VK 539.2
A. Temaboes, C. 3aiinoouuymos, 1. Dpmaros. Karrnk wueM (pMBUKacH.
TowkeHT, «Monus» HALLPHETH, 2001 itun. 324 6.

Viuby VKYB kyanaHmana KaTTHi KUCMIAp busuKacHHAHT Ha:?t:mi
GynMMIapu Xakuia MabJAyMOTJI1ap kesTupnnrar. KarTuk KucMIapH :

Vif e ! : TTUK, KHMCM KBAHT du-
ovitnua [TApM, XO3UPpru 3aMoH KA M
i ] ApUM yTKa3ru4nap,

sMKacH AacocHi TacapBypiiapy 3aMHHUIA MeTaiaap, s

j [M3IEKTPUKJIAPHHHT MCCUKJINK, MEXaHHUK, 31eKTPHK, Ma,rHuTPE:Ta QX;MMT

i‘ Gacn xunuerad, byHiat TalllKapy, Xo3up daH Ba TEXHUKALL Kfl a7

| Kach 3TaéTraH KarTuk MaTepuainap — KepaMHKa, MapTBHCHr"i.Tldpéc “;Wm

sUTNap Xoccanapi Ba KynnaHuLf TYEpUCHAA XaM Mftmygm;maf“‘ (E)){up:iﬂz;

Vruarad Mas3ynaphu mycTaxKamau makcaauia Xap OI.)“H]»‘i >

HasopaT yUyH capofinap, wy Gobra Teruiuim Macaﬂf:}nap xo{nnd IHHEF-MM;
Kynnanmana KenTHpUITaH pacmiap, KAABAIAD, KylpMuanap y

Jpaen e
HMHM  TYIIMpani. Viys KyniaHma onuit VKYB jopTAapHHHHT Teruul

= - [s Ls s f‘l =
xacOnap Oyirua myTaxaccucnau[aeTrzm Gakanapp, Marucrp TclJ':;lﬁach pH
¥ y naHraH.
TamKMKOTIMAAP, acrMpaHTIAp Ba YKUTYBUMIIAD YIYH MYJDKALIAHTE

2. 3. Hmamos, duzuKa-maTeMarnka dannapu

Macbyn MyYXappup
TIOKTOPM, npodeccop

p: A T. Mamadoaumos, ¢n3m<a—mammam1<a dannapn
jokTopy, npodeccop; V3P DA akaneMuri.
M. C. BaxodupxoHos, du3rKa-MaTemMaTika dannapu
JOKTOPH, npodeccop-

Takpuzunia

V36eKUCTOH Pecrniyonukacu Jasnar Man TexHuKa Ks:f,ﬂmacn:::u: N?I{K]:gé
5 7 . e : s
pALMST JIOHHXaCK qeoCUId XamJld Vsp JOTK, QOnuit Ba ypra hil y e

- wxon JlamnaT YHUBEPCHTETH XOMUTHTINA HE I
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yenTAR N8 rj’oz« 2} ‘)JJ E@ V4Gekucron Pecrydamkact Bank-MOIus

| axanemusicu «Monns> wawpuéty, 2001 .
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S

PDF created with pdfFactory Pro trial version www.pdffactory.com

CY3 BOLIN

MabaymkH, ¥30ek TWiuaa KaTTHK KUCM  (u3uKacumaH YKYB
KyriaHMa (napciuk) iyK. BaxonaHku, yHUBepCUTET/Iap Ba TEXHUK
yKyB topTnapuia 6y aH ymymuid Ba Maxcyc dan cudarnia
YKUTUIIAIH. BunoGapuH, Kyn munriad tanabanap, YKUTYBYMJIAD,
TaOKMKOTY M, acrpaHT/apra ata wyHaai yKyB KyslaHMa Xyla Ke-
pak. Ly sxTHEXIAPHU xucobra onud, Maskyp daHHW YKWTHIL
Taxpubacura rasun6, yuby «Kartuk KUCM dbusuKacu» VYKYB
KyanaHMacu  E3uIN. By KWTOGHUHI MYHIAPUXACHHH TY3W1I0a
Onuit Ba ¥pra maxcyc TabiuM BazupJiury  TOMOHUWAAH Tac-
aukiaHraH «KarTHk KUCM dusnkacn» GaHu JaCTypUHU («YHusep-
cUTeT TabjiuMM YuyH $u3nka Ba aCTPOHOMMA MYyTaxaccHeauKiapu
GyiiMua YKyB gactypiapi», TouikeHT, «YHUBEPCHTET», 1996 ii., 90-
92-6eT) acoc KUAUd ONUHIW. Kynnanma acocat «bakanaBp» HXTHU-
cocaurura Myskamianran Oyncana, yHaaH «Marucrp»” UXTHCOCIIH-
ru TanaGanapu xam QoiinanaHui MyMKHUH. Yiby KynnaHmana
KATTUK KHCMIap Typnapu, KpucTai KaTTUK >KMCMJIap XaKuia
MaBJIYMOT, (GU3UK CTaTUCTHUKA ACOCAAPUHUHT KMCKa4a baéHu Oe-
puiad. Kpucrann naHxapaci TebpaHuLIapyd aH4a Gatadcun
kapa® HMKWIIN. Kpuerann  Kartuk —Kucmiapia UCCUKJIUK
xomcanapura MyHocud yput axpaTiiin. KyniaHMaHUHT MYXUM
KMCMWUHM Mjeal KpHCTal KaTTHK KHUCMIapaa 31eKTPOHJIapHUHT
SHepreTMK CIIECKTPH Ha3apHsch (zoHanap Ha3apusicH), XaKUKHM
KpUcTajLIapaary  HyKcomiap dusnkacu 0a€HM TalWIKWIL ITalK.
Cylok Kpuctasjiap Ba amopd KaTTHK KMCMJap Xakuiaa KWcKata
MaBJIyMOT Oepull J03HM ne6 Tonuiau. KeiuHrd Bakraa MHKPO-
2IeKTPOHUKAHWHT Kajan pUBOXJIAHMIIN Tydaiinu KaTTUK XHUCM-
nap cupTHia o3 Gepanurad Xoancalap, XyCycaH, CUPTHHHI X0/aTH
macaianapyd MyXMM axamuarra ara 6ynu6 6opmoxaa. LLIyHUHT Y4yH
Oy Macananapra xam MYHOCHO KO aXpaTH/IH. KaTtTuk, Xxucmiaap-
HMHI MEXAHMK Xoccajapy Ba yjapra nedopmalusiap TabcHpHra
Xam 2bTHOoOp BepHIaH. KaTTuk XucMmia coaup Oynaaurat XAKMUH
V3rapuuIapHUHE 9HT MyXUMIapu Kapad YMKWHIIK. KatTug XKucm-
nagAe-acafiil Typaapy GVAMHMIL MeTalap, SipUM YTKasruuiap,
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OM3AeKTpHKIapra anoxuid Go6aap HarninaHan. TaakukIaHWIIN
Ba KyJIaHULIU TOOOpA KEHTast GopaéTraH KepaMUK KaTTHK KHCM-
Nap Ba KOMIO3MLMOH MO/LIanap Xakpia MaBbIYMOTHU KY/LUIaHMara
KUPWUTULLHU 3apyp ne6 xucobnanuk. Karrhk kucmiapia o3 Hepa-
JWraH KMHETHMK Xoaucanap, MOALAAp, acbobnap xoccanapuhu -
3apuii YpraHnul Ba amanuii KYUIaHKILA KaTTa axaMHs TN oyaraHin
VUyH yjap TYFpucKia acoCcMil Mabaymotnap 0GacH KWAHHAW. Xap
Hup 606 oxupuaa Hazopar yUyH caBosuUlap Ba Macajanap KoujiaH-
av. Kynianma oxvpujia 3apypvil KylIHMmUuanap, xaisanlap Ffﬁm-
puiaau, doiiranaHuiran Ba TaBCHA KWIMHaauraH ajabner puyuxa'm
Gepuiau. Anoxdaa  TapKuUIall KepakKi, — Y30K  WUIIHUK
xamMKopumu3 MocKBaIMK npodeccop B. M. ®UCTVIHUHT HKKH
s «Pusuka ¥ XMMusl TBepaoro Tena» (M., «Mem}mypmﬂu»,
1995 r.) papcaurnaard O6Mp Karop Kepakin MabayMoTiapaaH (ow-
janaHauK. YHaaH Kyn MWUHHATLOPMMI. KiutnaHMaHWHT  TErHILU
KOMNapuaa Kepakiu uu3manap, quamaiap. anarpammanap, kai-
paiap Kabu MaTHHM SIKKOJNALITHPYBHH matepuaiapaad doiiaa-
nammnan. 11-VIIT 60o6napHu npodeccop A. TewaGoes, XI, XII,
X111, XIV 6o6aapuu npodeccop C. 3aitnooumamnos, I, IX, X,
6o6napHK dan HOM30AH 1. A. DpmatoB €3raH.

KynnaHMaHH sLTHO0p GunaH VK1o yugno, ¥3 KMMMaTIH GUKp-
My/l0Xa3aJapuHu aiitrad TaKpU3uMiap: akaieMuk A. T. Mamano-
nvumosra Ba npodeccop M. C. BaxoMpXOHOBra MUHHATAOPYNIU-
MM3HKM OANAMpaMM3.

KynnaHMaHu Haupra Taiiépnaia JlacTypynnap B. B:. JlapkuH
ga 1. B. BaxpuTAMHOBNAPHUHT XU3MATIADH XaM karTa OVAraHuH!
MAMHYHIMK OWIaH TabKHIUTAHMH3. X

AnbarTa, y30ek TUAMAA €3uiiraH Ba Hallp KMANHaAeTraH ymt'?_y
YKYB KymnaHMaaa KamM4uiukiap yapaiii Tabuuii, ynap Xakkia V3
dUKpNapUHU HalpueTra é3ub 1obopratt YKyBUHAapaaH MUHHATIOP
oViapnuk.

Myaaauduap

A ,
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1 bOb
KATTHK XUCMJIAPHUHT TY3WJIAIIN BA TYPJAPH

TabuaTnard MOLIajiap a3, CYIOKJIMK, KATTHMK XWCM Ba IliasMa
xonatnapuaa 6ynanu. By xonarnap MOLJAaHMHI arperar XojdaTjiapu
166 aranub, Oup-6Gupuaan Gusnk Xxoccanapw 6unad  dapk
kunaaunap. Karruk XUCMIapHUHT CYIOKJIMK Ba .rasjlapiaH dapru
HyHIAKK, yaap §3 LaKIJapuHu Caklaili Ba ynapaa OKyBYaHIIMK
Ky3aTWJIMAaiiN. MUKPOCKONMK  HyKTau  HasapiaH  OyHjai
dbapKHUHT OFIMIIM, MOMIAHW TaUIKWA 3TyBYW aTOM Ba MOJEKy/la-
Jlap OpacUaru ¥3apo TabCHp SHEPTHACHHMHI KaTia eKU KMYMKITU -
i 6unan TywyHtupriaaau. CylokIuK Ba rasiapaa yilapHU TaliKul
KMIYBYM aToOM Ba MOJIeKyJlajiap opacuiard ¥3apo TabCHUpJalliiil
SHEPIUSICA YIaPHUHT WCCUKIMK XapakaTh 3HeprusCUliaH KU4HK
6ynaau. LLIYHUHT YYYH CYIOKJIMK €KW I'a3HW TaUIKMI 3TYBYM aToM
Ba MoJIeKynajap OuMp HYKTalaH MKKWHYM HyKTara KV4ud opuilu
MYMKUH, S'bHM OKYBYAHIMK Xoccacura sra. KaTTuk xucmiapia sca
MoJieKy/a €Ki aTomuiap opacuiard TabCupliallys SHEPrUsCH yJap-
HUHT MCCHKIIMK XapakaTd 3HEPTHsICHAaH aMua Karra oymamu, Liy-
HUHT yuayH yJjap 3pKHH KY¥uub topa ofiMaiiin Ba MyBO3aHAT Ba3uAT-
napu arpoduaa TebpaHMa xapakaT KWJIMO Typaau. Jemak, KATTUK
KUCMHM BOlIKa arperat XosiatjiapiaH axpaTud TypyBYM acocHi
dapxiapy: GUPMHYUIAH, YHUMI HOpMan 1JapoWTia ¥3 IWaKIWHH
cakallu; WKKWUHYWIAH, YJapHM TallKW 3TYBYM aTOM MOJIEKyJa-
NapHUHT TebpaHMa Xapakatda Oynuiuuaunp. :

KarTuk skucmiap Ty3WiHLIMra K¥pa amopd, KpucTaul, WHIIA-
CUMOH Ba TIOMTMMep KATTWUK JKucmiapra OynuHamd. byHmad
TALIKAPU KATTUK XKUCMJIAp YHH TalIKWA KMIYBYM aTOM €KU Moe-

KYNanapHUHT V3apo GormaHuiumra xypa XaMm dapxnadamm (1.1-
yu3ma).
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r KaTTHK KuMCM TypJaapH :I

I 1
AnOp)) KATTHK] l Kpuerana I acHMOH osaumep
KHCMaAP KATTHE KATTHE, AHCM- KATTHEK, AHCM-
AMeMaap aap nap
[ 1
- Monekyasip Bogopoi MeTaimac McTaan Kamamamn
DOENAHHLLTH DOFTaHHLLNH KPHCTALTAD BOFAAHHLLITH KPMCTALIAD
KPHCTATAD KpHcTaniap KpHCTanIap
| = - 1

Mot Bormanuiim
KPHCTRUTAD

Komanent BORmaHMILLTH
KPMUTALTAD

1.1-un3ma

1.1. Kpucrann KaTTHK JKACMiIap

Kpycrann KaTTyK KMCMIIApia YJapHW Taliknl Kuilysdu aToMm Ba
MoJieKkyianap KaTbuii TapTO bunaH woitnamaay. Arap Oy TapTuO MK-
KM KYVIIHWA aTtoM €KW MOJeKy/la opacuiaru macodanadH OMp KaHua
MapTa KarTa OyiraH macodanapraya cakjaHca yHU y30K, TapTud z1e0
aranany. Kpucrauiap aHWK CyloJuil TeMNepaTypacura (Hykracura)
sra 6ymaau. XKuem Oy Temreparyparaya KM3MpUJratia aTomap Ba
MoJieKy/lanap  JKoHnaiuMinaa Taptb6  Wykonaad  Ba  yiap
OKyBYAHJIMKKa 3ra Oynub Konan. Cylonull HyKracuaa TallikapylaH
OJIMHASTIAH MCCHKJIMK TabCUpHIa KUCM TEMIlepaTypach y3rapmaidau
Ba KATTUK KWCM Tyna CYIOKJIUKKA ajilaHryHya Temreparypa
cakJlaHaau.

Kpucranagard aroMnap Ba MoOJieKyJianapHUHT XKoHsaluil
TapTubu GYTYH KpucTall Oyiinua cakiaHraH 6ynca, OyHnai Kpu-
cTann Monokpucmain ned atanaid. XamMma MOHOKpHUCTalap anu-
soniponusiea 3ra, SbHW YNApHHHT Gu3nk xoccanapd TypJiu
WyHanuwaapaa TypiaMvaiup. MoHoKkpHcTaNdapHHHI MaKpOCKO-
MUK OylaKyalapHHUHT TapTHOCK3 OMPUKHIIHAAH XOCHI Ovsiran
KPUCTANl HOAUKpUCMAAl Ned ATaNalu. [Moaukpucraniari MOHO-
KpUcTal JOHANAPHHUHT TapTHOCH3  AKoi1anyBH HaTHXacu/ia
yHUHT GU3HK Xoccatapu Oapua HVHAJIHIIAP Bviinua Oup xua
6ynaau. byHuai Kucemaap usompon Jcucm.iap ne6 atanaam. Kpu-
cTaliapfaH TY3WiuulM  Ba  Xxoccanapu  KWUXaTHAaH dhapk
KMMAAUraH aMopd KaTTHK KACMAAP VIl 606na KapajiaiM.

" _
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aap. Yoy

1.3-2cadsan

3. Pomoux cuneonwusda TVpT xwi bpase naHxapaiapd MaBxyld
OV MymkH; P — coana, C — mapkasnawirad acociu, XAKMHIA
viapkasnaiiran — | Ba ékuii mMapkaanawradn — F Typaard naHxapa-
Wakiaard  nalkapanap TYpTTa  napamerp  OuiaH
almKIadaau. (ap. ar. az, o)

4. Tempaconan cuneonus WKKM Xui, sibii P osa | Wwakaaarm nas-
AP iapra 3ra 6VAMo vura napaMeTp OWNaH aHUKaHaal. (@, ay. o)

) 3. Tpueonar cunconus 1iKKITTa napamerp Guman annklatam (a. o)
OV CHHIOHMsIa dakar P - wakary bpase 1aHAapacH MaBAyi.

6. lexcazonai cuieonusida ©WITa bpase naHxapacu OVand. TVpT

napaserp BuwiaH aHukIaHaans Yoy katak € — HEAKIa MaHeye

11
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fanbG K¥n xonnapia yHd yura Po—  Wakjmard cOLlA  KaTak

KVpHHMILHAZ XamM HdoaiaHanM.
7. Kwiux cupeonusda ¥4 XWi Karak OIHUIM MYMEHH. P, IBaF
pakiiary  karakiap. KyGMK CHHIOHMAHH HKKH TAapaMeTp Bunad

AHHENAW MYMEHH (a, o)
1.4 Muagep HHISKCIRPH

KpHCTAILIAPHHHT AHWU3O0TROMNHA-
cH, Viapia TYpAM H¥HanMiLiapia

(pHIHK XOCCANAPHH TYpITH4a
GVnHLLM, Ly HYHATHILLTADHH
dapinail yayH MawiyM Gup Genrn-

[ |

LI
Jauwap FAPYD SKAHMATHHH
kypeataqd. |4-uMamala  KPHCTULL
NAMKADACH  TACBMDVIAHTaH, YHOal
kipHHRG TvpromEn O 0 Ba OA xe-
cub  VryRMH TEKHCIMENED  TVRIH
fVHamTIra 3ra Ba YNap TPAHCITHITH-
OH BexTOpTapra HacOaTaH TypaHya
MOANAITAH.

ByHmail TeKMeaMKnapHu duapkiail y4yH
Muaaep undexcagpe DeNTHNAPUIAH (oHaana-
Hanvms. Ywhy Miexcnap KAHZal TOTMAH-
WKHK KyiHoa kypeatwt Yramms. KoopiuHa-
Tanap VKMHM IIYHOAH TaHMa0  olaMHIEH,
YAap WICMEHTAP KATAKHMHI TPaHCIAWWOH
BeRTONIARH OHAAH YCTMA-YCT TYLLCHH. {1.5- A
ypama). Buara (ABC) TekMenMk wmiekcna- -
PHHM TOITHIN Kepak SnciH. YHHHT YHyH da- X
crial OM3  TEKHCIHKHH  KoOpaMHaTRZ —
yinapt  OWiad  KecHlraH  KRoiinapHynA

B sl el B
I AR LN 22

1 d-ynva, TerBemmiTapHigE
Munaep HHASKCAADEN

1.5-umana Munacp
HHACKCARPHHN TONHLr
o8 oz Joup
. p=— COWIap-

= {4
AHMKNad m=—-n =
i F5] El’]

it Toramds. Koopauuara YraapHHy BHp y3yriHK DUDIHIK Yila fkan
ETVEM TPAHCIAUMOH BEXTOP YIVHAMIUIG TEHT Gnany. hyHoad TYpad
Maciin abard KOOpAHHATa FKaapuHK Tannaul, GeNrHiaufiapHl 0coH-
AaWTHpany. (m, n, p) COHTAPH TOMWITAHLAH KeiluH fua TeKMCAHK-

(e
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HUHF MUIIEp MHASKCHHM AHMEAA MYMKMH. YHUHT yayH (m.n.p)
COHNARPHHHHI TECKAPH HH{}EETJIIIPH E3UNA0H, HEHK

i— ! !— : l_ Ba WV HuchaTra TEHr OviraH 30 KiMHK ByTyH COH-
i " Fe

nap  Ewwnam,  wacaaw  y  cownap by ko f Gvnenn

P tiben e X ¥ xonaa (h, k, 1) connap ABC
L] n P

TexmeankHiir Muazep widexcaapu ned atanaan. Bup sicon kVpub

vramms. Bupop Tekmcnuk yayH m=1, n=1/2, p=1/3 G¥ncuH, ¥ xonia

HOemar, h 2k

2

hekel=l. ' . ' smm vwby TekHeAMK Y4y Muanep tekuc-

A -
auknap  h=1, k=2, 1=3 Gnann Ba Mazkyp TekMcnHk  (123)
KYpUHMILA GenriIaHAId. Arap TEKHCAHK GHpop KUOpaHHaTa ¥KMra
7 napanien G¥nca, Wy YKKI MOC MHACKS
(001 0 ra rTedr O¥nanM. Arap TEKHCAHK
a8 feny aadgril ket kecud Vica,
yiia  Ykka Moc  MHIeRC  savidin

A

(w10 010 OVaam, MekifH WWOPa COHIHAD o0-
v aWra Amac TenacHra kL. i=-1.

k=2, 1=2 ©Oynca, TeKHCIMK (122

i 1001 KVpHHMa  Deanuianaan. 1.G-

r’:? A KvDHUHE €H TERHCTImpi

| TR NET MI-i.'I..'I{.'II
BIED TR B PE I TORIL MUCean

kemripuarad.  [(100),  (Di0), (001,
(100) na Gowwanap]. By Tekncnukiap
IKBHEEUICHT Oy 12l YOYH ¥IapHr BUp oHaar MaHevd TekHcakap
ne kapanaad na KarTa Kage Guaan Denrwnanag [TV, kaTrik
wHOMHUHT yiby pvinnuenap 68 hma gk xoccanapn Dip xuaanp.
Kpucrania Tekncinkaapilal TAKIpH, IVHAIaapHi NaM Dearianw
kabyn ki uiHmH, [iianiunn SearmiosH THACKENAD HVHH 4T KN-
gk GVIYH 4. v, W, COHAIpEW, ¥AapHUHr Huchamt (e v ow)omy
FIVHIL IS QJIMHH BEKTOPHHHT Koop- 2

AMBE VRJAPIGAT  TIPOSKIINATPH ,,..,i’ifl_;*"*"f A iFs i
vaapo HeBarurn Teuranp. by epaa xam A e s j

-

KOOPUILHATARAPHIHT Macumah Gupour A T

TPAHCANUHOH  BEKTOPIL  YIVHANTHTD Seecct - mpaly i =
TeHr ned onumdaan, My ;
nekeanpit TVpTBypuak kabend wins ot nERgiaN@ g wprir

Eaan. Macaran, | 100 CTORFIRES ro a3 oy i i

| e T0279
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— VM G6¥Mua mvcbar Ba Maddmid EYHanMwaapHd OMaLMpaln
(1.7- ynsma). 2KBUBAICHT H¥HANWWAAp oWlacH CHHMEK KaBe BM-
nan Genrunanamy <wv,w> XOF ékpuur auaronanu [110] Gunax
penrmnanagn. [111] - syGHuHr dazosuilt anaronany. Kyoue cun-
roHusaa arap k=u, k=v, l=w 6inca, |wvw| W¥nanun (hkl) rekue-
NUKKa nepnedHkynap 6¥nann.

SNeMeNTAp KATAKAATH  TYIVH  KOOPAWHATANADH  XONATHHH
anuknau yuyn xam Gearmnaw kabvn kuaMHrad. TyiyHAaap TpaHc-
NHUMON HEKTOPRAAPHHHT KAHYA KHCMHHEH TalKWa arca, Yiua coM-
Aap Gunan Genruaadany,

Maocanan,  LS-uMaMana  KeTTHRWIGH
HIEMCHTAR #YCHED MapkasHOary TYIYH Koop-

1 1
AHMHATACH ot E, HH TRLIKHI TR,

=
Viuby connap Kasous E3manM.

Arap TYIvHaap €4 EKap MapeaanapHia
oica, (EXHl MApKITALWGH VISMEHTap Ka-
TAK) YMAPHHHE KOOPIMHATANAPH KyHMHIArH4Y2
SLTANM L 1—U; IJ]— l:_ lﬂ'l.

P P e N

Kpicrann  Tvanauwnap  Tancuodu
KEITHPHAMAH KALBAIIapaa ONIHH 0Jatda, WTEMCHTAD Katak TvpnH
Ba {nuamnapy Gepuiafn, KeluH TYryHnap KoopAWHATANAPH Ken-
THPMAALH.

PA-irina, 3aeMeHTan Ka-
TAKAANE TYTYHIA Basisidn
BeariaaL

L.5. KpHeTann aromMiapuiiir bl MONEKY EUTAPHHHHT DOFAAHM TYPAApH

KpueTann nad#apacd KpdeTannapHd dapeiail, KpHeTan-
HHHT FEOMETPHE TYIUNHIUM TYFPHCHAA TACABBYD XOCHT KMIHLIT
epnaM Bepanu. Jlegun, ywdy GHAHM KPHCTANLATH ATOM EKH MO-
AEKVIANAPHK KPHCTAAN NMAHEAPAcH TYIYHAapHAa TVTHD TYPYBYH
KVUIAPHUHT TAaBHATH Xakuaa Manaymot Gepa onmaidan. Wywuur
YUYH KEPUCTANRADHH YIAPHH TALIKHA KHIYBYH aTOMIAR EKH MO-
Jekyvialap opacHiard TakcHp Ky4aapura kapad awpatiw Ba
Ypraudm Makeanra syeodidy, 6Vnaaun. 1. 1-yuaMana atomnap Mo-
ASKVAANAPHHUAT Bornandnra kipa Gew Tvprarn BorsraHuwap
MABAYI FHAHNMCK k¥pearnnrad. byfgap Monekyndap, Bolepol,
KOBANEHT (aTOM), HOH B2 MeTann GornaHulLIaAPIUp.
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2 m&jl — -ﬁ{i = E"FI‘W —l"'w) (IH:'
e ™ +e™ = Jecosag BUNraHHOAH
w = EE(I —cosag) = 4ESin’ - 3
m m 2
EKH
w =1 %Fin % - mm%in q—ﬂ (2.9)

HONAHH XOCHT KHnaMus, BYHIA @, — MAKCHMAN TAKPOPHILIHEK.

Arap o TOKPOPHIUTMK ¢ TYIKUH cod Gunan (2.9) OMcnepcMoH My-
HocaGar opkanu Gornanran Oyaca, ¥ xonaa (2.7) opkand udotanaHran
JONVEHH TVIKHH (2.6) TeHImMaMaHHHT esumu G¥naau. basan xynocanap

xakuma TVxTanamus. o = wlg) dvHkums aaspuid ¥smapaou [(2.9)ra

kapaur]. q un (2.7) wponana ¢ =g+ i?i

ra anMalITUpCar, W, = u,

GYNG YHKAIM, ALK ¢ Ba g dusHk KuxaTaan  dapker3. bolikava
2n

affTraHma, g Y3rapHWNapHHHHT Xap KaHnaw - KEHIMMKIATH  Opa-

AHFMHH KAPALL STAPAWIND. § HUHI ACOCHA V3rapuil Opannrd Kb

el (2.10) N
i g | T
| ':
coXaHu  TaHmab  onHW MYMKHH. : !
w =wlg) GornaHHL % amp Gunan : |
a 1 j
arapdinn 2.2- pacMaaH K¥pHHHO Ty- %7! .4 0 a %

pHonM, GyHaa
g=0 na e=0,

T
q-*:;jl,am=mm.

2. 2- yirssia. oo {q) GoFTaHnm

2 4
qg= —f MyHocaBarra vipa g=0 oa A na i, =2a.

:ﬂlﬂ‘qu

I+
Bl

B,

Jemak, 30" KH4MK TVIKMH V3yHIHIM 2a 6§aub, 3Hr KarracH
YEKCHAAHP
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MakeHMan TAKPOPHIAIME Ba MUHHMAT THIKMH V3VHAMIH MAaBayI-
AWFH JMCKPeT ATOMAAp TVUMH TeOpaHHIIMAPHTA XOC XYCVCHMTIMD.
Buz kVprad o aroMiap YekcHd JaHXHpHra Teruuni . Kpueran-
JNAPHUHT MAKPOCKOMWK HAMYHANAPH KYI, aMMO HeKTH COHIATH aToM-
napiad TApKHGNAHTaH. ATOMIAP SAHAHPYACH HETapalapk TALCHPHHK
Hazapuii  Gaptapad kuanw ydyH G Ta ATOMIAPHA Karma panuycin
afinana 6yfaad wolnawryphaany 1e6 dapas kHAMO,

o TN (2.11)

i

k¥puumoarn  bopH-KapMan AHIAHABHE LUAPTHHH EMPUTHIN MYM-
kuM, Gyima n+ G atom n- atom Gunan Ourra. By wapTian (2.10)
Vprura
- E =g = E {2.12)
2

2 -4

wapt (g-Byrys com) kenud ynkand. Jlemak, G atomiad Tauwkkn Tor-
TaH YMIMFHE SaHAMPYAHWHT 3PKMHAMK Dapaxanapd G Ta, buHoGa-
DHH, G HHHF KMitMaTaapy wy colra Tesr Gimaau, (2.11) wapriay:

2w g
= (2.13)
¢ a G
@ NaH o+dm GYIraH OpANMKIa KaHda conaa Tebpanuutap Dop AeraH
capoira #asol Tonafndk. (2.9) ndoaaiad

dw=ﬂﬁm‘a‘?d¢'h £ 05 22
ml 2

icos
Hevar, dw opanuxaard  teGpaHuwap

G ;| p
COHH
G [f dw
dr = 2dg = — |— - (21 6]
Z g N"'Mlﬂﬁﬂ {l'.l':,
2 [ T

ﬁyﬂw_ E}']‘l.ﬂa“ TEﬁ;H-HHu-I __‘“_‘;p SOHM 1 Foyprpan. dzfdin GOFNaHEML,
FHYTHIM:

dz
I'fg dw

# 30 R (2.15)
de T fm : _'-w_!
Wy
DAGCTHENME HAIAPHACHIAH MILAYMEM, TOBVID TCInHIH v, SM3CTHE-
TTHE MOIYAH Ba 3H40MK opkany Wdodanadai. "

12
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HHIMILG Tacr BuapHiygn
HRKHHI M0 aroaiap »”

= E_ I8
v, \/I_' aﬂ. (2.16)
I )

; 7 [ag o
YavH TnKHAap yave |5 = T < | | HOROpHILAH (2.9) udonaian m

EWlaH ¢ opaciaa NPOHOPLIHOHLT  DOFaHU  Gyamuning

MK s

: =¥ g. [3]7}
AMMO VAV ADLLED TYIKHIGE duciepeisc MBAY.T. By driza
TAPKATHILE Te3mr Yy HH D T‘j-".'!k;lill.l']ﬂﬂHHIlF CYPVXTIN TR v

Hi
Bup-Gupuaan dapiki Gop XAKHKA T xant | 29) I

atneHaa Lo S H W TT T

i)
il.ul:. = |_| - {1”‘:'] 'Ih
[H x‘;n "|
: o
I'fl.li i % !
P = = —'F 2 o \'I
i ’Er PR ’ (2.19) P
i
L HE T madguiapn (24-uia) oy o -‘ =l

GAPKHM Kypea 6 TVphtu: bvHao G
HH3HIHH COLIY HAHRAPD 1COPAHMWAD- 2 4ouy; 1, T timsliii | -

p:t Bl TVAKHHAIPHIH  [apMOIHHK v auk s g nfsf'-:.r:ml;l:lll::
TAKPHOI TG KIS MM MR A i

2.2, Ynanrmii mypaskai RarGRApaE TedpaHsuLn ) Ba THAKsLTD

_ DHAN By TICMEITAD KNArHAD HKKM
YINAMIH (Yianrmii) uckeua i
KIpal unkadank, NaCl,
CsCl wabie HOHIApAaH
TapRUGIAHIAH, Sim Ge

ATOM By Mypskkad GHp
THKIpUL Tebpaniuuap ga TVAKMHAPHM

e | el

: :
Kabi  atoviapaan tap oo = - i =
KuGaa i kpucranap il &
VIMEHTAD  snieiix L3 R ;
! i HESCHIn &2 s Yasmenil o o e
- 5 1B ARLEN AT0%w T8
21 i ﬁy.‘mﬂn. R RTHTIII :

Kapanaérran yy g W T ERApRE atoMaap AP Aoivauidmg 2.5-

MU arosaap - L o el pasimag,
Low", i+ pasinng B naHmn.

33


http://www.pdffactory.com

by xomw MM CIPMOHBK TakprSia i KYpanics Xap Gup atom
IHE HKUH NKKH KV Sian Vapo  ncHpiamann  fed
Xneobaafivins, bvwaa o ma w° ATOMIAP OPACHATH  KBAIK  313CTHK
TILCHP Ky koaduduiumentiig 8, , amvo o wa n*=1 ATOMIP opacH-
darn TascHp kvan kosghdummeHTIng A, aed dapas Koavus. Bu-
PHEMM 150 HKKIHIMIL X1 2TOMASP Maccanapi Moc paBHLLA 7 Ba m"
Bincing.

now om' arosanpiane CHUAMWIIPHHK o, B u]  jed,

Bowaapiskin ¢ L Ly - Ll +1 266 GearunaG
KYTIMIH IPakaT TeHmmaMaiapism é3a otamms:
4 % ’
W ‘:ﬂ; = Py, - ) - Poltt, - 1) (2.20)

2.
n

m'd I: ==By(uy —u,) =Py (] ~ gy ). (2.21)
i~

KEom 2micik Ky TILCHPHAD XaMMO KIKT FAPMOHHK  Xapakat
ORI KeaiumEn 3uTHdopra ancak, (2.20) sa (2.21) TeHTAM AP HIHT
eunMap

iy, = A'p WU e e it w) (2.22)
bviaa a mnaapa aonsmiicn-nkkua Gip A1L1 KIFILHK aTos opa-
CHIAMY macodia. (2.22) cwmauaapin (2.20) wa (221) ra oG Bopul

K¥ilaes, davan avciapaan eHr A° ma A IMIVIITV VD YayH HE-
KHTA Tenraana xocis oy

A" =0 (2.23)

il

m

4

[ + i ]
lw.‘ B, '1'33 L‘-*_[»GI B.e
r

I .-n.|r' i :I
' !LB'__P_EL ‘,.1’ i [w“’ = 'G_|ﬁ A% (2.24)
|_ i | m J

by uERN S Bup Runcun renaaMaIap oncresacit DanG,
A wa A HOMOBAYMEAPY O B 1 KMIRUTTY s rvavnan
AHHR OB QLT PAL T)
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(2.25)

OYNFaHAArHHD IOKOPHIATH CHCTCMI MIBHOTH eMMALIAPI 31 G¥naam.

(2.25) annknosum ounb unkwica, @° ra HHEBATaH KupaT TeHrama
XOCHN BYAHG, YHHHI e4HMIAPH MKKHTa BYVaaam:

w] =lm;7 = I—r’sin’ﬂ[. (2.26)
ﬂp 2 2 ||
\hﬂg" w; = zlm,;"{l +1“ ~r*sin’ E_gi (2.27)
byHna.
m&:‘ﬂa' B2 dm +m’) vi=16 BB | om'm”
m'm* (B, +B:)° | [ (m+m*)?

Arap w Ba g opacHaarn Gomauul (2.26) (227) k¥punmng Ginca,
(222) ewmmnap (2.20) m (221) xapasar TEHITRMLUTAPHHN - KAHOATIAHTH-
pam.

(2.26) Ba (2.27) ewitmnap acocuaa KYAHIArH MyxiM xyrocanap Ke-
MO YHEKaIH,

I (226) ga (2.27) ndonanap TEGPAHHLIAPHUHT HKKH TAPMOFHHM
aHHEA K. (2.26) widona Tascuduiaiianran TIPMOKHH JKYCTHK TAPMOK,
(2.27) TAPMOKHH ONTHK TAPMOK i HAATH. Maakyp indonanapaan

0, (0) = w, m_{%}}wm. {E}}m,m (0) = 0 {2.28)
MyHocaBartmap  akycrmk TAPMOK,
ONTHK TapMOKgaH nacToa  woi- m
TRWTaH, ¥y HON TaKpOPHIITHKIAH . ",

BouvaHrakm xonna onmik TAPMOK,
AHYD IOKODH TAKPOPMILTHKAN Teb-
PIHUIULIEPHY 3 yynra anaiaM
(2.6-41ma).

L AKYCTHK Ba onmuk Tap- o iy
MOKIIpA TeBpanuuap denimim
KpaIMK. (2.22) — (2.24) nipoaa-
TapaH

Vo

2b-1tut avtan. o) BOF TR TAPYIOK Taph.
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'_"l:i— Byt ™ (2.2%
w, A (B, -Bs)-ww

MYHOCABAT QML MYMEMH, YHE derapannii xomnmpi K¥ PN,
A) Heroua vayn TVAKHHAAD Xaaum

A= oo = ‘ 2= iy !
i
by xoana
[ﬁ Y L7 (2.30)
~rr,l' '.'. wl! L m'
JleMak, axkycTHK TpMOKKD TETHULIM TeOPnmiap  TVIKHHAADK
uekcHs yayH O¥iasman atomaap O6Hp  daxna  tebpadanM, HbHM oy
My =y O¥aa. ONTHK Tapmokaa aca By xooaa arosaap Gup Gupura

KA I:Im'.ﬂ,-t:! 'El.:{-li'l:IH:‘L;lH. dMMO  YIODHHHT  OFURAHEKE MapKasH
NIPIKATCIS KOAMAH.

BHPHHUH TapMOK 3MaCTHK AKYCTHK TVIKHIVIPT MOC  KeTAIH.
IUYHAAH YHHUHT HOMH KeanD unkkad. Hkkisnan tapsor, tedparduma-
PU ONTHE RHXATIOH $aon. SLHH VAGp HHQPakHsHT  HypIHHIHK
IOTHLL B YHEAPHLIAA KATHAG OEUIH, WYILTH ¥HIEHD HoMiH Kennig
HHERAH. }'{&i{HKﬁTHH, AP KPHCTAAN  WIEMEHTAR  Knanid  HEKHTA
KAPIUM LOPWIH HOHNAP OY/ICa, WIap MEKTPHK Annoiian  wdopar
GYMB, TeOPAHNIL XKAPAEHILEY AMNT MOMEHTH VHmpnd mpats. iek-
MPOIMHAMMKATA KVPCHTHAN MY, YIrapYBUaH MOMCHTI 100 Hyp-
EIHHIL MNEapa B3 1073 O,

B) Juir KHCKD VIVH MK TVIKMHIAP X001

A= Ia::.q—'-z‘_’i—i-
£

(122), (2.24) vdoganapin ”% = YUYH MYHOCIEIT NOCHT KHNHHALM,
#

Yiurr g, = B, GVArAHAAMH TOIIH KYRMAAN HaTHRAMPHI HEpIn:

(T XoUa aKYCTHR TapMoK/ia W, = (L #0,

mym” XONna ONTHE TapMogn (231)

r.':, =T r.r: w0

Ih

PDF created with pdfFactory Pro trial version www.pdffactory.com

lemak, sHr kucka A = 2e¢ THakuH xonMAA AKYCTHE TapMoORia eHIMI

ATOMIAP XAPAKATCHS, OPMp/IapH TebpanmG Typany, omTHK TapMokia
A AKCHHYA.

B) sna OBup XonHW, seHM m'=m” Ba 828, xonHu x¥paiinme
I0xepuaarira ¥waw Taxmn okpbarmaa 6v xomaa
u’ *
[_z_LJ =1 8a ["_‘:]:-l_ (2.32)
o ok By

DHI KHCKA aKYCTHK TYakMHoa, By xonia aromnap Gup xun dazaga
Tebpanand. Onmvk THIKHHIA SCa Kapiiw tazanapna TeSpanann. Bus
OnanH arap (2.9) macnepens myHocabati GaxapHica, (2.7) udona vo-
AVBMH TVIKMH (2.6) TeHrmama edumu GYMMUITHIMHM KVPOHK. AMMO
(2.7) rapmoHuK TYAKHHAAP By SUHAMPATANY ATOMIADHHNT SHT YMYMHI
NAPAKATHHY TaRcdUiamMaiimi.  BYHUHT yayH (2.7) KVDHHEMILIATH MyM-
EHH 6yraH Gapya TVIKMHIADHUHT YH3HFMH BHFAHIHCH QIHHHILH Ke-
K. JHI yYMyMHIT X012 AaTOMHUHT CHTKHIIH

U, = 3 (4,0 L g -itom-un) | (2.33)
9

KVPUHHIIAR MOILTaHHIM Kepak. Arap G aromMpad TalWKw! Tomrau
JAHAXHPYA Kapanca, y xonma;

i, = é E{a,e”“‘"“’”* - .-:r;e'”“‘"’”} (2.34)

Bynna a, = JGe™ .

1]
ATOMIAP 3AHKUPYACHHMHT KMHETHK sHeprmAcH £, = %Eu;’, no-

arm|

& 1
TeHUMAT 3Heprusen £, = f E{H, ~ ) - (2.34) nbonanan doitaa-

TAHUG 3aHKMpIaHHHE TVIa IHEDIMACHHM
E<E +E, =2mYy wlaa
Lt Tl

g

Kﬂ]ﬁipﬂl’l-‘!ﬂl’i X lg., o , P e [a' = ﬂﬂ, }
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1 2 1 Bl
E =};{qu +-2-quxq}. (2.35)

X, Ba p, =smX, KaTT&IMKIap HOpMal KOOpAMHAaTalap Ba yiapra
KyIMa uMITyJIcap BasudacuHy Oaxapanu. Jemax, Gup YiTI0BIM Kpu-
CTaJI SHI' YMYyMMII XapakaT TYna sHeprusick E  HopMan TeGpaHumi-
Jlap 3HePrusUIapy HUFMHIMCH cudaryna udonanaHaiy.

2.3 Yy jmuorma Mypaxkkab KPHCTAUI HAMKAPACH ATOMIAPH
pE

Brp Vimuosm (UMsHEMit) KpUCTAUT MarkapacH aTomiapd Tebpa-
HULUIAPMHUHT acockit Xoccaiapu (a3oBuii MTaHXapa aTomnapi Teb-
paHWIIUIApHUTa XaM TervuUTHaup. AMMO (a3oBMIA Markapa TeOpaHHII-
JIapura XOC XyCycHSTiap MaBxyn. bus sHmu yu Ymyomnu (casoBuri)
Mypakka® KpHUCTAUTHM KapaliliK. YHUHT 2JieMeHTap Kararuga § Ta
m, (k=1,2,....5) Typmu Maccaiapra sra OGynraH aromiap GyncuH. &-
ATOMHUHT M-3JIEMEHTap KaTakIary BasusTy
L= S (2.36)

n

— TVYFPM ITalCKapa BeKTODH,

F¥- k- aTOMHUHI 5M€MEHTap Karak WIMJarv BASUSTHHM aHMKJIOBYH
pamuyc-BekTop. Illy k- aroMHUHT MyBO3aHaTHI BasUATHIAH CHDKU-

WMHY #°, YHUHT TYFpU GypYakiid KOOPAMHATa CHCTEMACHIIArM Tall-

OVncuH, OyHoa 4, = ma, + n,a, + nya,

KW 3TyBIWIapysH X (a = x,y,7) 0eb Genrwiaivms,

Kpucramn nymoa axpatid omaHrad kyn G COHMM 3appajiapHu 3
WYUTa ONTaH COXaHWHT N 3neMeHTap Kararuzia 3sN Ta u), cwoomn-
nap Gynamy, cwokunwiap 6ymmaranna uf, = 0, nmorenuman sHepusa E

oFE

MUHUMMaT (SHr KW4YKK) Oynamm, SHHH [a':"“] =0. HAua
uﬂﬂ 0

E..(u, =0)=0 ne6 xucolnaiimus. By xonma cwokuuuiap ¢QyHk-
uvsicn 6Ymaum E,,, (4L,) TOTEHIMAN SHeprUsHU uf, HapaxXanapy

6yifya KaTopra esMus:

38
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L }4;45!45 +.  (2.37)

- . aZEm ) k _0
Ces ~ du. aunﬁju,,ﬁ—{)

k=0,

L a%«:{m x ug'; e

W | Quf dulkgoul., 0,

lapMoHuK Takpubpa, FeHM aTomIap '?3apo Ta'bcnp Ky4iapy KBasy
anacTuK e xucoOmaraH xomma (2.37)° EilwiMama  GMPUHYM

HUFMHIANAH GOIIKA XaMMa XIUIapHH Talial 1060pHIl Kepak:

1
Emm iy 2 naun’ 5 2.3%
2 nn'kk'af Coffrtrs ( ;
Maskyp coxa armm:_a_pu.mﬂeryn( BHCDI'PEHCH WAFAHIKCH
Ep, ——Em(um)l (2.38)

KBazgpa'rnK (2.37) xypunmiuma wudbomanaHTaH E . IaH CcwDKdm
Oyitya ONMMHIaH X0CWIa MOC KBasH 3MaCTHK KYYHH AHMKJIAlIN:
JdE
fra =~
ouf,
F'apMoHMK TakpuGna KapanadTraH aTOMJIADHMHT KIACCHK Xapakar
TEHIJIAMAaNapy, GuHobapiH,
dZ :a E Hom K -
N
Kypunumpa 6Ymi6 (#=1,2,3,..,.N; k=1,2,3,..s; =x,%,2), ymap 3sN Ta
HOMaBIyM uf, yayH 3sN Ta madbdeperiman TEHITIAMAJIap CHCTEMAacH-

HY TallKWI Kwiany. by Xosina Xam TeHraManap equMuHu

uh, = —L 4 (g)eomen (2.40)
m.ic

HOIYBYH TYIKUHIAP KYPUHUIINLA TACBHPIAMMU3.
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I
AY — Typnu atommap XuaM ydyH Typau 6¥araH RE A" — kom-

T J

= 5
TUIEKC aMIVIMTYOA TallKWi 3TYBUWIApH, ¢ = TH" — TYJKHH BEKTOp

(n, - siccu TYIKUHrA HOPMATTHUHT OUPIMK BeKTOpH), @ = w(g) =, -

TAKPOPUIIIHK.

by Macanand eumilmaH Keinub YMKAOWraH acocMii HaTiDKalapra
TYXTa1aMK3;

A) bup ¥nyornu mnaHxapa TeOpaHULUIAPM XOAMIATWICK, Zj Ba
g=q+ Eg (ByHza Teckapu rnaHxapa BEKTOpU Sg = gl{;j + gzz';l + g353)

BeKTOpnap TaBcudnainuraH TVIKMHIAp 6Up OGUpH 6unaH aifHaHaup,
SABHU '

U (§') = U, () (2.41)
Bywu a, Ba 1; BEKTOpiap TalUKWI 3TyBYWJIApM oOpacHiaru
OornaHuLLLIap acocuia ucbornam ocoH. JleMak, ¢ ra OORTHK 6ynraH
Hapya KaTTanMKiIap AaBpuil y3rapaau, OyHna a4, = d, éa b —b KMYMK
KMiAMaTiapHu Kabynl KWicak, ¢g'a; =qa, +2x  TeHIVIMK  Kenud

yukaad. Jlemak, asoBuil mamxapa TeOpaHMILTADUHM  TaxJIui
KWIraHaa g'a, HUHT KUAMaTIapuHu

~m<Gd <+m (i=123) (2.42)

opanukia Kapaica O6¥namu. By yura TeHrcManmukiap q — (asomaru 6u-
pop XaxMmHU ndonanaiiau. YHu ouprHun BpuiutiosH 3oHacu meinnanm.

Kybuk kpucrami yuyH (a, =a, =a;; a4 L a,,4d, L a,a 1 ay)
(2.42) TeHrcUaNMKIAp yura

By =il (2.43)
a
WwaKaHu onaad. by Xomma OuprHuM BpuumiosH 30HacH  Xakmu
3
Ko — [2%} 6ynanu, 6yHna V, = @’ snementap karak xaxmu. boiuka
KpUCTa/ll TNaH>Xxapa YYYH KMJ]MHIHH )\MCO‘S XaM XyA4M HIYHI 12114 HAbHH
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3
Vs _(2;) vdonaHu Oepanu (anbarra, ¥, — OSIeMeHTap Karak
XKMU TYPJIM MaHXKapanap YUyH Xap Xui).

b) (2.40) eunmnapnau (2.39) TeHrnamanapra Kyiicak, HOMabiyM Aa"

i aMIuIMTYaaIap yuyH 3sN ta Oup SKMHCIA YHM3WFANA TeHIVIaMatap cMcTema-
i CH XoCW O¥nanu. YHUHT MABHUITN e4uMIapy MaBxyd OYIMILUM YYYH HO-
! MAaBIyMIap OJIMIArU KVMairTyBYMIapiaH Ty3WIraH aHUKJIOBYM (OeTep-
MMWHAHT) HoJjira TeHr OVIMINM 3apyp. 5
YHu euymuigad @’ ra HucbaraH 3s ga-

paKaTM TeHrlama Xocun Oy¥nagu. by

TeHIJIAMaHUWHI 3§ e4uMMra MOcC paBUILL-

5%
Ja (a3oBUil Narbkapa aToM1apy Tebpa- : ]
HULDIADUHUHT 35 TapMOFM  MaBXyll :

6ymanu. R %

by TapMOKJapHUHT (akar 3 Tacu —= 3
aKyCTHK, 35-3 TAacM ONTMK TapMoKjiap i
Oynanu.

Arap KpUCTAUIHMHI 3JIeMEHTap
’ Kararuaa 1 arom Oyiica, dakar yuta akycTHK TAPMOK, MaBxkyl 6¥nani,

arap asieMeHTap Katakaa 2 atom (s=2) 6¥ica, 3 Ta akycTuk Ba 3 Ta on-
THK TapMOK Dyi1any Ba XOK030.

Xap OuUp TapMOKAaru TYJIKUHIApHUHT Oupu Gyitama (1 éku L
xaphy OunaH OenrunaHamu), UKKATacU KyHaanaHr (f éxu T x;apdm
OunaH GcﬂrmaHaﬁM) Oynanu.

B) ¢ HuHT QYHKUHMACH OYIMUIL @ ; XaM J1aBpuit ysmpann:

.’- ©,(G+b,)=0,@) (2.44)

. byHaa Aj — MXTUEPUI TapMOK OesrucH.
| ) @ TakpopuiinuK ¢ HUHT XyPT OYHKLMsCH

;(-q) = w,;(q) (2.45)
by ®; wdonanapura ¢ HuHr ¢akar XydT Aapaxanrapu KUpajiu

JIEMAKIHP.
) bpummosH 3oHacugaru xXap Gup TeOpaHULLIAp TAPMOFM YUYH
®;(q) = const cupTAAp sicalll MyMKUH. By GHp X1 TaKpOpHILTUKHI EKM

2.7-ursma. Y ynyowiH naHxapa
TeOpPaHULLIAPH TAPMOK AP,

Oup xun 3Heprudnu hw ;(q) = E(g) CUPTAAPHUHT TY3WIWIUKM KPUCTAL
| TYFPU MaHXapack CUMMETPHSICUIa MyXUM Japaxasa GORTuK,
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E) 2.7- umsMmasan xpuranmda, O, 4, € s O Hygranapma an-
HHIL Maeskyd, seiH Oy Hyxramapia GuMp Heda TapMOKIIEP KECHLUATH.
SlHa WyHH aifTil Kepakku, © () HHHT SKCTpeMYMIapH BpHULloaH
I0HACH MapkasH Ba  GUCTRpanapMua  Xas, YHWMHT Oemad  Hakn
pykranapima (27- masmaga M osa MY HyKranapua) xaM o Spurink
GVmTM MyMIHH,

X)) By xonma xaM KpUCTAI ACOCHA coXacH CHPTHIAH JYerapanHi
mapTnapHu Bops- KapMaH mapriapH OHTEH anMarITHDHATH.

3) q-pasOHMHT EHMHK XAKMATE THFpH Kesrad TebpaHHIap coHu

W g (2.46)

{2y
Gfnami, GyHna V — KpHCTAUl coXacH XakMmH, dV, = dgdqdg, 3ca g-

dasogarn MK Xaiod. Bup tapmoxmard Tefpammnuiap TiMa COHM
=N, Bapya Tapmoxuapnary TeOpaHHODIAP TIA cOHM =35V, MEHA aco-
cuif coxa aromnapd SPKWENME Dapamanapy conura temr (N —
CONANANH 2EMEHTAp fucHKaTap coHM, OHp ATOMHHHT 3PKMHIHK [a-
paxacH 3 Ta ged xHeofnasary).

2.4. Haorpon KoATHEHYM TAKPRONSA KPHCTA LRI TedpammILiap
Rl TR

Mazivp COOHHHI MVEALIMMACKHOE AHTHITAHWICK, KPWCTAT NaH-
Aapa IHHAMAKACHHH TANKHEANIIA HKEMHIH Yeuy0 — 6Y KOHTHHHYM
TAKPHO GYIM0, YHHHI acOCHIA KETTHE #McM Oup GYTYH 0acTHK Ty-
Talll MyXFTaaH wdopar gcra ¢apad éragn. By Taxpub Kpucraur nan-
#apacH JouMHACHAAH aH4a Karra G¥nraM, AeHH KPHCTA/UTHHED aTOM-
TEpNAH  YIWTHILAH  TYIWTHDMHME @ xpcobre onmaca Oimamuran
VEVHIHEIAH TYNEHHIEp XOMHIa SHT INIUH Haricganap Geparmm.

Bui3 EyiiHla HOHJED KPMCTALIMAA VIVH AKVCTHK BAa V3YH ONTHK
TUIKHHIAP XOTAPHHM KPHG uKaMH:

A) V3yn axyeTHk THNKMHNED XONHAR KOHTHHYal TAKpHO 3MAcTHK-
MK  HAEPHACHHH &inamra  GapofapiHp. ATap MYXMTHHHI F
HYKTACHOA [ BAKIEA CHLKHMUIHE u(r,?) nef Gesrwnacak, OHp AMHC,
H3OTPOT, 3ACTHE KOHTHHHYM YIVH XaXMME Kydiap HHrmgard
XAPAKAT TEHINaMach

a'i
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.“1

GyHoa, M Ba A — A a3 ponMui kosdduugierapy, o — OHp XHHC-
M KOHTHHHYMHWET JOHMME 3iromary (6y TeHmama XEkM GHpusr
YayH E3HITAH, YHUHT VHT TOMOHH SMACTHIOTAK Ky-wUIapHHH H}omainm).
DIACTHKIFK , HAFAPHACHIAH MABTYMEH, divii = 8 — XTEMHMHT F

HYERTAL #% HHCOHIA Y3rapHH (KHCHAHIIH], %mIE:é aca Viua
HVETAa XAXKM MeMeHTHHEHT Gup Oyryl chdardma Gypummn Sypyant.
(2.47) TearNaMaAHHHT Xap HEXH TOMOHMED AWRepreHis (div) aMamiHu
Baxapeak, 8 KECHTILI VIVH
2%
a 2
TmWE Tenrnama onami3, GyHpme ¥, =

THARHHIADH TEXTHIH.
(2.47) TeHIMaMaHHHD Xap HKKM TOMOHMAA potop (rot) amanuHH

Basapcax, Dypam Sypyard ¢ yIyH

-
3 22 _yivig (2.49)

= vig (2.48)

(M +A)p  KucHMLL

TYNMEMH TEeHrmaMAa  XoCHn  Kuoames,  Gyuma F",-E Gypanmi

TYAKHHTAGpH ToWIHIH. V)V, 3KaHIMIM paBiaH, SYHEM OHpHEYH
XOULIa MKKHHYH X0Nra HAChaTaH 3JaCcTHKIHE KapliiaHTH KaTTaaup.

Iy epaa TapkHiall Kepakkd, FOur MomynH €xu GyinaMa aia-
CrHKAMK Mooy F Dunad M Ba A opacuaa (M30TpON MOLIAda)
kytsmarm  Gormammn  Gop: Esﬂ%;t%
MOIyIUIapH Xam ¥3apo GORTHE, MOMIATA MYCTAKHN SMACTHIIHE MOTYT-
nmapH uEkuTa (M Ba A By £ Ba v, XefiiEme MonynHM [Tyvaccod womsdh-

5 A

HeHTH  pefmany: WM+ A)
PmgaMHEMHT  HEcOW®  Yerapummey OffnaMa dnuavm HHCOMIA
mmﬁw}.

x ¥xu GPidnad mwmﬂmqmﬁmm Kapa UK.

it = Asin(mt - gx). (2.50)

. Bolka 3amacTHEIHE

HEMYH2  KyHpaiaHr

Byrmasn:
6 = divii = ~A,(g) cos{wr - gx). (2.51)
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BA @ = —rof = - Aj{i]ms{w-m}+4E{%Jcos(ﬂ-qx}l, (2.52)
)

L

2 2

ByHaarn 4, Ba k,-y Ba 2 ¥xap Gupanx BexTopnapH. (2.51) naH kypu-
HALIMYA, KHCHIHI TYIKWHAAPH KSHAANaHT THIKMHIapaHp.

(2.48) Tenmama Ba (2.49) TEHTAAMAHMHT @ TAWKWA STYBYWIADH
YUYH KYPUHMIIM GMp X, WYHMHT yayn (248) TeHmaManu Kapad
HMEHID  KHOS. O KMCHAMID  TVAKHHIapHHM L KHppann kyvfna
KIPAHMHZ. X, ¥, £ KOOpAHHaTatap VRIAPHHKM  KYBHHHT  kHppanapy
OVitnal WyHarmupamis, Yerapaguil wapriapay Gapya 6 Ta KyS EkHaa
(x=p=p=0; x=y==1) B=0 6¥ncuy 16 Tarnaivma (2.48) eqmmiHM

B=Asin(at)sin a x)sin{byisin(co) (2.53)

KYpHHMLIA Kiaupamu, (2.53) nn (2.48) ra kiidcax,
w=va’ +b ¢l (2.54)

Herapasuit waprmapui kaHoatna ITHPHIL YayH
al =mn, bL=nm, cL=naz (2.55)

4eb ol Kepak, Byt m, my, n; ~ GyTyn mycbat comiap xm HL:'
(2.535) 1u (2.54) udonara kiamus:

@ = %minf +u5 el (2.56)

fl; COHNAPHUHT Xap OMp ywiMrura MyafisH TaKpOpMAnHKIK GurTa
Hopman TefpadHil Moe Kenamu.

AFap m, m,, 0, connap karra Ginca, TeOPAHHLLTAD TVIKMH VIVELTHIH
L fan anua knauk 6inam, Oy @ Takpo- Ay
PHHAHK N coHnapra sy yanykeus r
PABHLLDA BornanraHmai bitnanm. £

A +n} +nl =C? Genmunaw wupir- B

(1] L | x.
%C . 2.8-unaMaia Taceup- I o

Jadrad Ky0 nadkapa (Byaaa thakar
(A0 ) TEKHCIMEIDArH TVIVHIAP Ken-

THPWIFAH) TYIVHASPHUHUHE Xap GHpura 2.8-4mania,

CaK, @ =

m
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YUTE 0y 01 COH TVIPH KERUUE. AMMO TRIEKIYIIHT Xap Gup TviY
HIEED DI R HopaUt Te0painIn soc Tvinant. i coil ap kar G4

NI vk, e+ e TaRPOPIL UK OPILITITIRD TVEPH KEAT Te0panin LI
COME Ak, by eon koopannar ok mutamm (C, CHdC) e
PHE EIT AL DTVIVEIR codirae TeHr. Jesak, (o ondi) opuiikgs
MOC KGN OVIFsaa 1eGpasiian conli

E_{{rj‘_ﬂ}{kq: ﬂ(- "'”.'_ - I - P 257
i Vgd1r

(2.49) 1eHIaMAIA (¢ BERTOPHIHE TALIKICT JTYRUCEPIG HneGara|

XaM Oy XHCOD rYIpH, aMMO BVIHID MKKHTD Talmatn 3ives BV
MUYH TCORIHHIUIP CON AAM HEKI MAPT) OPTHK
e -

2, iy = ——m ey [2.5%]

Takpopuiiiksap TV FKeHMoTH GVHKIInCH

14 ; N
ool = {m) + 2 (w) = J: — " . {2.59)
v,
Gwviian
| L] )
EP0 TSE. T ST — (2.0
Wy H ¥, Mo

Vi = VDL TORNID TE TR,

B) e ko Takpiadiaa HOHEID KYOHE KPHCT:ULT Yol
ONTHE  IVIKHHTID  TOPKATII  sacaach i RARNLIR. Thapas
RIVIIMIES HOHKIR KYOUK KPHCTALTH Xap Bup saeiikacHaa o 3)s-
ek AL Jed W M MACCLIH HIKEN TYH HEMITI nonL g Gop
BYAcHIL Vayn ok TeSpanmunnp  coxacuaard MORLIADHHHE Bapua
WCHRLRIPHAIT apakain OH)CIEIL  WYHEHE yavH OLp ek T
HOTLL MIPARITHIE TCRIHPIIN Kinwos,

o MUC ORI HOHAIP CHRHIIN Gyica, v Xont

i . .
M, ——e ==l -t Vre* [, (2al)
ift -
"1 y -
§i ‘—1—- ==flle: —Hi )+e* E (260
ofi-
byiiia £ — o LHITKRH M0 82 kpicicinmsr Goinka FEOH

TOMOIHLENL BUCHP 3TVRIN whek i PICKTPHE  MMLTN,  F-ksid
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JHICTAK KW KosdiunenTH. IOKOPHAATH MKKM TeHriaMaki GHp-
GHpHaaH ailnpeak. o

m—=-fit+e* £ (2.63)

bywna, s =i, -d_ .m* =m* +m.
INEKTPONMHIMHKAIAH  MABTYMKH, HOHIAp  KVOMK  KpHcTama
pdexTHB MalizoH
£ -E+3P (264)
6ynna E — AMANEKTPHKAArK VpTaya MaiiooH, kyténaimu BCKTOPH
P= H-JL"I""“E:L (2.65)
N, — KPHCTAHHHT BHpavK XIAMIIAATHM H4SAKANAD COMN ¢ = @ + a7 -
AICKTPOH KYTOAAMYBYAKTHK. (264) nbomann (2.65) m KYHCIK,

P=N }’MJ (2.66)

|- 4N, "
Besocita VIHAHNURTHIAH & KATTATHKHH YHKAPHG Tauwa yyvi

MEKTPHK HHAYKLY BexTopH npomack D = F +4xP = eF gan doki-

-1 2 J
54# E. HOxopn takpopitiikan saiiaoman

(1 = =) HOMAAP VHHUHI KeTHAAH varypul Gopoamaian, IUYHHHT yuvi
s—0 6¥aaan. By xanna,

BANIHAMMI, GyRaan P =

i T:WF:I— (2.67)
o= E E{E_ + .IJ

Ba
o & _ .
Popy . -1z (2.68)
3 4
(2.64) 8a (2.68) ndonamapann holnanancak,
ﬂj, il = -ﬂ}rm:i-.p -P—.-{..FLL%_} 'E-' {2,6’9}
dr-
GyHaaru
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{270y

» _[ B | 4aN,e* (e, +2)
9m '

iy =| fr—
|,

"

«Hopmananrans  vernammy m:,,’th;.r'. CTATHK  AMAICKTPHK

1
AOHMUE F (w — 0), s £, —F = -&e*" -——-—_4}:”“' o (2.71) kn-

m, Qo
PHTHACA, (2.09) TeHraMn
d!i' W = FII —‘F_" -
1 T Ty Wi, — = F 2?2
dr? ’ "V an o
K¥PHHMLIN Keaan pa -
- Eqg=FE. . F =
F e ] [ s |
), = o E (2.73)
Gy M.
Homaap xapakariung TANAHN KHAMW yuyH
W= W+ W, (2.74)
B
divw, = 0, rmnw, = () (2.75)
€6 atamus, by xoaan (2.72) uu
i}
R 1. o
P (W, +w,) =, W, -, ;:—WJ. (2.76)
L R TR KCITHPHD, YHH KKK A ITaMK 3:
d'w, ot 2
et || T iy
ar® A0
W, il P 276
drz [§] F [ { - ﬁ }

Atap W, Bsaw, 1w Aexplitgr - wn)| sicen TiaKun KYDHH MWD

£y

BICBHDIICIK o, =w, BA 1, - ;—;; Keand dMkaan. MkkHnam
TOMOIIA. (2.75) waptaapra kypa,
dwii, 4G =1 |
.’Tlhi:r - I 4 I i {'? ??‘]
! Ag|=10]
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byran A 1 g (cormmnomnan

W, TVIKuH KVHaananr),
UMan t¥akuy 6}'?£iﬂzi.\1a) 3K

AHIUTIMHYK K¥pamiis,

S
w, £

HICOATHI ey - Cakce - Ten,
Eye. OViaranmnany OViinam
Tj}.fIK_HHﬂapHJ'-MHF w,
HIHE ‘vuyy (2.78)
MYMKHH.

1€p MyHocaBar i Aeinn

aim.
a ij’..'lKHHI:‘Hp TakpopHiinmry W, KVHiana;
DaH KatTa, Ta}f(puﬁaﬂa @, HW ¥muaui ocon, 1y
Horanan @, HU aHuaan YayH  Qoiinanany

Kpucrany arom;
Kopny(:Kyﬂs;p (3
KuH. Ty
Xap  Kawuaaii

};l;{:h) L

P TeOpanmi;
aPPaBHii) HykTay y
APHUHT 3appasuii xo
FAKpOpHIinkaary,
Vv {KIEEIHTF-!) M
Xocca  kprictig NaH®

1PiIiN Goitika YEVa Ounan, aiipq
A3apiaaH Kapab UKHI Xam myay
Ccanapu kpucriy ATOMIAPHH I
Teﬁpa}muf.f’mpw SHEPTHSICHHUIE 57
ABXYA OYanwmumgy HaMOEH BVna;y. B_\_A
APACHHHHT J1eMenTap 3appatap Guaqap

/E,”tf (rores

(2.7

. VKHaLLITaHaa KBa-
OFta onail;, LRKGHIIIAN, KaasH e TY?S?KHa;unG iy
mmyﬁwﬁdbc Se)AaMalin] eI 303 r;};ﬂciodlaplﬂ KWJIajITaH,
sl 'év}1;1a TYKHallraH (QOHOHIap/iaH 3Hep
yiiaan, O) ) VUTAIIM. i
. a TAKPOPUIIMKIIM SHI'W GOHOH TYFUTIAL — e
gy ;IH 3appaHUHT SHEprusicM 3appa HCTAULIA aToMIap
SpK 4C, KBasW 3aPPAHMHI SHEPrisicH 3Ca (Kpfmnyﬂbcm s
?:;EM " Xolnaurakmry TyGainm) - KBasu
e
a bo-
1aHraH. g \H 3appajia CMd)ﬁTH.H
%F‘a;gl IOHJIap CMMH MOMEHT/Iapu OynmaraH ;:?F(;ﬁa;?HH TbHOH
‘ OyicyHanu. >
i efH crarucrykacura
3e-DHHIITeHH

] arjlarm CoHu
i v, A, ksaHT IHEPrUIM  XOJaTi
HUHT @, TaKpOpWHMHJIHKIIH, o
q .
Tlnank udonacu dunaH vidonanaHanu:

hoy | (2.79)
]
'1 [Ily xonaraary Gapya oHOHAAD SHEPTHsCH:
s ey | (2.80)
E,=ho,N, =ho, Le p o

Vzapo
Tabeupu  xapaépga apaa  Kpuerang
AHTHHN (Gat3ay
aHT MUKIOpLyg 3Hep
6panmunapn 3HEpriy
PYETHK TVAKUHWHY EPYIIMK Kpamy
Mi1a Tacsupnanran g YXiaiu,. kpy
apU 3Heprusicy KBaHTUIa Ba yHrg aoc
aH KBasu 3appg — doHoH TYLIVHYacH ky-
TOBYII 3appacyu geray MabHOHM aHr A

£y, =ho, 6ynu6, YHHMHI Kpaspy HMIYIICH
e MIa xapakar Kiianm 1e6 xuco6n

AKKOT  K¥punaay., by xapaéun
narixapacy ys Tcﬁpzn-nmumpn SHEPTUSICHT KT oup kp

KerMa-ker OMp Heyy KBaHTHM) Gepagy gy iy kB
FHsHKM onagy. Hemax, KpHUcTainy MaHXapack Te
CH KBaHTIaHmay OV, Xyvian ¢
Tapn — $oTonaap OKHUMI cucpar
fan namxapacyy TeOpaHLy
BasK UMGnvacky o4 6V,
MTHATaH. Doy cVi
DOHOHHMUK BHCPHsIC

), =hd Ba ¥ ooy aHaaH.
! AUTUANILIM Yy 6oucy WYKH, 61-
bpaiap kabu donom
ManapiariHa

s BEKTOPHUHI ki3, HMITYSIC ne6

IHYHAAH, xap kapy
L1ap.ax TaLIKI Cang g CHeTe
P akar kpuc raLapy;
T1aH, 6V KKit)
DHAAP, aTomy

Al Kiasn sa AP XaKuKuii sap-
aBXy! OVinanu. Donor-
HHa Mapxyn OYiug, Yaap kpuetanagay (Ma-
HKHO KeTa oamaiiny XaKkuki Jappanap — jje-
ap 3¢ Kpucranapay YHKHMO KeTu6, YHIaH Tawkg, una

C

aranajaurad  xan
Oparna ywdy sHeprusira siHa HON SHeprusi [1ed an

AT /LD

KVILIWIAAN, YHIA

ha, N ho, : Q2.81)
E, = haw, i
exp T
ATHKJIapH  opa-
Kpucrann atomnapu TeGpaHullIapy TaKpOpUIIMKIApD
p“ STary & 1

: NaivK.
KTPHHH  aHWK]
2 I 2HEPreTHK Chne AL
el o w, =0 gad OGouwiaHu6, ynap
Byuaa TeOpaHULLIAD TaKPOPUILIATH g eOpaHuil Takpo- .
e a Tedp:
HUHI® DHT Karta TaKpopMiUIMIHU @, MaBXyd, :Zy“ﬂ 1aH nbopar Kpu-
‘ ’ ATOM/12 -
ANMKTApH COHW (TAHTaHTaH TapMOK YayH) Mi:nwom i
p}IHJII-IKﬂcB}?q ra TeHr Oynaau. TakpopuinMkiap Takcu
CTa10a oJia
YayH (2.59) ndonarin Kabyn Kicax, y xon

(Tg(w)dw = 3N,

i

(2.82)
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Makcuman @, TaKpOpUIIMK YpHHra Tascuduit Temriepatrypa TyLIyH-

yacMHHM KUPHMTHIaIW:
0 = ha,, [k . (2.83)

by 6 Temneparypanu [lebaii Temneparypach neiunany. Makcuman
TeGpaHULLIap TaKPOPUIJIMKIApH @, Ba GWHOGAapuH O Typau KaTTHK

KUCMIIAp YYYH TYpJAWYaIup.

2.1 - acadsan
Kpucrauiap Tysunuwm -~ |1 6, K
Muc €.M.KYD 365
AJIOMUHMIA é.M.KYO 438
Harpuit X.M.KYO 164
MarHui ['ekcaroH 290
Fe X.M.Ky0 478
Ni &.M.KY0 446
Ge Onmoc 377
| Si Onmoc 674

Jlebaii TemriepaTypacu TylUIyH- 120
yacu KATTMK ucM U3MKaCK-
HUHI Kyn Macananapuna doiga- 115
JIaHHUJaaH. TaxpubaHUHT
kypcaruiuuya, 6 Jlebaii Temnepa- 110
Typacu mymiak 7T Temneparypara
OOFIMK ~ paBullja OWp MYHYa g5
ysrapanyd. Kynyuivk Kpucrauiap
yuyH Oy OOFaHMIL YHYa CE3WIap- 100
A 3Mac, ammo 6ab3u Xosiapaa y
cesunapiu 6ynaau. MacanaH, me-
tan In ydyH KenTupunraH —2.9-
yy3Mmaga TacT Temreparypanap
coxacuna [lebait TeMriepatypacu 0(T) XaTTo MMHUMYMIa 3ra Oyianu. 0
SNACTUKIMK foUMMitnapura Gornuk. Kyunu artomiapapo TabCHUP/IH
(07IMOC) KpUCTALIAPAA © HUHT KMIMAaTH 10KOPH.

§ HMHT Xap XWa ycyil OunaH aHMKJIaHraH KMiAMATiapu XaM OHp-
GupuaaH dapk, KAnaiH.

JleBail TeMrneparypacu IOKOpu (T>0) Ba nacr (7<6) Temreparypa

coxanapuuu axpatu6 Typaau. HOxopu Ttemneparypaiapia MyMKHH

0 5 i0 15 20 25 T.K

2 9-yusma. Jebait 0 TemMnepaTypacu-
HuHr MyTaak, T ra BornaHHuM.
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Oynran Oapua TakpopuiliMkiIard TebpaHuuLIap MaBxyn Oynanu, nacr
TemnepaTypanapiaa 3ca 7 ra Kapad myaiisiH opalukiard tebpaHuilLiap-
rMHa ylroHraH ©Oynanu, T nacaiim® OopraH cailuH YHFOHraH Ttebpa-
HULIIAD OPANMFU TOPAHWO (KMUYMK TAKPOPHHJIMKIAp TOMOH) Oopaliy.
by KaTTUK XucMIap XoccanapuHU aHKWKJIalllAa MyXUMIUD.

Macananap Ba casojuiap

1. Kpucrann narxapacu goumuiicn a = 3-107""m, A = 10a 6ynran
XON Y4YyH, YM3WFMH codda TlaHXapa Y4YH © TakpOpHHIMKHMU
XUco0JIaHr.

2. a=3-101"m, B =3m"-k2/c’, m=10"kz xonma un3WrMii

naHxapaja TOBYLU Te3NIMri Kauaai 6ynanm?
3. ¢ =m/2a Oyaranpa ¢a3aBHil Ba rypyxui Teanukiap HUCOaTHHU
aHUKJIAHT?

4. B, =B, =B, m' =m"=m GYyIraHIa UKKUA XWI aTOMIH NaHXa-

paJa atomJiap TebpaHH1ll1apy TaKpopHIANUrd KaHmai udoaanaHaiu?

5. Atomnap TeOpaHMLLIApU TapMOKJIapy HOMJIapU KaHai acocia
Kenrb YMKKaH?

6. Yu ymuoBnu (dba3oBuil) KpucCTal MaHxapacd xonuaa Tebpa-
HHUIINTApHA TFapMOHWMK TakpuOaa kKapaul y4yH IIOTEHLMan SHEprus
KYPHUHUIIM KaHaai 6ynamm?

7. bupvH4YM BpHIIOSH 30HACH XaXKMWHM aHMKIAaHT. KyOuK naH-
Xapa yuyH a = 3-107"m ned xucobnanr?

8. ATOMMCTHK Ba KOHTHHY1 yeyGnap TapOBYTHHU TYILIYHTUPUHT.

9. ®oHoHMapHUHT hoToHapaaH TadoBYTIapU KaHaait?

10. [leGaii temneparypacd HumManu wdonanaitmn? ¥ T temnepary-
para GormuKMu?
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I BOB
PHIHK CTATHCTHEA KOHYHIIAFHA

AKyna k¥n cowin sappanapiad (Monekynanap, atoMmiaap, aiek-
TPOHAApP Ba Xokalonapnad) tapkubiadrad cucTeManap O¥mTMHIL
MAKPOCKONMK RKHCMIAPHUHT Xoccanapiuy TapxubiHaary lappanap
XOCcalapM  Ba  VIapo TabkCHPH acocuaa  Ypravanurad  (pMsMKa
DVIMMHEN cmamucmur Pusnkg DeHWIaaM,

KAaTTHK ®HCMAap Xyaa k3N MUKPO3APPanaplaH TV3HATAHIHIH
sakiyM. LIvHHHT yayH KaTTHE KHcM DHIMKACHHE ¥praHnw ga-
BOMH/A CTATHCTHE KOHYHMATAAp MyXHM VpHH TyTanM, bunobapuH,
yIap XakHoa, xe'u 6fnmaranna, acocHil MawnyMoTr GHaaH TaHHImHil
anbarra apyp.

Kinm sappanapnad TapkHBNaHraH cHCTEMA 3appaiapUHHHT xap
Gup BaKT MOMCHTHMAATH KOOPIHHATa Ba TEWIHKIpMHM GHiHIL
amanga Gaxapdb OyamaliovradH sacana G¥nubriuHa Koeamaciad,
GyHOAH MaLIyMOT MAKPOCHCTEMAa XOCCATAPHMHH aHHKIAll HMKO-
HHHH Gepmafinm.

ByHail cHCTeMATAPHE TAAKHEIALAD IXTHMO/UTHK TYINVHHACH-
I SCOCTaHTAH CTATHCTHE KoHyHusTHap Ouman v k¥punanu.
IXTHMOLINK  TacolndHi  XomWcanapra (ROKeanapra) TerduUIH
Ginany. Macanad, HOSAT a3 MOJEKYIUIAPHHMHT TYKHAIHILIADH
BA VHWHT alfii naiTia kanmal TeanmHkka (HMNyasCcra, 2HEpruara)
ara GVauunrd tTaconnduid sexeanup. Taconwduil sBokganap my-
ailal INTHMOUTHK Gpnal jo3 Gepaan. bupop katranukisinar Bupop
COH KHUMaTHra 3ra BMuInry taconvdui pokea 6¥nanu. ByHnai
KATTATHKIAPHH Tacoawduit karraruknap pedunagn. Mosexyna-
HHHI TYKHAUMIIKHKY Taconuemil noKea nenmk, DVHOA YHUHT TC3-
JIATH XaM Tacofnudad Varapand, femak Teanuk Tacoaddguid kKatra-
JTHEAHP.

Bawan Gup dnauk karranpknap Taconudmi BY¥araHn xonna va-
JIYKCH3 KM YIHIMUUTH KHAMaTAgp cnexTpura 3ra DYAMIUH MyM-
KHH.
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CTATHCTHK HAIAPHARAP AcoCaH  TACOAMBWI  BOKCANAPHHHT
VIHHU 3mac, Daiky YAApHH TaBcHmanauraH Tacoandui KarTa-
JHENADHW TAIKHK KHTaH.

Bupop Taconnduil Bokea N Ta cuHonia n; MapTa w03 Gepea.
MATEMaTHK IXTHMONIMK

; ;
W; = lim L.
I N N (3.1)

EVpUHMLLES HbonanaHaau.

Duankata Tacoandit KaTTanuK K¥nKHYa BakT ¥YTHwK Suwaad
Vsrapub Gopanu. ¥V xonaa cHeteMaHuHr SHpop Xosartia GVANIINHK
AXTUMOTHTH

W= lim 2

T T (3.2)

Gyuaa T — kyaaTuill TVAA BAKIW, A7 — CHCTEMaHH MAIKYD XonaTaa
GYIHMIL BaKTH.

DXTHMOLIHK HAKIPHSICHID, CTATHCTHMKANA TAKCHMOT (hyHKLIMACH
TYUIYHYACH MApKaiuid ¥pHH TyTaaM.

Tacomudmii  karranuk  Bup-GupWra  AKMH  Kvia  KVn
KHAMATIApra (Ya1yKcu3 cnexTpra) sra 6¥amnmn mymkud. By xonaa
Wy KaTTAIMKHHHE MYMKHH OV1raH KHHAMaT apuHrHE KasHaaiaup
NPLIHFHIArH KHiiMaTnapra sra BVIMW 3XTHMOLINTH XAKHAA TanH-
PHII MYMKHH. MacanaH, X KaTTanMKHHHT (MOJeKYIa KOOpIHHATA-
CHHHHI) x, x+Ax opatukaa Gfamw sxtHmonanrn AHx) OPKATH
bearunanan. Arap By XTHMOMLIHK UYCKCHI KMUMK dY opanukia
Kapatce, vin dW(x) opkann Denruaananu. dw(x) 3xTHMOIIHK X
HHHT kuAmaTH dyHkumacH Ax) 6¥aann sa dx opanukka nponop-
uHoHan G¥naam:

d Wix)=fix)dx. (3.3)

" Hemak, mMaskyp Tacommduil KaTTaNUKHHUNT INTHMOLIHTAPHHHHAT
DapYa KMAMAITAAPH TaKCHMOTHHU Ax) dyHKUMA Tascrdnaian, yHH
TAKEUMOT (hyHKUHACH EKM INTHMOIUTHMK JHSIMM I WIanu:

Jo)=d Wix)idx (3.4)

BY TakeumoT dyHKUMACHHHHT TVRAM NWEIAPOAr  K¥PMHHIIHHK
AHHETI CTaTHETHE GHIHKAHHHT acocki BasudacHIMp.
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Tacomadmii  KATTUIMKHMAT  Dapya HMEKO! it kMiiMaTiapy
INTUMOUTHIZIAPH  HHTHHIRCH (MHTErpANH)  HILIOHYIH  BOKEA
SXTHMOUIAIMTE, FBHK | 1 TeHr ByJame

Y Wixr =1 am If{rla’.\' =1 (3.5

by udogany HOPMIILW {MeBEpnall) WwapTH Jeinnain.

TaconHdui KTTIHKHIAHT ¥pTava KMHMATIAPHHH  OHHKRAW
Fvii MYXMM  Macana. UYHKH CTATHCTHKA xHcobnab unKannran
{praua KaTTAAHENAp TepMOMHHAMMK (MAKpOCKONMK) cHCTEMalnap
KOJaTHHH aHrKIaliana KaTTanKapra TeNr oynanu. Ly Tapaaa
CTATHCTHR  IIHKS  TEPMOJMHAMME  KATTATHKIAPHHHT dusmk
MABHOCHHM TYIIYHTHKMIH.

3.1, Tacomndii KaTTAMHKIAPHART Yprada KHHMATIRPH

Taconuduil x karranuk N Ta  CHHOBAA (Ry3aTHILAa) W)
IXTHMOUTHE BUARH B MapTa X KMAMATHM, Wy IXTHMOMLINK om-
AAH iy MAPTE ¥y KIFIMATHM B2 NOKA30, HAXOAT, Wi AXTHMONLITHE
Giiad [ MapTa X KHiiMarHy oaaaHraH Gyncun. ¥ xonaa N Ta
cHHoRIa x Tacoandguil KATTAINK ONaNHTaH KHIMATAP HMFHHIACH

Xy Kt ot Xl

Gup clionra TP KeaaanraH yYpTasa KHHMar

i I-lﬂl + X305 + XKy

(3.6)
N

N karra Gynca, X Gupop TalHHAM JTMMHT™ {yerapasii
KHIMaTIR) HHTHIALN:

3 = : n . 1,
lim X =x, lim =L +x; lim =+..+x
N b e N 2 Na= N fa AN

Oparna N xyia karra neb xpcobrnanuG, ¥prada ki Amar
Xm ¥ xgwy (3.71)
kipunMuila HipodataHaALK.
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Arap TacoaMdMil KATTAUK (MACAIAL, T Moackvicl TEWN-
i) yzaykcns ¥arapaunrai ovaca (371 MEMIAN HHverpa
OHNAH AIMaTHPHIAAW:

Y = J.tu'u't.h’l = I A (a s (3.5)

1 Tacoaudmit KarUVTHMKHUHED  KBAAPATH ¥piatavit ENHILTH
peponanap GyNLHa TONMANLE

—-— L L —_—
[ ] = E X Wy Ehl (,\." = j v fpedy (3.4}
! vl

Lilvemn ek, X HUHE FLO QVHKIHACH YPTasSacil K b le s TR T
VMK

par o
™ Eﬁ’x,)w,— EKM

i=/

e (3.10)
= Iﬁx}ﬁ’x}a’x

Ayna kin xonnapaa ¥prada KMAMaTaaH eTAaHWUApHU
kapall Kepak 6ynand. AMMO, §pTaua yYeriaHill XamMa BaKT Hon
Kuitmar Depanu:

- +o—_ F O
o Fi - [ - Taide = | aftxkk - X ] fode = T -F =0, 3.11)
- - +

Vpravamah MeTiaHKull KBAMPATHHHWHT YpradackHH Tacoaudui
KaTTAlMKHHHE JHCNEPCHACH Oeiunank:

i =

Ay AVES i TR Ax? s J'r.- - T fruniy . (3.12)
i

By etz MKKATACH Xam

| ———— —

T 2 2.

Ax = (X= X)) =%" =X {(3.127)

I‘:EI-:['f'l-llllIIIHI.I LSS HMRS

dicrepersinon oOMATaN KE X WL, duine Kanaik-
Y AP T, AYKTYAIINA ACHIL kI
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inl

sa  Vax® = JI{:‘ - @ fody - (313)

3.2. Taxcumor d¥HKUHANAPH MECOJTAPH

CTATHCTHKAHUHD acocHil  Basudanapuiad BSMpH  TaconMduil
KATTAMKNAD TakeHMOT diyHkuMsnapuuu anukiawanp. bus 6up
Heda Mitconap GunaHd derapanadumMua,

| fvaccon magcaewomu. by TakcumoTr, Macanad, Maikyp
NAKMIANH MONEKVAAAp cCOHM BKH Myaiad pakTaa GyrnaHMO Ker-
FaH 3appilap MHKIOPHHHE TacBupiadan. YHHHE K¥pUHMIIH:

wix)=( a* ixle . (3.14)

Byiaarn a  Tacommbwmii X KaTTaAMKHMHT  Yprava X
KiiMaTiapHid whotanaionrad ¥3rapMac coH: @=X .

2, Sxenoneriuonr magcwsmom. Bynaai TakeuMoT., Macanad, pa-
MUOAKTHE MapyanaHHdil, PperakKcallHOH XOoOWHCAnap, MOJACEY.ILIap

coHMHUHr  DanaHanuk  OViu4a  VorapMiiMEK  TEKIIHPHITanaa
Ppupnn 8¥nann. VHUHT KYPHHHIIN:

Jix)=const e X (05 X <o) (3.15)

Hopsaaau iwwapruaal  const=q, GHHOGapHH,

f = {9 T 0 Sx <= ) (3.15)
0 (x-=<x<0 ga),
byHaai TakCHMOT yHYH X = il ., WIYHWHT Y9¥H
4
| L3
fx)y==e¢e F (3159 $ fix)

¥

3. favee makcusomy. by Takeumor
XATQIAKIAPD HOSAPUACHIA, ra3ia TeViMK-
nap NPOSKUMKIADH  TAKCHAIAHMLIMAA,

Gr?ng.fn NMPAKATHAZ  yupalad.  Yuuur x x+dx
EVPHHMILN:

J. 1 -amama, DKCnoncHUNLY
_fm-‘ TAKCHMOT g
fix)=consi € . (3.18)
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Hopmanaw wapri const= fﬂ HM, VpTavanam y? -
'

KHHMATAApHH Bepaid Ba viui-keckHs Fayce TakcHMOTH
H

fix) = ' P (3.164)
Pl E

KVPHHHILHH onany. 4+ fix)
4. fdewma - thywruun.  8(x-xp)
KV¥PHHHILOA  Denrwnadanurad Gy

(QWHKUMA x=x; HyKTazaH GOWKa
Dapya HYKTANAPIA HOATA TeHr Ba |

ra HOpMaTaHraH. ¥
- 0
.[5” — xo)dk =1, (3.17) 3.2-unana. Tavee TARCIHMOTH
i Al re.
[ Fxs(x - x)dx = Fixg). (3.18)
ByHaa
Slx)=8{x-x,). (3.19)

by k¥puarannapaad  Gowika yHKIMATAD Ba TaKCHMOT
KOHVHAAPH MaTeMaTHHa ga PU3MKala KN yupaiin.

3.3, Bup seva Taconmdui KATTAIMKAAP YIYH TAKCHMOT QyHKIHRCH

¥ura x.y,z MycTakHn Tacoawdmuil katTanMkHHHr Gup BaKkTAA
dx.av. dz opanukaapna GVIHI SXTHMOLUIWIK

dWix,y, )=d Wix)d Wiy d Wi =fix )i viftoidxdydz,  (3.20)
TAKCHMOT (IYHKLMACH
dWix,y, z)
dxdydz

T MYCTAKMI TACcOAMQIHE KEATTATMKIAD VUYH TakcHMOT PyHELWA-
CH R-VIIUORIH

fixy =Ny )= (3.2

Sxv.. =X)L, St {3.22)

3


http://www.pdffactory.com

G¥nanu. By QyHELMANAD YUYH ONANHTHIEE HOPALLIALT 1ADTH & 31-
nanM, ¥pTada KaTTamHKAGPHH TONNL KOHataps Ypunan 6naim.

3.4, Makcsean TakcumoTH

&

CrartHerHE  anka  TapH- Y.y,
XHDa OHMpHHYM 6yau6  Mak- 1 dv
CBEJII MAean ras solexyiaana-
pPHHHHI  TeinMxmap GYiuua v,
TAKCHMOTHHM KenTHpuG dv,
ydkaprad. Cy¥urpa, bonuman
Bupop noTeHLHAT MalfoHaarH .V,

HAEAn rasHu Kapab, Makceean %
TAEKCHMOTHHH 5? xoqara Tamg- /
Burnarad. By TakcumoTrapnaH ¥,

AHpHM X0ANApIA KATTHE, HHCM 33-umasa Tesmmcrag S8

[bu FHEACHAA Xam caMapanm THECHNOTTH A0,
dotinananunanm. 1y cababran Gy TaKCHMOTI: p GHIEH TAHHLIHLL
Kepak Oynanomu.

Maraymky Haean ras Monexynanapu macodana ¥iapo Tancup-
NaluMadonral, TapTHOCH3 XapakaTharu 3peHH sappanap 6Ynub,
viap TYEHALWTAHNAPIATHHA AAACTHE ¥3apo Tascup o3 Gepann. Fas
MyBO3aHaraa ned XHeobnaiaua,

Teanuknap  dazocuaa  monekyiadd  tezaurn Ox Vi Gyinua
TALUKHA ITYBIHCHHMHE vy, Vitdv, OpalHkia OVl 3XTUMONAHTI

AWr = VT Jdv, (3.23)
Eyaaan, Gyina fr‘b‘_f J TakeuMoT dYHEUMACH v, HUHT KATTaiH-

2
rura BOraMK GVNANH, x0N0C. WYHWHT y9vH v V. a1 BOEIHK

G¥NHILH Kepak. XYA1K WYHHHMCK modekynan Tesanrn Ov sa O ¥y,
OVitMua TALIKI ITYBYMIAPHHUHE v, v, Fdv,, V-, v- Hdv. opanukiapaa
OVAHILLAMIHY IXTHMONAHKAADH;

2
AWV )= Vy v, sa Wev=fiv2 Jdv-.  (3.24)
)
Bapua BYHANHIWNAP TEHE X¥YKIM Bvnranman [ ""3 I
ﬂv‘: J VHKIHANAP OHP XM KVPHHULLAA GVAHLILIMIH Kepak.

S8
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MoJekynanm TeRIHM TalIKIA ATvBYriapy 6Hp BaKTia v,
vytdvy, v vptdvy, ve, vetdy. opanknapia GVAMIL IXTHMOMIM M

vy, vl )= fiviafoviafoeldv, dv,dy. . {3.25)

-

Mkkitiinn ToMonaan, Monekyia oJv? +v> + vy TewtHruHuuHr

ﬂ"’x"h’.;dr_— TeHIMKIap GasocH xa#Mraa OV 3XTHMOIH TN
AV pv, v v dm fivEsvy vviidv,dv,dv, . (3.26)
(3.23) Ba (3.26) wdonranH connanalTHpCax,
PV viy=fuvf +visviy= vt (3.27)

El}l' TEHITAMAHH

ot 1 L

. : L ok
T =d%e®™ e v )= d .E‘H". ..j“’,f]:.{ o

=1

aa

: : 4
il 2 3 R e T el : 5
,rq1.|r+'|..r.. t Vv I)= e 5 v 2 = fiv)

W (vE )= de 7 dv dv v,

byHKuMEnap KaHoaanTHpait. HopManat HHTErpaiH sKHHNANYBYH
Gyanmanr a=-B<0 Tanabun Kisnam.
3
Bz
Hopaanam waptinas: | ={ P
|
Monckynannur UxXTHEPHEE | HYHANHILAAIM TEUIHMH TaliKui-
JHBYHCH YYVH

firf ys [ %]I Sl (3.28)

TesnuMKkHANT MYTIOK KHAMATH G¥iluuz TAKCHMOTHM  TOTIHLL
VUyH clpeprk KoopauHaTanapra Ytamua, ByHaa

av dv dv =v2gv sinBdide
B2

%
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AW iv,0.0 )4e~ P v2dy sinbdbde.

Monekynanap Xapakaru usoTpon G¥araHadrk yuyH Bypuaknap
G¥iHua HHTErpanaw Gaxapcak,

dW (v = dmae ™y 1y (3.29)
Jewmak, By X0 YIVH TAKCHMOT QVHKLIMACH

f(v)=dndvie (3.30)

b e

eKkH A =[-§-] IKAHAWTH 3BTHBOPra OlMHCaE,
n

I
A
flv)= A[ﬁ—wzvle'ﬂuz. (3.301)
g

Iy takermorHn Makesein rakeumorn neiinanu. Bynnary
napaMerp mymok T Temneparypa Ouaad  GorraHrad. Byeu
KYpcaTHil y4yH MONECKYIANAPHHHT HOHW JepopuHuHr 1 eM2ra l ¢
2 YpHIKMWKEY Gepanurad HMIVACH — GocuMK XHeofinaHanu:

gy _ (3.31)

OvHOa, M — MONeKYAn MACCACH, prg— 1 cm? marm MOMeKvVAANAD
COHM, p = GocuM. (3.31) whomaHn HASAN Ta3 XOAAT TEHTNAMACH

PF-RT Buman Takkocnacax, oxnbaraa V

B = % (3.32)

MyHocabaT KedHb dHKany.
UM
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kL
podn L r

=L l (3.25)
LT

P=mvimv, mv, mv.) aMnyic opkat, E=nrvdi? wuneTux
SHEPrHs opKatH Makchens TaKeHmMoTH Kviiiiariua ésub anunase

e (3.33)

Flpy = Crukr ¥ Er2ep| wr |
=N

)

FlE = ;-J'L_cxpll—{| {31.34)
kT )P kT

MakcBenl TAKCHMMOTH aCOCHIA XapakTERHCTHE TCINWMKIAPHH
TOTHG OfIHHAN.
dfov)
efv
MAaKCBenT TAKeUMMOTH MAKCIHMY MU TVIPH Kenaau. (3.307) na:

25T
Vs = : {(3.35)
n

2. Vpraua Tesnuk Kyilsaan: ronaHn aHHEIaRom;

l. 2ur SINTHMOJLIHN TC3MMK =0 WapTHREAH TONW 1M, ¥

V= j Kfiv)dv = L (3.36)
] i
3. ?p-!'“'i“ ERLVIPATHE TeIMHE:
v = o2 oty = KL (3.37)
] M

4. MORCKYIaHMHT MATIPHAAHMA XapaKaTH Vpraua KMHeTHK
FHCPIHACHHN XAM AHMKJAIL MYMKWH. Y ¥PTaua KBAOpaTHE TELIHE
OPKAnH HGOAATAHHILN MALAYM;

T
LTS U
)

E, = - f_ﬂ (3.38)

fil
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lemak, Ey wmonexyna tabuatura Gornuk smac, akar rai-

HHHI MYTA0K T TeMnepatypackra nponopunoHa.
5. Makegemn TakeuMoTH acockaa YpTada Huchuit TeanKnapHu
KAM aHHENAW MYMEHH:

Ve = V2V (3.39)

3.5. Knacemk cratacTak GHIHKAHWHT AcoCHil
TACABBYPAAPH

Ouamy afmub FTHIraHWARK, KV coMiW  3appanap Xapakatnapw
NAKHIATH MACATAHH MEXaHHKD e4a QIMAHAH, YHM CTATHCTME yoyuiap
Bunan eqmnaam. CratcTHE GH3MKALY GUP HEda MYXMM TYWIVHYanap
KHPHTHIMRH.

DU3HK CHCTEMaHHHT MYBOIAHATHH Xonatnapmia TYPIH MAKpo-
CKOMHKE napaMerprap ysrapmaion. Macanan, TepmoinHamMuk, K-
MEBMI EKH MEXIHHK MYBO3AHATIAD MaBxya, Mucon yuyH, maskyp
NAKMIAATH TA3IHUHT TEPMOOWHAMHK MYBOZAHATHAA CHCTEMAHHHT
TeMrepatypa Ba Gocumu VsrapMaiinM. TasHHHE Xap KaHnai MyBo-
HHATHAR MAIKPOCKONHK XONATHIR MONEKYILTIPHHNT XKVaa K¥N Tvp-
NH BAIMATAAPH BA XAPAKaTAADH TVFPM KENanu, YYHEW MOonekyiia-
f1ap Y3IAYKCH3 Xapakat kHnub Typanu, T¥KHaWwHWADH, GHHOBApHH,
¥nap Vi KOHMApHHM Ba TEIMMKAAPHHY YarapTupuG Typaam, aMmo
CHCTEMAHHHT MakpoXonaTH Varapmauau. Jdemax, OMTTa Makpocke-
MUK XONaTra Xylda Kfn MHKPOXONaTAap MOC Kenadu, Xap KaHaai
MAKPOCKOMMK  KATTANHMKIAD  MHKPOCKONMK  KaTTATMKNAPHMHC
hyukuuanapy Gnaau.

CHCTeMaHMHr  GHp  MakpoXonaTHra TYFPHM  KeNraH  MHK-
poxpaaTIap TNAaMKH CTaTHCTHK aHcamBa aeb atanran.

Maikyp creTeM: MaKPOXONATHIA MOC KearaH MMKpoXonataap
COHHHH TEPMOAHHAMME IXTHMOUIME Oefunany.

Craruetux dusukaga dasanap hazocH fieraH TvilyH4a 6op.

Mitcon yuyH, MonekynaHw HYKTaBMidi sappa neb Kapacak,
YHWHT 3 T2 KOOPAMHATACH BA 3 Ta MMAYAC TAUIKKA ITYBYMIAPH
Gop. Arap KoopaMHAaTANap Ba umnyncnap §asocH Gapasuit TyyH-
YACHHH KHPUTUACA, GHP MOREKYNAHHHE Xonath 6 Ta {nvos (6 Ta
(hazanap (AsocH KOOPAWHATANADPH) OPKANM AHHKIZHAIM. Arap
cuereMa N Ta Monekynafal (aromaan) wbopar 6¥nca, yNapHWHr
XonatnapuHM 6NTa KarTavk anukaadan, Gydaa dapasui 6N-
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VIYOBIM (X), X2,...,X, KOOPAHHATATH) daianap (a3ock TYLIIVHYACH
KHPHTHNALM Ba Oy dasosa CHCTEMaHKHHT GHP MHUKDPOXONATH HVKTa
Guiaan TacBHpaaHanH, yHn §aza xaM gedunand. ®azanap dasocu-
Da KHYMK dx;, dx;,....dx, xaxmra axpatamui. by xoaoa cHerema-
HHHT WY KHCMYALa DYIHIWAMIH 3XTHMOIIHIH

Wi, X, Xgn ) = WX, X3, Xgy Jdx , dxy -----“'-’"GNJ (3.40)
6Nmm

Oinann. YHH KHckapok KHARD
dWix)=wix)idx)o¥ - {3.40%)

kVpuHnILe  HQONATAHAAH, W(X)-3XTHMONAWE  SHYNTHIH  EKH
TAKCHMOT DYHKUWACKIHP.

CucreMaHuHr dadanap dazoeununr ek [ xaxmna 6¥num
INTHMOJUTHIH

d¥ (F)= [an (r)m Jwixnae y*¥ . (341)
r I

by xonaa HopManaw waptu:

JwirWde )oY =1- (3.42)
o=t o
Pazanap hazocHHHHI GHPANK XaXMuaard HYKTAap (MHK-
poxonariap) conm p O¥ICcHH. CTaTHCTHKAHHHT MYXHM TeopeMana-
praan Gupu Jluyennn reopemack TacauKaaian:
d
Dazanap TpaextopuscH 6§ilnad xapakatianranaa ."_‘:*J =10
{
D¥na0M, AbHr dasuiap GazocHAard KHYHK XAXKMYD BakT VTHILMW
Bunan kyua Gopus §3 KATTANHIHHY cakainu:

(e )™ = ()N (3.43)

Nuysuan reopemaciaan Kyiunidarn Hatnxa GesocHTa Keawd
THRALME TARCHMOT yHKUMSICH YMYMIAIIIAN §;, KOOPOMHAIAlap Ba
Fi UMIYACTAPHUHT BAKT YTHIIM OHNaH YirapMainuran 6Gupnaiima-
AP opxann nonarawmm kepak. Makar RAPOKATHHHT MEXAHWE
WHTEIPANapU Wywaai xoccara sraaup. Takeumor dvHruMsCH my
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HHTerpaira Bornitk OV Ba GuHoGapHi, YN XaM XapakaT HH-
TEMPAIN 6}]4"[}[1!!5-'! I(L‘DE!K ﬂ.I::M}]K. MYBOIAHAT Illﬂplmﬂl.tﬂ TAKCHMOT
dJ!r'HR].lHFECHHH B CHCTEMA X011 HHMH 'H{CPFHH AHHEALIM Kepak.

Makpockonuk  katTandknap  azanap  dasocH  Gyiinua
VPTAMATAILTHPHATAN MHKPOCKOIMK KaTTANMKKA Tenr Oynaun. Ma-
canaH, Xap Kadaail mukpockonuy duaug [ orarrannk fix) dyne-
HMAHHHT ¥pradack cddariig aHMKnaHanu.

Fef¥=[Flawied =F =—[F(x.nd . (3.44)
|

I ¥
£2
Baxr 6yitnua s ancamln O¥itiva Yprada kuiMatiapHUHEr ai-
HAHAMIH  SPTOAMK Bapas AeHmniaaim
3.6, MMOOCHUEE KAHOHHK TAKCHMOTH

TepmocraToa  #0MIGHIAH  HIOTERPMHK  CHETCMA  YUYH  wiXx)

P TAKCHMOT VHKLHSCHHN Tonailmk. Kapanannran ciremany sHala

Karta CHCTEMAHWHI KaHgadamp kuemu el xucobnanann. by

KHCMHH HEKHMTA X' Ba X" cHCTeMadaiapra axpatamis. by cucrema-

UAIAPAAa TAKCMMOT OVHKUHANAPH yiapHWHE T¥na Hix.a)  suxep-
ruanapera DoEnuK 1ed xpucoinadMHl, HhiHH

wix) = w(H (x".a")), (3.45)
11.1{_\-”} = ‘|.1.'|'h’ '{ _\'ﬂ..ﬂ'}}. {3,‘"33

byHoa x — cucremadHuur BN Ta (HUKM) napaMmeTpd, a4 —
railkY NapaMeTpIapu.

HaoTepMuK CHCTEMAHHHT TVAA 2HEPIHACH

Hix.ay=H(x"a)+ H'(x".a")+ V5 (3.47)

Byuaarn Fjz — cuctemayanap opacuaari §¥3apo TaLCHP IHep-
risici. ¥Yuu H' Ba H” ra HucbataH KWMHK KWIHID Y4VH THIHMYa-
nap erapavya karra Kuaub onmuanu. LWysaai Kuaub,

H=H+H" {3.48)

b4
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MycTaKun HUKH THIUMYAZAH WBOPAT TH3MM yayH TaKCHMOT
hYHKLIHACKH
w H+H )=wi ')wi H"). (3.49)

(3.49) vu acrapudmaad, ciur anddieperumannaimns:
frwf H+H ") =lewi H')+Inwi H"},
dinwf H'+ H ) =dlww( 1) +ellnwg H")
excu flnwl 1) (d H+d H)={ nw¢ H ) [ 'd sl lmwd ) dH

dfl’ Ba dH” andpdepenumannap MYCTAKHN woarn aliaamimm
MyMEMH ael xHeobnab,

[l H'+ 1) =flmw H) =t 879 =cx

MynocabaTHH onamua, Gyuaa o — kaugailaup farapmac KaTTanuk,
UYHKH TYPAM  apryMmeHTIH  GyHKUManap Xocunack dakar ynap
¥arapmac 6¥arangarvia Sup-6upura Tenr 6¥na osaan.

COXHPrH TEHFNMHKHH HHTErpanaacak,

Inwi H)=ccH+8 (3.50)
Hihona xocun 6¥nanu, Gynnan:
w(x)=e@+P (3.51)

by udonana a<0 6Y0HIKM  HOpManal  WAPTHAAH Keaub
HHEHIH PpaBILad, WYHAHE YayH KyRHaaru4a Genrunai Kunamma:

a-_;_. ﬁ:%_ (1.52)
Fuan (3.51) udona
w =
wirjy=e @ (3.53)
hi
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k¥puHHwra kenaau. By ndonanu TudGeHUHT KaHOHHK TaKcHMOTH
oefunan. 8 HH KAHOHHK TAKCHMOT MOOVAM ACHHNALM. ¥ O0H-
MHIAHK HOpManail WAPTHIAH aHHKNaHanK:

Jwixnae®¥ =1. (3.54)
!

Mibibc  kaHoHWK  TAKCHMOTHHM  KenTHpWG  yMKapHwia
KApANAETIad CHeTeMAlda Y3apo TaLcHp KMHHK Ba  TeMnepatypa
JouMHi geb xpcobnatHalH.

Jappanap OGup-GMPHAaH dapknaHMmaliWran Xonaa (MacanaH.
INEKTPOHNap rasd Kapanrania) dapknanagural xonaardra Hucba-
TaH VpuH anmamupiliiap coHl N/ Mapra kam. WYHKHT yuyH Gy

Xosaa

Wx) = ——e & (3.55)

amMmo N kim x00a HOPMATAHAAWIAH  AOMMMITa  Tabcup

KHAMaHIH Ba yHH TYWHPHD KOMIHPHIL MYMKHH.
Bran MHO6e gaHOHME TAKCMMOTHHHHT ACOCHH XDCCcaflapH Ba

HaTHKaNapy yoTida TYXTUIAMHKS.
I. {3.54) popmanall WAapPTHAAH TAllKH & napaMeTp GyilMua
nwhdepeHuran oncak, CVYHI YHH 0 ra TeHrnacax,

v aH
_— = — 1.56
[3‘"* ]u [a"* 1:.' : :

ot :
MyHocabat geamnb yuKadH. [ET ¥ocHna Yprava (TepMoanHaMHE)
i
YMYMIaraH A kyy HPOIaCHHH Bepatv. HLHK

Ay
r?z.';.

(3.57)

[JT e
- = _-'tj =
dag Jy Yo

2. $lwa wopmamail wWApTHHM B 6¥iHnua audibepenunannab,
Cc¥HI HoMTa TeHTNacak,

GOh
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dy -
9(5,: R (3.58)

MyHocabar kenub yukagn. AMMO, CHCTEMAHMHT ¥PTaya 3Heprusicu
H HukM TepmommHamuk 17 IHEPTHATA TeHr BVAraHIury YUYH

FrE—— ay
i ‘9[ ';,,r]d (3.59)

3. Ononu kipranuMuagex .
Yprava KuiiMaTH v KaHAZHIMp  F (x.a) dyHkumanmuur

£ ¥oH
F = JF{.:.a | P e (3.60)
r
HihonanaH auMKnanagy.
4. (3.60) udona 6¥inya:
EF: B ] —
;_E_F{F—FIH-HL (3.61)
5. WyHunraek,
[ aF I 1 =[3H I
| da .]r:-* [ da ]ﬂ _F(F-F)[I‘_EFJ' (3:62)

KaHouuk Takeumorsuur na MeTp.
: pa apH
MAILHOCHHH aHHKTalIHK. o S
.;.HI I'uB6c Takcumor ROHYHM, TCPMOAHHAMHKAHHHI GHPHHYM
I;E ¥YHH Ba (3.59) HihboTanan toitnanannt
f E]'H-I" )

= o - 2L
- :l = L CYNMWAMIMHN  aHuK anag, 6 HHTErpannosyH
KVNafTveun skainmra MakA
1 Vi MABAIYM B¥nann. Jemax, MyTaok Temn a-
é:.pa T TEMNEPATYPAHHHT  §XWAlIH  (CTATHCTHK Tcﬁmpm*ig}
VIA0H, X HeoGunur HaTHXAcHra Kipa,
8 = kT (3.63)

S¥amuniy ToNuALIM,

2. B=kT wa a=V 166 WIHHea, (3.59) nan
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o
U=y -T| — 3.64)
it (

ndona keaud ynkaau. byHn GUpUHUM KOHYHIA KVIinica,

Y o o[ WYL

aTr ) a7

3PKUH SHEPTUSHUHT

w=F=U-TS éxu F=y=H -TsS (3.65)

udogacu kenub unkaau. Jdemak, y=F TepMOAMHAMHK IPKUH 3HEP-
TUSHWHE V3 DKaH.

3. Bunu (3.33) HU (3.54) Hopmanawl waptvra Kyuuod, w Hu
siIKKanacak,

H
w=-0mlfe @ (de)® =-0Inz (3.66)
-
udoaaHu onamui. byHnaru
= B
z =fe W (3.67)
-

MHTErPajiHM - XOJAa1/1ap  WHTErpanu [AeWunanu. Arap 3Heprus
KuiiMaTnapu nuckpet 6ynca, y xonna (3.67) ypHura

i G
z- 3w
i=1

CTAaTUCTUK MHrHHaMaad doiiganaHunanm, 6yHaa E; anckper axep-
rUst CHIEKTPHa | — xonar aHeprusicu. By xonga xam (3.66) myHo-
cabar ¥3 KyuiHu cakiaiou.

(3.677)

Maxcgen-BonuMan TAKCHMOTH

'MB6C KaHOHHK TaKCMMOTHUAAH KWHETWK 3HeprusizaH Ooiika
MOTEHIMAN IHEePrisra sra 6ynrad ras sappanapd yuyH Makcseni-
BoaumaH TaKCHMOTHHM KeATUpHO YnKapuil MyMKuH. bup sappa-
HUHT 3Heprisick Oy xoida

68
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o
3y

54 2 2
- x ¥ P+ p.
f‘ = Enrn 5 Efmm & L_p—_p; F V(.’(. V. 2) (368)
2m
3appaHuHr (monexynanuHr) UMTTYIICH ProPtrtdpy;

PyPy APy, p..p.=dp, Opannukia, KoopauHatanapu x, x+dx; y, y+dy; z,
Z+dz opanukKaa 6yiraH xoaaTu IXTUMOIUTH

e 2 2
Py + Py + p';
=X Ty V(x.y.Z)

Im dpdpydpzdxdyds

dw(px, Py, Pz, % ¥,7) = const -exp
kT

(3.69)

Gynann. by Makcsenn-Bonivan TAKCUMOTUAMD.
3.7. T'n6GcHuBr KaTra KaHOHHK TAKCHMOTH

TepmoauHamukana 3appanap COHM ¥3rapyByaH OViraH cucTe-
Manap yuyH (. KMMCBUH MOTEHUMaN KUPUTWIAOW, Y 3PKHH 3HEp-

FMsnan 3appanap conu 6yidnva onnHraH xocuna cudaruna udona-
JJaHau:

_[ 9w '
M (BN )” : (3.70)
ByHuau:

W =uN+Q(uV.T) (3.71)

ndoga onuHami (Q - TePMOTUHAMUK [oTeHHAT).
by xosiga TakeumoT KoHyHu

| {’.QWN *H]

11’(N}'-'-ﬁ—!exp {3.72)

/

KYPUHUWIONA OYnanu, yHU TuBOBCHUHT KaTTa KAHOHHK TAKCHMOTH

ACMHNANN. Q TePMOJIMHAMUK TOTEHLMAT HOpMaiam wapTujiad
aHWUKahagu.

. s * s
Yprdua kuitmariap onauu KYpPUWraH koujia acocuaa udonana-
Hamu:
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e, =il Q+M—H aN
e e Rt
= & Q+aN-H, . sn
H *Eﬁ—Nf.‘{Hm__{kT dx PV

By TakeumoT yuyH Xonataap HHTErpanK BasHbackHM

MN
- CXp T _H ¢
o= Y fe AT [ gy yON
N =0 r

NIt
Hipona Baxapanu, Q aca

Q==kT InZ (3.73)

MyHocabat opkany aHukraHagd. fina onMHray

sl (3]
2 =p |Z| =N (3.74)
[JF 11 9 Y

Hponanap Q HHHI MabHOCHHH OLIKOP KMA2IH.
3.8, KsauT cTaTMCTHKA dcocaaph

Mukposappanap NyHécMoa KiaccHK dMIMKa KOHYHAApH MLl-
Jamai Koaaau. Ynap MakpomHcMnapiaH thapkn xoccanapra ara:
INEMEHTAP 3appanap (NeKTPOHAAP, MNPOTOHNAP, HEHTPOHJIAp Ba
XOK230) XaM 3appa, xam TV¥AKMH Tabuatra sra 6§nanu, GUp sakTaa
YIAPHHUHT XOHH Ba MMNYACHHK aHMK ¥nyab 6Vnmaiinu, GuHoBa-
PHH, MHKpolappanap xoaaTHHH GHp BaKTla kKoopaHHaTwlap Ba
UMNYACHap €pmamuna  Taceupnad  Gynmaidon. Mukpoaappanap
CNHH MOMEHTIapk, MATHUTHK MOMEHTIADPTA 304, YIADHHHT 3Hep-
THACH KHHMATAAPH Y3VK-Y3YK CNEKTP TaWKWA KWnaaW, quiuk
CHCTEMARAR XONaTHHH KBaHT MexaHukana UlpenwHrep Texrnamacu
TacBMpAaiaH. Mukposappanapiuudr Gapuack  Gup  Gupunad
dapknanmaitni.  Xvanac, ksaHT cMCTeManapaa  VaMra  xoc
KOHYHHATAAD ACOCHAA MANCYC XOCCANIAD MABXYIL
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-

Yy A

-—

KBaHT cHCTEMaNapHHHHI CTATHCTMK KOHYHMATIAPHHK KBAHT
CTATHCTHKACH VplaMagH,

by xonaa dasanap dasocu Giiinya apua MHTErpAIap YpHUHK
KBAHT ~ CHCTEMACHMHWHI  Gapuya  xycycHit  xonarnapw O¥iimua
AHFMHOKARP Onann:

CTaTHCTHK WHFHHIOM

B -E
z=% exp[-ﬁ.—'] (3.75)

G¥naam, ammo & =-kTInZ udosa caKIaHanu.
Juepruanap GViAHYa TAKCHMOT BYHKIDCH

WilE;) = const axp[_ E%T } (3.76)
HOPMATAW WapTH

EH",[E,:'=£‘um'ritxp[_E‘ =1, (3.77)

im] i=] i:]"

FHEPTHAHMHT Ypraya KMimaTH

E:ELE'W{%L]
e

(3.78)

KYPHHHWLE 6¥namy.

(3.73) nbonann Gowkayapox KMAHG &b OnalinuK. i-xonat
IHCPIUACHHK &, VHAATH Jppanap COHMHW m; ne6 oncak, Gy
NOMATAATH 3appanap yMyMui 3HEpruacu me;, suam N=n; 6Vnaau.

Hemax, 6y xonarra moc TEPMOIHHAMMEK NOTEHUHAN

H=E P
Q;,=—kT In E e kT (3.79)

n

K¥pHHWwRa GYnanu.
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i = XONATIAard 3appanap Yprava coHM

=g, 1!
Sled |
. LS (3.80)
ri.r =t '1”-
T e w i
I

Maynu npuHuMnira 6¥idcyHaauTad (ApUMOYTYH CITHHIM) 2ap-
panapaad (anekTpanaap yuyH S=1/1) TALKHITIHIAH CHCTCMALA
bup xonaraa dakar OnTTa appa OVAMILY € GVAMACTHIY MYMKHH,
sLHH ;= 0.1 KuiiMaraap onagm, xonoc. By xeaaa:

P H=¢, =g, " f-e,
Z g M =]l4e W E g AT no=e A7
it n,

‘ U

Hemak, | — xonaraary ¥praua 3appanap coHU (TYFPHPOFH WY
NONATAD HPPAHUHT BYTAI IXTHMOLTHTH)

— ; 1
.'.'|‘|; -f(f;.T} = a—':—E-‘_T
e T 41
By wndooa DPepmu-dupak  cTaTHCTHKagHra  GVicynanmrad
(Mayau npudunnura Oyficydaamrad) woean raid yuved @epuu
TAKECUMOT IYHKLUMACKHANP. exple-p)kT>>1 6¥nranna y Bonumax
TAKEHMOTHIR YTIH, ABHH

. n—&;
ol k= e j.82
TF{&;.T) cxp[ T ] ( }

(3.81)

6¢nub cnany.

Crnnn 6¥nsmaran €kH cnidpd GyTYH ¢oH Ouaan GenrunaHanu-
raM aappanap xap KaHaal Xonatoa MXTHEPHIE CcoHna DYIHLWMH MyM-
kiH (vaap Mayan takuk, npuaunndra OVicyHMaiim).

By xonaa
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; M =4 2-""‘
l+e ¥ +e° T 4+,

U =i W My

C.==4F Y |e® | =-kT
=0

MH—E;
Hpomazand AHFUHLA HP_H‘ Maxpa#in Ba y 1 AaH KUYMK

DyaraH HeKcHl reoMeTpUKk nporpeccia O¥Nafd, WYHHUHT YUYH

d=£;
Q,=kT In|l1-¢ & ; (3.53)
Hesmax, Oy xonma
— ; |
My =.l'r‘l-€i.-;II :|=_T (3-84}
e T |

By wdona bole-ZHHWTEHH cTatdeTMKaAcH OVicyHagomraH
FPPATAP MACAT a3k Y4VH TAKCHMOT hyHKLIMACHIND.

mepun-ﬂ,upau KBAHT CTATHCTHEACHHHWHI 3JEETPOHJAp AHHH-
FaH FAINTA TALKHK KANAHTHEK.

HAnekTponiap raid yumymad aitranaa @epuu-Jdupak cratu-
CTHKACcHIa ﬁ?ﬁﬂﬂﬁﬂu XFI:H'BHFI X003 3NeKTpOHAIp SHYTHMM KaM
G¥aran, AbHH exple-p)aT=>1 xonga, OoWKa4wa alTraHda, ieK-
TpOHAap rasy ailHMMarad xonja Makcsenn Takcusmorupad doiaa-
NAHHIW MYMEHH, Arap Maskyp TeHrCHuIME BaxapuiMaca, v xonua
SNCKTPOH razdHd aliHwred rad gedunaind. Metaiiapia 3pKMH
AISKTPOHAAP 3HUAKIH KarTa, OHHoGapun., v ral afduurad Gvnanu.

MyTnok Xonfa a/7eKTpoH ras THna adWwurad O¥nagu, Dinek-
TPOHIAR 3HT MacT 3IHEPrdsnM  Xonatnad To Kaddadaup katTa
KUiiMaTny 3Heprys xonardrada Dapua XoJA9TaapHH TVna Oawma
Kuiaan. [y 3Hr 10KopHrs xonar Mytnok, Hoanarn @epMu sHep-
rudcy (@epmy caryu) lednianm,

[ BA prap MYTAOK, KHEMATAH MMIYACIAP OPAIHIMIE 3apPRaHHHr
HWATAPUIAHMA SAPAKAT KBAHT XONATAIRH COHM

dnp? dpdv
(2ahk)?
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MEKTPOHAAP XONATAapH CTATHCTMK BasHH 2. ¥YHra ywhy ndonamu
K¥MaiTHpcak, KBaHT xonariap conu (V xaxmua)

Vo *dp
2g2d, P

Dnextpounap  p=0 aam P=pp Faya XOManiapHd 9raliarad,
YNAPHHHT COHM:

N = Vp
P
6T " i
GVHOAH ICKOPHIH MMAYIC

1 g
Po ={3r313[:,—]3ﬁ (3.85)

2
BA IOKOPHTH 3HEPTHs (Depmu caTxi) £, = -2'-'-;—, = Ep(T =0):

2

- 2
Eg(T =o}-[3:r?;-1"—.{i]-‘ : (3.86)
2m |V

DNEKTPOHAAP Ta3HHKUHT TINa SHEPruscu:

1 l ﬁﬁ N g'
E =2 (3273 —_— ; A
0 (3x*) —ilm = ] N (3.87)

by KeatHpuaran whosanapuuHr KVATaHHW WwapTH

5
-

r o [N ]?. (3.88)

mll'_

kTr=Ep waptunan auuknawanuran Tr TeMnepatypasu aiHuim
TeMnepaTypacH aciunanu.
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Mepymu-JIHpaK cTaTHCTHKACH EplamMMaa aiiHMraH VIEKTpaHIap
2
FAIMHUHI UCCHKTHK CHEMMH (o _ pur [”_]‘_} AHHKIaHHIH
‘.I’

MYMKIH.

AHHHMAH  BO3e-TAIMHMHI  XOCCANapM  XaM  Ypradmiaran.
Kangadaup derapasuil T TeMneparypanad nacTis rasHMuT IHEp-
THSICH

E=0, 770NT?2 /T2 732, {3.89)
lemak, YHUHT MCCHEAMK CHEHMM
. P g_ - T4 (3.90)
bo3se-ras bocumu:
32,502
p-ﬂ,ﬁﬁlgm };: {3':”}

31.9. Kopa nypaanmu

Kopa vypnannwnu dotonnap rasm ned Kapaw MyMenH. Do-
TOHAap BUp-BUpH Buian ¥aapo TahcHprawMaiom, buHobDapuu, Gy
FA3HW Hiean raz neb xucofinaca Oynanu. DoTonnap cnmura ara
aMac Ba bose-DitHTedn cratHerukacura O¥fAcynany. @oToHnap
3K YYyH KHMERHI NoTeHuuan u=0 6¥nanu.

&, = hw, 3nepriusmm xonatna G¥nran dotornap couu Maaxk
Hbanacu

Pl Y (3.92)

OPKAIH TaCBUPAIHANH. NHCOBHHHT HATMAACHAA CNEKTPHHHT TaK-

PopHilIMKNap de opatuEdra TVFPH KeAraH Kopa Hvpaaduil IHEp-
FHACK:

J
dE,, = —% O du (393)
e et
ekl —j
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Arap TAKPOPHIIIHKNAP KHYHK (Ao < kT ) Gyneca, Peneit-
Kune nbonacu kenus YHKAIN:

dE , =¥

: wldy . (3.94)

XE°¢

by udona TeSpanma xapakar IPKHHIWK DApaXanapH cOHMMM
kT ra k¥nairupuingas kenus YHKKAH. by wdonadm karra Takpo-
PHHAMKNAD coXackra acocens TanbHK 3TRACA, ¥ XoNDa HYpIaHHW
T2 IHCPrHscH

E=[dE, =e 66 wikann. By Gemanmnnkug "yiarpa Gu-
L]
Hap1a xanoxar” 1e6 HOMIAH M,
ACIHIa B S>> kT XA

a £ ]
dE, =V ——ale & 4g (3.95)
‘ xle?
B¥mann (Bum uonacu) sa TV 3HEPIHA <« 14 allaHManny, ak-
CHHYA “Yeknm KHAMaTra 3ra GVnamm.

Unekrpan smeprah swamary
dE

—d;"’— KARUIARTHD o =w,, KMIMaTAa MakcUMY¥mra IPMLLAIMN:

0 ,=2.822 T/ h. Arap 6ymna (o mz_E:EC_ WIMALITHPHIL KH-
min
CaK, Awin Fp=const udona xocm 6fnanu. By Bummuur comkmm
KOHYHH O¥nub, v HYPIAHYEYH KHCM TEMITEDATYPALH QLIMAMAS Chiek-
TPl 3HWIHK MAKCHMYMM KHMCKa TYIKHHAAP (Kiynk A ap) ToMOHra
CHIMEMIRAN 2e0 Tacamkiaion. Bose-DfHurmeiin CratheTHkacy Credhan-
Bonumasisnr viudy — HYDIAHMILHHHE TYIA SHEPTHACH

E=AT? (3.96)

HYPARHVBYH xMeMm TEMIEPITYPACHHAHE TV MHYY AarEKacuHra
nponoptivonan G¥na aeran KOHYHHHH XaM KenTApHG unkapaiu.

Crarnervr Gusukanuur TAIKHROT coxanapW ®¥aa KeHr. Bui
Oy Goloe ymwur acucuii TACABBYPIIADM,  TYWIYHMuAnapH  pa
KOMYHgapH BroaH Kueka tannmnG HHKOHK, Kelmurn SoGiapaa 6y
MALAYMOT BUPOI TVIAHPHANG KN TaMsRIHA XaM HA3ApAa TYTIMEK.

T
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Casonnap ea macasaiap

|. TakcuMoT DYHKUMACHHY TALPHBAAHT.

2. Hopmamaul wapTuHUHE MaBHOCHITH TYUIVHTIDHHT,

3. Taconndumht karTanukHuur yprava Kuiimat nisann Bin-
avpanmu?

4. Kaxani TakeMMoTaapHu Guaacis?

5. Makceenn TakeHMOTH KaHuai xona anosarig?

6. Monexynanuur maceacu 1022 ¢ opa tesmeparvpn 300 K
Dynranaa 3nr SXTHMOMAK TERTHE, ¥PTaun Tewnink B VpTaum Kuan-
PATHK TEAMHKADPHW aHHKAANT,

7. THBBCHHIT KAHOHNE TAKCHMOTHAD Kb TEPEIMETPIAR HILTH-
POk Fram?

8. I'nBbc kanoHik rakenmoTianl bose-Hurmeiin TIKCHMOTHHM
KeATHPHE YHKAPHHT.

9. Twbbe KaHOHME TAKCHMOTI AN Depa-Jlupak rakeusoTann
KENTHPHD YHKAPHHT.

10. Mytnok Kopa s nvposiinm KOHYHIAPHHY KailcH oTa-
THCTHER TVIIVHTHPIG oopa o, Wy acocaa Credin- hoausan

Ba BuH comsmm ko npn ko vl kEpusmnng 6vaan?
I @epyn-Llopak sy vekiparmap e alHnran msime
TANOHE a0 Depait CTsi sep sHein [onmnra NODAKGT KILTHL,
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IY BOE
KATTHK XKHUCMIAPIA HCCHEJIMK XOJTHCAIAPH

Onauuru 11 606aa anua Garadenn kapab wukuArad Kpucramn
NAHXAPACH ATOMAAPH (HOWARPH) TeBpaHMLWIAPH HA3PHACHHUHI
A MYXHUM TANGUKNAPHAAH BIPH KPHCTANT NAHXAPACH HCCHKIWK
CHFHMH HA3aPHACHIMD.

4.1. HecHKAHK CHPMMHIHAT KA2COHK HAZADHACH

Knaccuk uzmkana nanxapa aToMAspy XapakaTh MYMTO3 Me-
XOHHKA  KOHyHnapura  GVicydanw  jge6  xucoBnanaam. By
KOHYHmapaaH Gupu Ypraya 3HeprugaiHur Gapya IPEHHIAKWK dapa-
HanapH GY¥HMYa TEHI TAKCHMOT KOHYHH GV1uG, yHra kVpa 6Hp 3p-
KHHIHK JApaxacHin THFpH KeraawraH Vprava KHHETHK 3Heprud
(L2)ET ra Tenranp (Gynaarn k-Boabuman nonmiiicn). Ly acocna
KATTHE KHCMHITHE HCCHKTHK CHFUMH  MYMTO3 KOHYHM  Keaub
Ynkan. MawayMmen, xap Karnail TeGpasduHKE Y9 TalIKH STYRY M-
I EPATHIL MYMKHH, %ap Tawkun aryeaura (TedpaHua xapakar
IPKMHIINK  dapaxkaciira) TeOpanyeuM aroMHHHr (1/2) kT Ypraua
KHHeTHE aHeprusic Ba (1/2) AT Vprava noreHuman IHepruscH
TVFPH Kenajin, nemak, Xap 6up TeGpanma 3PKHHIHK DapaXacHra

E=Epy +Eom = (V2T +(1/2)T =4kT (4.1)

IHEPTHA TYFPH KenadW, TefpadaéTran artoMuuur Vpraua Tina
IHEPIHACH

£, = 3kT (4.2)

OV¥nanu. Arap rpaMM-aTom MHEAOPOAMH KPHCTANN OJHHCA, YHMHT
aToMIapH TEGPAHHLLIAPKH TVAE FHepruhcH

E.’l.";! - N#FT.;I 7‘ _ITNH-A'T = .?RT . [4'3]
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Gy epga N-Asoraapo coun, R-raa YHUBEPCAN JOMMHICH.

Tavpudira kipa, KarTHK UCMHHHT HCCHERHE cHPHMMi geb
TeMNepaTypa OMp rpaayc Kalap ¥3rapraHna YHHHC Wuku AHEPTHA-
CHHUHI ¥3rapHIl MUKAOpHra aHTuram. By curumum C=dFE4dT
Tap3aa aHMKnanaan. C - cHrsM alipHM TEPMOMHHAMHK KaTT:THK-
nap dyHKumMsCH BVAME, YHHHT KYPHHHLWIM BA KWAMaTH KaHgaii
IIAPOHTIA AHMKIAHHIIHTA BOFIHMELMD.

Arap  HCCHKAWMKHMHI  CHFHMH  XHCM Xaxmie - Varapmac

CAKNIAHIAHH  Xonia  aHMKMaHCa, () = [‘—”— ., Dochm
L} irr LR A

VarapMac cakiaHca, Co+dE/dTip=const kipuHniinaa Gearnaana-

au. Onataa TeMnepatypa YIrapranuan KpucTann <armHK, AKHCMIap-

HHHE XaXMH KaMm V3rapraiiavrd tvpainy  vaapHunr HCCHKJIHE

CHFMMHHK C, neca G¥mamn. (xoHa TeMneparypaciia Cp-cHrMM C,

= CHFHM JaH 3-5% yaMacuin oprHk Xonoc).

Oemak, rpaMMonekynap (MOAP) HCCHKAMK CHITM

’ : {FEN )
Cy=Cy = —d-T-’—= IR =6 kar{ vow.zpan (4.4}

O¥nanu: GHp atomiH Kpucrann KATTHK XHCMHMHI MOJIAp M-
CHKIMK CHFUMM 6 Kan/mon.rpan 6$nuiim kepak. by KoHvHHH
Newononr-NTH KoHyHu aeiintaan. Xoua TeMnepatypaciian Gup
KATOp  MOLOANAP HCCHKAHK CHFHMHHH Ynuaumap duononr-Tity
KOHYHM aXWH Baxapuaviudey k¥pcaTtanm, AUPHM MOLAANAR YUuvH
C Hunr guitmaty Jeononr-Mry KOHVHHIA MOC Kenmaling.,

4.[ - scadean
Mania Cykan/mairpan Muonma C, kanmon rpan
AT IHE O.14 Kymvin 6.1
Temnp 6,19 Pyx 6,00
CQATHH 6,36 Hon b6
M 5,50 Kpesisnfi 464
Kataii 6,63 bap 251
| NanTuma £.29 Kapon{oasioe) 1.33-

By Macanara kedHHpOK TVXTa1AMNA.

HOkopraarn Myroxasanaphi 1aBoM STTHPCIK, MKKH 2TOMIN
“PHCTANap yayH C, OMp aToMIM KpHCTATAPHMKKAAH 2 Bapobap.
ABHK C=12 Kan/mon. rpal. YVHKH GviapHuur Bup rpamMonn
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sueprusicn 2 Gapobap kyil. yy aroman kpuctamap yuyH C=18

Kaa/Mon.rpai O¥aum  Kepak. Bup katop kpucramnap yeruaa
yauaiiap XoHa TeMIepaTypacHjia MOC KUiiMaTaapHu Bepain.

4.2 -dcadsan

Muoyia Cy.Ka/Moun.rpan Mona C,Kkan/mou.rpaj
CuO 11,3 CaCl, 18,2
NaCl 12,1 BaCl, 8.6

To nacr Temneparypanap oauil yeyanapu uiiab YUKMUIATYHYA
Ba Oy TemiepaTypanapia MCCHKJIMK CUFMMUHMU ynyawnap iynara
KYifWIryHYa XOHa TeMMepaTypacH Ba YHAaH roKopuia baxapuaraH
KOHYHH

vivawnapgad  dwionour-Iltu
OViiaaurad KoHyHnal Tyionapau.

AMMO, TmacT Temrepatypanap
YeTIaHULIAAD  Kyda
AHWKPOFH, TEMMepaTypa nacaifraH capu KaTTMK KUCMIAPHUHT
MCCUKIUK CUFUMH KaMaiiu® OGopuuiM Ky3aTuaou. 4.3-xaasaiiia
MUC Ba OIMOC HCCHKJIMK CHFUMUHUHT TaKpubaBuii KuitmMartnapu

KOHVHWIaH

XaMMa  BakT  V¥pUHIN

coxacuna Jdvtonour-Titu
ces3unapnu  GVAMIINNIK,

KEATHPUJIITaH.
4.3 ~acadean
Miic 0aMoc
—[_C.\I{.Il.‘i"liiT_\'«’pit °C | Cy.kan/sor.rpaa Tesmnepatypa °C | C.kav/soa.rpan
-259 0,04 -183 0.03
-186 _ 3.32 -66 0.64
-39 3,59 +835 2.1
+50 3,90 +985 3.51
1 Twpay ' szpad
byHaait KoHyHUST Gapya Gowika 7 SeAEem 2P o
KATTHK JKMCMIap YUVH XaM Kysa- 6§ TR =
THIITaH. § P //f'/c E_
buz 6y OGaHmna kpucrann nam- ¢ y/?/a,g 1 //
AKapacu aroMiapd  te@pandiunapu 3 77 03‘/,' i
Ounan  Gomivk OVaran uccukauk [7H i
CUTHMWHK K¥paétupmus. Oxkopuna |/ = | ™

Oy HCCHUKIMK CUFUMMHHUHT [Ibio-
Jgour-TlTn KoHyHura onub Kenagu-
rai  MyMTO3 HasapMiaCMHH Kapab
YHKIAHK.
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4.2. Kpucraan namxapacy HCCHKJIHK CHPMMSHMED KBAHT Ha3apusacu

HeGait TeMneparypacu OpiaH macT TemnepaTypanapaa KBaHT
KOHYHWATIApA acocuii axamusrtra sra. Xap OGUp KaTTHK KUCM
YUyH €Tapanya I0KopH Temnepartypanapaa Gaxapuaanurad JIbio-
JIOHT-IITH KOHYHM (MCCHKIUK CUFHMM TemMnepatypara OOFTHKMac
1eb TacAUKIOBIM KOHYM) ract TeMIMEpatypanapia 6axapuaMaciy-
M Taxpubanapiad Mabliym OVAraHmad  keliuy HCCUKIUK
CUFUMUHWHT KBAaHT HA3apUACHHUN APATHII 3apYpavry aéH oviu.
TINaHKHUHT MYTJIOK KOpa JKMCM HYPJIAHMEIM KBaHT Hazapusicu
acocuia A.9iHireis (1907) Gupuuuu 6Yaub, y3uHunr HMCCHKJIUMK
CHMFUMH Ha3zapUsCHHM TakKInd Kuwiau. YHuHr4a, N aromman Taui-
KWTaHTaH KpUCTail OUp XUl o Takpopunuxin 3N Ta TeGpa-

HMlllra 3ra 6Via oaanu. TaKpOpUIMAMKIIK  TeDpaHuL
axrumosurity Inavk udoaacu rascudnaiimm:
i) <
J(hw) o (4.5)
ekl 1

Xap 6up Tebpammiu 3HEprusick KXBaHTM %Awra tenr, VpTaua
SHEPrUsicH

. hw
J(ho) hw s

ekl 1

; (4.5%)

OYTYH KpucTana TeGpaHMULTADY KaMU 3HEPTHULCH

3INho
E —T. (4.6)
ekl —1
Y3rapmac xa®m wapoutuga KPUCTANTHHHT HCCUKITUK CUFUMHU
Cy ={j—;-l =3NEF (T )+ (4.7)
OyHaa
Flogy=0e/kl ¥ eop ol ¥ 1 (4.8)
fexp( fiw kT y~-1)°
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Wokopu T napna (hw << KT Gynramuna) Fw, T)=1, Gunobapun,

Cyp=3Nk, Gup rpammon yuyH 3ca Cp=INk=3R 6{aub, neHu Ov
xoaaa Juwonour -TTe xoHyHH anonatnHaHp.

Mact T napaa ¢ h w>>kT 6¥aranza)

fit &
&l

Gynzarv 7, = i ‘:*‘-‘ -DAHWTEAHHUHT TaBcHUil TeMnepaTypacu.

2
_F{u;rh.‘?‘}n ex [—W_F =[k.

2 T
) — =i | L 4.9
k7 7 “P( T ] .

DHHWTEHH HazapHacH C~0¥Huda Takpuba HATHHATAPHHEN cHba-
TaH TyWyHTHpHILra, FuHM Cp HuHr T nacafimmu Guiad kamaiinb
SopHUIMHH KVpcaTHIUTa spuulad. (4.9) udonaas TeMnepatypa mna-
caiirad capy exp(-TT) xyna tea gamaaau. ¢ Te/T)H cexun opramm,
HaTumaza Ffwm,T) By Xonma Ted wamaiud Gopags. Ammo, DiiH-
WTEHHHUHT XaMMa aToMaap BuUp XHN @ Takpopuiinuk Bunan Ted-
paHany zerad dapasd hakar xaMMa aromiap Mycragan telpar-
radgaruda THFpK G¥napaM, paxonaHky, XAKHKATIA KPUCTAL aTOM-
napy Gup-Gupd OGunaH GornaHrad papdiiga TeGpaHagm. 2DHH-
witeitd uMgaprad (4.9) ndosa xk¥pcarkmunu GYHKUMA Tap3upa
varapaad. Taxpuba T nacalyum Ounan €, HUHD Japaxaiin KOHYH
BYiMua KaMalMILKMHK TaCAMKIARAN.

1. HeBaii (1912) Taknvidy KUATAH WCCHKJIME CHFMMM Halapu#-
CH  KWVNYWMIHMK KpHCTAMIAp YYVH [acT  TeMneparypalapia
Yrraziarad Taxpubanap HATHAATAPHHM AXIUM TYIWYHTHPA 0N,

Jebait xam kprctaan N atomaan TawikHaiaHrad 6¥aca, vHaa
IN T1a TeGpanmwt G¥nMWM Kepak, amMmo Xap Bup Tebpanun

VSHHHHP TYIKHH BEKTOp K ra OOFIMK o Takpopuitiurura ara,
Bapya w YacTotanap codH 3N naH HOopar 3PKHHAHK Japasanapi

coHMra Teur, OyHaa Takpopdiinukiap 0 aH TO MaKCHMAN « Tak-
popuiinukraya Oyaras 3N Ta KMAMATHH onanu, seHH (3.82) nona

Ypurnn  Dynaan.  AKycTHK  TeGpaHWILAap  TapMord YUyl

aHUEnAHraH  Takpopuiinsx  Tageumoruuuur (3.58) udonacuuu
(3.82) ra gyhub xucobnacax,

L - & [} H F‘
_[ glw Jdw = ”2 3 rw:'d'm - {";”3 =3IN
o Zx v p 24w
CyHaaK:
&2
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|
3
i } (4.10)

Vo

Fa=FiN - aneMeHTIap KaTak XakMH.
3.5 fanana (3.83) wposa k¥puumnuna lebaii TemnaparypeHHK

MAKCHMAN oy, TAKPOPUANHK OpKany udonanarad 30MK. DHIH yHH
(3.10) ndonasar foiranannb Tapcudnaimma
I

ﬂ“‘: s hwm I-[Eﬂj ]?Lvu‘ (4‘."]

I:I!}M - Pu[

i Vo k

OnTuK TapMokaap vayH xam JeGail TemnapaTypynapuHH Ku-
PUTHIT MYMKUH.

8 = Tk (4.12)
Viia 3.5 - Banana 6aéy KuaMHrad GoHoHnap (sHeprus hw,

knazn umnyicn g ) ryuyiuacuaan gofinazanamus. (3.78)-(3.80)

Hboanapii K¥uIaiMus. YHIA k¥praHuMuanek xap 6up Tebpa-
HUUIHHHT (10 TAKPOPHAAMKIIH DOHOHNAPHHHT) IHEPriscH

N g {4.13)

efl | 1
O¥auG, y (4.5) DiHwreitn wdogacuian GupHHYH xan OunaH
(GaprIaHanK, YHHU TeGpaHHIIHUHT HOAMHYM 3HEPIMACH HeHHIAnN.
(4.13) udonann Gapua TapMOKap Ba TakpopHiliMktap Gyiuua
Kamaacar, DYTVH KpHCTALT NaHKapacH TeGpadHilnap T¥na auep-
TMACH XOCcHN D¥namM;

’ 3 e Iz i
[ =EH+EZ?L—-+ ET‘:J_W__ HH}
ful ¢ L = #
g 0 g AL SR

Bupniun xan T¥na HonuHuM sHeprus, b3 AMFHHAH y4YTa

r=]
L)
AKYCTHR Tapmok Oyitmua, ¥ sca, 3s-3 ta onmHK Tapmok,

j=4
6%iiHya onmnanu,
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(4.14) ndonanaru UMFMHAWIAPHU KyHugaru MyJloXasailap aco-
CHlia coLiapok Myl Ounad xucobnawl MyMKUH. AKYCTHK Tap-
MokJap Oyiinya WHFMHAMHMA UHTerpan 6unan anMalutudpea oynamu.

3wy “n e Wh % wld .
- L = L
Eg =33 T T f ja . Gl@)dd = — 3 f hw (1)
1=l ¢ i f = 2NV p -
et - et —] et —

Arap Viuamcus x=hiw /T kaTranug KMPUTCAK,

Eu=NkT.3D(6,,/T) {4.15")
O¥nagu, OyHma
417 — 2
o ]r ak T v > d_\‘
BBy T Y= e i S (4.16)
G IT) “M] (1

OnTuk TapMmokJiapaa a(q) TAKPOPUIIINKIAP ¢ HUHT DYHKLIMSI-
cu cudarraa kam ysrapaam. LUyHuuHr yuyn Xap OUp onTuK Tap-
MOKKa 61p axq;) TaKpOPUIINK MOC KeNafn ae6 xucobaaiimus.

3s haw he 4

ls
EO” & E E fiw ‘L’ =N Z heo = ‘ (4'17)
ink g **4 i =¥ ‘f% o1
ﬁw(y SJ- ;
Arap Oy xonaa y¥nyameus o :TF_ KaTTaluKiIap KUPUTCAK,
9,!
3s ;r_
E,, = NkT Z : 1T
J=4_"J :
el =i

OHAU  KPUCTAIHMHT  TeOpaHMULIapM  Tyia IHEPTUACU
Kyiunard KypuHuiga 6vnanu:

: 0 A .._ i
- - g ak I s
E=Ey+Ey +Ey, =Ey+ NkT 39(-;_}& E 7 (4.14)

84

PDF created with pdfFactory Pro trial version www.pdffactory.com

T —,

i

YerapaBuii Xxo/napia KpuETaml naHXapacHHUHT HMCCHUKJTUK
CUFUMM KaHoal OYTULIMTHHK KYpalaHK.

a) lOkopu TeMnepaTypaiap (T>>604,,6; ) coxacuma x<<I
QVnranaunru ty@aitnu (4.16) unrerpanna

QQkp
T "1, ONTHK TapMoK

e*-1=1+x-1=x, UWYyHHHr y4yyH
6Viinya HMFMHOM
3s 0. /T 35 @.
Z 3_!;7" .HEQIF»T =3s=3
j=4e 1 f=drl s

LyHnai Kuiuo, :
E =FE, +3NkT 4 (3s -3)NkI = E. % 35T

ByHnaH &/ :(%] =3sNk  8a CP==3R OVIAMUUIWEH,
V

AbHU l0KOpW TeMnepatypanap coxacka Jbionour-TITu KoHyHu
TVEPU 3KaHIurn Keaub unkanu. By xonma 0apya aKycTHK Ba OonNTHUK
TapMoKJ1apaaryu TedpaHuiiap YiFotuarad 6yaanu.

6) BHmM nact Temneparypanap (7<<64,,T<<6) coxacunm
Kypaiinuk. by xonma onrtuk TapMOKJiapra Teruuuii Xaaiap

-0, g
(EJ,- fT)e o TapTuOuma 6¥nub, | ra Hucbatan anua KHYUKIHD,

6y HuFMHaMMapru (4.14%) na tamnad I0BOpHUIL MyMKHH, YYHKY Oy
X04a IKOPHU TakpopU N MKIH OMTUK TeOPaHUULTAPHYU YIAFOTHILAA
kT 9amacuaaru UCCUKIMK XapakaTh BHepruscH eTapiiv smac. bu-
HOOapuH, nacr TeMnepaTypanap coxacuia ONTHK TeGpaHMILINap
ASSApIN  yiiFoTUAMaran GynraHnurd tydaiau Oy TapMmokiap uc-
CUKJIMK CUFUMMHIa Ce3Unapim xucea Kyiia onMaiiu. (4.16) uHTe-
pajia I0KOpH YerapaHu o n1e6 onuHca,

it
Oex -1 15
O¥nanu. ;
Aemak, (4.14') ugpona kyimnarn KYPUHHUILHM Oa/u:
T 2V (kT y*
E=Ey+ 3 =E +—L§—;)— (4 147)
50 104 vﬁ
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EY M(l)OJlH acocula aHMKITaHaguraH UCCHKJIMK CUFUMMI

= 4 2
Ci::(d_E] _Date T ] i
ar |, 5 Ok |
Arap N=N, (ABoraapo coHH), ¥ &
xonna Nyk=R 6ynaam Ba (4.18) mMo- 3N-x L0 ]
NP UCCUKIIWMK CUFMMMHM  udona- 0,8— 7
naviau. (4.18) udona nacr Temrnepa- 0,6 {
Typajlap coxacuia KpUCTall MaHxa- g;
PACUHUHI MCCUKJIMK CUFUMHM T° ra i T/8

MyTaHocu® paBMiuga yirapagd jed 0 0,2 04 0,8 1,0
TacaMKNnainu. by KoHyH Taxpubana
20- 25 K Taptubuaaru temrneparypa-
Napia axwu Oaxapunanu. Jlebaii-
HUHI Ha3apusgcu 31acTUK  TyTall
MYXHMT Takpubu (KOHTHHYan Takpub)
KYNJaHagWuraH TMacT TeMriepaTypaja YHFOHraH y3yH TYJIKUHIap
X0JIM/1a afoNaTiv 3KaHINTHU TacOHKJIaHaIu.

4.1- yMaMagaH KYpUMHHULIMYA, UCCUKJIMK CHMFUMWHUHI YHUHT
JbionoHr-11Ttu udomacura HucbaTW MacT Temriepatypatapaa
(7/8)3 ra MyTaHoCcHO, I0KOpH TeMIeparypayiapra 1 ra MHTUIAIM.

Ana wyHra sbTU60p Gepull KepakKH, KIIaCCUK(MYMTO3) coxa
KBaJdT coxajaH 7=6 na smac, Oanky MacTpoK, TeMilepaTypaia ax-
pajanu. Anbarra, [leGaii Haszapusich Gekamy-KyCT Ha3apusi sMmac,
~T7 KOHYHHMHI Daxapuiull coXacu Garadcui TaxiWl KUIMHTaH
TaOKUKOTAAP XaM MablyM.

4 2-yusma. KAaTTHE KUCMIap
HCCUKIHE CMFMMHUHUHT debaii
TEMMEepAaTypacHIdH nacria
VarapMuiu.

4.3. KpAacTa/ml KATTHK KHCMHHHT MAHXAPABHA HCCHKJIHMK
VTKA3YBYAHIHTH

KarTuk xucmnapma, rasfap Ba CYIOKIMKIapaaH (hapk/ii paBuil-
J1a, HCCUKIMK (HaKaT UCCHKJIMK YTKA3YBUAHIHK OPKANIU y3aTWiIa/iu.

VYMyMaH aifTraHga, KpucTaniga MCCHKIMK 3Heprusick GhOoHOH-
nap, GoToHNap, 3pKUH 3NCKTpoHIap (€KW 3PKMH KOBaKJap), 3/1eK-
TPOH-KOBaK Xy(dTjapH, 3KCUTOHIAP OPKaAM Y3aTWIMIIK MYMKMH.
buz 0y ©Oanana @(OHOH MCCUKAMK YTKa3yBYaHJMKHU Kapal
yukKamui. YHu 6ab3aH NaHXapaBUi MCCUKNMK YTKa3yBUaHIMK Xam
Jerunajiu.
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i
il

Arap KaTTMK XWCM HaMyHacH yuyiapu Typjid TemriepaTypanapaa
TyTUO Typuiica, ¥ X0//la HaMYHalaH UCCUKJIUKHUHT Y3TYKCU3 OKUMM
BYXKYAra KeJlalM: MCCMKPOK YuYZar KpPUCTAL1 TaHxXapa TYIyHJapu
KaTTapok, amiuTyna OunaH TtebpaHagu, yjaap yamapd OGoriaHraH
KYillHWIapura TabCHp KWnub, ylapHUHI TeOpaHMII aMIUIMTYHACHHU
(6uHOOapWH, SHEPrUACHHH) OPTTHpalu, Oy KyluHWIap ¥3 HaBOaTUOa
HAMYHaHWHT COBYKPOK YYM TOMOHIa Oy TabCHMpPHHW (MCCUKJIMK 3HEp-
MSICHHM) y3aTaiu.

MacanaH, dT/dx Temnepatypa TpalldeHTH MaBxyj OyaraH
(CTepXEHHWHT) HAMYHaHMHT ds KVHOANAHT KEeCHMH OpKalud df
BakTaa ¥TraH dQ MCCUKIMK OKMMWHU MOJEKYJIsip PusnKa dhaHu-
JaH MaBIyM

dT
dQ = -1 ——dSd
o - s (4.19)

udona OYiMua xucobnawr MyMKMH, OyHgaru A - MCCHKIMK
¥TKA3yBYaHINK KO3GDPHULIMEHTH.

bu3 onomHru 60682 KpUCTa/UT MaHXapacud aToMIapd TeOpaHMI-
naprHu doHoHap 1ed arananuraH KBasW 3appanap opkand udgona-
Jlall MyMKWHJIMIMHM KVprad 3auK. AHa LOyHra Kypa KpucTaiapja
HUCCHKJIMK 3HEpPruscMHM (OHOHMAp OpKAIM y3aTWIanu aed aiTulll
MYMKUWH.

Hebail Hasapusicu OViiuua, MaHXapaHMHT YHFOHTaH XOJaTHHU
KpUCTa/Ul XaXMHIa 3PKHH XapakaTiaHyBYM OHOHJIAp WIean rasu
KypuHHIIMAa TacaBByp KuivWHamu. DoHoOHIap rasu Temreparypa-
JIADHWHT MyaisiH OpajlMFUla Wiean ra3 Xoccalapura sra, IWYHWHD
YUYH KATTHK KMCMHUHI TnlaHxapacu (QOHOHIAp) WCCUKINK

VTKa3yBYaHIWIH KO2(PDULIMEHTUHU unean ra3sHUKHaal
K¥puHUiuaa ndonanaca oynanu:
I
’lqb =-'3—C quvvm : (420)
OyHna C — coHoHNap rasM GUPTMK XaAKMUHUHT MCCHKIMK

CUFUMMU,

I{/} — (DOHOHHWHT 3PKUH IOTypULL WU Ypraya y3yHIIUTH,

Vi~ MA3Kyp KucMia TOBYIU TE3IHUTU.

DoHOHNApHUHT  3pKMH  IOTYPUII  YpTaua i:ﬂ Y3YHIUTUHU

XHcobnaln anya KHAMH, aMMO Ha3apusiHUHT cUdatuii TaxIuIu
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ETAPNHYA IOKOPH TeMMepaTypanapia f‘,, — HHHI MYTIOE TEMTEpa-
TYPAra TeckapH NponopuHoHal SKaHIHTHHK KVPCATALH.

ILyHUHT yuyH Ay HCCHKIME YTRA3YBYAHIHK m3¢;¢nu¢mu'

xaMm 728 6¥nraHaa myTiak TeMMepaTypara TECKapH Mponopiio-

Hasl, ABHH, .1.,,,~]J'T. yyHkH By coxana C Ba V, KaTTaiMknap TeM-

neparyvpara GOFIKEK IMac. !
ErapaMua TO33 KpHCTAINApAA MYTNAK HOIA AKHH TeMNEpaTy-

panapaa f; — HAMyHaHWHT YIUaMAAPHTA BOFIHK.

Bynunr cababu wykm, NacT Temneparypaiapia (oHoHnap
suuanrn [(3.78) wdosara Kapanr] xyna kam, Gunobapit, GoHoR-
napapo TVKHaAUMIMAGD IXTHMOIH KHYHK, Gy xonfa doHonNap Ha-
MYHAHBHT vy uerapacuiad Gy derapacura eapiu TVKHAIIMLLICHS
NADAKAT KMAQAM, JIEMaK, arap HamyHa yndamu d DBi¥ncay

[, ~d Bynanu.
By xonua,

1 e
llp - ‘3"‘C pﬂ‘lJ = {4'.1[}

Apau (4.21) upomaHuHr FHr ToMoHuaa dakar C° - THHA TeM-
nepatvpara Gorauk. [lefail kowynura kypa, C T4, GunobapH,
Ag=T? BynuM Kepak. By XylocaHM C
Taxkpua TacaHEIalAH.

fAnBarra, Kpuctannapna Gornanmw
EYUASPM  AHHIOTPOIUIHIH  HOCHEJTHE
YTKAIYBNAIIMK  KOMDMLEHTHHH Ay
HHHE aHH3OTPON BYAHILIMIHIE OAHD
genand.  KBapUHHHT  TYZWIHMWHHH g
KVpeataaurad  4.3- 4nsma Ba YHHHD
AyHaaMwr Gornuk, (AHW30TPON) HC-
CHKJIMK  VTKASYRYAHIMIHHY  HAMOHM LI

KMRALMTAH LB KeTTHPIITAH. 4.3 umia. KeaplUmitaT Ty
LM
4.4 -weadagn
|_.r].ur, 105 kad.MONB/ PP © Temnepatypa. K
373 273 195 81
¢ KK napaten HyHawna 7.7 11.7 16,4 42.1
¢ VKKA THE HYHAIHLLAS 4.8 62 | 87 210
]
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Aanpangas Keapll KPHUCTAMIHHHHI © YKM Ditinal HCcMEAMK
YTKAIYRIAHIUIH, ¥ VKK3 THK HHAIMILAArHCHIaH OCAPAH HKKH
MapTa Katraaurd k¥puiub Typubam. Bynnan tawkapu, T remne-
pATYPE KAMAHTAH CAHMH Ag HCCHKIHK VTKA3yBYaHIHK opTHD Dopa-
ETrany KypuHann, By KBAHT HAJAPUACHHM TACUAHKIAHIMTAH HATH-
wanup. |9,175-6] Bu3 kpHetann nawkapacH TebpaHuuapi (po-
HoHnap) Gunan GOFIMK WMCCHKIMK YTKAIYBMAHAMKKa OHA Gabiu
ACOCHA KOHYHMSTAZPHM Kapah YMKIMK xofoc. bollKa HCCHKIMK
YTIKR3YBYAHIMK  MEXAHW3MAApM  XaKuma  ¥3 #oHuna  AHa
TiNTANAMHI,

4.4, KATTHK JKHCMNAPHUAT HCCHKIMKIAN KenTaimum sa yiaiinuim

Karrik  AHCMIADHUHT - MC- E
CHKJTHKIAH KEHTRIHHIIMHN TYILIYH- -
TUPHLL Y49¥H, KATTHE EHCM Jappa-
MApHHHT ¥3apo  TIbCHp 3HEPrHA-
CHHHHT Viap opaciaard Macodiara

GOFIHERIHIH Yiamara (44- o g
yMamara)  MypOXaar  KMaamui. \ay bl ="
Arap 3gppanap MyTI1aK XapaKkarck3 —af'% Y4

Binca, Dy xoina ynapHMHT KHHeE- e

TMK  SHEpPrHanapM  HOMa  TeHr

Oynap, ynap opaciiari macoda T, 4 Aoupioma. KATTHE EHCMTIRHHHT
ra TeHr OVaMD,  NOTEHUMAT  yeenpankaad KEHTRHMLWMHM TYLIYH-
YYKVPHUHE  TvDHOa  &KoEmawrad THPALIHTAH TACRUD
Oynapowiap. by Xon myTnak HoA

Temneparypana B¥anwn MyMKHH 31H.

AMMO, XAKMKATAO 3appaiap ¥3 MYBOIAHATH BasMATIApW ar-
pothapuia TeGpanud Typaamiap, SbHu MYaHsH KHHETHK IHEPTHA-
ra ara 6¥nanunap. Temnepatypa opTHILLK BHIaH 6y KUHETHK HEP-
ris xam opTud Gopaam. T Temneparypana jappa £ KHHETHE 2Hep-

rusira ara 6¥auG, vanra a, Hykrara, ¥Hrra bl HYKTAra YeTnaanm.

Motedunan 3rpy YHIMKHHHE HOCHMMETPHIJIMTH TydaiinK Tedpa-
HAETTAH IApPaHUHT VPTaua Ba3HATH HAM 1, T2 TeHT O¥IMan, yH-
Aar YHrra cuoKHG rp KHIfMaTra 3puilani.

Temneparypanu T3 raua oIKPHICA, JAPPAHKHIT KHHETHK 3HEP-
reiacH £y wKopu KMimatHd onanv. bywaa sappa sanma a4
HyKTaraue, yHIF2 H; HYKTAra4a Yernawand, yprada BA3HAT 3¢a n
kHitMaTra spuwany. Hlyeaaid kanub, Temnepatypa oprud Gopra-

89


http://www.pdffactory.com

HUda KpUCTAU [aHXapacKu TYTYHJIApU OPAJIMFU OPTai, SiIbHU UC-
CUKJIMKIAH KeHraluul (r>r;>rg) 103 bepaau.

Mawnym [, =1,(1+0tt) ndona (Gynna 1 — Iencuit gapaxacu-

Jaru Temriepatrypa, o — ypraua ysaiuw koadduuueHTH, 1, lg —
TeMrepaTypaHUHr t Ba 0 KuiiMariapaard cTepXeH Y3YHIHKIIApH)
MONUKPUCTAIUL, $BbHM XOccalapu Jlesipiid WyHanuuuiapra GORIHMK
OyiMaraH (u3oTporn) Molanap yuyyH Tyrpu Oynagu. MoHOKpu-
CTa/Iap 3ca aHW30TPOIUIMK XOCcalapura 3ra, YAapHUHT YU3UKWH
viaiuumm o Ko3ddUUMeHTH  yMyMaH — aiTraHma — TeH3op
KYPUHUILIMAATH KaTTaTuKIup.

Arap MOHOKDMCTAJUIJAH 1ap scanca, KEHHUH YHW HMCHTHIICA
€KW COBYTMJICA, Y X0/da liap ¥3 WakKJIuHA HYKOTHO, SHT yMYMMIi
XoJaa yu VKM 3JuIKIiconara aiilanaaMm, YHMHT YKJIapy KpUCTallo-
rpaduk yriap dunan Gorukaup. Yu kpucramtorpaduk vk 6yiiiab
MCCUKJIMKIAH KeHraiuul Koa(GdrIMEeHTIapMHK KPUCTATUTHUHT HMC-
CUKJIMKAAH KeHranuiin Oolly Koa(pGUUUeHTIapy  Ielunany Ba
0,000,003 OpPKAIW Genrvnadanu. Kaapanga 6ab3d KpucTamaap y4yH
MabJIyMOT KEJITMPWIITaH.

4.5 - acadean

Kpucraia Cucrema T,K g -108 ap -108 ag 100

rpax’! rpax! pan!
Tumnc MoHoknHH 313 1.6 42 29
60 -2 55
Pyx [ekcaronan 150 8 65
300 13 64
Kanunr Tpuronan 313 -56 25

XKanpannan KypuHAIMKM, TEMNEPaTypa KaMairaH capu o, o,
O3 1ap XaM Kamasiiu, alipum Temriepatypanapiaa 6as3vna maHhuid
KUIMaTiaap OJIMIUK XaM MYMKWH, 0ol KoagduuueHTnap alpum
KpucTtaniap/aa oup-oupuaad aHya dpapk Kunaau.

KpucTaniapHUHT MCCUKJIMKIAH KeHranuiuu (y3aluiiv) yHUHT
aToMIIapu opacujiard ¥3apo TabCHp KYWIAPHWHT aHrapMOHHK
KMCMM Ouilan  Oornuk, O¥namu. bynu Ky#ugaru xucob Tac-
AWKJTAaRIN:

Mapa3 KUIAIMK, WKKH aToM (KpWUCTall MaHkapacujaard
KVUWIHA aromiiap) /, MYBO3aHATAM BasWATHAAH YHYa KaTTa
GyamaraH r-r,=x YeTJaHulLAap Xosuuaa 6up-oupu 6unax

Fotall o iy g (4.22)
dx
90
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Kyd OuiaH y3apo TabCUpJallcUH. Y xonda ¥3apo TabCcup MOTEHLIM-
ANl SHeprusicu

X
U=—[Fx =213, (4.23)
0 2 3

OyHza f — 21aCTMKIMK (FapMOHUKIMK) KO3DdUUMEHTH, vX° HU
aHrapMOHHUK Xad IeHWIud, vy — aHrapMOHUKIIMK KO3(MOULIMEHTH.

BonblMaH TAKCMMOTH OVAMYA ATOMHMHT MYBO3aHAaT/IM Ba3usT-
JaH X Macodara YeTJaHUII IXTUMOJIUTH

f{x)= 4 exp [——~;;: ]er S oy [J+—“" ], (4.24)

3kT
?’YB :
6yHIa *}cT << 1 neb xucobnad, UKKMHYHK KyNaloBuu
2
o | B] e 22 (425)
3kT 34T

Karopra €iuiaraH.
A pouMunii HopManalll (Meb€palll) LapTHAAH TONWIAnK:

#3 o 3
[ o-pstizm (I+ v Ve o1, (426)
34T

KarHalraH UKKHHYKM WHTErpan Honra TeHr Oynmaau, YyHKH YHUHT
ocTHaard ¢GyHKUMA ToK, dyHKuUMsaup. Hatuxkana
l

A:[ g ]5 (4.27)

2nkT

KMIAMaTHU XOCHJT KMUJIAMMU3.

ATOMHUWHT MYBO3aHaTHI BasUATAaH ¥pTaua YeTTaHuImu
+ra
— kT
= j X (x )dx o i = (4.28)
Za B
OyHIa, GupuHuu MHTErpan ¥3 octuaaru GyHKLUUS TOK OVATaAHIUTU
Ty®daiinu Honra TeHr 6¥naan.
MKkuHuM muTerpan KuiimaTn Mabiym [lyaccoH uHTerpamura
KeATUpHnaau.
Tavpudra kypa, unsukuii WCCUK/IMK/IAH KeHTaluul o Ko3d-
duumenTn 6upank y3yHauk Ba 19 C ra xucobnaxran Y3aUULLIANP:

91


http://www.pdffactory.com

X

d=—=
aT aﬁz.,

(4.29)

OyHparu ag=r, — naHxapa gouMuiicu. (4.29) maH HCCUKJIMKIAH
KEHraiuil aTOMJIapMHUHI aHFapMOHMK XapakaTtura OGOFIMKIUTH
AKKOJ KYPHHWUO TYpHOIu.
Mucon Ttapukacuza Oup Bal€HTIM HOHJIAp KPUCTATMHM

Kapalliuk. by xosnaa voHnap ¥3apo TabCUp KYYUHH

2

;'2+% (4.30)

r

ne6 xucobnaca 6ynaau, Oy mdonana — e/r? nedopmarusiaHMail-

JAUrad TYpJAW MUIOpaJW KYILIHM WoHJap opacugarn KynoH KOHYHH

Oyiinua topruimw Kydu, B/r!® — wy uonnap opacuparu urapu-

WKL Kyyd, Yy Macoda Yarapuiuumra Kapa® Tte3 y3rapanu. Mysosa-
e? - B a
Eopalia pis
B

Jurd. ByHnaH, B=eZa® skaHauru Kenub unkamu.

AMMO, r=(a+x) GYNTaHAUIK Ba X HUHT g ra HUcDATaH KUYKU-
HAIUTHHU XKcobra oscak, 5

F=

Hatoa F =0=- WOHNApHUHT MYBO3aHATIWu oOpa-

2 2 8 2 2
Foom By lE0@ v B L 0% (4.31)

(c‘.'+.vc)2 (aJr)c)]0 a at

(4.31 ) Ba (4.22 ) udonanapHu TaKkKociacak,

B=82/da, y=521a". (4.32)

by nartwxanapHu (4.29) ndogara Kyiicak, MOHIAp KpUCTa
MaHxapacu yuyH

a =52 ak /64 e’ O (433)

MyHocabaTHHU XOCHIT KHJ1aMU3.

a=3*10"% m, k=1,38*10-23, XK-K!, e=1,6*10-1% Ka kuiimatiaptu
(4.33) udonara kyiicak, o=1,5*10"3 rpan! HaTuxa Kenub yukKaou,
6y — TapTWO XuXaTaaH TYFPUOMD.

by GOOGHMHI fAKYHWIA WIYHW alTWUII KepakKW, KATTHK JKHCM-
JIAPHUHT UCCHKJIMK CHFUMKM BUNaH MCCUKIMKIAH KeHTalMIIM opa-
cuaa OornaHuKu Bop:
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Mcenknukian KeHrauil Ko3Q@UUMEHTH o HUHT aToMnap
(momsp) €, WCCUKIMK CHFMMUra HUeDaTH Mas3Kyp MO/Aa YuyH
TeMrieparypara Ooriuk OVimaran aowmuiinukaup (IproHeiizeH
KOHYHM): : '
a/Cp =ygk I3V . (4.34)

XakukaraaH, Oy MKKM XooMca TeMIleparypa opTraHuga aToM-
napapo macoga OpTULIWra DOFIaHTAaH.

Macananap sa casomnap

I. 2 Ba 3 artoMIM KATTMK XUCMIaDHUHI MOJISID WCCUKIMK
CUFMMWHU KIACCHK (MYMTO3) Takpubaa aHUKJIaHT.

2. DHHIITERHHUHT KATTHK >KMCMHUHT WCCUKIMK CHFUMM Hasa-
PUSICUHUHT acocUM dapasznapu kaHmail?

3. [leGaii Temneparypacu kKaHupail aHukgaHamu? YV HUMaHM
nhonananamn?

4. © TakpopuHaUKIU Hapua HOHOHNAP 3HEPTUSICUHU E3HHT.

5. v (toBywr Teanurn)=5*103 m/c, aneMeHTap sYeiika Xaxmu
15=2%10-2 M> 6¥nranna [le6aii TemMneparypac HuMara Ter?

6. Huma yayw HeGail TeMnepaTypacuiaH mactia onTUK Tebpa-
HULLJIAD MCCHK/IUK CHFMMHUHM aHKMKJalAa ybTUGopra olmHManam?

7. MccurMK YTKa3yBUaHIMKHUHT KaHaak K¥puHuiIapy 6op?
KarTux Xucmiapia YHUHT Kaiicl KYPUHHMIK MyXum?

8. Arap GOHQHARAPHUHI 3PKUH IOrYpULLI HY/IK XOHa TeMIepary-
pacuina NaCl kpuetau nanxapacu a fovmuiicuna 4 Mapra xarTa
O¥nca, 6y KPUCTANTHUHT UCCHKITHK YTKa3yBYAHAMIMHY XUCOOIaHT.

9. Arap KyMyWHMHT HCCUKIUK VTKA3YBYAHTHK Ko duLMeHTH
418 Bar/me.rpan, yHaa toByin tesmurd 3700 m/c Oynca, T=300K na
(DOHOHHMHT 3pKUH OTYpHIL ypTaya y3yHJIMrd Kasda?

10. 30 Kama onmocHUHr con WIITUPMa MCCHUKJIMK CHFUMH
AHUKJIAHCHH.
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V BOB

HUIEANl KPUCTAIIOA BJIEKTPOHJAPHUHT
OHEPTUSJIAPU CIIEKTPU

5.1. Kpucrana ysyn IIpeannrep tencnamacn. AmuabaTnk Takpuo

Xap KaHal KaTTHUK XUCM Xy[a KYI atoMaapiaH TalliKWT TOTl-
raH 6ynanu. ATOMJIApHUHT SIAposiapyu WOeaT KpWCTaliaa MYHTa3aM
Mawxapa Tawkun gunaau. 1l 6o6ma  KypraHMMHU3IeEK, a’romnap
KPUCTAN MAaHXapach TYTyHIapuaark Y3MHWHT MYBO3aHAaTJIW Ba3H-
sTnapu atpoduaa Tebpanub Typamu. Helitpan kpucrannma simpo-
JApHUHT MycOaT 3apsiau Gapua 3neKTPOHIAPHUHT wqu;mﬁ 3aps-
Ivra MMKOOpaH TeHr Oynanu. Jlemak, KpHCTamI KaTTHK )KHCM Ky
3appajlyi KBaHT TU3WMIOMpP. YHUHI cTaluoHap xonaraapuuu [lpe-
IMHTEP TEHIJIaMacHHW ¢4nb TOMWIaan:

HY =w¥,, (5.1)

OyHiarn XaMWITOHUAH (TYJla 3HEpPrus OnepaTopu)

o ey o N 1 ;
H = E,ZV“' —?EE% + V(R,1) (5.2)

KYpPUHHLIAA OYIMO, YHUHT GUPWUHUM Xaau SMEKTPOHIAP KUHETHK
SHEPrusinapu ornepatopjiapi AUFUHIMCH, UKKWUHUM XAy SOpoJiap
KHUHCTHK 3HEprusnapu oneparopiapu HuruHaucu W(R,r) ¥3apo
TabCcup MOTEHLMAN 3HeprusicuaaH nbdopar. [loTeHlMan sHeprusiHy
KyHHgarnya €3uu MyMKMH:

V(R_.r)zgrfzke Z——E“’ (5.3)
ik

gk ik ij T

Ywby udonanapaa m — snekTpoH Maccacu, M; 3ca j— sigpo-
HUHI Maccacu, 1; Ba R; —Moc paBuwiga, i — IEKTPOHHHHI Ba j —
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SUIPOHUHT Palyc BEKTOpapH, Ry — sIpojiap opacuiaru, ry — 3/ek-
TPOHJIAp OpAaCMfaru, r; — 3JIEKTPOHNap OWNaH syiponap opacuaaru
macodanap, z;, 7 — SIPOJApHUHT aroM Homepnapu. (5.3) udonana
Ry, Ik, Fyj Macodaiap XMcoOMaa MHIEKCap TEHT OYIMACIMIH Kepak.
(5.1) ndonana W — KPUCTALIHUHT TYNIa XYCYCHid 3Heprusicu, ¥ 3ca
VHUHT TYJIKUH QYHKUMACH OYauO, y Gapua 3appajapHUHT KOOP/IH-
Hatanapura OOFIHKIUP:

Y =Y¥(.n,..R,Ry,.) (5.4)

Acampa  (5.1) UlpeavHrep TeHmiamacu eyusica, KpUCTaLI
KATTUK JKHMCM Xoccanapura Teruuuid 0Oapuya capojulapra KaTbHid
’KaBoOyap OJIMHMIIM MYMKHMH O¥napau. AMMO, KaTTHK KMCMHUHT
1 M3 xaxmuaa 1028 nan opTHK aToM (3appalapHUHT YMYMMII COHU
YHIaH XaM K¥ym) Oynanu. By aca TVAKMH (dyHKUMA VllaH4ya coH
yamacujarv ysrapypywiapra OoFMHK O¥nanou, aeMakimup. ByHmaii
TEHIJIAMAHU Ba YHUHT €YMMUHM XarTo €3M0 YMKULI aManga MyMm-
xuH smac. UlyHpait €3y ycynu tonunramga XaM ONUHIaH €9UM
TaXpnubaaa KysaTWIraH KOHYHUSITAAPHU TYLIYHTHPHUIL YYYH spa-
Maian (raz Gapya MonekylaJapUMHWUHI KOOpAMHATalapu Ba Te3-
NTUKNapUHU OMIraHza Xam ra3 XoJaTHHU aHUKIah OyIMaciuruHu
3CNaiNK).

CHHunknab GaxapuiraH TaakKMkoTIap Haruxacuma Llpeamm-
rep TEHrIaMacuHWUHI YMYMWH aHUK €4YUMHHM TOMMILTa YPYHMII-
HUHI 3apypaTtv HWYKJIUTHHM, eTapjyya acoclaHraH Takpuoui
xucobiall KaTTUK XKUCMHUHT Gapuya MyXUM XoccalapUHM TYILMH-
THPUUIM MYMKMHIAMIMHM K¥pcatam. [lpeauHrep rteHrnamacuHu
CUMILIHUHT caMapagop TakKpuOWid ycynuHU ajnuabatuk Oup suiek-
TPOHIU sIKMHJAWIKIL (Takpub) ne® HoMnaHraH. Y KATTMK SKHUCM-
Japa 3MeKTPOHIAPHUHT SHEPIrUsiiapy CIeKTPH Ha3apUiICUra acoc
o6ynran. )

Anpabatux sikuinaumnn  (Takpub). AToMiap sIponapu Maccacu
JJICKTPOH MaccackaaH KYI1 Mapra Karta OWIraHiMri yayH KpWcTaniia-
T aromnap sAnponapy mamkapa TYIVHIApWaa Ky3raiMac Typaau aeb
Xucobnamnca, (5.2) XaMUITOH orepaTopHia AApOIap KMHETHK 3Hep-

TUACHHUHT (2 ;g)z_'_v%j onepatopuHu Tauab robopunca, y
M ;
I
XOllla Kysraimac szpoiap MalZOHMIA XapakaT/aHaéTraH 3JieK-
TPOHIAp cucreMacuHuHr @ (r,R) TYAKMH dyHKUMsCH Kyiingaru
[peaunnrep TeHrnamacura 6yiicynanu:
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[l_ 'ETE‘?; H‘(R.r}}w =Eq, (5.5)

Gviiia £ — 3MeKTPOHIap CHCTEMACHHMHT XYCYCHE JHEpPIHACH. FHAH
ANPOIAD XAPAKATHHK Krcobra anil MaKCAHIa OYTYH KPHCTANAHMHT
TVIKHH hYHELITICHHNA

P(r.R)=®(R)-g(r,R) {5.6)

KVpHHHLIIA  WpomaanitMAL. M(R) — anpojap THIMMM TYNKHH
diyHKuMsicH. Arap (5.6 womain (5.1) TeHraamara KyhRaca pa
{5.5) surubopra oAnHCa,

[t T’in/ 4 E(R) b = W (5.7)
| 2? ‘”1

TeHaMa Xocun BYnaam. by tedriama 41ponap THIMMITHIHT yaap
EfR} NOTEHLIMAN 3HEPIHATU JMEKTPOHNAD CHCTEMACH MAHIOHMIA
XAPAKATAAHIAHH X0 craunoHap (BakTra GOENMK, GynMaraw)
xoaaTaapHu aunkiab Gepagnrad  LlpenuHrep TCHIAamMacuinp.
[Uynnai kuIKG, 20eKTPONAAD Ba SLIPONAPAAH TAWIKHI TONIEH TH-
WM XONATIAPH XAKMIArH AHHK KBAHT MEXAHHK MACANacH HKEHTA
COMAPOK, Macananapra. _

1). BnexrporapHinr kywranmac aapenap WrR)y Maioonwia
XApaKaTH XaKmaard (5.5) macanara;

7). SlOpomapHMHI neKkTpoHAap Xocun Kuaran E(R) §praua
MalIOHAA xapakaTh xakuaary (3.7) macanara axpanaiu. :

kopuna BadH  KWIMHTAH  TAKpubHI  YCYITHM annabaTnk
ARWHIAEHELE A2

5.2. Xaprpu-Dox yeymm. Bup snexTpodie AKHLIAIHE

Anuabaruk skuHnamK (Takpub) KN 30ppuid KBAHT CHCTEMA
XOJNATAAPH XAKMIAr Macanady Bupos conlanaTuphi, K‘_Tr;lfa.mac
ATpoNap MaitIonnaa MEKTPOHIRP XapakaTi Macalachra Kenrdpa-
o, Bupok, anckTpoHnap THIUMM yuayH E3unrad (3.5) TeHrIaMaHH
NAM  CUHIl  KMHHHAWIH BA yHM  EUMIUFD  YPHHMIUHWHT  HO-
sakBysaur  TVFpHMcHAn  ranupank. by Macanan#  eMHILHUHT
TakpuOHil HYIIOPHHE KHIHPHALM, AHE WWYHIAA YCYAIapHHHT 3HT
caMapanunapniad Supn Xaptpu-Qok yoyan Dynmub, ¥y K¥n 3nek-
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TPOHIH MacanaHi GHp JICKTPORAH Macaiara ainaHTupat, Xap-

TpH-TOoK  YCYIH H  xamuiToRyasaa ANCKTPOHIAPHUNT  ¥3apo
TABCHP ZHEPIMMACHHH Xap GHP 2NEKTROH MYCTAKHA XapaKaTiaHUIHraH

saspuil Gupop Tawku maftnonnary Uygr (1) dwpexcrin noternman
aHeprusicH BHAAH anmalmupuil Foscura acocnadran. Uqpy (F)

maftnon Bapua BOWIKA 3AEKTPOHIAPHUHT Maskyp GHP 3neKTpoHTra

VpTaya TabCHPHHM JHI HXIUH PaBMWId TaBCHIAROMIaH Kuaud
TAHAAD OMTHHHIOH Kepak. [HM3IHMHUHI XaMHATOHWAHW 3HIH dagar

GUp VICKTPOHHHMHEI KoopauHaTalapra GORIMK XaMMITOHHaHIap
AMFHHAKCHIAH MbopaT GVanG Konaau:

: . ?I': : k: B
H=NH Byuna J ——2 v Wi)+ll . (5K
g :  ==S=Vi V@)U, (). (58)

by udonana V(F) g¥udayBud i — 3MeKTPROHHHHE gaponap

saiinowinarn, Ueg (F) aca wy snexrponnan Gourka Gapua snek-
TPOHAAP MAHIOHMILAMM MOTEHLIMAN SHeprUsiap.
SHOH IEKTPOHIAD THIMMHHUHT THIKHH QYHKINACK.

{G{Pi :%1“'}":" ] = q‘h[ﬁ %{% ]}' --1&;:{5:} G manu.

Mxtuépuit § — anekTpoH yuyn ésunran Lpeanurep TeariaMacy:
Ho!" =E@F). (59)

U,ﬂ' {F) Ha 30r axum paBHLIga TaHAa0 anvin KaHoai?
by MHM Kanpaiaoup ¥3-VIHIAH MOCTALITAH aMatmap acocuaa
Caxapuill MYMEHHAMIHHY KYiHIA KVpaMus.

Onany 2 1a anexTpoHIaH WBOPAT THIMMHM KapaD, HATHXKATApHM
HXTHEPWI NV COHRATHY CKTPOHIAD XONMIA YMYMIILITHPAMMAI.
HEKH 2nekTpon yuyH

QR R )=@(f)e(fA). (5.10)

BIEKTPOHHMHI XonaTH yura X, v, 7 (F) KoOpIHHATATapaaH

TAUIKADH  AHA CNMHHMHE NPOEKLIMACH KHAMaTH OHIaH  xamM
AHNKanany. TMayan KoHYHHra acocaH, HKKH 2JeKTpoian nBopar
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TH3MMIA arap aMeKTpoHAap VPHHHH AIMALITHPCAK, TVIKMH hyHK-
LUHACH V3 HIWOpACHHK V3rapTHPHILH KEpak, ShHM:

Il @t2)
W 2 pail (5.10
d(12) = T{p;li}rﬂ( ) -9y (2)p3 (1)} = S kel ;p-.:_ZJ

SyHaa | Ba 2 xonataap GearunaHany. XakMearaH, @2, 1)=-®1.2).
N Ta 3MEKTPOHAN THIHM YYYH:

e (2 (V)

| 2 (1 pal2). pa (N}
123, . N)==a= (5.12)
. o

v (10 (2).p (N

(5.8) Ba (5.12)napaax doitnanaHub, THIHMHUHT E 3HepriscH-
HH XHeobnal YHKMAanH:

E=[®«il ddrydry..... dry (5.13)

Mypakkah xucobnaphi kentHpsacaad Xaprpu-ok veyau-
HUHE KeNrycH aMannapHHK ez DHaad aiituld ¥ramua.

(5.8) udonara kuprad H, 8a e2/r;y cnuHra 6OFMHKMAC, WYHHHI
viyH cnHH OViHua dHFdin azobMil KOOPAMHATANADHIAH MYC-
vakan  Gaxapunanu.  Bynnaw  keimn  Up(F)  Kylingaru

KVPHMHHILUHK Kaby/ KHIaiH:

Uf_ﬂ’ {J'_]=
2|, () P (R e IP,,,.[*‘;H-".?{&}
= +«t’ﬁ» - (5.14)
JEI Z (1) I "2 an
By acocaa
ljil-l_urﬂ {Fllpm{;l}zEmmm[ﬁ]‘ (5.13)
EKM
1 S (R P (A1 = Ewe, i) (5:16)
| 2 | A of LN (] ai ¥

By TeHrnamanapid Xaprpu-Dok TeHrnaManapH feduiaiu.
o8
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Ur;{.."{j: ) XHcotnab YMEHL Y4yYH ¢, OYHKUHANAPHH TaHiab

omuin 3apyp. HOMHHYM REMHIAWHLLLG KAHIAAIMD GMpP WIEKTPOHIH
0, OYHKUHWAAP OnuHanK, cVHr Uy xucobnalb yikuianH, keitme Ugg
whotacuaad o, GyHKuMAnapin Gupuinu Takpubna aHvigiaHaau, Gy
HILHH KEPaKJIMIHYa JaBoM ITTHPHIU mymiit. Macanam, ¢ dyHk-
unanap cHbaTia, VPHMM  Kapad. 3pKHH JeKTpoH ©KW atomia
BOFAARN LIEKTDOH TVAKHH YHKIHANAPDH ONHHKILK MYMKHH. By
sacanara DN KEHHHPOK TYNTANaMKI

5.3. [ldaegpwii 30eKTPpHK Maioomnns xapakaTIamaéTran 3AeKTpon
MACAMACH

Kpucrannap cimmerpusicn U .y (7)) noteHunan mMadaoHHHHT

VI KPUCTWVIN JappuiAHIrdra sra OVAMMAMIMHK TaKo30 KMIaitH.
Ademak, MEKTPOHHMHI K¥3FANMac atoMaap Adposiapd Ba GoWwka
IEKTPOHIAP MARIOHHOATH MOTEHLMANH, HBHH

VF.R)+U o () =V (F)

aagpui GVIA0H BA EPHCTAIUIArH 3NEKTPOH WY A3BPHI MaiioHI:
xapakatnaHazv. bywaoan xeitwn 6y noteHumanuum V(rF) Genrdcu

DuAaH K¥IaAMHE
FUOH MNEXTPOHHHHT TVIKHH  DYHKUMACKMHK TaHnaimus, Y
baox dpyHkunAen A nbopar: |

PR Yy (e (5.17)

ByHNa k — 3InekTPOHHUHT TYAKMH dynkumack, v, (F) aMnanTyaa
ICA NABPHIA.

wp(r+ay)=up(r). (5.18)
Xakukatan, arap bBrnox TVaKuM  dymkumanapuan (5.14) ra
KYHuaca, Uyy (F) HMHP KpHCTALN DaBPHIAMTHEE 5ra GYAHWAKTH
KEIMB yrKkanm, anum (5.17) cuum ¥a-YIHra MOCIalraramy .
TVnkun BexTop & WM KyAuaary kVpuHHILZa é3nnaam (F Gu-
NAH A TYAKKH yayHaurn & =(2/A) 7 myHocaBatia GornaHran):
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PuBE Sy pEsy (5.19)
G G G
6ynma G — KaTTa TOK COH, by,by,by; — Teckapu naHxXapa BEKTOp/ia-

DU, g1, £, 23 — OYTYH coHJiap. k BekTop G3 KBAasWAMCKpeT KHMiiMaT
oNajiy.

by ndomaHyu XoCWT KWIMIL YYYH KPUCTaUBMHI acOCHMi COXacH
cudatnma Ga;.Ga,,Gady Kuppasapy OyIraH mapajieicnuiel ax-

paT® onMHamu, Oy xonaa Ga; Kamap CU/DKMII TYAKMH QYHKIMs
KMIIMaTUHKM y3rapTupMaiian (BopH-KapmaH maBpuiliivk 1IapTH).
Arap (5.17) wdomana 7 ypuura 7 +a, xyiuaca, @f §3
KUIMaTHHK caklaiau. XaKkukKaraH,

e o o o kP ik <\ ikF
@p(F+a,)=Up(F+a,)e’ [ e M =l (F)e ™

YYHKU exps‘fﬁn =1, kd, =2me OYyTYH COH. G, HUHI IHT KMYMK
KuiiMaTaapu - a;6y1aan  Ba fc'a,-=2fr kenud uukanu. Jlemak,
TYIKUH BEKTOp UIYHAal aaBp OwnaH ysrapaiu. YHUHT DU3MK
WUXATOAH TYPIU KMHAMAaTIapu

- = kEi,— <4 "li=1.2.3) (5.20)

opanukaa éranu. by coxanu OupuH4YM bpuiiiiosH 30HacKH Aeiunia-
nu. KpucTajuiHMHP Teckapy Ba TYFPM MMaHXapajapH BeKTOPJIapH

KyrnaiTMacu 5,5; arap i=k Oynranga 27 ra, i#k ja HONIra TEHIJIMIA-
HW 3bTHOOpra oamb, (5.19) HM a,ra KynaiTUpcak, ka, HuHr
KMIAMaTIapu Eﬁfzﬁg/(} 6ynanu, ynapuu (5.20) ra kyitnica, -
G
-ESg,-S-l-— (5.21)
2 2

KYPUHUILAATH OPANUK OGUPHUHUM (KeATUpKIraH) BpuiiodH 30Ha-
CUHM Hbotanaion.
Biox QYHKUMSICUHM 31eKTPOH YUYH €3WiraH
A _, ) )
COm Voo +V(r )9y = E4 @y (5.9)
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- LpejiMHrep TeHIIaMacura Kyimuica,
>

12k
= e (5.22)

* o M s
~ LN, +V (P, ——— (kVuk)=(E, —
2m m

TeHrnamMa xocusn oVaanu. k=0 yuyH (5.22) TeHrnama @, YYyH €3MJ-
ran (5.9) ra yxwaw 6ynagu.

Typnu  KVpUHMILZary  JaBpMid  MalgoHjapiaa  2JIEKTPOH
xapaKaTHHW TaKUKJIAIL 2JIEKTPOHHUHT DHEPIUANADU CMEKTPU pyX-
caTyiaHraH Ba TaKWKJaHraH KuWimatiap opanvikiapura (3oHanapu-
ra) aXpaJlULUIMTKMHW K¥pcartagu. Kyfupa Oup Heya XoJiapHHU
K¥pHO YUKaMH3.

5.4, Kyucu3 Ba Ky4wiu OOFJIAHTaH 3MEKTPOHAAD TaKpuOaapH

£ =FE(k) GOFIaHMILIHU YMYMUII XOJAa TOMMIUI MyXMM Macana

oynub, aMMO Yy LY KyHraua euuamaraH. ¥ €éku Oy KaTTUK KMCM-
AapHuHr Typau  GUM3MK  XOCCANAPMHM  ¥praHuipia Oup  Heua
TakpubWi yeyanap KyanaHamoH.

1. BynapaadH Oupu Kydcus OoFnaHull TAKPUOMHMHI HOJMHYHU
SIKMHJIALLINILN crdaTiaa 3pKUH JIEKTPOH XOJTaTH OJIMHAIU, KpUCTali-
HUHI JABpUIl 3MIEKTPUK MalIoHH 3Ca dPKUH AEKTPOHHWUHT KHHETHK
JHeprusicuira HucbaraH KWYMK OVIraH T[oTeHUMAl 3HEeprus XOCW
KMIIAIUIaH KMYMK Tabcup (Fataéu) ne6 xucobmanann. Hlpenuwurep
TEHIJIaMacH acocHia KeTMa-KeT OaxapunaguradH OMpUHYM, MKKHHYH,
... TakpuOMi Xpcobnap okubaTHaa 2MeKTPOHIAPHHUHT KPUCTALT KATTHK
SKMCMIArW SHEPTUSITapy CNeKTpH Hdoaackra KeMHaIu.

Haspuil xaasantuur 1-4 rypyxaapura MaHcy®d MeTaijlapHu Ha-
33puit Ba TaxpubaBUil TeKIIHpraHia ylapia YTKasyByaHJIMK 2JieK-
TPOHAApPK XapakKaTWHU TaBCcU@Iall YYyH OeSipIM OOMMMWN TMOTEH-
unannad doliganaHuil MYMKUHIMIMHW KVpcaT/iy.

Kuuuk ranaén pe6 kapamanurad V(F) Kydacus jaBpuii moTeH-

uuanHu Pypee KaTopura EIMH3:

V(rF)= ZVg expi(lggf) : (5.23)
g#0

OyHna bg Teckapu maHxapa BekTopu. fAHa OyHma V=0 ne6

XHCOOnaauk, Vur TOMOH XaKUKMI OYIHIUIA yuyH Vflfg* wapT 0a-

101


http://www.pdffactory.com

Xapunuiuiu kepak. biox tbyl-ixuuncu aMnuaMTyaacuHu xam MOypbe
KaTtopura éiuaaam:

uy (F) = Y. ay expi(byF) . (5.24)
h

(5.23) Ba (5.24) ndonanapuu (5.22) TeHrIamMara KyAMu3:

R =) i i(by +B, 7 n o - (b7
Y —bla,e" + Y YV a,e " + ¥ —(B,k)a, '™ =
e h 2™ h 2 h h
. h g#0 h <M

2m

Mkku kappanu iuFMHAMAA h Ba g G6ViiMua WWFHawHW h-g Ba g
MWFHalITa anMalTupaMus, Oy xoaja KypcaTKuunu dyHKuusaLa

b, + b,Hu b,ra anMamITMpWICa, Ma3Kyp WHFUHIN:

2 EVgak_g exp i(i)},?)
h g

272 :
(L L) (525)
h

KYpUHUILra Kenagu. Bapua ¥ nap yuyH (5.25) TeHIIMK aitHaH 6a-
KapUIMLIKM YYYH XamMMa expi( 5,,F )nap onguaark KoadduumeHTaap

HUFMHAKMCH HONTa TEHr O¥IMLIK 3apyp.
- by xonga (5.25) naH: '

2t : _
el +by) fap— YV gh—g =0. (5.26)
e g20 :

(Bl d5, =1 £2, 43;.).

~ OPKMH 3EKTPOH yuyH ¥, =0 Ba WYHHHT y4yH
hz s W 2 h2 2 s
Ep =—(k+b, Y =—1k? (5.27)
- 2m 2m :

yyHKY, ECK + by )=E(k ).

BHau (5.26) HM KYYCH3 [aBpuii MaWioH y4yyH eyamus. by
udonana ap=1 neb, AurFMHAMAA OUTTa g=h JIK XaJHW KOJAMPaMMU3.
Y xonpa
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2
ay=-22—Fh___ (he0) (5.28)
W b} +2(b,k)
Qn0 KO3DDHUHEHTNAD NEKTPOHHUHT TYIAKUH GbYHKUMACHTa
OupHHYM Takpubaaru Ty3aTmainap 6ynaau.

2
DPKHH 3IEKTPOHHUHT E; =M ’f%m 3HEPrUsicUra KyiuMmya
SHEpPrus '
2
2m IV I
B - s
3 = (5.29)
n ;} b2+ 2(5k)

OYIMIIMIMHK TonMI KUIWH 3Mac, 6yHaa (5.26) na h=0 Tervwnm
KYLIHIYBUKIAP OKNaH KHGOSTaHHII MyMKHH. MaxpaXHUHT

by +2(bgk) =0

OYNULUIMIM MHTepdEepeHIMOH WapTHU udonanaiau. Ly mwaprHu
KaHOaTIAHTHPYBYH k J1ap Y4YyH

22
E = + WV :
gty (5.30)
nganﬁ, ABHU MEKTPOH 3Heprusicu 2|V,| ra Tenr ysunuwra sra
6ynanu. Bup ynuosnu xon Kapanrauaa pyxcatiaHraH 3oHanap opacu-
Aark TakMKnaHraH 30Haap 60p. AMMO, UKKM JIHORTH Ba Yy Y14oRM
Xomnapaa ©OyHnait 6yiMaciury Ba MKKW 30Ha 6up-6UPUHUHT ycTura
TYLUHLIK MymMKHH. By xomnca Metanapna Myxum pun Tyramu.

OHAH Kywin Goriamram JEKTPOHIAP TAKPHOHHH Kypailauk.
SNEKTPOHHUHT KMHETHK SHEPrUACH YHUHT M(r) noTteHuman sHep-
TMACHAaH aHya karra GYAraHaaH KeHMHIMHa BNEKTPOH 3PKHH
XAPaKaTUHUHT FalaéHW 1e6 Kapali MyMKUH. By Xxon kpucraniuu
KaTTa JHEPTUANN MEKTPOHIAp GUNaH HYpJaHTHPWIraHAa pyébra
HUKHUILK MYMKWH. AMMO KPUCTa/1Jar aTOMAAaru 3JeKTPOHHWHT
KUHETUK 3HEPTUSICH YHUHT MOTCHUHaN 3HepPrusAck TebpaHMILINapy
Ta;rmﬁmna 6ynanu, wyHWHr yyyH KPHCTAN 3/IEKTPOHIAapUra Kyy-
CH3 Bormavuw  (kBasu SPKHH 3JEKTPOH) TakpubWHU KViami
;‘l*)::lolg;l; SMac. Arap 3JIEKTPOHHUHI IHEPTUSNIAPU  CNEKTPUHU

Wila HOMWHYM SIKMHNAWKMIL crbaTraa IEKTPOHHUHT IKKA
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aTOMJATM XOMaTH OJIMHCA BA KPUCTAUTHUHI HaBPUH 3NCKTPUK
MaiiloHM 3ca rFalaéd aebd kapajica, y Xonma Kea3u OOFIWK 3JeK-
TPOH HazapuscH gpaTuiagd. XakukaTaH, a#puM aTtomaap Oup-
OMpura sKuHIalMb KpUcTan naHxapacMHU Xocui Kiia Oolnara-
HMAA YIapIard 37eKTPOHAApHWUHI TUCKPET (AXpUM) IHEprHsiapy
caTX/apy NnapyaiaHub, 3Heprusi 3oHajapura ainana 6opaau. Con-
na KyGuMk mnaHxapa yuyH LlpeauHrep teHraamacu MaskKyp ycyija
e4yuica, 3NeKTPOHHUHT XYCYCHHA 3Heprusiapy

E(k)=E+ C+2A(coskxa+coskya+coskza) (5.31)

ndonara keaanu. byHaa E, — siKKa aromjlari 3J€KTPOH 3HEpPTHsi-
cu, C — ¥3apo Tabcup OoMMMicH, A — KYWHM TyryHiapaard
aroMJIap  2JACKTPOHJApUHUHT  anMauluMHyB V3apo  TabCHUPHHU
xucobra osysuM KymaittyBuu. by udomanaH Kyiuaary xynocanap
Kenub ynKanu.

1) Kpuecrann naHxapaci Xocusl 6YAraHuaa aToMIapHUHT ¥3apo
TABCUPM OKMbBaTHIa gKKa aTomaaru siekTpoHHuur £, carxu C
KaTTaauK Kajaap cwipkuiar. Cumkuin WyHanuiin C HUHD Hlllopa-
cura GOFNUK.

2) SIkka aromaaru 3NEKTPOHHUHT 3HEPreTHK caTXW YpHMra
KPUCTAJ/UI TaHXapaja 3/eKTPOH 3HEpPrusiapyd 30HAcH MaBXyA

6ynanu. DaeKTpOHHUHT E 3Hepruscu k TYIKUH BeKTOpU ky, ky, kz
TAlIKWI ATYyBYMIapura AaBpuil 60FIHK O¥nanu.

3) coskjg=tl Oynranga (5.31) wdpogaHWHT KaTTa Ba KHUYMK
KUHMaTIapu Kyiuaaruda 6ynanu:

Emax=E+C+64, (5.32)
Ewin= a+C'6A- : (3.33)

Iemax, conaa KyOMK MaHxapa YYYH DJIEKTPOH SHeprusiapy 30Ha-
CH KEHIJIUTH

Emax-Emin=12A. (5.34)

Kyunu OormtadraH 37eKTpoH TakpuOM, paBillaHKK, aromiap-
HUHT YYKYP PHEPreTUK caTxJapuaa »Kounaliray 2/eKTPpOoHIap y4yH
Y3MHM OKJIANAN, YYHKU, By 3N1eKTPOHIap NaHXapaHWHT Dolika Ty-
ryHapja atoMaap 6unan ¥3apo cycT TabCHpiallaiq.

Andarra, Kydcu3  OOFmaHraH  2MeKTPOHNap  Xamila  KY'wiM
GOFMAHTaH EKTPoHIap TakpuOnapy KpUCTAIHMHE VTKasyBYaHIMK
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JOHACUIAMM CKTPOHJIAp XONaTUHW MMKJOpaH TYFpU TaBcu(riak ol-
Malau, yaap aipum KpucTaniapiard SJEKTPOHTAPHHUHI SHEPreTuK
CMIEKTPUHKM Ba TYJKMH (QYHKUMSIAPUHH XHCOO-KMTOD KMWJIMLITA
gpaMaiiii. BUPOK, MYXUMM LIYKH, Oy Takpubnap SICKTPOHMHI
nAaBpyil MaiiloHla XapakaTh TYFPUCHIA AKKOI VMYMMH XxyJocanap
qyuUKapMill UMKOHUHU Gepanu.

5.5. Kpounnr-Ileann Moxem

DAeKTPOH JaBpUil 3JIEKTPUK MaioHIa XapakaT KuWirahia
VHUHI  JICKTPUK  CIEKTPU  KaHjaai OYIHULLIMTUHU  AKKOJ
KypcaTaliuraH cojna MojeinapiaH 6upu Kponur-tenHu mMonenn-
aup. Y artomnapHWHT Oup uusuk 6¥ilnad naspuii XKolinarad
xoaura Moc 6yau0, OyHaa MacalaHW COLIANIAIITHPHIL MaKcaiuia
MasKyp HYHaqMviua 3JEKTPOH Y4YH HaBOaTiallyBuu (naBpuit)
TY¥rpy OypuakiW MOTEHLMad TYFPU UM3MKIAp MaBXyll ne6 dapas
kuauHaau. TYCMKHUHI KEHIIUIW @, ATOMHUHT 3JIEKTPOH YHYH
XOCHJI KWIraH TOTeHLMan YYKYPIUMKHWUHT  KeHTJIUTH b Ba
TYCUKHUHT Ganavmnuru Vy 6ymcun (5.1- unama). by xonma kpu-
CTas MaHXapacMHUHT TOUMUICH c=a+b Oynanu.

\E

-& a e N _
5.1-uusma. Kpouur-TlenHu Momean.

BnekTpoHHUHT OyHaail maBpui Maiinongarn E  sHeprusicu
TYCUKHUHT OafaHiiMruaad Kuuuk aed xucobnanaan. Ulyun
TAbKUANAMMU3KY, KBAHT MEXaHMKacura acocaH, 3J€KTpOH 0Oy mo-
TeHUMAN TYCUKIAD YCTHAAH YTULITa IHEPTHUSICU €Taplii oysmacana,
T¥cuKnap OeBopuaail TyHHen YTULl (THUpKW) iynu Gunad yTud
KeTa oNMIIM MYMKMH Ba 1y HycuHaa Oy Oup VMYOBAM KpUCTal
Gyiinab xapakarnaHa onaau.

By xonga snektpoH yuyH llpenuHrep TeHrnamacu KyWuaaru
K¥pUHMILIA OVnanu;
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2

—“'—""+(£ V=0, (5.35)
2m gy

OyHnaru ¥, NMEKTPOHHMHT TYIKUH QYHKLMSICH.

(5.35) TeHrnamMa noTeHLMal YYKYyp Ba TMOTEHUMal TYCHK
coxaslapH y4yH, MOC paBuLLAa, Kyiinaary KypuHulina €3unanm:

d2

"" +k2y; =0, (5.36)
o |
42
X2 iy, =0, (5.37)
Gynapaaru
7 2 2
g0 aha BN L Ey: (5.38)
k2

[MoreHunan uyykyp coxacH 0<x<a yuyH (5.36) TeHrnamMaHuHr
EYHUMH i

wy(x)=Ae™ + Be~ih (5.39)

noreHuMan TVcHK coxac —b<x<0 yuyH (5.37) TEHMaMaHHHT €YUMHU

Wy (x)=Ce® + De™® (5.40)

KYpHHuiLAapaa 6ynanu.
Kpucrann nauxapacu aappuitnuruaaH biox ¢yHkuusacu yuyH

Y(x+e)= ejk"w(x) = e"‘;”w(x) (5.41)

mMyHocabar YpuHau, OyHaa @=kc. DHau (5.40) eyumun (5.41) naH
doiinananu®, a<x<c TYCUK coXa YUyH

apz(x)=e"°“ke‘"*“’ #DeF | . (5.40))

KYpUHMILAA €32 ONaMU3.

OnuHraH eyumnap coxanap Herapajiapuia YilyKCH3 OYIWIUIMIH,
sibHA Oy uwerapanapaa y(x) Ba yy(x) TVAKMH (yHKuMsUIapd Xxamia
YIapHHUHT XocHnanapH V3apo TeHr OYIULIIUIK Kepak.

x=0 uerapanarn y;(0)=y,(0) Ba dy +dx=g=dyr=dxl\=¢ WwapT-
JlapiaH:
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A+B=C+D, (5.42)

ik(A-By=6(C-D). (5.43)

x=a yerapagaru yy(a)=y»(a) Ba dy,/dx|;=~dys/dx =, Wwaprnap-

[aH;

Ae'*+ Be-ka=ei®( Ce~%+ De™), (5.44)

ik(Ae*a— Be-ika)=Qei?( Ce-%- De%). (5.45)

(5.41) - (5.44) TeHrnamanap cucremacu A,8,C,D noumuiinapHu

aHUKAalW MUMKOHUHM Oepaau. by cucrema OMp XHMHCIK TeHrIama-

nap cvcreMacu OYiK0, YHUHT MabHOAMW e4yumra 3ra OYJIHLIM YYyH

ywoy TeHrmamanapaaru A, B,C, D nap onguaard Kynaitysuuaapiat

TY3WJIraH aHHUKJIOBYH (ﬂ.eTepMHHaHT) HOJIra TeHr OVNUILIM Kepak,
AbHH :

1 | B —l. =0

ik L —ik -0 : 6_- 0 .

ika e-ika  _ ip-0b _oio+0®|= V. (5.46)
ike ika 3 lkﬂ —ika _Geﬂﬂ -0b . ee l'@'f'eb .

by aHHK/IOBUMHK 0UHb YHKKATaHOA

R

coskachObr & sinkashob=cosp  (5.47)
TeEHrNamMa Kenub YMKanu.

by ndonanaru k Ba 6 xarranuknap [(5.38)ra kapant| anek-
TPOHHUHT E 3Heprusicu opkaiu udoaanaHraHauru tydaitim ¢ ra
Typiu Kuiimatnap 6epu6, F(g@) GYHKUMAHK, SIBHU 3/IEKTPOH 3HEpP-
TUSLNAPU CMIEKTPUHU aHUKIall MyMKUH. AMMO (5.47) TeHmiaMaHu
e4yu Mypakkab, y Takpubuii xucobsaliHu tanad xKunanu. JlekuH
AUpUM verapaBuit Xonnapia Xyaa siKKON HaTUXanap Ofauil MyM-
KuH. By xonaa moteHumnan TYcUK KeHMIMTH b HU Honra (b—0) Ba
YHUHT GanaHanuru V, iu yekcusra (Vo—oo) MHTUATUPAMH3, aMMO

bV, xynaiiTMa uyeknM NOWUMMI KaTTAIUK ﬁfmnﬁ Konaau [neb
XUcobaaiiMu3, SLHH

4n2mabVy/h?=P=const. | (5.48)
OHan b0 Ba Vo—e- yerapaBuit Xomia:
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chob—1, shob—0;

2 2 2 2 2
- - reb . b0 £
lim ushﬁbz lim Ck Qbs = hmb—m:—. (5.49)
b—0 20k b0 26k 6b b—0 2k ka
| —pea S —yon —300
by xonna (5.47) TeHrnaMa cojga KYpUHWLIra KeJaau:
coska+ iy sinka=cosg. (5.50)

ka

52- umzmama (5.50) TeHrIaMa e4YuMHM TpadMK  ycyiia
TacBUPNaHTaH. _

P
P+1 \ F(ka)=cos ka+—sin ka

/‘\ ka
R ) +] Fa >

[

|
|
|
I
47
|
I

T 1-2:.9;'

ki

A

iy |

5.2-uymsma. Llpenrnrep TeHrMaMacUHIRHT CHHME.

e

YusmanaH KYpuHUO TYpraHMIEK, cOsQ HMHT KUiMariapu +1
JaH —| raya opanukmard KuHMaTNapHUTMHa OJMILM Tydailiu,
dakar Wy opaluvkia Xoknawrad coxanap (5.50) HUHT euumIapu-
HM ¥3 nuura onagu (4M3KK/IaHraH coxajap) Maskyp opalukiaH
Talikapuaary coxanapia (5.50) HuHT egyumiapu OymMalian.

LlyHaan kuaud, K HAHr OMHOOapuH E HUHI KuiMatiaapu my-
aiigH opanvkaa pyxcataanradH OyauO, yiap opacupard coxajiap
TakuKjaHraH ©ynap askaH. demak, Kpouur-Ilennu mopenu 6up
yayopnu (OWp HyHanMLWIM) AaBpuH  MOTEHUMAT MaWIoHWIA
XapakarjaHaérraH 2/eKTPOHHHMHI SHeprusiapu pyxcariaHraH Ba
TakuKJaHraH  coxanap  (opanukiap, 3oHanap)aaH — ubopar
OVNUILIUIHHY KYpcaTalu.

bBab3u uyerapasuit xonnapma (5.50) ku3uKapnM HaTuxanap Oe-
panu.
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1) P—ee gbHU MOTEHIIMAN TYCUK Xyaa Ganauia. By xon anek-
TPOHJIAPHUHT ¥3 aTomJapy OunaH GOMTaHTaH XOJMTa TYEPU Kena-
nu. k=0 6ynraHoa

coska=1, sinka/ka=1, Flka)=P+]

OVIMULIMTMHA aHUKJIall KUAWH 3Mac. [lemak P—es [ka) xonga
(YHKIUS K YKKa XKyIa TUK Tyiiaau. byHaa SNEKTPOHIAPHUHT pyXx-
CaTJlaHraH 3Heprus coxanapu  (3oHazapd) Top  (AMCKpeT
carxjiapura Moc) Oynanu, TakuKJaHraH 3HEPTHs opanuKIapu 3ca
KEHI OY1anu. By Xoll sikka aTOM 2,1eKTPOHM XoJaTjapura MocC Ke-
Jaau.

2) P—0 xonga oasekTpoHJiap ¥3 atomnapu OMJIaH KYdYCH3
OornaHraH, nNoTeHUMan TYCUK nact OViand, vHaa

coska=cosg

Ba XeY KaHOal TakuKk/IaHraH coxanap 6ynmaian. By xon mertamiaa-
M 3PpKUH 3MEKTPOHIIAP Fasy XOJMMra sikuH Kelajiu.

3) P21 xonna P KaTta, aMMoO YeKIMd KWimarra sra. 5.2-
YM3MaTaH KYPUHWIUMYA K HUHT (£ 3HeprusiHMHr) pyxcarjiaHraH
KuiiMatiapy ka=nm ra yangas éuiaiuagu. YaapHu

ka=nm+8 (3.51)

KYpUHHMILAA €3MLI MyMKHH, OyHga n — coxa (30Ha) TapTMOMHM
Genrunosyu 6yTyH coH, § — OMpOAH KMYMK COH.
OH/IM NMEKTPOHHUHI PYXCATJIaHIaH /1 — coXagaru £, SHeprusici

E=A,+(-1)" B, cose (5.52)

KYpruHuuiia ubonanarany, 6yHia
it 2 = hWn? 2
8ma’ r . 8ma’ P

(5.53)

(5.52) udonanu kearpué uukapuiina [8<<1 ae6 x1ucobnab,

coska=(-1)", sinka=(al)napuu TOMamMu3. (5.50) IaH
w: LT !
b:_r"-’_k_]}.” cos @ — 1| MyHOCabaTHK ;mmqml?i.\_ms. Bynuu (5.51) udo-
8 ] 1
Aara  kyund, ka- Hﬂl.iﬁ:r-::;,—l (-1)"coso- ; |  TEHMMKHM  XOCHN
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Kuaamus. ka HHHE BY KHHMATHHH (5 8) uoaanapian GUPHHYH-
cura Kyiicak, (5.52) Hatuxa kenud yuKaiu. {5.52) paH py¥xcar-
naHraH MEKTPOH SHEPTHATAPH COXACHHMHI KEHLIHTH £ ra
MYXUM napaxana GOFmHK BEnHUIHTH KYPUHWE TypHEIM.

5.5, Hpean KPHCTAMMIA HEKTPOH IHEPrUATNAPH CHEKTPR
THFPRCHOA YMYMSH Xynocanap

Onauird Bananapia KyucKs, Kysiu Bornanuil xonmapuia Gup
YAYOBIW XOAAA CTALIHOHAP aagpril anexTpuk malnoHnapaa (yaap
KPMCTANNA ATOMJIAPHUHT [AABPHA HOHNAIKILTHIDH BYXRYIMA Kena-
M) XApaKaTnaHaéTraH AMEKTPON Y'YH Wpeaitrep TeHrIaMacHHH
anuabaTHK BMp AEKTPOHAM Takpnbna equb gVpaMK. Yiap Muco-
AHAR  KPHCTAAN KATTHK KWCMID  MIEKTPOHJAPHHHT SHEPTTTHK
CACKTPH XAKMLE MVAHHH TOCIEBVD AOCH. KiK. KBadr MexaHH
KACH KOKhYHIAPH aCOCHIR KIPHTHIIAIRTAH yamyMHA Mynoxaaanap By
HATHRANAPHA  TACAMKIAHOW, Dy HATHAANOGDHUHT 3HF MYXHMHA
INERTPuidap IHEPreTHK CNEKTPHHUHT IOHABHH  TYIMIH LMD,
IlyHunr yuyH xam Oy Hasapus 30Hanap HazapHACH HOMMHUW 01-
raH. b3 Kyiinaa yYHMHT acOCHH XyaocanapHid BasH KHIAMHI:

Magpuit  WeKTpUk  MainoHda MEKTPOHHWHE SHEPTHARAPH
CHEKTPH PYXCATNIAHTAH Ba TAKHKAAHHMH IHEPris OHATIPKTA A~
panraH 6¥nann. ByHuHr acocui cababK aToMIap ManiyM macodia-
naprava  Gup-Gupura AKMHAAIIND  KaTTHE  KHCM  Xocun
Kunrannapuaa oup-Gupiapu funaH Ky4aM Trn=r.np:|m.u!wm KH-
prulagdnap, OyHAA AKKA ATOMAArH VEKTPOHAIDHHHI IHEPIrHA
CATXIAPHM  WIYHAAR  (ApYAIaHAAMKH. OyHA Mayannudr Burra
SHEPrHs CaTXH MKKMTALAH (DUP KBAHT NOIATHAI GHTTANAH) OPTHE
anekTpoH HVAMILH MYMKHH 3Mac NeHAHraH TaKUK KOHYHHTA PHOH
KMATAH X0, aroMaary GHp SHepras carxy ypHura (aromaap co-
HHIT TeHT MHKOOpIArH caTyapun ¥3 Huura IFaH)  SHepTHH
coxacH (J0HACH) ByAVIra KelallH. PyxcataaHrad 3oHanap opa-
AMFMAACH TAKHKJAHIAH 30HANAD KEHTAMIH TYPAH KpUCTALIAp/a
TYPAHYA, PYXCATNAHIAH 30HANApP TYIWIHLIM DAL KpHeTannapaa
MYPaKKa®, JOHANADHUHT YCTMA-VCT TYIIWILH XOLHCACH xam 103 be-
pagM. 5.3- un3Mana atoMaard afipHM caTxiapian Jonatap BYAYIrA
KenulIKW TACBHPAaHTaH. d, — atoMiapapo macoda.

5.3 g- yuamana aromaard 1,2,3 SHepruy caTxNapHian, aToMnap
AKHHAAIHG KPUCTAAN XOCs KMATAHHIA, 3HEPTUA 3OHALAPH BY
EYArA KeJTHUIMHK KVPastka, BYHIA pyXCatiaHiad 30HaNapHi bHp-
GUpAAH TAKMKIaHrall o ap axpatnd Typulan. oHaap yeT-
MA-VCT TYILMATAH.

1o

PDF created with pdfFactory Pro trial version www.pdffactory.com

f—%——" ::ti:::} e _

d, ]

3 Ferpanin. ATOMIATH VICKTPOH JHEPIIAAAPH CATRIADHTAH rpim:.uum e rpoH
IHEPIWAANE JOHANRPE Xocn) GRumim

53 f- uydamaaa 2.3 carxaapnad Xocwn 6§nrad 3onamap Oup
HHPHHH KHCMAH KONJIATAH.

I. 3oHanap TapTHO HOMEPM OPTTAH CADH DPYXCATAAHIAH 3HCED-
(M5 JOHANAPH KeHraiuh TakMKIanwrad Jonanap TopaduG Gopanu.

2. PyXcaTnaHraH soHa HYHOA SNEKTPOHHHHI IHCPIHscH Y3M-
AMmicHs Varapanu aeb xmcofinall MYMKHH, YYHKH xap Gup JoHa
MYHAA IHEPIHH CaTXJapH K42 3HY KOHNAWraH (I0HAKATH CaTXnap
COHM KPMCTANAATH atomaap coHy TapTubnaa). by xon 3oHa W4yWLa
WEKTPOHAAD XapaKaTiia OOFNMK XONHCANADHH YPraHMILIa MyMTO3
KoHyHaapaaH dwiaantadiil HMKOHWHH Bepaiu.

3k ea Kk =K+h, TYIKMH BEKTOPM TaBcHpaaHaMran

xonataap Gup Gupura Yxwawaup (Gyxoa 53 TeCKapH naHxapa
aekTopu). ByHIAH HMXTHEPHA N — 30HANAMM ACKTPOHHHHI JHED-
rusich Kk HHHT naspiil dyHELHHCH BYAMILIHIY Kenub duKanu:

E (K +b)=E, (k). (5.54)

4  DREKTPOH IHEDFMACH k TYAKHH BEKTOPHWHI XKydT DYHK-

uMscH Oynaam:

E, (ky=E, (k). (5.55)
HBHH £, (k) IHEPIMAHWHT Horackra & HAHr dakat xydr aa-
PORIIAPH KHPALH
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5. Tyakuu sekTop dasocHila 2IEKTPOH IHePrHACH L’,,{i] IKEC-
TpeMal (3HI KHYMK, 3HT KaTTa) KuiMaTaapra ara Byaann.

E,(k) HMHT MyTHaK KaTTa (MaKcHMyM) KHHMATH MAIKyp
JHeprHd 0HACHHWHT K0P Herapaciku {ITMNHHHY, MYTIAK KH-
yuK (MUHEMYM) KUHMATH 3Ca 30HAHHHT MacTKY YETapacHHH (TYy-
GuHK) aHuKnain. MyTIak MaKCHMYM, MYTJIaK, MUHHMYM ned Ta-
KILLTALMMUIHHHT GOHCH 1UYKH, MA3Kyp soHaud Gup Heda MakcH-
MYM B2 MUHHUMyMIap GYAMWANTH, AHPHM KPUCTALAAPHHHT AHEp-
fMs 30HANAPMOATH IKCTpeMymnap Oup neva Kappa AAHHTAH
Gynuuunrn Mymkib. Maganan, ranini apeeHHId GaAs HUHT
JOKODHTH J0HACKHIA HKKHTA MHHHMYyM Bop. Kpemuuil KpHCTALIN-
HUHT BAMEHT 30HACHIA V4 Kappa aHHHraH MaKCHMYM MaBAY.L

6, Tinkuy sektop &k  KUAMATAADHHHHT IWYHIAH COXATAPH
fopku, Oy coXanapaa 3NCKTPOHAGp IHEPTUACH VIWIHIIEHS
Yarapaid (PyXCaTAaHTaH 30HATAP), AMMO YIAPHHHI Herapacwil
sea yauam coaup GYnaam; Gy coxanap Bpunaman 3oiaiapy N1CHn-
nanu. Bupididd bpwuiosH 3oHacH -k a; £+7 TeHTCHATHKAP,

WkKHHMK Bpunioas Jonack -In< £ 4 <-m Ba #m<k @ <+2n TeHr-

cuaniknap Gunan udonatavany. bapua w0KopH TapTuGnu bpun-
094 JOHACHHH TEOMETPUE KYYHPAUINADR CpraMiia BHPMHYA 30-
para kerrapuin MyMEHH. LIYHHHT Y4YH YHH KETTHPHUITAH bpwn-
Mo3H 30HACH Aefiniaadd. BPHANIOIH 30HANAPH LWAKIH KPHCTALEP
T}-‘SH,’IHII[I'[IEH AKC STTHPAIH.

5.6. DAEKTPOHIAPIMAT KpHCTRAAATH HpHeKTHR MACCACH.
Kopak. JMeETpoH JHEPTHACE BA HMOYICH

DeKTHOHIAPHUHT KPHETAUIAATH PYXCATIAHTAH SHEPFHANIPH
IONANAPHIA YHHHT EHUZ} IHCPMMACH k HHHE Myaian KHMATAapHIa
SKCTPEMYMIARIA  (MAKCHMYM  Ba MuHHMYMIapE) 3 BYIHLTArg
WIPHCHAA IOKOPHIA AHTIITIH 31U E, (k) (yRKUMAHA IKCTDEMYM-
NApH AKMHIID KaTapra ERAIL MYMIKGE. By affpHM KATTHK XUCMIap
WUV GXIMUSITIE 3T SKAHIKITHH KEAMHPOK, KYpauHa. Macanad., n —
soHana E,(k) neprvs & =&, na 3KCTpeMan KHiMaT ONAIH aeii-

sk, Wy k=& , axunnaa £, (k) du katopra Sl
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e e g E
Eﬂ{k}:.ﬁ_(ﬂn}‘l—}:{g’l") (k, —ko)*
a 3

[~

-]

L 3 OE, \ (b —k Wk —kp)+  (5.56)
242 G ok, fe TR TR

i 3% En.
L9 S 3 (L), (ke — kg Xy —hi X, =) o
L2 2 G g o n it

tl!kﬂf'k'l' -k mmH“Hrr k{‘ll kﬂl kﬂ b kl] REKTOPHMHI Tall-
copanmapn. E,(k) Heprus k =k g 1a JKCTPEMan KHAMaT on-

raiu yayH BupHHaH (DEnoks) § o XOCWIANAp HOMra teHr. MrxHH-
4W TapTMOMH XOCHIATH Xawiap 2-mapaxand TeM30DHW TallKHI
kunamt. KOxopy TepTHGAH XocHMwiap KHMpra Xanmap Kyoa KH-
yakTHrH Tydakm xucobra oRHEMalIH. DHIA (5.56) Einnma mx-
1M Takpubna

& o Saicdic ] &,
E (k)=E (k) += LBy (kg ~ ke Wk g —kg).  (5.57)
: 25’?*@".& il
Arap TeckapH Macca YrdamMiHrHma ara Ginran Teckapy 3hbdex-
THE Macca TEH3I0DH

i 4. *E
i "y 5.58
g 72 Mgy o W
TylumHyack kupirminea, (3.57) anua COLianauanM:
g - (ke ~ koo Xkp —Kpo)
ECRAE 2 o (559

Tenaopuu yara Gom §Kia EeNTHPHIL AMATH 6y udonaHl AHa
NaM COLNANALITHPAIH:

2 5
B(F) = E(Ry)+ 31 -tha—tar), (5.60)

(1]

Arap Gy udiDOAHM 3PKHH 3AEKTPOH KHHETHK 3HeprHhcH yuyvH
#3unran F=hlk2/3m Gunan COMHIITHPCAK Mo Macta MabHOUHra Jra
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SEAHTHMIHHE NadkaiMus, aMMo, YMYMMI XOUIAR, KPUCTALTHHHI
xap Gup Bow VYKHra YIHHHHT M, MACCACH THFPH Kesjain:

1 J*E

kg

i 2
ﬁ -

IHr coLaa Xoida (M3I0TPOTI KPUCTALNIA) y4aia Maccanap Gup-
nait Gynanu:

s (5.61)

| 3’E
HJI =M=+ =My = i‘,li“ :F{F]E’n 2 {5.62}

Gy wdonatark m ckanap 3bdekTHE Macca pedvnand. by
XOULIA SNEKTPOHHHHE JHEPTHACH, KBA3H UMNYTICH Ba HbKTOHHHHT
HKKHHYA KOHVHH KYPHHHIIM KYAHIANHa Oynaan:

E, (K)=[n(k—Kg)" 12m*]+ E, (ky), (5.63)
P=nk-kg)=m*7v, (5.64)
F=m*(dv/di)=dpiar. (5.65)

DHEPIHA IOHACHHVHI MACTKH Herapackla {MYTAAK MMHUMY-
muga) E,(K) HMHT MKKHHGM  XocHmacH  MycBar,  SLHI

nn':h'lfazf,,fakl )i, >0 By OcoH TYWYHAPJIH HaTHHKAIHD. 3o0-

HAHMHT KOKOPHIH 4erapacHia 3ca [aIEwak‘un«:u sibHK <D,

AvmMo BY ranard HaTHAKAHH TYWYHHL KiituH 3Mac. BNexTpoH
KPHCTAIA MYHEArM KYWIH MaHaoH TaECUpMAa Tawky MailaoH
TARCHPH HYHAMIIMIA KapLIH fiyHairaH TeinaHiuira 3ra ovanu
(6V 30HAHMHT KOKOPHUTH HETapacHaa colip Binann). Arap 3oHa
WKL MAcCacH mp.=—m‘ ga sapaau +e OVaran Keasd appa (KO-
BAK) TYIIYHYACH KMPHTHICA, MAJkyp panarnank Gaprapap G¥nanu.
by kBasu 3appaliHI KOBAK ne6 aranuura calinb ¥ JOHAHWHD Yua
#oiiuna anexTponiad G¥l XONATHH (koBakHH) TascHnAMLHP.
KoBakiap 3pKHH 3AeKTpoHiap GunaH DHpraniikna HpUs ¥TEairuy
KPMCTATLIAPAA KYAA MYNAM VPHH TYTamH.

TaxiiaHi comtanauTupuun yuyH E,(kg) =0 by =0 ned

thapas KHIHALH. ShdexTip macca TYLIYHYACH E‘,I:.E'J hyHELINY-
HH  SKCTpeMyMIapH  SKHHHIA  KaToprd Siimaan  Keadd
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YHKKAHAMTH Ba OMHOBApHH, Oy TYyWyHYa $akat 30HAmap 4erapa-
napH AKHHHILAIHHA KinnaHuH MYMEHHIHITHHE TALKHANARMHA.

Cianfp SMOeKTHRE MACcCa H30TPON KPCMTANNapra Xoc, aMmo
AHMIOTPON KPHETAL XoccanapH TascuduiaHranoa »ddiekTHE Mac-
ca TEHIOPH TYIWYHYacKaH (oianaHuil Kepak.

5.7. Dueprna 3onanapu. Meraanap. Hpum yrrasraazp.
JuanesTHpasiap

BH: IOKODHIA KBAHT GMIMKACH 3AMHHHOA KPUCTALT KATTHE
KMCMIApAa  IEKTPOHNAPHUHT  SHEPIMH  30HATADH  XOCHI
GYAMLTHIMHM KVPIHK. DHAM IHEPIUA IOHATAPHHMHI FMEKTPOH-
nap - GinaH  TYIAMPHIMAHAMIH  Macananapy OHnas  TaHMLUIaMi3,
YYHKH OKOPHTH 3HEpIvs 30HATAPHHWHT (BanlcHT caT¥lapHIaH
naiiio BYIMAH 30HANTAPHHHT) Kai Aapaxana TYIAHPWITaH/IHIH EKH
TVAIHPHIMATAHAMIH KPUCTALUIHHHT 3NCKTPHK XOCCATAPDH Oviinua
kailch rypyxra — Metaunapra  (Axud YTrasrdHuiapra)  ApuM
yrrasruunapra KM JIMINEKTPHKIapra  mMaHcyd BYIHLWIHIMHA
annK1ab Gepann. JdapBoKe, KATTHK KWMCM KBaHT (MInKacu (1930
finap GOLIMNA) GPaTWIrAHAAH KelHHTHHH MasKyp Moijanap-
MUK KVM XOCCAnapuHiy Ba yIap opacuaard TadoBYyTHH NyxXTa wi-
MM acocha TVIIVHHIL MYMKHH BY1IH.

YMyMaH, 3HeprMa  30HacH  neKTpoHmap  Ounad TVna
TYUHPHATAN, Yana THUIMpunras €xu OyTyrialt TEaaMpuiMaraH
CAMHILM MYyMEHH,

Arap 3HEPrHA JOHACHHH 3NEKTPOHIap Tyna TVIIMprad Oinca
{(GoFnanraH sneKTpoOHAap 30HacH) By X0o/la yHIArW 3NeKTpoHIap
anekTp Tokda KatHaia onmaian. Cababu wyke, Oy 30HaHHHT Xap
GHp caTXHOA BUp XM KMIMATIN TeXTHKKa 3ra OyaraH HKKH 37eK-
TPOH  KApaMa-gaApiiM  AVHanMna  Xapakar - KMJamM. Tokna
KATHAWTHPHI YuyH ByHaai kydmiapHd axpaTim yiapHd GHp
KMCMUHM 1OKOpHra OFil carxnapra (arap ymap masxyan 6¥nca)
FE?THDHUJ (3HEPrHACHHH OIMPHIN) BA IHT MYXMMH 3MEKTPOHNap
AVHATHIIHHK MeKTp MailaoHra Moc pasHuia Gypuill, THHH yhap-
HHHP fi¥Hanrad (TapTi@ad) xapakarTHHH BYAKYAra KeITHpHIL Ke-
PaK. AMMO TVAa TVIAMpMAraH 3oHana 6¥w carxiap HYK, MexTp
MAMIOH TALCMp KMAFAHMAA XaM ICKTPOHIap MKKHTagaR 3
CATEIapMis KapaMma-KapiuM XapakaT KHIHUIAR DABOM 3TARH. LLy-
HHHI YYYH y1ap TOKNA KATHA1OA QAMariiu.
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Arap 9Heprisi 30OHAacH Ham TynoupHaras  Oyaca, YHH
YreasvBUaHIMK 30HAcH [IeHWIAdH. ByHaail 30mMa EKTPOHNADH
JOoKIA KATHAILA ONaiH. Vnap YTKAIyBYAHTHE MEKTPOHIAPH EKH
IPKKH  3NEKTPOHNAD nefiunamu.  Maskyp WHAHMHE  IOKOPH
kiHcmuaa By catxiap Gop, MacT ¢aTxAApHIA sy -y WOH-
JaWraH  WICKTpoHAap EKTP MaiinoH TEBCHPHAA Teaiamnb
wkopury Gyl caTxiapra KYTADHIALN, TEXTHKIAPH AVHANMILIADH
smekTp MaHaomra Moc DypHAalM. Harixana 30HAJarH IMEKTpoH-
napHuHD fVHanraH XapaKaTu, AbHHA NCKTP JTRATYBIAHMME BYRYA-
ra Kenamn (GyHaa 3aRMp ENUK GYNMIUTHIMHA Ha3apaa TYTHTATH).

g TyAIMpIITEH ;oA 1OKOpWCHEA NACTKH 3J0HANAH TAKHETAHIEH
s0HA GUnaH aspaTiraH Gy 3oHa GYMAIH. Arap .IK,EIHB.&WP TALLEH
TapeHp (Temneparypa, Kyuln SIeKTp Malinon, epyRmdK TARCHDM)
oxmbaTuna Oy 30Hara TYLIMpHITaH 30HAOAH aneKTpoHnap yrca Gy
MKKH JoHa Xam dana THUMpHITAH G916 KoagH Ba eKTD MaRioH
XOCHN KMITaHIA TOKKA ¥3 fpﬁw"”;n KA.

MM MyXHM XOJIHH WO WHEAILTHK.

1. ‘Ian:xﬂ.i':-mupimmn paneHT 30Ha xomt. Hampuit Na KprcTa/U-
Wi anadimak, Hatpuil aneMeHTiap papii KaTpania | | —=VpuHIE TYDS-
1M, yHUHT aromuna 11 T2 IekTpoH fop. YnapHuar 10 TacH, Maymm
KOHYHHTA AC0CaH 7 tagad 5 Ta carXHH Tina spamnarad, 11-aneKTpoH
wollallirad BANEHT camy 'and (SpHMHCH) THLIMPHATAH. Harpuid | pa-
nenrauk anemeqt. Tina TV/UIMpHIAH 5 Ta WUKM caTxIaprad Ha'rpuil
KpHCTALIHIA  XOCHT Oynray  SHeprda goHanapu XaM T¥aa
TYNOMPHATaH, aMMOo BaleHT CATRIaH Mailo finraH JOHaHWHT A0~
Mi TYRIMprral GYalu (5.4- 3 ynamMa).

e
=
=z W —

o
5 4-wigami. DHEPrHE SOHATAPHHRHT anekTpoEaap Sunan THnANpHAHIE ROANAP.

Xap KaHnan TeMreparypana Tyna THIMPWIraH 30HaNArM ek~
TpoHnap 3eKTp TOKHHH {frkasMiina KaTHALA OAMARDH, aMMO AP
MH TUAOMPMATEH JOHAHWHT (YrrasyBHAHIKK OHACHHHHT) 26K~

il
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TpoHAApH TOKAA KATHAUIA ORAIH, HYHKH ynapHd anekTp Maftaon
teananTHpub 1KopHTH 0¥l caTyiapra (TeaHK AYHATHIIMHH XaMm
{arapTHpraH Nonna) YTKAsHIIH MyMKHH. By 30HaparH 3EKTPOH-
NapHMHT TApTHENH XAPAKATH BYKYAA Kend anaji. Harpuil KpHCTaUIH
pETal GYNHD, TOKHW FXIUH VTKASAIHTAH MOLAAIHD. TlesaK, WoKOpHIH
SHEPIETHK 30HACH AMEKTPOHNAp Bunad ApMucH (4ana) TYnIHpHIraH
MOLIATAD METALI Xoccanapura 3ra Gymany. Byunait 3oHAnard 3pKHH
SNeKTPOHNAP COHW KPHCTALIHM TALWKWA KMATEH aTOMIap COHH
TapTubuaa (6up em® ga Taxmunan 1022 ta yamacuna) GyAanM. Me-
Tanjap AxWH YTKAITHYIED.

flua WyHH aATHL 3apyp: aromiaa TYna TYNAMpWIraH BaneHT
caTxmaH Ba YHOAH IOKOpMrH OFl caTXiaH KpHeTanina nafue
BynaaMraH WKKH 30HA KHCMaH fiup Gupx yCTWra TYWTaHIA XaM
(5.3,0- uM3MaHH K) yiuby 30HATAPHHHT IOKOPHTH KHCMMIA Gy
caTXnap OpaluFM Mapxya G¥nanH. By xonga xaMm anekip Maitnon
TABCHPHIR 2EKTROHIAPHM TeanawTHpsb, oKopUra 6Y carynapra
JTKAIMLL YIADHH TOKAA KATHAIITHPHLL MYMKHH. byHiai Moaganap
XaMm Meranap 6ynanu.

2. Tina THaaMpHAraH BaleHT 30HA XO/IH. KpeMHMA KPHCTANHHH
onainuk, Kpemuuil Si anesenTiap JaBpHHl Kamsainia 14-fprnaa
Typand. BuroGapiH, YHUHT AKKa aroMina 14 Ta anekTpoH 6¥aMb, 10
TAcK MycTAXKaM HUKH KOOWKIA 5 Ta CATXHH TYIHpraH, Konrad 4 Ta-
cH 7 Ta BANEHT caTxHM TVma THunpraH. KpeMHuil 3HT kaTTa BajeHT-
AMrH 4 ra Tenr GYnraH INeMeEHT, YYHKHM YHHHT LIY 4 Ta ANEKTPOHH
KUMERNIT BUpHEMLLTANAA KATHALUMLIIA MYMKHH.

BaneHT caTxiaplaH xpeMHMH kpuctanimuaa naino 6ynraH ea-
NeRT 3oManap MyTAaK HoOJ Temnepatypaga THnaupwirad Gynad
(5.4 6-ypama). Jemag, T=0 K na Oy soHanaplard NEKTpOHIAp
INEKTP TOKHHH YTKAIMULLA KaTHAWA OnMAaiiu, SbHH KpeMHHIA BY
Xouna Vauid OuanexTprk (M3ondTop) kabu TyTAmM. BaneHT 30Ha-
OaH oKopHZar 3oHa (Y BANEHT CaTXlaH JOKOPHTH VIAFOHMI
caTxuiaH nafino  G¥nanw) 6¥m-G¥w  Bynaam. By 3omHa
Fmxazvevanuk Ionacu nedunam. By HOMHMHT KeduO YHKHILMHY
XoaHp 6GHAHG onamus. Bu3 ByHIaH KelMH HKKH BAIEHT SOHACHAAH
dakar Gutra oKopHrcH BMNEH HIL KHTAMM3, HYHKH MacTkW Ba-
NEHT 30Ha aKkcapwil Xonga KpeMHHMAZZ  COAMp Bynanura-
Xoaucanapna xed KaHaai xuccara 3ra sMac.

Temneparypa MyTaak Honaad (0K nan) woKopn bynrania so-
Hanap TYAAMPUArAHIMIH KaHaka 6¥naan?

17
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by xonna (7> 0K) saneHT 30Ha neKTPOHIapHaal DUp KHCMH,
MCCHKAHK  Xapakar# 3HepruscH xcobura  TAOKMKIAHTAH 30HA
keHraMr 0e6 atanrad £y IHCPrETHE TYCHKHM €HMHD, HKOPHIH
soHara AbHM YTKA3YBHAHAHK JoHacura yTu6 onran 6¥aaam (5.4.8-
ynama). By XOAHCAHH HKKOJ TAcABEYD KIIHLL VYYH YHH CYIOKIHK
MO KYAanapHHHA Gyr MoJekylanapura afi7aHWwKMra  YXWATHIL
MYMKHMH. DHIH BAICHT 30HA XM, VTKAIVBUAHIMK JOHACH XaM yana
TinaMpuiray soHanap 0¥l Vnapdarn 3MeKTPOHNAp 3NEKTPHK
vaiinon TabhcHpuia Gand B¥nmarad JOKOPHrK caTxnapra VTHILIH
(SHEprMAHH BA TEIHK Y HaNHITHHA {3rapripHiig) ABHH TOK
fTKasMIAa  KATHALIHLUK mympiH.  KHCMaH TYIAMpHATAH
§TKA3VRYaHAMK 3OHACHOArH SASKTPOHNAD OJAWH AATHArAHHEEK,
pKun neKmponIap fku PMKAIVEdaIUK INEKMPONIapL gedWnaIl.
Viiap MYyBOIHAT XONATAA J0HAHUHT TvBlaa KoMHTauanH.

Banenm 3owadacu Koeaxaap. YTKA3yBUAHAHK sodacura ¥Tub
KeTfaH IEKTPOHAAp BANSHT JOHAHHHI HOKOPHIH  derapacu
SIKHHHLAMY CaT}IapHHu GV KOIIHPATH. AndarTa, WeKTp MaltaoH
TabCHPHIA MACTPOK, cCaTXIapaart snexTponnap Gy 6y catxaaprd
yTHO  OAMIIH  MYMKHH. 5 6-BaHnla  KYPraHUMM3IeK 3JOHAHUHT
IOKOpUrM  Yerapac HKMHMIA JNEKTPOHHMHT TAWIKW Ba  HHKH
eKTp MaiiloH TAbCHPHAATH XApaKATHHH my >0 maccamm Ba <€
JapAANH KBA3W 3appa — KOBAKHWHT yApaKaTh OpKATH rascHduiall
MYMKHH. Ryuiac, BaIeHT JOHAHMAT IOKOPUTH YerapacH AKHHIIA
anextpor GyaTHd KeTraH xoNaTHH KoBak Oami Kunrat Jed
xHcoBnaHamu, DNeKTPOH JAPAONATA TECKApH 3apsiiu KOBAK IEK-
TPHE MAaIoH TancHpHOa SIeKTPOHNAR  XKAPAKATH AVHanHILWra
Kapama Kapium iiyHanvuiia xApAKATIAHAIM, TOKIA KATHALIA Qld=
au. KoBakiap 3Heprufich 10KppHaan nactra ToMoH owud Gopanu!

Nemaxk, T»0 K na KpeMHMWIl  KpHeTAIM  SMEKTD
VTKAIVBUAHIHKKD 313 Gynaim, YHH YTHAIYBHAHIUE JOHACHOATH IP-
KHH WIEKTPOHIAp, BAAGHT JOHAONIH KOBAKAAP amanra oLHpaLH.
DpKHH  VICKTpoHAap  Ba xapakaTyad  KoBIRNAP MUHEIOPH
{¥TraYHUAHIME Xam) TaKHKNaHMaH J0HAHUHT Ep wenraury (3uep-
reTHK TVCHK Banananurira) GortHK Giynanu. Xap Xu1 KpHCTAL1ap
yuyH Fg nAHT KMAMaTH TYpIHYS gynanu, Llaprim pasuiiia ApHM
yrkasrudnapna Egs2 9B, ausnekTpyraapia Fz>l 2 GVnanm.

bupok, ApHM ¥Teasruunapia TOKEA KATHALLE onaaWrad sapHO
TAUIVBYUNAP SHUIMFH METALAATHIAH JHuYa Kam, MOoC pasdiia
3eKTPHK VTKATYBUAHIHE aHYA kiumi Gynaan.  Eg cH Katia

g
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pynral OHINEKTPHKIAP YTKAIVBMAHIIMIH, 3apil TalyBYMAap XKyia
xaM KaM (6apzaH, XMcobra oiMaciHK Aapakana) O¥AraHIHry Ty-
daiiny, K¥aa XaM KHYKHHA Gynaom, k¥ Xontapaa yud Ay oeb
yHcolnaHaiu.

. Temneparypa OlIHD GopraHuia MeTANIHBPHHHT
JTRAYBUAHIHIHM KaMa:ndHn (Kapwuaura opraiM), YyHKH Metan-
napoard 3pKMH AMEKTPOHNAP 3MWIMIH KaTTa Ba TeMneparypara
GOFME 5Mac, JEKMH TEMMEpaTypa OwWwraH capH 3NeKTpoHiap
XApAKATYAHITHIH KAMaHIK.

Sipum  ¥TKasrHuYAapaa  TemnepaTypa OLWITAHWAA  31€KTD
VTKA3YBYAHIMK Te3 opTHO Bopaid, YYHKH BaIeHT 30HANAH 30CK-
TPOHAAPHHHT JTKAIYBYAHAMK 30HAcHTA VTHUIAPH Te3 K¥Nasiu
HHHoOapUH, TOKAAZ KAaTHAIUYBYM  SPKHH neKTpoHnap uu
xapaKaTyaH KOoBaKnap 3WYIHIH Tel OpTaiH, XapakaTuaHiukiapu
sca HMcHaTaH cycT Virapaad. ApuM ¥TKasru4yiap, MeTannapiad
k{pa, TeMneparypalad TalKapW #AHA épuTHra, dedopMalMa-
napra, TYpAW HypiasHunapra HMCOaTaH &YAa CEarnp Moula-
AAPAHP.

GHa GuMp  MyxaM  Qukpai aitru6 §rin sapwp. SpHm
YTKAIMMUIAPAA FHEPIMs JOHWIAPHAATY caTxIapra HHeDaTaH IpKUH
3ApAL TAWYBYMIAP 3IHYAUMH aH4YA (Bab3aH MUNAMQHIADUA) KaM,
WYHAHE YMYH ¥Oap 30HANEP HerapanapHiard Kduuk Opainikiard
caTxnapia mornawrad 6¥nanu: FrakayByaHIMK 30HACHAATH 3MEK-

TpoHnap 3oHanuur Tvou (£ (k) aHeprun MUHAMYMR) SKHHHIR,

BUIEHT 30HANATH KOBAKNAP 3¢ 30HAHWHI WIHNH l:E”(E} IHEPTHS
MAKCHMMYMH) sKMHMAa xofinairad  Ginaam. Jewnak, S.6-Gadiia

E, (k) 3WeprisHitHr 3KCTPEMyMilap HKMHIIATH EHMIMACHIAH Ken-
THpHG yukapuaral ahdeKTHE Macca TYIUYHUACH MaIKyp IeKTPOoH-
NP B2 KOBAKNAPIA AV KATTA AHMKNIHKLA KF/UIAHHWH MYMKHIL
: ﬁMem;map_ APHM FTKA3THYIED, AHEKTPHKNApra DaFniuanraH
ofinapoa  30HANAD  HAIADHACHHWHI  Maxc
‘ TYIUIVHYAN
TYXTAIHHAIM. IR Ll
. Iynaai Kuaub, KarTTHK HHCHUMIAP KBAHT (M3UKACH SHEPTHs
J0HAMAPM HAMPHACH 3aMHUHHLA MeTALI, APHM VTKasruy Ba AM-

'3.11&'KT|‘JHI¢ Ml_}ﬂ,i]a'l.ﬂ[‘llli!IHl' IeK
] S1EKTPHE Bl GOLIKA XOCCANapHHH paB-
lWaH TYIWHHTHPHE Bepalld 2
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Casoanap Ba Macasanap

1. KpHcrann KaTTHK KHCM YUYH [lipeavHrep TEHIMaMack
KAHOAaR Eaunanu?

9. Anuabatuk TakpuG HHMaLaH nbopat?

1. Bup MeKTPOHIH TAKPHOHHHT MasMyHH kaHnan?

4. Kponur-TleHHu MOAEH HMMa Ba y KaHaaH xynocara oMb
kesnann?

5. Bnox GyHKUHACHHH TapcHGNANT,

6. KpemHui KpHcTAnIMoa m=1,55 my, my=my=0,082m, (Gyr-
Aa Mg — PKHH NEKTPOH MAaCCacH).

Ay (L Pkl _]_-1 jdosianas m’ MaccaHu TONUHI.

: my M2 iy

VI BOB

XAKMKHHA KPHCT AJLTT KATTHE, AKUCMIAPJATH
HVKCOHIIAP

6.1, KpHCTALIAPAATH HYKCOHIAP XAKHIA yMYMHIl MYTOXa3aaap

Qnaouurv Gofsapia KaTTHK KpHCTALT WHCMHH MyTNaK 1apTHi-
naHraH, THHY aToMAapHHHD KATLHA JABPHA HkofnawMilinig Xeu
KaHnait Byswauwl Bynmaran wucm 1e6 Kapanau. akar aromiaap
TebpanuLii GYHIAH HCTHCHO 31K j

TlekHH, XAKHKMH KpHCTaliapaa xaMMa BakT KPMCTANN MaHxa-
PACHHUHT aH¥Ya MHK0pIArH Gy3IHIIKM  (HYKCOHNAPH) MaBAYlL
Gynann. JlacTapsan Makpo MUKPO HYKCOHIIADHH dhapiiail 1o~
M. MaKpoOHYKCOHIAp MWKPOCKOTMA OCOH kipuHagu. ByHaal
MaKPOHYKCOHNAPHWUHT MHCONNApH — METALI KyHManapnard Ko-
paxnap, Japanap, T MOLanap KMPHLIMATAPH YIOMIApH, NOaH-
KPMCTAUTHHHE  loHAYanaps = afpUM  KPHCTALTYANAPHHHT
KVpHHMa uerapanapuiup. AneKTpoHnap MHKPOCKOTTHACHHWHT
naiiao 6¥nmd caHab FTuiaraHd HYKCOHNAPHHU 2HYa KHUYHK YnuamiH
Ginrania XaM Ky3aTHil uMEOHHHH Gepau.

MUKpOHVKCOHNApra €KW  aTomiap {nyamuia  Kapananurat
HyKcoMnapra y4 ¥nuaMpaH (x,3,7) ¥ed G¥amaraHia GMpH KpHeTan
naHxapacHHWHI a=02+05 HM LABDH EHnaH TAKKOCTAHYEHW
Gynrad  HykcoHAap maHcyG Gynagn. AHpHM - KVpHHHULAATH
HYKCOHMApHH KapalliaH oniuH XAKUKHA KPUCTANTHH HYKCOHCH3
(uaean) kpuctaniaH GapkIoRLH yMyMHuit Ge/ITHNAPHH TONARIHK.

Maean kpucTannia aromnap KaTbHil AABPHIA KOWIALITAHIHIH
oxuBaTHIa KPUCTAAA MYHAA HNABPHH 3NEKTPHK maiioH WaKNIaH-
raH 6ynaon. KpHCTAUIHHHT AaBpUi MUK 3NEKTP MARAOHHHMHT
Xap Kaumaid OysHIHILK HYKCOH 6ynaau. Hyxconnap MHCom Ta-
pHKacHaa €T atom — KHpPHMILIMaHHHT KPHCTAIT aTOMW YpHHIA
ORAAIING QIHIIH BA KPHCTALN ATOMHHHHT XOHMNAH KCTHUIR =
pakaHcHA (Bl &of) XocHn GFNHIIMHK KEATHPHIL MYMKHH.

m
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ATap KpHETanijark HYRCOHnap o3 G¥nca, By xoana ynap Gup-
BupuaaH aH4a fuporaa ¥oinawraH, ALHH KPHCTANA TIAHXApacH
HYKCOHMapH MaxaiMinairay Gynagu. Bynoa KpHcran) HYMOard
anekTp Mailo dakar HYKCOH arpotdunariHa byaunanu, ol ka4a
altTrana, KPMCTAUIHWHT Jappuit P, noTeHuHanura HYReoH
AKMHUNE ¥ KVIHMMYa AOTEHLHAT gVimMnam, Tina noTeHLHan
¥ =V, +V' Gynand. [LIYHHHT Y4¥H XaM akar wy coxaza G¥nrad
ANEKTPOHAAPHWHT IHEPrETHK XOJNATAapH Yarapanu, Oy Ica unean
KITTHK, HUCM  FIEKTPOHJApH SHEPrHs  30HANAPUTa CAUTTIEEE LR
MAXAMTHH 3HEPTeTHK XONATIapHHHT naitno GyamwMra onub Kena-
. ByHaail Maxaiinid xonarnap coHH N HyYKCOHTap COHMIA TEHL,
gxn arap Gup HykcoH OWp Heda XonaaTia 6yna onca, Maxaidi
NOUIATAAR COHM HYKCOHABP COHMIAH KaTTa B¥naiH.

Maxanaufi sHepreTMK  caTyiap (xojaraap)aa  2eKTpoinap
GopnaHraH, Gy GOFmaHMm TYPTH KaTTHK KMCMIapia MOXHATAH
rypnuuanup. MeTtannapaa HyRCOHIAP Nailo KHAMEH caTxiap pys-
cAT KMIMHraH SHEPrHANap JoHacH HYuaa soinawam. Meramnap-
na  eKTpoHIaplaH Gy HYKCOHMAPHWHT WOHMAHTAH ¥onaria
Y ITHIE 3HT SXTHMOLUTHTHAND.

SlpiM YTRAITIWIAP B3 HANEKTPHKIAD IMEKTPOHIAPH TAKHKIaHTaH
sHeprHAtapk 2o0Hack OYATAH IHEpreTHK  CNEKTpra aramip. Anbarra,
OyHIAH KPHCTALNEPIA MaALIHi SHEPIETHR XOMATIap pYNCATIAMIIH
sOHARAPrA TYLWHINH MYMIKHH. Arap ynap VTKa3yBUYaHIMK JOHaCHNA
wofUiamca, YNapHK PeSOHAHC CATXMAp, Argp ynap BEHT IOHACHAR
KOWIAIICA, YIAPHH AHTH PEIONAHC CATXIAP neitunamd. By xonapaa
HYKCOHNApra TErHIUIH  IEKTPOHAap  yiap Owiad  BOFRAHMIIAHH

fiyxoraay Ba  YMysAallrad . \ z
30Hd EKTPOHNAPM Xamod- & o 4l
cura  Kyunamand.  JlexwH, g7 77T P 1
akcapuii  KYM XQunapia :, _-L________i"'
HYECOHIAD caTxIapHIa Migs kb, = LS
wofliamman  WIEKTPOHIap e gTR £
HyKcoHnapTa GOFMHKIMIMEA  6.1-uuHaun TagpK AN soRanari s il
KOJIHLIM  MYMKHH, YIApHH CUTHRAD

charaT MCCHKJIHK  XANAKITH

#in Bolka ueprist ManBan xpcobura §3 HyKeoHnapiiah aPaTHG
W0OPHIN — AKTHRTAHTHPMIL  MYMKHH. HygeoHnapra GOEHK 2UICK-
TpOHNap MEKTP YTRAZYE4aHAMED KaTHALWA anmaius, andarra. byn-
qafl  HYKCOWIAPHHHT  SMEKTPOHAIp  YuyH  CaTXIapH APHM
YTKA3rWuHHHT (AMINEKTPMKHMHT) TOKHKIAHTaH 30HAcKIA WO -
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namiran 6¥naan. By 6.1- unimana KYpCaTHATAH. Kalicu Oup MaH-
fanaH OMMHIAH 3HEPTHSL 3BA3UMA HYKCOHIap wounaHaou? bBup
xunnapH  YTKA3yBYaHIMK 30HACHIA MeKTpOHIap Gepub, Yanapu
MycBar 3apsjH HYKCOHIApra (6.1, a- yu3Ma), DOIUKA XHILIADH,
aKcHHua,  INEKTPOHTAPHH Tytud  onub, mandmid  zapannM
uykcoHnapra (6.1 , B- ynaMa) afinadanw.

VIkasyBMaHAWK  JOHACHra  SEKTpoiap Gepa  onalMrad
HYKCOHNapHK 10HOpAap gefiMnany, TapkuGuaa noHopnap O¥Arad
ApKM VTKAITHWIApHM 3Ca INEKTPOH VTKa3YBHAHIHEIN
SIpMMYTKAITHLIAp EKH 1 — TYp ADHM yTrasruynap aeitunaon. Moc
paBHuIAZ  APUM YTKa2CHUNAPHHHT  VTKAIYBYAHIMEK JOHAcCHIArH
SACKTPOHAAD KyuMM GHNaH GOFIME, 2MeKTp ¥TKAIYBYAHAHKHM
anexTpoH ANeKTp YTKasysHaHInK EkM 1 — TYP -VTKasyBuaHIHK
nedunanM.

Arap KPMCTAUTHH KMIAHPraHa eKTPOHap BANCHT JOHAMAH
HYKCOHNAp cargiapura  ¥ma  odca, 6y xoala BaneHT 30Hala
xapaKaTuaH Mychar 3apaiid KOBAKAD naiino Oinand, KOBIK ASKTP
VTKATYBUAHIMK  BYHKYArA  KENAlM. DeKTPOHIIAPHH  Vaura  Kkabyn
KHWIRLMIAH HYKCOHIapHH akuentopnap el atwirad, TApKkHOWIAa aK-
uerfopiap  B¥nraH  ApuM  VIradradHW o 54 KM  K0BaK
TKAIYBHAHAHKAN APHM FTKAITHY EKW P — TVD HDHM VTKA3THY
JAeAnAaIH.

6.1~ uMsMala QOHepIap caTX1apH YTKA3YBYAHIHK 30HACH TyOH
AKHHMAA, aKLENTopnap caTxlapd 3ca — BaleHT IOHA LMK
gKMHMOA  TACBMpNaHraH. Xycychil  HOHAaHHWrA nucbarad
HYKCOHNAP MOHIAHMIUM AHYA OCOH, KHYMKDOK TemnepaTypaiapia
j03 Bepand. CaTXIapHHHT JOHOP €KM aKuentap GYIHILIMIH Ma3-
KYP CATAIApHH XOCHII KHAYBYH HYKCOHMAPHHHT TabuaTHra SOFTHK.

Jouopnap aneKTpoHIAPHH daKaT FrKAYBYAHNHK 3OHACHTA
amac, GAIKH aKUENTop TalHaTin Xap KaHlald HYKCOHrd fepa ona-
oM. Axuentopnap 3MeKTPOHNApHW BAJIEHT J0HALAH Kabyn KuaK
Gunad GMp BaKTOA KPUCTALLIArH Xap KaHna@ OOHOPAAH XaM OJH-
LWH MYMKHH.

Huxonar, aMdoTepavk Xoccanapi HaMoEH GY¥nanuraHd, SLHM
AoHOP XamM, akuenTop ¥aM 6¥aa onanurad TAOHATIH HYKCOHMAR
magsyn. Hykconwnapuu cuuduiapra BkpaTHil kKpycTani MaiiaoHH-
HHHI HYKCOH TOMOHWIAH GY3MAMuIK yadamMnapura acoCaHraH:

A) wHykTaBuil (Hon ¥a4omnM) HYKCOHNap, yhapra ynuamnap
vlay(az{g GYNraH HykcoHnap maucyb, Oynaa a — KpucTanl
MarxapacH ﬂGHMHﬁEH;
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B) uuamrmit (BMp ¥N4w0BNHM) HYKCOHIAP, HEKM H¥HanMuna
yAAPHUHE §nuamaapH KHYHK (<a) Ba YyHHuM  HYHAMHLILE
fiaMK Xap KaHya 6¥nuiim (>>a) MyMKHH,

B) sccH  (MKKH {NUOBAH) HYKCOHAApP, YMApHHHI Gup
fyHaMuna ¥14amMi KHYHK, Xofoc.

[} xammuil (¥4 JNYOBIH) HYKCOHTTAp, yAApHUHT DabInunapH
MAKpo HYKCOHTAPFa TAaAnaykIu Bynann.

By ynuamnap 6yinua cHnguiawra fup Hewa Bup XK EKH Xap
XH1 CcOfa HYKCOHNAPHWHE OUpraliMacHilaH wBopaT MYPakkah
HYKCOMJAPHM XaM KHPHTHLI MYMKHH.

V' &xH 6y HYKcoH Mailio GYAMWIMIA YPHHIH GymanuraH TapTHO-
CHATAHHL GB30AMIA Kapah xaM  HYKCOHJIAPHH Gowkaya cuHdnapra
AKpaTAIALM. ABBANO Yynap AYCYCHA  TapTMOCHANAHKHIT HYKCOHIapH
6ynub, YNapHHHI' 3HT MYXHM MHCOUIapH WIEKTpOH Ba aroMra OHN
HYKCOMMAPIMD. YNap KaTTHK MUCMIapOard anduhyana, 3pHTMAnap
napuanaHuiuy Ba GouIka XonHcanap HLLTHPOKTANAPHIME.

By cuHtbra xapakal HYKCOHIApH, FHANTAHIMK HYKCOHAAPH,
aECHTOHMNAp, eKTPOH — KOBAK wydnap, doHowsap Ba NOAH-
poHnap MaHeyBaHp.

KupHiUMa aToMiap Mamyl Gynuunra BOFIHE GyAraH TapTHb-
CHATAHMIL HYKCOHIAPH BollKa CHHOHN TAWKHT KHAALH.

6.2. HyxTaeni HYKCOHARP

HyKkraprii HYKCOHAAPHWHT KATTHE, WMCMIA XAMMa BAKT Mab-
Ky Gfnamuradiapi aTomMiapaaH Gywab KonraH Tyrynnap — Ba-
KAHCHATNIAP BA TYTYHIAD OPAlHFWIa woitnawmd onrad aTOMIAPLHP.

BakaHCHANAPHUHT MYBOJAHAT LLAPOKTHIA XOCHT GYNMILM KpHCTALT
ATOMIAPHHMHT  HCCHE/IMK  TeDpaHMILINapie Gunan GoFHE, Mysramut
TemMepaTypanapia aromnap TefpaHHULIapHHMHE ypraya aMrvidTyIacH
aromnap apo Macoda (NaHmapa NOMMHHACH)HUHT DHp Heua (hoH3HRA
eTHIM MyMEHH, Tyryinap arpoduaa reGipanyBuM ATOMTAPHWHL 3HEP=
THACH 3YIa KHYUKIAH TO aHua KaTTa Kuitmaraapra ara 6¥na onai.

HOKopi IHCPIHIM aTOMIap ¥3 MyROZaHATHI BasuATIapHIaH
yaoKnanb KeTHiuy (TYTYHHH Tawiab KeTHLIK), TYTyHaap opaldpdra
Yrum MyMKHH. TyryHaap opanimmra yrrar ardM sma OVl TYIYHIR
KANTHWH — PexOMOHHAUMSIAHHILN MymkpH. JlekuH, Maskyp aroM
RAKAHCHATR IHT AKMH TYTYHAAp OpANHFHILAK, VIOKPOKIATHIApHTa TO-
Mo IHBYIHANAHHILN  XAM  MYMKHH. Ly pasuinna PpeHkel
HyKcoHnaph aed atanraH BAKaKCH — TyrvHAapapo atoM Kydinapi
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11.2. Cyxpnma 1.5.2. BnexTpod
=g KHPHITMATAD KOBaK
xﬁdrmpﬂ
1.5.3. Ilomapon-
ag 17 I I.S.ii.,m HEKR~
g E’_—H:——ﬂ’ lll,l.fuq]m GypaaKT étr':i;map
H ﬁ[ﬂlm[ﬂp
= B [IL.3. Kpucran Yerapa-
nap

=

V.1, Ysommaanap 1.2—1L1

= IV.2.Viommanap 121111
T V.2 Viowmanap IL1—TIL1

6.3 — qiepn. KpACTALTHNHT ToPTROCHITEHHLITE Gl HyKcoHIEpHERE
CHHGREpH.

IV Viomran

BYKYAra KeNagW. Ynap KpUeTani XaaMHaa kygub wopank, By faii-
amw KapaeHd BY MKKM HYKTaBHI HYKCOH KVIDHW BadMATRApAa Y-
pammh, pexomGHHauMA K03 DepryHua, fxu viapaan Gupy cHprra
QKD onmaryHua 1agos STaln.

Arap BAKAHCWA, KpHCTAt Byinad Nudxbysmananmb, chpra
yHKea, Oy XoIa yHra HUKapHPORIAr KATNAMIATH aToM FTHO omduEy
mymkue, Tafino GyaraH BakaHCHATA Ke{MHIY KariaMoar  J7oM
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gt CEo ; 00000000 0000
I - AP
ﬂliﬂiHJtmhmutqumpjm ggnggggg onﬂo:nou
ATOMAPCIS KaHCIsIap  Naliao 00000000
5 ) . P MW L AgBopoo 00 06000
Ginaan. By o041 BAKAHCHAWPHM ©0Q00GPOD Q00000 0O
e 0000CH0O0 OO0 O0C0COOD
LUoTKH HYKCOHAPH AEFHIIA. ggugggaa QoooCgoQ
Q DO CQOUDOOO0
Tyryiapapo  aroM  KpucTam 4 . o

NUKMAIAH CHPTTA YMKKAH ATOMIKD
KILHAMD  KETAOM  XpoWn  uiamy,  63-wmas @penkeata). [omkaie)
KPHCTAUT KUKMIL G MyHER OPTAIH. HYECOHAHNR

6.2.1. Merainap Ba MeTal KOTHIIMAIAPIA BAKAHCHANAP

Merann KpUCTANIapda, afHHKCE 3WY  TaxjaHran  Kpicrani
nanadpany B¥Aranaapiie, TYryHaap opaiuri yauasmnapi KHYHK
i VAAPAA ATOM KOHTAHWILIH XAMAS fiv opanikmap 6iiiab nndedrv-
susnadninn kain. Wynnar yavd Metaanapia IHoTeH BaKaHCHA-
AapH Wasayl GV MK 3KTHMONTHIH KATTAROK,

MKkaa XH BIKAHCHANAP 3HYMAMMY AacTassal TeMnNepaTypar
BOFAMEK, HYYHKH VAP aTOMIIPHUHI MCCUKINK NapakaTH Tyipaiian
nafino 6¥nanw  Ba GHHOBAPHH, TEMIEPATYPA OMaH CApU BakaH-
csaap colin optub Gopain

Bakauclsuiap  3HYIHIMBHHD  TeMAeparypara Mukdopiit
GoEMANHLLIHEN TONAATHE.

. Hacrnab lloTkM HyKcOHIapy — HaKZHCHINAP 3HHITHTHHA
Temneparvpara Gornosun WHONAHK AHWKIAHMHS. Kylinnaru Gen-
muaunapin Kabyn kunamns: By, — LloTen uykeond xocHA
BYNHLWM 3HCPIHACK, N — BakauT (OYw) TyryHaap BakaHCHANAP
ypanrn, N — TYIYHIapla TypraH aroMaap 3u4AurH ByacuH. ¥
ROALD DHPAHE XRMard BOKAHCHANAPHH XOCHA KMIHLL JHEPTHA=
th E=a k.

Cratnetik  duaukada  HeBOTAAHMINNYA, CHCTEMANHMHT (Gu3-
HUHI X0 BAKAHCHSIAD Ba TYTYHAQpAArd atomjap cHETEMach-
HUHI) ZHTponMsacH § GHRan YHHHE XOJaTaaph axTHMonury W
opaciia  kypunuwaay Goraanuu Bop, fyHaard H 3 THMOLTHK
HipoaacH:

S=kinW (6.1
I-'V={N +a) (6.2)
mi!
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Crupamnr Takpudura kipa, xel 631raHA
lixl=xlmx-x (6.3)

Rus kapaéTraH CHCTEMAHHHT IPKHH JHEPIHHCH

F=E—TS=nV -k Tin L} + 1 (6.4)

nal
By wudonasard norapapmra  Crupaunr akpnbin (6.3) HH
Eiacak,
F= E=T5=nV,—k TI{N-+=n)n{ N+my—idan—NlaN.  (6.5)

MabayMEHd, IpKMH IHEPTHAHHHE A DYRH4YS XQCHIacH MYBO3A-
HilT EM&THM HOATH TeEHr, ABHH

2 kT ™0

(6.6)

H

Mertannap yave oaaraa V=1 3B, Gynra moc keraamraH aa-
KAHCHSLIAPHUHT HUCBUE conn wN-10-9, aemak, Gy xonma a<<N
6inani, Ba in N + o Wi InNin ne6 XHcoGmaur MyMKAH. ¥ Xonaa

f

(6.0) JaH BAKAHCHAMAPHMUNHT
n, =n=Nexpl-V, /kT) (6.7)

sy wdionack keand unkpan. ByHaa NV Kpecrann nanxapach-
dary Gapua TYIyYHAap 3MWIMTHHN BUnaupanu.

(6.7) mdotanad KVPHUHIWEYA, BEEAHCHATAD 4T n TYrvH-
AR 3UUITHEHER NPONOPIIMOHLL, BAKAHCHA XOCHT BEIHIL 3HCPrUA-
el (V) Karra G¥nranaa n KHUMK GVNAAM, MAIKVD 3WIHK TeMmna-
NATYPa OPTTaH Caph KVpCaTKIIN dhyrkiag cndarna rea opTHd
mfpmu._ﬂmnu, IOKOPE TEMIENATYPANAPIR BRKSHCHATAD MUKIOPH
KN pok, OYnadu,

2. 3nan Ppedken HyKeoap (BAKANCHEIAD Kl TYTYIUIAPAPpO
atomaap KydTaapn) sHuanredn anuepaitane. Hlveisenns agriw
Kepakel, MpeHKen HYECOHIGPH TEHT MHKLOPLINN BIKRHCNSTAD
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ga TYryHlapapo atomnapian HGopat. Mawf .H, O3 Oy xnnii“n:};
KAHCHATAP IMUTHTHHH TOMCAK, MperKen FyKCOHIApH MU -
tonran 6ynamus, Bynna OH3 pakaqcHanap Gunad GWp KaTOPAA TY

obnaiyMa.
atomnapHu asTHGOpra onub ¥Hc
n%"_:?pap_o MpeHKen HYKCOHAAPH XOCHT GYIMIIH  FHEPTHACH

(aTOMHMHT ¥3 TYTYHMIAH TYryHIap opackra yTdiin :uucpm:cu}, mﬁ
= TYTYHAIpPHHHT yMyMHit COHM, N — UMKOHUH TYTYHI&papo

spatnap conH, E=V,n — Gy n TA HYKCOH XOCHI Gymuil SHEp-
rHACH.
By Xonna 3XTHMO/LIHK

.y G M . i 6.58)
T (N -m)! BN =)

IPKHH IHEPrUs

F=E-TS=Vyn-k TinW. (6.9)

CTHpIMHT TaKpUOHHK  KYInacak,
F - TS=V =k T{NinN+N'inN"- 2ninn—
. N—H)ﬂ-ﬂ)# N’-n)in{N"-n)}. (6.10)
MyBo3aHaT XOJIaTHAA

F vk m[ﬂ"_:_“m]ﬂ (6.11)

dn H 2

(6.11) wdonasaH
nl =(N - n)}N'-n)exp(=V o [AT ). 612

-
ana xyprasmmmagex, n<<N, N BynraHIUTH
Mﬁgﬂﬂ;:;“'r;:nma n napHH Tawwab wobopamus, cyHr keampart

paaMs onamus. Hatvxana

n=N,= JNN'exp(-V,, /2kT) {6.13)

xocun G¥namn.
ml{iﬁp#n:@:;ﬁf sKCMOHEHTA KipcaTkHYMOA kT TvpanH, (6.13)

chopaia N’ radonyTH Ba
2T Typann. byHaad TawikapH, N ea

2’ ﬁanmaaca Vg/2 dapku  xucobuia Workn Ba Dpenkel

1]
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HYKCOHAZpH 3nwininapn Gup-Bupuaan anua dapk KHAHLUWK MyM-
kuH. Macanan, oKopMOa adTMAranaex, wsetawiapoa  HloTew
HYKCOHNAPH XOCHN DYAHILKM 3XTHMONK KaTTapokK DYAHD, YAapHHHT
METAIAP XOCCANAPMIA TALCHPH XaM KaTTapOKIHP.

otk HyKcoHAapHd BaKaHcHAAapaaHriHa Wbopat G¥araHnury

vayd n =N, Ba V, =Eyv 2e6 ésmm mymxun: y xonna Wotes
BAKAHCHITAPH IHUANIH:

Ny = Nexp(-E, [kT) (6.7

K¥NuMAnKE anabuétna é3dnaamrad kVpuuusy onaad. bBui awaw
wy wpona Gunan HwnaiAMKa, Ogatia BakaHcKsaap xocun DYnHWH
aneprusck E Typnu kpuctannap yayn 1-2 3B yamacuaa.

Arap Ey =13B ga N=1032 cm? geb kabyn kuicak, y Xonna ga-
KAHCHANAP 3HWINTH TeMNeparypa caiimu #yvaa Tes ownb Dopuium-
ra (6.7°) wipona acoCHID MILOHY XOCKH KHAIMMI:

IE ] [T JiHy SN JiN) OK) | 1iKh
W, €a” 0] ewr®e el . | 2el00® 2ell4 2elpp® 21017

by MamIyMOTIAH XOHA TEMNEPATYPACHIA BAIKAHCHANAPHHHI MYBO-
TAHATHE 3HWIMIM AYIA KHUMK KVpusand, Bupok, xpuctanasM Gup
MyH4a RIKT IOKOpPH Temnepatypasa TyTHb Typwica, WbHH yHza kin
MHKOPILA BAKAHCHAMAP XOCHN KHIHHCA, CYHIPa YHH XYIA Te3 COBYTIA-
ca, (DyHH wwwscrepinn Jeiidnanu) Gop BaKAHCHANED 3MUIHMM Yila
KoM Temneparypanarinait konams. Ly cabafinan 6y 3wk onguueri
TEPMOMLLUTOBIA, SbHH KPHCTWUTHHHI TApAMMaH XONHIa xaM GOrMK
GynanM. MyaiisaH BaKT NABOMMAA KPHCTAANHW KMAOHpHIL oXuGaTHaA
OLLIMK, MHKJOPIATY BAKAHCHANAPHK K K MymkiH. by xapaéunn
«KYRImpsL> JCH HIAIH,

Hyxragnit HykcoHnapHuur xocun G¥avwn ¢akat Temnepaty-
para smac, Bankn BocHMra xaMm GOk, YH4a wxopH B¥amMarad
Gocumnap coxackan viuby wdwoaanad GolgataHnil MyMKHH:

Ny =Nexpll- £ + Pe)irT . (6.14)
byunarn v — 6urra |lorkn Bakancwscw nadne 6§arannna
RPHCTIUL XA MWHHHT Yarapiiuud,
Kearyeuna wmetann  KOTHIIMATAPAA  BAKAHCHANOAD  XOCHA
GV nmmm NYCYCHHTAAPUHI Kapad YHKaMH3.
PHH aramnaw TapTHBAAHMArAH KOTHWIMANAD — 3SPHTYBYH
CHHATHAAIN ACOCHH KPUCTANIHHHT BUP MYHY2 MMKIOPIATH TYIVH-
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napuiH GoliKg MOoyia (apyBuM) aTOMAApM 3raazara KATTHK, 3PUT-
Manapaup. 3purad atosiap tacomuon  Getaprud TAKCHMNAHTAHH
N0 KOTHILIMAHK TapruinaHmaraH AefunanH. ,
BuHap (MKKW MOLLANaH uGopat) A-B KoTHuIManap SHI cofa
KOTHIIMATAPAND. ByHaai KOTHLIMANATH eaKaHCHANAPHUHT MYBO-
qaHaTHil IIMIMHE KYPailavK. Ly xonna XaM Gy BeUIMK TOX
MeTAnIap YIyH 4MKApHAraH (6.11) ndboga KypuHHILKAA TACEHPIA-
HaAM:
Ny = Nexp(-Ey (KT, (6.11)
APHUHT
Ammo, Tosa metaaa By SHEprHH daxar  KywHW aTomiap
V3P0 TABCHPH FHEPIWACH &iaH aHuKanraH Gica, TapTHOAAHMANAH
VpUH AL KOTHILMATAP XOTULA KOTHLIMAHHHT OHP i:::a.uml Ba Typ-
11 MeMAn aTomiapy ¥3po TILCHP 3HE prisicHra GoruiK Gyaan:

By = 2 (ChEum + ChEmn +2CuCoE s ) (6.15)
Byhnarn Z — KOOPAMHALMOH COHL. Bowkaua KarTanukiap

Kyiimnarn4a Genrial oadHran; KPHCTALL MAHKAPACHIATH TYIYH-
nap coHunun N — opKaH, ynapaari A sa B aromnap COHUHH Ng Ba
Ng opkaii, BAKAHCHANAP CoHMHY onauHruder Ny opxaid Ded-
rHnab, KeuH HUCOHH SHYIHRIAP KHpUTaAMMA3

r:#=~d/n'. cg=Ng/N, Cr=Ny/N. (6.16)

by xonna
N:H_,|+Nﬂ +Np ad Cy +EB+C|.--'—’|. l:'EI-lT,I

I
7 — KOOpPIMHALMOH COHIW nanzxapa yayH KOTHUIMA -z-Hr:pr_ua-
eu (axar xydT TALCHPIAR (A-A, B-B, A-B) yucolira aNHHraH}):

U’:UU +E%ki£d-" +E§Egﬂ 4'21:'-.'{?3.&-‘43)‘ (6.13]
e

Gyuna Fas. Egp Esp aTOMASD wVITAADH AP0 TAhCHP IHEP-
ruanapi. (6.18) nu Kaira Banh oAUl MYMKHH:

U=ty +Il - 1lIL'H"r.E-r‘f‘?,l,x + NBE gg 4'3*".;"""35,4&]- (6.18%)

N
Do y4 TYP Jappanap — 4 ma B aTomiap xamaa BaKaHCHAIAP
YU¥H HMEGHHT YPHY ATMalITHPHILIAR COHH

W=NiN, .’-Nﬁ.r-Ny.",J (6.19)

Oyaaau.
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(6.7) Ba (6.13) ndonanapuu xocun Kuiuil A¥AHAAH GOPUD.
(6.15) udonanu §¥3 MMUTA OITAH (6.11) cCHHPApH BAKAHCHANAPR 3MY-
MK MyHocaOaTHHH KeJTHPHO YHKApHIanH.

Tapmufilaumazan  CYEVANW  Komgmaiapn — 8 oSpyBuUHHMHT
aromiapd A IPUTYBYMHHHI NAHXAPACH TYIYHIAPH OpalapHia
Kofnawrad  KoTHMamapiup. lola  meramnap YpHUH 3ranmatl
KOTHLIMATAD YHYH BAKAHCHANAD 3UUWIMIMHH  XMCODAAl Yoy
CYKV/IHII KOTHILIMANAPH XOAHTA XaM KYJUIaHRIA0M.

BakascHazap TypaM coHdarn B aromaap Bunad ypairaH wa-
POMTAA KOTHIIMAHHHE SHEPIUACH:

L EU“ + EFH E |'|-"|.1l + E__”; Ei"h"i'ﬁ' : {6.20)
& & 4

fiyuza Epy — TO3a MeTanuia — SPUTYRYHIA BAKAHCHIIAD XOCHI
Bymatin sHepruacH, Eqp - A 8a B atomnap ¥3apo Tabeup SHCPTHA-
CH. & — BAKAHCHIIAp OHAaH kywHi B aromnap conn, Ny — k —
ATOMIAPIA KEYWHH BAKAHCHANAD COHH.

By xouma W — axmMomiuk KaTTakoH MareMarik udiomara 3ra
Ginann. bz 6y  wdonaiapHH  KapaMaiMKz.  DPKHH  3HCPIHA
XOCHIANAPUHMHT HOMME TEHIMIWAH (MYBO3AHAT 1WAPTIAPUIAH) thil-
Jananui,

N
N, = EJ*.;;{]] (6.21)
&
HDOLIHK TOMaMH3.
(6.21 ) uonanu xucobraw

ol 01 W) . erpl-£ 1 a7 10 (62D
L |

HATHXABWA MyHocabaTrHH GepallH.

|.Hll‘ =

6.2.1 MHonmap KaTreK KACMIAPANA BAKAHCHSIAD

Monnapoan  tapkubaadrad  KarTuK  OKMCMIAPHUHT  ACOCHH
fapKH YIAPHM KPHCTAL MAHXapacHla KATHOHIAP EJ aHHOHAap-
HIHT TeHr MUKIOpaAE BYAMWIHTHIKD. LUyHuur yayH arap Oy Ty-
TVH YpHHAA BakaHci! Xocun Biica. v xonaa myebar ma Manthul
JapHANap Myso3aHaT GyIunamu.
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AMMO, BY MYMEHH 3Mac, YYHKH KpHeTan OyTyHW4Ya a/eKTpo-
HefiTpan BYVIHIIN Kepak. SMEKTPOHEHTPULIMKHHHE 3apYpAMId Ba
HOHNAP KPUCTALNH NaHkapacuia ¥ éxkd DolIKa BAKAHCHA XOCHT
GUAHILMAAH BYAYAra KEIraH 3apsIHH MYBO3AHATI0BYM TECKApH
HILOPANH 3APAAHWHE anbaTTa Bykyara Kenuwura onnb kenaan. by
wapt Typad H¥n Gunan  Gaxapwnaau. BHpHHuu  ii¥n Tenr
MHKIODAA KATHOH Ba AHWOH BAKAHCHANAPHMHC GHp BAKTAA XOCHN
Bynumwmuaup. By xpnar Lotk HVKCOHAAPHTA MOC KENHLULTMTHHH
MafKaw ocoH. 3apaanap TEHIIAMMIA IPHIWWHHHHE HKKHHIH AYnH
HOHMAP BAKAHCHANAPTa YAapra TEHr MHKAOPAA TYryWnap opa-
JIMFMEA VA MWOPATH Howaap naino 6¥nnmiudamp. By OMpHEMa
@peHkenl  HOoHAap  RVOTHHUHT  V3uadp.  Yyduun  #@in —
VIOKMAWTHPWIrAH  HOKAEp 3apAaMHM XocHA GY¥nrax 3apaanM Ba-
KAHCHANAR AKHHHID KYWHMYa 3ackTpoHnap naiito 6§auMwm  Exu
VAGPHHHT  KaMaliHie opxand  Myposadatnawaup. by #Afa
TAKMEJIAHTAH SHEPris 30HACH Top BYNran KaTTHE XMCMAApAA, XV-
CVCOH, TAXMKIAHraH 30HaCH BfnMaraH MeTannapia XTHWOATHPOK
BYnanH.

Hon Gormasuwny éku wod DOFIAHMIN XWCCACH aHva KaTTa
GYNraH KYNYHARK KATTHK XMCMAGPHHHT (MILKOPHH-TANOHA KpH-
cTanmap, oxkcHanap, cynguanap sa GowkanapHHHI) TakHKAAHMAH
SOHACH KeHrAWrH anya karra (>2.5) 6vnaan, WIyHuHr yuyn yaapma
LloTkn Ba DpeHken HYKCOHAAPH K¥Npok Xocun G¥nanu.

Huxosr, KpHCTANAMD VHUHT XYOVCHA NaHXapacHiard arom/iap
BUNEHTAUMHAAH APK KHAAAHIMAH  BAUISHTAMKNH €T KMpHIIMA
aTOMIAPH KHPHUTHO 3apaiiapHM MyBodaHartiam TanaluHy Gama-
PHIL MYMKMHH.

Hwkopsit MeTanap ralorcHHANAPHIE KapaMia-KApWH Japad-
FAHMAH BaKaHCHATAp TeHr MHKOoOpAa OYAMWAHMM aHHKIaHraH.
BakacHanap 3apsfAHHM KapaMa-KAPLWK 3apsand TYryHaapapo xy-
cycHil Wounap OmiaH MyBoJaHaTAall, #LHH @peHken XypTH
xocun GYAMILM, MACANAH, KYMYLI FAoreHiAnapuaa w3 Gepann.

Onauurd Gavana LloTku Ba DpeHKeN HYKCOHAADH IHYIHTH
Ny Ny, YIVH HHKapUITaK (6.7) sa (6.13) udwonanapyu HOHAAPIAK
TapKMBAaHraH KPUCTALIAPTE MOCAAWTHPMW KMtk 3mac, LloTkn
HYKCOHIpH YuyH YHKapuaraH Np HuHr whonack By xonaa xam
(6.7°) ek, ammo Ep nuur kudamaru Gowka NV =N, =N G6¥nanm,
Gyuaa N, Ny — moc pasniuga, aHHOHNAP Ba KATHOHAP COHH.

Mounap kpucrannapuia @pedked Hykconnapu yuyd (6.13)
Ypuura
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NsNy=(Ng =Nyg XN, ~N ; yexpl- U JiT | (6.23)

myHocabar Gaxapunanm, GyHoa N, — manxapa TYTYHIAPH yMyMHH
CoHH, V, — MaHXKapa TYIYHAap OpPaTHFM YMyMu#H comm, N, —
GHP XHA HOHMap NaHXapacHaard saKaIHCHATAD COHM, Ni = Tyryn-
Napapo BaIHATAAPrA MOHMAWTAH ATOMAApP COHM, 3 — Baxamcua
Ba TYIVHIApapo atoMlaH ubopar @peHken HyKcoHH (xydhri)
X0CHA BPIHILN 3HERIMSICH.

KyiAniaa KenTHpWITan MamilymoT HOHNapoad TtapkudnaHrax
kpuctawtiapaa Hlotky pakancuscn xocun 6ymnu IHEPrHACH Kar-
Tanuknapi (£y) XgKuna Tacagsyp Gepanm:

Kpmimaig LiF Litt Likir Nall a2 Hr kd K1 Ol CsBir I

Ew A .51 EZ [ 11K 172 133 144 |..Hta Lo J

IOkopuna  Kapama-kapuwm  Himopanm HOHTAD COHM TeHT
OYNraH (CTEXHOMETPHK) MOHIAPHK KApagHK. AMMO. Y TeHrnuk
OaxapHAMANIHTAH  (CTEXHOMETPUAIAH  YeTAaHM MaBXya
G¥aran) kpuctaniap xam Gop. ANNBY apum YTkasruynapia cre-
AHOMCTPHKNHEDAH YCTAAHHIL YIApHWHT aManwil EFI0aHH WM
YUYH MYXHM axaMuATra sranup, uykku BY TalEHAIOBYMHHHL
oprukgannrd (A" rawknaosaMHUKE KaMOMATH) NOHOPAMK
xoccacura sra, BY wunr kamomatu (477 OPTHKYAIHIH) 3Ca aK-
HENTOPIKHK Noccacura 3ra.

0.2.3. Koeagewt kpucraniapia HYKTaBHH HYRCOHIAD

KoBAIEHT KPHETANADHMET 3HE SX LM BAKMATapH oiMOC Ba
OIMOCCHMOH HPHM §TKa3IrHuaap repMaqHuii sa KpeMmuuiiaup. by
KATTHE, AHCMNapHMHT KpHCTAagIapuna (1.9-uu3ma) rerpaszaop
(TYPT €R/H) WAKAMH TAIKWA KUIFAH 3HT AKHH KVHIHH TYTYH-
4D OPANUFK STAPTMYA KaTTa ¥AY3aMIH Ba BbuHOGAPHH, aToMnap
YH4a 344 wollrawmaran, Macanan, TYTYHAAP GPATHTHHHHC
?-{Hamﬂapu repmanuina 0,110 um pa kpemumiiza 0,105 nm
ﬁjmrﬁ, Oy Kpucramnap TyrvHiapHaard ATOMARPHUHT  ¥3
MMYamaapira (moc pasuwaa, 0,122 uM pa 0,117 um) axun
wﬁH:I“éﬂFH KUBANEHT KpHCeTannapaa @peunken H}'r;,cuuna-pl;
!6”-;:-.] K DVAMMWHHH KVTHIL MYMKHH. Tyryu arpodiiaa xam, Y-
a-mu}]-:: of-(.]qnum aerndm_ﬂa Xam _ﬁﬁpﬂaﬁ MHKIORIA  KVILUEH
MHH Jap ¢ Ba 50 ga Tfp-rm"] OYIMIWAHIH OKOpHAArd Tax-

HH  Tacaukhaitnu. Bywaan KPHCTANIapaa BsakaHcHsiap
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|-

XAMAa TYIvHAap OpaTHFAOard XvcycHH aToMIapHHHD XOCHN
Gyaduwy aHeprusnapy Gup-6upnra AaKHH G¥IHILH Kepak.

Onamoc Tyamanian kpuctantapaa LoTks HyKCoHAApHHHHT
K¥npok BYMMUMHIH HYKTIH Haszapd XaMm Oop. Ma3skyp kpHcran-
Napia HYKCOHHHHD xocua GRAmMIM YHH Kypiiad onrap arom-
JapHH  cuaxurand,  Kpuerann maHXapacd  CHMMMETRMACH
cakfaHnt Koaaanrad CHAXHILITAPHM MaHXAPAHHHT «peNIKCA-
unHECHs nedHinanM.

KoBaleHT KpHCTANNAPAA BAKAHCHANAP XOCHA DVAMWINK, wy-
HUHEACK YNap 3HYIMCHHAHT VIrapyun 3JeKTpoOHNap 3H4J1MIH
yarapui Ounad Oupra 03 OGepafH, JNeKMH MeTannapiaH
dapkad pasuwga, 6y YarapHiinap SpKHH XYCYCHHRl 3JEKTPOH-
nap MuUEnopu  dankynonna kaM  G6iAray  WApoWTIa Coowp
Gitnaan. yHHur VUVH SNEKTPOHIApP 3HYWIHTHHH Ba HApUM
YreazrvdHuHr ¥ Ounad Dornng DOWKA XoccalapHHl ¥avalnap
XYCYCHH  HVKTABHH HYKCOHNAp xocHn OVAMIIH  Ba  WAKA
Varapuiy soaMcatapiid VpraHuiiiia Kyaafi yoyaaup.

6.2.4. Knpnwvanuit gysTasmil HyKcoRaap

KupuiiMa €T aroMmnap acocit kpucrans Ownaw, € VpuH
IrANnall, €KH CYKHJIMIL KATTHK 2IPHTMATApH XOCHM KHJIHI
MYMKHI. BHpMHYM X0nda KMpWLUIMa ATOMAAPKM KPWMCTAND nai-
AAPACHHUHT TYIYHAADHAA, HEKHHYH Xonaa — TYIYHJAap opa-

NHETapHLa #onawan & & & @ * e s 8
(6.4- yuamal. ® O 9 @ TR R
¥ & Oy Typiaard KaTTvE o
IPUTHAHHHT X0CcHA BYIHWM . .Q' * =
acocal MEKMTA oMHara - ® O & @ e & e 9
FCOMETPHE Bl WIEKTPOKH- & @ ® @ e o 0 8

MEBKMI oMU tupra GOFTHE, c a
fe PAafMych acocHil aroM-
map r, pammycunad 15% mawM
Kam apk KANAAHGH KHpuL-
Ma aToMAARMIHHA Ypud 3ran-
Al IPHTMANAPHHK - XOCHA
Kpnanu {reoMeTpHK o).

God-qunonga. Pt 1A Epimses aTosE-
MUHIHT Eolimanumnin, ¢

#-YPUH SGEULTIL 3PHTMACH,
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8. (- weadeay
bakin KHMEsnil 30eMENTAAPHMHT KoBATENT paIMyYCaapy

Z SemMenT o
r, A
3 1] 0,54
] 9] 0,74
3 5i 117
3 P 113
26 Fe 1,20
31 G 1.75
42 Ge 1,22 =
13 As 1,22
47 Ag I 41
il in 1.43
i | An 1.26

FNeKTPOKHMEBHI OMHI  WwvHaAH Hooparkn, YpMH rwman
IPHTMBAAPH XOCHT GYIHLIM YY¥H KMpMIIMa ATOMIAPM Ba aCOoCHH
ATOMIAP WIEXTPOKUMEBHA KMXATAaH xua 6y1mum Kepak, LHH
KUMEda  Manaym  GVATaH  kyenaHuLap  Katopiia vnap Gup-
BUpMAAH Y3oKaa BYAMACTHTH Kepak.

Arap KMpHUIMa Ba acociil KPHCTAIL atoMiapH KydiaHuumap
kaTopHaa Gup — GupuaaH ysokaa GVnca, ¥napaaH GupM opTHiua
HIekTpoMyeBaT, HKKHHYHCH 3ca 3fiekTpoMaHdui 6¥1ca, 6y xonna
KHMEBITH BUPHEMA XocH BYANILM 3XTMMOnH KaTTa, '
mmf:ﬂaﬁmpuxuménuﬁ a;i.mm-:l-mr MHKIOPHIT  XapaKTepHCTHKACH

11 BA  ACOCH aro :
B MIAp  neETPOMAHGHHIHIHHHHT

¥puH srannawm IPHTMACH XoCcHa 6F
THILLH H A
B¥amory sapyp. yuyH 6y dapk knunk

8.2 -cadeas
Bansn xumennii snemenrrapnunr X AneKTpOMaRGHL M
EATTAAHKIapH
[ Z [ Sicuonr] X £ | Dacwent | X f

: . £ | Bnement | X
_{ Li 0.95 | 16 g 26 | 32 7] 2
: B 20 [ %7 Ca 1.7 | 33 As 2.0
s 0 15 | 2 M [ A 1.9
5 — {:’ 1.9 o Cir () 2.0 79 An 23
| LT [ = s | 16 | 83 | Ph(zy | 1.6
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TanKMKoTTApHIEHT KYpcaTHIlMa, CyKpnaanrad KHPHILIMA aTOM
F. PATMYCHHHHT ACOCHI aToMm r, — palHycHia HueBarn 0,59 naw
EHUMK OVIHIIK Kepak.

Tyrnait kwm, kuputama 0 < 7 / i < 0,59 GyaraHaa CyQUIMLL
3pums_ac|-1. 0.85 < i / Ry = 1,15 G¥nranga VpMH 3ranall 3PHTMAcH
xocua KHnanu. 0,59<r,; ¢ r,< 0,85 coxa 3ca yMyMaH KATTHE, JPHT-
Mastap XocH1 GYIMILH yuyH MakDyn 3mac.

Xakukiil WapouTaa KpUcTanira KMPHILIMA ITOM Tk MYXHTOAH
Kupaa. JpysuaHIMKHE MUEIOPaH aHHKAaraHia KDUCTALT B3 TAILKA
haza (MYXWAT) OPACKIATH TEPMOMMHAMMK MYBOSSHATHM TRINI KAMMIL
nosvM. Tamke daza cudaniga & Oyr (ras), cKH CYIOK hamaHW Kapaw
MYMEMH, S¥YHKH Y1ap KATTHE FMCMIADHI Jerdpna (ynapra KHpHL-
Ma KHPHTHLL) aMATHETHIA KEHT KYTLIAHANH.

Mkkana xonma XaM JerHpnail xapacHH MYyBO3aHATAAH KaM
thapk, KUIALHIaH WAPOUTIA b GoprtALK.

6.2.5 HyKrasHil HyKCOHAAD ANHKAARANIaH XOCCATAD
BA YIAPHEHT ¥3ap0 TARCHPH

Xycycnil B2 KHPHIWIMABHHA HYKCOHAAP KATTHE, HHCMIAPHWHT
amanga Gapya XOCcalapH TAkCHP KVpeaTanu. 3apsn TAWYB4HIAP
kpucTaLt G¥iuua yapakat KuaraHuia HYKTABHI HyKconaap Giian
KaM TYKHamamHaap.

Mk xetMa-geT TVEHAWMLI opacuila yTran BaKTHH penarca-
UMA BAKTH (3DKHMH IOTYPMI BAKTH) AeiHran. by BakT KMpHLIMA
XOCMA KMWITAH HYKCOHHUHT TeOHATH, XOmaTH, 3HUANTH B3 TeMne-
parypara DOFIHK ﬁ?ﬂﬂ;«! {By xaKaa apum Yrrairduaaap Goouna Ga-

TY¥xTAnaMul).
ndxh?éﬂanﬁlasm XOHA TeMnepaTypacH Ba YHAAH KOKDPHIA 3apAI
TAIIYBEIHIAGD A2PAKATHAHIHMIHHK KpUCTAll NaEapac  atoMnapx
Tebpannuiapu Bunad TYKHAUIMWAAD annkaaian, Gy sca TeMre-
parypa opTHIIK GunaH METWUIHUHT J1CKTP KAPUIUINEH  OPTHULIH-
AKO3I0 M.

g Tﬂ;ﬂm ';;rnmarmnapu HYKTABHH  HYKCOHAPHUHT acocHA
AXAMMATH TAKMKIAHTAH 30Hala AoHOp Ba AKLENTOP CATXJIAP XOCHI]
KHNHG, APHM YTKASMHUHHHT 2aekIp, dioTo IeKTp Ba DOUIKA XOC=
Canapura TALEHP KMIHILAHP.

JIMAneKTPHENAPHHAT XOCCANAPHHK acocal !:!HDHHHF XK MHAR
TYIHAMIN XApaKTEPHCTHKANADPH anuEmaian, yhapa
HYKCOHMAPHITHT AXAMUATH HUCHATAH KHMHK,
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HykcoHIAPHHHT aXaMMsiITH XAKHAATH Macananap keiarycd Oup
peya Gobnapaa kapab YUKUAAOH.

Amania Oapuia HYKTABHH HYKCOHNAp KpMCTALIApna fornaHraH
xonaraa O¥nanu. MacanaH, uKKH BakaHceud Yaapo Gormawu®, an-
RAKAHCHA XOCHA KWIMWH MYMKWUH. MKKHMHYH MHCON AKKa BakaH-
cHSMAPHHHT KHPULUMA aToMIapH DHAaH §2apo TascHpUaup. Kpuetan-
Japia HYKCOHTAPApo Y3apo TakCHMpAAp COHM Xyna Katra. Bui Gup He-
yaCHHHIHHA KipcatHi fTamis.

HEKK KapaMa-KAPWH MUUOPATH KHPHIIMa HOHNapd  MoHmap
FYOTHHM XOCHT KHIHLIK MYMKHH.

Ky THM TAWKKA KHATAH HOHNAp AKHMH Macodanapia TYPrasHu
Tvibailin Y1ap OpacHia 3NEKTPOH Ba KOBAKHHHL GEBOCHTA TALCHPH
103 GepHb, KOBAK HYKOAHLIM MYMKUH. By Xapa@HHM KupHiLIMamap
apo pekoMOMHALKS Dedriain.

Kpucrannapia fHana Mypakkal HykcoHmap TapkdOWra k-
PHIIMAEHH ATOMNAR KHPHIIH MYMKHH.

byunail mvpaxkab (Dupnawma) HYKCOHNAD KATTHE #Mcsmmnap-
HHHP kYN diizHk Xoccanapura TascHp KWiaoH. Macanad, ynap 3a-
PAI TALYBYHIAD XAPAKATYAHIIMIHANA, KATTHEK HUCMAIp MCCHKIHK
VTEAIVEHAHANIM, YIapHHHT MEXaHMK Xoccanapura, KMpHiLManap
AHPDYIHACHTE BA B.ra MYXHM TALCHP KHIALH.

Apum ¥TKasruunapna A — Mapkasnap SpMMYTKAsIHYLA 3pHrad
KHCAOPON @TOMHHMHI BakaHcHA OHiaH ¥3apo TancHpH Maxcynu
OynaaM, HOHMap KpHCTalapiila f — Mapkaznap SNeKTPOHHH Ty-
THG oliraH aHHOH BakaHcusnapuian wbopar.

Yaap WKopHil MeTtannap ranoreHULIApMOA PaHrHHM Benrd-
Jaliagu. F — wmapkaznap wraourad yarpabuHadiua Hypnap, TVIKHH
VAVHIIHKNAPH KyiiHaariua:

Epucrasn | ™aCl | NaBr | kil KEBr Kl
Lo, Hum 465 R4 | [iTik] B30 [T5]

Bynapian Tawkapd, paHriaw mapkainapu nef aTanMMm My-
PakKab HYKCOHNAp GUPNALLIMANADH XAM MaBXY1. YHOAH MapKas-
Aapun F, M, R sapdumapu Bunan Gearnaanaiy.

F — mapkas Epyenux Tabcupuaa MEkMT] £ — MapkasntaH TalikH
TORANLM:

1 hew — F'+V,, (6.24)
ByHaa V, — aHuoH RakaHoHaoW.
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M — mapkas xap Gupu GHITazaH 3MeKTPOHHH TYTHG onraH mK-
KM KVIIHH aHHOH RAKAHCHATAplaHd wiopat.

R — mapkaa xap Gupn OWTTalaH 3NCKTPOHHU TYTHO ONTaH yy-
T K¥IWHH aHHOH BaKaHCHAMAPHIAH TAIIKMANAHTAH.

by paHriaw mapkasziapuiad Tawkaps, MycBar KOBAK BOCHTACHOR
GOFMAHMAH MKKH K¥IIHW MaH(uil noltapoan (Macanad, xnop) Tap-
Kulnadaran Fjp — mapkm, XIOpHHHT KOBAK BOCHTacHaa GOMIaHraH
TYIYH Ba TYTYHIdp OpUIMFHIArNA HoHnapuiaH whopat A — mapkas
MABKYR B¥THULIHIM AHHKIAHTEH.

Hounap kpuetanin VTKasVBYAH/IHMK 30HACHAAMM 3PKHH IMeK-
TPOH Ba MaHxapa KyTOAanuiud DHpAallMacH NOAAPOH OeiWianu-
raH HYKCOHIAP XHMIMHH K03Ara KENTHPAIW.

MNonaponnap  Goluka  Hykcownapra  HMcBaTaH  OKOpH
NAPAKATUAHHEKS 313,

Jnextponra Gepunaiurad EpYRIHE EKM MCCHEAHE IJHEPTHACH
VHUHI ¥TEAIYBYAHIUK J0HacHra $Tub onwiuk cTapmm GYamaranaa,
VoY 30HA AKHHHIAMM XOAaThnapra VTHUTM MYMYMWH, Dy §THmina
xocHn 6¥aran kosak GinaH 3MeKTpoH BOFIAHTaH XOuaTaa Konain.
by anexrpol Ba yHra G0FAAHrAH KOBAK AVDTHHH KCHTOH aeiiH-
nagM (6.5- ypsma).

Arap IMEKTPOH BA  KOBAK Fe VIKasyBuaHIHk 30HACK
Cnp wonaa Giaca, Gy *ydmHM 'y
Dpensen IkcHTONN  AcitHAAIM.

DKCHTOHNEP TYPRM ATOMNAD-
ra TerHULIM YAPOTHUAMRH anek-
TpoH Ba koBakdaw Taukwuian- Eg |Eg

D———{D}

ran BYnca, yuu Bawse — Mot hoEg
IKCHTOHK Tefivnann,

DpeHKen IKCHTOHH PALHY- ! )
cH knuuk, Bante — MotT k- Ev Tatoh i
CHTOHMHMKM KaTTa. DKCHTOH
KPHCTANA HYMOa XapakaTlaHa b 5-siana. IECHTANRANT XOCHT

WELIH, AMMO  TOKKd  XHCCa Giammn

K¥ILA 0IMaion, YYHKI 3NCKTP AHXATAAH HelTpaiamnp.
DKCHTOH XOCHI KM YMYH, MacanaH, EpYFIHK 3SHeprusch
capIaHAANIo, aMMo  AeKTP FTKaZvEdaHAKK Yarapmaiian.

138

PDF created with pdfFactory Pro trial version www.pdffactory.com

6.2.6. Pasmaunon NYKCOHIap

Hkopu 3veprisnd HYPIAHHLIAAP TARCHPHIA KATTHE AHCMIA P
XOCHII DYNANHraH HYKCOMAGPHH PAIHaLtoH HYKCOMTap dedunany.
bynaail HypraHHwiap — KATTHE, PCHTTEH HYDIAHMIIM, ¥ — HYpa-
HHILL, IOKOPH IHEPrislin 30eKTpoHAap, HENTpoHmap OKHMILIHP.

PanuaukdoH HYKcoHnap  Hazapuscuia GupraMyM  Hykcon
Pperken AvhTH OF1aan neb XucoGnaManu, KefimHyanix Bowka
MKKHIAMYE HYKCOHMap 103ara Keland. Arap aToMHu TYIyHOaH
¥puO MHKAPHUIL YYVH Kepak 3Heprus £y — Gnca, atomra Hypna-
HHW ToMOHMZan Gepuianurad £, 3Iueprug Ly Dan katTa Ginca,
ATOM, aNBaTTa TYIVHIAH YHKHG KeTaln, arapna 6y atomaa E, nau
OPTHE 3HEPIUS kanca, y Golika aToMHu ypub UHKAPALH Ba X.K.

BHpOK, paauallMoH HYKCoH xocHn KMIHIHHHr Scaraemiinan
NACTPOK, IHEPIHATA TETHWAH MEXaHH3IMAapH Dop. by Mexanmnzm-
JAPHHHE MOXMATH IUYHAAKH, aBBAN KDPUCTAIAHHMHT AMEKTPOHIAPH
CHCTEMAYACH }"ﬁl'{}THJIEI,.‘.I}f. FHeprua KPHCTdLLL ATOMANAPHIa Y3aru-
Jan Ba BUpIaMyH  panHalioH HYKCOHNap xocun Ginanu. By
VIFOTHIL KPMCTOATHHHT peHTIeH KEAHTAAPM, 1acT SHCPrHaTH
FICKTROHIAD Ba XaTTo yarpabiuHaduia dortornap Guaan HYpIlaLw
HYA1 GuaaH aManr owMpHIaiy, .

B¥cara  octi HYRCOHIAp  XocHn  BY¥nuwM  kyiiwgarn
Bockuunapnan HGopar:

I, KBaHTHHHC 0THIMLIN BA 3XCHTOH xpCi BY MM

L. BKCHTOHHUMI MKKH HOMAA (MacanaH, Miikopuil — rajoren
KPHCTANAND FANOreHHIHT MKKH HOoHJE) HORMAHKMIUK, 9EHM Kpasi-
Manekya Xocun 6ynmwm;

4. Kviow sraprumim OKHGaTHAA KBA3UMOTEKYAaHHHT Ty-
TYHIapapo aroM ea BakaHeHAra napuaanaHuin, :

Panuatimon HYKCOHAap xocun G¥nmmuunKr Gowka H¥nnapu
WM MKV (MIa3MOHIAD MEXaHHIMK, HOHMIALMOH MeXaHHIM Ba
Voluknapn. ),

Paguanmon HYRCONAAP, 01aTA48, KaTT3 KHHETHK SHEPrIAra 3ra,
90 WYHHHT YyyH yaap KPHCTAIAPAA Kyna Xapakaryan 6Vnatu.
F:_l;mnuuun HYRCOHJAPHMHE  ¥3apo ua Bolka pamihuuou
f_'l'mam:m HYKcoHnap GHIaH Y4PaIUVBH IXTHMOMIMIM KaTTa. hy
Xomnapaa 103 Gepannran TaABCHPAAIN ML OKHDATHAS

;IE-K{'E‘IH_‘-!{ID]-HIHI' ﬁl“b‘]ﬂ!]lhﬂﬂﬂpl: B XATTO HHPHEK VIOMIADH XOCHN
e AT

- Kpherana ATOMAAPHHUHT  ¥3  TYIYHIapHIaH T — KBIHTHApP
ABCHPHID XHAKE ket INTHMONN KHUBK. JIekHH ¥ — Hypaadim
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doTosddext, Komnron sdipexTH, anexkTponnap Ba NOIMTPOHAAP
AVOTAApH TYRAMHLIN OKHBATHAA BVRVIATA KenanM.

HeitTponnap  OKMMH MOLIara TYWrAaHOA YHHHT OHp KMCMH
IOTHAHD, HYKCOHIap Nadio kunaiw,

KpHCTANN aTOMIAPHHHT ¥3 TYIYHAAPHAAH Y — KBAHTIap
TACHPHIA XHAHG KETHIUH XTHMOAH KH4HE. JICKMH, ¥ — Hypha-
Huw poroadubpert, xKowmnToH PpeKT, MEKTPOHAZP BA NO3M-
TpoHNap XYHTHapH TYFUANLIH oKMOATHIA BYKYATA KENaaH.

KeilHry  Oaspia  MOODAWYHOCAHK coxacHia OMp  Bakria
EATTHE, #MeMIa Magswa DWiraH (KHpHTHATAH) TYPITH KHpHILIMATAP
Oup-Ompu GWiaH TasCHpAaLIMINH OKMOATHID MOMLAHMHE alipim
daMK  xoccanapu  KHAAMH  ¥IrapMiid  MYMEHHIHTH  Ba Oy
VIrapHiuiapiad  amania  camapand  QoAnanadvin MYMEMHIHIH
AHMEAZHMOK A

6.3, Kavrug smcMaapia YHInFdil HYRconap

HykconnapHH §n4amMnap xuxaTnjaH cuHduapra axparrania
fup YnuoBan (YM3MIHA) HykcoHnap adtnb YTwaraH 304, Oy
HYKCOHIAPHWHT ¥A4aMAapH HKKH AVHanMILIa Xyla KMYKK (<) Ba
VUHHYH AVHaOIMLLA Xap KaHda y3yH Ofmmunt mymeud. byupait
HYKCOHNapHW IMCIOKAUMSAap nedivna .

ducnoxkaunsanap xocui GFIMIWKHHK KapadnHk, KpHoTannHuHr
GHp KMCMMIa TALIKH Ky4 TakeHp Kunaérran 6¥ncun (6.6a- unsma).

G.6-na. Jucaokannd xocna BYIRHEHHT EETMA-KET SOCKHTAPH: a) KpHcTani-
M CHERATHLL K¥4i RVITLTHILT ) arosEpn TekRennkaspH Byknanm, uh skcTpalekHonHe
et flamen.

Ky4HHHI Kamoad OVaMwMm Kapad KpUCTan SMacTHK &M
niacTik AedopMatuanadHand. HeKKHHYH X0Mda TawCHP 3ITYVBUMH
KydHHH BHpop GVcarapuil KMAMaTHI — CHLEMIL KY4IaHHWMa
IPHILMITAHLL CHPNAHHIY Byxyara kenand. 6.6 a- 4uIMada VIVH
YKk OUmAaH KaHIAAARP Dapaiui TEKMCIMK {CHPpNadMil TeKHCTk=-
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rH) TACHHDIAHTAH, aTOMIap TeKWCAHKIapH YHMHP EOpHCHIA
GHITa CWODKMALN, YHHHI NACTHOAMM KPMCTAMN KMCMM  3ca
KY3ramManam.

Kpucramnorpaik (aromnap) TEKHCIHIHHMHT nediopMaliHsana-
HYBYH KHCMH (ApHMM TekHcank) Yurra Bupop macodara cHamuil-
nH. (6.6 6- 4HIMA) BA KeHMHIH aTOMIAp APHM TEKHCAUTHHMK ae-
dopMauHaIalan.

BHPHHYK HPUMTCKMCAHMK KYY TALCHPH OpTraHaa okubaria
KEHWHIH IOKOPHIH SPHM TEKHCAMK YCTHIA TYWAAH, MACTKH APHM-
TEKHCAHIMHAAH Y3u6 kisan (6.6 B- yuama). V3uiraH SpHMTexKHC-
JIMK «OPTHKYA®, 03FHHA AedopMaLMATAHTAH MKKHTA OLIMIT (arom-
nap) TEKWCIHKNAPH OpacHra +KUPHTIWIraH: (KHCTHPHAraH) Ginub
KOMAIH.

fAHama KaTTapoK TALIKM CUKHTHIL KYUIaHHILY Maskva G¥nca,
“OPTHKYd» IKCTPATEKMCIMK V3 HasbaTHOa KENTYCHHM XUIAHPHE,
YHHHI YPHHHH 3rainafiau, 6y KapagH TOKH HAMYHAHMHT IOKOPHTH
KHCMH MacTkW kHcMmura HucBatan & bBoprepe Bextopu Kanap
CHAKHMaTYH4a gasom atagu (6.7- yuama).

llly_rwtﬁ KWK, mmcro- 0000000000000
KA CKH AHCHOKAIMA - 00§ S=4F) )

s a6 xpucrauminer OO QPOOOPO0OQCOOO

CHANMMIAH COXACHHH  CHI- OOPOOCOPOOOOOOC

AMMAraH CONACHIAH aKpa- QQ 600 ""I 00000

THG TYPYBU WMHKHY ATH- 00 0.0 0 0B 00F000
fAanu. Broprepe pektopy @ OO0 0000 @ s
20000

KpHCTRULT naHaapacipa ©O. O 0 O O G-cee
arohGRapHI oty k. 2.00 0000000000

WHH B3 HYHOMMIHAM DOCO00O0O0OODODOO
AHHKAAEIH, 6.7~ unama. Mucaokaums kouTypl Ba Bop-
Bloprepe BekTopu KMii- renc wekTanm,
Matu |i|=8 nuenokatms §avosn Gynanm.
Ywby ackapTManapHH 6uaui 3apyp:

. Oucnoxkaumsa yusurMlan  HHpOKNA KpWcTann waean
Kpucrannnad Qapk kuamMaiau.

2. By 4MIuK AKMHMIA aTOMIAP MAEAN KpUCTaLn TYTYHA2pHra
HucBataH aHua cunxkuran G¥naan.

3. Honra venr 6¥amaran Broprepc BekTopn Masxva.

4. Bloprepc BEKTOPH AMCHIOKALIHA YHIHFHTE THK GVranu, GyH-
A3H NUCTOKALMAHK Yerapannil Quciokaumus nefiunagu.
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Herapasuil DHCIOKAUMALAH TallkM BHHTCHMOH AMCIOKAIIHA=
nap xaM Maekyl (6.8- ynama), Jucnokauds ynsnrd Boprepe sex-

TOPHUIa Napaiien.

XAKHKHH KaTTHK XMcMiapaa 3
J]_HEJIﬂI{EIII,]rIHJ'I.Bp JHYIHMIH KatTa- o0o -\5 L= I - E oo
nury d kHpuTHN Ba v | omd no0Q290000¢g

P ARM y Ge0C000O08gg
CHPTIArH AWCIOKALIHATAPD COHM- o009 00B 060G
P - -
uu Ounoupann. Jdncrokaunsnap el g d
AUYTHIHHH  AHMETAUHUHE  9HT co0Y%0 con oo
oo @2 0oaa
Hﬁ"l’l TEI.pKi].I'Il"EII-i }’E}fﬂil KPHCTANI nl Aeoooboses 2
CHPTMHH KHMEBMH eAMPULLLIHD. el i
Kpuctann  cHMpTHra  4MKYBYM 9022000000
p pT KyB gl
JHCIIOKAUMANIAD COXacMia Cau- 60CS 0 0O o
PHIL UYEVYpUAnapu nafLe i o e
OVnanw. YnapHW MHKpoOCKoON ép- e e E .?.'
JAMMIA caHall MyMEHH. JIcno- a0 R See a0
KalMAnap 3uunurn  d  Hongad 2 et i;g g
™ KaTTa COHTA Kagap c000 ©ao0g
KMilMaTaapra sra Gyna ojamw. SN T 280
MEL‘H.J'.IEH, AHCAOEALHMRCH3 HpHPi[ 68 s HFH-T.'I'I.-'I.'L'IEI daza
Yrraarmy MOHOKPUCTANNAPIS  yypgard SerapaHiH Xocn 6inHumm.

d=0, wMerannapta y 1012 em?
raya eTHILM MYMKHH,

Bua alTHG ¥rradH OWCIOKAaUMANapHHHT MKKH TypHIaH Oowga
AHA  MYPAKKAGPOK,  QHCIOKALHATAp MaBXyL OGVIMIIH  MYMKHH.
dUCnoKalHaNapHHHT XYCYVCHATIAPHEAH DHPH — YJAApHHMHr ¥3apo
Ba DoWKa HYEcoHIap OUIaH TabcHpAalHIHAKp. [HCIOKALIHOH
peakiusanap okubaTHaa AHrH OHCNoKauMsaap xockn OVIHILH éku

JTHCAOKAUMANAD DHPAZIMMILN MYMKHH? EI. JIH MHCNOKAUHA HEKWTA
6, Ba 4, Broprepc BEKTOPNM AMCTOKALMATA AXPATHIIH BA AKCHH-
Ha peakHATAD GVNHIIH MYMKHH:

- _'} — -
4 é, + 4, {6.25)
F

AUCIOKALHOH  peakudaapHUHE  MaXCWIH  HYKCOHAapHHHT
DOlIKA TVPAAPK OVIMILK 3XTHMOLIMIH  MaBxyD, MacanaH, HEEH
JHCIORAUNA YUPAIHD BaKaHcHA XOcHN KMna onand. KatTue, suc-
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MIATH KHPHIIMANAP DAl IHCTOKALUMATAPHHHT ¥3ap0 TancHpH 3/la-
CTHE B WIEKTP UVCHHIA 103 DepHIIH MYMEMH,

KpHcTanima “V3yBdi KYWIaHMI  XOCHT KMAAIMIAH KHpHUIMa
dTOM  DHCIOKAUMY aTPoHIard KHMCHAraH coXa TOMOH K{qamm,
KMCYBUM KVHTAHMID XOCHN KHAadMrad aToM 3ca, — YyyIuurad
coXa TOMOH KyyanW. ByHaail yiapo Takcup verapasuit THoioka-
uMANapra Xocaup, JHCIokauManapHHKET 37ekTp ¥aapo rancupna-
IWHIWHAA ¥HHHE SHEPIHACHHW KYI0H NOTEHUWATH aHUKmaiian ea
IWYHHHE ¥Y49¥H 1/r 12 nponopuxoan.

Metann kpueraniapia K¥n MMKAOPIATH SPKMH ICKTpPOHIAp
JAHCIOKALMANAD EKH HYKTARMIT HYKCOH MaitioHMHM 3KpaHnaiiH,
WYHUHT YYYH Merawiapaa Oy ¥3apo Takcup MyXHM amac. SApHm
YTKA3rH4iap Ba MOHANAPR KPUCTANIAPDHOA 3KCTPA TEKMOTHE [&CTH-
Jard aTOMIAPHHHI Y3HATAH KUMERHH GOFNaHHLIapH 3JeKTp na-
TEHIUHLT XOCHT KHIAAW, ¥aap akuenTopaHk (3nexTpoHHH Kabyn
KHAMW) xoccacHra ara.  LIyHMHP  yuvH no= T¥Yp ApUM
yTeasruynapaa Oy DOEIaHHIIAP YTKAYVBUAHAMK 30eKTPOHIAPHHN
TYTHD onanM Ba JMcRoKalMANapra MaHdui sapsa Gepann, v ca
MycOaT HOHIAPHH (EKH KOBAKAAPHU) TOPTYRYM MEKTDP NMOTEHLIMAT
NOCHI KHITAmH.

XAp KAHOAH MeXaHMK HIINOB XaM Makpo KYWIAHHIIAMD Ba
GuHoBapUH, THCHOKALMANAP XOCHT KHITMING OTHG KelamH,

KatTHK MeTannapna OocMM  OCTHAA HWINOB — 9Y3arunau,
OonFanai, cypralawl — AMCIOKAUMATAP nailnoe G¥nuimmra cabab
Ofnanm. KOKOpH KydwlaHMIL KoMapHIa AMCTOKALMATIAD BYAYATA
KeMaaH, Keiun ynap kynasam. ByHpai rnactuk aedopmaumsnap-
J3H TallKaph, THCAOKALHANAP KPHCTAMAApHN KecHil, caiixamtaln
Jl-:n_paEHjlapH okubariaa xaM naimzo 6¥naon. Kpucramnammn wa-
PAEHHAA TemnicpaTypa rpafHeHTIapH Masxyd OYIHILM aucioxa-
uMsnap manbam GYnMM mymkns. Kpueraanapuu ferupun xa-
PACHHAA nNadao Ofnrad nUcnoKaUHanap OKopHia Tascudnairan-
Aapunan dapk kuiagn. Bupnamun xamuprypyin kpMctann ameno-
Kaunanapu Yorupunran kpuetannra mepoc 64nG Yramk (MepocHi
Auchoxkaumanap). Kpuerann Gowka MoAaamad scairaH Taruk 6u-
MHH  KOHTAKTNAWraHIa HOMOCAHE  IMCTOKALIMANAPH  HAMOEH
B¥nagu. Bywnait nnenokaumsmap AVBY — Ge, AlIB® - AllIB! ga
Kﬂunzg KalH saprM¥TKAsIHY reTepoTYSHIMATAPHH SNHTAKCHA yey-
AHIA VCTHPUIIAA ¥aTTa YPHH TYTAAH.

ducnokaumsnapuuur KATTME, XMCM XOCCANAPUIa TaLCHPH
KaHmai?
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Jxcnokalusnap acocaH KaTTHK JXUCMJIApHMHI MEXaHWK Xoc-
canapura, GMpWH4YM HaBDaTaa YNapHMHT MYCTaXxKamJuK Xapakre-
pHCTHKaNapura Tabcup KypcaTtanu. Xakukuii KpucTauiapaa Avc-
JOKALWMSIIAp MaxKamaaHuiu 3¢dekTn MaBxya. byHuHr 6up Heua
MeXaHW3Miapu 6op: €T 3appanap  (kupulumanap) Ounad
MaxKaMJIaHHIL; TUCIOKAUHSNIAPHUHT «THPMALIHIIH>. bupuHuH Me-
xaHM3M (akar 6ab3u Xosiapaa MyxuM. By xonnapHUHT oupu Kort-
Tpen arMochepalapHHUHT XOCUJ BYIKILKAND, Er 3appanap - aco-
CHil KpHCTaJUIHUKHAaH Gouika MOALAIAPHWHT MMKPOCKOMUK KH-
pUILIMaNapy 3pUraH MoJUIa TOMOHWIAAH YiujaHalWd Ba CylOJIMaHu

coByTMO KOTMpraHja yHaa Konmaau. By sappanap acocuit moiaa

6unaH OuprajiMkaa KoTuiMa XOCHI KWIaan.

JWcnokauMsiapHAHT YUPMalIMILM paBHLIMAA XaM JMC/IOKa-
uusinap 6up-GMpuHM TOpMO3NaHAN. DHI MYXHM Macaia JHCIIOKa-
LIMSUIApHMHT 3apsia TallyBuuaap (3MeKTPOHIap Ba KOBaKJiap) 3Hep-
TUSiNapH CHEKTPUra KMPMTAAWraH Y3rapuiunapuaup. OnguH anT-
raHUMM3IEK, AMCIOKALIMs NEKTPOHIapHH Kabynl KMJIYBYM akuen-
top BasudacuHu yTalinu. byHaaih Kapaiija aucloKauusiap
TAbCUPW KOBAWICHT KpUCTAITa KWPUTWAPaH KHpULIMa aromiap
Tabcupura yxwainu. bynnai akuenTtop carxiap 6np — Oupwura
AKMH 6y116, y3apo Tabcupnawiudb, AUCNIOKALMOH 3HEPTETUK 30HaA-
HM BYXyAra Keiatupaau. Jvciokauusnv ApUMYTKasruyia eK~
TPOHIAP 3UWIMIMHM XucoOnalla 3/1EKTp HEHTPALIMK IWapTHAA
AMCIOKAUMSIAp 3apAIMHM XaM XucobGra onuil Kepak Oymamu.
SlpuMyTKasruiapaa OMCNOKalMsap XapakaT4yaH 3apsi Tawysiu-
napH¥ couynb 1060pull OpKanM YAapHUHI  XapakaTdaHjiurura
Tabcup Kuhaau. Jlucnokauwsinap 3apsil TallyBYMIAPHUHT silLall
BaKTHra MyXuM Tabcup kypcataau. Jluciokauwsnap atpodunaru
XaXMHH 3apsil HOMYBO3aHATHI 27eKTPOHIAPHUHT YUWIAHULUUTA
Xanakut Gepanu. JIMCnoKauusi 31€KTPOHNAPHUHT SXIIK €NULIMI
mapkasinapy Gynaau. bapua KaTTWK XWCMiapda AWCIOKauwWsjiap
nnddysus xapaéHWra Tabeup KypcaTai. :

6.4. KaTTuk XHCMAapaa sicCH HYKCORJAAp

DHI MYXHM SicCU (MKKU VNYOBIN) HYKCOHNAp — TMOJHUKpUCTalLl
JIOHATIPHHHHT YeTAPANAPH, ITH3AKAAD BA TAXIAHHII HYKCORNAPHIHD.

Jlonanapuanr (KPUCTAVINTIADUHHHT) uYerapanapHin KVpainuk.
YMymaH ynapHu asanapapo Ba ¢asanap wWuMgary uerapanap ry-
pyxnapura axpatwiamy. @asonapapo uerapanap MHCONH KpHCTal-
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panapHd Katra Oypyakim uerapa-

XKapwiagyd. JloHanap uerapanapu-

HMHI TAIKM MYXMTZAH 2XKparyBdd €K/IapH, VCaéTTaH KpHCTATHMHT
cyioniMa GWiiaH YerapaioB4d CHPT, MeTal KOTHIIMANapia Typm (hasa-
niap 3appajiapy OpacHIiary Yerapaniap Gymami.

®asa WYMAary uerapanap NeraHga KPHCTUIapHMHI Oup Ba
yuma ¢asara MaHCYG Ba IIy KPHCTA/UIap KOHTAaKTHra GeBocuTa Ty-
TAIYBYA COXANADHH TYIIYHMNAZW. Yerapa NHCIOKAIMsNAPHWHT
anoXHIa XOMNAINMINKM XONWAa XOocHn Oynamu, OyHma KpucTraml
KUCMIapY KaHnaiimup ¥ 6ypyak Kanap Oypwiran 6Vmamm: umsma
TEKHUCIIMTHTA THK OY/iraH aToMiiap TEKHCIMKIAPH 9M3Ma TEKUCITH-
rvura THK ¥KKa Hucbaran ¢ Gypuakka GypwiraH 6ynamu. Yerapa
coxacHpuaru FUcioKaluanap opaiuruHu D geitvica, Bioprepc Bex-
TOPH KaTTAJIMIH B SKaHIMIA CIIaHCa, : :

b/D:Z-sin%— - (6.26)

MyHOCaGaTHH ONMII MyMKWH. Arap
% <<1 6ynca, (6.26) udona

0-bp @)

KYpHHUINHY onaau. By wMyHoca-
GaTHH KaHOaT/IAHTHpaAHIraH dYera-
pallapHd = KWYHMK Oypuakim,
(6.26)H1 KaHOATAAHTHPYBYH Yera-

Jap nedwunanu.
(6.27) ndoma 6<5° 6¥nranga Ga-

6.9-sm3Ma. (6.26
HHHT JUCNIOKAlMOH TabuaTH derapa- (qﬁsﬁ@oﬂm R

HMHT KaNWHIMTUHMA aHuKaimd, y (1+2) w gyaMacypa Oymanu (w-
AMCIIOKAIWA KEHIVIUTH), SThHU 4erapa KaIMHINTH OMp Heya aToM-
Jiapapo MacoganaH OpTHK OYiMaii.

Kyrayk Gypuakmm gerapanap TIGIMKPUCTAIVIADHUHT alipUM KpHCTai-
JTIapyia Ba MOHOKpHCTADIapHa OV MymMkuH. © Gypuakiap Karta
Ofnran (6>5°) werapanap axparran KPHCT/UI KHCMIDMHW KPHCTATI-
Kap €xu foHanap peiwnami. Karra Gypuakimy yerapaiapra ara

_5§'Jmﬂmnﬂqm anbarTa NOMVKpHCTAIUT GYTamy.

3aKiiap — Xarra Oypyakym YerapalapHUHT XYCYCHI XOMMIUD.
OTH3AKMK  4YerapacH  KPUACTAUTHMHT 6MpY  MKKMHUMCHHMHT
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KY3rycHMOH TacBUpH OYIraH MKKU COXaCHHM aXparu® TYpyBUM de-
rapanyp (6.10- wizMma).
Bruzakiap KpUCTa/L1ap - o
YCHIlMAa, IIYHHHTOEK  MEXaHUK,
nedopMallMOH TabCHp OKHubaruna
BYXYITa KeAMIlid MyMKHH.
Taxnamnu HYKCOIIAPH KPUCTLT
TaHXapaja aroOMJIapHUHT  HIean
SKOMTALMILIAHUHT Oys3HIMIIAIaH
ubopar. ByHImali HyKcoHsIap acocaH
MeTaJUT KpUCTUIapaa Ky3aTiIanu. 6.10- gu3Ma. Drusaknapra oun,

6.5. KarTeg EucMiapaa Xaxmuil (MAKpOCKONHK) HYKCOHIAp
A

KarTvg Xxucmiiapa XaXMUH
HYKCOHNap ymyamiuapyu Oapya yu
dazopuii HyHaMMIUAAa nNaHXapa
JaBpM a JaH Karra Oyaran
HYKCOHJIapOMp. YJiap MOXHMATaH
KATTHK, XXWACM TY3WIMUIMHHUHT
MaKpOCKONMK Oy3MIMIIapyuaup.
XaxMmuif  HyKcoHNapra  €xku
XHCMHUHT OYTYH XaXMHHH, €
YHUHT alipuM KUCMIApYMHHU
(ynapHH MaKpoCKOITUK XaXmIap
XucobnaHagy) — sraiaraH  Ba
- XaXMu >>a® OyiraH. a3NacTUK
Kywianuuuiap MaHcyd. Mapanap
Ba KOBakjap, KaTTHK XHCM CHp-
TUA2TW TUPHAIMLIIAP Ba XaXMia
TYIUIAHTaH KMpHUILIMa YIOMJIapy :
aHa wyHOa#  HYKCOHJIapaup. MakpOHYKCOHNap MMKDO-
HYKCOHJIADHMHI CHDIANMIIM HaTimkKacuia Xocwn OYmdiumM paBiuaH
KYpuHKO TypunTi. Buz omuH MACTHK KyWIaHMIUIEp AUCTIOKALMsIIap
Xocun OYnuimmury ManOGau sKaHIHrMHM KYpauK. Suau 6y kywia-
HHULUIADHUHT BY:KYAra KeJMIIM Ba HaMOEH OVIMIUNIra Hasap Talli-
naiiK. Xap XWl UIIOpaiy KyWIAHMIUIAp — YY3YyBUM Ba KHUCYBYM
Kywianuiiap 6¥manu. Arap XwucM -myBosaHaraa 6¥nca, Typiau
HIIopany KywiaHMuIIap ¥3apo MyBo3aHamnamradH. Kartug
XHUCMHMHT GUp KMCMHHM Y30KJIaUITHpHUIN 6y MyBo3aHaTHM Oy3agu

6.11- umanma. Taxranuu HYKCOHTAPDH.
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Ba XHCM SHIM MYBO3aHaT XOJNATUIa MHTWIaOM, OYHIA 31MaCTHK
Ky9IaHHILUIap KakiTa TaKCHMIIaHAIM.

MakpOKyWIaHHIUIAD KPUCTA/T MAHXapaCHHUHT aTomJapapo d
Maco(aapHUHT Y3rapuIUMAAH BYXYATa KeJIaH. Kartuk xucm-
JapHH OTHUILIA MaKPOKYWIaHWILIAD BYXY/ra KeEJHIINIa TeMrepa-
TYPaHUHT XHCM XaXMuia OWp xwi O¥iIMaciury xarra XHcca
xymamy. ByHmalli MakpokywiaHuiiapHu TEPMODJIACTHK Ky4Jia-
HuyIlIap geidwniagy. KaTTuk xucMmua yHu Tai€piam éku yHra TEP-
MOWIIIOB OSPUIIATH TEMIIEpPATypa TAKCUMOTHHM

e € : (6. 28)

VCCHKJIVK ¥TKa3yBUAHIMK TeHIIAMacHHH euus Tonmaﬂfq, (k- co-
JUIITHPMA ~ MCCHKNMK  YTKA3yBYAHIMK — KO3bOMIMEHTH, c-
KUCMHMHT YICCHKTUK CUFHMM, 0 -HaMyHa 3UWINTH).

By tenriama mypakka6, yHu equm Maxcyc agabMeéTna KeaTu-
PHIITaH. _Bﬂa 6y xoiina 6ansu GUp MamTyMOT Gepamus,

- TemrieparypaHuHT TYcaTian Yarapumu — UCCUKJIMK 3apbacy
KaTTHK XHCMAA KeHrafill — KMCHIMII BJIACTHK TYMIKMHIAapH
Tafno Kumajuy. Arap Temrieparypa BakT 6Vitnmua ¥arapub Typca,
anbaTTa XHCMHFHT JaBpUH “UCHII-COBMII™ Xapa€Hu 103 Gepanm.
By aca Gyswmaminap (HYKCOHNap) XaMFAPMIMIIATA O KeJanu.
by :j;btbemﬂnmwepnmm SADNAE OelmnamE, ;

CXHURaT2 KYNI KAUIaMDd KATThK XUCM TYSHIMAIADH
ypuH Tyrana. By xomiapma MaKpPOKYWIaHWUDIap Maﬁﬁanagn: mﬁ
Ba KaDiaM NaHXapaiapy NOMMHMUTAPUHUHT $apKy, HMCCHKIHKAAH
KEHIaUnn1 KooddyImeHTIapyHIsT  TadoByYTH GYTAmL. Kyna 1omka
{Iaplajapna CHPT TApaHIMWK KydIapy Ky94IaHMIIapHHIHT @uma
Manbau 6¥mami. DnacTux RYUIAHUIIApHUHT Golika MaHbanapy Xam
YJIBIEI}M KeliuHry GoGnapna Kipamus.

AP3NIap MUCNOKAUMANADHWHT KaTTHK XHCM MIHIZ KY9u
KapacHMNa TOPMOIVTAHMIIH HatwKack cudaruia ﬁpwﬂxﬁf

H2psuunr Kenrmarw yum xocwsn KWIMILLa KaTHAlITaH IHCIIOKa-

UWstiap MEKIOpHra OOFMUK, Arap yHnmaru JHCIIOKaMANAD 3HYITHIHT
n g&fﬂca, Rapsuu né Bioprepc BeKTOpMH GHITA K2TTa HUCTOKALHS
J::::r .I*’.ap&ca Xam OWiamu. Jlaps xocwn GymmumHMHT gHa 6up

Mo Wymi Typiu wmopanu OUCTOKAUMsUIap TYILIaHIaH UK-
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KW KECHUIYRYM TeKWCHHKHMHT ¥3apo Tancupiamp. Haps naino
GYuraHgaH KeHHH YHUHT TAKAUPH KaHnai Gynamn?

JMapsewsr ysywnurniu | xapdw GunaH, YHEHT eH vyerapaciua-
PH KPHTHK KySIaHHILHK o opkanH, KOur Monymiks £ opganm, 6y-
AU CONMMIUTHPMA HIUMHK ¢ OpPXanH OGenrunacak, aHda y3yH

XHcobaunapiai
o= 2EyIxt (6.29)

TpudduTe KoHYHHHH Kenmwpu6 umkapunany. By mdonanas
HaMyHaHH (GviomMuu) Gyamalfiiurad HapsHHHT | EDHTHK VIVHIHIH-
HM aHMKAANI MyMKHH. Arap Maiskyp Mojlara YHIAH Kifpa Myc-
TAXKAMPOK MOJIaHMHI MaKpo3appafiapy -KHPHTHICA, KeHraderraH
maps LY KHPWTMAra Takamamu sa Tyxrab Konamd. [y #yn Gunan
K¥T MHK7IOpOA KOMITOSHUMOH MaTCPHANNAD ONMHIAH.

DHEM  KATTHE, OKHCMIATH  KOBaKnap  (FOBAKNED)  XaKMIA
T¥xrataMu3. KoBaknap KarTHK, XHUCMAZ aToMnap sftaniamaraH Gy
xoiliapuas wOopar. Yiapuunr GUp TOMOHM CHPTra YHKKaH Ginca,
GyHARH KOBAKIADHM OWHK, KOBAKNAp NSHHIANH, arap KOBAK KPHCTAT
XOEMIIA KOUNAITAH B2 TAWKM MyXAT Guman Tyramras  Gjinaca,

MalfTRpHIITA MHTWATAHH TyQalrn Gynra Enpow XAXMHHHI XW4-

pAHHILK OPKATH SpHLTNATH. YMYMHH XaKM jarapmaranu Xosja
arap GHp KHMCM BAKAHCHS/IADHW STOMIAD SrAIACA XAKM MYyaHsH
muKopna xamasyu. [lyxsur y9yH KabapHK cHPT yoruia Bakad-
cHsnap kaM G¥nami. Xy myrnaid mynoxasa GoTHk cwpr octHma
BAKAHCHANAD IWWIMIM Opramy ferad xynocara xearapagd. Illyn-

mmmmmmmmm

CHPTHIA 3C& BAKAHCHANAD OpPTHKYA O6¥nanH. JleMak, KOBAK BaKaH-
CHANAPHHHT KATTAKOH YyHAMAcHAWp. BaxaHCHANAD KOBAK -XOCHA
GynagTraH XKoltra nmbdymns ijam Gunan kiaub Gopamn. [lynmHr
VYYH KOBAK XOCHI OFnMmmHMHEr Gy MexaHuiMunu muddipysnHoH
MeXaHH3M A¢h ATANTAH.
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2, TepmoHmaoB KapaEnuia KOBAKMAD Xocwa Gyamum.

TaxpubataH MabIYMKH, METANI HAMYHARAP TEPMOHILIOE -
paéHuia acopMaLIHANAHATK Ba WMLIALK, yiapoa KOBAKNIAP XOCHA
Ginaad, TEPMOHWIIOB K¥I Mapra TakpopiaHca - Hapaiap naino
Ginanu. TankHkotnap kyliMIard KOHYHHATAAPHH aHHKTANLH:

1) TepMOMLLIOB cOHM OpTMUIM BHIAH KOBAKNAp MHKACDH Ba
imuaMu opTHO Dopamgu.

2) Koaaknap HamMyHa KECHMM O¥iiHya HOTEKHC
TAKCHMIIAHAAW: YJAPHHHI MHKIOPW MApKaidaH YeTra TOMOH GHp
TekHc kaMadub Bopann.

2-3 MM EATHHIMRIAMY UMAMHOPHE HaMYHAHHHT rapoMiIHLa
KOBAKAP DYIMaian. by xoaucanap wyHzail TYWYHTHPHNALA.

T, cvionuuw Temnepatvpacura skuH T TeMmnepatypana oamH-

raH HAMYHAAAa BAKAHCHAMAPHHMHI KarTa 3HYIHIH BYAYAMA Kedaaw.
KeckuH coByTraHaa kpucrannna yrap «axnaiavs. By ®apaéHHM
MMHHKHIN 1efnnand. Kelnurm Kusanpuna oprukea pakaHeHaiap
¥Ta TYHHHrAH 3pUTMALAH TYILKG KonuiM Kepak. AMmo 6y TVILKE
KOllaliran  BakaHCHsap eTApaM4a XapakaTtdadH Ba Kaiick 6up
#ofina (naiimosna) yrowwmra ynarypaan. ByHaad nafisosnap xua-
MATHHH IOHANapapo verapaiap, AHCAOKaUMAnap Gaxapann. Tem-
nepaTypaHn  K¥N  Mapra  YarapTupHl YMHUKKAH BaKaHCHANap
MUKIOPHHH oWMpHG Gopanw, Oy 3ca KOBakiap coHM  Ba
¥IUEMIAPDMHM YCTHPAIH.

3. Karmag mHCMAap KOHTAKTH COXACHAA KOBAKAAD  XocKa
Oymmumm. Typnu Tabnatan A Ba B MKKH KATTHK KHCM KOHTAKTHHHN
Kapainuk. Kuanupunranza A atommapHuer B — naHxkapara, B
ATOMIAPHWHT A — naHxapara ¥3apo Kapama-kapiid gddebysus
BYIVATA KEnamu. Nuddryama ko3P HLHEHTIapH TEHI
OyamMarawmuruaan (D, ,p # Dg_,, ) KOHTAKT MerapacHian yur sa

1an - ToMoHAA  AMQPYIMARAHTAH  aTOMIAP  MHKIOPH  TeHr
O¥amailam,  macanan, Dy,p~Dp.; G¥ica, y xonsa
Nasn =Ng,y Oynamn. OkmBatia A KpHCTAIIA IraiAaHMaraH
SakaHcuAnap, B kpucTanifa oprikMa atomnap naiao 6ynaan. de-
MAK, 4 Kpuctannna BakaHCHUIAp Madbau, B KpHMCTA1a atomniap
ManBan wunab Typann. AMMo YIap YyekcHs optid Dopa onMaiion,
UYHKM uyerapapHit auciokaumsnap A TOMOHIA BaKaHCHMAnapHu, B
T?HDHIIH OPTHEYA ATOMAAPHH KTHD, Kapama- KapLuu
“Films{umnpﬂu XAPaKaT KWNadn. A KpHCTAINAA YIap acTa-CekHM
KPMCTANNAan uMkaan, 8 kpueTanana sca yiap acTa-cekHH naiiao
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oynanu, WyHAaH KHAWD KOHTAKT COXACKIA HKKH e rT: BYLWIIME,
Jeuwm  (Ppenken dubekTH) Ba aTOMIap TEKHCAMTHHHHT Ki4HO

rus (Keprenaan sddexra) 102 bepaiu.
4. Yaypuan TapKuOIOBYHIH KATTHE ANCMIAPAA KOBAKIOPIHK

Kin TapkHBaosduid KATTHK, KHCMNapaa yayedaH TapKHEIOBYH-
HUHT OVEAGHMILH OpTHKYA Bakancuanap Madbaw  6ynaou. Apum
YTKAIHY  KATTHE, KHCMIApIaH TaiivA  apeeiHuiaH GaAs  mHCon
GYnaiM, YyHKH VHEArH AS MapryMmyll aHya YuyBUAHAWP. Karruk
HMCM CHPTHMAAH OVFNaHraH aromnap VpHHAR BakaHoHWTap naHno
GUnALM, YIADHK WMKAPWIATH atomnap kenub rynaupand. Ynap xam
AHa GyiiaHadd, BakaHcHanap aua TVADMpAnany Ba x.k. Hatwxana
HAMYHA XAKMH OPTHK4A MHKLOPIATH BAKAHCHAIAP BunaH TYAHHAOW.
VAapHHHI GaB3Wiap CHpTTa Ba JHCIOKaLMANAPra KETaln, JSKHH
VIAPHUHT GHPOP MUKAOPH AXFWIHD KOBAKNAP XOCHN KMITALH,

FolKa Xa®MHA HYKCOHNAPAAH KPHCTLINHMHT MO3AHKANNTH Ba
raz nybaknapdHd  aHTHE VTamu3. XakMUH HYKCOHAAD KaTTHE
wHeMIap H3MK XOoCcanapura MyXMM TanCHp KYpCatadd. Byuu
KHCMAH AIPHM XQKMHHA HYKCOHNAp TYFPHCHAA TYNTANTaHna rafin-
pub §ramk.

MagpoHykcounapra 3ra  OVaraH KHcMaapaa Aucpdry sHsHH
TANKMKNATAHAD HKKH OMHATE anoxuaa 3sTHOOpP GepHill Kepak. br-
pumanaan, Anddyina koahdHUeHTH aHH30TpoN Gynanu, y anbatra
auPyus OKMMUHK aHuknawna myxum. Mxknwnman, gapiiap
Tvpu BFiina6 atomnapHuHT AHOOYIHOH XAPAKATHAHIHIH  MYXHM
napaxana opTuk 6¥naamn. .

Kogsakiap Nakmuit anddyina dpoHTHHM KamaiiTupani, Oy aca
AndipVIHoH OKHMHH KamaidTHpanu. JlekuH, KoBakiap DiaH BoTIHE
CHPTHH Audihy3nA KATTHK, KUCM OpKATH THGOgYIHAHI ODTIHpaIH.

Makpo HYKCOHAH KATTMK KHCMIAPHUHI MEXAHWK Xocraiapi
XaM HYKCOHAAp TAOMATH, 3HYAMTH Ba Bouika xapaktepHcrikaia-
pHra GOFNHE, MAKPOHYKCOHAAD KATTHE MHCMHHHI NacTHKIMK
MOYILIAPHIA  MYXHM TabeHp k¥pcatand. Macanan, Kosakiap
HHCOMH  XakMn K =0 AF,, +F ), Oynaa V. —  KOBIKCHI
KATAAM XaKMM, Vo, — KOBAKNMP XakMH. KOBAKAH H3 KOBAKCH3
KHCMAAP ki Moryau (G” sa G) sa xap rapaduiama KHCHIWIL
sonvin (H' Ba H) wiponanapura kupaan:
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G/G" =1=5K(3H+4G)(9H+BG).

e e B (6.30)
M Hil-K) 4G 1=K

by ndominap raxpubanapoa TacIHKNAHTAH.

Konaknd AicMia 20acTHE TEFJ]IQHHHHHI' TAPEAMHILH 2MacTHK-
g Kvwaaknuapd (Gocum) Ba Temnepatypa TeBpaHHWNApH BY-
wyara keauiun Ouaak Gornuk, Bydzaid TVAKHH, WYHHHTIEK, Ko-
EIKHHHE KaTTHY diosa Gunan uerapacuaa dasasmil  mysosaHar
IWAPTAAPHHHE GVaKIHUHAGH Xam naiigo Ginanu., MacT ToBvil Tak-
popriIHEZSapaa BHp §THIL AORPHAN BAKAHCHA NaHXApanaH KOBaK-
K4 Ba Teckapuua YTHILM YIrypaiu B2 MACTHEIHK MOAYTH  GHp
iAIANH CHCTEMAHMEHAAN  KaM DIAAAM, TOBYW TEINHIHM v, KHYHE
Gyanam. Karra TakpopHilankKAapIa BAKAHCHA NAKXapara Ba TecKa-
puda VTHILTG YATYpa oAMANHAH, 90ACTHKIHK MOOYIH TakpopHii-
AnKka DOFTHKMAC, TOBYLI TEANHIH v, KaTTapok Ginaan.

6.6. Hyxconnap andiyzmsicu

Nudupvann xapadin CHCTCMAHMHT ATOMIApP AMYAHTHHH TeH-
mawTHprmra ¥3-Yauaan HHTHAHIIMAAH  #bopar. AToMiap Kam
OViran ivewnnuaa kivann, CHcremana atoMmaap Kiuswumn Taprut-
CH3 aaiud i oKibatidaa wzara keaaan. Wy d¥cunaa cuctemanan
Gup eakraa taptulcHl — MCCHKINE XapakaTtH Ba W¥daaran —
apefid xapakarw smamsyn 6inanuw. Kelinurd xapakar cuctemana
KaHLaitanp Kyu 1aseupian coanp G¥aaaw. By wkyu sasshacHHM
SMAHK, TEMNCPATYPd, MIEKTP NOTEHLHAN EKM YMYMUE NOMAD KH-
MEBMH NOTEHUHAN rpajienTRapH Baxkapaan.

TapTubens MeCHKANK  XAPAKOTHHHHE V311 andidysion OKHM
NOCHA Kuamaiian. KaTTuK KucMzard MCcHEAMK TeBpaHiwmapy
Andpy apnra 0aub KenamaraM.

Huadupys 19 aapaduinm Muktopant Gaxonai vavd sapyp 6ynran
TCHLAAMANAL HY LWAKAAAHTHIPATLTE.

AuBATO AndbysHoin OKIM IUINTH TYWYHEYICH | HW KMPHTA-
M3,

Hudhdiy son OKHM  XKHCMHHHT OHprink cupruiaan  GupaHk
EIETAn anddbyansinalb Vrian Monaa Muknopy BUANG, v

I=dQ/Sdi {6.31)
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KypuHMWAa ndosananaid, Gynia AQ — XMCMHMHT § — CHPTH
opkanu di - BaKTda VITaH MOLLa MMKAOPH KeCHM I03Hra, Molda

FHWIHTH TPANHEHTY -gi ra, dt BaKTra NponopuUHoHaN KaTTATHK.
I

dQ=-D5(d c/d x)dr. (6.32)
Byrparn D-andpdysua koadduumenTy. (6.32) nv  (6.31) ra
KYHCaK,
[=-D(d /3 X). (6.33)

@ux GupKHHYA KoHYHM Hdomack Xock G¥nap. Ya fnuosnu
Xonna y

J =-DVe (6.34)

KypuHHLOa G¥nand.
JnpdysHanaHyBud MOLIA — nupy3aHTHUHT BaKT Ba dazona
yarapitMHl UK HHHT 2~ KOHYHH wiponanaiin, yHu DUPHHYH

de ol
KOHYH Ba YUTYKCH3THK TEHIIaMACHILAH -3—f+-a?=0 KeaTHpHD
qHEAPRIALH:
de plt (6.35)
o et

(6.35) TemrnamaHn euuB, IMUIMK cixf) éKkM Y4 ¥IHOBIM XOAOA
e{x,y, 2.0 TAKCUMOTH BHHKTAHAH.
Kyrmuniik Xoonapaa By equmiaap Gup YnuoBRIM XonLIa

et~V exp(025 %% [Dr) (6.36)
KYpCaTKHYIH DYHELMA KYpUHMLIWIA ExH DollKa
o-h-erf05x/3D0)] (6.37)

yHKLMA OPKANH HOOIANAHANN.

by eurmiapna
L.a; = 'H’E {6333
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KATTANHK Y3YHAHK Vasamura 3ra, VHU  JIHOOVIHOH YIYHIAUK
nefiunand. Tankukotnap Audipysua KosQ@UUEHTHHUHT TeMne-

parypara GoFIaHULIH YYYH

nronaHu DepaiH.
Byvaa W — anddyanon
BHEPreTHE TVeuK BantaHLTHIK.

D=1y exp(- WIkT) (6.39)
C00 0 0 000D
OGOQ& OOO5@ DGDD

Bu3 MKEHTA 3HI KH3HKAPIH
MexaHMaM  — TYTVHIapapo Ba
pakaHcHanap O¥imab  auddy-
SHATAHHLL MEXAHHIMAAPHUHA
kipb uukamui. ¥nap 6.12-
ypaMata | sa 2 cornapy GWnaH
OeNrHIaHTaH.

(6.39) whomara BGuHOAH
anddyauanaHyedn sappa Gup
MYBOJAHATHA  BAWATIAH WK-
KHHYHCHIA YTHILI YYVH 3HEpre-
K W TVoMkmaH owmB ¥THILH
kepak. JappanapuuHr Oy cakpa-
LIHHH rasga  ATOMNAPHHHT
TYKHALMIUKI  §XuiaTHnca EBa
KHHETHE  HAZIPHIHUHT MOJCKY-

Janap audyauacH yuyH

02020202020
0 0-0 0. 0rQ-0
e - o) O
PR
0-0-0-C-0-C 0
0-0°0-0-0.0-0
(®) Oﬁ? O @O O
A oS
0000000

6.1 2-ypsaa. KpHCTAnn naHsapicin
sopuLianap anddyInacHHIHT AMED-
HHH MEXHMIMARPH [KHPULIMA 2TOM-
WHSHETAMEAH DOKpA):
|. Conna,Tyryuaapapo; 2. BakanchoH,
1, Copma anseamnsmn; 4. nemk aa-
saiHm; 3. Coxnd udkapH, TyryH-

nanapo; 6. Kpayanod awddwvais.
D= A vi3 (6.40)

uhonack ( A — razia sappaHHHT 3PKHH IOTYPHILK Yprada  YIvHIurmg,
v — §pTaua HCCHMKIME Teanuri) k¥nnaxdca 6¥nann. Arap [ — andy-
IMOH YIYHIHE TaApTHOMIATH KaTTATME A — VPHHIA QIHHCa T — 3ap-
PEHHHT MyBO3aHATMH xonaTla GYNMHW BaKTH O¥nca, YHOa Trdmvan-
OH cakpall Teandid  v=ft  G¥namw. Suod 13 k¥nadtysy VpHura
KPMCTALT  MAHXAPANa  artomnap  KolmaWMiud - FeoMeTPHACHHH

XMcoBra oaveun o — KodpHIHMEHT ONHHCAE, KATTUE KHCM YHYH
(6.40) ¥pHura

p=alft (6.41)
neh E3ui MYMKHH.
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CYKMMNAN KXITHE IDHTMAIAPIUIA SITOMJAD andupyansncn (Bepr
BA 3uHEp) (MT)=v AndupyIntoH  cakpatianp TKPOPHILTHIH KH[H-
THACA,

Dl ft = ufv (6.42)
v KITTUIHKHM ¥Tiap Poasinsonndrn opean
v=veP (6.43)

MyHOCA0AT Epaamiaa nepoIATall MYMEIH, OYHAQ vy — CyKYAraH
ATOMHUHT TeDpPalMUIIED TAKPOPHIIHIY, g — KOUPANHAUMHON coH-
Mt TEHI' CAKpaULIap HMKOHNT HYHATHILIARK conl

Vijis [ﬁ E., [i2a? ]}J'g (6.44)
Wipoia Hasapuii VA Guaan KeaTHpuG ynkapsaras, OyHaary
AE, — muddbysus (Murpauna)un akTusnaw IHCPIHACH, M —
ANPDYIHARAHIETIIN MO Maccack,  Bup TYEYHNAp  opa-

AUFHAAH HEKKWHYHCHTD ¥Ti0u axTHMOAANrH (aonsinid Bociia)
3PKHH 3HeprusiHunr AF Varapuinn opkann

W=exp[-AfkT] (6.45)
nehoanatan, Gynaarn
-&F_--ﬁ f:-"; = Tﬁ-!s;” iﬁ.qﬁ}

KOKkopuaar  ndogiapaad  cykumm KATTHE,  SPHTMACHARTI
KHRAWAMD aTosiap minduhysun koaddnunestn annkiananm:

D=0, cxpl-AL,, kT, (6.47)

BvHna
Ny = gl v explAS,,, k). (6.48 )

Bept e 3unep nasapisenaa
A% =aE,,,%;uH(;,’Jy (6.49)
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MyHOCHDAT QMR v o andupy st mponicuin Saxanam sa
L, Hit aHHRAAN Baeodindn Gepaan. by wdoninarn 08 — cua-

A moaya, Gp' — wyvok noa (0K) narm cunkiw soavan.
Amyo Oviaa Ay GRTHIIDW IHEPTHACH B CHAKHII MOAVIMHIHI
TEMICPTYPara GOrIaHrmK MaLIYs GV Kepak.

fpnn AN KATTHE IpuiManupas avomaap anddyinaca -
sapigciia s D=l /1 apetaadkn Tedrnava 6¥anG, hekun Ak
dvants napasierprap Sousann ek Masiora sra. dapuoke, v
1;||{'|:1{1|".*l1ﬁﬂ|tl< MEAIEYD IPITMANANAR SHA ledJ-flr?:]tlﬂ."ﬁll AETTAH aromM
KEVLIHI BAKAHCH A0CiA DV INTHMOIHTHE  XaM BoRIHE:

v=gvall It = gvy explAF/ET Jexpla £ k7] (6.50)

by epaa vy — KPUHCTAL NAHXAPACH TYMYHUAIIH ATOMHHHT Teh-
paruLIap Takpopriianrn, AF — Ywa (6.46) kVpHHHWEA 91a. v, Af
g Afy napln (6.42) npojara kiiicak, (6.47) pa (6.48) ndonatap-
H NOCHT KMAGMIES, MM yilapaa

AL, =AE, +AE,; AS, =AS, +AS,.  (6.5])

Hirsik4ann kartaauknap cakpab ¥rHwra rermananp. lesak,
andpysus  wapaeun  siipauMs  (kVanw) AL, — JHEPrHscH
OPKAIH AHHKAIHALI, aMMD ¥ TYTVHAapapo Juieyatis sa 1yrviap
G¥iinab andpysma yomapiaa dapgin 6iaaan. By sHepran neii-
TP aroscag BrY IIGH:IHFI Jll-'lEb‘.IJ':".H‘II!JH‘I.HHIIIIf XOSURIpAa S\,JF XHI
O¥mnan.

MMaxponygcowan Kavrus, mucsaapua anddaana, by sonaa xo-
AACAHN MKKH XYCVCHATHHM XucobBra ommm sapvp. Bupisaunan.
indhrvans kosdduurenty annsorpon katatuk. UIvHRHL yuvh
NOAHKPUCTAARHUHE HXTHEPIA Xap XU VI IOHATAPHAA THY -
TR rpaliendTn  AvHimnmaary aodu]vsuon  okdsnap Tvpaud
OiAann. MKKauanaan, Aapsnapius pusosaaman Tvpln 6vitnan
droMiap andupyanon Xapakardaiaurd oprTiinn Myxius, Oviinie
oknBatiia  makpockonik auddyinon okum opraan. Makpo-
HYKCOHAN  KaTTHE,  sucvin D7 andupyans kooaddinenti
Ny¥kconous kpuctawina D anddbyons gosbdninnentn Gonan
DOFnHE,. By aunmnam vavi EMPUES R S v

= h i;i]‘r'r\"ﬁﬁlw.]'ll-- = }r | HIJ [(.52)
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Whonacunan doinananamus. bynna D un D° ra anMawtHpu6,
€¥Hr e= ¢ aed onuHea, wanadaérran D° guddyans kosdduimen-
T wbogacH xocua Ginany:

. _i x-l.«'SD[.li'j-
4| (s, 13238
{ﬁﬂ.:“‘ra‘ﬂsﬁﬁ”rs—‘ﬁrm"’tﬂ]
- In
Ix45

(6.53)

MEICH.I‘J&H,. Dy = ll]""iq#,‘c, x= 100, L= 104, 81Ds= 10-Y ad/c
Ginea, D,/pﬂ =10+10% By L=10 M GynraHuia MaKpoHYKCOHCHI

Kpuctamuia Audeyana KoshhMLMEHTH MAKPOHYKCOHIM KPHCTALAA-
MMIaH ¥Hiapya mapra optuk Ginap sxad, Xucofnap Ba TaxaWnHWHL
TECIHKMRNINSA, HAPMK KoBaknap ouddysuanu cycaiimupans. [lemax,
Maiila KOBAKTapHWHI AMPHK KOBAKIApra OMpAallMILM KATTHE KHC-
Maard auddyIuaHKn nacafitHpanw.

Cagonap ga Macananap

I. Tyryrnap conn 1022 cm~, WoTku HyKcoHn XocHn GYIHIIK
aHepruscH 1,5 aB 6¥nca, xailc Temnepatypana HykcoMiap (Ba-
KaHCHMIap) 3nunurd 108 eM~ Gynaan?

2. TYryHNapHHHT YMYMHIl COHM BA TYTVHIAP OP&IHFH COHH
TeHr, T=300K, ®penken HyKcoHH xocumn G¥MMIIM  SHeprusick 2
3B G6¥nranpa GyHoal HyKconaap coHM KaHua?

3. bop Ba Docdop nemeHTapH KpeMHMINA KaHOaR KATTHE,
IPUTMA NOCHN Kunanu? (6.2-xagsaniaH doiaanaquur).

4. 141-Gevnaru mawnymornaH doiaanadnb, MwKopuit meTan-
Jap TaNOreHWANapHra  F-mapkauiap KaHaad padr  GepMuIMHH
AHHKJIAHT.

5. HyKcoHHUHT Tanpudu kanaall?

6. Hykconnapra Goruk 31eKTpOHIAP IHEPreTHK XOIaTIapH
KPHCTA/UIHHHT  30HANAPHAANK  XoaaTnapilaH KaHaka thapg
Kunauu?

7. HyKconaapHunr yngamnap 6¥inda cuHdnaHumK Kanaka?

8. DKCUTOHNAP, NOIAPOIHAAP, EKTPOH — KOBAK KydTaapH-
HHHI MOXHATH HuMana?
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9. BakaHCHANADHHHI KAHAAH XHIUIApHHH GHmacuH3, ynap opa-
crua Kaenal dapinap Gop? S

11, P s

. ALMOH HYKCOHMAp KaHaxa?

12. Bioprepc KOHTYDH Ba BeKTODH HHMa?

13, Mncnoxawanap HuMa? YapHEHT EaHiaf Typnapy Gop?

14, Apumirkasrianapna VEKTPORNAD 3HEPreTHK CIEKTpHra
IHCHOKALMUIap KaHaak Yarapummap evparam?

15. KpHeTamiapaa Kanmaif sccH HyKCoRTap Gop ?

18. K¥n Karnammm Karruy xucM TYIHIMaapHIa -
HHULTAPHHHT KaHmal acoCHE Manbanapy mamxyn? b
19. Napanap maitmo G¥nmin cabafinapu KaHmait?
ﬁ‘mm KOBAKAAD KaHjalk Xockl 6Ynamy?
. MaKpoHyKcOHNBD KATTHK XucM XOCCAJIAPHTa  KaHnall
TARCHP K¥pcaranu? »
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VII BOE
AMOP® KATTHEK, XHCMIIAP. CYIOK KPHCTAJLIAP

KpHTHE  Hykraad HMpOKJIATH  KaTTHK  ##WcMiap  Ba
CVIOKTHRKIIAPHH KOHACHCHPMAHTAH (awunaHral) cucTeManap Aeiu- 4
fam¥  Ba ynap raaiapra  HEc0araH MWUTHOHAApYa  KITIHK
KMCHAYBYAHTHEKa ora.  Macanan, NaCl  KpHCTaIMMHHHE
gucHaysuasmry 0,3-10-11 M3k, cyiok, cumoGmiky —3,8-10°1 MY,
aMMo armocdepa GocHMMH OCTHJIATH XABOHHHT KHCHIYBIAHIHTH
10-5 m¥/n.

3HWIEHIaH CHCTEMAanapia sappanap apo Macodanap YIapHHHT
JAHAMETPH SaMacui@, raviapaa sca atsocdepa DocHMiE ocTHIA
sappanapapo Yprasa Macodanap YTapHHHT YqaMiapHIaH YHiapia
B3 KYMPOK MapTa KaTTa Gynamy.

Juanadrad CHCTEMANADIR 3appanapHHHT HCCHKJIHK XapakaT
reCpaHHIUIapaad whopar, rainapfia 3Ca Jappajap HIrapHIanMa
XApaKaT KHTamM.

JuunaHran (KOHOGHCHDTAHTaK) CHCTeMANAPHHHT Bemr xm
MALIYM: CYIOKIHKIaD, IOHmAnap, Cyiok EpHcTamap, amMopd
EWCMAAD, KATTHE, KpUCTA/LIap.

Cyoiausciap — MyBO3AHATIH, HIOTPOM, TYSHTMIIN TapTHOIAH-
MaraH cucTeMatap Gymub, OKYBYAHIMK, SHHA ¥3 ILAKIHHH OCOH
JarapTHpa ONHIn KoOHAATHIA STagup.

Mumwaaap — KBaIHMYBOZAHATIH, HIOTPOMN, TYIHIMIIH TapTHD-
maHMarad cucremanap GYnmd, KarTHK KHCMIADHHHT MeXaHHE
xoccantapera osra.  [Mlumanap MAGKIHHM  BMACTHE  [a.lfO0A
{oraprupa onagW, ynapha GyitiaMa Ba KVHUANAHT SMacTHKIMK
THAKAHIApH TAPKATA OIaTH.

Awopdy ¥uesmiap — XyUIH [apakana MyBO32HATCH3, MH3ATPOT,
TY3HIHIIKE TApTHOJAHMATAH cHeTemManap OYmub, ynap anoxpma s
pouTaa Xpekul G¥nanm.

Cyiok  Kpucmatrgp — MWMYBOZIHATAH, AHW30TPON, TYIHTHIOH
KHCMaH TapTHinaHrad cHcreManap GYmub, KarTa OKYEYAHTHKEA
ara.
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Kammux Kpucmaiigp — MYBO3AHATNH, S8HH3OTPOM, TYIWTHIIM
kabTHI TapTHBMM cHCTEMANAPAMD.

By MabIyMOTHY KCATHPHMIIIAH Makcay — SHUWIAHIAH cHoTema-
nap XEUTEpH opacHiard TahoBYIRapHH AHa OMp MapTa TabKWi-
JIAULTHP. '

7.1. Asmeopd KarTuk mmcMIap

FOnon4a amorphos c¥3u BHIHHHIYA [IAKNCH3 Jerad ManHOHH
gurnarani.  TaOuarma amMopd KaTTHK  KMCM7Tap  KpWCTan
XOMATHIATH XHCMNAPITAH KaMPOK, TapKANTaH.

Xoaam — MONIAHHHT H30TpON Xoccanw GYmamurad Ba
CYIONHIN HYKTacH (TAHMHIM TeMneparypacu) G¥mMaraH KaTruk
xonard, Tesmmeparyps oliraHia amopd Moama acrTa-acTa CYIOK
sonatra ¥rams. by xycyemarnapHuur cababm amopd xomarmard

Moomana aMopd RoinanMma
EpHCTAMapra Xo¢ Kareai (7.1-
uH3IMa, a) maBpMibTHK (TaprHG)
Gtamaraunaimp. dly Gunan Gup
BaRIa EVIHH 3appanap xofira-
WHITHAR  MyafaAH  MoCnamye
(mgaH  Tapru6) mmexym  (7.1- g 5

aHiMa, 6). Macoda oprinm 6u- 7.1= upame. a = Kpueran; i - amMopd
maH Oy mocnawys f¥kona Gown- KETTHE, KHCM TYIRTHIIH

Macodana HiKanaTH.

AxpH  Tapred cYOKTHKIAPrE XaM X0C, AMMO CYWKTHKIA
(XOBYIOKIME OPTraH CapH KMHAMHAANEIH) KYIIHH 33ppATAPHHHT
Te3 ¥puH anMamAHAIH 03 Gepand. I[Mysxsr aMopd xonaToars
KATTHE, XMCMHH JXyIA 10KODH KOBYLIOKTHEKA 5ra G¥nran §ra co-
BYTaH cyioxkruk neb Kapaca 6ynamm.

MMacT TeMmepaTypanapia KpHCTAWI XolaTH  TEPMOIMHAMMEK
*uxarnad Oapwapop Gifmams. BHPOK, KPHUCTALIAHHII XapadHu
Maikyp TemIleparypanapia Xymd KT aKTra IYIHAHIIH  MYMKHH,
WYHHHT YIYH EPHCTAL] XoiaTH amanna p¥eim sugmarind. Cyon-
MAEHA Te3 cOBYTTaHIAa aMopd Xonar xocun Oinanw. Macanas,
KBapIHM ampan CYlONnTHpHAanH, cVHr YHM Te3 coByTHO amopd
KBapu nmma omHHamd, Napeoke, mMma XonaTjaH cyloiMara Ba
CyloiMalaH WHINE XonaTra YrHui Kaftrap xkapagH OVanG, v dakar
Wy Typaard mopganapra xocaup. Hluma xpemn BYmumwy xapadum
MyHasiH TeMTiepaTypa opanuruna 3 Gepagu. MommaHuHr wMia
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XoJlaTMIaH KpYCTal XoJarra YTyl ﬁnpm-{tm XMHC (asaBuid YTy
6ynanu. Kymu comna mommanap (S, Se, As, P), okcumnap (B,,0;,
8i0; ,FeO, Ba Gomkanap), cysmu 3pm"MaJIap (H,S04, H3PO,,
HCL) Gab3u snementnap (Ge,As,P) XalKoreHuuiapu, 6ab3u rano-
ICHMANAD Ba KapOoHaTIap CyRIM 3pUTMANapH IMINA XOJaTHAa
Oynum MyMxuH. IMma xonaTumard MoaJana aToMiap Ba aroM-
Jiap TYpyXJIapH OpacHlia YCTYH paBMillia KOBaJICHT OOFIaHMII MaB-
xyA. Kymmu aromnap Xolnamuiuupa Tapté6 GOpiMrdHu nu-
(bpeHUMaN TaIKHKOT yCylUlapy aHuK)1ab Gepaiu.

Illviua xonmaTupary Moamanap M30TPOIl, MYpPT, EPWIraH cUpTIa
4YKYyp XocHa O6¥namu, kyn xonna maddod 6¥nanu. ByHnaii Momma-
Jlapna KVIUaIoK, HYp CHHMIN Ky3aTWialy, JIOMUHECIICHUIHS aMali-
Aa Ky4ycH3 Oynmamy, ynapHMHT KynM acimra guamMeTpuk GYmub,
culipak ep 3JEMEHTJIapHM OKCHIUIapM KYIIWITaHAa yiap rapamar-
HUTTa allaHamy, 3/IeKTp Xoccanapu OViinya HuUaNeKTpyK aMMoO aii-
DHMJIApH ApMM YTKa3sIMy Ba METAUI Xoccanapra 3ra O6¥manm.

Meran WHIIANAp META/UIAD CYIONIMANAPUHY XYAa Te3 COBYT-
raHfa (coyrmm Temru v<10% rpan/cex) xocwn 6ymamu. Meran
muanap Tapkubu: ~80% yrma merawiap (Cr, Mn, Fe, Co, Ni,
Zr, Pr, Ba Gomxanap) éku onuil MeTaitap Ba ~20% Ky BaneHTIM
MeTaiMaciiap.

- Muconnap: Aug;Siyg, PdgiSijg, FegoByo 3-5 Tapkubnopumwm
KOTHMILIMANap XaM MaBXynd. By MonnanapHH TagkykJjalll KaTTHUK
KUCMJIADHWHT METaUIMK, MarHWT Ba OOlIKa XoccalapHUHH
YpraHuil UMKOHMHM Gepamy. IOKopH JapaXxallard MyCcTaxKaMIMK
GwraH Oupra Karra IJIACTHKIMK Ba 32HIVIalra HHUcOaTaH IOKOpH
YMIaMIMIAK MOmAanap Ba GyiOMIapHM MycCTaxKamiana Ma3Kyp
LIMIa MeTajurapiaH Golifanasuill UMKOHHHY ApaTtany. YIapHUHT
Gabsunapu (FegyByg) deppomartur 6Y1mb, nact Ko3pLETHB Kyura
Ba JOKOPH MarHWT CHHTIHMPYBYaHJIMKKA 2Ta Ba YJIapHWM MAarHMT

IOMIUOK MaTepyajiap cudaTia Kyyuiail MyMKiH. AMOpd MarHMT

MaTepUaUIapHUHT siHa OUp MyXuM cuHbU — YTMa MeTaulap apa-
JlalliraH CHipaK ep 3AeMeHTIapH KOTUIIMANapHAMD.

Merau NMIANAPHUHT /IEKTP Ba aKYCTHK XOCCAIApHias (IOKOpH
KaTTAIMKIM Ba TeMIleparypara cycT OONIAHMIIDIA VICKTD Kaplnuidk,
TOBYIIHM KaM JOTHII) (oinanarum UMKOHUSTIIApK 6op.

IOxopuna amopd MONANAPHUHT APUM YTKA3IVY XOOCAIapHTa 312

OVIMIDIMTY alTWIMAaraH SIM. ByHnaif MOIJANApHHHT GUp Hewa XWi
rypyxiapu Oop: kopaneHT amopd spuMyTkasrmanap  (amopd
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xonataard Ge sa Si, GaAs pa Gouikanap), oKCHi ummmmp (V50—

0s), xankorenu wwpanap  (Ass; Gey Seyp Tepg), amanexipuk
mapmanap  (SiOx, ALO;,  SisNg Ba Gowkanap) Amopd  ApHMm
YTKA3rMYHU KY4YNW Japaxajna KOMIEHCUPIAHTaH #puM YTKasruy 1ed
Kapanaau, OyHna YTKazyBuaHJIMK 30Hacy “TyOW® Ba BATCHT 30HAHUHI
“uunu” dnyKTyauMsnaHaiu, yiap TakukiaHnrad soHa Eg kenrimru
TapTUbMaa 6ynaam (IpvM YTKa3rnyga 3IEKTPOHIIAP IHEPTHsLIapH 30-
Hanapu Xakuma “fpum Vrkasruunap” 6o6uia 6aradenn T¥xTanamus).
{TKa3yBYaHJIMK 30HACKIa 3JIEKTPOHJIAp Ba BAIEHT 30Hacuzari Ko-
BAKJIAD IOKOPU TYCHMKiap OMiaH axpairaH MOTeHLMan uyKypaapaa
Koiinawrad “roMuM“napra 6yauHub ketagu. Ilact temnepatypamap-
Ja aMopd SIPUMYTKA3TUUNIADHUHE 371EKTP VTKA3yBUaHJIMIHM Maxa/Uuiuii
xoJIaTiiap opacvMaa cakpama Tapsna 6ynanM (cakpama YTKasyBYaHIHK).
[Oxopupok, Temneparypanapaa amopd SpUMYTKA3rMUWIAPHUHT 3EKTP
YTKA3YBYAHIIUTHHK DJIEKTPOHIAPHUAHT YMYMJIAIUraH XxoJjatiapura Mc-
CUKJIMK XapakaTH 3SHeprusick 95Basura YTKasWIUIIM  aHUKJIaiIn.
Avopd SApMMYTKasrvuwiapHuHr OWMp Katop axoiubd xoccanapyoaH
TYpIA aManvili makcaanapaa doiipanaHull MyMKUH. XaJlKoreHui
mwymanap cnekrpuiuHr UK coxacnna waddod OyiraHanmi, 1okKkopu
EKTP KAPUIMIUKKA Ba POTOCE3TMPINKKA STANUrK Tyhaiiiv Tenesu-
3M0H TpyOKanapHUHT 2seKTpodroTorpaduK TUIAaCTUHKATAPUHU TaHEp-
Jlalfia Ba roflorpaMMaslapHu €3uiia KyUIaHUIamu.

Amop®d sIpUMYTKasrHuiapaa KKOPH OMIU XoJaTAaH AacT OMIIM
X0J1aTra Ba akCWHYa Kanrta ynaHuw 3¢gdekTv EpKUH udonanaHraH,
y viura Tviuuw Bakry t<10-19—10-12 ¢ 6ynran anemeHTIap spaTHil
MMKOHHWHH Oepaiu.

Amopd Mompanap TallKH TabCUpJap — TeMrepaTrypa 3JeKTp,
MarHMT MalaoHnap, €pyrivK, AedopMaliusi, KUpPUIIMaIap TabCH-
puOa ¥3 xoccaJapyuHM Y3rapTupa oJWIIIWATH OunaH Oup Karopaa
YJapHM ONULIAArd TEXHOJOrWs Xapa€HJapHUHT KaHOai Oopuiuu
Ba KaHJai apoutna YTKasuavmura 6ormHK 6ynamu.

7.2. I'uppuananran amopd xpemsmii (o - Si : H)
70-itnnnapna (XX acp) amopd TY3WIMUIIM KPEMHUIIAH aMa-
MK Makcamiapia caMmapanyd doiganaHuil MyMKMHIIMIK McboT-

JaHraHAaH KeiivH Oy MOMIAHW XOCHJ KWJIWLI Ba YHUHT (H3MK-
TEXHMK XxoccanapMHM Vpranvw OyfiMua xanan TaaKuMKoTAap
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yTkasuna Oouulaau. xo3up Oy WVHaIMILAA aHYyaruHa Haszapui Ba
aMalMi HaTuxanap 6op.

MyailssH Tarukaa yerupunaérraH KpeMHuit (Si) rnapaacura
(forika Katnamura) Bogopoa (H) kupurmica y VcaérraH napaanaru
y3unraH KUMEBHII GOFTaHULLIAD COHMHM KaMaWTHUPUILK MYMKHH.
bynnait kpeMHWITHM rMapUANaHraH aMopQ KpeMHUWH Oeiuianyd Ba
o-Si:H waknaa 6enrunanaau. Onataa o - Si'H 6up Heua ycynma
TaHEéplaHali—MUITUILIAaMA  3apSUICH3NIaHMIIAA Ta3iapHU napya-
Jlalll, HOHJIap KWUDHMTHIL Ba KaTOJ IypKalll (4aHIJIATULI) YCY/U1apu
Hab YHKHNraH.

Munrninama 3apsicuanaHuLL yCYIMHU KapailTuk. By ycynaa cu-
NaH (SiHg) rasunu remuit (He) éku apcenuii (Ar) raiznapy atMocde-
pacuia H, rasu 6unan Gupranukia napyanaui opkam o-Si:H rnapaa-
napu yetupaanu. HOKoOpH TaKpOpHMILIMKHM MMIATWUTAMA 3apsiuicu3-
JIaHHLIA KY3FaTYBYM WHAYKTMBIMK FAITATM Ba 3apsICH3NAHMIN Ka-
mepacu (Oynimacn) KypunaMa acocu 6ynamu. Bywnaaii TaKpPOPUIMIIUK
opanuru 0,5-13,5 MI, 6ocum  0,1-2,0 MM.CUM. YCTYHM, Ta3HMHT
capdu 0,2-5,0 cm3/mun., Yerupu tezmard 100 - 1000 ain/MUH
Oymanu.

Toza GMp XMHCIM TY3WIMII XOCHT KHIMII YYYH MKKM 3J€K-
TPOLIU KYpUIMalaH MMITHIAMa 3apsacU3NiaHMIl Wyau OunaH
rasnapHu napyanaHaad, OyHIoa 3apsacH3naHuil 6YIMacuaa UMKKUTa
napaiiesl 371eKTpoi Xounauirad, y 13,5 MTI'u takpopuiitnukaa uii-
JTann.

Virapmac TOK 3apAaACU3NaHMIIMOaH XaM o — SitH onuiuga
doiitanaHul MyMKHH. Arap TarIMK KaTojl BasudacHHu Baxapca,
y Xonna ycrupuil te3nurdiu 0,1 man 1,0 MKM/MMH raya eTKasuil
MYMKHWH.

o — Si:H nappanapH4 aHON TaIJIMKIA XaM VCTUPUIL MyMKMH.
By Xonma VcTupHiL TE3MMIM KaToA TaMMK XOMMAarMiaH KUYMK
Oynanm, y OMNaH rasuHUHr GOCMMMUIra TOKHUHT KATTAIUIUIA Ba TYP
JIEKTPOAMHUHT X0JaTura 60FNUK.

Tarnuknu Ku3puw yerapacu taxmMuHaH 600° ¢ raya MYMKHH
Jeinncana, aMMO alpMM Xo/ulapia TariukK Temrnepatypacd 200 -
400°C opanukzaa 6yiraHaa napaa HyKCOHIU GYIuG KOJIULIM MYMKHH-
JIMTU XaM Kaia KuavHrad, SiHs HUuHT Gocumu OKOpH OynraHia Musi-
TWUTAMa  3apSICH3NAHUIL  KypUiManapuaa VYCTUpWATAH napaanapia
TYP/IH pajuKaniap nauno Oynanu, €xu nonuMepiaHuil Ky3aTunaiu.
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[uipniaiaHran aMopd KpeMHHMI HaMyHaliapu ermMpiasMaciad
Taji€pnaHai, aMMO VCTHUDWiL NalThidald ToXHOI0I MK Kapate
WIAPT/apHHK Y3rapTUpULLI XHcobura Pepmu caTxu EF CUILKHTHILU
MYMKHWH. by xonucaHu ncesponerupram neiivnanu. Byhna HaMyHa
NaHXapacHHWHI  ¥3rapWilapy xonariap 3WWINWrH g(E) Hu
ysraptupald, Oy 3ca yTKa3yBYaHIMK 3NIEKTPOHAAPU 3HYJIUTHHU
y3rapTMpaiu, 3apsil  TallyBYWJIADHUHI  (aoJilaHWIl  3Hepruscu
AE=Ec-EF XaM yTKa3yBYaHIMKHU Y3rapTUpamu.

[lceBmosiernpnaml  ycynu  6unaH  o-Si:H napnajapyuHu
(KatnaMnapuHH) YCTUPHMII YYYH TPHOMUIM CHUCTEMA KVImaHWIaau.
Tpuoa TYpU KY4IaHWI TaHNAaHAaAMKM, OyHIAa Kywiu 3apsiicH3na-
HUII aHOL — TYp opanuruaa GYnamu, rasnap apanalliMacHHUHT
napyajlaHHIUH aHOA — T¥p opanuruia 103 6epanu.

LlyHnait kuanb, amMopd KpeMHUI onuil KPHUCTAT KpeMHUH
onMlIra HucbaTaH aH4Ya ap30H, OMHOBAPUH, YHHHT KY/INaHUII HUM-
KOHMATHHH OLIMPANH. AMOP( MOMIANTAPHUHT (BU3HK, TEXHOJIOTHK,
TCXHHK XMXaToaH VpraHuiluM YJapHUHT KV/UTaHHLIH coXalapHHH
Tobopa KeHraTupmokaa. ByHpaii MaTtepualap SHrM xucoOnall
MallMHanapuia, €3yB Ba aloKa BOCHTalapwuia, alHUKCca Kyéll
SHEPrusicniaH QoWjalaHMIUAA caMapald paBHILAA MILIATHII-
MOK/Ia, SIHIM KYITaHHII XabXanapy o4YWIMOKIa.

7.3. Cywk kpucTawiap

SHIM CYIOK KpUCTaIIapHUHT TY3UJIHLIM Ba XoccajJlapHra Te-
THLIUIM MabllyMOTJIapHM 0aéH KHiamus.

CyiOK KpUCTalnap KaTTUK XUCM Ba CYIOK XHCM opacuoaru
(Me3aMopd) Gasanapaup, ynap KpucTamira xoc AHU30TPOIUSA XOC-
cacura sra Ba OMp BakT/a CYIOK/IMKKA XOC OKYBYAHIMK XOCCACHIA
ara. CyloK KpuCTaniap TepMOIUHAMMUKAHMHT hasa TyuyHYacuHu
KAHOT/IaHTHpanH. Yiap MyaiisH TeMIepaTypaiap opaluFuIa MaB-
KYL O¥naav, yHmaH nact TeMrnepatypanapia 3ca  W30Tpon
CYIOK/IHKKA aimaHamn. Cylok KPHCTalulap MONEKYJIp Mojulajiap-
AUDP Ba YNapHUHT TY3WIULIU KpHUCTannapra Ba CyOKJHKIapra xoc
TY3WIHILIAD opanuruaa 6Ynaau. CyloK KpHUCTaIapHUHT BU3NK
XOccanapuHu GOIKAPUIL OCOH, Oy XycycHsiT yiapHUHT Haszapuii Ba
AMaluH axaMUSTHHY TaK030 KHIAa/IH.

Cyiok KPUCTaNIapHUHI MoONeKYJanapu uy3uK Gviaiud Ba oy
OHpuHyY HaBOataa, yjaapHWHT TYSWIWIUKM XaMIa XoccaJapuHH
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aHuK1a6 Gepaan. Monekynanap opacuia MKKU XWI OOFTaHUWLL —
éunama Ba  oxupiaama  OoFnaHuuiap - MaBXya. Enmanma
OOFaHHULLTIap MOJEKY/IalapHUHT 6up-6upura mapauien Xoiina-
LWIMIIKMra, oXxupiaaHma GomtaHuLIap 3atXupuaiap KYpUHUILOA TY-
SWdIHra onn6 Kenaaud. BupHMHUYM KOWmALIMLL aHW3OTPOTUIMK
XOCCAJAPUHKM TAii10 KWIALW, MOJIeKy/Ianapapo TabCUpHUHT 3and-
JMIW OKYBYAHJIMK XOCCACUHH aHUKJIAHIN.

CyioK KpUCTAINIAPHUHT YU XWIIH: HEMATUK, CMCKTHK Ba Xomne-
CTEPUK CYIOK KPUCTAJUINAp MaBXYIL.

1. Hemamuk cyiox kpucmain (IOHOHYA «Hema»-Tona). byHaa#i
KpucTajiapia — MoJleKkyjanap yknapu Oup-Oupura mapajielsl
jiVHasraH, aMMO MOJIEKYJIJlapHHUHT y3u 6up Oupura HUcCOATaH MX-
TuépaH cumkurad (7.2- yusma).

Oxubarga OyHiail Monnajga Mone- .
Ky/IaTapHUHT  YU3MKUH  AYHAITaHaur =
Byxyira kenanu. Hemaruk kpucraniap & =
OITTMK >KMXaTZaH GMp ¥kau Ba mycobar
6ymanu. Mornexynaiap yknapu
jtyramuy 6unaH Gupnail 6yiran or-
TMK YKKA Napauiell paBulilia €pYRIMK
TAPKATALLM TEXIUTH Ma3sKyp VYKKA THK
iyHanuuigary  €pyRIMK - TEITHIMAaH
karta (V>V,). bunoGapuH, oiaui
Hyp Ba  HOOMIMH  HYp  CHMHHUI
KYpcaTKUWwiapy Xam TeHr 3Mac, SbHH ny<n,, 6y 3ca mycbar KpucTai-
nap 7eKTp Ba MarHUT MainoHNap 6utan ¥3apo TakcHUpriallaan JeMak-
JIMp.

HebmaTK KpHUcTal GYaraH napaas’oKCHaHU30IHUHT (y 6y xonatia
116 °-136° C opamukia O¥namm) -
KOBYLLOKJIMTH  OKMM  HYHAIMLIMIA
THK GYIraH Ky4cH3 MarHuT MaiaoH- . ~
fa KY€y Japakaza yarapaiu.

2. CMmexmurx CcyoK Kpucman -

= T -
(joHoHYa cMerma-coByH). Bynnait 23 3
KpUcTa1apia MoJliekyaatap Bup
Supura mapaniei HyHairaH oup
MoJIEKY/1a KalMHAMruaaru siccu
Kariamiapra TU3HI raH ©Oynagu 7.3- uiama. CMekTHK CYIOK KpHCTat.
(7.3~ unzma). '

7.2- yusMa. Hemartuk cyok

KPHCTALI.

— —
-
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CMEKTHK CYIOK KpUCTailn MHCOJIM cOBYH Tydary napaacuimp
(?_4-‘;;13”3), YHUHT  TallKW Ba  HMHKHM cupTiapyd  CMEKTHK
KaTiamIapamp. CupTuii KaTjiamapaard coByH ‘MOBeKy;‘ia.HﬂpHHHHF
{3apo TOPTUWIHLLIN nydaruHUHr 6apKapop GynuiIy  Yy4yH 3apyp
GyaraH CUpTHil TADAHTIMKHW BYXYyAra kentupanu. CoyH nydaru-
HW LIMILMPraHia Ba YHUHT §nuamu KaTTairaHaa napiaHuHr CoByH
SpHTMacH PKUH MoneKyianap Karramiapuia ol srauab mny-
daKHUHT AMaMETPUHH oprtupany. Tlydak KucunraHia COBYH MO-
feKynaiapy KariaMAaaphiaH kucub uKMKapami Ba siHa SpUTMara
yramu.

3. Xosecmupuk CYIOK Kpucmainap. Tapkubuna XONECTHPUH
Gymran  KyM Gupukmanap CyloK  KpHUCTal dazacn  Xocun
KuJIraHHaaH 6y HOM KeJlnb UMKKaH (XONeCTHPUHHUHL V3K OyHmai
dasa xocun KunMaitnn). XosecTepuk CYIOK KpUcTajlap CMeKTHK-
yeMaTHK TYpIark apanail Ty3unuilra srd Gynanu.

Ynapaa MoJIEKYIAIap. cMeKTUKIapaarnra yxuwau, napauie
Katnamsiapaa xoiinawann (7.4~ .

YU3Ma), JIEKHH Xap 6up
Karnamaa MmoJiekynanap YkJjapH
HEMATMK TypAarM Karnamjapra
napaien  Oymanu. Xap Ouwp
KaTiaM KVLIHU KaTnamra Hucba- .
TaH MyailsiH Oypyakka Oypwlalu.  7.4-ynama. XolecTepHK CYIOK KpH~
XONECTEPUH MOJIEKYJIaCH  METHII CTANL.

CH; rypyxiap Ouian siccu Tysu-

AMINTA Ora, METWI Typyxjap aca MoJeKy/a TEKMCIWIU yCTHIA Ba
ocTHaa Xoitnamrad, Xocui OynaaMraH Y4iuk Koitnap xap oup
KaTiaam/ia MoJjiekynanap YKJAAPUHWHT  ONAWHTH Katnam yKnapura
uycbaran yprawa 15 ra Oypusauuiura cabab Gynamu. Harwxasuil
Gypunuil  KaTiamuap CoHu OpTraH caitun owm6 Gopu6 ~ 300
KaT/aMra TeHr Kajamy crypaiciMoH TY3UNULLM XOCHIT KUaln.

XosnecreppHnap ONTUK XHXaraaH 6up YKaM Ba MaHQWH (ny>ny),
MoJieKynianapu yxaapu dyHavuliapi (HeMaTHK Ba CMEKTHK KpucTal-
napnaH Gapk/iu paBuiINa) ONTHK yKKa TUK Oynamm. XoNneCcTepUHHUHT
CMUPANICUMOH  TY3WIWLLK  ONMUK axmiueIKHURe, SHHU  EPYEIHK
KYTONAaHWII  TeIMTMHWHT GypymLIra cabab 6ynamu. Monexynsp
Kariamnapra THK OyaraH ONTHK yK Oyitna® yraérrau YU3UKMIA
KyTOnaHraH €pyeuk ¥3 3MeKTp BeKTOPUHUHT HYHAIUILMHK U341 pa-
BULLOA crivpan GYiMua MyaiisH Oypuakka yarapTupub Gopaau, Oy ovp-
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HaK  KpUCTaNT  KalWHIWIU fponopuxoHan 6ynamm. Macanan, o-
KBapunaH kyronaHraH €pymmvk Vrramma v I MM iiynna kyrénasuu te-
KUCIMruHu 20° ra Gypaau. XOHSKTG]JMCI‘MKJ‘IE{;)HHHF ONTHK aKTHBIUTK
aH4a Katra — y 18000° ra eramm, Oy 3ca KaMMHAMKHM | MM ra 50
MapTa Ty/1a alinaHUIIHK TalKu] KMnaou.

JHAM Y9 XMJl CYIOK KpHCTanIapHu Tabpugnaray, ynapHur
MYXHM  Xxocca Ba XyCycusiTaapu,  KyanaHuwmapu XaKuna
TYXTanaMus.

Cyiok KpHcTainapu Maniym GYaraH Kumésui Gupukmanap
COHM OUpP Heya MHHT Yamacuia. Yiap 6ab3u KaTTUK (mesoreH)
KPUCTaNlapHu  Ku3auprawma Xocwn O¥ynamu: aacrassan CVIOK
Kpucran xonartra dasasuii YTull 103 Gepaau, keituu KU3IMPHIL
AaBOM 3TTUPHUNICA CYIOK KpucTan omauil H30TPON CyIOKIMKKA
aunanaan. Xap Oup cyiok kpueTtann MyaidsiH TEMIMepatypajap
OpalWFuia MaBxyn 6Vianu (Tepmomerpon CYIOK KpucTaniap).
YTHLI UCCUKIMTU Kylus KHumk. [Mapaasokcuanusonyuur HeMa-
THK cUdaTHia MaBXYWINK COXacHHH 10Kopvaa aTIWK. Bab3y
Oupukmanap Ba ynap apanalimanapu -40 gan +80° C raya opa-
THKAA CMEKTUK CYIOK KpUCTamt 6Yauimu aHUKNaHraH. XoJjecre-
PHK CYIOK KpucTaanap MHUCONIapu—XonecTepuk adbupuaup.
bab3u opranuk Moldlanap cMmekTuK caszanap XOCHN KMIaau,
KeHWHHTUNApU HeMaTuk CYIOK KpHuCTalnapra yTHWIM MyMKUH.
Bup Heua cmekrtuk Mesadaszanap xocua KHIYyBYH OMpuKkManap
MabiyM, ynapaa MOJIeKynanap Karaamiaapga ¥sapo Typiamua
XoHnalraH. Macanay, Ouc—denmuneHauamun 6upUKkMacu
TYPTTa CMEKTHUK Ba GUTTa HEMaTUK MoauduKauusnapra aragup.
Sna 6owka axoiiuG CYWOK KpHCTaJ/1ap TOMU/TaH.

Cyiok KPUCTAJINIADHUHT yYyyajia XMIUIa Xam KYuanox nypcu-
HUW Ky3aTWnaam. DenaraMus: KVLIAJIOK HYPCUHAMPainUTaH MOJ1-
Aa CHpTHra Tywaérran KyrGnaHmarau EPYFIUK HYPH MomiagaH
YTa€TUO Yu3MKMii KYTOMaHarH WKKU Hypra axpananu (onauii Ba
HOOAAMIA HYpAap), viapHHUHT KYTOMaHMI TCKUCIUKTapu V3apo
TUK OViaanu. Omanii sa HOOQIMH HYPIAPHUHT TapKANMIIK Te3-
JUKIapu Ba CUHMII KYpcaTKM4lapu xap xui. Vanap momnagan
Mapanjien factanap tapsuia YMKaaUu. by xoaucanm TajKUKAalll
HYnu — momnanuur CYIOK KPUCTAIIMK X0JaTHHU aHHKIaUIIa
3HT Kyna# veyn xucobaanaau.

Xonecrepuknapuumr MOJCKYJIAD TY3UIMILW WYKH MOJEK VISP
KYH9J1ap TabCUpUIa XKyAa HO3UK pasullsa MyBO3aHaTiaHraH, Oy
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MYBO3aHaT OCOH OY3MIHIIU MYMKUH. Monexynanap opacuaaru .
3;[;4(1; ¥3apo TabCHpHU BYy3yBUM xap Kauaaii (onTHK, UCCHUKITHK,
2JIEKTP Ba XOKa30) TabCUP XONECTCPUKHUHE SHT aBBajl ONTHUK
XOCCANApHHW  CE3WNapiAu  V3rapTUpuiura oau6 Kenaau. by
XOOMCATTADHUHT  3HT  SIKKOJI MHCONU TEMIepaTrypa o03rKHa
ysrapraHia XOJECTEPUK PAHTHUHT yarapuuimanp. Macanan vu
XOJCCTUPUK apanaliMaculaH wubopar mnapaana KYpUHaguraH
EPYFIHMK cnexkTpuaa daxkat 4 ¢ TeMIecpaTypajap opajuruia
PaHIHKW V3rapTupuil MyMmkuH. Bynpait nappanapaad ogaMHWHT
Kacal ab30CMHM aHMKIall MakCcajula ogaM TaHACK CHpTHJA
TEMMepaTypanap TaKCUMOTMHM  Ky3aTHiu YYYH <oiinanaHca
Oynanu. XojecTepuk mapanronaraa TeMrepatypa y3rapuiuu rpa-
AYCHUHT yivUidra Kkanap 6yaraHma paur Varapanu.

) XONeCTePUKIAPHUHT KUMEBUI] bupuxmanap Oyraapura Huc-
oaTtaH DoTOCEe3rupAUTHra acocaH 0ab3u XUIIApHU
aHMKIakH1Krral acbod scanray.

XonecTepMKHUHT CITHPAICMOH  TY3WIWIUK  KYpUHALWTaH
EPYFIMK TYAKWUH Y3VHIUTU TapTHOuaa. Byunaii NaBpUH Ty3un-
Maja EpYFNTUKHMHT Byiid-Bparrnaphunr A=2dsin® udogacu Tas-
cUdnaiianran MHTepdepeHiinscu (Ba Andpakumsicu) Kyzaruna-
Au. Arap d=5000 A 6yaca, 7000 A TYAKUH Y3YHAWTU (KW3u7)
EpyFInK 45° ra Oypuyak octuaa Tannosuan KaduTtapunanu, 30° oc-
THaa sca 5000 A (K¥K) épyrnuk Kaiitapunaan. Kalitapunnw
OYpPYArMHMHT MyalsiH KMiimMaTuna XONECTepUK napaack 6Gop
Panrnu 6¥1u6 kypunaau. XoJecTepUKIapHuHT &ii KaManak paH-
THHHU VYNapHUHT cnupancumor TYSWIHMIUW NaBpW KYpUHaaurau
EPVFIUK TYNKWUH Y3YHIUTH TapTUOUAa 3KaHAWUTY 6GMNay TYILYH-
TMpunaau. CwmekTukaapaa MOJIEKYNIAp KaTlamnap opacuaaru
Macoda 6up Heya aHrcTpeH. By xonna penTren HYpJiap Taw-
10BYaH KaliTapunaau. Babsn HEMaTHKIapaa KaTaamaap opaiury
MUKpoOHIap TapTu6una 6¥1aau Ba yap MHOPakW3ua coxanaru
HYPNaHMILUHK TadsoBYal KalTapanm.

Cyiok KpHCTa/map amManaa Kedr KYnaHunaam, ailHukca ax6o-
POTTa WiloR Bepuui Ba TacBUpJIaUIga ynapHUHT 3NICKTPOONTHUK
Xoccanapujan doiinananunany, CYIOK  KpucTaianap acocunn
DX Muapunnr KeHUHIN aBnoiapu ApaTHiran. Cyiok Kpucrainap-
AaH  snekTpoH COATIap,  MMKPOKanbKyasTOpap, OITO3EKTPOH
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Kypunmanap Ba Gollikanapaa KysUmaHunand. SicCH 3KpaHiIap Uiab
yrKapuIMokaa. XoJecTepuk CyloK KpucTajliapiaH MeauuMHana
(6aaHHUHT IOKOPH TeMIEpaTypaiu XOWIapHHU aHUKJIallIa) Ba
texuukama (MK, YIOT Ba 6owka) HypJaHWIIapHHA KVpaauraH
KWIHILIA2, MUKPOJIEKTPOH CXemManap cudaTHHU Ha3opaT KM
Ba xakosonapjaH (QoHAanaHUNAIH. :

Vil bOb

KATTHK XHCMIIAP CUPTHJIAIH XOJIUCAJIAP
Casosnap :

8.1. YMymuii Manbaymor
1. AMop® KATTUK XUCMIApHUHT TY3WIHLIMHA TaBcUQIIaHT. :

2. CyloK KpUCTaJNapHUHT KaHai TypJiapH 6op?

3. AMop® Ba CYIOK KpucTamap Kaepia Kysutanunanu?

KaTTHK XMCM CHPTH — XaMMa BaKT WKK{ daza (MyXUT)HU ax-
pati6 Typanura derapamup. By uerapa Gup TOMOHIA KATTUK, XVCM
Ba UKKWHYM TOMOHMAH, Ta3, CYIOK/IMK €KH BolLiiKa KATTHK XMWCM Opa-
cuna 6ymam. LIyHUHT yUyH aKpaTUlll CUPTH YerapaHWHI Xap MKKU
TOMOHMIArM hasanap GUIaH ¥3apo TabCHpIAlaIy.

Cupr 6mnaH GOFNMK MacananapHW eduill SpyUM YTKa3ruwiM ac-
6o6napHu MIUTA0 YMKApUIL Ba KYINaHUIMKWAA MYXWM, YYHKK CHPT
XOCCAIAPWHUHT GEKApOPIIUTH, YTapHUHT GeHaszopaT Y3rapuiliapu
acGoBMaPHUHT MIUIAIl MYLJaTHHM KaMaWTHpaanM Ba HIIOHWIH
MULTALIMHY MacaiTUpanu.

MeTa/tapHUHT 3aHMTalIM Ba OKMGaTAa YJIapHUHT Oy3WIMIIMA
XaM CHPT Xoccasapura GOFIMK Gyramm. iy

KaTTHK XWCM CHPTUHHHT ©ab3d YMyMHH XoJjaTiapH Xakuia
Tyxranaiinuk. BUpMHUWIAH, CHPTAA KPUCTAT XaOKMUIArH aToM-
NApHUHT IaBpvil Xoinawmiud Oysunaau (Kecunaau), HaTHXana
Tyrannaumarad (ysunraH) kumésuii Gornap nango OymagM.
Bolikaya aiTraHza, CUpT MaBXYLTUTHHUHL Y31 KpUCTA/UIAArH H4-
KW MOTeHLMal OaBpuil MalIOHHWHT Oysunuiuuaup. By naBpuii-
JTUKHUHT Xap KaHjgai Oy3uaulIM MaxaJIiid 3HEpreTUK XONaTAapHH
€KW CHpTHil XonaTnapHW ByXyara KeaTWpanu. byHpaall cupTui
Xohatnap 3WYINATH 10! < 10M 2 TaptTubupa Oynaad, yiaapHW
Tamm carxnaps neiiwnamd. WKKMHYKMOAH, XakKUMKWUA LIAPOWTAA
KATTUK XHMCMIap CUMpTHIa amMajjla XaMma BakT OKCHI mapjaa €Ku
Emﬂ.ura!-: ér aTomnap Ba wownap Oynamu. Ly Tydaitnn cupt
coXacu Mypakkab KyIl KaTjlaMJId TYy3WIuILra sra 6yianu.
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K¥n xonnapiaa  KarTvK — KUCMJap  CHPTUHHM - KoIUlarad
KaTnamaapiaa Maxaainii catxjap Xocull KWJIVBYM KMpHULLIMAanap Ba
HYKCOHMap 6op. KpUCTAINMHE ¥3 CUPTHIardH HYKH XOonariap Kyd-
JM 3JIeKTp MalIoHM TabcHpHTa Te3 xapobd Oepajid, yhapHHU Te3Kop
X0raTaap JAeiunanm, kKarnamnapaaru (tamgu) xoaariaap Hucbatan
AHYA CEKMH TABLCHPIAHALM, VIAPHW CeKHH XOJATHapH Ieifunann.

CUpTHUHT MUKIOpHiT TaBcudHOMa cUpTUl o ékn  daszanapapo
Y 3Heprug 6VnanM. ¢ HU CHPTUHA TapaHUIMK Jeifiuiaiu, ¥ CUPTHHU
yerapanaraH YM3HKHW OMPAMK Y3VHIMKKA Ba CP:l[}T I03MHW  YHra
MOC KATTAJIMKKA Kajap (MUKIAOpra) V3rapTHpHil YYyH Kepak
GynaguraH KvuHu SCUIaupanm.

8.2. CupTHHHF TY3WIHIIH. DHEPreTHK Xoaataap

XAKMKHIT KPUCTAUIHMHT CUPT TY3WIMIUM aHya MypakkaO.
Cupt geraHia tornka, JeKHH XKMMH, KaTiam TywiyHwiagd. by
KaTiamaap KIHHAMIK  KpWcTalll  TlaHXxapacu  JoMMHIAcHOaH
VHNapua MapTa kKaTtta 6VIuiIM MyMKHH. XakUMKHMIA KpUCTana cup-
THAA TYPAM HYKCOHAAp Ky, HUXOAT, CHPT TallKU MYXUT OWIaH
TYTalUraHd YYVH YHHUHT WAKINaHWIOKIAa KHCIOPOA MYXMM VpuH
tyraau. 150—200 HM xanuuadxad Tabuuil okeua  KaTiamiap
amMajjla XaMma BaKT KaTTHEK JKUCMJAPHHUHT CHPTHLAa MaBXyad
Ovnamu. Cupr  ragyp-Ovayp  ©¥aub, aAYHrnuknap  OuaaH
4yyKypiukiaap  HasGatnawinb
XofmamraH.

X 03P CUPTHUHT MaH3apacu T=0)

8.1- unamanarnaek 6ynaan neo,
XHcoOnaHanH. Cuptaa
roroHanap Oynanm. T>0
Oviranma  daykrauusuiap Ty-
daiin 1,2 631 xoitnap Xocu
OVAMWKM  MYMKHMH. ALCODLIMS-
Jalrad (CHpTra €nMiurad) atom
OVIL XKoWHM srannaiiam (3) éku
OVl noroHaza Koaaau  (4).
[NoroHana cHpTH BakaHcusiap
(5) xocun OVAMILM  MYMKHH.
Cuptna  Hykcouaap Oopnuru 8. 1w, T=0 sa T>0 aa kpucran
T}’d)ﬂﬁﬂld MaBKyp aToM 5}33[}0 CHPTHHHHT TY3HAHWIN
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TabcUpIAAETIaH  KYIUHKAAp

E
§

I
COHU CHUPTHWHI TYPIH XOil1a- (!l; (‘5 i
puma Typanya. LLYHUHT yuyH TR
ATOMHUHT CHUpT ButaH 51 —==0 0 o o——us [
OOFTaHUIL  DHEPTUSACU  TYPIIM § ——6 e e o-———
oynaiu. ) T R G
DHOX  TYPIU  KYpHUHHII- St 8 o o
Jard  KATTHK  OKMCMJIAPHWHT ’ o= a
3PKMH  CHUPTHIA  3HEPrHSICHHU Sy ? qla ?———
oo

XHCOONaiIuK. ByHUHT  yuyH :
KPUCTAUTHA  EPUIIMIL  CHPTH-
HUHT BUp TOMOHMAATH, s- 1, s-
2 Ba X0Kaso Mapawien TeKuc-
JMKAAP, HKKUHYH TOMOHUAaru /, /- 1, /- 2 Ba XoKaso napawien TeKuc-
JuKnapaaH ubopar nebd TacapByp Kuiamus (8.2-umama). Kpucramn
épuiranaa xocun 6¥nraH ukku cuptiaun ukku | Ba 1l 6¥naknap 6¥namu.
by skapa€nna cappnanran mw [ sa Il coxacumarn atoMaapHWHT
DOFIAHUIIMHKU Y3WIUTa KeTaad. Arap 3Hr sikMH Macodana Xoii-
Aalirad atoMaap XydTiaapu opacuaaru ysapo TabCUpHU bTHOOpra
OJICaK, $- Ba /- KaTiamMaaru atomiap y3apo TabCcup IHEPrHMACHHM
Vg €6 Genrunacak cHpTHM XOcHa Kuauilira capdiavrag Tvaa
3HEprus

8.2-1H3MA. ATOMAAPHIHT TYPTH CATXIapad
KyDT-kydT Fiapo TaLCHpH THaMACH.

S5 B4
205

Oyupary [ — kyuMmya pasuiiia
(s-2 Ba (/-1), (s-2) Ba (/-2) Ba
XOKa3o  aToMjlap  opacuaaru
V3apo TabCUPHU XUcoBra onaju-
raH K¥ynaiTyBuM HoOHJAp KpHU-
crannapyMga | wmycbar woH 2
MandUit MOH OMNaH TOpTHILIA-
an, 3 mycbar uoH OuiaH uTa- 2 3
PHEHIAAW Ba XOKa3o. B}" HoHJap 8.3- ynssa. Bip 1 MOHHIAT 1[01—[1&1)
SAHAMPUAA YMYMUE MOTEHLMAT  SaHXHPH ¥PTACHIAH VMU MK
SHeprust (8.3- yusmara Kapar) I-3-nonutap sanxipaapy.

Ey=

) 5) 3 2 2
o - b e
F—_— L —

« 2a 3a 4du a

OvHaa ¢, = 0,6935.

153k . nd 2 )
[]_-2-+§+—Z+m]=q0| e /(J'. (8.2)

171


http://www.pdffactory.com

DHAM ViLa uM3Mafard MKKH yI4OoBIW TaHXapaHH KapalJiMK. i

HOH o MacodanarM MOHra TOPTHIALM, Gv2 HOHLAH MTapUlau.
Arap | MOHHMHT 2 BepTHKal 3aHXupya HOHJIApH 6unaH y3apo
TabCUpUHM Xucobra onMacak, yMyMUH TOTEHLUNAI SHEPIits

, eg 2{32 Zez 282 ez 262 2t
I A - —t

R BT R R T R

=-01144 e? fa=—@ael/la. @3 =0]1144.

Iy ityeurna 1 vioH OuMnaH KpUCTal CHPTH Opachiar y3apo
TaLCUP IHEPTUSICH ONMHANN:

Vs =-0066¢>[a=—p 3¢ [a. (8.4)

Jlemak, V| - HOHHWHT 3aHXHpya OOWHIAH KpaTNil SHEPTHA-
vil, V, - OYTYH 3aHXHp4alaH, V3 - siccu TYp YpTacuaaH axpa-
WUl 3Heprusick 6ynud, ynapHUHT Na atomnM naHxapa Oyinya
MUFMHOMCH TTaHXapa SHEPrUACUHM Gepau:

U pan =2N 4(9) + @2 +¢'3)92/a- (8.5)

2 kymaittysun (8.2) - (8.4) wudonanap TeKHCAUKHUHT OUp SpMHHA
X{cofra ofiraHu Y4yH KUPUTHITaH. :

2(@; + @7 +@3) KaTTAIMKHH OM Magjenayur AoMMEiicH ODKanu
GenrunaHaau, 6up Xun TYpIark NaHXxapard KaTTHK Xucmiap yayH
y Oupnait Oynamu. MypakkaOpoK  Xo/ulapHKM  KapamaciaH,
IOKOpHMIArkd Xon GuiaH sbHU Kapama-Kapliu 6up 3apsdid HOHAAp
flaHXxapacK Xoau OuiaH YeKiaHaMu3. _

MoJiekynsp Kpuctainap yayH (Ban nep Baanc xy4iapu YCTYH
oynraHaa) MKKH 3appa opacuaaru y3apo TabCUpP 3HEPTHUACH

Ui, =§1/am "Ea/a" (8.6)

KypuHMlaa 6¥anb, &; Ba §; - IOWMHI KaTTanuKiap, OUpHHUM Xal
UTAPULLMLI, UKKHHYY Xal TOPTHLUHIIHH xucobra onaau. bynnaii
KpWCTaniap yayH MaHXapaHWHT OOFNaHUII SHEPTHACH

U, =& K,,/ag Y(1=nfm)N /2 (8.7)
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ety

kypuHKlza onuHraH, OyHma K, - lapaka KypcaTkKM4yM n ra
GoriuK, (n=6 ne6 onunca, Kg=14.454), a,- naHxapa TOUMUIACH-

HUHT MyBO3aHaTWUM KUiiMaTH, n Ba m Jiap Taxpubana aHUK/IaHaIH.
KoBaseHT KpUcTallapia, MacanaH ojiMocia,
U pan = (4/2)‘5&0 =2E; ¢ (8.8)
gyHnar¥ Ec.c - kapGOH aTomuiapy opacuiard OOFIaHMII SHEPTUs-
ci. Metayn kpucrannapaa z=1 (6up BajleHT/IM METAJIT) YYVH:

U an =(Naa,, 82/a0)(] "lf”) . (8.9)
8.3. Xyunawmum sa SN0 OKHID XO/MCANADH

XyananH XOAMCACH CYIOKJTMKHUHT KATTHK XHUCM éxu Ooiuka
CYIOKJIMK CHPTH OwiaH TerMiiraHuza o3 Oepagu. by xonuca me-
Tal-ApUM YTKa3rW4y KOHTaKTIapuHHU Tajépnail TeXHoJorusicuaa
KaTTa axaMuaTra sra, 4YyHKu Oy TexHojiorusaa MeTaul TOM4MCHHH
KpUCTA OWIaH KOTHIUTHPHIN YCYJId KEHI KyuaHwianau. byHaan
TOMYMHM KUIAMPMIL BaKTHAa €HMINO KeTHIUM KOTHULIMLL IO3UHK
Ba 1LY XKapaGHHHHT ¥3UHU aHUKJIaHIMU.

KaTTMK XWCM CHPTMHMHI sAXIIM XYJUIAaHWLIK, MacalaH, oy
CUPTHM TypJIM KMMEBMIA MoIalap TOMOHMAAH TO3aNaHHIIN caMma-
pallopIMTUHA TabMHHJIAHIN. JKymnanaH, py3Fopuii JOBYBYM MOI-
najlap KyanaHWIUK LIyHra acoClaHraH-

Xyytall Kanwuisp Haivaga MEHWCK XOCHNT KWialH, KATTHK
CHUpTIa TOMYUMHHHT IIAKIWHW €KU CYIOKJIMKKA OOTUPUWIITAH XKUCM
cupTHaa ra3 nydard WakKIHHW aHUKJIaHIu. Xynam (Xyan1aHuL)
XO/IMCACHHU KOHTaKT coxacuia yd dasa (KucM, MYXUT) opacuiaru
y3apo Tabcup OKMOaTH cHbaTHaa Kapaica OyianM, amMmo KyIl
xo/iapia y (MacanaH, CyioK MeTauiap OuiaH KaTTUK MeTaap Te-
rumub TypraHga) KUMEBHMI OMpUKMasiap, KATTMK Ba CYIOK 3PHWT-
Manap xocua OynuiuM, XyUIaHyBYM KHUCMHUHT CUpTHMi KaTlaMHKIa
nuddysuoH xapaéHmap 103 Gepuiin okubaTv Gynann. X ynaHuLl
XOMcacuna XYUTAHMII MCCUKJIATH JCHMITYBYM MCCHKJIMK aXpaiu-
LW MYMKHH.

XynnaHMIIHUHT YTY0BU BasudacuHu onarjga yerapasui 0 oyp-
yak Gaxapamu, y XVUIAaHYBYM CHPT Ba CYIOKJIMKHWHI IEPUMCTP
OVitnua cupty opacuaaru Oypuakaup (8.4- unsma).
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K

8.4~ ul3va. d- TOMUI KATTIK CHPTAA; 6- TOMYH; B - NYDAKHIHT KATTIK CHPTAa
TYP/AH XYATaHHLU IUADOUTHAA BA3HHTH, T - [d3; ¢ - CYIOKTHK,
K - KATTHK XHCM;

Cratuk (MyBo3aHaTHi) XynaHMiuga © CYOKJIMKHWHE CHPT

TapaHIIMTH Oc A, KaTTUK XUCMHWHT CUPT TapaHIMIU G, Ta Ba
yerapajnaru ¢asanapapo & / a" TapaHmmMK oy ra FOHT TeHrama-
CH C0SB=(0-0y.)/0. OpKanu OOFIaHraH.

Arap 0°<6<900 Gyica, CYIOKIMK TOMYMCH KHCMaH €K1 6—00
xoina cupT Oyiuua €imnann (8.4.6,B- uusmMa). Arap 6>90° 6ynca,
ToMuu €huaMaian (8.4.6,B- 4u3aMa). BupuHuYM Xonma CYIOKJIMK
KaTTHK XMCMHHW XYIIaian, MKKMHYMA XoJa XyanamManou.

8.4. DexTpoHIap IMHCCHSCH Ba CHDPTHH HOHJIALI

TepmoanekTpon  3MHCCHA  XOAMCACH  KATTMK  XXKUCMHM
KM3IMPraHjia yHoaH BakyyMra (OYuumiuMkka) €xku OollKa XUCMra
2NEKTPOHJIAp YMKapuauuuaaH ubopar. KaTTukK xucMmaaH 4MKUO
KETMLI YUYH 31IeKTPOHHUHT 3HEPrUSCH KUCMIAH TallKapuda THHY
TypraH 3/eKTPOH 3HEPrUAcHiIaH Karra OynuiuM Kepak. by 3Hep-
THSHW YWMKUW viuy peidunann. T~300K (xona temnepatypacu) aa
TEPMOJMHAMMKK MYyBO3aHaT LIapOUTHIA, Pepmu-/lupak
TAKCUMOTHIa acocaH, 3JHEPIUdCH YMKMIL HUIMIAH KaTTa 3JieK-
TPOHJIAP COHM XYya-Xyla KaM, aMMO TeMIiepaTypa OpTHILM GuiaH
Oy coH xyana Te3 (3kcnoreHuman) opraau. LLIyHUHT yuyH Tepmo-
JIEKTPOH TOK dakar KM3AMPUITAH XKUCMAApaaH YWKaau. Arap
YMKKAH 3JCKTPOHJAapHM onub KeTaauraH 30eKTPUK  MaidoH
Bynmaca, Oy s/eKTpOHAAp Y/IapHH YMKapraH XWCM CUPTHU SIKMHHWIA
MaH(UH XaKMHIA BNICKTPHK 3apsil XOCHN KUAWG, TepMOTEKTPHK
TOKHU 4YeKNab Kyaau. IMUTTep (3JIeKTPOHJIap YUKAPYBUYM) Ba aHO
(371eKTpOHNapHu WUFYBYM) opacuIard KyuwiaHuw KHyumk (V<V,)
Oynranna Tok 3uunuru J~V3/2 xouyH 6¥itnua udonanaHanu. V-V
BynraHna xaxmuit sapsa cypuaub keraau Ba TOK TYHWHMLUrA L,
KHHMAaTra 3pHuiliajid, Ky4laHULIWHKA SHaJa OLIMPUICA, SIHA CEKUH
174 '
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jca Gowaian. TYHMHULL TOKK 3UWITHTH (TEpMO3JIEKTPOH 3MHC-
cust TOKM 3uunurn) Puuapacon  —  JsmimaH  udopacuaan
XMCcOBNaHUILU MYMKHH:

Ig=AT ? exp(— X /KT ). (8.10)

ByHmaru A — NOUMUM, X - 3NEKTPOHHHUHI METa/lJIIaH YMKMIL
WIIK. Arap 371eKTPOHIAPHUHI KAaTTUK XHMCM CHPTMAAH KauTHILL
kordduumeHTH R xucobra onurca A = Ag(1-R) ne6 E3NTULLIN Ke-

pak, Gynaa A =emk?/2n*n* =1204-10* Al k%, Xakukuit wapo-
utaa x(T') 3KaHWMHH Ba 0OILKA OMMJIApHM "XMcobra oJiMHca,

KVMYMIMK TO3a MeTannap yuyyH A = (153500 10*  A/m2k? (8.10)
nbolaHu ApPUMYTKasruwIapra XaM Kymnaca 6ynamu. Tepmosnex-
TPOH 3MUCCHs XOIMCAcH KYTI 3JIEKTPOH acbobapia KysutaHWIaIu.

TepM0O3JIeKTPOH 3MUCCUSl OMJIaH CUPTUIA WOHJIALIMII XOAMcacH
sUTIc GornaHrad. by xoduca KM3AMpWITAH (4YFiaHraH) MeTamn
cUpTUra OYFHUHE aToMaapy €KW MOJeKyJajlapy YpWiraHia coaup
OViaanud. AToMaap €KM MoJieKylanap KM3AUpUIraH Metaul CUPTUra
& yHu Vpab onran OyF armocdepacumaH €kd Maxcyc maHOanaH
BYFIaHTUPUIAAUIaH MOJIEKYJISID 1acTa KYpUHUWILIKMAA Kenud Tyuia-
JOW. YNapHUHT YPUIMILUAAH XOCHII Oy/IraH WOHJap Maxcyc Koii-
nektop (MMFHOBYUM MoOCTama) TOMOHra WYHANTUPWIAAM Ba YHUHT
SAHXUpMAA TOK naigo Kuiaaiad, 6y TOK Kydd HOHIAp MUKIOPHHHU
Daxonall MMKOHWHM Depaiu. f

CUpTHH MOHNALIMIIHA CUPTHUHT lcm? pan lec ma ketaérrad ny
WOHIAp KaWTaéTraH n, aromiap coHlapu Hucbarn OunaH.
AHUKJaHaM:

n; [n, =q, (8.11)

O HU WoHJAlLMLII Japaxacu ne6 atanaau. bawzaH Oowuika MyHoca-
DargaH QoiianaHunanu:
nJng =B, (8.12)
OyHna n,- lem? Ic ga cupTra TywaéTraH aTomaap COHU. B HU cup-
TUH HOHNawuMI Ko3hOPULHEHTH OedHIalu.
n, +n, =n, OYNraHaIuru yuyH
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Ay, o KaTTANMK Temneparypara 6ommHK, By GornaMuiunm
Caxa-JleHrmiop ugonacu Bepaam:

a -fg;fga)ﬂxﬂﬂ'fl’:; - X kT, {8.14)

OyHOarn x; - METAIAH HOHHUHI MHKHII MUIH, V| - KH3aMpuiIran
METNTA TYIAETTaH ATOMHHHT HOHJMAWMIN NOTEHLHANH, g Ba £, -
METANT CHPTHIOAH KETAETraH lappanap XoJaTlapHHHHE CTATHMCTHME
BA3HIAPH (MacaiaH, MIUKODHI METALT HOHH yuyH gy =l. arom
Vi¥YH g, = 2).

Cupriili uondaw Epnamuna MyeBatT womnap Xas, sandiMil
HOHAAP XaMm XOCHW1 KHIHHMIUH MYMKHH. OpPTHKYa 3NeKTpoHHH

YIORIAWTHPHIL YuyH MaHgmit HoHHK «uounaras el sHeprus

capduiain kepak. 1y 3HEPrHAHH MEKTPOHHUHI ATOMEA HEHHITHTH
asHunanM, MaHQMil MOHOAMM «OPTHKMAs FNEKTPOHHMHI IHEPIeTHE
catxuuK aHngnadan. By xonna Caxa-Jlenrmiop wiposacuna wou-
Naw neteHuHan L) ¥pHHAa 3neKTPOHHHHT ATOMIa SKHHAUTH Ty-
panM:

ce=npin, =g g, )expl~(eli - X, (AT )].  (8.15)

8.5. Kavrux ascmaap cHpmuaa ancopiums xonmcack

las atmocdepacn GuinaH TYTAWIraH KATTHK XHCM CHDTHHH
TEIA ra3 ATOMIAPH (MONEKYNANAPH)HHUHT OMp €KH KN KaTiamMu
Kornaiou.  ly  xonkca  ancopBGuHsHUHr MoOXHATHAMP. Bywaa
KATTHK XHCMHW ancoplenTt (Enuurrupu anyveuu), raz dazacHHK
3ca ancopbar (ENHIYBMH) AsAMAaIH. AJCOPOUHAHHHT HKKHM XK
Gop: gmsnx ancopbums sa kumésaii aacopbuns (xemucopGimn).

Du3uk weopbumn xonuaa aroMnap (MonexynanapyuHr ancopb-
UHOH (CHPTTA ENHIUTH) KATIAMH KAITHK, KHCM CHPTH atoMmnapH Gu-
nad Bawzep-Baanc sandy kywiapd BockTackia Gomnakran, @usnk ai-
COPOLIHAHHHT MYXUM TapOBYTH — VHUHT KaHTYBYAHTHIHIMD.

KaHfalaup Temnepatypanap opanMriia aacopSUMAHHHE Xap
HKKH XHJTHHH OHp-OHpuaaH Keckun axpaTul Gynmaiian.
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AncopOLHE XAMMA BakT k-
JOTEPMHUK KAPaEHIANP, HBHH HC-
CUKNHE Xpaiagurad (3HTannus
AHs kanap ¥srapaawrad) xapa-
EHAHP.

ANCOpOLHA HCCHEANIH (3H-
TAAMHA) IHNTHEHKHE GYHKLHA-

& ]
CH Ba OfATAO Y OPTHIUHM GHAaH 85 wrrswa. MeTwaama kaTiion i AHuoH

KAMASLM. Adlcopbiiis He- XeMOocOpELIH, 3.6, Ha e
CHKTMPMHUHT OvHIaH  VIrapuw -STWLIHTAH B B camgnap;
KAPABHMHIC M3YILN OKHD BopH- ealeapior, Mok

wu Tvdaian w03 Oepaau. By ;

WAPAEH CHRTHHHE MIKCHMI 3HEPIHAIM XoAnapuan — Y¥KKMnap,
gpucTanaHuur - Gypuaknapu HA KHppanapuaa,  aapanap
KMPrOKGDHAA, THPHAMANARAA BAa WYHIA ¥XWaw xoinapoa Gow-
aananu, By mofinap TyHMHMY, AccH cHpTaapaa aacopbuwms Goul-
AaHaLK, YAapaa KaMpok, 3HEPIrHA akpanadu.

Duomk ancopbums anTannusicd aHya karra (=10 kkavmon), Byn-
Aa aicoplnaiad m3 KaTIaMHHM Gowlka ras BMaaH anMalmHpHIL
mymnH. By - anmanmuye ancopbumack xoivcacH. ByvHaa ypHHIM
KOMIA: PRSHHHT KAHHAL HYKTACH Kawua oxopr 6¥aca, ¥ ras ocon aa-
copbaanans, SLHH ¥ 0COH CYIKIMKKR Rilmanamn. Ancophiun Kapagni
ACOPBEHT B AAeopHaT opacHaA ANCOPOLIHOH MYHOIIHAT YPHILLFIHIL
AKVHIAHAAM. MyBOZOHATHHHT YMYMMIA 1APTH — MEKaAa dasaniir
KHMEBHIT NoTeliti i ((pepsu caTxapn) Tedimuianp. By mysoza-
nariaa BHpop BaKTIa cupTra KaHYa atom (Monexyia) aacopBnanca,
WYHYACH CHPTIAH KCTAUI, CHPTHH 123 Jappasapd GunaH TVAIHpHIL
Aapiakack N, yarapmac 6ynub konaaw. N, temneparypa Ba GOCHMID
Bornuk. Arap Gocnym srapmac 6yaca, NJT) azcopbuusi nsoBapac.
T=const Gynca, ancopBuMs WaoTepMacunn wdoswaian. AnGarra,
TEMTIEPATYPS  KYTAPHIIAHAD TYAAMPHIL J2paKacH HACAAAH, YYHKM
ByHIa ATOMAAPHUHI CHPTAAH KeTHLIW (fecopBiins) Ko, 6y aca
ICOPOLUMAHK cycail Mpaau.

XeMOCOPOUMAHNHI  MOXMHTH  LWIYHAAKK, KHMEBHIA Tabuatnu
KY'Wiap Tabcupu XoanTuia ancopBnaHrad aramMiap k) KpucTana-
HHHT CHpPTHAArK atomiap opacuia KHMEBMIA peakuwa 103 Gepanm,
BUpWKkManap xocua Gynagn. XemocopBumsiaa ancopBeHT Ba aicop-
Gart opacina FERTPONIAP MM IUHMHHIWK Gow YpuH 3rannainu.
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MeTtannapaa xeMocopbLMsSIHU Kapaiiuk. 8.5- uM3Mana merai
ras Ba Meraan — azncopbar yerapaCMHWHI MKKW TOMOHMWAA 3JIeK-
TPOH 3HEprusilapy CriekTpy KypcatuaradH. bup xomna (8.5,a- yms-
Ma) aacopOaTHUHI 3ra/ylaHTaH 3HI FOKOPH 3HEPIAs caTxXy MeTan-
HuHr @epMu caTXMaaH KKopHUIa Xoinalwrad. by xonaa a/1ekTpoH
aTOMIaH MeTaura YTagu, YHUHT ¥34 MycbaT uoHra ainaHanu. Ak-
CHHYa, arap ajcopOeHTHMHI IOKOPUTH caTXU 3rajuiaHMaraH Ovnca
Ba y MeTAJUIHUHI (epMH caTXuaaH ractaa Oyica, 3MEeKTPOH Me-
TaingaHd atomra YTub yHu MaHbWH 3apsUlaiif.

YerapaHWHT MKKM TOMOHMAa K¥II 3JIEKTPp KaTjiaM XOCWI
Oynagu, okubaraa OUpPUHYM XOJIa MEeTa/UIIaH YUKUII WY Kamad-
1M, UKKWHYY Xonaa Ax=4ne N,M KaTTanuk Kaaap opranu, OyHaaru
Ni- CUPTHMHI OMpPJMK [03UIa 3rajUlaHraH XOWJap COHM, M-
amcopOiaHraH 3appaHMHI W10 MOMEHTH.

Merannapia xemocopOuus XoZucacura OMA KyPWIraH Moel
MPHUM  YTKasrnuiapiary XeMocopbuuara XaMm Tyia KyJUlaHWiaiu.
MapK WYHOAKYM, MeTamira HucbaraH sipuM yrkasruunapia Oepmu
carxu Oounrkaya >XoinauraH, sipuM YTKasrd4ulda n Ba p — TYpD
§TKAa3yBYAHIMK MaBxyl Oynamu. 8.6- yu3MaHUHT lokopuru (1)
KUCMMOA 7 — Typ ApUM VTKasruy CMpTUAa MaBxyn OyiaraH Xon
TACBUPJIAHTaH. '

SpumM yrkazruymard My- l & | S CE_L____:

sl

JOHACH
aligH  Karnamaard  YTrkasyB- A
YAHIWK 2JEKTPOHTIapu all-

copbar  aromnapura yraau, NN\ ___ | :
Y1apHH Mqu)HH %pwaﬁﬂ“‘ Sprat FIKIATHL R
6 L}

fr ey
Aorop e - e
N; WL~

By 4erapama 31eKkTpoHIIap

YVYYyH @ TOTEHUMATT TYCHK N

xocin 6¥nanu, 6yHma ancop- L ;
GaTiarM  3MEeKTPOHJIAPHUHT ‘:l it E:&__*i - 44:.3.
MOTEHLIMAT SHEPTUSCH SPUM s mSE gy
yrKasriufark - OWiaH AbHU g [2¥e0o0

depmu caTxy OUNaH TeHMma- OO __

urany. Yerapasuii  Katnamuoa Apns Faamen
TKasyBYUAHIHK 3NEKTPOHNIA- 8.6~ un3Ma, Ancopbuust TH3MANAPH:

pu Kamaiuo KETTaH, I-n-s.¥.1a aHUOH amcopbLis,
KaTJJaAMHUHT  3JIEKTpOHIapu  11-p-si.y.na KaTHOH agcopbumsi, a Ba B- xeMo-
KapUIWIMIM  Kyda KaTTaia- copbluUbraya Ba yHIAH KeHHH.

waad. ByHaait katiamuy €nysumn (GepkUTYBYM) KaTiaM JeHUTIaIu. 8.6-
YU3MAHMHI MTAcTKU (2) KMCMKUIA p-Typ SpUM YTKAa3rid CUpTHIA KaTHOH
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ancopOar MaBxXya Oy/iraH 30711a aHTUENYBYM (aHTUOEPKUTYBYM) KaTJiam
XocHJ1 OV/IMILM TacBUP/IaHIaH.

®aH Ba TEXHUKAHMHT KATTUK Okucmiaap OwiaH GORIMK
coxalapd YYYH CYIOK 3pUTMasiap OWIaH TyTallraH KpUCTall cup-
TUIard ajcopoluroH adgdexTnap MyxuMm OVianu.

DpUTMaZaH KPHCTAUl CUPTMra aacopOLMsUiaHraH CUPTHIA-
aktus momaanap (C.A.-M) nelinnanu.

8.6. Cupruii nuddy3us

CumMoD KpucTa/UIapy YCUUIMHM Ky3aTUIl MakKcaluaa VHU
IOKOpPM BaKyymila Ky4ld [apaxala COBYTHJIIAH KATTUK XHCM
cupTUra OyFnaHTHpUO YTKasunraH. Xocun GyiaraH Kpucrauiap
NIacTMHKACHMOH LHakira 3ra 6yiaraH. by xpucrannap KalWuHIHK
6yitMua yeculira HucbaraH KeHMIMK OFHAMYa 103 MeTpya Te3poK
ycraH. Ywby HaTWxaHW $akaT cMMoO aTOMIApPUHUHT IUIACTHH-
Kanapu TEKUCAWTH OyiiMua 0KopM cypbatia AUDOy3HATaHUILK
cababy OMIaH TYIUMHTHMPUILK MYMKMH 3I4.

Cuptut  jguddysus  Ds;  kosadbdUlIIMEHTHHH  KY4aéTraH
HYKCOHHMHI (BaKkaHCHUSIHMHT, ajicopbjlaHraH aTOMHHUHT) AU ¢y3us
Dy x0oohhUUMEHTHHUHT yJIapHUHT MyBaszaHaTHii Ny 3M4IMrura
K¥ranTMacu KYpUHMIIMAa ndomanam MyMKHH:

N
Dy =NgDy==2 pv A exp[-UL +UNDNIKT )] (8.16)

By mdonana p — HYKCOHHMHI cakpallliap COHH, A - cakpall-
Jlap  Y3YHNUTW, V,- HYKCOHHMHT
cupToa TebpaHUIl TaKpPOPUILTUIH,
Ug" Ba Uy” - HYKCOHMHT XOCWI
OyMiIn Ba KyuuiuKM SHeprusnapu.

Mucon rapukacupa 8.7- uus-
Maga €kuil MapkasnawraH Kyo
(6.M.K) maHxapanu KpUCTALTHUHT
aTOMJIapd  Wapnap KypUHHIIMAA :
TE!CBHDJIaHraH, ynap opacuaa aj- 8.7- umama. Exuii Mapkasnadran
copbnaHraH artom (amaTtom) axpa- e mﬂﬁpﬁ“ﬁ )Ki):}f;gﬁﬂiaﬂamw
MO K¥pcaTunraH. AIaTOMHUHT Xap -
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oup KVIWHKM OunaH KUMEBUI OOFNaHUWUI 3HEPrUACHHU £ opKaiu
GenrunaitMu3. Y aToMHUHT yu sIKUH KYIIHUCKH Gop. Yusmana yiaap
A, B, C atomiap. Anatom mOKopMra Ky4yuuiv OMIaH YHUHT 3HT

SAKWUH KYLUHUIapy Mkkuta — B Ba C aromuap 6ynu6 Komanu. On-

AWHTM XO/laTHU MYBa3aHaTWIl XoJaT [decak, KeMWUHTH XoJaTHH da-
oanaHMl  (aKTUBAAHWII) XonaTH jaed alTaMus. 373-§3H,uaﬂ
KYpuHaguku, daonnaHuul yuyH U, =3E —2E = £ 3Heprus Tanab
srunanu. Jlekun, daoiaHuil XolaTWaary ajaToMmra y30KpOKAaru
KywHunap A sa D atomnap xam Tabcup Kujaau. By Tabcup sHep-
rusick 2E 16 Genrnnarca, 3HAM HaoJTaHWIL IHEPTUACH

U, =3E~(2E+2E')=E-2E’ (8.17)

K)“'pmmmila UpopanaHaagd. AHUK Xucobnap U, =E[3=H¢/20
KuiiMaTHU Gepaau. 6yHaa He- cybnuMalisi (KaTTUK XUCM CHPTH-
JaH OYFIaHMIL) UCCUKITUTN.

Cu, Ni, Ag, Au yuyH Hs moc pasuwiga 73.3; 114; 82; 60
KKaJl/MOJ yH4a Karra OVyimaraH KuiiMatnapra ara, OyHAaH
KapanaéTraH €.M.K NaHXapa CUpTHIA alaToOMNap Xyla XapakaTuaH.
XapakaTIaHTUPYBYM  Ky4, MacajaaH, Temreparypa TrpaldeHTU
6ynaraHga ynap cupt 6Vilnab wapyanapaad aymanaé 6opaiu. :

boiuka kpucraorpaduk (001) Ba (011) Tekuenuknapaa (cupriap-
[Ja) amatoM OwmaH cuMpT aroMiapd  opacuugard TVpT Ba  Oew
OortaHuLIHK y3ulll 3apyp. by xonnapna auddysusaHu daomnai 3Hep-
FUSICK KAaTTApOK BA IOKOPUIAATH MEXAHU3M YCTYH OVIMACITHIY MyMKHH.

ET, kupuiMa aToMnapHUHr cupT OyitMua IudQY3ULTAaHULIN
YUYYH ajncopOniaHMIL 3HEPTUSICM KaTTa OVAraH Xojja afaTOMHWHD
KpucTami cnpmna'm aromnap OusiaH OORMAHMUIM LUYHAKA KaTTaKH,
IOKOpMAArd  «lap lymMaiall»  MeXaHu3MH  OyTyHnaihk  MyMKHH
oyamaiiau. by xomna audibyvaus «€3unysun runams ged aranaguraH
MexaHusm O¥iinya Gopagu. byHaa kupuiliMa cupT OViiMYa KaTTUK
dasana €iinnunb Gopaaun (Gy 8.3 GaHaa KYpraH CYIOKIMKHUHT €HANKU0
OKMLIK Xonujaruaek 6ynaau). Oxkubar HaTuxKacKIa CHpT MOHOATOM-
JIM KMpULUMaBWA KaTnaMm OMaaH KorniaaHut Konaau.

Xapopar opTraH caitMH aacopGaaHMIl JHEPrUscH  KaMaitud
Oopaan, KHPHILMA AJaTOMWHMHI KPUCTAall CHUPTHIArd atomiap
OunaH OOFIAHHIIL 3HEPIUsICH KaMasau Ba cUPTHH auddy3ust HUHT

180

PDF created with pdfFactory Pro trial version www.pdffactory.com

Goll MexaHM3MHM fAHA VYila «lllap AyManaml» MeXaHU3MU 6ynuo
OIMILA MYMKHH.

AjicopbnaHraH napganap 6upuH4YM HasbaTna KYYJIH Japaxaia
CHPT XOCCallapUHU Y3rapTHpanM, 6ab3u XoJulapaa Xarto KQJIMHPOK,
CHPT SIKMHHAArKM KaTiamiapra XaM TabCUp Kypcaranu. AlcopbaaH-
raH  Napiaiap  MWKAaIaHMUWI  Ky4lapura — TabCMp — KWJIagu.
MiukanaHuiiHK - Tapcudraiirad  kosdbduumeHT XaMMa  BakT
MILKANAHYBYN MYalsiH UKKW CHUPT XyQTHra Ba YIapHMUHT MyaisiH
XofaTUraruHa Taannykiu 6ynanu. Uwkananui Ko3hdhULHeHTH
MIIKAIAHULL KYSHHUHT TUK paBUILArd 10KKa HUCOaTura TeHIIup.

Onarna agcopbnaHraH napaanap HILKanaHU Ko3dduimeHTH-
HU KaMalTUpagu Ba KaTTHK KACMJIADHUHT §3ap0 CUPIaHHWILIWra
épnamnawiany. MabiyMKu, MINKaIaHWLLHK KaMauTHpULI  y4yH
Typiv moOWap wilsiaviaiagy. Mkku xun MOMJIap MaBXYI: ruapo-
AMHAMUK Ba 4verapaBui moinap. 'iapoauHamux Moiiap KanuH
CYPTUIUO UKKM MeTall CUPTNapUHM 6up-6upura TeruuTUpMaiiny.
Yerapasuit moitiap, akcuHua, XYyla [OTIKa Ba MOHOMONEKYJSp,
XaTTO MOHOATOMIM KaThamnapiaH ubopar 6ynaau. byHpa# napaa-
Jlap MeTann KucMilap opacuiard TYTMHULIHU KaMmaiTupaau Ba 6y
KHCMJIapDHUHT GEBOCHTA TErMILIMLIUTA UMKOH Oepmaiiau.

AZLCOPOLMST KATTUK, XUCMIAPHUHT MYCTaxKaMJIMK xoccanapura
MYXUM lapaxana Tabcup Kunaad. MacanaH, KaTTHK XHCMHMW Map-
Majaranaa xyanair 6y MLIHKM ocoHnawTUpaau. ByHnaii ancopbums
MYCTaxKaM/IMKHK KaMaiTUpUILK KYPUHUE Typuban. Kpucramnap
AeopMalnsAIaHUILMHUHT CHPTUH aktuB Monnanap (C.A.M.) aa-
copbnanHni  oKubaTHAA OCOHNAHULIM XoaucacHHH PeGuHpnep
3pdekrn aeitunanu. Cuptuit anddysua tydaiinu MHKpoaapanap
Tesna C.A.M. MosiekynanapuaaH ubopat CcyioKInK GunaH Tynagu.
aCHY:)KiEJ::[E;ia gzﬁmapapo SHEPrUs Yy KPUCTaMI-XaBo 4erapacuia

i KJIWK Sopnuruaa Y. KPHCTAI-CYIOK/IMK Yerapa-
Cl:l.lla dHMKMaHaan. Arap y.<y, 6yaca, 6y xonaa KpucTann
XYJUIaHTaHAa StHIW CUpTIap XOoCHa OyviMra ’IbHH XUCMHUHT Gy-
SWIMwKra capdaanaauran 3HEPrus Kam Tanab KuauMHanw.

AlCOpGIaHraH CYIOKIMK 1ap3 Wumra KHpraHma y xoina p; =y,
KﬂTuTimHmnam CHPTHIi Bockm ByXyara kenanu. Y KpHCTann mmonguf
Fa WyHairau Ba gapsuu vavaiaiion. :
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Babau meramrap C.A.M. ‘Ba3ibacuHu Gaxapamy. Macanan,

cuMo0 mnapiaacu GWiIaH KorutaHraH PYX IUIaCTMHKAacH MypT GYnu6
Konamy. TemMup cUM cHMprHra YTKaswiray Kajlaly Tapiacd Xam
XyAnu YulaHmai Tascp Kypcatamu.

By aiitmnaraH s¢dextra KapaMma-Kapmn 3(dekT xam
MabIyM-TYpJIM Napfianap GUiaH KOIUIAHTAH KATTUK XHUcMmIap-
HHUHI MYCTaXKaMJIMI¥ OPTHIUM XaM KysaTHiamy (Pocko 3ddek-

TH). BYHHHr ca6abu 1wyxu, cupTui napaa XWCMHHHT XaXMHIaH

AMCIIOKALMAIADHMHT YHHHT CHPTHIA YUKMINMHM TYcamiu. ly-
HHHT yUYH DMCNOKAaUMsIAp KOIUIaMH OCTHIA TYIUIaHAmW Ba oy
KPHCTAJLl MyCTaxXKaM/IMTHHH OLIMPHUIITra ONU6 KenamH.

Hasopar yuyn casoanap

1. Cuptiit catxnap TabuaTuHu TYIUHTHDHHT. :

2. Kanpait cupruil XonaTnapuu TE3KOp Ba CEKWHKOpP XoJatiap
aeiunamu?

3. Cupruit TapaHriuk TYIIYHYacH TabpUGUHU GepHHT.

4. Cvpruit sbdekTnapHunr acocuii KYPDUHMIIADUHU Gaéy

KWIMHT, _ .

5. DNEKTPOHNIAPHMHT YHKULI HINH HUMa?

6. CHpTHIi HOHIalUMII HHMa? :

7. Ancopbenrt Ba acopbar e6 Kanmait MoZfanapra altunagu?

. 8. ®usuk agcopbims HUMajaH Hbopar?

9. Xemucopbuus Huma? ; :

10. Merain cyiok spuTMa Yerapac AKMHMmaru K¥YILI 3JIEKTpHK
KaTnaMm naino OyMMIIMHY TYUIHHTHPUHT. :

11. Cupruit juddysus MEXaHM3MJIapMHU TaBCU(IIaHT.

12. PeGunuep shdextn Hyma?

13. Pocko adbexTu Huma?

Macaaanap

1. N, Asorampo couu KUMMaTUHA K6, a au 3-10-8 oM neb

Xucobna6 (8.2) - (8.5) udonanap acoCHlla MOHJIAp TaHXapacH
3HepruacH Uy, HU akukianr.
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2. Meramn KpHCTAITH Y4yH (8.9) mdopa 6Oyitwda mnamxapa
SHEPTWICHHH TOIMHT. O, =1.75, a, =5*10-3cm, n=3.
3. A= 120-10% amniep/mM?k2, T=1000K, x=5 5B 6¥:ranuna
(8.10) udoza O¥ftinua TepMOINERTPOH TYHMHHII TOKH 3ULTUTUHA
4. (8.15) udpona 6¥iiuua MOHTAIIMLI JapaXaCHHH TOIHHT.
elU; =938, 'x=833’ 81/22 =12

5. (8.17) udonpanan E!-_—-BlE 6a E =33B O¥iraHmma aga-

TOMHHHT (DaOIIaHUIN 3HPTUSCHHU AHHUKJIAHT.

6. IOHr C080=(0x-0y.)/0. TeHIIaMacuaH doligananub, kavon
CYIOKJIMK KaTTHK XWCMHH XJJUIOBYH, KauoH Xynnamainuran
OYIUIIMHH Tax/IMI KHIMHT,
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IX BOB
KATTUK XKUCMIAP JE®OPMALIUACH

Yuby 606na KAaTTUK ~ XUCMJIaDHMHT  JeopMaLlMsiaHuLL
KOHYHUSIT/IapUHK KYpUO ukKamu3. ByHIa KaTTUK XUCMHU Y3NYKCH3

MYXUT 0e0 Kapaiimus. Kattuk skuemuu HEKCH3 KHYMK 3appack neb,
artoM €KW MoJleKy/anap CoHu €Tap/iv4a Kyn OVIraH yanykcus Knyuk =
Oynaru Haszapaa tyrunaau. Tauiky Kywiap HYKIUTHIA KATTHK XHCM 9

3appajlapy MyBO3aHaT BasMsSITJIapaa Typaiu.
3appanapHuHr yuiby Ba3UATIAPUHM XHCM OMnaH Maxkam

OOFIaHraH caHoK cucremacu GoumaaH Yrkasurrau paauyc-gekrop
F OpKaJli aHUK1aliMKU3. Taluku Kyunap TabCUPpHMIA KATTHK XXHCMHU =

TallKWJI KUITaH 3appajiap Ba3UATIADU, KATTUK XUCMHUHT XakKMU,
WAKJIK Y3rapaad, SbHU KaTTHUK XKUCM nedopMauusiaHany. 3appa-
JAPHUHT MYBO3aHAT Ba3UATNIAPUAAH CHIXUIUMHU % BeKTOp GuiaH
udbonanaiimuz. By BekTOp CHIIXMLI BeKTOpH neb aranaau. dedop-

‘MallMsNaHraH XHCMAard 3appa BasusTW F + U Bektropu 6WmaH

aHUKIaHaaM. CUIKULI  BEKTOPUHMHT  KOOPIHHATA YKAapuaaru

TalIKHI ITYBUMIAPUHW MOC X0i1a Uy Uyl BunaH ﬁeﬂmnaﬁﬁms._.
Ywby karranuknap ymymuii X0J11a 3apPaHHHT KOOpAMHATAlapura

Ba BakTUra GoFrnuK 6ynanu, soHU: -
U =UXY2.0), 4, =u (X, 9,2,0), u, =1(x,),2,t).

Hedopmaunsananrad xonatHu TYIUK Tascudaiu yyyH CHWJIXH LT

BEKTOPU U HM  KoopamHatanap (x,5,7) HMHT (YHKUMSICH
KypuHMa udonanaw sapyp. Tywiynuur ocon 6¥nuuin yuyH 6us
Oy macanaHu aBsan Gup YNUYOBIK, KeUH UKKM Ba Y4 VI4OBNM Je-
topMaLmanap 61naH KYpub yrkamua.
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9.1. Bap yayosau nedopmanus

Hedopmaums x iyHanuiuga 103 GepaétraH OYACHH.
JedopmalidsinaHrad Xucmaa Ax OpalMKHM TaHaad oJ1amMus,
(9.1-un3zma).

@ A% A
: ; .
0 M N v
;s i Ua AT+ Al
1 @ i o >
0 . M ' N

9.1- uynsma. Bup yiuoBan aeopMaiusira oun.

AedopmalimsitaHranaad cyHr M Hykra U Macodara CHIKHIA-
aM, M’ BasusTra Ky4aaM Ba YHUHI KOOPIAMHATACH x+u, ra TEHr
6ynanu. bus TaHnaran Ax Kecma 3ca Au, Kamap y3yHIallaiu. [MN |
KECMaHUHT fedopMalinscu JeraHaa 6M3 Au, HUHT Ax ra HUcHaTH-
HU, TBHU Auy /AX HU TyllyHaMu3. M Hykrajaru nedopmaiius ca

i 9
Q0 Ay -y

(9.1)

ndona GunaH aHUKIaHaIH, YMyMUit Xo1a € KaTTanuk XKOOpaIUHa-
Ta Ba BaKTra O0RIUK 6Vnaou: e=g(x, 7). Arap e=const 6ynca, 6yHaaii
AePOpMaLIUSIHU BUP KUHCAK nedopmaiius neb atanamu.

- 9.2. Kikku ynyosau meopmanus

SHAN Xy TeKMCIUKAArH AF KecMaHUHT AedopMalUsTaHU I N~
HU KY¥pub yukamus (9.2- yusma).

Koopaunaranapu (x, y) Ba panMyc-BeKTOpM F 6yaraH M
HyKTa ﬂemopmaunﬂnan cyHr M’ HyKrara kyyamu. M’ HYKTaHUHT
paauyc Bektopu F+ il ra TeHr Oynamu. N HykTa, moc xonga, N’
HYKTara kyyagu. bus taunab onaran kecma AebopMauusIan cyHr
TEKUCIUKIA MabiyM 6up Macodara CUIXHILIU Ba Au ra YY3Umaau.
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9.2- ywmama. Mkku Ynuosmy gedopManuara oy,

Auy/Ax Ba Auy/Ay RaTTaMKNap A7 KeCMaHMHT X Ba y YKJIADUIATH
TIPOCKUMSIADVHUHT YY3WIMIIUHM Oenrwiaiiny. AMMo, 6y Karra-
JIVKJIAp MKKH YmioBnu aedopMa W TYIUK udonanait onmainn,
UYHKH YU3MaJaH KYpHHUE HMOOWKH, KecMa Yy3MIMILIAH
TalllKapH, siHa MabiyM 6up Gypuyakka Gypuiany.

KecMatvar Gypunuummayu udonanalml yayH A7 KecMara TeHT

KareT/iapu Ax Ba Ay GynraH TYFpy TYpTOYpYaKHHHT KebopMamms-

NIaHWIOUHY KYPUO 9uKamu3 (9.3- gu3ma). :
Ynsmanan KYpuHHG Typubmuxu, M’A’ KecMaHMHT Oypum

: Au
Oypuaru TaHreHcu 189, =——=—, wyHuHTAEK M’B’ KecMaHMHT
Ax + Au,

Au,
Ay +Au,
uuanap OWiaH YerapalaHamu3, IIYHUHT YIyH Au,/Au, nap Ax Ba
Ay napra HucOaraH aHYa KMYMK Gymama. Ax Ba Ay nap Honira
MHTHITaHAa (OyHna Maxpaxnapaa Au,=0, Auy=0)

Oypwmm Gypuaru fgg,, = 6ymanu. bus xwumnk nedopma-

du by 2
fgf‘pﬂuq’pz—«a;y-';gﬁ’ lg@“yu@vz-a%=£;y
Oynanu. _
Ymby KecMaHUHT 4y3HAMIIM 3ca, _
_Ou, 9%
w ax > 5 2 a}f
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o X
9.3- yaMa. Bypumuin aedopMalHsaCHHY XHcobra OIHIIL

KaTTaTMKIap OunaH udonanaHany. IOKopuaa KelTUpHiIran udo-
panapiad  GoipamaHub, A# HHHT TAIKWI  3TYBUWIAPUHUA

Au =aiAx+§ff£-Ay =€, Ax +& Ay
Y ox dy il
; =(9.2)
ou, L Av A
ST T A

Onarna ilccbopmauuﬂ KoaxbdunmeHTHHA Genrwnamga x, y, 7
YpHMra Moc xXoija 1, 2, 3 pakamyapy WIDIaTWiaMH, SbHU: Ex™ &1,
Eyy=E12, Ex=&1- LlyHnai Kb, e KaTTaNMKIap A# BEKTOPH ou-
JMaH AF BEKTOPHHM OOFIOBYM MKKHHYM DpaHI TEH30pP XOCHI

KWIaou:
. ’
E:.E
g, = l” ¥ (9.3)
€3€n

By udomamaru €, =9,, &,=¢, KaTTAMKIap XUCMHUHT

CWDKUII fiehOPMALMACHHI aHUKIalini. YHIaH TallKapu, Oy Kar-
TAIMKIAP XUCMHMHT OypWIMIIMHU XaM {3 wyWra onaiu. Arap
XucM nedopmauusl HaTXacuia YidamylapiHM ¥3rapTHpMaciad
bakar masaym Gup Gypuakka Gypwica, y xonma nebopmarius TeH-

sopu g, =|° ¢ KypuuMiLa Gynamd. Jemak, yMyMuit Xxoija
1k ¢
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2
€, TEH30pU cod aedopMauUMsgaH TaLIKAPH KHUCMHMHT XaMma

KUCMJIapMHK ©upop ©Oypyakka GypuAULLIMHK XaM xucobra onap
3KaH. Ywby TeH3opaaH cod neopmaLivsi TEH30PUHH KpaTus
OJIMLL YYYH YHIaH CMMMETPHUK TEH30pP XOCHMJ KUJIMILL 3apyp. byu-

o ’ ’
Aau TCH30p XOCUJI KUAMLLHUHE 3HT COLAA YCYHu &, = EitEy

Kypuuu6 typubamnxu, Eix™ €k WApT loKopumarn udoga yyyy
Gaxapunanu. (9.3) ubonanan doitnanaHmno,
1 ’, r
€ ~(€; +'&5)
P 2
ik ] (9‘4)
5(5::1 +tEp) £

l ! r
Xocun kunamus. by udonana 5(52, +E,)=¢€, =&, =L, ABHU

1z
TYIUK CUIIKULI GYPYarHHUHT SPMUra TEHT. Yuby (9.4) udona 6u-
laH aHWKJIAHTaH UKKWHYM PaHIIM CUMMETPUK TeH3op aedopma-
LM TEH30pU Aeiunagu.

9.3. Yu yruosau nepopmanus

Y4 Ya40BAM XHCM yyyH IOKOPHIaTy aMajllapHu Takpopnab, yy
ynaoBnu napannenenunen aedopMauMSICHHU KYpUG yTuIl MyMm-
KUH. YHia 6usra sHa GUp TallKWINOBYM %=533 Kyuiunagy Ba

MOC Xolha CWIXMILIAPHU WMGONAToBYM TAIUKW/IOBYM Maiiio
6ynanu. by xonna nedopmarius TEH30PH :

1161283
€ T | €€y (9.5)
E3E5 €5

Kypunuiina ésunaan. By epna €, €5, €33, Moc Xonna x, y, z ykaap

O¥iinya XUCMHUHT Y4¥3unuin (€KW CHKMIMLUM).

£ =8, =l( o - o ):

ay _a'x_ qa!l »
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1{%u. Bdu i
S i J + =ol=— . 6
621 EJ- 2( ] 2¢.J (9 )

s
E.=E :,.l_ auf +g_t.“:_ :l(p
R T 9

nap 3ca Xz, ¥Z Ba Xz TEKUCIUKIAp OVIiMYa XUCMHHHI CUJIDKMI
Bypuakinapu SspMHIHP.

lynmai Kunub, KUunK nedopmauusiapaa KoopaMHaTalapy Xx,
y, z 6ynraH 6upop M Hykra atpoduiaru XUCMHUHT gedopmauus-
JaHuWKM  JgedopMalMsl TEH30PWHUHI OJITUTA MYCTaKWI TAlIKWI-
nosunnapyu Ounad udoaanaHap akaH. Ywdy TeH30pHU

1{ ou, du, ..
E, =—| —=F+—L 9.?
& 2[6}:& dx, ] a7
KVpUHMILAZ XaMm  €3M1l MYMKAH, OyHma ik nmap I, 2, 3

KuitMaTnapHu ojanu. JleopMaunst TeH30pUHM. CUMMeETpUsira ara-
AWTM YHW cOIa, AbHW OWMp WMHOEKCIHM KYpUHMIIAA €3MLIra Xam
MMKOH Oepaau:

(€4 = E,,n=12,.6)

n? E

€1€126)4 [ E1€4Es
Ex TlenEntaili i T
6 imloie,

Kuuuk GynmaraH vxTuépuii nedopmauusiiap ydyH nedopma-
LIMST TEH30PMHMHT aHUK udoaacu

= AP0 A By
i 2(3_\@ Fox o o, G5

KVpUHUILAa é3unanu. Kuuuk ﬂedmpmauuﬂnapna yuioy udonaHu
(9.7) udboaa GunaH anMalITUPULL MYMKHUH.

9.4, KyuaaHuil TeH30pH

Hedopmaumsananmaran XUCMHUHT XaMMa Kucmnapu 6up-6upu
OuiaH MexaHMK MyBO3aHAT XoJaTia Oynanu. Xucm medpopma-
LUusilaHraHaa y MyBO3aHaT XoiaTMAaH uukanu. Hatuxana ydra
MyBO3aHAT XonaTHra MHTUAYBUH Kyulap Tabcup Kuaaau. Xucmmoa
Oupop nedropmatisnatian OynakHu taHnab onamus. Bynakka, an-
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barra, TaLCHp KUAYBYM HyKi Kywnap nmaiao 6¥namm. By kywnap
TaHnaHran GYRaKHMHT  j038cH OPKAH TaLcHp Kuiaad. YmGy
O¥nmuMmaa dakar o G¥ilnad Taneup kuayeun KYYWIapHH K¥pHG
MHKAMH3. XaKMHH KywrapHn (Macana, oFMpaINK Kyus) xHcobra
OMHHMAHAH. Tabcup Kunaérran  kyqumur Iy CHPT w3acHra
HHCDATH MEXAHHK Kywlawuw ne6 aranai. [edopmaumananray
AHCMHUHT MXTHEPHIE Xammu CHPTHOA 3MEMCHTap w033 aXpaTHb
oaaMu3 (2.4- uusma). Ywby ozara TalUKK BHPAMK HOpMan i Bek-
TOPHH ¥TazaMH3. ¥V Mymiit X0Jna
KY'LIAHHIL BEKTOPH HOpMAT Bek-
Top GunaH GHp Xun iiVHATMArAK
OVAHIIK  MyMEIH, Arap  kKywia-
HHLD BEKTOPH A HopMman BEKTOp
Gunart ¥Txmp Gypuak xocH Kiica
(RMcMEm  yFaveum KVUIAHHIL)
OVHARE  ywnammw  FVHATHWN
Mychar ned kaliyn Kiwmmpran,
Kyunanmuwr BEKTODH &, HuM
¥3apo oproroman vura Tamkua
ITYBYM ©0,0,.d,, BEKTOpTapra
AKPATUIN MYMKHH. V3 HasGa-
THAa xap OMp Tawxun ITvEuH- 4= v, KywwaHiw Tessopura o,
MAPHUHT KOOPAMHaTANAp YKMaa yuta NpoeKuuAnapy mMaepxyn. Ha-

THXAIA TVKKHITS KaTTaIMK xocun G¥aaaum. by KaTTATHKNAp Ky4-
MAHHI TCHIOPHHH TAUIKMA KuIanm;

TR PR _
Gy =|0,; 0, Ty, (9.9)
Ty T3y Gy
Kyunauu tensopn xam CHMMCTPHK TeH30p GYarawmurn Ty-
Phaiiam yun ontHTa MYCTAKM KaTTANHKKA KeNTHpHG OnMIMMNS
MYMKHH:
[o6,0,
o, =|.0.0, |. (9.10)

ir,

3
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Yuidy TeH30p cHMMeTpHSCH YHH DHAMOHAN XONaTra KeATupuiL-
ra xam HWMKoH Gepanu. By xonnma Dapuya cHaxMMa KY4laHuiap
HYK0AHD (aKaT QHaroHan TawkKuIIoBY Haap Konaau:

o0 0
0,=(0 0,0 |. (9.11)
G0 o,

(9.9) Ba (9.10) uonanap Gupap HYKTa atpoduiard MexaHug
Ky4MaHHILHK Honanaiun, Arap Gup HykTanam HKKHHYM HyKrara
YiTaHia Ba BaKT YTuln GHMAH KywiaHHm ¥irapmaca, GyHnai xyu-
JAHHLID CTATHE Kyyaanuil aef atanaam. Jekmis YMYMMH, OHHAMMHE
NOLAA. KYUIAHHLW BaKTHWHI Ba KOOPAWHATANAPHUHY DYHKIIMACH-
AHp.

9.5, dedbopmanma Guaan mexannx KYY12HMm opacHaarn Goranmsm,
Yuysaamran [y xonyss. DaacTiink MOLyRApH

Hebopmarnn sa kywiaHuwHK Gis WIOXMIA KVpHD unKauK,
CKHH, OY MKKH KarTaiuk 6up-6upHra aomm Gormukanp. bupop
HYKTa aTpoduia KywlaHuu xocun KMIauHCa, BY epaa xkHcM anbar-
T, MaBIYM napaxaia achopmauusnadanH ga nedopMalnmIaHral
AHCMIZ (INNACTHK KMCM  HAalapaa TYTHIANTH) KYYAaHULI XocH)
O¥namm. Wlynpait sxan, viuly KatraaMkiap opaciia Dornasn
Magxyn 6yaub, kmamk nedopmaumsiap vuyH Oy GoFrnaHHIHH
YMysTawran ['vk Konynu ne6 aranaam sa KYHHIArHYa E3unaam:

ﬂ‘l = &y +C."|:E= TCLEy +f|4£‘ + Oy +EIuFl.|
O, =c,.F +enE; oyl Ty T gl t oK,
Ty =y 8y T O, + 08, + 048, 0,8, + CinEy {9.12)
Oy =Culy +Col) +0nE; +0uE, +04E, + 8,

0, =g E + i€y + Cyfy +|:"F_1E'* + 0B, Bl 7Y 8

Oy = Coif) + Caly + o) +Coeby + O, + 0,8, |

Ywby wudomsann kuckaua matpuua KVpUHMWIA 83w xam
MYMKHH:

ﬂ- -_f_f {gl]}
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Oy epaa n,m=1,2,3,4,5,6. TeHsop kypuuuiuga é3uwm Y4YH 3ca HK-
KHTa MHOEKC CcakJIaHUILIM Kepak:

(9.14)

Oy =Cuy €y

(9.13) ndonasarn Cikyy KOIPPULINEHTAAD YN3HKKUIN SMaCTUKIUK
moayinapu ne6 aranamu. Yuwiby TCH30p XaM CHMMMeTpMsira 3ra,
WYHHUHT YYYH YHMHT 36 Ta TaluKuaigoByucuaad 21 Ta MYCTaKu.1
KOMIMOHEHTara KeJTHPUILUMHU3 MYMKHH. DNacTUKIMK MOLYJIH
MaTprla KYpUHUILAA KyiKUaarya é3unamu:

Cp€y €5, €y 050,
C31€33C32 €45 C55Cyy
R C N il
123343 a3 en

Cnm = (9‘15)
C41€39C34CqqCey Cyy

C51€25C35C 5 €5 C s

Cr1CaC36C 06 C5, Cp

ByHnait xypunmina TCH30p Xe4 KaHAdal CUMMETpUsra 5ra
G¥aMaraH MyXMTHWHT 31aCTUKIMIHHM Xapakrepnaiau. Kpucran-
1laplla CUMMETPHSIHMHT MaBXYUTUTH MYCTaKu MOAYJLIAp COHUHU
HaMoiuwmnra onub Kenamu. 9.1-)ansaina TYP/IM  KpUCTALT ry-
PyXIapu Y4YyH MYCTaKMI 3AaCTHKIIUK MOOYIADH  KEATHPUIITaH.
bynpa, an6arra, KoopauHaranap Yk Kpuctaniorpaduk VK/1apura
HUcOaraH Mabaym 6up TaunaHraH HYHanMuga WyHanTupuiIrad ae6
ONMWHAaaN.

9. I-ncadean
Nel Kpuctann |Cn MMeTpis [ Mycrakin SAACTHKANHK Moayni Kpucrann
CHHTOHHSCH TYpyxH Moaya1ap MaTpHUACH HOMH
COHI (zHco.1)
I II 111 IV \i Vi
1 | Tpuraun C.S, 21 C11C12C13C14C15Cpp Miic
€22 C23Cy €5 | KYTIOPOCH
€26
€33
€34 €35 C3p
Cq4 C45 Cyqy
Cs5 Csp

Con J
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9. 1- Jcadeaanune daeomu

5 L 11 vV v VI
2 | Monokaud | C3,Cap 13 C1ci2¢3 0 Tune
Cq 0cig
2
€23 0 0 ¢y
€330 0 c36
€y Cy5 0
Cs5 0
3 | Pombux DyxV 9 C11¢12€)3 0 Cerner
CEVKLDZ!I TY3H
€22
€23 000
Ci3 0 0 0
Caq 0 0
Csg 0
Con__
4 | Terparonon | C4,Cdh C]1C{2C;3 0 Mleeant
Cdv 0 ce
ci3 0 0 ¢y
Ciz 0 0 0
Ca4 0 0
Csg 0
Cah
5 | -FF- S4, Doy, €1 €12 €3 AMMOHUI
Dy, Dy, 0 Nurunpo-
Ci docdarn
Ci3 U 0 0
Ci3 0, .0 0
Cqyq 00
€355 0
L66
6 | Tpuronan €3, €3 €l €12 €13 €14 —C35 HonoMur
Cjg Cas 0
C33 000
Cag 0 -ep5
Cyq Cig
i Xlepy-¢p7) :
7| -FF- Ds, Ds,, 6 cipcipezeyy 0 C-KBapil,
D3 TYPMATHH |
i1 €13 —Cy i
0 :
€33 ~
0 0 o0
€44 C1g
X(ciy —¢y2)
-_-J-_“_"‘_"‘—-—___
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9 [-xcadaaannz dasosy

1 11 [[TEE 1V v ¥I
8 | Iekcaronwan | Cy,, Dap, 3 cpeppepnd 0 P-rnapiL,
b Dy, 0 Kaln M
Cans  Coy £ €3 0| cymdmumm
; 00
0o a
Cyq ﬂ i
Cig 1.1
Niley —ea)
9 | Kytuk T Ty 3 €11 €11 €13 0| Huikopnii
Ty O, a a FULTONA
€1 2 KPHCTIAMP
a 0 0
LT [{] ] U
cn ﬂ b
cyy O
L | I HELEE |

9.6. M30Tpon Karrik RHCMAHHE S02CTIRIHK MO/LY.AN pit

M30TPOI MyxuT yiyH 312cTHKINK MOAYILIAPH KODPANHATAIAP
ira Dornuk OynMaiiam. by 3ca

Gy O3 SOy Gy =0 =64 =(g, — 03 V2, ) =0y =gy (9.16)

A

GYTHWNHK TatMUHalAK. [JeMak, H30TPON KATTHK KMcMmaapia
DaKAT HKKHTA MYCTAKHA MACTHKAMK MOIYIADH MABKYIL 3KaH:

A=cn =0y = ey, H=cy =6 =6 B (9.16) ra acocan,
Oy =€y =055 =A+2U

Yy ndonansaprary A Ba i KaTTannkAapHi Jlama aoMmuiina-
pu aed aranaam. HMszorpon KarTME MMM yavH vk KoHyHH
KYHHAATHYa Esvnann:

o, =285, +2p€, . (ik=12,3) (9.17)

by epna 0=gptentey; — xawmMuil kenraiinw kosdpuumeHH,
O~ KPOHHEKep cHMBONH. DNacTHICTHK MUOAYANAPM Oy dethbopmMa-
UHANAHHLT Kanaai xapaéiila onud Gopunrannra kapah aamabaTHk
B HIOTEPMHK 3acTHKANK Moaymiapura axpatiiaaan. Macana,
TOBYIUHHHT Tapkaiuil xapa@Hpiarn  aedopmaiisiig  aauabaTHe

degopMaund 1ed Kapau Mymkdn, CexuH Varapajiran gehpopsma-

UIANAPHE 208 MA0TepMiTK .rlrtimpmmuﬁump JCE onHMeE MYy M-
KHH.
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9.7. Comnat AcPOPMALNA B2 YAAPAA TYPAR SAACTHKANK MOAYINADH
OpACHIATH DOFAAMMI

Hsotpon  Myxutaarm  comaa RehOPMALMANAPHE  KVPHE
gyukaMud. (9.17) wiposara acocam. HIOTpON  MyxHT yyyn [y
KOHYHH

Oy =(A+20)E, + e, + e, = A0 +2UE,,

Oy = A8 +2ue,

g, =AQ+2ur

i ) i E5] 9.18)

Tn =0y =28,
Oy =0, =21,
0y =0, =2e,

KVPHHHILAZ E3THLIM MYMKHH.

Kkopuaars TeHrnamanapnany NedopMatius KOMIMOHEH TN apHH M
TOIMAMHIE.

= 2{;{. -+ .“ }ﬁ" B rll?-:! xT A{:F”

2u34 +2u) ¥
~A0, +2A+ ), - A
£y = T AT, ~Agy, (9.19)
2u(34 +2u)
= —Ag, - Ao, +2(1 + p)o,,
2 2u3A+21m)

Vwby upoaanap Gup Kanua coma AehopMaunsnapiy TaxIHa
KWW MMKOHHHH Gepanu.

1) CTEDKECHHMHE uY3HAHMHHY KVpHO unkaiank. Byima Kyu=
AAHHI dakaT crepmen yayHacy Oyilab k¥timnanm: o, =0, =a,
Gowka Gapua THINKH  KVYAaHHULIAD HOATA TeHr | 2 & D¥nranaa
Gr‘ =D.

(9.19) TEHIaManapaan

Ell =.___[':~ +Hh_ = - A'Cr

P By =&y =
MHOA+2y" 5 T8 2U(3A +20)

(9.20)

::il{:wmr-m Tomamus. FOkopunaru ndoaanapian k¥pinmes TYPHG-
» AAp crepxen x — YRM O¥ituua ufaunca, v oy Vika
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KYHIANAHT HYHanuwnapia (¥2) MUK Kywiap TABCHPHAA CHKMIAp
IKaH (£33, £33<0).

£y QUIaH & opacKaarm KOMPHHUUMEHT CTEPKEHHUHT WIACTHK -
TUTHHY DMAUAMPYENH  KaTTaIHe B¥ub, yHra Teckapu KaTTANHE
O monyan ae6 atanaan:

£ CAt iy (9.21)
.l+pr
¥ xouLa
b
E” —= -E— {912;‘

Wlvinait kunub, Omr MOIYIH CTepXeHHH uVaniura suchatan
RATTHRKIHIMHY  OHAaupyveyn KoqepuLmeHTINp. CoH  wuxatnaH
KOHr Moayiu nedopmauus Bupra TeHr Gynranpary (OvHIa ®uom
HKKH MapTa y3adaM) xyunaHuira TEHraMp.

PHEHHHHT  K¥HIANaHT  JethopMatingcHHIHT G¥iinama pe-
dopmaumscKra Hicbaru Iyaccon koadipuumenti 1e6 aTwlanu,

Eul e B & 9.23
ET' e T M el

Typnu mopganap yayn [Tyaccon kosdduimenty 0.2:0.5 opa-
KA Gyaann. KOHr moaviu pa [yaccon kosdmentaapy nao-
TPOIT MYXHTITADHHHT 3NaCTHKNK XOCCATAPHHM TVAHK ndonanosyp
MYCTAKHII  KaTTanumxnap xucobnaam. Jlams KOHCTAHTANapHHK
XaM ywby KaTTanukaap opkaiu uchonanau MyMKHH:

£y

VI'I = <
€1

A=vyE[{1 +v, ¥ —Emi"«] (9.24)

u=ER1+v)"

bavin Gup MOMATAPHWHT H3OTPon Xonathapu vuyd £ FOur
Monyau, vp Myaccon koadpuumentu ga Vg CHITHMI Moaviaapn G
9.2- xansanna KEATHPUIraH,

G) BHp KMHCIH YVammm

han nedopmauny thakat x — VKM Gyilias HONAAH apiJH
G¥aATaN XonaTHK K¥PHE msami, Byraa yz

| B it
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8 2-dicadean
[ M | Mosmmusnr nomn | E .10- Ot ™ G . 10" R
1 Bondgpam 3.k .27 13.3
2 | MNinar -3 2224 030 B384
3 | Tesmp 2] 028 22
4 Miic 120 .15 4.6 s
5 Hes Q=10 115 30+37
[ Ot ' 5.0 0.4] 29
7 Anoss i 7.0 0.34 16
& vran 54 0,31 20
[ Ko i .44 0.6
10 | Kuapu 7.4 0. 15 112
11 | Kpan oiiacy 7.2 (¥ E] 29
12 | DANNHT ofmen 55 0.73 24
13 | Ysnun ¥ 6.0 .23 2.4
14 | Myy 1.0 .33 0.4
15 | TMaexcirane 0.5 0.35 0.15

TEKMCIWK  OFfHYa  aedopmauns  Honra TEHT  O¥ACHH: £ =0,
Eg-g-.l‘:‘j,;=ﬂ.

ByHaaii deopmaumsHy HEKCHS H3IOTPOMN MYXHTOa
TAPKAMAETTaH G¥inama akycruk TVIKMHAap coaMp xunamy. [ YK
KROHYHHIA acoca, (9.18) wananapaanx .

Oy =(d+2u),, £, =0y = A, (9.25)

- Hemax, 6y xonna kyunanaur MyeBaT kyunaHuw naiao Gynany.
INACTHKIHK MOAYIH 3ca

C = A +2u (9.26)
ndona Sunay aHHKIaHaN. (9.24) udonaiax thofinananus,

€, = ER(1+v, X1 -v, )] (9.27)
FKAHIMIMHHE TonaMusz, Oxupru udonanan KVpUHHE Typubauku, w,
HHHT Xap Kaunaii KAKHKMA KufiMaTHaa E<cyy 69naan. ByHunr it~
MK MABHOCH  iyHpan HBOPATKH,  KiHDananr AehopManMAHMHT
WYY MyXiTamur x YRH OVitHua y¥aunmmmng KMAHHAAWTHPaIH

B3 HATVXRADA MyXUTHUHT SbeRTHE KaTTHRIMIM owagy,
) Cody ey,

Kyunanmy TEHIOPUHM Xy TEKHCTHEND CHITKMMa (€KkM TaHren-
W) Tawkuanopymey Op =0, TABCHD KMNAETrAH BYICHH.

Kanray Gapua tawkuanoRuN HOMTa TeHr. By xom cumkum ne6
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' aranain. (9.19) ndosanapaan doiaumnib, KYHHIAMHHK  xocnn

KA
£ =§,, = aké;j i {Q.H}

Onaun airub Vrranmesack, sedopaanins TEHIOPHHMHT £p5
KOMNOHENTACH 7V TEKHMCAMKIATH CIUTAMHIL GYPUArHHUHE sipMKira

TEHF: £,; = %‘— T¥anK cumkm Gvpuary aca

. o= ";{ = ”yé (9.29)

{ Wiynaait ka6, w enammni Monyin G ra Tenr pa y TAHIEHLM-
1 V1 KV TaLCHPHAD KUCMHHHT %I Gyvpsarnia Tenr. By moayn-
HUHE  KJHE Moavan g Myaccon  koaddmumertn Bunay
Borraninun (9.24) oAz KenTupiara,
Yuby wndonanan cunzimy Moayam  BOur mopvinaan 2.5+3
MAPTA Kiymk B¥AHWK keand qukamy.
) Xap roMonsama cHKkm.
Kv0  wasnuname  guyue MAMHR  TaHDalb  onaMu3,  vHHHE
EKapH x, vy, z Virapura mapauiaen Hywanran o¥acun. KvoHuur
XAMMA SKIAPUTN KYOHIHT MAPRAIHIE HYiHaaral (4l sMaHdmi)
V30O TeHr KvIaHMmw TALCHP KMICHH. Y yonma

= O =—g,y=p (9.30)

O¥nanu. Tauremiuan KYSAIPHM HOoara TeHr gef onaMua. (9.18)
npona Kyiluaary KVPMHIIITS Keoaam:

-p=A0+2uc,,.
—pP=A0+2pus.,, (9.31)
—p=A0+2us.,.
Fip =8y =€, =0.
Kxopuaary yuana TeHEAAMAHH KV InG,

-5

p=-la{4iplﬂ {9.32)

HipoRaHn  XOCHA  Kittasis, Oxupiy  vepesa AP  ToMoHgaMa
CHEIIHI vuvi Tyk Konyui 1e6 TANALH,
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K=2+%m (9.33)

KATTANHEHN Xap TOMOHIaMa CHKMW KodupuusenTn aeb aTafamm.
(9.24) wncponanapaan dwiinanasns, ywby koaddmumentin Imr
somvan Ba lvaceon koapdumpenmn OPKAIH HpOSTAI MYMK 1

K =E[3(1-2v,)]" (9.34)

Viwby wponanan cukuamaiamran MYXHT YU¥H (k=) [Iyaccon
KOMPHUUMEHTH wy=0.5 IKaHIHrM ke UHEAaH. (9.26) Ba (9.13)
HpoAIapHK TakKoeaB, ¢;) sa K jap DpacHaar GoOFIaHMILHN To-
MHILT MYMEKHH.

g, =K +c}§m- (9.35)

Xap romomsama CHRIIMIL HATHRACHAD HHCM  SMWIHFY Ap
KALAp Varapea, YHHHT HteBidi enkininu KOMhpuiuneHTH
Ap
5 -—-—-"— {q']ﬁ-]
p-“

Hipoza GuaaH anuknanaan. F'yk Kouyiuman kemnb YHKKAN Xonna
YWby kaTrasimkie p sa K nap OpRATIt Mdoanan Mysemnn:

o (9.37)

Cuaknm moavin G=0 O¥aran myxuraap xam Maexyva. byiaaii

MYNHTIAPra wiean okyiuanankka sra GYIIaH cviokiuk exn razaap

KHpanu. ¥YnapHuwur AIACTHRAMMY dhakar GuTra Mdams JOHMHACH

OPKUIH aunknanann. Bywnail MVYXHTHHHE  xap Bup axpatwaran
1033CHT HopMan HyHanray EYHUIAHMIL TAYCHP KHIIAAM,

9.8. Knunk Aedopmannsnap snepraac

Kituni nethopaaryssaasiras AHCMHHHT 1eopMaUns HaTHXaCHIA
OIFIH  SHEPIMICHHH TonaMus, Hedopuawna  wamnaacima CHITKHLL
BEKTOPH u kituMk du Kuiivana varapenn. Bywas Gaxapuaran ane-
MEHTAP Wl wakK kywhaphiar du ra k¥naiTMacira Tenr.

der
M4k kyumm F = ~a—"- i TeHrNHIHaaH
.

LIE Tl
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dA = j[ Z“’* ](du, )V . (9.38)

i 0%y

bymakna6 wuHrerpannaraHumumzna  (9.38) wudona Kyiumary

KVPHUHUILLTA Kenaau:

2

(du,)dv. (9.39)
ox,

dA = ‘[cr,.,, (du,)dsS - JD'}-,‘
X

HedbopmauvsinaHran karra Myxut YYyH OWPHMHYM UHTerpan
HOJITa TeHT O¥nanu. YyHKM, MyXuT 1o3acuma oik=0. UKKHHYH uH-

Terpainga ( 9
dax,

](a’u,.)= zf{:—“’—] 9KaHJIMTUHH XKcobra onub,

X g

3

dA = —fcr,-*d( %“"—Jdr/ 9.40)

KYpUHULINA €3Ull MYMKMH. WHTerpan ocTuaaru ubona GupaukK
XaXMIaru M4KW Kyynap 6axapraH UILHU Wdomanaiau:

du,
o (9.41)

k

A'=—0,d(

Yusukuit  nedopmauus yuyH oy TEH30PHUHI CUMMETPUK
Oynuumurnnan doiinanauu6, Kyiunaru

d :
g, d(.i_) = gﬁd[_l. (Ez.‘_’_ + %._
ox,

=0, dE, 9.
TGt ] o, de, (9.42)

udonara Keaamus. Viaa XXM OMpIUTHAAry 3jeMeHTap MIU Y49yH
dd’ = -0, dg, (9.43)

UdOIaHU XOCH KUIaMuU3, :

Kaittapysuu anuabaruk AehopMaLMsTIaHWIL XapaéHiapyu y4yH
Oy MW Teckapu wudoga OWNaH ONMHIAH MYKU IHEPTUAHUHT
y3rapuuiura TeHr:

dU =-dA’' =0, de, (9.44)
Ymymnawrad I'yk KoHyHHoaH doinananub, Kyitunaru
dU =c¢,, €, de, (9.45)
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udoaaHu XOCUN KUIAMH3. YHM MHTerpawiacak, 3/1acTvk aedop-
MalMsIaHTaH KUCMHUHT MOTEHLIMA IHEPTUSCH yIYH
Cl'*_.f'l’ Eik s_j'f

2
udogaHu XocHl Kulamus. Msorpon Myxut yuyH (9.46) udoaa 6up
KaH4ya COANA KYPUHUILrA Kenaau.

B 7]

U:

U= (9.46)

+ pe; (9.47)

-

Oxupry udonanu (aedopMauus 6¥itnya) auddepeHumaniara-
Humuzaa (9.17) udonaHu XoCHI KUIIaMU3.

9.9 TenzoxapuuIHK Xoaucacu

VIKasruy 3/1eKTPUK  KAPLIATUTHHUHT  MeXaHUK nedopmatius
TabCUpKAa Y3rapHLIMHU TEH30KapIIMIUK Xoaucacu neb aranaau. By
Xomuca aHUKCa ApUM YTKasrMulapoa sKKoad HamMoéH 6ynamm. [e-
(bopmatinsl HaTkacuiia sipUM YTKasrU4Iapaa 3apsil TallyBYMIAPHHHT
SHEPIeTHK CMeKTpH, 3PdeKTUB Maccacu, TaKUKIAHTAH 30HA KeHIJIH-
rm Ba Golka OUp Karop KaTTanukiap Vaarapanu. By aca sipum
YTKA3rMYHUHT 3MEKTPUK KAPLUWINTK VY3rapuumra onub kenamu. by
XOIMCaHU Baxonalll Y4yyH Maxcyc KaTTAMMKIAD KUPUTUITAH.

I7; i
£ =Py
Jlaists Sroh (9.48)
(_P)pr;!

HUCOaT OunaH aHMKJIaHAAUraH KaTTAIUK — TEH30KAPLWUIUKHUHT
Oyinama koapdOULMEHTH KM KyuriaHuin Gyiiuya TEH30CE3TUPJIHK
Aeivnann. Bynma p)', nedopmaiius AYKIUTUIATH COMMLITUPMA
KapLIWUITHK.

Hedopmatms Gyiinua TeHsoce3rnpank Ko3bdOULMEHTH feiiaraH.

S=I1.E (9.49)

KaTTaMK KUPMTULLIMMU3 XaM MyMKUH, OyHaa E- FOHr monyau. Slpum
YTKA3TMUIADHWHT TEH30CE3MMPIMTH META/UIADHUKUAAH VH — 103 MapTa
OpTMK. Macanan, py=0,1 Om.cMm COMUALUTAPMA KAPLIWIUKIH p - Typ
KPEMHUIT yuyH S TaxmuHaH 125 ra TeHr Ba MeTALl CUM TEH30METP-
JlapHUKKIaH 60 mapra opTHK,

XO03Upru  3aMoH daHu Ba TexHUKacuza  TEHIOKAPILIMIMK
XOAMCacH acocupa taiépnaHraH KynruHa camapaiu TeH3oMeTpJap
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Kylla KHYMK neopMmauusnapHu Vnvalna, cumkmu, MOMEHTIap, 4
Kydiap, OocMMiIapHUHE Ce3rup yayaruuwiapu cudarnna, HucOaray
KaTra nedopmaunsiiapun Vnuauiza sa Goluka Makcawrapna KeHT

KViINaHHIMOK A,
Casoanap Ba macanan p

. Hedopmauns neranga HUMaHu TYIIYHAacKU3?
2. JleopmaumsinapHunr KaHna# typaapu 6op?
3. Kununk neopmaupsinap  yyyn [ YK KOHYHM  KaHzaii
KYpuHMILga 6ymann?
Jlams noumuitnapu uuma?
5. TlyaccoH Ba Jlam> NOUMUINapH Kaujaii Goranrapn?

6. Hsorpon ontun YuyH Jlama noumniinapuuu AHUKIAHT. £

Ba Vo KHiMaTapu 9.2 — xansania KeNTUPHIITAH.

bup Vnuormn ﬂcfbopmaxmﬂ YIYH €y TOMUACHH (g0,
KoJraH 6apya gy=0), vy=0,35, 1i=3.5.

8. 9.2-xanBanman boitnananu6 M30TPOTT AIOMHHMIA yuyH .Xap

TOMOHNaMa CUKMAUIL KOshdUlineHTH K TOITHJICHH.
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X BOB
‘ METAJIJIAP

Kanumaan metainap MHCOHNAp XaéTuiaa Myxum VYPUH TYTIaH.
PaH BAa TEXHHKA PHBOKIAHMIINHUA METALIAPCU3 TacaBByp KMAMUI
KuitnH. Tabuatoa metaanap MUKIOp Xuxariad K¥n OynmMacana,
YAAPHHHT TYPIapH KN yupaidin. DileMeHTIap AaBpuii KaaBaTuia-
ri Ousra Mabaym 107 ta KMMEBMIA aneMenTaan 83 Tacu MeETasap
xucobnaHanu. Mertawr cysu roHoHua «metallons c¥3uaH Kenus
YiKKaH OY1u0 waxta, pyda, Haiiza kabu MabHOJNApHW aHTJIaTal M.

MeTamap 5AeKTp TOKMHHM Ba MCCHKIMKHM SIXILIN YTKa3anu,
SICKTPOMArHHT TYJIKHHIAPDHW AXIUM Kailtapaan. YAapHUHT Mexa-
HUK Xoccanapi/la 001Ka KaTTHK XUeMaAapra HucGataH 6up KaHua
adsanmukiap 6op. MerainapHuur Oy Xoccanapu, yJnapHUHT MoJle-
KyjJa (€KW atoM) Jlapu opacumard GOFIaHMLI TabuarumaH, yaap-
HUHT KPUCTALT NAHXAPACH Ba DHEPreTUK 30HAMAPH TY3MIMIIMIAH
Keand ukkanu. Kyn xoanapaa meramnap XaKMUI €KY Mapkasznal-
FaH KyOuK Ba reKcaroHan TY3MAMLIra 3ra Oynran, Monekyna (Eku
aTOM)AapU  3u4  KoifnalraH  Kpucrain NMaHXapacH  XOeWit
Kunajmap.

MerannapHuHr  1oKopuia KeaTupuaraH axoiud xoccanapu
OJIMMIApHK V3ura xan® kunaam. MeramnapHu (bU3UK Xoceamapu-
HI TYIIYHTUPUG OepyBuYM Hasapusinap Ba Modennap sipatuiu XI1X—
4ep oxwpaapu XX — acp GowimaaH GouriaHram, XO3UPrU KyHIa
MYMTO3 MOJE/UIAPHUHT KVITYMIUTH Tanabra kapoB bepmaca-a,
Gabsu Moneniapian Xo3upaa xam QoinanaHué keamHMoKIA. Ly-
HMHT yayH xam Ou3 JacTasBan sipatuaran MeTallap Hazapusaapu-
HH KHCKava kKVpub yramms.

10.1. Mevaanapunnr JAEKTPHK XOceanapu
Metannap snektpux ToxkuHu sxium VrKasyBuu Mozdanapaup.

Merann YTKasruuaan YTaéTraH TOKHUHT 3HYMUIH  YHTra KYiuiarad
ICKTP MaHAOH KYYJaHraHAUIHIa TVFPH NPONOPLUOHAT:
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I =oE. (10.1)

by nudogsa OM KoHyHu neb HomiaHanu. [llponopumnoHanmuk _.'V

KO3DOUUMEHTH O CONUIITUPMa BMEKTP VTKa3yBYaHIHK, YHIA Tec-
Kapu

g (10.2)

o}

KaTTAIMK 3Ca COMMIITUPMA 3EKTP KapUIMIMK Aeiunand. MeTan-
JIADHUHT COMMIUNTUPMa Kapliuaurd 1078+ 106 Om-m OpaluFuna
KuiMarnapra sra. MeramnapHuur SMIEKTP YTKA3YBYAHIUTUHU Ty-
WYHTHPUO OepyBuM MomennapiaH Oupunuucnnu dpyne wunab
YUKW,

10.1.1 Odpyne monmen

Murnus dusuru XK. XK. Tomcon 1897 iwmm 3NIEKTPOHHU Kallith
31au. By kawduér momnanapHumr TYP/IH XOCCAJIADHHU TYLIYHTH-
PHULI y4yH KaTTa TypTKM Oynoum. Opagan yu iiun yrray, Jpyne
V3MHWHT 3/1EKTP Ba UCCUKIIMK VTKa3uILIHWHT KJIaCCHK(MYMTO3) Ha-
SAPUSACHHK MIUab uukanu. Yuwby Hasapusira acocaH MeTa/UIapHu
SPKMH SJIEKTPOHIap rasura GOTUPUJITaH WOHNapaaH ubopar neb
TacaBBYp KWIMHAIK. YHIaH TallKapH, Ha3zapus siHa Kyiunaru da-
pasnapra acoc/iaHraH,

a) DIEKTPOHNAP KpHUCTaMT 6yinab 3pkuH Kyau6 1opa onagu.
Ynap y3 xapakatnapu maBomuna KPHMCTaLT naHXapacu TYTyHJIapu-
Aaru HoHaap bunaH TyKHaluagunap.

ONEKTPOHHWUHT  GUp-6Upu  GutaH TYKHaLIyBIapu Xxucobra
ONMHMalm.  HWKkM  TyKHawys oOpacvaa 31ekTpoH HploToH
KOHYHHWra acocaH TYFpM YM3UK 6Vitnab Xapakar KMaaiu;

6) DaexTpoHnapHUHT MeTann MOHIapy 6UnaH TYKHalIyBU O~
1K 3apsacus wapyanap TYKHaILYBHUAEK COAMP 6ynanu;

B) ONEKTPOHHWUHI MKKU KeTMa-KeT TYKHallyBnap opacuuaru
Xapakatu yprada BakTM T KUPUTWATaH Ba YHU 3I¢KTPOHHUHI
ypTaua 3pKUH IOTVPMIL BakTH e HOMJIAHaIU. DJIEKTPOHHUHT
BaKT Oupaurunaru TYKHaLLYBap 3XTUMOIHTH /T ra TeHr aeb
OJINHTaH; '

r) DAeKTpOHAap rasu TYKHaulysnap Tydaiinu tepmoauHamMuk
MYBO3aHaTra kenanu. YsIapHUHT TVKHAlIMIIUIAH ONIUHIY Ba Keli-
MHIH TE3NUKAAPH ¥3apo BOFTHK SMac.

i

204

PDF created with pdfFactory Pro trial version www.pdffactory.com

B

MeTanngary xaMma 371eKTpoHIap OMp X ypraya TeslMKKa 3ra
636, yrapHH OUp atomMau MOean rasjiek TacaBByp KHJTMHTaH.

MeTant YTKasrM4 yuaapura 3ieKTp KyulaHull KViuamaradoa
yHIArk O9pKHH 3MCKTPOHNap TapTUOCM3 MCCUKIMK XapakaTriia
6)”rmum_ Knaccuk(MyMTO3) QPU3MKAHUHT 3HEPTHAHU BpKHlI.ﬂMK na-
paxainapu OYiH4Ya TEHI TaKCMMOT KOHYHMIra acocaH, Xap 6up
3JEKTPOHIa TYFPM KelyBYM ¥pradya KuHeTwk sHeprus 3/2 kT ra

terr. byHnaH y¥praya T€3NUKHU TOTHMILMMHW3 MYMKMH:
—2
LT T (10.3)
2 2

Tl = 2 (10.4)
m

XaKM OUpIMIMIary 2JE€KTPOHIAP COHM M ra TeHT OYICHH, VHJa
AMEKTPOHNAPHUT XXM OUPIIUTMIary KMHETHK 3HepTUsicU

W;:%mr (10.5)

Ba

O¥nanu. Merannra siekTp MaHAoH KYHWJIraHga YHOArk 3pKUH
3JICKTPOHJIAPHUHT TapTUOCU3 MCCUKJIMK XapakaTura MailloHHWHI
TABCHP KYYM HYHAIMILMAA TapTHUONY XapakaT KVIUMaagM. 3JaeK-
TPOHJIAP TYDYXMHUHI OUpP TOMOHra Kapa® CHITKMIIH Ky3amﬂaﬂnv.
BJIeKTPOHJIAPHUHT TalllKW 37eKTp MaloH Tabcupumaru OyHaaii
XapakaTtu apeiid xapakaTH Ba XapakaT Te3/IUTH apeitdh Te3amk 1e6
aranaau. Tauwiky MaiiioH a3sektpomra -e E Kyu Ouiad TaLCUp
Kuinaan, Oy Ky4y TabCcMpuaa 3JeKTPOH

—¢cF

M .
Te3NaHWIL ONa/In. DACKTPOHHMUHI HMOHNap OWNaH MKKW KeTMa-KeT
TYKHAaLUMLIApK opachia oiraH ypraya apeiid Te3nuru

—-eET

¥

(10.6)

o =

v=aT = (10.7)

m
OVHIOa —¢ — 30eKTPOHHMHT 3apsiiM, M — YHUHT maccacu.
MabiymMku, MeTamt yTkasrnyiard TOK 3MWIMIMHU Kyiuaaruya
E3ULUMMU3 MYMKUH: :
J=-nev (10.8)
By epaa n — 6upnuk xaxmaaru snekrTpomaap couu. Y xosia
(10.7) Ba (10.8) myHocabarian (poiinananmb,
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Mha.

e ]
S= ;J:_E (10.9)
HihogaHn Xocun KuaaMuz, (10.9) nu :
Tnionbe { } (10.1) 6unan Takkocnab me-
F g
ne T
g =
= (10.10y

MEKTP YTRAZYBUAHAMIHEH Tonavuz, YmGy upona épnavuna mMe-
TALTHHHE COMMIITHPMA KAPIWMIHIK p WK GuaraM xonpa T Hy
AHHKJBIIAMMHS MVYMKHH:

Fo oM _ m
P — HHHT XOHa TeMIIePaTYpacwmard KHiiMaTHHH annG, T HH

XHcobnarawumuaza  7=107" <107  Gynamm. DNEKTPOHHHHE
APEAD TEVTUIM YHMHT HCCHKAMK TCUTHIMAAH AHYD KHYMKIHIH

YI¥YH T WU 3PKMH OTYpHW Macodacu £ anm kit
€3UD ONMIHMHI MYMKHH: aleas

T={luy (10.12)
Oxupr MyHocaGataan T Hu Gunram XOJUla Ba XOHA TeMnepa-
TYPAcH yuyi (104) nan @, WM xncobmaG (i =107 wfe Byaamm),

METAULATH 3PKHH 2MeKTpOMNap yuyu ?:{I +ID}; OV AHIWHHK
aHMkMaAMH3. KpHetann nadsapacu HOHAGPH OpacHoary Macoda
WM aHa wy TapTHBaa OVaMWKHHK 3eTHBOpra oncak, Hpyne moaenn
AYIA HXWH HATHAArA onHB KenMILMra HitoHy XOCHN KHIaMH3.
E.H[!{IH, MACT TEMICpATYpanapia HasapHa GuaaH Taxpuba HaTHXA-
JapH BUP-OupHIaH Y30KIAMMG KeTamu. TaxpuBa nacr Temnepary-

= a
panapaa F~10* A rasa sa xarto Tosa HamyH s 4
i anapaa 10° 4 =
OVIMIMHK KipeaTam. ! P =
by xonuu [pyne HA3APHHCH & i
) X PAAMHAR TYILVHTHPHIL KHEKH,
IHAN T HHHr Temnepatypara BOFAHKAMIHHK kipamus, (10.4) Ba
(10.12)napaan
= i
3T

(10.13)
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yhun (10.10) ra x¥iicak, KYHHAATH HaTHAAra Kelamus:

Geas ]_' ] (10.14)
3&Tm

Kypuund typubankn, pyae mogenuaa ¥Txasysuanamg o T 2
akaH. Takpudanap 3ca o HuHr T ra nponopuHoHALIMIMHH
KypcaTafi. bv ¥AM METLTIAPHUHE viby MOOIETH
KMAWHUMAHKNAPHAAH OUPHAKP.

Jlpyae HalapUACHHUHT AHa BUp 1OTVFM YHH Buzeman —
MpaHll KOHYHH YHYH THFPH HaTHxara onub kenwwnanp. Taxpuba
yeynH Gunad 1853 Amnga anukaanrad Buneman-MpaHu KonyHura
Kipa, METAUIADHHHT  WCCHKIWK  YTKAasyBYaHANK  KOS(AHLIMEHTH
YIAPHHHT 3NEKTP §TKAIVBYIHAMIHTA HHCOATH MabayM OHp Temne-
patypain Bapya MeTannap yuyd BHp xun kuiiMatra sranup, SEHMH

Rio=LT . (10.15)

bynia L yarapmac cod 6§nub, yHm Jlopexi codn nel Xam ara-
Aanu. Yiudy KouyHHu Tekwupud kipuw yuye dpyae HasapuscHra
acocaHnaduG JlopeHu conMHW kentWpuG unkapamuis. Buara a
HHHE  KVDHHMUIM  sabnvd.  JleMak,  MeTAUTHHHT  HCCHKIMK
VTKA3YBUAHAWTHHHA TOMHWKAMKHS Kepak. Taspudira k¥pa, HCCHKIHK
VTKazypdauauk GHPOp KMCMIATH HCCCHKJIHK OXKMMH 3HYIAMIH OM-
JIaH TeMnepatypa rpaiMeHT opacHaard Gornanui Kos@gpuumeH-
THAKP.

g=—RVT . (10.16)

ByHoa q - MCCHKAMK OKMMM 3WYIHIH, ALHW BakT GMpiInrHma
Gupank aanaH VTaéTran HCCHKIMK MUKIOPH,
a7 - o - dT -
vT % I+ = - E» k = gradl (10.17)
3Ca TEMNEPaTypa rpajdeHTHIUp.

K HW TONMMIL YYVH YYlnapHaa DOMMHIl Temneparypanap dapku
Magxkyn O¥aran metann crepxeHHH kKVpud uMKainuk. X — YKUHM
CTepAed yaydacu Gvitnad ivaanTupamus. byuiai craumonap Gup
Ynvounu xon yuye (10.16) udona

av
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K¥puHHiura kemamt. CTepxeHHUHT TYPJIM HyKTalapuzia Temreparypa
TYp/iM4a OY/ITaHM YUYH 3eKTPOHHMHT ¥pTaya McCHKIMK 3Heprusicu
KOOpIMHaTa Ba TeMrieparypara GORuK 6ynann E=F (x, 7). Crepxen-
HUHI OMp y4unaH x macodana xoiialran KECHMH OpKalW VTaérrau
MCCHKJIMK OKUMMHM XucoGnaiiMu3. By HCCUKIIMK OKMMM BakT Omp-
JINTHa KECUMHUHT Yar TOMOHMIAH YHI TOMOHMra yraértran smnek-
TPOHJIAD SHEPIMsiCM GMMaH VHT TOMOHIAH Yam TOMOHTa yraérran
SJICKTPOHJIAp 3HEprusick dapkura TeHr 6ynaau. Tok HYK/IUTW Hasap-
Ad TYTWITAHU YHYH 27EKTPOHIIap COHM, anbarTa TeHr GYamMmM Ke-
PaK. Y Xonia UCCHKIMK OKMMU 3HYTArH YUvH

q=~C,ATAV /SAt (10.19)

ndosanu  xocun  Kunamus. Bynna G, — xaxm y3rapmac
Oynranaaru MetanaMuHr MCCHKTHK CUFUMH, AT — CTepXeHHUHT
Ax ra TeHr o6ynraH Macodanary UKKu HYKTacH OopacHiaru Temrie-
patypanap dbapku Ba AV crepeHHUHT Y3YHIUrH AX OVaranaaru
XQKMHU. AX HW HOJMA SIKUHAAWTHPUG (Ax—0), x HyKFazaru Kecma-
[aH YTaéTraH OKUMHHU TONaMUs:
dT _dx dT
g=Cy(-—)—
dx " di
SPKUH 10TYpUil Macodach KUyuk OynraH xosnapna dx=v T
Aeb ONMIIMMHK3 MYMKHH. VHia

g gl
=—C T — 10.21
9=-Cple ] (10.21)
Bup ynuornu XOJLIaH Y4 VIYOBNMK X0Jira Yramus. by xonzna
2 i _3‘_1,2 (10.22)

Ba dTVdx Ypuwra VT ésunann. Hatuxana
|
g :—gcvv%fvr (10.23)

MYHOCabaTHM Xocun Kunamus. Yuu (10.16) 6unaH Takkocsab c-
CHKJIMK ¥TKa3yBYaHIMK YYYH

= EI-‘T‘_.P% T= :‘—C‘, WV ? (1024)
2

Hposnara 3ra Gynamus, by MyHocabar MeTajulapaard 3pKuH 3JieK-
TPOHJIADHWHT MCCHKIMK VTKA3YBYAHAUK KoahdbuuneHTHAMp. DHAM
JlopeHU coHUHM TOoNULIMMN3 MYMKHH.
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de =—Cv,. o (10.20)

R Cvmv%

(10.25)
o ne*
(10.5) udonanan C, HU TOnmamus,
i oW 3
Gy = (—a?"-)v =-23~Jm (10.26)
Ba (10.3) HuM Xucobra onraH Xonna,
R 3(k)
—==|—=|T (10.27)
i, 2 e
HH XOCKIl KMaMK3. Y xonna JIopeHil coHu yuyH
K. 3R Y
L= T 2 10.28
el 2 [ e ] ( )

KMAMAT KeJqnub vukaaum. YHH Xucobrmacak, L=1.11-10-% Br-OM/Ki2
Oynanu. by kuimar Taxpubagard HaTHXKAOAH HKKM MapTa KaM.
Illynra kapamail ywby HaTHxa Hpyae Monenu IoTyKiapuuau
XucobnaHaou, yyHku y JlopeHU comu METalJIapHUHI Typura
BOFNMK 3MacCIUIMHKU TacAMKTailaK.

10.1.2. Merannapna Xoan xoancacu

Metann  yrkasruuuu YHIOArM OKa€TraH TOK HYHaIUlIMra
KYHIANaWT  WyHaaraH  MarHHT = MaiiioHra XoinawTupcak
VTKa3rMyHUHT  EH TOMOH/Iapua ToTeHUMaap ¢apku naiino
6ynaum (10.1- unsma). By Xomuca XoJUT Xoaucacu Ae6 HoMIaHaIu.
MabiyMKH, Mardut MainoHna XapakKaT/laHa€TraH 3apsili 3appara
JlopeHit kyun Taneup stagu:

Fp=1pa). _ (10.29)

Byuna V' — sappa teanurn, A — maruur MaiOH KYy4YlaHraH-
/MU, g — 3appa sapsiau.
Merann yrxasruunaru spkun 3JIEKTPOHJIapra

F= -—E[V.H] (10.30)
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Kyd TABCUD 3Tand Ba 6y { Rz 2

iya 101 qu3mMamark xon 22 ey

Yiyh ¥ — ¥KH Ofitnad —— {,r‘ / Tk ¥
i¥Hanran. Hamuwana wa- Ey

MyHaHWHT § — YKHra = ¥

KVHIANAH Exnapuna nmo-
TEHUHALIAD (papki  By-
Hyora  Kemagm.  Xocui 10,1 -4inasn. Xoan XpAHCHCH R O,
Ginray  anexTp  Maiaod

KYWIAHTGHIMIH YTKASMY=LATH TOK 3HWIMIH Ba TAILUKH MAMHHT MailoH
KVUWIAHTAHIWIHIA NponopuMoHan Gyaamn:

E=RyliH]. (10.31)

by udonasaru R, — Xoan kosdduuwenrn 1e6 aranaau. Apvae
MOLEINTA aCoCIAHTaH Xoa1a Xoan KoahGUUHEHTH YuyH

Rt (10.32)

en

wpona onuKran. By Hariwkara k¥pa, R, HuHr dakaT MeTanrapaarn
Japid TalIYBYWNAp 3HYIMMMTa GOETHRIMME Kenud YHKaau.

K¥n metannap yuyH nact TeMnepatypa Ba KYWIH MarHHT Maii-
Aodaa (10.32) udona taxpuba Guran Moc Keaveun HaTHxaiap Ge-
pand. Aumo, GolUKa XoWlapia TeMnepaTypa Ba MarHuT MaiigoH
KYWIAHTAHNMrMTa BOFUE 3kad. Xonn kosdubuuseHTHHM Bunran
KOda MAcT TEMISPaTypanap YYYH METANNApAard 3apsl TaluyBIH-
NAp IHYTHIMHK XHC0BNA0 TOMHITHMHI MYMKHH .

10.1.3. Mevaasapuunr Jlopenu moaenn

£Metannapuunr knacenk monennapuaan sHa Supu 1905 dwia

IL0H KHAKHaH [T A JlopeHu molendanp.

Ywby monea [Mpyme Mogenuiad acocad kyiuiarknap GunaH
dapk, Kunagu:

a) METANNOATH 3pKMH  JIEKTPOHJAP Texuknapd Makcsen
Takeumorira (2 Bobra k) O¥iicynann aed onunanm;

6) anexTpoHnapuuHr apeid Xapakatunu wdonanamaa bonu-
MAHHHUHT KHHETHK TeHrnamacuaan GolaanaHmnany.

FHan Oy Modenra acocnaHub MeTANNapHMHT ANEKTp Xoccana-
pHHK KYpHO uyukaMud. Tawky 3HepreTHK MaiilzoH AVKIHCHAA
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NCKTPOHAAPHMHT  Teanuknap  OViuua Maxkceeand  TakcHmoTH
(pYHKIUMACHHK

f dV ¥,y = af

k| 2 ¥ 3

m 5 -miV sV 2 K0 ) (10.33)
7 . x ~ v av av,

T o I T AP

k¥puHHLLD €340 onamui. bonumad TeHrnaMacHHH COLAANAIITH-
pHIL VUYH METANTHH M3oTpon nef xucoGaaimuz. bynaait xomua
ANEKTPOHAAPHHHT  TAKCHMOT (WHKUMHCH f, XaM H¥HaiMwra

(TEHH KOOPAMHATANAPrA) Bornuk G¥nmainn. Merannra GHp HUHE-

M £ anekTp MalaoH kKVAMMI. DNeKTPOHNEapHMHT TAPTHOCHI HC-
CHKIMK XOpaskarH Teannknapura Bup TomoHra iAyHanrad apeiid
TeanMK K¥iuMnams, Hatvmana S oxas Yarapadd, InekTp Mailiod
KVHUNraHoaH KeHUHIN TAKCHMOT QyHEUHACH f HUHE BAKT GViinua

XOCHIACHHH OIAMM3:
& f‘i] +[a,_f] _ (10.34)
di (9 Jy, Lo )

BHpHHYH KPWHAYBYM ' HWHC 270ekTp MARIOH TabcHpuaa
VIrapvIWHHH, MKKHHYHCH 3Ca f HHHE NEKTPOHNADHUHT WOHAAp
Onnan  T¥KHaWKWK xucobura §srapmiinen Guaavpand. [ HUHT

KoopIuHaTanapra GORMKAHIHHKA XHcobra onasafivir. BupuHuM
KVIIMAYBYMHK BOKAYapoK, KVPUHHILTE KEATUPHLIMMH3 MYMKWH:

AN AC AN ANE
@A o

m ar
ry - — c &
yyn =3 = 225, [&_j’] XOCHAAHH 3{3 BUAAH ATMALITHPH-

nr ar
Nann. CaGabu: f,= .
Tesauxnunr r¥guawmunap xucobura FarapHmmHu SACKTpOH-
JMAPHHHT 3NeKTp MaffoHAary TenaHWNK smysozanaTaaiing. [y-

PP
HHHT yavH Jlopenu (—‘FJ KATTAIHKHM (f — /) A TYEPM Npona-
s

il
Unouan G¥aann el raxMuH KAIAaH;
[Ef_] do=tf (10.36)
o - T,
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fiyHaa T, — perakcauna eakru feb arananw. Ywby wdonanapiad
SMEKTP MAMNOKIA XAPAKATAAHAETTAH 3PKMH CKTPOHNAp YYyH
BoiuMaH KHHETHK TEHMaMacHHH XOCHT KHIaMK3:
.E'J‘L,,G_E[af_g W S LS (10.37)
dt m | ¥ T
DNeKTp MaiAoH TakcHpuaa fy ApeAd TEIAHrH AVHATHILEH
GViiua GMpP 03 CHIKMINN Ba YMVMAH ONraHaa makid Xam Oup o3
yarapanu, sipin gedopmaumanasand. JopeHU KHTHK neKTp Mai-
JOHAAP YHYH f, HWUHE CHIGKMILM ¥pTaya keaapat V., Te3nnKKa
HUcOaTaH aHua KHMMK GVIMWMHKW Kypearand. LIyHMur yuyH f,
HUHT NehopMALMACHHM XaM XWcoBra onmaca xam Oinaau, sSbHH
JNEKTP MAUDOH TabcHpHaa Varapmanin aed xucobraHam.
Meranara k¥iuaral foumuil snexkTp MailnoH T, ra HucbataH
y30K BAKT TALCHP 3TCA CTALHOHAP XOMaT kapop Tonatd. Mygeoda-
HATHIT XONATAa TAKCHMOT thyHkuMscH BakTra Gornmy B¥nMaiiau
(VarapmaHm):

%= 0. (10.38)
V xonga (10.37) gan doiizananut cTallHoHap XOMar yuyH
1.¢E Y,
= e s 10.
¥ fg+[ i IEP] (10.39)

whoga onamuz® Buan f MeTaangaH JOWMHA TOK OKAETrAHAATH

MEKTPOHNAPHMHE Teanuknap BitH4a TAXCHMOTHHH GHUTHpaIN.
Maiizon x — Vigu Giituua AvHanrad n1e6 ofcak, TOK IHWIAM YMYH
KYHMOArnHH EIMILHMM3 MYMEHH: ™

J ==[eVapdixavy d¥z (10.40)
ByHna f uudr §puura (10.39) HH KyHcak,
d
Je=-] lev, rpav,ar av_|-fevx B Yoy gpearyav -
] m o a¥
VuiGy npoaanuur GUpHHYN KYWMAYBIUCH Hoara TeHr. demak,
a
- €T E ¥ a—'fﬂ - - i
Js _-]'Tl (S oV di (10.41)
{10.1) Gunad (10.4]1) Hu TakKocaacak,
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a= _Iilf_f}iﬂdyxdy“w,_ {10.42)
m av -

PenakKcalys BakTHHI 3PKHH KOrypHIl Macodack [ Ba ypraua
KBAApaT TeMHE ¥ opKanu HipaganaiMHa:

1
A _F'
V, = %F IKAHTHIMHY Xucobra ofcak,

el
ek V.V, . 10.43
; 4 j3m av ' rdVe : ke
bynnarw  dif ¥, dF, HHHD YpHdra teamnknap dalocHiari
dV KanMHAMKLATH cthepHK KATIaM X@KMHHH KVAHILIHMHI MYM-

it Cbepuk KanaM xaxMu 4y >4V ra Tenr Gyramu. Yrua

] w
:r:“_"";jfpl[-%. . (10.44)
3m g ar
Vwby vurerpantin xueobnad,
godml (10.45)
3 2mmk 'F]}é

waruxara oSphwamus. By wudona [lpyne molenuaarh o daH

E =109 wynaimyeuu Gunad Gapk KHIALA. K{pruud TyprdamkH,

Jlopenu Molenn acocHna METUIAPHMHT JEKTD VKAYRYAHIUIH YHYH
XOCHA KWAMHEAH HATHXAMK3, oanuurd Jlpyre HasapHACHHMKH
Ounan aespny GHP XHJ 3KaH.

Nopenu  mMoaenura  acocnaHWG  METANNAPHHHT  MCCHKIME
YTKasyBuaHAMIMHN XHeoBnaraH MM H3aa,

Kk =Le iy, - {10.46)
9

by [lpyile HATHAACHIAH Y4 MapTa KMUMK MyHocnDaTra Kenamis.
Moc xonna Jopenu cond XaMm y4 Mapra Kuduk G¥nams. Jlopenu
Mofenira acocnaHni® Xonn ko3ddHUHEHTHEM TONCIK,
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Bie

Ry ={3‘“’ ) (10.47)

Hatnxanap wynn K¥pcatagnku, By wkopuma Gagn KMIHHIaH
HKKH KMaCCHK(MYMTO3) Hazapuanap METATVIADHHHT 3JNEKTP B2 Mg
CHEAMK YTA3VBUAHAHKAApH, Xomn KOIPPUMUEHTH YayH Aespin Bip
AMA HaTwxkanapra onnb xenamm, Knaccur(mymros) HasapuAnap aco-
cHia  Buseman-®panu  kowymm, nacr TEMNEpaTYpaIapIary
VIKA3YBYaHAME Ba Dabau KOHYHHATAAD BA KaTTAAMKNAD yuyH TVIPH
HpOLANAp XOCHA KMNHHAIH, JIeKHH. Oy Hasapusanap MeTaTTapHUHE
HCCHKMK CHFHMMHHM, OKOPH MarHMTHK CHHIAHPYBYAHAUTMHM,
Mychar Xonn xoadubuuneHTIapHIM Ba bowka kin xoaucanapry
TYWYHTHPa oMac 304, Keant MexaHukacu naitno G¥nnwy Ginan
KATTHE  XHCMNaplark  Takpu@aga  KyiaTwnaauran Ky¥la  KVn
Xoaucanap YIMHUHT TVFPH TAIKHHHHH Tonam. Kattug auemaap-
HHHE KRAHT HAJAPMACHIA ACOCHAHIAH SHIH MOAENNapH Naigo

O¥na Gouwnanu.

10.1.4. Metanaapuunr 3ommepdiens mogean

Jommepdens  MoaeTMHMHE KIACCHK(MYMTO3)  monennapaan

acocay MKkMTa dapku Gop.

Jommepdienn  Metannmary INEKTPOHNAPHHHE  Te3NMKMAPH
O¥finga TakeHmoTHER Depani-Aupak CTATHCTHRACH TatpHGraiom

ach anagu (11 Gobra Kapaur),

3ommepdenn Meramnapiary sprus anexkTponnap yayw Mayan
NPHHUMNK GaxapHAMIIHEN KipcaTagy. Mayau npuouknura aco-
CaH xap BHp 3HEPreTHK caTxna IHEPTHANAPH TEHT, NEKUH CTIMHIA-
PH KAPAMA-Kaplik AYHANMaH HKKMTA1AH OpTHE INEKTPOHNAp Hofi-

NALLA ORMAaiian.

3ommepdenn  HazapuscHia MIEKTP  ¥TKA3YBMAHIMK  YYVH

KYUHIArH Hoaa XOCHN KHAMHALN:

ane T oA U, ) -8reTi (3,
o=——— [ =2 lav = T ([ Yo Lig  (10.48)
j' av J Im* £ £ }l

EL | @

Byraa TaxcHMoT dyHkuscn fo v @epai-dupak Takcumor

Jole)= L)

— 5 _
ﬂp( m¥ < —3E -
kT

K]

214

PDF created with pdfFactory Pro trial version www.pdffactory.com

=2(miM} f(E) (10.49)

kypuHHLILa anamil. bynarn E. wn ®epmn anepracu aeb ara-

JIA0H.
RE) 3ca £ — 3SHCPIMWIM  CATXHHHI 2MeKTPOHIAp GHAaH

TYATAHAMIH SXTHMOVIMIHHN OHNOHpyeuu dvHkuHanHp (11 Gobra
KAPAHT):

f(E) = : : (10.50)
Exp[ﬂﬁ]+|
T
. NEL
(10.49)mu (10.48) ra k¥amus sa V (Ep=|—E pan doiina-
m
nanuG,
—2&°m %5 BJ{E}] - ne’ “"Ar;'fa_r[.s)]
e dE = JE (10.51)
e J [ dE ml YEp)y Ex| 9E
myHocalaTHu onamus. byvuiparu

iE[af{ET 7
bacib it Bl g7 10.
{ 3 E=IEg) (10.52)

KATTANUK SHEPTHACH £ ra TeHr ©¥aran anexTpoHHHHr ¥praya 3p-

KHH  lofypHil  macodacHHH  Gwiaupaan. YHna  snekrp
YTRAIVEYAHIHK YHVH

i HEEF{EF )

mV{Eg)

HDOTaHW XoCcHA  KHAaMis. 3ommephent HAIAPMACMIA  acocaH

NMEKTP YTEASYRYAHIHEKLA XaMma JMEKTPOHNAP KATHAIIMARIH, YHIa

Gakar MepMu catxy AKHHHAArH ANESKTPOHAAPIHHA KATHALLA Ona-

LMNAp. SNeKTPOHHUHT TEUIHTH XaM IHAH HCCHEIMK XAPaKaTH Tea-

JHIH 3Mmac, Banku Mepmu caTXHAAMH SAEKTPOH TEATHIH ONHHAIN,

PTAYA IPKHH IOTHPHIL BAKTUHH KHPHTAMMI:

t, =1(E, JV(E,). (10.54)

YHna anektp yrasysuarmik

2
o i) (10.55)
in

K¥purinwaay Oy wibosa anguHrHaapura Vkiiacaza, TeKHH GyTyH-
Al Gowka wkulmaTra Tewr O¥nran  karranukanp. 1, @epumu

(10.53)
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CATXMAATH 3NEKTPOHAAPHMHI MKKH KETMa-KeT TYKHaMumap opa-
cupard YpTaua 3PKHH IONVpHIW BakTHAMP. Jommepdenn wiektp
TOK, YTKAIMILAA KATHAWYBYM 3nexkTponnap coud dpyae monenm-
AW 3PKUH  AICKTPOHINAPR COHKIAH aH4Ya KHYHK SKAHIMCUHK

KifpcaTnb aram. Viuby Hasapusna JlopeHu coHM y4yH

2 2
[=RicT= r’-%*[i] =244 1075 Bm Om!Kn? (10.56)

[
Kuiimar onaHan. By taxpubanar Hatvxatap BHNaH Moc KEnanH.

Xoan koapehHuHeHT™ yyvH 3ca KyHMIard myHocabatra Kena-

MH3.
1

g (10.57y

ne

n 3ueprusict Ep ra Tenr 6§nran aNeKTpoOHAapHHET JHWIHIK, 30M-

Mepdenl HAIAPHACH METAANaPHHHI HH3IHMK XOCCANAPHHH TYWIYH-

Tupub Gepuuiaa sHa Gup sHr Kanam 6naM. YHaa anexktponnap-

HWHT TEUTHKAAPH Ba 3HEPrUAnap GViin4a TakCHMOTH YYvH GHPHH-

yn mapta Pepmu-Jupak TakcHMoTd K¥anado. KiaccHr(MyMTO3)
MOAEANAPAATH IPKHH  3MEKTPOHNAP rasH TYWYHYacH VpHHra

VTKAWBMAHNMKNA KATHALIYBYM 3NEKTPOHNAD TYIIVHYACH KVniaHa
DownaxmL,

KeilMHpOK HpaTHAraH 30HANAP HAJAPHACH 30MMEpPOELIHHHT

KUNITIHA XyRocanapH TYFPH IKNHIHIHHK TACOHKIAIN.

10.2. MeTaniapaa HCCHKTHE XOSMCANAPH
10.2.1. MeTaarapiuunr HCCHKIHK CHFHMH

OnavHrm O¥AHMMIa METAIAPHH HCCHKAMK VTKASYBYAHIMK KO-

ahuuHeHTH K HM OHp HEYa KIACCHE MOMetapra acociaHrad
NONIA TOMAMK. IHIM 3ca VAAPHIHT WCCHMKIHK CHFMMHHH KYpHO
UHKAMH 3.

DPKHH 3EKTPOHAAP MAIHIA acOCNAHTaH Halapuanap yuyH OMa
lokopuaa (10.26) udonadu xocun Kunraismus. Ywby udonara aco-
CAH METAMNAPHUHE HCCHENHE CHFHMMHUHE ACOCHA YNVIIMHM 23p-
KHH 3MeKTPOHNAp XoCWil KWiaaaW, Taxpdbanap sca OvHM Tac-
OHKTAMALH.

JommepdrenaHunr (1928) Pepmu-JHpak TAaKCHMOTHIA aC0C-
NaHraH  Mofendra  k¥pa, MeTapaard  3NeKTpoHNapHHHE  K¥I
kucmu Pepmi IHeprusciiad BHp ékn Gup Heya kT Kagap KMYHE
Giaran anepruanapra 3ra 6¥naan. by snexTpoHnap 3Hepras an-
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WO UIHHYBYH TYKHAWWILAPAE, WYHHHILEK, WCCHKTHK Ba 3IEKTP
YTKA3MILIA  KATHAILA ONMARIHIAP, YYHKM yrapra AKHH Oapya
JHEPTETHK CaTylap 3MeKTPoHIap OmnaH T¥A2 Ba vy carxnapra YTu
Mavau NPHHLUHNKEA ACOCAH TAKMKIaHraH. Xapopar IPaldesTH Ba
TAWKH IEKTPHK MAHIOHHH (aKarT IOKOPH 3HEPTHAIH {F=4kT)
JNEKTPOHIAPINHA «Celas ONANMIAP Ba YNAp IEKTP TOKH BA HC-

CHKJIMK ¥TKasula KatHawaaunap. Bywman 3ommepdeni £,

AKWHHIATH VEKTPOHRAp XOMATHIMHE METAIapHH MOCHKIHK B4

IEKTP XOCCAIAPHHK aHHKIAHAM aeraH THFPH XYJ10CAra KeJUIH.
Jommepdens MOAeNHIa acocHAHHD HCCHEKIMK CHFHMHHW TO-

naMu3.  MVYTIOK  HON  TeMneparypaga MeTALMHUHC  OHPAMK
KAKMHIANH ANEKTPOHNADHHHT TYIHK 3HEPIHACH

A

5 1 3 5

o= e 2R o
. sa2 | 8% |

MyHOCa0aT DWNAH aHHKNAHANH. DAeKTPOHAAp 3LIMIHE
3

. 3
s {EEL]’ fEdE-_._t.i.{E“_EzL}z (10.59)
e W et a

2

ffaminHK xucodra oncax,
jﬂE Fﬂ,

U, =
3
Keaud unkanu. Jemak, T=0K Ginrasoa xap GMp 3eKTpOH ypTada

(10.60)

%E £ 3Heprunra ara OYaamy, Honnad dapygnn Temneparypanapma

MCCHIKJIMK XapakaTH HaTHxacHoa Ep naH nactpokiard caTxiad
snekTpornap Egp nan wxopunaru carxnapra 6 tvpand. Wynuur
YYVH HOMJdaH dapyiv TeMneparypaia

U = [Eg(E)f(E)E
0

(10.61)
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bavan  commanawrrmpuuiapaad  cVHr vy HHTErpaTHy
xucobnad kT<< Ep yayu

amikiT?

Uslfyt———— (1062)

<dEf

MynocabaThu  anamns.  ByHnan  anekTpOHAApPHHHT  MCCHKAMK ,

CHFMME C, YUuyH

au natk’T n
T F = _Z_E-F_ (I{I.EH}
HaTHAara kenamis. Knacouk(MymTo3) curnman C,~(3/2)nk Guran
bearnnacak,
nk T
Ei - Cis (10.64)

Wrona xocun G¥nanu. SNEKTPOHIAPHMHET HCCHETNE CHEMMM B

ClipviMaad SE3AT mMapTa KuuMK skan. Bataaw GyHH MeTwUTapHUHE
HCCHINIMK CUTHMHHI aHHMWY 1ed xam aranann. & 7T<<Er wapr
Gaxapunran 3NEKTPOHAAP TA3UHH AlHHTAH AIEKTPOHNAD MAIW deh
HOMAGHAIH.  METaNNapHHHE  TYAMK  MCCHKIMK cipnmu  [lebail

KVPCATIAHAEK NAHKAPAEHI TALIKMA 3TVBYMOAH Ra MEKTPOH rasf
HCCHKAUK ¢iiimi C, naH wbopar. [lactT TeMnepatypanapna nad-
HAPABUI Talikna sryeun 17 ra, €, sca 7 ra nponopumonan, wy-
HHHT yyyH C, HH NAacT TemilepaTypanapia yayaHann. DeKTpoHIAp
COTUIITHPMA WMCCHKAMK CHFMMHMHH Depmu caTxupard Xonatiap
3HUnnrH g £ ) opkand ndonanaiMMH3 MyMERH:

a3 |,
Cr = T Tg{EF ) {lﬂ.ﬁS}

Xynoca kHAMG LIYHH aliTHW MYMKHHEKH, METANIAPHHHI HE-
CHIJTHK CHFHMH ACOCAH MKKHTA KMCMAAH TAWIKMA TONraH:

Cp=AT +BT? (10.66)

BupiHuaM  KVIIMAVBUMNap  MeTannapiard  aiekr POHIAPHHHT
vayiig 6¥nnd, Oy cHrMMIra  KNAcCHK(MyMTO3) HasapusiaphaH
thapkan ¥napok, hakar sxeprusicy Mepvn axeprusen £ FANAH KAT-
Tapok, O¥AraH MEKTPOHAADIHHA XMCCa KVuia anaam, TMact Temne-
parypanapna { T—0K) yuly k¥wmnysun Myxusm VpiH Tyraam.
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Hexupin xVuimaysyis MeTannap KpHCTANA NaHXapacH Tebpa-
Huwnapu (bodowrap) xkeeac 6916, yaap roxopH Temieparypa-
Aapaa karranawud Gopasd. TlactT Temnepatypanapoa v HoAra WH-
tunaan (10.2-unama). IOxopu Temneparypanapaa, AYMIADAH XOHa
TeMMEPATYpaHnia, HECHETHE
CHFHMMHMHI MaHxapapyil  Tai-
K TVBuHEH G, G, ra Hicha-
TAH AHYN KaTTa, WyHHHE Yive C,
HH xHoobra onMaca xam Gvnanu,
Yuriy HEKH CHFUMHM Taxkpiibana

AnoXHaa Yn4ab yAapHHME TeMric- +

parypanapra  Gornukimm dwyhi- 1K

LIMACHHH  AHMKIALLHMIS  MYM- 10.2- wiawa, Meraamp necukan

kuH.  Macanau ﬁ,“p MO MU CHFNMIL. Copy=MICCHEME CHEHMHHHHT
£ = - 1

g MAHAIDHE TAKWT STVINCH, .-
vayiH Co = 09107 RT sa nan- HICKTPOH TAIKI ITYBYHCH.

namufi yayH C=1.6-107 RT 6¥nmwm anmknanray.

10.2.2. MeTaanapsuur coTMUTHPME INEKTPHK EAPMLBARTHIHNT
TemneparTypa KosdduumentH

MeTanmapiuir WieKTp KAPUIWIHTY TeMmepaTypara DoFuk, pa-
BHlma $arapany. Temnepatypa opTHiH BUTAH KADWHAHK OPTHE Bo-

pasi; Nacairania sed manaym GHp TEMIEPATYDAraYa macaiig Bopa-

an. Kyma nacT TeMrepaTypantApa  MeTALIapHIHT COMUILTHPMA
KAPLIHIUIH MaIyM OHp KHIAMATTa o 12 3pHwanm pa y TEMMEPaTYpa
Yarapuuinra Gornk 6¥aMailin. p,, MeTamaart ér apananiManapra pa
HykcoHnapra Oorany, BYauB, vuu KoMK kapuinmg ned KAM HOPH-
THAATH. Xodupry Tacassypnapra K¥pa, METALTHMHE COMHILITHPMS
ICKTD KAPLWWIHIK 3NEKTPOHNAPHUHT GOHOHNAP B HYKCOHAap Gu-
AaH TabCHpAaYEUAAH KeNHd YHKANN, SLHH

P =P+ py (10.67)
€Ki FTKASYBYAHITHK OPKAIH 83CaK,
|

(10.68)

2l |
eTiey oy

OxMpri ukkn wpona MarTHeeH Kowzach 166 HoMJTaHAmH.
OKkapu (xoMa) Temneparypanapua COAMTHPMI KADLIWIHKHHHT
TEMnepaTypara GOFIMKAMI
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Il

p=pgl |+ T) (1069)

k¥puHHinaa  G¥naan, ©GyHaa o - CONMWTHPMA  3JEKTD
KAPWMHAHKHHHT Temnepatvpa koadduumneHTn aed aratany. Bakan
METAILIAD Y4YH o HHHI KHdMarnapu 10.1- Kansanna KenTHpHATAH.

10. I-acadeag

N[ Merawviwom [oli-®CT] N Meraun nomn | o 10%9C

I | Amosumiiy 1.2 12 Kanail 4.4

2 | Boadpam 5 13 [LnamiHa 39

3 | Temup [ 14 Kfprownn 3.7

4 | Oawn 4 [E Cumob 1,0

3 | KoHctanTaH 0,05 I KymyLu 4.1

| b | HKea 0.1-0.4 7 Py 4.2

7| Marunh k- I8 | Tlyaar 1-4

8 | Muc 4.3 19 Manran 4,01

9 | Hukeann 0.1 N Yium 1,0
10 | Hiken B3 2l Perpai 0.1

11 | Huixpow .l 22

MyrinoK, Holra AKMH TeMneparypanapaa (10.69) udona Gaxa-
PHAMARAK, YHIE COMMIUTHPMA KapIIHIHKHE

p=pp+A T2+ BT (10.70)

whona Gunan aHukaanank. Ywby mydocaarnarn BT K¥wmayeum

IEKTPOHAAPHHHI nanxapa TeBpanHuwnapy 6unan  TanLCHPHHH
xMcobGra onaom, AT? 3ca 3NeKTPOHNAPHMHT ¥3ap0 TYKHAILYEM
xmcofura xpoun O¥nrand kapliHnvkavp. A Ba B nap Temnepatypara
GoFnuk G¥nsmarad nonsiilnapaup.

10.2.3. ¥ra Frxasysuanink

F

Xapopar nacaiiviun ©GuiaH meTai- P
NAPHHHT COMMIUTHPMI KAPWHAMIH Da
ra MHTHMAAM. Metann Kadua To3a BA
HyKcoHeHz O¥nca, pa  WVH4Ya KHYHEK
Gimand. bavad  MeTannapHWHC 3NEKTP
KAPLIHAHIH MaLIyM OHp nacT TemMnepa- —»
Typara eTraHaa KeckMH kamafinb wonra G=405K T
TeHr 6¥nub xonaau. 10,3~ syrama, Y

By xoadca ¥Ta VTHAIVAUAHAME XO-  VTRGSYBNRHIMKKE OHA HHIME
AHcack 1e6 mostadann. Yuu GHpHHYH
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gymud 1911 fiban rowmnanaannk duank X, Kamepaunr-OxHee  cu-
woboa sysatad (10.3- yusma). Xapopar nacaiind 7;=4, /5K ra etrau-
na CHMODHHHF SMEKTp KapIUWAHIKM  Gupoaw  Kouap kaH, ShHM
HosTTa TeHr 6¥name. ¥7a §rkadysyannukka yTiu temnepatypack 7,

qrun iinnnapraya 23K nan (NbyGe) oprvarad anm. by 3ca ynapHu
par BA TEXHUKALA KeHI KIIAHHWHTA THCKHHUAHK KHAApAH, uyH-
gyl MAcT TEMMACPATYPAnapHM XOCHA KMAMIL TeXHME XHXariad
kHilnH Ba kKmmartamup, 1986 duam  Hemuce dusnrn Mioanep La,
Ba, Cu, O fnapiadH TVIHAraH kKepaMMg kKoTHMana 60K pa yTa
yrrasysuatiuked Kysarom. Kefinupox, La v Y Gunad anmamtv-
punranaa Y-Ba-Cu-O  xepamukaga Ty = 94K akadauru
AHMKNAHAH, BY SHMWIHK KaTTHE sucmaap dMIHKACHHUHT KaTTa
oTyrn 3ad, Ywby ¥ra ¥TasysyaH sarepuannap vayd T cywok
AIOTHUHT KaRHaw Temnepatypacy T = 77, 4K naH xaMm owuG
keran. by 3ca YNapHUHT TEXHHKANATH KYMAHHAHLWMHK B2 YIApHH
YpraH|IHKY aHYa OCOHTAMTHRIN, YYHKH CVIOK a30THH oKD HMC-
BaraH OCOH BA ApSOHIMp. ?TE 'F'I‘K:‘I'JFE‘-IHHJIHK XoOUCcacH OYHNITRH-
AaH cyur 46 HMn 1aBoMMIA YHEE Xed Kadaail >eTuGop OepuiiMaiM.

1957 #nan bapann, Kynep sa Ilpuddep Gupurun 6¥1ub yra
VTKalyBYaHIME  HazapascMHd  wwmad  uskminap (BKIL -
HAZAPHACH).

VHra acocaH, MeTAANapAard HKKH 3MeKTPOH OpacHAaaru V3apo
TALCHP IHEPIUHACH WKKM KHCMIaH Hbopar:

V=V +V. (10.71)
V, ynap opacumary KvioH TAbCHP KYWIAPHHMHT MOTEHLMAan

siepriuacH. V, aoum Hoadan karra O¥naaM, SBHM 3NEKTPOHAAP
OHp-GHpura Kapama KapiuM Kydnap GUNaH TALCHP STalunap.
V, — 3ca 3neKTPOHAapHHWHI KpUCTAll namxapa 6uian ysapo

TALCHD SHepriiAciY udoganaion.

by 3Heprusi nact Temneparypanapaa MaHdui GYAMILM Xam
MYMKWH 3KaH. By 9ca anekTPOHJAPHHHT KPHCTANLN MaHXapack Bo-
CHTachna GHP-GHPHIA TOPTHAMWIMHK BHIAHpanK (MARIYMKN, WK-
Kl 3appa opacuaary TancHp aHepriacH maHdmil 6¥nca, 6y sappa-
fap ¥3apo ToprHwanm),

BKLL nasapusicia acocan aHa Wy Kyd TAbCHPHIA 3MeKTPOH-
Aap Gup xun Gfnmmra kapamail  §3apo  xkydTnap  xocun
Ruaannap. Vaapuu Kynep sydraapu 166 atanm.

Pt
Pt
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Kynep #xydTnapHaarst snekTpoHAapHHHT CNWHIADH Kapama-
KAPIWH iHyHanran 6yauG, yMyMMA CliMH HOAra TEHT, WYHHHE "
yvaap  boae-BiiHwmeln  crarHcTHRacMra  BVitcynam.
VTHasyBYaHIMK XOCHN Kunuuga metannapaa Kynep xycbmapﬁ'
acocuit pone YilHanou. K¥n xonnapna Kynep xvibiaapuaudr yra
OKYBUaHNMK Bunan KuEcnab, Bose koHgeHcaTn 166 OpHTHAAIH,

XO3MPTH KYHA2 ¥Ta YTRAYBYAHIHKHHHT Gollka MexaHniMna-
PH (MacanaH, 3IKCHTOH MEXaHM3MH) TYFDHCHOA AHTH thukpaap
MaBkyA.  VTa  YTRAayBYAHAMK  MEXAHMIMIADH  TVAMK  WiLIaB
YHEHIMATAH BA XO3HD H3YHI HIAGHHLLTAD NABOM STMORILI.

10.2.4. Meraimapaarn TepmMo3IeKTPHR XOAHCANAD
10.2.4.1. 3eefiex sdpdrertn

Murnyka Merann crepkeHHM MG VHHHT WKKH YYHHM T) Ba
T; temneparypanapna caknaiimua. Crepxed o¥itna6 TEMNEPATYPR
thapkn naino 6Vnaau. Hecukpok Ty TeMmreparypaiH yuMIaH co-
BYKPOK, 15 yuMra kapal HCCHKIHK OKMMH BYAKYAra Keaalu. XoHa
TEMNEPaTYPAlapiia HCCHK/IKK acocaH KPHCTANA NaHXapacH teb-
panHuUIapy XHCoOMra hoHOHNAP OPKATH Y3aTHIALA.

Temneparypa rpaduenT# ((apky) METWUIHMHT MKKM Yuuma

3NCKTP IOPUTYBYH Kyd (3.10.K) E xocun Kunamd. by xonuca 3eefek

afupekty neb HommanaaM (yuu 1821 it Hemuc duanrm 3eebek
oYraH).
Xocun Gfnrad 3.0.K TeMneparypa 7-1+100° C G§nranaa,

E=a(Ty-T3) (10.72)

Hbona OnnaM avukiaanaaw. bynna o - 3eeBex koahdmumMeHTH
(kM Tepmo 2.10.K KoadduueHTH) ne6 aranand. CTepxeHna TepMo
2.10.K HHNT nalno GYNHIH KViiHaarnya |MioxIaHanM.
CTepREHHUHT HCCHK Y4HOaH COBYK YuHra ivuanran dioHoHaap
COHW COBYK YYHAAH HCCHK Yudra AYdanrad $poHoHdap coHWgad
kin Gynann. Mononnap Yanapu Guaan GHPra 3pKHH 3CKTPOHIEP-

HU SprawTipub keta onagunap. Harwxaza crepkeHHHHT COBYK,

TOMOHHIA EKTPOHIap coHM KV¥nafiub eTagm, HCCHE TOMOHMIA
3ca opTHKda Myehar 3apun naiiao 6¥naau. By sca cTepxenna 3.00.K
HI BYIKYIIE KenTHpald. 3echek adupekT MKKH Xxua ¥rkazriuyu DHp-
OMpHIa YiaHraHoa xaM kyzatwnand. Byviaa temnepatvpanap dapkH
YTRAHIAPHHHT YIaHUID HYKTacH GuaaH GowWKa yynapH opacHaa
XocHn KdnHHaaK. Vuby xonaa xam (10.72) wdoaa Ypuunu Ginanu.
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Vaapo VARHMaH MKKH XHA YTKasrHwnapHn tepumo Kyt neb arana-
o, 10.2-xkaneanaa Gupd K¥proluMHaad GYarad Tepmo xydmnap
yayH € HHHT KHAMATAADH KenTHpWIran. Xaasannard MaHobuit
ymopa TOK  HKKMHYH $TKAIrHYOAH  KYPFOWWH YTKAIrM4 TOMOH
OKAETTEHHHH aHTaaraiM.

10.2-xcadsaq
Mo | MeranasPh o, 1O IVK Ne Mevanns Ph o 10F* VK
I | Temup 15 12 CHmoh 44
7 | Moanbacw 1.6 13 ITrarina - 4
3 | Kansnii 4.6 14 Hatpui -6.5
— 4 | Bondpas 16 I3 TMawrnaani ]
5 | Muc 3.2 I& Kanwii 13.8
6 | Pyx EN| 17 Hugen . -5
7 | Oormn 29 E Bicayt -ha.0
| Kywyw 27 19 Xpomen 24.0
9 | Kammit -0.2 20 Huxpom 15
10 | Markmi -0,0 21 Adiomen -17.3
11| Adtsoniith il -0.4 11 Conen -18
23 KOHCTAHTAH -18

Tepvoxydtnap EpaaMuaa IOKOpH TemrepatypaiapHyd Vidal
Kynail, Kageangard KeNTHPUITAH HATHRATApHH Ky aHHE aeb
BYNMaiiaK, YYHKH TEPMO 2.0.K KHAMATH METAUIAp YNAHTaH Xo#H-
0ard BT apanaiManap, KpHeTann foHayanap HVHANHIIMCE Ky4nM
Bornuk GYnany.

10.2.4.2. Tomcon >dpexTn

Houmuit Temneparypa Gapku XOCHI KWIHHTAH METaNN cTep-
HEHHH KVpHO ynkaMH3. VHHHI HCCHE YYW Temnepatypacu T, co-
BYK yuu TemneparypacH T O¥acuu. Yrrasrdunm 1oMMMi TOK MaH-
baura ynarimums.

YHaaH anektp TokM ¥Ta Gowaiam Ba Koyn-JleHl, KOHVHHrA
k¥pa

Q=P Ri (10.73)
MUknopna Koyn Wecukaiurn akpaiwb umkaad. Bbynoa 1 —
CTepxeHnard Tok kyud, R — YHHHr anexkTp KAPLIMAHIM Ba [ —
TOK YTHw aktu. 1856 iimam wHraus duanru Y. Tomcod (ropa
Keneun)  1okopuna KENTHPHIrAH  JIOWMMA  TeMmmeparypa
TPaaueHTHra sra O6ynradH (Gup yud 7T} Ba HKKMHUM yuu Th
TeMiepatypany)  Tokau Yrkasruuna Kovib HeoHkaurH O AaH
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TalIKapU sHAa KYIIMMYa WCCUKIMK MUKAOPH — Qs axpanue
YUKWUIM, €KM FOTHIWIIM MYMKUH 3KaHJIMTUHWA OJNAMHAAH AHTUG
Oepanu. by Gukp keitMHYaiMK GpaHLy3 GU3MrK Jlepy Taxpubana-
puaa TacavkiaHou Ba TomcoH adbdektu ne6 HOMJTaHIH.
YTKasruyaa axpanino YuKa&rraH TVIUK UCCHUKJIMK MUKIIOPH, i

0= Qx Qs _(10-74)_:

KypuHHuIga €3unanu. Qg HUHT WILOPACH TOKHMHT Ba TeMrneparypa
TPaIHEHTHHUHT  y3apo  WyHanuuiMra  GOFIMK.  Arap  TOK
YTKA3UMYHUHI COBYK YYMOAH MCCHUK YYU TOMOH HMyHanca, Qg Myc-
Gar 6ynmub yTKasumyna Kywimmua HCCUKIHK MUKIOPU axpaaub
uMKanu. byHna Metaninaru anekTpoHIap UCCHK YUMIaH COBYK yuu
TOMOH yHananu. Tok HYHaIWMIIMHW TecKapura §3rapTupcak, Og '_.

MaH(OUH Ba MCCUKJIIMK OTUIAIN. 4

MetannapHuHr 3pKMH 31€KTPOHNAp Ha3apusicH JIOMpacia
ymﬁy XoMca Kyiuaariya u3oxaaHaau. §

YTKasruyHUHT MCCUK KUCMMIOAru ANIEKTPOHJIADHUHT YpTaya
KMHETUK 3HEPruscu COBYK KMcMMaarugaH katra Oynamu. Taiiku
SJICKTP IOPHTYBYM KYY TabCHPU[A 3JIEKTPOHNIAP METAINTHUHT COBY
KMemura KapaG mpeiid XapakaT KMATaHaa, COBYK KUCMra €TH
Kejaray, KpUCTasl MaHXapacH WoHaapu OunaH TYKHawmG, OM
KUCM BHeprusiapuHu ynapra 6epaay Ba «COBUMON».

Haruxana VIAPHHUHT yprauya = KMHETHK 3HEPrUsicu
YTKA3rHYHUHT COBYK KMCMMAAru 3JeKTPOHJMAPHMKM OWJlaH TeH-
rnawanu. byHna yrkasrmuma kyuwvmua Qs Mukaopaa UCCUKJIIUK
aXpanub YMKagu. 1

Arap TOK HYHaIMLIKHU V3rapTupcak, COBYK 3JIEKTPOHJIAp
YTKa3TMYHUHT MCCUK KMCMMIa Kapab XapakaT KWIalu Ba TEPM
AMHaMMK MYBO3aHaTra KeJMIL YYYH NaHXapa WOHJApUHUHT OU
KMCM SHEPIUsiICUHU 10Taan. TOMCOH WMcCHMKIUMM Qg YTKasruygaH
OKHO YTraH 3apsii MMKAOPM Ba YHUHT yulapuaard TeMmreparypana
(apkura rnporopLuoHan:.

Qs =T, (T-TH) 1. (10.75)

byHna 7, TomcoH koadduueHTH 1e6 atananu.

Yuwby udona xoHa Temnepatypacura SKuH Ba YHya KaTTa
OynmaraH Temneparypanap opanuruaa baxapunaau. TomMcoH Hasa-
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pUSICUTA ACOCOH, MKKM YTKa3rMullaH sicanraH TepMOXYDTIMKITApDHUHT -
o 3eebek koahduumenTr ToMmcon koadduienTrra GOFIUK SKaH.

da
e (10.76)
dr
Oxnpf‘u udona Tomcon Ba 3eebexk xoducalapuHu ¥3apo
GorToBUM MyHocabaTaup.

10.2.4.3. Tlenre >hdexrn

MKku Typaard Oup Xun Temmepatypanu yrkasrud Oup-6Gupura
yjiaHraH xofinaH [ Tox yTraHna, y Xohda Kywnmua 0, MCCUKJIUK
MUKIOPH @Xpain® YvKAWK €K1 1oTHAnILKM Xoaucacu [lente a¢-
dexrtu ned atanaau. by xoancanza XaM HCCUKIMKHWHI IOTHNWLLIN
By aKpaMb YMKMLIM TOK WyHanuura GormK. XoaucaHu OMpuH-
qu 6ynub 1834 iiunau dpaniys dusurn XK. Tlenre KysatraH.

Axpaind YHKKaH UCCUKIIMK MHUKIOPH

Q, =Irll (10.77)

udona Gunan aHukiaHaau. byHna
ATl=(ot;-o0) T {10.78)

6yn1ub, I vy Tenre xoadpduumneHTH Aed HoOMIAHAIN.
p,0 J1ap 3¢a YTKA3THUIapHUHT TepMoaseKTpUK (3eeber) koad-

puLMeHTRapH.

Tlente xomucacu K¥n Xojapaa 3/AeKTp TapMokJ/iap yuyH 3apap-
JTUAUP. BNeKTp SHeprusiHM y3aTuluga Ba Qoinananuiuga TYpIu
XU YTRasrvyiap KyiaHunand (amoMUHWER, MUC, XKE3, HUXPOM Ba
dowkanap). YnapuuHr Oup-Oupura yiaaHuil HYKTanaphaa 3ca

doWnacus kywumuya (J, MCCUKINK MMKIOPU aXpannd YWKaou.

By nceukaunk Y¥Tkasruy KOHTaKTAapUHAHT KU3MLLUTa oMb Keaalu.
Harvxana yrkasruunaprunr atmocdepanary Kuciaopol 6unaH ok-
CUTaHuIL kapa€Hu (3aHrnawu) Tesnawagd. Yuby xoauca 6uiad
Kypawuu yuyH, (10.78) udonagaH xypurub Typubanku, (oq-on)
HHW KamaliTupuiu kepak. by xonnapila sca vAOBYM Kypuamanap
(poserka, BuIKa Ba X.K.) MATEPUATMHUHT O CH @] Ba O OPAIMFHAA
TaHmab oauHaiM. i

Macanan, amomuuuil Ba  MHC VTKaTWYIapHUHT - o HHIL
HYKTanapuaa xes diunaTuianu.
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flente  s@dexrn 1vpm  MeTannapiari  SNEKTPOHTAPHUHE
ypraya SHEpPrHanapH OHp W1 TeMIIEDaTypaza XaM TypIMua

Gynuui Gunas Tywysmprnage. JapXaKiKar, MCTAULIATH IeK-

TPOHNADHHHT ¥pTauya SHEPIHACH YIADHHHI 3HEpreTHE CTEKTRHTE,

KOHUEHTPAIHACHTA BA SHEPIHACHHH HVKOTHIN MEXaHH3IMIADHIa
GOFANE, SMEKTPOHNAD 3.10.K TABRCHPHUOA BHp MeTAULIAH WKKHHYH-

CHIa ¥ITaHIa Y3MHUHT OPTHEZA SHeprUsACHHH KPHCTAN NaHxapa-

CH MOHTNapHTa Gepaid, EKM NMEKTPOHHMHT SHEprHAcH Kam Gynca,
KVMMYa 3HEPTHA 10TATH.

By xommuca aneXTpPORTADHMHr ypraua 3HeprufcH dapey Karra

OynraH YTEAasrHWIapaa (Macanan, MeTANl — HpHM VIKasriy KOH-
TAKTHIA) AKKoN HamoEH Oynany. Ilente addextHaaH TexHUKana
COBYTKHWIAP TaREpnama holnaran IanH.

10.3, Merannapmmar 3ouaiap RasApHACH

30Hanap HasapusCHTa MYBOHK KaTTHK, MMCMIapIard WeK-

TPOHNIAD SHEPTHACH KeTMa-KeT XOWNALTaH MakmyM GHp aHeprasg
OpanHKNapHAary KHAMATIapHUTHHA Kalbyn Kuaa ojamd. By axep-

s OPLTHKTEDH PYXCAT STHIIAH 3HEepPrHA JOHANapH neld aranamd.

OnekTponsiap kabynl KHAa oNMalfHras  3Heprua opa-

JHEAAPHHH TAaKMKNAHTAH 30HAAp Defiany.

Merawr aromu &nrwa TYPramAa VHOArH Gapua aMeKTpOHMap

aHHK IHEPTHA KHiiMaTIapura 3ra 6ynamn.
YHra MKKMHYH aTOMHW SKHHMSIITHPCAK, YAapIard 3JMeKTpoH
Oynyrnap §3apo KMpHIA Goumaiimy.

DHEPIeTHK CaTNIap Ba YHAATH WICKTPOHNAD HKKANA aTOM YIYH

ymymiit 6§aub gonamn. Jlekus, Ilaynd NpUEUMTHTA acocaH GHp
IHEPTETHK CATKIa MKKHTAE XKapaMa-KapuiF cllMHIM 371eKTpOHIap-
ASH OPTHKHA 3MEETPOHIAD XoMnama oamaiad, WYHHHT Y9VH
CATXTIAPHWHT mmaﬂnmu (aftHMmH) kyaarwiand, Xap 6Mp carx
MKKHTE CHME-CH XOHTalIraH carxra ainaHdagy. DHIH arap aroM-
71ap cOHM MKKMTa sMac, xyna xyn (N 1a) 6fnca, KeHraliraH MKKH
caryiap opacuoa sHa N-2 1a carx ®olnawamm. Hamwkaga énpaa
aTOMHHHT SHOPIeTHE CaTiHIaH pPyXcaT THITaH 30Ha XooHi
Ginam.

Sonanary carxlap opacupard aprk, Xyia KHIMK Oynagn
(MAKPOCKOMHK ~ KpHCTAIAp Y4YH), IOYHHHT YYyH  YHJIard

ANEKTPOHIAD  SHEPIHACH JedpiAH  vanykcms (orapann  1eb
QNHITHMMHI MYMEKHH.
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" xocwn Gynram Ba ¥ IEKTPOHNIED

|04 upamamza Hatpuit mera E T

TanAlLATH.

ByHia fy HOpMa IIAPOHTIA HA-
cpuil KPHCTANNH aTOMAApH OPaCH- 10 4. yyama. Hatpuit MeTaLiRs
parn  Macoda. Jdemak, HATPHH  anexTpoXnap IHEDrHALEPH I0OHACH
qroMTApH KpHCTILI XoAaTda 3p Ba KocHn GHANIIH.

g caryiapd KeHralmG Gup-OUPHHH KOomnab KeTyBYM PYXCar 3THi-
raf 3oHa XOCHMN KWiap 3KaH. 30Hanap HA3apHACHIA acocnaHud,
MeTaUApHHHT, Konapepca DOLIKA KATTHK AMCMIIAPHMHE dusnk
xoccaTApHHM TYIIYHTHDHIN aH4a KynaH. MeTannapHHHT MEXTP
{TKAIYBYAHIHTY 30HANAD HasapHAcHIa vynapia aneKTpoHnap duiaH
TWMHK, THUTHPANMAaraH SHEPreTHK 3OHATApHHHT Gopnurn GuIaH

MIVHTHPWAAIH.

e Bymuaii soHama 3NEKTPoH I3 JHEPIHMACHHH YIYAYKCH3 KHIHK
guftMarTnapra YarapTHpa onaid, 9VHIH 30HAA THIMHDHIMATAH
caTxj1ap K .

Byrmail uana  TOIHpHITAH £ £
0HAHYM VTKAVEBRRHIHK  3O0HACH gy

]
ls — carxHuHr KeHTaRMIDATAH é-ﬁ' o

Guan i, VHH BATEHT 30HACH
Hel aranamy. 2s — GHIXHAHT 8- 105 paeys Jlymat MeTatkaa SHEDTHR
HAIM {TapaataHiim¢) Xpcotira JoMATApH XeEH G

socHn GOfnras MEXKHHYM  30HA

¢4 yana (Apmi) TVmaH.  YHOArH JNEKTPOHMAp OarwHa TELIEN
TARCHD HATHMACKIA SHEPIHANADHHM OLUMPHILABDH MYMKMH. By-
HMAT yoyW aJoHana OViR carxuap MaEsyh Kpuerawira Taumkd
IMERTP MAHOOH SK3 TEMMCPATYPa [PATHEHTH KyHHITaHMA MKEHHUH
JOHAIATH AMEKTPOHNAD OCOMMMK Ounad ¥3 TexTHKIApHHH, XapaKar
HYHRIMILIMAN B3 SHEPIATAPMHH V3rapTHpa onaumnap. Jlmul Kpu-
CTAUTHHHHED IEKTp TOKH Ba MCCHKMHEHM AXIITH YTRAIHILIMHE AHA LTy
TKASYBYAHINK J0HACH MABKYUTAMM OwiaH TYIIVHTHPHIL MYMEHH.
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Vmyman Bapya Metanaap y9yW ama WVHIAR bana TYITAH IHEPTeTHE
JOHAMAPHUHE BFNHILW xocaup. MeTaulapHUHE JOHANAPH TVHANIIN-
HH 3 TYPra akpariin MyMKHH.

Bupitium Typra okopuna
KVpraH JuTHH KPHCTANH MH- 7
conl OFma omanu. Byunaid me-
TALIAPHWHT  3oHanapu  Gup-
OHpHHH  Konnaiioy. Yaap
ANOXMIA ARPATHAMAH  XOuda
HoHnaAnHAap B KyHM 30-
HAapaaH OHPH KOTUTAHMAraH
Bymam (10.6- umama,n), Pac-
MIA KATAK YH3MKJIapHEa 3Mek-
TpoHtap  6WiaH  Tvaran
CaT1ap GenrunanmaH, A — OKOPIIATH 30HAHHHT NACTKA HerapacH (Ty-
Ou), B — mactiard soHaHMur .

MKKHHYM Typoarn 3omana HaTpuil KPHCTANIMHK  MHCOA
KHIHIWMAMIA3 - MYMKHH.  Bywzalt  metannapia nacrnark  3oHa
TYAMaraH OYau0 KePHIArH 30H3 NACTKK 30Ha Yerwra w,unnamﬁf'
keranu (10.6- umama, &) ]

HaTuxana xyna keHr ¥TrazvBUaHIHK 30HacH XocHa B¥nanmM,

YUYW TYPOArd 30MAaNAa NacTKM  soMa WEKTPOHNap  Bunan
TVI0H, JICKMH  JOKOPHIHM  30Ha OWAaH  KOIaHMIL XHCoOHR
VTKAIYBUAHAMK 30HACH Byxvara kenagn (10.6- uuama,s). ByHra mar-
HHH KPHCTALTMHA MHCON KHAMIIMMA3 MYMEHH. MardufHHHT nek-
TpoH  kKoHUypaunscn [1922s22p°3¢%]  kivpusmura sra. Mardui
ATOMMHH 0ap4a JHEPIHA CaTyIapH aneKkTporiap Guaan TYLAMPHIraH,
Arap MArHWI Kpuctaninaa earxiap GHp-GHPHHM KpriamacoaH ked-
FAATAHKAR ¥ M3ousTOp GYAMUIN Kepak 3aM, MVHKH YHIE  dana
TVAAMPHATaH CaTy VK. AcaKaa 3¢ca Marduii KPHCTANAHAATH 3p cark
KEHTARWWK HaTHRACHAA 35 CaTy SOHACHHM OWpo3 komnad Typamu.
Hatnxana 3s cary wkopuenna 6w caryiap xocun oinagm. LWyHuur
YHYH MAarvMil Nam Meraniap XoccacHHy HaMoeH KHIAIM.

B wmee 1§ Sonpm .
ol
Bod i

L S p— [CREEET ST TP

IR P e
T g Wi
VMg man

Rwai AT W Nhan ore

TUmpmom o wm | Srmpmarsi s

106 wieania. SHEPrHy JoHANApHHIHE YTa
KYCYCHH Roan

10.4. Metanmpan 34eK1p0H IMECCHACH

INEKTPOHNAPHUHT GHPOP TALCHD HATHAACHIA METANTAAH yuub
HMKHII XONNCACH IEKTPOH  3MHCeHscH Nef aranann. DnekTpod
IMHCCHACH acocaH yd xun 6¥nanu: TepmMoanekTpoH, asto sa (oTo
IMHCCHH (TAKH doto sdubekT).
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MuTanain KHIOUPraliMisLa YHEHEED CHpTigaH auekTpasdmap-
HUHT YUHD YHEMIUHHEY TEPMOAIEKTPOH SMUCCHYeH 1ed aTadmin.
Vey XOAHCARIAPHN TVIIYHTHPALLLY MeTAt WMIary TYpAM kapa-
EHAAPHUIT AXAMHSTH YHUD KarTa 6¥aMarannmin vy, notesiian
ypa  Moneandad hoijiannaaan,  Moaenra  acocad  MeTain
qykypiirg Wora TeHr nateHinuan Ypadad Tawkua tomwn. by
speprid MaHdHiE GY¥aranaMr yavH serann GHAaH NEKTPOHIAp

OPACHN  TOPTHINNUL KYYH MABKYL £, INEKTPOINAPHUHT MAK-

CHMAT KHHETHE 3HEPTHACH. @ — 4
YiikMIL HIH B d — MeTanHHHE i ¥
yayiamri (10.7- wasma).

Merann KHIAHPUAraH capd Mc- i
CHETHE UIVETYALUHANADH HATHAICH- W =
an axcprisen EXW O¥nrad  suek- e
TpoHJap cour optub Dopaiw. By X
WICKTROITAPHUHE  BUp  KHCMH  Me-
T cHpTHra yyud unkaas, Oup
KHCMH 3C3 CHPTAAN OPKATH KaiTaIM. 10.7- siama. Yuknm
Temnepatypa owrasd capy  MeTann TYUWLYHTHDELITAA I,
CHPTHIAH YMEVBYH 31eKTPOHAAD €D-
Hit Tobopa opTeh Gopaan. Arap METAANra TAMKH 3JM0KTp Mafigon
k¥iticak (ByHaa maHdmil kyTOHH MeTara yaailmua), meraaan
Y4HE UMKKAH 2MEKTPOHAAP INEKTP TOKH Noci Kijaan, Xocun
OVNran 7oK 3HYIHH YUV

I= AT:{I-J'JMH-%T:l (10.79)

-

MyrocaGiar Vpuuauw BVaaan sa yir Pudapiacod-ImmaH KOHYHM
ne6 atanaam. bvana r — MEKTPONAAPHHHT MeTann cHpTHAaH
KaHTHir  koodpraument, A = e
(emk¥2m2p®) = 12008 AIGRY). 0l Adn
Y v @ Gunan A(1-r) napHn
In{ r'fi‘"zjl Huur /T ra Gornmnkaury
'padpirMaan Takpubata  aHmKIaw
MYMEMH (10.8- unama).

Fpadmknm opanuati Vi Guaau

RFEH”"—&H HYKTACH A(l-r} ra TeHT  jpx s TepDaIckTOH TORHIHT
G¥naau. § TSR] E}'T&Lmrﬁ TAHTEHCH Teaifcpatypar Boi i
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aca {-9fk) ra tenr. 13- maguanan Ganon MCTAANAPR  VYYH
ypkn e B A=) Phiuapacon 1o i apiinar ¥asua Ha-
THAAIAPH KSATHPIATA.

FL3- wadaaq

[ e Meraw Ynspn amee o 3B A(1-7), At e?)- 108
[ R : 5.) .13
3] B 4.5 072
3 | Mowfack 4.4 1.15 5
4 | Tanmu 4.1 0.7
5| Kl 31 (.60
b | Bapeii i 15 .25
7| Heanii 1.4 1601
% | Ueamittamrmy Bouijpa s 14 0.03

AMHE VIanuapHiHr KVpCaT I, @ TeenaTypa Fampiinm -
e Gupoa Varapap akai,

Typar kpHcTavorpadiK TERHCHIKAEP VIVH GIM @ OIrHHA
thapr, Kiaann. by uapeny soHanap HazapHAach aCociaa TYnyHTI-
PUIN MYMEHIL  NaOKHERD METALAPHHNT  NOTCHUHAT  ¥pack
kvprusmwn 10.7- wivana kVpeaTHATANACK THK  BY KECKHH
Yarapyeun B8, '

Speprua ouunun Guaan aacraad #x) — YiHBKNiE opThG Go-
(UL B METATA CHPTH SEHHIE 2TPHAaHI,

AP METULTHNIE COBYE XOUIATHAA YHFA  EVLIHPOK AT
MaltioHn  KVHWICA. Y noreH)
enrn nacasin. (10.9- wiang, nvHE-
Tip udak). Hatwswana auean wmm
Kipasan. Arap Taulikl EVIILIEH
MATLOH  Kvaanranary £ GVnca no-
TeH L THCH K Boaaitaaim

s 10 B ag e, R

W=~ ot CHOLRDY i e ErLyEr s IR T
1[ Ars,, VIV A RRCTIE TVWITE

A Tenr Ovaun kel Uhien - e

HUEELE OOCHD KAMATEN T 5aM EVI 3eRTPOH I pHITHE 38 CHL
Kt Hauun s oand kedamin by XOmnCiin T veRtp Mai-
aoi Tarenpuaari avpecins ckn HloTkn paiecugen ged arasm-
ain. Arap F- 0% S gvOali Bpiac, notes ok Iy
anpawaan nacmthen, K sackipowaap Besanoi yuaan vino
KeTARCAILED. DI 2ACKI OGP SEapiil YUyH MeTaaaHi
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K,H'.i.fllll’”““;' MM XOSEAT KﬁJ]M:‘II"LIIH. E}' AVAMCANH COBVE IMHC-
Clis CKH ABTONCKTPOHE 3MiceHs ael wpnmiaan. Kyvain snekip
sl TELTHPAAD  IOTCH a0 Tf-"l:HI-:,IIHIIF KA THHIAKTY  Xax
T RHENTE

By =ca iviben adupekTi axaMuMATHHN omidpald, 3nekTp
saiion Matays bup kpuTHE koiivarra etrasia sueprascn £y
ra Teur OVarad @epmu caTXHANME EKTPOHAAP TYHHEN yTHL
psEOHUETHE ara Dynaanap (Gynaa vVeny gamsanry o ~100A
arpodfrinila G¥nann).

thavnep B2 Hoprefim ya 8vpaak k¥pUimiEngan  noreduHan
TVCHRLIH  MICKTPOHAAPHHHP VIMILH  3AXTHMOAANIHHY  Tax i
KInG, KV WICKTRHE  MATIOHAATH  MCTADGH YracTIaH TOK
SHMIENTIE Y4y ;

J=uFPexp(-Puyp £) (10.51)

uatnxka  onammap  (10.10- wrama),
(10.79) ua (10.81) napHU CoOAMIITHP-
FAMBMITIELD COBYVE, 3MUCCHNIAD TEMIC-
PATYPA 9MAC, KT MAllIoH MyNIIM
VPHH TyTHIIH sasiym Gnaan, Tlg-
TeHuian TVeMk kanuoanrn ~10A
Giumaryiua @epait SHEPTHETN 10 0. winvn. Bueprenik vens,
ANEKTPOHTAPHIHT TYHHEA  VIHIL RCHT N I TYIUY TP i
IXTUMONAMI %Y1 Koude Gnn. MeTamuapHuir SHKHIL MIHIH
¢ =30 ned onr ROIIA COBVE, SAMMCCHA GOULmIINnM YYVH 30eKTp
waiigoH  kywiadrmnrn £, -3 00%8a Biun KepaknHrHHg
anngaiiangg,. TaspuGompan Maiinod  KeuEsiraiirvan bynman 30
MEAPTI KITINE KHITAGTIEIRHEE 5 COBVE, MUCCHH KV ST,

E‘_k' NOOUCOHK  MeTann CHPTHADEH J!uTﬂKHL‘.-'lFII(J'Iﬂpﬂﬂ F.iﬂ.f'!‘_"ll.'.lll
EYWIAHFAH DN £y 1 TCHE HYEILIap  0Cil O Ba oy
HYKTAIAD OPKANH ATERTPOHAAD  IMUCCHIIALEIN D TVIIYHTHPK-
fagu, Yavaan onranaa (10.81) mdoan raxpida datuxaaapn G-
A3H KO EARAH JAPAEANA MOC Kenaan.
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10.5. Provesspcona (Failkp diovaadiert)

Epyemik wypu (dotoniap) TALCHPHIA METILL CHPTHILAH eK-
TPOMAAPHIHT YUHD KUY POTOIMHCCHH ¢RI TaIIKH doToad-
dekr acd araaaan. by xoancann GUPHHUH avand 1905 finam AL
Siiwmein naoxaarad. MoTOIMHCCHALA ACOCIH sueprunck Er %
sk G¥arad  ANEKTpOLAAD  MILTHPOK STARM.  DNSKTPOMITHUT
TYAKHH — Xap OHpH 3HEPIMACH fitw Byvarad oTonazp oKHMH Mtj:"-'
Tan cHpTHIa Tylwray, dotod ¥3 3Hepriaciibi METAN CHPTHIA
YK KOHAAWrAH E aveprmsicd £y ra nKKH BiFraH ANeKTROHT
Gepaau. Hartukana neKTPOHHHHI IHEPTHACH E+hm ra Tedr
oynaan. N
Arap E+ i > Eqtg 6¥nca, Oy 2NEKTPOH METALT CHPTHE viub
yuKMILK  MyMEUH, byHaa ©  METaARAaN SASKTPOHHHHT YHKHI
win, y @epau camx By naw xpcobaadazd. Meranalan SR

YHKKAH 3MeKTPOIIap Texiry HollaH V Kiitvatroda GVanan.

(L EL]
V . yaub HMKKaH FICKTPOHAAPHINT MAKCHMAL TeLTir ﬁi.l.smi_f,.

(hOTOH AHESPIIHCHHMHT HHKHLL HIHAAH OpTHEYACH ?Jln:l-:rpmmﬂl-i_r .
KHHETHE FHeprisicHra alliaHaan, v Fiinwireiin ndoaacH OpKaATH
TONKAALN:

ri

hin =g +— (10.52)

Arap oOTOHAIR FHEPITICH fren HEMI HITHAZH KHYUHE Binca
thoroadiperT coOAUP Gyavailu. KynriHa metaninp yayH p-3aB
Gvanam. Byimail MeTaamap CNpTILIH MeRTPOMIANHH YPHD YHKIPa
onysur fiw 2@ GoToHIIP KYIA KVPHHULAMH Ba yarpabuHadma
EpYIME MENAIOHATE TV ke,

MoTosmicenany  MIKRopHil  TOBCHAIOBYH  KaTTAUAHK 3NeK-
TPOHAAPHHHT  KBAHT HUKHIUH f aed HomMaHAMN B2V METANAM
Ty Gup (OTOHTA MOC KEAVBIH vyl YHKKAH HICKTPOHAAD CO- :
punn  Goomipamt. Kyno tos merannap Y4y 104 anck-
T epar T OH.

MeTLAPHUHT KT YHEHILN GyHaanug Kpune dyamanra &a-
60, EPVEIME METAL CHPTHT =) Sen uvkapIIKKaua KupHb Dopaar
HY 2COCH VI KATRAED 10TIVEVL. BViLAail KaTaMIaH MeTal cips
THrA KAl xapaKar ki aneiTponaap i VKA AP Ha=
TiacHua U3 FHepriSCHInD IYROTIIH. Cupira yuud 4nKKaH doto-
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sACKTPOHAAPHINI TEUHKnapH TYRAHE GyAMILM ¥am 11y acocia TY-
(HVHTHPHAALH. DoToIACKTPOHAZPHINT KITHILTHIW Melill CHPTHLOH
0o rada GyaraH KaTAAMIA Nocid Gynann. Taxpubana oro-
SAHCCHSL YOYH KyMar KOHVHMSITAAD KYIaTHATAH: ¢

a) Yuulb udKaeTran MEKTPOHIAP COHW METARATD TYUIAETTAN
EpYEAUK OKHMH KATTAAMIHIA NPOTIOPLHOHAT.

§) Xap KaHpad Mol y4yH oToshdeKT ADCHN KUAVBIH
EpVEIHK HYPHHUNT yerapaeuid  TVAKHH VAYHIAHTH hp  MABRYL
GUnHD, YHAAH KaTTa TY¥IKHH yayHANTHEA POTOIMUCCHH Ky3ATHII-
,-.-;'u[i:m. Ao WY MOAOA YIYH (poTOAMHCCHIHIHT KT3I yerapack nch
aTANAdN,

g) V. HuHr guitvaTi EpYRTHR HYPH TAKPOPHIITHIHTD NPO-
flopuvoHan, IekHH EPYITIHK OKMMH KaTTaIMrmra GorniE IMac,

MeTaIapHHHT UHEHLL HULIHHH KaMaiiTHpWUL YuyH To3a 1 e
TaUl CHPTHAA lofka AKNOJ AMEKTP KaTiaM  xocHi EMAMHATH,
Karrnas Xocin Kuauiag YitKHIL HILH KHYHK aTOM B MOJEKYTA-
nap (Cs, Rb, Csp0)aan dofaatanaany. bynaai MeTastap ek
TPOBAKYYM JIaMManap TaHEpAalLaA HILIATHIIANMN.

10.6. MeTaa APHAHT MATHHT XOCCATIPH

MargnT  MalaoHra  METAATHI WOMIAWTHPraHAMIaIa  yiaa
MAFHHT MOMSHT XocHn Binann. BupaMk NUKMHAHT MATHHT MO -

MeHTH (MArHITAARTAHARK) J mextop Gunap GenruaaHaLd. Arap
Al MalAoH Ky4RaHraHadm [ G¥nca, ¥y Xxpana
J=¢H. (10.83)
ByHaard x — MOMIAHHHT MarHnt kaGyiuananrn. Moana wiH-
narM  MarHWUT  MAHLOH  TalukH I Ba wuky  Hy ManLoHmap
fnrcsaan nGopar G¥nand, ShHil
B=il 4y =ni, (10.84)
Byina B — MATHUT HIAYKIGS HEKTOPH e aTananm, y 3¢a Mar-
HUT CHHEIMPY B LN,
Moata Iususany  MAfooH fJ,,  MATHHT  MOMEHTH BHAAH
Eviniarira Goraanram
b (R B
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B=H+dal = H(l+dmy), {10.86)
OvHLH y
p=l+dmy (10.87)

HPOAAHA XOCHA Kitavis, Bipop moana yuyH ¥<0 Egu p<l Ofnen,
vHi anasarnnt  aefinnam, x>0 €ku u>l Giica, NApAMATHKT
Ginain. 3

>l Gyarad  momaanapei  QeppoMarnuiiap neb  aranami.
Tinmaran o Ba f 30€KTPON KobDUKKa 3ra GYnraH MCTALIADHUHE
Sapuacu napavarHurapap. (Cr, Mn). Muc. BracwyT Ba GOILKD |
BOLai MeTanAap 3¢ YUIAPIAR AHAMATHUTHIMHN HAMOEH KPAadn. ¥

K¥n  MeTansapiiir - MariuT KDy HaHAMrH  yH4a  KATEa
fvasaian (x-10-) wa Temnepatypara kyucus Gornanran. ]

TuasariiT MOLIAAAPHUIET TAWKH MAHA0H AYKAHIILD aTOM Ba
MONEKYIIAPIHINT  MAPHHT  MOMCHT/PH HOArA TEHT. lE!yHliFlj";
YUYH RICKTPOH KOOHKIAPH TYIMEK TVATAH aToM Ba MOJSKYALTAPIL
AMAMIFHATHIMHI EVIITHL MYMKHH.

Mapasarinraap saition f¥kanrna nonnak apkii MAFHMT
wvoMenTra  ara ©vaaan.  Bymapra  anekTpoH  KoGHKNapH qana
TUARHPHAMN MOLTLIAR KHpadi. b

KOKopUAATH (PUKPAOPHH XKYaa anik peh Gyamanan, UYHEN
MOLLUIADHHHE MATHHUT XOCcanapi antda vvpakkaGanp. Macanau,
MiC MeTann GYANILNTA KapaMacanH ARaMAriiTanp. Byira caBal
sucan T Tinanpuaran 3d aneKTpot KnGHEHITHT JTHIMD T H AT
Mu 45 carxaarn Gup MCKTROHHHHT NApaMATHUTHIMHIAH Ky
pok G¥aamn. 3d KOGUKAArH YHTa 3CKTpOHHINT puamariut -
dexrid acocuii pen Fitnaian. Ag, Au, Zn, Pb napHUHE ZHIMATHH-
THIMUHH WYHIAR TYWYHTHPHIRIN.

MeTamIApaarH VTKAIYBUAH IPKHH 31eKTPOHIApa Ttk Mars
HHT Maiimol Tawcupu ukkn xia G¥aaam, Bupanunaan TAIEH
MATIAOH HTEETPOHAAPHUHE Mafinon uyHAHUIIN arpodumnn A=
uiinra (npeueccia) oond kenagn. by aiaanmin iivHan e JleHut
KROHANCHTD  ACOCAH araaHnd, xocua GParmH MariuT EYHIENLelh
TOMIKM MARAOHT Teckapu HVHAaAN.

By XoaMca 3pkuH FnekTporiapiyvir Jlannay AHAMATTTHTIHIMH
neb aTanaau. :

Nanaay THAMATHITHIMHHHT MATIHT Kabyauasr

234
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2 2
L. . i{u (10.55)
h d
pecona GICIaH . AUIKIATRLEE By N — SISETPOHEID SHWIITH, Py —
Rop MATHCTOHLL Nekny, MeTamuird TRAVBYAH  2ICKTPORTARHITHI
yarHIT KAOV I drikaT 74 AaH HBopat Gimatinn. Manaymin,
K GHp IACKTPOT YHUIINT HOT GEAMARIH A0HMHIE MATHHT MOMEHTHER
gra. TARKIL METHHT ALKWLLOH kI yaap MarHeT Mo
DV LT (P Xl soinasunnap, By Bon VIKasyBIAH
SAEKTPONEIAPHIED  DAPINGTHHTIAMITHA KeATHPHD  aikapLii,  YHEHT
Ay AT AHAMaTHIT KaEVTIAHAMKIEH 3 Mapia kAT Dviaan.
MerLap AT ':.-1]_6:{ HEkn  KAGYIHAHANTHEH AN KTROLH= | ApaMarHA
pesatare (3P} yeyan Giiad asoxman ynuall TOTHIL MYMIGHH, he-

TR SASKTROHIEPHHHT TVIHK kA BV 3, YUYH

) I
P12 (10.59)
X=Xy T

Hipogta KEATHpHE MHKAPIATARL Byniaa L=k Ty @epyit eprisict.
Kiputind rypHdankn. AeTILIAPAAT FTKazyedan ANeRTPoRIAR na-
POMATHITIGEMI TeMICPaTypar Goenny, GUaMaim XAKHKATLH
xAM OY  NOMICa  HIIKOPHIT  Merannap {Ma, K pa G.) yuyH
ypiiip. bup Katop napasartir METIAPHHHT KafyAaHIUTH
vinby Kopu-Beite goHyiH OUAAH ANTHEIaHALN:

o 25 (10.90)
ST

By nponagant Jo meTana HOMIGIPHEIHE Ta1apa nHiaari
waion GIan TancHpaveig ndonaian B Kiopi HygTaciL.
166 Hosmoaa. Bk napaMaiin MCTvuap 7, rana  conyTHi-
FIAA (hepPOMETHHTAPI AHEHAT (Maca Fe. Ni).

By Metamap vayn (L0.940) zaaary T iuopact! sye-
Dar Dmap. Avap METALA T. nodt et TEATICPATYRUEIPREANEY COy-
DA anTudeppoMartint Xoaarr Vi, To HHLE WIBOPICH
ikl ommnaan  (macanan, NiCr MpS, M. CraQy wa 0).
Barau xoanapia To WiHr kuiisani Kiopi Bys1acing Moe geamaes
JIHTH KM MYMENH,

fl‘-‘uj'q-.v.r.aruu1_-|-.,|-,'uu1m ACOCHI SRR b\."-'!ill.'MlI!.’I:1|'I.Iill1 N0
[%aT.
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a) @eppoMarHUTIaApHUHET  MarHuT Ji &

CHHTAMPYBYAHAWIH Tawky A maruur 0w
maiinondra 6orauk (10.11- ynsma).

MaligoH KyuJdaHraHaurd  OpTHILH
OuaaH @ KeckuH optaan sBa H=2.53 na
MakcHMan Kuiimatra spudwaou. H Hu
siIHAA OlIMpcaK W Kamas Oolnaiau sa

. ; 10.11- wisvia. TeMupHMHT

=1 KuiiMaTra MHTHIANH. MATHHT CHHIANPYBYAHANTI

6) MeppoMarHHTAap KONAMK Mar- w(H).
HUTU3MIa  3ra, $dbHM MardUTIaHIaH
X0JaTMHM TallKK MalaoH Hykniuruaa xam cakiad konaau.

B) Kioopu HyKracmiaH lOKopu Temrepartypanapia deppomar-
HUTIAp TIapaMarHUT xonaTura yraau.

DeppoMariTIapia MarHUMT TUCTEPE3UC X0AMCacH XaM KY3aTu-
nagy (10.12- uyusma). Arap eppoOMarHMTHW MarHWT MailoHra

JRILILT

0w 0 ﬁ:&,

KVitnb, acra-cexun H maiinoHHu optTHpud Oopcak, J Marnutian-

raHaMK Xam opThb Gopanu. Mawnym Gup He ma J  ysrapmail Kosaau,
(MeppomarHuT TYMMHHLL HYKTacHrada
MarHuTnaHagn (A-Hykra).

MaiitoH kyunauradndru  H Hu

KamaiiTupa GolnaiMua. H=0
OVnranma ~Ir SLHM HOAra TEHT
OVMaiian. 1N MaiiaoH

AVHATMILAHEA Y3arapTupud, B HykTrara
kenamu3. by xam TViiMHMI HYKTACH
6ynub, 1-6olka KaTTanatmainu.

MafigoHHM  KamaiTupuO 0O
HYKTara Kenamu3s Ba aHa A 10.12- uynsva. DeppoMaraiT Mar-
]_1),:";]—3[«3'_'& MﬂﬁleH K}"‘UI&HIBHHI’]THH[/{ HHTIAHHIIOE THCTCPC3IC XoaHcaci.
OLLMpaMK3.

Haruxana enuK srpu YM3MK — MardHAT TUCTepesuc XOocusl Oynaiu.
By unsuk  deppomarnuTiapra xoc 6110, yIapHUHT IOMMUI MarHMTHUK
MOMCHTHMIA 3ra OYIraH 3appalapiaH TY3WIraHAMrvMHU 6unaupand. by
sappanap ¥nuamaapu 107 =10 ey 6Y1u6 MarHut gomeHaap aed HOM-
naHanu. MarHuT JoMeHNapHWHI  ¥3-¥3udaH MarHuTiaHu® Ko/uil
xonucacuH  @periken-TeitzeHbepr HazapusicMra acocnaHuO TYLIYHTH-
punaan. YHra acocaH Kpuctann naHxapacuaard atomiap ysapo anma-
IIIMHYB 3HEPTHSCH OPKVIW TabcHpliallagunap. AnMailiiHyB SHEprusici-
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HW TaBCUQUIOBYM KaTTANKMK OYaraH  anMaliMHYB MHTErpaiyd A MyXum
ypuH TyTamd. Arap A>0 6yica, 1OMEHAapAark 3JAE€KTPOH CIMHJap Nna-
patien okoWnawaiv. bydga anMamiMHyB 3HEPrHsiCH 3HT  KAYMK
KuiiMaTTa 3ra 6¥nany Ba kpucTai GeppoMarHuT xonatuia ofnaau.
A<0 Jpa JgomeHRapiaru JIEKTPOH A
CMMHIAPY  KADAMa-KapLUM  KOMJIALAN. Ni
ByHaall  xonatHH aHTHUDEPPOMATHUT Ibef d/2R
xo1aTh feiurnaan. 10.13- yusmama anma- : L;’ B
(HHHYB MHTEIPaTH A MUHT KPUCTALT MaH- 7
Kapacy OouMuiic d HUHP 4ana TVaraH
3NeKTPOHIap KoOuFY auaMeTpy 2R ra Huc-
Barura CORIUMKAMIM KypcaTwiraH. Yusma- Cr
naK KVPUHUG TYpubamku, d2R<1,5 6yaray  10-13- unsmu. Geppovarmut-
veraniap deppoMaruutiap, d2R>1,5map P \:";f;" f‘;‘:f:”;;ifﬁiﬁ?’em'
aca aHTHdeppoMar-HKUTIap XHcoGnaHagHK. AR
AHTudeppoMarHuTiapaa KYiHU UOHIAPHUHIT MArHUT MOMEHT-
JIApH aHTHNAapainea WyHanrad 6ynamy. VnapHuHr MarduTAaHaHAUIKU
TAWIKK MAHOOH MVKIMIMAA HOMMA TeHT, AHTHGEPPOMATHUTHKMT napa-
MarHWT XonaTura yTuili Temneparypacu Ty Heen Temneparypacu aeG
HOMIaHaAW. Yaapaa MariuT Kabyaaanank T< Ty oa kpuctana maHxapa-
v IVHAIMILIKWIE Ky OOFIUWK Oynamu.

3

T L

Arap MaitloH WYHUIMIUM aToMAaPHUHT X

MarHWTHUK MOMEHTNApH HyHaNWiMAa X

6ynca, MarHuT KaOyTyaHiMK Temriepa- F iy _ _
1vpa nacaiuwM OwiaH Hodra MHTUNA- \&{LQ’
ad. Arap MaigoH WVHaMMIIKM MarHur X

»7
10.14- unssma. AutudepposariinT-
HUHT TTAPaMareTH ks VT,

MOMCHTNApU WyHaIMIUMra Tuk ©Oyaca,
KabynuaHaMK  TeMrepatypara OominK
6ynmaiiam (10.14- yusma).

10.7. [Jie T'za3, Bau Anden 2didextu

1930 {iunu ronnana GpU3KKIapK T J 14 - 10°
HOe Taas, Ban AndeHnap BUCMYT-
HUHr 7=142K pgaru mariur mo-

MEHTH J HU yauaaunap, Taxpu-

GanapHuur  k¥peatuinuua, J Y B R o

Tallky MalaoH yarapuiid OuiaaH

Tebpanub Varapran (10.15- yusmMa). 1015 wisva, Mardut vovicrTi-
B_V X\OJIHCGHH )le raa3, B{IH Aﬂ- HUHE ZaBPHI VirapiLlin
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theH ek 160 HomaHamny. Keinspox Owncarep OYHH Kyivmarvda
TYIMHTUPIM. MeTa/UlapHUHT  MarHWIIaHTaH T HHAHT TeGpaHuII
@epMH  caTXUliark  INEKTPOHTIAP OpOUTATAPHUHT  KBaHTIAHMINHIAH
KemO MK

Dnexporiap PepMU CATXMHUHT Makiym Oup opOMTaiapiia (xe-
CYMITApUIa) Xapakar Kiamanap. Pepmy carX@HUHT SHI' KaTTa Ba SHL

-

KUYMK KECHM 103aJ1apu 10.15-yusmagarit J HUHT 3KCTpeMyMIIapH-

ra Tyrpu kenagu. Omxcarep J HuHr TeOpaHUIl [ABpU YIYH
Kyiunary MyHocabaTHH OJLIM:

A(-i_)iﬁ’;_l-, (10.91)
H he S,
6ynma S PepMM caTXMHMHT TalIKY
MarHydT MainoHH H ra vk Bynrad ux-
tuépuit skcrpeMan kecumu (10.16 —
yy3Ma). MarHur MaimoHpa Meramlap-
HUHT SeKTPUK YTKasyBUaHMMIM Tebpa-
HAIIMHA  XaM  KY3aTHIIAMA3  MYMKMH
(MIy6uukos-He [aas apdexrn).

By  xomucajap — METajlapHHHT

MepMi CaTX CHPTUHH YpraHyBu¥l Kyd-
JIK aMaJTiii yeymiapaup.

10.8. E)némou — papamaraaT pescnanc (DIIP)

MarsuT MaligoHra XOWIaHTaH napaMarHMT 3appanapra sra
GYNraH MOJIAHWHI DIEKTPOMATHUT TYJIKMH SHEPriasCHHA peso-
HAHC DABWILUTA JOTHIN XONMCACH 3NEKTPOH-TIApaMarHuT pe3CHAHC
1166 Homnanamt. TAlIKyM MaWioH H TAbCUpHIA WHFWHIM CT7HH S
ra TeHT OVnraH 3appa 2S+1 Ta caTxra aXxpaali. CaTxyiap opacHpa-
TH 3HEPrHA QapkKy

JlapxaKuKar, SpKMH OMEKTDOH YUyH S=1/2, p=gpls ByHIa

£=2,0023 (SpKHH 3MEKTPOH YUYH) Ba pe=t1/2. Jiemax, smekrpoH Ey=-
1/2 gipis, Egp=tgdiplls SHEPTHAIAPHA Kaby/ Kyuia oNaly. YHIoa
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AE=Ey —Ey=g.ugH =2upil
DNEKTPOMArHUT TYIKMH 3HEPTUsCU KBaHTH Y4yH
% hw=AE = gugH (10.91)

[mapT GaXApWiTaHIA KyWid IOTHIMII Kysarwiami. By xomuca épna-
MUIA MeTaIapiary YTKasyBuaH JIEKTPOHNAPHUHT CIIMHIIAPH OPHCH-
TALMSACHHH, HYKCOHIIapZia GoIIIKa XomUcaIapHy YpraHuil MyMKHUH.

 10.9. AnpoMarsmT pesoHaHC

MarHuT MaliJoHIar¥ MOIJAHUHT TMapamarHuT fAApoJiapd To-
MOHWIZH JEKTPOMATHHT TYAKMHIAPHY IOTHLI XONUCACHHU SIpO-

| MarHWT pe3oHaHc meiramu. ByHna Tallky MadmoH TabcHUpUia

gnpo cruHKM [ GUp Heva Carxjiap XOCH/ KWiaiu. CartxJrap opacuna-
i aHeprus ¢apku (10.91) udona OwinaH aHUKIAHAAN. Paxar g
fouikauapoK, Oymamd. Meramapaa YTKasyBYM  3/EKTPOHIAp
OYJEraHIMIM yIyH KYII XoJUiapia aKycTHK SIMP paH doliganaHusa-
. ByHza TalmKapuiaH TyIa€TtraH 3MeKTPOMarH|T TYIKUH YpHUTa
A 3Hepruay GOHOHNAp yiroTMIamM. By Xomucanap xaM Mera-
Naphard Kyl KaTTalUKIapHy aHuKJIa HMKOHWHY Gepanu.

10.10. MeTA/ISpHENT 3eKTPOMATHAT TyaKmaAap Ounan y3apo

ManiyMKd, MéTayiap 3/1eKTPOMATHUT TYIKUHIApHU Xyla sAX-
WM KalTapypuu Mojutanapaup. FOKOpM 4acToTali 3JeKTp TOK
tbaxar MeTaul CHPTUIAH Yragy. DNeKTpOMarHuT TYMKUHIAP XaM
XKyda KAYMK KATMHIMKIArW Kamiamraga Kupa oJajuiap. by
XOIMCAHNH cKkuH 3(odexTy ne6 Homnasamu. Macaman, ©=10%Tn
OYral  SJEKTPOMAarHuUT TYIKMHHMHI MHUC MET/UIMra KUPHIL
YyKypnuru o=6-10"4 cm 6ynamu. Kyws MarHMTHK MailoHTa XOK-
NaHTal MeTAUIIa CeKUH CYHYBYM OJISKTPOMArHHT TYIKMH
TapKATUIIM MYMKMH, HaTikama cKuH 3hdexr AyKomamm. Maca-
JIaH, HATpUH KPUCTALIM KyWId MarHUT MaiIoHra XOWIaluTHpui-
ragga yarpabuHadiua Hypiapu ydyH madpdod O6ynub Komuiiu
MYMK¥H. Mera/UTapHHHI ONTUK XOCCAJIapy YJIAapHUHT IAHM3JICKTPUK
CHHTAMPYBYAH/IMTHIAH Kenub YHMKanu:
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c(m}-—-s'{m)-i%—ﬁfm}. (10.92)

Gynia &(w) YrKalyBuaH WICKTPOHJApHK XHCOGr OAMARANTAH K-
INEKTPHK CHHTIMPYBUAHIHE, Giw) — MeETAnAHHHED YTrRAIYEHAHIHTH.

MeTamapHHUHT CHHIMPHIL EVpCaTKHUH YUYH

pik=E, (10.93)
Gvaga X — EPYFIMKHHHI — 3NEKTPOMarHHT TYAKMHHAHT I0THAKLL
KODPULIMEHTH.
Hudpakuann Ba  OMNMTHK auanaszosnap  yiyd  OH
AKMHNALIM LA

efw)=¢6(w)- f%)z (10.94)

pdhona YpuHAH B¥anu. byHaa w, YTKalysqaH INCKTPOHAAPHHHIT

{anexTpoHIap nAATMACHHMHE) TeBpaHKIL TAKPODHAIKTH.
Wiy 44 METALLA TAaiMa TebpaHHWARpH YRFOTWUIAON

KailTa 0NaaK (AM3NEKTPHKNapaa kalTMailau).

. L=ty
nap YUyH MeTannap wadphod G¥nanH. w GUIHLIA GunaH MeTannap-
HHHT xafiTapuill Ko3hgUUHEHTH T KaManin B pEHTrEH [Wanaso-
yMna MeTannap OunaH AMINEKTPHKAAp Opaciid drapk, KoNMataH.
TyviuHll TEKHCIHIHLA KyTOnaurad €pyEnHK Hypi MeTanAIaH

PHHYHA

Acch KyTOAAHraH EpPYFIHK TYIKHHH METAULIAH KaWTray -
nunTHK kyrbnanaan, ByHra cabab: Tywwil TEKHT WrKiaa Ba yHra
NEPNEHIMKYNSP  TeKMCIHKIA KyTORAHraH HypRap Metaniaan

KalTray ynapaa tasanap dapky Xocui Gynany.

10,11, LpxaoTpon pe3oHARC

MarHHT MaiioHr AORNAITHPAAFAH  METLIIAIH rrasys4aH
snexrpornapra JlopeHu Ky4d Tantup arand. by mailnon TabCHpH-
Nz WEKTPOHNAD KApakaTHIa MaliA0H HVHATHIIATY THE TEKHCIHKLE
afinanma XapaxaT KYWnaaim. Arap INEKTPOHHUHT 3PKHH wrypHil
sacohacit aHAaHa YIVHIMIHAAH KaTTa Gynca, Xapakar pasoMald
MEeKTPOH Y3 3HEPTUACHHH vkoTMaiig, DNeKTPOHHUHI Al aHK

TaKpopHAIHId,

by =
e
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(10.95)

MyHocabarT GHNaH aHHEJAHAIM 32 YHH UHKNOTPOH TAKPOPUIATHEK
neb HOMIAHTM. MeTannra TAMKAPWIAH 0= TakpopHHETHKIATH
ICKTPOMarHHUT TVIKHH TYIIHPCAK pelOHAHC HoTHIMIN  (EKH
KAHTHIT) XOMAHCACH Ky3aTHIalH. ByHu uUMKIOTPOH pesoHaHc neb
granaid, XOMHCAHH Ky3aTHII YIYH 3pKHH orypHill MacotacH a-
naHa y3yHAMrHMmaH karra GVIHIIH Kepak, To3a MeTannapia SpEKHH
JOTyPHII Maco(acH acocaH 3NMEKTPOHIAPHMHT dononnap GHNaH
[YKHALIYRH HATIDKACH/LA Yerapananais. TMlyHuHr yIYH MeTaUlapaa
mKioTpon pesoarne T=1+10K napna KysarTwiaiH. ByHma wiek-
TPOH/IAPHEHT (BoHOHNap GiiaH TYKHAUIYBH Kyna Kam Gynamd.
[[4KTOTPOH PE30HAHCHH Ky3aTHlll yiIyH MArHHT MainoH MeTall
cHpTHra mapanies HHaTTHpHIATH. DREKTPOMATHHT TYIKHH aifia-
HATI OpOWMTANAPH METAaLl CHPTHIA HKHH .

OHAHC XOMHCACH MOTAUIIATH 3NeKTPOH-
JAPHMHT SHEpIWsl CNEKTPHHM,

10.17- =wrasa. meroTpon
MACCACHHM AHMIIAIEA KYWIAHMNATA. BY  pesonamc xoameackra nomp.
XOOMCA METAUIEGPIAH  TallEADH  ADHM
YTRAaHWIEARAA XAM KYSaTHIATH.

10.12. MeTaiapIarn LAAIMa TeOpANNILIAPH

gonama (10.17- unsma). LHxioTpor pe- u:ll:l

POPHIATHTH @)y, Ia 3ra OinamL

Mapas Kunamus, MeTavyard Oapua §Txasrud SMCKTPOHIAD
KPHCTAUL Narkapara HucOaraH mawiym OWp Macoda x ra cui-
RUADL. Y Xo/nma MMeKTPOH «rasiyHW OpKara KalTapysy neE ¥y
xocun OYnamd. ByHoa n — 3CKTPOHNAD KOHLUEHTPALHACH,
E=47mex — anextp MalloH Ky'wlaHTaHIHIH.
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By MaioH NMEKTPOH «FalMsHHHI CHIDKHIIH xpcobura nalino
Gnagn. Ywby KadTapysui K4 TABCHPHOA MEKTPOH «TalH» Teh-
paHMa XapaKaTra Kelalu. BUpIHK XaAMIard ¢KTPOHAp IYPYXH
yUyH XapaKaT TEHIaMacH

i

nm B eE=—dmnieix (10.96)
tﬂ2
EKM
2
% aly =0, (10.97)
2 n
Byxna
2
PRI Bl (10.98)
m

aIsMaHHHE G¥iLiama TebpaHUIK TAKPOPHILTHIH e HOMTAHATH.
ViuHr KHAMaTH MeTannap yuyH ynrpaGHuadma TYAKMHIAPTa MOC
kenamy. TaxpHGanapHUHr KYPCATHIINYA, MCTamiap TaKpOPHIt/HIH
Wy AaH KMHMK EpYEIMK HYPAApHHH PreazMaiiiH, aMMo >y, Jap-
HH 2Ca VTKAIHIOH MyMEHH.

: nc
10.4-xkanpanna DabIW  METANAD YIYH A, =——  HHHL =

iy
KHIMATIApH KeATHPHATAH,

Merannap U] ha
1]
e Oiconanran A ) 1550 | 2090

el ”L 155 | 2100

MeTtanapiary  IeKTPoH  TadM
Te0paHHIUMHH  METAUTHUHT  GHpop
yerapanaHTaH KMCMHIA YHFOTHII XaM
MyMKHH. Macanas, KHHETMK 3HEp-
rugcy 1+10xsB OynraH TE3 3AneK-
TPOHAAPHHA I0TTKA METALT KATAaMOaH
YIKASTAHMMM3IA  YAap  MeTania
MATIYM oup HyHamMuLIapaa
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TApKATYEYH STEKTPOH MiasMacH TeOpaHMIMAPHHH XOCHI KHIalH
(10.18-4H3Ma).

DREKTPOH  TUiasMacH  TeDpaHHULIADHHIHT GyHRai KBauTH
nasmoH 1e6 aranagd. Merawira genmb TymraH 3/¢KTPOH i3
SHEprMACMHHA YITYKcH3 oMac, Saiku 6¥naknab HYKoTAIN. XocHn
GyATaH MNIAIMOHIAPHHHT 3HepriscH ~10 3B rapTubaa Gynaau.

Capo/Liap Ba MACRLIALIAD

1. MeTaniap 3MeKTp YTKASYBUAHAHIHHMHET KIACCHK(MYMTOS) Ba
¥EAHT HA3apHANApH YpracHuary acocHil dapry HAMana?

2. MeTAIapHUHI 3HEPTETHE 30HATADH K
Fa SPUM FTKASFHIAPHHKHIAH GapkHHH TYIIYHTHPHHT.

3, Huma yuyH MeTanmnapra aMeKTPOMATHHT TYNKHH YyEVD KM-
pPﬁ4MPE onmaim? ml-lc:mm A e

- % Mmmapmr;n,qm, TIApaMarHHT Ba (QeppOMarHHT
xoccaapiHH BenrinoBdd acocH! OMWLTADHH AHTHHT.

6. MeTannapiard TepMOANeKTp Xomwcanapunu uioxmab Ge-

7. AmoMHIMA KpucTAH Yays T=0 K JarH jepmu SHEpris-
MWM.WMWMWWWH
TYFPH KeAlM 1e6 olmMHCHH. » - & .

& Temneparypacu T G¥araH METAUINArH anexTpoiap GHTaH
tymum sxtumomrs 0,2 sa’ 0,8, GYnran catxnap IHEpruAnapH
dapkuEu TonuHr (x T-Ompnaruaa). .

9. Temmeparypacn 18°C Gimras depMA SHEpTHA-
crnan 0,01 9B nactaard c I SXTHMOMTHIHHK TO-
I'IHSHI'. T [
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=———

XI BOB
SIPHM ¥TKAITHIIAP

—inlD B =1 -\]m
DeKIp FICOYFEHIAH Kinerd MerarEp (o =107 +107aw "u
mreapoEp (o = 107 + 10~ %on ™) opacHTA. HOMRLITAH MOVREREH

ﬂngn-w[_-—.ﬂ_lfl‘?;}.. : (11.1)

Byxaa E, $TRa3yBUaHIHKAK (AoNTAll IHCPIHACH A0 HOM-
naHail Ba >MEKTPOHHME aTOMIap Bunad OGOFTaHMIIHHMHL
{prava IHEPrusACHHM GUITHPATH. Xap KaHmail temneparypaa
HCCHETHE XaPAKATH 3HeprHACH TABCHPHAR ApHM ¥TRasrHyAarH
BaeHT BNEKTPOHNApHMHT exp(~E,[kT) T2 MPONOPLUHOHAT
KHCMM  JPEHH  38pAn  TAIWYBYWIAp oynanm. Spum
JTKAITHYIADHHHT ¥realysdaHiaHrH fomxa TAaWKH TasCUpaap
(MacanaH, EPYFIHK OKHMH, sappanap OKHMMH, KHpHUIMAaNap,
SNeKTp MafjoH) HATHXAacHIa XaM, k¥n xonnapia, 3KCTIOHSH-
muan ¥srapagn. IVHHHT yIyH yrap TeMmnepaTypara, KHpHIIMA
MHKIOpHra Ba GomKa TAWIKH TancHpiapra ayila CeIrHpIMp.
Apum FrKaTHINapHHHT Oy XoccacHaan Typay xun sasudanap-
HH GaxapyBul acGofinap, ce3rdp KYpHIManap KHAWIIAZ doit-
manaHWTa;H. .
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11.1 SpaM FrEasrawIapHEND TYPAAPH

Apum VTEASTHYIAPHH KaHuaH xkuMméBril aneMeHTNAapoaH Taw-
KW ITHWITAHHATE Kapal THpT TYPra axpaThll MyMKHH.

GUpHREME TYPra 3MEMEHTIED AaBpuit KansamHiHr TV rypyx ane-
mestnapy Ge sa Si nap kupanm. By anemeHTnap TVPT BaneHT MieK-
tporTa ara GG, kosanent (zrom) GOFMM KpHCTRLT INAHXZpacH
AOCHN KWIRIMEP. Yiap OHp anemeHT arosmmapiaH TY3WATAHH Y4yH
aneMeHTap (colla) SpHM YTKAsTHYIAp NeAHIATH.

Hixxmwn TYp ApuM YTaarHEnapra naspui cHeremanruHr 11
rypyx memeHTnapd (Al, Ga, In) 6unan V rypyx anementnapu (P,
As, Sb) HMHr GHpHXManapu kupauw. ¥Yaap AMIBY Gupuxmanap
et benrwnaHany (GadAs, InSb, GaP, InP ea Gowkanap). 111 rypyx
2/IEMEHTIAPA YYTa BafeHT SMeKTpoMra, V rypyx smeMeHTIapH 3¢a
el BAJMCHT MEKTPOKTa 3T, WyHHHr yuyH A'BY kypusvmuimarn
KHMERMH anemeHTaA §prava xap GHp aTroM TYPT BANEHT 3NIEKTPOHTA
ara Gfmans. Ynapuu oamoccumon Apum mxazevqap neb aramamm,
Kpucrann namkapacyna xap Gup aroM kyumu aroM Gunan TVpr na-
nmeHTAM GoFnaHMumap xocin Kumany. Hamokana onMoc maHxapac-
ra YWInam KpHCTALT MaHKapacH Xocun 6inagd. Ywby rypoare mon-
IaTapha KoBameHT CoOEMaHMIL eTakdH VpHH TYTaoM, LIVHMHT YIVH
ymap Ge Ba Si ra fxmam xoccanapHm Hamofd Kpnam. Jappuii
sansanauar 1T sa VI rypyx avemenTnapd OHpDHKMANApHIA XaM
Vprava Xpp GMp avomra TYPTTA WCKTpOH TYFpH Kenamk (ZnTe,
ZnSe, CdTe, CdS sa Gowxanap). Jexun ynapsa woH GoenaHHm Ko-
BACHT OoMaHMIa HucOaraH erakan YpHH TYTaIM.

YuuHIH TYP HPHM YTKa3rHwiapra OABpHI KagsanHuHr V Ba VI
IYDYXRApHHHHT Bak3d snesMeHTnapd kupaud. I'vpyxgary Se sa Te
JIADHHHT ApHM ¥TXasrwdiHE Xoccamapd Ge Ba Si 1aH XaM ONOWH
aHuknanray. V rypyx snesenTnapu As, Sb pa Bi nap apum metan-
iap G6Yn46, ymapHHHT KN XoccanapH SpHM  YTKarHunapra
AKaHaup. A™Y BVT gypuammpary momzanap (PbS, PbSe, SeTe,
GeTe pa Gourkanap) XaM ¥prada Gelll BaNEHT 3MeKTpoHra sra. By
Monmaap ApHM YTRasrMdne HHOPaXHIHA Hypnap kabynnai. mna
MILLTATHITATH, :

VI rypyx amememznapu (Se, Te, S, O) aunr 1-V-rvpyx ane-
MeHTIapu Gunasd XoCHN KHIMHMAH KHMEBMH GHpMKManapd Wumia
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XaW ¥prasuamMarit.

TYIHAMIIN

HWMHF  JHEPTETHK  30HaAapH
TP AHINEKTPHKIPR-
narura IXIualinurHanD. T=0K an
spHM YTRasrHwiapaa panent I0-
Hacy ANeKTpoHnap Dunan THna
Tynran  ©3nb, yhaa IOKOPUIH
JOHA FTKa3VBYAJIKK JOHACH oy

Erapiuua NacT TEMNEPATY-
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KN ApuM FTRASMHY MOLIAKIP mapkya. MacaiaH, CuQ HGupHKMa-
CcH TYFpHAArHWIapia (KynpakcHi T¥FpHaaruy) Ba TEPMOINEMEHT
cipaTHaa KIANAHMNAON. Boulka k¥n BupHkMaTapHUHE NOCCANAPH

Typruman TYR HPUM VTKAIrMHNapHTa VI rypyx MeMeHTIapH-
| HMHT YTHLL METULIAPH (Ti, V. Mn, Fe, Ni, Sm, Eu Ba Gowkanap)
GuiaH Xockn KHARHTAH GupMKManap KHpaiH. VaapHUHT OHPHE-
manapHia WoH DORnaHuu yCTHROP ainub, kin GUpHEManap Mar-
HWT Xoccanapra ragup. Macanaw. EuQ. EuS, CdCrySes #ApHM
{TKasTHIapH heppoMarHHTIADIKD, EuTe, EuSe, MNiQ nap 3ca
aHTH(pEppAMATHHT XOCCara ara, Bynpait GuprEMatapHUHT Oabsk-
naph (V303, FeyOq, NiS. Eus0 sa Gowxanap) TeMnepaTypa ga fo-
cHim yarapHuin Gunad Metani xo/aTHra YTHILK MYMKHH.

11.2 Apuwm FrEasrmiaapiz xycyeuii FTRayBUAILTHE Ba 30HAMAD

Berona kupHuIMasap #yK 1032 xOIArH SKH KHpHLIManap XMeC-
cack Kam OFaraH, HpHM YTRAIrMUIPHHHD 3NEKTP YTRa3yBUAHAWTE i
xyeveuii  PInKazysuaniuk 1e6 HomAanagu. Tosa ApHM {YTEa3THY
MOLIANAp lacT Temiieparypaia J7eKTp TOKHHU EMOH YTKAIMIH-
Bytira cabad, ynapia SEKTROH= & PraIYRIGELTHI SOHATH

i 1.1 arssa. Spiis TreainiuEiHe
ynama (11.1- 4WaMa). SHOTHA SOMATARIE

napag YTKasyBuaH 30HA OGVILJIHTH YIVH APUM YTRAITKMY 3EKTR TO°
kiHi STRassaio. Temnepatypa eiTapuaHIL DuIaH HECHRTHE.
IHEPrUsCH  TaBCHPHILD ROAGICHT  JOHEALATH Babi  NISKTPOHAAD
JrEAIYEYAH 30HArR Frn6 onam, BanenT 30HMIR gca wmychar sapsis
TIH KoBaKIap Xocna H¥nanu. Metannapaas hapran ¥1apok, APKM
rcaTrsnapaa TALYRULUTAD psidacHH YeKIPOHIIAPR B KO-
BaAD YTaltaH. Xakueyil KpHcTaiuLa Gv xoauca KyIHIariua CiylHP
giann. KopanciT GOEEIHMIL NOCHT KBS KATHAIIETIRH anek=

tpokapran  Brp WNCCHETIME @ @

NAparTH HATHAACHIN ATOMIAH @
VUG PKIH NEKTPOKI aiinana- ‘ \ e ‘ I
i (11.2- yHama). @ @

SnekTpoH erHuIMaETTaH
poFnaHnil  XAPAKATIAH KOBIRIAH
yGopar. SPRHH EKTPOH XaM, p-

KHH KOHAK XAM KDHCTAL MaHxapa

Biiinat KEuHO  IOpUIIE MYMKHH. @ @ @
Ky Goran  3neKTpoH Toprils  11.2- v, IPKIH IREKTPOA B KO-
Qnvil HATIGKACHAA MAIKYp oiiaa WAKHMET Daiao Gyauu.

kopaK  HYKQMAIK,  EKHH KYLIHA
GoFla KOBAK Xocun Bimann. By XoaHca KOBAKHUHT K§HD OPHILMIKP.
Vauarall CKTpoOHNap HHAa KaifTid #au XOCWI KHATIH KOBAKKA
TyLiCa, IPKHH NEKTPOH Ea wopak RyTH AyKonann, OyHH pexos-
Gunauus peidwnaan, Honaaw (api/IM - TEMIIEpaTypaiapia ApuM
YTIASrWYLTApNa anfarTa ByHaAl Kopaknap Ba {TRasyBUAHIME ek~
TpOHTApH MABAYL Ginany Ba yaap 3INEKTp TOKMHH ¥TEAza QAaAK.
fpum  YTRAIMMUAARHUHT fiy xoccacu ynapHw [NHARSKTPHEAPIAN
dapiaiinn. JuanekrpHiapaa HOpMa/T 1IAPOUTAA GyvHOail 3apun
Tawysuunap GYAMaiiiH EKM KYOA KaM MUKIOPOa XOCHI BynaLn.
Toan spum VTKa3rH4Iapid KaH4 FTRAIYBYAHAMK BAEKTPOHIApH
nafino GYnca, wiyHda KOBakmap Xocui aynanA. MyBosaHaTHil
xornaT/a VTKSyBHaHmHe IMEKTPOHAAPH 3NWITHTHHH i, KOBaKMAPHN=
KHHH py 180 fenrinacik, XyCyoUid FTKAYBUAHIAHK YiYH

==, { | ll:l

Byt n;, — XyevcHA SpM §rkastuuaard sapan TawyBIALap
aerH (infrinsic — X¥CYCHit).

Mawayu Gup TemiepaTypagaridt 3apsi TAUIYBUMIAD MUKIOPH
Tl}x_u;;naHmu 0HA KeHEAUrHm Dornug GYnanu. E, — Kai4a KHIHK
Biica, FTKAIVEUAILIMK SNEKTPOHAIPH COHN wivHYa Kyn G¥naam.

Ge yuyn F,=0.67 3B, Si yuyH Es=1.14 5B Hu TAUKWHA KHIALH.
LyHmir yuyn, macanad, XoHa TeMMLPATYCHIA (T=3000K) Ge
KPHCTILIATH YTKAsyBUaHNNK 3NeKTPORAAPH sunuru 5i HWKHIaH
TaxmuHad 10* Mapra kaTTa.

Slpusd ATRASNLIPHUHE TAKHKIAHTAH 30HA KEHTAMIHHU  OTTTHE
NCWILED AHHKIAEL MYMKHH. BYHHHT YHyH ApiM {mcazrnaiapia epyeEiig
HypH 0TI KoapdMUeHTRHEA TVAKHA yIVHIHTMI GO
ypravi. Motod oneprifct Aw < £y Gyaradna y [edpin KTii-
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Madmd, YYHKM YHHHD SHEPIHHCH ;

BlEHT 30HANAIM AMeKTPOHIADHH ]

YTRATYWHAHIHE 30HACHTA iirapui % EE _;ff"

yays eraltie. Ao > £, Gmanne ! I/’f Eg=hw

PHHUHT IOTIIHIIH GolUia- ' < el

wamd (11.3- unsmMa). POTCRTAD SHEYRACK
KpHeranmia 3AeKTpoH KoBax 11,3 amana. SpuM freasride

KYHTH  XOCHA Gnami. Dnex- EPYEAHE FOTIIHLIATE IDHP.

(aLHH  TepH)  YTHm aed  HomiaHamd. bamau  ApHM
JTAIrHWIApHHHT (Macanak Ge, Si) soHamap TYSHTHIIH MypaxKab
Gynand. YnapHuHr YTRasyBYaHIHK JOHACHAAIH WIEKTPOHNTAp Y4yH
SHr KHaHK 9HeprHA (Epip)ra TYFPH KeAyBUH TYIKHH BEKTOP ks
RANTEHT 3OHANATH KOBAKNADHWHI JHL KATTA JHCPIUACHIA MOC Ke-
mymay T9nKmA Bextopd (k=0) OHIaH MoC wenmaiinn (11.4-n3ma).
Thaw GepocHTa YTHIND YIVH XAapaKaT E
MUKIOpHE CakIaHAI  KOHYHH GaEapiT-
wait. Jew, Gyraalt §Tvumap $oHoH
xocHn GYmaume GHnaH amaira  OLIHIIH
MymikuH, YHIA OHOPIMA  CakIaHHUI
KoHYHH heng = By + hog . FIMITYTBCHHHT

s _:aca* Py 11.4- wesma. THFpw Ba RoTHFDH
ko =k; + kg fLL:3y: = . :
KYPHHHIA ETHTANH. A
ByHza wy Ba kg nap YHFOTWIIAH
GQOTOHHWHT TAKPOPHITHIH Ba THNEHH
pexTopi. EpYFTMK TaRCHpHIR 3MCK- Beaccura

TpoHapHuHr GyHmalt YTHIIM Guaso- Eg+h a=rapeca
cuma YTwm pe6 womnasam. bunso-
ciTa YTHIIAA ApHM §TRAITHUNAPHHAT  Qorommmp sseprionen he
TAKMKIZHTAH  30HA  KCHIIMTHHK
’ H Y = 5 6 Bt il.s-umﬁ:mutﬂ
TakMkNaHraH 30Ha YerapacH CHEA-
raH Gynama. Spuu jTkasTHUIA KOTHIrAH (hoTOH IPKHH BACKTPOH
pa KOBAK NOCHI KWIANM. DHEPrHAHHHT Gup KHcME 3ca ho, SHEP-

rudH  oHOH  XOCHT  KWIHIITA capduanagy. bab3n APHM
YTKAITHNNAD YYYH TAKHKJAHraH 30HA geHraur 11 1-xagsania

248

PDF created with pdfFactory Pro trial version www.pdffactory.com

xeTHpran d — xapdu GunaH Geaocuma Y, § —xapdu Guna
Guagocuma STHII KY3aTHiraH Apkm $TrasTHynap Genrnnanral.

11.1-apcadsun
q Fpagnae | foom | Epom | Aponone | §m NED
K 00K [T Tpm | K| bee
1] 5 i id LH_|9 1@. [ gj_;_ &-15
T4 E E
: %’m d 'i".g Phise i 017 u.,z?
EiE L 0,35 ] -c [ [NE] 3
-;- IE: 2 L _g_ d 358 | 343 |
f E 3 T | Cose a 1854 LM
7] [ 1.3 -ﬁ Is | Cdle d 16l 1A%
B 128 i 16 | &nTe 31 o3 | 0i8 |

11. E.Wmm‘

DpKKUH NEKTPOHHMHI SHEPrHACH E yauHr wvmynscd Ounan
Kyiinarnya GornaHraH,
2
E.:p;.:-ﬂ_! (11.4)
im

m — MEKTPOHAMHI THHWIHKIAIH MACCACH. JlekHH 3aeKTpoHNap
Ba GOMIKA  ICMEHTap  3appanap, KBAHT  MexaHMEAcHIA
gypeaTWITaHHIEK, MKKH EKlama rabuatra aragup. Maskyp 3appa-
nap YauHm (A — TYIKEH VSVHIHTHIA 303 6Y7raK) THNKHH CHHIEpKH
ryramt  (KOpOycKyMAp-THAKEH gyanHamu). Xap GHp 3appara

k -%.’Ei TYAKMH BEKTOPHHM MOC KYHMIIMMUI MyMKWH. Yuaa
ANeXTPOHIAPHHHT HMIIYIBCH

p=hk (11.5)
6nam. DICKTPOH KPHCTAW! MaHXapacH WYWIAa XapakariaHTrania

VHHHI XAPAKaT TeITMrH V TYAKHH [aKeTHHHHT TYPYXMH TEAMUIHra
TCHT Aeh oMHHATH:

S (11.6)

DnexTpoH TALIKM SAEKTP MAANOH TALCHpPHIA TCAMAHHIT OICHH.
YHa YHHHE TeaaHHILMK

. & 41 . 1,E. | di
P g—" S——— I E ] R e l .
A=~ aS o  h o N Ll
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by wdronanaru [%} HH r%) T UIMAIITHRHLLHMAS MyM-
"Iu

KMH, ¥ Xoada

T A o I
s L OB 1 FE g (11.8)

Byuna F =‘—E SACKIPOHFA TALCHP KWIVBUK  YMYMHIT Ky

OXMPri MyHocaBarTaarn £ KyUHHHT 0AAHAATH Ky naifTysun Tecka-
PH MACCA MABHOCHHU AHTaTall.

eyl o8 (11.9)

[P n? akd -
Ywby macca 3NEKTPOHHHHE XOKMKHIL TPABHTALMOH MAccach
(m,) ra TEHr G¥NMIIK Xam, TeHF GYIMacIHIH XAM MYMKMH. m—

SNEKTPOHHHHT KPUCTAZT aHAapanari XApaKaTHHWUHT Nipermuai
aaccacy ne6 Homnanand. Kpeetann rnaHxapiacH GynmMaraHia
xamma 3nekTponiap Gupop £ TAWKH E

anekTp Maildon Takcupuaa Gup xua Tes- ey
naduml oaran 6yaap sam, Yua € wail-
DOH TYPAW KPHCTALT KHCMAApLa XoCii
KHIHHIHAR yHOArH FMEKTpOHIaPp
fulapHHKM  Maccanapi  Typanta avirnH
Fppatapier TYTald. Jdemak, phERTHE-
aH Mmacch Oy INEKTPOHAGPHHHT KPRCTAL] &
nalkapacH DHIAH TabCHPNAWIYBYH XOC-
canapuall  KenHG  UHMKYBYM  KATTRIMK g 6. igawa, Pyxcar antiras
sxar. Kosaknap xam xed KaHiaad rpand- JOHE TAPMOKIHpH.
TALMOH Maccara 3Ta 3Mac, Acnuaa yaap

KpHCTAN NAaHKapacHiard  arosinap arpodiaary mychar dapaan
kirpox, OVIraH CcoxLImaplip. Llynrs kapamacdad, TalkH 3nekTp
MANZOH TALCHPIILN KOBAKIAD YNapHHH MabiyM Gup m IfupeKTHE
Maccarn 3ra ovaran aappanek TyTain. IpdexTHain MACCAHWHT
qkoiiiB xoccanapuiad BWpH WYHAAH WOOPATKH, ¥ mycCar B4
sanduid guiiMaTra ara GV MyMERH. Mandmit perTHRIN
MACCUTH FACKTPOH TallKH 2MeKTP MARLoH TahCHPILIA CeKHHTA-
AM. ByHa S0eKTPOHHMHT NaHKapa OHAaH ACTHK TVKHALHLL Ha=
TH#ACHNR DACAH TECKAPH WMIYARCH 3ACKTR MaigoH ToLCHpHAD
ofraH MMnyabcdaH karta Gyaaan. Haruxana IMEKTPOHHNHT YMY=
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Ml Apeidy TewTHIM wamaiinG Gopand. SrbhekTHEIM Macth E(k)
VHKUMAHIHT KypuHrura GORTHEK, Arap E(k) Tes yarapysud
dhyrikuMs Bynca, yura voc kenvedy addexTnain Macca EHUNK
By, E(K) cexnn Varapca (11.6- un3ma, 2}, ¥ xonia 3apua Ta-
yBYUAApHHHT afwhekTHE Maccatd KatTTd Gynany. MoHokpucTal-
RAPHMHE  JOHANAPH _ TY3WKIM kpucTann  NaHapacHiary
jivHanura GoruK oynanu. by ¥3 uarhatHoa pdekTnn Macca-
HHHE GHH30TPONHACHHI ke ATHPHO YMKapaIn, SibHI JApil TaLYB-
wipapuiir  ddexTHRIM - Maccaci TYPIN kpHcTannorpaduk
iiVHATMLINapaA Typauua  G¥aann. Y xonga (11.9) Hoaa
kyfinaarumda KYpHAKILIA E3unAnM:

Lo A8 ; (11.10)

E_ PRIl IT

Byusa §, Jhap I, % 3 8 g 3

KHIMATIIAPIH kaGyn KUAaLH. 11.7- -—i/\_/\
qusvata Tosa  repmaniiiinAr (Ge) 0258 foieis L
0HA TV3HAMIUN KEATHpUaTad. Eiky  Gioo] 1 £, =0.7428 Ll
rpadrriinan KYpHHUG TYpUBIHKK,
Ge [a YH4Ta 3IHEDIETHR MHHHMYM
fynnb, vnap A1 Ba L sapdmapm
GHAnH BesrHianraH. Taguknauran
wona  kewranrn By 9Hr KHUMK
BUNran IHEPrETHK MAHYMYM aynnG,
yuaa E£=0,74 3B HH TAWKIA aragd. By MUHYMYM KpHCTAJ1A
[111] Hynannaard Bpuiiioall  30HACH sEMHHaa  woilaauiratl.
[100] fiVpanuumant A MHHYMYM YUVH E=0.94 2B nn TAWKKI
Staan. By ukki fidannuniapia 3apii TAVEMHAADHHHT ek
TURAN MACCACH XAM TYRAMHA BinanH.

e —

BF K

11.7- waavan. TepuaHpILLE SHepIm
S0t apH 'I'FJ-II.'IFLI.IJ.II.

11.4. Xyeveuii fpum FTRASILIA JACKTROILIAR Bl KOEREAAP SULIIH

Apuv  YTkasnuiaparis 3apHi
TANIVBIMAAD  FHUIIHTH E, s Tra
GormuKaHrrit  KVpHD  HHKaMAS.
Byuuur vave T Temneparypala ba-

L

JIEHT OHAMaH VTKAJVBUaHIMK 3= ] S
Hacura VinG oarad INEKTPOHIAR L8 s Hrpor spiiss
COHMHHHT KHMEBHII NMOTCHUMAT | FTRLRHHEIR BT LRI |
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- ¥

2,2
E =Eg + . ‘E
2m "
M}'H;caﬁa-r ¥pHHIH GincHy.
TEAIYBYAHIIHK 30H.
- ACHUATH 3NeKTPOHNap yuyw E — u))kT, y
NOJLIa SNEKTPOHAAPHHHT Depmu A¥pax TakcumoTH
e EF-E
T Exp{—&—-—}, (11.12)
KYDHHHIIHAA B3M6 omsmumngs MyMEWH. Bynpna 7, - E sueprasm
CATXHUHT 31eKTpoH GHNaH Gamg FKAHTHTHHMHT SXTHMOJUTH
aea Mepuuy CATXH, XONATIap 3HYNHIT YIVH e
il ] Zm'. l
g{E}dE-E-[T,‘I-{E—Eg}IdE. (11.13)

ihona YpuHmM G¥nam. F‘mm«,wxm Hana Xoinanray
TROHIAP IHYWIKIH YYYH i e

n= [ g(E)- f(E)E =
Fg

(11.11)

+ 3
I S Wy
E'II ﬁ: :I ME}

i ¥ (11.14)
[(E-E) " exp-£ya8
e kT
HMurerpan omsuranmay CYHr:
o MAkT Ep - E
n 1(;;2—‘)2!!;.‘{ ’1 £y (11.15)

252

PDF created with pdfFactory Pro trial version www.pdffactory.com

BAKNIAPHHHI TAKCHMOT (DYHKUMACH a3MeKTPOHIapHHHT TaKcHMOT
bysKkunscH f, Gwian Kyltarida Gornanran:

; Ip=1=fp. (11.16)

1 R I E-
E=8r... Bl T
mq:{——ﬂ_ )+l exp( T2 Y +1

Ep
= ). (11.17)

L]
My — KOBAKHHHT BAICHT 30HACH IIMTIHIAH sddekTHEAR Macca-

ci. Kosagnap yuyn xomar IHWIHTH,
* 3 1

S S s
Lty el MU (11.18)

KOBAKNAP 3HWIHIH 3ca,

4 3
e Ispmfpwmr:z{-’%f?-]z «p(-fr—f] (11.19)
(11.15) Ba (11.19) udponanapey 6up Grpura KYnadfTupanms

1 k)
2ot R ST Eg
. HP—{-—MI] (mym )2 up(—t?}-nf' (11.20)
Oy wdona MysosaHaTHil XOMaT yayH Ypuwu 6Yumb, xapaxamdazy

PHIMARIME, HbomasmHr sua
Kynafmviv IyHARH WGopamia, H'UHGE: 10" e
HHHT KyiiMaTH KarHammvabme Xyoyomtt  1q”
n=p 'I‘E'?]%{';H;}%M-i]' {11.21) [uu
P> 2T N
Kpemstt yayn (11.21) ngpoga p- 10 I<1,

NaMuaa XHcobnaHTan 12 Liat
HHHT T ra Goenammmiy 11.9- mﬂ;ﬂ e o Xyeyer s
KEATHPIATAH (YITYKCH3 YHIHK). iy o
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[padicnans HyKramap Taxpubana joryanras KuiiManap. T=300K ga
KpeMHHA yayH ap=4,610' cm®, repmarnait yayu sca np=3,6 102 cm-®.
Xucol-xuToBnapna my, =, =m, [1e6 OHHIAH.

Xycyculi ¥TkasyEuanwTHK Y9VH p=n, WVHAHT yayx (11.15) ga
{11.19) ndomganapHu renrnab

3
265 ) [mp ) mm ==
’ H;[m;]]“"(tf] i Sl Z
HM XOCHT KIUlaMu3, OXMDIH HETHXAHH 10- o
rapuchvnal Ep ra Huclarad egaMus:

Ep=(12) Eg(34)kTIn(m, " fm,") - (11.23) . y
11, 10 grmia, Xyeveri spend
Arap m,=m, Ba T=0°K Gjnca, Prueneum Dopux g
E,m{]fl]._ﬁ,. TeMIiepaTypa OpTMINH GulaK, "
arap my/my'>1 Gfnca, DepMH caTXH KYTApHNANH, mp M, <]
G¥nca, ¥ macasma (11.10- gmzma).
Arap E.= 0 ne6 omanca, E, onipary uinopa Y3rapamm.

11.5. Japan TamysweIAp XAPaKaTISRMIH.

3apsan TAIYEIHIAp XapaKaTdaHmHrH neb ynapHuHT Opeitd Tes-
JTAMMHM 3NMeKTp MaffoH KyiiaHrannurura Hucbatira alTiiann.
*“"”“E_"l (11.24)
VHHHI' MILOpacH ACKTPOHIED BA KOBAKIAp YayH GHp 1 GVmami,
Tosa spuM §reaariunapna XADAKETUAHTHKITHHT KHAMAETHHH 27eK-
TPOHNApHHUHT onoHnap 6GMNaH TYKHAIIYEH aHHKmafmH.  SmekTp
FTEAIYPIAHIMK MKKHTA TAIKMT STYRHIAH Hiopar Ginam:

@ =(nep, + pep,). (11.25)
Ywby ubomaHn O =ne’T/m GHNAH TAKKOWIACAK, 3/eXTPOH

Bl KOBAKNAPHHEHI XapakaTdaiiHTH YIyH KyHHmard myHocaGarnap-
HH TONaMH3;

[T -_..1; #P-_F' (11.26)

11.2.-kameanna Gabsu GHMp ApPHM ¥TKAIrHYIAD VNVH XOHa TCM-
MEPATYPACHIATH XAPAKATUAHIHIH KeNTHDHITEH.
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11.2- weaddean
— ~ Kpuerann Xapassvuaname, cu'/Bcex |
OMH ggﬂ
1. Cmwoc L
2si P w0
3. G
4. InSh T7000 750
5 InAn 33000 L]
6. InP 4600 130
7 Gasb 4000 1400
'R PbS : 350 600
3_PhSb 1020 930
1. Pble 1620 750
A T '
iz il 100

11.6. SpaM FrEasrwus KEpHIMAIIP

Spum §TRasrMY KPHCTALI [arKapacira &7 aTOMIAPHMHT My-
afad MHEIODIR KHpHD KODMIIH HATHEACHa KHDHIIMANH HPHM
grcasrsy Xocun OYnagy. Kyoa KaMm MHXIODIATH KHDHLIMATAD XaM
ApHM  YTEAsTHOIapHAHT (HIMK XOCCacHra KarTa _ TancHp
Kipcatamd. MacanaH, To3a KpeMrM# kpHcrammra 0,00001% Bop
ATOMAADH KHDHTHATAHAR YHMHT 30eKTp YTKasyBYAHIHIM XOoH2
TeMneparypacia 100000 mapre ot Ketams.

anemeHT YpHEHH Srawial omrax Gynca yuu VpunGocap sammu
Ipumma defiwsady. KMpUIIMa KpHCTaNN NAHXAP2CHIATH ATOMIAD
opacura KWpHG XonraH Ginca cywuama xammux spumma neb ara-
nams. Kwpenmsa sa acocHii momna 3(dexTnm ‘&ToM pamycrapd
opacunar dapk 15% maH owMaraH Xonnapha YpHeGocap KMpHII-
Manap xocHn G¥magd. YHORH TAKADH KHPHIIMA BARCHTAMTHHMHT
SCOCHH 3TOM BASHTIMIMAAH dapkd £l JaH OLIMACAHIH JOIMM.
Cyxpima kHpHIIMa Xockn GY¥IHIIM YIYH 5Ca KMPHIUIMA ATOMHHHT

panyck r, <0,507, G¥mumK xepak (r, - acockit aToM-

HapHuHT 3ddexTHE pagycH). Kepuumanap naxxapa faspHitmr-
HM Gyaand, TAKHEKREHIAH 30HATA MANADTHH caTyiap XOCHI KHIIAIH.
Ky xopnnapma mawmym GHp MapaMcTpiH ApAM YTKAITHY. XOGH! KHITHID
YIYH araiinal KupsiliManap KMprTHiaM, GyHM SpHM YTKASTWOIAPHY
secupnay neb aranany. KupHmmna Xocun KHATAH Maxanauil carx
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YTKa3yBYaHJIMUK €KH BaJIcHT 30HacHra e e
AKMH XoiutamraH 6ynca caés camx Bd== = = = = -Ec
ne® HoMIaHaIu (11.11-uu3ma). Arap

Maxa/UIMid caTyjiap TakKuKJaHraH 30Ha ——— §
ypracura  sAKMH XoiinamradH 6ynca - -

yyKyp camx DeHUnany. ‘g
HonnanMin xapa€Hupa ¥rrasys4yaH E
j0Hara KyummMya 37eKTpoH GepyBdd KH- :
pHilIMa donop Kupuuwima 16 aranagy. Mu- . 5
CONM TAPUKACHIA KPEMHMH KpUCTAUTATA i ms&?ﬁmc:;gmw
KApHO KOJTaH Maprymyin (As) aroMHH
KYpu6 wikaimik (11.12- wisma). Ymby arom Gelirra BaNeHT SMCKTPOHTa
sra 6Ymb, ynapiaH TYPTTacH KpeMmiwit aromy €WiaH KOBAICHT GoF
XOCH KWIMIIYIa KaTHAIIAIH. '
BelmH4YM BaJIeHT 3JIEKTPOH 3¢a YH-
ra saud Oomianran Xonma Oymami. By
MEKTPOMIADHMHT aToMra OOFTaHMIT
SHEPTVACHHM TOMMII YYYH YHH BOZIO-
POICHMOH aTOM He0 KapaulMMH3 MyM-
KUH. DpKUH As aroMu/ia

4.2
mpe z 11.12- wmsma. JoHop Kupumma
—“"'"""'_;ﬁz . (11.27) YaupmaH MeXTpoHHY GYaTamm.

JIM3/IeKTPUK CHHIIMPYBYAHINTHY € OynraH KpeMHMH xﬁuc'ran-
muaa 6y SHeprys €2 MapTa KMYpasiiH. :

*
mye®z?

i 2he?
ByHnaH m* — KpMcraigard 3JeKTPOHHUHT 3¢deKkTHB Macca-
CH, My SPKUH MEKTPOH MaccacH. ¥ Xoaa :
*
m =
2" . _ (11.29)
£ my : '
&
Kpemuuii yayn €=11 3B, m—(l
my
Ba As YUyH E; =10+15 >B 3KaHIUIHU-

Ef=

E ;=

- (11.28)

Ed =E!'

HY XHcobra oncak, Ey; HMHTr B yayim- :
napura TeHr OYiraH kuyuk KuiiMarra 11.13- wasma Axuerrrop Kupui-
STATUIMEY aHUKIaMMu3. Jlemak, Kpu- M@ Yaura JeKIpOHHH Qniai.
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cTayl MaHxkapajaru Maprymynl aToMUHHHTL GelUMHYM  BaJIeHT
SAeKTPOHWHH Y3UO ONUIL YUYH Kyda KUYMK SHEPrus kudoa aKaH.
JlapXaKWKaT, MapryMull TaKUKJIaHraH 30Hala YTKa3yBYAHIUK 30-
gacura siKMH O¥araH JOHOp caTX £y xocun kuaaau (11.13- unsma).
Hopmasi  1ApoWTAArk  TeMrieparypaia Oy carxgard  2JeKTpOH
YTKasyBYaH/IMK 30HacKra M6 Kerrad Oynaan. Harwxama kKupuiimani
KpeMHUIA KpUCTalinaa yrkasyBuaH s7eKTpPOHIap COHU Kynaiuod keraau.
byHaai sgpHUM YTKasruuiap n — myp apum Vmkazzuy 00 atalain. 1 —
TYpOArk SIpuM yrkasruwiapaa YTKa3yBUaH 3JIEKTPOHIAp COHU Cod ApUM
§TKA3MUHMKMIAH KV G¥1anu.

Suam bop (B) atoMaapy KUPUTWITAH KPeMHUIH KpUCTALIMHK
kyprd yrKamus. bop aToMu yd BaneHTIH 6Vanb KpemHuit aToMna-
pyu GUIAH KOBAJIEHT 00OF XOCU KWUMIL Y4YH OVp 31eKTPOH €THIL-
vaiian. By anextponnyu bop aromu KYUIHKM KpeMHHIT aToMHJaH
TOPTHG ONULIKW MYMKUH. BYHUHT Y4yH E, sHeprus kepak Oyiaiu.
FOKopUaark MyJoxXasajapHi Kaitapuo E, yayn xam (11.28) ra
yxinaw vdoaa XocHn  KWIMIINMHU3 - MYMKHUH. E, HUHT KMiIMaTH
xoHa Temrieparypanapuaa 0,1 3B ra axuHaup. By aHeprusi caTxu
BajJleHT 30HA SKHHMAA SKoWmawraH 6ynu6 axuenmop camx Ned
HoMAaHamM. AKUENTop KUpHMIUMand fApuM  VTKasrdynapaa Tosa
SIPUM ¥TKasrnyra HUCOaTaH KOBaKjIap COHU kvn Gynaad. bywnai
sipUM  YTKa3rMuyjapHu KoBakK YTKa3yBUaHIH EKU p — myp Apum
ymrazzu4aap IEAUNagu.

KupuiiiMa aTOMIAPUHUHT MUKAOPHHMU owpud Gopcak viap
KpUCTaN/ TaHxapacuaa Oup-Oupura skt Kenud xKonaajti, HaTH-
Kaaa YIapHWHT 2IeKTPOH TYIKHH (YHKLMANApU yCTMA-YCT TYUnG
KpUCTan NaHXapacuaa Kupuwmaeud 30Ha XOCW1 KHIA[H. Ku-
PHLIMA aTOMAAPUHUHT 3UWIHTH

-
Wy =22 00% 20 (11.30)
ﬂioE

6ynranaad dounalb KUpUILIMaBUi 30Ha XOCUIT 6yna bownaiigu. n-
TYp VTKA3YBUQHJIMKKa 3ra Oyaran KpeMHWil YuyH N=10Y9em 3 nu
TawikMn  srtaau. KUpUIIMaBuit 30Ha XOCHIL  KWIYBUW - PUM

YTKA3THUIAD Kywau Aeeupranean apum ymKaseuvaap 1ed atanaiu.
Bab3u kupuinmanap 6Gup Heua caTxap XOCHU Kuiaiu, yiap-
HUHI Gab3uiapu OoHop, OolikKanapy akuenTop OYaAMuINM MyM-
KUH. ByHaaii kupuiumanap amgomep Kupuwmaiap 1e6 atanaiu.
Apum VTKasruugard KMpULIMa caTXiapyu yuaaru xKyia KVl Ba
TYPIW TyMaH KapaéHiapiaa MyxuM YpuH TyTaau. Xo3upri 3amoH
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VUICKTPONDEICTE YUV HPI VTR N REIpra KHPTIMTED KIpHTH
DMAAH Yp BapaMet piii KEpakitd ToMaHT VIRapTHRI MYNHM
macaciapaaH Supuing.

117, KoMueHcHpaansan SpuM Vrsasmmaag

FIpus VTRAINT AR DUp KHpPIHOMIRD KHPUTIGE HaTHaRa -
CIUED VAZIAaary aapHal LidysqHADRHNe Y AR fGHE I Ka-
MO vk Byiaai KaMailTipii eV Kadietc-
TR _'I,l_"ﬁ AL THARITHRIIS 5||}H.‘.1 f.""':ﬂ M HI 3E0 HHJ”M’.'IL'J'J{LI'HH'c"l.“l .ﬂpfn‘.-“
Tecerzeny e, KoMiucHedpaa épiamMiin Apis NTKIrY
MAPAMCTRPHHH KeParTit TOMOHES YIraprTHpuLl XO3upri e
Anpaph svasiioenapian Gupira aittannd sonaan. Kepakau xocca-
rnoara GVIIFAH NI TVP SPHAL VIKGGOHY MOAAA XOCH! KIVIHILEG]
HHEBITaH Jermprianl EpaaMiia YHUHE X0Ccaapiig VarpTUpHil
auua apson Ba Teump. KoMueHcopaadran Spudse STKISEHY Xooca-
gl koseHcHpine aapakac (K) naH Tausapn, KoMneHcHp-
ey b MAPEEIAP Ta0uarea XaM kv Goranran. Wysnar yaye
ROIHP KOMPCHCHPATHEI SPUAt FTKASMHYSIapHE v TYPED KpaTHiLL
AVMENHL

1. Kywam 2e upaadeaf KOMIeHCHPIKIHEDH SpIM YTRISTHUIap
(KAKY Byiimil spust VGomied1apia KoMigeHeHpIosin  Mipkas
cidparima Bup sopirin cads carty AOCHI KHAVEYH  KHPHLIMUKR
OTHHITH.

2. IOKopH SHEPTHRAN RIPPURID OKHMI DIAaH HYPIHEAH HpHM
YIRS, Kounedenipuionin  Mapkis clil‘IJ;J'IIL:Id TV YVEYP
CATNIN RULMEDLHONE MAPKALIPD B3 K913 MUEMAN HyReolap (vaca-
Taid, TapTHEcHamaUraH KU ap (TR myxis VpuH siaasaiimn.

3. Yykyp 3HEPreThk ATy, XoCiU! KHAYEUN KHPHIIMY D GiiaH
ROMITEHCHULAITFAH SIpTEM VIRASrHYAD. Byraan SIPHM
VIKIPHYIaPIA KATT Ssuunnviain aykTyauion  aoreiiyariap
Bl TAPTUOCHINAHIAH KHCMAaP Dy,

FLE, Alimuran apus Freasrng

KT Mexanukacicia aiHnm 2eh cHereMani Typon (Gup He-
W) XOJIAPUrD Dupop GUSHK KITTAAWKNIHHE (Macive . srcpiieds
NN BHTIA KM Mo Keanuna o aiimuann,  Hpas
VIKASM PP VIKVENON  UIEKTPORIAPR  BI KO ST
TApAYa  Karra  OVmHAA  ATHHI  KYSITHAALN, Byvitan  Hpse
VTEASMINNap aliiira iy Frkasriaap 10 proMcnnGL. A=
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G BPHM VrEmIbcaapan mpsa oamyeaiaap Oepun-Jlupak
rakcydoTHIa BVCYIGUI. w —  TYpAArH @HnmWTan apus
YR e epait oty (L) VIKOSYBUEIINE SOHACHIA 40ii-
AAMUA, f — TYPRAH aintran Spas §TRaseran aca Ep e
onana Anittaucean Gnaam

fo— VPR HPEM KD HY YIVEL DY I pTHAM

£ =
rxpt-?;fb{l éxn £l (11.30)
KVPHHNIIIULE E3MNIMMHI  MYMKII, p- YD VIVH SCa,
{E_+E
t!ip[z—_r'l:k 1 R I:-'f'_x “ ISI'J

Gynann. Chepuk auepris sonacwra ra Biaran wietpon a — TYp
APUM VTKA3THY YavH

b il gy (11.33)
Jj'gf AT :

ook |

udrona Ypunan OVaan.
1.9, Alsmmsaran spust Vreasrm

VIKasysuad MMEKTPOMAND B KOBAKIAD JMRLIHIKH €TapaMua KH-
Yk DYAraH MpHM ViKasiviuaapHil aesavazan apun  YmKaicadiap
Aeh HOMIAHLIM. AMHUMATIH SpHM VIKASNTLATH 3apsi THWYEINn-
Jap Makcpenn-boausan TakcHMoMia GVICVHUIH. AMHHMARIHINK

waprn (E=00)
&y
: —— DM (11.34
r:xp{ - }J} )

E¥pHIMLLIn é3mnand. bydia Mepmu IHEprisc £ TakMialiaH
JoHD Heraa GVaany. MyBOaHMTHID XOUIamian M ancKTpordap sa Ko-
BOKAAR 3IMYAMEH YYYH  EVIHAATE HpOaaap X0l KHIHILMMEH S
MY MK H:

ol .-"u‘uxp: :IL (11.35)
E‘!"'EF'II

= Nl - 1136

o Nm{ W | ( )
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nyp, = nl. (11.37)

&
27tm kT |2
2

12| s

IZmeK'T '
—-‘.,—-"— Ba N,.=2
h= h

bynna N, =2 Jap 21eKTpOoH
C

BA KOBAKJIAD YUYH XONATIapHUHT 3QPEKTUB SHWIMTH J1e0 HoMmaHa/H.

11.10 Sipum FrKA3THYNAPHMHT JNEKTP YTKAIYBYAHAUIH

M3orpon sipuM VTKa3rHUNapHUMHT 2J1eKTp YTKa3yByaHIMri y4yH
(11.24) ndonaHu Xocun KuiraH 3auK. XycycHid YTKasyBdaHIHKIA
yuidy udoaa Kyiugarid KypuHuiuira Keaaau,

0, =(Hy + Hplen, (11.38)
(11.21) nan doiinanannd
3 3
BT S ke Eg
o; =2e(U, + Hy )(‘2_?:;1?}2 (ngmy, )4 BXP("E?T} (11.39)

myHocabatvHu onamu3. K¥punb TypubIMKM, ONUHIAH HATHXa Me-
TAIAPHUHT  YTKA3yBUAHAMIMAAH —Kartta  QapkK —KHIAIW. Apum
YTKA3rMUNapHUHT  VTKAsyBYaHIMIM  TeMrnepatrypa OpTHILIM ounau
SKCMOHeHLMan opTMO Oopaan. ByHIaH Tallkapd YTKasyBYaHIMK
3JeKTPOH/Iap Ba KOBAKJIApHUHI XapakaTyanaWrura Ba sthdhekTHB
Maccanapura OoriMK. TakMKIaHaH 30Ha  KEHIIUTH E, sipum
YTKA3TMWIAPHUHT VTKa3yBYaHIMIMHU OeNrHI0BYM MyXUM OMUILIap-
AaH  xucobnanamu. Kupuiimanu ApuM  YTKasTHWIapHUHT  3CKTp
VTKa3yBYaHJIUIA KYT OMM/Iapra OOFIUK Ba Mypakkab OynraHauru
yuyyH Oy epaa KypuO yrmaiimu3. Xycycui YTKasyBUaHIUKHHMHE TCM-
meparypara OOFTaHMILM 3apsll TallyBYMIap XapakaT4aHIUIUHWHE
TeMrieparypara OOFNaHWILWAAH KeNud YUKaaH. XapakatyaHiuxk ¥3
Hagbaruaa (11.25) ra myBodMK, 3apsil TallyBUMIapHUHT penakcarus
BAKIJIAPH T, BA T, lapra GOrIMK O¥1anu.

Penakcaumst BaKTH 3apsiil TallyBYMJIApHWHT KpUCTa/LT NaHXa-
pacHIary COuWAMIL  Typura KapaG Temnepatypara Typiutd
GOrTaHraH. XapakaT4aHanK XaM MOC XoJjila TeMmiieparypara Typiu-
ya GornaHamd. 11.3-kansanaa w(7) HM COYMIMIL Typura Kapab
temriepatypara OorlaHHIIKY KeATHPHITAH.
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11.3-acadsan

Couninil  TYpH w™ =
1. AKycTHK TebpaHnuuiap T-3/72
2. OntiK Tebpannuiiap T L2
(iokopu T nap coxaci)
3. OnTHK TebpaHnuLIap (nacr exp(hw,/kT)
T nap coxacu)
4. KipuuiMa MoHAapH T32
5. Jluciokaunsaap T2

(11.39) maH KYpHHHUO TYpUOAMKH,
_‘E : €n o
3 Bg
o~T ¢ exp( T )

KYpUHMILAA TemnepaTypara GORIMK,
3

T? yHKUMs 3KCTIOHEHTara Hucba- . les
taH CekuH Varapramu yuyH Oy ; /T"K.:
COEMAGTHRHA - KYPCEKH TN Ieo omu- 11.14- unsma. XycycHii 31eKTp
LwMMU3 MyMKHH. (11.14-un3ma). YTKA3YBUAHIHK.
Kvpviumanu — sipuM  yTKasrmwiap
yuyn GyHpaid rpaduK y4 KMCMIaH w6opar Gynamm (11.15- umama). Tacr
TemnepaTypaiapiaH  6ouuiab KWpMILIMA aroMapu  TYJIMK MOHJIALLIMG
OynryHua UIEKTP YTKa3yBYaHIMK :

Ei g bn oy
exp(-ﬁ) KOoHyH Oyiin4a y3rapalu. 5\
Bynga n — Typ ApyM YTKasryuaaru oo
AoHOp/ap ¥3 3MEKTPOHNapHHH BAJIEHT )2 \
JoHara  ysatanM.  Arap  fIpuM —c -t >
yTkasruy p — Typ Oyica akuenrop T
KHpHlIManap BAJICHT 30HagaH 11.15- wisma. Knpuwimasiit
Y3ura 3NeKTPOHNApPHU TOPTHO ona- SMACKTP YTKASYBUAHIHK.

au. (11.15- unama). T

" o (7)) rpadurdHUHI WKKUHYM KUCMMIA (11.15- yu3ma, 6), Ku-
puiManap Tyna woHnauiraH Gynann. (AvHu ng=Ny exu po=N,). byH-
Ja 30HAgArk 3apsa TallyBYMNAp 3UWIMTH y3rapMaiiau. o(7) HuUHT
yarapuinn TVauk (7T) ra Gormuk Gynand. TemneparypaHuHT Oy uH-
tepBamaa (7)) kamaiica o(7) xaM Kamasiu, w(7) omca w(7) xam
opram. Temneparvpa sHa opTu6 Oopuiu GunaH sipum YTKasruy
ATOMNAPUHUHT YTKA3YBYaHIUK 30HACcHTa YTaéTraH MeKTPOHNap 3Uu-
OUrM (BKM BaNeHT 30HACHAATHM KOBaKap 3WYIWIH) Kupuiivanap
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XOCIUT KIATAH 3apsil TALIVEMIAAD SHYAHTHIG TCHAQILAL BA YiIapaal
OpTHO  KCTa/dil, Harixaia  Xyevelit  ¥rkasysuadink  CTakii  poi

S = . Ey
VitHaitan (11.15- uusma, ¢). byHia g =0, :ex;)(—ﬁ‘?_ ) KOHYHUHT
LN

Vpunar oynam. By ndonatap kKupHiMazap 3HWIHIM YHUQ KaTTa
ovaMarani xoaaap yayd ¥pHHIHIp.

11.11, fipum ¥TRasruuJIapiaa HRKJIOTPOH PCIOHAHC

MeTaanapia UHKIOTPOH Pe30HAlC XOAMCACH MeTaia cHpTHra
GKHH OVATAH 3ACKTPOHIApAd KV3aThiaiil. Yyuki ckmH-2¢QdeKT
ACKTPOMArHWT  TVIKHHAAPHH  MCTaln  HuKapucura  Kupuiira
xanakut Gepauit. Spiv YTrasruuaapaa sca Gapua sapsi TatnyBin-
Jap  TALWIKW  2ASKTPOMArHHT TVIKMHHUHE  ¥3rapysuall MAIOHK
voveunuan 6. LIHKNOTpoH  pe3oHac EpaaMmia  HpHM
VIKA3THYIApaart 3apsyl TaulyBulapriir a¢QekTHE MaccacHHu
anpKAAL Mymiit MoHoKpHcTana sipuM yTRasrudIap/ia ebeKE-
AW Macea KHitMaTH Hyianuira SorauK oynaiu.

SpumM  VTRasrpuwIapaa  TYPIM
iVHaarmaapaard sQQexTam Macca-
Aap dapku 10 mMapragaH XaM KyH
OVAMIIN MYMKHH. D(QeKTin mac-
canap dapru SIPHM
UTRA3THIAPHITHE 9HEPICTHK 30HAa-
aap TV3HIMIIMAAH KeInd HMKAIW.
Macanad, Ge Ba Si vuvH OMp X
sHepristan - cupraap  (E(p)=const)

) _ = : 171.16- unsna. Kpeaiiii v TeHr
TErcoranap NocH Khtad. IHEPIIBLIN CHPTIAP —

(11.16- unzsna). SLICOHATAD HLTLH.
Viap yuyH 3HeprisiHi

2oy oo 2
Pl . P (11.40)

E = 4
(r) 2, Zm';i

KYPUHULLAQ E3HILHMI3 MYMKHH. KpeMHMit MOHOKpHCTAAAW/LArH
[100] fiyHA WIHICOIIHUHET CHMMETPHA VKM MOC TYLLIQLH.
By iiynanmngarn 3¢dexrian mMacca my dunan Oearnnatrai, vura
Kifananr Bk fiviaauua oGQerrin Maccaiap TeHr V10,
viaap m; KypuHiliia éswirad. Arap Talikapiiat KV MATaH JoitM-
suil MarHHTHK Maitgon B iivHaATImKM 300M0CoM L VRUTQ Hapaiiiest
Gitca., sapsia TalyBupaap 6y MarHuT Maiaoxaa
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efd
W =- L (141

i

takpopizink Gitan aitiana Gontmaiianiap. Mailaon HVHaTHIUN
LINTICOM VKHTa THK OViica,

ety (11.42)

my

Arap Mariut maiigon aaauncoit Vku Owtan 0 Oypuak xocud
KiAaca, HMKJIOTPOH PE30HAHC €pAaMHaa aHiKIAHTaH a¢hdberTnn
Macca YUYH
1 29 5in>0

Al 2 sin”

(—) =——F—+—— p (11.43)

m m iy iy

- 2

myHocadaT Ypunan OvVaaan. Ge
MOHOKDHCTAMAW  YYVH  LIHKI0- £
Tponi pesonanc oTHanwn (11.17)
yuaMana  kKearupwiran.  byHna
MarHHT MailioH dvHanuwm [100]
6unad  60°  Xocun  Kujaau.
Tamkapuaan TymagTraH 310eK-
TPOMArHHT TYJIKUH TaKpOpHiinii-
ri 24 ['Tu arpodmaa, temnepa-
Typa T=4K. IOmauu 0Kopi A R g
oviray uVKKUaap MKKH xun 3g- 1 10 Bl
GeKTMB Maccald KOBaK Ba Yu 11.07- v, Apna yrrasruyaapia
XHn  addextad  Maccanu  3JeK- v,
Tpotiap 0op KaHAUIMHKY KVpcaTajin.

Xap 6up >dubekTin Macca TalIKH MailloHra Maniym 6up Oypuak
ocTHAA MVHANTAH 2/UTHIICOML IHEPICTHK 30HAra MOC KEill. Yiuoy
taxkpubanapian Ge yuyn n1,=0.082 np sa m=1.59 my 3KaAHAMIN
avukianrad. bvdaa oy — 3CKTPOHHITHE rpaBHTaiMoOH Maccack, Si
yay sca ny=1.19 my sa a=0.98 ny WM TalIKIA 9TAdN. Ge Ba Si
TAPHUHT BAICHT 30HAMapH Y4eTH Mypakkad KipiitiHiira sra. Taxpu-
Banap y epaa HKKH Xit1 Maccani Kosakiap Sopianriii kypeatau.

Yaap eurua Ba orup a¢dekrin Maccatit Kopakaap 4ed HOM-
AaHrad. 1l.4-xansaaa 0ansy gpHM YTKA3THY MOHOKpHCTanIapu
VUVH 3[CKTPOH Ba KOBaKJIapHUHT 1uchuit adipexTin Maccanapu
KenTUpuiIran.

Anexrpoit

Komg

DaeKTpod

Hrnunnn soafasngemy

o B OHRAY
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11.4-scadsan
Kpscrami| Taxmgnawran |Snckrposmwnr 3¢-| Orsp Kopakuruay Esrun xopassMeT
HOMM 30ma enrinry | dextan maccacn | dubesTaR Maccac apdexTin Macca-
! Eg,on (m*y/mg) (m*p; /mg) cm (myy/mg)
1 InSb 0.23 00155 0.4 0,016 -
InAs 0,36 0,024 ; 041 0,026
GaSb 0,81 0,042 - T 0,052
GaAs 1,52 0.07 0,68 0,07

DIeKTPOHIAPHUHT Ba EHTWI KOBAKIAPHUHT 3(QEKTIN Macca-
7lapy TAaKMKJIaHTaH 30HA KEHraifuiiura nporopuioHanl xoina op-
M6 Gopamu. Ywiby sddektin maccanap bpuiioaH 30HACUHUHT
MapKasuaary (k=0) KuiimMaTra Moc KeJ1alu. '

11.12. Spum yTKazruuaapaa Xoun Xommcacu

Xosin xoaucacuHUHT Taspuduunu X 6obna KenTupub yTraH SOMK.
SlpuM ¥TKasruwiapaa Xomn XoAucacH €plamiia 3apsl TaulyBIWiap
SUWIMMMHE aHWKIALMMU3 MyMKUH. MertamapiaH Gapkii ¥iapok
apuM yTKasruu n — Typ G¥nca Xout ko3apULIMEHTH : 1

R A1) a1
KYpUHMLLIAA E3WTaNU, arap p—Typ sApuM yTKasruy 6yica
: Ry=Ap/ep; (A=1+2) )

6ynaau. Xoan TOWMHHCUHUHT MUIOPACH acoCuil 3apsal TallyBYH-
fap uiopacura moc Kenamu. [emak, Xowi xoaucacu épaaMupa
sSipUM  ¥TKasruunapaaru acocuit 3sapsii TallyBYWIap WILOPacHHH
XaM aHMKJIalIMMH3 MYMKHH. ' _ Y

Hy =R, |0, =Au, (11'46) .

KarTanuk  Xonn  XapakatyaHiauru Aeb  aranaau. Y apeid
XapakaTYaHINK — W, AaH GapK Kunaau. A,, Ap Ba A yn4oBCcU3
katTanuknap 6yin6, Xonn dakropu 1e6 HOMIAHaTM. YIapHHHT
KMIIMATU Xap GUp Xycycuii XoJl YYyH 3apsil TallyBHHUIapHWUHE co-
WML MexaHusmiapuaaH kenu6 uukaau. MacanaH, arap XamMma
3NeKTPOHNIap OUp XuN TEINMKIa XapakatnaHca A=l Oynaau. i
Coumnuul acocaH QoHoHnMapaa coaup GynraH Ba aifHUMaraH
apuM ¥TKasruy yayH A=3n/8=1.18 ne6 onuHanv. Arap ApUM
yTKasruugary 6up xwn 3Heprusiv (E(p)=const) cupmiap KYPUHUILM
cepanan katta ¢dapk kuiaca A=0,7 KuiiMarraya KaMmaifHlu MyM-
KWH. 3apsiliv  Mapkasiapia COYMIUII  MEXaHM3MH ycTysop
6vnraHna 4>1.9 6¥IMLIM MYMKHH. i S

11.13. MarswTHK KapIMaHK X0AHCACH

Tok/iu ApUM YTKA3rTMYHUHT TOK AYHaNHIIMIA THK iiyHanrai B
MACHUT MaiiloHra KHPUTCAaK, fPUM  YTKA3TUYHUHT  3NIEKTD
Kapiunurk optaid. ConuIITUPMA 3JEKTP KaplIMIHK p, MarH1T
maiigoH #ykauruaa p(0) ra TeHr O¥nca, y Xonga COJNHIITHPMA
KAPILWIWKHUHT HACOMIA Y3rapuiun

aw _ p(B)=p(0) BElmed a3 any peal
P SN TR b it (Tt

p (11.47)
7Ll n A e § D e s
~(E )]+ (ﬁ%)ﬂm—l’)zrﬂ_ﬁ; . (;"-Prpr,? 4.

by myHocabaraaru T, ea 7, Jlap MOC Xojja KOBakjap Ba

MEKTPOHJIAPHUHT peJiakcalus BaKTH, m, Ba my Jap addekmm Macca-
nap. By wudomanu Gab3d  Xycycuit XoJulapia Oup MyHYa coana
KYpUHMIUra KEATHPHLI MYMKHH. MacanaH, IOHOp KUPULLMaNH n — TYp
ApUM  VTKa3rnuJ yuyH

A0 1 E_B_) 1—.3f_(;l-:.2)2
_ - p(0) m, ()2
6vnanu. (11.47) man KYpUHUO TYpUOAMKU MArHUTHK KapllMIHK
maiigonra T~B2 kypuHUilLaa GOFNaHraH 3KaH.

(11.48)

11.14. Sipum Frxasrwnapaa muddysnon ToK

Arap sipuMm VTKa3ruwiapa 3JIeKTpOHIap €KW KOBaKJap 3W4JIH-
FMHUHT rpaaveHTH (dapku) XocHa KWIHHCA, AbHU 1 EKu p SipuM
YTKA3THYHUHT GUp KMCMHIa KaTTapoK OoliKa KHCMHAA 3Ca K-
uuKpoK Oyiica, spum Vrkasruu O¥inab anddysHoH TOK OKal.
ByHaa 3apsi TawlyBYHAAp 3UWIMIH KaTTapok OyaraH XoilaaH, auy-
JMMA KMYKMKPOK, OYNraH xoifra KapaG xapakatnanaau. udysuon
TOK SIpUM VYTKasruwiap ydyH xoc GyaraH xoauca 6ynub, mMeTamnapaa
Kysaruamaiinn. Jdudxhy3svoH TOK XOCHa KWIHLIM YUYH TaulkH NeK-
TPHUK MaiiaoH GyauwK wapt 3Mac. SIpum JTkasruuaa x — VKU 6Viinab
3apsA TAlYBYMWIAD IPVIMCHTH XOCHI KHJIMHIMAH Oynca, v xonta sipum
Vrkasruugad VTaéTrad TOK 3HWIWIM 3apsl TalyBYHIAp PAIHCHTHIR
nponopuuronat 6yaiu: i
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i

o =0, =2 (11 49)
Ly

2 i

.-rp'!. = -'{ang- {I ISU‘]

By wonanaprn ya ¥agosin xon yavH ymyMaalnTupb,
i, =eD, V.
o ’ (11.51)
Jp= _EDPvM
MYHOCABATAAPHK XOCHA Kuaamns. bynaa 0, sa Dy nap moc yoiaa
FIEKTPOH BD KOBAKIAPHUHT Anduhyans Koosdduunentnapy aeiin-
naay.  Ywdy KaTTUHKAAPHH  SHHWTEAH  GHPpHEYH MapTa
remiieparypa GunaH GOTNAHHIWWHA KVpeaTnD Gepau:
&T
Dy =Hy—
L

AT
Dp — l“p Tk

(11.52)

byviap  Chwuenein  synocatamu 0eb  OPATHIAIH. AMap  ApHM
VTKASMHYTA MeKTP MaflaoH XaM kVAunrme Binca, TVIHK TOK IHYIHIH
apeid & Audepy3HoH TOKNAP JMYAMMMIAH TAILKIT TOMLIH.

:’n - e‘u_u”E +o00,Vn, { 11.53)
Jp =Pl E el V. (11.54)

Ywhy myHocafiatnap yHya katta GY¥nmarad anekTp mMaiaonnap

YUYH VPHHIMAHP. ATAp APHM VTKIIHWIE ACKTPOHHHHT IPKHH

orapiin Macodacu 1 B¥nca. wy Macofuia ACKTPOHHKHT oirat
aHepruscH ¢£ 0 Ginann

eEV <<kT (11.55)

B¥nran xonnap yuyw (11.53) sa (11.54) mypocaGatiap YpHiuH
G¥nann. Akce xonga O KoHYHH  §y3niud  SACKTPOUNAPHHHT
NAPKATHYAHAMIY pp ¥ant E ra Bornue 6V110 Konaiu.

11,15, Apuy FTEAINVUIAPHIAT MATHHT XOCCATAPM

K¥n spusM {rkazrmyaap asamardiiiap xpcobiapnaan. Hopsid
WAPOUTAA YAAD KyVYCHI JIHaMETrHKT Xoccacura 3ra 6Yaanu. JleruH,
Gaban NAPAMATHHT Varapuiuaap HaTHACKHAA yaapiaa napamarHiT
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ROCCELIH VETHLEON Ovinm MYMEHH. byuaaii HPHM
VTR FLIAMEH HOMATHIT BpnMyTEaIrwiap Aed aranany. bByuaan
ilplm vrasrnaapia d ek S anon Kofingmapn THIMarai, Kipii-
wtApH HVE, SR KV K sMngaopaa Diatan Si, Ge, CdS, CdSe,
CdTe B GoK HpuM Vikrauaap sucon 6ina onaaw. d sa f —
aToM KODHKARPY TYAMIGEH, KHPpHiMaiapt Gop spuM FTEasrHYap
Phy. Mn,Te, Pby_FeTe xam micon Gina onaan. bynaa x-iniexe d
pa | koDIEIApH daaa TV Mn s Fe xupriuMuiapiianr Hie-
Guil yavin, Ynby supiusm Vikaarnuaapia Mn sa Fe kupuuiana-
pusdir atomiapn Gup-Guplapit GHAAH KYWIH TaLCHPAAiaaHaap
wa eTapinga KA ATOMIAPHIHT MardnT MomeHTiapit Gupiawqb
MAPHHT AoMeriapi (3appanapi) xocua Kuaaguaap. byuaal spum
iTkasrauaap  dieppoMaridT Ba  aHTHEPPOMATHHT XOCCANaPHHN
HaMOEH Kuiaauniap. Apis ¥TKAMHYHUHT ACOCHA KPHCTARI naH-
AAPACHHN TALIKHD 3TTaH aT0MAIP MATHHT MOMEHTWTE 3ra Ef.‘.TFH.
VAGPHH MATHHT #PUM  VTKAITHLIap Aeiinaas. (Macaman, NiQ),
Fe 04, EuD, EuS, EuSe, EuTe Ba x.k.}.

Houariiir spist VTR HUEPHMAT MArHHT KabYI4aHAnr Ima
kresaan nbopar 6¥naan.

y i ALt ol & 8 (11.56)

byHaa ¥; — KPHCTUL! NAHXKAPACHHUND, Yy — 3apsil TalysqHiap-
HIBHE, ¥1 —  HYKCOHTAPHMHEE  MardnT  Kabyaqasami. Tosa  spus
VTEAIHY MOHOKPHCTLIMHUHT Taspniuma §ndanmn kaOyaqanimng
HH TAKHA 3T, 3aps] TOYBHIIAPHIHT Ka0WIHaHIHIH 1) DapaMar-
HUT 7z BA JHAMOTHWT ¥ag TAWLKILL 3Tysuunapiad wBopar. Onatia
Yo Pyag OVARAHM  yuyH  xa—xon A0 oamuaan.  [lapamartut
KAaDyauaH/ g yuyy
1
Zay = AT LKP{IJ:T ] {11.57)
udiona Vpuan HVANG. Vo Tesnepatypara Kyuau Dorranran. xy Hl
ACOCIH CHIIpaK ®OMAAIITH  VIApo TALCHPAAMUMANINIAH MarHuT
KHpiusMaiap aHHgiaian. bynani KMpHMaHiHT MArHWT Xocca-
CHHM KYHILATH OPTHEYA ek TPOHHHHE CnHHK Genmainn. Yby
X0 KAGYIHAHAME YUyl

kN

=%Mm (11.58)

Maneke sen isdoaaci Ypiiuns Biamd. bynaa

7
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a =Pt by ll@)=ctha-1/e  Ba

Mg KMDHLIMANATH OPTHKYA MeK- P, E"
TPOHAAD IHAMTH, Er

Arap kHpHuwManap MuKaopH  Es B
[T

kin 6§aub, ynap wMpuiuMasui Pricasrmy
30Ha XOCWA  KMAca, GyHaad
LOHOPAAPHHHT NapaMarHuT
KAGYIYaHNHIH e
L1 1E- upemnes. Metann-apus YTeastiy
EDHTAKTH.

X3, =T (11.59)

O¥nagn. byHna
cenpuy(Aim” Yl +a)" a=n(m™ ). A B2 B Nap NOMMMH KaTTANKK-

Nap. ¥, ra YTHIL MEeTALIAPH KHPHILMATAPH KoTTa XMcca KYiuanm
(Fe Ba Gowxkanap).

11.16. Apum FTRAIrHLIAPIA KORTAKT NOAMCANAP.
MeTasn-apamM ¥THAIMY KOHTIAKTH

flpum §TKA3rMuIA IMEKTP TOKH FTKAHMIL YHYH YHH NEKTp
ManbanaH xenraH metawnr ¥TKasrvMy GUNaH TVTAWTHPHIL (ABHHM,
KOHTakTnam) kepax. Hamukana meran — sipHM ¥TKA3IrHY KOHTAK-
TH xocun 6¥naan. Apum Srkasruuan acGoBnapHudr aenpnu Gapya-
CH ADHM FTKAIMMWIAPDHUHT METAL], APHM YTKA3MH4, NHIAEKTPHK
GHNAH KOHTAKT XOCHA KMAMHMUIKM HarwxacHaa apatunagw. [ly-
HHHI' Y4¥YH KOHTAKT XOAMCANAPHHH VpraHWil MyxHM axaMHATTa
ara. Kyiiupa serann Gunan ApuM §TKaIrMy KOHTAKTHHM KVpHG
YHKamMH3, Metann cHpTHMAAH HCCHKIMK XapakaTH TasCHpHAA
YMKAETTAH NEeKTpoHNap okHMM  yuyH (10.79) wudona xocun
KHITHHIAH 3014,

YHOATH @ — TePMOIMHAMHE YHKMIN Wi nef HomlaHAmd Ba Y
@epMH CITXMIAH BIKYYM CaTXHIaua GYnraH 3uepreTur macodann Gun-
onpanH. (11 18- qirma).

MeTann pa spum §rkasriwiap anoxuoa pakyymaa sofinaliran-
na  ymapHuer  xap  Oupumad  kyiimgarm  wdosanap  Gunad
AHMKTAHVEUY 2" <1 poMnap oKHvH XocHs Binanu.
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i n-llm;-:{J]:T J EKF'{:':'TJ: ;
K " (11.60)
A KT ) Py
Jip = expl———).
A1 ) =2

DHOH HPHM ¥TKasre GunadH mMetandHd TyTawrdpamua, L1L1E -
HMEMALE K¥PCATHIREH X001 YUYH 020, Gunobapun J>1y 6§naou.
Jemak, OGP XA TEMASPATVPRAAA SpUM VTKaardylad MeTannra Vra-
ETTaH 3INEKTPOHMAP COHM METAIOaH APHMM $TKaIrudra VIiaerraH
IMEKTPOHAAD COHMIaH xatra G¥nagw. HaTuwkana Meramn cupTH
vaHguil, ApuM YTKaIrMy cHpTH 3ca myebat sapaananul Konamd,
KoHTakTAa anektp maidaod xocun Dinaom B3 Oy maidaod J, ea J,
okMMIap  dapkura TEHr TeCcKapH
OKHMM KOS KUIMaryHua optHb Go- =2
panyd. JNEKTPOHIAp OKEMH MyBo-  1i: "E. I'ﬂ . 2
FAHATAALUMAHE KOHTIRIATM HEKTP Ly
MAHDOH 3HEPTHACH @ YMEMIL HLL-

Japy afinpMacKra TeHr Oyam, i iy | —
LI ILRT 1 (116'” ] 1]
Mailnon MeTann MuMKAPHCHIA [1.19- wivsna. Meraat-upins AVTRAINN
i EOHTAKTIUAA BEpKUTYRYMN By GopruT-
KHpMAaHa4, ¥ SADHM  YTKAsruy MARAHTAN KATAAMAAPHIHT TAliED
CHURPTHra HKHH KOTIaMAaa XocHn Gyanium.

ovnamq (11 19-unama).

a) Apum FTKasrdugad MeToonra FrraH anekTpoHnap ¥HcoGura
APHMM VTKAITMYAA INEKTPOHNAD IHUIHIH KAMASAM Ba 3HEPTHH 30-
HACH HOKOPHIA 3rpHIaHam. ApHM §TRAIMMYHHHE XaXMHaa my Ba
CHPTHAATH N AEKTPOHIAD 3HLTHIH

n=nexpl-pu/k T {(11.62)

kVprHMwia Gornanran 64nani.

bytiali  KaTnaMHHMHT  CONMIITHPMA  KADLWIMAMIM  KaTtTa
OYNTAHAHTH Y4¥H YHH GepKMTYBYM KaTnam Oednaatd. Arap ¢am<o,
Ofnca, v xonaa Jay>Jy B METANN CHPTH MycBaT, spHm YTkaszriu
CHPTH MAHDHA JapAIadain. SHEPIHA 30HACH NACT 3rpuaaHaIu
(1 1.19- wisma, 6).

BepKuTYBYHM KAaTAOMHHHE MYBOZAHAT IAPOHTIAATH KEHIAMIN:
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Wi Ll (11.63)
2me"ny

RepKHTVEUH KATAAMAH MeTAUI-SPHM  FTKaIMY KOHTaKTIapi
Jarapviiuad TOK  TYIPMAATHUAIPH GYanb  XMIMAT  KMID DA,
Wivigiai  KOHTAKTHUHT MeTain  Kuesira  mychar  kyih, sapu
Vrxaarmy Kunemura sanditd Ky yaanran |V KYSIAHALIIN AL
roku mamBmrn kVpud unkamis. bynasit yaasuian KoHTaKT
TeHUMANRAP AHEPMACH KaMAakI.

Wx'!-'r'{

fApus VTEAIrHUAAN METLULIR
TOMOH  NAPIKATAAHAMCTTAH  AeK-
TPOHAAP YEYH TIOTEHUHAN THCHK
nacadiii, INEKTPOHNAp OKHMU
opTHD xeTagW. Arap 3aHXHp
oepk Ginca JOMMMA TOK XOCH
Binany. TOXHMHr  KHAMaTH
KVUAAHUIL opTHun DuiaH xy-
fa Ted, KVpeaTKHumH $yHKLH
cunrapy oprub Gopaawn (11.20- RV RCTRRLAC ST AR
yrama). Bysaail Kysiasiingg s g e i
mivpu Kvaaguu 160 HOMIaHAAW. KONTAKT Katiam KeHITHIM
{11.63) ra MyBodmx, KaMasim:

Tww

11,20 it Metau-spars STELITI

]
E -a1" 1|2
L= ﬂ'*.'_"
;e i,

DA KOMTAKTAATH MeTaniara Mandsil, spum  YTKasruira
myeBat KyTOHM vaaiimud, bydnall KyuaanHil meekdpy Ky wanu_
m:ﬁ atanaiy,. ¥ Xonan KOHTARTAATH MOTCHIIHAN ryeuk Ganands
JAHIH OpTaiaM:

o=0,+e|l]. (11.66)

INEKTPOHAAPHHHT SPUM VTRAITHUAAH METANITE TOMOH OKHMIA
camanad. Metananan  apum  VIKaITHYMD  TOMOH  SIEKTROL
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ORUMIt VI Kk KHIEMATIHYG Ko laBepanm. by owpvaap
ipapKHmIH youit Gvaran Tok Awiaa wnvak 6Wmb, meckapi inak
geitpan. Teckapn Ky oprab  DoOprid capy KoHTaK!
KT AAMH KM RETaHD Dopain. cesTpoHap oMl oca U ra -
rranan.  Tiipr mok Teckapn Tokaan Oup Hesa TapTead KaTtTa
OVIIAIH.

HEIYHHHT  VIVIL TR MYMEMHEY, QEpRUTYEMN MeTann —
APHM VTKASIHY KOHTAKTH TOKHK BHP TOMOMID $XUIM VIKalaH,
peckapi  ToMomMia sea despan VTkasmaiuii.  bysani  KoHTakr
ortkn Koutasto Jeh cosemnh, (VIpirarmd, Shid JHol BISH-
dracnnn Gaxapmim wymsid. Yoapuu Wonen avoinapy neb ara-
Aaunt, HIOTTEH KOHTAKTH MEKN CHPTHHHE TYTAaUnmumad nbopar,

FIVELHE YYH Y MYAHSAN A0Sk CHELMEE 2000p: .
. 1
P A il Y (11.67)
dxl :\i"!'l]'-""L

Taugn ekTp sania yvaadiaiaa vuiby igoasatarn @ sanba
kvt Gorank 6yvanan, v yooaa (1 Le4) ra mysoduk:

Tl (11.68)
miagty — ol )|

JesaR KOHTTHHED CHFHMI T0KH KyUiaHir Sormie sad. Bapn-
KA 10 HosIaiviEn acDo0 pIIEE TIILTIE TIMoRn ark) [WvVHE
KV LRI D DOL R I VIR CHPHMBART 200G M,

BackTpon — kosak (p-n) T

Spa Vicane MOLECTLEN T RETWIA
Ghip vewrukp DL i 2 TYYEE CORL I
NOCIET Kivknis By cosprmipang Sup-Hup
GILEM TYEMUNPGIK Pt VTV NETE

o (H21- wena) Dekmolvsps 1 v
KNI n — oovgiHidiil Seipsm S —E:r »
KATAINHAAH e KTPORIp Jagupy- [T 20 umamn “UTeK T - Kok

b p — coxara Vrnd KeTiin. {p-n) yrmu.

P~ COXIN F = cosaa o Kot ap andepysisoaneeos Qideiv-
SHELIAL I W KTPOMHTID B KOBIE RIP SpAst VIO tsmra kipub
PekoMURL B (s dYRosemy. Merpa  giaaMina xa
MpakaTeid stk akienTop g AWetarT IOHOP  HOHIPH KOJIEUTH.

Pl
e |
—_—
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Xocun GYAraH XaoRMUi EIpS] CoNACHIA ANEKTP MAaaoH # — coNanad p
= oXara ToMoH WyHwnanu (11.21- uyusma, 6).

By MaiooH TabCHpHOA BYAYIra KCATaH 3apallap oKHMH oud-
drvavod okumaapra Tedr 6iradna p—a YTHIWIHHHE 31eKTP Malino-
HM  ¥3MHHHT  MYBO3AHaTHR KHAMATHTA 3pHIATH. 2 Ba N
COXANAPHHHT KATIAM KESHITIHEIIAPH MOC X0uaaa,

|
z”=[M]2‘ S |

1
i ._E.qi’.."_""...ﬁ
Emﬂ:.ﬁ.’d

ZHFIN,,

wihoganap GUAAH AHHKNAHANH. p—n YTHIIHUHE YMYMHA KEHTIHTH;

(11.69)

|
rn Na¥Vay7 (11.70)
jﬂfz Ndfﬂ'g
6fnanu. KV¥pHHHE TYpHBAMKM, p—n
VTHIL WKKANA coxara xad kupub Bo-
pap 3KaH. p—n VTHILOZ XApaKaTdaH
AEKTPOHIAD B Kosaknap  aWdedbwvans
HATHAACHIA KATAAMIAH ketub
KOAramiHre Tyhaiine KVamuMac aKuen-
Top (Mandmit) sa noxop (vmychar) uou-
nap  XaMMH  3apdHl  XOCHT  KMEOH,
XakMHit 3apaa KMcobMra anekTp Maii-
O0H BYAyLra kesamd. by anekTp maition
KOBAKIAPHHAHT  audyaron  oxHmMu
KAPIIM  YNApHUHT  Apeilh  ORMMUEN }:}Iiid :;;;Tt?;t‘:’a::::";:
NOCHA  KWnaM.  MysosaHar  xonatiaa L GEpIEArEH K0LTEp
oufivaion Ba apeih okMMIapH TEHT
OYnHG tok kKyae O ra Tedr 6Vaand. Tokda KaTHalLS oJAOMCaH
XAPaKaTyaH IapAanIap IHMIMrM PR §THa Kyna kuauk OVnanu,
LWI¥HHUHT ¥4¥H £~/ YTHIWHHHT COAHIUTHPMA KARLUHIHTH Kylda KaT-
TaAMp, p—a YTHILGS RekTp Malidon Dunad Gornuk B¥ArmH noTeH-
LHan @ xkoopadHata dyHkumMsc Ginaau. YHuHr p—a YTHw yerna-
pPH OpaCHAArH B‘,HﬂM:!T.']ﬁpH EHH].'!M:]EH KOHMGKM NOMEMYEaGAIape
apku €KW aomeniuas mycux Garandau Qp., Hu GUAANPALH.
SnekTp MalOoH & — Tvp coNAdAH p — TYP COXAMA Hi¥HanraHu

Z =

Y4¥YH, 7 — TYP COXAOAH 3NEKTROHIAPDHHHI p — Typ COXara |
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VTHILIHTA BO g — TYP CONA KOBAKMAPMHHHT H — T¥p cOXAra
fruwurra TYcuk 6¥nann (11.22- ynama, a).

' DHAW A—p YTHIITA TAWEKH ¥ — KYWIaHHI K¥AMHI. p—# ¥THLI
COXACHHMHT KAPWMAWME KaTTa D¥NTasamrd yuyHd, fenpid Bapua
KYYNaHMI TYIHILK p—n $THIIra TYFPH KENamu. Arap Taliky MaH-
GaHuHr mycBar kyTOM p — Typ coxara, MaHdmuit Kytbu n — Typ
coxara yiaHrad G¥aca, TVFPH Ky4NaHHW kyduarad Oynaad (11.22-
yuaMa, 0). YHiaa moTeHuMan TVcHEK ¢ — nacasin Ba TVFpH ToK
naiigo 6¥aanu.

Muychar kv10 n — Typ coxara, MaHpui Kyt p — TVp coxara
yaanca (11.22- uuama, B), p — »n TTUHKHE Maiiaodw Bunad
TAWKH MaiaoH GMp xua WiHanrad Ginand. ToteHuWan TCHE op-
TaoM, p—n VYTHWOAH Y02 KWYME Teckapd Tok okannw. Karra
O¥nMarad  KyanaHMiUnap Ba TOKAAp COXACHAA p—# VTHIIHHHE
BONBT—AMIIED XAPaKTEPMCTHKACH YUYVH

ot AT 1)) (¥ ) (11T1)

i Ly

wdona Vpunin 6¥naan. bynaa D, D, xoBakiap Ba 3NEKTPOH-
napuunr adpdyans Kosdduuentnapu; L, L, — Moc xonna
nuddyIns  YIYHAMKIAPH, p, — KOBAKNAPHMHT & — TVp
CONALATH, Hp — MEKTPOHJAPHHHI p — TYP COXamarH MyBolaHa-
THI 3HWIHKIAPH.

Tirpn kywnanvw (V>0) g¥iluaranna ToK 3HYAHNH 3IKCNO-
HeHuuan opTHE Gopazu. Teckapu kyswnandwaa (V<0) Tok xyzna
cekHH Veaau Ba explel?kTI<<] 6Binranpa VIMHUHT KHYHE
TVHAHraH KMAMaTHra 3pdwank. Jdemax p-m §THW XaM TYFpHAaIL
woceacura 3ra 9KaH, ABHM Oup AVHAIHILOA TOKHM AXWH
Vreasaam, MKKMHYY RVHAIMIAS ¢80 Aeapa PreaiMaiian. p-»
NTHWHmNT KEHTIHIH TALIKH Ky4AaHHLIra KyYAMOarku4a
Gornatran,

1

Elppn—eV) N+ N, F. (11.72)

ZV)y =
e (e 7

=0 ¥THILHWHD XaMm cHFHMI G0, vHMHT KMHEMATH Taliky Kydna-
HHwra Gormmeg;
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e g’ NN, |2
ﬂﬂfﬂ?P.u—EV Hdi‘Nﬂ. ]

Ywdy wudonatap KvylaHdio TYIOWIOM  p-n VTHILOA  conMp
G¥nagrrad xonnap yavH VYpuHanaMp. KHYME kydraddumapna 6y
tapT HBaxapunany.

WyHaaiik wuanb p—a VTHW  V3IrapyBuaH  KVSUIAHHILHM
TYFpUNaLl Ba 3JMACKTP CHFHMHH KydaaHWw Gunaod Gowmkapi il
XOCCATApHra 3ra 3xad. Ywody sa AHa Oowxa OHp KaTop xocca-
Napiad golifanasrad xonaia xo034dp ApuM YTKasrHunapiad xvia
k¥n acbobnap raliéprnanmorna. Mypakkab wHTerpan MMEpa-
CXEMANADPHIA P—F VTHILIAD ACOCHH 3neMeHTap D¥nnb Xuimar
KMnagu.

Caponnap sa Macananap

1. HpuM YTkasruunapHuHr KAHIAR Typaapi Marmy?

2. HPHM ?TK&'SFH‘LI’IRPHHH!" FHEPIETHE 30HLU1APH TY3INTHIIHHHA
TYIYHTHDHHI.

3. dApuwm Preaordd XOoCANApMTa  KMPMIDMATAP  KaHNAR  TancHp
Kypearan?

4, p=n YTHILHHUHT TYFPHAAL X0CCACHHM TYIIVHTHPHD QEpHHT,

5. Temnepatypach 400 K B¥AraH xycvcHi HpHM ViEa3rMyaa
INeKTpoOHAAp 3W4AHrd n=1.38 1015 cv~b. DnexTpon Ba KOBaK-
TapHUHC  3dupekTHE  Maccanapyd  K¥malTMacHHM  TOMWAHT.
Takunanran sona kenranrn E=0,785-4-10-9, T(aB) xoxyHustT
G¥Huua Yarapanu

6. Oueprisicn E(x)=E+{h k)P2m" ndoaa Guaan annkranras
Gup ¥nuorid, allHEMarad SNeKTPOH radd YIVH XO0NaTIap SHHIHTH
gl E) TonuncuH.

7. bop (B) aromu kupuriarad (Na=10"cm) kpemuuiinarn
KOBAKNAP 3HUANTY Tonuncun. T=300°K, m,=0.39 m,. p,=100
cmiBe! Ba g,=1. Bop aromnapu yuyH E=+0045 aB.
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8. HApuM YTKA3THYLM 3NeKTponnap anumurd T=400°K aa
n=1,30-10°16 w3, T=350°K na n=6.2-10"%em-> Gyaca, Takuknanrar
JoHA KEHIIMMM £, HH anuknanr. E, temneparypa ra yuzMkMi
Gornadrad aed xHcobnanr,

9. Tosa  repmaHMiuarn  3MeKTpoHiap  XaPaKATYAHTHIH
1=300°K ma p,=3800 cw’Blc!. m,'=0,55my Ba p=aT3? Gynca,
repMaHHHKUHE T=309K 1ard conmmTHpMa KapuwinriHm TomunT.
£=0,785-4. 1047 KoHyHusir 6¥iiMua Varapaas, Hp/p=21 Ba g -
OOHMHI KaTTanuE ded onHHCHH,

275


http://www.pdffactory.com

XII BOB
AUDITEKTPHUKIAP

JiianexTpHK c¥iu oHOHYa dia — OpPKATH B2 HHIIW3HA elektrik —
Anep CVAnapuiIaH TY3HATEH.,

«lanekTpHKs ataMacHiy Qapaneit 2MeKTp MAAIOH KHPAIW-
raH MOMIATAPHN aTawl YYYH KUPHTTAH. JIH3MEKTPHKNAp 31EKTP
TOKMHW éMoH VTkazanu. HownaHmaraH Bapuya rasnap, Ganad Dup
CYIOKIHKNAP BA KATTHK XUCMIap AWIIEKTpHKIap Eynam:} ; Mﬂ_‘rlmk
NApHHHE COMMIITHPMA 3NEKTP FTKAIVEHAHNUIH u::‘l{F‘-llD '(Ilm M
Taprbitdn, OUINEKTPHKIEPHHKA 3Ca 10-10-10-15 Om ''m! TapTH-
Buaa 6vnany. By TadoByTHHM KNACCHK (HIMKA METANNAPIA 3PKUH
anekTpoHaap GVnanM, [HINEKTPHKIApAa 3¢ Gapua 3NEKTPOHAAP
BoFnaHraH GVAWGE, yiapHu 30eKTp MaiaoH ¥3 aroMiaapiiaH axpatiit
ononsaiay, Baiky Gupod cuakHTALM fed TYLUVHTHpap 30u. Kartik
KHCMAAPHHHT  KBAaHT uankack (V' Gobra KAPAHT)  CKTPOHIAp

FHEPIHA  JOHLTAPHHHHT - TYPIHUA TVUIHPHATRHAMIWIAH  KATTHE .;

KMCMIAPHUHT EKTP, ONTHK Ba Oolka KyM xoccatapi Kenud
GHKMULTHIMHN TYIIMHTpG Bepa onav. Xycyca AHINEKTPHKIApA
paieHT J0Hanap TVia TVAoMprarad O¥ARD, YAApHHHT OKOPHCHAATH
GVl JoHa TYJIAHPWATAH HANAH aHYa KOKOPIIA woblnmuran, TV
TV LA 30HA MICKTPOHNAPH JIEKTP VTaIVBUAHAMKAA KATHALLA
ONMAAIH, VIAPHWUHT By JoHara  YTHb onmG, VTKaIvBuaHIMKIa
KaTHAla oniud yayH eHru6 YTWIKIM 3apvp OinraH IHEPreTHK
TYeHE, (TAKMKIAHMAR 10HA KCHITIMIM) aHYa KaTTa, fyHaai YTHIL HM-
KOHMATH, OIATHD KVOA KMYMK, IIVHHHT Y9YH AMIEKTPHKRAp JACKTP
TOKMHH OeApaH YTKa3MAIK. Ymapaa 21ekTp maHaoH SnexTpoiilap
JMWIHITIHA KaiiTa TAKCHAUIAMaM(aToM Ba MOACKY/IA1ap HYHIA 30ek-
TPOHAAPHI CHAKKTALM) — KYTOMAHHID XOAHCACHHH 103ara KeaTl-
fH.
: JoHATAP  HAZOPHACHTA  ACOCAH, AM3ACKTpHENAP oinan
APUMYTKAII MUNap OpacHiaryd dapx, OKOPUTH TYLAHPUATAN 30HL
BHaan BVl 30HA OPACHAATH TAKMKTAHTAH 10HA KEHDTHIHHHHT Xap
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sn Dyamwanrnaan nBopar. Hpuvdreasoeoapia Fg3sB, au-
saekrpueipi Fre3 28 nelh waprran speodenn.

JIUBACKTPUKIAPAD  JPsUUBIPHIET  S3PEI  KVMHIIN MVAERN
CEIMARHINDL TVEEIDHE YHIHE HMEpHeHT TapIiga Ky9an
FAULIKH ERTP MAIoIap kupa onaan. byl kpucrann nawsn-
PACHHIAT JGIEPHI ICRTR ARUIONHE e (1aign) saiiaon
KFUBUITAHIA YUTA AMVXEN XoaaT HHANCKTPHEHIIHD MUK TY3HOH-
UIMHHHT (ANEKTPOHIAP B HOHADP BRIHATIAPHIKNIT) YEapuInHu
OHMEIA I HMEOHHH DSPHILN MYMENRH,

ATAD MHITEKTPHE HAMYHACHIHKM CTATHE 2IeRTP MallaoHdra (Ma-
CilIIH, KOMACHOITOR IUIACTHHAJAPH Opaciiary mMaiiaoura) wxoi-
JAIUTHPHACA, KPHOTALIHHHT CTATHK AM2TEKTPUK CHUIAMPYHYAH-
JMEH By HH AHHKAAG, KPHCTAINHNAT VYER TYIIUTHILN Yarapyim
ROKIID MYAHM MATAYMOT OOHI MYMEHI. £y HH MUKPOCROGTTIHE Ha-
HpuE xicobaaiinn

AHIACKTPHEHHHEN ONTHK XOCCLIApHHN, SLin VT JOKOpH
LUKPOPHILINKAW MERTPOMATHHT Maion Bi0an Viapo TasCcHPUMi
AHHKAAW YUYH AHACKTPUE CHELTHPYHAEIHRHHHET TaRpOpPHIHE-
ki GOFAAHNWHHN, SBHK esE(m)Hit xueodaai aapvp. Byveaan cHH-
AP KVPGITKHYH N=YE 1 AHHKAI MYMKHE

Monaap KPHETATAapH D ATTO TR MaltiaoHaap
GUAMOTIHMIS XaM HOIIAP OPACHIR VIOK TOLCHp WICKTpocTaTiiK
KVIUED MAakva DVAMIDH mysmenn. By kywiap nonsapa Vamdun
MVBAEHATHH wakaura mueharad aedwpyanii:aianiun (mMacanan,
AoMIAR TeBPANMLIIAPH) oknBaTHA NaHLe BN MYAMEIH.

Maskyp  MACIELIIPHI TAIKIKIINLE  MYSHT  Vave Eauirad
Makcsean  reurnavanapuaan doimasanmn  wyaaianp.  Keiup
RATTHI ACMIATTT MIGUIAHIT MATEIOHIAPIN MYXOKAMAR KHpHTHE,
FUKH MOLIOH  TAOBCHPIAR  KYTEAM D XoJIHeaapiig atomMan
ciapnscian BadH KHInHaIM,

2.1, [T aekTpusaapra on acocmii TYIIYHUANA) k1 KATTAIHKIAD

ManayMen, ®iaceik e KTPOAMHAMIK My AT 20eK-
[POMATTIHT N UICUPHIL TALIKH MMTADILIAN TARAPH, #1A MYXHT
XOCCARIPUIN DQIANORUT TYINVIUD B Kav i eIap  Cpoaastian
ITL IR TR, KT

E = 20eKTp sRHLOIN KYUAAHEAIINTH — Ma{boninir Maskyp

HYETOCHI  a0itaammupuirad Snpank  ayvedsn  sapair TadLCHP
TR KN
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P — KyTONAHHIN BEKTOPU — AHINEKTPUK BUPAUK XAKMHHAHID
JNEKTP MOMEHTH,

O - 31eKTp HHIYKWAR (INEKTP CHIKHIN) BEKTOPH MYXHT i1
14 TAWKH MARLOH B YHUHI TELCHPHIA naiiio 6Ynrad KyThIaHHW
SNCKTP MalaIoHHHHHT Guprainkia GHPIHK syeBar 2apiira TabCHP

ITYBHH  K¥YY, 1
E — MYNUTHHHE HHCOHH JIHIEKTPUX CHHIIHPYBUAHIHIH {an-
anekTp noMMHiY) — [ayce GHpAMKAap cHCTEMacWla H30Tpon

MYXHTOA D ma E opacuia MPoNoOpUUOHAIIHE KoafpUIIHEHTH
D=¢E;
£y — BAKYYMHHHL 1EKTP AOHMHHCH. Eq=( 107/dme2)=8 85421012 hym
HMaorpon myxuria [ayce cHCTeMackia

. D=FE +47aP = ¢E (12.1)
EKH 3
patle (12.2)
47
y — HWACOMH AMAIEKTPHK KaGYMaHIMK P okyTBnaHHIl BEKTO-
Py GHIAH IEKTP MAIIOH KYWIAHTAHAMIH 0pacHIArH NpONopLie-
HALIME Koadufi e TH

P=yE (12.3)

(12.2) pa(12.3) ndpnamapian
x= %{...axu,.f =[l+dny (12.4)

P

KeTHD YMKAON.
CH Gupnnknap cvresacuaa (12.1) ¥prnura

D=eE+P -1+ 2)E = £,0F {12.5)

(6yHna £ =1+y) npona 3TN
AHHIOTPOT MYXHT OYIraHHIA P Ba £ pexropiap napannen
GUAMACIHIM  MYMIHH, AW3INEKTPHE KaliyIMAHAMK B3 CHHTLMPYE-

YAHAMK TEH30p KaTTaIHkIap bynain. -
MaKcBe/THHHT KVARAATH TEHIIAMACHHI ICIaTaMII:

divD —4xp  (CH na divD = p) (12.6)

HuaTpon MyxuTia
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divE :471'1‘{' {CH na a’:‘vE‘=% ). {12.67)

€9

MabiyMKH, Maskyp TeHmama KynoH KOoHYHHHH @ 3HWIMEIS
VATYKCHE TAKCHMIAHIAH 3ApAIap XoiKd YMYH YMYMIaWTHPHAaH
Keanb uMKKaH.

Mukaop #uxariad Oup-DMpura TeHI, aMMO  KapaMa-Kapuii
wiopany Oup-Gupura GOFNAHAH MKKH 3apsl Avnoen aednnany.
JHaaekTpHK  KaOYNHaHAMKHH OHMHODAPHH, AM3NEKTPMK CHHIIH-
PYBYAINMKHM AKKANaHraH 3apaiiap amac, Batky InaeKTpUK Jind-
poaaap aHHKIaRan. JIMNonHuHr 91eKTp MOMenTH

p=ql (12.7)

KYPHHHILOA anuKIaHanm, GyHoa § — OHNOAHK TalllKWA ITraH 3a-
PAANAP MHKLOPH, | — VIAPHHHT OPATHTH (12.1-pacm). Tunon en-
kacH | HUHE E(F) MallloHu aHUKAaHaBTTaH HyxKrarada 6yaraH F

vacohalad aHYa KHYMK tl!]-:c|r‘|}

OyaraHLa MAIKyp HYKTaIa ¥l 2 E{r}
E{F]:M" (12.8) L|0
i =4q

SneKTp MAHQUAAMIH  CeIHAApiH
ipapikaHaiMran aroMNapiaH Tap-
kubnaHrad xap KaHAal CHMMETPHE
GYnamMac MoNcKyna NOHMUA 2NEKTR
aMnen  MoMedtara  sra Ginanw.
Macanam, cyBHHHT Hi0 moaeky-
aacn p=6,3310% Knm  aunosn
MOMEHTHTA 274, ¥ KHCIOpod HOHW-
M3H  WKKMTZ BOAOPON  ATOMMHM
BHpAAMITHPYEYN  THFPH HH3HE
ypracura TtosoH HyHanran. HCI
ModeKyTacHIa  Bynaard . MEKM
ATOMHH  TYTALWTHPYEMM  YM3HK
GVilida  YHMHT AMNoN  MOMENTH
Hvnaarad,  JduonexkTpuk  MyxXMTOA
TAWKKH TahCHp (INEKTP MaAHA0H,
Docum Ba ¥oKalo) OCTHNA IANEKTP
OHNGNAAP BYXRYArA  Kelsigd (HHAYKUMAIAHMAMITH) MyMEHH. Y

12.1- wiasa. Jdunon MafitonHHN
sHeohnawra qonp

]

1

1
e i .

12.2- upsmn. HaOd woaewynoc wiumar
HMOT MOMEHTH.
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vouttd Ky TOMaMNil BEKTOpH PoBHpanE NEEMILT XOCH B aii M-
HOANAP MOMEHTIAPH HHFHHINCHTA Tenr GyaaillL

=Y (12.9)

Arap ACCH KOHIGHCAtop KOTaamMaiaph OPACHID ALBICKTPUE
wollaHca Ba KOHUCHCATOPra Ky4alakWil Gepuica, JIMDICKTPUK
sojekyaatapu kyrhaanaan (12.3- ymama).

EyHoa NoTeHUHAn Bd  MAilol KYMAHTAHIMIH  KaMEiL,
KongamMaiap  cHpriia H.H.I:.’KU!—IlLrIaHn‘-H KOUIANE,  dapaiap gRIERI W
A 3apHAH I AT CHPTHI 3HWIHIT

,f‘|'5=—,|i"ii-|.|I {l}.ln}

# -CcHpTra HOpMAT BHPAMK BEKTOP-

Kt aToMm EBKH HOHIA 3
KyTOMANHILHA AHUKIATIAEH MOANULTIE
skt E MolEOHH apeoflain apyp
Gynand. BYHIN KAPANAETTAH aToM BepK
cupt  Ouwnad  Ypairas qef dapas
ki, Wy cpT ML IHNoJap
AHPHM-ANPIIM XHCODIT OUTIHEULH.

Jlemak, TAUIKM Japsuiap mecHpit -
ATOMID  BVAYLD  Kearn :ﬂ}nbe&a:m = 1
MANELLTEY MalaoH ENJ i ,_Ti"‘pT 12.3- moanm honaasadapi opss
VLY BILIAH nGopar LKL ST cnma ARAICKTIHE RO
AWK ROHACHCATOP.

‘E:Jf.'-'_'E'-."'*Emm*“F:z "‘Eumr (12.11)

Gyiaga £, — Tauikd 3apsiLiap r.midluouu, E g
Ky TRIan LT Gyaviun superrap MAHAOHM, £ . — tapasuit il:'lcp‘r:
CHPTI MHAVKINUINHFOH 30psiutap. MasKyp COXAHITHT MAPKAILIR
PVAVAT KCTTHPTH Mai10H, E gy — COXAHHHT HYMAATH Gapia
AMNeAAP NOCILT KILIFAH Maiiio.

E 4 F yox=E 13/d Binub, F| — KoWneucarop KOTIAAN LTI
QPACILIATI KV, = KOTamaiap OPIIK,

Nemak. iy

E =€ 1+ E +E v (12.12)
Arap aTon a1podiii TaHAaHEaH KAMMHM Chepa HechK,
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E =[4m'f",§']. (12.13)

by xonaa, arap nadkapa ky6 waknuaa O¥nca, E',,,,,.-D Gyant
watan. buwobapud (£ = £ ).

£, = E4dnhy (12.14)

(12.2) nonanan (12.14) ra i HH Kiilcak, KyGuk (msotporn)

HAHKAPAHHHE aToM  Kofitairad TYFYHUAA dhheKTHE MaxaUiHi
AOH

.Jz‘.fi;—zé (12.15)

G anm.
12,2, JMaAcKTRHEAAPE KYTOARHKIE MEXAHNIMIRPH

JAnsaekTpHKIap KVTEAAHMUIMHHHE YUTa MYNHM XOAHHK KVpHG
HHKAMHS.

| Kyrfind solexynanap AHTON MOMEHTAADHHHHE  MaNAIHi
ekTp  MailioHH  6Vilnab kHeMad  EkM o TVNA TUSHAMILM  XOMH.
[Oxkopa AilTraHUMH0EK, MYalsH CHMMETPUE GIMaraH Monekyia-
Jap DOMMHIA 3mexKTp Adnod  MOMEHTTa  3ra. SREKTP MaildoH ¥
HVHILLIY ToMOH GV Monexkynanaptil Gypaa. By sapaéHuu aunan-
AP OPHEHTPIIAHMWK ExM NapaanekTp Kabymndannuk nefuwnand. bu-
POK, MOTEEVIATAPHUHE HCCHKAMK Xapakati (TeGpaHuiin) vAapHUHD
Malaon Gyiaad Tvsmmnukra THekHHAMK Kmaan. by mksH AapagH
paknBaTH oKHGaTHAD MYAIHH OPHEHTPNAHHIL YpHALLIADK,

2. KaTTug A&ucsiapia anexkTp MailaioH na Manduid voHap-
HiUHE  Bup-bupura nucBartan  cwakuud coaup  G¥nann. by
NOIMCAHKE HoHaap KyTHaaMIIM 1ednan.

3. Xamua auanekTpHKnapaa kd GepaaMrad KGaaHui — K-
MPOHMP  KYTOAGHHILMAMP: FIEKTP MAAIOH TALCHPHAA ATOMHHHT
VICKTPOHAAPH HAPOra HUchataH ciLERMilnM, #EHM NeKTP MAHAOH
R Blp ATOMHUHE ACKTPOHAARN koBuIapHHn gedopralisnaiim.
Fvinas saponap opanien VIrapHILH NaM MYMKHH,

JIN3NeKTPUK CHHTIHPYBYaHAME YMYMHH X000 ¢ =F,, +£, +£,.

Fuan Gy xonaapue abpas-aiipas pasian SatadeHipok
KAPaTi M,
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12.2.1. Opuenranmon KyToamHRL

YuyMad, JOMMHI  aunomaapHanr  Gypuadwn  oxubatHoa
KyTONaHMI AcoCaH rasziap Ba CVIOKIMKIApra XoclHp. KATTHE
#ucmapia KyTOnM smonekynanap 6¥ncana, yaap aekTp Malmo
TORCHPHIA 3PKHH Bypiin onMaiid. ByHmail KapagéHHu Monekyna-
NAPHUHE OMp TYPEYH XOonataal MKKHHYMCHIA cakpa® VrammM
okubaTHaa OHNOA MOMEHT DRIad anexTp MailloH opacumary Byp-
YAKHUHT KMupalill Tap3uaa Kapam MyMEHH.

Bupnug xpxmuaa xap bupu p momeutan N ta foumuil anektp
aunenanapn Gop GMpPOp MYXHTHHM  KAPaiaHk. Dnektp MaliloH
fVKIMrRIa aunoagap Taprubens WHanrad. SuaM £ etatii Mail-
AOH AWMOInapHU  TapTwBmamra  ypueankw. V xosma OHpaHe
XAMMHMHT KYTEIaHMIN (MafnoH [IVHANMWIWG 3NCKTP MOMEHT-
HHHI MpoekUHAcH) SyHIail Eannann:

Py =Y peos@y = Np <costl >.
L]

Bynaa O - xap Gup 1Mnan sa snexTp Maigon BYHTHLWNEGPH Opa-
cirard Gypuak.

Ounonnap TaprHOJaHWIUM  xapaCHHra  Jappalap HCCHIJIHK
xapakatH xamaxur Sepamm. Heowrivk xapakatiHi BosAuUMaHHHAHT
aHepruamap GVitM4a TakcHMOT QyHKUMscH Tascudnalinn  ne@
xucobnacak, cosd HUHr Vpraya KHAMATH

R
_[::.nsineuusuenm-‘-"ﬂ W8

<05 mm L

{12.16)

"
J'Errsin f expl 'f:'/;‘,. L
o

wipona Gunan aHukaanansd, Byuaa U auwneanuur E mainoHmnard '_
SHEPTHACH:

(12.17)
HUTEMUAME  KVAWD,

.= ﬁE = —pE cosé

(1217  wbosawm  (12.16)  paru

yucobnaimHn Baxapeak,

[ _2pE ]
i AJT} =t Ly (i
\-I —expl _EP%T} J:T pE &

< o5l »>=
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Arap Tamkn MalaoH F oetapnauya karra 6inca. L—1. Ammo,
Kyvacu3s maiaonnap (E<<kTp) xoauna

. = PE
<cos o= PESL (12.19)
Hemar, GHPIHK XaRMHMHT KyTOnaHHim
P=(NTf B (12.20)
ByHra Moc anonexTpik KabyiqanIHK
2 _szlﬁ/ P _N{JV
=PBa"P s BR (12.21)

Kytfnn cylokaniiap sa Karmik, aueMiap yayve Gy kadviuaiink
smccack | Guaan Takkocaasapan G¥INWN MYMKHH, .

AMaesTpuK qouMERHMAN VIrAPYBYAH TalKH MAHAOH 9acToTa-
cura  (Takpopuibankka) Gornukamrn. Jlowmuil  aunonnapra ara
O¥IraH KATTHK AHCMIZ YYNANA MEXAOHH3M Xam KyTGaanmura (-
JCKTPHK DOHMHIATA) Xucca g¥wand. Flact rakpopuitivkiapaa
VIAPHUHD xuccanapy Typanda. Kxopu takpopuilMkiapna ynap-
HHHI  AH3INCKTPHE JIOHMUACH KOMNAEKE r=f-i" KalTAIHK
GYITHD, VHMHT NOKHKHH KHCMH TOIIKH Maition Gunan 6up dazana
VIrapyBUM  AMINEKTPHK  KYTENOHMWHHK  Wdotanailan, wmasxym
KHCMM 3Ca Talky MaizoHaad dala Gfiuva opkana Konaérrad wve-
XAHM3M Nalno KHIAAHTAH ONSIEKTPE BVKOTHILTAPHY axe 3TTHPI-

. Maskyp kuemiap Kpamepc-KpoHur ancnepcuon myrocatar-
JNapy Bunad DOFNAHTAH:

Terx)

£ ‘-’-—FI =-dx, 12.22)

ol
‘—FIF”’J (12.23)

By wosanaprare P — uHrerpaiunHr Gol KHitMaTH En,mncn
O-XICKTPOMATHHT MalA0H TaKpopHHIHIY.

¥uvsmaH aifTranna, £ pa £ V3rapysuaH ekTp Maition Taxpo-
piinrura G0RMK. JW20CKTPHK  HOMMIITHIHE MOIVAN

lel = Ve + € wnaykuns vexropu D wnnr TeDpaHMILIapKH aM-

E=:'!I!Tw AacHnd anmanian. Jousuil anekTp maitzonaa &°=0, ¢'=¢
Viaan.
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Nloumuit  aunonaap gpHEHTPAaHHINT Brnall  DOFIHK
kytonarnw 10 Tu 1ad JOKODH TaKpOPHIIKAATH 3{1-.-mp Maitot
yarapHwaapy KeTHiaH yArypa QOMarIH. by xo0aa KaMaind Ke-
TanM, aMmo EY HOMLAH dnprIk GynAH, HBHU AHUD HATCKTPHE
AVKOTHIIAD nailne Gvnand. Karmapok O napaa Oy MEXAHMWIM
Xpccacy RVK Lapamaia Gyaanu.

OnTHE AMANA3OHIATH 10KOpH GaCTOTAIM NEKTP MahjaHaapaa
AMIIEKTPHK XoccanaprHi CHHAUPHIL K¥peaTkiun 1 Ba __mn-im
Kipcarkiun & OPRAIH rapcudmanann. n, k. £ opaciii KVITHAATH
Gornaruw Hop

w14k )= JE—iE" (12.24)

Wownap KpueTaniaapiila w1013 T dkpunan € $HA Xam Ka=
was. By TaRpoOpHIENWKIIH JOKOPHAA  MOHIAp  XaM Mm;aq.uuri
YIrApHILKY KETHORH yirypa oimMainn. AHan:s KRKOPHPOE w-“:'HJ- u
TAKPOPHATINKARPAA JeKTpoHIap KyTOAAHUILIN xucobira £ BHpIaH
karra GYInG onaan. AMMO, o> 1015 Tu sapia Oy MexaHMIM XaM
MafloHIaH OpraAIa KONAIN. By x0nia KATTHK KHCM 1 ra AKAN OM-
JAeKTPHK € CHHTLMpYBUAN WKka 3ra BynanH.

12.2.2. DackTpoH KYTOAARYBHAHLIMK

ool TALIKH MaiioH THLCHPHAD CHAKMAANTAH 371Ck=
TPOH XapakaTHHH KAPAHAHE. CHAAKMIAH INSKTPOHHY ¥3 BAIHATHIA
KalTtapyBsun KBasH ACTHK Kyubn [Bx, yiinr xycvenil Takpopuii-

o og=(im)i? peb  BeArHNacak, EJW"’E““P{“"”}

MAXAIRG KT MATTI0H  TaRCHPHAA e RTROIHITH] XAPAKAT
FeHEAAMACH
i

i L_.:--i-' ﬁ\' II:'E“E.‘\'-I-H;”’”} {il‘zﬁ}
o

Kiprpi i Gyt & :
By tenriasatinar maxbypui TEGPAHII AMIUIHIYAACH Sy
YUYH €U HMIT
¢Eq

. S {12.20)
erea:‘. ~ir )

Koy =

g |
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By 3¢2 |p=€Xpuy AUNON MOMEHTUIA MOC KEJalH. HuavkuHEanaHras
PIEKTPOH AWNOT MOMEHTH Maxanaui  mMailnonra 1ponopuHoHaLI,

ALHH P -'L'[-E-‘,w"e‘lﬂf..]ﬂ =, Ey.

Mponopunolannuk  Koahduumentd &, = WEKTPOH
Ky TONAHYBIAHITHE:
2
O, =Xy [ Ep = ; —. (12.27)
m{@g —w" )

By KyTOMAHYBUAHIHK MEXAHISMAHHHE AM2ACKTPHK cHurii-
PYBHAHNMEKKA XHCCACH 0SSty Taxpopiiinknapaa Gup X
2
o, =& 3 -
IHW& ]
V k¥puHagurad EpYFNME CONICHILA (ONTHE €OXAZ) AUNISRTPUK
NOMMHIA Ba CHHAHPWIL KVPCATKHYH n=+/E& HH | #aH KaTTa

GynnuMHMHr siroHa  cababuaup. by xpada Kaayiuye-MocoTTH
MYHOCADaTHHH KyHHaari4a EAHIL MYMEHH:

(12.27°)

ST
o, -__3_(5 1}= ;a {.r.r1 l
N, e+2 Ne n=+2
Gynaarn N, — 2ACKTPOHNAP IHHAHIH. (12.27") sa (12.28) wipona-
nap acocyaa XHeobaawaaH - 1,71018 iy, By TakpopHilamnk ex-
TPOMOTHHT CREKTPHUHT YITPabiHahILA COXATHTA MOC TYLIAIH.
fua Gup MYROXa3a IOKOPMAArH XMcoOra TyidaTamia KHPHTALM:
MALAYMKH, TEOPaHaéTraH WIEKTPOH SHEPIHA HYPAAHTHPILIN Ke-
pak; GyHaaH Talikapu Gy IMEKTPOH HONICTUK TYKHAIUN AP
(MWKaHKIIra) aydop GV Typaau. By oMHIIAPHK XHcobra 04-
cak, (12.23) TeRmManma KYHNIarm KFpHHAILHK Qa0

iR (12.28)

d*x d .
m?+mf-&r—+ B = wEyexplion ). {12.29)
3y TCHIMAHHHT CHHMIL
IR b (12.30)

2 ;
{0 ~p* + )
BYHAAH 2ICKTPOI KYTOAaHY BHAHIHK
1

&
{f, =

: 3 - . {12:31)
mimyg — @ +ine)

(12.28) wa (12.31) ndponaaapann:

b
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EIN,
mliwg —® + i) —e? N, i3

£ =f‘—r‘F"=[l+ {12.32)

SHIK ) = Lul?, ~(eNe "'3"”15 benrnnaw KUaHO, €' Ba iE” HH
TOMaMHI:

{e*lh' Im)(ws - @) 1 (12.33)
{m — :I2 +‘.F w’

2

e P LUl S (12.34)
(wf —w* )+ y

12.2.3. Honnap KyroaanysyiTHrg

N, 1a kyTONaHYBUH AMEKTPOHra Ba N, Ta KyTOAAHYBYH HOHAAP
*viirura sra 6VAraH WoH COFNaHHILN KATTHE KHCMHH KapaHivk,

By xonna (12.28) Knayanyc-MoCoTTH TeHTIaMacH acocHia CTaTHK ]

OMINEKTPHE CHHTAWPYBYAHIHK E, B3 KRYTONaHyBuaHIMKmap o; Ba
0 OpacHa GOrTAaHHUIHH K}l'ﬁl‘l.l]i’ll'li'-lﬂ €31 onaMua:

£

=l

2

Huayvkupanadrad HOHNAP AWNOIAADH NHCOCACH MVIA KHYHK

OYnanqIaH, aMMo SNEKTPOHNAP KVTONAHVBURHIHIH  Ce3uiapiy
KAMASAHMAH I0K0PH TAKPOPHAIMKAD I0KOPHOArd MyHocabar

(12.36)

k¥purnwtyn onaan, Hownap KyTonaHysuaHAMIH WYy HKKH Wdoaa
alMpMaCHaaH AHMETAHATN!

a,={sm,g[ < —E"""J v (23

Ept= Eutl

Mol GOrIaHMuIK KITTHE #HcMaapia o katrannk 10-40@-m?
TapTHBiaa. Macanad, NaCl KpHCTULIH VYYH @=3.8-10"%0 @-m2

M+ Ba M- wmaccann wounap Kydiru viYH 30EKTp MaHnoH

TALCHPHAA BYAYATA KenrH Maxbypiit TeGpanHaap TEHrIaMacH
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; N, + N, (12.35)

”
MA L | dx dv 2
— = = ¥ — gy |=eE (12.38)
[ﬂrh-ﬂf- [ at ”‘] s
KVPHHHLLAE B¥namm, BYHIA ¥ — JHEPIMH COMIUIMILINHM TackHpaaiiam,
i) — XYCYCHI TakpopHiHK, By TEHMAMAHMHT cYHMH KOMITIEKC KaT-
ranvk Gfnaam. KyTOmaHMIWHHMHT HMKKaNa Typd XHcoDra oiHHIEHL
Knaysye — MocoTTH MyHocabaTH kyiHaant wonann bepam.

(6g —€u)0f (12.39)

2

E(t)=£, + =
(i —® + iy )

by ndogaHUHr XaKMKHE B3 MaBXYM  KHCMAIPHHH  aXpariii
MYMKMH.  JIM3neKIpHK  CHHTAHPYBYAHAMK  XAKMKHH  KHCMEHIHT
VIrApHILM, OMAHHTH X0 WICK, CVHHLI XIDAEHMHK AKC ITTHpAd.
EapaiaéTrad Xonaa & MaBxyM KHCM 0y TOKPOPHIIMKL STAfUIHYS 10K-
CAK MakCHMYM KMAMaTTa 313 OynaaM, Oy MakchMyM Madkyp crnekipan
COXANA MAIKYP KATTHK KHCMIAPHHHI SXIUM MabayM OVarmH OInvHK
KnCcAnapMHH  adMkiaiind. Macanad, GVinaMa sa EVHOAIAHI ONTHK
TeOpaHWuLIap TaKpopHHAHKIAPH @ B2 G CTATHK LHNCKIPHK
nOWMHA (£9,f.) OHaaH BORIHK:

wl =L}, (12.40)

£

fvHaark w2 HHHE Y31 XaM &, ,6. napra GorTHK Ginam.

of =wp(l- =) (12.41)
Eg +2

(12.40) udona ayua KeHT K¥IIAHHL COXACHTA 3TAOMp.

12 I-acedaai
banm _liﬂ!li — MUTORT HOLTAD KPHCTALIAPHIA TEMILUIH MALTYMOT
Kpucrana Ey En hory, kK
LiF R 1.96 Lo
NaF 5.03 1,74 154
WpCl 3,50 2.4 245
NaPBr 6.28 2,59 195
Lil 16,55 380 -

.ﬂ.i‘l&l’!&lﬁplll{ CHHIAHPYBYAHIHEK £ HDHH?THH'!I'W-M.’I]JJE]
KHPHILIMA CATXIAP HAMPHYCHNA XKyOa MyxXHM VpUH TYTraHaurM
¥YuyH Dabid KOBAIEHT (APHM YTKA3MH4Y XOCCAIH) KPHCTAMIAD YYYH
E HHHT KHHMATIApHHH KEATHPaMU3.
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. 12 2-weadean
KOBAACHT, KOEAJCHT — HOH KPUCTAMTAPHARD CTATHK IHIACKTPHR

HOUMMILNADH
Kpretaaa Tyananum e,
Kpesuuil 51 OAMDC 12.0
lepumannit Ge 1 16.0
Kanait Sn [ 218
Kpesuuit gapbuoy Zn5 ra {waw 6.7
Faanui drocdmnn I 84
Ta1nui apceHHaM 1 10,9
HMHani apceHnm Il 12,2
Zns DIPUHT 5.1
Cypmiaw wuamii Insb InS 5.7
ZnSe 11 .8
ZnTe I B3
Cds BIOPUHT 5.2
CdSe || 7.0
CdTe ZnS 7.1

KOBUIGHT  KPMCTAMNApAA DNEKTPOHAAP  38PALMHMHI  aHua
KHCMK aTomiap (MOHAap) opaiuFuaa kofinawran. By Taumikid
sTvEuM kyTOnaHMra MyxHM xieca kmand. HIvHUHT yuyH KoBa-
JNEHT KPHCTANNAPHWHT JAHFICKTPHE XOocCanapH xucobnaHraHinia
apHap Hasapuscura (V Gob6Hu Kapanr) €xkw  “DornaHWIap
KyTEIAHYBYAHARTH® 26 HOMAAHTaH YCYATa MYPOKAT KHIAWHALN.

12.3. MuposnekTpREAAD

Kianupuaraiiaa €Ky copyTHITAHAa CUpPTMIA 1eKTp lapaniap
naiio GynaaMrad 0aLIM KPHCTAMNApHH NHPO3INEKTPHRIAPR acin-
namn. [MupoanekTpHUHT GHP TOMOHK KM3LMpunranna Mandmi 2a-
PHANOHAAM, MEKHHYM TaMOHHIA aKCHHMA fynaou. By xonuea
wyHaai TyiveTHpunann. TipoanekTprap 3nekTp MafiioH  €KH
DOIIKA TALLKK TabcHp O¥nmaraHnia NaM ¥3-¥3uHuur {cnoHTaH)
P . kvTOaarmdra ara 6yaamm, GyHuHr cababi Mycar sa maHgmil
WPHANAP  MAPKAINAPMHUHT Moc Tywmachunianp. Onataa P e
criotman KyTonaHuiu 3mac, Gasku ¥arapuwd A P . Kysatuiaau, Oy
9cA TEMMEPATYPAHWHT Ted AT Varapviumaa w3 Oepand (NHpo-
anextp 3tdexr). Maitao 6¥nanurad cUpTHIE 3aPA0 3MMAHTH o=pAT
WHOAACHIATH p HM TIMPOINEKTD NOMMUHI AefiMaaoH. DHI EpKHH

EHB L]
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MHPOSIEKTP-TYPMATHH, YHI2 Temnepatypa 1° xagap Yarapramia
E-40000B/ uyaMacHNard SMeKTp MaHIOH Bymyara xenamy. Arap
TeMIIEpaTYPa VIRADHILH TEVIMTH APANHHHT PEaKCALHA BAKTHIAH
wKopH Ginca, Gy Xonna aNMEKTPIAHWII MHTEHCHRIHMIM SHI Karra
Gynand. bapia MHPOANEKTPHKIIAD MBE30AEKTPHKIAD Ofnams, aMmo,
XAMMA [THE3OMERTPAKIIAD ¥aM' MHPOANMEKTPHENap GinapepmailaH.
Ban3H MHPOEKIPHKAAD CErHETOIMEKTPHK  XOCCANAPIa  MONMK
Gimamy. [TMPOINEKTPHIIIADIAH TEXHHKANZ EPYRIHK HHIMKATODIADH
Ba Kabymwlarsanapi cHdarioa GoHinarasHnan.

12.4. MMvesosnexTpuk xoauca

bBataM QMANEXTPHK KPHCTALIADHHHT KYTONZHMIIHHH, MEXaHHK
gedopMallHd TARCHPHIA V3rapHILMHKE Ba AKCHHYA WIEKTP MailioH
TabCHPHIA AedopMarius maimo GYTHMIIMHN MLeI0EKTPHE XoMKca
nefiunam, MA3KYP KPHCTRUN MOLNANAPHM ITHE30NIEKTPHKIAD el
aranagd. @Dakar MeXaHMK JfiehopMalldA  TABCHPHIa  SNEKTp
KyTONaHHID BYEVATA KeIHIIHHH TYpH mw3oaddexT, aKcHHYA
GYIMIIAHE 3¢a TecKapH nMhedoaduperT nedmnamgm. [Tre3oaiekTpHE
xoccanap xyna kin momanapna  kKyvsarunamd. [TeespanexTpuik
XOOMCAHH OIIEOD EWIHIN VYYH KPHCTAN MIACTHHKACH EKjlapHra
vieTaul KorutaManap §paardnany. Arap xormamanap Gup-Guprra
TyTalwiMaraH G¥nca, maacTHHA gedopMalAlairalia yiap opacHaa
noTeHUHannap afupMacd naiao 6ynazn. Arap xomnasanap Ty-
TaliraH O¥Nca, KonnaManapia [UISCTHHA CHPTHapHIATH 3apsiUlap-
ra TeHr Ba KapaMa-KapiDH MIIopand 3apsmiap naino GVnanm na
3aHAHpAA TOK oKa Gomnadmu. Konnamanapra tawkk 200K
ViaHca KpHCTALT AehopMalManaHanm.

MMresoonexTpdk  XomMcanap <pagar CHMMETDHH MapKaviapH
O¥mvaraH KpHCTATADAA KyIaTsnamd, AMmO, Gabid CHMMETPHA ane-
MEHTIapH (MacanaHd, CHMMETpHA TekMoaWrM) OVmanuury farau
AyHammunapna &xu JedopMarmAaranma KyThnasdim  nafino
OUITMIIMHKH MaH KMIADH — ITBE30MIEKTPHEAAD COHMHH “eKnmailmm.
Dakar 20 Ta CHMMETPHA HVKTABMH Typywiapura TETHIUTH MOIanap
mEesoekTpHIIap OV¥nma omama. TlecsoodubexTin Tapcudmobun Kar-
TAIHK 3NMeKTp KaTTanHknap OHnaH MexaHHK KaTTanMKNap opacHiary
NpONOPIHOHALTHE KoadubiupeHTHaMp. Macanan, o mexanux xyd-
NMAHWID TAbCHPHOA [ThE30SJIEKTPHMKIA BVRVAra kKenagurad P
KyThnauwin o ra nponopiMoHat: Peps. TUna xyrGnadMura dua

ol P e, i
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WIEKTP MARIOH XHccacH XaM KHpanoH: Poao+yE YMymui xonoa 18
ra TYPAH NMBE30L0HMMITNAp GY¥NHIIH MYMKHH.

Typau xpMeTAnnap y4yH NBLEIOAOMMHIIAD KMHMATIADH KYWIH
rapaxana gapk kuwaagH. MacanaH, cerHer TYISHHHWHI IThE303MEK-
IPHK KosddHUMeHTAapH HucOMi KMAMATH Xyla xarra, GMpok
TYPMATHH Ba «o-KBAPDUHHKHM aHYa KH4YHK. AMMO, KBapIIHHHI
ICKOPH MEXAHHE Ba TEPMHK MaxKammury Tvihalind vHM OKOpH fa-
pakaga Bapxapop MLe303NEXTPHK TeHepaTopnap Tadépnailiia sHr
ManLKyn MarepHan cudaTHoa unuatnand. By acbobnap pamiovsar-
Miumap, ¥sapll coaTfiap TakpopuiiuruHK DapxapopnalUTHpaH.
Bowka aManuit Makcamnap yayH 10KOPH Japaxana MbelosnekTpHE
apdexTHamuk 3apyp. [IVHMHT y4yH cerHer TvaW KV Hiwmiap aaso-
MHAA cesrHp YsrapTepriwiap y9vH MarepHan 6Ymmb  xoamar
KMIAIH. DHr HHTH Hyexanapaa Sapuil THT2HaTH — cTpoHuMiinaq
HIIMAHTAH MAXCYC IUAKINH KepaMHK IUIECTHHANAp KWUIaHWIAIH,
YyHKK Dy MarepHaniap KarTra mueioanekTpuk 3hdeKTHRIHKKS 3ra
BA AHA KMATHPHIN Ba HEMWEMINTA HMcGataH Gapoonumaryaoup. By
METEDHAIADAAH TO3aNalll BaHHANAPHIA VLTPAaTOBYII MaHGanapu
B2 CYB OCTH TOBYII KYPHIMATADHAZ Y3aTTHY Xampoa Kabyirardy
cidatHaa oftnanaHunams. BupuruM Takpubna anexrp mafiioHga
AHAISKTOHKHHHT  gedopMauBaTamiiny  YHIHKHE  GoFmaHminm,
MEXAHME EyWlaHHIU Maiiao girad KyTOnaHMmn aedopMalHscHTa
nponopumodan. Homnapman tapxku@nanran xap KaHpall KaTTHE
HUCMOA, YHHHT [MHe30aNieKTpuE O6Vnuw-GinMaciHIiial Karsui
Ha3ap, WIEKTP MaHOUH KyYIaHraHIMIH KBagpaTHra MpomopliHo-
uan Gyaran KMCHAMIN (MEKTPOCTPHKIINA) XKysaTunamu, By sHr
YMYMUT SMEKTPOCTPHKLHA XOAMCACH TAWKK MainoH KVHMIraHma
WoHnapapo wmacodaHHHT  VIrapHIIMAM  TaBckdBuarapma  [yx
KOHYHMHHHT Oyswmine Gunad Gornuk,. JeMak, 3neKTpPOCTPHKLIHA
KY3aTHNANMIaH KATTHK XMCMIA aHTapMOHHK 3dhdexTnap kpuctann
NaHKapacHHHHI TeOpaHWIUIApH XOCCAmapura CeIHMapiH TasCHp
Kypearaim.

12.5. CermeTosneKTpHEIAD

CerHeToonexTpuKnap MyaltsH TemnepaTyparap oOpaTHFHMIA
TAUIKM TabCHpAap OCTHAA MYXMM Aapaxaga Varapamvrad cIOHTaH
({3-ianan) KyTONaHMITH  KPHCTAUICHMOH IHOIEKTPHKNADIMP.
CerHeToanekTpHK Xoccamap OupuHYM mapra (1920) cerHer TyaH
NaC H44H;0 kpHeTawiapuoa KysartwiraH Xp3dp Odp Heda o2
CErHETOMEXTPHK MONIANap Manaym. CerHeToiNIeXKTPHK Xoccanap
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nagkgo OYAMINH YYVH EpHCTAL! TYIWIMITHMAA HHCPUHAE Mapxain
B¥aMacHry B3 Xed Dynmaranza GWTTa HOSKBHBAIEHT MyHATMIL
O¥muumry 3apyp. [1Le3030eKTPHK XOCcanapH Mamwyil G¥iran
KpucTannapHiHT 20 Ta HYKIABHEA rypyxnapuiad 10 1acH HKKHH'H
WAPTHH KaHoatnanTHpaau. Jemak, CerHeTONexXTpMK Moia 1The-
J03NMEKTPHK DYNMILM Kepak, aMMO Xap KaHIAl MREINANeKTPHK XaM
CerHeTOINEKTPHE O¥na onmaiinu. CerneTosnexTpHKiapHn Banaaw
deppoanextpnap sedtnunani. Byrunr cababu wyky, deppoMaruT-
NapAard JOMeHTap KabM CerHeToONeKTPUKNApHa XaM JOMeHIap-
HHHI — KaTTa cnoHtaH (¥3-¥3mpad) kyrGnavran coxatapHHHr
(Tawrky 3nextp Mainon GynMaraHHma xaM MEKTP LUNOLIAP Tap-
THONGHTAH KaTTa 3MexTp MOMeHTHApH Giiran  coXarapHuer)
OVmHuaruasp.  CerHeTOANEKTPHRIIAD  YIVH Maxeye Koopu
HyKranapu pel atanaguran T, TemnepaTypanap Mamsyn. By
HYKTAIAH OKODH TEMNEPATYPAlla CETHETOAIEKTPHE XonaT (JoMen-
nap) Oy3unamd, SyHKH Gy X0/Ia HCCHKTHK TeBpaHHIUIApH AMILTH-
TYRAacH 3MCKTP AMNIOAIap TapTHOAW Rofiaumauura wiyn Gepmac-
JHK Japaxacuia katrapub gonamu. [lacr Temmeparypaga cermero-
SMEKTPHK O¥IraH KarTHK xueM Kiop Hykracu T, maw 1oKopH tem-
nepatypana x=C{T-T) xabymyannuxka sra G¥nras nmapasnexTpuk
6916 Konany.

12, 3-scadaan
Moz Kuminuit nonacn T, K [ -

Baporit Teransm BaTi0, 303 26100

Crpompgt emenarn | SrTi0y 1 3.0-10-14,2K)
Kanuit muoBar KNbO; 710 3,0.10-1{600K)
Ammormit cyndarn | (NH)SO, 73 4.510-%220K)
Cerer Tvam MNaKCHy04-4H0 296(oxopicr) | 2.510°%275K)

255{nacTrHcH)

12.3-%AIBATHHET OXMPrH YCTYHMIATH
F; varramik Knv? Gupnuxnapna cniodTas
(§3-Yarman) xaeMuit KyTGaHmuHEN Hgo-
Aanafny.  BaTiO; HMHr cnoHTan (Y-
Vauman) xyrGraHuwin xemaf GHKHIIHH
Kapaiinuk. By Gupwiosa nepoBexir Tvau-
THIUM sra (124-unama). BaTiOy HMEr
mavxapac Te= 393K nak rokppuna ky6-
CHMOH 1maknna Gyand, cerHeToaNeKTpHK
Xonatra yrvuga KyGmaH TeTparoHan yer- 124 usasa Bapul tatama-
naEap maino YA, ?:: HaH mact ™ BaTiOy HeHr TyiHAHmIH
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leMnepaTypaila sAcMeHTap svedkana {3rapuuciap w3 Gepagn: ¥y
bup §¥ (¢ V&) Wiwatvum Oyiinad 1% xanap wiswiaom, 6y
HyHaIHWra THE' Yiaap O¥inab raxmuuan 0.3% kamap Kucumanm.
Bapuil Ba THTEHHWHr 6apua KaTHOHMADH MAHKAPAgacH KHMGIOpOL
AHHOHTAPY MAHEapadacdra HHcbarad ¢ ¥x 6¥inab mxkopHra éxu
MAcTTa CHAMMNAOH, DY 3ca KPMCTATN SHEPTHACHHH NacaifTHpamm.

Iy MKEM nanapaqyalapHHHT ¥33po CHDKHIDE TaxMuHae 0.1
i

A ra TeHr O¥nu6, KarTa XaEMHA EyTONAHMID BYXEYOTa KETHIIUTH-

rid YMYH eTapaHiMp.

Terparonan cerdetoanckTpuk BaTiO; kpucrawma P, namsxapa-
qatap  HMcOHH cwosmwm  dAfuamauura  GoFTHK  paBEga, €
<IDKONHTA» EKM eMacTras cHkHitan. Turad (éxm Gapuit) xap Gup
HOHM KPHCTAI [HaHAapacHMia JSHEPIUACH 3HT KWIMK O¥namwray
WKKH BAIMATIA 3ra, YIapHH 3HEPreTHK TVoHK OMp-DHpHIAH axpa-
™0 Typagu. T, pan oxppH Temmeparypanapna Oy THCHE HVK
6¥nann. Typau cerHeToaeKTPHE MOLTATAP IYPYNIZDH VUYH yiap-
HUHT TADHATH TYpIHYA TYIUYHTUPHIAOW, aMMo BGapua TYIIVHTH-
PHILAAD KPHCTAL IHEPTHACHHWHI HOHIAD BASHATHIA DOFIAHWINH
HUKKH MHHHMYMIM 3rpH YUSHK KYpHEAWNGE O¥nans, meilme.

IOxopuna afmanranmnex, T, NaH OKOpH TeMIepaTvpanapia
CETHETOMEKTPHKHIHI CNOHTAH KyTOnaHraHwmrn ik 6inanm, am-
MO KATTHE, XHCM XYAa KaTTa JHIMCKTPHK ROHMKHHAra sra Oynamd.
Macanan, BaTiO; man raft€pnakrad kepamukana e To 6000 rava
eTalH. T, TemiepatypanaH MacTAa CETHETOMERTPHRAAP CTATHK
KyTORAaHHINH ~ Gomika  WIMMH = Makcaliapia  HUUIaTHIAIH.
Kyrfaanran cerdeTosNexTpHioiH KOHIEHCATOP MHKPO(OHH Tanab-
ropaapyt kin. BaTiOs Ba Gowkanap fasep HVPHHH oNTHK (KVBYD)
MUK MYHO3 XaM, TAWKAPHCHIA XaM MOAV/LTAIN Ba OFIMPHUI YYYH
KMLTaHHaIH.

12.6. CerneToanekTpuK JOMERIAP BA AHTHCEIBETOIJEKTPHE
Xoaucanap

KaTTa cerHeroa/ieKTpHK MOHOKDHCTAUL TYPNH HyHanMuya
KYTONaHHUUTH JoMeHnap (amMmon MomeHTnap GHp xmn #ifuanran
coxanap) Timnammaad uGopar G¥nraHnHru cababmm GyryH $aml
croHTaH KyTOnaHraH Gfavumnnrn MaxGypuit amac. Masxkyp nomeH
KapaMa-Kapiii KyTonaHnmnK gomerniap Gian Ypairas xon kjm

vapaiiny. By xonna 180-rpanvenu nomeH NeBOPNARH XAKMHOA TAMH-
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puian. Tamp E snextp madigon KyHmiraHma nomex gesopnapy
iyaMin WMkonHra ora GimaaH. Byapa P, xyronaswm stfmanumu E
MaiiioH OHIaH MOC TVIIFAH €KM JEAPHH MOC TYLIAH IOMeHIap
Yeama, F; KyrGnaHMUM Kapama-Kapu AVHaITaH  IoMewaap
Kuckapa Bopamn. CerHeTONICKTDHKIAPHHMHT JOMCHIADIAH TY3H-
JHIIH MyaisiH Japaxana §eppoOMarHeTHKNAPHHKNIA Jxuamub Ke-
TAAH, aMMO YN4p OpacHiia MyxuM apk Gop: MATHHT AoMeHIap

OpacHEATH MECBOPNAP KAIMHAHTH 750 ﬂ {Ba >Heprus HHcharan
KMYMK), CETHETOSNICKIPHK JOMEHNAD OpacHiard AcBopiap
KATHHAHH Gnp EKM MKKM aToMiapapo Macodara TEHT B2 SHeEp-
HACH KaTTa 3HYIHEEa 37a.

Kinunwmixk  cerreToaneXTpHE MaTepHaiiapia MUKDOCKOTIMK
TOMEHIAD TY3WIHITH aHYa Mypakkal 6Yman.

Mynpali xunub, cerneToanexTpur Matepuaiiapiaa T, Kiopu
HYKTACHAAH TIACT TEMMEPaTYpalapia HHAYKIMSUTAHTAH JUIoap-
HUHT TapTHOA XofiamAmm: Byxvora kenagw, Oy sca KpHeram
IHEPrHACHHY: KaMalTHPamH. AHTHCETHETOCKTPHK KaTTHEK XHCM-
jtapna xaM T, BaH MacTia HHOVEUMATAHTAH [RTIOUIAD Taprubia-
Hamy, Oy Mommanap cHHGM Xaxwmuld cnoHTan Kyrbnawdmma ara
IMAC, YYHKH Xap OHp mumon ¥iurHM THTONNAapra aHTHIapaUien
iyHanraH. YMyMaH adTraHpa, KVIUHH samxupdanap (Kariamnap)
mmmmﬂm ﬁnpopnmepﬁwmmm

JHepIHs OV THIDTHIHHK
TasMEHAains, Harpull saobarn NaNbO; Ba K¥promms 1HpKOHA-
TH PbZrO; GupHKManap MyafisH TeMIepaTypanaH NMAacTia aHTHCer-
HeTOINMEETPHERApIAD,

12.7. Nusmexypux ifxoTamaap

E ¥srapysuad 3NeKTp MaiiioH 3HEPIHACHHHHT GHp KHCMH OH-
SMEKTPHXHA KafiTa KyTOnanma HCCHKIHKES alflaHane, SyHKH 3ap-
PAMAPHHHT MOMAafa Oapya Xapakarnapi ynapra SNexTp MaiiioH
feprad SHeprHSHEHT KHCMaH HepodH Guian Gormuk GVnamm. iy
HcpohHM AHIACKTPHE AYKoTHIUIAp AcHunamn. 3appanap XapakaTh
Kak4ya Kkarra Ei':mn, _ MMONEKTPHK  HifoTHINAp wWyHYa KaTTa
6Ynamn. Memak, ynap E MalioHHHHI © TaKpopHiTHIHIa BOSTHK.
Arap quaieKTpHK KVTONAQHHMILAA acOCHMB YpHHIA anexTponap Ba
HOHIADHHHT KMYHK CHIAMICIAPH Ofnca, Oy xonma IHaneKTpHKHY
FapMOHHK Tefpadrwinap (ocwwuigropnap) THmaaMuoad WGopar

293


http://www.pdffactory.com

1ef gapanymwy Ba Gy Tebpanruyiap yIrapysin E MafnoHOa Mak-
Gypuit TeGpaHULIIAD KMIATH NeRWIca, arap o TeOpaHTHYHHHT Wy
XyCYCHi TaxpopHilMTHra SKHH Ofnrania SHEprud HYROTHIN 3HT
kaTTa GVnanys (pesoHaHc). Acocuii KYTONAHHIL 3NCKTPOTLIAD cu-
smm Gunan Gormwk, 67ca, Gy xonua AYKOTHILIp ONTHAK Takpo-
puitnukaa (= 1015T) MakcHMymra SPHLUAM, aMMO 3/IeKTPOTEX~
HHK B0 PAJMOTEXHUK TAKPOPHIIMKNA HA3apra OIMACIHK Iapaxa-
cuna KuauK Gynam. Honnap cumkum GiiaH aHWKIAHAIHTAH
KYTONAHWIAE OMEKTPHK HYKoTHULAAD HK yypnap coxacHia
(10'2-101 ) sur karra Gynany. OpHEHTAIMOH KyrbjaHMILI2 L=

wieKTpUK AFKOTHIAD AHA XaM KHYHK TAKPOPHIMHEIApAA CE3H- -

napnd  Gynamu. HOXopH TAKPOPHIVIMKAAPAA MII0N MOMEHTIap ¥3
{iPHAnMHHE MaiaoHra Mocnab yATypMaiH, HyKoTHIUED KHHE.
MMact TakpopuinMKIApaa KyTOMaHMII MafnoH KeTHEaH ynrypHb
Eomu,cummapmamrnmmmm
GyaralwGuMiaH  OHMEKTPHK  AYKOTHAD pupe.  Tamxg
arapysus E(m) MaHIoHHMHT TXKpOPHIHTH MOJICKYTIANAD OPHCH-
TPARHMILM JPHANIMINY BAKTHIA (pedakCAlTHs BaKrura) TeHr 6§ca,
VOTEKTPHMX AYKOTHIINAp 3HT ¥arTa GfnagM. MacanaH, cysma
KYTGNAHAID COCAH ODMEHTAMMOH MENAHHIMIA 313, Wiy 10T
YaMacHna.

12.8. AmonexTpusaap remmmmus (Gyzmmmms)

JIMSNeXTPHENApAAH YTaéTrad TOK 3WWIHTH (yHua Kywis
GymMaraH ICKTP MaiIoHnap XOmHIa) OMm ¥oHYHHM j=cF acochlid
MaliloH KyWiaHraHIHIMIE MponopiiHoHan 6ynany. AMMO, eTapAaH-
Wi KyWiW anexTp Mainonnapia OM KOHYHHIAH yeTnaHHLL, ABHH
rokHHHT £ ra GOFTMK paBMmpa xyaa Te3 Yeuum o3 Gepam. My-
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aiiss F=Es maligoHia IHEKTPHKHHHT MEKTP TEWKIHLIM CoaMp
GynamM, FeHM OyHaa JMAIEKTPHE YTKaTyB4aHHMri Kin gapasaia
KeTamd, YYHKH YHA3 IOKODH VTKASYBHAHIHEIIH RaHal {ka-
pannap) naigmo  O¥manu. Es HH  OH3NEKTPUEHMHT  3JeKip
MAXKAMIHMTH Ieimiami. Ksapr WwHa MHCOTHAA p=1016-10"" Om
o, Fs=(2-3)-10° Blem
KaTTHE, IH3MeKTPHKIApAA ICKTP TENIWIHIOAH TallKapH AHA
MCCHKJTMKIAH TCNTHITHID XaM MaBkyl. By Xonna TOK OpTHIIH OH-
nmaH TeMTiepaTypa (XOyln HCCHKIMTH OpTalH, fy 3ca xapakar4aH
Japsl TAUIYRYMIAp COHH OPTHIIWrAa Ba CONMINTHPMA KapLILIMK

Te3 KiTagau. JHNeKTPHKIE TEITWIHII MYKAPPap HOBUpPAMHCITHK-
nap épuaMiaIlany, YYHKH ¥ wofinapna E Gomka xofinapiaH KaTTa

JluaneKTpHK TELIWITaHAS XOCHN Gjnrad YTKasyBdaH MHIMYKA
KaHaMnapHH IHYpRap (Haliuanap) Acfnnany, TOK Iy EaHamuap-
faH KaTTa INUIMKAA OKAIH, KaHan Xa1mo 5pub KeTHIIA MyMKHH.

JIMANCKTPHKHHHET TeUNAIHIIH Kaiitap Ba KalTmac OYmHIM
MYMKHH: TELIMTHII KapaEHRIa IHAICKTPHE Ty3HIMWNM Yarapmaca,
6y TelmmAI KaiTap GinaiM Ba aKCHHYA.

JmsaexTpuEnap KjLIAHHIN. KAMIWIHK TH3NeKTPHKNap Keii-
MHIH JaBpraya acocaH 3/1EKTPOHIONALUMOH MaTepHaLiap cudariia
MUDTATUG KETHHAPIM. AMMO, THICKTPHKIAD K§/uiaHanuraH coxa-
nap Kewra#tnG GOpOM, Yiap XOUIMA-XHA pasudanapun Yraioura
GynmM. JHMEKTPHKNAPHHHT KOHISHCATOD/NAPNA HILTATHIHILIK
MARIYM, WICKTP TOKH YTKAIrHYWIAPHHH J/ISKTP SHEPrHAHHHT
fexyna ucpodp G¥mmIHra Hyn K¥AMaRaMTaH  THIACKTPHK

SUUIArMHH) AYAINTA KYAIEHMAANH, CETHETOIEKTPHKAAD pajHo-

SNEKTPUKIAPTE KHDHUIMATAP KHPHTHG, YTApDHH DaHIIM KHIHIL,
TLHM OMTUK (QUALTPAAp TalEpiall MyMKMH. Kiynruna QHaeKTpHE
kpuctannap (AlGaAs, Cds, pyGums Ba 6.) KBAHT IMEKTPOHHKACH-
A jasepiap Ba KydalTHpIHTiap acock BYnnub xH3MarT Kinanu
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cHdarHna, SpHM  Yrkasrug  acGobnapHHHr cakiardHd  ceprHiH
KOTUaMIapd KYpHHMIOHIA HITTATHIANH, METAMI-AHANEKTPHE -
SPHM YTRAMHY TPaH3MACTODIAp TapkHbMra KMpamH.

Macananap

l.wmqwmmmmﬁﬂpmm
[IO1 MapKaaduaH F>> (] — oHinon eaxacH) HyKTagard MainoHHHHT

KY'UIHTAHIHTH E(F):E—(';”'—_;zé BGOIArA MOC KENHUIHHH
mEYr
AHMKJIAHT,

2. BUPIHK XAXMUHMHT IAION MOMCHTH P G6¥iman Gip ke~
NTH OEMIEKTPHK Hunaa chepuk xopax Gop. P mexrop z Vi Gitaa
i¥aaman gelb xmcolimalb, z ¥ OwiaH kopak cupragaru GHpop
HYETATA KOBAK MapwasuiaH VIKasWaraH DATMYC-BEKTOD F OpACH-
Aaru E_ypt:mm 8 neb Benrunab, woBax wapxasMmardH MalimoH
E =4nP /3 GYMHIUTHIHEH HeOOTIAHT. :

3. Ky16nm KaTTEK &KucM yayH Jebait reMmeparypaei 153 K.
T= 270 K ga 110 xI'u TakpopHENKKIA DTHANEKTPHE H¥KoTHIRap
3rPH YHIHFHAA MAKCHMYM Kysatharad. Bysmar $pracupa 0.4 =B
TYCHFH OWTAH JEMOMAAPHMHI HEXKH HMEOHHHE OpHoHTPpIaHHWIIH
MABXYLJIHTHTE MOC TYIIHILTHIWHW wucbGotnamr. By xonga

B

Kyiiunarn [leGalt ndonacH JpHrum: £-£'+£e'-.-l+t_m, GyHmard
T=(2nvp)  exp(U /KT ) MKKM MMKOHHH OPHEHTHDIAHMII OPACH-
fa §THul (PeAAKCAIMA) BAKTH, Vi ’ta%l.an'wmm
pacd, A=5 Ba B=|5 pe6 oxopumark mdoar acocHna

g'(w) sa £"(w) GornaHHIUIAp rpadUIHHH YH3HHT. 250 gaH 290 K

raua opanHKia e=0,5¢" ,,, 6YnMb YMKHIIN Kepax.
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XI1II BOB
KEPAMHK KATTHEK EHCMJIAP. KOMITOSHTIIAP

13.1. KepaMsk MATCPHALIAP XAKEAL YMYMBH MaLIyMoT

Xo3Mpri 1aMOHUE KepaMHK MATCDHAUIRP COXACH Xyia KinN
MOIAANAPHE — KVPHTHINA MIUIATHIATAIAH FHIUTIAH TO 3HT SHIH
IOKOpH Temiieparypala $Ta {rKajsysdan KepaMHK KOTHIIMAanapraya
G¥nraH KATTHE, XHCM/IBPHH ¥3 HYHTa ORAMH. Y7Iap XHIMA-XILI X0C-
canapra ara Ba daH, TexHMKaja KeHr Xyuianwisoxia. IHlymmar
yiyH ymOy K¥inaHMaga KEpaMHKa TYFpHCHIA TYIAPOK MABIVMOT
KeNTHPHIMHWHT K1odH HYE pa GH3 OV xaxpa acocul XoccanapHHHET
KMCKEa GafHHHE KellTHPaMH3.

KepaMHK MaTepHATIADHHHT ATOMIAPH Opackia HOHJAapra xoc
B KopaneHT GormaHuumap yuapaimu. by Sormammuiap xasgina |
GobuuHr 1.5.1- pa 1.5.2-Ganmnapuia Mawrymor Gepwmran. By epaa
MIYHH TaRKMIIANl KEpakKH, HOHnap GORMMaHMINM XOoMHOa 30eK-
TPOHNAP 3APAIAPH HOHTAp aTpodHia HHFHANMAH, HOHMAP OpacH-
Aa, TalMHi, 3NEKTPOCTATHK Kywrap TasCHp KWIAOH. KosawieHT
BoFmaHMII XOMHOA SMELTPOHNAD 3apalH (IWWHMIH) KVIIHH aTOM-
Jap OpacHMIa YHYAa MyHYa TeKHC TAKCHMNaHTaH, GyHma smextpo-
CTaTHK Y3apo TaBCHp KY9ICH3, aMMO KBAHT ¥33p0 TABCHDH acocHil

Texsonormx XapaBHHWHT KaHnal GopHimra kapaf Gup momna
TYDIH TY3iiMa XocHi Kwiagd. Macaman, S5i0; mommacHHM
CcyIurTHpHG ofHr CceXHH coRyTa GopHica, KpHCTOGATHT KpHCeTamiM
Xocun OW¥namd, arap Si0) HHHr CYIONIMECH Te3 COBYTHICA —
CHNMKaT myma (aMopd xMcM) onWHATH. By HXROBH KaTTHE, XHCM
KepAMMKATS MaHCYGIDID.

Xo03Mp KepaMMKa [neHMATaHma wmerann TafHarim GYmMaral
XaMOA MOMHMep (IRFEMPCHMOH) TYIWIHINT: 3ra 6fmMaran KaTTHE
MOJJia TYRIYHHAAMH. , MOHOKDHCTALIAD, KOHTIOMEPAT-
Jiap, Mafla KDMCTA/DIED B2 YIADHWHT GHpAAIIMANADH KepaMHK
MaTepHaNNAPIHp.
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ATlOMUHHIE okcumu AlyO3; acocHaa KepaMHK MaTepHannapra
TYPIH Xoccanap GepHin MyMKMHIHIMEHHE KVpalaMk.

Al;O; HHHr afipuM JoHanapH (KOPYHI) MarepHaLIapHM
CHILTHKJIAII Ba cafianianyia MuiaTiiagd. JoHalop TYSWIMLLIM
AlLO; momMKpUcTALIADH KYPHHAIWTAH EDYFIHK COXacHOA MAXIUH
wappod  (THHHK) Gfnradaurn  Tvdalin  yrapoaH | OKOpPH
TeMICpaTypa Ba IOKopH Oocumza HuUDaH ofagHraH - OfNTHK
Aepazanap TadepmaHanH. Al;Q; HaMyHAacHMIa THTaH KpHLIMAcH
Gynca, yiapuu candup Aeiiunany Ba y crnextpHEHr HX coxacuna
madphod, onTOaNEXTPOHMKAIA KIIAHMNATH.

AlOy KpHCTATHTZ XpoM KYUIMICR, YNapHH pyfun Dediagu.
PyDUH ONTHK KBAaHT TreHepartoplapia MIT9M XicM  cHdarima
HLUDTaTHAATH.

13.2. Kypundanap sa acbofaapia simammnamsran KepaMEKa

KepaMHiCaHHHT KOMERHIY Ra TepMHME YHIAMAMIHE  YRapoad
KYPHIMaapaa doiinanaHmm WMkoruHKM Oepamd. By Xoccanap atom-
napapo GomaHMUUIADHMHT KywiM OVMUUIMIE Ba KVIMMWIHK MeTan-
Jap OKCHITAPHNAH TapkHitaHTaH Kepanaix mMomzanapHuHr (KM) sna
ORCHILTAHHINH aMaia MYMKHH IMACTHTHIAH KeTHD YHERIH.

Kumésufi GommaHuuUiapHuHr Mycraxkaidrd  KMnapuusT
WOKODH CYMNIMII TeMneparypacra Ba KATTHKIMKKaZ 3ra
OYNIHMILNMIHHE TaK030 3TAIH, aToMIIap KaTnaMiapHWHT §aapo cHp-
naHumnra #fn Gepmadign, KM Tawkp xywmaHuin Gepunranna ¥3
IIAKAHHH Ccakmaiiiy, NeKHH arap oxnaMa Oupop OVcaraBuil
Kufimarra spHuuragna OHpnaHura GapGopx 6Ynamm, ynapna metan-
JIapOarHueKk TUIACTHK AedopMauus O¥aMaiH.

KEMnapHWHr MasKyp XOCCANMapHHM TYWIYHMII Y4yH VAapha
MaRkyn G¥mamHrad HyKCOWTapHH — KHpDHIIIMAtTap, AKKa BakKaH-
CHANAp B2 YNAPHMHT VIOMN2pH (BaKaHLMOH KOBAKIAp), MHKpO-
JapanapHH K¥pHG YMKHIL 3apyp.

Kpucrann kepaMHKa Ba NIHIIAHWHT MYDTJIMIMHHA MHKIODaH
KEAMIIKOKIHK aHuKnafin, v Taxmusan MIaml2, Metaap yayH
v 40 MITa/m!? yamacuna.

KM nard xMpHiIManap Ba MHKPOKOBAKAAD XaM EFHWIrAH TalllkH
wkiaMade $aura xan gamd. Ynap avomnapapo GommaHMULIapHH
Cy2aiTIPAmM, OCOH VIWIAIMIAH KWIAIM, WIYHMHT YIYH HYKrasud
vkcolTap atpodmnz GOFTAHMULNADHMHI IMACTHK gedopMaliHich
Guinnos kptiey. Owpbaria HYKCoOHNAap XOMHIA KOBAKNAp KATTANAINA
CODAIGLL
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JeMax, HYKCOHIAPHHHI TABCHPHHH Yprasdw KMnapuusr

“hoHnamA XoCCANAPHHN AXLUMNAIWTA KapaThiarad. Kosaksap, arno-

MEpaThap, KMMEBHHA KupHiIManap kabM HyKcoHmapHW Gaprapad
KIIHIO 3apyp. MYHKH Ynap OapanapHUHET naiie 6Ymsaun manbana-
puaap. BYHHHT y9yH HacTiaOkH KVKYHHH (IIODOILOKHH) CHHYHK-
nab TozanaHAOH Ba XKyna Madnanab, swunab TaxtaHamy.
Texronorux xkapaén Kylunaru Bockuanapias ubopar: MeTamn
OKCHOHWHT, Macanad, TiO; HMHI KWYKHHA OHaMerpid (< 1MeM)
3appavyarapH spHTMalaH Yrrasunamu. By 3appanapman (Macamad,
METAHONAA) MaXCYC cycrmeH3us TaHépranand, yHra g¥unwiras
MOIHMCD 3appadanap CHPTHrR EMHIIMG, VIADHHHI arnoMeparnap
WAK/WANA YIONMG KeTHIHra #yn Kydimadau. Omumras nopomnrox
(KYRYH) <«HA30paT KMWIMHAOMTaH TaXIAllras Oy90p KHIMHHG,
HBHIITHPIANH, Harmkana aManma XoRakcH3 MarepHan OJIHHAIDH.
«Hasoparin Taxnams SHT MyXHM XapafH KpceMmeudp. Bynna karra
GocHM oOCTHOE KOMMIIapAa Kucwwl Gunanw  6GHp  Katopoa
KH3IHPHIAIHIAH Npecc-KOMHNa rmail, 3aM0apakHHHE E1HMK
CTBONIHAZ TNOPWIAI EpAaMHIArH SHWIAL, IMHAMHK 3Wdiam,
InexTp MaHoHAa NorEMep KoOHKIH Nopolliok (KVKYH) 3appatapi
Xgpakatu — onexTpodope; EpmaMHia  3WWIAIN  YCYUTApH
sfunamwranms.  Maiina  xywyn  (mopourok) ommmaa nasepnap
TexXHOmOTHACH MyRaddakHaTIH Kimana Gouwmanw. By Al(CHa),
B{(CH); Typhparu opranomerani monckynanap éku SiCly Typaarn

ram T?Jr,mpmn KaMepa AepoprapHia Malia [oHaTH EVKVH
(nopowoxy kipuHMmMma $rvpamd. BaksaH kamepara Maxcyc
TArMTHE XofmaHamm.

Kyxyn (mopouwiok)sn yHIOMpHn coXacia acocHil Basnda
SHWIAHTaH 3appanap TYTHHHIUH MYCTAXKAMTHTMHM OIIMPHIIIHAD.
Opmatia 3appafap 4erapacHOA BakaHCHSUIap Ba  BAaKaHCHOH
KoBaknap kim G¥naun. Macaman, SiC ékw Si;Ny xvkyrmapwra
CHHpAK ep MeTauiapd OKCHLIapH KVmmiann, ynap Gop G§mran
Si0, Gmnan peaKLHs KWIamunap. KHzmapHwna
KyCO5+8i0,-K,8i0,+C0O,T. &xu  CaCO3+85i0;5CaSin,+CO, T
peakuManap oxHbaTHIa BAKAHCHOH KOBaKMapHHM TYIHpYBYH
KoSi0;, CaSiO; CYIOK, CMIMKaTRApD XOoCcHn Gynamm KM
MYCTAXKAM/IHTHHH ONIMPHITHHHT 9Ha Oup A¥nu oxknama (Bocwm)
OCTHOA napanap YCHIMHHE TYXTaTHILIAD.
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Bocym ocTHAA KPHCTAILT TYWIHIIMHE YIrapTHPHLI YO¥/IH XaM
KM MycraXkaM/IHIHHH OLIMpHIIT XM3MaT KHnand. Macanad, GocHM
OOTHIA TETPAINDHAN TYITHILTH JHOKCH] Zﬁmmm TY3HIHII-
gugummmummﬂw :-l..j%mmmwp Karra, Kenrafut Gopul, OoHa-
AP JAPIHA KHACATH, Jap3 3HIH KEeHrad oTMai.

Hua 6up ycyn miyHaaH HGOpaTKH, MASKYP KEpaMMKala yHIAH
MYCTAXEAMPOK, KepaMHKa TONalapH KHPHTHIAIH, Byrnai KMuma
naps YoMnina Tonara QyY Kenand Ba Hapwra effwimaiinn. Amania
SiC kpeMHHIt Kapbuay TonanapunaH QoIAIAHIIATH.

NapsnapHH TYXTATHIIHHHT YYWHYH YOYAH IADSHHHT YSHHH,

Maskyp KMra GOMIK: MOLNAIADHHAT 03 KYIUMMIACHHH KH-
pHTraHAa Xocun GynaguraH Gup xmHc (roMorcH) coxamap rafdno
6ynamm, anGarra. llly coxanapHH HMEKOHH fopxua TopafiTHpPHIN
KM 7apHi MycTaXKAMPeK KHABLE. A03Mp Wy acocna 0<X<5 opa-
KA SigaAlyNgyOy Kabl 0OKOPH MYCTAXKaMIHKNA 3Ta 6¥iran
KM aap — cHamoHnap SpaTHIraH.

KMnapnmmwumma-ummumﬁepamm
Kecysus acOOOHW BA XAPAKATIAHTHPTHYNAD KHCMIADHHH Takép-
TALIAA KYAnanuaMOKEE. .

Kepamug acfof, MycTaxkaMlaHT2H KepaMHKalaH SAcajiras
KECKHYTAp Y30K MYMAZT HUUIAIIH LIAPOMTHEA, KECHIN TEUTHIHHE
KVN MEpT2 OMIMpHUI MMKOHHHH Depald, aHYa 3HEPIHA TCXKallra
onHD Kesamu. =l

X ApaKATASHTHPTWLIADHANT KMCMIApH — TYPSHHANADHHHIT
XADAKATHAHYBSH BA KFIFaiMac KypakiapH KKOPH napaxaia
Mycraxkad Gnrss ma ywsa wypr BfmMaraH KepaMuKalaH Taf-
EpiaHca, YEAp MeTALI Ba KOTHIIMAIApra HMcDaTad, aHYa
0KOpH ToMfiepaTypanapna Xam Huinait onagm, P.H.Kcn amwa
OKOPH OVIamH, SWIHIH KoM, TRAaMIATE I0K0PH.

KMiap asromofil XapaxarnasHTHprUsiapd KHCMIADHHA Tad-
Gpralia AaM KPIaHMAAIM, MEXAHWK IWWIAHTHPIHUIAPIAH CYB
KynypnapHy Geprerysm wiwmpaxnapia doitananunanm.
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13.3. PanuoakTve Mavepuaniap sa TRKEESHAADIMN CAK & Mran
KOHTEeHHeNIap YI¥H KepaMHKa

Ywby Makcaara SpHUIMITHHHT yuTa GocKHM Gop:

1) YugHumunap Hucharan prb xermadamran  KuMEnuit
AHXATIAH THIIMTH MOMIAMA KHPATHIAIN,

2) by monza repMeTHK KOHTeliHepra oftnaHanu,

3) KoxteliHeprapHH KVPYX, Ba GApKAPOP req/IorMK 3aMHHIa
KV MILTAIH.

bupuHun OockHyua GopcHnHKar wHma Ba Sop (B) au
KepaMHuKa KVIN2HagH, 4dyHRM 6y Momnanap HeHTpoHnap Ba y-
KBAHTNAPDHH KYWIH Japakana fota onagy. By wmomna  vumaa
KVproLHH Xam G¥nams. PbO Ba 2PbO, PbSOy4 oxcuanap y-
HYPJIaPHH 2HI AXIOH WOTagH. ¥YnapHH saian ennunan ByOs, ByC,
MBOy, MB, MB; Monranap KyKyHHra apanallTUpiiiam.

HEkxnHun Oockuyna Gerownap Ba Gop (B) — xiprousdrnm
epaMHKa K¥nnaHunase. A. PHHrsyva (19784, Ascrpanus) «cHHpOR»
JeraH Maxcyc KepaMHKaHW Apatid, vy ®viaa Sapxapop G¥mab,
NMepOBCKHT B2 IIHPKOHAMT TalWuit MHHepammapl acocina
sparunrad. Lyanali KyiMb, KepaMMK MarepHannap paaHoaKTHR
MaTepHa/UIAD Ba MMEHHIHIADHH CAKNAMITA KV AnaNunanm.

134, Kepawug $epparaap

MannyMKH, MOISAHHHT MATHMT XOCCANADH KPHCTALI MaHka-
PacHMHH XOCHT KMATAH ATOMIAD MArHWT MOMEHTIAPHHMHT Yaapo
TARCHPH KaHmafl S¥nuuHriara Gornume,

Qepputiap TeMHp Ra BomIKa 3eMeHTIapaan tapxkubnauran
Mypakxal OKCHAMApHHp. VIApHHHI K§muamkri deppHMArHUTIAD
O¥manu 8a $2i1a heppoMarHHT B2 FPUM YTEAIWY SKH JMMICKTPHEK
NOCCANMAPHH MYXAcCaMMANITHPraH, PATHOTEXHHKANa PaHosTex-
TPOHHMEKaNa, XHcolnall TeXHMKACHNA MATHHT MAaTepuaUiap cHiba-
THAA KVLTaHHTamH.

DeppHTIAPHHHT KPHCTAUL NAHXKapacH WKKHTa TapkHOHA
naHxapanad ubopar Gynub, ynapmard ATOMIADHMHI MarHMT MO-
MEHTIApH Kepama-Kaplid WyHairaH, amMMo ynap Gup-Gupura Tewr
aMac. bolukaya alrramna, OyHmaft MOMRANADHMHI KPHCTAUTH
naHxapacuoa TabuarH TYpaH aTomiap sk¥wHH Gynamu. TaGuuh
(hepPHMATHHTHHHT 3HT EPKHH MHconH marseTwt FeO-Fe,04
Gynamn. YHHHT KpucTanmmMna EWCROPOZHMHHT MaH(HA wWoHnapu

ol
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KyOMK NaHXKapa TAUIKWI K}IAMH, yina xap 6up FeO Fe,0; mone-
xynara Gup Fe™ #ion Ba wkxura Fe'™ HOH TYFDH KeJIalH. by noH-
nap YpHUHM MKKHM BaneHTIH Gomka metamiap (Mg, Ni, Co, Mn,
Cu...) HoHAapy M* srammaum mymkuH. Bynnait depprrnapna 6up
Tapknbuit naHxapa Fe™' HOHIapHUHI APMHAAH TYIWITaH, HKKAH-
yicH sca Fe''' MOMIADHMHT WKkMHUM ApMu pa M™ noHnapaaw
TAIKWI TOMTAH.

M MeraneHar M©0-Fe,0; Mypakkal oxcuamardn KOTHIUMACH
(kaTTK, SpuTMac), macanaH, LigMnj.,0Fe;0s, Znp,Mn Fe 05
pa BoNTKanap KarTa axaMusTnuanp. OeppHIAapHHHT GeppoMarHuT
MATEPHAUTADIAH WKKMT2 MyxuM Gapgd Bop: 1} ynapoma OKopH
MAr{uT XDCCANDD { KETIHE KOSPLMTHE v, MArHHT
KDY TIAHTHKHUAT KaTTa GVmmuiMTy sa X.K) GrmaH GHpranHkia
IOKODH Napaxana H30MsIHOH X0ccanap XaM Maskya;

2) dicpPUTAAPHAHT CONMILITHPME JIEKTP KAPUTHIMIH 1030M.cMm
raeTans. By 3ca TEMHPHHKHIAH MIWLTHOH MapTa TapThOua Karra,
FHCTEpestic CHPTMOTH TYIPH THPTOYpYAK LIAKITHIA.

Awa my casuiaTiap (EPPHTIADHHHT  KEHT  aMamii
Kinmanwiudra cabab Ginran. Yiap HHAVKTHRIMK FaiTakilapH
rpaHcOpMATOPNAR, APOCCOIAP, MACHWT aHTeHHAIAp Ba Oonika
MaTITHT YTKaarHwiap Yaakaaps cHdatuma OKOpH TaKpOPHITHK-
napfa WINaWHE TavMirnainn. Qepprriap THIKME KyBHpIapHId
§ra OKOPH  TAKPOPHENMENY  WCKTPOMATHHT  TH¥IKMHIADHH
Bomkapanuran acBofinapna K¥IaHaIA.

XucoGnail TeXHMKacuma x§nnanaisran GeppuTIap THFpH
TYPTOYPUAKIM IHCTePEe3C CHPTMOFHTA Ba HMCOATaH KHYHMK KO3D-
LISTHE Ky'ra sra oynamH.

Ba0.(Fea04)g TypHaard eppHTIap KaTTa KO3IPLUETHE Kyula sra
(80 KA/M JaH OpPTHK) B2 VIApIAH MOHMUIA MarHWT Talépnasaln,

(eppUTHKHT TaDKWOHIA Marxapanapuaa Fe™ wonnap, karMoH-
Jlap TAKCHMOTH Ba YIapla HYKCOHIAP MHKAOPH FazHHHT Tapkiubu-
ra, KVIIHDWII TeMIepaTypacHIaH COBYTHIN TCITHIWra GORTHE. By
fornapnuLiapnas (pEPPHTIADHWHT MATHHT BA JIEKTP XOCCATapHHH
WEKATAHTH PRI dofinanaHunaii.

13.5, CerneTodIeKTPHK B NHPOANCKTPHE KePAMHK MATEpHALIApP
X[! Bofjia cersHeroMeXTPHE Ba THPOINEKTPHKAAP THFpHCHAA
MARIYMOT Gepuarad 3o, By epna cerHEeTORNCKTPHKMAPHMHI AW-

SUEKTPUK  KAGYMaHIHIY ¥ 31eKTp MaHIOHHWAT HO4M3IMFWH
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dyHKLIscH BYAHILIHIMHE 3cnari® framus, OyHHHP cababu yaap-
fa cnoHTaH (Y3-YaumaH) KyTONaHHWHMHT Maskyl DYTHIIHIiimMp,
v, MyaiifH TeMmilepaTypa opaniFua, SMeKTp Maiigon OGaprapad
KEMHIBHIAIAIAH KelinH xaM caiadaid. By Gupmium mapra
cerver Tysd KNaC4H4Og4H;O na —18 Ba +24° C opaturuaa
CIOHTaH KyTi/IaHHIl Ky3aTHATaH.

[MacTkH  TeMnepaTypamaH  KYifHIa  CerHeTOMeKTPHKIAIM
JAPSITIAD  XAPAKATCH3, IOKOpH Temmieparypanad OanaHina sca
KYSIH HCCHEJIME XAPaKaTH oxpbarmpa 3apsunap KyrGraHHiIM
fionand. CerHETOSMEKTDHE XOJar Maskyd coxala Gy moaanap
TMPO3NMEKTPHK XOCCara Xam  3ral  HCHTUATAHOA  KyTOMaHHIN
#arapand Ba 3.10.K. BYKYATA KenaqH. .

Bapuit THTAHATH BaTi(O, (B.M.Byn, 1945ii) Kauid
KMAMHTaHOaH XelMH  CErHETONCKTPHIKIApHHHT  TeXHMKama
(aBEQNO, KOHASHCATOPMAPHUHT NHINCKTPHK KATIAMH cHarHaa)
Keur kynnanmoy SourtaHnd, CerHeTosNnerTPMK XK HI0IATOD, ¥
KyTONAHKMLI JBASHTA MCKTP 32pAJ KaMFapaiq.

Arap CeTHETOSMEKTPHK KEepamMKa KpHCTAIAPHNS KpPMCTAN
MapKasHra wHHcbaTaH 3apafiap CHMMCTPHKMAaC TaxKCHMIaHraH
Gjnca, y Xomma mexaHHE Aedopmatas okubarHaa KyrEnaHHu
cHmEHALH, Oy XomHcaZaH MHE302MEKTPHE KepamHkana doinana-
HMIAnH. Bak3y [ThE30NEKTPHK METCPUALIAD HAMYyHATApH Y4IapH
opaciia 104 B nan xarra KyWIaHWID Xoc¢Hn G¥mMIIH MyMKHH.
KHckpa TyTAWMUIIa IHKANATEH  YYRyHOAH 3T OJLIMPYBYH
KypiManapaa (MacanaH, XapakaTaaHTHpraunapna) godganannia-
oM. [Iee30KepaMHKAna MEXAHHK SHEPrUAHE AIeRTD SHEPrudTa ai-
NAHTHPHIA Mcpody KaM GYNrasimmmy yuyH, ynTpatosymaaH dofi-
maNaHWIATHraH MeTHuHHa acGoBnapuna pa Gowkanapna caMapany
K¥naHanu.

CerHeToaNeKTpHE KepamHka (QaBKyIolda HOIMK, cyGMuKpo-
METDITH MMAMAIOHA Kiua oNaldral XApaKaTnaHTHPIHWIAP ApaTHIL
MMKOHHHH Gepau, 6V 2COCHA TYHHE] MHKPOCKOI Kawid KMAHHIH.

CerHeTOMEKTPHENAp  acOCHIa  EpYFIMK  MOJYISTOPIapH
TaiiépraHTaH.

Xo3ip K¥T MHKJIOpAA CErHETOMIEKTPHK MOLIANAP ManTyM.
VnapHUHr Tabuatd Tina aHHENaHMarad Gyncana, avmo GHMp KaTop
MYXMM KOHYHHST/IApd Tomwarax. Macanan, cerdeToanekTpHk
xosar OV oM yuvH KaHmafodp HUEM  gedopMala  ExM
TaprHOGCHATMK  Japaxacd OYiMord 3apyp. Macanan, BaTiOy ma
THTAH GapdiHWHT [AHXAPATADH  KHCAOPON  [AHXAPACcHTa
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Hucharad cwpkmrad Ovrams.  Kepamuxadu Taftepnanga  siegrp
KVWiaHMI  DepuimaHia  KPHCTANA  JoHanapH  TapTHOCHAMK
TApTHONHMANKEA » yraonran O¥ndl wafra #E¥danaow.  bapuii
THTAHATHIA nan*xapanap CHAEHIIM EHJIB]-I EI}FJIPTI{ HYEH
nediopMaiua waMoEH Gimann. Boliga wakM AedopmMaliMarap xam
bDiamm.

ITupoanexTpyk xepamika H' HypaaHWin gerexTopH (OWXop-
narnyu) cubarHia EVIaHHRAanH, OyHAal NeTEKTOPIapHHHT ces-
THDANIH KYIa J0KODH, YIAPHHAD EpaaMiiE TeMnepatypasusar 1076
K kanap $arapMmuHH $I9all MyMKHH.

13.6. ¥ra reasysuan Kepammka

Tomnanous $usurn X, KaMepauar-OHHec OHpHHYM MapTa
raaiapHy CYKITHPHD MacT TeMIepaTypanap XocH Khia Gouuiaraq
ondM  — 1911 #mnma cHMOOHHMHI 3S0eKTP KAPLWIHTHHKHT
TCMIEPATYpa Nacairaiia cakpalicHMoH HVEOMHIIMHN GHPHHYH
Mapta Kysaru0, oMol T=4.15K jpa Vra YrxasysuaHmHK acb
ATANrAH SHIY XOJaTra Yraau feraH Xynocara kenqd. Byunan Gup
Heya HWUTAp ONAMH KV¥NCHHAE METAN 3MeMEHTIap, KoTHiuManap,
HHTEpMeTal  OupuxkManapw, Oanad  dapum  ¥Tkasre4nap,
MoMMMEpPNAap TacT TeMmneparypainapga ¥ra ¥rasme Oiaub
KOTHULVIHTH aHWKTaHraH 3gM. NbyGe rtepmanunilt Huobar sHT
WKopH YrHil Temneparypacura (21 K arpodwmuoa) sra  me6
yicofinadap, 1986 #wnna T, Begswopu Ba A, Mommep
([Iseiiuapun) agTaH, Gapril Ba MHc oKcHIH acocnna 35 K ma ¥ra
Yrasysqad GYaub KonamiraH Kepamuka ongunap. ByHnan kefimH
AAXOHHHHT Kinn wiMHA naboparopuanapuga “¥ra TKasyBuaHiHK
wasapacn” k¥rapium. I Benxopu sa A, Mioanep pexopan GHp
Heya ol JapoMuua OMp Heda MapTa opKala KOJMOMPHLIH, HHXOAT
1987 #unpa I, Yy paxBapmarunary GHp rypyx aMepyka onmMMIapH
Vra ¥THAIVEMEHNIMK XoaaTHra Tl KpUTHE TemnepacH 1.=93K
Ginras wrTpuii-CapHii-Muc OKCHAOH TapkMOMH Kepamyka Xarmga
Rﬂﬁﬂl} Ki‘l.l'l,ﬂ.l‘[.‘lﬂp E}’ kot BOERSA 3JH, YYHKH OCOH Bad apioH
CYIOE, a30THMHIr KafiHaw Temmepatypacn 77 K 66, roxopuoarn
KepaMHK BHpHKMaHH ¥Ta ¥TEasyBuaH Xouartra §TEasHil y4ydH my
CYIOK a3oTHHMHT ¥3u kudon Bfnanu. Kenaxaxza §ra §Tkasysyan
MATEPHAVIZPHAHT TeXHMKANa KeHr XYUIaHWIHILH HMKOHHATH
OYIITH
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. Y¥ B2 yHoas keilH GOUIKANIP CHHTES KMamH KepaMHKLia
Hripui Y. Gapuit  Ba sa mue Cu yyyn Moc pasvuna 1:2:3
Hucharaarn tapkud annknadran. IVHHHE yuyh Gy KepaMHKaHH
"h2:3"  kepamuka neb xaM o atanaaw. Y™ ga B tonmamd
WMPHANAD  BA MHCHWHT WMKOHHH Cu’, Cu™, Cu™ zapaanapw
DVIMULIMIY  EVPCITANHEHN, MASKYP DHPHEMA aTOMIIPH TYPYXHIL
iyaa  mycbar sapun 10 maH 16 rava  GYNMIUH MYMKHH.
KuciopogHuar 3apsan -2 ra Tenr, myclar pa maHdui sapaap
CcoHM 1enr ByanwK kepak. LyHuHr vayn Gupresana 6 ta metam
HOHHMIA 8 1048 KMCIOPOA ATOMH TYFDH  Kemdind noauss Ly
Mynoxasanapian 123 DMPHKMAaHMHT  kMmEBMH  mdoaack
YBasCus0)y s BVAMIAMIH aHHKIIHTAH.

1:2:3 DupuesMasap NepoBCKHT TY3WAMIITE 2fa  G¥AMLIIMK
HILOHYH TACTHEAQNTA. :

Y-Ba-Cu-0O yra yIgasi H4HUHT XVCYCHATH —KaTJaMAOpTHKIHP:
HEKH HyHanHULLa nani#apa aaspu 0.28 WM, YUuH4YE AYHLUIMILLLY
3cd 1.2 HM. ACOCHH YIKasYBHAHIHK MHC-KMCNOPOI KaThamura
TVIPH Kenaan. Bynunr cababu muc atomnapd anextpoHnapH d-
KODMFMHUHT KMCIOPOL ATOMIAPH 3MEKTPOHAAPH p-KoBHEM GHian
YOTMO-YCT TYIUHILHAKDP. AMMO, aHMKIAHTAH MasKyp KaTiamiop
TY3MIIMIL TACBHPAIHAEITAH  XOOMCAHH H3IMK HYKTaK HasapiaH
THAA TYIWHHHE ONKIL YUYH eTApAH 3MAac.

Cuilpak ep S0CMEHINAM ATOMIADHHHHE, KHCAOPOAHWHE Oy
SUpHKMANApH VT2  VTKASYHYAHAHMTWrE  KVILAAMFAH  XHCCACHHM
AHHMKRAI MACATACHHH eyl 3apyp. Kepamuk $ra YTkasruunapia
(Kynep) anexTpoHnap kydraapu 6y X0CcaHn KeATHPHO YMKAPHLLM
HCBOTAAHIAH, AMMO 31CKIPOHAAPAPO TOPTHILMIL Kydnapk tabuariu
XM OHHE Mac,

OKop  Temneparypann  ¥Ta  YTKAIYBHAHAME  KVIAAHHILK
MYMKUH  coxaiapiad Bupu 3nekTpoH TexHukanup. By acocma
HHTEIPAI  CXEMATIPAD  NEMEHTAZPH  IHYAKrHHK  10%em® m
ETRABHLL MyMEMH,

TpaHcnopt coxacuaa Xam ¥Ta §TKAIvBYaHOHK KaTTa camapa
GepanM.  Kedaxkakaa  y1a ¥TKASYBYGH  MOTEPHANIAH  SAEKTP
KIPAKATAAHTHPIMY  Healll MYMKMH. - YHHHI  xakMH  Vwadaai
K¥BRATIM oanTarvertan 10 MapTa kuuHk 6¥namu.

MarepHainapast MalHHT OCMANK TPAHCNOPT, EKTPO 3Hep-
THY kamraprnap, MEJL-redepatopap Ba 30eKTp  3HEPrHAHM
YHTHI WYAAAPH HULIAD dTuKHna oinaranca GvawiM.
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HHIM MaTepHannap KHIMPHIL MILUAAPH XaM AGHOM 3TMOKIA.
Biscmyt Ba Tannui acocuna (Bi-Sr-Ca-Cu-0) sa (Ti-Ba-Ca-Cu-0)
BriprkManap kawd KHAHHOW.

By coxara Halapuil Ba SKCMepUMEHTAN TAAKHKOTAAp XKananm
oMb Gopuiamoriaa, OuHobapuH, sHrH  axoiub kamduér Ba
KV TAHMLWLAapHM KYTHL MYMKHH.

KOMMoINONON MATEpHAAAD

KosmnosvudoH wmaTepHaniap (Komnoidtnap) Gupop acocHil
MOLIA MM BOUIKA MOMIAHMHE TONATAPH EKH 30ppanapH MvaiaH
Tapiid TakCHMIAAHaH MATCDHANIMpD. THI:;CHMJ[ZIHF:'!H MOJOAHK ap-
MaTypa Aedunany. Apsarypa TapTHBan KM TapTuhcKs Koinamiran
GV LI MYMEKHH.

Komnosutaapiu wumalb umkuin Makceannaps KyluaarwiapmaH
wbopatanp.  TexHWKa  Ba  TEXHOROIMALA  MYCTAXKAMIAMIH,
KATTHEAMIM, MCCHKIMKKA DBapaowimrH, kKMMEBHI  Tascupra
Gapkapopnuru  OEopH dapakana OYnradH  satepHaniap Kepak.
ByvHra 3pHWFLL yYYH JaBpMH CHCTEMAHMHT VPTAOCHID MOWMAlraH
anemenTaap - C, Al, 5i, O, N napaan doidrzanaHdnand, yiap ¥3apo
smycTaxkaM Bapxapop GornaHrad GMpHEManap xocHn kMnaau. by
GupHKManap MUcornapi: kKpeMHuil kapGuan SiC, nutpuan SigMy,
okcuoH 510;, anomeEri okcuan AlLO;. Arap viapHd madna
wmppanap éKM MHIMYKa Tonanapiaad Taltépnadca, MYCTAXKAMIHIH
AHYA OPTALH,

Macanan, oifHA WHWAacK MYPT MOLIA, aMMO LWKLWA TONA
yimnnwra vucBatan Kyaa myctaxkam 6¥nanm.

TonanapHuHr  3HE  KaTTa  MMKOHHI  MYCTAONKAMJIHTHIAH
GoifanaHH MaKcaaMIA  YAapHH  OCOCHH  MOMIA  HYMIa
#oinaHann, OyvHia acocHid  molda  TonanapHd  Gup-Bupura
fnpraurraput. matepuanra kartTHK wakn Gepaid. LWynunr yuyu
TOAR  HIVIOP  WHWOOTIAP,  KYPUIMANAPAA  HILWNATHAMINCEH
KOMIOOIMTAAPHUHT MYXHM TapkuOMid Kuomn 6¥nanu. TonanapHHHT
{ vavHAuY ynapHUHr d nHaMeTpHIaH aH4a Karra G¥iMwM kepak
(> 100). Vayu Tonanapaad hoimatiadnia cHHEPrHIM XOAHCACH
w031 Gepaam, CHHepreTHKa HukH  Teckapw  DOFmaHMHILAW
cHeTeManapaa  ¥a-¥auuu BolwkapuiiHK  ¥prasaaurad  gad,
KHM MOEUT XOUTHA ICHHL’;'!I'H M TORAHHHT HC{EHﬁ MOJLAara
(MaTpiuATa) BA ACOCHH MOQJAHHMHI TOMAra TALCHPHAMP. Arap
yVinin JediopMalMacH RAKTWAA ToNa yaMica, acocWi momna Gy
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YIHIMLL AMOHNADMHM KMCUH BAa 1013 KHCKA TONANAPACK Mulian
bepaan. LlyHaai KMAKD KOMOOIWTAAPHHE TEREPAGIHHHT aCOCHi
MAKCAAW VHAATH  TONAAADHHMHT  MYCTAXKaMIMCHHW - COKIALInnD.
YMyman,  KOMOesdTAap  yaapu  tapku@aaran  Kdemaapira
Huchatad WWKopH cHdiaTad BYAMOFH Kepak.

Komnosurnap rapkubun Kadnad TaHnaHuin?

KOMMOSHTHHHT MYaHHH TeMnepatypanlap opaidFLa  Huaak
OAMIL KOOHAMATHHH TOLMHHAAMIUMEAH acOCHH MOUVTa BA ApMaTYy-
PIHH TAHRAW 3HE MYXHM Basddaiup.

200°C paH nacT TeMNEPATYPAIapLs MILMAHIKMIAN KOMOOIHTIAN
Taiépaawaa NnonHMep Moqmanap KYANaHAaaH, Macanad,
ILMIIATNACTHE KOMNOIUT MOAMZPHP CMOMA MYHOY TAKCHMIAHIaH
KMCED WHWA Tonanapaad wBopat. By koMnoauT auTosmobun, kesa
Ba Typau acBobaap TaHacHHKW TAHEpPAALLAA WILAATHAALK,

TE['!MI};)':EK'FHH niacruenap ..Ll!ﬁ ATWRIMIOH KOMOGIHTIAR NoJdH-
Mepnap acocHs Tadépaanirad 6VaMb, YAAROa MONCKYIHD SaHRMupIap
OPACHIATH KYHIANAHT DOFnaHMLImap KATTHE Y4 VIHOBTH TV LWAaKiu-
AArH MONeKYIAR TYINTHILHA XOCHA KHIA0H. y.liﬂpH I MHCOULIApH —
anokeud emonanap, 330°C raya KHAIHPUILND MHAARANMH TAaMep
cMoaanap.

H)kopH TeMmnepatypaiapia HMUWAAHAWIaH KOMNOINTAAR YY¥H
ACOCHIA Moaza (MaTpuit) cudaThia seTannap onnHaam. Merana
MOIACH, HCOCHEIHEKA YNAAMAWIHELIH TIWKIPH. TOMLIEp Myc-
TAXKAMAMTHIG MYCTONKAMNHE K¥ILIAAH, METAAAHHUT NAACTHKAHMH
KOMITOIMTIA KAWL KOKIHE xOccacuHM Bepaan.

Ayin  WOKOPH  TEMNCPATYPAUIAPAD  KEPAMME  MaTpHUALap
KVANAHALKM. ¥napra KHPUTHMATAH TOOARAP KEPAMHKQLA fapanap-
HHHE KT HE KeTHUIMEA TYCHEKIHK KHIDLM.

SiC, SizNg. ALO; somaanap acocHid KNG oalHca, yaap
KOMTO3UTHHHE AILUIAN esmteparypaciil 17000 C rava kirapanu.
KopboH acocHIarH KOMIIO3WTAAD HOKOPH KITIHKIHKKD 313, KaM
rosakink 6¥natd.  byvHia  Matpdua  cudariia aMopdy  kapbod
CGIMHCA, apMaTYpa TOAANapH  kKpHetann kapbon =  rpadwitiaad
Bynca, Gy koMnosur 2500°C raua uxaam Gepau.

Vyvein annapartiap yuvH MOTCPHATHMHL 0 MYCTONKAMIMTHHN
ODUIHPHIL, P 3HYAAMHHA KiMaiTHPHLL 3apyp. sl ofp Huehar-
HITHE KATTa BVIMLIATD 3PHILNIL KEPAK.

Kaphon sarpiiany KOMIOSHTHHHELD s Kan (Ui HEIPH I
Daprapady KMAHW YYYH Vil didasaupox SiC Kk kan aamu
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Gunan wornanan, by komnosut «<LHaTTas  KOCMHK  kKeMacHila
KFLIaHWATITH.

NleMak. MatpHLa sMopzacH Gupeie Hasbatia KOMIO3nTHHHI
ML TEMIEPOTYPacHT Kapah TaHnaHaou

Xap Kauanil Moogaoad Talépaanrad Toaanap MycTaxkam
Gvnain, avwmo GoWKa XOCCAnapH  KyuaW Aapaxana  Gapk
KUMKW MYMKMH.  Mocanam, wWHwa  TONARAPHAHT  H¥3HLIT
HuchaTaH  MyCTaxkaMiaury  xapbod TOAMNAPHHHKHISK. aMMo
VIAPHUHT ATTHKIUIH X3P XMAD WIMILA TOAA KYMIH NYSHI80H.
kapGon tofa  aewna  wVamnmadan. Wysudr  yqyH  KarTa
foKnaMatap GepuaraHua KATTHKAUIW TAAA0 KHAIWHIOHID UK
ToRaHH K¥A1alb Gy¥nualiH

ZapBanapra aydop 0VAub Typagurad Oviomaap, KypHIManapas
MacanaHn. Xapbui TeXHMKAAa HILAATHIL VIYH ©KopH  sapbasdid
MYCTAXKOMIHKKA 313 GYIraH KoMnosuTiap KUanaHanu. Tonauu
TAHNANLAA YHHHI MATPHLEA MOAACH GUIaH KMMEBME XaMMABKYA
BYAHLLIHCA MyXiA. AMMO, KOMMO3MT raifépaaia tonann dysa-
MFAH KIMEBAE peakiisap 103 Gepmaciurn kepak. Tosa monma-
CH XAl KOTMAriH MATPHLA MOLIACHHM Hxwy X¥naiauran G¥nca.
HIKOPH cudiaTin KOMIOSHT xocil 6VAaaH. XYAMaHMLIHK sXWN-
7All MAKCADMAA XaM Toag, XaM Matpuia Gniad y3apo Tabcupai-
WAAMIAH MaxXcye KATIaMIap VTraznnaiu,

Jemar, Tona MOLIACHHW TAHAAWNA KVAKIATH TVRTTL KoMiarm
DHOS KMAMHAAK: KOMITOSHTHHHT MYCTOXKEMAHTH! KOMOOIMTHHHI
KATTMKAMIH:  TOJAHWHE  XPANOHHILW  BA YHHHT  MaTpiia
CYIAMACIaa KUMERHIT DApKAPOPTUIH.

KoMOOIMTHHHP TYIHAHLIE MACANACH XOM KYLD MYXHM., YHIHT
FEOMETPIK HYKH TY3IMAHIWHM kapab xoccanapu saM Xap Typiu
Byranm.

KOMIIO3MT 2DMaTYPICcH ILAKAH KOMMOIHT MYCTAXKAMIHTHHWHT
TORANAP WYHAITAHAWIHATA, TORATAR 3 WAYEYAHAHTUTA GOFNHEJIHTH.
APMATYPIHH TARCPAALW XApaxaTHra Kapab TaHnaHuin.

Wy tanafnap acocHla KOMMIOINTAAD MU0 YHKAPHIL TEXHO-
AOFHACH YCVIAPH APATHATEH.

Macanai, MeTUUTHWHT I0NKA KATIaMH €KH KYKYHH TONa YETH-
ra 5“TKIE*I'1I.1JIH;1H B METALIHHHD CYHOIMILL T'::MIIIEFHTFD:ICHJIHI! nacT-
POK,  TEMIEPIYILIADED  KHIWPUAAAK.  OH(DYIHH HAPAEHH
okMBATMIA METAL] MTPHILICH Tona Guann Dorranank. bowka Bup
HEua YoVIUIap Xam Makxvil
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Casoanap

l. Kannan momnanap kepamuk mosianap 6inanu?

2. KepamuKk Ba METAMT KATTHE XHCMIapHHHT GapBox 6yaumm
MEXaHH3IMNapH dapkH HWManaH uwbopar?

3. KepamukaHH MycTaxkamnalllHHHI KaHaail yeyinapu fop?

4. Kepamuka Kalicy coxanapia KyanaHunaan?

5. @epputnap kaunad Moaganap?

6. CerHeTo3NeKTPHK XOLHCACH HUMATAH MGOpaT?

7. IOXopH Temnepatypani T VIKAIVBUAHAMK  XOJHCACH
KaHOan momnanapna Maexya Ginanu? _

8. ¥1a YrkasysuaHInK KYITaHATHIAH coxanap Xxakuaa cianab
GepuHr. j

9. KOMNoSHTHM TaspudmaHr.

10. Komnoaut Tapkubu KaHaail Koumanap AcocHIa TaHnasamu?
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XIV BOB
KATTHEK KHCMJAPIA XAKMUH VITAPHIILIAP

HHCMILA NAKMMH VarapHiLap drazasmil yruLIapra
MHH?}%.E!.-T:; ﬂhaaam];m?rﬂm Hykracuaa dalanap MyBo3aHaTH LIAp-
TH KMMEBMI noTeHUMANNAp TEHTAWIHAaH ubopart, ABHH M=H3.
ManavMxh, | XuHe dasapHil FTHIAAPAA MOLIAHUHT SMWIHTH Ba
'rcpm;nnﬂaunu yHKUHANAp FTHL HYKTICHAA cakpaG arapaiu,
ynapoa YTHIL HECHRAWIA aXpaiiain {ioruwianu). Bynaah ?rum.na;?
MUcONapu: cylonnil, OyRnaHull, KpHCTARTaHW, KpMeTannap

rapuLULIapH.

HHHIFI m;:uﬁja ﬁgimnap?m HCCHETME axpanMalim (bﬂTHJ‘IHHﬂﬂHﬂ]ﬁ.
TepMOAMHAMUE YHKUHARIDHHHT Jau §THul HYKTacHIa cnupﬂx
jarapMainu, Danku YAApHMHET xocunanapd BYIMMu HCCHEN

cnraMn  (ep=d? @/dT?), KHCHNYBUAHIUK (dVidP), wecuKHKAaH
kenrafivin  (dMdT) ma Bowkanap ‘cmcrmﬁ ysrapanu. byHnait
JTHILIAPTA MUCONAP: TEMNCpaTypa yarapuun GuaaH deppomar-
HETMKHMHE TAPAMArHETHKKA aABDHIHLIN, CYKIK reiHiHHEr  ¥1a

: HALIH. -

nq?i;a;lﬁﬂ i‘l‘nr-l‘?::;apnu KaKMuil  yarapdnap uuweuuﬂ Tapkub
yarapMarad Xoala sa KUMEBHHA TapkuD Varaprad xonna K3 GepuiILn

MYMKHH.
AnROTPONHE SEPHIRLLTAR

<AANOTPONMA® CYIH IOHOH THAMOAH OAHHIAY sa «DouIka
WAKNe AeraH MALHOHW AHTNATALH. AMIOTPOTIHA mo;mmngdm.m}
ATAMACH KHMMEBMI NEMEHT EKH KATTHE GUPHKMATAPHUHT DHP HE-
yo waknna (vonwdukamacuia) GYIHLUIHIHHH TascHuduall Y4yH
KHPHTHICAH,

MomaanapHUHT  ALAOTPONNaADH {waknnapx) Eup-ﬁugunﬂ:
KPMCTALLIA  ATOMAADHHHT  TYPAHHD HONNAMIHIIH M
dapxnanany, Gynaa S

1) Modekylanapaa aromiap COHU Xap NdA GVAaLM; '

(MMcon: ITH Ba CAKKHI aTOMAW QTTHHIYIYPT WONEKYNACH);
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2) Monekynagard atomaap colu Gup xun DYAraHW Xoaaa mo-
NERYIANAPHKHT ¥3apo AVHAUIMIIH TYPAK (MHCON: ONTHHIYTYPTHUHT
poMOHK B MOHOKJTHH WAKAAAPH);

3) wmetannap XpHeTanmapHla aTOMAAD KATAAMAAPHHHMHT Tax-
NaHHI KeTMa-KeTaHrH Dol kaga 6¥nanm,

Myaitsn Temnepatypana (VTHIL TeMnepaTypacuan) Bup Xxua an-
NOTPOTIHK WAKI1aH MKKHHYKMCHA YTUL conup BYnaau.

MacanaH, onTHHIYIypT 7T.=368.5K na poMOGHK KpUCTALT LK~
nuaaH MOHOKAHH KPpHCTaNl wakaura yramd, Gyena YTl He-
cHKaMrn 90 kan/(r-atom)ra Tenr OVsaom, kKumésMA TapkHb
VarapMmailad. Muke adeprus KpWcTann naHxapacuia atomiap
AOHAAWHWK DYHKUHACH, ABHH KHMEBHH BoFnapHul DyHKLIHACK-
aup. HIYHHMr Y9yH anldoTpornMk  aspuadiunapaa (¥rvwnapaa)
YHMHT V3Irapuiuyg 3BA3NTA HCCHETHE 3Xpanain (JOTHAZNM), AeMak,
Dy wapagniap | AuHc dazaeni Fruumnapra mancya.

Mana wyHaka annotponuk agpuanwaap Ti, Zr, Hf, Cr, Fe,
Mn, Co, Tl anemeHTNap KpUeTANN NaHXapanapyia xam G¥naau.

Kpucrann tyaunmd $srapuiny Bunasw Bup katopaa KHMEBHI
BormaHuuitap TaGHaTH xam V3rapuiid mymxud. bynna Gup anno-
TPOTTHE LIAKAAD KATTHK MHCM MeTand VTkasvedadndeka, Gowka
laKnna aca ApMM VYTKAIrHY €KH [M3MEKTPHE XOCCANAPMra 3ra
O¥nHws soymknd. Macanan, xanaiv Sn He ancak, y 10OKOpH TeMnc-
PATYPANAPIA TETPATOHAT TAHMAPANH (B2 KOOPIMHALIMOH coHM K=h
G¥nran) acn merann (ox kanaiu) 6¥nagm, 1=13.2 °C ja ok Kanaiiu
KYIPaHT KATaHHE aBpiaaii, keliMHrM 3ca kyDHK LKA oaMoc
(K=4) nanxapackra ara 6ynran apus Jreaaruaaup.

Se CRNeHHUHT Y4TA anioTpolMK Wakiad Bop: Kyapaur cenex —
HPMM §TKAIMMYMAHP, KHIWT HA KOpa CEleHOa SpHM YTKASTMMINK
ROCCACH MVE; KH3W CeaeH MOHOKIHH TYIHWIHIUM 3ra, Kopa ceneH
aca amopd Moiaaaan nbopar Binaan,

Kumepnit Gormannumap yarapaavrad anioTpoink aspyidil-
Aap OATHHIYIYPT 5, maprumyin As, tocthop P, kapbon C (rpadur
BA OJMOC) INEMEHTIAPTA XAM XQCIHP.

MapreHenT aeprianaap

bahiH MeTa/inap Ba KOTHIIMANADAA XARMHA VIrapuil anoxuna
KVCYCHATIa 3. E:.-'H.'Lm'i Varapuliap MeTaniap Ba KOTHLIMONApP
TEXHOIOMHACKHIA MYNHM YDHH TyTaad. MapreHcHT HOMH Malxyp
METYPT MapreHe HOMWILIH Kelnd YUKKaH.
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MapTeHCHT aBpHAHILLIAD (Yarapuiunap, yruwaap) Bupop TeM-

neparypaia TYrannaHMaiiu, anbatra KaThbHi  TepMOAHHAMMK
WMALHOOA KAWTMAC, AMMO TYJHAHUI MabHOCHAA Kaitrap xapaéHinap-
JHD.
ANTANHE, KATTHE #HEM (MeTAAN) MKKH aNoTROMHK aKnaa
BYMMIWA MYMKHH. Arap KKOpH TeMneparypans MaBxYl DynanHrad
A1N0TPONA WAKIHATH KUCMHE T raua coByTcak, Oynia HKKana
AKAHMHT 2PKMH SHEPTHATApH gupnai G¥nca, y koadd [ACT TEM-
MepaTypann Waknra Vi 3 Gepand. KaTTui KUCMHW MACTPOK
MAPTEHCHT aBPHIHIL (yri) GolmAHALMTAH Ty — TeMneparypara-
ya COBYTHLW 3apyp. Arap T, r eTraiia coByTHI TyxTaTuaca, 6y
KQMA VTHIL TYNTAIIH. Arap T, naH keHuH COBYTHUI AHa HABOM
STTHPWICA, NACT TeMnepaTypant daza (WaK) xocun Byna Gepanu.
HuxosT kasaaianp T nacr Temmeparypada VTHLL (ABPHIALL) Ta-
momuaa Tyraanadand. Kokopu Temnecparypand ¢alara {waknra)
TeckapHta ¥THL XaM MYMEMH, JeKHH, TeMaeparypaiap opa-
AMKNAPH OJUIMHTH HYHATHILAA yTHILAaH (apk, KUnaiH, SLHA fivH-
na FHCTepH3dc naino G¥naid — By NomMca MapTeHCUT yTHlliap
(ABPUIMILTIAP)HHHT MYXHM X, CYCHATHIHP.

MapTeHCHT ABPHAHLLIAPHH AHDDYIHACHS FTHLLAAR XM LGS
nanu, YyHKH yiap oup Sk 6Mp Heua TERUCTHKNAPHWHI KY1a K=
quKE (aToMmapapo MacothacHHHHT YAyWRapH yamacuaoary) macoda-
ra GUp BaKTOa CHAKWLITApHOAH wGopat, ByHIA TEKMCHKAAp Opa-
cuaary GopfaHHIL ByauaMaiian. by Maskyp YTHILAPHHHI AHA Gup
XYCYCHATHAMP. ATOMIAp TeRMCAMKIARHUHT TYIMNHIIHHKHT YHYA
watTa GyIMaraH nuacTHHACMMOH Dysmiullidra anub kenaam. Ha-
MyHa cHpTHaarn Gy NAacTHHKACUMOH aKinap MHKpoCKona sx-
wy k¥pudaon. Maeanan nynatnap TobnaHrakna, AbHH OKOPH
Temneparypanan Gounab yaaphi Te3 COBYTMNTaHAA €KH MapKal-
nawra kyG navmxapany y-Fe nard kapGoi C HHHI KATTHE 3pUT-
Maclt TeTparoHan NaH®apaid MapTeHeHY waknra yrag. C HWHE
MUKLODH KaHua Kin Génca, TETPArOHAMNHK fapasacH OpTHR
Gynagr. Dbup BAKTHWHI V3IHIA MAPTCHCHT MAGTHUHT  MYyc-
TAKKAMITHIH OPTAlM.

bup: =i TOp TO3A METALIAD (Fe, Co, Ti, Li, Na g 6.) Ba w¥n
KOTHLIM P (Fe—Ni, Fe-Mn, Ti-Mn, Au-Cd, Mn-Cu B2 f5.) oa
MapTEHCUT aBpuiuiLIap BUAMILTATH MARIYM.
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Vra THRAACAN SPHTMANRNHE 118 PHRIARNIN

A spuryBinia B voana apuran Byaciu. Oxope T Temnepa-
Typaga B MOMIRHHHT IPHTMLIA aviozaHaTHA 3raaurd Gy eTapay-
ya kaTra. Temmeparypa Tp raMa nacadrania cHerema O3 rada ka-
MaiiraH UK Xonaria YTanH.

B apvBUiHHHE 3MUIHMIH  Ka-
MaRMIN Xpcobrra “u¥kMa’” XocH L4
Gynaaw, Gy wca ¥ THIMHraH
IPHTMA TIARHEVIN LLH IEMAKIAND.

TepMonHHaMHK  TAXTIHHHT
KVpCaTHLLINNL, HEKH . apEaLl- 7
MaCHHMHE  Gaprapop  BVIMLLIHIT
vayH By apamalliMaiiie  Speial
FHEPIHACH 2T KIMIE GV IHILM K- T
paK

A g1 B TapkuBnonungan woo-
par A By (X51 - masyp TapiHb-
NORYHHHHE viviny G 3paT- Ac

3
mana Gapkapopik TeAneparypara : o Ak
BOFIHEK, HVIIKH  IPKHH  FHEPTHS 14.1- e, KaATTIK 3pUmMaHiter
TemMMe palsl drvHK IeH GYnamM. TeMnepaTyps NcallFaHND MEaptitd-

Temnepatvpa T §3rpraaa HULEIHE TYLLIVHTH EmiraE (| Hama

{nacatiran w) X wiyw Yarapanou, 6y IpHTMAHHHT KHCMaAH napqana-
HMIN. OkMEATHAD €A TOMOMHAA napdanaHuIra 0aul  Kenamu.
byunain HAPUGLIAHMLITHIRRE HEEH My Magycyd: GRMUGTUUOH, (K-
SHEEIaANIC AP AAaN .

BupiHYH  XOAda  IPHTM mapualaHning  yUyH KAHILARIHP
MHKLODNA  KVILIMYD  DHEPTHA capdall  (IHEPTeTHK TYCHKIAH
yTuw) sapip OLAAM. LLlvHpnr yuyH A3cTAalKH 3pHTMa HEKAT
SPHTMArE GV MYMEHH.

Mgt soana napiaianni FHEPrHAHHHT TIICAHKLIK GHnaH
Gopand, Manisn ILII:-I['mI-'ILiLl" QETHEALLTOH Napaaididiil HOAKTHHA=
L0 !|:L|u|=r.t;1|u|[qw*;§yﬁ.un' | KinTng apHTYa [ApUATANHLLIN Kapaé-
HHHUHT G ifeua SO LANAIL T MPRATAH TacaseypIapH Gop.

KaTTHE, .:nunﬁyﬁyijull:'lpll:l!!nHmuH YHUHT H4Hda AHTH daia
MaAPKIIAPH 'ix-'mnpfyp.z.it@nrm}umil naitzo Gy¥nmumnan Gowna-
Hani, XoMup Ty pyip i {MapKAIHHHT Ynuasi fupop KPUTHK T
KHIMOT -,'||_~.-11t|:-|:' KTy, FHepiy awank, Gviaald sapeEainap
Kalira apii Keldilir sani AMMO, VIHaMH [ N0H KaTTh Bynunb
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oArad mapkainap §ica Gopand, 4y OV X018 KPHCTUUTHWHE 3p-
KHH 3HepriscH kamas Gopaau. IHr GupuHym smapxas cudaruin
XAp KAHOal HYKCOHHW KaOyn Kunca G¥aamd, YAapHHHT Fauamm
naHxapa NOMMHIACH (aHrcTpem) TapTHOMaa GYnuG, yaap KartTHE,
IPUTMALD XaMMa BAKT MaBkva 6ynamu. Arom yauamuiari GyHiai
MAPKALIAPHI scecpecamAdp éxil Kigemepadps AeHUAAIN.

VMmymad  alTradaa,  SpUTMaHHHD  napyanaHdii —  K¥n
BOCKMUNH HANAEH,

Apry YTEQINHY BA METAN KATTHK 3pHTMAnap OpacHia Xyla
syxim TabosyT Gop. Hpum VTkasruunapia axpandd YHKaHra
aTOMAAD Ba HYKCOHIAD 3IHYIWTH TAKKOCTAHYPAH METAliapia 3ca
axkpanud YHUKAETTAH aTOMIAp MHEACPH HYKCOHNAD MHKIOPHIAAH
aH4a Karta O3nann. hyHaaH MyxHM dapinap kenub aukain.

TapyanaHiil MapKazlapuHUHT Yeuw xapaéiu (KMHETHKacH)
acocaH  SIHMM-3HIM  ATOMAAPHHHT  MApKa3 CHPTMra  Kenuo
K lusnHig Tewinry 6unan BornaHraH.

Mapsanadiil GknddTHaa naino Gynagrran aurn fi dazanmHr
XAKMHIT YAYIWH KYHHIArM KHHETHKA TeHriaMack (ABpaaM TeHrna-
MacH)

¢ =F%/ = l-exp(-K{1)")

opkann wopananank, Gynaa K — noHMuil k¥naATyeud, n - YrHw
MexaHH3MHMa DOENUE K¥pcaTkHy.
KaThuil Hazapui TayIu MaKcanuia
de(r,1)/ & = DVe
IHGDDYVIHOH TCHIIAMAHHHT TYPIH XOJLIAPH Y4¥H cHMMAapiHu As-
paaM TEHINAMACHTA KEATHPULL MYMKUH 3KAHIUIH QHHKIAHAN,
fra Bup xoaMca veTHaa TYKTUIamMK3, KpHCTAUHK MEXAHHK HiU-
NOBRA AVYOR KMIWHMAHOA — YHH LWWi- N,
TAHIA 8D cakamaraHan cHpTHil Karnam Nys
GvIHIAH Ba OPTHEYA (XAEMIATHTR HHC- :
fiataH) BakadCusUlap GUnan TYHHHAOW. i
|
1
I

|

Oxubataa  kpucravila  acoiaiku
MOFOHACHMOH  BAKAHCHATAp TakcuMoT s N Wl

Xocun Oyt NoKwla MyBOTIHATHIT Ba- H
KaHCHATAD KATTHE, IPUTMACH, LI &
S-KATNAMIA 3C3 HOMYBOIIHATMA BakaH- 14.2-wra CUPTHIl B-RATIaMHI
CHRIZP KATTHE  3pHTMACH  MABKYD THIHHTHPrAHOIN CVHT BAKAHCHH=
GynanH AP TAKEHMOTH,
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AG6a1Ta, OPTHKYA BAKAHTHAAGD X0CH) DYAMIIK Xamow yaap-
HHHE BVIVH KPUCTIAA TEHrAAmMINA TOMOH HVHANIAH KapacH
Bowmanann. By xapagiuy KKK BOCKHYT axPITHIL MYMKHH. Bu-
pling i GocKHUA BAKAHCHAPHHHT ¥Ta IVHIHIAH 3PHTMAcH nap-
yanaHatu el Bup BAKIAA yaapHUAD auddyinncn Gopann. Ky ba-
EAHCHLAAD KOWIETAD NOCHd KHHIL KeTaAH, HEKHIAYH E{IE‘H‘H"IJH
KONFAH HOMYBOSAHATHA Bakadcuunap nuhyiHsanadald Ba Malaa
KOBIKIAP Kamaliin XMcobura WHpUK kosakiap k¥nasan. by
DockMHd OXHPHAA OPTHKHD BAKAHCHSTAP O KATAAMIAH YMEADH,
KPHCTAUIAD KOHAKIAP BA BIKAHCHARAPHHHT MYHOJAHATHII XO0AaTH
YpHAILAAM.

KaTTug sucMiapia Temnepatypara Soraus 6V maran dasapui
AR HIHLLTAR

KaTTuK AHCMAArH XEMUHIT FIpHINANRe GocHM XM KATTA
Taucup kypeataad. Karma Socimiap XocHA KAHII TEXHIKICH Ha-
MyHara Xam Xap Tapadumasma (ruapoctatik). xam Gup rapadaama
(Gup yknn) Docum Depii MMEOHHHE 4PaTraH,

Katra aHeprisan sappaaap (y - KBadtaap. Hefrrponnap wa 6.)
GunaH HYpAaraHid. MeXIHWK TabRCHpIap OKVOITHE KaM MU
Virapdwnap o Gepan.

Hypaawl HaTHAOICHID HYKTABHE Hykconnap soci GVadin
Gie3ra MaBIYM: KATTA 3HEpTiann 3appa V3 AV BaKIHCILTAP B2
TYCYHAAPApO aroMaap nailao kuaaan. by sappa GViMHaer oxupi-
02y V3 IHEprMacuHE TV capduiad BYArIHLL KPHCTUID JHaMeT-
pi S=10 KpHeTANA NAHAAPACH AVMMIACH Yamacnin G¥mnn cuii-
pakaaHrad 3ona naiige GVaaan, Gy coxala nawkapa taprubonann-
MM, 3HT MerapaBnit Xoua TV aMopdhaaiing sy Keaaal.
«flxnaHrads xoaataa 6y coxa yiok Mamsya GVAHUn MyMKIH, ae-
KHH KPHCTAMN Kuaaupuiarapaa 6y coxanap §4° so0mra gakitamd,
KPUCTA MYBROIAAT Wi XOMATHHHA 01,

Mexadug tawcupaap (MUKatanuw, dainanaHim, aapd pa 6.)
KPUCTAANLA TIAHAIPIHMHT KW Japasana 1apmuboi o nme
xarro  amopdmannura o Kenaan.  Mesanmnk  ranenpiap
oknBatiaa  KpHeTana  nadxapacH  GHp  kvpinmmanod Gouika
EVPHIMUIES YTHIDH MyMEHH. Macanan, Mkatasinur oknbatii
ONMOCCHMOH NAHXIPAIH KPCMHITH 51 KpucTivin amopdt yoaatra
VIMUIH, TeKcarodad nadxapann kobant Co €kM MApKaLIAMraH
KvG navxapa 6¥nub Konmuu MyMEHH

Lad
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SHaOu KATTHE,  WHCMAapAS K Bepaaurad XaEMHE
yarapHwnapiad amania kasoail doilaiaHlall derad caBonra
kuckaya wapob Gepamni.

K#1 TexHONOTHE AapaBHANPHH AMANTE OIIHPMILAE TEMNEpPATY-
pa, GOCHM, MEXAHHK HWAOE Ba DOWKS TabcHpRapHW XHcobra
OMHLITa TYFPM Keladn.

OnauH alRTraiuMHIneK, MapTeHCUT aBpHITHILITaR KapDoHaK
NYAATAAPHHHT TEPMOHILACEY AR KCHT K TaHunaan.
KoTHiimaga kapGoHHHHT MHKAopH 2% (macca OViluualnan
OUIMARIH. JHT MysMy nvnatia kapSon rpaduT xaMaa TEMHpP
kapOuan FeaC x¥punnmunapna Oyaaan. Arap nynoTHH XooHn
KMAHL KK TepMOMWI0B Depuiiia KecKMH TOOAAL KHAHWHCA,
opalHE daza MAPTEHCHT AhopMALIMHAAHTAH XAXM U Maprni-
natrad kKy6 narkapany BYanb, n¥IATHHHT MYCTAXKAMAWUTHHH
aH4a owwupadiu. By xonor xoHa TemnepaTtvpacHia Y3OK BaKT
MABK YD DVAMILIE MYMKHH.

MeTann  kKOTHIWIMANAPHHHT  AHCNEPCHOH  KATTHKIAHHILIH
XOOMCACH KATTHK IPHTMAHHHI NAPMANAHMIIN BAKTHAA K03 Depann-
raH  awpatdanap Ynuamiapd  OWTaH  CapH KOTHUIMaHWHE
KATTHEAMIH OWHIuKAaH wlopataup. MycTtaxkaMaHk opra Dopa-
IH, MakcumymaaH VYTanW, KeHHH ampanaetrad MKKHHYM Gasa
KHPHIAMIAPH ¥a4aMiapi OpTHILY DUTAH MYCTAXKAMAHK KaMaf
fopann. by xonvca awpanioMuina (Al+4%Cu+d 5% Mg) w3 Ge-
pafit. By KOTHWMAHMHT MYCTAXKamMANK XOCCATAPH XOHA TeMne-
PATYPACH EKM YHILIH KOKOPHIA BAKT §THINN GHAIH AXWWIAHHD
Gopam. by MapatHHM Komuwamanune Kapuwn neb aTananu.
MyeTaxkaMnaHHIDHUHT cababu: KATTHK 2pHTMA NapuyajlaHrasia
KOTHLIMAHHHT T}’_ll!.ﬂlﬂl.llul,ﬂ MaHAaApaHH M}'CTE‘I&HHMR{II!HH opa-
nuK GasaHHHEr BYKVIrd KEAHMHAWP

Kin koTHIMaIapiEn ANCNEPCHOH KATTHKNAHKHI XOH: TEMTEPaTy-
POCHOAH aH4Ya OEOPUPOE TEMMEPATYPLIAPIA  KYRTHLIH LU yHHHT
yuyi GV Temneparypaind Gownal (MacT Tosmodra) TobhaHca nact
TEMNEEITYPLIIPAA  KOTHIIMAHM  MVCTAXKAMIIGHIAH  XONaTna  Y30K
CARNALT B YHIAH aMUIMil Makcawapia QoiaiaHiin MyMKHH.

il6
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Cagonnap ga Macajanap

1. Karrie *McMIapaa XaxMHiE VIrapHUDIAPHHHT KaHAaH acocHit
KVpuHMLLIAapy Gop?

2.1 Ba 2 muvc dazasuii YTHLNAp Gup-OupniaH KaHiaH dapi
KiTalu?

3. ANNONTPON VaIrapUUIapHHHT MOXMATH HUMalaH Wbopar?

4, MapTeHeHT VarapHILapHHHT MOXHATH HUManaH WGopat?

5. Temneparypara OGornuk  OVamMarad  Gazasui  ¥3rapyiunap
NAKHIa HAManapHH Gunacua?

6. XaxMui aBDHIMLLAAPIAH aMania KaHaal doinananiiaay?

Bas3n QHINK KAaTTAINKAAp -

CH Taiam

Kartaaniaap hearncn . CTC G pramscion posia
SACKTPOHHIHT THILTHE Mgl m,: 9, 11: 10 ke 9, L1105
DacKTpoubng e [ 1.6 10k 1.5 NI enca
Tlmates mosiailicn [ b 10 .63 107 apre
Adar[ coeil Na [N AT BT I man]
BOALMIH ZMiHibi K 13410 K 300 apr K]

1 AnHMBELI Rk, | 8302 mwon (K] | 83100 sprwon TR
AICETPOH -1 sB Lo 10K, (TS
oh
Boph MAFHETOMH -'Z_nf 427034 W T
| Bagvysim Spyiiie 1oL & LT J 10 enpfic !
BagyyMHHHT  AATCKTHE  GRIHr-
AR T E; BAS W12 @
n.‘tkh‘ldHH'H‘l' MEFHIIT CHHNTHFY-
a UTMETHE Hy | 2 dirh il
148 sneprusan  dserel TYIRHH
YIYHIHTH Ao, 1240000 13410 em
1aB sncprvs boron  TaRpOpk -
ANrH W, 242 101 [y 242104 Tu

by kansania KeNTHpWIAraH KWAMaTnap BepryilaH KelWHTH
MKKK paKaMrada aHWEIMKILE QNHHIAH, '
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