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A. TemaGoes, C. 3aitnoGunumios, HI. Dpmaros. Karmik kucM usmKac.
Toukent, «Momst» Hawpyéry, 2001 iiun. 324 6.

Yuwby JKyB Kinnaimana Kattvk Okucmiap (GH3MKACHMHMHT acocHif
OYMMAApH XaKiaa MabayMoTap KenTupuiraH. KaTTUK XUCMAAPHUHT ak-
PHM xoccanapit 6Yilnua TypnapH, X03MpIH 3aMOH KATTHK JXKHCM KBAHT (-
3MKACH acocHil TacaBBYpMapu JaMMHMIA MeTallap, SpMM YTKasruunap,
AM3NEKTPUKNAPHIHHT HCCUKAMK, MeXaHWK, IEKTPUK, MAaTHHTHUK xoccajiapi
6a€H KumMHraH. Bynnan tawkapy, Xxo3np daH Ba TEXHUKaAA KATTa aXxaMusiT
Kach 3TAETraH KATTMK MaTepuaiiap — KepaMMKa, MapTeHCHTap, KOMIO-
3UTNAp XOCcanapu Ba KYIAHHWK TYFPUCHAA XaM MabAymoTaap bepuaraH.
YTunran MaslylapHM MycTaxkamnall MakCaamaa Xap GOGHMHI oXupHaa
HA30paT yuyH caponnap, wy 606ra Terymnyu Macananap XounawTHPUIraH.
Kynnaumana kenTupunran pacmsiap, Xaabauiap, KYWHMUanap yHUH MaT-
HUHN TyAIMpand. YKyB KyInaHMa oNud YKYB IODTIAPUHMHI Tervuuty
Kacbmap OVitiua Myraxaccucnamaérrad GakajnaBp, MarucTp Taiabanapi,
TAOKHKOTHKNAP, aCTIHPAHTAP B YKMTYBYMIAP YU4YH MYJLKaIJaHTaH.

Macuyn myxappup 3. 3. Hmamoe, brsyka-matematika daHnapu
JIOKTOPH, podieccop

Takpusunnap: 4. T. Mamadoaunoe, dusnka-mateMaTrika daHnapu
[oKTOpH, npodeccop, V3P MA akanemuru.
M. C. Baxodupxonos, dy3rKa-MaTeMaTHKa (aHnapii
JIOKTOpH, Mpodeccop.

VaGexucron Pecnybmnkacu Hapnar an TexHHKAa KYMHMTACMHHHT WHHO-
Baumsa Joituxack acocupa xamma Y3P ADTK, Onuit pa ypra maxcyc makrtab
MYaMMONapy WHCTHTYTH, AHANXKOH Jlannar yHHBEPCUTETH XOMUHAMIHAA HALLP
STIWLIH.

© Vi6exucton Pecnybnukacu Bank-monus
akageMusch «Monusts Hawpuéru, 2001 it



C¥3 BOLLIH

Matnymkn, y36eKk THAMAA KATTHK KUCM (PU3MKACHOAH YKYB
KynnaHMa (gapcnuk) iyK. Baxonauxku, yHuBEpCHUTETSIap Ba TEXHMK
yKys topTnapupa 6y daH ymymuid Ba Maxcyc ¢aH cudariaa
VKuTHianu. BuHoGapuH, Kyn muHrnab Ttanabamzap, YKWTYBYHAAp,
TaaKMKOTYH, acllMpaHTAapra aHa WyHAal YKyB KYAlaHMa Xyna Ke-
pak. Ly axtiéxnapHu xucobra onu6, Maskyp $GaHHM YKUTHIU
Taxpubacura TasHMb, ywly «KaTThkK XWcM (@U3MKacH» YKYB
KyanaHmacu €3unaM. by KUTOOHMHIN MYHAapUXacUHW Ty3HUIAa
Onuit Ba ypra Maxcyc TaLIWMM Ba3WpiWTM TOMOHMAAH Tac-
AMKNaHran «KatTuk xucy dusukacu» daHu gactypuHu («YHHBep-
CUTET TaBLAHUMM YuyH dii3Kka B2 acTPOHOMMS MyTaxaCCHCIMKIapH
6yituua yxkys nacrypnapm», TourkeHT, «YHUBepcuTer», 1996 ., 90-
92-6eT) acoc Kunnb onuuam. Kynnanma acocaH «bakanaBp» UXTH-
cocnMrura Myaxannairad 6yncana, yHoaH «MarucTp»” MXTHCOCIHU-
v Tanabanapu xaM (ofipanaHMIM MYMKHH. YOy KynniaHMaza
KATTUK SKHCMJIAD TYpRapM, KpMCTan KaTTUK XHCMJIap Xakuaa
MabAYMOT, (DH3MK CTATMCTHMKA ACOCTApUHMHE KUcKaua 6aéHu bOe-
puaay. Kpuctaan namxapacu Ttebpanuuuiapd aHya 6Gatademn
Kapab unkunaM.  Kpucraan kaTTMK  KWcMiapaa  MCCUKIMK
X04Mcanapuia MyHocuO ypuH axpaThiad. KyaiaHMaHUHT MYXHM
KHMCMI{HI MAeAN KpHCTad KATTHK KMCMaapia 2JeKTPOHJIapHUHE
SHEPIeTHK CIEeKTPU Haszapuscy (30HaJap Ha3apUscH), XaKUKHIii
KpyUcrannapaary Hykcownap @uaukacu 0aéHM TalUKWI 3STagM.
Cylok kpuctannap sa amopd KATTHK XHUCMIap XaKula KucKaua
Mabaymotr Gepuiu Jo3uM aed Tonunau. KelMHrM BakTaa MHMKpPO-
SMEKTPOHUKAHMHT XaJaJl PUBOXIAHMWMK Tydainu KaTTUK XKHCM-
Jlap CHpTHAA 103 GepaauraH xomMcanap, XycycaH, CUPTHUHE XOonaTH
Macanasapud MyxHMM axaMusitTra 3ra 6ynu6 oopmokaa. LLIyHUHT yuyH
Oy macananapra xam MYHOCHO Xoit axpaTunau. KaTTHK XucMmaap-
HUHF MEXaHMK Xoccanapy Ba yaapra aedopmauusanap TabCHpHra
XaM 3bTHO0p Gepunan. KatTuk xucmaa coanp OYAaauras Xaxmuii
y3rapuunapHuHr 34r Myxumaapu kapad unmkunau. Karruk skicem-
JNIapHUHT acocHlii Typaapyu OyJiMuilL MeTailap, sipUM YTKasruuniap,



qianekTpHKNapra anoxiga OoGaap Garmiunapan. TapnKUKJIaHMIIN
B2 KyARaHNWs ToBopa KeHrast GopadTrad KepaMMK KaTTHK KHCM-
Jap Ba KOMIMO3MLIIOH MOMAANAP XAKKMAA MaLAyMOTHM KylnaHmara
KHPUTHINKY 3apyp Ae6 Xucobnammk. Kattnk xucmaapaa 103 Gepa-
AHTaH KMHETHK XoAHcanap, Moaranap, acbobnap xoccanapuuu !a-
3apuii YpraHuw Ba aManuii KYUAHKILAY KaTTa axaMusITAH Gynranm
YYYH ynap TVrpiicHia acocdit Mabnymornap GaéH kunuHau. Xap
G1p 606 oxipiHAa HazopaT ydyH caBoAflap Ba Macananap XoiiaH-
mi. Kynnanma oxrpuna 3apypil Kywivmiuanap, xaasannap Keatu-
PUNAK, dolinanadHAraH Ba TABCWS KHNHHaaMIraH anabuET pyrxaty
Oepunmi.  Anoxiga  TaBKMITAW  KEPAKKM,  Y30K  MMILTHK
XamKkopimi3 Mocksamk npodeccop B. K. OUCTyNHWHT HKKH
KHIUH «DH3iKka U XUMHst TBepLOTro Tena» (M., «MeTannyprus»,
1995 r.) napemriparn 6up KaTop Kepaknu MabAyMoTHapfaH Gofi-
JaNaHOMK. YHiaH kym MUHHaTIOpMM3. KynnaumaHMHT TerHmnu
XOHNapuIa Kepakiu YW3MaTap, uYM3Maiuap, AuarpamMmanap, Xai-
BAUINAP KabW MaTHHN SIKKOANAWITHPYBuYH MaTepuannapaaH doitna-
Janunau. 11-VII 6o6napHu npodeccop A. Tewaboes, XI, XII,
X1, XIV 6obnapru npodeccop C. 3aiiiobuanunos, I, [X, X,
BobnapHK baH Homaomu L. A. Dpmatos EsraH.

Kynnanmanu s5THGOp GKUAaH VKU YMKIG, §¥3 KUMMaTAH PHKP-
MYJIOXa3aapuHK aifTraH Takpuaumnap: akagemuk A. T. Mamauo-
MimoBra Ba npodeccop M. C. Baxoanpxo1toBra MUHHATAOPHIIIM-
MU3HN BUnnpamus.

K¥nnanmaiiv sawpra taii€pnawna sacrypuunap B. B. Jlapkun
Ba L. B. BaxpHTLIHOBAAPHUHE X}3MATAAPH XaM KATTa BYAFAHHHI!
MaMHYRJIMK OUNaH TabKUARANMN3.

Anbatra, y3Gex TWAMLA €3uaran Ba Hawp KIANMHAETAN yul§Y
YKYB KynnaHMana KaMumaWKaap yupanr Tabuuf, yaap xakuna Vi

OUKPRapHHN HampuETra €316 10Bopral YKyBUIAAPAAH MUIIHATIOP
6ynapauk.

Mya.udaap



1 BOb
KATTUK KUCMJIAPHUHI TY3WJINLIHN BA TYPJAPU

TabGuargary Mojiajap ras, CYIOKJIMK, KaTrTHK XMCM Ba IL1a3Ma
Xonatnapuaa 6ynanu. by xonatnap MoonaHWHr arperar xosartjapu
1e6 aranub, Oup-doupmaaH Qu3MkK xoccanapyd 6GunaH  dapk
Kunagunap. KaTTUK XMCMIapHHMHI CYIOKJAMK Ba rasnappaH gapku
LWYHAAKHK, yaap Y3 LWaKNAapMHU cakilaliid Ba ynapa OKyBUYaHJIMK
Ky3aTUAManau. MUKpPOCKOMNUK  HyKTau HasapgaH  OyHaan
(apkHUHF 6YAUILM, MOIAAaHW TalUKWJ 3TYBYM aTOM B2 MOJeKyja-
Jlap opacHaaru y3apo TabCUp 3HEPTUSACUHMHL KaTTa €KU KUMUKIM-
TM 6unaH TywyHTHptnaau. CyloKAWK Ba rasjiapfa yiaapHH Talkui
KWIYBYUM aToM Ba MOJIEKYNanap opacuilard Y3apo TabCUpaaliMlil
SHEpPrUsiCU YIapHUHE MCCUKJIMK XapakaTh 3HEeprusiciiaH KUUUK
6ynaau. IyHUHr y4yH CYIOKJIWK €KMW Tra3HU TALIKWI 3TYBYM aToM
Ba MoJIeKynanap GMp HYKTaZaH UKKHHYW HyKTara Ky4ub opuiuu
MYMKMH, SIbHU OKYBYaHIMK Xoccacura ara. Kartuk xucmnapaa aca
MOJIEKYN1a €KUM aTOMJIAp OpPaCHUAary TabcupiallyB 3HEPruscH ynap-
HUHF MCCUKJIMK XapakaTH HEprusicMAaH aHya katra OYnanu, wy-
HUHT y4yH yaap 3pKUH KY4ub topa olMaliii Ba MyBO3aHAT Ba3HAT-
aapy arpoguaa tebpaHMa xapakaT KHAuO Typagu. JlemMak, KaTTHK
XKMCMHHM GoluKa arperatr XonaTjapiaH axpaTHO® TYpyBYM acocHit
dapkyiapy: OGMPUHYKMOAH, YHUHT HOpMaJ WAPOWTAA ¥3 LIaKITMHH
caKJallW; UKKWHYMIAH, YIapHM TalWKuUN 3TYBYM aTOM MOJeKyna-
JIApPHMHT TebpaHMa Xapakaraa Oyauwuanp.

KarTuxk xucMnap Tysunuuiura kypa amopd, Kpucrami, WHia-
CMMOH Ba MOJMMMEp KATTHK >ucmaapra 6ynuHanu. ByHnpad
TAMIKAPHU KATTHMK XMCMJAp YHU TALUKWI KHJIYBYM aTOM €Ku MoJe-
KyJaIapHHHT y3apo GornaHuwiMra kypa xXam dapkaaHaod (1.1-
yu3Mma).
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Gormanmi Goramsuiuni XpilCTiLLaD GornumLy KPHCTULIap
KpHcTAnaap X CTa KDHCTRATD
Komuresr Bormatinwm Hon Gormarmuwnie
KHCTULD HMICTCUGD
[EUHEIYEY

1.1. KpHcTaan KaTTHK Xncmaap

KpHcTann KaTruk XucMlapia ylapHM TalIKWN KMAyBUM atom Ba
MoJteKynanap KaTbWit TapTuG OunaH xoMnawaau. Arap Oy Taptvb MK-
KM KYIIHM aToM €KM MofeKyla opacuiaru MacodamaH OMp KaHua
Mapra KarTa 6ynran macodanapraya cakjaHca yHu y3oK Taptvb neb
aranank. Kpucrannap aHuk cylonvin temneparypacura (HyKTacura)
ara 6ynamu. XKucm Oy TemnepaTyparaya KusaudpuiaraHia atomniap Ba
MOJIeKyNanap  XoWnawuiivga  Taptud  Wykonaou  Ba  ynap
OKYBYaHA¥KKa 3ra 6ynub Konanu. Cylonuii HyKTacuaa TallikapuiaH
OJIMHAETrAH WCCHKMK TALCMPHAA XWMCM TeMnepaTypack YarapManian
Bd KAaTTMK XHCM Tyna CYIOK/IMKKA aifaHTyH4a TeMIeparypa
cak/aHanu.

Kpuctanagarn aromnap Ba MonekynajapHWHP >Koiaawuiy
TapTUOu 6yTyH KpucTann 6yMuda cakiaHrad 6ynca, 6yHna Kpu-
CTann monoxpucmani neb aranaad. XaMmmMa MOHOKPUCTAILIAP aru-
3ompohusea 3ra, HbHU YIADHUHT (UMK Xoccanapu Typau
HyHanuwnapaa TypaMuaaMp. MOHOKpUCTaIapHHHT MAKPOCKO-
NUK B§NaKyanapUHMHE TapTHOCH3 BUPUKMINMAAH XOCHN GYAraH
KpUCTan noauxpucmain ned atanaau. Tlonukpucraniard MOHO-
KPUCTaN AOHANAPHUHT TapTHBCH3  koiinalysy HaTWXachna
YHUHT du3uK xoccanapu Gapua iivuaamunap Gyiinya 6vp Xua
6Ynanu. Bynnail xvcMnap usompon weucamaap ne6 aranann. Kpu-
CTa/IapAaH  Ty3WRMILM  Ba  xoccanapi  kMNaTHaaH — §apk
Kunaaurad amopd Kattuk xucmaap VI 6o6aa xKapajiaau.



1.2. Kpuctann nawxkapacn

KpucranHy Talwkun KulyByW sappaiap MyBo3aHAT HYKTAIapy ar-
poduaa TebpaHma xapakataa 6ynaad. Yiuby mysosaHaT HyKTanapyHH
¢$uKpan BuUpnawTUpCaK kpucmana nanycapacu Xocun 6ynaau. Myso-
3aHAT HYKTanapy 3¢a Kpucmain nawcapa-
cu myzyHaapu 1ed atananu. ‘.

Kpucrann  Tyswipwra 3ra  6yiraH
KMCMIapHY TaBecudnaluna 10KopHaa KeaTh- —

PWIrAH KpUCTal MNaHXapacu TYryHaapu s
TYLLYHYAaCH MYXWM aXaMHWATra aranup.

Kpucrann naHxapacUHUHI Ty3usuui M
KMEDACUHM  cakylaraH  3Hr  KUYMK a’l
OynariHY 37EMEHTap KaTakK (NEMEHTAD  |.2-unssd. DICMCHTAD KATAK.
siyeiika) 1e6 atanagu. Onarna aneMeHTap
KaTak napaulejanuneanad ubopar 6ynanu. Ywby napamnnenanynen-
HUHT y4Ta KUppacu 6¥iinab d,,d,,d,; BEKTOpJapHW WYHaNTUpPaMu3,
Oy BeKTOpNap Y3yHJIMKIapH L1y napanienanurel KUppacu y3yHJIUrura
TeHr OyncuH. byHzaai Bekropnap acocuii (TpaHCISIUMOH) BeEKTOpRap
(€xu paBpnap) ae6 atananu. (1.2-uusma).

TpaHCISILMOH BEKTOPNIAPHWHT aCOCHIA XOCCacH LUYHAaH MOOpaTKH,
Oy BeKTop/Jap €piamuaa YeKCH3 KpUCTaNHW F = 4, +i1,d, + 11,4,
BEKTOp Oyiinad Kyuupcak, KpWCTaUl Y3-Y3ura ycrMa-ycT Tywaad (n,
Ny, n3 — OytyH coHnap). Kyn xomnapna 6vp kaHya atoMnap 6uWprkma-
Napy KPUCTALT MaHXapacuHKM Xocun Kuiaad. byHaal TakpopiaHyBuM
aromap rypyxuHu fasuc ne6 atanany. UxTnépuit KpUcTanHUHE 6a3ucu
BA TPaHCJISIUMOH BEKTOPJAApM aHMKIaKraH Oysica KpucTal naHXapacu
aHMKJIaHraH XpMcobnaHany.

1.3. Kpucrannapaa cummerpns

CUMMETPHA AeraHaa 6M3 XUCMHUHI YCTHAA MabiyM Gup aman-
napHu (OypHUIl, CUWIKUTHLL, aKCAAHTUPULIT) DaXapraHuMU3aa XHUCM
y3-y31ra ycTMa-ycT Tywuiny Ba Gapya iyHanuwnapaa GU3MK Xoc-
CANapUHWHT aBBAITHMAEK Y3rapuiicu3 KOJIKWHHU TylyHaMus. Mu-
con Tapukacuaa l.3-uM3Maza KeNTUPMATAH LWAK/LIAp CHMMETPHs-
CHUHY KYpUO YMKaM13.

1.3. a- yuaManar WAKIHMHT GUpoOp VKKA EKU TEKHCIMKKa HUcha-
TaH cUMMeTpuAcH YK, Ywby wakn dakar 3607 Gypuakka GypiiraH-
na Y3u 6unan yau ycrma-yer Tyliani. byHaai Kyiin cMMeTpusira 3ra



OyNiran xHemnapHi Xankapo Genrinawga |
PaKaMi Ounan GenrnaHaad Ba wWAakn 6u-
PHHYH TapTuOIM CHMMETpHS yKura ara

Heitmnant.  [3.6-uM3mamar¥  waka  sca
Y3YK-Y3yK uH3WK OMNAH TacBMpnMaHrad Te-

KHCIMKKa HiucbaraH cuMMeTpHK Gynaau,
SyHpait 1LaKT CUMMETPHSICH Im

=}
2

KYpHHKWAR  E3unami.  1.3.B-um3Mamary i 0o
waknHu 1800 ra MantyM GHp K atpoduia 1.3-ui3na. Maknaap
OypraHuMHama ycTMa-yer Tymanu, 360° ra CHMMETPIHCH

Oypranna y HKKH MapTa yCTMa-ycT Tyluanu, LIEMaK, UKKMHYK TapTHG-
N CUMMETPHsE YKiura 3r — 2. OXMPIH WaKAUMU3 UKKHHUM TapTHO-
JH CUMMETpHS YKHTa Ba MKKH CUMMETPUSI TEKUCTHTH a 3ra, S’IbHU —
2mm. Kpucrainap XaMm CUMMETpUsira sra, YJIapHUKT CUMMETpUsICH
KDUCTT MaHKApACHHHMHT CHMMETPUSICHIAH Kejaud YyKMkaau. Kpu-
CTA/NAp 3MEMEHTAp KATAKHMHI TALKWI 3TYBUMNADHHM, SbHM TpaHc-
JUILIMOH BEKTOPNAPHUHT Y3YHAUIHMIa Ba yjlap opacwaary Bypuaknap-
HUHC KuitmMatnra Kapab 7 Ta KaTta rypyxra Oynunanunap. By ry-
PYXNapHuHT Xap 6vpH ¥3 HOMWIa 3ra 6Y1uG, kpucmaan cunzoHusNapU
Re6 atanan (1.1-Xansanra KapaHr).

1. I-yicadean

Ne | Kpuerwan cusrotissicit DACMCHTAP KaTAKHI{ TuBcIronyn KATTAMHKTAp
{(napameTpaap)

1 | Tpuans araFaG o # ff %y

2 | Mosokitn aFaFaG o = f=90° &y

3 | Poufisk aFaraa = f =y = g9 °

4 | Terparonan a=mraa =f=y=9p°

5 | Kybuk a=a=a o = =y =99°

6 | Tpuronas a=m=ma ==y 290° <130°

7| Fexcaronan =M e = B=90° y = 12g °

Kpucramn ydayH MyMKHH GYIran 6apya cummerpug amannapu
KPUCTAITHWHT cupMempua 2ypyXutu TAILKWI Kunagu, Cummerpus ry-
pYXapy xaM MKKM Toudara OYAMHANW: mywmaeuii ga mparcaayuon.
Hyxkrara HycGarar aKCAaHTHPULL (MHBEpCHs), i atpodwina Gypuul
BA TeKHEIMKKA HUCGATAH aKCIaHTUpUW Gunan Bornuk Gynran cum-
METpHSI aMalIapit AYKMAsull CUMMENIDUA TYDYXHHW Tatikun pnamn.
Kpucranuuur Tatuki CHMMETPHSICUHI QHUKNIOBYYM By paiy HyKTaBHit
CHMMeTpHs rypyN1apu CoH 32 7a 696 ynapiumr KPUCTALT CHHTO-
Husapy Byiiida 6YAHKHWA 1.2- Kansanaa kenmipynray.

e ————__



1.2-3cadean

Hyxranuit rypyxssur .
L deanuaIMIII Hyxranwi rypyx
CHUTOIMsUIApH Xankapo | Wenduanc 6¥inua oM
1. Tpukanx 1 C MoHosapik
T @) MirHakonaw1
2. MoHokiiH 2 C, YKmI an3apux
m Cs Vkeirs airapyk
2Um Cay pit3MaTiik
3. Pombnk 222 D, PoMG-TeTpasnpik
mm Co PoM6-nspastiaan
mmm Dy, PoMm6-AHMIpaMiLIAT
4. TeTparoHai 4 Cy TerporoHaa nipamiIan
422 D; TeTparoHa1 TpANCLHOIPHK
4/m Cap TerparoHan aunupaMuaan
4/mm Caw JWTCTparoHan nupaMiaan
4/mmm Dy, Murctparonan
QHNHpaMiian
7 Sy Terparotan
_ TETPA3APHK
4 2m Dau TeTparoHal cKateHo3ApHK
5. Tpuronan 3 Cy TpuroHan NUpamiaaT
32 Ds Tpironan
Tpancuio3apukK
3m Cs JluTpiroHan mipamuaan
3 Csi Pom602apitk
Im Dy JIHTpHUroHan CKATCHOMIPIK
6. [ekcaronan 6 Ca TpHroHan
ATIHPAMLA]
6m2 %h JMTPUTOHAT i T PAMHIAT
6
6 [HPANILAAT
622 Dy TexcaroHat TpaneuoaApHK
FekcaroHan AMMHpaMiLL
6/m Cen PAULEL
Cou JlirekcaroHan
6/mm ANpaMiaan
6/mmm Dgy JIMrcKcaroHwn  JMHPAMH-
piu]
7. Ky6nk 23 T TpuTCTpasapHK
m3 Ty Jinonexkcasapitk
4 3m Ty TeKcaTeTpanaplK
4332 (o} TPIOHTAZAPHK
m3 m On [excaHTo3apHK




1.2-kan8anga ywby 32 ta HyKTaBUil CUMMETPUS YpyXJiapHHU
XUIKApO Kabva KuniHraH GenrMnaHMILIMARH TalIKaph. Kpucranorpad
onnm WEndunic kupiitral Genrunaimap xam Kentupunrad. Karruk
XUCMAA KPUCTAMN NadXapacMHWHT Masxymwinru 1,2,3,4, 6-un Tap-
THOAM CUMMETPHS VKAApHIAH OKOPH TapTHOAM CMMMETpHS YKiapu
GynMacnirura onib Kenamu. 5-4u, 7-4M TapTMOAM CUMMETPUsS VKM
XaM O MyMKHH 3Mac, YyHKM Gellr Ba eTTH Oypuakiy lwiaka ép-
Jamuaa GasorH KonaMKeH3 T¥aaMpub 6ynMaiinn (babav 6up Guosno-
THK Kpuctawiap OyHnaH uctucHo). botuka cuMMeTpusl YKhAapuHK aca
IOKOPHAATH CHMMETPUA YKJIapura KeNTUPMAUWIM MYMKUH. Xap Oup
CHMMETPHSA TYPYXH aCOCHI XOCHJ KHJIYBYM CHMMETpUS aMannapu Ou-
Jad Genrmnadann. Kpucranmnap HyKTaBuWi CUMMETDUANAH Tallkapw
TPAHCNAUMOH CHMMETpUSITa Xam aramupnap. Kpuctamn naHxapacu-
HUHT MyMKHMH O6YnraH 14 XuJ1 TPaHCASILMOH CMMMETPUSt aManu Mas-
XYL Xap OGP TpaHCALMOH CMMMETpHs amaiura GuUTTa 3neMeHTap
KAaTakHH MOC KyHuwl MyMKuH. Hartuxana 14 xun aneMeHTap Katak
Xocun 6ynanu, 6y anemeHTap Katakuap bpase nawycapasapu ne6 ara-
nand. TpaHCAALUNOH cHMMETpUst — By KPUCTAUIHH MaliyM 6up BexTop
Byiinya Kyunpranumuaaa Yau BynaH ycTMa-ycr TYWMIMAnp. Xap oup
KpycTannap cMHroHusicMza dakar MabiyM Gup Typrary bpase nax-
Xapack OYIHLIN MyMKVH.

KpHcTann maHxapacHHUHT TYNHK, CUMMETpHSICHHY  (asoBUi
CHMMETPUS [YPYXM aHuKJaiay. (PasoBuid CUMMETPUA TypyXuIa KpU-
CTanHU HYKTaBWii Ba TPaHWIALMOH CHMMETpHsl amManiapu Myxaccam-
nawrad 6ynaan. Xammacy 6ynu6 230 Ta da3oBuii rypyxiap MaBXyd
6ynuB, Xap KaHpak KpHCTaLT ¥3 TY3UNUILKIa KYpa aHa Wy rypyXIapHUHT
Bupira mancy® Gynamn. KpuctanHuur ¢a3oBUil CUMMETPUA TYPYXH
MabiyM 0Y7ica, YHUHT KPUCTAL] TY3WIMLIMHA KENTHPKO YNKapHiLl XKyaa
OCOH, IIYHUHT YYYH KPUCTATHWHI CUMMETPUS TYPYXMHI GHITMLIT MyXHM
AXAMUATTA 3ra. X03KPTW NaiTaa KPUCTALT CUMMETPHSICH PEHTIeH Hyp-
Jiapy Epramuaa aHuknaHany. @anHuUur YOy AVHANMWK kpucmanozpa-
(hus 0e6 HomnaHamn. 1.3- xanBaigaH KYpUHUO TypHUBAHKN:

I, Tpukaun cuneonus nanxapanapu dakar comsa P - wakigaru
navxapanapavp. bpase namxapaciHi WGONANTOBYM NapameTprap co-
HY 6 Ta: Y4 KMppa Ba vuTa Bypuak.

2. Monoxaun cunzonusda wxkuta bpaBe nRaHXapacu wakuapy
GVnIM MyMKUH. Ynapoan 61pit P — waknpark coana Karakka 3ra
B6Yn16, IKKUHYMCH 3ca, MapkainawraH acocnu AbHH C — wWwakizary
KaTakka ara. Y6y naHxapanapHu 6 Ta napameTp aHuk/Iaiau (ay, a,
a, o.p.y)

10




1.3-wcadsan
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3. Pombux cunconusda TYPT xun bBpase nadxapanapu MaBKyd
OVnuuIM MYMKHH; P — conma, C — MapkanamraH acociu, Xaxmuil
Mapkastaurad — | Ba ékuil Mapkamnawrad — F Typaard nanaapa-
Jdap. Viuby waxknmard  naHxkapanap  TYpTTa  napamerp  61naH
JHHKIaHANK. (@), aj. 43, &)

4. Tempaconaa cuneoitus MKKW X, fbHW P Ba | wakaaarn nau-
AapiLiapra 3ra 6VHO yuta napaMetp 6uian aHrMkaadaan. (ay. ar, o)

3. Tpueona: cureonus WKKHTa rapamerp OWiaaH aHHKIanaan (a. o)
Oy ciHronmsiga dakar P - wakary bpase naHxapacit Masxva.

0. [excaconan cuneonusda OMTTa bpase navxapacit OvianG. TVpT
napanetp GWian aHWKAaHaad. Yoy karak C — makiara MaHeyo
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Oynub x¥nm Xumnapga yHM yyta P — waknpary coada  Karak
K¥pUHUILKMIA Xam wdonanaHanu.

7. Kvbuk cuneonusda yu Xwn Katak ©ynuiu mymxud: P, 1 Ba F
waknnark Karaknap. Ky6MK CMHIOHMStHW WKKW MapaMeTp Guiad
AHWKJIW MYMKHH (a, o)

1.4 Muanep ungexkcaapn

KpHcTanmapHuHT aHKU30TPONMS-
CH, ymapma TypiW HyHamMllnapaa
du3nk XoccanapHu TypJIMya

By, uty MYHANTUILLTADHU
tapkiall yuyH MawnyMm Oup Genru-
Jatap 3apyp 3KaHIUTUHK

Kypcatany. 1.4-uuM3Maga KpucTaul
NaHXapacy TacBUpJIaHraH, YHHA3H
KSpUHMG Typubavky O 0 Ba OA Ke-
CM6 R VG0, T TYRI 1.4-quama. TEKHCANKNAPHITHT
AYHa/MIura 3ra Ba yaap TPaHCasuM- Munncp nHIeKcaapH

OH BekTopiiapra HucOaTaH Typiuya

KOWNALIraH.

ByHnait tekucnuknapHu dapkiam yayH
Muaaep undexcrapu Genrwniapunan dotinana-
Hamus. Ywby uHIeKcnap KaHmaik TOFMWIM-
LLIMHY Kyiinna kypeatu6 yramus. Koopauha-
Tanap YKUHU IIyHOaW TaHna® onaMU3Ku,
YN2p 3MEMEHTap KaTaKHUHT TPaHCJISLIMOH
BeKTOpnapu GunaH ycrma-ycr TyuicuH. (1.5-
uusma). busra (ABC) tekucnuk uxpexcna-
PYHH TOMMIL Kepak SYNCUH. YHUHT yuyH fa-
ctab ©OM3 TEKUCIMKHU KOOpAMHAaTa —
Yxnapy OWiaH KecUIUraH  XXOMAapHHU

].5-unama. Muancp
HHACKCTAPUHI TOMIILUFA

0B 0 zoitp

04 C
aHUKNab m=-—.p=——,p=—— COHJIap-
ai as 03
HU Tonam«3. KoopavHata YiiapuHu 6Up ysyHIHK GUpaury yiuia ykaa
ETYBYM TPaHC/SILMOH BEKTOP Y3yHNWrura TeHr 6ymamu. byHmai Typau
Maclutabgard KoopaMHaTa YKAapUHM TaHmall, GenrunauinapHid OCOH-
JaWTUpaay. (m, N, p) COHIApU TOMWIraHgaH KefuH ylua TEKUCTHK-



HHHE MUnep MHICKCHHW aHHKAAIL MYMKMIL YHMHE yayll (m,n.p)
CORMAPUHUHT TecKapy HMcBaTnapy €3unaian, sthHit

| 1 | g
——: —: — Ba Wy nucbarra TeHr 6yarad sHr KiIuK OyTyH COH-

i n ¥4
jJap  €3unann, MacantaH y  cownap  h;  k; £ eyncin.
| |
Oemag, h 1 k: £ = Sl R UL xonna (h, k, I) counap ABC
m n P
TEKMCINKHUHT Muanep unidexcaapu ne6 aranand. Bup wmicos kvpib
vramus. bupop Tekuenunk yuyH m=Il, n=1/2, p=1/3 6yncuH, y xo/ia

hikil=L . . _' _ s;muu ywby TekHeaMk yuyyH Muanep Tekuc-
A

nknapn  h=l, k=2, =3 ©GVsamn Ba wmaskyp Tekucank (123)

KypHHHLIZa GenriaHany. Arap TeKMCIMK OHMpop KoopauHata YK

z napauien 6yaca, wy YKKa Moc UHACKC

(001) 0 ra TeHr OYnann. Arap TEeKHCIHK

(100 yHY MaH(Mil KucMiga KecHO yica.
yua  ykka wmoc HHIEKC Mt

o)  OynanM, JICKMH HUIOPQ COHHIfHI -

(fm
v Anra amac Tenacira k¥, f=-1.
k=2, 1=2 6ynca, Tekuciank (122)
Z 0 (601 KYpHHHLLIAA Gearnnanami. 1.6-
¥y YM3Mama KYOHHHT €H  TekHCaHKIapn
Lo=timimy My Keatupuarad.  [(100), (010), (001),

IR CRIPHENRT TOMNW MUCOoAI
! (100) Ba Gowxanap]. By Tekncmikiap

IKBHBAICHT Oy. 11 YUYH YAapHHM OMp omlara MaHcyl TeKHCIHK1ap
ne6 xapanaus pa Karra KaBe 6unal Oenarunanann {100}, katTiik
SKHCMIMHT viIOy niviianininap 6Vitya $usnk xoccanapit 61p xuiaanp.
Kpicrania TeKHCHHMKAAPAAH TALIKAPH, (IVHANHIUAAPHH NN Oeariiiaul
Kadva KHANHIH. PV iIHn GenrIoBUH HHACKCIAP THYH: I JHT Kif-
UMK OVIYH . v, W, COHNAPKH, YNapHHHC HucOatH (i v w) 1wy
HYHAALIAQ OAHIANH BEKTOPHUHT KOOp-
Juara YRaap@amnt npoekiMsinapi
vapo uncGarira Teuranp. by epaa xam \
KOOPAUHATARAPIIHT MacuItad Bupasirnas
TPAHCHSHUION  BEKTODH  Y3VHIIUTIFQ
Tenr et onmmHany. Myuaanmw wi-
UCKC:’](H)“ ]'S?pTGypan K;‘,Bcﬂﬂp Huura | BTTRAYHN I”h'u:ulun LIYHIIHT

E r o Muaaep nnacke wpit
¢snanm. Macanan, [H00f. [100] X

L

e}
i i



— VKW OVitnua mycbar Ba MaHOhME HyHanuwnapHW OuIMpanu
(1.7- un3Mma). IkBUBANEHT HYHANULIAAP OMAACH CUHKK KaBc OW-
AaH Genrunananu <u,v.w> XOY €KHMHr anaronanu [110] Gunan
Genrunananud. [111] - ky6HnHr dasosuit aAnaroHanu. Ky6uk cuH-
FOHMARA arap h=u, k=v, I=w 6yaca, [uvw| iiynanuw (k1) Tekuc-
THKKA fepnenankynsip oynagu.

OneMeHTap  Katakdard TYTYH KOOpAMHaTanapu XoJaTHHM
AHUKNAL YUYH Xam Gearunall kabyn xunuHrav. TyryHnap TpaHc-

JSUMOH BEKTOPJIAPHHHT KaHYa KUCMMHM TallKWA 3Tca, Ylia COH-
Aap 6unan GenrunaHanu.

Macananr, 1.8-un3amana  KenTMpWiIraH
3MEMEHTAP siueiika MapKasuaark TY[YH Koop-

1
MHatacH 202 5 HU TaUIKWT KWUAagu.

Ywby connap Kasci3 Esitaau.

Arap TyryHnap €H €kiap MapKaznapuaa
Gvica, (ExHit MapKanaliraH anemMeHTap Ka-
TaK) YNapHHUHT KOOpPAMHATAapY KyHKaaruya

IR [

o 11 T ; n
eannand: — —0; 0 c ==, 1.8_ 113N, 3.'l.cz\lc'|’-r'np Kat
2 72 D 9 TAKOGTN TYTYHRAD BASHSITIIRY
i Oenriaa
Kpuctann  rtysunumwnmap  TaBcudu

KEATHPHATaH XalBaulapia OJAWH ofaTia, 3JeMEHTAp Katak Typiu

Ba ynuamnapu GepunagM, KeMH TYTYHNap KOOpPAMHATanapW Ken-
THPUAALN.

1.5. Kpucrann aroMnapiiur Ba MONEKYAATAPHHHHT GOFIAHHLI TYPIAPH

Kpuerann naxxapacy kpuctainapHum Qapkjiaui, KpucTan-
HHHT FCOMETPUK TY3MAUILK TYFPUCKAA TACRBBYP XOCHJ KWJIMLITA
epaam Gepaau. JlexuH, yuby GUAUM KPUCTANAAaTH aTOM EKH MO-
JEKYJIANAPHK KPUCTAL MaHXapacu TYTYHJapKaa TYTMO TypyBuu
KY41apHMHT TaBUatTh Xakuaa Mabiymor Oepa oamaiau. LLyHUHT
Yuyl KpHCTANNapHH YNApHU TALMKWA KUIYBYK aToMap KM MO-
JIEKYJanap opacHiard TabCUp Kyunapura Kapad axpaTuul Ba
ypraunn magcanra mMysodhux 6ynagu. I.1-yn3sMana atomMnap mo-
NeKYNANAPHHHHT BoFTaHuuIMra kypa Oews Typaary SornaHumaap
MaBXYl 3KAHAUFM KypcatuaraH. bynap monekyasip, Boiopon,
KOBICHT (aTOM), HOH Ba METAULI BOMIaHULINAPAUP.



1.5.1. ATom Gorrannuiin (KOBRJIEHT, FOMEOKYTOHIT) KpHCTAATap

ATOM GORIAHWIUAM  KPH- ﬁl @
CTA/MIAp  TyIyHjiapuaa 6upop N 0
MOANAHWHI aTOMJIapU XoWnalll- Al
raH Oyi1ag4. ATtoM OGoRIaHMULI
MKKH KYLWIHW aTomilap opacuja
YMyMHII BaJIEHT 9NEKTpoOHJIapH
6ynuiK 6uNaH TYWYHTUPHAALM.
['a3 xonatmaru H;, N, Ba O; Mo- 1.9-wisma. Kpemunii kprictanid
JIEKYAUIApHAATH  aToMAap  XaM ATOMJLLPAPO KOBATCHT GONTAHIIL
KOBaTeHT papuiga GornadraHavp. BornaHMiL Xocun KHMILAA Xap
61p aromaaH GuTTaZaH 3M1EKTPOH WINTHPOK 3Taad. by snexkTporiap
GHp aToMIaH WKKMHYMCHFA YTMUIM XaM MYyMKWH, LWIYHWHE yuyH OyH-
Jai  GomlaHMW  KywlapydHM  aNMallMin  Kywiapd, — OoraHHul
JHEPIMSICMHM  3Ca  anMaludli  DHeprusick JAed  aranand. ATOM
GOFNAHMILTA KPEMHMI KpHCTaNM Mucon 6%na onamn (1.9-uisma). Y
0JIMOCCHMOH KPHUCTAT NaHx)apacura 3ra 6yiub xap 6up atom arpo-
duaa 4 Ta  AKMH  KYWHMCHM 6op. YwOly atomiap TeTpasap
PNDLHiIMAATH (a3oBMil MaHXapa XOCHJT KMIMG Mapkasaa KpeMHHH
atomid  KoWnawraH  Oynanu.  KywiHM  MKkW  aTom  opachaarid
BOrIaHMIINIE XOCH)T KMIIMIIAA Xap 6Up atoMaaH 6MTTa, KK aTOMAAH
HKKIMTA 37eKTPOoH KaTHaiagu. KosaneHT BorIapHUHr MyXuMm Oenrii-
Jlapnaad OMpW YIapHUNT TYAMHTAH OOFIaHMIU IKAHAWTHAMP, SIBHH
ynapaa xap 6Mp GOFAa MKKMTANAH 3NEKTpOHAAp KaTHawaau. MkkiH-
4y GenrvcH  WyHAaH HOopaTKM, KOBMIEHT OGOMAHMLLIAD KYIIHH
atomnap opaiuri 6yitmya iyHanraH ©ynagu. ByHn GormaHMIUHKMHC
HYHUITHPWITAHAMT ¢KM  aHMsoTponiusicu ne6 artanagu. Kopanewr
GORTaHMIL Xap XM/ aroMjlap opaculia XaM XOCHA OYIMIIM MyMKHH
(Macanad, SIC kpemHMil Kapbuau, AIN anioMUHHI HUTPHOM Ba
Gowkanapna). Kyn xonnapna saemedtnap xansandyuur 11, 111, 1V, V
rypyx 3J¢MCHTJIADH KOBAIEHT OOF XOCHJ KHJIaamMiap.

1.5.2. Hon (reTepoxyTOnii) GoRmamiiuaM KpHCTALAAD

Bylinaii KpucTANAapHHUHE MAaHXapacu TyryHAapHaa MoHap Koii-
nawran 6ynann. Typnu wwopann voHnap opaciaary macoda Gip Xin
MLIOPATH  HOHJAp opacHaard MacodafaH KWSWK O¥namM, LUyHHHT
Y4yH TYpaH WILOPAIH HOHAAD OPACUAArv TOPTHLIMUI KYUM GMp Xii
MLIOPAIK HOKJIAP OpacHAArd UTapWiu Kyuuaan xartagnp. Jlexun Top-
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THUIMW KY4TapH MablyMm Gup 7, Macodaraua TaLCUP Kilaau. Arap
HoHNap opacitaarit Macoda s, AaH KMYKUHa 6yiica yiap opaciia Hra-
pHll Kyud nNaitno 6¥nann. Kpucrannary kyWHW atomnap opachiaru
TOPTHILMLI BA WTApKUl KYYlapH KBAHT MEXaHWKacH OpKaIM TYLiyH-
THpunaau. Babsn Macamanaphi eunmgardtia 613 sion GomIaHMUIM
KPMCTANAPAATH Y3ap0  TancHp KyWwiapHHM  3J1eKTpOCTaTHK KynoH
Kydnapi 76 OMMIIMMU3 MyMKMH. MoH KpHcTamiapd KVl Xonapid
aneMeHTap AaBpuit cictemack 1-yn Ba VII rypyx anemeHmiapi 6n-
PHKUILWAAH Xocun Gynani. MoH kpueranuHuur Xxap GMp MOHIH aTpO-
duina Myaitin K connari Gowika MOHIAP xoiinaian. Yiuby noHmap
COHHHH KOOPHALMOH coH — K a6 atanani. KoopinHallioi cot:
HUHT KUIiMATH MAHXapagard MOHNAPHWHE PAHYyCapH Hucbaty 6u-
naH aHuKnananu. Ywey coHHu Kauaai aHdiaant 1.4- xaasaiia Kef-

=
THpHaran. By epaa = - HoMapHMUNT padiycnapi HHCGaTH.

I
[
1.4-ucadau.d
Koopvnenornt con 12 8 6 4 2
b y U r, 'a A
e = b sums for3s 2041 ual> =022 <022
Iy Ly g g Ty g
KHIEMLT a3 —

Mucon Tapukacuaa owr Ty3n (NaCl) kpucTaiu TY3HIHIWKUHH

(4]
KYpu6 umkamuz. Na aromuumir sddektus pamycu ry=098A .
o
XJ10p aToMMHMKW 3ca = 1.81 A, demax L‘—:0,98/1,8I=0.54-
Ty

FOKopuaary xansaisaH yuwidy KpHCTan yuyH KOOpaitHaLHoH coH K=6
SKAHNMTHHI aHHKNATMU3. By Kphictanari Xap 61rp norHN aTpodnad
6 Ta HOH Vpal TvpHILHI  aRIIaTaaM.
(1.10-ut1380).

Japxakngar, ol TY3H KpHCTAIM colia
KYGUK Tvausnnra arauip. Kpucrain Ty- o €F
SHAMUT KV AHNATAQH  KPHCTULIArA HOH- 4
Japhiir addiekiis paanveaapy Hucbatii- BiNE
a1 Borank. NaCl kpucrativia xiop Houu
PULHYCH HATPIT Mo paHveHaa aesip-
JIUKKH Gapobap  kaTra, wvuuHdr yuyi L10-ssia Hon Gor i
VAQPHIUE ¥PIaciia sina 6Hp HovuHn xofii- N U o
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JauMiig yuyH 6y kol Koamannu. Harvxana ywoy uoHiap coana
KYOUK wWwaknaa xoinawanunap. Mox kpucramiapuaa y3apo GoriaHULL
3HEPIUACK acoCaH MEKTPOCTaTHK TaBcura 3ra 6ynnb, 6y aHeprustHy
Madenyne anepeuscuy peb xam atanaay. Kpucrangark MXTHEPUE / Ba j
HOMEDM{ atomjlap opacuiard GomTaHML 3Heprsicuun Uj; ne6 ataid-
JUK. Y Xonna i HoMepiM HOHHMHE ©oluka XamMMa atomiap OwinaH

TaLCHPNAWYB 3JHEpruscu U—-E U; ra Ttedr 6ynamn (/). HoH
J

OOFNAHHILI KPUCTAAN Y4YH MKKM KWcMOaH ubopar e Kapaul MyMm-

KHH:

2
o 2
Ui exp (--2) =L (L1) (CTC 1a)
p i
WUdonaHuHr O6MpUHYM XanW WOHra TabCHp KWAAETFaH WTapyBuYu
KYYHMHT MoTeHUManu 6ymib, MKKHHYK Xaau 3ca KyloH TabcHpH no-
TeHuManuiaH ubopatamp. KyiHu arommap opacumaru macodaHd R
neb onamu3 Ba Gearnnail Kuputamus r=FPyR. Y3apo uTapuiu KyuIapH
akaT siKHH XofJallraH aTomiap opacuiarkHa Maexya ae6 osncak, y
XoJ11a 10Kopraard droia cognanaliau.

. R) (¢g*'
A cxp[ = F J— % - IKHH aromjiap y4yH,
U : : (1.2)
1 g°
+ —-—— - gonraH Gapya aToMaap YuyH.

Kpucranpary mycbat Ba MaHdMit HoHIap coHU 2N ra TeHr 6Vica,
KPHCTAMHUHT TYIHK 3Heprusict Ur=NU; ra 1edr 6ynaau. U, vu N ra
KYNaWTHpHILMMK3 cababu Xap Oup TabcHpiallyBuM XydTHH ©Hp
Mapra xucobra onvHaau. YOxopuaary ndonanan U; Hi Tonamus:

3 N-Z 2

2 1 g
UrZ [exp(-Rp)- L1+ ¥ | — | 1.3
lpﬂRl‘l_quR (1.3)

Ywb6y topmynaga Z RT KWH KYWHW atomnap coHW. Mdomann
L 2 . e
COMAANALLTUPHLL YUYH Z"? HHW UKKMHYM Xaara kyuimd Kylingarisu
XOCHJT KMAaMH3:

s L
Pi

N
UFZ dexp(-Rp)- ),
i

re
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THLWINI KYYiapit mMabnym 6up s, Macodaraya tancup Kuhaan. Arap
HOHNap opachuary mMacodia s, 1aH KMURUHA 6Ynca viap opacuia HTa-
PHIL Ky4yW naigo GVnami. Kpucranpmary kyuinHv atoMnap opacwaard
TOPTHILMUI BY WTAPMLI KYWIapH KBAHT MEXAHMKACH OPKVUIW TVILYH-
THPUNanH. bab3n MacananapHu ednmgarsa 613 HoH GomiaHMIIM
KPHCTWIAPAATK  §3ap0  TabeHp KyunapHHM anekipoctatk  KynoH
KyWwlapH ne6 onMiuuMMi3 MyMkuH. Mol kpucTaiapy k¥n xoanapaa
3MeMeHTNAp AaBpUM cictemackt I-yu Ba VI rypyx anemeHtaapu 6u-
PHRULIWAAH XOCUA 6. MoH KpueTanMHMKHET Xap OHMp HOHH aTpo-
¢nna myaitstn K connaris Gouika HOMJIAP Xkoitnaiany. Yiuby WoHnap
COHHHH KoopjliHauMoH cod — K ge6 aranann. KoopauHalidoli CoH-
HUHE KMHMaTH NaHXapalard MOHMApHUHT PaIMyciapH HucGatH 6u-
Jar aHUKnaHanu. Ywby conHu Kanjait aHurknaul 1.4- kanpaiaa Kea-

L
THPHAraH. By epra -+ - MOMAAPHMHI pagycaapH (IHCBaTH.
-

8
1.4-icadaa.t
Koopusmzsasost con 12 8 6 4 z
r | r. T, T Iy
(== oA fors—soar foas =2 02| = <02
Ty g Iy Iy Iy I'y
XU TP

Mucon Tapuikacuaa ow Tyan (NaCl) KpucTand TysHIMLIMIN

[+]

KYpub umkamus. Na atomuuuicr addexkts paamycu ry=098A,
o n

XNOp  aTOMWHUKHM 3ca ro= 1.81 A, gemak Ih _0.98/1,81=0.54.
Iy

lOKopunary xansainan ywéy kpcra YUYH KOOPAHHALIMON COH k=6

SKAHIUIHMHN aHKKAAIIMKH3. By Kpuctaniarn xap 6up noHKM atpodiia

6 Ta WOH VPad TYPHUNINI  aHINaTAIH.

(1.10-urizna). / P /
JapxakiiKar, ol TV3H KpHeTun cotna e
KYOUR Tvsuminra sraanp,. Kpucraan tv- o CF + Q]'

ST KV ARNNATAAE KPHCTANAAME HOH- o Rl i
Japiiur adxperTis paavenapi HicGarn-  ° Ne 1=
ra Gorank. NaCl kpiicraniia xiop HoHu ¢ o
DUEHYCH HATPHIT HOI PAUTYCHIAH Aesp- PO

A HKKIE 0apodap  KaTra, WIvHIHE yuvit B L0-gps Hon Gor gonnian
yAaapHsne ¥pracim stia 6up 1oHHN Kofi- NuCl kpinit
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Jawuiiy yuyH 6y xoif Konmawnau. Hatuxana ywby Honaap coasa
KyOUK waxkina Kounawanunap. MoH kpucrannapuaa y3apo GoFIaHUIL
JHEPrUsiCH acocaH 3JIeKTPOCTaTHK TaBcudra ara 631mb, Oy 3Heprusiiy
Madenyne snepeuscu ne6 xam artanagd. Kpucranpary uxtuépuid 7 Ba j
HOMEPMA aToMJIap opacuiard OOFTaHWI 3HeprusiciHyu Uy ne6 aran-
I¥K. Y Xonma i HoMepid MOHHUHF 6oilika XamMMa atomiap OunaH
TALCUPAAWYB 3HEPrusicU U:Z U; ra Tedr 6Ymanm (7). HoH
j

OOFNaHKUI KPUCTANN YUYH WKKM KMCMOaH MOopaT 1e® Kapall MyM-
KUH:

=

Uj=A exp (-li)iq— (1.1) (CI'C pa)
P 5

HUdonannur GUpUHYKM Xadd WOHra TabcHp KWAaéTraH HTapyByd
KYYHHHT NoTeHUHanH 6Y/k6, HKKHHYK Xaam 3ca KyloH TabcHpH TO-
TeHuWanaaH uboparaup. KyuHu atomnap opacvaary MacodaHun R
ne6 onamit3 Ba Genrvnai KUpUTamu3 ry=PiR. VY3apo WTapuLl Ky4iapH
daxar gxUH XoinallraH aToMjap opacuariHa MaBxyld 1ed ofcak, y
X0nla joKopuard udona coaaanaliam.

2%

Adexpl —— |- il SIKUH aTtoMiap Y4YyH,
P

U o AT (1.2)

pe L)
P R

Kpucranoaru mycbat Ba MaHdMit voHnap codu 2N ra TeHr 6yica,

KPHCTATHUHT TYAUK 3Heprusich Up=NU; ra tenr 6ynand. U; i1 N ra

KYnaiTHpriLMMU3 cababu Xap 6up TabcHplallyBUM Ky(GTHH OuUp

Mapta xucobra onviHand. FOKkopuaard ndonasad U; HH Tonamma:

2 N=Z f
) [/ I
UrZ |iexp(-Rp)- -+ 2 «:L

- KoJraH 6apya atomiap y4yH.

L
Bl 1.3
o) (1.3)

Y6y dopmynana Z 3HF IKMH KYWHKA aTomnap coHH. Mdonanm

COMIIALTUPHLL YUYH Z% HH MKKUHYMA Xaara Kywmu6 KyiuaarnHH
XOCHN KM1aMn3:
N h 1
U,=Z).cxp(—R/p)—Zi iL}- % (1.4)
Py
N !
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b udopara Xam Gearknaul KWpUTaMu3:

a=2 :PL} (1.5)

Yuiby coH Madenyne doumuiicu ned aranag. DHAM IOKOPUAATU
ndonamua coana KYpUHUULITa Keaaau:

1

=7 Aexp(-R/p) —- a‘% (1.6)

Mdonanary oxupry xam HT sSKWH Z Ta atomiap XUCCaCUHU XaM
¥3 uuMra onaad. TYnuK 3Heprus yuyH 3ca:

Ui=N(Z Aexp(-Rip) -- a.i;;—) (.7
1oaaHN XoCUN KilaMu3. MyBo3aHaT XoJaTia TYIWK 3Heprus R ra

du,
GOFNUK 3Mac, SiILHU R 0, WYHWHT Y4YyH
[

AU,  NZA R, Nao’ .
e = exp(——)+ =0 &
aR p T, R?
Rexp(- 5) = pag * (1.8)
o ZA
(1.7) Ba (1.8) ndoganapnax
Neg® = p
== = (1.9)
Uy R ( R)

Kenub uvkanu.
By ndonanaru p kuunk cod 6§nam6 omarna p=0.1 Ro HH TawiKui

2
atanu. WyHuHr yuys Uy = - Nr;q ne6 onMMmMKu3 MyMKHH. JeMak,

WOH OORIaHWWK KpucTannapaa OOFMaHWL 3HEPTUSCHHUHT AeApn
XaMMacuHH KynoH 3ueprusicn (€ki ManenyHr 3Heprisicit) Talikmi
3Tap 3kaH. Xapopar &k OO0CUMHWHT Y3rapyiud MOH KpUCTUTMHUHT
S]eMEeHTap KaTarW Varapuludra onu@ KenuiM MyMKWH. XapopaT
OlIMIN OunaH MychaT MOH (AHWOH)HMHC 3PdeKTHB pagnycH MaH-
duii o (kaTon)HuHr 3ddekTUB paguycdra HucbaraH Te3 KarTa-
sawagd. Hammkana ynapHudr pamiyenapyd Huc6ati ysrapaau sa 6y ¥3
HapBaTHAQ TY3MNKMNI Virapullura onub Kenanu. Macanad, xnopau ue-
sui (CsCl) sa xnopnn py6uauii (RbCl) kpucraniaapu Temmnepatypa
Ol OWUAAH XAKMIitih MapKasnaiuraH KybpaH conaa kybra aitnaHuO
Konmaaur. XJtopa Kaniid. Xnopaum G6poM, XJIopaM ioanapaa sca Gocum
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olUMIUM ©OMNaH Teckapu YTWil, SbHW coada KyOMK MaHXapasa
XXMM MapKasnaltrad naHxapara atnadyul KysaTHaaau.

HoH kpucramnapuHu cyBaa 3puTHAraHaa ynap Mycbat Ba
MaHdUi MoHNapra napyaiaHagunap. Yaap UCCUKJIUK TabCHpUAa
IPUTUATAHAA XaM UOHAU CYIOKJIMKKa aitnaHaau. ByHH ynapHuHr
3EKTPUK TOKHM AXWHK YTKa3WIIKMAaH OWITUIIMMH3 MYMKHH.
HMoHnap kpucrainapu nacr TemMmepartypanapia 3J€KTp TOKWHU
SIXIIKM YTKa3Malau. Xapopar owivuiM 6unaH YTKa3yBYaHIUK XaM
opTn6 6Gopaau. MoHnap Kpucramiapy HHPPaKW3UA HYPA4pHU
SIXIIH IOTYBYKW MOANANApAMD.

1.5.3. Mosiekynsp GOFIaHHLLT KPHCTALIAP

Kpucrann naHxapacy TyryHnapuaa MoJeKyaanap xoiawraH
KpHCTAIAPHH  MONekynsap OGOrMaHUIINM KpucTauiap neb arananu.
Kpucrangary xap GMp MONEKyla V3UHWHI XOCCIapHHM Cakaaiau.
Yui6y kpucramapra H,, N,, Cl;, Br; I CHy CO; H»O kpuctamnapu
Micon 6Yaa onanu. MonekynanapHy KpMCTaUl MaHXxapana TyTHO Ty-
pyBuM Kyunap OolUKa TypaarM Kywiapra HucbataH 3aud 6¥nanm.
Ynapuu Bawu-fep-Baanc kywtapy pe6 atanagn. By kywnap y3 Hasba-
THAA MOJEKYIanap TYpUra Kypa yd Xwi OYJIMimu MyMKHH.

. Arap Kpucrangark monekynanap Kyronu, ABHU MOAEKYJaHWHI
NUMON €KW KBAApYnon MOMEHTH HondaH (apkiau 6yiaca, kpucrain
MOJIEKYJIANapyU Y3apo opeurmauuon Ky4aap OWNaH TabcUprallaaniap.
byHnait Monekynanap opacuaard TOPTHLIMLI KYWIapd MoJiekynanap
O1p YM3MKIA XolauiraHaa MakcuMan oynanu. By xyunap monekyna-
JApEH MabayM Oup #yHanuiura Oypuiura xapakaT Kwiaad, IWYHHHT
yuy opeurimayuon kyisap ne6 atanagu. MccHKIMK XapakaTH MOneky-
NAUTAPHHUHT  MEKTPMK ~ MOMEHTIapu  MYHANMUUIapUHW  IOUM
y3raptTipub  TypuiuMra Kapamai, XamMMa WyHanuduulap OViinua
yprauanaliTUpMAraH TaLCMP Kyud Hosra TeHr amac. OpedHTalMoH
TALCUPHUHT MOTEHUMAN 3HEPTUsCH MoNeKynanap opacuaard macoda-
HWUHT  ONTMHYM  Japaxacura TecKapu  [pPOMNOPLIMOHAN,  SIbHH
Un~ Py Par®. By epana Py Ba P, nap TabcHpiallyBYM MoJEKyjaanap-
HUHI OUNon MoMelTnapu. Monekynanap opacHaarid TabCup Kydi

_dun(r) _
F > rT', SILHH MONeKylaiap opacuaar MacodaHHHI eT-
»

THHYK Japaxacura Teckapu lporniopuMoHal. by xyunap macoda op-
THIUM OUAaH Kyl Te3 KaMasiau. XapopaT opTviui GiIaH Monekyna-



JAPHUHT HYHanuluW Oysuiaau Ba HaTWXana OPEHHTALIMOH TAbLCHP T10-
TEHUMAN 3HEPTHACK KaMAsiiu.

2. Kpucrann xyténu Ba KyTOCH3 MosieKyJianapdaH TaluKWI TOTraH
OVica, ynapHMHC MONEKyRalapy opacuia uidyKuuor (Hoaapu3auuon)
TaLCUP Kywiapu naiiao 6ynamm. Kyrbnu Monexyna ¥3 arpoduna
3NEKTP MAIfDOHM XOCHN KUiaau. by MaiigoH Tabcupuia KyTocus Mo-
JieKyna KyTOnaHamH Ba ylifa WHOYKLMSUIAHTaH oA MOMEHTH XOCHi
6ynanu. Monekyaanap opacupari TancUp BHEPTHSICH Un™progr®
KYTONM MOJEKYJaHMHI UMOJI MOMEHTH P) ra, KyT6cu3 MOJEKYJIaHUHT
KyTEMaHnw Ko3QOUUUEHTH o rfa TYFpU TpOMopLIMOHAT Ba Macoda-
HUHMT ONTMHYM AapaXkackia Teckapd [MpOMOpLMOHLL. DBy 3Heprus
TEeMINepaTypa opTHuIM OunaH y3rapmaiau.

3. Yuunun Typaaru Bau-aep-Baanc kyunapunu duciepcuon Kyiiap
ne6 HomnmaHanu. By kyunap Kyrbcms Monekylwlap opacuiaa nawniao
Oynub, YRapHUHT Keaub YMKAWKWHMA TYLIYHTUPHILL Y30K BaKTnap
KHUAMHYUIMK TyFAUprad. Yoy MyaMMo KBaHT MexaHukaci €paamuia
TyuwiyHtMpunav. Kytbeua MonekynalapHHHI  JWTON  MOMEHTIapH
ypraya Hosmra TeHr GYnca Xam, BaKTHUHC Xyda KHcka 6ynakiapyia
MONeKynagar 3N1eKTpoHnap GyiayTv cHMMeTpusicH Oy3uaub Typapiu.
Hatuxana 6y xiMcka sakooa Monekyna MabiyM GUp IMITON MOMEHTIa
ara 6ynaav. by ounon maiigoHy KywHM MoJieKyaala WHAYKLHMOH {114-
TIOJT MOMEHTH XOCHJ KMJaaM, HaTHXada Y3apo TabeMp Kywiapy nadiao
6ynann. Monekynanap y3apo TanCUpM MOTEHLMAT SHEPFUSICH Ba KY4M
Kyhunaryua €aunanu:

Un (H~a oo, G r’ (1.10)

By KywiapHu aucnepcioH Kydnap jge6 HOMIAHHIUMHMHT caGabu
MoAManark  EpyFIMKHUHI  AMCMEpCHsiCH  XaM  MOJIEKYNaIapHWHT
IOKODHMAA KEATHPWITAH Xoccanapura SORMMKIMIUANDP.

Monekynsip GormaHuuLIM KpUCTannapaa, TOPTHLUIMIL KyunapHAaH
TAWIKAPH, MONEKYNUIRP OpacHia MTApMILKIL Kywiapd XaM MaBxyudl.
By kyunap Monekynanap 6up 6Mpura Xyfa SAKMHAAUITaHAa naino
6ynann. KeaHT mexanmukacuparu TlayaM KOHYHUAaH 3J1eKTPOHAp
KOBHKIapH GHP-6HPHIa KHPWIWIMG KETHULIM MYMKHH 3MACIHTK Kejiud
uynKand. fJemak, MONEKYJUIAPHHHT 3JEKTPOHIAp KoOWKIapu 6ump-

OHpira sKMHAAWIMINN BMAGH  HTApUIIKALL KywiapWd Maigo Gynaam.

Taxpubanap kypearuiunya, OyHAAR TabCUp 3HEPTUACH MacoaHUHT

YH HKKHHYM Aapaxacura, TaLCHP KYYH 3Ca YH YYHMHYHM Japakacura
TECKapK MponopiHoHaIap.

il



L
Loy - —:- Fr) - —:1- (111
r- r

Mojekvvap  opaciaard  Taneup
IUCPIHSICHIHE Volap opaciaaii Macodiara
Sorating HQoAACHHN KT MeXaHHKa- g —
Ch acoclAn KEATHPHO YHKApUI Kyaa My- l r\l/’/_
PaKKad. HIYHIHE VHIyH OHATAA YHI TVPAH R
TaKPHOHIT K¥pHHINEAA Tanhad oauHaan. |11-tiaa Moackyaitapapo
K¥n xonmapia Jeunapi-Ixone ndogacn-  THeenp sneprisici ()
LK QoI it

Un=-ar S+bi'2. (1.12)

SHEPrHHMHE MUHUAYM KHITMNITHE 7y-Macogda TYIpH Kesluad. Yoy
MacogiLIn MOIGKYIIUIAP OPACKIAM TaLCHP KYYK Hodra TeHr 6vnami. by
Macoda col KufiMatsii Uir) 1uuar r 6yiiuta XOCHAACHHI HOATa TeHrab
TOIHIU MVMKHH. f,-Macoda KpHcTainari Moiekyaaap opacit1aln MyBso-
saHarii Macodara Tenup.

)\
r=r, ‘

or
1

Yoy Ba wyHra ¥xinaiy 6omka HdoganapHHHT KaMUHIKapiaad
OHpPY — YAAPHHHT MOAEKYIANa) OPAcHAAri OpUEHTALHOH Y3apo TabCip-
ra ka6 6ynamciriuitp. OpueHTantiio ¥3apo Tabeupin ndwoiatam
YUyH KV Xomiapaa AMIoAnapHUHe Gyprani Gypuariiit Xicoba o.1ys-
4l KYMaiiTyBuK KHPUTHAUTH. XO3MPFKM NAKTAA MOJEKYALTAP OpaCHIari|
$3ap0o TaLCHpap KBAHT KUMECH veysuiapy 61naH XpMcobnaHMOoK/IA.

1.5.4. Merann OOFMaHKULIN KPHCTALAAD

CyloK CKY KATTHK XONATNapaa METLT atomiapu OUp-OHpura Xy-
A2 SIKHH Keslaan Ba aneKipon Oyayrnap KUpHIWKG ketaain. Hatikaaa
METAI1 ATOMHHUHE BVICHT 3MCeKTPOHAapH OWMp aTOMAAH MKKHHM
aroMra 3pkKHH XapakaT Kiand yra onagunap. Ynap Ovivi merann
6yitnab xapaxkar Ko opiiuaapy MyMKUH. By asiekTpoHaap xaMMa
METAN aToMaapi vayH vayMiii 6¥nub konamiiap. Ynap 3spkuH ajiek-
Tporaap (YIKAZyBYAHIINK DNCKTPOHNAPH) €K MCTULTHHHE 3JIEKTPOH
«raszi»  fed xaM aranaan. MeransiHHHC KPUCTALE  DaibkapacHiard
aToMJIapH aHa WY VMYMAQIIITAH ICKTPOHNAP OpKaANi V3apo TabCHp-
NauEIHsap Ba VIAPHIE NalKapa Tviviviapiaa Tytnd Tvpaan.



Meiann atomilapu Xysa XaM 3Md Koinawran Gynamt (K=12,
K=8). Kyn metannap Y3MHUHC KPUCTANA MaHXapacH TY3WIMILIMHM
TeMNepaTypa Y3rapuwiu Sunad yaraprdpu6 Typanu. KpucramiapHusr
TYPIH TeMOepaTypala TYpAM TYPFYH KPUCTAU1 TY3WIMILMMA 3ra
6ynumy Kpucrann nonumopdusmu e6 aranany. Metamnap KpucTan
NAHXAPacCUHHT «, B, ¥, ¢ el HOMJAHTaH TYPFYH Typiapd MaBXys
6ynnb, ynap TypAv TeMmepaTypa OpaIMKIapuaa TYPEYH XoJarda
Gynanunap. MeTtann GORMaHMILIM Moananap KOBAIEHT €KUM HOH
GOFNaHMIINKM MojJaiapra HMcharaH KaTTUKIMIY, IrWIyBYaHIWIM Ba
TUTACTUKAMK XOCCanapra 3raurd 6unaH axpanub Typanu. Metannap-
Ha 3pKWH 3NEKTPoHNap KYM GWIMLLIMIY 3ca YNApHUKT XY 3JCKIP
BA UCCHKJIMK YTKA3yBYZHIMIMHH TabMUHTaiaM.

1.5.5. Bonopon GoFraHHuINK KpHCTaAnap

Bozopoa GoFmaHuLLAM KpUCTALIapaa BOAOpPON aTOMU GuUp Molie-
Kyla GunaH KvMMEBMI BOF XOCWI KWITaH Xofa MKKMHYMA MOJIEKYa
OWUNaH XaM TabcHpAatUaaW, KyToNaHraH BOAOpPON aTOMH MKKMHYM MoO-
JIEKynaja Xam AMION MOMEHTH MHAYKUUSUTAWAW Ba HaTWXala eTapiu
napaxana Kydanu OornaHuin xocun Gynamd. Bomopon 6GoRmTaHMILHEA
MONIAHHHT y4ana arperar X0Jariapuaa XaM Ky3aTtuil MymkuH. Bomo-
poA Gomlap 37eKTpOMaHGUAINTK 1oKopH 6YiraH aToMap, MacasiaH,
F,0 Ba N opacuza sikkon Hamo€H 6ynanu. Bopopoa aToMd Y3WHUHT
ITOHA 3NEKTPOHUHM KYLIHW atoMmra 6epub mycbar HoHra aitlaHaay Ba
WKKMHYY KYILHU aToM 6unaH MoH GoRnaHuil xocun Kuiaan. Bogopon
GomIaHHIL OpraHUK MOAJANap MOJNEKyNanapW opacuia Xam KYm yupait-
1. CyB MONEKYNACMHMHT KYN aXoinO xoccanapy Bonopod GORIaHML
xoccacumaH Kenu6 uvkann. tOkopuma xentupunrad KpucTaUlapaar
GornaHmIL TypnapK fIKKa Xonaa Kysatiimaiian. Kpucranmard atom €ku
Monekynia opacuga 6Wp naiitia 6Mp Heuya GornaHWIL TYpIapH Ky3aT-
AWK MymkuvH. JlekuH, Mawiym 6Wp liapoutaa Kpicrannapaa 6upop
GOFNaHKILI TYpH YCTMBOP GYNHLIM MYMKMH. AHa Ly HyKTay Ha3apiaH
KpUCTaT GOFNaHMLLIApY TYpJIapra aXpaTuiaam.

1.6. Kpucrannapnn yerepum
MongasuHr Kpuctann 6ynMaraH XonaTuiaH (CYIOKAMK, ras,
amopd) kpuctan xenatira (dbazacura) §Twn KapaéHn Kpucmaiaa-

tuwe pe6  aranagy. KpuctannaHuw Gowmnawvwmi  yayH YTu
Xonatuaa TypraH Mopmaga  (TYiMHraH apuTMa, COBYTU/IFaH
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KOTHULIMA BA X.K.) TEPMOAHHAMWUK MyBO3aHaT Oy3WiIMIIM 3apyp.
Kpucramnanui xapaéHpiaa axpab YMKKaH MCCHKIUK MHKIOPH
KPUCTAUIAHUUIHUHT SUMPHH MCCHKIUIA ne6 HomiaHamu. Moana
KPUCTAJIAHWIIM YYYH CYIONWLI TeMRnepaTypacyJaH MacT TeMepa-
Typaraya COBYTMMIUWA KepakK. XapopaT MaliyM Oup KpHTHK
KuMMaTura erraHaa Moagaga Kpuctan Oynakdanap mnafgo 6yna
Goumnaiiau. By kpuTHK TemnepaTypa MOLJaHWHI TapKubura, yHaa-
ri GeroHa 3appaJapHWHC 3UWIMIMra, MOAAA COJMHraH WOWLIHUHT
HeBOpH Xonarura Ba Gowika 61p KaTop omuiiapra 60FTUK. AAprUM
TO3a METaNapHK CYIOJMIL TeMmrieparapacMgaH MKKW MapTra nact
TeMrepaTyparaya COByTHjca XaM KpUcTainaHMai KoJjiasepaian.

Karta MoHOKpucTannapHy TYHMHIaH 3puTMaiapiaH YCTHpUIao.
Yrapra ogataa KMYKHMHA «KAPMOK»> KpUCTalyacH TYLIMpuianM Ba acTa
CEKMHJIMK BUNaH tokopura KyTapunann. by ycysl KpUCTaIHM TarmIHKKa
KYHUOG yeTupuuimaH Kypa siXxiiM HaTWxanap Gepaau. Xo3upru nairaa
KPUCTAUIAPHH  YCTUPUIUHMHT TUrencu3, YoXpalicKuii, 3MMTaKcHanl
YCYJU1apy KyJUulaHWIaau.

1.7. Iloaumopgusm

Kartuk Xxucmnap Typad Temneparypa Ba Oocumiapia Typiuya
KPUCTUI Ty3WNMIUra 3ra OYIMIUM MyMKWH. By xonancaHd mnonvMmop-
Gbu3m ne6 aranaam. Macanan, ymiepon (xapGoH) aroMiIapH OnMOC
KYPMHULUMAA XaM, paduT KYpUHMILKIA XaM GYnuiuM MyMKHH. By uk-
KW KpHUCTa TY3WJIMIIK BUp — 6GUpHIaH GU3MK XocCulapy XKXaTHaaH
KECKMH (apk Kunanu. KyOuk Tysunuwira sra 6y1raH onMoc Xyzaa
KarTiK, waddod Kpucran, rekcaroHan Ty3WIMLIK, TpaduT 3ca MYpT
Ba €pYMIUK YTKaamaian. Ywby momnganap 6Mp KpUCTAUT Ty3WIHLLAAH
MKKWHYMCHTa YTUILIM Y4yH Mabiaym GMp LIApoMT (TemriepaTtypa Ba 60-
cuM) 6Ynuin 3apyp. YHaaH TalikapM, YTHIL XapaéHuAa aromiap
3HEPIETMK TYCUKHM eHrub yTuilugapu 3apyp. Arap 3HEPreTHK TYCHK
eTapiMya  Karra Oynca, OyHmail VTMIL TallkM TabCHPCH3  COAMP
GysMacIurn Xam MyMkuH. Macanad, onmoc T>15000 K Ba p=10% [la
6ynran wapoutaa Gapkapop dasaga 6ynaau, JekuH, arap 613 onmoc-
HM aTMocdepa DOCHMM Ba XoHa TeMiepaTypacura yrkasub kyicak
XaM, y rpadutra ainnadub konmaiian. OnmMoc HOPMAT ILAPOMTAA XaM
V30K BAKT cakJaHWIIH MYyMKUH. [Toaumopd yarapuupiap HaTHxacHaa
KpHcTanaa KUMEBMIA GoRaHmin Typi V3rapuiuy Mymkit. Ooouii wa-
poutaa koBaneHT Gornadran Si Ba Ge siptiM YTKasTHwiapy ioKkopu 6o-
CHMJIapAA MeTUL OOFAAIMILAK KPHCTA FY3HINGQ YINUIH MYMKHH.
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1.8. Kpucrannapaa pentren Hypaapn pudipakumscu

Kpucrann nawxapacu  rvauamimmm

Gesocura KatTanawTHpué Tacsupra Ty-
WHPUIL  KaM  XOoaThaapaarnHa MyMKHIL N O A 2%
|

LUyHUHT yuyn kpucramn NaHXxapacu Ty- J :
SUAMIIMHY  VpraHuiuaa peHTred HypAaa- m:. i £
PHHUHT KpucTan nanXxapagard audpak- \ A

caind

uuscutan  dokaananmnand.  TynkuH
Y3YHNUTKM Katra O6ynrad HypnapaaH Xam
doitnanaHnb 6inmaiinm, yyHkn aundpak-
UMAHU Ky3aTull Y4yH TYAKMH Y3YHJIWIH
OUGPAKUMOH naHXapa Jaspd YamacHaa
6vanuiM noaum. Kpucrann nadxapacugard peHTIEH Hypaaps -
dpakuvsicMHK 3HF conna KMAMG Gupuuuu mapta Y. Bperr sa IL A.
Byndmap tywuyHTHpn6 Gepuiiau. PeHTreH Hypiaapu Kpucranra Tyii-
rad, ynap TVp/iu aroM TeKMcIUKIapyaaH Kakitagmiap Ba peHTreH Hyp-
NApUHUHE #Yn dapky TYAKMH Y3yHJIMrMra KappanH G¥araxunza an-
DpakUMOH MakcHMyMIap, SibHM €pyF HyKradap !aiiuo 6ynamu. Arap
KPUCTanaard MKKW TCKUCIMK opachiark Macoda d ra TeHr Gica. 15
PEHTreH Hypnapu O 6ypuak ocTiaa Tywica, y xojda l.12- uuamaid
KYpCaTnaraHuaek MKKH HYPHUHE iyn dapku. 24sin@ ra TeHr 6ynaiu.
HMudpakumon MakcHMyM LUAPTH 3ca,

2dsinB=nA4, (1.13)

b1 2-unsya. KpHCTILLGH PeHT-
FEH HYPIAP ApiKiscn

6y epna 1 - 6YTYH COH A - PEHTIEH HYPHHHHT TYAKHH Y3YHIIIH.

Yuiby ugona Bparr-Byad KoHyHH ac6 XaM [OpUTHAAIN. Kpiscrann
NaHXapacuoaH >Xyaa K§r aroM TeKHCIUKIAPUHE YTKa3HW  MYMKiH
(1.4- yusma). Judypaxiiist MAKCUMYMIApH yIap YdyH XaM GaxapHaHLIH
MyMiUH. LLyHUHT yuyH AMdpakUMsaHH Kaila KuiyBuM (OTOMICHKAAA
BHp KaHua Epyr HyKTUIapHKY KYpaMM3.

bparr-Byad KoHyHira acocad PpeHTreH HypaapH KpHCTMaH
Kaiiviiuy yuyH A Ba O yprachma Mawiym 6Hp wapT 6axapuauiuin Ke-
paK. Arap 6u3 MOHOXPAMATHK HYpHH HXTHEPMI 6ypuak octuaa yu
YAYORIHM KpHCTAT MalpKapacHra TYWHPCAK, Xe4 KaHgali audpakuus
KY3aTHAMACAHT MYMKIH. J1dpakuHoH TacBHP XOCHA KM yuyyH
613 A-HM €KW 8- HH CeKHM acTa Y3raprTHpuil, SILHH CKaHepaall 1iM-
KOHUATHIRA 3ra GyaumiMie3 Kepak. Xo3upri naidtiaa kpucrawiap Ty-
SHARWWHM YPraHHIUHIHT acOCaH Y4 XK YCYIIH KYJLTaHUAAH.
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1.8.1. Jlays yeym

by yevaia penred nypit M man@aian
(113- wissia) aknd, D- ntadparasyiant
Via Ba Mazkavaanran K - MOHOKPII-
CTUH D TYHIAUL.

Perivtes  HYPAAHHINT  MOHOXPAMATIK
Svarnaii e, vinir Tapkudiia ok 6o-
PHYD KATF AMANASOHAAEH TVAKHH V3VH-
JHEKAM HYPID XOCHA KHNIEUUL

Muriitka  peiniest 1ypd KpHCTara
rvirad.  Bpare-Byad  konyuira  O1HoaH
MOC TIVIELIMLLGPpAA AHPAKUMOH MaKCH-
MVAMID NOCHT OVnajsn. by EpyF Hykrasap KpHCTATHH O/LUL Ba
opKacHia VpuataraH 2 — akpanugard QotonagH-kanapia 1acsip
NocIlt Kichuutiap. Ywly yeya KpHCTAUU NaHKapa Y31,
CUMMCIPISICHIHM  aHMKNaWAa  sxid - camapa  Gepaan.  Kpricraara
TVAKIH VIVILTHKIApY Typaiua OVIraH peHTreH HypaapH TyWraiansy
vuvi Ov veyana TVaKpi vsysiaury ©yifMua ckatepilaHMoKia e
MYMKIHIL.

P03 s Pernren nspoapn
Anfipianaien Sk o yesom

1.8.2. Kpucrathy aiiaHTHPHL yCYis

bByHia VKK MaxkasaHraH MOHOKpUCTal wy YK arpoduiia aii-
Aanund rypaad (Gypuak OVidiua ckanepnaw). MoHoOKpHeTaara Moio-
NPAMATHK peHTred Hypu Tywupunaas. Kpuctivs bparr-Byidy miapis-
HH  KAHOSTRaMTHPYBUKM  Oypuyakka Oypwiradaa  dotonaéHkaia -
dhpakiion MakcHMyM Xocun 6ynanu. By yeyn Mypakkad Mofekyiaiap
TY3HTHHIMIN QHHKIAWAD KEHT KYIaHUAIu.

1.8.3. Kykyn (nopouiox) ycyni

by veyia MOHOKPHCTaAA HAMYHA MABIANaHM® KVKVIE NOiEs
KCADIPILTAAK BY IOMNKA WIMLIA WAUAK KANHJSD HAlira co. i eut.
Kasepira MaxkaMaaHian anura MOHOXPOMATHK PEHITEN 1YLt
pu tvinnpiiaan. Tvivaérrad nypnap Bpari-Byndy waptitiing Gaka-
PYBUIL BT ETTan KpHeran Gynakuagapraan Kaiirausap. Y-
By yOW NI KVJRTUIIK TOMOMM WYHAAKM, HHPHK MOHOKPHCTA-
JIAPHI LNE TOIHUHE XOXaTH [{VK.

(0% )
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Arap KpuCTalll MAHXapaCUHWHT  TPaHCIALMOH  BekTopiapy
ulaubai Mabiaym 6¥nca, y xonna k TynKun BEKTODJIK peHTreH HYpH
TywraHga Avidpakuus Xocun OYAMII WapTiapuHW KYpub 4YKMKaMH3.

®apas Kunaimk, k’ ifHanuiina Kajitrad PEHTred Hypnapuza AW-
¢pakuus  kysatumad, y xonma  Bpsrr-Bynd  waprura  acocaH

Ak =K -k BEKTOP KYMHIArk WapTiapHH KaHOATIAHTUPUILIN 3apyp-
GAk = 2mmy, G0k =2mn, , GAk = 2mn, (1.14)

By ugonana ny, ny, #3 1ap 6YTyH connap. Y6y udona JlaysHHHT
Ivdpakius TeHIaManapy ae6 arananu.

1.9 Teckapn mamxapa

IOKopHna KeXTHpWIraH Ak BEKTOPMHHM SLHW TywiaérraH Ba AM-
dpakuua wapTy GaxapwiraH WYHAIMWIAA KaWTaéTraH pewTreH Hyp-
NApUHUHT TYNKUH BEKTOPAapn (GapkuHu Gus BEKTOpNap WHFUHAWCH
KVPMHMLKIA TACBUPNAD ONMUIMMHU3 MYMKUH:

Ak = nby +n,b, + nyb, 1.15)

(1.14) ndomanan: Ak = anb +amb, + amb, = nab, = 2m,,

oMM @b =2m OKAHAMDM KeIMO  uMKamm. Xyuu  wyHuHroex

by =21, 5353 =2n [lemak b Bextop d, Ba d, ra TUK, b, 3ca 4

Ba 4, ra, b, BeKTOp 4y BA &, T THK (NYHKU cKansip kymaiTManapy

Honra TeHr). [LIYHMHT y4yH b6y, b, BEKTOPNapHYW Kyitnagarnya TaH-
J1ab onamu3:

b = 2n[@dy] / Vo by =2n[aa ] / V,, b, =2nfaéa, ] /V, (1.16)

Vuiby bbb, BEKTOPIAPH KPUCTUMRIKT meckapu nanncapacu
gexmopaapy Jie6 aTatanu. (1.16) “(Tloﬂa“ap Maxpaxuaoary Yy = alaya,] -

TYrpu Markapa MEMEHTAP KATATHHHHT XTKMUHM Gunnupan, Teckapu
Marxapa aBCTpaKT TYILYHYA 6yM6, kprcTanaaru aiipum XOIMcANapHH
vdoganaliit  OCORNAITHPAMLI. Macana, KpHCTAtna  andpakums,
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TYNKHHAAPHUHT TApKATMILUM, KBA3KW 3appalapHUHT (OHOH, COJMTOH,
FUTA3MOH Ba X.K.) 3HEPreTHUK CAEKTPIapHHY TaxIWwi Kuidiuga goifiana-
Huiany. Teckapu nanxapanaH doiganaHud, JlayaHuar mudpakums
TEHIIaMacKHU 601IKa KYpMHULIAA E3MLUMMU3 MYMKHH:

bn = b, +nyb, + n,b, 1e6 onamus, y xonna (1.15) ra acoca,

Ak =k'-k = b,, (1.17)
,IZ'[=|IE’ skarnurugan Ba (1.17) ZaH &y =k'y =(b, +k)* Kennb

YHKaIu
k' =b2 + k2 +2(b,k), k% =k, 6yAraHu yayH

b2 +2(b,k)=0 (1.18)

XOCHJI KWIaMu3.
Ywby udona kpucTanigard peHTreH Hypiapu AWGbpaKUMSICHHU
TECKapW NaHXxapa BekTopu opkanu TaBcuduanp. Teckapu naHxapa
BEKTOPNAPUHUHT KyHHIArk Xoccaiapy MaBXya.
a) Teckapy Ba TYFPM [MaHXapa BEKTOPJApMHUHI CKanlsp
KyniaiTMacy OYTYH COHIa TEeHr.

b, = mby + myby + mh; ByncuH. 4, = md +md, + nd; . By xonga
(b,a,) = muny + nyny + myny  SPHA GyTyH coH Gynanu.
6) b,, BeKTOp Y3yHAMIM TEKUCIWKIAp opacuiard MacohaHWHT

Teckapycura Kappanu |b,, =mi/d, m - 6yTyH con, d - TeKMCIMKNAp
opacuiaru macoda.

B) b, BEKTOpU Y3IMHUHT TALUKUN 3TYBUMNAPK MHAEKCIApH GunaH
Oup xun Munnep MHAEKCTU TEKUCTMKIIApra TUK HyHanraH.

1.10. BpunmodH 30HacH

BpunniosH 30HANapUHKU TYIIYHTUDHMIL YYYH HMKKU YIYOBNM KPH-
CTan MaHXapacMHW KYpub umkamus (1.14-yuama). Kprcrann naHxapa
TYrYHUIard A aTOMHUHT atpodmpaard atomnap 6unaH OupnaluTUpro
YuKamMM3. Xap Oup KYUIHU atoM OMnaH OMPRAlITHPYBYM YM3MKHUHE
ypracMpaH WYy YM3MKKA THUK KecMa OunaH TEHr WMKKMra OynaMua.
Xocun 6YnraH WTpUxNaHTraH wakin BurHep-3eiy sneMenTtap Kataru
ned aranaau. Ywby KaTakHM TEKUCAWKAA TPAHCIAUMA BEKTOpJIapy
GYiiMua KYuMpcak, KpUCTAM MaHXapa Ty3WIMIWHWHK THKIAW MYMKHH,
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sl Buaiep-3eiug aievermap Karant Xam
VICMCHTAD KaTAK TAHNAUHMHE GUp yev-
Auaup. Suay ywly KpHeTan maHxapara
TCCKAPI BAHAAPAN Ty3aMis sa By [1an-
AJpana XaM 10KopMaartt Tapidma dte-
MEHTap Katak axpatiG osamus. Teckapn
nakapagarn  yvidy  katak  GUpHpan
bpwLiroan sonacy 1ed aranamn. bpunaioou
3OHACHHMNUT  HIHK  MONHSTH  UIYHAAH
uboparki, bBpwwuosu sowacn wumma *
ETYBUI A TVAKIH BCKTOpHra 3ra GWiran

Gapua pettred Hypnapn Bparr - Bvad ¥

WAPTHTA ACOCAH KPUCTAANAAH Kah FHilK

MYMKUH. X031pr kytima Bpunaniosn 3o0- -
HANADH KPUCTATAOMPAPHSUIA HILINATHAMA-  1.14- it Bpuiniontt sonachri

CRIA, KPUCTAVIAPHINT 3011anap Ha3apusi- nowp.
CHAA XYIa MYXMM axaMusiTia ara.

Bpuamost 3oHacHnari anexTpolsiap Y3UHUHT 3HEPIHSICHIN B HM-
MyNICHHU Yanykeus Yaraptupa onamwiap. bpiyuiiosH 30HacMHM TapK
STHLI YYYH 3NIEKTPOHIAPHIAHT SHEPIUsIC cakpab Yarapiiiii Kepak.

Cagonaap sa macananap

. Kartuk Xucmnap ynapmard  Mosekysaa Ba  aTOMAAPHHRT
Boranumra kapa® Kauaaii Typnapra 6ynuHann?

2. KpHetann namxapacHMHE HYKTABHI Ba TPAHCAMIHOM CIiM-
METPUACH AETanan HUMaHIL TYNIyHacH3?

3. Muanep urnekeaapi 1iima?

4. bpase naHXapanapy Ba KPUCTAULT CUHIORHsAAp! GapKHHIL Ty-
HIYHTHPHG BepuHr?

S. Exuii Ba xaxMuit Mapxaanamran xamaa coana KyGHK Kpuc'm.nn
TIHXAPACHHUKT IeMEHTAP KATAMMAA HeuTa aToM xofinaiuran 6ynaan?

6. Mizean 3uy rekcarowan naxapa yuyt |asllail=1,633 sxaranm-
HIt KYPCATHHI

7. Comna kybitk nakapawid Kamil GpoM KPUCTAULTHHUHT 31411-
THHY TonUHT? (a=6,59 A )

8. TexcaroHan nanxapani KPUCTAIIHAHE EMEHTAP KATArMHUHT
XAKMHHK TONMHI? @) Ba @y nap Gepunra ed XucobaaHy.

9. Kanmutil kpuetannin 3gu rekcarodan KpHCTall NaHXapacura
ara. Arap a1=2.97 A | a;=5.61 A , 6yca, KaMUit KPUCTAIMHIHT 314~
JIMIHHW aHMKIaHT?

10. TMonumopdmaM xoaHCaciiiy TyILYHTHPHHT?
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IT OB
KPUCTAJLT HNAHXAPACU TEBPAHUIIUIAPHA

Kpicramn namxapacd AMHAMUKACMHM TaxJIWT KUIMUWHUHT MKKH
ycnydu MawnyMm. YaapaaH OMpM MHKPOCKONMK (aTOMMCTHK) YCyo
AeHnnmb, YHHHE acocHMHU KpucTani TaHxapackaa aTtowiap (Mowaap,
MOJIEKYNUTAP)HUHT [aBpUil QMCKPET XOWNALIWIUKM Ba ylapHu Oupra
TYTHO TYpyBYM Kyusiap XaKugaru Tacapsypiap TalUKWi KiiagW. by yc-
Nyd Kpuctann Gyiinab TapkanaérraH TYJIKUHNAp A Y3yHJIUIM IaHxapa
a JOUMMItCH (MKKM KYILIHM aTOM MapKailapM OpacHlard ypraya €Kd
MyBa3aHaTHif Macoda)maH 6GMpMyHUa KaTtTa 6yiraH Xouna, sibHH

2>a (2.1)

MmyHocaBaT GaxapuiraH xojga Mabkya 6ynamu. MKKUHYM yciayOHH
MaKpOCKOMUK EKWM KOHTWHyan ycny6 Jedwnanu. By ycnyOHMHT
KYNIaHHUILIK yYyH

A>>a (2.2)

wapT 6axapunuwy 3apyp. TaxpubagaH MabiyM OYIMILIKYa, Me-
Tanfi, MOHIM Ba KOBAICHT KpUCTAJNapia TapKanaiuraH ¥3 TORBYyIL
TeOpanuwiapy teanuru  5000M/c, 1 I'ru Takpopuritnukka A = SMKM
TYNKMH Y3YHIUTKY TYFpU Kenaau. By 3ca omarmard maHxkapa doM-
muiicu a=2,5-10"1% pan 2000 mapra karta. By ycnybma KaTTHK
KHCMHHU TyTall MyXMT 1eb Kapanafau. Xap MKKH yClnyBHHUHT da3u-
NaTnapM Ba KaMUMJIMKNapH 6op. Yiap KaTTUK XUCM AMHAMMKACHHU
ypraniwaa 6up OMpUHU TYAIMpann.
3HaM OU3 Oy ycnyGnapHHA 6agH KUAWLIra KUpKLLIAMHAS.

2.1. Ynsuruii copia namKapa aToMIAPUHMHE TedpaHuuLIapn

KpucrainHuHr Tapkubuiarn 3appanap (aromiap, BHOHNap, Moje-
Kynanap) dakar MymIoK HOJ Temneparypala MaHxapa Tyrytiapuna
THHY Typagu. TeMmeparypa owiraH caiiuH atomiap (OyHAaH KelHH
TapKUOWIt 3appanapHu aTomiap Ae0 araiMu3, TaxIWIAAH Kenuod
YUKAIMTAH XyJlocanapHy, Macanai, WOHMApAaH TapKMONMaHraH Kpu-

29



cTUapra TaaduKaail MyMKHH) TebpaHMa XapakaTh amIIUTyIacH Op-
THO Gopaa.

ATOMIap Yekcu3 GUp UM3WK YCTHIA JABPUIA paBuiuaa (Xap MKKH
KYIIHW Gup-Oupnnad a Macodana) xoinawrad. Xap 6up atom SHT
SKIWH MKKYA €1 KYLHKMCKH GMNaH KBasW 3NacTHK Y3apo TahcUpratlaiu.
by capas atomaapHuHr MyBozaHAT BasMATMAAH YETAAHMILM KHUMK,
SLHW |u,,|((a Gynranupa agonamiu GYnanu. Kpasu 3nactvk Kydiap
TALCHPMAR — aTOMMap  rapMOHMK  TebGpaHuwap  Oaxapaaunap-
Uy, U, , 1, — TETUUITK aTOMNAP CUKULLTTADK.

Kgasu anactuk xyd Tabprdu 6¥iinua, CUIDKULWHUHT GUPHUHYN Japa-
Xacura nporopLuoHan, YHUHT "y 7 nti

AYHaTMIKra Kapwy Wysanrad 6Ynanu. _O__Q—O—;,
Hemak, - aromra n-1 aToMHUHT Tabeup -

s | -
: _H_ :2‘:- :_

|
Upey

KyyH ( }
fil.a:-l = _ﬁ{un =, )' (23)

Ny

gy i,
i B 2.1- wigsMa. a) ymsHriil cond
uw = =P, = u,.) 24) FUHKAPAIA ATOMJTAPHIHT MYBOJ-
HAT B3I,

Y = 6) BepTHKaT MIBIKTAP CIDKIIRN
OyaKG, n- avoura Tancup KHIEETR ATOMAAP BABISITI,
HaTWXaBHil Kyu:

fo==BQu, —u, , —u,,), 2.5)

Oy epra f - kBasn 3nacTHK Ky4 KOIDOULMEHTH.

HbIOTOHHUHT HKKMHYK KOHYHMIa acocaH N— aTOMHUHI XapakaT
TeHrnamacu:

md’u
—t = -BQu, —u,, —U,,) (2.6)
dr-
YHUHT e4UMH YONYBYH TYIKUK KYPHHMILKAA 6Ynany;
STl 2.7
u, = Ae~twr (2.7)
By udonana A — aMmauTyna, (qan-at) — dasa genunamu, an-
2

KOOpAMHata Gowmnaad n — artomraua RHUCKPET Macod)a, @ Bi==2 S

A
TYIKMH COH, (0 — TaKpOPHIlNMK, t — BAKT, A — TYNKWH Y3YHIMTH.
(2.6) Tenrnamara (2.7) eunmui Kiiicax,
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- mw? = B2 - —e") (2.8)

e +e" = 2cosag 6YmanunaH
w = ZE(I - cosaq) = 48 in2 2
m m 2
€Ku
Bl. aq . gqa 2
w =2 [—Isin — = ®,,|sin — (2.9)
n 2 2

H(poRaHW XocHn KunaMus, OyHaa @,, — MakcuMal TaKpOPUHIHK.

Arap o TakpopHillIMK q TVIKUH COH GiiaH (2.9) aucnepcuoH My-
Hoca6aT opkanit Gomtanral 6yica, y xonma (2.7) opxany ucosanarrat
YOTyBYM TYAKMH (2.6) TeHmIaMaHWHr eunmM G6ynagu. bab3un xyjlocanap
XaKkuna TYxtanamui. @ =w(g) ¢yHKUMs aaBpuk Ysrapand [(2.9)ra

2ng

Kapaur]. q Hu (2.7) udonaza ¢’ =g+ ra aqMalTHpCaK, U, =u,

6Ynub uMKaoM, ALHW g Ba ¢° GM3MK xuxataaH dapkcus. bouikaya

! . 27

alfTraHoa, ¢ y3rapuuWNapUMHMHL Xap KaHAaah —— KeHMIMKIarM opa-
a

JUFMHHU Kapall eTapiAHaup.  HUHT acociii Y3rapuill Opaurd Kiuau6

w
Eo 2% Mt e L
COXaH1 TaH1a6 onuui MYMKMH. /

2n
® =w(g) OormaHMw — paaBp GunaxH
a

i
1
1
1
]
1
]
j i
l |
y3rapvun 2.2- pacmaad KYpHHUO TY- 21 -o 0 o 20
o

puban, Bynna A T T
¢=0 1a =0 2.2- yuama. @ (q) 6oraaninw
T
g= i; 12 @ =@, .
27 “ bl
q= - MyHocabatra k¥pa ¢=0 na A, =o°,q = i; na A, =2a.

JleMak, 3HT KUYMK TYIKUH Y3yHAWUrn 2« Oyaub, 3Hr karracu
YeKCH3AUP.
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Makcuman TakpopuHIHK Ba MUHUMAaN TVIKMH Y3YHJIUTH MaBXYI-
JIATH AMCKpeT aTomiap TY3UMM TeOPAHWWLIADMIA XOC XYCYCHMATIUP.
Bu3 KypraH Xon aromiap YeKcH3 3aHXupura Terniwmv smu. Kpucran-
JIADHKUHT MaKpOCKOMKMK HamMyHasiapu Ky, aMMO YEKJIM COHOAry aToM-
JlapHaH TapkubnaHraH. ATomiap 3aHXWpyacu Yerapaiapy TabCUPWUHHW
Hasapuit Oaprapad Kuwivur yuyH G Ta aTOMJIapHW KaTTa paandycliv
ainada 6yinab xoinawrupwiaan ned dapas Kunub,

url:ﬁ =u, (21 1)

Kypunuwgard boph-Kapman aiinaHaBu# 1ApTMHM KUPUTKIL MyM-
KMH, OyHna n+ G aToM n- atom OwiaH burra. By waptaad (2.10)
YpHura

Seesl @.12)
2 2
apT (g-6yTyH coH) kennb unkanu. Jemak, G atomiaH TallKUA TOM-
TaH YM3UFMH 3aHXMPYAHWHI 3PKMHAMK napaxaiapu G Ta, G1HOGa-
PMH, q HAHT KM¥MATIapy 11y coHra TeHr 6ynanu. (2.11) wapraaH:
2 g

_ng 2.13
GG (2.13)

o JaH wtdo 6ynraH opanukna KaHua coHpa TebpaHuiunap Gop Aerad
caporira xKaBob Tonainuk. (2.9) udonanan

dz
dw—aF 4 ——\[Ec:os(’fﬂ Fean
m 9 G \m 2 § L

Jemak, dw opanukmary TeGpaHHap

CDS

COHH
dz = 2dg = —\F @01y g
aq T,

" W w
6ynanu.  Bynau TCGpaHMLUJTaD COkLY 2.3-uMsma. dz/dw GoraaHHL.
SUMUTUTU: '

dz 26 1 (2.15)
dw PO ’

n \‘W,E. -

SNacTUKNMK HasapusiclaH MawlyMKH, TOBYLI T€3NMWTU v, 31aCTUK-
JIMK MOYAH Ba 3UWINK OPKAIH Vld‘)O)limﬂHMl‘L

32



£ _ .18 (2.16)
0 "

(ag am

Y3yH TYAKMHAAp yuvH < IJ oKkoprary (2.9) idoiaunn o

OuUnaH ¢ opaciaa niponopuiorat  GormaHuil Gy THULIHIT Ke6
YHKAH:
W =Vq. (2.17)
AMMO YAIVMIIA NO.LTa TV IKHEAAp JicHepensicn saskyi. byiaa disa
TAPKATHUIM TERTMIH ¥, I BO TYIKHIIAPHHMHE FYPYNIT TCTHTTE vy B
Bup-6upiian dapki Gop. Xaxukarar xam (2.9) acocHaa OJHHR TG
ey
2

SN
=\ —= (2.18) i

o {7
" |lf: i ilef i ¢ -

[ :
Vi @ '|-'“!L'<F‘\ #a, (2:19)
dy | 2 !

idoaaitap rpadustapi (2.4-uisnn) Oy 0 no
GapkHH Kypearnd typubnt. bviaa 013

YM3WIHK COMAN NAaHKOp eOpatikwaa- 2domenta Dasanin w RpyV
pH Ba TVIEHHAQPIHH 1aPMOHHK IR LapUsHE q 8ottt
TAKPHO/L TANIET KILEAHINMH 3 TOBKIL 1AM

2.2. Yuauruit Mypakkad namwkapai 1eOpaHmuIap Ba TYAKHILIAD

DHAN O3 2aCMelap KaTari1a HKKH atont Oviran atypakkab OHp
YIMAMANM (YH3HCHEA) 4CKCH3 NAMEKapa:a redpatiap Ba TYAKHHAAPHH
Kapad uukadank. NaCl, :
CsCl xabii  HoHuapati
Tapkubaairad. St sa Ge e
Kabi aroai1apaad  Tap-
kubnanan - Kpucraap
DACMCHIAP  SMEHKACILL) 25 st U S P b OO AGNLT S ONLTap
2 1a arost Oy, AL

Kapauiadtran st i nipkapaia atomiap Jaspiidi Aoitiawsims 2.5-
qesMa L Tacsupiaiat. bupritai X aromaap 4 -1, n'. i'+1 pasina,
HKKHIMT XHT arosstap a7 Lo’ o+ pasiuiia 6¢ u i suiran.
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By xomm xam rapMOHHK TIKpHGIa 11 K¥panits. Xap 6up atom
ME AR KK KVWHNC  OaH  Viapo  Tancvpnawaan e
Nicobaaiimis. bByHiaa o Ba 2 atoMinap OpacHAArH KBA3M 3NIACTUK
TALCHP Kyl KoadpiunenTiHn B, amMo #° Ba n”-1 atomsap opacu-
narn TancHp kyqe xkoabduimentinn f, ne6 dapas kutamus, bu-
PHHYH B HKKIHMI X1 aToMAap Maccanapit Moc pasvilufa m’ Ba m”
et

noBa p' aToMIpUHUN  CWLKMWINApWHKM  w;,  sa 4y 0eb,
Gouranapiimkinm— wy, = lup, + Luf - Lu +1  ac6  Benrnnab

KYITari xapakar TelniamMatapiiy €3a oiiamMis:

n’ dd-[:“ = =Py, - &) - Balu, - 1), (2.20)
%

m'—% =P (uyy —up) = PBaluy, —t,0)- (2.21)
2

KBjir 370CTMR Kyy TalLCHpMAa XaMMa BOKT TAPMONMMK XapaKar

j03ara keanumun 3upTHGOpra oncak, (2.20) va (2.21) TeHraaMLIapHIHIT
eunALIapI

":\ L A'(’ Wipeen - i) -“:: k- A”(’ Wit u:_:. (222)

Bviita @ naikapa aonMMUiicH-1KKHMTa GHP A KYIUHIH aTOM opa-
chuant Macodn, (2.22) cumsinapun (2.20) sa (2.21) ra oand Gopnd
K¥iinach, Gab s anaapian oYHr A7 8o A7 aMIrnEvUIap yayii HK-
KUTa TeHraaMa Nocia Oymaain:

A" =10 (2.23)

$ o
w]_ﬁl+p:],,.+ By +Bse ™
m m

w’ i 0 (2.24)
m

+ g - i + ,—-l
|81 4By " Aul ) BBl

by nkkie st 6up skuncan rennaaaap cneremact 63ano.
AT B AT NOMALAYMIAP  GLULATH KV VBIIap N TS an
AHIK 10BN (GLleTepMItTIaLT)



w"
A= " m' =0 (2.25)
By +Be™ w2_5|+52

m” m” |

» By+B; By +Bre™

GynraHfariHa OKOpUAAriH CHCTEMa MabHOTH eunALLIpla 3ra 6ynanu.

9
(2.25) anukIoBYM 0416 UIIKIACA, (07 ra HUCBATAH KBUIpAT TeHr1amMa
XOCHA 6Y/IMG, YHUHT eudMAapy MKKUTa Gyaanu:

» _ | 1’ 3k \aq[
W, =—w, }—\’I—y'sm'— (2.26)
2| 2 |
w; =%r’;,f[l+J!—r’si|1’(;—q}. (2.27)
ByHua,
, By +Ba)m +m7) | i m
wlT:JGI ﬁ_" vt B8 . mm”h
m'm (B +B3)" | [(m"+m)" |

Arap @ Ba g opacuaarit GomaHmin (2.26) sa (2.27) kVpuimiLIa 6yaca.
(222) eynmiap (2.20) Ba (2.21) XapakaT TEHIMAMATAPMHN KAHOATNAHTH-
paaw.

(2.26) Ba (2.27) ewlimziap acocuaa Kyiuaparu MyXHM Xylocalap Ke-
16 ynkaau.

1. (2.26) Ba (2.27) udoaanap TeOPAHULINAPHUHT HKKH TAPMOFUHH
aHMKaaM. (2.26) udona TaBcHPIAHINAH TAPMOKHIT GKYCTHK TApMOK,
(2.27) TapMOKHY ONTHK TapMOK Aedidnand. Maskyp ndosuriapaas

0,,0) = 00, N, N, (0) =0 (2.28)
a
MyHocabaTnap aKyCTHK  TapMOK,
ONTUK TapMOKAaH NacTaa XOM- mA

Nauirad, y HoA TakpoOpUHIYKAAH - i
OoIUTaHraHKW X0M1a ONTHUK TAPMOK, -
QHYA 1OKOPH TaKpOPHHINKIH TeD- s =
PaHULIMApHK  ¥3 MuMra  onanu
(2.6-un3ma).

9

2. AKYCTMK Ba ONTHK Tap- o e
MOK/II TEGPAHMILIIAD. BEWIMHM 5 ¢ L oo 6o mapwoKapie
Kapaitink. (2.22) — (2.24) udona-

NapiaH
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By XOmtt XaM FapMOHHK Takpuia 11 k¥paams. Xap 6up amx\é
3P SIKHH HKKIE  KVWHICH  Guiiad V3apo  1ancuprnaiann JIie
xXicobaaiinins. Byiiaa o Ba n atomnap opacigary KBasH 3NacTHK
TancHp Kyun koadidnusenTitiy B, aMmo o’ B3 n’-1 aromiiap opacH-
Jarn ancip Ky kosddinmientin B, aed dapas KUNamus. BH:’
PHHUI BY HKKITIE XHA QTOMAAP MACCANApH MOC paBulufia a7 B3 m
Byncint,

4 % c0,
B a2 aroMIAPHMUN  CWLKMWIApUHW &, Ba o, A :
4 & una

BOLLKANAPIHIKINT wl, — L, + Ly - Ly + 1 ac6  Gear

Kyiilunari NIPAKAT TCIH'}]’IM'\.’]HDIIHM €32 OJTaMI3:

‘.c(llr H,, = By, - 1) - Byt - 1), (2.20)
ur ’

-d h:“ = B (ur - uy) - Baluy - ty)- 2.21)
di-

apakat
Knash 27actuk kyu Tancipiaa Xamma BAKT mpwouuKL:Sl p:““”
103aTa Ke kit 3LTHBopra oncak, (2.20) va (2.2 21) teyraamanap
eyl

: . o ity wit) 22
“r = A'p i hJI'.I." = A"e My ;. (2.22)

At Opa-
Bviaa @ natskapa A0HMHIiCH-1IKKUTA BIp LT KYILIHN 3:60 6015)11 6
cutary sacoda. (2.22) cuiapin (2.20) wa (2.21) ra o

. "o, , Yyl K-
K¥iinaca. Gansit asaiapiai cvar A7 sa A7 aMiinyap yiay
KHTA Teiirnama xocii 6viaain:

wl_ral +B, A'+.'B' PBye ™ A" =0, (2.23)
w m

‘ I‘ﬁz’ o . ot BitBalp.q (2.24)

\ 1" i m"

: 7 AL AT CLICTOMS W0,

DY JIKKH Qi it Gup ke IeHiaaMaiap cnerest ‘C”VSS‘ e
A B A BosbayMiap oy K i vseapaai T3
ARKI0BIE (leTepAtitianT)



: BiiBs BitBae i

A= m m'’ -0 (2.25)
Bi+B.e™ 2 _BitBs
=

x w
m m

6yﬂl‘ﬂHIlle'HHﬂ IOKOpHAAarit CUCTEMa MABHOIM €UHMM.LIPIa 3ra 6y]lﬂ£ll1.

(2.25) anukyoBuls 04HG UIKHAC, (7 ra Hucbatan KBaapaT TeHraama
Xocun 6YAuB, YHUHT eunumapy HKKWTa Oynanu:

] = %m,ﬁ{l —JI — ¢’ sin’

: I,  BRTIG
Wy =y 1+ ,f1 -y sin

o8

}. (2.27)

|3

byhna, )
5 By +Ba)m'+m") | BB m'm”
Wy =———— ¢ - =16 = |- - ==
(B +By) | [(m +m7) |

Arap @ 8a g opachaard GornaHuin (2.26) sa (2.27) kvpuiMiwia 6yaca.
(222) eurmniap (2.20) Ba (2.21) xapakaT TEHIIaMATApHIiM KAHOATIAHTIf-
paam.

(2.26) Ba (2.27) euwrsmMnap acocvaa Kyiuaarn Myxism Xviaocanap Ke-
JIUG uMKaan.

1. (2.26) Ba (2.27) udoaanap TeGPaHULIAPHUHT HKKH TapMOFHHH
aHUKaNHAN. (2.26) udoma TaBcHGIadaMraH TapMOKHIM aKYCTUK TapMOK,
(2.27) TapMOKHM ONTHK TapMOK, AckuAany. Maskyp ndosunapian

o, (0) = ru“}wm(%])wm (%})wm ©)=0 (2.28)

)
mm

MYHOCABATAAD  aKYCTMK  TapMOK

ONTHK TapMOKIaH Nacraa XOH- @

Jlalirald, y HOJ TakpoOpHUITMKIAH L. o

GOLUNAHTAHKU X0/11a ONTUK TapMOK

aHYa 10KOPH TaKpOPHIIHMKIN Teb- T .

paHuUIIapHKM Y3 UyMra  ojanu

(2.6-unIma). } >
2. AKYCTMK Ba ONTHK Tap- o T

MOKJlapaa TeOpanuinap (GeninHu

kapainuk. (2.22) — (2.24) udona-

SAp/AaH

2 6-u11 3vis. @(Q) BOERUIHLE TAPMOK Tapil.
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u, A By +Bae

e (2.29)
w, A (B, -By)-mw’
MyHocabaT oKL MYMKHH. YHM verapastii Xo:E1apaa Kypaiiiik.
A) YeKeua yayH TYAKMHAAD XONWaa
(2
A= 00, = H —E- =0
| A
by xonna
nm) _gfe) o (2.30)
II:' i I'J"III L" JII”

Jemak, akycTHK TapMOKKQ TErHILAN TeOpaMHuLAap TWIKMHAAPH
YeKCH3 y3yH Oyaladitiaa atomaap Oup dasana rebpadani, SLIU
u, = uf, Gynaau. OnTHK TapMokaa 3ca By xonaa atomnap Gup Gupuia
Kapitn - rasala  1eOpaHaIH,  aMMO  YIADHHHI  OTMPIK  MApKasn
\UPAKATCIH3 KOMANu.

Bupiy TapMoOK 3MACTHK aKYCTHK TYIAKHMHAADFD MOC  KeTAIM,
IUYHOAH YHUHE HOMH Keaud unkkaH. Mkkinun tapmok tebpatinuima-
PY ONTUK XMXATIaH GAon. sibHH ynap HHPPaAKHSHI HYPIAHHLIHU
IOTHW B YUKAPULLASZ KATHALLD OBAM, LIYHAAH YHHHY HOMI Kesind
GMKKaH. XaKUKaTaH, arap KpHCIALl )HAEMEHTAPp KataliLla HKKH1A
Kapiux 1opanu MoHnap Oyaca, viap anekTpuK Jusiiollan wbopat
GYau6, TeGpaHIL KapagHIL AHNoT MoMen Tt Virapud 1yvpats. Diek-
TPOIMHAMHKAAD KYPCATAMIIAGA, YIFapyBUaH MOMCHTIL (1103 HYp-
JAHMLUI MHKAPA B2 10Ta onals.

B) 91 Kicka VIVHIINKLArY TYAKHHAAD X0niia

3 n &
A=2ag=—=—
A a

(2.22), (2.24) ndoaanap,tin "% » YUYH MyHOCa0a1 NOCH.T KHAMHALM.
"

Yt B, = B, 6yaraHaart Taxama Kyitmaary Haripkauiaping fepuim:

m’{im” X0ii0a aKyCTHK TapMoK1 u, =0 #0,
M’ XOAA ONTHK TAPAIOK, 1 (2.31) ty = Oap # 1)

"



HeMak, SHI KMCKa A = 2a TYJKWH XONMIa aKyCTMK TApMOKOA EHIMi
aToOMJIap XapaKaTcH3, OFWpiapu TeGpaHu6 Typaau, ONTMK TapMoKaa
3ca aKCHHYA.

B) sna Gup xonHu, svHu m'=m" Ba f,)P, Xonuu Kypainuk.

IOKopuaarura yxurawn Taxamn oxubaruaa 6y xonna

[“_f] =1 pa (-’%’-J:—], (2.32)
iy ak Uy

BHr KWcKa aKycTHK TYIKMHEa, Oy Xonga atomsap 6up xun dasama
TebpaHanu. ONTHK TYAKMHAA 3ca Kaplud dasanapia tebpaHaau. bus
ONAWH arap (2.9) aucnepcust MyHocabaty 6axapwica, (2.7) udoaa 4yo-
NnyBuu TYIKMH (2.6) TeHMIaMa e4dMH OYNMUUTMIMHM KYpAHMK. AMMO
(2.7) rapMoHuMK TynKuHIap Oy 3aHXHpYagard aTOMIapHUHT 3HT yMYMHI
XapakaTMHW TaBcHdmamaiayu. ByHWHr yuyH (2.7) KYpHHMUILAArUH MyM-
KiiH OyraH Gapya TYIKMHIapPHUHT YHM3UFUH MHFUHAMCH OJIMHUILK Ke-
paK. BHT YMyMUI1 X0/1a aTOMHUHT CWDKUILIN

u, = Z{hve-wm-w e A;e.f(q.m-.,n} (2.33)
q

KypuHuwna ndopananuiuy Kepak. Arap G aToMzaH TalUKWI TONraH
3aHXMPpYa Kapaica, y XoJiaa:

u, = é z{aqer(qml—w) 4+ ﬂ;e-liqun--l-n} (234)
q
Bynna a, = JGe .

i
m ;]
ATOMJ'lﬂp 3aHXWPYACHHUHI KUHETHK 3HEpPrusicu E.l.' =5 E I, , To-
b |

2

G
Y (4, - u,.,) . (2.34) nbonanan doiina-
=l

=

TeHLUWan sHepruacu £, = 5

NaHWO 3aHXUPUYaHUHT TYNa 3HEPTHACHHU
- —_- 2 .
15 =8, 18 = Zmeqaqaq

q

mao 4

KYPUHMIUTA KEITUpWIAIH. X, =a,+ a;, P, = (a, - a;) oen-

i
THIALNap KUPUTCaK,
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Lt g X
E= Z{ﬂ P+ Emmixj}, (2.35)
q

X, Ba p, =X, KaTTAMKIAp HOPMAl KOOPAMHATANap Ba yiapra

KylMa MMITyaciap BasddackHy Oaxapamu. emar, GUp YITIOBIH KpM-
CT/U1 3HT YMyMHY Xapakati Tia 3Heprsick £ HopMal TeSpaHull-
Jlap SHEprusulapy HUFMBRHMCH chbaTiia HdonanaHany.

2.3 ¥4 yryoBm Mypaxeal Kpacrail NAKApacH avohMiaps
TeSpanuuapa

Bup ¥rommi (YM3MFHIY) KPUCTAUT Maibkapacli aTomyapd Tebpa-
HUILApHHYHT acocuif Xoccanapy ¢asoBuif Malbkapa aTtoMmapu Tel-
PaHMIUIApHTa XaM TErMIUAaup. AMMO (a30Buit Marxapa TeOpaHUII-
Japura XOC XyCycHsITAap MaBXyd. bus sHau yu $HorimM ((dasoBuii)
MypaKkKa® KDUCTAUTHM KapalluK. YHUHT 3MeMeHTap Kararvaa s Ta

m, (k=1,2,...,5) TypiM Maccaiapra sra GyuraH aroMnap OYncuH. k-
ATOMHUHT #-2JIEMEHTAP KaTakharyk BasHATH

FE=a, +F* (2.36)

Oyneus, 6yHna @, = md, + n,d, + 1,3, — TYFPY TAHXapa BEKTODH,

F*~ k- aTOMHUHT NEMEHTap KATAK WYMAAIY BasUATHHA AHHKIIOBYI
paiuyc-gekrop. [y k- aroMHWHr MyBO3aHATHIi BasHSTMAAH CIUDKH-

ILMHY &5, YHUHE TVFpH Gypaakim KOOpIVHATA CHCTeMacHIary Tall-
KW STYBUMIApuHM 4 (a = x, ¥, z) ne6 Genrunaivus.

Kprcramw: uwiga axpat6 omauran kin G coHmM 3appanapHu V3
14Mra ora coxgHuHr N siemeHTap Katarupa 3sN Ta uf, cwmwin-

nap 6ynamy, cwpkmmap GyrMaraHma ut, = 0, moreHuuan sHeprus E

MUHHMall (3HT KWIMK) Oynany, SEHM [%‘l“—"’—l =0. Hna
unn 1]
E,.(uf, =0) =0 ne6 xucobnaivus. By xomna cwokuuuiap QyHK-

uusicH 6yt E,, (uf,) moTeHiman sHeprusam uX, mapaxanapu
6yi1ua Katopra EsaMu3:
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1 o e
E;!nm_'i E Gﬁ(” {}(:#f;ﬂ G-Lc'fb[”ffﬂ' fﬁf"{;’ﬂ" r (..__\,f)
ki a) g
ay
Gyna,
[0k, |ut =,
Cas e Mty | Uiy = 0;
k
A =10,
a!Eme "B
C Hﬂ B = 0
apr au,mau pOUfe, —0
n fefe

TFapMoHHK TakpuOla, SHHY aTOMIAD ¥3apo TAakCHP Kywiapid KBasH
lactuk fe6 xucobnaHraH xonma (2.37) €EHwiMaga OSupuiNu
WAFMHIMNAH 6ollKa XaMMa XaalapHy Taumad }oﬁopmu Kepak:

dnom = Nt “ i (2'37’)
2 un kk'aﬁ Caﬁu
Maskyp coxa aToMiIapy KMHETVK SHEPTHACH HHFHHIMCH
Ekmr i %zmk(“:‘u}z- (2.38)

nka

Kpamparyx (2.37) xypumnupa ubomanawraH E . #aH CWBKUL

BYiirua ONMHIAH X0CHIa MOC KBa3W 37IaCTHK KYYHH aHWKJIaimi:
k aE ZZnom

no < -
° T ouk,

na
TapMOHUK Takpubma KapalaéITaH aTOMJIAPHUHT KJIACCMK  Xapakar
TEHINaManapy, OMHOOapHH,

”‘*%ﬁ“ L ZC“H b (2.39)
KypuHumna G¥m6 (#=1,2,3,...,N; k_1,2,3,...,; =x,9,7), ynap 3sN T1a
HOMawIyM #5 yuyH 3sN Ta aucddepeHIMan TeHIIaManap CHCTEMAck-
HY TAlUKWI Kuiany. By xonma xaM TeHIaManap eMUMHAHA

£ =L g (g)eteme (2:40)
Jm,

YOIYBYY TYJIKUHIAp KYPUHHINIMAA TaCBHPAaiiMU3.

u




—1_— Af,‘ — TYPAY aTOMNIap XWJIK YYYH TYpiIH Gynraq rl_ A* — kom-
VM vy

- 2m . 5
TUIEKC aMMINTYda TALWIKWI 3TYBUMNApH, q = - TYIKUH BEKTOD
(i,- $icCH TYIKUHMA HOPMANHMHE GMPNMK BEKTOpM), © = a(§) = @, -

TaKpOPUIIUK.
by macanaHu euuilaH KeAMO YMKANMraH acocUii Haruxanapra

TYXTaNnaMu3:
A) bvp Ynyomny naHxapa TeOpaHULLIApH XONMIArMAEK, g Ba
§'= G + b, (6ynua Teckapu narxapa exTopu b, = g,b, + 8,6, + g,b;)

BEKTOp/ap TaBcUnaouran TYIKUHIAp Oup Oupu OunaH adHaHAMp,
STBHU

U (§') = upe (@) 41)
Bywn a, Ba I;K BEKTOp/aD TAlUKWI 3TyBYWIapM opacuiaru
BoFaHu1LIIap acocHpa UcOomiaul ocoH. JleMak, ¢ ra Gornuk 6ynraH
Hapya KaTTanuKiap AaBpwit Yarapaau, OyHia a, = a; éa 5x = 5, KUUYKK
KuHMaTnapH Kabyn Kuncak, ¢'a; =ga;, +2m  TEHNIMK  Kenub

uypkani. Jlemak, asoBuit naHxkapa TeOpaHULWIAPUHK  Taxaui
KWIraHOa ¢'d; HUHD KUiiMaTiapuHu

nsqas+m (i=123) (2.42)

OpanuKaa Kapanca 6ynan. By yura TeHrcuanuknap q — dpasomaru 6u-
pop XakMHY udonanaiiay. Yau 6rpuruu BpunniosH sonacu meMinany.

Kybuk kpucrawt yuyH (4, =a, =a,; & Ll a,,a, L a,a, L a,)
(2.42) TeHrcuaTMKIIAp y4Ta

<q, <+

(2.43)

Sl
B|A

WaknH1 ofag¥. By xomga OupuHuM BpuumiosH 30HaCH XaXMH
’ 3
Y

V; =l7 J Gynanu, 6yuna ¥, = a’ anementap Katak Xamxmu. Bouika

KpUCTan! Nanxapa y4yH KWIMHLAH XMCoG XaM XyAAM LIYHAAU, SIbHH
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(2n)’
¥V

o

udogaHu Gepanu (anbarra, V, — 30eMeHTap KaTak

o

Ve =

XKMM TYPJIM MaHXapanap y9yH Xap Xui).
b) (2.40) eunmuapHy (2.39) TeHmamanapra Kyiicak, HOMabIyM Al

amMnInTynanap yuyH 3sN 1a Oup XUHCAH YU3UFUM TeHIIamanap cucremMa-
CH XOCHJT 6Ynaau. YHUHT MabHWIN eUuMIapy MaBKya G6YIHIUM YUYH HO-
MabJIyMiap OJOMAArM KYIaifTyBYMNnapaaH TY3WIraH aHWKIOBYH (1eTep-
MUHaHT) Hojara TeHr OYIWILM 3apyp.

Yuu eunniiad @’ ra Hucbatau 3s ga-
pakani TeHMiaMa xocun ©Oynagu. By
TEHIIaMaHUHL 3§ eYMUra MoC paBMIL-
Ja ¢a3oBUi MaHXapa aTom/iapy Tedpa-
HULDIAPUHMHT 35 TapMOFM  MaBXyl
6ynanu.

by TapMoxiapHuHr ¢akat 3 Tacu
aKYCTHK, 3s5—3 Tacu ONTHK TapMOKiap
6ynanu.

Arap KpHMCTUUIHUHE 2JIeMeHTap
Kataruaa | atom 6yinca, dakar yuTa akycTHK TapMOK MaBxXyl Gynan,
arap aneMeHTap Kartakia 2 atoM (s=2) 6ynca, 3 Ta akycTUK Ba 3 Ta Of-
THK TapMOK 0yanu Ba X0K030.

Xap OWp TapMokmarum TYAKMHJIApHWMHE OMpu OYilnama (I €xu L
xapdu GunaH Genrwradann), MKKUTack KyHpanaur (f €ku T Xapdu
6unaH GenrunaHanu) 6ynanu. =

B) ¢ Huur GyHkuuscy 6YAMMUI @, XaM 0aBpHH Yarapaau:

w,(g+b,) =) (244)
bynaa Aj — uxTHEpUit TapMOK Benrucu.
') @ TakpopHItAUK ¢ HUHE XYDT GYHKUMACH
,(-9) = w,(q) (2.45)
By @, wdonanapura ¢ HUHT dakar XydT Napaxanapi KHpaan

JAeMaKIup.
) bpuamodH soHacugarw Xap Gup TeOpaHMULIAD TAPMOFM YUyH
,(g) = consi cHpTIap sicalli MyMKUH. By GMp XU TaKPOPHIVTHKHY €K1t

e 0 iy

2.7-unama. Y yI4oBIH DaHXapd
TCOPAHHMILTAPY TAPMOKAAPIS.

Oup xun sHeprii fiw, (g) = £(g) CHPTIADHUHT TY3WITHILM KPHCTULI
TYFPU NaHXapacH CUMMETPUSICUIa MyXMM Jiapaxana 6orIHK,
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E) 2.7- unamanan xypunvunma, 0, 4, C Ba ¢/ uyKranapna aii-
HULI MaBKyA, sbHu Oy Hykranapia OWp Heya TapMOKJIAp KeCHINaIW.
SiHa 1yHM aiiTinn Kepakku, @ (@) HVHT 3KCTpeMyMIaph BpuiuinosH

30HaCH Mapkasd Ba UETApAapyuia XaM, YHUHT ©Gabsd  WYKK
HyKramapuma (2.7- umsmaga M Ba M’ HyKranapna) xam Vpummu
OVIMIIN MYMIIH.
XX) By xonna XaM KpHCTALT acOCHH Co¥acyl CHpTHLATY uerapaBrii
mapmiapHy bopi- Kapmad Liapriapy Griad alMaurTupyuiani.
3) q-ba30HUHT KMUKK XAKMKIa TYEpY KeJTaH TeOpaHiiiap CoHuy
V

= 46
dz = d, (2.46)

G¥namy, GyHna V — KpHCTAUT COXAaCH XaXMi, dv, = dq.dg,dg, 3ca g-

Gazofaryt KUYMK XTKkM. BUp TapMOKIard TeBpaHMUIap TVAa COHY
z=N, 6apya TapMoKapAari TeOPAHKILTAD TYMIa COHY z=3sN, ABHY aco-
CHii coXa aromilapd 3PKMIUIMK [Apakalapd coHura TeHr (N —
CoXanary sneMeHTap SYeUKATap COHW, OUp aTOMHWHT 3PKUHIMK Ja-
paxac 3 ta fe6 xucobnanami).

2.4. Vzotpon KOHTHEAYM TavpuOHA2 KDHCTALIAPES Tebpaimmumiap
oo TYISIUSP

Maskyp GOGHMHT MyKammMMacyia alTIITaHWNEK, KPUCTAI [aH-
apa TMHaMMKacUMU TALKUKIAUIA UKKIHYH yeiayd — Gy KOHTHHHYM
TakpHO GYMHG, YHUHT acOCHAA KATTUK XUcM Oup 6yryH 2MacTHK TYy-
Tall MyXUTNaH ubopar JeraH Gapa3 €ranu. by Takpub KpHUCTawi MaH-
Kapack mouMutcKpaH aHya KarTa OYiraH, SeHM KPMCTAJUIHMHE aToM-
JIapMaH  y3wmMIaM TYSWIMINHHYA - xucolra  ojMaca  Oynagurad
Y3VHIMKIars TVIKUHIAP X0MMAa SHT SIXIN HatioKanap Oepani.

Bus kyliuna 1oHnap KpUCTULTMIA Y3YH aKyCTHK Ba y3yH ONTHI
TYJKHHIAD X0/UTapHHE KYPHO HKAMMA3:

A) YayH akyeruk TWIKUHIAD XOJMOA KOHTHHYa! TaKpuO SHACTHK-
JMK  HasapuficMHM Kywlamra Oapobapaup. Arap MyXWTHHHT 7
HYKTacuzla  sakrna cwokMmiae u(r,f) ue6 Genmwiacak, GUp XMIC,

H30TPOI, 3MacTHK KOHTHHUYM YUYH XOKMHUM Kywiap HyKmrugari
Xapakar TeHrIamacu

o
p %‘f—‘ = (M + A)graddivii + MV*@, (2.47)
[
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6yrga, M Ba A — A amd JIOUMHI KO3(GpHUMeHTIapy, p — OUp KIHC-
N KOHTMHUYMHWHE QOUMMI 3Uwivri (Oy TeHmama XakM OUpnvrd
YYYH E3WITaH, YHMHT YHT TOMOHM 2/JaCcTHIIIMK KywIapiHy Hdoaitmm).
ONaCTUIMNK, Ha3apusCUIaH MABIYMKH, Jive — 0 — XaXMHWUHL 7T

HyKTrana M%, HUCOMIA Yarepulin (KHACWIWLIK), %m; =@ zca Yua

HYKTaIa XaxM JIEMEHTUHHHD 6Up 6yTyn cudarima Gypridil Gypyari.

(2.47) TeHIIAMaHMHT Xap MKKY TOMOHKIA NUBepreHius (div) aMamiHu

Oaxapeak, 6 KUCIWIMI YUyH

9 _yivig (2.48)
ar’

TYIKMH TeHinama onamus, Oynma ¥, =+ QM +A)/p KucunHil

TYJNKMHIAPU TEINUTH.
(2.47) TeHIIaMaHUHI Xap MKKM TOMOHMIa pOTOp (rot) aMaiiMHH
Oaxapcax, Gypayur Oypuard ¢ yuyH

2 -
ZT‘ZP =V (2.49)

[~ F)

TYIKUH TeHIama XocWwil KWwiamua, OyHma V, = ’ﬁi Oypasiul
0

TYRKMHIApA TEINMrd. V)V, SKaHmMId paBLIaH, YyHKHM OupHHIM
XoJjila UKKHHYY XONTa HUcOaTaH AMACTURIIMK KapUIWINTK KarTaump.

Iy epma Tapkumwiall Kepakku, YOHr Momyau €ku Oyittama ana-
CTUKIVK Momymi F£ OmnaH M Ba A opacuia (uUzoTpon Mopmana)
MQGA +2M)

M+A
MOAYIUIapY XaM Y3apo GOFIUK, MONaNa MYCTakyI SNACTHKIAK MOIYJ-
Jiapy uxkkuTa (A Ba A €kl E Ba v, KelimHIU MoxyaHu [lyaccoH koag-
- A
T UM +AY
VAYaMUHWHT HUCOMH  YsrapyinyHM  OViinama YmyaMu  HUCOMIA
yaraprmra HucbaTuHW Owinupami.).

x YKy OYinal TapkaiaéTal SICCH TYIKUHHY Kapaiiik.

i = Asin{wt — gx). (2.50)

Ky#unary GoriaHMw Gop: F = . bonma asnacTHKITHK

dreHT  geifiianmy: v HaMyHa  KyHOQIaHT

BynnaH:
@ = divi = -A,(q) cos{wt — gx). (2.51)
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BA (/= — rofil = —A},}u[g—]cos(wt -gx) + Allzl,!kg- cos(wr - gx), (2.52)

1
2
Gynmaru J, Ba En -y Ba z YKyiap 6MpnvK Bexroprnapu. (2.51) aaH Kypu-
HHIUMYA, KUCUKIL TYIKMHNAPW KYHIANnaHT TYITKUHIApAKP.

(2.48) TeHrnaMa Ba (2.49) TEHMIaMaHWHI @ TalKWI 3TYBYWIAPH

Y4YH KYPMHMILM OMp XWiI, ILYHWHT YuyH (2.48) TeHIIaMaHW Kapab
YUKV KUGod. O KUCWIMW TYNTKMHIApHHM L Kuppanu Kybna
KapaliMua. X, y, 7 KOOpAMHatanap YKJIapuHW KyOHUHT KWppaiapu
6y#nab iyHantpamus. Yerapasuit wapriaapHy Gapya 6 Ta Ky6 éxuia
(x=y=2=0; x=y=z=1) 6=0 6YncuH 0ed TaHnaiMu3. (2.48) eunuMUHHU

B=Asin(at)sin( a x)sin(by)sin(cz) (2.53)
KYpUHMLLAA KWAMpaMK3. (2.53) Hy (2.48) ra Kyifcak,
w=val +6 +c* . (2.59)
Yerapasuii WapTiapHK KAHOATJIAHTUPMILL YUyH
al=nzn, bL=nm, cL=nm (2.55)
Ae6 onmin Kepak, OyHna my, ny,a; — GYTYH MycOar coHilap kW Hor; '
(2.55) By (2.54) udonara Kysamua:
® = %-Jnf 4 n§ + nf. (2.56)

Hj COHJIADHMHT Xap OWp yunurura MyaiisiH 0 TaKPOPUIIMKIM OuTTa
HOpMaUT TeBpaHHLll MOC KeJlaiy.

Arap n,,n,,n, coHnap karra G§ica, TeGpaHMULUIAP TYIKHUH Y3YHIHUIH
L nan anva kuunk 6ymanm, 6y o Takpo- T
pUIMK N coHnapra xyomu yanykcus
paBHLIIa GornaHraHaak 6ynagu.
nt+nl+n} =C? Genrumaw KupuT- s

o]

~H dc

m
caK, o :-IC_ 2.8-un3mana Taceup- M

JIaHraH Ky6 maHxapa (byHna dakar
(ny,my) TEKMCAMKIATH TYIVHIAp Ken- &

THPWIraH) TYTYHIAPHHKHT Xap 6upura 2.8-ynama.
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VAU 1, . COHTVIPIE KCIELT. AMMO TRNERAPHIT xap BHp 1y
H 1t BopA 1eGPAII MOC TYIILUIL #, COolLIap Karta Oyiiinim
XOAAD . b dey VAKPOPHIGIIK OPAIHIITa FYIPH Ke i 1eOpaniti Ly
coHnN anikaalinns. by cont koop itiar ok mpiam (€. CHdO) cie-
PHK KOl GALTATI IVIVHCAP colira TeHr. JIeMak, (o omide) opaiiikka
MOC KeA1ail OyHEAaMa ['C(\D;IHIIIIL‘I:ID coll
1 C%C I <
——————1 ¢ — o dm . (2.57)
b 2n'v!
(2.49) 1cHIASNAIA @ BEKTOPHIIG TAUUKICT ITYBUILapiia nocharan
XaM Oy xMcoB TyrpH, amMMoO OyHiId HMKKHTA TalKith JTvBuil Ov.Halii
VUV TCOPAHTILIAP COIIE XAM HKKH MapTa OPTHK:

glum)dn=

% .
2t — "dey . (2.58)

ry,

g, (edo =

Takpopiimi ap 1943 TaKCHMOTH dYHKLHSICH

3V y 7 5S¢
glw) - g (@)~ g () = ——w". (2.59)
2 vy,
ByH/1a
Syl foni} (2.60)
Vi 3|I v,

Vo= VPIAUQ TOBNI 1C 3.

B) “Jus koMniyal TakpHNG HOHAAP KVOHK KPUCT:LINIEL Vivii
OMTHK  TV.IKMITAD  TAPKLUIIENN  MACATACHHIT  Kapaitik  MDapas
KICTONIES: HOLLIAD KVOHK KpHeraaan xap 6up seeikaciiaa 2o’ ah-
BeKTHB JapSELIE . BA M, MACCALTN HKKH TYPAH HEMAN Lol tap Gop
Oyncntl. YiyH oHTHK TeOPaiungp CoXacHaard HotLiaplitine Gapya
SIMCHKALIDILIATTT NOPAKa tit OIpiatl, HIYBMHE yayl Oup  stuciiimin
HOLEIAP Napakarinm ekmnping kndaost.

U, W e MOC HIHOPUIT HOHAGP CIULANIN Byica, ¥ xonua

d’i i
m = -a)+re*E . (2.61)
dr”
o - -
m —— ==~ ~u)+e* L (2.620)
i
Bvina £ = 1onra funki Mo 1 KpneriiinHe Gotwka otLaply

TOMOLIL N tacHp 20Vt ek TN 3 IeKIpHK  MaioH,  fF-Kissi
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MCTUK Kyd Ko3ddmumenty. HOKopuaart WKKH ieHmamMaHi Gup-
GupHaaH aifupcak, Lo
d’s : — ;
m —=-fs+e*FE,. (2.63)
ar
Byuna, § =, ~d_.m;' =m;' +m’".
ANEXTPONHHAMMKANAH MAhlyMKW, MOHAAp KVOMK KplicTalixaa
apdexTus MaiIoH

E.-E +4T"P, 264

OyHna £ — OuaneKTpuKIard yprauya MainoH, KyronaHuill BCKTOpH

P=NJ*s+ak.], (2.65)

N, — KpUCTALTHHHT OUPAYK XAXMHAATH SYeiikanap coHH o = @, + O -
MEKTPOH KyTOaHysdaHnuK. (2.64) udonanu (2.65) ra kyicax.
= % P
5o k5 rok] T
= 4nN,
3
BesociTa YauaiNWHUATRH @ KaTTAIMKHI 4MKapUO Tawiail ydyu
IMEKTPHK HHIYKLUN BekTopy Hdoaack D=E +4nP = ¢f nau doii-

5. &=l g 2 ..
AnaHamul, OyHiaH P = 4—E . FOxopy TakpopuHAHKAM MaitaoHIA
7

(@ — =) MOHMAP YHWHT KeTnaaH ynrypub 6oponmaiian, wyHUHI Y4yi
s—0 6ynaaun. By xonaa,

e -1

(i e R (2.67)
N (e +2)
Ba
= 1 2 .
P=py E ¥ e -l g (2.68)
3 4n
(2.64) 8a (2.68) uponanapnan doittnancax,
= * 3
m S - s+ e +2) g . (2.69)
dr- 3

6yHaaru
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1! 2
o} =[£J_ Aige = (D) (2.70)

m, Om,

«HopManairai>  vetnaHul w = N n1, § . CTaTHK AWANEKTPUK

A0UMII € (w — 0), sLliH €, € = N. e M}— (2.71) kun-
m, 0]

puTHica, (2.69) teHrmamMa

u = -l W | F (272)
dr’ 4
KYPUHHLITA Kenaau Ba
- Fy—€. - € -
P=0 ..[¥w el ol (2.73)
"V 4n 4
oynami.
Moluap xapakaTiiKM TaxIna KHAHW YaYH
W=, +1, (2.74)
B
divw, = 0.r0iw, = 0 (2.75)

1e6 onamus. by xonna (2.72) nu

A — , £y
— (9, +W,) = ~wgw, -5 == W, (2.76)

KVPHIIILID KEITHPUOG, VU HKKHTAT aKpaTaMU3:
d’w,

L =~ W, , 2.767)
di- o !

S e (2.76™)
dr* €,

Arap W, B, HHY Acxp!i(qr'- ml)l sicclt TYNKUH  KYPUHILID

'\-.|"-.

TACBUPIACIK ), = @, B3 ), [ LL Keab unkaad. Mkkubumn

TOMOH L. (2.75) uapraapra Kypa.
dww, «  Aq -~ ().]

I 1 277
FOIW e ‘.1,.{; l 0]
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byuian /i, L g (convHonaan W, TYIKMH KVHALUIaHT), A,Hq (rioteil-
1HHAN TYAKWH OVitnaMa) SKaHAUTHHK KYpasits.

{%, ) \/7 (2.78)

Hic6arHi JnuacH - Cake - Tennep MyHocabaiu AcHIULN.
£,)€.. ByarannitaH GVitnamMa TYAKMHAQD TAKPOPUIIHTY ), KYHAATaHT

TVAKHHAAPHHIMIT @, OaH KatTa. Taxpubada o, HI Viyaid ocoH. 1uy-
HHUHT vayH (2.78) Hdolanad ©; HY aHWKIAW YavH  doiiganaiimiy
MYMKHH.

2.5. Kpucrana naipkapac TeOpaHMULIAPHHHHE KBAHT/IAHHWN.
Donomnap

Kpiictana atoMnapi TCOPaHULWIAPIIHKY DOLIKa yeya Bunan, auiai
KOPIYCKYSIP (3appaniiii) HYKTaW HasapaaH Kapad YMKIUL XaM MYM-
KitH. TYAKHHAAPHITHE 3appaBuit Xoccanapi KPHCTAT aToMAAPIHITIT
Xap KAHAa 1aKpopuidnukaant TebpaHulLaps  3HeprusicHiIig 1
KIS v {REanTi) Mvamkya Gyauuiavrnaa Hamoén Gviam. by
XOCCA KPHCT:LLT NAHAIPACHHHHE JIeNMEHTap 3appatap Om1an y3apo
TALCHPH KAPAEHMAD $IKKOA KypHHAnH. by xapaguitapaa kpuiciadiil
nalKapac y3 1eOpaHHULIAPH SHEPFHACHHUHT OUp KBAHTHHM (OaL3aH
KETMaA-KeT BUp Heun KBali1Hi) Gepanyt Ba LY KBAHT MHKIOPHYA DHEP-
sk onaau. JdeMak. KpHCTailia naikapac TeGpaHMUpIapH 3HEpLis-
cH KBanTaHTan Oymuu. Xvaan Epyrink TYAKMHMHEN €PYIINK KBalil-
napy — GoTorIap oKMMH cHDATIAA TACBMPAAHTAHHIY VXIHALL, KpPH-
CTaill NaHXapacit 1e0pantiuiapi HIeprusicl KBAaHTKHI B YHIa MOC
KBasu umbnyacira 3ra Gvaran ksasie 3appa — GOHON TYUIVHUACH KH-
pinuaran. PoHOH ¢yt 108V 3appacH Jerad MaLHOHH aHr Tl
DOHOHHHHT Sepiisic €, = o, GYANG. YHHHI KBA3H  HAIIYCH

£, =hg  BI Y TOBYID 1CKIUMIAQ XapakaT Kilaan Ae6 xucoB:ialianu.
£, BEKTOPHIHY KL HMITYIC 160 aHTIGIHWUIAHI Botich 1uyKiH, O1-

PHHYHAAH, Xap KT Kiasn sappaiap KaGu GoHotiap NakiKuii sap-
PAAAP.IAH TAIKIL LI CHETCMATAPAATiiHA MaBxy.l Gy:iaan. DonoH-
3P QAR KPUCTURIPIE I MABKY;L Oy, vaap kpuetaniaad (va-
citan, HYITIKKA) kO KeTa onMaiian. Xakykiuid sappanap — 3nck-
TPOFAIAP, ATOMIAD ¢ KPUCTANAAAH YHKUO KeTM6. YHNAH TaluKapHaa
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Maxyn 6yna onamu. MkkuHuMaH, KBasd 3appalap TYKHAIITaH1a KBa-
31 MMOyAbe cakaaHMaiign. DoHowmap 3ca y3apo TYKHaUIMG HyK
Oynanu, 6yHaa TYKHalWwraH QoHoHNapaaH 3Heprusicd dhapK KHIaanTraH,
GoLKa TaKPOPHILTHKIM SHTH (POHOH TYFMIALN.

OPKHH  3appaHWHI 3HEPIUSCH 3appa  MMIYAbCH HyHanuuHra
GOFNMKMAC, KBAa3M 3appaHMHT HEPrHsicd 3ca (KpUCTALIIA aromaap
AaBpHH  xoHnalrawIMrh  Tydaiay) KBasu  MMITyJbCra  aBpilt
GoFnaHran.

MoHotNap criMi MOMeHTIapH 6y/iMaraH sappaiap cudatiaa bo-
3e-DUHINTeH craTucTukacura 6yiicyHany. buHoGapuH, (oHokIap-

HUHT @, Takpopuitnikau, Ji), KBaHT SHEpIMsUIM XONaTaark COHH

Tnark wosacu 6unaH udonanaHaim:
Ty A rJ. 2.79)
I L

kT
L1y xonataaru Gapya hOHOHNAD SHEPTHACH:

"
E, =hw,N, =ho,[|exp o 1. (2.80)

exp

Oparna ywGy odHeprhgra #Ha Hoj 3Heprusi Ae6 atanamuraH Nad
KYUIIaau, yHna

— ha, 231)
e : ha, I‘I ’
s Pt
P%r

Kpucrann atomnapy TebpaHULIIapd TFakpopWMHIMKIapi opa-
JUFUHH €KY (DOHOHNAPHUHT 3JHEPreTMK CNEKTPHHI  aHHKMAMIHK.
Bynna Tte6panuumap takpopuitmry o, =0 naH fouuaHd, yaap-

HUHT HI KATTa TakpopUiNWUIY @, MaBxyd, OyHia TeGpaHHLi Takpo-

pHitAMKNApK COHHM (TaHnaHraH TapMok, yuyH) N aToMuaH HGopaT KpH-
cramipa 3N ra TeHr 6ynany. TakpopWUMIMKAAp TaKCHMMOTH 3HUWINTE
yuyit (2.59) ndonanu Kabyn Kuncak, y xonna

(.

f g@)dw = 3N . (2.82)
1]
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Makeuman @, TaKPOPUIANMK YpHUMa TaBCUOMiA TeMmepaTypa TYLUYH-
YacUHU KMpHTWIaNH:

8 =hw,/k. (2.83)
By 0 Temneparypatyu [JeGail TeMnepaTypacu aedunagd. Makcuman
TeOPaHKUILAAP TAKPOPUIAUKIAPH ©, Ba GUHODApUH 8 TYPIU KATTHMK
XKCMITAp YUYH TYPAHYAAUP.

2.1 - ucadsan

Kpyicranaap Tysunuum *© |6, K
Muc €MKy6 365
ATIOMUHMIA & MKY6 438
Harpwi X.M.KYG 164
MarHui [excarox 290
Fe XM.KYO 478
Ni & M.KyD 446
Ge QnMoc 377
Si OnMoc 674

DNeGaii TemnepaTypacu TYIUyH- 120
yacu KATTMK XUCM  (u3MKacu-
HUHT Kyn Macananapuia cdoiiga- 115
NaHWNaau. TaxpubaHuHr
kypcatunya, 6 Jlebak temmepa- 10
Typacu MyrnaK T TeMneparypara
GomiMk, paBuliga 6Gup  MyHua
y3rapany. Kynuunuk Kpucrannap
yyyH Oy GOFNaHMIL YHYA CE3WNap-  1on : I 1 I
M 3mac, aMMo 0ab3u XoJulapaa y ASTI L S
ceawnapan 6ynagu. Macanad, Me-  2.9-nisma. cBalt O TeMneparypact-
Tan In ydyH KenTupwiran 2.9- HIHE MYTAAK T ra Gormannwst.
yu3mMaga MacT Temneparypanap
coxacuna Jlebait Temriepatypacit 6(7) xaTTo MUHHMYMra 3ra Gynanu. ©
3aCTUKNMK LOMMUUNapura Gornuk, Kyunu atomnapapo TabCUPIIN
(onMoC) KPHCTANIapAa 8 HUHT KuitMaTth 10KopH.

0 HWHT Xap XM ycyn OunaH amuknaHrad KMiMaTiapu xam 6up-
GupraaH $apk Kunai.

Hebaid TemMnepatypacd 1okopu (7>6) sa nacr (7<0) TeMmeparypa
coxanapuHu  aXpatil Typanu. IOkopu TemuepaTypanapaa MyMKMH
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6ynran Gapua TakpopMHAMKUAry TeOpaHWILIAp MaBkya 6yianun, nact
Temnepatypaiapaa 3ca 7 ra Kapa6 myaitstH opanykaard tebpaHuiiiap-
rMHa yiroHraH Oynanu, T nacaituG GopraH caifvH yiiroHraH Tebpa-
HUILNAp OpaMFK TOpalnG (KMYMK TaKpOpHWIMKIap TOMOH) 6opany.
By xaTTHK XucMaap XoccalapuHu aHMKIALaa MyXMMINP.

Macananap Ba casoap

I. Kpucramn namxapacu goumuiicn a = 3-107""m, A = 10a 6ynraH
P
XON yuyyH, YM3WFMI COMIA MaHXapa Y4YH © TaKpPOPUHATHKHM
XucobnaHr.
ol -10 o ‘) _1n-26 o
i ) = i =
2. a=3-10"n, B =3m k2fc’, m=10kz xonma uuanruii

naHXxapana ToByLW Teanuru KaHaai 6ynann?

3. ¢ =n/2a 6ynranna ¢asaBuii Ba rypyxuii Teammkiap HUCOATUHU
AHUKJ1aHT?

4. B, =B, =B, m' =m"=m GynraHna UKKH XWI aTOMJIA NaHXa-

paa atomiap TeGpaHHLLINapy TaKPOPUIANIK KaHoah ndonanaHaan?

5. AToMnap TeGpaHMILNApK TapMOKJiapt HOMJIapM KaHoai acocaa
KeJING YHKKaH?

6. Yu ynyorny (ca3oBWii) KpUCTAIN MaHXapacd Xonupa Tebpa-
HULLIADHY TapMOHMK Takpubaa Kapawl YYyH MOTEHUWAT 3HEprus
KYPHHULLK KaHoaW 6ynanu?

7. Bupunuu bpunnioaH 3oHacy xaxmuHy aHuknaHr. Kybuk nan-
Xapa yuyH a = 3-10"""» ne6 xucobnanr?

8. ATOMMCTHK Ba KOHTUHYan ycnybiap TadoBYTMHU TYLLYHTUDUHT.

9. oHOHNAPHUHT (oToRNapaaH TadhoByTIapy KaHoan?

10. ebait Temneparypaci HUMaHU ndonanaiian? Y T Temnepary-

para 60FNMUKMHU?
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Il BOb
ORIUK CTATHCTHKA KOHYHJIAPU

Kyga kyn cotut 3appanapaad (Mojiekynajaap, aTromJiap, 3J€K-
TPOHAAP Ba XoKajofapiaH) TapKuOiaHraH cucreManap 6YnaMuil
MaKPOCKOMHK XUCMIAPHUHT XoccanapMHU Tapxubupary sappanap
Xoccalapy Ba Y3apo TabCUpHM acocuaa ypraHaduraH Gusmnka
OYNUMUHN cmamucmui Gu3uxa IeAUNaan.

KaTTuk XHCcMIap XyAa Ky MUKpO3appalapAaH TY3WITaHAHTU
MabiyM. UIYHUHr yYyH KaTTHK XUCM (DU3MKACHHK YpraHWIU Aa-
BOMM/IA CTATUCTHK KOHYHUATIAD MYyXUM YpUH TyTaau, 6uHOOapHH,
ynap xakuia, xeu OynMaraHaa, acocHi MamyMOT 6unaH TaHHIUUIL
anfarra 3apyp.

Kyn sappanapaas tapxubiaaHraH cucreMa 3appalapUHMHL Xap
OUp BaKT MOMEHTMAArH KOOpAMHaTa Ba TEIAHKIApUHM OwiHll
amanga 6axapub OVnMaliouraH Macana OYIMOrMHa KoaMaciaa,
OyHHall MabJlyMOT MaKpPOCHCTEMAa XOCCANApDUHHW aHMKIall UMKO-
HUHYU bepmarinu.

DByHnaii cucremanaphu TaiKMKJIAWAA SXTUMOMIMK TYIHYHYaCH -
ra acocHaHraH CTaTHETHK KOHYHUSATIAp OuwnaH W KYpHJanH.
IXTUMOIMK TacoAupHil Xoaucanapra (BoKeanapra) TerHILAH
6ynamy. MacanaH, uaean ra3 MoncKynafiapMHHMHT TYKHAWULIApK
Ba YHHHI aiiHM NadTAa KAHOA¥ Te3NMKKa (MMIynbcra, 3HEprusara)
ara 6ynuwnury Taconudni sokeanup. Tacoanduii BoKeanap My-
alisiH OXTUMOMIMK 6unaH jo3 Gepaar. bupop KatTanukHUHT Oupop
COH KMIMartura sra 6ynuuiury Tacoanduit Bokea 6ynagu. byHnai
KaTTantuknapHu Ttacopuduil xartranvknap Aeunanu. Mosexyna-
HHMHT TYKHAWUWKHY Tacoanduil BoKea AeAWK, ByHIa YHHUHT Tes-
JIMTY XaM TacomudaH yarapamu, AeMak Te3NMK Tacoauduii Karra-
JIUKIUP.

Babau 6up dusuk karranuxnap Tacopuduil 6yaraHu Xonga ya-

JIYKCH3 €KW Y3UNUUUIA KMEMaTAAD CTEKTpMra ara GYIMILM MyM-
KHH.
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CTaTUCTHK Hasapusilap acocaH TacoaAMpHUii  BOKEANAPHUHT
Y3MHM 3Mac, Ganku ynaapHu Tascudnaiimiean Tacoauduii Karra-
JIUKNApHI TaOKUK KUIaOH.

Bupop racoanduii sBoxkea N Ta cuHosaa n; Mapra 103 bepca,
MaTeMaTUK IXTHMOJTUK

W, = lim =
N—e N (3.1

KYpUHWUWAa ndpoanaHaam.

Ddusnkaga Tacoanduit KaTTaNUK KYMMHYa BakT Vruuid GuiiaH
y3rapn6 Gopaau. Y xonga cMCTeMaHWHT Bupop XosiaTda BYAUILIHK
IXTUMONAUTH

W= lim &%,
Toe T (3.2)

OyHaa T — KysaTWlu TY1a BaKTH, A7 — CHMCTEMAaHW Ma3Kyp Xojatia
6ynuu BaKTH.

DXTUMONNMK HazapMsiCMAa, CTAaTMCTMKAaAA TAKCHMOT (YHKUUSICH
TYLUYHYACH MapKasui YpUH TyTaau.

Tacoaucuit  kaTranuk  GMp-6upura  sIKMH  Xyaa  KyNl
KiitMaTnapra (y3nykcus crnekTpra) ara 6§auwu MyMkuH. by xonna
Wy KaTTATWKHWHT MYMKWH OyiraH KMHMATIapMHWHD KaHaanaup
OpAIUFHAArK KMitMaTiapra sra 6y 3XTHMONIUIKY XaKWAa rant-
pHiu MyMKHH. Macanal, X KaTTUIMKHUHT (MoJeKyjla KoopaMHara-
CHHMHI) X, X+Ax opanuxaa Oynuw sxtumonnurn AW(x) opxanu
Gearunadaad. Arap 0y SXTUMOJUIMK YEKCU3 KMUMK dx opanukia
Kapaica, yHu dW(x) opkaiu OeiaruvnaHanv. dw(x) 3XTUMOIHK X
HUHT KMiMaTH dyHKuMsAcK fx) 6Ynaan Ba dx opanuKKa nponop-
uMoHan 6ynaau:

dW(x)=f(x)dx. (3.3)

JleMak, Ma3Kyp TaCOAMGbMIt KATTAUIMKHUHE 3XTHUMOJUTHKIAPHHHUHT
fapua KMIMATnapH TakCMMOTHHM fx) dyHKUMS TaBcU@naiiov, yHM
TAKCHMOT (hYHKUMSICH €K1 IXTUMOJUTMK 3UWINIY JeHrnani:

JOx)=dW(x)/dx (3.4)

By TakcHMOT (YHKUMSCHHUHT TYPAU XOMUIAPJIFK KYPHHUILIHN
AHMIGIAL CTATHCTHK (H3MKaHUHT acocHit BasHdacump.
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Tacomnduii  KartwimkuuHr — Gapya MMKONLIT  KMAMaTIapK
SNTHMOMUTMKIAOPU  HHIHHAICH  (MHTerpany)  HUIOHWIH  BOKea
IXTHMOJITUIUNA, sTEHU | 1a 1enr Bvnami:

Y W)= ik _[f(,\-)d.\- =1 (3.5)
1 — oo
By udonann HopMaau (Mebeprant) waprTu genaaLi.
Taconnduii KarTamiKHMHE YpTaya KUHAMATIapUHK aHMKJAL
RVID MyXMM Macani, “yHKIf CTaTMCTMKA Xucobnaab uukasmratl
Vpraya KaTTanukiap repMoalitaMAK (MakKpoOcKOMUK) CUCTemanap
XOnaTuHi aHUKAaii oy KatTanMkiapra Terr 6ynanu. Ly Tapspa

CTATHCTHUK q)ll'.ilrll(il TCPMOIHHAMMK  KaTTaNUKIAPHUHT d)H’JI/lK
MABHOCHHH TYHIVHT P

3.1. Tacoudimit RATTAAHKIAPHHAT YPTaua KHIMATIAPH

Tacoandmii x kaTranuk N Ta cHHoBAOAa (Ky3aTWILAa) w
INTHMOATHK Bisian ny Map1a x| KUAMAartHU, wy 3XTUMOJNNK OK1-
A0H 1> MapTa xp KIEMaTHI Ba XOKa30, HHXOAT, Wi DXTHMOJUIMK
Ginan s, sapta x;  KuiiMaTHu onanurad 6yncuH. Y xonaa N Ta
CHIHOBJA Xx TacojiMpUIK KaTTanIIK oJaluralH KuiMaTaap HUrFHIHANCH

X[y + XoHat....+ Xplig,

OMp cinonra TVIPH KejaaMrad yprava Kl}iﬁMaT

- Xim + Xqly + X Ny
X = =
N

(3.6)
N karta 6vVnca, X OMpPOp TaWMHIM NUMMT"a (YcrapaBMii
KHITMATIa) {HHTHAADM:

o _— .y
lim X =x, lim —+x; lim —=+... +x,
N N o= N Noe N ] (3.7)

Onaraa N xyna karia 1e6 xucobnanunb, ypraua Kuiimar

&
= z X, W, (3.71

=1

KVpUHMWAA MdosanaHany.
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Arap TacoanBUR Karra ik (Maciniall, s MOAeKYAGCH Te s -
i) vanykens yarapaanian 6vaca (3.7'yisin mrnnsit miterpat
Buian anmauitiipunaan:

X = J’_\ﬁlw (x) = J'.\_'/'( vy . (3.8)
X TacogM@MH  KATIAANKHMUT  KBAAPATIE  ¥PIavach Kyl
lidopanap 6¥itua TomiaaL:
—. i iy -
[ a2 ): z \,“u" EKi [.\“ ] : f iy

WWysmrirzek, x HUHE F(x) pyRKimsicy Yprayactn Xisi XUCOBAaI 11
MYMKIHN:

(3.

y A
F= Z Fix, )w; €xun
H4 (3.10)

F= f Fx)ftx)dx

+

AKyua kyn xoanappa Vpraya KuilMaTOaH YeT/aHULLIapHH
Kapaur kepak 6yraau. AMMO, ypravya yeTNaHMLI XaMMa BaKT HOJ

KuiimMat Gepaau:
' 3.11)

: . .
- Xy s 0o~ NMixddx = | xfix)dy - X f fix)dx = ¥ - X = 0.
-2 -+ -+

YpravajgaH 4eTNaHMUl KBaAPAaTMHUHT YPTayacHHM Taconudii
KATTAHKIPMHI AMCNepeUscy geiinnamyi:

= - —. == = 3.2
An Z (N ==, au Aax - = J(\' - \'Il,/(\}{/.\‘. (3.12)
PR
By nidroatintin KKatacH Xam
——=1 S T = 31
Ax  =(X -X)° = x° - X- (3.127)

KVprtsana Ke 1Ut.
ﬂlICIIL‘DCH&I[lZIII OAWHTALL KB IO LT sEE, (I)IUHK Kat K-

nap Kapa transi, GAayKTyaiig e Hiiaing



f(.\- - flaydy - (3.13)

Jﬁ = Ji (x, = .'\'"J:u-J ea \ET_E =

3.2. TakcrmoT QYHKUHANAPH MHCOAADH

CraticriikauuHr acocuil BasudanapuaaH Oupu Tacoaudmii
KaTTAUIMKIAD TAaKCHMOT GYHKUMSNApUHM aHWKAaWauMp. bus 6up
Heya Mucoanap 6unaH verapataHUMHu3.

. [lvaccon maxcumomu. by TakcUMOT, MacanaH, Ma3kyp

XOKMAArn MojleKynasiap COHU €KM MyaiisiH BakTAa OYFNaHWO KeT-
TaH 3appanap MHKAOPMHU TaCBUpRaiAW. YHUHT KYPUHULLIK:

wix)=( a* /x)e 9. (3.14)

byugart @ TacomMduii  x KaTTAIMKHMHT  Ypraua X
KiiiMaTiapuisu udonanakiiural Y3rapMac coH: a=Xx.

2. Jxcnonenuuas maxcumom, ByHna# TakcMMOT, Macanah, pa-
OMOAKTHE NAPYUIAHUW, PefakcalMoH Xoucanap, Mofekyaajap
COHHHHUHT OanaHANUK OYyidMuya Y3rapUIIMHK  TEKWHpMAraHaa
YPUHNN GYNaaH. YHUHT KYPHHUILY:

ftx)=const e ®* (< x <o) (3.15)

Hopmanaw waprunan  const=ct, 6UHOBAPUH,

fix) = 198 TOY (0 x<e ga) (3.151)
0 (x,-0= < x <0 na),
Bynnaii takcumor yuyH ¥ = l, WIYHUHT YUYH
a
f(X)=—e T (315 440

P

3. Tayec mawcumomu. By Takeumot
XaTONMKIIAP HAsapisichiia, Fa3a TeUUK-

JIap  NPOCKUMsUIapU  TaKCHATAHUILIMAA, %
6p_oyu NApaKariaa  yypaitad.  YHMHr | X x4+ dx
KVPHHHILIL

3.]-‘[“}\lil BKCMOLCHLRT

TAKCHMOT rpadpririi.

Jtx)=const C_Bx-. (3.16)



Hopmanau wapru consl:Jﬁ HH, YpTayanawy 2 - 2'_/;
n
KHidMaTaapHu Gepaan Ba ysui-kecua layce TaKCMMOTH
2
Fx) = J e (3.16)
2 x?
KYPUHUILHKW Onanu.  f(x)
4. Meama - ghynxuus.  8(x-xg)
KYpUHUIWaa GenrunaHagurad Oy
byRKUMs x=x; HyKTagaH 6oiuka
Gapya HyKTanapoa Hoara TeHr ga |
ra HopMasnaHras. X
% | 0
S (x - Y P = 3.17 3.2-qmsMa. Favee TakcHMOTH
J‘é(,\ Ngldy =1, ( ) e B,
I!-‘{.r]ﬁ(.\- - Xg)dx = Fxy) - (3-13)
byHaa
J(x) = 8(x = xy) - (-1
By «ypunrannapman  6Gomka ¢yHKUMANAp Ba  TaKCMMOT

KOHyHapH mMaTemaTHKa Ba husMkaza KYn yypaniu.
3.3. Bup newa Tacomndmii KATTAIMKAAP Y4YH TAKCHMOT QYHKUMACH

Yura x,y,z Myctakun Tacoauduil KaTTATMKHUHI GUp BaKTaa
dx,dy, dz opanukiapaa 6yini 3XTUMOJJIMTH

dW(x,y,2)=d W(x)dW(y)d W) SN dxdydz,  (3.20)
TAKCHUMOT (PYHKIIUACU
_ dW (x,¥.2)
Sy DN~ o (g

. Ta MycTaku TaconuMpuii KaTTaaukaap y4yH TakCUMOT DVHKLIMSI-
CU  H-YAUOBIH

JOX N )=IO). ) (3.22)
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6ynand. by QyHkUMINAD YUYH ONAMIIKHIEK HOPMMUIALS 11ApTH €31~
Jlaly, YpTaua KaTTanikAapH TOIKI KOMAAIaps ypiitau Oyaal.

3.4. MaKcBeaa TakCHMOTH
CTaTMCTHK GU3MKa Tapu- Y

XHaa OupuHum 6ynu6 Mak-
CBENN MAEaJ Ta3 MojeKyaana-

PUHUHT  Te3nuknap OViiuua mﬁ]
TaKCUMOTHHH KeATUpUo 4

yukapradH. Cyurpa, bonumad / g%
Bupop moTeHUMal MaraoHdaru -V,
viean rasHu Kapab, Makcsenn X
TakcuMOTHHU Gy xomra Tag- /.

6ukgarad. by takcumornapaan © Ve

apUM Xomlapaa KaTTHUK XMCM 3 3-yusmie TeuankIap Gy
¢M3“Kac”ﬂa XaM CaMaszTM TAKCHMOTEL A01ID.

doinananunanu. 1y cababman Gy TakeumoTa: p Gunan TanHKnL
Kepaxk 6ynanu.

Mannymky uaean rasz monekynanapu Macotdana ysapo Tancup-
JawMaianrad, TaptHGCU3 XapakaTgark 3pKMH 3appasiap 6ynu6.
yNnap TYKHalraHAapaarkiHa 3AacTMK Y3apo Tabeup o3 Gepam. a3
MyBO3aHaTAa neb xpucobnaimus.

Teanuknap asocuna MonekynaHu Te3aurd Ox YK 6YHHua
TALIKWI 3TYBUUCUHUHT Vy, Vitdv, Opanuxia By 3XTUMONANTH

AW(v)=I V2 Jdv, (3.23)

2
Oynanit, ByHaa f(Vy ) TAKCUMOT QYHKUHICH Vi HUHE KaTTailM-

1
rura Gornauk Oynagn, xojoc, WYHHHT yuyH y Vi ra 6Goring

6¥nuIKM Kepak. Xyuni WYHHHLAEK Moaekyna tesnurn Ov Ba Oz YK
Gy#inua TaWKUA STYBYMAAPHHHRT vy vy +dvy, v, v-tdv- opannkiapna
OYAKUUTUTH IXTUMOITHKIAPH:
1
AW(w)=fl Vy Jdv, 8 Wv)=f(VE Jdv..  (3.24)
2 2
Bapua #iyHanuuinap TeHr Xykyxan 6varaniaan FL vy ). iV,

2 v "
SV ) dyHkumsiiap GHp XN KYpUHUILAA GVANILIAUTH Kepak.
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Mostekyaannin residrn Tayikia sryBumiap 61p BakTia vy,
Ve tdvy, Vi, Ve tdv v, votdv opanukiIapaa GVanW 9XTMMOJLIWTH:

Vv vl = F e ) Sl dy, dye (3.25)

a 2
Mikntun TOMOHIAH, MONeKy/ia If? + WL ¥y TE3NUTHHUAHT

dv_\dy,dv_. Te3KAap $aszocH XxaxMmuaa 6yanLn 3XTHMOJIHMIN:

b o= Jr“-? 4 1-5 + p_; Jdv  dv dv. - (3.26)
(3.25) Ba (3.26) udonany coaganaliTUpcak,
firwinswiy= fivevieviy= fov?) (3.27)
By Tenrnamaun
: Lo ] L ; Ly
v ) = e g Yl B S YR
Ba
et sy = [ B B = v

dW (v )= Ae © dv dv .dv.
QyHKLUBIIAP KaHOoATAaHTHpaan. HopManaul UHTerpaiv siKMHNaysyH
oyannnniry o=-3<0 TanabHu KVsULM.

f 15
n )

Monckynauuur nxtvépui | iiVHanuinaary TE3JIMTM TaluKM-
JIOBYMCIH YUVH

Hopsanam waptuaau: 1 =

1
/(\’/2)=[-£—]lc_'rh" (5.28)

TesHMKHHHET MYTAOK KMilMard OYViiMua TakKCHMMOTHM TOMMLU
yuyH ciepHK Koopadtaranapra yramus, Oynaa
dv ,dv dv =v2dv sin6dfde
B2
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dW(v,0,0 )4~ P v2dy sinodede.

Mosekynanap xapakath u3oTpon GYIraHaurd yuyH Gypyaxnap
6y¥irya nyTerpannaw Gaxapcak,

dwW(v) =4nAe'B"1v2dv (3.29)
Jlemak, 6y X0n YUyH TaKCUMOT (GYHKLMACK

f(v) =4nav2e P’ (3.30)

ha | b

éku A= [E] 3KaHIUTK 35THOOpra oinHea,
T

|
/}

3 ;
f(v) = 4{ ﬁ? vie B (3.30)

Hly TakxcumMoTHM MakcBens TakeMMOTH Aefivnand. Bywmarn f
napaMeTrp MytaoK T Temneparypa OuiaH OomnaHran. bLydu
KYpcaTHill YUYH MOJIEKYJIANapHUHT MAKWW OeBOPUHUHT | cm2 ra 1 ¢
Jla ypunuiuuga Sepagurad WMnyjicu — 6ocuMu Xxycobnanaau:

migy

26

: (3.31)

Bynpa, m — monexyna maccack, p ny — | cM3 maru monekynaiap
COHHW, p — GocuM. (3.31) udomaHu mmean ras XojaT TeHrjlamacu

PV-RT 6unau Takkocnacak, oxubaraa V
m

SR 2
B KT (3.32)

I

MyHOCa0at ket “uKani.
SHIH
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N J;I___J (3.28)

|
| 27kl 247

P=mv(mv, mv, mv.) UMOYIC OPKIH, F=mv%2 knueink
3HEPIHs OpKati MakeBe/ TaKCHMOTH KYHIIarnya  €3ud o fMHaAH:

Sl =F2 | (3.33)
fip)y=4m Qb ) =1 ..‘\p[ TmiT ,l[
SUE) = [—2 JE exp ;'r—J (3.34)
L k1

MakeBean TakcHMOTH aCOCHIa XAPaKTEPHMCTHK TC3IHKIADHU
TOMMO ONMHAaLH.

. df(v)
L. DHr axTUMON TesnuK i =0 1waptuian TONMAAAM, ¥V
dv
MakeBean TakeMoTiH MakcHMyMira TYEpW Kenanu. (3.307) pan:
25T -
Vg = \/ . (3.35)
m
2. Ypraua Tesuk Kyitnuarn idogaiy aHUuKIaimm:
S 8kT
§ = J\f(\/)dv = ,l— (3.30)
¥V im
0
3. Vpraua kBanpatik te s
= 72 3kT o
v :J-v'f(v)dv= . (3.37)
¥ 1

4. MoJlekVJaHUHT HArApHALHME XapakaTH ypTauya KHHCETHK
FHEPTHSICHHM XaM aHMKIALL MYMKHIL. Y ypTava KBaApaTHK TC3nK
opKaiu MOAATAHHLUIK MABIVM:

mv?
I =
A 5

kT . (3.38)

|q|'.,a
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femak, E, Monekyna tabuatira Goravk dSmac, dakart ras-
HUHT MyTIoK T TeMneparypacura nponopur{oHa.

5. MakeBens TakcMMoTH acockia ypraua HMCOKM Te3NMKIapHH
XaM aHUKJIall MYMKKWH:

GHH{' — ﬁ-‘? (3.39)

3.5.KnaccHK cTatHCTEK QHU3NKAHHHT aCOCHi
TacasByprapy

OnarH aWTWO yTUraHunek, Ky COHNY 3appanap Xxapakamiapu
XaKMOard MacalaHM MexaHMKa eya OnMaiau, YHH CTaTMCTUK ycyanap
6rnan eunnaay. Cratuctvk dmavkana GUp Heya MyXUM TyllyHYanap
KHUPUTHARAH.

DU3KUK CUCTEMAHUHT MYBO3aHATHH X0NaTnapuaa Typau Makpo-
CKOTIMK napameTpnap y3rapmaiau. MacanaH, TEPMOOWHAMUK, KH-
MEBMIA EKM MeXaHHWK MyBO3aHaTlap MaBxyia. Mucon yuyH, maskyp
XAKMAATH Ta3HUHT TepMOOUHAMWK MYBO3aHATHAA CHUCTEMaHMHT
TeMneparypa Ba 6ocuMuW Y3rapMaiaou. FasHMHTI Xap Kanlad MyBo-
3aHaTUHA MAKPOCKOTIMK XOJATUTS MOJNEKYAUIADHUHT Kyda KYn Typ-
JM Ba3uATAApH Ba XapakaTiapy TYFDM Kenaau, ‘IlyHKH MojekyJjia-
nap yanyKcu3 Xapakat Kunub Typanu, TYKHawnwand, 6uHobapHH,
yAap ¥3 XoinapuHU Ba TEIAUKIAPMHU Y3rapTvpub Typaou, aMMo
CHCTEMAHKHT Makpoxonaty yarapmaiou. [emak, 6UTTa Makpocko-
MUK XojaTra Xyda Ky MWKDOXONaTAap MOC Kelaiu, Xap KaHaail
MaKPOCKOMUWK  KaTTaiHkIap MMUKPOCKOMMHK  KATTaIMKIAApHUHT
dyHKUMsINapK GYnanu.

CucteMaHUHT OGMp MakpoXonaTMra TYFPH  KeNraH MUK-
poxosariap TYnIamMy cTaTUCTUK aHcaMbn aeb atanraH.

Ma3kyp cucreMa MakpoxonaTHra MOC KejiraH MHKpOXonariap
COHWHH TEPMOAUHAMUK 3XTUMOIIHUK LEHUNAnH.

Cratuctik dhusukaga daszanap $asocy Jeras TywyHua 6op.

Mucon ydyd, MonekynaHM HyKTaBW#l 3appa 0e6 Kapacak,
YHUHT 3 Ta KOOpAMHATACH Ba 3 Ta MMMOYAC TALIKKA 3TYBYMJApK
Bop. Arap KoopavHaTanap Ba uMiyicaap gaszock dapasuil TYWIyH-
YAaCHHU KUpHTUNCa, BUp MoNeKylaHUHr XoJlaTh 6 Ta ynauoB (6 Ta
dazanap ¢asocu KoopauHaTanapu) OpKAAKM AaHMKAAHaoW. Arap
cuctema N’ Ta MonekynagaH (aromnaH) uGopaT 6yica, yAapHUHT
xonatnapuy 6NTa katranuk amuknaiinn, 6yHma dapasuit 6N-
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YIMOBAK (X}, X3,...,X, KoopanHataiy) uaziap hasoch TyuycH
KHUPHTUNaAK Ba Oy daszoga cHcTeMaHHHT OHP MUKPOXOMTH HYKITA
bunan TacBupnaHaan, yHu ¢asza xam aciimnaut. asanap gasocn
A3 KHYUK dx|, dx,,....dx, xaxmra axparamus. By xomua cucreMa-
HIUHT 1y KMcMuaga OYNHIUAHCH SXTHMOJUTHEH

W(xl » X r---;XﬁN} = \V(Xl s X2 o2 XoN )d.x‘ o fl.\'z .A..,(/,\'()All (34())
6N

6ynagn. Yuu KUCKAPOK KHANG
dW(x)=w(x)(dx)5N (3.407)

K¥pUHULIAA  udosanaHanu, W(X)-3XTUMOJUIUK  3UUNMIM  EKH
TaKCUMOT DYHKUMSACUIUP.

CucreManuur dasanap dasocMHMHr yeknu [ xaxmaa 6yaniu
SXTUMOJUIMIHU

aw (U= [dir (x)= [wexocas )oY - (3.41)
r r

By Xonaa HopManall apTu:

[wix)de )oY =1- (3.42)

r— e

®Dazanap ¢Ga3ocHHUHE OUPAMK XaXMMUIArKd Hykranap (MWK-
poxonatiap) coHM p 6yncuH. CTaTUCTUKaHWHT MYXMM TEOpeMana-
puaan 6upu JInyBuan TeopeMacu TacaMiaifan:
dp _
clt
6ynaaM, sbHU Gasanap dasocuaard KMUYMK Xaxmua BagTl YTHUIIW
61naH Kyuya 60pHb V3 KATTAIMIMHIK CakJaMau:

(dx )N = (dr)f? . (3.43)

JlyBuin TeopeMacuaaH Kyiuaary Haruxa Ocpocura Kenamd
YMKALM: TAKCUMOT (PYHKLIMSICY yMymilaluiad g, KOOpPAMHATAIAp Ba
p; MMNYACAAPHUHT BakKT YTULIM BGuiaH y3rapmaitonran Gupnaiuma-
napi opkanu udoaanaHMILK Kepak. PaKaT XapakKaTHHHI MEXaHMK
HHTerpaniapM wiyHaai xoccara araaup. TakcHMOT dYHKILMSICH LIy

Ma3zanap TpaekTopusich 0OVitnab xapakarnadraHaa
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waverpanra Sormik Oy Ba GHHOOAPUH, V3K XaM Xapakatr WH-
Terpani OVnmumn Kepak. Jdemak, MyBO3aHaT LIAPOMTHAA TaKCHMOT
DYHKLUMACHHH Ba CHCTEMA XOJNIATHHH 3MEPTHS AHHKAAW KepaK.
Makpockonuk  kattanuknap  dasanap  (pasocu  OyiiMua
YPTAMANALWTHPHATAH MUKPOCKOIIMK KATTAIMKKA TeHr Gynagu. Ma-
canar, Xap Kanaaii MHkpockonuk busmk F karranuk F(x) QyHk-
LUHSIHMHT ypTadack cudaruaa aHuKAaHagu:
— X
F=F"= jl-'(.\-)w(.\- Yiv = F! = '—jf‘(x,:)dt . (3.44)
I T
Bakr Gyitnua ga aHcaMbn 6Yiinya YpTaya KuAMaTHapHHRr ai-
HAHRHTH 3proavk dapas aehunanu.

3.6. I'HOOCHHHT KAHOHHK TAKCHMOTH

Tepmoctatna  XoiinaHran  M30TEPMHK  cucreMa  YuayH  w(X)
TAKCUMOT (hyHKUMSICHHW Tonaitnuk. KapananuraH cuteMaHy siaia
KATTA CMCTEMAHWHT KaHAaiaup KucMu ge6 xucobnamani. by
KHCMHHM MKKWTa X' Ba x™ cucTeMayanapra axpartaMiid. by cncreMa-
yanapaa TakcrmoT GYHKUMSNApU yAapHWHT Tyna H(x,a)  3Hep-
rhsiapura 6oruk ne6 xucobnaimMui, abHU

w(x) = w(H'(x",a")), (3.43)

w(x”) = w(H"(x",a")). (3.40)

byHna x — cucremaHWHr 6N Ta (MuKW) napameTpH, d
TallkW napaMerpiapu.
30TepMUK cHCTEMAHUHT TYNa 3Hepruacy

H(x.a)=H'(x,dY+ H(x".d") +V}3 (3.47)
bynnarn ¥, — chcTemavanap opacumaryt y3apo Tabeip sHep-

risict. Yuu H” Ba H” ra Hucbatan xMuMK KUAHLL YUyH TH3HMua-
nap etapayya Karra KManb onwnami. Lynaaii xuau6,

H=H+H" (3.48)
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MycTakun MUKyl TH3MM4anaH HMOopar TH3KUM YUyl TakCHMOTI
PyHKUKACH
w(H+H)=w( I{)w( ). (3.49)

(3.49) Hu aorapudmnad, cyur audpdeperinraninanmms;
Inw(H+H")=lnw(H )-+Inw( "),
dinw(H'+H")=dinw(H’)+dinw(H")

exu [Inw(H+H ) (dH+dH)=[Inw(H ) 'dH +{Inw(H{")] dI".

dH' Ba dH" nnddepeHumnannap Mycrakua Ho.ra aidaaHuinM
MYMKHH 1e6 Xmcobnab,

[Inw(H+ 1)) =[lnw(H ) ['=[Inw(H ) ]'=a

MYHOCaBaTHU ofaMu3, OyHIa o — KaHAaikaup yarapMac KaTTaik,
UYHKW TypAWd aprymMeHTiu ¢GyHkuvsinap xocunacu dakar yiiap
yarapmac 6¥naraHaaruHa 6up-6upura TeHr 6§na onaau.

OXHpPTY TEHIMUKHU MHTErpasiacak,

Inw(H)=aH+3 (3.50)

Hdroia xocun 6ynaau, OyHaaH:

aH +f

w(x)=e (3.51)

by wndomana o<0 O6yIMILM  HopManali WAapTHAAH Keaud
YUKHMIIM PABLIAH, IWYHUHT YYYH KyHuaarnua 6enrviail KHAanMis:

(V8
tn

el ks gi=t (3.32)

a o

S (3.51) udona

&=
—_~
-
~—
]
o

i3
—
(7]
'
]
-



KYpUHUIITa Kenaan. by udonann FMOBCHUHT KAHOHWK TaKCHMMOTH

AeHKUNaAN. 0 HU KAKOHWK TAKCUMOT MONYIU NeHMnany. y NOM-
MMWAHM HOPManaill WApTHAAH aHUKJIaHALK:

Jrutxndc®¥ =1. (3.54)
r
[u66c KaHOHWMK  TAKCHMMOTMHW  KenTupub  yuxapuuija
KapanaéTraH cucremalga V3apo TabCUp KWYKMK Ba Temrepartypa
DoMUY 1e6 xucobnaHanu.
3appanap Gup-6upuaaH dapxiaaHMaBaMral Xonana (MacanaH.
3NEKTPOHNAP a3W Kapairania) QapkjaHanauraH xongarura Hucba-

TaH YpHH anMawThpuliap coHn N/ mapta Kam, WYHMHT yuyH Oy
Xonaa

w=H

1
w(x) =—1\TE g . (3.55)

aMMo I/N! kyn xonma HopManaHaauMraH AOMMHHra TaLCHP
KWJIMahaM Ba YHY TYWUPHO KONAMPHIN MYMKHH.

SHAn nbbc KaHOHMK TAKCMMOTMHMHI acocuil xoccamnaph Ba
HaTWXKaNapH ycTuaa TYXTanamus.

. (3.54) Hopmanaw wapTuaaH TalkM @ napaMmetp OYIiMua
AndbdepeHunan oncak, cyHr yHu 0 ra TeHriacax,

v | 19__'1 (3.56)
day Jo | dag |,
=TT

\a"“ o

yMyMaauirad A Kyd ndoaacuuu Gepagu, KN

MyHOCabaT Renud unKaiH. Xocuna yprada (TepMOAHHAMIIK)

day

&

= 1 "L) (3.57)
[ dag )y

2. fna HopManaul wapTMHM 6 &¥itnua aunddepennuania0,
CVHT HOAa TeHTJacak,
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o[”—”’ - (3.58)
a(d‘;‘

MyHocabaT Kenub YMKaai. AMMO, CHCTCMAHHHI YPTata HHCprusicu

H wvuky tepmoanbamuk U sneprusira TeHr GVAraruiHrmg yuyH
Ay )
U=y-08 — (3.59)
y [ 30 J

3. OnauH kypranuMusaex, KaHgaianp F (x,.a) OYyHKUMSIHUHT
ypTaya KumatH

w-H
=IF(x.n)e 0 (dv OV . (3.60)
r
vdonanaH aHMKNAHAIK.
4. (3.60) udona 6yitnya:
AENN
N H - H 3.61
T (F ~F ) B ( )
5. UWlyHunraex,
(dF ) (aF) 1 — [ 3H OH )
= e O e N B . 3.62
lz?aJ{) LBaJO 9( LH auJ ! )

KaHOHMK TaKCMMOTHMHI napaMeTpnapu 6 Ba i HUHIC H3UK
MabHOCHHIT aHUKIaWAUK.
1. Tubbc TakcMMOT KOHYHW, TEPMOAMHAMUKAHWHI OHPHMHUILL

KOHYHH Ba (3.59) ndonanaH doitnanaHus,
J?Q = d[ - f}Tu:} OYMMIIMIMHY  aHUKJAHaAK, 6 MHHTErpannoBui
o

KYMaiTyBYll 3KAHAWUTKM MabayM O¥naau. Jdemak, MYTJIOK Temmepa-
Typa T TemnepaTypaHMHr yxuwawu (CTaTUCTUK TeMrlepatypal)
6ynanu. X11cOOHUHI HaTUXacura Kypa,
= kT (3.63)
BYAULLANIY TONHAARH.
2. 0=kT Ba a=V ped onunca, (3.59) nan



ayr
=y -T| —=— 3.64
U=y T[ar | (3.64)

ndona KeAUO Ynukaau. bytiv GupviHuM KoHyHra Kyiuica,

() ~(dw )
£ <l Sy
\or ) T \ar ),
3PKUH IHEPTUSHHUHT
w=F=U-TS éxu F=y=H -TS (3.65)

wdonacn kenud ynkanu. emak, y=F TepMOOAUHAMUK 3PKHH IHEP-
FUSHWHE V3U 3KaH.

3. Ounn (3.53)

1y (3.54) wHopmanaw waptura kyuoé, y i
sIKKaJiacak,

n
=-0Mnfe 0 (k)N =-0inZ (3.66)
i
udoaaHu onamus. ByHnaru

=fe (3.67)
r

HHTErPUIHM  XONAap  MHTerpank Jelunanu. Arap  3HCPrHH
KMiiMa1NapH AHCKPET 6Ynca, y xonaa (3.67) ypHura

Z= Ze g (3.67)

CTATHCTHK HNIIHAKAAH d)ouﬂanammmm. 6ynna E; mickper suep-

rHst CHEKTPIIA | — XonaT aneprusick. By xonga xam (3.66) MyHo-
cabaT ¥3 Kyuniii caxaannm.

Maxkcaenn-Boanman TakcumoTy

[566c KaHOHMK TAaKCUMOTHAAH KWUHETMK 3HEprusiiad Goluka
noTeHIHAN 3NEPIMITA 3ra OYnrad ras zappanapy yuyH Makcseni-
Boulman TakCHMOTHHH KenTHpub unkapviu MyMKiH. Bup 3appa-
HIHT 3Heprisic OV xonaa
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E=E + E m _I,; APt v Ve, v, 2 (4.6H)

= Kbe * pinn

3appaHUHF (MONIEKYNAHMHT) HMITYSICH Dothertdp;
ProPytdpyp-,p-=dp; OPUTMKNA, KOOPAMHATAIAPH X, Xidx; v, vidy, 2,
Z+dZ opanuKaa GYAraH Xonat IXTHUMOJUIUITH

2 2 7
Px + Py + D .
— om =4 Vxy.z) dpdpydpzddvyedvidz
dw(p x, Py, Pz, X, ¥, ©) = const - exp| ’

KT
(3.69)
6ynanu. By Makceenn-Bonuman TaKCMMOTHAWD.

3.7. Tu66cHMHr KATT2 KAHOHMK TAKCHMOTH

TepmoauHamukaga zappanap cOHM VarapyBuad GYnraH cucre-
Maap y4yH g KMMEBMII MOTEHUMAN KHUPUTWIAILH, Y 3DKMUH 3Hep-

rMAfaH 3appanap coHn 6yiuya onmnHrad xocuia cudaruiaa ndoaa-
JlaHagu:

A L 3.70
gl o)) e (.70)

ByHnaH:
Y =puN +Q(u,V.T) (3.71)

uhosa oIMHAAN (2 - TEpMOAMHAMUK MOTEHIIKAaN).
By xonga TakcUMOT KOHYHMU

1 Q+uN -H
eXpy ————
N1 p[ 0

w(N )= (3.72)

KypuHuliga 6ynann, yHu I'MGOCHMUHT KaTTa KaHOHUK TakCHMOTH

Jerunanrd. £ TepMOAMHAMMK MNOTeHUMAn HopMaiaml LapTMaaH
AHMKNaHadH.

VYprdua KuiMaTaap onauH KypunraH Kouaa acocuaa udopasia-
HaoM:
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N=oV! '
= = | Q+uN-H N
H= — | H d

/éoml i3 F f

By TakcHMOT yuyH Xonamiap uHTerpanu Ba3udacuHu

uN
« ©Xp ———kT _H
Z= z ———--je L )GN
N1
N =0 - r

udona Gaxapamm, 2 3ca

Q=-kT InZ (3.73)
MyHocaBar opKanu aHWKNaHanu. SIna onuxray
[@] o [L@ = (3.74)
ol (Y7 a-u .

udofanap Q HUHT MALHOCUHY OLUKOP Kuamu.
3.8. Keaur cratucruxa acocnapu

Mukpozappanap AyHECUAA Kiaccuk &U3MKa KOHYHNapu HIl-
namaii Konamy. YNap Makpoxucmnappay bapknu xoccanapra ara:
3M1EMeHTap 3appanap (3CKTPOHNap, NpoToHnap, Hefitpolaap Ba
X0Ka30) XaM 3appa, XaM TYAKUH Tabuarra sra 6ynanu, 6up BaKTaQ
YNApPHUHT XOfiM Ba MMNYICUHM aHUK Yn1ya6 6ynmaiinu, 6uHoOa-
PHH, MHKpO3appallap XONaTHHH OMp BakTma koopauHaTanap Ba
uMmnyncnap €paamuaa  Taceupnab  6ymmaiiny.
CIIMH MOMEHT/IapH, MarHHTHK MOMEHTAapra sra, YNapHUHT 3HeEp-
TUACH KUHAMATIAPK Y3YK-Y3YK CHEKTp Tawixun KuUnaau, $usnk
cHcTeManap X0JdaTHHHM KBAHT MeXaHWkana Wpeautrep TeHrnamacy
TacBWpnaioM. MHUKpo3appanapHuHr Gapuacu Gup 6upuaan
dapgranmaitan.  Xyniac,  KBaHT CUCTeManappa  §3ura  Xoc
KOHYHMST/Iap ACOCHIA MAXCYC Xoccanap Masxyy,

Mukpo3sappanap
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KBaHT CHOTSMUTAP NN LAV IR ROtV O it rer o diiigg
CTATHCTHRACH VPINtHaL

By xoaaa QAP Pasach OVIIBGE Cap i BTcpusiiingy Yyonitiigg
KBAHT  CHCTEMACHHIIHE  Qaptit  NVOVCINL  Nettniigetr Gyl
AUFMHANAQD QU

CTaTHCTHK filrHHAN

"

z =S e[ = ] (177
= k1

6ynanun, ammo Q =-KTInZ ndona carani.
SHeprusnap 6yiiHua TaKCHMOT (QYHKLIHSICH

IV (E;) = const exp[—ﬁ%?— ]. (3.76)

HOpMaJiall 1apTH

_E,
EII (E,) = const Ze‘{p[ = ]:I, (3.77)

i=]

SHEPrUSTHUHT YpTaya KUiMaTu

E.",u\p( “‘f ]

E = r—f

(3.78)

KYpHHHLLAZ OYnanu.

(3.73) udoaaHy Ooiukauapox, KWAMO €3U0 oslalaMK. i-xonar
SHEpPrusiCMHU €, YHAarM 3appanap COHWHM n; neb oJscak, Oy
XOJIATAaru 3appajap YMyMUH 3Heprusicu me;, 3HAUM N=n; 6ynanu.

Jlemak, By xos1aTra MOC TepMOJAMHAMMWK MOTEHLIMAaJ

“
H-£, \"!

Q=—kT In 3| e * (3.79)

",

KypuHuluaa 6ynanu.
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i — Xonarjard 3appanap ypraya coHu

PRI n;

Y on e K
SO L (3.80)
aH " op-g, Y
Sle & ]

Haynu npuHunnura 6yiicynanurad (spuMbyTyH CrIWHIM) 3ap-
palapoaH (3NeKTPOHAap yuyH S=1/2) TaluKWnaHrad cucreMana
61p xonataa dakar 61TTa 3appa GYnUWM € GYIMacIMrK MyMKMH
SLHK 1, = 0,1 Kiitmarnap onanu, xonoc. by xonna: !

.” -z, \" =g, (e p-¢,

=l+e K | Ylekl' | p =e &

i

Jemak, { — xonaTaarM Ypraua 3appanap COHW (TYFPUPOFM LUY
X0NATA2 3APPAHMHT BYAUL IXTUMOSUIHUIN)

|
= [(e,T )= ATy (3.81)

e T 41
By wndoma Dcpmu-Iupak cratucTHKacHra GYHcyHanurad
(NMaynu npurunnura 6YiicyHanuraH) upean raz yuyH Depmu

TaKEUMOT QiyHKUMsicHanp. exp(e-u)/xT>>1 6ynraHna y bonuman
TaKCUMOTHIA YTaaM, ILHM

- H—E€;
£, 7 )=exp| —— 3.82
fle 1) P[ T ] ( )
6¥1116 onaan.

CnuHM BYnMaran €xkn cnudyu 6yTyH col Gmnan DenrunaHanm-
ral 3appanap Xap Kaiaai xonaraa UXTUEPUI coHaa OYIULLIU MyM-

KiH (ynap MMayny Takuk npHHuunura 6yiicyrmainan).
by xo.11a
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£

i
udonanary MHMFUHIM exp——kT Maxpaxau Ba y 1 paH KHYMK

GYNITaH YeKCH3 reoMeTpUK nporpeccus oynaau, IWyHHUHT yuyH

Hoe,
Q, =kT Inj1-c 4T . (3.83)
Hemak, Oy xonga
= 1
n, =f(515T)=—€'T—~ (3.84)
e KT _

by udona Bo3e-DitHIUTEiH cTaTUCTUKaciira ©O¥yiicyi{aauraH
3appanap Maeai ra3v ydyH TaKCUMOT PYHKUMSCUOMP.

MepMmi-JIMpak KBaHT CTATUCTMKACHHWHI 3JIEKTPOHAAp aMHU-
raH rasura Taikuk KWiaaiiuk.

DNeKTponJap rasd ymymaH adtraHga @Pepmu-Aupak crtaTtuU-
cTuKacHra 6yiicyHanu. Xycycuii Xonga 3JeKTpoHaap 3uUWIUrK Kam
OynraH, AbHM exp(e-w)/xT>>1 xonma, 6ouikaua aWTraHiaa, 3JI€K-
TPOHJIAp Ta3y allHUMaraH xosiga MakcBesl TakcHMoTHaaHd droiiga-
JJAHUI MYMKHH. Arap Maskyp TEHICU3JIMK Oaxapuiamaca, y xonga
3MIEKTPOH Tra3vHHU ailHurand ras gedmnann. Meraanapaa 3pkuH
3/1IEKTPOHJIAD 3UWINIU KaTTa, 61MHobBapuH, v ra3 atiHurad 6Vinanu.

MyTinoK Xonga snexTpoH ras Tyna aiuuran 6¥naau, Daek-
TPOHJIAp 3HT MAacT 3HEPrUsiy XojslaTAaH TOo KaHaalaMp Karra
KMIAMATAM 3HEPrus xonaruraya 6Gapya xofaaTtnapHMu Tyia OGaHA
Kunaan. Ly 3Hr IOKOpUry XonaT MYTIOK Honaarn Mdepmiu sHep-
rusicn (Pepmu catxu) aeitunaan.

p Ba p+dp MYTIOK KURMATIH MMMAYJICAAP OPAUIMIMIA 3apPAHUHT
WIrapujaHMa XapakaT KBaHT XOJ3TJapu COHU

4ftp2dpdV
(2zh)?
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3NEKTPOHNAP XOAATAapy CTAaTHCTMK Ba3HM 2. YHra yuby vidonaHu
K¥naftupcak, KBaHT xonatiap codu (V xaxmua)

Vp 2 dp
= aa Oynanu.
223

Snextpornap p=0 OaH p=py rauya xonaTiapHM 3raviara,
YNapPHUHT COHU:
3
Vi
N = qu ]
67 “h’
OyHIaH 10KOPUIY MMITYJIC
1 b
po = (31 )3[;\:—13 h (3.85)

B2 lokopurk 3Heprus (Pepmu catxn) Ep = ;— =Ep(T =0):
m

i

2 2
Ep(T =0)=(3x2) L(ﬁ.]] - (3.86)
2m\ 1"

DNEKTPOHAAP FA3UHUHT TYAA SHEPTUSCH:
I =
E =ﬁ{m') E[?} N . (3.87)
By kentupunran ndomanapsMHr KyANanvul WapTy

I« ’_[ Lf . (3.88)
n I"

kTr=Er waptvaan aHukjaHanuran T TeMrepaTypaHyu adHMIL
TEMMepaTypacu Aehunaau.
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chp.\m LHPAR CTaDCTHRACTE CpUuimbine it oo o j ik
FA3HHHHET HOCHNIHN clninae g A [ | ) o
I

MYMKHH.

ARHIEIH BOSC TR NOvCinagi Wil Yt
KaHzaiianp aerapasitit 75 veMUO POV PR T it Bt
rHACH

E=0,770NTS2 /Ty"% 194 Y7

Henmax, YHIHT HCCHKTIR CRPHMI

. Y- P
G ESD Iee (599
bo3e-ras foclinit:
L A2
!
p=08s1g . (191
I

3.9. Kopa nypiamene

Kopa HypnanuwHW dotonnap rasn jied Kapall MyMKUir. g
ToH/Map 6UP-GUpH OUNAH ¥3ap0 TabCHpaauIMaian, GuHoBapu )y, Oy
rasHK Maean ras neb xucobnaca Gynam. DoroHaap cnwuiira -_)r;,
sMmac Ba Bose-DiiHwuTeli cTaTUcTUKacHra OYyicyHanu. q)o"'ol'Ulup
rasy y4yyH KMMeEsui noreHuuan p=0 6ynaon.

£, = liw, sHeprusan xonaraa 6ynran doromnap comm Inyy
ndonacu
\

fr'ew

e ki =

Slwg)= (3.92)

opKaiu TacsMpiaHani. XMCoGHHHT HATUXKACHU/IA CHEKTPHHHI ok
POPHItTHKNAD dw opanurdra TYIpY Kearal Kopa HYPJAHuIln siep.
TUSICH:

Vi w*dw

dfr-! =

[ SR IR

/




Arap Takpopuiinuknap Kwauk (k@ < kT ) Gynca, Peneit-
XKitHe vdogack Kenub ynxanu:

dEy =V wldo . (3.94)

n’el
by udona TeGpaHMa Xapakar 3pKUHIMK Hapaxa/iapl COHMHH
kT ra xynatitupuisaad kenub uMkkad. by ndoaaHmr xarra Takpo-

PUIANKNAp coxacura acoccu3 TanOMK aT#ica, Y XoNlja HypJaHKil
TYJ1a IHEPTUACH

E :TdE . = 09116 uukanm. By GemanHunuMKHE "ynTpa Gu-
0

Hadiua Xanoxkar' ne6 HoOMNaHraH.
Acnuna hw >> kT xonpa

D)
A e ¥ do (3.95)
e
6ymanu (Bum udonacu) Ba TViIa 3IHeprHA = ra aibraHMaiiu, ak-
CMHYa YEKIH KnitMaTra ara 6¥naou.

dE o =V

CrieKTpaJ 3HEpraf IHWIHry

£ - . .
; L KaHzaiup o =w, KuiiMatia MakcUMymra 3pHlLaiM:
am

W ,=2.822 T/h. Arap 6ynna a)m=_2—ﬁc— anMalTHPUIL KWJT-
min
CakK, ApyinT,=const ubona xocwt 69nagn. By BURMMHr cHIXMLI
KOHYHW GYnub, y HypiaHyBUM XHCM TeMrepaTypabl OlMrauga crek-
TP 3HYIHK MAKCUMYMM KUCKa TYIKMHNAp (KMYMK A ap) TOMOHIa
CWEKHIAN neb Taciuiiaim. Boge-BiHumerH crathcrukacy Credat-
BonumatiHitir ywby — HypiaHHEHHHY TYa SHeprusicn

E=4T? (3.96)
HYpPAAHYBYM XMCM TEMMECPATYPACHHAHT TYPTMHYU Lapaxacura
nponoptitoran Oynani feraH KOHYMMHH XaM KeATRPHO 4rKapaau.
CratneTik QUIMKAHMHT TaOKUKOT coXanapu xyga Kedr. bus
Oy GoOma yMuMP acocnit  Tacaseyprapn, TyWyHYanapy Ba
KoMyhgapH Gnsan KHeKa TarnmKnG YWKANK, xeitmury 6o6napaa 6y
MabAYMOT SUPO3 TYIAMPHANG KYIIAHAIARN XaM Ha3apaa TYTAKK.
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C .llll()JIJHl]I LIPLINL PLERPLRIPYRI BN (

1. TakenMoT pyusinsenin pnpitdinig

2. HopManann mapmsiiiin Mah 1ochim (Vany i

3. Taconn it Karramakie Ypiata saineeee il 4
Aupaan?

4. Kannai takeimornapiin 6ruiacis?

5. MakeBesast TaKCHMOTH KaHAAH X0 stonieenn?

6. Monexynanunr Maccacn 10722 ¢ o semuepmivpa 06 ¥
OVnraHaa 3HT 3XTHMOIUIH TCINMMK, YPIaya TC 3K By Vs vizi)l
PaTHK TEBMMKIIDHU aHHMKIAHT.

7. THOOCHMHT KAHOHIK TAKCHMOTHI KNAW HAPAMCEIPIED Mty
POK 3Taan?

8. I'MBbc KaHOHIIK TakcHMOTHILaN bose-DitHimTeiinn TakeMoTrrM
KENTHPUG YHKAPHHE.

9. Tnbbe kaHomiik rakcumoriaan Mepat-Jlipak rakcHMoTHHM
KEeJNTHPHOD YHKApHHT.

10. MyTnok Kopil Alcy HYPIAAHMIIKE KOHVHIGIPDMHW Kalicit cTa-
THCTHKa TYHIYHTHPHO Ocpa o it 1y acocna Credhan-bonusan
Ba BHMH cHRXMLI KONVIT tapi Kl kVpuitiaa 6viann?

L @epaii-LLnpian raReHNO NI ICKTPONIaPHHHE aifi{iraH rasnra
TanbuKAA0 DepArit CaTXi IHCPIHSICHINT TOITHIUTA XAPAKAT KHAMHL.
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1V bOb
KATTUK XV CMJIAPJIA UCCUKJIUK XOOUCATAPH

Onpusry 1l 6oBna anya Gatadcin Kapab YukKMirad KpucTanil
llaHXapacuH atoMaapu (Moinnapu) TebpaHMuIAapy HasapUSICHHWHT

3HT MyXUM Tanbliknapnaa GHPU KPUCTaNl naHxapach MCCUKIIMK
CUFAMI Ha3apHsICHAMP.

4.1. “CCHKJ’IHK CHFUMHHKAC KJJACCHK HA3ANPHACH

Knaceuk duaiikana naikapa aromnapy XapakaTH MyMTO3 Me€-
XAHHKA  KOHyHnapura OyiicyHant ae6  xucobnamaau. by
KOHYHzIapaan OWpi ypraya 3HEprusiHMHr O0apua 3pKHHIMK Aapa-
Kanapy GYHMuYQ TeHr TakcMMOT KOHYHH OYnu6, yHra Kypa 6up 3p-
KWHAWK Dapaxacura TYFPHM KCNafuraH ypraya KUHETHK 3HEPTHS
(1/2)kT ra tenranp (6yMnaru k-Bonbuman nommuiicu). Llly acocna
KATTHK KMCMHUHT MCCHKAMK CHFHMH MYMTO3 KOHYHHM Kenb
ulikanu. Mawaymky, xap KaHaai TeGpaHyIIHKM Y4 TalKWa TYBYH-
Fa 2XpaTHUI MYMKMH, Xap Tailkui 3TyByura (tebpanHma Xapakar
IPKHHAHK fapaxacira) TebpaHysui aToMHHMHr (1/2) kT ypTaua
KHHETHK 3aHeprusic Ba (1/2) AT ypTaua noreHUMan 3HEPrusick
TYFPH KeNlanW, AcMaK, Xap 61p TeGpatMa IpKMHIUK AapaxacHra

F =€y +Epom = (/2T +(1/2)T =kT (4.1

JHEPrHa TYrpU Kenaan, TeOpaHaéTraH aTOMHMHI YpTaya TYAQ
JHEPrUAcH

£, = 34T (4.2)

Gynaan. Arap rpaMm-aToM MHKAOPAATM KPHCTANN OAMHCA, YHWHT
aTOMNAPH TeBpaHHLULTAPH TYIa IHEPTUSACH

Eng = N 48, = 3N (kT = 3RT , 4.3)
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6y epoa N-ABorajsipo coHti, R-ras yHusepcaa JOMMHUKICIH.

Tavpudra kypa, KaTTHK KUCMHUHI MCCHKJIMK CHIMMII J1¢0
TeMmneparypa Oup rpajayc Kagap YsrapraHfa yYHUHE UMK SHCPrusi-
CUHWHT y3rapuitiit MHKAOpHra aitunaav. By curmmnu C=dlL/dT
Tap3ga aHuknanaod. C - CUFHM apUM TEPMOAMHaMMUK KaTTaniK-
Jap QyHKUMsIcH O§nu6, YHUHT KYPUHWUIM Ba KMAMaTH Kardait
U1apouTaa arKuKaHHLUKra OOFTUKAUP. Y

Arap MCCHKAMKHMHT CHMFUMH  XMCM  XaXMH  y3rapmac

dar
Ysrapmac caknaHca, C,=(dE/dT)p=const KypuHHwMAa GeartiaHa-
1. Opataa Temneparypa y3rapraduaa KpHCTa KATTHK AKHCMiIap-
HUHT XXMM KaM y3rapraaurd Tydaiid  yrapHUHE HMCCHKIIMK
curnMuby C, aeca Gynaam, (xoHa Temrepatrypacuna Cp-cirum G
- CUTHM JaH 3-5% yamacuaa opTHK Xojoc).
Hemak, rpaMmonexyasp (MOAsIP) UCCHKJIUK CHTHUM

1
cak/laHraHy  Xosida aHuKiaHca, () =(—‘—— . bocum
v=const

dE 5
C,=Cp =—D4 23R =6 xai / n0.2paod (4.4)
" ar

Oynanu: OMp aToMIM KPUCTaNJ KAaTTUK, >XXUCMHHHT MOJSIP HC-
CHK/IMK CUFMMM 6 Kajs/Moa.rpan OYnuiIM Kepak. By KOHYHHU
Ablononr-TITH KoHyHW aAefinnany. XoHa Temnepatypacuga OHp
KaTtop MOMIANAP MCCUKJIMK CUFUMUHM Ynuauinap Hdsvionour-TliTu
KOHYHH SIXWM GaxapMaMILMHUA K¥pcaTagd, alipiM Moanaiap Y4yH
C HuHr kiitMaTi Aviononr-TITH KoHyHHra Moc Kenmajian.

4.] - acadear

Mojyta Cy,Kas/Moun.rpan Mo . C,.,Kai/mMoirpan
A0MItH1ITL 6,14 Kyatvin 6,13
Temup 0,39 Pyx 6.10
OntitH 6.36 Hou 0.6
Miic 5.90 Kpesmuni 4.64
Kaaai 6.0 bop Y 2,51
MaatitHa 6.29 Kap6on(o:imoc) 1.35

by Macanara KelHIIpOK TYXTasmamMi3.
IOkopuaary MynoxasaiapHH AaBOM 3TTUPCAK, WKKH aTOMJM
KpHuctainap yuyH C, Oup aToMIM KpHcTasslapHmkuoan 2 6apobdap,

b C,=12 xan/mon. rTpaa, 4yHKd OynapuuHr 6up rpammoin
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sueprisick 2 Gapobap Kyil, yu atoman kpucraanap yuyH C=I18

KAI/MON.TPAl  GYaMLIM

xepak. BHMp Karop kpucrajnap ycTuaa

yayalnap XoHa Temieparypaciia Moc KuidmatiaapHu Gepaau.

4.2 -xcadean

Monia C KMo Cpajt Mojyia C,,Kai/noo.rpaj
CuO 1.3 CaCly 18.2
I NaCl 12.1 BaCl, 18.6

To nacrt Temneparypanap OfMil YCYAnapy UILIA0 YMKUATYHYA
Ba Oy Temneparypanapia WMCCUKAMK CHFMMUHM Viyalunap dynra
KYHMArYHYa XOoHa TeMnepaTypac Ba yHoaH IOkopuaa baxapunrad

yivauapaar  JAnionoHr-fITH  KOHYHH XaMMa .BakT  YpWHIIH
BYnaaMrad KOHYHIAN TyONapai.

AMMO, nact Tempepatypaiap coxacuaa Jvionour-TITu
KOHYHWIAH  YEeTNaHWWNap Xyaa ce3unapiau  oynuuuinrm,

AHMKPOFKM, TEMNEpaTypa NacairaH capy KaTTMK KUCMMApHMHT
WUCCUKANK CHFMMH Kamaiiub Gopmuin KysaTunau. 4.3-xaabasnga
MHC Ba OJIMOC MCCUKAWK CHFMMHMHWUHT TaXpHOaBuil KuiiMaTnapu
KENTHPUATAH.

4.3 -acadeai

Miic oamoc
Tewneparypa °C | Cokan/moa.rpan | Temnepatypa °C | Co.kaa/son.rpan
-259 0,04 -183 0.03
-186 332 -66 0,64
L -39 3.59 +85 212
+50 3.90 +9835 5.51

Bypnail KoHyHHAT Gapua Gouka
KaTTHK XKMCMNAp YuyH XaM Ky3a-
THIITAH.

bus 6y Ganmna kpucrann nau-
Xapach atomnapv TebGpaHuuinapu
Oiian  GOFIMK OVIraH WCCUKAMK
CUMHMIUHM KYpaéTupmus. KOkopuaa
6y HCCHKIK  CHEMMUHUHT  [bio-
Jnonr-TITh KoHyHlra onub kenanu-
FdH  MYMTO3 HA3apMSICHHW  Kapab
THKILHK.
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4.2. KE)HCTHJZH RAXXapact MCCAKINK CHIMMRBHANT KBAHT HA3APHACH

Jebaii temneparypacH @lai nacT Temnepatypanapia KsanTt
KOHYHUSITIAPU acoCHil axaMmustra ara. Xap Oup KaTTHK KHCM
YUyH crapiuua oKopd Temnepatypanapaa OSaxapuaainrad Anio-
NOHT-FITH KOHYHK (MCCHKJIMK CHFMMH Temmepatypara GORHKMAC
e® TacanKJIoBYM KOHYH) mact Temiicparypasiapie Gaxapuimaciu-
i taxpubanapiaH MabayM  OYiraHiad  KEWMH  HMCCHKITHK
CUFHMWHUNIE KBAHT HA3apUSiCHHU SIpATHIU  3apypaury aéH Oysialt.
FIaHKHIHE MYTAOI, XOpa SKMCM HYPJIaHWIUMA KBaHT Ha3apusiCi
acocyna A DitHwTeni (1907) 6upuHdmn 6¥auS, VauHUHI HCCHIUTHK
CHFMMMN HAapHsICHi Taknud kung. YHurrda, // atomaan ralt-
KHIJTAHTAH KpuCTaan Bup Xun o Takpopwiiuknud 3N T1a Tebpa-
Hilura  3ra 6y1a  odaaM.  w  TAKPOPMIAMKAM  TeBpaHitli
INTHMONNMIHHY Tlnank udoaacH Tagcudannn:

[hw) = T:——— (4.5)

. .

Xap Gup Tebparull 3HEPTHACH KBaMTY R@ra teur, yprada
SHEPIKACH
ho 1
(he)eha =12 4 <
7 (hw)-ho T : (4.5%)
et

6)”1“_\’” KpHcTail Tc6paHmqupu JKaMU 2HEPIHsACH

INhw .
- hw S

ekl -1
Yarapmac xasm HIapoWTHAZ KPUCTALIHWHT HCCHKJMK CHEHAMH
IE | (4.7
cr ={E) Ssnr s (4.7)

VIl )

OyHaa
T . o | . T

(Jll w' k1 r expl frew | (431

Fw, )= :
lexpl her L KT ) =1}

S



10kopu T napna (ho << kT 6ynranna) Fw,T)=1, 6uroGapyH,
Cy=3Nk, 6up rpammon yuyH 3ca Cy=3Nk=3R 6ynub, sibHu Oy
xonaa Jdntononr -1t KOHYHM anonaTauamp.

Macr T napaa (h 0>>k T GynraHaa)

Flawg.T) =[Ef;_i]h exp[—f:%i]=[?;—,‘€]h cxp[ -??—ﬁ] ., (49

Oynmaru 7, = h_“;L—SﬁHUITCﬂHHHHF TaBcudUIl TeMrnepaTypacu.

DiHWTeNH Hasapusacu Cp-6¥ituya Taxpuba HaTxanapuHu cuda-
TaH TyWYyHTUpuLira, sbHM Cp HUHT T nacaifyiuyd 6unaH kamainob
BopulIMKK KypcaTuiura spuuiad. (4.9) udonana Temneparypa na-
caitran capu exp(-Tg/T) xyna te3 KaMaamy. (Tg/T)? cekuH opTaim,
Hatuxana F(w,7) Oy xonma Te3 Kamahub Gopagu. AMMO, DHH-
WITEMHHWHT XaMMa aToMiiap OMp XWI @ TaKpOPUMIMUK OGunaH Teb-
paHanu meraH c¢apasu akar XamMma aTomJlap MycTakun TeGpaH-
raHgarMHa TYFpY Oyiapiu, BaXOJaHKM, XaKUKaToa KpUCTAT aTOM-
Napu Oup-6upr OunaH OGornaHraH paBUlAa TeOpaHazu. DHH-
WTENH YuKapran (4.9) udoaa KypcaTKMuiW GyHKUMS Tap3uia
yarapanu. Taxpuba T macaitvium 6unan C, HUHE Japaxatui KOHYH
6Yiivua KaMaliMILMHY TacaAMKIIANIN.

1. Je6aii (1912) Taxnud KWIraH UCCUKINK CUFUMM Ha3apHsi-
CM  KYNYUIMK KpUCTAIap Y4yH JIacT  TeMIepaTypaiapia
VTKasnnraH Taxpubanap HaTHXaJlapUHK SXLIM TYWYHTHPA OJIAH.

HMe6ait xam xpucrann N aromiaH TawKMANaHraH 6Ysnca, yHaa
3N Ta Tebpanuin 6YNMIIM Kepak, aMMO Xap 6Hp TebpaHMIL
Y3UHMHF TYnKWH BekTOop Kk ra GOMIMK ® Takpopuiiaurura sra,
Gapua @ yactoTanap coHu 3N OaH HMGOpaT BPKHUHINK JapaxajiapH
COHHWra TeHr, byHaa Takpopuitnukiap 0 AaH To MakKcuMal o TakK-
popuitnukraya Gyaran 3N Ta KuAMaTHKU onanu, sSuHU (3.82) udona
YPUHIM  BYnagu. AKYCTMK  TeOPaHMILNAD  TApMOFHM  YuYH.

AHWKNAHTaH TAKPOPUHIUK TaKCUMOTUHMUHT (3.58) udogacuHin
(3.82) ra kyiu6 xucobiacax,

(7]

i 3 m a3
J- glo)dw = ——— f wldw = — Dwm N
0 2 0

OyHaaH:
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i, 2- -3_
B =75 ﬁfﬁ ] (4.10)

Vo=V/N - aieMeHT/Iap KaTaK XaXMH.
3.5 6anana (3.83) udona kypuHmiuMaa lebail TemnapaTypcHHH
MAaKCUMaNl 0; TAKPOPUIIUK OpKATW udoaanaraH 3AHK. DHAH YHH

(3.10) udonanan doitnananub tascudraimMus
1

'mrz]l_n : (4.11)

] ikt il pen ) L
ak o Yo

k k

OnTrk TapMoknap yuyyH XaMm Jle6ail TemnapaTypyJapMHM Ku-
PUTHLI MYMKHH.

i g

0/ =hwj/k 4.12)
Via 3.5 — Gannna 6aéH KWIMHTaH (oHoHnap (3Heprus f.'wq.

KBasu umnyncu G ) TymyHdacuaan doiiaananamus. (3.78)-(3.80)

vdonanapHy Kyanaimuis. YHE2 K¥praHuMmusaek Xap 6up o Tebpa-
HULUHMHT (0 TaKpOPHIIMKIN (GOHOHIIADHUHT) 3HEPTHACH
ko
3 Eq=hﬂ)0+T (413)
efT |

o6ynu6, y (4.5) ODiiHwreilH HdomacugaH OUpUMHYM Xan OMnaH
dapknaHanu, yHu TeGpaHUUIHAHT HOMMHYM 3HEprUscy Aeiunanu.
(4.13) udopanu 6Gapya TapMOKIap Ba TakKpopuitnukiap 6yiuua
Xamacaxk, 6yTYH KpUCTa/UT MaHXapacu TeOpaHWULUNap Tyiaa 3Hep-
THACH Xocua 6ynanu:

- - B gi @
Bim Bjgaal Sl SUSH i e SR G
=1 g t. 1=4q .
e A e AT |
s 3 ¥S
BupiHun Xax Tyna HomMHUM SHeprus, Y HUEMHOM YyuTa

3s
akycTuk TapMok OYiuua, Y oca, 35-3 Ta ONTHK TapMmok
J=4
6yitua onuHany.
83



(4.14) ndonanari WHFAHANAAPHHK KYAWIArKH MyjJoxasalap aco-
cuia coauapox iiyn Bunam XHcoGnali MyMKMH. AKYCTHK Tap-
MoKIap OViiva BUFHBAKHH HHTErpad OuiaH aaMatutkpea 6ynanu.

3 ha P e h Y wlde
o i, i - . _ wmdm 4 i 5
Eak = EE——MNI = £ ——rﬂ glw)dw = 7713-.-(:]‘ f o ( )
: e“' -1 e” -1 1'” -1
Arap Vmameus x=ho /AT KaTranuk KUpUTCaK,
E .=NkT.3D(6,/T) 4.15)

Oynaau, OyHia
! 36 0 i1 o ¥
DA TN [ G B S (4.16)
(0w ) g e’ -1
OnTiik TapMoxJ1apaa xq) TAKPOPUIUIMKNAD ¢ HUHT BYHKLMSA-
cH cudariiia kam yarapagu. HyduHr yayH Xap OMp ONTHK Tap-
MOKKA OHp w(g;) TaxpOPHIIHK MOC Kenagu neb xucobnaiimus.

! 3s
LUIY T 2
e

hw g & i‘ ha

2 hey o / [
w = i
S /4 =4 =9 SAT

o

(4.17)

ha)qj a j
=—T— KaTTanMKiap KHPHTCAaK,

Arap 6y xojna ynyamcis

9,

Is
Egy =NKT Y
1=4 6’),
e'i -1

(4.17")

_\'3H11H KPUCTULTHHMHT  TeOpaHulunapy  TVna  3geprHsicy
Kynunaru KypuHumaa 6yiaanu:

phom 4
e el N o - i S
E=Eq+Ey +Eyy = Eg+ NKT{3D ; + Y L (4.14')
\ J ea =L
e L. | ‘
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Yerapasuii xonnapaa KpucTaml MaHXapacUHUHT MCCHKIIHK
CUrMMM KaHaal OYNHUWAKIMHY KYPaHIuK. [

a) MOxopu Temneparypanap (T>>0,,,6; ) coxacaa x<<I]
Gynrannuru tydaiinu (4.16) nuterpania

0

akp
e-l=l+x-1=x, UWYHHHT YyuyH T =l ontik TapmoK
/
oVitnua HHuruHaK
3 3s
j=d4e ! I _,1:46.}’(?—

Wynna kuau6,

E =E, +3NkT + (35 -3)NkT = E, + 3 sNkT
dE
J'?.lr
SDHU I0KOPH TeMnepatypaiap coXacuga dbionoHr-IITi KoHyHM
TYFPH 3KAHAUTH Kenub ynkand. By xonna bapua akycTHK Ba OMTHK
TapmokJiapaaru Tebpasuiunap yHrFoTuarad oynaam.

6) DHaom nact Temnepatypanap (T<<64,,7<<6) coxacHHM
Kypaitnink. By Xosna onTuK TapMokjapra Teruwiid  Xamiaap

byHnaH c,.:[ J=3s,\rk ea C, =3R OYANLLITUTH,
i

01T &
(Bj /T ). ' TapTbuaa 6ynnb, | ra HucOaTaH aHya KWYMKAHD,

6y WHrnHouaapHn (4.14°) na Tauuia6 o6opuill MyMKHH, YYHKHU Oy
X0JI1a 10KOPH TAKPOPHILNTMKIM ONTHK TeGpaHWILJAapHKW YIHFOTHLIAA
xT yamacHaark MCCHKIHWK XapakaTW 3HEPTrUsicH eTapiu amac. bu-
HOOapKH, MNacT TeMreparypanap c€OXacMaa ONTUK TebpaHLIap
nesipiu  yidroTuamarad oynrannury tydainu Oy TapMokap Hc-
CHUKJIMK CHFMMMIA cesunapiid xucca Kyiua osMaiiau. (4.16) uHTe-
rpajia iOKOpH YerapaHu o= feb onuHca,

szdx x?

ne

S| - ﬁ
Oynanm.
Aemak, (4.147) ndona KyHunaru KYpUHUILHM onagi:
34 4 20 g pr 4
3 NkT _F +:r1(k.’)

3 %

H= E“ + 0 )
505, 1on° "'tJl

(4 147)
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By M(I)Olla acocHia AaHUKNAHAAWUTAH UCCUKNUK CUFHMU:

\3
dE 2k (7Y
Cp=|—| =——N|— 18

: (aT l‘ 50 Lon ] :i18)

Arap N=N, (Agorampo couu), y

xonga Nyk=R 6ynann Ba (4.18) Mo- 3. ¢ »

NAp UCCUKIWK CHFMMUHM  udoaa- 0,8 7

nannu. (4.18) ndona nact Temnepa- 0,6 |

Typanap coxacuia KpHCTaJll MaHxa- 0,4

DACHHHMHT MCCUKAMK curuMK T° ra g T/
MyTaHocu€ paBuUlIAa Yarapaoy ned 0 020408 1,0
TacaMKnaiaM. By KOHYH Taxpubana  m .
20- 25 K TapTM6uIark Temneparypa- 4.2-uisma. KaTrig xieMmaap

HCCHKANK CUTHMIHNHAT Jebalt
napaa sxwy Gaxapunaan. [leGaid- TEMMEPATYPACHARH [ACTAA
HAHT Ha3apHsaCcy 3NAacTHUK  Tyrawn ysrapHutis.

MYXUT TaKpUOM (KOHTHHYan TaKpub)
KynnaHaguraH NacT Temnepatypaja yWFOHraH y3yH TVIKMHIAp
XONuna anofaTii IKaHAUTH TACAMKJIaHANM.

4.1- yypManaH KYpPHUHMILKYA, WCCUKIUK CUFUMMHUHL YHUHI
Nwiononr-Tith ~ K“deaacrra HucOGaTH nNacT TeMMepaTypanapia
(7/6)3 ra myTaHoc1®, I0KOPH TeMmeparypajiapra | ra MHTUIaau.

AHa wynra 3bTUOOP GEpUIL Kepakky, KiaccuK(MyMTO3) coxa
KBakT coxanaH 7=0 Ha sMac, Gajiki NacTpoK TemIeparypala ax-
pananu. Anbarra, HeBait Hasapusicu Gekamy-xycT HazapHsi 3Mac,

~T3 KoHyHHMHr GaXapUiuul coxacu Gatadcun Taxiaun KuJIMHraH
TaEKUKOTIIAP XaM ManiyM.

4.3. Kpicrans KarTTHK KHCMHHHT NAHKapaBuil HCCHKINK
YTKa3yBYaHNHTH

KaTruk XUCMIapa, raliap Ba CYOKIMKIApaaH (apkjiu pasuill-
13, MccHKAMK aKaT HCCUKINK YTKasyBYaHIMK OPKaNK y3aTuialu.

YMymaH alTraHia, KpUCTanina UCCUKIMK 3Heprusicd roHoH-
Jap, GOTOHAAP, 3PKHH 3MEKTPOHAAP (€KUM 3DKMH KOBAaKJIap), 3/eK-
TpoH-KoBaK Ky(TI1apH, SKCUTOHIAP OPKATH Y3aTMAULIM MYyMKHH.
Bui 6y 6aniga (OHOH WCCHMKIMK VTKa3yBYAHAMKHM  Kapab
ypKamy3. Y1in 62b3aH NaHXapaBhil HCCHKIWK YTKa3yBYAHIUK Xam
feidnnand.
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Arap KaTTHK SKMCM HAMYHAacH yuylapu Typid TeMneparypanapia
TyTHO TYpMICa, y X042 HaMyHaoaH MCCUKIMKHHUHT Y37yKCHU3 OKHMH
BYXYAra Kenaou: HMCCUKPOK Y4Jard KpUCTa N MaHxapa TYTYHJapH
KarrapoK ammiutyna ©unaH TebpaWand, ynap yalapu GoriaHraH
KYUIHUAGpUra TabCUp KWIMG, YIapHMHT TeOpaHHIL aMIUTYAacHH!
(61HOBapuH, 3HepruscMHK) oprrupany, 6y KyuiHWIap ¥3 HaeGaTuia
HaMyHaHHHI COBYKPOK YYW TOMOHIa Oy TabCHpHM (MCCHKJIMK 3HEp-
TMACUHU) y3aTadu.

MacanaH, d7T/dx TemnepaTypa TIpafMeHTH MaBXyA GyiraH
(CTEPXXEHHMHI) HaMyHaHMHT ds KYHOAIaHT KECHMMW OpKaIu dr
BakTda YiraH d(Q UCCHKAMK OKMMHMHHM MOJIEKYIsIp (PH3UKa (aHu-
[aH Mabiym

(4.19)

do = -1 iT—-dSa’/

dx
udoga OGyitmua xXucobnaiml MyMKMH, OyHZard A - MCCHKJIMK
YTKa3yBYaHAHK KO3DDHULUUEHTH.

bu3 onnnHrn Gobma KpuctTann maHxapacH aTomnapy TebpaHMil-
napiHu boHoHnap ae6 arasaguraH KBasy 3appanap opKanu Hdona-
JIall MYMKHHIMIMHY KYpraH 3aMK. AHa LIyHra Kypa KpucTa/uiapaa
WCTHKJIMK 3HEPTHSICUHU GOHOHAAp opKanu y3atiiand Ae6 aifThiu
MYMKHH.

Hebai Hasapusicli 6YHKYa, MaHXapaHUHT YWFOHFaH XOMaTHUHM
KPHCTaJUI XaXMMAA 3PKHUH XapakaTjaHyBuM (hOHOHAAp Maean rasu
KYPUHHILMAQ TacaBBYp KuivHagu. DoHOHNap rasu Temreparypa-
JIAPHUHT MyaiistH OpPaIMFMAA M ra3 Xoccajlapura 3ra, WYHHHI
YUYH KATTMK SKWUCMHUHT TaHxapacu ((GOHOHNAp) MCCHKIHMK
YTKa3yBYaHMITH K03hhULUHMEHTUHN unean rasHHKHAAi
KYpUHHILAA Hposanaca 6ynagu:

13 -
’]'.-p =1 ?C l([JVm b (4.20)

oyvga C — ddoHoHnap rasy OWPIMK XaXMMHHHT HMCCHKINK
CHFUMMU,

/,/, — (pOHOHNHHF DPKHH IOTypUIL MY YpTaua Y3yHIWUTH,

V- Ma3KYP KHWCM/A TOBYLL TE3NHUFU.

MDOHOHMAPHUHI 3PKMH  IOTYpUIl  ¥pTaya 1,,, Y3YHIAUTHHU

Xucobnaml aHua KMIlMH, aMMO Ha3apusiHAHF cudatuil TaxaHan
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CTapAMYa IOKOPH TeMMNepaTypanapia 14, — HWHI MYTJIOK TeMmrnepa-
Typara TecKapy nponopuMoHai 3KaHAUTUHKU KypcaTaiu.

LHYHUHT yuyH Ay WCCHKIMK §TKa3yBUaHIMK KO3 HHLIEHTH
xam T>8 Oynradja MyTnax Temfiepatypara TecKapu Mpornopuuo-
Ha, SbHU, Ag~1/T, uyHku By coxanma C Ba v, KaTTallMknap TeM-
neparypara OOIUK 3Mac.

Etapnuua To3a Kpuctannapia MyTaak Hosra SsiKWH TEMIepary-
panapna I,], — HAMYHAHWHT Yadamnapura GOFaMK.

ByHUHT cabaGu 1wyku, nact Temmnepatypalapia (GoHoHNap
anunanru [(3.78) ndonara kapanr] xyfa kam, 6uHoBapuH, QOHOH-
Napapo TYKHAWMWAAP dXTMMOJIU KHYUK, By xonaa doHoHNAp Ha-
MYHAHUHT y yerapacupan Oy yerapacura Aesipav TYKHAIIMUICK3
XapakaT KunajW, [OeMak, arap HamyHa Yauamu 4 Gynca,
1¢"d oynanu.

by xonna,

| o
Aw = 3—( 'I’"l d _ (421)
3Hau (4.21) ubogaHuHr YHr Tomonmaa dakatr C - TMHaA TeM-

neparypara 6ornuk. Heait KonyHura kypa, C~T°, GuHobGapuH,
A,/,~T3 6ynulLM Kepak. By xynocanu

&

TaXpuda TacauKaauan.

Anbatrta, KpUcTannapaa SornaHviu AN
KYYNapKH  aHU3OTPOTUIMTH  UCCHKJIMK % i b\
YTKA3YBUAHAUK  KOIDMUCHTHHU A 1] (s &
HUHT aHH30Tpon OVMWIINTHra onud o
kenand.  KBapuuuHr  TysunuumHn g = | ;* 7
Kypcatanuiad  4.3- un3Ma Ba YHUHT L/

AyHanuwra Gormnuk (aKW3oTpon) uc-
CUKJIMK VTKASYBYAHAHMIMMI HAMOMH LW
KUAAMTAH KAABAT KENTHPUIraH., 4.3-yp3Ma. KGapuHItHT Ty3isamm
YIIMACcH.
4.4 -ncadean
Temneparypa. K

373 273 95 | 83 |
¢ YKKA Iapauien iyvHaniwaa 7.7 11.7 16.8 42.1

Ag 10% kan Mons/Tpag ¢

¢ YKKi TUK HYHanuwaa 4.8 6,2 8.7 | 2.1
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AKagsangaH KBapu KpUCTUUIMHMHE ¢ KU 6yinab MCCUKIMK
VTKA3yBUAHNMIM, Yy YKKA TUK HyHanulugarucugad Aesipan HWKKH
MapTa KaTTalurk KypuHub Typuban. ByHuan tawkapu, T Temne-
paTypa KamairaH cailMH Ay, UCCUKIMK YTKa3yBYaHJWK OpTHUO Gopa-
€Trauu KYpuHaau. by kBaHT HaszapusiCHHW TacAMKiaHAWMIraH HaTW-
wamup. [9,175-6] Bu3 kpucTaan navxapacu TeGpaHuimapu (do-
HOHNap) GuiaH GOFNIMK WCCUKIMK YTKazyBYaHIMKKa oua Oab3u
acocUil KOHYHMATIapHM Kapab YMKIMK Xonoc. bolika HUCCUKIMK
VTKasyByaHAWK  MexaHM3Mnapu  xakyga ¥3  xoiupa  siHa
TYXTa1aMH3.

4.4. KaTruk xKucMIapHHHT HCCHKJIHKIAH KeHraWuuy Ba y3aiiHug

Kartuk ~ KuMcMmAapHUHT  Mc- E
CUK/INKAAH KEeHTalMIIMHM TYIOyH- 1
TUPHMILL YYYH KaTTHK XKMCM 3appa-
JEAPHUHI  ¥3ap0  TabCUp 3UEprusi-
CHHMHI ynap opacuaari macodara

BONIMKJIUIH yu3Mara (4.4- 5 o

uM3Mara)  Mypoxaar  KUJIGMH3. \s, Y
AN 17"

Arap 3appalap MyTJaK XapakaTcu3i & (N A 7o

Oynca, Oy Xonna yAnapHHMHT KUHe- =

THK 3HeprusUiapMd  Hoara TEHr

ynap, ynap OF{HC”}JM” Macoda T, 4.4-vpsma. KaTTiik KICMAapHITHT
ra  TeHr  6yano, NOTEHUMMT  jeetiknIKAAH KCHIAIIWITHM TYWYH-
YYKYPHMHT  TYOMAa  Xoitnaiurau THPALHTAH TACBIIP
oynapavnap. by Xon MyTnak Hon

Temneparypana 6yauiun MyMKIH 3.

AMMO, XaKMKATAd 3appaiap y3 MyBo3aHaTH Ba3MsiTnapH at-
podnapuna Te6paHid TypanMnap, sbHU MyadsiH KMHETHK 3HEeprHsi-
ra ara 6ynaaunap. Temnepartypa opTUIIN BUnaH 6y KUHETHK 3HEP-
ritst xam optv® 6opann. 7 Temneparvpala 3appa £ KMHeTHK 3Hep-
rsira ara BynuG, wanra @, Hykrara, YHIra b, Hykrara uernaiiann.
[oTeHLMan 3rpy UH3HKHWIT HOCHMMETPHKIWIH Tydaiinn tedpa-
HAETraH 3appaHUHL YPTaya BA3USITH 3HAN I, ra TeHT 6Ynmaii, VH-
faH VHrra cuikub ry KMiAMaTra 3puiiann.

Temnepatypadi 75 raua olwvpuica, 3appaHHHT KHHETHK 3Hep-
rusici Ey; 10KOpH KMitMatHW onaau. bywpa 3appa uanra o
HyKTarayd, yHrra b, Hykraraua yetnaiaav, ypraya BasusiT dca rp
kniiMaTtra spuuland. Ulyipaii xunub, temneparypa optitd Gopra-
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HILIA KPWUCTANA NaHXapacu TYIYHNapW OpajlMFM OpTafu, SIbHW WC-
CHKAHKAAH KeHrafuu (ry>r;>rg) 103 6epagu.

Mavnym /, =1,(1+at) udona (bynna ¢ — Lencuit napaxacu-

Aari Temneparypa, o — Ypraya ysainiu koadbguumenTty, l, lo —
TeMrepatypatitir t sa 0 KMiMaTiapoarn crepkeH y3yHAHKiIapH)
TIONIUKPHCTANN, #bHM XOCCAnapu efpin iyHanuunapra OOFIUK
OynMaraH (u3oTpom) Mommanap yuyH TYrpu Oynamd. Monokpu-
CTANAP 3¢a AHM30TPOTUIMK XOCCAlapUra 5ra, YJApHUHT YM3UKWUH
y3aimwy o  Ko3hdWUMEHTH  yMymaH  aifTraHma  TEH30p
KYPUHMILUAATI KATTATHKIMD.

Arap MOHOKpUCTa/jaH LIap sicanca, XeWHH YHW WCUTHIICA
€K1t COBYTMICA, Y XOJda LUap Y3 WaKiuHu MYKOTUG, SHT YMyMHH
NONAA Y4 YK 3MAMNCOMAra alnaHaiM, YHUHT VKJIapW KPUCTALIO-
rpaduk yxiap Gunan Gomukanp. Yu kpucraniorpaduk yk 6yinab
MCCHKJIMKAAH KCHrainll Ko3hhHUMEHTAApUHH KPUCTAUIHUHT HC-
CHKNWKAAH KeHraluwm Oow koadduiuventnapy neiwvnagu Ba

0.1,00,0;3 OpKaK Oenrunanain. Kagsanna Gabsu KpucTaiiap y4yH
MablyMOT KENTHPWITaH.

4.5 - acadsan

\ﬁncnum l Cuctema T,K oy 108 o 108 ag 108
rpay! rpan’! rpar!
Tunc MoHoxA1H 313 1,6 42 29
60 _9 55
Pyx TeKcaroHan 150 8 635
300 13 64
Kanupr Tpuresan 313 -5.6 25

Kagsangad KYpuHanMkH, TEMAEpaTypa KamaiiraH capy ¢y, 02,
O3 flap XaM KamMasiau, afipuM Temnepartypanapaa Gab3una maHdHil
KHitMaTiap oMM XaM MYMKHH, 6Gow koadduipentnap aipum
KplicTaynapaa 6up-6upuaal aHva Gapk Kunagu.

KpucTannapHUHT MCCHKAUKIAH KEHTakuIW (y3aiuilu) YHHHT
aToMJlapu opacuiary ¥Y3apo TabCUP KYWYAapHWHI AHTAPMOHUK
KHCMH  Oumad  Gornuk 6¥namu. ByHu kyhiuparu xucob Tac-
LUKNARAM:

®apaz  KUnainuK, MKKM aToM (KpucTanl maHXapacwaaru
KYIWLHY  aTtomnap) f, MYBO3AHATIIM BasUsATMAAH YHYa KarTa
6YiIMaran s-r,=x yeTAaHMWINAD XONMAa Oup-6upwu Gunax

du
F=—T=—ﬁx+yx2 (4.22)
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Ky4 BunaH §3apo TapcHpAalucHH. Y xosaa ¥3apo TabCHUp NOTEHUM-
a7 3Hepruscu

3

OyHIa B — 3MAaCTUKIMK (TapMOHMKIUK) KOIPhMLMEHTH, yx3 HU
aHTapMOHMK Xal IeHunub, Yy — aHrapMOHUKIMK KO3(POULHEHTH.

bonbLUMaH TakcHMOTH GYitMya aTOMHUHT MYBO3aHaT/IW BasHsT-
IaH x macodara 4eTnaHull 3XTUMOIIUTH

X
U=—jﬁzx:2iﬂv2-lm-3, (4.23)
[4]

;) : P |
S(x) = Ach[ I{f—]— e SRR [lJ:T] (4.24)

a .-1'
OyHaa j'n << | nebd xucobaab, MKKHHUM KYaloByn
3k
3 ) 3
. rx i’ yx (4.25)
£ [ IAT J Ut 3%

KaTtopra €fuiraH.
A JOMMMI HopManauwl (Menepnall) WapTHaaH TOMWIaau:

yx 3

3 AT

de =1, (4.26)

1+

KAaTHALraH UKKUHYM HHTErpaj HONra TeHr OYnagy, YyHKW YHUHT
octugard GyHKuUua TokK dyHKuusaup. Hatxana
1

4 [ B ] 4.27)

2nkT

KMIMATHI XOCHJI KUJTaMH3.
ATOMHMHT MYBO3aHaTUi1 BA3MATAAH YpTaya YeTJaHULIU

T = j xf (x)dv = yi : (4.28)

o

bl

2

OyHaa, GUPUHYM WMHTErpan ¥3 ocriaard GyHKUMSE TOK G¥nraHanri
Tydaitnn Honra TeHr 6yraan.

AxkMHYM MHTerpan KMitmati Mabiaym [lyaccoH HMHTerpaniira
KEeJTHPHIAIH.

Tabpudra Kypa, HM3MKHIA MCCUKAWMKIAAH KEHIAHUIW o KO3d-
duumeHT 6upank yayHank Ba 19 € ra xicobnanran y3ainimamp:
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X _¥m

a=2=1_ 4.29)
aT aﬁz

OyHpari g=r, — mnadxapa fouMuiicu. (4.29) gaH MCCUKIMKIAH

KEHFalUIl aTOMNADUHWHT AHFAPMOHMK XapakaTtura ODORTHKJIMIH

AKKON KYPUHUO Typnbau.

Mucon Ttapuxkacupa ©OWp BaleHTAW HOHNAp KPUCTaUIMHU

Kapainuk. By xonma voHnap ¥3apo TaLCUp KyUHHU

& B

.’?=—,—2+F (4.30)

ne6 xucobnaca 6Ynanu, 6y ndonana — e?/r2 nedopmauusaHMain-

AWTaH TYpAM MWOpanu KYWIHW MoHNap opacuiark KynoH KOHYHH

6yinya TopTvwMw Kydu, B/r!® — wy vonnap opacupmard WTapu-

WnW Kyyd, y Macoda ysrapuiuuvra kapab Te3 ysrapamu. MyBosa-
2

Hataa F =0= —e—2+%, a — WOHNApHUHT MYBO3aHaT/iW Opa-
a a

nWFY. Byrnan, B=e%a® akannuryu kenud YMKanu.

AMMO, r=(a+x) GYATaHNMIM Ba X HUHT g ra HUcOaTaH KUYKH-
HaNUIMHK X1cobra oncak,

FLnE i=_ﬁx+52€'2 . (4.31)
(a+x)? (a+x)0 a a"

(4.31 ) Ba (4.22 ) nchoaanapHH TaKKocCNacak,

B=821a, ¥ =52 d* . (4.32)

By HatwxanapHn (4.29) udomara Kyiicak, WoHmap KpucTailil
NAHXAPacH YYyH
a =52ak /64 ¢” (4.33)
MYHOCaBATHU XOCHA KUNAMM3.
a=3*10"% M, k=1,38*1023, XK1, e=1,6*10"'9 Ki xuitmatnapiu

(4.33) udonara kyiicak, o=1,5*10-5 rpan’! HaTMxa Keanb YWKaOM,
6y — TapTn6 XxuxataaH TYFPHAMP.

By GOGHWHT sikyHuaa WYHW allTHLI KepakKH, KaTTHK KHCM-

NapHUHT UCCHKAUK CHFUMU OuNaH WCCUKAMKAAR KEHTaiulK opa-
cuna 6ornanuw Gop:
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Viceukmkoan  KeHraliii  kosqpuirenty o HUHE aroMiap
(Monsip) €, HCCHKAMK CHPHMMTA HHeDATH MasKyp MOIAa YUYyH
TeMneparypara GoOFiWMK  OVaMarall JQOMMUIIMKAUD (I pioHelizeH
KOLiVHU):

(04 /("' = }’(,'k 13V . (434)

Xakurargau, 6y MKKHM 504Mca TeMleparypa opTladuia aTon-
Japapo Macoa opTuLnira Ooralrans.

Macasianap sa caBomup

I. 2 Ba 3 aroMad KaTTHK XHCMARPHHUHI MOJSIP HCCHK K
CHFUMHHM KJIACCHK {MYMTO3) TaKpHOAa aHMKJIAHT.

2. DAMUITeHHHUHT KATIHK SKHCMIHMHT HCCHIINK CHFMMH [a3a-
PUACHHIHF acochii dhapaznapi Karxali?

3. [ebait Temmeparypack KaHmal aHukiaHang? Y HuMawl
ndonanaitnn?

4. © TaKpopuitIuKnu Sapya oriolirap 2HEPrHIACKHHY E3HHT.

5. v (ToBYl! Teanuri)=5*103 m/c, 2MeMCHTAD AYelika AaKMH
Vy=2%10-2% M3 6yrranna Je6aii TeMnepaTypack HumMara TeHr?

6. Huma yuyn HeGait Temriepartypacuian nactia onryx refpa-
HULLIAD UCCHKJIHK CUFUMHHH aHHKauIAa 3bTHEOopra ontnmaiini?

7. HMecUKMK YTKAYBUaHAMKHUKHT Kaddask KypuHruLaps dop?
KaTTHK, XUCMIIapaa YHUHT KalcH KYpHHKIGH MYXuM?

8. Arap QOHOHARPHIIHT 3PKUB IOTYPHLU 1Y/l XOHa TeMNIepaTry-
pacupa NaCl kpucrann nanxapaci ¢ foMMuiicaad 4 MapTa KaTTa
Oyica, Oy KpHCTAMTHKHE HCCUKJIIK YTKA3YBIYAHRMIHHI XMCOOIAHT.

9. Arap KYMYWHMHT UCCHIYIHK YTKA3YRYAHIEK KOIPhHLMEHTH
418 Batr/m.rpad, yraa Tobyuwl Tesnuru 3700 mic 6ynca, T=300K na
(POHOHHIIHT 3PKUH OTYPHUI VpTava y3ydaury sawgva?

i6. 30 Kia 0AMOCHMHT CORMIUTHPMA MCCUKIMK CHFMMIL
AHMKAAHCHH.
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V BOB

UAEA]I KPUCTANLIIJA BJEKTPOHJIAPHUHI
OHEPTUSJIAPY CIIEKTPU

S.1. Kpucraan yuyn Ilpeansrep TenrnamMacu. AquabaTuk Taxpuod

Xap KaHZa% KaTTMK XUCM Xyda Ky aTomiapiaH Tallkus Tom-
raH 6ynany. ATOMIapHUHT SApofapy MAean KpUCTauia MyHTa3aM
faHxapa Tawkun xunagu. Il 6o6pa  KkypraHumusgex, aTomniap
KPUCTANN NaHXapacy TYryHNapuaard Y3MHWHT MYBO3aHAT;IM Ba3u-
sitiapu atpoduaa Tebpanu6 Typanu. Heitpan kpucramima sinpo-
JIApHUHT MycBaT 3apsav Gapua sneKTpOHNApHUHI MaHdui 3aps-
AWra MUKOOPaH TeHr Cynanu. Memax, KpucTana KaTTUK, XUCM Ky

33ppafy KBAHT TU3MMAMP. YHMHT cTauuoHap xonariapuyu [ipe-
QUHTEP TEHINaMaclHy eund Tonunagu:

HY =W¥,, (5.1
OyHnary XaMMNTOHWAH (T¥na 3Heprus onepaTopy)
H :ﬁzvz Bl pry o (52)
2m &7 Ly T

KYpuHnwAa 6Ynub, YHUHr GupuHuM Xany 3MeKTpoHNap KWHETHK
SHEPrUsiNapy ofepaTopyiapy KWHFHHAWCH, UKKUHYM Xalu sxponap
KUHETHK 3HEPTUAnapu onepartopnapu #urMHmucu W(R,r) ¥3apo

TabCUp NOTEHUWAN 3Heprusacuian noopar. [MoteHunan 3HeprusiHi
KyHuaaruua €3uu MyMKuR:

2
e
— 4

== 7 o =2
= j= = a4
URD=Y ’f E*__Z it (5.3)
LA Tk ke iy Ty
Ywby nbonanapaa m — anekrpon maccacu, M; 3ca j— smpo-
HUHI MaccacH, r; Ba R; —Moc pasuwiAa, i — 3NEKTPOHHMHT Ba j —
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SOPOHMHI payc BeKTopaapy, Ry — sinponap opacuiard, rg — 3MeK-
TPOHJIap Opacuiaru, f; — 3MEKTPOHJIAp OUIaH siapoJsiap OpacHaaru
macodanap, z, & — SIPONapHUHT aToM HoMepnapu. (5.3) udogana
Ry, rig, ry Macodanap Xucobiaa MHIEKCAAp TEHT OYSIMaciIMIK Kepak.
(5.1) ndonaga W — KpuUcTANAHMHT TYa Xycycuii 3Heprusicd, ¥ aca
YHUHT TYAKHMH dyHKUMgCH 6Ynnb, y Oapya 3appafapHUHT KOOPAU-
HaTajlapyura OOFIHKIUP:

Y =Y(n,1...R.Ry,...) 5.4)

Acnuna (5.1) llpendHrep TeHrnaMacu ewuiaca, KpUCTali
KaTTHK XHUCM Xoccanapura Teruuinv Oapya caBosfapra KaThMit
aBoGnap OJMHUIUM MYMKUH Oynapau. AMMO, KaTTHK >KUCMHMHI
1 M3 xaxkmuzna 1028 gan opTHK aToM (3appanapHUHT YMYMHIi COHM
yHOaH XaMm kym) 6ynagu. By aca TynkuH ¢yHKUMs YLlaHuya COH
yamacugard ysrapypuuiapra OoriukK Oynanu, nemakaup. bydpai
TEHIIaMaHW Ba YHWHT eYMMMHH XaTTo €3u0 YMKULU aManja Mym-
KUH sMac. UlyHpait €3yB ycynu TOMMNraHAa XaM OJIMHIaH eYuM
Taxpubaga Ky3aTWITaH KOHYHMSITAapHM TYLUYHTUMPMII YYyH spa-
Malau (ras Gapuya MoJseKy/nalapyHMHI KOOpAUHaTanapy Ba Te3-
JIMKIAapYMHY GUNIraH;a Xam ra3 XoJdaTMHU aHWKIab GYnMacnuruHu
3cNaiIuK).

Cunypkinab GaxapuiraH Taakukomiap natuxacuma LlpenuH-
rep TEHrNaMacMHMHT YMYMMU aHHMK €YUMUHW TOMMIUTA YPYHHILU-
HMHT 3apypat¥ HYKAWIMHWM, erapiuya acoclaHraH TakpHOMii
XHcobaall KaTTHK XUCMHUHT Dapya MyXMM XOcCalapUHUW TYLWKH-
TUPULLM MYMKMHIUTUHU Kkypcatau. lllpeauHrep TeHMIamMacuHU
CYUUIHMHI camapafop TakpuOuit ycynuHM aguvabaTuk OUp anek-
TPOHJIM SIKUHJawMul (Takpub) ne6 HomnamraH. Y KaTTUK XHUCM-
Napja 3AeKTPOHIAPHMHT 3HEPrysiapy CNeKTpU Haszapusicura acoc
OYnraH.

Anya0aTHK AKuHIauonu (Takpud). ATomJap SAPONApM  Maccacu
2JICKTPOH MaccacuaaH Ky MapTra Karra OYaraHAvriK yuyH KpUCTajulia-
W aTomiap sUIpoNiapy Malxapa TYTVHAApUAa KY3raiMac Typamd neb
XxucobnaHca, (5.2) XaMWITOH ONepaTopyaa SIPonap KMHETHK 3Hep-

FMACHHUHT (A /2)3‘_|_V;h onepaTopuHu Tautab obopuica, y
Y
!
XOJAa KY3raMac siapoiap MaMooHMAa XapakaTnana€TraH 3nek-
TPOHJIAP CHUCTEMACMHUHT @ (r,R) TYNKMH dyHKUMACH Kyiluaarn
[1lpenunrep TeHrnamacura 6yicyHanu:
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l "‘ ET +I(Roe)w=Eg | (5.5}
. 1

Gyliaa £ — SMeKTPOHAAD CHCTCMACHHHNT XYCYCHIT 3HEDTUSICH. SHIAH

SAApOIAp Xapakaruiin Xicobra oniil Makcallita OyTyr KpUCTansiHuHE
TYAKMH QYHKHACHHI

V(W R)Y= @(R)-p(r.R) {3.0)
KypuHuua udonanaiimina. O(R) — saponap TH3MMM  TVAKHH

dymkutsc. Arap (5.6) udonanu (5.1) TeHrnamara kyiunca sd
(5.5) avTubopra oanHca,

/

‘\__21:,: },%, 4&(/3)1(1):1%1) .7

TeHIIaMa Xocua Gysani. By Tedriama siposap TH3HMUHEMHL yIap
L(R) noTeRUHAT BHCPTHSLIM 3NSKTPOHIIAD CHCTeMAcH Malkinokia
APAKATAAHTAHM XOMA CTauuoHap (BaKTra Boriuk Gynmarat)
ROAITAAPHH  aHuKnal Gepagnrad  Lhipeaniuep TeHIaMaciialp.
vena# aruG, anekTporiap Ba sApPONapaaH TALIKM TONIaH T~
3UM XONATNAPY XAKHAGTH MK KBAHT MEXAMK MAcwlach WK
COLIAPOK, Macanaiapra.

). 3nextpoinaprunr Kysranmac aaponap H(r.R) malinosiiad
Xapakati xakuiard (5.5) amacanara;

I). SALpoRapuur sfekTporiap xochn Kuirad E{(R) ypiada
MAHAOHAAR Xapakaty xakuaard {5.7) macanara axpasanu.

10kopifa  6adi  KuauHraH  Takpubiil  yoynui  apuabarti
TRANNBEHL AeHHaaan.

3.2, Xeprpu-Dek yeyau. Bup sACKTPORAA sxunsamial

Annabaviik skiHANLHLL (TaKpitG) KYI 3appastit KBaHT cHcTeMa
AOJIATAARH XaKpAGIH Macanadi GHpo3 cojlianawtipud, kysranMac
SAROIAP MANIOHIAQ DICKTPOHAAP XapaKaTH Macalacira KeATupa-
A, Bupsk, anektponnap takmi yuyH E3uaran (5.5) rerniamany
NaM o CHHBL KHBWHANPH  Ba YHEL e4HDIra  YPHHWLWIHWHL - HO-
MakOy T TYEpHCHAD ranupaMK. by MacanaHu  eHHILHHHE
TakpHGUIT HYIapuar KUMpHALLL. AHA WYVHIAIH YCVANapHWHT SHT
caMapanuinapnzan Oupst Xaptpu-@ow yeyan 6Yniib, y kyn sJiek-
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TPOHJIM MacajlaHW GUp WICKTPOHAM Macaara adlaHTUpamu. Xap-

Tpu-Qok yeynm M xamunToHMaHAa 3AEKTPOHNAPHUHT  $3apo
TabCUP JHEPTYAICHHU Xap OUp 3NeKTPOH MYCTaKui XapakaTJaHaouraH

JaBpHIt Gupop Tawky MaiigoHnarn U, f('_' ) addexTs noteHUMAN

SHEPTIHACH Ornan aANMMalUTUPUIL  FOsICUIra acocnaHraH. U,_:J[(’_)

MalinoH Oapya GOLIKa 3MEKTPOHNAPHUHT Ma3kyp OMp 2/7€KTPOHra
ypraya TALCUPHMHM 3HT #XWM paBMwiaa tascudmaiadraH Kunuo
TaHaab ONMHUIIY KepaK. TH3MMHUHI XaMUATOHHAHW 3HAM dakaT
OUp 3/MIEKTPOHHMHI KOOpAWMHAaTalapra OORIMK, XaMWITOHHaHIIap
WHWFMHAKCKAaH nbopart 6yn1ub Konaum:

g :
- o - h°
= ByHaa =——V? i r). (5.8
H 2_;”- yuia A, ===V, +V(E)+U, (F). (5:8)
By udonaga V(r) kymuuaysuu /i — SNEKTPOHHUHT Aapoiap
MalaoHuaaru, Ugf}'('? ) sca 1y 3/MeKTpoHaaH fouika 6apya 3eK-
TPOHIap MaHOOHMAATH MOTEHLMAN IHEPTUSNAPp.
DHAY JIEKTPOHNAD TH3UMUHMHL TYIKMH QYHKUHUSACH.
m(;i‘;;-’""?ﬁi}:wﬂ';i)qb.(a)""vqon(ﬁ;) 6ynanu.

Nxtuépuii { — 3nextpoH yuyH €3unrad llpeanHrep TeHrnamacu:

Ho" =E@ (7). (5.9)

r

Uy (F) nm aur sxwun pasuugia Tanna6 onuin KaHgan?

By uiiHK KaHpaiauMp ¥3-y3vpaaH mocialiraH amannap acocuiaa
faxapull MyMKUHIUTHHU KyAKHIA KYpaMu3.

OnouH 2 Ta MEKTPOHAaH MOOopaT TM3UMHMW Kapad, HaTHXanapHU
UXTHEPHIA N cOHAarK 3NEKTPOHJIap X0JMra YyMyMIIawTHpaMH3.

MKKH 3/EKTPOH YYyH

e{n.n) =@ 1(n)e2(7n). (5.10)

DNEKTPOHHUHT XONMaTW yyta X, ¥, z (F) KoopauHatanapaaH

TAIUKAPHM $iHA CHAMHHUHT MpPOeKUMscH KUIMaTH OunaH xam
anuknaHagu. [laynu KOHYHWra acocaH, UKKH asieKTpoHaaH nbopar
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THU3KWM/IA arap 3EKTPOHIAD YPHUHU anMaWTUPCaK, TYAKUH DyHK-
UHMACH Y3 MIUOPACUHU Y3rapTUpPUUIM KepaK, SbHU:

1 1 2
‘1’(‘2)=${¢|(|)¢1(2)-¢7|(2)¢2(1)}=—|——Z'((])) (‘:'((2))
2 2

Y21

Oyraa | Ba 2 xonatnap GenrmnaHaau. xakukatad, @©(2,1)=-P(1.2).
N Ta 3MeKTPOHIN TH3NM: YYYH:

,. (5.1

1 (D@ (2)..01(N)

I lo2(D92(2)..05(N)
@23, . N)y=— (5.12)
N

Pan (LN (2)..0x (N)

(5.8) Ba (5.12)napaaH ¢olaanaHud, TUIMMHUHT £ HEpPIrUscH-
HU XKcobnab unxunaiu:

E=[®xH®drdr,..., diy (5.13)

Mypakkab xucobnapry keatupMmacaad Xaprpu-DPok ycyau-
HUHT KeATycy aMaulapvHU cy3 OuiaH aiTub yramus.

(5.8) udonara kuprav H Ba e/r; cnMHra GOFNMKMAC, UWIYHUHI
YyuyH cnuH OYiiMua WUFMW (a3oBMit KoopaMHaTanapuoaH Myc-
Takun OGaxapunagd. bByHnaH  keiiuH U o (7) Kyiuaaru
KYpUHULIHK Kabyn Kuaaau:

Ue[f (7)) =

2 = 31 ~ 2 = =

=$“ J-e |q)!lj“:‘l' 35;3 B m-q("l) € mm“f‘_”iy“‘l}-ﬁt‘ (5.14)
'I_ n2 2 (rl ) n2
by acocaa
lH1+Ut’[f(;l)}plu(’_:l):Em(pm(,_'l)' (5-13)

€Kn

(e ST . 5.16

| \—m.‘V’I +l"| +b'~f[l (r])lmﬁl(’\,zEau‘orrr[ﬁ} ( ) )

By Tenramanaphu XapTpu-®ok Tenrnamanapy geinnaau.
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Ue_;j"(F) HY Xy1co0/1a6 YHKHII yuyH @, DyHKUHANApHHW TaHNab

onuiy 3apyp. HoauHun SxMHIawdugia KaHaamoup 6Mp a/1eKTpoHin
@ DyHKUMSNAP oanHanM, cyHr Uy xucobnab unkunamy, keituH U
ndonacunan ¢, byHKUMANApHW BUPUHYYU TakpW6aa aHuKIaHaoH, Oy
ULIHH KepakIWruya 1asoM 3TTUPHIL MYMKWH. MacanaH, ¢, ¢GYHK-
uusinap cubaruaa, VPHUra Kapad. 3pKMH 3JIEKTpOH EKM aTomaa
BOFAUHTAI 3 1eKT POt TVAKHH GYHKIIMANAPH ONHHUUIM MYMKHH. By
Macalara 6u3 KeMMHpPOK TYXTanaMus.

5.3. laspuii 31eKTPHK MaiRa0KAA XapaKaTI2aHAETraH 3eKTPOH
Macanacu

Kpucrannap cummerpuscu U, (7)) NoTeHUHa) MaHAOHHMHT

\IM KPUCTA AaBpUMAWTMIa 3ra BYTMWIMIMHKA TaKo30 KWIadM.
lemak, 3M1eKTPOHHUHI KY3FalMac aTomiap faponapd Ba 6Golika
INEKTPOHNAD MaHOOHUAArH MOTEHUMATH, SBHU

V(r.R)+U,gz(n)=V(r)
naspuyi 6ynagy Ba KpUCTa/NIAard 3NeKTpPOH Wy NaBpUH ManOoHIa

xapakatnaHaagyu. byHpanH keitnH 6y norteHumanHu ¥ (r) Oejarucu

bunan KyanaimMu3.
SHAOH 3NEKTPOHHUHT TYAKUH OOYHKLUSICMHU TaHnaimus. Y
bnox dyHkuusicuaad néopar: i

@p(FY=ug(Fre®s, (5.17)

OyHaa k — 3MeKTPOHHUHT TYIKUH GYHKUMSCH, ui(f') aMIuIMTyna

3Ca faBpuii
up(r+ay)=ug(r). (5.18)

Xakukarad, arap brnox 7TynkuH dyHkumanapyHu  (5.14) ra
Kyiuica, Uejf () HUHr KpUCTAL) OaBPHUAAMTUra 3ra GYnMWAMTH
Kennb yuxanu, ABHU (5.17) cuuM §3-Y¥3ura MoclaluraHauE..
TynKyuH BeXTOp k HW KyHWUOArM KYpuHWWIa €3unagu (K Gu-
naH A TYIKUH Y3yHIury & =(21A) ri MyHocaGarna GornaHran):
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b+ 825, + 835, (5.19)

’]

k =8

c3|°q
m
&

HyHoa G — Karra TOK COH, El,52,53 — Teckapu NaHxapa BeKTopJia-

pY, 8}, 82, 83 — OYTYH coHnap. k Bektop G KBAZWAMCKPET KWITMaT
oJ1any.

By ndogaHn Xocun KWIMII Y4YH KPUCTAUIHMHI acoCcHii cOXacu
cubataa Gay,Ga,,Gay Kuppanapu 6ynraH mapagnenenunen ax-

patib onuHamn, Oy xonda Ga, Ka#ap CHAXWMI TYIKUH DYHKLMS
KWIiMaTUHK Yaraptupmaidoy (BopH-KapmaH maBpuilivK LIapTH).
Arap (5.17) udomana r Ypuura F+a, «¥ituaca, @p V3
KUAMaTHHAU caknaian. XakukKataH,

(pk_ ('— + a")=U[(,— + ‘—1” )elkfelka,, :UI‘:(",)elkF

YYHKH expilfﬁn =1, ka, =2ne OyiyH COH. @, HMHT 3HI KMYMK
Kuiimatnapu a,;69nagn  sa ka, =2m  xenw6 umkanu. [lemax,

TYAKUH BeKTOp lWyHAald naBp OunaH Yarapaau. YHWHC (DU3HK
XUXaToaH TypAu KMiAMatnapu

—w<ka; <+m (i=1,2,3) (5.20)

opanukaa éragn. By coxaHu OuprHuM BpunniosH 3oHacu Aciinia-
JH. KpMCTaJU]HMHF TECKapHu Ba TVFpM MaHXapanapu BEKTOPNapH
KynaiiTmacu a,b; arap i=k ©ynrauna 2z ra, j=k ga Hosra TEHrAMIM-

nu abTMbopra onub, (5.19) Hu d ra xkynalitupcak, kd, HWHT

KuiiMaTnapu IE&,-=3"3/G 6Ynanu, ynapuu (5.20) ra Kyiinica,

G G
EE§,$+3 (5.21)

KYpHHMiILATK OPATIMK GHMPHHYK (Kemupunraﬁ) BpunatosH 30Ha-
cuin ndopananou.

Bnox GyHKUHUACHHYW 3NEKTPOH Y4yH €3unraH
2

h <
—m\_" Pk tV(F)py = Epoy (5.9)
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LpeanHrep TeHr1aMacura Kyiinsica,

” I 17k
— Vo +V (Y, ——kVuk)=(£y — Yy (5.22)
2m m 2

TeHrnaMa xocun 6ynanu. 4=0 yuyH (5.22) TeHrnaMa @, yuyH €3ui-
raH (5.9) ra yxwaiu 6ynanu.

Typau  kypuHUlUgard  JaBpyid  MaliooHnapaa  2€KTPOoH
XAPAKaTMHK TAKUKJIALI 3JIEKTPOHHUHT 3HEPIUsNapy CrieKTpU pyX-
caTiaHraH Ba TaKMKJIaHTaH KHHMAaTjap opajukiapHra (3oHajapH-
ra) axpaiuMumidrddM kypcaragn. Kyiuga Oup Hewa XoanapHu
KYpub unKamms.

5.4. Kyuck3 Ba Ky4.u OOFJAaHraH 3JeKTPOHAAp TAKpHOAapn

E:E(k') OOFNAHUIUHM YMYMHUI XOJAa TOMUL! MyXuMM Macana

69110, aMMO Y Iy KyHraua eyusnmaraH. ¥ €ku Oy KaTTUK KHCM-
NapHHMIF  Typad (U3HMK XxoccanapWMHK ypraHuwga Oup Heua
TakpMOMii ycynnap KyanaHaiu.

|. BynapmaH ©MpH Kyucu3 GOFNaHMIL TaKPHOMHHUHI HOMMHYH
SIKMHAAWMILIN cUdaThaa 3PKUH 3JIEKTPOH X0aTh OJIMHAAW, KpHCTai-
HWHT JaBpM{ 3AEKTPUK MaMAOHM 3ca 3PKUH IMEKTPOHHUHI KHUHETHK
SHeprisicMra HHUCOaTaH KUYMK OYIraH MOTeHLHMAT 3HEPrHsl XOCHI
KMJaguraH KMYMK Tabcup (Fanaéd) ned xucobnadamu. LpenuHrep
TeHrnamMacH acocHia KeTMa-KeT OaxapwiaauraH OMpHMHYM, MKKHHYM,
... TAKpHOHIT Xucobnap oKMbaTHaa 3MEKTPOHIAPHUHE KPUCTAUT KATTHK
KHCMAArM 3HEPrisuIapy CNeKTpH ndonacura KeanHaai.

JlaBpuit xagBanHUHT -4 rypyxnapura MaHcy® MeTajnapHi Ha-
3apMil Ba TaxkpHOaBHii TeKIWMpraHaa ynapaa YTKa3yBYaHIMK JieK-
TPOHNAPHU XAPAKATHHM TaBCcU(Aall YUyH ACSIpIM OOUMMIE MOTEH-
uranaaH doliianaHul MYMKHHAWIMHYW KYpeaTau.

Kuunk ranaéd ned xapanagudrad V(r) xyucus naspuii noteH-

UManHn Pypbe KATOpHra EAMu3;

V()= Y gexpi(hyr), (5.23)
g#0

OyHaa J}r Teckapd naHxapa BekTopd. fAHa 6GyHna V,=0 ne®
XMCOBNANMK, YHT TOMOH XaKUKMI 6ynuwu yuyn V=1, wapr 6a-
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Xapunuiuy kepak. bnox dyHkuusich amnuauTynacutd xaMm ®ypbe
Karopura €Hunaau:

uy (F) =Y. @, expi(b,F) . (5.249)
h
(5.23) Ba (5.24) ucoganapuu (5.22) TeHrIamara KysaMu3:

2___!7 a,e -tb,rl +ZEV a,e i(by +by ) +E___(b k) a,e -tb,rl

h gx0

'@ (5.25)

WUkku Kappanu ﬁuranMﬂa h Ba g 6¥ituya WurnawiHu h-g Ba g
HWFHawra anMamTuMpaMu3, Oy Xonga KypcaTkuuau dyHKUMAAA

be + b, 1y byra anMalTHPWICA, Ma3Kyp HUFMHIM:
2 YV gGp-g eXpi(byF)
h g

k¥puHumira kenagu. bapua ¥ nap yuyH (5.25) TeHrAMK aifHaH 6a-
XKapWIHILY yY9yH XaMMa expi( E,,F Jnap onauaaru KosdpuuneHTaap

HUFUHAMCH HoJMa TeHr 6YnuwM 3apyp.
By xonaa (5.25) maH:

[Ek ~—-(k k+by) }ﬂr YV ey g =0. (5.26)

g0
(h1, ha, h3=%1, +2, +3, ).

DPKHH 3JIEKTPOH YUYH V =0 Ba LuyHMHl' Y4yH
Ey ———(k +by)? =—k2 (5.27)
2m

uynku, ECk + by )=E(k ).
BHau (5.26) HM KyuCH3 [aBpUH MaitgoH yuys eyamu3. By

ndonana ag=1 1e6, AMFUHIUAA BUTTA g=h U XaOHU KONAUPAMMU3.
Y xonpa
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2'"___ (h20) (5.28)
2 b7 +2(byk)
ap Koad)dmuuen'map NEKTPOHHHHT TYIKUH (YHKUMsCHIa
6MpUHUM TakpubGaard Ty3aTmanap 6ynaau.

2,2
OpKUH 3AEKTPOHHHHT E; = *4’" SHeprusicura KylinMya

3Heprud
2
E ——U— (5.29)

b2 +2(b,k)

ay =

GYNMIANTHHYA TONMMIL KUKMH 3Mac, GyHna (5.26) na A=0 TerHwau
KYiunysauaap 6uiaH KudosiaHHl MyMKUH. MaxpaXHUHT

2 29b k)=
bg +2(bgk)=0

SYnuuurn muTepdepeHuuod waprtHu udomanaiau. lly mwaprHH
KaHOATNIAHTHPYBYM k Nap YUyH

e A
E; =_2;—1 |"g| (5.30)
Oynanu, sbHU 3MEKTPOH 3Heprusick 2|V ra TeHr yawnuuira sra
6ynany. bup YnuomrnM Xon KapanraHia pyXcaTIaHraH 30Hajlap opacH-
aru TakWKNaHraH 30Hamap 60p. AMMO, UKKH $IUORIH Ba Y4 YI4ORIH
Xoanapaa OyHnaid GYnMaciMri Ba MKKM 30Ha OUp-OMPMHUHT ycTHra
TYWHIIN MyMKWH. By Xoauca Metaiutapaa MyxuM YpuH TyTamu.

OHAM Ky4wid OOFIaHraH 3JeKTPOHIAP TAKPHOHHH KYpalHuk.
DNIeKTPOHHMHI KMHETHK 3HEpPrusick YHWHr W(r) moTeHUMan 3Hep-
TUACUIOAH aH4a KaTra OYnraHAaH KEHMHrHHAa 3JEKTPOH 3PKHH
XApPaKaTUHUHT Faia€HKU e Kapall MyMKWH. By Xon KpuctannHu
KaTTa 3HEPTUSAM NEKTPOHNAap GUNaH HypAaHTUMpHAranaa pyeééra
UUKHIUW MYMKHH. AMMO KpHCTaifard aToMiars 3J1eKTPOHHWHF
KMHETUK 3HEPTUSCH YHUHI MOTEHUMAN 3Heprusic TebpaHuLLTapH
TapTbnaa GYynany, WYHWUHT YYYH KPUCTANN 3NEKTPOHAApUra Kyu-
cu3 GormaHuWw  (KBAa3uM SPKUH 3MEKTPOH) TakpuOWMHU Kinnaw
MYMKWH 3Mac. Arap 3feKTPOHHMHI 3HEPrHslapy CMEeKTPUHHU
Xucobialina HONMMHYK SIKMHNAWMIL cUdaThaa 3NeKTPOHHHHT SKKa
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aTOMAArM XOMavli ONMHCA Ba KPUCTAUIHWHT [aBpUi 3/EKTPHK
MaIiAOHKM 3ca ranaéH ne® Kapanca, y XOnma KBa3W OOFNMK dJeK-
TPOH Hajapufci spatiunain. XakukaTaH, adpuM atomniap Bup-
Gupura gKHHAaWNG KpUCTaN MaHXapacHHU Xocujl Kuija Gownara-
HIla YNaplard 37eKTPOHNAPHUHT AWMCKPET (aXpyiM) 3Hepl‘MﬂéI:apM
CATXNapH NapyanaHnG, Heprus 3oHanapura aitiaxa Gopanu. COA-
A3 KyOWK mamxkapa yuyH LlpenyHrep TeHraaMacu Maskyp ycynaa
CUUICA, ANEKTPOHHUHT XYCYCUM SHEPTUsUIapH

E(k)=E + C+2A(cosk,a+coskya+cosk,a) (5.3

nsi-
udonara xenann. bynna E, — fikka aTOM)laI‘MvaeKTpOH 3ﬁ§p£aru
ci, C — Y3apo TancHp AOMMMiCH, A — KYWIHKA Tyryicui;mm
aTOMJap 3NACKTPOHNAPUHUHE  alMallnMHYB i]?apo Ta e
xucobra onysun kynaitysuu. by udomanaH Ky#mnarn Xy
Kesnnb ynKanu. .
g apo
1) KpucTann naHxapacu Xocui GynraH1aa a‘rowlapEHM;{qu) ::; pC
TabCHPK okubaTMOA AKKA aTOMJArK BJEKTPOHHUHI Ly ;m)x(opﬂ-
KaTTaNUK Kanap cumxuian. Cumkull AYHITMUIA C HUHT
cura Gornuk, )
g HUTa
2) Slkka aTOMmar¥ 3eKTPOHHHHT 3HEPreTukK CcaTxH )1/§B)Ky£1
KPUCTAJI MaHXapaja JJeKTPOH 3Heprusanapy 3oHacH M

Yoo e k. k
Oynanu. DnekTpoHHUHT E 3Heprusick k TYIKWH BEKTOPH ky, ky, Kz
TAWKWI 3TyBUMAApUra Aaspyii BOFIMK, Gyiany.

4K
3) coskjg=x! 6ynranma (5.31) udopaHuHT KaTTa Ba KUY}
KWimatiapu Kyiluaaruua oynanu:

Ena=E+C+64, (2:;:2;;
Eln|i1=Eu+C“6a‘1- (5.

P oHa-
Jemak, cona kybuK nanxapa yuyyH >N€KTpOH SHEprusIapi 30H4
CU KEHTANTH

Eﬂl-lk_ Emin:izA- (534)

Kyumit Gorsairal 3nekTpor TakpuOW, paBulaHKM, ATOMNAP-
HUHT YYKYpP DHEPIeTHK CATXIAPHAA XOMNALITaH /EKTPOHIAP YIyH
V31 OKIAiAN, UyHKH, Oy 3NeKTPOHAP MaHXapaHWHT OouIKa TV-
FYHapaa aTomnap Ounad ¥3apo CycT TabeHprallan.

AiBatta, Kyicu3 GOFMAHraH  INSKTPOHNAP  Xamla  Ky'in
Gornatiran 3neKIpOHAAP TaKPHOAAPH KPUCTAMIHHHE YTKa3yBYaHIHMK
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30HACHUIArM 3EKTPOHNAD XOMaTHHH MMKAOPaH TYFpH TaBcudiai oJ-
Maitan, ynap alpuM KpUCTAIIApAard SAEKTPOHJAPHUHI 3HEpreTHk
CMEKTPUHK Ba TYAKUH (YHKUMSUIIADUHH XUCOD-KMTOO KMAMIura
Apamailan. BUpoK, MyXUMM IUYKH, Oy TakpuOaap 3NeKTPOHHUHI
JaBpuii MaltAoHOa XapakaTH TYFpUCHAA SIKKOJ YMYMUI Xylocanap
YHKapuIl UMKOHHHUW Bepaau.

5.5. Kpouur-Ilens#n moaeau

DJNIeKTPOH [NaBpuii 2JMeKTPUK MaKIOHAA XapakarT KWiraHia
YHHHT  2MeKTPUK  CHEKTpM KaHAad  OWIHUUIMIMHYA  SIKKOJT
KypcaTaaurad cogana mopennapnan 6upu Kporur-Fflennu monenu-
IMp. Y aToMNapHWHT OMp 4u3auK OVitiab maBpuil XoMjauirad
XoJura Moc 6ynu6, GyHma MacanaHu colnanaliTUPMWII Makcaauaa
Ma3kyp #yHanvinga INEKTPOH y4YyH HaBOGaTnalwyByd (ODaBpuii)
TYrpu Oypuaknu MoOTEeHUMT TYFpY YM3MKAap Maexyn ae6 dapas
KUIUHaAM. TYCUKHUHI KEHIJIMTM 4, ATOMHUHI 3JEeKTPOH YYYH
XOCWJl KMAraH [OTeHLMan YyKYPIMKHMHI KEeHIIUrW b Ba
TYCHKHUHT Oananmnuru ¥y 6ymcuH (5.1- ynMama). by xonma kpu-
cTajn NaHXapacUHUHT JOUMHUIHCH c=a+b Gynanu.

E

os

-& a a a+d
5. 1-umava. Kponnr-TTensn sionean

ONeKTpOHHUHT ©yHaoai naspuit MaitgoHmaru E  sHeprusich
TYCUKHUHF  GanaHanurufad KuWYuk ge6 xucobaanaau. yun
TaLKHMAIAIMM3KH, KBaHT MEXaHUKachra acocaH, 3JEKTpoH 6y no-
TEHLHA] TYCUKNAPp YCTUAAH YTHIUra 3HEprUscK cTapny 6Yynmacaga,
TYCHKJAp ACBOPHMAAH TYHHeR YTWUW (TUPKUIL) HYAM Guian YTiO
KeTa ONMIUNKM MYMKHH Ba Wy HycuHAa Oy OMp YIuoBAW KpHCTa
6yiinab xapakatnaHa ofladn.

by xonaa snextpoH yuyw Llpeauurep Tewrnamacu kyfinnaru
KYpHHHiLaa Bynanu:
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2 52
+"_.d_u’+(5_y)w=0, (5.35)
2m gy
Oynnaru W) 3NEKTPOHHUHT TYNKUH BYHKUUSCH.

(5.35) TeWrnama moOTeHUMan uyKyp Ba MOTEHUWl TYCUK
COXa/laph YuyH, MOC paBuilia, Kyinaard KYpRHULILA e3u1anu:

2
.‘1%“2% =0 (5.36)
dx
2
Y2 _ 12y, =0, (5.37)
dx

Bynapnaru

2 2
K2 = 8’;2'" E6* - 8’;2’" ¥, -E)- (5.38)

[MoteHuwnan uykyp coxach 0<x<a Y4yH (5.36) TEHrIaMaHHWHT
eunMu

ull(x)=Ae"“ +Be7* | (5.39

fioTeHUman TYcuk, coxack —b<x<0 yuyH (5.37) TeHraMaHUHT euuMH

Yy(x)=Ce® + De™® G
KYpuHYNapaa Gynanu.

Kpucrann nanxapacu paspuitnurniad brox dyHKUHMsACH YHYH

wix +¢) = e y(x) =Py (x) (5.41)

MyHocaBar ypunau, Gykna g=kc. DHau (5.40) eunmin (5.41) naH
doipananud, a<x<c TYcUK coxa yuyH

Wo(x) =€ @|c* ) + D) (5.40)
K¥prHuLaa €3a onamua.

ONWHran cumMiap coxalap Yerapanapuia yalykcus Gynmiuaury,

sibHK Gy uerapanapna ) (x) Ba wy(x) TYAKMH GYHKUMANADU XaMAaa
YAAPHHHTE Xocunanapi ¥3apo TeHr OYIMIINUTA Kepak.

x=0 uerapagarit y(0)=y(0) Ba dy+dxx=g=twr=dxl=p WAPT-
napnau:
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A+B=C+D, (5.42)

ik(A-B)=8(C-D). (5.43)

x=a yerapanaru yy(a)=yy(a) Ba dy/dx—~dy)/dx =, waptiap-
naH;

Ae'tas Be-kazel®(Ce-%+ De™), (5.44)
ik(Ae*e— Be-k0)=0ei?( Ce~%- De). (5.45)

(5.41) - (5.44) reHrnamanap cucremacu A4,B,C,D ponmuinapHu
aHUKIalll UMKOHUHK Gepanu. By cucreMa Gup XHHCIK TeHrmama-
fap cucreMacu 6YiIM6, YHUHI MabHOMK eyudMra 3ra 6YauLy ydyH
ywoy Tenrnamanapaaru A,B,C,D nap ongunari xynantysynaapaaH
TY3WIraH aHWUKJIOBYM (AETEPMUHAHT) HOAra TEHr 6YIMWH Kepak,
SIbHU

ik - ik -6 7] . :
! ; b=
o 'ka o —fka _pip-0b  _ ip+0 . (546)
ike tha — 7 o tha — 8¢ iqp—6b Oc i +06b

By aHUK/IOBUMHY 04UO YMKWITaHAA

a2

2
coskachBb+ sinkashBb=coso (5.47)

20k
TEHIIaMa KeJlub unKanu.

by udonamaru & Ba 6 karranuxnap [(5.38)ra kapauf} anek-
TPOHHUHI £ 3Heprusick opkany uvdonananraHauru tydaitim ¢ ra
TYpAu Kuismarnap 6epud, E(@) GyHKUUAHHU, SBHU NEKTPOH 3HEp-
TUSIapU CTIEKTPHHU aHUKIall MyMKWH. AMMO (5.47) TeHrlaMaHW
eyull Mypaxkxab, y Takpubuit xucobnawHu Tanab Kunanu. JlekuH
aiipUM yerapaBWii XoJslapAa XyAa SIKKOJ HaTWXanap ONulll MyM-
KUH. By x0ina moTeHuUMan TYCUK KEHTAWIW b HU Hoara (b—0) Ba
YHUHT GanaHanuru V, Hit yekcu3ra (Yo—»eo) HHTUATHUPaMU3, aMMO
bV, xynaiktMa 4YeKIM NOWMUIF KaTTanivk OYaub konaaum ne6
Xxucobnaiimus, sibHu

4An’mabVy/h?=P=const. (5.48)

Ouau b—0 Ba Vo—s== yerapasuii xonaa:
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cheb—1, shbb—0;

0% - k2 82 — k% shob b6*
lim ———sh6b = lim ——— @b —— = i =—
b0 26k bo0 206 6 e e
o0 Vo=

By xonna (5.47) Tenrnama comna KYpUHMILTA KeJlaau:
coska+ kL- sinka=cosg. (5.50)
a

52- wumamapa (5.50) TeHmama euuMu rpaduK  ycynda
TACBUDPAAHTAH,

P
Fika)=cos ka+—sin ka
ka

=2
o
"-.T_‘_\

e

5.2-uyttama Lipeannrep TEHIAMACHHHHE CHIMI.

UYyuaManaH KypuHUD TYpraHWAEK, COS® HMHC KuiMataapn +1
HaH —1 raya opanukaary KuiMartiapHWridHa onuiu Tydanu,
hakar wy opanvkaa xoinawrad coxanap (5.50) HUHT e4HMIIaPH-
HU ¥3 puura onagu (YM3HMKJIAHraH coXalap) Ma3Kyp OpajiuKiaaH
Tallkapuaard coxanapiaa (5.50) HUHT eurMnapu G6ynmanan.

IlyHnail kunn6, K HUHT 6KHOOApUH E HWHr KWiMaTiaapu My-
alisiH opanukaa pyxcaTiaHran 6ynub, ymap opacuard coxanap
TakuK/aHraH 6ynap skaH. Jdemak, Kpouur-TleHHu monenm Oup
YA4oBANM (Bup WYHANMWAW) AAaBPUKH noTteHuMan MaigoHuna
XapaKarjaHaéTraH 3MEKTPOHHUHT SHEprusapy pyxcaTlaHTaH Ba
TakMKAaHrad  coxadap  (opanuknap, 3oHafap)aaH  uGopar
BYAMWNKMIMHY KYpcaTaiu.

Ban,3i yerapasnit xomnapaa (5.50) Kusukapau Hatikanap Ge-
panu.
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1) P—oo sbHM noTeHuMan TYcuK Xkyaa 6anaHa. By xon anek-
TPOHJIAPHUHT Y3 atoMnapy OujiaH GormaHraH Xo/iura TYFpU Kena-
4. k=0 6yaradna

coska=1, sinkalka=1, Flka)=P+l

OYAUILAWIMHU aHMKIal KuiiMH aMac. Jlemak P—oee Flka) xonga
GyHKUMS K YKKa Xyaa TUK Tywiaau. ByHaa a1eKTpoHJapHUHE pyx-
caTlaHraH 3Heprus  coxanapd  (3oHanapu) Top  (AMCKpeT
carxjiapura Moc) Oynamm, TakKMK/AaHraH 3HEprud opajluKinapH 3ca
KeHr 6Ynann. By Xon sikka aToM 3/1eKTPOHU XoJaTilapura Moc Ke-
Jlaju.

2) P—0 xonga anekTpoHaap Y3 aromJapy OunaR Kyycus
GoFnaHraH, noreHuyan TYCHK nact 6y1aau, yHia

coska=cosg

Ba XeU KaHjAal TakUKIaHraH coxalap 6ynMaiian. By Xxon Meraniia-
I’ 3PKHH 3JIEKTPOHAp ra3u XOAWra sKMH KeJalu. ’

3) Pzl xonma P karra, aMMo 4YeKJIM Kuiimarra sra. 5.2-
YM3MalaH KYpUHUMIMYA K HWUHT (£ 3HEeprusiHWHF) pyXcaTjlaHraH
Ku#matiapu ka=nm ra yangaH €Haaliagy. YiaapHu

ka=nn+8 (5.51)

KYpHHUUILa €3UI MYMKMH, OyHma n — coxa (30Ha) TapTHOWHH
6enrunoBun 6yTyH coH, & — OUpOaH KUYMK COH.
DHIN 3NEKTPOHHUHT pyXcaTaHraH # — coXalark £, SHEprusicu

E=A(-1)" B, cosp (5.52)

KypuHUlaa udonanaHagu, OyHaa

2

— (5.53)
8ma“ P

(5.52) ndonann Ke1upub uMkapumina [§<<1 ne6 xmcobnab,
coska=(-1)", sinka=(A1)napHn TOMAaMM3. (5.50) naH
6=';—T‘(—l)” cos@ ~1] MyHuCaBaTHY aHUKIaMMI3. ByHu (5.5!) udo-

|
Jara  KViAm6, ka- I”'.“TT(-])“COS(Q-;‘_ TeHTHKHK  XOCHN
,
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KUJ1aMHK3. ka HUHT By KMiiMaTHHY (5.8) ndonanapaan GUpUHUK-
cura kyicak, (5.52) Hatuxa kenub ymkanu. (5.52) DaH pyxcat-
RAHTAaH UIEKTPOH SHEPIHUANAPU COXACHUHMHI KeHrnuru P ra
MYXUM Napaxana 6ornuk 6¥nnmauru kypriHuG TypuoOan.

5.5. Mpean XpuCTainna 3A€KTPOH IHEPTHANAPH CHEKTPH
TYFPACHAA YMYMHH XyJocanap

OnniiHru 6ananapna Kydcus, kydnan GornaHdiy xonnapuaa 6up
YAYOBAM XO0N4a CTAUMOHAD HABPUil 3/1eKTpUK MainoHnapaa (ynap
KPUCTAIINA ATOMIAPHWHT AaBpUU XOWRAIIMIIMAAH BYXVAra KeJa-
AW) XapakaTIaHaéTraH 3MekTpoH yuvH Ilpenttnrep TeHrjiaMacuHii
anvabatuk GUp 3NeKTPOHAK Takpibaa eunb Kvpaux. Ynap Muco-
JIMNA  KPUCTAM KATTUK KUCMIQ  YIEKTPOHJIAPHUHT  SHEPICTUK
CMEXTPU XaKWNa MYAUsiH TacaBByp \och:1 KHAKMK. KBaHT MexaHW
KACK KOHYH/IAPK acocuila OpHTMIIaliiaH YMyMUK MyJloxasaiap Oy
HaTHXanapHyW TacOuKiakAM. by HATHMXKANAPHUHT 3HI MYXUMU
JJIEKTPORNAD 3HEPFETHK CHCKTPUHWMHF 30HAaBUH TY3WJIMILIHUAWD.
LyHuHr yuyH xam Gy Hasapus 3oHanap Hazapusicd HOMMHU oJ-
ran. bu3 kyiuaa yHUHT acocuii xyfnocamapuitd 6aéH Kunamuz:

JlaBpuil  3NEKTPUK MalinoHOa INEKTPOHHHMHE 3HEPTUANapH
CNEKTPKH pyxcaTnaHiaH Ba TAKMKaHraH SHEprusl 3oHajlapura ax-
panran 6ynanu. ByHWHT acocuii caGabu atomiap MabayM macoda-
Japraya  6up-6uWpura  sikMHAAwWMG  KATTHMK ~ KMCM  XOCHn
KWiranapuaa 6up-6vpnapn Gunan Kydid TabCupJauijiira Ku-
pvilanunap, OyHoa $KKa aroMgard 3JIEKTPOHNAPHHHE 3HEPrus
caTxJlapd WYHAAK napyanaHaguku, Oynaa [MayauHusr 6utTa
SHEPIUA CATXH WKKWTaAaH (GWp KBaWT Xonatliaa Ou1TanaH) opTUK
3JIEKTPOH OGY/IMILM MYMKWH 3Mac AeiauraH TakHK KOHYHUra pHost
KWIraH XoJiia, aToMaari 6up aHeprus catxd ypHura (aromnap co-
HWra TeHT MUKAOPIAATHd caTxXIapHW ¥3 wWuiMra ojraH) 3Heprud
coXacu (30HacW) BYXyATa Kenagu. PyxcartnanradH 3oHanap opa-
JUFANAFW TaKUKIIAHTAH 30Hanap KEeHrAMCH TYPAW KpucTaniapia
TYpUYa, PYXCaTNaHTaH 30HANap TyaunviuK Oabi3n KpHcTaniapaa
MypakKab, 30HANAPHUHT YCTMa-YCT TYILHIIM XOOMCACH XaM 103 Ge-
paau. 5.3- UM3MaLa ATOMIArK alpuM caTxAapAaH 30Hanap BYXYAra
KENNWK TaCBUPNAHTaH. d, — aTomaapapo Macoda.

5.3 a- uM3Maza atomuary 1,2,3 3ueprig caTxiapuiaH, atomaap
SIKMHAAMIMG KPUCTA XOCHN KUATaHMiA. SHEPrWs 30HANApU BY-
XyAra KeNMUIMHK KYPosiu, ByHaa pyxcaTaaHral 3oHanapHu Gup-

OupHAaH TaKUKJaHTan f’h--\\qp AXPATHG TYpHGAM. 30HANAD YCT-
Ma-yCcT TVIIMaraH.
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3 3-unsMa. ATOMIATH 3NCKTPOH SHCPIHANAPH CATXTAPUAAH KPUCTANAArH MEKTPOH
IHCPTUANSPH JOHANBPU XOCH G¥nuwn

5.3. 6- uusMapa 2,3 carxnapaaH Xocus OYnraH 3oHanap 6up
OMPUHM KHCMaH KOMjaraH.

1. 3oHajap TapTu6 HOMEpH OpTraH capy PYXCaTJIaHTaH 3Hep-
T¥sl 30HANAPU KeHTralub TaKUKJIaHTaH 30Hanap Topainb Gopaan.

2. PyxcatnaHrad 30Ha WYWA3 3JEKTPOHHHWHI 3HEPTUSICU Y3H-
nuuweu3 yarapany ned xpcobnal MyYMKMH, YYHKM Xxap 6up 30Ha
HUYK/a IHEPrys caTXNapy XKyla 344 XounaliraH (3oHagaru carxjap
COHW KpUCTaNdary aToMnap coHW TapTubuaa). by xon 3oHa uMuuna
3JIEKTPOHNAP XapaKaTura 6OFIUK XoAucalapHW YpraHulliga MyMTO3
KOHYHnapaaH doiaanaHuil UMKOHUHU Gepaan.

3. k ea k‘°=k‘+?§£ TYAKUH BEKTOpY TaBcHdaalauraH

xohatnap 6up Oupura yxwawaup (6yHna Eg TeCKapy MaHxapa
BekTopH). byHRaH uUxTMEpWA N — 30HAAarM 3NEKTPOHHUHI 3HEpP-
TUSACH [ HHHC AaBPUI PYHKUMSICH GYIMIIIUIH KeNUD YUKAMIH:

E (k+hg)=E, (k). (5.54)

4. DNeKTPOH 3HEPTUSICH k TYAKUH BEKTOPHUHT Xy)T DyHK-

UMsicH 6ysanu:

E,(k)=E,(<k), (5.55)
SLHU E,,(k_) IHEPrUSHMHE Udosacura k HUHT dakar xydr na-
paxanapy Kupanu
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5. TynkuH BexkTop (a3ocKia 3NEKTPOH BHEPIUICH £, (k) KC-
TPEMaN (3HT KMYMK, BHT KaTTa) KMMaTiapra ara 6yianu.

E, (k) HWHr MyThaK KarTa (MakcMMyM) KWMMaTH MasKyp
SHEPris 30HACMHHWHT 10KOPW YerapacHHW (WMMNKMHU), MYTAaK KH-
YUK (MHHUMYM) KHHMaTH 3c¢a 30HaHMHT MAcTKM 4erapacHHu (Ty-
GuHM) aHMknaian. MyTnak MakcHMym, MyTiak MUHUMYM 1e6 Ta-
KUIUTAWMMU3HUHT 60MCH LIYKK, Ma3Kyp 30Hamga OMp Heua MaKCH-
MyM B2 MUHUMYMJap OYIMILIIMCHA, aRpUM KPUCTAINAPHWHT 3HEP-
TMsl 30HAIapUaar¥ 3KCTpeMymiap OMp Heya Kappa aWHWraH
6ynuunury MyMkuH. MacanaH, ramiumii apceHHaAM GaAs HHHT
IOKOPMIHM 30Hacuaa WKKWUTa MMHUMYM Gop. KpeMHMI KpHUCTaLIM-
HUHT BAJIEHT 30HACKAA V4 Kappa aiHMraH MakCUMyM MaBXyA.

6. TynKWH BeKTOp & KWAMATAAapUHWMHI LIyHOaikt coxaiapu
Bopku, Oy coxalapia D3NEKTPOHJAp 3JHEPrUsICK  Y3WUJIMIICU3
yarapaay (pyxcaTnaHrad 3oHajap), aMMoO YJIApHMHI 4erapacuia
aca y3unMiu coamp 6Ynaaun; Oy coxanap bpuanosn 3onasapu JEHA-
nagu. brpuHuK BpuaniosH sonacu -m< & a, <+1 TEHrcU3THKNap,

nkxuHuM BpuaniosH soHacH -2n<k a, <-m Ba +n<k @, <+2M TEHI-

cuaniknap 6unaH udonanaHann. Bapua rokopu Taptubnu Bpuit-
JII03H 30HACHHHW TEOMCTPUK Ky4upuuinap épaamuila OUpHHYM 30-
Hara KeaTupuil MYMKHWH. myHMHF YYYH YHH KeNTUpHITaH Bp”n_
JUIO3H 30HacH NeHn1aan. Bpuaniosn sonanapy wmakiau Kpucraiiap
TY3WIHIUMHK aKe STTHPaau.

5.6. DnexTPONIAPHUHT KpHCTARAATH S(eKTHB MACCACH.
Kopak. DnekTpon anepragcy Ba uMIy.IcH

DNeXTPOHMAPHUHT KPUCTANndarM pyxcamiaHraH >SHeEprHsiIapu
30HanapMia YHUHT E,,(/\T )} 3HEPrMACH & HUHT MyalsH KuiMaTiaapHia
3KCTpeMymIlapra  (MAkKCMMYM B3  MUHWUMyMnapra) 3ra  OYMMLUTMMH
TUFpHCHIA 10KOPWA AHTUARAH 3N, E, (k) (YHKUMAHU IKCTPEMYM-

Aapy SIKMHMDA KaTopra il MyMinm. By alipum KaTTuK XHCMITap
YiyH aXaMUSITI 313 SKAHTHTIHA KeMuHpoK Kypamus. MacanaH, n —

soHana £,(k) MEPIMs & =k , Aa SKCTpeman KuiimaT onaan Aci-
auK. Ly & =k o SIKNHBAA E, (k) 1 KaTopra E4HAnK:
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o _ka0)+

@ i
- E, k —k. Wk; —k 5.56
Z):(ak ak;,’ (ky —ko kg —ky,)+  (5.56)
9% En
=k ko —kg Nk, — iy
zzz(a’c ak ak ( a aa)( p .f!‘o)( r k:u)+

ko, kg, k, — k BEKTODHUHT, Ko, kg(), ky - ko BEKTOpHMHr Tall-
Kuinosannapu. £ (k) SHeprusi k =k ¢ Aa 3KCTPeEMan KHHMar oi-
raHu yqyH oupunan (0En/dky) i o Xocuaanap Honra TeHr. MKKyH-
Yy TapTHOIM XocWianM Xamiap 2-A2paXald TeH30pHW TalIKui
kunanu. KOxopu taptubnu Xocunajap KupraH Xawiap Xyda K-
YHKIMIU TydaiH xucobra onuuManan. dHan (5.56) Eitunma sax-
M Takpubaa

E(k)=E(kp)+~ Zz(ak g Vi ko —kao kg —kp,).  (5.57)

Arap TecKapH Macca ¥n4yamiMrHra 3ra 6ynraH teckapu adoex-
T8 Macca TeH30pH

N es iy
e 5.58
'"aﬁ h2 ak akﬁ ) ( )

TYIUMHYAaCcH KUpUTWIICa, (5.57) aHua cogmanawiaau:

H BRNNY L | % koo kg —kpo)
Eyk)=Ey(k)+ XX
a B Map
Teu3opHU yyra Goll YKKa KEATHPHII amanu 6y udogaHy sHa
XaMm connanaliTHpau:

h®(k k
E(F) = E(ky) + EM, (5.60)
L
Arap Oy ndonaHy 3pKMH anex'rpou KMHETHK DHEPTHACH YUYH
éaunran E=h2k%2m Guian COMMILTHpCAK m, Macta MabHOCHra ara

(5.59)
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IKAHTHIWHH NMadKakMU3, aMMo, YMYMUI Xonda, KPHUCTaIHUHF
Xap 6up Gow Ykura Y3MHMHT m, Maccacy TYFpU Kenaau:

Mg :‘_IE‘(BE—E).‘ (5.61)
n okl e
IHT collda Xonfa (M30Tpon KpUcTa/Uida) ydana maccanap 6Mp-
nai 6ynaaum:
1 OE
n ok?
By udoganaru m® ckansap sddextu macca aeiiunagu. By

X012 ANEKTPOHHUHT 3HepruscH, KBasu umnyiacu Ba HbIOTOHHUHT
UKKWUHYA KOHYHU KYPUHUIIK Kyiuaarnda 6ynaaum:

nmy=mq = g =m*=

g, - (5.62)
o

En(kK)=[h? (K ~kg)? 12m*]+ E ,(kg) , (5.63)
P=h(k—ky)=m*v, (5.64)
F=m*(di/dt)y=dpldr. (5.65)

BHeprus 30HACHMHMHI MacTKY 4erapacuaa (MYTJIAK MHHUMY-
muga) E, (k) HUHT WKKMHYM Xocuiacy  Mycbar, ABbHH

m“:h'Z(E)ZE,,/E)kz),‘,0 >0. By ocon TyuiyHapiau HaTtixauup. 30-

HaHUHT IOKOPWUIHM Yerapacuga aca (azE,,akz),m <0 sipHu <.

Ammo 6y FanaTH HaTWXaHW TYLIyHWIl KMHWH 3Mac. SneKTpOH
KDUCTANT MYMAATH KYYlWM MaifloH TabcHpHaa TallKW MaiiioH
TabCHPU HYHATMLIMTA Kapwy WYHanraH TesjaHWura sra 6ynanu
(6y 30HaHMHT OKOPUTHM uerapacuia coaup 6Ynanm). Arap 30Ha
IUnuaa Maccacu m,,=-m' Ba 3apsaM +e ByaraH KBasu 3appa (Ko-
BaK) TYWIYHYaCH KUPHWTMMCa, Ma3kyp FanaTuauk Gaprapad 6ynaau.
By xBasy 3appaHWHT KoBak fe6 aTaiuwmmra cabab y 30HAHUHT Yula
KOIMAA 3NEKTPOHAAH OYil XonaTHKM (KOBaKHiM) TascHNAIWUAHD.
KoBakiap 3pKUH 3MeKTpoHap GunaH GUprantikaa sipuM §rkasriy
KPUCTANNAPAA KYAQ MYXUM YpUH TyTaau.

TaxauiHil connanawTupuw yuys £, (kg) =0 ea £y =0 ned

¢apa3 KHAMHAIK. DddexTun macca TyLIVHUACH E,,(I%') ryHKIIHS-

HU  IKCTPEMYMNApH  saKuHWga KaTopra  &iuuman  keaud
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YMKKaHIMIM Ba 6MHODapuH, Oy TywyH4a dakaT 30Hanap yerapa-
Jlapy SIKUHWAArMHa KVJUIaHUIIKA MYMKUHAUTMHU TabKAUTaHMK3.

Ckansip agpekTB Macca M30TpoOIl KpcuTapjiapra Xoc, aMMo
AHM30TpOMN KpHUCTanl xoccanapy TaBcudnaHraHaa adeKTUB Mac-
ca TeH30pH TyWyHYacKiaH QoinanaHuIl Kepak.

5.7. Dueprua sonanapn. Merannap. fpum yTrasruuaap.
JIH3aeKTHpHKIap

bus roxopuma kBaHT dM3MKacK 3aMHHMIAQ KpUCTaul KaTTHK
XMCMJIapaa  3MEKTPOHJAADHWHT  3HEPrUs  30Halapd  XOCHI
OVAMWANIMHA KYDAMK. DHAW 3HEPrus 30HANAPUHWHL 3JIEKTPOH-
Jap OwiaH TYNAUPUNFaHAWIM Macanajlapd OwuiaaH TaHHULUIAMU3,
YyHKHM IOKODUTM DHEprusi 30HAIapUHWHI (BajeHT carxjiapyaaH
naitno 6ynraH 30HaNapHUHT) Kad napaxana TYJIAUPWITaHJIUIN €KH
TYNAUPUAMATAHIUIM KPUCTAINHUHT 2MEKTPUK Xoccanapy 6yinya
Kalicu rypyxra — MeTanjapra (AXUid YTrasruyiapra) sipum
yTraruunapra €ku OM3NIEKTPUKIapra MaHcy0 OYIULUIMTHHH
aHuknab 6epanu. JlapBoke, KaTTHK XMCM KBaHT ¢u3ukacd (1930
Aunnap OowMaa) sipaTUiraHaaH KeWWHTMHM Ma3sKyp Monaaiap-
HMHI KYM XOoccalnapydHUW Ba yaap opacuiaard TadoBYTHU MyxTa H-
MM acocnia TYIUYHUL MYMKHMH 6ynau.

YMyMaH, 3Heprusi 30Hacd  3JeKTpoHnap GunaH  Tyna
TYIAUPMATAH, Yafna TYIOMpWIraH €KW OyTyHnmal TynaupuiMaraH
OYIUILUN MYMKHH.

Arap 3Heprusi 30HaCMHMW 3EKTpoHNap TyJia TynmgupraH 6ynca
(OornaHraH 37eKTPOHAap 30Hacu) Oy xosiga yHOaru 3J1eKTPOHJap
3JIEKTP TOK[a KaTHalia onMannou. Cababu wyku, 6y 30HaHMHT Xap
OMp carxuia OUp XM KMHMaTAU TE3NUKKA 3ra OVJAraH MKKHW dJeK-
TPOH KapaMa-KapwW UyHanulifa Xxapakar Kuiand. Tokna
KATHAWTHUPUIL YYyH OyHaail XyQTJapHM axpaTdil yaapHW 6uWp
KUCMHHM lOKoprra ©Oyur caTxnapra (arap ynap MaBxyd ©Oyica)
KY¥Tapull (3HEPrUSICUHU OLIMPHUIL) BAa 3HT MYXMMM D3JIEKTPOHIAD
WYHATUWKHY 3JIEKTP MaliJoHIa Moc paBulAa OypHil, SbHU yJap-
HUHI iyHanras (Taptu®nu) XapakaTMHM BYXYATa KeJTHpHLL Ke-
pak. AMMO TyJla TYNOMPWATaH 30Hada 6y carxjap HyK, 3JEKTp
MaWAoOH TabCUp KWAFAHWAA XaM 3JIEKTPOHIap MKKUTamaH ¥3
caTxlapHaa KapaMa-KapilW Xapakar KWivwaa aasoM stanu. Lly-
HUHF YYYH ynap TOKAa KarHaula onMaiiu.
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ATap 93HeprMs 30HacM Yaia TYIAMpHIraH 6ynca, YHU
yTKa3yByaHNIWK 30HAcH Aeduagu. ByHzmait 3oHa ajeKTpomiapu
TOKZA KaTHalla oladd. Ynap YTKasyBYaHIMK 3JIEKTPOHJIAapH EXU
3PDKUH  3NEeKTpOHNap JAedunand. MasKyp 30HaHMHI 1OKOpH
KucMuna 6y carxyap 6op, macr catxjiapuna XydT-XydT XKoi-
JlaliraH 3MEKTPOHNAp 3JIeKTp MaiJoH TabCUpWAa Te3naiunbd
I0KOpUTY 6Y11 caTxjlapra KyTapunany, TE3NUKIapu HyHanuuiiapu
3NEKTp MalfoHra moc Oypunanu. Hartuxana 3oHagarn 3neKTpoH-
JIAPHUHE MYHaNraH XapakaT, SbHU 3JeKTP YTKa3yBYaHIWK BYXKYI-
ra kenaau (OyHAa 3aHXUp €MUK OYIUIIUIMTMHY Ha3apia TYTWIaan).

Tynmvipwirad 30Ha loKopHcva MNacTKM 30HalaH TaKMKJIaHraH
30Ha GunaH axpartuiaraH 6Yiu1 3oHa Gynagd. Arap KaHZaiaup Taliky
Tabcup (TEMIIEparypa, KYWIM 3JIEKTp MaiiIoH, €PYFIMK TabCHpH)
oxubaTnaa Oy 3oHara TYNAMPWIraH 30HANaH 3NEKTpoHIap yrca Gy
WUKKM 30Ha XaM yYajia TYIOMpWiraH 6yaub xornalu Ba 3JIEKTP MawIoH
XOCHJT KWTaHAa TOKKA ¥3 xuccanapvHM Kyluanu.

WIKKH MYyXHUM XOJTHM KYpUb YMKaUIUK.

1. Yana Tynavpunrad BaneHT 3o0Ha xonu. Harpuit Na kpucrammu-
Hy onaiiuk. Hatpuit anementnap naspuit xansamna t1—ypunHna typa-
I, YHUHT aroMuaa 1l Tta anexkrpon Gop. YmapHuur 10 Tacu, [laynu
KOHYHHIM acocal 2 TaJlaH 5 Ta CaTXHu Tyna araanarad, |1-siexTpoH
KOWIAllraH BANEHT caTx Yana (spwmucu) Tynnupwirad. Harpuii 1 Ba-
JIEHTAMK 3neMeHT. Tyna TYnouMpuraH 5 Ta MYMKM caTxjapiaH HaTpui
KpUcTanIuga Xocun O6yYnraH sHeprus 3oHamapy XaMm  Tyna
TYNAMPUATaH, aMMO BaleHT carxJaH NMauao OYAraH 30HaHMHI fp-
My TYAIMpUIraH 6Ynanu (5.4- a yusma).

———— B — —
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5.4-uig3na. DHEPIHs SOHATAPHHNHT 3ACKTPOHIAp BHNAH TYAAUPHAHLE XORNapl.

Xap Kanfaii Temnepatypana Tyna TYAAUPWIraH 30HaNard 3/eK-
TpOHJIAp 3CKTP TOKMHH YTKa3uILJa KATHAIA ONMANIM, aMMO fAp-
MU TYNAMPUATraH 30HAHUHT (YTKa3yBuYaHIMK 30HACUHMHI) 3J€K-
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TPOHJIApU TOKOA KATHalla oJafd, YYHKMU YJapHU 3eKTp MalioH
TE3NaHTHPHO loKopury 6Yiu caTxnapra (Te3nuk HUYHaANMIUMHH XaM
yarapTupraH xonga) YTKasMUIM MYMKMH. By 30Hagard 3/€KTpOH-
JIApHUHT TapTUONK XapakaTtd ByxXydra keja onany. Harpui kpuctamiv
metann 6Y1nb, TOKHU sIXWK YTKasanuraH Moagaadp. Jlemak, OKOpPHUIH
SHEPreTUK 30HacH 3MEKTpoHIap OunaH sapmucH (Yana) TYMIMpWIraH
MOIanap MeTa/Ui Xoccaiapura 3ra 6ynaau. byHnpalt 3oHamard 3pKHH
3JIEKTPOH/IAP COHM KPHMCTAIHW TAIUKWA KWIFaH aToMjiap COHU
Taprubuaa (6up cm? na Taxmuuad 1022 ta yamacupa) 6ynaan. Me-
Tajjap fxwu YTkasruynap.

SiHa WIyHW aliTHHI 3apyp: aToMua TYAa TYIOHPWIraH BajleHT
caTXaaH Ba YHAaH IOKOpPWrM OVII carxgaH KpucTaiiaa naiao
6ynanMraH MKKM 30Ha KucMaH 6Up 6upu yctura TylraHaa xam
(5.3,6- un3MaHM K.) ywby 30HANapDHUHI OKOPWUIrM KWcMuaa Gyiu
caTxjiap OpaliFM MaBxyn 6ynaan. By xosina XaM 3/1eKTp MakaoH
TabCUpHIA INEKTPOHAapHH Te3NalTHPHO, loKopHra Oyi caTxapra
YTKa3ulli yaapHU ToKAa KaTHaIITMpULI MyMKHH. byHmail Moananap
XaM Metannap 6ynanu.

2. Tyna TYnavpyuaraH BafeHT 30Ha Xond. KpeMHMH KpHCTUIMHH
onaitink. KpemHuii Si anemeHTIap naspuit xamsanuaa 14-YpuHiaa
Typaau. BUHOGApHH, YHUHT sKKa atoMuaa 14 Ta snekTpoH 6yim6, 10
TacK MycTaxKam MYKW KoGHMKia 5 Ta caTXHM TYIMpraH, KonraH 4 Ta-
cy 2 Ta BaNEHT CaTXHU TYNa Tynauprad. KpeMHUii 3Hr KaTTa BajleHT-
Juri 4 ra TeHr 6YiraH 3JIEMEHT, YYHKH YHMHT Ly 4 Ta 3JIEKTPOHH
KUMEBWI OUPUKKMILIAPAA KATHALIMILY MYMKHWH.

BaneHTt catxnapiaH KpeMHUH KpMcrannuga naiao 6ynraH sa-
JIEHT 30HaNap MyWIaK HoJl TeMMeparypaia Tyiauvpwiran 6ynaau
(5.4,6-uu3ma). Jemak, T=0 K ma Oy 3oHanapparu 3JeKTPOHJAp
9NEeKTP TOKUHM YTKa3WILAA KaTHAlllA ONMAajid, IkHY KPEMHUHA Oy
Xonna Y3vHW AUDIEKTPUK (M301ATOp) Kabu TyTand. BaneHT 30Ha-
JaH l0Kopuaard 3oHa (Y BaJICHT CaTXOaH IOKOPMId YAFOHMIU
carxuaaH naimo  6ynagu) 6yM-6Ywu  6ynamn. by 30Ha
ymgasysyarauk 3onacu JevMaagyd. By HOMHMHr Kenub YUKHUIMHU
X031p 6unu6 onamu3. bu3 ByHAaH KelWH MKKU BaneHT 30HacHAaH
dakar GUTTa IOKOPUTrMcH OMNaH ML KuaaMy3, YyHKY NMacTky Ba-
NEeHT 30Ha Aaxkcapuit Xonga KpeMHuiiga coaup OynaauraH
X0oOMcanapaa Xe4 KaHaaW xuccara ara 3mac.

Temneparypa Mytnak HonaaH (OK naH) woKopu GynraHia 30-
Hajiap TYNANPWITAHANTY KaHaka Oyiann?
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By xonza (7> OK) BaneHT 30Ha 3NeKTpoHAapuaalt OUp KUCMU,
HCCUKIMK XapakaTh 3HEPrusick XWcoOMra TakMKJIaHTaH 30Ha
KCHIIMIM 1e6 atanrad E, 3HEPreTMK TYCUKHW €HrHO, IOKOPUIH
30HATa SBHH YTKA3YBUaHJIWK 30Hacvra VTub onrad 6ynand (5.4,6-
4n3Ma). By XomucaHM SIKKOJA TacaBBYpP KWJIMIU YMYH YHUW CYIOKIUK
MONEKyNanapuHy OyF MoJiekyfanapura aWjaHMlUMra yximaTyu
MYMKWH. SHOW BAJIEHT 30Ha XaM, YTKa3yBYaHIMK 30HacKU XaM 4aia
TYNAMpUATaH 3oHanap 6¥aagu. Ynapaard 3/eKTpOHNap 3MEKTPUK
MaiinoH Tabcupuaa 6aHa OyniMarad IOKOPUTM caTxjiapra YTHIIU
(3HeprusH Ba TE3NMK MYHANUIIMHU Y3rapTMpUILNA) SBHW TOK
yTKasuuwiga  KaTHaliMWKM  MYMKHMH. KuemaH — TYJAWpUAraH
VTKa3yBYaHJIWK 30HACHMOArM 9JIEKTPOHNap OJNAWH alTUATaHUIEK,
IPKUH 3NeKMPOHAaD €KU YMKAIVEHAHAUK IAeKmponsapy NIeANNanu.
Ynap MyBo3aHaT xoJjlaTH/la 30HAHMHT TyOWaa XoUmalanu.

Banerm 3onadacu Koeaxaap. YTKasyBYaHMMK 30Hacura YTUO
KETTaH O3NIEKTPOHNAap BaJleHT 30HAaHMHF IOKOPWId yerapacu
SIKUHMAAMN caTxlapihu 6Y11 Konaupaau. AnGatrta, 3JeKTp MalAoH
TabCUpWIAA MACTPOK CaTXJIapiaryd 3AckTpoHiap Oy Oyl catxiapra
YTHO ONMUIM MYMKHH. 5.6-GaHina KypraMuMu3ack 30HaHWHT
JOKOpUTH Yerapacu SIKMHWA3 3AeKTPOHHMHK TallKM Ba MHYKH
3NEKTP MaifOH TabCHPUIATH XapaKaTHHMU m,,'>0 Maccaiv Ba +€
3apAIIM KBA3W 33ppa — KOBAKHWHT XapakaTh opkanu Tascuduiall
MYMKHH. XyJiac, BajJeHT 30HaHMHT OKOPUrKM uerapacu sikMHUIA
3/eKTpoH OYiwaTn® KEeTraH XoNaTHU KoBak 6aHia KuiraH n1e6
XHcobnaHafu. DAEKTPOH 3apsAura TeCKapH 3apsiiid KOBaK 3JIEK-
TPUK MaMaoH TaLCUpHAAa B3MEeKTPOHNAp Xapakatu HyHaluuiura
Kapama Kapuid HYHaIMuILa XapakaTiaHanu, Tokaa KaTHalua ofa-
au. Kopaknap 3HEPrUsCH I0KOPUAAH Mactra ToMoH oln6 Gopaau!

Jemak, T>0 K na  KpeMHMit  KpucTannu  3JIEKTp
YTKa3yB4YaHINKKA 3ra 6YN1anH, YHU YTKa3yBYaHAMK 30HacHAark 3p-
KHH 3/IeKTpOHNap, BUIEHT 30HAAMIM KOBakAap amaira OlUWPaan.
JpKUH 3JIEKTPOHNAp  Ba  XapakatyaH KoBakjnap MUWKIOpH
(¥TKA3yBUAHAMK XaM) TAKUKIAHTAH 30HAHUHT Eg KEMFAWFH (3HEp-
reTrK TYCHK BanaHmnurira) 6ormMK Gynann. Xap xun Kpucraninap
yuyH £g HUHT KMIMaTlt Typanya 6Ynanu. [lapraun pasuinaa sipuM
YTkasruunapaa £g<2 3B, auanektpuknapaa £g>2 3B 6Vnaau.

Bupok, SpHMM YTKAsTHYNapaa Tokaa xatHawa ofagMraH 3apsi
TAWYBYMAAP 3MWIMTH METAMNIATHAAH aHya Kam, MOC paBHILAA
IMEKTPUK YTKA3YBYAHIMK aHuYa kuuux 6ynann. Lg cu KaTTa
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GyNran AM3NEKTPUKIAp YTKa3yBYAHAMIM, 3apsil TallyBUWaap Kyda
XaM KaMm (0absaH, xucobra onamaciuk jaapaxana) 6yaraHiury Ty-
dainu, xyna xaM KMYkuHa 6Ynaau, Kym Xoanapga yHu HykK Aeb
xucobnaHanu.

Temnepatypa owuob bopraHnaa METaNapHUAHT
YTKa3yBYaHIMIY KaMagu (KAapUWWIMIU OpTaoM), YYHKM MeTai-
JlapAary 3pKWH 3JIeKTpOHJap 3WYIWMFM KaTTa Ba Temieparypara
GOFTMK 3Mac, JNeKWH TeMIepaTypa OLUTaH capM 3JeKTPOHIap
XapaKaTyaHJIMIY KaMasiii.

SpuM  yTkasrdunapaa TemMnepaTypa OWITaHWAa 3JAEKTP
YTKa3yBYaHJIMK Te3 OpTHO Gopany, UYHKM BaleHT 30HaAaH 3JieK-
TPOHNAPHUHT YTKa3yBYaHAUK 30HAcWra yruuuapu Te3 Kynasiu,
6MHOGapuH, TOKAAa KATHAUWIYBYM 3PKUH 3J1eKTpoHAap Ba
XapakKaTyaH KoBakJlap 3UYJIUTH Te3 OpTalu, XapakaT4aHAUKIapH
3ca HUcbaTaH cycr Yarapaad. Sipum yTkasruynap, MetanjaapaaH
KYpa, TeMmnepaTypajaH TallKapy siHa €puUTHlIra, Acdopmauus-
Jlapra, Typau HypaaHuipnapra HucbataH Xyaa ce3rup Mmomda-
Jlapaump.

SHa Gup Myxum dukpHn aiti6  yTuw  3apyp. ApuM
yTKazruunapaa sHeprys 3oHanapuiaru carxjapra HucbataH 3pKHH
3apsd TalyByuiap 3WUIMTM aHya (6ab3aH MUANIMOHIApYa) Ka,
WYHWHT Y4YyH ynap 30Hanap yerapanapuiard KMYMK opanikiard
carxjlapia xolnawrad Oynaan: YTak3yBYAHIMK 30HAacKAaru 3J1€K-

TPOHNAp 3oHaHuur Ty6n (E,(k) 3Heprust MuHMMymH) sIKHHMAA,

BAJIEHT 30Hamark KoBakjiap 3¢a 30HaHuHT wiHnu (£, (k) aHepris
MAKCUMYMHM) siKMHMOa Xoinawrad ©Oynaau. Jemax, 5.6-6aHasa
E, (k) 3HeprusiHMHr sKCTpeMyMIap SKWHUAArM EfuMAMacuiaH Kejl-

TUPUG YyMKapuiaran 3¢ pexTHB Macca TYLIYHYACH Ma3Kyp JEKTPOH-
JIap Ba KOBaKJIapra Xyaa KarTa aHUKIUKAA KYNIAHKILH MyMKHH.

Mertannap, sipyum yTKasruunap, AM3eKTpUKIapra GarHiIaHraH
606napaa  3odanap HalapMICMHWHT  Maxcyc TyllyHuyalapHra
TYXTaNMHanu.

WlyHpaii kuaub, KaTTHK XWCUMAAD KBAHT (U3MKacH 3HEPLiIs
30HaNapy Hasapusicd 3aMWHKIA MCTAI, spUMM yTKasruy Ba AH-
NEKTPHK MoOuIaapHUHT 3AEKTPHK Ba GolliKa XoccalapHHW paB-

WAaH TYWHHTHPHG Gepai.
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Canomlap Ba Macajanqap

I. Kpucrann kartuk XucMm yduyH [IpenuHrep TeHmiamacu
KaHpai €3unanu?
2. Anvabatuk Takpub HMMaaaH uGopar?
3. Bup 3nexTpoHIM TaKpUOHUHT Ma3MyHU KaHaain?
4. KpoHnur-TlekHu Momenu HKMMa Ba y KaHOait xyjocara onut
Kenagu?
5. bnox dyHKUMACHHM TaBcUdaHT.
6. Kpemunit kpuctainna my=1,55 m, my=m3;=0,082m, (OyH-
[a my, — 3pKUH JEKTPOH MaccacH).
S S ,
—=|—+—+— |udogagan m’ MaccaHW TONMKHT.
m-\any my my |
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VI OB

XAKMKUI KPUCTAIL KATTHK XUCMIIAPAATY
HYKCOHIJIAP

6.1. Kpucraanapaars HyKconiap Xakuaa yMyMmuil MyJaoxasaiap

OnguHry 6o61apaa KaTTUK, KPUCTAUT XUCMHH MYTIaK TapTUO-
JlaHraH, ALHY aTOMJApHWUHT KaTbW{ NaBpuit XoWmawuurnaa xey
KaHnah Oysunuiu 6YnmMaraH XucMm meb Kapa.rmu akar aromnap
TEOpaHMIUM BYHIaH MCTHCHO 31U,

JIeKnH, XakKMKHI KpucTaUlapAa XaMMa BaKT KPUCTaJUT MaHXa-
PACUHHHI aHYa MuKAOpAard OysMIUIIM (HYKCOHJIapy) MaBXYIL
6ynaau. dactasBan Makpo Ba MUKpPO HYKCOHMapHH dapkiaus jo-
3UM. MaKpoHyKCOHI2p MMKPOCKONAA OCOH KypuHaau. byHaan
MaKpOHYKCOH/IApDHUHI MHCOJUIapH — METAUl KyHManapaarid Ko-
Bakjlap, Aap3nap, €T Moaaanap KUpUIUMAanapyu YIOMiapH, Moau-
KPUCTANIKMHT  AOHaYyalapy —  aipUM  KpHUCTaUIYanapHHHT
KYPMHMa 4Yerapanapuaup. SJeKTpPOHJIap MMWKPOCKOMUACHHHHT
naigo 6ynuiun caHab yTuwiraH HyKCOHJIapHU aHYa KMYMK YI4aMiau
OysiraHna XaM KysaTuill MMKOHUHY Gepau.

MukpoHyKcoHnapra €xu . aTomnap Vyayamuga KapanaauraH
HYKCOHnapra y4 ynuamaaH (x,y,7) xe4 GynIMaranfa Oupu Kpuctan
NaHXapacMHUHr @=02+0,5 HM Jaspu O6WiaH TakKKOCIaHYBYH
6ynraH HykcoHnap MaHcy® Oynanu. A#puM  KYpUHULIAArH
HYKCOHJIADHWU KapallgaH ONAUH XaKWKWUH KPUCTALUTHH HYKCOHCHU3
(naean) KpucraninaHd GpapkKnoBuv yMyMuii BenruaapHU TOMANIKK.

Wpean kpucrannga atomnap Kartbdil AaBpHil XOMIaIUTaHIUIH
oKHbaTHaa KpUCTANN HMYMAa AaBpUK 3EKTPUK MaiooH LIAKIIaH-
raH 6ynaan. KpUCTUINHUHI AAaBPHH WUKM 3MEKTp MalAOHHMHUHT
Xap KaHnai OysuauwiM HykcoH OY¥naau. HykcoHnap muconn Ta-
pUKacuaa €T aToM — KHWPMIUMAHWUHT  KpMCTAMI aToMM ypHUra
XOMJalWKb oNMIIM BA KPUCTLE aTOMUHUHT XOMMAAH KETHILW —
BakaHcHs (OY Xoif) xocua OVJIMIIMHU KEATHPUIL MYMKHUH.



Arap KpHCTalilaT¥ HYKcOHJap o3 Gynca, Oy xonaa ynap 6up-
OupuiaH aHya WUpoKHa XoljJaliraH, SLHU KPHUCTaMT NaHXapacu
HYKCOHNapM MaxaulMinaluraH 6ynanu. bynma xpucrann uyunaru
3NEKTp MaALoH daKaT HYKCOH aTpoduiardHa Oysunamy, Gouikaya
aUTranfa, KpPUCTANMHHUHI JNaBpUM V, moTeHUManuWra HYKCOH
SKMHKZA V7 KywuMya noTeHUWan KYIUMAagu, TYAa NoTeHUUa
V =Vo+V' 6Ynagu. IyHuur yayH xam cdakar uy coxana 6ynraH
3MIEKTPOHMIADHMHT 3HEPIeTUK XoJaTiapu yarapanu, Oy aca uumean
KATTHK JKMCM ONIEKTPOHNApHM SHeprus 3oHajapura Kylurmua
MaxajaNuii 3HEPreTUK XONaTJapHUHT Maigo Oynuluura onub kena-
1. byHpaii mMaxanauii xonarinap coiu N HYKCOHJIap COHMra TEHT,
€KW arap OMp HYKCOH Oup Hewa xonartaa Oyna osica, Maxaliiui
X0JlaT/iap COHII HYKCOHJIap COHMAaH KaTTa Oynani.

Maxannui 3HEepreTMK cartxjap (Xonatiap)da 3/AeKTpoHnap
GornaHraH, Oy GOFMaHUII TYypmW KaTTHMK KUCMJapda MOXMSTaH
TypAaudamup. MeTaulapia HyKcoHiap naino KujraH catxiap pyx-
caT KWIMHTaH 3HEPTUANap 30HacH WYMAaa Xoinaland. Meramap-
Ja 3NEKTPOHNapaaH 6% HyKCOHNApHMHI MOHJIAHTAH XoJataa
GYNMILAMEY 3HT 3XTUMOJUTUTHAUD.

ApuM yTKasrUdiap Ba AMUICKTPUKIAP 3MEKTPOHIapH TaKHK/IaHTaH
SHEprisU1apy 30HacM OYiraH 3HepreTMk criekTpra sraaqp. AnGaita,
OyHmall KpUCTAINAPAA MaXa/UIMii 3HEpTeTMK XOoJamiap PyXCaTJaHraH
JoHanapra TYWHIIM MYMKMH. Arap yiaap YTKasyBYaHRMK 30HacKia
Koiutalica, YNapHA pe3oHaHC caTxjap, arap YJap BaIEHT 3o0HacHia
Xoiailca, YIapHY aWTH pelonanc carxiaap neiwnamu. by Xosnapaa
HyKcOHNapra TErMUUIM 3nekTpoHnap yaap Ownan  GORIaHHILMHK
iykoTan Ba YMyMJallraH

30Ha MEKTPOHIIAPH Xamoa- {,‘ 5 [: _15
cura  kywwiany.  JlekuH, F-——————-— fsmomeas i
akcapMit Ky Xo/Utapaa ol g A T
HYKCOHRNap caTxyiapyuaa b, & R
XoiialiraH ~ EKTpOHAap a = 6
HyKCcoHJ1apra BOFMMKJINTMYA 6. 1-uissvia. TaKMKAAHTAH 30HAACH AT
KOJIMHLLH MYMKHWH, YJapHU cuTxIap

dakar MCCHKJMK XapakaTtu

8ki GolUKa SHEPTMs MaHGal xucobMra ¥3 HyKcOHMapMpall aXxpaTio
j0BopHll — AKTURIAHTUPMII MyMK1H. HykcoHnapra Ooramk 3.1ek-
TpoHIap MEKTP YTKA3YBYAHNMKIa KaTHAlla onmaiinv, anbarta. Byu-
nai HYKCOHJIAPHMHT  3EKTPOHNAp  YuyH caTx/1apH SIPHM
YTRA3ritHHHT (ZMINEKTPHKHMHT) TaKHUKAAHTAH 30HACHAA KOii-
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JnautraH 6ynagu. by 6.1- uusmana kypcarunradH. Kaiicu 6up maH-
GafaH ONMHIaH 3HEPTHsi 3Ba3ura HYKCoHnap HoHAaHaau? bup
XWJTapy YTKa3yBYaHAMK 30HAacUra 3JeKTpoHaap Oepub, yanapu
MycbaT 3apsanu Hykcowaapra (6.1, a- yusma), 6oluka xWIap,
aKCHHYa, JJIEKTPOHAapHU TYTHO oaub, MaHOHA 3apamid
HyKcoHmnapra (6.1 , 6- uuama) ainaHanu.

YTKa3ypyaHJIMK 30Hacura 3JieKTpoHnap 6Gepa onagurad
HYKCOHJIaDHK JOHOpNap Aeiunanu, Tapkubuga AoHopnap 6yaraH
SIPUM YTKa3ruyuIapHu 3ca IEKTPOH YTKa3yBYaHIAUKIH
SIPUMYTKA3THUNIAp KM 71 — TYp SIPUM YTKazruuaap geiunagn. Moc
pPaBylila fApUM YTKa3rMYJAapHUHT YTKalyBYaH/IMK 30Hacvaaru
3NeKTPOHIAp Kyuyuiud OuaaH OOFAMK 3/eKTp YTKa3yBYaHJIUKHH
3JIEKTPOH D3JIEKTP YTKa3yBUaHJMK €KW H — Typ YTKasyBYaHAHK
nerunagu.

Arap KpMCTaJLTHM KU3AMpradga 3JeKTPOHNAp BAJIEHT 30HadaH
HYKCOHJap catxjapura yTa osca, Oy xojga BajleHT 30Haza
XapaxkatyaH MycOaT 3apsiM KoBakilap naiino 6yJaau, KoBakK 3/EKTD
VTKa3yBYaHAMK BYXYAra KeJald. ODJeKTpoHNapHM ¥3ura Kabyn
KWIanuMraH HyKCOHJIapHM aklenrtopiap [ed aTtanraH, Tapkubuaa ak-
uentopnap  OynraH  ApUM  YTTasrMMHM @ 3ca €KUM KOBakK
YTKa3yBUGHAUKIM SpUM YTKA3ruy €KW p — Typ SIPUM YTKa3ruy
DEHUARRM.

6.1- yusmMaga NOHOpJAP CaTXRapy YTKasyBYaHJIUK 30HacH Ty6u
AKMHUOA, akUenTopiap caTXiapu 3ca — BaJleHT 30Ha IUKMNHU
AKUHWAA TacBUpnaHraH. Xycycud  HoHnaHWwra  HucbaraH
HYKCOHJIap MOHJIaHWIUW aH4Ya OCOH, KMYMKPOK TemmepaTrypalapna
103 6epaad. CaTxJIapHUHT QOHOP €KW akuenTop OYNMUIIIKWFY Ma3-
KYp caTXJIapHH{ XOCHJI KUIYBYHW HYKCOHMAPDHUHT TabuaTura OOFIHK.

JloHopnap snekTpoHNMapHM ¢akaT YTKa3yBYaHAMK 30HAcCUra
3Mac, 6K akuenTop TabMatiu Xap KaHaai HykcoHra 6epa ona-
M. AKUeNnrTopjap 3JeKTPOHJapHU BAIEHT 30HadaH Kabyn KWIHIL
6unaH 6Up BakTAa KpMCTAIAATM Xap KaHoail AoHOpAaH XaM oJiu-
U MYMKHH.

Huxosr, amdorepink xoccanapd HaMo€H OYnaaMraH, sibHM
IOHOp XaM, akuenTtop XaMm ©O¥na onaauraH TabuatiM HYKCOHJIap
mMaBxya. HykcownapHn cuHdwiapra axpaTuil KpUcTaal MadAoHH~
HHMHF HYKCOH TOMOHKAaH OY3MIUIIY YAYaMAApUIa aCOCHaHraH:

A) HyKTaBuM (HOJ V/I4OBNK) HYKCOHIAp, yjlapra yadamnap
x{a,y{a,z{a OGYyAraH HyKCOHNap MaHcy0, OyH@a a — KpHCTA

MaHXapacu IOHMMIICH;
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ATap KpucTalngary Hykconnap o3 Gynca, 6y xonma yaap 6up-
OMpuaaH aHya ¥WpoKza XoMnauiraH, TbHU KPUCTAT MaHXapacH
HYKCOHNapy Maxainuinawrad 6yaand. byHaa KpucTaml MUMIArH
3JIEKTp MalnoH daxaT HyKCoH atpoduiardHa 6ysunanu, Hoilikada
aWTraHfa, KPUCTAINIHUHT HaBpuit V, noTreHUHanIWra HYKCOH
AKWHWAA V xyuiMmya noTeHUMal KYUIWAAaW, Tyjia NOTCHLUAN
V =Vy+V' oynagn. LlyHuHr yuyH xaM dakaT wy coxana 6ynraH
9EKTPOHNAPHUHT 3HEPrETMK Xonariapd yarapaou, Oy aca uzeat
KATTHK XMCM SJIEKTPOHNAPY SHEPrdsi 30HAIAapUra  KyluivM4ya
MaXaliil 3HEPreTUK XOoMaTapHUHT nailno Oynuwura onub xena-
Av. ByHzail maxannmii xonarnap coHn N HYKCOHNap COHWra TeHT,
€Ki arap OMp HYKCOH Gup Heua xosaraa Gyna onca, Maxainiui
X0J1aTJap COHH HYKCOHAp COHMIaH KaTTa Oynanu.

Maxannuit sHepreTMK carxyiap (Xonariap)ia 3JI€KTPOHJIap
Gornanran, 6y GoFnaHMW TYpn¥ KaTTHK >XUcMmiapaa MOXMATaH
Typjuyanup. Metannapaa HyKCOHAap [1ailo KWIraH carxiap pyx-
CaT KJMHIaH 3HEpTUAnap 30HacM WuMOA Xoinalaiv. Meraunap-
Ba 3NIEKTpOHNapAaH Oyl HYKCOHJApHWMHI HWOHNaHraH XoJjaTia
OYNUILTMIY 3HT 3XTUMOIIUTAIMD.

ApuM YTKasrnyiap Ba AM3ACKTPUKIIAD 37EKTPOHIApH TAKUKJAHTaH
3HEPIMSUIapH 30HACK BYITaH SHEPTeTMK CheKTpra 3ragup. ANGaiTa,
OyHial KpucTaiapoa Maxaminid SHEpreTHK XONaTiap PYXCawlaHraH
30HaMapra TYWMILKM MyMKWH. Arap ynap ¥YTKasyByaHaHMK 30HacKIa
XOlinallica, yNnapHW pe30OHaHC caTXJap, arap yjap BICHT 3oHacHia
XOWnaltica, ylapHM aiTW pesoHanc carxaap Aeiwiand. By xomnapaa
HYKCOHNapra TerMuulM SMeKTpoHaap yaap Owuinan  GORIAHHLIKMHK
fiykotan Ba  yMymiawra

R
30HA MEKTPOHIIApH XaMoa- {"—'—‘1& S —— 1:’
cvra  kyummnanu.  Jlexwn, p---——-———7| T 7 f
aKcapuit  kym  xosnapna B i I tw,
HYKCOHNap caTxjapuia b b —
XOHNaray  anekTpoHtap g e b
HYKCOHJIapra CORMMKINTHYA  6.1-ustava. TAKIKAAHTAH SORAZAMT MaXA1TI
KOAMILIH  MYMKWH, yJapHU CHRESLALY

g)aKaT HCCHKJIIMK  XapaKaTi

€K1 BOlIKa 3Heprus Manbau XMcoBura ¥3 HYKCOHTApHaaH —axpaTub
1060pHIl — aKTMRIAHTHPMIE MyMKUH. Hykcownapra GORIMK OMick-
TPOHAAP 3NEKTP YTKA3yBYaHNMKOa KaTHAlla onmaiaM, atbarta. byu-
Jali  HYKCOHNapHUHD SNEKTPOHAAP  YUyH carxfiapH SIpHM
YTKA3rHUHIHT  (QMANEKTPHKHHHT) TAKMKAAHIAH 30HACHAQ  XOii-
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naiiral 6ynagu. By 6.1- yusmaza kypcatuiaran. Kaicn 6vMp MaH-
GafaH ONMHIAaH SHEPrMsl PBasura HYKCOMJap HoHnaHaau? bup
XWUIapH YTKa3yBYaHNAMK 30Hacura 3nekTponiap 6epu6, Yanapu
MycbaT 3apsiiiM HyKcoHnapra (6.1, a- uyu3ma), ollika xuJUIapH,
aKCHHYya, 3JIeKTpOHNapHM TyTu6 oaub, MaHQUH 3apslid
HyKcoHJiapra (6.1 , 6- uu3ama) aitaHaou.

YTKkasyBuaHIUK  30HAacMra 2JIeKTpoHJap Oepa  osnaguraH
HYKCOHJIapHU JOoHOpJap Heiunanu, Tapkubuga AoHopsap 6yiraH
SIPUM YyTKasrMuaapHu 3ca 3JIEKTPOH YyTKa3yBYaHIUKIU
SIPUMYTKA3THMWIAp EKH /1 — TYp ipUM YTKasruynap aeviunand. Moc
paBvlIga sApWUM YTKA3TUMJIApHMHI YTKAa3yBYaHIMK 30HacHaard
3JIEKTPOHAAp KYYMUMIKM OuaaH OOFNMK 3JEKTp YTKa3yBYaHJIMKHU
JNIEKTPOH 3JIEKTP VYTKa3yBUAHIMK €KMW A7 — Typ YTKa3yBUaHAMK
Jeiunanu.

Arap KpUCTalIHU KHM3OMpraHia 3JEKTPOHJIap BaJleHT 30HagaH
HYKCOHMap carxjapura ¥Ta ojca, Oy Xonga BajJeHT 30Hajza
XapakaT4aH MycGaT 3apsiljit KOBakiap nayno 6yi1anu, KOBaK 3JEKTD
YTKazyBUaH/IMK  BYXYAra Kenaad. SAekKTpoOHNapHU ¥3ura Kadyn
KHlaauraH HyKCOHJIApHW akuenropiap ne® atanraH, Tapkubuoa ak-
uernrropiap  GYaraH  sipuM YTrasrMyHM  3ca €KUM KOBaK
VYTKa3yBUAHJIMKIN APUM YTKA3rWy €KW p — Typ SIPUM YTKasruu
nenunany.

6.1- yuzMana nOHOPAAp caTxJjlapu YTKa3yBYaHIMK 30HacH Tyou
SIKMHKAA, AaKLENMTOpAap caTXIapu 3ca — BaJEHT 30Ha LIMIH
AKMHMOA TacBMprnaHraH. XycycMid  voHnaHvuira — HucBataH
HYKCOHJIap MOHJIAHHMIIM aH4Ya OCOH, KMUMKPOK, TeMMepaTypalapaa
103 Bepan. CaTxNapHUHT OOHOP €KW aKUenTop OYnuILNUrd Mmas-
KYp CaTXJIJapHH XOCHJ KWJIYBYM HYKCOHJIApHWHT TabHaTura GOFIHUK.

JloHopnap 27MeKTPOHJApHU ¢akaT YTKa3yBUYAHNWK 30HAcUra
3Mac, OaNkK aKLEenTop TabMaTau Xap KaHmoalh HyKcoHra Gepa ona-
M. AKUEFITOpNAp 3JIEKTPOHJIApHU BAEHT 30HaAaH Kabyn KWiull
OunaH 6Mp BaKTAA KPMCTAINLATM Xap KaHoad AOHOPAaH XaM ONu-
LK MYMKHH.

Huxost, am@oTepaMk Xoccanapy HaMo€H OyiaaMraH, SbHU
AOHOP XaM, akuUenTop XaM 6yna osagurad TabWaTiu HYKCOHJap
Mmapxya. HyxcounapHu cuidnapra axpaTmil KpyucTann MaigoHu-
HMHT HYKCOH TOMOHMIAH Oy3unuiuy yayamMnapura acocnaHraH:

A) HykTaBWi (HON YJIYOBAHM) HYKCOHNap, yjapra yavamnap
x{a,y{a,z{a OYNraH HYKCOHNAp MaHcy®, OYyHAa « — KpPUCTIN
naHxapacu A0UMHUICH;
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B) umaurnii (6Mp YnuYoBIM) HYKCOHMap, MKKU WyHanvluna
YNapHUHF VYmuamnapu Kuuuk (<a) Ba y4UHUH WyHaIMIIaa
ynyaMu xap KaHuya 6ynuum (>> a) MyMKuH;

B) sfccu (MKKM  YN4OBNM) HYKCOHJap, YNapHMHr Gup
NYHanuiiaa y19aMM KMYKHK, XOJIOC.

I) xaxmuii (yu4 YIUOBNM) HyKCOHMNap, YNapHWHI Oab3uiaapH
MaKpo HYKCOHJIapra TaaJulyKjin Gyaanu.

By Ynuamnap 6¥iiMua cundnawra 6up Hewa 6Up XWJ €KM Xap
XM colna HYKCOHNApHMHI OGMpnaiiMacugaH KuGopaT Mypakkab
HYKCOHNAapHH XaM KHPUTUIL MYMKHUH.

Y €xu Oy HyKcOH Maigo 6ynuwmvna YpuHau GynamuraH TApTHO-
CH3TaHWIL aB3OMMIa Kapal XaM HyKCOHJapHW 6olukada cuHdapra
aXpaTwunaod. ABBAJIO ynap XycycHd TapTMOCM3NaHWIU HYKCOHJIApH
6yn1b, ynapHUHT 3HI MYXWM MMCONIapyd 3NeKTpOH Ba aToMra oM
HYKCOHNAapaMp. YNnap KaTTuk Xucmiapiaard auddysvs, aputManap
napyaiaHuILM Ba GOLIKA XOAKCAIap MLITUPOKYIIAPUINP.

By cunHdra xapakar HyKCOHNapu, WyHairaHiuK HYKCOHJApH,
3KCUTOHJIAap, MEKTPOH — KOBakK XydTnap, ¢poHOHIap Ba IOJA-
poHNap maHcybamp.

Kupuiima atomnap Maexya 6ynuiumra 6oriuk, 6yaraH TapTub-
CH3NaHULI HYKCOH/ApU Golika CHHGHY TalLKUA KUIIaaH.

6.2. Hykraenii Hykcomnap

Hykrasrii HYKCOHNAPHUHI KATTHK JXXHCMIA XaMMa BakT MaB-
Xyn 6ynanvraHnapyM atomjapaaH 6yiwab xonraH TyryHjiap — Ba-
KaHcusilap Ba TYIYHJIap OpanuFura xoinawné onrad aroMaapaup.

BakaHcyAnapHUHT MYBO3aHAT WIAPOMTHAA XOCK BYNMILN KPHCTAUL
aTOMNAPHHUHT MCCUKIMK TeGpaHuumapy GuiaH GorMk. Mybranun
Temrieparypaiapia aToMiIap TebpaHULUIapUHUHT YpTaya aMIUIMTYZacH
atomnap apo Macoda (naHxapa DOVMUIICH)HUHT 6up Heya ou3aura
eTUWH MymMKHH. TyryHiap atpoduna TebpaHyBuM aTOMIAPHUHT HEp-
THACH XyAa KWIHKNAH TO aHYa KaTTa KWitMariapra 3ra 6Yia onagu.

IOKopy 3HEprusiii atomnap ¥3 MyBo3aHaTMI BasUATJIapHIaH
Yy30K1aiunb KeTHIM (TYTYHHM Talina® keTuwiu), TyryHIap OpaltuFura
yTuy MymiuH. TYTYHIap opanurura §Tran atdM sHa OYiI TYryHra
KA#THIIM — PEKOMOMHAUMANAHUIIM MyMKpH. JlekiH, Ma3Kyp aTom
BaKaHcusira SHI AKMH TYTYHNap opanvFinay Y3oKpoKaarunapura 1o-
MOH IMOOY3UANAHWIIM XaM MymkuH. [lly papumna ®peHken
HYKCOHI2pH [IE0 aTaNIraH BAKAHCHS — TyryHaapapo aToM XydTiapH
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g5 1.1. BaexTponnap- I.1.1. Opxun

8 E ra oux 31EKTPOH-

E_ S /,_..v 1.2. Atomnapra i1 2”%1’

8 S T \ .1.2. Opkun

KOBaKjap

EZ =13 SR [.2.1.Bakancus-

S g HYKCOHJIapHU nap

D3 1.4. Ofinanranmmx 1.2.2. Toreunap

> HYKCOHNAp apo aToM

o 1.5. Viowrran [.2.3. AHTHTHM-

= Jianl

= g ERCRIEP HYKCOHJIapH

o i 1.2.4. ®unonnap

E S ___——— IL1.Ypun srammaw 1.5.1. DieKTpOH-

15 U=} KMpUlIManap nap

o E\L IL.2.CykwiMa 1.5.2. BneKTpox

= KMpHIIMAanap KO%;I‘K

XydTiapu

1.5.3. Tonspon-

g E I11. 1. Jucnokanusiap L5 4nﬁgmaxa-

8 5 _/___,’_':_1 I11.2. Kuunx 6ypyaximi " Cusnap

= & gerapanap

: E \ II1.3.Kpucramn yerapa-

Jiap
é &
e e
3] .2. Viownmanap 1.2—I11.
; E \n 1V.3.Viowmanap H.1—JIIL.1

6.2 — ynama. Kpicranakinir Tapribcusnanmy 6yilKya HyKCOHMAPHIHT
cundutapu.

BYXYyIra Kenaad. Yiap KpUeTaul XaxMuaa Kyuub ropanu, Oy aaii-
AMLI KapaéuK Oy MKKM HYKTaBUI HYKCOH KYIIHW BasUsTAapha yu-
panb, pekoMOuHauus 103 GepryHya, €K ynapaaH 6upw cHprra
yuKH6 oMaryH4ya AaBOM 3TalM.

Arap BakKaHcHsl, KpHcTann 6yitnab auddysnananmnd, cuprra
yukKca, Oy Xxonna yHra MMKapuMpoKAard Kamlamaard atoM YTHO onuinm
MymkuH. flafino ©ynran BakaHcusira KEHMMHIM Kamlamgary arom
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OViaad. By xun  BakancisapHy 00000000 000

i 00000000 00 O
[Horku Hykcornapy aeiinani. 00000000 00000

Tyryinapapo  atoM  kpuctamn  © 000 JOPOE ©LEOE
NUKMMOAH CHPTI YHKKAH aToMlap
KYLIMMYA  KATIAM  XOCMN  Kwiaow, — ©6.3-uissa. @penkea(a). Wotkn(6)
KPHCTAUT XKMM OHpP MyHUa OpTaIu. HVKCOHAANI

6.2.1. Metaanap Ba MeTan KOTHIIMANRPAA BAKAHCHANAD

Metann kpucTannapaa, aifHHMKEa 314 TaxAaHCaH  KpHcTann
NaHAKapany oynrawiapuia, TYTYHJAQP OpPaidHFW ynuyamjiapu KHYMK
B YIapAa aToM KOMJTaHMWK Xamaa 6y opatuknap 6¥itnad anddy-
3nsnaHuILK KMAKMR. IHyHiHr yuyn metannapaa lotkn BakaHCH-
Napi MaBKyn 6YAMWIK 3XTHMOJJIUIK KaTTapok,

MKxana xuj BakaHcHsinap 3WWIMIM JacTasBan TeMmnepaTypara
BOrNUK, YyHKU ynap aToMIAPHHHT MCCHKAMK Xapakat Tydaiiu
naitgo 6ynany  Ba GuHODapMH, TeMilepaTypa olraH capu BakaH-
cHgaap colit opTd Gopaau.

Bakatcusinap  3MUNWMIMHMHT  TeMnepaTypara MUKAOPIHA
SornatiuunuM Tonaiavk.

I. Jactnab WloTki HykcOHMAapH — BakaHcHsinap 3HWIMTHHA
Temneparypara 6oroBud HdomaHM anniiaiiMus. Kylinnaru 6en-
THIQWNApHK Kabya kunamus: V), — IoTKH HYKCOHH XOCHJ
Syaminn aucprusicn, 1 — BakauT (6Yw) TyryHaap BakascHsiiap
3nuanrn, N — Tyrydlapia TYpraH atoMaap 3Wusiurd  O6YicHH. Y
XoJga OUPAMK XAKMAArM BaKAHCUANAPHHM XOCHN KINMLI 3HEPIisi-
ci E=nl,,.

Cratuetik  pusukana UcboTnaHMWNYa, cHcTeMaHHHT (OH3-
HHHE XOJUIQ BAKAHICHUHANAP Ba TyryHnapnarn aToMJiap CUCTEeMACH -
HHHT) sHTponusick § OHNad yHUHT XonatnapW sxTumoanurid W

opaciiaa Kypuinwaard 6ornaHnw 6op, OyHaarn W aaTHMOMINK
ndonacti:

S=kinW (6.1)
W= M (6.2)
n'N!
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CTupauHr Takpubura Kypa, x» | 6yaranna
Inx'=xinx-x 6.3)

bu3 Kapaérran cucTeMaHWUHT 3PKMH SHCPrHsICH

F=E—TS=nV,,~kTin X+ 1) (6.4)

nt\!

By wudonanarun norapudmra Crupauur ragkpubu (6.3) HU
Kkyanacak,

F=E=TS=nV,—k TI{N+m) In(N+n)—nlnn— NinN. (6.5)

Mawnymki, 3pKHH 2HEPTUSHUHT 1 6Yititua Xocuaach MyBo3a-
HAT XONaTHAA HOATA TEHT, ABHU

OE gy et - (6.6)
an n

Metannap yuyw omaraa V=1 3B, GyHra mMoc KeaaauraH Ba-
KAHCHSITApDHUHT HUCOH coHu n/N~-10-9, nemak, 6y xoama na<<N
6Vnaan, Ba N +n Hu InN/n e xucobnau MYMKHH. Y Xosna

n

(6.6) naH BaKaHCHSMAPHUHT

n, =n=Nexp(=V,/kT') 6.7)
snundr udonacu kennb dnkaan. bynaa N kprictaai namxapacii-
naru Gapua TyrvHAap 3MYAKUTHHW OHIaMpanH.

(6.7) udronanan k¥pHIttLNIYa, BAKAHCISAAD 3HUANTH N TYTYH-
AAP 3HYAMTHIA TIPOTIOPIMOHAN, BAKAHCHS XOCHI OVIHUI 3HCPTHsi-
ci (V) Katra 6ynaranaa n KuuiK OYaaam, M3aKyp 3HWIHK Temiia-
paTypa OpTraH capi KYpcaTKuudil YHKIHS cHdaiiti Te3 opTHO
fopaan. JeMak, 10KOps TCMIIEPATYPANAPAA BAKIICHSLTAP AMHKAOPH
KVIIpOK 6¥nanu.

2. OHm OpeHKen HyKcolmapH (BakaHCHIIAP Ba TVTVILIapapo
aroMaap KydTaap) 3uuadrindan anMnaitank. Hlvasenin atimiw
KepakkKi, (dpeHKen HYKCOHIApY TEHT MHKIODANIH BaKaHCIsmap

127



Ba TYTyH/Iapapo atoMnapiaH uWGopaT. Macar .H, 6u3 Gy xosna Ba-
KaHCUANap 3UWIKTHHU Tomncak, DpeHKen ¥ yKCOHNapH 3WYJUTMHM
Tonrad 6ynamu3. byHna 6u3 BakaHcusanap 6unaH 6up Karopia Ty-
TYHJIapapo aToMJapHU 3bTHOOpra oaub XicobnaiMus.

Vp — DpeHKen HyKCOHNapH Xocui OYIMLIM 3HEPIHsCH
(aTOMEMHT ¥3 TYTYHWIAH TyIyHIap Opacura YTWiuy SHeprusicy), N
— TYIYHTapHUHT YMYMWH COHH, N — MMKOHMWI TyryHnapapo Ba-
austiap coud, E = Vq.,n — 6y n Ta HYKCOH Xocw1 OYauIl 3HEP-

THSACH.
By xonna axTUMONIHK

n(N —n)! nl(N’-n)!

3PKHH SHEPTHA
F=E-TS=Vyn-kTinW. (6.9)
Cryp/IMHT TaKpHOMHU  Kiniacak,
F=E-TS=Vyn—kT{NinN+N'InN"- 2nlnn—

~(N-n)In(N-n)—(N’-n)In(N’-n)}. (6.10)
MyBo3zaHaT Xonatuna

oF (N —n)(N'—n) |

e MYSANGETY 6.1

==Yy kT!n‘_ - (6.11)
(6.11) udonanax

1 =(N ~n)(N'=n)exp(~V 4 /KT ). 16-12)

Onouurd xonna Kypraummuspex, n<<N, N 6ynrannurd Ty-
daiiny YHr TOMOHINA n JapHM Tauab j060paMM3, CYHr KBaapart
unau3 onamus. Haruxana

n=N, = \/Wexp(—V,,,/ZkT) (6.13)
Kuaupwiran ndona xocnn 6ynanu.
(6.7) udonana skcnoHenta kypcatkuumna KT Typamu, (6.13)

ndonana aca 2xT Typanu. Bynnan tamkapy, N Ba N’ tadoByTH Ba
Vu Xamma Vy/2 oapku  xucobunan Ulotkn Ba @peHken
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HYKCOHAapH 3U4NWKIapY OMp-OMpuaaH aHya dapk KHAUIIKA MyM-
KHH. MacanaH, lokopuaa aiTuiaraHaek, MeTtawulapaa Lllorku
HYKCOHIapy XOCHJ OYIMWIK 3XTUMONH KarTapok, 6Yaub, yJapHUHT
MeTajlap Xoccalapura TAabCUPH XaM KaTTapoKaup.

LHoTkM HYKCOMAapW BaKaHCHsNapAaHTHHAa nbopat 6YnraHaInuru

yayH n, =N, Ba V =Ev 1e6 é3mu MymxuH; y xonaa lotku

BaKaHCcUs1apH 3WUJINTN:

N, = Nexp(—E, /kT) (6.7)

KYMUuanuK apabuéraa €3unaavranH KYpHHuIIHK onagd. Bus aHan
wy udona 6unaH vinaimMus. Onataa BakaHCHSIap XOCH GYIHiLN
3Heprusacu E Typau kpuctannap yuyH 1-2 3B yamacuna.

Arap Ev =13B Ba N=1022 cm3 ne6 Kabyn Kuicak, y Xonaa Ba-
KaHCHUANAp 3MYAUTY TeMepaTypa caiiuH Xyaa Te3 o6 GopUin-
ra {6.7°) wndona acocuga UILOHY XOCH KHIaMHU3:

[(TK [o] 10 T 3 T 500 [ 700 900 1o}
(Nv.owT 0] 200%™ | 6ol ] 21019 | 20133 [ 2e10% [ 201017 |

by ManayMoTAaH XOHA TeMreparypackia BaKaHCHSUIApHUHI MVBO-
33HATUI 3WUNWIH Xyla KAYMK KypuHagn. Bupok, KpucrtauiHM 6up
MyHYa BaKT IOKOpPH TeMnepaTypaia TyTuO Typuica, SbHM YHOa Kyn
MHK/IOpIa BaKaHCUSIAp XOCH KWJIWHCA, CYHIPa YHM Xyla T€3 COBYTHI-
ca, (OyHn umHuKTMpMW [ciinand) Gop BakaHCHANAp 3HWIMIH Yuia
I0KOPH Temniepatypanaruaaii konaau. Ly cababoax 6y 3uwIMK onauHri
TEPMOHLIOBN, SIbHU KPUCTAUTHUHI TapXUMad Xo/iMra Xam OormMk
6ynann. MyaiigH BAKT OABOMHOR KPHTTAUIHM KWU3AWPHIL OKWbGatHaa
OUIMK MUKIOPAArH BAKAHCHSIAPHW MYK KWIHLL MYMKHH. by XapaHhu
«Kyfianpsmy aednnaan.

HyKraBuii HyKCOHNapHHMHI XoCcWi OYIMILM ¢akaT TeMnepary-
para 3mac, 6ankH Oocumra xam GOFTMK. YHua lokopu 6¥nmMaraH
Gocrmaap coxacuaa yuidy MdoaanaH doiiganaHuill MyMKHH:

Ny =Nexpll- £ + Po)kT ]. (6.14)
Bynaarn v — ©6utta lloTku BakaHcusich naiipo 6ynraHuaa

KPUCTANA XKMUHWHT Y3rapHIuu,
Kearycuaa metannt KorMiIManapaa BaKaHCHSUIap  XOCHA
BYAMILM XYCYCHSITNAPHHIT Kapab YnMKamMu3.
VpuH srannaul TapTHOAAHMAraH KOTHIIMANAD — SPHTYBUM
cudaTHaaru acocuil KpUCTANNHHHT OMp MyHYa MUKAOPAArH TYryH-
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JapWHKY Oolika Moama (3pyBYM) aTromsapd 3rajjiaraH Kartik 3puT-
Maiapaup. DpuraH atomnap TacoaudoH 6eTapTMO TaKCUMMIIAHTaHW
XOJMIa KOTHLIMAHK TapTubnaHmaraH AeAnUmIaiu.

BbuHap (MxkM MogmagaH nbopart) A-B koTuliManap 3Hr coaia
KoTHluManapaup. byHaalt KOTUIUMaZard BaKaHCUSIIADHWUHT MYBO-
3aHATUM 3UYNUTUHKM Kypaiinuk. Uy xonna xam Oy 3MWiIMK TO3a
MeTaap ydyH unkapmarad (6.11) udona KypuHuliKaa TacBApa-
Haau:

Ny = Nexp(—Ey [kT. (6.11)

AmMo, To3a Metama Ey aHeprus dakar KYWHKM aTOMIapHUHT
§3apo TabCUpW HEprusick OWIaH aHUKIaHraH 6yica, TapTubnaHmaraH
YPUH 3rajuiall KOTULIMANap X0/uaa KOTULUMAHWHE OUp UCMAK Ba Typ-
JIK MCMJTH aToMIIapK Y3ap0 Tabeup 3Heprusicura OomIvK 6ynanmu:

Ey =%(ch,“ +C2Egy +2C,ChEpp).  (6.15)

Bytnarn Z — koopauHalMoH coH. bouikaua xatranukiap
Kyiunaruya 6enrunal ofMHraH: KpucTal MaHxapacuigarn TYTyH-
Jlap coHnHu N — opkanu, ynapaaru’ 4 Ba B aromyap coHuHu Ny Ba
Np opkanu, BakaHCHsUIap COHMHW ONAMHIMACK Ny opxaiu Gen-
TUNabd, KEKMH HUCOMI IUWIMKIIAD KUPUTAMU3:

C,,=N,,/N, Cp=Ng/N, Cp=Np/N. (6.16)
by xonzaa
N=NA+NB+NV éa CA+CB+C"=1. (6]7)

Z — KOOPAMHALMOH COHJIM TIaHXapa yuyH KOTHLIMa SHeprus-
cu (dakat xydht Tavcupnap (A-A, B-B, A-B) xucobra onuHran):

Z .
U=Uy+ ﬁ]kﬁg_“ +CEEgg +2QACBE,,B), (6.18)

Oynna Euy, Epp, E4p aTomnap Xydmiapy apo’ TabcHp 3Hep-
rsnapy. (6.18) Hu Kaitta €3U6 oMU MYMKHH:

Z el 2 3y
U=U0+[W)(N,_|E:M +NpEgg +2N,,NBE,,B). (6.187)

OHIM y4 Typ 3appanap — A4 Ba B aToMnap xamaa BakaHCHsINap
YHYH UMKOHMIT YPHUH anMawTHpHULLITAp COHH
W=N/AN4 Ng! Ny} (6.19)
Oy namm.
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(6.7) Ba (6.13) ndopanapHM xocun Kuauwr AyauaaH 6opuo,
(6.15) ndonanu y3 nuura onrad (6.11) cuHrapn BakaHcHsIIap 3uu-
MY MyHocabaTUHM KeNTUpUO YMKapuItaiu.

Tapmubnanmazan cyxyauus Komuwimasapy - B 3pyBUMHHHT
aToMnapu A 3pUTYBUMHMHI [aHXapacd TyIryHaapd opaiapuia
XoinawraH KoTuiiMaiapaup. To3a Metautap YpuH 3srainail
KOTHLIMAanap YJYyH BaKaHCHsJap 3UMIMTHHUM XHcobnall YCYilH
CYKYNHMLI KOTUIIMANIAPY XOJIUTa XaM KyJanaHUaau.

BakaHcusinap Typau coHpmard B atomnap OwiaH ypaaraH Lia-
POWTAA KOTUILIMAHHWHT 3HEPTHSICH:

U:UO+EIH2NV/{ +EAB sz,r/\., (620)
k k

O6yHaa Eyy — TO3a MeTasiaa — SPUTYBYMIA BaKaHCHSIIAD XOCHI
Oyanwy sHeprusick, E4p ~ A Ba B atomaap ¥3apo TabCHp 3HEPrus-
CH, k — BakaHcusiiap OunaH KYywHKM B atomnap couu, Nyx — k —
aToMnapra KylWHU BakaHCUsIap COHM.

By xonma W — 3XTUMONIMK KaTTakOH MareMaTMK udonara 3ra
6ynann. bus 6y udoganapHu KapamaiiMu3. OpPKHUH  3HEPrs
XOCHIAJIAPUHKUHT HOJITa TEHIIMIMOaH (MyBO3aHaT WapTiapunaH) ¢oii-

[ajlaHno,

NV:E/_Z/T:f(T) (6.21)

MQOAaHH TONAMU3.
(6.21 ) ndbonann xucobnawu

= B
Ny = B IRTY |tk P (6.22)
""V,r,* AB

HaTHXaBUI MyHocabaTHM Gepaau.

6.2.2 Honnap KATTHK XHCMJRpPHIR BAKAHCHAJIAD

Monnapaan TapkubnaHrad KaTTUK OJKMCMJIApHHHL  acocHil
(apky yaapHH KpUCTal MaHXapacKia KATUOHNAp Ba aHHOHAAp-
MMHI TEHT Mukaopaa Oynuwiaurnanp. UIyHHMHr yuyH arap 6y Ty-
ryi YpHUA2 BakaHcKMsl xocun Oyaca, y Xonga mycbar Ba Mauduii
3apsiUlap MyBo3aHaTH 6y3unaau.
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AMMO, Oy MYMKIWH 3Mac, YyHKM KpucTasl OYyTYHMYa 3/1EeKTpO-
HeATpan OYMILM KepaK. DJICKTPOHEHTPANMUKHUHT 3apyp/IMri Ba
WOHNap KPWCTANIM MaHXapacuaa y €ku Goluka BaKaHCUSL XOCUI
OYnMUIMAaH BYXYOra KenraH 3apsiHM MYBO3aHaATIOBYM TECKapH
WLLIOpANK 3apsAHUHT anbaTTa ByXyara Keauwura oan6 keganu. by
wapt Typau Wyn Ounan  Gaxapunanv. bupuHum Uyn  TeHr
MHKIOpA2 KAaTHOH B2 aHMOH BaKaHCHUANApHMHT OUp BakTaa Xocul
6ynuiuvanp. By xonar LloTkM HyKcOHAapHra MOC KEJWLITUTUHK
naiikalu ocod. 3apsamnap TEHIJIUTMIA SPUILUHKHT UKKUHYU WU
MOHNAp BakaHCUSLIApra ynapra TeHr MUKAOpAa TyryHiap opa-
JMFMAA Yia uuopand Hownap nadino 6ynuwvaup. By GuprikMa
®peHken woHnap KYQTHHMHRC  Y3uaup. YyumHud  #¥n  —
Y3OKNAWTHPUAraH  WOHNAp 3apsAAMHH XOCU OyaraH 3apsand Ba-
KAHCHANAD AKWHKAZ KJWMMYA 3JEKTPOHIap Naigo 6yavwu €KW
VIADHWUHT KaMallMLiM oOpKadM MyBo3aHaTiawadp. by iyn
TaKUKJIAHraH 3Heprusi 3oHacH Top 6YAraH KarrMk XUcMiapna, Xy-
CycaH, TaKUKJaHTaH 30HacH OynaMaraH Metauiapia 3XTHUMONIMPOK
6ynaau.

HoH GommanMwnu €kn voH GOFTaHMWI XHccac aHya KarTa
OyiraH KYynUUAMK KATTHK >KUCMIApHUHC (MWIKOPHIt-ranony KpH-
cTanniap, okcuiiap, cyiduanap Ba OolIKanapHUHT) TaKUKAAHTaH
30HacH KEHMIMrM aHua Katra (>2.5) 6vnanu. LLyHuHr yyyH ynapaa
Lotk Ba MpeHken HYKCOHMApH KYMpPoK, Xockn 6inaau.

HuxosT, KpUcTaJUIra YHUHI XYCYCHI MaHXapacuaard aTtoMiap
BANEHTAWIMOAH ¢apK KWAaguraH  BUIEHTAHKIAM €T KHpUUIMA
aTomMIapy KHpUTHO 3apsiinapHW MyBosaHaTiaul TanabMHU Gaxa-
pHULLI MYMKHH.

Huikopuit Metainap rasoreHuanapuoa KapamMa-Kapliyd 3apsii-
JIAHTAH BaKaHCHUsIAp TEHr MWKAOpAA OYAMWIIMIM aHWKIaHTaH.
Bakancusinap 3apsguHM KapaMa-KapulH 3apsiUli TYFYHIapapo Xy-
CycU Momnnap 6unan MyBozaHaThall, suHM DpeHken Xydtd
XOCHJ BYAHIIM, MacalaH, KYMYLWI rajoreHHanapuaa o3 6epaai.

Onauury GaHmna Lllorkd Ba PpeHKen HYKCOHAAPH 3WUUNWTH
Ny Ny, yayH uukapuirad (6.7) sa (6.13) udonanapii MoHnapiaH
TapKUONaHraH KpUcTanaapra MOCTawTHpHIL KuiinH aMac, lorkn
HYKCOHAApW yuyyH umkapwirad Ny HUHr udoaacu Oy Xonga Xam
(6.7) nex, aMMo Ey HUHF KuiiMatu Gowika N =N, =N, 6ynaan,
OyHaa N,, N; — Moc paBHLIga, aHIOHNAP Ba KATWOHJAp COHU.

Wonnap xpucrannapuaa ®peHken Hykcounapu yuyH (6.13)
ypHHura
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NN, =(Ng ~Nps XN, =N Jexpl 1/, k7 | (6.23)
MyHocabaT GaxapuaaiH, Oytiaa Ny — HamKapa 1YIyHiapy i ayans
COHM, N; — namxapa TyryHjap OpaJIMrM yMyMuid cosu. /M,
OMp XWN WHOHJIAp MaHXapacHUark sakaicusuiap coum, N, — 1y1ys
Jlapapo BasusiTIapra Xo#nawran atomsap conu, Uy, — pavancnid
Ba TyryHjuapapo aroMaaH ubopar MDpeHkesn Hyxcolu (xydsrsg
XOCHA OYAULIM SHEPTUSICH.

Kyitvpa keaTupuaraH MabiaymMoT wuoHjiapaaH TaprufiaH:a
Kpuctaynapaa llloTkn BakaHCHUSICH XOCH BYIHIL SHEPrUACH ¥aT-
Tankiapi (£,) xakuaa tacassyp 6epaiu:

Kpucriu LiF Lict Lilr NacCl l Naldr Kt l K1 ] [ § by

19

4 l 1.60 2 b

'J‘-\'S o) 251 2824 1.8 2 l 172 2.

IOKopuaa Kapama-kapiuu HilopadMd WOHJap COHM TeH:
BVaran (CTexnoMeTpHK) MOHNAPHM KapaaWK. AMMO, 6V TEHITHK
GaxapunaMaiouran  (CTEXMOMETPMSIAAH  YeTHaHHII  MaBANI
6yaran) kpucrtamiap xam 6op. A'MBY apum yrkasriygapaa cre-
XMOMETDUKINKAAH YETNaHWIU YIapHUHT aManuil KVITaHHLIH
YUYH MYXMM axaMmusiTra sragup, 4yHku BY TauIKHITOBYMHIHL
oprikdanuru (Al TAWKHMITOBYMHMHT KaMOMATH) JOHODTMXK
xoccacura ara, BY wuur kamomaTtn (A opruxuanuru) sca ax-
UCNTOPJUK XOCcacura ara.

6.2.3. KopaneHT KpHCTA/LIAPAA HYKTABHI HYKCOHIap

KoBaneHT KpHeTanapHMHT 3HT SIXIWIM BakuJIIapH OJIMOC Ba
OJIMOCCHMOH SIpUM YTKa3rH4lap repMaHUi Ba KpeMHHITIHp. by
KATTHK XMCMJAApHWHF KpucTaynapuaa (1.9-uu3ma) Tterpasap
(TYPT EKAM) WAaKAHMY TAWKWI KHAFAH IHT SIKHH KYIIHH TYFYH-
Jap OpajJuFM erapiurya KarTa yauamid Ba 6MHobapHH, aToMaap
yH4Ya 344 XxoHiawmaran. MacanaH, TyryHnap OpPanuMFHHHHT
ynuamnapu repmanuiiaa 0,110 WM Ba kpemuuiiaa 0,105 Hm
6yanb, Oy KpucTainap TyrVHIapHOars AaTtoMJAapHHHT  Vy3
ynuamaapura (Moc pasuiuga, 0,122 Hm Ba 0,117 HM) AKUH.
HIyHuHT yyyH KOBaJIeHT Kpuctaynapaa MdpeHken HYKCOH.IapH
KYIIPOK GYAHIIHHK KYTHIL MYMKWUH. Tyryn atpodiaa xam. Tv-
rysjgap opanurn arpodaa xam OMpaail MHKTIOpAa KYVUIHA
aromnap (Ge Ba Si na TYpTTa) OYNMIWJIMIH IOKOpHAAarit Tax-
MHUHIH  Tacaukaauwa. byHaal kpucTannapaa  BakKaHoHsap
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XaMaa TYryHnap opaiMFAAard XyCyCMit aTOMAapHWMHI XOCHJ
OVAULIM 3HeprusnapH 6up-6upura aKMH GYAUIUN Kepak.

Onmoc Tysuaniunn kpuctamnapaa HloTkd HYKCOHIapUHUHT
KYNpoK 6ynuwnury HyKray Hazapu Xam Gop. Ma3kyp kpucrani-
JlapJa HYKCOHHWHFP XOCWi OynuIUM YHM Kypluab ojiraH aToM-
JapHu  cumkuTagd.  Kpuctann naHxapacd  CMMMETDUSICH
CaknaHub KonaauraH CUIXMUWINAPDHU MaHXapaHWHE «pejakca-
HHKCH» NCHUIIALN.

KoBaneHT kprictannapia Bakavcuanap Xocuia Oyiuium, wy-
HHHTAEK YNap 3WYAUTUHKMHE Y3rapuiliy 3JeKTPOHNAp 3UYIMIH
Varapuiin Ounan Oupra 103 Gepanu, JeKWH MeTajlapaaH
dapxau paBuina, Oy Y3rapuliap 3pKHH XyCycHii 3JeKTPOH-
Nap Mukaopd (aBkyroana kaM OynraH uiapodTna COAMP
6Ynanu. LLYHWHT YYYH SNEKTPOHAAp 3UUAULMHKA Ba SIpUM
YTKAQ3rM4HMHT y 61aH GOFIUK GolKa XoccalapuHy yiayauiiap
XYCycHH HYKTaBMH HYKCOHNAp xocun Oynuuid Ba  1IaKJ
Y3rapuiuy X0AMCalapUHU YpraHuiiga Kyaai yCyaaup.

6.2.4. Knpumimapuit HyKTasuii nykconnap

Kupiuima €T atomnap acocuii Kpucramyn OwiaH, € YpuH
Irannaml, €KW CYKWIHII KATTHK 3IpUTMajapu XOCWI KHJIHIU
MYMKUH. bupuHuM xonga xupuiima aroMnapu Kpucraia rnaH-
KapacMHMHP TYTYHJNApUAa, UKKWHYM Xonja — Tyrydjaap opa-
JuKIapuia Xonamany e o e o e @ e ©
(6.4- yusma).

VY € 6y Typaaru KaTTuk
3PUTMAHMUHT XOCHJ BYAMWHY
acocaH HKKUTa oMuira -
FEOMETPUK Ba IJIEKTPOKU-
MEBUN OMMUI tupra DOFNKK. a

1y, pamdyci acocHit aTom-

Jap 1, pATMycHIAH 15% pany  6-4-unsva. Kpictaiuia KpuuisMi aTom1a-
Kam dapK KUIAAHTAOH KHPHLL- PHHIHT XOIi TN, v
Ma aTomsiapHriHa YpuH sran- A-YPHH 2ranal PIITMACH;

Jali  3pUTMAIAPHHN  XOCH

KUaau (reoMETPHK OMId1).

e 3 0 0

O

o 009
© 0O 060
®@ 0 0 O
@ 000
® @ 00
o 000
® 6 0 0

&
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6. [~ Jcadea

Bab3u kuMEBHIT INEMEHTAAPHHAL KOBAJICHT PAARYCARPH

0
z DieMeHT f A
5 B 0,84
8 (0] 0,74
14 Si 1,17
15 P 1,10
26 Fe 1,20
31 Ga 1,25
32 Ge 1.22
33 As 1,22
47 Ag 1,42
49 In 1,43
79 Au 1.46

DNeKTPOKMMEBMI OMM wWyHAaH WOopaTKy, YpWUH 3ramnaid
3pUTMaNapy XoCwua OYIMLIM YyuyH KHMpMIIMa aTOMJIapu Ba acocHit
atoMNiap 3MEKTPOKMMEBHN XUXaTlaH YXuiaiu OYJIMIUIN Kepak, AbHU
KuMEna Mabaym OyiaraH KyuynaHMLUIap Katopuaa yiaap Oup-
OupHAaH y3oKaa 6yamMaciury Kepak.

Arap KUpMiimMa Ba acoCHil KpUCTAJI aToMJlapy KywIlaHHILIap
Katopuiaa Oup — OupuaaH ysokaa Gyisica, ynapaaH OWpH OpTHKYa
37eKTpoMychaT, UKKMHYUCH 3ca anekTpoMmaHduii 6yica, 6y xonaa
KHMMEBMM OMPUKMA XOCHI DYIIMILM DXTUMOJIM KAaTTa.

SNeKTPOKUMEBUI OMUIHUHI MUKAOPHMHK XapaKTepUCTHKACH
KMpMIUMa Ba acocMH  aromyiap  3JIeKTPOMaHUHMIUTHMHWHT

dapkuamp.
YpHH sranaul 3puTMacH Xocusl 6ynuiun yuyH Oy dapk KHYUK

6¥1MOFHM 3apyp.
6.2.-aicadsai

Bab3n KumMesHi 3aeMeHTIADHUHAT X 3JeKTPOMAHQHIIHTH

KaTTajJHkKJIapu
Z | DacMcHT X Y4 DACMCHT X V4 2aeMeHT X
3 Li 0.95 16 S 2.6 32 Ge 2.0
3 B 2.0 27 Co 1.7 33 As 2.0
8 o 3.5 28 Ni 1.8 47 Ag 1.9
14 Si 1.9 29 Cu (2) 2.0 79 Au 23
13 P 2.1 30 Zn 1,6 82 Ph (2) 1.6




TaakIKOTIapHUHT KYpCatHLIMYa, CYKHIAAUTaH KMpHIUMa aToM
I'e PAAWYCUHHHT acocuit atoM r, — paauycura Hucbatn 0,59 nax
KUYMK OYAULIK Kepak.

1lynaait kuanb, kupuima 0 < 15 / r, < 0,59 6ynramna cykunuu
apurtmac, 0,85 < i / 1, < 1,15 6yiraHga YpuH 3ranall 3puTMacu
xocun xkunapn. 0,59<r, / r,< 0,85 coxa 3ca yMyMaH KaTTHK 3puT-
Manap Xocui 6¥anILKY yuyH MakOyn amac.

XakuKii 1UapoUTAA KPUCTAUIN KUPHULLIMA aTOM TallKy{ MyXWTAaH
KUpaIu. SpyBYaHIMKHY MUKIOPaH aHMKNaraHJa KpUCTAUT Ba TallKH
aza (MyxuT) opacupary TEPMOAMHAMMK MYBO3AHATHM TaxJIMA KWIALL
nosumM. Tamiky dasa cudaruna € Oyr (ra3), €ku cyiok dazaHu Kapaiu
MYMKHH, YYHKW yaap KATTHK XMCMIApHM Jerupnaut (yaapra KUMpMLL-
Ma KUPUTHLL) aManueTIa KeHr KYutaHaau.

WUkkana xonga XaM Jerupiaill Xapa€Hu MyBO3aHaTAaH KaM
dapk KHAaauraH wapoutia oiud Gopunanu.

6.2.5 Hykrapuii HYKCOHIAp AHUKIAHAHTAH Xoccanap
Ba YJAPHHHT ¥32p0 TabCHPH

Xycycu#t Ba KMPHIUIMABUN HYKCOHIAP KATTHK >KMUCMIADHHUHT
aManza 6apua Xoccanapu TabCHUp KypcaTaau. 3apsil TaluyBuMiap
KpHcTann 6yiiuua xapakat KUJIraHWaa HYKTaBuid HyKcoHnap 6unaH
XaM TYKHalaauaap.

MKk xeTMa-KeT TYKHAWIMIL opacuaa YTraH BakTHU peniakca-
LiMsi BAaKTH (3PKHUH IOTYpMIL BakTH) Aewuiaan. by BakT kupuuiMa
XOCUJI KMJITAaH HYKCOHHUHT TabuaTW, XOJNaTW, 3UYNNTU Ba TEMME-
patypara Gornuk Oynagu (Oy xaxaa apum yrrasruunap 6obima 6a-
TaCUNTPOK TYXTATAMU3).

Merannapna xoHa TemrepaTypacH Ba yHIaH IOKOpMAQ 3apsil
TalYBYMUNAP XAPAKATYAHNUIHHH KPUCTAIA NaHXapacH aToMiapu
TebpaHuiuiapy OuaaH TYKHawMap aHukAaiiau, Oy aca Temne-
paTypa opTULIN OMNaH METALTHHHT EKTP KAPUIMMITK  OPTHILM-
HU TaKO30 KHaaau.

SlpM  yTKasrMunapaa  HyKTaBUM  HYKCOHBApHMHI  acocHM
aXaMMATH TAKMKNAHTaH 30Hana JOHOP Ba aKICIITOP CATXIap XOCHJI
KANNG, SpHM YTKA3rTMUHHHL 30eKTp, (JoTO 3CKTP Ba DOUIKa Xoc-
CANAPUra TabcHp KUNKLIAKUP.

JM3AEKTPHKNAPHHHT XOCCAUTAPHHA ACOCAH YAAPHHHT XAX MMl
TY3HAH LI XapakrepucTiKaaapu AHMKNATIAH, yiapaa
HYKCOHIADHHUHT aXaMMSITH HHCOATAH KNYHK.
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Hyrcommapne NN T Xt i o s idlaitings
Heya 0o0napta Kapath i
AMana Oapua nyi i DIYECCHUINE B falte b fta #

Xoaaraa OVaani. NEacamne, e s e 151 vagics t0, e, wv
BAKAHCHS NOCHN WAL MvAad, Flep o sapos 570 .
CHSUTAPHHHE KHPITING SUOMBM QU Y i alt W0, 00 & s
NApAa HYKCOHIAPAPQ VEIPO GICHPINfY COlE A il ¥ Yot B
YaCHHUTHH KVPCnd Vianin,

FIKKIL Raparta-Kapui miiopinit gupesiiass Mol o/~ 2o
KYDTHHH XOCIIL KIUTHI MYMKII]

L Er ° %

KyDTHIL TRUIKI KIIEED OB SAEIH 1400050,
Tydaiian vaap opacitia DCKTPOI Bt KOBMKHWIN Frpoes o
103 Gepib, KoBak VKON MYMKIN by wapucissiy rars

apo peKOMOHHALMSL AeiiHILH.
Kpucrannapaa siHoga Mypakka® 1IYKCOLLL Tapgsfszz <
pULIMaBHI aToMaap KHPHILH MYMKITH.

byHaaii Mypakka® (OGupaaliMa) HYKCOMHNAP VATV, A
HHHT Kyn di3MK Xoccanapura Tabcup Kusiaum. Macaias.,
PAN TALLYBUMJIAPD XAPaKaTUAHIMIWCA, KATTUK AKUCMIZAD HOiicy
VTKa3yBYaHJAMIMIa, YJIapHHUHT MEXaHMK XOCCAlapMra, KipHiiiie ==

auddysusicira Ba 6.ra MyxUM TabLCMp KUAadK.
Spum yTKasruwiapaa A — Mapkasaap ApUMYyTKasrHyia

KMCNOPOA aTOMMHMMI BAKAHCHsl OMJIAH y3apo TabCHPH M
6YnamM, MoOHIap KpHUcTanlapuaa [ — Mapkasnap 270eKTpOHH:

THO OJIraH aHMOH BakaHcHsIapyiaH 116opaT.
Ynap MUJKOPHH McTajlsiap rajolrcHUAMRapMaa paHrHH Genre-

naitan. £ — Mapkadnap lotagurad yarpadbnuaduia Hypaap, TVIN
Y3YHAUKIApY Kyiyaariya:

| KB ] Nl
oN3

[ Kpietarn | NaCl | NaBr | KCl
[ 5. nuw | 465 [ 540 | 663 | 030 |

BynapzmH TaluKapM, panrjiall MapKasaapi ee Qrasisinn s

pakkab HYKCOHJIAP OHMpialuMMIapit XaM aupRYIL Vittadl sapa s
napuu £, M, R xapdurapu Guran 6canincout,
F — Mapka3s 8pyriiK TaLcipijia nKkinia f AAPRA UL TN

TOomnmanu:
2y 5 PV ®2

6yHna Fy — anunon pavancusicn



M — mapka3 xap OMpH 61TTalaH 3NEKTPOHHM TYTHG onraH uk-
KH KYWHI aHWOH Bakaucusiiapaad vbopart.

R — mapka3 xap 61pu ©uTTagaH 3NEeKTPOHHU TYTHO oyrad yy-
Ta KYIIHK aHUOH BaKaKCHSUIAPMAAH TALIKUIUIAHTAH.

By paHmaiu MapkaanapuiaH TallkapHd, mMycbar KoBak BocHTacvaa
GornakraH MKKM KYLSHKM MaH®HWi WOHNapiaH (MacanaH, XJIop) Tap-
KnbnaHaraH Vy — Mapkas, XJOPHUHI KOBaK BOCHMTacvaa GOFnaHraH
TYIYH Ba TYIYHNAD OpaIMFMIaryd WoHnapumaH ubopar A — Mapkas
MaBxyn OYNALINHIK aHUKIAHAH.

Wonnap xpucTasnit YTKasyBYaHAUK 30HACHMIArkM 3pKHMH 3JieK-
TPOH Ba NaHXxapa KyTGJaHHLIM OMplaliMacy NOAAPOH JeHWnagun-
TaH HYKCOHAAp XMIUHMU 103ara KeNTHPaL.

[lonsiponnap  Goska  HyKcoHsiapra  HucbataH  IOKOpPH
XapakaTYaHIMKKa 3ra.

SneKTpoHra GepHnaduraH EpyFIMK EKM WCCHKAUK 3HEPIuscH
YHUHI YTKA3yBUaHIWK 30Hacura yTHO onviuy erapwm Gyamarania,
Yy 1y 30Ha AKHHWAArW XoJamiapra YTHIM MyMKUH, Oy yTuwmna
Xocun OyAraH KoBak OmnaH 37eKTpoH OOFNAHraH Xodarda Konaa.

By anextpon Ba yHra GornaHraH KoBak XY(QTUHM 3KCUTOH JEin-
nagu (6.5- unsma).

Arap 3neKTpOH Ba KOBAaK
6up voHma 6ynca, Oy Ky(Thh
Dpenken KCHTONN AEHiMIAAMN.

SKCUTOHIP TYPAM aToMIap- =
ra TerUWin YHAFOTUARAH 3JieK-
TpOH Ba Kosakman Tauwkwman- Eg |Eg ¢
raH Gynca, yuu Bawse — Mort ho Eg
3KCHTOHH Aeiinani.

OpeHKea 3KCUTOHH paguy-

Ec YTxazypyarwnuk soHacyu
'y

1
L
€t KUYUK, Banwe MoTt aK- EI-" BajicHT 30Ha
CUTOHUHMKK KaTTa. SKCUTOM
KPUCTAI KyMaa Napakataala 6.3-uisMa. DKCHTOHHHHI XOCH
OJIAIK, aMMO TOKK4 XHcca Gyammn.

KYla onMafinu, UyHKH 3AeKTp XKHUXaTAaH HeHTpanaup.
OKCHTOH XOCH KiUIHLI YYyH, MacanaH, €pyRIMK 3HEpruscH
cap@aHaniio, aMMO 31eKTp ¥TKa3yByaHJIWK ¥3rapMaiinu.
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6.2.6. PagHaunon HyKconsiap

IOKop# 3Heprusiin HypraHMuAap TaLCUPHAA KaTTUK XHCMAapaa
XOCHMAl GyfanuraH HyKCOHJIADHM paaHallMOH HYKCOHJap Aevunnanu.
byHaait Hypnanuiunap — KaTTUK pCHTrEH HypAaHMM, Y — Hypaa-
HULL, IOKOPH 3HEPTUsUIM 3JIEKTPOHAAp, HEMHTpoHIap OKUMHAMP.

PaanaumoH HyKcoHJIap HasapusicMoa OupaaMyd  HYKCOH
@peHken xydtH 6Ynanm ne6 xpcoblaHaad, KeHHHUaATHK OOLIKA
WKKMIaMYU HYKCOHNap lo3ara Kenaaud. Arap aTOMHM TyryHiaaH
ypub YMKapHil yuyH Kepak aHeprust £; — Oysca, aToMra HypJa-
HUL TOMOHMAaH GepuiaguraH E, sHeprusi L, naH xatra 6yJca,
aTtom, anfarta TyrysaaH 4uku6 xeragu, arapaa 6y atomaa £, aaH
OPTHK 3HEPFHS Kojca, y 60olllKa aTOMHU ypHuO uMKapadd Ba X.K.

bupox, paguauMoH HYKCOH XOCHA KWJIHMIUHHWHC GYcaraBuiina
MacTpoK IHEPrusira Teruiliad MexaHw3miapH 6op. by mMexanmim-
JIAPHUHT MOXHSITH IUYHAAKH, aBBajJl KPHCTAUUTHMHI 3JIEKTPOHJIApH
cHcTeMayacK YIHFOTHIIAAM, DHEPTMsl KPHCTA/UT aToMjapura y3arTii-
Jlagd Ba OMpnamMuM pagdauuoH HyKcoHnap Xocua 6ynanu. by
VI{FOTHLI KPMCTAJUIHMHI PCHTreH KBaHTJIapH, TfAcT 3HEPrHsiaH
3JIeKTPOHNap Ba XaTro yinTpabuHadiua dortoHnap 6unaaH HypJall
Hynu 6MaaH amanra owMpUIaau.

bycara  ocrtu HYKCOHJIap XOCHIT VAL KvHHaari
6ockuunapaaH Mbopart:

|. KBaHTHUHTI IOTWIMILK Ba 3KCUTOH XOCHJI GYIMILII;

2. OKCHTOHHMHI MKKHM MOHAa (MacanaH, MIKOPUIT — rajgoreH
KPHUCTALIAA TFafiore HHMHI HKKM MOHA2) XOMAAHMILM, $biH KBasl-
MOJIEKYIA XOCHJT BY1HLIN;

3. KynoH wuTapMiuMul oKMGATHAA KBa3MMONMEKYJIAHMHI Ty-
ryHJAapapo aToM Ba BaKaHCHUsira napyanaHuiIH.

PagMauuMoH HyKCOHNAp XOCHMN OYAMUIMHKWHI OoLUKa Vanapi
XaM Magxya (NnasMoHIap MEXaHK3MM, HOHM3ALHOH MeXaHM3M Ba
BoluKanap.).

PaguauroH HYKCoHJlap, OAaTAA, KaTTa KMHETUK IHEPrusira sra,
Ba IIYHWMHT Y4YYH ynap KpMCTaJIapaa XyAa XapakaTuaH 6vnaan.
PagnaunoH HYKCOHAApHMHFE  ¥3apo  Ba 6GolIKa  paauatliioH
Gyamarad HykKcotilap OMiaH yuypawysu 3XTUMOJAMIM KaTTa. By

Xojjaapaa 103 Oepaauran TabLCHPAAIMIL oKbGarma
HYKCOHNAPHUHI BHUPpAaLIMANApHM Ba XaTTO MMPHK YIOMIAPH XOCHN
6ynanu.

Kpiictasin aTOMAAPUHMHT 3 TYTyHAQpUAaH Yy — KBaduThap
TABCHPHAA KUAKD KETHLI IXTUMONAM KUMUMK. JIeKMH v — HypaaHifu
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dotoadpderr, KomntoH addekTd, 3neKTpoHAap Ba MO3WTPOHJIAP
XyQITAapH TYRHAHLIN OKKMOaTHAa BYXYIra Keiaau.

Helitpodaap oxMMM Mojjara TYWIFAaHAA YHWHT OUp KucMy
OTHAND, HYKCOHNAp Maiao Kuiaau.

Kpiictann atoMmapHUHT ¥3 TYryHIapMaaH Yy — KBaHIJIap
TAbCHPHAS KIIWO KETHIIM 3XTUMONW KMYMK. JIeKHH, y — Hypaa-
HHW doTo3ddexT, KoMnToH 3ddeKT, 3NeKTpoHNap Ba Mo3u-
TPOHIAP KY(OTAAPH TYFHIMIIN OKMOATHAQ BYKYArd KeJaau.

KeliiiHrit naspaa  MOAALUIYHOCHMK coXackia Oup BakTaa
KaTTHK XHCMAA MaBKyd O¥nran (KHWpUTUATaH) TYPAW KUpMilManap
Onp-01ipH OWNaH TabcUpAalUUMiLM OKUOATHAA MOMAAHMHT alipHMM
GusNK  Xoccanapu  KMOOMW  Y3rapuluM  MYMKHHAaurn Ba Oy

y3rapuiunapoaH amanpa camMapani (boﬁmzmanm.u MYMKWHIHIMA
AHHKTAHMOKA.

6.3. KaTTik XHcmaapaa YB3UFHil HyKCoHIap

HykcoHnaphu ynuamnap XHXaThaaH cHH@uapra axpatrasia
Oup yauoBaM (UM3MFHIT) HyKcoHnap adTtuG yTuaraH sam, Oy
HYKCOHNAPHUHT YIyamiapi MKKM iyHanuaa xyna Kuumk (<a) sa
YUHHYI AYHOWMILAA Xap KaH4ya y3yH O¥idwed Mymkuu. bBykaait
HYKCOHJIApHH QUCJIOKANHANAD Aeiinaaau.

IMciokauusnap XocHn ByaMuHKM Kapaimik. Kpucrannuiir
O1p KMCMIira TaliKN Ky4 TabcHp KWIaéTran 6yIcuH (6.6a- uii3ma).

4)1-‘;:%,:? -;-,": ‘,::
.ﬁ . el 44 boo g0
spiree WYl
sd0pliat,d goed’
FRREIPTR: $381e002d
11%e00e J1t1ste ¢
sl frenaced
e p A

6.0-ansva. JHCTOKaW Xoca By HILIIHITHT KCTMi-KeT BOCKUUIApI: #) KPHCTATI-
TH CICTANTHW KYUI KRYSULTISWIT; G) atoMIap TCKMUIKTapit 6YKHAIINIG B) JKCT TCKMCANK
xocitt Gvaung.

Kyunuur KaHpail 6yiniura Kapab Kpucrann a31acTHK  EkM
naacTik fedopmaunsgnaiand. WMkkuHum Xonna tancup  OTYBUH
Kyutiir 6upop 6Ycarasmii KHidMaTiira — CHAXMIU Ky'JIaH{Wnra
IPHINHATAHLA CHPNAHMIL BYXylra Kenaam. 6.6 a- yu3Mama y3yn
un3MK Giran kauaaiaup papasmid TEKHCAKK (CUPHIAHMIL TCKUCIH-
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M) TACBMpJIaHTaH, aToM/ap TEKUCIMKIIADW YHUHI IOKopUCHAa
YHrra CWBKMMAM, YHUHT TnacTHiard KpucTaml KHCMH 3ca
KY3FaIMakan.

Kpucrannorpaduk (atomnap) TEKUCTUTMHUHT ncd)opMauuﬂng-
HYBYM KUCMM (DM TEKHCIIMK) YHrra 6upop Macodara CUILKWH-
an. (6.6 6- 4yu3Ma) Ba KeMMHIH aToMap SipUM TEKHUCIHTMHU Ac-
dopMauananin.

BUPUHUM SIDUMTEKMCIMK Kyd TabCHpWU oOpTraHza oKubaria
KEHHHIU IOKOPUTH SIPUM TEKUCIMK YCTUFa Tyluaad, MACTKW ApPUM-
TeKUCAMIUAAH y3ub k¥siau (6.6 B- yu3ma). Y3unraH SpHUMTEKHAC-
JMK «OPTHKYa», O3rMHa AeopMallMsiaHTal UKKMTa ORIuM (aToM-
N13p) TEKHCIMKIAPHM OPacura «KMPUTHATaH» (KUCTHUpuaraH) 6ynubd
KoJlaau.

slHafa KaTTapoK, TallKK CUIDKMTHIL Kyd1aHHULIK MaBxyl 6¥1ca,
«OPTHKYA> IKCTPATEKUCIMK V3 HABGATMAA KEATYCHHHM XWIIUPHO,
YHWHT YPHUHM 3rajnaiau, 6y XapaéH TOKM HaMyHaHHHT IOKOPHTH
KMCMM [ACTKW KHUCMMra HucGataH 6 bBloprepc BEeKTOpH Kamap
CHIXUMaryHya nasom 3tagu (6.7- uuama).

HlyHpait kunub, mco- 0000000000000
KAWHA EKM AMCNOKALNMA Yi- O O ¢ 00C00

6w O
sum 1e6  kpuctawtHumuHr Q) O0O0pPOoOOO OOOOOO
CWIXMIAH COXaCMHM CWI- OOOMOOOOOOOO 00
XHMMaraH coxacuiaH axpa- [o) o
THG TYPYBYM UM3MKHM aifTl- 000000 @O O POoO0o0
nany. Bioprepc sextopn @ OOO 0O000@POO OO o0

KpUCTarul NaHXxapacuaa

ATOMMIAPHUHT CWJLKMMI  KaT- 0000
00000000
TAMMMHU  Ba  MYHANUUIMHK

aHUKIaiau. 6.7- unama. [lucroxauust kouTypit 52 Biop-

Bloprepc Bektopu Kuii- renc #eKTODH-
Mati |6|=¢ aucnokauus ynyoeu 6Gynanu.

Yy sckapTMmanapHn Guanun  3apyp:

l. Jucnokauust YU3MFHAaH HMpoKaa KpucTai uaeal
KpucTanngas apk Kuamaiau.

2. By YM3MK SIKHHMIA aTOMAap MAoean KpUCTaln TYryHiapira
HHKcHaTaH aH4Ya CHJIKUTaH OVianu.

3. Hoara tedr 6ynMaran Boprepc sekTopd MaBXyXd. =

4. Bioprepc BEKTOPH AMCIOKAUMS YM3MFUTA TUK BY1aIH, OYH-
Iaf ANCNOKAIIMAHKU YEerapaBuil JUCIoKAaLlMs Aeiunaanu.
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YerapaBuil AvcnokaumMsiiaH TaliK¥d BUHTCUMOH IHCIIOKALLUSI-
Jjiap xaM Maxyn (6.8- yuama). Jducnoxauus Yn3nri broprepc Bek-
TOpWra napanien.

XaKukuil KaTTUK XucMiapaa

.
IUCNOKAUUANap 3WYIMIM KatTa- cocboocoodoo
2 coO0Q90000OO0O
nvuru d kupuTunaay Ba y | cm S SR
CUPTAArH AMCIIOKALMAIAD COHU- 000000000 Go o
—0 0 0 Q000 OO0 0O
HU O6unaupanu. Juciokauusanap o o o S P
3UYIAIHHU  QHUKJIAIHWHT  3HT coo0bO 606 oo
9 o009 9Q 00000
KYIl TapKairad Yyl Kpuctamn S s e
CUPTHMHU KHUMEBUN enupullanp. c000C 00000
o0 02000000
Kpucrann  cuprura  unkyBuu S ododee o0
OUCTOKAUMSnap coxacuaa enu- G o D 6 6665
pULL YyyKypyanapu nanno ?;% Sl i
Oynapgu. YiapHu MMKpocKon €p- = I A
. 2 a0 B00Co0o0o
JaMupa caHall MyMkuH. Hducno R
Kalivsinap 3dunurn d  Hongad 000090000
TO XaTTta COHra Kanap o800 0000
o “ o0 00 C 000
KulMatnapra sra Oyna onagu. ®

MacanaH, AIWCROKALMACU3 SAPUM 6.8- wsMa, Kpnerannza dasa
yTKasruy MOHOKPUCTAUINAPAA  pyyparis derapaHHHT XOCHT Gy LIl
d=0, wmetannapga y 10'2 cm?

raya CTUIIN MYMKHH.

Bu3 ailTub YTraH AMCNOKALMSNADHKWHE MKKM TypuaaH OOLIKA
AHa MypakkabpoK AWCIOKauuWsiiap Magxyd OynuliM MYyMKHH.
JMcnokalHsaNnapHUHr XycycusimiapugaH OuMpy — YJapHWHC y3apo
Ba GOIIKA HyKCOHJIap GunaH TabcupawMiiMaup. [uciokautoH
peakuvsanap oKMoaTaa SHMM OUCIoKauMsiap Xocun 6Yauiy exu

aMcnokauusanap GUpaliMILY MyMKUH: 6, JIM JUCJIOKALMS WKKHTA
6, Ba &, bloprepc BexTopiu OMClOKALMATa aXpanuIId Ba aKCHH-
4a peakuUWsiap OVAHILM MyMKUH:

A
8, 8, + 6, (6.25)
&

JHCNoKauMoH  peakuUMsSIapHUHT  MaxCylM  HYKCOHJIApHWHT
6ollika Typaapu OYAMIUK 3XTHMOUIMTM MaBxyl. MacanaH, MKKH
NUCTIOKAUUS yupawnb Bakavcisi xocun Kuna onanu. KaTriy kilc-
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MIarM KMpuiManap OuiaH AXCIOKALMSUTAPHUHE ¥3apo TabCUpH 3i1d-
CTHK Ba 3JIEKTP MycUHAA 103 DEPULLIM MYMKHH.

KpucTannga yy3yBuM KyulaHWLI XOCWI KUIaguraH Kupuilima
aToM AMcioKauMsi atpoduard KUCHATaH coxa TOMOH KYyyaiM,
KMCYBUM KyYNAHHWIU XOCW/I KWJIaauMraH aroM 3ca, — 4Y3uiraH
coxa TOMOH kYyyamu. BbyHuai y3apo Tabcup uerapaBui AKMCIIOKa-
uusnapra xocaup. JuciaoKaluusiapHUHI 3JeKTp y3apo TabCHpia-
IUMIIUAA YHUHT 3HEPrUACKMHUM KYJIOH MOTEHLMANM aHMKIaiaAH Ba
WWYHUHT Y4yH 1/r ra npornopuuoHan.

Merann kpuctannapaa K¥n MHKAOpAard 3pKHH SI€KTPOHJIAp
AUCIOKALMsSAap KM HYKTaBUIf HYKCOH MaiIOHWHM IKpaHJaiiH,
WYHAHE YYYH MeTannapaa Oy ¥3apo TabcMp MyXWMM 3mac. SpuM
YTKa3rMyaap Ba MOHJIAp KpUCTa/UTapufia 3KCTpa TeKUCJIHK NacTh-
Jary¥ aTOMJApHUHT y3uiraH KUMEBMM OOFNaHULLIapH 3JIEKTP I10-
TCHUMa XOCUN KMNalu, ynap akKUeNTOplUK (3JMeKTPOoHHM Kabyi
Kuauw) xoccacura osra. LUyHMHr yyyH n — Typ ApuM
yTkasruunapaa Oy GOFIaHMIUNAP YTKa3yBYaHJIUK 3J€KTpOHJIapHHHU
TYTUO oNlaiM Ba AMClOKaLMsiapra MaHdbuH 3apsag GepagH, y 3ca
MychaT UOHNApHKM (EXM KOBaKIapHH) TOPTYBYM 37eKTp MOTEHLHAT
XOCHJ KWUJIalu.

Xap xaHzaii MexaHWUK MIUUIOB XaM Makpo KYyWwIaHWLIAWp Ba
61HOGapHH, THUCIOKAUUSIap XOCHIT KUIULITa oJub Kenamu.

Kartvk, Meramnapoga 60cMM  ocTHaa WuuloB — 4Yy3ruiail,
Gonranaw, cyprajaur — AMCIOKALUMSNAap naitgo 6ynuiiMra cabab
6ynanu. KOKopM KyunaHull Xoinapuma AMcioxaudsiap BYXYAra
Kenagu, KeiuH yiaap kynasiay. Bynpait nnactux nedopmaumsnap-
NaH TalKapy, AWCIOKALUSNAp KPUCTAINApHW Kecuil, cakkaniall
Xapa€Hnapy okpbarvoa Xam naigo 6ynapd. KpucramraHWll Xa-
paéHuiga TeMmnepaTypa FpadMeHTAapy MasXyld GYIUIMHA AUCIOKA-
uusinap MaH6au GYaMIM MYMKHMH. KpucTanaapHu YcTMpHll Xa-
paéHuia maiino GYnraH AMCIOKAUMANAp KoKopuaa TapcvdaHrai-
AapuaaH dapx kunaau. BupnamMau xaMupTypyill KpUcTail AMCI0-
Kaumsiiapyu YCTUPMIraHd KpucTanira Mepoc 6ynu6 §rann (MepocvH
ducnokaumnsiap). Kpucrani Gouika MoananaH sicajaral Tamiik oM~
JaH  KOHTaKTJaluraHda HOMOCTMK JWChOKaUWsulapy HaMoeH
6ynann. ByHnail mucnoxauusnap A'llBY — Ge, AllBS - AllIB! Ba
XOKA30 KaGM sipUMYTKas3ruu reTepoTy3unManapHu SMMTaKcHA YCY-
NMaa YCTUpHILLAA KaTTa YPUH TYTA/Iu.

JIMCOKALMANAPHMHT  KATTHK, KMCM Xoccanapira TabCHPH
KaHgan?
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Aucnokaunsanap acocaH KaTTHK JXMCMJIADHUHT MEXaHWK XOC-
canapyra, 6¥pMH4M HaBGaTaa yAapHUHI MYCTAXKaMJIMK XapaKTe-
pUCTUKaNapura TabcUp KypcaTaau. XakMKHil KpHcTauiapia AWC-
JIoKauKanap Maxxkamaaduiuy 3gdekth MaBxyd. byHUHr 6up Heuya
MexaHW3Mjlapy Gop: €r sappanap (kupuiumanap) ©OunaH
MaxKamJIaHUu1l; RUCNOKAUMSJIApDHUHT «YHpMatHm». bupnHun me-
XaHW3M dakar Gab3n xonnapna Myxum. By xonnapuunr 6vpu Kor-
Tpen arMochepanapuHUHT Xocun 6ynuwmnanp, Er 3appanap - aco-
CH¥ KPUCTAINHMKMAAH GOILKA MOALVIAPHUHI MUKPOCKOTHK KU-
PUILIMajiapy 3puraH MOLAa TOMOHMAAH YWIIaHaoy Ba CyiONMaHU
COBYTMO KoTMpranaa ydaa wonanw. By sappanap acocuit moana
OunaH GUpranykaa KoTHIUMa XOCH KHIaau.

JIMcnoKauMSINapHNHE YUPMAalUMIIKM PaBULIMAA XaM RUCIIOKa-
uvanap 6up-GMpuHu TopMo3naian. DHr MyXUM Macana [dHC/TOKa-
LMSIAPHUHT 3apsig TallyBYWIap (INEKTPOHNAP Ba KOBaKiap) 3HEP-
TUSINApU CNEKTPUFA KMPUTAOWraH Yarapuuutapuaup. OnauH ait-
FAHUMU3AEK, AUCAOKAUMNS NCKTPOHIAPHM Kabysl KWJyBYM akuUen-
TOop BasudacuHM Yrakau. ByHmad xapawaa AuciioKauusaiap
TabCUPW KOBWICHT KPUCTAMIIA KHPHTHAraH KHpHmIMa aToMjap
TabcUpura yxwanau. ByHnait akuenTop catxaap 6up — Gupura

AKUH 6Y116, ¥3apo Tarcupnalwyb, AMCNIOKALHOH SHEPTeTUK 30HA-
HU BYXyara kentupaad. Iucnoxauusnu spumyTKasruyga 3ieK-
TPOHNAP 3MWIMIMHK Xucobaalaa 30eKTP HEMTPaUIMK LuapTHAa
IUMCIOKALUMANAD 3apAAMHM XaM XWcoGra onvum Kepak 6ynanu.
ApuMyTKasruunapaa AMcioKauMsiap XapakartyaH 3apsii TaulyBuH-
NapHA  counb® 1060pHIL  OpKanW YNapHHHI XapaKaT4yaH/JIUrura
TabcUp Kunanu. [ucnokaumsnap 3apsd TallyBMWIAPHHHT sualll
BAKTHUFA MyXWM Tabcup Kypcataad. Juvcnokauusnap arpoduaary
XaXMHA 3apAN HOMYBO3aHATHH 3NEKTPOHMIADHUHT YUUTaHHIIHKTA
XanakuT Gepaau. Jucnokauus 31eKTPOHNADHUHT AXIWIK EMHILHIL

Mapkaaiapuw ©6ynaau. bapua KaTTMK XucMiapaa AWcioKauusiap
Anddysunsa xapa€Hura Tabcup Kypeataau.

6.4. KaTrsK Xucmaapaa sicCH HYKCOMaap

3HI MyXUM SICCH (MKKW VIHOBNH) HYKCOHJTap — MONMKPUCTALI
MOHTAPHHHHT YerapanapH, ITH3aKiIap Ba TAXJAHHII HYKCOHIAPHIHP.

JoHANADHHHT  (KPUCTAIUIMTAAPUHUHT) YerapanapuHi  KYpailiuK.
YMyMaH ynapuu dazanapapo Ba ¢asanap WuMard uerapanap [ry-
pyxnapura axparunanv. asonapapo Yerapalap MUCOAM KPUCTALI-
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HUMI TAlIKM MYXUTIAH aKparyBuM CEkaapd, $YcatiraH KpUCTaTHMHE
CylonMa GyIaH YeTapaioBYM CHDPT, METal KOTMUIMATApAa Typ/iu (asa-
Jiap 3appajiapi Opachiard yerapaap oynauu.

®a3a pyMpary yerapanap AeraHla KpUCTaiiapHUHF 6up Ba
Vila ¢asara MaHcy® Ba 1y KpMUCTa/Ulap KOHTaKTWra 6epocurta Ty-
TAlIyBYN COXANIADHM TYIUYHMNanyd. Yerapa QUCAOKaUMsIapHUHT
aToxyga KOMNAMUIY XOoNuna Xocwn OynamM, GyHga Kpwcrali
KACMIIapy Kaumaiinup ¢ Oypyak kamap Oypwirad Gynaad: dussia
TEKUCIIUTUTA TUK OYNraH aromiap TEKUCIUKIApH YM3Ma TeXACIH-
THra TUK ykxa Hucbaran ¢ Oypuakka GypwiraH Gymaiy. Herzoz
COXacHaard JUcRoKauusnap opanuruHy D geiimica, Bioprepe 22x-
TOPU KaTTIUIH B 9KaHJINIM 3CJIaHCa,

b/D=2-sin% (6.28)

MyHOCaGaTHH Oyl MYMKMH. AI‘ap
% <<1 6¥nca, (6.26) ndona

e=5 D 6.27)

KYpMHuUImHY onagu. By wmyHoca-
GaTHH KanoaTJaHTHPagMraH dera-
paJiapHu KWIHK OypYaKiu,
(6.26)Hu KaHOATIAHTUPYBYM Yera-
bajlapH¥ KarTa QypuUagiam [erapa-
Jap mevviiagu.

(6.27) udona 6<5° Gynranga 6a- \
Xapunanu. JloHanap 4erapajlapH-  6.9-umama. (6.26) ubozara oup
HUHI AUCIOKAI[MOH TabHaTH uerapa- yHaMa,

HUHP KQIWHIWTUMHY aHuKIavau, y (1+2) w yaMacupa Oymnamyi (w-
IUCTIOKAIIS KeHTJIUTH), STbHU JYerapa KaTMHMIM OUp Heda aToM-
Jiapapo MacodajaH OpTHK, 6ynMaiimi.

Kyynk Gypyakiy yerapanap MONUKPUCTAVIAPHUHT aipyM KpHCTail-
JMTJIapHIa Ba MOHOKpHMCTaUIapaa Sy MyMKUH. 6 6ypyakiap KarTa
6yyraH (0>5°) yerapanap aKparraH KPUCTa/UI KMCMIAPHMHM KpHCTall-
JMKNap €xku poHanap geimwiamy. Karra ©ypuaxiv yerapajiapra ara
GYnTaH KaTTHK, 3XMCM andarTa IoNUKpUCTaUl 6y71amu.

Brusaknap — Karra Oypyakid YerapajapHUHT XyCYCHH XOJIMAHP.
Oru3akiMK  4erapacH  KpMCTAUTHUHT OMpH  MKKMHUMCHHUHT
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KY3ryCUMOH TacBHpY GYNraH UKKW COXAaCHHM aXpaTvd TypyBud Ye-
rapagip (6.10- uizma).
Sru3aknap KpHCTaUiap o,
youmuaa, UIYHWHTACK MEXaHMK,
nebOpMallMOH  TabCHp OKUOATHIA
BYXXYATa KeAWIY MyMKIH.
Taxnawan ayxcowiapn Kpucraui
TIaHXapaja  aroOMIapHUHI  Upean
KOVNAUAIMHWHT Oy3WIAIIMAaH
HOopar. ByHpail HykcoHnap acocaH
METaJUl KPUCTAIUIapAa Ky3aTwiamuy.

6.10- yn3ma. Drusakrapra oUA.

Karrux sxucmiiapria Xaxmuin
HyKcoHNap Vmuamiapu 6apya y4
da3oBuit JyHaTMIIa MNaHXapa
OaBpM a@ JaH Karra Oyaran
HYKCOHIapaup. Yjap MOXHATaH
KATTAK, ~KWACM  TY3WIMIMHUHT
MaKpOCKONYK OysWmmiUIapyayp.
Xaxmuil  Hykcodwnapra €k
XUCMHHUHY SYTYH XaKMUHH, €
YHUHT apuM  KUCMJIapUHU
(y7apHKH MaKpOCKOIMK XaXMiap
XHcobnaHany)  srajUlaral  Ba

0.5. KaTmug mucmiapia Xaxoii (MaXpocKonuk) BYBCOHAap
XaKMH >>a3 6yaraH  3nacTHK
KywlaHuuap Mamcy6. Hapanap

A
| B
C
& 7
Ba KOBAKJIap, KATTHK, XUCM CHD-

TMJATH THPHATMLLIAD BA X & 6.11- yyana, Taxmauuin HYKCOHIAPH.
TYIUIaHraH KHMPUIIMa YIOMJIapH

aHa  (uyHpalt  HYKCOHIapAWp. MaxpoHykconnap MHKpO-
HYKCOHMApHUHT GUpJalDIlM HamKachlla XOCH1 Ofypium paslliaH
KYPUHHO TYpUrTH. Bi3 QIIMH IACTHK Ky4NaHMIUTap AMCTIOKALsIIap
Xocw1 G¥nvumuria MaHGaM SKaHIHUTHHU KYpOuK. DHou 6y Kywla-
HUUUIADHUHT BYXYAla KEeMMINK Ba HaMOEH Gynumnra Hasap Tall-
JIRWMK. Xap Xu MILOpaii KYyWIAHMIWIAD — YyayBYu Ba KUCYBYH
Kyunanuuuiap 6Ymanu. Arap XuWcM MyBozaHatma Gyica, TYpiu
ULIOpany Ky4wiaHUUUIap ¥3apo  MyBo3aHaTjaamradH. KarTTK
KHMCMHHUHT 6Wp KMCMHHH Y30KMAIITHpKIL 6y MyBosaHaTHu Gysanu
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Ba XUCM SHIM MyBO3aHaT XOJaTMIa MHTWIan, OyHOa 3macTUK
KYWIaHHIWIap KaiTa TaKCHMIaHaOU.

MaKkpoKyunaHuIIap KpHCTa/Ul NaHXapaCUHUHT aTromnapapo d
Maco(ajlapHUHI YarapyMuMOad Byxyara Kenamd. KarTHK XucM-
JIapHY OJIMINA MaKpOKYWIAHWIUIAp BYXYAra KeJUIIUra temrepa-
TYPAaHUHT XHUCM XaXMHuaa Oup xw1 O¥IMaciMrd Karra xucca
Kymiamy. Bynpalf MakpoKyWIaHMIUIADHM TepMO37ACTHK Kydia-
HUHUIap nedwiand. KaTTHK, XMCMIA YHU Tailt€praur EKy yHra Tep-
MOWILIOB GepHILIAIK TeMIIepaTypa TAKCUMOTHHH

% p (6. 28)
ot c¢p

HUCCUKIIHK YTKAa3yBYaHJIMK TEHIVIaMacMHHM euu6 TornuwiagH, (k- co-
JMINTHPMa  MCCHKJMK — YTKasyBYaHWIMK  Ko3(hbHIMeHTH, C-
SKMCMHUHT UCCHKJIMK CUFHMH, O -HaMyHa 3HWINTH).

By teHmiamMa mypakkal, YHY e9HII Maxcyc anabuérga KenTH-
puirad. bus 6y xoifna 6ab3u 6Up MakIyMOT Gepamua.

TeMneparypandHr TYCarfaH Y3rapuimd — HCccHRIMK 3apbach
KaTTVK >XKMCMOa KEHraliMil — KUCWIHII 3JIacTMK TYIKUHIApU
Maifno Kuliamy. Arap TeMIlleparypa BakT OVilmya y3rapub Typea,
)10aTTa XICMHHAT JaBpUH “HCHUI-COBUIN® Xapaéuu 103 Gepamu.
By sca Gysumminmap (HVKCOHJAp) XaMFapLUIMIINra OiM0 Kesamw.
By sdderrnn marepuanEunr 9apsamn  Sefimnana.

Texrana Xy KamawId KATTHK JKCM TySWiMalapy MyXHh
YDHH TyTanu. By Xo/ulapRa MakpOKYWIaH¥nulap MaHOanapy: Tarvk
Ba KamiaMm TampKapaiapd JOMMIDUIADHHMET (apKy, HCCHKINKIAH
KeHralinm road@yImenVIapuEHr  TadoByTn GYmamy.  ZKyaa IomKa
TIapIanapfia CHPT TapaHMUIMK KYWIaph KyUAHIIApHHUAHT xYILHMYa
r1agban Girany. SracTuk KywIaHMUUIAPHUHD Golllka MaHOanapy Xam
YIApHHU Kelunrn Gobnapia xpamus.

Japanap nucnoxalUMsUIaPHUHT XATTUK JKHMCM MYMAa KM
xapa€Hufa TOPMO3NaHHIUN Hatypracy cudaTHaa KapaiMOKId.
JOp3HUET kepmmiTd YHU XOCMN KWMMINJA ¥arHalurad AHCJIOKa-
WDTap MHKEOpYTa GORMK, Arap YHEArd AMCIOKalLIap SHUIHIH
n Gynca, paps:ny #é BIOPrepe BEKTOPNH OKTTa KaTra HUCHOKAaUL
€6 xapaca an Gyrand. Japs xoewn Oynumunubr sua Oup
DXTHMORK [yn TYIK WILOPany DUCIoKauusuiap THIAHIaH  HK-
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KU KeCULIYBYM TEKWCIMKHUHI V3apo Tascupumup. [ap3 Iaifio
OyirannaH KelMH YHHHT TaKAUPM KaHpaalk 6ynamu?

Jap3uuHr yayswmuruuy [ Xapdu Gunad, yHuHT €4 yerapacuua-
TM KPUTHK KYYNaHUIIHK o opKanw, FOHT Monynuuu E opxand, 6y-
3Yll CONUINTHPMA WINMHKM Y OpKanyW Oenrmnacak, aHda Y3YH

Xucofnauuapaat
= 2Ey/int (6.29)

Tpuddurc KoHyHUHN KenTupu® uukapwianu. by udofanat
HamyHaHU (OyioMHM) Oy3MaiiiyraH Aap3HUHT /| KPUTUK Y3yHIUIH-
HU aHuKJall MyMKHMH. Arap MasKyp Mojgmara yHIaH kypa Myc-
TaXKamMpoK, MONIAHUHT MaKpo3appalapH KUpUTWica, KeHraseTraH
[ap3 Iy KUPMTMAra Takanagy Ba TyxTab Kojamu. Iy i Gwrad
KYII MUKIOpA2 KOMITO3ULIMOH MaTepyauiap OJHHIaH.

BHIM KarTMK = KMCMJArM  KOBaK/iap  (FoBakiap) Xakuad
TyxTa/lamMu3. KoBaknap KarTHK XucMIA aTomiap arawiamaraH Gyl
XoiiapiaH uGopaT. YJIapHMHT 6HMp TOMOHM CHpITa 4YWKKaH 63yca,
6yHaall KoBak/IapHH OYHK, KOBAaKJap ACHWIAN, arap KOBaK KPUCTALL
XaXMUIa XOMNallraH Ba TallK¥ MyXWT GHIaH TyrauiraH 6ymMaca,
YHY €0MEK KOB2K Aeiiuiany.

KoBakiap xocun OVIHIIMHUHC  acocHif  MaHOanapuHH
Kapamiuk.

1. Kosaknap xocmn 6y mmmnanr ZuGOY3IHOD RMEXARMIRI,

KoBak VT cOHIM BakaHcHsUIap WWFWIMIIA HAaTIDXacH cuca-
THIA Kapananu. JKUCM CHPTHIOA STPIWIAHTaH (KabapHK Exu OOTHK)

Xoinapia BakaHCHsNap Kyn TYiutaHagv. KaGapuk Xojyla cHpT-
HMHT KaTTUIMTH Y34 MYBO3aHATCU3, OpTHKYA, CHCTEMa YHH Ka-
MalTHpHIIra HHTWITaHY TyGdalid GyHra EHmoIl XaKMHMHT KHY-
PalNIIK OPKAIM SPUINMNAIM. YMYMHMIA XaXM y3rapMaraHu XoJida
arap GMp KMCM BaKaHCHSUIapHH aTomilap drajulaca XaXMm MyarisH
Muknopaa kamasyiv. LIIyHMHr yayH KaGapuK cHpT yCTHHAa BakaH-
CHsUIap KaM 6¥namn. Xyamu myHna Mymoxasza GOTMRK CHPT OCTHZAA
BakaHCUsUIAp 3UWIMIH OpTaiH AeraH Xynocara kearHpamd. LyH-
Hall KUauG, KOBAKHHMHT TAalIKM CHpTHIA BaKaHcHsUlap KaM, WYKH
CUPTHAA 3ca BAKRHCHUIAD OpPTHUKYa Oymamu. Jlemax, KOBaK BaKaH-
CHAUIRDHHUHT KaTTaKOH yHMacHaup. BaxkaHcHanap KoBak -XOCHI
Oynaétran xoffra mddysan iymm Gwian Kyuu6 GopagH. LIYHUHT

YYyH KOBaK XOCHN OJIMWIMHHMHT 6y MeXaHMIMMHM audddyron
MEXaHHW3M 1e6 arajnraH.
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2. Tepmouurior xapaénnaa KoBakiap XOCHJ G¥amimm.

TaxxpubanaH MabNyMKH, METANLI HaMyHallap TEPMOMULIOB Xa-
paéHnaa aepopMauMAnaHaayM Ba WHINAAN, yapaa KoBakiap XOCHI
Gynagu, TepMOMUIIOB KYN MapTa TakpopaaHca - Aapinap Maino
GYaanu. TankukoTIap KYHMAATH KOHYHHATNAPHH aHUKNaHaH:

1) Tepmouninos coHn oprHiuM 6MaH KoBak1ap MHKIOPH Ba
yn4ammy optub 6opamy.

2) Kosaknap HaMyHa KECUMM 6yrnya HOTEKHC
TaKCHMJIaHaOW: YAApHUHT MUKZOPU MapKa3gaH 4eTra TOMOH OHp
TEKHWC KaMaiinb Gopanm.

2-3 MM KaNMMHAMKAATH LUMIMHADMK HaMYHaHMHT TapAnAilIMAa
KoBaknap 6ynmaiian. by xoaucanap wyHaail Tyl yHTUPHAAAH.

T .. Cytonuin Temrepatypacura skuH T TemnepaTypaia OfldH-

vy

FaH HaMyHaja BaKaHCHMSUIADHUHT KarTa 3UWIMIM BYXyAra Kejam.
KeckuH cosyrranaa kpucraniga ynap «axnaiign». by xapaéHHu
YHHHKUI ferinnaan. KelMHTH KU3OMpUILAA OpTUKYa BaKaHCHSANAp
¥Ta TYWMHraH 3puTMajaH TYIHMG KonuuiM xepak. AMMo 6y Tywunb
KONaAMraH BaKaHCHsiap €TapiWya XapakaTyaH Ba Kaici OwWp
Xojina (naitmoBma) yrowmiura yarypanu. ByHpaail naiiHoBnap Xu3-
MaTHHM [oHaNapapo yerapanap, Auciokauusnap Gaxapaau. Tem-
nepatypaHd Kyn MapTa Y3rapTHpuil YMHMKKaH BakaHCHUANAp
MHMKAOpUHY owupuG 6Gopaau, Oy 3ca Kkosakyiap COHHM Ba
Yavamnapuuy YcTMpaiu.

3. Karrak XHMCMJIAP KOHTAKTH coxacHIa KoBakjiap
6ymmum. Typnu Tabuatiy A Ba B MKKM KaTTMK XMcM KOHTaKTHHH
Kapainuk. KusaupuiraHga A aTtomnapHynr B — mnanxkapara, B
aTOMJapHMHT A — naHxapara ¥3apo Kapama-kapluu AnbdysHs
Byxyara  kenaau. JAuddysus  kospduumeHtiapd  TEHT
6ynmaranavrunad (D3 # Dg_,;) KOHTaKT 4erapacHfaH YHI Ba
4yan ToMoHga AMGdY3usnaHraH —atomiap MMKIOPM  TEHT
oynMaiinn,  Macanai, Dyp>Dg_yy 6ynca, y Xojada
N,p>Np_,,, Gynann. Okubatia A kpucrainga arajAaHMara
BaKaHCHs1ap, B KpUCTALLLA OPTHKYA aTomap naitno 6ynanu. He-
MaK, A KpUcTaaifia BAKAHCUANAP MaHbau, B KpucTamina areduiap
MaH6au M1LuNab Typaad. AMMO YJap 4eKcH3 opTuh OGopa oAMaiIH,
YVHKW yerapaBuii AMCIOKAUMANAD A TOMOHAA BaKaHcHsANapHH, B
TOMOHZa OpTHKYa aToOMIapHH 10THO, KapaMa-KapuiH
AYyHatuwnapaa Xapakat KMAaAM. A KpucTannna ynap acy” €KHi
KpUCTafiaaH YMKaok, B KpHCTaniina sca viap acra-Cekii ::aiio
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Oynanu. Hlynaait kU6 KOHTAKT coXacnia UKKK 3¢1pekT: BYUIUK
Yenu  (Ppenken adipekTH) Ba aTtoMnap TEKUCAUTHHMHT KY4ub
yrrwn (Kupkenpan sgdexrn) 103 Gepanu.

4. YuyBuaH TapKHONOBYHIK KATTHE, JKHCMAAPAA KOBAKAOPIHK

Kyn TapkuGnosyunu KaTruk xucmiapia ydysdaH TapKuGnoBuiu-
HUHT OyETaHMWiM OPTUKYA BakaHcuslap Manbau 6ynanu. Apum
YTKasruy  KaTivk kucMmiapiad  rauiiid  apcedund  GaAs  Mucon
6Ynann, YyHKM yHmark As Maprymyll aHua yuyByaHaup. Kartuk
XUCM CUpTHMIAH OyFnaHraH atoMnap YpHWAa BakaHcWsUlap Manio
Gynanv, ynapHu uuKapujard atomnap kenau6 t¥iauvpand. Yiaap xaMm
AHa OyrnaHaav, BakaHcusnap sua TyanMpwnanv Ba x.K. Haruxana
HaMyHa XaXMW OpTUK4a MWKIOPZAary BakaHcusiap OunaH TyiinHaau.
VYnapHuHr ©ab3vunapu cupTra Ba AWCAOKALMSNADTA KETagW, JEeKUH
YJIApHUHT O1UPOp MUKIOPA MUFUANG KOBAKIIap XOCH KHAaaH.

bouka XaXXMHUil HYKCOHNapiaH KPUCTAULTHUHT MO3auKaluri Ba
ras nyQaknapyHu  auTHO YraMus. XaXMH HYKCOHAp KaTTHK
Xucmiap $M3UK Xxoccanapura MyxuMm TabcMp Kypcatanu. byilu
KMCMaH alipMM XaXMMI HYKCOHNap TYFpucuia TyXTajraHaa ranu-
puG yTaux.

MakpoHyKcoHMapra 3ra GyaraH xucmiapia AHQPY3UsHK
TAAKUKIAraHAa MKKKW OMWIIra alloxMaa 3bTHoop Oepuiu kepak. bu-
punynaan, anddysus KoahdHLeHTH aHu3oTpon Oynaau, y anbarra
Wb YU OKUMUHM aHuKnauima MyxuM. Mkkusuppam, aapsiap
Typy 6y#nab atomnapHuHr anddy3roH XapakKaTyaHIHMIK MYXHUM
Japaxaaa opTHK Bynaau.

Kosaknap xaxmuii anddysust dpoHTMHH KamaitTupatd, Oy 3ca
ANGDYIUOH OKUMHM Kamaiitiupaau. JlekuH, KoBakiap 6HsaH GOIIMK
cHpTHii 11DDY3HS KATTHK XHCM opKand Anddy3usaHK oprTHpatn.

Makpo HyKCOHIM KATTHK XHCMIApHWHI MexaHHK Xoccallapu
XaM HYKCOHAap TabuaTh, 3WUYIMrH Ba OOIUKA XapaKTepHCTY{Kaaa-
pura OOFIHK, MAKPOHYKCOHNAD KATTHK XHCMHMHI AaCTHKJIMK
MoayJuiapiira  MyxHM Tabcup Kypcataau. Macanad, Kosakiap
HUCOMH  Xaxmn K =1, IV o, +Ve). Gyna V. — Kokakcus

KaTimam Xaxkmu, Vig, — KoBaknap Xaxmi. KoBakiu sa kopakcus

Kuemaap cuikuin Mosyau (G™ Ba G) Ba xap tapadmama KHeuauul
L]

soayan (H” sa H) udomanapura kipaan:
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G/G” =1-5K(3H+4G)/(9H+8G).
| e 0 B K (6.30)

= + —
o HO-K) 4G 1-K

by ndonazap raxpubanapna TacaMkaanraH.

KoBaknu Xicaia 30aCTHK TYAKHHHUHE TapKaTWLUIM 3MaCTHK-
JIHK Kyynannutapd (6ocHm) Ba TeMneparypa TeGpaHMLUIapH By-
RVAFa Kejudiun 6unad bornnk. byHaoai TYakuH, WYHHHIIEK, KO-
BAKHHMHI KaTTHK asza ©iNaH yerapacuaa asaBuit MyBO3aHaT
IAPTAAPHHHE BY3UIHNILNAAH XaM naijgo 6Vnaau. [lact ToBywr TakK-
popuiinukiapaa 61p YTHLU JABPHAA BAKAHCHUSI NaHXapalaH KOBaK-
Ka B2 Teckapuua YTHUIra YATYPARHM Ba 3JAACTHKIMK MOAYIH Oup
dhasanu cucremanuKidal  Kam 6V1aau, TOBYLW TEIIUTH V, KMYKUK
O6ysrau1. Karra rakpopHiiHKIapia BAKAHCKH naHxapara Ba Tecka-
pUYa YTHWIra yarypa oaMaiion, 3NACTHKAWK MoOyJad TaKpOpHid-
JIHKKa 6OrIHKMAC, TOBYIL TE3NHIH V, KaTTapok 6Vnanu.

6.6. Hykconnap auddysmsicu

Hudbysus kapaéii cUCTCMaHMHT aToMaap 3MWAHMIHM TEH-
INAWTHpHIIFa V3-¥31aad MHTHAMUIMAAH ubopaT. AToMIap Kam
6varan HVHaawaa kysaan. CuHcreMana aToMJIap KVUHILUH TapTHG-
Cu3 paiiaui okubaruaa to3ara kenaad. Wy iyennna cucreManaH
Oup Bakraa TapTHOCM3 — MCCHIJIHK Xapakati Ba iiyHaaraH —
Apefid Xapakati maskva 6¥aaaum. Keliury xapakar cHcTeMana
KaH#aiinip Kyy Tabcupiaa coanp 6vmaauw. By kyu BasidacuHH
SMUNKHK, Tesmmeparypa, JEKTP NOTEHUMan €ki yaymMil Xonaa KH-
MEBMH moTeHuA rpaanenHTaap 6axapaan.

TapruGens HMCCHUKAMK XAPAKATHHUHE §311 andipy3HoH OKHM
xocun kunmaiign. KaTTik KHCMIArY HCcHKNMK TebpaHiiapH
Mgy susira 016 KeaManan.

JAudbys 151 KapaéHiHU MUKIopa Gaxonain yuyii sapyp 6yaraH

TCHPIAMAUIAPATH WWAKINMAHTHPARIHK.
Apano andysnolt OKIM 3HYIHIH TyliyHyacH | 1K KHpIHTa-

M3
MicdysHor OKHM XUCMHUHT GMpAMK chpriian  GHPAHK

sakraa mid.by3istnad FriaH Moana MUKIopH 6VanG, v

1=dQ/Sdt (6.31)
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KypuHuwaa vdonananagu, OyHaa dQ — XUCMHUHT S — CHpPTH
OPKaNu drf - BaKTAd YTraH Moana MUKAOPW KECHM l03ura, MOMAA

dc
SUMTMIY FpalKeHT! - ra, dt BaKTra nponopLUUOHAT KaTTANUK:
x

dQ=-DS(d c/d x)dt. (6.32)
bytnaru D-auddysus koadduumentu. (6.32) vu  (6.31) ra
Ky¥icak,

1=-D(d ¢/3 x). (6.33)

OUK GUPUHYM KOHYHW udotacy Xocun Gynaan. Yu ynuoBiv
Xonga y

I =-Dvc (6.34)
K¥pUHULLAa OYnanu.

Juddyauananysuy Moana — auddysaHTHHHE BakT Ba (asona

YarapywinHy PUK HUHT 2—KOoHyHK Wdonanaitov, YHHM GUpMHYH

de  of 6
KOHYH Ba Y3NyKCU3NWUK TEHMIaMacuaaH 5+5—=0 KEATHPH
x
YUKAPHIALM:

%, 7

=D (6.35)
AY

(6.35) TenrmnaMaHu e4u6, 3UWIMK c(x,7) EKU yd4 VIHOBMH Xojaa
o(x,¥,2,f) TAKCUMOTH aHUKJIaHAU.

Kynuunuk xonnapaa oy euumiap 6up yA4oBiIK xonaa

e~t™V2 exp(025x2/Dr) (6.36)
KYpcaTKMunK (GyHKUMSA KYPUHULIKAA €KY OOIKA

c—h = crf(o,s_‘-/JE)J (6.37)

yHKLIMA opKanu udoaanaHaau.
By eunumnapna

Ly=+Dr (6.38)
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KaTTalWK Y3YHIUK Ynyamura

ara, YHu Audby3noH y3yHAHK

gerinnaan. Tagknkotnap anddysus KosQOUUEHTUHUHE TeMmne-

patypara GOFAaHULIN YYYH

D=Dy exp(- WikT)

rdonaHu depann.

Bynna W — auddysuoH
3HEPreTUK TYCHUK GastaHaIMTH.

bus MkxuTa 3Hr KU3HKapau
MEXaHHM3M TYIyHIapapo Ba
BaKaHcHsUlap Gyilnab audidy-
SUSITAHUIL MeXaHU3MJIApUHU
Kypu6 uuxkamus. Ynap 6.12-
yusMana | Ba 2 coHnapy Ounad
BerHnanraH.

(6.39) wudonara 6GuHOaH
nubdysusnaHysdd 3appa 6up
MYBO3aHaTWW BasusiTHaH MK-
KWHYHCUra YTHIL YUYH 3HeEpre-
THK W TycuKaaH owmb YTULLK
Kepak. 3appajlapHuHr Oy cakpa-
WIAHK rayia ATOMJIAPHWHT
TYKHalUMIMra  yxwardiaca  Ba
KMHETUK Ha3apUSIHMHI MOJICKY-
nanap avdbdysusicH yayH

(6.39)

. o
Oooaoooog\ooo o
0-0% 0 OY0-0
0-0.0°0-0-0-0
0.0-0-0-0-0-0
0r0s0-0.020. 0
OGO O @O,
oo’ooo@
0-0-0-0-0-3_0
0.0-0-0-0-G_0
MO, MW AON®
C020% a0 0
0000000

6.12-yu3ma. Kpuctany nawxapacuia
KHpBWMATAp AH(GYIUSICHHHHT HMKO-
HHA MCXAHE3MIAPH{KUPHILIMA aTOM-
YHINKIAHTAH A0HpA):
1. Conma,Tyryunapapo; 2. BakaHciion:
3. Conna,anmawanug; 4. Hukayk ai-
MawnHin; 5. Cuku6 YMKapHLL, TYryH-

Napapo; 6. Kpayauon auddvius.
D= A v/3 (6.40)

ndogacy ( A — rasaa 3apparMHT 3PKMH IOTYPHILW YpTaua yayHIWrH,
vV — {pTaya UCCUKIMK Te3nnrn) Kynnarca 6yianu. Arap / — auddy-
3MOH Y3YHJIMK TAPTHOMIATHM KaTTANIMK A — YpHHra oluHca T — 3ap-
PaHWHT MYBO3aHATHil XxonaTaa Gyl BakTu 6Ynca, yHaa auddysi-
OH cakpalll Teanurn v=fit 6ynamu. Buau 1/3 kynaiitysuu YpHura
KPUCTAUUT  MaHXapazd aroMIap  XOWIAWMIIM  reoMeTPUsICHHH
Xucobra onysu o — KO3PQPUUMEHT ONIMHCA, KAaTTHK XMCM YUYH
(6.40) ypuura

[)=alz/r (6.41)

ned €3nI MyMKHH.



CYKWIMIL KATTHK 3puraaaapisia aromiaap anddyvausic (Bepr

82 3uHep) (FT)=v Nnpdy3non  cakpansiap TAKPOPHIAIMIY KMPH-
Tuica,

D=ulfr=uv (6.42)
V KATTAUIMKHA YTHwaap P oXtisMomiiry opraniss
Vv =v,gP (6.43)

mytocabat €ppamina iidonanat MyMKHH, OyHa vy — CYKV/IraH
ATOMHMHT TEOPAHMIIAAD TAKPOPUITAUTK, § — KOOPNHHALMOH COH-
T4 TCHI COAKpAUUIap HMKOHITT BYHanauinapu co
; ENA
vy = [A &£, [aan? )} 2 (6.44)
ndoaa Hasaplit iva Guaan KeaTHpub ynkapuwarad, bydaaru
AE,, — ouddyais (Murpauns)un aktusaaw aniepruac, M —
anddyausinanaérray Moaaa  Maccacti.  bup  TyryHaap  opa-
NHIHAAH MKKHHYMCHTA YTHIL SXTUMOUTHIH (ROIMMIA BOCIAMIR)
IPKUH SHEPrustHiir AF ¥3rapuuid opkask

H=exp|-Af7kT] (6.45)
ndoanarianit, Gyiaart
AF=AL,, -TAS, (6.46)

IOkopumart  ndojlanapaan  CyKWIHIL  KaTTHK  3pHTMacHAari
KHPHIIMA aToMAp AndhY3Hst KOIDduILeHTH aitKiaHait:

D_—D‘J CXDI-L\E,,, //\'T], ((’47)
BvHaa
Dy = cel®vy exp(AS,, /% ). (6.48 )
Bept Ba 3inep nasapisieiiaa
. 9 -
ANy :’ikm — (G Gy ) (6.49)
A7
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MYHOCAOAT OAHHEMIKIN . V.UtV 3IsE 31Tpoiisicuidn Baxo1aul Ba
O, wir anunane nMkoinnne depaan. by udonanarn ¢ — cii-

KM Moay, Gp' — ayriok ioa (OK) marn  Chmkiu Moayan.
Annio OvHaa Afy, akTHIIAL EPIHACH BA CILIAMINT MOAVIAHHIIRI
TeMNepa1ypara 6oraHnuIM MaLayM GVARILIT KCpaK.

Vil apaiaim KATTHE 3piMatapna atomaap audidysuscn Hi-
sapusicici Nas D=af? /1 aactanGRi Tenrnasa 6vand, slekuH dndg-
hysisl napanierprap Gounata g3k Mabiora ara. Hdapsoke, v
TAKPOPHILHIK MA3KYp 2pHIMiapaa siHa anddysmsaanaérraid aroM
KYWHN BakaicHst NoCHA OVAHITNT INTHMOAANTHTA Xav GORIHK:

v=gvll ) = vy explAF/AT Jexpla £ J&T ] (6.50)

By epoa vy — Kpiicrasi NaHXRapacu TYTYHHAAIH aToOMHUHT Te6-
pariumap Takpopiiianci, AF — ywa (6.46) kypuuuigra sra. v, Af
Ba Aly aaputr (6.42) udoira k¥icak, (6.47) sa (6.48) ndonaaap-
HEL AOCKT KHIIMIS, aMMo Yiapia

AL, =AF,, +AE;; AS, =AS), +AS,. (6.51)

m

Ynsugyani kataaiiknap cakpad yruuira reriwnananp. Jlesak,
INhhY3Hs xapa€Hil  annpauMst (kyunw) AL, — 3Heprisicu
OPKANH aHMKIAHAI, aMMO V TYrvinapapo juidysis Ba TyryHaap
Gyitna6 anddysun zonnapuna dbapkin G, By eeprus nieit-
Tpan atosaap éki HoNap AMGQYIHsnaning Xonapuaa Xap XK
OVnann.

Makpouykconan KaTTHR zicmaapia smuddysua. by zoina xo-
AUCANN KKK XyCYCHSITHIY XHcoOra omisut sapyvp. Gupinungan.
AdQV3Hs Ko3DDUIMCHTIE AUU30TPON Kavtasuk. JyHUHI yuvH
NOIKPUCTAMTH T UXTHEPIH Xap XM [iViHanrtalr noHanapuaa 314¢-
JAK  FPAHCHTIL  HVHMAMIUIMLAr ndipvarion OKMMIap Tvpiif
6vaamt. MEKauduand, JapsiapidHl pusoaiatiand tvpit Gviiial
avoMnap nddysnon NIpaKatHaHIHI OPTIHLN AyxHM, OyIUHI
oKitBaTiila  Makpockoliik Andiysnon okim opragy.  Makpo-
HYKCOHIIIL  KATTHK  ANCAMIA D* s KO3BDHITICHTH
tvkeoticns  kpueranuiay D anddyius kosdbuiunentn  Graan
GormK. Byt aiukaai yuyvie KEPHIISGRAID suecirii

o= ll’},,"\e'l}/x"rfu"T}u\|7l- _\'3/-”1;| (6.52)

i
)



uobonacusax doinanaqamus. bynga D wu D' ra anMawrnpud,

cyHr c= c 0e6 onuica, uaNaHabtran D° anddysua kosbonLUHMEH-
TH ubonacy xocun 6ynanu:
. 52 «8p,

"4t | 28D, 13238
6DY/S (5" Dy /3)*3156 ("'
n

i (6.53)
Lx4/3

- 3
Macanau, Dg= 10-14 /¢, x = 103, L = 10-4m, S1Ds= 10 7 w/c
6ynca, 2 By~ 10+10%. By =104 M GynraHuma MakpoOHYKCOHCH3

Kpuctaua Auddy3na KospdULIMEHTU MaKpPOHYKCOHIY KpyCTalLa-
fMIaH YHNapya MapTa OpTHK, 6Ynap skan. Xucobap Ba TAUIMIHUHE
TAaCAMKI2UIMYA, WHPUK Kopakinap Audby3usHy cycanTvpami. Hemak,
Malifa KOBAKNAPHWHT HMPUK KOBaKIapra OMpIaliyluyM KaTTHK XHC-
Maaru JudoyausHU nacakTHpany.

CHBOJ’lJlap Ba Macajanaap

1. TyryHnap count 1022 cm-3, UloTku HyKcoHM Xocuil GYnHLIMN
sHeprusick 1,5 3B 6ynca, Kadcu TeMmmeparypada HYKCOHJap (Ba-
KaHcuanap) suuaury 106 cm-3 69nann?

2. TyryHnapHWHr yMymMuMil COHM Ba TYryHiap OpDaludFH COHH
tenr, T=300K, MpeHken HYKCOHH XOCHUN GYIMLIM 3HEPrMscH 2
3B 6ynranna GyHaaik HYKCOHIAp COHM Kanya?

3. Bop Ba ®octop aneMeHTNapHU KpeMHMItZa KaHAaH KaTTHK
3pHTMa Xocua Kuaanu? (6.2-xansangan goiianaHuHr).

4. 141-6etnard MabiyMOTRaH doiianaHud, WLIKOPUIT MeTan-

Jlap ranoreHHanapura F-mapkasnap KaWRail paHr  GepULIMHH
AHUKNIANT.

5. HyKcOHHMHT TabpudH Kariaaii?

6. Hykconnapra 6OFnMK 31€KTPOHIIAP 3HEPreTUK XONaTAApH

KPUCTANTHUHI  30HANApUIATH  XonaTaapaaH KaHaka dapk
Kunaan?

7. HyKcounapHudr ynuamnap 6¥iinya CHHGNAHMIIM KaHaka?

8. IKcUTOHMAp, moaspcHRap, 3NEKTPOH — KOBakK XybTaapu-
HUHT MOXMSITH HMMana?
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9. BakaHCHUSUTApHUHI KaHZaM XwUiapuHu Ounacus, ynap opa-
cuia KaHuall dapkirap 6op?

10. F — mapxaznap Huma?

11. PamuanyoH HYKCOHJIAp KaHaKa?

12. Bloprepc KOHTYpH Ba BEXTOpY HuMa?

13. Jivcnorauysinap HuMa? YiapsHHT KaHIOay Typjaapu 6op?

14. Slpumirkasruwiapia 3NMeXTPOHNIap 3HEPreTHK CHeKTpura
IOUCIOKalUsiap KaHak Y3rapuiuiap KUpUTany?

15. Kpucrajutaplia KaHpali sccy HyKcornap 6op ?

16. Kartux xucMmiapia KaHaal xaxuMuif Hykcomiap 6op ?

17. KarTug, xucmiapia MakpOKYWIAHHILIAD BYXKYAra KeJgHIIH
YMYyMUIf HIapTiapy KaHaxa?

18. Kyn ramnamay KaTTHK XHCM TY3WIMaTapuia MakKpoKywia-
HUIWIAPHMHT KaHnaif acocull MaHbanapu Masxyn?

19. Hapaiap natino 6ynuum cababnapy KaHnaii?

20. KarTug XHchia KoBaKiap Kannay xocun 6ynagu?

21. MaxkpoHYKCcOHNap KaTTHK XUCM Xoccajlapura KaHnaii
TabCUp Kypcaranu?
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VII BOb _
AMOP® KATTUK XVCMJIAP. CYIOK KPHCTAJLIAP

Kputvk  HykTagad  WMpOKJAarH — Karruk ~ XKucwiap  Ba
CYIOKITMKAAPHHM KOHIEHCHPNAHTaH (3MWIaHTaH) cucteMarap HeiH-
Nagy Ba yjnap rasnapra HucOarad MWDIMOHJIapya KHYHK
KMCHIYBYaHIKWKKa 3ra. Macanad, NaCl KprIcTaJUIk'.HI;IHF
KUCUYBYaunury 0,3-10-11 M2/H, cyiok cuMoBHuky —3,8-10-1 M%/H,
aMMmo armocdepa GOCHMMM OCTHAAr¥ XaBOHMHT KHUCHIYBYaHIIMIA
105 M¥/h.

3uunaHran cucTeMaiapia 3appajiap apo Macodanap yNIapHMHLD
IvaMeTpd “amMacuia, rasjapga aca aTtMocgepa 60(:141\/{1'1“00'1‘142(3
3appanapapo Ypraya Macodanap yIapHUHI ¥IdamiapynaH yHIap4a
Ba KYTIpOK MapTa Karra Gynany.

3uunaHrad cucreMaljapia 3appanapHMHT HCCHMKAMK XapaxkaTHh
TeOpaHMuUlapaaH ubopar, Tainapia 3ca “3appanap IulrapiiaHMa
XapakaT KIagy.

SuunaHrad (KOHAEHCHPJIAHTAK) CHCTEMalapHUHT Oell XWiH
MaBlyM: CYIOKJIMKIAD, WIMIIanap, CYIOK KpUcTauiap, aMopd
JKMCMIED, KATTUK, KpHUCTaUIap.

Cyroxnusaap — MyBO3aHATIIM, U3OTPOI, TY3WIKLIY TapTHOIaH-
MaraH cucremanap OynuMG, OKYBYAHJIHMK, SBHM Y3 INAKIMHH OCOH
Y3rapTipa oJiull KoCunaTura aragup.

Huanap — KBA3WMyBO3aHATIM, U3OTPON, TYSHMHINH TapTiG-
JIaHMaraH CHUCTeManap Oynuo, ,KaTTHK SXUCMIapHUHT MEXaHuK
Xoccamapura ara. llmanap MmMaKIHHM — 274CTHK  pe..lILIA
y3raptupa ofiaju, ynappa OYitiaMa Ba KYHOANAHT 21aCTHIIIMK
TYNAKUHIIApK TapKana oJaju.

Anopg) acuciaap — Xy Gapakana MyBO3aHaTCH3, MI3aTporl,
TYSWIMILIM TapTuONaHMaral cHcTeManap GYiu6, ynap afncxiga 1ia-
poHTaa xocwr Gynamy.

Cyrok; kpucmassap — MYBO34HATAN, aHUIOTPON, TY3IWUNWIIU
KHMCMaH TapTHOiaHran cucreManap GYnuG, Kxarra OKYEYAHIMKKA
ara,
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Kammux, xpucmanaap — MyBO3aHaTHM, aHU3OTPOIl, TY3WIMLUIK
KabTHIt TapTUOM CUCTeMANapanp.

By MabIyMOTHM KETTUPHINZAH Makcajl — 3WWIaHI2aH CHUCTEMa-
Jilap XWUIapH OpacHUiard TagoBYTIApHM siHa OMp mapra TabKHWI-
JIauaup.

7.1. Amopd RaTTHK HKECMIAD

IOHoHYa amorphos c¥3u OMSHHHIYA IMAKICH3 JeraH MabHOHHU
aHrnaragd. Tabuatna amopd KaTTHK  KHCMJAap  Kpucran
XOJaTUIArH KUCMITIapAaH KaMpoK TapKaJiraH.

Amopd xonam — MOIIAHUHI' W3OTPOM Xoccanu Oynangurad Ba
CYIONKII HyKTacy (Tallumay Temmeparypacu) OyiMaraH KaTTUK
xonaty. Temieparypa oluraHaa amopd Momna acra-acTa CYIOK
Xonatra ¥yragu. By xycycmrrnapﬂm-{r cababu aM0pd> XoJ1aTaaru
Moodama amMop®d  KOWIaHWIUAA ! J o
KpHcTaliapra xoc Kareuit (7.1-
yu3Ma, a) JaBpUIMK (TapTHO)
Gynmararmruaup. Hly 6wian 6up
BaKT/a KYIMHY 3appanap Xoira-
Wyna — MyadsH MOCJIAIIYB
(sxpH Tapta6) wmaxynm (7.1-
unama, 6). Macoda optvit 64~ 71 ypgua a - Kpscran; 6 — aMop®
naH Oy mocnamyB Hikona Gou- . KATTHK 3HCM TY3HTHLIE
naiims B3 OHMp HEY2 aToMIIapapo
Macodana HKonamu.

SIKMH TapTUO CYIOKIMKIApra XaMm Xoc, aMMO CYIOKIMKIa
(XOBYIIOKMMK OPTIAH Capd KUWUMHNANAMWA) KYIUHW 3appalapHHHT
Te3 YpuH anManmHuIId 103 Oepamu. IllyHunr amopd Xonataard
KATTHUK XUCMHY (Y2 IOKOPH KOBYUIOKJIMKKa 3ra OYnraH yra co-
BYraH CYIOKJIHKK feb Kapaca O¥nagy.

Ilact TeMmIiepaTypanapia KPHCTAUI X0JAaTH  TCPMOAMHAMMK
xuxarnad Oaprapop 6Ynamu. Bupox, KpucTalnmaHull >XapagHu
Ma3Kyp TeMIieparypanapia Xyda KYIn akTra gy3wiiiuy MYMKHH,
IIYHUHT YYYH KPUCTAIUT XOMaTH aManfa pyébra yukmaiiuu. Cywon-
MaH¥M Te€3 COByIranza amopd Xxoiar Xocun Oymamd. MacanaH,
KRapUHW aBRaJl CYIONTHDWIAAN, CYHT YHM Te3 COBYTHO aMopd
KBapll II#Ina omiHamy. JlapBoke, Inuilla XonaTHaH cyloyiMara Ba
cyionMaiad HIMMa XoJlaTra YTuil Kakrap jkapaéH 6ynmb, v ¢dakat
1y Typaaru Mopmaiapra xocaup. Iluira xocwn GYIHUIM XapagHu
MyliagH TeMreparypa opaiMruza o3 Gepauy. MojpmaHuHr WHila
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XOJNaTUIAH KPUCTall X0oaatra YTl GUpUHYY KuHC hasaBiil YTy
OYnanu. Kynu conpa momanap (S, Se, As, P), oxcumrap (B;,03,
Si0; ,FeO, Ba Gomikanap), cysnu spurMmanap (H;SO4, HiPOy,
HCL) 6an3w anementnap (Ge,As,P) xankoreHumiapy, 5ab3u rajno-
TeHWANAp Ba KapOoHaTiap CcyBAM SpUTMaNapy IHla XOJaTHAA
OV MyMmkun. ITknia xonaTvzard Mojfaja aToMIap Ba aTOM-
Jiap TYPYXiapH opackjia YCTYH papullfia KOBAJIEHT GOFIAHMII MaB-
Xyn. Kywnu arommap xoinamumivaa taptub CopauriHA M-
$peHuraT TARKUKOT YCyIUlapy aHuK1ab Gepamy.
1lrima xonaTHpard Moijaniap M30TPOIl, MYpT, EpWIrad cUpTIa
UYKYp Xocui Gynamu, x¥n xonxa mwaddod Gynany. Byngai Mora-
JiapAa KYiianokK Hyp CMHUII Ky3aTwiagy, JIIOMUHECLICHMIIK E}Maﬂ"
Ja Kyycus Oynapmu, ynapHUHT KYTIM acnura AWaMeTpUK Gy1u0,
CHWpax ep SNeMeHTIapy OKCUIUIapu Kunrasfia yiap napaMa{‘-
HWTra aiiaHamu, 37eKTp Xoccanapu OYivya JUsNeKTPHK aMMO au-
DHMJIApY ApKM YTKAa3rMd Ba META/UT Xoccaliapra 3ra oymanu.

Merawn nmmanap MerajUiap CyONMalapyvHK Xyda Te3 COBYT-
rana (coByTuin Teamurn v<106 rpam/cex) xocwn Gymamy. Metan
IuMmanap Tapkuby: ~80% YTMa Metamnap (Cr, Mn, Fe, Co, Ni,
Zr, Pr, Ba Gomxanap) éxu onvii Metayuiap Ba ~20% KyT BaJICHTIN
MeTanMaciap.

Muconnap: Aug;Siyg, Pdg;Sijg, FegoBie 3-5 TapxubnoBywiy
KOTHIIMaJap XaM MaBXyld. By MoAnanapH¥ TagxMKmaml KaTTHK
AKNCMJIApHUHI METaJUIMK, MarHut Ba 601111(3. XoCcallapHHI
Ypralvul MMKOHMHY Gepand. FOKopM Napakamard MycTaxKaMIHK
6wiaH ©Oupra Karra [JIacTHKIMK Ba 3aHDIaiira HucbaraH IOKOpU
YHAAMIWIMK MoAjanap Ba OyioMiapHM MycTaxKamiallga Maskyp
HiMIna MeTayUiapiad ¢oianaHuil MMKOHWHY sIpaTaiy. YIapHUHT
6ab3wiapy (FegyByg) deppomarHuT GYIu6, mact KOSpLETHB Kyura
Ba IOKOPK MAarHHT CHHTOMPDYBYAHJIKMKKA 3ra Ba YJapHH Ma&rHuT
IOMINOK, MaTepUasiap cudaruaa Kyuam MyMKUH. AMopd MarHuT
MaTepHa/UIapHUHT SHa GUp MyXMM cMHGOU — ¥TMa MeTajUiap apa-
JIAIUTaH CHMpaK ep dJleMEeHTIapH KOTHIIManapuIaup.

Meram NiMITANapHUHT 3MeKTP Ba aKYCTHMK XOCCAIapHian (I0KOpH
KaTTAIMKIM B3 TeMIIEpaTypara CycT GORIAHMILTY VIEKTP KapIDUILIK,
TOBYIIHU KaM 0TH1L) hoIaTaHMII MMKOHUSTIIapy Gop.

IOxopHaa aMopd MORNATAPHMHT SpUM $TKAIMMY XOCCANapHra 3ra
OYIMUUTATH aliTHIMarad SO, Bynnail MOIIANApHHHT 6Up Hewa X
Iypyxiapy 6op: KOBaneHT aMopd SIpUMYTKasrunap  (amopd
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xonataant Ge Ba Si. GaAs pa GoiKanap), okeni inanap (V05
P;,0:), xankoresina wdwaiap  (Asy; Gegy Seay Teyy). anonexipitk
napaanap  (SiOy, AlO3, SisNg Ba Oouikanap) AMoOpd  sDMM
YTKA3THYHW KYWIK apaxala KOMMEeHCHpIaHIan spuM yTKasriy aco
Kapanaam, OyHaa yTKasyBUaHAHK 30HACH “TyOM® Ba BWUICHT 30HAHWHE
“lwmnu™ GaykTyauMsiadanM, yaap TakukiaHiad soHa Eg kewrmdri
TapTHOMAA 6Ynanu (Ip1M YTKa3rMuaa 3JIEKTPOHIAp 2HEPrusjiapH 30-
Hatapu xakuaa “Spum yTasruunap” 6obuaa baradeun TyxTataMi3).
YTKa3yBUAHJIMK 30HACHIA IIEKTPOMJIAP Ba BAJIEHT 30HAcHAard Ko-
BaKJIap JOKOPH TYCHMKap OwiaH aXpairaH IoTeHlHan 4yKypiaapaa
XoMaalrad “TomMuyu“napra 6yauHu6 ketaau. [lact Temricpatypaiap-
na amMopd SIPUMYTKA3TMYIaPHMHT 3EKTP YTKa3yBUaHJIMTH MaxajLiiii
XolaTiap opactiia cakpama Tapsaa GyiaaM (cakpama yTKasyBUAHIIMK).
IOkoprpok Temnepatypanapaa amopd SIPUMYTKA3rMUNAPHHUHT IEKTP
YTKa3yBYaHANTMHK 3JEKTPOHIAPHUHT YMYMIIALIraH XoJarjapura He-
CHUKJIMK XapakaTW DHEPrHsic 3Ba3ura YTKa3WIMILM  aHHKAakdn.
AMOP® SIPUMYTKA3rKMUIapHUHr OMp KaTtop axoWMKnd xoccanapiiaH
TYpAH amanuii Maxkcaanapaa doliganaHuul MyMKWH. XaikoreHHa
iwmmanap cnekrpuniHr MK coxacmaa wadpbod 6yaraHanri, 10KopH
3/CKTP Kapluuniikka Ba oToce3rvpaudKka ratirit TydaiaM Tejaesi-
3HOH TPYOKaNapHHHT 31eKTpodoTorpadMK NiacTHHKaIapHHK Talep-
NAluAa Ba roflorpaMManiapHi €3u1Laa KyIaHUIaau.

AMOP® SIPUMYTKA3MMYIapAa I0KOPY OMJIM XONaTAaH MacT OALINH
XOJIaTI'a Ba aKCHHYa KaMTa ynaHuul ahekTy pKuH MdonanaHraH,
y uira Tviuuin sakru t<10-19=10-12 ¢ 6ynrad aneMenTiap spaTHil
MMKOHMHH Gepaiu.

Amopd) Moaaanap TallKK TabCUpilap — TeMneparypa 3JIEKTp,
MArHWT MaWaoHnap, EpyriHk, AeopMalus, KHpHILManap TabCi-
puaa ¥3 XoccanapMHM Y3rapTupa oJMLIAMru Ounad 6Mp Katopaa
yJAapHHM ONMILIAATH TEXHOJOIMSI Kapa€HNapHWUHT KaHpali GopHiuk
Ba KAHAaW 1apoUTaAa YTKa3uauiuMra 6ornuk 6yianu.

7.2. Tuapuananran amopd kpemuuin (o - Si: H)
70-iinanapaa (XX acp) amopd Ty3MIMUUIA KPeMHHIINAH ama-
UK Makcapnapoa caMapand oiifanaHuil MyMKHHIULH HCOOT-

NaHTAHAAH KeHuH Oy MOAMAHH XOCUN KHUAMUI Ba YHHHI QH3IMK-
TEXHMK XoccamapiHy ypramduw Oyfiya Xagan TaakHKoTIap
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yTKasuna Bownanu. xosup 6y HyHanuuiga aHyarvHa Hasapuil Ba
aManuil Hatuxanap 6op.

MyaiiaH Tamukna YcrupwnaérraH KpemHuii (Si) mapnacura
(lonka xarnamura) sonopos (H) KupuThica y YcagTran napaanary
y3unraH KuMesuii GOFNaHMIUAAD COHWHU KaMaHTUPHILY MYMKWH.
Bynaait KpeMHUIHYU ruapuoianran aMmopd KpeMHMIi fednIanu Ba
o-Si:H waknpa Genrunanagu. Opataa o - Si:H 6up Heua ycynaa
Tan€paaHaiu—MUATHIUIAMA 3apsACHaNaHMlLAa raziapHu Tnapya-
Nlaul, MOHNAp KUPUTHIL Ba KaTod NypKall (YaHraaTUlI) ycyjulapu
MLNa0 YUKWATAH.

Munrunnama sapsicuananyvin ycynuHaM Kapaiwidk. By yeyana cu-
naH (SiH,) rasunu reauit (He) éku apcenmit (Ar) rasnapd atMocde-
pacuna H, rasm Gunan Gupranvkna napuanai opkanu o-Si:H napaa-
Japy yerupunanv. YOKOpU TakpopHHIMKHM MWITWUIAMa 3apsticH3-
JIAHWULIA KY3FaTyBYM MHAYKTHRIWK FanTary Ba 3apsicHanaHdll Ka-
Mepacu (OynmMacn) kKypwiMa acocu Oynand. ByHpail TakpopHHIMK
opanuru 0,5-13,5 MTu, 6ocum  0,1-2,0 MM.CUM. YCTYHH, TasHUHT
“capdu 0,2-5,0 cm3/MuH., Yerupuin Teanuru 100 - 1000 afin/MuH
6ynanu.

Toza OuUp XMHCAM TY3WAKMUI XOCHI KWIMLI YUYYH MKKH DBJ1eK-
TPOMIY KYpWIMagaH MUATHANAMa 3apAACHITaHUIL Hynu 6unad

rasjapHu napyataHanud, 6yHoa sapsiacu3naHyl 6yamacuia MKKUTa
napannen snexkTpon xownawrad, y 13,5 Ml TakpopuiIHKIa Hitl-
nannu.

Varapmac Tok 3apsiicHsfaHMimMuaH xaM o — Si:H onuuwiga
doiganaHull MyMKWH. Arap Taridk katon BasudacuHu Haxapca,
y xoana Yerupuw te3nuruiu 0,1 nan 1,0 MKM/MUH raua eTKasiil
MYMKHH.

o — Si:H nappanapHu aHon TarfKHKOoa Xam YCTHPHLI MYMKHH.
By xonma YcTHpMIL Te3AMrH Karoi TarMMK XOAMAArMIaH KHYMK
6ynanu, y GUnaH rasMHUHr 60CMMUTa TOKHMHT KaTTIHIMIA BA TYp
3/IEKTPOAHHHHT X0NaTura OOFIUK,.

TaraukHK KU3aupHil yerapacd TaxMuHaHd 600° ¢ raya MyMKiH
Ierwicana, aMMO aUpKHM XoJulapia Tariuk Temneparypacd 200 -
400°C opanikaa 6Y1raHAd Napaa HyKCOHIH OYIMG KOAULIM MYMKHII-
JIMFH XaM Kaiial Kuianerad, SiHy HUHr 6ocHMH IoKopH BYaraHaa Min-
THUTAM2 3apsICU3AHKI  KypHAMarapuaa VCTHPMITaH napaanapiaa
TYP/IH paaukainap naino 6ynanu, €xu noNUMepnaHULL Ky3aTHIAIH.
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'apuanadran amopd) KpeMHWIE HaMyHanapu Jierupaal MaciaH
TauépnaHaod, aMMo VCTHpPMIL [ayTHIAIM TexAGIOrHK JXKapagil
WAapTAApUHU Y3rapTuprul xucobura MepMu catxu Ep CHIIAUTHILEA
MYMKHH. By xoaucanu ncespomerpaail geinnand. byHaa HaMyHa
fIaHXAPACHHUHI  Y3rapuuiiapd  xonatnap suunurk  g(E)  Hu
ysraprupand, Oy 3ca YTKasyBUAHJIMK 3JIEKTPOHJIApH 3UYJIUTHHU
y3raptvpaau, 3apsii  TallyBUMAAPHUHT (aonnaHWil SHEPTHACH
AE=Ec-Ef xaM yTKasyBYaHJIIMKHU Y3rapTUpanm.

[cesnonernpnamw  ycynu  6unan o-Si:H  napaaiapHHu
(KaTnamnapuHW) YCTUPUIL YYYH TPHUOMIM CHUCTEMA KYJTaHWIaIH.
Tpuoa TYpW KywaaHWLI TaHNaHARAMKK, OyHAa Kydny 3apsacHsia-
HUW aHoAd — TYp opalvruaa 6ynanu, rasnap apaijamtMacHHHHT
napyalaHyILKM aHOA — TYp OpallHFuia 103 Bepaiu.

UlyHnaii kunn6, amopd KPEMHHI ONMIL KpHCTAILN KPEMHHI
onuwra Hucbatan aH4ya ap3oH, OUHOOApUH, YHHHT KVAnaHHLW HM-
KOHWATUHH oluMpain. AMopd MOAIanapHWUHI GHU3KK, TEXHOJOTHK,
T1€XHHUK XWXATAaH YpraHWIUW YNapHWUHT KYJUTAHHLUKA COXTapHHH
T060pa KeHraiTHpMOKAa. ByHnait marepuaniap sHry Xucotnaiu
MallMHanapuaa, €3yB Ba anoka BOCHTalapuia, alHUKca Kyel
JHepruscHaad  QolgalaHulLAa camapany  paBdluga  HMLUnaTthi-
MOKAa, SIHMM KYJUTaHHIL Xabxanapy o4MIMOK/A.

7.3. CywoK KpucTawiap

BHAM CylOK KpUCTAIAPHUHE TY3WIMLIM Ba xoccaiapura Te€-
CUIINYU MAbAYMOTIapHH Ba€H KHIIaMM3.

CyloK, KpycTanaap KaTTWK XUCM Ba CylOK XXHCM OpacHiart
(Mesamopd) dazanapaup, ynap KpUCTAIIra Xoc aHM30TPOIMs X0C-
cacHra sra Ba 6Mp BaKTAa CYIOKJIMKKA XOC OKYBYaH/IMK XOCCACHTa
ara. CyloK KpHcTanap TEPMOAMHAMHKAHMHI (a3a TyWyHYacHHH
KAHOTNaHTUPaaK. Yap MyausiH Temreparypaiap opajuriaa Mab-
KYR 6ynamu, yHoaH IacT TeMreparypanapaa 3ca  HM30TpOIl
CYIOKJIMKKA adinaHagd. CylOK KpHCTaniap Monieky/sp Moaaaap-
ANp Ba YAapHUHI TY3WAHLIK KPUCTAUIapra Ba CylOK/IWKIapra Xoc
Ty3unuwnap opanuruga 6ynagn. Cylok KpucraniapHHHT d)l!?HK
xoccanapHiu GoluKapHill 0COH, Oy XYCYCHAT ynapHMHI Hasapiti Ba
aMani aXaMMATHHH TaKO30 KHJIAIH.

CYIOK KpMCTAIIADHMHI MONEKyanapy 4yauk 6ynamd Ba Y
6UPHHYM HaBbaToa, YJNAPHMHT TY3WIWMINM XaMaa XoccalapHHu
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aHMKIa0 Gepann. Monekynanap opacuia MKKW Xy OOFTaHMII —
€éHnaMa B2 oxupiama OoElaHWLINAp  MaBxyd.  EHIaHMa
GOrNaHUULIAD MONEKYIANapHUHT Oup-6upura napajien Xoina-
wulira, oxupnadMa OornaHyNap 3aHxupyaiap KYpuHulaa Ty-
IANNWKIa onub Kenmaau. bupuHuM XoWnamMLl aHW3OTPOTINK
XOCCANapUHU NAiA0 KMNalU, MOJEKyNanapapo TabCUpHUHF 3and-
SIMPK OKYBUAHIMK XOCCACUHU aHUKJIANOH.

Cy10K, KPHCTAIIAPHUHT Y4 XWJIW: HEMATUK, CMEKTUK Ba XOJIE-
CTEPMK CYIOK KPUCTAJULIap MaBXyil. w

. Hemamux cyiox kpucmasn (10HOHYa «Hema»r-Tona). byHOaH
KpUCTannapaa MoJIEKyhanap ykiapu 6up-Oupura napajiel

AYHaNraH, aMMo MOMNEKYTaNapHUHT Yau 6up Gupura HucbarTaH UX-
THépaH cuixuran (7.2- unsma).

Okibaroa OyHiai Moasama Mmole-
KYJNAJIaPHUHT  YH3UKAK  AYHATrAHIUIK
Byxynra kenand. Hemartuk kpucramnap
OITHK XUXaTHaH 6up YKIM Ba Myclar
6ynaou. Monekynanap YKAapy
AyHanMiuM 6unaH Gupnait Gynraid on-
TUK YKKa Mapauvien pasullufa €pyrimvk
TAPKANMILY TEIMMIM Ma3Kyp YKKa THK
WyHaMwgary  EpYRIMK  TEVMTMAAH 7.9- wipanta, HeMATHK CYIOK
karta (V{>V,). bBuHoBapuH, opauii T
HYp Ba  HOOQAWH  HYpP  CHHHMI
KYPCATKMWIapK XaM TEHr 3Mac, sibHK ny<ng, Oy 3ca mycbar KpHCTLl-
Nap 3NEKTP Ba MarHMT MaiinoHnap GunaH y3apo Tancupnaliand AeMaK-
[Mp.

HebMaTHK KpHeTay 6§1raH 1mapaasokcHaHu30nHHHS (y 6y xonatia
116 °-136° C opanukma 6ynaau)
KOBYLIOKTHUTH  OKItM  [{VHAIHLIKI PSRN n}\
THK OYAraH KyucH3 MarHHT MaitooH- (O
I3 Ky'WIH 0apaXana yarapaau.

2. Cmexmux cyiox Kpucman
(JoHoHYa cMerma-coByH). byHnai
KpucTalapaa Mostekynanap Gup
Ovpura napaniaen iydaiarad 6up
MOJIEKYAR  KAAMHAHIHAATY  $ICCH
KaraaMiapra TH3uaradH  6ynaan
(7.3~ un3ma).

7 3- winaani, CMEKTHK CYIOK KpHeTat.
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CMeKTHUK CYIOK KPHCTI MUCONM COBYH Mydard rapaacuinp
(7.4-4n3mMa), YHUHI TAWIKH  BA  MYKM  CHDPTIADH  CMEKTHK
Katiamiapanp. CHPTHH KATAaMIapaard coByH MOJieKylalapUHMHT
y3apo Toprunuwmn nybarvHUHr 6apkapop GYMMILK yYyH 3apyp
Gynran CUpTHIl TAPaHTIMKHU ByXyara Keirupany. CoByH mydari-
HH WIKMINHMPpraKaa Ba YHUHT YiMamMu KaTranraHaa mapAaHUHT COBYH
IPHTMACH 3pKUH MOUICKYalap KaTJ@amlapyuia Kol 3raniab mny-
dakuuHr quaMetTpunm oprTrpanu. Tlydak KUCHIraH#a COBYH MO-
fiekynanapu KatjamnapuaaH kUcHbG yMkapamy Ba siHAa 3pUTMara
yranu.

3. Xosecmupux cyox  kpucmannap. Tapkubuma XoNecTHPHH
G6ynraH  kyn OupukManap CyioK KpucTanl ¢asach  XOcui
KUATAaHKAIH 6y HOM KeauD YMKKAH (XOJCCTUPUHHUHT y3u OyHOal
daza xocun Kunmaiinn). Xosecteptk CYIOK KpucTanlap CMeKTHK-
HEMaTHK TYpAard apanawi Ty3Wauiura sra 6ynaau.

Ynapoa monekynanap. CMEKTHKNapHarira yxwaiwl, Mapauien
KatnaMnapna xodinawaay (7.4-
YU3IMa), TIEKHUH xap  6up
Kartnamia Mosiekyaanap YyKaapu
HEMaTWK TypoarW Karjramiapra
napannen 6ynann. Xap 6up
KaTiaM KYUIHM KatiaMra Hucba-
TaH MyansiH Oypuyakka OypWNaaH.  7.4-unsva XotccTepHk cyiok Kpi-
XonecTepyH Monexviacu METHI cTana.

CH; rypyxnup 61naH siccu Ty3m-

JIMMIra 3ra, MeTHN rypysNiap 3ca MOAEKyNa TeKUCIWIW ycTuia Ba
OCTHAA >xoinawraH. Xocun OYiaauraH ydnuk Xoiinap Xap 6up
KaTnampa mosekynajnap YKIapUHWMHE OAAMHTH KamiaMm YyKfapura
HHcBaTan ypraua 15’ ra Gypunnwdra cabab Gynanu. Harwxasiii
6YpUanMl  Kamiamiap COMM OpPTraH caifudH oumb Gopub ~ 300
KaTjaMra TEHT Kafam/Iy CHPaaCMMOH TY3UAMILK XOCH KUJalu.

Xonecrepmnap onTUK XHXATIAH Gup $kan Ba MaHni M >ny),
MONEKyanapy yxaapyn HyHATHWIIAPH (HEMATUK Ba CMEXTHK KPHCTajl-
NapaaH Gapku paBMima) OMTHK VKKA THK Gyraam. XonecrepleHHuHr
CIYPAICUMOH  TY3WIUILH  ONNIUK  QKMUGAUKHUZ, SbHA  EPYFIHK
KYTONaHUID  TesmrUKUHT Gypunuinira caGab Gynaad. Monexkynsp
KATAaMIapra TUK OYATaH ONMTMK YK OViiaG yraérraH  uH3nKMit
Kyr6aaHraH EpyrtiK ¥3 3N1eKTp BEKTOPUHHHT AYHAIMIIMHA 34K pa-
BUILAA cnupat GyiMya Myaiisiz Oypyakka {3raprupub Gopank, Oy 6yp-
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YaK KpUCTIN KATMHAMIMLG TponopuHoHan Oysany. Macanai, o-
KBApUAAH KYTOJaHraH EpyriMK YTraHpa y | MM fiynaa KytbnaHuwe Te-
KUCnriHY 20° ra Gypani. XOoNeKTEPUCTUIIIAPHUHT ONTHK aKTUBIUTH
aHya katta — y 18000° ra eranu, Oy 3ca KanunamkHy [ Mm ra 50
MapTa TY/a aiinaHuWKK TAaWIKKWT KUIaau.

SHAH Y4 XUN CYIOK KpUCTANNapHW Tavpxidnaray, YIAapHUHT
MYXUM Xocca Ba  XyCycuaTiapW, KyWIasHuMlunapd — Xakuoa
TYXTaaMu3.

CyioK Kpucramjiapd mauiym OynraH kumésud GMpuxkmManap
COHM OMp Heua MHHT uaMacuia. Yiap 6ab3u KaTTHUk (Me30TeH)
KPUCTAJIapHY KM3QUpraHaa xocuh Oynagu: macTaBBaj CYIOK
KpUcTan xonatra gpadasuid YTl 03 Gepanu, KeiMMH KU3OHMPHIL
JaBOM 3TTHPHUICA CYIOK KpUCTal OAAUN M30TpOr CYIOKJIMKKa
alnadany. Xap Gup cylOK KpUCTAT MyaidsHd Temieparypanap
OpaNuFUAA MaBXyl GYnanu (TEPMOMETPON CYIOK, KpMCTaniap).
YTHI UCCHKIUIK Kyda KMUux. [lapaa3okKCHaHU3OAHWHI HeMa-
TUK cUdaTHaa MABXKYANMK COXACUHM lOKOpHMAa aiiTank. Bab3u
BupuxManap Ba ynap apanammanapu -40 paH +80° C raua opa-
AUKA3 CMEKTUK CYIOK KpUCTaRi BYNMILM aHKXKIaHraH. XoJecre-
PHMK CYIOK KpHCTA/ap MMCOIapU—XoNecTeprK 3dupninp.
bab3n opranuk Moananap cMekTHK (aszanap XxocHn KMiaau,
KEMUHTUAAPU HEMATHK CYIOK KpucTalapra YTWiiM MYMKHH.
Bup Hewa cmekTuk mesadasanap XOCWI1 KMIYBYHM OHpUKMaiap
MablyM, yJapaa MoJsiekynanap KaTjamiapia ysapo Typinua
Kolnawran. Macanad, OGuc—deHuIeHAMaMHH  OHpHKMACH
TYpPTTa CMEKTHK Ba OWTTa HeMaTUK MoAHdUKauusnapra 3raaup.
SlHa Goluka axoiKuG cyloK KpUCTAIIap TOMHITAH.

CyioK KpUCTaJNIApHUHT yydana XWivia XaM Kpuadiox nypcu-
HuW Ky3aTuaaau. ScnataMus: KylianoK HypCHUHAKWpaauWrad Moil-
A cHpTMra Tylla€traH KyrGnaMmaraH €pyFiuK HYpH MOMLAAaH
YTa€TU6 UM3MKKK KyTOnanard MKKY Hypra axpajiaan (onauii Ba
HOOMAAMI HypAap), VIApHUHT KyTOAaHUN TEKHCIUKIApH Y3apo
THK 6ynaan. Oanuit BA HOOROMA HYPAAPHHHI TApKaAMLIW Te3-
JIMKIApU Ba CHMHIILI KYpcaTKUuNapy Xap XWJ. VYiap moananat
fapanfes jacrajap Tapsuaa uMkagu. by xoamcaHu Taakuaaw
HYNH — MOANANMME CYIOK KPHCTaNIMK XOJaTHHM AHWKAauLAAQ
3HI Kyhail veyn xucobnaHanu.

X0JCCTEPHKIAPHNHT MONEKYJIAD TY3MAHUIM UYKI MOJIEKYSIP

KYHJIap TabLeupHia Kyjla HO3UK paByliga MyBO3aHATIaHraH, 6y
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MYBO3aHaT OCOH Oy3winiiM MyMKWH. Mosekynanap opacwiary
3and y3apo TabCHpHH Oy3yBUM Xap Kaniad (ONTHK, MCCUKJIMK,
3JIEKTP Ba XOKa30) TaLCHP XOJNECTEPUKHWUHT IHI aBBajd ONTHK
XOCCANapuHU ce3WIapiu  y3rapTupuiiura onub Kenaau. by
XOAMCanapHUHT 3HI SKKOJ MMCOAM Temrepatypa O3rlHa
y3rapraHoa XoJIECTEPHMK DaHTHMHI y3rapuiuvaup. MacanaH yd
XO0JIeCTMpMK apanalwMacvjaH ubopar napaaga KypWUHaIHraH
Epyrnuk criekTpuoa axkaT 4 c Temmepartypanap OpaIHFMAA
PAHTHW V3rapTupMuwl MYMKWMH. ByHpai napaanapaad oaaMHUMT
KACQ1 abL30CMHM aHWKIAW Makcaiaupaa ojaM TaHacH cHpTHAA
Temieparypaiap TaKCUMOTMHM Ky3aTull yuyH doitaanaHca
Gynanu. Xonectepuk mapanroHataa Temreparypa y3rapyiuu rpa-
LYCHWUNT vaviuMra Kaaap 6ynranga paHr ysrapamm.

XonecTepukNapHUHT KHMEBMI GUpuKManap Gyriapra HHC-
Gatan dOoTOCEIrUpAUTHra acocaH 6an3n XHanapH#i
anMKAai1ran ac6ob sicantaH

XORCCTEPHKHMHT CNHPAACHUMOH Ty3HJAMIM KYpHHALMIaH
EPYMIMK TYIKMH Y3yHAHIM TapTHOWga. Bywpail gaBpri TY3iJ-
Mana EpyranknuHr Bysid-bparraapHuHr A=2dsin® udonaci Tas-
cHdaianran uHTepdepeHumnscy (Ba audpakuuscn) Ky3aTHiIa-
an. Arap d=5000 A 6¥nca, 7000 A TYAKMH y3yHAHTH (KH3HI)
EpYFIMK 45° ra 6ypuyak OCTHAA TaHJOBYAH KaWTapualH, 30° oc-
THAa 3ca 5000 A (k¥YK) €pyrnuk kKairtapunaan. KaiTapHanl
OypuaruHuMHr MyaiisH KHiiMaTHWAa XonecTepik napaaci 6op
PaHray 63¥a1M6 KYypuHaan. XOeCTePUKIAPHHMHT Eff KaMatak paH-
THHM YAAPHKMHC CHIMPaJCHMMOll TY3WAMWM NaBpH KYpHHaLrai
EPYIINK TYNKUH Y3YHAUTH TapTHOHAa aKaHAMFW BuiaH TYIIYH-
THpunagn. CMeKTUKAaZpLa MOJEKYNsip KaTjamaap opaciiari
Macoda 6up Heua aWrcTpeH. By Xonga peHTtreH HypJap TaH-
N0BYAH KaiiTapuaaan. baban HeMaTuKapaa katiamiap opairi
MHKpoHaap TapTuOKaa GYnami Ba ynap uidpaku3ni coxanari
HYPIalHILHKY TAHJIOBYaH KanTapanu.

CyloK KpucTannap aManfa KeHr Kyaradunagn, aifHiKed axbo-
poTra nuuios Gepull Ba TacBUpJaulga yAapHHHT 371eKTPOOINTHK
acocnia

xoccanapuaad  oiipanadunaad, CywK  Kpicramiap
DX Muapiir Kefnnrn asiofnapH sipatunran. CyioK KpHETULap:
A2l BACKTpOll  coaiflap, MHKPOKANbKy/siTopaap, OIITOIIEKTPOH
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Kypvamanap Ba 6ollikanapaa KyinaHunanu. SiCCU 3Kpauviap uinad
YUKAPUAMOKZZ. XOJNECTEPUK CYIOK KDUCTANAapaaH MeaulluHaja
(bamaHHUHT IOKOPY TEMMeEpaTypali XOMIapUHM aHUKIAliga) Ba
texHukana (MK, VIOT Ba 6Gowka) HypnaHWLIapHW KYpaaurad
KWIMILAA, MUKPOJIEKTPOH cXeManap CudaTUHU Hajopar KHiMLIga
Ba Xako3onapaaH GoHAaNaHWNANHN.

Capoanap
1. AMopd KaTTHK XHUCMIAPHUHT TY3WIMILMHW TaBCUMIaHT.

2. CyloK KpUCTaNAapHUHT KaHgal Typiaapu 6op?
3. AMopd Ba cyloK KpucTannap Kaepaa KyalaHunaan?
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VIII BOB
KATTHK XHUCMJIAP CUPTHIATH XOIOUCAJIAP
8.1. YMymuii Mavaysor

Karruk skucm cuptu — xamma Bakr ukxu dasza (MyXHUT)HH aX-
PaTHb Typanurau yerapamup. By yerapa 6Up TOMOHIa KAaTTHK XHCM
Ba MKKMHYM TOMOHNaH, a3, CYIOKIIMK EKu BonIKa KaTTHK XHCM 0pa-
cvna 6ynanyt. UyHuHr yuyH 2KPATHII CUPTH YerapaHMHI Xap HKKH
TOMOHUNary dasanap GuaH ¥3apo TabCHpIAILIAH.

Cupt 6unan GOFNMK, MacanajiapHH eyl spuM YTKa3rHWIH ac-
6061apHu uu1na6 YMKapUUl Ba KY/IJNaHWIMHWAA MYXHM, YYHKHM CUPT
XOCCANAPMHNHT GeKapopiUrH, YIApHUKT GeHajopaT Y3rapHuLIapH
acbo6napHUHT  MIiLTal MYIOaTUHU KaMalTUpaaud Ba HINOHYIH
VUINalIMHY nacaiTUpany.

Merannapuunr sanrnawm sa okubaraa yAapHUHr Oy3WIHLIN
XaM cUpT xoccaapura GOFRIUK, 6Ynanu.

Kartuk xumem CUPTHHUHT 6ab3d yMyMHIl XosnarT/iapH XaKuia
TYXTanaiinuk. BupuHYMIaH, CUpPTAA KpUCTANI XaKMHIATH aTOM-
JIAPHUHI [aBpUi Xoinawuiun Gysuianu (xecunaaun), HaTHXana
Tyrannanmaran (ysunraH) KMMEBMIt Gormap naiigo 6yranu.
Bourkaua alTraHga, CUPT MaBXYUTUTMHUHT ¥31 KpHUCTAIAATH Hil-
KW NoTeHUuan AaBpuil MaHAOHHUHr Gysunuwuaup. By ZaBpHH-
JHKHUHT Xap KaHaai Oy3WIUIIN MaXaUIMi 3HepreTHK X0NaTiapHH
€KW CHpPTHil XOonaTnapHM ByXyAra KenTupand. bynnai cHpTHH
xonatnap auunury  10'% 107572 TaprMGuna Gynamu, YIapHU
Tamm catxnapu neitunann. MKkuHuMaah, XakuKuil LIApOWTIA
KaTTHK XHCMAap CMpTMIA amania XaMma BakT OKCHA apia €Kd
énuiuran &t atomnap Ba MoHnap Oynamu. [lly Tydadiad CHPT
Coxacu Mypakkab K¥n KaTiaamiu Ty3uauiura 3ra 6ynanu.
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K¥n  Xonmapaa  KartHkK — KHCMJIAp  CHMPTHHM  KollaraH
KATNAMAAPAQ MaXaAialil caTxjaap XOCHA KMIYyBYM KMpHlIManap Ba
HyKecoHnap 6op. KpUCTainmuKr Y3 CUPTHAAr MUKW XONaTiap Kyu-
W JMIEKTP MAiioHI TaLcipiira Te3 KaBob Oepajil, ynapHu Te3Kop
XonaTaap Jeiltinaau. KatnaMnapaary (tawikM) xoaataap Hucdatad
YA CEKMI TAbCHPAIHAAK, VIAPHU CEKMH XOJATAApH JEHIIaIN.

CHPTHHUHT MHKAOPHIT TaBcudHOMa cHpTHH o ékK  hasanapapo
Y SHeprust OVAalH. ¢ HW CHPTHUIT TapaHrIuMK neiiiiani, ¥ CUPTHH
yerapanaraH Yu3likHM OMPIUK Y3VHIMKKA Ba Cl;lpT I03HHU  VHra

MOC KaTTAJlKKA Kajdap (MHKAOPra) ysrapTHpHIl YYyH Kepak
OVnanurad Ky4Hu Guanupan.

8.2. Cuprumir Ty3UAMIM. DHEPreTHR X0JATNap

XaKMKI  KPUCTAINHUHE CHPT Ty3WAMIUA aHYa MypakkaO.
CHUPT deraHsa 100Ka, NEKUH XKMHI, Kavjam TYWwyHuaand. By
KATAAMAAP  KUTHHJIMTH  KPHMCTAMI  MamKapacu  JOHMUICHAAH
VHAapua MapTa Katra OyaHiIM MyMKIH. XaKHKMiE KpHCTana cip-
THAQ TYPIH HVKCOHNAp KV, HMXOST, CUPT TAlIKW MYXHT OunaH
TYTAWTaHY YUYH VHUHT WAKILTAHWUIKAQ KUCAOPOd MYXUM YpPHH
Tyragn. 150—200 uM KaiMHAURAH TabUWil OKCHMA  KaTharsuiap
aMaIIa  XaMMa BaKT KATTHK OKUCMJAPHWHT CHPTHIA MaBXyd
6¥nann.  Cupt  ragyp-Gyayp G¥au6, ayuramknap  Guiad
qyKypJiuknap  HapOaTAawHoO

KOINawran. I -

XOo3HP CHPTHHHT MaH3aPacH / =il
8.1- wismanarunek Gynaaw neo, il
Xicobnatanu. Cupraa !‘4"
noroHanap 6ynann. ™0 .

Ovnranga  daykTauustaap Ty- 3
daima 1,2 6V xolinap xocun
6yanWwK  MyMKIIH.  Ancopuusi-
Jlaran (CHPTTA EMHILTAH) atom
6VL KOlHKM 3ravaiinn (3) €ku
6yur noroHaaa Konaau  (4).
[Mororana cupthit sBakancusnap
(5) Xocun OVAMIIM  MYMKUMH.
Cuptaa  Hykcowaap Gopnuri

S.1-wrnta. T=0 ga T>0 pt xpuctan
Tyl Maskyp atoM  ¥3apo CHDTHHIMHE T3
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TALCUPNALWAETTAH  KYIUHMIap

I
be.s

|1
COHW CHPTHMHI TYp/IK Xoiina- i é P
puaa typamya. HIyHUHr yyyH
ATOMHMHT cHpT Sruiau il ===a toofo=——"1
BornaHull  3Heprusick  Typam §——=0 o o o&———
Gynanm. g o o

AHIM  TYpM  KYpHHMLL- oyl LR i

Iar¥  KATTUK  SKHCMIIapHHHT
3PKMH  CUPTUit  3HEPTHSCHHN ‘_"‘f ? ‘f ?“__

] 1 '

XMCOGnainuK.  ByHunr yuyu i
KPHCTAIHM  EPUNMIL  CHDTH-
HUHT GWp TOMOHMAaTH, s- |, s-
2 Ba XOKa30 Mapauien TeKuc-
MHKAAP, MKKHIYM TOMOHMEATM /, /- 1, /- 2 Ba X0Ka30 napaie TeKHC-
Anknapran  ubopar ne6 Tacaspyp Kunamus (8.2-yuama). Kpueraun
€puriratna XocHN 6YNraH MKKH cupTd ukky | Ba 1] Gynaknap 6¥aanu.
By xapagina capdnamran mw 1 sa Il coxacuaard aTOMBAPHHHT
BOFNaHKIIMHK yaMIura KeTamn. Arap 3Hr fKMH Macodana Kow-
NalIray atoMnap Xydbtrapu opacuaary y3apo TabCHPHH anTHOOpTra
ONCaK, s- Ba /- KaTnaMaary atomnap ¥3apo TabcHp 3HEPIHACHHH
Vi eb Genrunacak  CMpTHM xocun KuaMiura capdnadrad Tnma
3HEprus

8.2-ui3MA. ATOMIAPHITHE TP CaTX1dpaa
KYPT-KyDT Y32p0 TALCUPIE THIMACH-

Eo=sXily . (8.1)
<121

OyHaarn | — kyuivmua pasituiaa
(s-2 Ba (/-1), (s-2) Ba (/-2) Ba
XOKa3o  atoMnap  opacHnaru
Y3apO TabcHpHH XHcoBra onaau-
TaH  KYNailTyBYM WOHAAp KpH-
Crajmapuaa | mycbar uoH 2
MaH(QUI MOH 6unaH ToprMiua-
v, 3 MycGar voH GMnaH uTa- 2 P;’il
pUillaau Ba XoKaso. by uomnap 83w Bup i ""_“l:‘:l‘:gl::f’w',df,’,:
3AHXMPUIA YMYMUH NOTEHLMAN A }’IE’::’;'I‘;:‘;":;,’::K,}p,mpm
3Heprug (8.3- uM3mara Kapaur) a

A s UV U Gegdfa (82

I =-—+— e — || [E R

a  2a 3a dg a

Gynaa ¢, = 0,6935.
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DHOM Yiia 4H3MAAArd MKKK YIYORIM NaHXapaHW Kapaniuk. i

MOH o Macodagard MOHIa TOPTHIAAAKW, av2 HOHLAH WUTApHUNAAH.
Arap | WOHHWHI 2 BEPTHKAN 3aHXWUp4Ya HOHAapu OunaH y3apo
TabCUPHHH Xycobra onmacak, YMyMUH NMOTEHLUMAN SHeprus

b e 2¢° 2¢% o? 2?7 202
11:—-—1 —ac il et )

a ot ufﬂlT "2a a5 ol (83)

=-01144e? ja=-pre’ia. @, = 01144

ly itycnHna 1 MoH OGunaH KpucTan cUpTH opacuaaru y3apo
TabCUP 3HEPTUSICH ONWHANN:

~—0066¢’ [a=-@ 3¢ /a. 8.4)

Hemak, V| - HOHHUHI 3aHXHpya GOWMOAH aXpaiuil 3HEepPIHs-
v, Vp - OYTYH 3aHXWpyanaH, Vi - siccH TYp ypracuaaH axpa-
Ny 3Hepruacu 6Yaub, ynapHuHr Na aroMnu naHxapa 6yidnMua
WUFMHAYCH TaHXapa 3HEePrusicMHY Oepanu:

Upan =2N 4(0) + @2 +¢3)62/a' (8.5)

2 kynavtyBuu (8.2) - (8.4) udonanap TEKUCAUKHUHI BUp SAPMUHHN
XHUcoDra onraHu y4yH KHPHTHIITAH.

2(p) + @5 +93) KaTTAIHKHM oy Maneayrr moummiicn oprann
O6enrMnaHand, 6Up XWUN TYpAarv NaHxapaiu KaTTHK XUCMJap ydyH
y ©Oupnmait Oynagu. Mypakkabpox, Xo/lapHM — KapaMacOad,
IOKOpHIAark xon 6uiad sbHU Kapama-kapuuy 6Mp 3apsigzniv MoHnap
naHxXapacu xXojiu 6MnaH yekiaHaMu3.

Monekynap kpueramiap yuyd (Ban gep Baanc kyunapu verTyH
Gynranna) MKKKM 3appa opacuiaru §¥3apo TabCUp 3HEPTHACH

Uy =§/a" -E,[a" 5
KYpuHuiuaa 6yau6, &y Ba &; - NOMMHMII KaTTaiMKIap, GUPHHYH Xail

MTapUIINL, UKKHHYW Xal TOPTUIIMILHK Xycobra onaau. byiinaii
KpHCTAUIaD YYYH NaHXapaHUHT GOFNaHMII 3HEPTHSICH

Unan =& Ky [ Y1 = nfm)N 2 (8.7)
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KypuHnuna oauuraH, 6ynaa K, - ngapaxa KypcaTkuuu n ra
Bornuk (n=6 ne6 onuHca, Kg=14.454), a,- naHxapa AOUMHHCH-

HUHT MyBO3aHaTIHM KMIiMaTK, n Ba m Jap Taxpubana aHUKIaHaIH.
KosaneHr kpucrannapaa, macaiaH onmocaa,
UH(IN =(4/2)EC—C =ZEL‘—C & (88)
OyHparn E._. - kap6oH aTomnapu opacujary 6ornaHWLLl 3Heprus-
cu. Metann kpuctannapaa z=1 (6Mp BaJieHTAW MeTall) yYyH:

Uan = (Naa,, ez/ao 1= 1/") (8.9)
8.3. Xynnamuw Ba &nané oxmn xomEcasapH

Xyananum xoamcach CYIOKJIMKHUHT KaTTHK XHCM €KH Oolika
CYIOKTMK cUpTW Gunan TerviuraHuma io3 Gepanu. By xomuca Me-
TUVI-APUM YTKa3TUY KOMTaKTIapHHM Talépsall TEXHOJOoTHsCHIa
KaTTa axaMusitra 3ra, uyHKH 6y TexHonorusna Merai TOMYHCHHH
KPUCTaNA GuiaH KOTHIITHPHIL ycynu keHr Kynnanunanu. byHaaii
TOMUYMHK KHM3OWPHIN BaKTUAA EHMING KeTHIIM KOTHLIMIL O3MHI
Ba W1y Xapa€HHHUHT Y3UHU AaHUKNaUU. =8

Karrnk kuem CHPTUHMHI fAXIUKM XYAJaHUIIK, MacalaH. O
CUPTHU Typ/IM KMMEBNI Mopnanap ToMoHMAaH TO3AIAHHLUM CaMa-
PALOPNRTUHH TabMUHIaiAW. JKymiagaH, py3ropuii 10BYBUll MOI-
Aahap KYINAHWILKW LWyHra acocnaHrau, :

Xyanauw Kanuunap Halyaga MeHUCK XOCHNT KHJIadH. l\‘a?'rl‘il\
CHPTAA TOMYMHMHE WAKIWHK €KW CYIOKIMKKA GOTHpHATAH x\m,\:
CUPTHIA a3 nydary WakiMHKM aHuknaian. Xyall (\‘"1'1:‘“‘_1”1,
XOAMCACHHU KOHTaKT coxacuaa yu dasza (KHCM, MYNHT) P
¥3Apo TaLeUp oKuGaTH cudatuaa xapanca GITADM. AMMO }‘:
XONnapaa y (Macanau, Cyiok Metamiap GWiaH KaTTHK MeTATiap 1=
THIWNWG Typranaa) KumEBME GMpHKManap, KaTTHR Ba CVIOK 20H ‘

MANap XOCW OYJAMILM, XYANaHyBUM XUCMHIHE CHPTHI \11‘11“&-
Anddhy3non xapaéunap 103 Gepuim oKnbaTn Gy, ‘\,",'1' "‘:'L_ 3
XOAHCACHAA XYNNAHUUI WCCUKMTH AeiinuiyBUli HCCHRIANK HRD
LWH MYMKHH. il O Gy
XYANaniiiMHE Y1408U Basudaciini ogaTiaa HeTapas! 3T

. i C epHMETD
HaK Gaxapanu, y XY/UIAHYBUM CHpT Ba CYIOKTHKHHEI

6yititua cupTi opacuiaru OGypuakiup (8.4- ui3a).



8.4- usMa. @~ TOMUL KATTHK CHPTAQ; 6- TOMUYI: B - DYDAKHIIHT KATTIIK CHPTAL
TYPAH XYATAHNIL LIADONTIAA BASISITI T - T3} C - CYIOKTIK,
K - KATTHK XHCM;

Cratk (MyBO3aHaTH) XYUTaHUWINA 6 CYIOKJIMKHHHI CUPT
TAPaHTAUMK O A, KATTUK XWUCMHUHT CUPT TapaHIJIMTH Oy ra Ba

yerapagari asatapapo &, /a’" TApaHIIUK Oy Ta KOHT TeHmtama-
CH C088=(0-Ox )/ OPKAIH GOFIaHTaN.

Arap 0°<6<900 6ynca, cyioKAMK TOMYMCH KMcMaH éxu 800
X012 CHpT 6yiinua Eiiunanm (8.4.6,8- uu3ma). Arap 0>90° Gynca.
ToMuM euwsMaiion (8.4.6,8B- uuaMa). BUpHMHYM XOnda CYIOKJMK
KATTHK XRMCMHW XYJUIalian, MKKMHYY X0Jila XyJjamauan.

8.4. DaexTpoHnap 3MHCCHACH BAa CHPTHH HOHJAW

TepMoaNexKTPOH  3MHCCHSI  XOOMCACH  KATTHK  KHMCMHH
KM3AMpraHaa ydaad Baxyymra (6Yuunukka) €ku OoluKa XHeMra
3NEKTPOHNAP UMKAPMAKILMAAH HOopatT. Karruk XucMaaH 4yMKub
KETUL YYyH 3EKTPOHHUHI 3HEPTUSICH XHUCMAaH Tallkapyaa THHY
TYprali 3JeKTPOH 3HEpPruscuiaH Katra OynuuIn Kepak. by sHep-
FUSIHK YUKMI H1UM gedunank. T-300K (xoHa TemnepatypacH) aa
TEPMOANHAMUK MyBO3aHaT 1APOMTHIA, Depmu-JIupak
TAKCHUMOTHTA acOCAH, JHEPTUACH YHKUUL KUIMAAH Karra 37eK-
TPOHAGp COHM KYAa-Xyla KaM, aMMO TeMNepaTypa opTHLIH Bunan
Oy con kyaa Te3 (3KcrnoTeHuuan) opTaid. LLIyHWHr yuyH Tepmo-
3NEKTPOH TOK (akaT KH3OUPMITaH XHCMIaplaH 4YMKaau. Arap
YUKKAH  3JIEKTPOHNApHU oONWMO KeTaavMraH D3AeKTPpUK MaiiaoH
Gyavaca, 6y 31eKTPOHAAD Y/IaPHU SHUKAPIaH XWCM CUPTH SKHHHAOA
MaHMHHA XaxXMIE SNEKTPUK 3apsA XOCH KHIHO, TepMO3AeKTpHK
TOKHH Yexiab Kysan. DMUTTep (3JEKTPOHIAp YHKAPYBUH) Ba aHOA
(31eXTPOHNAPHY MHFYBYH) opacuiard KyuraHuwi KUYHK (V<V)
Oynranna vox suunury J~V3/2 gonyn 6yitinya nobomanadanu. V-V
6yaranna Xakmuii 3apag cypunnb Ketanu Ba TOK TYHMHMIUTA I,

KHAMATD SPUILAAH, KYYTaHHUIMHA AHALA OUIMPMICA, SIHA CCKMH
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yca Gowmnaiar. TYUMHMIL TOKM 3HWIHIHM (TCPMOJICKTPOH IMMUC-
CU  TOKM 31unuri) Puuapacon — JawmaH  wudojacHian
XHMCOBMaHUIM MYMKHUH:

lo = AT % exp(~ x/kT ). (8.10)

ByHnaru A — noumuii, ¥ - INEKTPOHHUHT MeTaU1laH tHfKMLU
UK. ATap 2NeKTPOHNAPHUHI KATTHK XMCM CHUPTUIAH KauTHI
KoubduumneHtn R xucobra onuuca A = Ag(l— R) 1e6 €3unauui Ke-

pak, GyHna Ay =emk?/22%1 =120,4-10% 4/2 22, Xaxkukuid Wwapo-
vtia x(T) 3KaHWHU Ba GOLIKA OMHIUIapHM Xucobra OfHHCa,

KYNUMAKK TO3a MmeTannap yuyH A = (15+350)*10° A/x?k? (8.10)
udosaHu spumMyTKasruunapra xam Kyoutaca 6ynaiu. Tepnosnek-
TPOH IMUCCHSI XOMMCACH KYTT 2eKTPoH acbobnapia KyJHaHWIalH.

TepMoaieKTPOH 3MHCCHA GUAAH CUPTUE MOHJIALIKLI XOAHCACH
Xurc Gornaxran. By xoauca kusmupuirad (4yEnaHraH) Merand
CHPTUra BYFHUHKI aToMIapy €KM MoneKynanapd ypuiaraHia coaip
Oynanu. Atomnap kM Monexynanap KM3IMpuiraH MeTail cHpTiira
€ yHM ypa6 onrau 6yr armocepacupan éku Maxcyc MaHOalaH
ByFranTHpunanuran MOJNEKYJISIP OacTa KypHHHMWKAA kennod TVLIa-
AW. YAQPHUHT YPUIMILWMAAH XOcHsi GynraH KoWAap Maxcyc Koa-
JICKTOp (HMIHOBYM MocCnama) ToMoHra HWyHanTupunaau Ba YHHHT
SUHAUPUIA TOK Nailo Kuaau, By TOK KydW WOHJIAp MIKIODHI
Baxosialll UMKOHUHK 6epanu. .

CHPTHII MOHAAIUMILHK CUPTHUHT leM? gan | aa KeTacTrall /iy
WOHMAD KAWTAE€TTaH /1, AaTOMJap COHJapH HicGaTit  Gitan
aHUKNAHAM:

S.11)
"rf'(”u:u- s

o HU MOHJIAWMIL Aapaxacd Ae6 aranaad. BanzaH GOLIRD MYHOCT
bataan doiinanauunanu: (S
n,[ng =0, oy
HyHna n,- lem? Ic pa cuptra Tymadérran atoMuap coni
TUH HOHNAW K1Y KOIDPULMEHTH AelHHNanH.
n, +n, =ng OYNFAHNUTK YUyH

$ upcup



o

B = (8.13)
1+ a

AYadu. o KaTTMK TeMmnepatypara OofiuK. by OGoRnaHMIUHN

Caxa-Jlenrmiop ndonacu Gepaau:

a = (g;/gaJexpl~(eVy - X )/(kT)}, (8.14)

OyHIaru y; - MeTanlaH MOHHHMHT MMKMW MUK, V| - KU3IMPHITaH
METAIJITa TYLIAETFAH aTOMHUHI MOHJIAKIMILI MOTEHLIMANH, 8] Ba g, -
METal/l CUPTHAAH KeTaéTraH 3appajap XOJIaTJIaApHHWHTI CTaTUCTHK
BAa3HNApW (MacanaH, MIIKOPUMA MeTani HWOHM YuyH g =l, artom
YHYH g, = 2). N

CupTuii unorawl époammaa MycbaT MOHAAp XaM, MaHH
WOHJIAp XaM XOCHJ KWIMHMIIU MYMKWH. OpTHKYA 31EKTPOHHM
Y30KJALTUPULY YuYH MaHduil HOHHM «MoHNaira> el/  3Hepris

capdnavl kepak. Ly 3HeprusHU 3NEKTPOHHWHT aTOMra SIKHHAMUIH
nenwnan, MaHGUH MOHIAMN «OPTUKYa» 3NEKTPOHHUHT 3HCPreTHK
caTXMHM aHukaadan. By xompma Caxa-JleHrmiop udoaacuaa MOH-

Naw noreHurann U; YpHKUAA I/IeKTPOHHUHT aToOMra SIKMEUTUTH TY-
paau:

a=n;/n,=(g;/g,)expl-(eU; —X)/(KT )]. (8.15)
8.5. Karrux xuemnap crpraga agcopbuua xoaacacu

la3 atMocdepacu OGunaH TyTaliraH KATTHUK SXHCM CHPTHHI
Te3Na ra3 aTomnapu (MoJeKyJaiapM)HUHT OUp €KW KYN Karjanmu
Komiannu. [y xonuca ancopGuMSHMHT MOXMATHAMP. byHna
KaTTUK XHCMHM afcopOeHT (EnHwTupub onyBuM), ras daszacuun
3ca aacopdat (EnuulyBuy) pefinsiann. AACOPOUMUSIHUHT MKKH XMJIH
6op: du3nk ancopbuka Ba Kumépail ascopouns (xeMicopbLLs).

Du3K ancopblms xonuna atomnap (MoJeKynanap)HUHT ancopd-
LUHOH (CUPTra €nHIUTaH) KaT/aMu KaTTUK KUCM CHDPTH aTromsapy G-
Jiah Bannep-Baanc saud xyunapu Bocutacuaa 6ornanran. Musnk an-
COPSLIMSIHMHT MyXUM TAOBYTH — YHMHT KAHTYBYaHAUTMAND.

Kanpalinup vemneparypanap opanuruaa aacopbUMsiHMHI Xap
MKKH XUNUHW OUp-6MpHaaH KeCKUH axpaTub 6ynmaiinu.
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AIlcopOUMsT XaMMA BAKT K-
30TEPMUK XKapa€HAND. SLHU Hc-
CUKIUK XPalaanrall (3HTalunus
AHg xamap ysrapaauran) xapa-
EH/IMp.

Ancopbutist necukanrn (aH-
TaNMUsE) 3NYAMKHKUHET YHKILIUS-
€W Ba olatha y opTHw Guna 8.3- Yissa. MeTaraga Kation m: annon
Kamasiau. Alcopbutisi vc- XeMocopBuiIst; 3.¢. 4 b.c.
CUKNUTHMHUHE OyHaail  y3rapui -3TALIAHTAH B Byl caTxaap;

é A-aacopbat, M-ameTatn

XKapacHHHIT H341A 0KHO Bopu-

Wy Tydaiini 103 Gepazn. By

Kapa€h CUPTHMHE MaKCHMAA 3HEPrUSAN Koiapuaa — Y¥KKHAap,
KPHUCTAMAHMHHT Ovpuaknapi B KWppaiapuaa, — 1apalap
KHMproxkiapuaa, tHpHaManapaa 8a wykra yxwialw xoiinapaa douw-
Janand. By >xofinap TyituHray, siccu cuptnapaa aacopbuus Gouw-
NaHaau. Yaapna KaMpoK 3HEPrust axpanaiu.

Dusnk ancopOuiist InTannusic aHda Karra (=10 kkan/mon). byn-
fa ancopbnaHraH ra3 KartnamMHM 6olika ra3 6unaH aIMALLTHPILL
MyMKiH. By - anmauinHys ancopbuusicn xomHcacd. ByHaa YpHHTH
KOWIA: ra3HNHr KRHHAW HYKTACH KaHya IOKOpH 6¥1ca, y ra3 ocoH an-
copbaanagn, SLHKH y 0COH CYWKJIHKKA aiinauagn. AacopOUmst AapacHit
ancopbeHT Ba ancopbuT opaciaa ancopBIIION MyBO3IHAT YPHaILIaIHIA
HKYHIAHAAW. MyBO3OHATHHHI YMyMUI WapTi — HKKana (asaHiir
KMMCBHWIT noTeitiia i (epmi caryiapi) Tenranruanp. by Mysosa-
HaTaa OHpOp BAOKTIO CHPTFA KaHua aToM (MoAcKyAaa) IUCO_P@“HC“-
WyHyacH CUpTAaH KeTall, CHPTIM ra3 sappatapd Buiad TYRRHpIW
dapaxacit N ysrapmac 6iu6 Konaau. N, TemiepaTypa Ba HOCHMIT
Gornuk. Arap 6ociv Yarapsac 6§aca, Ny(T) ascopOuwst 1tsodapacs,
T=const 6ynca, ancopbuMsi  M3oTepmaciiik Mbo.LLUIARLIL. Anbarra,
TEMNCPATYpa  KYTapWiraHaa TYMAMPUI [GapaXacd 11acasian. MYHKI
OyHna aToMnapHiir cupTaaH KeTuium (necopiuis) Kynasuut, 6y oca
ancopbUMAHK CycaiiT Hpaan. .

XeMOCOPOUMSIHIHI  MOXMATH  yHaaKH, KHMEBHI TabHaTaN
Kyunap TabCMpW xo/naTHaa aacopOnaHraH aTom/lap Ba KpHCTaLI-
HUHT CHPTHMAArH aTomilap opacKia KumEBH peakumsi 103 Gepaai,
Gupukmanap xocun Gynann. XemocopGumsina aacopoeHT B 21C0Op-
Gar opacuaa anekTpoIiap anmawHiMK Gow YPHIE AL,
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Merasnapaa xeMocopbLUMAHY Kapaiinuk. 8.5- yuamaga MeTami
ra3 Ba Mertann — agcopbar YerapacCMHUHI MKKW TOMOHWAA 3JIeK-
TPOH JHEprHANapy crekTpy KypcatunraH. bup xonna (8.5,a- 4yu3-
Ma) afcopGaTHUHT 3raljiadraH 3HT I0KOPU IHEPIUs CaTxy MeTali-
HuHr DepMu caTxylaH 10KopKaa Xoinamrad. By Xonma aneKTpoH
aToMaal METannra yTaad, YHMHT Y34 MycOaT MoHra aiinaHaid. Ak-
CHHYA, arap aAcoOpOEeHTHMHT IOKOPUIH caTXW sranjaHmaraH 6ynca
BA Y METALTHUHI (hepMU caTXMoaH macrida Oysica, 3/eKTPoH Me-
TaJAaH atomra YTUb yHu MaHbUi 3apsuiaiin.

YerapaHMHT MKKM TOMOHMAA KVII D3JEKTpP KamiaM XOCHI
Oynann, okubaTaa GUpUMHYM Xonaa METAUIAAH YMKMII UIIW Kamas-
IW, UKKMHYM Xonna Ayx=4me N,M KaTTanvk Kaiaap opraau, OyHaaru
Ni- CUDTHMHT OMpJIMK 103Mda 3rajlaHraH Xoinap coHu, M—
aflcopOiaHral UppaHMHT AAMON MOMEHTH.

Mertannapaa xemMocopGuUMs XoAucacura oI KypWiraH mones
APUM  YTKASTUWI4pAdTd XeMocopblmara xaM Tyia KylaaHWianu.
Mapk lyHAaKK, MeTannra KucbataH apum yTxasruunapaa Pepmu
carxy Oolukaya >xolnalrad, ApuM YTKasFuMuyma » Ba p — TYp
YTKa3yBUaHNUK MaBXyl 6ynagu. 8.6- yusMaHuHr rokopurd (1)

KUCMMIA # — TYp SIpUM YTKa3ruy CHUpTMIa MaBXya OyaraH XoJ
TacBUPJAHraH.

) Spum erasrw{)lgm My- 1 I ‘P_tu
alfsiH  KamiaMoary  yTKasys- o —;i_f e [Re————-o3—-
YaHIMK  NEKTPOHIAPH z.u- B rcm S St =
copbaT aromnapura yragu,
ynapHu maHbU 3apsmiaion.
By werapana anextponap ;
YUYH ¢ TOTEHUMAR TYCHK, o £
Xocun 6ynanu, Gywaa agcop- —
Garnard  3/eKTPOHNAPHUHT l ; J s __i//E\
MOTCHUMAN 3HEPTUACH SIPHM | suseump e = o
VIKQ3MYaru - GUnaH  sbhd g [eeesos W) .
depmu catxy 6uTaH TeHmIa~ F\\\\\\\\S\ N
wiany. Yerapasuii Kamiamaa i iy n
YTKa3yBYaHIIMK 3MEKTPOHNa-

JloMop exnm

Hpsw fna iy

8.6- ynama. Ancopbuusi THaIManapi:

pH KaMalio KETraH, 1-n-s1.y.0a aHUOH agcopbuud,
KATHAMHAHT  JNIEKTPOHJIApU  11-p-si.y.1a KaTHOH agcopbumsi, a Ba 6- xemo-
KApIUMIUIK  XKyla KatTana- copOuIIsiraya Ba YHAAH KCiifH.

wanu. byHnaii kamnameis €nysun (GepkUTYBYM) KaTiam feftinani. 8.6-

YM3MARKHT NACTKH (2) KHCMUIA P-TYp SPUM YTKA3rWy CHPTH/A KaTHOH
178



ancop®aT MaBxy/l GyArail 3011a aHTUENYBUM (AHTUOCPKUTYBUMK) KATIam

XOCcKUa OYNHILIN TacBUpJIAHTaH.
®aH Ba TeXHWKAMMHI KATTMK KucMmaap ©unaH OGoRIHK

COXaNapy YUYYH CYIOK 3puTManap OunaH TyrauiraH KpMCTall CHp-

THAAru aacopbuUroH 3¢ dekTIap MyxuM Byianu.
OpUTManaH KpHUCTAl CHPTHra aacopbuusiiaHraH CHPTHH-

aktus mopnanap (C.A.M) nerinnagu.
8.6. Cupruii nudidyzus

CuMOB KpucTatapy YCUIIMHU Ky3aTHLI MakCaauaa YHH
IOKOPM BaKyyMAa KYWIM [apaxaja COBYTWJIraH KaTTMK >KHUCM
cupTUra Oyr1aduTHpHG YTkaszuiaraH. Xocua 6yiaraH Kpucraniap
NAacTUHKACHMOH Wakiara 3ra 6ynraH. by Kpuctamnap KanwHauk
Oyiiua ycuuira HucbaTaH KeHTNWK OyitHua 103 MeTpya Te3pok
ycraH. Yuiby HatuxaHu (axaT cuMob aTOMIapUHHWHT IUIACTHH-
KaJlapy TeKHWcHUru ©Oyiuua 10Kopu cypbatia Ouddy3nsgnaHulun
cababu OuNaH TYLUHHTUPUILK MYMKKHH 30H.

Cuptuit  audpysmst D¢  koabduuneHTHHH — Kydaérrad
HYKCOHHHHT (BaKaHCUSIHMHT, ancopOsiaHraH aTOMHUHT) auddy3us
Dy Ko3(pPUUUEHTHHUHT YTapHUHT MyBa3aHaTHii Ny 3uuaurura
KynajiTMacu KYpMHULIMIA Udotanall MyMKHH:

N
Dy =NgDy = 7"pvdA2 exp[~(Uy +U (KT )] (8.16)

By udonana p — HyKCOHHMHI cakpaliap COHHM, A - cakpalui-
Jlap  Y3YHIWrM, V,- HYKCOHHWHT
cipTAa TeBpaHMIL TaKPOPHUIAIUTH,
Uy Ba Uy” - HYKCOHMHI XOCHI
OYIMWIK Ba KYUUIUY IHEPTHSINAPH.

Mwucon Tapukacuaa 8.7- ums-
Maga €kuM Mapkaznawrad —Ky6
(€.M.K) MaHXapanu KPUCTAUTHUHT
aToMJlapy  wapaap KYpuHHHAWMWAA
TaCBMpJaHTaH, yhap opacuaa ag-

8.7- uM3MA. EKm'i MApPKa314aHTdH
KYG MaHXapanH KpHCTAnga afaTos-
copbnanraH atoM (agatom) axpa- an (111) Tekpeank

TH6 k¥pcaTtvnran. ANaTOMHUHT Xap
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Oup KYWHU 6unad KMMEBMI GOFNaHULL 3HeprusickHu E opkaim
GenruaaiiMua. Y artoMHUHT y4 AKUH K¥luHucu G6op. Yu3mana ynap
A, B, C atomnap. A4aToM OKODHUIa KYYMILK OUNaH YHWUHT 3HC
SIKIAH KYWHUAapy ukknta — B Ba C atomnap 6Ynub xonanu. On-
OWHTM XONaTHU MyBa3aHaTWil X0aaT jJecak, KeHWUHIM xonatHu da-
onfaHWWw  (aKkTUBNaHMID) Xonath ne® anTaMu3. VY3-y3unaH
KYpHHaLIKK, Gaonnanum yayH U,y =3E -2E = £ 3Heprus Tajab
atunann. Jlexkud, GpaoanaHuil xonaTuaary afaaTroMra y3oKpoKaaru
KywHurap A sa D atomaap xam Tabeup kunaau. by Tabcup suHep-
rusick 2E fe6 Genrunadca, 3HAK GaonaaHKLL SHEPTUSACH

Ujy=3E-(2E+2E')=E-2F (8.17)

KypuHUlLZa WdopanaHanu. AHUK Xucobnap U, = E/3=Hg/20
KMiMaTHM Gepaan. 6yHaa He- cybnumaumns (KaTTUK XUCM CUDTH-
JaH OyFAaHWUI) HCCUKIMIH.

Cu, Ni, Ag, Au yuyd Hs moc pasuwpa 73.3; 114; 82; 60
KKai/MOJ1 YHuYa Karra Oyamaran KuiMaraapra ora, OyHaaH
KapajaeTrad €.M.K naixapa CUpTUAA agaTomjap Kyda XapakaTyaH.
XapakaTAaHTHPYBYK  Kyd, Macanad, TeMmreparypa Tpaauenti
6ynranna ynap cupt 6Yiinab wapyanapaaH gymMana6 Gopami.

Bouka kpucrannompadik (001) Ba (011) Texncauknapaa (cupriap-
1a) agatoM OWiaH CcHpT aTomnapu  opacupard TypT Ba  Gew
GORIaHUIIHK Y31l 3apyp. By xosnapaa andydysuann daomnail 3Hep-
THSICH KATTAPOK, BA I0KOPHANTH MEXAHW3M YCTYH GYIMaciurm MyMKIH.

ET, kupuiiva atomnapiuHr cupT Oyitnua  auddysusuiaHHim
YUyH adcopbnanmiy 3Heprusick karra ©Oynrad Xonaa anaTOMHWHT
KPUCTWIN cHpTHAarid atomiap 6unaH OORMAHMUILM WIYHAKA KaTTakw,
IOKODHAArKH  «lIap  AyMalail»  MexaHduamH  OyTyHnad  MyMKHH
Gynmaiian. By xonma nudydvsusi «E3umyBuM ruam» aeb atagaauran
MEXaHW3M Oyiiua Gopam. ByHma kupuiuma cupr OyitMua KaTTHy
$asana Eiuand Gopamt (Gy 8.3 6anana KYpraH CIOKTUKHHHT EHMMNG
OKHIUM Xonnnarkack 6vaaunt). Okubat HaTHXKacHaa CUPT MOHOATOM-
JU1 KUpHILMaBHIE Karnas 61and konaasnd Koaaan.

Xapopar oprian caiinn ajlcopbnanmi Heprusicd KaMaidut
Bopait, KHPMIIMA NATOMIMMHE KPHCTAAA CWUPTMAArM aroMnap
BHAAH BOMIAIIL 3HepIIBIcH KaMasad Ba cUpTHit AMdDYsUsHUHD
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Glip KYWHY GunaH KUMEBMIA GomaHMW IHEprusacuMHU E opkaiu
BenrunaitMua. Y aTOMHUMHE Yy sIKUH KYlwHWen Gop. Yusmana ynap
A, B, C atomnap. AaTom OKOpHMra Kyuuliy OMaaH YHUHT 3HT
SIKMH KYIWHUNapu ukkuta — B Ba C atomnap 6ynu6 xonand. On-
AMHTH XOJIATHW MYBA3AHATHIA XONaT Aecak, KeMUHTW XoaTHH da-
ONaHULI  (AKTUBNAHWI) XxonaTH mge® adTtamu3. Y3-y3udaH
KYpitHanku, gaonnanuu yayH U,, =3E ~2E = £ 3Heprus Tanab
STUNanu. Jlekun, aoataHUIL XONaTUAAr ajaToMra y3oKpokaaru
KywHnap A sa D atoMnap xaMm Tabeup KMaagu. by Tabcup HEP-
rhsicH 2E geb GenrunaHca, 3HAM GaoanaHuIL IHEPTHSICH

U,=3E-(2E+2E')=E-2F (8.17)

KYpHHMLIgA vdopanaHanw. AHMK Xucobnap U, = Ef3 = Hg/20
KWUWMaTHK Gepaau. GyHaa He- cybaumaums (KaTTHK XHUCM CUPTH-
0aH OYFnaHuKI) UCCUKIIMTK.

Cu, Ni, Ag, Au yuyn Hs moc pasuwna 73.3; 114; 82; 60
KKUI/MOA  yHYa KaTra Oynmaran Kuiimatnapra oara, OyHaaH
Kapaja€TraH €.M.K manxapa CUpTWIA aNaToMIap Kyda XapakaTdaH.
XapakaTaaHTUpyBult Kyd, Macanal, TeMmepaTypa rpagueHTH
Gy.iranpa ynap cupt 64iinat wapyanapaad aymanab dopanm.

Bowka kpucrannomaduk (001) ga (011) Texiemikiapaa (cHpTaap-
ma) amatoM GWAAaH cHPT aTOMIapH  opacMmard TYpT Ba  Ocll
GornanuiubmM ysuw sapyp. By Xosnappa mmddysusHi daonnawn 3Hep-
TUSICH KaTTapoK B3 I0KOPIIATM MEXAHU3M yCTYH OYIMacanri MyMKIH.

ET, kupuima ATOMAAPHUHT cUpT Oyiinua auddy3usnaHuiIn
Y9YH ancopOmaiMiy 3Heprusicy karta OYAraH XoAZa ANaTOMHMHI
KPUCTULT cupTHAark atomaap 6unaHd GORIaHWILM LIYHAKA KATTaKM,
OKOpHAATH  «llap  JIYMAKALI»  MeXaHM3MM  OyTyHnaih  MyMKHH
Gyamaiinn. By xonaa AN DYIMS «E31nyBUM rMaaM» 0e6 aTatanuran
MEXaHM3M G¥iltiua Gopaan. ByHaa KMpUIUMa cUpT OyitHMua KaTTHMK
dazana Ednans Gopaun (Gv 8.3 GaHana KYpraH CYIOKTHKHUHT EHMINMO
OKUUIM Xonuaarinexk 6ynann). OkubaT HaTHXACHAA CUPT MOHOATOM-
JIH KUPHILIMABHI Katnam Gittar KonmnanuG Kofaan.

Xapopar opTran caiinn ancopbnaHuil  3Heprusicd Kamaitno
Gopaan, KMpHMIUMa AZATOMHHMHT KPUCTA/l CUMpTUAArKM aTomsap
611101 Goraanin SHCPIIsICH KaMasgan Ba CUPTHId AuddysHsiHHHT
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60l MexaHM3MM sHa YWa «iuap ZyMajaill» MexaHusmu 6yiub
ONIUIIY MYMKHH.

AacopbnaHran napaanap 6MpuHuYM HasbaTaa Kyviad fAapaxana
CHUPT XoccanapHMHU Y3rapTHpamm, 0ab3v Xo/japda XaTro KaJluHpPOK,
CUPT SIKMHMIArK KaTjaM/1apra XaM TabCHp KypcaTaad. AacopbaaH-
raH TnNapoajap HMIWKANAHKI  Kywylapura TabCHp  KHJIaau.
WwkanaHuwiHy  TaBcudmaianrad  Ko3agdULMEHT XaMMa  BakT
WIIKATAaHYBYW MYyaMsiH MKKH cUpT Xydrura Ba ynapHUHE MyaisiH
Xo/laTUrariHa Ttaanaykiau 6ynanu. HMuwkanaHuw ko3¢hpdUUMEHTH
MILKANAHUII KYYMHWHT THK paBULLAary lokka HucbaTura TeHEIMD.

Opnatia ancopbnaHrad napaanap MILKJIaHWL Ko3hhHUUKEHTH-
HY KaMalTUpagu Ba KaTTUK >XXUCMJIEZDHHUHI y3apo cUpraHHWIuMra
épnamnaliagv. MabayMKY, MWIIKANAHWIIHY KaMalTUpHID  Y4YyH
Typsiv MmoHAdp nibaariiafy:. KKK XM MoMnap MaBXy[d: TMApPO-
AMHAMKK Ba uerapaBuii Moinap. 'MaponuHamMuk Moitnap KaiHH
CYPTHING UKKM MeTan cUpTaapuHu 6up-6upura TeruiuTupManau.
YerapaBuit MoMnap, akcMHYa, Xyda lONKa Ba MOHOMOJEKYJSp,
XaTTo MOHOATOMIM KaTnamnapfaH ubopar 6ynaau. byHpai napaa-
nap MeTajul KUCMJlap opacHarn TYTUHMIUHW KamMaWMTupanl Ba Oy
KUCMJIADHHWHT GEBOCHTa TErMIIMUIKWIA UMKOH BepMaiau.

AzncopbLms KATTHK XUCMIapHMHT MYCTaxKamjlMK xoccajapura
MyXUM Zapaxafa TabCUp KWiaaMu. MacanaH, KaTTHK XMCMHM nap-
ManaraHaa xynaaw 6y MUWHM ocoHnawTHpaa. byHdaait ancopoums
MYCTAXKAMJIMKHH KaMaiTHPUILIM KYpUHHO Typnbau. Kpucramnap
nedopMaursIaHUWMHUHT cupTHil akTuB Moananap (C.A.M.) aa-
copbnaHnMwy  okubaTMAa OCOHNAHMIIM XoaucacHHW PeGuHaep
ahdektn aehvnagn. Cuptui anddysus Tydainu Mukpoaapanap
teana C.A.M. monekyranapuaad vOopat CylOKAMK GWMRaH TYIaau.
Cyloknnkeus ¢asanapapo 3Heprisl y, KpHUCTani-xaBo uerapaciia
AHMKAZHAOH, CYIOKIHMK GOplraa ¥y, KpUCTaUI-CYIOK/IMK Yerapa-
cvaa aHuknaHanu. Arap Y.<y, ©OYnca, 6y xosma xpuctain
XYNnaHraHaa siHCM cUpTaap X0cHA OYAUIIHIA SSbHH XUCMHIHT Oy-
3MAMILMra capraHaaurad 3Heprisi KaM Tanad KUanHaAaW.

AnCopBNaHraH CYIOKIHMK Aap3 WYHTa KWUpraHaa y Xoiaa p =¥ Yy
KaTTAIMrKAAry cUpTUii BOCHM BYXKYAra Kenaau. Y KpHCTALT HUKAPHCH-
ra fyRanraH Ba faps3HH vavhsaiian.
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Gup KYWHU 6unan KUMEBUI GoRTauull sHepruscuuu E opKalu
Genrunaiimna. Y aTOMHUHT yy sIKUH KYlWwHucKH G6op. Yuamana ynap
A. B, C atomnap. Anatom 10Kopura Kyuumiv OunaaH YHWHE 3HC
SIKKH KYLIHMnapyu ukkuta — B sa C atomsiap 6ynub Kosnaau. On-
AWHTM XONIATHU MYBA3AaHATHIT XONaT fecak, KeHUHrH XonaTHU (a-
OflaHUW  (aKTMBAAHMIL) XonatW Je®  aWTamus. V3-y3upaH
KYPHHAMIKK, Gaoniatuul YiyH U, =3E ~2E = £ 3Heprus Tanad
stunanu. Jlekun, daosnanmy xonatugary anatoMra y3oKpokaaru
KywHunap A sa D atomaap xaM Tavcup KM1aa. By TabcHp 3HEP-
ruscu 2E neb Genrunarica, aHAu GaoanaHWIL 3Heprusicu

Uy =3E—(2E+2E)=E-2E" (8.17)

Kypituviina udonanaHanu. ARMK xucobnap U,, = E/3=Hg/[20
KUAMaTHu Gepanu. GyHaa He- cybnmumauns (KaTTUK XMCM CUPTH-
AaH OYFnaHuL) HCCUKIUTK.

Cu, Ni, Ag, Au yuyn Hs moc paBuwmna 73.3; 114; 82; 60
KKan/M?n YHYa KaTTa OynmaraH KuiimaTnapra 2ra, OyHaaH
KapafnacTrad €.M.K natikapa CMpTMAa ajaTomaap XKyda XapakardaH.
AJPaKaTIaHTMPYBYM  Kyy, Macanai, TeMrepatypa [IpaaMedTH
Gyarataa ynap cupr 69itna6 wapuanapaad avMana® Gopami.

bowika kpucrannorpadmik (001) sa (011) Texncnmknapaa (cHpTIap-
Q) agatoM  Gunad CHPT aTomnapu opacumaru TYpT Ba  Gell
GornannwHK yauw sapyp. by Xomnapaa anddysuaqu daonnail IHCP-
TUSICIt KAaTTapoK 83 10KOPUAIH MEXAHH3M VCTVH GY/IMAcHIY MYMKHH.

Er, KUPHUIMA  aTOMNAPHKUHE cUpT OyitMya OUdPy3HsIaHULIN
YHYH ancopOmaHul sHeprusicy KatTa GyaraH Xodga ANATOMHWHI
KPMCTAMT cUpTMAarK aTomaap GunaH GORMAHMIUK LiyHAaKa KATTakM,
IOKOPHMAATH  «llap  ayMaiatl>  MexaHM3MH OyTyHnait  MyMKHH
Bynmaiinn. By xonpa AHDPYIHSL «E31myBYn rMaam»> 0eb atananuran
Mexa“”{“ Oyiinua Gopagu. Byhma Kupuiuma CUpT B¥iiMua KATTHK
thazana €itunn6 Sopaun (6y 8.3 6anpga KYpraH CYIOKAHKHUHE EAMAnG
OKHWH Xonuaaruck 6vman). Oxkibar HaTixacia cMpT MOHOATOM-
an KHMPHIIMABHIT Karnam 61tnan Konnauue KOMALH.

Xapopar optran caiinn ancopGraHMuiL  3Heprusicn KaMaiib
OPAAM, KHPHIUMA A2aTOMUHHHT KpUCTann cupryaary aroMiap

H BORIAHITI 3P isicln kamasian Ba CUPTHI MU GY3HSIHMHT

2 o)}

el HHE
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0ol MexaHM3MH siHa Yiua «lap AyMalall> MeXaHU3Mu 6Yaub
ONULIN MYMKHH.

Alcop6naHraH napaanap 6MpuMHYM HapbaTAa Kywid Aapaxana
CUPT XOCCaflapUHK Y3rapTvpanu, 6ab3u Xosapda XaTTo KaJvHPOK
CUPT SIKHHUAATK KaT/laMapra XaM TabeHp Kypcataad. AncopbaaH-
raH Qapaajap MIWKanaHMW  Kywiapura TabCUp — KWialu.
HMuwikanaHuHy  Tascvdaaiaurad  Ko3pohHLHEHT XxamMMa BaKT
WIUKAJIAHYBYM MYalsiH KKK cUpT XydTHra Ba ylapHUHI MyausiH
XoNaTMrarHa Taannyknn Gynany. HMwkanaHuwl Kod3phULIMEHTH
MIUKATaHUIE KYYHUHUHT THK paBHLUfary IoKka HucbaTura TEHTAUD.

Opnataa agcopBaaHrad fapaaiap MILKATaHWIL Ko3(pdHUMEHTH-
HY KamaiTtupagy Ba KATTMK >XUCMIApHUHI ¥3apo cUpRaHWLIWra
épaamnawand. MabAyMKH, MIIKATAaHUMIUHY KaMalUTHpMLS Y4YyH
Typin moWaap niLsiarwiagy. UKky xusl Moisap MaBxyd: FMApO-
JWHAMUK Ba uerapaBuit moitmap. ['mnopoayHamMuk MoHaap KanuH
CYPTUANG UKKU MEeTast CUPTAapUHU OUp-Oupura TeriuTHpManiy.
YerapaBuii Moitap, akCUMH4Ya, XYAa lonKa Ba MOHOMONEKYJAD,
XaTTO MOHOAaTOMJIM KaTnaMmiapaaH WGopat 6¥nann. byHna¥ napaa-
Jlap MeTajul KMCMJap opacuiari TYTMHMUIHU KamaWTupaau Ba Oy
KMCMIIapHUHT 6eBOCHTA TErMIUMILIUTG MMKOH BepMaiiau.

ALCOpOLMSt KATTHK XUCMIADHUHT MYCTaXKAMJIMK XOccaapura
MYXMM fapaxana TabcMp Kuhaau. MacanaH, KaTTHK XUCMHM [ap-
ManaraHaa xyanaw Oy MWHKW oconnawTupaay. byHnad aacop6ums
MYCTaXKaMIMKHW KamaiiTHpuit KYpUHHO Typu6an. Kpucrannap
nedopMaUMsSAaHUILIMHMHT cHPTUH akTWB Momnanap (C.A.M.) an-
copOnaHMuiM  oKMbaTula OCOHJAaRMIUKM XoaucacHMHHW PebGHHaep
adpdektu aeitmnanu. Cuptuil auddysus Tybdainy MUKpoaapiiap
Te3na C.A.M. Monexynanapnaad vbopaT CyIOKJIMK GUNaH TYIaau.
Cyloknukeus ¢azanapapo 3Heprust ¥, KPUCTan1-xaBo Yerapacuaa
aHMKIaHAaOM, CYIOKANK Gopanruaa Y, KpUCTAIN-CYIOKIWK derapa-
cupa  aHMKaaHaan. Arap Y.<y, ©ynca, Oy xonga KkpucTain
XYIaHraHaa sIHrM CHpTaap XOCHI OYIUIUMra SbHM XXUCMHUHE Y-
IUAMILMEA capduiaHaAKIaH 3Heprist Kam Talad KUaMHaau.

AncopbaHraH CYIOK/IMK /lap3 HYMra KWPraHaa y Xoida pg = Yi-Yx
KATTTUIMAAA CUPTHI1 GOCHM BYXXYAM Kelaau. ¥ KpHCTaUT HUKapHci-

ra WYRanraH Ba 1ap3HK V3VHIaiian.
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bapam Merawnap C.A.M. ‘Basubacuuy Gaxapagyd. Macanas,
cuMob napiacy GWiiaH KOMJIAHTaH pyX IUIaCTHHKAacH MYpT GYnu6
Konanu. TemMup cvM cupTvra YTKaswiraH Kalaliy mapjacu XaMm
XYM YIaHKAK TabCcHp KYpcatamu. -

By aiitwiran sddexktra Kapama-xapmn 3ddext Xam
MabJIYM-TYpJIH NapAaiap OWiaH KOIUIAHTaH KATTHK Xucmilap-
HUHT MYCTaxKaMJIMTH OPTHILM XaM KysaTwiagu (Pocko 3ddex-
TH). ByHUHT caGabu 1IyKW, CUPTHH Napla XUCMHHHT XaXXMHIaH
OMCNOKAUUSITADHUHE YHUHT CHpTUra YMKMIMHM Tycanu. LIIy-
HUHT YYYH DMCHOKAIIHSUIap KOMAaMH¥ OCTHAZ TYmiaHagu Ba Oy
KPHCTAIT MyCTaxKaMJIMTHHI OLIMPUINTa ONUO Kelany.

Ha3opat yuyH casosnap

1. Cupruit catx/1ap TaOHaTUHY TYIMHTHDHHT.

2. Kanpait cupTHil XONaTJIapHH Te3KOp Ba CEKMHKOp XomaTiap
mediunanu?

3. Cuprult TapaHIIMK TYLIYHYacH TabpHOUHN GepHHT.

4, Cupriit 3dbekTnapHuHr acocuit KYpuuMLwIapuHy 6aéH
KWIHMHT.

5. DNeKTPOHNapHUHT YUKUII MUY HiMa?

6. CHpTHIt HoHJAlIMIT HUMa?

7. AncopGeHT Ba ancopbat neb KaHmall Moaganapra airunani?

8. ®u3uK ancopbums HUManaH nGopar?

9. XemucopOuusa Huma?

10. Metajit cyioK 3pHTMa 9erapac SIKWHUIOArd Kyl MeKTPHK
Kar/aM Madno GYNMIIUHY TYIIHHTAPHHT.

11. Cupruit quddysns MexanH3MIapHHHY TaBCU(IAHT.
12. PeGunpep addexTu Huma?
13. Pocko 3ddexti HrMa?

Macananap

1. N, Aroranpo coHM KuiMatvHH K6, a Hu 3-10-8 cM 16

Xucobma6 (8.2) - (8.5) udomanap acocuga MomIap MaHXapacH
3Heprusck Up,, HU anuKiiaHr.
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2. Merann xpucrammm yuyH (8.9) udopma 6¥itrua mnamkapa
SHEPIUACHHM TOIIHHT. o =1.75, a, =5*10-8cM, n=3.

3. A= 120-10% amnep/m2x?, T=1000K, x=5 3B 63nrannza
(8.10) ucona 63U TEPMOINEKTPOH TYHHHUIL TOKH 3HWINTUHU
aHMKJIaHT.

4. (8.15) udoaa 6yitrga HOHIALIMIN AAPAKACUHH TOITHHT.

el; =938, x=83B, gl/ga =l/2

5. (8.17) wudonanan E|=31E sa E =33B Oynranupa aga-

TOMHMHT (haoJUIaHULI SHPTHSACHHY aHUKJIAHT.

6. IOHT c0$6=(0y-0yc)/0. TeHDIaMacunaH ¢oinanaHub, KauoH
CYIOKJIMK KATTHK, XUCMHHM X{JUIOBYM, KayoH XyJUTaMalnuraH
OVIMIIHHH TaXAWI KWIMHT.
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IX BOB
KATTUK XUCMIIAP JE@OPMALHUACH

Yuby 606na KariMK  OKMCMIapHUHT  AedopMalMsiaHKLU
KOHYHUSTNAPUHU KYPUO uMKamu3. byHaa KarTuk KUCMHH Y3IYKCH3
MYXMT fe6 Kapaiimu3. KarTHK KWCMHM YeKCH3 KMYMK 3appacu aeb,
aToM €KW MOMEKYJaNap COHW eTapinya KYm GYAraH yamyKCU3 KHYWK
6Ynaru Hasapna tTytunany. Tauwiky Kywiap UYKIMriga KarTHK XKWUCM
3appanapy MyBO3aHaT Ba3usSITAApaa Typanu.

3appanapHuHr ywly Ba3WMATIApDMHM XHWCM OuUNlaH  MaxKam
6oFnaHraH caHox cuctemMacy GouUIHAaH YTKa3sUATaH paguyc-BeKTOp
I OpKaly aHuKaimMu3. TalKy Kyuynap TabCUpHUAa KaTTHK XHUCMHU
TAWKWJT KUNraH 3appanap Ba3uATAapy, KATTUK XUCMHHUHT X:XKMH,
WaKNY y3rapaid, SbHU KaTTHK XUCM acdopmauusnaHaay. 3appa-
JIAPHUHT MYBO3aHAT BAa3UATNAPHAAH CHIXWIUMHKA & BekTOop GunaH
vdonanaitMu3. By BekTop cMKULL BeKkTOpM Ael atanand. Jdedop-

MAUMSINAKTAH XUCMAATW 3appa BasusTH I+ U BexTopu GWnaH
aHUKNAHAAK, CHIKUW  BEKTOPMHMHT KOOpAWHATa YKIapuaard

TAUIKMA ITYBYWNAPUHU MOC Xoniaa Hy,tyU- 6unax Genrunaimus.
Yy kartanukinap ymymuit X0J10a 3appaHUHT KOOpAWHATAIapyra
Ba BakTHUra OORINK Oyanun, abHU:

Uy =u (X, y.2,0) 1, =1 (X Y,2.0), 4. =X, ),2.1).

HedopmaLusiiaHran XonaTHK TYAHK Tasckdnal yuyH CHIKHL

BEKTOPM U WM  KoopaMHatanap (x,y,z7) HHUHT (YHKUHACH
KypuHHwna uwdonanaw sapyp. TylyRUll ocoH 6NN ydyH Gu3
Oy MacanaHu aBBal GUp VNYOBNHK, KCHUH MKKH Ba y4y Yn4oBIM Oe-
(hopMaunsinap Gunan KYpud uMKAMK3.
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9.1. bap yauosnu gedopMauns

Hedopmatius x MyHanuwaa 103 6epaérrad 6YICHH.
JedopMauusnaHrad Xucmaa Ax OpanMKHM TaHaab ofamus,
(9.1-yn3ma).

§ i£7) Al .
I 5 .
0 M N *
o , Ug AL +Aly
1 i ey i
0 M! N @
9.1- yusmda. Bup ¥avorau nedpopmalntsira ona.

Jedopmauusisanrangad cyHr M HykTa U macodara CUIIXUI-
oy, M’ BasusTra Ky4agyu Ba YHUHI KOOPAMRATACH XtU, ad TEHT
6ynaan. Bu3 TaHnaraxd Ax KecMa 3ca Auy, Kagap ysyHnawamd. [MN |
KecMaHMHr aedopmanmsacH aeranHma 6u3 Au, HUHT Ax ra Hucbatu-
HU, SIbHK Al /AX HU TylUyHaMK3. M HykTagard aedopmatius 3ca

Au, du

€=lim —t=—x 1
A\I;X__P“)Ax dx Sad

ndoaa GunaH aHUKAaHaIU. YMYMHUM X0J14a € KATTANUK KOOpPAHHA-
Ta Ba BakTra Gornuk 6ynagu: e=e(x,7). Arap e=const 6ynca, 6yHnail
gedopmaliMasu Bup XuHeau gedopmauys neb atananu.

9.2. Ukku yauoBau geopManis

DHAM Xy TeKMoankaary Ar kecMaHMHT JedopMaLUsiaHrIy-
HM KYpHO YnKamu3s (9.2- yuama).

KoopaunHaranapu (x, ¥) Ba paauyc-BeKTOpH r 6ynran M
HyKTa aedopMaumMsinaH cyHr M’ Hykrara kyyaau. M’ HykTaHuHr
paamyc BekTopW F + 1l ra TeHr 6ynanu. N HykTa, Moc Xonga, N’
HykTara Kyuaau. bu3 Taunab onraH kecma Aedopmaumnsizan cyur
TeKMCIMKAA MabiyM 61p Macodara CUIKUIAN Ba Au T2 Y¥3unaau.
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b4 N
____________________ o
Q aAu ‘V‘}
4 5 {,‘ AU
:\ A ///E |
_f _______________ s |
=31 [
=My i
N .~ H
———————— ;—" el I ! |
}_ay o rlf : | |I
______ M I I 2 |
1 I I I il
¥ 1 ax | | Ax | lawg
! e = |
o > —_— X

AX+ ALy
9.2- wama. Mxku Ynuonnu gedopMatmara ol

Au,/Ax Ba Au,/Ay KaTTA/IMKIAp A7 KeCMaHWHT X Ba y YKjiapuaard
NPOEKUMANAPUHHHT YY3UIMIIMHKA Oenrunaiiny. AMmo, Oy karra-
JI¥KIap MKKY Ya4oBny AedopManusaHy TYIMK Hdoaaail onMaiom,
AYHKH 4YM3MalaH KypuHUOG TypubaukM, KecMa YY3WIHINaH
TallIKapH, fHa MaIyM OUp Oypuakka Oypunagu.

Kecmanunr 6ypuwnniivay udomanam ydyH AF KecMara TeHT
KaTeriapu Ax Ba Ay 6¥nraH TYrpu TYprOypuakHMHr AedopManys-
JAHUIIUHA KYPUO YMKaMu3 (9.3- unama).

YusmanaH KYpuHKO TypHOOUKM, M'A’ KeCMaHWHT OypWIHIU

A
6ypyaru TaHreHcH igQ =——u’—, urysMHTAeKk M'B’ xecMaHHAHT
® Ax +Au,
Gypwimin 6ypuarn gy, Sy 6ynamm. Bus xuauk nedopma-
Ay +Au,
Uusviap GilaH yerapanaHaMu3, LIYHMHT YYYH Au/Au, nap Ax Ba
Ay napra uucOGaraH aH4a XMyuk Gynagm. Ax pa Ay Jap Hojara
MHTWIraHza (6yHaa Maxpaxiapaa Au,=0, Au,=0)

2 o, .,
W‘“-w“:a_xy=€;"' @I’-q)x’.:ay:&w
6ynanu.
Yinby KecMaHMHT 9y3lHILA 3¢a,
S au’r = Bu,
¢ aI » "o ay
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x
9.3- ynaMa. Bypnin aedopmalacuHy XHcobra oML,

KaTtamuiap 6unaH udonananagy. KOxopuna KenTHpWIraH Hgo-
panapnaH  doitmanaHub, A# HMHT TAWIKWI  STYBYMNADUHU
Kylupariya €3pd ONMvIMHU3 MyMKHH:

ou ou,

Au, =—LAx +—L Ay =¢g_Ax +€,A
e o y =& Y -
du, du, , G2
Au, = . Ax + % Ay=¢ Ax +€ Ay

Onarna nmedopmanusa KodbbHUUMCHTAHN Genrwnanga x, y, z
Ypuura mMoc xomua 1, 2, 3 pakamiapd MLLTATWIAOM, SBHHU: £,=€)1,
Epy=€12, E—Ey1- UlyHnalt KUnub, £y KaTTAIMKIAD A% BeKTOpY G-
Nlan Ar BeKTOPUHM OGOFIOBYM HKKHMHYH DPaHF TEH30p XOCHI

KWNaIu:
’ ' EIlE;Z
Ey=| , (9.3)
[51151;‘

By wudonamaru e, =¢,, &, =@, KaTTAMKIAD XUCMHUHT
CHIDXKUI AedOopMalMsICMRI aHUKIaiau. YHIAH Tallkapu, 6y xar-
TIUKIAD XUCMHUHr OYpWIMIIMHA XaM ¥3 W9Hra ojagu. Arap
XucM medopMauus HaTHXKacuia yrdamnapvHU ¥3raptupmMacaan
dakar Mabiym Gup Oypuyakka Gypuica, y xoinfa AehOpPMAaIHsa Tew-

30pH g = q‘mm] KYpuHHIA2 Gynagu. JleMak, yMymuit xomma
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€, TeH3opy cod pedopMalMsIAH TAWKAPM KUCMHMHT Xamma
KUCMJIapUHH GHpop Oypuakka OypwIHMLIMHM XaM Xxucobra ojap
sKaH. Yuwiby TeH3opaaH cod aedopmanvisi TEH30pUHH axpaTud
oYL YYYH YHAAH CHUMMETPUK TEH30p XOCWJI KUIWIU 3apyp. byH-
Ey +Ey

T

KYpUHUO TYpuOAMKH, €x=¢; WapT lokopuaard udona yuyH
faxapunaau. (9.3) ndoaanan dornananmb,

[l TEH30p XOCHN KUNULIHUHT 3HT CONA YCYNU €, =

lgeptoy.
6II E{SI: bs!l)
£, = -4
1o
E(Ez|+£|z) €
] -, P |
xocun Kunamus. by ndonama 5(62|+£|2)=612=£“=2_(p_’ STbHU
2

TYAKK CHIDKULL 6YPUYATUHUHT SpMUra TeHr. Yuby (9.4) uHhosa Ou-
JIaH HMKJIAHTaH MKKKMHYYM paHMIu CUMMETPUK TeH3op aedopma-
UHs TEH30pU AeUWIanu.

9.3. Yy yauosnu aedopmauns
Y4 YnuoBnyu XycM yuyH FOKOPHIAry aManiapHy Takpopiab, y4
yn4yoray napamnenenunel AebopMauuscUHM KYpUG YTUID MyM-
KMH. YHaa 6u3ra siHa GUp TalUKWILIOBYM %:sn K¥wuiaan Ba

MOC XOlJa CUIXHUINAPHM HWQOLaNoBYM TAWIKWJIOBYM Malio
Gynaau. By xonna gedopmauus TeH30pH

EIIFI]EIJ

£y = | ExEnény (9.5)
531812513‘

KypuHuuina €aunanu. By epaa g, €27, €33, MOC XoJlaa X, y, Z ¥KAap
6YHnua XUCMHUHT 4¥3Unuiny (KW CUKUIKILY).
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(9.6)

_Eq'j-

(0w, du ) |1
f“ :E;.. =] e i | =
= 2l oy

T | anl"anv_ e |
=T e ) 2
Jnap 3ca Xz, y¥Z Ba XZ TEKWUCAWKIap 6y#nya KUCMHHHT CHIIXHIL
Oypuakyapu sspMUIKD.

[ynnait kKunaub, KMUuK gedopMalusanapia KoopayHaTanapH X,
y, z 6Ynrad 6Gupop M HykTra arpoduiard XUCMHUHT dedopMalns-
NaHuwM aehopMalMs TEH3OPUHUHT ONTUTA MYCTAKW/ TallKWi-
JoBumMiapu 6uiaH udonanaHap skaH. Yuby TeH30pHU

& = '[BL+ Iy ] 9.7)

"2y, oy,

KYpMHUMIIAQ XaM €341 MyMKMH, ©OyHma ik nap I, 2, 3
KuiMaTnapru onaov. Jdedopmauus TeH3OpUHU CUMMETpHUAra 3ra-
JIUTU YHW codfa, SiIbHU OWUp WHOEKCIW KYPUHMILAA €3MIra Xam
UMKOH Bepanu:

(e, > E,.n=12,.,6)
EnEnéy £,EuEs
Ex =1, €xfy|; E,=|- && |
£ »dE;

= E \

Kuuuk 6yamarad uxtuépuit aedopmauusnap yuyH aedopma-
UM TEH30PHMHUHT aHUK, udogacu
1{9u, du,  Bu ou \
AP i TR I St PO
— 2{3\‘,( ax, o, aka 68

KypuHuwaa €sinanm. Knuuk apedopMmauranapna yuidy udomanu
(9.7) udona GunaH anMaAITUPULLE MYMKUH.

9.4. Kyujavuin TEH30pH

Hedopmannananmaran XUCMHUHE XaMMa KUEMAapu 6up-6upu
Outan MexaHuK MyBosaHar xonatuiaa 6Ynanu. XKucm medopma-
UHsaHFaHaa Yy MYyBO3aHaT Xonaruaad uukand. Hatuxana ywra
MYBO3aHAT XOJaT(1a MHTMAYBUH KYUNAp TabCHp Kuianu. Xucmaa
6upop regopmattsinanan 6ynakxu Tannad osamua. bynakka, an-
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6aTTa, TabCWUp KUAYBMM MUKW Kyuyjap naino 6ynaau. by kyunap
TAHNAHraH OYNAaKHWHL 103aCH OPKAJIM Tabhcup KWJalu. Y}”6y
oynumaa Qaxar o3a Oyihna® TabcUp KWAYBYM Ky4/lapHH KypH0
YMKaMH3. XaXKMUI Ky4JapHW (MacanaH, OFMPIMK KYy4W) xucobra
onvHMaiiau. Tabewp KWAaBTraH Ky4HMHT Wy CMpT lo3acura
HUCOATH MeXaHMK KyunaHum ne6 artaiagu. dedopmauusnaHrad
KUCMHHMHI MXTHEPMI XaXMMW CUPTUAA 3JeMeHTap 1033 axpaTub
onamu3 (9.4- unama). Y6y 1o03ara Taiuky GUpnvK HopMal /i BEK=
TOPHH YTKa3aMu3. YMyMHiA xolda
KYUNaHMIL BEKTOPW HOPMasl BEK-
TOp BuiaH OUp Xun HyHaIiMaraH
OynHIIM  MYMKMH. Arap Kyuna-
HHIL BEKTOPHM 77 HOPMall BEKTOP
Ortan YTKHp Oypyak XocKn Kunaca
(KMCMHHM  uy3yBuUM  KyunaHull)
OyHald KywlaHWll — HYHAIMLIM
MycBar aeb Kalysn KiIMHraH.

Kyunanuin BexTopu &, HM
¥3ap0 OpTOrOHAN yyTa TalIKUI
3TYBUN @,.0..G,, BeKTOpAapra
aXPaTHI MYMKHH. Y3 HasbGa-
THAA Xap 6P TAWIKMN ITYBYH- 9.4- yisma. Kyunadin TeH3opura ol
JAPHUKT KOOpAMHATANAp YKWOA YyTa npoekuusnapy maBxya. Ha-
THXada TYKKM3Ta KaTTanuk Xocun 6ynaau. By kartaaukinap Ky4-
JIAHHI TEHIOPHHM TAIKWI KWJlagu:

G102 Oy
Oy =|03 050, | 9.9)
05050y |

KyunaHnw TeH3opu xaM CHMMETPMUK TEH30p GYNraHIMIM TY-

Galan yHW ontuTa MYCTaKMn KaTTAIMKKA KEATMPME ONMIIMMM3
MYMKHH:

6,0,0, |
g, ={.0,0, | (9.10)
o,
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Yuiby TEH30p CMMMETPUSICH YHU AMAroHai X0/iarra KeATUPHIL-
ra xaM MMKoH Gepaau. by Xonaa Gapuya cuiaXkuma KywIlaHWLap
yKkonb dakaT AMaroHaa TallKWINOBYMIAD KOAAIM:

(6,0 0
0,=|0 0,0 |- (9.11)
_0 0 0,

(9.9) Ba (9.10) mdonanap Gupop HykTa atpoduoard MexaHWK
Ky4laHUIIHKA Kdonanaian. Arap 6Up HyKTalaH MKKMHYM HyKrara
yTranaa Ba BakT YTUILM OUNaH KywiaHMLI y3rapMaca, OyHmai Ky4-
JIAHWIL CTaTHUK KyunaHuil ned aranand. JlekuH yMyMu#, IMHaAMKK
Xonga KyuJlaHWLI BAKTHMHE Ba KOOPAMHATANapHUHT (QYHKLMACU-
amp.

9.5. Jedopmaiya OHiraH MeXaHMK Ky41aHHII OPAcHAATH GOFNAHALI.
Ymymnawran Fyk Kouynu. DIacTHKINK MORYLIApH

Jedopmanunsa Ba KywlaHWWHKW GW3 anoxuga KYpub UYMKAMK,
NEKUH, Oy WKKM KaTranuk OMp-6Gupura noum Gornukaup. bupop
HyKTa atpoduia KyuIaHWL XOCHI KWAMHca, 6y epaa XucM anbar-
Ta, MabJiyM Oapaxaza aedopMauMsiiaHagu Ba AedopMalMsIaHraH
KMCMAA (dJaCTMK XWCM Hasapaa TYTHUISATITH) KYUIAHUUL XOCHM
6ynanu. LlyHnali skaud, ywmby KaTTanukiap opacuia OOFNaHMIL
MaBxXyn 6y¥amMb, kuuuk gedopmaumdsiap yudyH Oy OORMaHULIHU
yMmymnamrad ['yk KoHyHM Aeb atanany Ba Kyiiwaaruda €3unanau:

T, =& + €, +C3E; H 0 €y HC 8+ E,
Oy =0 + 08y 085 + € F 08 HGoEy
05 =58 T Cp€y +0Ey + 08y + CcEs t €y l 9.12)
Oy = CpEy TCp&y +Cu€; + 08, + 085 + €
O = Cg & + CyyE; + CE; +Cy &y + CisEs + CisE
Oy = Coif + Caby T €8y T Couby 085 + 0 E
Yuiby udonaHu guckaua marpuua KYpUHMWIA €3um Xam
MYMKHH:

o (s

=

ey ©.13)
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6y epna n,m=1,2,3,4.5,6. Tenzop KypuHullia 83111 YYyH 3ca UK-
KUTA WHAEKC CakJaHULIW Kepak:

O = O &y (9.14)

(9.13) udonanarn iy KoahduuUMeHTIAP UU3IUKHH 31aCTUKITHK
Moayinapu ne6 aranaau. Yinby TEH30p XaM cuMmMeTpusira ara,
WYHMHT Y4yH YHWHT 36 Ta TallKWMIOBYMCHAAH 21 Ta MycTakui
KOMMOHEHTAra KENTHUPUIIKMU3 MYMKMH. OJACTUKIMK MOyK
MATpHLIA KYPUHHIIAA KyMunaruia €3nnanu:

1 €2 €4 CaiCsiCa
C21€22€32C0Cs2C0n

C1;Ca7C33C13C;: Cn
¢, = 1€ Clabe (9_]5)

C4C21C34C41CsqCos
C51C25C35Cas CssCos

€ C26C36Ca0CauCon

ByHnait KypUHWIIAQ TEeH30p Xe4 Kanaall cuMMeErpusra ara
BYnMaral MyXUTHWHT 3NaCTHKIMIHMHW XapakTepranau. Kpucran-
NAPAA CUMMETPUSIHWHT MABXYILIMTH MYCTAKW/I MOAYJUIap COHWHH
HamoWnwMra onu6 kejanu. 9.1-Xamsanma TYpAM KpUCTALT TY-
PYX1apH Y4YH MYCTAKMA SNACTHIMK MOAYMIApM KenTHpUATaH.
Bynna, anfarra, koopauHatanap YKy Kpucraninorpadmk yKnapura

HMCBATaH MabAyM GUpP TaHNAHIaH WVHaAMIIAa HYHaITUpUIraH neb
OJIMHANN.

9. [-yicadsan

Ne[ Kprcratn [Crimmerpin] Myctakin | Onactixank soayan | Kpuerana
CIHTOHHHCH TYPYyXit MOAYIA4P MATPIUACH HOMH
LOH 1L (a1co1)
1 1I 111 v v i ]
1} Tpukann Ci.S; 21 o PRI e
€3y Ca3 €y Ls | Kymopocit
€26
cnt
€34 €35 C36
€44 C45 Cya
€35 Cs6

Ut
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9. [- ycadsanHune 0aoMu

I I HI 1V v Vi
2 | Motiokmun | C3,Cyy, 13 €11 €2 €13 0 Mine
<6 Ocig
€22
€23 00 ¢y
€33 00 cy
C4qC4s5 0
Ces 0
3 | Pombik DikV 9 €11€12€13 0 CerHet
CaykDan Ty3u
€22
c3; 000
c33 000
Cyy 00
css 0
Cot
4 | Terparoron { C4,C4h €1€12€13 0 Llccanr
Cav 0 Cl6
c3 0.0 "¢
€13 (1] 0
cyy 0 0
Css 0
Ca6
5| -FF- Sy, Doy, €1 €12 €13 AMMOHHIT
Dy, Dy 0 0 Jnoupo-
cpy docdatn
€30 0 0
c530 0 0
cys 0 0
Cs5 0
Ca6
6 | Tpnronan C3, C3 Cy1 €12 €13 €14 —C€25 Honoaur
Ciq Cz5 O
¢33 000
cy 0 -cp5
Ca4q Cr4
X(cn-c13)
7| -FF- D3, Dj, 6 cppcppezcys 0 Q-KBapu,
Djq TYPMLTHH
€11 €13 7C14
0 :
C33 -
0 0 0
Cys Crg
X(en )
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9. [-cadsannune gasomu

[ 1l 111 v v VI
Texkearonin | Cape Dy 5 cipcipez 0 B-knapu,
Ce D 0] Kaansii
Cone Cov ciy €13 0 cynhdua
Dn 0 0
0 0 0
Cyy 0 0
Cy4 0
X{ey —cyd)
9 | Ky6uk T, O, Ty 3 €11 €12 €12 0 Wuikopnit
Ty. Oy 0 0 FULTOMA
ST KplcTainap
4] 0 0
(1] 0 0 0
cyy O 0
cyy O
L1 1 Cay

9.6. V30Tpon KATTHK KHCMHHHT 3JACTHEIHK MOAYIApH

M30Tpon MyXHUT YYYH 3NaCTUKIMK MOAY/UIapH KoopAalHaTanap
yKHra 6ormuk 6ynmaiiau. by aca

Cp =G5 =€y, €4y = Cy5 =€, = (6, =1 )/2 € = ¢y =€y (9.16)

OVIMILMHY TabMUHNAiiaE. JleMak, M30Tpon KaTTHK >XHcMIapad
$hakaT MKKITa MYCTAKMI SMACTHKIHK MOIYJIIApY MaBXKyld 3KaH:

A=¢.=g¢,

13

= ¢y, M=cy, =y =, Ba (9.16) ra acocaH,
€y = Coy =C5y =A+21

Yiuby ndonanapnarn A Ba p karranninaphu Jlams nouauiina-
pH ne6 aranaan. Msorpon KaTtuk XHcM yuvH [yK KOHYHH
Kyingariya €snnaniu;

o, =205, +2ue, . (i,k=1,2,3) 9.17)

By epaa 6=ey1+ete3; — xaxMuit KeHraitnin kosdbdHUHEHTH,
Ojx- KpouHekep cimBonn. DnacTUKIUK MOAYANAPH Cppy AehOPMA-
WHsaniuL KaHnait xapaHna onnd GoprnraHura Kapab agnabatik
B M30TCPMMK 3NaCTHKNMK MOAYANaphra axpaTaaad. Macanau,
TOBYIUHWHI TapKanuwl xapaéuugard gediopmalisiiit annaBaThHk
AedopMaLliist 1e6 Kapaw MymkiHH. Cekun Varapaanran nedopma-

LUHSLMapIM 3ca H3OTEPMHK HC(I)Op.\IﬂUH}UIﬂD 1cO OANUIMMU3 MyM-
KItH.
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9.7. Coana pedopmaluts B2 yrapaa TYPAH JACTHKAHK MOAYAAapH
opacuaary GornaHuw

HUzotpon  Myxutnarm comma aedopMauusiiapHd  KYpub
yMKkaMu3. (9.17) udonara acocaH, M3OTPON MyXuT yuyl [YK
KOHYHH

O = (A 42108, + A&y, + A&y = A0 +2pE,
0,, = A0 +2UE,,
0y, = A0 +2ue
3 HEs; (9.18)
O3, =03 =24E;,
O3 =03 = 2HE;
O, =0, =2UE,
KYPUHUILAA E3UNNILK MYMKHH.

IOKOPHHHI’H TEHrIaManapaaH ned)opMaulm KOMMOHEHTNAPUHHU
TOIlaMi13.

_2A+u)o, -Ao,, —4da,;

" 2u(32% +214)

A —A0,; +2(A + )0, —Aoy; . 9.19)
3 2u(3A +2u)

o ~ Ao, —A0., +2(A + @)o

i

2u(3A+2u)

Yuby udoganap oup KaHuya coana AcopMaLHsIApHH Taxiui
KWJIMLI WMKOHMHHM Depaau.

a) CTepXEHHMHF 4y3WIMILMHKM KYpub uMkaiinuk. byHma Kyu-
naHu Gakar cTepxed yavHacu Oyinad kyhiunaau: o, =0, =0,
Gowka Oapya TallKW KyunaHMwnap Hoira TeHT =k Oyaranma
o, =0.

(9.19) TenrnaManapaax

_ (At e Ac 9
1 nGA+2u) f2 =8 2u(GA +2u) 3-20)

IKaHANTHHU Tonamu3. KOkopuaary ndoaanapaad KVpHHHG TypuG-
AHKHM, arap cTepkeH x — VKM OYilMuya 4ysuaca, y Iy VKKa
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KYHAANaHr ityuanMuwnapaa () MUKW Kyuiap TabcMpHaa CHKHIAD
3KaH (£, £33<0).

€11 6unan o opacuaarkt Ko3hGUUMEHT CTEPKEHHWHT 3JACTHK-
JUCHHY BUMIMPYBYM KaTTaiuk OYaKG, yHra Teckapn KaTTaauK
IOur moayny ne6 aranaau:

g CGAt2au 9.21)
A+
¥ XoJaa
=2 (9.22)
R

Liynpait kunu6, IOHr Mooynu cTepxerHu u§smwira HiicbaraH
KATTHKAMTHHK  OunaupyBuu  xoadgguumentarp. CoH XHXaTAdH
IOHr Moaynu nedopmauusi Gupra TeHr 6yaraHgard (GyHIa KHCM
WKKW MapTa y3asau) KywiaHUINra TEHTAMD.

CTepXeHHUHT KYHAanaHr nedopMmauuscuHUHr Gyitnasma  fe-
dopmaunsicura Hiucbary TMyaccoH KoadpUuMeHTI a6 aTanadl.

E A
:F}‘-

e ¢ (9.23)
S o 2A+p)

11}

Typau mopmanap yuyn Ilyaccou koadbduumentn 0.2:0.5 opa-
Jikaa 6ynanu. IOHr Moaynu Ba TMyaccon KoaddiMeHTapH 1130-
TPON MyNUTNAPHHMHT 2NACTMKITHK XOCCANAPUHM TYAHK, HOOALIOBYIH
MYCTAKMT  KaTTaiuiiap XucobnaHanu. Jlamd KoucraHTajaapHHK
XaM yuiby Kartanuknap opkanu udoganail MyMKWH:

A =voE[(l+v, X1 -2v, )]".]_

(9.24)
H=ERI1+v))" J
Bausu 6up MOJANAPHHHT H30Tpon Xonatiapi yuvh L 1OHr

Monya, vo Myaccon xoaddmuesti Ba Vo CUKIE Moay.Lapit G
9.2- xagnanna KEATHPMITAH.

6) Bup xiHenu YY3MALLL.

: Snan nedopmaigis dakar x — yKu 6¥iinad nongan gapkii
BYran XonarHu K¥pub umkanus, Byuna yz
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9.2-xcadsan

Ne | Mognanmir nomu E -10-'°HFwm? vy G - 10-'% HFw?
| Bondpam 36.0 0.27 13.3
2 TMynar — 3 22+24 0.30 8.5+8.8
3 Temup 21 0.28 8.2

4 [ Mic 12.0 0.35 46

5 Kes 9+10 0.35 3.0+3.7
6 Oatux 8.0 0.41 29

7| Anomuamit 7.0 0.34 2.6

8 Kaunaii 54 0.33 2.0

9 | Kyprouun L6 0.44 0.6
10 | Ksapu 7.4 0.18 3.2

11 | KpoH ojinaci 7.2 0.23 29
12 | ®uiHT oitkacn 5.5 0.23 24

13 | Ynunnu 6.0 0.23 24
14 | Mys 1.0 033 0.4
15 | Tlaekchraac 0.5 0.35 0.15

TeKUCIUK 6Yiuua gedopmauns Honra TeHr O6YncuH: 20,
e=¢33=0.

byHpai nebopMaunaH1 YeKcHus H3orpon MyXuTia
TapKanaérrad 6yiinama akycTuk TYnKuHIap coaMp Kunamu. [yk
KOHYHHra acocaH, (9.18) ndonanapnoax

oy =(A+2#)E”,£32 =0y, =/18,, (9.25)
Hemak, 6y xonpa KyHaanaHr myc6aT Ky4JaHMLI Makdo 6ynanu.
DNacTUKIAUK MOLYIM 3ca
¢y =A+2u (9.26)

ndona GunaH aHuKIaHamM. (9.24) nboaanaH dponaanaruo,

e, = ERA+v)(1-vo)I™ (9.27)
3KaHAUTHHY TonaMK3. Oxupru udoganaH KYpUHUG TYPHUOMIIKH, vq
HHHT Xap KaHaai Xakukuit Kuiimaruga E£<cy; 6ynann. ByHuur du-
3UK MabLHOCH 1WJYHAaH MWOopaTkM, KYHO&IaHT AeDOPMAUMAHKHT
HYKIMI MyXUTHUHT X VKM 6¥ilnya uysunuIuMHY KMAMHAAWTUDaay
BA HATWXada MyXUTHURF 3heKTHB KATTHKINTH OLUAaH.

B) Cod cumxuLL.
KyunaHuill TEH30PUHU Xy TeKUCNUKAA CHIKMMA (€KH TaHreH-
unMajn) TaWKUUIOBYUCH O, =0, TabeHp KuUna€rraH  6yncuy.

Kosran 6apya TalUKMIUIOBYW HOJra TEHT. By XoJl ClIXHIU pfeg
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atanaar. (9.19) ndonanapoaH doinatanud, KyHuaardHy XOcui

KHUnaMH3:
a, 9.28
=&y = %“- ( )

OnniH aiiTnd Vrranumusgek, Aedopmaliidst TeH30PMHHHT 16'};
KOMMOHEHTACH Zy TEKHCAMKAALM CWJIKHLI OypuyarMHWHI SIpMI

TEHI: £, =(p_ TymuK cumkum Gypyarn 3ca
- i

2 5 :c'/“ ___O’% (9.29)

Llynpai kuaub, p cunkuin moayan G ra Tenr Ba y TaHreHLUH-
Al KY4 TabCHPHAA XUCMHHHE CikHil 6ypyardra TeHr. by moayi-
HUHr  fOHr  Moaymi  Ba  [lyaccon xoathduuueHtH OHnaH
Gornanuy (9.24) udonana KEJITUPMIITAH.

Yuwby udonagaH cumxim Moaynir FOHr mMoaynuaaH 25-3
MapTa KHYMK 6¥nuwu kenu6 yukamn.

r) Xap TOMOHIaMa CUKUWLL.

Ky6 1waknuparn xuuuk XaKMHM Tanisab onamu3, YHHUHD
€KNapu x, y, z Yknapura napannen HyHanraH GYACHH. KyGHUHT
XaMMa €kjapura KyGHMHP Mapkasura fiyranran (sapHu MaH UIH)
¥3apo TeHr KyunaHuw Tabeup KuncuH. Y XoJjna

St sy (9.30)

6ynanu. TaHrenuuan KY4lapHu Hoara TeHr ne6 onamus. (9.18)
udona Kyiuparu KYPUHHLUra Kenanu:

-p=A0+2u¢,,.
~p=A0 +2us,,, 9.31)
—p=A6 +2u¢.,,
£ =& =€, =0.

1Okopuaaru yyana TeHrNaMaHH KYwu6,

p=~(A+2p)0 9.32)

HPONAHN  XocHN  Kunamus, Oxupru  uhoma xap TOMOHIaMA
CHKUALL yayH [yk KouyHu 0e6 atanany.
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K =2+(u (9.33)

KaTTUIMKHKA Xap TOMOHAaMa CUKUUL KoddhdHuneHTH 1e6 atanaai.
(9.24) wudonanapnan ¢oitananné, yuwiby xosdduumeHTHn IOHT
monynu Ba [lyaccon koadydusiinenT opkamu Hdoaanaw MyMKHH:

K =EB(1-2v,)]" (9.34)

Yw6y udoaanad cHKUAMARAKMraH MyxXuT yuvH (k=e=) [lyaccoH
KO3 PpHUUMeHTH vy=0,5 akaHnury keand yukaou. (9.26) Ba (9.33)
Hdonanaplid Takkocnab, ¢py Ba K nap opacuaar GoFraHMIWHK TO-
AL MYMKHH:

o =K +( % Y. (9.35)

Xap ToMOHNaMa CHKWHAMWI HATHXacHAa XHCM 3HM4Iur Ap
Kanap Virapca, YHMHr HUCOItif eMKITHIL KO3 PULIMEHTH

5= L. (9.36)
P

udona ounald aHuKIaHagu. yk KoHyHMaaH Keinb YMKKaH xonga
yiby KaTTanuMkHy p Ba K nap opkanu udoaanams MyMKHH:

RN (9.37)
N
Cunxuur Moavar G=0 6Ynras MyxuTnap xaM masxya. byHaoad
MYXMT/IApra Maean OKYBYAHAMKKA 3ra GYAraH cylokauk €kH raanap
KHpani. VYnapHUHr anacTMkAMru ¢akar outra Jlams moumuiicH
OpKaTH aHWKNaHaay. byHaaid MyXWTHUHr Xap OHp aXpaTdarad
103aCHTa HOpMan IyHanran Kyynalulll TabCHp KUAaaH.

9.8. Knuik aedropManianap snepruscu

Kitunk aecopMauystnalran XuCcMHMHE AedopMalLisl HaTipkacHaa
ofifad 3HEprusiCMHH Toflamui. Jediopmalutsi HaTHXacHAa CHIXHLL
BEKTOPU U Kiuuuk du Kuiimatra ysrapcuH. byHpa Gakapuniran ane-
MEHTAP ML MUKW KYSNapHUHT du ra k¥naiTMacKura TeHr.,

Ou

d
Nykit KyuHn F, =
ox,

ra TEHrAMrugad
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dA :I[%q-’-*-}du, )V . ©-38)

Bynakna6 wnHrerpannaranumusga (9.38) wucoma KyiMaard
KYpUHMILTa Kenaau:

dA = [o,(du)dS - [o, i(aru, )dv. 9-39)
O,

HAedopmaLnsinaHrad xaTra MyXUT y4yH OUpMHYM WHTErpal
Honra TeHr G6ynanu. YyHKM, MyxuT w3acuga oy=0. MKKMHYM UH-

Terpanga L du,) = a—"‘— 9KaHJIMTHHY XHcobra onuo,
ox, dx,
o, |, (9.40)
dd =-[o,d — |av .
i ox,

KYpHHMWAA €3nm MymkuH. MuTerpan octugarn ugoza GUPIMK
XaXMOaru WYKW Ky4nap GaxapraH WIIHU Wdonanaian:

PR o
'3

) Unsukuii  gedopmavun YUYH Cj TEH30PHHHI CHMMETPHUK
6ynuwnmrupan doiinananpb, Kyituaaru
ou 1,8u, du,
Oud(=—)=0,d| —(——+ —+
T s 2 (¢3}¢"I dx; )_

udozara Kenamms. Yuaa xaxm GUpIUruaaru snemeHTap Ml yuyH
dd’' = -0, de, s
udoaaHun xocun KHUNaMU3.
Kaiitapysun agmabaryk ndedopMaumranaHuil XapaéHjiapy YYyH

t:)y MU Teckapy udoga 6unaH onuHraH WYKWM IHEPTUSHWUHT
Y3rapMiuura Teur;

=0, de, (9:42)

dU =-d4’=0,de, (9.44)
Ymymnawran [yx KOHYHHIaH doiinananmn6, Kyiinaaru
dU =c,,¢e,de, (9.45)
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HPONAHN XOCHA KMnamui. YHM WHTerpaiacak, 1acTuk aedop-
MaUMsNaHIaH XUCMHUHT MOTEHUHNA SHEPTrUsCH yuyH

U= f"’gzﬂ (9.46)

udonanu Xocun Kunamius. M3otpon Myxut yuyH (9.46) ndona 6up
KaHya cofiia KYpUHUILra Kenagu.

U= -’1—?— + UE; (9.47)

Oxupru ndonaHu (nedopmaiua Gyiiuua) auddepeHunaniara-
Humuzaa (9.17) udogaHu XocUT KUITaMU3.

9.9 TeH30KapUIHIUK X0JHCACH

VTKasruy SMeKTpUK  KAPIWWIMIUHUHE MeXaHuK aedopmauis
TabCUpUIA Y3rapUIIMHKA TEeH30KAPLIMIIMK Xoaucack e aranand. By
XolMca aHMKCAa ApMM YTKasruyiapaa SKKoJ HamoéH 6ynamn. [e-
(hopmalivsa HaTvXacuaa ApUM YTKasrMyiapaa 3apsal TallyBYMTapHHHT
3HEPreTUK cnekTpy, 3hdeKTUB Maccack, TaKMKJIaHraH 30Ha KeHMAW-
rM Ba Ooiika OUp Katop Katranukiap Ysarapamd. by 3ca gpum
YTKa3rMMHUHT 3TeKTPUK KapUWWIMIY Y3rapuluura onub xenaad. by
X0OMCaHM Baxosall yuyH Maxcyc KaTTanUKIap KUPUTHITaH.

4 1
P~y

=T
(-p)0y
HUCOaT GMNan aHMKIaHaIuraH KaTTAIMK — TeH30KapLIWAMKHUHI
oyiinaMa xo3adpduumeHTH EKM KyurmaHull 6yiiMya TeH30CE3THPIKMK
nevunand. Bywna pl!, nedopmauus HYKAMIMAArd COAWIUTHPMA

KapLUUIUK.
Medopmauns Gyinda TEH30CEIrUPAUK KO3DOULIMEHTH AeiHImH,

S=IM-E (9.49)
KaTTATMK KUPUTUILMMHU3 XaM MyMKuH, OyHnoa E- IOHr moaynm. Slpim
YTKA3rMWIADHUHT TEH30CE3TMPIIMIA METAIUTAPHUKUAGH YH — 103 MapTa
optvK. MacanaH, pg=0,1 OM.cM COMMIUTMPMA KAPLWIWIMKIK p - TYp
KpEMHUIA YuyH § TaxMMHaH 125 ra TeHr Ba METaul CUM TEH3OMETp-

napHukuaaH 60 MapTa opTUK,
Xo3npri 3aMoH GaHWM Ba  TexHUKACHOA TEH3OKAPLUMAUK

XoucacH acocuia TawépiaHraH KYIrMHa camapani TEH30MeTpiap
201
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Xyga KUYMK gedopMauMsiiapHy Yidaluna, CUIXMUIL, MOMEHTAap,
Kyuaap, GOCUMIApHMHT ce3rup ynuardunapu cudarmaa, HHcbaTaH
KarTa pedopmauMsapHd Ynyawga Ba 6oluka Makcamiapia KeHT
KyJnaHuMAaMoKa.

Canomlap Ba Macanajmap

l. Jedopmauus aeraHaa HYUMaHY TyluyHacua?

2. JedopmaumsinapHuHr KaHnai Typaapi 6op?

3. Kuuuk nedopmauusiap yyyH [yKk KOHYHM  KaHdai
Kypunuiaa 6ynagn?

4. Jlamd poumuiinapyu Huma?

5. TlyaccoH Ba Jlam3 gonMuitnapy Kasgai 6ornaHraH?

6. Wzorpon ontuH yuyH JlaMd HOMMMINAPHHH aHMKIAHT. E
Ba Vg KUMMaTIapu 9.2 — xaasanga KeNTUpIITaH.

Bup ynuosnn nedopmauus yuyr cpy tonmncuH (g11#0,

KonraH bapua g;=0), vo=0,35, p=3,5.

8. 9.2-xanBangaH doitnanaHubé K3OTPON aNiOMHUHWIA YYYH Xap
TOMOHJIAaMA CUKUAUIL KO3 DULIHEHTH K TONMUICHH.
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X BOB
METAJNJAP

Kaanmaan Metannap MHCOHJap XaéTMaa MYyXUM YpHH TYTraH.
®MaH Ba TEXHWKa PHBOXIAHMILMHY METANIAPCH3 TacaBBYp KWIHLI
KuiMH. Tabuarna metannap MUKIOp XMXaTAaH Kyn Oyiamacana,
YJAApHUMHT TYpRapu Kyn ydpainu. SneMeHTIap AaBpUi kaasanvaa-
ry 6u3ra mapnym 107 Ta KMMEBWN 3neMeHTaaH 83 TacH merainap
xucobnanaau. Merann cy3u oHoHuya «metallon» cy3uaaH Kesaub
YUKKaH 6Yan6 waxTa, pyda, Haiiza Kabu MabHONapHU aHLAaTain.

MeTtannap 31eKTP TOKHHM Ba WUCCUKIMKHM SIXIIM YTKa3anM,
3NEKTPOMATHHUT TYAKMHAAPHM SXIWYW KaWTapagu. YnapHHUHC Mexa-
HUK Xoccanapiga OouiKa KaTTUK XHMcMaapra HiucbataH 6Mp KaH4a
adsanauxnap 6op. MetaqnapHMHr 6y xoccanapu, YJIapHWHI MoJje-
Kyna (EKH aToMm) napu opacuioard GoFlaHMIU TabuaTuaaH, yaap-
HUHT KPHCTI MaHXapacH Ba 3HEPreTHK 30HAJapy TY3WIMILMOAH
kennb ymkagu. Kyn xonnapaa Metainap Xaxmuil ékM Mapkainiaig-
raH wkyGui Ba rexcaroHaa Ty3uauilUra ara 6yaraH, Mojekysa (EKn
ATOM)NApH  3MY  KOWJaWraH KPUCTALT  MaHXapacH  XOCHt
Kuaaaumap.

MervannapHMHI IOKOPMAA KENATHPUIraH axoWHO xoccanapw
ONUMIapHH ¥Yaura xanb kunagu. MetannapHu GuU3MK xocearapH-
HM TYLWIYHTUPHO OepyBuYM Halapusinap Ba Moaennap spatuiu XIX—
acp oxupnapy XX — acp GowupaH GownaHrad. Xo3upru KyHaa
MYMTO3 MONCANIApHHHT XYNUUMAUTH Tasabra xaBoO Oepmaca-na,
Gap3y MolennapaaH xo3upaa Xxam dodganaHud xennHmokaa. Lly-
HMHI YuyH XaM OM3 aacTaBBan sipaTWAraH MeTannap HasapKsiapu-
HM KMCKaua KYpHO YyTaMia.

10.1. MeTaAnapuHNT 31eKTPHK XOceanapu
MeTannap 3M€KTPHMK TOKHMHY AXWNH VYTKA3yBYU MOMIANAPAMP.

Mertann yrkazruynal YTaéTraH TOKHUHKT 3MYAMPM  YHra KYiWarad
3NeKTp MAHAOH KyYJAHTAHAUTHTA TYFPH NPONOPLHOHMT:
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7 el (10.1)

TIMK
By ndona Om koHyHW [e6 HommnaHanu. HponopuMOHaﬂTec_
KO3hbULHEHTH o COJMIITHUPMA 3JIEKTP YTKa3yBUaHIMK, YHIa
Kapu

L (10.2)

S5 -
KaTTAIMK 3ca CoNuWITHpMa IEKTP KAPUIWIMK Aeitunanu. MCTqu
JADHUHT CONMIUTHPMA Kapusinuru 10~8+106 Om-M Opaﬂ”"Ty‘_
KuiMatiapra sra. MeTannapHuur IEKTp YTKasyBYaHJIWTHHH -
WYHTHPHG OepyBun MogennapaaH GWPUHYMCHHM Jdpyae will
YUKIN.

10.1.1 pyne mozemn

Wurns dusuru XK. K. TonmcoH 1897 UM 31€KTPOHHU Ka;UMd_)
3TAM. by kawduér MONJANapHUHT TYpPJIH XoccanapuHH TVIUYH -
PULL YuyH KaTTa TypTku Gynau. OpanaH y4 1wun yrray, ﬂpya_
Y3MHHMHT anekTp Ba NCCUKJIMK YTKa3HIIHUHT K1aCcCUK(MYMTO3) H x
JAPUACHNK HWnab unkamu. Y6y Hazapusra acocaH MeTMﬂap};(i
3PKWH 3/1eKTPOHNap rasura 6oTHpuiran WoHnapaan x:lﬁopaT ﬂa-
TacaBByp KMAMHanH. YnaH Tawkap, Hasapus sHa Kyiunard ¢
Paanapra acocnasran.

a) DIeKTpOHNap Kpucrann 6yinab spkuH kYuub lopa oalu.
Ynap 3 XApaKamiapy AaBOMMAA KPUCTUI MaHXapacH TyryH/aph-
Aar¥ MoHnap Gunax TYKHawanunap. 6ra

SReKTPOHHUNT 6up-6upy OGunaH TYKHalryBnapd XMCO
OlliHManau.  Mkku TYKHallyB opacuaa 30eKTpoH HBbIOTOH
KOHYHHUra acocay TYFPH YH3UK 6Viinab Xapakar Kuaanu;

6) OnekrpoHnapHuHr METANI1 MOHNApH GWiaH TYKHaLIYBH OI-
Auit 3apsincus Wapuanap TykHawysuaek conup 6yaanm;

B) SNEKTPOHHWHr KKK KETMa-KeT TYKHallyBnap opacuiaru

\apakaTh yprava Bakth T KupuruiaraH Ba YHH 3MeKTPOHHHUHT
Ypraua 3pkuy lorypuit Bakty ne6 Hominaramu. DNeKTPOHHWUHT

BAKT GUpAurumary TYKHalyenap IXTHUMOILAMIK /T ra TeHr neb
OIMHTaN;

r) Baektponnap rasy TYKHauwysnap tydaiinu TERMRLALAMIE
MyBo3aHaTra kenany. Ynapuuur TYKHAWHIWKWAAH ONIUKHIH Ba Keil-
HHTH Teanuknapy ¥3apo 6oriuk amac.

i
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MeTamaari XaMMa INCKTPOIIap BHP X1l Yot e v sl
6y1HO, yrapHn Gup aTOMIH JJICL FAHICK TACHBBY KUIAIT ]

MeTann yrkasrHy yuaapHra dHCKTP KYWIMI YHusalias i
YHAATH 3PKHH  3ACKTPOUIIAD TapTHOCU3 MCCHKIIMK  Xapayii i,
OYnanu. Knaccuk(mMymTo3) (U3HKATIHHT JHEPIMAH I DPEAHIUK iz
paxanapu G¥itia TCHr TAKCUMOT KOHYlHMWIa acocal, Xap GUp
ICKTPOHTa TYIPK KeJyBUM YpTaua KMHCTUK 3neprug 3/2 vl ra
TeHr. ByHaan yprava Te3NUMKHM TOMUILMMU3 MYyMKHH:

3 3
KT 2 e (10.3)
2 2

Ba
kT P
| Ty = _H._ (10.4)
m
XaXM GUPAMrHAATH 3MEKTPOHAAP COHM st Fa TEHr G3ICHH, VHIa
3I]CKTPOHJIUD||H|‘ Xaxm 611[)}“’[[‘14[13[‘” KHMHETHK 3HEPTISCH

w, =§nkr (10.5)

Oynagy. Metauira snexTp MaitgoH KY#HIraHma vHaarn 3pKHH
3JICKTPOHIAPHUHI TApTHOCKH3 MCCHKJIMK XapakaTHra MailaloHHUHT
TALCHMP Kyyd HyHanuMaa TapTHOAH XapakaT KYIUWaaaM. DiaeK-
TPOHAAP FYPYNMHMHI OMp TOMOHra Kapa® CHJIKHILIM Ky3aTHIaaH.
DJICKTPOMMAAPHIIHT TAlUKKM 3JEKTP MAaiOOH TabcHpMaard 6vHiaii
Xapakatu apeiidy XapakaTw Ba XapakaT Te3nMri apeiid Tesmuk 1ed
aranagi. Tanmky Maiigold anektpoHra -e £ kyuy OuiaH Tabclip
KHJlann, 6y Kyu TabecupHia 3JeKTPOH

—ckE

m
Te3NaHHIU ONaaH. DAEKTPOHHHHMT HOHJIAD GHJIAH HKKH KEeTMa-KeT
TYKHaILHIIapyu opaciia onrad yprada apeitd tesnury

—ET

y=aT = ; (10.7)
m

6yllllﬂ —€ — DJCKTPOHHHHSF 3apsiiv, M — YHHHTI MAacCacH.
Mﬂ'bJIyMKH. MCTA YTKANWYAArK TOK 3HYANTHHN Kvitiaariua
C3HILMMI3 MYMKINA:

a =

(10.6)

J=-nev (10.8)
By epaa n — OHPANMK XAXMIArM JIEKTPOHAAp coHH. VY Xoaaa
(10.7) Ba (10.8) smyiiocabatian dofinanaHns,

([}
<
N



P L
J=".-Zg (10.9)
mn
ugonanu xocun Kutamus. (10.9) num (10.1) 6unan TakKocnab me-
TATHUHT
=
o= (10.10)
nm
SNEKTP YTKA3yBYaHIUIMHU TonamM3. Y6y udona €pnamuaa me-
TAINHUHT CONMIUTMPMa KapIUMAMCM p HU GwiraH xonga 7 HHU

AHUKNAIMMK3 MYMKUH:

_ _om m
T ——— = (10.11)
he npe-

P — HHUHr XOHa TeMnepaTtypacuaarM KUIMaTHMHW oanb, T HHU

Xucobnaranumuata =107 =10"¢ 6ynanu. DAEKTPOHHMHT
OPeAd TEINUTH YHWUHr MCCUKAWK TE3AWMIMARH aH4a KWMUKIUTU

Y4yH T HM 3pKuH torypuin Macodpacn £ opxanm Kyiugaruua
€316 oNMIINMU3 MYMKUH:

T="0/ug (10.12)
Oxupru MyHocaGatnan T M 6unran XONa Ba XOHa Temnepa-
Typacy yuyH (10.4) maH i, uu XicoGna (ur =107 a/c Gymamn),

—_ o
METANNNATH 3PKUH 3neKTpoHnap yuyH €=(1+10)4 GYAMWHHK

aHUKNafAmMu3. Kpucrann namskapacu WOHIapK opacHaaru Macoda
XaM aHa uly Taptuéaa 6¥numnHm sbTUbOpra oncak, Apyne Moaenu
Kya AXWM HaTHXara ofué Keiauliura WINOKY XOCU KUAamH3.
Bupok nacr TeMnepatypanapaa HasapHa OuMnaH Taxpwba HaTHXa-
Jlapu 6up-6upunan Y30KNAWNG keraau. Taxpuba macT TeMIcpary-

- o o
panapaa 7~ 10° 4 ra4a Ba XaTTo To3a HaMyHajapza 108 4 =1cm
6YnuiMRK K¥pcatann.

By xonnu Hpyse wazapusicn €épaamMMAa TYLUYHTHPHLI KHIAHH.

SHAN T Huur TeMnepatypara GOFMMKAXTUHM KYpami3. (10.4) Ba
(10.12)napnan

= TJ_}:"’_T_ (10.13)
|
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yHi (10.10) ra xViicak, KylMaary HaThxara KeiamMus:

s I I (10.14)
3kTm
1

Kypuuub Typuéauxu, Jdpyse Momenuaa YTKasyBuaHIWK o~ T 2
3KaH. Taxpubanap 3ca ¢ HMHI T°! ra npomopULHMOHAINTUIMHA
K¥pcaTaau. by XaMm MeTaapHHT yuioy MoJenu
KHAUHYUAMKITIapUIAH GUpUIND.

Hpyvne HazapusichHMHr aHa ©OWp 1OTYFM yHu Buaeman —
®paHU KOHYHH YUyH TYFpW HaTlxara onu6 kenuiudavp. Taxpuba
ycynu 6unan 1853 finnga aHuknaHraH Buaeman-@®paHu KOHyHUra
Kypa, MeETAMIAapHHMHT MCCUKIWK YTKa3yBUAHIHMK KO3(hGDUIIHEHTH
YAQPHUHT 30eKTp VTKa3yBYaHJAMIHIa HMCOATH Mablym OMp Temrie-
patypasa 6apya McTasnap yuyH OMp XM KMfimMaTra aranup, sibHU

R/o=LT . (10.15)

bynna L y3arapmac con 6ynu6, yHu JlopeHu coHu ne6 xaM ata-
naau. Yiwly KOHYHHW TeKWwWpub Kypuiu yuyH Jlpyne Hasapusicura
acocarnai6 Jlopedll cOHMHM KeaTupubG dukapamus. busra o
HUHT  KYpUHMIIM  MabayM. [JleMak, METaUTHHMHT  HMCCHUKJIMK
YTKa3yBYAHAMTMHM TOITHIWKMMMU3 Kepak. Tauprudra K¥pa, HCCUKIUK
YTKa3yBYaHIMK OGUPOP XHCMUArH MCCCUMKIMK OKMMMU 3UYJIMTH OM-
NaH TeMriepatypa rpaalieHTH opacHaard 6omaHMul Ko3ddpuumeH-
THONP.

g=—RVT . (10.16)

ByHaa q - MCCUKAMK OKUMH 3WUJIMCH, SILHM BaKT OHUpAUrKaa
OUPAHK 103a0aH YTaéTraH MCCHKJIHK MHUKIOPH,
df" - o7 - o7 -
VT=—:+r—_; e k = gradTl (10.17)
dx dy d=
3ca TeMrneparypa rpagHeHTHAWP.

X HU TOMMUII YHVH yunapula notMUi{l Temnepatypanap dhapxu
MaBXya OynraH MCTa/UT CTEPXEHHW KVPHO UMKANMK. X — YKUHHA
cTepxeH y3yHack OVitnad fiyHanTupamuis. bynnait crauronap 6up
ynyosnu xon yuyH (10.16) udona

{T
g=-x8 < (10.18)

dx




KYpMHHULLTa Kenaan. CrepXeHHHHT Typnln HyKTajlapiuaa TeMnep:;;'ES
TYpKHYa BYArany yuyH 3MEKTPOHHUHI ¥pTaya WCCHKAMK 3HEP b
KOOpAMHaTa Ba Temnepatypara 6omiuK 6ynamn E=F (x, 7). CTep"rraH
HMHT OMp yuMnar X mMacodana XoiinalraH KeCMMH OpKati yme6u i
HCCUKJTHK OKWMHUHH XucobnalimMu3. By uccHxiuk OKHMU BaxT ei-
JIMriAa KECUMHUHT Yar TOMOHMOAH YHI TOMOHMra yraérraH ?HraH
TPOHNAp 3HEpPruAck OuaaH YHr TOMOHAAH 4van Tohjl(‘)HI‘a Yrae’gap—
SNEKTPOHIIAP 3Heprusick dapkura TeHr 6Ynanu. Tox HyKIrn Ha o
A2 TYTUATAHW YYyH 3fieKTpoHjap COHU, anbatra TeHr OYJIMILH
Pak. ¥ Xonaa HCCHKJIMK OKMMM 3USJTHTU YuYH

g =-C,ATAV /SAt (10.19)

udonanu xocun Kunamns. ByHna C, — Xaxm y3raPM:IC_
OYNraHparH MeTanaHuHT HCCHUKAWUK cUrHMHM, AT — cTepXeHHH
Ax ra TeHr 6YaraH macodanaru MKKM HyKTacu opacHaaru TeMIie-
paTypanap apky Ba AV cTepXEHHMHI Y3YHJMIH AX 6yaranaaru
XAKMH. AX HH HOATA SIKHHAAUITHPHE (Ax—0), x HyKTadaru Kecma-
naw YTa€TraH OKMMHU TONaMK3:

dT _ dx dT 10.20)
= -——)—dx=-C, v, —dx . (10.
e o

" =T
OPKHH torypui Macodack KHuMK GyiraH xosiapaa dx=Vv,
Ac6 ONHWHMH3 MYMKHH. YHAa

q:_cv‘,gf% (10.21)
Bup yavornu xonagan Y4 ynyoBauMK xoara yramus. by xonna
e l],: (10.22)
‘3

Ba dTldx Yprura VT ésunany. Haruxana

1
q= —-z—(,”‘.v% VT (10.23)
MyHOCaBaTHH xochn Kunamus. Yiu (10.16) 6unan Takkocnab Mc-
CHKAHK YTKa3yBYaHNUK YUYYH
0 _ 1 -
R ESD (10.24)
5 >
ndonara sra 6ynamua, By MyHocabar Merainapaard DpKHH 35eK-
TPOHNIAPHUHT HCCUKNMK YTKA3YRYAHANK KO(MOUUMEHTHAMP. DHIH
JlopeHu connntm Tommmumus MymkitH.,

208



R - (',.Inv-;z-

p (10.25)
o ne
(10.5) ndonanan C, H1 Tonamus,
1 3
a, =(—a?—_*),. =§£‘n (10.26)
Ba (10.3) H1 xucobra osraH xonaa,
-
i::‘_fi] 7 (10.27)
o 2[ e
HI XocH Kunamu3. Y xonna JlopeHu coHu yuyH
)
oS 7
L=—==|— 10.28
al 2 { e J ¢ )

KuiiMaT kenub uukaau. YHH Xncobnacak, L=1.1110-% Br-Om/Kn?
Gvaanu. By kuiimaT TaxpuOalard HATMXagaH MKKM MapTa Kaa.
Llynra apamaii yw6y Hatuxa Jpyae Momenu IOTykiIapHaa
XicobnaHagM, uyHku y JIOpeHLl COHM MeTamnapHMHI Typura
OORINK IMACTMIHHIM TACAMKJIANAN.

10.1.2. Meraanapaa Xomn xoaHcach

Mertann  yTKa3rMUHKM  YHAArH  OKaéTraH TOK HYHAIMWIMTa
Kynpanaur  fiyHairad  MardMT  MaiigoHra  KoisiawTHpcak
YTKASTMYHMHET 6H TOMOHJIApWiA MoTeHUMannap ¢apku mnaiino
Gynaun (10.1- unsma). By Xomuca Xoan Xoaucacit 1¢6 HomaaHagH.
MabaymMKH, MarHnT MailloHAa XapakaTnaHaéTraH 3apsuuld 3appara
Jloperu kyuit TabcHp Taau:

By e
Py =:’U'H]. (10.29)
Bynpa 1° — sappa TC3UIH, H — MarHuT MaitaoH KyunaHraH-
JIMTH, g — 3appa 3apstad.

MeTans yTkaaruulard 3pKHH 3MEeKTpoHapra

F=- i—’_lfl?] (10.30)
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Ky4 TabCHp 9TaAM Ba Gy
kyd 10.1- yiamanary Xo:
yiyH y — Vku 6¥iinab
iiynanrad. Hatuxana Ha-
MyHauMHr ¥ — YyKura
KYHpanaHr €xjapiina 1mo-
TeHuMaiap Gapk  By-
Kyara  Keaaau. Xocun 10.1-virsaz. Xoaa xoanciacira oni.
BVAraH 3NeKkTp MakaoH

KYSNaHTaHAHCH YTKASTHY-GATH TOK 3UHAKTH BA TAtllich MArHHT MaMaoH
Ky4AaHraHaurura nponopiumoHan oyramm:

E=Rylif]. (10.30)

By udoaanarn R, — Xoan xoddduuenTi 1e6 aranaaun. Apyae
MOZEJIIITa ACOCHaHTaH X0a1a X0 Ko3p@uUHeHTH yiyH

;B (10.32)

el
ndona oauHrar. By uarikara kipa, Ry HHHT daxat serajinapaaru
3apsL TALYBUWIAP 3HWIMCKFa BOMIMKIAUTH Keand YHKadt.

Kyn MeTannap yuyH RacT Temnepatypa Ba Kyt Mariur Mait-
nonna (10.32) ndopa TaxpHba BiTaH MOC KelyBUM HATHRAIAP Ge-
pann. Ammo, 6olUKAa XOAnapia TCMepaTypa Ba MarHuv MainoH
KY4IaHTAHAUIMFa BOFMHMK 3KaH. Xom Koa(HUMEHTIHH GuJira
X0J1a NACT TeMMepaTypanap yuyyH Meramlapaart 3apsil TalyBin-
NAp 3UYANTHHHM X1icoBiab TonuiuMMnU3 MYMKHH.

10.1.3. MeTaanapuuur Jlopenit soacmi

MeTannapHHHT KIaccHK MoiennapHaH siHa Oupi 1905 nnaa
3BAOH KinuHran I, A. Jloperu MoaeHaHp.

Yw6y monen Jlpyne MonenifaH acocaH KyiHaarmiap ousaH
hapk kuramH:

a) METAUIIATM 3PKHH 2neKTpoHnap Tedhikiaapy Makcsel
TakeuMmotHra (2 6obra k.) 6yiicyHanu Aed oJiMHAILI,

6) anekrpoHaapuuHr apeiidy xapakaTHHM HhORANAINLA bosu-
MaHHNHT KMHETHK TeHmIaMacihiaad doitaanadHaaan.

SHal 6y Moxenra acocnaHMb METaJJapHWHI JJieKTp Xoccana-
pHHit K¥p16  gikamns. Tawki 3HepreTHK MailaoH #vinuriia
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SACKTPOHMAPHHNE  Teaamkiap  OViliua  MakeBejin  TaKCHMOoTH
(yHKLMSICHHN

3
. grp T =
! il ‘r”-/“r”’: i ”{.;...ﬁ.}] exp

2TTR

.—er‘: # V"]- +K.‘1)
4, T

v av. (1033

KYpHHMWIAA 8316 onaMis. Boslmas TeHmraMacHi CoLnanainTi=
pUll YMYH MeETanaHi M3oTpon Jich Xicobnanimin3. byHaait xoiaa
SMEKTPOHAAPHHHT  TaKCHMOT (DYHKLHsICH  f, XaM jiVHaTHuIra
(sioHH KoOpMHMHaTaRapra) Gorauk Gynmaiind. Metaanra OHpP KHIHC-
A E 3MeKTp MaiinoH KYSMH3. DNCKTPOHAApHUHT TapTHOCH3 He-
CHKJIMK XapakaTil TesqnKIapura 6up ToMoHra iyHairad n?emb
TEIMMK KYWWAAOM, HaTixAAQ f NaM y3rapaan. SNeKTp MaiioH
KYIITAAAN KCHMHEN TaKCHMOT dyiKLusicl / T Bakr BViintia
XOCHAACHHK OJaMMu3:

ﬂzfa_f'] ; ’L’] _ (10.34)
e\ arfy o)

bupunyi kynaysun  f HUHC 3ACKTP MafiaoH TaLCHpitaa
V3IApUILMHN, HKKIHUHCH 3Ca f HHHE 3HEKTPOHAAPHHHT HOHAAD
GlIaH  TYKHaIMWY Xucobura yarapuuivHy Guaampaiit. J HuHT

KOOPIMHATANAPra GOFTHKAUFMHKM XHcoBra onMaiMiI3. BupuHyi
KVUIMAYBYITHI GOLIKAUAPOK KYPUHIHLUTA KEATHPHUIMMIS MYMKHH:

U (VU ) [(=eE [ﬂu} (10.35)
a )y —[ or lE)V L m ar

GVHKH I = ar = = .2
m

{ XocHaH

—al—\ L)/i GisaH anMawTHPI-
ar | v

‘(
\
aaau. Cababn: f, = .

Te3nUKHHIT TYKUAUIMILIAP XHCOBHTA Y3rapHuiiHit 9CKT
NAPHUHT SEKTP MaliIOHAATH TE3NAHHWIN MYBO3AHATAANLL.

poH-
Lly-

HUHT YSYH Jlopeniy \%"—} KATTAIMKUH (f = fo) T Tyrpu nponia-
\ Yl Jr
nuonan 6¥nann ne6 raxmui Kutain:
). sl (10.36)
a

T,



OyHua t, — penakcauns BakTH 1e6 atanagn. Yw6y udonanapaaH
2MEKTP MalOHAa XapaKkaTnaHa€TraH 3pKWH 3JeKTpoMIAp YUYYH
BOnUMaH KMHETHK TEeHrTaMAaCUHH XOCIIT KUIaMM3:
S E(Yo), [So (10.37)
o m Lal/ ] T,

ONeKTp MaiinoH TabcupHaa Jo Apeid TesmnrM AYHAIUUIH
Oyitua 6Up 03 CUIXMIIAN Ba yMYMaH oNraHAa LIAKIH xam 6Mp 03
ysrapanu, siHu Aedopmaunsinadany. JlopeHU KHYUK 3AeKTp Mai-
AOHNAp YuyH f, HUHT CWKMIIM YpTaya Ksagpar Ve TE3MNKKA
HUCGATAH aHYa KHYMK GYIMLIMHU Kypcaragu. UlyHuHr yayH f,
HUHT feopMaliMsicuHi XaM XMcobra onMaca Xam 6ynaau, SLHH
MEKTp MaiAOH Tabcupuna Yarapmaiion 4e6 xucobaaliaiu.

Metannra kyitunran goummii 3NCKTP MalifoH 1, ra HucGaTaH
Y30K BAKT TaLeup 37ca crauioHap XonaT kapop Tomagd. MyBo3a-
HATHMH X0NaTia TakCUMOT (yHKLMsICH BakTra GOFIliK OYaMaiau
(Y¥3rapmaiinn):

I . (10.38)
or
Y xonaa (10.37) nan doitaanasné crauMoHap Xonar yuyH
Fetye (’ £z Iaff) (10.39)
m av

udona onamus. Bugn J MeTannmaH JOMMMIE TOK oKaCéTraHaard

SNCKTPOHAAPHHHI Te3NMKNap OyiiMua TakCHMOTHMHN OGHIZMPalL.
Matigon x — yKM Oyitnua fiynanran ne6 oJIcaKk, TOK 3MYJIMIH YYYH
Kyliaarumm éspmmmis MYNMKIH:

= —_J’ul'i\fdl'f\'dlfv dV= (10.40)
byHaa f Hunr ypuura (10.39) 1 Kyfica!(
Iy ==flev foaroar, ar.]- [erx £ f" D9 qyxdydv - .
Y6y udonanmnr Gupmmu Kymmxynqucu Honara Teur. Jemak,

Iy =—j'i (—):l!" dv,dy. (10.41)

nr
(10.1) 6unan (10. 41) mit TakKocnacaxk,

(L8]
(3]



_r" g "f“ AV dvdv. .
i

Peaakcatlitst BakrHi PRI 100YPHITE sacodoci
KBAAPAT TCINUK | opKaiit Hhodaiaitzins:

) ’
J
> [ty ok
17, = =1 oranAnrniug Xiseobra o1caK.
2
el 9
= j [) dVdV Vs
m A

(10.42)

! sa ypraya

(10.43)

Bynugary o1 17 dV72 HIGIT YPULTE TC3ANKIIAp  (pa30ocHanry

AV Kannpgnkaar cepiK KaTaas N S KVITTHTHMIE My-

Kitll- Cheprik kariaan xaxsmi 4l “d1 ra tenr G¥aan.
2. oo F -
dge= pwo o Y L
= T ===t}
3w (R L

MOy tirrrer paann xeodnad.

Azl

4
32mmk 1)

Yuiaa

(10.44)

(10.45)

HaihAKara apmnasigs. by ndoaa  pyiae svoaeanmarit o il

LO9 gynaiirysa S hapk, K. Kipiid rypidaniki.

ﬂO[)CHH MOIEIT ACOCIHIAL MCTALTIapHHITT DACKTP VEAZYBUQHANTIL VHVEL
NOCHI  KILUBIT a1 HariiKaMu3, QLA llpy;[c HA3apHSICIHEHH KT

Ostaaan AAestiine SHp A IKAH.

Aopeniy  voceanra acochattiG  METWIAPHIHT  HCCHKIK
VERABYBUL AN HeoBHaratimMiisia,
i JN P )
N == /. (10.46)
S ILPVIIe patreaac /i Y MAp Y KHYHK MYHOCaDara Keasil.
Moc wosita J HIT COME XaM VY Mapra Kk oviani. Joperiit
MOACHITA acoc 210 KOADDIIHCHTHHN TONCAK,
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Ry :{i] ,(10:47)
Sie .

Hatwxanap wynn kypcatammki, 6y okoptaa Gaé KMﬂ;:H:'gj
HKKH  KJIACCUK(MYMTO3) Ha3apisiap METUIAPHIHE JIEKTP m; 6ip
CHKIIMK §TKA3YBIAUTHKARPH, X0 KOIGOULEHTH yayH aesip. -y
XML HaTHKatapra onnd Kenaan. Kiacck(Myaros) HasapHsinaj -
chiia  Buaeman-®pany KOHYHM,  nacr TcA\mcpaTymﬂaPI’rf ]
VIKA3YBUAHIMK Ba Gab3i KOMYHMSITAQP B KATTANHKAAP yayu T}i“?ﬂ.
Hdonanap xocun KunmHaay. Jlekun, Oy Hasapusuiap Mel a.nnaf)mH”
MCCHKNHK  CHFHMMHY, 0KOPH MarHHTHK anrLu_'lpyls‘h"”‘f"l p H“‘
mycbat Xonn koadipuuierHTaapuuL Ba Gourka Kkyn ,)"Oﬂlvlc‘lg 4?1'|H
TYWYHTUPA onmac 30H. KBAHT mexaHmkacH naiiio 6lele““ . K:”'n
KATTHK  Kkucatapnarn  taxpuGana Rk L "f),'lm BT~
XOIHCANAP Y3MHUHT TYFDH TATKHHIHM Toman. KaTTHK KHCM 1;1110
HIHT KBAHT Haszapusicura acocnaMrad sHrM Mojeisapi [1a
6yna Gownany,

10.1.4. Metannapusur Sommepdenn mopennt

3omMepdenn  moaenuHIr KJaccik(MymTO3)  Moacinapaad
acocaH HKKUTa thapkH Bop. ]

301\1Mep(])en§) METANNAAT  3NCKTPOHAAPHHHI TC'JJ]HI\JIEIP::
6¥linua TakeumoTiHK Depmu-itpak craTucTiHKacH TabpHQaaia
Ae6 onanu (11 606ra Kapaur), vl

3ommepdens METannapaarn s3pkiH saekTpoHnap yuyyH [lay
NPHHUMIK GaxapHanmHy KypcaTamin. Maynn npuuunnira aco-
Cat xap 6up snepreTuk catxaa 3HEPTHAIapy TeHT, JCKHH cmru’m?-
PH Kapama-Kapuiy it§ianran UKKHTaAaH OpTHUK 3JICKTpOHIap Xoli-
Jlalia onmajiany.

3omnepdeng Hasapusicuaa 3nexTp  §TKA3yBUAMJINK  YUYH
Kyfinmaru ndoma xacun KHTHHADM:

2 oo | Rl \
o= dml T, ZT Yo }ﬂf = ;;E[ %Jm (10.48)
3m-

3m ar
Bytua takemor dyixisicn Jo rn Depa-Mipax Takctimors
2 3.
Soey =D ey (10.49)
mi? =5 )
expl —-— Ly
i 28T |
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KYpuHMLina onamis. bynnarn E. uu Mepmn sHeprsicd geb ara-

Jlaau.
AE) aca E — o>HeprusiM CaTXHMHI 3MEeKTpoHAap 6uraH

TYAraHIurd 3XTHMONAMIMHY OURAnpYBuK dyHkumnsaup (11 6obra
KapaHr):

: I
A e (10.50)
E-Ef
vy RS fh
kT
2E
(10.49)Hu (10.48) ra kysimu3 Ba V (EP=.]— pan ¢oiiga-
m
NaHuo,
—2e%m T A(E) ), ~ne? TAE((E)NN,.
= — |1E IE = — i (10.51)
37r2h"[[ [ L ]t m!'z([;',.)gl— ( 0E J‘
MyHoca6aTHH onamu3. ByHaaru
IE [ a}{E)
JE =I(E 2
jE! > J (Er) (10.52)
KaTTaNMK JHeprusicu E ra TeHr GYraH 3/MeKTPOHHUHT Yprava 3p-
KMH  forypuil  Macodacuu  6ungupanu.  Yuma  snektp

YTKA3YBYAHIIHK YUyH

X nezl-(E/: )

ml’ (Er)

vudonary  xocun Kunamii. 3ommepdenn Hasapuscura acocaH

IMEKTP YTKAZYBUAHAWKAA XaMMA 3JIEKTPOHNAP KATHALWIMAlAK, yHAa

daxkar DepmH caTXH SIKUHUAArY 3JEKTPOHIAPTHHA KaTHAllA ona-

Auaap. DICKTPOMMMHT TE3MTH XaM SHAW HCCHKIMK XapaKaTy Tes-

aury aMac, 6anku MepMu caTXMoar¥ 3N€KTPOH TEITHTHM ONHHAAH.
Vpraua apKHH 1I0TMPHLL BaKTHHH KMPUTAMM3:

T/u = i(EI )/V(EI) : (|054)

VHAA 31eKTP YTKA3YBUAHTHK

(10.53)

:
¥ ne- ‘[",
==t (10.55)

Kypuiinaad 6y wdosa ONAHHIMAAPUTA ¥XnIacana, nekuH GyTyH-
Aail GoliKa  KHiMatra TeHr OyiraH KaTTandkaup. T, Pepmu
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CATXHAAT NEKTPOHIAPHHIE MKKU KETMA-KET TYKHALHILIAP opa-
CHIATH VYPTAUd IPKUH OTYPHIL BAKTHAMP. JoMaepdens NCKTP
TOK, YTKa3IHLIL KATHALIYBYH 3JIEKTPOHAAp COHH Npyie mopuei-
Dari OpKUI ASKTPOHAAP COHHAAH aHYa KHUMK OKaHIUCHHN
k¥peatiid o, VinGy Hasapusia JlopeHu coHn yuyH

=ik \ =244-1078Bm Ou/Ki? (10.56)

[=N/oT=" =
b | £ I
KiiiMaT onnnai. By Taxpubagari HaTHxanap GuiaH Moc KeJaau.
Xoan kod(phuuneHTH YUYH 3¢a Kyiniard mMyHocabarra Keya-
MI13.
By = (10.57)
ne
1 3neprisicit Fy ra TeHr 6¥Arad 30eKTPOHIapHHHT 3MUTHIH. 3oM-
Mepdenin HasapusicH MeTanaapHiHT MH3MK XoccagapHHi TYWYH-
THPUG BepuiiLa siHa BUp sHII Kagam 6V, Yuua JICKTPOHAAP-
HHHE TCUMKIIAPH BA 3Heprusanap GVitHua TakCHMOTIH YUyH GHPHH-
it Mapra Mepmu-Anpak TAKCHMOTH KY/TaHIlL. KtaccHK{MyMTO3)
Moleanapaard  3pKHH  3JieKTpounap  rasu TyUIYHYaCH YpHUT
YTKA3yBUAHIMKAA KATHALIYBYL 3ACKTPOHJap TyllyHJacH KyJJ1aHa
Solwnasan.
KeliitHpor sipatiutran 3oHanap Hasapusici 3omaepdes e
KNTITHHA XyJocanapit TVEPH DKAHANTHHITE TACAHKJIAUR.

10.2. MeTtaanapaa MCCHEIHK XOXHCAILPH
10.2.1. Meranaapusilt HCCHKIMK CHEHMH

OnANHrH GYIHMIG METAAAPHI HCCHKANK YTKasyBUallIiK Ko-
addurenTit X 1 Glip Heua KIACCHK MOACiapra acoc/anrar
XOIA TOILANK. UL 3¢a VAAPIIHE HCCHKANK CHEHMIITH KYpIG
UHKAMI3.

DPKIH DNCKTPOIAAP Fa3HTil ACOCHAHTAN HA3apHsap yuvi o
okopit1a (10.26) ndonatin xocit Kiaranmus. Yoy 1golara aco-
Calt MCTAANAPHINT NCCHKANMK CHEMANIIIHNE acOCH T YAYULHHIT 3P=
KW Dfiekipoisiap Nociil kigint. Taxpnbanap 3ca Gyin rac-
JAMKAMALL,

3osniepdesintnr (1928) Mepani-/LIPaK  TAKCHMOTIEA acoc-
JAHEAH MO Ky, METULEIPAATT 3ACKTPOHAAPHITIT  KYII
KIEME Depaiis aeprisicizian Gip ki 8up Heva KT Kajtap KisaiK
Gyaran sucprusutapra ora Gyaaiat By DJICKTPOHNAp IHEprid ail-
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ALIHHIEHYBYY TYKHALWMWAAPAA, IMYHMHIACK, MCCUKJIUK Ba JIEKTP
yrKasHiiaa KaTHala OAMAMHAMAap, 4yHKM yrapra siKuH 6apua
3HEpreTHMK caTyIap 3neKTporsiap OuiaaH Tvaa Ba y caTxiapra yrulu
[Tayai NpHHLUMNATA acocaH TakuKJIalraH. XapopaT rFpaMeHTH Ba
TallkKY 3MeKTPUK MaMAOHHM akar iokopu 3ueprustii (£=4KkT)
ICKTROHAAPTHHA «Ce3a» oJlapuap Ba yjaap 2AeKTp TOKM Ba Hc-
CHKMMK VYTKasuluAa KaTHawazwnap. bByeuan 3ommepdenn £,
SAKMHMAATM 3JEKTPOHap XONaTHIMHA METaNNapHH | CCHKIMK Ba
3JIEKTP XoccalapuMHH aHHMKJIaHAY AeraH TYEpU Xyjocara KeJiiu.

3oMmmepdena MoJICNura acocnaHud HCCHUKIUK CUFMMHUHM TO-
namu3. MymIoK Hon  Temmeparypala METANAHWMHT  OHpanK
XAOKMUAATH 3NEKTPOMIAPHHUAT TYIMK 3HEPTUSICH

£y ﬁr"’m )%

U, = | Eg(E)dE=—2 (10.58)
0 57 \fl J
MylHocabaT O1naH ZU-IHKJ'I'\HZ],IIH SNeKTPOHIap 3MYIMTH
bl :1]: s =2 J3 (10.59)
28l 3’ h-
OynsiumHE xicobra oncax,
3nE
0= T (10.60)

keand ynkam. Jlemax, T=0K 6ynranaa xap 6up ane .tpon yprava

-:;E,: sucprisra sra 6ynand. Honman dbapkaM e iiepaTypanapua

HCCHKNMK NApaKaTH uaTsskacuaa Ep gan nact .okaari carxaad
anertponaap L siaw 1okopiaarn catxnapra Yuf typann. Wyinnr
VUYH HOJLLAIT haprIlit TeMIepaTypaga

= J' Ee (E)f(E)dE
4]

GKH

(10.61)
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i IR T kBT
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babsu  commanamTupuinapaaH  eyHr  ywby  HHTErpalHu
xucotnad k7<< Er yuyH

U=Upt ————— (10.62)
3Er

MyHocabaTHi  onami3. BydaaH a1eKTPORJIApHMHT  HMCCHKIHK
cHrumiu G, yayH

2 3
ne=k-T
P U .

N
HaTiRara kenamus. Knaceuk(mymros) curumui G =(3/2)nk Gunan
Genrunacag,

(10.63)

2

cERT (10.64)

(o 3‘,:!_ K1
Hoia xocun 6ynany, DNEKTPOHIAPHHHT HCCHKIHK cliFumi Gy
CHEMMAOH EF3KT Mapra kuuMK 2kaH. bab3an OyHH MeTanapHHr
HCCHIUTIHK CHFMMUHN afiHMIuN ned xXam aranan. k7<<Lp wapt
Baxapunray SJICKTPOHAAD razsvMHH aiiHHUIaH 3CKTPOHJIAD Fasi ne?
HOMNAHAAH.  MeTansiapHUHr  TyNuK  MCCHKAHK  cirimuy JeGaii
KYPCATraHAeK MaHKapasiii TajuKua STVBUMAAH Ba 3ACKTPOH a3t
HECHKINK curmu C, man uopar. [act Temmeparypasap/ta na-
KAPABHMH TawKua atypun 73 ra, C, aca T ra nponopiiotan, my-
HURE yuyn C, HM nact TeMOepaTypaiapaa yjiuaHazuit. DAeKrponaap
COTMIITHPMA HMCCHKANK CHFMMHHM DepMi caTXHAard NOJaTaap
SHUMHCH g(£7) opKany HQORARALIMMHS MYMKIH:

gl ,4--‘;{‘;(5,. ) (10.65)

3

Xyioca RILTHG wiviy atityw MYMKHHKH, MCTaAAaplHr Hc-
CUKINK CHIMIL acocal HKKHTA KHCMIAH TAWKH TOIratL:

Cp =AT + BT’ (10.66)

Bupuay KYIIMAYBUMNAp  METANAAPRATH  SCKTPOIARPHHHT
YAV 6¥nu6, 6y curmminra KAaCCHK(MYMTO3) HasapisinapaaH
$papkmi Yrapox, dakar sHepritsicl Depmi JHeprisicn Lp naH Kat-
TAPOK BYAran anektpousaprima xieea kywa onaan. Ilact temre-
PAIYPATAPAN (T 0K) ywiby Kyuimaysui Myxim Vpin TyTazs,
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MIKKHHYH KYNIAYBUIM METAUIAD. KPHCTANA naikapacy Tefpa-
Hutiapi ((oifornap) xiuceacu 6ynu6, vaap iokopi TeMrnepary, ix-
napaa Katraiawinb Gopaau. lacr Temneparypanapna y' !'IOJ]FZI—l?l‘i—
tunaan (10.2-un3sma). IOKoOpH TeMNEpaTypanapa, wysiianan xola
TeMmepatypatna, HCCHKTHK
CHLHMIHIHT  ITakxXapasiit Taul- i
i aryeusicit Gy, C, ra vncta- Cp
Ta aHua Karra, wyHUHr yayd G,
Hit Xucobra onnaca Xam Gynaau.
Y6y MKKH CHEHMIH TaxphGana
ATOXMAA Ynyab YAapHHHT TCMITC-
paTypanapra  GORTHKIHIH hyHK- 7';](
LMSICHHH  AHMKAAHINMIS  MYM- 10.2- Wi Metaaap scengang
e, Macaran, 6np won MG Swuetl eSS

-~
vuyd G, = 0.9 107 RT Ba nan- BACKTPOH TLWIKILT 3TYBUICH.
nanuii vavd Ce=1.6-107" RT 6¥aniun aHHUKIaHmaH.

10.2.2. MeTaanapuur COXMMITHPMA INCKTPRK KajHUHIRTHHINT
Temneparypa KospdnunenTi

MeTat1apHiir 21eKTp Kapumiirk Temneparypara 6oy pa-
gyIAa Y3rapaan. Tesneparypa opTHIUH Ounan KapuIMAK optd Go-
pamH, nacaiiraiaa aca ManyM 61p TeMmneparyparaya nacaiinG Gopa-
v, JKyoa nact TemMnepaTypalapAa  METAIAPHItHL  COMMILTHPMA
KAPUIMNTE MABIYM O1Ip KIFAMATIA pA T4 3PMLLALM B2 \ TCMOEPaTyYpa
yarapuiLira GOrTIK OYIMANAH. PA METAIAATH €T apr. auIManapra sa
HYKCOHIapra GormiK GVING, VHHU KOJUIHK Kapiuuial . ne6 xam iopH-
THAQLL.  XO3HpIH TacaBBypiapra  Kypa, METUUIH (HF COMUILTHPMA
20eKTP KAPHIUNIT DACKTPOIIAPHIHE (hOHOHAAD 4a IyKCoHnap G-
naH TALCHPAALIYBHAAN KeHG YHKanH, sibHU

P =P * Py (10.67)
K ¥TKA3YBUALIIIK OPKaI €3CAK,

I I I
R L

OXHprit BKKM (dojga MarTuced Kouiaci e HomjaHaau.
0KopH (X011a) TeMacPatypanapua COAMITHPMA KAPILIUTHKHITHT
TeMIeEPaTYPara OOIANKIIITH
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(10.09)

INREKTP

p=p,(1+a7)
KypitHiiuaa — 6ystann,  6yiaa o - cosHnTupMA ekl
KAPUWHAHKRHHT Temieparypa KOOMMHIHEHTH 1ed sralail. ‘”;
I SAITHPHATAH,
METANTAP YUYH o HitHT Kufimariapy 10.1- xanpasiia Kearipis
10, ]-acadsa:

No | Meraad wos | o, 10-2CT MNe T Mera nost |
I Anosuiti 1.2 12 Kagail
2 | Boadpan 3 i3 [TaaTnna
3 | Tewip [ 14 Kyprowint
4 | Oatun 4 13 Citvob
h) Koncrantan .03 16 Kyarviil
[P 0.1-.4 17 Py
| 7| Maruun 3,9 18 hvaan
& Mie 4.3 19 Marran
9 | Hukennm 0.1 20 Uyt
10 | Hukea i ©5 21 | Wekpat
UL} Huxpoys 0.1 22

1 Bawa-
MyTioK noara skiti resnepatypatapia (10.69) nido:ta Gaks
PRIMATLL, yitia conantipaa KAPNILIK
p=pat AT+ BT
S X 1 i

MOm Gunars amik min Vigdy sytocaGanarn B75 KyUiayBm
FACKEpoILIapitr HanKapa  re@paniniapi Gunap TabeHpHild
Xucedi onaan. AT? seq ACKTPOIIAPHITHT  Y3apC .
Atcofira xocun 63 Kapuginukmp. A pa B jap Teauicparypara
Sorank &y anaran lomantitaapap.

(10.70)

TYRHATIYBH

10.2.3. ¥ra Freasysuanmix

ﬂ
Xapopai macaiining iy MeTLT- ,
AADHEEE comirnpya apian g PA |
Fmlmmne Meran kanva tosa na
HVYReonens Gyiaea, oy mvias ki ]
VAW, By MR EPIIHE 29K
RAPIIANC Maavar Gp Jjaer Teaeni-
YDA Tt Keckitn kaviing 1o.ara
TeHr Syin6 Koia,
by yoaea VIR VEROSVBUQIUIIK X0- Tk ;
aneach aed novtuaan Vg OHpiin
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Gynn6 911 i rosnarisilin Dtk X. Kasepaunr-Oupec  cii-
aoBaa kyaatam (10.3- uusma). Xapopar nacaiiu® T.=4, /5K ra etran-
a CUMOGHHHT 3JCKTP Kapuitauri 6upaan  HyKomap akad, swim
Hojra Tedr 6vnanu. Yra yrkasyByaHIUKKa YUl TeMnepatypacu T,

aKHH Hinanapraya 23K naH {Nb3Ge) oprmaran aan. By aca yaapin
@an Ba TEXHHKALA KEHI KYUIaHHIIHTA TYCKHHIUK KMAapAH, qyii-
k¥ NacT TCMICPATYpaapHit XOCHJ KHIMUL TEXHHK XMXaT[aH
KuitH Ba Kammaraup. 1986 #nau  Hemic dusnru Mionnep La,
Ba, Cu, O aapaan Tysunrad KepamuK KoTiuimana 60K na yra
YTKA3YBHAHIUKHI Ky3aTaH. Keiinupok La Hu Y 6unan anmaurris-
piaratna  Y-Ba-Cu-O  kepamukaia T = 94K oxanauru
aHUKNaNan. By SIHCMAMK KAaTTHMK KHcmaap (OHU3MKACHHUHT KaTTa
joTyrM 2au. Yby yra yrKasysuaH MarepHailap yuyH T; cyiok
230THHMHT Kaitiain Tenneparypackt Tp = 77, 4K pan xam own
xerai. By 3ca ynrapHMHT TeXHUKAAAr KYIIAHWAHWHHI Ba yAapHHy
YpraHuWHy AHUA OCOHTALTHPIM, HYHKI CYIOK A30THH ONHIL Hitc-
GaTaH OCOH BAa ap30HAMp. YTa YTKA3YBUAHIMK XOAMCACH OYINraH-
gaH cyHr 46 iinn maBoMuaa yHra xey KaHgaii 3uTnéop Gepunmann.

1957 iiuan bapauu, Kynep sa puddep Oupunyn 6yau6 jra

YTKA3YBYAMANK  HA3APUSICHHU a6 udkamnap  (BKLI  —

HazapHsIcH).
VHra acocad, MeTannapaary MKKM 3JICKTPOH opacuiark y3apo

TALCHP BHEPIHSCH HKKH KUCMIAH HOOpat:
LA e (10.71)
V, yRap opacunarit KyoH TaLCHP KY4JIApHHMHE MOTEHUHAN
suepritsici. V)
GUp-OHpHra KapamMa KapiluM Ky'iap 014naH TabCUp 3Taaunap.
Vﬂ— 3ca NCKTPOHIAPHUHT KPHMCTalI NaHxapa OunaH Y3apo

JIOWAM HOJIAAH KaTTa OYnanW, sbHU 3NeKTPoHaap

TabcHp 3HEPrHsiciy dopanainn.

By aHcpris 1nact Temnepartypaiapaa MaH(HIE Oyanw xam
MyMKIH 3Kaii. By 9ca 21eKTpOHIAPHIHE KPHCTALA [aHXapacH Bo-
cnTaciaa GHp-GHUpUra TOPTUAMULIMHN OMALMPaTH (MIBAYMKIL, HK-
KH 3appa opacijlarit TaLeHp IHEPrusci Matduid 6ynca, Oy 3appa-
Jiap Y3apo TOpTHUIaLT).

BKILI nasapusiciira acocad aHa Wiy KyY TabCHPHAIA 3JEKTPOl-
aap  Gup  xua o Oyaiimra Kapamait V3apo Xydrrap  Xocii
kuaagaap. Yaapii Kynep xydraapn #eb atani.



Kynep xydmaapuaariy asieKTporaapHiEr ciluiap Kapama-
Kapuin fiyHaaran 6y1u0, yMyMIil Crini Homra TEHT, WWYHHHE VUYH
ynap  bosze-BitimreiiH  cTatMcTHKacura  6ViicyHaan.  YTa
VTKA3yBYAHAMK XOCHN Kumiwiaa setannapaa Kynep kydriapn
acocnii ponb YitHaiimit. K§n xosnapaa Kynmep skydraaputinr yra
OKyBUaHNHK Ounai Kuécnad, bose koHaeHcaTH 4e6 10PHTHAAAN.

Xo3Upri KyHaa yra YTKasyBUaHAMKHMHET OolUKa MeXat3mia-
pit (MacasiaH, 3KCMTOH MeXaHi3Mi) TVEpUcHaa sIHIM @HKpAap
MABKYL.  YTa  YTKA3syBUAHANK  MeXauiamiapy TYAMK  Huinab
QIKHAMAral Ba X03Mp M3UNMI U3AAHHULIAD AABOM 3TMOKAA.

10.2.4. Meranmapaarn TepMO3INCKTPHK XOAMCAIAD
10.2.4.1. 3eebek adihekTn

Wurnuka metann ciepkeHHHM oaMd YHHHE MKKW ywinu 77 Ba
T, temniepatrypasiapaa caknaiimns, Crepxen Oyinad remiieparypa
thapkn naiigo 6ynann. Mecukpox 7y Temneparypaiu vmjlan co-
BYKPOK 73 y4Mra Kapab HCCHKIHMK OKMMH BYKYUra Kejlajil. XoHa
TeMepaTypatapiaa MCCUKIMK acocaH KpHMCTalA nawkapacH TeO-
pPannuinapy xpcobura (oHoHIAp OPKAIH Y3aTHIAdM.

Temneparypa rpaaneHTH (dapkH) METARAHUHD HKKI VUI1a
BNEKTP I0PHTYBUK Ky4 (2.10.K) E Xocun kunaau. by xoasca 3eebex
adhpexTit ne6 Homaanaan (yuu 1821 iuan Hemuc Qusirn 3echek
ouran).

XocHn 6ynran 3.10.k Temneparypa 7-1+1000 C 6ynranaa,

F=a(T)-T5) (10.72)

wdona Gunan amuxnaHanu. Bynna o - 3ecBex Kod(OHIICHTH
(€xi TepMo 3.10.K KoadduucHTH) Ae6 aTasanu. CTepkcHAa TEPMO
3.10.K HHHI Nnaiino OyaHwy KyHHaariua H3ox1aHamnH.
CTepsReHHHHT HCCHK YUIAAN COBYK ywira itynanran poHonaap
COHI COBYK YuMAaH HCCHK yuira iiyuanrad ¢olionnap cotitiaan
KV 6ynann. MoHonnap yanapu Giaan 61pra 3pKHH ICKTPOHIAP-
HH 3praltTHpi6 keta onanunap. Hartikaaa crepxeHHMHI COBYK
TOMONHIIA NEKTPOHIAp COHM Kynalind KeTaaH, HCCHK TOMOHIIA
3ca opTiKYa Mychat 3apsia maitno 6¥naai. By 3ca cTepx)eHaa 3.0.K
HU ByXvAra kentupand. 3cebek 3ddekTH MKKIL XU YTKa3riy Oup-
Gupura ynanradaa Xam Kysatinaan. Byroa temmepatypanap gapki
VTKa3rHUNapHuHr yraHHu HyKTacH 6unan 6oluka yunapi opaciaa
XocHil Kuiitanun. Yuby xosiaa xam (10.72) udoaa ypuitan Gyaamn.
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V3apo ynaHrai MKKH XHJI YTKasTHUIapHU TepMo KydT 0e6 aTana-
au. 10.2-xangsanga GvpM KyproluMHaan 6yiaraH TepMo KydTaap
VUYH O HMMP KHiAMaTnapud kenrtupuarad. JKaasanfard mMaHguit
MUWIOpa TOK MKKMHYM VYTKAa3srMygad KYpPFOWIMH YTKa3rMy TOMOH

OKAGTraHWHKW aHTaTagu.
10.2-xcadsan

Meran+Ph o, 10-9B/K Ne Merann+Ph o,10-°B/K

Ne

1| Tesmup 15 12 Cinod -4.4
2 | Moau6ack 7.6 13 Nautin -44
3 | Kanwuii 4.6 14 Hatpnii -6.5
4| Boadpan 3.6 15 Henaaanii -8.9
5 | Miic 3.2 16 Kauniit 13.8
6 [ Pyx 3.1 17 Hiikea -20.8
7 | Oarnx 29 18 Bricatyr -68.0
8§ | Kysyw 2.7 19| Xposca 24.0
9 | Kamaii -0.2 20 Huxpoa 18

10 [ Marnuii -0.0 21 Anoselt -17.3
11 | AaosiHuil -0.4 22 Koncn -38

23 KoHcTaHTaH -38

Tepmoxydraap EpaaMiia 10Kkopu TemnepaTypaniapHu yauaur
Kynai. Kagsangarn KeATHPUATAH HATHXaNapHU XyAd aHUK neb
OyAMaiin4, YYHKM TEpMO 3.10.K KMiiMaTK MeTanjap YJaHraH SKOM-
Jard €T apanalumanap, KpMcTann foHavanap AyHanMlMra Kydid
00FNMMK 6Ynanu.

10.2.4.2. Tomcon addrexTu

Joumiit Temnepatypa dhapky Xocusn KuaMHr H MeTann crep-
KCHHU KYPHO YMKAMH3. YHUHI MCCHMK y4M TeMI :paTypacH T;, co-
BYK Ydi Temriepatypacu T, GYNCHH. YTKA3TMYHI® IOMMHUM TOK MaH-
BGaura ynarmi4a.

YHgau anektp TokW y1a Gownaiiay sa XKoyn-JleHH KOHYyHHIa

Kypa

Ou=LRi (10.73)
Miukaopaa Koyl MCCMKIMTM  axpanu6 umkaan. byHaa 1
CTEPXEHIATH TOK Kv4H, R — YHUHI ajleKTp Kapuisiurn Ba [ =
TOK YTHIU BakTH. 1356 iunu uxraus duzurn Y. ToMcoH (nopa
KensuH) IOKOPHIA  KeJATHPWITaH  JOWMMil ~ TEMMEparypa
rpaAMeHTHra ara Gymran (Oup ysu 7T, Ba HKKHHYH yai T
TeMNepaTypanu) TOKIM YTKasrMyga XKoyab HOCHKIMIH QOx naH
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TAWIKAPH SIH KYIMMYA  HCCHKAMK MuKlopn — Qs aXpuiib
HHKHLLIM, 8KH IOTHIMIUM MYMKUH SKaHINTHHM onaMHaad aiTHe
Gepann. By dukp keinHuank dpanuys dusury Jlepy Taxpubana-
pHaa  TacaMgiaaHaM  Ba  TomcoH addexktn  aed HOMAAHIH.
Vikazruuna AXpand YHKAETTaH TYAMK MCCHKIAHK MHUKIOPH

Q= Qx 05 (10.74)

Kypuumwa ésinani. Qs HMHT MILIOPACH TOKHWHI Ba TeMMepaTypa
TPAAHEHTHHUHT  ¥3apo  iiyHanuwmura  Goramk.,  Arap  TOK
YTKAa3UMYHMHE COBYK YYMIAH MCCHK YUM TOMOH IiyHanca, Qs Myc-
Gar 6Ynu6 Yrxkasumuna KYWIMMHA  HCCHKJAMK MMKIOPH KpATHO
Hiikam. Bynaa mMetannnaru snekTpornap MccHK yumuaH COBYK YUH
TOMOH Hi¥itananm. Tok AYHanuuIHKHM TecKapira YarapTupcak, Og
MaH®HA Ba HCCMKAMK 10THAAMN.

MeTannapHuHr 3pKuH  3eKTpoHNap Hasapisich [oupackaa
ywly xoauca Kyiluaariia U3oxXIaHaLH.

VTKasrnuHur MCCUK KMCMMAATIE 3JCKTPOHAApHUHI YpTada
KHHCTHK 3HEPIUsiCH COBYK KMCMMAAriaaH katra 6ynaad. Talkd
AICKTD I0PMTYBUM KYY TAbCHPHUAA 3MCKTPONAAap MCTAHIMHT COBYK
KHCMHIa KapaG npeiidy Xapakar KiuiraHma, coByK KHcmra €THD
KCNTay, KPUCTANN Narxapacd WOHIApH GinaH TYKHawno, Gvp
KHCM SHeprisinapuHi yiaapra Gepaan Ba «cOBHiiaH».

Haruxana YAApHMHT VypTaua KHHETHK 3HCprisicH
YTKQ3TMUHMHE coBYK KHCMHAaTH ICKTPOHAApHHKI Outait TCH-
Mawann. Bynaa yTkasriuga kywusmua Qs MHKAOPAa HCCHKIUK
AKPUTHO unKanlt.

Arap Tox YHATMLINHY V3rapTHpcaK, COBYK 3JICKTPOHRAP
YTKA3TMMHUHT HeeHK KHCMMTa Kapad Xxapakar KHJaad Ba TepMoO
AUHAMHK MYBOJAMATIA KEAWW YYYH Maiokapa HOHJAPHHUHT GMp
KUCM 3Heprusickii 10Taan. TOMCOH HCCHKJUATH Qg yrkasriuaad
OKHG ¥Tran sapsin MiKi0pH Ba YHHHT YuapHaary teMreparypanap
dapkura nponopunonan:,

O¢=T,(Ti-T7)In. (10.75)

Byuaa T, Tomcon koadduuenTit 2e6 aranani.

Yy udona xowa Temitepatypaciira SiIKMH Ba YHYa KatTa
IMarah Temiepatypanap opannFuaa 6axapunagn. TomMcoH Hasa-
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PHSICHIa ACOCOH, MKKM YTKa3rWugaH sicairad TepMOXYQTIMKIAPHHHI -
o 3eebek koahduumenTr ToMcoH KoaddhrumeHTHra GORTHK 3KaH.

da
T, ZTf. (1076)
dr
Oxupru udona TomcoH Ba 3eebek XoLMCaTapMHW y3apo
DOOFI0BYM MyHOCAbaTAMP.

10.2.4.3. ITenre atpderrn

Wkky Typoary OMp Xun TeMmrnepaTypaiu YTKasruy Oup-Gupura
ynaHraH xoiinad / Tok yrraHaa, y xoiiga xyumummuya @, UCCUKIMK
MUKAOPH aXpannb YMKMIIM €KW IOTWIMILKA XoaucacH Tleate ad-
dexty ae6 aranagu. By xomucana XxaM MCCUKIMKHWHI HOTHIMLLK
EKM aXpaiub YMKWIUM TOK MiyHanuiimra 6orMK, XoaucaHd GupHH-
yp 6Ynu6 1834 itunm dparuys dusurn XK. Tlente KysaTraH.

AXpannb YHKKAH UCCUKIUK MUKIOPU

Q,=IAll (10.77)

udona OunaH aHuknaHanu. byHna
All=(o;-0) T (10.78)

6yau6, 1 un INeate ko3dhdruMeRTH 0e6 HOMIaHaaH.
ap,0 nap 3ca YTKA3rMUNapHUHT TepMO3NeKTPUK (3eebek) Koad-

QULIMEHTNAPH.

[enTe xoaMcack Ky Xoslapia 3/eKTp TapMOKJap y4yH 3apap-
NHAUP. DJIEKTP 3HEeprusiHM y3aTMwaa Ba GoWAaNaHULIRA TypJd
XM YTKa3rmunap Kyinanunagd (TIOMAHWMA, MUC, Xe3, HMXpOM Ba
Golikanap). Ynapuuur 6up-Gvpura yaaHMil HyKTanapiaa 3ca
doitgacus KywunMua @, WUCCUKINK MHKIOPU aXpaaud 4YuKaau.
By MCCHKINK YTKA3rUut KOHTAKTJIAPUHUHT KU3ULINFA ONWO Keaaou.
Hatuxana yTKasruunapHUHT atMocdepaaard KUcaopoa 6unaH ox-
CHANAHUIL XApagHW (3aHMIalK) Te3nawaan. Ywby xoaMca Ounau
Kypawuiw yuyH, (10.78) udonanaH KypuHUG TypubaMKH, (ot)-0)
HW KaMaWTHpHIN Kepak. By Xxosinapma 3ca ynoBuM KypHaManap
(poseTKa, BHIKY BA X.K.) MAaTEPUATMHUHT O CH ¢ BA O OPUIMIHAa
TaHna0 onHHadN.

Macanad, anOMMHMIA Ba MUC YTKA3rUUNADHUHE  YIHULL
HYKTaAapuaa Xe3 UlnaTuIafu.

RIS TEESI——
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Ilenre sddextv Typau MeTaulapard 3NEKTPOHTAPHUHT
¥praya SHEprstapu OMp Xwi TeMIleparypaga XaM TypJIia
Gymuin GwiaH TywyHTHpUIagy. JlapXakukar, MeTajuigard dJeK-
TPOHJIADHUHT YpTaya SHEpPIrusACH YJIADHWHT 3HEPreTHK CIIEKTPHUIa,
KOHUEHTPAIlUACKMIa Ba 3HEPrHACUHM HYKOTHIN MexaHH3MIapura
GOEHMK, DEKTPOHNIap 3.10.K TahcHpUAa BUp MeTauiIaH MKKUHYHK-
cura yTraHga Y3MHUHE OPTHKYA SHEPIMACHHM KpMCTa/Ul NarbKapa-
CH WOHJIApUra Gepaiu, KM 3JIEKTPOHHUHT 3Heprufgcu Kam 6ynca,
KVLIMMYa 3HEpPrus I0Tanu.

by xonuca snexrponiapHHHr Ypraya 3Heprusacd Gapky Karra
Gyaran YTRasrmwiapna (MacalaH, MeTalul — ApUM YTKasruy KOH-
TaKTUIA) SAKKOJN HaMoéH 6Ynmanu. Ilente sddexrinad TEXHUKAIA
COBYTKHWIap Talt€pnauya dhoinaiaHwianiy.

10.3. Mera/uiapREAT 30HAJNAP HA32PUSICH

3oHanap Hazapusicura MyBOMWK KATTHMK, JXUCMIapIard 3JeK-
TPOHJIAp 3HEPTUSCH KeTMa-KeT Xoilaliray MamiyM Oup 3HEpris
OpaNUKIapuaark KufMaTIapHUrMHa Kabyn Kuia onand. by sHEp-
TUA OpaNuKJIapy pyXcar 3TWITaH SHEPTHs! 30HaNapy AeO atajiaaH.

OneKTpomNap Kabynl Kwia onMajiuraH osHeprus Opa-
JMKJIaPUHN TaKUKJIaHT2H 30Haap HeHmIanid.

Meramn aromMu €nru3 TypraHna yHOarM 0apuya 37eKTPOHIAD
AHMK 3SHEPTHs KUMaTiapura ara oyiamy.

YHra UKKuH4YM aTOMHM SKMHNAINTMPCAK, YAapiard 3JeKTpoH
OyyTiap ¥3apo Kupuia GouUraiay.

DHEPTETHK caTxIap Ba YHIATH 3NIeKTPOHJIAp MKKAJa aToM YUyH
YMYMUH GYnu6 Konanu. Jlekus, laynu npuHuMmura acocaH 6up
SHEPreTUK caTxia MKKUTa KapaMa-KapllM CIOHHIN 3JIEKTpOHJIap-
AdH OpPTHKYa 3JIEKTPOHIApD XOMJallla onMaiaM, IUYHUHT Y4yH
CaTXJIAPHUHT KeHraluIy (aHHIOW) KysaTwiagm. Xap Oup catX
UKKHTa €HMa-EH XolTalmraH caTxra aiUlaHamyl. DHOU arap aroM-
Jlap COHM MKKHMTa 3Mac, Xyaa k¥ (N Ta) 6y7ca, KeHrairaH UKKH
€atxnap opacupma siHa N-2 Ta carX oitnmamany. Harmxana énru3
ATOMHUHI 3HCPreTMK CaTXWiaH pyXcaT 3THATaH 30Ha XOCWI
6ynanu.

30Hamark catxuap opacumard apK Kyla KHYHK GYIamM
(Makpockonuk KpueTammap y4yH), WYHMHT YuyH  YHOArd
SNICKTPOHNIAD  3HEPrMACH JEApAX  YUIYKCM3 y3rapaad  He6
OJIMIIMMH3 MyMKHH.
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10.4- uMsMaga Harpuit MeTamy  ff
aTOMJIAPUHMHT 35 Ba 3p caTXIapUHUHT
KEHTallMuM KYpcaTwirad. 4usmanas
KYpUHUG TYPROIVKY, HATPHI aroMla-
pH opacynary Macoda Knupainb Gop-
raH Capyl carxyiap NMapyalaHully Kar-
TaJlalllafu.

ByHza ry HOpMaJ 1apOMTA2 Ha-

TpU¥ KPUCTAIUIM ATOMIAPHU OPACU- |0 4. wyusma, Harpwit MeTawtiiaa
Jarn  Macota. JleMak, HaTPUM  smexTporuiap aHeprHATAPH 30HACH
aToMJIapi KpHCTaU1 Xojlataa 3p Ba XocH 6Ly

3s catxjapy KeHraiud 6Up-OUpHHH Koll1ab KeTyBYM pyxcar 3THil-
raH 30Ha XOCWI KWIap 3KaH. 30Hajlap Ha3apMsICHUra acociaHub,
METaINapHUHT, KoNaBepca GoMIKAa KATTHK, XHCMI2DHHMHI GH3UK
XOCCATapMHM TYLUIYHTUPHII aH4Ya Kynai. MeTaulapHUHT 3JEKTP
YTKa3yBYaHJIMTH 30HaJIap Ha3apUACHAA yIapla 3eKTpoHyap SWiaH
TVNMK TYNAMPWIMATAH SHEPreTHK 3OHANApPHMHT GOpJMry GrmiaH
TYLIYHTHUPWIANH.

Bynnali 30Hafa 37€KTPOH ¥3 SHEPrIUSICUHHM Y3YAYKCH3 KHIHK
KMAMaTnapra YarapTapa oOllafid, YyHKM 30Hana TYJaupwiIMarax
caTxjiap Ky .

ByHpmali vana TYAOUpWITaH
30HaHM VTKasyBYaHJIMK 30Hacu
1e6 wam aranamy. 10.5- wisMana
JUTHM KPUCTAUIVMHYIHE 30HaNapH
Kypcarwirad. SHT NAcTKKA  30Ha
s — carxiMHT KeHralimunimad
xocw1 OYraH Ba Y SNEKTPOHIAp
GIUTaH Tyia. YHU BaneHT 30HacH
ZeG araani. 25 — CATHHVHT alf- 10.5-pacy. Jirtnit METATIIAG SHEPTIA

I (TAapyaNTarnanm) XpcoGura 3oHAMAPH XOCH GymIuIs
Yool GYmraH FIKKUHYH 30HA
3ca yana (ApAoI) TVIMAH.  YHpard QMekTpoHaap O3rkHa Tallki
TATLCHD HATIDKACHOA SHEPIUSUIAPMHIL OLUIMPHIUAPH  MyMKHH. By-
HUHT YOyl 30Maia  GYIm caTyiap Mamxym. Kpucrawird TallkH
2MeKTp MafifoH €K TeMIEeparypa FpajMeHTH KyWwmaHia HKKHHIH
30HAAATH BICKTPOHIAD CCOHNIMK Owian Y3 TexTHIJIApHEH, XapaKar
WyHANKHINMHEY Ba SHEpPIHsUlapriin Y3rapTvpa ojalilap. JIuTiil Kpy-
CaJCIMHMHT DIEKTP TOKM BA VCCHKIHIKHH sIXUIH YTKa3HIIHHI :'_\H‘:L"I:L[.y
A3YBYAHUIKK SOHACH MABXYIWIK GVWIAH TYIyHTHPHLE MyMiaH.
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YmMyMan Gapua MeTannap yuyyH aHa iyHOay yana TYJIraH SHEepreTux

JOHANAPHUHT GYNUILM XocAMp. MeTanapHUHT 30HANapy TY3WHILIK-

HU 3 Typra axpartuill MyMKHH.
Buputuu Typra rokopuna

E

KYpraH JIMTUH KpUCcTanud Mu- N —— S
con 6yna onany. byHaait me- &( By
TaNIapHUHT 30Hanapu 6up- be:] k\\] lN.

OUpHMHK  Komnalau.  Yaap TR e s
ANOXWHA &XpaTWNTaH Xosda 2, Nt i o
XoWialafnnap Ba Kyiu 30- ampsar s
HanapiaH OUpy KorlaHMaraH 2l

Gynanu (10.6- uuama,a). Pac- 10.6- uitanin. DHCPrist SOHATAPHHHMHL Y4TA
MIa Karak 4M3uKnapaa snex- Xycycuit xomu

TPOHNap BunaH TYAraH

catxiap Gerinanrad, A — JOKOpHIArk 30HAHUHE NacTKY Jerapacy (1y-
6r), B — nacraary 30HaHMHT WKNK.

UKKUHYM Typgar 3oHaja HaTpWii  KPUCTALIMHE  MUCON
KUMMIIUMK3  MYMKUH. DByHzaii Merannapaa npactiarkt  30HA
TYnMaran 6YnuG lOKOPUOArH 30HA MACTKH 30Ha YCTWra KOFJIaHWG
Ketaau (10.6- yusma, 6).

Haruxana xyna keHr yTkasyBUaHIMK 30HAacH xocu Gynanu.

YuuHuM Typoaru 3oHaga NacTKM 30Ha 3/ieKTpoHnap GuaH
TYnaQM, JeKWH JOKOpMTM 30Ha 6unaH  KOMJIaHWIL  Xucobura
VTKa3yBYaHIUK 30HacH Byxyara kenanu (10.6- 4n3ma,B). byHra mar-
HUI KPUCTAMTHHM MUCONT KWIHLIMMM3 MYMKMH. MarHuiHuHI  3/1eK-
TPOH KoHGburypaumsicn |[1522522p83s2]  kypuHuwra 3ra. MarHui
aTOMUHW Bapua SHEPrHsi CaTNIAPK MEKTPOHIAp GMIaH TYNAHPUITaH.
Arflp Mardiit Kpueranidga carxiaap 6up-OMpHHKM KotutamaclaH KeH-
raMraHWna y wM3onstop 6ynuind  Kepak AW, YYHKM YHOaQ 4ana
TYAAMPUATaH catx, ityK. AciMaa 3ca MarHMil Kpuctautuaard 3p carx
KEHTAUWIUM HaTMxacuga 3s carX 30HacHHM GUpo3 Korulab Typaau.
Haruxana 3s carx oxopucuaa 61 catxnap xocwn 6ynaaud. LLynuHr
YUYH MarHuit xam metannap XxoccacHi HAMOEH KHMJIAIH.

SAATNPR I W01

Man sncaan wis

Iy Lnipratan it

10.4. Merannapaa 3.1eKTPOH IMHCCHACH

ONEKTPOHNAPHUHT BUPOP TALCMP HATUXACKAA METALIIAH yYud
YHKMW xonucacH anexTpoH smiccusicd ne6 aranagu. DIeKTpoH
SMHUCCHsICH acocaH yd XWA BYhaaaM: TEPMO3NEKTPOH, aBTo Ba (OTO
SMuUceus (tawku dhoto sddekT).

228



Meranann KH3AMPradusiisity VEHHE CUPTILIN 2ICKTPOHZap-
HHNE VIO UHKHILHLIIT TEPMO3IeKIpol 3aMicesicl 1ed ataiain.
Yuiby XoaHcanapiu TYIVHTHPHULI METANT HYIAArd TYpia Kapa-
CHAAPHHEIT aXaMUSITH YHYA Ka11a OVAMAraiIiry yuyil, noveHii
ypa  aoneanman  QoiaanaHiutu.  Mojieara  acocad  Merain
yykypanrn W ora TeHr noteiHuman ¥paman Taiukua Torran. by
JHepPrusi MaHhuit OYArasnury yavi Mceragn 6Maald 3acKTporLiap

opaciaa TOPTHIIIMEU KY'HM Mapxya. Em 3NEKIPOILIAPHITHE MakK-

CHMAT  KHMHCTHK 3HEprusicd, ¢ — 41
YUKHI MUK Ba @ — MCTAIHIHE i ¥
yayinri (10.7- yusma). ; $
MeTtann KM3aupiuiras cape Hc- q’i
CHKMMK EIVKTYALUANAPH HATIDKACH- W
na aHeprissict E>W Oyiran asek- —-——-—-—---—J"“
TpoHnap coHn optid Oopaau. by :
IACKTPOHAAPHHHT GHP  KIICMI  Me- 3 d 2
YAl CHPTMra Y4MG uMKAZl, 6Hp ) '
KHCMH 3Ca CHPTAAH OpKara KaliTagu. 0.7~ usMa. YuKHI  1uLisHit
Temnepatypa oOwWray capy  McTajun AR Rk HERIRT ) 50 AL
CHPTHAAH YMKYBYY 3ICKTPOHAAD CO-
i1 Tobopa opTi® Gopamn. Arap MeTansira TaluKi 3MCKTP Maiigou
K¥iicak (OyHna MaHQHil KYTOHM MeTasira viaaitmMMs), MeTalfimaH
yulb HMKKAH 3JICKTPOINAP 2MEKTP TOKM XOcHi KHiaau. Xocun
OVATal TOK 3MYAMIH VUVIL

J=AT (1= r'}uxp(—'%?.] (10.79)

MyHocabaT VpuHan 6Vaaut Ba v Puuapacon-I30iMaH KOHYHM
1c6 atanajd. bywaa r — 3nekTpoHAapHWHT MeTana CHPTHOAH
Kativmin  koaQbnunentin. A =
(emk22r23) = 12100 A/(a2k2). ' A1
Yugum wi @ 6naan ACl-r) napyn 10 \\

. . - LY
In(//72) HUHT /T ra BOFNUKANTH ’_ L
rpadiiriaad  TaXpHOAla  anHKIaul §
MYMKUH (10.8- un3ma). '

[padukHU opauiiata VKH 6unay S Tt
KecHuirad HyxKraci A(l"') ra Tewr 10.8- upana. Tcp.\uu‘lcmpougnxmnu
oynanu. Orvw Oypyary TanreHen TeMuepany pari Gortau.
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3ca (-@/k) 1a tesr. 10.3- wadasanaa Gavnid serannap yYavid
YUK e 8a AT -2 Pruapiacon aonMuiiaapit i SWiain Ha-
THAUIAPH KCATHPIATALL

10.3- arcadaa.i

Ne Mera: Yukwin s ¢, 9B A1), N(262) 108
L § Maarena 3.3 .32
2 | Boadipaw 4.5 0.72
3 | MoanGacn 4.4 1.135
4 1 Tantaa 4.1 0.37
3 | Kawni 3.2 (.60
6 Bapuiy 33 (.23
7 | Ueanii 1.8 1.6
L& ) Lessmamring soidpay 1.4 0.03

ANHK SIMaUL@pHHE KYPCATHInIYA, @ TEMIIeparypa Varapiitie ot
dan Bipos Ysrapap sxap. )

Typmu kpuciaiiorpaptic TEKHCHIKAAP YUVH XiaM @ O3THH]
hapk kKnmamwi. By Gapiiinn sonaaap Hasapuac acociiia tvinynTi-
P MynKEOL Xakugiil  MeTaaIapuiir  noteiua o ypaci
KVl 10.7-  wusvazn kVpeatMarapick  THK  Ba KECKHH
varapyrun 6¥:1naiiu.

Dueprust ot Graan aaeraad Hx) — witsikiie optn6 Go-
PAILH BA METAIN CHprit sKIEIAY 3rpiaaias.

ALaD  METILIBIIE COBYK NOKIDIAE VHIa  KYUNPOK 2ACKTP
Malinon  k¥iiiica, vignr  toreHi
TYCur nacasiin. (10.9- unasa, NYHK- "-'i

THP UN3HK). Hanekana oegansn i =5 U AL
KIGIpastA. — Arap  sawmiks  Rviiiiran ] [ I
MAMIOH  Kyunauranntiry £ Ovica 1o- _ 4 v Wi
Tenuan T¥enk Ganauanin 1
i ; 19w Daktp
W= CLULSOY  summaoon sieran gnirn sien T
R'-l i ATV O PICTT TYHIR
1 aeir Symid kot hikian snim- g 13 18811

WHI 031100 KAOMAT NSt KNI TEKTPOHIAAPILETET 2\CCHstia
RATHBIUIED 0410 Keotiar. by NOANCAHN TaIlKIE D CKTp Mal-
Aon Tanenpani svcena ki [Horkr ecisen acd arada-
an Avap F<108 2 pagn KV HPHACH. TTOTCHIIA TVEHE Y
ApaAs nacaAfika. KV wickiponanp Genadgon yiian ving
Kcumcpzl_illl_?l:lp_ DILUT 3TCKIPOHAPIH AP YUV MC TN

j\nl




KHBAHPIIIEG XaM Xogar KoJMAGIn. By Xoucaiit CoBYK 3MzHC-
cHs Gk asrodiekTpon asieens ne6 opiiuaan. Ky agekrp
MAIOH TALCHPHAY DOTCHIGIAN  TVCHKHITHT  KAMIHAITH XM
NS

By aca rvitien spekTil axaMHATHII Olipain. JJEKTP
MAIIoH Mabaysm GUp KPUTHK KHiiMaTra errapia sueprisicit £
ra TCHP Oviran Depatl CaTXNIArd 3NCKIPOKAAP TYHHCA VT
HMKOHUATHCA 200 Ovaauap (Ovian Tvenk Kanneung « ~10 A
arpodina 6yaaun).

Bavnep Ba Hopreiin yu Oypuak k¥putimuigaary  norenunan
TVCHKAQH  DACKTPOHAAPRHHT  YTHILNM  3XTHMOANWIHHIE  Tax/il
KIJHIO, KY4 BIeKIpHK  MAiAOMIAry Metanigan Vragrrad TOK
BHUINTI YAy

J=0.2exp(-Be! F) (10.81)

natnka  osmmap  (10.10-  uusma).
(10.79) Ba (10.81) napHin conpTip-
FAHIMIT3IR COBYK IMIICCHALD TCAMIC-
PaTYPR 3MAC, DACKTP MAIIOH MYXNIIM
pun rytminn Manaym 6¥naan. Tlo-
TeHIlan  TvCuK  Kaanuaurit ~10A
DViIMaryHua Depatin 3|l<:|)l‘1.|$lﬂl‘l HL10- S0 v, Duepretik Tveik
AIERTPOHAAPHIIT TYHHEN  VTHIl TRICHULTIE TYHIYHTIPIL.
SXTHMOMAN SKVAa Kusik G¥name. Meraanapiin qikpw yusiHe
@ =3B eb onrai Xonia COBVK IMHccHs Solnainm yyyn snexrp
MATIOH  kvwnaHranans Eg~3 10981 G¥anug KePAKITHITHI
annkaaiivis, TaxpuGarapia Malinol  KywiaHran sy Gvinad 30
MAPTD KHMK KHTIMATIPHD XM COBYK INMMCCiIs) K_\’J;ll'llﬂmll.'

by Xoiaucai aerand CHPTHAATH HOTCKHCANKAPAY  Maiiol
KYSUNAHrae £y ra TeHE HYKIQSp Xocisn 6Viamt sa 1y
HYKTAIAP OpKAIH DHCKTPOHAAD  3MUCCIBLIAaNA el Tymyman-—
Aai. Vaysman oaranaa (10.81) ndona takputa natiekanapi 6m-
a1 KOHHKAPAI JaPaKaEl MOC KeRazit.
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10.5. dovoavuccna (raiukn GorosddieT)

Epynmx HYpH (QoToniap) TabcHpruia MCTULT CHPTHAAH 3JICK-
TPOUAAPHHNT VIS uiKHONL hoTo3MMCCHs CKIt Tauiki GoTodh-
(ekT Ac6 arananm. By xoaucany Gupurwit 6¥aud (905 i A
Aitnwreiin nsoxaaran. MorosaMifccusiia acocar atleprusicil £y ra
SIKIH - OVIran  21eKTpolifap HIITHPOK  3TaiH. IACKTPOMAarHuT
TYAKMH — Xap Gupy sueprusic fiw 6ynraH QoTolsiap oKHMH Me-
Tall cHPTHIA Tywray, Gortond ¥3 dHCPrHsICHHIT MCTAI CHPTHTA
SAKUN xoitnawran £ adeprisict £ ra skl 6¥iran anekrponra
Gepand. Hatukafna SNeKTPOMHMHT Heprusicy E+fiw  ra Teur
Gynanu.

Arap E+ hw > Ep+¢ 6yaca, 6y 3AcKTPOl AMeTaml cupiira ydnb
YHKHILN Mymkud, Byiiga @ seraanman SACKTPOMHHHE HKHL
vy, y epwmn carxu £, nan  XpcoGnaHaan. Mevannnai ()
UHKKAH 3JieKTporaap Tesdury Hojttnad V, Kiiisarrata 6yaann.

NN
Vo YUHE YHKKAH 3ACKTPOHAApHIINE Makcnaan Texmirn 636,

($OTOH FHEpTHsICHHMIT UMKHIL WILIAAH OPTHKYACTH DICKTPOHHITRE
KHHETHK 2Heprisicira afinananun, v diikumeiin ndoaact oprati
TOMMAAN:

my” (10.82)

-

Arap dotolutap aHepritsicii i UNKHIL HuHAaH KiriHK Gyaca
horosdhexr conup Gyamaiian. Kynrua Meraniap yuyi ¢>338B
Oynann. Bywrait Meraanap cnpTiiad 2ACKTPOHApIK YpHO 1nKapa
onyBur fiw > orornap K¥ira kYpUHaMran Ba ynrpabnuadiia
€PYIIIK AHANA30HIFA 1VTPI KCLUTH.

Dotoaruiccusni MIIKNOPHTT  TABCH(DAOBYH  KATTAIHK K-
TPOHUMAPHHHT KBanT 4pkin 3 Aed HOMIMGIH BA vV MCTAMIRA
TYIraL 6sip otorira yoc KeavBU YU YIKKAK 31eKTpOHIap €o-
HIHIE Duisinpaan. Kvno tosa  aetaiiaap  yuyi B~104  osick-
Tpoi/horon, ’

Merainapir kanr yukimn GYHUANIK KHuigk 6yaunma ca-
6ad, Epyrik aetai cnprira T 107 Sea uyRVpIITIKKaYa KHPpHG bopaai
B acocail Vg Katnaagin oo, byiiaaii Karaassiad Meran cip-
THFA KAPAG Napakar Kiarth 2:ckIpoiaap fare 7VKHanninap Ha-
THAACHAA €3 sreprimcunn iiykoraut. Cuprra yiand giikkan goro-

hoy =@+

(=]
o
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ANCKTPOHAAPHURE TCIRHKNAPH TVPINTA OYIHIIA A2k 17 et 7
HWIYHTHPHANI. DOTOIMCKIPOHAAPIHLI KYIIILIATYG MeT bl LA/ 2
~107cm raya 6Varan Kamnamuaa xockn Gy, Taxpufee o
IMUCCHS VAYH KYHHAAIH KOHYIMSTIap Kysardiirar:

a) YU uHKaCTral AEKTPOILIAP COHW MCTLa /e s
EPYFIHK OKHMH KATTAJMIMTA TIPOTNopHnona.

6) Xap kaumait Momta yuyd dQoroshdiert xocua
CPYFIMK  HYPHHNHE Yerapasuii  TYJIKHH  VI3YHIAAIN £, Mz2a
OVAHG, yHAaH KarTa TVNKMH Y3YHAMIHIA QOTOIMUCCHZ #2270
MaitaH. A, WY MOAAA YUYH (POTOIMUCCHSIHMHIT KM Herapacyt 220
aranaam.

g) V. HHHr KMiMatd EpYRIMK HypH TaKpopHiijirirz ioo-

nax
nopuroHan, JekiH EpyIiMK OKUMK KaTTajJurura boriig smzc.
MeTannapHuHr YUKW MIMHHE KaMaliTUPpUUL YYVH Toze Mra-
TaM CHMPTHAA IOTMKA AHMON 3JIEKTP KaTjaMm XOCH1 Kidl
Karnam xochn KAWL YHKHL KUK KIYHK aToM Bd MOG2K
nap (Cs, Rb, Cs;O)aan doiinanannsand. byHaail setainap =
TPOBAKVYM JlapMnaiap Talépnaluaa HuaaThHiazn.

10.6. MeTaanapuair MATIHT XOCCAIUPH

MarHit  Maigonra  METAUTHE  KOILIAIITHPraHIAGIZIa  Viis
MATHMT MOMCHT XOCHA OViaaH. BHUpANK XaKMHHHI MarHiT so-

MCHTH (MOVHITRAHTAHAKK) J  BekTop OMaaH GenritaHazd. Aren
TAUIKIE M1 Kyunaudraiurd /{ 6¥nca, y xonna
J=xH. (10.83)
ByHaarit ¥ — MO/IAHMHT MarHnt Kabyauauanri. Moazas iy
[ATH MarHMT  Maiiaod  Taluky /. Ba  muku Ay saldodaap
HuriHaMcHLal HOOpaT 61, HHHI

B=i+My =ul. (10.849)
Oyuna B — MarHiT HUAYKIUST BEKTOPI Aed aranaan, p 3ca Mar-
HUT CHHEBIPYBUAUIIKILMD.
Moana muar  maiinon  ff y  MArHBT  MOMeHTH  Gittan
Ky#Huparira dortagian
Hy =4ml, (10.85)
¥ X0/

I
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B=H+4rl = H( +4my), (10.86)
OyHAOH

n=\1+4ny (10.87)

ndonpann xocun Ktz Bupop moana yuye x<0 éxu u<l 6ynca,
YHU anamarant pefingaan, x>0 €kn p>1 O¥nca, napamMarHut
Oynanu.

u>>1 6Varan somasapiy  QeppoMarHuTiap  Aed  arvanai.
T¥amaran o Ba f anexrpoll KoBHKKa 3ra OYArad MeTaaiapHuHr
Bapyact napasarsiiaapanp. (Cr, Mn). Muc, Bremyr Ba Goilika
Gabin MeTannap sca Y3napiaa MAMATHUTH3MHY HAMOEH KMALIN.

K¥n serannapunnr  mardir  Kabyavaramrn o yHua  Karra
Gyavaiini (~10-6) pa TemnepaTypara Kyuci3 GOFIaHraH.

JyaMartnT MoLtATapHItHE TauIKH Mailaor HYKMHriaa aroM Ba
MOAEKYNANAPIHHHE MArHHT MoMenTaapi Hoara TeHr. LIvHiur
YUyH DICKTPOH KOBIKNapH TVAHK TVAraH atoM Ba MOJCKYJalapia
LHAMACHHTHIMHN RY39THL MYMKIH.

Napamariniraap saitzon A¥KIWrGIa HongaH Gapka MarHHl
MOMeHTra 3ra Gynaut.  Byrapra  »ackipoH  KOOHKIapi  4ana
TVNARPpHMATaY MoLAANAp KUPAR.

I0kopizarn dukpnapuil kyaa aink ach Oyamaiian, HyHKH
MOIIANAPHITHT MarHIT xoccanapli aHua sypaxkkadaup. Macanaaw,
MIC MeTann G¥auira Kapamacaal Anasariintanp. bydra ca6ab
MHCOA T¥na TynaMpsarad 3d 3AeKTpot KOOHKHIHT JHAMAITHHTHI=
MI§ 4s catxaari Gup ACKTPOHUITHE HApaMATHHTH3MIAAR KU1
POk Gynann. 3d KOBNKIar ¥HTa 3MACKTPORHHNT JiHaMariing 2~
ekt acocnii pon vitialimi. Ag, Au, Zn, Pb napHunr anamarii-
THUSMIUHH UIyHnail TylwyRTHpHIaLn.

MCTﬂﬂﬂﬂpﬂarlll YTKAYBUAH IPKHH BEKTpoitaapra TaluKH Mar-
HUT Maiiion tavenpr ikky Xit1 6¥aaan. Bupsirgiotan Taliks
MANROH  snekTponnapiunr Maiinod itHanune arpodutaa aitna-
Hinuira (npewecenst) o:016 kemamn. By afnanimo iivianmnm Jiedn
Rolaactira acocan annknann®, xocii G6Wiran sMarini  MaiitoH
TULKH Maiionra TeckapH iiviaiam.

By xonuca apkin INEKTPOHNAPHHHT JlaHnay ANaMarHHTHIMH
ned aTanagm.

Janaay apansariiessiie MarnT KaGyauanan

(9]
9w}
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2 3
el L7 ;/Ei’ (10.88)
Vo
udona Oran  arHENaHRI. byl 1 — ACKIPOINIP SHWHIH, Uy —
bop Marueroni. Jiekity, MeTaanaarn NrkasvBUaH  2ICKTPOHSapHHHI
Mariin KOV akaT xa AaH idopar OVinaiad. Mannyskit,
Xap OHP IACKTPOI V3UHHT HOM OVAMATAN AOHAHIE MAFHUT MOMEHTIH
1, Taniki Marinr MaiGIoH  KYRIG . vaap  MardiT  aaiiaon
[V . napariei Noaaa  okoiinaimamap. by aca Vikasysyad
MCKTPOIIAPHHHT  FRIPAMATHMTUSMIHIE  KEATHPHE  YMKapais,  VIHHHI
KaOVJMAHANTH  AMaMardiT Kabyanndkaan 3 sMapia Karra Oyiaau.
Mertanaaptigels viIoy HKKH KaOWINANITHHI AEKTPON-11apaMarHIa
pesoranc (IT1P) vevit Giman azoxiaa Vavad tonHi MymkiH. Me-
TANMATH JACKTPOHNAPHHHT 1VANK KQOVARAHINTH %, VIVH

Z(I_'_

sy M Ny (10.89)
A= AT X BT

ngoja Kearupud unkapusran. by £=4T (Depait aHeprisic.
KyptiHi® TypHOAHKIL, MeTaaapari Vrkasveaali 3AeKTpoHIap -
PAMAtHHTHINE TeMIepaypara  6otang  Ovamaiian.  XaxiKatian
xaM o Oy xonca sunropuii sicrasaap (Na, KooBa 06.)  yvuyn
Vputnp. Bup KaTop napaMartir MeTeUIapHHHE KadyiauaHari
vinidy Kiopii-Befic Konyiil OHaan anmknarauamn:

SamaSia (10.90)

T

By upomastary 7. MeTana poltiapHiiie raikapa  n4diaari
maition Otan Tanchpaaiysii choanaain sa Kopn sykracit
Aed Hostanaut. Bansy napamaring vcramiap T rada coByiin-
raniaa repposMai raapra aitnadain (avacasan Feo Ni).

Byiait aeramtap vavie (10.90) tdpoaasarie 7. nutopacn ave-
Ba1 Oviand. Arap metad 70 AaH 1St TEMIICPArypRaapiatia cony-
P AUTHBCPPOMAriitT NI VICH,  TL M iopaci
sandnit oanpaad (macazar, NiCro MnS. MnO. CrO; sa 6.).
Babste xoaaapima 7o i kuitsann Kiopi niyve1acing yMoe Keastie-
AHTH XaM ATYMKIH.

MePPONTHITAAPHITIT ACOCHTT NOCCU P KV apitan 1do-
paT.

"]
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a) @eppoMarHUTAAPHUHE  MATHHT H

CHHEAMPYBYAHAMTK Tawiki A marnur O
valigotira Gornuk (10.11- wisma).
MaliaoH Kyyhnauraliaird  OpTUILK
Gunan | keckuH optaan Ba H=2.53 aa 4
MakcHmMan  Kuitmatra apuwann. H Hu W ez
SIHAAA OLIMpCaK W Kamast Goluniaiia Ba 10,11~ s snin, TexupHIRT
p=1 KuitMaTra uuTHIAAH. ATALHITT CHHEIpYBIaHANT
6) MeppoMarHUTIAap KOMAHK Mar- u(H).
HWTU3MIA  3ra, AbHH  MardHWTIaHrad
XONaTHitM TalIKY Maligod AYkauMriuaa Xam caxjab Konaiu.
B) KiOpH HyKIaCHIaH 10KOpW TemmepaTypatapia ¢peppoMar:
HIITJIAP TIAPaMarHHT XonaTura Yraau.
DeppoMariHmIapaa MarHiT TMCTEpesHe Xoancach XaM K‘}’m“f’
naau (10.12- yusma). Arap deppoMarkMTHU Marbdur Majifonra

e e » 7 sarHuTaan-
KVAWG, acta-cckin M maiiaoHun oprTHpub Gopeak, J sarHian

FAHIMK Xam opTiG Gopanu. Mawnym 6up Hy ma J - yarapyait KosTH,
DeppoMarHnT TYMHULL HyKTacHrada

J i
MarHiTaHaau (A-HyKra).

Maiizon  kywnasrainirn  H Hi

KamaiiTiipa  Gotnaiimus. H=0
6faraHta /=fr  siLuW HoOATA TCHE
oyamaiim. OHAM MaiiaoH

iiyHamnumEy YaraptipuG, B Hykrara
Kenamus. By XaMm TYiinHMLW HYKTACH
Gynub, 1-Golika xarranammaiinn.

MaiiaoHHM  kaMaiTUpHo O
HVKTAM  Kenamis Ba SIHA A 1001 2= utisstie. PeppoNirHinT \.!-..r.
HYKTATANA MIfiZOH KywiaHraHAsry  HITFIHIIE CICTEPEse R
OLIHPAMKS.

Hamkana &nuk arpi uisiK — MarHKT THCTEPESIC XocHn Gynanu.
By ulauk  deppomarunTiapra xoc GYHG, YIAPHUHE JIOMMHIA MATHUTHK
MOMCHTIra sra Gynray 3appastapiad TY3WIraHIHTUHH 61nAnpaI. by
3appanap Ynuamnapi 107+ 10 Sy GY1H6 MarHuT AoMeHAap ach HOM=
JaHanu.  Maruur  goMcHmapHUHT  §3-Y3unaH MarHUTAaHUO Kol
XOAHcaciiH  Mperiken-Feiisenbepr 1aapuacura acocnaHnb TyUIVHTII-
PHWIAAH. YHFa acocak KpHCTANT NaHXapackaark aromnap ysapo aiMa-
IIMHYB SHEPTHSICH OPKUIH TALCHPALLAIWIAP. AJIMALLIAHYB SHEPrisiCh-
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HHM TaCHAOBYM KaTTAIMK BYAraH anMalluHys UHTErpaiM A MyxXum
VpuH Tytaau. Arap A>0 6ynca, noMeHaapaaryd 31eKTpoH CriMHiap na-
pauuien kounawanu. bByHaa anMalunHyB 3Heprusicd 3HI  KHYMK
KiitMaTra ara 6ynaaun Ba kpucramt deppoMarHiUT xonaTiaa 6ynanu.

A<0 ma goMeHnapaard  3CKTPOH A
CMUMHAApH  KapamMa-Kapuid  Koisaluaau. Ni
byHpaii XONnaTHM aHTUdEeppOMarHuT le : G 2R
o S

xonatd gehunand. 10.13- yusmana anma- 7 S
WINHYB MHTErpaii A HUHE KPUCTANN MaH- :
Xapacy JOMMHMCU d HMHT 4ana Tyarad
JNICKTPOHNAP KOOUFY AMaMETPH 2R ra Huc- _
Oarura SorMKAMrK Kypcatuirad. Yusma- Cr
AaH KYPUHWG Typubauky, d2R<1,5 6ynrap 1013~ unsmit. DepposarHuT-
A4ap XOCCwWIApilHH KBAHTMCXA-
MeTaulap deppomarautaap, @/2R>1,5nap e
YWYHTHPpHLL
3ca anTudeppoMar-HuTIap XucobaaHanu.

AHTHUdEppoMarHUTIapaa KYLWHKM MOHNapHUHE MAarHWUT MOMEHT-
JIApH aHTUNapaien WyHanraH 6ynaav. YAapHUHT MarHWTAaHTaHJIHUTY
TAOKK MAMAOH MYKIUrMAQ HOMrA TeHT, AHTUGHEPPOMATHHUTHUHI rapa-
MardHT Xonatura YTuiu Temnepatypacu 7Ty Heen temneparypacu ne6
HOMQHaAW. YJ1apaa MarHuT KabymuaHauk 7< Ty ia KpUCTaLT naHxapa-
cH iHyHanMmMra Kyunm 6ormuk 6ynaou.

ATap MalioH WYHANUIUK aTOMIapHUHT X

MaTHUTHK  MOMEHTIapKW HWyHanMIMaa X,

6y/ica. MarHUT KabyadyaHnux Temriepa- ST i

Typa NacaluiuK OWlaH HONMra WHTWIA- \Q\L”' =)
aM. Arap MalioH HYHUIMWK MarHuy el

MOMCHTIApY HyHaIMLIMra TMK GYyica,
KIOYMHAHIUK  Temreparypara  GOrmk
6yamaitan (10.14- unsma).

10.7. [le Taa3, Ban Andien achdekrn
1930 itnnu ronnang Gpusrknapm JIA - 10"

[e [aas, Baw AndeHnap BUCMYT- 20
Huue 7=14,2K garm mardur Mo-

-
10.14- w13ma. AHTHGCPPOMATHIT-
HITHT NAPAMATCTHKKA VT

MeHTH J HW Yivaaunap, Taxpu-

BanapHUHT  KYpcaTUilKYa, J i e 7 TR
TatuKKH MalOoOH Yisrapuuin Ouaad
Te6panid ysraprad (10.15- ynsma). 1015 uissa. Marnnt sionienrin-

BV 4\0ﬂ“CaHH ﬂe raa3, BﬂH Aﬂ- HIUTHT ABPHEE Y sFapiwng
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den agxbekTn f1e6 Homanany. Keitunpox OHcarep GyHM KyHuiarnya
TYIIMHTUPIM. MeTaiapHUHT  MarHuIaHTaHIMTHHAHE TeBGpaHMILH
MepMM  CATXMIATM  NEKTPOHJIEP OPOWMTANApHUHT KBAHTJIAHIIMIAH
Kenub SHKamt.

Drnexrporiap VepMyi CATXUHKUHT MarTyM 6Up opburanapyna (xe-
CHMIIApHIA) XapakaT Kulamwiap. DepMy CaTXMHMHT SHT KaTTa Ba SHT

KUK KeckM 103anapy 10.15-uyamapari J HHHT 9KCTpeMyMIapH-

ra TYrpu Kenagu. OHcarep J HuHT TeOpaHUIl JaBpH YIYH
Kyiuzard MyHocabaTHu ONIH:

A{_LL 27 1 (10.91)

H) #eS, g :

bynoa S, PepMM caTXMHMHT TallkH 2 H
MarHuT MalooHu H ra Gynrad MX- — :li‘
THEPHH sKcTpeMan kecumu (10.16 — f,lff‘m\‘m
upamMa). Mareur MaiimoHpa Meramiap- ‘n__,__;_ec,\/
HHUHF 3MeKTpUK YTKasyByaHNUrA Tebpa- = %":3“?\;‘.;6’
HALMHY XaM  Ky32THILMMM3 MYMKMH i K /_ra.}.?‘l
(IlyBHuxoB-Jle I'aas addexTs). 7 =4

% g Lt ot g 10.16: q:::\;a MarHumHK
e s s Srye K 01 e

PYBYH 3M.

™I
10.2. DnexTpon — napamaraaT Pe3oRATC (DIIP)

MarHur MaiiloHra xollaHraH napaMarHuT sappajapra 2Ta
Oynran  MomaHUHr JIEKTPOMATHUT TYIKUH PHEPTLAACHHN pe3o-
HaHC PABWINJA IOTHIN XOLWUCACH 3/EKTDOH-TApaMATHKT PE3CHAHC
Aeb noMmnanamy. Tawky MaiiioH H TabeHpuOa HHUFMHIH CIFTHE S

fa Telr 6ynran sappa 2S+1 Ta caTxra UKpIanH. Carxiap opaciia-
Tl SHEPrus dhapxu

AE =2upH (10.92)

Dapxaxvikar, sprup onexTpoH yuyH S=1/2, pegipls Byj—lﬂa
£=2,0023 (spkun syexrpon yuyH) Ba p=1/2. IeMax, anexTpoH Ei=-
172 gyipu,, By=toyippi sHEprisUtapay Kadyn Kiwia onany. Yina

‘J’.]u-
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AE =E2 _El =g:ﬂBH ":'2[1311
3JICKTDOM8FHHT Tyf[m}{ JHEPrusiC KBaHTH Y4yH
¥ hw=AE = gup H (10.91)

1IapT GaxapwiraHga KyWwo IOTWIMIN KysaTwiamgd. By xomuca épna-
MHIa MeTaviapiard YTKa3yBYaH JIEKTPOHIAPHMHT CITMHIADH OpHEH-
TalUMsICMHH, HyKCOHIapHa GoLIKa XOMMCATTapHH Ypraduill MyMKHH.

10.9. flgpomarswT pezoHaHC

MarHuutr MaifloHIard MOIJAHWHT MapamMardHuT sIpofiiapd To-
MOHMOaH 3JEKTPOMAarHuT TYIKUHIapHM OTHW XONMCACHHH SApO-
MarHUT pe3oHaHC Aedwian. byHna Taliky MaliloH TabCHpWAa
Spo cnuHU 1 Orp Heda caTxiap Xocwi Kwianu. CaTxjiap opacuia-
M 3Heprusa dapku (10.91) wéona Gwian aHuKIaHamy. Pakar g
Gomxauapok, Gynmagu. Merangapaa $TkasyBYdM  2JEKTPOHIAp
Oynramnury yuyH KYT Xosviapha akycruk IMP nad doinananmna-
M. ByHna TalixapunaH TyLUa€TraH 3JeKTPOMATHHUT TYJIKUH YpHura
how sHeprusiy omoHNap yHFoTHIamd. By Xomucanap XaM MeTai-
Jlapfiard Kym KaTTajJMKIapHy aHUKIall UMKOHMHY Gepany.

10.10. Meramiapaenr 3JeKTPOMATHRT TYAKHAIAP G1ian §3apo
TABCHPE

Mabnymru, MeéTamiap 3MeKTPOMAarHUT TYNKUHIIAPDHU Xyda sx-
WK KaliTapypuyu wMopganapaup. IOKOpH YacTOTaid 3JEKTP TOK
darar meramn cupTMaaH YTagy. BNEKTpOMarHUT TYIKMHIAD Xam
XyFAa KUYUK KaIMHIMKOATM KaTiamraya Kupa onagunap. By
XomvicaHu ckuH 3ddekTn Ae6 HoMnamamu. MacanaH, =108y
6ynraH anexTPOMArHUT TYJIKMHHMHT MHC METalIUra KHUpHII
QYKYpAury 0=6-10-4 cm 6ynapu. Kywnn MarHuTHX Ma#IoHra Xori-
JlaHTaH MeTaUiga CCKUH CYHYBYY 9JeKTPOMArHUT  TYIKUH
TapKaJMIIY MyMKWH, HaTiDKala cKMH 3gpexTt HyKomamu. Maca-
JaH, HATpU}t KPHCTA/UTM KYWIHM MarHUT MalioHra XOWIaluITHpuI-
raiga ynatpaGuHadbira Hypiapu ydyyH lnagdod 6ynub Konuuin
MYMK3}H. MeTangapHHMHI ONITHK Xoccanapy YAapHUHL AH3NEKTPHK
CUHTAUPYBYAHIMIHIAH Kelnu0 YHuKanm:
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E(w)=6'(w)—i%a(w), (1092)

OyHAa E(w) YTKA3yBYAH SJEKTPOHJIAPHKM XMcoOra ofMaiIMraH Au-
IMEKTPUK CUHTAUPYBYAHAMK, () — METAIHMHI YTKa3yBYaHIUIH.
MeTaniapHUHT CHHAMPULL KYPCATKUYM YUYH

T (10.93)

OyHoa R — EpYRIMKHUHT — 3ME€KTPOMArHUT TYJIKMHHWHE I0THIHL
KO3QOUUMEHTH.

Undpakuann Ba onTuk AdanasoHnap  yuyH  OMpUHYM
SKMHNaWwu1Ia

(7]

gw)=¢(w)-(— ") (10.94)

ubona ypuunu 6ynagv. byHpa w, YTKa3yB4aH 27eKTPOHIAPHUHT
(3MeKTpOHNap MnasMacHHMHN) TeBpaHULL TAKPOPHMHIUIH.

@>@; fa MeTaniga ruasma TeGpaHWIUNapu YHFOTHAALM. 6=l
nap yqyH metannap macbdod 6¥aanun. o ownliy GritaH MeTanap-
HUHF KaliTapuw ko3pdULMEHTH T KaMasaW Ba PEHTreH 1HAnaso-
HUIA MeTannap Gunad QMaNeKTpUKIap opaciia dapk KoIMarnau.

Tywmui Tekvcanruaa KyrénaHraH €pyFIMK HYpH MeTalilaH
KalTa onagy (aManexTpuknapaa KaiTManau).

Slcew KyT6nanran E€PYFIMK TYJKWHW MeTanjldan KadTray 31-
NUATHK KyT6naHaau. bydra cabab: TywMil TEKWCIMriHaa Ba yHra
NEPNEeHANKYASD TeKWMcnMkoa KyrOnaHraw Hypjap MeTannnaH
KaiTray ynapna dasanap dapxu xocun 6ynaan.

10.11. Huknorpon pe3oHaHC

MarHur Maiifonra xoMIAWTUPUATAH MCTULIAAIM  YTKA3yBYaH
3EKTpoHNapra JlopeHu Kyuu Tabeup 3Taau. by maiaon TabcupH-
A3 3MEKTPOHAAD XapaKaTHra MaWZOH MYHMIHLNIA THK TCKUCIMKIA
aliaHMa Xapakar Kywnnag. Arap 3M€KTPOHHUHT 3PKIH 10TyPHIL
Macodacu aiinama ysywnurmgan Katta Gynca, Xapaxkar JaBOMHAIA

SACKTPOH Y3 SHeprUsicMHK WYKOTMAMAH. DIEKTPOHHWHI allnaHnul
TaKpopuinury,

et (10.95)
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MYHOCA0AT OMJIAaH AHUKJAHAUN BA YHY LMYSIGIDGH T2 fis ir
ne6 HoMIaHOW. MeCTauira TAUIKAPWIAH (50s T2LL0G/A7 A4 = 7
SNIEKTPOMATHUT TYJIKMH TYIIMPCAK PCIONAHL A4 7.
KaWTHIY) Xoucacu Kysatwiagu. bynm umrierpo: 7
aTaNafyl, XOMMCAHHW Ky3aTHLl YYYH 3PKUH OIypsl
JlaHa Y3yHJTMTHAAH Katra OYIMUIM KEpak, Toza e
IOTYpHII MacoacH acocaH 3NEKTPOHJIAPHKHI 4/
TYKHAIIYBY HaTIDKacuaa derapanaHamy. Wlynysr v
UMKI0TpoH pesoHanc T=1<10K nappa kysaTwizzz
TPOHJIAPHMHT ¢OHOHIap OWIaH TYKHaUIyBHU #y3z xv BaE
IMKIOTpOH pe3oHAHCHM Ky3aTHIU YIYH MaTHUT MeZisH MeTzils
CUPTUTa Mapavles AVHAITUPHAALN. DIEKTPOMATHUT TS IKMH 2472-
HMII opOuTanapy MeTall CHUPTHUIa SKUH
6¥mnran SIICKTPOHIIAD 6unaHryHa
TabcUpnialla oJjagiiap, 4YyHKM CKHMH
3bdexTy Tydain yIapHUHI MeTapira
Kipu6 Gopuinn Macodacu uerapajiaHrad
6Ynamy (10.17- umama). [IuKIOTPOH pe-
30HAHC XOAMCAcy METAUIIATH JIeKTPOH-
JIADHMHT SHeprus CIIeKTpUHY, 3bdeKTHB
MaccacHHM aHuKiauja KyuiaHwiam. by
Xompca Meraapiad  Taulkapy  SpyuM
VIKasmiapna xaM KysaTilamd.

10.17- wuama. LnrciotpoH
DPE30HAHC XOaHCAaCHTa AOKD.

10.12. MeTauiapaarn wiasva TeOpansmiapy

Manimymxy, wiasva MOAJAHUHT TYDTHHYM arperar Xojami 6V:ui0,
YHO2 Mofia MycGar Ba MaHGbMI 3apAIUIAHTAH 3appanap HHFMHIHCHIAH
n6opar 6ynams. IliasManaryt Typ/y HIIODay 38psuUTap MUKIOPH Y32p0
TEHIJIWTY Y9yH 2NeKTpoHeTpamp. MeTannapiary YrkasypyaH 37ex-
TPOHIIAp GHTaH KWK, aTOMIIap TUia3Ma XOCHT KWIany Aeb Kapalliis
MYMKUH. By ma3sma maHGuUi 3apsiiaHrad ¥TkasysyaH ayeKTpOHIaD
«Ta3W» Ba KPUCTAI TAHXAPACHIATH MycOaT 3apsyaHTaH aroMyapiaH
ubopar 6ymami. ByHpail 1masMa XaM Y3UHMHT Xycycuii TeGpaHMIL TaK-
POPUIITITH @, Ta 3ra Gynanu.

®Dapas KuwiaMu3, MeTalliard 6apya YTkasruy 3nexTpoHIap
KPUCTalJl TamKapara HMcOaTaH Mabiym Oup macoda x ra cui-
KUMIKU. YV Xosnga 3NMERTPOH «Ta3M»HHU opKara Kaitapypuu neE Kyd
Xocun Gymagu. DyHma B — ONEKTPOHJAD KOHLEHTPAUMSACH,
E=4mex — anexTp MaiHOH KYWIaHTaHIHTY.
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By MaifjoH 3J1eKTPOH <«Ta3U»HMHI CWIKULIM Xucobura manao
6ymand. YOy KalTapyBud Kyd TabCHpHUAA SJEKTPOH «rasv» Te6-
paHMa Xapakarra Kenagyd. BMpIMK XaXMIArd 3JIEKTPOHNAp IYPYXH
Yy4yH Xapakar TeHIJIaMacu

2

nm Ef =-neE = 4t , (10.96)
dt
€KN
L2 4 otz =0. (1097)
dt
Bynna
2
PR i (10.98)
n m

TUIa3MaHUHT 6¥iinamMa TeGpaHUIM TAKPOPUMAHIY ned HOMJIaHaW.
YHUHT KuiiMath MeTaiutap y4yH yarpabuHadina TYIKUHIZpra Moo
Kenany. TaxpubanapHUHT KypcaTniinga, MeTaliap TaKPOPUWINHTA
Wp @ KNYMK EpYENMK HypIlapHHH YTKa3Maiind, aMMo >y fap-
HI 3C3 ¥TKa3ULIN MyMKUH.

10.4-xanmanna Gab3w Meranmap Y9YH A, =?_j‘c- HHBT
n
KUUMATIApH KaTHPHATAH.
10.4- xcadsan
Merawmp Li Na K D) Cs
Xa (XHCoSnaHmn)(jl) 1550 | 2090 | 2870 3220 3620

0
Ay (TxpuBana)( 4 ) 1550 2100 3150 3400 -

Me‘m:mapnam 3JICKTPOH TasH

TeOPAHMMIMHY  MeTannuubT  GUPOP e Gt
uerapanaHraH KucMmaa YHFOTHII XaM " ?

MYMKKH. Macanan, KHHeTUK SHEp-
rHsicn  1+10xkoB 6ynran Te3 oanek-
TPOHNIADHY ONKa MeTAUT KATIaMIAH
YTKasranuMusga ylap  MeTamuia 10.18- 13ama. Maasma

MaLJIyM Gup HyHATMIADEA TCOPAHHULTIAPHTA AOIHP HII3MA,
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TapKanyB4M JIEKTPOH IUTa3Mack TeGpaHUILIapUHH XOCHI KHNTaan
(10.18-yn3ma).

ONIeKTpoH TUIa3MacH TeOpaHHUUIapUHUHT OyHOoai KBaHTH
IU1a3sMOH Jie6 aranagy. Metamira Kenub TylraH 3JeKTpoH V3
SHEPTUACHHH YATyKCcU3 3Mac, 6anku 6ymaknab iyKorann. Xocun
6¥nraH rutasMoHIapHKHT 3Hepruscy ~10 3B tapru6aa Gynanu.

Casosnap B2 macajxanap

1. Meramiap 35exTp $¥TKa3yBUaHJIMTMHUHT KJIaCCHK(MYMTO3) Ba
KBaHT HasapysUlapy YpTacuiard acocuit ¢papku HuMana?

2. MeTannapHHHI 9HEPTETHK 30HANApH TY3WIHIIMK AU3JIEKTPHK
Ba SIpUM YTKa3FUWIapHHUKUAAH (DapKUHU TYLIYHTUPHHT.

3. HuMa yuyH merawiapra 3MeKTPOMArHWT TYIKMH YyKYp Ku-
pub Gopa onmainu?

4. IIUKJIOTPOH PEe30HAHC XOMMCACHHH TYIUYHTHPHHT.

5. MeTtajuiapHUHT OMAMArHWT, [apaMarHUT Ba (GeppoMarHMT
XOCCANAapUHM BejIrWIoBYM aCOCHIA OMWLTADHH alTHHE.

6. Merawiapiar® TepMO3JIEKTD XONMCANAPHHU H30XNa6 Ge-
PHHT.

7. AmoMubmit Kpuctaii yuyH 7=0 K garu cdepmu 3Heprusi-
CHHM TOMMHT. Xap 6Mp amOMHHUH aTOMMra yuTa 9pKUH 3JEKTPOH
TYFpM Kenaau Ae6 OMMHCHH.

8. Temmneparypacu 7T GYiraH MeTainmark anekTpoHnap 6wiaH
Tynum sxrumomakrk 0,2 Ba 0,8 O¥nran catxmap sHeprusmapu
GbapKuHy TonuHr (x T-6upiKruna).

9. Temneparypack 18°C Oyiran MeTamniaru ¢epMH SHEpPTHs-
cugan 0,01 3B macthar¥ CaTXHMHT TYAMIN SXTUMONIUTUHM TO-
TIHHT.
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XI BOB
SIPEM VTKASTHUIAP

DieKIp §ricsymuaTm xpiivanv Meramiap (o =10'0 <108 0x " u7!) B
OHIEKTPHKIEP (o = 107 + 1077 oa ! »~") opacuma xoiyaliraH MOTIANADHA
UM YTanamp g6 aranamd. SipuM VIKATVDIEpHUHT sHA 6up  MyXuM
ApKIIOBIM XyCycuAT INYHIAH MOODATKY, TeMIeparypa KyTapuyiiy GioiaH
VIADHVHT eKTp YTKAsYBIAHVIMIY Te3 opTih Gopamy YIHGy MOIIANapHH JacT-
7120 YpraHuill GOlIIMHTAHTA KUPHIWITAH FOKOPHIATY Tabprdra XOoUpry KyHIA
Mp KATOp AHMIGHKIAP KYUNITAH. By aHMMKIIAD YIAPHUHE SHCPICTVK 30H2-
JIEDY TYSWIMLIM, 3apsi TALLYBIWIADHUHL XOOCANAPADAH KENMO YHKAIM.

TeMmneparypatiHr eTapiMya KaTTa OpaIMFMAa ApvM  YTKas-
TUWIADHWHE 37eKTp YTKasyBYaHJIMTH 3KCIIOHEHIIMAN Y3rapaiy:

o=0gexp(—E 4 /kT ). (11.1)

Bynna E, YTkasyBuaHIHKHH (daoJuiaul 3Heprusick 1e6 HOM-
JlaHaN¥ Ba 3NeKTPOHHM aromjap OuyaH OGoFTaHWILHHMHT
ypTaya sHepruscHHM GWIHHpand. Xap KaHmad TeMneparypaga
HCCHMKJIMK XapakaTH SHEprisicH TabCUpPHIA ApMM YTKa3HYAaru
BAaNCHT 3JIeKTpOHNApHUHT exp(—E,/kT) Tra NpornopLHoHal
KHCMU 3PKHH 3apsn  TallyBYMiap o¥nanu. SApum
YTKa3rMWIADHMHT YTKa3yBYAHJWTH OOWIKA TaMIKM TaBCHDiap
(Macanan, &pymiuk OoKAMM, 3appanap OKMMH, KMPHIIMAJIap,
SNEKTp MaligoH) HaTHxacula XaM, K¥I XoJjjapla, 3KCIHOHEH-
UMan yarapapu. HMlyHuHr yayH ynap TeMIepaTrypara, KUpHIUMa
MUKIODUra Ba 6olIKa TaumIKK TahCHpJapra Xyia ce3rMpaup.
Apum YTxaamqnapnuﬂr 6y xoccacHJaH TyDJM XUJ Basudaiap-

HU Gaxapypuu ac6o6map, cesrdp KypuiManap KWinuiga ¢ou-
JlanaHunany.
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11.1 Apum JTKasTHLIAPHHHT TYPAAPH

SpuM VTKasrm4napHH KaHmail KMMEBHY 3AEMEHT/IapAaH Tall-
KHJI 3THATAHUT2 Kapab TYpT Typra aXpaTHll MyMKHH.

Bmpnmm"rypm S7IEMEHTNIap OaBpHMil XaaBatuHWHT IV rypyx ane-
MeHiapi Ge Ba Si ymap xupamu. by anementiiap TYpT BaJieHT 2eK-
TPOHra sra OYnKO, KOBWICHT (aroM) OORIM KPHCTALT IMaHXapacu
XOCUR Kiwiamwiap. Yniap OMp 2JieMEHT atromlapfaH TY3WITaHW YUyH
SneMeHTap (coana) pHM YTKasruwiap Aeiwianu.

Wrcemrss 7yp SpUM YTKasTMwiapra Aaspvif cucreManuur 111
Typyx aneMeHmIapy (Al, Ga, In) 6unan V rypyx anemeHtiapu (P,
As, Sb) Huur GMpuxManapy Kupanu. Ymap AlIBY 6upukmanap
ne6 Genrwranangy (GaAs, InSb, GaP, InP sa 6onikanap). III rypyx
SIEMEHTIIapH YUTa BalIEHT 3JIEKTPOHTa, V IypyX 3/leMeHTIapH 3ca
OSul BanenT 3eKTPOHTA 3ra, WyHHHT yuyH ABY xypunummaru
KMMEBKY 3JleMeHTHa YpTaua Xap 6Mp aToM TYPT BAIEHT 3JIEKTPOHTa
Sra 6ymamy. YnapHH 0aMOCCUMOR Spum ymixaszuysap [e0 atamanyl.
Kpucrayn namxapacima xap 64p atoM KYIHM aToM GUmaH TYPT Ba-
JIEHTIM CORIaHMILUIAD XoCcWi Kiianu. Harirkama onMoc TiaHXapacu-
ra Yxuram Kpycrawl HarkapacH Xocwn 6ynany. Yy Typnary Mod-
Ranapna xopafieHT DOFIAHMLI eTakyd YpuH TyTamd, WYHUHT Y4yH
Ymap Ge Ba Si ra yxmaum xoccajapHd HaMo€H Kwiadu. daspuii
“anpamiunr 11 Ba VI rypyX siemenTiapu GHpUKManapuia Xam
Ypraya xap 6Gup atomra TYprTa 37EKTpOH TYEpU Kelamu (ZnTe,
ZnSe, CdTe, CdS Ba Gomxanap). JlekuH ynapia HOH GOMIaHUII Ko-
BaneHT Gornanuuira HUcOaTaH eTaxay YpHH TYTalu.

YVwmmn Typ gpuM YTKasrHwiapra JaBpMi XKaJBalHUHT V Ba VI
TYPYXIapyHMHT 0aB3M 27eMeHTNapu Kupany. I'ypyxaard Se sa Te
JIapHUHT spuM YTKa3TMWINK Xoccamapn Ge Ba Si JaH XaM OJNEMH
AHUKIaHraH. V rypyx aneMeHTIapy As, Sb Ba Bi nap sipuM Meran-
Jlap 6ynmi6, YNApHHHT KYI Xoccalapu SpUM YTKasTHMwiapra
AKuHIup. AV BV! xypuummparn mommanap (PbS, PbSe, SeTe,
GeTe Ba Gowkanap) xaM Ypraua Gem BaneHT 31EKTPOHTa 3ra. by
Mommanap spuM YTKasIMuYIy MHOpPaxu3Wwl Hypiap Kabywrat. mna
MHDiaTinamu.

VI rypyx aneMeHmiapy (Se, Te, S, O) nuur I-V-rypyx ase-
MeHTapy GwiaH XOCWI KWIMHraH KUMEBMI GUPHKMaTapH v4MAa
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KYN SIpUM YTKasrMu Monnanap mapxyd. Macanan, CuO 6HpukMa-
¢4 TYFpunarpunapia (KYApOKCHH TYFpUIarud) Ba TEpMO3JIEMEHT
cudatuga Kysmnanuaand. bouika kyn OMpUKMaTapHUHI XOCcanapH
XalKu YpraHuiaMarau.

Typrunus Typ spuM yTKasrhunapura V1 rypyx sjieMeHTIapu-
HUKT YTui Metannapu (Ti, V, Mn, Fe, Ni, Sm, Eu Ba 6o1ikanap)
OMAAH XOCMN KMAMHIAH OMPHMKMaap KMpaau. YJapHUHE OMpHUK-
Manapuaa MoH GORMAHMIL YcTHBOp OYnu6, Ky GupHKManap Mmar-
HMT Xoccanapra sragup. MacanaH, EuO, EuS, CdCr,Seyq spnmM
yTkasruunapu deppoMaruutiapaup, EuTe, EuSe, NiO nap sca
aHTHheppaMarHuT xoccara sra. bynmail 6MpukManapHHHE Gab3u-
napu (V,0;, Fe;04, NiS, EusO Ba Gourkanap) remreparypa sa 60-
CHM Y3rapuiiit 6unad MeTan XoJarura YruulyM MyMKHH.

11.2 fpum Jrrasrnyaapaa xycycHil FTKasyB4alIHK Ba 3oHanap
TY3HAHILH

Berona kuprimanap ityk To3a Xongaru €KW KUpHMLIMATAD XUC-
CacH Kam OYnraH, sipUM YTKa3THUIApHWHE 3JIEKTP YTKa3yB4aHJIHIH
xycyeuli  ymiasysuanaur 166 HomnaHagM. Toza spHM  VTKa3riy
MOLZANap nacT TemnepaTypada 3JeKTP TOKHMM €Moli YTKasanH.

ByHra cabab, ynapaa a/MeKTpOH- Frrasynuniume 301acK

HUHT  3Hepretuk soHanapu E — — -
4 — e ———
TYJANPUNHLIKY  AW3NEKTPHKIAP- ﬁ:‘— ¥

a r

Aarura yxwawnuraip. 7=0K na 7 Eg
ApHM yTRasrMynapaa panenT 30- ! L

HacW snexTpounap 6Gunan Tyna % -
TVATal  6Yau6 ¢ e

) Yaud, yHaa oKopuri B .

:]OH'] L Ka : QTICHT JOHA

oHa YTKa3yBuaHIMK 30Hack Gy TT - wsva SIpnsg yTRASTITHHIHT
Bynanm (11.1- unama). e

E JHCPIHSE 30HLTAp .
Tapauua pact Temmepatypa-

JIapAa ¥TKazyBuUaH sona OVILAMEH YUYH SIDHM $TKasriy 31eKTp TO-
KHHM ¥Tkasmaitan. Temnepatypa KVTapHUllng Ouad HCCHKIHK
SHEPFUSCH  Tabcupuaa BanelT 3oHAZarit 6ab3il  3CKTPOHIAD
YTKasyB4aH 3oMara YTH6 onajn. BaaenT 3onama 3aca mycOat sapsia-
JII:i KOBaknap Xocnun Gyaaan. Merannapaan Gapkii yapok, sipHM
S”KiU“l‘l_._’mplla 3apsin Tauiysinap BasndacHHM 3MEKTpoHNap Ba Ko-
Barnap yraitan. Xakuknit kpucrawia Gy Xoarca KyiHaariua Coamp
Oyorvuus. Kosatenr Gomatu NOCH KIUHIUAY KATHAUIAETIAH 3MeK-
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TPOHJIapaaH GHpH HCCHKIMK @_
XApaKkaTi  HATMXAacWMAa  aromaaH '

Y3MIHO 3pKIH JICKTpOHra aiinaHa-
an (11.2- yusma). - -
SnekTpoi CTMLIMAETTaH Si
GomTaHMIL  XapakaTuyad  KoBakgaH
nGopatr. DpKKH 3EKTPOH XaM, 3p-
KHH KOBaK XaMm KpWCTal MaHXapa @—
Oyiinab kY416 10pUILM  MYMKHH. e —
KYuini Goran aneKTpoH TOPTUG  11.2- uiava, DpKit 27€KTPOH Bit KO-
ONMIN  HaTIDKAcKMOA Ma3Kyp >Xoiaa BAKHUHT naiiio Gyasun.
KoBaK #{konanM, JEKHMH KYUIHU
Borna kosak xoci1 Gynann. By xomica KoBaKHUHI K§9M6 IOPHILMOKP.
Y3unrau aeKTPOHNAP sIHA KAATHG Y31 X0CH/ KMJraH KoBaKKa
Tyluca, 3pKHH 3JCKTPOH Ba KOBak XydhTH iyKonaau, GyHH pexos-
Ounauus neiinnany. Homman  dapxiu Tempepatypanapa sipuM
YTKasruunapaa anbarra 6yHaaii KoBaknap sa yTKa3yBUAHMK €K~
TpOHRrapu maBXya 6Yn1aiM Ba ynap s/ekTp TOKMHM YTKa3a ofalM.
SApuM yTkasrnynapHuHr 6y Xoccach yAapHU JnajeKTpUKIapaaH
dapknaiig. JuanekTpukiapaa HopMau wwapoutaa OyHnai 3apsin
Tawysynnap G6yamaiian €KMW Kyna kam Mukaopaa XocHa O¥Iafu.
Tosa sipum §rkasriynapoa KaHua YTKa3yB4aHAMK 9JEKTPOHIAPH
naiiio 6Gysica, wyHua KoBakJap Xocun 6ynagu. MyBo3aHaTHil
XONATAA YTKA3YBUAHNK JNEKTPOHIIAPH 3UUMMIHHM /1y, KOBAKMapHH-
KHHIN oy 1e6 Genrunacak, Xycychit YTkasysyanmmk yayH

—®
|

Omue
1K
G

*

1

o

e

no=po=n;. (11.2)
bynaan n, — xycycuit sipum YTKasrygaru sapsid TallyBYMaap
MUK (intrinsic — XycycHit).

Mawaym Gip Temnepatypamaru 3apsin TawysuMiap MHKIOPH
TaKHUKJIaHTaH 30Ha KCHTANIHIA 6OFNMK 6ynagn. £, — KaH4a KMYHK
G¥ica, ¥rkasyBuananK NMCKTPOHAAPH coHu WwyH4a Kyn 6ynanu.

Ge yuyn £,=0.67 3B, Si yuyn E~1.14 3B Hu TawkHI KHIAN.
Wyninr yayn. macanan, Xoua Temneparypacuaa (7=300°K) Ge
KpHcTaanaary YTKa3yBUAHAMK ICKTPoHIapy suuamurit Si HIKHAAH
TaxmitHan 103 mapra katTa.

AptiM - FIKASMMUWIAPHUHE TAKUKNAHTaH 30Ha  KeHIINFHI ONTHK
YOy asinat MYMKItH. BYHURE yuyn spua YTKasrHuiapaa €pYEK
HYPH oTHamin KOIDMHIEHTIIN T9nkm yaylmurira  GOrmnKm
ypravunany. Morott sHeprusictt hw < £ » OVarama y aesipail 10Tili-
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Mab4, UYYHKW YHMHI 3HEpIHMAcH
BAJICHT 30HANAr 3MEKTPOHJIAPHU
YTKa3yBYaHIMK 30HacHra KYTapHIl
yayH etvaiy. ho 2 E , Ginranna

cdoTornapruHT oTWIMIIM Goliria-

\\\\

o xodreienTs

Eg /= |
o Eg=hw
+———7 %

+

Hamy (11.3- unama). SPcroeiap MEODIRECH
Kpuc’raju[na 3JIEKTPOH KOBakK 11:3- yuaMa. ApuM YrKasruyga
)Kyd)-r“ XOCHI GYIIHJIH. SHCK’ CPYFAUK OTHANLLINTZ JOUP.

TPOHMAPHMHT YTKA3yBYAHJIWK 3oHacura OyHpmafl YTuIl ©eBocHTa
(ToHM  TYFpM) Yum  ne6  HomutaHanu.  bamsv  ApMM
YrKasruwiapHuHr (Macarad Ge, Si) 3oHanmap Ty3MIMION MYpaKKab
Gynany. ViapHuHT YTKa3yBYaHIMK 30HACHAArd 3JeKTpOHNap yIyH
3HT KMYMK 3Heprusi (Epjp)ra TYFPM KeJAyBUM TYJIKHMH BCKTOD e
BAIEHT 30HAJarM KOBAKJIAPHUHI 3HT KarTa 3HEPrUgcura Moc Ke-
“Yﬁ‘gl TYAKMH BexTopH (k=0) Grwian Moc Kenmaiy (1 1.4-yu3Ma).
HOW GeBocura YTHLI Xapakar =

MUKIOPH ca!qnamnuyrxoriyﬂy?iwﬁax(apm— I

Matiny. Jlekun, Gysiad Yrvmap GOHOH
XOCHN GYmmimM GwiaH aMara OUIMUIN
MYMKUH. VHoa 3Heprud CaKTaHMIL
KOHYHU fiwy = Ep + ho, . IMITYTCHUHT

kd’ _kc + kq (11_3) 11.4- quw;r;ﬁf:r;;-na HOTVFpH
KYpUHHMILZIA €3u1anH.
Byuna g, Ba ky nap yiFOTWIraH E
$OTOHHUHT TaKpOPUILTMIH Ba TYIKHUH
BekTopH. Epymmk Tapchpuiia 3neK- g Benocuma

cuma ytum ge6 HomuaHamy. Bbuiaso-
CUTa YTUIINA ApMM YTKA3rMUIapHHUHT
TaKMKNaHraH ~ 30Ha ~ KCHDIHTHHM
TYFPHIaH TYFpU aHUKIa6 6YIMainH.
Taxuknanray 3oHa yerapack CHIKU-
raH Oynapu. Spum Yrrasruuga OTWIrAaH GOTOH 3PKUH 3IJICKTPOH
Ba KOBAK XOCMII KWIali. DHEPTHAHMHT O6Up KUCMH 3ca hw, SHEP-
TSI doloH xocwn Kuwimmra capduaHand. bBab3y  sipuM
¥TKaaruunap yyyH TaKMKJaHraH 30Ha KeHOUIMrH 11.1-apsanua
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KenTUpviran d — xapby 6unaH fecocuma YTHIL, [ —xapdu 6mnan
Gungocuma YTUII Ky3aTHITaH sIpUM YTKasruwiap OearuiaHraH.

11. I-scadsan

N[ SApidpricamo grinn E. 3p N T oy YT E;. 98
KpHCTANH TV K 300°K KpUC.a¥t TypH °’K UK.

) i 17 14 Te 33 -
Ge i L ,67 PbS d 29 035

| 3| InSb d X h PbSe d 0,27
4| InAs d 2_| Pble d | 03
[ 5] IaP d 35 CdS d 2, 4
"6} GaP X 76 4 | CdSe d 1,84 74
[ 7] GaAs 1, 43 CdTe d 1,6 45
AISb 1,6 152 6 SnTe d 03 .18

11. 3. BdpdexTnrau Macca

OpPKHH 3MEKTPOHHUHI 3HEPrusicd E YHHUHT HMITyjabcu OunaH
Kyiiugaruya GOFTaHraH,
P
E(p)=—, (11.4)
2m

m — JJEKTPOHHUHT THHWIMKHAryd Maccacu. JIeKuH 35IeKTpOHIap
pa Oolllka 2JMicMEHTap 3appaiap, KBaHT  MeXaHWKacuia
KYpcaTWIraHullek, UKKU €Kjiama Tabuatra sragup. Maskyp 3appa-
Jap ¥3uHU (A — TYIKUH y3YHJIMTHIa 3ra GYnraH) TYIKUH CHHTapH
TyTanu (KOPNYyCKyJIAp-TYWIKMH Oyauusmu). Xap 6Mp 3appara

- 27 . -
-=Tn TYIKUH BEKTOPMHM MOC KYHHIIMMU3 MYyMKWH. YHOa

3JIEKTPOHJIAPDHUHT HUMITYJIbCH

D =hk (11.5)
6ynany. DNeKTPOH KPUCTAUT IMaHXKapacH MYMJa XapakaTJaHraHza
YHUHT Xapakar TeXIUIM V TYIKUH MAKEeTHHMHT TYPYXUil Teanurura
TEHT Je0 onvHam:

Ve—=—- (11.6)
DNEKTPOH TalIKY 3NEKTP MalZOH TALCHPHMAA TEITAHUILI OJICHH.

VHIa YHMHT TeUIaHNIIN

E PE, 1 IE dk

1 1
hook” hogkor Rk ok dr

-1
]

“i( 11.7
dt dt (LT
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By udionanarn (——) HH ( ) ra aJMaWwTHPHILUMH3 MYyM-

KIfH, ¥ Xoima
2p .
1 °E dp | o°FE P (11.8)

Bynna £ =ij—’ I/ICKTPOHra TabCUP KWIYBUM YMYMHMIT Ky4.
it

OXMprH MyHocaGataard F KyqHWHT OJIHIArd KynajiTyBuM Tecka-
PY Macca MabHOCHHM aHMATAAH.

e
0 DR A (11.9)
m® h2 ok?
Ywby macca anekTpolHHHI XaKHKHH TpaBHTaLMOH maceach
(m,) ra TeHr GynuuInM XaM, TeMr OyaMaciaurd xXam MyMKHH. m'—

ANEKTPOHHHHI KPUCTAM MAHXKAPAKATH XapAKATHHUHT sghiermuent
Maccacu ne6  HommapamM. Kpuctansn naHxapacu 6ynMaraHnoa
XaMMa 3aexTpoHfap Oupop £ Tallky E

3NICKTP MaiiioH Tabcupuaa GMp X Te3- i
JaHMW onran 6§nap s, Yiwa & ait- 1
AOH TYpiM KpUCTALN XHCMaapda XOCH
KIUU{HTaHAa yHAarH 3eKTpOHNap
Yanapuuu  Maccanapu Typnuua OyJrau
3appanapaex tyvagu. Jdemak, 3¢hdekTHB- L
Tt Macca By 3neKTPOMIAPHUHT KPHCTAI k
NAHXapacH OHnaH TabcHpAALIYBYIT XOC-
CANapHaaH  Kemid UHMKYBUM  KATTUIMK | 6o gysua. Pyxear Tiaram
SKaH. Kosaknap xam xeu Kaugaii rpasu- J0HA THAPMOKSTAPIL.
TAUMOH Maccara ara 3amac. Aciuia ynap

KPUCTAUIT nanxapachpari arosmsap arpoduaar Mycbar 3apsiaH
K¥Npok 6ran coxanapamp. LlyHra kapaMacaH. TAuwlKi SN1EKTP
MoK TabCHpIAA KOBAKIAP VamapuHi Mabiym Gup m 3(heKTHE
Maccara sra 6¥nran sappanek TyTaad. I(EOCKTHBIM  MacCalltHE
QKOHHG Xoccanapiaan Gupit wyuaad ubopatkd, y mycSar Ba
Manduil KuitmaTra ora 6¥RNMIN MymKiH. Matduii addextisin
MACCaNI{ TEKTPOH TallKH JICKTP MAli1oH TabeHpitla CEKITHAaWa-
an. bynna snekrpouniir naiskapa Ginan 3AacTHK TYKHAWMIL HA-
TIORACILAR OonraH Teckapi HAUTYILCH 3MCKTP MafiIoH TabCcHpnia
OfraH uMnyabcaan karra Gynam. Hatikana aNeKTPOHHHHE YMY-

()
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MMt apeitd Tesnurn KamaiinG Gopajin. Dduhekiminn Miacci Lo0F
QYHKWSIHHAT KYpuIdiiura 6ok, Arap (k) 1cs §uaapyiiu
dyHKUMA 6Ynca, yHIa MOC KeayBuM apekrupin Macca vuimz
oynaan. E(E) cekMH Yarapca (H1.6- qusma, 2), y Xosuja sapsis 1i-
IWYBYMAAPHUHT 3deKTHB MaccacH Karra Oy, MoHoKpUC i
JApPHUHFE  30HANAPW  TY3WIMUIM  KPUCTAUL e Aapaciial v
Hynanuiuura 6oranK 6ynanu. by y3 Hapbatuvia sdhdierrin Mmacca-
HUHT aHWU3OTPOMHSICHHM KEINTUPHO YMKAPALM, SILHM 3apsjl Taliyi-
YUAAPHUHT 3D PeKTHBIN  Maccacu  TYpAHM  KpUCTaiUIor pacsiv
Nysanduwiapoa  Typaumda  6ynaad. Y xonmma  (11.9)  udioaa
Kyidraarnua KYpuHHulaa E3Haain:
92 0
| 1 J°E (11.1G)

m,  p2 Okdky

byuwga 4, jmap I, 2, 3 E A
KHitMaTnapHn Kabyn kiaaad. 1].7- M
yM3Mana To3a repManniiiiur (Ge) {0238 joussB L
30Ha TY3UAMILN KENTHpHarad. £(k) i[roa] | £ =n72se Y13
rpaduriaan KYpHRUG TypubaHKU, | v
Ge na yura 3HepreTHMK MIHHMYM !
oynu6, vaap A,[ Ba L xapdnapu
Onnan Oenrwnarrand. Taxugnmadran
30Ha  KeHIMMrd £, 3HI  KHYUK
OVJITAH IHCPIETIHK MUHYMYM 6Y.110,
viaga £=0.74 3B 1y Tawknn otanM. By MHHYMYAM KpHCT
[1H] diynandwgarn Bpuamosy 3oHack  sikuHMIA Sxofiaaws
[100] iivnamnuaarn A MuHysmyMm yuyd £,=0,94 3B Hit Tawsxies
stamn. by HKKHM fiyHanniapaa sapsa TalwyBaHAAPHUHT 393
THRIN MACCacH XaM TYpAHYA 6Ynam.

11.7- wirssa. Tepasanititaa a=epn
SOMAIAPI TN SILILIL

fir

11.4. Xycycutii spim JTKA3THWIADIA JNEKTPOILIRP KA KOBRAEAD 1L 1in

SIpuat VrkasrHusapiar sapsit

Tawysusnap  siesnrn Ey sa 7 ora =
OOrMUKITHTII  RYPHE  UHKAMIS. i

Byuunr yuyn T remneparypana Ba- 2
nenT 30l VrKasyBuainK  30- 1 3

Hacira $1ub  onran anekTpotap i e s

COMHMHNHE KUMEBIHIT noTeHuMan L ¢ T T TUTTETTL TV ARG RTARE (RN ANAUARRE



(éxn @epmu sHeprusicn catxu Ep) ra GORIMK/IATMHYM TOTIAMHS.
W3oTpon sipuM §TKasrnd BaNeHT 30HacH WMMKHU By = 0 ne6 oJa-
Mmu3 (11.8- unsma).
VikasyByannmk 3oHacuia E KMiAMaTiu SHepruisira ora GysraH
3MEKTPOH YYyH
E=Eg+ "1",2 1.11)
2m p

MyHocabar YpuHJIH OYICHH.

VTKa3yBYaHIUK 30HACHIArM SMeKTpoHnap yuyn E — UNKT 'y
X0J1Aa 3neKTponapHUHr ®epmu [IMpaK TaKCUMOTHHHU
fu=ep( 2R, (11.12)
KYpUHMIIMAa 8316 onMIIMMM3 MymKwH. ByHpa f, — E @HEpTHAIM
CaTXHMHT 2neKTpoH OwiaH 6aHA SKaHJIUTMHUHT 3XTUMOJLIUIH, Er
aca MepMu caTXy, XONATIIAp 3UYIUIH YUYH

* ]
#(E)E =—— 21y (B - Eg)? dE (11.13)
2n h
thofa Ypuriu 6ynany. YTkasypYaH/IMK 30Hafa KoiUtaliraH 3JeK-
TPOHIAD 3UYWINIH YYYH

« 3 =
T D = E
n= [ g(E): fu(E)E =5‘_2.( )2 exp( L)
i St (11.14)
[(E-Eg) exp(-—)dE
kT
Eg
Murerpan onuurannaq cyur:
L] 3
p|=2(M)Eexp(M)_ (11.15) -

2mh® kT

IOKopwiary  ndona yrxasyByarINK 3OHANAFK 3NEKTPOHIAP
SHIMHMrdHMHr T Ba Eg ra GORMTaHMWMHU KypcaTtany. Arap Ef
Mawiym Gynca, yau uxtuépuit T sa EyJiap YIyH Xuco6nal Tomuil
MYMKMH. Buau xymiu 11y TapTHOAA ApUM YTKasruunapjaard Kopak-
J1ap 3UUIHTYH p HuHr T Ba E; ra 60FTAaHHUINHN 3HUKIAMMHA3. Ko-
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BAKAAPHUHT TaKCUMOT (MYHKUHMSACH ICKIPOINAPHMIIT THKLHMG]
dyHKUMACH fp 6unaH Kyuunaruua Somarrar:

== r f,

v Sp=1=tu- (11.16;

Y xonma
1 1 B=i4y,
=1- = = y. (11.17)
- o AR =0 R
kT R

exp(

L]
m, — KOBaKHVHI BaJleHT 30HACH WMIMEArd 3 QeKTUBIN Macca-
cu. KoBakiap yuyH XonaT 3uwiurM,

+ 3 [
2m, = =
gp(E)dE=L(—2£)2(-E)2 dE (11.1%)
m?  n
KOBaKJ1ap 3UWJIHMIU 3ca,
3
0 mAT 2 ( Egp)
p= (E)f,(E)dE =2 —F exp---'——‘r— (11.15)
Jf” e z(zmz ] \ &7 )
(11.15) Ba (11.19) udonanapyu 6up GUpUra KynafTUpar s,
- 3
i Y K E e
np=d[m’] (m,:m;,)2 exp(—Z}g~)=n,-2 (11.20)

6y ndona MyBo3aHaTHii XonaT yuyH VpUHIHM GYnud, xapaxamdizzu
Maccasap KoxyHu ed HoMJIaHaIM.

Yy myHocabar xycycuil G¥iMaraH ApMM $TKAsHWNap yOVH Xau
YpUHIH, YyHKM OU3 XaiM XYCYCHIUTMK TYFpMCHOa 6HpOp TaxaGiz Kii-
putMamuk. HMdomaruur aHa  Gup il (@D)-} en”™
Kymainyri urysaaH uboparku, yupma Ep 10 ]

HUHT KyiiMaTh KardHauMaiimu. Xycycwit 10 |
VIKasyBYaHmME. yuyH udona Kyiunarw o'

12
b

KYPUHUIITA KeJTanu. 10°
o 2 E 1
m=p =2(2—7m—2)2 (mpmip )t e"P(-%)' (11.21) 10; N
Kpemuu#t yayH (11.21) ndona €p- 10 Nl
12 o041 [ T
Aamuna XucobnaHras (np) 11.9- qwi3ma. Xycyeust spiise
uunr T ra Goplanumy 11.9- ynaMana YTRASHIINA (79) V2 i
KEJITUPHIITAH (y3leKCPI3 ‘{HBHK). TeMAcparypa 7' ra GoFamiun,
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'pacduKnary HyKTaap Taxpubana yianran KuiiMamiap. T=300K za
KpeMHHUI yayH np=4,6-101 cmS, repManuit yayH aca np=3,6102 cm®.
X11c06-KUT00APAA My =iy =M, 116 OJMHIAH.

Xycycuil §TKasyBUaHIMK Y9yH p=n, LWIYHWHT yuyH (11.15) Ba
(11.19) ndonanapHu TeHrnab

3 Esm
a2
oxel 2B\ i) ex;{E_g) (11.22) —.
o) \ma) AT 52
HH X0CHI Kiiamu3. OXMDIU HATIXaHi Jo-  ° [ o _ g
rapugmnab Epra HucOaTaH eyamus: —

Ep=(112) Ege () kTin(m,'/m,")  (11.23) e i

11.10- wmaMa. XycycHil ApHM
Arap m,'=m, Ba T=0°K Gymca, Ymeommue Sepw can
P Ee(D).
EF(112)E,, temneparypa opruimm GmwiaH,
arap m,/m,">1 Gynca, PepMu carxu KYTapwiamu, my,/m, <1
6ynca, y macaamy (11.10- ynsma).
Arap E,= 0 pe6 omiHca, E, onauaarn MiIopa yarapagy.

11.5. 3apan TawryBYmIap XapaKaTyaBarL.

3apsn TallyBymUIap XapaKaT4arJMrH ne6 yjaapHUHT Apelid Tes-
JIMTUHH 3JIeKTp MaliloH KyWIaHTaHIYrura Hucbarura aiTHiIanm.
A
oy = (11.24)
VHUHT YIlIopacK 3MeKTPOHNIap Ba KOBAKJIap Y4yH 6Mp w1 Gynamy.
Tosa spuM YrKasrwiapna XapaKaTyaHMMKITMHT KUHMATHHH 7eK-
TPOHNAPHYHT ¢hOHOHNap OWIaH TYKHAIIYBY aHUKJIAMON. OJEKTp
VTKa3yBYAH/IMK MKKHTA TAHIKII 3TyBYMaH ubopar 6ymanu:

© =(nep, + pepip) . (11.25)

Ywuby udonanu o =ne’t/m 6Gunan TaKKOCNacaK, 2JIEKTPOH
Ba KOBaKJIapHUHI XapaKaT4aHIMIM YIYH Kyiiugard MyHocabariap-
HH Tonamus:

,u,,=er" : el (11.26)

.up_
m, "y

11.2.-xanBanna 6an3u 6yp ApMM YTKA3TUYIap YYYH XOHA TEM-
fieparypacyari xapakaTyaHiIHrH KeNTHPHITaH.
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11.2- wcadean

ol ==
Kpncrann Xapakaruanimg, cMZ/B cex
HOMI Hy My
1. OnMoc 1800 1200
2. Si 1300 500
3. Ge 4500 3500
4. InSb 77000 750
5. InAs 33000 460 A
6_InP 4600 150
7. GaSb 4000 1400
. PbS 550 600
9. PbSb 1020 930
11. PbTe 1620 750
11. AgCl 50 =
12. KBr (100°K) 100 -

11.6. fpan JTKasrEuaa KApHUMAN2D

SpuM YTKa3TWy KpHCTaJN I1albKapacura 6T arOMJIapHHUHI MY-
aligH MUKIOpAa KMpUO KONMUIM HaTHXachoa KUpUIIMand SPHUM
YTKasrny xocun 6¥nanu. JKyma xaM MMKIopaary KMpuiliMaiap Xam
APUM  JTRAsTUWIApHUHr (U3MK  Xoccacura Karra _ TAbCUP
Kypcarami. MacasnaH, Tosa KpeMHWt kpucramiura 0,00001% Bop
ATOMIIADY KUPMTWITaHAA VHMHT OJJIeKTp VTKasyBYAaHJWUTH XOHZ
Temneparypacriga 100000 mMapra omm6 xerany.

Kpucrann Nalxapacujgard KupuumiManap ofaria HYKCOH
X{coGnanany. Arap KMpHUlMa KPHCTAIUl MAHDXAapacHUOard acoCHii
AEMEHT YPHUHY srayuial onraw 6ynca yHu VpunHGocap xammiy
Spumuma Geliuaady. ¥XVpuniMa KpUCTAN1 Maiixapacyoard aromiap
opacura KUpud KoniraH 6yica cyxuama gammuk spumma AeG ara-
sany. Kuprmmva sa acocuili Mopka addextim aroM pamycliapi
opacyuary dapk 15% pan owiMaran xomlapaa YpuHGOCAD KM HIL-
Majlap Xocwi Gimanu. YHAAH TalIKapyd KUPYIIMA BaJIEHTIIMTHHHHT
aCOCHIi aTOM BAallCHIMTHIaH Gapky +1 [aH OWIMACHMIH JIO3MM.
CyKunMa XUpUIIMa Xocun OYnuiIY YYyH 3Ca KMpHIUMAa ATOMHHHT
3OPEKTHB payeH r, < 0,597, GYIMUIE Kepak (7, — acoCHit aToM-

JapHuHr 3¢dexrtuB papycy). Kupuumvanap namxapa JAaBpHIUIMIT-
HW Oysaly, TaKUKJIAHTaH 30HANa MaXalMii camyiap XOCHWI KHWINIH.
K¥yn xowtapma MabiyM OUp RapaMeTpil SpyuM YTKAsTHY XOCW KHJTHILL
YUVH araiiiab KupyiMaiap KMpWTWIanW, OYHM sipuM VTKA3THWIapHid
neeupraw [ aranany. KupuuiMa Xocuil KMAraH Maxannuii caty
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VTKa3yBYaHAUK EKH BaJIEHT 30HACHIa g;Ec
AKUH Xoiutamran ©O¥nca caés camx Bd=————--
Led Homnananu (11.11-umama). Arap

(-9
Maxannuil caTxjlap TaKkMKJIaHFaH 30Ha % /ﬂ‘; T %%
=1 _ U‘
3

ypracura #SKMH XoinawraH 6¥ynca
uyKyp camx ReHNagu.

WoHnaHuIl XapadHuia YTKAsyBuaH By mmmemem Ev
30Hara KylMmMya MEKTPOH OepyBdM KH- =
P a doriop kupuuuma 16 aranamy. Ma- 11.11~ ynama. Cacs Ba YYKYP
CON TapUKACHAA KPEMHMI! KpHCTa/UIUra caTxuap.

KUPHO KoiraH Maprymymi (4s) aroMHu
KYpU6 ynxaimk (11.12- wnama). YiiGy aroM Gerira BaIEHT 2IE€KTPOHTa
3ra 636, ynapaH TYPTTACH KPEMHIH aToMM OWiaH KOBalieHT OOF
XOCWN KWIHIAA KaTHatamm.

BemuHuy BaneHT aNnekTpoH 3¢a YH-
ra sand GormaHrad xonpa Gynamu. By
JEKTPOHJIADHMHI  aToMra  GomTaHmiu
SHEPrUACHHM TOMMII YYYH YHM BOJIO-
POICHMOH aToM 1e6 KApaillMMM3 MyM-
K{H. OpKUH As atoMuza

4,2 11.12- unzna. JoHop KHpULIMa
mope 'z '
i~ __021‘1_2—. (11.27)  yaupau anexrponHu 6ymATAAH.

JHU3NeXTPUK CHHIAMPYBYAHINIY £ GYIran KpeMHMI KpHcTal-
Juaa Oy sHeprus €2 Mapra KMUpasiH.
* 42
o L a (11.28)
2
2he
Bynnaw m* — kpucrannard sneXTpOHHHHT 2dEKTHB Macca-
CH, my 3PKUH 3NIEXTPOH MaccacH. Y xonaa
L

My
Esz

E4=E;

(11.29)

*
Kpemuuit yyyn e~11 sB, 2q1
mp

82 As yuyH E; =10+15 3B 3KaHIMIU-

HU XMcobra oncak, Ez HuHr 3B yiyur-
Jlapura TeHr OynraH KuMHMK Kuiimatra 11.13- wisma. Axuenrop Kupeni-
STAMTHHY aHUKIaNMu3. JeMaK, Kpy- M@ Jauira SnekTpoHHH anami.
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CTANIA NaHXapafarh Maprymyili aTOMWUHMHC OCildHYM  BajieHT
3NEKTPOHUHM Y3HO ONMIL YUYH KYA2 KUUMK 3HEPrust KUMOsA IKaH.
Japxak1kar, MapryMHil TaKMKJIaHraH 30Hafia YTKa3yBYaHIMK 30-
Hacura siKMH OYnraH DoHop catx Fy Xocwi Kuiaan (11.13- ulisma).
Hopman wapowrgarn  Temneparypama Gy  caTxiard — 31eKTpoH
yTKasyBuaHIMK 3oHacura YTHO KeTrad 6ynanM. Hamukaga xupHuiManii
KPEMHHMHA KpUCTALIMAA YTKA3yBUaH 3AEKTPOHAAD COHM KYnaiub KeTads.
Bywmait sipum Ytkasrianap n — niyp spust fmxazeus peb atanaau. n —
TYpAary sipum yTKasruwiapaa yTkaszyBuaH 3/EKTPOHIAP COHU COP sIpLiM
VTKa3rMuUHUKKAAH Kyn 6ynany.

OHaun Bop (B) atomnapw KUPHTHITAH KPEMHWI KPHCTAMTHUHMI
KYpub unikami3s. bop atoMi y4 BaleHTNH O6YMH6 KpeMHMIi aToMna-
P1 BMnaH KoBaneHT GOTr XOCHJ KWIHW YYyH OUp 3JCKTPOH €THIL-
Maiind. By anektponHu bop aTomM KyUIHiM KPEMHUMH aromMuaaH
TOPTHO OAMILIKM MYMKHH. BYHMHT yuyH £, sHeprusi kepak Gynam.
_K)Kopmmm Mynoxa3anapHu Kaitapub £, yuyH xam (11.28) ra
¥XWwat noga XocHn  KHIHUIMMM3  MYMKHH. £, HHHT Kuiimati
XoHa temneparypanapuaa 0,1 3B ra sikuuanp. By ateprus catxy
BANEHT 30Ma sIKWHMAA XoilialiraH 6Yyaué axuemmop camy neo
HOMMaHAAM. AKUENTOp KWUpHIIMany sfpuMM  YTKasrHuylrapaa To3a
SIPUM §TKasriiyra HUcGaTaH KoBakiap coHW k¥Vn 6ynanu. bynaaii
SIDHM VTKasruunapHK KOBaK YTKa3yBUaHIM €KUM p — MVp ApuUM
Ymrazeuyaap neitnnaan.

Kupuiuma aToMnapyHMHr MUKIOPHHKM OLIMpKUO Gopcak ynap
KpMcTann nawkapacuga 6up-Gupura sikMH Kennd Konami, Hati-
Xapa yAapHUHE MEKTPOH TYAKHH GYHKUMSNAPHM YCTMa-yCr TYib
KPUCTANN naHXxapacuua xupuwimasuit 3ona Xocun Kunamu. Ku-
PHIIMA ATOMAAPHHHHT 3UYAKIH

N‘,=2’2‘]024(ﬂ__)3_ (11.30)
H?né‘

6ynrangan Gowsnab KUpHWIMaBKii 30Ha Xocus 6yna Golunaia. n-
Typ VTKa3yBuaHAMKKA 3ra 6¥aran kpemuuii yay Ng=101%m-3 i
Tawkun 31aad. Kupuiumasvil 30Ha XOCMJT  KWAVBUH  SIpHM

YTKA3rWuJIap Kyyau Aeeupianeait apus ymeazenyiap fed atanau.
Babsu kipuwmanap 6up Heua carxjap XOCHJ KMnaan, ynap-
HUHE Gab3inapy AoHop, Goulkadapk axuentop OYAHLIU MyM-
KWMH. byniail kupuiuManap asomep kupuwmasap 0ed aranaui.
SipiumM VTxasruugary KMpHuimMa catxjiapy yHAaaru kyaa kyn sa
TYPNU TYMAH XapaHnapaa MyXHM YpuH TyTaau. XO03uprit 3aMOH
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HNEKTPOHIKACH VUVIL SPITM yIKasrnuiapra KHpHwManap KIHPUTHIL
OHaaN YAAp LHapamcTpiti KCpakin TOMOHTA Y3rapTHpHLL MYXHUM
Macasaapian 6HDI1,’!HD.

11.7. KoMiencupianran spHM YrKasradaap

Spys VTRAsIY Mabiym O1p KHpHIManap KHpHTiii HaTHXa-
CHAA YAAPAAIT 3apda TaflyBYMAAPHIEHT THna 3uuauri asp i Ka-
MATTHPHBIIMIES MYMKIE. By#jlail KaMaiTHPHIL yeyul KostneHcup-
Jaw Ne® HOMAUATIAIN, SIPHM VTKASIHUHIE 3Ca Komnencup.1aiealt APUM
Tmraseny neiinaid. KomieHcupaay €paaMuaa sipi )"'I'KL\%FH‘{
HAPAMETPAAPIINT KEPAKAN TOMOHFA Y3rapTMpHul XO3pris rnaiiria
R0i3ap6 Myamyvonapaai 6upura aiinann6 Konau. Kepakau xocca-
Ta ara 6VITAaH 4HrN Typ spWM YTKAsTHY MOIIA XOCHU KHAHra
Jinehatad feripiail ¢pIaMitaa YHUHI Xoccajiapiin V3iapTHPHILE
anya ap3od Ba Tesanp. KoMneHcpiaHran sipiuM VTR xocca-
Mapi Kosiencupaanl gapakach (K) aH TallKapu, KOMIIEHCHDP:
NOBYI MAPKABIAD TABMALNTA XAV Ky4yad GoFnaHrail. W vigar yuyH
AO3UP KOMOEICHPAMIFAH SPUM YTKasIUUIaphiy yu 1ypia akparvil
MYMKHH.

1. Kywitt Aerupaadrad KoMiieHcHpianiad sipiism yIRA3CHYIAP
(KJAK). Byiuiail apuM  yrkasriiiapia KoMricHcHpiaosil MapKa3
cudatiaa Gup sapsaan caél caTX XOCH KHAYBUH KHPIHLEMATIaPp
ONMHanu.

2. 1OKOpI FHCPrHsii PP OKMMI BHNa HYPIalian sipHM
yTkasmunap,  Kosmreneupiosin  Mapkas  ciipariia 1ypiit HyKyp
CATXAT PAAHALIION MAPKAIAP BA KATFa NAKMIH HYKCOILP (Maca-
MaH, TapTHBcuananrad Kueznap (TK)) amyxuds yprd 21 annaiian.

3. Yykyp atiepretik eaty XOCHN KMJIyBYH KHpUIIMA/LAD G111aH
KOMUeHCHpaaiirali SIPUM VTKasruanap. Bytiaai SIPHM
VIKQ3rMUapAa KaT1a aMinnaviaian payKivauior floicHuiatiap
B TaprdcH3nanral Kueaap oynaaiimm.

{1.8. Aiinnran apsm YTKa3rHy

Ksaim Mexatmkaciiia aittiiul c6 cieremann 1ypnt (Gup He-
H3) XOANTAApHIa GHPOP PHIMK KaTTAAHKIIHT (Mac/lall. DECePris-
1) - Opria gHiivaI MOC KeaHmuia  aiTivhuli. Spiat
VIKasruunapaa VTKasysuad 2AeKTpoitnap Ba KoBak:iap Ut
clapanya karra Oyramaa aiiMu Rysarizaan.  byica apied
VTKASruaap afioran sipiM vikasogaap ae6 o, Alhi-
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TAH  ApHM  YTKasrGapaa  sapsa raiysuiviap  @epsi-Jlipak
TAKCHMOTHIA  OVifcyuann. #  —  Tvpaarl  ainuran  sipha
yrxasriunapaa depsit carxn (£p) VIKasyBYaHANK soMachila Koii-
Jawamn, p — TYPJIark aitnnray apHM YTKAsrHuI aca £ BUICHT
OHaNa Xoitnairad oynaaH.

H — TYPAATH APHA VTKA3IHY yayH Oy maprHi

Ef. -
axpl———XI eéxku L0 (11.31)
e3p(= X [
KYPHHHOIMMY E3HILMMU3 MYMKHH, P- 1yp YHYH 9Ca.
(f +Ey
exp| ——=" K1 Ba Ep(-E (11.32)
= [ AR

6ynann. Chepuk aueprist 3onacura 3ra 6yAral 130Tpoil 1 — (yp
APUM YTKA3rHY YuyH

(11.33)

vdona YpuHau 6ynann.
11.9. Aiinumaray stpust YTRA3rHY

VTiasyBuaH anekTpoHAAp Ba KOBAKIAP SHUIINIM €Tapiiya Ki-
YUK OYIraH sIpuM YTKa3THUNapitid aunusiaean Spusl ymkaseutiiap
ne6 HoMnaHaaW. AMHMMATaH sipUM Y1Kasruduagard 3apsil TailyBuii-
Jlap Makcgesui-boauman  TakcHMordra GyiicyHanu. AWHMMaranaik
waprtn (£,=0)

c\p[ })}I (11.34)

K¥puHHIAa €3unagd. Bynna @epMit 3Heprissich £ TakUKIaHraH
30H2 H4Maa 6¥naan. MyBO3AHMTHII XONATAIIW ACKTPOHNAP BA KO-
BAKJIAP 3WYAWFM YNYH Kyildaarn ddoiaiap XocHA KIMWHMU3
MYMKHH:

Hy =N, cxp{%_ ] (11 35)

E +l“'l
i N:"J./J T J (11.36)
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Py =11, - (11.37)

]

|

kr | 27rm’kT 2
2m , kT BV =2 e
h | h

j .
BA KOBAKMAP Y4YH XONATapHUHT 3GCKTHB SUUIHATI ne6 HomJiaHas

bynwna N,

2 nap 3JIEKTPOH

11.10 flpum JTRA3rHYAAPHUAE IJICKTP YTKA3YBYAUIHIH

% H
M3oTpon sipuM YTKa3rHUNapHMHT NCKTP YTfa?‘}'B‘*?Hﬂ”r:ﬂi‘Za

(11.24) ndomany xocHn KMATaH 3aMK. Xycycui YTKasyBya

yuwby udona Kyiiaaru KypHHiilira Kenaau,

o, =(ft, + 1 en; (11.38)

(11.21) pan dofinanannd

=4

T . : Eg ]
o, =2e(p, + ﬂ,:,)('z—l—,—)2 (momp)* expl “SkT ) (11.39)
T

MyHocabaTiku onamu3. KYpuHuG TypubAMKM, ONUHIAH HIH'IDK?l M"'\;
TAMAPHUHT  §TKasybuaiUMmMgaH  kKaTta  apk  Kuradu.  ZIpH?
YTKAITMUNADHUHE  VTKA3YBYAMNKEM  TEMMepaTypa OpTHLIM Owias
3KCTIOHEHLMAn opTvG Gopami. byHmaH TaiwKaph YrkasyBHalie
MNEKTPOMAAP BA KOBAKNAPHMHT XapakaTyaHnurura Ba Ti(l"‘l“{”"ﬁ
Maccanapura GomMk, TakMkiauran 3oma  KeHraurv L dpUM
YTKAMMUAQPHUHT YTKA3YBYAIHIMHN GEATHOBYM MYXUM OMIIIP-
RaH  xHcobnamand, KupuiiMany sipuM  JTKasruuiapHisr  3MeKIp
YTKA3YBUAHANIM KYN oMMAnapra GOFMHK Ba Mypakka® OYJraruHri
VYYH Gy epaa KYpHG §TmMaiini3. XYCYCHil YTKa3yBUaHTMKHUHE TEM-
fepaTypara GORMAHMLIM 3apsil TAUIYBNMNAp XapaKaT4aHAUrHHNUAL
TeMnepaTvpara GORTAHHIIMAAN Kenub dMKauM. XapakardaHmik y3
HasGatkna (11.25) ra mysodik, 3apsil TAWYBYHIAPHUHT peaKkcallis
BAKTRAPH T, BA T, Iapra Gornmy, 6¥1anu. o

Penaxkcaumst BakTH 3apsil TaulyBUHIAPHMHE KpUCTal PPl
pacHAarH  coumaMiy  Typura KapaG Temnepatypara TYPINSS
Gornanran. Xapakartuanaik XaM MoC XoJUIa Teafliepatypara Typait-
ya Gornamand. 11.3-)ansanga (7) Hu counnyul TypHra Kapab
TEMMNepaTypara GOFIAINUIN KeNTHPHATAH.
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11.3-ucadsan

Counsitin_vypst w(T) ~ |

1. AKyCTHK TCBpaHiniaap T-3/2
2. ONTHK TeOpuHIIWAap T -2
(toxopn T aap coxaci)
3. OnaTik TeBpanitwaap (nact cxp(hw,,/kT)
T aap coxacn)
4. Kuprntn 11o41aph T2
5. Jlieaokawsuiap T2
(11.39) nan xypuHUG TYpHOAHKHY,

3 ‘.I!J' [y

- Eg i

o~T 2 exp(——=
T« exp( AT )

KYpUHMIAA TemrepaTypara  GORTMK,
3

T?  dyHkums sKcroHeHTara HUcGa- :

TaH CeKMM  VsrapraHW  ydyH Oy YT’

OORTMK/IMKHI KYpcaTkKuWii Aed oMu- 1 ' - 3

il g Vo) .14~ uiama. Xycyciil 31¢KTp
Yy - . ey YTKAsYBUaHANK.

Kupuinvany  siprm  Yrkasrdwiap
YayH Oynnail mpadrk yd KHCMIAH 1Bopar 6ynanu (11.15- umama). Mact
TeMmreparypuiapaaH  GouwiaG KMDHUIUMA  atoMiiapd  TYAMK — HOHTALIHG
6§nryHua 3NEKTP YiKa3yBY4aIMK y

II'l ay

exp(-,}—f%) KoHyH 6¥itiya y3rapamu.

ByHaa n — Typ sipuM YTKasruumaru
LOHOpNap §3 BNEKTPOHJIAPMHU BUICHT

30Hara  ysataad.  Arap  SIpuM o 5
yTKasrny p — typ Gysica akuenrop T
KUpUILIManap BAIEHT 30HAanaH T115- wsaa. Kupnwsasiii
¥3Ura aMeKTPOHIAPHYU TOPTHO ona- IICKTP YTKASYBYAHTIK.

aum. (11.15- ynama).

o (7) rpaduruiudr MKKUHYA Kuemuaa (11.15- yuama, 6), Ki-
pulManap Tyna wounaura oynann. (uuu my=N, ékn pe=N,). ByH-
A2 30HAjard 3apsil TallyBYMAAp 3MUNWTK yarapmaiinn. o(7) HUHT
y3raprid Vank w(7) ra Goruk 6Ynanu. TemneparypaHuur Gy HH-
Tepsanupa  p(7) Kamaiica o(T) xaM Kkamasiim, p(7) omwca w(7) Xam
optan. Temnepartypa sitia opTnO Gopiiun Gunan ApHM  VTKA3rHY
ATOMAAPMHHHT YTKABYBYAHIMK 30HACHTA YTaéTran anekTpounap 3iu-
JMMM (Eky  panelT 30HACIIATHM KOBAKIAD 3UMMIN) KHpHIIMANAP
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NOCIET KHATAH 30PSL TN UL ST T LU Ba _\’-"“mz"*
OPIND  KeLWUl.  Harean XVCVCHIT Y RAsyBUai, (K cTak'ii  poi
VitHaiian (11.15- qisv, ). bynaa o =g, =e.\p(————j/

] 1 e
Yphnan Gyaamr. By IPOLTAP  KMPHIIMATAp  3HUAITH YHYA KT
O¥maran xonnap VUYH VPIHananp.

Ly ) KOHYHIS
.'/-

TLIL fpum Jreascnanapma mkaorpon pesonanc

Metannapaa UHKIOIPON pesonalle xoaicac Metaild crmll‘rf?!
AN 6¥Aran snekrporaapan kysatiiani, Yyuku C"'””'jd“ik%‘
CKIpOMArHT TVAKINAPHIT  MeTaan  pyKkapiciia  KHPHUIR
NANakuT Gepami. Spiag YTRastiunapaa sca Gapua sapsit TailyBum-
M T anekrposari TEAKINE Vaapysuan MaAOHIE
TN, Ovaau. U.HKJIOI'DOH pesonane  ¢pAaviLia HPHM
YIKASIHInapran sapsj TAUYBYHIAPIGIUT SeKTIB .\l.'lCC.’lCHf-IH
AWK Myaking, Motokpiicrain SIPHM VTRA3L e nap; 9¢peRT-
AW Macea Kiiivary iiyraninira 6orank Gvnani.
~ Slpuay YrRasrnumapaa typa
H¥HAUIappary adextan Macea-
19D hapky 10 MapTanan xam Ky
OV MYMKUH. Sddextan sac-

canap hapk SIPIIM =
T3¢ g =
VYRAIPH APy HICPIEriK 3oHa- =] —

. A
DTV 0. Keaud wikam. /f 1) y
Macanan, Ge B Si yuvh 6up xiz Ky L= L“
IHepr . P
wmIl:::g:?'li’l'lm'pm'dp- (E(/))=COHS() F16- qinsnga, Kpeannn vy 1eHr
ap Nochn KHhasmi. SRR i —
BAICOIT B O3 AN

1.16- RHEIVEN
J e
SMD YUYH 3gteprissig

2 = 2
E(p)= S N P (11.40)
2m, 2y

k,‘\g:;;”:;if:;"':‘:“i'sllfu.n.nnw MYMKHH. KpeMuiii MOH()KPH(H:I,-'l."ll-l!lzlll‘ll

By fi\'r(;)rll‘[;,,l.l.l.] J.'I.-IlllllCOIlleIllHI' CHMMCTPHSI VKHIa MOC 1_vm:'|,u‘!.

K_\'“j“',_,m,'“ “"‘(‘:l“ ?':‘dlt‘KTﬂH Macea my Gitaa Gc;lln'unlr.jll.’_\ugl

VAP m K)pnm’ l I.(.‘?.muum aypernTan Maccazap e 6v16,

M) .\1:1:'Hmm\ \“-”-l-lf] CJ”"”_.“”- Arap TauKapiLlan KVITran JIoHM-

G¥rea, apsig 1.,”:‘\‘,:"”0'_' B iivnaniu LAHNCOM e VRN (apasiaen
= VB 6y MarunT vafton
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ol (11.41)

"y

Takpopltisink Givtan afiiana Gontaiaiap  Maifaon iviamiim
UINNCOMH VRHIA 1HK OViica.

g (11.42)

1y

i, =

ATap MariiT Mait1on 3aa1ncoin VK 6uaali 8 0ypyak Xoch
KIUiCa, UMKAOTPOH pesotatc EpaaMiga annkaanran (e
Macca yuyH

il i
I 2 cos”0 sin~0
(—)f e (11.43)
m my LI |
MyHocadar ypuian ovaain. Ge =
MOHOKPHCTANAN YUV LLHKA0- i
TPOH pesoHanc otinmn (11.17) & £

yusMana  kejrupiaran.  bydna
MATHHT MaiiioH iiviannmu | 100]
6unan 60°  xocian  KMnamit.
Tanikapuaan  Tvinaérrang  anex-
TPOMATHHT TYAKHH TaKPOPHILIN-
ri4 724 TTu atpoduina, temnepa-
Typa T=4K. IOr1imuut 10KopH iy I','- 3.'“]1
OVaran uyikKHAap HKKIL AT 3h- ;
dhekTHB Maccatn KOBAK Ba V4
N abexTian  Maccan anek-
Tpoltnap 6op IKAHINTHHK KVpCaTaln.

Xap 6up sgxpexriam Macca Taluki MaiisioHra Makaym 6ip Oypuak
ocTHMAA HYHATAH DAMMIICONA IHEPreTHK 3oHara moc Keaat. Ywly
taxpuGurapian Ge yuyie m,=0.082 ny va my=1.59 my akaHmIrK
AUUKATHIAN. BYHAY mg — JCKTPOHLINIIE FpaBiiratiion sMaceaey, Si
vayH aca =109 mg sa m=0.98 my stk araan. Ge sa Si
AAPHHHI BUICHT 30HAIapH UeTH MYPAKKAO Ryprbiiira ara. Taxpi-
Oanap v epaa HKKH AIT MACCUTH KOBAKIAD QOp 1T KYPCaTail.

VYaap enrun sa orip adrpexran aaccastit Kosariaap ach Hoy-
Aanrad. 114-KRagpnaiaa 6ab3i sSipHM YIKA3 Y MOHOKPHCTAIIap
YUyl 3eKTpoH B KopakAapHitir HicOuii adipextun saccagap

KCATHPMATALI.

2
g
E

— sy

B.I'e
FLE7- runsnmia. SIpis) yTRASTHBERPE
HIIKIOTPOH PCIOHANC.
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11.4-ycadsan

Kpucrana| Takmkaanran |Sackrponusur 3d-]  Osup Kopasknnmie Enrna kovaxusnr
noMs | 3oma kenramrn | dektam maccack | adupesTan maccacn aQpeKTnE Macca-
Eg,on (¥, /1ny) (m*gy/img) o (1yy/mug)
0.23 00155 04 0.016
0.36 0,024 0.4t 0,026
0.81 0.042 a 0,052
1.52 0.07 0.68 007

DNEKTPOHNAPHUHT BA €HIM KOBAaKJIapHUHI 3ddexTan macca-
JApH TAKMKJAHraH 30Ha KeHraif{liMra nporopiutoHai Xosaa op-
TH6 Gopann. Yuiby addextnn maccanap bpuiiniosr 30HACUHWHT
Mapkasygari (x=0) KuiimaTra Moc Kenajau.

11.12. fApum ¥rrasruuaapaa Xon X0mCACH

Xosnn xonucacuHuHr TabpudKnM X 6o6aa KkenTupuG YTraH 34MK.
Slpum Yrkasriunapga Xonn xommcack EpaaMiuaa 3apsil TaulyBqilap
SHIAHIMHH aHWKTAMMKH3 MYMKHH. MeTtamnapaad Qapkait $napox
SIPUM YTKasrud i1 — Typ 6¥nca Xonn ko3ipuLMeHTH

R=-Aufen; (A,=1+2) (11.44)
KYpUHMILAA €3unanu, arap p—Typ spuM ¥TKasruu Gynca
Ry=Ay/ep; (Ay=1+2) (11.45)

OYnami. Xonn noMMMHCHHMMT MuiopacH acocuii 3apsil TawyBuH-
Jap wwopacura moc kemaau. Memak. Xoan xomucacu Ephamia
SIDUM  §TKA3THuNapaary acocii 3apsid TallyBYMAAD HUIOPACHHH
XM aHUKAALLIMMHI MYMKHH.

(11.46)

Katranuk  Xoan  xapakatyawnuru  ge6  aranagu. Y apeid
XapaKkaTyaHNMK — p, AaH  dapk Kunaad. A,, A, 8a A Y1HOBCH3
Karranuknap 6Yan6, Xonn daxtopi ae6 HoMnauaad. YnapHUHT
KHHMaTH Xap 6up xycycuii Xon yuyH 3apsii TallyBYMIAPHMHI €O-
JUIMIE MeXaHU3MAapHaaH KeanG uukaad. MacanaH, arap Xamma
SNICKTpolnap 6up xin Teanukaa xapakarianca A=1 6ynaan.
Counnuw acocan doHoHNapaa comip OynAraH Ba afHUMaraH
Aprm YTKasruy yuyn A=3/8=1.18 ne6 onuHamu. Arap HPHMM
YTK3ruunary 6up xun axeprinsnu (L(p)=const) cupTiap KypHHHLIK
cdepanan karta drapk Kujica A=0,7 xuiiMarraya KaMaluid MyM-

g':H' 3apsanM  mMapkaanapaa  codmiMl  MEXaHM3MM  YCTYBOD
VATaHRA A21.9 GaMut MyMKiTH.

Uy =R, oy =AW,
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FLII. Nairnn wapiasening K ae i

Tora 9pHM VUKL tor QY i 1
MATHUT  MATLIWOMEQ  KBPWECak,  SPUN Yob i
KapUILANTH OPTULH, COMUMUHPNG VICR ) 1l i
MalIRoOH BVKIMIIUR oM v e yien, v adijie o4
KAPLWIHANKHHHE HICOn Vsrapinm

] ) - 1) 2 | 3 ] o L
2B _PB)=p(0) B | ne yip pd 2 Ty e B0 iy
pin) pia) = -‘”ir "y,
nm e '] 1
(T P+ pe ur—J Tty + (—) 7, %0 |
mym, M My

by MmyHocabartaary f‘, 6a T, JNap MOC XOida KGRz 22 =
SMEKTPORMAPHIMHE PeiaKCalMst BAKTH, 11, Ba my, Nap adxdextri: s«
nap. Dy udopanit Gaw3u xyeycuii  xonnapiaa  GHp  AvHuzE

KYPHHHILA KENTHPMIL MyMKIfI{. Macanari, [oiop KHpHILM2TIH 7 — 727
SAPUM  YTKA3THY yuyH

dp _eB TT-(T2)?
p®) m, (r)2

6ynanu. (11.47) naH KYPUMHHO TYypHOAHKH MArHUTIIK Kapoiiis
Maiigovra 7~B? k¥puxuiuga GOFAaHraH 3KaH.

11.14. Spam Frrasonunapsa auddysson Tor

Arap sipyM VYTKA3rHUAAPAA IIEKTPOHAAP ERIT NOBIN 13D
THHWHT FPalHeHTH (DapKH) XOCHIT KIIHCA, sthl
VTKA3rHYHUHE 6P KHCMIULD KATTApOK GOIHING NHCWitw
yuKpoK Oyiica, pHM  Vrkaseid OVIaG gy siees
ByHaa 3apsul TaUYBUIIAP SHUATITI KATRIPOR 0N 1

(N

AMCH KHYUKPOK OVAIIT OROMTD K0 NaPakan iy LndN, Y
TOK SIPUM VIKASTIAAD YUVEL XOC OV NS DA S, v
kysaTiamMaiizan. Jdbysion Tok xocipe N v M RNSR:

TPHK MAAOTE OFAHINI HEpT OMAc, STPHM VIR X AN
3PS TAHVBUIIIAR TRIVIICTENI NOCH KITHIRR OV Y\
VERAIIRUE VVAETENL TOR WRETHIN 3Pt GUHEN R U § TS
nponoptiiol Ly Gy



=vD i - (11.49)

fiy "

- dp

=—e D= (11.50)
Jm LS il

By mdonanapHn yu Y9081 X0N YUYH YMYMAalTHPHO,
i =eD, Vn !
W (11.51)

jp = —erVP,
MyHocaBatnapHy xocun Kinamus. Bywaa D, ra D aap Moc xoiua
3MEKTPOH Ba KoBaknapHUHT Auddysust KodhdHiHeHTIapH ACHNH-
fnanM.  Ywby karttanukiaapHd  DiiHwTeiH  OupriidiM MapTa

Temrieparypa Gunan GorlakMuIMHKM KypeaTiid bepam:

kT

’Dn =H, ==
A (11.52)

AT
.DI,J :jlp ik
€

Bynap  Dimuumeiinn mynocatamy  1ed 10pUTHAALH.  Arap  sIpHM
YTKasriura ayektp Maiinon Xam Kyviinnran 6¥nca, TVAHK TOK 3HYIHIH
Ipeitdy Ba nuddyaron Toknap 3MUAMIIMAAH TAIWKN TOTALH.

(11.53)

(11.54)

T =en,E +eD,Vn.

ip= epppl + e, Vp.

Yiuy MyHocabaTnap yHua kaTTa GYAMaran 371eKTp MatiloHnap

YUYH YPUHAWDIMP. Arap sipiM YTKa3ruu4a 3ACKTPOHHIHE 3PKHH

IOTHPHL Macodack ( Byuica, Wy Macoald INCKTPOHHIHT ONraH
3uEPrHsicn ek ( 6ynani.

eE 1 <<kT (11.55)

6Ynran Xomnap yuyn (11.53) sa (11.54) nyiocaGatmap Ypuiuig
6ynamn. Ak xomma Ow KOHYHY  Oy3iand  ssekTpolaapHiir
XAPKATURHANCN 1y, Xam E ra Gorniik 6¥an6 Konajt.

1115, SIpum §rKa srnaapiinr MaruT Xoccampn

Kyn sipum yrkaseianap nuamarsumaap xucobaanani, Hopaan
lﬁuapo”m“ YAap Kyuchs juiaMarHiT xoceachra ara Ovnamun. JiekiH,
ABL3N MAPAMATHHT V3rapiumap HaTIDKacHAA YAaapia napamaring
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aoccaapi o yerusop Oy MyMeiiL by spins
VIKSTHWIAPHN HONATHIG apiMyT RSP Gap gef aragann. byian
SPHAL VTRAsrHanapia o K1/ a1on KoBIK p T¥aMaran, Kipiii-
\api VK, GKICRYAA Kav MIKLopaa Oyanat Si, Ge, CdS, CdSe.
CdTe Ba Gowka StpPHM VIKastHuaap Mucon 6yaa oxwnl. d s f =
ATOM KOOUKIapH TVJIMaran. KUpHIIMazapi 6op sipiy YIKasr'iap
Pby_Mn,Te, Pb;_FeTe xax micon 6yna onaan. bynaa x-1iexc d
pa [ koBnkaapy vana 1¥ran Mn Ba Fe kupiiusaiapiHifHr Hic-
Ouid vayuni. Yuiby sipiia Vikasrdunapia Mn sa Fe kipiunsaia-
PHUIHE aToasapH Gup-6upaapy dunaH KyyiM TabCHpawaliLian
BA erapiiya KV aroMIAapHUHE MardUT MOMEHTAapis Gupiasiit
MATHUT JOMCHIKPK (3appanapit) xocun Kunagunap. byHia
VIkasruyaap deppoMariit Ba  aHTHdeppoMarHiT AOCCZ
Hamo€ Kimannaap. SpiM VTKasTHYHMHE acocHii KpHCIEis
AKAPACHHI TAIIKHA ITFAH T0MAIP MACHUT MOMCHTHIA 3 =
VAAPHH MaFHHT pHM VIKastHuaiap aeiinnant. (Macazes.
Fe;0,, EuO, EuS, LuSe, EuTe Ba x.K.). ]

Hoxarimr sipiint $TKa3rHWIapHMHT MarHHT KaOYIYaHTEs & 7=
KHesmiaan nibopat 6vitaan.

11 SR
[ §

A=XAFH23.

Byiiiia %, — KpHCTT NAIDKAPACHHUKF, Y3 — 3apsd TallyBHiLies-
HHHE, %3 — HYKCOHJAPHWHT  MarkT  KaOviadaHauii. Toza apity

VTKAI3IHY MONOKPHCTAITHHHHE TaxpiOIa YA aiiraH KadyaqaH1iit 7;
HIE Tamun 311, 3apsia TaIyBIGAPHIHE KaBymyartiru Xz napavar-
HUT %3, Ba AHAMAIHNT Y9 TAWKNI STyBUMAapaaH MOopar- Onataa
X202 >%2g OVArani  YuVH  %~yon Ae6  onuuaan. [lapaMariit
Kabvauaniik yavii
1
gy = AT Do 258 (11.57)
24T
udona Vpuuni 6vanG. v reMneparypara kydnit Gormatrad. z3 Hlf
aCOCaN CHilpak skofifalliiai ¥3apo TabcupaanMalignran Marti
KHpHManap anugnaiian. byHaaid kopiMadiye MarkiT \tj'-‘t‘i_‘j
CHINM RVIfHAarit opriKua 3MeKTPOHHH ML Crifii Gennipaaiin. Yuioy
NOJID KADVIYaHANK yuyvi
Xin IS iy U 38)
1l

Jarxeren whoaacn Vpun 6¥aami. Bynaa

's("'



Baxkyym
a= “B”

A - Ba
iy ay=ctha=1la a r Y n%
i KHpULIMaLary OpTHkYa 3neK- Py Y _E
TPOHNAP 3MUYIMUIH. ¥

Arap KMpvwiManap MHUKAOPY

Er i
K¥n 6¥nnb, ynap KupulMaBuii // ;m'j'!3m-|

30Ha Xocua Kuica, OyHaaid /
JOHOPJAPHUHT flapaMarunT M 7
KaGynuaunmurm iy "
11.18- ynssa. MeTaan-sipus yTRasrid
KOHTAKTH.

X3, =c/T"9  (11.59)

6ynanu. Bynuna
e=mpy(Ain’ '(14ay a=pm (B ); A Ba B nap noumuii KaTTaiik-

Jlap. Y3p ra YTHW MeTalapd KMpuiiMmanapu KaTra xHceca Kywaay
(Fe Ba Gowkanap).

11.16. Apum yrTkasrHunapia KOHTAKT XoAucanap.
Mertaan-apuy yTKA3rHy KOMTAKTH

SlpyM YTkasrupa anekTp TOKM YTKA3MIL Y4YH YHH SJICKTP
MaHGANlaH KenraH merann $TKAsTMy GunaH TyrawTHpHw (SbHH,
KOHTaKTNawuy) kepak. Hartukaga MeTan — SpMM YTKa3rHy KOHTaK-
TH XOCUN 6Ynau. Sipnm §rkasruuan ac6obrapHUHT Aesipin 6apia-
CH ADMM YTKA3rMYApHWHT MeTAUl, ApHM YTKA3rH4, AU3NEKTPHK
OUnaH KOHTAKT Xocun KUMMHMINM HaTvxacua apatvnaad. Iy-
HUHF YUYH KOHTAKT XOAMCANApHHH YPraHMIL MyXHM axamusTra
sra. Kyfinna metann Gunan sipuM YTKa3rH4 KOHTaKTHHY Kypub
HMKaMK3. Metann cHpPTIAaH MCCHKAMK  XapakaTh TabCcupuid
MMKAETTaH  anekTpoHnap okumm ydyH (10.79) udosa  xockh
KUIWHraH 31,

Yhmarn ¢ — TEPMOANHAMMK YHKMW WiUuM el HomIaHaau Ba Y
Pepmu carxppan BAKYYM caTxiraua G§iraH sHepreTHk Macodany Gui-
Aaupany. (171.18- yima).

Metann 8a sipis ¥rkasrnunap anoxina Bakyymaa xoinamras-
A3 ynapuwkr  xap  Gupuaan  Kyfimparn  udonanap  Gunan
AHKUKNANYRIL 3% <polnap OKM MY Xocun Oynanu.
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_ Amm(kT )2 P

digis————— cxXp(==——=}
W R (1].60)
dm (kT )
Tl 7 ( d ) expl ‘ﬂ_\,- !
I k7

DHAM ApUM FTKA3THU GMnaH MeTaniu tyraurtupamus. 1115
Yyn3Mafa KYpcaTHAraH X0l YYYH ©,> @y, OunoGapuir J,»Jy 6900
JeMak, 6Up X1 TeMrepatypaaa apuM YTKasrMuaad Merajsira yid-
€TraH 3JIEKTPOHAAD COHM METALIIaH sIpUM YTKasruura yraérran
JNEKTPOHNAD COHMAAH KarTa OyiaaW. HaTuxkaga Meral cupry
MaH®MI, sIpHM YTKA3rHy cHpTH 3ca MycOar sapsiuanid Kojgaau.
KoHTakroa anektp MaiigoHd xocHn Gynag Ba Oy maidaod J, ea J,
OKMMIAp apKMra TeHr TeckapH
OKUM XOCHJT KUaMaryHua opTHb 60-
pani. INEKTPOHJAD OKliMli MYyBO-
3aHATNAWFAHAQ KOHTAKAArK 31eKTp
MaIOOH 3HEPIHSCH @y YMKULI WL~
Jlapu ailupmacura TeHr 6ynaau.

PP r-Py (11.61) & 5

MaiinioH MeTtani HuKapucHra 11.19- uitssma, Metaaa-spiise NTRasriy
pNaiiau, Y ApiM Yrcaarin KNI SR i Gep
CHPTUra SiIKMH KaTJiamiaa XOCHI GG
oyaaan (11.19-un3ma). '

a) Slpum YTKasruuaal Metasuifa VTraH NCKTPOHAap NHcoOura
APMM YTKA3TUYIA NMEKTPOHNAD 3UWIMTH KaMasiiid Ba SHEPrHs 30-
HacH OKOpHra arpHaadaau. SIprMM YTKasTHYHMHE XKML 275 Ba
CHUPTHMOATH N 3EKTPOHAAP 3UYNHUTH

n=ngexp(-okT) (ll.e)

KYypHHHMILAa GoraHranl 6ynaau.

byHmali  KamaaMHHUHE  CONMINTHPMA KOPULIHANTH Karra
OYJITAHNMIN YUYH YHHM OCPRUTYBUM KaTJIaM JACTIRIL. Arap oy~
Oysica, v xonaa Jy>Jy Ba Merail cHpTH MycOar, siphang VrRasii
cipti MaHbME 3apsuLianani. DHEPUHSE SOHACH TIRCTIR DUPIUIA UL
(11.19- uii3ma, 6).

BepKUTYBUI KATAAMHMHT MYBO3AHAT MIAPOIITILIT I KCH T

ML
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2me” ny

BepKMTYBYHM KATNAMAW MeTALI-SIpUM  YTKasrny KOHTaK11aph
Y3rapyByaH TOK TYFpumaruunapy 6y¥anb  xusmar Kuia oJIadM.
[UyHaak KOHTAaKTHMHI METAIA  KHCMHIA MycOar  KyTO, fApUM
YTKAIrKY KACMMTa MaHdMil KYTO ynaHraid 17 KyunaHnuii 3JIEKTP
TOKW MaHGanHu Kypub ynkamui. bynaail ynaHuuaa KOHTAaKT No-
TeHLIMannap atupMack Kamasiiv:

g=p,-eV. (11.64)

ApKM YTKa3ruulaH METaLIra t ]
TOMOH XapaKaTnaHasTraH aMeK-
TPOHAAP YYYH MOTEHLMAN TYCHK,
nacasin, 3NeKTPOHAAD OKHMMU

T
OpTU6 KeTagu. Arap 3aHXHP 0 p:_\'-l.');:s‘lnllm
Gepk Oynca noMMMH TOK XOCHIT =V
() i

Ynagn.  TokHUHr  KWiMaTH Tecxapn

KYYJTaHULW OPTUUIM OWjlaH Xy-  KyWmswi
Aa Te3, KYpCaTKU4IM (DYHKLMS  11.20- yinsva MeTt1-sipiy YIKTI
c - KOHTAKTIIHIHI poaT-amMncp
MHEapH opmﬁvﬁopmm (11.20 TaBcIdHOMACH

uM3Ma). ByHpal KyunaWwuiLiHu

MyEpu Kyuaauuw 1e6 HomaaHaan. KOHTAKT KATAaM KEHDIHrH XaM
(11.63) ra MyBodHK, KamasiIu:

|
M] (11.65)

3
Ame=ny,

L") =

SHOM KOMTAKTHAIWM MeETaanra MaHQUi, spuM YTKa3rudra
MycOaT KyTOHHW ynaiimus. Bynmaii Kyuynasuil meekapu Kydaanuui
1eb atanagu. Y xonma KOHTaKTAArM MOTEHUHAT TYCHK DanaHi-

NUTH opTany:
o=y+elV]. (11.66)

SJIEKTPOHNAPHKHT #PHUM YTKa3TUHAAH METalira TOMOH OKUMIT
Kamasan. Meranngan  sipM  YTKA3rHura TOMOH  3AEKTpOHNAp

270



ORMINTE VAn KHUHK  KMEMOTI Boanepats 5
dapkuitan \oci OvAran oK Ay Kk Gyiei e

Aefiutamin. Teekapn Rywianug opind Eopias i
KaTAaMIt NaM Kenrain® Gopaii, wick NG SRR
Rat.  TVipu mox TeckapHi Tokdan Gip ped et
oynanu.

LHYHHHE VayH, aiiviieg MysKisHye. Sepvaty e
SIPUM VTKASTHY KOHTAKTH TOKI 1P 7o o tas sl
TCCKAPH  TONMQHIA  9CA ACHPAN  VIKMa1M0 e el sanidl

Wortki korrartit Jied norih, 1vipie { d
(baciusy Saxwapiint sMyMriH. Vaapit HHotren osapi
Aamit, HIoTTRH KOHTAKTI HKKIT CHPTHINE TVIQHITICEH 0o
IIYHITHT YHVH Y MY 2ACKTP CHIFIMIN TN

¢ === iy (en
4nl. hrgy,

TaioRs ACKEP Mandara Vs vindy o g Mo
KVHIasiee GoranK 0y, v oL (11.64) ta Mysodiis

o

| 8y el ) l

JeMaK KOHTAKTHHHT CHEHMIT TAIIKH KyWIaHHLr G0N 3 S
Kawap ac6 Hosgiatve acoGAapHIHE HILTAIL TaMoliiene 2a ==
KyWiaining O1aat GouIKapH MM 3CKTP CHIMIGPR G008 53

DaekTpon — Kosak (p-n) yThmw

Hl)li,\i VIR MOLTICTURH MOty IVM

O1ip veysuip Glemn p Ba 2 TV CoNLRp — T I

NocEl Ko, by coxaetapiitt Gup-Gipr

GO TYIauXaK p—r VIV NOCH | T’_ s

Gyaamn (11.21- wisna). Diickmporvipil i =t )

KT n — CONaMIDID  Uerapara sIKHN ——Er

KaTaamuIa vaexipoiiap aHgdy- 11:21= ik ek rponskss
(p-n) ¥

3HARaHNO p — coxara VTG KeTallis,
P~ CONALM 7 — CONAI 3CA ROBAK P AHnpysis Wiy
SHANANTAH YICKTPONAGD 131 KOHIKIAP sipHM ViKsiis o =
PEKOMONI NSt (b, HVKogun),  Hempa e
Xapakatcits Mandwtii aknernrop s Myehar JdoHop ko IEE

~



Xocin 6Yaran xaxxMHit 3apsia cCOXacHa 2NEKTP MaidooH # — COXalaH p
— coxara TomoH fiyHananu (11.21- un3ma, 6).

by Maiilon Tabcupiaa ByXyAra KejraH 3apsiiap OKMMH and-
dhy3voH okuMnapra TeHr OYarasna p—n YTHIWHUHT 3NCKTP Maino-
HH  Y3UHWHCG MyBO3aHATMH KWMMaTira >pvlagd. p Ba 7
COXanapHUHT KaTlaM KeHMUKIapyd MOc Xo/a,

I L
L S (et 3 (11.69)

n ’ 2
Em’isz 2re” Nﬂ

udonanap 6unaH aHUKNARAAW. p—H YTUIIHWHE YMYMHUH KEHPIWUTHL

=(£‘pl)'” i Nd + N,

2me® NaNg

6ynamn. Kypunub Typubauku, p—n e 4
YTHIL MKkana coxara xam KUpH6 6o- :

Pap SKaH. p—n VYrMiuNa  XapakaTyaH el I ’

1
)2 (11.70)

3NEKTPOHNAp Ba Kopaknap Anddysus R
HaTH:AKaCKHIA KaTnamMaaH KeTrb — =< TER
KOnraHaunit Tyhaian Ky3raimac akuern- e
TOp (MaHbuiY) Ba JoHOp (MycHaT) HOH- T =g P
JIap  XaXMMW  3apsii  XOCHI  KAnamu. SR
XXMHIA 3apsin Xpcobura anekTp Mai- =] -
AOH Byxynra kenanu. By anexrtp MaiizoH =
KOBAKNAPHUHT  AMG@Y3HOH  OKHMHKTa \uk‘—-—
KapliM  ynapHuHT  apeiid  OKHMHHH 11.22- upsMa. DACKTPOH-KOBIK

YTHWCA TYFPIL Ba TCCKapit Ky'aa-

XOCW1  Kunaxu. MysosaHaT Xonaruaa HIL GEPHATAH XO14AD.

mddysron Ba apelid oKuMIapH TeHT
6ynu6 Tok Kysn 0 ra teHr 6ynaad. Tokma KaTHamia onanurad
XapakaTyau 3apsanap 3WuAMCM p—n YTHWAA Xyda KHYWUK GYramu,
WYHWUHT YYYH p—y1 §TUIHKHED COMMILTHPMA KapLIKJIWIK Kyda KaT-
TAAWP. p=—n YTMIUNA 3neKTp MaiiaoH 6MaH GOEIMK GYATaH MOTEH-
unan @ koopavHata dyHkursicH 6ynann. YHUHT p—n YTHIL yeTna-
PH opacunarn kuimatnapd aiMpMmacu KoHmakm nomenyuaiap
hapxu  Exn nomenyuas myeus barandauzu @p-n HM Ouianpadn.
SNEKTP MAiAoH # — Typ coXajaH p — TYp cOXara iYHairaHu
YHYH, n = Typ coxanaH 3/1eKTPOHAapHUHI p — Typ coxara
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yTUlIMra Ba p — TYp COXa KOBAaKJapuHUHF n — Typ coxara
yTuwmnra TVcuk 6ynann (11.22- yu3Ma, a).

BHAU #—p YTHWrAa TAWUKK Vv — KYWIaHUIL KYSIMM3. p—n YTHLI
COXaCMHMHI KaplLUMAWTH KaTTa GYAraHJWrd y4yyH, aesipiu 6apua
KYYNaHWL TYWRINK p—n VTHLITA TYFPU Kenaou. Arap Talukud MaH-
GanuHr MycbaT KyTOM p — Typ coxara, MaH}uUit Kyrbu n — Typ
coxara ynaHraH 6ynca, TYFpY KyulaHMII KyiAunran 6¥naan (11.22-
yn3Ma, 6). YHma nmoTeHUMan TYCUK @ — nacagou Ba TYFpW TOK
nano 6ynagu.

Mycb6atr Kyt6 #» — Typ coxara, MaH®uUii KyT6 p — Typ coxara
ynanca (11.22- uusma, B), p — # YTHWHWHT MaiIoHu Ounan
TallK¥ MalgoH 6Mp xua HyHanraH 6ynagu. IoreHunan TVeKK op-
Tagu, p—n YTHIIAAH XYAa KWHYAK TeckapH TOK Okaal. Karra
O6ynmaran Kyunammuniap Ba TOKJIAp COXacHAa p—H VTHLIHUHT
BOJILT—aMIICP XapaKTePUCTHKACH YUYH
el” el
D—z’—pi+ﬂ’i‘l)(e” ~1)=j,(efT -1) (11.71)

gy

J=«

vdona Ypunnu 6Ynagu. bynaa D,, D, KoBakjiap Ba 3J€KTPOH-
napHUHr amdoysua kosdbduuentnapu; L, L, — Moc xoiia
AMhdy3ust  y3yHAUKNApW; p, — KOBAKIADHUHT n — TVp
€OXanaru, i, — 3NEKTPOHNAPHKHT p — Typ COXalarx MyBo3aHa-
THIA 3UUNKUKIADH.

Tyrpu xyunanuiu (V>0) kyiunraHaa Tok 3UYIUFH 3KCMO-
HeHuunan optn6 Gopanu. Teckapu KywraHuwga (V<0) Toxk xyaa
cekuH Ycanu Ba exp(eVkT)<<| 6YnraHma Y3MHHHT KHYNK
TYHUHraH KMiMaTUra apuwanu. JeMak p-n YTHiL XaMm TVEpuAaw
Xoccacura 3ra 3KaH, SibHM Oup HYHAnUIUAQ TOKHH SINIDH
yTKa3a4H, WKKWHYKM HYHamduiga 3ca fefipiAd YrKasMmaiiaw. p-n
YTUWHWHT  KEHLAMIM  TalUKKW  KyYlaHHWra  Kyiidaarnya
oornamraH.

| —=

ZWy) =

E("’ﬂ-"“"’/).N‘ﬁNa} AIRa)

el NaN,

P11 YTHIUHUHT XaM CHFUMH OYNING, YHHHT KIHIMATH TRIIKH Kywaa-
HULITa 60FJ111KZ



o g0’ NyN,

87[((/’[1—" -eV Ny+N,

Ywby udonanap Kyunauuw TywMui p-n VTiwiga CoaMp
Gynaétrad Xomnap yuyn Ypunanaup. Kuunk xydnanmuaapaa 6y
wiapT G6axapuaajui.

Ulyngait KuAu® p—n  yTuin  y3rapyBuad  KY'WIaHHWHA
TYrpHNall Ba 3JEKTP CUFMMHMK KydndaHHil Ounai Sourkapuid
xoccajapura sra skaH. Yoy sa siHa Oouika 6Mp Karop xocca-
napAaH GOHAANANTaH X0NAa X03Mp SpUM YTKA3THUIapaaH XKyda
k¥n acbobnap Taitépnanmoxaa. Mypakkal 1MHTerpan MHKpPO-
CXEMAIAPHAA p—# YTHLIIAp acocHi anemMeHTaap OVING xu3Mar
KMJIaaH.

Casoanap Ba macaianap

1. SpnuM YTKasruunapuuur KaHpai Typaapi Maskya’

2. SIpHM YTKa3THUNApHUHE IHEPreTHK 30HAIAPI TY3ILILIHHIT
TYIIYHTHPHHT.

3. SlpiM  YIKasmiuo xoccatapura  KHMpHLIMATap  Kaimail  TancHp
Kypearaan?

4, p=n YTUIHHHHT TYFpHAALL XOCCACHHH TYIIYHTIHPIE OepHuHT.

5. Temnepatypach 400 K 6ynran xycyciii sipiM VTRA3IHUAD
37eKTPOHIAD 3MIHIH n=1,381015 ca-3. DackTpon Ba KOBIK-
napHuHr  IDdEKTUB  Maccanapw  KYMAliTMacHIiy  TONIHT.
TakUKJAHTaH 30HA KCHIAHry Ex=0,785-4»10'4. T(2B) kKouynust
Gyiinua yarapaau.

6. Dueprusich E(x)=F+(N k)22m" udona Ginal annkianrat
Gup YNUOBAN, AAHUMATAH 3JleKTPOH ra3il YUYH NONATiap 314Iuri
g(E) TOIHJICHH.

7. Bop (B) atomu xupurmaran (Na=10"7cm™3) kpesuuniinari
KOBAKAAP 3HMUAHCH Tonmmewnn. 7=300°K, m,'=0,59 m,. p,=100
cm?Be ! Ba &=1. bop atomnapu yayn £,=+0.045 3B.
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8. Spum yTRasmugary jiekTporsap suuanrd 7=400°K na
n=1,3010-16 cm3, 7=350°K na 17=6,210'5cn-3 6¥ica, TakmkiaHraH
3oa KeHraurn £, H anugnanr. [, TemnepaTypa ra YW3HKHIi
OornaHrad neb xicobnawr.

9. Toza  repmaHNniigard  onekTpoHfap  XapakaT4aHIUTH
7=300°K ga w,=3800 ca2B-lc!. m,*=0,55my Ba p=aT3? Gyica,
repMaHHPHKMHE T=30K gari coauiuTMpMa KapWMIHIMHM TOMMHL.
E£~0,785-4.104T KoHYHusT 6Yiinua Ysrapaau, un/Mp=2,1 Ba a -
NOUMHI KATTaNuK 1e0 ONMHCUH.
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XII BOb
AUDAEKTPUKIIAP

JluanekTpuk cyau ioHoH4a dia — opKaiu Ba MHDiM34a elektrik —
3MEKTP cYanapuaH TY3WUIITaH.

«[Inanextpuk» atamacuny Dapaneil 3/1eKTp MAAIOH KUpaau-
TaH MONMANAPHWM aTall y4yH KMpWTraH. Juanexkrpuknap 371eKTp
TOKWHU €MOH YTkazaau. MonnaHmarap Gapuya rasniap, 6ab3u OUp
CYIOKIMKNIAP Ba KATTMK XKMCMJIAp AMAEKTpHKIap 6ynamnu. Meran-
JAPHUHT CONUILITHPMA 3NEKTP YTKa3yBUaHIUIH o~ 108-108 Om Mt
TAPTHOMAR, NMANEKTPUKIApHUKK 3ca 10-10-10-15 Om-'am-! TapTH-
Gupa 6ynanu. By TadoByTHH KnaccukK (hM3MKa MeTajsapia 3pKMH
3JICKTPOHNap 6ynaqu, Ou3/eKTpuknapaa 3ca Gapua 2/1€KTPOHIAP
Gornanran 6Ynu6, ynapHU 3MeKTp MaiifoH §3 aTomaapiHaaH axparud
OJIONManAK, BaTKK GUpO3 CUIXKTAON €6 TYLUYHTMpap 1. KarThg
XMCMNAPHUHT KBaHT dusukacu (V. Gobra Kapasr) 2/1eKTpoHjap
SHEPTWS  3OHMIAPMHMHT  Typauvuya TYJAMPWITAHAMINIAR - KaTTHK
KUCMIIADHUHT 3NeKTp, ONTUK Ba Oolika Kyn xoccauapit KeNHG
HHKHLIMIMHK TYIUHHTAPUG Gepa onad. Xycyca IHINEeKTpHkIapia
BANCHT 3oHamap Tyna Tyaaupuarad 6ynuG, ymapHHHT 1oKopHcHAarH
6}_"“ 30Ha TYIIMPWIrAH 30HAAH aH4Ya IOKOpWAA Koinawrad, Tyia
TYNMPLLL dH - 30HA 3NEKTPOHNAPH AEKTP YTKasyBUAHAMKAA KATHALIA
ONMAitAM, viapHuHr 6y 3oHara YTH6 onmb, YTKa3yBYaAHAHKID
KATHAIA 0NN yuyH eHrHO YTHIMWI 3apyp OyiraH SHepreTHk
TYCHK (TaKMKaaHraH 30Ha KEHMIMIM) aHua Karta, GyHiaii VUi Mm-
KOHUATH, onaTaa Xya KMYWK, HIYHHMHT YUYH OUDNEKTPUKIAP 3MCKTP
TOKUHW fesipni YTkasmaiau. Yiapaa 2/1eKTp MaiifoH 3/1eKTpoHiap
SHUNIITHHY KaiTa TaKeuMnaiian(aToM Ba MOJEKyJuiap MUMMAQ 3JNeK-
TPOHNADHI CHIKUTALM) — KYTONAHWIU XOAMCACMHM K03ara Kearu-
panu.

3‘_)_“‘1"313 HazapusicMra  acocaH, AM3NCKTpUKIap  O1aH
APHMYTKAsI Munap opacupary (apk OKOPHUTH TYAAMpHral 30HA
Bunan 6¥ur sona opaciaark TaKMKIAHTAH 30HA KEHMIMIHHUHT Xap
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N OVann s nbopar, Spisivekastodsapiaa £g<3sB, an-
MeKTpHKIaR L £g23 9B ieh waprnr xiucodaana .

JIMBNeRIPHEIAPAY  SsURIPITTHE  OPKINL KVOHUIE MYMKHH
Ovamarapanrin avaiinit  VInmm  HURAPHCIG CTAPANYD KV
FAIKH 2ACKID AITEIOHTp KUpa oaadn. byiull KpHeraii tarxa-
PACHRIIAL JIABPHIE DJICKIP Malionnra KVInta (Taiuki) Maidaon
KYUIITAHA VUTA MVNHM XOAQT UMACKIPHKIIHT HUKI TV3HIH-
IHMHUHE (3NeKTPOIIap Ba HOHAAP BASHSITAAPHHHIIT) V3LAPHLIHHK
AHMKJIAH MMKOHITHH OEPHUIT MYMKLHH.

Arap OuaneKTPHK HAMYHACHHH CTaTHK wIeKIp Maitaoura (Ma-
CaMaH, KOIUICHCATOP ILIACTHHAIAPK Opaciliary Majiaonra) Xow-
NAWTUPHIICA, KPHCTAMIHMHE CTaTHK AHBIEKTPHK CHHIJIMPYBYAN-
JHFH €y HKU AHMKNA0. KPUCTAMIHMHT HYKH TV3HAMINN Y3rapuiin
XaKUAa MyXHM MALIYMOT 01111 MyMKITH. €y U AIIKPOCKONHK Ha-
3apug xicobnaiinn.

JIH3ACKTPMKHHHET ONTHK  XOCCAIAPHIHIL, $SILH VI IOKOpH
LIKPOPUINITKILE SREKTPOMATHIT AiLI0H GBI VIapO TaLCHPHHIE
AUHKAAI YUY JTHIACKTPIK CHHTIFPYBUALL KN TAKPOPHIHNKK-
Ka GoraaHMUIMHIL, SILHM e=g(w)un xiricoOaaw sapyvp. byviiab cuH-
HPHLE RYPCHTKIAYTH N=Ve HH aHHUKAN MYMKHH.

Wonnap Kpucranaapuia Xa1TO TAKH MaliAoHap
Gyuimaraliyll XaM 1OIAap 0pacHiaa V30K Tabchp 2AEKTPOCTaTHK
Kt\lq_r];)p Mapky OyauMniM Mymkii. By kywiap natkapa V3HHMHC
MYBaSaHaTii Wakaira wedatan nedopsantigaaiinn (zMacanau,
:lljo;\mnp yeGpaHHIapH) okibaTHia raiino 6yani MYMKIIL

Maskyp  Macalaiapil TaAKHKLULAY  MYNHT - VIVH E3HaraH
Makegean  1enraamanapigan  doiigatanine  kymainp.  Keind
KaTTHK SKICMAATIT MANATIH MAiL1o1mapin MyNoKaMara KHpHTHo,
Tawky Maiiion TaBCHPIAA KYFGaaii NoIicanapiiin. atomaap
casisiciian 6agH KHAHAIM.

12.1. jlu3_;|L'KT|)HK.!lapl':l OWJL ACOCHIT TYIIYRYANAP B KATTAARKAAD

MabayMKIL. KIACCHK JACKTPOAIHAMUKA MYXUTAGDAANL DTTeK-
TpoMarte XOUICUIMPHIT TALIKI MATLIONAAI 1AHIKap, UL MYNHT
accaapHiil OIAOBIIT TYIHYINA Ba Kap i KD Epaasia
TOAKIK, KiLaran.

Fo— ek T ARULOT KYIAHIANGHNE —~ MALIOHHINE MASKYP
HvKTACHIA AOMIANITHPUATA ONpak  Myehat 3Pl Tancp

VB KV
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P — KyTGnasHMil BEKTOPH — IAHM3NCKTPUK OUPANK XaKMUHUHT
3MEKTP MOMEHTH;
D — 31€KTP WHAYKLIS (MCKTP CUIKUIL) BEKTOPH MYXWT HUM-
8 Taliky MAHAOH Ba YHHHT TaLCMpHAa Maifo 6Yarad KyToMaHUL
3JIEKTP MANAOHWHHHT BYprainKia OUpauK Mycbar sapsilra TabCHp
ITYBYM KYY;
€ — MYXHMTHMHI HHCOMH AM3AEKTPHUK CHUHLAHMPYBUALIJIMFN (ﬂu-
EKTp goumui) — Taycc Oupnuinap cucTeMacuaia  M30Tpon
MysMTIa D Ba £ opacdfia NpONOPLHOHAINUK KOID(ULUEHTH
D=¢F;
€ - BAKYYMHUHT 2/1eKTp AOUMHUiiCH, £,=(107/4nc?)=8,8542 10712 D/m
W3sotpon myxuraa [ayec cucremacuna
* D=E +4nP = ¢E (12.1)
€KI
ptlp (12.2)
47
% — HUCOMI AH3MEKTPHK KabyauaryiHk P KyTOHaHHII BEKTO~
Pit BNl 3jlexTp MafifoH KywlaHraHaHri opacyiary nporopimo-
HaJUIMK KO3 DHLMEIATH
P=yE (12.3)
(12.2) Ba(12.3) udponanapnan

x= Eh!...eku...a: 1+ y (12.4)
4n

KEJIHO YHKAIN.
CH Gupnuknap ciremaciina (12.1) yprira

D=e,E+P =gyl +3)E =tk (12.5)

(6yuna € =1+x) udona ésinann.

AHM30TPON MyxHT G¥siraHmaa P Ba £ BekToprap [iapajies
GVimacanry MYMKIH, AHDAEKTPHK KaOyauaHanK Ba CHHIIAHPYB-
HAIIHK TEH30p KaTTauknap 6yaamit.

Makcsennnunr Kyitngarn reuraMac i ciaTaMu3:

divD=4zp  (CH aa divD = p) (12.6)

Wsorpon myxurna
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divE = “T"'p (CH na divE =;’/E;O ). (12.6")

MabiayMku, Maskyp TeHrnama KymoH KOHYHHHM p 3WNJIHKIA
Y3IYKCH3 TAKCHUMJIAHTAH 3apsylap XOiW YYYH ymMymiaauiTHpULILaH
KEJTHO YMKKaH.

Muknop Xuxarian 6up-OUpHra TeHr, aMMo KapaMa-KapliH
Winopany OMp-6upura OOFNaHraH MKKM 3apsid AMITOJ AeidiIaidi.
JInanekrpuK KaGynuaHAMKHH GuHoOapuH, RMIJIEKTPHK CHHIAH-
PYBUAHJIMKHIM SIKKANaHTaH 3apsanap 3Mac, 6anky AW3AeKTPUK AH-
NoaNap aHUKJIaNnaK. JIMNOAHHHE 3/EKTP MOMEHTH

p=ql (12.7)
KYPUHUIIA aHUKNAHAK, Oyl ¢ — AWTIONHM TawiKua 3TraH 3a-

paanap MUKAopM, [ — yaapHunr opanury (12.1-pacm). dnnon ei-
KacH [ Huur [f(F) MaliloHt altuKIanaéTrad HykKraraya 6yaraH F

MacodagaH aHua KHUMK (lf|<<|ﬁ[)

OyiraHma Maskyp HyKTaga

i = =D~
E(F):M_ (12.8)
&’

Onektp MaHGUMNMTH  ce3nnapau
dapknasagvrad aroMiapaaH Tap-
KH1OMaHTaH Xap KaHAQi CUMMETPHK
6ynMac Mosickyna AOMMHIT 31eKTp
AWIONT  MOMCHTMra 23ra  ©ynaau.
Macanan, cysumuur H,O monexy-
Aacn p=6,3310-3 Knm  aunon
MOMEHTHIA Ira, Yy KUCIOPOL HOM -
lal MKKWTA BOJAOPOA  ATOMHHMK
OUpNAUITUPYBUM  TYIpH  YU3MK
ypracira ToMoH #yHaaran. HCI
MoJsieKynacuaa  Oymjaru KK
aTOMHHM  TYTaWITHPYBUM  YH3HK
Oyittya  YHUNT  AMINON  MOMCHTH

120 1=y, Junon muiiaod g
Kncofnamwra gonp

HyHarau. MINEKTPHK  MYXHTAA
g A p b 12:2- wiamia. HaQ  monexyicHiit
TAWKK Tavcup (SNCKTP. MajiioH, A0 MOMEHTH
00CHM Ba XOKa30) OCTHAA NEKTP v E
AWNONNAP BYXYIAra KCIMIIH (lfll-UlyKLlH}U'laHHJIlr(UJl'l) MYMKHH. - -
If
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\OMIQ KYTOAAHNIL BEKTOPH £ GHPARK NUKMLL XocH:d GYIan -
1OIIAP MOMEHTIAPI THFIHANCHIA TenT 6ynaus:

EI, (129)

Arap siccH KOHACHCATOP KOTUIAManapH opaciia AHIICKTPHK
KOMAAHCA Ba KOHICHCATOPTa KydnaHWI GepHica, JM3ICKTPHK
MoneKyianapi Kvronanaau (12.3- ynsma).

ByHna noteHusan  Ba  MalAoH  KYUAQHTAHIMIW  KaMasion,
KOMaManap cupriaa WHAYKUMSUAHTaH  KOJAHK  Sapsil1ap naiino
Gviiaan. 3apsuliiil CHPTHIA 3HYNUTH:

b (/S :'._.}U_J'_}, (12.]0)

H ~CHPTIa HopMasl BUPIMK BEKTOD.

Kymiqua  atom €k HOHA
KVIOAAHHIIHKM aHHKAQILHIAH MANULIHIT
nnhew g aaftzonHn zpcobaal 3apyp
Oynani. Bvhma kapataérras atom Gepk
CHpT  Gunan  ypanrad  4e6  dapas
kuanHaan. Wy cupr uaaarn aunostap
AHPUM-AITPHM XHCoBR oianN.

JeMar, Tauky 3apstiap  fascHplin
aToMiaa  sysyma  kedrad  3dxpekTan o
1\1_5}\11T1J'IIII"I maiigon L, HH TYPT 9 3. aysaa Komtasictaph opi-
KVUEAYBLIOH  1i0opaT  LWaknaa E3UL ¢y AHIACKTPIK ARojiaawlan

MVMKIH: KOHACHLGITOP.
. - L L - -
Eil/l:E()+Ell(IK+EL +El)llll (l"”)
Bviina £, — rtamgn sapsanap  mMaijonnd, ek
KyTEaaitin Gylysuis addekraap maiinonu, £~ rapa3snii bepk

CHPIND MHAVKIHSUIANHTAH 3apsil-ap MA3Kyp COXaHHHI MapKasiiia
BYRYALY KOTUNPFAN MafiAoH, &£ g — COXAHIHT lumiart 6apaa
AMI0TP Xociia Kisray Maiiioi.
S ot E = E (V4id GG, 1 — KOHACHCATOP Kolaaskuiapi
OPACIEAANTE Ry wianig, ¢ — KOTaMaitap opainri.
Heaak,
E =Lt Bt £ (12.12)
Arap atom atpodsiiaa TalaaHral XaKMHH chepi Hecak.
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£ =['4r.zi/j}_ (12.13)

By xonaa, arap namxapa Ky6 waknuga 6ynca, £ g=0 6§116
Koaaat. bunoBaput (£ =£ ).

£, =E+4nP/ . (12.14)

(12.2) udonanan (12.14) ra £ HM K¥iicak, KyGuK (U30Tpor)

HAHAKAPAHHHT aToM KoisaiuraH TyryHuna 3hhekTHB Maxaniuii
MaiiaoH

3
i

& (12.15)

E W= o

&
Ginaa.

12.2. IM3AcKTPHKAAPAZ KYTONAHHUI MeXaHHIMAAPH

JuanexTpukiap KyrbaaHUUIMHMHE YUTa MYXHM XOJHMHU KYpHO
YHKAMM3.

1. KytéiM Monekyianap AMMIon MOMEHTIapPMHUHT  Maxamiuii
J1eKTp  MaliloHy 6Yiina6 kucmaH €KW TYna TH3MAWWIM  XOMH.
10Okopina aifrraHUMuU3eK, MyaiisiH CUMMETPUK ByiMarad Monekyna-
Jap  ROUMHIT 3JeKTp AHNON MOMEHTTa 3ra. 3neKTp MaiaoH Y3
HyHany Tomon 6y mosnexymanapHi 6ypaau. By xapaguxi aunon-
AN OPHMEHTPAAHKIIN €K1 Napas/IeKTp KaOynyaHnuk Aefinnand. bu-
POK. MOACKYIANTAPHUHT WCCHKMK NapakaTu (TeOpaHMIuM) VIapHHUHT
Maiiion 6Yinab THsuniiMra TYCKMHAMK KWnaou. By WKk xapaéH
pakobaTi okHGaTHAa Myailsii OpMEHTPAAHMIL YPHALIAaH.

2. KatTuk Xucmaapaa saekTp MaiaoH Ba MaHdmii MoHnap-
HITHT  OMP-GUpMra HucBataH CHKMILK CcOAWp G¥nanu. By
XOMMCaHH HoMNap KyTORaHULIM AcHHMANLH.

3. Xamma AudjleKTpuKnapaa 103 Gepanurad KyToaaHuw — 3jeK-
TPOHIMIAP  KyTOAAHHILMAN: 3ICKTP MAMAOH TabCUpWAA ATOMHHUHT
ANEKTPORIIADH  fiApora HWchatad CHKIIAH, $BHM 2MEKTP MaHIaoH
NIp 6P aTOMMIHT AICKTPOHNAPH KOBHKIAPUHK NedopMauisiraiian.
byHia $APOIAD OPUTHEM V3rapHILK XaM MYMKHH.

JUHDACKTPHK CHHIIMPYBYAHANK YMYMUIt XONIA: £ = £,, + £, +€,.

3_!1/11.1 Oy Xonmapuu aitpum-aiipiM pasuiiaa GatadicHupok,
KaApaiiMits.
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12.2.1. Opuentanuon KyTOIaHHIM

YMyMaH, JHOMMMIT  IMAOANApHHHT  OypuiniiM  okubaruaa
KVIGNaHull acocaH rasnap Ba cylokiuknapra xocaup. KarTug
XHMcMAapaa KyTond mMonekyaanap 6Yacama, ynap 3/eKTp MaiooH
TAbCHPULA 3pKUH Bypiuia oaMaiau. ByHnaii xapa€iHi MoJeky/a-
JAPHUHT OUp TYPFYH XoJaTAaH MKKWHUMcura cakpa® YTuliu
OKMBATHIa MMMON MOMEHT OGWAaH 3MeKTp MaiiAoH opacuaark 6yp-
YAKHMHT KHYpaiuil Tap3uia Kapaw MyMKHH.

Bupnux xaxmuga xap 6upy p MomeuTir N Ta DIOUMHIA 3MEKTP
aunonnapy 6op GUpPOP MYXMTHM Kapaiinuk. 2JeKTp 1\101‘411(3}1
HYKNMIioa nunostap Taptrbeus iyHaitrad. 3uan £ craTHK MaH-
[OH AWNOMIApHM Taprubnawra ypuHamn. V xonza OGuUPIMK
XAKMHUHE KyTONaHuii (MaifIoH MWyHanuuiira 30€KTp MOMCHT-
HUHF Npoekuusicy) OyHoaid €3unani:

Py =Y pcosfy =Np <cosO >.
N

Bynna 6 - xap Gip avnon Ba 3ekTp MaiinoH iiviianuisiapy opa-
cunarv dypyak.

Aunonnap rtaprbnanMIM  KapaéHiira 3appaiap  MCCHKIHMK
Xapakatu Xanakur Gepagn. Mccukank Xapakartuiu BosUMaHHHHT
SHEprUsifap GYifMua TakcuMoT yHKUHsCH Tascudaimm 1e6
XHcobiacak, cos® HUHT YpTaua KHiiMATH

m
IZﬂsinGcochxp( "‘_,-A r ¥/0
(12.16)

<cos@ >=2

o3

2rsinfexpl ~ t/;. r 0

ndona Gunau aHWkanany, 6yHaa U onronsHr E maiiponuaary
SHEPTHSICH:
U = pE =—pE cos0 (12.17)

(1217)  udomann (12.16) nmaru  MHTerpwitapra  K¥Huo,
XHcobnaln Gaxapcax,

= VG
1 +exp(—=F
<cos0 >= M

rEy K _ [ (PEy (12.18)
| ~exp(—2PE - k7
R )
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Arap Tawky maigol £ crapamua Karra 6ynca, L—1. AmMmo,
Kyuci3 mainonnap ( £<<kTlp) xonuua

i /7// 2.
<cosO > ShT (12.19)
Jemax, GUPIHK XAKMHWHT KYTOAaHHILNA
2/
P =(Np/3k7‘)E' (12.20)

Byura MOC AHIEKTPHUK KﬂGyﬂllﬂHJlMK

= ._a'\'J“ P/ .-"\";;7 9y
y=PIE= IA! /C e (12.21)

Ky1oau cylokaHKkIap Ba KaTTHK XUCMIAp yuvH Oy Kabyauawuix
XHccacy | Cunan Takkocnanapid OYauiy MyMKHH.

JMINCKTPHK AOMMHITHHHC Y3rapyB4aH TALIKH MAHAOH YacTOT2-
cura  (takpopuitnnkka) Oormkanrn. Joumuil Ouponapra 3ra
OyaraH KaTTHK KHCMIa yuuana MEXaHM3Mm Xam KytbjaHuisra (an-
INEKTPUK JlIoMMMitra) xucca kyuianu. [lacT Takpopuiankiapaa
YIRPHHUHT Xiccanapy typauya. HOKopH TakpopHilnuknapaa yiaap-
HHHE  JIM3JICKTPUK  IOMMUIHCH KOMIIEKC € = €& —ie” KaTTamuk
6YmM10, YHUHT XaKWKHI KHCMM TallkW MaiaoH 6uiaH 6up dasaja
Y3rapyBuH JH3NEKTPUK KYTONAHMIIMHK  Hdonanaitay, Masxym
KIICMH 3Ca TalllKK MaiiioHnaH ¢asza G6YiHua opKada KojIaéTraH Me-
XaHW3M Mafilo KujianMrad OM3AeKTPK HYKOTHIUIADHM aKe 3TTHpa-
Am. Maskyp kiemnap Kpamepc- KpoHur aucnepcuon MyHocabat-
napi 6unaH Gomtalran;

i ip_[‘iﬂd.\: 12.22)
;. _wx—m
o I Jrex)=1
=g P SR A SR 2
£ S J- = dx (12.23)

by wdousanappary P — WHTErpaniMHT Bol KHitMaTy Benriici,
-3JICKTPOMATHHT MAMAOH TAKPOPUHKNIA.

VayMaH aiftranjia, € sa €” §arapypuad 1eKTp MAHZOH Takpo-
pUianIrura _601';111&. Ausnektpuk  OOHMUAHWHT  Mogyan

— .2 »?
|g| =& +¢ HMHAYKIMSE BekTopud D HUHI TeOpanhuapi am-

NANTVAACHHIM annknaiu. Jouamii aiekTp Maigonna €"=0, e'=¢
Oynaan.

N3

ey — s I p i e

[ 1IN =t T BRI LRI T AT SR TN 5T

BTy ' AR dT rae
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JouMuii  aunonnap  OpHEHTPIaMMil  Gunan 60f.:11ﬂ<
kytonadMw 10 T'u nad toxopu TﬂKpODMH.-:HIKJ;HH B{ICKTD fiaél.l’o)l—l
y3rapyuiap KeTiaaHd yarypa oamaian. by xonia € K'u,\rmml Akch
Taau, aMMo €7 Hongan dapkaum O6Vaanu, SLHW aHda 11I‘13J’1(?K‘Ipll
fiykoTuwap naino Gynagu. Karrapox w fapaa Oy MeXaHH3M

iy ynanu.
X”“Q“ﬁ:‘“‘y’ivflsﬁgilﬁqgilﬂ}glll(opn YaCTOTAAM ICKTP MaliaoHaapaa
AM3NEKTPUK XOCCANAPUHM CHUHOMPUEE KYpcaTKU4it (1 unlulo-n{lﬁ
KYpCaTKMuu k opkanu TascuduiaHaid. /1, k, £ opacuia Kyiidaal
Gornanu Gop:

n(l+ik) = Je—ig" (12.24)

Hounap kpucrannapuaa w~100 Tu  skurnia € L XﬁM”l K;l'l
Masitid. by 1akpopiitiukgaH loKopHa WOHAAp  NAM N]‘glpiuru
y3rapuiuK keTunan yarypa onmaiian. SiHana )oKopMEor? ml> A
TaKPOPUINMKNApA 3AEKTPOHIAP KYTEIaHNLIKH xncoon-n'a € '6np11N
KaTra 6Yan6 onagu. Ammo, w> 1015 I'u napaa 6y mexaHH3M x(Mf—
MalfoHaaH opkaga Konaau. By Xonga KaTTuK KMCM 1 ra stkMH 4
JNEKTPUK € CHUHTAMPYBYAHIIMKKA 3ra 6ynamu.

12.2.2. DiekTpoH KYyTORAHYBYAHIHK

CiltiyCungan TawkM MajtoH TabeMpuaa cunxum}nrau 3;1:3‘}::l
TPOH XapakaTHHM KapaWauK. CHIXHIaH 3EKTPOHHH V3 BA3USATI |
KAHTapyBUH KBA3KM 2MaCTHK KYUHH BX, VHITHE XYCYCHIi TZIK[?()[)_HII )
AUTUHE @ =(B/m)12 e6  Genrunacak, £,y = By explio

: N& Kat
MaNanauii JIeKTP MaiIoH TaLCHpHAa DACKTPOHHITHT Napa
TEHFIaMACH

Illﬁi + fv =eky explion) (12.25)
(/I2
KVpRiitia Gy, g
BY Tenraanainmnr vax6ypuit TeSpaHHi aMIVIHIYAACH Xy
YUYH cummp
l'E“

\ = (12.20)
max =

bl I
mfwy —~)



By 3ca |p|=exy,, AMTON MOMEHTHIA Moc keaaau. MHAyKuusinaHra
3NMEKTPOH IMIMOA MOMEHTH MaNUMIWK Mailgolira nponopixonan,

SBHU  p=QE . ekt |p| =0 Lo.

MponopuioHadnk  KO3GDUUHCHTH o  —  NEKTPOH
KYTONaHyBYaHIUK:

5

(i
a, =expx 1 Eg=—————. (12.27)
m(wy —w~)
By KyT6aaHyBYaHMMK MEXAHM3MHHMIL MBACKTPHK CHIIFIH-

pyBUaHNKKa xuccacy w<<wy FAKpopiinnKiapa 6up xii:

:
o, =¢ : 27"
Amﬁ (12.27)

Y KkypuHagurad EpyrIMK COXACHAA (ONTHK coxada) AHIAEKTPHK

JOVMMIMIA Ba CHHAMPHII KYPCATKMYH n:Je_‘ HU | maH KkaTTa
OYIHWMHKAHT AroHa cababiiip. By xXonna Knaysuye-MocorTh
MyHOcabaTUHM KYHHRATHYE €311 MYMKUH: ’

- 3
= ey = 3 ]
NTe+2" N
SyHaarn N, — 31eKTpoHAap 3U4MUrn. (12.27°) gy (12.28) udoaa-
Aap acoeita xucofnawsan wy=1,7-10%6 Ty 6y TaKpOPHILTHK 21eK-
TPOMAFHUT CeKTPHUHI YATpabuHadwa coxacura MO(l: Ty.lll'mu' ©
flHa Gup Mynoxasa I0KOPHAATH XucoBra Tysarma Kl; )I4';1ﬂll'
MALJYMKHM, TeBpaHaéTraH 3AEKTPOH 3Heprus vanzmmmluxn(xe-.
pak; OyHaaH Tamkapu Oy 37eKTPOH HO3nacTug T')’Kl('nlunu n
(MusKaraHuwWra) ayaop 6vaub typanu. By OMUNAAPHI ' GU.M
cak, (12.25) Tedrnama RyidHIark KYpUHIMILHY oNaji; Nlcobra on-

)y (12.28)

mﬁ-+m (—Ii'fﬁ'—
7 Yo THY =By expliar) ., (12.29)
by 1CHIIaMalBHE edrMIL

_eLyexpliar)

= 2 . -
miewy —w? +iyn) (12.30)
Byviizian siekrpon KyronaHyBuanang
£ e

) = e R

mij =@~ +iyw) (12.31)
(12.28) Ba (12.31) ndoia iapaan:

NS

e ————— e e . s —



£=r¢-ie"=]1+ L (12.32)
e Arg 4
m(wy - +iyw)—e"N, 13
3l
; 2 2 B 9 0 o
DHIN @) -1-.1(‘ —(e"Nu/Sm)JZ Genriaauws KHaHo, € Ba 17 HU
TOIaMu3:

pre |1 N —0?) | (12.33)

5 ) ]
(Wi —w" )" +y W

(ezNL,//n))/(u (12.34)

—— 5 31 3|
'(wr ECAR R O
12.2.3. Mounnap KyToJanyBs4aHIurH

Ne Ta KyTGAAHYBUM DNEKTPOHTa Ba N, Ta KYTOIaHYyT-It HHOHAap
AYQTHTA 3ra 6YACaN MOH BOMIAHHILAN KATTHK KHCMHM KapallIdK.
By Xonza (12.28) Krnaysiyc-MocoTTli TeHIIaMacH acocHila CTaTHK
INNEKTPIK CHHIAMPYBUAHIMK €, B KyTOAAHYBUAHIHMKIAD ¢ Ba
O opaciia BoraamiiHy KviiHaarnya €3nt onamus:

Ep | 5
L —)=N,q + N, o, (12.33)
Eg + 2
l’lH.IlyKLllvi}lﬂlll-ll‘nH HOHAap AnnoAlapii xHccacH AKyaa KHYHK
6yﬂalllﬂ'aH, AMMO  3NCKTPOMIap KVI6]1?\”_\/8‘IHHJHII'H CC3HJ]ZIPJ'“’|
KaMasIHTan I0KOpH TaKpOpHAAHKA IOKOPIArH aMytocadbar
e, — 1
3(—=——) =N, (12.36)
€. +2
KYpuHumng ona:ul. Mormap Ky 16aanyBuai ey uy HKKH 1doaa
Hl‘ll’(pMﬂCl'lllﬂH AHHKNAOHa/IH:

|J “1237)

Epy F oo

Hou Gornamnn KATTHK SKHCMIAPAR o KATTANHK 100D m?
TAPTHEIRA. Macanan, NaCl kpretaniit vayH o;=3.8 10740 @ M2 .

M+ Ba. M- maccann monsap KyGTH yuyH 2AeKTp Maiinox
TaLenpnia Bykyara Kearan MaxGypiii Tebpariiap TeHrIaMacH
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NV
M M

il _ 3 (12.38)

by, —FWHY = ol
T afufs
dr’ di i

Kypitiiga 6ynaan. Oyvieaa y — 3Hepiifsl COULIHL TACBUPTANLLI,
ayy — XYCYCHIT TaKpOpHMAMK. By TeHMaMaiHI" cUMMI KOMITICKC KaT-
Tk 6ynamt. KyrGnasuummiHe HKKama Typi  NHCoOTa ol aHAd
Knaysitye — MocorTh myHocaarit Kyitraar sdyonatin depaiui:
3
Flay=¢., + —t,“——_;lﬂi—‘ (12.39)
(o == + iy @)

By n(oAaniHr XakiiKiii Ba MaBXYM KHCMIAPUHN  aipattlitt
MyMKHH.  JII3GICKIPHK  CHHIAHPYBYANIHK  XAKHUKHA  KHCMITHITHI
Y3rapuil, OUIHIM NOMAAIMACK, CYHINI SKaPAaCHINN AKC IITHpLL
Kapanariad Nom /e” MasXyM KHCM oy TaKpPOPHTUIKID eTapiiiia 10K-
caK MAaKCHMYM KHiimaTia 3ra Gyiaan, Oy MAKCHMYM MasKyp Criexipi
COXLIA MABKYP KAUTHK, SKHCMAAPHIIHI $IXIUH MaWIyM Oyiarad onrix
XOCCATAPHHN  ankaminy. Macanai, Gyiinama B2 KYHOQTAHE ONTHK
TeOpalHIuaap TakpOPHILTHKAapH wp Ba o Cratuk ANACKIPIR
nouMNi (€9.6.) Onaan Gork;

w] :iw%. (12.40)
3

~ . 2 ) - s
Oysaars or” HUNIE Y31 XaM g, (£. Jlapra Somink Oyaauit.

wf =wp(l - 2= (12.41)
SO +2

(12.40) ndona aia Kenr KYAmaluUl coxacnra aramp.

12, 1-ycadaa.
Baban HIUKOPHI{ — ruiona HoIIAp KPHCTLLEPHCA TETMILIN MABEYMOT

Kpueraia €

i r £ hop/k.K
LiF 9.01 1.90 442
I NalE | 505 ] 1.74 353 =
NaCl 5.90 234 715
Nalr 6.28 2.39 195 =
Lil 16.85 3.80 -

IU30eKTpiK  curanpysyarimiik € SPUMYTKasCHWIapia
KHPUUIMA CATNJIAD  Hasapisiciaa Kyaa MyXHM YPHH TVTTauanr
YUYH 6m,3u“ KOBATCHT (S1pitM YTKA3THU Xoccanll) KPHCTANIAP YUYH
€ UM KHHMATIapiHn Kentipasits.
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12.2-5rcadea
KoBaieHT, KOBAJSCHT — HOH KPHCTAJLIAPHHHT CTATHK [{HINEKTPHE

Aoumitiinapy
Kprerann Ty3unanun €
KpemHnit Si oaMoc 12,0
Fepmanuit Ge [ 16,0
Kanait Sn [ 23,8
Kpemunii kapbuan ZnS ra yxwau 6,7
Fannuis dochnun il 8.4
Fanauit apcenuan I 10.9
Wnani apcennan [ 12,2
ZnS BIOPUMT 5.1
Cypmanu unauii Insb ZnS 15,7
ZnSe | 5.8
ZnTe (| 8.3
Cds BIOPUNT 5.2
CdSe [ 7.0
CdTe ZnS 7.1

KosanenT KpHUCTa/iapaa SJeKTPOHJIap  3apAXWHMHT aH4a
KHCMHW atomylap (MoHnap) opaiuFHiAa >XoHjallraH. By Tauikui
3TYBYM KyTOnawuiura myxum Xucca Kywaau. LyHuHT yuyH KoOBa-
NEHT KPUCTAINAPHWUHF OUANEKTPUK Xoccanapu XHcobjiaHraHiiad
30Hanap Hazapusicura (V. 6o6HM Kapadr) €ku “GornaHuuLIap
KyTOaanyByatnuru® ne6 HOMNAHIaH yCy/1ra MypOXaT KUIWHAAM.

12.3. IlupoaneKkTpHKAAp

“K”L‘HHDIUIl‘aHﬂa ¢KM cOBYTWJITAHAA CHPTHUAA D/EKTp 3apsanap
Nanno 6Ynaniran 6anan KpUCTAINAPHH NMPOINEKTPHKIAP OeHi-
Jaau. n”DOanCKTpHHH[‘ O1Up TOMOHWU KM3IMpMJTaHIA MaHbHI 3a-
PSMIAHAMM, WKKMHYM TaMOHMZA akcuHua 6Gynaad. by xoauca
WyHaaid TywyHTupunagy. [MupoanekTpiap 3EKTp MaHAOH  €KH
6__0LUKH TAWKK Tabeup GYamaraHnza xaM Y3-Y3MHUHT (cnoHTaH)
P ¢ xv16nanuwmra sra 6ynanu, GyHMHT cababu MycBar Ba ManQHii
3apsanap - mapkasnapuuuHr Moc Tywmacaurnaup. Oparaa P
CHOHTAH KyT6nRaHMI 3Mac, Gafiku Yarapuwu AP . KysaTunamu, 6y
oCa rtemnepatypauunr Tes AT Ysrapuwiaa 103 6epaan (MHMpo-
21eKkTp sdiexr). MMaiigo GynanuraH CUpTHIl 3apsA 3UUTHTH G=pAT
ndonacunary p uu NUPO3JIeKTp NOMMKIL Aedunanu. DHT EPKiH
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n|-1p03:{emp—'1‘pra..-‘nm. YHE& TeMneparypa [0 Raaap Varapraria
E40000B/y daMacunard snexrp Mailgon BYIKyAra Kenamim. Arp
TeMIeparypa yarapumy TCITATH 3aPAIHMAET pefakealis BaKtian
IOKop1 Gynca, Gy XO/LIG. INEKTPHAHNIL. HHTeHCHBTHIH IHI Katia
GYnamy. Bapua HHDO3IEKTPHKNAp MBE303ACKIPHICTAD Biami. avMyMo,
XdMMa TEE300IeKTpHICIap XaM  [THPO/ICKTpHKIaD Oynapepyaiing,
bapay nnpoaﬂclc‘mm«wap OE-'I'HETGBJ[BKIT}HK Joccaapra  MoOHE
O¥namy. H}Ipu:mcm‘p}m!amaﬂ TCXHUKana EpyriuK HHAHKATOPIAPH
B Kabymnarsunapy cuatia Qoitnananmnay,

12.4. Hnesoanem'pm( xoauca

Bapay RHITERTPHK KpUCTaiapHuur KyTONnaHMmIHEY, MeXaHiK
Aehopmatms TabCHPHA Ysrapuinmam Ba akcuia SMeKTp Maiiaci
TALCHPINA Redbopmans NAlNO GYNHIIHA Mhe303MeKTPIK XOmICa
AN, Maskyp xpueramy; MOJUIANAPHY IThe303MeKTPHIIAD Ae0
STNAAN.  Dakar  yexapy ledopmaliua  tancupHia  27eKTp
KVTOnamuur  gyyeynrg Keiuusy  tyrpn nesosddekr, axennya
OYIHIWYHY 3cp TecKapy Noe303hdexT neiunany. [Ipe30a51eXTPHK
Xoccanap xyma ey MONTanapna kysarmnamu. TTbe302€KTPUK
Xomneany omyop KYIHUL YOYH Kpucramn miacTMHKacH €KJIapHra
MeTann V,om]mvranap YDHaTHHaun. Arap xomnamanap 6up-6upmura
TYTaliMaray Gca, TIACTHHA Aedopmanmananrana yiap opackia
MOTCHUHAIIAD alippyacyy Nalino Gynamu. Arap xoriamanap Ty-
Tallray  Gynca, “OMIaManapsia nacTHHA cUpTIapUEAT 33pAULTAD-
T4 TeHr pa Xapama-Kapum wuropany 3apgiap naiifo 6ynamd Ba
32HXHDIA Tok OKka Bouwmaiigy, Konnamanapra rawku 3.10.K.
YIAHCA Kpyetany neqmpr.sauumaﬂm.

R Xomncanap garar cumMerpusi MapKauiapH
OYmvaray KPHCTannapna kysarnam, AMMO, 6an3i CHMMETPHSI 37Te-
MCHTTapy (Maca}xaH, CHMMCTDHS  TeKuCIUry) GYMALUIHIH 63}31'1
IVHUIMIEpR, gy ZedopMatusuania  KyrGnaHuu! HELIY
SYmumgy MaH Iumamy _ IThe303/MEKTPHKIAD COHHHM YCKIAII.
®akar 20 1, CHMMeTprig HYKFaBUIf rypyXmapira TETHILTH MOALATAp
H'be303HCKTp”Kanp 5?]121 oay. H’be303cb¢cKTHH TaBC“q))’IOB‘-H‘I Kar-
TATHK 3nmekrp KATTATHKNAD GynaH MexaHuK KaTTanMKIap OPACHIATH
NPONOpIHOH Ny Koodbunmentnup. Macanan, o MeXaHHK KY‘*}-)
TAHUN  raneypy g Nbe3osnekTpuKkaa Byxyara KeJdaairaH
KYTOManmm o Mponopunonan: Pego. Tyma KyréraHHura sHa
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IMEKTP MaMLOH Xyccack XaM Kupanu: P=ac+yE YMymuii xonna 18
T2 TYPJIK MBbe30A0UMUIIap GV MyMKHH.

Typnn KpHcTa/lap yuyH Mbe30JOMMUIIap KUMMaTlapH KyWin
napaxana (apk Kwiagd. MacanaH, cerHeT TY3WHWHI Mbe303JIeK-
TPHK Ko3(hdUIMENTNapY HMCOMI KuiftMaTH XyHa KarTa, OMpOK
TYPMATUH Ba O-KBADUHMKM aHya KHYMK. AMMO, KBaplHUHT
I0KODH MEXaHMK Ba TEPMMK MaxKamJIMru Tydainau YHHM IOKOpH Ja-
paxaa 6apKapop Mbe303/eKTpUK reHepaTopliiap Tak€pralfia SHT
MabKyn Matepuan cudatuaa wuuvarwiany. By acGofiap pagvoysar-
TUYNap, KBapll coamiap TaKpOPHIUIMIMHKM 6GapkapopraluThpany.
Boluka amanuit Makcamwrap ydyH 10KOpHY Hapaxala ITbe303/MCKTPHK
3pexTranuk 3apyp. [IYyHMHT yuyH ceTHeT Ty3W Ky Hrnrap JaBo-
MUa Ce3TMp V3rapTUpryyiap yyyH MarepHan 6ynub xu3Mar
KWIafk. DHT gHTH Hycxanapfa 6apuii TUTaHaTH — CTPOHUMAIOAH
MILIAHTAaH Maxcyc WAaKUIM KepaMuK IUIacTWHajap KYJUIaHWIAIU,
YYHKH Oy maTepuamiap Karra IThe303JIEKTpUK 3(hdeKTURIMKKA 3ra
Ba fIHA KU3NMPHII Ba HAMMKMIUra HHUcGataH Gapmouuturuaup. By
MaTepUaapAaH To3ajall BaHHakapuga YIbTPaTOBYIL MaHGalapy
Ba CyB OCTU TOBYII KypWIManapuaa y3aTrM4 Xamaa KaGysurarmd
cudarvma dobpananwiagy. bupyHYM Takpubaa SMeKTp MadIoHAa
IHU3JIEKIDUKHUHT  AeOpMAaLMsUIaHKIIN  YU3UKHH  OOFIaHHILIIA,
MeXaHUK KYyWlaHMIN Maiffio KwiraH KytonaHuul gecopMaliisacura
nponopuuoHan. Momnapmad TapkuGnaHraH xap KaHOal KaTTHK
KWCMI3a, YHUHT [Th€303MeKTpUK OGYaMII-6YIMacIUIHAaH KaTbui
Ha3ap, 97eKTp MalIoH KyWIAHTaHJIUIK KBafpaTUra IpoNOpUHO-
nan GYyAraH KUCHIMWI (371eKTPOCTPUKUMSA) Ky3aTWiagd. By sHr
YMYMUIT 3NEKTPOCTPUKUUA XOAMCACH TalUKW Mal[IoH KYHMNIraHaa
WoHapapo  MacodaHuHr  ysrapuiiMHM TaBcudoraravza  Iyk
KOHYHHHHUHT Oy3wnuiy 6mnaH GormuK. JdeMak, 3/MeKTpOoCTpHUKUMA
Ky3aTWIafvraH KaTTHK XWCMEA aHTapMOHHK 3ddexTnap KpuUcTali
TaHXapaCHHHMHT TeOpaHHUUIapH XOCCaiapura ce3WIapiid TabCHP
KypcaTtagu.

12.5. CernerosnexTpuknap

CerHeToaneKTpUKIIap MyalisiH  TeMIlepaTypajiap OpajnFuAa
Tallk¥ TabCHpJap OCTHIa MyXHMM Aapaxaja y3rapaguraH CIOHTaH
(y3-y3unaH) KyTONaHWULIM KPUCTAICMMOH AM3IEKTPHUKIIADAND.
CerHeToaNIeXTpHK Xoccanap OUpMHYM Maprta (1920) cerdeT Tysu
NaC4H44H,0 Kpucraiapuaa Ky3aTwiraH Xo3up 6up Heua k03
CErHETOIEKTPHK Moftatap MabiyM. CerHETORICKTPHUK XOccanap
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naiigo 6ynAMILM YYYH Kpuctau
GynMaciury Ba Xgd OyMaraHi
GYNMILUIATY  3apyP.
KpucTainapHiHr 20 Ta HYKTaBUH

II1e303NeKTPUK

[ TY3MNIMILMAA MHEPUMA MApKisu
2 GUTTAa HO3IKBMBAIEHT iyHalTHil
xoccaapy MaBXYl oyilrat
rypyxiapuat 10 Tacu UKKUHYH

HAPTHY KaHoaTIaHTupamu. deMak, CErHeTOIEKTPHK MOt 1ThC-
303/IEKTPUK GYAMIUM KEpaK, aMMO Xap KaHai Tbe303/EKTPHK XaM

cerHeToaieKTpuK Oyna onMa

jimu. CerHeTOaNEeKTPUKIapHH 6ab3aH

deppoanexTprap Aeimiand. ByHHHT cababy mykH, (eppoMarHuT-

Japiar¥ noMeriap Kabu cerHcroaie
HUHT — KaTTa CIOHTaH (Y3-y3unaH
(TaLIKW 3MeXTp MajnoH GYIMaranya XaM
TUGNAHIAH KaTra SJeKTp MOMEHTIApH
CeryeTo3JIcKTpyKIap  YUyH Maxcyc
TeMreparypanap MaBXyHd.

OYNMUHITUTHAVID.

HyKTanapu ne6 aranaguraH T

HYKTaJiaH IOKODH TeMIlepaTypajia CerHeToajic
nap) GysvIamH, HyHKH 6y XOIa MCCHKIMK Te0
TYHACH BMEKTp AMIIOJIap TApTHOMN KoMnaum
TUK fapaxacufia Karrapu® xonamu. I[lact TeMI
JIEKTPUK GYnran KarTuk xucM Kiopd HYKracH

neparypaga y=C/(T-T,) Xabymyarinkka 3rd

610 Konanu.

Momna

KsnvEanii ndonack

Bapuit TiTanati
Crpormapsit Tvmanati
Kasit unobatu
AMMOHHIT cyndaTn
CerHer Tysu

BaTiO;

SITiO;

KNbO,
{NH4)250,
NaKC,H40g4H,0

12.3-XamBaHuaT oxupr YCTYHMEArH
Py xarramik Ki/m? Gupmmixiiapia CTIOHTaH
(¥3-Yarnan) xaxmui KyronasmmHE udo-
panafiiy. BaTiO; wumr crowtad (¥3-
§3rmaH) KYTGnaHuM Kennb UMKUILBHA
KapaiWink. By GMpukma MepoBCKUT Ty3M-
JuumEa sra (12.4-ynama). BaTiO; HUHT
narkapack Te= 393K nan 1okopnma Kyo-
CHMOH WAKINA 6YNand, CerHeTONCKTPUK
Xonarra yTuuga KyGpaH TeTparoHan 4eT-

NaHMUWIAP Taligo Gynamu. T, HaH MacT

KTpUKJIapaa
) KyrbnaHraH coxanapHHHT
S7eKTp AUnomiap 1ap-
6ys1rad coXaJIapHHUHT)

xaM Ao MeHJ1ap-

Kropu
by

KTPHK X0JaT (moMeH-
paHHLLIApH aMIIIA-
mvra iy 6epmac-
epaTypasa CEerHeTo-
T, naH 10KOpH TeM-
GynraH apaeKTpHK

12.3-3#cadean

P Ku/me |
7,610 (300K

3,010%(4,2K)
3,0-10-(600K)
4.510-3(220K)
2.510-3275K)

12.4- unava. Bapiil 11:1*.1"‘.1‘-
it BaTiO; HHHT Ty3pmnt-
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TeMIiepaTypalla dlcMedTap sdelikana yarapupniap 103 Oepaam: y
Sup Y& (¢ YK) MyHammuk 6yinabd 1% xajap 4y3unamu, oy
frynanuira THK: Yigrap 6y#1a6 taxmubad 0.5% xamap KUCHIALM.
Bapuit Ba TWTaHHMHT Gapya K4THOWNApY Matxapayacd KHCIOPCH
aliHoHnapy IalXapavacura HucOarad ¢ YK G¥iinab rokopura €kn
MacTra CWMIBKUIAA, 6y 9ca KPHCTAUI SHEPTUSCHHU [AcanTipani.
ILly HMKKM NamKapayayiapHUHT Y3apo cwoxuy TaxmuHain 0.1
(]

A Ta TeHr 6yaub, KaTTa XXMMl KyTOMaHMII BYXYOra KCATLUTH-

T YYYH €Tapiauiaup.

TetparoHan cerderosnexTpuk BaTiO; xpucrawisa Fx narxapa-
Janap HHcOUM cumkMy  WYHamunura OOFIMK  paBHlLIa, €
«IOKOpUTa» EKY «MACTray CHIKMHEH. Turad (Exu Gapuif) xap 6up
MOHI KPUCTAIT MaHXapacKja BHEPTHsCH SHI KUYMK Oyragurad
HKKH BasMATrA 9ra, YJIApHM SHEpreTuk Tycuk, OGup-OupraaH axpa-
6 vypamu. T. NaH IOKOpYM TeMliepaTypaiapfia 0Oy TYCuMR HYK
6ynagu. Typnu cerHeTosNeKTPUK MOALAIap TypyxXiapH YYYH yjiap-
HHUHT Tabuary Typluya TYIIYHTHpMAand, amMMo Gapya TYLUIYHTH-
PHILNAD KPHCTANL 3HEPrUACMHUHI MOHNAp BasuATHra GOFIaHMIIN
UKKH MAHMMYMIN 3IpH YU3HK KYpUHMLIKAa 6ynany, Heind.

IOKopuna adrmnranupex, 7, DaH IOKOpW TeMmIiepatypaiapia
CErHETODNERTPUKHHUHT CIIOHTAH KyrONaHrawnury ijx oynamu, am-
MO KATTHK SKUCM Xyfa KarTa QUINEKIPHK JOMMHUiira ora GymauH.
Macanat, BaTiOy jlan Ttaltépnanran kepamukana € To 6000 rada
etanM. 7, TemmeparypalaH Tmacrja CErHETOJIeKTpUKIIAp CTaTMK
KyrOnauuum — Gowka  wiMHE  MaKcagnapga — MLUTATIJIAnH.
KyiGnanran cerHeTosNeKTpUKIN KOHAEHCATOp MuKpodon Tajnab-
ropnapu k¥i. BaTiO; Ba SolKanap fasep HYpPHHM OnTHK (KYBYP)

HUaK HYHJa XaM, TaliKapucHaa XaM MOJYall Ba Ooraupull YYYH
KYSTaHIDIa .

12.6. CerneTo3aeKTpuK AOMEHAP B2 AHTHCEIHETOZICKTIHK
Xoagpcanap

KaTra CCTHETOSNEKTPHK MOHOKPMCTAIN TYpAM KYHAINIUIA
KYyIGJIaHHULIA AOMEHIAp (AMNON MoMeHmIap Oup xwi HyHairaH
coxanap) TYmnamMuaaH ubopar OYnrawimry cababny OGyryH V3u
croHTaH KyrfjiaHraH OynHuITMrY MaxOypuil sMac. Maskyp noMeH
KapaMa-Kapuin KyTOnaHuIuIy noMeHnap OwiaH YpanraH Xoj Ky
ydpaitou. By xonna 180-rpanycnu moMeH NEBOPNapH XaKHaa raru-
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prinany. Tamku E anektp MaiifoH KyifunaraHna JOMeEH feBOpiapH
KYyurIl MMKOHUIa ora 6ynagu. bynpa £ Kyrbnanuur iyHanuumm £
MaioH OWliaH MOC TYWITaH &KW JedpAH MoOC TYIUraH AOMEHNap
ycamu, P, KyrOnaHHIIM KapaMa-Kapliud HyHanraH JIOMeH/Iap
KUcKapa Gopam. CerHeTodNMeKTPUKIAPHUHT NOMeHIapiaaH Ty3H-
JIHIIA MyaitsiH JapaXala ¢eppoMarHeTHKIApHUKMIra yXIaiiio Ke-
Tagy, aMMoO yJIap opacuia MyXuM dapk Gop: MarHMT moMeHiap

o
opacupary nesopiap Kammmru 750 A (Ba 3Heprua Hucbarad
KMYMK), CerHeTOMIEKTPUK HOMEHAp Opacujiari HeBopJiap
KalMHaury OMp €KH MKKM atomniapapo Macodara TeHI Ba SHep-
TUsICH KaTTa 3UWIMKKA 5ra.

KynuminK CErHeTOYIEKTPHK MATepHajlIapia MUKDPOCKOIIUK
JOMEHNIap Ty3WIALIN aH4Ya MypaKkab Gyaanu.

Illynpait Kb, cerHEeTO3.1eKTpUK MarepHawiapaa 7. Kiopu
HYKTacyhaH NacT TeMIlepaTypanapia MHUYKUMSUIAHTaH JUIoJUIap-
HMHT TapTHOIM JKOMIANIMINA BYXKyAra Kejianmy, 6y 3ca KpHCTAUL
SHEPIUACHHE KaMalTHpay. AHTUCETHETORNEKTPUK KATTUK XHCM-
Japna xaM T, JaH DacTAa WHAYKUMsUIaHraH AWIoJUiap TapThOia-
Hany, 6y Mopmanap CMHOH XaXMHI CHOHTaH KyTONaHWOTa 3ra
oMac, yyHKHM Xap OMp IMIIOn KYIUHW AQuNosiapra aHTHMapasuien
WyHanmrad. YMyMaH alTraHfia, KYIUHM 3aHXupyarap (Kariamiap)
LUIoUlapy aHTHIIapalieNl TH3WIKG, OUpop TeMiieparypalaH macr-
Ja 3arpkupyajiap AUMIOJUIADHMHMHT Tapawled  EYHanraHIry
XOnumarura HHcOaTaH MNacTpoK Tyna 2Heprus OYIMOUIMrMHU
Tapmuraiimy. Hatpui 1o6ary NaNbO; Ba KVpromsH LMpKoHa-
TH PbZrO3 GUpUKMaNap MyallsH TeMIepaTypanaH IMacTAa aHTHCET-
HETO3JIeKTPHIJIApIAKE.

R ——

e

12.7. Bmanenrpux #yormuiap

E ysrapyBuaH 2JIEKTD Mal{lOH 3HEPIUSACUHMHT OHP KMCMH -
DNEeKTPUKHM KaliTa KyT0Mallina MCCHKIMKKA aHylaHamy, YHKH 3ap-
panapHuHT MoAiaia 62pua Xapaxamiapu ynapra SMeKTp MaiIoH
GepraH 3HeprHAHMHI KKCMaH ncpodu 6unan Gormvk, 6ynann. Uy
HcpodHM THANEKTPIK Wykorymutap neinany. 3appanap Xapakati
KaHya KarTa 6&’1108,_ IWBNEKTPAK HYKOTHNUIAD LOYHYa Xarra
6ynamn. [emak, ynap E MalOHHMHT ® TAKPOPUIINIHI2 DONIHK.
Arap KUBNICKTPUK Kyr6naHumIia acocuil YpuHAA 3MEKTPOHIAp Ba
MOHJIapHUHT KHYHK CHIDXUIDIApH G¥nca, Oy Xoma AUSJEKTPHKHU
rapMoHMK TEOpaHrH4€Iap (ocuunnaTopnap) Tymiamumad wubopar
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4e® Kapanumv Ba 6y TeGpaHruwiap y3rapyBud £ MaligoHAa mMax-
Sypuil TeGpaHMIUap KWiady AeHrIca, arap © TeOPaHIHYHMHT @,
XYCYCUH TaKpopuiTirura SIKMH OYynraHma SHeprus MYKOTHIU 3HT
KalTa 6Ymany (pesoHaHc). Acocyii KYTONaHMIU 3EKTPOHNAp CHUI-
XM 6unan GORTMK Gyica, Oy X0Jiia MYKOTHUUIAP OMNTHK TaKpo-
puinnkaa (=1015Tn) makcuMyMra 3pHIIANM, aMMO DJIEKTPOTEX-
HUK B3 PanyoTeXHMK TaKpOPUMIMKIA Ha3apra OJIMac/ivK Japaxa-
cHia K4uuk Gymagy. HMownap CHIDKMIUM OWIaH aHUKJIaHaTUTaH
KYIONaHMIga auanexTpuk iykoruuviap WX Hypnap coxacuna
(10'2-1013T'y) sur karra Gynagy. OpHEHTALMOH KyTONaHMIIA AU~
INEKTPUK HYKOTHLIAp AHA XaM KHYHMK TaKPOPHMIIHKIApAa Ce3H-.
napan  Gynasy, FOKopH TakpOPHIUTMKIApAa IUIOJ MOMEHTAap ¥3
HYHUINIIMAN MajinoHra Mociiab yIrypMamiy, HyKOTHIIUIap KWUYHK.
Tlact Taxpopuiviuknapfaa KyrOnaHHII MaiooH KeTupar yarypu6
€opanu, cUTXMLIAD KaTTa, aMMO YIapDHRKI BaKTH XaM KaTTa
SYAraHIGIMpAH  AUSNEKTPMK  HyKoTMMutap  Kuuuk.  Talku
Yarapysun E(w) MailioHHUHT TAKPOPHIIMIM MOJIEKylalap OpHEH-
TPAAHKIM YPHAMINK BaKTH @ (PellaKcallis BaKTMra) TeHT 6yica,
UHSASKTOMK  AYroTGuaap *Mr xaTra 6Yragu. Macanan, cysra
KYTONaHHill acoozy OPMEHIANMOH MEXaHW3MIa ara, .. 10MTn
qamacuaa.

Jivianextpug MIKOTHIWEP MUKAOPaH AHWIEKTPUK HYKOTHIIUIAP
Gypyary tg GuiaaH audKraHagu. bypyak KyrbnaHui Bekiopd P Ba
INeKTp Maiion xywnanrawwiy: E opacuparu ¢asa dapxumy Hdo-
nananan.

XakuKMH  gusnexTpUKiIap  KaHOaimup G 2NeKTp
YTKa3yBYaHIIMKKa 3ra, AMSMEKTPUK MYKOTHLUIAPHUHT OUp KMCMHM
aHa My o ra Gormx. IMact TakpopmitMKiIapaa YTKasyBYaHIMK OH-
JaH GOFNMMK  JKOYN MCCHKJINIM aXPATHMILA MyXHMM GYIvIUM MyMKHH,
YYHKH w—0 pa xaM y Homra TeHr 3Mac, arap IWNEKTpUK
AYKOTHIIap akaT YTKasyBYaHAMKKA OGomiuk, 6Yca, y Xoiia
tgd=4no/t Gynanu.

12.8. Mpvaexrparnap vewunsuun (Cysnmnm)

Huanexrtpyixnapian  §raérral  TOK  3MWIMTH (yHYa Kywiu
GyiMaran aiekTp MaiuoHIap xonuga) OM KOHYHH j=c £ acocuia
MalloH KyWIaHraHMHIUra NponopuroHan 6ynanu. AMMo, eTapiy-
Hd KyUnM 3JEeKTp Maifjionnapia OM KOHYHMIAH YeTAaHMMI,AbHU
TOKHUHT £ Ta orIuK paBuuyia Xyaa Te3 Yl 103 Gepany. My-
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ausaH F=F; MalioHAa RM3JIEKTPUKHUHT 3JIEKTD TCIHHIHMLIM COAMp
OynanK, sTeHU OYHIA OMSIEKTPUK YTKA3yBUaHIIMIH KYII Japaxaia
OpTUO KeTalau, YYHKH YHIA IOKOPH YTKa3yBUAHIMKIM KaHan {xa-
Hajulap) mapmo 6ynmamu. L5 HU  OHINCKTDUKHUHT  71EKiD
Maxxamimra geiwiany. Keapu wuma Mucosmna p=1016-101% Oum
cM, Es= (2-3)-10° B/cMm

KaTTux, muaJIeKTpHKIapaa 3MeKTp TEWWIMIILAH TalulKapy siHa
UCCHKIMKIAH TeUHUIMI! XaM MaBXyh. By Xonma Tok opTHIUM GU-
JIaH TeMileparypa (XKOYJ HCCHKJIMIM opTam, Oy 3ca XapakaT4qaH
3apsAA TaAIYBYWIAp COHU OPTHIIMIAa Ba COMHIUTHPMA KapiuMmiK
KaMaluIuKra oanb Kejaamy. DIEKTp TeMIHIHUIOAH MaiiloH Kydau-
M 6WiaH YHUHD TakCUPHAA 3apAa TalwyBYMAap XOCHA OVIHuni
Te3 Kymasaay. JAuanekTpukaa TEMIHLT MyKappap HOGHPXKUHCTHK-
Jlap €pmamalliany, YyHKH y Xoifnapaa F 6olika xoiiapaaH katra
Oymamu.

JUsneXTpHUK Telunnranaa Xocun OYnraH yTkasyByaH HHIMYKA
KaHaJLIapHY IUHypnap (Haityanap) Zefuiamd, ToK Iy KaHaulap-
[laH KaTTa 3UWINKAA OKagH, KaHaJl XaTTo 3pU0 KeTHIUW MYMKHH.

JV3NeXTpUKHUAT TEUIWINIUM Kalitap Ba KadtMac O¥nuwu
MYMKHMH: TeUIWIMLI Xapa€HHIa TUAEKTPUK TY3WIMILKM Y3rapmaca,
6y TeWMIKUI KaiTap 6ynagu Ba akCHHYa.

JuanexTpukiaap wyuankmm. KYMuunug AWaneKTpukiIap Kei-
HHFM JaBpraya acocaH 3JIeKTPOUIONSILMOH Matepuamiap cudatiaa
UULIATUO KEIWHApayY. AMMO, OIVUIIEKTPUKIAD KUIaHaOuraH coxa-
nap KeHraiub Gopau, ynap Xxuiama-xun BajudanapHu YTadauran
6yamu. JM3NCKTPUKIAPHUHT KOHIEHCATOp/apia MIULIAaTHIMLIM
MakiIyM, 3MeKTP TOKM YTKAa3rMWIADUHU DBREKTp SHEPIrHAHMHI
fexyna wcpod Oynummura #¥n K¥Amadouran  OU9NEKTPUK
(M30JSILIMOH) KaTjaMiap Ovnal YpanuilnHy Xam 6unamua. Tlneso-
3JICKTPHKJIap TOBYIU TeOpaHMLUUIADUHM 37eKTp TeOpaHMLUnapra sa
aKcHHYa alimaHTHpHMm BasudacHHM Oaxapaiu, MHUPOINEKTPUKIApP
UK HyplaHWIIHM OWIKOPNall Ba WHTEHUMBIHTHHHK (3HEPIHACH
3UWIMIMHY) YIYalifa KYUaHWwiagH, CerHeTo3/IEKTPHKIap panuo-
TeXHHKala HOYU3WFHil 3NMeMeHTiap cudartvaa wiatunangy. du-
3/IeKTPUKNIApra KMpHIIMANap KUPUTUO, yAapHH paHIIM KUJIHMII,
STBHU ONTHK QUALTPNAp Taiépiail MyMKUH. KYnriHa IH3NeKTpUK
kpucraiap (AlGaAs, CdS, pyOunH Ba 6.) KBAHT 3/IEKTPOHHKACH-
[a Ja3epiiap Ba Ky4yalTHpriuiap acocu 6yimb Xxuamar KulalH.

Ju3eKTpUKIAp SPUMYTKasriuiap NEKTPOHUKAcHIa MyXHM
YpUH 3rajUtaiau.Yiap HHTETpal MHKPOCXeManap 3feMEHTIapH

TVilVMNITOr T & =78 T8 5.

FTH

T B

%




cudarvia, #ApuM YTKAsCHY  acOOONapHUHI Cakyarkd CHpPTHH
KoIUTaMiiapy KYpHMHHUIIMOA MIUIATWIAAW, METaUI-AUJIeKTPUK —
SIPUM YTXA3[MY TPAaH3UCTOPIIap TapKUOMra Kupan.

Macaianap

1. +q Ba -g 3apsmIapaH TALIKLUI TOIMAH 3AEKTP JUITOJHMHI IU-
NoJI MapkasufaH 7 >>I (I — DUIoJ eNxacu) HyKragard MadJqOHHUHE

Ry T

KYWIaHTaHJIUTH E(F):er——p udomara MOC KENHIUMHU
47I€07'5

AHUKJIAHT.

2. BUPIUK XaXMHMHUHL AATON MOMEHTH P OYiraH GMp XMHC-
1Y OMIEKTPUK HHKIA chepuK KoBak Gop. P BekTop Z VK 6yitya
WyHanraH ne6 Xxuco6nab, g YK OWIaH KoOBakK CHMpPTMIArH OHpop
HYKTara KoBax MapKasuiiaH VTKaswiraH paguyc-BeKTOp 75 OpacH-
Jaru 5yp‘laKHH 6 ne6 6Genrvwiab, KoBak MapKa3Wmard MaifioH
E =47P /3 GYMMAIUATUER UCOOTIAHT.

3. Kyrbau KaTTHK XucM yuyH Jle6ait TeMnepaTypaeu 153 K.
T= 270 K na 110 k[ TakpopuiuinKiaa TH3JEKTPUK HyKoTULIIAD
3rpY YM3HFMIA MakCHMMyM Ky3aTiwiraH. ByHuHr ypracupa 0.4 aB
TYCUFY OMNaH AUMOUIADHMHI MKKM HNMKOHMIY OpHEHTPHaHHIIH
MaBXYLIMIMIa MOC TYWUMUUIMTHHM ucGomiaHr. by Xojida

Ky#unarn Jle6att udbogacu Ypurnu: € = g'+ie"= 4 +l &

, DyHuar"
T=Qavp) " exp(U /AT ) MKKYM MMKOHHI ODMEHTHDJIAHUII OpacH-

Ja ¥rui (peakcalusl) BaKTH, vy = kép %, »0p - Hebatt Temnepary-
pack, A=5 Ba B=15 pe6 Ioxopuaarn udopma acocula

€(w) sa £"(w) GornaHuILIap rpadUIMHM YK3HHT. 250 maH 290 K

raya opanvkna £”=0,5¢" ., 6YI1M6 YNKHLTK KepakK.
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XIIf BOB
KEPAMMWK KATTHME XUCMIIAP. KOMIIO3HUTIIAP
13.1. Kepavpx MarepHa/Liap %aku@Ra yMyMBE MabayMoT

Xo03uprd 3aMoHIa KepaMHMK MaTepHajliap COXacHM Xyda Kyil
MOAIANAPHU ~— KyPWIHMLIIA MIUIaTHIaIUraH FUIMTIAH TO 3HI SHIH
IOKOPH TeMlieparypafa yTa YTKasyBuaH KepaMUK KOTHUIManaprada
OyiraH KaTTHK XHCMIADHHU V3 MYUra oNagH. YJiap XwiMa-Xii XOC-
cajapra sra pa daH, TeXHUKala KeHT KyiuraHwiMmokna. lyHuHr
YIYH yinlOy KyioraHMala Kepamuyka TYFPHCHIA TYIapoK MabJIyMOT
KEATUPUINHYUHT WIOXH HYK Ba OM3 Oy XaKda acOCHIi XOCCaIapHUHT
KMcKa GaéHMHHU KeINTHpaMU3.

KepaMux MarepraUJapHMHI aTOMIIapy Opaciia MoHJapra Xoc
Ba KOBaleHT GOFIaHMOUIap yypahnu. By OormaHuupiap xakuna 1
606HuHr 1.5.1- Ba I.5.2-6anmnapuna MawiyMotr OeprumraH. By epna
IIYHW TabKMUIAl Kepakky, HoHnap OOWIaHMINM XONua 3JeK-
TPOHJIAp 3apsiiapH HOWIap arpoduua HHUFHANraH, UOHJap opacH-
Ja, TabuMii, NMEeKTPOCTATHK Kywrap TapCHp KWianu. KoBaneHT
OORIAHMII XOMNMMOa SJIEKTPOHJIAD 3apsamy (3UWINIM) KVIITHK aTOM-
Jlap opacuiia yHYa MYHYa TeKHWC TaKCUMIaHTaH, OyHIa 3JEKTpOo-
CTaTUK ¥33po TARCHP Ky4YcU3, aMMO KBaHT ¥3apo TabCHPM acocuii
6Ynanu.

TexHoNOrMK Xapa8HHHHT Kanpali Gopuuinra Kapad O0up Monma
TYpJAy Ty3WwiMa Xocwl many. Macaman, SiO; MommacuHu
CYIONTHPHO CYHT CeKHH cOBYTa GOpuiica, KPUCTOOAIUT KPHCTANAM
xocwn O¥namy, arap SiO; HUHC CyIOJIMAacl TC3 COBYTHICa —
cHnKar wyia (aMopd XICM) oNMHANH. By MKKOBH KaTTUK, MXHCM
KepaMMKara Magcyoamp.

Xo3yp KepaMMEa Aeiwnranma Metaywl TabMamid OYyiMarax
XamMIa fojuMep (3aHCXMPCUMOH) TYSHIMINTA 3ra G¥IMaraH KaTTHi
Momia TymryHWwiamy. - lumanap, MOHOKpHCTANNAP, KOHMIOMEPAT-
Jlap, Maiila KpDHCTALIap Ba YJIAPHUHr OUpJlaliMaNapd KEpaMuHK
MaTApUAIIZPAYID-
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AmoMuHHI okcuny Al,O; acocuma KepamMHMK MaTepuaiapra
TYPJIM Xoccanap 6epuI MyMKHMHIMTMHY KYpaliuK.

Al,O; HuHr aiipuM JOoHanapu (KOpYHA) MaTepuaiapHU
CHIUTMKJIAI (Ba caxavlalija WLwiatiiany. JIoHanop TY3vIHHDIM
Al,O3 TONMKpHCTALIApH KYpUHAOWIaH EpyFIMK coXacuia sIXUiM
wabdod (THHUK) Oynramaurd Tydaliny  yaapiaH  IOKOpH
TeMrepaTypa Ba I[OKOpd O0OcCHMIA MUDIAil oOJaguraH OITHK
" JIepasaiap tadépnaHamy. Al,O; HamMyHacHOa THTaH KpHIlIMacK
6ynca, ynapHu candup gefiunany Ba y criekTpHHMHr MX coxacuaa
madod, onTo3EKTPOHUKaa KYILTaHWIANH.

Al,O; kpucTanvra xpoMm KyInwica, yJiapHW pyburn NeHWIalu.

PyOuH ONTMK KBaHT reHeparop/iapia MIIYM XUCM cHdarupa
WIDIaTANANH,

13.2. KypwiManap Ba acGofnapaa KyUIARRIATEIAR KePAMEKA

KepaMukanuHr KumMEBMit Ba TepMMK YWIAMIWTY  YIapAaH
Kypunmanapaa dofimananmn umkonuau Gepagy. by xoccanap aroM-
Jiapapo GORTAHMIINapPHUHT KyWIM OYNMUUIMIM Ba KYITYWIMK MCTall-
J1ap OKCHIIApUAIAH TApKMOJIAHTaH KepaMMK MmonnanapHur (KM) sHa
OKCHIUTAHVIIIY aMania MyMKUH 3MAaCTUTHIaH KeTUG YuKkany.

Kumépuil GomammwiapHHHT Mycraxkamuurn KMiapHUHT
IOKOpDH  CyIONMMil TeMIepaTypacura Ba  KaTTMK/MKKa  9rd
OYAMUNIMIMHE TaK030 3TaOy, aTOMIIAp KaTiaMIapHMHI Y3apo CHp-
MaHKIIATA K Gepmaiimu, KM Tamky xywianuw Gepuirasa ¥3
WAKAYHY  caKMalfil, JeEKWH arap Ioxjiama Oupop OycaraBHi
KMHAMaTra apvlraHfa Gupnanura 6apoon 6ynand, yiapaa MeTal-
JIapAaruiek IacTHK JedopMauusa 6ynmaiiny.

KMJapHUHT Ma3Kyp XoccalapyHM TYHIYHHIO YYyH Yyiapaa
MaBXyl GYNMamuraH HYKCOHNAPHM — KMpHUIUIManap, SIKKa BaKaH-
CUsUIap Ba YJADHHUHI YIOMIapd (BakaHLIMOH KOBax/iap), MHKpO-
AapanapHy KYpub YUMKHII 3apyp.

Kpucramn kepaMuka Ba IUMIIAHUHT MYPTINTMHKM MHKIODaH
KaWMIKOKIINK aHMKJIaliaM, y TaxMuHaH MITa/mY2. Mertannap y4yH
v 40 MITa/M!'2 yamacupa.

KM jaru KupuiManap Ba MAKPOKOBAK/Iap XaM KYMWnraH Taliky
10K/1aMaHy §avra xan6 Kunand. Viap aromnapapo GoRiaHMUUIapHU
cycalic4pail, OCOH Y3WIaiWraH KWUIamW, WIYHWHT Y4YH HYKTaBHH
YUKCcoap arpoduna GORIaHMIIAPHUHT INIACTHK AehOopMaltsiacH
CMIDN KiK. Okubaria HYKCOHNap Xoiuna KoBakinap KaTTaialla
GOpa:.
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JleMaK, HYKCOHNADHUIIL TaLCUpUuy  Yprapviy ¥ bz oz

puaup. BYHUHT Y4yH JAcTNaGKU KYKYHHM ([I60GUIGHEA) “ st
J1a0 To31aHANH Ba Xy[a Maiinanad, 3udnab TariaHa1x

TexHonoruk Xapa€H KyhUupary 60CKuuIap aH #fnpzs Welz i
OKCHOHUHI, MacanaH, TiO) HUHr KMykuHa Gxzyzipis (7 luru
3appayajlapd 3pHUTMaliaH YTKaswiami. by zappzizs
METaHOJIIa) MaXCYC CYCIIEH3Md TaHepiaHziy, 7=z
NMOJIUMEp 3appayanap cupTHra eénumub, yazpz
WaKiyaa yolumb KeTuiiura uyn kyfiMaszyz. O
(XyKyH) <«Ha3opaT KWIHHANMIraH Taxiziuizs
vBuLITHpWiany. Hatiwkana amanga xo
«Hazoparny Taxnally 3HT MyxXid! XzpeZs
00ocUM ocCTHAAa KOJHUILTapa xHoym
KU3AMpWIagUraH TIpecc-KOIUIzZz =
cTBoNyAa NopTiaul €paviizary
SNeKTp MaiIoHNa MOoMuMep Kol
XapakaTh — 3IeKTpodope;
KymnaHwnand. Maiiia  KyRvE
Texnemoruscy MysaddaxiisT s
B(CH); TypuIard OpraHoMera
MoJleKyJlallapHA  J1a3ep
acocnaHrad. by Xomma e
rasy TYIMPWITaH KaMmepa
(nopomoK) KYPHHHIIIA
TaIIMK XOiIaHalH.

KykyH (MOPOIIOK}HH ¥y
3{QIaHrad 3appajlap TYTHHHUWNL »
Oparga 3appanap  denipac
Kopakyap Kym Oynaut. Mac
cuiipak ep METUUIAPH ORCMAR:y
SiO, owiad | pc;u\mi\: N
K,C03+Si0;2KaSI0 tCO T o o0 s O
peakuusap OKHOATIIN  BANAC oS was

$TIDET

KzS§O3, CHSE(H Sy ¢ <
MYCTaXKaMIMTHHI OUHPIUII - R -
ocTHaa Aapsjaap y(‘lllllllllll Nt "



Bocum octia KprcTaml TYSWIMIIMHU Y3rapTUPUIL YCYIH XaM
KM MycraxkaMINTMHU OMUpMILTA XvaMar Kuiany. MacanaH, 6ocuM
OCTMJ& TeTparoHan TYSWIUIDTH Juokcun ZrO; MOHOKIVH TY3MWIHIL-
1u 6Yub Konanu. MoHoxmuH Ty ZrO; UHHT XXMU TeTpa-
TOHAN TYSWIMIUTUCKEAH 3...5% xanap Karra. Kenrainb Gopu0, moHa-
jlapy Jap3HY K}ICanM, Iap3 SHIM KeHras onMaiimi.

SAua 6up yeyn mysmaH nGoparku, MasKyp KepamMkara yHAaH
MYyCTAXKaMpOK, KepaM#dxa Tonaiapyd KupuTHiami. byHpmaih KMna
Iap3 ¥cuiuna Tonara Ayy Kejald Ba Hapura €HWIMainu. Amaina
SiC kpeMHUM KapOunM Tonanapyuaad holnanaHHIanu.

Jap3napHy TYXTATUIIHYHT YUUHYM YCYIM [ap3HMHT YYHHY
TYMTOKNALIAND.

Maskyp KMra Golika MOZA&IApHUHT 03 KYIIHMYacHHH KH-
pUTraHaa xocun 6YnaguraH OMp XHMHC (TOMOTeH) coxamap Tiaimo
6ynamu, anGarra. [y coxaiapHn HMMKOHHM GopHya TOpaiTHpUIN
KM 7apHy Mycraxkampex KHABIH. A034p Ly acocna 0<X<5 opa-
nvKaa SigAlNg ,O, xabu 10KopH MycTaxKaMIukia sra GyiaraH
KM nap — cuanomunap sipativiras.

KM nap ukkura Myxum coxaga — Meraira HUUIOB Gepa,um:aﬂ
KecyBul acG00HM Ba XapaKaTJaHTMPrUylap KUCMJIApUHY Taiep-
JaMna KYnIaHHIMOKAa.

Kepamuk ac6o6, MycraxkamnaHraH KepaMUKaIaH fcalraH
KECKUWIAp Y30K MYWIAT MULTAIUH LWIapOUTHAA, KCCHIN TCIIUTHHH
KYTI MapTa olIHpHW WMKOHHHU Oepanyi, aHya SHEPrusl TeXaura
onub kenapi.

XapakaTnaHTUPTHYAApHUHT KUCMIlapH - TypOuHaJKapHUHT
XapaxkaTJiaHyBYd Ba Ky3raiMac KypawiapH IOKOopy JapaXana
MycTaxKaM GynraH sa yHua Mypt GyiMaraH KepaMuKagaH Tali-
épiaHca, ygap MeTaul Ra KoTMIUMaiapra HuHcGaraH, aHYa
IOKOpH TeMmIeparypanapaa xaM Huuiai ojagm, @.M.Kcu aHua
10KOPH OVI1aoH, suMAKrK KaM, YHIaMIUTH I0KOPH.

KMnap apToMo6uil XapaxartaHTHPIUYAApH KUCMIAPUHYA Tali-
€pialmaa xaM KYNaHWIAKH, MEXaHWK 3WMYIaHTMPIHWIapJaH CyB
KYBYpPJIapHH GCPKHTYBYN sxyMpaKsiapaa $olnaaHWwIany.
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13.3. PaproarTus MaTepHAIIAp B2 YHKHHANI2PHH carjaiiauran
KOAT2IHERNap yYyH KCpaMiTKa

Yiuby Makcagra SpHINMIIHUUT yuTa GocKuun 6op:

1) Yuxuanunap HucSaraH spub KerMmaiiguraH KHMCBM
KUXaTAaH YMUAMIT MOAIara KUPUTHIaIH,

2) by Molna repMcTHK KOHTEHHepra KoiaHanu,

3) KonreiiHepnapHu KypyK Ba 8apKapop reojoruK 3aMiHAd
KYMUIATH.

bupunuM 6Gockuuua 6Gopeunmkar wmmma Ba Gop (B) au
KepamMKKa KyJulaHagu, uyHku Oy Momianap He#HTpoHsap Ba -
KBaHTIapHHY Kyd4nu fdapaxana lota ojaad. by sMoana Wunia
KYPFOIIMH XaM 6ynamy. PbO Ba 2PbO, PbSO4 oxcummap -
HYPJIaDHW 3HI AXIUM Jotanu. YiapHy suunai ongugad ByCs, BsC,
MBG4, MB, MB, Mofganap KyKyH¥ra apaialliTHpIUTaIN.

MkkuHun Gockuuna Geronnap Ba 6op (B) — KYpFOMMEIM
€paMlika xymiarmnani. A. Punrsyn (1978%. Ascrpanus) «CHHPOK»
ACTaH Maxcyc KepawMiKaHW spatny, y Xyaa 6apkapop 6yiub,
TIEPOBCKHT  Ba  IUIPKOMAMT TaBUMA MHUHEpPAIApH  acocHia
fApatinran. lilyugai Kunub, KepaMHK MaTepHamIap pagdoaKTHB
MaTepHaliap Ba “IKUHAMIAPHI CAkAALIAA KYATaHIWIaAH.

13.4. Kepamuk depprraap

MabnyMKis, MoaHHHT MArHUT XCccaapyu KpUCTalll TaHXxa-
PACHHU XOCWI KuiraH aToMIap MarHuT MOMEHTIApHHUHT Y3apo
TALCHPH Kaaii GYNHILIrira GomIkK.

EPPUTNAD TeMMp Ba GolIKa 2NeMeHTIapiaH TapKHGiaHral
Mypakka6 OKCHJIapAMp. YIApHUHI KYIMIUIMry deppUMarHiTiap
Symanut Ba ¥auna $HEPpOMAarH1T Ba ApUM YTKa3THY €KY TUINEKTPHK
XOcCamapun wmysxaccamtalITHpraH, paiMOTEXHUKala DPagHod/iek-
TPOHUKaMa, Xyicobnawr TexHUKAcWia MArHWT MaTepuaniap cida-
THIa Kyiutanmiany,

(DePDHTJIapHmn‘ KDHUCTaNn TaHXapacH WKKMTa TapKubOui
TaMXapanan uGopar GYnuG, ynapiaryl aTOMJIADHMHT MATHUT MO-
MCHINAPY KapaMa-Kapiiu MiyHanraid, aMMo yyap 6Up-Gupura TeHr
3Mac.  Boinkaua ailiTranpa, ©OyHEal# MoIOaNapHHHI KpUCTAUIN
NaHXapacyna TaGuarim Typnau aToMiap KYwHM Gynamgu. Tabuiii
deppumMarauTh L 3HT EpKuH Muconu Mardetut FeO-FeO;
O¥tamm. Yuuur KpUCT/UTHIA KHMCIOPOTHHMHT MaHOUN HoHmapi
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KYOMK MaHXapa TAWIKWI KWIand, yHOa xap 6up FeO-Fe,03 morne-
Kynara 6up Fe** Yiod Ba ukxura Fe™ HoH TYrpu Kenagy. By HOH-
Nlap YpHUHU UKKW BayeHTIM Gomka Merawiap (Mg, Ni, Co, Mn,
Cu...) nonnapn M* srajnammy MyMkuH. ByHnais dhepputiapna 61up
Tapkubui namxapa Fe*™ yioHnapHuHr SpMuiaH Ty3WiraH, HKKAH-
uncy 3ca Fe'™ yomnapHMHr MKKMHUM SpMM Ba M* HoHnapaaH
TalKWI TOMraH.

M wmeramiunr M**O-Fe,O3 Mypakka6 OKCHOZard KOTHIUMacH
(KarTug 3purMacy), macanaH, LiyMn;,O-Fe;03, Znj MnyFe;05
Ba Gonikanap karta axaMusTIUaUp. PeppUTIapHUHT GeppOMarH1T
MarepualapAaH MKKHTa MyXum dapkd Gop: 1) ynapia oKopy
Mardur  xoccajnap (KHHUHK KO3PUWTHB Kyd, MarHHMT
KaOy/IMaIMKHMHT KaTTa GYIMLUIMIY Ba X.K.) 6wnaH Gupramdkna
IOKOpIi apaxkana KB3IoMSIIUOH Xoccalap XaM MaBXyn;

2) GeOPHIAPHMHT COMMILITAPMA 3J1eKTp Kapmuaurd 1030m.cm
ra‘erafu, Oy sca TeMHpHUKUIAH MIWUTHOH MapTa TapTubuia Karra,
IHCTEpPe3!iC CPTMOFM TYFPU TYPTOYpuaK lIaKIuaa.

fsia wy  Qamwamiap  QeppHTIADHUHT  KeHr  aMailuii
KYJInaHummra caGab 6ynrad. Ynap MHAYKTUBRIMK Fajltakjapy
TpaHchopMaTopNap, Apocceilian, METHUT auTeHHajap Ba GOLIKa
Mar#uT Yrxasripiap Y3akiapt cudatva I0KOPU TaKpOPUIIHMK-
Jiaplia MUUIAlUHY TabMWUHIainx. Ceppumiap TYIKHUH KYBUpJIapuza
¥Ta  IOKODH  TaKpOpMHNMKNY  3/IEKTDOMATKMT  TYIKHHJIADHH
Gomkapanuran acGobnapaa Kynasany.

XHcobnam TexHuKacHma Ky/UiaHaauran c¢epputiap TYipu
TYPTOYPYAKNN FHCTEPE3MC CUPTMOFWTA Ba HUCOATaH KUYHUK KO3P-
LETHB Kyura sia Gymanmi.

BaO.(Fe,03)¢ Typumarn Qepprmiap Karra Ko3pLETHB Kyura ara
(80 KA/M IaH opTHK) Ba YNapEaH HOMMMH MArHUT TaHépiaHAIM.

DeppuTHUHT Tapkubuii narxapanapuna Fe™* Honap, KaTHOH-
J1ap TaKCHMOTH Ba yJlapa HYKCOHJAp MUKIOPH Ta3HMHT TapKHOH-
Ta, KYHIMPHIL TeMMepaTypacHiaH COBYTHIL TeanuTHra GORIHK. DY
GormaHnITapaat GeppUTNAPHUHT MATHHT Ba 3JEKTP XOCCATAPHHM
WAKIaHTHpULIIa doiifanaHwianu.

13.5. Cernevoanextpnx pa DHPOIJEKTPAK KCPAMLIK MATCPHAIAP

XI1 6o6na CETHETODNICKTPHK BG TMUPOdNACKTPMIUIAp TYFpiickIa
MAUWIYMOT 6epunrad saw. By epla cerHETODNEKTPMKIADHHMHT M-
VICKTPHK  KabYNYaHIMIY 3 30eKTp MAaHIOHHMHT HOYM3HFUH
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GYHKUMACH OYIMUUTTMHY 3CNaTHO yTamMu3, OYHUHr cabadu yiap-
Ja croHTaH (Y3-¥3uaaH) KyTOJaHRITHHUHT MaBXyll OYTUIITHMIHIMP,
y, MyallgH TeMIepatypa OpaauFHia, SNeKkTp Maiigor OapTrapad
KWIMHraHIMrKHaaH KeHUH XaM cakjaHani. By ©OupmHYM MapTa
cerner Tysu KNaC4H;O064H,O ma —18 Ba +24° C opannurnia
CIIOHTaH KYTONMaHMII Ky3aTWJIraH.

IMactku TemneparypagadH  KyWuaa  cerdHeTodNeKTpHKHarH
sapsIap XapakaTcus, IOKOpM TeMIleparypajiaH OajsiaHooa 23ca
Ky4Id MCCUKJIHK XapakaTh oKuOaTuia 3apsaiap KyTOaaHULIU
iHykonam. CerHeTOIJIEKTPUK XOJIAT MaBXyd coxala Oy moagarnap
TMpPO3NeKTPMK Xoccara XaM 3ra: HCUTWIraHOa KyTOoJaHWuI
¥3rapany Ba 3.10.K. BYXXYATa KeJaau.

Bapuit  TMTaHaTH BaTiO; (b.M.Byn,1945i1) Kauid
KWIMHIaHZaH KEHMH  CerHeTO3NEeKTPUKIIADHUHT TEXHUKaIa
(aBBaIO, KOHACHCATOPNAPHUHI AUIJNEKTPHK KaTjJaMH cudaruaa)
KeHTr Ky/umanpy GourtaHay. CerHeTo3J/IEKTPUK SAXIIU U3O0JSTOP, Y
KyTONaHKIL 3Ba3ura SNeKTp 3apsl XXaMrapanu.

Arap CerHeTOSNEKTPUK KepaMHKa KpHUCTAIApUOa KpPHCTAJLT
Mapkasura HucOaTaH 3apsiiap CHUMMETPUKMAC TaKCHMJIaHraH
GYnca, y xXomga MexaHUK IedopMallsi oKHGaruaa KyTOraaHWIU
CWIXUIIH, Oy XOHUCaJaH IThe303JIEKTPUK Kepamrukana dolinana-
Hunand. bas3y Mbe303fIeKTpUK MaTepuaUiap HaMyHajJdapu ydJapu
opacrga 10* B maH KarTa KywiaHMII XOCHJA OYIMINM MYyMKMH.
Kucka Tyrammmiga YHMKaOWTaH YYKYHOAaH YT  OJLOMPYBYM
KypWwiManaplia (MacajaH, XapakaTJlaHTHUpruwiapaa) doiaanaHmia-
oy, [Tbe30KepaMyKana MEXaHUK DHCPTHAHW 3JIEKTP 3HEPIrusira aii-
JIAHTMPHUIZA HCPOg KaM OYITAaHJIMTU YYYH, YIT[ATOBYINAAH (oii-
JanaHwiagurad MegulpHa ac6obnapuna Ba Gollkanapia caMapaid
K¥naHamu.

CerHeTo3/IEKTPUK KepaMMKa (aBKylodna HO3WK, CyOMUKpPO-
MeTpiIM [Hara3oHfa Kyda oNafiuraH XapakaTJIaHTUPruuiap sipaTvil
HMKOHWHU Gepam, Oy acocia TYHHEN MUKPOCKON Kalldy KUJIUHIN.

CerHeTOaNEKTPUKIAP  acocyia EpYyFIUK  MOOYISTOpPJIapH
TaiépnauraH.

Xo03up KV MHKEOPH2 CETHETOINEKTPHUK MOAJAIAp MAabJIYM.
ViiapHuHT Tabuaty TYMa aHMKIaHMaraH Gyicana, aMMo GuUp KaTop
MyXMM KOHYHMSTJIApU TONMATaH. MacajaH, CerHeTo3JIEKTPHK
XoJar G¥nMIUM  yYyH KaHAaRoup WYKK  gedopmanusi €xu
TapTUOCU3MUK Japaxacu OYnMord 3apyp. MacanadH, BaTiO; na
THTaH Ba OapUiHUMNT [alDKapaiapyd KUCJIOPOA  riarbkapacura
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HuchaTad  cWpkMran  Oyiaad. Kepamitkani raliepiauniza  oiexip
RY\WIAHHIT  GepunraHna KpUCTaUl  HoHajdapH  TapTHBCH3IINK
TAPTHOMAMKKE ¢ yramrad ©yanG  Kajita [dyHajami.  Hapuit
THTAHATHA (asXapanap CMDKMWIM  Olw1aH  OOMINK  MYKM
pedopMalis HaMoGH Gvnamd. Bomwa uuku Acdopmaursiap Xam
olsan.

Y11poosieKTpUK KepaMuka M HypiaHMLI AETeKTOpH (OLIKOp-
jJaruan) cudatiia KyamaHmIanM, OyHaal IETEKTOPJIApHUHT Ce3-
TUPANCH 3KyJla I0KOPH, YIaPHUHr éplaMuaa TemreparypauuHr 1076
K Kazap ¥3rapuiiiHK ynyaiu MyMKHH.

13.6. Yra yrrasysuan Keparuxa

Tonnangus ¢usurn X, Kamepnuur-OHiec Gupuiyl Mapra
rasjiapHu CyaTHpHS nacT TeMneparypaiap Xocui Kiina SolularaH
oMM  — 1911 Huipa CcUMOOHUHr 2MeKTp  Kapllili(MTHHHHT
TeMIeparypa NacairaHuya cakpaliCHMOH HYKONHMIUNHY OUpMHYM
MapTa Kysatub, cumo6 T=4.15K na ¥1a jrKasyBuariuk [Acb
aTaNraH SIMTI X0JaTra YTaild JeraH xyjnocara kengu. ByHnaH Oup
Heua HHIAp OJAMH KYMIMHA METa/ul JJeMCEHTIAp, KOTMILMaiap,
uHTepMeTai  OupukManapu, 0av3d  sApWM  YTKasruynap,
NONHMEpNap [act fTeMIlepaTypaiapia yra  yrkasruy  6yiand
KONMUIIUIA anuknadrad sau. NbyGe repmanuii HroCat 3HT
IoKopH  YTMix TeMmepaTypacura (23 K arpoduua) sra  ach
Xucobnanap, 1986 itiqma I.  Beanopu Ba A, Miomwsep
(LUBeittiapyist) nanTaH, 6apyi Ba MiC OKCHIM acocuma 35 K ga yTa
YTKasyByaH 6§16 KomagWrad KepavuKa ojauiap. ByHaaH KeHHH
SKAXOHHMHT KyN wiMii safopaTopusiiapyaa “yra yTkaslysuyaHJIUK
KasapacH“ kyrapunau. . BegHopu Ba A. Miojiep pexopau Gup
Heya ol japoMia GMp Heua MapTa OpKafa KOMIMPIIAH, HHXOAT
1987 jvnna T1. Yy paxGapiuruaard 61p rypyx aMepHka oJumiapu
yTa YTKa3yBYAHIMK XoJaTHra VTHIU KPHTUK TeMmrepacH T.=93K
GynraH MTTPUI-GapHii-MIC OKCHAM TapkHOIM KepamiKa XaKuua
xabap kumuwiap. By axoit6 Bokea 314, YYMKM OCOH Ba ap3oH
CYIOK a30THMHT KaltHawi TemmeparypacH 77 K 6yiub, okopumard
KepaMuK OMPHMKMaHM yTa YTKasyBYAH XOJNATra YTKa3ull ydyH Wy
CYIOK a30THHHT ¥3u Kudos Ginamu. Kenaxakna yra yriasysyal
MaTepUaJUIaPHUHT TCXHMKAAA KEHI KYIIaHWIMINK HMMKOHHATH
OYMJITIIH.
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I, Yy Ba yHAas ket BO1IKAIAP CHHTC3 KM aH KePaMUKaTLa
wrtpuid Y. Gapuii Ba sa muc Cu yayd moc pasuiiga 1:2:3
pHcOaTdarn Tapkub annkAaHrad. LHyHUHr yuyn Oy KepaMMKaHM
“1:2:37 kepamuka aeG xam atanaam. Y Ba BT tonuarad
sapsiutap Ba MucHuin umkonuni Cu', Cu', Cu''' sapsinnapmu
OVAMUDIHIH KYPCATA MK, MA3Kyp OHMpPHUKMA atomiiapH Fypyxuiaa
iyaa mycbat  3sapsii 10 gan 16 raya  O6YAMWIM MYMKWH.
KuciaopoanuHr sapsuid -2 ra TeHr, Mvebatr Ba maHdudi 3apsiuiap
CoHM 1eHr 6ynuiun kepak. LyHHHE vuyH 6upukMaga 6 Ta Meral
WMOHMIa 8§ Tauya KHCIOpPOA aToMW TYrpu Keavuiu aosum. Ly
Mydoxasanapiaan 1:2:3  OWPUKMAOHHHT  KHMMEBHH ndoiacn
Y BayCuyOf 5 OVAMILAKITH OHHKIAHTaH.

1:2:3  OHpHKMaNap  TICPOBCKHT TY3MAMIULa 23ra  OYJIMULTHTH
WULOHYAH TACAHKAQNTAH.

Y-Ba-Cu-O yTa yrkasrdylMHE XyCyCHsiTU —KaTJIaMAOPAUKIUP:
HMKKK AVHaaWLIAa natkapa naspd 0.28 AHM, y4HMHYMU WYHaIWILLA
sca [.2 1M, AcocHii YIKa3yBUAHJIMK MMUC-KHUCTOpOd KaTjlamuia
TVIPH Kehadit, OyliHI cababu MHC aTOMJIApU 3JICKTPOHIapH d-
KOOUIHHNHE KHCIOPO.I aroMIapH 3JeKTPoHAapyU p-KobHFKM GuiiaH
YCIMA-VCT TVHIHINKAKP. AMMO, aHUKJIaHIaH MaskKyp Kariamaop
Y30 TACBUPAAHAETTaH XoAMcaHW U3WK HYKTaW Haszapaak
({18 TyiMHIG ol yuyi cTapid aMac.

Cuiipak ¢p 34CMCHTNN, M aTOMJIIAPUHHMHI, KWUCAOPOAHWHI Oy
GUPHKMAIAPK  VTa  YTKA3YBUAHAMIMIa KylWlaguraH XWCCacHHH
AHMKAAL MacadaciHuu ey 3apyp. KepaMuk yra yrkasrmynapaa
(Kyvnep) anektponnap Kydtnapu By xoccad KeNnTUPHUD YHMKAPDHILIH
peBoTaanran, aMMo DJICKTPOHIAPAPO TOPTHILWLL Ky'wiapy Tabuaru
XATM AHWK aMac.

IOkopH  TeMmneparypaiu  ¥Ta  YTKa3yBUAHIWUK Ky 1AaHKIUM
MYMKUH  coxanapilad OHpH 3AeKTpoH TexHukaaup. by acocaa
MHTEMPAT  CXEMalapila  JlleMeHTaapy  3vunuruun 10%cMm3  ra
CTKA3UIL MYMKHH.

TpaHcnopT coxacljla XaM YTa YTKasyBUYaHAMK KalTa camapa
6epaan.  Kenaxakian  yia  yTKasyBsyaH  MaTepHasidan  3M0eKTp
XIPAKATHAHTHPIAY - SICall MYMKWUH. YHHHT  XaXMM  yilasoa
KYBBATJIM 0AaTAArHCH aH [0 MapTa KMYKK Bynanu.

Martepuannapiaait MalHT OCMany TPaHCNOPT, INEKTPO IHEP-
st xkamraprwaaap, MIJl-rcHeparopnap Ba 351CKTP  3HEprusiln
y3aTuia #yanapi inab aukiritia goiganadea 6yaaau.



SlHrit MaTtepliannap KUAMpHII MILAApH XaMm JaBoM 3TMOKIAA.
Biemyt Ba Tannuit acociaa (Bi-Sr-Ca-Cu-0) sa (Ti-Ba-Ca-Cu-0)
6upukManap Kawd KUIUHAN.

By coxaza nasapuii Ba 3KcrmepUMeHTan TalKWUKOT/ap Xanan
016 GopuaMoxna, OWHOBAapuH, sHMM axoiinb kawduér B8a
KYIaHMIUAapHH KYTUIL MYMKHH.

Komnozunwon matepHaanap

Komnosuunox marepuannap (KoMmnosutaap) OMpop acocui
MOIa MYla GolulKa MOLOAHHHT TONANAapU €KK 3appanapi MyawsH
Tap3lla TaKCMMIaHTaH MaTtepuanaMp. TakcuMaaHrad Mo/IaHM ap-
maTypa feiunani. ApMarypa TapTMban €kn TapTUGCHUs KoHWnauIraH
VAN MYMKHH.

KoMnosutnaphu vima6 yukMil Makcaanapy KyiwuaaruiapaaH
ubopatanp. TexHMKa Ba  TexHojaorusaga MYCTaxKaMJIUTH,
KaTTUKIUIHM, UWCCHKIWKKA Oapoowurd, KWUMEBMII TabcHpra
6apkapopnury loKopM [Oapaxaga GyiaraH Marepuaniap Kepak.
ByHra apuuiMi ysyH OaBpuii CHCTEMAHMHI ypTacuaa XoinaluraH
snemeHTnap - C, Al, Si, O, N napnax doinanasuaani, vaap y3apo
MycTaxkam Bapxapop GornaHraH GUpPUKMaiap Xocun KHiaad. by
OHpUKManap muconnapu: kpeMHuii kapbuau SiC, nutpuan SizNg,
okeuau Si0;, amomunit oxcuau AlyOj. Arap vAapHK Maiaa
30ppanap €KUM MHrU4YKa ToMalapAaH TaMEpNaHCa, MYCTaXKaMIHMIU
atya opranu.

Macanan, oiiHa wHwack MYpT Moama, amMMo WMIIA TOAA
S¥3MIMIIra Hucbaran Xyna MycTaxkam 6ynanu.

TonajapHUHT  3Hr  KaTTa  MMKOHHWIT  MyCTaXKamMJIMTHIaH
¢doligananil  Makcaouoa  yAapHM  acocuilt  Moana  MHMra
Kolnavami, 6ynHla acocHit Moana TonanapHu  Gup-Gupura
6uprawTHpnB, MaTepuanra KaTTMK tuakin Gepanu. LLIyHWHr yuyH
TONa  MNjap  UHWOOTAAap, KypuiaManapoa  uwnartuiaadraH
KOMMO3UTIAPHUHT MYXHUM TapkKMOUl KUcMi 6ynanu. TonanapHUHT
{ Y3yHMIrn YIOpHHHE d AMameTpMaaH aHya KatTa ByiMIIM Kepak
(1/d>100). ¥3yn Tonajiapaan GhoHIaTaHMUIR CUHEPIH3M XOAUCACH
103 Gepand.  CuHepretuka  M4KHM  TeCKapuM  Gornaiiuinau
cucTeManapaa  ¥3-y3unuu  GolukapiuHKM - Ypranaguran  QaH.
KoMnosur  xonuaa  CHHEprM3M  TOAAHHMI  acocWii  moanara
(MaTpuuara) sa acocuii MOMIAHWHT ToNara TaLCHPUAWD. Arap
u¥3nIL aedopMauMsicH BaKTHAA TosMa Y3wWiica, acocuii Mojna Oy
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Y3MAWLI XKOWNAPUHM KHMCA/tM Ba TOJIa KMCKA TONIIPLCK uuwnan
Gepaau. LHynnali KMnuG KOMMO3ATAAPHU TaHCpPAAMIHHHE acocuii
MaKcaa¥ YHOArH TOJMaNapHUHT MYCTaxKamIMIHHK  CakaWanp.
YMyMaH, KOMMO3WTAap  ynapHw  TapkubGiaraH — Kucmiapiira
HucbataH oKopU cudaTan BYIMOFM Kepak.

KoMnosuTiap TapKuOW KaHaai TarnaHaiu?

KOMIIOBUTHUHT Myaiisti TeMmnepaTtypatap opaiiriila Hiiai
oKL KOOMNUATUHK TabMUHAAWAMFAH acocHi MO/Na Ba apMaTty-
paHu TaHAall 3HT MyXWUM Ba3ndanup.

200°C gaH nacr TeMnepatypasapaa villanamMrad KoMiosnTiaapii
Taiiépaawna noaumep mMoananap KyJi1aHagit. Macanan.
JUMILAMAACTUK KOMIO3WT Noau3dup cMona uuuaa takcHmaaHrand
KMCKa WHLla TojanapaaH noopar. by KoMnosut asTomobun, Kesa
Ba Typa acbobap TayacHHmW Taiépaaliaa HILAATHAL.

TepsopeakTii miacruknap 4ed atanaadrad KoMnosuenap noau-
Mepiap acocuaa Tai€paalirad 6ynub, viapaa Monekyasip 3aHXIPAAP
opacHaark KYHAUTaHT GOTIaHHIIAP KATTHK Y4 YAUORMY TYD LUaKM-
AAr MONCKYASIP TY3HAHWHK XOCHA KUAau. YaapHHHI MHCONIApH —
3nokecul cmonanap, 350°C raya ku3aMpMLIra Yiaaidairad noauMep
cMonanap.

{OxopH Temneparypanapia HIAAKRAMIAH KOMAO3WTAAp Y4YYH
acocHi MoAda (MaTpulla) cudaTHaa MeTannap onuHanM. Mertand
MOLLZACH, HCCHKJMKKA HIIAMAMIWKIAH TAWKAPH. Tonwlap MYyc-
TAXKAMAHTHIQ MYCTAOXKAMAHK KYIUaAW. METaiNHUIT [TAACTHKIIUTHU
KOMNO3UTIa KAHWILIKOKIIMK XOCCAaCHHU Gepani.

Kyaa  1OKOpM  TeMMncpaTypajdapaa  Kepamik — MarpyMuatap
KyANaHaaK. YNapra KMPUTHMAMAH Tolanap Kepamukaaa Aap3nap-
HHHT KaFTananivb KeTHUIMTA TYCUKAUK Kuiams,

SiC. SizNs. ALO3; Momsanap acociit KiinG onumca, ynap
KOMIOBTHINIT WA Temiiepatypacuin 17000 C raua kyrapaas.
KapboH acOCHAArK KOMIIO3MTIAD I0KOPH KATTUKAIKKA 374, KM
rosakiank  GY/ain. Bywna matpuua cudariiia amopd  kapGoil
0AMHCA, APMATYPR TORAIAPK  KpUCTani xapbon — rpadiTaaH
Gynca. OY KOMITOIWT 2500°C raya yuaau Bepain.

Yuypti annapariap yuve MATCPUANHUKE @ MyCTazKaMAHTHHH
OUMPHIL. P SHWIHTHHNY KOMANTHPHW 3apyp, sibHi ofp et -
HItHE KaT12 6YIMWIATA 3pUIHL Kepak.

Kapboh MarpHUATK KOMBOSHIHMKE Galai kaseiuiciapHiin
Gaprapady KHAKUL YUYH vt wugamakpok SiCoionka Karnasin
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Ounad komnadaa. by komnosur «lHarti»  KocMHK  Kemaciula
KYTAaHKWN aH.

Hemak. Matpiua mojmacy OupHitin Hasbatiia KOMIO3NTHHHI
WL [CMIlepaTVpacHra Kapad TaHaaHaau.

Xap kaHaail MONAaLaH TaUEPAAaHraH Toaanap MYCTaxKaM
6ynanH, aMamo  Oowka xoccalapd  Kyuyau gapaxaiaa  dapk
KUIWIIKM  MYMKHH. Macanad, wWHUIQ TOAATAPHUHT YY3MIIITA
HUCOBATAH MVYCTaXKaMIWFUM KapOGoH TONANAPUHUKMAEK, aMMuo
VJAQPHUHT FATTUKAKIM Xap XM WHMILA TONd KYUJIU 4V3HTadH.
kapGoH rona ae«naud  yysdnamaidad.  LyHMHr yuyH Karia
loKAamManap GepliraHaa KATTUKIAMIM Tanad KUIMHraHaa uuina
TOJIAHK Kyitnah OyjiManin.

3apbanapra nyyop 6ynn6 typaauray GyioMaap, Kypuamaiapaa
Macanan. XapOWid TexHMKafa WUINATKIL VIYH HOKOpHW 3apbaBiid
MYCTaxKaM/IMKKa 3ra OyiraH KoMino3utaap Kyananaay. Tonaun
TaHnalna YHUHr MATpUUA MoOMUtacH OWIaH KMMEBUK XaMMaBAV
OYIULLINIM MYXHM. AMMO, KOMMO3M1 Taiiépiawiia ToaaHu Ov3a-
OUraH KHMEBWI peakliusinap 103 6epMacnuid Kepak. Tosna molna-
CH X2l KOTMAraH MaTpHiUa MOMIACHHM SINWIK XVJnaiavran Oyica.
IOKOPU cUDATAN KOMOO3UT XOCH OVAXLM. XVARAHHUUIHHA SIXLELE-
Jlatl MakcaoMila XaM Tos1a, XaM Matpuila Ouaad ysapo TaLCUpl-
WalMraH Maxcyc KataaMaap YTKasHaaiu.

Jemak, Tona MoadacUHM TaHjallaa KyHHAACH TYPTTa KoMARld
PHOSL KMITMHAAA: KOMITO3UTHHHI MYCTAXKAMAWIU, KOMTIO SHTHIHI
KATTHKJINMIN,  TOAQMMHT  XVAJIAHHIIM  BA  YHUHT  MavpHiL
cyloiMaciaa KUMEBHI BapKapop:1ru,

KOMMO3MTHUHE Ty3UAMLu Macanacit NaM XKyZa MyXWMM. VHIHT
FEOMETPHK HUKM TY3uAMILHra xapab xoccaiapu xam xap typau
6ynanm.

KoMnosnt apMaTypacu 1wakin KOMAO3MT MycTaxKaMiaHIMHHHE
TOJANAD WYHANFAHAMIUI, TOAANAP 31 HAYBYAHAUTUTA GOFTHKINTN.
APMATYPaHK TaRCpAALL XapaxXaTUra Kapa® raHaaHaam.

Wy 1ana6iap acociia KOMNO3WTAGP HINAAG YHKAPUL TEXHO-
NOMUACU VCVIRAPU HPATHACAH.

Macasian, MeTmIMHE 10TKY KATAaMIU 6K KYKYHUM TO/1a VCTH-
A YTKA3HAA Bd METALIHHHE CYIONNILI TeMilepaTypacuiall 11acT-
POK  Temneparypatapila  KH3piiaan.  addysds  kapaéHy
okubatiaa Meta Matpriac vona Gitnan SormaHaan. bowka 6Up
HCYA yCVNaP XaM MaBxyil.
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Casosnap

1. KaHnaii Moananap KepaMuk Momganap Gynagu?

2. Kepamux Ba METaUT KaTTHK XHCMAApPHUHT GapGon 6yauiy
MexaHM3MAapH dbapky HuMagaH ubopar?

3. KepaMukaH¥ MyCTaxKaMNaWHKHE KaHaak ycyanapu fop?

4. Kepamuxa Kaiicu coxanapia Ky/uraHunaan?

5. @epputnap KaHoan Moananap?

6. CerHeToaNeKTpUK X0NMCcacH HUManaH uGopar?

7. lOKopu TeMrepaTypanM  ¥Ta  YTKasyBuaHAMK = XOAHCACH
KaHZai Moananapaa MaBxyn 6ynanu?

8. Vra yTKasyBYaHIMK KYINaHanuraH coxanap xakuga cyznab
GepuHr.

9. KoMMo3HTHW TabpUGIaHr.

10. Komnio3uT TapkvbH KaHaai Kounanap acocuua TaHnaHaIH?
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X1V BOB
KATTUK XUCMJIIAPIA XAXKMUI V3CAPULIIAP

KaTTuk Xucmaapiaa xaxmui Ysrapuwnap ¢asaBuil yTuitapra
MaHcy6anp. Das3aBuit YTULL HyKTacuaa dazanap MyBo3aHaTH L1ap-
T KHWMEBWUH MNOTeHUMA/UIap TEHIIWrKaaH ubopar, SbHH [y =M.
Mabnymku, | xuHc QasaBuil yTULWIIAPAA MOAAAHUHT 3WYJIUTH Ba
TEPMOAMHAMUK (MYHKLUMSUIAD YTUILI HyKTacuia cakpa® ysrapaau,
ynapia YTMil UCCHMKIMIUA axpanaad (loTunaaun). bywaa# yruwnap
MUCONNApU: CYIONUIL, OYFIaHMIL, KpUCTalIaMMLi, KpUCTalnap-
HUAHT [HaKa y3rapuiinapu.

Il XMHC YTHUWINApOa MCCUKAMK axpanmaiian (:oTunamaiiau),
TEPMOAMHAMUK (QYHKUMUSIAPHUHT Y3 YTHIU HyKTacuMiaa cakpab
yarapMaiiam, GanxM YJapHUHT Xocunajiapi OYnIMMII HCCHKIWK
CUFUMH  (c=d*@1dT?), KucwaysuaHauk (dVdP), uccukimkaaH
KeHraituw (dVdT) Ba BGowkanap cakpab Vysrapaau. bByHnad
yTylinapra Mucojiap: Temrepatypa yirapuuild GuiaH ¢eppomar-
HETUKHUHT TapaMATHETMKKA aBPWIIMWIM, CYIOK TeNWiiHWHr YyTa
OKYBYaH Xonarra yTvuiM.

Kartuk kucmaapna Xaxmuit ysrapuuap KuMEBHH TapKub
yiarapmaraH Xonga Ba KUMEBMI Tapku6 y3raprad Xosiaa 103 6epulln
MYMKUH.

AnnoTponuK aBpHANLLIAD

«ANNIOTPONMUs» CY3M I0HOH THIIAAH onWHraH Ba <«6oluka
WaK» Nerad MabHOHM aHTNATaau. ANJOTPOTHS {MoaUMoOpd3M)
aATAMacu KUMMEBMII 3eMEHT KM KATTHK OUPMKMATAPDHIHT 6Up He-
ya waknaa (Moaudukauusicnga) GYIHILAMIMHN TaBcHuial YYyH
KHUPHUTUNTAH.

Moaganapuunr amnotponnapu  (wakiaapn)  GHp-OHpHAaH
KPUCTAINAA ~ aTOMAAPHUHT  Typiuua  XoMjauviud — 6MiaH
dapknanaan, 6ynaa

1) Monexynanapaa atomnap couit Xap xua 6ysamd;

(MHCOJI: OITH BA CAKKH3 aTOMIM OATHHIVIYPT MOJICKYJAacH);
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2) MoexyJanary aToMaap coiu Gup xun 6varaum xosnma mo-
JIEKYNanapHUHE ¥3apo HYHAMMUIN TyPAU (MHCON: ONTHHIYTYPTHUHT
POMOMK Ba MOHOKJIMH LWaKIAapH);

3) MeTaanap KpucTannapuaa atomaap KaTIaMIapuHUHT Tax-
JIAHWLI KEeTMa-KeTII 6ollkaua 6ynaau.

Myaiisin TemMnepatypaga (Vi TeMneparypacuaa) 6up xun an-
JIOTPOMUK IaKNAaH HKKHHYMCHTA YTHIL coaup 6¥nany.

Macanan, onturryrypt 7.=368.5K na pom6uk KpUcTany uak-
AMAaH MOHOKIHH KPHCTANN WAKWra YTanu, GyHma YT Mc-
cukanurn 90 xan/(r-atom)ra  TeHr 6YnamM, KumEsui Tapkub
ysrapmaiian. Muku sHeprust KpucTamr nmamxapacuga atomJiap
KOWTAIUILY QYHKUMACH, TLHU KUMEBHI GoRNanuL byHkuMsicH-
aup. LyHHHr yuyyH amnorponmk ABpHAHIWINApAa (YTUwIapaa)
YHUHT Y3rapuilli 3BasHra HCCHKIMK axpanaiu (totunanm), nemax,
6y xapaénnap | xnHc pasaBuit yrviunapra maHcy6,

Mana wyHaka anloTponuK aspuauiiiap Ti, Zr, Hf, Cr, Fe,
Mn, Co, Tl aneMeHTAAp KPUCTARN NaHXapanapuia Xam oynanu.

Kpucrann Ty3uaHiln ysrapuiun Gunan 6up Katopaa kuMEBHUH
GornanuiIap TaAGHATH XaM Y3TapHILA MyMKUH. Bywpg 6up anno-
TPOMMK WAKNAA KATTUK XMCM METAN YTKA3YBUAHAMKKa, GOIIKA
[jakaga 3ca SIpUM  YTKasrmy eKUH AUBNEKTPUK Xoccanapura 3ra
Gy MyMKHH. MacanaH, Kamaitn Sn Hi oncax, Y I0KopH Temre-
paTypaiapaa TETPArOHan NaHXapanu (B2 KoOpIMHaLMon conn K=6
oynran) acn MeTa (0K KanmuQ Gynanu, t=13.2 oc fa OK Kanaitu
KYNpaHr Kanainra apuinaad, KeWMHrM aca kyGux LiaKsinary onMoc
(K=4) nauxapacura 3ra Gyarai sipum yrrxa3rwmup_

Se ceAeHHWHT YUTA aANOTPONKK WK Gop: KYNpaur cejexd —
SpHM YTKASTHUAHP, KU BA KOPA CENCHNA sipum {rxasmiainK
xoccach HYK, K3 CENCH MOHOKINH Ty3uuiwira 3ra, kopa ceneH
3ca aMopd MOLIaAaH nBopaT _ﬁymuln. |

Kumépuit GOMIaRNUIAD Y3FAPAMIAH a0t por AnpHHL-
nap OATHHIYLYPT S, MapriMyul As, docdrop P, KapdoH C (rpadur
Ba 0JMOC) JIEMEHTIAPTA XM XOCAHD.

MapT(‘IICHT ﬂBpHJlHlllJl'tlp

Bapin MeTAUIAP BA KOTHUIMANAPAA XAKMUIG §yp-
xycycHsTra ara. Byhuaii Y3rapuunap metannap
TexHONOTMSICHAA MYXHM ¥PHH TYTaau. Mapre
veraanypr MapTeHe HOMIIAH kel unkkan,

apulu anoxuad
Q4 KoTiuiManap
HCHT HOMI mawXyp




MapteHcuT aBpunuwnap (¥3rapuwnap, ytuuinap) 6upop Tem-
neparypaja TyraauiaHmaiid, anbartra Karbi¥t TEpMOAMHAMUK
MabHOAA KaiTMac, aMMO TY3UAWIL MabHOCHAA KaitTap xapagHiap-
IUp.

AUTalIMK, KaTTUK XMCM (MeTasl) MKKW ajIoTPONMK Liakiiga
OyAMIUM MYMKKH. ATap IOKOpU TeMnepaTypada MaBxyd Oynaaurad
aloTpona IAKNAark XucMHu T  raua cosyTcak, GyHaa UKkana
WAKIHWUHI 3pKKH 3Heprusnapy bupaai Oysca, y Xon2a nact TeM-
nepatypanu lwakara yTuii 103 6epagu. KaTtTHK XUCMHU [AacTpoOK
MapTeHCUT aBpunuil (YTuw) GownaHaauran T, — Temneparypara-
ya coByTHW 3apyp. Arap T, ra erraHaa coBYTHIU TYxTaTuica, Oy
Xonga yruw tyxtangu. Arap T, AaH KeWWH COBYTHLI siHa 1aBOM
STTUpUJICA, MAacT TeMnepatypanu ¢asa (waki) xocun 6yna 6epanu.
HuxosaTt kanmataup T” nact temneparypaia yTUll (aBpUJIMIL) Ta-
MoMuia TyrainaHaau. KOxkopu Ttemneparypanu asara (1uakira)
TecKkapuua VYTULl XaM MYMKUH, JIeKWH, TeMmrepaTrypajiap opa-
NUKIapU ONAUHIK WYHanHwaa yruwaad Gapk KWwiaau, AbHY 6yH-
la rucTepusuc naigo 6ynagu — Oy xoauca MapTEHCUT yTHLInap
(aBpUNULAAPYHUHT MYXHUM X y CYCUSTHAMP.

MapreHeut aBpuanWnapH AMddy3HacH3 YTUILIAD XGM AeiH-
Jlaay, YyHKH yjap 6up k1 6Up Heda TEKUCAUKIAPHUHT Xyla KH-
YUK (aToMnapapo MacohacHHUHI yaywinapHd yaMacuaard) macoga-
ra 6up BakTAa cWKMUITapyaaH WGopat, OyHaa TeKUCAUKAap opa-
cuiaary OornaHuw 6yaunmaiiod. by mMaskyp YTMIIIApHUWHT siHa 6Up
XYCYCUSITUAUD. ATOMJIAP TEKUCIMKIAPHUHT TY3WIMLUMHWUHE YHYa
KarTa GynMaraH niaactMHacMMoH Gyaunuiunra onub kenaau. Ha-
MyHa cUpTUAary Oy NIacTUHKACMMOH LIaKJNap MUKpPOCKONAa fX-
wy k¥prHagu. Macanan nynatnap TobaaHranaa, S’TbHU HOKOpPM
Temneparypagad 6ouinabd ynapHu Te3 COBYTWIraHaa €KM Mapkas-
JauiraH Ky naHxapanu y-Fe aaru kap6oH C HMHI KatTHK 3pUT-
Macli TeTparoHan NaHXapaau MapreHcuT lWakara yraad. C HUHT
MUKAOPU KaH4a Kyn 6ynca, TeTparoHAUIMK JapaxacH OpTUK
6Ynangu. bBup BaKTHMHT V3Wga MapTEHCHMT MYNAaTHUHT MycC-
TaXKaMJUCH OpTaau.

Bup -:irop To3a metannap (Fe, Co, Ti, Li, Na Ba 6.) Ba kyn
KoTilManidp (Fe-Ni, Fe-Mn, Ti-Mn, Au-Cd, Mn-Cu Ba 6.) aa
MapTEHCUT aBpUAHILNAD OYIHIINUCKM MABLIAYM.
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.VTH Tyﬁ"lll‘a" IPHTMANNIET f1ApYANAHHUH

A spuiysunaa B momwia apuran 6¥acing. FOxopn Ty Temnepa-
Typana B mMomiamuHr 3piuTMAAa MyBosadaTuit 3uuauri C; etapau-
ua Karra. Temnepatrypa Ty raua nacaitranaa cucrema C, raya Ka-
Maiiran 314K XoaaTra raiu.

B spyBuiiiMHT  3WHUNHIK Ka-

MalinILN XrcoGura “uykMa™ xocin LK r
Gynaan, 6y oaca yra  TYHWHIRH
IPUTMA TIAPUKIIAM AEMAKINP.

Tepmoaniamik  TaXMIHHHT
Kypcariiwimua, UKk dasa apana-
MacHHHMHE  Bapkapop  Gy/ILLANTTE
VUVH Oy  apanatiMaiianr - 9pKHH
SHEPTHACH 3HI KUK ByAILM Ke-
PaK.

A 1 B 1aprndaosuigan 1bo-
par A B, (x<1 = maskyp raprud-
NOBYMHMHT yaviin) Gy.yad 3pnT-
Mana ﬁﬂ])K_ﬂU()[‘Llll’lK TeMIeparypanra
OOFIMK. uviKHY IPKITH  3HEPIUS t_4 1= wihsvi, Karuy IPITMAHINT
TeMNepPalvpa vk sick 6yranm. TEMAEPATYDA Macaiiramim nuptai-

Tevmeparypa T yarapramma MU TVOYTpaniran i
(nacaitraiita) x vayiws ysrapaan. 6y spurmanuyr KHCM
HUILIT, oKuGATIVIA ICd TOMOMWIA Mapyananuy
ByHAaal napuatatilHuIl NKKU MYPH mMagyey
mugauuoiMae napYalaHuil. ’

Bupiiun  \onna 9pHTMA  MApuataHuyyy
MMKIOPIa  KVUIstMYa  3HEPTHs  capdnauy
yruun sapyp oviagu. LLYHWHE yuyn g
PUTMArA O 11N MYMKHH.

Mk \onaa NAapIanaitil sHeprugyy, - n
Gopani. Mvaiistil WAPOKTILL AKTUBALIIOH
uMon napyzt e yradin. KTHR spuryg =
HUHIIT OUp.iicn SO INIAaNT I MPHARay Tacauu;llgi?:anammm el

KaTTik spiensiaiiiir napuasabnig yy :.E:;Gop. :
MapKasiapu INoMBpTYPYHEIDUIHUHT najigg Vi et
Hajln. X().\ﬂm]_\|1_\IJEIH‘IHI‘ (MAPKA3HKH) Ymuamy Gl:luumu Goluna-
KHAMaTia ey pKing. DHEPIs owgyy By Ron Kp“T”,K fe
KaiTa HpitHh Keruiiir MOHIH. AMMO, §iny T10ai - Mapkaanap

MU TN Katta 6YAHO

aH napuvana-
a onub xepamM.
a: aKmueayuoH, ak-

YUYH KaHpaRaup
: (Hepretuk  Tycukaan
ACTNabku 3putMa MkKHTA

acaiiny Ginad
APYANAHKY HoakTIBa-
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oiifaH MapKasnap yca 6opaam, uylki OV \oiLla KPUCTRJLUTHUHE 3p-
KWH aHeprisict Kamasi Oopagn. Sur GHpUHYM Mapkas cirdaruia
xap KaHgaid HYKCOHHW KaOyn Kunaca OYnanu, yAapHUHT Yn4yaMu
naHxapa AOMMIICH (AHrcTpeM) TapTubOuaa Oynub, ynap KaTTiK
3PUTMANA XaMMa BAKT MaBxyad Oynaau. Atom ynuamuaarn Oyduai
MapKasnapHil «ceepeeantaap €xu Kaacmepaap» AeUUnagu.

YMmymaH ailTradaa, 3pUTMaHMHE  napyanaHulid — Kyl
BOCKNYAN XapacH.

ApHM YTKAsIHY Ba METann KaTTHK 3pHUTManap opacHaa Xyaa
MyxuM Tacdosyr Gop. Apum YTKasrvunapaa axpaam® uuKagura
aToMJIap BAa HYKCOHJAP 3WYIMIKM TaKKOCAAHYpJIW MeTanjaapaa 3ca
axpaninbd 4YMKAETrald atomaap MHUKAOPHM HYKCOHRAp MMKIOpMAAH
aHya Karra 6ynaan. byHaaH myxum dapkaap Keadb upkanm.

Mapyanaduil MapKa3IapuHUHE YCUIL XapaéHW (KUHETHKAacH)
acocaH  SHPH-SHTM  aTOMJAPHUHT  Mapka3 cupTMra  Keaub
KYLIIWAUILM Te3aur 61unaH GornaHraH.

fapsanaiiinl owidatiaa naitno 6ynaérran sivrw B dGaszanuHr
XAKMUIA yayIliy KYHHAArKM KWHETHKA TeHrslaMacy (ABpaaM TeHrn1a-

MacH)
v
&= % =1-exp(-K(1)")

opkanu ndonansasanu, 6ynas K - roumMuil kynaitysum, n — yTHI
MEXaHU3MHIa DOFNIK KYPCATKUY.
Katbuit Hasapuil TaxIun Makcaauaa
de(r,1)/ ot = DV¢
DHGOY3MOH TCHIJIAMAHKHE TYPAM XOWIapH YuyH euiMiapiHi AB-
paaM TEHIVIAMACHIa KeNTHPHI MYMKUH 3KAHIWIU AaHHKNAHIH.

SHa 6up xomica ycruaa TyxTatamus. Kpucramndi MexaHuk -
JIOBrA AIYNOP KWAWMHIAHAZ — YHU LUMI- Ny
raHA2 B callKaularaHaa CMpTMA Katnam Nys
Oy3Hnany Ba OopTHKYA (XPKMAATUra HUC- 1
Oarad) BakaHcHsplap GwiaH TYMWHAOW. H
Oknbatia Kpuctasiza  gacmiabku !

I
L]
[}

MOFOHACUMOH  BaKaHCHsLUTap TakKCUMOTHU
XOCH GV XaKmaa MyBosaHaTHid Ba-
KaHcHsLap KATTHK IPUTMACH, o 3 )
S-Katnaman 3¢ HOMYBO3aHaTMid BakKaH- 14 2-wissa. CupTisii S-kaTAaMHI
CHSUIAD  KAITHK ~ 3PMIMAcK  MaBXYd TYIHTHPIAHIAH CYHT BIKaHC)H-
Svianm 4P TAKCHIMOTIL.

anlu_—.—
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AdGAITA, OPTHKYA BIKAHCIELIAD XOCH] OVAIHBIM XiaMoH ¥5
fiE Oyrvi KpucTaila TeHIIAIIEIIE TOAOlE JyHad an #apas
Gowanami. by kapa€Hust HKKit GOCKIIUL APATHI My rH I -
prifgi HockHL pAKAHCIBUIAPIMET Y1d (yilstiand IPUTMACH 10
qanajaay Ba Bitp BaKraa yrapros Ay siscns Gopad
KaHcHHNap Kopakiaap Nocil KIHID KCTTH, HRKMHIY GuCHIHIZ
KOJ1raH JHOMYBO3AHATHIT BAKAHCHSLTID by sdiaanaiy Ba ML
KOBAKJIAP KAz XMCOOHIa HUpilK  Kopakiap Kyasis B
GOCKHY  OXHPIAD OPTIKID BaKaHcHsIap & KataawisH S
KpUCTANIa KoBaKiap B2 BAKAHCHAIAPHHIT MYBO3aHATIIHN X0

VPHALWAAL.

P

KaTTik KUCMAA P/ Temnepatypara GOraMK Oyavaran da szt
ABPHIHLLIAD

KaTTiK RITCAMIATH XKML Y3rapuinaapra Socua st s
TaLCHP KypCdldlii- Karta GOCHALIAP XOCHT KITHUT TEXHIIKILH Fan
MyHara xam xap rapadama (rapocTatik), xay Gip 1apac
(61p YKAH) GocHM Gepiill HMKOHIHHN sipaTran. .

KaTta HCPIHsI 30ppa1ap (v - KBau11ap. Heittpoltap sa @
Gunan Hypaarabia. MeXAHIK TOBCHPIAP OKIBATHA Xyt Nk M0
ysrapyuuiap 103 Gepaltil. S v

Hypiawl HATHAACH:L HYKTABIH  HYKCOIAap Nocii] Gha
G143ra MABLAYM: KATTa HEPTHAN 3apPa ¥3 it Tk am e
TYryHAapapo AToAUIAp Naitao Kitaaai. by sappa fiv s oxigii-
aay y3 SpEprifcHiilt Ty capha® 6varaman Kpnﬁm_—_'
pi 5-10 KpHcTai napAapach AouMuiicit uaiacy
pakaaHrat ot naiige dyiaan, Gy coxaua naitxana mbr* L

paid. 9HD yerapaBiil XO/LA TYIL aMOPDAN I Bviey 11 S
«SxaaHraH> Noaawd Gy COXA Y30K MKV 6%:11111 By
Kil Kpuciani KHB.’LHPIUII‘I\IIJ:\ By coxamap s \Oll“"-q K-‘.
Kpncr;mﬂ MyBO};\llﬂlllH NOAQTHHY OMQAH. = HIQ K
MexaHltK rapctpaap (HUWKIRHIIL Maiinatayg, sapé sa 0.
KpicTanana PAFEKANANBHE KYU fapakana 1:\|\r||6L:nJ:-l'l~1kv .i‘ I
Xamto asopdaiuinra oG Keam. Mexarg pas .
oKj10aTHaa KpHCTAD  Narxapacy Biip "“‘““Hnnq; "‘l._'j‘"".
KypHIuITa yrint MyMKHH. Musanau‘ ”lll;\‘;u;,””“" .."“.‘“ K3
0NMOCCHMOH garKapaai KpeMuii Si kpueraiay ‘1\m: K l‘.. "]
VMU, rexcaroian parkapaan kobanr Co gy ~\‘ l‘(.i.‘ \\ TJ.\L
;<v6 narKapa EyNNG KON MYMKIt. APKa 3 AT TIH

%
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DHAM KATTHK ~ XicMiaapaa 103 Ocpaauran XaXKMHU i
ysrapyumnapaad amaaia Karaai doliganaHunaan jierad casojira
KHcKaua xasod Gepamiis.

Kyn TeXHOA0IMK KapadlapHH aManra olKMpMiiaa TeMnepary-
pa, OOCHM, MEXaHMK HiUAOB Ba OOUIKA TabeUpnapHW Xxucobra
ONIMLIFa TYFPY Kenam.

OnanH aWTraHMMH3ACK, MAPTEHCUT aBpMaKMWIIap KapGoHIi
nyaaTnapHunHr TEPMOMLINOBHAA KeHT KYJINaHUIaaM.
Kotniimaga kapGonuuHr mMukaopu 2% (Macca 6¥iiMua)mad
OLIMAMAN. DHT MyxMMK nynataa kap6on rpaduT Xamaa TeMiHp
Kapouan Fe,C kypunHuwnapna 6yjnaau. Arap nyjaarid Xocun
KWW €KH TepMouw/oB Gepuiliaa KecKWUH Tobnaw KMIMHCa,
opanuK hasa MapTeHCUT HedopMaUMsiNaHTaH XAKMKHA MapKas-
nawrad Kyo naHxapani 6VanG. nynatHiItHT MYCTaXKAMAHTHHH
aHua owMpaau. by xonaT Xoma TemnepaTypacHla Y30K BaKT
MaBXYAd OYAHLIN MYMKHH.

MeTtann  KOTHILUMAJIADHMHT  AHCNEPCHUOH  KATTUKJIaHWLIN
XOAMCACH KATTUK 3PUTMAHMHI NapyanaHulii BakTHAa 103 Gepaii-
raH axparmanap ynyamiapy OLWraH cap¥  KOTHUIMaHHHT
KATTHKJAWIY oluMItuAaH wbopaTaup. MycraxkaMauk opTa Gopa-
O, MAKCUMYMAaH YTaaW, KeWHH axpaiaérraH WMKKHH4UM ¢asa
KHPHILAKAAPH $A4aMIapH OPTHULLM BHIaH MYCTaxKaMJIMK Kamas
6opaan. by xoaunca miopaniomutaa (Al+4%Cu+0,5%Mg) 103 be-
paii. by KOTHIUMAHWHI MyCcTaXKaMIMK Xoccajiapu XOHAQ Temre-
patypacyh €KW YHNAH 10KOPHAA BAKT YTUlIM GunaH sixiuuaaHWo
Gopany. by xapalHHU komuwmanuHe kapuwy e atTanagu.
MycraxkaMAaHUWIIHUKHE cababu: KaTTHK 3pMTMa napuajaHraHaa
KOTHUIMAHMHHT TY3NWIILHAA TNAHXKADAHN MYCTAXKaMiaoBtuH opa-
JUIK a3 HIHT BYXYATA KEARWHARHP.

K¥n Ko1riuManapia JicnepcHon KaTTHKIaHUU XOHa Temnepaty-
pacijlald aHYa JOKOPHPOK, Temnepatypanapja kviatuaad. HlyHHHT
yiuyH Ov Temneparypazan 6ownab (nacT TOMOHFA) TobiaaHca mnact
TEMNEPATYPLIAPAL  KOTHUIMAHU  MYCTAXKAMIUMIOH  XOnaTaa  Y30K
CAKTALI B VHIAb avaalil Makcatapaa Gpoiaatan i MyMKHH.
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Casosiiap Ba Macajaniap

1. KaTTuk, XucMiapaa XaxXMWH §3rapulinapHUHr KaHaai acocuit

KYpHHUILLIapy 6op?

2.1 Ba 2 xuHc da3zaBuil yTuiunap OWMp-OupyaaH KaHaal (apk

Kuiaagu?

3. AnIoNTPOMN Y3rapuLIapHUHT MOXUSTU HUMalaH ubopar?
4. MapTeHCHUT Y3rapriLTapHUHT MOXUSITU HMalaH ubopat?

5. Temneparypara

XaKuaa HUManapHu Gunacua?
6. Xaxxmuit aBpiIKILIAPAaH amMaIa KaHaal dornanaHunann?

Bab3n ¢u3uk KaTTaauknap

6oFIMK OyamaraH QasaBuit  y3rapuLuuiap

Katra;meiap Bearuck ﬁncnﬁ:;:.:m CI'C 6rparkiapraa
IACKIPOHHIHE THILHIK Micat m, 9.11 10-3kr S0 1
DACKTPOHITIIIL JdPHiH & 1.6 10-9Ka TN 10 W Gres
Mnayk goyminn h 6,63-10°34K c 6.63 102 aprc
Anoraapo corn Na 6.02 1023 mon! 6.02 105 smon
Dol ACHMIIC K 138108 KK 3% 10 1 apr KT
Taa nouMitiicit R=kN. | 83142 XmonIK-! ¥.31-107 sprsoa VKT
D1cKIPOH-10IT a0 1.670°-19 K 16101 opr

ch

Bop sarHerolii My = E 9,27 10-24 X Tn-!

Baxvyaa EpVI-INK TCIMIH C 308 .u/c" 31010 e
BakyyMHMHE UIICKTPHK  CHRT-

ARDYRYAILTICT ES 831012 oyt

BakyyMItHHT MarHNT CHHTILHpYI-

RN o 1,26 10-6 Taem!

158 oncprustin qIOToH Tk

VIVHIHTH Ay 1,24 106 x 1.24 10 cu
138 oncpriy (hoToH TUKpOPIIN-

AMEH Vo 242108 Ty 24210M [y

by wagpanja KenTHUpWiIraH KWjiMatnap BepryjlaH KeWWHTH
HKKH pZ!KaM[‘ﬂ‘la AHUKIUKAA ONUHTaH.

TR T e e S L i e S
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