus: MoHnap Kyobuk kKpuctatnm \ap 6up sadelikacmpga =e* ap-
thekTUB 3apsagun Ba mMaccatu iikkh TypiM UCMAM WOHNap 6op
OYNCUH. Y3yH ONTWUK TebBpaHuwnap cox,acugarn MWOHMApHUHT 6apya
AyeilkanapHgarn \apakaTu 6uITai, WYHWUHT y4yyH 6up A4veiikagaw
noHnap \apakaTuHu TeKWunpuw Kugos.

Ba I/. Moc uwopanu noHnap cumkuwy 6ynca, y \onga

d~u
MK (2.6i;
df’
d~u
T (2.62)
dl-
ByHna — MOHra TalKnu ManToun Ba KPUCraTt/iHNHI 6oL Ka noHnapu

TOMOHMAAH TabCup 3TyBUM 3MMGHEKTMB 3NeKTPUK MaingoH, B-KXam
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31aCTUK Kyd KoapduumeHTn. HOKOpuaarm WKKW TeHrnamaHu 6up-
6upngaH ampcak,

T, =-135 +e* E . (2.63)

ByHpa, 5 =u” =/n;" +
JnekTpoAnHaMMKafaH MabayMKW, WOHMAap Ky6WK Kpuctannupga
aphekTUB mMarifoH

(2.64)

6yHAa E — guanekTpukparu ypraya MaifjoH, KyT61aHWIL BEKTOPY
P=M,e*5+akE,, (2.65)

N A— KpUCTaNMHWHT GUPINK XaXMuUAary syeiikanap coHn a =  +a, -
3NeKTPOH KyrbnaHyB4YaHnuK. (2.64) npogaHn (2.65) ra Kyiicak,

e*s+ak (2.66)

1 -a

besocuTa ynuaHmalguraH a KaTTalMKHM 4yn”apub Tawnaw yyyH
3NEKTPUK UHAYKUWUA BekTOpU udogacm b =E +471P =eE paH oli-

fanaHamus, OyHAaH P = PZ———E . lOkopun Takpopuiinuknm maiigoHaa
A
(0) ©00) MOHNap YHUHT KeTuaaH ynrypm6 6oponmaiiu, WYHUHT YYYH
5~>0 6ynagu. by xonga,
e, -1

a = (2.67)

N, +2)

Ba
(2.68)
4

(2.64) Ba (2.68) nopanapaaH goiiganaHcak.

*
T et r2) g (2.69)

oyHparu
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4nN,,e
Q: =

jer +2)
MK

(2.70)
Im,
«HopmanaHraH»

yeTnaHunw w =

CTaTUK [M3NEeKTPUK
goumuin £,(w -> 0), AbHU £,

4a(8™ +2)

(2.71) Kun-

w. »
putunca, (2.69) TeHrnama

N
AW _ Joiv +io, (2.72)
dfr 44
KypuHULLTa Kenaau Ba
2.73
419 414 ( )
6ynaau.
MoHnap xapakaTuHu Ta\Nun KNAULW y4yH
W=W +W (2.74)
Ba
divw, = O;rotWi = O (2.75)
fne6 onamms. by xonga (2.72) Hu
AN
d (w, + W/) =r-alw, - col — W (2.76)
r
KYpUHWLLITa KENTUPKNG, YHU MKKMTara axparamus:
d w, .
- iolw, (2.76")
df
drw, 2.76")
dr '

Arap w, Baw, Hu Aexp\i{qr - cot)\ dccum TynK;uH KypuHuUWMaa
TacBumpnacak co, =« Ba (W = Kenné umkagn. WMKKMHUM
TOMOHfAaH, (2.75) wapTnapra Kypa,

dwwi Aq =0,
. (2.77)
rolwi* - aAq -0

47



ByHgam O 1 <& (conuHompgan TYNKWH KyHAanaHr), A/Upg (rioTeH-
LMCTA TYNIKUH 6yiinama) aKaHAUTUHU Kypamus.

(2.78)

Co,

HucbaTHU JlInHgeH - Cakc - Tennep myHocabaTu geiunagu.
bynraHupaH Oyinama TYNKWHNap TakKpopunauru co, KyHganaur

TYNKWHIAPUHWUHT 00, faH KaTTa. Taxpmbaja €0, HM yn4aux OCOH, LWy-
HUHT yyyH (2.78) wndogafaH €0 HM aHWUK™aW Y4yyH oiganaHuw
MYMKVH.

2.5. Kpucrann naHxapacu TebpaHuLLIapUHUHIT KBaHT/IaHULLN.
doHOHNap

Kpuctann atomniapu TebpaHuwnapuHu 60wWKa ycyn 6unaH, aliHaH
Kopnyckynsp (3appaBuH) HyKTau HaszapgaH kKapab 4mkuw \am Mym-
KWH. TYNKUHNApPHWHT 3appaBuii Xoccanapu KpUCTaTn aTOMAapUHUHT
\ap KaHpali Takpopuinukgarn TebpaHuWnapyu SHEPTUACUHUHT 3HT
KU’ ynywn  (KBaHTU) MaBXypn 6ynuwnuruga HamoéH 6ynagu. by
X0cca KpWUCTCLUN MaHXapaCMHWHT 37emMeHTap 3appanap 6wnaH y3apo
Tabcupy XapaéHmpa SKKON KypuHagu. By >xapaéHnapfa KpucTann
naHXapacu y3 TebpaHuLWNapn 3HEPTUACUHUHT 6MP KBaAHTMHMK (6ab3aH
KeTMa-KeT 6up Heya KBaHTHW) GepaAu Ba LY KBAaHT MUKAOpMYA 3HEp-
rmaHu onagu. [lemak, KpucTtaxn naHxapacu TebpaHulunapu aHeprus-
CU KBaHTNMaHraH 6ynagn. Xyaau 8pyraumk TYNKWHUHW EPYTIMK KBaHT-
napu — ¢OTOHNap OKMMK cudaTuia TacBMpaHraHura yxuwauw, Kpu-
CTann naHXxapacy TebpaHuLINapu 3HEPrusicM KBaHTUra Ba yHra Moc
KBasnM umbnyncura ara 6ynraH keasu 3appa — (POHOH TyLIYHYacu Ku-
putuarad. ®OHOH Ccy3n TOBYL 3appacu feraH MabHOHW aHrnaTagu.
® OHOHHUHI 3Heprusacu 6ynnb, YHWHT KBasu WMMyACK

=ba Ba y TOByW Ic3.nuruga x™apakat kunagu feb x,mcobnaHagw.
p" BEKTOPHMWHI KBa3n MMNync aed antuamwm>WwHr 6omcn wykun, 6m-

puHYMaaH, x,ap KaHaa(l KBa3n 3appanap Kabu poHOHNap XakWKuii 3ap-
panapgaH TalWKWAMaHraH cucTemanapgarmHa maeXyp 6ynagu. ® OHOH-
nap akaT KpucTannapgarnHa maexypg 6ynu6, ynap kpuctanngaH (ma-
canaH, 6yl nnKka) Ynkub keta onmanmaun. Xakukuin 3appalap - anek-
TPOHNap, atomfap 3ca KpucTanngaH 4YMKUG KeTub, yHAaH Talikapupga
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MaBXyf 6yna onagn. MKKMHYMAaH, KBasu 3appanap TyKHawraHga KBa-
31 MMNYyNbC cak™aHMmaian. POHOHNap 3ca Yysapo TykMawub iyk,
6ynagn, 6yHaa TylpawraH oHOHNapAaH 3aHeprascu (apk. Kunaguran,
60l Ka TAKPOPUNNNKAN SHIN DOHOH Tyrunagu.

OPKWUH 3appaHUHI 3HEepruacu 3appa MMAOYAbCU RAyHanuwura
6ornukMac, KBasu 3appaHWHI 3Hepruacu aca (Kpuctannga atomap
faBpuidi  xolnawraHnmrn  Tydainm)  KeasM  MMNynbcra  AaBpuii

6ornaHrax.
®oHOHNMAp cNUMH MOMeHTnapu 6ynmaraH 3appanap cudatuga bo-
3e-OMHWTeNAH cTaTucTMKacura 6ylicyHagu. buHo6apuH, ¢oHOHNap-

HUHT (M| TaKpopuitnuknu, KBAHT 3HEPrusnm xonatgaru COHWU

MnaHk ugopacn 6unaH ndoganaHagu:

A =1 EXp - (2.79)

Ly xonatgarn 6apya pOHOHNAp 3Hepruscu:

Tran
= N(o®, exp (2.80)
KT

Opatpga ywby asHeprmara sHa HON 3Heprua pfe6 artanaguraH xag
Kywunagu, yHaa
E (2.81)
ex -1
P KT

Kpuctann aTomnapu TeGpaHUWNapu TaKpoOpUiinuknapu opa-
AUTUHU €KW  (DOHOHNAPHWUHT 3HEPreTUK CNEeKTPUHU aHUKNannuk.

byHaa TebpaHuwnap Takpopuinuru = O paH 6ownaHunb, ynap-
HWUHT 3HT KaTra Takpopuitnurun (0,, MaBXyf, 6yHAa TebpaHuLl Takpo-

puiAnukKnapyu coHwn (TaHnaHraH TapMokK YuyH) N atomgaH mbopaTt Kpu-
ctannga 3N ra TeHr 6ynagu. Takpopuinuknap TakKCUMOTU 3UYUTU
yuyH (2.59) ucogaHn kabyn kuncak, y xonga

(2.82)
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Makcuman <y, TaKpopWIANMK ypHUra TaBcuguii TemnepaTypa TYLIYH-
YacMHWN KUpUTUNagu;
B=hcoJk. (2.83)

By 0 TemnepatypaHu [ebali Temnepatypacu fgeiunagn. Makcuman
TebpaHuLINap Takpopuinnuknapu (1, Ba 6MHOGapUH O TypnM KaTTuk;

XUCMMap yuyH Typanyagup.

2.1 - >kagsan

Kpuctannap Tysunuin 0, K
Mwc €.M.Ky6 365
ANOMUHNIA 8.M.Ky6 438
Hatpwii )(.M.Ky6 164
MarHwni ekcaroH 290
Pe \.M.Ky6 478
Ne 8.M.Kyb 446
Ce Onmoc 377
Onmoc 674

[eb6ain Temnepatypacu TyLIYH-
yacu KaTTUK XWUCM  (u3mKacu-
HUHI Kyn Macananapvga onga-
naHunagu. TaxpunbaHnHT
Kypcatuwinya, 0 feb6ali Temnepa-
Typacu MyTnak T Temnepartypara
6ornuk paBuwga 6up  MyH4a
y3rapagn. KS5™Muunmk kKpuctannap
YUyH 6y 6ornaHvw yHya cesunap-
nn amac, ammo 6ab3n )(,onnapga y
cesnnapnu 6yna,q|/|. MacagaH, Me- 2.9-un3sma. [lebaii 0 TemnepaTypacu-

HUHT MyTnak, T ra 6ornaHuwm.

Tan 1n yyyH kKentupwunrad 2.9-
ynsmaga nact Temreparypanap
coxacupa feb6an TemnepaTtypacu 0(7) ~arto MUHMMYMra ara 6ynagn. 0
3NaCTUKNUK JovMuiinapura 6ornvk- Kyunam atomniapapo Tabcupau
(onmoc) kpuctannapga 0 HUHT KINivatn loKopu.

0 HUHr Yep xun ycyn 6unaH aHuWKNaHraH KuiimMatnapu xam 6up-
6upuaaH hapk Kunagu.

Leb6ain TemnepaTypacu tokopum (7>0) Ba nact (KO) Temnepatypa
coxanapmHu axpatnb Typagu. HOKopu TemnepaTypanapga .MyMKUWH
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bynraH 6apya Takpopuiinukgaru TebpaHulinap MaeXypn 6ynagu, nact
TemnepaTtypanapfa aca T ra K;apab myalisH opanukgaru TebpaHuLwnap-
rMHa yiiroHraH 6ynagu, T nacaimb 6opraH caillMH yiroHraH Teb6pa-
HULWNAp Opanuru Topanmb (KMYMK Takpopuiinnknap TOMOH) 6opagwu.
By KaTTUK XuUcMaap XxoccanapuHy aHuknawga Myx " manp.

Macananap Ba caBosinap

1 Kpuctann naHxapacu goumuiticn a =3- 10"“n«A = 10a 6ynraH

X0/l YYYH, 4YM3NTUIA copgda naHXapa YYyH 0 TaKpOPUANUKHYK
XuncobnaHr.

2. a=3-10""r, P =3v" xkrlic”, T =10""*kr xonga 4Ynsnruii

naH>xapaga TOBYLI Te3nUru KaHaan 6ynagm?
3. g =nl!la 6ynraHfga asaBuin Ba Fypyxuin Tesnnknap HuMcbaTuHM

AHUK'MHT?

4. =P =P, T'=T"=T 6yaraHga ukkKu Xuna atoMmam naHxa-

paga aTomnap TebpaHuLLapn TaKPOPUANUIN KaHAan ngoganaHagn?

5. ATomnap TebpaHuwapyu TapMoKiapu HOMJapu KaHfail acocga
Kenmb YmKKaH?

6. Y4 ynuosnu (ha3oBMin) KpuCTann MaHXapacu xonupga Tebpa-
HUWNAPHU TrapMOHUK Takpubaa Kapaw Y4yH noTeHunan 3Heprusa
KMPUHALWK KaHZan 6ynagn?

7. BupnHun BpuNn3H 30HaCKM XaXMMWUHU aHWKAaHr. Ky6uk naH-
Xapa yyyH a =3- 10““m neb xmucobnaHr?

8. ATOMUCTUK Ba KOHTMHYan ycnybnap Tah0BYTrMHN TYLWYHTUPUHT.

9. ®OoHOHNAPHUHT (OTOHNApAaH TaoByTNapu KaHhaii?

10. [ebaii TemnepaTypacu HUMaHu udoganangn? ¥ T Temneparty-
para 60rnankmm?
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PN3INK CTATUCTUKA 1M0OHYHITAPU

XXypa Kyn coHnu 3appanapgaH (Monekynanap, atomnap, 3nek-
TpoHnap Ba ?(0KasonapgaH) TapkubnaHraH cuctemanap O6ynMuLL
MaKpOCKOMMK >XXUCMAAPHUHI XoccanapuHu Tapkubugaru sappanap
Xoccanapy Ba y3apo TabCupu acocupa ypraHaguraH ¢usuka
65'NMMMUHN CTaTUCTUK PuU3nka geinnagun.

KaTTuk; XXucmnap Xyga Kyn MUKpo3appanapfaH Ty3uaraHamru
MabayM. LLIYHUHT y4YyH KaTTuK; XXUCM (hU3MKACUHU YpraHuw pa-
BOMMfAA CTAaTUCTUK KOHYHUATAAP MYXWUM YPUH TyTagau, 6uHo6apuH,
ynap xakBpa, xed 6ynMaraHfa, acocuii MabayMmoT 6unaH TaHULWKWLL
an6aTtTa 3apyp.

Kyn 3appanapfaH TapkubnaHraH cuctema 3appanapuHUHT xap
6up BaKT MOMeHTMAarun KoOOpAMHaTa Ba Te3/INKAapUHU 6uNnLl
amanga 6axapub 6ynmanguraH macana 6ynubruHa KosnmacpaH,
6yHAah mabymMOT MaKpocucTemMa XxoccanapuHW aHMKgalw WMMKO-
HUHWN Gepmangn.

ByHfain cuctemanapHM TagKuKawjga 3XTUMOMINK TyLlyHYacu-
ra acocnaHraH CTaTUCTUK KOHYHUSATNap 6unaH uw ™ punagu.
IAXTMMONNUK Tacoguduii xoaucanapra (Bokeanapra) Teruwnm
bynagn. MacanaH, ugean ras mMofieKynaaapuHWHI TyKHaluwnapm
Ba YHWHI alHW naiTAaa KaHfaih Te3nuKKa (UMNyfbcera, 3Heprusara)
ara éynuwnurn Tacoauduii Bokeagup. Tacoauduii Bokeanap My-
alaH aXTUMONNMK 6unaH 3 bepagn. bBnpop KaTTaIMKHUHT 6upop
COH KuiimaTura sra 6ynuwnnrn Tacogndunin Bokea bynagn. byHpgaii
KaTTanuknapHn Tacoanuin kKaTtTanuknap fgehinnagu. Monekyna-
HUHI TYKHalWMWWMWHN Tacoandunii Bokea AeAuK, 6yHAa YHUHT Tes-
nury xam TacogmdaH ysrapagu, geMak Te3nuMK Tacoguguii KatTa-
nnkamp.

Bab3n 6up pusnMkK KaTTanmknap tacoguduii bynraHm xonga ys-
NIYKCU3 EKW Y3UIULWAN KuAMaTnap cnekTpura ara 6ynumnm mym-
KWH.
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CTaTUCTUK Hasapusnap acocaH Tacognduii  BoK” eanapHUHT
53MHM amac, 6anku ynapHu TaBcutnaiguraH tacoamguii KatTa-
NUKNApHU TagXUK Kunagu.

Bupop Tacoguguii Bokea N Ta cumHoBaa [t mapTa 103 6epca,
MaTeMaTUK 3IXTUMOINK

X, = WUT
M-¥o< N (3

KypuHMW Aa ndoganaHagu.

dun3nkaga TacoaMduUii KaTTaNUK KymnuH4Ya Bak;T yruwum 6unad
y3rapub 6opagun. Y xonga cuctemMaHuHr 6mpop xonatga 6°\amwnuk
IXTUMONUTU

T (3.2)

byHpa T — Kys3aTuw Tyga BakTu, [/ — cuctemaHu maskyp xonatga
6ynumw BaKTW.

IXTUMONNUK Hasapuacuga, CTaTUCTMKafja TaKCUMOT (YHKUUSCK
TYlWYyHYacu MapkKasuii ypuH TyTagu.

Tacogudui KaTTanuk  6up-6upura  AKUH  XKyja  Kyn
Kniimatnapra (y3nykcus cnekTpra) ara 6ynuwum MymkuH. by xonga
Wy KarTaMKHWUHT MYMKWH 6ynraH KWAMaTnapuHWHI KaHzagup
opanurugarv Kuimartnapra ara 6ynmw 3XTUMONAWUTWA XakKBAa ranu-
puw MYyMKWH. MacanaH, X KaTTalMKHUHT (MO/eKyna KoOpAuHaTa-
CUHWHT) X, X+AX opanukga 6ynuw axtumonnuru JILWx) opkanu
6enrnnaHagn. Arap 6y 3XTUMOMIMK YeKcU3 Kuuumk (Ix opanukpa
Kapanca, yHu éLlLx) opkanu 6enrmnaHagmn. (/H'(X) 3XTUMONNUK X
HUHT KuiMatun yHkuusacu Ax) 6ynagum Ba clx opanmkka nponop-
umnoHan 6ynagu:

CL(X)=/(X)(1x. (3.3)

Jemak, MasKyp Tacoauuii KaTTaIUKHUHT 3XTUMONKIAPUHUHT
6apya Kuiimatnapum TaKCUMOTUHWU [X) QYHKUWUA TaBcugpnangn, yHu
TaKCUMOT PYHKLUACU EKN IXTUMONNNK 3UYUAUTKN felinnagm:

1(x)=c1\Y (x)Mx (3.4)

By TakcMMOT (YHKUWUACUHWHT TYpau XonnapAaru KypuHULWUHU
aHMKNawW CcTaTUCTUK (DM3UKAHUHT acocuii Basudacuamp.
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Tacoguduii -~ KaTTaNUKHUHT  6apya  MMKOHMWI  KuiiMatnapwu
3)(rumonnuknapwu Anrnagucu (uHTChann) NLLIOHYN BOKea
ax umonnurura, abHU 1 raTeHr ynagu;

(3.5)

By uopgaHun Hopmanaw (Mebépnall) wWapTu gennagu.

Tacoguuini  KaTTaNUKHWHI ypTadya KuiiMaTnapuHu aHuknaw
Xyja MyxuM Mmacana, UYyHKM CcTaTUCTUKa XxX*ncobnab umkagurad
ypTaya KaTTanuknap TepMmMogMHaMuK (MakpOCKOMUK) cuctemanap
\onaTuUHW aHuKpaauraH kattanmknapra TeHr 6ynagu. LUy Tapsga
CTAaTUCTUK (PU3MKa TEPMOAMHAMUK KATTaANUKAAPHUHT  (HU3KNK
MabHOCUHU TYWYHTUpaau.

3.1. Tacoanuii KaTTaNMKNAPHUHT ypTada K \iimatnapn

Tacoguduin X kattanuk N Ta cuHoBga (Kysatmwpga) y\
IXTUMONAUK BunaH L, mapTa KniimatHu, Wo 3axX TUMONNUK 61-
naH Tk mapta Xz KuiimaTHu Ba >(0Ka3o, HM\OAT, % IXTUMONNUK
6unaH MapTa KWiAMaTHN onaguraH 6yncuH. Y xonga /V Ta
cnHoBfa XTacoaMMuin KaTTanmkK oflaguraH Kuimartnap murnHgucu

Xl«l+ X2M2+--+ Y Y |

6|/|p CUHOBra Tyrpun KenaguraH yprtada Kuiimat

X xi + X2k +...x*MK

N (3.6)

N katta Oynca, X 6upop TaluHaum numutra (4erapaBuii
Knuimatra) MHTUNAAM;

lim x - x, hm w + x, lim Y + o+ X,
Iv-"00 ' W A N . (3.7)

Opatpaa N xypa kaTTa Aeb xucob6naHu6, >“praya Kniimart

=

X = (3.71)
KYpUHUIIAA MW ofanaHagu.
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Arap Tacoguduin KatTanuk (mMacanaH, ra3 Monekynacu Te3nu-
rm) ysnykcus yasrapaguram 6ynca (3.7)garu WUTMHAW WHTerpan
6unaH anmawTupunagu:

X = J xdw (x) = xf{x)dx . (3.8)

X Tacoaumduil KaTTaIMKHWUHT KBagpaTu ypTadyacum Kyinuparu
nhopanap 6yinnya Tonmnagu:
V- 8Ku f(x)dx = (3-9)
K /

L yHUHTrgek, XHUHT /\X) DYHKUMACKU M>Tayacu xaM XuUcobnaHuLwmu
MYMKWH:

Z=E EXi)Wi ékn
fiad (3.10)
F(x)f(x)dx

Xyga Kyn xonnapfa ypTaya KuWiimatgaH ueT/iaHULWNapHu
Kapaw Kepak 6ynagu. AMMO, ypTaya 4yeTnaHMW Xamma Bak,T HON
Kuiimat 6epagu:

(x - x) = J (X - xf)dx = { xfx)dx - x Jf(x)dx =x - x = 0. 311

YpTayafaH uYeTnaHull KBagpaTUHWHI ypTayacMHM Tacoauduii
KaTTaNUKHUHT gucnepcuscu geinnagu:

Jixr ~ A (X - xIMWG Ba Ax A= f {x - x)Mf(x}dx . (312)
N ‘o
By ntogaHUHT MKKanacu xam
Ax = (x - x)M = xh - oxA (3.127)

KYPUHULLTA Kenaau.
Ovcnepcusagad ONWMHIaH Keagpar WAAU3HW, MU3NK KaTTaluK-
nap kapanraiga, hnykTyauus geiunagn:
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] k | +00
yiAxr = Y (xj-xfwj ea = {x - xf f(x)dx m (3-13)
L

3.2. Tak,cMMOT (PyHKUMANapy Mmuconnapu

CTaTUCTUKAHWHT acocuini BasudanapmpgaH 6Gupu Tacogmuduii
KaTTanuknap Tak,CMMOT (PYHKLMANapuHW aHuknawpaup. bus 6up
Heya mMuconnap 6mnaH yerapanaHumms.

1 lNyaccoH Tak,cumoTU. By Tak*cMmoT, MacanaH, MasKyp
XaxmMaarn mosekynanap coHu éku MyalsH BakTha 6ypnaHub KeT-
raH sappanap MUKAOPWUHUW TacBMpnangun. YHUHT KNpUHULIK:

w(x)=( Ixhe'n . (3.14)

ByHgarm a TacoguMduii X  KaTTaMKHUHT  ypTaya X
KnimatnapuHu ndopganangnraH ysrapmac CoH: a =x .

2. JKCMoHeHyMan TaucumoT” ByHAall TakcumoT, MacanaH, pa-
AVWO0aKTWB MapyanaHuwl, penakcaynmoH xoaucaTtap, Monekynanap
COHMHUWHT 6GanaHAnuk OyiMuya y3rapuWKUHW  TeKWMUpuUnraHja
YPUHAN 6ynagn. YHUHT KYPUHULLIN:

f(x)=conste~" (0O < X <*°) (3.15)
Hopwmanaw wapTuaH const=a, 6uH0oGapuH,

qn) = Aa); (3.15")
O (x,-00 < X<o0 pa),

ByHAali TaKCUMOT YUYH X =~ , LWYHWUHT YYyH
a

f(x) = Is(e ~ N (3.152) AXx)

3. laycc mai“cuMomu. By TakCcMMOT
XaToNnKnap Hasapusacuga, rasfa Tesnunk-
nap npoekuusanapu TaKCcUMAaHWLWuAa,
O6poyH Xxapakatuia yupahgu. YHUHT X
KYPUHULLN:

3.1-yn3ma. IKCcNoHeHuMnan
' Tak,CMMOT rpaduru.

P
f(x)=const C_ (3.16)
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Hopmanaw waptun const:{'/-" HW, ypTayanaiu :2—8
n
KnnmMmaTtnapHu 6epagun Ba y3un-kecun Faycc TakCMMOTKU
N
fix) = (3.161)
In x
KYPUHULLHW onajgw. mf(x)
4. OenTa - dyHKUMA. 5(x-x0)
KypuHunwaa 6GenrnnaHaguraH 6y
dhyHKUMA X=XO0 HyKTajaH  60LuKa
6apya HyKTanapfa Hojra TeHr Ba 1 /
ra HopmanaHraH. y
€0 0
a(x - X )dx =1 (3.1V) * 3.2-umsma. laycc Tak,cMmMoTM
rpaguru.
F(x)<5(x-x,)i/x = F(xo0). (3.18)
byHpa
/ (x) = (5(x - Xo) . (3.19)

By KkypunraHnapgaH 6owka QyHKUMsnap Ba TakKCUMMOT
KOHYH/Ilapu mMaTeMaTuKa Ba hu3nKaga Kyn ydpaigu.

3.3. Bup Heua Tacoanuii KaTTaNnKIap y4yH TaKCUMOT (PyHKUMSICU

YyTa X,y,z MycCTakun Ttacoguduini KaTTalMKHUHT 6up BakTaa
dx,dy, dz opanuknapga 6ynuw aXTUMONIUTK

dW(x,y,z)=dW (x)dW (y)dW (z)=f(x)f(y)f(z)dxdydz, (3.20)
TaKCUMOT PYHKLMACU

dW {x,y,z)
f(x,y,z)=f(x)f(y)f(z)=- dxdydz (3.21)

N Ta MycTakun tacoanduii KatTanauknap y4yH TakKCUMOT PYHKLUA-
cn  /7-ynyosnm

f(X,y,.... )=F(X)f(y)../O) (3.22)
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6ynaan. by yHKUMsANAp yuyH ONAUHIMAEK HOpMauall LiapTu é3u-
naau, ypTtada KaTTa/IMKAapHU TONuW Kouganapu ypuHnu Gynaau.

3.4. MaKcBesi1 TaKCUMOTU

CTatuctnk usnka Tapu-

xmga 6upuvHum 6ynn6 Mak-

CBeNa wngean ras monekynana-

PUHUHT  Te3nuknap  6ylinya

TaKCUMOTUHM KenTupmnoé

ynkapraH. CyHrpa, bonuymaH

61Mpop noTeHUMan mMamgoHparu

naean rasHu kapab, Makcsenn

TakCMMOTUHKM 6y “onra Tag-

6ukparaH. by TakcummoTnapgaH

anpum xonnapga KatTUK XUCM 3.3-unsma. TesnuoTap Gyiinya
u3nkKacmga xam camapanmu TatcMmoTra Aovip.
donganaHunagn. LWLy cababpgaH 6y TakcmmoTnap 6unaH TaHULWINL
Kepak 6ynaau.

MabnymMKu unpean ras mosiekynanapu macodaga ysapo TabCcup-
nawmariguraH, TapTubcus xapakaTgarm 3pKuH 3appanap 6ynuo,
ynap TyKHalwraHnapgarmHa 3facTuk ys3apo Tabcup to3 6epagn. las
MyBO3aHaTAa aeb6 xmcobnaiiMmms.

Tesnnknap asocuga MonekynaHu Te3nurm Ox yK 6yimua

TalWKna 3TYBUNCUHUHT YX opanukaa 6ynnw aXTUMONNNTKN
dW (Vx)=f(vtc )é¥Yx (3.23)
6ynagn, 6yHga ) TAKCUMOT (PYHKUMACU YX HUHI KaTTanu-
2
rura 6ornuk 6ynagm, XoNnoc, LWYHWUHI YYYyH Y ra 6ornuk

GynMwn Kepak. Xyaau WYHWUHTAeK mMosnekyna te3nuru Oy Ba Or yK
Gyiinua TalKua 3TYBYNIAPUHUHT opanuknapga
BYNLIANTA IXTUMONIUKAPU:

)c/Yy Ba .- (3-24)
Bapua ryHanuwnap TeHTr XyKykaum éynraHungan /() , ),

dyHKUMAnap 6up Xmn KypuHuwga 6ynnwnmru Kepak.



MoneKyaHUHT Te3INrM TalKUA 3TyBUMIApM OGUP BakTaa YX
VA+iv) opanvk;napaa 6y aXTUMOJIINTUAL

M (yny V,)=/(y” )ely~(ly,.c(y,. (8.25)

MKKNHYM TOMOHfAAH, MoJieKyna +Yy + TEITUTUHUHT

Te3nuknap asocu xaxMmuaa oynmwm aXTUMONNUTUA:
cdly (ynN,Yy,y-)= [/ (yl + +V: )AyN(IVyliy - m (3.26)
(3.25) Ba (3.26) ncogaHm cogpanawiTmpcak.
M L) H{y1)I(yl) = i{VI +yl+y?) =/(y") (3.27)

By TeHrnamaHwu

/(V;)=A Y= Are“"% /(y? )= A

Ba

dW (y”™) = Ae

hyHKUMSINAp K3HoaTnaHTMpaun. Hopmanawl MHTedanm sKUHIaWyByn
6ynuwnurn a=-(3<0 TanabHu Kysgu.

Hopmanaw waptugaH:/( = Pl

MonekynaHuUHT UXTUEPUIA 1 WyHanuMwigaru Te3nnrn TawKui-

NIOBYMCU YUYH
|

£ (3.28)
n

Te3aNUKHUHT MYT/IOK, KuUiiMaTtu 6yiinya TaKCMMOTHU TOMWL
YyUyH cpepuK KoopauHaTtanapra ytamus, 6yHaa

Ba
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cl™(y,(p,B)Ae y”~dy 81n0cleéd.

Monekynanap xapakaTu M30Tpon 6yaraHAUruM yyyH 6ypuyaknap
6yinya nHTerpannawl 6axapcak,

(3.29)
JAemak, 6y X0/ Y4YH TaKCUMOT DYHKLUUNACK
I(y) = AnAyre="n (3.30)
3
8kn A = 3KaHIUrM abvTMbopra osnHca.
V) =4 _ \2e-pr (3.30)

Ly tacmmoTHM MakcBenn TakcuMoTu geiimnagun. byHparm P
napameTp MyTnok, T TemnepaTypa 6wunaH 6ornaHraH. bByHun
KypcaTull YYyH MoJieKynanapHUHI NAvW AeBOPUHUHI 1 cM™ra 1 ¢
fa ypunuwnga 6epaguraH mmnyncm - 6ocumu xmcobnaHagu:

- 3.31
] o3 (3.31)

6yHAa, T — MoJfiekyna maccacu, p nQ — \ cM™ garu mosekynanap
COHWU, p - 6ocum. (3.31) ndgogaHm wmpean ras xonat TeHrnamacu

PK-Ar6unaH Takkocnacak, ok,mbarga V

T
KT

(3.32)

MyHocabat Kenmbé umkaau.
SHAN
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, X

Wy (3.28")
/7(°/) = 29KT o 2KT

P=wy(TYX, TYyYy, wyl, wvmnync opuann, E=T\Y2 KUHeTuK
3Heprunsa opkanu MakcBenn TakCUMOTU KyWhugarnya é3mb onuHagw:

f _p2

/(p) =4n (2nTKT ) T exp (3.33)
1TKT

/(£) = -n/T exp -E (3.34)
n{kT ¥ KT

MakcBena TaKCMMOTW acocmpa XapakKTepuUcTUK Te3NuKnapmm
Tonné onuHaaw.

df{v
1 OHr 3TUMoNNnM Te3NunkK { )l: O wapTngaH tonunagu, y
v
MakcBenn TakCMMOTU Makcumymura Tyrpu kenagu. (3.30") gaH:
2KT
(3.35)
T
2. YpTaya Te3nnk Kynmgarn ngogaHn aHnn yanT:
nt
v=y(ydy = (3.36)
nT
o
3. ¥YpTaya KBagpatukK Te3nuk:
2 7 2. 3kT (3.37)
T
4. MonekynaHuHr wnrapmnaHMma \apakaTtm yptadya KWHeTUK

JHEPIUSACUHM XaM aHUKAAlWl MYMKWH. Y ypTada KBagpaTuK Te3NukK
opkKanu mdoaanaHULWM MabyMm:

P - _S’KT . (3.38)
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Oemak, E » monekyna Ttabuatura 60rnmk amac, pakar ras-

HUHT MYT/0K T TemnepaTypacura npornopuuoHarn.
5. MakcBen/ TakCMMOTU acocuaa yptada HUC6UIA TeanuknapHu
XaM aHuKnaw MYMKWH;

HUC (3.39)

3.5.Knaccmk cTaTUCTUK (OU3MKAHWUHI acocuii
TacaBBypnapu

OnguiH anTmb yTunraHugek, Kyn COHAW 3appanap XapakaTtnapwu
Xakmparn macanaHM MexaHMKa eda onmaign, yHW CTaTUCTUK ycynnap
6unaH eunnagn. CTaTUCTUK Pr3nkKaga 6Mp Heva Myxum TyluyH4anap
KUPUTUATaH.

P nN3NK cMcTeMaHMHI MyBO3aHaTuii xonatnapuga Typam mMakpo-
CKONWK MapameTpfap ysrapmanan. MacanaH, TepMOAWHAMUK, KU-
MEBMI EKM MexaHUK MyBO3aHaT/nap MasXyd. Mucon y4dyH, mMaskyp
Xaxmgarn rasHWUHI TepMOAMHaAMWK MyBO3aHaTMAa CUCTEeMaHWUHT
TemnepaTypa Ba 60ocumn ysrapmaiigum. Fa3sHWHT Xap KaHfan MyBO-
3aHaTUi MaKpOCKOMWK xonatura MofeKynanapHUHT Xyga Kyn Typ-
NN BasnATNapW Ba XapakaTnapu Tyrpu Kenagwu, YyHKW MoJsieKyna-
nap y3nykcms xapakaT Kunmb Typaawn, TyKHawwuwaaun, 6nHobapuH,
ynap y3 XOoWnapuHwW Ba Te3NUKNapUHW ys3raptupub Typagm, ammo
CNCTEMAHWHI MaKpoxonaTwm ysrapmangu. [lemak, 6uTTa MakpoCKo-
NMK Xonatra >yfga Kyn MUKpoxofnatnap Moc Kenagw, xap KaHgjaw
MaKpOCKOMMK  KaTTaiuMknap MMWKPOCKOMWK  KaTTaIMKAapHUHT
dyHKumnanapn 6ynagm.

CuctemaHMHr 6up Makpoxonatura Tyrpu KearaH MUK-
poxonatnap TynnamMmu ctaTUCTUK aHcambn geb atanraH.

Ma3Kkyp cucTemMa MakpoxosaTura MOC KenraH MUKpoxonaTtnap
COHMHUW TEPMOANHAMWNK 3XTUMONNVK Aernnagn.

Ctatnctuk husmkaga casanap dpasocm geraH TywyH4ya 6op.

Mwncon y4yyH, MONeKynaHuW HyKTaBuiA 3appa fAeb kapacak,
YHUHT 3 Ta KoopAawuHatacm Ba 3 Ta MMNYAC TalWwKua 3TyBuYMnapu
60p. Arap KoopauHaTanap Ba mmnysncnap dasocu capasmii TyWYH-
YacUHWU KUpuUTWaca, 6up MonekynaHWHI Xpnatm 6 Ta yn4yoB (6 Ta
hasanap asocum KoopAuHaTanapu) OpKanu aHwuknaHagun. Arap
cuctema N Ta mMonekynagaH (atompaH) ubopart 6ynca, ynapHWHT
XonatnapnHu 6NTa KaTTauMK aHukpalign, 6yHpa dapasuvii 6bl-
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ynyosnn (X], X2,---Xn koopauHatanu) pasanap ¢asocu TyLlyHyacu
Kuputunaan sa 6y asoga cumcteMaHMHr 6up MMKpo\osiaTU HyKTa
6unaH TacempnaHagu, yHu dasa Yam gerinnagu. ®asanap gasocu-
ha KNYnMK (X1, ax2,..cixn \axmra axpartammi. by \onga cucrtema-
HWUHT WYy KNcMyaga oynuwnnurn sx;TUMonanrm

= WCXj,X2,... X" ) c/X1, "2, mm; Y61/, (3.40)
eMTT

6ynagn. YHM Kncapok Kunmb
dIV(x)=w(x)(dx) m~ (3.40")

KypuHuwga wudoganaHaan, \y(X)-aXTUMONNUK  3UUYNUTU  EKN
TaKCMMOT PYHKLUMACUANP.
CuctemaHUHr asanap (asoCMHUHT 4Yeknn [ \axmar oynuil

a\Tumonnurun

a¥ {r) - )= Liex {ob )8) (3.41)
r r

By xonga HopManawl LapTu;

iw(x}{dx =le (3.42)

daszanap asoCUHUHT BUPAUK )Naxkmugaru HykTanap (MuUk-
po\onatnap) coHu p 6yncuH. CTaTUCTUKAHUHT MYy\UM Teopemana-
pugaH 6upun JinyBnnn Teopemacu tacamknanau;

Up
®azanap TpaekTopuscu OGyiina6 \apakatnaHraHga

6ynaaun, AbHU dasanap gasocugarn KuMYuMk \axmya Bab;T YTULIN
6unaH Ky4da 60pun6 y3 KaTTaIMTUHU cak;naiau;

(N )8N = {clx 2™ . (3.43)

NuyBunn TeopeMacupaH Kylhingarn HaTuka 6eBocuTa Kenmb
UMKaAMW; TAKCUMOT (UYHKLMSACU YMyMallraH KoopAuHaTanap Ba
Pt UMNyNcNapHUHT BakT yTuwmM 6uniaH ysrapmaliguraH 6upnalima-
napu opkanu udoganaHuwn Kepak. ®akaT >"apakaTHUHI MeXaHUK
WHTerpaniapu wWyHgail xoccara aragup. TakcUMOT (PYHKLUUACK Ly
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UHTerpanra 6opnuk éynuin Ba 6uHOGapuH, y3M xaM XapakaT HU-
Terpann 6ynuin Kepak. [lemak, MyBO3aHaT LlaponTuia TakCcumoT
PYHKLNACUHN Ba CUCTEMA XONaTUHW 3HePrnsa aHUKNaWKn Kepak.

Makpockonuk KaTTanuknap hasanap haszocum 6yrinya
ypTayanawTMpuaraH MUKPOCKONUK KaTTannmkka TeHr 6ynagu. Ma-
canaH, xap KaHfah Mukpockonuk msnmk P kattanmk P(x) dyHK-
LUAHWHT ypTayacn cndatnga aHMkKnaHagm:

(3.44)

BakT 6yliMua Ba aHCaMb6n1 6ylinya ypTadya KUWMaTAapHUHT aii~
HaHAUrM 3prognk dapas geninnagn.

3.6. TMB6CHNHI KAHOHUK TaKCUMOTU

TepmocTaTga >KoWnaHraH W30TePMUK cucTemMa  YUyH WX
TaKCMMOT (PYHKUMACMHM Tonannuk. K,apanaguraH cuTeMaHm sHaga
KaTTa CUCTEMaHWHI KaHAangup KHCMKW feb xwucobnaHagwn. by
KucMHU MKkuTa X' Ba X" cuctemayanapra axparamms. by cucrtema-
yanapfa TakCUMOT (PyHKUmManapwm ynapHuHr Tyna H(x,a)  3Hep-
ruanapura 6ornunk g6 xucobnanmmns, SbHU

ny{x') = \viH\x",a")), (3.45)
MI{x”) = m>{H "{x",a"y). (3.46)
byHpa X — cuctemaHMHr BM Ta (MYKW) napameTpu, a —

Tal KW napameTpaapu.
M30TepMNK CUCTEMAHUHT Tyfa 3Heprusicun

H{x,a) =H\x,a) +H\x\a)ll (3.47)

ByHaarm K2 — cucTemMadanap opacufarv ysapo TabCUp 3Hep-

rmsacn. YHm H' Ba H" ra HucbataH KUUYUMK KU YUYyH TU3MM4a-
nap etapau4a kKatta Kunmb6 onuHagu. LWWyHpaii kn.nmo,

H=H"+H". (3.48)
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MycTakun u4Ykn TU3nMMyagaH wmnobopat TU3UM YUYYH TakKCUMOT
byHKUMAcKH
n MH'+H")=MIOMW1. (3.49)
(3.49) Hn norapudcmnab, cyHr gnudcepeHumnannanmms;
Invm/(H'+H™)=1nmNH")+1nm/ (1),
cnmI(H'+H™)=<Mm\y(H)+dInw(H")

ékun 11nu>(H'+H™)(c1H+c]H")=[1nm>(H)]'c1H'+1LLUH")] c1H".

clll' Ba dH" gundchbepeHumannap MycTakua HoOMAra anaHMWun
MyMknu aeb \ucobnao,

[Inw(H'+HY=[Inw(H) JHInwW(H") I'=a
MyHOcabaTHU onamus, GyHAa a — KaHjalaup ysrapMac KaTTasuk,
UyHKM Typau aprymeHTnM dyHkumsanap \ocunacu pakaT ynap
y3rapmac 6ynraHparnHa 6up-6upura TeHr 6yna onagu.
OXUprn TEHFNIMKHU MHTerpasnacak.

1n\y(H)=aH+p (3.50)

ndgoga \ocun bynagn, 6yHaaH;
M(x) = . . (3.51)

By wudopaga a<0 OGynuMwKn  HopManawl wapTuiaH  Kenué
UMKMLUM paBLlUaH, WYHUHT y4yH KYingaruya 6enrvnawl Kunamus;

(3.52)

OHan (3.51) udhopa

H{x) =e ~ (3.53)
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KypuHuwra kenagu. by ndogaHn MMG6CHUHI KAHOHUK TaKCMMOTU
Jerinnagn. B HM KaHOHMK TakKCMMOT Moaynu pgehuvnagn. u gowu-
MWIAHW HOpManaw wapTugaH aHuk/laHagw;

w(x ){dx )&N (3.54)

rmébe KaHOHUK  TaKCUMOTUHWU KenTnupuo YynkKapuwga
KapanaétraH cuctemaga yaapo TabCUpP KWUYMK Ba Temnepartypa
fovmMuii ge6 xmcobnaHaaw.

3appanap 6up-6upugaH dapkgaHmagmrad \onga (MacanaH,
3/1eKTPOHNap rasn kapanraHga) dapk~aHaguraH ?”ongarvra Hucba-
TaH YpHH anmawTnpuwnap coHn N! mapTa Kam, LWYHUHT y4yH Oy
xonga

w(x) = N!-P B (3.55)

ammo \IN! kyn xonga HopmanaHaguraH JOUMWIATA Tabcup
KUAMaingn Ba YHU TyWMPUO K;0NAUPULL MYMKUH.

QHAN TnbbCc KaHOHMK TAaKCUMOTMHWHI acocuii xoccanapwu Ba
HaTwXanapu yctuga Tyxtanamms.

1 (3.54) Hopmanaw wapTugaH TawkKu a napameTp 6yinya
andodpepeHyman oncak, cynr yHun O ra TeHrnacak,

nuuy/ ]1 . 1 (3.56)
dai, '3 Ja).

H
MyHocabaT Kennb ymkagw. A Xocuna ypTtaya (TepMoAMHaMUK)
[a.

yMyMaaliraH A Kyd udgogacuHu 6epagu, sbHU

aH _ N (3.57)
dai. L.
2. AHa Hopmanaw wapTuHu 0 6yinya anddeperuymnannas,

CYHI HOJIra TeHrnacak.

re



Ay (3.58)
nab

MyHocabaT Kenn6 umkagm. AMMO, CUCTEMAHUHT ypTada aHepruscu
H wnuku TepMogMHamuK V 3Heprusra TeHr GyaraHanrn yuyH

wo=y/-1 (3.59)
B
3. OnguH KypraHummnsgek, KaHgamagmp P (x,a) YHKUUSHUHT
ypTada KuiimaTum
Li-H
PM\P{x,a)e « {cK) (3.60)
r
ndogagaH aHUK TaHaaW.
4. (3.60) ndopa 6yiinua:
L -P)H ~H) (3.61)
gB 02 ' '
5. WUHyHWMHraek,
AP (aly AR 4H (3.62)
ba ba fa ba

KaHOHWK TakKCMMOTHWHI napameTpnapv B Ba Y HUHI u3mk
MabHOCU HU al IMKAaNN nK.

I TM66C TakCMMOTr KOHYHW, TEPMOAMHAMUKAHWUHI 6MPUHYN
KOHYHN Ba (3.59) ndoganaH donganaHn6.

T

=0 6YyNUWANTUHN aHUKAaHaAu, B MWHTErpasnoBymn
KynanTyBUM 3KaHAUTWM Mabnym 6ynagun. Jemak, MyT/IOK Temmnepa-
Typa T TemnepaTypaHVWHr yxwawmnm (CTaTUCTUK Temnepatypa)
6ynagn. XMCOGHMHI HaTmacura Kypa,
B = KI (3.63)
oynuwnurn Tonunagu.
2. e=kT Ba =K peb onuHca, (3.59) gaH
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w=ur-t (3.64)

noga Kennb umkagn. ByHn 6UpUHYM KNOHYHra Kyiiunnca,

(aur ~ g At
AT [aT 3y
3PKWH 3HEPTUAHUHT
U(=P=n-T5 éknu H - (3.65)
ndogacn Kennbé ymkagn. Jemak, TepMOANUHaAMUK 3PKUH 3HeP-
TMAHUHT Y31 3KaH.
3. OHAn (3.53) Hwu (3.54) Hopmanaw wapTura Kymmo, HU
AIKKanacak.
w=-9 \nje " {(K =~ In2 (3.66)

r
ndgoaaHn onamus. byHparm

£,
KT (3.67)

WHTErpanHn x;onatnap wHTerpanu Ageivnagn. Arap SHeprus
KuimaTtnapum guckpet 6ynca, y xonga (3.67) ypHura

IR
2=1: " (3.67)
1-1
CTaTUCTUK WnrnHgmpaH doinganaHunann, 6yHga E; o/N\CKpeT aHep-
rma cnektpuga | — \onat aHeprusacu. by x™onga \am (3.66) MyHO-

cabaT y3 KyuMHU cak™anau.
MakcBenn-bosiyumaH TakCUMOTU

MM66Cc KaHOHMK TakCMMOTUAAH KWHETUK 3HeprnagaH 6oLuK,a
noTteHunan aHepruara ara 6ynraH ras sappanapu yyyH Makcsens-
bonumaH TakCMMOTUHU KenTupub ymkapuw MyMKuUH. Bup 3appa-
HUHT 3Heprusacn 6y \onga
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E.r,..*c.. = . v, A (3.68)

3appaHuHr (MOeKYTaHUHT) uMnyncu NA-<+of-!

py.py+clpy.p-.p=(1p™ opanukaa, KoopauHaTanapu X, x+clx; y, y+eéy; T,
1+ (11 opanukpa 6ynraH ?°onatm 3) N TUMONINTN

Px + Py +
o D argpayx

KT

(3.69)

6ynagn. by Makcsenn-bonuymaH Tak,cMMOTUAND.
3.7. TWB6CHUMHI KaTTa KaHOHUK TaKLuMMoTuU

TepMogMHammnkaga 3appanap COHW ysrapyB4yaH GynraH cucrte-
Manap ydyyH /( KWUMEBUI MNOTEHUMAN KUPUTUNAAW, Y 3PKUH 3Hep-
rmagaH sappanap coHu 6yimnya onmHraH \ocuna cungartmnga ndopa-
naHagm;

r N
= A (3.70)
My
byHpaaH;
W="N"-+0.{uy,MrT) (3.71)
ndoga onvHagn {Q - TepMogNHaMUK MoOTeHUWMan).
By \onga TaKCUMMOT KOHYHU
a+um-H]
n'(J1)=-"exp (3.72)
N 1 B

KypuHuwaa 6ynaav, yHU TMGGCHUHT KaTTa KaHOHWUK TaKCUMOTU
gelivnagn. ~2 TepMOAWHAMWK MOTEHLMAn HopManiaw wWapTuaaH
aHuKNaHagu.

YpTaua KuiimaTnap onguvH KypuiaraH k,omga acocuga udpogana-
Haau:
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n =X

n?=o"t KT

amo M ¢

By TakcMMOT y4uyH >"onarfiap MHTerpaam BasudacuHu

I bl
exp
| KT 61
2 =
=0 Nt
ndopa 6axapaaun, Q aca
M=-KT bIT (3.73)

MyHocabaT opKanu aHWKNaHagu. AHa ofIMHraH

TG

=-N (3.74)
AY ! AUy o

noganap O HUHI MabHOCUHMW OLIKOP KuUnagw.
3.8. KBaHT cTaTncTnUKa acocnapm

Mwukpo3sappanap gyHécupa KnaccukK u3nmkKa KOHYHIapu uLl-
Namari kKonagwn. Ynap MakpoxucmnapfaH dapkau xoccanapra ara:
aneMeHTap 3appanap (31eKTpPoHAap, MPOTOHMAap, HeWTpoHNap Ba
\oka3o) x;am 3appa, \am Ty/nKuH TabuaTtra sra 6ynagm, 6up BakTaa
YNapHWUHT XOWW Ba UMNYACUHW aHUK yn4yab 6ynmarign, 6uHo6Ga-
pVH, MUKpo3appanap Xx~onatmHn 6uMp BaKTha KoopAwHatanap Ba
uMmnyncnap éppgamMupga Taceupnab o6ynmanign. Mukposappanap
CMWH MOMEHTNapu, MarHUTUK MOMeHTAapra ara, ynapHWHI 3Hep-
rMsacn  KuiMatnapy y3yK-y3yK CMeKTp TalWKua Kunagu, gusmk
cucTeManap ~ofaTUHU KBaHT MexaHukaga LUpeauHrep TeHrnamacu
Tacesupnamgn. MwukposappanapHuUHr  6apyacu 6up  6upugaH
hapknaHmagn. Xynnac, KBaHT cucTemanapfa y3ura Xoc
KoHyHMsATNap acocnpa mMaxcyc xoccanap MaBxXyg.
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KBaHT cmucTeManapuHMUHI CTaTUCTUK K;OHYHUATNAPUHW KBaHT
cTaTUcTMKacu ypraHagw.

By x,0nga dasanap dpasocu 6yiivya 6apya uHTerpannap 3'pHUHU
KBAHT CUCTEMACUHWHI  6apya Xxycycumii xonatnapu  6yinda
AMrnHannap onagm:

CTaTUCTUK MUrNHAN

3.75
KT ( )
6ynaau, ammo ;2 =-KT1ln2 udoga cak™aHagw.
OHepruanap bynnya Tak,cMMOT YHKLMACK
T (3.76)
HOopManaw LwapTu
i(E = cons(  exp =1 (3.77)
/=1 1=1 KT
3HEPTUAHUNHT ypTada K;uAmMatii
KT (3.78)
EE:lexp KT

KypuHuwiga 6ynagu.

(3.73) ngpogaHm 6owkNayapok, Knamb &3mb onanuk. 1-xonat
3HEPTrUACUHU T~ YyHAaru 3appanap CcoHWHU n, Ae6 oncak, 6y
Xonatgaru 3appanap yMyMuii aHeprusacu wne/, aHan M=n, 6ynagu.

Jdemak, 6y xonatra Moc TepMOAMHAMWK MOTeHLMan

a, = ~kT In X - KT (3.79)
KypuHuLwga 6ynaau.
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| — xonaTgarv 3appanap yptaya coHU

—n . (3.80)

Maynn npuHuymnura 6yiicyHaguraH (SpuMOYTYH CAMHAW) 3ap-
panapgaH (3neKTpoHNap ydyH 5=1/2) TalwkKwuanaHraH cucremaga
6up xonatga pakat 6uTTa 3appa 6ynuwmn é 6~N'nAmacaurm MyMKUH,
AbHU n/= 0,1 kuimatnap onagw, xonoc. by >onga:

< /l-e, Moa-e.)

I = \+ e , | /7, «m
n, I

\ )

[emak, /— xonatgarn yprada sappanap COHW (Tyrpuporu iy
Xonatga 3appaHuHT 6y 3XTUMOJIIUTIA)

(3.81)
1-7

By wudoga dPepmu-Aupak cratuctukacura 6yicyHaguraH
(Maynn npuHuymnura 6yncyHaguraH) wgean ras ydyyH depmu
TaKCUMOT YyHKUMAcuaup. exp(e-u)/KT» [ 6ynraHga y bonuymaH
TaKCUMOTUTra yTagmn, ibHU

/(£,-,T ) = exp (3.82)
KT
6ynn6 onaau.

CnuiHL 6ynmaraH éku cnuHu 6yTyH COH 6unaH 6enrvnaHagm-
raH sappanap x°p kmpan xonatga UXTUEpPuMIA coHpa bynuwmnm Mym-
KuH (ynap May.!M1 Takmk npuHunnura 6~"HkyHmalign)-

by xonga
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£2, = -KT X C = -KT 1+e « + " + ..

ndogagaru NUTUHAN Maxpaxaun Ba y 1 faH KUUYUK
KT

GynraH YekcuM3 reoMeTpuK nporpeccus 6ynagu, WYHUHT YUYyH

0.1 = kT 1n \-e ¥ (3.83)

Oemak, 6y \onga

/- = /(£,-,T ) = (384)

e -1

By wudopga bBo3e-OMHWTENH cTaTucTukacura O6ylicyHaguraH
3appanap ufean rasy yyyH Tak,CMMOT (PyHKUMAcnanp.

depmu-Aunpak KBaAHT CTAaTUCTUKACUHWHI 3/1eKTPOHNAp amHu-
raH rasmra Tafpkuk, K,unanauk.

JneKTpoHNap rasu ymymaH antraHga depmu-Aupak cratu-
cTukacmura 6yncyHagn. Xycycui \onga 3/71eKTPOHAap 3UYIUTUA Kam
6ynraH, abHU exp(e-u)/KT»\ xonga, 60owWK™Naya aliTraHga, anek-
TpoHNap rasu ariHumaraH xonga MakcBenn TakcumoTuaaH doiga-
NaHnW MYMKWH. Arap maskyp TeHrcusnumk 6axapwunamaca, y xonga
3/1eKTPOH Tra3suHW aWHuraH ras genwnnagu. MeTannapga 3pKuH
3/1eKTPOHAAP 3NYANTM KaTTa, 6MHOGapwuH, y ras anHuraH 6ynagwu.

MyTnok; xonga 3MeKTPOH ra3 Tyna alHuraH 6ynagu, 3nek-
TPOHNApP 3HI NacT 3Heprusnam xonatgaH To KMaHAakgup Katta
Kuiimatnn 3aHeprua >7"onaturada 6apya xonatnapHu Tyna 6aHpg,
Kunagn. Ly 3Hr HOKOPUIM Xonat MYTNOK Hongaru ®epmu aHep-
ruscn (Pepmu catxu) gennnagu.

p Ba p+Clp MYTNOK KUAMATAW MUMOy/cnap opanurnga 3appaHuHr
nnrapvnaHma \apakatr KBaHT xonariapu COHU

4np” clpayY
{2nny
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3NeKTpoHNap \onartnapu CTaTUCTUK BasHW 2. YHra ywbéy mdogaHu
KynanTmpcak, KBaHT \onatnap coHu (V xaxmpaa)

Yp “~clp
6ynaan.

ONneKTpoHnap

/=0 paH p=po raya XxonaTnapHW 3rajnara,
YNAapPHUHT COHWU:

6yHAaH IOKOPUTU UMMNYIC

v (3.85)

Ba OKOpUrn aHeprusa (PepmH catxu) Ep- = é/\ =£N(T" - 0):
T

Ep{T =0) =(3;|2‘)3'7t (3.86)
2m

ONIeKTPOHNApP FasMHUHT Tyna 3HEPruacu:

s 8 2. T r"UN )

== {#n") N . (3.87)
10 T

By kenTupmunraH vndoganapHUHT Ky/afaHWLW WapTy

T « (388)

N7/=E£/'wapTngaH aHukK;laHaguraH [/-TemnepaTypaHu aiHwULL
TemnepaTtypacu fennnagun.
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depmu-Aupak cTaTucTMkacu épaammuaa ariHUraH 37eKTPoHNap
rasuHUHIN UCCULINK curumn (c,. = /31T ) aHuKnaHuwmn

MYMKWH.

AliHnraH  bo3e-rasMHMHI  Xoccanapy  Xam  ypraHusraH.
KaHpainaup derapaBuii o TemnepaTypajaH nactja FasHUHT 3Hep-
ruscu

E=0,770MTY~/T/2 ~P'2. (3.89)

AemMakK, YHUHI NCCUKINK CUTUMU

Cy =— -TY~ (3.90)

Bo3e-rasz 6ocumum;

»I™N12r50
/; = 0.8517r (3.91)

3.9. Kopa HypnaHuLu

Kopa HypnaHuwHW ¢oToHNap rasn ae6 Kapaw MYyMKUH. do-
TOHNap 6up-6mMpu 6unaH ysapo Tabcupnawmanan, 6uHobGapuH, 6y
rasHu wugean ras ae6 xmcobnaca 6ynagu. ®oToHNAp CcnuHra ara
amac Ba bo3e-JDWHWTEWH cTaTuUcTMKacura 6ylicyHaan. ®oToHNap
rasv yyyH KMMéBsuiA noteHuyman /m=0 6ynagu.

= Tno™ aHeprmanu xonatga bynraH dotoHnap coHwm [MnaHK

ndgogaacu

/7('n )= o, (3.92)

opK™anu TacBMpnaHagn. XUCOGHWHI HaTuKacuaa CNeKTPHUHT Tak-

popuiinuknap Jlo opanurura Tyrpu KearaH Kopa HypiaHull 3Hep-

rNsCU:

Y coN o3

._C3 no
/AT |

(3.93)
n
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Arap Takpopwuiinuknap kunumk (fio) < kT ) 6ynca, Peneii-
XXnHc ndogacn kennb ynkagu:

dE =1 ' (jirdw . (3.94)

By udopa TebpaHMa xapakaT 3pKWHAWK fapaxanapu COHWHMU
KT ra KynantvpuwgaH kenmé uuk.KaH. By mdogaHu kKatta Takpo-
puiinMKnap coxacura acoccms TafouK, 3TUJCA, Y X0Nn4a HypiaHuL
Tyna aHepruscu

£ = jciE ¥~ 6ynn6 uuk,agu. by 6emabHUIUKHK "ynTpa 6u-
0
Hacpwa xanokat" fe6 HOMIaHraH.
Acnnpga ficd » KT xonga
Mo

dE,, =V -~ w h dco (3.95)

o PAN{

-
6ynagn (BuH wndogacu) Ba Tyna aHeprus ra amnaHmamgmn, ak-
CMHYa YeKNn KuiimaTtra ara 6ynagw.

CnekTpasn 3Heprusa 3nvnmrun

d((;o KaHpanaup co=co,, Kuiimatga MakcuMymMmra spuilagu:

25K
(«n1=2-822 T~NJA. Arap 6yHga (OT= anMawTMpuLL Kun-

Amin

cak, 9,./.r,,=const mndgoga xocun 6ynagn. by BUHHUHI cumKUL

KOHYHWN 6ynub6, y HypnaHyB4YM XXWUCM TeMnepaTypacu owiraHaa crek-

Tpan 3MYNMK MaKCMMYMW KWUCKa TyNKUHAap (KMYMK S nap) TOMOHra

cnmkningn aeb tacamknaan. bBose-3MHLWTENH ctaTucTukacn CredhbaH-

BonuMaHHUHT ywby - HyplaHULWHWHT Tyna 3Hepruscu

E = AT"A (3.96)

HYpfaHyBYM >KUCM TeMnepaTypacMHUHI TypTUHYM Japaxacura
nponopunoHan 6ynagn feraH KOHYHWHU Xam Kentupub ymkapagu.

CTaTUCTUK (PU3NKAHUHT TafKUKOT coxanapu Xypga KeHr. bus
6y 606pa YHMHI acocuii  TacaBBypfnapwu, TywyH4Yanapum Ba
KOHYHNapu 6uniaH Kucka TaHUWKWG YMKAWK, KelinHru 6o6nappa 6y
MabayMOT 6MpPO3 TYNAMPUNMG KynnaHUWMHW Xam Hasapga TyTAMUK.
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CaBonnap Ba macananap

1. Tak"cMMOT DYHKLMACUHN TabpUddIaHr.

2. Hopmanalwl WapTUHWUHI MabHOCUHWU TYLUYHTUPUHT.

3. Tacoguduii KaTTaIMKHUHI ypTaya KUAMatu HUMaHu 6wun-
anpagn?

4. KaHpan TakcMMmoTnapHu 6unacmns?

5. MakcBenn TakcuMMoTW KaHgalh \onga agonatnm?

6. MonekynaHnmHr maccacm HO'22 r Ba Temneparypa 300 K
6ynraHfa aHr 3a“TUMONNN Te3NUK, ypTaya Te3/IMK Ba ypTaya KBaf-
paTUK Te3NIMKNapHWN aHUKNaHT.

7. TMB6CHMHT KaHOHWK TakCcMMOTMAa KaHdal napameTpnap uwTu-
poOK 3tagn?

8. 'M66C KaHOHMK TakcMMOTBAaH Bo03e-IMHLWITEAH TaKCUMOTUHN
KeNTUPUG YMKapPUHT.

9. Tmb6Cc KaHOHWUK TakcuMoTugaH depmn-Anpak TaKCUMOTUHN
KeNTupmno6 YNKapuHr.

10. MyTNOK KOpa >XWCM HYpPAaHUUTU KOHYHNapWUHW Kalcu cTa-
TUCTUKa TYWYHTUpN6G 6epa onagu. Ly acocpga CtedaH-bonumaH
Ba BMH cmnkniw KoHyHnapu kaHgai kK5™puyHuwga 6ynagm?

11. depMu-Anpak TaKCUMOTUHWN 3/1IEKTPOHNAPHUHI aliHWUraH rasura
Tafoukfrab depmn caT™M 3HEPrUACUHU TonNMLITra ~apakar KUIWHT.

77



IV BOb
KATTUK XKXUCMNTAPOA NCCUKNNK XOONCATTAPU

OonauHrn W 6o06pa aHuya 6atadcmn uapab umk™mnaraH Kpuctani
naH>apacu atomnapu (MoHnapu) TebpaHUWNapu HasapUACUHUHT
3Hr My\MM TagnubyTapufaH O6Mpun KpuUcTann naHxXapacu WCCUKAUK
CUTUMU Hasapuacmgnp.

4.1. NcCUY LMK CUTUMUWHWHE KNAacCUK Hasapuscu

Knaccuk dusmkaga naHxapa atomnaapy \apakatm MyMros me-
XaHuKa  K,OHyHnapura 6yicyHagn  ge6  xmcobnaHagw. by
KoHyHnapgaH 6upwn ypTada 3HeprusHUHI 6apya 3pKUHAUK fapa-
Xanapu 6yinya TeHT Tak”CMMOT KOHYHW 6ynub, yHra Kypa 6up ap-
KWHAWK fapaxacura Tyrpm KenaguraH ypTaya KWHETUK 3Heprus
{\12)KT ra TeHrgnp (6yHpgarn /c-bonbumaH founmwniicn). Ly acocpa
KaTTUK; XWUCMHWHI WCCUKAUK CUTMMU  MYMTO3 KOHYHW Kennbé
ymkagn. MabnyMmKu, xap KaHfan TebpaHWLWHW y4 TalKua 3TyBYN-
ra axpatvw MYMKWH, Xap Tawkwun 3TyBuura (TebpaHma Xxapakar
Ipkn[)nnkK papaxacura) TebpaHyBUM aTOMHUHI (1/2) kT ypTauya
KUHeTUK 3Heprusacn Ba (1/2) kT ypTaya noTeHUWan 3IHEPrusacu
TYrpu Kenaguv, gemak, xap 6up TebpaHma 3pKMHAMK gapaxacura

-{\/2)kT +{\/2)KT =kT (4.1)

3Heprus Tyrpu Kenaau, Te6GpaHaéTraH aTOMHWHI ypTaya Tyna
aHeprusicu

(4.2)

6ynagu. Arap rpaMm-aToM MWKAOPAArun KpUCTana OfunUcs  VHUUT
atomnapu TebpaHULWNapu Tyga aHepruscu

ENA - -ur, (4.3)
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6y epga J1'-ABoragpo coHu, R-ras yHuBepcan goumuiicu.

Tabpudpra Kypa, KaTTUK, XUCMHWUHI WCCUKAUK curumun aeb
TeMmnepaTypa 6up rpagyc K.agap ysrapraHga YHWUHT UYKU 3HEPTUs-
CUHWUHT y3rapuwin mukgopura aitmnagn. by curumHu C=dE/dT
Tap3ga aHuknaHagn. C - cUurum ampmm TepMOAMHaMWK KaTTanuk-
nap dyHkuymacn 6ynnb, YHWUHT KYPUHUWW Ba KWAMaTW KaHpaan
waponTha aHuKnaHuwura 6ornnkaup.

Arap MCCUKMMKHUHI  CUTUMMU  XUCM  XaXmu  ysrapmac

di. \
cak™aHraHu Xxonga aHMUKaHca, r./ = (dh ,  6ocum

)y = consl
y3rapmac cakpaHca, Cp=(dE/dT)p=consi KypuHunwupga 6enrmnaHa-
av. Opgatga Temrepartypa ysrapraHuga Kpuctana KaTTUK XuUcmiap-
HUHI XaXMW KaMm ;ysrapraHnuru Tydainm ynapHUHT WCCUKINK
curmmuHn Cy peca b6ynagun, (xoHa Temnepatypacmpga Cp-CcTHbl C,
- curnmm pgaH 3-5% uvamacmpa OpTUK XONOcC).

Aemak, rpammonekynsap (Monsap) NCCUKNUK CUTUM

dEu
C. =Cy =—d_’|_\ =3R ®6 KaniMon.rpaj (4.4)

6ynagn: 6uUp aTtoMIN KPUCTann KaTTUK XUCMHWHI MONAp UC-
CUKNNK CcUrumun 6 Kan/mon.rpag O6ynuwmn kKepak. by KOHYHHU
ObloNoHr-NMTn KoHyHW paeinnagu. XoHa Temnepatypacmpa 6up
Katop wmogganap WCCUKANK CUTUMWUHW yndawnap AbtonoHr-Nrn
KOHYHUM AXWW 6aXapunmwmnHn Kypcatagu, aipvmm mogganap y4dyH
C HUHT Kunmatn ObonoHr-MTM KoHyHUra Moc Kenmaingw.

4.1 - »agsan

Monpa Cu,kan/mon.rpag, Mosu(a Cu, kan/mon.rpag
Anomitw 1 6,14 Kymyu 6,13
Temup 6,39 Pyx 6,10
OnTunH 6,36 nop, 6,6

Mwuc 5,90 KpcM Huii 4,64
K,maw 6,63 Bop 2,51
MnatnHa 6,29 Kap6oH(onmoc) 1,35-

By macanara keiin}gok TyxTanamms.
lOkopugarn MynoxasartapHM [AaBOM 3TTUPCaK, WKKW aromauv
KpucTannap yyyH CY 6ump aTtomnum KpuctannapHukugaH 2 6apobap,
AbHN C,=12 kKan/mMon. rpag, UYyHKU OynapHWHr 6up rpaMmmonmu
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aHepruscu 2 6Gapo6ap Kymn, yd4 aTtomMau Kpuctannap ydyyH Q=18
Kan/mon.rpag 6ynuwun  Kepak. Bup Kk.atop Kpuctannap yctuga
ynyawifap xoHa TemnepaTtypaenja Moc KuiimatnapHu Gepaau.

4.2 ->kapBan

Mogna Cu,kan/mon.rpag, Mogaa Cu,kan/mon.rpag
Cuno 11,3 CaCb 18,2
NiiCl 2n BaCb 18,6

To nact TemnepaTypanap onuw ycynnapum uwnaé YMKuIryHda
Ba Oy Temnepatypanapfa hcchkjimk curumunu Ynyawnap nynra
KyAnUAryHya xoHa TemrnepaTypacu Ba YHAaH toKopupaa GaxapuaraH
ynyawnapgaH [AbAoHT-MTNM  KOHYHUM Xamma BaKT  YPUHAM
6ynaguraH KOHyHpah Tywonapau.

AMMO, nact Temnepartypanap coxacuga AOvrlonoHr-MTtum
KOHYHMAAH  4eTnaHuwiap Xyja ce3unapau  6ynmwnurm,
aHUKpPOrn, Temnepatypa nacaiiraH capu KaTTUK, XXUCMNapPHUWUHT
WCCUKNINK CUTUMU Kamalinb 6opuwun Kysatmnau. 4.3-xapsanga
MMWC Ba OJIMOC UCCUKAUK CUTUMUHWHI TaXpubaBnin Kuiimatnapu
KeNnTUPUIraH.

4.3 -»aasan

Mwuc osimoc
Temnepatypa °C C,,,kan/mon.rpag Temnepatypa °C Cu,Kasa/mon.rpag,
-259 0,04 -183 0,03
-186 3,32 -66 0,64
-39 5,59 +85 2,12
+50 5,90 +985 551

ByHAalh KOHYHUAT 6apya 60LiKa
KaTTUK >XUCMMap YYyH XaM Ky3a-
TUATaH.
Bus 6y 6aHgfa Kpuctann naH-
xapacu atomnapu TebpaHwuwnapwm
6unaH 60rnuK 6ynraH WCCUKINK
CUTMMNHN Kypaétnpmmni. HKOkopuga
6y WCCUKIUK CUTUMWUHUHT [blO-
NOHr-MNTN KOHYHUTra onno Kenagwm- 4N1-un3ma. babnl KarTuk, >Xxmucmnap

raH MyMTO3 HasapuAcuHWN Kapab iiccHiviHK CUTVIMHWHI Temnep'nTy-
YNKONK para 6ovaHuLw».
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4.2. Kpuctasa naH>apacu UCCUKINK CUTUMUHUHI KBaHT Ha3apusacu

[eb6ali TemnepaTypacu OggaH nacTt Temnepatypanapga KBaHT
OHYHUATNAPU acocuii axammaTra ara. X.ap 6up b;aTTuy Xucm
YyUYyH eTapniiya loK,0pu TemnepaTypanapga 6axapwunaguraH [bio-
NOHT-TITN KMOHYHU (MCCUKAUK CUTUMWN TeMmnepaTtypara 60rnnk~mac
Je6 TacauunoBUYM K,0HYH) MacT TemnepaTypanapga 6axapwuamacnu-
M TaxpubanapgaH Mabaym  OynraHgaH — KeliMH — UCCUKAWUK
CUTUMUHUWHI KBAHT HasapuUACUHW fpaTtull 3apypavrn aéH 6yngu.
MNaHKHWUHT MYTAOK, K,0pa XWCM HYpfiaHUWW KBaHT Hasapusacu
acocumpa A.QNMHWTEeNH (1907) 6UpUHYUM 6YNnb, Y3UHUHT UCCUKAUK
CUTUMW Ha3apUACUHW Taknud wnaun. YHuHrya, N aTompaH Talu-
KUNMaHraH Kpuctann 6up xun o Takpopuinmknn 3M Ta Tebpa-
HuWwra 3ra ©O6yna onagn. 0) TakKpoOpuUWIUKNM  TebpaHULL
3NTUMONNUIMHM MnaHk ndogacn Tascudnanan

rH{nr) =- (4.5)

1
ko)
KT

Xap 6up Te6paHULl 3HEPrUsicM KBaHTW “cora TeHr, ypTauya
3aHepruscu

/(i0)-Mw = - 4D , (4.57)

-1
O6YTYH KpucTana Te6paHULLIapU XaMu 3aHeprusicu

3Mrlco

T (4.6)

Y3rapmac x;axm wapontuga KPpUCTanaHUHT UCCUKOANK CUTUMW

o, =(HE (4.7)
aT
6yHaa
EQo.r )= (/i) ! kT exp( Vico / KT ) (4.8)

[exp( Mco /KT )- 1
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lOkopu T napga (LU0 « kT 6ynraHga) P(co,T)=], 6uHo6apuH,
Cy=3Mk, 6up rpammon y4dyH 3ca Cy=3Mk=3K 6ynmn6, sabHuU 6y
xonga ObonoHr -MTu KOHYHW agonatnnaup.

Mact T napga (% co»k T 6ynraHga)

2 1
exp (Te 7 epr Te \ (4.9)
kK[~ KT N \T A [ T
6yHparm T = O s 3lHWTeANHUHT TaBCMUIA Temnepartypacwu.

OMHLWTeNH HasapusAcu CA/-6yiinua Taxxpuba HaTxKanapuHu cuda-
TaH TYWYHTUPULUTE, SSBHU HUHT T nacannwun 6unaH Kamammé
6opuwIMHM KypcaTuwra spuwgn. (4.9) ndogasa Temnepatypa na-
caliraH capu exp(-TE/T) xypa Te3 kamasagun. (Tp/Tp ceksaH opTaaw,
Hatuxaga P(co,T) 6y xonga Te3 Kamarinb 6Gopagn. AMMO, DiAH-
WTEeAHHMHT XxamMa aTtoMmaap 6up Xun 10 Takpopuinmk 6unaH Teb-
paHaan pgeraH dapasvn akaT xamma aTomiap MycTakun TebpaH-
raHgarvHa Tyrpm 6ypapan, BaxonaHkKW, xak” Katha KpucTtann aToMm-
napn 6up-6upu 6unaH 6ornaHraH pasvwga TebpaHagn. OWNH-
wTeliH uyukapraH (4.9) wndopa KypcaTkmunu QyHKUMa Tap3vga
y3rapagn. Taxpuba T nacanmwmn 6unaH Cy HUHT fapaxann KOHYH
6yinya KamauwWMHWM Tacguknamgn.

M. Ae6aii (1912) Taknnd KUAraH UCCUKAUK CUTUMWN Hasapus-
CM  KYyNUYWAWK  KpucTannap Y4YyH nacT  TemnepaTtypanapga
yTKasuaraH Taxpubanap HaTMXanapmHW SXWKW TyLWYHTUPa ongu.

[ebali xam kpuctann N aTtompgaH TalKunnaHraH 6ynca, yHpa
3M Ta TebpaHuwWw OGynuwWN Kepak, amMmMo Xxap O6up TebpaHuLl

Y3VNHUHT TYNKWH BEKTOP K ra 6ornmk ® Takpopuiinurura osra,
6apya W yactoTtanap coHwm 3// faH nbopaTr IPKUHANK Japakanapu
coHura TeHr, 6yHpa Takpopuinuknap O gaH TO MakKcuman 0 Tak-
popuiinukrada 6ynraH 3/1"Ta KuiimaTHU onagwu, sbHM (3.82) udoga
NPUHN 6ynaan. AKyCcTUK  TebpaHuwnap Tapmoru YUYH.
aHWKNaHTraH TakpPoOpuUAMK TakKCUMOTUHUHT (3.58) wndogacnHun
(3.82) ra kynmnb xmcobnacak.

I g(a )éow = sr 0 (fl.(O:_yQ 4
o o 2% Y6
6yHAaH:
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(4.10)

Yo=Y/M - anemeHTNap KaTak \axmu.
3.5 6aHpga (3.83) ndoga KypuHmniunga [ebai TemnapaTypCcuHM
MaKcuman L), Takpopuiinmk opk™anm mndoganaraH sgukK. AHAN YHU

(3.10) ndogagaH onganaHnb Tascudnanmmns
1

3N (4.11)

OnTUK TapMoKaap Y4YyH xam [e6aii TemnapaTypyfnapuHuU Ku-
PUTULL MYMKUH.

0/ =ba)l/k (4.12)
Ywa 3.5 - 6aHAua 6aéH KUNMHraH oHoHNap (sHeprus ,

KBa3n UMMyJscu ) TywyH4acugaH coriganaHamuns. (3.78)-(3.80)

ndoganapHn Kynnaiimmus. YHga KypraHumusgek \ap 6up oo Te6pa-
HULIHUWHT (10 TAKPOPUNRNMKAM (POHOHNAPHUHT) 3Hepruscu

e, =MNcoo + - N o (4.13)

enT'
6ynun6, y (4.5) DJiHWTeliH wndogacugaH 6upuHuM \ag 6unaH
hapkgaHagn, yHM Te6paHULLIHWHI HOVWHYW 3HEPTrUsicn dennnagw.
(4.13) wndogaHn 6apya TapmoKgap Ba Takpopuinuknap 6yinuya
)Kamnacak, 6yTyH KpucTann naHxapacu Tc6bpaHuwnap Tyna 3aHep-
rmacu xocun Gynagwm:

35 n
E = E, y A (4.14)
Y=4 o
Kr KT
BupuHuM xan Tyna HOAUMHYWM 3Heprua, N AnrmHan ydrta
I=1
35
aKyCTUK TapMoK, Oyinua, N 3ca, 3B-3 Ta ONTUK TapMOK,
y=4

6yiinya onnHagu.
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%
(4.14) ndogagarn ApuHAnNapHu kNngarn myno\asanap aco-
cmpa copjapok, Wyn 6unaH ?<;ucobnawl MYMKWH. AKYCTUK Tap-
MOK™ap 6yinya MNTMHAWHW nHTerpan 6unaH anmawTmpca 6ynagu.

YT b 2™ N
e P 2) n Y4 o E’O
e -1 € -1 e _l
Arap ynyamcums x=%03 /KT KaTTa/IuK KUpUTCaKk,
Eak=LLT.3M(Bak/T) (4.157)

6ynagun, 6yHpa

o Bk /T )= / (4.16)

OnTuk Tapmoksapga o)(4) TaKpopunauknap g HUHIK QyHKunsa-
cn cudpatnga Kam ysrapagu. LLYHWHT ydyyH >@p 6up onTuk Tap-
MOKKa 6up co(f/) Takpopuinnuk moc kenagu ge6 \mcobnanmms.

Tro) 3% b0)
Eon = 1 1 H E v (4.17)
7=4 a NT y=4 e .
, Arap 6y x,onga yn4amcus T T KaTTanmknap KmpuTcak,
K —_— —_—

((y
(417"

y=4_0]

-\

JHAN  KPUCTAINHWUHI  TebpaHuwiapu  Tyna  3HEpPrusicu
Kylingarn KypuHuwga 6ynaau;

E LB . Egll - EM 4+ HKT 30 K+ (4.14"
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UerapaBuini xonnapfa KpucTan/a nNaHXapacuHWHI WUCCUKINK
CUMMMN KaHfar 6YNMLWANTUHN Kypanaunk.

a) lOkopu Temnepatypanap (T»9ab,B/ ) coxacmpga x<<1
6ynrannurn Tydannm (4.16) nHTerpanga

eN-\=1+x-1=X, LWYHUHT Y4YyH " ONTUK TapMOoK

6yrinya RnurnHan

=3"-3
B!IT N B T
7=4 e -1
WyHpai kKunuo,
E = +bBTT +{bs8 B)XT
byHpaH C/ = AE = 3sNk Ba C,,=3K oynmwnuru.
ar

ABbHU OKOpPWU Temnepatypanap coxacuga [AboaoHr-NTU KOHYHU
TYIpY 3KaHNUTU Kenub umkaaun. By xonpa 6apya akyCTMK Ba ONTUK
Tapmoknapgaru TcopaHuinap yirotunrad éynaawu.

6) QHAM nact Temnepatypanap {T«Baic, T«B,) COXacMHU
Kypalinmk. By xonga oONTWMK TapMoknapra Tervwnm xaganap

6Yy/T )b TapTMbnga 6ynn6, 1 ra HucbataH aHya KUUYUKAUD,

6y nurnHaunapHu (4.14') ga Tawnab w60pULL MYMKUH, YYHKWU By
Xonga HKopu TakKpoOpURAMKAM ONTUK TeGpaHULLNapHX ylroTuwga
KT Yamacmgaru MCCUKIMK XapakaTu 3Hepruacu etrapnu amac. bu-
HOGapWH, nacT Temnepatypanap coxacupja ONMTUK TebpaHuLwnap
Lespnn  yhrotunMaraH 6ynraHnmru Tydalinu 6y Tapmoknap uc-
CUK/INK CUTUMUTa ce3nnapnm xucca Kywa onmanan. (4.16) mHTe-
rpanga lKopwu 4yerapaHu [neb onuMHca.

o1 15
6ynagw.
Jemak, (4.14") wncoga Kyhmpgarn KypuHULIHW ONagu:
K AY{KT )"
- Ea + (4 14"
50«a \0M?yl
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by VIqI)O,D,a acocmpa aHMKnaHaguraH UCCUKNTUK CUTUMMN;

aE nn~k T
Cy = N (4. 18)
. p'T Yr 5 Bak
Arap (ABoragpo coHwu), y
?(onpa /Y"A=N 6ynagn Ba (4.18) MO- g 1,0
NAp MCCUKAUK CUTUMUHWM  ndoga- 0.8 /
naiign. (4.18) wudopa nact Temnepa- 06 /
Typanap co>(acuga Kpuctana naHxa- %“;
PACUHUHT WUCCUKAUK CUTUMMUN ra ’ T/0
MyTaHocu6 pasumwga ysrapagm pe6 O 4204 08 10

Tacamknangn. by KMOHYH Taxpubapa
20- 25 K taptmbugarn temnepartypa- 4.2-unama. Katrik knemnap
p a patyp NCCUK-YNK CUTUMUHUNHT [eb6aii

nappa axwu 6axapunagu. [e6aii- TemnepaTypacuaaH nacTaa
HUHI  Hasapusacu 3nacTuK TyTall ysrapuwu.

MYXUT Tathnbun (KOHTUHyan Takpub)

KynnaHaguraH nacT TemnepaTypaja YWroHraH Yy3yH Ty/JKUHAap
Xonupa afonatnm aKaHIUTN Tacank~aHagu.

4.1- ynsmagaH KypuUHULINYE, UCCUKIUK CUTUMUHWUHT YHWUHT
ObonoHr-MTtn nogacura HuMcbaTu nacTt TemnepaTypanapga
(T/B)™ ra myTaHOCU6, IOK,0pU TemnepaTypanapra 1 ra MUHTUNagW.

AHa wWwyHra 3abTNU60pP Gepull Kepakku, Krnaccuk(MymTo3) co\a
KBaHT co”afaH T=0 pga amac, 6anku nacTpok; Temnepartypaja ax-
panagn. An6atta, [ebaii Hasapusacu 6ekamy-KyCT Hasapus 3mac,

KOHYHHUHI 6axkapunnil cox,acm 6atadcun Ta>ymn KUAnHraH
TagKkukoTnap \am mabaym.

4.3. Kpuctann KaTTuK, >XUCMHUHI MaH>Xapasuil NCCUKINK
YKa3syByaHNUru

KaTTuk >Xmcmnapga, rasnap Ba CylKauknapgaH ¢apkin pasuL-
43, UCCUKNK (hakaT UCCUKNIMK YTKa3yBYaHIVK OpKann y3aTunagun.

YMymMaH aiTraHga, Kpuctannga MCCUKAUK 3HePruscn HOHOH-
nap, @OTOHMApP, 3PKUH 3/IeKTPOHNAap (EKU 3PKNH KOBakK/ap), anek-
TPOH-KOBaK XyddT/iapn, 3KCUTOHMAP OpKanu y3aTUAMLIN MYMKWUH.
bus 6y 6aHpgna OHOH UCCUKAWK  YrKasyBYaHIMKHW  Kapab
YMKamMmn3. YHWU 6Gab3aH MNaHXapaBuii UCCUKANK YTKasyBYaHAMK Xam
aenvnagn.
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Arap KaTtTuK, XXWUCM HaMyHacu yudnapu Typnu TemnepaTtypanapga
TYTM6 Typunca, y xonga HamyHagaH MCCUKMUKHWHE Y31YKCU3 OKUMU
BY)XyAra Kenagu: MCCMKPOK yuydarn Kpuctann naHxapa TyryHnapm
KaTTapok amnauTyga OwunaH TebpaHagwu, ynap y3vapu 6ornaHraH
KYLWHWAapura Tabeup Kuamb, ynapHUHI TebpaHU aMnanTygacuHn
(6UHOGapUH, aHeprusicMHW) opTTMpagn, 6y KywHwunap y3 HasbaTuga
HaMyHaHWHI COBYKPOK Y4/ TOMOHra 6y TabCUPHWU (UCCUKINK 3HEP-
rMACUHWN) y3aTaau.

MacanaH, clT/cIx TemnepaTtypa rpagveHTU MaBxypn OynraH
(CTEPXEHHWHT) HaMyHaHWHI cl3 KyHpanaHr kKecumu opkanu Jl
BakTZAa 5°raH c10 UCCUKAUK OKUMUHWN MONEKYNsaAp dusvka daHu-
JaH mMabiym

(ia = -4 "d;(‘det (4.19)

ngoga 6yrinya \mcobnaw MYyMKWUH, 6yHaarm A - WUCCUKIUK
YTKa3yBUYaH/INK KO3I(PPULUNEHTHN.

Bus onguHrn 606ga KpucTann naHxapacu aTomnapu Te6paHuLU-
napuHn (hoHoHNap Ae6 atanaguraH Ksaswm 3appanap opkanu udoga-
nawl MyMKUHUTMHW KypraH 3aukK. AHa LlyHra Kypa Kpuctannapga
VUCCUK/INK 3HEPTUACUHM hoHOWap opKanu ysatunaanm aeb antuw
MYMKUH.

[eb6aii Hasapusicu 6Gylinya, NaHXapaHWHI YWToOHraH XonaTuHU
KpUCTaN/l XaXMuga 3pKUH XapakaT/liaHyBUYM (DOHOHMAp wmpean rasuv
KypUHULLIWAA TacaBBYpP KuamHagn. ®OHOHMap rasu temnepatypa-
NapHUHI MyalisiH opanurnga wmpean ras xoccanapura ara, LWYHWHT
YUYH KaTTUK D>KUCMHWHI naHxapacu (poHOHMIAp) WCCUKAUK
KasyBYaHIUTN KO3 PULNEHTUNHN vaean rasHukungamn
KypuHuwga ndgopganaca éynagu:

Ap =yC7>,, (4.20)

6yHaa C — choHOHNAp rasv GUPANK XaKMUHWHT WCCUKAUK
CUTUMN,

V< Maskyp XXUcmaa TOBYLU Te3Inru.

¢ — (DOHOHHUWHT 3PKWH tOTypuULl Nynn ypTada y3yHAUTU.

®OHOHMAPHUHT  3PKUH  OTypuw ypTada Y3YHIUTUHU

XWcobnawl aHya KUWWH, aMMO HasapUAHWHT cudatnii Tax™Num
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eTap/fiiua ok opy TeMnepaTypanapga — HUHT MYT/IOK, TeMnepa-

Typara Teckapy NMponopuMOHan 3KaHJANUTUHU KypcaTaau.
LLYHUHT yuyH XD UCCUK,IMK >MrKasyBUYaHAMK KO3 MPULLEHTH
xam 7>0 6ynraHga MyTiak, TemnepaTypara Teckapu MponopLuo-
Han, sabHu, XP~MT, uyHkm 6y coxaga C Ba KaTTannknap Tem-
nepaTtypara 60ramMK amac.
Etapniiua T03a KpucTannapfa MyT/iaK HOMra sikKMH TeMmrepary-

panapga lh — HamyHaHWHI ynyamnapura 60ranK-

ByHWHr cababwu wykn, nacTt Temnepartypanapga (oHOHnap
sanunurn  [(3.78) undpopara KapaHr] xyga kam, 6MHo6apuH, POHOH-
napapo TyKHawuwnap axXxTMMonm Kn4yuk, 6y xonga oHoHNap Ha-
MYHaHWHI Yy dJerapacmpaH Oy uerapacura [eaApnn TYKHaLWWLLICA3
Xapakatr Kunagu, [fAemak, arap HamyHa yndamm €  Gyrca.

c! 6ynaau.
by xonga.

Xp - —C 4 (4.21)

OHAM (4.21) ndopaHUHT YHr ToMoHMaa dakat C - rmHa Tem-
nepatypara 6ornuk- [e6aii KoHyHura kypa, C~T?~, 6MHOGapwuH,
Xth~P 6ynuwn kKepak. By xynocaHu
Taxpunba Tacanknangn.

Anb6aTtTa, Kpuctannapga 6ornaHuvL
Kyunapy aHu3oTPONIuUrM  UCCUKAUK
YTKasyBYaHINK  KOIMULEHTUHWN  Jib
HWHI aHm3oTpon 6ynuwnuirura onmé
Kenagu. KBapuUHWHI  TY3UIULLUWHU
KypcaTajKraH 4.3- 4ynsma Ba YHUHT
WyHanuwra 60rnukK (aHW3oTpon) wuc-

CUKNNK YTKasyBYaHAUTVUHU HaMONULL

KnnagunraH >agsas KENTUPWUATraH.
YH3Macu.

4.4 ->xxapgsan

Ji3 10" kan.monb/rp;1f ¢ Temnepartypa. K

373 273 195 83
C YKKa napannen iiyHanuuwga 7,7 11,7 16,8 42,1
C YKKa Tuk iyHanuwpga 4,8 6,2 8,7 21,1
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>KagBangaH KBapLy KpucTananmHuUHE ¢ YK 6yiinaé uccukgnk
YKasyBYaHAUTN, Yy YKKa TUK KHyHanuwgarucngaH [eapav WUKKU
MapTa KaTTaiurn KypuHum6 Typuban. ByHpaaH Tawkapu, T Temne-
patypa KamaliraH caimH Jh MCCMKAMK yTKasyByYaHAMK opTub 6opa-
&TraHn KypuHagu. By KBaHT HasapuACUHW TacgukNaiguraH Hatu-
xagmp- [9,175-6] Bwus kpuctanna naHxapacu TebpaHuwnapu (do-
HOHNap) 6unaH 60rMMK WUCCUKAUK YTKadyBYaHNMKKa onfg 6ab3nu
acocuii KOHYHMATNapHW Kapab 4YMKAWK Xonoc. bowka mMccnknmk
YTKa3yBYaH/INK  MexaHuU3Mnapu  xakumpga y3 xolimga  fiHa
TyxTanamms.

4.4. KaTTUK XXUCMIaPHUHT UCCUKIVNKAAH KeHralinwm Ba ysanniim

KaTTuk  >KWUCMapPHUHT  UC- p
CUKAVKAAH KeHTrainWWnHN TYLIYH- ‘r
TMPULW Y4YyH KaTTMK XUCM 3appa-
NapHWHI y3apo TabCuUp 3HEPrus-
CUHUWHI ynap opacugarm Mmacocpara
6opnuknurn ymamara (4.4- r.
yun3mara) MypoXkaaT  Kuiamus.
Arap s3appanap MyT/nakK XxapakaTcus
6ynca, 6y xonga ynapHUHI KWHe-
TUK 3HeprmanapyM Hoara TeHr
Gynap, ynap opacuparn macoda I4 4.4-yn3ma. KaTTuK; XXUCMAaPHUHT

ra TEHT 6ynwb, norteHyunan NCCUKNMKAAH KEHTaWULWUNHM TYLWYH-
UYKYPHUHT  T>™mga  KolinawiraH TUpagUraH Taceup

6ynapavnap. by \on myTnak Hon
TemnepaTtypaga 6ynmwm MyMKUH 34W.

AMMO, XxakmkaTga 3appanap y3 MyBO3aHaTW BasuATnapu art-
pocdnapmnga Te6bpaHn6 Typagunap, ASbHW MyansaH KMHETUK 3HepPrus-
ra ara 6ynagunap. Temnepatypa opTvwmn 6mMnaH 6y KMHETUK 3Hep-
rms xam opTtub 6opaawn. T TemnepaTypaga 3appa E KMHeTuK 3Hep-

rusra ara 6ynu6, yanra a, HyKTara, yHrra b, HykTara detnawiagu.

MoTeHuMan 3rpyu YM3UKHUHI HocuMMeTpuknuru Tydaninm te6pa-
HaeTraH 3appaHWHr ypTaya BasuATW 3HAMU ra TeHr 6ynmaii, yH-
JaH yHrra cumxun6 N\ KuiimaTra spuwagu.

TemnepatypaHu T2 rada owmpusca, 3appaHUHI KUHETUK 3Hep-
rMacn £2 HOKOPW KWAMaTHW onagu. byHpaa 3appa uvanra o2
HyKTarada, yHrra ~2 HykTaraya 4eTnawajgu, yptada Ba3usaT 3aca [3
Kuiimatra spuwagn. LWyHaaih knnnb6, Temnepatypa opTm6 6opra-
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HMAa KpuUcTann naHxapacu TyryHnapu opaauru optagu, AbHWU Uc-
cnk™nkgaH keHrammw {r2 >I[>ro) w03 6epagwn.

Mavnym /, =/p(1 + ar) wudcopa (6yHga /— Llencmnin gapaxacu-

jarn TemnepaTtypa, a — ypTtadya y3anumw KosppuuymeHtn, 11, 10 —
TemnepatypaHuHr | Ba O k™ niimaTnapgarn CTepXXeH Y3yHAmMkKnapu)
NoNUKPUCTaNa, SbHUM Xoccanapu Aeapnu iyHanuwnapra 60rnuk,
65 maraH (M30Tpon) mogganap y4yyH Tyrpu 6ynagn. MOHOKpW-
cTannap aca aHM3O0TPOMNIMK Xoccanapwura 3ara, YNapHUHT YU3UK,UIA
y3anmwm a KoathpuumeHTn  ymymaH  aidTraHga — TeH3op
KYPUHULWNZArn KaTttanukaup.

Arap MOHOKpUCTanngaH wap scanca, KeWMnH YHW WUCUTuca
KN coByTWUACa, Yy X0nja wWwap y3 WakKAnMHU KyK,0TU6, aHT yMyMuii
Xonga y4 yk/in snnvncovjra ainaHagu, YHUHT yKaapu KpucTtanno-
rpacomk yk™ap 6unaH 6ornmkamp. Yu kpuctannorpaguk yu 6yinnab
NCCUKAVKAAH KeHranmw KoadhMULUEHTNAPUHUN KPUCTANTHUHT UC-
CUKIN,KOAH KeHrammwun 6ow kKoadduumeHTnapn  deivnagm Ba
al,«2.0"3 opk,ann 6enrnnaHagn. >Kageanga 6ab3v Kpuctaniap yyyH
Mab/lyMOT KeNTUPUAraH.

4.5 - xapasan

Kpuctann Cucrtema T.K a, 10« «2 10« a3 100
rpag* rpag"™ rpag-'
rvnc MOHOOTUH 313 1,6 42 29
60 -2 55
Pyx I eKcaroH;ut 150 8 65
300 13 64
K; 1My, mr TpuroHaT 313 -5.6 25

>KagBangaH KypuvHaguku, TemnepaTypa KamalraH capu ab ar,
a3 nap xam kKamasgw, aripum TemnepaTtypanapga 6ab3nga maHhpwuin
K,MAMaTnap ONMWKM XaM MYMKWH, 6ow KoadhdpmuuneHTnap anpum
KpucTannapga bup-bnpugaH aHya dapk, Kunagu.

KpuctannapHUHT UCCUKMMKAAH KeHranmwun (y3anuwm) yYHUHT
atomnapu opacmgarv ysapo TabCup KYUNapHUHT aHrapmMoHUK
KMcMn  6unaH 6ornuk, 6ynagn. byHum KyWmpgarm xucob Tac-
AVK;nanan:

dapa3 KunannuMkK, MUKKM atom (KpucTann naHxapacumgaru
KYLWHWN atomnap) MyBO3aHaT/IM BasnATMAAH YH4Ya KaTTa
6ynmaraH r-r,,=x yeTnaHuwnap xpauga 6up-éuvpun 6unaH

— = -/3x+rx2 (4.22 )

clx
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Kyu 6MM1aH y3apo TabCUpalcUH. Y Xonga y3apo TabCup MoTeHLU-
an aHepruscu

(4.23)
6yHOa (3 — 3MacTUKAUK (TApMOHUKNINK) KO PULUNEHTU, YX HU
aHrapMoHUK [einnneG, y — aHrapMOoHUKANK KO3 PULNEHTH.

bonbymaH TaucumMoTM 6y|7|w4a ATOMHWHI MYBO3aHaT/1IN BasunAT-
gaH X Macocpara YyeTnaHnw 3IXTUMONIUTKU

Moy - BN (4.24)

I (X) = n ex —_—
(xJ P KT ~ mT

6yHAaa «1 pe6 xucobnab, MKKMHYM KynakwBuun
3KT
3
yx =+ JA (4.25)
P gkt 3KT

p\aTopra enmusraH.
A fovmMuiA HopManaw (Mebépnall) WwapTuaaH Tonunaau;

oMK VX e =1, (4.26)
3 KT
KaTHawiraH MKKWHYM WHTerpan Ho/sra TeHr oynaau, YyHKWU YHWHT
ocTugarn yHKUMA TOK; pyHKUmMaaup. HaTtumxaga
1

4.27
2nKT ( )
KUMMaATHWU XOCUN K iamms.
ATOMHWHT MyBOBaHaTI/lﬁ BasnATAaH ypTada 4YeTsiaHnLWn
KT
 (xeix = (4.28)

6yHAa, GUPUHYUYM MHTerpan y3 octugarn PyHKUmMs ToK, BynraHnuru
Tyhainm Honra TeHr 6ynagw.

MKKUHUYM uHTerpan Kuiimatm Mabiaym [lyaccoH WHTerpanura
KeNnTupunagu.

Tabpudra Kypa, UYM3MKUIA UCCUbYLLKAAH KeHralinw a Koag-
huymeHT BUPNUK y3yHINK Ba P C ra xmcobnaHraH ysaiuvwgmp:
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a aT (4.29)
6yHpgarn a=To — naHXxapa goumwuiicu. (4.29) paH uncCcUKNMKAAH
KeHraimw aToMNapuMHUHI aHrapmMoHWK \apakatura 60ramMk™mrun
AKKONT KYpUHU6 Typnban.

Mwncon Tapukacumga 6up BaNeHTIU WNOHNAP KPUCTaNINHU
K"apainvk. by xonga noHnap ysapo TabCUp KYyUYMHMU

F=- 4 (4.30)

fe6 xucobnaca bynaan, 6y udogaga - eV gedopmaymsnaHman-
AVTaH TYpAn uwopann KyLWHU noHnap opacuparn KynoH K,0HYHU
6pnya TopTUWMW Kyuwn, B/r'O_ wy moHnap opacmpgarn mtapwu-
wnw Ky4du, y macoda ysrapuwimra k.apab Te3 ysrapaagu. MyBo3sa-

B

a a10

nmrn. byHaaH, B=eMa™ akaHAUTMM Kenuo Ynk aan.
AMMO, r=(a+x) 6ynraHAMrn Ba X HWHI a ra HuUcbaTaH KUYKU-
HaNUTMHN Xmncobra oncak.

a — WOHNapHWMHI MYyBO3aHaT/N oOpa-

52en 2

/=- -X + (4.31)
(@a+x) (@a+x)®
(4.31 ) Ba (4.22 ) ndoganapHun Tak,K,0cnacak,
/3=8e”/a\ 1 =52e'MNa'M (4.32)

By HaTmxkanapHu (4.29) wndogara Kyicak, MOHNap Kpuctann
naH>apacu yudyH

a =52 ak I6A (4.33)

MyHOcabaTHU XOCW/ K,uiamus.

fl=3*10-*< m, k=1,38*10-23, X e=1,6*10-'9 An KuiimaTnapHu
(4.33) ndopara kyiicak, a=1,5*10'-" rpag‘ ™ HaTwxka Kennb uymkagw,
6y — TapTub XuxatgaH Tyrpungmp.

By 606HUHI SIKyHUAa WYHU aiTUWl KepakKu, K NaTTUK XUCM-
NapHUHT UCCUKAUK CUTUMW GUNaH UCCUKAMKAAH KeHraiunwun opa-
cnpa 6ornaHuw 6op;
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NcembyTnkaaH KeHraiuvw  KoadduuueHTU a HUWUHI aTtomnap
(monsap) Cy VOOVK/AVK cupumura HucbaTn Maskyp Mogga Y4UyH
Temnepatypara 6opnuk 6ynmaraH goumuiinukgup (FproHenseH
KOHYHMW):
" alCy =yck/3Y . (4.34)

XaknkatgaH, 6y MKKM Xxoguca TemnepaTtypa opTraHmia aToMm-
napapo Macoa opTuwmnra 6ornaHraH.

Macananap Ba caBosifiap

1. 2 Ba 3 artomM/nm KMaTTuK, XWUCMNAPHUHT MONAP WCCUKIUK
CUTUMUHU KNaccukK (MyMTO3) Takpubaa aHUKNaHTr.

2. QWHWTEANHUHT KaTTUK XXUCMHWUHT UCCUKAMK CUTUMWU Hasa-
PUACUHWHI acocuii thapasnapy KaHgam?

3. [e6aii TemnepaTypacu KaHpah aHuKgaHagn? Y HUMaHu
ndoganangmn?

4. oTakpopuiinmknn 6apya POHOHNAP SHEPTUACUHWN E3UHT.

5. V (ToByw Te3nnrmn)=5*10" m/c, anemeHTap f4veika Xaxmwu
AM=2*10-29 w 6ynraHga [le6aii TemnepaTypacu HMmara TeHr?

6. Huma yuyH [ebaii TemnepaTypacugaH nactga onTUK Tebpa-
HULMAP UCCUKANK CUTUMWHW aHMKNawaa abtubopra onnHMangn?

7. lccnknuk yTKasyBUYaHMKHWHIE KaHfal KypuHuwnapu 6op?
KaTTuk; )xncmnapga YHUHr Kaicu KYpUHULIN MyXUM?

8. Arap (POHOHMAPHWHT 3PKWH OTypuLW Mynn XoHa Temneparty-
pacnga NaCl kpucTann naHxapacu a goumuincugaH 4 mapTa KatTa
6ynca, 6y KPpUCTANNHUHT UCCUKNNK YTKa3yBYaHINUTUHWN XNUCOBNaHT.

9. Arap KYMYLWHWHI NCCUKNUK YTKa3yBYaHINK KOOI DULNEHTU
418 Bat/m.rpag, yHga tosyw Ttesnurm 3700 m/c 6ynca, T=300K pa
(MOHOHHWUHT 3PKUH OrypuLl ypTada Y3yHIUru KaHya?

10. 30 Kpa O/IMOCHMHI COMUWITUPMA WCCUKINK CUTUMMN
aHNKNaHCUH.
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YBOb

MOEAN KPUCTANNOA SNEKTPOHJTAPHWHT
OQHEPTUNANTAPWN CMNEKTPU

571. Kpuctann yuyH LLpeguHrep TeHrnamacu. Agmnabatmk taipmob

Xap KaHfal KaTTuK, XXMUCM Xyga Kyn aTomjapfaH Tawkwua Tton-
TaH 6ynagn. ATOMNapHUWHI aaponapu mnpean Kpuctannga myHTasam
naH>xapa Tawkun kunagn. W 606ga KypraHumusgek, atomnap
KpuUcTann naHXapacu TyryHnapugarm y3uHUHI MyBO3aHaT/M Ba3u-
ATnapn atpodmpa TebpaHub Typaaw. HeliTpan Kpuctannga s4po-
NapHWHI Myc6aT 3apsagun 6apya 3/1eKTPOHMNAPHUHT MaHuii 3aps-
Anra MmmkaopaH TeHr 6ynagu. [lemak, KpucTana KaTTUK XUCM Kyn
3appann KBaHT TU3MMAMP. YHUHT cTayuoHap xonartnapuHu Lpe-
OVHTep TeHrnamacuHm eymé Tonunaau:

q , (5.1)

6yHAarn xaMmaToHuaH (Tyna aHeprusa orneparopwu)

(5.2)

KypuHUwWwaa 6ynu6, YHUHI GUPUHUN XaAWu 3/1IEKTPOHMAP KUHETUK
3Heprusinapu onepatopiapu MUTMHAUCU, UKKUHYM Xagu sigponap
KWHETUK 3Heprusnapu onepatopnapu inruHgucn  Y{K,r) ysapo
TabCUp MOTEHUMan aHepruscugaH ubopat. MoTeHUMan 3HePrUsHU
Kylingarnya é3mi MyMKUH:

(5-3)
jiK/K Y

Yw6y udoganapga T — 3/EKTPOH Maccacu, aca ] — sAgpo-
HUHT maccacu, /7 Ba K/ —moc paBuwpga, /— 3MeKTPOHHUHT Ba Y
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HUHI pagyc BeKTopnapw, /74 - sgponap opacuparu, i, -  3/ek-
~MOHMap opacugaru, - 3neKkTpoHnap 6wnaH fAgponap opacmparu
1,~odhanap, r/ - AAponapHUHr atoM Homepnapwu. (5.3) udopaga
A K YY macochanap \ucobuga mHpaekcnap TeHr 6y/Mac/inrn Kepak.
(5™) Ydogaga IV — KpUCTaITHUHE Tyna XyCyCU 3HEpPrusacu, 3ca
YHUHT TYNKUH DYHKUMSAcK 6ynub, y bapuya 3appanapHUHI KOopAau-
HaTanapura 60rnMKanp:

U ="P(r,[2,./7,«2 ) (5.4)

Acnnpga (5.1) LWpeauHrep TeHrnamacu edwsaca, Kpuctann
KNaTTUK >KMUCM  Xoccanapura Ternwnm 6apuya casonsapra K arbui
Xasobnap ONMHULWIN MYMKWUH 6ynapan. AMMO, KaTTUK XXUCMHUHT
1 M \axmuga 10 gaH OpTUK, aTOM (3appanapHUHT YMYMWIA COHU
yHiaH Xam Kyn) 6ynagun. by aca TynkuH (YHKUMA yllaH4ya COH
yamacmpgaru ysrapysuwunapra 6ornuk 6ynagwn, femakaup. byHpaai
TeHrnaMmaHu Ba YHUHI e4MMUHWM \aTtTo é31nb uymkuw amanga Mym-
KMH amac. LWyHpar €3y ycynu TonuaraHga \am OJINHraH e4dyum
TaxXpubaga KysaTunraH KOHYHUATNAPHW TYWYHTUPULWL YYYyH fApa-
mMalign (ras 6apya MofekynanapuvHUHI KoopAuHatanapu Ba Tes-
NNKNapuHU 6unraHga x;am ras XofaTUHW aHuknadt 6ynMacinrnHm
acnannuk).

CuHunKnab 6GaxapwunraH Tagk;ukoTnap Hatmxacmpga LpeguH-
rep TEHrNaMacUHWHT YMYMWUA aHWUK e4MMWUHU TOonuwira ypyHWL-
HUHT 3apypatm  Wyy1uruHu, eTapnvua acocnaHraH Takpubuii
Xncobnaw KaTTUK XXUCMHUHI 6apya My\uM XxoccanapuHu TYLIWNH-
TAPUWN  MYMKUHIUTUHW  KypcaTan. .LpeavHrep TeHrnamacuHwu
EUMLIHWHI camapafop Takpubuii ycynuHu apunabatuk 6up anek-
TPOHAN SKuUHNaul/LL (Takpn6) Ae6 HOMIaHraH. Y KNaTTUK XUCM-
napfa 3/1eKTPOH/IAPHUHT 3Heprusanapu CnekKTpuM Hasapuacura acoc
6ynraH.

Agmnabatnk akgHMawmw  (Taw)mb). ATomnap Agponapu  maccacwu
3M1eKTPOH MaccacmaH Kyn mapTta KartTa OynraHavru yuyyH Kpuctannga-
r aromnap AAponapyv naHxapa TyryHaapuga Kysranmac Typagu ne6
~uncobnaHca, (5.2) xaMWNTOH onepaTopufa A4PoOAap KUHETUK 3Hep-

rUACUHUHT (-TT onepatopuHu Tawna6 w6opunca, y

\onga Kysraamac fgponap MalngoHwupa X;,apakatnaHaétraH asnek-
TPOHNap CUCTEMACUHUHT & (r,A) TynK™MH QyHKUUACK Kyhngarn

PeguHrep teHrnamacura 6yinicyHaaw;
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T —
o +K(1,r) wp=E(p , (5.5)"
6ynga E — aneKTpoHnap CUCTEMACUHWHT XYCYCUI 3HEeprusicn. dHam
AApONap XapakaTUHW Xucobra onuuwl Makcaguia 6yTyH KPUCTaSTHUHT
TYNK™MH OYHKUMNACUHN

4™M{r.A) = ®{K)-(p{r,K) (5.6),

KypuHuwga wdgoganaimmni. d(A) - dagponap TUIUMMU  TYNKUH
dyHkunacm. Arap (5.6) undogaHu (5.1) TeHrnamara Kyiriuaca Ba
(5.5) abTMBOpPra onnHca,

£(/?) D =¥D (5.7)

TeHrnama xocmn 6ynagu. by TeHrnama agponap TUSUMWUHWHT ynap
E(K) noTeHuman 3Hepruann sneKTpoHNap cucTemMacu MargoHwuga
XapakaTnaHraHu xonupga craumoHap (Bak”ra 6ornuk, 6ynmaraH)
xonatnapHun aHn™nab 6GepaguraH LpeguHrep TeHrnamacnaup.
WyHaah knnnb, anekTpoHnap Ba f4ponapAaH TalwKun TonraH Tu-
3UM Xo/saT/apm Xakmfarv aHuk, KBaHT MexXaHWK Macanacu WMKKUTa
coAfapok, Macananapra.

1). DNeKTPOHMapHWHI Ky3ranmac sgponap Y(r,K) wmanpgoHuga
xapakatu xaksgaru (5.5) macanara;

2). ApponapHWHr anekTpoHnap xocun kKwunraH E{K) ypTtaya
MargoHAa xapakatu xak,mgaru (5.7) macanara axpanagw.

lOkopnga 6aéH KWUAMHrTaH TakKpubuii ycynHu agmabaTtuk
ALMHNaWwmMLWL gennnagn.

5.2. XapTpu-®P oK ycynu. BuUp aneKTpoHAN AKUHAALLMLL

AfmnabaTnk akuHMawmnil (Takpub) Kyn 3appain KBaHT cUCTeMa
xonartnapu xakugarm macanaHu 6upos coaganawiTMpmb, kysranmac
agponap MalgoHWAa 3/eKTPOHIap XapakaTu macanacura Kentupa-
AV. BNPOK, 3anekTpoHnap TU3nMmM yyyH ésmnraH (5.5) TeHrnamaHwu
XaM euuwl KUAWHAWIM  Ba YHW euunlira YpPUHWULLIHWUHE HO-
Makbynnurn Tyrpucmnpga rannpguk. by mMacanaHu  eYULWHWUHT
Takpuobun MynnapvHmn KNgupunaun. AHa WYHAAA YCYNNapHWUHT 3HT
camapanunapugaH 6upun XapTtpu-®ok ycynm 6ynmub, y Kyn 3nek-
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TPOHTM MacafaHu 6UpP 3MeKTPOHAW Macasara anaHTupagu. Xap-

-hoK ycynm H XaMUNTOHMAHAA 3NeKTPOHMAPHUHI  y3apo
TabCUP 3HEPTUSICUHU Xap GUP 3NEKTPOH MyCTakun \apakatnaHaguraH

aaspuws OWNPOP TalWKW MagoHAaru apbhekTMB noTeHuman

JHeprusacn 6unaH anmawiTMpuil posicura acocnaHpaH. UAR-(r)

MalifloH 6apya 6owWKa 3NeKTPOHMAPHUHI MasKyp 6Mp 3NeKTpoHra
ypTaya TabCMPUHWM 3HI SXWW paBuwfja TaBcudpnanguraH k™Mmb
TaHNab oNMHUWN Kepak. TUSUMHWUHI XaMWATOHMAHW 3HAM dakar
6Up 9NEeKTPOHHWHI KoopAuHaTanapra 60pANK XaMUATOHUaHNap
nmpuHamncngaH néopat 6ynné kKonagu:

A =Y4A. byHga H"N=-~AV T +V(r,) +UNNr). (5.8)

By wndopgaga Y(r) KywunyBuuM i — 3NeKTPOHHUHI fAgponap

mMargoHngarn, Ueyfir) 3aca wy anekTpoHgaH 6owka 6apya anek-
TpOHMap MalgoHmngarn noTeHUwMan sHepruanap.
3HAM 3NeKTPOHNAP TUSUMUHUWHT TYNKUH hyHKLMACH.

(P(n,r2 ,...,r,,) = <pi(ri)(pz2 (r2 ),...,(p"(r,,) 6ynagw.

NXTnépunii /— 3neKTpoH y4yH é3unraH LLpegnHrep TeHrnamacu:
A ., =£,(?,(/;.). (5.9)

() HW 3HT AXWK paBuwga TaHMab oNuw KaHpam?

By WWHWM kNaHpaiaup ys-y3aumgad mMocnawiraH amasnjap acocupa
GaXkapuLl MYMKUHUTUHU KYinaa Kypamums.

OnavH 2 Ta 3NeKTPOHAaH M6opaT TU3UMHMK Kapa6, HaTwKanapHu
UXTUEPUIA N coHAarn aneKTpoHIap XonvMra yMyMaalTupamms.

MKKWN 3M1EKTPOH YUyH

B(r,?2) = PN )D22 ) - (5.10)

DNEKTPOHHUHI ?<0fatM yyta X, y, z (r) KoopAwuHaTanapgaH

Tawk™apn  fAHa CNUHHWHI  MpPoeKunsacu Knimatn 6unaH xam
aHnknaHagn. MNMaynu K™MOHyHWUra acocaH, MKKW 3N1eKTPOHAaH I/I60paT
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il
1’1 >

TM3NUMAA arap 3/IeKTPOHMap YPHUHU anMaliTupcak, TYNKUH (DYHK-1
LMSACU Y3 ULIOPACUHU Yy3rapTUPULLM KepakK, SbHU;

6yHAa 1 Ba 2 \onatnap 6enruvnaHagn. xak™mkaraH, ®(2,1)=-d (1,2).
N Ta 3NeKTPOHIN TU3UM YUYH;

(5.12)
fANi~)(PN (2)..<?g, (/1Y)
(5.8) Ba (5.12)nappaH donganaHn6, TUSMMHUHT E aHepruscu-
HU Xmncobnab umk,unagm;
E =] *A d<UIrrdtjdr y (5.13)

Mypakkab xmcobnapHun KentupmacgaH XapTpu-®ok ycynum-
HUHT KeArycu amannapuvHu cy3 6unaH antmnb ytamms.

(5.8) ndopara kmpraH Hx Ba e2/ri2 cnnHra 6ornnMkKmMac, LWyHUHr
YUYH CNWH 6yhnya nuvkmw ¢asoBnii KoopauHaTanapujaH Myc-

Tak™Mn  6akapunagu. ByHOaH  KeluH UNj- {¥) Kyhngarum

KYPUHULWIHN KaByn Kunaawu;

n eff (N =
(PniirO (PmihyPnjih)
=S’
] "12 '12
by acocpa
eKmn
h' (5.16)
h+m (M)[?”» (n) = £m'Pm(n)

By TeHrnamanapHu XapTpu-®ok TeHrnamanapu gelinnagu.
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HW Xncob6nab YUKW yyyH dhyHKUMSANapHU TaHNab

oTuW 3apyp- HoAMHumM akMHNaWwuMwaa K.aHgangmp 6up 3neKTpoHAn

dyHKUMsANap onnHagun, cyHr i4ffxucobnab uvk;unagn, KennH ifeg
udogacugaH A pyHKUMANAPHN BUPUHUM Takpmnbaa aHMKnaHaau, 6y
WWHW Kepaknurnya AasBoM 3TrMpill MyMKUH. MacanaH, dl yHK-
umanap cudpatnga, ypHura kapab, 3pKWUH 371eKrpoH EKku artompa
6ornaHraH 3neKTpPoH TYNK™MH YHKLMANapU ONMHULWLN MYMKWUH. By
Macanara 613 KelnMHPOK, TyxTanamus.

5.3. JaBpuii aneKTpUK MaioHaa xapakaT/naHaéTraH 3/1eKTPOH
Macasacu

Kpuctannap cummetpuscn V. (F) noTeHUMan ManifoOHHUHT

XaM KpuUCTann AaBpuiinurura ara GyNULLNUTMHU TakKo30 Kunagwu.
[emak, 31eKTPOHHWHI Ky3rajimac atomnap siapofapu Ba 6oLika
371eKTPOHMAp MalAoHMAArn noTeHUManu, SbHU

F(?,A) +t/,~(Fi) = F(F)

JaBpuin 6ynagn Ba KpucTanngarv 37eKTPOH Wy AaBpuiA mManjoHaa
xapakatnaHagu. byHpaH KelivH 6y noTeHumanHwu V(r) 6enrucum

6unaH Kynnammus.
3HAWN 3NEKTPOHHUHI TYNKUH QYHKUMACUHW TaHnammms. Y
brnox dyHkuusacngaH néopar:

(") = > (5-17)

6yHAa K — 3NEKTPOHHUHT TYNKUH yHKuunacm, Uj-(r) amnamtyga

3ca [aBpuii:
MA(r+ a,) = wn(r). (5.18)

arap bnox Tynk™mH dyHkunanapuHu @ (5.14) ra
K¥wnnca, v gj- (F) HWHI KpucTann gaspuiimrura ara 6ynmwnurm
Kenn6 yukagn, AvHu (5.17) eumm y3-y3ura mocnawiraHamp.
TYNKNUH BeKTOp K HW KYiupgarn KypuHuwpga ésmnagn (K 6u-
ATYNK™H y3yHnnrn k =(2n/X) A myHocabaTtga 6ornaHraH):
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K =~ s, T—or (5.191

6yHoa O — Kkatra TOK, COH, (1,2>3 Teckapu naHXapa BeKropsa-1
pu, Eb €23 83 — OYTyH COHNap. K BEKTOP KBa3sMANCKPeT KWiAMaT]
onagw.

By udogaHn x,0cmn KMMW yuyyH KPUCTa/IHUHE acocuii co\acu]
cucpatuga Oa(,C52,Cii3  Kuppanapu 6ynraH napannenenunen ax-]

patn6 onuHagn, 6y xonga Oa, Kajap CUMDKULL TYNKUH YHKUUSA]
KuiimatnHn ysraptupmanign (BopH-KapmaH paBpuiinuk waptn).]
Arap (5.17) wndogaga r  ypHura N+ KY'linnca, V3,
KUAMaTUHW caknamgn. X.akukKaTtaH,

(A+n,) =00+ e

YyHKU exp/”™n =1, Ka =2n» O6YTYH COH. 5, HWHI 3HT KNYUK

KuiimaTiapwu 6ynagn Ba Ka, =2n Kenmb6 4ukagu. Jemak,

TYIK,MH BeKTOP LWYyHAA pAaBp 6unaH ysrapagu. YHUHT QU3MK
xu\atgaH Typau Kuimatnapm

“Tl<kaj<+71:  (/=123) (5.20)

opanukga éragu. by co5aHM 6UPUHYM BpunIo3H 30HacK gelinna-
an. KpucTanfHWHI Teckapu Ba Tyrpu MaHXapanapu BeKTop/iapu

KynaiTmacu arap 1=k 6ynraHga 2a ra, /A fa HoAra TeHrnru-
HU 3bTu6opra onmb, (5.19) HM W.ra kynaiTupcak, Ka- HWHT

Knnimatnapun ka-="""'/ ¢ 6ynagwn, ynapHu (5.20) ra Kyihunca,

N
c
(5.21)
"2 "®

KypUHMLWgarn opanvk 6UpUHYM (KentumpunraH) Bpunnto3aH 30Ha-
CMHN ndgoganangn.
BNoX (PYHKUUSCUHW 3NEKTPOH Y4YyH €3unraH

(5.9)
2T
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LUpeanHrep TeHrnamacura Kymusca,

+KP?K-— & ~ 1 k )~ {E ™ (5.22)
2T T 2T

TeHrna.ma \ocun 6ynagu. /c=0 yuyH (5.22) TeHrnama dx yyyH é3un-
raH (5.9) ra yxwaw 6ynaaw.

Typan  KypuHuwgarn  gaspuii mMangoHnapga  3/eKTPOH
XapakaTMHW TakKuMKnaw 3NeKTPOHHWHI 3HepPrusnapu crnekTpu pyx-
caTnaHraH Ba Tauuk”™aHraH KuimMatnap opanuknapura (3oHanapw-
ra) axpaauwnaurnHu kypcatagu. Kynmga 6up Heda \onnapHu
Kypué umkamus.

5.4. Kyucms Ba Kyunv 6OrfaHraH 3/IeKTpoH1ap Taupuénapu

E =E{k) 6ornaHuwHw ymymuin “~onga tonuw My\um macana

6™NIMb, aMMO y LY KyHraya eymsmaraH. Y ékum 0y KaTTuK, XXUCM-
NapHWHI  Typan  U3NK XoccanapuHu ypraHvwga 6up Heua
Takpubuin ycynnap KynnaHagw.

1 bynapgaH 6mpun Kyuycm3 60rnaHnW TaKPUOUHUHIE HONMHYUMU
AKNHNAWNWKW cndaTnia 3pKUH 3NEKTPOH XNONatm onMHagu, Kpuctans-
HUHI [aBpuii 3NeKTPUK MaifoHW 3ca 3PKUH 3NEeKTPOHHUHI KUHETUK
aHepniacura HucbaTaH KUYMK 6}?1raH noTeHuman 3sHeprmus \ocun
KnaguraH KuWYmk Tabcup (ranaéH) pge6 ;(McobnaHagw. LpeguHrep
TEHrnamacu acocmga KeTMa-KeT OGakapunaguraH OGUPUHYN, UKKUHYU,
. Takpuouii Y™Mcobnap okmbatmnga 3N1eKTPOHMAAPHMHI KPUCTanl KaTTUK
XUCMAArn aHepruanapu cnekTpu ndogacmura KenuHagw.

[aspwnii xagBanHWHI 1-4 rypy)ylapura MaHcyb meTannapHm Ha-
3apuii Ba TaxXpmbaBuii TeKWwWMpraHga ynapfa 5 KasyBYyaH/IMK 3sek-
TpoHNapu \apakatmHu TaBcudnaw yyyH AesApan AOUMUIA MOTeH-
LUnaTtgaH doiganaHuw MYMKUHAUTUHU KypcaTAu.

Knunk ranaéH neb k"NapanaguraH K (r) Kyucums gaBpuii NMOTEH-

unanHn dypbe Katopura éammus;

(5.23)
6yHAaa Teckapu naHXapa BekTopu. HAHa 6yHAa 14=0 pe6
~ncobnagnk, YHr TOMOH ?<;akvKuii 6ynmim y4dyH wapTt 6a-
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>Xapunmwm kepak. Brox hyHKumsacn amMnuantygacuHm \am dypoe!
Katopwura énnnagn:

«MA”) = X"/,exp/(67.2). (5.24)1
K

(5.23) Ba (5.24) ndoganapHn (5.22) TeHrnamara KysaMus:

Kbn I “bn

,"-W,?) (5.25)
A 2T

MKKkn kKappanim npuHgnga W ea g byrnya inrHawHum h-g Ba £
rinpHawira anMawTupammns, 6y \onga KypcaTtkmunm dyHKUnsaa

Y + N,Hn #ilra anmawtupuaca, Maskyp ANrMHAW:

'1iY/g~h-g exp/M&A)
A E

KypuHuira kenagu. bapya r nap ydyH (5.25) TeHrnuk aiiHaH 6a-

>Xapunmwn ydyH \amma expl(6,,r )nap ongugarm KospdunuymeHTnap

MUrMHAWCK HoMra TeHr 6ynuMwin 3apyp.
By \onga (5.25) paH:

Ek K - (5.26)

(A,, NIr, N3=%/, +2, +3,..)).

JPKUH 3MEKTPOH yUuyH YA=0 Ba LUYHWHT Y4yH

(5.27)
2T ” 2T

uyHkun, E(k +b1)=E(K).
OHAn (5.26) HWM KyucuM3 fdaBpuii MalfoH Yy4yyH edyamus. By

ndopana s0=1 [eb, rinrmHanga 6mutTta g=h nn )“agHn kongmpamus.
Y xonpa
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2T v, .. (WO) (5.28)
bf, +2(hi k)

0,70 KoaphuumeHTnap 3NeKTPOHHUHI TYAKUH yHKumnacura
6upuHUYM Takpubparu TysaTmanap 6Viaou.

" =

OPKUH 31EKTPOHHUHT N2T  “Heprmacumra Kylwmmya

aHeprus
. 27T \n\
Ei =- (5.29)
it + 2(b7™k)

6ynuwanruum tonuw KWAKMH 3amac, 6yHaa (5.26) ga J1=0 Teruwnm
Kywnnysumnap 6unaH KugosnaHMw MyMKUH. MaxpaXHUHT

bl+2(bgk)="0

OYNNWINNTN MHTEePEPEHLMOH WapTHU udoganaiian. LWy wapTHUW
KaHoaTnaHTUpyBUM K nap y4yH

(5.30)
2T

b6ynagn, AbHW 3NEKTPOH 3HeprusacuM AY\ ra TeHr ysuauwra ara
6ynagn. Bup ynyoenu x0n K3paaraHga pyxcatiaHraH 3oHanap opacu-
Jarn TakMknaHraH 3oHanap 6op. AMMO, MKKW YN40BAW Ba Y4 )/N40BAn
xonnapga 6yHpai Oynmacimru Ba WKKU 30Ha O6UP-OUPUHUHI ycTura
TYLWMLWN MYMKUH. By \oguca metannapga My>"wim > H TyTagw.

OHAM Kyuynn 6ornaHraH 37eKTPOoHap TakKpubuMHW  Kypainuk.
ONEeKTPOHHUHT KWHETUK 3Heprusacu YHUHr Y{r) noTeHuuan 3aHep-
rmacupjaH aH4ya kaTTta OynraHgaH KelWHIMHa 3NeKTPOH 3PKWUH
\apakaTMHUHI ranaéHun aeb kKapaw MYMKWH. By Xx,0n KpucTtannHwm
KaTTa 3HEepruann 3nekKTpoHnap 6umnaH HypnaHTupuaraHga pyéoéra
YUKW MYMKWH. AMMO KpucTanngarm atomparn 31eKTPOHHWHT
KWHETUK 3HEPrmnAcU YHWHT MOTeHLMan 3Hepruscn tebpaHuwnapu
TapTnéuga 6ynagun, WYHWHT YYYH KpUCTana 3neKTpoHfaapura Kyu-
cn3 6ornaHuLL (KBa3n I9pPKWUH 3NeKTPOH) TakpmbuHmM KYnnawl
MYMKMUH 3mac. Arap 93/1eKTPOHHUHI 3Heprusanapm CnekTpuHN
XWcobnawga HOMMHYM SKMHNaWnWw cndatnga 3NeKTPOHHUHT AKKa
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n

atomgaru \ofat¥ OofinHca Ba KPUCTANNHWUHI [aBpUiA  anekTpu)<
mMaliloHn 3ca ranaéH fe6 kapasca, Yy Xonja Ksasu GOrUK, 3/1eK- m
TPOH Haszapusicu spatunagn. X,aKuk.artaH, alipyum aTomnap 6up-
6upura sK,MHNaWnG KpUCTan MaHXapacuHU Xocua Kuna Golunara-
HMAa ynapgarv 31eKTPOHAApPHUHT AUCKPET (aXPUM) 3Heprusinapu
caTx/lapu napyanaHu6, aHeprus 3oHanapura anaHa 6opagu. Cog-
[a Ky6MK naHxapa yuyH LlipeguHrep TeHrnamMacu Maskyp ycynga
eunsca, aNeKTPOHHUHT Xycycuii aHeprusinapm

E(k)=Ea+C+2A{co5k"+co&Kya+c.0"K"a) (5,31)

ndgogara kenagn. byHaa BN — Akka atomgarn 3neKTpPOH 3Heprusa-
cn, C - y3apo TabCcup Aoumuiicu, A — KyWHWU TyryHnapgaruv
atomnap  3NeKTPOHMAPUHWHI  afMalWWuHyB  Yy3apo TabCUPUHU
Xxucobra onyesuMm KynawTyeBuu. by udogagaH kKyhumpgarm xynocanap
Kennb ymkagwn.

1) Kpuctann naH)xapacu xocun bynraHuga aToOMAapHUHI y3apo
Tabcupm okmbatmaa AKKa aromparnm 3NeKTPOHHWUHr £, catxn C
KaTTanuMK Kagap CUmKMngn. Cunxkmw nyHanmwm C HUHT nwopa-
cura 6ornuk-

2) fkka arompgarm 3NeKTPOHHWUHI 3HepreTMK caTxym ypHUra
KpucTann naHXapafja 3SMeKTPOH 3Heprmanapu 30Hacu MaeXy[

6ynagn. SNeKTPOHHUHI E aHeprusacnm K TYNKUH BEKTOPU K/ Ky, KN
TawKknun aTyBuUnnapura gaspuin 6ornmnk bynagw.

3) co8k{a=t\ 6ynraHga (5.31) wucofaHUHI KaTTa Ba KUYUK
KuiimaTnapu Kynmpgarmda 6ynagu:

Erf\a\—Ea+ C+6A, (5.32)
ET,n=Eun+C-6A. (5.33)

[emak, copfia KyGMK MaHxapa y4YyH 3/IeKTPOH 3Heprusiapu 3oHa-
CU KEHIINUTK

ETax~ETim~" (5.34)

Kyunu 6ornaHraH 37eKTpoOH Takpu6u, paBllaHKu, aTomnap-
HUHT UYyKyp 3HEpreTUK caTxjapuja XoinawiraH 3feKTpoHaap yuyH
Y3VHW OKNaign, 4yHku, 6y aNeKTpoHMap naHXapaHUHT 6owwKa Ty-
ryHnapga atomnap 6usaH y3apo cyeT TabCupiawagu.

An6atTa, Kyucu3 60rflaHraH 9/eKTpoOHMap  Xamja  Kyuau
6ornaHraH 3/1eKTPOHAApP Takpubiapu KPUCTASIHUHT YTKasyBUYaHIUK
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ngarn 3NeKTpoHNap ?°onatmHW MUKAopaH Tyrpu Tascudpnai on-
ynap anpum KpucTaniapgarn 31eKTPOHNAPHUHI 3HepreTuk
NMNRETPDUHW Ba TYNIKUH - OYHKUUAAApPUHU  )L.NMC06-KNTO6 Kuauwra
Namangn. Bupok, My~ MMun wyku, 6y Takpubnap 3NeKTPOHWUHT
paspuii MalgoHAa ?/apakatm Tyrpuvcupa fKKona yMyMuiA xynocanap
YnKapuw MMKOHUHUK Bepagw.

5.5. KpoHur-IeHHn mogenu

ONeKTPOH [JaBpuii 3NeKTPUK MalngoHga ”apakaT KuaraHga
YHUHT  31eKTPUK  CNeKTPU  KaHgam  OYAUWLAUIMHUA  AKKON
KypcaTaguraH cogpa mogennapgaH o6upm KpoHur-feHHuU mogenwu-
Onp. Y aToMaapHUHT 6up 4un3mMkK 6yinab paBpuii xoknawraH
>onmMra moc 6ynm6, byHAa macanaHu cojuanaiTMpull Makcagupaa
MasKyp KHyHanuwjga 37eKTpOH Y4yyH HaebaTnawysuun (4aBpuii)
Tyrpu 6ypyaknm noTeHUMan Tyrpu u4msnknap MmaBxyn ge6 dapas
|™"nvHagn. TYCUKHWHT KEHTAWIM @, aTOMHUHI 3/1eKTPOH Y4YYH
Hocun kmnraH noTeHUMan UYYKYPAWUKHUHI KeHraurm b Ba
TYCUKHUHT G6anaHanuru Mg 6yncuH (5.1- yusma). by ?Monga Kpwu-
cTan NaHXapacMHWHT gonMmuiicn c=a+b 6ynagwn.

-b 0 a a™b

5.1-um3ma. KpoHur-fleHHn mogenw.

ONeKTPOHHUHI 6yHpal pfaspuii malgoHpgarm E  aHeprusicu
TYCUKHUHI GanaHAnurngaH Kuuuk p[eb6 xucobnaHagu. LWyHn
TabKMAnamMmskm, KBaHT MexaHMKacura acocaH, 3/1eKTpPoH 6y no-
TeHUMan TycukNTap yCcTuUAaH yTuwira aHeprusacu etapnu 6ynmacaga,
Tycuknap AesopugaH TyHHen >Tuw (Tupkuw) Aynu 6unaH ~uno6
KeTa oMWW MYMKWUH Ba LWy KhycnmHaa 6y 6up ynyoeBnan Kpuctat
oynnab xapakaTtnaHa onagw.

By \onga 3anekTpoH yuyH LllpeanHrep TeHrnamacu Kynungarm
KypuHuwga 6ynagu:
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h h
MoTeHuman uyykyp co\acm 0<x<o yuyH (5.36) TeHrnaMaHWHr
eynmMmmn

ur~{x) = Ae™ +Be~"

noteHuman Tycmk co\acm -b<x<0 yuyH (5.37) TeHrnamaHuMHr eynmu

y/2(x) =Ce”™ +De~" (5.40)

KypuHuLwnapaa 6ynagu.
KpucTann naHxapacu gaBpuinurungaH bnox dpyHKUUSACK YUyH

ylix +¢) = e ui(x) = e’ uy(x)

MYyHocabaT ypuHau, 6yHaa (p=kc. AHan (5.40) eummHun (5.41) paH
holiganaHnG, a<x<c TyCMK, cO>a YUyH

(5.40)

KypunHuuiga esa osiaMuas.
OnuHraH eymmiap cox,anap 4yerapanapuga ys3nykKCcus 6ynuwnuru,

avHn Oy derapanapga VX Ba V2(X) TynkuH dyHkuumanapm \aWwia
YNapPHUHT X,0cuianapu y3apo TeHr OynuLnmrn Kepak.

x=0 dYerapanarn w/|0)=1(0) Ba dMi+dx\"=o0"d\ii2=d)=(} waP”"
nappan;
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A+B=C+D, (5.42)
ik(A-B)=Q(C-D). (5.43)
x=a uerapagarn \/]@-=\if2(a) Ba /A" =Fll"Jdxj"=, wapTnap-

[aHL;
Ae"‘NBe-F=e"N @S +De’"), (5.44)
ik{AeN«'- Be-">*")=Qe‘4 Ce'®"- 2e®»). (5.45)
(5.41) - (5.44) TeHrnamanap cuctemacu /i,i9,C,Z) poumunininapHm

aHVKylall MMKOHWHUW Gepaau. by cuctema 6uUp XUHCAW TeHrnama-
nap cuctemacu 6ynn6, YHUHI MabHOMU edyuMra ara 6ynmmlu yyyH
ywby Temrnamanapgaru A,B,C,D nap onguparu KynaiTyBuunapgaH
TY3UIraH aHWKYBYM (4EeTEPMUHAHT) HOMra TeHr 6ynuumnm Kepak,
AbHU

1 1 -1 -1

ik -ik -B B -
N A-ika N POb =0 (5.46)
ike 0NM<P+Bb

By aHUNYTOBUMHM 04UMG YMKUATAHOA

A_kAN

coskachQh+ ) " 81rroyA0A=0osd (5.47)
BK

TeHrnama kKenné yuuagu.

By wndopapnarn Kk Ba 0 Kattanumknap f(5.38)ra k.ap3H!'l anek-
TPOHHUHI E 3Heprusacu opkann wudoganaHraHnmrn tydamnm ¢ ra
Typam kniimatnap 6epu6, E(d) PYHKUUSHU, SbHU 3N1EKTPOH aunep-
rmanapn crnekTpUHM aHuk™naw MyMKuH. AmMMo (5.47) TeHrnamaHwu
eumw Mypakkab, y Takpubuin \uncobnawHu tanab kunagn. JIekuH
avpuM 4erapasuii \onnapga >Xyga SKKO/M HaTuxanap onuw MyMm-
KWH. By xonga noTteHuuan TYCUK KeHrnuru b HM Honra (/>-"0) Ba
YHUHT 6anaHannrn K, Hn yekcusra (Ko—="Y MHTUATMPaAMU3, aMMO

KynaiTMa 4eknm [JouMMUA  KaTTanmk 6ynub kpnanu pe6
XNcobnaiMuns, sbHU

4nhttab I"0™h-=P=const. (5.48)

QHan N-)0 Ba Ko->clo yerapaBuini xonga;
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cpgb™X, 3HBbO-

-KN m eN-K "NU"bBb bB- P
nrt 3bBb = K T -----mmomee- Bb— — = UT (5.49)
6”~0 2BK 670 2BK Bb 6-~0 2K Ka
r->-~ r->o00 K—m

by \onga (5.47) TeHrnama cogga KypuHuLira Kenagu:
co$ka+------51nka=co5(p. (5.50)

5.2- uumsmapga (5.50) TeHrnama euumu rpaduk ycynga
TacBMpaHraH.

5.2-ymsma. LpegnHrep TeHrnamacMHUHI e4nmu.

UunsmagaH KypuHMG TypraHugek, cosd HWHI Kuiimatnapm +1
JaH -1 rada opanukgarnm KuiimaTnapHuUruHa onvwun Tydannm,
dakNaT Wy opanukga >koihnawraH co)anap (5.50) HUHI eymmnapu-
HM y3 numra onagm (Ynsmk/iaHraH cox,anap) Maskyp opanmkiaH
Tawkapugarn cox™anapga (5.50) HUHT edynmnapu 6ynmangn.

WyHpah kKnnmnb, K HUHT 6UHOGapuH E HWHI Kuiimatnapm my-
aAH opanukga pyxcatnaHraH 6ynm6, ynap opacuparu co\anap
TakMknaHraH 6ynap skaH. [Oemak, KpoHwur-lleHHn wmogenn 6up
ynyoenn (bup KWyHanuwnu) AaBpuii  noTeHuuan MalgoHuga
\apakatnaHaétraH 3/IeKTPOHHWHI 3Hepruanapu pyxcatnaHraH Ba
TaKMKnaHraH cox,anap  (opanuknap, 30Hanap)gaH néopart
OYNMWANTUHN KypcaTagu.

Bab3n uyerapasuin ?(ovialpga (5.50) KM3UKapAW watuxanap,be-
paaw.
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4 p oo abHU noTeHuman TycuK; xypa 6anaHg. by non anek-
TpoHnapHuHr Y3 aTomnapu 6unaH 6opnaHraH xonura Typpu Kena-

On. k=0 bynraHga
cos”™ =1, 5lnMa/Ma=1, P{ka)=P+\

6puw nurnun aHUKNAW KUiinH amac. [demak o /:a) \onga
hyHKuMa K KKa Xyaa TUK Tywagn. ByHaa aneKTpoOHNapHUHT pyX-
catnaHraH 3Heprusa  cox™anapy  (3oHanapu) Top  (AMCKpeT
caTxapura moc) 6ynaau, TakMKaHraH 3Heprus opanukiapu aca
KeHTr 6ynaan. By \on skka aToM 371eKTPOHW X;ofaTnapura Moc Ke-
nagu.

2) X0n4a 3NeKTpoHNap y3 aTomaapu 6unaH  Kyudcus
6ornaHraH, noTeHuMan Tycuk nact 6ynaam, yHaa

co$ka=co$(p

Ba \ey KaHAalh TakmkfnaHraH coxanap éynmangn. by \on metannga-
M 3pKUH 3/1EKTPOHAAp rasm >;0nura SKMH Kenagw.

3) P>\ \onga P karTa amMmo 4eknu Kuimatra 3ra. 5.2-
yMsMafaH KypuHULWKNYa K HUHT (E 3HEprusHuWHI) pyxcatnaHraH
KUiAMaTnapu Ka=mnn ra 4yangaH éHgawann. YnapHu

Ka=nn+b (5.51)

KypuHuwga ésmw MyMKuH, 6yHaa n — cox,a (30Ha) TapTUubuHU
6enrnnoBun 6yTyH COH, 5 — 6UpAaH KNYUK COH.
SHAW 3NEeKTPOHHWUHT pyXxcaTiaHraH n— co™agaru 3Heprusacn

£ M<+(-1)" B,, co&p (5.52)
KypuHuwga ndoganaHagmn, 6yHaa

(5.53)
8 ALl

(5.52) wudopaHn kenTupubd umkapuwpa |5]<<l pe6 >;;mncob6nab,
cosfla=: (-1 8N~ (-1)napHun Tonamms. (5.50) naH

r o«r
my'K-!) cos¢ -1] myHocabaTHU aHukganmuns. byHu (5.51) udo-

1 1
nara  Kyim6,  ka=nn\ 1+ — (- [)"C08cp- — TEHTIUKHU  XOCUJ
p P
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Knnamus. Ka HUHr 6y kminmatuHm (5.8) ncoganapgaH 6MpuHYN-
cura kKMyhcak, (5.52) Hatuxka kennb umkagu. (5.52) paH pyxcat-
NaHraH 93MeKTPOH J3Heprusnapu Cco~aCUMHUHIE KeHraurm P ra
MY?<;UM flapaxafa 60rnnmkK 6ynnwnmru KypnHmé typméan.

5.5. Ngean kpuctannga afieKTPoOH 3HEPrusanapun CnekTpu
Tyrpucuga ymyMmia xyaocanap

OonguHrn 6aHanappa Kyycus, Kyynm 6ornaHumiwl \onnapuga 6uvp
ynyosnu ?(onga ctauuoHap faBpui 3NeKTpPUK MangoHnapga (ynap
KpucTannga atoMAapHUHT aBpui XonnawuvwmniaaH ByXyara kena-
On) xapakatnaHaéTraH 31eKTpPoH yuyH LlpeguHrep TeHrnamacuHum
aanabatmnk 6up aNeKTpoHIU Takpunbaa ednmbd Kypauk. Ynap mMuco-
nupa KpucTtann KaTTUK >XWUCMAa 3/IeKTPOHNAapPHUHI 3HEpreTuk
CMeKTPU fakmga MyalisiH TacaBByp ~Ocui KUNAUK. KBaHT MexaHu-
Kacum KOHYHNapu acocmpa roputunaguraH ymymuii myno”asanap 6y
HaTwXanapHu Tacaukgaign. By HaTwKanapHWUHT 3HT  My\umun
3/1eKTPOHNAP 9HEepPreTUK CNeKTPUHUHI 30HABUA Ty3nnMwmgump.
LUYyHWHT y4yyH X;am Oy Hasapus 30Hanap HasapuAcM HOMWHW Of-
raH. bns kylinga yHUHr acocnini xynocanapuHu 6aéH Knnamms;

[aBpuii 3neKTpUK MaMfoHAa 3MeKTPOHHWHI 3Heprusnapu
CMeKTPWM pyxcaT/naHraH Ba Takgkjauram 3Heprusa 3oHanapura ax-
panraH 6;“nagn. BYHWHr acocuii cababu atomnap mabaiym macoda-
napraya  6up-6umpura  AKMHNaWn6 KaTTUK  XUNCM \ocun
KnnraHnapuga 6up-6upnapu 6unaH Ky4dam Tabcupnawmura Ku-
puwagnnap, 6yHAa AKKa atoMarn 31eKTPOHNapHUHI 3Heprusa
catxnapu WyHAah napyanaHagukun, 6yHga [MaynamHuUHr 6utTa
3Heprusa cat\u MKKnTagaH (6Up KBaHT x~onatuga 6utTagaH) opTUK
3/1eKTPOH GYNMWIM MYMKWH 3Mac feiguraH TakMK KOHYHUra puos
KunraH \onga, atomgarn 6up aHeprmusa caT™m ypHura (atomnap co-
HUra TeHr MWKZOpAarn carx™apHW Y3 uuura O/raH) 3Heprus
cox,acnm (30Hacu) BYXyAara kenagwu. PyxcatnaHraH 3oHanap opa-
nmrngarn TakKMKNaHraH 30Hanap KeHrnurm TYpan kpuctannapga
Typnu4a, pyxcatnaHraH 3oHanap Ty3unumwm 6ab3v Kpuctannapga
MypakKab, 30HaNapHMHI ycTMa-ycT Tywuwun x~ogucacm ~am 103 b6e-
pagu. 5.3- yn3maga atomgarn anpum caTx;napgaH 3oHanap ByXyara
Kenmwmn TacBupnaHraH. do —artomnaapapo macoda.

5.3 a- ymsmapga atompgarm 1,2,3 aHeprua catnapupad, atomnaap
AKMHNAWM6 Kpuctana \ocuna KuaraHuga, 3Heprua 3oHanapu By-
Xygra KenuwmHu Kypamus, 6yHAa pyxcatnaHraH 3oHanapHu 6up-
6upuaaH TakMkKaaHraH 3o0Hanap axpatmbé Typubawm, 30Hanap ycT-
Ma-yCT TyLiMaraH.
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5.3-un3ma. ATomMaaru 3NeKTPOH aHeprusnapu cat\iapugaH KpUcTangaru 3M1eKTPoH
aHeprusinapu 3oHanapu \ocun 6ynuwu

5.3, 6- um3maga 2,3 catn;napfaH xocun 6ynraH 3oHagap 6up
O6MPUHM KMCMaH Konjarad.

1 3oHagap TapTnb HOMEpM OpTraH capu pyxcaTnaHraH aHep-
rms 30Hafjapu KeHramb TakuMknaHraH 3oHagap Topaiinb 6opagw.

2. PyxcaTnaHraH 30Ha M4Mga 3N1eKTPOHHWHI 3HEPruacu ysu-
avuwcuns ysrapagyM ge6 xucobnaw MYMKWH, YYHKM 6up 30Ha
nunga aHeprus caTxaapu Xyfa 3ud xolnawraH (3oHagarn carxgap
COHW KpucTaggaru atomiap CoHuM TapTubupga). By xon 3oHa numpa
3NeKTPOHMap XapakaTura 60rnunk, xogucagapHu ypraHuwga MymTo3
KoHyHnapgaH (oifagaHmil MMKOHUHK Gepagw.

3 k Ba K''=k+b~ TYNUMH BEKTOpM TaBcudnainguran

Xonatnap 6up 6Gupura yxwawaup (6yHaa bg Teckapu naHxapa
BekTOpu). ByHaaH uxXTuépmii N - 30Hafarvn 3NeKTPOHHUHI 3Hep-
TMACM K HWHT JaBpuil GyHKLMSCU OYANLWIANTN Kennb YnKagw;

E..(k+bg) =E,,(k). _ (5.54)

4. ONeKTPOH 3HepPruacu K TYNKWUH BEKTOPHWUHT XY(PT DYHK-

uunscu bynaau:

E.{k) =E..{-x), (5.55)
AbHU £,,(N) 3HeprusHUHI udogacura K HUHT (akat XyqPpT ga-
Paxanapn Kunpagu.
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5. TynknH BekTop hasocmpa 3NnekTpoH 3Hepruacn E,{K) a3kc-
TpeMan (3Hr KWYMWK, 3HT KaTTa) Kuiimatnapra ara 6ynagu.

E,.{K) HWHI wMyTnaK, KaTTa (MakCUMyM) KuiimMaTn MasKyp
3JHEPrnsA 30HACUHWHI H<opu YerapacuHu (WWNUHK), MYTAaK, Ku-
YUK (MMHMMYM) KUAMATW 3Ca 30HAHWHI MacTKW uyerapacuHu (Ty-
O6uHN) aHMKgangn. MyTnak mMakCMMyMm, MyTnakK MUHUMYM fe6 Ta-
KNanawmuMmn3HUHT 6oucy LWyKW, MasKyp 30Haga 6up Heya Makcu-
MyM Ba MWHUMYMAap OYNWMWAUTKA, aipuM KpUCTannapHUHI 3Hep-
rma 30Hanapufaru 3KcTpemymnap 6up Heya Kappa aiHuraH
éynmwnnrn MyMmKuH. MacanaH, ranauii apceHuan CaA3 HUHT
IOKOPWUTM 30HAacuga MKKATa MUHUMYM 60p. KpemHuii Kpuctaniu-
HUHT Ba/jieHT 30Hacuia y4y kappa aliHuraH MakcumyM MaBXyg.

6. TYNKAH BEKTOP K KWIAMATNapUHWHI LWYyHAan coanapu
6opku, 6y co\anapfa 3/EKTPOHAAP 3HEpPrMAcU  Y3UJULICU3
y3rapagn (pyxcaTnaHraH 30Hanap), amMmoO Y/napHWHI 4Yerapacuga
aca ysunumw cogup 6ynaau; 6y colanap BpunntosH soHanapu Aeiin-
nagu. bupuHum BpunnsH 30HacKM -T:<K a,<+N TEHrCU3nuKIap,

NKKNHYN 5pVII'II'I}O3H 30HacKu -2n<K a, <-n Ba +N<K a, <+2/1 TeHr-

cm3nuknap 6unaH udgopanaHagn. bapuya wkopu TapTubnm bpun-
NO3H 30HACWHMW TeOMEeTPUK Kyuupuuwap épgammuga 6upuHumM 30-
Hara Kentupuw MyMKWH. LLUYHUHT yYyH YHU KenTupwunrad bpun-
N03H 30HacK geiuvnagu. BpunnosH 30Hanapu WaknuM Kpucrannap
TY3UULWMWHN aKc 3TTUPaau.

5.6. DNeKTPOHMapHUHI KpucTasigarn apheKTUB Maccacu.
KoBaK. 3MeKTPOH 3Heprusicn Ba UMHyICU

JNEeKTPOHNAPHWHT KpUCTanngarn pyxcatiaHraH 3Heprusiapu
30Hanapuga yHuWHr E,,(K) 3Heprusicn JIHWHT MyaiisiH Kuiimatiapuga
aKCTpeMyMmnapra (MakCMMyM Ba MWUHUMYMAapra) 3ara Gyauwauruy
Typucuga tokopuaa aitunraH agn. E,,(K) $YHKLUUSHU 3KCTPEMYM-

napu sKMHUAa Katopra €W MyMKWH. By aiipum KaTTuK >XuUcmMap
yuyH a\aMusaTra ara aKaHAMIMHU KeinHpoK Kypamu3. MacanaH, n -

30Haga £,(") aHeprus kK=kKoJ/la 3KCTpeman KuimaTt onagu [Aei-

k. Wy Kk =k o akuHupga E,(K) HW KaTopra éauiuk:
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1y TY (—N
A1¥\Fr"(K"K

4K
KaM A - " BEKTOPHWHT, /c,0, A0 - "0 BEKTOPHWHT Taw-
kunnosumnapu. E,{k) 3sHeprus k”~Kosa 3KCTpeman Kuimart on-

raHy yyyH 6upuHuu (gEn/gka)ko Xocunanap Hosra TeHr. VIKKWH-
yn Taprmbnu xocunanum Xx3[nap 2-fapaxann TEH30PHU TalluKuWn
Kunagn. HOKopu TapTmbnuM Xocwunianap KupraH Xagiap >Xyga Ku-
ynknurn Tydannm xmucobra onnHmaingu. dHan (5.56) éiinnma ax-
W Takpnbga

£,()=£,(NNo)+*"XE(4"-)a -kpo)-  (5-57)
2aln3 "

Arap Teckapu macca yn4yamaurura ara 6ynraH teckapu agdek-
TUB Macca TeH30pu

1- 1(-")- (5.58)
on3 P2 A
TywmHyacu kuputunca, (5.57) aHua cogfanawasu:
M ~y~(ka- kaO)(Kp -Kpo)
(5.59)

TapP

TeH30pHN yuTa GOl YKK" KenTupull amanu 6y udogaHu siHa
XaM cofiaanaliTupaan:

E(k) =E{ko)+1~~ ~ " ' ~ (5-60)

Arap 6y ndoaaHu 3pKWUH 3MEKTPOH KUHETUK IHEPTUSicU YdyH
gaunraH E=Wx™M2T 6UnaH CONMILITMPCAK L« Macca mMabHOcKUra ara
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3KaHAUTMHK naiik,aiMn3, ammo, yMyMuin \onga, KPUCTaNAHWHT
Xap 6up 60w yKura y3amHUHI T,, Maccacu Tyrpu Kenaaw;
N
ATE (5.61)
AK}
JHr copfa xonga (M30Tpon KpucTannga) ydyana maccanap 6up-
fai 6ynagw;

mj =ni2 =mi2 =1* = _;L (", (5.62)
ﬁKé Ka |
By wudogagarm m* ckanap ahdekTus Macca feimnagu. by

XO/ila 3NEKTPOHHUHT 3HEepPruscu, Keasm MMMyAcU Ba HbHOTOHHUHT
MKKWHYN KOHYHU KYPUHUILK KyiAngaruda 6ynaam;

E..(k) = [h(k-iIQf 12T +E, A7), (5.63)
P =ri(k-ko) =m*v , (5.64)
F =1+ (dv/dt) =dptdt. (5.65)

JHeprus 30HACMHWHI NacTkWM dYerapacupa (MyTnak, MUHUMY-
muga) £,(A)  HUHT  WKKUHYM  Xocunacu  mycbar, AbHU

T =h~"d"E,, 1dk™M)j™M>Q. By 0COH TylwyHapan Hatuxagup. 30-

HaHWHT loKopurn verapacuga 3sca (dE,,dk™N)iM<Q abHM W*<0.

AmMMO Oy ranatm HaTWXaHU TYLWYHUIL KWAUH 3mac. ONeKTpoH
KpucTann unymugarn Kyunum MaijoH Tabcupmpa Talku MaingoH
TabCupyu WyHanuwnra Kapwu KyHanraH TesnaHuwra ara 6ynagm
(by 30HaHWHT KOKOpUIM Yerapacuga cogup Oynagm). Arap 30Ha
wunmuga maccacu T,,=-T* 3a 3apagu +e 6ynraH Keasu 3appa (Ko-
BaK) TYLlYHYacu KMpWUTWACA, MasKyp ranatwiauk 6apTtapag 6ynagw.
By kBa3n 3appaHVMHI KoBak fe6 aTtanuwura cabab y 30HAHMHT ylla
Xohnaa snekTpoHAaH Oyw xonatHu (KoBakHW) TaBcunawmaup.
KoBaknap 3pKWH 3nekTpoHnap 6unaH 6upranvkga spum ~Kasruu
KpucTannapga xyja Myxum ypuH TyTagw.

Ta)ymnHu coguanawTtupuw yyyH E,(Aq) =0 Ba ne6

thapa3 kunuHagu. d¢dekTMB macca TywyHyacn E,{k) QyHKuunA-
HMU  3KCTpeMyMmfapu  AKMHMAaA  Katopra  éauwgaH  Kenub
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YMKKaHAWTKM Ba BGuHOGapuH, 6y Tywyuuya ta”aT 30Hanap yerapa-
napu AauMHUgarvHa KyanaHuwy MyMKUHAUTUHU TabKugnaiMmus.

Ckansp ad@dekTB Macca M30TpOn Kpcutannapra xoc, aMMo
aHM30TPON KpUcTana xoccanapu TaBcudnaHraHga agphekTus mac-
ca TEeH30pu TyllyHYacugaH onganaHunll Kepak.

5.7. DHeprua 3oHanapu. Metannap. Apvm yTrasrudnap.
Junanektnpuknap

Bus lokopuga KBaHT (U3MKacu 3amUHMAA KPUCTANN KaTTuK,
XUCMNapAa  3NeKTPOHNAPHWUHI  3Heprus  30Hanapu  XOCun
OYNUILNNTUHN KYPAUK. SHAW IHEPTUS 30HANAPUHMUHT 3N1EKTPOH-
nap 6wnaH TYNAUPWATAHAWIM Macananapu 6unaH TaHULWaMK3,
UYHKWM OKOPWUIWM 3HEeprus 30HaNapuHWHI. (BafeHT catnapupgaH
naingo 6ynraH 30HaNapHWHr) Kali fapaxaja TYNAUPUATraHnnurn éxku
TYNAUPUAMAraHAUIN KPUCTANTHUHT 3M1eKTPUK Xxoccanapu 6yinua
Kaiicu rypyxra — wMeTannapra (Axwu yTrasruunapra) spum
>Trasruunapra €ku AuanekTpuknapra .MaHcy6 OynuLLANTUHK
aHukaab Gepaau. JapBoKe, KaTTUK XUCM KBaHT (usumkacu (1930
Avunnap 6owwnga) ApatuaraHgaH KemwHrMHU Maskyp mogganap-
HWUHT Kyn XoccanapuHu Ba ynap opacugarv TagoBYTHM MyXTa Wn-
MU acocga TYLWYHULW MYMKUH 6ynau.

YMyMaH, 3Heprus  30HacuM  31eKTpoHnap 6unaH  Tyna
TYNAMpWUATaH, 4ana TyngupuaraH éku OyTyHnaii Tyngupuamarad
OYNNLLIN MYMKUH.

Arap 3Heprua 30HacWHW 3NEKTPOHNAap Tyna TynaupraH 6>?nca
(bornaHraH anekTpoHnap 30Hack) 6y \onga yHgaru 3fnekTpoHnap
3MeKTp TOKAAa KaTHawa onmaigun. Cababu wykm, 6y 30HAHUHT Xap
6up catxmga 6up Xun KMiiMatnum Te3nukkKa ara 6ynraH UKKW anek-
TPOH Kapama-kapwu RAyHanuwga xapakaT kunagu. Tokpga
KatHawTupuw yuyH 6yHgan >XypTnapHu axpaTuw ynapHu 6up
KNCMUHWU toKopura 6yw cartxgapra (arap ynap Maexypn 6ynca)
K>Tapuwl (3HeprusiCMHU OLIMPULL) Ba 3IHT MYyXMMU 31EKTPOHMap
MyHaNMWWHWN 31eKTp MalgoHra mMoc pasuwaa 6ypuil, AbHW ynap-
HUHT yHanraH (TapTubnu) XapakaTWHW BYXyAra KenTupuwl Ke-
pak. AMMO Tyna TyngumpwunraH 3oHaga 6yw catxnap HyK, 31eKTp
MafoOH TabCMp KWAraHWga XaMm 31eKTPOHAap WKKUTagaH V3
caTxgapufa kapama-K,aplwu xapakat Kuaviwga gasom aTtagu. Ly-
HUHT YUYyH ynap TOKAa KaTHalla onmaingu.

115



Arap aHeprus 30HacuM Yana Tynaupunarad  6ynca, YHM
yTKa3yBYaHINK 30Hacu fJeiimnagn. ByHpail 30Ha 3nekTpoHNapu
TOKAA KaTHawa onagu. Ynap yTKasyBYaHNWK 31eKTpOHNapu éku
3PKUH  3MeKTpoHnap Aeiimnagn. Maskyp 30HAHWMHI  HOKOpK
Kucvmnga 6yw car>ylap 60p, mact cat™gapuga XypT-XyPpT >Xoii-
nawiraH 31eKTPOHNap 3MeKTp MalijoH Tabcupmga Tesnawmnb
lokopurn Gyl caTnapra Kytapunagu, Te3nuknapu hyHanuwnapu
3NeKTp MailgoHra moc 6ypunagm. Hatwkaga 30Hagaru 3M1eKTPOH-
NapHWHT yHanraH \apakaTu, AbHW 31eKTP 34Ka3yHYaHIUK BYXY[-
ra kenagu (byHga 3aHxup énuvk 6ynuwWINruHn Hasapga Tytunagu).

Tynampunrad 30Ha KOKOpUCMAA MNacTKW 30HafaH TakKuKnaHraH
30Ha 6unaH axpatunraH 6%“w 30Ha Gynagu. Arap kaHgangup Talku
Tabcup (Temnepatypa, Kyuau 31eKTp MaifgoH, Epyravk Tabcupu)
okmbaTnpa 6y 3oHara TYNAWPWATaH 30HaJaH 3NeKTPoHnap yrca 6y
MKKW 30Ha X.am Yana tynaupunrad 6ynub konagu Ba 3anekTp MaigoH
XOCW/ KWATaH4a TOKKa y3 XuccanapuHu KyLiaau.

VIKKN MyXuM XOMHWU Kypnub Ymnkaiinumk.

I Uana TynavpwiraH BafeHT 30Ha xonu. Hatpwuii Ha kpucTtannm-
HW onainuk. Hatpwii anemeHTNap gaspuii xagsanuga 11—puHga Typa-
OV, YHUHT atoMupaa 11 Ta anekTpoH 6op. YnapHuHr 10 Tacu, Maynu
KOHYHUra acocaH 2 TagaH 5 Ta caTxHW Tyna 3arannaraH, 11-3nekTpoH
XOinawiraH BaneHT caTx yana (apumucun) Tynaumpunrad. Hatpuii 1 Ba-
NeHTAUK 3nemeHT. Tyna TyngmpuraH 5 Ta MUKW caTxnapgaH Hatpuil
Kpuctanauga xocun OynraH 3Heprus  30Hanapu  xam  Tyna
TYNAMpUAraH, aMMO BafeHT caTxfaH naigo OynraH 30HaHWHI up-
Mu Tynaupunrad éynagm (5.4- a ynsma).

-0
-0- -Q------0-
_0-
-0-
-O_
-0_

5.4-yn3ma. IHeprusi lHaNapUHUHT 31eKTPOHNap 6unaH Tynaupunuw \onnapu.

Xap KaHpjain Temnepatypaga Ty/na TyNAUPUNATaH 30Hajaru anek-
TPOHMAp 3MeKTP TOKWHW 3"Kasulufja KaTHaWa onMaiign, ammo sp-
MW TYNAUPUATAH 30HAHWHT (MKasyBYaH/IMK 30HACUHWHT) 3MekK-
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TPOHMapu ToKAa “;THawa onafgW, YYHKW ynapHU 3/1eKTp MalijoH
Te3naHTUpnG tokopuru Byl car><;iapra (Te3NHK WyHaUWMWHU Xam
y3rapTupraH xonga) "“Kasuwum MYMKWH. By 30Hagarn 3fneKTpoH-
NapHWHT TapTubNM Xapakatu BYXyAra Kena onagu. Hatpuit kpuctannu
meTann 6ynunb, TOKHM AXwWu “KasaguraH Mopgagup. Jemak, toKopuru
3HepreTUK 30HACK 3NEKTPOHNap 6unaH apMmucy (Yana) Tynaumpuaras
mMoaganap MeTann xoccanapura ara 6ynagu. byHaall 3oHagarum 3pKuH
3NeKTPOHNAP COHW KPUCTaNNHW TalWKWA LUAraH aTomnap COHU
TapTubupa (6up cm® ga TaxmumHaH 10°2 Ta yamacupga) 6ynagn. Me-
Tannap axwu s*kasrunynap.

fAlHa WyHW anTuw 3apyp: atompja Tyna TYAAMPWATaH BaneHT
caTxgaH Ba YyHAaH loKopuru Oyl caTxgaH KpucTannga naigo
bynaguraH WKKW 30Ha KucmaH 6up 6upu ycTura TywraHja xam
(5.3,6- umM3MaHu K,.) ywby 30HaNapHUHT HOKOpUrn Kucmuga 6yl
caTxnap opanuru maexyf Oynagu. by xonga xam 31eKTp MaigoH
TabCMPUAA 3NEKTPOHNAPHU Te3nawTnpub, okopura Oyw caTxnapra
yTKa3nl ynapHy TOK4a KaTHaWTUpuw MyMKuH. ByHpain moppanap
Xam Mmetannap 6ynagu.

2. Tyna TyngvpuaraH BaneHT 30Ha X0nu. KpemHuilt KpucTanuHu
onannnk. KpemHuii 51 anemeHTnap faepuii agsanuga l4-ypuHga
Typagn. buHo6apuH, YHUHT aKKa atomuga 14 Ta anekTpoH 6ynu6, 10
Tacu MycTaxkam Wyku Kobukaa 5 Ta caTxHW TynaupraH, KonraH 4 Ta-
CWU 2 Ta BaNeHT CaTXHW Tyna TyngupraH. KpemMHWiA 3HT KatTa BajeHT-
AMrn 4 ra TeHr GynraH 3feMeHT, YYHKW YHUHT Wy 4 Ta 371eKTPOHU
KUMEBUIA BMprKMLWINapaa KaTHaWNIWLN .MYyMK/H.

BaneHT caTxnapgaH KpeMHWiA KpucTanaupa naingo 6ynraH Ba-
NeHT 30Hanap MyTnak HONM Temnepatypaja Tyagupunrad 6ynagm
(5.4,5-un3ma). Aemak, T=0 K pga 6y 30Hanapfarv 3neKTpoHnap
3NeKTP TOKMHU YyTKasulaa KaTHalwa ofiMaiifn, abHU KPEeMHUA 6y
Xonja y3vHW ONaNeKTpuk (n3onatop) kabw TyTagau. BaneHT 30Ha-
JaH rokopugarn 30Ha (y BaneHT caTxfaH HKOpUrn YnroHuw
caTXxugaH naingo 6ynagn) 6ym-6yw  6ynagn. By  30Ha
yTKasyBYaHNMK 30HAcK feiunnagn. by HOMHUHT Kennb YUKULLKNHK
X0o3up 6munmb onamms. bus ByHaaH KeMH WKKW BaneHT 30HacupaH
shakaT 6UTTa HOKOpUrUCK 6GMNaH MW KWNaMWU3, YYHKW NacTku Ba-
NeHT 30Ha akcapwii xonga KpemHuinga cogup OynaguraH
xogucanapga \eu kaHjai xuccara ara amac.

Temnepatypa MyTnak HongaH (OK pgaH) rokopw 6ynraHpa 30-
Hanap TYNAUPWUATAHNUTU KaHaka 6ynagun?
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By xonga {T>OK) BaneHT 30Ha 31eKTpOHNapugaH 6up Kncmum,
NCOMY1MK  \apakaTu 3Heprusicm xucobura TaKMKIaHraH 30Ha
KeHrnurn pfeb atanrad JHEPreTMK TYCUKHU €eHrmb, HKopuUru
30Hara fibHM “Ka3yBYaHNMK 30Hacura ytmb onraH 6ynagn (5.4,B-
ynsma). by \ogmcaHu SKKON TacaBBYp KWW YYYH YHU CYHOK/IUK
MoOfeKynanapuHm 6yr Mmosiekynanapura amnaHuwumra  yxwaTui
MYMKWUH. OHAW BaneHT 30Ha XaMm, YTKa3yBYaH/IMK 30Hacu \am yana
TyngupuaraH 3ofranap 6ynagu. Ynapgaru 31eKTPOHIap 3/1IEKTPUK
mMalifloH Tabcupumaa 6GaHp OynmaraH HKOPUIM caTxgapra Hrvwm
(3HeprusHn Ba TE3NWK WYHanMWMWHU Y3rapTUpULIN) SbHU TOK
AKasMwga  KaTHawwuwu MYMKWH. K™icmaH — Tyngupunrat
YTKa3yBYaH/IMK 30Hacufarn 3/eKTPOHMap ONAMH aTunraHungek,
3PKUN 3NeKTPOHNAp €KUM yTKasyBYAHNMK 3NeKTPOHNApU AeAnnagw.
Ynap myBo03aHaT xonaTuga 3oHaHuH!' Tybuga xonnawagm.

BaneHT 30Hajarum Kosaknap. YTKa3yBYaHAWK 30Hacura ytub
KeTraH 3/IeKTPOHNap Ba/leHT 30HaHWHI  HOKOPUTM  4erapacu
AKMHUAArn cat)“napuvHu 6yw Kongupagu. AnbaTTa, 31eKTp MalifoH
TabCuMpua MacTpoK car>ylapaarn anekTpoHnap 6y 6yw cartxgapra
56 onuwmnm MyMKWH. 5.6-6aHfja KypraHMMu3geK 30HAHWHT
IOKOPUTM Yerapacu SAKWHUAA I3NEKTPOHHUHT Tauw.'Kn Ba WUKM
3NeKTP MalfoH Tabcupuparu xapakaTuHM /«,*>0 Maccanu Ba +e
3apa4nM KBasu 3appa - KOBaKHWHI xapakaTtu opKanu TaBcualw
MYMKWH. Xynnac, BaseHT 30HAHWHI HKOPUTU Yerapacu SiKMHWAa
3NeKTPOH 6ywatnb KeTraH XonaTHWM KOBaK 6aHA KunraH [Ae6
xucobnaHagn. SNeKTPOH 3apagura Teckapu 3apafnm KoBaK 3fek-
TPMK MaifoH TabCcupuAa 3MeKTPOHMap XapakaTum WyHanauwumra
Kapama kapwwu iyHanmwja xapakatiaHagu, TOkga KaTHawa ofa-
an. KoBaknap aHeprusicm wKopupaH nactra TOMOH owunb 6opagu!

Jemak, T>0 K pa KpeMHWNiA Kpuctannu INeKTp
AKka3yBYaH/IMKKa 3ara 6ynagu, YHU yTKasyBYaH/IMK 30Hacuparu ap-
KWH 3/1eKTpOHMap, BaneHT 30HafMrv KoBakfiap amanra owupagu.
OpPKWMH  3MeKTpOHNMap Ba  XapakatyaH  KoOBaknap  MUKLOPU
(yTKasyBYaH/INK Xam) TAKWKNaHraH 30HaHWHT Eg KeHrnuru (sHep-
reTuk Tycuk 6anavgnurura) 6or/iuk 6ynagn. X,ap xun Kpuctannap
YUYyH Eg )IMHT KnitmaTu Typnuda 6ynagu. Laptnu paBuwga apum
yTKasrmunapga Eg”2 sB, gananektpuknapga Eg>2 3B 6ynagu.

Bupok, sipum yTkasrmunapga TOKha KaTHalla onaguraH 3apsij
Tawysyunap 3uMuYAUrK  MetannjarufiadH aHya kKam, MOC paBuwija
3NEKTPUK YTKa3yBYaH/IMK aH4ya Kuumk Oynagun. Eg cu KaTTa
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ObynraH guafeKTpUKIap YTKasyBYaHIUTK, 3apaf Tawysuymnap xyjga
xaMm kam (6ab3aH, xmcobra onmacnmk fapaxaga) OynraHamrm Ty-
thannun, Xyga xaMm KudkmHa 6™Mniagu, Kyn Xonnapga YHuW iyk, aeb
XucobnaHagu.

Temnepatypa owmn6 6opraHnpga MeTannapHUHT
YTKa3yBYaHAUTM KaMaagu (K,apwunuru opTagmn), YyHKWM MeTan-
napfarv 3pKWH 3NeKTpPoHNap 3UYNUrM KatTa Ba Temnepartypara
6ornvMk, amac, fleKMH TemnepaTypa oOwraH capu 3/IeKTpoHaap
XapakaTtyaH/nrm Kamasgu.

ApuMm  yTKasruunapfa TemnepaTypa owraHuja 31eKkTp
yTKa3yBYaHAMK Te3 opTnb 6opagn, YyHKW BaneHT 30HafjaH afnek-
TPOHMAPHUHT YTKa3yBYaH/IUK 30HAcuUra ytuwnapu Te3 Kynasgwu,
6uHoGapuH, TOKAa KaTHaWyBYM IPKUH  3NEKTpPOHNap Ba
XapakaTyaH KOBakKfiap 3uunury Te3 opTajum, xapakatyaHaumknapu
aca HucbaTaH CycT y3rapagu. Apum yTkKasruuyniap, metannapiaH
Kypa, TemnepaTypajaH TawkKkapu fsiHa éputuwra, gedopmaumsa-
napra, TypnAu HypnaHuwnapra HucbaTaH Xyga cesrup mogga-
napaup.

AHa 6up Myxum (QUKpHM aiTu6 yTuw  3apyp. Hpu.m
yTKasrmunapga aHeprusa 3oHanapujaru carxgapra HucbataH 3pKuH
3apaj Tawysyunap 3umynurm aHya (6ab3aH MWAIMOHNAPYA) KaM,
WYHWHT YYyH ynap 30Hanap 4erapanapugaru KW4YuMK Opanuk,faru
caTxjapga xolnawraH 6ynagn: yTak3yBYaHNUK 30Hacupaaru anek-

TPOHNAp 30HaHWHT Ty6u (£,,(/:) 3HepPrus MUHUMYMM) SIK,MHUAA,

BaJIEHT 30Hafarn KoBaknap 3ca 30HaHWMHT wwunu (£°,(/:) 3Heprus
MakCMMyMW) fKMHUZa >KohnawraH Oynagn. [Jemak, 5.6-6aHpga
3HEPrUSAHWUHT 3KCTPEMyMap SK,MHWAaru éinnmacugaH ken-

TMpMG umk,apunraH ad(})eKTMB Macca TyLlyHYacu MasKyp 3/1EKTPOH-
nap Ba KoBaKnapra Xyfa Katta aHVK,JIMKAa K>>NNaHuWm MyMKWH.

MeTtannap, ApuM yTKasruunap, AuanekTpuknapra daruwinadraH
6o6bnapfa 30Hanap HasapUACUHWHI  Maxcyc TylwyHyanapura
TyXTanumHagu.

WyHpaid Kumamb, KaTTuK, XXUCUMAAP KBaHT (PM3MKacu aHeprus
30Hanapy Hasapuacu 3aMuHUZa MeTann, ApUM YTKasruy Ba Au-
3NEKTPUK MOAJANApPHWHI 3/eKTPMK Ba OOWK,a XoccanapuHu pas-
WaH TyWwmuHTUpn6 6epaaun.
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CaBsonnap Ba macananap

1. Kpuctann «kaTtuk, »xucm ydyH LpegnHrep TeHrnamacu
KaHpaw é3mnagm?

2. ApunabaTtuk Takpmb HumagaH nbéopat?

3. Bup 3neKTPpOHIN TaKPUOHWUHT MasMyHU KaHpan?

4. KpoHur-feHHM MOAenn HMMa Ba Yy KaHAain xynocara onuné
Kenagm?

5. Bnox yHKUMACUHWN TaBCU(IAHT.

6. KpemHuin kpuctannmga /«1=1,55 ma 12=713=0,082T0 (6YH-
[la LLb —3pKUH 3/1eKTPOH maccacm).

ndogagaH T' mMaccaHu TOMMWHT.
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VI BOB

XAKUKNN KPUCTAN KATTUK XXNCMTAPOAT
HYKCOHNAP

6/1. Kpuctannapgary HyKcoHnap ~a”mga ymymuii myno”asanap

OnguHrun 6o6napfa KaTTUK, KpUCTana XUCMHU MyTnak, TapTuob-
NaHram, SAbHWM aTOMJIAPHUHT KaTbWiA LaBpuil KoWjawunwmnga X.ed
K,aHgain 6ysunuw GynmaraH Xucm faeb kapangu. dakat atomnap
TebpaHMwuy 6yHAaH UCTUCHO 34M.

JleKnH, XakuMKuii Kpuctannapga XxamMMa BaKT KpucTann maHxa-
PaCMHUHI aH4ya Mukuopgarn Oysuauwm (HyKcoHnapu) MmaBXyp
6ynagu. JacTaBBas Makpo Ba MWKPO HYKCOHMApHMW (hapknaw no-
3uM. MaKpOHYKCOH/Map MWKPOCKOMAa OCOH KypuHagu. byHpai

MaKpPOHYKCOHMAPHUHT MUCOMNapu - MeTann Kyihmanapgarm Ko-
Bakfnap, Aapsnap, €T MoAjanap Kupuwmanapu ylomnapu, noau-
KPUCTaNNHWHT  JoHayanapyu — aiipuM  KpuUcTannyanapHUHT

KYpPUHMa 4erapanapmaup. SNeKTpoHNap MUKPOCKOMUACUHUHT
naingo 6ynmwun caHab yTunraH HyKCOHMApHW aH4ya KUYuMK yndamnau
6ynraHga \am Kys3aTull MMKOHUHU Gepaw.

MWKpPOHYKCOHNapra é&ku .atomnap ynyamupa Kapanagurad
HYKCOHMapra yd4 ynuyamgaH (x,y,z) xe4 6ynmaraHga 6upu kpucrtan
naHxapacuHMHr <w=0,24-05 HM fJaBpu OunaH TaKKOCNaHYBYM
O6ynraH HyKcoHnap MaHcyb 6ynagn. ARpuUM  KypuUHWLWAAru
HYKCOHNapHW KapawpjaH OnAuH Xak"KUW KpucTaniHm HyKCOHCU3
(vgean) KpuctanngaH GapkaoBYM YMYMWUA GearnnapHu Tonannuk.

Vpean KpucTannga atomiap KaTbuii AaBpuid KolnawraHauru
okmbaTmga KpucTann umumga LaBpuil 3NeKTPUK MakfoH LiaKnnaH-
raH 6ynagn. KpuCTanfHWHI AaBPUA UYKW 3NEKTP MaliJOHWHUHT
Xap KaHgain 6y3unuwm HykcoH 6ynagu. HykcoHnap muconu Ta-
pukacmpa €1 atoM - KWPULIMAHWHI  KpUCTana aToMu ypHuUra
XOMnawnb onuwmy Ba KpUCTana aTOMWUHWHE XOWWAAH KeTuwu —
BakaHcus (6yw >xoi) \ocun GyNMWNHN KENTUPULL MYMKUH.
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Arap KpucTtanngaru HykKcoHnap o3 6ynca, 6y xonga ynap 6up-
6upngaH aH4ya MMpokga XXoknawraH, apMu  KpucTann naHxapacu
HYKCOHNapu MaxannuinawraH 6ynagu. byHpa kpuctann uumpgaru
3MeKTp MailfoH (hakaT HYKCOH aTpodmparvmHa 6ysvmnagu, 6owkava
anTraHga, KpUCTan/HUHT [aBpuii noTeHuManura HyKCOH
AKMHUAA Y KyluMMuya noTeHUMan Kywwunagu, Tyna noTeHUuman
K =Ko +¥ 6ynagn. LLyHUHT yyyH XM akaTt LWy coxaja 6ynraH
3NeKTPOHNAPHUHT 3HepreTMK xonatnapw ysrapag!l, 6y aca wmgean
KaTTUK JKUCM 3M1IeKTPOHNapy 3Heprusa 30Hanapura Kywumua
Maxannuii aHepreTMK XonaTNapHWHI nango 6ynnwwnra onnb kena-
an. ByHpain maxannuii xonatnap COHM /N HYKCOHNAp COHUra TeHT,
ékn arap 6up HyKCOH 6up Heya xonatga 6yna onca, Maxannui
X0natnap COHU HYKCOHMap CoOHuAaH KaTTa 6ynagu.

Maxannuii 3HepreTuk caTxnap (xonatnap)fa 31eKTpoHAap
6ornaHraH, 6y 60rnaHuwW Typau KaTTUK >XUCMAapfa MOXMATaH
Typanuagup. MeTannapga HyKCOHMap naifo KWAraH catxfiap pyx-
caT KWIWMHFaH 3Heprusnap 3oHacu uumpa xonnawagu. Metannap-
fa anekTpoHnapgaH Oyw HYKCOHMAApPHWUHT WOHAaHraH Xxonatga
OYANLWANTA 3HT IXTUMONNTUANP.

ApuM >TKasruunap Ba AU3NEKTPUIOTAP 3NEKTPOHNAPW TaKUKNaHTraH
3Hepruanapu 3oHacu GynraH 3HEPreTMK CchnekTpra aragup. Anbarra,
byHgali KpucTannapfa MaxafiMidi 3HEpPreTWMK XonaTtnap pyxcaTnaHrad
30Hanapra Tywuwy MyMKUH. Arap ynap yTKasyBYaH/AMK 30Hacuia
XOWnaluca, ynapHU pe3oHaHC caTxnap, arap y/nap BaneHT 30Hacaja
XOWnaluca, ynapHW aHTWM pe3oHaHC caTxnap feivnagu. By xonnapga
HYKCOHMapra TeruwaM 3neKTpoHnap ynap bTau 60rnaHULWMHA

iykoTagm Ba yMymnaluraH N

30Ha ANEKTPOHMAPM Xamoa- e 1
cura  Kywwunagu. J1eKuH, r r

akcapuii  Kyn  Xonnapja 1 il
HYKCOHMap caTxnapuga

XoinawiraH — 3neKTpoHnap

HYKCOHNapra pornMKnurinya  6.1-uHsma. TaklK™|aHraH 3oHagaru .ma\a, V11t
KONUWN  MYMKWH, Y/lapHu canlap

(hakaT WUCCUKINK XapakaTtu

8Kk BOLWIK3 3Heprus MaHb6au xucobura y3 HYKCOHNapuaaH axpaTué
tobopuw - aKnaManaHTUpUwW MYMKWH. HykcoHnapra 60rivK 3nek-
TPOHNAp 3MeKrp YTKasyBYaHNMKAA KaTHawa onmaiaw, anbarra. ByH-
nan HYKCOH/TAPHWHT  3/IEKTPOHIAP  Y4YyH  caT‘rapu ApUM
YTKa3rMuynmHr (AU3NEeKTPUKHWUHI) TakKuK"NaHraH 3oHacmja >oii-
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namraH 6ynagu. by 6.1- unM3maga kypcatunraH. K.aicu 6up maH-
6afaH ONIMHraH 3Heprua 93Basura HYKCOHNap WOHNaHagu? bup
Xunnapu “KasyByaHAWK 30Hacura anekTpoHnap 6epub, y3snapu
Myc6aT 3apsanuM HykcoHnapra (6.1, a- 4u3ma), 60wk.a xXunnapu,
aKCMHYa, 9NeKTpOHIapHM TyTmbé o0nmb, MaHhuin  3apagam
HyKcoHnapra (6.1 , 6- yn3ma) alinaHagu.

AYTKasyBYaH/IMK ~ 30HAcura anekTpoHnap 6Gepa onagurad
HYKCOHNapHW JoHopnap fAelinnaguw, Tapkubupa goHopnap 6ynraH
ApUM YTKa3rnynapHu aca 3NeKTPOH AKa3yBYaHINKAN
ApUMYTKasruynap éku n - Typ ApuM yTkKasruunap gerivnagn. Moc
paBuWIga SPUM  YTKa3rMynapHUHr >TeadyBYaHNMK 30Hacugaru
3NeKTPOHNap Kyumwn 6unaH 6GOrAWK 3MeKTP YTKa3yBYAHAUKHU
3M1eKTPOH 3M1IEKTP YTKasyBYaHAMK &KW N - Typ F'rkasyByaHINK
aenn.nagw.

Arap KpuUCTaniHW Ku3gupraHga 3M1eKTpPOHAap BafeHT 30HajaH
HyKCOHNap catxnapura ”~a onca, Oy xonga BaTeHT 30Hafa
XapakatyaH MycbaT 3apsanu Kosaknap narigo 6ynagun, KoBak 3nekTp
AKasyBYaHAUK BYXyAra Kenagu. ONeKTPOHMapHW y3ura Kabyn
KunaguraH HYKCOHNapHW akuenTtopnap ge6 artanrad, tapkubupa ak-
uentopnap 6ynraH ApuM ANra3rMyHu aca  BKu KOBaK
YTKa3yBYaHAMKAN SPUM YTKasruy €km p - Typ ApUMM YTKasrmd

aeiunnagm.
6.1- yn3MajZa JOHOPAAp caTXnapy YTKa3yBuYaH/IMK 30HAcKU Ty6u
AKUHUAA, aKUenTopnap carxiapuM 3ca — BaJeHT 30Ha LWKNK

AKMHMAA  TacBupnaHraH. XycyCMil  MOHMaHWWTra  HucbaTaH
HYKCOHMAap MOHNaHULWIKM aH4ya OCOH, KUYUKPOK Temnepatypanapia
03 Gepagu. CaTxfapHWUHr JOHOp EKW akuenTop 6/Nnuwnurum mas-
KYp caTX/lapHU XOCWUN KWUNYBUYM HYKCOHNAPHUHI Tabuatura 60rnmnk-

[oHopnap anekTpoHMapHM (akaT YTKa3yBYaHAMK 30Hacura
amac, 6anku akuentop TabuaTnm xap KaHfjah HykcoHra 6epa ona-
an. AKuenTopnap 3NeKTPOHapHW BaseHT 30HafaH Kabyn Kuauw
6unaH 6up BaKTAa KpucTanngarn xap KaHgai p[oHopgaH \am onu-
W MYMKMH.

HuxoAT, am(oTepanmk xoccanapy HaMOEH O6ynaguraH, SbHU
JOHOp Xam, akuenTop >am Oyna onaguraH TtabuaTam HYKCOHMap
MaBXyf[. HyKcOoHnapHuW CuH(napra axpaTuw Kpucta.ni MaingoHu-
HWHI HYKCOH TOMOHMAaH Gy3uinMwun yn4yamnapura acocnaHraH:

A) HYKTaBuin (HON YN4YOBAM) HYKCOHMap, ynapra yndyamnaap
x{a,y{a,x{a OynraH HyKcOHNap MmaHcy6, 6yHga a - Kpuctann

naH>Xapacun ,CI'OVIMI/II\/’ICI/I;
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B) umsurmin (6up yn4yoBAM) HYKCOHMAP, WKKW WyHanuwja
YNapHUHT yn4yaMnapM KWUYMK (<a) Ba Y4YuHUM AyHanuw aa
ynyamun xap KaHya éynuwim (>>a) MYMKUH;

B) acc  (MKKW  YNUYOBAW)  HYKCOHNap, YNapHUHT  6up
MyHanuwaa ynyamm KM4mk, Xonoc.

N XaxXmuii (y4 yn4yoBAKW) HYKCOHNAp, YAapHWHI 6ab3unapw
MaKpo HYKCOHNapra taannyknu 6ynagu.

By ynuamnap 6yiimMuya cuHgnawra 6up Heya 6uMp xun éku xap
XU cojja HYKCOHNApHWUHI 6upnawmacugaH wubopat Mypakkab
HYKCOHNApHW XaM KUPUTULL MYMKUH.

Y éknm By HYKCOH naigo 6ynuwwnga ypuHnu 6ynaguraH TapTu6-
CM3naHUW aB3oinra k™ pab xam HYKCOHMapHU 6olwkKaya cuHnapra
axpatunagn. ABBal0 ynap Xycycuil TapTMOCM3MaHULW HYKCOHMapu
6ynnb, ynapHuWH!’ 3Hr MyXuMM MWUCONNAPU 3NeKTPOH Ba aToMra ouf
HYKCOHNApAMp. Ynap KaTTUK >XuUcMmnapgarv anddysuna, sputmanap
napyanaHuwmn Ba 60LWKa Xogucanap UWTUPOKYMNapuamp.

By cuH(ra xapakaT HYKCOHMapu, NyHanraHauk HYKCOHMapw,
3KCUTOHNApP, 3NeKTPOH — KOBakK KydTnap, PoHOHMap Ba nong-
poHnap MaHcyo6anp.

Kupuwma ato.mnap masxyg 6ynuwura 6ornmk éynraH t1aptuné-
CU3NAHULL HYKCOHMapW 60WKa CUH(HU TalWKWA Kunagu.

6.2. HykTaBuii HykcoHnap

HykTaBWii HYKCOHNAPHWUHI KaTTUK XWCMJa XaMMa BakKT MaB-
Xy bynaguraHnapy atomnapgaH  6>?wab KonraH TyryHnap - Ba-
KaHcusanap Ba TyryHnap opanurura xonnawmb onraH atoMnapaump.

BakaHcusnapHVHI MyBO3aHaT LlapouTuga Xxocun 6ynuwm Kpuctann
aTOMMapPUHUHT UCCUKAMK TebpaHuwnapu 6unaH 6ornuk MybTagun
TemnepaTypanapga atomnap TebpaHuLLNapuHUHE ypTaya amnauvTygacu
atomiap apo macoga (naHxapa AOMMMUIACU)HUHT 6Mp Heya dousura
eTumln MyMKuH. TyryHnap atpouaa TebpaHyBYM aTOMAAPHWHT 3Hep-
rUACK XXyfa KMYMKAaH TO aHYa KaTTa KuiimaTnapra ara 6yna onagy.

FOkopu aHeprusanu atomnap y3 MyBO3aHaTWI BasuATnapupaH
y30Knawnb ketuwn (Tyry'Hum Tawnab Ketuwm), TyryHnap opanurura
YT MyMKUW. TyryHnap opamurura ytraH aTtom fHa Oy TyryHra
Kaituwm - pekoMbuHaLUANaHUWMN MYMKWH. JIEKUH, Ma3Kyp aTom
BaKaHCUAra 3Hr AKWH TyryHnap opaTurugaH y3okpokparunapura To-
MOH AuddysunanaHnium xam MyMKuH. Ly pasuwga PpeHken
HYKCOHNapu ae6 artanraH BakaHCWs - TYryHaapapo atoMm >XydTiapu

124



1.1. DnekTpoHnap- 1.1.1. 9pKuH

ra oua 3N1eKTPOH-
1.2. ATomnapra nap
ong 1.1.2. OpKuH
13 % KoBaKnap
-5. Xapakat 1.2.1.BakaHcusi-
HYKCOHapu na
1.4. OliHanraHamk 1.2.2. TotBUnap
HYKCOH/1ap apo atom
1.5. YioWwraH 1.2.3. AHTUTUM-
Hyl;coHnap natu
HYKCOHNapu

1.2.4. dnHoHNAp

>a.b~NpUH srannaw 1.5.1. DNEKTPOH-

KupuwmManap nap
11.2. Cyknnma 1.5.2. OneKTpoH
KupuwmManap KOBaK
XydhTnapu
1.5.3. MongapoH-
nap
I11. 1. Ancnokauunanap 1.5.4. InBaKa-
N 1.2, Knumk 6ypyaknm cusinap
yerapanap
LI .3.Kpuctann yerapa
nap

1y .1.¥rolllManap 1.2—11.1
1y .2.Ywwmanap 1.2—II1.1
1Yy .3.Ywwmanap M.1—M1.1

6.2 - umsma. KpucTannHUHI TapTUGCU3NaHUWKN Byinda HYK,COHNapPHUHT
CuHnapw.

BYXyfAra Kenagu. Ynap Kpuctann “axmuga k>"nb topagu, 6y paii-
anw xapaéHu 6y MKKW HYKTaBuii HyKcoH KYLLHW BasusATnapga yud-
pawmnb, pekoMmb6uHauusa 03 6epryHya, €ku ynapgaH 6upu cupTra
ynkmb onmaryHya gaBoM 3Tajw.

Arap BakaHcus, KpucTann 6yinab augdysuanadnb, cupTtra
ymkca, 6y xpnga yHra nukapupokgaru karnamgarum atom ytmb onuiimu
MyMKuH. [Mailgo 6ynraH BakaHcuAra KeWWHru katnamgarn — atom
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N Ba X.K, nMaTkaga TnayHnap apo 00000000 0OOOOwu
yTan Xk aa Y pvp 00000000 0000 '000
atoMmnapcn3  BakaHcus“nap  nmango 00 3’00000 00000000

00003\000 00O 0000O

6ynagn. By xwn BakancusnapHu ooooo_Boo 00000 00
00000H 00 00 00000

LLIoTKn MyKpOHTapu Aelnnaau. 00000000 00000000
TyryHnapapo atom Kpuctaan 00000000 00000000

@

\aXMugaH cupTra YuK,KaH atomiap
KMWMMYa  KoTnam  \ocun  Kunagu,
KpucTann \axxmu 6up MyHu4a opTasu.

6.3-unsma. ®pcHken(a). LWoTku(6)
HYKCOHNanu.

6.2.1. MeTannap Ba MeTa/ K OTULLIMasIapia BakaHcusanap

MeTann KpucTannapga, alHuk’ca 3M4 TaxNaHraH Kpuctann
nawXxapanu 6ynraHnapuga, TYryHfnap opanuru ynyamnapum Kuuuk
Ba ynapfa atom olhnaHuwu x,amga 6y opanuk”™ap 6yiinab gngdy-
3NANAHUIWN KMAMH. W YyHWHT yuyyH meTannapga LoTkn BakaHcua-
napy MaBXxyg 6ynuwin aXTUMONNTN KaTTapok;.

WKkana xun BakaHcuanap 3v4iuMru pactaseain TemnepaTypara
60rnMK, YyHKW ynap aTOM/IAPHWUHI MCCUKAWK Xapakatu Tydainnm
naingo 6ynagn Ba 6UHOGapuH, TemnepaTypa OLWraH capu BaKaH-
cusanap coHu optmub 6opagum.

BakaHcusanap SUUNUTUHWUHT Temnepartypara MUKLOPUIA
60rnaHULWLINHN TOMaRImnK.
1 Jactnab LLUOTKM HYKCOHNapu — BakKaHcusanap 3vYaUrUHK

TemnepaTypara 6o0rnosun udogaHn aHuunaimms. Ky'limgarm 6en-
rmnawnapHyu  KYabyn K vnamms: — LWoTkn HyK,cOHU XOCUn
Oynuunn 3Hepruacu, n — BakaHT (6ywWw) TyryHnap BakaHcuanap
3nunurn, N — TyryHnapga TypraH atomniap 3umunuru  6yncuH. Y
X,0n4a 6UPANK XaXMAArn BaKaHCUANAPHWU XOCWUA KUMWLW 3HEpPrus-
cn By

Crtatuctuk (usnMkaga ucboTnaHuwmnya, cucTemaHuHr (6us-
HUHT \onja BakaHcusanap Ba TyryHnapgaru atomsap cuctemacu-
HUHI) 3HTponusAcu 57 6unaH YHWHr Xxonatnapu asxtumonnuru \Y
opacuga KypuHuwpgaru 6ornaHuw 6op, 6yHaarn \¥ 3"TUMONINK

ngpogacu:
5=k1n\¥ (6.1)
:Ly:(m + /7)1 (6.2)
«JM
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CTupnuHr Takpmbura kypa, x»1 6ynraHga
IMX\=xtnx-x (6.3)

bn3 KapaéTtraH CMCTEMAHUHT 3PKUH 3HEeprusacu

F=E-T5=n T/n (6.4)
RN

By wudogagarn norapudgmra CTUPAUHT Takpubm (6.3) HK
Kynnacak,

P=E~T5=n Y urk J1 (N+11) 1n{M+n)-n1nn- NInN. (6.5)

MabnyMKKU, 3PKUH 3HEPTUSHWHT n GyliMya xpcunacu MyBO3a-
HaT X0MaTuja HOMra TEHT, SbHU

N +11

= K,,-kT1n =0 (6.6)

an
MeTannap ydyyH ogartaa 3B, OyHra moc kenaguraH Ba-
KaHCUANAPHUHT HWUCOWIA COHK femak, 6y \onga n«M

6ynagu, Ba /« M+ Hu 1nM/in pe6 xucobnaw MyMKWH. Y xonga

(6.6) jaH BakaHCUSNapHUHT
«,,,=« = 1"exp(-K,/AT) (6.7)

munurn ngogacu Kenub yukagu. byHga N Kpuctann naHxapacu-
farn 6apya TyryHnap su4auruHu 6ungmpagu.

(6.7) npopafaH KypmHuLIMYA, BaKaHCuAnap 3uUUUTU M TYTYH-
nap 3myaurnra NponopuuoHan, BakaHcusa xpeun 6y™mll) sHeprus-
cn (Yw) katta 6ynraHga n kuuumk 6ynagu, maskyp 3uunuk Temna-
patypa OpTraH capu KypcaTkuunm (yHkuua cudarnga tes opTub
6opagun. [lemak, OKopy TemmnepaTypanapfa BakaHCuanap MuKLopu
Kynpok 6ynagu.

2. OHON ®peHKen HykKcoHnapwu (BakaHcusanap Ba TyryHniapapo
atomnap XyTnapu) 3MYAUTUHU aHuK ainnunk. LyHucMHM anTtuw
Kepakku, ®peHKen HYKCOHNapu TeHr MuK.'(opnaln BakaHcus.Tap
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Ba TyryHnapapo aTtomjapgaH ubopart. Macan .H, 6u3 6y xonga Ba-
KaHcuanap 3n4inrMHu Toncak, ®peHKen KyKCOHapu 3UYAUTUHU
TonraH 6ynamu3. byHaa 6u3 BakaHcusanap 6unaH 6up kKatopga Ty-
ryHnapapo atomaapHu abTubopra onné x"cobnaiimuns.

Yth —  PpeHKen HYKCOHMapM XOocun Oynuwun 3Heprusacu
(AaTOMHUHT y3 TyryHuaaH TyryHaap opacura ytuwu sHepruscu), N
— TYTYHAQPHUHT YMYMUWIA COHW, M' — UMKOHWIA TyryHnapapo Ba-
3nsTnap CoHn, E = YPpl — 6y N Ta HYKCOH XOocun 6ynui aHep-

rmsacu.
by xonga axTumMonnuk

N1 N "1
(6.8)
n{M-ny. n\{M'-ny.’
3PKUH 3Heprusa
FAE-TSZY",I'I-KTII'I\Y. (6.9)

CTUPAUHT TaKPUOUHM Kynjacak,

M=E- T5=YpMN-kT{"nM+TnM'-2nlnn-
-(N-n)In(N-n)-(N"-n)In(N*-n)}. (6.10)
MyBo3aHaT xonaTtuja

. = Y-kT1n =0 (6.11)

(6.11) wndogasaH
=(M -n)(M'-n)exp(~Yd/KT). (6.12)

ONnguHIKM xonga KypraHumusgek, n«N, M 6ynraHnuru Ty-
thaiinm yHr TomoHAa N napHU Tawnab t6opamus, CyHr Ksagpat
nngn3 onamns. Hatmxaga

AFLL expi-V ¢ /2kT) (6.13)

Kungupunran uoga xocun éynagu.

(6.7) ngofafa 3KCnoHeHTa Kypcatkmumpga KT Typagu, (6.13)
ngpopana aca 2kT Typagn. byHgan Tawkapu, N Ba N' TaoByTn Ba
vu XamMfa v .. (hapkm xucobupaH LoTkm Ba PpeHken
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HYKCOHNapu 3ununuknapu 6up-bupugaH aHya @apkK KUAUWM MyM-
KuH. MacanaH, tokopuaa aiTunraHgek, Metannapga LoTku
HyKcoHnapy XOOAN 6ynuwn 3\TUMONN KaTTapok 6ynub, ynapHUHr
MeTannap xoccanapura TabCupu X,.am KaTTapokaup.

LLIoTKM HYKCOHNapu BakKaHcuanapgaHruHa uéopar GynraHamru

YUyH = Ny Ba VU =Ey pgeb6 é&3uw MymkuH; y \onga LLIoTKM
BaKaHCUANapun 3nNUINrn:
N,, = Nex'p{-EJKT) (6.79

Kynumnmk agabuértga é3unaguraH KypuHULWIHK onagu. bus aHgm
wy ndoga 6unad mwnainmms. Ogataa BakaHcusanap \ocun 6ynauwm
aHepruacu E Typnu kpuctannap ydyyH 1-2 3B yamacuja.

Arap Ey =13B Ba N=10"2 cm'™ ge6 kabyn kwmncak, y \onga Ba-
KaHcuanap 3uunury Temnepartypa cailumH xyga Te3 owunb 6opuwwin-
ra (6.7") mngopga acocmpa MWOHY \OCUT KUNAMK3:

TK 101) 300 500 700 900 1100
Nv, ov3 21030 6. 10" 2.10< 2107

By MabfymMOTAaH XOHa TemnepaTtypaemfja BaKaHCUAMApHUHI MyBO-
3aHaTWIl 3MYAUTM XKyfa KWYHK KypuHagu. Bupok,, KpuctaniHu 6up
MyHYa BaKT OKOpW TemnepaTtypaga TyTub Typwica, fbHM yHAa K™
MWKAOPAa BakaHCMsiNap X,00M1 KWAUHCA, CyH(a yHU XKyga Te3 COBYTWI-
ca, (6yHM umHMUTWPWMW fdeiunagn) 60p BakaHcuAnap 3MYANTM 5Swa
loKopu Temnepatypagarmgaii konagn. Ly cababgaH 6y 3M4nnK ofgnHIN
TEPMOULLIOBra, SbHW KPUCTAM/IHUHT TapXumanm x,omvra \am 60ramk
Oynagu. MyaiisH BakT gaBoMufa KpUCTaNNHU Ku3gupuw okubatmpga
OLWMK MUKAOPZArn BakaHCUAMAPHN MYK KWW MYyMKUH. By kapaéHHu
«KyAgupuLLy» aelinnaau.

HyKTaBuil HYKCOHAApHWHI Xx,0cun 6ynuum dakat Temnepary-
para samac, 6anku 6ocumra xam 60rnMK- YHua tokopu 6ynmaraH
6ocumnap con-acuga y'mby mndogagaH oliganaHnul MyMKUH:

T- =N'expl(-£,- +Py)/kr}. (6.14)
ByHpgarn V — 6utta LoTKM BakaHcuAcu naiigo OGynraHuga
KPUCTann XaXMWHWUHT y3rapuwiu.
Kenrycuga wmeTann  KoTuWwManapfa BakaHcusnap — X,0cun
6ynuwmn xycycuaTnapuHn kKapab Ymkamms.
Y'pyuH srannaw  TapTubnaHmaraH KoTuWMALIap — 3pUTYBUM
cuaTmgarn acocuini KpUCTaNAHUHT 6UP MyHYa MUKZOpAarn TYryH-
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r.

fi

napvHu 6owKa Mogda (3pyBum) aTomiapu arannaraH KaTtTuK 3puT-
Manapaup. dpuraH atomnap TacogupoH 6eTapTUO TaKCUMMMAHTraHu
\onga KoTuIMaHu TapTubnaHmaraH gennagu.

BuHap (MKkM mogpagaH ubopaT) A-B koTuwmanap sHr cogua
Kotuwmanapamp. ByHpai koTuwiMagarn BakaHCUSNAPHWUHI MYBO-
3aHaTUn 3nunuruHn Kypannuk. Ly )‘onga xam 6y 3M4nmMkK To3a
mMeTannap yuyH umkapuirad (6.11) udoga KypuHuMwmga Tacsupna-
Haaw;

Ny = Mexp(-Ey/KT. (6.11)

AmMo, To3a MeTannga Ey aHeprusa ¢akaT KyLWHW aTOMAPHUHT
y3ap0o TabCMpW 3Heprusicu 6unaH aHwWkKnaHraH 6ynca, TapTubnaHmaraH
YPUH 3rannawl KoTuwmanap Xonmaa KoTUWMaHWHT 61up ucmam Ba Typ-
AN UCMAK aTOMIapyW y3apo TabCcup sHepruscura 6ornmk dynagu:

Ey =~(C\Ewm +clEbb+2CACsE”"b)- (6.15)

byHparm Z — KoopguHauuoH coH. bolwkaya KatTtanuknap
Kyinungarnya 6enrnnab oNvMHraH: KpucTann naHxapacuparu TYryH-
nap CoOHMHM N - opkanu, ynapgarun A Ba B atomnap COHMHM N4 Ba
Nb OpKanu, BakaHCMAnap COHWHW onguHrugek Ny opkanu 6en-
rmnab, KemmH HUCOWUIA 3MUYNMKNap KNpUTamms;

CA=NAjN, Cs=Ns/N, Cy=Ny/N. (6.16)

by xonga
N =N~ +ble +Ny Ba +Cuy +Cy =\. (6.17)

Z - KOOpPAMHALMOH COHMW MNaHXxapa yyyH KOTuLIMa 3Heprua-
cu (thakat Xyt Tavcupnap {A-A, B-B, A-B) xucobra onmHraH):

i7=ilo + 2’)\/](c2£’\’\ +cle,B +2C~CsE”b), (6.18)

byHga Eaa, Egs, E”B aTomnap Xy(Tnapu apo Tabcup 3Hep-
rnsnapu. (6.18) HM KainTa €316 0NN MYMKUH:

z

2N

SHAM yd Typ 3appanap — A Ba B aTomnap xamaa BakaHcusnap
YUYYH UMKOHUI YypWUH anMawTUpuiiiap CoHM

+NjEsb +2N~ANsE~s]- (6.18")

IV=N/(NAINBf-Ny!) (6.19)
6ynanu.
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(6.7) Ba (6.13) wmdoganapHm \ocun KwWmmw iynugaH 6opub,
(6.15) ndopaHu y3 numra onraH (6.11) cuHrapy BakaHcusanap 3uu-
NNTU MYHOCabaTUHU KenTupué 4dmk,apunagu.

TapTubnaHmaraH cyuynuw /~oTwuvwanapm - B 3pyBUMHUHT
aTomMnapy A 3pUTYBUMHWHI nNaHXapacu TyryHnapu opanapuga
XohnawraH KoTuwmMmanapgup. Tos3a MeTannap ypwH arannaw
KOTUWIManap YYyH BakKaHCcusnap 3uMuYnuMruHu \ucobnaw ycynu
CYKy/vWw KoTuwManapu fonuta \am KynnaHunagm.

BakaHcuanap Typnu coHparu B atomnap 6unaH ypanraH Lwa-
ponTaa KOTULWMAHUHT 3Heprusacu:

m =Uq +Ey4 + ~MIB X %’ (6.20)
K K
6yHaa — TO03a MeTannga — 3puTyBuMfAa BakaHcuanap \ocun

6ynuwmn sHepruacu, E”B - A Ba B aTomnap y3apo TabCup aHeprma-
Cu, K — BakaHcuanap 6unaH KywHu B atomnap coHun, Nyf( —k —
aTomnapra KywHW BakaHCcuanap COHWU.

By >oma W — 3\TUMONANK KaTTakoH MaTeMaTuK udgogara ara
bynagn. Bus 6y wndoganapHu  K'apamaiiMn3. IPKWUH  3HEPrus
>;0CUNanapuHUHE HoMra TeHrnurugaH (MyBo3aHaT LapTiapujaH) qoii-
fanaHuno.

N
Lf(T) (6.21)
N.
I/IqJO,CI,aHVI TOMamMmus.
(6.21 ) nopgaHn xmcobnatu
Ny = P '\EVA KT (1+anxp[-£7BN7- (6.22)
--Ns

HaTM)XXKaBWUiA MyHocabaTHU Gepaau.

6.2.2 VoHnap KatTukK, XXUcMnapuga BakaHcusanap

VoHnapfaH TapkumbnaHraH KaTTMK D>KUCMAApPHWUHI  acoCuii
(hapky ynapHM KpuUCTann naHxapacufja KaTuoHnap Ba aHMOHNap-
HUHT TeHr mukgopga oynuwnurnanp. LLYHWHT ydyH arap 6y Ty-
r'YyH ypHupa BaKaHcusi “ocun 6ynca, y x,onga mycbatr Ba mManduii
3apsgnap MyBo3aHaTu Gy3unagu.
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Ammo, By MYMKMH 3Mac, YyHKM KpucTan 6yTyHMYa 31eKTpo-
HeinTpan O6ynuMwun Kepak. ONEKTPOHEWTPaNIMKHUHT 3apypauru Ba
MOHMIap KpUCTauau naHXxapacuga y &ku 6owua BakKaHCUSA XpCun
6ynuwmnaaH ByXyfAra KenraH 3apsigHM MyBO3aHaT/I0BYM TecKapu
nwopanu 3apagHUHI anbatTta ByXyAra Kenuwmra onmb kenagu. by
wapt Typaum iAyn 6wunaH  6axapwnagu. BupuHum  liyn  TeHr
MUKLOPAa KATMOH Ba aHWOH BaKaHCUANapHUHT 6up Bak™aa \ocun
oynuwmnaup. by \onaT LLOTKM HyKCOHMapura MOC KeaULLINTUHM
naiik,ay OCOH. 3apsAfgnap TeHrUrura 3pULWUHUHT WKKUHYW Aynu
MOHMap BaKaHcusanapra ynapra TeHr MUKAOpAa TyryHnap opa-
aMrnpa ywa uvwopanu uoHnap naingo 6ynmwugmp. By 6upukma
®peHKen  MOHNAP O XYPTUHUHT  y3uMagup. YumHun iyn —
Y30KyTalWTMPWAraH  MOHNap 3apsaguHu \ocun 6ynraH 3apsagnm Ba-
KaHcusnap AKHuga K>'lmMmuya 3/1eKTpoHNap naingo 6ynuwmn  éku
YNapHUHT  Kamaiuwu opkanu  MyBoO3aHaTnawaup. By iWvn
TaKWKMNaHraH 3HEeprus 3oHacu Top OynraH KaTTWUK XXUCMnapga, Xy-
cycaH, TakuK™aHraH 30Hacu 6ynmaraH meTannapga 3“TUMONINPOK
6ynann.

WoH 6ornaHmwnn €knm noH 60rnaHuIL xmuccacu aHvya KartTa
bynraH KynyuamkK KaTTUK XXUCMAAPHWUHT (MWKOpUiA-ranong Kpu-
cTannap, okcuanap, cynguanap Ba 60LWKaNapHUHT) TaKWKNaHraH
30HACKM KEHrNUryn aH4ya kKatta (>2.5) 6ynagu. LUYHWUHT yuyyH ynapaa
LoTkn Ba ®peHKen HYKCOHNapu Kynpok \ocun 6ynagu

HuxpAT, KpucTannra yHWHI XyCyCMil MaHXapacumparum atomnap
BaeHTANrMgaH ¢apkK Kuiagurau Ba/leHTIUKAN ET Kupuwma
aToMnapu Kuputub 3apsgnapHM MyBO3aHaTnall TanabuHu OGaxa-
puW MYMKWH.

Nwkopuit metannap ralreHugnapuja kapama-kapwu 3apsijg-
NnaHraH BaKaHcusanap TeHr MUKAopga Oynuwnury aHuKNaHrax.
BakaHcusAnap 3apsgnHM Kapama-kapaTt 3apagau TyryHaapapo Xxy-
cycuidi  mnoHnap 6unaH MyBo3aHaTnaw, AbHU PpeHken XydTu
\ocun 6ynuwun, macanaH, Kymyw rajoreHugnapujga w3 6epagu.

OnguHrn 6aHppa LoTkum Ba ®peHKen HYKCOHNapW 3UYauru

Ny, yuyyH umkapunrad (6.7") Ba (6.13) udoganapHu MoHNapAaH
TapkubnaHraH kKpucrannapra MOCnawTMpuWw KuimH amac, LoTku
HYKCOHMapu Y4YyH u4umkapunradH Ny HUHI ugogacu 6y xpnT Xxam
(6.7) pek, aMmo Em[/HMHT KuiimaTM 6o0mka N=N~=N/" 6ynagwm,

6yHaa Na, NVa — Moc paBrumga, aHMoOHNap Ba KaTWOHNap COHW.
MoHnap KpucTtannapuga @PpeHKen HyKcoHnapu yuyH (6.13)
ypHura
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[*5 N,  ={Ns - N i X', - N ,mexp[-nd jkT \ (6-23)

MyHocabaT 6axapunagun, 6yHaa Ns - naHxapa TyryHnapu ymymui
COHM, N1 — naHxapa TyryHnap opanuru ymymuin coHu, JTn —
6up XMn MoHNap naHXxapacugarn BakaHCcusinap COHW, My ~ TyryH-
napapo BasusTnapra >oinawraH atomnap COHW, Y — BakaHcus
Ba TyryHnapapo aromjaH wubopat ®PpeHKen Hy~coHu (KydTn)
XOCWA BYNnMLWN 3HEPTUACHK.

Kyiinga KentupmnraH MabiayMOT WOHNap4aH TapKubnaHraH
Kpuctannapga LWoTkn BakaHcusacu \ocun 6ynuwl 3Heprusicu Kat-
Tanmknapu XaK;uga TacaBByp 6epagw:

Kovoan ur na Ka Nailr KC1 Kl Gl aB

251 2.2 1.8 2,28 172 2,28 1.60 1.86 2,0

HOkMopuga K,apama-K,apwu uwWopanan WOHAAp COHUM  TEHT
bynraH (CTeXMOMETPUK) MOHNapHU K;apaguk. AMMO, By TeHTInkK
6axapunmanguraH  (CTexuomeTpusagaH  YeTAaHUW  MaBXYy/]
6ynraH) kpuctannap \am 60p. ApUM yTKasrmunappga cre-
XNOMETPUKANKAAH YeTnaHuW YAapHWUHT amanuii  KynaaHuwu
YUYYH .MyXVM axaMuaTra aragup, YyHKuW B TaWKUNNOBYUHUHT
optutuanurun  (/I’" TaWKWANOBYMHUHT KamoMmaTu) [LOHOPIUK
xoccacura ara, B~ HUHr kamomaTtu {AM opTUK"NYanurn) aca ak-
LLeNTOP/IMK Xoccacura ara,

6.2.3. KoBaneHT KpucTannapaa Hyk;TaBuii Hyl\coHnap

KoBaneHT KpuCTafapHWHI 3HI AXWW Bakuanapu OAMOC Ba
O0/IMOCCMMOH APMM YTKa3rmunap repMaHuii Ba KpemHuiigup. by
KaTTUK XWUCMNapHUHT Kpuctannapupa (1.9-unsma) TeTpasgp
(TYypT €KNKM) WaKNHW TaWKWA KWUAraH 3HT AKUH KYLWHW TYTYyH-
nap opanuru etapauya KatTa ynyamnam Ba 6uHo6GapuH, aTomaap
yHYa 3u4 KolinawmaraH. MacanaH, TyryHnap OpafUrMHWHT
ynyamnapu repmaHuinga 0,110 Hm Ba KpemHuinga 0O,]05 Hm
6ynnmb, Oy KpucTannap TyryHnapugarun aTOMAapHUHT Y3
ynuyamnapura (moc pasuwpga, 0,122 Hm Ba 0,117 HM) AKWUH.
LLlyHUHT y4YyH KOBaneHT KpucTtannapga ®peHKen HyKCOHapu
KYyNpoK OYNWIWIMHN KYTUW MYMKUH. TyryH atpoduga xam, Ty-
ryHnap opanuru artpojupga xam O6upgaini mukgopga KYLUHu
atomnap (Ce Ba 5! pga TypTTa) OynMwnnru rokopupgarm Ttax-
MWHHW Tacauknagn. ByHgain KpucTannapfga BakaHcusanap
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\ampga TyryHnap opanuTtujarv Xycycuid aTOMAapHUHT >;0CuUn
oynuwn aHepruanapu 6up-éupura AK,MH 6ynMWKN Kepak.

Onmoc Ty3unuwnum kpuctannapga LLIOTKM HYKCOHNapWHWHT
KYNpoK. 6ynnwanurn HykTam Hasapu >'am 60p. Maskyp kpucTtan-
napga HYKCOHHWHTr \ocun 6yamwm yHW Kypwab onraH artom-
napHu  cumkutagu.  Kpuctann  naHxapacu  CUMMETPUACHK
cak.naHn6 KonaguraH CUMKMLWNApPHU nNaHXapaHWHI «penakca-
uusicu» aelinnagu.

KoBaneHT kpuctannapfa BakaHcusanap >‘ocun 6ynuuwimn, wy-
HUHTLEeK ynap 3UYAUTUHUHT Y3rapuilumn 3AeKTPOHNap 3U4YnUru
y3rapuwmn 6unaH 6upra 103 6epagu, NeKUH MeTannapgad
thapknu pasuwpa, 6y ysrapuwnap 3pKUH XYCYCWUA 3/1eKTPOH-
nap Mukgopu (asuynogaa kam 6ynraH lwapoutga  cogup
6ynagn. LWIYHWHT Y4YyH 31eKTPOHAap 3WUYUTUHW Ba SAPUM
YTKa3rMymuHr y 6munaH 60ornuMk. 6owk.a xoccanapuHu ynyawnap
XYyCyCWii  HYK.TaBMil HyK.COHnap \ocun Oynuwm Ba LWaKN
y3rapuwm \ogucanapuHu ypraHuwpa Kynai ycyngmp.

6.2.4. KnpuwmaBuii HyK.TaBUil HYKCOH/ap
Kvpuwma €1 atomfap acocuii kKpucTtann 6unaH, € ypuH

aranfaw, €KW CYK.MAuW KaTTuK, apuTmanapum \ocun K,uauw
MYMKWH. BUpUHYM X;0nga KUpWwMa aTomMaapu Kpuctana naH-

XapacMHUHI TyryHnapuja, WMKKWHYM X.0onga — TyryHnap opa-
nuK.napunga Xolinawagn e e
(6.4- ynsma). h Q

Y & 6y Typparum KaTTuk. 0
IpUTMaHUHI \ocun Gynuuwm >
acocaH WKKUTa omwuara 0

reoMeTpmMK Ba 3TEKTPOKU-
mME&BUIi omunnapra 60rank-
paguycu acocuin aTom-
nap b, paguycuiaH 15% JaH 6.4-yn3ma. Kpucrtannga KmpuwmMa atomna-
Kam hapK KunaguraH Kupuil- PUHUHT Xolnawmnuw il
Ma aTtoMnapurnHa YpuH aran- a-ypuH arannawl sputmacy;
Nnatd IPUTManapuHn X.ocunn
Kunagm (reoMeTpuk omun).
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6.1- >xazasan
Bab3n KUMEBUI anemMenUTNapPHUHI KOBaseHT pajuycnapu

0

r ONemMeHT

r, A
5 B 0,84
8 0 0,74
14 51 1,17
15 P 1,10
26 Pe 1,20
31 Oa 1,25
32 Oe 1,22
33 A5 1,22
47 Ag 1,42
49 ™ 1,43
79 An 1,46

ONeKTPOKMMEBUIA OMWUA WYHAAH MO60paTKW, YPUH arannaw
aputmanapu \ocun GynuwM yuyyH KUpULLMa aToMiapu Ba acocuii
aToMnap 3NeKTPOKMMEBUIA XMXAThaH yxwaw 6ynuwn Kepak, AbHu
Kuméaa mabaym OynraH KyuynaHuwnap khatopuga ynap 6up-
6upugaH y3ok"a 6ynmacanru Kepak.

Arap KupuwMma Ba acocuii KpucTann aToMnapu KyunaHuwiniap
Katopnga 6up — 6upugaH ysokga 6ynca, ynapgaH 6upu opTtuuua
anekTpomycbaT, MKKMHYUCK 3ca 3feKTpoMaHgpuin bynca, 6y xonga
KUMEBUIA GUPUKMa XOCUI ByNnLWIKN 3XTUMONN KaTTa.

DNEeKTPOKMMEBUIT  OMWUAHWUHT  MWUK;LOPUIA  XApaKTepucTuKacu
KMpuwma Ba  acocuini  atomnap  31eKTPOMaH(MUANNTUHUHT
thapkugup.

YpuWH arannawl apuTMacyu xocmn 6ynuun yuyH 6y apk, KM4nk
6ynmoru 3apyp.

6.2 .->Kaasarn

Bab3n KUMEBUI 31eMeNTNAPHUHT X 3/1eKTPOMaHpUAINTI

KaTTannkKnapu
7. 3nemeHT X 2 OnemMeHT X 2 nemMeHT X
3 n 0,95 16 5 2,6 32 Oe 2,0
5 B 2,0 27 Co 1,7 33 As 2,0
8 0 3,5 28 0 1,8 47 Jils 19
14 5/ 1,9 29 Cu (2) 2,0 79 Jn 2,3
15 P 2,1 30 2n 1,6 82 Pb{2) 1,6
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TagKNKOTNapPMUHT KypcaTullnya, CyKunaguraH Kmpuwima atom
fc pagnycuHumr acocuin atom [y — paguycura Hucbatm 0,59 gaH
KWUYNK BYNMILIN Kepak.

WyHaain kunmb, kmpuwma O < | 0,59 6ynraHga cyk™mnuLl
aputmacu, 0,85 < I < 115 6ynraHga ypuH aranawl aputmacu
\ocun kunagn. 0,59</-"- [ /o< 0,85 co>a 3ca yMyMaH KaTTUK, 3puUT-
mManap )*ocun 6ynuwn yuyyH makbyn amac.

XaKuWKWiA Wwapoutga Kpuctanara KUpvMwma atoM TalKu MyX,MThaH
KMpagn. 3pyBYaHNMKHWU MWKAOPaH aHuKnaraHga KpucTann Ba Tallku
(haza (My\WT) opacuparu TepmoAMHaMUK MYBO3aHaTHW TaxgT Kuavw
nosum. Tawku asa cudatnga é oyp (ras), €knm cyok (hasaHu Kapall
MYMKWH, YYHKW ynap KaTruK XXUCMAapHW nervpnaw (ynapra KApuil-
Ma KMpUTWLW) aMannéTuga KeHr KynnaHagw.

Wkkana >jonga x;av fnervpnaw xapaéHu MyBO3aHaTfaH Kam
(hapk KunaguraH wapoutga onub 6opunagu.

6.2.5 HyKTaBuWii HyKCOHMap aHHUaligurad xoccanap
Ba Y/IAPHUHT y3apo TabCeupu

Xycycuini Ba KMPULLIMABWUIA HYKCOHNAp KaTTUK XWCMAAPHUHT
amanga 6Gapuya xoccanapu TabCup KypcaTagu. 3apsj TalyBuunap
KpucTann 6yiinmya Xx,apakaT KuaraHuga HyKTaBuii HyKcoHnap 6unaH
X,aM TyKHalagunap.

NKKn KeTma-KeT TyKHalluMW opacufja yTraH BaKTHW pefnakca-
UMa BakTM (3PKWH HOTYpULLI BakTW) Aeimnagn. by BakT Kupuwma
\ocun KunraH HYKCOHHWHT TabuaTtu, X,0MaTh, 3UYAUTM Ba Temre-
patypara 6ornuk 6ynagu (6y x;akga spum yTrasruunap 6o6upga 6a-
TaCUIPOK TyXTanamms).

MeTannapga XoHa Temnepatypacu Ba yHaa)! rokopupga 3apsag
TaWyBuMnap X,apakatyaHAUrMHW KpWUCTana mnaHxapacu aTomnapwu
TebpaHuwnapyu 6unaH TykHawuwnap aHwknaigu, 6y aca Temne-
paTypa OpTULLIN GuiaH MeTa//IHAHT 3NEKTP Kapwuauru opTulun-
HM TaKo30 Kunagu.

Apum  yTKasruunapga HyKTaBuiA  HYKCOHNAPHWHE  acocuii
a\aMmATU TakMKNaHraH 3oHaga AOHOP Ba akLENnTop caTxnap X;ocun
KUnn6, ApMM YyTKa3rMYMWHT 31eKTp, HOoTO 31eKTp Ba GoLliKa Xoc-
canapura TabCup Kuauwpamp.

[OnaneKTpUKNapHUHI XOCCanapuMHW acocaH YNapHUHT X;aKMUid
TY3UNNO; >;apaKTepucTkal™apu arwknangm, ynapga
HYKCOHNAPHUHT a\aMusTh HUcbaTaH KUUKK.
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HykcoHnapHUHTr al\amusaty \aXugarm macananap kenrycum 6up
Heua 606napga kapab umkunagu.

Amanga 6apya HYKTaBMil HYKCOHNap KpucTannapga 6ornaHrad
xonatga 6ynaan. MacanaH, WKKW BakaHCUA y3apo 6o0rnaHub, aum-
BaKaHCKUA XOCUN KUAWWMN MYMKUH. VIKKMHYM MWCON fIKKA BaKaH-
CUANAPHUHT KUpULLIMa aTomnapy GunaH y3apo tabcupugup. Kpuctan-
napfa HyKCOH/Mapapo y3apo TabCupnap COHW XXyda katra. bus 6up He-
YaCUHMWIMHA KypcaTnb >Tamus.

NKKn Kapama-kapwu uwiopand KuWpUlMa WOHNapu  MOHMap
XYDTUHU XOCUA KUAUWMWN MYMKWH.

XXY(PTHM TallKWn KWAraH WOHMap SKWUH macoanapga TypraHu
Tyaiinm ynap opacmpia 31eKTPOH Ba KOBaKHWUHI 6eBoenTa TabCcupm
03 6epn6, KOBaK MyKONMWMW MYMKWH, By apaéHHuW Kupuwimanap
apo pekombuHauusa gennnagm.

KpucTtannapga fHafa Mypakkab HyKcOHnap Tapkubura Ku-
pUWIMaBUin atomaap KUpUWu MyMKUH.

ByHpaii mypakkab (6upnawima) HYKCOHMap KaTTUK XXucmnap-
HUHT Kyn (DM3MK Xoccanapura Tabcup kKunagu. MacanaH, ynap 3a-
pA4 TawyBuMNap XapakaTyaHNWrura, KaTtTUK >KUCMAap MCCUKANK
YTKa3yBYaHWUTUTa, YNapHUHI MEeXaHWK Xxoccanapura, Kupuwimanap
angdysmacura Ba 6.ra Myxmm TabCcup Kunagm.

Apum yTKasrmunapga A — mapkasfnap ApumyTKasrmyga apurad
KNUCNOPOS aTOMWHWHI BaKaHCcMA 6unaH ys3apo TabCupu Maxcyiau
bynagun, voHnap kpuctannapuga [ - wmapkasnap 3/eKTPOHHU Ty-
TMO ONfaH aHWOH BakaHcusanapugaH ubopart.

Ynap wvWwkKopuii MeTannap ranoreHugnapuga paHruHu 6enru-
nangn. P — mapkasnap toTaguraH yntpabuHadlua Hypnap, TY/NKUH
Y3YHAUKNapn Kynugarunua:

Kpuctann KaCl HaBr KC1 KBr K1l
N, HM 465 540 663 630 685

BynappaH Tallkapu, paHrnawl Mapkasnapu ge6 atanmuwl my-
pakkab HyKCOHnap OGupnawmanapy xam MaBXy4d. YTwaih Mapkas-
napHm ', M, K xaptnapu 6unaH 6enrunaHagu.

P - Mapka3s épyrnmk Tabcupupa MKKMTa P — mMapkasgaH Tallkui
Tonagu:
200+ Tre-" A"t (6.24)

6yH4a  —aHWOH BaKaHcuACH.
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M — mapka3 \ap 6upu 6uTTagaH 31eKTPOHHW TyTW6 ONraH MK-
KW KNWHW aHWMOH BakaHcusanapfaH mbopar.

K — mapka3s xap 6upn 6utTagaH 3NeKTPOHHU TYTUO ONraH yu-
Ta KYLWHW aHWOH BaKaHCcUsnapuiaH TallKUNNaHraH.

By paHrnaw mapkasnapujaH Tawiapu, mycéar KoBakK BocuTacuia
6ornaHraH WMKKU KyWwHW MaHguii MoHnapgaH (macanaH, xaop) Tap-
KnbnaHaraH — Mapkas, XJIOPHWHI KOBak BocuTacupa 6ornaHraH
TYr'yH Ba TYryHnap opanurugaru wmoHnapupaH ubéopaT H — mapkas
MaBXy[, 6YyNMLIINTN aHUK N aHTaH.

MoHnap KpucTananm yTKasyBUYAHNMK 30HAcUAaru 3pKUH 3/eK-
TPOH Ba MaHXapa KyT6naHuwuy 6upnawimMacu nonsipoH Aelinnagu-
raH HyKk"COHNap XWAMHW to3ara Kentupagu.

MonapoHnap 6owk™a  HyK”coHnapra HucbartaH OK;0pu
\apakaTyaHIMKKa ara.

AnekTpoHra GepunaguraH Bpyravk &KW WCCUKIUK 3HEPruacu
YHUHT YTKa3yBYaHAMK 30Hacura ytmé onuwu etapiu bynmaraHpa,
y wy 30Ha a’vHupgarn >(onarnapra yTuwKM MYMKWTT, 6y yTuwiga
XOOAN1 6ynraH KoBak 6unaH 3neKTPOH 6ornaHraH \onatga K,onagw.
By anekTpoH Ba yHra 6orfaHraH KOBaK XXY(PTWHW 3KCUTOH fAeiun-
nagn (6.5- ynsma).

Arap 93/1eKTpOH Ba KOBaK YTKasyBYaHANK 30HaCK
6up unoHpa 6ynca, 6y XKXY(pTHU
dpeHKeN 3KCUTOHU Jennagu.

OKCUTOHNap Typnu aromsap-
ra Teruwnam ynWrotuaraH 3nek-
TPOH Ba KOBaKfaH TallKW/IaH-
raH 6ysnca, yHu BaHbe - MoTT
3KCUTOHU AeAnnagn.

®peHKeN 3KCUTOHU paguny-
CM KN4uK, BaHbe — MOTT 3K-
CUTOHUHUKM KaTTa. OKCUTOH
KpucTtann wuyupa >;apakartiaHa 6.5-un3ma. SKCUTOHHUHT \ocun
onaguM, ammo ToKka \mcca Gyanwy.

KY'wa onMaigmn, YyHKW 31eKTp Xu>;aTdaH HeilTpangmp.

JKCUTOH \oCMAN KUAUW YYyH, MacanaH, EpyrivkK asHepruscu

capthnaHagmio, aMmmo 3JIEKTP Y'TKasyBYaHNMK y3rapmangu.

BaneHT 30Ha
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6.2.6. PagnaumoH HyKcoHnap

KOKopu 3Hepr nsnn HypnaHuwnap Tabcmpuga Kanwuk Xucmiapga
Xocun GynaguraH HYKCOHMapHW paguauuoH HYKCOHMap Aeinnagw.
ByHfaii HypnaHuwnap — KaTTUK PEHTIeH HypAaHWuwwn, y — Hypna-
HULL, HOKOPW 3HEPrUANM 3MeKTPOHNap, HeTPOHNap OKUMUAMP.

PagnaumoH HYKCOHNMap Hasapuacuga 6Gupnamum  HYKCOH
thpeHken XypTtn 6ynagn ge6 xucobnaHagu, KelMH4YanukK 6oLiKa
MKKWIaAMUM HYKCOHNlap to3ara kKenagu. Arap aTOMHM TyryHfAaH
yprb 4YMKapuw Y4YyH Kepak 3Heprus — bynca, atomra Hypna-
HAW TOMOHMAaH 6epunaguraH E~ 3Heprua C/ paH KatTa 65>/ca,
atom, an6arrta TyryHjaH unku6 ketaau, arapfa 6y atompga EN paH
OpPTMK 3HEPruna Konca, y 6owwka atTomHn ypub ymkapagu Ba x-K

BMpokK, pagnaumoH HYKCOH XOCU KWAWWHWHE BycaraBuingaH
MacTpoK 3Hepruara Teruwnu mexaHusmnapu 6op. By mexaHu3m-
NapHUHT MOXWATW LWYHAAKW, aBBal KPUCTANSIHUHT 3MeKTPOHNapu
cucTemavacu yihrotunagu, sHeprus KpucTann aTomnapura ysatu-
nagn Ba Oupnamyn pagunauuoH HyKcOHnap xocun 6ynagun. by
YAroTUW KPWUCTANMHWHI PEHTreH KBaHTNapu, NacT 3Heprusiu
3NeKTpPOHNap Ba XaTTo ynTpabuHadgwa ¢oToHnap 6wunaH Hypnaw
Mynu 6unaH amanra owunpunagu.

Bycara ocTu  HykcoHmap  xocun  6yauwim  Kyimgaru
6ockuunappaH mbopart,

1 KBaHTHUHI OTUANLWMN Ba 3KCUTOH XOCUA ByAnLIN;

2. OKCUTOHHUWHT WKKWM MoHAa (MacanaH, ULWIKOPWIA —ranoreH
KpUcTannga raforeHHUHr UKKW MOHAA) XKOWMaHULWKW, SbHU KBa3u-
MoJsieKyna xocun bynuiiu;

3. KynoH wutapywuw okmbatmga KBasMMOJEKYNaHWHI Ty-
ryH/apapo ato.M Ba BaKaHCuAra napyanaHuiimn.

PagmaumMoH HYKCOHMap XOCWMA OYNUWMHUHT 6owKa ynnapu
XaM MaBxXyg (nnasmMoHnap MexaHu3mu, MOHW3aLMOH MexaHW3M Ba
6oLukanap.).

PagnaumoH HYKCOHNap, ogatha, KaTTa KMHeTUK 3Heprusra ara,
Ba WYHWHI YYyH ynap KpucTanfiapja XyAa XapakatyaH 6ynagw.
PagnauMoH  HYKCOHMApHWHI  y3apo Ba 6owka pajuauuoH
fynmaraH HyKCOHnap OwnaH yupawyBuW 3XTUMOAAUTW KaTTa. by
Yonnapaa 103 6epaguraH TabcuprawmnL okmbaTtmga
HYKCOHMAPHWHI Gupnawmanapy Ba XaTTO MUPUK YHOMAapu XoCun
6ynagu.

Kpuctann atomMnapuHWHr Y TyryHnapugaH y — KBaHTaap
Tabcupuga Xuamb KeTuw 3XTUMOAN KUYUK. JIEKUH Yy — HypAaHULL
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thoToa(ppekt, KOMNTOH 3hdpeKTn, 31eKTPOHIap Ba MO3UTPOHNAP
Xy(Tnapu Typuamum ok,ubatnga By>Xygra Kenagu.

HeidiTpoHnap oKuMM Mofgara TywraHfa YHWUHT 6Up KUCMK
I0TUANG, HYKCOHMap nmago Kunagw.

Kpuctann aTomMnapHUHIr y3 TyryHnapugaH Yy — KBaHTnap
TabCUpMAa Xuamb KeTuwy 3>(TUMOAM KWYMK. JIEKUH, Yy — Hypna-
HUW ¢oToadekt, KOMTIOH addhpeKkT, 3neKTpoHNap Ba MNO3U-
TPOHAAP XypTnapu Typunuimn okubatmaa BYXyAra Kenagu.

KelinHrn paepfa MogpawyHocank colacmpga 6up BakTAa
KaTTMK XUCMAa MaBXyg 6ynraH (KMpUTuAraH) Typan Kupuwimanap
6up-6upn 6unaH TabCcupnawuwuy okmbaTuia MOALAHWUHT aipum
(hU3NK  xoccanapu OKUAAUIA  y3rapuwin  MyMKWHAWTM Ba By
y3rapvwnapgan amanga ca.mapanu  (oinganaHuwl  MyMKWHAWTK
aHMKAaHMOKJa.

6.3. KarTuk, XXucmnapaa umsnruin Hyk,comnap

HyKcoHnapHu ynyamnap Xwu>;aTugaH cuHnapra axpatraHga
6up yn4oBAM (YM3WTMIA) HYKCOHNap aktmb yTuaradH a3gnm, 6y
HYKCOHMapHWHT yn4yamnapu MKK1 yHanuwga xyga Kuyuk (<a) Ba
YUMHUM WyHanuwga nap KMHYa y3yH Oynuwm MyMKWH. ByHpain
HYKCOHNAapHW aucnokauusnap geinnagu.

Oucnokaumanap \ocun 6ynuwuHu k" panuk. KpuctanaHuHr
O6Up KUCcMUra Tawkn Kyd TabCcup KunaértraH 6yncuH (6.6a- ymsma).

.*,0.0 0 0.0"0 »

6.6-un3ma. Auc.nokaumnsa \ocn.ii 6y.aMWIMHUHT KeTMa-KeT 60CcKMYnapu: a) Kpucrartn-
ra CM/DKMTUW Kyun Kyl bravwu; 6) atomiap TCKUCAMKIAPU GYKUAULLIKG 1) 3KCTPATCKUCHK
\ocun 6ynuwmn.

Ky4yHuUHTr KaHfgaih OGynuwwnra kapab KpucTana 3acT;« EKu
nnacTuk ,u,erpopmaumanaHa,qm. NKKUHUN x"on,qa TabCUP 3TYBYK
KYYHUHT 6upop 6ycaraBuil KuimaTura — CU/DKWLW KyyaaHuULmra
apuwnaraHga cupnaHul BYXyAra Kenagu. 6.6 a- uvuMsmaga ysyH
U/3VK 6unaH KaHpangmp apasvii TEKUCAUK (CUpNaHuLL TEKUCAK-
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rM) TacBMpnaHray, aromfiap TEKUCAUKNApW YHUHT ok opucuga
YHITA CWDKMIAAW, YHUHT nactugaru Kpuctann  uucMum  3ca
K;y3ranmangu.

Kpuctannorpadguk (atomnap) TEKUCAUTUHUHT fLedopmalmsana-
HyBUM KUCMMK (SpUM TEKMCAMK) YHITa 6upop macodara CUmKUiA-
on. (6.6 6- um3ma) Ba KeWWHIM aTomnap ApMM TeKUCUTUHW Je-
thopmaumanangu.

BupuHUM ApMMTEKUCANK Kyd TabCupu oOpTraHga ok“vbarga
KEAWHIN 10"N0pUrn ApuUM TEKUCAUK YCTUra Tyruagn, nacTku spum-
TeKucAnrmgaH ysmé kysagn (6.6 B- 4M3Ma). Y3uaraH spuMTeKuc-
NNK «OpTUKYa», 03ruMHa AedopmalmanaHraH UKKuTa ogumin (aTom-
nap) TeKUCNWKNapu opacura «KUpUTuUAraH» (KUctupunraH) 6ynmo
Konagm.

flHaja KaTTapoK TalWKU CU/DKUTULW KyuYnaHUWK maexyg 6yinca,
«OPTUKYE» 3IKCTPATEKMCAMK Y3 HaBbaTuga KenrycuHu Xungumpuo,
YHUHT YPHUHW 3rannaiifm, Oy xapaéH TOKU HaMyHaHWHT HKOpUru
KUCMWM NacTKW Kucmura HucbataH B Broprepe BekTopu Kagap
CUMKMMaryHya gasom atagu (6.7- umsma).

LWyHpaii kmuamb, gucno- 0000000000000

Kauma €KW [UcnokKauus um- OOp-e<e000000O0O0O
mpn  fe6  KPUCTANHUHT 0000’\/\000000000000000000000
cumkuradH  co\acuHm  cun- 0 D-0~0% 0 0000600 0

XnmaraH co\acumfiaH axpa- o0 65 0 0 0 0 0)-0<0 ® o0 o

TM6 TYpyBYM YU3WMKHU alTun- 000000000~00O

nagn. Bioprepe Bektopy 8 000000000 (N0O0O
00000 0 00O

KpucTasin naH>apacupga O00000000000O0

aTOMJTaPHUHT CTI'I)KVILIJ KaTt- 000000000000 O
TaMrMHn - Ba WyHa/IMWLINHAN

aHuKnangw.
Broprepe BekTopwn KWnii- renc HekTonu.

MaTu =B gucnokauus ynyoeu 6ynagw.

YwWwby ackapTManapHu éuauw  3apyp;

1 Ovcnokayms 4m3urmgaH MWUpPOKZa Kpuctanan umgean
KpucTanngaH dap K Kuamangu.

2. by 4M3MK AKMHMAA aToOMnap ugean Kpuctann TyryHnapura
HucbaTaH aHya cumkuraH Gynagw.

3. Honra teHr 6ynmaraH broprepe BeKTOpY MaBXyA.

4. Broprepe BeKTOpU AMCNOKauMa ymanrura Tuk éynagu, 6yH-
fain oucnokauuaHu 4verapasuil gucnokaumsa geiinnagu.

6.7- yn3ma. ucnokauuns KoHTypu Ba Brop-
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nt

W

UerapaBuii gucnokauusgaH TallK,M BUHTCMMOH AMCAOKaLUSA-
nap \am maexyq (6.8- umama). [ucnokauus ymsnru broprepe Bek-

Topura napanners.
XaKUKNUA KaTTuK Xncmnapga

>

avcnokauusnap 3uMYUrM  KatTa- 00O0OPOOOOOO0OO
amrm (1 Kuputunagym Ba y 1 cw® 0000°0°0000
00000000000
cupTgary gucnokauyusnap CoHu- 000G 0000000
HU 6ungupagn. Lwucnokauusanap 289¥8 Q8888
3UUYNUTUHN  aHUKMALWHWUHT - 9HT C0OOKHG 000O0O
Kyn TapkanraH ycynum Kpuctann 0000000000
W 2 0000000000
CUPTUHW KWUMEBWUIA eAnpuLLAMP. 0000000000
Kpuctann  cupTura  UYMKyBUM 0000000000
P prara y 5000020000
gucnokauyuanap cox;acmga epu- 00000 0000
pyw yyKypuanapm naiigo g%%%% ooooc;)co)
6ynaan. YnapHu Mukpockon ép- 000000000
jamupa caHaw MYMKWH. Jucno- 0000000O0O
000000000
Kauusnap 3uunumru . HongaH 0000£0000
TO KaTTa COHTa Kaaa oooo Oo0o0o0
Aap 0*0 000 000

KuiimaTnapra asra 6yna onagu.

MacaﬂaH, ancnokaunacus apum 6.8- uMsma. Kpucrannaa hasa
yTKasru4 MOHOKPUCTANNapAa  yyuparu yerapaHuHr \ocun Gynuwiu.
=0, wMmeTannapga y

rada eTuwm MYyMKUH.

Bu3 aiflTM6 yTraH AMCNOKALMANAPHUHT WKKW TypugaH 60LiKa
AHa MypakkabpoK AMCNOKauuanap MaBXxyf OyIuWu MyMKWH.
[VCNoKauuanapHuHr XycycuaTnapuaaH 6upyn — ynapHUHT y3apo
Ba 60WKAa HYKCOHNap 6unaH Tabcupnawuwuanp. [ucnokaunon
peakuyudanap OKV|6aTV|,U'a AHIN gucCnokKauuanap xXocumn 6yf||/||.|J|/| KN

ancnokaunanap 6VIpJ'IaLIJVILIJVI MYMKWH: nn gncnokaumna MKKnUTa

BT Ba B3 bloprepe BEKTOpP/W AUCAOKaLMATa aXpaauwy Ba aKCUH-
ya peakuusnap 6ynuwn MyMKWH:

Bl + 63 (6.25)

OvcnokaunoH  peakUuMsiNapHUHT  MaCynuM  HYKCOHNTaPHWHT
Gowka Typnapu Gynuwy 3NTUMONAUTM MaBXyh. MacanaH, WKKK
aucnokauus yupawm6 BakaHcus \ocun Kuna onagu. K"aTTvk xuc-
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mMgarm Knpuwimanap 6unaH AUCMoKauUsnapHUHE y3apo Tabcupm ana-
CTWK Ba 3MEKTP WycunHAa 03 6epuin MyMKUH.

Kpuctannga 4yysyBuM KyuynaHuMWw XOCUA UWiaguraH Kupuiima
aToMm Aucnokauus atpodupgarn KUCWUAraH coxa TOMOH Ky4vagw,
KncyBum KyunaHuW XOCW/ KuiaguraH atom 3ca, — Yy3swiraH
coxa TOMOH Kyd4agw. byHpali y3apo TabCup YerapaBuil gucroka-
uusnapra xocgmp. AucnokauuanapHUHT 37eKTp y3apo Tabcupna-
WHWKNLa YHUHT 3HEPTMACMHU KYJIOH MOTeHuuMann aHuk" aingm Ba
WYHWHT Y4YH Mr ra nponopumuoHan.

MeTtann kpuctannapga Kyn MWKAOPAarn 3pKWH 3/1eKTPOHANap
avucnokauusanap €ku Hy” TaBuii HYKCOH MalgoOHWHW 3KpaHnangw,
WYHWHT YYyH MeTannapga Oy y3apo TabCup MyXum 3mac. Apum
yTKasrumunap Ba MOHMap KpucTannapuja skcTpa TEKUCAMK MNacTu-
fJary aTOMAapHWHT y3uaraH KumEBWIA 6GornaHULWNapyu 3nekTp no-
TeHUMan XOoCun KuNagw, ynap akuentopauk (3NeKTPOHHU Kabyn
Kmnmw) xoccacura ara. LUyHWHr yudyH n ~ Typ Spum
yTKasrmunapga Oy 60rnaHuwiap yTkasyBYaH/IMK 3/IEKTPOHIAPUHN
TyTn6 onagn Ba AMCAoKauuanapra maHguin 3apsg 6epagu, y aca
MycbaT noHnapHu (EKM KoBaKnapHW) TOPTYBYM 3MEeKTP MOTeHuuan
xocun kunagwn.'

Xap KaHpak MexaHWK WLIMOB XaM MaKpo KyuyjaHuwaup Ba
6MHOGapMH, gucnokaumanap XoCun Kuauwra onné Kenagu.

K"atTuk  meTannapga 6ocum  ocTuia WWAOB — u4ysrunaul,
6onranaw, cyprajaw - Aucnokauusanap naingo 6ynuwura cabab
bynagn. KOKopu KyuynaHuMWw >Koinapuga AUCnoKaumsanap BYXyAra
Kenagu, KeivnH ynap kynasgu. byHpali nnactuk gedopmaumanap-
faH Talkapw, AuUCoKauuanap KpucTannapHu Kecu, caidikannawl
XapaéHnapu okubatuga xam naifo 6ynagu. KpuctannaHuw >xa-
paéHmpa Temnepatypa TrpagueHTNapu MaBXyg Oynvwun gucnoka-
umanap maHban Oynuwn MyMKWMH. KpucTannapHu ycTUpUL >a-
paéHupa naiigo 6GynraH gucnokauuanap Kopuga TaBcUgnaHraH-
napmgad apk Kunagu. bupnamum xammpTypyw KpucTann Aucno-
Kauuanapu ycTupwuiaraH Kpuctannra mepoc 6ynmb ytagn (Mepocuii
aucnokaumsanap). Kpuctann 60owka moggagaH scanraH Tarnmk 6um-
NaH  KOHTaKT/iawraHja HOMOCAWK AWcioKauusanapu HamMOEH
bynagn. byHgai gucnokaymanap A"'B"™ — Ge, - AN'B* Ba
X0Ka30o Kabu ApuMMyTKasruy retepoTy3mamanapHu 3anuTakcus ycy-
nvpa ycTmpuwpa KaTta ypuH TyTagu.

AvcnokaynsanapHUHT  KaTTUK XXMUCM Xoccanapura TabCupw
KaHjai?
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[ucnokaumanap acocaH KaTTWK, XWCMJapPHWHI MeXaHWK Xoc-
canapura, 6upuHuYM HaBbaTha YNapHWHI MycTax,KamauK XapakTe-
pucTMKanapura TabCcup Kypcatagu. Xak,MKuil Kpuctannapga fuc-
nokaymanap ma\kamnaHuwu agekTn MaBxyd. BYHUHT 6up Heua
mMexaHusMmnapu  6op: €t 3appal®ap  (kupuwmanap)  6unaH
Ma’KamnaHuwW; AUCcNoKaunsanapHUHI «4ympMalLniLny». BUpUHYKN me-
XaHu3Mm hakat 6ab3u xonnapga Myx;um. by xonnapHuHr 6upu Kot-
Tpen aTMoc(epanapuHuUHr x,ocun 6ynuwmnaup, ET 3appanap - aco-
CUIA KpUCTanNHWKMAaH 60lWKa MOAAANAPHUHT MWKPOCKOMUK KW-
puwmManapu apuradH Mofda TOMOHWAaH YLWNaHagu Ba CYH/MaHu
coByTMO KOTMpraHga yHpa Konagw. by 3appanap acocuii mopga
6unaH bupranMkga KoTMwma X,0Cui1 Kunagu.

JuvcnokaumanapHUHI YmMpMmalWunin paBuwnga Y'am [ucnoka-
uusinap 6mp-6upuHM TOpMO3naikgn. IHr my\uMm Mmacana Aucrioka-
LMANapHUHT 3apag Tawysumnap (3N1eKTpoHNap Ba KOBaknap) aHep-
rmanapu cnekTpura KupuTaguraH ysrapuwnapugup. OnguH ant-
raHMMu3geK, AUCNOKaLUA 3NeKTPOHNAPHU Kabyn KuayBUM aKLen-
Top BasudacuHu yTahan. bByHpali  Kapawpga gucnokauuanap
TabCUPU KOBANEHT KpUCTanAra KUPUTUAraH KupuwMa atomnap
Tabcupura yxwaiigu. bByHpai akuenTtop catxiap 6up — 6Gupura
AKWMH 6ynun6, y3apo Tabcupnawnb, AUCNOKaLMOH 3HEPreTMK 30Ha-
HU BYXyfAra kentupagu. Lucnokauvsnum apumyTkKasrmyga anek-
TPOHAAP 3UYAMUTMHKM \ucobnawja 3n1eKTp HeRTpanauk waptuja
aucnokaumsnap 3apagumHuM \am  >“ucobra onuw  Kepak 6ynagu.
ApumyTKasrnunapga gucnokauusanap x,apakatyaH 3apsj TallyBuu-
napHy coumb 60pUL  OpKanM YNapHUHI  X,apakaTyaHaurura
Tabcup Kunagu. [Aucnokauusanap 3aphy TawyBYMNAPHWHE flal
BaKTUra Myx,uM TabCcup Kypcatagu. [ucnokauusanap atpogugaru
XaKMUIA 3apaf HOMYBO3aHaTUI 3/1EKTPOHAAPHUHI YL NaHUWKra
Xanakut 6epagu. Aucnokauma 31eKTPOHAAPHUHI AXWK ENULLKLL
Mapkasnapu 6Oynagu. bapuya KaTTMK >XMWCMnapfa Aucnokauusanap
Angdy3us xxapaéHura Tabcup Kypcaragu.

6.4. KaTTuK, Xucmnapga sicch HyK,counap

3HI MyXUM ficCU (MKKW YNYOBAW) HYKCOHMap — MONUKpUCTans
JoVianapuHMMT Yerapanapw, arMsaknap Ba TaxnaHuL HyK,COHTapuamp.

LJoHanapHWHr  (KPUCTLULLIMTAAPVUHUHT) YerapanapuHu  Kypainuk.
YMymaH ynapHu (aszanapapo Ba (pazanap uuuMgaru 4erapayap ry-
pyxnapura axpatunagu. @asonapapo derapanap MWCOAM KpucTans-
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L1, mukdA my.d.Tnad  axpntysum  cKMapii. ycacnaH  Kpncia,iimiir
M'NMa* 6unan Yerapa.;loMyil cnpr. McTad KpTuwimanapna jypan ¢a,)r-
| MsappTapu opacmnaw uerapaaap Oy.iaui.

' (pasa wunnarm yerapanap ferwHna kKpuctannapHuHr (Jup Ba
vina (basara MaHcy6 Ha WTy KpucTannap KoHTakrura 6esoeuTa Ty-

HunNyBun colanapl TyTyHunanu. Yerapa gucnokaumana)utu'
a'toxuna HKomnawwuwm xonuna xocun 6ynagm, 6GyHga Kpuctann
KucMnapn kKanpjangup & 6ypuyak Kagap OypwnaraH 6ynann: yusma
TcKUcAUrura TUK GynraH atomnap TeKMCcnmoapw 4usma TeKHCW-
Tra TWK yKaa HucbataH & Oypuyakka OypunraH 6ynagu. Yerapa
coxacunaru gucnokauuanap opanurttu D geiimnca, broprepe Hek-
TOPW KaTTanT W B 3KAH/UTU 3CNAHCa,

h/D=2-s'm 0 (6.26)

MyHOCa6aTHM ONMI MYMKUH. Arap

— <<1 6ynca, (6.26) npoga

0 ‘D (6.27)

KYPUHUWHKX onagn. by MyHoca-
6aTHM KaHoaTnaHTMpajuraH uera-
panapHu KNnumK 6ypuaknn,
(6.26)HM KaHoOaTNaHTUPYBYM uYera-
panapHuW KaTtta 6ypuyakniuM u4erapa-
nap geiunnagu.

(6.27) ngpopa 0<5° bynraHpa 6a-

Xapunagu.  [loHanal-) —dcrapanapu- - g.9-yllswa. (6.26) u(l)ogara soup
UMnr amenokauuoH Ttabwatu uyerapa- uTMa.

HUHT KanuHAwTuw afwknaingm, y (1-2) w yamacmuga 6ynagm (w-
OVCNOKALMNSA KeHTNUIK), AbHU Yerapa KanuHauru 6up Heya aToM-
napapo macotagaH opTuy 6ynmaingun.

Knunk 6ypyaknn yerapan.ap NOSMKPUCTaNNapHUH[ aipum Kpucran-
NUTNapuaa Ba MOHOKpueTannapga oynuwm MyMkuH. O6ypyaknap KarTa
6ynraH (0>5°) 4eiapa'iap axpaTraH Kpuctan/j KHCLUUTPUHU Kpuctan-
nuknap éxku poHatap felmnaan. Katta 6ypuyarowl Yerapatapra ara
OynraH KaTruk >XucMm atbarra nonukpucTana Gynrian.

drusaknap — Katta Oypyaknu YerapLUuKTPHUHT XYCYCWUil XOonuaup.
3rusaloWwK  yerapacu  KPUCTA//IHUHT  BUPU  UKKUHUYUCUHUHT
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Ky3ryCUMOH TacBMpu 6\>raH MKKW co\aCMHW axpatub TypyBuM uC-
rapagup (6.10- ym3ma),

3rusaknap KpucTannap
ycuwnga, WYHWHIGEK — MeXaHUK,
fedopmaynoH Tabcup okubaTuaa
BYXyZAra Kefimwun MyMKUH.

TaxnaHuw HyKCOHMapu KpucTtann
naHxapafa aTtoMMapHUHI  ugean
XKOMNawmnWnHNUHT 6y3nnmwngaH
néopat. byHgail HykcoHnap acocaH
MeTan/ KpucTannapga Kysatunagu.

KaTTuk xucmnapga >;axmuii
HYKCOHNap ynuyamnapu 6apya yu
(has3oBuin MyHanuwpa naHxapa
faBpu a paH katta 6ynrad
HYKCOHNapaup. Ynap mo\natau
KaTTUK  KUCM  TY3UAULWUHUHT
MaKpOCKOMUK 6y3unuwnapmaunp.
Xaxmuii HYKCOHMapra 8Kn
XUCMHUHT  OYTYH XaXMUHu, &
YHUHT alipum  KUCMaapuHu
(ynapHu Mmakpockonuk \axmnap
xucobnaHagmn)  arannarad Ba
Xaokmm  » 07 6yaraH  3nacTuk
KyynaHuwnap MaHcy6. [Oapsnap
Ba KOBaknap, KaTTUK XWUCM Cup-
TMAarn TUpHanuwnap Ba Xaxmpa
TynnaHraH KupuwmMa yromnapu
aHa  WyHgal  HyKcoHnapaup,  MakpoHYKCOHMap MUKpO-
HYKCOHMIAPHUHT  6Upnawnwn - HaTukKacmaa Xocun Oynumn  pasLumH
KypuHW6 TypunTu, Bu3 onguH 3nacTUK KyunaHulinap gucnokaumsnap
xocun Bynuwnanrm MaH6an 3KaHAUTUHW KYpAWK, HAM 6y Kyuna-
HULINAPHUHT BYXYAra Kenuwun Ba HaMOEH 6Gynuwivra Hasap Tall-
nannuk. \ap Xwa uwopanu KyudnaHuwinap — 4y3yBUuM Ba KUCYBUU
KyuynaHuwnap Oynagu. Arap >XuWcMm MyBoO3aHatga 6ynca, Typau
nwopanu  KyynaHuwnap y3apo MyBO3aHaTnawraH. KaTTuk
XUCMHUHT 6P KUCMUHMK Yy30K awTupuil 6y MyBOo3aHaTHM Oy3anu

6.11- ynsma. TaxnaHuUW HYKCOHNapwu.
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XWUCM AHTW MYBO3MHAT Xonatura nHTWAaguW, 6yHaa 3nacTuk
KyunaHuwnap Kaita TaucumnaHagm.
" |M)akpokyunaHuwnap Kpuctann naHXapacUHWHI atoMnapapo d
mMacoanapHUHr y3rapuwungaH ByXyAra Kenagu. KaTTuK Xucm-
NapHy onuwfpa MakpoKy4ynaHuwnap ByXXyfAra Kenuwiura Temnepa-
TypaHuur ucm \axmuga 6up xun 6ynmacnuru  Karra xucca
KYwaan. ByHpai MakpoKyufnaHWWAapHW Tepmo3nacTuK Kyudna-
HUW'nap gernnagn. KatTuk xkucMmpa yHu Taiépnall éku yHra Tep-
MOWLLNOB Gepuigarn TemnepaTypa TaKCUMOTUHM

(6. 28)
o/ cp

WCCUKMNK YNKa3yBYaH/IUK TEHrnamacuHu eumb tonunagu, {k- co-
AUWTMPMA  UCCUMKIMK  YTKAa3yBYaHAUK  KO3IPHULMEHTU,  C-
XUCMHUHT UCCUKNK CUTUMU, P -HaMyHa 3U4nrK).

By TeHrnama mypakkab, yHW euuwl Maxcyc afabwétaa Kentum-
punraH. bus 6y xoiga 6ab3u 6Mp MablymoT 6epaMus.

TemnepaTypaHWHI TycaTAaH y3rapuiln — UCCUKAWUK 3apbacu
KaTTUK XXUCMAA KeHramtum - KUCMAUW  3NacTUK TYNKUHAapu
nango kunagu. Arap Temnepatypa BakT Oylmua ysrapub Typca,
anbarTa XXUCMHWHT faBpuii “McuLlL-cOBULL XapaéHu 103 BGepagu.
By aca 6y3unuwnap (HyKCOHAap) >Xamrapuauwura onumé Kenagwu.
By ah(heKTHM MaTepHaIMMUT YapyallH feiunagu.

TexHVKaga Kyn Katnamay KaTTUK XKUCM  Ty3uamanapyu MyX,um
YpyH TyTagn. By Xxonnapa MakpokyunaHuwnap MaH6anapu; Tarimnk
Ba KaTnam naHXapaoapu [OWU.MUANAPUHUHT (apKu, uccuUrnkaaH
KeHranuw KoauumeHTnapuHUHT TadoByTh 6ynagu. XKypga tonka
napaaitapga cupT TapaHrAuK Kyuynapu KyulaHULWAapUHUHT Kyumya
MaH6an 6ynagu. 9M1acTUK KydnaHWUWIapHUHT 60liKa MaH6anapu xam
ynapHu KeiinHrn 606napga Kypamus.

[ap3nap gucnokauuanapHUHr KaTTUK XXUCM MuMfa Kyuuwu
XapaéHuga TOpMO3NaHnLm HaTmxacu cudatmga Kapanamokpa.
[ap3HVHT KeHrAUrM yHU XOCUn Kuauwifa KaTHawraH Jucnoka-
uuanap mukgopura 6ornnk- Arap yHgaru ucnokaumsnap 3uuanri
/I 6ynca, pap3Hu ne bloprepe BekTOopnM 6UTTA KaTTa AMcnokauus
[e6 kapaca xam Oynagu. [Lap3 xocun OYNUWWUHWMHE dHa 6up
INTUMONWIA yNn TYpAM uwopanu gucnokauusanap TynaaHraH Wuk-
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KW KeclwwnyBYyl (CKMCAMKWUWUHIT Yy3apo TabcupHnnp, [Aap3 (lauuo
6ynraHfaH KelMH yHTN Tak™avpu KaHz;u'l 6ynagn?

[ap3HUHT y3ymnuiriHm / x,apdm 6unaH, yHuur éH uyerapacupja-
M KPUTUK KyUYnaHTWHW a opkanu, FOHr mogynuHu £ opkanu, 6y-
3HUT CONULLITMPMA LWNWHKW y OpKanH 6enrunacak, aHya ysyly
\ucob6nawnapgaH

a ="2fy/x' (6.29)

FpuduTc KOHYHUMM KenTupmb umkapunagu. by udopgagaH
HaMyunaHu (6YHOMHMW) O6y3MaHAuranm Aap3HUHT / KPUTUK Y3YHAULI -
H/ aHUKMWIW MYMKWH. Arap maskyp mo/wara yHga}! Kypa Myc-
Ta\KaMpoK MOAJaHWHT Makpo3appanapu KupuTuiaca, KeHrasérraH
fap3 Wy KMpuTMara Takanagu Ba Tyxtab konagu. Ly Uyn 6wunaH
Kyn MUKAOPAa KO.MNO3TUIOH Matepuanfiap ONWHIaH.

OHAM  KarrMk  XucMmparn — Koaknap — (rosaknap) — “aumpa
TyxTanamus. Kosaknap KMMTWK, XUCMAa aTomnap arannamaraH Oy
KOMnapaaH wnbopat. YnapkWHr 6up TOMOMM CUpTra YMKKaH 6ynca,
OyHAal KoBaknapHW OYMK KOBaknap AenHnagu, arap KoBak KpucTann
Xaxmmnga xolinawraH Ba Tawk™ MyWT 6unaH TyTawraH 6ynmaca,
YHU EMWK KOBakK fenunnagun.

KoBaknap \ocun  GyAMWMHTKA'  acocuit  .MaHbGanapuHu
Kapainuk.

1. Koaknap x;0cvn OyNUWMHUHT AUQEY3MOH MEXaHU3MM.

KoBaK Kyn COHAM BakaHcusnap WWTMAMLWIK HaTuxkacu cuda-
TMaa Kapanaguv. XXMem cuptuga arpunavrad (kabapuk; EKu 60TUK)
Xonapga BakaHcusnap Kyn TyrnaHagun. K.abapuk xonpga cupT-
HUHT KaTTan!n'm y3m MyBO3aHaTeu3, OpPTMK4YE, CUCTEMA YHM Ka-
MaiTUpuLWIra MHTUAraHW Tydannm 6yHra EHAOW "~aKMWUWUHT KWY-
palwwy opkanu 3apuwmnagn. YMymuii \axm ysrapmaraHu \onga
arap 6Mp Kuem BaKaHcusAnapHW atomnap arannaca \axm MyansH
Mukgopga kamasgu. LUyHuHr ydyyH kKabapuk cupT ycTuga BakaH-
cuanap kam 6ynag\r Xy;wm ulyngaii mynolasa 60TuK, cupT ocTunga
BaKaHcuanap 3uunurn opTagu geraH xynocara kentmpagu. LLyH-
fail Kunnb, KOBAKHWHI TauTKM CMPTUAA BakaHCMANap Kam, WYKu
cMpTMAa aca BakaHcuanap opTukya 6ynagu. [emak. KOBaK BaKaH-
CUANapHUHI KaTTakoi yihmacuaup. BakaHcuanap KoBak \ocun
bynactraH >oiira gngdysua Hynm 6unaH Kyum6 6opanu, LUyHUHT
YUYyH KoBakK \ocui OYNUWWUHUHT By MeXaHU3IMUHU Andpddy3MoH
MexaHu3M aeb atanraH.
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2 TepmouLLNOB XapaéHnaa KoBaknap ?(ocun Gynuin.

Taxpu6agan MabAyMKW, MeTann HaMyHanap TEPMOULL/IOB Xa-
aéHnga fedopmavmanaHagm Ba WnwWajmW, ynapja KoBakiap Xocun
6ynagn TepmMOMILNIOB Kyn MapTa TakpopnaHca - fjapsnap naijgo
6ynagn.” TagkmkoTnap Kyiimgarn KOHyHUATAapHW aHuKganau;

1) TepMOMLINOB COHW OpPTMWK 6uNaH KOBakiap MUKLOPWU Ba
ynuamm optmub 6opagm.

2) Kosaknap HaMyHa Kecumm Byinya HOTEKMnC
Takcumnawagn; YNapPHUHIT MWKLOPW MapkasfaH 4veTra TOMOH 6up
Tekuc Kamaiinb 6opagm.

2-3 MM KanuHAUKAarn UWANHAPWK HaMyHaHWHT rapauwunja
KoBaknap 6ynmaiign. by xogucanap WwyHAan TyWYHTAPUNagn.

cylonuw Temnepartypacura ak,mH T Temnepatypaga O/fMH-

raH HaMmyHaja BaKaHCUANapHWHI KaTTa 3UYIUTU BYXYAra Kenagu.
KecknH coByTraHT KpucTannfa ynap «axnaingu». By >xkapaéHHu
UMHUK,MW aerimnagan. KeldnHrun knsgupuwiga opTMKYa BakaHcusanap
yra TyAWHraH apuTMagaH Tywub k™ onuwm Kepak. AMMO 6y Tywmn6
KonagnraH BakaHcusanap eTapniiva >;apakaTyaH Ba Kaicu 6up
Xoiipga (nNaiHoBga) ywowwuwra ynrypagn. byHpaih naiiHoBnap Xus-
MaTUHW [oHanapapo 4erapanap, gucnokauuanap bGaxapagn. Tewm-
nepatypaHu Kyn mapta Yy3rapTupull YUHUK"AH BaKaHcusanap
MUKAOPUHM owunpub 6opaau, 6y 3ca KoBaknap COHMU Ba
ynuamnapuHu yctupagu.

3. KrarTvk, >Kncmnap KOHTaKTM co”acuja KoBak/ap — XOCU
oynuwn. Typnu Ttabmatnm A Ba B MKKWU KaTTUK XXUCM KOHTAKTUHWU
Kapainnuk. K~usgupunraHga A aTomnapHuHr B — naHxapara, B
aTOMNapHUHT A — naHxapara ”3apo Kapama-kapwu gudaysma
BYXyAra Kenagu. Ondapysus KoahuumneHTnapu TEHT
OynmaraHnurugaH KOHTAKT uerapacumjaH yHr Ba

yan TOMOHZa AuddysuanaHraH aTomaap MWUKLOPU  TeHT
bynmangm, macasaH, 0. 0] 6ynca, xonga
n b6ynagn. Okubatga A KpucTannga arannaHmaraH
BakaHcuanap, B kpucTannga opTukya atomnap naingo 6ynagu. [e-
MaK, A KpucTannga BakaHcuanap MmaH6au, B kpuctannga atomnap
MaH6an nwnab Typagn. AMMO ynap 4ekcm3 opTub 6opa onmaiigw,
YYHKW 4yerapaBuii Agucnokaymsnap A TOMOHAA BakaHcusanapHu, B
TOMOHfa opTMKYa aTomnapHu I0TNo, Kapama-KapLm
MyHanuwnapga xapakat Kunagu. A KpucTannga ynap acta-CeKuH
KpucTanngaH uvMkagu, B kpucTannga aca ynap acTa-CekuWH naingo
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oynagn. LLyHpain knnmb KOHTAKT colackna MKKU 3deKkT; 6yLwnumk,
yeuwmn  (PpeHken 3adekTn) Ba atomnap TEKUCIUTUHWUHT Ky4uub
yTnwmn (Knpkengan agdekTn) 103 6epagu.

4. YuyBYaH TapKWGIOBUNAN K EaTTVK, XXUCM/IapAa KOBaKAOP/IMK

Kyn TapkubnoBumnm KaTTWK. XUCMMapga ydyByan TapKu6/10BYM-
HUHT OyrnaHMwWmn OpTMK4Ya BakaHCuanap MaHban Oynagn. HApum
YyTKasrmy KaTtTuK KucMmnapgaH rannmii  apceHugm CaA3  mwucon
Oynagn, YyHKM yHgarm A3 maprymywl aHuya ydyByaHaup. K,aTTuk
XUCM cupTugaH OyrnaHraH aTtomfap ypHuAa BakaHcusnap nango
Oynagun, ynapHu uukapugaru atomnap kKenub Tyngupagu. Ynap \am
AHa OyrnaHagw, BakaHcusnap AHa Tyngupunagm Ba \.K. HaTtwxkaga
HaMyHa X &KMWM OpPTMKYa MWUKLOpLArn BakaHcusnap 6unaH TyinHagm.
YnapHUHr 6ab3vnapu cupTra Ba AWCnoKauwuanapra keTagu, fIeKnH
YyNapHUHT 6UpPop MUKLOPW ANTUAMG KOBaKnap XOCU Kuiaauw.

BolwKa XaXXMWUA HYKCOHNapAaH KPUCTANHUHT MO3auKanuru sa
ras nygaknapuHm aintmb ~amm3. XaXMuii HYKCOHap KaTTuK
XuUcmnap (U3NK Xoccanapura Myxum Tabcup Kypcatagu. ByHu
KncmaH aipum XaXMuil HyKCcOHnap Tyrpucuga TyxTanraHga ranu-
pué yTamK.

MakpoHyKcOHMapra 3ara 6ynraH >xkucmniapfga audgysnsHu
TagKuKnaraHga MKKM omuara anoxuga abtnbop 6epuw kKepak. bu-
pyHUYngaH, ouddysna KoahhuueHTn aHusoTpon 6ynagmn, y anbarra
anddpys3ns OKUMUHU aHuKgawga Myxum. VIKKMHUnpaH, gapsnap
Typn Oyiinab atomnapHWHr AUGQY3NOH XapakaT4yaHAUTM  MyXuUM
fapaxafa opTUK 6ynagw.

KoBaknap xaxmuii guddysms QppoHTMHU KamaiTupagu, 6y aca
AN(PY3MOH OKUMHMW KamailTupagn. JIeKuMH, KoBaknap 6unaH 60rnmk
cUpTUin AudPysnsa KaTTUK XXUCM OpKannm Andoy3nsaHu opTTmpagu.

MaKpo HYKCOHMM KAaTTUK XUCMapHUHT MeXaHWK Xoccanapu
XaM HyKcOHnap TabuaTu, 3uunurn Ba 6GolIKa XapakTepucTMkana-
pura 60raMK, MakKpOHYKCOHMap KaTTUK >XUCMHWHI 31aCTUKINK
mMogynnapura  MyxuMMm Tabcup Kypcatagu. MacanaH, KoBaknap
HUCOMA  xaxmMm Y =YkoB KB c) OyHga — KOBaKcu3

Katnam Xaxmu, Y"oB ~ KoBaKfap Xaxmu. KoBaknn Ba KOBAaKCU3
xucmnap cumkuw mogynu (O* sa C) Ba xap Tapadpnama KUCUAULL
mogynu (H* Ba H) mndopanapura kupagu;
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C/O* =|-5K(3H+4C)/(9H+8C).

K
" H(\-K) 46" \-K

(6.30)

By wudonnnap Taxpubanapja TacAMKLaHraH.

KoBaknn Xucmpa 3nacTuk TYNK;UHHUHT TapK WMWK 31acTUK-
MUK Ky4ynamuwnapu (6ocum) Ba TemnepaTypa TebpaHuwnapu By-
XyAra Kenwuu 6unaH 60rnuk- ByHpaid TynKWH, WYHWHTGeK, Ko-
BaKHUHI KaTTWK (asa 6unaH u4erapacuga (asaBuid MyBO3aHaT
NTapTNapHUHT G6y3unuwmngaH \am naigo 6ynagu. MacT TOBYW Tak-
popuiinMknapga 6up yTuw gaBpufa BakaHCWUS MaHXapajaH KoOBak-
Ka Ba Teckapuya yTuwra ynrypagu Ba 31acTUKAWK Mogynu 6up
(hasanm cucTemaHuMkKmMgaH Kam 6ynaau, TOBYLI TEe3NUTK KNUYMK
bynagn. Katta Takpopuiinnknapga BakaHCUsi MaH)apara Ba Tecka-
puya ~'wwira ynrypa ofMaign, 31acTUKAUK MOAYyIN TaKpopuid-
NWKKa 6ornmMkmac, ToByW Te3nurn V, KaTTapok 6ynagu.

6.6. U>T<coHnap Auddysnacu

Ondhdysna xapaéHn CUCTCMATAHT atomnap 3UYINTUHU TeH-
nawTupumra ys-ysmgaH WHTAAMWMAAH unb6opaT. ATOMNap Kam
bynraH WyHanuwga kyvagn. Cuctemaga atomaap Kyuuwm TapTu6-
cu3 paniguw okmbatmpa tosara kenagu. LUy liycuHpa cucTemagaH
6up BakTga TapTMbCU3 - WCCUKAWK XapakaTu Ba WyHanraH -
apeii xapakaTu MaBxypn 6ynagu. KeinHrn xapakaT cucTemajga
KaHgangup Kyd Tabcupupga cogup 6ynagu. By kyd BasudacmHu
3MUMK, TemnepaTypa, 371ekKTp noTeHuuman &ku ymymuii \onga Ku-
MEBMWIA MoTeHUMan rpagueHTnapu Gaxapagu.

TapTubcns UCCUKANK XapakaTUHWHT y3u AUGDQY3NOH OKUM
Xocun KHAMakgu. KaTTuk Kucmparn WCCUKAWMK TebpaHuwnapu
andagysusra onmb Kenmamngu.

Onpdysnsa xapaéHuUHU MUKOpaH 6Gaxonau] ydyH 3apyp 6ynrad
TCHrnamanap.HW LWaknnaHTupanmk.

ABBano ANGpMOY3M0H OKMM 3UYAUTU TylwyH4Yacum 1 HWM KupuTa-
MK3.

OnpdysmMoH OKUM  XUCMHUHT  BUPANK  cUPTUAAH  BUPNKK
BaKTAa Andgysnanad N raH mogna Mukzopu 6ynuo, y

1=dQ/Sdt (6.31)
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KypuHuwaa wdoganaHagn, 6yHga @¢0 — XWUCMHUHT 5 — cupTu
opkanu J1 - Bakga yTraH MOALA MUKAOPWM KECUM t03ura, mogua

3UUANTN TPaUEHTH %‘2 ra, /1 Bakrra nponopuMoHan KaTTaauk:
£0=-08{3c/IX)N. (6.32)
byHaarn O-pguddysusd koapgpuuneHTtn. (6.32) Hn  (6.31) ra
Kyiicak,
1=-0 (3 ¢/0 Xx). (6.33)
®uK 6MPUHYUM KOHYHWU ugogacyu xocmn bynagn. Y4 yn4osnu
\ongay

/=-0Yc (6.34)

KypuHuwga éynagn.
OnthdysmanaHysun mogaa - Auddy3aHTHUHT BaKT Ba hasofa
y3rapuwmHn ®UK HWUHI 2—KOHYHM wudoganaingmn, yHuU 6GUpUHYM

AeA'! _
KoHYyH Ba y3/1yKCU3/UK TeHrnamacupaH —( R =0 kKentupub
A
ynKapunagm:
N
Ae (6.35)
at
(6.35) TeHrnamaHu eumno, 3munuk c(x,() 8ku y4y ynyoenm xonga

c(x,y,r,() TaKCUMOTK aHMKNaHagu.
Kynunnuk xonnapga 6y eunmnap 6up yn4yosnu xonga

c~I'/"exp(0,25x-/00 (6.36)
KypcaTKMuin yHKUUA KYpUHULLIMAA EKM GOLLKa
c~ -er/(0,5x/n/") (6.37)

(hYyHKUMS opKanu udoganaHagu.
by eunmnapga

(6.38)
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KaTTaNuK Y3YHAWK ynyamura ara, YHU AuGPY3MOH Y3YHIUK
penvnagn. Taguukotnap aupdysns KoahHULEHTUHUHT Temmne-
patypara 6ornaHuwu yyyH

0=00c\p{-\Y 1KT) (6.39)

ngponaHn 6epagu.
byHaa  ]¥ — auddysuoH
3HepreTuK TyCcuK GanaHgnuru.

o O®P o 0/ o o
Br3 MKKUTa 3HT KM3UKapnu ° 00 % )0 "o

MexaHW3M — TYyryHnapapo Ba °0°0'0°0% °0°0
BakaHcuanap 0Oyiinab gugdy-
3nAnaHuLL MexaHU3MaapmHu

(o) (o) (0]
Kypnb umkamuns. Ynap 6.12- O )l'( ¥ 1
yn3Maga 1 Ba 2 COHnapu 6unaH

GenrunaHray.

(6.39) ngpopara 6uHoaH
andgysmanaHysum 3appa 6up
MyBO3aHaTWii  BasnATAAH WK-
KUHYMUCUra yTull Y4YyH 3Hepre-
K \Y TyCuKaaH ownb yrvaum 6.12-um3ma. Kpuctann naHxapacuaa
Kepak. 3appanapHuHr 6y CakKpa-  kupuwmanap andhpdy3nACUHUHT UMKO-
WUHU rasga aToOMNapHUHT HUWA .MCXaHM3MMapu(KMpuLima aTom-
TybATalUMIIMIA  yXLIATWACA  Ba HUSUKNAHTaH AOVipa):

1. Coppa,TyryHnapapo; 2. BakaHCUOH;

KWHETUK HasapuAHWHT  MOJEKy- 3. Coppa,anmawnHnw; 4. Llmknuk an-

nanap guddgysnacu ydyH MalUHULWE 5. CUK™MG UMK, apULL, TYTYH-
napapo; 6. KpaygnoH autdysus.

0= I+ Vi3 (6.40)

OO0OO0OO0O0O0 O

nogacn ( X — rasga 3appaHuHr 3pKUH HOTypULIN ypTada Y3YHAUrK,

v —ypTaya UCCUKNUK Te3nurn) Kynna~ca bynagu. Arap / — gugpdy-
3M0H Y3YHAWUK TapTubupary Kattanmk A — ypHUra ofimHca X — 3ap-

PaHWHT MyBO3aHaTMil “naTtga 6ynuw BakTu 6ynca, yHga guddysn-

OH cakpaw Te3nrn Yy=//T 6ynagn. QHAM 13 kynaliTyBunm ypHura

KpMCTann  naHxapaga aTtomnap JKoWnawuwun  reomMeTpUsCUHU

>:;ucobra onyBUM a - KOIPAULMEHT ONMHCA, KATTUK XUCM Y4yH

(6.40) ypHura

O=alniT (6.41)

[1e6 €3Ull MYMKUWH.
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p1

Cykunuw K"NTWK, apuTManapupa atomnap ;u«dgysuacn (Bept
Ba 3uHep) (//T)=y nudpdy3noH cakpaTuiap TakKpopunanrn Kupu-
Tunca,

0 =(xr-/r =a.1\ (6.42)
V KaTtTaNMkKHu ytuwnap P a\TirMonnnrun opkanu
y=\",AP (6.43)

MyHocabaT éppamMupa udoganawl MyMKUH, 6yHAa Yo — CyKynraH
aTOMHUHT TebpaHuLWap TaKpoPUNANT, g — KOOPAMHALMOH COH-
ra TEHT cakpawiiap WMKOHLWY iyHanuwnapu CoHu

\E,semrn X (6.44)

ngonga HasapTT Wyn 6unaH KenTupub umK,apunraH, 6GyHAaru
OET — anggysua (murpayma)Hll aktuenaw 3aHeprusacu, M —
anddysnanaHaétraH mMogsa maccacu. bup TyryHnap opa-
AMrngaH MKKuHYucura ytaw s\tumonnuru (goumunin 6ocnmpa)
3PKUH 3HeprusHUHr O/ N\'srapuwin opkanu

1¥=exy>[-Al/KT\ (6.45)
ngpopanaHagun, byHgaru
AE=AE,,, - TAS,, (6.46)

FOMopuat  udoganapfaH CyK™MWW  KaTTUK, 3puTmacuparu
Kupuwma atomnap AUdysmna Koap@UUUEeHTN aHUKIaHaan:

I>=[1, expl-[IE,,, KT\, (6.47)

6yHaa
Oo =agl*voexp{AS,Jk). (6.48 )

BepT Ba 3uHep Hasapuacupa

s (6.49)
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MyHOcabaT onuW ankHM. y audgy3usa 3HTPOrMwCcUHN 6a>;onawl Ba

HW aHUK™NAT WMKOHWHW 6cpamu. by wugopagarn C' — cun-
Xuw Moaynu, 60° — Mmyutok HOM (OK) garm  cumkuwl mMogynu.
AmMO 6yHAa aKTMBnarn 3HepluacyM Ba CUMKUU! MOAYAVNHUHT

icmncpalypala 601 1aHUWIN Mabaym Gynuwn Kepak.

YpuH srannawl uanuk, apUutmanapja atomnap Avdgysmnsacu Ha-
3apusicuna >am /T pactnabku TeHrnama 6ynunb, nekuH aund-
(hy3ms napamcTpniap 6Gonrkaua (PU3MK MabHOra asra. [apsok”e, V
Takpopull/Iuk mMaskyp 3puTMmanapfa faHa guddysuananaétraH atom
KNWHM BakaHcua \ocun 6ynuwm s\tumonaurura \am 60rnvk,;

V= r = ay'o explalr /AT Jexp[al| /AT | (6.50)

By epga Yo— kpuctani naHxapacu TyryHugaru aTOMHWHI Te6-
paH)LUnap takpopuunuru, AE — ywa (6.46) KypuHuumua ara. v, A/’
Ba Aly nap) (6.42) ndopara k5"icak, (6.47) Ba (6.48) ndoganap-
HW XpCUN Knnamus, ammo ynapja

AL, = AE',, +AEY; (6.51)

Uusmk,9anH Kattanuknap cakpab ytuwra termwnnamp. femak,
anddy3na dxkapaBHu  murpauma  (kyumw) AE”N — 3Hepruacu
OpKanu aHuWKnaHafgu, amMMo y TyryHnapapo guddysma Ba TyryHnap
6yinab angdysmna \onnapuga gapk/ii 6ynagn. By sHeprus Hei-
Tpan atomnap éku uoHnap guddysnanaHnwmn xon.napmga \ap xun
bynagu.

MaKpoHYyKCOWUIN KaTTUK, Xucmnapga angdysma. by \onpga xp-
NNCAHN WKKW XyCyCuATUHM \ncobra o.nuw 3apyp. BupuHumgaH.
Angpdy3na KoagppUUMeHTU arw3oTpon KatTaanK. IMYHUHT Y4yH
NONNKPUCTANHUHT UXTUEPUIA >'8p XWN IiyHanraH goHanapuga 3ud-
AWK TpagueHTV rryHanmwmgarn AngaoysmoH OKumMnap Typau
bynagn. WKKuH4Yngaw, papsnapHuH! puBoXnaHraH Typu O6yr'riab
atomnap AuMMEY3VOH X,apakatyaHauru OpTULLKU  MyX,UM, OYHUT
okmbatmga  Makpockonuk AuddysnoH okuMm opTagu. Makpo-
HYKCOWT  KaTTUK xucmga [  aAngdysma KOIDEOULMEHTK
HYKCOHCM3 Kpuctan.rwa O auddysms  kKoapduumerrrn  6unax
6ornvk- By)M1aHuknaw yuyyH Kuprummanap 3udamruHut

),.5<.-0/VsI07 cud- x 1)1 (6.52)



npogacngaH toikganamamns. byHga O HU O* ra anmarutupuo,
CYHr c= c feb onuHca, u3naHaétraH O* gugpdysna KoshpuumneH-
™ ngogacy \ocun 6ynaan;

2

6/)//" (6'07 3  MSlii W2
- m (6.53)

MacanaH, p~= H-'""3/c, X - I ~ KO 'Y é\B3~
6ynca, ~*/£, =10:10 By b=10"* M 6ynraHnga MakpOHYK"COHCMU3

KpucTannga Andgysns KoappUUUeHTN MaKpOHYCOHAU KpucTannga-
rmgaH yHnapya mapta opTuK, 6ynap akaH. Xwucobnap Ba Tax/IMJHUHT
racauknalumya, Mupuk Kosaknap AugdysmaHn cycainTtupagn. Ldemak,
Maiifa KOBaKMapHWHI MUPMK KoBaknapra 6Gupnawmiin KaTTuk, Xuc-
mgarv gudpdysnsaHu nacantmpagu.

CaBoninap Ba mMacasnanap

1 TyryHnap coHu 10"2 cm'”, LLOTKM HYK,COHW XOCUN GYynuLiu
aHepruacu 1,5 3B 6ynca, Kaiicu TemnepaTypaja HyK,CcoHnap (Ba-
KaHcusanap) smunurn 10" cMm'™ 6ynagun?

2. TYryHnapHWHr yMyMWiA COHW Ba TYyryHnap Opanurun COHWU
TeHr, T=300K, ®peHKen HyK,COHW XOcCuUn Oynuwun aHepruscu 2
3B 6ynraHga 6yHpaii HYKCOHNap COHM KaH4ya?

3. bop Ba ®octop a3nemMeHTNapyW KpeMHMiifa KaHAalh KaTTuk
apuTma xocun Kunagu? (6.2-xxageangaH QpoinganaHunHr).

4. 141-6eTparu MabnymoTAaH (oiganaHwb, MwwKopuiA meTan-
nap ranoreHugnapura /~-mapkasnap KaHgaih paHr  6epuLLInHK
aHUK aHr.

5. HYKCOHHUWHT Tabpudu KaHzan?

6. HykcoHnapra 60rnmMK 3n1eKTPOHNAp 3HepPreTukK xonatnapu
KPUCTANTHWUHT  30Hanapugaru xonatnapgaH KaHaka apk
Knnagu?

7. HykcoHnapHuHr ynuyamnap 6yinya cMH(AaHULWIN KaHaka?

8. DKCUTOHNAp, NONSAPOHNAP, 3NEKTPOH - KOBaK XydhTnapu-
HUHT MOXMATU HUMaaa?
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9, [KXKNHCMANAPNWHI KaHnall XHNNapuHH 6unacHs, ynap opwm-
cuna KNHgaii apknap 6op?

10, /*— Mapkasnap Huma?

11, PagmaLnoH HyKcoHnap kKaHana?

12, broprepe KOHTYpW Ba BCKIOpPH HuMa?

13 [Aucnokauyua.nap HMMa? Y napHUHI K,aHfai Typnapu 6op?

14. ApumyTKasruynapfa 3MeKTpoHAap 3HepreTmK CcnekTpura
avcnokaumnsanap kadga!l yslapuwinap KupHtagu?

15. Kpuctannapga K.aHna iccu HykcoHnap 6op ?

16. KatTuk, XXncmnapga K,aHaaH X,aK.Muii HykcoHnap 6op ?

17. KaTTuk, Xucmnapfa MakpoKyynaHuWnap BYXYAra Kenuwu
YMYyMUiA WapTnapu KaHak,a?

18. Kyn k.atnamnm KarTuk, XXUcMm Tysunmanapuga ,\.akpokyuna-
HULINapHWUHT K,angai acocuin maHbanapm maexya?

19. fap3nap naingo 6ynmwun cababnapu K,aHgai?

20. IVm ;vOL;akmap K,aHfaw x,ocun 6ynagm?

21. MaKpOoHYK,COHMap KaTTuK; XXWCM Xoccanapura K,aHaai
Tabcup Kypcaragun?
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VIl BOb
AMOP® KATTUK XXUCMIJTIAP. CYIOK KPUCTAJIJTAP

KpuTuk  HyKTagaH nupo”pary KMarTMK,  XXucmnap — Ba
CYKOK/TUKNapHW KOHAEHCWUpNaHraH (3MunaHraH) cucremanap geinu-
nagu Ba ynap rasnapra HucbataH = MUWANWOHNApYa  KUYUK
KucunyByaHnMkka  ara. MacanaH, HaC1l KPUCTANIIMHUHT
KucunysuaHaurun 0,310"" MMH, cytOK, CAMOBGHUKN -3,810"" M"VH,
aMMo atMocdepa 60CMMM OCTUAArN XaBOHWHT KUCUNYBYAHIUTU
FO-" M/H.

3uynaHrad cuctemanapfa 3appanap apo macodanap yfapHWHT
LvnameTpu vamacupa, rasnapga aca atmocdepa 6ocu,mu ocTuga
3appanapapo ypTaya macodanap ynapHWHI ynyamnapujaH yHnapua
Ba KYMpoK, MapTa Katta 6ynagn.

3uynaHraH cucTemanapfa 3appanapHuHr WMCCUK™NUK XapakaTu
TebpaHuMwnapgaH wubopaT, rasnapga asca 3appanap warapunaHma
N\apakat K,unagu.

3nunaHraH (KOHAEHCUpNaHraH) cucteManapHUHr 6ew XxXuau
Mab/lyM; CYIOK/IWKNA0. TMLW2,Ma), CYIOK; Kpuctannap, amopd

KaTTuL, Kpuctannap.

CylI<;MblKnap — MYHO03aHaTAW, M30TPOM, TY3WAUWUTU TapTubnaH-
mMaraH cuctemanap 6ynub, OK,yBYaH/IWK, SbHU Y3 LWAKIAUHU OCOH
y3rapTvpa onuw Kobunatura aragup.

LLUvnionap — KBa3IrMyBO3aHaT/IN, M30TPOMN, TY3UULWN TapTub-
NnaHMaraH cucTtemanap 0ynub6, KarTuK, XWCMNAPHUHT MexXaHUK
xoccanapula ara. LWwuwanap WakNMHW  3nacTUK  pasuLlfja
ysrapTupa onagu, ynapfa Oyiinama Ba KyHAAarTHr 310aCTUKIUK
TYNIKWHNApWU TapK,ana onagu.

Amopd >Kncmiap — Kyunu japaxaja MyBo3a}latcus, musatpon,
TY3W.TUWIK TapTubnaHmaraH cuctemanap 6ynu6, ynap ano\Hga
poutaa xocun 6ynagu.

CyTK, KpucTannap — MYyBO3aHariu, aHu3oTpon, Ty3uawuu
KMCMaH TapTmbnaHraH cuctemanap 6ynu6, Kana okysYalTnmkka
ara.
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j(@rTub; KkpucTcCwap - Mywuo3aHarnuM, aHuW3oTpon, ry3unTun
K,abTNil TaprH6an cucTemanapiHp.

By MabnymMOTHU KCATMpULIGaH Mak;cas - 3M4.MamraH cucrtema-
nap \1;napu opncunarn TagoByTnapMH fHa 6up \lapta rabkuga-
naw.amp.

7.1.  AMO|)p LATTHK Xucmnap

FOHOHYa aTorpbo3 cy3n OH3HWHrYa LWAakKNCu3 geraH MabHOHU
aHoTaTagu. TabuaTga amopd  KarTuk, DOKUCM.Tap  KpucTan
X,0naTngary XucmnapgaH KaMpok TapKarat.

Amopd y;0AaT - MOAAAHWHI M30Tpon xoccanu OynaguraH Ha
CYlONUW HykTacu (TaimHnm Temnepatypacu) 6ynmaraH K*arTuK,
Jo.natn. Te.mnepaTypa owraHia amopg Mojga acTa-acta Cylok;
x,onatra y'tanu. By XycycHATnapHUHr cababu amopd >oMaTtnaru
mMoAfaja  amopd  >kolnaHuwga
KpucTannapra xoc Katemin (7,1-
ynsma, a) AaBpuinnuk (Taptuob)
6ynmaraHaurngHp, Ly 6unaH 6up
BakTAa K>'14HWM 3appanap >Xoina-

W maa MyaWisiH mMocnaLlys

(akmH  Taptm6) maexyp (7.1-

umM3.Ma, 6). Macoda opTMnTn 6K- urMMa. a  KpucTan: 6  amopd
NnaH 6y Mocnawys I7IyKO,lJ,61 6oLw- KaTTUK, XXUCM Ty3unum
naingm Ba 6up Heya aTomaapapo

mMacoaga nykonagw.

AKMH TapTub6 CyloK,NMKNapra .\am Xoc, a.MMO CYHK'TTKAa
(KOBYLIOKANK OPTraH capy KuiAnHnarnagm) KSWHH 3appanapHUHT
Te3 ypuH anMawwuHrn.mm 13 6epagn. LUyHuHr amopd \onatgaru
KaTTUK XWUCMHW Xyda toKopu KoIYwmok/nrkka ara 6ynraH \'Ta co-
BYraH CyHOK-riik ne6 kapaca 6ynagu.

MacT Temnepatypanapga KpucTtann \onaTtu  TepMOAMHaMUK
Xux;atgan 6apkapop Oynagu. Bupok, KpucTannaHuw xapaéHu
Ma3Kyp Temnepatypanapfa >yja Kyn akTtra Y4y3unTuum .MyMKWH,
UTYHUHT YYyH KpucTann nonatu amanga pyééra yukmaiign. Cyton-
MaHW Te3 coByTraHga amopd “onat )tocun Oynagun. MacanaH,
KBapuHW aBBan CYWOANTUPUNAAW, CYHTr YHW Te3 coByTub6 amopd
KBapL WuWwa onuHaau. flapBoke, ruumwa -\onatgaH cykonvara Ba
CyloNMafaH wWuwa )Monarra yTuw Kaintap >xkapaéH 6ynnb, y dakat
[ny Typgarn mopgganapra xocgup. LWwuina xocun 6ynmunT >kapaéHu
MylasH TemnepaTypa opanuruga to3 6epagu. Mo/waHUTl wwuwa
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\o.TaTTifaH KpucTann xonarra ytuwl 6UpnuyYH XWUHC (azasuld yTtuw
6ynagn. Kyw! co;uia uketgagap (5. 5e, Ak, P), okcugnap (BT,0?,
5102 .PeO3 Ba 6owkanap), cyenu 3aputmanap (H2504, H3PO4,
HCb) 6ab3n anemeHTnap (Ce/lk.P) xankoremmpnapw, 6arsu rano-
reHugnap Ba kapboHaTnap CyenuM 3puTmanapu wuwa .\onatuga
Oynuuis MymkuH. LWwnwa xonatupgarn mosngafa atomnap Ba atoM-
nap rypy)ylapm opacmpja ycTyu paBulifa KOBajfeHT 6ocnatnum Mas-
Xyh. Ky/lwum atonlnap >xohnawwuwwupa Ttaptub 60panruHn  au-
(hpeHunan Tagkuk;oT ycynnapu aHuk,.4ab 6epagu.

Wwnwa \onatmupanl mogganap U30Tpon, MypT, épunran cupTaa
yyKyp xocun 6ynagm, kyn xonga waddod 6ynagu, ByHpain mopaa-
napfa Kywanok, Hyp CUMULW Ky3aTunagu, NIOMUHECLEHULMA aMan-
fJa Kydycus Oynagu, YNapHWHr Kynu acnuira fuameTpuk 6ynumo6,
cuilpak ep afneMeHTNnapu okemgnapu Ks\WuaraHga ynap napamar-
HWUTra aiinaHagu, anekTp xoccanapu 6yinya AUaNeKTpMK amMmo ai-
puMnapu ApMM YTKasrny Ba MeTansi xoccanapra ara 6ynagw.

MeTann WHWanap Metannap Cyw/amManapuMHu Xyga Te3 COBYT-
raHpa (cosyruw Tesnurm u<l0™ rpag/cek) xocun 6ynagu. Metan
wuwanap Tapkubu; -80% ytma metannap (Cr, Mn, Pe, Co, Ni,
Zr, Pr, Ba 60yTKanap) €ku onuii metannap Ba -20% Kyn BaseHT/IN
mMeTanmacnap.

Muconnap; Awuxis11g, Pcix151|9, PcxoBro 3-5 Tapku6nosumnm
Kotuwmanap xam Maexyfn. By mogganapHu Tagkuknaw K'arTuk,
XUCMNAPHUHT  MeTanIuK, MarHut Ba 6OWK*a XoccanapuHu
ypraHnTu MMKOHUHK Gepagun. HOK,0pu papakagaru JlycTaxkamank
6unaH 6upra KaTTa NNAaCTUKAMK Ba 3aHrnawra HucbataH HK,0pu
yngamMnunK mogganap Ba OylOMaapHM MycTaxkamnawgja mMaskyp
Wuwa MeTannapgaH olijanaHuil WMKOHWHW ApaTagu. Y NnapHUWHT
6ab3mnapn (PesioB20) teppomarHuT 6ynnb, mact KO3pLEeTMB Kydra
Ba 10OPW MarHWT CUHTOMPYBYAH/IMKKa 3ra Ba YNapHW MarHut
IOMLLIOK, MaTepuaTnap cugarmja Kynnaw MyMKUH. AMOpg MarHuT
mMaTepuannapHuHr aHa 6up Myxum CUH(U —YyTMa MeTannap apa-
naliraH cuiipak ep sfnemeHTapu LoTULLIManapuanp.

MeTann WunwanapHUHT 3M1eKTP Ba aKyCTMK xoccanapugaH (Hokppu
Ka'Tranvkny Ba Temrnepartypara CyeT O0rfaHUWN 3MEKTP LApTUMIKK,
TOBYLUHM KaM t0TuULWW) (hoiiganaHnl MKoHW>!Tnapn 60op.

FOKopraa amopd MOAfAnapHUHI ApPMM YTKasru4y xoccanapura ata
oynuwnnry aitunmarad agu. ByHaail MOAA;TNapHWHT 6Mp Heya Xun
rypyxnapu 6op; KoBaneHT amopd ApuMmyTKasruunap  (amopd
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\onatparn Ce Ba 51 CaA3 Ba 60wKanap), okeug wuwanap {¥Y205 ~
P205), xankoreHug wwuwanap  (As3] Ces3o 5e2l Telx), AM3NEKTPUK
napganap (5K0x, AR03, ;i3bl4 Ba 6owkanap). AMOpPd SpuUM
YTKa3rMuHU Ky4dnu japaxafa KOMMEHCUMpaHraH Aapum “Kasruy paeb
Kapanagu, 6yHaa ~KasyBYaH/AMK 30HacK “Tybu" Ba BaNeHT 30HAHWHT
“wnnu” nykTyauuanaHagm, ynap TakuknaHraH 3oHa Eg keHrnuru
TapTMbuga b6ynagn (ApuMM yTKasrnyga 3NeKTPOHNap 3Hepruanapu 3o-
Hanapu X"akuga “Spum yrkasruynap” 6o6uga 6atadcun Tyxtanamus).
YTKa3yBYaH/IMK 30Hacufa 3/7eKTPOHMap Ba BalleHT 30Hacugarun Ko-
Bakfap HKopW Tycuknap 6unaH axpanraH MoTeHUWan u4ykypnapga
XoWnawraH “ToMuyn‘“napra 6ynmHu6 Ketagu. llacTt TemnepaTypanap-
fa amMopd ApUMYTKa3rMUNapHUHT 3eKTP YTKa3yBYaHAMIN Ma>;aniuii
\onatnap opacuja cakpama Tap3ga 6ynagu (cakpama “KasyBYaH/UK).
FOKopupok Temnepatypanapfa amopd ApUMYTKa3rMuapHUHT 3NeKTP
YTKa3yBYaH/UTVHW 3N1eKTPOHAAPHUHT yMyMAaawrad \onatnapura uc-
CUKNMK \apakaTu 3sHepruscu 3sasura ”"Kasmauliun aHukKnangm.
AMOp) ApUMYyTKasrmunapHUHr 6mp KaTop axolmb xoccanapujaH
Typau amanuii - Makcagnapfa oiganaHuwl MYMKWH. XanKoreHuj
Wwuwanap cnekTpuHuHr UK coxacuga wadgod 6ynraHnuru, roKopu
3NEKTP KapLuavKkKa Ba (OTOCE3rMpAMKKa aranurn Tydainu Tenesu-
310H Tpy6KanapHUHr anekTpodoTodadnk naacTMHKanapuHu Taiép-
nawga sa ronogaMmmanapHu ésuwaa KynnaHunagu.

AMOpP®M ApMMYyTKasrmynapia OKopu oMan >"onatgaH nact oMau
\onaTra Ba akCMHYa KaiTa ynaHuw apekTn EpkuH ndoganaHra,
y nira TyLWuLw BakTu 10"*" ¢ ByfiraH afieMeHTNap ApartuL
MMKOHWHWN Gepagm.

AmMop®h mofjanap TawKu Tabcupnap - Temnepatypa 31eKTp,
MarHuT malifoHnap, Epyrnuk, gedopmauus, Kupuwmanap TabCu-
pufa y3 xoccanapuHu ysraptupa onuwnuru 6unaH 6up kKatopja
ynapHu onuwgarn TeXHONMOrns >XapaéHNnapHUHT KaHgah 6Gopuwiu
Ba KaHAai WwapouTaa yTkasunauwmra 6ornuk 6ynagw.

7.2. TwapungnaHraH amopg KpemHuii (a - i H)
70-innnapga (XX acp) amopd Ty3MauMWAM KpeMHuiigaH ama-
A Makcagnapga camapanu QoiganaHul MYMKUHAUTM UC6OT-

naHraHfgaH KeiunH 6y MopfaHn \OCU KUAUW Ba YHUHT (PU3NK-
TEXHWK XOCCanapuHuW ypraHuw Oyinya >kagan TajgKukoTtiap
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yTKasmna 6ownagu. >;03up Oy MyHanuMwpja aH4YarmHa Hasapuin Ba
amanuii HaTwxanap 6op.

MyaliaH Tarnmkga yctupunaétraH kpemHuin (81) nappacura
(ronka katnamura) sogopof (H) kuputunca y ycaétraH napgagaru
y3uaraH KWMEBWI 60rnaHuwap COHUHW KamakTUPULLN MYMKUH.
ByHOan KpemMHUWIAHW TugpupnaHraH amopd KpemHwii gelinnagu Ba
a-81;H waknga 6enrnnaHagn. Ogatga a - 6up Heya ycynga
TaliépnaHagu-munTunnamMa 3apsgcusnaHuliga rasnapHu  napya-
naw, WOHAap KMUPUTMW Ba Katog nypkaw (Y4aHrnatvw) ycynnapu
nwnab YnKnarax.

MunTunnama 3apsaacusnaHull yCynvMHW Kapainnuk. By ycynga cu-
naH (51H4) rasvHm rennii (He) ékm apceHwnidi (Ar) rasdapyu aTtmocge-
pacnga H2 rasm 6unaH 6upranvkaa napyanaw opkanu a-8l:H mappga-
napu yctupunagn. HOKopu TakpoOpUWAMKHU MUATUANAMA 3apsAcus-
NaHuwAa KysraTyBuM WHOYKTUBAWK rantaru Ba 3apsafcusfaHvl Ka-
mepacu (6ynmacu) Kypwuama acocu 6ynagu. byriwlaii Takpopuinnmk
opanmrn 0,5-13,5 Mrlu, 6ocum  0,1-2,0 MM.CUM. YCTYHW, TasHUHT
capgm 0,2-5,0 cm™MuH., ycTmpuw Tesnurn 100 - 1000 airn/muH
6ynaau.

Tos3a 6MP XUHCAW TY3WIMLWI XOCWI KWIWUW YYYH WKKW 3MeK-
TpOAAM KypwnMajaH MuATuanama 3apsagcusnaHviw  iynu 6unad
rasfnapHu napyanaHagu, byHpa sapsagcusnaHuw 6ynmacmga MKKuTa
napannen 3feKTPOA XoinawraH, y 13,5 MIy Takpopuiinukga mu-
nanan.

Y3rapmac TOK 3apagcusnaHuwngadH \am a — 81;H onuwpga
tholpganaHnw MyMKWH. Arap Tarnuk katof BasudacuHu 6Gaxapca,
y Xonga ycTupuw Te3NUruHu 0,1 faH 1,0 MKM/MWH raya eTkasuuw
MYMKWH.

a — 8L'H napganapHu aHop Tarivkga xam yCTUpUL MYMKWH.
By xonga ycTupuw Te3nury Kartog Tarivk XonugarungaH KWUuK
6ynagn, y 6unaH rasuHuWHr 60CcMMUra TOKHWHT KaTTaaurura Ba Typ
3NEKTPOAUHUHT Xonatura 60rimk-

TarnMkKHU Ku3gupuw yerapacy TaxmuHaH 600° ¢ raya MyMKUH
gelivncaga, aMMo alpum xonnapfga Tarnmk temnepatypacu 200 -
400°C opanukga 6ynraHga napga HyKCOHMW GYNnN6G KOAUWWN MYMKWH-
NNTU Xam Kag KunuHrad, 81H4 HUHr 6ocMMun oKopu b6ynraHga mMus-
TUnnama 3apagcusnaHnil  KYPW/Manapuga ycTtupunraH napganapga
TYpAWU pagukannap naiifo 6ynagu, €K nofvMepnaHuW KysaTunagu.
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FmapuananraH amopd KpemMHWii HaMmyHanapu nervpnaHmacpgaH
TaliépnaHagn, amMoO YCTMpUW naiTugarn TexXHONOrMK >xapaéH
ulaptnapmmmn ysraptupuw xmcobura depmu cat™m Ep cmmxnTuwm
MYMKWH. By XoaucaHu nceBgonervpnawl geiunagn. bByHpa HamyHa
naHXapacMHWHT  y3rapuwnapu xonatnap 3uyunurn  8§(E) Hu
y3raptupagu, 6y 3ca yTKasyBYAHAWK 3NEKTPOHNAPU 3UYSIUTUHU
y3raptTupagu, 3apaj TawyBUMNAPHUHT  (A0NAHUL  3HEPTUACK
OE=Ec-Ep xam yTKasyBYaH/INKHWN y3raptupagu.

Mcesgonerupnaw  ycynu  6unaH  a-51:H napganapuHu
(kaTnamnapuHun) yCTUPULL YYYyH TPUOLNU CUCTeMa KynnaHunagu.
Tpuog Typu KyuynaHuw TaHnaHaguku, OGyHAa Kydnu 3apsafcusna-
HAW aHofh - Typ opanuvpupga Oynagu, rasnap apanawiMacuHWUHT
napyanaHulWy aHog - Typ opanuruga to3 6epagm.

WyHgah kunmb, amopd KpPEeMHWUIA ONWNW KPUCTan/ KPEMHMUI
ofvwra HucbataH aHya ap3oH, 6MHOGAPUH, YHUHT KYNNaHUW WUM-
KOHUATUHWM owmnpagn. AMOpPG MOAJANapHUHT OU3NK, TEXHOMNOTMUK,
TEXHUK XM\aTAaH ypraHuwmn ynapHWHI KynnaHuwuy co\anapuHu
To6opa KeHraTupmokga. byHpaih matepuannap sHru xucobnawl
mMawunHanapuga, é3ys Ba anok“a BocuTanapuga, aiHukca Kyéuw
aHepruacugaH oliganaHuwga camapanM pasuwpga wuwnaTun-
MOKfa, SHIU KynnaHuw xabxanapyu o4nniMokza.

7.3. CyloK Kpuctannap

SHAN CYHOK KpuUCTannapHUHT Ty3uauwm Ba xoccanapura Te-
FMWAN MabayMOTNapHu 6aéH Kunamms.

CyloK KpucTannap KaTTUK XWUCM Ba CYIOK XWCM opacujaaru
(me3amop) hasanapgup, ynap KpucTanara Xoc aHM30TpOnusa Xoc-
cacura ara Ba 6up BakTa CYIOK/IMKKa XOC OKYBYaH/AMK Xoccacura
ara. CylK Kpuctannap TepMOAMHAMUKaHWHT (asa TyLYHYacuHU
KaHoTnaHTupagu. Ynap MyaisH TemnepaTypanap opanuruga Mas-
Xygn 6ynagu, YyHiaH nacT Temnepatypanapfa 3ca  u3oTpon
CYIOKNMKKa aiinaHagu. CyloK Kpuctannap MONekynsp mMopganap-
OV Ba YNapHUHT Ty3unuWKM KpucTannapra Ba CyHKAMKIapra xoc
Tysunuwnap opanuruga 6ynagn. CylK KpucTannapHuWHr Gusunk
XoccanapuMHy 60WKapull 0COH, 6y XYCYyCUSIT YNapHUHT Hasapuii Ba
amanuii axaMUATUHU TaKo30 Kunagw.

CylK KpucTannapHuWHI Monekynanapu 4ysuk 6ynagu Ba 0Oy
O6upnHUM HaBbaTha, YNAPHWHI TY3UAUWMKM Xamga XoccanapuHu
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aHukylab Gepagu. Monekynanap opacufa MKKU xun 6ornaHuiw -
éHnama Ba  oxupnama 6ornaHuwWwnap — Maexyd.  EHnaHma
6ornaHuwnap MmonekynanapHuHr 6up-6upura napannen >xoina-
Wwuwura, oxupnaHma 6ornaHulinap 3aHxupyanap KypuHuwpa Ty-
unuwura onnb kKenagu. BupuHuM KoMnawuw  aHUM30TPONAUK
XoccanapuMHW naingo Kunagu, Mofekynanapapo TabCUPHUHT 3and-
NNTU OKYBYAHMK XOCCACMHW aHuuUnaigm.

CylOK KpUCTannapHWHI y4 XWAu: HemaTUK, CMEKTUK Ba XoJe-
CTEPUK CYHOK KpUCTannnap MaeBxyf.

1 HemaTwK cyloK; kpucTann (IOHOHYa «Hema»-tona). byHgai
Kpuctannapga Mofekynanap yk“apu 6up-6upura napannen
MyHanraH, ammo MONEeKynanapHUHr y3um 6mp 6upura HucbaTaH ux-
TNépaH cumkuran (7.2- 4ynsma).

Okmnbatga 6yHpalii moagaga Mone-
KyNnanapHUHT  YU3NMKWUA  AyHaraHaurm
BY)XyfAra Kenagn. Hematuk kpuctannap
ONTUK XWxaTaaH 6up yk/Tm Ba Myc6aT
6ynaaw. Monekynanap yKnapu
AyHanuwun 6unaH 6Gupgain 6ynraH on-
TUK ~Ka napannien pasvwiga épyravk
Tapkanumn Te3NUrn Maskyp YKka TUK
MyHanuwgarn — épyravk  Tesnmrugad
katra (Y|>Y1). buHob6apuH, opguii
Hyp Ba HOOAAWMA  HYpP  CUHWLI
KypcaTKuunapu xam TeHr amac, sbHu nu<lli, 6y aca mycbar Kpucran-
nap aneKkTp Ba MarHWT MaigoHnap 6unaH y3apo Tabcupnawlagm gemak-
avp.

HebmaTuk Kpuctann 6ynraH rnapaasokcuaHusonHuHr (y 6y xonarga
116 °-136° C opanmkga 6ynaau)

KOBYLLOK™MIM  OKUM  iiyHanuwinra
TUK BynraH Kyucu3 MarHWT maigoH-
[a Ky4ynu gapaxaga ysrapagu.

2. CMeKTUMK CyloK; KpucTan
(toHOHYa cmerma-coByH). byHpali
Kpuctannapga Monekynanap 6up
6upura napannen MnyHanraH 6up
MOJIeKyna KaluHAUTMgarn fccu
Katnamnapra Tusunrad 6yf|ap'|/| 7.3- unsma. CMeKTUK CYIOK, Kpucrtars.
(7.3- unsma).

7.2- yn3ma. HemaTuk CyioK,

Kpucrtann.
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CMeKTUK CYKOK KpWUCTan/i MWCOAW COBYH Nydary napacugup
(7 4-un3Ma), YHUHIT TFaMKM Ba WYKM  CUPTIapM  CMEKTMK
KaTnammapgmp. CupTuii K namnapgaru CoByH MOJEKynanapuumnuHr
y3apo TopTMAUWK nydarnHuHr 6Gapkapop 6ynmu/u yuyH 3apyp
OynraH cUpTWUiA TapaHrAMKHU Byxyara kentupagn. CosyH nydaru-
HU WWLWIMPraH4a Ba YHUHT ynuamy KaTTaliraHja napgaHuHr COBYH
3puTMacy 3pKWMH Monekynatap K\Tnamnapupa ol arannaé ny-
(haKHUHT AuaMeTpuHn opTTupagmn. lMydak kucunraHga COBYH MO-
NeKynanapu KatnamiapuiaH KuWcub uYukapagu Ba fiHa spuTMara
yTagu.

3. XonecTupuk cyloy KpucTannap. Tapkubuga XonecTUpuH
b6ynraH KYn OGupuMkKmanap CylK KpucTann  gasacu  Xocwn
KunraHmgaH 0y HOM Kenub YMKK™M (XONeCTUPUMHHKHT y3n BGyHAali
thasa XOCUN KuAMaigm). XOonecTepuk CYHK Kpuctannap CMeKTUK-
HeMaTuK Typharu apanaw Ty3uauwra ara 6ynagu.

Ynapia Monekynanap, CMeKTUKnapfarura yxuwaw, napannen
KaTnamnapga »>Koinawagn (7.4-
yn3ma), NeKnH xap oup
Katnamga MofeKynanap yk\tapm |
HeMaTUK Typgaru Katnamapra a
napannen  6ynagu. Xap 6up
Katnam KylwHW kaTnamra Hucba-

TaH MyaﬁﬂH 6ypanKa 6ypvma,q|/|. 7.4-un3ma. X0NecTepuK CylK, Kpu-
XonectepuH MoneKynacu MeTun cTann.

CH3 rypyxnap 6unaH siccum Ty3u-

nuWwra ara, MeTWn rypy\nap aca monekyna TeKUcnuru ycrtmga Bsa
ocTuga >KowWnawraH. Xocun 6yoTaguraH Yu4/vMK Xolinap xap 6up
Katnamfa MosfieKkynanap YKNapuHWHIE ONAMHIW KaTnam yKnapura
HucbaTaH yptada 15 ra 6ypunuwwura cabab 6ynagn. HaTmkasuii
Oypunuw  Katnamnap COHWM OpTraH cailuH owmn6 6opu6 ~ 300
KaTnamra TeHr kagamau CnupanCcMMOH TY3WIULIM XOCWUA KUnaaw

XonectepuHnap ONTWK >XuxaTgaH 6up ykanm Ba MaHduiA (nn>M1)),
MONeKynanapyu yknapy jjyHaruwnapn (HemaTukK Ba CMEKTUK KpucTat-
napfaH hapknu pasBvwaa) ONTMK YKKa TUK Oynaril. XonecTepUHHUHI
CMVPaNCUMOH  TY3WIMULUM  ONTUK  aKTUBAMKUMHT, SbHU  EPYI/IMK
KyT6MlaHUW  TE3NMUTMHUHT  Bypunnmmnra cabab 6ynagn. Monekynsp
Katnamnapra TWK 6ynraH OFMWK YK Oyiinab yTaéTraH UMUK
KyrbnaHraH 8pyrivK y3 3fekrp BeKTOPUHUHT MyHa/MLUMHWA W34AN pa-
BMLLAA crnvpan Byinuya MyalsiH Gypuakka y3rapTupnb 6opaaun, 6y 6yp-
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yak Kpuctann KaamHaMrura nponopuuoHan 6ynagn. MacanaH, a-
KBapudaH KyrbnaHraH épyrnvk yTraHga y 1 Mm iynga KyTénaHuw Te-
KUCnrmHm 20° ra Gypagn. XonekTepucT MKNapHUHT ONTUK aKTUBUTK
aHya katTa - y 18000° ra etagu, 6y aca LanMHAMKHM 1 MM ra 50
MapTa Ty/a aiNaHULWHN TallKWUA Kunagu.

SHAW Y4 Xun cytoK, Kpuctannapyu Tabpudnarad, ynapHUHT
MyXUM ~ XOocca Ba  XycycuaTnapu,  Ky/nfiaHulinapy  xacuga
TyxTanamus.

CyloK KpucTaniapu Mabaym OynraH KUMEBWIA GUpMKmanap
COHM 6Mp Heya MWHI Yamacuga. Ynap 6ab3m KaTTuK (Me30reH)
KpuctannapHu Ku3gupraHfga xocun 6ynafuv; factaBBan CYHK
KpucTan xonaTra asaBUil yTull 103 6epaaun, KeWnH KnsgupuLu
0AaBOM 3TTMPWUACA CYKOK KpUCTan OAgWMA U30TPON CYHKIMKKA
alinaHagu. Xap 6up CYHK KpucTann MyalisH Te.mnepaTypanap
opanurnga Maexyg 6ynagun (TepMOMETPOH CYHK Kpuctannap).
YTULL UCCUKIUTW XKyfa KWYUK. [Mapaa3oKCMaHW30MHUHT HeMma-
TUK cuatnia MaBXyAnuMK COXacMHW loKopuga aitauk. babau
6upvkmanap Ba ynap apanawmanapu -40 gaH +80° C rava opa-
NUKJa CMeKTUK CYIOK KpucTann 6ynuwin aHuknaHraH. Xonecre-
PUK CYKOK KpucTannap MWUCONNapu—XONecTepuk 3adupunanp.
bab3n opraHuk mMogganap CMeKTUK hasanap Xocusn Kunagwm,
KEMMHIMNapU HemMaTUK CYHK KpucTaniapra yTuwu MYMKUH.
Bup Heya cCMeKTMK Me3ahasanap XOCUMN KWIyBYM GMpuKManap
MabnyM, Yynapfa MofieKynanap Kartnamnapfga ysapo Typnuya
XoinawraH. MacanaH, 6uc-heHUNeHAMaMUH  BMPUKMAcK
TYpTTa CMEKTMK Ba BMTTa HemMaTUK Moaudukauuanapra aragup.
AHa 6OLUKa a)XO0iMb CYyKK KpucTaniap TONWATaH.

CyIlOK KpUCTaNNapHUHTI yy4yana Xunuja Xam b;y'Lianol, Hypcu-
uuw Kysatunagu. 3cnataMmus; Kywanok HypcuHAupaguraH mop-
fa cuptura TywaétraH kKytbnaHmaraH Epyramk Hypu MopfaafaH
YyTaéTnb UYM3MKNIA KyT6naHarH MKKW Hypra axpanagn (oaauii Ba
HOOLAMIA Hypnap), YNapHUHT KyT6MaHWW TeKMCAUKIapu y3apo
TUK 6ynagu. Opavii Ba HOOAAWWA HYPNapHWHI TapKanuwun Tes-
NWKNapu Ba CUHULI KypcaTKuynapu xap xui. Ynap Mmofaafad
napannen gacrtanap Taps3ufa uumkagu. by xopgucaHu Tagkukiaw
Aynm — MOAAAHWHT CYIOK KPUCTa//IMK XONMaTMHW aHuKnawga
3HT KYnaii ycyn xucobnaHagu.

XOoNnecTepuKNapTILT MONEKYAAP TY3UNULLWU WYKL MONEKYNAp
Kyynap Tabcupufia >Xyfa HO3MK paBullja MyBO3aHaTnaHraH, oy
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1YBQOsaHaT OCOH Oy3unuwn MymKuH. Monekynanap opacugaru
3a1( y3apo TabCUpHU Oy3yBuM \ap uaHgaihi (ONTWMK, UCCUKIUK,
3NeKTp Ba \0Ka30) TabCUp XONECTEPUKHWHT 3HI aBBajl ONTUK
XOoccanapuHu  cesunapnu - ysraptupuwira onumé kKenagu. by
XOAMCANAPHUHT  3HI  AKKOM  MUCOMM  Temnepatypa 03ruMHa
y3rapraHga XO/ecTepuK PaHTHWHT y3rapuwmanp. MacanaH yd
XONecTUpUK apanawmacufaH ubopaT napjafa KypuHagurad
épyrnMk cnekrpuga ak"at 4 c Temnepatypanap opanuruga
paurHy ysraptTmpuw MymKuH. ByHpain nappanapfaH ofamHuH!
Kacal ab30CMHM aHuKnaw Makcaguja ofam TaHacu cupTtuia
TemnepaTypasiap TaKCUMOTUHM Ky3aTWW y4yyH (poiiganaHca
6ynagn. XonecTepuk napaaroHatrfia temnepaTtypa ysrapuwiun rpa-
LYCHUHT ynywiura kagap OynraHfga paHr ysrapagu.

XonecTtepuknapHMUHI KUMEBUI 6upukmanap b6yrnapura Huc-
6ataH hoToce3rmpnurura acocaH 6ab3n XuanapHu
aHuknamguram ac6ob scanraH-

XONeCTEPUKHUHI  CNMPANCUMOH  TY3WIUWWU  KYypUHaAuUraH
EpYrMK TYNKWUH Y3yHIuru taptuébuga. ByHpaid gaspuid Tyswn-
Maga EpyranKHUHT Byndg-bparrnapHuHr Ji=2c151n0 ndgogacu Tas-
cuthnainguradH nHTepdepeHumacn (Ba Audpakumnscn) Kysatuna-
an. Arap (3=5000 A 6ynca, 7000 A TYNKWH y3yHAUrn (Ku3un)
épyrnmk 45° ra 6ypuyak ocTuga TaHNoOBYaH Kartapunagu, 30° oc-
Tmaga sca 5000 A (Kyk) épyrnuk kantapunagu. Kalhtapuauu
OypyarMHUHIr MyailsiH KuiimaTuga XonecTepuk napgacu 6op
paHrnn 6ynné KypuHagu. XonecTepuUKNapHUHT € kamanak paH-
FMHW YNapHUHT CAUPaNICUMOH TY3WAMLWIW AaBpU KypuHauraH
EPYIrNNK TYNKUH Y3YHAUTU TapTubumaa aKaHAUrn 6unaH TYLYH-
Tvpunagu. CMeKTUKNapAa MOJIeKYnsp Kariamaap opacupjaru
Macota 6up Heya a)iIrctpeH. by xonga pPeHTreH Hypnap TaH-
NOBYaH KailTapunagu. bab3u HemaTuknapfa Katiamaap opanuru
MUKpOHnap TapTubupa 6ynagn Ba ynap WHMpaku3mn colagaru
HYp/laHULLIHW TaH/0BYaH KaWTapagu.

CyloK KpucTannap ama/ifa KeHr KynnaHunagu, aHmkca ax6o-
potra W1lnnos 6epull Ba TacBuMpnawija YnapHWUHI 31eKTPOONTUK
xoccanapugaH  oifanaHunagn, CylK Kpuctaniap — acocupa
IAXMnapHUHT KelnHIU aBnognapu apatunraH. Cywok Kpuctannap-
JaH 3/1eKTpoH coatnap, MUKPOKa/bKynaTopaap, OMTO3MEKTPOH
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Kypunmanap Ba 6ol anapga KynnaHunagu. sccu skpaHnap vwnad
unKapuaMokga. XONMecTepuKk CytloK, KpucTannapfaH MeguumHaga
(6agaHHUHT 1OK,0pU TemmepaTypanu >XOMNNapuHU aHuKaallga) Ba
TexHukaga (MK, YKOT Ba 60WKa) HypnaHuMWAapHW KypaguraH
Knnuwga, MUKPO3NEKTPOH cxeManap cugaTUHM HasopaT Kuauwjga
Ba Xako3onapgaH hoinganaHunagu.

Casonnap

1 AMOpP® KaTTUK XUCMAAPHUHT TY3UAULLIWHWA TaBCUDNAHT.
2. CyloK KpucTaniapHUHT KaHgain Typnapu 6op?
3. AMOp(h Ba CylOK KpucTannap Kaepga KynnaHwnagn?

1m
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VIl BOB

KATTUK XKUCMANAP CUPTUNOAT N XOANCANAP

8.1. YMymMuii mabnymoT

KaTTuK XXMCM CUpPTM — Xamma Bak™ MKKK haza (MyXUT)HU ax-
patné TypaguraH derapagup. by uerapa 6up TOMOHZA KaTTUK XWUCM
Ba MKKWHYM TOMOH[aH, ras, cytok,nuk €K H60LIKa KaTTVK, XX1CM opa-
cvuga 6ynagu. LLYHUHT yyyH @XpaTull CUPTWU YerapaHuHr \ap WKKK
TOMOHUAaru azanap 6unaH y3apo Tabcupawasu.

CupT 6unaH 60rnMK macananapHu edynl SpuM yTKasrmuam ac-
606napHM MwNab YMkKapuwl Ba KynnaHUwWmga My* ™M, YyHKU CUpT
XOCCaNapuHUHI 6eKapopuru, ynapHuHr 6eHasopar y3rapuviinapu
ac606napHVHr WWiaWw MygaaTUHW  KamalTupagu Ba MWLLIOHYAN
MWNalIMHU nacanTupagu.

MeTannapHUHr 3aHrnawmn Ba okubatja ynapHUHr 6y3unuwiu
Xam CUpT Xoccanapura 6ornnk éynagw.

KaTTuK XXUCM CUPTUHUHT 6ab3n yMyMWUIA xonatnapyn xakB[a
TyXTanannuk. BupmHuYMaaH, cupTha KpUCTalal XaXMuparm atom-
NapHUHT AaBpuid xonawuwm 6ysunagm (Kecunagu), Hatuxaga
TyrannaHmaraH (ysunraH) KuMEBWIA Gornap naiigo  6ynagu.
Bowkava aiiTraHfa, cvpT MaBXYAJMTVHUHT Y31 KpUcTanigarn nu-
K/ noTeHUMaT faBpuil MalfoOHHMHT 6y3unuwnaup. by faBpuii-
NUKHUUT Xap KaHdai 6y3unvwin Maxaniuii sHepreTuK XonatnapHu
€KW CUPTWIA XonaTnapHu BY)XyAra Kentupagu. ByHpali cupTwuid
Konatnap 3uunuru TapTuébuga Oynagn, ynapHu
Tamm cat?Viapn gennnagn. WMKKUHYMAAH, XaKUKWIA apoutaa
KaTTUK XXUCMNap cupTuaa amanja Xamma BakKT oKcui napja éku
enuwiraH &t atomnap Ba WOHNap Oynagu. Ly Tydannm cupt
coxacum Mypakkab Kyn karnamau Tysuauuira ara 6ynagu.
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Kyn xonnapga “arTuk O>KUCMAap  CUPTWHM  KOWnaraH
KaTnamiapga Maxannuid catxnap XOoCu/l KenyBuM Kupulimanap Ba
HyKCcOHMap 6op. KpUCTaNnHUHT Y3 CUPTUAArH MUKW Xonatnap Kyud-
NN 3N1EKTP MaifoHU Tabcupura Te3 >kaBob Gepafu, ynapHW Teskop
XonaTnap Aeinnagu, Katnamnapgark (Tawkw) XxonaTtnap HucbataH
aHya CeKMH TabCUpnaHagW, ynapHU CekuUrr xonatnapu feinnagu.

CUPTHUHT MUKAOPWIA TaBCUHOMA CUPTMIA 0 KK (hasanapapo
y 3Heprus 6ynagu. o CUPTWIA Tapauravk fgeAnnagn, y CUpTHM
yerapasaraH UM3UKHU GUMPNIUK Y3YH/MKKA Ba CUPT HO3UHW  YHra
MOC KaTTaMkka K dap (MuKZopra) ysrapTvpull Y4uyH Kepak
bynaguraH Ky4yHu 6ungupagmn.

8.2. CYPTHWHT Ty3WavLN. SHepreTuk xonarnap

XaKnKUA  KPUCTANNHUHT  CUPT  TY3WAMIUM aH4ya Mypakkao.
CupT feraHaa tonka, NEKWH XaxMWi, Katnam TywyHunagn. by
Katnamnap KanuMHAUTKM  KpUcTann naHxapacu  goum!-IMcHaaH
yHNapya MapTa KaTTa Oynuiwn MyMKUH. Xak“Kuil kpucTann cup-
TMAa TYPAU HYKCOHNAP KM, HUXOAT, CUPT TalUKWM MyXuT OunaH
TyTalraHn Y4YyH YHWHT LWaKANaHUWNAA KUCNOPOL MyXUM YPWH
TyTagn. 150—200 HM KanuMHAUKAW Tabuuik OKcug Katnamnap
amanga Xamma BaKT KaTTUK D>KUCMAPHUHT CUpTMAA MaBXy[
6ynagn. CupT  ragyp-6ygyp  6ynmb,  AgyHrnvknap — 6unad
YyKypimMknap  HaB6atnawm6
XoWnaturaH.

X031p CUPTHUHT MaH3apacu
8.1- umsmagarvngek 6ynagn gaeo,

XucobnaHagu. CupTtaa

noroHanap 6ynaaw. T>0

bynraHga  (ayktauuanap Ty-

thainim - 1,2 GyLl >oinap xocun

GynuIM  MyMKWH.  Afcopuus-

nawraH (cupTra énuwirad) atom

OyLL >XoiHK arannaing!! (3) éku

Oyw noroHaga Konagu  (4).

MoroHaga cupTuiAi BakaHcUsnap

(5) xocun GynMWN  MYMKMH.

CupTga  HyKCcOHnap 6opnuru 8.1-mn:1ma. T=0 Ha T>0 a1 KpucTLw!
Tyd)af/’mm MasKyp artom Ys3apo CUPTUHUHT Ty3nnuwmn
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TThCUpnallaéTran  KylHunap I
roHM CUPTHUHI TYPAW >Koiina-
mga Typanda.  LLYHWHT yuyH 5.7

aTOMHVHT cupT GHmaH YT 0 o 0--—--
Gornanun/ HEPrUACU  Typu 5 e
Oynaa-

HOM  TYPIM  KYPUHWLL- R o 0 N n
Jarn  KaTTUK  KUCMIAPHUHT
3PKWH CUPTWIA 3HepruscuHm ’ gll A
X;Ucobnamk.  BYHWHT  yuyH |

KDUCTA/IHIN  E€pMINLL — CUPTL- 8.2-un:ama. ATOMMIAPHIMHT TypAun caTt,xniapjaa
ART 6Mp TOMOHngary, 5 1,8- XKY(PT-XKY(T y3apo Tabeupm HI/IM’c’ICI/I.
2 Ba \OKa3o Mapannen TeKwuc-
NVKNap, ukkuHum TOMOHWUgarn /, /- 1, /- 2 Ba \oka3o napannen Tekuc-
NvKnapgaH wbopar ae6 TacaBBYpP Kunamu3 (8.2-um3ma). Kpuctaun
épunraHga \ocun 6ynraH MKKW CUPTAU ukkun | Ba 11 6ynaknap Gynaau.
By >kapaéHga captnaHraH umw 1 Ba W co>“acugarn aToMnapHWUHT
GOrnaHULWLINHM y3uwra Ketagu. Arap 3Hr SKUH Macogafa >XOW-
nauwiraH atomnap XyTtnapu opacugarv y3apo TabCUpHU 3bTubopra
oncak, 5 Ba |- Karnamgaru atomnap ys3apo TabCUP 3HEPTUACUHMU
fJe6 6enrmnacak  CUPTHM Yocwn Kuauvwra capdnaHrad Tyna
3Heprus

(8.1 © © 0o
byHparn / —KywvMmya pasumiga © ©
(82 Ba (/-1), (8-2) Ba (/-2) B2
Y'oka3o  aromiap  opacujaru
y3apo TabCupHW \ucobra onagum- © © ©
raH KynamTyBuM WOHMAp Kpu-
ctannapnga 1 myc6aT uoH 2 © © ©
MaH(puUiA MOH 6unaH TopTuULIA-

On, 3 mycbar MOH 6unaH uTa- 1 2 3

pULLAAM Ba XOKa3o. by MOHNAP  8.3- uusma. Bup | JoHHIMLM noHnap
3aHXMpuaa yMyMUA NOTEHLMAN  3aHXupu ypracupaaH ysunu6 Hukuwu:
aHeprus (8.3- uMaMara KapaHr) I-3-noHnap sawkupnapu.
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3H,EI|VI ywa 4ynsmagarn WUKKW ynyoBnn naH>XapaHu Kapa|7|n|/|K. 1

MOH a Macodagarn WoHra TOpPTWUNAAM, VOHfaH WTapunagu.
Arap 1 WOHHUHTI 2 BepTMKaN 3aHXupya MOHMapu 6unaH ysapo
TabCUPUHM XMCOGra o/iMacak, yMymMuidi MoTeHLMan aHeprus

AY— + 262 2e- 2e- 2e’
a2 aylT ay/10 3a oU/5' an8 (8.3)
=-0.1144 /n = -p2<r'/a; $3 = 04144

LWy iiycuHga 1 WoH 6unaH KpucTan CUMpPTU opacuaarn ysapo
TabCUP 3HEPTUACU ONUHAAN:

K3 =-0,066 eViz =-<P3eV«e (8.4)

Jemak, Y] - MOHHUHT 3aHXupya 6owmnaaH axpanuw sHeprus-
M, Y2 - OyTyH 3aHXupuyafaH, ¥3 - Accu Typ ypTacujaH axpa-
AN 3Heprusicu 6ynn6, ynapHUHr N3 aToMaM HaHXapa Oyinuya
ANTMHANCK NaHXapa 3HepruscuHun bepagw:

A nan = VN, +P2 +<P3)e2/ii- (8.5)

2 kynantysum (8.2) - (8.4) udoganap TEKUCAUKHUHT BUP APMUHM
Xucobra onraHn yyyH KAPUTUNTAH.

2((p| +¢p2 +<P3) KaTTANMKHWM am MagenyHr JOMMWIACKM OpKanu
6enrnnaHagun, 6up xun Typaaru naHxapanu KaTTUK XUCmaap YyyH
y Oupgain 6ynagn. MypakkabpoK XOnnapHM  KapamacpaH,
tokopugaru xon bunaH AbHU Kapama-kapwiun 6up 3apagiv 1oHnap
naHXapacy Xonu 6unaH YeknaHamms.

Monekynap Kpuctannap ydyH (BaH gep Baane Kyunapu ycTyH
6ynraHga) MKKW 3appa opacugaru y3apo TabCUp 3HEprusicu

KypuHuwga 6ynmb,  Ba ~2 - LOUMUIA KaTTanuknap, GupuHYM Xan
NTapULWLL, UKKWHYM Xah TOPTUMLLIWWHK  ;’0bra onagu. byHpaii
KpucTannap y4yH naHxapaHuWHI 6GornaHull 3Heprusicu

(8.7)
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HWWAA ONWHraH, 6yHga K, - gapaxa KypcaTkuuum n ra
ooprik, (M=6 ge6 onuHca, A'6=14.454), a”- naHxapa AOUMUIACK-

HF mysosanaTuii K MiAMaTK, N Ba T nap Taxpubaga aHMKNaHagu.
KosaneHT KpUCTaniapfa, macanaH 0/iMOCAQ,
(412 (8.8)

6yHgarn Ec-c - KapboH aTomnapu opacuparv 60rnaHull sHeprus-
cn MeTann Kpuctannapga 2=1 (6up BaneHTAN MeTasnn) y4yH:

" nam enao)(1-1/«) (8.9)
8.3. XynnaHuw Ba &innmné ouyu ?ogucanapu

XynnaHuw x~ogucacu CYK/NLIKHUHT KaTTUK >KUCM éku 6oli™a
CYIOKIMK CUpPTW 6unaH TeruwraHuga to3 6epagn. by x"ognca me-
Tann-apuM YTKa3rMy KOHTaKTNapuMHW Taiépnawl TexHonoruscuga
KaTTa a?™aMmusaTra ara, YyHku 6y TexHonorusga Metasn TOMUYUCUHU
KpucTana 6unaH KOTUWITUPULL YCYNU KeHr KynnaHunagu. ByHpai
TOMUYMHWM KU3AUPULL BakKTMAa EANANG KETULIM KOTULIML H3WUHU
Ba LUy YKapa8HHWHT Y3UHWU aHUKNangu.

KaTTuk XXUCM CUPTUHMHT AXWK >MlaHuwK, Macanad, 6y
CUPTHM TYP/N KUMEBMIA MOAAanap TOMOHMAAH TO3anaHWWKM cama-
pafopavruHM TabMuHAakan. XXymnagaH, py3ropvili HOBYBYUM MOS-
flanap KynnaHuLWKM LyHra acocnaHraH.

Xynnaw Kanuansp Haivaga MeHWCK \ocun Kunagu, KaTTuk
CUPTAA TOMUYMHUHE LIAKAMHU €KW CYIOKIUKKA BOTUPMATaH XXUCM
cupTuga ras nydaru WakAnMHU aHuKnaiau. Xynnaw (XynnaHui)
\ogncacuHM KOHTaKT cox"acuga yd hasa (KMCM, MyXMT) opacuparu
y3apo TabCcup OKMbaTW cugaTmga Kapanca Oynagu, aMMo Kyn
xonnapga y (MacanaH, CytoK MeTannap 6unaH KaTTUK MeTannap Te-
rmwmé TypraHga) KUMEBMIA OGUpPUKManap, KaTTUK Ba CYHK 3puUT-
Manap Xocun 6ynuin, XygAaaHyBuM XXUCMHUHT CUPTUIA KaTnamuia
AN GY3NoH xapaéHnap t03 6epuin oknbatn 6ynagn. XynnaHui
Xopucacmaa XYnnaHuw UCCUKAUTN JeAnnyBUYN UCCUKLMK axpanu-
LM MYMKVH.

XynnaHUWHWHT yN4yoBu BasndacuHM ofataa verapasmini 0 6yp-
yak GaxapagM, Yy XynnaHyBuYM CUPT Ba CYKOKAWUKHUHI MNEpPUMETp
Yimua cupTu opacupaaru 6ypuyakaup (8.4- umnsma).
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Ln

8.4- ymsma. a- TOMUYM K aTTUK, cMpTAa; 6- To.MuM; B - Ny(aKHUHT KaTTuK, cupTaa
TYP/IM XyNNaHUW LapouTUAa BasuATU; T - ras; C - CYIOK TUK;
K - KaTTHK, )XUCM;

Crtatuk (MyBO3aHaTuil) xynnaHuwga O CYHOKAUKHUHT cupTl
TapaHrnnrn o) ra, KMarmmK; XXUCMHWHI CUPT TapaHranuru ra Ba|
yerapafaru hasanapapo TapaHrivmkK ra FOHr TeHrnamaH
cun cos0=(0™-QJ;c)/Oc opkanu 6ornaHrax.

Arap 0°<0<90* 6ynca, CYrokaMkK TOMUYMCU KUCMaH EKM
X;onga cmpT Oyiinva éinnagm (8.4.6,8- umama). Arap 0>90° 6ynca
ToMun énmnmaiign (8.4.6,8- umsama). BupuHuM \onga CytK MIK]
KaTTUK XXUCMHU "\¢'nnainfin, UKKUH4YM X onda Xynnamanigu.

8.4. DNeKTPOH/AP 3MUCCUSICK Ba CUPTUIA MOHALL

Tepm0o3neKTpoH amuccunsa ?”ogucacu KaTTUK  YXKUCMHN™
KusgupraHaa yHaaH Bakyymra (Oywvkka) éxku 6oLlka Xucmra
3NMEeKTPOHMAp YMKapuauwngaH ubopat. K,aTTvK XUCMAaH YUKWG
KETUL YUYYH 3MEKTPOHHUHI 3HEPrUSiCU XWUCMAaH TallKapuaa TUHY
TypraH 3/eKTPOH 3HepruscufgaH karra 6ynuwu kepak. by aHep-
TMSHU Ynknw nwm geannagn. T-300K (xoHa Temnepatypacu) ga
TEPMOMHAMUK MyBO3aHaT LapounTnga, ®epmun-Aunpak
TaKCMMOTUIA acocaH, 3HEeprusicn YMKUW WILIWGAH KaTTa 3/ekK-
TPOHMAp COHM Xyda-Xyda Kam, aMmo TemrepaTypa OpTulmK GunaH
6y coH Xyga Te3 (akcnoTeHuwman) optagn. LLYHWHr yuyyH Tepmo-
3NMEKTPOH TOK (akaT Ku3gupuaraH >XMCMnapgaH uukagu. Arap
UMKKaH 3M1eKTPOHNapHM ONn6 KeTaguraH 3SNeKTPUK  MaifoH
bynmaca, 6y 31eKTPOHAAp YNapHU YMKapraH XWCM CUMPTU SKMHUAA
MaH(UiA \aXMUIA 3n1eKTpUK 3apag \ocun Kunub, TepMO3NeKTPUK
TOKHM YeKknab Kysagan. dmuTTep (3NEKTPOHNAp YnKapyB4uM) Ba aHoL,
(3neKTpoHNapHU Aurysun) opacuparn KyunaHuw Kuyuk (Y<’/o)
fynraHfa TOK 3U4nuru KOHYH Oyiiuya ndopanaHagn. Y-Y
bynraHga XxX“axmuii 3apsg cypunub KeTagum Ba TOK TylhuHuwra /o
Kniimatra spuwlagn, Ky4laHULWMWHU fHafja OWWpUaca, siHa CeKUH
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oownainan. TyWMHUL TOKM 3UYAMrKA (TEPMO3NEKTPOH 3MMIC-
gﬁ; oy 3MWMrM) - Puvapacon  — [lawMaH  ucopacuan

AMCOBNaHNLLIN MYMKWH;
/o =AT”™ exp{-x/kT). (8.10)

ByHgarm A - goumuii, % - 3N1E€KTPOHHMHI MeTanngaH 4Yn’uil
nwKn. Arap 3M1eKTPOHNAPHUHT KaTTUK, XWUCM CUPTMAAH KaATULL
KonuumeHTn A xucobra onuHca 1 =A~(\~4) paeb émnmwn Ke-

pak, OyHaa A”=eTkK" al np-k~. X" aKuKWiA Lwapo-
uTa 3KaHMHM Ba 6GOWKa OMWANAPHW Xucobra OfnHCa,

KynumamK To3a MeTannap ydyyH A = (15-7350)*H0* nim~ (8.10)
nogaHn ApuMMyTKasruynapra \am Kynnaca 6ynagu. Tepmosnek-
TPOH 3MMCCUA XOAMCACK Ky 3M1EKTPOH acbobnapia KynnaHunaap.

TepMO3NEKTPOH aMUcCUa GUNaH CMPTUIA MOHMAWKLW XOoAmcacu
Xunc 6ornaHraH. by xopuca Ku3gupunraH (4yrnadraH) MeTain
cupTUra GYrHUMHI atomnapy €ku Monekynanapu ypunaraHga cogup
Oynagn. ATomnap EKn Monekynanap KusgupuaraH meTann cupTura
& yHn ypab onraH 6yp atmocepacufgaH €ku maxcyc MaHb6afaH
OyrnaHTUpunaguraH MofeKynsp facta KypuHuwuaa kenmb Tylla-
OV, YNapHUHT YPUAULWIMAAH XOocun OynraH WMOHMap Maxcyc Kos-
NnekTop (MMrHOBYM MOCNaMa) TOMOHFa MyHanTupunagn Ba YHWHT
3aHXupuga ToOK nafgo kunagu, 6y TOK Ky4u WMOHMap MUKAOPUHU
6axonawl UMKOHUHW Gepagu.

CupTuii MOHNALWMNLWIHK CUPTHUHT lem® paH 1c fa keTaétraH n/
MoHNap KanTaéTraH aTomMnap COHMapuM  Hucbatn  GunaH
aHVKaHagw:

(8.12)

a HM noynawmw papaxacu ge6 atanagn. babsaH 6olkKa MyHoca-
TAaH origanaHunagu:

«,K=/3, (8.12)
6yHga Mo- lcm- 1c ga cupTra TywaéTraH aTomaap COHW, p HW cup-
TWIA MOHNAWNLL KO3DPULMEHTN Aelinnagu.

+™a ="20 GYNraHANIn yuyH
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_ @ (8.13)

= l4a .
Oynagn. a KaTTaNMkK Temnepatypara 60rnunk;. By 6o0rnaHuWLWHKU
Caxa-NleHnrmiop ndogacu bepagu:

o =(5/1& >xjf-re- Xf)I(kT)j, (8.14)

byHgarn % - mMetangaH MOHHWMHI UMK MW nwKn, Vj - K™M3gupunrad
MeTafra TyLWaéTraH aTOMHUHI MOHNALMLL NOTeHLManu, g) Ba gy -
MeTan cUpTULAH KeTaétraH 3appanap \oNnaTtnapuHWHE CTaTUCTMK
BasHnapu (MacanaH, WWK OpuiA MeTann MOHW yuyH g[ =1, aTtom
YUyH ga = 2).

CupTuniAi noHnaw épgamMmaa MycbaT uoHnap \am, MaHhWi
noHMap \am x"ocun KMMHUWKM MYMKWUH. OpTUKM4a 3/1EKTPOHHU

Y30KMIALTUPULL YYYH MaH(UIA MOHHM «MOHMALLTa» eU ” 3HEPTUS

capnaw Kepak. LUy sHeprusiHn aneKTPOHHWHI atomra SKUHAUTK
neAnnagn, MaHguii MOHAArn «OpPTUKYa» 3NEKTPOHHUHI 3HEPreTuK
caT"MHM aHuk naiian. By xonga Caxa-JleHrmiop ndopacmga WOH-
naw noteHumann Ui ypHUZa 3NEKTPOHHUHT aToMra AKMHAUMK Ty-

paawn:

« = =ig[ /ga)r"P[-ir"s (8.15)
8.5. KatTuk, xxmncmnap cuptuga agcopbums x,ogucacu

a3 aTmocgepacu 6unaH TyTaliraH KaTTuK, XXWCM CUPTUHM
Tesga ras atomnapu (Monekynanapu)HUHr 6up Eku Kyn K,ariamu
K.onnaingn. Ly xoguca afcopObUUSHUHT  moxuaTuamp. byHaa
KaTTUK, XXUCMHW aAcopbeHT (EnnwTupub onyBYM), ra3 (hasacuHM
aca agcop6at (EnuwyBun) aelimnagn. ALCOPOUMSAHUHT UKKU XUIK
60p: hmsnk agcopbumst Ba KUMEBUIA aacopbums (Xemmucopoums).

dusmnk agcopbums xoampa atomnap (Monekynanap)HUHI ancopob-
LMOH (cupTra énuwraH) Kariamum KaTruk XXUCM CUPTWU atomiapu 6m-
naH BaHpep-Baane 3an Kyynapu Bocutacuga GornaHraH. ®usnk ag-
COPOUMSHUHT MYXUM TathOBYTU - YHUHT KaTyBUaHMIUANP.

K,aHgaigmp Temnepatypanap opanuruga afcopounsHuHT Xap
NKKN XUNIUHW BUp-6MpnaaH KeCKUH axpaTub Gynmangu.

176



Agcopbumsa xamma BauT 3K-
30TepMUK XapaéHamp, AbHU UC- n I I

CUKNMK axpanaguraH (3HTannus

OH5 kapap y3rapaguraH) Xapa- oc
EHamp. bre; / sC.
Agcopbums mncenknurm (3H- nM

Tannusa) 3MYAMKHUHT (YHKLKA-

a 6
Cn Ba ofatfa y OpTULLN bunaH 8.5- yn3ama. MeTtannga KaTHOH Ba aHWOH
Kamaaan. Agcopbums nc- xemocop6uuna; 3.c, Ba 6.c.
CUKMTUHWHT 6yH'qa|‘/'| y3rapui -arannaHraH Ba byw cat\nap;

)KapaéHWHW U3UMN OKMG Gopu- A-apcopbar, M-metann.

wn Tydaiknn 103 Gepagn. by

apaéH CUMPTHWHI MakKCUMal 3HEPrusnun >xoknapuga — dyKKunap,
KPUCTANHUHE  Bypyakiapw Ba  Kuppanapuga,  fapsnap
KMppok“apuga, TMpHamanapga Ba LWyHra >b(wall olinapga 60Lw-
naHagu. by »oWnap TyiuHrad, sccu cupTtnapga agcopbums 6oLu-
naHafgu. Ynapga Kanpok sHeprus axpanagu.

dusnk agcopbuma antannmscy aHya katra (-10 kkan/mon). byH-
fa ajcopbnaHraH ra3 KaTnaMuMHW 6GOWKa ra3 6wunaH anMalTupuL
MYMKWH. By - anMawwuHyB afcopbumsicn xogucacu. ByHfa ypuHam
Konpaa; rasHuHr YMiHaw HyKTacy LaHua tokppy Gysica, Y ras ocoH af-
cop6riaHaay, sSTbHM Y OCOH CYHOKMMKKA aiinaHagn. AACopoums >KapaéHu
aficopbeHT Ba afcopbaT opacuaa agcopouMoH MyBO3aHaT ypHalUraHga
fKyHNaHagn. MyBO3aHaTHUHT YMyMWIA LapTW - UWKKaja (hasaHuHT
KUMEBUI noTcuumsvm (hepMun caTxnapun) TeHrnMTuamp. by myBo3a-
HaTga 6upop BakTAa cupTra KaHya atom (Monekyna) afacopbnaHca,
WyHYacu CUpTAaH KeTagw, CMPTHW ra3 3appanapy 6unaH TynaupuL
fJapaxacu N5 ysrapmac 6ynm6 konagu. N5 TemnepaTypa Ba 6ocumra
6otmk- Arap 6ocum yarapmac 6ynca, K™NT) agcopbumsa msobapacw,
T=con5l 6ynca, agcopbums u3oTepmacuHU wudogadakan. AnbatTa,
Temnepatypa K\TapuiraHga Tynguvpuvll fapaxacu nacasgun, YyHKU
6yHOa aTOMMapHUHI CMPTAaH KeTuwu (gecopbums) Kynasgw, 6y aca
afcopbunsHU cycaiiTupaan.

XeMOCOPOUUAHUHT  MOXWUATW LUYHAAKW, KUMEBWIA TabuaTtiu
Kyunap TabCupU XxonaTufa agcop6naHraH aTtomnap Ba KpucTans-
HWHT cUpTUAarH aTtomMnap opacuja KUMEBWIA peakuus o3 Gepagw,
6upnkmanap \ocun 6ynagn. Xemocopbumsga agcopbeHT Ba agcop-
6aT opacua 3neKTpPoHNap aAMalUHULLIM GO YPUH arannaigu.
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MeTannapfa xeMocopoumaHu Kapainnuk. 8.5- um3maga metans
ra3 Ba MeTann —afcopbar yerapaCMHUHI MKKW TOMOHMUAA 3nek-'
TPOH 3Heprusinapy cnekTpu KypcatunraH. bup xonga (8.5,a- umns-1
Ma) afCcopOaTHUHI arannaHraH 3HI HOKOPW 3HEpPrus catxu MeTann-
HUHT PepMun caTXufaH tOKopuAa oinawraH. by xonga anekTpoH
aTomfaH MeTannra ytagu, YHWHT y3u MycbaT MoHra ainaHagu. Ak-
CUHYa, arap afCcopBGEHTHUHI IOKOPUIK caTXM 3rasnaHmaraH 6ynca
Ba Y METa//IHUHI (pepMy caTxmfaH nactha Oynca, 31eKTPOH Me-
TanngaH atomra yrub yHu maHduid 3apsanaingu.

YerapaHuHr WKKM TomMOHMAa KYLL 3nekTp Katnam Xocun
6ynagun, okmbaTaa 6GUPUHUM Xonga MeTanfaH YUKW MWK Kamas-
AW, VKKNHYM xongda [Ox=4seTY™NV kaTTanuk Kagap optagu, 6yHaarun
Nf:- CMPTHWHI GMPAMK t03Ufa 3SrannaHraH >ownap coHW, M-
afcopbnaHraH 3appaHuHr gUnosa MOMEHTH.

MeTannapga xemocopbuusa xofucacura ouf KypuiraH mogen
ApUM  yTkaslUliapgarn Xemocopbumsira xam TAna kYnnaHunagw.
dapK WyHgakn, metannra HucbataH Apum "“kKasruuynapga ®epmu
caTxu OollKaya >oinawraH, fpuMm “~Kasruufa n sa p — Typ
yTKasyBYaHNMK MaBXyf Oynagn. 8.6- uumamaHuHr tokopurn (1)
Kncmuaa n — Typ SpUM YTKasruy cuptuga Masxyp OynraH xon

TacBMpaHrax.
Apum yTKasruygarn my- B) el

aidH Katnamgarn yTtkasys-

YaH/IMK  3M1EKTPOHMapu  ap-

copbar aTtomnapura ytaam,

ynapHW MaH(wuii 3apsananm.

By uerapafa 3n1eKTpoHNap

Y4yH (@ noTeHUMan TYCUK

xocun 6ynagy, 6yHaa agcop- i

6atgarn  9NeKTPOHMaPHUHT ‘e

MOTeHLUMan 3Heprusacu spum WEECPAHU

yTKasrmygarn 6unaH sbHp 07000

thepmy catxn GunaH TeHrna-

Wwaan. Yerapasuii Katnampa Fplll TG

yTKa3yBLIaH”VlK SNEKTPOH/A- 8.6- unsma. Ancopbuua Tusmanapu;

pun Kamaiino KETraH, 1-n-a.y.Aa aHWOH agcopbuua,

KaTtnamHWHr 3NeKTpoHnapn M-p-s.y.fa KaTnoH ascopbuus, a Ba 6- xemo-
KaplWuUAWru  xypa KaTTana- copbumsraya Ba yHAaH KeWuH.

Wwaan. byHpali KaTnamHu ényBun (6epPKMTYBUM) KaTnam Aeivnagn. 8.6-
YN3MaHUHI NacTKU (2) KucMnga p-typ Apum yTKasrmy cmptuga KatmoH
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apcop6ar MaBXyf GynraH 3014a aHTUENYBYM (aH>|-",6epKUTYBUM) K;aT/lam
XOCWN GYNNLLM TacBUPaHTaH.
(haH Ba TEXHUKAHUHT KNaTTVK, >KUCY»nap 6ornuk

coxanapu YYYH CYIOK, apuTmanap 6unaH KpucTann cup-
Tugarn aacopoumoH adekTnap Myx,um 6ynagy

dpuTmagaH Kpuctann cupTtura il4cop~ydnrdingind, g cupTuii-
aktue moaaanap (C.A.M) peiinnanu.

8.6. CupTtuii gnddysmna

CuMo6 KpucTannapy YCUWWHK Ky3ar™y, Makcaguga YyHu
IOK,0pY BaKyymaa Kyunu papaxaga coByTp™P3P! k;attn?® >xucm

cuptura 6yrnaHTMpm6 yTkKasmnraH. Xocul, Kpuctannap
NnacTUHKaCMMOH Laknra ara 6ynraH. by kpucTtannap UanuHAKK
6pnua ycuwra HucbataH KeHIAMK Oyhinx~g MeTpya Te3pon
ycraH. Ywo6y HaTuaHu arar cumob nnacTuH-

Kanapu Tekucaury 6yinuya OKopu cypbaTha AuddysusnaHULLmn
cababu 6unaH TYWUHTUPULLIN MYMKUH 34U,

Cuptuin  guddysma o, Ky4aéTraH
HYKCOHHUWHI (BaKaHCUAHWUHT, afcopbnaHraH aTOMHUHI) anddysns
Oa KO3(h(PUUMEHTUHUHT YNapHWHT MyBasa, M\ 3uynurura
KynaiTmacy KypuHuwunga ugoganaw Mymkp™™\,

0, =~pMp2exp[-(C/n )| G

By nogaga p - HYKCOHHWHI cakpaw™p 4 _ "akpal-
nap ysyHaurm, - HYKCOHHUHT
cupTaa TebpaHuwW  TakpopuAIUIK,

Ba W/' - HYKCOHWHI \ocun

OynMLIN Ba Ky4uLIW 3HEPrusinapu.
Mwucbn Tapukacuga 8.7- 4us-
mMaga EKuiA  MapkasnawiraH —Ky6
(c.M.K) naHxapanu KpUCTaNIHWUHT
aToMMapu  Wapnap KypuHMwnga
TacBUpAaHraH, ynap opacuaa af- UusMa. EK.MH MapKasnaHraH
copbnaHraH arom (agatom) axpa- *namkapanu Kpuctanna afarom”
M6 KypcaTunraH. AJaTOMHUHT \ap nm (111) Tekucnnk
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6Up KylwHW 6unaH KUMEBWUIA GOrnaHuWW 3HEPruscUHU E opkaau
6enrnnaimmns. Y aTOMHUHT Y4 AKMH LywHUcK 6op. Ymsmaga ynap
A, B, C atomnap. Agatom oK;opura Kyumwin OunaH YHWHT 3HT
SKIH kywHunapn nkknta — B Ba C atomnap 6ynu6 k;onagn. On-
OMHIW XONMaTHW MyBa3aHaTWii X;0faT gecak, KemuHrn xonatHu a-
oNnnaHuWw  (akTMBNAHWW) Xxonatu fAe6 aWTamus.  3-y3ugaH
KYpUHagnKu, aonnaHmw yuyyH v = 3 E -2E = E 3Heprua tanab
aTunagn. JlekuH, aonnaHuwl xonatujarn agatomra Y30KpoKAaru
KywHunap A Ba O atomnap \am Tabcup Kunagu. by Tabcup aHep-
rmscu 2E peb 6enrunadca, sHAM PaosnaHu aHEPrusicu

m,=3E- (2E +2E') =E-2E" (8.17)

KypvHuwga wudopanaHagn. AHKK, xucobnap =£i3 ~ H<;120
KniimaTHn 6epaan, 6yHaa Hs- cybnumaumsa (KaTTuK; XXMCM CUPTU-
fJaH BypnaHuLL) NCCUKNTN.

Cu, N1, Ag, An yuyyH H3 moc pasmwga 73.3; 114; 82; 60
KKan/Mon yHya kKatta OynmaraH k“uiAimaTtnapra ara, OyHAaH
KapanaéTraH €.M.K naHXapa cupTuia afatomnap Xyga xapakaryaH.
XapakaTnaHTMpyBYM  Ky4y, MacanaH, TemrepaTypa [rpagueHTu
bynraHga ynap cupt 6yiinab wapyanapgaH gymanab 6opagu.

bowka kpuctannogaduk (001) sa (OH) Tekucnuknapga (cuptnap-
fa) agatom 6unaH CcupT aTtomapu  opacugarum  TypT Ba  Gew
6ornaHuWHK y3uw 3apyp. by xonnapga anddysnsHm daongall sHep-
TMACK KaTTapoK Ba HOKOpPUAArN MeXaHu3M YCTyH 65\IMacimri MyMKVH.

ET, KupuIMa aTOMMApHWHT CcupT 6yiinua Anddy3usnaHuLLmn
YUYYH afcopbnaHvLl 3Hepruscu KatTa OynraH Xoffda afaTOMHWHE
KpucTann cuptugarn atomiap 6unaH OOrfaHMWN LyHaka KaTTaku,
okopugarn «lWap Aymanaw» — MexaHusmMu  OyryHnaim — MyMKUH
oynmaiign. by xonga anddysns «E€sunyBum runam» ae6 atanaguraH
MexaHusm Oylinda 6opagn. byHfa kupuwma cupT Oyinya KaTTUK
(hasaga énnnnb Gopagm (6y 8.3 6aHAAA KATaH CYHKIUKHUHT EAnnne
oKMLWN xonuaarngek 6ynaam). OkubaT HaTmKacmga CMpPT MOHOATOM-
NN KNpULLIMaBWiA KaTnam 6unaH KonnaHué Konaw.

X,apopaT OpTraH cailMH afcopOMaHuLL 3HEPruacu Kamaiino
6opafyn, KupUIMa afaTOMWHUHI KpUCTall cupTugaru atomap
6unaH GopnaHWLL 3Hepruscyu Kamasgum Ba CUPTUN AUPDYIUSHUHT
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60l MexaHM3MM fHa Yyla «Wwap gymanaw» MexaHusamu 6ynné
ONNLLN MYMKUH.

AfcopbnaHraH napganap 6upuvHYM HaB6aTga Kyunu fapaxaga
CUPT XOccanapuHu ysrapTupagu, 6ab3n xonnapfa XaTTo K;aIMHPOK
CUPT AKUHWAArM KaTnamnaapra xam Tabcup KypcaTagu. Agcopb6naH-
raH napfanap UWWKalaHWLW  Ky4yjapura TabCup  Kuiagw.
MwKanaHnwHW TaBcunaigmraH Koa@puumeHT Xamma BakT
MW KaNaHyBUY MYalsH UKKW CUPT XY(PTura Ba yNapHUHI MyalsH
XonaturarmHa Taannykam 6ynagn. WwkanaHmw Kosh@UUUEHTH
MWKaNaHWLW KYYMHUHT TUK paBULLAAry KOKKa HucbaTura TEHTAup.

Opataa agcopbnaHraH napganap UwkKanaHuw Ko3agduumueHTun-
HW KamalTupagn Ba KaTTUK >KUCMAAPHWHI Y3apo cupnaHuwiura
épfamnawaan. MabaymkKu, WIWIKaNaHULWHY  KamManTUpuULL  YYyH
rypam mMonnap wvwnatunagn. WKk xun moinap maexyg: rmgpo-
AVHAMWK Ba 4erapaBuil moinap. mapogMHamuK Monap KanuH
CYpTMANG MKKX MeTaNil CMPTNapuHKU 6up-6upura TermwtTmpMangu.
UerapaBuii Moinap, akCUHYa, >yda HMNKa Ba MOHOMOEKYNsp,
XaTTo MOHOATOMAW KaTnamnapgaH mb6opat 6ynagn. byHpaain napga-
nap MeTann KWCMaap opacufarn TYTUHUWLLIHW KamaiTupagn Ba 6y
KunucMmnapHuHr 6eBocMTa TEFULLIALINTA UMKOH Gepmaiin.

Ajcopbums KaTTUK XUCMIAPHUHT MYyCTaxKam/iMK xoccanapura
MYXUM fapaxafa TabCcup Kunagu. MacanaH, KaTTUK XXUCMHU nap-
mManaraHfa xynnaw 6y WLWHK ocoHnawTupagu. ByHpali agcopbums
MyCTaxKaM/IMKHW KaManTupuwn KypuHuo Typubau. Kpuctannap
aeopmaynsinaHUWNHKUHT cupTuin aktne mogganap (C.A.M.) aa-
copbnaHuWwKy okmbaTMaa OCOHNAHMLIM XogucacuHu PebuHgep
ekt genunnagn. CupTuii guddysma Tydainam mukpogapsnap
Tesga C.A.M. monekynanapugaH néopat cyrank 6unaH Tynagw.
CyloKnuKcn3 (hasanapapo 3Heprus KpucTan/i-xaBo derapacupia
aHuKNaHagn, Cylk/mk 6opnanrnga KpUCTaNn-CyKINK Yerapa-
cuga aHuknaHagu. Arap YeA  6ynca, 6y xonga  Kpuctann
X¥YnnaHraHga aHru cuptnap \ocun Gynuwunra AbHU XUCMHUHT Oy-
3ununwnra caphnaHagmraH aHeprua Kam tanab KuanHagm.

Ajficop6iaHraH CYKAWK 4ap3 MuMra KnpraHga y xoinga Ps =Y\-Yu
KaTTanurugarm cupTuii 60cum BYXXyAra Kenagu. Y KpucTail nukapucu-

ra yHanraH Ba ap3Hn y3yHnangu.
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baban wmetannap C.A.M. BasucacuHn 6Gaxapagu. MacanaH,
cumMo6 napgacu 6unaH K“onnaHraH pyx naacTUHKacu MypT 6ynub
Konagu. lemup CMM cupTuUra yTkKasuiraH kananiu napgacu \am/
XYAOW ylaHfak Tabcup KypcaTagu.

By aitunraH adpekTra Kapama-kapwm  3gekT
MabayM-Typin napganap 6unaH KOMAaHraH KaTTUK >XUCMaap-
HUHT MycTaKaMaurun opTuwun \am Kysatunagn (Pocko adgek-
TW). BYHWHT cababu WyKWU, CUPTUIA Napaa XUCMHUHT ~aXmuaaH
OUCNOKaUNANapPHUHT YHUHI CUPTUra YMKUWKWHK Tycagu. LLy-
HUHT YYyH guciokaumsnap Konjamy ocTuga TynnaHagu Ba Oy
KpucTann Mycta\KamaurMHy owupuwira onné Kenagu.

Hasopa) y4yH casonnap

1 CupTuin catxpap TabmaTuHU TYLUIUHTUPUHT.

2. KhaHpaii cupTumii \o.mMaTnapHuW Te3KOp Ba CEKWMHKOp )"onatnap
aeinnagn?

3. CupTunii TapaHrAUK TyLWyHYacn TabpUMHN GEPUHT.

4. Cuptnii  apheKTNapHUHT acocuii  KypUHULINAPUHKW  6aéH
KWAWHT.

5. DNEKTPOHNAPHUHT YMKULL MWW HUMA?

6. CUpTUIA MOHNAWNLL HUMA?

7. Aacop6eHT Ba afcopbat Ae6 KaHgain moaganapra aitunagn?

8. ®un3mkK agcopbumns HuMagaH nbopart?

9. Xemncopbuua Huma?

10. MeTasn,1 CytOK 3puTMa 4erapacu AKMHUZArn Ky 31eKTpuk
Katnam naino 6ynvWnUHN TYLIUHTUPUHT.

11. CupTuid anddy3ns mexaHM3MNapuHWU TaBcUMIaHT.

12. PebuHpep shekTn HUma?

13. Pocko atpdpekTn HUMA?

Maca.vnanap

1 N ~ ABoragpo conu KYAMWUTUHKU K5'MMB, a HM 310°*cm aeb

ncobnab (8.2) - (8.5 wudomanap acocmpa WOHMap NaHXapacu
3Hepruscu HW aHUK"NaHr.
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2. MeTtnan kpuctanam yuyH (s.9) wndoga 6Gyilmua wnmkapa
:nleprusacullll tonmen'. o, =175, =5 ()'em, N3
3. A= 120 10" amnep,M-K“, T=1000K, Xx=5 3B 6ynraHnpga
(s.10) ndopa 6yiMya TepMO3EKTPOH TYRMHUL TOKW 3UYIUTUHMU
aHWKNaHr.
4. (8.15) nhoga 6yumya MOHNAULLILL JapaXaCUHU HOUWHT.

en, =9JB, X= M/&I =il2

5. (8.17) wsto0papaH 3 «a E=DbB o6ynraHnga apa-

TOYHWUHT aonnaHuW 3HPTACUHUN aHUK;aHr.

6 . KOHr coso=(0"-auc)/fAc TeHrnamacmpaH ¢oiiganaHn6, K ayoH
CYIOKINK KaTTUK, XWCMHMK \yaaouum, Kadoum >y,>nnamalwmraH
OYNMUWIMHN Tax, MU KYAUHIN

183



IX BOb
KATTUK XXNCMNAP JE®OPMALINACK

Ywby 6064a KaTTUK  KUCMAAPHUHT  AedopmayumsanaHuil
KOHYHMATNAPUHN Kypub unkamu3. ByHfa KaTTUK XXUCMHU Y3/yKCU3
MyXuT e6 kapaliMus. KaTTWMK XMCMHU 4YEKCU3 KUYMK 3appacu Aeb,
aToM €KW MofieKynanap COHW eTapniiva K™n OynraH y3nyKcu3 KU4YmK
bynary Hazapga TyTunagu. Tawku Kydnap Myk™urnga KaTTUK XUCM
3appanapn MyBO3aHaT BasuATiapaa Typaap.

3appanapHuUHr ywby BasuATAapUHU XWUCM 6unaH  Mapkam
6ornaHraH caHoK cucTtemacu 6GolimaaH yTKaswuaraH paguyc-BeKTop
r OpKanu aHMKMainmm3. TallKu Kyynap Tabcupuia KaTTUK XXUCMHU
TalWKW KWUIraH 3appanap BasuATAapU, KaTTUK XXUCMHUHT XaXMMU,
LIaKNKW y3rapagn, SbHWU KaTTUK XWUCM gedopMalmanaHagn. 3appa-

NAPHUHT MYBO3aHaT Ba3vsATNapuaaH CUIKULLMHW i BeKTop GunaH
ngoganainmmi. by BeKTOp cumkuw BekTopw Ae6 atanagu. Ledop-

MalusnaHraH >XKUCMAaru 3appa BasvsiTU [ + i BeKTopu 6unaH
aHvKnaHagu. CumKUW  BEKTOPUHWMHT  KOOPAMHATa YKnapugaru

TalWKUA 3TYBUMAAPUHM MOC Xonga 6unaH Genrnnanmms.

Ywby kaTTanvknap yMyMuidi Xonga 3appaHuHr KoopauHaTanapura
Ba BaKTura 60rnuk 6ynagun, sSbHu:

V. =w{x,y,r4),n™.=unXx,y,r™*),w=u,{x,y,r,1).

[JedopmaymsnaHraH XonaTtHM TVVIMK TaBcudnall yuyH CUMKULL

BeKTOpM M  HM KoopguHatanap (X,.y,/) HUHI  QYyHKLMACK
KypuHuwaa udoganawt 3apyp. TYWYHULL OCOH Oynuwin yyyH 6u3
6y MacanaHu aBBan 6UP YyN4OBAWU, KEMWUH WKKW Ba Y4 YN4OBAM fe-
thopmauuanap 6unaH Kypub yYnkamms.
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9.1. bup yn4yosnu gedopmaLms

Jedopmauymnsa x nyHanuwga to3 6epaétraH OyncuH.
[JetopmaymusinaHraH xucmga [x opanuk,HM TaHfiab onamus,
(9.1-un3ma).

o0 A X

%
0 N XK

9.1- ynusma. bup ynyosnu gecopmaumsara oung.

OethopmauusnaHraHgaH cyHr M Hyk®a u Macodara CUmMKuii-
A, M' BasuATra Kyyagu Ba YHWHT KOOpAMHATacu x+blix ra TeHr
6ynagn. bus TaHnaraH [x Kecma 3aca Kagap y3yHnawagun. |MN I
KeCMaHuHI fedopmaumsacy geraHga 6us [vh HMHT [X ra Huc6aTu-
HU, AbHKM e /X HM TywyHamu3. M HyTagaru geopmauums aca

AV, (in.

£=)11—" 9.1
) I (9.1)

ngoga 6unaH aHMK naHagn. YMyMuin \onga e KarTsguk KoopauHa-
Ta Ba BakTra 6ornvk, 6ynaau; e=e(x,1). Arap e=con/l 6ynca, 6yHzai
fethopmalmaHy 6up XuHenu geopmauns aeb atanaau.

9.2. Nkkun yn4yosnn gedopmal,is

3HAN xy TekMcaMkaarn JIr KecMaHuHI gedopMaLlusanaHuimn-
HU Kypun6 4mkamms (9.2- 4yn3ma).

KoopauHaTtanapn (X, y) Ba paaunyc-BekTopu [ bynraH M
HyKTa geopmaumnsagaH cyHr M' HykTara Kyyagn. M' HYKTaHWHT
pagnyc BekTopu I + I7 ra TeHr 6ynagn. N HykTta, moc “(onga, N'
HyKTara Kyyagu. Bus TaHnab onraH Kecma gedopmauusgaH CyHr
TEKUC/MKAA MablyM 6up Macodara cumkuingn sa AJ ra yysmnagu.
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X hx All,-
9 2- yusma WVIKkn ynuown geopmauusara oun.

Ally/Ax Ba AiJy/Ar KaTlaunk.map Ar KeCMaHWHTI X Ba V u4”mapHiaL
MPOEKUMUANAPMHANT YY3HAMLWMWHKU 6Genrunaingn. Ammo, 6y katTa-
NUKAMP UKKW YNYOH!M nepopmManunsaHu Tynmk, ngoganai onm;nigu,
UYWKW  YM3M.MAH  KYpUMMG TypubAMKM, KecMa Yy3HAuLgaH
Talwkapy, siHa mMab/iym 6up Bypyakka 6ypunagn.

KecMaHUHT BypuanwunHy undoganawl yyyH Ar Kccmara TeHr
KaTeT.Tapu [a Ba Ay OyniaH Tyrpu TypTOypyakHUHI fgedopmaums-
nammwnein K pmb ynkamms (9.3- ynama).

UnsmagaH KypuHub Typubamkn, M'A' KeCMaHWHT Oypunuw

An
bypyarn TaHreHcu =-;--——-7— , WYHUHTOeK M'B' KecMaHWHT
yp ,)J,-v+,£r/,. y a
6ypunuw Gypyaru = A oynagn. Bus KUYukK nedopma-
yp yp I+ A, ynag Aetop

unsinap 6unaH 4erapanaHamus, LWYHUHT yuyyH AujAUy nap A Ba
Ly napra HucbaTaH aH4ya KWYMK Oynagn. Ax Ba Av flap Homnra
jwtnnranga (byHga maxpaxnapga AH,=0, Ar/,,=0)

, 04X
6ynaau.
Y)Nby KeCMaHWHI Yy3n.munn aca,
C)K. o,
dv dr
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9.3- 'HuUma, bypunuw gethopmaymacnHn ?(Hcobra onuiu.

KaTTanuknap 6unaH udoganaHagn. KOkopupa kentupuaraH wudo-
fJanapnaH  oiganaHn6, 07  HUHr  TaWKua  3TyBUMIAPKHU
Kyinparuya é3ué onnmimmm3 MyMKUH:

ﬂl—(n = X ﬂ\_ + ﬂr = m + elnny

i) ay
2
,g(/. 3, (©2)
Ar/ :-AX,EI,.\- +Ey-,£l,r =£, AX Ar.

Opatga getopmaumns KosthpuumeHTMHM Genrmnawga X, V r
ypHHra moc \onga 1, 2, 3 pakamnapu uwinatnnagu, swHu: ex\~"1ib
Apn LLyHaain kunmo, KaTTannknap Au BeEKTOpU 6u-
NaiA - A?  BEKTOPUHM GOrMOBUM MKKMHYM PaHr TEH30p XOCWUN
Kunagw:
VA A
| e 9.3)
4?7

By wdogagarn ru=<P,, 21 =P, KaTtTanMKnap >XWUCMHUHT

CUDKLWIN feOopMaLMACMHM aHUK'WIAAM. YHAaH Tawkapu, 6y kaT-
TINKNAp XUCMHUHT OYpUANWIUHM XaM Y3 uuura onagw. Arap
XUCM  fedopmauma  HaTwkacufa ynyamaapuHu  y3rapTupmMaciaH
thakar Mabnym 6up Oypuakka Oypwunca, y xonga geopmauuns toH-
0-171

$0

topm KYpuHuwaa 6ynagn. Oemak, ymymun  X(\nna

187



gNTeH30pM cop  AechopmaumsfaH TallKapu >KUCMHUHT  XamMMma
KucmnapuHm 6upop 6ypuyakka OypunuwinHm \am xucobra onap
3KaH. Yw6y TeH3opaaH cod Aeopmauus TEH30PUHM axpaTud
OV YYYH YHAAH CMMMETPUK TEH30p XOCWA Kuauw 3apyp. ByH-

v g+
[ail TEH30p XOCU/T KUAULLIHWHT 3HT cofaa ycynu =

KypuHnt Ttypubankmn, %=£*/ wapT roKopuaarn udopa yuyH
6axapunagn. (9.3) nchogagaH origanaHuno,

-(™M2 +121)
(9.4)
-(£21 +<2) "2
XM kmnamm3. by udopaga E(e,, + :A21:~2-u£ > AbHU

Tynuk QWDKLL 6ypyuarnHuHr apmura TeHr. Ywoéy (9.4) ndoga 6u-
NaH aHWKNaHraH WKKUHYW pPaHriM CUMMETPMK TeH3op gedopma-
LS TeH30pu gernnagu.

9.3. Y4 yn4yoBnu gedopmarms

Y4 yN4yoBAM XKWUCM YUyH HOKOpUAAry amannapHu Takpopnab, yu
Ynyosnu napannenenvnes AehopmMauusicuHU Kypué yTuw MyMm-

KUH. .YHAa 6u3ra siHa 6Mp TawKUNnoBum -~ =£3 Kywwunagm sa

MOC XO0nAa CUMKUWNApHU ndoJanoByn TalIKUANOBYM Naigo
6ynagn. by xonga gehopmanmsa TeH3opu

£.1,2£3
N3 (9.5)
aciferacc]

KypuHuwga ésmnagn. by epga ew, £22. £33. Moc xonga x, Yy, r yknap
Oyinnya XUCMHUHT Yy3unnwm (EKU CUKUAULLIN).

1
ay  AX
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am.
o K 9 " appn (9.6)

aray
TR} 1
-~ = 1 ,'+' = -
M3 ~"31 o ax <P|3

nap aca Xr, yr Ba Xr TeKucnuknap 6yimya >XUCMHUHT CUMKALL
bypuyaknapu spmuamp.

LWyHpaii Knnmb, Kuumk gedopmaymsnapia KoopauHaTanapm x,
y, | 6ynraH 6upop M Hyk™a atpouparn XMCMHUHT gedopmayms-
naHuwun pedopmaumna TEH30PUHUHT ONTUTa MYCTakun TallKui-
nosuunapu 6mnaH ndoganaHap skaH. Ywe6y TeH30pHU

am, amn

9.7
2 ax” X, ( )

KypuHuWwga xam €31 MyMKuH, OyHga ik nap 1, 2, 3
KuiimatnapHu onagu. [edopmanms TEH30PUHWM CUMMeETpUsra ara-
U YHW COAJA, SbHU OMP WMHAEKCAU KypuHMWAa &3ura Xam
UMKOH Gepagu:

(E,*"E,,,« =1/1...,6)

£l E12£]s

= r22723 B« =

. £3 7

Knunk 6ynmaraH uxTtuépuin gedopmayuanap ydyH geopma-
LKA TEH30PUHUWHI aHuWK, ndogacu
By —a M (9.8)
OX,. X, OX, .
KypuHuwga ésnnagn. Kunuuk gedopmaumsnapga ywoéy ndogaHun
(9.7) nhoga 6runaH anMalITUPULL MYMKWH.

9.4. KyynaHuw TeH3opu

JedopmaumnsanaHmaraH XXMUCMHUHT XaMMa Kucmaapu 6up-6mpu
O6unaH MexaHWK MyBO3aHaT Xonatuga 6ynagu. >Xucm gedopma-
uUMAnaHraHga y MyBO3aHaT XofiaTMgaH u4ukagu. Hatwxkaga yHra
MyBO3aHaT XonaTura WMHTUAYBYM Kyunap Tabeup Kunagu. XXucmpga
6upop gedopmaumanaHraH 6ynakHu TaHna6 onamui. bynakka, an-
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6aTTa, TabCUp KWAYBYM MYKM Kydnap naifo 6ynagu. By Kyunap
TaHNaHraH Oy/NakKHUHI 103aCM  OpKaiuM TabCup Kunagu. Yuwey
oynumpaa (hakaT t03a Oyiinab Tabcup KWUAYBUYM KyunapHuW Kypuo
ynkamma. XaXMU KyunapHu (MacanaH, OFMPANK Kyuu) X.icobra
ONIMHMaaM. TabCcup KWNaéTraH KYYHUHI LWy CcUpT Ho3acura
HMcbaTn MexaHMK KyunaHuw pgeb atanagu. [edopmauusinaHraH
XUCMHUHT UXTUEPUIA XaXMW cuUpTUAa 3NeMeHTap to3a akpatub
onamm3 (9.4- ynsma). Ywoby to3ara Talkn 6UPANK HOpMan n Bek-
TOPHW yTKazamu3. YMymuid \onga
Ky4iaHuLL BEKTOPWM HOpMan Bek-
TOop 6unaH 6uMp Xun KyHanmaraH
6NMWM MyMKUH.  Arap  Kydna-
HWLL BEKTOpPM N HOPMan BEKTOP
6vnaH yTkup 6ypuak \ocmn kunca
(OKMCMHM  Y;3yBUM  Kyu4NlaHMLL)
OyHfali  KyynaHuw  AyHanuwim
mycbat ae6 Kadyn KUAMHraH.

KyunaHuw BekTopu HY

y3ap0 OPTOroHan yuyta TalluKus

atyBum a,Cl2,0'3, BeKTOpnapra

axpatuw MyMKWH. Y3 HaBba-

Tnaa Yap 6up Tawkua sTyBYUU-

NapHWHI KoOpAMHaTanap yKuaa ydta npoekuusnapyn maexyd. Ha-
TMXKaga TyK™M3Ta KaTTanmk x'ocun 6ynagu. By KatTanuknap Kyu-
NaHWLW TEH30PWHWN TalKWA KWnagw,

crfi'™M2 Gy
(9.9)

2

"3~ N3

KyunaHuw TeH30pu \amM CUMMETPUK TEH30p OynraHauru Ty-
(haiinn yHM onTMTa MYCTaKUn KaTTaMKKa KenTmpué onuwnmuns
MYMKWH;

o= (9.10)
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YOy TEH30p CUMMETPUACH YHU AmMaroHan xonatra KenTupuil-
ra Xam MMKOH 6epagu. By xonga 6apya CUMKMMa KydnaHuLLNap
MyKonno6 thakaTt AuaroHan TawKWAIoBUYNIAP KOMafu:

CyuO O
a,= 0 c20 (9.11)
O O cr

(9.9) Ba (9.10) noganap 6upop HyKTa aTpodmparn MexaHuK
KyunaHuwHun ugoganainan. Arap 6Up HyKTafaH MKKUHUYM HyKTara
yTraHga Ba BakT 5™wn 6unaH KyuynaHuw ysrapmaca, 6yHpain Kyu-
NaHUW CTaTUK Ky4ynaHuw ae6 atanagn. JIEKUH YMYyMWUA, AUHAMUK
XONfa Ky4faHWl BakTHUHI Ba KOOPAWHATaNapHWHI (PyHKLMSACK-

Ap.

9.5. fedopmaumsa 6unaH MexaHVK KyynaHuw opacuparv 60riaHuLL.
Ymymnawrad MNyK KOHYHW. 31acTUKNUK Mogynnapu

Jedopmauna Ba KyunaHuHW OM3 anoxuia Kypub 4YUKAWK,
NEeKWH, 6y WMKKW KaTTanuk 6up-6upura goum 60rnukamp. bupop
HyKTa aTpoupa KydnaHuw XOocun KunuHca, 6y epaa >Xucm anbat-
Ta, MabnyM fapaxaga geopmauusnaHagn Ba gehopmauusnaHraH
Xucmga (31acTUK XKMCM  Hasapfa TYTWASANTW) KyulaHWLW  XOCWI
6ynagn. LUyHpaid skaH, ywby KaTTaauknap opacuia 6ornaHuw
MaBXyn 6ynmb6, Kuumk gedopmauusnap ydyH 6y 6ornaHuHu
ymymnawraH Myk KOHyHU feb aTanagw Ba Kyiugaruya ésmnagu:

09 “ *¥Y'N122 *MIZ <M HMES MGG
N =N P 7933 oMM MBS B
3 =C3|f| +C,,B2 +C,e, +c,"e™ +C,£, +c. e
O4 “ MIM *429 ¢33 MM 455 MBS
05 GBI +752"2 533 +/5464 +C55£5 +

0, =Ckt +

(9.12)

Ywby wdofaHn Kuckaya MaTpuua KypuHUWAa E3uw  Xam
|NYMKUH:

(9.13)
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6y epga «,w=1,2,3,4,5,6. TeH30p KypuHMLIAA E3MLI Y4YyH 3Ca WK-
KUTa MHOEKC CakyTaHULLIM Kepak:

(9.14)

(9.13) nogagarn ¢y KoaphuuneHTNap YN3MKUIA 31aCTUKINK
mogynnapn fe6 atanagu. Ywoéy TeH3op \aM cumMmeTpusira ara,
WYHUHT YY4yH YHUHT 36 Ta TawkuioBuucugaH 21 1a MycTakun
KOMMOHEHTara KenTupuwnuMmM3 MYMKUH. 3NacTUKAUK  MOAYIU
maTpuua KypuHuwWaa Kyinngarnya ésmnagu:

NI 23141751 6L
MNNPN3MNS2N62
31 <B'BMISI63

9.15
CALCAC C #4CiaCHA (19

N51 N25 N35 <5 <55 *\65

<61 <2636/Y46” 5666

ByHgail KypuHuwaa TeH30p >4 KaHAall cuMmeTpusra ara
oynmaraH My”MTHWHI 3/1aCTUKIUTUHU XapakTepnaian. Kpuctan-
napga CUMMETPUSHUHI MaBXYAnurn MycTakua mogynnap COHUHU
Hamolmwura onnb kenagu. 9.1-xagBanga TypAu KpucTann ry-
pyjyiapH yuyyH MyCTakun 3nacTUKAWK MOAYNNapu KenTUpWAraH.
ByHna, anbartTa, KoopAuvHaTanap YKM KpucTannogagpuk yknapura
HucbaTaH Mab/lyMm 6Up TaHNaHraH MyHanuwiga nyHantTupunraH aeo
ONMHaaW.

9.1->kaggan
Ne Kpuctann  Cummetpusi  MyctaKW 3NacTUKANK MOAYNn Kpuctann
CUHTOHUACK rypy~un Moaynnap martpuuacu HOMU
COHM (mwncon)
| I 11 v \% VI
1  TpuknuH Cbs2 21 Cu C2C|3Cl4Cl5Cl6 Muc
o CB g Kynopocw
(023
Cs3
C34 C35 C36
G4 G5 Clo
G5 C6
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r

m>10401CL/H

Pombuk

TeTparoHon

-PP-

TpHroHan

-PP-

i \Y%
C2,cz1 13

027y 9
CTyKO02/1

C4,C4b 7
Cldy

$4, Os3a, 6
04,

O3, O3y, 6
O34

9.1- >kabBa/MNHT faBOMMU

AV
CLiC12C13 0
0 Clin
(077]
CB00C»
€33 0 0 c360
4 50
0
CuyC12C|3 0
0 0

(04] 000
Cs3 000
4 00
C3
6

C,1C12C3 0

0- cK
0 0 -Ci6
c33 0 0
0

0
0
0
Cy

Cuy C12 C|3 C14 -C25
0
CusC5 0
Cs3 000
4 0 -C5
ca4 cl4
X (cy-Cp)
C|iC12C,;3Cl4 O
0
Cuy C|3 -C|4

Cs3

C44 ¢ 14

XY, -¢c,2)

VI
rvnc

CerHcr
TY31

LWeennt

AMMOHNIA
Anrngpo-

bochatwm

fonomut

a-KBapu,
TYypManuH
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Hlii

9.1->kafBanuuur fasomu

1 11 1\ -V VI
FekcaroHan  Cab, Qlczci 0 P-K«apLy,
. Ijt ¢} Kagnmum
dih Qv Qa3 cynbgua,,
Ef,h o o
00O
C44 O o
C44 O
Xal o
Ky6I/IK T, O, T,, OJ' 2q2 Nwk.opuit
Ti. Oi, 0 o nnnong
o @ KpucTannap
o o
cu O o
C44 [
C4i1 o

9.6. M30Tpon KaTTWK, XUCMHUHT 31aCTUKNK MOOAMNapU

M30Tpon Myx,lT YYyH 31acTUKANK MoAyniapyu KoopAvHatanap
ykura 6ornuk 6ynmaigun. by aca

“12 ~ “11 ~ “237 %44 ~ “55 ~ “«| ~ ("N ~ *12 “M - =11 “ “33 (9-16)

6>'MWMHN  TabMUHNARAM. [cMaK, W30TPOM KaTTUK >KMCMNapaa
(hakaT MKKUTA MYCTaKWN 3NaCTUKANK MOAYNNapU MaBXY[ 3KaH:

d=c, =c¢, =c,, =¢, =0, Ba (9.16) ra acocaH,
M="2=<B=dA+2/i

Ywby noganapgarn k Ba L, KaTTanvMknapHu Jlama goumuiina-
pn pe6 atanagum. WM30Tpon KaTTUK XXWUCM  YyuyH [yYK KOHYHW
Kyhmngarnya éunagu:

a, =50<5,+2e,, (a-1,2,3) (9.17)

by epga 0=£) [+£22+"33 “ \aXXMWIN KeHranw KosppuuneHTH,
ajk- KpouHekep CMMBOMW. 3NacTUKAWK MOLYyNnapu Cc,,, Aedopma-
UManaHnW KaHaal XapaéHga onvb 6opunraHura kKapab aguabatmk
Ba WM30TEPMUK 3/MaCTUKAUK Mogynnapura axpatunagn. MacanaH,
TOBYMHUHI Tapkanuw xapaéHugaru gegopmauuarn! agmabaTvk
feopmayma aeb kapawl MyMKuH. CekuH y3rapagurav gedopma-
umManapHyu aca u30TepMuK gedopmauusanap fed onvwumus myM
KUW.
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07 Copaga fehopMauya Ba ynapga Typav aN1acTUKINK Moaynnapu
opacuaarvi 6oriaHuLL

M3oTpon  MyxnATgarn  cogga  gedopmaumsnapHum  Kypub
Zﬂ/IKz;uvu/la. (9.17) wndopara acocaH, wusoTpon MYWT YyyyH [yK

KOHYHU
dl =(A+2;0ey +% 7, +Nle,, =A0+2/i£,
cT,, =A0 +2/(6,,

(T8 =A0 +2'uf3,
(72 = crs) =291€,2
cr3 =CT13, =2/if,3
a,, =(7,, =29£n

(9.18)

KYPUHMLLAA E3UNTMLLA MYMKWH.
FOkopuaarn TeHrnamanapgaH gegopmauns KOMMNOHEUTIAPUHM

ToMnamms.
_2(A+")al,-Aa_,2-AcT33
2]u{3A+2,u)
_ -ACTa+2(A +19)a,2 -Hcrss
27N(3A+21)
-Na, , -AcT,, +2(A +0<73,,
27N (344270

(9.19)

Ywbéy ugoganap 6up k"H4ya coggda geopmauusanapHu Tayimn
KU MMKOHWHU Gepagu.
a) CTepXXEHHUHT Yy3UAUWUHN Kypnb 4dnMkainnmk. byHaa Kyu-

NaHuW hakaT CTepXXeH y3yHacu 6yiinab Kywwnagu: a,, =d,, =CT,
6ow!ql Gapya TalKW Ky4ynaHuLap Hodra TeHr /ék 6GynraHga
= 0.
(9.19) TeHrnamanapgaH
(A +jLDa Fcr (9.20)
N(351 + 21’ 2M39 +2;/) '

3KaHAUTUHKM Tonamu3. KOKopugarn wdopanapgaH KypuHuo Typu6-
Ovkn, arap cTepkeH x — yku Oyinmya u4ysumnca, y luy ykka
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KyHZanaHr WyHanuwnapga (yr) MYKM Kyynap Tabcupuga cu™mnap
3KaH (£22, "33"0)-

£]] 6unan cropacugarn Koagh@UUMUEHT CTEPXEHHWUHT 3n1acTuK-
NUTUHNM  BUNAMPYBYM KaTTanuMK Oynmb, yHra TecKapu KaTTaluk
FOHr mopynu ne6 atanagu;

E = (BN +2/x)mn (9.21)
X+
Y xonpa
e, = (9.22)

LWyHgad kmnnm6, HKOHF MOLY/M CTEPXEHHM 4ysuwra HucbataH
Kattukaurnuin - 6ungmpysum  koadpuumeHtanp. CoH >ku/aTgaH
KOHr mogynu gedopmayms 6upra TeHr oynraHgarn (6yHga >Kucm
MKKW MapTa y3asagu) KyunaHuudra TeHrgup.

CTepXXeHHWHT KyHAanaHr gegopmMalusCUHUHT OGyiinama fe-
thopmayumacura Hucbatn MyaccoH KoaphuumeHTn feb aTanagu.

BE_ 7 9.23)
ca 23+/()

Typnn mogpanap ydyH [yaccoH koagduuymeHtn 0.2-0.5 opa-
nvkga 6ynagn. FOHr mogynu Ba yacCcoH KoathduuneHTNapu M30-
TPON MYXWUTNapPHUHT 3N1aCTUKAMK XOccanapuHu Tynuk udgopal™oBun
MyCTakun KaTTanuknap xucobnaHagu. Jlama KOHCTaHTanapuHm
Xam ywby KaTTanuknap opkanu ndoganall MyMKUH;

X=v,E{(\+v,){\~2v,)r’,
N =£[2(1+vIr”

(9.24)

Bab3n 6Gup mofJanapHWUHI M30Tpon Xxonatnapy yuyH E HOHr
mMoaynu, Yo MNMyaccoH KoapduumeHTH Ba Yo cumkuw mMogynnapn C
9.2- xafBanga KentmpuaraH.

6) BMp XUHCIN Yy3unLL.

AHan pedopmauma a’aT X — yKu 6yinab HongaH apkau
6ynraH xonatHu Kypu6 uymkammus. ByHaa yr
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9.2->kapsan

No MogaganuHr Homu E HO-'OHPM" Wi C e+ 10'®HWM
Bondpam 36.0 0.27 133
Mynat —3 22424 0.30 8.5+B.8
Temup 21 0.28 8.2
Muc 12.0 0.35 4.6
XKes 9+10 0.35 3.0+3.7

6 OonTuH 8.0 041 2.9

]1_  AnomuHnii 7.0 0.34 2.6

8 K,anaii 5.4 0.33 2.0
KA™yprowmH 16 0.44 0.6

10 KBapu, 7.4 0.18 3.2
KpoH oiiHacu 7.2 0.25 2.9

12 DAWHT oiiHack 55 0.23 2.4

13 YNHHK 6.0 0.23 2.4

14  Mys 1.0 0.33 0.4

15 Mnekcurnac 0.5 0.35 0.15

TeKMCAMK Oyinya pgedopmauyns Holra TeHr OY/CWH:
£2—£33—=0,

ByHaai fehopmaLnsHu yekcM3  130TpOM MyX;UTOa
TapKanaétraH Oylinama aKyCTUK TynkvHMap cogvup kunagn. [yk
KoHyHura acocaH, (9.18) udoganapgaH

a,, =(A +2/)e|,,En =(T33=4r,, (9.25)

Oemak, 6y \onga KyHganaHr mycbaT KyynaHuw naingo 6ynagw.
AnacTMKIMK Moaynm aca

.= +2// (9.26)

nopa 6unaH aHnknaHaau. (9.24) ngogagaH oiiganaHmo,

c,,=£[2(1 +Yo)(1-Y, ) 9.27)
3KaHNUTMHM Tonamm3. OXupru ngogagaH KypuHuo Typuoanku,
HUHT 29p KaHAalk Makvkuini kuimatnaa £'<cuy, 6ynagn. ByHWHT ¢n-
3MK  MabHOCW LIYHAAH WOOPaTKW, KyHoguaHr gedopMaLUsHUHT
AYKAUTN MYXGUTHUHT X YKU OyiMda Yy3sWwiiLLMH KUAHAALWTUPpaLmn
Ba HaTVKaga My MTHUHT 3P(EKTUB KaTTUPUIA OLLIaaN.

B) Co( cumxuLu.
KyunaHvw TEH30pUHU Xy TEKUCINKAA CUDKMMA (KM TaHTeH-
uman) TawWKuaNoBYMCH =Cr, TabCup K™WnaétraH OYNcuH.

KonraH Gapuya TallKWAIOBYM HOMra TeHr. By 2'on cumkuw geb
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atanagn. (9.19) wdopaTtapgaH oiganannb, KyimgaruHu \ocun
Kunnamus;

N2 -9l ~ /9 (9.28)

ONgvH aikTné yTraHUMU3ZAeK, AethopmMauns TeH30PUUNHT £;2
KOMMOHENTAacK ry TeKHCAMKAArM CUMKULW BypyarvHUHT sipMmura

TeHr: £|, = N . Tynuk, cumkuw bypyarn aca

"0 (9.29)

LWyHpain knnnb, |g cnmkuiw Mogynu C ra TeHr Ba y TaHTeHLUu-
an Kyd TabCMpua >XMCMHUHT CUMKUW Bypuyarura TeHr. by mogyn-
HUHr  KOHr mogynm  Ba  [lyaccoH  KO3(UUMEHTM  BunaH
6ornaHmwn (9.24) udogaga KenTUPUIraH.

Ywoéy wudogagaH cumxkuw  mogynu HOHr mogynupaH 25--3
MapTa KMYMK 6ynuwn Kennb vmkagm.

r) Xap ToMmoHnama CUKUAULL.

Ky6 waknmgarm Kuumk \aX.MHM TaHnab onamus, YHWUHT
gkpapyn X, N, 2 ykgapura napannen iyHanraH 6yncuH. KyGHWHT
Xamma ékfgapura KyOGHWHI Mapkasura iyHanraH (AbHU MaHguii)
y3ap0 TEHT Ky4/aHWL TabCUp KWACUH. Y Xonja

-oa - -022 - -P (9.30)

6ynagn. TaHreHuman KyunapHu Honra TeHr ae6 onamus. (9.18)
ndoga Kymgarn KypuHuULITa Kenagu:

-1? =n0 + 2,ae,|.

-p = XB + 2/18,,, (9.31)
-I7:=A0+27/E,,,
/\12 ~ /\23 ~ -~

FOKopuaarn yyana TeHrnamaHu KyLimo,

[7=-(5 +7()0 (9.32)

npogaHn \ocmn  kmnamms. Oxuprnm  udopa \ap TOMOHIama
CUKUAULL YuyH TYK KpHYHU feb aTanagu.
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A-=8 +(2/)=n (9.33)

KaTTannkKHM \ap TOMOHNama cvK™MLW KoapduumneHTn aeb atanagw.
(9.24) wdopanapgaH oinganaHnb, ywoy KoaphUUMeHTHU HOHT
mogynn Ba lyaccoH KoathpuuMeHTU opK,ann udofanal MyMKWUH:

A'=£[3(1-2Y0)l (9.34)

Ywoéy ndogagaH cuK;unmaiguraH Myx;ut yuyH (A="°) lNMyaccoH
KoapgpuumeHtn 1-0=05 skaHnmMru kenm6 umkagu. (9.26) Ba (9.33)
ngoganapHu Tauuocnab, cy Ba /Cnap opacugarn 60rnaHuWHK To-
AN MYMKUH:

n1 (9.35)

Xap ToOMOHMAama cu!™mauw HaTwKacupa >XucMm sumyunurn  [p
K"a0ap y3rapca, YHUHI HUCOMI CUK ML KO3DPULMEHTN

=m (9.36)
Po

npoga bunaH aHuknaHagu. MNyK KOHYHMAaH Kenub 4vmkkaH \onga
ywéy kKattannkHu p Ba K nap opk“anm ngoganall MyMKuH;

vem (9.37)

Cvwnx L mogynu C=0 6ynraH mMy>uTnap \am masxys. byHpai

My>;UTnapra ngean oLyBYaH/MKKa 3ra GynraH Cyro™uK éku rasnap

KMpagu. YnapHUHT 3nacTUKAUrM akar 6utTta Jlama goumuincu

opKanu aHwWknaHagu. byHpah MyWMTHWUHT map 6up axpartuirad
to3acura mopman MyHanraH KyunaHuwl Tabecup Kunagu.

9.8. KnuHk geopmanusanap sHepruscu

Kuunk gethopmaumsnaHraHd XXUCMHUHT fedopManus HaTuxacuaa
ONfaH 3HEPruscUHU Tomamu3. [edopmauus HaTKacuga CUMKULL
BEKTOPU M KUYMK CM uniAmMaTra ysrapcuH. ByHaa 6GaxapunraH ane-
MCHTap WL WUYKM Ky4YNTapHUHT ¢ ra KynaiiTMacura TeHr.

NUkn kyuHmn T, = 3 ra TeHrnnrungaH
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¢A = A \(In)ely. (9.38)

Bynakna6 wHTerpannaraHummnsga (9.38) wudoga  Kyhmparu
KYPUHULLITA Kenagu:

(9.39)

JethopmaunsanaHraH katta My™MT Yy4dyH O6upuHUM uHTedall
Honra TeHr 6ynagu. YyHku, my™uT to3acmga Olk=0. MKKMHYN WH-

Terpanga (cm)=n 3KaH/MTUHKU Xncobra onno,
qu/\ ,qXA

Ay. A
X dv
ax.

(9.40)

KypuHuwaa é3mw MyMkuH. WHTerpan octugarm udgoga 6upnmk
Xaxmfary nyku Kydnap 6axapraH UWHW udoganaingn:

A=-a,d{n) (9.41)

Unsukunii  gecopmaLus  yuyH ouc TEH30PHWHI CUMMETPUK
oynuwnurngad onganaHno, Kyinmngaru

(9.42)

2 ox, px/
ngopara Kenamms. YHaa Xaxm oupnvrungarn sfnemMmeHTap U yuyH
dA'=-a,de, (9.43)

npoaaHn X,0cMn Kunamms.

K,aliTapyBun agmabatuk geopmaumsanaHull xapaéHnapu yuyH
Oy wvw Teckapu wudofa 6unaH ONIMHIaH WYKW  SHEPTUAHUHT
y3rapuLiura TeHr;

du :-dA’:a"de” (944)
YMymnawraH Yk KOHYHWAaH doiigananun6, Kyiingaru
du=c,,e,d£, (9.45)
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NphogaHn KoCUN KMNamu3. YHW WMHTerpannacak, anacTuk aegop-
MaLMANaHTaH XUCMHUHT NOTEHLMAN SHEPrUscu yuyH

(9.46)

ngoaaHn Kocun kmnamma. Msotpon mywT yuyH (9.46) mndoga 6up
KaHua cogga KypuHuLira Kenagu.

(9.47)

Oxuprn ndogaHn (aedopmauna byiinya) auddepeHumnannara-
Humuzga (9.17) ndogaHu Kocun K™Mnamms.

9.9 TeH30KapLUIWIMK KOAMcacu

YTKa3rMy  3NMeKTPUK  KapLWWANTUHUHT - MeXaHWK  aedopMalius
TabCcupuaa ysrapullinHU TeH30KaplMaMK xoaucacu feb atanagn. by
Xopuca aiHMKCa ApuM yTKasruunapga skkon HamoéH oynagn. [e-
thopMaLma HaTMXKacuaa apuM yTKasrnuiapaa 3apag TawlyBymiapHUHL
3HEPreTMK CMeKTpu, 3(h(eKTUB Maccacu, TaKMKAaHraH 30Ha KeHr/u-
rm Ba OowWwKa 6Up Katop KaTTaMknap ysarapagu. by aca spum
>MKA3rTMYHUHE 3MIEKTPUK Kaplwuaurn ysrapuwmnra onmb kenagu. by
X0f4mMcaHn 6axonall y4yH Maxcyc KaTTafmkiap KUpUTUAraH.

(9.48)
(-P)Po
HucbaT 6unaH aHMKNaHaguraH KaTTaIMK — TEeH30K apLUWINKHWUHT
bylinama KoauuMeHT EKN KyunaHuw Oyiimya TEH30Ce3rnpnmk
peivnagn. byHpa p*“, pedopmaums AyKnurugarn COAULITMPMA
Kapwunnumk.
Jetopmayms 6yinnmya TEH30CE3rNMPANK KO3IWMULMEHTN AenraH,

6=M-7 (9.49)

KaTTa/IMK KUPUTULLMMU3 XaM MYMKUH, 6yHaa E- FOHr mMogynu. HApum
>aKa3rnyiapHUHT TEH30CE3TUPAUTA METINapHUKUAAH YH - 103 MapTa
optuy. MacanaH, po=0,1 Om.CcM conuwITMpMa K apwWUIMKIM p - Typ
KPEMHWI y4yH  TaxmuHaH 125 ra TeHr Ba MeTani CUM TEH30MeTp-
napHvukungaH 60 mapta opTUK

Xo3upr  3aMoil  (paHM Ba TeXHMKacufa TeH30KapLIWIUK
Xofmucacy acocupa TaépnaHraH KynruHa camapanu TeH30MeTp/fap
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Xyja Kuumk fedopmaumsanapHu ynuawifa, CUMKULL, MOMEHTNap,
Ky4ynap, 60CUMAapPHUHI Ce3rnp ynyarmynapu cudgartmga, HucbartaH

KaTTa geopmauymanapHy ynuawfja Ba 60K a Makcagnapfa KeHr
KN naHUNMoKaa.

CaBonnap Ba Macananap

1 [Odedopmaymsa geraHga HUMaHW TyLIyHacu3s?

2. [HethopmaumnsinapHUHT KaHaai Typnapu 6op?

3. Knumk pedopmaumanap ydyH TyK  LUOHYHM K aHOgi
KypuHuLga 6ynagn?

4. JNam3 goumuinnapn Huma?

5. MyaccoH Ba Jlama gonmuiinapn “aHgai 6ornaHraH?

6. W3oTpon onTuH y4yyH Jlams QOMMWANApUHWM aHWUKAAHT. E
Ba Yo KuilmaTnapy 9.2 —xafBanga KenTupuiraH.

7. Bup ynuyoBnm pedopmauus ydyH cu TonuacuH (ermO,
KonraH 6apuya 61°=0), vo=0,35, Ju=35.

8. 9.2-xagBangaH thoiiganaHu6 M30TPON antOMUHWIA yyyH \ap
TOMOHMama CUUMANLL KOS(PEHUUMEHTU K TOMUICKH.
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X BOb
METANTNAP

KagumaH MeTannap WHCOHNap X;aétmga My~ MM YpPUH TyTraH.
PaH Ba TeXHUKa PUBOXIAHULLIMHW MeTannapcu3 TacaBByp KuauL
KuiinH. TabuaTga MeTannap MUKAOP >Ku™aTtgaH Kyn 6ynmacaga,
YNapHUHT Typnapu Kyn yupaigu. dnemeHTnap LaBpuil xajsannga-
rm 6usra mabnym 107 Ta KMMEBWIA 3nemenTaaH 83 Tacu MeTannap
XucobnaHagn. MerTilnn cysn toHoHYa «TellaHon» cy3upaH kenné
YMKKaH 6MuUMb WwaxTa, pyga, Hailsa Kabu mMabHOMApHMW aHrnatagu.

MeTannap 3nekTp TOKMHW Ba WCCUKAUKHU SXWW YyTKasagw,
3M1EKTPOMArH1T TY/IKHHAAPHU AXWKW KaiTapagn. YNapHUHT Mexa-
HUK Xoccanapuga 6owka KaTTUK Xucmnapra HucbataH 6up KaHya
apzannuknap 6op. MeTannapHuHr 6y xoccanapu, ynapHuUHI Mose-
Kyna (Ekum atom) napu opacugaru 6ornaHuw TabwaTtugaH, ynap-
HUHI KPUCTaN/N MaHXapacu Ba 3HEpreTMK 30Hanapu Ty3unuiiugaH
Kenué yukagu. Kyn “onnapga metaninap XaXMUA €K Mapkasnalu-
raH Kybuk Ba rckcaroHan Ty3wnauwra ara 6ynraH, monekyna (Eku
aTtom)napy 344 >KOWnawraH — KpucTaiyl  MaHXxapacu — XOcwn
Kunagunap.

MeTannapHUHI  lOKOpUAa KenTupuiaraH axonmod xoccanapu
ONnUMAapHN y3ura xxanb kwnagu. MeTannapHu (U3nK Xoccanapu-
HWU TYWYHTUPUG 6epyBuM Hasapusinap Ba mogennap apatuw XIX—
acp oxupnapun XX — acp 6omumpaH 6owwnaHraH. XosuMpru KyHga
MyMTO3 MOAENnapmuir Kynuuauru Tanabra »aBob 6epmaca-aa,
6ab3n mMogennapgaH xosupaa \am doliganaHn6 kenmHmokga. LUy-
HUHT y4yH \am 613 JacTaBBajl ApaTWaraH MeTannap Hasapusnapu-
HM KucKaya Kypub ytamms.

10.1. MeTa/inapHWUHI 3N1eKTPUK xoccasiapu
MeTannap 3NeKTPUK TOKMHU AXWKW YTKa3yBuUM Mopdanapamp.

MeTann yTKasrmygaH yTaéTraH TOKHWUHE 3WYAUTU  YHra KyiAunrau
3NEKTP MaiifioH KyuynaHraHaurura Tyrpu nponopuuoHan:
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/=at. (10.1)

by udpoma OmM KOHyHM pe6 HomnaHagw. [MponopumoHagnuk
KO3(DPULMEHTU O CONULLITUPMA 3M1EKTP 5°Ka3yBUaH/IMK, YHra Tec-
Kapu

= (10.2)

KaTTa/IMK 3ca CONMLITMPMA 3M1eKTP KNapwmnvk geiivnagn. Metan-
NapHWUHT COMMILITMPMA Kapwuaurum 10~"~"10'6 OMM opanuruga
KniimaTnapra sra. MeTannapHWUHI 3/7eKTP YTKa3yBYaHAUTUHU Ty-
WYHTUPNG GepyBun MogennapfaH OupuHUMCUHKU [pyne uwnab
YUK; U,

10.1.1 Apyze mogenu

WHrAn3 qusmry s . >X. TOMCOH 1897 AWM 3N1eKTPOHHM Kawd
aTan. By Kawuét MoafanapHWHI Typau XoccanapuHu TYLWYHTK-
puWl Y4YyH KaTTa TypTku Oyngu. OpagaH yd4 Wnmn “rad, [Opyzoe
Y3UHUHT 3M1eKTP Ba UCCUK;IMK YTKA3ULIHWHT KNacCUK(MyMTO3) Ha-
3apuACUHM uwnab YmMkagu. YWwOy Haszapusara acocaH MeTainapHu
3PKWH 3MeKTpPOHNap rasvra 6oTupunraH mMoHnapgaH wbéopaT aeb
TacaBBYP K,MAMHagW. YHAaH Tallk;apu, Hasapus sHa Kyiugaru ga-
pasnapra acocnaHraH.

a) JNeKTpoHnap Kpuctann 6Oyinnad spkuH Kyumb topa onaaw.
Ynap y3 xapakaTnapu faBoMuja KpuUcTaaa naHxapacu TyryHnapu-
farv vuoHnap 6unaH TykKHawlaaunap.

ONEKTPOHHUHT  6up-6upn  6GunaH TykKHawyBnapu Xucobra
oNnMHManan. WKk  TykMHallyB opacuaa 31neKTpoH  HblOTOH
K,OHYHMra acocaH Tyrpu 4n3uK, byiinad xapakart K,unagu;

6) DNeKTPOHNAPHWHI MeTann WOoHMapu 6unaH TyK.HawyBu Of-
OV 3apsagcK3 Wwapyanap TyK.HawyBsmuaek cogup bynaau;

B) ONEKTPOHHUHI WKKW KeTMa-KeT Ty HallyBjiap opacujaru
XapakaTh ypTaya BakTM T KAPUTWATaH Ba YHWU 3NEKTPOHHUHT
ypTaya SpKWH tOrypull Bak,TM fAe6 HomnaHagu. ONEeKTPOHHWUHT
BaK;T Oupnurugarn Ty“Hawysnap axtumonnauru 1/T ra TeHr pgeb
O/INHT aH;

r) DNeKTpoHNap rasv TykKHawysnap Tydainnm TepMOAUHAMUK
MyBO3aHaTra Kefafu. Y NapHUHT TyKHaWuUWmnaaH ON4MHIWN Ba Kel-
WHIW Te3NMKNapu y3apo 60rnmk amac.
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MeTanngaru \amma 371eKTpOHAap 6Mp XHA ypTaya Te3NMKKa ara
6ynn6, ynapHu 6Mp aToOMIuM maean rasfek TacaBByp KWWHTaH.

MeTann yTKasrmy yuynapura 3feKTp KyunaHuw KyhunmaraHga
YHAArn 3pKWH 3NeKTpoHnap TapTMbCcU3 MUCCUKAWK Xapakatuga
6ynagn. Knaccuk(MymTo3) QU3MKAHWHT 3HEPTUAHMN 3PKUHIUK fa-
paxanapu 0yiinya TeHr Ta”CMMOT KOHYHMra acocaH, \ap 6wup
3NEKTPOHra TYrpu KenyBuYM ypTaya KWHeTUK 3Heprus 3/2 KT ra
TeHr. byHfaH ypTaya Te3/IMKHW TOMUWUMNU3 MYMKWH;

(10.3)

Ba

w7 (10.4)
T

\aXXm 6upnurmgarn 3neKTPOHAap COHM N ra TeHr OyncuH, yHaa
3NEKTPOHNAPHU T XaKM BUPANTMAArn KUHETUK 3HEPTUACH

=-nkT (10.5)

6ynagn. MeTtanara 37ekTp MalijoH KyiAunraHga yHaaru 3pKuH
3NEKTPOHNAPHUHT TapTUOCU3 WUCCUKAMK \apakatura ManfoHHUHT
TabCUp Kyunm WyHanuwmpa TapTnbnn \apakaT KN'wwmnagn. Inek-
TPOHMAP TYPYX;UHUHT 6UP TOMOHIa K,apab CUMKULLIK Ky3aTunagu.
DNEKTPOHNAPHUHT TaWw”™M 3M1eKTp MaifoH Tabcupuparn GyHAaald
XapakaTtu gpelid) “apakaTu Ba “apakaT Te3nuru gpeid TesnHK aed
ataiagn. Taulku MaifoH 3M1eKTpoHra -e E Kyd 6unaH Tabecup

Kunagn, 6y Kyd TabCcupuaa 3M1eKTpoH
-eE
a= (10.6)
-
Te3NaHnW onagwn. 3ﬂeKTp0HHI/IHr MoHMap 6unaH MKKW KeTma-KeT

TYKHaWWLLIApU opacuaa ofiraH ypTaya gpeid Te3nurun
V=ax = - (10.7)

OyHOa —e — 3NEKTPOHHUWHT 3apsn, T — YHUHT Maccacu.
Mabnymku. MeTann yTkasruygarn TOK 3UYUAUTUHW KyWhnaaruda
E3ULLIMMU3 MYMKWH;
3=-ney (10.8)
By epfa n — GUPAMK XaXMaarn 31eKTpPOoHAap CoHW. Y \onga
(10.7) Ba (10.8) myHocabaTgaH oiiganaHmo,
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S AN

ngpopaHn xocmn kmnamms. (10.9) Hm (10.1) 6unaH Takkocnab Mme-
Ta/JTHUHT
?
ne~tT
a - (10.10)
]l
3NeKTP YTKasyBYaHAUTUHW Tomamui. Y6y wudopa épfammpa Me-
TaNHUHT CONUWITUPMA Kapwuauru p  HU 6uaradH \onga T HU

aHnunatimMmmn3 MyMKMH:

aT T
- T= — = (j0.11)
ne npe

P — HUWHI XOHa Temnepatypacugarn KWiAMaTuHW onné, T HK

\ncobnaraHnmmusga T =10"'""-p10"“"c Oynagn. INEKTPOHHUHT
Opeid Te3nurn YHWHT WUCCUKAWK TE3NUIMAaH aHya KUYUKAWUTK

yuyH [ HM 3pKUH HOTypull Macodacu £ opuanu Kyimgaruya
€316 0NNLLMMNU3 MYMKWH:

T=11h" . (10.12)
Oxuprn myHocabatgaH T Hu 6uaraH xonga Ba XOHa Temnepa-
Typacu yyyH (10.4) gaH /™ Hu xucobnab {TJ m/c 6ynaam),

— o
mMeTanngarn 3pKWH 3neKTpoHnap ydyH "=(1-b10)/1 6ynuWnHK

aHMK™anmmn3. Kpuctann naHxapacu WOHNapu opacugarn macoga
XaM aHa Wy Taptméaa bynuwinHmn sbTrubopra oncak, Apyge mogenu
Xyfa AXWW Hatwkara 0nmMb Kenuwmra WMWOHY XOCWU  KWUnamus.
Bupok nmacT Temnepatypanapga Hasapusa 6unaH Taxpuba HaTuxa-
napu 6up-bupungaH y3oknawmb ketagu. Taxpuba nact Temnepary-

panapza f.~]0'£ raya Ba XaTTo TO3a HaMyHanapjaa 10O .Zi:lCM
6ynMWnHKU KypcaTagu.

By xonHu [pyae Hasapuacu épaamuaa Tywyl)TUPULL KWIAKH.
OHAW T HUHI TemnepaTypara 60rnMkAurnHM kKypamms. (10.4) Ba
(10.12)nappaH

r=7" (10.13)
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yHM (10.10) ra Kyiicak, KyiAgarm Hatukara Kenaamus:

o-ne!:,ID T (10.14)
KT?

Kypmwmb Typnbaukun, [pyne mofennpa yTkasyBYaHNMK a~T 2
3kaH. Taxpubanap 3ca o HWHr ' ra nPONOPLUOHANIUTUHA
KypcaTtagy. by \am MeTa/INapHUHT yuéy moaenu
KUANHYMAnKNapuaaH onpuanp.

[pyne HazapuACUHWHT sfHa 6up OTyrM yHu BugemaH —
®paHL, KOHYHW YYyH Tyrpu Hatukara onmé kenuwmnamp. Taxpuba
ycynu 6unaH 1853 innga aHuk aHraH BupaemaH-®paHL “onyHura
Kypa, METINapHUHT  UCCUKYLLK YTKa3yBYaHUK  KO3PPULMEHTM
YNapHWHE 3M1EKTP YTKa3yBYaHUrura HUcbatu mabsiym 6up Temne-
paTypaga 6apya meTannap ydyH 6up Xun Kninmatra aragup, sbHU

X/cr-1r. (10.15)

ByHaa b y3rapmac coH 6ynmb, yHM JTopeHL, coHn aeb \am aTta-
nagn. Ywoéy KOHYHHW TeKwmpnb Kypuill yyyH [pyfae Hasapusicura
acocaHnaHm6 JlopeHu, COHWHWM KenTupmb um™apamus. busra a
HUHT  CYpUHWWM  MabiyM. [lemak, MeTa/IHUHT  UCCUKINK
YTKa3yBYaH/IUTMHU TONULLIMMU3 Kepak. Tabpudira Kypa, MCCUKIUK
YTKa3yBYaH/IMK GUPOP XMCMAArM UCCCUKMMK OK™MMA 3UYNNTU 6U-
naH Tem lepatypa ipagmenTn opacugarn 6orna[)uw KoaphuumeH-
rnaup.

(10.16)

ByHAa U - WCCUKNUK OKUMM 3MUAWTK, AblW BaKM 6upnurunga
6UpNUK t03adaH yTaéTrak UCCHK/MK MI/IK,CI,OpI/I

y1 =2 /rJﬁ'] +_ m=5"aclT (10.17)

aca TemnepaTypa rpa,qmeHTm,qmp.
K H/M TonmuWw YyyyH yynapupa AOMMMWIA TemnepaTypanap (apku
MaBXyf, Oy/iraH MeTan/ CTEPKEHHU Kypub UMKaMINK. X — YKUHW
CTepXXeH y3yHacu 6yinab nyHantvpammus. byHpain ctaumoHap 6up
ynuosnu x,0n yyyH ,10.16) mdoga
(10.18)

cIx
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KypuHuwra kenagu. CTepXEHHWHT Typiu Hyk anapuia TemnepaTypa
TypAnya GynraHn yuyH 37EKTPOHHUHT ypTaya WCCUKAUK 3Heprusicu
KoopAuHata Ba TemnepaTypara 6ornuy 6ynagn E=E {x, T). CTepxeH-
HUHT 6Up yumgaH Xmacoaja >KoinawraH Kecumu opk“anm ~aétraH
NCCULNK OLUMMUHM \Mcobnaiimma. By MCCMKAMK OK™WIMM Bak,T 6up-
NUrnga KeCUMHWHE Yar TOMOHMAaH YHr TOMOHWra yTaéTraH 3nek-
TPOHMap 3Hepruscy OunaH YHr TOMOHAAaH 4Yan TOMOHra ”~aétraH
3NMEKTPOHNAp 3Heprusick gap”ura TeHr Oynagu. TOK MyKAUIN Hasap-
fa TYTUAraHW ydyH 3/1eKTPOHNAp COHW, anbaTtTa TeHr 6ynuiin Ke-
pak. ¥ \onga UCCUK MK OLMMMU 3UYUANTN YUYH

a=-ChATAY /8M (10.19)

ngpogaHn \ocun Kunamms. ByHga QY — X@KM y3srapmac
bynraHgarn MeTafIHUHT UCCUKMMK CUTUMMK, AT — CTEPXXEHHUHT
AX ra TeHr 6ynraH macoafgarn WKKW HyKTacu opacugaru temne-
patypanap apku Ba AK CTEpXEHHWHI y3yHAMrun Ax 6ynraHgaru
XaKMU. AX HU Hoara ak™mHnawTtvpnb (Ax-"0), X Hy Tagarn Kecma-

JaH 57aétraH oK“MHM TOnammus;
a=C,.(-*)~cb =C,y™ ) (10.20)

ax" n (1x

JpKUH torypuw macodacy Kuumk OynraH nonnapga clx=yt

Ae6 oNMILIMMU3 MYMKMH. YHAa
2-dT

(10.21)
cIx
Bup ynyoBnn xongaH yv ynuosnuk \onra ytamus. By xonga
1lj?| - 3 lV 2 (10.22)
Ba a7/ ypHura VI é3mnagn. Hatmxaga
A=--C\4~T (10.23)

MyHocabaTHu xocun kKunamms. YHu (10.16) 6mnaH Ta”kocnab wc-
CUKMIMK YTKa3yBYaHINK YUyH

A=A~-C,.yIx=\c,rrl. (10.24)
> n

npogara sra 6ynamms. by MyHocabaT MeTannapfarm 3pKWH 3MeK-
TPOHMIAPHUHT UCCUKMMK "Ka3yBYaHINK KO3DPULMEHTUAMDP. DHAU
JIopeHL, COHMHM TONULIUMMU3 MYMKUH.
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K_QTy-p (10.25)
4 nen
(10.5) udogapaH HW ToMamus,

C.=( (10.26)

Ba (10.3) HM xumcobra onraH xonga.
K_£ (kN
a~2,
HM XOCuUN Kunamus. Y xonga J1IopeHL, COHU yuyH

L (10.28)

aT 2\/( /
KUimar kenumbé yukagn. YHu xucobnacak, b=1.1MO-** Bt Om/Kn”
bynagn. by Kuiimat Taxpumbagary HaTuXKafjaH WMKKU MapTa Kam.
LLUyHra uapamai ywby HaTuxa [pyae mogenu toty]-ylapuaaH
XucobnaHagu, UyHKM Yy JIOpeHL, COHWM MeTanfNapHWHr Typura
60rnK, aMacIUrMHN Tacauknanam.

(10.27)

10.1.2. Metannapga Xonn x,0aucacu

MeTann yTKasrMyHW YyHAarm Ok, aétraH TOK MAyHaauwimra
KYHOanaHr  WyHanraH  MarHuT  MaifoHra  >XolnawTtmpcak
AKa3rMYHUHT EH TOMOHMapuia noTeHuuannap (apk;u naigo
6ynagn (JO.]- umsma). by xoamca Xonn xogmucacu aeb HomnaHagw.
MabaymMKu, MarHuT MainfoHia xapakaTnaHaéTraH 3apsignu 3appara
JlopeHL, Kyun Tabcup aTagu:

En =LLYH]. (10.29)
C

ByHoa Y - 3appa Te3nuru, M — MarHUT MaifoH KyudniaHraH-

nnTKn, g — 3appa 3apsagu.
MeTann yTKasrnygarv 3pkKuH 3neKTpoHnapra

r=—P7/] (10.30)
C
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Ky4 TabCMp 3Tagn Ba Oy

kyd 10.1- ymsmagaru \on

YYYH y - YKW Oyiinab

MyHanraH. Hatvkaga Ha-

MYHaHWHT 'y -  yKura

KyHZanaHr ék“apvga no-

TeHunannap qapkn By-

Xyara  Kenagu.  X.ocun 10.1-4'n"iMa. Xonn \ogucacura ong.

OynraH 3nekTp MaigoH r
Ky4ynaHraHamrm yTkasrny-gal Tok 3svuimry Ba Talkoin MarHWT MaingoH -
KyuynaHraHnurura nponopuunoHan 6ynaau;

E = RuiJM]- (10.31)

By nogagarn /?,, —Xonn KoagppumuneHTn ae6 atanagn. Apyae
mMojgenura acocnaHraH xonga Xonn KosghM@UUMeHTN YUyH

Rn = - (10.32)
en
ndoaa onnHraH. by HaTmkara Kypa, R®™HUHT (haK,aT MeTainapgaru
3apsg TawyByMnap 3nuaurura 60ranMK-TUrM Kenué vmkagu.

Kyn meTannap yyyH nacT TemnepaTtypa Ba Kyunu MarHuT Maii-
foHga (10.32) udoga Taxpuba 6mnaH Moc KenyBuu HaTwxkanap 6e-
pagn. Ammo, 6OlWK;a Xonnapga TemnepaTypa Ba MarHUT MaingoH
KyunaHraHaurmura 60rnmk, skaH. Xonn KosphuuueHTUHU 6unraH
Xonga nacT TemnepaTypanap yyyH MeTannapjarv 3apsij TallyBuu-
nap 3M4YANTMHU XMcobnad ToMULLNMNU3 MYMKUH.

10.1.3. MeTtannapHuHr JlopeHL, Mogenm

MeTannapHUHI KnacCcuMkK MopennapugaH sHa 6upu 1905 lhinnga
9bNOH KunuHrad I. A. JTopeHy, mogennaup.

Ywby wmogen [Apyae mofenuaaH acocaH Kyimpaarunap 6unaH
thapk, Kunaau;

a) MeTanngarv 3SpKWH 3NIEKTPOHNAp Te3nuknapu Makcsen
TakcumoTura (2 6o06ra K.) 6yiicyHagm ne6 onuHagw;

0) 3NEKTPOHNAPHUHT Apeiidy xapakaTuHW ugoganawpa bonu-
MaHHUHT KWHEeTWUK TeHrnamacugaH goiiganaHmnagu.

3Han 6y mogenra acocnaHw6 MeTannapHWHI 3MeKTP xoccana-
PUHU  KypuO uMKamm3. Tallkum 3SHepreTMk MaigoH Rykaurunga
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SNCKTPOHNApHUHT  Te3anknap Oyiimuya MakcBennl  TaKCUMOTK
DYNKUUACUHN

- I\ +VY.-
' e _2 yTAV 7 <ywy,cly, (10.33)
" 2K,.

KypvHuLWaa €316 onamMm3. BonumaH TeHrnamacuHu cofjanaviu-
pvLl Y4yH MeTannHU u3oTpon Ae6 \ncobnaimms. ByHpaih xonga
3MIEKTPOH/IAPHUHT  TakCUMOT  (PYHKLMACK \am iyHanuwra

(bHM KoopAamHaTanapra) 6ornuk, ynmainan. MeTtannra 6up >XMHC-
M £ 90eKTp MafoH KysMu3. ONeKTPOHMApHUHT TapTibcus uc-

CUKYLUK XapakaTu TesnMK-napura 6up TOMOHra WyHanraH gpeid
TE3NMK Kylnnaau, Hatuxkaga / Xxam y3rapagu. ONekTp MaigoH

KyinnraHgaH KemmHrn Tak,CUMOT (YHKUMSACK / HUWHT Bak,T Oyinya

XOCUNACMHWN 0NaMu3;
N ral-\ ralt\
97 + (10.34)
3/ gy Ay
BupuHuM KywmnayBuM [ HUHT 371eKTp MaigoH Tabcupupa
Y3rapuiLuMHA, WKKUHYUCK 3ca /| HWHI 3NIEKTPOHNAPHUHT WMOHNap
6unaH TyKHaWwMWKn Xucobura ysrapuwnHu oungumpagn. /  HUHT
KoopAuHatanapra 60rANNYUTMHM  Xucobra onmManmus. BupuHun
KYLUMTYBUMHUN GOLLK,a4apOK, KYPUHULLTA KENTUPULLNMU3 MYMKUH;

v
(AL K. ek (10.35)
3y ar By T ny
YYHKN Y =b1=~ " [, y XocvnaHu ¥§’/ 6unaH anMalTupu-
A

nagn. Cababu; /o =/.

TE3NMKHUHT TyK,HalMWNap XMcobura y3rapuwmnHu 31eKTPOH-
NApHWHT 3MEKTP MaifoHAarn Te3naHuliM MyBo3aHaTnangu. LUy-

HUHT yuyH Jlope*wi  — katTanukHu (/-/0) ra Tyrpu npona-
i\

UnoHan oYragn aeb TaxMuUH K;unagw;

lo-T (10.36)
2/
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6yHaa T — penakcauma BakTu aeb atanagn. Ywo6y udoganapgaH]
3NeKTP MaljoHAa XapakaTnaHaéTraH 3pKWH 3nekTpoHnap yuy[l
BonumaH KUHETWK TeHr1amacuHU >;0cun Lunamums:
I eE
& T p'y
AnekTp MalgoH Tabcupuaa /o Apeid) Te3nurum AyHanmLim
Oyinya 6up 03 cumKMinan Ba yMymaH ofraHfa waknv \am 6up 03:
y3rapagu, abHU gedopmauuanaHagn. JIOpeHL, KUYMK 31eKTp Maii-
JOHNap YYyH /4 HWHT CUMDKMULWIK ypTada Ksagpat Te3/IMKKa
HMcbaTaH aH4Ya KUUYMK BynMwuHKU Kypcatagn. LUyHuMHr yuyH [
HUHT fgeopMauuscMHM >am X;ucobra onMaca Xxavm 6ynagu, SbHU
3NeKTP MalifoH Tabcupmaa yarapMainam ae6 )vcobnaHagu.
MeTannra KyWunraH gouMuin 3nekTp ManfoH ra Huc6artaH
y30K, BaUT TabCup 3Tca cTauuoHap >‘onar uapop Ttonagu. MyBsosa-
HaTWi X,0MaTga Tak,CMMOT (YHKUMACKM Bak,Tra 60rnuk 6ynmaiigm
(Y3rapmaiign):

+ A A =0 (10.37)1

Ao (10.38)
Y )(,onga (10.37) gaH doliganaHn6 ctaumoHap \onaT yuyH
%,eE v
Do E (10.39)
T oy

npoga onamus. dHAM [/ MeTanngaH AOMMWIA TOK OKaéTraHgaru

3N1eKTPOHNAPHUHT Te3nuknap Oyinya Tak,CUMOTUHW 6uUnaMpasn.
MaligoH x —yKun 6ylimya iyHanraH ge6 oncak, TOK 3UYSIUTUN YyUyH
KyiAngarnHy €3unMmn3 MyMKUH:

3n=-\e¥x/c]¥Yx(1Yy cI¥2 ' (10.40)
ByHaa/ HuHT ypHura (10.39) HM Kyiicak,
=-\[ey,fodVrd}’de.‘]-\er’\AdedVydy r.
[ - M Mu

YWwoy npoaaHUHT 6UPUHYN KYLUWUIYBUNUCKH HOMra TEHT. [emak,

AT, E
E Ay, dyydy, (10.41)
-'9K

1!
(10.1) 6mnaH (10.41) HM TaKKocnacak,

212



N =
ATooY Lo (1042)

Penakcauua Bak,THW SPKWUH OrypuLl macogacu / Ba ypTaya
kBagpaT TE3NK V OpK;ann udoganaimums;
|

/\"..._y ]

JN =1(/ 3KaHAUTUHW Xmcobra oncak,

a = (10.43)
3w 9K

ByHaarm cAVCI¥clY. HUHT ypHUra Te3fnuknap (pasocuparu
dV KanuHAMKgarm cepuk K;atnam \aXMUHWU KYAIWUMU3 MyM-
KuH. Chepunk Katnam xaxmu AnV~dV ra TeHr 6ynagn. YHaa

® N /\
o=we I gy, (10.44)
3w 0 1 3K

YWwoéy vHTerpanHm xucobnao,

gz el (10.45)

3(2Tnk T)'-
HaTwkara spuwamu3. by wugoga [MOpyge wogenngain o faH

=109 KwaiTyBun bunaH apk, Kunagn. KypuHub typmbamku,

JlopeHL, mofenn acocmfa MeTaNNapHUHE 3M1EKTP YKA3yBYaH/IUIW YUyH
XOCW/T KWWHIaH HaTWXamu3, ONguHrK [pyae HasapUACUHUKM
6unaH gesapnn 6up Xun 3KaH.

JSlopeHy, mofgenura acocfnaHmb  MeTaniapHUHr - nccuuy/Tk
\ukasyBUYaHANIMHU XUcobnaraHMmMu3ga,

K=1g,./T7-, (>0-46)

AbHU [pyde HawbpkacugaH yd4 MapTta KMYMK MyHocabatra kenamus.
Moc xonga JIopeHL COHM XaM yd MapTa Kuuuk 6ynagn. JlopeHd
Mogenura acocnaHm6 Xonn Ko3ah@UUMEHTUHN TONCak,
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34
Kn =Y (10.47)

8/7e

Hatwmxanap wWyHW KypcaTaguku, Oy tokopupa 6aéH KuamHrad!
MKKW KNacCUK(MyMTO3) Hasapusnap MeTrLUapHUHE 3M1eKTp Ba WUC-
OMAVK yTKasyBYannmnknapmn, Xonn KoaguueHTn ydyH aedapnu 6mp]
XU HaTwxanapra onvb kenagu. Knaccuk(MymTo3) Hasapusniap aco-1
cuga  BupgemaH-®PpaHy  KMOHYHW,  macT  Temnepatypanapgaru]
YTKa3yBYaH/IMK Ba 6ab3n K OHYHUST/IAP Ba KaTTanuknap yyyH Typpu*
ndoganap x;ocun KMamMHagu. JlekuH, By Hasapusnap MeTanNapHUHT:
NCCUK;MMK CUTUMWHK, OLUOPN MarHUTUK CUHTAUPYBYAUAUTUHN,'
mycbaT Xonn KoaduumeHTnapMHn Ba 6owk,a Kyn \ogucanapum
TYLWYHTUpPa onmac 3au. KBaHT MexaHukacu naingo oynuium 6unad
KaTTWK, OKUCMAapgary Taxpubaga KysaTunaguraH >xyga —Kyn
X,04ucanap Y3VHWUHE Tyrpu Tank,MHUHW Tonau. KaTTuk, >Kucmnap-
HWHT KBaHT Halapuscura acocfiaHraH sHrM Mofennapyu naingo
6yna 6éowwnaau.

10.1.4. MeTannapHuHr 3ommepdeng moaenu

3oMMmepdens  MOLENUHUHT  KnaccMk(MymTO3)  MoAennapfaH
acocaH MKKuTa thapk,m 6op.

3ommepens  MeTanngarv  3NeKTPOHNAPHUHT  Te3/nKnapu
Oyinya TakcumoTMHM Pepmu-Lupak cTaTUCTUKAcK Tabpudnangm
ne6 onagn (N 606ra KapaHr).

3ommepens meTannapfarv 3pKWH 31eKTpoHnap yuyH [Maynu
NPUHLUNKU BaxapunuunHK Kypcatagu. lMaynu npuHuunura aco-
caH \ap 6up 3HepreTuMK carvia aHeprusnapu TeHr, IEKUH CNWHNA-
pu Kapama-Kaplin iyHanraH WKKUTagaH OPTWUK 3/IEKTPOHMap XOoii-
nala onmMamnam.

3omMmepdens  HasapuacMpa  3MeKTP  YTKasyBYaHIMK — YYyH
Kyhimgary ugoga \ocun KnnmHagu:

a=a" Jv-f, av - 8y dE.  (10.48)
3 a4y 3/ 0
ByHAa TakeumoT thyHKumsAcK /i, HU dPepMu-Anpak TaKCUMOTH
2imim) m=2{mihff{E] (10.49)
mi— -2£,
exp +1
2k T
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KypuHuwga 0namMmun3. byHpaaru HN ®depmu IHEPrACKM ge6 aTa-

nagw.
a'u',qE) aca E — o9oHeprusinu cat™HWHI 3NeKTpoHNap 6unaH
TYNraHAMI 3NTUMONAUTMHK BungupyBun gyHkuuaagup 01 6o6ra

LapaHr);

= (10.50)
E. Ep
exp +1
K T
(10.49)H1n (10.48) ra kysmu3 Ba V faH  oija-
naHmno,
AI(E)) e - AETOI(E) we (r01)
3E 3t
MyHOcabaTHW onaMm3. byHgaru
e G c1E=1{Ep) (10.52)

3

KaTTaMK 3Hepruscyu £ ra TeHr GynraH 3/eKTPOHHUHI ypTaya ap-
KWH  orypuw  MacotacuHu  6ungupagn.  YHaa  9nekTp
YTKa3yBYaH/NK YUYH

ne~1{Ep)

cr =

TY{Ep)
nodaHn xocun Kunamus. 3ommepdens Hasapuscura acocad
3M1EKTP YTKa3yBYaH/IMKAA XaMMa 3/1IeKTPOHAap KaTHalwMaiau, yHaa
(haaT dPepMu caTXM AKUHUAArM 3NeKTPOHMapruHa KatHawla ona-
avnap. SNeKTPOHHUHT Te3UMM XaMm 3HAU UCCUKAMK XapakaTu Tes-
nry amac, 6anku depmum catxugarn 3NeKTPOH Te3Urv onnHagw.
YpTaya 3pKUH tOrMpuLl Bak,TUHU KUPUTaMu3:

(10.53)

(10.54)

YHpa 3neKTp yTKasyBYaHINK

a=- (10.55)
T

KNpuHiwgan 6y ndoga onguHrunapura yxwacana, NekKuH OyTyH-
naii 6owk,a kKuiimal'ra TeHr OynraH KaTTaiuMkaup. X, Pepmu
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cat\njarn 3MeKTPOHNAPHUAT MKKM KeTMa-KeT TyKHalluliiap opa-
cugarn yprada 3pKWH HOTYpuUll Bak,Tuavp. 3ommepdens anekTp
TOK, YTKasvlija K.aTHaLlyBYM 3M1EKTPOHMap CoHW [pyde mogenu-
Jarn 3pKUW  3NEKTPOHMap COHMAAH aH4ya KUYUK 3KAHUTUHK
Kypcatnb sTan. Ywby Hazapusiga JIopeHL COHU YUyH

n K/
¢=b</o7= =2,44 10"* Bor OM!K]?- (10.56)

KuitmaT onungu. by Taxpubagaru Hatuxanap 6unaH Moc Kenagu.
Xonn KoahPuUMEeHTM yuyH 3ca Kyimpaarn myHocabatra Kena-
MK3.

Ny (10.57)

n 3Heprusicu Ef ra TeHr GynraH 371eKTPOHAAPHUHT 3U4YAMTN. 30M-
mepdens Hasapuacu MeTasfapHUHT (UMK XOoccanapuHU TyLUYH-
TMpU6 Gepuisa AHa 6up AHrKM Lagam 6ynan. YHAa anekTpoHnap-
HWHT Te3NMKNapu Ba aHepruanap 6yinya TakCUMOTU YUYyH GUPUH-
yn Mapta ®@epmu-upak TakCMMOTU KynnaHau. Knaccuk(MymTo3)
Mofennapfarn 3pKWUH  3M1eKTPOHMap rasv  TylIyH4Yacu ypHura
YTKa3yBYaHNMKAA KaTHALlYBUYM 3MEKTPOHAap TyLIyH4Yacu K N?uiaHa
6oLwnaHau.

KeiinHpok, sipatunraH 3o0Hanap Hasapusicu 3ommepdengHuHr
KyNrvHa xynocanapu Tyrpyu sKaHaUrMHu Tacauk™agu.

10.2. MeTtannapga nccndnunk x,ogucanapu
10.2.1. MeTannapHUHI UCCUKNIMK CUTUMU

OnavHrn 6ynumaa MeTannapHM WCCUKMIMK YTKa3yBYaHNK KO-
athpuumeHT X HM BMp Heya KnacCMK MOJennapra acocnaHrad
\onga TonAauK. QHAW 3ca YNapPHWHT WUCCUK;IMK CUTUMUHU Kypub
YMKaMm 3.

JPKUH 3NeKTPOHNap rasura acociaHraH Hasapusanap ydyyH 6u3
tokopuxia (10.26) ngogaHyn \ocun kKunraHmmus. Ywoy mdogara aco-
CaH MeTa.FTMapHUHT WUCCUK,NUK CUTUMWHWHT acoCuid YNyLWWHW 3p-
KWH anekTpoHnap \ocun kunagn. Taxpubanap aca OyHM Tac-
AvK'lomagu.

3ommepdenaHuHr (1928) depmu-Aumpak TakKCMMOTMra acoc-
naHraH wmogenura Kkypa, wmetaJUlapgary 3AeKTPOHNAPHUHE  Kyn
Kucmm depmun sHeptusacugaH 6up ékm 6mp Heya KT Kajap Kuuumk
6yniaH 3sHeprusnapra ara 6ynanu. By 3anekTpoHnap 3aHeprus an-
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nnumysun TYKHALWIULLNApAa, LWYHWHTAEK, UCCUK MK Ba 3NeKTp
ATKasulWAa KaTHala onMainaunap, UYyHKM ynapra fuuH Gapua
JHepreTWK cat/;nap 3NeKTpoHnap 6unaH Tyna Ba y catnapra ytuw
Maynu NMpUHLMNUTa acocaH TaKMKMaHraH. XapopaT rpagueHTu Ba
TaWKU 3NeKTPUK MaiJOHHM (hakaT OKOpU 3Hepruanum (£=4kT)
9MEKTPOHNAprMHa «ce3a» Ofafgunap Ba ynap 371eKTp TOKM Ba WuC-

CUKAWK yTKasuwpda KaTHawagunap. byHgaH 3ommepdens
SKWHUAArU 3MeKTPOHMAap XonaTWrMHa MeTanfapHM TFCCUKAMK Ba
3MEKTP XOCcanapuHU aHUKnaiigu geraH Tyrpu xynocara Kengu.

3omMMmepden Mogenura acocnaHub MCCUKNUK CUTUMUHU TO-
namms. MyTNoK wuon TemnepaTtypaga METaANHUHT  GUPIUK
X,KMUArn 3NeKTPOHNAPHUHT TYIMK SHEPTUsCU

& (4., .3l
EgiE)dE= ~ T (10.58)
o} 5n\ T,

MyHocabaTt 6unaH aHWKNaHagn. NeKTPOHAap 3MUANTK
3

2TE (10.59)
2n - n-
Oy MWNHK Xmncobra oncak,

3NE
' (10.60)

Kenn6 udmkagn. Oemak, T=0K 6ynraHga xap 6up 3neKTpoH ypTaya
n
-Ey 3Hepruara ara 6ynagu. HongaH thapknu Ten TepaTypanapga

MCCUKNMK XapakaTu HaTwxacuja Ep gaH nact’ okgarn cat\gaH
anekTpoHnap Ep gaH rokopugarn catx,napra 57mé typagu. LUyHWMHT
YUYH HOMZaH (hapkau Temnepatypaja

n = ieg{E)f{E)dE
) o]
eKn

W=m ENdE (10.61)

2m £ -£>
1+ exp
KT
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Bab3n copgpanannupulnapaaH CYHT y|_u6y MHTerpaJ'IHI/I!
>;1c06na6 k T « E f yuyH

4f - (10.62)

MyHOocabaTHMU onamu3. bByHga)! 3neKTPOHNAPHUHT NCCUK. MK
curmuMm Ce y4yH

nnAk-T
C,= 10.63
aT 2E. ( )
HaTwkara kenamus. Knaccuk(mymTtos) curumum Cg-,,=(3/2)/rA'bunaH
6enrunacak.
ny T
CTEA
ndoga x;ocun Gynaanm. SNEKTPOHAAPHUHI WUCCMKNUK curumn Qg
cupumpan Ep/3kT mMapTa KMYMK 3KaH. bab3aH GyHW MeTannapHWHT
WUCCUKNUK CUTUMUHKU aliHuwKn ae6 \am atanagn. kT« Ef wapt
GaapunraH 3MeKTPOHNap rasvHW alHUraH 31eKTpoHIap rasm fe6
HOMMaHagu. MeTannapHUHr  Ty/MK, WCCUK MK curumn  [ebali
KypcaTraHfeK naHXapaBuil TallKWA 3TyBUMAAH Ba 3/EKTPOH rasu
NCCUKNUK curmMmn Cc faH ubopat. lMacT TemnepaTypanapga naH-
XapaBuid TalKun 3TyBuM P ra, aca T ra nponopuunoHan, Ly-
HWHF Y4yH Ce HWM MacT TemnepaTypanapfa ynyaHagu. SNeKTpoHnap
CONMULITUPMA WCCUKIUK CUrUMUHKM Pepmun caT\mgary \onatnap
3nunurn g(Ef) opkann mndoganaimMms MyMKUH:

-C., (10.64)

Xynoca K6 WYHU adTUW MYMKUHKW, MeTannapHUHT WC-
CUKMWK CUTUMM acocaH MKKMTa KUCMAaH TallKWA TOMraH;

Cp=AT +BTA (10.66)

BUpuHUM  KywnnyBuMnap MeTaiapdarv  3MeKTPOHMapHUHT
ynywu 6ynub, 6y curummra KnacCUK(MYMTO3) wasapuanapaas
(hapknu ynapok, gakaT sHeprusacu ®epmu sHeprusacm E/-gaH Kart-
Tapok bynraH anekTpoHnaprmHa \mcca kKYuwa onagu. MacT Temne-
patypanapga (T-~OK) yw6by Kywunaysyn My\MM YpuH TyTaaum.
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MKKMHYM KyTwuayBYM MeTannap KpUCTann mnaHxapacu Tebpa-
Huwnapu (hoHOHNap) xuccacu 6ynub, ynap HOKopu TemnepaTtypa-
napfa kaTTanawm6 6opagu. MacT TemnepaTypanapfa y HOMra WH-
Tunagn (10.2-ynsma). KOKopu TemnepaTypanapfa, XymnajaH XoHa
Temnepatypauja, NCCUKYMK
CUTMMUWHUHI MaHXapaBuWH Tall-
kun atyBunMcu G/ Ce ra Hucba-

TaH aHya KaTTa, WYHWHT yuyH C;
HU \ucobra onmaca \am 6ynagm.
YWwoy UKKN CUrMMHKU Taxpubaga
ano\nga ynyab ynapHuWHr tcmne-
paTypanapra 6o{'nmk,nuT QYHK-

UMACUHM  @aHWKNAWUMU3  MyM- 10.2- un"ma. Mera7nH[)

M 6 CUTMMN. CUTUMWUHWUHT
KnH.  MacanaH, 6up Mon MHe T'awkvn anyiA0z
yLIyH q, = 0910 % ﬂT Ba nNan- 9NCKTPOH TalWlKWNN 3TyBYUCHK.

naguii yayH 0=1.6-10" AF6ynuWLIN aHUKNAHTaH.

10.2.2. MeTannapHUHI CoNUITUPMA 3NEKTPUK K;apLUNTNTUHUHT
TeMnepaTtypa KoappuuneHTn

MeTannapHWHI 3MeKTP Kapwuauru TemnepaTypara 60rnuMk pa-
BMwda ysn/pagn. Temnepatypa opTUWN 6unaH K pwuank optub 60-
pagn, naeairaHga aca mabfiym 6Gup TemnepaTyparava naraiin6 6opa-
an. Kyga nact TemnepaTtypanapfa MeTannapHUHI  CONMWITUPMA
Kapwuaurr Maixnym 6up Kuiimatra pfg ra apurvagm Ba VTemnepartypa
y3rapuwura 60rnuk 6yn.maiign, pg metanngaru 8T apr TaliMaHapra Ba
HyKcOHNnapra 6ornuk 6ynmb, yHu KONAMK Kapwunun feé xam ropu-
Tunagn. Xo3upru TacaBBypnapra Kypa, MeTaa/HYHI COAMLITUPMA
3MEKTP KapWwuINrA 31eKTPOHIapHUHT (DOHOHMAp Ba HYKCOHnap 6u-
NaH TabCcupnawyBsuiaH Kennd 4mkagun, SbHU

P=Pg¢ +Ps (10.67)
eKn \TKasyBuYaH/IUK opKaaun éscak,

Lt : (10.68)

cr aq) 0,.

Oxuprn ukKkum wudoga MaTTuceH Kpugacu fAel HOMAAHAAW.
FOKkopMm (xoHa) TemnepaTypanapuja conuwrup”™(a KapwWuianKHWUHT
Temnepatypara 6ornutoiHru
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p=Po(1+a7) (10.69)

KypuHuwpa  6ynagu, GyHAa a -  CONMWITUPMA  3/EKTP
KapWwuaMKHUHT TeMnepaTypa KoaduumeHTn ne6 atanagu. bGabsu
mMeTanfiap yuyyH a NuUHT KuiimaTtnapu +O.1- agBanga KenTupuarax.

10.1->kagsan

Ne MeTann vomu MeTtann nomu
ANOMUHNIA 1.2 12 Kanaii 4.4
Bondgpam 13 MnatuHa 3,9
Temup 14 KyprowwuH 3,7
ONTuH Cnmob 1,0
KoHcTaHTaH 0,05 16 Kymyw 4,1
ez 0.1-0.4 17 Pyx 4,2
MarHwuii 3,9 18 Mynat 1-4
MHe 4,3 19 MaHraH 0,01
blHKcNMH 0.1 20 YysH

10  Hvuken 6,5 21 dekp; 1 0,1

11 Hwuxpom 22

MyTnok Honra fkuH TemnepaTtypanapga (10.69) udopga 6axa-
punamMainamn, yHaa conrnmTupMma KapliuankHy

P=Pa+ /19 +"P (10.70)

ngona 6unaH aHuknanagu. Ywoby MmyHocabatgarm BT KyLWuWayBuu
3NeKTPOHNAPHUHT uanxapa TebpaHuwnapun 6unaH TabCUPUHK
\uco6ra onagu, AT 3ca 3NeKTPOHNAPHUHT Yy3apo TyKHallyBU
)™cobura )(ocun 6ynraH kKapwuaukaup. A Ba B nap TemnepaTypara
6opnnk 6ynmaraH goumuiinapaup.

10.2.3. ¥YTa yTKas}4aHNHK

XapopaT nacanuwmn 6unaH wmeTtan-
NapHWHT CONUUTTMPMA Kapwuanurun pg
ra MHTUNagn. MeTarin KaH4ya TO3a Ba
HYKCOHCM3 6ynca, pa LWyHYa KUYUK
6ynagn. bab3n MeTa.NfapHUHT  3M1EKTP
Kapwunurn matnym 6up nact Temnepa-
Typara eTraHfa KeCKuWH Kamaiinb Honra
TeHr 6ynn6 Konagu. 10.3- Ykma. YTa
By xoguca yra \nK;rsyBuyaHAuMK Xo-  YTKasyBHAHNVKKa OWj Hu3Ma.
aucacu feb HomnaHagu. YHu 6GUpuHUM
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i- M6 19m AMAWM TonnaHAnANMK QU3nMK X. KamepnnHr-OHHec cu-
1064a Kysatau (10.3- 4ymM3ma). X,apopaT nacaiimé 7/=4, 5K ra eTraH-
[a CUMOGHWHT 3MeKTP Kapwwuaurum 6upgaH  iA'ykonap 3KaH, SibHM

uonra TeHr 6ynagu. ~'Ta yikasyBUYaH/AMKKa yTull TemnepaTypacu T

SKIH nnnnprava 23K gaH (N5366) opTmaraH agu. by aca ynapHu
haH Ba TeXHWKaAa KeHr KynnaHuwura TYCK MHAUK KWNapaun, 4YyH-
KW nact TemnepatypanapHu >(ocun KWUAWW  TeXHWK ku\atgaH
KWANH Ba KummaTaup. 1986 iunu Hemuc ¢usnrn Mionnep ba,
Ba Cu, O napgaH Ty3unraH Kepamuk kKoTuwmaga 60K pa yta
YTKa3yBYaHIMKHU Ky3aTau. KelumHpok, ba HU V 6unaH anmawitu-
punraHga Y-Ba-Cu-O kepamukaga 7 = 94K 3KaHauru
aHUyl1aHan. By AHTMAMK KaTTUK, XXUCMNap (U3NKaCUHUHI KaTTa
loTyrm 3gu. Ywby 5>Ta yTKasyBuYaH MaTepuannap Y4yH CYIOK
a30THUHI KaliHaw TemnepaTtypacu = 77, AK gaH Xx,am owunb
KeTau. by aca ynapHWHI TexHUKagarn KynafnaHUAUWMWHW Ba ynapHu
ypraHWWHY aH4ya OCOHNAWTUPAN, YYHKWU CYHOK a30THU ONINL HUC-
6ataH OCOH Ba ap30HAMP. YTa yTKasyBYaH/IMK X,04Mcacu OYnnraH-
[aH CyHr 46 linn faBommnaa yHra Xed kampam abtubop 6Gepunmagu.

1957 iivnn bapauH, Kynep Ba Wpugdep 6upmHumn 6ynné yrta
yTKa3yBYaHANK  HaszapuacuHm  unwnab uyumkgunap (BKW —
Hazapuscu).

YHra acocaH, MmeTannapgarum WKKW 31eKTPOH opacuparu ysapo
TabCUP 3HEPTrUACUM UKKM KuUcMmpaH mbopar,

Y = (10.71)
ynap opacugarv KynoH TabCUp Ky4dlapUHUHT MoTeHuuan

HEpPrusicu. JOWM HONAaH KatTa 6ynagu, SbHU 31EKTPOHNap

6up-6upura Kapama Kapwu Kyunap 6unaH Tabcup aTtagunap.
— aca 3MeKTPOHNAPHUHT KPUCTann naHxapa 6unaH

TabCUpP 3HEPTUACUHMU ndoganangm.

By aHeprua nacT TemnepaTypanapja MaHpuii 6ynuwimn >am
MYMKWH 3KaH. By 3ca 3NeKTpOHNapHWUHT KpuUCTana MaHxapacu BO-
cutacmpa 6up-6mupuia TOPTHAMWMKMHKM 6ungnpagn (MabayMKnW, WUK-

3appa opacuparnm TabCup 3Heprusacu maHgwuii 6y>nca, 6y 3appa-
nap ysapo TopTuwagn).

BKLU Hasapuscura acocaH aHa Wy Kyd4 TabCcupupa 31eKTPOH-
wep 6up xun 6ynuu/ura Kapamaih ysapo KydTaap  x;ocun
Kunagunap. YnapHu Kynep XydTnapu ge6 atangu.
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Kynep XygTnapugaru 3eKTPOHNAPHUHT CNUHNapu K,apama-
Kapwu iyHanraH 6ynu6, yMyMuin CNmMH HOATa TEHT, WYHUHT Y4yH
ynap Bo3e-3HWTeNH cTaTucTukacura oyincyHagu. Ta
yTKa3yBYaHAUK Xocun Kunuwpa Metannapga Kynep xydtnapu
acocuii ponb yiHahgn. Kyn \onnapga Kynep Xy®(@TnapuHUHT yTa
OKYyBYaHNWK 6unaH kKuécnab, bo3e KoHfeHcaTu Ae6 ropuTunagu.

XO03Mprn KyHpa yTa 5TKa3yBUYaHAMKHUHI OOLWIKA MexaHW3MNa-
pu (MacanaH, 3KCUTOH MeXaHW3MMW) Tyrpucuga s[Hru Qukpnap
MaBXyd. 'b'Ta yTKasyBYaHAWK MexaHuamaapu TYyamkK wwnab
YMKMaMaraH Ba \o3up M34un M3naHuwnap 4aBom 3TMOKAaA.

10.2.4. MeTannapgarv TepMO3/IEKTPUK xoaucanap
10.2.4.1. 3eebek athdekTn

MHruuka meTtana CTEpPXEHHU O0AU6G YHUHT WKKW YUYUHU Ba
72 TemnepaTypanapga caknainmui. CTepxeH 6yiinab Temnepatypa
thapkn nainpgo 6ynagn. Wccukpok Temnepatypanu yuumjaH co-
BYKPOK T2 yuura kapab WCCUKAUK OKUMMW BYXyAra Kenagu. XoHa
TemMnepatypanapuja WUCCUKIAMK acocaH KpUCTann naHxapacu Teb6-
paHuwnapu xucobura GOHOHNAP OpKanu ysaTunagu.

TemnepaTypa rpagumeHTn (thapku) MeTal/IHUHT WKKW yumja
3NeKTP OPUTYBUM Kyd (3.t0.K) E xocmn kunagu. by xopuca 3eebek
apekTn ae6 HomnaHagn (yHu 1821 iinnm Hemuc dmsnrm 3eebek
0uraH).

Xocun 6ynraH 3.10.K Temnepatypa 7-1-100" C 6ynraHaa,

E=o.(Tr T2) (10.72)

nosa 6unaH aHuknaHagun. byHpa a - 3eebek KoahuuueHTH
(Ekn TepMO 3.10.K KOappuueHTn) fe6 atanagn. CTepxXeHAa tepmo
3.10.K HUHT naijo 6ynuwiun Kyiingarunya n3oxnaHagu.
CTepXXeHHUHT UCCUK yuMAaH COBYK yuura iyHanraH poHoOHNap
COHW COBYK YyuuaaH MCCUK yuura HyHanraH POHOHNap coHuAaH
Kyn 6ynagu. ®oHoHnap ysnapu 6unaH 6upra apKuH 3nekTpoHnap-
HU 3prawTupub kKeTa onagmnap. HaTuxaga CTepXeHHUHTr coByK
TOMOHUAA 3MEeKTPOHMAap COHW Kynalmb KeTagu, UCCUK TomoHuAaa
3ca opTuK4a mycbaT 3apsg naigo 6ynagu. By aca cTepXeHpga 3.10.K
HU BYXyAra Kentupagu. 3ee6ek apMeKkTV MKKU XU YTKa3rmy 6up-
6upura ynaHraHga xam Kysatunagu. byHga temnepaTypanap dapku
YTKa3rM4apHUHT ynaHul HyKTacu 6unaH 60lWKa yuynapu opacupa
X0CUN KunuHagun. Ywoby xonga xam (10.72) ndoga ypuHnau 6ynagm.
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NI 0 yNnaHraH WMKKWU XUN YTKasrmuiapHu TepMo XydT fe6 atana-
, l0.2-KajBanga 6uMpu KyprowuHgaH 6ynraH TepMo >XydTnap
YH a HWHT KuiimaTnapu Kentupwarad. >Xagsangaru MaHgpuii

ywopa TOK WKKUHYM yTKasrnygaH KYPPOLWMH yTKasrnMy TOMOH

OKa&TraHWHW aHrnatagu.

10.2->kapgBan
N McTan-"H-P1) a,10” B/K Ne McTann+Pb a,10-%/K

Temup 15 Cumo6 -4.,4
MonnbéaeH 7,6 13 MnatvHm -4.,4
Kaamuii 4,6 i4 Hatpuii -6,5
Bondpam 3,6 Ma-1nagnii -8,9
Muc 3.2 16 KaJTlliA 13,8
Pyx 3,1 17 Huken -20,8
OnTuH 2,9 18 BucmyrT 68,0
KymyLu 2,7 19 Xpomen 24,0
K,anav -0.2 20 Huxpom 18
MarHuii -0,0 21 Mtiowmen -17,3
A.MIOMUHWNI -0,4 22 Konen -38

23 KoHcTaHTaH -38

TepmoxydTnap épfamnpa HOKopuM TemnepaTypanapHu ynyaul
Kynaii. XXagBangarn KenTWpuUAraH HaTuxkanapHu Xypa aHuUK [eb
6ynmaingn, YyHKM TepMO 3.10.K KMAMaATW meTannap ynaHraH >oi-
parn 8T apanawmanap, Kpuctann AoHayanap MyHanuwmra Kyunu
6ornuk dynagu.

10.2.4.2. TomcoH ahheKTH

Ooumnin TemnepaTypa apky XOCW/ KUMWHT H MeTann cTep-
XXEHHN KYpMb YMKamMm3. YHUHT UCCUK yunm TemnepaTtypacu [/, co-
BYK y4n TemnepaTtypacu 7~ OYACUH. 5TKA3rMYH1 JOUMMUIA TOK MaH-
6aura ynanmms.

YHAaaH 371eKTp TOKWM yTa 6ownaign Ba XXoyn-JleHy KOHyHUra
Kypa

(10.73)

mukgopaa Xoyn wuccukgurm axpanmb uyukagun. byHga 1 —
cTepxeHparn TOK kyuw, K - YHWHI 3/IeKTp Kapwwuiuirum Ba t —
TOK yTuw BakTW. 1356 Wunm uHrans dusmrn Y. TomcoH (nopg
KensuH) roKopuga KeNnTupuaraH Lonmuii Temnepartypa
rpagueHtura 3ara 6ynraH (6up yum Ba WKKWHYM yum T2
Temnepatypanu) TOKAM 5TKasrmuga Xoynb uccuknurum OX AaH
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Tallkapu fiHa KylWuMuya WCCUKINK MUkwpu — 0$ axpanuo]
YUKW KN, EKN HOTUANWMN MYMKUH 3KaHAUTUHW ONAUHAaH aliTm6]
6epaaun. By ukp KelinHYanuk gpaHuys ¢pusnru flepy taxpubanap
puga Tacguk™aHgm Ba  TOMCOH  3adgekTn feb6 HomnaHau]
ANj'TKasrmyja axpanué ynkaétraH TYAUK UCCUKNNK MUKLOPK

(10.74)1

KypuHuwaa é3unagn. 0$ HWUHT uwopacum TOKHWUHT Ba Temnepatyp”?
rpagueHTUHUHT  y3apo  AyHanuwwura  6ornuk-  Arap  Tofll
5 Ka3WMUYHUHT COBYK yunfaH UCCUK y4yu- TOMOH MyHasnca, Myc1
6aT 6ynmM6 yTKasMmuyga K>'WKMMYa MUCCUKNUK MUKJOPKU axpanuno!
ynkagun. byHfna meTanngarn 3neKTpoHNap UCCUK yuyupaH COBYK yun'!
TOMOH WyHanagu. TOK MyHanuUWMHK Teckapura ysraptupcak, QJI
MaH(pUn Ba UCCUKAUK KOTUNALMN.

MeTannapHUHI 3pKWH 3N1eKTPOHMAap Hasapusacu pgoupacupal
ywoby \oguca Kyinupgarmya mso>ylaHagu.

YTKa3rMYmmHr MUCCUK KUCMUZArn 3eKTPOHNapHUHT ypTaya!
KMHETUK 3HEepPruacu COBYK KucMmparuwpaH katra oynagu. Tawku]
3NeKTP OPUTYBUYM Ky4 TabCcupuia 31eKTPOHAAp MeTaNfIHUHT COBYK]
Kucmura kapab pgpeid \apakaT KunaraHga, COBYK Kucmra eTn63
Kenray, KpucTann naHxapacu uoHNapu 6unaH TykHawwub, 6up’
KWeM aHeprusnapu HW ynapra 6epafu Ba «COBUAW».

HaTtmxaga yNapHUHT ypTaua KWHETUK aHeprusacu
YTKa3rMYMmMHIr COBYK KWUCMWUAArW 3NEeKTPOHNAPHUKM OunaH TeH-
rnawagun. byHpa yTkasrmyga kKyuumimya Qs MUKAOPAA WCCUKAUK
axpannb ymkagu.

Arap TOK WyHanuwwWHW y3raptupcak, COBYK 3/eKTpoHNap
YTKa3arMYmmHr MccuK Kucmura kapab \apakaT kunagu Ba Tepmo
OAVWHAMMWUK MyBO3aHaTra Kenull Y4YyH naHXapa WOHNapUHWHT 6up
KWeM 3HEpPrusicMHu tTagm. TOMCOH WCCUKAUTM QS yTKasruupgaH
OKWG yTraH 3apsag MUKAOPW Ba YHWUHT yynapuparu Temnepartypanap
thapkura nponopLumnoHan;.

Qs=AAK(TIT2)itm (10.75)

ByHpa Ty. TOMCOH KO3a(h(uueHTN aeb aTanagu.

Ywéy wupoga XoHa TemnepaTypacura SIKMH Ba YHYa KaTTa
GynmaraH TemnepaTypanap opanuruga Gaxapunagn. TOMCOH Hasa-
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CMTa aCOCOH, MKKMW YTKa3rnufaH scanraH TePMOXY(DTANKNAPHUHT -
"N'3ee6eK KOIPHULMEHTU TOMCOH KOIPphULMEHTHUra 6OrInK, 3KaH.

- (10.76)
@ar

Oxuprn wugoga TomcoH Ba 3eebek "ogucanapuHu Yysapo
6opnoBun MyHocabatgup.

10.2.4.3. TenTe appekTHn

WKKn Typgarn 6up Xun Temnepatypanu yTkasruy 6up-é6upura
ynaHraH >oigaH / TOK yTraHfa, Yy Xolja Kylwmmya neen K
MUBLOPU axpanubd umkuwmn ékn oTunuwm ?(ogucacu Mente ad-
ekt feb6 atanagu. by x,0amMcaga ?aMm UCCUK MKHUHT OTUIUAWN
EKM akpanumb uYmk,MWwKn TOK WyHanuwura 60ramk,. X,0aucaHu 6UpuH-
um 6ynm6 834 Wnnum paHuys gusnru XK. Mente KysaTrax.

AXpanné UMK KaH NCCUKINK MUKLOPU

a,=/Aq (10.77)

nhoga 6mnaH aHubyTaHagu. byHpga
AN=(a]-a2)T (10.78)

6ynn6, N Hyu Mente kKoappuumeHTn geb6 HoOMMaHagu.
a.\,a2 nap aca yTKa3rn4ynapHUHr TepmMo3anekTpuk (3eebek) Koap-

hunymneHTnapu.

Mente )Mogucacu Kyn X,0nnapga 3/feKTp TapMOK~Tap y4yH 3apap-
AMANP. INeKTp 3HeprusiHM ys3aTuwaa Ba (oljanaHuiga Typau
XWUA yTKasruunap KynnaHunagu (aNlOMUHUA, MUC, XKEe3, HUXPOM Ba
6owkanap). YnapHuHr 6up-6upura ynaHuw Hyk;Tanapuga aca

toigacus kywumya @, MCCUYIMK MuKAopU axpanub uuk,agu.

By MCCUKAUK YTKA3rMy KOHTAKTMApUHUHT K,M3uwura onnb kKenagu.
HaTwmxaga yTKasrnuynapHuHr atmocdepagarun kucnopog 6unaH ok-
cugnaHuw >kapaéHu (3aHrnawm) Tesnawagn. Ywoby xogmca 6unad
Kypawwuw yuyH, (10.78) wudopagaH KypuHuo typubaukm, (apO3)
WA kamanTtupuw Kepak. By )"onnapga 3ca ynoBuYM Kypunmanap
(poseTka, BMAKa Ba \.K.) MaTepuasMHUHI a cu Ba a2 opanuruga
TaHnab onuHagm.

MacanaH, anlOMUHWUIA Ba MUC YTKa3rMUYNapHUHE  ynaHuL
Hyk, Tanapuga xe3 nwnatunagu.

225



Mente agdekTn Typau MeTannapgaru  31eKTPOHAAPHUHT W
ypTaya 3Heprusnapu 6up xun Temnepatypaga \am Typauua
6ynuwn 6unaH TywyHTupunagu. [fapx;akmkat, meTanngaru anek-
TPOHMAPHUHT ypTaya 3HEPrUACKU YNapHUHT 3HepreTWK CRekTpura
KOHLeHTpauusacura Ba 3HEPrusicUHU WYk OTWLW MexaHuM3maapura
60rnunkK,. SNeKTpoHNap 3.10.K Tabcupuga 6up mMetanngaH MKKUHYK-
cura yTraHfga y3UHUHT opTutya 3HEPTUACUHU KpPUCTana naHxapa-
CM MoHNapura 6epagun, €KW 3NMEKTPOHHUHT 3HEpPrusicu kam 6ynca,
Ky MMYa 3HEPrus oTagu.

By xoguca 3neKTPOHMApPHWHI ypTaya 3Hepruacum Gapky kaTta
6ynraH “kasruuynappga (macanaH, MeTann — ApMM "~Ka3rny KOH-
TakTuga) §kK,Ko0n HamMo&H 6ynagu. Mente agekTMaaH TexHuKaga
COBYTKMUYap Talépnawaa goiganaHunagm.

10.3. MeTannapHWHI 30Hanap Hasapusacu

30Hanap Hasapuacura MyBOMMK; KaTTWK; XUcCMmnapgaru anek-
TPOHNap 3HepPrusAcu KeTMa-KeT XoinawraH mabaym Oup 3Heprus
opanuMKyTapuiaru K;uiiMaTnapHUruHa k;abyn k.una onagu. By sHep-
rus opanuk/rapu pyxcat 3aTUNraH aHeprusa 3oHanapu fe6 atanagu.

JnekTpoHnap K,abyn Kuna onmaiguraH  aHeprus  opa-
NNK"apuHWU Tak,MK aHraH 30Hanap gehnnagu.

MeTann atomu énrm3 TypraHfja yHparu 6apuya 3nekTpoHnap
aHWK, aHeprua k™ uinmartnapura ara 6ynaau.

YHra MKKMHYM aTOMHUW SAK;MHNaWTUPCaK, ynapjaru 3/eKTpoH
6ynyTnap ysapo Kupula 6ownangu.

JHepreTuk caTxgap Ba YHAArun 3neKTpPOHNap MKKana aTom Y4yyH
yMymuii 6ynué k;onagn. JlekuH, lMMaynm npuHumMnura acocaH 6up
3HEepreTUK carTxja WMKKUTA K,apama-K,apwiyv CAUHAW 3NeKTpoHnap-
LaH OopTMKYa 3NeKTpoHNap >Xolnawa onmMaingu, LWYHWUHT Y4YyH
CaTX;NapHUHT KeHrammwm (anHuwmn) kysatunagu. X.ap 6up catx
MKKNTa éHMa-EéH >olinawraH cat”ra aifaHagu. QHAM arap aToMm-
nap COHW WKKMTa amac, Xypaa kyn (H T1a) 6ynca, KeHrairaH WKKu
catxfiap opacupa fiHa N-2 Ta caTx xolnawaaun. Hatuxkaaa énrus
aTOMHWHI 3HepreTMK caTxBAaH pyxcaT aTWAraH 30Ha Xocun
6ynagn.

30Hauarm catxnap opacupgarv apk; Xyga Kuumk 6ynagu
(MaKpoCKOMMK  KpucTannap Y4yH), [LWYHWHT Yy4YyH YHAaru
3NeKTPOHNApP  3Hepruscu  Aedapnam  y3nykcus  ysrapagu  feb
ONNWNMMN3 MYMKUH.
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10 4- 4u3Maja HaTpuil MeTanu
-omnapunuwnur 35Ba 3p caT)ylapUHUHT
KeHralimwu KypcatmaraH. YusmagaH
KypuHu6 TypubANKU, HATPMIA aTomna-
pn opacuparn macoda Kuupainunb 6op-
raH capu cat™nap napyanaHulln Kat-

Tanawagu-
byHpaa o HopmaT wWapouTga Ha- y
TPV KpucTanau aTtomapu opacu- ANB3 Hatpuii metannuga
parn macoda. demak, HanVIVI 3N1eKTPOHNAP 3HEprusanapu 3oHacu
aTtomnapu Kpucrtann xonatfa 3/7 Ba \ocun 6ynnwn.

35 caT)ylapu KeHranmé 6mp-6upnHM Konnab KeTyBUYM pyxcaT 3TUN-
raH 30Ha XO0CMN K,unap 3kaH. 30Hanap Hasapuacura acocnaHuo,
MeTanfapHUHr, KonaBepca 60LWKA KATTUK XWUCMAAPHUHT (U3UK
xoccanapuHu TYWYHTUPULW aHya Kynain. MeTannapHUHI 3NeKTp
YyTKa3yBYaHNUIK 30Hanap Hasapuacupja ynappa afiekTpoHnap 6unad
TYNUK TyngupunmaraH 3HepreTukK 30HanapHWHr 6opaurun 6Gunaw
TYLWYHTUPUNAAN.

ByHpali 30Hafa 3MeKTPOH Y3 3HEPrUACUHU Y3YNYKCU3 KUUUK
Kuiimatnapra ysraptupa ofagu, 4YyHKW 30Haga Tyagupuamarad
cat™nap Kyn .

ByHaaih uvana Tynaupunrad
30HaHU YTKa3yBYaHIUK 30HacK

ne6 xam atanagun. 10.5- umsmapga 2
NNTUIA KPUCTaNNIMHUHT 30Hanapu 1$ 281
KypcaTunraH. QHI nacTKM 30Ha

b — CaTXHWHI KeHranwunaaH )

Xocun 6ynraH Ba y 3/1eKTPOHNap ’ * fa

6unaH Tyna. YHW BaneHT 30Hacu

'u'e6 aranagn. 73 — CaTXHUHT ait- 10.5-pac™m. JINTUIA MeTanmpa aHeprus
HUWK (napyanaHuwmn) xmcobura 30Hanapu \ocun Gyauwm

\ocun 6ynraH WKKWHYM 30Ha

aca 4ana (spmu) TynraH. YHparn 3sMeKTpoHiap 03rMHa Tawku
TabCUP HaTUXacupa 3SHeprusnapuHu owupuwiapm MyMKWH. bBy-
HUHT  y4yyH 30Hafja Oyw catxnap maexyd. Kpuctanara Tawk?!
3NeKTp MaifoH Eku TemmepaTypa rpaguMeHTU KyhWnnraHga WMKKUHYK
3Hagarn 3NeKTPOHNap OCOHAMK 6unaH Y3 Te3nuknapuHu, XapakaT
MYHaUWMHN Ba 3HEPrUsinapuHun ysraptupa onagunap. Jiutuin kpu-
NAaNNVUHWHT 3/1EKTP TOKW Ba UCCUKIUKHU AXIIN YTKASUWWHU aHa wy
YTKa3yBYaHINK 30HACKM MaBXYAnuru 6unaH TYWYHTUPULL MYMKWH.

227



YMyMmaH 6apya MeTannap yyyH aHa WyHAalh 4Yama TynraH 3HepreTuk
30HaNnapHUHT Gynuwmn xocaup. MeTannapHWHI 30Hanapu Ty3MAnWuU-
HU 3 Typra aXpaTuil MYMKWH.

BupuHumn Typra rokopuga
K5"raH NUTUIA KpucTanu Mu-
con 6yna onagn. byHpain me- BiHiop

Zz |
TaNNAPHUHT  30Hanapy oup- K o8
6MpMHM Kpl—lnal/llall’/I ynap 1Y MWPU.TT3H 1OHA
anoxmupga axpaTunraH Xx,0nga Mar dhww e
XoWnawagunap Ba Kyiu 30- rynnupnnran -jona

HanapgaH 6upun K,onjaHMaraH

Oynagn (10.6- uusma,a). Pac- 10.6- um3ma. IHeprua 3oHaNapuHUHT yuTa
Ma KaTakK uuM3nk”~rapga snek- xycycuii \onu

TpoHap 6unaH TYnraH

caTxnap 6enrunaHraH, A —Kopuaarn 30HaHWHI nacTky Yerapacu (Ty-
6u), B — nactgarv 30HaHWHT WKWK,

MKKUHYM Typgaru 30Hafja HaTtpuil KpucTanimHu MuUcon
Knauwnmni  MymKuH. ByHpali  MeTannapfja nactgarum  30Ha
TynmaraH 6ynué tok“opugarn 30Ha nacTKuM 30Ha ycTura K~ onnaHu6
KeTagn (10.6- yusma, 6).

HaTuxaga Xyfa KeHr yTKasyBYaHAWK 30Hacu xocun bynagu.

YunHuM Typgaru 30Haga MacTKM 30Ha 3/eKrpoHnap 6wunaw
Tynagu, nNekKuH oKMopurn 30Ha GunaH  KMomnaHWW  Xucobura
yTKa3yBYaH/IMK 30Hacu Byxyfara kenaau (10.6- ymsma,B). byHra mar-
HUIA KPUCTAIMHU MUCON K,UAUWUMU3 MYMKUH. MarHUWAHUHT 3/1eK-
TPOH KOHGurypaymscn [\s"2s"2fP'isL, KypuHuwWwra 3ra. MarHui
aTOMUHK Gapya 3aHeprusa caTxnapu 3NeKTpoHAap 6wunaH TyNANPUATaH.
Arap mMarHuin kpuctanamupa catxuvap 6up-6upuHM K~ onnamacfaH KeH-
rairaHuga y wusonatop OynuwWy Kepak 34u, YYHKM yHAa 4vana
TYNAUPWUATAH caTX Wyk,. AcCnupa aca MarHuii kpuctannmparum bp caTx
KeHranmwm Hatmxacmuga 3" caTx 30HacMHWM 6Mpo3 Kpnnab Typagu.
Hatuxaga 35 caTx tok;opucmpga 6w catxnap xocun éynagu. LLyHUHT
YUYH MarHuin xam Metannap XoccaCMHW HaMOEH K™Mnagu.

10.4. MeTtannapfa 3NeKTPoH 3IMUCCUACK

ONeKTPOHNApPHUHT 6UPOpP TabCUp HaTMXKACKMAa MeTanngaH yuynb
UMKULW XOAucacu 3NeKTPOH 3muccusacu feb atanagn. DNeKTPOH
IMUCCMACKU acocaH yy xun bynagun; TepMO3NEKTPOH, aBTo Ba (OTO
amuccua (Tawyn GoTo aPpdexT).
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Meici'itHii  KH/iHpfaHii\jli:ii(.'i yHWHI cupTMANH 3NeKTpoHNap-
\in6é YNKWUWWHKU TEPMO3NEKTPOH 3MUCCUACU Aeb rMmnnanu.
Viiiov \osizicanapHu Ty|uyHTMpuun]aa MeTana HYHAaru Typau xapa-
ciii.ipiimii a\amuaTH yH4Ya Kana 6ynmaraunurum yudyyH, noTeHyunan
yoil  moncmgan  (WO¥nanaHunapn.  Monenia  acocaH  meTann

ivievikem W A +@dF noTtonTtan ypagaH Tawkun TtonraH. By
Aieprvs MaHpuin 6ynraHAMrn yuyyH mMeTann 6GunaH 3neKTpOHNap

opsicunt;)  ToOpTURNWJ Kyuu MaBxyg. E  371eKTPOHNApHWHT Mak-

CMMan KWHETUK 3Heprusacu, ¢ -

4-KIAT mwn Ba ¢ — MeTanJHUHT f A
y3yHurn (10.7- ynsma).

' MeTtann KusgupunraH. capu uc-

dfK'iHK hnykTyaluanapu HaTuxacu- W

Ja aHeprudacm E>W 6yjnaH  3nek-

TpoHNap coHu opTn6 6opagn. by

3NCKTpPOHNapHuw- 6up k'icmh wme- d
Tann cuptura yumb uyumkagu, 6up
KMo 3ca CMpTAAH opkara KanTagw. 10.7- umsma. Y/AKWLL muimnHL,

TemnepaTypa oLWraH capM MeTaan TYWYHTUPAANTAH Hiuma,

CUPTUAAH YMK™N'BYM 3NEKTPOHNap co-

HW To6opa opTM6G 6Gopagwn. Jlrap meTannra TalK.M 3MeKTP MailgoH
K3¥cak (byHaa MmaHpw"! k>T6HM MeTannra ynanmus), metanngad
yunb uMKMJaH 3NeKTPOHNAap 3/1eKTP TOKM XOoCcun K vnagn. Xpcun
OynraH TOK 3U4YLW'N VAVH

- 10.79
S (10.79)

MyHOCabaT ypUHAW 6ynaau Ba YHW PuyapacoH-3wiMaH K OHYHM

ne6 atanagn. byHfa r — 3NeKTPOHAAPHUHI MeTann CcupTugaH
W nwvw KO3 (PTaLeHTH, n
(etk2/2a7/P) = 1.210  M{AP-k-).
Uk mwm ¢ 6mnad /1(1-r) napHwu
[ 7A%
M/'rb  HuHr 1/7 ra 6orank™nuru T ~—d/K

rpagurmgaH  Taxpubaga  annicriaui
MYMKWUH (10.8- 4M3ma).
FpathukHU opauHaTa yK.M 6umnad
KeclunraH HyuTacu /1( 1-F) ra TeHT 0.5 uuama. TcpMoj.icKTpoH TOKHUHT
6yna]'||/|. ornuw 6ypqar|/| TaHreHcu TCMMcpaTypara 60or.4aumLM.

229



aca (-p/A) ra TeHr. 10.3- >xngua.un;! Oab3n meTannap yu\y
yn nw MivMH Ba /1{1-/-) PnyapACOH AOMMWANAPUHHHI yn4yaT Ha-
rmxa.apu kcenthpl(nral),

/0..?- >Kaggan

Ne Merta. I Mukiw A, JB
MnaTtnHa 53 0.32
Bon(|)pam 4.5 0.72
MonnbaeH 4,4 1,15
TaHTan 4.1 0.37
Kanunii 3,2 0.60
Bap|u| 2,5 0.25
Mc:nn| 1.60
lleulrlnanran song |lnm 14 0.03

AHVK; \'nyamnapninir KypcatHTHUA, () TemnepaTypa y3rapuwum 6u-
JaH 6upo:3 y3rapap sKaH.

Typnn KpucTtan.torpauk TeKUCylwknap YydyyH \am <p 03ruHa
thapk kunagn. Hy apkHM 30Hanap Hasapuacu acocuga TyWyWTu-
pyuw  MYMKWUH. XaKHKWA  MeTannallMMHr  MOTerHwan ypacu
KypuHuun!  10.7- 4yusmaga KypcaTunraumiek TUK Ha KECKUH
y3rapysuu 6yn.maiigu.

JHeprua oHUnNuyM 6mnaH gactnad 1Y(x) — 4YnM3nkuii optnb 60-
pagu va MeTansi CMPTU AKHHUAA 3rpunaHagu.

Arap MeTan/HUHT COBYK .\onatuja YyHra Kyu4/auMpoK 3/eKTp
MalifoH Kyihunca, YHWHTI HO'ICHM1an
Tycurn nacasgu. (10.9- ymsma, NyHK-

TP 4M3KK). HaTuxka,ya 4mMm™ Ty uWwK
Knypaagun. Arap TrawkH  UY'HHATaH
MalgoH KyunaHrawnuru E 6ynca no- vy

TeHUWan TyCcukK 6a}'IaH,CI|}'IKI'VI T

10.9- 'numa. dnekrp
(10.80)  m;ulnowmna mcrannnarn -.4eKTPOH
yMyH UMCPrCTMK 1y1TIK

ra 1CHM 6ynu6 kp.lagn. Yukwu wum- n-4cannn.

HUHI O03rMHAa KamaWiHuM \aM KyH 31eKTPOHMApPHUHT amnccus.ya
KaTualwukaHa onnb kenagu. T\ XOAUCAHW TallKW 3.aeKTp M-
a('n wbecupugarn™/amuccua ékm LWoTkn amuccmucn peb atana-
nn. Alap raya Kyudain! mpunca, noTeT.u0.4 Tyeuk
japaxafa Hacaff'nKH, KyH 3neKTpoHnap 6emanon yHjaH yu'o
KeTaHepafu.:[ap. QHAW 3NCHOPOHNAPHU YMKaApULW YUYYH MCTanHu



KXY L \nmM 4oxat b;onmanSla. b\ \oiUtcaiiii coByk amuc-
cHs cKn ;,B(03nekTpon amuccusa ncé K Apntmnann. Kyynu 3nektp
Mivloy TEBCvpuna notenumnan  TYCUK.MUHT Kanulnmnirn \am

By aca Tyumen adekTn axamMuMATUUKU oOWMpafn. DNeKTp
MaL:lOH Mabaym 6uUp KPUTMK uT mMaTra eTtramsa aHeprusacu [/
19 TeHr Oy.waH ®epmu caT\ugaTt 3NeKTPOHNAp TYHHeNn yTuuw
)MkoiiATVa ara 6ynanunap (byuna Tycuk; Ka.umHaurm r/'~1()A
aTpoguna 6ynagn).

ca\'nep Ba Hoprcum yy 6ypyak Kypuimuumparm noTeHuMan
TycuK"aaH 3M1eKTPOHAapHMW' 4ynuwu 3 \TUMOAAUTMINL  Tauun
K"WAnMb, Kyunu 9neKTpUK Mal'utoHfgarn MedanngaH yraétraH TOK

3UYUANTN YUyid
Y=af-exp(-Pdp/IT) (10,81)

natmxa ongunap (10.10- 4KU3Ma).

(10.79) Ba (10.81) napHu conuTTUP-

ranHMu3ga COBYK, aMuccusfa Temne-

paTypa 3amac, 3feKTp MaifoH My\um

YPUH TyTHWW Mabaym 6ynagun. [V-

TEHWMan TYCcUK, KanTunum - 10A

6ynmaryHua depmu aHeprmanm  U)KO- umxmMmn, Sueprcrak Tycuy
3NIEKTPOHNAPHUHT TYyTTEN yTnu nacMwwnmUn TYLWYHTUPULL.
a\tTumonnnrun xyga Kuuuk Oyn;wn. MeTannapHUHI YUK,UI ULWUHK
<p~33B [e6 onraH \onjga COBYK, aMMCCUS 6O NAHUTU YUYYH 31eKTp
MaiifoH Ky4/aHraHamru £:,~3-10°B/11  6ynuwm Kepak/IUTrHHU
aHuK,)TaiMm3. laxpubanapfa MaiigoH Kyd,JaHraHAMiMHU OyHaaH 30
mMapra KM4mK Kuumarnalimga \am coByK, IMUCCUA Ky3aruira.

Ky xopgucat! wmeTann cupTujarH HOTeKUCAuKNapga ManjoH
KyuynaHramnunun £\, ra TeHr Hyk,Tanap \ocun 6ynagnm Ba Wy
HyK,Tanap OpK,ain 3MeKTpOHNap amuccuananagn fed TYWYHTHpPU-
myain. YmymaH onraHga (10.81) udoga taxpuba [<aTuxanapH 6u-
MaH K,0NuK,apin gapaxaja Moc Kenagu.
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10.5. ®oToamHcena (iaiuK,n poToahdekT)

Epyi-nuk Hypu (poTounap) Tabeupuia MeT:U|.T CUPrufaH anct
TpoHnap|[Mm yun6 uynknwu ¢otoammuccum ckm TaiKKH ¢oToad.
(Dekr pe6 atanagu. by \ogucaHu 6upuHum 6ynmn6 1905 wunnm g'
AuHunneinH HJOviaraH. ®oToamuccmuaga acocaH ameprusacu
AK,MH 6GynraH 93neKTpOHap WWTUPOK 3Tagu. DNeKTpoOMarHui
TYNK,MH - \ap 6upu auveprusacu hcl 6SinraH doTonnap ok™Mmu Me-
Tann cuptura Tywrad, OTOH Y3 3HEpPruacCUHU MeTann cumptura’
AunMn xolinamraH E auvep!Tiacm Ej. ra Akl 6ynlaH 3nekTpoHra
6epagu. HaTtwxkafa 3NeKTPOHHUHT 3Heprusicm E+ti(0 ra TeHr
6ynagw.

Arap /kt; > ¢ 6>pca, 6y 3NeKTPOH MCTA-NA cMpTUra y4umd
YAKULWMKM  MYMKUH. ByHpa ¢ MeTanngaH 3neKTPOHHWIA yukuw
nwun, y <llepmm catxum E/ pgaH  x“mcobnaHagn. MeTanngaH yunb

UMKKaAH 3/eKTPOHMap Te3NTU Ho.ngaH KWKmaTraya 6ynagu.

Y, XYUHO UYMKKAH 3M1eKTPOHMAPHWHI Makcuman Tes3nuru 6ynmo,

(hOTOH 3HEPTUACUHUTU' UMK MW MILIUAAH OPTUK YACK 3/TEKTPOLV-IMHT
KWUHETUK 3Hepruscura aiinaHagu, y QUTNTenH wudogacu OpK,anu
Tonunagw;

0= (p+— (10.82)

Arap doTounap aHepruscu tiGQJ unymrn mwugaH Knyuk oGynca
(hoToahpekT cogup OGynmangun. KynruHa meTannap y4uyH ¢>33B
6ynagu. byHpaili meTannap cuptugaH 3NeKTPOHNapHM ypub udmHapa
onyBumn ti(0>sp oTo[wap Ky3ra KypuHaguraH Ba ynTpabHHadgwa
Epyrnuk guanasoHura Tyrpu kenagu.

D OTOIMUCCUAHN  MUKIOPUA TaBCMPNOBUYM KaTTaMK 3/eK-
TPOHMAPHWUHT KBAHT YMKUTW p feb uomnava.um Ba y MeTanara
TyiuraH 6up oToHra MOC KenyBuM yumb 4YMK;KaH 3/1EKTPOHMAap CO-
HWW 6ungnpagn. Kyn t03a MeTannap Y4yH InekK-
TpoH/(|loTOH.

McTaTnapumHr KBaHr 4YMlOUUK BYMYaNUK KUYUK Bynmwinra ca-
6a6, epyr;niK mcta’n cuf[irura 'HOMcm uyyu\p.:|ukkavya Kupnb 6Gopagm
Ba acoC;1H yTa Kartnampa Kuunanu. byHpain kMT-mamiaH MermMn cup-
Tura ~’irté \apaka!' Km.uraH 3.mMekTpounap jnggarv TyKualwuuw.aap Ha-
TKacmna y3 3HeprusicuHu iWykoiagu. CupTra yunb yupkaH ¢oTo-
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' eK:TPOHMAE>HUML Te3NuKnapu Typauya 6ynuwm \am Wy acocna Ty-
A yutupunanu. ®OTO3NCKTPOUNAPHUNT KYNUUIUTU MeTana cuprugan

raya 6ynraH katnampga xocun 6ynagu. Taxpubaga ¢oTo-
IMUCCUS YUYH KyWMAaln KPHYHUSATNAP Ky3aTulaH;

a) Yumb umk.aétraH 3NeKTpPOHNap COHW MeTannra TywaértraH
EpyrnuMk OK.MMKW KaTTanurura nponopumuoHan.

6) Xap KaHfaih mopfa Y4YyH (OTO3IMDEKT XOCWUA K,WUayBuM
EpYrNNK HYPUHMHI 4erapaBuii TYNKUH Y3yHAWrum Jl, MaBXyg
6ynnb, yHAaH KaTTa TYJAK™MH Y3yHArHMAa GoTOoaMuUCCUA Ky3aTun-
Maugu. Jlo wy mojaa yyyH pOTOIMUCCUMALWLWIT KU3WUA yerapacu geb
aTanagu.

u) HUHT KH[IMaTW CPYrAMK HYpu TaKpOpPURAT ura npo-

nopuuoHan, fieKUH épyraukK OKMMM KaTTanmurura 60rinkK amac.

MeTannapHUHT YWMKWLW WIIMHU KaMakTMpULL Y4YyH ToO3a Me-
Tann cuptuga nkKa AWUNON 3NeKTP KaTtnaMm XOCW/A  KUAUHAaAMW.
KMatnam Xocun Kuarupja Ymkuw Minm KUYWK aToM Ba MONeKyfa-
nap (Ck, Kb, Ck20)paH ¢oiganaHunagn. byHpali metannap anek-
TpOBakKyyM namnanap Taépnawja Tunatunagu.

10.6. MeTannapHUHI MarHuT xoccanapu

MarHuT MaifoHra MeTan/lHM >KoWnawTrpraHumrraga yHga
MarHuT MOMEHT XOCWUn 6ynaguW. BUPAUK XaXMILWT MarHuT Mo-

MEHTU (MarHirr.nanraHnnk) Y BekTop Ounau 6Genru.:aHagu. Arap
Tallku MangoH KydnaHraHnurw //6ynca, y xonga

(10.83)

ByHpgarn X “ MOALUAHWHI MarHuMT KabynuyaHnuru. Mopga nuu-

HOarv  mariut  ma(lgoH Tamwm W Ba  wmukm [/, MalgoHnap
nuruHgucugan mbopart éynagu, abHM

B=W+MNM =111 (10.84)

6yHga B — MaWWT UHAYKUMA BekTopu feb aTanagu, p aca Mmal-
HMNT CWH 11 1pyBYan.JT LKAUP.

Mogna wumnar'n  mannoH  f{ MarHMT  MO.MEHTM 6unar!

K\'linnarm a 60r.4yaH raH:

17, =4a7, (10.8.5)
Y\onga
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T >

B=H +4a/ =-U[\+4nx)" :110.86)
6yHAaaH

JH=1+4nx (10.87)

nogaHH XOOMN KWTTMA3. Bupop mogga ymyH x<0 éku u< | 6y.nca.
YHW AnamarHuT pgediunagu, ~>0 €KW un>1 0Oyaca, napamarHut
6ynagu.

n>>1 6ynraH wmoaganapH!! deppoman!Tnap Ae6 aTanagu.
TynmaraH c! Ba / 3N1eKTPOH K,00MKK,a 3ra 6ynraH MeTannapHrwr
6apuyacn napn\aruur.tapg!!'p. (Ct, Mn). Mwuc, BMCMYr Ba Golika
6ab3n MeTannap aca ysnapufa AMaMarHUrM3MHU HaMOEH K;unagw.

Kyn wmetannap™nfin® wmann(t K,abynyaHnurm  yHya  Kafta
byn.marign (%~10'") Ba TemnepaTypara Kyycus 60rnaHraH.

OvamarHuT mMoffanapHuWHI Tawk,u maifoH W™M"“nuruga a'om Ba
MONeKyfnanapuHTN' MarHWT MOMeHTNapu Honra TeHr. LyHuur
YUYYH 3MeKTpPOH K™obukTapu T\';M1K TynraH aTom Ba MoOJfieKynanapfa
ANaMarHUTU3MUKN Ky3aTULl MYMKWH.

MapamarHuTnap malifjoH \%Turuaa HongaH (apk Tu Marmmt
MOMeHTra ara 6ynagu. bynapra an1ekTpoH Kobuknapr! uvana
TYNAUPUNraH Mojjanap Kupagn.

FOkopugarn qukpnapHm Xyga ai(Mk ge6 6ynmaingum, UyHKu
MOXLUanapMuHr MarHWT Xxoccanapu aH4ya Mypakkabaup. Macanau,
MuUC .MeTann 6ynuumna kapa™\‘“cgaH guvamanuungup. byHra ca6ab
mucga Tyna TynaupunraH 3c/ 3NeKTPpOH KOOGWKHWHT Auamaruurus-
Mu 42 cat\ytary 6Mp 3NeKTPOTIWHI MapamarHUTUIMUAAH Ky4y.nu-
pok 6ynagn. 3l kobueparum y}ra 3neKTpouMHrnu' guamarHun! sd-
(hekTn acocuit pon yiHangn. A, An, 2\ Pb napHUHT gnamarHu-
TU3MUHMW LWYHAAA TYWYHTUPUNAaK.

MeTannapgarn yTkasyBYaH 3pKWH 3/1eKTpOHNapra nawku
HUT MalfoH TabCcupu WKKWM Xxun 6ynanu. BupuHumgam Ta/nkk
MafOH 3N1eKTPOHNApPHUHT MalwoH WyHanillm aTpodupga al'1ha-
nuwwura (npeueccua) onnb kenagu. by awnaHwmn jjyHanum-LU JfleHn
KO1pacia acocam aHuK”-Tumb, \ocun OGynraH Manun maingou
TaMKW MalfloHra Teckapu WyHanagu.

By >;oguca 3pkun 3NeKTPOHNApHWHI JlaHfay Auamanurrusmu
ne6 atanagu.

NaHpay agnamMarHMTU3\MMIMHT Mannn KabynyaHauru
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xd = -aiiiie 170 (10.88)
iP V9

(toaa 6unaH aHHKaaHNAK. byHna n — aneeTpounap suunuru, B —
Bop MaructoHu. JlekHW, MeTaanfgarum yrkasyHuaH 3nekTiX)HaapHMHI
MarHiT - Knoéy.udan.nurd ¢ay;!! Xd JaH H6opat 6y.iN(@iAH. Matxnymku,
\np 6Up 3N1eKTPOH Y3UHWUHI HON 6ynMaraH LOWMWIA MarHUT MOMeHTWra
Jra TaWk H MarHMT- MalnoH KyiAunraHga ynap MarHut  MaifoH
nyHanuTura Hapannen \onga >oinaHTagunap. by 3ca yTkasyBuaH
3NEKTPOHNAPHUHT  HA|XTMarHUTU3MUHN  KeNTMpn6 umk"apagn, YHWHT
K;abyNuaH.MmMrn fuamarHuT K;abynuamnvk.aaH 3 MapTa KaTra Oynagw.
MeTalinapHnHL yuiby WKKU KabynuyaHAUTUHU 31eKT|X)H-TapamarHuT
[TesoHaHC (AMP) ycynn 6knaH anoxmga ynyab TOFTHW MYMKWUH. Me-
Taratarv 3.4eKTPOHUAPHUHT TYNUK Kabyn4aHINTN X-j YUyH

T A=Y = (10.89)
Lf K/,.

npopa KCNTompmb 4YHKapu-TraH. byHga EfAkl'r ®depnHT 3;|eprHscu.
KypTHn6 Typubamnkun. metannapfarv yTKasyBuaH 3/e€KTPOHAap na-
pamMamH!TH3MKW TcMmMepaTypaca 60r.4HK 6Gynmaingun. XakumkatgaH
\am 6y \ogHca HiiiKopHii metannap (Na, K Ba 6.) YyuyH
ypuHauaup. bup katep napamanuTT MeTan.MapHUHT KabynyaHauru
ywby Kropu-Bciic KOHyHU 6unaH aHuK naHagw:

7=--A (10.90)

by udogagarn 7c MeTann WOHAAPUTUKU' HaHXapa unyugaru
MaingoH 6unaH T;naumpnau!yBuHu udonanann sa Kiopu HykTacu
fe0 HOMNaHaguW. Bar™3su nmapamarHWT MeTannap 7\. raya COBYTUN-
ravga eppomarHuTnapra anaHanu (macanaH Pe, Ni).

ByHpaii meTannap ydyH (10.90) udopagarn T uwopacr! myc-
6at 6ynagn. Arap meTan.:.| 7 gaH nacT Te.MHepaTypanaprava COHy-
Ayaramna aHTUgCppoMarHuT \onana yTtca, 7 HUHT HHKOpacm
MaH®uUin onuHagn (macanaH, NMCr, MnS, MnO. CrjOj Ba 6.),
ab3n Nonna()ga 7™ muTi tomUmatn Kropu HyKTacHra MoC Kenmac-
*"’rn \am MYMKMUH.

®eppomarHilr!.Tapumim acocuit xoccaTapyu K\'Tutnarn.liapgam mnéo-
Par.
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a) ®eppoOMarHUTAAPHMHT “MarHuT

CUHTAMPYBYAHAUTM TaWKMu H MarHut
MaigoHra 6ornmk, (10.11- 4ymsma).
Maingou KyynaHraum.<mru opTuLlu
6unaH U KeckuH opTagum Ba H=2.53 ga 2P
Makcuman K,uiimatra apuwagu. U Hu
fHafa oTMpcak L kamas 6ownaign Ba o
= ivaTre s o vt Towp,
6) ®eppomarHuTnap K,0nauK, mar- A(H).
HUTU3Mra 23ra, HAbHWM MarHuWTNaHraH
XonaTvHW Tawk,m MangoH Wykgurnga \am ca™-Tab K,0nagw.
B) Kiopu HyKTacujaH OK,0pu Temnepatypanapja eppomar-
Irlirgap napamarHuT ~onatura ytagH.
deppomarHuTnapga MarHWT ructepesnc x,ogmcacu \a,Mm KysaTu-
nagn (10.12- ywnsma). Arap (GeppoOMarHMTHW MarHWT MailgoHra

(V)

Kyiin6, acta-cekun W maligoHHn oputupu6 6opcak, J ManTrngaH-

raHnuk \am opru6 6opagn. Mabvnym 6up Hy ga J ysrapmaii Konagu,
deppomMarHuT TYWUHULL HyKTacuraya
mMarHutnaHagn (A-Hyk;ra).

MaiioH KyunaHraHauru H Hu

KamaliiTmpa 6ownanmms. A =0
bynraHga /=/r  AbHWU HOMra TEHTr
oynmangm. HaM MaingoH

AyHanuWuHM y3raptTupmb, B HykTara
Kenamus. By \w  TylAMHWW HyKracu
6ynn6, 1-60LIK;a KaTTanawmanaun.

MaifoHHN  KamaliTupmb )
HyKTara Kenamus Ba qHa A 10.12- urrsma. ®cppomarHnT .mar-
HyK,U,Iara'-la MaVI,EI,OH KyLIﬂaHraHﬂMrVIHI/l HHTNnaHuwaa rMmcrtcpcsuc x;o,q|]cacv|.
owpamus.

Hatvxaga énuk, arpu 4YMsmk, — MarHuT ructepesuc \ocug 6ynatw.
By um3nk, QeppomarHuTnapra xoc 6ynué, ynapHUHr JOUMUA MarHNTUK
MOMeHTWra ara OynraH 3appanapfaH Ty3wunraHauruHu oeungupaan. by
3appanap ynyamnapn K) > W) 6ynné MarHuT gomeHnap ged Hom-
naHagn. MaruuTt [OMEHNaPHUHT Yy3-y3ujaH MarHuTnaHmé koluru
NogucacuHu ®peHken-reizeHbepr Hazapuscura acocnaHub TyLIYHTU-
punagn. YHra acocaH KpucTann naHxapacupgarum atomiap ys3apo anma-
WMHYB 3HEPTUACU OpK,LUWM Tal>cupnawagunap. ANMalluHyB sHepTacH -
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T.K3CU(NOBUM KaTTanuK OynraH aumallvHyB WHTedanu A MyXum

TYTagn. Arap A>0 6ynca, foMeHNapAarn 3eKTPOH CnuHaap na-

Xolinawaaun. byHAa anMalnHYB 3HEPTUACK 3IHT  KUYUK
N*NjiMaTra ara 6ynagm Ba Kpuctann geppomarHuT x“onatmga éynagu.

A<0 fa [JoMeHnapjarnm  3NeKTPOH A

CMMHAapu  Kapama-Kaplwu Xolinawagu.

ByHpaii XONaTHM aHTueppoMarHuT

xonatn peiunagu. 10.13- yusmaga agma-

WNHYB UHTeann A HUHT KpUCTana naH-

Xapacu [LOMMWIACKM C HWUHT 4Yana Tyfarad

3M1eKTPOHNap KOBMTU guameTpu 25 ra HUc-

6aTura 6ornukaurn KypcatuaraH. Yusma-

[laH KypUHUG TYPUBANKN, c//25<1,5 Gynran  0:13- 4u3ma. deppomarHut-
. nap xoccanapuHu KBaHTMexa-

meTannap QeppomarHuTnap, ¢//2/?>1,5nap HUK TYWYHTHPML.

aca aHTU(eppomar-HuTnap xmcobnaHaau.

AHTUGeppoMarHuTiapia KywHW WOHAAPHUHT MarHUT MOMEHT-
napu aHTunapannen yHanraH 6ynagn. Y napHUHT MarHUTAAHTaHAUTK
TalWKN MagoH MykAurmaa Honara TeHr, AHTUGEePPOMArHUTHUHT napa-
marHuT \onatura “muw Temnepatypacu Tu/ Heen Temnepatypacu fe6
HOMMaHagu. Ynapfa MarHuT kabynuaHnuk T<TAT KpucTann naHxapa-
cy WyHanuwmra Kyunm 6ornuk 6ynagu.

Arap MaifoH WyHanuwun aToOMAapHUHT
MarHATUK MOMEHTNapu MHyHanmwunga K,
6ynca, MaEHVIT KabynyaHnmk Temnepa- XrCI(T-8}
Typa nacaiivmiuyM 6unaH Honra UHTUNa-
an. Arap MaifoH HyHanuwu marHut
MOMeHTNapu WyHaguwura TukK 6ynca,

10.14- yn3ma. AHTUGEPPOMArHUT-
KabynyaHnuk TemnepaTtypara 60rnuk HMHI NApaMareTUKKa yTHLIH,
oynmaiign (10.14- yusma).

10.7. [Oe laas, BaH AndeH apekTn

1930 innu ronnaHpg gusnknapu
[e Taa3, BaH AndeHnap BUCMYT-
HUHT 7=14,2K parm marHut Mo-

MeHTW 7 HU Ynyagunap, Taxpu-

GanapnuHr  Kypcatuwmya, 7

TaWwkn MalfoH y;srapuwm 6unaH

Teﬁpa|.||/|6 y3rapraH (1015_ L|V|3Ma). 10.15- yum3ma. MVaFHMT MOMCHTU-
By xoaucanu [le [aa3, BaH An- HUHT AaBpuvt ysrapnwm.
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theH adekTn fe6 HomnaHaaun. KelinHpok, OHcarep 6yHU uyiHganwa
TYWWUHTUPAW. MeTannapHUHr  MarHUTNaHraHAUTMHUHT  TebpaHuLLL,

depmun caTxugary 3neKTpoHNap opbuTanapHUHI KBaHTAAHMLIKUAAH
Kenné Ynkagu.

AnekTpoHnap Pepmu CaTXMHUHI Mabaym 6up opbutanapuga (ke-
cumnapuga) x;apakat kungaunap. ®epmu caTXHWHI 3HI KaTTa Ba 3HT
KWUYMK KecuMm to3anapu 10.15-ymM3magarn 7 HUHT 3KCTpemMyMapu-
ra TyppH kenagu. OHcarep J HWHI TebpaHuW JaBpu  YuYyH
Kyingarn MmyHocabaTHW Onau;

2w

10.91
n hc S, ( )

6yHpa 5. depmu  caryuHuHr Ttawrwu
MarHWT MangoHu H ra TuK 6ynraH ux-
Tuépuii akctpeman kecumu (10.16 —
yn3ma). MarHuT MaigoHpga MeTannap-
HUHT 31eKTPUK >NrkasyByaHIuru Ttebpa-
HUWWUHU XaM Ky3aTULWKWMU3 MYMKWUH

(lWy6HunkoB-[e laa3 agdekTn).
by xopucanap MeTannapHUHT
depmu catx CUPTUHN ypraHyBYM Kyu- }O.16- umsma. Marantunk

U amanuin ycynnapamp. MomenT S;ilrsf:”:;':,\:'awm”m”'

10.8. 9neKTpoH —napamarHUT pe3oHaHc (IATMP)

MarHut MalioHra >oinaHraH napamarHuT 3appaniapra ara
O6ynraH MOAUAHWHT 3N1€KTPOMArHUT TYAK*MH 3HEPrusicuHu peso-
HaHC paBuwpa toTMW xofMWcacm 3neKTpoH-napamMarHWT pe3oHaHC
neb6 HoMnaHagw. Tawkoil maifoH { Tabcupuga AUTUHAWM CAWUHK S
ra TeHr 6ynraH 3appa 2S+1 Ta caTxra axpanagu. CaTxgap opacupa-
M aHeprus gapk,m

AE=27sH (10.92)

[apxa™k™aT, 3pKWH 31eKTPOH YyuyH S=I1/2, byHaa
0=2,0023 (3pKWH 3NEKTPOH YyuyH) Ba |g"+1/2. [lemak, 3anekTpoH Ei='
1/2 gsHBIVB. E2=+9.#BMs aHeprusanapHu K,abyn kuna onagu. YHga
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Of =£2 s 2 jJURW

JNEeKTPOMArHUT TYNKUH SHEPTUSCU KBAHTU YUYyH

fico= AE = gRR A (10.91)

WapT GaxapunraHga Kyunu OTUAWIWL Ky3aTunagw. by xoguca éppa-
MuAa MeTannapfars yTkasyBuaH 3ME€KTPOHAAPHUHT CMWHMAPU OpUEH-
TayWUACMHU, HYKCOHNapAa 60l Ka XoamcanapHu ypraHkil MyMKUWH.

10.9. AgpomarH1T pe3oHaHc

MarHut MmalifoHaaru MOAAAHWHI MapamarHuT sapponapu To-
MOHWAAH 3NEeKTPOMAarHWUT TYNKUHNApPHW HOTUW XOAUCACUHW A4PO-
MarHuT pe3oHaHc Aedunagn. ByHaa Tawku .MalfoH Tabcupuia
A4p0 cnuHKM [ 6Mp Heuya caTxnap xocun kKunagu. CaTxgap opacupa-
m 3Heprua dapkn (10.91) udopga 6unaH aHuknaHagu. dakat ¢
6owkavyapok 6ynagu. MeTannapfa YyTKasyBYM  3NeKTpOHAap
6ynraHnuMrn yyyH Kyn xonnapga akyctuk AMP pgaH doliganaHuna-
an. ByHpia TawkKapuiaH TywaéTraH 3N1eKTPOMarHuT TYNKUH ~pHura
ho) aHeprusnu oHoHNap yirotunaan. by xogucanap xam metan-
napfarH Kyn KaTtTafuKnapHu aHuK/@aWw MMKOHUHK 6epagu.

10.10. MeTannapHWHI 3/1IEKTPOMarH1T TyiKMHAap 6unaH y3apo
TabCupu

MabayMKu, MeTannap 3/MeKTPOMAarHWT TY/AKUP NapHU Xygja fax-
WK KalnTapyBuum mogpanapgaup. HOK,0pM 4acto, anu  3NeKTp TOK
(hakaT MeTann cupTupaH yTtagu. ONeKTpomarH 1T TyAK MHnap Xam
Xyja KWUYMK KanuHnueparu Katnamrada kdpa onagunap. by
XOAMCAHN CKUH 3dekTn feb HomnaHagm MacanaH, wWw=10*"y,
b6ynraH 3MeKTPOMArHUT TYNK;UHHUHT MWC MeTajaura KupuL
YYKYpaIUrn 0=6- cm 6ynagn. Kyunm MarHUTUK MangoHra >Oou-
NaHraH MeTannja CeKWH CYHYBYM  3NEKTPOMArHUT  TYNKUH
TapKanuMwy MYMKWUH, HaTuxaja CKWH 3adpdekT Kykonagu. Maca-
NaH, HaTpWUii KpUCTanaum Ky4uau MarHUT mMaijoHra xonawTupun-
eaHfja ynTpabuHag.na Hypnapum yuyyH waddod O6ynub kKoauwm
MyMKUH. MeTannapHWHr ONTUK XOCCanapu yNapHUHT AU3NEKTPUK
CUHTAWPYBYAHAUTUAAH Kennb uymnkagm:
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JTT
e(w) = e'(O))-l—00 a((o) , (10.925

6yHAa e(co) yTKaszyBYaH 31eKTPOHMApHM Xucobra onmanguraH am3

3MEKTPUK CUHTAUPYBUYAHNMUK, a(co) — METaNNHUHT YTKa3yBUYaHIMrun!
MeTannapHWHI CUHAMPUL KYpPCaTKUYM YyuyH

«=H-1X=nle . (10.93)-

6yHOa - EPYTMUKHUHT — 31eKTPOMArHUT TYJNKUHHWUHT OTUANLY
KO3th(hMLUNEHTH.

MHppak,m3mn Ba ONTUK AnanasoHnap Y4yH  6MpuHuM]
AKUHaW MW aa

(10.94)

npoga ypuHnm 6ynagn. byHpga (% yTkKasyBYaH 3N1€KTPOHNAPHWHT]
(aneKkTpoHNap nnasMacMHWHI) TebpaHUL TaKpoOpURAUrn.

(0>n),, pa meTannga nnasma TebpaHuwnapu yWroTunagu. ObComM
nap yyyH metannap waddodg 6ynagm. mowunwm 6unaH metannap-
HUHT K,alTapuw KO3 puUMEeHTW I KamasgM Ba PEeHTreH Amanaso-
Huga meTtannap 6unaH gManekTpukaap opacuja gapk. K,onmangu.

Tywunw Tekucnuruga Kyr6naHraH EpyrjiumkK Hypu MeTannfaH
KaiiTa onagu (guanekTpuknapga K antmangu).

fccn KyrbnaHraH Epyramk TynK,MHW MeTannjaH Kaltrad an-
ANNTUK KyrbnaHagu. byHra cabab: Tywuw TeKucaMrupa Ba yHra
nepneHanKynap TeKWUcaukfa KyrbnaHraH Hypnap MeTanijad
Kaiirrau ynapga asanap gapku xocun 6ynagu.

10.11. UMKNOTPOH pe3oHaHc

MarHuT MaifioHra >XoinawTupuiaraH MeTai4aru yrkasysuaH
3N1eKTpoHNapra JIopeHl Kyuu Tabcup 3Tagu. by mMailgoH Tabcupu-
Ja 3NeKTpOHNap Xxapakarura mafoH MyHanuwura TUK Tekucnnkaa
alinaHma xapakaT Kywwunagu. Arap 3N1eKTPOHHUHT 3PKUH torypuw
mMacodacu alinaHa y3yHAUrugaH katra 6”1ca, xapakaT AaBomuja
3NeKTPOH 53 3HEPTUACUHUN NYK,0TMalAN. DNEKTPOHHUHT aiinaHuw
Takpopuiinurn,

eH (10.95)
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AYiiocabaT 6unaH aHWKM4aHanM Ba YHW LWUKAOTPOH TaKpPOpURAUK
N’6 HomnaHgu. MeTannla TawkapupaH to=cQ( TakKpopuinukparu
aeKTpOMarHMT TYAUWH Tyu]upcak pe3oHaHC tOTuanw  (Bku
KaHTMLO \ogmcacu Kysatunagu. ByHW LMKNOTPOH pe3oHaHC fAeb
aTanagu, \0gMCaHU Ky3aTWLl Y4YyH 3PKWUH HOrypuwl macodacu aii-
yana ysyHnaurugaH Katra 6ynuwmn Kepak, To3a MeTanfnapfa 3pKuH
lorypuw Macoacu acocaH 31e€KTPOHNAPHWUHT (QOHOHNap 6unaH
TYKHawyBn HaTuxacuga yerapanaHagu. LLyHWUHT yyyH meTannapga
LMKNOTPOH pe3oHaHc T=1710K napga kys3atunagu. byHpga 3nek-
TPOHNAPHWHT (OHOHNAp 6unaH TyKHalWyBW >Kyda Kam 6ynagu.
LLMKNOTPOH PE30HAHCHM Ky3aTWW Y4yyH MarHUT ManufoH meTann
cupTura napannen ny'Hantupunagn. 3NeKTPOMarHuT TyNK™MH alina-
HUW opbuTanapu MeTann CcUpTUra SKWH
6ynraH 3fleKTpoHNap 6nnaHrmHa
TabCcupnawa onagunap, UYYHKW CKUH
ahdekTn Tydannm ynapHUHI MeTannra
Kupnb 6opuw macodacu yerapanaHraH
6ynagn (10.17- yu3ma). LlmknotpoH pe-
30HaHC ?"ogucacm  MeTannjaru 3/1eKTPOH-
NapHWHT 3HEPrus CnekTpuHU, 3h(eKTuB

10.17- ymsma. LinknoTpoH
mMaccacuHW aHuknawga KkYJ/nauunagu. by pesoHaHE \ogncacura aoip.
\oguca meTannapgaH Tawkap!-!  Apum
yTKasrmunapga X.am KysaTunagu.

10.12. MeTannapgarv nnasma TebpaHuLLIapu

Matxnymky, nnasMa MOAAAHWHT TYpTUHYM arperat X;onatm 6°'nub,
yHfa mofda MmycbaT Ba MaH(Wii 3apsagnaHraH 3appanap AUMrMHAnCUAAH
néopat 6ynaau. MNMnasmagarn Typau uwopaTu 3apagnap MMKLOPU y3apo
TEHIIUTU YUYYH 3NEKTPOHenTpangup. MeTannapgarn yTkasyBuaH 3/eK-
TpoHNap 6unaH KonAuK aTomnap nnasma \ocun kunagun feb kapawmmm3s
MYMKWH. By nnasma MaH(uii 3apsgnaTaH yTKasyBYaH 3/1e€KTPOHNAp
«rasv» Ba KpUCTann nawxapacuparu myc6baT 3apsfnaHraH atomnappaH
néopat bynagu. byHpail nnasma \aM Y3MHWHT Xycycuii TebpaHuL Tak-
popuianuru o), ra ara 6ynagu.

dapa3 kunamus, wmetanngaru 6apya YTKasruy 3neKTpoHnap
KpucTtann nawxapara Huc6ataH Mabiym 6up macoa x ra cun-
AMAgun. Y xonaa 3nNeKTPOH «rasW»HW opKara KaiTapyBuu /ief£ Kyu
Xocun 6ynagu. byHga n — 31eKTpOHNap KOHLUeHTpauuacu,

4ro% — 3NeKTp MalfoH Kyu/laHTaHIuru.
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By MalifoH 3M1eKTPOH «rasu>>HWHI CU/XWIWK XMco6Ta naigo
6ynagn. Ywo6y kanWTapyBuuM Kyd Tabcupuia 3/1eKTPOH «rasu» reb6-
paHma \apakaTra kenagu. bupnuk x;akmparn anekTpoHnap jypy™u
YUyH XapakaT TeHrnamacu

nr - neb - Ao e’x (+0.%)
eKu

Ayl An-=o, (10.97)

agmn

byHAaa
Anne*
oy nne (10.98)
-

nnasmMaHuWHr 6yiinama TebpaHuwWmM Takpopuinnurun ge6 HomnaHagu.
YHUHT Kuiimatn metannap yuy([ yntpabuHadwa TynkuHaapra mMoc
Kenagu. TaxpubanapHUHI Kypcxuuiwinya, MeTannap TaKpOpPHUAUru
W, faH KUYMK EpYrAUK HypnapMHu yTkasmaigu, ammo @>wu, nap-
HM 3Ca yTKasMwy MYMKWH.

10.4-xagBanga 6ab3u MeTannap  yuyH a, = HUHT

Knitmarnapn KentupuaraH.
10.4- >kagasan

MeTtannap Yy JTa K Kb Cc*
0
1|, (\ico6.ranran)( A ) 1550 2090 2870 3220 3620

0

M (raxpubaga)( A ) 15.50 2100 3150 3400 -

MeTannapgaru 3f1eKTpoOH  rasu

Te6paH|/ILIJI/IHVI MeTanaHNHI 6I/Ip0p 3NEeKYUYPOH
yerapanauraH kucMmuga ynrotuw \am
MYMKWH. MacanaH, KWHETUK 3Hep-
ruscu 1710kaB 6ynraH Te3 anek-
TPOHNapHW KONKa MeTann KaTnampjaH
yTKasraHuMusga - ynap - metaniaa Te6p;ﬂj$ﬂ:2;"’g'ﬂggs3“:: a
MaTXnym 6unp nyHanuwnapga

n.-xaamown
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3M1eKTPOH nnasmacu Tebpaunwnapumy \ocun k™ nagu
[to.18-yn3ma).

JTEeKTPOH nna3mMacyM TeOpaHUWNApUHUH!" GyHAalh  KBaHTW
nnN3MoH fe6 artanagu. MeTtanara Kenub TywraH 31eKrpoH y3
avepinacuHN y3nykcus amac, 6ankm bGynaknab iykotagu X,ocun
6ynraH nnasMownapHUHI aHeprusacu -10 aB Ttaptnbga 6ynagw.

CaBsonnap Ba Macananap

], MeTruwap 3nekTp yTKasdyBYaHIUTUHUHT KnacCMK(MymTO3) Ba
KBaHT Haslapusnapu ypracugaru acocuin dapk™m Humaga?

2. MeTannapHWHI 3HepreTUK 30Hanapu Ty3UauWKN AN3NEKTPUK
Ba ApUM YTKa3rmunapHukuaaH gapk,uHNU TYLWWYHTUPUHT.

3. Huma yuyH meTannapra 3neKTPOMarHuUT TYJKUH 4Yyk™Np Ku-
pnb 6opa onmangn?

4. LUIMKNOTPOH pe30HAaHC XO4UCACUHU TYLIYHTUPUHT.

5. MeTannapHUHr AgnamarHuT, napamarHuT Ba (eppoMarHuT
xoccanapuHy 6enrnaoBYM acocuii OMUNNAPHU aTUHT.

6. MeTannapgarn TepMoanekTp \ogmcanapuHu wusox.mab 6e-
PUYHT.

7. ANIOMUHWUIA KpucTannm yuyyH T=0 K paru cdepmu sHeprusa-
CHUW TONWHT. Xap 6up altOMUHUIA aTOMUra yuyTa 3pKUH 3NEKTPOH
TYrpu kenagu neb ONMHCUH.

8. Temnepatypacu T OGynraH MeTanngaru 3nekTpoHnap 6unad
TynMW 3XTUMONAUIKM 0,2 Ba 0,8 6ynraH caTxjap 3Heprusnapu
thapkuHu TonuHr (/cr-6upnurnga).

9. TemnepaTtypacu 18“C 6ynraH meTtanngarun epmu 3sHeprus-

cugaH 0,01 3B nacTgarv CaTXHWHI TYAUW 3XTUMOJAUTUHW TO-
MUHT.
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Xl BOb

APUM YTKA3IMYNAP

Anekd yTKasyBYaHNMIY tFWiMaTo MeTannap (CT=10 ~10*o.n 'n,-'") Ba
nn3neKkTpuknap (cr = 10~ " j0'"~Nonr'm~*) OpoclU >KOMnaluraH MONMTA/IapHH
ApUM  yrkasrmynap feb aranagu. FApum yaTasnnapHUHr faHa 6up  My?mm
(DapK,oBUM  XyCycuarn LWyHAaH MOCPTIKW, Temnepatypa KyTapnauiwm 6unan
YNapHWHT a/EKTP YrKasyBYaHAUrn 1e3 opT6 6opagn. Y6y MOAIrMIOpHA [acr-
n;6 ypraHvw 60TunaHraBg! KMpIirrwiraH HKpprumm Tabpip T 1 Xp3vpru Kyl
6vp ratg aHUKAMKNAP Ky™“MLWTTaH. By aHUK,AMKNap YNapHUHE 3HEPLUTUK 30[1a-
Napu Ty3uanLWLK, ASSITallyBYUUapHUHIX00CaIapUaaH KeNH6 untanm.

TemnepaTypaHMHI eTapnilya kKaTTa opanuruga spuM  ~Kas-
FMUYNapHUHT 3NeKTP MKa3yBYaHIUTY IKCMOHeHLMan ysrapagu;

cr=cr, exp(-£~,/NT ). (11.2)

ByHaa Ea yTKasyBYaH/NMKHUW (aonnaw 3Heprusacu pebé Hom-
naHagu Ba 3/1eKTPOHHM aTtomnap 6unaH 60rNaHUWMHUHT
ypTaya aHeprudaculli 6ungnpagn. Xap KaHgan Temnepatypaga
MCCUKNUK "apakKaTh 3HEPrusacu TabCcupupa SpuUM yTKasrmugaru
Ba/leHT 3neKTpoHnapTnH' exp(-£)/A7°) ra nponopuyuoHan
KMCMMK 3PKUH 3apag Tawysyunap 6ynagu. Apum
YyTKa3srMuynapHUHI yTKasdyBYaHAUrM 6O0OWKa TalWwkKW Tabcupnap
(macanaH, épyramk OKUMMW, 3appanap OKWMW, Kupulwimanap.
3NeKTp MaifoH) wmatuxacupga \am, Kyn nonnapfa, 3KCMOHEH-
unan ysrapagu. LW YHWHT y4yyH ynap TeMHepaTtypara. kupuwm?
MuKgopura Ba 60TMKA Tall KW TabCcup.lapra >yfga Cce3rupaup-
ApuM yTKasrmynapHuHr 6y xoccacmpaH Typ/iu XHN Basudanap-
HM 6axapyBuuM acbobnap, ces3rup kypunmanap K"nuwpa oii-
janaHunagw.
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11.1 Apwum 5I1Kan nynapHUHr Typnapu

ApuM yTKasrmynapul uaHaam kKHmeBud 3.ile~temtnapgall raw-
ALl aTwnadTn Kapab TypT Typra axpatuw MyMKK)).

BuprHUM Typls anemeHT.llap AaBpuil xagsanuuuHr IV rypy\ ane-
mentnapu Oc Ba 5) nap kupauu. By anemeHTnap TypT BaneHT 3fek-
Tponra ara Oynu6, KoBayeHT (aTtom) 6OrAM KpUCTaTAn nauxapacu
yooun Kynatnnap. Ynap 6up aneMeHT atomnapfaH Ty3uaraHu yyyH
afeMcHTap (conTa) MpuMm yTKasruunap genmnatu.

WMKKUHYM Typ ApuM yTKasntynapra fgaspui cuctemaHum!' 1M
|'YPYX anemeHTnapu (A1, Ca, 1n) 6unaH V rypyx anemeHtnapu (P,
A8, 5b) Hunr Gupukmanapu kupagu. Ynap A*"BN 6TTpukmartap
ne6 6enrnnaHagn (OaA$, 1n5b, CaP, 1nP Ba 6ow”anap). I rypy\
3eMeHT/Iapu yuTa BaneHT 3NIeKTpPoHra, V rypy\ anemeHTnapu aca
6eill BaneHT 3NeKTPOHra ara, WYHUHT y4yH A'"B”™' KypUHMULWAATH
KUMEBWMIA aneMeHTAa ypTaya x,.ap 6Mp atoM TypT BajieHT 3/eKTPOHra
ara 6ynagu. YnapHuW O/IMOCCUMOH SipUM yTKasruunap feb artnagw.
Kpuctatn naHxapacupga \ap 6up aro.m k5LUmn atom 6unaH TypT Ba-
neHTAn 6ornaHu!knap \ocun kunagu. H;!Timkana onmoc maHXapacu-
ra yxwaw KpucTtani naHxapacum xocun b6ynagu. Ywoéy Typgaru mMog-
faTapfia KoBaseHT 0O0LNaHWUW eTakyu ypuH T\Tagu, LWYHWUHT YYyH
ynap Ce Ba 51 ra yxuwall XxoccanapHuM HamoOé€H Kkunagu. [aspui
agBaTHuMHT Il Ba VI rypy\ asnemeHTnapu 6upukmanapuga X.am
yptaya \ap OGup atomra TypTTa 3/eKTPOH Ty|-pu Kenagn (2nTe,
2n5e, CclTe, Ccl8 Ba 6owkanap). JIEKMH ynapga UoH 60rnaHnW Ko-
BaYeHT 6ornaHuwra HucbaTaH eTakum ypuH TyTaau.

YunHuuM Typ ApuM yTKasrmynapra gaBpui xxagsanHuHr V sa Vi
1'ypy>ylapuHuHr 6ab3u anemeHTnapu kupagu. ypy*ytaru 5e Ba Te
NapHUHT ApUM YTKasrmuynuk xoccanapu Ce Ba 51 gaH \am onguH
1HuK/laHraH. V rypy\ anemeHTnapu As, 5b Ba B! nap fpum metan-
w'ap Oynmb, ynapHWHr Kyn Xxocca.lapm Apum  yTKasruunapra
akuugup. A' B kypuHuwpgarn wmoppanap (Pbs, Pbb5e, 5eTe,
CeTe Ba 6owkKanap) ,\am yprtaya 6ew BajeHT a4yeKkTpoHra ara. by
‘Nopdanap fpUM YTKasrmynau uHgpakusnn Hypnap kabynnarumympa
Muwnatnnagm.

«'YPYX anemeuwy-napu (5e, Te, 5. O) Hwuar 1-Y-rypy.\ ane-
MeHTnapu 6TbTaH \OCMN KWAWHTaH KUMeBWIA BGUpUKManapu uumnga
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Kyn apum rrkasrud mopganap Maexypa. MacanaH, CuO 6upukma-.]
cn Tygpunarnynappa (KynpoKCWUH ryrpunaruy) Ba TepMO3NeMeHT!
cuatuga uynnaHunagu. boun<.a Kyn 6UpuKManapHUHI xoccanapu
\anun ypraHunmMaraH.

TypTvHuM Typ Apum “kasruudnapura VI rypy\ anemeHTnapu-
HUHT yTuw metannapu (T!, V, Mn, Pe, N1, 5T, Ein Ba 60wWwkK.anap)
6unaH \ocmn KunnHraH Gupmkmanap Kupagu. Y NapHUHT OGUPUK-
Manapufa WoH 6ornaHuw yctmeop 6ynub, Kyn 6Gupukmanap mar-
HUT Xxoccanapra aragup. MacanaH, EunO, Ewus, Cc3Cr25c4 spum
yTKasrmynapu qeppomarHutnapaup, EwnTe, En3e, N0 nap 3ca
aHTU(eppaMarHuT xoccara ara. byHgali 6MpuKManapHWHr 6ab3u-
napu (Y303, Pe3o4, Nj5, EnrO Ba 6owkanap) temnepaTtypa Ba 60-
CUM y3rapuwun 6unaH metann \onatura y*Mwmn MyMKUH.

11.2 fApum 5TKasrnunapga xycycuii yTkasyBYaH/IMK Ba 30Has1ap
TY3UnLLIN

Berona Kupuwmanap Myk To3a >;ongaru éKu Kupuwimanap xuc-
cacu Kam O6ynraH, spuM YTKa3rMynapHWHI 31€KTP YTKa3yBYaHAUTU
XYCyCUil yTKasyB4aHNUK [eb6 HomnaHagun. Tos3a sApuUM  yTKasruu
Mojajanap nact Temnepatypaja 31eKTp TOKMHU EMOH YyTKaszaju.
ByHra CaGa6, ynapaa 3/1€eKTPOH- YTKasyBua[ravk 3oHacu
HUHT 3HepreTuk 30Hanapu Ef
TYAAUPUANWK  [USNEKTPUKNAp- Ec
parvra yxwawnurugup. TAOK ga
ApUM yTKasruunapga BaneHT 30-
Hacu 3neKTpoHNap 6GunaH Tyna
TynraH 6ynu6, yHga tOKopuru
30Ha 5‘Ka3yBYaH/MK 30Hacu 6yul
6ynagm (11.1- 4ym3ma).

ETapnitya nact Temnepartypa-
napja yTkasdyBuyaH 30Ha OYLWIUIM YUYYH SpUM 5*Ka3ruy 3nekTp TO-
KMHW YyTKasmalign. Temnepatypa KyTapunuwm 6unaH uccnkgUK
3Heprusicm TabCcupupa BameHT 30Hagarun 06ab3u  37eKTpoHNap
yTKa3dyBYaH 30Hara ytmb onagu. BaneHT 30Haja aca mycbart 3apsij-
Ny KoBaknap xocun 6ynaau. MeTannapgaH ¢apkau y™“napok, spum
s'kasruunapga 3apsaj TauTyBuunap BA3WGacuHW 3MeKTPOHNAp Ba KO-
Baknap yTaign. X,akukui KpucTwmwa 6y xoguca Kyuugaruya copup
6ynagu. KoBaneHT 60rnaHull XCXWl KUAWWAa KaTHalaéTraH anek-

BaseHT 30Ha

11.1- ynsma. ApuM yTKasrmMuymmHr
3Heprua 3oHalapu .
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TPOHNNPAaK oupm NCCUKNNK ) () (
XTpakaTu  Hatwkacmpga  aroMfad

Yy™MM6 3pKUH 3NMeKTPOHTa aiinaHa- ——»©
ny (11.2- yn3ma). .
ANeKTpoH eTULIMaeTraH L) s )
6ornaHull  XxapakaTyaH KoBaefaH
n6opatr. DPKWUH 3NEKTPOH \am,'ap- AN
K/H KOBaK XaM KpuUCTan naHxapa ;
s ) (5) S)
yiinad Kyunb HOpULIN  MYMKUH.
KywHn 6o0rgaH 37ekKTpoH TopTub :2- Un3Ma, SPKUH 3NEKTPOH Ba KO-

OfMWI  HaTMXKacuga Maskyp >koiga BaKHWHI Naiifo Gynuwm.

KOBaK WyKonagu, JfIeKUH KYLIHU
6orga KOBiiK xocun 6ynagun. by xoauca KOBaKHUHT Kyunb opuingmp.
Y3unraH 3neKTpoHnap fHa KaTub y3m XOCUN KUAraH KoBakkKa
Tywca, 3pKWH 3/eKTPOH Ba KOBaK XYy(pTu iykonagu, 6yHU pekom-
6uHauua pedunnagn. HongaH ¢apkaum Temnepatypanapja Spum
yTKasruunapga an6atrta 6yHgain KoBaknap Ba “Ka3yBYaHNUK 3nekK-
TpoHNMapu MaBXyf Oynagu Ba ynap 3/eKTp TOKWMHMW YyTKasa onagu.
ApvM yTKasrmynapHuHr 6y Xxoccacu ynapHu AW3NeKTpuKnappaH
thapknangun. OuanekTpuknapga Hopman wapouTga OyHpali 3apsg,
TallyByunap bGynmaiguM €kuM Xyga Kam MUKAOpAa Xocun 6ynagw.
To3a fApuM yTKasrmuynapga KaHuya YTKasyBYaHAWK 37eKTpPOHMapu
naigo 6ynca, WyH4Ya KoBakfiap Xxocun 6ynagu. MyBo3aHaTuii
>0MaTga “KasyBYaHNWK 3/IEKTPOHMApW 3UUYAUTUHU LY, KOBAaK/apHU-
KWHW ) peb Genrnnacak, Xycycuidi yTKasyBUYaH/INK YUyH

LLI=Po=L1l- (11.2)

ByHAaaH n, — Xycycuii apum yTKasrmugaru 3apsg Tawysumnap
anynurn (intrinsic — xycycui).

Mabnym 6up TemnepaTypagaru 3apaj TawyBuymnap MUKLOpU
TaKWKNaHraH 30Ha KeHrnurura 6ornunk éynagu. - KaH4ya Kun4umk
6/\nca, yTKaszyBYaH/INK 3N1EKTPOHAApU COHU LWyHYa Kyn 6ynagu.

Ge yuyH tm,=0.67 3B, Si yuyH £/=1.14 3B HUW TaWKWN Kunagu.
LLyHWHT y4yH, MacanaH, XoHa Temnepatypacmpga (7=300%'A) Ge
KpucTanngaru ~KasyBYaH/NWK 31eKTPOHNApPW 3Munnru Si HUKMAAH
TaXxMWHaH 10™ mMapTa KartTa.

ApUM  YTKasrMynapHUHI TaKUKNAHraH 30Ha KEHINUTMHW ONTUK
Yeynga aHUKnaw MYMKWH. BYHUHT yuyyH apum “kKasrunynappga épyriamk
Hypy toTuanw  Ko3(IXYULETAUHU  TYNKUH  y3yHNurara oGornmk™uru
YPlaHunagn. ®oToH 3Heprusicu Tiox E, OynraHga y Lespav oTun-
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Mauin. YYHKU YHUHT 3Heprusacu
BanciT 30Haaall anekTpoHnapHu
YTKa3yBYaH/INK 30HaeHra Kyrapuu

. , EE£
YUYH eTMainan. bo)>1:,, Oy;[|l'aHan Ee=]w
(jloTOHNAPHUHT KOTHAHWH 6onnna-
HafgH (11.3_ LIVI3Ma). <1>otow!ap aneprmack
KpMCTann'qa 3N1eKTPOH Kl)BaK 11.3- ullJ?ul. Apum Yrkasrnuga

)Ky(bTVI XOCMN 6ynan|/|. Anek- épyrnvk HOTIUMWIINL gonp.

TPOHMIAPHUHT YTKa3yBYaHAWK 30|ilacura 6yHAal yTuw 6esoeuTa
(AbHM TYrpu) yTun.| neb HOMAnaHagm. Bab3u APUM
yTKasruunapHuHr (macanaH Ce, 51) 30Hanap Ty3sunamwum Mypakkab
6ynagn. YnapHWHr yTKa3dyBYaHMWK 30HAcCUMAarH 31eKTPOHMAp Y4yH
3HT Kn4yuk 3Heprua (£,,,|-,)ra Tyrpu KenyBYMm TYNKWUH BEKTOP
Ba/leHT 30Hajarn KOBAKMAapHWUHI 3HI KaTTa 3HeprumMcra MoC Ke-
NyBUM TynumH Bektopu (/:=0) 6munaH Moc kenmaHau (11.4-um3ma).
JHAM 6eBoemTa y3MW Y4YyH Xapakat
MUKNOPW calcnaHuw KOHYHUW GaxKapH/-
mMaigmn. SleKuH, G6yHaai ytuwnap ¢OHOH
\ocun  6ynuntn 6unaH amanra owuw!
MYMKWH.  YHAa 3Heprus  cak,JlaHuL

>TK;0YBYIMUTK.

Ko Hy))H = Eg +ko™ . VIMMNYNbCHUHT
CaknaHWL KOHYHM 3ca
Kp=k, +Kl (11-3)
KypulH!lwaa é3unaan.
byHga (Qb Ba nap yunroTunrad
(DOTOHHUHT TakKpopuimnuru Ba TYNKUH
BekTOpW. Epyl7luk Tabcupuaa asnek- -beL?J?ICMTa
TPOHMAPHUHT OyHAak yTuwKn 6ugso- Eg-"-hn Xgrapacm
cuTa ytuw ncé HomnaHagu. bunso-
CuTa yrunwga Apum yTKasrndnapHuUHT (_‘Do'roraap 3T!ep|'|y|C]X (T6)
TaKMKTaH1aH 30Ha KEHTTHTUHH
, " 115" Yiuma. belloclita YTHUM D
TATpUAaH TyTpu aHuoTab 6ynmal'igH. yciapacis.

TaknK4alwaH 30Ha 4erapacu CUDKU-

raH 6ynag|r Apum yTKasrmyga rTW.TraH POTOH spkuu 3/IEKTPOH
Ba KOHakK \ocumn Kunagu. QHeprusaHuH!' 6mp Kucmm 3aca AMN-P*
rma.tm - @oHoH \ocun Kinmnra capgnaHanu. bat>3m  apum
yTKa In4.Tap YYyH TaKWK-NaHraH 30Ha KeHrAUru 11.1-xajsanna
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Jumpuni<n cf — 6HNnaH 6esocuTa yTuw, /| —>appu 6unaH
'6'TaocuTa yUnu KysaTunraH sipum yTKasrmunap GenrunaHrarr.

/ 1.1->kapBan

SovmMTIL W I, m i, )ﬂ/H YIIM ar
KECANL ym Idau rypm
0.33
0.74 0.29 0.35
0.23 0.1H Rt 017 0.27
035 SbTC
135 %LS 25H 2.42
2.35 2.2
Clc 161 1.45
nmn 16" 152 sulc 03 (0):¢

11. 3. 3¢ dekTBAN Macca

OPKUH 3.TEKTPOUTTUHT 3HEpPrusicn E YHWHT umnynbcu 6unad
Kyringarnya 6ornarrraH,

£(/;) = ZPT (11.4)

T — 371eKTPOUHUHT TrArYAMKAaru maccacu. JIeKUH 31eKTporTiap

Ba bonrka  a3nemerrtap  3appanap, KBaHT  MexaHukacupga

Kypcatunrarrunek, MKku ék/rama Ttabuatt-a aragup. Maskyp sappa-

nap y3uHu (0 — TYNKWUH Yy3yrraurura ara 6ynraH) TYNKWH CUHTrapu

TyTagn (KOpNycKynap-TYNKWH gyanusmrr). X.ap 6up 3appara
N

roan «  TYN"rr BeKTOPWHW MOC KYWUNTUMWU3 MYMKWUT1l. YHA:a

3MEKTPOHNAPHUHT UMMY/bCH
P =Tk (11.5)
6ynagu. SNeKTPOH KpUCTann naHxapacu uumaa \apakaTnaHrauga

YHUHT- XapakaT Te3nurn VTYNKWH MakeTUUUTTT Typy.\uid Tcanurur'a
TeHr ge6 onurragrr:

(11.6)

J./eKTPOIT TalKWU 9NeKTP MalAoH TabCupuaa res3narrrrryi OfcurT.
-'Maa YnuHr TeanaHuurm

'LU)- J 1 11.7
n dmwl g 7, nka/ b K (11.7)
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ra aaiMalWWTUPNWLNMUNIZ MYyM-

by ndopgagarn (C—!K) HU (_,qp_)
n Nal

KWH, Yy Xonga

1 Y
a= © AH (11.8)
i ok” r? oK™
ByHgaa N 3/IEKTPOHTa TabCUP KUNYBUM YMYMUU  KyM.

Oxuprn myHocabatgarm I Ky4YHWHT ongufary KynaiTyBuM Tecka-
pu Macca MabHOCUHU aHrnaTagu.

T OKN
Ywby Macca 3M1eKTPOUHWUT \aK;uK.uii rpaBuMTaLMOH Maccacu
T ra TeHr MNWKN XaM, TeHT AMAcCAnUrn xam MYMKWUH. T*-
n a Te 6 a e 6 ac a *

3NIeKTPOHHUHT KpUCTana naHxapajarn xapakaTUHUHT achdheKT BN
maccacn fe6 HomnaHaau. Kpuctann naHxapacu 6GynmaraHpa
Xamma 3nekTpoHnap 6upop €& Tawk™m

31eKTp MaljoH Tabcupuga 6up xun Tes-

naHuw onraH 6ynap sgu. 5Mwa € wMmaii-

LOH TYpAu KpuUCTana Xucmnapfga Xocun

KHnuHraHga yHaaru 3aneKTpoHnap

y3napuHu Maccanapu Typnuya 6ynraH

3appanapgek Tytagu. Oemak, 3ahheKTus-

N Macca 6y 3NeKTPOHNAPHUHT KpucTann

naHxapacu 6unaH TabcupnawyB4yu XoOcC-

canapufiaH  Kenué UMKYBUYM  KaTTAINK [ 6. yusma. Pyxcat aTunras
3KaH. KoBaknap xam xey KhaHgaii rpasu- 30Ha TapMoMapu.
TalMOH Maccara ara amac. Acnupa ynap

KpucTann naHXxapacugaru artomnap atpogugarun myc6bar 3apagu
Kynpoy 6ynraH coxa-vyapgup. LLyHra k"apamacfaH, TawKu 31eKTp
MaiAoH Tabcupuga KOBaknap y3napuvHu Mabaym 6up T* 3dekTus
maccara 3ra 6ynraH 3appajek TyTagu. g dekTuanum MaccaHWHT
axolnnoé xoccanapupganm 6upu WyHAaH wnbopaTtkM, Yy MycbaT Ba
MaH(pUA Kuiimatra ara 6ynuwun MyMKuH. MaHduin adhdekTnenun
Maccannm 31eKTPOH TalWKy 3eKTp MaihfoH Tabcupuia CeKMHNalwa-
Av. ByHAa 3NeKTPOHHUHT HaHXapa 6unaH 3nacTUK TYKHal Wl Ha-
TUXacupa onraH Teckapu WMHYNbCWM 3MeKTpP MaWAoH Tabcupupa
oNraH uUMNynbcAaaH kKatta 6ynanu. Hatumkaga 3N1eKTPOHHUHI yMY-

250



MU apeid Te3nurn kKamahinb 6opagn. dpdekTusnm macca E(k)
QYHKUUSHUHT KypuHuwura 6ornmk,. Arap E(k) Te3 ysrapysuu
hyHKuua 6ynca, yHra Moc KenyBuMm 3h(eKTMBAM Macca KWUYMK
6ynagn. E{k) cekuH y3srapca (11.6- uu3ma, 2), y xonga 3apsfg ta-
WyBYMNAPHUHT 3 (eKTUB maccacu Katta 6ynagu. MoHoKpucTan-
NapHWUHT  30Hanapu  Ty3uauwu Kpuctann naH>apacmgaru
MyHanuwura 60ornumk bynagu. by y3 HaB6aTtmga adheKTnu macca-
HUHT aHU30TPONUACUHU KenTUpmo6 uuuapagn, abHU 3apsajg Tawys-
YMNapHUHT 3 eKTUBAM  Maccacu Typam  Kpuctannorpagpuk
MyHanuwnapga Typauwya 6ynagn. Y xonga (11.9) wudopa
Kyinparmya KypuHuwpga ésmnagm:

(11.10)

"Il n-
ByHwga /, ynap 1, 2,

KwuniimatnapHn kabyn kunagu. 11.7-
ynmsMaga To3a repmaHuinHuUHr (Oe)
30Ha Ty3uAuwWmn KeatupunaraH. LJc)
rpaurngaH  KypuHué Typubaukn.
Ce jpa yuyTa 3HepreTuk MUHUMYM
6ynn6, ynap A, Ba | xapdnapu
6unaH OGenrunaHraH. Takuk” aHraH
30Ha HeHrnuru 3HT  KUUUK
6ynraH saHepreTMK MUHyMym 6ynuo,
yHga £7°=0,74 3B Hu Tawkwn 3tagu. by MuHyviym Kpuctannga
(111] wyHaTTWgarM bBpunN3H 30HAcKM AKWKKUAA KOWnawraH.
[100] WyHanuwpgarn A MUHYMYM Y4dyH £70 94 3B Hu Tawkun
aTagn. by uKkuM lyHanuwnapga 3apsf Tawy .4nunapHUHr addek-
TUB/IN Maccacu xam Typauya bynagu.

11.7- yn3ma. epyaHniiga aHeprus
MHUMMPU Ty3UAuLN.

11.4. Xycycuid sipym yTKasrmunapaa aneeTporiiap Ba Kosaknap J(<umr<

Apu\ ~TKasruunapgaru 3apag
Tawysuyunap 3uvunurn E~Ba T ra
60rAMKANTUHU  KNpUB  YmKamus.
BYHWHT yuyyH 7'TemnepaTtypaja Ba-
NeHT 30HafjaH YTKa3yBYaH/IMK 30-
Hacura yTub onraH 3feKTpoHnap 11.8- wnzma Vsothn sipum
COHUHUWUHT KUMeEBUN I'IOTEHLI'I/IafI Ll' YTKa3rMyHWHI 30Halap anarpammaci.
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(ckn <)epmy -3HCPTACKM catx,u ra 60 MK, MrmMHn TOMamms.
M3oTpon fipum 3TKas3rmy BaneHT 3oHacu wunuHu ,= 0O ona-
Mn3 (11.8- ymsma).

YTKasyBYaHNNK 30Hacupja E KuiiMaTnau 3Hepruara ara 6ynrad
31eKTPOH YUyH

1rk-
E=Eg+ (11.12)

MyHOCabaT ypUHAN BYNCUH.
YTKasyBYaHNMK 30Hacugarn anektpoHnap yyyH E-~1))kKT,y

\oNnfga 31eKTPOHNAPHUHT P epm\l Jupak Tak CUMOTUHM

E,-E.
-). (11.12)
KT

Kypununrnga €3m6 onuwnumMn3 MyMKUH. ByHaa /,, - £ aHeprus.nm

CaATXHUHT 3NeKTPOH 6unaH 6aHf 3KAHAUTUHUHT 3”TUMoOnnuru, EA
aca ®epmu car>ull, >;onatnap 3MUNUTU YUyH

J4E}c~"E=-"- ("N - ) ME-EM~CLE. 111.13)
2n- T
nhoga ypuHnm b6ynagn. Y TKasyBYaHNIUK 30Haja XXoinawiraH anek-
TPpOHNAp 3UYNUTU YUYYH

00 9 N
/7=1 8{E)/,(E)c/lE =- " { —-~)"
Ea 2n”
(11.14)
w 1
{E-Eg) exp(- _-)C/E
KT
NHTe1pan ONUHTaHAAH CYHT:

). (11.15)

2T KT

FOkopugarn wugofa yTKasyBYaHAMK 30HaAarM 3neKTpoHnap
3UYAUTUHUHT T Ba BY ra 6ornaHMwuHun  Kypcatagn. Arap ¢V
ma'bnym 6ynca, yHu uxtuépuu T Ba nap yyyH \ncobna6 tonuw
MYMKUWUH. QHAN Xyaau my TapTub6ha Sipum yTkasrnuynapgaru KoBak-
nap 3mMunuru p HUHr T Ba B ra 60rnaHuMWnMHM aHuu,ualimms. Ko-
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BaK-MANPHUUT TaKCMMOT (YUKLUACU 3NEeKTPOHNAPHUHT TarcumoT

(hYHKHUACHK 6unan K yiugarnya 6ornaHran;
[ =(-1,°
Y \onsaa
— ze x ANy (11117
I1>="- Eg-gy, Ep-E Pl ) (D
T. — KOBAKWWHI BaneHT 30Hacu uuwmgarn ap@ekTuBInM macca-
cn. Koaknap yuyH \onat 3uy.lm)ru,
| PARNA -
AAENIE=_ (-7 )2 ~-E)2 (11.18)
2nn™ 1?
KOBakKnap 3u4nuru aca,
0 'TAT 2
p= 'A1{E)/),{E)"E=2 3 exp( Er (11.19)
2nb" KT

(11.15) Ba (11.19) ndopganapHn 6up 6upura KynanTmpamms,

Krm A
np=4

L E
(TAT*)-exp(-*) =n;

(11.20)

6y ngopga MyBo3aHaTUilt \onaT yuyyH ypuHnuM 6ynmb, ~apakaTaaru

mMaccanap LoHyun geb HoMIaHagw.

Y1JJ6y myHocn6aT X>'cycuin 6ynmaraH Spum yrkasrumunap yuyyH
YPUHAW, YyHKM 613 \aiiH xycycuinuk Twpucmuga 6Mpop TaxmMuH Ku-

pu'TNTaamnK. WpogaHn!y! AHa 6up
Kynainuru wyHgaH wnbopaTku, yHAa /rsr
HTH™ kuiimaTn KaTHawmaigm. Xycycuii
yTKasyBYaHAUK Y4YyH wudoga Kynumgaru
KypuHuan'a ke.;anir

K(
29/t t m A7
Kpemuul'! yuyH (11.21) ndoga ép-
pamunpa xucobna/nax (np)™

IMHC T ra 6ornaHnwun 11.9- ynsmaga
KentupunraH (y3nyKcus 4usuk,)-

(np) I ,cm'
10 \

N
\

10 \ |

oM (0002 T

11.9- um3ma. Xycycw!! apum

yTKauutuna (np)' - Huur
Tc.\(K-pary[>a 7 ra 6olnanmnwin.
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pamkparn nyk'ratap Taxpubaga yauat)raH Kuiimatnap. T=300K ga
KPCMHHIA yuyH /r/M,6 10" cT'”, repmanul’) yuyH aca /;/>=36 10-* cnT>
X™ncob-kTobnapfa T,*=Tp=TpT6 ONNHIaH.

Xycyi-Hii yTKasyBYaHAMK YYyH p=n, WYHWHI y4yyH (11.15) Ba
(11.19) nchopanapHu Tenrnab

B
N ~ v
12 exp(T£ "\ (11.22)
KT KT -Ec=0
HWU XOCUA Kunamus. OXUPrun HatuxKaHwu no- -Ov=Es

rapugpmnabd Ep la HucbataH cuyammus;

E/={ V2)Eg+{3i4)k T (T;/T,;) (11.23)
11 TO- unsmu. Xycyclll apum

Arap * Ba T=0'My 6ynca yrkasrnyna ®epmu Lm;n\ll
Ep=[\12)E”,, Temnepatypa OpTuwWwMK 6UNaH. £p(7)
arap 1MpiT,*>\ 6ynca, ®epmu cat™nm kyTapunagu, [;;/ll«,*<]
6ynca, y nacaagm (11.10- 4ym3ma).

Arap = Opeb onnHca, M»ongugarn uiiopa ysrapagu.

11.5. 3apag TawyB4yuaap xapakaTtyaH/HIN

3ap5![ TawyBYMnap xapakatyaHAurn feb ynapHuWHr apeid Tes-
AUTUHW 3M1eKTP MafoH KyunaHraHaurura Hucbatura aiktunagu.

(11-24)

YHUHT UlIopacu 37eKTPoHNap Ba KOBaknap y4yyH Gup xwun Gynagu.
To3a ApUM yTKasruunapha X" apakaTyaH/MKHUHT KUAMaTUHWU 3/ek-
TPOHNAPHUHT  DOHOHNAp 6WMNaH TYKHaWyBU aHWUKZAWAW. DnekTp
YTKa3yBUYaH/MK UKKUTA TallKUN 3TyBUMaH néopat Gynagu:

0 (11.25)

Yw6éy udogaHn 7 = ne~T Il 6unaH Takkocnacak, 3MeKTPOH
Ba KOBaKIapHWHI X,apakaT4yaHAury yuyyH Kyimpgarn myHocabatnap-
HH TOMamwus:
er,, er,

N [l>=m (11.26)

11.2.-KafBanga 6ab3y 6UMp ApPMM yTKasrmunap yyyH XoHa TeMm-
nepatypacmpaati \apakaTyaHaUrn KeNnTUPUraH.
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/L2- >kagsan

Kpuc lann Xapakaryaun.wk, cM”H cck

floOMM nn- JhL
1. Onmoc 1800 1200
2. Si 1300 500
3. Ge 4501) 3500
4. InSb 77000 750
5. liiAs 33000 460
6. InP 4600 150
7. Gasb 4000 1400
8. PbS 550 600
9. PbSb 1020 930
11. PbTc 1620 750
11. AgClI 50
12. KBr (iaO»K) 100

11.6. ApHM YTKasrnuga Kupuvimanap

ApuUM YTKYy3ruy KpucTann naHxapacura €T aTOMNapHUHT My-
aliiH  MHK,gopfa KUpub KOAMWMKM HaTMxXacufa Kupuwmanum ASpum
yTKasrnuy xocun 6ynagu. XXyga kam mugopgarv Kupuwimanap xam
ApUM  YTKas3rMyfapHUHr  (U3NMK  Xoccacura  Katra Tabcup
Kypcatagu. MacanaH, T03a KpeMHuii kpuctannura 0,00001% Bop
atomMnapu KUPUTUATAHAA YHUWUHI 37eKTpP YTKasyBYaH/AMIM XOHa
TemMnepaTypaenga 100000 mMapTa owwnb Ketagm.

KpucTann naHxapacufgaru Kupuwmatap ofaTga HyKcoIr
--mrcobnaHagn. Arap KupuwiMa KpuUCTa.Mun naHxapacuparu acocui
3NeMeHT ypHUHW 3rannab onraH 6ynca yHu ypuubocap }<;aTTuy
puTMma gelimnagn. Kupuwma kKpuctann naHxapacugarn atomnap
opacura kupm6 KpniaH 6ynca cyuyunma uaTnnu, 3puT.ma geb arta-
nagn. Kupuwma Ba acocuii mo;wa shdekTAnm arom pagycnapu
opacuparu capk, 15% paH oiiiMaraiT xonnapga ypuH6ocap Kupui-
Manap xocun 6ynagu. YHAaH Tawkapu Kopuwima BaneHTAUTUHUHT
acocuii aTom BaneHTAUrugaH apku +1 fail OWMACAUTK NI03UM.
Cyknama Kupuwima XOCUN OYNUWKU YUYYH 3ca KMPTUMa aTOMHUHT
ahdpekTMB pagycn r,, <0.59/, Gynuwu Kepak (f, - acocuii aTom-

NapHUHT achdekTus pagycun). Kupuwmanap HaHXapa AaBpunnnru-
HW 0Oy3afgn, TakukKlauraH 30HaTa Malannuii catxtap \ocun Kunagw.
Kyn xonnapga marxyym 6up napameTp.TU ApuMM Yyrkasruy .\ocun kunauuw
YUyH ataiinab KupumMTMadap KUputuyatu, OyHU SpUM YIKasruunapHu
nervpnaw Ae6 atanagu. Kupuwma \ocun kuniaH ma\anntifl caTx
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YTKa3yByYnuanK ekum wnanct 3ounmaculla

AK;UM  KoWnamnaH 6\oTca caés canuy bl - Ec’
pe6 HomnaHagu (11.11-ynsma). Arap £
Max"annnii catxnap TaKUKMNaHraH 30Ha - C. 6-

ypTacHra fknu >XoinamnraH 6ynca
yyuyp caTn; gerinnagu. "
MoHnaHMWw  xapaéHupa yTKa3yB4aH Ea-
30Hara Ky'luuMua 3MeKTPOH 6epyBUM Ku-
puwMa goHop kupuwima ae6 atanaum. Mu- 1.11- MiMa. Cacs Ha uykAp
CON TapuKacuja KPCMHUL KpucTarvimra caTx.1ap.
Kn)anb kKonraH mapymyw (Jly) atomku
Kypn6 umnkainmk (11.12- yusma). Ywby atom 6eluta BaTeHT 31eKTPOHra
ara 6ynnb6, ynapgaH TyynTacu KpemMHWiA aTomu 6unaH KoBaneHT 6or
XOCU KUAMLWIAA K3THaLagu.
BelnHuM BayeHT 3/ICHOPOH 3Ca YH-
ra 3amg 6ornaHraH >olpa 6ynatu. by
3NeKTPOHNAPHUHT aToMla 60%naHuW
3HEPruUsACUHM TOMULW YYyH YHWU BOAO-
POACHMOH aToM Ae6 K UMMMnu3 MyMm-
KUH. QpKNH As aToMuna

11.12- yusma. loHOp KUpuULIMa
(11,27) yBUAaH 3N1eKTPOHHW Byluatagu.

[0..9Nel0pnK CUHTAUPYBYAHNUTYU 8 BynraH KpeMHWii Kpuctan-
nupaa Gy sHeprus e- .mapTa Kuupasgu.

* 42
=2 (11.28)
2 en
ByHAaH T* — KpucTangarm 31eKTPOHHUHT 3h(PEeKTUB Macca-

cu, 1710 apKMH 3NeKTPOH Maccacu. Y xonga

X (11.29)

O
Ba A3 yuyyH £m="10-"15 )B 3kaHnuru-

KpeMHuin yuyH ? ~1u

HW Xxucobra oncak, £,/ HINI 3B ynyuw-

napura TeHr 6.ynraH KuW4yuk Kuiimatra 11.13- ”‘]"Jf"lv'a- AKLENTOp WnpuLL-
Ma Y:H: 3NIEKTPOHHU ">;>m

aranuruHyM a T IKT*T|IM/1 [emak, Kpu- ¥ P '
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eTANN naHXapajaw Maprymyu] aTOMWHWUHI 6GelWMHYN BaNeHT
3N'eKTPOHMHU Y316 0NN YYYH XyLa KUYUK 3Heprus Kuhos akaH.
NupxakmkaT. Maprymuw Ta“HKAaHraH 30Haja yTKasdyBYaH/IMK 30-
Hacura AAKWUH 6ynraH goHop cat\ EJ )(ocw] uymnagn (11.13- ymsma).
Hopman wapoutgarn  Temnepatypaga 6y  caTxjarn  31eKTpPOH
yrkasyBuYaHIMK 30Hacura ytub ketraH OyViagy. HaTuxaga KupumTmanm
KpPeMHUIA KpucTannmjia yrkasyByaH 3/M€KrpoHIap COHM Kynaiinb ketauu.
ByHpaali Apum ~Kasrmunap n — Typ spwl yTKasrny ged arayatm. n —
Typdaru pum yTkasruunapfa yTkasyBuaH 3/1eKTpOoHMap COHM co fpuMm
\2-Ka3rnyHuKmMaaH Kyn éynagu.

3Hanm Bop (B) atoMnapu KUPUTUATAH KPEMHUIN KPUCTAaNUHW
Kypub unkamui3. bop atoMu yy BajeHTNU 6ynub KpemHUii aTomna-
pv 6unaH KoBaneHT 60r )ocun KUAMW Y4YyH OMP 3MEKTPOH eTuLl-
mMaiian. By 3neKTpOHHM Bop aToMu KyWHW KPeMHUI aToMuAaH
TOPTUG ONUWMWN MYMKWUH. BYHUHr yyyH fm, aHeprus Kepak 6ynagu.
KOkopugarn myno>;asanapHu Kahntapub yuyH xam (11.28) ra
yxwaw ugoga \ocun  KAAMWUMU3 MYMKUH. BN HUHT KuiimaTu
XoHa Temnepatypanapuga 0,1 3B ra akuHgup. by aHeprua cat>;u
BaNeHT 30Ha SAKWHMAA >KoMnawraH 6ynmb6 akueTnop cwry Ageb
HOMMNaHagu. AKLUEeNnTop KupuwMmanu ApuM  yTKasruynapga To3a
ApUM yTKasrmura HucbaTaH KoBakfiap COHW Kyn 6ynagu. ByHpai
APUM yTKa3raynapHuW KOBaK YTKa3yBYaH/IU EKW p — Typ Spum
yTKasrmunap geiunnagu.

KnpuwmMa atomMnapuHUHT MUKLOPUHKU owmnmpub 6opcak ynap
Kpuctann naHxapacuga 6up-bupura akum Kenub Konagu, Hatu-
Xaga YNapHUHT 3NeKTPOH TYNKUH (YHKUMANapu ycTMma-ycT Tywub
KpucTann naHXxapacufja kupuwmasuii 3oHa N\ocun kunagu. Ku-
puliMa aTOMAaPUHWUHT 3UYNINTK

N =22 e10M"( - ’\E) (11.30)
T/\
6ynraHgaH 6owpfab KupuwMmaBuid 30Ha )™ocun 6yna 6ownaigun. n-
TYp yTKasdyBYaH/MKKa 3ra OynraH KpemHui yuyyH J1"=10""CI1-" Hu
Tawkun 3tagu. KwupuwmaBuii  30Ha \ocun  KUAyBUM  ApUM
yTKa3ruunap Kynnu nerupnaHran spum yTkasruunap geb atanagu.
Bab3n kupuwmanap 6up Heya catxniap >;0cun Kunagwu, ynap-
WWHT 6ab3unapu AOHOp, 6owkanapu akuentop 6youlun Mym-
'SUH. ByHANn1 KnpuwManap amgoTep Kupuwmanap pfeb aranagrr
Apum yTKasrmygarm Kupulima caT>ylapu yHparu Xyfa Kyn Ba
Typnn TymaH >KapaéHnapfa MyX;UM ypuH TyTagu. Xo03upru 3amoi
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3/1eKTPOHMKACM YYyH SIpUM YTKasrumuiapra Kvpuiimanap Kuputuu
6unaH ynap napaMmeTpuUHW KepaklH TOMOHFa Y3rapTUpULL MyX,uM
mMacananapnaH 6upunup,

11.7. KomMueHcHpnaHram sapum yl kasruunap

Apum yTKa3iny mabllym OMp KUupuwManap KUpPTULL HaTuxa-
cupa ynapgarv 3apsif TalWyBYUAAPHUHT Tyfna 3WUYAUTU N+p HU Ka-
ManTUPTUUMUN3 MYMKUU. ByHpalh kamadTupuil ycynum Kommeucup-
saw Aeb vomnartagu, ApUM YTKa3rMYHU 3ca KOMMBRCUpAAuranm spum
yTkasrnu fe:wmnagu. KomneHcupnaw épgammupa sSipum  ya'kasruu
napa.MeTpnapuHn Kepakniu TOMOHra y3rapTupuiwl >;03uMplu naiTaa
ponsap6 myammonapgaH 6upura ainnaHu6 k“onagu. Kepaknum xocca-
ra ara 6ynraH SiHrM Typ ApUM YyTKasrmy mogga \ocun Kuauwra
HucbaTaH nerupnaw épfaMuja YHWHT XOCCaflapUHU Yy3rapTupuL
aHuya ap30H Ba Te3gup. KomneHcupnaHraH sipum yTKasruy xocca-
napy KomneHcupnaw papaxacu (K) gaH Tawuapu, KOMNEHcUp-
noBYM Mapkasnap Tabmatura \am Kyunu 6ornaHraH. LUyHWHT yuyH
X;03p KOMMEHCUpPNaHraH fipUM YTKa3rmuynapHu yd Typra axpaTuLl
MYMKWH.

1 Kyunu nerupnaHraH KOMMEHCUpPAaHTaH SIpUM Yrkasruunap
(K/MTK). ByHgaint apum yTkasruunapga KOMMCHCUPNOBYM Mapkas
cuatmnpga 6up 3apagam caés cam)™ XOCUA KUAYBYM KuUpumuamanap
onuHagun.

2. FOkopu 3Hepruann 3appalap OKMMU 6WAAH HypnaHraH Spum
yTKasruunap. KoMMACHCMpNoBYM Mapkas cudatuga Typam Uykyp
caT\<1M pajvauMoH MapKasuTap Ba Karra \aXMmaum HyKcoHnap (Mmaca-
naH, TaptubemnsnaHrad kucmnap (TK)) my\um ypuH arannaigu.

3. UyKyp 3HepreTuk car>; >;0Cul1 KUAYBYM Kupuwmanap 6unad
KOMMEeHCUpaHraH ApUM yrkasruunap. ByHpai ApUM
yTKasruunapga kaTta amnauTyganu (GAyKTyauuoH mnoTeHumannap
Ba TapTMbCM3naHraH kucmnap 6yn.maigm.

M .8. AllumraH apym yTKasrmy

KBaHT mexaHuKacumga aHuw peb cuctemaHu Typ.nu (6up He-
ya) ><;onatnapura 6Mpop UMUK KarTaNUKHUHT (MacanaH. 3Heprusa-
HWHT) 6uTTa KUAMaATUM  MOC  KCAuMWMWra antunagn. Spum
yTKasrmunapja yTkKasyBYaH 3/eKTpOHAap Ba KOBaknap suunuw
eTapniiya karta 6OyunaHga aWHWW  Kysatunagu. bByH;@a  Apum
yTKasrnunap aliHuraH spum yTkaswunap .ge6 HomnaHagu. [|imm-
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M ApuM yTKasruunapga 3apsg TawyBumnap ®epmu-Aupak
'ukcumoTura  bGykcyHagu. n — Typgarn  alHuraH  Aapum
Arkasruunapga ®epmu cat\m (£/-) yTKasyBYaHNMK 30Hacupa Xoii-
THWaAun, p — Typjaru aumuraH ApuMM yTKasrmypga aca Ep BaneHT

OHana XolnawraH 6ynagu.
) — Typfarn spuM yTKasruy yuyH Oy wapTHU

e.\p(——EL){] ékn Ep>0
KT
KypuHuwmnga E3MwnmMmns MYMKWUH, p- Typ YUyH 3ca,

exp <4 Ba Ep(-E, (11.32)
KT
bynagn. Chepuk aHeprua 3oHacura ara 6ynraH mMsoTpon n — Typ
APUM YTKa3rmy yuyH

n-~ (11.33)
ngpopa ypuHnu 6ynagu.
11.9. AliHMMaraH sipum yTKasrmy

YTKazyBYaH 3/IeKTPOHNAp Ba KOBakfap 3vYUruM eTapamya Ku-
Ynk OynraH ApuUM YTKasrmunapHuW aiHUMMaraH fpum yTKasrmunap
ne6 HomnaHagu. AMHMMaraH SpumM yTKasrmuygaru 3apsfg TallyBuu-
nap Makceenn-bonumaH TaucumoTura 6yicyHagn. AlHUMaraHAnMkK
wapt (£;~0)

£,

exp (11.34)
KT

KypuHuwpga ésumnagu. byHpa ®depmu asHeprusacu Ep TakuKriaHrad
30Ha numpa bynagu. MyBo3aHUTWUIA \onaTgarn 3feKTpoHNap Ba KO-
Baknap 3uWYNUrM Y4YyH Kyhugarn wudgoganap \ocun KAIULWIMMU3
MYMKWH:

20 =N",.exp (11.35)
KT

Po = Ny exp (11.36)
KT
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«0Po =«, (11.37)

3

n 2nT KT 2 - A2TngKT
ByHga N~=2 Ba JT. =2 nap 3neKTPOH
r , 1?

Ba KoBaknap y4yyH \onatnapHUHT aypeKTnB 3uunurn geb HomnaHagm.

11.10 Apvm yTKasrMyaapHUHL 3/1eKTP 3 Kass'BUaHInmMm

M3oTpon ApuM yTKasrnynapuunr 3nekTp yTkasyBYaHAUTM YUyH
(11.24) wdopann \ocun k™MnraH 3auK. Xycycuit yTKasyBYaHNIUKAA
ywoby mndoaa KyWngarn KypuHuwra kenagu,

cr, =(B,,+/.i Jem (11.38)
(11.21) paH ¢onpgananné
3 3
a, =2e(//,, +/i )(-M)2(m*mJ,)d e~ p(--") (11.39)
2nlr 2KT

MyHOocabaTuHu onamu3. KypuHub TypubAUKW, ONMHTAH HaTUXa Me-
TannapHUUr  yTKasyBYamAuMrufgaH katta Qapk; K'vnagu.  Spum
yTKasrmunapHuUHr  \'TkasyBYaHNIWruM Temnepatypa OpTuWM 6unaH
3KcnoHeHuunan optub 60p3an. byHaaH Tawk™apy "KaszyBYaHIUK
3NeKTPOHNApP Ba KOBakKMapHWHI \apakatyaHnurura Ba 3hdekTuB
Maecanapura 6oravk,. Tak“MKAaHraH 30Ha KeHrauru BN gpum
5'Ka3rmynapHWHI 4YTKa3yBYaHAWTUHH 6GenrunoByYn My;>wM omunnap-
faH \ucobnaHagu. KwupuwmManu Spum  yTKasrMunapHUHE  3MeKTp
AMKaszyBYaHAUTM Kyn omunnapla 60ravk, Ba Mypakkab OynraHnund
yuyyH 6y epga Kypub yTmalimus. Xycycuid 3TKa3yBYAHAUKHUHI TeM-
nepatypara 6orfaHuwuy 3apaj Tawysumnap \apakaTYaHAUTUHUHT
TeMmnepaTypara 6ornaHuwungaH kenub uukagn. XapakaTyaHauK ys3
HaBb6aTmaa (11.25) ra myBO(UMK,, 3apsf TallyBUYMNAapHUHI penakcauus
BaK,Tnapu_Tp Ba T, fapra 60rnuk 6agagu.

Penakcauusa Baky 3apsijf TalyBYUAAPHUHT KPUCTaNA naHxmn-
pacugaly coumnuw  Typura uapab Temnepatypara Typ/uua
6obnaHraH. X~®™MkatyaHnnk \am moc \onga Temnepatypara Typau-
ya 6ornaHagu. 11.3-xapBanga j.i(7) HWM coumnuw Typura
lemnepaTypara 60rnaHuILIN KeNTUPUNTAH.
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/ 1.3->kapgBan

Couyunnuw lypn
7" AKyCTUK TcbpaHuwnap
2. OnNTuK TcbpaHuwnap

(K>KOP™ T nap co.xucu)
3. OnTuK TcbpaHmwnap (nact cxp(11ly,./KT)
T nap co)™acu)

4. KnpuniMa voHnapu
|_y Aucnokaynanap

T3/2
T-172

(11.39) gaH KypuHuo6 TYpUbANKMU,

KypUHULLIAA TcMmnepaTtypara 6GOKVK,.

- ¢yHKUMA 3KcnoHeHTara Hucba-
TaH CEKWH y3rapraHum yuyyH 6y UTK®
O6OPMKMUKHWM  KypcaTKuunm ae6 onu- .
1.14- ynsma. Xycycuin anckTp

LWUMMU3 MYMKUH. (11.14-4yn3ma). PTKA3yBUAHNTIK.

Kupuwmat) spim  yTKasruunap
yuyH OyHfai auk >4 KHcmpaH mbopaT 6ynagyn (11.15- umama). Macr
TemnepaTypaaapgaH 6o[wrtab Kupuwma atomaapyu  TyAuK, MOHNawm6
6ynryHua AnekTp >TKa3yBYaH/INK

K.OHyH Gylinua yarapagu.

byHoa n — Typ Apum 5"Kasruuypgaru
[loHopNap y3 3/IeKTPOHMapUHN BaneHT

30Hara  ysaTagu. Arap ApuM
yTKasrny p — Typ 6ynca akuentop
Knpuwimanap BaneHT 30HapaH 1.15- umsma. Kupumasuii

y3ura 31eKTPOHNapHU TopTuG ona- S/ICKTP yTKasyBHAHNNK.

O (11.15-un3ma).

o (7) rpaMruHUHI MKKUH4YM Kmcemmpa (11.15- umsma, 6), Ku-
pvw\wap Tyna noHnawraH 6ynagu. (AbHU «o=<Y| éku Pii=Na). ByH-
fa 30Hajarn 3apsaf TawyBuwunap 3vunauru ysrapmangu. af{7) HWUHT
y3rapuiim Tyauk ra 6ornux 6ynagu. TemnepaTypaHuHr 6y WH-
Tepeaimaa (,((7) kamalica o(7) xam Kamasgu, IX(7) oaroa (i(7) "am
optagu. Temmep.Trypa sHa opTu6 6Gopuwwn 6GunaH ApuM  YTKasruy
aTomnapuHu)i[ W KN3yBYaHAUK 30HAcura yTaéTraH 371eKTpoHnap 3uu-
Ourn  (Bku BameHT 30HacWfaru KoBakfiap 3uuYaurn) Kupulimanap
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\ocun Kunrad 3;(ag TawyHYmnap anynunna TeHrnawanu sa \'mapgal
oprm6 KeTafy, HaTmKW Xxycycw'! yikasdyb4aH/IMK eTakyiu po;,
yiHainm (M .!5- yusma, ¢). Bynna a =T, :exp(—l?1 )  K«HyHus|

ypuHnu 6ynagn. by ngopanap KupuliManap 3vWUaMW YHYa KaTTa
GynmaraH wnaap yuyyH ypuHAUAHP.

11.11. Apvm yTKasrnunapia UMKIOTPOH pc3oHar{c

MeTannapna WMKAOrPOH pe3oHaHC ,\ofgucacu MeTann cuptura
A("™H 6ynraH anckTpounapfa Ky'satunagn. UyHKM cKUYn-a<|)ekT
3NeKTPOMArHUr TYAKMHAapHW  MeTanl  M4yKapucura Kupuwira
\anak,uT 6epagn. Apum yTkKasrmuynapga aca 6apya 3apajg TamyBuu-
nap TWAKW 3NeKTPO.\MIFHUT TYNKWHHWHT Yy3rapyuyaH MaigoHu
T:n,rununa  6\;'lagm. LLMKNOTPOH pe3oHaHC épnamMupa Apum
yTKasrmynapgard 3apaj TalyBUYMNAPHUHT 3 (HEeKTUB MaccacuHu
aHuunan) MymMKuH. MOHOKpUCTana fpum yTkasruunapga agpgekt-
NN macca Kumiimatu MWyHanuuwra 60rnmk bynagu.

Apum  yTKasrmynapga Typau
MyHanuwnapgarn agpekTnm macca-
nap apk,u HO mapnagaH Xx.am Kyn
6ynmnin \»ymKuH. OpdekTnn mac-
canap thapku ApUM
YTKa3rmyaapHUHr 3HepreTMK 30Ha-
nap Ty3sunuuwgaH Kenumb uuk™agu.
MacanaH, Ce Ba 8l yuyyH 6up xun
aHepruanu cuptnap (£{/))=cons()

anauncongnap \ocHn fHNagu. sHeprusnu CII)T.Uip -
(11.16- 4ynsma). INuncomAl ;ip ynunum.
Ynap yyYyH 3HeprusHu
[
_Px+Py PI (11.40)
E(p) =
e Im\s

Kypwununga c3vwnmMu3 MYMKWH. KpeMHWA MoHOKpuCianaugaru
1100] HVTiajunii 3anAUNCONAHUHT CUMMETpUA >Yura moc Tywagwu.
By liyHantugarn 3g¢ekTnm macca Tu 6unaH 6enrmnadHran, ywura
KyHAanaur WKKuM WyHa.mnlna sddekTam Maccanap TeHr 6ynu6,
ynap nil KypuHTuaa é3mnraH. Arap TalKapupaH ux'iunraH poum-
MM .mMarHUTUK Maigon B AMyHanuwm sananncomnpa ykura mapannen
6ynca. 3apag TalnyBumnap 6y marHuT mMaingoHga
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o = 1.41)

Takpop|n'b'it 6unaH annana 6oTnalgunvp”™ MailgoH NyHanUrum
annuncounp ykura Tuk bynca,

eB
T1

(11.42)

Arap MarHuT Mailgo/! annHMCOrw yku 6unaH e 6ypyak \ocun
K;wica, UMKNOTPOH pe30oHaHC épjamMupa aHnknaHraH agdekTnu

macca y4yH

N In-
0058 5!m-o (11.43)

T T ])11 "«

MyHocabaT ypuHau 6ynagu. Ce
MOHOKPUCTaNAM YYyH LWUKNO-
TPOH pe3oHaHc Tuanwmn (11.17)
ynmaga KentupunraH. byHpaa
MarHUT MaifioH MyHanuwmn 1100|
6unaH 60"  )tocun  K'unagw.
TawuapugaH TyTaéTraH 3nek-
TPOMArHUT TYAUWH TakKpopuiAnu-
m ~24 TTy atpodumaa, Temnepa-
Typa T=4K. HKOTuaumwmu kopu
bynraH 4YyKkKunap WKKW xun ag-
(heKTMB Maccaim KOBakK Ba Y4
Xun addekTanm macca.|m anek-
TpoHNap 60p 3KAHAUTUHU KypcaTagu.
Xap 6up athekTanm macca Tawk™ maljgoHra mMa'knym 6up 6ypuak
ocTuga WyHatraH 3fnMNCOUA 3HEpreTUK 3oHara Moc kenag!l. Y6y
Taxpub;napnaH Ce ymyH /;rx=0.082 /w !"n «)|pl.59 Lb 3akaHAurm
AHWK.aaHraH. byHpa nu) — 371eKTPOHHWHI rpaBMTauuMoH Maccacu, 8l
yuy)r aca /??7=1.19 /} Ba TU=0.98 «(> HU wuuumkmun 3T;wu. Ce Ba 5!
napHuUMr BuneuT 30Hanapu 4eTu Mypakkab KypuHTUra ara. Taxpu-
6anap y epaa MKKM XU Maccanu Kosak.llap 6opnurunmn k>catagu.
Ynap eHrun Ba orup agdekTnM maccanm Kosaknap fe6 HOM-
“qHran. 11.4-xanBanna 6ab3nM ApuMM YTKa3)iiy MOHOKpuUcTannapu
YUYH 3M1eKTPOH Ba KOBakfapwiwr Hucbuii athdekTUB Maccanapu
KENTUPUATaH.

10 310 B/c

11.17- '"HUMH. ApuM yTKasruynapsH
LMKNOTPOH pe3oHaHc.
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| im4->kafgan

Kpuctann lakH)ylallraH  SNCKTPOHWUMUHT 3(h- Orap KOHaKHHUHT KHrun koBakH”";1P'
nomm 30HAa KEHIrnru thekrnit maccacu athheKTAN maccacu ah(ekTAn macca-
Kk,3B cun (IM,,/m,,)
1n5b 0,23 0,0155 0,4 o, 0 ~
1nAx 0.36 0,024 0,4 ( 0,026
Cab5b 0.X1 0,042 - 0,052
GaAs 1.52 0,07 0,64 0,07

ONeKTPOHNApPHWHT Ba €HIUA KOBaKNapHWHI aekTnn macca-
napu Takuk™naHraH 30Ha KeHravuruura nponop)()toHan \onga op-
T™M6 6opagn. Y]uby addektnm maccanap BpunnosH 30HACUHUWHT
Mapkasugaru (K=0) k™ miiMaTra MOC Kenagw.

11.12. Apum yTKasrndnapga Xonn xogmcacu

Xonn \ogncacumnmHr tTabpuuHmn X 6o06pa Kentmpub yTraH 3guk.
Apum yTKasrmynapga Xonn Xx;ogucacu cppgamupa 3apag taill'suunap
SUYNNTUHN  aHUK/WWKUMU3 MYMKUH. MeTtannapgaH qapk™nu ynapok,
ApUM yTKasrny n - Typ 6ynca Xonn KoappuumueHTr

A,,=-11,/en-AA,,=un2) (11.44)
KYpuHUWAa é3mnagun, arap p—Iyp fApuMMm yTKasruy oéynca
(/1p=1"2) (11.45)

6ynagu. Xonn AOMMUWACUMHUHT MTOpacu acoCuil 3apsj TawyByM-
nap uwopacura Mmoc kKenagu. [Aemak, Xonn >(;ogucacu éppamunpa
ApUM  yTKasruunapjarH acocuii 3apsaf TallyBuuaap MLWOPacuUHU
\aM aHuK aWmnMmn3 MyMKUH.

111 (11.46)

KaTTanuk Xonn )"apakatyaHnurn pae6 atanagun. Y - gpeid
\apakaTtyaHiuk - faH  dapk, K*mnagn. A,, Ap Ba A yn4oBCuU3
KaTTanuknap 6y'nm6, Xonn daktopu fe6 HOMAaHagW. YnapHUHT
KniimaTtu \ap 6up Xxycycuin \on yuyyH 3apsaf TalyBYUAPHUHT CO-
UnuW MexaHuM3mMnapugaH kKenub unk“agu. MacanaH, arap >‘amMma
3NeKTpOHNap 6Mp xun Te3nukaa X,apakatnauca A=\ 6ynagu.

Counmnuw acocaH (oHOHnNapfa cogup 6ynraH Ba aliHMMaTaH
ApuM  yTKasrmy yuyyH /1=3H/8=1.18 peb onuHagu. Arap fApum
yTKasruygarn 6up xun aHeprusnu (A4/;)=cons() cuptnap kypuuuuln
chepagaH KaTTa (hapk. k™nca >1=0,7 K,miimaTraya KamMaHWWW MyM-
KWUH. 3apsagnM  mapkasnapga Couyunull  MexaHusmr!  ycTyBsop
6ynraHga *>1,9 6ynmwy MYMKWH.
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11.13. MarHwukK uapwuink ?~ogucacu

Toknn apum YTKa3srMUHU UM TOK WyHanuwura Tuk iyHanranm B
manrut  MaudoHra kupuTcak, ApPUM  YTKa3rMUYUMUHE  3NEKTP
K'ipwmunuru opragn. Convwitupma 371eKTp Lapwwuank p, MarHut
muiigoH lyk/'urnga p(o) ra TeHr 6ynca, y \onga coaumwTupma
KNapLUVAVKHUHT HUCOUWIA y3rapuwu

nr_, N1 A, ITH V ;-
p(0) P(0) T  oT- T- (MN.47)

By MmyHocabatgarm [p Ba I, fnap MOC X;onga KoBakfiap Ba

3NEKTPOHNAPHUHT penakcauua Bak”u, Ba /«,, nap adekTnn macca-
nap. by wudogamm 6ab3m xycycuii \onnapga 6up MyHYa cogja
KYpUHTUra KenTupuw MyMKuH. MacannH, JOHOp KupuwmMa™m n —typ
APUM  YTKA3rM4 yyyH

Tp

P(0) n, (M
6ynagn. (11.47) paH K>pUHUG TYpUOAMKW MarHUTUK K apLUnInK
maigoHra T~B- KypuHuW aa 6opnaHraH akaH.

(11.48)

11.14. Apum yTKasrmunapga gHHQy3nMoK ToK

Arap apu.M yTkKasivunapga 31eKTpoHNap €Ku KoBaknap 3munu-
’MnuuHr rpannedTn (pap”m) ~ocnn K MAWHCA, ABHU N EKU p APUM
YTKasrmMuymmnHr 6mp k™Mcmmuga KaTTapok, 60WK,a K McMuga 3ca Ku-
YMKpOK, b6ynca, fpuM yTKasrmy 6yinnab auddopysnon TOK oK,au.
Bynga 3apag TawyBymiap 3MUNUCU KaTTapok, 6ynraH >KompaH, 3uy-
MMM KMYMKPOK 6\lnraH >koira kapab ,pp”kaTnaHagu. Auddysunon
|'ok,apuM \nkasrumunap yuyi xoc 6y.nraH \oguca 6ynn6. meTannappa
Xy3atunmannum. OAuddysnon TOK X,0CMA KUAULLKW YUy TawK,M 3neK-
TPUK Maugorr 6ynuwy wapr 3.mMac. Apum yTkasruyga .1 - yKu 6yinab
Npsg Tawysumnap |panmct|t \ocun kmnwwuam b6ynca, \o.rlga spum
Y'KasrnunaH yTaénam TrOK 3uMYNUry 3apafg rawysuyunap rpaguetwia
"“Ponopumnonay bynagu:
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. , dn
["V=*D,~ (i1.49)

(11.50)
By ndopanapHu yd4 ynyoBnm \on yyyH ymymaawTupuo,
/m, = eD,V/T.
(1151
A, = ~eDMNVp,

MyHocabaTtnapHu \ocHn kunammis. byHga D,, Ha D/, nap moc .\onga
3/IEKTPOH Ba KOBaKAapHWHI anddysna KosppuuneHTnapu pgenin-
nagn.  Ywby KaTTanuknapHu  OWHWTEAH  OGUPUHYM  MapTa
TemnepaTtypa 6unaH 60rnaHUWNMHK KypcaTmb 6epaw:

D,, =Un
e

11.52
K™ ( )

bynap OiHWTelH MyHocabaTun pf[e6 topmTunagn. Arap apum
yTKa3rn4yra afnekTp mMangoH \am k™Myhunrad 6ynca, TYNMK TOK 3MUINTK
apend lia gudcysmoH Toknap sMUNUTUAaH TalKua Tonagu,

1..=ew/:+e0,, " n. (11.53)
Jp = +el),,Vp. (11>

Ywby MyHocabaTnap yH4Ya KaTTa OGy/nmaraH 3/IeKTp MalgoHnap
YUYYH YPUHAUAHP. Arap SipUM YyTKasrmyga 371eKTPOHHWUHT 3pKUWH

torupuw macotacn ( 6\Vica, wy macodaga 3NeKTPOHHUHT onra})

aHeprusacu eE i 6ynaaw.
eEf.«kT (11.55)

6ynraH pgonnap yuyyH (11.53) Ba (11.54) myHocabaTtnap ypuunm
6ynagn. Akc \onga OM "OHYHW OY3UANG 3NeKTPOHNAPHUHT

\apkatyaHnuru |g,\am E ra 6ornmk 6ynn6é uonagu.
11.15. Apum yTKasrmunapHUHr MarHUT xoccasiapu
Kyn spum "~kasruunap guamarumtnap \ncobnamagu. Hopma-"
mapouTha ynap Ky4vcus AumamarHuT xoccacura ara 6usagm. Nekuw,

6ab3y MmapaMarHUT ysrapulinap HaTukacuga ynapga napamarmut
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-ciiapii yCcTuBOP 6ynnwmn MYMKWH. ByHna@  dpum
"1KTMyunspHn HomarHT Apum\'Tkan uyunap aeb atanagu. byHgan
'on'mM yTKasruynapga d éku / aTom KobuKrnapu TynmaraH, KUpuil-
ManuMpu Ryk., 8kuM Xypaa kam Muk”~topga 6ynraH Si, Ge, CdS, CdSe,
CdTc Ba 6owk™! Apu.m yTKasrmunap mucon 6yna onagu. d sa f -
WICM K.00MK,aapu TynmaraH. KupuwmManapH 60p apum yTkasruunap
*H sMiixTc, Pbj*xFeTe xam mucon 6yna onagu. byHpa X-uHgekc d
lia I k*6utoTapu uvana T\'nraH Mn Ba Fe kupuwmanapuHUHT HUC-
61/ yaywn. Yw6y spum yTkasruunapga Mn Ba Fe Kupuwimana-
puwwr atomnapu 6up-6upnapu 6unaH Kyudnu Tabcupnawagunap
Ba eTapfiiiya Kyn aTtoOMapHWHT MarHuT MOMEHTN«pu 6upnawmno
MarHuT gomeunnapu (3appanapu) \ocun kunagunap. byHpain sapum
yTKasrnunap ¢GeppoMarHuTt Ba aHTU(MEpPpoOMarHuMT XoccanapuHu
HaMOEH Kunagunap. ApuUM YTKasrMYMWUHI acoCcuii KpuUcTann mnaH-
XKApPACMHM TallKun 3TraH aTomfiap MarHuUT MOMeHTWra ara 6ynca,
ynapHu MarHuT sipum  yTKasrumynap pgevmnagH. (MacanaH, NiO,
Pe3o4, EnO, EuS, EuSe, EuTe Ba \.K.).

HoMarHuT apu.m yTKasrmynapHuUHr mMarHuTt KabyndaHnuru 3 Ta
Kncmnan nbopat 6ynagu.

X=Tn +X2+X3- (. 56)
ByHAa Xi — KpUCTUNA NaHXapacuHUHT, %2 ~ 3apsaj TauilyBuunap-
HUHF, /J — HYK,COHNApPHUHI MarHUT K36ynyaHnHru. Tosa spum

YTKasrMy MOHOKPUCTAN/IMHUHT Tapn63ga ynuaHraH LabynyaHanry x\
HW TaWKHM 3Ta-an. 3apaf TalyuunnapHUHT KpOGynuaHauru X2 mapamar-
HUT Xenm Ba AMaMarHuMT Xed Tallkui 3TyBuunapgaH uGopat. Opataa
Aon>>/C21 6ynraHum  yuyH  X2~7nn oNnvHagun, TapamarHuT
KaBynuannuk yuyH

:11.57)
2kl

Hofa ypuHnmn 6ynn6, y TemnepaTypara Kydy-'Wm. 60rfaHraH. X3 Hu
acocaH cuiipak >XolifawraH Yysapo TabCup. NWMakgUraH MarHuT
Kupuwmanap aHuk naigu. byHpaih KUpMIIMalMlHF MarHUT Xocca-
CMHU ™\'lingarn opTMKYa 3NEKTPOHHUHT CNUHKU 6eninnaingun. Vujey
Xonga K-"6yn4yaH/inK yuyH

Xsn=~1Na) (MN.58)

3UxeBeH mdonacu ypuHnu 6ynagu. byHpaa
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Bakyy.m

a-= n,(a) =cur~\/a Ba
M KMpuwMagaru opTuiua 3fnek- P
Tpounap 3uUNUTH. 1_Ep

Arap kKupuwmManap Muk~ opu
Kyn 06ynu6, ynap KupuliMaBuii
30Ha \ocun  knnca, GyHAaal
LOHOPNAPHWHT napamarHuT

KabynuaHnuru Merann
11.18- yTma. MeTann-upum yTkKasruy
KOHTaKTW.

Apun\{
yTXxasruy

n'3, =c¢/T ' (11.59)

6ynaaun. byHpa

c= *(\+a)~Ka=w(BT*"); A Ba ¥ nap AOWUMMWIA KaTTanuk-
nap. X3, ra yTuw MeTannapu Kupuiimanapu KaTTa X,ucca Kyluaau
(Pe Ba 6owk.anap).

11.16. Apum yTKasrmunapha KOHTakT >;ogucanap.
MeTann-apumMm yTKasrmy KOHTaKTu

ApumM  yTKasrmyga 3NeKTp TOKW 5S5”Kasuw YYyH YHU 3N1eKTp
MaHb6afaH KenraH MeTann yTKasruy O6unaH TyTawTupuw (AbHWU,
KOHTaKTnaw) kepak. HaTwxaja Metan — fpuUM 5°Ka3rny KOHTak-
TM xocun 6ynagu. Apum yTKasrnunu ac6ob6napHuHr gespnm 6apya-
CM APUM YTKa3rmynapHUHr MeTann, SApuM YTKasrud, AU3NeKTpuk
6unaH KOHTaKT \oCuUN KWAMHWLWKW HaTuxacupga fapatunagu. Ly-
HWHT YYYH KOHTaKT \ogucanapuHu ypraHuw mMy\um a’*ammatra
ara. K7/iimga metann 6unaH sipuM ~Ka3rny KOHTAKTUHWU Kypuo
ynkamus.  MeTann cupTMAaH MCCUKNUK X apakatm Tabcupupa
UYnK,aéTraH 9SNeKTPOHAap okK,umu yuyH (10.79) wndopa \ocun
KunnunHraH aau.

YHpgarn ¢ — TepMOAMHaAMUK YUK™MIW MWK ae6 HOMAaHagu Ba y
depmm carxygaH Bakyym cat”mrada 6ynraH 3ilepreTmk macck™aHu 6wun-
anpagm. (11-18- un uma).

MeTann Ba fpuMM yrkasrmunap ano\una Bakyymja XolnawraH-
Ja  yNapHUHT Xx.ap 6upuaaH Kyimpgarn wudgoganap 6bunau
anuknanyHym 3" “~iponnap ok,umu \ocun 6ynaaw.



/'}I-- KT
AnT (KT Im

(11.60)

JHAWM ApUM yTKasruy 6unaH MeTanHWM TyTamTupamus. 4.18 -
ymsmaga kypcatunraH \on yuyyH Ot>0>, 6HHo6apuH J1>Im 6ynagu.
[emak, 6up xun Temnepatypaja ApuM yTKasruufjaH Mmetanara yTta-
68TraH SNeKTpoHNap COHMW MeTannfjaH apum y'Tkasruyra YTaétrad
3NeKTpoHNap coHufau KatTta Oynagu. HaTuxkaga MeTann cuptu
mManguii, gpum yTKasrmy cuptu aca MycbaT 3apagpaHut dnagu.
KoHraktaa anektp mMaigoH xocun 6ynagn Ba 6y MalifoH Ba J,,
OKUMMap (apkura Terir Teckapwu
KIMM\ocun |*nmaryH4a opTmb 60-
pwi OnekTpoHnap OK,iwwm MmyBo- 1,
3aHaTnawraHja KoHTakgarn anekTp
MaliloH 3Hepruscu (K YMK MW ni-
napu aHupmacura TeHr 6ynaau.

e

Or=dnrdn (11.61)
Ma|7|,q0H MeTann MuyKapucura 11.19- ym3ma. McTann-mpu), yTKasruy
. KOHTaKTnaa 6CpKUTYnMn BabepKnT-
*Knpmangun, Y apum yTKasrmn Ma|'luMraH KatnamnapHUHE nanigo
cMpTUra §KWH KaTtnampa \ocun Gynnwn.

6ynagu (1 |.19-unsma).

a) ApuM yTKasruugaH MeTannra yTraH 3feKTpoHnap jmcobura
APUM yTKasrnuga 3NeKTPoHMap 3UUYNUTU Kamasiu Ba 3Heprus 30-
Hacu to”opura arpunaHagn. ApuM YTKasrMYuuHr \axmuga ng Ba

cuptugarm llanekTpoHNap 3UYAUTK
/I=Hoexp(-k//:7) (11.62)

KypuHualga 6ornaHraH éynaau.

' ByHpaihi  K,aTnaMbHIHT  COMWWTMPMA  Kapwwauiw,  KaTTa
oynraHnmrn YDYH yHu 6epkuTyBUM Katnam fedivnagun. Orap omM<g>,
6Ynca y xonga JM>A Ba MeTa/lsl CUPTW MychaT, ApUM yTKasruu
CUPTU MaHuil 3apMnnaHagn. DHEpPrus 30Hacu nacTra arpunaHagu

(11.19- ymsma, 6).
BepkuTYyBUM KaTNaMHWHT MyBO3aHaT WAPOMTAArN KEHI/IATK:
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I =( £(Px

11.63
2ne™)y, ( )

BepKMTYBUM K3TNaMAM MeTann-spum YTKa3rmy KOHTaKTaapw
y3rapyByaH TOK Tyrpunaruunapun 6\\n6 xusmat Kwna onagw.
LWyHpali KOHTAKTHWUHI MeTann K™McMmura wmycbat KyTo, spum
5/7Ka3ruy KUCcMuUra MaHguii KyT6 ynaHraum V KyudnaHULWWM 31eKTp
TOKM MaH6GaMHU Kypub umk™amus. ByHpall ynaHuwpga KOHTaKT mo-
TeHUMannap alkmpmacu Kamasgu;

d=PA-eK (11.64)

Apum “KasruygaH metannra
TOMOH XapakaTnaHaéTraH 3nek-
TPOHNApP Y4YyH MOTeHUMan Tycuk>
nacasgmn, 3NeKTPOHAap OK;uMU
opTn6 KeTagu. Arap 3aHXwup
6epk 6ynca goumuii Tok “ocun
6ynagn. TOKHWHI  Kuiimatu
KyuYnaHulW opTvWKN 6unaH Xy-
4a Te3, KypcaTkuunu (yHKuus 11.20- unsma. McTarT-apum yTKasruy
enHrapu optu6 6Gopaan (11.20- KOHTaKIFMHUHT nonT-amnep
ynama). byHgaln Ky4dynaHUWHK Tal3CugHomack.
Typpu KyunaHuw Ae6 HoMnaHagu. KOHTakKT KaTtnaM KeHMnry Xx,.am
(11.63) ra myBO(hMK Kamanagm:

L - (11.65)

JHAM KOHTaKTharm wmeTannra MaH(uii, ApuM yTKasruura
MycbaT KyTO6HMW ynalimuis. ByHfah KyudynaHuw Teckapu KyudnaHui
fe6 atanagu. Y xonfa KOHTakTAaru noteHuuan Tycuk 6GanaHp-
NUTW OpTagu:

d=dp+e V (11.66)

JNEeKTPOHNAPHUHT SPUM YTKasrmugaH MeTannra TOMOH OKUMMU
Kamasgu. MeTanngaH SpuUM  yT'’Kasrudra TOMOH 3/1eKTpOHNap

270



OKMMMW Y3UHWHT KUYMK KUMMaTuya KonaBepagu. by okumnap
thapkmgan \ocun 6ynraH TOK XXyAa KuWYuMK Oynmb, Teckapu TOK
peunnagn. Teckapu KydnaHuw opTu6 6GopraH capu  KOHTakT
Kratnamm \aM KeHramnmbé 6opagwn, 3nekTpoHnap okKMmMm 3ca O ra WUH-
Tunagn. Tylpm Teckapy TOKAaH 6up Heua TapTub KaTTa
6ynagw.

L YHUHT yYyH, alTuw MYMKWHKKW, OGEpKUTYBYM MeTann —
APUM YTKa3rMy KOHTAaKTW TOKHM OWp TOMOHra fAXWMKW yTKasagw,
TeCKapy TOMOHra 3ca JeApnuM yTkasmangu. bByHAal KOHTakT
LLIOTTKM KOHTakTW fe6 HOMAaHW6, Tyrpunaruy, sbHU AUOfL Basu-
(hacuHU BGaxapulim MYMKWH. YnapHu LLIOTTKM gnognapu peb6 ata-
nagn. LLOTTKM KOHTAKTW WKKU CUPTHUHT TyTawuwujaH wubopart,
U]yT-1HT YUYYyH Yy Myaiiu 3n1eKTp CUTUMra aragup:

C = 11.67
4anL ( )

Tawkyn 3nekTp maHb6ara ynaHraHga ywoby wndogagarn ¢ maH6a
KyynaHuwwura 6ornuk éynagu, y \onga (11.64) ra myBouk-’

C = (11.68)
ga((p*. -el" )

JlemMak KOHTaKTHUHT CUTMMK TallKW KydnaHuwra 60rnuk akaH. Bapu-
Kannap 4e6 HOMMaHyBYM acb606-MapuuHI MuUMalW TamolraM ama LyrLiai
KyuTaHW 11 6unam 6oLIKapuiagmran aaneeTp CUruMaapra acocnaHagm.

AnekTpoii —KoBak (p-n) ytun?

ApumM yrkasrad Mogaga-liaH MabHym

6up ycynnap 6unan p Ba n T\pam coxap n

Nocil k™Mamu3. by co,\TnapHu 6up-6mMpu

OWaH Tyraurrmpcak p~n XTWLL Xpcun

6ynagn (11.21- uym3ma). DnetopoHnapu r H

kyn n — coXfiHHHr wuerap;ira AKMH e Ep «
KatnamugaH anektpoHnap angagy- 11.21- 4N3MH. 3/IEKTPOH-KOBaK
3nanaHn6 p —co.\ara ytué Ketaam, (p-n) yTu.

P coagan n - colaf[a aca kosaomap guddysmanaHagun. Oud(|)y-
3nAnanuraH 3MeKrpoHiiap Ba KOBAlOMIP APUM YTKa3ruy wuuura Kuapuo
pekombuHauyusinaHaan (abHW, Wykonatn). Yerapa kaTnammga 3ca
\apakaTcmM3 MaH(WA akuenTop Ba Myc6baT JOHOP MWOHAapW Konaau.
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\ocun 6ynraH \axmuii 3apsag co\acupga anekrrp MaingoH n —co”agaH p
- co\ara TOMOH WyHanagn (11.21- yn3ma, 6).

By maiifo)! Tabcupuga BYXyAra KearaH sapagnap ok“vmu aud-
(hy3MOH OKMMnapra TeHr 6ynraHfa p—1 YTULWHWHI 3/1IeKTp Maigo-
HM  Y3WHWHI MyBO3aHaTWii  K*uiimatura 3puwagum. p Ba n
co\anapHWHT KOTnaM KeHrUKAapu mMoc xpnjxa,

11.69
Ine”™N. ( )

ndoganap 6unaH aHMKNaHagu. p—A YTULWHUHT YMYMUIA KEHFAUTK:

£(pp™, N,

L

2ne N a
6ynagn. KypuHu6 Typnbanku, p-—n
yTuw ukkana colara \am kupu6 6o0-
pap 9KaH. p—A >Tuwpga \apakaTuyad
3NeKTpOHNap Ba KoBaknap Andgy3uns
naTmxacmpaa KaTnamgaH KeTn6
KonraHnury Tydaiinm kysranmac akuen-
Top (MaHpwniA) Ba goHop (MycbaTr) MOH-
nap XaXMmuin 3apag  Xocun  K“mnagw.
XaxXmuii 3apag >;ucobura anekTp Mai-
[LOH BYXyAra kenagu. by anekTp maigoH
KOBaKNapHUHI  guddy3noH  ok™Mmura
apun ynepnr APeiG omanan | L2 i 2recibon s
\ocun Kk™Wnagn. MyBo3aHaT xonaTuja HUW 6epunraH gonnap.

AN dy3noH Ba Apeid Ok mnapu TeHr

6ynm6 Tok Kyuum O ra TeHr 6ynagu. Tokja K*aTHawa oOnafurad
XapakaTyaH 3apsgnap 3v4auru p—a yTuwga xyfga Kuuuk bynagu,
WYHWHT YYYH p—A YTULWHUHT CONNWTUPMA K apwuamru xyga Kat-
Tagup. p—A yTTuUAa 3NeKTp MaifoH 6unaH 60rnuMk. 6ynraH MoTeH-
unan ¢ KoopauHata YHKMMACK Oynagu. YHWHT p~n YTUW 4eTna-
pv opacuparn K,uimatnapu aimpmacu KOHTAaKT mnoTeuunasnap
(apij\U  éku noTeHuman mycuii 6wTugaurn dp,, HWU 6Gungupagu-
dnekTp MampgoH n - Typ colagaH p - Typ colara WyHanraHm
YUYYH, n - Typ co”afiaH 3NeKTPOHMApHWHI p - Typ cox,a>a

Z = (11.70)
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“Twmnra T p - Typ CO>a KOBakKMapuMHUHI n — Typ cox™ara
ATuwura TYCUK. 6ynagm (11.22- ynusma, a).

JHAM N-p yTuWra TaWwK,M V - KyudyfllaHWW KyaMu3. p-n ;" uLw
COXaCMHUHT KapWWAUTM KaTTa OynraHnuru ydyH, fgespnu 6apua
KyYnaHuw Tywuwm p~n yTulra Tyrpu Kenagu. Arap Tawku maH-
6aHWHr mycbaTr KyT6um p - Typ coxMara, MaH®uMin KyT6bu n - Typ
colara ynaHraH 6ynca, TyrpyM KyuynaHuw KywiunraH éynagu (11.22-
ymsma, 6). YHAa noTeHuuan Tycuk, @ - nacasgum Ba Tyrpu TOK
naingo 6ynagu.

Mycbat kyT6 n —Typ colara, maHuii KyT6 p — Typ co’ara
ynaHca (101.22- uusma, B), p - N YTUWUUHT MaiigoHu 6GunaH
TalWky MaigoH 6up xun WyHanraH 6ynagu. MoTeHuwWan TYyCUK Op-
Tagu, p—A yTUWAaH XyfAa KWUYMK Teckapu TOK okagu. KaTtta
6ynmaraH KyuyfnaHuwnap Ba TOKnap coxacufa p-n  YTULWHWHT
BO/IbT-aMMep XapakTepucTukacu yuyH

-nune”™ -1

noga ypuHam 6~nagu. byHpaa Op, 0,, KOBaknap Ba 31eKTPOH-
NnapHUHT anddysna kKoapguueHTnapum; 1p, 1, — moc \onga
anddysna  y3yHAuMKNapu; p, — KOBaKJapHWUHT n — Typ
coxajaru, «p - 3MeKTPOHMApHUHT p - Typ coxajarn MyBO3aHa-
TUA 3MYAnKNapu.

Tyrpn KyuynaHuw (¥Y>0) KyihunaraHga TOK 3UYAWUTKM 3KCMO-
HeHuuan opTub 6opaaun. Teckapu KyunaHuwjga (¥Y<0) ToK Xxyfga
ceknH ycagm Ba exp(eW'"7)<<l 6ynraHga Y3WHUHT KWUYUK
TyWWHraH Kuiimatura apuwagu. Jemak p-n yTuw xam Tyrpunawl
xoccacura 3ara 23KaH, fAbHM 6up HyHanuMwpga TOKHU AXWHU
yTKasagn, WKKUHYM HNyHanuwja aca Aeapnu yTkasmangu. p-n
YTULIHWUHT KEHTIMIn  TalWKwu KyynaHuwra  Kyimparmua
6ornaHraH.

e{(Pp_.,-eV) Na+N,
Z{V) = (11.72)
2ne
P-n YTUWHWHI XaM CUTUMKU BYNnU6, YHUHT KMWAMATK TallKu Kydna-
HuWwra 60pnunK’
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- ee NdNcm
bl {(Pp..,,~eY +

Yw6éy wugoganap KyuynaHuw Tywuwu p-n yTUWAA Ccoaup
GynaéTraH fonnap y4YyH YpUHAUAWUP. KWUYMK KydynaHuwnappa 6y
wapT Gaxapunagu.

WyHpahk  knnnb p—n  yTUW  y3rapyByYaH Ky4Y/laHULIHK
Typpunaw Ba 37€KTP CUTMMHW KyynaHuw 6unaH 6owuyapuw
Xoccanapura ara skaH. Ywo6y Ba fHa 60owk,a 6up yatop xocca-
nappaH goiiganaHrad \onga xo3up ApuM yTkKasrmuynappaH xypga
Kyn acbobnap TalnépnaHmokpa. Mypakkab MHTerpan MUWKpO-
cxemanapupa p~n yTuwinap acocuih anemeHTtnap 6°nm6 xusamat
Kunnagu.

Casonnap Ba macananap

1  HApum yTKasrmunapHuHr K aHgai Typnapu maexyn?

2. SpuM YyTKasrmynapHWHr 3HepreTUK 30Hanapu TY3UAULWUHA
TYWYHTUPUHT.

3. fpum P}Kasrny xoccanapura Kupulimanap KMHgain Tabcup
K>pcaragu?

4. p—A YTUWHUHT Typpunaw X0CCaCUHW TYLWYHTUPUG GEpPUHT.

5. Temnepatypacu 400 K 6ynraH xycycuin spum yTkKasruuyga
anekTpoHnap 3uuynurn n=!38 10'r cm"A. DNeKTPOH Ba KOBak-
NapHWHIr  3addeKTUB  maccanapu KynanTMacuHW  TOMUHT.
TakuknaHraH 30Ha KeHrauru £"~M0,785-4 T(3B) KOHYHUAT
bylinya ysrapagu.

6. OHepruacn E{k)=EcHMK)Y2T* ngoga 6munaH aHWK™aHraH
6up ynuoBnu, aliHMMaraH 37eKTPOH rasu y4yyH ~ofnatnap 3uuaunru
g(E) TonuncuH.

7. bop (B) atomu kuputmnraH (Na=10"cmm3) KpeMHuigaru
KoBakfap 3uynuru TtonuacuH. 7=300°A', Tp*=0,59 ~100
ct*Bc-' Ba “0=1- bop atomnapu yuyyH E~=+0,045 3B.
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8. HdApum yTKasruugarn anekTpoHnap 3uunurn =400°K pga
/,=1,30T 0~ cM*“", 7'=350"A’'ga «=6,2 10'°cM-" 6ynca, TaKMKyTaHraH
30Ha KEHINuru HU aHWK;naHr. BN Temnepatypa ra u4nsuk i
6ornaHraH ge6 xumcobnaHr.

9. To3sa repmaHuiigaru 3/IeKTpOHNap XapakaTtyaHauru
T=W"°K pga »n,=3800 cm™B 'c-'. T1,*=0,55rmo Ba \k=aT”™*" 6ynca,
repMaHuiiHWHr =30"A garn conuwTupMma KapwwuanruHu TOMUHT.
£10,785-4.10;" 7 KOHYHMUAT 6yiinya ysrapagu, Ln/ip=2,1 Ba a -
LOUMUIA KaTTannK fe6 ONUHCUH.
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X1l BOb
ONW2NEKTPMUKNTAP

[OnanekTpuk cy3n toHOHYa dia - opkanu Ba MHrausua elektrik —
3NEeKTP cy3napugaH Ty3uraH.

«AnanekTpuk» atamacuHu dapagelt 31eKTp MalfoH Kupagu-
raH MojjanapHu artaw Y4YyH KupuTraH. [uanekTpuknap 3nekTp
TOKWHW EMOH yTKasagu. WMoHnaHmaraH 6apua rasnap, 6ab3u 6up
CYIO K MKNap Ba KaTTUK, XWUCMNap AuanekTpuknap 6ynagu. Metan-
NapHWHT coNMWITUPMA 3NeKTp ~TKaszyByaHamru o-~10"-10" OmM-'m*
TapTuoHga, AWU3NeKTpuknapHukm sca 10-i0-JO--* Om™ mM“ TapTu-
6uga 6ynaan. by TaoBYTHM KnacCcuK (hM3nmka MeTannapga 3pKuH
anekTpoHnap Oynagu, AuanekTpuknapfa aca 6apya 3NeKTpoOHANap
6opnaHraH 6ynn6, ynapHu 3neKTp MalgoH "3 aToMaapugaH axpaTtuo
ononmaign, 6anku 6mMpo3 cumkMTagM Aeb TywyHTupap 3gu. Krarmvk,
XWUCMAAPHUHT KBaHT ¢u3mkacu (V 606ra uapaHr) 3neKTpoHNap
3Heprua  30HafapuHWHI  Typauya TYNAUPUATaHAUIUAaH  KaTTuK
XWUCMNApHWHI 3NeKkTp, ONTUK Ba 60WK,a Kyn Xxoccanapu Kenub
YUAMWANTUHU TYWUHTUPUG 6epa ongu. XycycaH AWanekTpuknapga
Ba/eHT 30Hanap Tyna TynaupwunraH 6ynub, ynapHWHr tokopucuaarv
6yl 30Ha TYNAUpWAraH 30HA4aH aHya louopupa >XoinawraH, Tyna
TYNAUPUNlaH 30Ha 3/1IEKTPOHNApK 31eKTp F'KasyBYaHAMKAA KaTHalwla
oNMangun, ynapHuHr 6yw 3o0Hara yTu6 01M6, YyTKasyByaHAMKAA
KaTHawa onuMwun yuyyH eHrné >"unnuwu 3apyp OynraH 3Hepretuk
Tycuy (TakMKnNaHraH 30Ha KEHrNWrM) aHya KaTTa, 6yHpain >Tuwl um-
KOHUATU, ofaTaa Xyha KMYUK, WYHWUHT YYYH AUINEKTPUKNAP 3NeKrp
TOKWUHW fAeapnu “~TKasmaigu. Ynapfa 3NfekTp MalfoH 31eKTpoHnap
3NUYANTUHKN KoaltTa TaucuMnanan(aTtoM Ba MofeKynanap umympa anek-
TPOHNAPHM CUMKUTaAN) — KyT6naHuw \ogucacuHu to3ara Kentu-
pagm.

30Hanap  Hasapusacura  acocaH, [AuanekTpuknap  6unaH
ApUMyTKasruunap opacupgarun apk, OLOPUrKM TyNAupuUaraH 3oun
6unaH 6yl 30Ha opacuparu Tak“MK"NaHraH 30Ha KEeHTAUTUHWHT \ap
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Xun 6ynuuanurugaH wubopat. HApumyrkasruunapga £8<33B, gu-
asekTpuknapga Eg>3 3B ge6 waptam \ncobnaHagu.

OvanekTpuknapga 3apagiapHUHT  3pKWH  Kyyuwn MYMKUH
6)?namaraHaurn  Tygainnm  YHUHT MYKapucura etapaumya  Kydam
TalLIKM anekTp MaigoHnap kKupa onagu. byHga KpucTann naHxa-
pacuHUHI JaBpuii 3nekTp MaigoHura kKywumua (Tawk,u) MangoH
KAWnaraHga yyra My“MM Xonat AU3NEeKTPUKHUHT WUYKU Ty3unu-
WWHUHT (3NeKTPOHNap Ba WMOHMAP Ba3sUATNAPUHWHI) y3rapuwwuHu
aHuK alWl MMKOHWHWU 6epuln MyMKUH.

Arap LU3NEeKTPUK HaMyHaCUHW CTaTUK 3eKTp MaingoHra (ma-
canaH, KOHAeHcaTop nfaacTuHanapu opacugarm MahfjoHra) >Xoi-
nawTupuaca, KpUCTaNAHWHI CTaTUK AW3NEKTPUK CUHTAUPYBYAH-
amru £0 HU aHWKNab, KPUCTANNHUHT WYKW TY3UAUWWU y3rapuilm
X;aKknga My\MUM MabayMoOT ONMW MYMKWUH. €0 HA MWKPOCKOMNWK Ha-
3apua xucobnangu.

LV3NeKTPUKHUHT ONTWUK XOCCanapuHW, SbHU YHUHT HOK;0pK
TakKpoOpUNANKAN 31IeKTPOMArHMT MalfoH 6MnaH y3apo TabCUPUHU
aHU]<ylaw yYyH AM3NEKTPUK CUHTAUPYBYAHAUKHUHT TAKPOPUANNK-
Ka 60ornaHuWmnHM, SbHKM e=£(0))HnM xmcobnaw 3apyp. byHpaH cuH-
OVPULL KYypCaTKUYM n="e HW aHUKAALW MYMKUH.

WNoHnap Kpuctannapuaa XaTTo Tawuu mMaigoHnap
6ynmaraHmga "am WoOHAap opacupa Y30K, TabCUp 31eKTPOCTaTUK
Kyuynap MaBXyfg OynaMwm MyMKuH. By Kyunap naHxapa Y3WUHWUHT
MyBasaHaTWin lWwaknmra HucbataH gedopmauHsnaHuwm (MacanaH,
atomnap TebpaHuwnapu) ok mbatnga nango 6ynuInM MyMKUH.

Maskyp macananapHu Tagkuunawga My~ MT  yuyyH E3unrad
MakcBenn TeHrnamanapupgaH qoinganaHuws Kynangup. KelinH
KaTTUK XuUcMaaru ma”annuii maifoHNapHU MyXoKamara Kuputuo,
Taw”™M MalfoH Tabcupupa KyT6naHWW XopucanapuHu atomnap
caBuacuga 6aéH KunuHagum.

12.1. AnaneKTpuKnapra ouj acocuin TyllyH4Yanap Ba KaTTa/iMknap

MabnymMKKW, KNacCWK 3feKTpoaMHamuKa MyxuTnapgarum afek-
TPOMArHUT XOAMCANapHu, TaWKON MalfoHAaH Taw” apu, gHa MyxuT
xoccanapuHu wudoganoByy TyllyH4Ya Ba KaTTanuknap cphamuia
TafXXWUK; “MraH.

E —3nekTp MalfoOH Ky4naHraHaurn — MaWgOHHWHI MasKyp
HyKTacura >xolinawTtupunraH 6upauk mycbat 3apagra Tabcup
3TYBYM Kyu;
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P - KyT6naHWW BeKTOPU — AU3INEKTPUK BUPAUK XaKMUHUHT
3N1eKTP MOMEHTH;

b - 3MeKTp MHAYKUUSA (3NeKTP CUMKULI) BEKTOPU MY T nuu-
fa Tawkoli mMalifoH Ba YHUHT Tabcupupa naingo 6ynraH Kyto6naHuw
3NeKTP MalfOHWHWHT Gupranukaa 6MpnnK mycbaT 3apsgra Tabcup
3TYBYM Ky\;

I — MYXWUTHWUHT HUCOUN LUINEKTPUK CUHTAUPYBYAHAUTW (Ou-
3anekTp poumwuin) — Tlaycc 6Gupnuknap cuctemacuga wusoTpon

mywtga O Ba £ opacuga NponNoOpuMOHaNAMK KoahhuumeHTun
5 =ef ;
€0 — BaKYYMHWHT 31eKTp goumuiicu, eo=(10"/47k;2)=8,854210-"2
M3oTpon myxutga [Faycc cuctemacmnia

0 = E+A7P = ¢eE (12.1)
eKu

12.2

An (122

X — HUCOUI AN3NEKTPUK KMabynyaHnMK P KyT6NaHWLW BEKTO-

py 6unaH 3NeKTp MalAOH KyuyfnaHraHAMIM opacuparu nponopuyuo-
HanNMK KoOshnumneHTm

P = XE (123)

(12.2) Ba(12.3) ucoganapaaH
€1  exn.e = I+4n% (12.4)

4an

Kennoé uvnkagu.
CW 6upnuknap cutemacupga (12.1) ypHura

O=e,£+P=e¢,(l+x)E =e,eE (12.5)

(6yHpa e =1+x) ngoga ésmnagn.

AHunzoTpon MyxuT 6ynraHuga P w E BekTopfiap napannen
bynMacnuru MyMKUH, LUINEKTPUK K abynyaHIMK Ba CUHTAUPYB-
YaHNWK TeH30p KaTTanuknap 6ynagu.

MaKCBEeNNMHUHT KMAnaaru TeHrnaMacuMHu acnaTaMus;

crO-Anp  (CW pa ¢/mb =p) (12.6)

M3oTpon my\wmtga
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ME = p (CWN pa dWE =P/ ). (12.67)
e

/[ MO

MabyMKKU, MasKyp TeHrnama KyfnoH KOHYHWHU p 3MuYnnKaa
3MYKCW3 TaKCUMAaHTaH 3apsignap Xoau yUYyH yMyMaawTupuil 4aH

Kenné ympaH.

Mukgop XxwuxatgaH 6up-6upura TeHr,

aMMO K,apamMa-K.apwu

nwopann 6up-6upura 60rnaHraH WKKW 3apsag gunon geivnagu.
OnanekTpuk KabynyaHAUKHW 6WHOGApPWUH, AWNSNEKTPUK CUHTLU-
PYBYAHNMKHU fKKanaHraH 3apagnap amac, 6anku gUINeKTPUK Au-
nonnap aHWK"Taian. AunNofHUHT 31eKTP MOMEHTM

(12.7)

KypuUHMW da aHWKNaHagu, 6yHaa g — AUNOMHW TallKUA 3TraH 3a-
pagnap Mubywpu, 7— ynapHuHr opanuru (12.1-paem). Aunon en-
Kacu 1 HUHTr £(/') MallgoHW aHWK"aHaéTraH HyKTaraya GynraH r

macodanaH aHua Kuumk ( « \r)

6ynraHga Maskyp HykTaga

(12.8)
a--

JnekTp MaHGUANMIKM  cesumnapnu
(hapk/laHaguraH atomnapgaH Tap-
KnbnaHraH \ap K;aHgain cuMMeTpuk
6/'nmac Mofnekyna JOUMWIA 3NeKTp
aunon MoMeHTMra ara 6ynagu.
MacanaH, cyBHUHr H30 Moneky-
nacn p=6,3310'30 Kn.m annon
MOMEHTUra 3ra, y KUCcnopos UoHu-
[aH vkkuTa BOJOPOL ATOMUHM
6upnawTupyBun TYrpu YN3MK.
ypracura TOMOH WyHanraH. HC!
mMonekynacuga 6yHparu NKKWN
aToMHU TyTaWwTupyBUun YN3UK,
Oylimya YHWUHT [OWMNON  MOMEHTM
MyHanraH. [uWanekTpuk MyxuTha
Tawkoi Tabcup (3NeKTp MaipgoH,
60ocMM Ba XO0Kas0) ocTufa 31ekTp

12.1- ynsma. Annon mankfjoHUHN
aucobnawura foHp.

12.2- ynsama. H20 MonekynacuHUHr

ANnon MOMEHTWU.

Avnonnap BYXyAra Kenuwu (MHAYKUMSAAHWUAULWIKN) MYMKUH.

Yy

279



Xonpa KyTb6naHuw BekTopu P 6upnuk \axmpga \ocun 6ynraH gu_
nonnap MOMEHTNapy NUTUHAMUCUTA TEHT Gynafu:

/ (1«)

Arap sdccuM KOHfeHcaTop Konnamanapu opacura [W3NneKkTpuk
XoinaHca Ba KOHAeHcaTtopra KyufnaHuw 6epunca, AU3NEKTPUK
mMosiekynanapu kyténaHagm (12.3- yusma).

ByHaa noTeHuMan Ba MalAOH  Ky4laHraHAWrM  Kamasgu
Konnamanap cupTuga WHAYKUMSNAHTaH K;0N4WK 3apsgnap naigo
6ynagun.3apsaHubr CUPTUNA 3UUINTU:

a8 = > (12.10)

n -cupTra Hopman 6UpNUK BEKTOP.

KynuHua aTtom EKK noHpaa
KYrénaHulWHW aHnKlangnrad maannuin
Aphc-KTMB  MaikfoHHM xucobnaw 3apyp
bynagu. byHpa K;apanaétraH atom 6epk
cupT  6unaH  ypanraH pge6  apas
kunuHagu. Ly cupT uumgarn gunonnap
apumM-alipHM xucobra ofiHagu.

[Jemak, Talwk,u 3apsgnap Tabcupuga
atompa ByXyara kKenraH — 3gekTam
ma\annuii ManAoH SAT TYPT  12.3- unsma. K,onnam;ulapun opa-

KywnnysyngaH I/160paT waknga ésuw cufia AManeKTPUK XolinaliraH
MYMKUWH,; KOHfAeHcaTop.

W-TKIV;

~ah ~ A0 MNHOK + AMc MauH (12.11)

ByHga Bo — Tawuu 3apagnap MaigoHun, £ uok
KyrénaHnwHm 6y3yBun apdekTnap mangoHu, £c" dapasuii 6epk
cMpThAa WHAYKUMANaHraH 3apajgnap MaskKyp COXaHWHI Mapkasufja

BY)XYyAra KentupraH MaifoH, £AMH ~ COXAHWUHT uuugaru Gapua
AVUMONNAap XOCUN KUATaH MaifoH.

E 0+ £ MOK™ E | 6ynnb, K] - KoHaeHcaTop K“onnamanapu
opacuparv KyudnaHuw, cl— k™ onnamanap opanuru.
Jemak,

E,p=£,+ £c+£qa,,, - (12.12)

Arap aToMm aTpodufa TaHNaHraH XaXMHu chepa fecak,
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(12.13)

by xpnpa, arap naHxapa kKy6 waknuga 6ynca, A4,,=0 6ynnb
K;onagn. BuHobapuu {E j=E),
+ (12.14)

(12.2) ndogapaH (12.14) ra P HM Kyiicak, Kybuk (usotpon)

naHXapaHWHI aToM >KolnawraH TyryHuga 3gp¢ekTus Maaniui
MalifoH

Exe- (12.15)

6ynagm.
12.2. AnanekTpuyKnapga KyToiaHvw mMexaHu3Miapu

OuanekTpuknap KyTONaHULWMHUWT yuyTa My UM XOAUHU Kypub
YMK,aMu3.

1 Kyrbnu ™onekynanap [AWMNOA MOMEHTNAPUHUHT  Max;annuni
3NeKTp MaigoHn O6yinab “mcMaH Eku Tyga TUSUAMLWIK  XONK
HO|<;opufa anTraHMMu3gek, Myansu CUMMETPUK BynmaraH Monekyna-
nap [LOUMWIA 31eKTp AMNOA MOMEHTra ara. JNeKTp MalfoH V3
MyHanuwn ToOMOH 6y MofeKkynanapHu 6ypagu. By xkapaéHHu gunon-
nap OpUeHTpnaHuwuy éku napasnekTp KabynuyaHnuk geiunagu. bu-
pOK., MOMIeKyNanapHUHI UCCUKNUK XapakaTu (TebpaHulumn) ynapHUHT
MaiifoH 6yiinab TuannMwmura TYCK.MHAUK Kunagu. By WKKM >xapaéH
pak.obaTy ok.mbatuaa MyaisiH OpMeHTPAAHULL ypHaWaan.

2. KaTtuk, Xucmnapja 31eKkTp MaifoH Ba MaH(uii uoHnap-
HWHT 6up-6mpura HucbataH cuaxuwu coagmp 6Gynagu. by
XofucaHn noHnap KyTénaHuwmn geinnagn.

3. X.amMma aunanekTpuknapga 3 6epaguraH KyTonaHuwWw - 3fek-
TPOHNap Kyr6naHWWuWAMp; 3NeKTp MalfgoH Tabcupuga aTtoOMHUHT
3NeKTpOHNapu sgpora HucbataH CUMKUIALU, ABHU 3NeKTP MaigoH
Yyap 6UMp aTOMHWHI 31EKTPOHNapu K.06uk™apuHu gedopmaumanangn.
ByHaa agponap opanuru ysrapuiim xam MyMKWH.

LNaneKTpuK CUHTgMpyBYaHNNK ymymuia xonga: £=e,, +£, +eN

JHAM Oy XonnapHu alipum-alipum paBuwga 6atadCcuapok
Kapaiimus.
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12.2.1. OpueHTayMoH KyT6naHuL

YMyMaH, [OUMWIA  AWNONNAPHUHT  Bypunmwuy  oumbatmga
KyT6naHuLW acocaH rasnap Ba cylobyluknapra xocgup. Karmml
Xucmnapga Kyténu wmonekynanap 6yncafa, ynap 31eKTp MaigoH
Tabcupupia apkuH b6ypuna onmaingu. ByHpai xapaéHHW Monekyna-
NapHUHT 6Mp TypryH 7“onatgaH WKKMH4YMCUra cakpab 5i-uwm
okmbaTtuga AMNON MOMEHT 6unaH 371eKTp MaWAoH opacupgaru 6yp-
YaKHWHT KM4Ypanuw Tap3upa k™apawl MyMKUH.

Bupnuk xaxmunga \ap 6vpy p MOMeUTAM YYTa LOUMUIA 3MEKTP
gunonnapu 60p 6MpOp MYXUTHU K.apalfiMk. 3NeKTp MalgoH
nyk™urunga gunonnap tapTmbcmu3 iyHanraH. 3HAUM E cTaTuK Maii-
LOH gunonnapHu Taptubnawra ypuHagu. Y \onga 6uMpauk
XOKMHUHT KyT6naHuwuy (MakfoH MHyHanuwura 3neKTp MOMEHT-
HWHT npoekuusacn) 6yHpaii éamnagn:

P) = ~?2C050a8- = M <cosd >.
n

ByHaa 0 - xap 6up AMNON Ba 3NeKTp MalgoH MyHanuwnapu opa-
cuparn bypuak.

Ounonnap TapTubnaHuMwmy >XapaéHura 3appanap WCCUK MK
Xapakatn xana™nt 6epagn. McCMK MK XapakKaTUHW BONUMaHHWHT
3Heprusnap 6yiunya TakCUMOT GQYHKUMUACKM TaBcudnamgn peb
xucobnacak, cos0 HUHT ypTaya K'nimartu

251 sin 0 eosB exp( V0

<c0s0 >=- (12.36)

["25 sin6 exp( “ ! )de

npoga 6unaH aHuynaHagn, 6yHga U gunonHuHr E maigoHmparu
aHeprusacu;

n =pE =-pE cos,e (12.17)

(12.17)  wndopmaHn  (12.16) parn  uHTedannapra  Uyiue,
XwucobnawHm 6axapcak,

1+exp(-2""y,)
< COSB >= T c T (12.18)
1 exp( K P K
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Arap Tauwm maigon E eTapnuuya katTa 6ynca, b->1. Ammo,
Kyucns maligoHnap {E«kT/p) “onnga

<cose>"P% ~ (12.19)
[emak, 6UPNUK XaXMHUHT KyTOMaHKLW K
n . (12.20)
ByHra Moc AM3NeKTPUK KabynuyaHNnK
- —ADPA
y=P1E="P~/ P/ 3T (12.21)

Kyrénu cylobyruknap Ba K ATTUK XWUCMAap YYyH 6y KabynuyaHaunk
>:uccacy 1 6unaH TakKoc/naHapam GYynuwn MYMKWH.

[ONaneKTpMK AOMMWIAHWHE y3rapyB4YaH TaliHeli malijoH 4acToTa-
cura (TakpopuiinMkka) 6oravuavri.  Joumuii  gunonnapra ara
OynraH KaTTWMK. XXUCMAA yydana MexaHU3M xam KyT6naHuwra (gu-
31eKTPUK Aoumwuiira) xucca Kywagu. [lacT Takpopuinnmknapga
yNapHWHT xuccanapu Typnuya. HOK™opu Takpopuitnuknapga ynap-
HUHT [UW3IeKTPUK fJoumuiicu Komnnekc £=£'-/e" KaTTanuk
6ynnb, YHUHT XaKUK™ M K*MCMK Tawkoli mMaigoH 6unaH 6up asaga
y3rapyBuum [LU3NEKTPUK KYTONAHUWMWMHU wudoganaingmn, MaBxyMm
Kncmu aca Tawknm mMaingoHfaH ¢asa 6yiinya opkaga KonaétraH Me-
XaHU3M Naifo KunaguraH AW3nekTpK NyK,0TULINApHU aKc 3TTupa-
4H. Ma;;kyp kucmnap Kpamepe-KpoHur aucnepenoH MyHocabat-
napun 6unaH 6ornaHraH:

e'~1=-P E£W gy,
g " oco 12.22)
=..p T - dx. (12.23)
n X -

By ndopganapgarm P — WHTerpanHuWHr 6¢ W K,uiAimatn 6enrucum,
0>-3/1EKTPOMarHMT MaifioH Takpopui.guru.

YMyMaH aliTraHfa, £ Ba €" y3rapyByaH 31eKTp MaigoH Takpo-
puiinurura 6ornmk- OvanekTpuk OOUMUAHUHT MOZaynm

= + WHAYKUWUS BEKTOPM 2) HUHT TeGpaHMWNapu am-

NANTYAACUHN aHu™nangn. LouMuiA 3nekTp MaligoHga r'=0, e'=£
6ynagu.
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Jdovmui aunonnap OpUEHTPAAHULIN 6unaH 60pnuK;
KyTonaHuw 10 Ty gaH HOKOPWU Takpopuinukparu 3nekKTp MalfoH
y3rapuwnapu KetupaH ynrypa onmaigu. by xonga r' kamaiunb ke-
Tagu, amMmmo e" HongaH gapl<ymm 6ynagu, AbHM aH4ya AWNINEKTPUK
MykoTuwnap naikpgo 6ynagu. KaTtapok. o napga 6y MexaHu3m
Xwuccacu Mykgapaxaga 6ynagu.

ONTWK Anana3oHgaru HK;0pM 4YacToTanu 3NeKTp MahfjoHnapga
OV3NEeKTPUK XoccanapuHy CUHAMPULL KypcaTKMuM n Ba OTUL
KypcaTKMuM K OpKanu TaBcu(naHagu. N, K, e opacupa Kyhungaru
6opnaHuw 6op:

n{\ +ik) = e'~ie" (12.24)

MoHnap kpuctannapupa 'y Aa*nHupa e' gHa xam Ka-
mMasaau. By TakpopuinukpaH OKopufa MWOHMap XaM MaiifoH
y3rapulin KeTugaH yarypa onMaigun. AHaga rKopupok, >k0'5 Iy
Takpopuinnknapga 3feKTpoHnap KytbnaHuwm xucobura r' 6uppaH
KaTTta 6ynu6 onagu. Ammo, co>10*5 'y napfa 6y MexaHW3M Xam
MaifoHAaH opuaja uonagu. by xonga KatTuk, XXucMm 1ra ak"mH aun-
3IeKTPUK € CUHTAMPpYBYaHNMKKA 3ra bynagu.

12.2.2. 3neKTpoH KyrbnaHyBYaHINK

Cuuycumpan TalWKuW MaWLOH Tabcupuja CUDKUNALUTAH 3NeK-
TPOH XapakaTUHU Kapalnmk. CUDKUTAH 3N1eKTPOHHU y3 BasuATura
KaliTapyBuM KBa3u 3nacTUK Ky4HW (3X, YHUHT XYCYCWIA Takpopuii-
NINTUHN KOo=(p/my~2  pe6  6enrmunacak, EJdd=eEQBxp(!iot")

Maxannuii  aneKTp MailfoH TabCcupuaa 9NeKTPOHHUHT Xapakat
TeHrnamacu

Te  + [r =efo exp(/CH) (12.25)

KypuHuwga 6ynagu.
By TeHTrnaMaHWHT Max6ypuii Te6paHULl aMnAMTygacu Xwx
YUYH e4umu

(12.26)

m©0d-a ")
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By aca H=exT;,Xx AWMNON MOMEHTUra MOC Kenagu. MHAyKuusnaHraH
3NEeKTPOH [AWMON MOMEHTM Maannuii MaifoHra nponopuuoHan,

AabHN M =af pd-ekr,\]* =a,EN.

MponopuynoHannuk KO3 puuneHTm oe - 3NeKTPOH
Kyr6aaHyBYanimnk;

IEn = (12.27)
T{col -bI ")
By KyT6naHyBYaHIUK MEXaAHU3MUHUWUHT AW3EKTPUK CULTAM-
pyBYaHNMKKa \Mceacun COo<<Ccoo Takpopuinuknapga 6up xun;
2 - (12.27Y
/| T
Y KypuHaauraH épyrnumk colacuga (onTuk co”aga) LUINEKTPUK

LOMMWUIA  Ba CcCUHAMPULW KypcaTKMuM n=4~ HM 1 pAaH KaTTa
OYNMIWMHUHT fAroHa cababuaup. by xonga Knaysmye-MocoTTu
MYHOcabaTUHUN Kyiungarmya €3u MyMKUH:

3 £E-1, 3

A'le +2 Mg 32472
6yHparn T — anekTpoHnap 3uunuru. (12.27°) Ba, (12.28) ugopa-
nap acocupa \meobnawpgaH coo~1,710" 'y, 6y TaKPOPUNRNUK 3NeK-
TPOMarHuT CMEeKTPHUHT ynTpabuHadia coxacnura mMoc rywaau.

fAlHa 6up Mynoxasa tk"opugarn xucobra TysaTMa KUpUTagm:

MabflyMKW, TebpaHaéTraH 3MeKTPOH 3Heprus HypnaHTUpWwnu Ke-
pak; 6yHgaH Taw”apu 6y 31eKTPOH HO3MACTMK TYK;Hatuwnapra
(MwkanaHuwra) gyyop 6ynu6 Typagu. by ommnnapHm xucobra on-
cak, (12.25) TeHrnama Kyimpgarn KypuHULWHW 0.nagu:

(12.28)

T Ty — + I =ebyep(l ). (12.29)

By TeHrnamaHWHr e4ynmu:

EA exp(/w/
v CENexp(wh (12.30)

T {bI\ ~(0~ +/yco)
ByHAaH 3M1eKTPOH KyT6naHyBYaHINK

7
& 12.31)
~(0~ +lyi0)

(12.28) ka (12.31) ndopanappaH:
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e-N.,
e =e'Ye'= 1+-

T(cog -(0" +1yco)-e”A'™ /3 (12.32)

SHamn )| =[/0 -(e"N'e/3/H) 2 6enrunaw K,unu6, e Ba ie” HU
Tonamus:
nl)(@l -0?)

i= I+ (12.33)
{w} -CO™)™ +y~ (0~

~1e' =1 "
e cody ey G (1239

12.2.3. WoHnap uyTbnaHyBYaHNNIM

JTc Ta «\.'TGnaHyBYM 3MeKTPOHra Ba Ta KyT6naHyBUYM WOHMap
XyhTura ara 6ynraH MOH GOpNaHULLAN KaTTUK, XXMCMHU Kapannuk.
by xonga (12.28) Knay3umyc-MocOoTTU TeHrnamacu acocupga cTaTuk
ON3NEeKTPUK CUHTAMPYBYAHNUK BEo Ba KyT6GnaHyBYaHNuWknap LU Ba
o€ opacupa 6ornaHuWKKM Lyhngarnya é3vio onamus:

HM5—N) = IV« + (12.35)
£0 +2
WHAYKUMANAHTAH WOHNAp AMNOnnapu \uccacu Xypaa KUYuK
6yﬂa,ﬂ'V|raH, aMMO 3/1EKTpOHAap KyT6ﬂaHquaHﬂV|rV| cesnnapnn
KaMasauraH " opu Takpopuilnnkaa loKopuaaru MyHocaéat

(12.36)

Neo v 2

KYPUHULWIHKN onagn. MoHnap w;>'T6naHyBYaHAUIN WY WKKW uUdoaa
alimpmacmpanm aHuKaaHafu:

a, @3/, ro-l 5 (12.37)
"0 +1

VMoH 6ornaHum!lnm katTuk, xucmnapga al kattraamk H ‘NMrdm-
TapTubupga. MacanaH, HaCl kpucTanam yuyyH «j=3,8 10 ** ® m -.

M+ Ba M- Maccanu uoHAap Xy(pTu y4uyH 31eKTp MaigoH
TabCMpuUaa BYXyAra KearaH Maxo6ypuii TcopaHu!unap TeHrnamacu
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M +Nn/ mn- clx 2
- +Y1~- +U X :eEectxb (12.38)
LU

KypuHuwga 6ynagn, 6yHaa y ~ 3Heprus counauwmuu Tacsupnalm,
XYCYCWIN TaKpOpUANUK. By TeHrnaMaHwHr e4nMy KOMMJIEKC KaT-

Tanmk O6ynagu. KyrbnaHWWHUHI WKKana Typu Xucobra onuw’aHga

Knaysnyc - MocoTTu mymnocabaTu Kynngarn ngogaHu bepagm:

-6™\11
(ep -67)it)p (12.39)
(«0 -0~ +1Y (0)

e(0)) =e,, +

By nhomaHUHT X" KWKUIA Ba MaBXyM K,UCMJApUHU axpaTul
MYMKUH.  [WU3NEKTPUK CUHTAUPYBYAHAUK  XaKU™ A  K,MICMUHWHT
y3rapuwu, ONAWHIU XONJarnaek, CYHWUW >xapaéHuHu akc Sltvpagn.
KapanaéTtraH xonga /e" mMaBXyMm Kuem @ TaKpoOpuUWAMKAa eTapnivya k-
caKk MakcuMyM Kuiimatra ara 6ynagu, 6y mMakcumym Maskyp cretopan
coxai®a MasKyp K,anuK >XWCMAAPHWUHI AXWW Mabiym OynraH ONTWK
xoccanapvHn aduknalign. MacanaH, 6ylinama Ba KyHAanaHr ONTWK
TebpaHuwnap Takpopuinmknapu LW Ba O cTaTUK [AUINEKTPUK
poumuin (eo,e”) 6unaH 6OramK.:

(12.40)
byHgarn oT-2 HUHT y3u xam Eo ,e,, napra 6ornuk. 6ynagu.
- (12.40)
BO +2 )
(12.40) W(popa aHYa KeHT KynnaHWLW coxacura aragum »
12.1->kagsan

Bab3v UMK OpUA —ra.TOWZ Voniap KpucTa/iapura  MLLILL MarxdymoT

Kpuctann B e» ¥»r,K
np 9.01 1.96 442
NaF 505 1,74 354
NaCl 5,90 2,34 245
N8O1- 6.28 2,59 195
Y1 16.85 3,80 -

[nanekTpuk CUHIAMPYBYAHINK e  apumyTKasrndyniapga
K/puwMa caTxnap u\sapusacuga >kyga MyXuM YpUH TyTraHamru
yuyH 6ab3n KOBasieiln> (MpMM yTKasrmy xoccanun) KpucTasinap ydyH
£ HUHT  KuiAMarnap*.IH!! kenTHpamums.
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12.2~>kafsag
KoBasieHT, KOBa/ICHT —HOH KPUCTa/IIAPHUHE CTaTUK AU3NEKTPUK

JoumuniAnapm
Kpuctann Ty3uwmm |
KpeMHum onMoc 120 W
Mepmanunii Ce 16,0
Kanaii 5n 23.8
KpemHuii kapbugn 2 N8 ra yxuwail 6.7
[ nnuii dhocuam 8,4
lFannnit apceHnam 10.9
VHAunin apceHnam 122
rns BHOPUMT 5.1
Cypmanu uHauii 1nsb rns 15.7
rnge 5,8
2nTe 8,3
Céb BIOPUUT 5.2
Ccl5e Il 7.0
CclTe 2118 7.1

KoBaneHT KpucTannapfa 31eKTPOHNap 3apAgWHUHT  aHuya
Kmcmu atomnap (MoHnap) opanupupa >KoilnawraH. by Tawkun
3TyBUM KyrbnaHuwra my\wum xucca k3"wagu. LIYHWHT yuyyH KOBa-
NeHT KpuCcTannapHWHT [AW3NEKTPUK Xoccanapu \ucobnaHraHmpa
30Hanap Hasapuscura (V 0606HM KapaHr) éku “6ornaHuwinap
KyTbnaHyBYaHAUIM“ e6 HOMMAaHraH ycyara MypoxaTr KuanHagu.

12.3. TMunpoaneKTpukKnap

KMusgupunraHga €k COBYTUAraHga cupTupa 3/1eKkTp 3apsagnap
nango 6ynaguraH 6ab3n KpucTamnapHU NUPO3NEKTpUKNap peihun-
nagn. TIMPO3NeKTPHUHT 6MP TOMOHU Ku3gupunraHja MmaHpuin 3a-
pagnaHagu, WKKWUHYM TamMOHWAa akKcuH4va 6ynagu. by x“oguca
WyHAaal TywyHTupunagu. MupoanekTpnap 3NekKTp MalnjoH  Eku
6owk,a TalWkKnW Tabcup 67/nmaraHmga \am y3-y3UHWUHI (CNOHTaH)
P ¢ kyT6naHuwmra ara 6ynagu, 6yHuUHr cababum myc6bat Ba maHgpulr
3apagnap MapkasfapuHWHI Moc TylwMmacaurugup. Opatga Pc

CNOHTaH KyT6naHuw 3amac, 6anku ysrapuwun AP c¢ KysaTunagu, 6y
3ca TemnepaTypaHuHr Te3 Al ysrapuwwuga w3 6epagn (mupo-
3NeKTp adekT). Maingo 6ynaguraH CHPTUIA 3apag 3Munuru o=pAT
npogacugarn p HU NUPO3INEKTP AOUMUIA [eiAunagn. IHT EpKWH
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NUPO3NEeKTP-TYpManuH, yHga Temnepatypa 1° k3gap “3rapraHja
(" O000B/M vamacmparm anekTp MaifoH ByXyara Kenagu. Arap
TemnepaTypa Te3NNrM 3apBAHMHI penakcaumsa Bak;rmgaH
toK;opn 6ynca, 6y 3°onga aNeKTpAaHUW WMHTEHCUBAUIM 3HI KaTTa
6ynagn. Bapya NMpoaneKTpuKIap MbesoanieKTpuknap bynagn, ammo,
XaMMa Mbe303NieKrpukiap \am nuMposneKTpukiap 6/~ nasepmaiigu.
Bab3n nupoanekpuMKNap CeraeToaNeKTPMK  Xoccanapra MOJMK
6ynagn. TvpoanekrpuknapgaH TexXHUKaga EépyrnvkK umBaMkKatopiapu
Ba Kabynnatuunapu cuatuga goliganaHnnagn.

12.4. be3031eKTpBK

Bab3n ANaneKTPUK KPUCTaNIAPHUHT KYr6N1aHULWNHY, MeXaHUK
fethopmaums TabCcMpuaa y3rapulmHY Ba akCMHYa 371eKTp MaigoH
Tabcupuga geopmaymsa nango 65MMWMHU Mbe303IeKTPUK ~oguca
Jennagn, MasKyp KpucTaial MogfanapHU Mbe303neKTpuknap geb
atanagn. dak;at MexaHuK fedopMaunmsa  Tabcupuia  3M1eKkTp
KyTONnaHuWw BYXYAra KelUWWHU T5ppM Nb303PEeKT, aKcuHya
MIMWLMHM 3ca TecKapy Nbe30addeKkT gennnagn. Mbe30aneKTpuk
xoccanap Xyfa K~ mofuanapga Kysatunagu. [Mbe30aneKTpuk
XOAMCAHW OLIKOP KAWL YYYH KpucTan/a niaacTUHKacu ék”~apura
MeTa/l1 K;ornamanap YpHatunaam. Arap K;ornsiamanap 6up-éupura
TyTawmaraH 65Vica, nnacTuHa gecopMaumanaHraHja ynap opacmia
noTeHuwannap anvmpmacu naigo 6ynagu. Arap Koniamanap Ty-
TawraH 6”7ca, Kpniamanapja nnacTuHa cuptnapujarn sapsagnap-
ra TeHr Ba K;apama-KapLiy uwopanu 3apsgnap nanigo 6ynagn sa
3aHXupfa TOK okK;a 6ownaiign. Konnamanapra Tawk;n 3.HO.K.
ynaHca Kpuctann geopmaumnanaHagu.

Mbe30aneKTpUK  “oguncanap ¢ak;ar CUMMETPUA  MapKasnapu
6™\varaH KpucTanniapga Kysatunagy. AMMo, 6ab3n CUMXMETpUS 3se-
MeHT/apu (MacanaH, CUMMeTpUS TekKucnuru) o6~ nuwnumra 6ab3mv
MyHanuwnapga ékn  gedopmaumsnawiaa  KyTonaHuw  nango
OyUWIMHN MaH KAnagnm — Mbe303/IeKrPUKIap COHWHU YeKnaigu.
dak;ar 20 Ta CUMMETPUA HYK3'aBWid rypy”napura Ternwnm mogaanap
Nbe303/1eEKTpUKNap 6™Nna onagn. MNbe3oadPekrHy TaBcUGIOBUN KaT-
TaMK 3M1EKIP KaTTa/mknap 6unaH mMexaHuWK KaTTasmkiap opacvgaru
NPonopLuoHaNINK KoappuuneHTManp. MacanaH, a MexaHUK Kyu-
NaHuW Tabcupupa rrbe303/IeKTpUKAa ByXyfra KenaguraH P
KyTénaHvw o ra npornopuuoHan: P=ao. T~na KyrénaHuiwra siHa
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3NeKTP MalfjoH xuccacu xam Kupagn: P=aa+y” ¥Ymymuii xonga 18
Ta Typ/v nbesogonmuinnap 6ymwmn MyMKUH.

Typnu Kpuctannap ydyyH nbesofonmuiinap ~mimatnapy Kyynu
fapaxaga apk, kunagn. MacanaH, CerHeT TY3MHWHI Mbe303/eK-
TPMK KoahuumeHTnapm Hucbuin KAMMaTM Xyga KatTa, O6MpoK;
TYPMaIMH Ba a-KBapUHWKW aH4ya KWYMK. AMMO, KBapLHUHT
IOKOPY MeXaHWK Ba TEPMUK MaxKamauru Tygalinm yHu ouopu ja-
paxafa 6apK;apop Mbe303NeKTPUK reHepaTopsap Taiépnawga sHr
MabKy/n MaTepuan cuatmga vwnatunagn. by acbobnap paguoysat-
rMunap, KeapL coatfap TakKpopuiAnuraHu 6apkapopnanrrupagu.
Bolu,a amanuini Mak;cagiap y4YyH OK;0py gapaxaga Mbe303/ieKTpukK
3aheKTMBNUK 3apyp. LLUYHUHT yuyH ceraeT Ty3u k5ra iinnnap gaso-
Mufa cesrap “‘rapTupradnap y4dyH wmartepuvan 6ynub xusmat
Kunagn. 3Hr FHM Hycxanapga 6apuii TMTaHaTu — CTPOHUMAgaH
MwnaHraH Maxcyc WaKNIn Kepamuk nnactuHanap ¥YS\inaHunaw,
YYHKWM By MaTepuaniap KaTTa Mbe303fIeKTPUK ahPheKTUBINKKAE ara
Ba fiHA KM3AMPWULI Ba HaMuK;uwira HucbataH Gapgownurugmp. by
mMaTepuasiapjaH To3anawl BaHHanapuia ynbTpartoByll MaHb6anapu
Ba CyB OCTW TOBYW Kypwuamanapuia ysatrnyd xamjga kabynnarnd
cupatuga oganaHnnagn. bupnHum Takpmba nnekTp maigoHga
OV3NEKTPUKHUHE  gehopManmanaHmiy  umsmk?li - 6opnaHumwinu,
MexXaHVWK Ky4yfiaHul nango kgnraH Kyt6naHuw fedopmauuscura
nponopuuoHan. WoHnapgaH TapkubnaHraH xap KaHgah W\TTuK;
XUCMAA, YHUHI Mbe303NeKTPUK O6/0TUWL-6™MNIMacMrngaH KaTbui
Hasap, 3M1eKTP MalfoH KyufnaHraHnvru Keagpatura nponopuuno-
Han OynraH KAcnnumw (3N1eKTPOCTPUKLUNA) Ky3aTunagn. By aHr
YMYMWUA 3N1eKTPOCTPMKLUNA Xofmcacu Tawk?! mMaingoH KanaraHga
WOHMapapo MacoaHWHr  y3rapuwiunHu  TascugnaraHga [yk
KOHYHUHUHT By3unnwun 6unaH 6ornuk;. JemMak, 3neKTpoCcTpuKumA
Ky3aTunaguraH KarTvk; )XMCMAa aHrapMoHMK aeKTnap Kpuctansa
naHXapacuHWHI TebpaHuULLIapK Xxpccanapura cesunapan Tabeup

KypcaTtagu.
12.5. CerHeTtosneKTpukKiap

CerHeToaNeKTpUKIap MyaiisH TemnepaTtypaniap opanuruga
Talk3A Tabcupiap ocTuga Myxum fapaxaga ~3rapagurad CroHTaH
(y3-y3mpaH) KyTo6naHUWNM KPUCTANICUMOH AU3NEKTPUKNAPAUP.
CerHeToaneKTpuUK xoccanap 6upuHum mapta (1920) cerHet Ty3u
N30411441120 kpucTa/iapuga KysaTunaraH Xosup 6up Hedya 103
CErHeTo3NeKTPUK Moafanap mabnyM. CerHeToaneKTpuUK Xoccanap
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nango 6ynuin yuyyH KpuCTaiin Ty3uauwinga WHepuus mapkasu
6~nmacnnrm Yed 6”nmaraHga OMTTa HO3KBUBAIEHT iAyHasMLL
oynuwnurn  3apyp. [Mbe303neKTpuK xoccanapy Maexyg 6ynrad
KpuUcTannapHuHr 20 Ta HyKrasuin rypy?ylapugaH 10 TacM UKKUHUM
WapTHN K,aHoaTnaHTuMpagn. [emak, ceraeTosfieKTPpUK Mopna nbe-
303/1EKTPUK OYNLIM Kepak, aMMO );;ap K;aHAal Nbe3oaneKTpuK \am
CeraetoafieKTpuMK 6”na onmangn. CerHeTosneKrpmkiapHu 6ab3aH
theppoanekTpnap gennnagn. ByHWHr cababu wykn, heppomMarHuT-
napfarv [OMeH/ap Kabwu CerHeToaneKTpuUKNapga Ji;am gomeHnap-
HUHI - KaTTa CMoOHTaH (p-puaaH) KyrbnaHraH ceTaslapHUHP
(Tavwy anekTp MaiigoH bynmaraHuga 3NeKTp gunonnap Tap-
TubnaHraH KarTa 3/1eKTP MOMeHTNapu 6ynraH coxanapHWHT)
65*nmwnurmngnp.  CerHeToanieKTpuknap ydyH wmaxcyc Kiopwu
Hykraiapy pge6 atanaguraH Tc TemnepaTypanap MaBxXyhd. by
HykragaH HQ¥*opu TemnepaTypaua CerHeToafIeKTpuK Y onar (LOMeH-
nap) 6ysunagu, YyHku 6y ~onfa nccn™mnk tebpaHuwnapyn amnau-
Tyfacu 3nekTp guvnonnap TapTmbnu xohnawwuwura w™n 6epmac-
NVK papaxacuga karrapub kpnagu. MacT Temnepartypaua CerHeto-
3NeKTPUK 63VIraH KaTTUK XXUCM Klopu HyKpTacu — AaH HOKppU TeM-
neparypaga x=0(T-Tc) kabynyaHIMkKka 3ra OynraH napasnekrpuk
6ynné Kpnagw.

12.3->KkagBan
Moaza Kuwvésuin ndogacH T, K P, Kn/iv™
Bapuii TUTaHaTU BaT"Cs 393 2,610-4300K)
Crpcsupii TuraHara 3rTias R 3.010-2(4,2K)
Kanmin HnobaTu KKbOs 710 3.010-'(600K)
AmvMoHui cyndatn  (MH4>2804 223 4.510-3(220K)
Ceraet Ty3u KaKC4H4064H20 206(kKopner)  2.510-3(275K)

255(nacTkucK)

12.3-XKOUB&/THUHI  OXMPrn yCryHugaru
Ps katTasink Ku/m» bupnvknapga croHTaH
(¥Y3-Y3BgaH) )™NKMuUiA Kyr6iaHuwHu ngo-
fan~bu. BaTHO3 HUHr cnoHTaH (¥3-
y3ugaH) KyroaHuwm Kemb uyLwgyiinHm
Kapalinmk. By GMpukma nepoBCKUT Ty3u-
nvwra asra (12.4-unsma). BaTHO3 HUMHT
naH>xapacu 393K paH tokppuga Ky6-
CUMOH LwWakKnga bynaun, CerHeTO3NEKTPUK
)(cwatra ywwga KybgaH TeTparoHan YeT-
NaHvwnap naingo 6ynagn. Ic gaH nact

12.4- umima. Bapwin TUTaHa-
TW BaTHO3 HUHT TYY 'LLn.
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Temnepatypaja 3nemMeHTap sueiikaja ;$3rapuwiap o3 bepagn: y
6up yK (c Y0 RyHanuwmn 6yiinab 1% kKagap udyswunagu, 6y
MyHanuwra TuK*K;nap 6 * a6 TaxmmHaH 0.5% Kasap Iglcunagw.
Bapuii Ba TMTaHHWHI 6apya KaTWOHNApX MaHXapadacy KUCIopos
aHMoHNapu naHxapadacura HucbataH ¢ YK 6yinnab tokopPIra éku
nactra cumkuiign, 6y aca Kpuctana 3HeprusicMHW nacanTupagw.
Ly MKKM naHXapadanapHuHr Y3apo CUMKULWK TaxmuHaH 0.1
[0]

A ra TeHr 6Ynmb, KaTTa XaXXmuii KyTOnaHuw BYXyfAra Kenaumwam-
I YUYyH eTapanaump.

TeTparoHan ceraeToanekKTpuk BaThO3 Kpucrannga Ps naHxapa-
Yasiap HUCOMIA cumkuMwun  yHanuwura 6oramk  paBuwpa, &
«toYopura» Ekn «nactra» cUmKNingn. TutaH (km 6apuin) xap 6up
MOHW KpUCTa/1 NaHXapacuga 3Heprusicu sHr Kuyumk OGynagurad
WKKW Ba3nATra ara, ynapHu aHepreTuk TYcuK; 6up-6upmngaH axpa-
TM6 Typagu. Tc fjaH w”opu TemnepaTypanapga 6y Tycuk; YK
Oynagn. Typnn CerHeToafleKTPUK MoAganap rypy?4napv yyyH ynap-
HUHI TabuaTu TypAuda TYWyHTUpWAagM, amMmmo 6apya TYLWYHTU-
puNap KpUCTa 3HEPTUACMHWHT UOHMap BasusaTura 6opnaHuLLmv
NKKWU MUHUMYMAW 3rpU YM3nK KYpuHuwnga éynagu, geigu.

FOkopuga aiTunraHBgek, Tc gaH ouLopU TemnepaTypanapja
CErHeT03/IeKTPUKHUHT CNOHTaH RyT6naHraHnMrn WYk 6Ynagu, am-
MO KaTTMK XWCM >Xyfa KaTTa AU3NIeKrpuK goumuniira ara éynagw.
MacanaH, BaTkO3 gaH TaWépnaHraH Kepamukaga 8 1o 6000 raua
eTagu. Tc TemnepaTypafaH nacTfa CerHeTO3NEKTPUKIApP CTaTUK
KyTO6naHuwn  60WwKa  WAMWIA  Maucagnapga  vwniaTvuaagu.
Kyr6naHraH cerHeTO3NeKTPUK/IN KOHAEHCATOP MUKPO(OHM Tanab-
ropnapu kyn. BaTHO3 Ba 6oLlK;anap nasep HypuHW onTuK (KyBYp)
MYyaK mympa xam, TallKapucuia xam Mofynnail Ba orgupuil yyyH
K¥YnnaHnnaaw.

12.6. CeraeTtoanieKTpuK fomMeHnap & aHTUCErHETO3INEKTPUK
3(ogHcanap

KatTa CerHeTo3afieKTpMK MOHOKpUCTana Typau RMyHanuwja
KyT6naHuwnn gomeHnap (4MNon MoOMeHTnap 6up Xxwun iyHanraH
coxanap) TynnamupaH wubopaT 6ynraHamrm cababnm 6yTyH Ysu
CNOHTaH Kyr6naHraH 6ynuwiamru maxoypuii amac. Maskyp goMeH
KapamMa-Kaplwm KyTonaHuwnu gomeHnap 6unaH YpanraH Xon KYn
yupaign. By xonga 180-rpagycnv LOMEH [eBOp/apu xaBAja ranu-
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punagn. Taw ™ E 3nekTp MaWAoH KyiunraHga JOMEH AeBopnapu
Kyuynw MMKOHWUTa 3ra 6ynagn. byHpa  kyT6naHuw WyHanuwu E
MalifloH 6unaH MOC TywraH &KW [espnyu MOC TywraH AoMeHnap
ycagu, PN KyT6naHuWwmW  K,apama-K,apluu HyHanraH fjomeHnap
K"mckapa 6opagn. CerHeTto3NeKTPUKNapHWHT [JOMeHNapAaH Ty3u-
MWy myarsH fapaxafja peppoMarHeTUKNapHMKUra yxwawmb ke-
Tagn, ammo ynap opacuga my)(um tdapk 60p; MarHuT gomeHnap

opacmparu fesopnap KANAMHAHTKM 750 A (Ba aHeprusa HucbataH
KWYMK), CErHeTo3NeKTPUK [OMeHNap opacujaru fgesopnap
KManuHaMrn 6up  €ku MKKWM atomiapapo macodara TEeHTr Ba dHep-
rmacu kaTTa 3MYIMKKa ara.

Kynuunumk cerHeToanekTpukK matepuannapfa MUKPOCKOMNUK
JOMeHNap TY3MNUIWKM aHya Mypakkab 6ynagu.

WyHpan Knnub, CerHeTo3NeKTpUK MaTepuannapfga Kiopu
HyKTacufaH nact TemnepaTypanapfa WHAYKUuuMsnaHraH gunonnap-
HWHT rapTHOMH XOWnawunwm BYXyAra Kenagu, 6y 3ca kpucrtann
3HEPrMACUHN KamanTupagn. AHTUCETHETOINEKTPUK KATTUK, XXUCM-
napfia xam Tc faH nactpa MHAyKUMAnaHraH gunonnap Taptubna-
Hagu, 6y Mopfanap cuUH(pU )<.aKMWiA cCnoHTaH KyT6naHuwra ara
aMac, YyHKM Xx,ap 6up AUNoN KywWHW Aunonnapra aHTunapannen
MyHanraH. YMymaH aiiTraHfa, KyWHU 3aHxupuyanap (“atnamnap)
gunonnapu aHtunapannen Tuinnub, 6Gupop TemnepaTypajaH nacT-
*Ma  3aHXwupyanap AWMNONNAPWHWHI  napannen  AyHanraHauru
?(onngarnra HucbataH nNacTpok; Tyda 3Heprus OyAuLAUTUHN
TabMuHNangn. Hatpuin HMo6atn NaNbO3 Ba KyprowuH LMWPKOHa-
TM Pb2rO3 6upukmanap myalisH TemnepaTypajaH nactja aHTucer-
HeTO3MeKTPUKNapaup.

12.7. QnaneKTpuK M3TKOTULLITaP

E ys3rapyB4yaH 3/1eKTp MailgoH 3HEPTUSACUHUHT 6UP K,UCMU AW-
3IeKTPUKHUM KbainTa KyT6nawaa MCCUKATUKKA aillnaHagn, YyHKK 3ap-
panapHuWHr Mogpdaja 6Gapya \apakatnapu ynapra 3fekTp MaifoH
6epraH 3HePruSHWHI KUCMaH ucpodu 6unaH 6oraumk b6ynagm. Ly
NCPOHU ANINEKTPUK RyKoTuUwnap Aerinnagn. 3appanap )“apakartu
KaHua katta  6ynca, [AUW3NeKTpuK MAykoTuwnap LiyHua katTa
6ynagn. [emak, ynap E Mal[JOHHWUHT 10 TaKpopuiinurura 6ornme;.
Arap LU3NeKTPUK KyT6naHWWAa acoCWii ypuHAa 3NeKTpPOHMap Ba
MOHMAPHUHT KWYMK cumxkuwnapu 6ynca, 6y ?"onga AnaneKTPUKHU
lapmoHUK TebpaHruunap (ocumnnaTopnap) TynnamugaH wubopar
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[e6 KapanHwwu Ba 6y TcbpaHrmuynap ysrapyBum £ MailjoHga Max-
oypuin TebpaHuwnap KHnanu nelwmnca, arap (0 TCOpanruYyHUHT o\
XyCcycnll Takpopw'viirura siK,MH 6ynraHga 3Heprus NYKOTWLI 3HT
KatTa 6ynagu (pe3oHaHc). AcCOCUl KyT6NaHWLW 3neKrpoHnap cun-
Xuwwn 6unaH 6ornumk 6ynca, 6y \onga MykoTuwnap OHTUK Takpo-
puiinukga (==10"T'u) MakKcuMmymra 3puwaguM, aMmMO 3/1eKTPOTex-
HWK Ba pajHOTE.Y'HUK TaKpopuimnmkaa Hasapra ofiMacnumk fpapaxa-
cufja Kuuumk 6ynagu. Wownap cumxuwun 6unam aHuWKnaHagurad
KyTOnaHnwaa [AU3NeKTPUK Wykotuwnap W Hypnap colacuga
(10'2-K)13py) aHr katTta 6ynagu. OpueHTaumoH KYT6naHuwgpa aun-
3NEeKTPUK WyKOTULWINAP fiHA \aM KWYUK Takpopuinuknapga cesu-
napnn 6ynagu. KOKopu Takpopuinuk.napga AUNoa MOMeHTNap y3
AyHanuwunTT MalifjoHra mocnab ynrypmaiu, hykotuwinap Kuuumk.
Mact Takpopuiinuknapfa KyT6naHuw MalifoH KeTujaH yarypub
6opagu, cumkurwmnap Katta, amMMO Y/JapHUHI BakTW X.am KaTtTa
bynraHnurugaH  AU3NEKTPUK  NyKOTMWAap  KUYMK.  Talku
>'srapyBun E((0) MaiAOHHWUHT TaKpPOPMAAUTA MOJSeKynanap OpueH-
TpAaHuWK ypHawuwn BakTura (penakcauus BakTura) TeHr 6ynca,
OM3NEeKTPUK WykoTuwnap 3Hr katra 6ynagu. MacanaH, cysfa
KyT6naHuW acocaH OpMeHTaLWOH MexaHusMra 3ara, «,jx K"y
yamacuja.

OunanekTpuk MykoTMWwNap MUKLOpPaH ANINEKTPUK RyKoTuwnap
6ypuaru 6wnaH aHuk"aHagu. Bypyak k>'T6naHuw BekTOpu P Ba
3NeKTp MafoH KyunaHraHnuru E opacupgaru asa papkuHu udo-
panangm.

X,aKuKni AVaneKTpuknap KaHpangup o 3NEKTp
yTKa3yBYaHNMKKa 3ra, AU3INEKTPUK WYKOTULINAPHUHT BUP KUCMU
aHa Wy a ra 6orguk [lacT TakpopuiAnuk-4apga \TKasyBYaHIUK 6U-
naH 60rANK >KOYN WCCUKTUTH axpanuwm Myx,uM 6yanimy MyMKUH,
YyHKM (0O pga \am y Ho/Ara TeHr amac, arap [AW3neKTpuk
UYKotnwnap 4™xar yrkasyB4yaHnmMkka 6ornuk 6ynca, y \onga
lg5=4na/(o 6ynagu.

12.8. AuanekTpuknap Tewmnmwm (6y3nnnLLH)

OvaneKTpuknapaaH yTaéTraH TOK 3uUunuru  (yH4Ya  Kyunu
6ynmaraH anekTp MaligoHnap \onuga) OM KouyHu ]=0E acocupaa
MallioH KyuyfnaHraHAMrura nponopyunoH;1n 6ynagan. AMMo, eTapiau-
ua Kyunum 9nekTp MaigoHnapga OM KOHYHUZAH YelnaHull,SAbHU
TOKHUHT E ra 60rnuMK paBuiuga >yaa Tes ycullin o3 6epagn. My-
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AlSH E=E(, Malifona:! AN3NeKrpuK)IMHT 37eKTp TEWUAUIIN COAUP
6ynagu, SbHU OyHAa AUSNEKTPUK YTKA3yBUYAHNMIU Kyn japaxaga
opTN6 KeTagW, YyHKW yHAA 0"0pU YTKa3yBYAHIUKNM KaH;Tn (Ka-

Hannap) naigo  Gynajgu. HA  NM3NEKTPUKHUH!'  31eKkTp
Ma.ukaManuru Aeiimnagu. Ksapuy wuwa muconuga p=10'"-10™ Om
CM. (2-3)10" Bl/cm.

K.aTTuk, AuanekTpuknapga 3nekTp TewWAuwpaH TawkKapu siHa
NcCUKATUKAAH Tecwuamw \am Maexypd. by \onga Tok opTuwun 6u-
naH TemnepaTypa (KOyn WCCUK MHM opTagu, 6y aca ,\apakaTuyaH
3apsaf Tawys4yunap conu opTUwKW Ba conuwTupma K'Pwwunuk
Kamalinwunla onu6 kenagu. INeKTp TewwunuwaaH MaifoH Kydai-
Mwmn 6unaH YHUHT Tabcupupa 3apaj Tawysuymaap xpcun 6ynuuim
Te3 KyHasaun. AnanekTpHKAA Temn.)Mw mykappap HOGUPXUHCANK-
nap éppamnalwiagun, YyHkKu y xoinapna E 6ow”a »oii®api®an katTta
6ynagm.

OuvanekTpuk Tewwnnranga \ocun 6ynraH yTkKaszyBYaH WHrMYkKa
KaHannapHu wHypnap (Haliyanap) Ageinnagwu, TOK WYy KaHannap-
fJaH KaTTa 3M4nukKaa ok™agu, KaHan \arto apub KeTuwu MyMKWH.

LV3aneKTpUKHUHT Tewunnmwm KT'!ITap Ba KrallTmMac 6ynuwim
MYMKWH; TeU MU XapaéHuga AV3NeKTPUK TY3Unuwuy ysrapmaca,
6y Telynnuw k"aitap 6ynaguM Ba akCuHYa.

Ouanektpuknap kNanaHvwn. Kynuunmk amnaneklpuiolap Kei-
WHTM faBpraya acocaH 371eKTPOM30NALMOH MaTepuannap cudartmga
nwnatné KennHapau. AMMO, AU3NeKTpuUKnap K~ nnaHaguraH cola-
nap KeHraumb6 6opnu, ynap Xunma-xun BasudanapHu yTaihgurad
éynan. [OuWaneKTpuKNapHUHT KOHACHcaTopfiapga WMHnaTuanu
MabiyM, 3N1eKTP TOKW YTKa3rmynapuHu 31eKTp 3HEep!MSHUHT
6e>yga wucpod 6yotmwmra yn  Ky'imaidgulaH  OU3NEKTPUK
(n3onAuMoH) KaTtnamnap 6wunaH ypanTnumHu \am 6unamus. MNbeso-
3NeKTpUKNap ToByWw TebpaHULWapuHW 3neKTp TebpaHuwnapra Ba
aKCMHYa alnaHTupuw Basudgactu! 6baxapagn, (WpoanekTpuknap
WK, Hyp.![aHun]un owkopnaw Ba y[acuum[*nnruHn (sHeprusicu
NMYIMTAINL) ynyawfga K>'nnaHuWnanni. CerHeToanekTpuknap paguo-
TeXHuKaga Houumsmru!! asnemeHTnap cudarnga wwnatunagum. OH-
3aNeKTpUKNapra KupuwmManap KUpnrué, ynapHu paHram Kuauu,
AbHU ONTUK GuAbTpRap Talldp.'law Mymkun. KyHruuma AuManekTpuk
Kpuctannap (A10aA5, Ccl5. py6!HIH Ha 6.) KBaHT 3.TEKTPOHUKAcK-
[a nasepnap Ba Kydantupnlu.;lap acocu 6y.Tmb Xn3.mat Kunagwu.

OunanekTpuknap ApuMyTKasruynap ‘'nyYeKTpoHukacumga MY\HM
YPUH 3rannaulyYnap wu)irerpan MWKPOCXeManap 3feMeHTAapu
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cHAT.K!, ;lpum  yTKammy ac6beHX'Tpunt  cauarmy  cnpuy'!
K(Quwiamn<||1l! KypuHuuTha NTANCNNANM, MeTana-AH3CKNPDK -
ApPUM YTKa3llly TpaH3uctopnap japkH6Hra kKupagu.

Macananap

1. +[, Ba - 3aplicyapnaH Tawk!11 TOT aH 3neklp gunoauunr
non mapka™mnam /-»/(/-gunon enkacu) HykTagaru mangonmuur

E{r) -3( pr)yr-rop
AnNrAr
aimk, anl” *

Kyynatanntu Mq)o,qara MOC Ke.MnwHnn

2. bupnnd \gk\IM|NWML nTion MmomeHT [ 6ynraH 6up >Xumc-

NN AnanekTpuk mumga c(|)cpuk koBak 6op. P BekTop r yk, 6yiimya
MyHanraH pe6 \ncob6.;lab, < yk 6unaH KoBak cupTugarH 6upop
HyKTara KoBak MapkanmpaH yTka:innlali paguyc-BekTop r opacu-
parH 6ypuyakHum @ ge6 6enin>ab, KOoHak Mapkasmparn malgoH
E =4n-"/" 6y.MWAIMMHN NCOOTNAHT.

3. Kyr6nm KT1ituk. xXucm yuyH [ebaii TemnepaTtypacu 153 K.
T= 270 K ga MO kMn Takpopuiinukaa AW3NEKTPUK MNyKOTULW Nap
3rpu YM3MrnAa MakCUMyMm Ky3nTunrnH. ByHuHr yptacupa 0.4 3B
iycurH 6unaH LUWNO.YNAPHUHT WKKW HMKOWWWA OpUeHTpAaHum
MaBXyAHUWTra Moc Tyuunun!»nuH ucbotnaHr. By x.onga
Kyinnna(l'1e6al/! Hpogacu ypuH.au: @:e'+!]:'":A+-I Bm_ 6yHgaru

|
r=(2a1,,) 'e\p (') UKKA MMKOUUL OpUEIrTUpPNaHNT opacu-

fa yTuw (penakcauus) Bautu, V ~ KB‘/i,-’\n - [Oe6aii Temuepaty-

pacu. A-5 Ba fe6 * Kxppugaru acocuna
(-'(c) 42 i-"'(4) 6or.lamTmnap jpadwmHK ym3mHr. 250 gaH 290 K

raya opannkna r."-0,5p",,,;,. 6ynn6 ynynwH Kepak.

an-



X! BOr,
KEPAMUK KATTWY XXACMJAP. KOMIMO3MNTNAA»
13.1. Kepamuk maropman.nap >alumga ymy;«Hin MaT>aymoT

Xo3upry 3aMoHAa Kepamuk MaTepuannap colacum xyga Kyn
mo.'Uanapun — KMypunnwga utnatunanuran rumngad 1o aml auru
IOKOpU TemnepaTypaja yTa yrkasyumyaH KepamuK KpTwumanapraya
6yn)aH KaTTHK XWCMapHW y3 uuura onagu. Ynap xuama-xun xoc-
can;5pl'a ara Ba (paH, TexHWKaja KeHr b;ynnanunmofya. LWywuunr
YUYH ywoby Kk~ 14aHMaTa KepamMuka Ty|-pucupa rynapok, MabaymoT
KENTUPULWHHHT HAOXKM W'% vn 6a3 6y \akMa NCOCHI xoccagaprnTr
Kucka 6acumHun kentmpam!{s.

KepaMmuk matepun.tnapwun-u' alomnapu opacn.ta UoHnapra Xoc
Ba KOBaTeHT 6orfnaHuwnap ydypaingum. by 6ornaHuwnap xacupa !
606HMHT Ba 1.5,2-6aHgnapupga mabnymoT 6epunraH. by epaa
INyHW TabKupAnalw Kepakku, WOHNap 60rfaHH)umM >;onupa 3.Tek-
TpOHNap 3apaxnapu WMoHNap aTpoupa jun HaaraH, MOHNAp opacu-
fa, TabulML 3neKTpoCTarHkK Ky4y.Top Tar>cnp (“Hnagu. KoBaneHT
6ornatuym xonuna 3NeKTpoHNap 3apaau (3UY.TUrU) YywHU aTtoMm-
NAp opacHna YyHua ,Mytlua Tckuc TacumnaTaH, 6”fWwa 3.TEKTpoO-
CTarHK y3apo TabCKp KYUYCH3. aMMO KBaHT y3ap0 TabCUpW acocuii
6ynagu.

TexHONO1NK >XXapaeHWUHT KaHpall 6opuwmnra uapab 6up mopna
TypaM  Ty3unama  x.ocun  K™nagu.  MacanaH, 8502 wmogpacu(M1
cyt.nTmpnb cyH1 cekMH coByTa 6opuaca, Kpucrobanut kpucTan.au
\ocun o6ynanu. awp 5102 HMIC cyionmacm Te3 coByTunaca -~
cmnmkat wuwa (amopd >KUcm) onuHagn. by MKKOBWM KaTTnk, Xuc;\!
Kepamunkal! a maHcybaup.

Xo3up Kepamuka ne)maraHfja Metann rabwatnm  6ugmaraH
A<ri\lga nonir\k'p (3aHXMPCMMOH) Ty3mnumna sra 6\g.malaH KaTTuK
Mo;wa TywyHu.yagu. Lwuwa.nap, MOWOKpPHCTA.TNap, KOT.30.MepaT-
-yap, Maifga kplcTtan.lap Ba ynapHWHr 6l'pnarumanapn Kepamuk
maTcpua.unapgup.
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AnoMUHWIA okcman A1203 acocufa KepamuK maTtepuannapra
Typau xoccanap 6epull MYMKUHAWNHIN Kypainuk.

A1203 HUHT aillpum foHanapu (KOpPYHA) MaTepuannapHu
CUNNMKNAUT Ba caiK.annawpga Tunatunagn. [oHagop TY3WIHLIH
AMO3 nonukpueTannapu KypuHaguraH Epyramk colacmpa AXWH
waphodp (TUIMK) 6ynraHnuru  Tydainu ynapgaH touopwu
TemMnepatypa Ba tokopu 6GOCHMAa wuwnak onaguraH ONTUK
fepasanap TalképnaHagu. AbO3 HamyHacmfa TWUTaH Kpulimacu
6ynca, ynapHu candup geivmnagum Ba y CneKTpHWHr W colacupa
wadgdgod, ontoanekTpo!lkaga KynnaHunagm.

A1203 kpucTanura Xpom KN'wwunaca, ynapHu py6uH genunnagu.
Py6buH onNTWUK KBAHT TreHeparopnapja uw4umM >KUCM cudatmga
nwnatnnagu.

13.2. KNpunmaniap Ba ac6obnapga KynnanmnaguraH kepamuka

KepaMWKaHWHT  KUMEBUIA Ba TEePMUK 4YMAAMAWUTU  ynapaaH
Kypunmanapga oigataHuw MMKOHWHMW 6epafgu. by xoccanap aTtom-
napapo 60rnaHuUWAapHUHT Ky4yau OYAWMWAUTM Ba KYNYUAUK MeTan-
nap okcmanapHaaH TapkumbnaHraH kepamuk mogg:mlapHuur (KM) sHa
OKCUANAHULIN aManja MYMKWUH aMaciurngaH Kenuod uvk agu.

Knmésuin  60FnaHnunapHuHr  mycta\kamJii KM napHuHT
IOK,0pM  CYylNMW  Temnepatypacura Ba K, aTTWK,[Mkka  3ra
6ynuwnurn Hn 1ak.030 aTagu, atomnaap K~aTnamnapHUHI y3apo cup-
naHuwwura hyn 6epmaingn, KM Taw”™u KyunaHuw 6GepuaraHga ys
WakKNuHKM cak Talign, nNeKuH arap kKnama 6upop Oycarasuii
KuiimaTra apuwraHpa 6upgaHura 6ap6og 6ynagw, ynapga metan-
napgarnfek nnactuk gegpopmayna éynmangm.

KMnapHVWHI Maskyp xoccafapuHu TyWYHNW Y4YyH ynapga
MaBXyf OynaguraH HYKCOHNapHW — KupuwiManap, fKKa BakaH-
cusnap Ba YNapHWHr yomnapu (BakaHLUMOH KOBakfnap), MMWKpPO-
Jap3napHu Kypué 4nkuw 3apyp.

Kpuctann kepamuka Ba WUWAHUHT MYPT.YUTHW MUK OpaH
uainwkoKTrunk aHuk-aanan, y TaxmuHaH MTIla/m' MeTtannap yuyH
y 40 MTa/m' 2 yamacuga.

KM parn kKupuwimanap Ba MUKpPOKOBakK.yap X.am K>'IMIraH Tawku
loKNamaHu ysura xanb Kunagu. Ynap atomnapapo 6ornaHuwnapuu
cycalMupanu, OCOH Yy3unaanraH Kunagu, LWYHUHT YYyH HYKTaBuil
Hykeorrtap atpo(!)uga 6ornaHmTnap!niHl n.nactuk nedopmaymnsacu
6\ouwun kunnn. Okmbataa HykcoHnap >kollpa kc)Imk,'lap KaTTanawla
6opaau.
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[Jemak, HYKCOHMapHHH)' TabCcupuHu ypranun! KMnaapHUHT
thonann xoccanapulHl axTunawra |<;apatuaraH. Koaknap, arno-
mepaTtnap, KuMEHW!! kupuwmanap Kabu HyKcoHnapHu 6apTtapad
KUAWLW 3apyp, YYHKW ynap faps3fapHWHr naingo 6ynurum maH6ana-
PHAWP. BYHUHT yyyH pactnabkm KyKyHHU (NOPOLWOKHW) CUHYMK-
nab To3anaHagu Ba Xyfja Malganab, 3uunab TaxnaHagu.

TexHONOruK xapaéH Kyhngarn 6o0ck;uunapgaH ubéopart; metann
OKCHAHWHT, MacanaH, T102 HWHI KUYKMHA AuameTpnan (< 1MKM)
3appavanapu aputmafaH yTkasunagu. by 3appanapgaH (macanaH,
MeTaHONja) Maxcyc cycneH3us TaliépnaHagu, YHra KywuaraH
nonumep 3appavanap cuptura énuwubd, ynapHWHr arnomepartnap
waknnaa yroownb ketumwwura nyn k5hmangum. OnMHraH nopowok
(KyKyH) «HasopaT LuuaMHaguraH Ta\nawra» Ay4yop KWUAUHWKG,
MBHWTUpPUNaAN. HaTmxaga amanfa KOBakCM3 MaTepuan onuHagu.
«Haszopatnn Taxnau]» 3Hr My,\um >kapaéH kucmugump. byHpa katTta
6ocum ocTupa Konunnapga — Kuewdt  6unaH  6up  katopga
KH3gHpunaguraH npecc-konunga 3uunaw, 3ambapakHUHT Enuk.
cTBOAMAa nopTnaw épgamuparu  3umynaw, AUHAMUK  3uynall,
3NeKTp MailgoHfa nonumep Ko6MK-riy MOpowoK (KYKYH) 3appanapu
X;apakatu  — 3fekTpodope3  épfammpa  3uynaw  ycynnapu
u\'nnaHnnagn. Maga KykyH (nopowok) onuwpga nasepnap
TexHonoruacu wmyeadak.natnm kynnaHa 6ownagn. by A!(CH3)3
B(CH)3 Typugaru opraHomerta.an monekyna.nap éku Sic¥typparu
MoneKynanapHu nasep Hypnapu Tabcupuga napuanawra
acocnaHraH. by \onga wmeTann 3appanapu  Maskyp 6Gupukmanap
rasu TynaupunraH Kamepa fJesopnapupa wmaifa [JOHaNM KykyH
(nopowok) KypuHuwwuaa yTtupaaum. bab3aH Kamepara Maxcyc
Tarnvk XonaHagu.

KykyH (NOpowWoOK)HU yhiagupuw coxacuja acocuii Basuga
3MunaHraH 3sappanap TYTUHUIMKM MycTa\KaMAUTUMHK owupuutTanp,
Opatpa 3appanap Jerapacuja BakaHcusfnap Ba  BakaHCWOH
KoBaknap Kyn 6ynagn. MacanaH, 5/C &ku (j3bl4 KyKyHnapura
eniipak ep metannapu okemgnapu k\'lllinann, ynap 6op 6ynraH
Si02 6unaH peakuus Kunngunap. K*usgupuiiga
K2C0 3+5102->K25!0 3+C0 ,T ékm CaCO03+8102-"Ca5103+C02T
peakuusnap ok*mbatmga BaKaHCUOH  KO!|KNapHW  TynaupyBuu
K28103, Ca5!03 cytloy cunukatnap \ocun 6ynagu. KM
MyCcTa\KaMAUTUHN OTUPULLHUHT fHa 6up Hyan toknama (6ocum)
ocTuaa fapsnap YCUWMHU TyxXTaTuwaunp.
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bocum octmpa Kpuctann TY3UNUWLIWUHU Y3rapTupuw ycynm x‘am
KM wmycTa\kamnmruHm owwmpuwra xmsmar K*wmnagn. MacanaH, 6ocum
oCTMAa TeTparoHan Ty3MAuUWKn AUOKCKMA 2 FOT MOHOKAWUH Ty3uauL-
nn 6ynné konagn. MOHOKAUH Ty3uauwam 2 KO2 HUHT \axMun TeTpa-
roFan TysunuwnucugaH 3..5% kagap katta. KeHrainb 6opu6, foHa-
napu gap3Hu k“vcagu, fap3 3HAW KeHras onmangu.

fAHa 6up ycyn wyHpaH ubopaTku, MasKyp Kepamukara yHAaH
MyCTafi;KampoK, Kepamuka Tonanapu kuputunagu. byHpan KMpa
fap3 yculwiga Tonara Ayy Kenagu Ba Hapura énunmangn. Amanga
51C KpeMHUn Kapbuan TonanapupaH oiganaHunagn.

[Jap3napHy TyXTaTUWHWHT YYUHUYU YCYNN [AP3HUHT YUYUHMU
TYMTOK aWwaup.

Maskyp KMra 6owk;a MogjanapHUHI 03 KyWWUMYacUHU Ku-
putraHga x,ocun 6ynaguraH 6up >XMHC (romoreH) cox“anap naipgo
6ynagun, anb6atta. LWy co)*anapHn WMMKOHW 6opuya TOopamTUpuUL
KM napHu mycta”kampok, kunagu. Xo3up wy acocga 0<X<5 opa-
nnkpa 516-xAlxHx-kOx Kabu 1K;0pu MycTax“Kamaunkka 3ara 6ynrad
KM nap —cuanoHnap apatuiraH.

KM nap mkkuta my\um colaga - MeTannra uwnos 6epagurad
KecyBuUM acb6o6HM Ba \apakaTnaHTUpruynap UWCMAApPUHK Talép-
nawfja KynnaHunamospa.

Kepamuk ac606, wMycTax“kamnaHraH KepamukagaH scanraH
Kecknuniap y3oK MyAAaT vwiawu wapouTuAa, Kecull Te3IUMTUHU
Kyn mapTa OWWPUIWL MMKOHWUHW 6Gepagun, aHya 3Heprus Texawra
016 Kenajgwu.

XapakaTnaHTUPruynapHUHr Kucmnapu - TypbGUHanapHuHT
\apakaTnaHyBuYM Ba Ky3raamac Kypakfnapu Kopu fapaxaga
MycTax;kam OyfnraH Ba yHYa MypT 6ynmaraH kKepamukajgaH Tain-
épnaHca, ynap MeTann Ba KOTUWwManapra Huc6ataH, aHua
lOoKOpU TemnepaTypanapga \am wuwnaihi onagu, ®.N.Kcu aHua
toKopu 6ynagu, 3MYANTUM Kam, YNAamaunuru 1 Kopu.

KMnap aBToM06UN x"apakaTnaHTUpruynapu KUCMAapuHu Tal-
épnawgpa \am KY'nnaHunagu, MexaHWK 3uufaHTUpruunapgaH cys
KyBypnapHu 6epKUTyBYM XyMpaknapga oliganaHumnagu.
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13.3. PagmoakTus MaTepvasinap Ba UMK HAUNapun cak™aiguran
KOHTeliHepnap y4yH Kepamuka

Ywby mak,ca 3pULMNLIHKHT yyTa 60CK,n4m 6op:

1) Yuk;uHpgunap HucbataH 3pub KeTmalguraH KuMEBMIA
XrohatgaH ynjaman mogaara Kuputunagu,

2) by mopaa repmMeTMK KOHTEWHepra oniaHagu,

3) KoHTelHepnapHu Kypy3™ Ba 6apK;apop reosiormk 3amuHga
Kymunagu.

BupnHun 6ock;uyga GopcunukaT wuwa Ba 6op (B) s
Kepamuka KNINaHgav, 4YyHku 6y mogpanap HelTpoHnap Ba y-
KBaHTNapHW Ky4yiu fJapakaga tTa onagu. by wmogga uyuga
KaNprowvH ?am 6ynagn. PbO Ba 2Pb0, Pb804 okcugnap vy
HYp/lapHW 3HT AXWMKW Tagu. YnapHu nynawl ongungaH B203, BAC,
MBO4, MB, MBr mogganap KykyTara apajiawitupuiagun.

MKknHum 6ociiluga 6cToHnap Ba 6op (B) — K3drowumHam
epamMuka K™MinaHunagn. A. Punreyy (197811, ABcTpannsl) «CUHPOK»
feraH Maxcyc Kepamukamy apaTaw, Yy Xyga 6apuapop 671umb6,
NepoBCKUT Ba LUWPKOHAUT Tabuuii  MuHepannapu acocuja
ApatunaraH. LWyHpai K;knvb, Kepamuk Matepuannap paguoakTus
mMatepuannap Ba YAK?IHANNapHN cak~Taga K™MinaHuiagn.

13.4. Kepamuk thepputiap

MabnymMKn, MOALAHMHI MarHUT Xoccanapyu KpucTana naHxa-
pacnHu xocun JgTaraH aTtomsap MarHUT MOMEHTAAPUHMHI Y3apo
TabCcupy K;aHgan 6ynmwinurura 6oramk,.

depputiap Temup Ba 0O0WK,a 3>KBMEHTNaphaH TapKubnaHraH
Mypakkab OKCUANapAup. YNapHUHT Kynyuanru geppumMarHutiap
6Ynagv Ba y3uga eppomMarHnT Ba APUM YTKasrny éKu U3NTEKTPUK
XoccanapHu MyxaccamiawiTupraH, paguoTexHukaga pajumosanek-
TPOHMKajAa, xucobnawl TexHUKacupa MarHuT martepuasinap cuda-
Tnaa KMInaHunagw.

deppuUTNApPHUHT  KPUCTUIT  MaHXapacn WKKUTa TapKubui
naHxapagaH unoéopat 6ynu6, ynapgarn aTtoMAapHUHI MarHUT MO-
MeHT/ITapu K;apama-K;apLum MyHasraH, ammo ynap 6up-éupura TeHr
aMac. bowkava aliTraHga, OyHAan MogfanapHUHI KPUCTaIIN
naHxapacvmga TabuvaTu Typnau atomnap KywHu O6ynagn. Tabuwmi
(heppUMarHUTHUHI  3HT  EPK3™H Muconm marHetut PeOPerO3
6Ynagn. YHUHI KpucTanauga KWUCAOPOAHWUHI MaH(puii MoHnapu
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KyOuK naHXapa Tawkuna kKanagu, yHaa \ap 6up PeO Pe303 mone-
Kynara 6up Pe” lioH Ba ukkuta Pe” noH Typpu kenagn. by noH-
nap YpHUHW UKKW BaneHTnn 6Gow”a metannap (M§, N1, Co, Mn,
Cu...) noHnapm arannawm MyMmKuH. ByHgai cdepputnapga 6up
Tapknbuii naHxapa Pe™ MOHAapPHUHT ApMULaH Ty3UAraH, WKKWUH-
ymcm aca R™ MOHNAPHUMHT MKKUHYM fpMU Ba noHnapgaH
TallKWI TOMNraH.

M MeTa/IHUHT PerO3 mypakkab okcuguarM KoTuLIMacu
(kaTTuK, spuTmacu), MacanaH, nxMnixO PerOs, 2nl xMnxPe203
Ba 6oLlKanap KatTa axamuaTangup. dPeppuTiapHUHE heppoMarHnT
MaTepuaniapgaH WKKWATa Myx,um ¢apk;u 6op: 1) ynapga rosopu
MarHuT  xoccanap (knuunk KO3pUNTUB Kyu, MarHuT
K;abyn4aHNMKHUHI KaTTa 6ynuwnurn Ba 6vnaH bupranukga
IOK™opy flapaxkagia U30IALMOH Xoccanap Yam MaBxys,;

2) (heppUTAAPHUHT CONMLITUPMA 3M1EKTP K;apwmnamru KONOM.cm
ra'etagy, 6y aca TeEMUPHUKMLAH MUIINOH MapTa TapTMbuga karra,
rncTepesnc CMpTMOru Tyrpy TApToypyak Lwaknunaa.

AHa wy ¢asmnatnap  (EePpPUTNAPHUHT  KEHT  amauii
KynnaHuwura cabab 6ynraH. Ynap WHAYKTUBAMK raitakiapu
TpaHcdopmaTopnap, gpoccennap, MarHuT aHTeHHanap Ba OOLK™a
MarHMT Yrkasrnunap ysaknapy cudatunia okK;0pyu Takpopuinmnk-
napfa vwnawHu TabMuHnangn. depputnap TYNK?IH KyBupnapuia
yTa  1OK;0py  TaKPOPUMNUKAN  3NeKTPOMArHUT  TY/K;UHAapHU
6owK;apaguraH acbobnapga K™vinaHaon.

Xucobnawl TexHukacuga K3NiaHaguraH depputnap Tydu
TYpTOypyakInm rucrtepesnc cupTmopura Ba HucbaTaH KUYMK KO3p-
LeTuB Kydra ara bynagm.

Ba0 .(Pe203)6 Typugaru hepputnap KaTra Ko3pLeTUB Kydra ara
(80 kKA/m gaH opTnl0 Ba ynapgaH JOUMWIA MarHUT TainépnaHagw.

deppUTHMHT Tapknbuii napbkapanapvga Pe”™ noHnap, KaTtuoH-
nap Tak;CMMOTW Ba ynapfa HyKCOHap MUKAOPW rasHWHI TapKubu-
ra, Kyngupuw temnepatypacujaH COBYTULI Tesnurura 6ornvk;. by
6opnaHvwnapaaH GeppuTAapHUHT MarHUT Ba 3/1eKTP XoccanapuHm
WaknnaHTupuwaa gorganaHmnnagm.

13.5. CerHeToaneKTpuK Ba NUPO3NIEKTPUK KepamMUK MaTepuaniap

XIl 606fga cerHeTo3/1eKTPMK Ba MUPO3NIEKTPUKIAP Typpucuga
MabnymoT 6epunraH agn. By epaa CerHeT03NeKTPUKAAPHUHIE Aun-
3LEKTPUK  KabynyaHAUrM X 31eKTp MalfOHHUHE  HOYM3UT U

302



(PyHKUMACK BYNUWNUTUHN 3cnaTnb yTamus, 6YHUHT cababu ynap-
fa cnoHTaH (y3-y3ugaH) KyrénaHuwwHWUHT MaBXyq Oyuwnurugup,
y, MyaWlisiH Temnepatypa opanvpuia, 31eKTp MaligoH 6apTapad
YuHrannurik[gH KelinH xaMm cak;naHaun. By 6upuH4um mapTta
ceraet Ty3m KKaC4H4064Hro pa -18 Ba +24° C opanupuga
CMOHTaAH KyT6MaHWLL Ky3aTU/raH.

MacTkn  TemnepaTypagaH  Kyiimaa  CerHeToaneKTpukaaru
3apsgnap “apakaTcus, lOK,0pyM TemnepartypajaH 6anaHfua 3ca
KyuM WCCUK/NK Xapakatn okubaTupa 3apagnap KyT6naHuwwm
n~onaun. CerHeToaneKTpPMK XonaT MaBXyf coxafa Oy mogpanap
MUPO3NEKTPUK Xoccara Xxam ara: wucutuaraHga I1Ot6naHuw
y3rapagy Ba 3.10.K. BYXyAra Kenagu.

Bapwuii TUTaHaTK BaT103 (6.M.Byn,1945i1) KaLug
KXINMHraHgaH  KelivH  CerHeTO3NIeKTPUKIApPHUHT  TexHuKaga
(aBBaNnO, KOHAEHCATOPJIAPHWUHT [UANEKTPUK K aTiamm cudatunia)
KEHI Ka™\naHiwm 6owwinann. CerHeToaNneKTpuK AXWK U30naTop, y
YrénaHuw aBasnra anekTp 3apsaj xamrapagu.

Arap CerHeToafIeKTPUK KepamMuka Kpuctannapuga KpucTtain
Mapkasura HucbaTtaH 3apagiap CUMMETPUKMAC Tak;CUmIaHraH
bynca, y Xxogua MexaHUK pedopMauumsa ok;ubatvga KyTonaHuLL
cunxuniign, 6y xogucagaH Nbe3oaneKTpPMK Kepamukaga oligana-
Hunagn. bab3n Nbe3oaNeKTPUK MaTepuasiap HaMyHanapu yynaapu
opacnga HO* B pgaH KaTTa Ky4dnaHuwl XOoCua 6ynuuim MyMKUWH.
luck;a  TyTawmwga  uvikNagMradH  yukyHgadH o yT o O14MpYyBuu
Kypunmanapga (MacanaH, xapakaTnaHtupruynapga) doiganaHuna-
an. MNbesokepammKaga MexaHUK 3HEPrUsHW 3NeKTP 3Heprusara au-
naHTupuwaa ncpo Kam B6ynraHnurn ydyH, ynrpaToByLufaH qoii-
JanaHnnagurad mefuuunHa acbobnapuia sa 60LIK;anappa camapanu
K3 \naHaaw.

CerHeToafnieKTpPUK KepamMuka aBkKynogna HO3UK, CyOMUKPO-
METpP/M AManasoBfa Kyya onlafuraH xapakatiaHTupruynap aparuwl
WMKOHUHMK 6epan, 6y acocna TYHHe/ MUKPOCKOMN Kawldg KMHAN.

CerHeToanekTpuknap acocuja EpyravK — mogynatopnapu
TaépnaHraH.

X031Mp Kyn MWKAOpAA CErHeTO3NEKTPUK MoAfanap Mab/yM.
YnapHuHr TabmaTn TYna aHuk”aHmaraH 6yncaga, ammo 6up K;arop
MYXUM KPHYHUATNapu TonwuaraH. MacanaH, CerHeTosfieKTpUK
XPnat 6ynuwnM  ydyH UaHAangup uYku - geopmaumnsa  Eku
TapTUGCU3NUK fAapaxacu 6ynmopu 3apyp. MacanaH, BaTHO3 pga
TUTaH Ba 6GapuHWHI nNaHXapanapy KUCMopog MaHxapacura
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HucbataH cwmkuraH 6ynagn. KepammkaHu Tanlepnawfga 31eKTp
KyynaHuw  GepuaraHga  KpucTana — AoHanapy  TapTM6Ccmsnuk
TapTMoNMNukKka yTaguraH 67mb  kMNiTa  iyHanagn.  bapwii
TUTaHaTMda nNaHxapanap Cuikuwun  6unaH  60rvMK;  WUKK
fethopmaumsa HamoéH 6ynagn. Bowk;a nykuM gedopmaumsanap ;am
bynagm.

MUpPo3aNeKTpUK Kepamuka Hyp/iaHWLW [JeTeKTopwn (OLIKOp-
narnun) cudatmnga K3NnaHwnaon, 6yHaali eTeKropaapHUHIL ces-
TMPNUTN Xyfa KOpW, YNapHUHT épjamMmuga TemnepatypaHuHr 104
K K;agap y3rapywmHn Ynya MyMKVH.

13.6. 5“Ta yTKasyBYaH Kepammka

MNonnangua dusnrn X. KamepnunHr-OHHec 6UpUHYM MapTa
rasnapHu cylnTupub nact Temnepartypasniap 5hocumn Kada 6ownaraH
onMm - 1911 iinnga  CUMOGHMHI  3M1EKTP  K;apLUMAUTUHWUHE
TemnepaTypa nacairaHmga CakpaliCMMOH WyK;0NULINHA BUPUHYUK
mMapTa Ky3atmb, cmmob6 T=4.15K pga yta YTKasyBYaHMK feb
atanraH AHru “Nonatra YTagn feraH xysnocara Kengu. byHpaH 6up
Heya Wunnap ofAWH KynruHa MeTann anemMeHTnap, Yotuwmanap,
WHTEpMeTaNn  GupmkmManapwu, 6ab3n  ApuM  Kasruunap,
nonvMepnap nact TemnepaTypasiapfa YTa yrkasrad 6ynu6
K;ONMULL/INTA  aHUKyTaHraH 3gun. Kb3Oe repmaHuii HuobaT 3HT
IOKNOpM  YTuUw  TemnepaTypacura (23 K atpodwmpa) ara  [ge6
)™cobnaHap, 1986 iivnga . BegHopy Ba A, Miwonnep
(Weeiuapusa) naHTaH, 6apuii Ba Muc okeuaun acocmga 35 K ga Yta
YTkasyByaH 6ynuné uonaguraH kKepamuka ongunap. bByHpaH KelivH
YKa)NOHHWUHT IMMUIA nabopaTopusinapuga “YTa yTKasyBuYaH/IMK
aszaBacu“ KYTapungn. . BegHopu Ba A. Mionnep pekopaun 6up
Heya Ol gaBoMmpa 6up Heya MapTa OpK,afa K;ongvupungu, HU™oaT
1987 iimnga M. Yy pa)(,6apamrmngarn 6mp rypyx, amepuka onmmMmaapm
yTa YTKasyBYaHIMK ;"onatvra yTull KPUTUK Temnepacu Tc=93K
bynraH uTTpuii-6apuii-MnC OKCUAM TapKMbIM KepamuKa Xak;uma
xabap Kwugumnap. By axonnb BOK.ea 341, YYHKU OCOH Ba ap30H
CYIOK; a30THUHI K,aliHaw TemnepaTtypacu 77 K 6Ynub, rokopugaru
KepaMVK BUPUKMaHW yTa YTKasyBYaH )™ofarra yTKasull Y4yH Ly
CYIOK; a30THUHI y3u Kugos 6Ynagn. Kenaxakfpa yTa yTKasyBYaH
MaTepUaNapPHUHT  TEXHUKAA KeHTr K3™MIMaHWUWKM UMKOHUATU
ounngu.
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n. Yy Ba yHAaH KelinH 6owKanap CMHTe3 K™MaraH Kepamukajga
nnpuih V, Gapui Ba Ba mMuc Cu yuyyH moc pasuwpga 1:2:3
Hucbatgarn Tapkumb aHuk”aHraH, LUYHWHr yyyH 6y KepamukaHu
“1:2:3” Kepamuka p[e6 >@v aranagu. Ba TonwunaraH
3apsgnap Ba MWCHUHT UMKOHWIA Cu*, Cu 3apsgnapu
éynuwnury Kypcataguku, maskyp 6upukma atomnapu rypy~‘unga
Tyna wmycbar 3apsg 10 pgaH 16 raya OynuMwM  MYMKUH.
KncnopogHuHr 3apsagu -2 ra TeHr, mycbar Ba MaH(puii 3apagnap
COHU TeHr 6ynuwu Kepak. LUYHWHT yuyyH Gupukmaga 6 Ta MeTansn
MoHUra 8 Taya KWcnopos aTomu Tyrpu Kenuwmu nosum. LWy
myno\azanapgaH 1:2:3  6UPUKMaHWUHT KUMEBMN nhopacH
YBa2Cus06 5 6ynuwanrn aHu naHraH.

1:2:3 O6upukmanap MepoBCKUT Ty3unuwra ara O6ynuwnunru
MWOHYNN TacAUK"NaHTaH.

Y-Ba-Cu-O yTa YTKasrMYHUHI XYCYCUATU -K,aTNamopiuKaup:
MKKW NyHanuwpaa naHxapa fgaBpu 0.28 HM, YYMH4YM KyHanuwpga
aca 1.2 Hm, Acocuii yTKasyBYaHAMK MWUC-KUCNOpon ITatnamura
Tyrpu kenagu, 6yHUHr cababum muc aTomnapu 3neKTpoHnapu cl-
KNOOUITMHUHT KUCNOpOL aTomMnapu 31eKTpoHNnapu p k"obupu 6unaH
yCcTMa-yCcT Tywuwunaup. AMMO, aHUK/BHraH MaskKyp Katnampgop
Tysunuw TacBupnaHaéTraH \ogmcaHu (U3UMK Hyk Tau HasapgaH
Tyna TYWWHU6 oUW Y4YyH eTapau amac.

Cwuiipak ep 3neMeHTNapu aTOMMapUHWUHT, KWUCAOPOAHWHI 6y
6upukmanapu yta YyTKasyBuyaHnuWrura uywaguraH )™mMccacuHu
aHMK”MalW macanacuHu eyuw 3apyp. Kepamuk yTa yTkasruunapga
(Kynep) anekTpoHnap XygTnapu 6y xoccaHuW KenTupué uymk™apuim
ncboTnaHraH, aMmMo 31eKTpPOHAapapo TOPTULW MWW Kydnapu TabuaTm
\ann aHUK amac.

IOkNopn  TemnepaTypanuM yTa YTKas3yBYaHAMK  Ky/NnaHWULIK
MYMKWH  co”™anapgaH 6upu 3neKTpOH TexHukagump. by acocpga
WHTerpan cxemanapga 31eMeHTnapu  3UUYAUTUHU  10*Yem™  ra
eTKasnl MYMKWH.

TpaHcnopT colacmpa >am >"a yTKasyBYaHNMK KaTTa camapa
bepagn. Kenaxakga yTa yTKasyBuyaH MaTepuanfaH  3MekTp
\apakaTnaHTupruy scall MYMKWUH. YHUHT \aXmu yuwaHpgai
KyBBaTnn opatgarncmgaH 10 mapTa KM4uk 6ynagu.

MatepuannapgaH MarHuUT OCManu TPAHCMOPT, 3MEeKTPO 3Hep-
rma >xkamrapruunap, MTI [-reHepatopnap Ba 3/IeKTP 3HEPTrUAHU
y3atuw nynnapyu urnnab ymk.mwga doriganaHca 6ynagu.
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AHrM MaTepuannap UHAMPULW WWAapuM XaMm [aBOM 3TMOKAA.
BucmyT Ba Tannuin acocnga (B|'-5r-Ca-Cu-0) Ba (T|-Ba-Ca-Cu-0)
6upukmanap Kaw® K,UaMHANW.

By colaga Hasapuil Ba 3KcnepuMmeHTan TafK,MK,0Tnap xagan
onnb 6opunmokaa, OHHOGapWH. sAHMM axonnd KawdueT Ba
KynnaHuwnapHu KyTuw MYMKWH.

KomnosuumnoH martepuannap

KomunosuunoH wmatepuannap (komnosutnap) 6upop acocuii
MoAfa uuuga 60wWK,a MOAAAHUHT Tonanapu éku 3appanapu MyansH
Tap3fa TacumnaHraH martepuangup. Tak,CMMfaHraH Mo/3faHu ap-
maTypa gevimnagum. ApmaTtypa TapTubnum ékm TapTmbems xolnanirau
6YyNMILIN MYMKWUH.

KomnosntnapHu wuwnab 4vk,MwW Makcagnapu Kyinuparunapgad
néopartaup. TexHuKa Ba  TexHonormaga MyCTa"KaMInru,
KaTTUKNUTU,  WUCCUK;IMKKA 6GapAownmMTu, KMMEBMIA  Tabcupra
b6apkapopnuru OKOpu fJapaxaja 6ynraH MaTepuannap Kepak.
ByHra spuwuw yyyH faBpuil CUCTEMAHWHT ypTacuja >XoinawraH
anemeHTnap - C, Al, 51, O, N napaaH ¢oiiganaHunagn, ynap ysapo
mycTa“kam 6apkapop 6ornaHraH 6Gupukmanap \ocun kunagu. by
OupnKmManap Muconnapu: KpeMHuii kapbugmn 51C, Hutpugm SisN4,
okcuan 5|02, anoMHMA okcuam A1203. Arap ynapHu Maiija
3appanap €Ku WHrMYKa TOonanapjaH TaliépnaHca, MycTa\kamauru
aH4ya opTagum.

MacanaH, oOlHa wWwwWwWwacKM MypT MOAAa, amMo LlWiuwa Tona
yysunuwra HucbaTaH Xxyga mycTta\kam 6ynagw.

TonanapHUHr  3Hr  KaTTa WMMKOHWI  MycTaKaMaurugau
thonganaHuw mMakcagupa ynapHu  acocuii  Mopja  muura
XoWnaHagu, 6yHga acocuit  Mopgpga ToflanapHu  6up-6upura
6upnawTnpnb, matepuanra KaTTuK wakn 6epagn. LyYHWHr yuyH
Tona nnnap nHWwooTnap, KYPWnmanappaa nwnatunaguraH
KOMMO3UTAAPHUHT My\UM Tapknbuin kucmu 6ynagu. TonanapHuHT
[ y3yHAUTrU ynapHuHr cl guametrpmpaH aHuya KaTTa 6ynuwn Kepak
(1/c1>100). ¥Y3yH TonanapgaH ¢oliganaHuwpaa cuHeprusm \ogucacu
03 6epagu. CuHepreTuka NYKun Teckapu 6ornaHuwNn
cucTemanapfa  y3-y3uHu  GOWKapWIWIHW  ypraHaguraH  aH.
KomnosuTt >"onmpga  CUHEprusM  TOMAHUHT  acocuii  mopgara
(maTpuuara) Ba acocuin MOALAHWMHI Tonara Tabcupupaup. Arap
yysnw fgedopMaymsicu BakTMga Tona ysusica, acocuin mopga 6y
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y3unuw >KoWNapuHKW Kucagum Ba Tona KMWcK;a Tonanapfck uwnain
6epagu. LyHpaid kunmb6 KOMMO3MTNApHW TalépnalWHUHI acocuid
Makcagum yHgarum TonanapHUHr MycTa\kaMAurMHKM  caknawgup.
YMyMaH, KOMMNO3UTnap ynapHu  TapkubnaraH  Kucmaapura
HucbaTaH HOK,0pu cudaTtnm 6ynmorn Kepak,

KomnosuTtnap Tapkmbu KaHpain TaHnaHagu?

KOMMNO3UTHUHI MyalisH Temnepatypanap opanukuga uwnain
0N KOOGWAMATUHM TabMUHNalWgWraH acocuii Moaga Ba apmarty-
paHu TaHnaWw 3Hr My~unm Basudagup.

200°C pgaH nacT TemnepaTypanapja vwnanguraH KOMMO3UTNapHW
Taliépnawga nonumep moa/wap KynnaHagu. MacanaH,
WUWanacTMK KOMNO3UT MoAuadup cMona uumfa TakCUMaHraH
KMCKa Wulia TonanapjaH mnbopar. by komno3ut aBTomMo6un, kema
Ba Typamn acbobnap TaHacuHW Taliépnawja vwnatunagu.

TepmopeakTMB nnacruknap fe6 atanaguraH KoMMosuTnap nosau-
Mepnap acocuja TailépnaHraH 6ynub, ynapga Mone.Kynsp 3aHxupnap
opacuparu KyHpanaHr 60orfnaHuLlnap kaTTuk yu YA4OBAWM Typ LIaAKAM-
Jarv Monekynap Ty3wauWHU X"OCUN KUNagu. Y NapHUHT muconnapum —
anokcmpg cmonanap, 350°C rava kKu3gupuwira vupaiguraH nonvmep
cmonanap.

FOk"opu TemnepaTypanapfa uwnakguraH KOMMO3UTAap Y4yH
acocuin mopgpa (maTtpuuya) cucatmga metannap onuHagu. Metann
MOAfacu, MWCCUKAMKKA YMAaMAUAWKAAH Tallkapu, Tonanap Myc-
Ta\kamaumrura mycTta\kaMauK Kylwaau, MeTaaHUHT NAaCTUKIUTK
KOMNO3UTra Kaluw KoK MK xoccacuHu bepagu.

Xyga oKopu Temnepatypanapga Kepamuk  MaTpuuanap
KynnaHagu. Ynapra KWpWTUAraH Tonanap Kepamukaga pgapsnap-
HUHT KaTTanawmnoé KeTuwura TYCUKAUK KUNagu.

Sic, SI3N4, AI203 mopgfanap acocuii Kunub ONuHCa, ynap
KOMMO3UTHUHT uwaw TemneparypacuHu 1700 C rava KyTapagu.
Kapb6oH acocuparm KOMMO3uTnap HOKOpM KaTTUKAWKKA 3ra, Kam
ropaknuk 6ynagu. byHaa wmaTtpuya cudatnga amopd Kap6boH
0NMHCa, apMmaTypa Tofnanapu Kpuctanan KapboH — rpaguthaH
6ynca. 6y komno3uT 2500“C rava ymgaw 6epagwn.

YuyBuM annapatfiap yYyH MaTepuansHUHI 0 Mycra\KamauruHu
OWMpUW, p 3UYAUTUHU KamadTupuw 3apyp, AbHM a/p Hucbat-
HWHT KaTTa 6ynuwunra sapuwn Kepak.

Kapb6oH matpuaann Konl1o3MTHUHI 6ab3v KaMUWUIHKNA|AlHK
bapTapah KuaMWw yyyH YyHM umgamaupon, SiC tonkg iciimuk



6unaH «.onnaHagu, By komno3uT «LlaTTn» KOCMMK Kemacuaa
KynnaHunraH.

[Oemak, matpuua moggacu 6MpUHYM HaBbaTha KOMMO3UTHUHT
nwnaw TemnepaTypacura k“apab TaunnHagu.

Xap K,aHgain MoppagaH TailépnaHraH Toflanap MycTa>;Kam
6ynagum, aMmmo 6owWwK.a XxoccanapuM Kyuaum pgapaxaga dapk,
Kuamwm MymkuH. MacanaH, wWwuwa TonanapHUHT 4y3uuwra
Hucb6aTaH MycTa\kamauru kap6oH TonanapuHWKULEK, amMMo
YNapHUHT }aTTUKAMTM \ap XWA; Wula Tona Kyyaum 4ysmnagu,
Kap6oH Tona Ageapnanm uysunmaiigu. LWyHUHr y4uyyH KaTTa
loknamanap 6epunraHga K.aTTUK.auru Tanab K MAMHraHga wuwa
TOonaHuW Kynnaé éynmangu.

3apbanapra gy4op 6ynmb TypaguraH 6yromnap, Kypuamanapga
macanaH, \ap6uii TexHWKajga wWwWNaTUW Y4yyH tTopu 3apbaBuii
MycTa’KaM/MKKa 3ra OynraH KOMNo3uTnap KynnaHagu. TonaHu
TaHNalWAa YHUHI MmaTpuua Mogpacu 6unaH KUMEBUIA \aMMaBXyf
oynuwnnry myxum. AMMO, KOMNO3WT Taliépnawja TonaHu 6ys3a-
OWraH KUMEBMWIA peakumsanap 3 6epmacnuru Kepak. Tona mopaa-
cu \anu K"oTMaraH maTpuua MojfacuHu axwu >~nnaingurad 6ynca,
IOK;0pn cugatam kKomnosut \ocun 6ynagun. XynnaHUWHU AXWK-
naw Mmauycagmupa )\am Tona, X.am MaTpuua 6unaH y3apo Tabcupna-
WaAnraH maxcyc katnamnap yTK,a3unagu.

[emak, Tona MoppacuMHM TaHfawpga Kyiugarn TypTTa koupgara
prvos K;UIMHAAW; KOMMO3UTHWUHT MYyCTax;Kamauru; KOMMO3UTHUHT
KaTTUKAUTKU;  TONaHWHT  \yAnaHWWW  Ba  YHUHT  MaTpuua
cytonmacmpa KumMEBuii 6apKapopaurn.

KOMNO3UTHUHT Ty3unuwmnm macanacu \am >xyga Myx“MM, YHUHT
reoMeTpUK WYKM Ty3unuwiura k™apab xoccanapu xaMm x;ap Typau
6ynagu.

KomMno3uT apmaTtypacu LWakKau KOMMO3UT MyCTa’KaMAUTUHUHT
Tonanap MyHanraHnurura, Tonanap 3ruayBYaHIUrUra 60rANKANTHA,
apmaTypaHu Talépnaw x;apaxaTura k“apab TaHnaHagu.

Wy Tanabnap acocufa KOMMO3WTAap mwnab ym™apuwl TexHO-
NOTUsACK ycynnapu fipatuaraH.

MacanaH, MeTanaHWHT tONK"a LaTnamMu €Ku KyKyHU Tona ycTu-
ra yTkasmnagn Ba MeTal/HWHT CYlONUIIKM TemMnepaTtypacupaH nacT-
pOK Temnepatypanapga kusgupunanu. auddysma  xapaéHu
ounbaTmnpa metann matpuuacu Tona 6unaH 6ornaHagu. bowk"a 6up
Heya ycynnap )"am MaBXyf.
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Casonnap

1. KaHgali mogganap KepaMuk mogpanap 6ynaau?

2. Kepamuk Ba MeTann KaTTuK, XXUCMAApHUHT 6ap6og 6ynuwu
MexaHu3Mnapu apk™ HumagaH mbopar?

3. KepamunkaHm MycTa>;KamialWHWHT KaHgalk ycynnapu 6op?

4. Kepamuka K,aiicy cox™anapga KynnaHunagun?

5. ®eppuTnap K,angain mogpanap?

6. CerHeTO3/1eKTPUK XpT cacu HUMagaH nbopart?

7. IOk™opn TemnepaTtypanum Ta YyTKasyBYaH/MK XOAmcacu
KaHgalh mopganapga maBxyp 6ynagu?

8. ¥YTa yTKa3yBYaH/MK KynnaHaguraH co”anap “akuga cysnab
6epuHr.

9. KOMNO3UTHW TabpugnaHr.

10. Kommo3uT Tapkubu kaHfai koupjanap acocupa TaHnaHagu?
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X1V BOBb
KATTUK, XXUICMNAPLA XAXMWIA Y3 APULLJIAP

KaTTuk xxucmnapga xaxmuin ysrapuwnap asasuin 3*uwnapra
MaHcy6aup. daszaBuii yTuw HykTacupaa asanap MyBo3aHaTy Lwwap-
TM KWUMEBUIW nNoOTeHUMannap TeHraurngaH wubopart, avHuU L=LR-
Mabnymku, | XuHc ¢aszaBuil ytuwnapga MOAAAHWHT 3UUYAUTK Ba
TepMOAMHAMUK GYHKUMANAp YTWUW HyKTacuga cakpab ysrapagu,
ynapga yTuw uccukauru axpanagu (lotunagu). byHpgain yTtuwnap
muconnapu: cytonuw, 6yrnaHuw, KpucTannaHuw, Kpuctannap-
HUHT WaKn y3rapuurnapu.

Il XXWHC yTuwnapfa WCCUKAWK axpanmaign (roTunmaingn),
TEPMOAMHAMUK (QYHKLMANAPHUHT Yy3X YTUWI HyKTacmupga cakpab
y3rapmaingn, 6anku ynapHUHr Xocunanapu O6yAMUW  WUCCUKAUK
curumu  {Cp=cP-®/cl”), kucumnysdyaHnuk {(}¥1clP), uccuknukpgaH
KeHraunw (cly/clT) Ba 6Gowkanap cakpab y3rapagu. byHpal
yTulwnapra muconnap: TemnepaTtypa ysrapuiim 6unaH geppomar-
HETUKHWHI napaMarHeTUKKa aBpUAWLWIKN, CYKOK TFeNUAHUHT yTa
OKYBYaH Xonatra yTuLu.

KaTTuk xucmnapga X" aKmuid ysrapuwinap KWMEBWUIA Tapkuod
y3rapmaraH xonja Ba KMMEBWI Tapknb y3rapraH xonga to3 6epuiiu
MYMKWH.

ANNoOTPONVK aBpuUULLIap

«ANNOTPONUA» CYy3W IOHOH TWUAMAAH ONIMHraH Ba «bolka
Wakn» feraH MabHOHW aHrnartagu. Annotponus (MOAUMOPHPU3M)
aTaMmacu KUMEBWUIN 3NeMeHT éKN KaTTUK OUPUKManapHWHr 6up He-
Ya waknga (mogudukaumacuga) 6GynMWNUInuHKU Tascugiaw y4uyH
KUPUTUNTAH.

MogganapHuHr annotponnapu  (waknnapu) 6up-6upupgaH
Kpucrannfa  atoMNapHUHT  Typavya  Xolnawuwm 6unaH
thapkpaHagu, 6yHaa

1) Monekynanapga atomiap COHW X,.ap Xwun 6ynaaw;

(Mucon: onTn Ba CakKKWM3 aTOMAN ONTUHTYTYPT MONeKynacu);
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2) MoneKynagaru atomnap conu 6up xun 6ynraHm \onga mo-
neKynanapHWHI y3apo WyHanuwu Typau (MUCON: ONTUHTYTYPTHUHT
pOMOUK Ba MOHOKAWH LWaKnnapu);

3) MeTannap Kpucrtannapupga atomnap KatnaMnapuHWHI Tax-
NaHWW KeTMa-keTnuryu 6ow” ava 6ynagu.

MyaiisaH TemnepaTypafa (yTuw TemnepaTypaeuga) 6up xun an-
NOTPONUK WaKN4aH UKKUHYMUCUTa YyTULW coaup bynaau.

MacanaH, onTuHryrypt c=368.5A'ga poM6uWK KpucTann Lwak-
AnpaH MOHOK/AMH KpucTann waknura yrtaau, 6yHja yTuw uc-
cnunurn 90 kKan/(r-atom)ra TeHr Oynagu, KWUMEBUIA Tapkuob
y3rapmaigun. Wukum 3Heprua KpucTann mnaHxapacuja aTtomnap
XOMnawmnwm GyHKUMACK, ABHU KUMEBUIA BOKNaHUW (DYHKLUACK-
anp. LWyYHWMHT y4YyH annoTponuk aspunuwnapga (>tuwnapga)
YHUHT y3rapulln 3asura UCeMK MK axpanagn (loTunagw), Lemak,
Oy >xapaéHnap | XunHc asaBuint 5*uwnapra mMaHcyo.

MaHa wWyHak™a annoTponuk aspuauwnap T|, Zr, HI, Cr, Pe,
Mn, Co, Tl aneMeHTNap KpucTann naHxapanapuga \am 6ynagu.

Kpuctann tysunuwmn ysrapuwn 6unaH 6up k;atopga KUMEBWUNA
6ornaHnwnap tabuatu y3rapuwn MyMmKuH. byHga 6up anno-
TPONWK LWaKnga KaTTUK XWCM MeTann yTKasyBYaH/IMKKa, 6owwk™a
waknga aca fpuM YyTKasruy ExkuM [LU3NeKTPUK Xoccanapura 3ara
6ynnwmn MymkuH. MacanaH, K;anaiiu 50 HW Oncak, y HOKOpM Temne-
patypanapfa TeTparoHan naHxapanu (Ba KOOpAMHALWOH coHU K=6
6ynraH) acn metann (ok Kanaiu) 6ynagu, 1=13.2 °C pa OK Kanaiiu
KyNnpaHr kanaiura aeBpunauum, KeimHru aca KyoOuk lakngaru onmoc
(K=4) naH>apacura ara 6ynraH apum 5*Kasru4gup.

5e CeNleHHUHT y4yTa anfoTPONMK Waknum 60p; KynpaHr cefeH -
ApUM  yTKasrmugmp, k™Msun Ba K,0pa ceneHpa ApuUM YTKa3rmynuk
xoccacu yk, KVBT ceneH MOHOKNWH Ty3uauwira ara, K,0pa cefieH
3ca amop¢ moppagaH mbopat 6ynagu.

KnméBuin 6ornaHuwnap ysrapaguraH annoTponuk aspunnL-
nap onTUHryrypt 5, maprumyw A$, docdop P, kap6boH C (rpapuTt
Ba 0/IMOC) 3/ieMeHTNapra \am xocgump.

MapTeHCUT aBpUnnLLIap

bab3n meTannap Ba KoTuwmanapga \aXXmuin ysrapuw ano\npga
Xycycustra ara. byHpai ysrapuiwinap MeTannap Ba KMoTuwimanap
TexHonormacmga mMy\um ypuH TyTaau. MapTeHCUT HOMU Mallxyp
MeTannypr MapTeHC HOMUAAH Kennb Yk aH.
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MapTeHcuT aBpunuwnap (ysrapuwnap, ytuwnap) 6upop Tem-
nepaTypaga TyrannaHmaingu, anbatra KaTbuii TepMOAMHAMMUK
MabHOAa K"ailTMac, aMMO Ty3u/JuLW MabHOCUAA K,aliTap XapaéHnap-
anp.

ANTaliNnK, KaTTUK XUCM (MeTann) WKKW annoTponuK lWaknja
6ynuwn MymMKuH. Arap tOKopu Temnepatypaja MasXxyg 6ynaguraH
annoTpona lwakngarn >xucmum T’ raya coByTcak, 6yHAa uWKkana
WaKNHWHT 3pKWH 3Heprusnapu 6upgain 6ynca, y \onga nacTt Tem-
nepatypanu waknra ytuw 103 6epagun. KMaTTuK XWUCMHU NacTpok,
mMapTeHcuT aBpunuuw (ytuw) 6ownaHaguraH T, - TemnepaTtypara-
ya coByTull 3apyp. Arap T,, ra etraHfa COBYTMLW TyxTaTunca, 6y
x,onga ytuw Tt5°taign. Arap T, fAaH KelWH COBYTUW SHA AaBOM
3TTMpwuaca, nact Temnepatypanu asa (wakn) xocun byna 6epagu.
HuxoaT kaHfgaigmp T" nacT TemnepaTypaga yTuwl (aBpuau) Ta-
Momuna TyrannaHagu. HOkopu TemnepaTtypanu aszara (waknra)
Teckapuya yTuw \am MYMKWH, fleKWH, Temnepatypanap opa-
AVKNapu ONAMHIN AyHanuwfa yTuwaaH gapk Kunagu, sbHU 6YH-
fa ructepusuc naigo 6ynagnm — 6y xofmuca MapTeHCMT yTuwinap
(aBpuAMWNAapP)HUHT MYXUM XYCYCUATUAUP.

MapTeHCUT aBpUAULLINAPHU AU PY3UsicU3 yTuliap xam geiu-
nagun, YyHku ynap 6up éku 6Up Hevya TEKUCAMKNAPHWUHT Xyaa Ku-
Yuk (aTtomnapapo macogacuHUHI ynywnapu yamacugaru) macodga-
ra 6Mp BakTga cumxuwnapmwgaH néopart, 6yHha TeKUCAUKNap opa-
cnparn 6opnaHuw 6ysmnmaingm. by maskyp yTUWNApPHUHT aHa 6up
XycycusaTugup. ATomnap TeKUCAUKAAPHWUHT TY3UAUWUHUHT YHYa
KatTa 6ynmaraH nnacTuHacMmoH Oy3unuwura onnbé kenagn. Ha-
MyHa cupTmgarum 6y nnacTUHKacMMOH Llakfinap MuUKpockonga fx-
Wy KypuHagu. MacanaH nynatnap TobnaHraHfa, AbHU HOKOpU
TemnepatypajaH 6ownab ynapHu Te3 COBYyTMAraHga €Ku mapkas-
NnawraH Ky6 naHxapanu y-Pe pgaru kap6oH C HUHT KaTTUK 3puUT-
Macu TeTparoHan naHxapanu MapTeHCUT waknra ytagu. C HUHT
MWKAOPM KaH4ya Kyn 6ynca, TeTparoHannuk fJapaxacu OpTUK
6ynagu. bBup BaKTHUHI y3uga MapTEHCUT NYNaTHWUHI MycC-
TaxKkamnuru opragu.

Bup katep To3a metannap (Pe, Co, T1, ¥, bla Ba 6.) Ba Kyn
Kotnwmanap (Pe-Ni, Pe-Mn, T1-Mn, Au-Ccl, Mn-Cu Ba 6.) ga
MapTeHCUT aBpuanwnap Oynauanru mMabiaym.
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YTa TyAMHraH 3puTMaunHI napyanaHuLLn

A 3putyBumpga B moppa spwuraH 6yncuH. KO”~opu T( Temnepa-
Typaga B mogpaHuHr sputmaga MyBo3aHaTuii suunurm C| etapnu-
ya KaTTa. TemnepaTypa T2 raya naeairaHga cuctema C2 rava Ka-
maliraH 3MYIMKAW Xonatra yTagu.

B 3pYyBUMHWHT 3UUYANTN  Ka-

Manmwmn \mcobura “yykma” x;ocun
b6ynagu, 6y 23ca yTa TyWWHraH
3puTMa napyanaHgmn gemakaup.

TepmMoauHaMUK Tay WMAHUHT
KypcaT niimya, KKK (hasa apanawi-

MacUHWHI 6apkapop Oyauwinuru
Y4yH Oy apanawiMaHWHI  3pKWH
JHEPrUACU 3HT KUYMK OYyNHWN Ke-
pax.

A Ba B TapkmbnoBumpgaH m60-
pat /4]..x5x - MasKyp TapKu6-

NOBYUHWHT ynywn) 6ynraH 3puT-

Maga 6apkapopauk TemnepaTypara

60rnnK, UYYHKW 3PKWUH 3Heprus 14.1- wm3ma. KaTTVK, 3puTMaHUHF

TeMnepatypa hyHKLMACH 6ynaau. TemnepaTtypa nacairaHuga napyana-
HILVHA TyLLIyHTIpaguraH Ymama.

Temnepatypa T y3rapraHga
(maealiraHfa) x ynyw ysrapagu, 0y 3pUTMaHUHT KUCMaH Mapyana-
HUWMK, ok™MbaTuga aca TOMOMMUAA nNapyanaHuwra onmb Kenagu.
ByHpali napyanaHUWHWHT WKKW TYpU MaB>KYA: akTWUBaWMOH, aK-
TwuBaLLIOHMAC NapyanaHuL.

BupuHuM xonga a3puTMa napyanaHuWwu  yYyH yaHpjangup
MUKAOpAa KylWwumya 3Heprusa capgnaw (3HepreTuk TYCUKAAH
yTuw) 3apyp 6ynaau. LWyHUHTr yuy®j pactnabkum apuTma WKKUTa
apuTmara 6YNUHULWN MYMKUH.

WMKKMHYM X;0nfa mapyanaHull 3HEPrUSAHWHT nacauwum 6unaH
6opagn. MyalisH WwapouTAa akTUBALWOH nNapyanaHuW HOAKTUBaA-
unmou napyanaHuwra ytaau. K arTuk, spuTMa napyanaHuiiun >xkapaé-
WWHUHT 6Up Heya coppanalwiTupu.nradH tacaBsypnapu 6op.

K'UTTUK 3pUTMaHWHI napyafnaHuwy YHUHT uumfa fHru dasa
Mapkasnapu (XOMUPTYpyWwnapu)HUHT nango 6ynuwmpgaH 6owna-
Hagu. XOMUPTYPYWHUHT (MapKasHWHI) ynyaMmu 6Mpop KPUTWUK T,
Kuiimatra eTryH4a 3pKWH 3Heprua owagun, 6yHpaii Mapkasnap
Kallra apu6 Ketumpra moinmn, Ammo, yndamu FsfaH katta 6ynub
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onraH Mapkasnap yca 6opagu, YyHku Oy \onga KpUCTaN/HUHT 3p-
KWH 3Heprusacu kamas 6opagu. 3Hr 6MPMHYUM Mapkas cudatmga
\ap KaHgaih HYKCOHHM Kabyn kunca 6ynagu, YnapHWHC yndamu
naHxapa fgoumuiicu (aHrctpem) Ttaon’oumpga 6ynu6, ynap KaTTuk,
IpuTMaja X,amma BaKT MaBxyg 6y..agn. ATom ynuamugaru 6yHpai
MapKasfnapHu «cerperaTiap €Ku KnacTepnap» feiumnagu.

YMymaH aiTraHga, SpMTMaHUHT napyanaHulim -  Kyn
60CKNYNN XapaéH.

ApumMm 57Kasrmy Ba MeTann KaTTUK 3puTManap opacumia Xypga
MyXum TaoByT 60p. HApum yTKasrmynapga axpannbd udumkagurad
aToMfiap Ba HYKCOHfap 3WYNUrK TakKKOCNaHypnu meTtannapfa aca
axpannb uymkaéTraH aTomaap MUKAOPU HYKCOHMap MWUKALOpUAaH
aH4ya KaTTa 6ynagu. byHgaH myx;um apknap kKenub ynkagw.

MapyanaHuw MapKasznapUHWHT ycUTW XapaéHu (KMHeTnKacw)
acocaH AHTU-AHCM  aTOMAApHUHI  Mapkas cupTura  Kenub
Kywunanwm 1es3nnrn 6unaH 6ornaHrat.

Mapya7.aHuWw ckubaTuaa nanpgo 6ynaérraH SHrM p asaHUHT
SNOKMUR ynywn Kyimpgaru KMHeTuka TeHrnamacu (ABpaam TeHrna-
macm)

n=AN =1-exp(-A07)

opkanu ungopanaHagu, 6yHaa K - gouMuii KynawTysuu, n - yTuw
MeXaHu3mMura 60rauK KypcaTkuu.
K,aTbuil Hazapuii Ta)ymn mak,caguja
nc(r,1)1p1 =Q04re
AP OY3NOH TEeHTNaMaHWUHT Typau X,0M1apu y4YyH edynmnapuHu ABs-
paam TeHrfiamacura KenTUpul MYMKUH 3KAHIUTW aHUKLAHAW.
AHa 6up xoauca ycTuga TyxTanamus. KpucTaniHuU MexaHUK WLl-
NOBra Ay4yop KWUAWHFaHAa - YHW LWuna-
raHja Ba calikannaraHfa cupTuii Katnam
Oy3unagn Ba opTMK4a (Xaxmpgarara Huc-
6ataH) BakaHcusanap 6unaH TyWuHaaW.
Okubartga Kpucrannga pactnabku
MOroHacMMOH BaKaHcusnap TaKCUMOTU
xocun Bynagu: xaxmga MyBO3aHaTWi Ba-
KaHcusanap KaTTUK apuTMacw,
5-kaT/laMfa 3ca HOMYBO3aHaTWii BakaH- 14.2-uluma. CupTl 8-KHT/IAMHH

cusnap  KaTTUK  apuTMacy  Masxyg YIVHTUPraH[aH CyHr HakaHcus-
nap TaKCUMOTM.
bynaau.
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Nin6atTa, opTMkKya BakaHcuanap \ocun 6Gynmwmn \amoH ynap-
MUHT OYyTYH KpucTanna Teurnawuwiura TOMOH MyHanraH >apaéH
6ownaHaaun. by xapaéHHM MKKM 6OCK,MUra axpaTull MyMKWH. Bu-
pUHYM 60CKMYa BaKaHCUANapPHWHI yTa TyWWHraH apuTmacu nap-
YyanaHagu Ba 6up Bak*TAa ynapHu{r auddysmacu 6opagu. Kyn Ba-
KaHcuManap KoBaknap X"0Cwun KUAuWra KeTagu, UKKUH4YKM 6GocKmupa
f[oNnraH HOMyBO3aHaTWi BakKaHcuanap uddysmanaHsgu Ba Mmaiga
KoBaknap Kamanuwm >(ucobura NMpuUK KoBaknap Kynasgu. by
fou My oxmpuga oOpTUKua BakaHcumsanap 5 KaTnamfjaH 4YuKagwu,
KpucTannja KoBak/jap Ba BakKaHCMANapHWHI MyBO3aHaTuii )“onatu
ypHawagu.

KatTuk, Xxucmnapga temneparypara 6or/mk, ynvarad gasasuii
aBpunmLnap

KaTtTuk. xucmgary )(axmuii ysrapuwnapra 6ocum >aMm KaTTa
Tabcup Kypcatagu. Katrta 6ocumnap \ocun KUAWLW TeXHUKacKU Ha-
MyHara \am \ap Tapanama (rugpocrtatuk), \am 6up Tapadnama
(6up ykaun) 6ocnum Gepul MMKOHWHWU ApaTraH.

KaTTa aHepruanu 3appanap (y - KBaHTnap, HeilTpoHnap Ba 6.)
6unaH HypnaraHfga, MexaHWK Tabcupnap okmbatupa \am .axmui
y3rapuwnap to3 6epagu.

Hypnaw HaTuxacufpa HyK,TaBUii HYKCOHMap >;0cin 6ynuiiu
6u3ra mMabnym: KaTTa 3Heprusanum 3appa y3 Wynufja BakaHcusnap Ba
TyryHnapapo atomfap nanpgo kunagu. by 3appa WYAMHWUHT OXUpK-
fa y y3 aHepruscuHu Tyna capdnab bynraHga kpuctannga guamert-
pn 5-10 kpucTann naHxapacu JOMMUIACKM Yamacupa bynraH cuii-
paknaHraH 3o0Ha nawgo 6\'nagm, 6y co”aja naHxapa TapTkbcusna-
Hagwu, 3Hr 4yerapaBuii A0nga Tyna amopdraHuw ByxXyara kel[agw.
«fxnaHraH» x"onarga 6y €o>a Y30K MaBXyf Oyauwiun MyMKWH, ne-
KWH KpucTann kmsgupunraHga 6y colanap y3 \o.aHra K \TMmTagum,
KpucTann MyBO3aHaTU \onaTWHU onagu.

MexaHUK Tabcupnap (MwKanaHww, mManganaHww, 3ap6 Ba 6.)
KpucTannga naHXapaHWHT Kyunu pgapaxaga TapTubcusnaHwmura
)Y\aTT0  amopnaHuwmura onub Kenagu. MexaHWK Tabcupnap
okumbaTuga KpucTtann naHxapacu Oup KypuHuwpgaH 6owka
KypyH/LWITA YTUWIM MYMKWH. MacanaH, uwkanaHuw okubatmnga
ONMOCCUMMOH nNaHXapanu KpemIlii 51 KpucT;lnan amopdg xonatra
yTuwm, rekcaroHan na[{>xkapanm kob6ant Co ékuM Mapkasnawrad
Ky6 naHxapa 6ynm6 KONUWKN MYMKWH.
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AHAn KaTTUK  XuUcmnapga 03 6epaguraH XaKMUN
y3rapuwnapgan amanga kKadHgai goliganaHunagm feraH caBofra
Knckaya xaBob 6epamus.

Kyn TeXHONOrnK >apaéHnapHu amanra owupuiuga temnepaty-
pa, 60cMM, MexaHUK WlWN0B Ba 6owKa TabcupnapHu xucobra
oNuwW ra Tyrpu Kenagu.

OngnH aliTraHMMM3LeK, MapTeHCUT aBpuauwnap KapboHnu
nynatnapHuWHr Tepmouwnosuga KeHT KynnaHunagu.
KoTnwmaga KapO6oOHHUHI mMuk[opu 2% (macca 6yiimya)gaH
owmMangun. SHr Myxumu nynatga kap6oH rpapuT X"amga Temup
Kapbuagn PerC kypuunwnappa 6ynagum. Arap nynaTHW XocCwn
Knnnw ékn Tepmowuwnos bepuwpa KeCcKWH Tobnaw KuAWHCA,
opanuk pasa MapTeHCUT gedopmMaumsanaHraH XaXmuin mapkas-
nawraH Ky6 naHxapanum 6ynm6, NynaTHUHT MyCTaxKaMAWUTUHK
aH4ya owwupagu. By \onaT NnoHa TemmnepaTtypacupja Y30K BakT
MaBXy4 Oynmwun MyMKUWH.

MeTann KOTULIMaNapHUHT  AWCNEepPCUOH KaTTUK/TaHuwm
X;o0aucacm KaTTWK 3pUTMaHUHT napyanaHullmn BakTuaa o3 6epagm-
raH axpaTtmanap yn4amnapu owraH capy  KOTULIMAHWHT
KaTTUKAWTU owmnwmngaH nboparamp. MycTaxkamnunk oprta 6opa-
AV, MaKCcMMyMpaH yTagu, KenuH axpanaétraH MKKMHYKU (asa
KunpuHamnapu yndamnapu optuwm 6unadH mycta\kaMauk Kamas
6opaan. by xoguca gropantomuHga (Al+4%Cu+0,5%Mg) 103 b6e-
pagn. By KOTUWMaHWHI MycTaxKaM/MWK Xoccanapum XoHa Temne-
patypacu éku yHAaH loKopuaa BaKT yTUWM OGunaH axwunaHué
6opagn. By >XapaéHHW K,0TWLWIMaHWUHT KMapuwm feb6 aTanagw.
MycTa>;KaMnaHUWHWHT cababu: KaTTMK 3puTMa napyanaHraHpga
KOTWIUMAaHUHT Ty3uauwuja naHXapaHuW MycTaxKaMm/ioBYM oOpa-
NUK (ha3aHUHT BYXYAra Kenuwunanp.

Kyn kpTuwMTIOPAN AUCNEPCUOH KaTTUK MaHULW XOHa Temnepary-
pacujaH aH4ya HOKOPUPOK TeMnepaTypanapga Kysatungu. LUyHuHr
yyyH 6y TemnepatypagaH 6ownab (nact TomoHra) To6naHca nact
Temnepatypanapja KOTULIMaHW MycCTaxkamfiaHraH xonaTga Y30k
cak™all Ba YHAaH aManuii mMakcagnapfa oinganaHuil MYyMKWH.
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Casonnap Ba macasnanap

1. KaTTuk; Xucmnapga XaxMuil y3rapuiunapHWHT KaHgain acocuii

K puHuwnapn 6op?

2. | Ba 2 XWHC (hasaBUil "Tuwnap 6up-6mpugaH KaHgan dapk

Kunagu?

3. AnnonTpon ysrapuwnapHUHT MOXAATU HUMagaH nbopat?
4. MapTeHCUT y3rapulnapHUHT MO>Y49TU HUMagaH nbopat?

5. Temnepatypara

6ornnk

XaKaua HumManapHu 6unacus?
6. X3)KMWUA aBpuulLINapaaH amanga KaHgan oiiganaHnnagn?

6ynmaraH

Bab3n m3nK KaTTasIMKIap

KaTTanHknap

ANCcCT)OHHMHT TVIHY1 VK maccacm
ONIEKTPOHHUHT 3apsagn

MnaHk gonmuiicn

Moraapo coHu

BonumaH gommuiicu

a3 goumuiicu

SNCKTPOH-BONT

Bop marncToHm

Baky>'mna cpyrnuk Tcanuru
BaKyyMHUKI AU3NEKTPUK CUHT-
LUPYHYAHNTN

BaKyyMHUHI MarHuT CUHIAUpYyY-
YyaHnmrn

13B aHeprusnm 4>01oH Tynk"H
Y3YHNUIN

13B 3Heprus (oToH Takpopwuii-
nmrn

Benrucu

CW Tnsum
6HpNBKNapBaa
9,M10-3'kr
1,6 10-"“Kn
6,63 LL-"XKc
6.02 105 MO/T"
1.3810-23 XK-K-)

8,3142 Xmon->K-1
9,27 10-2% X T -"'
3 W mic-
8,851C)-'2 -M-"
1,26-10-* TH m-'
1,2410-"m

2.42-i0"* T'n

thasaBui

Y3rapuwnap

CI'C 6Bpnunknapuga

9,1110-2« 1
4,8 10-"“ crea

6,63-j0-2" apre
6,02-1023 mog-1
1,3X 10-"* aprK-*

8,3110” aprmon-*K-'

1,610-'2 apr

310" cm/c-'

1,2410-"* cm

2,42'10'-* Ty

By XagBanga KenTMpuAraH KuiimMatnap BeprynfaH KehuHru
MKKW paKamraya aHWKAWKAA ONMHFaH.
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