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Knpum

Knmé ¢anunnnr 6marava MasnyM 6GYiraH MKKH SpUM MMHT HWUIHK
TapHXMra Hasap COJNCaK, YHHHr 6GMp KaH4Ya MyXuM JaBprapaan uGopar
9KAWINIMHM Kypamu3. JlekuH ynapuu ¥3 HasGaTuna TapHuxad Kyluaary HKKHTa
KkarTa 6ockmura 6 MyMKuH: GUPHHYIH GOCKHY — KUMEHHHT palMoHan Hyara
yTHBrada B2 MKKHHUMCH — YHHHI pallHoOHaT Hynra yTHmmaan GolmaHraH
Gocxird. Mkkn MHHT HAnman oprik JaBOM 3TraH GUpHHYM GOCKMY JaBOMMIA
KHIIMIAp TaGHaTaar: MMHEpAIap, pyAanap/aH ¥3 KyHIATHK SXTHENIIapH YayH
yHyMIH pasuma Qofinananaunap. Anxumuxnap daomuard tydalinm Typnu
Ty31ap, KMCIOTalap, MIUKOpNAp OMMWIAM. YiapHH axpatub omvui, To3anam
YYYH KMMEBHH TEXHOJIOTHA ACOCNApHHM TaUIKWI Kuiayeuwu GyFnaTuuoi, Xalinam
KaOu sxapaéHiiap uuwab YHKMIZa Ba ynapaan dolinamanunan. Jlekun Moananap
acocaH cudat kuxaTnjaH TabpudnaHap, ynapra xoc 6ynran tascudnap xyna
KaM XO/UTapAia MabiiyM 50H..

Knmépnit anement (Boiums, Jiomonocos), atom (HanbroH), Monekyna
(Asaranpo, I'accennn, Bymiepos, Kanuunapo) xabu TymyH4anapHHHr Kumé
dannra kupuTwMmH Tydaiinm, yHma Tapkub Macanmacu MycraxkaM YpHH
srajvianM. MoananapHHHI WHIMBHAYaUTHTH, AbHH V3Ura Xo¢ XyCYCHMAT Ba
Tapkubra 3ra SKaHIHTH TYFPHCHAA MABIYMOTJAPHHHT TYINAHMUIM, KAMEBHI
Ty3wiHil TYFpucHaars QUKpnapHuHr mnaliro GYnNMmM Ba PHBONJIAHMIIK
YJIapHHHr TapkH0, TY3wMII Ba XOCCANaH TAIKWI TONTaH TEHI TOMOHIH
yuOypuak, maxnauna ¥3apo GornaHramruad Kypcaram. By rotyknap Tydadinn
KHME TapDUXHHHHI HKKHHYH Y/IKaH O0CKUYM — YHMHI paulHoOHan H3ra 6ypuinb
ONMUIMAAH Keliun §tran Ba Yra¥tran Gockwy Goumawmm. Typnm
H3OMEPIApDHUHT, Iy XKyMJIAAaH, ONTHK H3OMEPAapHHHr Kami KUIHHHLIHA
MOJJANApHUHT KHMEBHI TY3HAWIOM Ba YHH YpraHvul MacalaCWHM TapKuOHH
¥prauumn (aHanus) Gunan Oup karopra Kyiiau. Kumépult tapkubu 6mup xun
6ymmumra kapamalf Xap Xma Xoccara sra GyjaraH opmMii MoIZanNapHMHI
AIOTPONHK WAKI Y3rapHuINapHHHHE MaBXyUTMrH (akar ynap Ty3uNHIIHHUHTD
Xap xwumry OwnaH TymyHTHpuaMum add 6ynm6 xonan. Ly caGaGnan
MOJANAPHHHI KUMEBHA TapkHOMHM aHMKnam 6munas Gup xaropia, yNapHHHT
KAMEBHH TY3WIHIINHH YpraHyill MyXHM 9KaHJIHIH aHHK 6¥nau.

Moana Ty3wmnMHA YpraHuii 6Mp BaKTHHHT ¥3u1a XaM KHMEBHT Ba XaM
¢$u3nkasuit ycyanap EpaamMuia 6axapwinun MymkuH. bapda kumésnit ycysap
Ma3Kyp MORIA TapKHOHJarH kuMEesuii Ovtnap, GyHKUMOHAN rypyxiap, alpum
J7EMEHTNap aToMilapHra Xxoc OYnraH peakuusIapAaH ¢oitnananura
acocnasagi. By peakimanapHu YTKasHOI MablTyM BakT Ba KY1l MEXHaTHH Taiab
KunagM. LlynuHr yd9yH o;jmiap MO TY3HTHIIMHY aHUKNAIWHBHT Qr3HKaBHi
yCyIapHHH XaM HIwiab guknmra ysTHOOp Kapatmwiap. ®usukaBHi ycynnap
aKCapHAT XOJUTApAa, Xy/A2 KaM MHKIOPAArd MOAAA Ba MEXHATHH Tasiab Kuaanu.
By ycymnap Moama OMiaH Tamka MaiioH KyWIapHHMHT TabCMpJIAlHYBH
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OkH0aTHAa  ™MOJANAa TY3YJHMIUM KOHYHHATIIADMHH YpranHim Ba TapkHOWH
KHCMJIapHHH aHHMKJIAWIra acOCIaHTaHIup.

Moana TYSWIMIIMHH YpraHdIl Ba YHHHI HATHXKAcMAZ TYIUiaHraH
ManIyMOTNIap KHMEHMHr OGapua coxanaphHu Yprammm Ba Oy coxanapnma
TErHUUTY HIMHA H3NaHHODIap oNM6 Gopuiira MMKOHMAT sparamn. Kumépwii
HINA0 YHKAPHMID Ba TEXHOJNOTHSHHHT CAMapafopiiTH MONRA TY3WIMHIH
TYFpUCHAAry MamlyMOT/apAaH (ONNaNaHMIIra acocHaHraH. MoLJanapHHHT
TapKuOH, TYIWIMIIHE Ba XOCCAIApH YpTackaary GOFNaHMIMHM YPraHuIl X03Hpr
3aMOH  TEXHHKACH XaMJ2, CaHOATHHHHI OJMHIAH Ky3da TYTHIraH
Xycycuariiapra sra OyiraH TypaH-TYMaH MaTepHAIIAPHH Tali€pnam y4ys
Aacrypuiaman 6ynub XHU3MaT KHIHIOH Xey myOXacH3aHp.

ATOMHH MypakkaOnurd kamdp KWIHHMIIY KMMENA AHIH AaBp OYAM.
Typau 3apsmapra pa Maccanapra sra Gynran 3appavanapHHHT MaBXKyJUIHTH,
YJIQpPHUHI 3TOM TapkuOMHH TalIKMI KIIMIIM, MATEPUAHHHT aHa Wwydpai
3aPPAYATIAPHHHT TYPAK XWIJarH MakKMyalapafaH HOOpaT SKAHIHTHHHHD
AHMKNaHUIE Oy MakMyanapHHHr MaBkyX OYna ONMII IIApT-IApOMTIIAPH,
TapkHOH Ba XOCCATAPHHHU YPraHUIIHY Takaso 3TaM. By YpHHIA 3NeKTPOMAarHuT
MaHIOHHHHHT MOANa GHMNaH TABCHpNAUIyBHHH Ypranum Ba 6y #ynna onueran
HaTHxanap xalipariaHapnuanp. By MabIyMoT/Iap xKyJaa XaM XuaMa-xun 6Ymu6,
yHiapra TasHraH XONJia MOANANAPHHHI HMYKH TY3WINOH, KuMEBUH
OOFNAHMUIMHHET TypJiapW, OHEPreTMKACH, MOJIEKYIAHHHT XyTOmu &KH
KyTOCHIIMTY Ba mMyHra YXmam KaTop XyCycHstiap TYFpHCHAR aHHK Ba Gup
KHAMAaT/IM Xysocanapra KeaHil MyMKHH., ‘

Maskyp ykyB xymraumana ywuGy ManiyMoTnap GHIaH H3YWI TAHHIIMII,
YJIapHHHT Ha3apuif acocnapWHH Ypranmm, ynaphaaH Xap Oup xum€rapHu
KH3HKTHPran CaBo/ulapra »aso0 OJHIN Hynupa 3pHUIWIraH IOTYKnap, kamd
KHWIMHIaH KOMYH-KOHAANap, 3apypit nafiao 6ynranna OyHak TaikHKOTHIApHK
aMaJira OLIMPHII WMKOHMATHIA 3ra 6§ nuw fiynnapu H3oxab Gypuiran.

ATOMNap ONTHK CHEKTPRAPHHMHI YM3MKNY TY3WHINra 3ra Gymamm.
Dpank-I'epny  Taxpubanapuauur HaTwkantapu, Bop nocTynaraapu, Purn
TEHINIaMaNapy Ba KaTop GolIKa XOAuca Ba HaTIKaIap MHKPOOGEKTIap KIAacCHK
¢u3uka KoHyHmapura GYWCyHMACHHTHHM, YJADHHHF DSHEPFHACH aKCAPHAT
XoJurapaa AMCKPET paBHINAA Y3rapHUIMHH, TPACKTOPHA TYMIYHYACHHH YIapHUHT
dasonarm xapakarura xynna6 GYIMACTMIMHH OYMK ONIHMH Kypcarau. ByHumr
acocuza ynapHHHT DyanucTuk tabuara &ramu. Je-Bpoitn ¢popMynacura 6Gunoan
MHKDO3appadajlapHUHr MaccacH JKyda KM4YMK OYJIraHimMré ydyH YJapHUHT
XapakaTHra MabiyM CE3Wiapas TYIKHH Y3YHJIHTH TYFpH KENaJuKH, HaTHKana
TYAKMHIApra Xoc Oynran Xxomucanap—uurepdepeHums, Mudpakuus EpKuH
Xonna Hamoen 6¥namu. Ly xaGu Karop Xoxucanap aCOCHAA KBAHT MEXaHHKACcH
APATHJIAM BA Y MHKPOOGEKT/IApHH {praHumi BocHTacura aiinawmy. 1926 Hwnna
AsBcTpHs ¢u3nru Dpsun LLipeauHrep TOMOHMAH EPYFIIMK HA3APHACHTA TAAHIaH
X0nga, M6 uYMKWIraH TeHr1aMa SHI MyXdM nocrynar Gynmu. ¥ -

"OYHKUMACHHHHT UINK MABHOCHHH TAKMK KWIMIN MHKPOOGEKTNAPHHHI
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KYIPHHA KBAHT MEXaHMK XOCCATAPHHM ACOCHALI Ba TyUIYHTHDHII HMKOHHATUHH
6epan. Macanan, aiinasMa Ba TeOpaHMa YTHIUIApAa Ky3aTHJIAAMIaH TaHjaui
Koupaiapu acocuaa lllpesuurep TEHINAMacHHWHI IUCKPET KUHMATIH
eudmnapu éranu. Hly cababpan kynnaHmara xkupur cHQaTHI@ KBAaHT
MEXaHHUKACHHHHT SHT MyXHM 3JICMEHTNApH 3CRaTHO JTHnaM.

Kanumru rpex onumsapu JleMOKpUT, DMITHAOK/UIAP TACABBYP KHIIaHAEK,
MATEPHAHHHT JHCKDPET TY3WIMILM TYFpucHiaru ¢pukpnap sa xapamuiap XIX Ba
XX acpnapna 3JeKTpoWiiap, NpOTOHJAp, HEHTPOHIap, Me30HIap Ba Goulka
KaTop O3MEMEHTap 3appavajap MaBXyMUIMTHHU Kawd oTHnHum  OHnan
TACAMKJIAaHOH. YJiapJaH TallKW TOMraH aroMiap, MoIieKyjalnap, HOWiIap
KaHYaIMK ~ Mypakka® TapkuOra Ba Ty3WNMIOMTa 3ra OYJIMacHH, JIEKHH
MaccalapHHHHT a0CoMOT KMAMaTH MaKpOoOOEeKT/IIapHMKHra HHcCOaraH Xyja
KHYKMHQIMMHIa KOJIABEPraHAMIW  y4yH, MHKposappauajap HOMH Owmian
YMYMNAIITHPHIAN XaMJa KBAHT MeXaHHKka KOHYHJIapu Ba ycyJuiapH €plaMuaa
ypranwiMokaa. Ly cababpaH, KyJulaHMana yIapHUHT Y3HIa XOC XYCYCHATNAPH
TYrpHCHAa XaM MabsayMmoThap Oepwnran. Kumédamur 6apya coxanapupaa
ANEMEHTNIAp ATOMIAPUHMHT 3JIEKTPOH TY3WIMLINTA ATOXKIa dbTHOOP Gepunany.
By my6xacus acocnu, anGarra. UyHku 3neMeHTRap Ba yjiap XOCHA KHJIaauraH
KUMEBHI 3appaduaNapHUHT TY3HITHILIH, JHEPreTHKACH, XOCCAIapH aTOMJIapHHHT
MEKTPOH Ty3wmmme O6unan Gorauk. By kuméEeud Oormanuin alHUKCa,
HOOPraHHKa, AHAIMTHKA, KHHETHKA Ba KATTAJIM3 MacalaNapuHd Xajl KUIdiLjga
MYXUM ponb ViHHaiIH.

PamuoakTHeaMK, Xycycan Tabuuii panuoktuink tydaimm a,By -
HYPJApUHUHI sApONap TapkubmmaH axpanub vukumu, afivukca SMP
CMEKTPOCKONMK YCYJIHWHI SpaTWIMIIH Ba KMMENA JKyJa KEHr Kynamuaa
KY/UIAaHIWIHINK  aToMIIap AAPONIAPHHUHE TY3HIMIUM TYFPHCHIAA XaM e€Tapny
MabiyMoT/apra sra GYymumummuinm Tako3zo kwiaan. Ly ca6abpan, arom
AOPOCHHHHT TYSHW/IMIIM TYFPHUCHIArY WIIK MabIyMOTJapra aloxupa ypuH
akpaTuan Ba ypry Gepunau. MabiyMkH, KaTTHK MOA#Anap yJapHH TallKh
KWJIyBUM KMMEBWii 3appauanapuuur Gup-Gupura HucOaran §sapo ¢aszosmit
wofnammmmra xapa6 kpucramn ea amopd Xxonarma Mamxymaup. Kpucrami
MOIIANapa YAApHH TAKWI KWIYBYM aTOMIap, MoJieKyjaiap, HOMNap ¥3apo
Y30KT apTuOnn Hycuupaa xofbtamamunap. HlyHuHr ydyd xjmianmana
KPHCT/NaPHH XOCHI KHITyBYH aTOM, MOJIEXynanapapo, 3NEKTPOCTAaTHK, MeTasl
Gormaps  TYrpMcHma XaM Mawrymomiap  Kewrupwiran.  IHyvHHMHrhek,
KYJulaHMalia CHMMETPHS 9NEMCEHTApH, KPHCTAUT Ba MOJEKYJIATApDHHUHT
GbasoBuil TY3HIHIIHN, MOJIEKYTANIAPHMHT 37IEKTPMATHUT XYCYCHATIIAPH, ainanMa,
TeOpaHMa Ba 3NEKTPOH YTHUUIAP, HYPHUHI KOMOHHAUMOH TapKATHIHLI
CTIEKIpIapu TYFpHCHAAZ XaM MMKOHMAT 6opuua Oaradcwia TYXTaIMHraH.
MonexkynanapHMHr  3HEPreTMKACH Ba  MOJIEKynysnapapo  (AHCHIEPCHOH,
TOJIAPH3AIHOH, OPHEHTAMOH) TAbCHPra Ba yNApHHHI HEPrua Kulimarnapura,
KUMEBHHA GOF Ba MONEKYNAsiapapo TACHPHMHI Y3ura Xoc KYpHHHIIN cHdaTHa



HaMOEH Oynamurad  BOJOpOR GOFMHHM H30XIAIIa XaM aloxuja IsTHOOp
Gepruran. T

ATOMHHHAT MYPAKKa6JHri. ATOM TY3HJIHITH TYTPHCHAATY acoChHi
' MabJIyMOTJAAp * o '

ATOM c¥3u KaauMIrH TIpex onmmnapu Ba daitnacydnapn’ TOMOBMIAH
MaTEpUAHUHI DHT KWYHK, OYmHHMac KUCMHHE aHrjdaTyB4ii’ ManHOAA
xymnanuaras 6yncana, XIX acpra kenu6 Gy CY3HMHr TOM MabBHOCH TapHxXuil
axamuarra sra 6ynu6 Konaxakura pasuay 6ynau.

Panuoaxrusnuk, ¢otosdexr, 3neKTponus, Kartol HypNApHHUHTr Kamid
KHJIHHALIK MOJBAHM TAlUIKHI KWIYBUM OHp Xua, €KH Xap XM TypAard aromMnap
6ynuHMac 3appauanap 3Mac, aKCMH4Ya ynap Hermsmaa o, P, y-HyphaapH
(panyoaKkTHBAMK), DNIEKTPOH OKMMIIAp Maimo GYnumyxH (KATOX HypjapH Ba
dotoaddekr) Ba MycOaT 3apsajuiaHraH Merainn HOHNapH Y3napura 6up &ku Gup
Heya MEKTpOHIapHu OHpMKTHpMO, aBBawiapy OynunMac me6 XucobGmaHraH
aToMjapHM 23Mac, Gankd Mypakka( Tapkubuii kucmnapmaH ubopar 6YnraH
oMl Moja, Macana,’XOX/araH META/UIHM XOCHN KWIMIIMHK KYpcariu.
JlapxakuKaT, TAIOKH MarHMT Maiijosn 6unan Tabcupiauma omysun Kpykc
HaifyacHary TO3a MUCAAH SCanraH  KAaTOAHH DJEKTp TOokH &paamuia
KU3AMPCAK, Karoj Ba aHOA YpracMAa OJeKTP TOKH XOCHI OYMIIHHMHI
cababuucu 6ynraH 3apAngaHraH - 3appadanap OKHMMH naimo OymMmuHH
Ky3aramu3. Muraus onumu XK. Tomcon Gupunwiiapaas 6yim6 6y 3appavanap
maHbuil dyekTp 3apsaura Sra SKAHJMIUHM aHMKiand Ba 1890 #imnpa CroHm
TOMOHY/IaH TAKIHG} KHJIMHIaH JJEKTPOH aTaMacHHH yiapra HucGaraH Kywiamu.
By 3appavajapHMHT TYXTOBCH3 PaBHLIJA YHKAPWIMO TypUIMINY ATOMIIAPHUHK
Mypakka® Tapkub Ba Ty3HWIHMINra 3ra OJKaHIWTHAAH Ba ynapia aHHMKca
ICKTPOHJIAP MaBXKYUIMTHAaH Janonar Gepann. '

Mopnanapay  Tamkui  KWIyBdH  aromnap Y3 Tabuaru  GunaH
3neKTpoHeiTpan 3appayanap 6ynraHnurmaad, aromMia MaHduii 3apsUlaHraH
snekTpoHsiap OGunaH 6Mp Karopna, anbarra, MycOGar 3apsanaHraH 3appadanap
xaM Gymuiny mapt 3kauwnuruan ToMmcon Tymrynn6 etnn. Hatwkana, aToMHAHr
TY3WIHIK TYFPUCHAArH Macajla maigo OYmaM Ba YHMHI CUMMHHA TOMMUI
ONTUMJIap ONAMAArd AHrH MyXuM Basudara aiinanau. By mMacananu xan Ky
#ynugarn OHpMHYM yDMHMID XaM 3J€KTpoH Kamduéruncn ToMcoura
Tervnnaup. Tomcon 1903 i#fmnpa TH3MMHHHr  6apKapopiauMry, YHHHC
SHEPrHACHHUHT MUHHMAIUIMIY NPHHUMNKAAH Keaub Ynxkau xonna, Mycbar ea
MaHuil 3apsUIaHraH 3appauanap aToMAa Y3apo TEKMC apanaliran  XoJja
Xoiinamirad Oymagu, AeraH runotesaHd Taxmd KWy, Y UIYHWHIIEK, O-
HYpRapHHHHr TaOHaTHHA u34mn Ypraumb, ynap MycOar 3apainm, aHyaruHa
Karra Mmaccara osra O6ynran 3appananap OSKAHIMTHHH KypcaTam. OpHeCT
Pesepdopn ToMcoH runoTe3acH ycTuza Wi o6 Gopub, BakyyMaa xyHa ionka
ONTHH IUIACTHHKACMra O-HYPIapMHM THK XOjiNa HyHamTMpau. Arap
STOMJIAPHHHI HYKH Ty3ummuwn Tomcon Yiinaranzaex 6ynca, Myc6at sapaananran
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O-HypJiap aTOMJapAa TEKHC TakCHMMIaHraH MycOar . 3appadanapiaH
JMIEKTPOCTaTHK paBHINNa HMTapwind, atpodra cOUHUNHIIM, &KW 3AEKTPOHNAp
TOMOHMIAH TOPTHIMO, KHHETHK OHEPruscH Karra OYiarasnMra  yuyH
MIaCTHHKA/JAH Xed KaHAai KHAHHYMAHKCH3 JTHO KeTHIM Ky3aTHIMINK Kepak.
Amanza Ha y Ba Ha Oy XON Ky3aTHIMamH, O-HypJapMHUHC aeapiv 99.9 dousu
TUIACTHHKAIaH Xe4 KaHRal TYCKHHIHMKKA y4ypamaraH xonga yTub xerau. JlexuH
yaudr 0.01 dousn xyamm OGeroH fAesopra ypuaraH KONTOKACK V3
#ysnanmnapuan 180°, ékv yuman xkmumkpok Gypuakka ysraprupu6t opkara
Ka#ragu. Bynpait xytunmarad Harwka Pesepdopaun sxummit Yitnantupu6
Kyiian. Taxpnba O6up Heua Mmapra KaiTapwinb, YHWHI HaTHXACHIa MIIOHY
XocHa KumuHrad, Pesepdopa ToMcoH runoresacH TacAMKNAHMaETraHJIUTHHU
TyuyRHO, Y3MHHHT aTOM TY3URWLIM TYFPHCHAATH IJIAHETAP MOAEIMHH Takimd
Kunnd. OATHH MNACTMHKAZAH KalitraH sappavanap COHHHUHI KalTapHiMIn
6ypuaknapu 6y#iua TAKCHMJIAHMLIMHA YpraHdui HaTHXKacUAA aToMJaru
MycOar 3apsanap  okoinamran cdepa pagnycummhr ymdamm 10 ’cm
SKAHIMTHHM, aTtoM pamuyc 3ca 10°%cM uamacuma 6Ynu6 Gymuait atom a-
HYpJiapy Y4YyH IOKOPM Japaxana TYCKUHCH3  VTKasyBUaH TUHMK MYXHT
JKAHHMIMHY K¥pcarau. Myc6ar 3apsmnapiad Tallikwi Tonrad chepa aTOMHUHT
AAPOCH [e6 aranan. ANOXHAa - anoxmaa Mapxyn 63¥imub, MmycGar Ba mMaudui
3apsainaKHrad 3appayanapAaH TaWKWl TONraH aTOMHMHT GapKapOpiIMrHHH
TYIIYHTHPHII Y9yH Pesepdopn ymwa Bakraa KynnaHunuG xena&rraH KiIaccuk
MeXaHHKa Ba JJEKTPOAMHAMHKA KOHYHnNapura OHHOAH aTrOMHMHT, 6up
TOMOHIAH, JMEKTPOMHWHT $ApO arpoduia ailaHMWK HaTwkackna makimo
6ynagnran Mapka3fiaH KOYMpPMa, MKKMHYH TaMoHAan MycGar Ba Mandui
3apspiaHral 3appadanap YpracHAaard TOPTHIIMIN Kyyd OWnan  Kuimar
TOMOHAAH TEHr iyHanuwnapy GYiiuya Y3apo Kapama-Kapwid GYIraHIMKNapH
yuys HetoroHHuHr 3-KOHyHura OMHOaH atoM 6apkapop xonaraa 6ynanu, qeraH

XyJl0cara KM Ba Y3WHHHT KyAHAary TEHrIacMacuHy Tamd KHiau:
2 :

m.V e’
F_= " (Mapka3zgad KouHpMa Kyq) Fapo=- pry (TopTHILIM Ky4H)

2 2
AtoMm Gapkapop OynraunurugaH F +F; =0, abHu m‘rv - f,—=0

2
TeHIIaMa KeHO YuKanu. YHH r ra kynaltHpcaxk, m,V2=-r— 6ynany.

Adcycku, TeHINamaza MKKHTa HOMabiyM Y3rapysun V Ba T JIap MaBXyn
6Ynrannyry yayd, yuu eun Syamacmuru Pescpdopira adi 6ynum. By Janua
ondimMd  H. Bop ¥3HMHMHr LNEKTPOHHMHT aTOMAArH CTAUMHOHAp XONaTIapHHH
ndonanoBun TeHrNaMacHuK Taxnind KMITYHra Kajpap edumcus konau. H. bop
1913 #uraya Gapua ManiIyM SieMEHTNAp YYYH YyKyp YprannG OYmuuran Ba
JIMCKPET-YA3HK/H TY3HIHIUIR ATOM OITHK CHIEKTPAApHHH TYLIyHTUPHIL YIyH
§3MHHHT CTalmoHap opbuTanap noctynaTHHH ¢aHra KMpHTIH YHUHr GuxpHya,
3MEXTPOH ampo atpodmna, GUpHHuMAAH, MamnyM crauuoHap op6uranap
6yiinua altnanMa XapaxkaT KMnagM, MKKHHYHAaH, OyHOaH XOMnaa 3JIEKTPOHHHMHT
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SHEpPrsiCH y3rapMac KuiiMarra sra Gynanu. YudHrda, Aapo arpoduna
aiinaHadTran WICKTPOHHHMHT XapakarT MMKIOPH MOMEHTH (akar ManiyM
AHCKpET KHAMaTiapuurdHa KaGyn xkanmub ysrapa onamu. By ¢ukpuu y
MAaTEMaTHK paBHLLJa KyHHaarnua udoaananu:
m, Vr=ni

By epaa m -3neXTpOHHHHT MACCACH;

V-yHHHT 21p0 aTpodHa aiifiaHHII Te3NHTH,

T-3JIEKTPOH Ba AP0 MapKka3napH opacHaard Macoda;

n-1,2, 3... nap kabu GyTyH coxnap

h -
h= '27 -IInaskuunr KeJITHpHAraH AOMMHHINTIH.

Burra sneMeHT, MacanaH, BOQOPOR atoMu YYyH &mwiran Pesepdopa
TeHIyiamMacH Ba Bop IHapTHHMHT MareMaTvk WpoJacHHM Oupra TeHrnamanap
TH3HMH, Ae6 xabyn kunub, yHH euHll HaTIKACUJA BOMOPOJ ATOMMIArH
MEKTPOMHUHT alnadHum Teanury V=2110 M/c Ba pagmycu 1=0,0529 HuM
SKAHTHIH TOMWIAY.

ATOMJlap ONITHK CHEKTPIAPHHHHT YH3IHKAH TY3H/IHIOra 3ra JKaHIHrH

XO03HPrH KBaHT MEXaHHKACH Hazapusacura Gunoan Epyrmuk GoToHIapian
ubopar 6ynmm6, dazona YHHHT OJJieKTpOMarsur Maiiionn cudarnaa
Tapkanuwuaup. Epyrmuk 6upon Man6a TOMOHMIAH YMKapHIMG TapKaiMy Ba
¥3 #ynuna OGowka OGHMp TH3AM TOMOHMIAH CHHIMPWIHILH, COYMWIHIIH,
KaiTapunuid MyMKMH. DJIEMEHTNaPHHHT HypPJIaHA8TraH aTomilap TyniaMmura
EpYEnMK MaHGau ne6 kapanaau. Ynap Y3 OHEPrHAIApMHMHI  KaMafiMiIH
xucobura Typnu uacrorara 3ra OYiraH 3/IEKTPOMArHUT TYJIKHHIADHHH
YHKAapHII XyCycHATHra 3rajupnap. KypuHypdn coxara TYFpu KelraH HypiapHH
OH3HHHT KY3UMH3 OK &k Gomika, Typnu panrnap cudaru ce3aqy Ba Ky3aTalH.

Xap OHp kuMEBHIA 3JIEMEHT Y3WHMH[ arToOM CHEKTpHra Jra. by
CNEKTPNAPHHHT  ONTHK  COXara TYFpd Keiarawiurd, OH3  IOKopuia
alTraHUMH3ZIeK, TYpAH paHrjiap Xocun OYnumuuuHr cababuucmmmp. Iy
caGabnan Na aTomsapy anasraHu capuk pairra, K arommapu mymrtd paHrra
6ysiiau. Atom CNEKTpN2pH HYMAA FHT OARMHCH BONOPO/ 2aTOMH CTIEKTpHAMp. Y
YN KYT ONMMAAp Ba MyTAaXaCCHCIAP TOMOHHAAH TEKITHPWITaH, XOCH1 6y num
KOHYHMATJIapH Ba cababnapyu anunanrad. OK HypHH, TYNKHH y3yHJIHXIapHra
Kapab, Tapku6uii KucMnapra axparysau ac6o6ra crexTpockon ickunanu. Arap
Xocun 6Ynran ciekTpHu #3Ma paBMIIA KAl KWAA ONyBYM Kypunmanap 6unau
XHXonaHran Gyica, y cnexrporpad aeiunanu. CriexTpniap TyTaml (SXJIHT),
YN Ba yu3uKIM GYMMIIM MYMKMH. ATOMNAPHMMI CIIEKTPNAPH aKCADMAT
XOJUTapAa 4YM3MKAH TY3WIMIIra 3ra. BoXopox aTOMMHHHI KYpHHYBYH coXara
TYFpH kenyBud H, , Hp , Hy Ba H; uM3HKIApMHMHT TYAKHH Y3YHITHIMHH
KyHuznary sMonpuk gopmyiia opkanu ndoaanarat onmmm bammmep 6§nan(1885):



A=B—
nl-4

By d¢opmynana: B-moumuii coH, n-uxkupad karra Oyiaran GyTyH HaTypai
COHNap xaropuaan ubopar (n=3,4,5...).

CRekTpocKOMMAAa KYNYHIAHK X0/U1apa TYIIKHH Y3yHANIH YPHUra TYIIKUH
COHH JI€raH KaTTaIHKaK doiinananunany. -

Tymgun conu 0eb, lcm macogada owcotinauumupuna oRuwU MYMKUH
6ynzan mynkunnap cowuza aimuiadu.

v =‘-,li cm’ ra vacroranca v=% ¢’ ra Tenr.

Yacrora, ne6 anekrpomaruut MaitpoHMHHHr 1 ¢ MofaiiHuaa Hewa mapra
TeOpaHa OJMUIMAH KypcaTyBuM COHra aitTwiaa. MoaoMuky, Hyp 1 cexyHana
C cm itynnu 6ocH6 Yrap okaH, GyHHHr yuyH Yy v Mapra TeGpaHraH 6Ynagu.

v =;1i Ba v=% JaH v=vc ra TeHDIMr¥ Kenub uukamu. Arap
INEKTPOMarHuT Madiponu 1 cm Macoduu Gocub ¥Yratrran mnaliTaa v Mapra
TebpaHca, yacToTa neb yHra uuc6aTaH ¢ Mapra xarra 6¥nrad Macodanu 6ocub
yTawn yuyH 1 nakika Mobaitiyaa p¥il Gepaguran TeOpaHnin COHMra afTwWIamy.

(1) bopmynanan

v =

1 1
i ‘ﬂ— )= —,B—(Z - ;‘)
KenTupub wukapunanu. Arap B uu R opxanu Genrmnacak, oxuprn ndona
KyHunars xypuHRra 6ynaam:
v = R(z—lz--—lz-) Bop nasapusack acocuaa.
n

By epnari R —-PunOepr poumuitnuru, pefinnany. PunGepr RoMMHRAMIH

2 4 .
R=2”c$ SKAHNHUIH MabiyM. R HUMHr yHBepcan NOMMHILTHKAAPHHWHT
kuiimMatnapngan  do#iiananu6 TomMAraH KarTaIMrd TaKkpHOa HaTwkacuia
aHuknadraH R=/09678 cm”’ kuitmartra skyna SkuH kenaau. Bonopoa cnexrpuny
ynetTpabnHadiua Ba uudpakuswi coxaia ?na ypranum BambMep CEpPHACHHHHT
q)opmynacm(am 2*ypuura 1°,3%,4% Ba 5° napum l(yt‘mo YUKH #dynu Gunau
Jlaitman (1) (YB-coxana), [Tawen (3%), Bpeker (4°) sa Nyua 5* (MK-coxaaa)
cepuAnapd OOpTHrHHM Kawg Kuiuiura MMkoH 6epau. AdcyckH, BORoOpoAJaH
KEHHHTH 3/IeMEHT 6¥)1rast reMiiHUHT CNEKTPan YM3HKIApHHH TaxpHOa acocuia
aHMKJIAHTaH yYacToTanapwHH Bop Hasapuacu acocuia xuco6mab ronmnranaa
OJIMHTaH HaTikanap Ypracumard TadoByT aHua karta 6Ynau. Mabaymks, arap
Taxpubanap xam ycmyOuil, xaMm KYJUTaHHETraH KypHWiManap KHXaTHA2H
TH3HMIIH, TIPMHUMOMAN XaTojiiapra Hyn KylnnmaraH xojga YTkaswiran 6ynca,
amamiii Ba Ha3apuif MUUIApUMH3LA JAOHMO TakpHOasuit HaTvxamapra aman
KW1aMu3, ynapra TasuuG. umi oim6 Oopamus. H.Bop HasapusacH acochia
TOMWITAH HATIOKANAp XATFO RHUArMHA OOAMH Ty3wnumra sra 6ynran remmi

L
*
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aTOMM YUyH Taxkpubara MoC kenmac 3kaH, OyHIaH Hazapus HYKCOHJIH JeraH
XyJnoca KeTu0 YMKaaH.

H.bop HazapuACHMHHHI JaCTaBBAJI HKKHTA KaM4MITHIH 60p 24,
1. DOsNeKTPOHHHHI XapaKATHHH KJACCHMK MEXaHHKa KOHYHJIapH acocHia
TyUIyHTHPHILTa YPHHHMILL
2. DOneKTPOHJApHHHI XapakaTH OJIIMHIAH MabTyM 6ynran TpaekTopHAnap
6¥iiuua pyi 6epamu, ne6 xucobmnai.

by dapasnapia MHXpo3appajanapHHHT  KOPIYCKYNIAp Ba  TYJIKHH
Tabuarn Ownran  GoFnMK OYnran myanu3M Tabuaru Xucobra OJIHHMAaraH.
ATOMJADHMHI Ty3HIMIIMHW aHa [y HyanucTHK TalisHu xucobra onum 6wiax
SAPATUATAH KBAHT (TYNKWH) MEXaHUKACH aCOCHAA YpraHwnMiuy MApTIHTH aéH

6ynam.
KBaur MexaHWKACH BA YHHHI 3COCARpH

KBaHT MexanmkacH XO3Hpru 3amonza Oapya MHKpooOekT (aromuiap,
MOJIEKYJIanap, MOHIAp, 030] paAMKawiap, KOMIUIEKC OuWpHKMalapHHUHT
TY3HJIHBIHHYA, METAUIAp, ApMM YTKasrHuiap, AHIJICKTPHKIApAard KHMEBHH
6GoFnapHHHr Xochn 6YmuIIMHMA Ba TaOHaTHHH, MOJIEKYJIANapapo TabCUp XWUIapH
Ba cababnapuHu, yMyMaH oOJiranjja, MOJa TY3WIHMIIH TYFPHCHIArd ACAPIH
Oapya MacajlanapHH Xaji 3THHIJA ATOHA Ha3zapus cudarTHia KeHr Ba camapaiM
KynanmMokaa. Ywby xynnanmanuur gespsiv 6apya KMcMiapsaa Hasapuit acoc
cudaTHaa KBaHT MexaHMKacuan QolianaHuNIraHINry, YHra TasHHWIMAHINTY Ba
YHHHT KOHYH-KOHAanapy acocHJia XyJocanap YHKapwiraHnmnre caGabmm, 6us3
KyiHJIa yHHHT acOC}apH Ba ¥3Ura XoC TOMORNAPH TYFPHCHAA TYXTamn6 Yramus.

KBaHT MeXaHHKACMHINT 2iPIM MYX¥M TYIIYHYAJIAPA BA KATTAJIHKIAPH

MariyMKH, OXKMCMIAPHHHI ¥3uNaH EépYFIMK 4YuKapu® HypraHuMmu
KYnunnuK Xoinapaa yJapHHHr Xapopartura Goruk. «KBaHT» c¥3u Kanmafinnp
OM3HK KaTTANUKHMHT HaBGaThark ranga OYyMHMalaWran KUCMH, YIYIUH
(«mopuusAcH») feraH MabHOHY aHIVIATafAd. YHUHr Kenub unkauu ¢uznxaza
aroMu3M (6¥nMHMAcnuK, aToM - OYAHMHMAC), IPHHUMIMHUET Kapop TOIMINH
6nnan GoFmMK. AHTHMK HyH&nan Gownal MaTepHAHMHT TY3WIHIUH TYFPHMCHAA
HKKH XWJI TYIIyHYa, KapaMa-KapiiM Kapamiap Maexyn Gynran. YmapHuur
OupuuncHra OMHOZH MaTepus YINMYKCH3 TYIWIMINIa Ba YEKCH3 paBMulIa
6YnHHYBYAHIINK XOCCACHTa, MKKHHYMCHTA GMHOAH 3ca, y, HaBbaraaru ranna,
SLHH OYmMm kapaBHM BHT OXHpWra KenraHna OynuMHMalfadraH Xmcca,
TAIKWIHA MHKIOpIapaH, nopudanapaan uGopar 6ymamu. MarepusHBHr
6ynnatt «oxupri» 6ynaxnapn aromnap Aedtunanyu. HeloToH Xam Moia EpyFiMK
kabn G¥nummac aromiapiaH (KOPHyCKyna)napiad TamiKWl TONIaH, MHeraH
tuxpuunuT TapadKopnapHiaH GUpH 3AH. AMMO MOANA EKH EPYFIMKHHHT KaHnal
OYnarunm: atoM NelHMII MYMKMHIMMM TYFpMCHIA aHMK OMKp HYK 3am.
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JambTOHHHHT aTOMMCTHK TaBIMMOTH Oy Macajara aWyarHHa OWIMHIMK
KHPHTIH. MasilyMKH, YHHHT THIIOTE3aCHra K¥pa Xap Oup kuMEBMI aniemenT GHp
XW1 Typaard, MyaiisH Maccara, axira Ba Oomxa xoccanapra sra 6ynran
6¥ynaknapnai, AbHH YHHHI aToMnapuaad Tamkwi TonraH. Ulynmaih xunu6,
4TOMH3M NPHHUMITAHUHT XO3UPTH KYpuHUuIM nactnal kuména Gepuirat »>au.

Jlapyaske MOINAHA MaBKyd KMMEBMH yCyiap BOCMTACHAA TapxkuOmit
KHCMJIapra aXpaTHil MyMKHH 6¥Maca, neMak y, KUMERHIT aneMenT, neb atanu.
YHHHr ¢uKpHda, BOAOPOL, KUCIIOPOA, a30T, XJiop, pocdop Ba 6omiKa KuMEBRii
JIEMEHTIAD MasKylX 6Ynub, ynapHu sHrM TapkuOMit KHcMiapra axparwin,
6Yynmmmu  mymkun 5Mac. Ilydnaaft xwinb, alTmm  Mymkubky, JaasToH
JlaByasbeHMHI 3/IEeMEHTAapHHHr Gomka ommuii Momnanapra OYnaHHMachHri
TYFPMCHIATH Kapauuiapura TaaHnO, Y3MHHHI aTOMH3M HA3apHACHHM APaTOM.
JanetoH QuKpHYa, aTOM KMMEBHI SNEMEHTHHHI MHHMMaI GYIHHMAc KHCMH,
«nopums»cHanp. Y myaiisu Maccara 3ra. MomaHuHr Gepwiral MaccacH alpum
aTOM MacCaCHHHHI KaHZalaup aHMK COHra Kifnaifrupunranura tenr. Macanan,
6up Moib 3NeMEHTHUHT. rpamnapaa uponananran Maccacu (y «Monap Macca»
JOeHiuianH ) uy dJEMEHT aTOMHHMHTr abCoMmOT MaccacHBy ABOTafpo COHM neb
aramyBud N, COHra KynaiTHpHIraH|ra TEHT.

ATOMH3M NpPHHUMIHHHHr TabuaTAard MKKUHYM KVpHHMIIM cudaruna
ICMEHTAP 37EKTP 3apAAMHMHI Kauld KWIMHHIOMHM KYpcaTHIl MYMKHH. By
TyIIyH4a Ba YHHMHI MHKIOpHi conn apaneif TOMOHMNAH 3MEKTPONH3
XOMMCAacCHHK YpraHMin xapadHuna KHpPHTIWITaH Oyncanma, snexrpon XIX acp
oxupuza runoreza chdaza Iensmronsn ToMoHuzaH acocnab 6Gepunran sa
Jix.Tomcon ToMonMpaH 3ca Taxpubasuit fiyn Ounan kamd KWIHHraHOaH
KefiMHIrHHa aHMK mabHora sra O6Ysau. Papaneit Ba 'enbMronsll 3nemelTap
3apaara, 6apkapop, THHY Maccara, crniMHra sra GynaraH Ba ¢epMHOHAap
rypyxura kHpyBud (yHAaMeHTan 3appaua ne6 Kapagunap. AApuM osmmnap
3MEKTPOH Yy9Ta KBapKZaH HOOpart, HieraH (UKPHH aliTraH 6yncanapna, JICKHH
3KciiepuMeHTa)t Hyn OminaH Oy ¢uKpaap Xo3upda TaCAMKIAHMAraHiMIH
cababnu, 3nexkTpoHHH 3nemeHTap (GYnuHMac) asnekTp 3apsmura sra 6ynrax
3appaya, ae6 xucobnam fasoM 3tann. Xy M 10y Tap3Aa NPOTOHHH 3JIEMEHTap
MycOaT 3apAAHMHI TAlIyBUMCH, e alrmwr MymkuH. IlporoH — MycGar
INEKTPHUHT (ATOMH», TAIDYBYHCH, bHH 3HI KHYMK MycOat 3yieKTpHH y3Huaa
TyTraH $pyHHaMeHTan 3appadanup.

DrieMeHTap 3MEKTp 3apAnMHUMHT abcomoT Kuimary | e =1,60210™"° k1 ra
TeHT OYnTamnury, FLHY XKYA3 KHYHK KHAMAIAM TAWIKWI KHITawIMrH - YYyH
MaKpOCKOMHK Taxpubanapsa 3apsafHMHl' Y3rapMuuiapy MapTid  paBHIa
yanykcus pyi Gepanu, Ae6 alTHID MYMKHH.

Krnaccuk 3nekrponusaMMka Koupanapura OMHOaR, MabiTyM Mapkas,
XycycaH, aToM SOpocH aTpoduiaa aiiaHMa Xapakar KWnaéIraH 3apsaiiaHraH
JNEMEHTap 3appaya — MEKTPOH Y3IUAAH TYXTOBCH3 PABMUINA 3HEPTHA YHKApHG,
npoBapaAuAa, 8TOM ANPOCHra AMKWLHIOM Kepax. JlexuH 6y aTomnap Gapkapop
TH3UM ferad GuKpra 3uA Kenanu. By nomyBoduxiukun 6aprapad KHTHI y4yH

-
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JNEKTPOH sApO aTpoduia TEeKHC TaKCHMIaHraH, cdepmk kasaT cudarvna
xofnawmirad ae6 alfTHil MyMKkuH. By BakTaa >ieKTPOHHHHI sapo arpoduza
afiaHMILA Ky3aTHIMaliA} Ba y [APT XaM 3Mac, aiaHMDI TeIMrH HONTa TEHT. ‘
Bynaall xongaru anektpos arpodra 3Hepris TapkaTMO smpora HuxuiMaloM.
Jlexun Gynnail dapas §3 HapGaTUNA SAEKTPOHHHHE KOPIYCKYJAP XOCCACHTA Ba
sneMenTap (6§1HMHMAC) SNeKTp 3apaura ra SKaHaurura 3us 6ynamm.

OHIM MHKPOOGHEKTIAPHA MAKpOOOBEKTIApaaH WKPATHIIHUHT OOBCKTHB
4erapac, WapTH, Me30HH GOpMM JIeraH caBolira xaeoG Gepaiinuk. Arap 6us
aHa uiyHIalf macanara asMKIMK KMPHTCaK, YHra TagHu0 HII TYTHINHMH3 Ba
MaBIyM X0JUapAa KIaccuK (U3MKa, KONraH XO/UIapAa 3Ca KBaHT MEXAHHMKAcH
Kouaanapugan GolganaHuul NO3UMAMTHHE XamZa GYHra amai KWIMUIHMH3
WapT 3KAHIUTHHM  HMAPOK 3ITaMu3. Mukpoobexmnapda pyi bepaduzan
X0OUCAAAPHUNZ XAMMACU YYYH XOC 6a ymymuii 6ynzan mes3on — Gy mavcup
K8AHmMuoup.

JNeMeHTAD TABCHP KBAHTHHUHT MABKYAIHIH — TAGHATHUHI
dynaamMeHTan KOHYHH 3KAHIHIH

MabayMkH, 643 Xap KaHal 06beKTHH Ky3aThim iynd GHaaH ypraHamus.
Arap y Ky3aTuil BakTHIAa, Ky3aTHII AaBOMHMAQ, MacajiaH, EPyFIMK TabCHpHIA
¥srapmaca, yHra «bTHOOp» KWIMaca, YHM «ceaMaca» OyHIal OOBEeKTHH
M3KpPOOOBEKT, HCHMIMN MYMKHH. MakpoofbexTra TabCHPHHHI Xap Kawpail
MHMKHOpH TYFpH KenaBepand. Kiaccuxk ¢uamkana MakpooGBexTHU Ky3aTHil
BaKTHAA YHra KYpCaTwiaJMrad MHHHMAJN TabCHp HerapacH TYFpHCHAA Macana
KYTapiwiMal1, ake X0oNaa YHH MUKPOOOBEKT, Ae6 alfTHILra TYFpH Keamm.

ATtomiiap MMKpOOOBEKTIIApra 3HT AKKOA Mucon 6:na onanu. YyHks, ynap
MaKpooObeKTIapaH ¥3 Yiramnapu Gunan Ty6nan ¢gapk xunazunap (rm,,-EIO“O
M), ¥3apo 3ca JruamMIapUHUHT Ba GOFNAHMII SHEPTHATAPYHHHT AKAHINCH GHan
TascuraHagunap. llysnali skaH, MUKpPOOOBEKTNAPHM Ky3aTHIU BaKTHAA
yhapra KypcaTiiajuraH TabCHPHHHT MHHHMAI MHKAOPHIa XaM KaHuaiaup
YCKNRalW  wapTnapy  kyHunmim  kepak.  bomkaya xwm6  aiitraspa,
MUKpooOhekTnapHM  Kysarabrrad —mafiTMMM3fa  yjapra  Kypcaruna&rrad
TabCHPHUHT MHHUMAJT KaTTAJINTHra OUJ KaHJaiinup wapT KYHHIMIN KEPAKMH,
arap kepak O6ysca, yHHUHT KuiMaTH KaHaai OYIHM kepak? ’

MukpoTHsMMNapra KypcaTHIafurad TABCHPHHHT KaHAAlinup MUHHAMAN
KuiiMatra sra Oynmmnvk wmapru — Oupop kapaéH warTKacuma OyHnait
OOBEKTRapHUHT' SHEPTHACHRH, MMITYJILCHRH Ba HMIYABC MOMEHTHHH OHCKPET
paBHLIAA «cakpaby Y3rapHIIHOUP. ATOMIAD ONTHK CHEKTPIAPHHHUEI TH3MKIH
Ty3wra sra skaamard (6y XIX acpHHHT MKKMHYM ApMUAAEK Taxpubana,
aMamMil KYpcaTHnraH, aHWKJIAHIAH 3H) mxopwxa aliTwnras y3rapuuIdMHr
AMCKPETIIMTHAAH KenMl uukaad, :

Hemak, MHpPOOOBEKTNIApD YYYH TABCHPHMHI ' YHHBEPCAN, MHHHMAT
KuHMaTH MaBkyx GynMorn xepak. LIIyHHCH KH3MKKM, TaGuarfa TRBCUPHHHT
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6yHaait MHHUMATT KHITMATH XaKMKATA XaM MaBXyJ| 3kaH. Macca Ba 3apsaAHHHT
OUCKPET ¥3rapMilii, SbHH (aTOMHCTHK)» TaOHaTra sra SKaHIMKIUrugas Makc
Inauk 1900 fimnna Taboup Xam BHCKpET KHHMaTra sra G6YNHINMHM Ba YHHHT
Tabuaraa yupaliguran 3HF kHumk GYymarm — aToMM h ra TeHr SKaHJIHTHHH
danra kupuTau. By kamduEr tabuatHHHr sHrH QyHnaMeHTan KOHyHM GYmm6
uHKkaH. By xamdnérra Inank Bud Ba Peneif [hxuncnapuuur abcomor Kopa
AMUCMHHMHI HYPJAHHU! paBIIAHJMIHHY HYypJlap 4HacToTacH €KH TYJIKHH
y3ywiMrura OGOFJIMKJIMIHHM TYUIYHTHDHINra YPHHTaH Ba KJAacCHK (#3HKa
NpHHUMANApUra  acocnaHw®  umukapunraH  dopmynanapuHu  TaxkpH6a
HaTKanapu OMiTaH KENMIUTHPHMII MakcaZuaa, Xap Gup xapoparaa Kopa sKHCM
¥3 snepruscunu E=hv dopmynacu 6unan udosanaHaguran Heprus MUKAODH
(nNopuMACH, KBAaHTH) cHdaTHaa Wukapaau, AeraH MHKWIoOMit ¢uKp acocupa
apuioan. [lnank runoresacura 6uHOaH, a6COMOT «KOPa HKHCM» KATOP FMAPMOHHK
OCLUMANATOPNAp ~ HYP 4YHMKapyBuu &KH HYP IOTYBYHAapAaH HOOpaT Ba yJIapHUHT
3HCPrHACH HYPIAHMII BakKTHAAR AMCKPET paBHIuja cakpab ysrapapu. hv-xeaHT
OCLIMLIATOP HYPJIaHMIU SHEPTUACHHUHT OYIMHMac KUAMAaTH, NOPIUACHIUPD.

[nank abcomor KOpa XUCMHMHI aTOMJIAPH SMEKTPOMArHHT MaHAOHM
6unau Tapcupnamiany Ba 6y TabCHp BaKTHAA HKKHUTA MOLAMH OOBEKT KIIACCHK
du3uka TpMHUMNANAapUra GHHOAH WCTANraH4Ya KHYMK MHKAODAArH SHEprus
OunaH anManvIMacHaH, YHMHT 3Hr ku4uk KucMu E=hv ra teHr 6ynrad keasr
cuparnaa anmamaau, e TabKMAIaOM Ba TaOKpUOA HATHXKAIAPHTZ MOC
kenagurad nomaHu acocnamra mysaddax 6¥nmu. By ndpomanarm h-Ilnank
nouunﬁnnm nefiunnb, Ttabuataa MaBxynd 6}7nraH MHHUMAT TAbLCUPHHHT
yHuBepcan Mukaopu#l Tascupuaup. h=6, 6260110 mx/My, t=h27=1 ,0510™
IoK/cex.

HeMax, h TabCHPHMHI 3NIEMEHTAp KBaHTH (uopuuucn), TabCHPHHHT
«aromuyaup. Tabuatna Typnu THaumaap VYpracuma pyH  Gepanuran
TabCHpNAmrys Baxruzaa ynap ysapo Nhv (N-1, 2,3..) ksaWmiap MHKIOpHIA
anmawiaginap. h-Huer Gopmurd MHKpoOOBEKTNap, aToM TH3MMIIAPHHUHE
3HEPrUACH cakpab Y3rapumyu Ba AMCKper KuiiMaTnapra sra 6ynumM acocuaa
&ramu. h Kyna kMYRK KuiiMarra ara GYaraHnura ydyH MakpooObekTnap Gunau
pyi Gepanuran ixapagHnapia ¥3uHH HaMOEH Kwia OJIMainH. Yynku, Oy
JKapadH/Iap SHEPIUSHUHT katTa MuKIopaa (AE>>hw) yarapumn Gunan 60FmuK
paBuuina. coqup 6Ynagu. Hly cababman MaxpooGBEKTIIAPHUHI 3HEPTHACH
yITyKcH3 ¥3raparraHiuek Tyioonagd. ByHnait xapagHnap oObEKT 3SHeprus
aiMalMbBaérran  BaKT[a, alTaiiuMK, 6WTTa KM HKKHTA KBRHTHHHI KaM, &KH
KY IUTHIMHEHT TH3HM YYYH Xed KaHAail aXaMuATH HYK.

XO3MpPrH BaKTAa TabCHp KBaHTH h HHHr MaBXyJUTMTH  XHIMa-XHI
MHKpOOOBEeKTNapaa VTkaswnrad xyaa kyn rtaxpubanap iymu  Ounau
TacaWIanrad. Bapua xoswtapaa h yayr 6up xmi kuiimar kestu6 uuxamy. By aca
yHHHT y &xu 6y aHMK TH3MMra GesocHTa anokaaop smac, 6anku xap kaHzai
TH3MM Y4YH YMYMHIUIHIHHH, YHHUBEPCAIUIMIMHH KypcaTaiH. Epymm( TEUTHIH
C daxat EpyFiIHKKa ATOKaIop IMac, y Xap KaxHaah MoAnHi OCBEKTHHHT TEJTHIY
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«C» pman KaTTa OYnaonMaciMrueM, Te3NUKKA KYHWIraH MakcHMal 4erapa,
YHHBEpCan JOMMMILIMK 3KAHIMIMAaH gaionar Gepamyn. Xyaau myHra ¥xma6, h
mavcup Kuimamuza Kyuuiean munuman yvezapa 6Gynub, y XaMm yHHBEpcal
XYCYCHATra 3ra. YHHHI' YHHBEPCAUTHIR HIYHIaH ubopatkH, MuUkpooObextiap
$3apo anMamuHa ONAgMraH Xap Xun QGH3MK KaTrammknap y opkanu fesocuta
nomanaHHiln MyMKHH: Macanad, [h]=[>ueprua*saxr] [uMnymsc*macodal=
{moMenT}]. MukpoayHéna macoda Ba BakT Y3NyKCH3NUIHYA KOJITAHJIHTH
cababny, MMIYNEC MOMEHTIADMHHHT AIMAUIMHUINM  JUCKPET paBHuLAA
nopiuanap xypuHmmuaa pyi Gepaau, spHu h Oy KaTTaIMKIAPHMHT AMCKPET
Yarapumnnu  Genrunaiimu. XX acpoa h nu ssmubopza onub apamunzan keanm
MexanuKkacu muxpoobvexmaap mexanuxacudup. h Hu 3pTHOOpra onMaca xaMm
OYnamuran Ba MakpooGmexrnapaa pyii Gepagurad xapadHnap y4yH KBaHT
Qu3HKacHHU KaccHK ¢u3Mka Guwian anMamTHpunica 6Ynanu. Jlemak, KIaccuk
¢bn3nka KBaHT QHIMKACH JOHPACHIA KXY3BHIl KUk Xonaup. by xon H.Bopxunr
MOCJIMK NPHHIUHIIH, ReHHIaaH.

Cunn. JIeKTPOHHMHT CIIMH X0JIATH TYFpHCHAA

Ajipum doToH OunaH anoxXuAaa ONMHTAH 3MEKTPOHHMHC HIrapunanma
XapakaT Xoccanapd kym TomonaaH yxwauymp. doroHza KyrGnaHum kaGu
MYKM XOcca G¥nranmiek, «THHW» TypraH XOJaTHJAard MaccacH HymuaH ¢apx
KHJIYBYM MHKpO3appayanap Bakunn OYnras 37eKTpoOHAa XaM  YHHHE
WirapunaHMa xapakatH GunaH mytnako GoFnuk GynmaraH H4Kv Xofatiap
MaBKyAMM [€raH CaBO/NTa KBAHT MEXaHMKACH WxoOuii kaBo6 Oepanm.
Hapxaxkukar, 643 X03upra KyHra4ya sra OY/iraH MabIymoTnapra GuHoaH,
SNEKTPOH TapkMOHH KMCMJIapra yHH TAIUKWT 3TYBYH KHCMiapu Oynamaran
(KBapKnap TYFPHCHRArY THUOTE3AIAP XO3UpYa ¥3 TACAMFHHH TONTaHMYa HYK)
AXJMT HyKTaBuii 3appayamup. lllysunr y4yH yHra c¢axkar  wirapuianma
Xapakatra Xo¢ ne6 Kapall MyMKuH 54¥. AMMO aTOMJIApPHHMHT KYMYMWIHK
XOocCcallapuHi, XyCyCcaH TallKd MarHut Maiiionuaa ¥3 TYFpH 9M3HKIH Hyaniaad
YCTIAHAILI KA, TYLIIYHTHPHII YYyH 3JISKTPOH ¥3ura XoC HYKM X0/1atyapra ara,
ne6 xucobnaws no3um 6¥nau. Byrmai ¢puxpan GupuHdu 6Y1ub wirapu cypras
OIMM aBCTPHANMK Bonesdranr Maymuaup. V 1924 iiwina aTOMIApHUHT TYpIH
XOCCAIAPHHH TYIIYHTHPUII MAKCaAMAa, YJapHHHI aXKpPaiMac KOHCTHTYLHOH
TapkUOUi KHCMH OYIIraH EKTPOIIAD yIYH MKKH XM MYKH XONaT Xoc 6¥mub,
Oy XonaTnapHuMHr (M3uxaBMH TaCHMGIADH KITIACCHK AHAIOINAPra 3ra IMac
Aerad ¢PKpHM yprara TammanM. By XOJaTiap SNEKTPOH KyHa KHYKHHA
(r=1*10"" cm) 3appaua Gymumura Kapamaii, §3ura XoC MEXaHHK MOMEHTTa 3ra
AeraH Xynocara KenMOiHM Tako30 3ragu. Arap 6m3 Jhk. Ynenbex Ba
C.layncmutnap yitnaraunex (1925 #un), Gy MEXaHHK MOMEHT 3JICKTPOHHHHT
¥3 «¥ku» arpoduna aitnaHMa xapakaT KWuMmy (CHHH-spinning-ainaHum)
6unan GorHK Aecak, M=pr.=m.v.I. HpORACHIArH AANAHHIT TEVMIH Ve=Vatmmmm
EpyFNuK TEVIMIMjaH XaM KaTra kuiimarra sra Oymumm képak. AMMO
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HUCOMIMMK Hazapuscura OWHOaH TaGMarAard OSHr KaTTa Te3nuK — Oy
EpyFnUKHUHT Te3nury c=300000xm/c nup. Jlemak, rokopHaa Kaiin KHITHHIaH Ba
3NEKTPOHra Xoc GynraH muxM XonarHu adinanvi GunaH smac, Oanku Gowmka
cabab 6unan TymryHTHpUIH, G0FNAIN 3apyPUATH TYFIIaAM. DJIEKTPOH KaHHAIHK
KM4uK OYnmacuH, Gapubup, y Mabiym Xakmra, yidaMra, y3ura XoC HYKH
TY3WIMIIra 3rakd, OyHHHr  HaTibkacH cHpaTHza YHHHI HYHIZa Y3apo
HOIKBHBAJICHT AYHANMIINAp MaBxy OVIMILIMHYA KyTHII MyMKHH,

AHa 1y XakM derapacuHja JJCKTPOHHHHI MaccacM  HOTEKHC,
HOCHMMETPHK, KoJiaBepca, HochepHk TaKCHMJIaHTaH, e Kapaul JO3HM.
Baxonanku, myHgaH 3KaH 3MCKTPOHACK 3apAMAIAHraH 3apPadaHHUHE 3JIEKTP
3apaf 3UYIMTH XaM YHHHT XaXMH JOUpacHAa HOCHMMMETPHK TaKCHMJIaHIaH
O6ynuumy kepak. Jlemak, anekTpoHra xoc OGYnrad TerMuuM 3NeKTp MaiaoHH
HOCHMMETPHKAHD. BYHEAH YHMHr MariHuT MOMEHTWra sra OyyMImM kenud
YHKaOH. DNEKTPOHTa Xoc 6y HOyMyMHli MarHuT MOMEHTH, anbatTa, iyHanuiura
3ra 6¥sirad Bekrop Kartanuk 6ynub, y arTOMHMHI HYKH MarHMT MalJoHHza €KH
TAIIKK MarHAT MalioHMra HKCOaTaH MKKY XU HyHamiura 3ra 6¥na oNMHIIIMry
JIOSUMAUTHHH TaKo30 3Taad. By xonarga ynapHd cnmd Xojartnap ne6 airuin
onar 6Ynu6 KonraH. Y3ura TErILIM MEXaHHK MOMEHT MKKH XHn HYHanMura
sra 6¥na onumu Gunan Gornanran:

m,(1)=hs(s+1) Ba m,(2) = -hfs(s + 1)

1
Ywby upopanapnaru s-cnuH KBaHT COHM Aedunaau. Y 3 Ta renr. s-YpHura

YHHHT KMHMaTH Kyitunca:

1 1 3 1 1
m,(1)=h 5‘5“"”\[?5”‘5“3”

11 301, - 1
m_(2)=—h‘/E'(—2-+l)=—h‘/;=—-2-haﬁ~—~2—h

1
Oparna m, = iih ne6 xucobnaHagy.

Onextponnapaa Oynranu kabu, ¢oroHAa XaM YHHHI LHUPKYIAp
KyTOnaummu Gunan Gormuk cnuuHM Mapxysy 6¥nub, y i ra rewr. ATom
du3Mkack TYpAM CIMH  XONATAApMHUHI  MABKYMIHIH  Xap  KauZai
MHKpo3appyajiapra Xoc OymraH xycycusr 6¥nu6, ymap ¥ysapo [lnauk
KOHCTAHTara TEHr xonatha ¢apk KWIHLIMHH KypcaTaqn. DJEKTPOHHHUHL HKKH
XWICIIHH XOJIaTH XaM ¥3apo h ra ¢apx Kumanu:

B A
AE=E,-E,~5—(-3)=h
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Arap 3/1eMEHTap TabCUp KBaHTNAHMaraH Kartamk 6¥nranaa 3mu, [nanx
JIOMMHACHATa JXTHEX KOJIMAC Ba MHUKpO3appayaNapHMHT XOJNATIapH YITYKCH3
pasniuaa ysrapasepap >au. BaxosaHku, yHBepcan, (yHAaMeHTan KaTTalMK
6ynran h HHHI MaBXyMIMIM 37€MEHTAap 3appadalapHHHr TYPAH XOJNaTiapH
y3apo aHT xamuaa h ra Tedr KuiiMar Gusad QapK KIWIHIIHHE acocnalinu, 6yHu
yHyTMaciukud  tana6  kmnags. Mukposappauanap Xonarnhr  Genrwiauw
YJAPHHMHI IHEPTUACH Y3rapuimMHH Xucobnauia, b xan KHTyBYH OMUHIIAP.

Xynroca. Mukpomusumaaprunz xo1amaiapuza xoc KAmMmanukiap 3Hepzus
umMnyase, umnynscu momenumu b 2a 60znux xon0a ouckpem pasuwoa yz2apaou.

DneMeHTap lappadanap

MatepusHMHTr, Xycyca MOAJAHMHI JWCKPET TH3WMIa 5Ta SKaHJIMIH, Y
JIEMEHTAp 3appavanapjaH TAuIKW TOMraH, jeran rosra onub Ke/uH Ba
X03Hpru BakTaa Oy $ukp xey kumaa wyGxa TyraupMalian.

OnemeHTap 3appavanap, 4e6 MaTEpPHAHMHMHI 3SHI KHM4MK GYmaxmapura
aliTwiazu. DNeMEHTap AeraH TyulyHua acnuaa Oy XWIIard 3appadanap MyTiako
Oyavumaiau neraHup. JleKMH KaThbHil XyJioca YMKAPHIIra MOUIWIMACITHK
NnozuM. HysHKH, XO3HPIrH KyHIa 3nuMeHTap, ned XucobnaHran afipuM MyXHM
6apKapop 3appayanapHUHI aHYal'WHa Mypakkal HYKYM TY3HIIMUITA 373 JKAHIMTH
anuknaamokna. Ulynpaii 3kan, GyryHra XyHaa anieMeHTap 3appadanap, neb
HUManapra alftunazu? DHr KHYMK Mahduii 2/1eKTp 3apa/] MHKIOpUra 3ra Gynran
JNEKTPOH, 3NEKTPOMATHHT MAJJOHHHH TAWIKHA KWIYBYH BAa YHHHI SHEPrHiCH
Y3aTUIHINAHA aMaira OIUHPYBYM (POTOHNAD XaM 3JIEMEHTAap 3appadanapaup.
SnemenTap 3appauanapuunr yauamnapu (107 cm=/ depmu=/ demromerp),
Maccanapy, 3apajiapd, cioslapn O6unaH SKMMAAH TaHMWIMACHAH, KaTTHK
KPHCTAl MOAJIANIAPHUHT, MOJIEKYNanap, HOHIap, palildkalap Ba aTOMJIApHUHT,
aTOM ANPONAPHHUHT Ty3WIMILH Ba XOCCATIAPH TYFPUCHIA TYFPH WiMHii-Hasapui
Tacaspypra ara 6ynuim MyMkuH smac. UyHks, ynap kuMEBHHA 3apapadanapaup
KyAupary xansanpa alipuM, 3HC MYXHUM 3]€MEHTap 3apapuanapra TerHuui
MabTyMOT/IAp KENTHPHILaH.,
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OHI MyXHM 3JIEMEHTAp 3appadaiapra TerHunuid MabIyMOTIIAp >Ka B

Twira macca
Benrnucn (anexTpos
g g HHHI THHY MNapaanarmm | SAaim
Onnacn Homu g, Maccacu Cnun CXeMAaCcH JAaBpH
& E E yraamiap)
3] < 24
Onexrpomar- | Porod 8] <0
HHT MaiiI0H 0 1 bapxapop
Onex- | DneKTpoH Y Vn 0 1/2 Bapxapop 0
o | TPOH HeHTpHHO
E OWIACK | Jnexrpon - + 172 Bapka
E ) e e 1 pKapop le's)
= Mo ~ Mx? ~Me30H | I Vu 12 Bapkapop w0
ME3CH | HCHTPHHOCH 0
OMIIaCH
Mio~ | TIn--mwmoc PO 73 0 w* -t +¥,[2,6010°
+ *
mmoc | MejoH nt et + ¥,
ounacy | Ilu-Hym a® 264 0 2% = 2y 1,8G107°
ME30H
& ?a);mou Ilporon v # 1836 172 Bbapkapop o0
% Heiirpon n | 1830 172 n—p+e-|1,0010
= 3
8 Curma — E” E 12 Et¥—sp+a® 0,80107°
2 wnoc 2328 E*-»n+n*
g | Mune- 3appaJa ]
§ ponnap | Curma— B £ 12 E® - A% + x| 1010™
HyIb 2343
3appava
Curma — £ Fad 172 £~ 5 nbep~] 160107
MHHYC 2333
3appaya

JXKanpanaa KeJTHPUIraH dIEMEHTAp 3appavaiiapra H30X Oepamms.

doronnap EpyFiHK, PEHTTeH HypJIapH, paJHakTUB NapuaiaHuil BaKTHIA
Xocu1 6y maguraH HypiapHH TalIKW KWIaau.
DNEKTPOH HeHTPHMHOCH AAPONAPHHHI P napyanaHHIMY BaKTHA2 Maigo

6¥nagu.

Xoawpru BaxTaa hauga 200 ra sxuH 3appavanap Mab1yM 6§aub, yaapaau
34 racuHM 3Hr MyXuM, acocuii, QyHaameHTan 3appadanap, ned aranl MyMKHH.
Bynapnas 6 tacu THHY Mmaccara sra Oynmaii, &pyrnuk Teamury — C ra Temr
Teuwk OwiaH xapaxar Kunanunap. Bynap xymnacura
HKKHTa HEMTPHHO BA NKKHTA aHTHHelTpHHONAp kupamy. Konran 28 ta 3appada
EPYIINK TEMIHAAH CEKHH XapaKaT KHIAQWIAD Ba Xap XU KaTTalHKIapra sra
6ynras THHY Maccanapra rajMp.
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34 ta dyHmamenran 3zappayanapHM KyHumzard cuHGuapra axpaTHim
Makcaara MyBoGHKAHD:

1). ®epmuonaap

8-GapHOH -NPOTOH, HEHTPOH Ba 6 Ta AHaNA OFUPPOK O¥nraH 3appauanap.

8-anrnbapronnap

8-nerrroHnap Ba aHTHIENTTOHNAP

2). bozonaap

8-Me30HNap Ba AHTHME30HJIap

r- GOTOH, I'PABUTOH.

GepMHOHIAPHMHT HOYMYMHEl MEXaHHK MOMEHTH - CHHnapn Y, 3/2, 5/2
kabn OyTyH kacp cowiapnaad Ourracura sra 6Ymu6 ymap Oepmu-[inpak
cTaTHCTHKacKra 6y iHcyHaamiap. Maixyp crarMcTikara 6uHOaH Ky 3appauaimy
TH3UMIA Xap 6up 3appauya dakar ¥3ura xoc xosarra ragup. GepMHOHTAPHUHT
xonary [Taynu npunimnura 6¥itcynany.

bozonnap ¢epmmuonnapaan wy Ounan ¢apk Kunagunapkd, ynapHHHT
HOYMYMHH MexaHMK MoMeHThapu—cnuinapn 0.1.2 xabu 6yTyH COHIApHHHT
ourracusn KaOyn xunamn. bBosoHnapra Xoc 6ynraH XyCycHAT mIYHJaH
nboparku, TH3UM YYyH Xoc Gynran aitHa Oup XoJmaraa xyja KyIl, yekcuiraqa
TeHr 6¥niras COWM 3appavanap >oflalHiIg MyMKHH. Bo30HIapHE H30X710BYH
cratucTHka bose - Ouurreiid cratucTukacH, neb opurunany.

@yHrameHTan 3appayalapHMHT 0ab3unapy MOLLA ACOCHHHM  TALIKMJI
KWICa, aHpWMIapH YNapHHHI aHTH3appavanapuaup. BH3HMHr arpodumuzaa
acocaH MOANANAp MaBXy/ Ba yap Gapuonnap (IpoToH, HeliTPOH) Ba NETOHIAp
SMEKTPOHNApHIAH TalIKMi TONraH. AHTH3appayanap Ba aHTHMoJJalap
MaBXYANMIMHA KBAaHTMEXAHMK Ha3apus acocHaa MHram3 onumu I1.]lupak
KapoMatr KWIraH. Ynap KOHMHOTHHHI 6oIKa KucMiiapuia Maexyn 6Ynub, arap
Mobono Ep skuHura kenu6 Koncanap, y3 3appadaiaps  Mopganap Ounax
y4pawn® aHNHrHALKATA yupaliinnap Ba THHY Maccara 3ra 0ynirad 3appada
XONMJIaH kBaHTnap (poTonnapra) alinanub keramunap. Macanan;

RHHUTM LM
3NEKTPOHHIOZHTPOH  — 2hv
(3appaua) + (aHTH3appaua) — 2hv 3/1eKTpOMarHUT MalZIOH KBAaHT/ApH.
Uly cababpan 6u3HMHr arpodumusia acocad 3appayanapiaH TALIKHI
TONraH MOMNANAPrHHA MaBXyld. 3appaua Ba aHTH3appayanapHu  ¥3apo
TaKKOC/IacaK, yaapuuHr 6ab3u KypcaTkuwiapu aiinan 6ynu6, Gansunapu Gup-
6npura Teckapy SKAWIMIHHM KYpaMu3; arap 3appaiya Ba aHTH3appavanap
3apsara 3ra O¥yncanap, yJapHHHT Maccalapd ¥3apo TeMr, 3apsjanapd 3ca
Teckapy kuiiMaTnapra sra 6ynaau.
Hemak, m(3nekTpoH)=m(Mo3uTPon); NexkuH: e(3NEKTPoH)<0
e(no3uTpon)>0
m(1IIPOTOH) = M{AaHTUHPOTOH)
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¢ (nporon)>0, e (anTHNpoTOH)<) 6ynamu.

POTOH &KHM IMEKTPOMArHWT MaiIOHHUHT OMp OYnaru Gynran €pyrnmk
KBaHTH (yHAAMEHTan 3appauanapnaH OMpUAHpP. HBIOTOH EPYFIIMKHHHI Xam
KOPNYCKYJAp, XaM TYaxMuiuk Tabuatmuu xucobra onraw sgu. XIX acpra
kenn6  nudpaknus  xXomucanapy  MysadaKKHUATIH parumlAa  YpraHuia
Gouvianrad, EpyIIMKHEHT TYAKHH Hazapualapura SeTHOOp Kyualimu. Xo3upra
KYHJIa KBaHTRapra Omp BaKTHHHT ¥3MIa XaM 3appaua Ba XaM TYIKuH TabuaTura
ara, ae6 kapanamn. Jlapxakukatr, 1905 imnna A.JfiHmrelin  arap Epyramk
3appadyaNapHUHTr alipuM KYpcarkH4YNapHHM Y3una HaMOEH KIWTYBIH OObEXT 16
Kapanca, ¥ma BakTTauya TYWYHTHPMIMIUK Kuiiux OYynral xyma kyn
XONUCANAPHH OCOHJTHK OHIIAH TYILYHTHPHII MYMKHHJIMIHHY acocnab Gepau sa
ynapau  €pyrnuk 3appayanapd (MK 6mnan kypurysud, ynstpabunadiua
HypJiap, paaMo TYJIKWHIApH, raMMa-Hypnap), ne6 atamuw Taxmud kunay. Vuia
naspaan 6omnab 6y arama xenr Kynmanuna Gonutanaun. 1926 finnga Jlstouc 6y
3appayanapHu ¢poronnap aed aramuy TakIHg Kuam.

V'3 nas6atuna, Mukposappauanap TYIKHH TabuaTHra 3ra 6¥na onHwMHM
1924 #innga ¢panuys ¢usurs Jlyu ne bpolins xypcarau. Maccacu m ra TeHr
6ynran Ba v Teanuk OuiaH TYNKUHCUMOH XapakaT KHnaIraH MUKpo3appaua
6unan GorymK OYnraH TYIXKMHHMHI Y3YHJIHMH A KyHuaarm TeHriama opkanu
udonanaHanu:

2ot
my

ONEKTPOHMAPHHHT TYNKHMH TabWaTura 3ra 3KaHIMrd Taxpudba HUynu
6mnan, ynapHMHT ONIKa MeTal KPUCTaUlapM OpKaiM VTrannapuaa,
IuppakuMsiaHMm XoHcacH Tygaiinu Tacauinanan. dakatruHa 3neTKpoHnap
sMac, Gankn HelitpoHnap Ba Oowika MHKpo3appavanap XaM audpaxuusra
yupaiimy. HeirrposiapHpHT MoJieKkynanapiari saposap TOMOHHAAH COYMAHO
aMdpakUMANaBMIIH  HeHTpoHOorpadMs aCOCHHH Tamwnkun Kuwiagi. By ycyn
BOCHTACHIA KOOpOMMTanapH Ooluka ycynmap OunaH anuknab Oynmaiinuran
€HrHN AApOJIap, XyCycaH, BOJOPOA ATOMJIAPHHMHI MOJIEKYNaNapAard XO/JaTH
AHUKJIAHATH. ‘

®oton GnaH Mo 3appauanap Yprackaard acocui dapkrapaai 6Hpu
HIyHiaH H6oparku, ¢OTOH Bakyymaa HACHMHM TEIHK—EPYFIHK TC3JHIH
(C=300000 xm xaTTanukka 3ra 6¥JraH Te3sMK) GHIaH XapakaT KHIAIH.

Jokownap  TebpaHaérraH INEKTP HOHIOMIAP, MAcanaH,  aToMJIap
TOMOHHARH YHKAPWIHIIH &KH IOTHIKIIY MYMKHH. Xap Oup atoM 1Apo Ba YHHUHT
arpodupa aiyaHu® JopraH 3/eKTpoHAaH uMGopaTiIurk yuyH, y aliHaH JMEKTp
munonu ae6 xapananu. Mkxura wmacca (Macaman Ep Ba Off, Typnu Xucmiap)
ypracHaard TapCHp IPpaBHTAUMOH TYNKMHAADHMHI acOCHHH TAIIKHI KWIyBYH
TPaBMTOHJIAp BOCHTAcHAa aManra omaawm, e xucobnaHagu. AMMO X03Mpraya
TPaBHTOHJIAP TYFPHCHIA ACAPIH X4 KaHAaR MahTyMOTra 3ra 3MacMH3.
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DyHaaMeHTAN 3aPPAYAIAPHHHT Kaul(h) KHIHHHIIH

Dnexrpon 1897 finnaa karon Hypnapu cuaruna JHx JHx. Tomcon (Jlopa
KenesuH) ToMouuaan kawd kwmnmyu. [Ipoton 1886 Hunna Hemuc ¢u3urx
E.Tonsawreiis ToMoHunad Kpyxc Halidacuaa + 3apsaym 3appavasnap cudaTvaa
Kysatw., B.BuH yHHHI MaccacMHM 3apanMra HHCOaTHHM aHHKJIAOH.
m(p)e(p)= 1836 ra TeHr SbHH, MPOTOHHHHI 33PN SIEKTPOH 3apPANMHMHT
TecKapu KMHMAaTHra TeHI, MaccacH dca 3NEKTPOHHUHT MaccacH/ial 1836 mapra
KaTTa KAHJIHIY aHNKIaHIH.

Tlo3uTpoH—MycOaT 3aps/UIN JIEKTPOH-aHTHINIEKTPOH 1932 wumna K.
Augepcon (AKIL) romMoHunan xaurd KunuHou. Y KOCMHK Hypnap TapkuOnia
Ba KATOJ HYPJIApHMHI' MOAaNap OMNaH TabCUPAaHUILH BaKTHIA naiixo 6¥naau.
DJeKTPOHIap Ba MO3UTPOHNAp aHTU3appayanap OYNraHnMKIapy yuyH, ynap
¥3apo TYKHAWraH RAKTAa aHHUTHIILMATa yupainunap:

e+e’ —2hv.

Harwxana, karra 3Heprusra sra 6ynran ukknta ¢oron (ksanr) naiino
Oynann. AHNepCcOH TOMOHHMIaH Ky3aTHIIraH MO3HTPOHIIap IOKOPH 3HEprusara sra
Gynran xocMMK HypnapHHHr Epaarm monpanap 6unan TykHawran naitaa
INIEKTPOH Ba MO3UTPOHra afymanuumy Tydaiinu Kysarunrad sgu. by xommca
AHHMTHIIHAHAHT TecKapuacH 0Ynu6, xydr xocust 6§smi nefunany:

2hv —e'+e (kydT XocHn G¥auiH)

By MHconnapia MaTepHIHHHT MOJIA KypuBUH (€' erap) 6wiaH yHUHr
MaiinoH kypumou (hv nap) Ypracuna y3apo 6up-Gupura yTHilti Ky3aTHIIAIH.

Heitrpon 1932 iiwnpa Aurnms ¢usurm  Yensuk TOMOHMZaH Kamd
KMJTHHIaH.

94Bel'a—>‘260+'on a- Hyp MomiagaH axpannb uuka¥traH renwi
SAIUPONAPHIMD.

Heiirpomtap snextp 3apsaura sra GynmaraHnurd yq9yH SApoJiap HuHra
aHya ocoH xupuO Oopaeepamu. Arap KymHH spgporaya Oynran Macoda
10""m xuumk 6¥nca, ReHTPOH AUPO GHIAH TABCHPIANIMIUM, MACANAH, YHHHT
TOMOHUAAH OupukTHpHG onuHMIIM MyMKHH. By 3ca sHru aaponn Gekapop
Xonarra ¥Tkasamyd Ba HaTHXaAa paiMOaKTHB IApYaNaHUIl XOAMcacH pyi
GepHILM MyMKHH.

Axtunporod 1955 #unna Cerpe, Yumbepnen, Belirana Ba Mucunanruc
JeraH ONMMIAp TOMOHMAaH bepxiuaary CHHXpoTpoH é&paammzaa Kamg
KHIHHIH.

KocMuk Hypnap »xyZna xatra 3Heprusra sra 6yiaraH sa komHotaaH Epra
kenanuran 3appauanapaip. Kocmuk Hypiapan ¥prasum nosutpos 6mran 6up
Katopna xynaa xynm Ootnka ¢ysjaMeHTan 3appayanapHd Kamd KWIHII
HMKOHHATHHH Gepau.

IOKkopy sHeprisra ara 6¥nran OyHnaii 3appadyanap ¥zapo 8kd MyXHT
6nnaH TaBCHpNAUIYBM HATHXACHIa AHTH 3appadanapHUHr XOCHN OYnumm
Bunbcon kamepacu (CoBylM HaTHXacupa yTa TyiHuHrad cys Gyrm Gunad
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Tynran wmum), €xkd [nadisep  xamepacn (1952 imnpa xamd XMIMHraH)
BOCHTaCHZA ypraHwnafd. VYHAA V¥Ta COBHTHINaH BOJOPOX OyFHIaH
dolinananunany.

Hoanuknux ndpogacu

ATOMJIAp JHEPrHACHMHMHI AMCKpET paBMiiga cakpalb Y3rapHIINHA,
ANIEKTPOH OKMMMHHMHI EPYFNMK TYAKHHIADH KaOM, MOAARIAPHUHI KPHCTALI
HAKapalapH OPKAIH YTraHaa MHTEH(EpEHLMAra YUPAulnHU KIacCHK (H3HKa
HYKTau-Ha3apuiaH TYIYHTHPHO Oy nMailmn.

By caBosapra xaBo0 Gepuinaa XKBaHT MeXaHMKacH Ky kenamn. KeaHT
MEXaHHKaCH ApaTWIMIIMHMHr cababu wiyHnan uboparku, EPYFIIMK Ba
Hypnanuwra, Hel0TOH KOpMycKyJap HyKrad Hasapiad, I'iofireHc 3ca anacTHk
MYXHMT/Ja KYHOQTIaHT TYIKUHIAPHUHT TapKamuuy fe6 kapab xenraH 6ynmmura
kapamaii, ¢oroadpexr, Kommron sddexrn, unrendepenuns, Iudppakuus
xoaucanapuiM ¢axar kopnyckymap (Tlnauk, O¥Hwreiin), €ka Qakar TYIKHH
runoresacd (me Bpoiine — lllpeamurep HasapuscH) acocHga TyUIyHTHPHO
Oy nmaiinu.

KBaHt MexaHHKacd &SpyFriiMK Ba MHKDO3appavyalapHHAHT IyaTHCTHK
Tabuartuuyu OMpranukaa, GapaBapura TYAMK paBHIA2 Xucodra onuun acocunaa
ApaTHIAM. Y JJEKTPOHHMHI XaM TYIKMH, XaM 3appada cudaruga HaMOEH
Oy THIUKHM TYIIYHTHDPAIH.

ONCKTPOHNAPHUHT TYNKMH TalMaTH yjlap OKMMMHWHI Auppakums-
nanMmMOa HamodH OGynmamu. V3 pakrumma JmdpakuuMssaHum  XOAUCacHAaH
Pentren HypnapuHMHr TYnkuH TaGuaTunM ucbornamr yuyH doinanaHunrat
sad. KoHueHTpuk xankanapmas wmGopar 6ynras audpakuvoH Mau3apaaaH
dolinananub, audpakuusnaHaIray HypHHMHr TYIKMH Y3YHMMUrHEM Byned-
Bporrnapaudr Kyunary GopMynacH acoCHIa TOTHAIN MyMKUH:

n2.=2dSin aA2
v Ypuura 2ef Kyiicak, A=-—e-= =tk L 6ynanu. By wudoaanu
M, 2E  \2m,, e JE
1=v X ne6 E3um MyMKHH. C
JE
A B
1 O




OnexTpoH OkuMH yuyH Byned-Bparrnap ¢opmynacHuu Tanbuk Kuna€rraH
nalftaa TYNKMH y3ynnurd A cudartHaa HuMaHe TymyHuin kepak? Kpykc
HaiYacHIa TEeAIITHPHNAETIAH YIEKTPOHHYUHT KHHETHK SHEPTHACH m,,V/2 ra,
y 3ca, ¥3 HarGaTruaa, 3NEKTPOHHM MEKTp MalloRnAaH onrad 3Hepruacu eEra
TeHr. By epna e-anexTpoHHusr sapsmm (6,602*10™"° Ki), E-3ca karon Ba aHon
OpacHIard TeIIAWTHPYBYM noreHuman (v). AHOI TOMOHTa XapakaT KHiHb

KETA&rraH 37IeKTPOH YUyH m,,v’=2eE 6ynam. Byunan ¥ = —Eﬁ KeJmb YuKamM.

Jle-bpoiins popmynacura 6unoan A=h/p=h/mv . :
JleMak, 379eKTPOH XapakarTura TYFPH KeJraH TYJIKMH Y3YHAMTH - MalfoH
KYYIQHUULTUTUIA TECKaPH nponopiuoxan 6YiraH KaTTamHK dKaH.

~ Bynpa 613 3neKTPOHHHHT KOPIYCKY/Ap TabuaTH 6unan GOFmUK Tenmuru

V, HMIIYIECH  P= MV Ba KHHETHK JHEPrHACH mV>/2 aH Xamaa TYIKuH Tabuatu
6uwnan Gornuk 6yiaran TYNKuUH y3yHaury (A), yacrorach v=E/ h Ba Teanurn v
nan 6a0-Gapobap ¢oiinananasnmus. Jlekud my YpHHAA TEIMK TYFpHcuaa
AHAK MYJIOXa3a IOPUTIMN YPUHITHAMD. ATap JIEKTPOHHUHT TYJIKHH TaGHaTHHH
arTHOOpPra oaguraH OYncak, y 6unan Gorsmk G¥araH TYIKHH ydana KaTTamax —
Ie Bpoiinb TYNKAH Yy3yHTWHIH A4, 9acTOTa v Ba (ha3oBuif Te3nHK vy GHnan
TaBcH(IaHann. Agv=ug (8pyIiuk yayH 6y Gormanmu A v=C K§pHHHAIINTE 5ra).
bu3 okopuna Ay Ba v Ypracumard GOFNaHMIIAM aHMKIAAMK: Aq = h/m " v.
Ilynuuraex, wactota Gunad Gasosuil Teanuk ‘§pracupard GOFNaHMIIHK
aHMKTA Makcaara MyBOQMKAED. AMMO Ha HacTOTa - v, Ha UgHH Taxpuba
AYnu GunaH aHUKTAUTHUHT MMKOHUATH HYK. Bynnau Tawkapu ¢aszosuit Teamx
YeKCH3 NABOMHUIMKKA ra 6YnraH MOHOXPOMATHK TYJIKAHHH XyCYCHATIAAIH.
OnexTpoH 3ca a3osuii yekianrad, KOpycKyasp Tacudra sra 6¥aran obbekr
O6ynrannmry cababny, yHu TYIKHH NaKkeTHAaH Ba My MakeTra xoc 6ynrax Typmu
TYNKUBNAD TyPYXMHHHI ypraya TeMMrH U, Ownan TaBcuduaml MyMKHH.
MOHOXpOMAaTHK TYAKWH YYyH U=V, TYnkwH nakerwparH xap Gup
MOHOXPOMATHK TYIKAHHAHT ¥3ura xoc dasosuit Temry Gop. TYakua naxeru
YUyH 3Ca YHHHT MapKa3HHHHT Te3UrHHH ROOIanoBuH v, HaH dolinananamus.
Tyaxun nakeTd 6ab3M XoJUlapaa nyr neb aramami Ba YHHHI YYYH Up#U, JHP.
@azoBuit TEITHK TYNKHH TIAKCTHHM TAIDKWII KMIYBYH Xap 6D MOHOXPOMATHK
TYIKMH YYYH ajOXHOAa KuiiMarra sra GYAranaMrigas KoplycKynsp TaOHaTHH
HaMOEH KHNaéTraH MMKpO3appaua — EKTPOH YIyH YHMHr (H3HMK MabHOCH
HoaHHK Ba Gedoiina TynryHuamup.

Xynoca wykd, TYAKHH [AKETH NaKeT Mapxasuﬂmir TEIJMIUra TEHT Ba
TYMKHHRAp rypyxXura xoc O¥yiran Te3muk v, 6wiad TaBcudraHany.

bu3 3HAM MHKpoO3apadaapHUHT XO3Hprada ¥3apo GeBocHTAa anokacH Ba
GormannmM  GYnimMaraH TYAKMH Ba KOPMYCKynsp Tabuarnpeu Gup-Oupura
MOCJIAIITUPHII B2 MYyBCOUKIAIITHPHUIN, KONapepca OHpIamrTMpym TYFpHCHAA
yitnab xypaimk. Mabiymks, TYNKMHHUHT PaBLIAHJIHTH YHHUERT
aMIUTHTYJACHHH KBaIparura TYrpu mponopuuonanmup. lemak, Hlpemusirep
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KHPHIT2H TYNKMH QYHKUMACH Y HH 3NEKTPOH TYNKWHHHHHI aMIUIATYHACH
necak, ¥3 nasbatuna, \p2 HH JIEKTPOH TYJNKUHHHUHT PaBIIAHNIUTH JEHHNIMMH3
MYMKHH. UKKHHYH TOMOHAAH, 3MEKTPOHIAp JACTACHHMHI ' SHUJMIH XaXM
6upnuruaarn (1cM®) anexTporTap conura Ter. Kywm 3NEKTPOH OKHUMH YUYyH
v* HH 1cM® XaXMZArH 3MeKTPOHIAp COHMIa TEHT €6 XHCOGIAMMMH MyMKHH.
Arap 3MeKTpOHNapHH IHPPaKUMAIOBYH KPHUCTA/1 KYKYH OpKanm Owrranal,
KETMa-KET, AIOXHAA-ATOXHAA Y¥TKa3caKk Ba TYIUTaH )KOHMHH CUHHTHIUIAHAETraH
C un axkpanna Yma 3axoruék 6enrmnab 6opcak, xanaail HaTHKara SpUUIMIIH,
Aeral XOHyHHH- CaBOJt TYFHNamH. DJIEKTPOH KOPIYCKYJNaMH &K TYIKHHMH?
Arap 37eKTPOH XaM Yy, Xam Oy 6¥nca, y kanzail Kunu6 Gup BaKTHHHT ¥3Maa XaM
KOpmyckyna (Tyran 3appa4a) Ba XaM TYxuH 6Yna onagn?

Byunali casosra acociu  xkaso6 OepMin MyXuM axaMHATra sra
-6Ynrannvurn yays 613 kyltuaaru taxxpuba HaTikanapuaas doinananamus.

"Arap anoxupa ONHMHIAH Xap GHp 3MEKTPOH XaKMKAaTaH TYTanm TYIKHH
6ynca, y B kpuctamngaH ¥rraHmaH cYHr HHTepdepeHumara yupab, skpaiza
yHra Teruuiiv 6ysaraH AudpakuuoH Xankajgap HaMoBH GYynuiuM Ba KpMcrami
OpKanM © ¥TKasHiakrran JNEKTPOHJIAPHMHT COHM OpTH6 GopraH capu
IH(PAKIMOH XaKaNapHHHT KYIOKIHTH opTHO Gopuuiu Kepax.

BHTTa a/exTponra Ternny 6¥nran \y? 3MEKTPOHHH SKPAaHHMHI KaHcH
COXaCHTa TYIIHHI 3XTHMOMIMIMHH Wdopanaiiay. By 3XTUMOINMK SKpaHua
Xankanap srajulalifurad coxXanap y4yH KaTTa, Xalkalap opacufiari coxanap
YUYH 3HT KHaHk G¥namn. {emak, \yz YpraHuna€Tran 3appadaHH 3KPaHHUHT ¥
xu 6y COXacMra TYIUMII SXTHMOJUTMIHHE HOOAaNai . y° HH GUTTa IMEKTPOH
VYYH O3XTHMOJUIMK HyKTaM-HasapMAaH TagkaH KwiHii Makc DBopara
TETHLLITHIHP.

Mana my epaa Macanara kiaccHk (u3nKa GWiIaH KBaHT MeXaHMKacH
TOMOHMAAH EHNOIUKII HaTHXaMapH Ypracunard ¢apk €pkuH Hamo&H Gynanu.
KnaccHk ¢u3ukama cabaGuaT OpHHLIMOM MaBXyMIMIH Tyhaliid TH3HMIa
KYpcaTWIakTraH TallKK TAbCHP HATHXACHZA, YHIa Oy TabcHpra MOC paBMImAaa
yarapmin pyit Gepaou. MacanaH, XMCMIIADHMHT MabiyM OHMp TpaexTopms
6¥iinalb XapakaT KWIMIIM aliHaH WYBHMHI HATWOKacHAMp. I1MaHK KOHCTaHTAacH
X&)l KWIYBYH pONlb VHHArawmHrn cababnu MHKPOTH3MMIApPHHHr XONaTH
y3arapany. Cab6abusT NpHALMNM KBAHT MEXaHHKAcHIA Ky4ra 3ra 3Mac, UIyHHHr
yuyH pyH Oepuimmn MyMkuH OYnrad XOAMCRIAPHHHMT MabiyM 3XTHMOJUTHTH
TYFpHCHAArnHa cj3 IOpHTHIIMMH3 MyMKRH. Macanas, s - €kH p ~ opburaniarn
3MEKTPOHHMHT MA3Kyp MOMeHTAa opOuransumr Sepuiaran coxackaa CynmiuH
9XTHMOJUIMTHHH  NpoleHTIapAa wbojanamiH MYMKHH, xonoc. CrauHoHap
Xonatnap yuyn y* , an6arra, hazopuii xoopauHaTanapHunr GyHKuMICH GY1amn,
BA aToM &KH MONEKYJNaJa Ma3Kyp OJJIEKTpOH YYyH Mabpaym HycHBaa
TakcMMIaHany, MaHa 0ly TAKCHMIAaHMII MaH3apacH aToM, EKH MOJIEKYJAp
opOuTa HOMH GWIIAH IOPHTHIAKH. . .

Muxpoobvexmraprnunz dyarucmux mabuamu 6ouc yrapnu maecugnoeyu
Pusuxcaui xoécanapnuue Kammanukiapunu  GRUK, Kypcama ONMACAUZUMUS
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Keanm mexanuxacuza xoc yoaoup. [eliserGepr TomMoHuAaH OYHHMHT acocu Ba
XyJocack cu}paTnla HOAHMKIMK NPHHUMNH, JAeraH (yHAAMEHTal TyulyH4a
Tabpubnanan. By npuHumnra 6uHoad 6ap3H KaTTAMMKIIAD I0KOPH AaHHKIHMK
6nnan Ynuaxca, GolukanapMHH, aKCHHYA, MakIyM HOAHUKIHK GWnaH yivamra
T¥rpu kenamn. Macanar, A=h/p dopmynacuaa A aHMK YimwaHran 6YnCMH.
ByHnpaii 6Yaumiu yayH BMIyJIbC p Xam aHHK ¥iuauran GYaMuiM kepak, YyHkH h
KylNa JOKOpH  aHMKIMK GunaH xucoGnaHraH KOHCTaHTamup. Judpaxipa
IaKeTHAa MMOYALC p Ba 3Heprus E= mv?/2=p’/2m napHmur Kuitmaru
AHMK, JIEKHH 3appavYajapHHHT KOOpAMHATAapH HORHMK/MK Owsay YndadraH.
DNEKTPOHNAPHHUHT aTOMAATH XONATJIapH XaM HOAHUKNHK NPHHLMIINFA MUACON
6¥na onmanu. Bus snextpon suepruacummsr guckper EEyE; xuiimarnapu
TYFpUCHNR aHMK MablyMoTra sra GynraH Xojia, YHH aTOMHHHI Kaepuia
TYpraHnMry TYFpUCHIA aHUK MAbIyMorra sra 6ysia onMaiiMus. OnekTpoH
Ma3Kyp OPOMTIHHHI TYpiAH COXanapuja Oyna OJMIIMHMHT IXTHMOJUTHTH
TYFPHCHAATHHA C¥3 IOPHTHIIMMU3 MyMKUH, XOJIOC.

Ana 6up mucon cudaruaa ACCH HHINKIH KyTONaHraH MOHOXPOMATHK
TYAKHHHM ONalIWK. YHHHMI TEIIMrd aHMK KuiiMarra, Y3H 3ca UeKCcH3
YY3WIraHJIHKKa 3ra. Arap fcCH MOHOXPOMATHK TYJIKMH OHiIaH KHCKa TYJIKMH
MIaKeTHMHH ¥3apo TakkochnafmuraH 6¥icak, OMpHMHYH TYIKMH aHHK TE3NHK
(A=h/p=h/mv) Ba uekcusz uyswrraumikka (dX-karra), UKKMHYM TYJIKHH 3ca
KHUKHHA, aHUK 4§3unraiik (X-kuukuHa, dX —XaM KWYKHHA), JIEKHH HOAHHK
TYNKHH y3yrmurura sra. TYAKHH naketdH XOcHNn OYnumm ydayn xap xan (A;)
TYAKMH y3yHAWKIapura ora O¥nraH MOHOXPOMATHK TYJKMHJAp ¥3apo
cynepnosuuuanasub (dA= h/ d p= Wm d v), HoaHuK/IMKKa 3ra G6ymumianu.
Tynxun nakemu yuyn snepzus Xam, uMnynbc Xam HOGHUKOUD:

E="_AE="""l o — =
2 2 2m 2m
T¥nxkun naxeTHHAHT Ga3zornit uy3uKIMrH X KAHYAIMK KIMHK 6YIica yHU XoCH
KWIHII YyYyH A CHM Karra JUanasoHIard TYJKMHIap Kepak, my -cafabzan
UMNOYJLCHMHT HOAHWKIMrH Karra, dX xkyna kuukuwHa Oynamn.  UyHKwH,
NEKTPOHHHHT Ma3Kyp IaKeT HOMpacuaa GYIHL 3XTHMOLTHIHHH H(omanoBuH
v’ Hynra Tewr. Jlemax 3MEKTPOHHUHT KOOPAMHATH IOKOPH aHMKIHK Ounad
GenrunanraH MOHOXPOMATHK TYJIKMH y4uyH $asoBuil yy3unramwmk dX=c, nekuH
3appavaHMHI HMITYJILCH aHHK, Ymdaasras (A= h/p,= h/mv,, A;=0, 9ynku dv~0).

Ilynmafi xunu6 6m3 oKOpHOArH MHCO/UIAD BAa ONMHIAH HaTHXanap
acoCHZa KyHuJarn xynocara KejaaMus. 3appayanunz Koopounamaapu Hakanap
IOKOpH aHHKJAHK GMnaH Yiuanrad Gyica, yHHHT AMITYJIBCH Ba JEMaK, TCUTHTH
HIyH9anuk HoaHHK OYynanu (y Tynkma nakethuup). Ba, akcunva,
3appauaHMHMHE XOJIaTH HAKaJap KaTTa HOAHMKIMKKa 3ra 6¥nca (MOHOXpoMaTHK
TYAKHH), YHHHI HMIYIhCH Ba JAEMakK, TE3HMIH IIYHYANMK IOKOPH Aapaxana
aHukK 6ynanu. By leiizenbepznune Hoanuxnux nucéamuoup.

Muxpopuit kypurHIAa Gy XynocauH Kyiinnarsua udoxanaca 6ynam:
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Ax-Av:-h— &KH Ax-Ap:-i
2mm 2r

HoanuKiHknap xynafitmacy h ra nponopuyona KHAMaTra TEHF.

Hoanmknuk sucGarunan kemmu6 uyukkaH xonga, Gan3u Oup KyuMmda
¢nxpnapuu afiTu6 Yramus. [udpakuusaHu amanra omupa&TraH BaKTHMH3/A
KAaTOAAAH YHKAETTaH SJIEKTPOHHHHI JHEPrHACH, TE3NMHIH  MMITYyARCH aHuK
yiyaHraH Karranuknap GYnaub, JIEeKMH YHHHr Xonard HoaHMkmup. Jlemak, 6y
XOMNAT/a AEKTPOH MOHOXPOMATHK SCCH TY/IKMH cHdaTuaa nponananamm: '’ —
. HOZHHK. DJIEKTPOH CUMHCHHIIAHYBYM 3KpaHra ypwin6 ky3uMuH3ra kypHHraH
3aXOTH, YHHHI Xonatd anuk OYnamu. YUyHKH, y TOp TYJIKHH NAKETHIa, ¥’ aca
aHHMK KaTTa/MKKa alinaHagi. DJIEKTPOH 3KpaHra ypuaraHia Tynkue GyHKIHsICH
v Huur Gexoczan YIrapuiny, SMEKTPOH TYJIKUH MaHJOHRHMHT 6U3ra MabayMm
6yaran 3neKTPOMarHHT MaHZOHIApHAAH ¥34ra XoC paBHIIa (papK KWIHIIHHH
Kypcartamin. Onexmpomaznum Masioonnapu  begocuma Kysamunuwu  6a
YANaHUWU MYMKUN. YRap xeu Kawow mycamOan y32apMaiuounap, yasad
Jcapaénu 3ca yaapea mavcup KuamMaiou. INEKTPOHHHHT TYIKHH MaiZOHUHK
(y TYnKuH QyHKIMICH ae6 atamanuran W —pYHKIHACH opKam ndoaanaHanm)
6epocura KysaTHml MYMKHH 3Mac. <Du3ukaBuif HyKTaM HazapaaH
SXTHMOJUIHKHHHI aMIMTyAacu cudarnia Kapammind MYMKHH, YYHKH Y
3NICKTPOHHUHT Tabuaru Ounan Gornuk OYnMO, yHW Yprauuiiga, H30XJIauLia,
YHHHI TYFpHCHMAArH MamwiyMoTnapmaH doitnananmuga, Macana, KHMMEBHH
6GoFNaHHIIHN aManira OIMIUKHY TYIIYHTHPHII y4yH GeBOCHTa KaTTa axaMuaTra
sra.

Amom usuxacudazu xey 6up xonyn W Qyuxkyuscunu  KupummacoaH
mawpUGRaHuWU MymaaKo MyMKuH 3mac.

LipeaHHrepHAHT TYIKHH TEHIIAMACH Ba YHH TYPJIH THIHMIApra Ky/uiau
WapT-IAPOKTIAPH

MukpooGekTnap HurrHpokuga pyit Gepanuran Xap XHJ XO[MCAN2PHU
M30XJIA YUYH §3Mra Xoc MEXaHHKa APATHI J103UM 31M. byHaalk mexannka XX
acp/a ApaTHIAHN Ba y KBaHT EKH TYJIKHH MEXaHUKacH, neb arani.

Muxpoabexrnapaa pyil 6epaguran xogucanap KIACCHK MEXaHHKAHHHT
cababust npuHuMnura GylicynMaitnu. Bomkawa afirranpga, yjapHH yprasuul
yuyH HBIOTOHHMHI XapakaT TeHJIaManapujaH ¢oiiganannu6 6yaMaiinn.
MukpoobexTiapia XyAnH PEHTreH Hyplapy KaGH 3JCKTPORHHHI KpHCTALT
namkapana AHGPaKUMANAHHIIK, XapakaT BaKTHEA Y Xap Xii aTomsiap 6unan
TaLCHpnamMK Tydalnk $asza CWDKHIDM HaTwKacuza pyi Gepamu. By aca
3/IeKTPOHHHHT XapaKaTH TYJIKHHCHMOH 3KaWIHMIrnIaH napak Gepanu. Kpucramn

OpPKATH YTACTTAH JJIEKTPOHIa TPAEKTOPHA TYUIYHYACHHH TanGWK KM
MyMmkuH aMac. Tpaexropus 6op xofina $asa, nudppakums xoaucanapu 6¥nmadi-
nu,@nen'ponnapmr TYrpH 9H3vK 6¥1inaC xapakar XMIHIIHHH KyTHII Kepax.
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Onexrponnapuvr audpakusasnuy (desuccon, JDxepmep, Tomcon)
MHKpOOOBEKTIADHMHT XapakaTH TYIKHH XOCCACHIa 3ra: PEHTIeH HypHapH
MHCOMIHAA Ky3aTwiraH nuépakiums kaby Xomuca, Mansapa pyi Gepuiu y4ayH
Xap OHp JIEKTPOH KPUCTAUT MaDKApaHWHT AOXHIAA ATOMIApAaH COMWIMIIH
Kepak. ByHu TpaekropHs TywyHyacH Ounan yiiryHnamrupn6 Gynmaiinm.
Jndpaknyananvil XOOMCAcH, 3JIEKTPOHHHHT XapakatH OmiaH Kaspaitaup
KaTTaNHKHBHr  ¢asacu OornaHraH, Jeran xynocara onub kenaau.
DNEKTPOHIAPHUHT TYNKUH Y3YHJIMIM YNApHHHU Te/Mrd Ounan ae-Bpoiins
dopmynacu opkann 6ornadran; A=h/mv. MakpooGextinap yuyH A my xapaxana
KHYHMKKH, y yiapra HucOaraH KJIACCHK MEXaHMKAHH TaZOUK KWIHEIra TYCHK
6¥na onMatigy.

ATOMMADHUHT YIMaMIapUBH PEHITeH HYDNApHHHHT HpaKuMAIaHH-
wuaad (nA=2dSinct), &ku KOHAEHCHpNAHTaH Xxoamard 1 wone MopmaHHHr
XakMH (MONAD XakM) HH ABoraapo conura Oymum #ynam L. aH 4amanaca

6ynamu. ApHu,
v, N ‘D, -g
e o D4 e o g =05-10"cm
NA NA ‘1' ’5

Bonopon atomura xoc k HHHI aTtoM pa.zmycu,uaﬂ Taxmi:daH 6 Mapra,
aToM AMameTpHra HucOaTaH 3ca 3 MapTa KarTa 3KaHMY.hid HUIOHY XOCHI
KunamMu3. ByHpaw anexrpoHHH aTompaH 3 MapTa KaTTa XaKMOAa YupaTHHI
3xruMonn Gopimrs xenu® wukagn. By 3ca TpaekTopus TYFpHCHAA ranupHil
ACOCCH3 3KAHJIMIMHM, JJICKTPOHHMHT - TYIKMH TabuaTH aHMK HamolH
6ynadrraHnMrand Tacauknadinu. Arap OnTHKana EpyFIMK TYJIKHH y3yHJIHIHra
TeHr GyaraH coxama Tapkanaérran 6¥ynca, MEKTPOHHHHI TYNIKMH Y3YHIHTH
aroM JaHaMmeTpHaaH ‘3 Mapra karra OYnMinH, YHHHr YYyH TPAacKTOPHA
TYWYHYaCHHY KYJU1alll HOYPHE 3KAH/IMIMHM KYpcaTaiq.

JaexTpon TYAKHH 3Mac, Gaxxu 3appavaanp. UyHKH, 3I€KTpPOH
CUMHCHHJIAHYBYH 3KpaHra OurTanad TymraHaa audpakiuoH xanka sMac lta
HyKra nalino 6yrmamn. Jlekus, nMUpOBapH HaTHXana, y AA(pPakUHOH XajiKanap
KypuHHIUKA OFnamu. Jemax, muxposappavanap smac, YIGpHUKZ XapaKamu
mjinKun mabuamuza sza.

Xynoca. Kopryckynsp sappasanap Xam EpYFIIMK KBaHTIapH (¢oTonnap)
KabH TYJIKMHCHMOH XapakaT Kwiami. VYmap Y3 xoccanapu Gunau
sappasanapaup. [Jndpaknua €xu  ynap Ownax Oormmk Gupop Gomika
Taxpubanap BakTHAA MHKPO3appadaIapHMHT HAa MaccacH, Ha  3apsau
6ynuuMaiinyn, akcuHva, JOMMO Oup OYTYHNMIAwa, SXHTIMIHYA CaKIaHAIM.
Judpakiis xofucacm Ba MaH3apacH (HMaribkacw) OHnam TpaekTOpHA
" TYITYH92CHHM MOC/AINTHPHIN, KeMITTHPHII MYTJIAKO MyMKHH 3Mac. DNCKTPOH
aC/IMRA TPACKTOPHAra 3raxy, JIGKHH Ou3 ¢usuka ¢anH pHBOMUIAHHIMHWHI
XO3Hprd GOCKHYMIA YHM aHWKJIAHl MMKOHHATHTA Jra 3macMu3, ¢uzuka dauu
AHANA PHBONUIAHMIITA JPHINIAY JIEKTPOHHHHT TPACKTOPHACH aHMKIIAHANM,
hettviy GOrECTOH EKR TEOlEHTPHK HA3ApHANApra KAMTHINHM yMMJ KHIHUI
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6wian GapobGap. DNekTPoH YYyH TPAEKTOPHMA TYUIYHYACHHM TaaOMK KWIHO
6YnMac skaH, y Tyrpuaa Vitnam acoccns ¢ukpamp. dudpaxupon mausapa
CTaTHCTHK KOHyRuAT/Iapra 6yiicynand. Kpncrauinan skkanab yrkaswiran kyn
COH/IM Ba Xap XHWJI TETHKKA 3ra 3JIEKTPOHNAp, NMUPOBApAKAA, YIAPHHHT SDUTHT
OKMMMIa MOC MaH3apauH Kaiftapamy. Baxonank, xap GHp 2J1ekTpoH GMnaH
MyCTaKun pasHiia 6upma-6up Yrkasunran Taxpubanap ¥3apo MyTNako COFIHK
sMac samnap. Bywnafi narmxanmer caGabu MHBKpOOGEKTJIADHMHT AYanHCTHK
Tabuarnaup. YTkaswiran Gymnall KYn COMNH TAKPHGANAPHUHT CTATMCTHKA
KOHYHHMATNIapHra G¥icyHuiny KaifTa-xafita TaCAHKIAHTAH,

KuméBnii GorTanv Ba yHHHT HA3aPHACH

Kuméeuii Gosnanuws myspucudazu mawIuMOMHUNZ MAPUXUOGH aiipum
naexarap. Kanum 3aMoHnapaalk, MaTepHAHHHT HHKOp Kwinb 6yrmalizuran
lapaxana HIDOHapiM GYnran aucKper TY3WJHMIIra ara 3KRHJIMCM TYFpHCHAAr#
TaBJIMMOT, 3appadanap ¥3apo Kannalt kHG Gornananunap, aeraH HapGarnarn
CaBOJIHM KenTHpHO unxapau. By casonra 6epunran pacrinabku xaBo6map MKku
xun 6Y¥nub, ynmapuuHr GHpHHWMCH, 3appavanap Ypracuaarn MysHocabGarnapHu
KHIIMNap ypracuparn MyHocaGarmapra YxmaruG, Gup-Ompunv Extupalrran
3appadanap ¥3apo ToprTHIIagHM Ba GHpiamamM, akCHHYa, $KTHpMadTraHnapu
6up-6HpHHM wTapumanu, JeraH kynga coqsa Guxp 3auM. By Hywanumumn
aHTponoMopdmcTHx fynamnu nelimpanu. Hkkuruu AyRanum Bakwuiapy xam,
Xyany OMpHHYMCH KkaOH, Macanara KyZQa I03akdH Kapal, aromsapaa Maxcyc
WIraxiap, mMocjamanap Maexyn Oynu6, ynap aHa mry mocuranap “€praMuuga
y3apo Gormanagunap, ae6 xucoGnarawnap. By #ysanmmmuu macanara coama
MEXaHHCTHK Kapaill, 1e6 TabpHiuIam MyMKHH,

Illynna#t xunub, xuM¥ TapHXura Ha3ap COJICaK, WIEMEHTNIap Ba YJap
XOCHJI KMAraH Moaganap xamd xumHa GoumnaranuiaH keitun 6y Gupuxmanap
Kaunai xocwn Gymanmnap, AeraH Macana kuMErapiapHM KOHYHHH paBuuina
KH3NKTHpHO xenmn. By wMacamams wiMuli-Hazapull SpHTHINra  YPUHHII
Hamwkachuaa XIX acpaa danra xumEsnit MOMWUIHK TYIMIyHYacH KHPHTHIIM.
Yen  Mukpopuit udopanami yuyH, HbIOTOHHMHr GYTYH ONaM TOPTHIUHII
KOHYHMra acocnaHH6, 3appavanap ¥3apo AKMHJAWTaHAa GHUp-OGuPHHH TOPTAIH,
neraH ¢Hkp naitpo 6¥nau. Jlexwn Bakr Yyrunm 6unan 6y ¢pukpnaH xam Bo3
Keumimra TYFpH keuM. UyHKH €HTHN 3appavalapHUBHI, akcapHaT Xomapaa,
¥3apo orvpnapAra Kaparaupa kymmpox TOpTWIMIIH Taxphubanapia pasImaH
63mb xomma.

XIX acpamur Gonviaprra keimu6, JansTOHHHHT ATOMHCTHK TAWIHMMOTH Ba
JICBHHHHT TRILBAHMK JNCMEHTNIAP BOCHTACHAArN TOXpUOaIapH acoCHIAa aToM-
Napapo TabCHp TYFpucHAa GHpuHuM WMk Kapam nafigo G¥mmm.- By Bepue-
JHYCHHHI 3NICKTPOKHMEBHH AyanusM TYFPHCHAATH TAwWIMMOTH 3aH. KynoH
KOHYRHHHHT TabpH(UiaHHImH, 6as3H 3pHTMANapAaHl 3NEKTP TOKHHUHT YTHINM,
3MEKTPOIH3 XaPaSHIaPHHHHT Kamd KWIMHWIOH 3appadanap OpTHKYa MycGar
&xu Mavduit anexTp sapsaura sra GYaMIin MyMKHH, aeras duxpra onn6 kenmn.
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bepuennyc aromaapra 3sektp AMNONH CHQATHAA Kapand Ba yJIapHHHT
¥3apo GOFNaHMIIMHM SNEKTPOCTATMK TOPTHIMII HaTIDKacH, jAe6 xucobnaau.
ByHaaii KapanIHHHT ByXKyAra Kenuinuaa Yima Aasp ¢pusHka haHd HaMOEHIanapH
ToMoHuyiaH Jleiinen OGankacH fe6 aTtanraH KypHaMa YCTHAA Ba YHHHT
BOCHTACHMJJa  3JIEKTPOCTATMKA  cOXacHAa  yTkaswnram  taxpubanap
HaTIKaTapUHMHT TadCHIIOTH XaM KaTTa Ha3apuli ponb YHHany.

Hly ityn 6unas KuCMaH 3apA/UIaHIraH acoc Ba KHCJIOTa OKCHANAPMHHHT
XocHn OYNMIIK Ba yNapHUHI HMXOABMI SJICKTPOHCHTPAINIAHMIIY HATHOKACHAA
TYXIAPHUHT XOCHA GYNMIIM aHYarWHa HIMOHApnu KWiHO TymyHTHpwimu. Iy
BaKTnapaa Hydyzm ¢pannys omumu Teit-Jltoccak BOZOPOA Ba XJop Ypracuna
peakuust ¥TkasHO, YHHHr HaTHXKAcHAa OOCHM KAMalMacIMIUHH Ky3aTAM-10,
aMMo yHuHr cababuHu Tynrywrupa onmany. By MacanaHH TYLWIyHTHPHUI YYyH
Hranus onumu Aporagpo ¥3 rumoTesacHHH TaxnMd Kunmd. Y peakiusra
KHDHIIAETraH BOAOPOA Ba XNOP Fasnapv ONfMil aToMiapiaH aMac, Ganke
MKKMTa aTOMAH TAWKWI TOOraH MoNeKynanaphaH ubopar, neraH (uKpHH
WArapH cypad. YHra xypa peakums Bakruga 6yHpmail Monexynanap atomiapra
6YnnHUO, MKKHTA BOAOPOIXJIOPHI MONEKYIACHHU XOCHII KHJIalM, ShHH XKapaéH
NHpOBapAMAa 3appauyanap CoHM Y3rapMmad konmamd. Illynpait kwmb Ieii-
Jlioccak  TaxpubaNapHHMHI HATIKANADH OCOHNMK OWNAH TYIIYHTHPHIIM.
Jlexn Janston Ba Bepuennycnap Asorampo ¢uxpura KapuiM UMKOHIIAp.
Yyhky, [anmsToH KHMEBHH 3EMEHTIAPHH TAUIKMN KUIyBYH aromnap ¥3apo
6ornanmaiinu, ynap skxa-gkka Xonja MasxyRmupiap, ne6 xucobnap snu. Arap
XaKMKaTOa xam wyHpmall Oynca, moumuit GocuMm Ba Xapoparaa OHp XaxMm
BOROPOA OwraH OMp XakM Xiop V¥3apo peakuuara KUpHIIHOG, ynapHHHT
aromiapH ¥3apo xy(TnaliyBH HaTHXKACHAA OMP XaKM BOAOPOAXJIOPHA XOCHN
6ynn6, XxaKMH HKKH MapTa KaMmaliduin Kepak 5AA. Bepuemayc 3ca atomnapra
aneKkTp gunomd cuaTHaa Kapab, yaapHMHr ¥3apo OOFNAHWIIMHH Ma3sKyp
AUNONNAp TYPH KYTONapHHHHT 3CKTPOCTATHK TOPTHIMIIM HATIDKACH, Aed
xucoGnap smu. Hlynnait sxan, Bepuenuyc ¢ukpuya, 6Mp NIEMEHTHHHE HKKHTA
aToMH ¥3apo Gornanub, ABOranpo aifTraHuaek, MOJIEKyna XOCHT KWIHIIH Yia
JAaBP/Aa KEHT MATTyM 6¥NraH 3NeKTpOCTaTHKa KOHYHIAPHIa 3HAIHD.

LLlyHMHr y4yH, aTOMJIADHMHI 3/IEKTPOH TY3WIHHIM Kaiid KHIMHIYHra
Kajgap, KUMEBKH OOFNaHMID MacanacH MyaMMOIMra4a Konasepau. By macanara
KBaHT MEXAHHKACH acoCH/Ia EHAALIMIL 3apyPITHIH aHHK OYmn.

MabryMKH, KBAHT MEXaHMKACHHHHI acocuii Maxcaj Ba Basudasapuian
6HpH Ba JHI MyXMMH aTOMJaDp Ba MOJIEKYIANApHUHI HYKH TY3WIHIIHHH
du3HKaBHE KOHYHJIapHM TagOMK KWiMI #YaM OwiaH TyUyHTHPHIIAAH
nboparmup. llly cabGabman, xumEBuii OCornaHMIm amanra OMMIIHHH
TYINYHTHPMIN YYYH KBAaHT MEXaHWKACHIa TasMMIN NO3MMIMTH agH OYnau. By
Macaiaga 2 Xwi Emiamum MyMKMH. Bupmpaum #yn wyrpas u6oparky,
aTOMJIAPHUHI HYKH TY3WJIHIOM TYFPHCHIAIM KBaHT- MCXaHHK MabiyMoTiapra
TYNUK aCOCNAHIaH XO//ia MacaNaHy Xaji KAMMnIra Hasapuit gnpaunuiamy. Keanr
MCXaHMKACHHMHT dcocMi TeHrnamacH lllpeausrep Tenrnamacu - 6ynub, y
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¥pranwnagérran TH3MM y4yH yMyMui Ba cxeMartuk xonga Hy=Ey kypmuumpa
€3mnagy. BysnadH kypuHaauke, Basuda TH3MM Y4YyH Xam [aMunsTon
ONECPATOPHHM  TY3HUIJAH Ba XaM Y TAabCHP KWIHINM HazapAa TyTHIa&rrau
TU3UMHHHT TYIKAH GYHKUMACH ¥ HH  KeATUPHO unkapumnan ubopar. Bywmnai
MMKOHMAT ApaTHIraH Takaupha, Oy TeHrnama KaHgaliymp ycyn O6uiaH aHuk
euunnb, oneparopra TYFpH KenraH Ba YHHHT ¥3Hra Xxoc KuiiMatd ne6
HOMJIAHAINraH KaTTAIMK — TH3AMHUHT 3HEPTHACMHH Ba 6y 3Hepruara Moc
6¥nran TYnKuH GYHKUMACH - ¥ HU TOnMiugaH ubopar 6ynanm.

By 6opama XX acp Gommpars axsonra TyXTalagural Oyncak, LWUYHH
alfiTHIN KEPaKKM, XaTTO aH4Ya OJIHA Tu3uMiap ydyH Xam lllpemunrep
TEHITIAMACHHM AHUK CYHIl aH4Ya KATTa MATeMaTHK KMIHRYWIMKiapra onub
kengy.  Macanay, TanMumeToH  oueparopuHM  Ty3aérram  malitaa
Hrymix=Hs3+HyoueHinw 166 Kapanumn  xepak. by ndogana Hsa- tHium
Tapkubura  kupyBYnm  6apua  EKTPOHNApD Ba AAPONAPHUHT KHHETHK
SHEPTUACHHH BA THIAMHHMHL IIOTEHUMAN 3HCPIMACHHH TAKHI KWIYBYH
3NEKTPOCTaTHK  TabCUP oONepaTop/lapHHU ¥3 wuura osagy. H Tamwky B
onepatopMHu aHrnaraad. H waxu aca saponap Ba aNeKTPORJIAPHUHY CIIMHTA dra
6ynumn 6unad 6ormMK 6YIIraH HONCKTPOCTATHK TabCHPIIApHK XHcobra osyBYH
oneparopaup. Kypuuub typubanky, arap TH3UM YuyH KY3aTHAMIOM MYMKHH
6yarad XaMma KaTTa-KHYMK TabCHpJIapHH 23BTHOOpra onryaek 6yncak,
HOAMEKTPOCTATHK TabCHPJapHH Xucobra osimarad uorummzna (H,.,=0) xam
Mmacana aH4a Mypakkabnurumua konasepanu. Xycycad H,, kyHunaru Tapkubmit
KMCMIIapAaH Talikui tonrax 6yiagu:

Hoy= 00,1Vt VetV
By epna:
[1x-AIpONAPHHUHT KMHETHK JHEPTHACHTA XOC ONIEPATOp;
[1,~3N€KTPOHIADHHHT KNHETHK IHEPFHACHTA XOC OMNIEPaTop;
V.,-3NEKTPOHAAp Ba SAPONAPHUHI ¥3ap0  DJEKTPOCTATHK TabCHpIIAIlyB
TIOTEHIHAJ SHEPTHACHHHHT OTIepaTopH;
V 5-2JEKTPOHNAPHHIHT §33P0 INEKTPOCTATHK UTAPHWIHIIM OGunaH GornHK 6ynran
MOTEHLIMAN SHEPrHS ONEPaTOpH;
Vo ~-TH3HMIAarH Gapua sApoNapHHHT ¥3apo 3NEKTPOCTATHK HTAapW/IHLIM Ounan
Gornuk GYnran noTeHuMaJ) 3HEPTHsA OMepaTopH; OMp AoHaNaH 3JIEKTPOH Ba
nporongal ubopar 6Ynram H  aromumarn  m(p):m(e)=10000:5=2000:1
3KaHIIHTHHA Xucobra oncak, 4,<<4, 3KaHIHrHra aMuH 6¥1amus.

HuIOTOHHUHT UKKMHYY KOHyHHra Ousoad, OMp XHJI TAUIK¥ Kyd MaffioH
TabCHPUIA TYPraH JIEKTPOH 3ra 6¥1a OMYBYUM TEINAHMII &,, AAPOHRHT afHaH
my Maiipon Tascupuaa TexnaHumuaad 2000 mapra karra. DNeKTPOHIAp TallKH
Mal{loH TabCHpHra, AAposap KOHOHIYParMACHHHHT ¥3rapHINWra yna Tes3
MocJalia ONamM.AKCHHYA, SApoNiap JIEKTPOHJIAPHMHI J)KY[AA KaTTa Te3lHuK
Ounan pyit Gepamuran Xxap 6up QUIYKTyauMOH Y3rapHMILIADHHH aNoXuia-
aToXHAa ce3a ONMANIILIAP, AMEKTPOH XONaTiap Y3rapHILIApUHHMHT Xap Oupura
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XO3HPXKaBOGAMK Gunan Mocnamonmaiaunap sa GyHMHr Hartibkacupa Oywmaii
JNIEKTPOH ¥3rapylIapHMHE Ypraya KuiiMaTnapHHH ce3anunap, Xooc.

AMMO ¥3 3amonacunary ( XIX acpnuur | apmu) roxcak Qu3HK-KHMEBHHA
MaBKEHra KapaMai, JNEKTPOKMMEBMH RyanusM TapnuMOTH OyHmail — AHIH
ManIyMOT Ba ¢akmiapHd TYMIYHTHpa onMac 3aM. Macanah, ‘Anoranpo
TMIOTe3acH lyHAa# saukH, bBepuenumyc ¥3 BakTHIa YHH uuxop;‘xumxmra
RHTUINL GHIIAH YeKNaHaM, XONoC.

AToMm opOHTALTAPHUHT rUGPHTAHANT KOHNEMIUACH

&

Fubpupnannm konuenuuacH dakarrusa oTMi  MOLJANAPHUHT XOCHN
6YynumuAn TYuysTHPHI  YUYH TanOMK KWTMHKO KonMacHaH, wry Gunau Gupra
KOMIUTEKC OHPUKMANAPHUHT XOCHI OYnuuid Ba, XycycaH, YRapHMRr Jazosuii
TY3WIMIIKHA §praHum ydyH Xam keHr kysutaHuwnagd. Iy Omman 6upra
KOMILIEKC OMpHKManap oaguii Monexkynamd OupukMaiapra Hucbaran anua
Mypakkal kumEsuil Tapkubra sa ¢azopuit Tyaummnra sra GYNraHaMrd yuyH,
yJapHH yprasuul B2 TYILyHTHpHMIUAA ruGpuaiaHu KOHUEMUHACHAAH TALIKAPA
alipuM Maxcyc ycyJuiapaaH Xam QoianaHunany.

Koopannanmon Gupuxvanapaarn kumEsMii 6ornapHH TaBcu(raml yyyH
XO3UPrd BAKTAA KY/UIaHWIaZKIaH YMYMUi ycynnap Ky#iunaranapaan ubopar:
1.BanenT Gornannut ycymm.
2.Kpucraut MalinoH HasapusacH.
3.Monekynap opburaniap ycyns.

By ycymap wuupa sanewt Gornammm  ycynH  rHOpHALAHMIN
KOHUenuuscura 6esocura amokagopaup. Masiymkd, TOMCOH TOMOHMIAH
MMEMEHTNAPHHKT aToMNapy Mypakkab Tapxubra sra 6ypub, ynapna Mandui
3apsAIaHrad 3JIEMEHTap 2MeKTp 3appaqalapH — ICKTPOHIAp MaBKy[AAHTHHH
KYpCaTHIraniaH Kefius, KUMEBUM GOFHMHr XOCHA GYNMIUMHM TYLIYHTHpPHII
yuyH Oy 3appadanapquHr poauiaH (oWJanaHMIIra KEHr UMKOHUATIAp maiio
Oynmu. By uctuxbomnm #Hynaan Gupmauwiapnasw 6%yiu6 B. Koccens Ba
IJIbtoncnap doiinananaunap.

B.Koccens rerepononsp xamésuii Gormapuu TYUIYHTHPHILIA 3JIEKTPO-
CTaTHK TylIyHYalapaaH KeHr cofinanannu. LLIyHuHr yUyH YHMHI Ha3apHACHHH
HOHIIM GOFNaHMI HazapusacH, Je6 kapam mymxun. B.KoccensHudr ¢uKpH4a,
KMMEBHH GOFHMHr XocWn Oynuiumpa, GornaHagrraH aTOMNAPHWHT TallIKU
3ICKTPOH TIOFOHACH JaBpHMil TH3MMIA Y3Ura HT aKuH Gynrad HOMUP ra3HUHT 8
SNEKTPOHAH 3NeKTpoHEHTPan KOH(Hrypaumscura Yxmacaia, aMMo MycGar Ba
MaH(Hi 3apAnNaHraH HOHJIIADHMHT §3apO JNEKTPOCTATHK TOPTHIHIIM Xai
KWIyBYM pomb Yimaiiny. Macanan, NaCl mommacu xocwn 6¥natrran naiftaa
HaTpuit aromunmnr 11 uun  3s' snextponm xnop aromwra 18- ONEKTPOH
CH(aTHAA YTHO, YHUHF TAUIKH SMEKTPOH KABATHHH 3s? 3p° kypunMmHmaH 3s
3p° ra Yrummra onu6 kemazu Ba Na' Ba CI 3appavanapu ypracuaa
3NEKTPOCTATHK TOPTHILMII KY4H HATHKACHAA HOHNH 6oF xocun G¥namm:

Na’® + C1° Na'+Cl'—*Na'Cl’
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ONEKTPOCTATHK KyuNiap TYHHHMACIMK XOCCAcMra sra GYNrawiurd ydyH
M™ a3apanura sra 6ynran xaruon Guiad n Ta -1 3apammn nX 3appayanapuaau
Tawkun Tonran MX, thsuMra Hucbaran MX +X —» [MX,] 3appaua
6apkapoppok 6¥nmap skan. By Koccens dukpuua, koMIuiekc 6npuxmanapnuur
xocun 6yaummra oyius Kenagu. _

Agly naru Ag'vonn 6unaH J MOHMHMHI ¥3apo TOPTHIMLI Ky“u ¢*/r'ra,
WO/, MOHIAPHHMHT Y3apo HTapwium dca /(2 r)’=e’/4 r* ra Tenr. SibHu
TOPTHIOHII Kyuyd 4 Mapra karra, WyHHHr yuyyH {Ag] -+ J) TH3HMHHHT
TMOTEHMAN JHEeprucHra HucbaraH Agl,” KOMANEKC AHHOHMHMHT NOTEHUMAN
JHEPrUsACH KHYMKPOK O¥nain Ba HaTOKana:

Agl +KJ ——»K[AgJ,] 6upuxma ocoHmuk 6unaH naiino 6ynann.

@) (Ag) )
T

E(Agh=-¢’A"; E( .TI)=e&var*; -E(Agh/EQ . T)=é’ :c¥ar=4

Hemak, [Ag);] na Ag' Ba J napuuHr ¥3apo 3nEKTPOCTaTHK TOPTHIMII
TabCHPH YHHHI Tapkubuparn HKkHTa J aHHOHJMApHHUHT ¥3ap0 MTapWIMIL
JHEPrHACHJaH 4 Mapra karTa, WIYHHHT y'uyH OyHAa#l YM3HIUIH TY3WIMUITa 3Ta
GY/IraH KOMILIEKC aHHOH OCOH XOcHn 6ynanu. [Agl;]> 3appauacuna nuranmnap
TEHT TOMOH/IH y4Oyp4aKHHHI yujapura skoilalirad Xosija, ylapHMHr ¥3apo
HTapWMII Ky4Yd Xap OMp AHHOHHHHT MycOaTr 3apalyiH Mapkaizuii HOHra
TOpTHAHMIMHMHUHT 0,58 kucMMHH Tawkun dTagy. By Xon myHmaH Tpuroxan,
KBaZIpaT, TETPA3APHK TY3HAHILTa 3ra GYraH 3appavyaapHHHT Xocw 6y nvumuy
TabMHHTafiOH.

Mapka3suii HoOHHHHT Myc6aT 3apagn opTHO Gopuiuy OunaH, TaOHMHiAKH,
YHHHI KOOPAHMHAUHOH COHM XaM oIHKO Gopanu, 45HM y ¥3 arpodHaa Kynpok
TeCKapH 3apsAUTH 3appayanapHi TOPTaIy.

Heitrpan avraHanap HIITUpOKHAA KOMIUIEKCTTADHHHT XOCHJ OYNMHIIMHH
Koccens Myc6ar 3apsamiaHraH Mapkasuif HOHHMML JIM[AHJT MOMCKYJACHHHHD
MaHpuii KyTOH GMIaH TOPTUMII HATHXKACH, A0 TYIYHTHPAIH.

Banenm boznanuw nazapuscu. 1916 iiunna I' JIstouc kopajeHT Gornap
6ornaHa&rraH  aTOMJIADHWHT BANCHT 3JEKTPOHIAPHHMHT  YMYMIAIHIOH
HATHXACHA XOCHN 6¥nan, seraH Xynocara KeJiiy:

Z Esp’-Zes+p’=-5935-(-6555)=620xx/MOIb.

By xomma rubpumnaumin yuyn 620 xJ[k/Mons 3Heprus TawkKapuias capd-
nanraH. By kuiiMar TaxMHHaH MKKHTA KHMEBHH OGOFHMHI SHEPTHACHra TEHT.
ByHnait sneprusa ¢ocop aromu Gouwka aromnap Gunau 6or xocwn KHNa&TraH
maiitaa Kaifra vukapunanu. JKapalHHHHT 3K30TEPMHIUIMIH opraaH. bywnai
KapaH TEpMOIHHAMHK XHXaTAaH ¥3-Y3Hua 6opa oyyBYM, KaliTtMac >XapatH
6Ynamu.

IOxkopuna xenTHpWIras O>HEPreTHK XucoOnap WIyHH KypcaranMky,
YriepoR aTOMMHMHT 3JICKTpPOHJIapH rHOpHUIaHraHxa dHeprus capdaanmalinu:
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(EsyH3E(p)=4Eq). ®ochop arommpmarn 3s® Ba 3p°  opGuramwiap
ribpuananranga 3ca 3s —AO pard JJIEKTPOHJIADHMHI JHEPIHACH KHCMaH
Kamaaau (cXxemara KapaicuH). YMyMaH OfiraHza, TH3UMHHHI OHEpruscH 620
k/Dx/Monbra opraand. Muconna ruSpuaAIanyiu CXeMacH SHAOTEPMUK 6¥nanu.

E ©) E P)
2p, \ 3p
\ "
\ \\
3N h
sp sp
a) / 6) —
! ’
I’ //
' /
/ /
2 / 3 | /
S T S ’

Yenepoo amomuoazu 2s- sa 2p-AOnapnunz (a) ea gpocghpop amomuoazu 3s- sa
3p-AO-napuunz zubpuonanuwu (6). »
I'ubpuananum seeprascu (Gocdop atomu xonuaa Oy sHEpTHA, I0KOpHAA
Kailn  KwiMHramuaex, 620 kJDK/Moibra TEHT)HHMHI KaiTa  OynHumM
rHOPHIJIAHAINHUHT aManra OWMINM YYyH KuliuHuwmuk Ttyeaupazu. Ly
cababnan, MeHneneer xampanuHuur VA Ba VIA rypyxjsapHia 10KOpH AaH
1acTra TyIUraHWMM3 capu rHGpHIIaHNI dHepruscH opTu6 Gopranu Tydaitnu
rubpuianrad AO nap ypaura To3a p-opOHTABAPHMHI OOF XOCHJI KHIHIIH
OCOHpOK O¥namm. ByHHMHr HaTHxacu cHpaTHZa MOJEKyJiajaplard BaJIEHT
Oypuakiap a3ormaH cypMmara, KHCIOPOUIaH Te/ulypra YTraH cap TeTpasnpra
xoc KuiiMaTaaH To3a p-AOra xoc 6¥nran 90°ra sxkumamub Gopanu (kamsanra
Kapadr), ruOpputaHum  Kuiimwnamand. Cababu — ruCpupnadHuim  ydyH
capdaaHanUraH SHEPrUAHUHT KyTaituG OGopuiuM.
‘ Kansain.
VA Ba VIA rypyxaapm 31eMeHTA2PRHKHT BOAOPOAIH GHPUKMANAPHAA BATEHT
GYPHRKIAPHHHHT KHAMATIAADH.

BupuxManap | Banenr 6ypuax ]
VA - rypyx
NH;, 106°47"
PH, 93°30!
AsH, 92°!
SbH, 9130’
VIA- rypyx
H,0 104%27°
H,S 92°16'
H,Se 91°!
H,Te 89°30"
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Jemax, ruOpHUIaHuil SHEPrUsACHHUHC KubiMatH AOnapuuar ru0pua-
JlaHrad XoJira YT Hyauga Tycuk ponuan YiiHamu Tabuuit paxrop 6ymasnTy.
Macanan, ym6y 620 xJ{x/Mons 3Heprus MaBxyaauru Tydaiiny Maskyp aTomaa
AQ napHuHr rEOpHIVIAaHHIIN KUfHHAAAAH, TAKCHMIIAHMAraH TeKTPOH Ky (Tu
(3s%) ¥3 opburanMna KONHINra MHTHIAAM. T'ubpUMANaHUIWIHUAT P-XYCYCHATH
opraau. By TeHIeHuuaAra kapama-KapiuH TabCHP KYPCaTyB4H OMHJI MasKyp
MOJIEXY1afary MaBxy OOFIapHHHT BA TaKCMMJIAHMAraH 3JEKTPOH XKydTiapu-
HUHT ¥3apo wrapwiHmuaup (Cmnenicu). By Banent GypuaruHWHr KaTTana-
UIMINKTa, THOPAUIAHHIMHKHAT 3ca Kyvalinuura onu6 kenanu. Bysu ammuax Ba
CYB MONeKyJlajlapi MMCONUAA AKKOA Kypuil MyMkuH: N Ba O aToMiapuHHHr
ynyaMu KHYHK GYITaHIHIH YYYH 3N€KTPOH KYPTIAPUHUHT HTAPHIMIIH Ky'WIH
hapaxaja Hamo€R OYmamu. P, As,Sb,S,Se, Te xabu sneMeriapHuur HucOaran
KaTTapoK ya4YaMjlM aTOM/apH yuyH THOpMANaHHHI 3HEPrHACHHHHI KuiiMaTu
(macanan, y docop yuyn 620 x/[x/Monbra teHr) Gornosun opGHTasnapHu{r
KYNPOK P-XyCYCHATra 3ra SKaHJIMIMHH acocnaliny, cafabura alinanagu.

XKanpa.
_BbupaamuH 60F XO0CHI KHASRAHIAH ATOMJIAPHRHT KOBAJICHT PAARYCIApH, (HM).
N 0,010 0 0,060 3cnarma
P 0,110 S 0,104 AOQOnapHuHr
As 0,121 Se 0,117 KuliMaT# opTHO
Sb 0,141 Te 0,137 Gopanu.

uOpuaianvil kapaBHUHMHC aManga pyi GepHIUHHM TAbMHUHIIOBUM
HKKHHYM OMUJI — rHOPHANAHTaH aroM opOuTaTapHMHr GOF XOCH/ KUJITHII
OHEPIHACHHHMHT KATTApOK/IHIH, OOFMapHUHr MycTaxkammurugup. [ubpun
opbutannapmary  JNCKTPOHIapHHUHr  Oynyrnapu Gor  xocwn — KMiIHO
KydTnamadrran naATAa YJTAPHUHT KOIUIAHWLI NAPAXKACH, ABHH KOIUIAHHII
HHTErpalMHMHr KMiiMaTH KatTapok 6Ynaay, 6y aca Maskyp KOBajeHT GOFHHHT
mycraxkam 6Yaumura onn6 kenaau. Byswpal xoinapaa rapud ruGpHAsaHMiI
JHEpruicd kKarra Oynca XaM, KywiMpOK Japaxaja Komuawuil Tydaiinu
Mycraxkam Gor xocun Oynmmm caGaGnW ruGpHAIAHMIN amaira OliaBEepani.
ByHra docdop aromnaaru m6pmmauumnu MHCOJI KWIUO KEJITHPUIL. MyMKHH.
dsp’ rHOpUANAHMILHM HMKKWTA Ky3bHH Sp«Py sp® p.d, ~THOpHANAHUIINAPHUHT
FMFHHIMCH ne6 Kapall MyMKMH. Sp’-FMODHIUIAHMIDHHHT SHEPrHACH XaM,
KOILIALI HETerpany Xam katTa. Lynunr yuys 6y rubpuananuu Y3u4a, anoxuaa
pyi 6cpami. P.d,,-rumunary rubpuananran AQ napHMHP KoIUlall JapaxacH
KMYKHHA 6YIMuIMra xapamalf, ynapHuHr SHepruacy XaM kmuuk 6ymaau. Uly
cababan 6y rubpuanum §3uda amanra omasepagi. GUKPUMHIHUHT TACAHIH
cudarnna PCls MONEKyNaCHHUHT TY3HWIMILIHHM TaX/Bl KHICAK, dKBaTopuan P-
Cl Gornapun axcuan P-Cl1 Oornmapura HucGarad KHCKapoK Ba, JEMakK,
MYCTAXKaMpPoOK, Y3ymwiIHTH 3ca P,d,-rn6pun opGuramnap XoCHs1 KHITas HKKHTA
Y3YHPOK Ba JeMak HOMYCTaxkamMpok O¥yirad akcuwan P-C1 OGornapHukHra
HucOaran 0,015 HM ra KMCKapokaup.
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Arap dochop arpodupa  KOOp/IMHALHMAJIAHTAH  ATOMJAAPHHHT
anexrpoManpuitinrn PC1,Fs, €xn PR,Fs, maru kabu ¥3apo ¢apk Kwica,
AHMKJIAHALINYA, Y Xonna sJekrpoManuiinnry HucOarad nacr 6Ynran aromnap
macanan, (Cl) &ku rypyxnap (R,) Monexynaza 3KBaTOpHAl XOJIATJIapHH
srainaiiay, akCHHYa, 3nekTpoMaHduiviury HucGatan karra G¥nran ¢rop
aroMmyiapy 3Ca HOKOpHHAa OH3 KENTHpraH MHCOJUIapAa - akCHasl XOJIaTHapHH
srawafigu. P Ba F nap ypracmmars snekTpocTarMk TabcMp Xam OupMyHua
wxoOHit pon VitHaum Mmykappap. Ymby epzna 613 BeHT KOWNDACHHHMHT TACAHFUHH
kypa onamm3. By Kouzara GuHOaH snekTpoMaH(uWILIMIM karTapok OynraH
ypunGocapnap s-AO HMHr xMccacd kampok Oynran AO HH Ba, aKCHHYa,
afexkTpoMaHUItNUry kuyukpok 6ynran ypunbocapnap s-AOHHHT XHCCacH
Ky1Ipok O¥nran (25% Ba yHAaH OPTHKPOK) THOpHA OpOMTANHY drajulaiinunap.
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cl Ry
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F
" By 6mpuxmanapna P-C1, P- R, Gornap sxBaropnan xonargarn, P- F Gornapu
3ca, akcHal XoJiaTAaru Gormapaup.

dropmeratuiap XaMm Benr kompacund Tyna tacaukmadiau. CH,F, nmaru
Oypuak 109,5° nan xuuuk. Jfemak, C- F GOrNapHHH XOCHN KMAa&traH rubpua
opOuraimapna S-AOuuHr xuccacu yrnepoguunr C-H Gornapumu  XocHi
Kunaérran ru6pun opburamiapugary S-AOHUHT XuccacHiaH KaMm. F aromnapu
p-XycycusTH Huc6araH K§npok Gyiran  sp’ ruGpun op6uTamnap BocuTacHaa
C- F Gornapuny XocHN KwirandH Xxonaza, H aromnapu, akcunya, S-AOHHHT
XdccacHd HHcOaTan KarTapok OGynrasm ru6pua opbGurannap BocHTacHia
6ornanran 6¥nasuiap. Hly cababran, HCH aromnapu Ypracuaaru 6ypyakHaar
kuitmaTn 109,5°naH KarTapok.

Benr KoMzacHMHH THUACCIIAHMHT OJIEKTPOH Ky(PTRApUHMHI ¥3apo
MaKkCHMaJl NapaXala HMTapuwiHMIUM HasapuacMra MykoOwr cudarnpa xabyn
kunui MyMxuH. CH,F, narm C- F éxu PCl, Fs., akcuan P- F 60Fd HHrH4Ka Ba
y3yH 6¥nraHnuru ywyH y orawiarad Oyuumk skearopuan P-C1 GoruHHHT
3MNeKTPoH KydTH sramnaraH dasomaH kHunkpox O6Ynamu. By aca ynapuusr
¥3apo urapwnuumun cycalitupagu, 6yHuar Hariokacuaa CH,F;-monexynanaru
F-C-F 6ypuak TeTpasnpux Gypyakaan XHIUKpoK 6ynanm.
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Xysnoca KWiHMO WIyHH alfTHil MyMKMHKH, S-AOHHHr X#@ccacH Karra
6¥nran rubpux opbutan Oormanadrrai aroMsiap Ypracuaa KaTra XakMHH Tanat
Kunagy. By, ¥3 HaB6aTuaa, BaneHT 6ypuaruHHMHI KaTTANaUIMINMIA ONIHG Kesianau.
Kucinopox atomm ¥3MHMHI 10KOpM  Japakalga 3JeKTpoMaH(QHWiMKKa 3ra
6Ymmunra xapamaii (f(F)=4,0, f(¢)=3,5, #bHH HKKHHUM Ypunaa TypaaM.
K$w6oF XOCH KHIHII BAKTHAA aiiHAH aHa WyHAal S-AOHMHT XHCCACH KaTra
6ynran rubpua opburanuu Ttanab6 xunamgu. By sca C-O GoruHunr kucka
6ynumuan Tanmuiitaian. Harwkana, n-60FHHHT XocHn OYnHIuMra MMKOHHST
Tyrrunagd. bupnamun C-O 6Gormra mucbaran C=0 GOFHHMHT KHCKapoOK
IKaHNMra Taxpnbana asukiaarad. C=0 Gorupary ¢ GOFM IOKOpH Hapaxana
KOMMAHHLI KypcaTkHuHra ora. ByHHHT acocuit cababu Oy GOFHM XOCHN KUyBYH
raGpua opbutanga S-AO XHCCACHHMHI KaTTanarupup. Bewr xowmacHumur
Tacpuknanumuad CF= CH,; Ba CCl,=CH, OGupukMaiapuia XaM Ky3aTHIL
mymkuH: ZFCF=109,3° ZCICCI=122°. drop aromu xiop aromura Hucharau
KaTTapoK reKkTpoMaHduitmmkka sra 6Ynrawmaru yuyd, y C-F Gorunu xocun
Kunaérrad naiitaa S-AOHHHP XHCCAaCH KHMUKPOK 6Ynrad rubpua —A O uv Tanab
kunam. Tubpun (sp°) opburanna p-AO XHCCACHHHHT OPTHIIM ofieduuaars
BaneHT Gypyarnsunr 120°1an kampok G¥nuwnra cabaé 6ynany.

Aromlapunnnr BAJICHT/IMIH Ba OKCHAANAHHIU AapaxKacu

OneMeHTnap aTOMIAPUHHHI OGHpHKManapia KoBaneHT Gornmap xocun
KWIHII KOOHAMATH, YNApHUHI BANeHTAHrH neitnnany. Jactiab saneHTnuk neb,
Ma3Kyp aroM ¥3ura Hedra BOZOPOJ ATOMHHHM OMPHKTHpPAa ONMIUHHM EKH
6upuKManapaa yHMHr YpHHHK ravaif onnuMeH KYpcaTyByM coHra aiTuiap
smu. Bomopon aromu H, Monexynacupa ¥3yu kabu aruru 6utra atom Owiad
GoFnaHraHnMry yuyH, y GUp BaneHT/IH 311eMeHT Xucobnanaau. Maskyp koumara
OHMHOaH, CYB MONEXyNaCHHMHr KWMEBHH  Tapknbuaa KHMCIOPOOHHHI HKKH
paneHTymaurn, AsH, narm As Hwur 3 panenrnumuru, Metanga C HuHr 4
BaNCHTIHNNTH KYPHHHO Typn6an. Xo3Mpru BaKTAa BANCHTIMK TYIyHYACHHYAT
MaBHOCH SHaNA aHMKawaK. JOKOpHAa alTwIraunex, BaNeHTIuK 1e0, xap oup
aToM MOJIEKYNaJa XOCHII KWIraH KasoJIEHT Gofnap conura aifrunaam. lly
HyKTan Hazappaan H,O" sappavacuma xicnopon 3 sanentin, NH," nonmga asor
4 paneHTMaup. DByHnpalt Xxonnapna xosanent OOFNapHHHI  aKCapHATH
aTOMJIADHHHI  SKKQ XOJAArd BaNICHT 3JEKTPOHJApH yMyMamarad xygriaap
XOCHN Kiihiid Tydadiny josara kenrad 6ynca, Gan3unaph JOHOP-aKUEmToOp
MEXaHH3MH acocHaa Xocun G6¥aanu. Jlekwn ¥Y3apo Gornanadrran aromnap
xydru 6up xmun, svan CH, na C sa H nap, NH," za asor Ba H nap sxaunuru
Y4YH Ba MOJEKYJIAHTHHI CHMMETPHMK Ty3wJIHIIra ora 6ynrawianru Tydaiink, 6y
GornapHUHT XamMMmacu y3apo Gup xun me6 xucobnawmammu. Lly cababman CH,,
NH,* nap 64p Xun TeTpasapyK Ty3W/IMILTa Jra.

OneMeHTanapHUHr  aToMiiapH OMpMKMaapia BUICHTIMK Ounan Oup
KaTopAa OKCHmianum gapakack (OJI) n#eran KarranMk OunaH  Xam
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Tascubnanaan. OJ mMaskyp aroM TomoHra cwpkurad (Manduii OJl) Ba yHnax
HucOaTaH y3oKiamiray anextpornap xydraapn (Myc6ar OJI) COHMHHHT
anrebpauk  HurmHaucH  cudaruna TOMIWIAAMIAH pacMHil  KaTTATHKAHD.
Atomnapuunr HDM xulimaru  afiHaH 3JCKTPOH OKYQTHHHHT CHIDKHUL
HyHamMIMHK  aHukmamga  Gesocura  Kyiasmwnam.  x(€)=2,5, x(m)=2,1
6ynrannur yayH Metal Mostekynachaa C Ba H GOrmapHHUHT 30n€KTPOH kyTH
C TomoHra cumkurad, aed kabyn xuwiusHagu sa C mmar O]l -4 ra Temr
meinans. NH,* na x(N)=3,1 x(u)=2,1 6ynramnuruas snexrporwnap xydru N
TOMOHIa CH/KMIaH Aeb6 Xucobnanamm. Byupaii snexrpoH xydrmap 3 Tanup,
YYHKH HOHIarH 4-3nextpoH xy¢TH Gor xocmn GynmaciaH asBaji XaM asor
atoMura teruumna M. Y NH; ra 6urra DpOTOHHMHr KYiunMua pasHilia
Gornaummuaa karHaway, xosoc. Ly cabaGnan NH," ma asoruunr O/ -3 ra,
BaJleHTNUIM 3¢a 4 ra Tenr 6¥namu.  CH,Cl, na C 4 sanentan, nexun Of=0,
uyHkH C-H Gornapura reruuuiu 2 ta 31ekTpoH Ky§T C ToMOHTra, aliHy BaKTAA
KOJITAY MKKMTA 3JEKTPOH KY(PTH XNOp aTOMIApH TOMOHra chipkurad. Iy
cababaan C -dpopman pasuina O 3apsmm 6Ynué konmokna. Jlemak, akcapuat
xonnapaa sanewrnuk Ba OJf y3apo Moc 6ynMac 3KaH.

MOJJAJIAPHUHT DJEKTP XYCYCHATJIAPH
AaexTp TabuaTi Ba Kamd KIIHHHIH TAPHXHAAH AAPUM JaBXaaap

MoasanapHuBr 3NEKTp XycycusaTiapH TY¥Fpucuna ran  Goprauza,
YNApHHHT JJIeKTpP 3apsgura sra Gyirad 3appayanapiaH TaUIKH TONFAHIMIHHY
Xxucobra onuui Kepak. BHp X 3apsinaHraH  3appavanapHuHr  §3apo
WIApHIMIOH, Xap XWI 3apsi/UIaHraH  3appadyanapHuMr 3ca  Gup-Gupwra
TOPTHMIDA MabNyM. YiapHuur nadno 6ynum #ycusura kapab «umuay Ba
«caku1 anextp» xeb ropunan (UL Jode, 1733.). NuxanaHHII HaTHXAcKHA
XocHn GYna&rran snextp 3apaanapu Gup XWI Matepuaniapna (KypyK LIMILA,
Maronap) cakiaHu6 Typumy, 6GOmKA XHCMIAp TOMOHMJAH 3ca YTKasud
100opunumy anukaasau. Murmas onumu CruseH I'peit TomonuaaH YTKasHIrad
6y Taxpubanap acocuna, paHra GUPHHUM MapTa INEKTP YTKAICHY BA H3OMATOP
TYYHYanapH KHPHTARIHM. ‘

Jlefine OaHKAaCWHHHr Kaii) KUIMHHINH 3MEKTP KOHAEHCATOp (3apsn
TYMNOBYY, HHFYBYM)HUHT SPATIIMILIMIA ONMMO xenmd. XaBo XaM mMuIa kabu
H30JATOP POJMHH ViHAWIM, 9aKMOKHMHr maigo Oymumu Ownan JieHpen
GaukacH BOCHTACHAA YYKYH XOCHN KWTHMHHIUMHYM (u3HKABMH acocH GMp X,
ABHH MycOar Ba MaHQu INEKTP 3apAAnApMHH MMKIOp XMXAaTAaH ¥3apo
TeHIVALIKINYE SKAHINCH Xypcarunan. OpaHKIaHi dNEKTP 3apaiapH YTKHp
YWIH XHCMIApRa HMFWIKIUMEM YpraHub, YHHHr amannil Tanbuks cuarnia
MOMaKa/IIMPOKHH Y3aTyBuM (rpoMooTRON)IapHu kaurd xunmm sa OanaHn
GMHONApHN YaKMOK XaBQHIAH acpaul y4yH yAapra ep Ounad TyTamITHPHITaH
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Y3yH MeTaul Taékyanap YpHaTHII MaKcaara MyBO(HK SKamJIMIMHH KypcaTan
Xama OYHMHI aMaira OUIMPHIMILATA SPHIUAKH. DNEKTP TOKH YTKasruuaaprad
yTaéTranna yNapHH HCHTHILH, XaTTo0 3PHTHG J060pHIIra KONHMD SKAHIHIH Kauld
kunupay. lenpu KapeHnMuml TOMOHMIAH TYPJIM MarepHaiap Xap Xun
KapuIMnvKka sra Oynmmm aHuimannd. Bekkapua aeraH onum yTkasrudnap
ypracuna snextp yuxysu naitno 6¥na&rran nmalitia, ynapna Mariur xoccanapu
nadgo 6ynumM kM YarapmmmHm Kysatad. By 6wiaH y 3/iexTp Ba MarHur
xoaucanapy Ypracuza ¥sapo Gormuknuk G¥ica xepak, AeradH xyiaa MyXHM
TaxMuuuil GuxpHu alitan. Mabaymxu, 6y TaxmuH KelBHYanuk TYrpu 6ynu6
4YMKAH. Dynpait Taxvudra Bekkapua ®paHmHEMAT 1791 #ianga yrxasrau
Taxpubacy BaKTHIa, SNeKTp Garapescy TeMUp CHM OPKAlH 3apAACHINaHA&TraH
BAKTA3 CHMHAHT MarHHTAaHMUIM  EKM  MarHuT KyTONapHHHHT  ¥3apo
aNMAIINHYINYE XOQHCATTApHHH KYpCaTraHIUIMHH XHCOOFa OJITaH XOJla KelraH
anu. By ninniap Ba GHnaMpunran uxpnap Hakanap MyXUMJIMIHHH aHTiab eTran
XKozed IMpuctan y3umuur 1767 imnna JlongoHaa Hawp KWIMHraH «DNEKTP
TApHXH Ba XO03UPTH 3aMOH XONATH, OpWruHan Taxkpubamapy nerad acapuna
arap Oy (hukpnap TacAMKIAHCA, yJap GU3HHHT TalHar KOHYHIIAPH TYFpHCHIAra
TYWYHYANApEMH3HH COMIATAINTHPANH, 1eb KapoMar kuiraH 3au. Jlapxakukar,
XO3HPIH 3aMOHJA MOJIAAPHMHT TY3WIHIIHN Ba XYCYCHATNAPH allHi JIIEKTP Ba
MarHiT Kyunapy acocuaa 6aradcun Ba H34HI TyIyHTHPHIMG KENHBMOKIA.

ONeKTp KOHAEHCATOPH fACall YYYH UIHIIA YPHHTA XaBO XaM KyJAa YpumiM
uzonsrop 6¥na onnmm Mymkunmuruan IlerepGyprauk ¢pusuk ®parn dnumyc
(1724-1802) 1756 #iunna taknud xunraH. By Gunan y XaBOHHHT XaM MyXHM
JUINICKTPHK 3KAHIMIMHH TacAWKNaAM. DUMHYCrada InMima Y3MHUHI aNoXHAa
WYKH Ty3HWIHUIH Tydaiinn ¥3 wawaa 3apan jinragy, ne6 dapas xunusap sam.
OnMHYC 3ca 3apAl KOHASHCATOP FUTACTHHKANApAA MHFWIMIIWHH, WMIIA, XaBO
¢ xoxnaran Ooilka Jextp YTkasmalimuras Marepuan  3apATHUHD
TUIACTHHKANApAa CakJAHMIIH Ba  KY3aTWIMIIM  TYfpucdaard  (QHKpHM
ofiauunamTupay. Bekkapua Xam, Dmmuyc kabm, 1754 iwnna wwma Ypuura
H30NALMATIOBYN KaBaT cH(arvna CypruMaaH, ONTHHIYTYPT CaKuuH, Cakuy Ba
kaHHQon apanamMacual dolnanaHKIn MyMKUHIMIMHA Ba Xap XHJI MaTepHan
TYp/iH4a H3ONALHANAI XOCCACHra 3ra SKaHIHTAHH Kypcaray. By mwanexrpuk
JOMMHILTHTH TYFPUCHIATH HIK QUKD M.

OJneKTpra TervlUIM MyXHM XoaucanapiaH fHa 6upH KyloH KOHyHMHHHT
kam xwinHumumup. @annap sa OWiHMMNap TapuXMHM YpraHMul INYHH
KypcaTamux, KyI Xounapaa afpHM XOOMCanapHH TYUWIYHTHpHIL, YTKazunrau
TEeKHIMpUUIIAp Ba Taxpubanap acocupa aiipUM KOHYHHATIADHM KeaTHpUO
YHKApHII Y4yH YxmamumirapaaH yHymwid doizananunamy. Hlynnait xonuu
6u3 Kynon xoHyHuMHMHI Kamid KWIMHHIGH MMCONHMIA SKKOJI KypaMus.
3apsannaHraH 3appadanap YpracHaa TOPTHINHIE $KUM MTAPWIMLI KyUYHHHHI yaap
opacuaarn Macodara KaHmalk OOFNAHTaHNMTHHH aHHKIAW YycTHAa GHkp
IOPHTTaH OfaMMAap, AactaBBal HeioTOHHMHT 6YTYH OJlaM TOPTHMII KOHYHHra
OuHOaH ¥3apo TOPTWIASTraH XHCMIap, o0beKTIap YPpTacHoa TOPTHIIMI KYYH
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YNapHHHT Maccanapyra TYFpH NpONOpLUHOHAN, OFAPIIHK MapKa3jiapH OpacHIark
Macotara TecKap¥ NPONOPLHOHAN 3KAHIMIMHH Ha3apaa™TyTraH Oynvinapu
Kepak. Dusuxadd - 6ynoail mavcupaap macogawukz xeadpamuza - meckapu
nponopyuonan 6ynzaw Kywnap socumacuoa pyi 6epaduzan mavcupaap,
Oeltunaou. Y Aap KaTOpHIra rpaBUTAlUMOH TALCHP XaM KupanH. - -

OnekTp 3apamwiapu ycruga um oanb - Goprad " Dnudye,. Kasemmmm,
IMpuctnu, bexkapuanap 3ne|crp “3apAANAPHHHHT - ¥3ap0  FALCHP - KYUHHHU
HponanoB4d KOHYHHM TAXMMH KHJIraH Gynca.nap xaM ynu aHUK' XOJaa
Taspuduiaii onMaxwiap. -

Bynra ¢panuy3 xapouit Myxaumucu- Hlapns - Onoc1'eH Kynou Mysccap
6¥nau. Y MareMaTHK MasTHUKHUMI TeOpaHMlil YACTOTACH 'OFUPJIHK KYYMHHHI
Ep mapuaHer xap 6Mp HyKTacHMaa ¥3ura XocC KaHAHI'M OWiaH GOFNTHKITHIHMHH
xHcobra onram Xoija, 3MEKTPHAHFAH CTPENKAHHHT TOPH3OHTAN TEKMCIHMKAR
TeOpaHuIl 4aCTOTacH YHTa TabCHP KWIYBYM 371eKTP KYyYHHHHT MHKAOpHIa
Gornuk, merax ¢uxpra acocnanu®, ¥3u kawd kuraH OypunaMa Taposwiap
BOCHTacHAa TaxpHOanap YTkasny Ba KyAa KMYHK KyWlapHH Xam ¥iuail ondun
HMKOHMATHrA 3ra 6§nau. By mmstap saTwxackia ¥3 HoMus# abanuitnalrupral
onmuM Kynon «onynunn (1789) Kam(b KHWIAH. By ‘KOHYH Ky#unaruua
ndoganananm:

By epaa: e, ma ¢, nap ¥3apo TabCHPNAUIYBYM BJICKTP 3apAIIapUBUHI
MHKIOPH,

£ -MYXUTHHHI JH3JICKTPHK AOUMUITUIA:
r-y3apo TabcHpaaHa&TraH 3ne|crp 3apsumapmmnr OFMpPJIHK MapKasH
opacHpard macoda.

F munr O nax karTa €KM KHIUK OYIIHIIM, A5HU MIIOPACH €; BA €; JAPHUHT
3apsa/ Muiopanapura 60FIHK,

DaemMeHTNAp ATOMIAPMHNNT 3nem§uau([mﬁnnm Ba xuméBHit GorsiapHAHr

KyT6aunnra

Moaanapuusr KMMEBUH XYCYCHATNAPUHE YpraHumja alfHHKCa MYXHM
axamusTra 3ra Oynrad 3MeKTp XoccanapH Karopura KuMEBHi aNeMeHTIap
ATOMNAPUHMHT  JJieKTPMaB(GUItTUry, KyTONaHyBYAHNMIH, MOJICKYJIANAPHHHT
JHNOJT MOMEHTANTApH Ba GomKanap Kupamm.

" Kuméeuii anemenmnap amomaapununz wucbuii anexmpamaripuiinuzu. By
Tymyn4a ¢aura [Tonusr Ba Manmuken Tomonuzan 1928 iiwina xupdaTwiran
6Ymu6, y xumésnit GormamMuHK YpraHadTran nalitna GormapHHAr KoBanewr,
KyTO1H EKM MOKIIH G¥/IHILM, Iy XKYyMNa/1aH, HOHIAK JApaXacHHH Tascudramaa
aH4a Kynaiiak Tyraupany. TTomisrHMHr dukpaYa, MOseKyiaia ANIeMEHTHHHT
INEKTPMAHQHIANMIH, YHHHT aTOMM TOMOHMIAAH 3NICKTPOHNIApPHH Y3 sKUHMAA

"'ymnab TypHIl KOGHIMATY, YAt TYPHINra HHTHIHIT KySHInp. “

38



omur snexTpManGUANIAKHA TOMHIOHHHT KyHMOArd yCynuHH takamud
kunay.  Taxpubaman  MabaymMkd, Oupop Mypakkab  OHpHKMaHWHr
OYCCOLMNAHHIN  JHEPrMACM, YHM XOCWI KWIYBYM OMIMd  Moana
MONEKYJIAPHHUHI  AHCCOLMIAHMIN  3HEPrHACHHHHT APUM  HAFMHIMCMAAH
karrapox Gynamm. Bynmnr caGabu Typnu TaGuarnu artomnap ypracupa
3NEKTPOHIAPHHHT JIe/IOKA/NIAaHHIIH Ty(alinH MOH XONaTNnapHHMHT XaM HaMOEH
Gyna omummpup. MacanaH, XJOPHHHI JMCCOLMIAHMIN 3HepruicH 239,7
KK/mons, ¢roprukn 1548 0K/monbra TeHr. AMHM BakTAa Xiop-drop
MOJIEKYJIACHHHHT JAMccOuMNaHui 3Hepruaca 248,9 OK/monera Tenr. By
HaTHXajlapAaH roMOSAPONH MoJieKyanapra HucOaraH ynappaH Xocuin 6¥arau
reTepoOSAPONH MOJIEKYNIANap MyCTaxKapoK 3KaHIHTH Kenub uukamu. SHa Gnp
MHCOJ1 KeIITHpaMu3: E,(H-H)=104,18*4,18=435 47 KK/'Momb
E,(H-F)/134,3*4,18=561,37x)X/mons  E(/F,/)=38,76*4.18 =162,01x2K/mons
AE (A-B)-[E(A-AY+E (B-B))/2 ne6 Genrunacak, E; HonmaH karra Ynkanu.

Myaitau 6upukmanap YUyH 3/leMEHTIapHBHT HUcOHii
anekTpmanduitmaknapu gapku  Ax=0.102VAra teur. Kyitugarn sxanpanga
6an3n xumésuit Gornap yuyn 0.102VA ndonacHHMRT KRAMATIAPH KENTHPHITAH:

Kuméanit 6or Si-H Br-H C-O As-Cl S-Cl F-Cli
Br-J A 8,78 52,5 96,9 99,5 22,1 65,6 7,1
0,1 02VA 030 0,74 1,00 1,01 0,58 0,82 0,27
H3OM dapxu 0,3 0,7 1,0 1,0 0,5 0,9 0,3

H9M dapkx 0,102VA Hunr opTib Gopuiltn GOFHHHT HGHIHK AapaXXacCHHH
opru6 Gopumu Ounan cuMmObar  pasmwipa  GornanraH.  Macanan,
(Cs)=0,75,(F)=3,9 Cs-F GoFMHMHTr MOHIMINK JapakaCH 2HT fokopu 63ym0,
mesapnn 1 ra TeHr.

HOMsnn Ttommmuuur MannmmkeH Takwmd KwiraH ycymnra ©Gunoan,
9NIEMEHT aTOMHJAH JHr OHPHHYM TALUKM 3MEKTPOHHU YMKapub wbopuimr yuyH
cap} KANMHAAWraH MOHIAaHMID dHepruAcd i(A) OGwunan Heifrpan atom y3ura
TamkapuaaH 6MTTa 3NEKTPOHHN Kabyn xwinb, Manduii Oup 3apauIH OHHOHra
aitnanrannaru sHeprug opdexkty  €(A) HMHT anreGpaMk HUFHHINCHHH ApMHra
afTunanm:

% A)___tw;e(n)

Jluruitvunur eV japaa ymuaHran snextpomaHGuiiurd HucOMit  1e0
kabyn KwidHuG, dofimanaumm  Kymall O6ynraH KHYKHHA SXJIMT COHJIAp
KypuHMIUMAa H$onaraHmm.

OnexTpMaHQHINHK  KOHUeNuuAcHAay  doiinananunaéirad  naiitaa,
6UpHHUMZIAH, Y SMIMPHK TYUIYHYa cudaTnsa Taking KWIHHT AHITMHH, YHHHTD
6upon KaTbHil GH3NK KATTANHK SMacAHIHHH 3CAa TYTMOK JIO3HM. MKKHHYHAaH,
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Ma3Kyp JIEeMEHTHHHr HHcOMH anexTpMaxbuiunru Joumuii con Gynmali, yBu
KaHnali aroMnap 6unaH GornaHranrMrura GOFNMK. YUMHYMAAH, MasKyp aToM
OMpoH OMpHKMaZa XaM DJJIEKTPOH NOHOp, XaM 3JEKTPOH AKIENTOp POJIMHH
yiinamu MyMxuH. Macanas, MeTauiapAa BAICHT SNICKTPOHJIAp 3NEKTPOH rasHHH
XOCHJI KMJICA, YHJIaH OJIIHHIH KaRAaTAard 3NeKTPoH xydTnaph ¥3 KyUIHUCHHHET
BAKaHT OpOMTAINApUHM 3rajviaul EKM, akCHHYa, §3 HaBO6aTHAa KYITHM aToMAaaH
INexTpoH KydTiapunu Kabyn KWIMO MeTamn XpHCTAIA NaHXapacHHH
MycTaxkamMJIaHMIIUTa onub kemuinu MymxuH. Bynnaii xonun CO monekynacuaa
Ky3arca Gynagm. Kucnopomsusr anexTpMan(HilIuIH yriepoOSHHKHIAH KaTta
6ynraunuru yavi C=0 6oru Kyromm 6or 6¥nub, 6 Ba & GOFIapHHUHT NIEKTPOH
sky¢Tnapn O tomoH cwoknrad. Jlekun monekynapary C aTOMHHUHT TamiK{
KaBaTHaa aTHr# 6 Ta J/EKTPOH MaBkKyR OYnramnurnm cababnu, y okxrer
KOHQUTYPALIACHTa 3PHIUKIN YUYH KHCIOPOAHMHI TaKCHMIIAHMaraH 3JEKTPOH
)Ky¢TuHY V3 Tamku opouramira Topramy. byura, 6upusumpad, C=0 60FuHHHET
HHcOaTaH KHCKAIMMMY, HKKMHYHMIAH, TAKCHMIIaHMaraH 3ME€KTPOH XKy THapHHUHT
ynuamH karrapok 6ynranmiary ydys HHcOaTaH ocod KyTOnauysyanauru ca6ab
O6ynagu. ManmixeH ycynu TTonuHr ycysim BOCHTacHa TOMWITaH KMiMarnapra
onu6 kenaaM. JIekHH JIEKTPOHra MOMHJITMKHHHI COH KuiiMath dakat afipum
3MIEMEHTNIAP AaTOMJIapHrarHHa AaHWK TONWAraHMurE Oy YCYIHMHT  KCHT
KY/UIaHUJIMIIATa IMKOHIAT GepMaian.

Cennepcen HOM kuiimaTnapuns Xpco0nad Tonuin y4yH aTOMIIApHHHT
MOJIeKyJanapaars KOBaNeHT panuycHnaH ¢oijajaHMIIAM Takug Kwigy.
VHuHr (HKpuYa, IMEMCHT KaH4Yanuk lokopu HOMra sra 6¥ynca, yHMHr
SKMHMJATH JJIEKTPOH 3MWIHIH IDYHYAIHK Karra 6ynanu. AMMO aTOMIIapHHHFK
KOBAIECHT PAIMYCapUHY aHHK TOMMINHHHI KuAHHAATH CeHaepceH yCY/IMHHHF
KEHIPOK Ky/naHwMigra iyn kyliMaan. Xo3up anabuérnapaa ssaeMeHTIapHHHT
HOM 6¥iinua kenTHpWIagurad KuiMamiapun GOFNapHMHT XWIM Ba TaGHaTHHH
TYWYHTHPHIIAA, JacTnabku cudar axamuaTura sra 6yiaras marepuan cudarnna
KEHT KyJnanunand.

HOM Hu amnons MOMEHTIApH, KHMEBUH GOFIapHUHT Kyd HOMMHMANHTH,
(OTOIMEKTPUK HOHNAHMII 2COCHIA TONMHIINA YPYHHULUIAP XaM MawiyM. JlekuH
6y kypcarkuuiap acoCHAA ONMHTaH MablIyMOTNap Ky3bHil aXaMHATIa 3ra,
xoJnoc.

HOM Ttymyndacunad dodinanannb, kuMmEeuii OOFNapHHHI XWIHHH,
ATOMHMHI MOJIEKYNIAJlar OKCHAANAHHMII JApPaXKaCHHH, MOJIEKYJIAHHHT JOHMHMH
JMIIONE MOMEHTHIA 9Ta OYnuin cabGanapuHy XMy TyUIyHTHPHID MyMKHH. By Ba
1y xabH MabJIyMOTAapra 3ra 6YJMII Ma3Kyp KOHUERUMSAHHUHT eTapiH Napakana
aManmii axaMMATTa 31'a SKAH/IMIHHEH KYpcatan.
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Kuméeuit anemenmnapnunz HOM

1 H {2122 |Ti |[132143 |Tc {1.36]/64 |Gd [1.11]85 |At ;190
2 He |- 23 |V 1145{44 [Ru [142]65 |Tb {1.10{86 |Rn |-

3 Li 1097]24 {Cr |1.56/45 |Rh [145{66 IDy |[1.10/87 [Fr | 086
4 Be {147{25 |Mn|160/46 |Pd [135]67 |Ho |1.10{88 |Ra {097
5 B {201{26 |Fe |1.64]47 |Ag 142|168 [Er |1.11{89 |Ac |1.00
6 C 1250127 [Co |1.70148 ICd [146]69 [Gm|j1.11/90 |Th |1L.11
7 N 1307{28 |Ni {175/49 |In [149]70 ]Yb [1.06/91 [Pa |1.14
8 O 1350129 [Cu [1.75{50 [Sn {17271 [Lu {1.14]92 |U |1.22
9 F 1410430 {Zn {1.66]51 [Sb |1.82[72 jHf ]1.23{93 |Ne {1.22
10 {Ne |- 31 |Ga {18252 {Te [2.01{73 |{Ta }|1.33]94 |Pu {122
11-{Na | 1.01]32 |Ge |2.02]53 |I 221174 |W [140{95 |Am|1.20
12 {Mg | 1.23]33 {As [220/54 [Xe |- 75 [Re [1.46{96 |{Cm | 1.20
13 JAl 1147[34 {Se |[248|55 |Cs {086[76 [Os |1.52/97 |Bk [1.20
14 18i 1174135 [Br |2.74]56 |Ba |097[77 {Ir |1.55]98 [Cf |1.20
15 |P 1206/36 |[Kr |- 57 |la |1.08]78 |Pf 1144{99 [Es {120
16 |S 1244/37 |Rb {0.89]58 |Ce [1.08]/79 |Au |1.42]100]Fm |1.20
17 |Cl 1283138 [Sr |099{59 |Pr |1.07/80 {Hg |1.44}101|Md [1.20
18 {Ar |- 39 |Y [111)60 |Nd [1.07|81 |TI |1.44

19 1K 091|140 |Zr |1.22{61 |Pm|1.07{82 |Pb |1.55

20 [Ca [1.04{41 |Nb [123/62 {Sm|[1.07]83 |IBi |1.67

21 |Sc [1.20{42 |Mo |1.30/63 |Eu |1.01/85 |[Po |1.76

JAN3AeKTPHKAAD Ba AMIEKTPUK A0UMHIAINK

Mooddanapnunz duanexmpux doumuiinuknapu myspucuda. Monekynanap
KytOcu3 Ba xyrOnm GYnamunmap. Jlommuil Aunom, MOMEHTHra sra 6yiran
MoJIeKynanap Kytbau Moiekynanap, Ae6 affrwnamd. Arap AMnois MOMCHTH
TAMKH 3JIEKTP Mal{ZA0HK TarcHpHMAA XaM Y3rapca, yHaaii JMIons KaTTuK JUNONb
Aeitunazy. JMnoNle MOMEHTH iiyHandura ara 6Y/ran BekTop Karranukaup. Y
MaH(uit Kyr6naH Myc6ar KyTora Kapab #yHanran, 16 Kabyn KHIHHraH:

He—C C«-Cl €<S0 HeC=C+H

Tanku anexTp MalioHU TAabCHPHAQ AMUO) MOMEHTHHHHI KATTATADIMIIH
YHUHF KyT6aHys4aHnury 6unad 6enrunanany. JUNONHAAT KyTONanyBYaHIIHIH
Xapoparra, TabCHp KHJIA€TraH TAWKH NICKTP MaiACGHHHHHT Ky4JaHHILIMIHra,
4aCTOTACHTa, AUNOJHHHT KATTHIJIMIHIa, MOJIEKYJIanapapo TabCHPIAPHHHT
TacHuura GOFMK. Arap AOMMUN ANIIONE MOMEHTHHH Jl=(} OpKa/H, KyIHMYa
Xocun 6YnraH KHCMHHH W, ~0F opkamu OGeirunacax, {i=po+i=MotoE
6ynanu. KyrOnanysuannmk a Kydugara TapkuGuit Kucmiapaas ubopar:

Lol L R
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By epma: oy -OpHMEHTAUMOH  KyTONaHYBYAHINK, O,  —aroM
KYTONaHYBYAHIMK, Oy, ITEKTPOH Ky TONAHYBUAHIHK.

dnexrTpernap. Arap acan mymu OMNaH cMOJia apaiallIMaCHHH JOMMHIX
TALIKH JIEKTP MaHIOHHIa KHPUTIAH XOJIAA acTa-CEKHH COBYTCAK, Y KOTaIM Ba
xocuwn OyaraH TH3UMHHMHr GHp TOMOHH + 3apAMNIAHTaH, YHra Kapama-Kapiiu
TOMOHK MaH(uii 3apamnanrad xonna 6ynagn. ByHnail TH3UMIapra aNeKTpeTiap
Aeiyiany. YIapHUHI KapaMma-KaplulH carxjapuna Junoaiap —OpHeHTauus-
fJaurax OynubG, Oy THaumuap Munnap naBOMMAA CaKIaHHIIM MYMKHH.
VYnapHuHr dnekTp CHFMMHM GocHM Yarapumu GwnadH  y3raprannurd cababmm
MHKpO()OH, TeOpaHHIIHH Ce3yBYM HAaTYMK, SIIMKHH OYYBYH, DIJIEKTp
JTaMIMOYKanH MabiyM MYAJaTAaH KeliMd aBTOMATHK paBMlIAa Y4UpyBUH
pocHTanap cudarnia KeHr KYJUIAHWIMIDH MYMKHH. YjgapaaH 9Hr
Jacrnabkmnapu 1919 iwigaék, A0OH TAAKHKOTYMCH SIrydM TOMOHHIaH
sparwm6, cesrup MuKkpodoH cndariia KYJUTAHANTAH SH. DIAEKTPEniap TOKHH
¥TKaIMOBYM AHMINEKTPHK Xoccara 3ra OYiraH Moananap BOCHTaCHAA XOCHI
KWiHuanau. JManekrpuknapia sNekTpornap arommapaa (OIMOC, ONTHHIYTYPT),
€KM MOJIEKyNianapAa MyCTaxkaM XonJa sko#nawrad. Jloumuii aunosuiap 3ca
TAlUKH MAfOH TABCHPHIA OpPHEHTALWANAHMINM MYMKHH. By Xojucara
IVDJIEKTPHKHHHT  KyTOnmaHumu neitwianu. KyrGnawran jkucMm, Macana,
y3rapmac KyTOmH 3MeKTp KOHICHCATOp YMyMHil X0M/a aneKTpoHeiTpan 63mb,
YHMHHT GOl B2 OXHPIM &KM YCTKM Ba OCTKH KHCMJIapU-ILTACTHHKANApHTHHA
6up-6upura Teckapu Mmuopamn 3apajanrad 6ynu6, wauaa sca sapauiap ysapo
HelfTpajianran 6Ynamn. ByHnHr cabaGu yaapHHHT AMTIOIIApH TapTHOCH3, EKU
KaBaT/iap XOCU KWIHG xKoHnairaluruIanup.

MonexynaiapHHMI 371eKTP AMN0Ib MOMEHTH

Onexrp aunons ned, OGup-Gupuzan 1 mMacodana xoiinamaraH, Kapama-
Kapiiy UIOpaA 3MEeKTP 3apAgura 3ra 6¥iran Ba ¥3apo Gornanrad 3appayanap
TYmnamura adTwiany. 3apAUIapHHHT OFMPIMK MapKasJiap¥ OPKatH YTyBYH
YHIHK JMNONHUHr YKu  jelimnamd. JMOoOnHM Talukun KWwiagTrad 3NeKTp
3apAIApUHM +q Ba -q opkanu Genrmnacax, ynapHuHr (asoHH HMIONE YKH
AysHamumu 6yituya xofinamwraH A HYKTacHAR XOCHJI KWIraH BACKTPOCTATHUK
KYUNaHHLIH, JHUII0JUIAp XOCKH KWIYBYH DEKTPOCTATHK MalifioH 6unaH Gornuk.
Arap qMNoJHMHF Ypra HyKrack 6unad A HyKTa opacHaard MacogaH r opKaau
Gesirmnacak, A HyKTaCHAAri Ky CI1aHHIN:

_a
N - r’
6unan ndomanananu. MonexyaaHuHI JUNONL MOMEHTH ac6, yHIary MycGar Ba
MaHQull 3apALapHAHC “OFMPIMK Mapkaliapn” opacuparu Macodamnu 3apsa
KHiiMaTi(-q éxu +q)ra xynaiftmacura afTwianu:

p=q*l

E,
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by epna: p-AHNONHHHT 3NIeKTP MOMEHTH, q-3apsa KuitmaTd, | sca -q Ba +q
3apsmnap opcugarm Macoda. [umons ¥3 arpodmma XOCHN KHIagMrad
JNEKTPOCTATHK MAaiJOHHUHT YHANaH r wMmacodafard KyunaHHIIH JUNONb
MOMEHTHra TYFPH NPONOPUHOHAN ;MacodaHUHT KyOHra TECKapH MPoNnopuHoHan
6ynamu. p=q*l miruuu xcobra oncax,

E= 2— JHD.
JumonHuHr Yxura nepnemxmcynxp ﬁy'nanumxa Ba r macodana xofinamiran B
HYKTaaary Kydnaum E = ;; OymuumEN ucGoTNAL MYMKHH.
Kyr6nmapH keTMa-keT »OMNauiraH WUKKUTa KaTTUK HMNONHUHT . ¥3apo

6P|P¢

TABCHPAAIYB Ky4H { = F—42 ra TeHr.

}Iunomnmr 3JIeKTp MaiijoHNAaru JHEPrufcH

Arap QHOONb MIEKTp Maiifionra nNapauen iynanran 6ynca, yHHUHT
JHepruacH MuxumMan 6¥nub, y 6apkapop xosna ryprad 6ynamu.
JAunonuuur Mmycbar Ba  MaHdwmit

KyTHONapura TabCHp KWIYBUH Ky41ap e
Moc pasuiina +qE Ba -qEra Tenr. By

Kypr xywiapura TYrpu kenraH kyd E /
MomentH  M=qElsina=pEsina. By AL

epaa:  p=ql BNEKTp AMNONHMHMHI =
MomeHTH. o =0 6¥nraH xonza Ky4 -q

MOMEHTH M  XaM HONbra TeHr.

Junons E 6unax 90° Gypuax xocun

KWIrania MOMeHT Makcuman 6ynamum. M=pEsinc, o=n/2 6¥nca, sina=1 Ba
=pE. [Junonuuur sHepruacy W=-pEcoso. ~ Owian GenruwnaHanu. a=0,

cosa=1 pa W=-p E (3HEprusHMHT MUHHUMa)1 KHIMATH — TH3UMHHHT 6apKapop

XoJiaTHra TYFpu kenagd). o=90, cosa=0 Ba - W=0 (3HeprusHMHr MaKCHMaJ

KufiMaTMra TYFpH KeNaaM), SBHH  JHUIONE MOMEHTH GMnaH TallKH 3NIEKTp

MaiifoHu ypracuna Tavcup #yk. By epaa E-maiinon kyunanunm, o 3ca [ BaE

NapHHHT iyHammun Ypracugars GypyakHy aHrNaTany.

KongeHcarop niacTMHKAaRapH 0pacHra HoHNaUITHPHICaH
BHYIeKTPHKHHEHI Ky T6aammy
Arap KOHEEHCAaTOp IUIaCTHHKAaNapH ¥pracuna BakyyMm oOynca (e=1),
ynapuu 3apsuiab, noreHuuauiap d¢apkuHd E, ra TeHrnamt MYMKHH.
Bakyymzan uGopar 6ysnran Myxut (e=1) mmdnextpuk moumsiimaru €>lra
6ynmran Mopma OwiaH anMaUITHPWICA, IHYIEKTPUKHHHT MONeKyJjanapH
KOHJIGHCATOp IUIACTHHKANApH YpTacHHarH SNIEKTPOCTATUK MaiiloH TAhCHPRAA
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KyTOnaHanu, sohu Aynanumu E, ra teckapn 6ynraH kymmmya E' mainon
Xocun 6¥nanu. Arap Xap 6Mp MOJIEKYJIAHHHE JOWMHHA AMIONB MOMEHTHHH p=ql
Ounan Genrmnacak, XaxM GHPIHIHOArd MOJEKyIANapra Xoc 6Yran KyronaHuu
P=3p 6ynanu. E' wunr 4nP ra TeHrnmrm Hazapwii xncoﬁnamnap acochia
AHUKJTAHraH,

Monekysanap Roumuil 3neKTp Maﬁnomma KyTOnanrannurs Gowuc,
AM3IIEKTPHK U4Mnary Maiinod E, nan E'=4nP xuiiMarra kam 6ymaau. By epna
E'=4np KyTOnaRum Ty(aild AM3EXTPHK MOMEKYIalapH  XOCHN KuUiras
Teckapn MakigoH 3m. KomneHcarop niacTHHKaNmapH Ypracumarm yaraprad
MalJOHRUHT KywlaHHEUIArMHE E  opkanm  Genrmnaca, y  I0OKOpHIa
TabkuTaHranunex, E, nax E'ra kam OYnanu, THHU

" E=E,-E'=E 4nP ).
E wunr kuiimarusu pactnabku E, ra erkasMm yuyH, KOHAEHCATOp
MJIACTHHKAIApHIra KYIUUMYa MUKAOP/AA 3JEKTp 3apiaiapy kuprusuin kepak. (1)
TEHMIMKAGH
Eq=E+4nP=cE OGynpan 4nP=¢E-E=E(g-1) 2).
p = BB

JleMak, KOHAEHCATOP NIACTHHKANAPH OPACHAA QUIIEKTPHK AOMMHUIUTHIH
€ ra TeHr 6ynran moxna Gopmurd TydalnM, YHUHT 3JIEKTp CHFUMH € MapTa
opranu:

C=eC,(3)
SIbHH, NNacTUHKANIAP OpPacHra KYIuMya 3apsuiap KHPHTHII HMKOHHUATA maiino
6ynanu.

2) Tenrnuk,uam P=3p, 3xaHaMrasy 3cAa TYTraH XoJna, nmnelcrpux-
HuHT 1 om’ Xaxwmuma NyTa MonieKyia MaBky[ JAecak Ba YAapHMHI XAMMACH
MafioHra Moc xonga HyHanran ne6 xabyn xuncak, P=N;p; gefinmu MyMKHH.
Xap 6Mp MOJEKYJaHHHI TAllKH MAHHOH TabCHPHAA KYTONaHHIOM p;, YHHHL
KYTONaHYBYAHIIHIH O Ta, AXIIIEKTPHK MOJIEKYJIRCHTA TAbCHP KUMAETTaH MaBXYH
MaiiioHHuHr KyunaHuunur Era 6ornuk: p= o E. Bynaax

P=Np,=N,aE @)
(2) Ba (4) npoganapHHHr Y3apo TEHIHIHAAH

NioE=E (s-1)/4n, e=4nNyot+l (5)Hn kenTHpHO YHKapHIL MyMKHH.

Jemak, MaliIOHHMHI JU3NIEKTPUK JOMMHINAIY, A5HHM 3JNIEKTP 3apaanapu
yp’racunam TaBLCHP KyYJIApUHH KaMalTHpa O KOOWTHATH YHHHI 3HUIMIHIa
(N;- IcM® xamzaaru MoseKynanap CoHM) Ba TAWUKM Mal{ZIOH TABCHDHAA Y3 + Ba
~ KyTOnmapuHu Maiinonra mucOarad Haxajap MYHATTUpa ONMIIW, CHIDKHTA
onumK (o)ra GornukK 3kau. llly HyxTad HasapaaH, TypAd TH3HMIap (Xaeo,
BaKyyM) Ba MOAJANap TYpIM € KHAMATIapH GHilaH Tascudnanaim.

JinanexTpuk nonMmii KyHAMIIK Y3rapyBus KOHACHCATOPHHHT IEXTP
MaiiIOHHa



E, e=1 (BakyyM™) E, E=E -4nP E, E.pp =E; 4n/3 P

[ TEr— FFHFEF
y A
bttt H+ bk A
(A) (B) Eo >Eogy >E Ew >Enan (C)

(b) 8a (C) naru E,g¢ HuHF E,,, KaTTanurunudr cababu xapopar 6unan 6ornuk
6¥nran xaoTuk xapakat Tydaitnu E, xartanux 4nP ra amac, 4n/3 P ra xamasau.

E=E,-4nP ndopagaru E+4nP=D pe6 xabyn xumuuub, D-amsnextpux
uHOyKuMs nefinnand. Vikkuwan wdona awsaexTpuk usotpon 6ysranza sa
TallKH MaiaoHra HACOATaH TYAMK OpHEHTALWANAHTaHJAA TAAOWK KWIHHHIUHW
MYMKHH. Peas TH3uMNapaa Typau Mosnekynanap Tamiku Maiinos E, ra uucbaran
MapiyM Japaxaia Typiauya #yHanran GYAramjiMra ydyH ynapEMHT TalUKH
MaiIoH Kyunasuiauru E, uu kamaittupa onvm xobunmaty 4nPra sMac, yHnaH
3 mapra xaM, apHd 47P/3 ra TeHr ne6, kabyn kunuHann. JUINEeKTPUK HYHAArK
6y MmaiinonHu a¢dextHB MaliRoH, ne6 aTall MyMKHH.

E,pp =E, -4n/3 P
Jlemak, Xap Oup Monekynara TabCHP KWwiaétran >(QdexkTus MaiioH
KOHJIEHCATOp nnacTuHKacunary sapsanap E,gy =E, -4n/3 P 6unaH GOFIHK

O6ynran Makpockonuk Malinon E Ba kyrOnaHa@rraH Mosiekynara TabCHP
KWJIyBYH Maxannuit MaitnoH (47/3 P) napuunr #urunnavcunan nbopar.
IHynna#t xwmm6, KyrOnaHadtray MoleKyjara TabCHp Kuya&Trad
sbdexrus maiinou E nat 6upo3 katrapok 6Ynanau.
Az
Emp =E+ TP o

E (E 44:?) (E 4x ;—15) (1+c—1) (z+2)
.= = — = — = — ] = -
p: a »p a + 3 a + a 3 a

3 4n 3
__P__z-l L (H-Z)
PR T e 8 U3 ()
£=~1 £42
BB G m—
4n N, 3
£~1 4aN;a
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4 2 d Ny 3
(7) Ba (8) ndonanapuu ¥3apo Terrnacax,

e—-1 M 4N,

o & . 28 a

e+ 2 d SN ()]
1 moms wmoamama N, Ta monexyma Gop Gyaca, d r(lem’) monmama N
MOJICKyJIa MaBxKyR Oyanu,

. _Nyeod
M= 10)
10 - udponanm 9- ra onub Gopub kyiicak,
e-l M _4aN, an
£+2 a3

ndona xenub ynkamu. 1- nposa Knayzuyc-MoccoTH TeHrnaMmacH

Aeiinnany. YV IMdIeKTpAKIap Ha3apUsCcHTa KATTa Xucea Kyiiras Hranus onuMu

Moccotn Ba Kiraysuyc Tomonnaan 1868 itmnna nuial uukunra.

42N ,

10-ndponanaru 3 3% KaTTanMKHA MONeKyJap KyTOnanum nefinnanu. ¥

baxar MopIanuHr KyTOnaHyBuanmMry (o)ra GOFuK.
_4aN,
3

MoexyaaapHanr KyTonaHyBYadaury

MonexynanapHuur KyT6iaHyBYaHIIMIY, YIAPHRHT ICKTPOH KOOUFUHUHT
XaXKMHMra Ba TAWKH 3/7€KTP MAIIOHNAR Y3HHHHT MyBO3aHAT XonaTura HucbataH
Hakajfap cwnikuit omiinra Gormuk. Y xaim Gupmuknapuia uponanaHanu:

P=Ea nan o= P/E=¢l/E

Kynon kouywmura Gumoan, kyunauuni (E) 3apsn Gupnurura Tabcep
KHnaérrau Kyd Oumad ynqana,zm'

f e-e,

f= = E—e—_;—;—z.’%;a=_e_,2=1,r2___[ls].

By epna f e, MycﬁaT 3apaara, yugad r macodana TypraH, € 3apan
TOMOHMAAH TabCHP KWIMHASTraH ky4yaup. Jemak, KyTOaaHyBYaHIHKHUHT
yn4oB Oupiurd Xaxm 3KaH. Y oM jgapaa yiyaHaad Ba MHKAOD JKHXaTHAaH
MOJIEKYJIa XaXMHra sKHH OYnanu.

MornekynanapHuHr XyT6naHyB4aHinri 3 KHCMaaH nbopart:

=0yt Olgr + COlag
Olop~ OPHEHTAUMOH KyTONAHYBYAHIHMK Jeiiiafd Ba TAalIKH JJIEKTp MaiRoHU
TabCHPUIAZ AOWMHMI IMMONL MOMEHTHra 3ra OynraH MONEKYNANAPHUHI 1y
MaliioHra Moc Xonaa fyHammuy Ounan GOFNMMKAMP. Ol ——MOJICKYNARATH Ty PITH
HHCOMH 3MekTpManbUiinMKKa dra GYNraH 3MEMEHTIap ATOMIAPHHMAT JOUMHMiE
TaWIKK MaligoHna Sup-6upura mucGaran cwoxamu Guinan Gormuk 6ynrau

(]
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KYTONAHYBYAH/IHK. L, - TAlIK{A 2MEeKTP MafOHW TahCHPUAA MOJIEKYNaXaru
SNMEKTPOHNIAPHMHE ¥3 3apAanapy OFHPAMK MapKasura HHMcOaTaH CHIDKHILH
6unan 60FnuK 6YNran KyTONaHyBYaHIHK.

OpHedTanMoH KyTO2RYBYAHIMK

Monekynanap poumuii  gunons MOMeHTHra sra  Gynumm &k
6ynmacmurura Kapab, KyT6iH Ba KyT6cu3 Xuinapra 6YmuHaay.

Kyt0mu xoBaneHT Gormapy 6§araH HOCHMMETPUK MoOAeKysanap AoAMuMH
OUIIONb MOMEHTHra J3rafldp Ba ynap KyTOnum MoneKyianap Hevuiiany.
Fomeononsap Gormu MKKH, EKk¥ KYN aTOMAH Ba reteporniomap tabuarmu 6oy,
JIEKHH, CHMMETPHK TY3WIraH MOJEKyanap JOHMHIi HIIONb MOMEHTHIA 3ra
3Macnap Ba KyrGCH3 KywboF Monmexyjganap XMNMHM TAUKT KWIaZunap.
Monekynanapuuar Kyréimu Gynumwaa, ynap Ttapkubura KupraH GOFNApHHHT
JMI0Th MOMEHTH B2 MOJICKYJIaHHHT HOCHMMETPHMIUIHTH Xan KWIYBYH poJib
Yitnatiny.

Ban3n A”'-B” GornapHHHr MMNIOAL MOMEHTIAPH

Bor p10°Knm | uD Bor 110 Kn.m wD
H-C 1,3 0,4 P-Cl 2,70 0,81
H-N 4,44 133 As-F 6,77 2,03
N-O 5,04 1,57 S-Ce 2,0 0,7
H-P 1,2 0,36 C=N 3.0 0,9
H-S 2.3 0,68 C=0 7.7 2,3
C-N 0,73 0,22 C=s 6,7 2,0
c-0 2,5 0,74 P=0 9,0 2,7
C-S 3,0 0,9 P=S 10,3 3,1
C-Se 2,0 0,7 P=Se 10,7 3,2
C-F 4,64 1,39 As=0 14,0 4,2
C-Cl 4,90 1,47 Sb=S 15,0 4,5
C-Br 4,74 1,42 S$=0 10,0 3,0
C-J 4,17 1,25 Se-O 0,3 3,1
Si-H 3,3 1,0 Ge-O 7,7 23
Si-C 2,0 0,6 C=N 11,8 35
Si-N 5,17 1,55 =C 10,0 3,0
Ge-Pr 7,0 2,1 N-B 8,51 2,55
Sn-Cl 10,0 3,0 N-O 14,3 43
Pb-J 11,0 3,3 P-B 14,7 44
Hg-Br 11,8 3,5 0-B 12,0 3,6
N-F 0,57 0,57 S-B 12,7 3,8
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Ksaapynons MOMEHTH.

-A

-

~———

+

-
~ -
~—— -
e —— T

NaCl byz xonoa oumep kypunuwuoa 6yraou ea ailranzanoa Keadpynwﬁ;
momermu naiioo 6ynadu. CO; monexyracu ounons Momenmuza 32a byamacaoa,

K6aopynons MoOMeHmuza 32a.

Monekyna Tapkubuaa xyTonu Gor G¥icana, y Kytonm, é€km xyrbeus
6y nuinM MyMKHH. By yHzaru anextp 3apsayiapHHHT HaKalap HOCHMMETPHK $KH
CHMMETPHK TaKCHMIAHHG xofinamrannurdra 6ornuk. Kylinnary xaneanna ana
WYHAaA MOJNEKyIiap KeJITHPHIITaH:

XKansarn.
Bab3H MOJIEKYIaIAPHMRT ANNOTbL MoMeHTapH (jt, AHE', em?)

Monekyia i Monekyna 1 Monexyna n

Clz 0 CsJ 10,2 C2H6 0

), 0 HC1 1,03 CoHopia 0
N, 0 NO 0,13 CH,Cl 1,92
0, 0 H0 1,84 CH,Cl, 1,55
(60} 0 SCl, 0,6 CHCl, 1,02
CS; 0 SO, 1,60 CHJ, 0,80
HgCl, 0 AsCl, 2,1 CH;0H 1,68
PJ; 0 AsH,3 0,15 CH,COOH 1,73
ccy 0 NH;, 1,46 C.Hs;OH 1,70
CH, 0 PCl, 1,1 (CH,),0 1,30
...04 0 PH; 0,55 (CH;),CO 2,80

SnCl, 0 SbCl, 32 CsHgs 0
SFs 0 LiCl0,4 7,84 CsHsCH;, 0,37

By xkanpannan KypuHaavky, OMpHHYH YCTYHZR XKolinalirad Monexynanap
¢azosuli CHMMETPHK Ty3uWNHMIITa 3ra 6¥nrammmry yuyn, Ttapkubuma C-Cl, S-F,
C=0 kabu xyTOnu Gornap GYynMiuvra xapamail, JOHMHI JUNONL MOMEHTHIA
ara 3mac. Ynap Kyrbcu3 monexynanap xucoOnamamd. Axcunya, HC1, H,O,
NH,, C,H;OH xabu Monexynanapyarn 5SneKTp 3apARNAPHHHHE OIHPIMK
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Mapkazfiapy Moc O¥nMararmiry caGabmu, yrap JOMMMIT IUNOJL MOMCHTHIA 3ra
6¥nanunap.

HoumB# NHOONE MOMEHTHMHMHI MAaBXYIUIHTH YMYMUH KyTONaHHUUIHHHY
xXapoparra OOFIMKAMIMZa ¥3 aKCHHM TomasH. ATOM Ba  3JNEKTPOH
KyTOslanuuimapHaHr  mdofacura MONEKyJNaHWMHr Xapoparra Xoc Gynran
Xycycuatd kupaérranu #yK. Llynunr yuys 6y MKkd xun KyTOnaHmu xapoparra
amanza fespan 60Fank amac. OpHEHTaNHMOH KyTONaHMIl 3¢a Xapopat OpTHUILM
6unan xamasnu. Bynu KysaTHin Makcaauia OPHEHTAUMOH KyrTOiaHyBUYaHJIMK
y9YH KenTupH0 unkapunras {ebait popmynacura Mypoxaar kunainuk.

Hebaii dopmynacu:
2
Gop = 5{7“ 3aM.

By epra: olop- OpHEHTALHOH KyTOnaHys4aHmux, ¥ p,- Moana Monexynacu

JOMMHI IUNONb MOMCHTHHHMHr KuitMath. K=R/N-Bonsumau powmuitnuru, T-

abcomot Xxapopar.

-1 M _ 4N,

sz d 3 (@ * 2, + @), Knayauyc-MoCCOTTH  TeHraMachHu
Ky/acak:

e-l M 4nN anN p’ '

Frad @)t T e B ‘

s+2. d 3 axT kenub ugukanuw. By Termama

Knayauyc—Moccom—Ileﬁaﬁ TEHTJIaMacH  HeHHIamu, O, O,; T ra OOFIHK

e~-1 M
3Mac/IHFBHH XHcoOra onradH xonma, ‘w =775 ° g ne6 kabyn xumb, Gy

¢dhopmynaHi MKKH XWJI XapopaT yJyH #3aMu3;

P=3was+ Na, LY
3 3 3 KT,

2
P, =irrNa,, +5—’5Na” +-4_”Nﬁ°—-
3 3 3 3KT,
B
P}W =A+T

By wdonanapnan xapopar oprraH capM yMyMHil KyTONaHMIITHHHT
KaMmalumm xyzatunaas. ByHrar cababu MonexkynanapHMHE KHHETHK 3HEPTHACH
T,=mv*/2 Xapopat opTHUIH GWIaH KyNaHMIIK HATHKACHA, YIADHHNT 6eTapTHE
Xa0THK XapakaTH WHTEHCHMBJIAIIMINM Ba OKMDOAaTHa TalkM 3neKkTp MaiioHH
TABCHPHAA OPHEHTAUMSIIAHHIE KHHNHIIANITMAND.

By GofaHMBIAaH JMNONb MOMEHTHHH XaM JKaJBajl Ba XaM aHAJHTHK
ycyn 6unan xucobnaG vomuuma otimananmm mymkus. JKadean ycyaudan
doidananumu  yuyw Knaysnyc-Moccotu-Jlebalt (K-M-D) mewznamacunu
Myzpu NUBUKHUNZ MEH2IAMACU KYDUHUMUOA E3aUNUK.
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4N AnN p, B
Pt Loy = —~(a +a,)= 4 "3 3k Ae6 kabyn KWIMHIaH Xon4a,

B
P = A+ kypunmra Yranu.

KyT6cH3 Ba KyTOnM MoNeKynanu MOAjanap y4yH YMyMHH KyTOnannutHu
Ti Ba T, uHvepeanu opacHpard TYplH xapopamiapja ynuacak, Kyrocus
MOIeKynad Moananap y4yH (a) xypunumaa Gornanuul, KyTOnH MOJEKyJamH
Mozananap yuyH (6) kypusuinaary GOF/faHuII Ky3aTHRa M.

Pym 4 2)

p2 i }
i 1
] 1
A{ ! H
VTK! 1/1"]("
¢ AP
86 = v
s(z)
- Bp _AmNp’ 2 9K Ap
B_’gQ—A(l)' 3 3K’ v 5 L)
T T
_3 [K 8
,un = 2.4V A(_l__
T

Hunone momenmunu yucobrawnunz maxnuni ycyau K-M-JI TeHrnamacupaaH
dolinananu6, AMNONL MOMEHTHHH XaM XuCO6n1a6 TomM MyMKMH. ByHuHT

y4yH ymymudl KytOnamummpu uxkura: Ty Ba T, Xapoparaa ymuam Ounan
KHQORNAHHU MyMKHH.

4 ul .
Ty yuyn: £1 =3 (@u + 2o+ KT,)
=4 By
T, yuyn: £ =3 @ taa+ 3KTZ)’
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2, 1 1 .4 4501 1.4 AN T,-T,.
7 G SURL R ot VY o L SR o .0 s
PP = i G g 3™ TS G T ™ ok o -
: _9KIT(p,-p,). 3 [KIL(P ~P,)

© T may TN (T

Taxnumaii ycyn rpadux ycynra wucGaraH MIIHM KHCKA BAaKT H4MAa
Gaxapuiura MMKOHMAT Gepany, JEKMH ONIMHIAH HATIKATAPHHHT AHUKIUIH
KUXATHJIaH NACTPOK AapaKajia Typaju.

By ycynnapnan aunons MoMeHTHHHHT KuitmaTtu 0,2 JI nan xarta 6yiran
Moamanap ycTunaa Mir onmub Gopuin yuyH dofnanaHuin MasKynaup. Akc Xonna,
aTOM KYTONAHMIIMHUHI KMHMaTH aHHK TOMWIMarawmmrd caGabmu, xaro
4aHYarvHa Karra OyJIMIiM MyMKHH.

K-M-J| dopMynacunau ra3 xojiaraaru, sbHM MOJEKyjajap ypracuaard
§3apo Tascup aespnyu GYnmaran xoyapaa doinananca 6ynamu.

Taxpuba wyHH Kypcaramuky, KyTOnM MOIJANApHUHr KyTONaHHWH
YJIapHHHT arperar XoJatnapura 6esocura Gornuk (kapsasira Kas:anr)

Typnan arperar xonataaru MogANIAPHAHT Ky TONaHHILK,CM

[a3 CYHOKITMK
CH;J 77 42
CH;COCH; 176 63
C,H;OCH;, 62 52

By xon K-M-JI TteHrnamacugan ¢oiinanaHuil JOMPacHHH anuaruHa
TOPaUTHUPHIIK MyMKHH 31H. JIeKuH AM3CKTPHK AOUMHMAIMIHHA MOANAIAPDHUHT
KyTOCH3 OpWTYBUWIAp/arH CylOK OpPHTMacHa Yiyaum  MoJIeKynanapapo
TaLCHPHHHHI OPUEHTALMOH KyTOmaHuura kypcaramuran canouii s¢dexrunn
JesApix HOMra TEHIMALIHIIKIAa MMKOH Oepaay Ba JUNONAL MOMEHTHHMHT Ya9aMH
XaTONMIUHH KamaiiTupaau.

KyTOnaHuInHH agnuTHB Kattamdk jgeb xucobnal, TaHiaHraH CyloK
3PUTMA Y4yH KyHuaard udonasu &a onamus:

Pap=piXit p2Xz (%)
By epna: p,,- TalpiaHraH 3pUTMaHHHT MOJSP KyTONaHHUIIH;
P1- TO33 IPHTYBYHHUHT MONADP KYTOJIAHHIIM;
p2-3puraH KyTO/u MOLIAHHHI MONAP KYTONaHHUUIM;
X;- PUTYBUHHHHL, Xz- JPHraH MOJUIAHHHT DPUTMAJary MOJIApP KUCMH
(k) nau
' o P = P15

P:
X,

Psp B PiHH TONHMII YYYH 3PMTMa B2 TO3a SPHTYBYHM y4yH € Ba d JlapHH
yrualiMu3. Yiap acoCHIA P, Ba PrilapHHM TOTIA OJIAMMH3:
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e-1 Mx+Myx) _&-1M,
£+2 d T er2 d,

Pop =

[e—l My, +Mx, € -1M, ]1
2 = ® - *
. T

£+2 d &,+2 d X
p2 HA Taxpubana SPUTMAHHHT MablIyM KOHUECHTpaUMscuraya yirdau

MYMKWMH. Py HUHET TO3a MOJJAra XoC KuliMaTnapuHu TomMi y9yH p,;=f(X;), yHH
X,=1 HyKTacuraya eIryH4Ya 3KCTPANOJALS KUK KEPaK.

4 A

A P2 4
P2
piX / )
X=1 X=1
CeHs Moaaa X,~1 : | X1
CeHs . moana

Iy ityn 6unan 6up Heua T yuyH p; Tomanaam Ba p=A+B/T Gornanumn
aCOCHIA TYFPK 4M3UK GH3UNKG, YHUHT Bypuak k03(OHMUAEHTHAAH 1, XMCOOTA6
Tonwiany. By ycynpan Qolimananwiranna spHraH MOI#E MOJNEKYNIanapura
thakaTriHa SpUTYBYH MOJIEKY/IaNapHHUHT TACHPHHH UHOGAIT2 ONMIN Kepax.
Jlexuu 3purysun caaruna Ky rbcu3 MOA2 TaHIAHIAHY Ba KYJUIAHWITAHHN Y4yH
hoHH TormMaars xaro +0,2J nan optMalinn. Bynpalt HaTioka OU3HM KynduimK
XOJUlapaa KaHOATJIAHTHPAAH. Y CYNIHHHT sHa OUp a3asUTiry yBHAKH, Y KUuiiuH
y4anuran €ku napyanaHMai yumalinuran, nemak, 6yr xomura yTa onMaiiguran
MOJUIATApDHMHT XaM JHNOJNb MOMEHTHMHH XHCoOna6 TonmMm WMKOHHATHHH
6epagn. '

Mouaekyaanapapo TabCHp

HOxopuaa kaiin 3THIraH Ba Kypub UHKUIraH XOOMCAIap MOJIEKY Ialapapo
TabcHp Owian Gormk. Monekynanapiary kuMéBMi GOFIAPHHHT - XOCHII
6ynnmnra cabaGum 6¥nraH, MycGat Ba Manduil 3apaanaHraH sappauartapHuHr
MaBKy/TMTH MOJIEKYNanapapo TahkCHpJIap acocHia XaMm.- &raiu.  AMMO
MOJIEKY/Ianapapo TabCHPp KaTrapoK Macodana pyi Oeprawiurd yuyH yHra
TYFPH  KeTyBuM Kywiap, TaOuulikd, Kuuukpok Oynamu. Monekynanapapo
TaBCHPHHAT cabaGumnapnaas GHPM JMIONs MOMENTIADHIAD,

Myc6ar Ba Mandmuil 3apsanap roMOAIpONM MoMeKynanapiaa TEKHuC
TaKCHMJIRHTAHNKIY Cababiii, YNapHUHT KOFHPIHK» MapKaliaph OWTTa HyKTara
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TYfpu Kenagy Ba OyHpaall Monekynamap AOMMMI JHIONL MOMEHTHra 3ra
6¥mmatinu. Ieteposapons MojexyiafNapna aTOMNAPHHUHT BNEKTpMaH(HHmMK-
Jlapu ¥3apo kynmu, €xd 03MH (apk KHITAHMUIHA ydyH Gor xocun Gynui
BaKTHJA 3MCKTP 3apAJIAPUHUHT HOCHMMETPHK TaKCUMiaHuiuu pyi Gepaau Ba
IOMMMi IuNoAbL MOMEHTH naiino 6ynaau. Xocun 6ynran xumésmit Gor, KyT6nu
KkoBaneHT 60F, neb aramagm. Jemak, Ounons MOMeHTH Myc6ar Ba Mandmuii
3/IEKTP 3apAMIAPHHMHT MOJICKYAaHUHT TYPIH KHCMIIapulia KOHUCHTPJAMIMIIY,
HOTCKHC TAKCHMJIAHHLIM EKH TYTINAHHIIMHUHAT YIuaMHHp.

u°=e'l ndonacuna u°xam € ra pa xam 1 ra Gornux.

Monekynanap Tapkubuga KyTOMMIMK Lapaxacd Xxap Xxwt Oyuran
6oFnapHMHr 6YNMLIKA, YNApHUHT OWMONb MOMEHTHHMHT KyTONMIIBIH KarTa
6yaran Gormap acocKa, BEKTOP MOAEIAAH KEJITHPUO YHKAPHIU MYMKHHIATHHY
kypcarann. Macanal, TyiiHurad 1 atoMiiM CNMPTAGPHUHI' FOMONOTHK KaTop
A30JIAPHHMHT XaMMacH yYyH MOMMMIT AMIIONL MOMEHTHHMHT KuitMatH  ¥3apo
SIKHH: '

CH;OH 1,66

C,H;OH 1,70

Ci;H2;OH 1,66 ;

by mawiymornap acocuaa R-OH THnHzpard MonekyjanapHMHRT AMNONbL
Momentiapn —OH TypYXMHMHT [MIIONB MOMEHTH KHiIMaTH 6wian GOFIMK,
Jieran XyJioca YnKapHill MyMKMH. Boluka xusn Monekynand 6npukManapna Xam
XyRAM IyHAa# Mag3apa Ky3aTiWiaau.

R-C1 xunnaarn 6upnkmanap R-C1 6upuxmanapuari: C-C1 6orH ydyH:
CH,-Cl 1,92

C,HCI 2,05
n-C3H,Cl 2,10
n-C4H9Cl 2, 12
(CH:),CHCl 2,15
CH:{CHZ

CHCL 2,12
CH, 7
(CH,),CCl 2,13

R-CHO xumupmaru Gupmkmanapparu CH-O
Typyxn O60fu yuyH:

R-CHO

HCHO 2,27
CH,CHO 2,72
CH;CH,CHO 2,73

CH;CH,CH,CHO 2,72
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Jlemak, anbHCrHAjIapHMHC AMNONL MOMEHTH ynap tapkubuparn CHO
TYPYXJApHUHT [MIIONIe MOMeHTH OHiaH OornuK OYynub6, ywuHr yprava
kuiimaTinu n°(CHO)=2,61, ne6 kaly/T KWIHII MYMKHH 2KaH.

Hurpunnapna xam xyaau UyHAaH XONaT Ky3aTUnauu:

HCN -293 CH,CN -3,94 C,HsCN -4,02
CH,CN 4,05 C,H,CN -4,09 p°(CN)=4,02

Oxopuna kentupuaran Gapya R-X tunuugarm 6upukmanapaa (X-OH,
Cl,"CN, CHO ...) C-X 60FnapuHMHr AMIIONE MOMEHTHHMHT Iy CHH
BaKW/LIApM YYYH fesapmu Oup XWUINTH PaANKAUTAPDHUHT MOMEHTJIApH IKyAa
KHUMKIMIHAAH Ba wy Ounan Gupra ¥3apo AKHIIMIHAAH Aanonatr 6epanw, SbHU
pazukaniap HopMan €Kn M30TY3WIMILra, EKM KHYMK Ba karra Oynuiiapuzan
KaTdii Hazap, ynap xuccacura TYFpHM Kena&rraH JUIojib MOMEHTH JOMMHA Ba
Kyna KHYKMHA KHAMaTra ara.

JMIlONE MOMEHTMHHWHr BekTOp Mopennnan ¢ofinananub, Gup Heua
$yHkusoHai Typyxjiapra sra 6Ynran MoJieKylaNapHHHI AWNONL MOMEHTH
TYFPUCH/IA CY3 IOPHTHIN MYMKHH.

Mucon yayH auxnopOeH30UIapHH OMallTuK:

b b,

O-muxnop6enson M-Iuxnopbexzon n-auxinopbenson
o (xuc)y=2,6 1,5 0
po(Tom)=2,27 1,48 0

Taxpuba HaTiXamapH acocHia Ba Xucobnawr Hynu GunaH ToONMHIraH
KaTTa/MKIAPHHHT §3ap0 TYJIMK Japaxana MOC OYTHIMHM KYpHIUI KHAHH, YYHKH
peans  MoieKkynanapoa — gunomiap  Oup-Oupura  HucOataH — XaHaai
AyHanrannuryra kapa6, KYMM4a MYKH TABCHP KYPCATULIM MYMKHH.

Hapxakukar, o- guxnopbenzon yuyn Vp,~0,33 JI HM Tamkun 3rca
(BexTopnap opacuaaru £ 60°ra Tenr), M-auxnopbenzonaa 6y dapx aTHrH 0,02
HAra Tewr. Beusonsuur aipum xocmlanapuunﬂr JUTIONG MOMEHTIAPHHU
KenTvpannuk:

CeHsCl1- 1,55, CgHsBr -1,52, C¢HsNO,-3,95, C¢HsNH,-1,52.

CeHs-pamvKkaNHHUHT QMO MOMEHTHHH HOMBra TEHr jJecak, Oy
Kuiimariapun C-Cl, C- Br, C- NO,, C- NH, arom rypyxnapura Ternuuis e,
Kabyn kumum Mymkns. Bynnan doiinanann6 alipum GHpHKMaNapHHHI JMIIONb
MOMCHTHHH BEKTOp Mozenu ycynu &Epaammnaa xucoOnaca Oymamu. apas
KHIAlKK, p-HUTPOGPOMOEHIOMMHHHT ANMONE MOMEHTHHHU HA3apHi uaManail
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s103uM G¥ncun. Bexropnapuusr [(C—N) Ba (C-»>Br)] #ynanmumuHu 3vTHGOpra
onrad xonma, po(p-HBB)=3,95-1,52=2,43 uu yukapamui. Taxpubana Tonunrad
KuiiMar 2,60 ra TeHr Ba y 2,43ra aH4Ya sKMH. Dy HaTHXa BEKTOp MOAEIH
YCYNMHHUHI aMaluif aXaMHATra 3ra IKAHJIMTHHH KYpcaTagy.

Kyiiunarn mucon sca Oy ¢uxkpumusdd Tacauknaimn. P-aMuHOOGpOM
GeH3ONHIHHI JHIONL MOMEHTHHU Xucobnaimuk. Xynau assanruaek, C-N Ba
C—Br sexropmap 6unad wm xypasumu3s gecak, p.(p-ABB)=1,53-1,52=0,01
6¥nann. Taxxpubana 3ca 2,41)] Tonunran. By Hatwxa NH, rypyXHHHHE cyMMap
Bexrop gunonu C—»Br romonra yHanrannirugan ganonar Gepaau. By epaa N
aTOMMJIard  TAKCHUMJIAHMAaraH 3JIeKTPOH KyQTHHHHT TeTpa’ap yduaa
HOUnAraHIMTH Ba YHH . GeH3onm Xankacu TOMOH iyHanraunurd, GyHaaH
TallKapH Me3oMep "3¢dextn Tydainu NH,-rypyXu 2A€KTPOH AOHOP POMMHH
yitHaétrannmurn  Takpubana onNMHFAH aHYarMHa KarTa KWiMaTHM  nafno
6Ynrannnrynn acocnafiiM Ba TyUIyHTHPHII UMKOHUATHHM Gepamu. [Jlemak, p-
ABB mucoanga C— NH, Ba C—Br Bexropnapn 6up Ttamonra fiyHanran ac6
Xucobnab, ynapHMHr ckansp KuifiMarnapusn Oup-Gupuian aiupum 3mac,
KY LK KEPaK 3KaH:

Ro(p-ABB)=1,53+1,52=3,05. By xuiimar TaxpuGana Tomwiran 2,91 ra
aH4a AKUH. :

Aiitunran ¢uKprapHuRr Tacaurd  cudarnga KyHuaary Kkafpania MKKH
Kappa anmauiran 6eH30J XOCHNATAPHHMHT AUONE MOMEHT/IApH KEITHPHITaH.

Opro Merta ITapa.

Taxp. | Xuco6. | Taxp. | Xucob. Taxp. Xucob.
NH, NO, 4,26 3,64 4,85 4,74 6,17 581
Cl, NO, 4,59 5,26 3,69 3,68 2,78 2,52
| J, NO, 3,92 4,72 3,43 3,48 3,64 3,65
Br, NO, 4,20 4,88 341 345 2,60 12,43
CL CN 475 488 [338  |340 2,53 2.35

: Kenrupunras xanpanga Ba xucoOna® Tonmnras kuitMaTnap OwiaH
Taxpubasa TOMMITaH KaTTANMKIAPHHHI ¥3ap0 KaHOATAAHTHpap/H Japaxaia
MOC/IMIH Ky3ra Tauutanub typubmm. Uly 6unman Gupra, p, (XMC) - Ho(TK)
CC3WIIAPNIH  IKAHIMIHHHHr cababnapu (yHKUMOHANl TypyXJapHHHr ¥3apo
TabCHPJIAIYBH, KyTONMAHHMIIM Ba  BajJeHT OypuakJapUHUHT  Ha3apuil
KuHMaTapHIaH YST/IAHAIY HaTHKACH, A0 XHCOOAAHHIIH MYMKHH.

Jiunone MomeHTH ¢azoBuil H3OMEPIAPHHHT TY3WIHIIHHH aHHK/IAINIA Ba
yniap ¥prackaary rahosyTnapHd Ounmm AYIMAA XM3MaT KU ONaMraH ce3rup
BocuTa (KpHTEpHi)AKD.

K H H cl I

H’C:C:H (‘I/\C:C< }c:c( a H\ :C’C‘
” H H H Hz \C]

fo O 0 1,8 1,18
(TpaHc) (1uc)
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JIunons MOMEHTHHH BeKTOp cxemacy Oyiimua tonmum ycynu cudar
axamusTHra sra 6ynu6, mMukpopull XUcoO-kHTOGNAp YYyH YHYAIHK HPOKIH
amac. Jlexkun yHaas TaxpHOaza ONMHraH HaTHXalapHW TyIDYHTMphIAQ,
ylIapHH TH3UMra conminaa okunona doiinananmu Mymkud. By ycynnmad
doianannb, taxpubana xpcobnam HATHKATAPHMHWHT KaTra (apk Kunumu
cababnapu Tyrpucuma yiinab kypumi  Ba MONEKYJANApHUHI pean TY3WJIHIH
ycruna ukp rwoputum mMymkun. Kuména macanara 6ynpait Tapzna €saammb,
HHTYHTHB HYyn OunaH yHAaH KYNruHa XosiapAa SMIHPHK ycys cH(aTrHia KeHr
¢dotinananmnaou.

Moaexyaaaapaa HYKH aiilannm Ba 6ypHIIHIT H3IOMCPJIADH

K¥n aroman Moiexynanapaa (ynapra OyTyH, AXJIHY HHAMBHAYaN 3appaya
cndaruaa Kapaica) WirapuianMa, aiylaHMa xapakariapiaH TalllKapH yJIapHHHT
HYMIAry aiipuM aToM rypyxdaiapiau y3apo 60nab TypraH Gupiamuu kAMEBHI
bornap atpodmuna ajimanum 6GunaH GOFMK OYAraH XapakaTHHH XaM Ky3aTHiI
MyMKHH. DBynnaii xapaxarnap nactnalbkm BaxmiapAa SPKMH MYKH ainanumi,
ne6 wopurunran 3au. Jlekus xeifivHrn TexwMpHuuiap Oy alinaHuminapra
KapIUMJIMK KWAJIYBYA Ba MablyM KuiiMarra ora O6ynraH noTeHuuan TYCHK
GopmuruHy Kypcarau. Jlapxakukar, 3TaH MOJIEKYJIaCHAA METHI Iy PyXJIapHHHKHT
OyHzait HYKY MONEKYJIAP aiNaHMUIIaPHHM aMalira OIHPHLI YUyH kepak 6¥nran
3Heprys TAXMHHAH 3 KKai/MOJb HM TAIKAI KWiaaM. By yHuaguk Kkarra
OynMaraH noreHUMAN TYCHKAMP. Yl Xapoparuja Typrad 3TaH MoJieKyaanapH
6y MHKIOpIArH HMYK¥ DJHepruara osra Gynarawnnkimapu cababmm, Merun
rypyxsapu  Gup-Gupnapura HucGaran «Gemanon» 360°ra aiinana osagunap.
Jlexun, acivia, aManza KMuKHHA 6¥nca Xxam NOTEeHLMan TYCHKHHUHT OOpIMIu
OyHnaii alinaHMILIapHN 3PKUH alilaHviunap smac, TYCHKIW HYKH ailaruiunap,
JeraH HoM GunaH IOPUTHLIHN TAKO30 KHIaAH.

DHepreTHK NOTEHUH! TYCUKHHHF nalino GYnummn cababu aiinamaérran
FypYXNapHHHT ¥3apo (a30Buii Ba MMEKTPOCTATHK HMTAPMNHIN  TABCHPHAHP.
Tabuniikv, Tancupnamaérrad aToMsiap opacuaaru Macoga xarra 6yica, TabcHp
Ky4H KaMadAW Ba aKCHHYa.

OtaH MofekynacH alUlaHMll  BakTHAArK MOTEHLUHANn 3HEPrUACH
Y3rapuminsunr 6ypunum Gypuary ¢ ra GOFNMKANIY:

H H
Q
E—x AN C/// He. oH
H , /
I /
| H 1.
3xxan I T ¢
/Monb C '
3! H

0 60 120 180 240 300 360¢ @=0 =60
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Byupan kypHHaIuK, 3TaHAATH METHI TypyXaapHu yJapHH y3apo Gornab
Typypyn C-C Gornmapu atrpoduia 360° ra alinaHraHma xap  Oup
MOJICKYJIAHUHT NOTERLHAT JHEPTUACH 3 MapTa MakcHMMan Ba 3 MapTa MHHMMAa
kuiiMatnapra sra 6¥naau. SiaM  MOTEHLMAN TPU JAaBPHil CHMMETPHKIKKKA 313,
Arap xap 6up MeTHII rypyxuaaru 1Ta BOfopo atomu Gouika SMEMEHT aTOMHIa,
macanaH, xnop €ku 6poM aromnapura anMamrcnpannd, 1,2-guxyop- éxu. 1,2-
ZHOPOM3TaH XOCHA KHAHHCAa Ba YJAPHMHI Xap Oupuaard WYk ainaHum
BaKTHOAa TETHUUIA MONECKYJAJIADHUHI [IOTEHUHAN JHEPTrHACH Y3rapyinM
KY3aTHJiCa, JHEPTHACH MHHUMan OynraH xonarra HucGarad GypmnHun Gypaaru
acra-cekud 360°ra y3rapranja Ky3aTuiagdraH MHHHAMAn Ba Makcuman
KeHMaTiap xaM xap xun Oynuumm Gununagu. Bynu Kyiiuparn pacMaad Kypui
MYMKHH.

E

o\

| T ! ! l

180 240 300 60

L/U;\/L/L%

< o--

I I
1,2-muxnoparasna CH,C1 rypyxnapu 6up-6upura uuc6arau 360°ra alimanranjia
noreHunan HepruaHuHr Yarapuum (E=f{o)).
L,VII- Tpanc xonart.
1V, I- cosnmanral 1HC Xomar.
LVI- coanauran xonar.
1L V- roiu xonar. .
OHeprus KuiMaTIapUHUHT ¥3apo KoiIaHIMIIY Kydnnarnua:

(E~Evn)<(Em =Ev)<(Ey =Ev1)<Ew
Pacmpau kypuHannky, 1 mapra T¥auK alfinanum sasomuna CH,C1 rypyxiapu 1
MapTa Tpasc, 1 Mapra muc, 3 MapTa CosNaHraH, 2 Mapra rom xojamiapra yrap
3KaHJap.
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Huxku Monekynsap >kapaéHHHHT ¥3ura XoC TOMOHH UIYHOAKH, TYpiM
Xonariapra TYFpH Kenrad NOTEHUHAT TYcHKIap ¥3ap0 aHYarMHa fKUH Ba
yMyMaH 3ca, YHYaNMK Katra OYnMaramnury yuyH OypwiMil H3oMepiapH
KHMHHYMWIMKCH3  Oup-Oupura ¥ThHO Typanm Ba MyBO3aHaraa Typrad
apajnaiiManap TH3HMHHH Tawkun Kunanu. Typiu dasoBuit Xonatnapra xoc
6ynran HM30MEpNapHUHI KOHIEHTpalMsicH, &km | Mois Moagamard Monsp
YAy Xapoparra 6ornuK. By GOFNUKIMKEN AWNONF MOMEHTHHHHT. Xapoparra
Kapab opTnb 60pHIIHAA Ky3aTHII MyMKHH (3kanBajira Kapahr).

XKangan.
I'a3 xonaTuaaru 1,2-guxnop3TaH 82 1,2-AnGpomM3ITaH YHYH TYpJH
Xapopataapaa TaxpuGasa Ba HAZAPHIA Xuc06aa0 TONMWIraH AUNOAb
MOMEHTH KHHMATJAPHHH TAKKOCAAM

CI1CH,-CH,CI CI1CH,-CH,Br BrCH,-CH,Br

T Bopmp | e 14 T Py I L T T | Jr— |
304,99 1,12 1,1 338,9 1,08 1,08 339,1 0,93 0,93
341,0 1,24 1,23 368,2 1,12 1,14 367,8 0,98 0,98
376,3 132 1,30 405,3 1,19 1,20 405,2 1,03 1,04
419,0 1,40 1,38 4356 1,25 1,25 435,8 1,09 1,08
457,0 1,45 1,44
479,8 1,48 1,47
543,7 1,54 1,57

Hkkana gurannonn 3TaH y4yyH XaM Xapopar okopunammmu Gunau
Takpubama aHWKIaHraH Ba Hazapult Xxuco06nab TonunraH AMMONbL MOMEHTH
KuHMatnapyHusr optu6 Gopuiim xyzaTwnMokaa. ByHuHr caGau mryHpaku,
Xapopar oprraH capH OypwmMII w3oMepnap® VYpracHRarn JHHaMMK
MYBO3aHATHHHI JHEPTHA 3axMpacu HucOGaTaH KaTra G¥nraH UM3oMep TOMOHra
cwkniian. bynap ¢=180 6¥nran xonaar, SpHH ranored aromiapi ¥3apo ara
SKHH Macodana xolinairan OypuwinHiu H30MeprapHIup.

Afinanaérrad rypyxjgapra 3ra GYaraH MONEKYJaHMHT NOTEHUHA
3Hepruscr E Gypunmin 6ypuaru O ra 6orink xonaa Kyiuaaru nponara 6uHoan
¥3rapanu: :

E=E,(1-cos)

By epna 8 nunosnap y3apo TpaHC Xonga HyHanraH xonarra HucGaraH

6ypunuin Gypyarn. BurTa TYIHK afinaumnm MoGalinuna y 0 nau % opkaM 2n1raya

optub Gopann.
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E, uuHr kufimata 1,2-an6poM 3TaH y4yH LUIONS MOMEHTHHMHI HYHAIMIIK
1,2-puxnopankura CH,X Ba CH,Y kaparanaa karta umkazu. Jemax, y3apo
HTAPHIMINZA 3NIEKTPOCTATHK KyunaphaH ©Oolka kyuynap xam Gesocura xan
3TYBUH poiib ViiHamv Mykappap 3kaH. YyHku, arap ¢akaT BSNEKTPOCTATHK
Ky4iap ponb VitHalimuran 6¥nca 1,2-auxnopartan yuyn E, 1,2-1H6poMsTanra
HucOarad, anbarra, kaTrapok Oymmmu kepak 3au. Jlexun Ttaxpubana 1,2-
auxaopatad yuyn E=1,2 kxan/mons GYnran xonma 1,2-mubpomatan yuyw
YHHMHT KuiiMath 4,7 KKan/MOJh SKaHAHTH aHMKIAHraH. ByHOaH Taukapw,
KyTOcH3 TabHaTiM rypyxXnapia Tamkun Tonran H-6ytax yuyH (yuga Cl &ku Br
atromsiapy Ypuupna CHi, rypyxmapn masexys, ne6 kapam Mymkmh) Eg=0,8
KKa/l/MOAh 3KAHNHFMM 3EKTPOCTATHK KywiapHaH Taiikap¥ ¢a30Buii Tabcup
MYKappapnuruiad nanonar 6epaan. By TabCHpHMBr KyudM TabCUPAALIYBUH
TYPYXJapHBHr Xawwmura Oormuk 6ynu6 (r(Cl)< r(Br)=r(CH;), ynapuunr
3NEKTPOH KOOHMFNAPHHHHT MTapAIMIIMEaH kenu6 4uukapu. bBu3 Hasapna
TyTa€TraH atoMnap &k rypyxnapapo dasoBuii Tabcup OMp rypyx sramnab
Typran ¢asoBmii cdepaga allHM BAKTHA WKKHHYH aTOM, EKH TIYPYXHHHT
YUPaTHIMLIN, MaBXKyA OYNHImH  MyMKMH 3Maciaurd OuiiaH 60FuK,

Bypuayu M30MepIapHHUHT MaBXKyIUIHIM JOKOPH MOJIEKYJIAp MOLJanap
MaKpPOMOJIEKYNAIAPHHHHT IIAKIHHKA BA NOJHUMEPNAPHHUHT  KOBYILIKOKIHTHHU
GearuioBYH 3HT acockii Ba MyXUM poin YiHOBUH dakTopnapaan Gupunup.

Bypwimm n3omepnapuaa Ky3aTHNAfuraH HYKH MOJIEKYJIAP TabCHp ¥3
Tabuard, kenu® YMKHLIM Ba dHEprua KHiiMaTH xuxarunad Bax-nep-Baansc
TAbCHPHIa SKHH KEnagu Ba CYIOKIHKIApAard MONEKylanapapo TabCHpra
Yxinaupmp. Hlyauur yays 6y TabcHp xaMm 3pHTManapia 3puTysuM tabuarura,
MOAAaHHHT SPHTMAHHHT KOHLIEHTPaLHACHTa, arperat xonarura Gornuk 6Ynam.
ANTHII MyMKHHKHM, WYKH ailTaHHIOMHHHT NOTEHUMaN TYCHK KUIfMaTH TypiM
OypHiaMil HM3OMEp/apd OpacHAard MYBO3aHAT AOUMHIIMIHHUHI KUHMAaTH
acoCHMAa ONMHraH E/WHM3 MOJNEKYJAHWHI XYCYCHSTHIMHA 3Mac, LIy MOJIEKYNa
TypraH MyXHTHUHI XoccacHHH Oenrunaiian. By xon Sypwinin u3oMepaapuHHHT
TeOpaHMa crlekTpniapura Xoc OynraH »KcnepuMeHTan MawiymoTiapaa ¥3
TACUFHHH TONTaHINP. i

JAunosan MOMEHTHIa TErHILIH afipHM MYXHM MALJIYMOT.IAp

Typnu monsanapruHr dusnkaBuil xoccanapu Ypracuna masxys 6ynran
dapxnap ynapun MAcHTH)HKALMA KHUAMIIOA KEHr KysuraHwnagu. Bynanail
xoccanap Karopura ¢azosuit YTHI, CYIOKIaHAIl Ba KalHam Xapopatiapu
(t.t) -, opyBUaHnuK, ancopOumsanansui Ba Gomkanap kupanu. By xoccanap
3ca,y3 HaBOaTHOA, MONAWIAPHHHI NIHNONE MOMEHTNADH Ba IJJIEKTp KyTO-
JIAaHYBYAHIIHTH 6w1aﬂ Besocura Gornmk. 1lly 6unan Gupra, Monexy/IaTapHHHT
3NACTHKIIHIH, Momxanapﬂuur KOBYWIKOKJIMTH, 3JIeKTP YTKa3yBYAHIIHMIH,
MEXaHHMK MYCTAXKAMJIHTH XaM JHIIOAL MOMEHTHra GeBocHTa GOFMKAMD.
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MATHUT MARJOHUHHHT NAWAO BYJIHAUIM

XapakaT Kunaérras 3NeKTp 3apsiiapd, Y3 HabaTHAR, MarHur
MaHOOHMHH XOCUN Kwiamu. ByHpait maiizonra kupuTunaraH Ooilika 3apsmiap
YHUMHT Tabcupura Jy4 xenagu. Uly HykTaw Hasapaad, napaMarHur
(xydTnamimaraH cnuEmM  9nexkTpoura Sra  OyaraH) MOAZANap MarHWT
MaiiioHydra ToprunagM. Monexynanaru XamMMa SJIEKTPOHNAPHHHI CIHHJIAPH
Gup-Oupura  Kapama-kapms  #ywanu6, ¥3apo KydThawraH — CIHHIH
JIEKTPOHIapra sra Gynran Moinaiap TAallKM MarHHT MaHNOHH TOMOHHIAH
WTapUIMID KYYMHMHI TabCHPUHM ce3aan Ba wy cab6abmaH yHZaH CHKHO
unkapuianu. Bynnait Mojananap, napaMarauiiapra HucGaTaH teckapn Tabuatra
ora OyaraHnury  yuyH, AHAMarHuT mojaaanap fAefiwnand. Cnunnap
KyQTNapuHUAT ¥3apo urapunumu [WinecnH KOHUENUHSCHAAH KenHO YHKamH.
Dazosnit QaxTop 3appavanap KaH4aNMK KHYMK OYIMacHH, YNap sramiarat
X@KM HOJIIa TEHT 3Maciury, 3appayanap YUIapuHHHr KOPHyCKynsp Tabuartu
Tydaiinu Myaiian paguycra (ynyamra) sra SKalIdr, Q)epmuomapnnnrd?epmn

- Ilupak crarucruxacura 6yiicynumu, Appenuyc Tenrnamacu K=PZe Rt naru
P koadpduuenrrima Y3 akcHHH TONAmMKH, KAMEBHH > KapaGHIAPHHHT
SHEPreTHKACH, TEPMOAWHAMMKACH Ba KMHETHKACMHM YpraHaérraH BaKraa y
MYTIaKO HHKOp KWnuG GysiMaliiguran Myxum peait ¢aktopnapiaH Oupu
caHananM.

Xapakar kunaérras xap 6up 3apamnanral sappaua ¥3 arpodmaa anekrp sa
MarHuT Maiiionnapunad uGopar GynraH 3NEKTPOMArHMT MAalOHHH XOCHI
KUIMIM MasayM. By MalinoH anextp zapaauHuHr xapakati Ouman GOFAMK
OYNralIMry yYyH YHHHI XOCCalapH MasKyp 3apsaHHMHr (as’ofard Xo/aTura,
AeMaK, Baxrra Oorymk 6ynamM. MarHur Xoccanapu yTkasruuzan yraérraH
TOKIAp BOCHTacuZa yprawwiany Ba Oy MaWnOHHMHr Bakrra OOFIMK
6YNMACIHIHHU TabMUHNANAH, IIYHMHIAEK, MAarHHT XOCCRUIAPUHH YpPraHUIIHU
ocounamrupany. Iapamaruur ekt nuamarunr s¢dexrra Kaparanaa 10-100
MapTa Ky4iuaup. lyHAHF y4yH TOK COHJIM 3NIEKTPOH CIMHJIH MOAAANApHUHT
MarHutT MaifaoH 6mnaH TabcupH, AbHH napaMmarHuT 3¢dekTd ynapaa JNOHMO
MaBKyn Oynran  nuamaruur sddexrra nucGarad ycryH O6Ymamm. Tamku
MAarHMT MalIOHUra KHPHTHNTAH/I4, MATHMTIIAHMII XOCCACH JKYJla IOKopH Gyiran
TM3UMJIap  (eppomarHuTHKNAp, Jekunamd. Marnur  wMHAYKopAcH, neb
MOJUIAHUHMI TalKM MarHHT MalOoHH TabcHpHra OEpHIHUI KOOHIMATHTA
affrunagu. Arap ynu B xapdu Gunan nponanacak, B= yH 6ynu6, 6y epna H
— MAarHdT MalJOHMHMHI KYWNaHTaWlWry, y— MarHHTIaHyBYaHJIMKAMD.
HNuamarauTuknap yuyd y <l, napamarsuTuxnap y9yH y>1 deppoMarHiTuk-
niap yuys 3ca y>>1 mup.

JvamarHuT 3appayanap (aToMiIap, MOJEKYJIAP)HHHT TYNHK MarHMT
MOMEHTH Malinon 6¥iMaral XoJIia HONra TeHr. Yiap TalKH MarHHT MaiioHHra
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KHPHTHITaHZa, NEKTPOHJIAPHUHT MArHUT MaitnoHIapH Maﬂdmifl KHiMarra ara
6ynran xonarnapra yraqu sa y< 1, B<H 6ynaau.

MarnauT 3appavanapaa xap 6up atoMm y3uHUHr HOMAAH Gapk KHNYBYH
MarHuT MoMeHTHra 3ra. Jiekun ynap ¥3apo Geraprtu6, “xaoTuk itymanrau
GYraHNBKIapH YUYH TH3HMHAHT CyMMap MarHuT MOMEHTH HONra TeHr 6y aanu.
IapamMarHuT 3appasanap TallkM Malionra KMPHTHIraH naitaa ynapHHHT
MarHUT MOMEHTJIapH MaiI0OH TabCHPHIA YHra MOC paBHuUIAa HyHananuwnap Ba
TapTHOiy  MarHMTIaHraH  xoara  Yragunap. lOkopuma  aliTmiranmzek,
napaMareuT Moananap yuys B>H nau, uyHku y>1 gan 6ynanu.

®deppoMaryHT MOAZANAp IOKOPH Japaxaja MAarHUTIZHraH Ba YM3HKIM
ynmuamnapy 10 cm  raya coxanap -— IOMeHNIap TYNnamaapuaad TAIKWI
Tonranaup. JloMennap WuMOAa 3appauvanapHu  Y3apo Taptubnum paBMmia
AYHANMIUMHY  TALMHMIOBYM KyYWNapHMHr naitno Oymmmm, 1928 fwnna
[efizenbepr pa A, OpeHkens TOMOHHAAH KBAHT MEXaHHKACHMTA TAAHTAH XOJa,
3MICKTPOHNIAPHUKT TYNKHH TabmaTH Tydaitnuaup, aeb Tywrynrupunau. Tamku
MarHuT MafifoHu #Hyk OYnran xonma, Typnd nomeHnap Y3apo GeraptnG
xofinamrad O¥mamu. LUIyHHHr yuyH MakKpOCKONMMK OOGBEKTHMHI MAarHWT
MOMEHTH HONra TeHr. Jlekun ¢eppoMarHMT MOLA TaUIK¥ MarHut MaiifoHura
KUDUTHATAH mNadTHxa afpuM aTOMIADMHMHI MarHMT MOMEHTIApH JMac,
NOMEHJIapAary Kymniab MarsuT MOMCHTJIAp TaliKH MalOHTa CNOKTaH PaBMINLa
MOC HyHanamM Ba MOJJA Kydw/IH MarHWTiasraH xonarra Yramgu. 10y cababnan
¢deppoMarnuTHIUIap Yayn B>>H ayHku y>>1 nan. deppoMarHuTHK TH3IHMAp
6unad 6up karopaa aHTHdEpPOMarHUTHK MOANANAp XaM MabIyM. YBapHUHT
MarsutnaHumu gaxart H ra smac, T ra xam 6ormk:
4 B

}Inpo MArHMT pe3OHAHC CNeKTpJ1apH C

Xap 6Hp XMMEBMA OSTIEMEHT AQTOMMHHMI SAPOCH FOKOpHIAAa TabkuManab
yTanraH Macca Ba MycOar JJIEKTp 3apsAMAaH TAWKapH sApo CnuHn jcb
aTamyByM MyaiisH XapakaT MHKZOPH MOMeHTHHH Genrwnosuu kartamk (I) ra
Ira SKAWIKAIH, ARPO GHIAH TAIIKH MarHHT MalIOHH YpracHaard TabCHPHH
Ypranuu ityny 6unaH aHUKJIAHIH.

Manymxu, aToM SApocH MycOar 3apsjuiaHraH zappadanap — MpOTOHJap Ba
JEKTp 3apspura 3ra OynMaraH 3appadanap — HEATPOHNAp/aH TAIKMA

61



Tonraaup. JcnaTHO YTHII JIO3AMKHM, AAPONATH TIPOTOH Ba HEHTPOHIAp
6uprannkga Hywionnap, neb aramanu. ®akarrMHa BONOPOAHMHT H30TONH
6ynraH npoTuit Aapocuaa HeliTPOH HYK. Y 6uTTa NpoTOHZAHrHHa HOOpaT.

SlaponapHUHr HYKIOH TapKHOM Ba XOCCaNapHHH VYpraHum IIyHH
KypcaTanuki, A Ta HYKIOHAZH TALIKWI TOUTaH ALPOHHHI TYNHK Xapakar
MMKIOPH MOMEHTHHHMHI KBAaHT COHH | Ma3Kyp HYKIOHJIAPHHHI XKy3hHil MEXaHHK
MOMEHTH (CTI{HM) Ba OpOWTan MOMEHTNApUHHHI BEKTOp HUFHHIMCHIA TEHT.
Bynnait xacobnaml MymisH 6¥nmny yyys OGaxapwiviin kepak GynradH mapr
wyHaan ubopaTku, 3appadanapna, MacanaH, aTOMIApAa SJeKTPORIApPHHMHT,
AIpona 3ca HYKIOHJAPHWHT CNUH-CNHH TABbCHPH LIy TH3MMIApAArd CIMH—
opburan Tabcupra HHcOaTad Kydcuspok Oynmmm xepak. [emak, 6u3
HYKJIOHJIADHMHI CNUH-COIMH TabCHPH yjapAa OYynumH MyMKyH OYnran cnuH—
opOuran TabCHPHAAH aH4Ya KyucH3 6¥nanu, ne6 xucobnaiiMu3 Ba

L=Y L; Ba §=)si
i i

3appavanap TH3UMHHMHI OpOMTaI MOMEHTH L HM Ba CyMMap CITHH MOMEHTH S
HH TonaMmu3. BynapHuHr BekTOp AHFHHAKCH TYJIMK MOMEHTHHH 6epanu:
J=L+8§
L Ba S nap ypracunaru Gynnait 6ornanmm L-S Gornanum aedivnany.

By 6oryannin aromnapia Ky3aTHUNTaHHICK, MapKa3suii CHMMETPHMK Kywiap
YYYH TYFpH Kenaa.

AMMO A1p0 Ky4JapH YMYMaH Mapkasuil Kywiaap sMac. AnpoHuHr opOuTan
MOMEHTH OwilaH CDHH MOMEHTH VpTacHAard TabLCUp CcKamap Kymnakrma
(LS) ra Oormuk. Slaponapma xXap OHp HYKJIOHHHHr cnuM Ba opOuran
MOMEHTHHMHT WHIMHANCH YHUMHT TYIHK MOMEHTHHN Oepamn. SApoHUHr TYIHK
MEXAHHK MOMEHTH j, BEKTOD MMFHHIHCHIa TEHT:

i= Zfﬁ
By xungaru 6ornanuni j-j 6ornanuw peiunanyu. OFHp afponapaa j-j Gormanmu,
CHrHJ1 Aaponapaa >ca L —S Gornanum Kydra ara OYmmmmn Taxpuba acocuia
aHHKJIaHTaH.

OHAM ANPOHK TAIKWI KWIYBYH HYKJIOHNADHUHT TYIHK MOMEHTAApH ji
AapHUHr Oup-Oupura nucOGaran Y3apo HyHanumM TYFpucnaa yittad kypaiinuk.
Arap XamMMa HYKJIOHAApHHHI TYJMWK MOMEHTHapn ¥3apo mapanen xojga Gup
TOMOHIA HyHanra 6Ynca, A Ta HYKIOHAAH TAWIKHA TONIaH AXPOHHHI CyMMap

MOMEHTH -;- A ra tesr Gynap aau. AManma aca y %nan aH4YarvHa KU4YMK
KniimMatra sra. Macanal, **U yuyn Taxmunas 116 §puura 2% ra, * p, yuyn

119 yphuura % ra Tenr, xonoc. DBy Xon saxponmapmarn TYIMK MOMEHTJIap

anoxujia OJNIMHraH apHM HYKIOHNAp YYYH ¥3apo Kapama-Kapiii Xonia
AYHanranimMre Ba HamKdna cyMmap MoMedTH O ra alUlaHa8TrarsIMrHIaH
Hanonar G6epams. HOemak, U -233 na 114 xydT HYKIOHNAPHHHT TYIHK
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MOMEHTIIApH ¥3apo KOMOeHCanusananran 6yam6, arura 5 TacuHuku 5/2 Tynux
MOMEHTHH HaMOEH KHJIaly.

[nyrouniira xencak, p, 239 na 119 wywnounap xxydrnapu yayn tymmk
MOMEHTNIAp ¥3apo Teckapu HyHastraH 6Ynu6, aTuru | Ta HYKIOHHMHr CHMHU
KOMNEHCAUHIaHMarad. ByHHHI HaTHOKacHMAa YHHHI CYMMap CIIMHH Y2 ra TeHr
KHHMaTra sra.

Bus 6y Mmynoxazanap acocHpa KaHaall SAPONAPHMHT CUMHNIAPH HONMb EKH
6yTyn connapias, KaHzalinapHHUKXH TYFPM Ba HOTYFPH Xacp COHNapaaH uGopar
6ynumnHH TynryHu6 omMmHMM3 MYMKHH. Arap A=(Z+N) xydTt con 6¥yica,
anpo crnuHM OyTyH comnapnan wubopar OYnagm. Uynku, Oy Xomga &ku
HYKJIOHNAp XKy(1/IapH yuyH CNHHNAP KapaMa-Kapik &kH 2Ta, 4 Ta, 6 TacH YYYH
6up-Gupura mnapawien O6ynarasnurupaH cymmap couH  1,2,3.napra  Tewr
KHifMaTiapra sra Gynanm.

A=N+Z 7oK coxzan ubopar 6¥ica, KOMNEHCAUNANAHMAraH TYIHK MOMEHT
1,3,5,7, Ta 6Yynumin MymkyH. By xonma aapo cnumm %, 3/2, 5/2, 7/2 ra TeHr
6Yniran TYFpu €M HOTYFpH Kacp Kuitmartnapra sra 6§namu. Ly manymortnapra
tasurad xonga, H' wmur ®F, *P gapuuur Y% ra “C, "N, *S napuunr 0 ra
TEHT KaHIMTHHYU aHTNab eTHur KuluH Mac,

Kymunmk agponapaa Z xypt, N xydT 6ynray Hyknonnap Tymiamu
yuparunami. By xonna A xam, anGatra, xydr 6¥namm. Bywmait xydr
KyPTIBKIapAa HYKIOHNAp CNHMHIAPH KapaMa-KapliH ToMoWnapra WyHairad
6Ynann Ba Gup-6upHHH xoMmneHcauusnafau. Xamma xydt Hyknowrapra sra
6ynrad saponapHuHr 0 ra TEHr CIMHIA 3ra SKaHAMIY Taxpubaza Kypunau. By
KOMJafaH 9eTallHIl X034praya Ky3aTHiarad sMac. bapkapop xy¢r-ToK Ba ToK-
Ky($T CIIMHIIM NPOTOH Ba ReHTPOHNIApAAH TAWKWI TonraH aaposap 1/2 nan 9/2
raya 6ynraH ApuM GYTyH COHIH CnuHnapra 3ra. TOK TOK AAposap GyTyH COHMM
CNHHJIApra Jra.

Kyfinnary >xanpanna AApOJApHMHI 3apaj COHM, HYKJIOHJIAPHUHT XKydr-
TOKJIHIH Ba ATPOHUHT CITHHH Ypracuaard OGoFManHIN KeSTHPHIraH:

1.Z- ky¢r N-xypr A-xydT 1-0
2.Z-1ox N-TOK A —xydr I- 1,23.
3.Z-1tok N-xyér I- 1/2,3/2,5/2...
Z - xy¢r N — TOK } A - TOK (spum GyTyH connap)
AMpPHM AIPONAPHHHT CITHHIIAPH
| Smpo Z (pcoran) | N (n coun) I
'H 1 0 Y
*H 1 1 1
“B 5 5 3
ng 5 6 32
2C 6 6 0
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5C 6

N 7 i

%0 g 0

PF 9 10 % i
P s 16 |%

By epaa: p-npoToH; n - HEUTPOH.

SAnpoHnHr 3apsgH Ba MAccacH, YHUHT HyKTaBuit TaBcumump. Ynap
SIDOHUHT reomeTpuicHra OOFmMKk 3Mac. Bypyak MeXaHMK MOMEHT 93Ca,
SAPOHUHT IUAKTH Ba Ynuamy 6unan Gornuk. Uy ca6abnan, Typnu maccanapra
ara 6ynran ('H, '°F, *'P)anpomapHunr xapakaT MHKIODH MOMEHTH YNap yuyH
6up xun 6yiaH cnunn [=1/2 GunanruHa OenrvaHagm.

P =TT +1)

ATOM ROpOCH XKYIbuH MEXaHMK MOMEHT- CTIUH OHnaH 6up karopaa xy3buii
MarHUT MOMEHTHI'a XaM 3ra. -
Manymky, 3appayanapHHHr MATHHT MOMeHTIapu bop Marneronn Gupanrinaa

ynyaHami.
<h

2Mep
. Arap 1=1 (p-asiextpownap) Gynca, OyHnai

Bup Bop MarHuTOHH = ra TeHr. DNEeKTPOHHMHI OPOMTAN MarHuT
p bop (] P

en
2m,c

3NEKTPOHHMHI MarHHT MomeHTH 1 Bop marmeronnra Tedr 6¥mamu. Slapo Ba
HYKNOHNADHMHT MarsdT MOMEHTH GMPNHIH KHIH6

o = 2 Kabyn KWIMHTAH
5 e .

MOMEHTH ,u=l'u6=lo

Snpo marderonn bop marnetonuzan 1836,5 Mapra kuuMk KufimaTra sra.
Sapo 3apsanavran 3appaua GYNTaHAKTH ydyH MarHHT MOMEHTH nafifo 6¥mmy
ANPO CIUHH, SBHU TYIMK MEXaHMK MOMCHT OnnaH Gornauran. Arap MarHuT
MOMCHTHHHMHT HYyHanuws couH yHanmumura napavien 6ynca, y mycbar neb
Ba, aKCHHYa, CNHH ¥WyHanumura anTHnapawien Oynca, maumduit Maruur
MOMEHTH 216 xxcobnanamm.

SIIPOBUHT MArHAT MOMEHTH NPOTOHHHHI CIIMHH Ba Y 3apAjjiaHraH
3appada OYnrasnurn cababnu, yHuMHT opOuTan  Xapakarn  Tydaiinm,
HEHTPOHHMHT 3ca dakar cnuam Tydalinu xocwi OYnraH ne6 xucoOGnaHanu.
Herpon 3apangra sra 6¥nmaraH 3appaya OYAradwaMry ydyH, YHHHT opOuTan
XapaKaTy MarHUT MOMEHT XOCHI O¥nmmura onub kenmadiu.

Hyxousuur sapo marHerouu OHpiMkiapunaa Ynuawran p 6wias h
6upnuknapuna yimasran crmuu (S) Ypracuna f, = g,S Gornaniu MaBxyA. g
KalTAIMK r¥poMariutT Huchar pe6 atanagu. OpOdran MOMEHTIAp YYYH XaM
wyHzal mynocabarra ara 6ynamus, 4, = g,! : L Ba S Moc pasuuiaa op6uran
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Ba CITHH KBaHT coHnapy. Ilporon yuyn gf= 1, Heitrpon yuyn g" = 0. [Iporon Ba
HEHTPOHNIAPHMHE CIIHHY %2 ra TEHT, MarHMT MOMeHTNapu 3cauf =+2,79276 u,;

#7=-1,91314,. ByHnan ruapomarHut HMcOGaT NpoTOH yuyH g7=5.5855,
HeHTPOH yuyH 3ca g7=-3.8263 sxannuru xenub yukaau. By pakam onguaar s(-)
HIIOpa MarHHT MOMCHTHHHHT HYHAIMIUM CNMH HYHUIHIOHFA KapaMa-Kapiy
SKaHNHIHHH KypcaTanH.

Heiftpon  3apagcu3 sappaya Oyuradd XoJiia, MarHMT MOMEHTra 3ra
OKAHJIATH YHHHI Mypakka® HuUk4 Tyswnrahnuryiad pgapak Oepaad. By
MypaKkkaBiMK XyCycaH MpOTOH OMiaH n = p+z~ CXeMaJa axC STTHPWITaHAEK,
MaHpuii MHOH anMamub TypHImMIa ¥3 TACAMTHHH TONAlM. a 3appayanapHUHr
COYANMIIMIA TerHuUM nactnabku Taxpubamapnan aapo 1< 107! oM
Macodana HyKTaBHil 3apARt XOCCanapMra 3ra YKAHIHTH aHUKIaHTaH 304 AMMO
KeMHIH BakT/apa ¥Tkaswirad Taxpubanap AOpo XakKMHAZ  3apsf
TaKCHMNAHUMIHHHAT CPepHK CHMMeTPUA/IaH YeTra YHKULI XOJUTapH GOpIMIHHE
kypcaragu. Tabufikn, 6y Xon dasoza saapo Bykyara Kenrupagrrau V(r)
noreHunanMHMEr V(r) = ' koHyHxaH derianummura oMb kenamn. Siapo ¥3
MapKasHAaH r MacodanarM HyKTaZa BYXyAra Keiaruprai moTeHunan V(r)
3NEKTPOAHHAMHKANAH MawviyM O6¥naraH V(r) + V(r)+ Vy(r)... katop Gunax
udopananaay. KaTopHMHI OUpMHYM Xaau HyTaBWHl KyJIOH NOTEHLHATHHH

" 1 z
Hpomanaiinu, aeuu  Vo(r)= —-Ze, =" ra TeHr. VIXkuHYM Xan MarkuT JHOOME
r r

MOMEHTH u 103ara KeJTHPran NOTCHLHANra TYFPU KedaaM. YYuIdHu xaa sapora
TerduuiM 6YnraH KBaJpynons MOMEHTHHHI yMyMuii MoTeHLMajnra Kyuirad
XuccacHHd Honanalimn. Arap MaliioHHM XOCWT KWNABITaH O3JEKTP 3apAniapy
6upop X Yku Oylinua uy3uwnrad smumncown waknuyga sa MaHGaga 3apsaiap
TEKHC TaKCHMJIaHTaH 6¥nca, yuudym xan Kyhuaary kypunumga 6yiaau:
2 2
V,(D=¢g 3x2r$r
q- k03 MUEHT KBaAPYNONb MOMEHTH JCHHNANH.
ATOM CrEKTPIAapHHHHT ¥Ta HO3HK TY3WIMWUHHM YPraHuil IIyHH
Kypcataguku, arap AOpOHHHI MoMeHTH u =0 ra TeHr 6Vica, ynaa Vi (r) HUHT
V(r) ra KymaguraH xoccac yk Ba yHM xucobra onmaca xam 6¥naau. Bupok,

Gyuna#t sapo q=é2e,(a‘—b’)=£5€(a‘—b‘)ra TeHr O¥nraH KaaapynoJib

MOMCHITa 3ra. By epaa a Ba b 5ap MoC paBHHIAZ /UTHICOMAHHHI KaTTa Ba
KMYMK ApHM: Yioiapuaup. 1Hynpalt xunmu6, spposuHr maxmu Gupop X YK
6yina6 uy3unran alinauma UMICOM] KYpHHMLITa 3Ta Ae6 XUcoGnam MyMKHH.
By xonua, arap a > B 6Ynca, ¢>0 G¥nanu Ba, akcuHua, a < B Gynca q< 0
6ynann (Cupuuun Xonma sapo ¥3 cioMHH HyHandumy Gyfimya 4§3MraH,
MKKHHYH XOAA, AKCHHYA, CHKWIraH Ac6 Xxucodmau MyMKHH. )
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Arap AAPOHMHI KBajpyilOqh MOMEHTHHH q=eQ gecak, 6y epna e
3NEKTPOCTATUK 3apan Oupnurn  Oynub, Q 3ca AApO 3apAIHUHHHI CHEPHK
CHMMETPHS XOIMAAH YETNAIINII JApXACHHHHT YryaMuHH udonanaiam.

YV xonna Kyfivgary makinapaard saposiap Gynazm ae6 xucobnan MyMKHH:

L -

€Q=q=0
=0 eQ=q=0 I=1/2 nexuH g = 0
Coepa u=0 © Vi(r) #0 (ca6ab cnunumuur 6opaury)

Vao(r)=0, Vi(r) # 6, (cnimn 60p, A5HM MeXanuk MOMEHT 60p.
——

Siapo 3apsananras zappava 6¥nranu yayn 160p xofina
v MarHuT MOMCHTH XaM G¥namn ).

b
H A
X
_._.__7 - -\
— - yd S
= +,)
- - AN 4
N \_’/
eQ=g>0 1 u#0 eQ=q<0’' 121 u#0

l-maxnaary  kypunmmra sra Gynrad AOpO MEXaHHMK Ba MarHMT,
MOMeHTIIapura d3ra GOYnmalimm. 2,34 napana sgpomap P = h/2x ,/— I(I+1)
udonacura GuHoaH MEXaHHK MOMEHTITa XaMa y OunaH GoFHK 6Ynras MarHur
MOMEHTHIa dragupiap Ba SIMP criexTpuiu noiao 6ynuumra cabab 6¥namwinap.
AToMaa KOMNEHCanusyiaHmarad opOuran #KH COHH MOMCHTH Oynca, y
JOMMHHA MarH4T MOMEHTHTa 3ra G¥ MM kepak.
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duznkanas MaTyMKH, JJIEKTPOHHMHT opﬁm'a.rx MEXaHUK MOMECHTH

p=my¥ cnud
MOMEHT
opburan
MOMEHT

By epaa:

M, ~ 3NEKTPOH MacCacH;

0 - opOMTAN YH3HK/IH TEIINIH;

T — 4/1po Mapkasuraya GyuraH Macodia (paguyc BCKTop).

Sapo arpodusa xapakar KUMAETTaH 3MEKTPOH ailaHMa TOK Aeh Kapauiuu
MYMKHH, YYHKH 3JICKTP TOKH 3/ICKTPOH &KH HOHHHHI XapakaTH Tydaitan maino
6ynanu. DNeKTPOHUHHT Apo aTpodumard opoUTAIMHU

YHra NepneHauKyAap 6yaran texucauk 6wian
KEeCcakK, 3MEKTPOHHHHHT AApO aTtpoduaa ¥3
op6uranu 6Yitnab xap 6up aitnaHranuga
6y TEKHCITHK OPKaH KuitMaTy
¢ ra Tenr GYnran manduii anextp 3apan yra-
JAH. Arap n saxkr Gupaury wunna cogup 6nann-
raH YTHUI COHH O¥ca, YTraH 3apaa MHUKIOPH ne TeHr 6¥namn. Tok Kyun BakT
OGupnury vuuga TawnG YTUAraH 3apsa MMKIOpHra — nNe€ ra TEHITIMTHAAH,
i=n-e HH &3aMM3. '

Arap d7IEKTPOHHHHT aliiNaHKII Te3NHrHHA Vem/cex opOuTanau Oup Mapta
aiinaHu6 YukKkaHuzaa 6ocub Yran HynuaH 2@y gecak, lc jgaru ainaHuii
COHY

netl 6ynamn. lliynra 6MHOaH TOK Ky4IH =n-e=L—-e anp.
2 2mr
DnexTpoAMHaMAKara GHHOaH, CaTXM S=xT° Ia yHJaH YTAa&TraH TOK Ky |
ra TeHr 6yJIraH KOHTYPHUHT MATHUT MOMEHTH P.,.=iS=EV—e- = Yer 6ynanu.

P=m.¥¥ nurugan Vr= P/m. ra TeHr. DIEKTPOH XOCHI KHWJIraH
KOHTYPHUHT MartHut Moment P, =Pe/2m, 6inagr. Arap P—mvr skannuriiu

1
meVr Bn_ 5 ¢ Pe
=—t—g -V B2’ e = GYynamm.
xucobra osicak, P, P re, Jeiem ==, Py 2m 6y

Jemak, 2n€KTPOH Xapakat xunaé'rraﬂ KOHTYPHMHI MArHHMT MOMENTH 6ynam. ¥
97EKTPOHHHHI MEXaHMK MOMeHTH P OmnaH Gesocura GofnaHrad. Xynoca
Kkwmb aliTHIl MYMKUHKH, MEXaHHK MOMCHTra sra OYjaraH 3apsajiaHrad
3appavaHHHI MarHHT MOMEHTHra dra OYmmuu anukgup Ba y SIMP Hu
TYRIyHBTHpHIIAA KYLTaHHIANH.
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KBaHT MexaHHKacHra GHHOAQH BNIEKTPOHHMHI OpOWTAN MATHMT MOMEHTH
KBaHTJIaHTaH 60,

Ho = ';—"“,:,Z‘c-s/ I+ 1) = pefI(I + 1) ~ pgl udosacH opkanu XHcob1ab
TONMNUIIY MYMKHH.
A
DNEKTPOHHHMHT XKy3BHIT MEXAHHK MOMEHTH 7o/S(S +1) Gunau Gormik

eh
Mg = VS + 1) = 20,5 = py .

6¥nrad crivH MarHuT MOMEHTH 2mm,c
Kenb ynkamgu.

Arap MarHHT MOMEHTTa 3ra 6¥/IraH aTOM SAPOCH JOHMHH, Gup xuucmu H
Ky4/laHHuIra 3ra 6¥1raH Taluku MarHuT MalIoHura KupuTHica, yura H’
OPHEHTAIHAIOBYH Ky4 cudaTHaa OypyBYH MOMEHT GHNAH TRECHDP KHAAH.

TabcHp 3HEpruscH
E = —u,H%c0s 6

KAHJIHTH

By epna:

5 - SAPOHUHI CyMMap MarHHT MOMEHTH;

H° — nouMHIt MarHuT MaRIOHHHHT KY4JIaHHIIH.

ATOM AIpOCH TYFpHCHAa cy3 1opuTaguraH 6yncak, YHHHT MEXaHHK
moMentH P=h/2x,[I(I+1) $opmynack BocuTacHna HORanaHATH.

By epaaru 1 xBant corn GYnnG, y aapoHuur cruad, Ae6 alitunamu. Arap
AAPO MIOTANMANAHIAH, ABHH X€4 KaHJall TalulKyu Tascup aoupacupa OGynmaca
{Xxap xannaii TalIKH TaBCHP AOMpAcMAaH Tamkapuga Gynca), MOMEHTHHHT
CakJaHMll KOHYHHra OMHOaH TY/IMK MEXaHHK MOMEHT Ha HyHaNuIIH Ba Ha
Kulimatn Oyifmda yarapmaiizm, spHu 6y xypcarrsuiap AOMMMI CaK/IaHAIM.
Jlexun arap sopo cumMerpus Ykura ara GYnrad Talkd. MarsuT Mainomnra
KUPHTWICA, KYIHJIMK X0JUIAPa YHHHI MEXaHHK MOMEHT BEKTOpY MalitoH YKH
atpoduna xoHyc carxu Oyiinua aiinana Gomwmadinu. By xwun xapaxatra
npeueccus nechimnann. IpeueccuaHuHr cababu mynpaxu, arap f4, Ba
BeKTOpnapu ¥3apo mapannen Oyica, HOAHHKIHK Hpogacura OGuHoad
JNEKTPOHHHHI XapaKaT KOOpAMHATANApH KaTHil KufiMaTra sra 6Ynamu. Bynunaii
Xonarnap 6ynuims MyMKMH 5Mac. ®a30BHI KBaHTJIAHMII KOMAANApPHIa GHHOaH
npenueccuanada&Irad BEKTOpIapHUHT H° wmaiinon HyHaMMIIHra npoeKLUHACH
P, nuckper kuitmMarTaprarysa sra GYIAIK MyMKYH.

VYnap F. 2 acocuaa Gesrusianany. YHAArK M MarHuT KBaHT COHM,
JdeHunanu Ba GepwmaH I yuyH y (21+1) Ta xap xwn kulimatnapra sra Gyuaau.
Cnun kBaHT couu I Oyryn con 6ynran snponap yuyn M HHHT Xamma
Kuitmatnapu OyTyH comnapiaax uGopar 6ynand. Ynap uunga M=0 P,~0 Gymran
kKufiMatnap xam Gynagum. Macanan, [=2 6yyraH sApo y4yH m, HHHT
KuiMaTnapu 2, 1,0, -1, -2, snHu Geny xun GYMImIM MyMKHH., AKCHHYA, CITHHH
spuMm OyTyH comnapmal uGopar 6ynraH aaponap yuyH m, xaM yHnal
coHnapra sra Gynamu. Yysowuu, I1=1/2 6¥nca, mymrrmermmk ndogacara
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(2I+1) 6HHOaH, ATHIY MKKHM XWJ Kuiimar +-:—h Ba —-:-h TeHr 6ynazu.

Knaccuk MeXaHHKacHIa BEXTOPHHHT Y3YHIMTH GUIAH YHHHT IPOEKUUSCHHIHT
MaKCHMaT KHAMaTHHM Takkocnab Yrupmiura sxruéx #yk. UyHkH yjap JOHMO
TeHr Oynanu. KBaHT MexaHMKAacHOa NpPOEKUMAHMHT KHAMATH BEKTOPHHHT
KUAMATHIAH NOMMO KHYHKpPOKAMP. ByHUHr cababu MarHUT MOMEHTH BEKTODH
H, auar H° arpodmpa npeuueccHANaHUBAHp. [IpoeKCHACHHHHT KuiiMaTH
BCKTOPHHHT KHiiMaTWra Tewr OynuimM yuyH yHHHr Oouixa HMKKHTa VKKa
ApOeKCHACH Honra TeHr O6ynMorm kepak. KpaHT  MexaHHKacHAaH
tdofinananatib, HoaHuknuk Hdomacura aman KWIMACIHK, YHM XucoOra
OJIMACITHK MYMKHH 3MacC,

Arap xapakaTnaHa€trad 3appava Mychar sapamianrad 6yaca (macana,
atoM AAPOCH), YHHHT MEXaHMK Ba MAlHMT MOMEHTIIAPH BEKTOpJApPHHMHI
AyHaMILM Y30po MOC, AbHH yIap GHp-OUpHra napaurenmup. AKCHHYa, 3appaia
mangil 3apajnaHrad G6ynca, yHMHI MEXaHMK Ba MarHUT MOMEHTNapH ¥3apo

awtumapannen Hynamran 6ynamu.’ =MVY g2y -—=~:-*3? ndopanapuaan
KYpUHUO TYpHONHKM, YJIapHHHF HKKAJIaCH XaM Te3NHMKKa paguycra Gup xun
makomaa Gormuk. Iy caGabpan, Oap3aH rupoMarHuT HuCOaT aeras
Katranukaal (y) dolizananum KynaliMk Tyraupanu.

i evr
- = --Q—z = -—-—-'e
Y ? mer  2em

By ndonanaru y rupomaruur uucéar Aedunany.
mpoMardutT HMcOaT 3appaya XapakaTHHMHI' TaBcHnapura 6ornmk
&

6ynMait, yHHHT 3apaauHu MaccacHra HEC6aTH m  opkaiH TYJMK udoaanaing.
Duau 6u3 aoumuit Maruut Madinon H® ra HucGaran © 6Gypuax ocrmaa

AYHAJITaH AP0 MArHAT MOMEHTH | HH Ky3aralimk. H® wmaiizon He Ounan

TaLCHpnamb, YHH ¥3 HyHanuIura napamien Xoiarra KeTHPHIITa WHTHIAIH.

Uynku ynap Ypracuma E = —p.H°C0S 6 yyitmarra tenr 6%ran noteHpan
SHepruAacu madmo Oymamu. AMMo aapo ¥3 Yku arpoduaa alinanma XapakaT
KunyBuaHnuru cababnn g, H® ra napajuen #yHana oaMaliaH, akCHHYa, yHHHE
arpouaa npeueccusnanamy. By xouucanyu EpHHHI rpaBUTAUMOH KyY YHM3Mid Z
yxura HucOataH ofrad rupockonHuBr 6y VYx arpodmna npeucccusnaHumura
yxuraruin MyMkuH. THpockon Xam ¥3 ¥xu atpoduza Te3 ainaHa onuun 6ouc Z
AyHanMmK atpoHaa NpeneccHsnalany Ba ury cababnad JOBY BAKTHAA JEHIH3
carxura HucOGaTaH OfTaH KEMaHMHr namy6a TEKHCIMIHHH [CHTH3 Ccarxura
fapajines xoira KeaTupuil AYiH GuiaH KeMa XaJiOKaTMHHHI' OJIHHM ONMIJa
XH3MaT Kunagu. I'mpocxon Y3 alnanmm YkuHuy aoumo EpHHHT rpaBHTaTIMOH
Ky4 YM3HFHIA napauieNl xonjaa lHysarrmpuiura untinaad. llysna y typras
TEKUCITHKHHUHI X0JaTH 6apKapop, THHHM NOPH3OHTra napawien 6ynaam.
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#, HUHT ¥3 lyHanuomuy ¥3rapTupub, XY TEKHCIMIH TOMOH OFHIUH, YHHHT
npeneccus 4acToTacH ® y3rapysuaH H, Mafinon wacroracura v | Tedjaurady,
pyit 6epamm. :

3HOM AP0 MarHUT MOMEHTHHUHT AYHATHIUMHY Y3rapTHPUIIHH aManra
oWIMpHIN Macajacura Yramus. Ajraitiuk, H;, H® ra nepnenmukynap 6ynran
TEKUCIUKAA NAaBpyii paBULIN2 aitnaHUO TYpyBYHM, YHYaJIHK KaTTa KyuNaHHINTra
sra GYnMaraH, y3rapyByaH YacTOTATM MarHHT MaiinoHu 6Yncun. YV HP ra,
ABHH Z j"kura MOC paBHILAA HyHaNraH AAPO MarHUT MOMEHTHHH XY TEKHCITHK
TOMOH OFAMpHIUra Xapakar KuiaaH. ﬁ}'lua.nnmu JaBpuil pasumaB yarapn6
Typagurad H, MalaoHHWHMHr alinaHull 4acToTacd v; AAPOHHHr TNPELECCUs
YacToTacH ® ra TeHr 6§iaraH MOMEHT]a pesoHaHc pyit Gepagm Ba AAPOHMHr
MArHHT MOMEHTH U Y3umuur H® ra npc6aran WYHANMIIMHM JMCKpPET PaBHMIINA
¥3raprrpans. By ¥3rapuiu 4ApOHHHr COMH KBaHT coHMra 60FINK Xonnaa 21+1 Ta
Typra ara 6ynaau. By (2I+1) mynsrarernuk aeliunagy. Y ANpOHUHT MEXaHMK
Ba MarauT MomerTIapunnur H° fiyHanumura npoeknusnapunu  Genrunaiiom.
Arap I=1 6¥nca, mpoexussnap couu 2I+1=3 ra 6ynanu. YnapHuur xuiimariapu
P,=Ih/2z, O Ba - Ih/2x, asuu + h/2x, O Ba - b/2x napra Tenr 6ynanu.

Tamku Marsar MaiinoH 6¥nmaran Bakraa Oy npoexkuusnap ranuprimra
YPHHCU3AMP, MYHKH, THIUM alfHUTaH XONaTAd, ABHH Y, Y4 XWiI 3Mac, 6amku
6uTTa KuitMaTIK SHepruara sra 6Ynams. Jemak, snpo tamxu H° maiinonra
KHPHTHITaHJarMHa, YHHHT Y4YH 3 Ta XOJNaT Bykyara Kenamd, sbuu, H°
MaigoH }, BeKTOpMHU (pazoBHit KBaHTNANAN.

Arap SIMP cnexTpoCckONMAJa Xyna KEHI yYpaTHiraH BOJAOPOA
ATOMHHMHT 3JPOCH — NMPOTOHMHM Kypajurad 6¥/cak, yHMHT yYyH SApO CIHH
KBaHT COHM Y2 ra teur. 2I+1 ¢opmyiiacura GHHOAH TAalIKH MardHT MaiixoH
Jla NPOTOH y4YyH 2 XHn Xojar Masxyd Oynamu: 2*1/2+1=2. Vaapnan Gurracu
YYYH MarHuT KBaHT COHM m,~+1/2 ra, HKKHH4YHCH y4yH -1/2 ra tenr, Kypunu6
TypHOIMKH, TAlIKH MarHUT MalIOHHM TALCHPHIA TH3WM YYyH aifHWII XOAKCACH

5=
35 p
mnr H° ra npoexnHanapn P, nap I - nuHr 6upra ¢apx xwiamMraH ZUCKpET
Kuiimatnapn 6wian Genrmnanany. A I =1 6yiummm maprura 6meoan, y +1
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=1/2nan —I=-1/2 raua, avuu P, =+1/2 Ba -1/2 nap opanuruaa ysrapanu. I Hunr
MakcuMmal KuifMaty +1/2, Munuman xufiMaty -1/2 Al =1/2-(-1/2)=1, 1 nunr
KMAMaTHIaH KenTHpUO dukapuniaqurad Ba P, HUHr KufiMaTiapuHy Genrwiosyn
m, £ GYATaH COHNAp MarHHT KBAHT COMJIAPH ACHHNAIN.

Kenrupunran ynamanad P,—-—'; cos0
'y

P=h %(%H):h-—‘lz-}_- P,qn,pzzt‘/zp%%h—‘é—i , TbHH MEXAHHK MOMEHTHHUHI
npoeximsck P, (21+1) Ta kuiimarra, apuu Tamkn H° maiigonura nucaran
(21+1) ta Typnuua ityHanuuiapra sra Gynanu. IpoTon yuyn I=1/2 nurupan
QI+1)=(2*1/2+1)=2 xun kuiiMar maexyx 6ynaqu.

SApOHUHI MArHUT MOMEHTH M, HUHT H° ra NPOEKUMACK M,, ¥3
HaBbaTnna, P, 6unan Gornawran Ba y Owiman GupraiMkia KBasiTnaHamu. M,
6unan H® wMmr Tancupnamys IHeprusach E=(u H, y=-pH"*cos(u"H’)=-p.cos
(uH%* H°=p H°. By epma umsmamas p,=pcos(uH®) skammurn swTHGOpra
ONMEIraH.

P, u tonaiumk: p= h/2n/I(7+1) 6ynranua, dasoeuii KeaHTIAHMI
Koupacura 6uHoan P,~m,*h/2n OYnn6, Oy epma M — MarHWT KBAHT COHH,
nefinnca 6ynamu. bepwiran 1 yuyn m, +1 nan -1 rawa Al =1 xonna cakpab
y3rapanuran kufimamiap tywiamura sra. =1 yuyd m, 1, 0, -1 ra [=1/2 yuyn
3ca +1/2 Ba -1/2 kuitmarnapra 3ra 6¥na onaan.

P BaP, ypracugaru 6ornanmimu Tonaivk:

— 2
p=h/2n JTT+1) =h/2m1* +1 =h"1’ g-*-” =M 1+1 ;

Ih=P, (+h, 0, -h, qymm m;: +1,0,-1 Knnua’rnaprm xabyn Km!ap a1m)

Jlemax, P/ P, J1+I>l P/P, >1, asau P, xeu Bakr P JaH KaTTa

6ynonmatinn. Arap I xarranamca, y 1+% 1ra yHTHIIAIH, Y X082 ;2 P~=1h

6ynanu. llynaan doliaananran Xonaa, MpoToH YuyH 6yna osagsrad HopMan sa
KY3FajiraH Xonarnap ypracamaru dheprust GapKuHHHr HonacH Ba KHHMATHHH
TonainukK:
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P,= Ih=hm, muru masnym. I=1/2 yuyn P HY TONAMNMK:

F=h/2n‘,%(%+1)=l2rih P=1/2h: P/P=cos8
1

. 1
cosf= 2= 9,=54° 44"
3 3
"~ h
2
L
Arap P,=-1/2h nau ¢oinanancax, cos92=—%~ = ——Jl: 6ynanu.
—n 3
B3

0,=180°-54,°44'=125 °16"
Hemak, Maruur momenrd H® ra 54,44' 6Gypuak octuza fiyHanu6

NpEUeCCHANAHAETTaH NAHTAa, YHHHT SHEpruiacH E|=——13- uH‘) 344, 125,016l

5

Oypuaum HyHanu yyys E2=+r/1§- uH®. Pesonanc YTHin HATIKACHAA AAPO

SHepruACHHUHT Yarapumy AE=E,-E,= % pH-(- -j—i pH®)= % uH®

Siapo 6y MHMKIOp JHEprasdd reHepaTop Huuiab 4MKapaérraH paauo
TYAKHHIapH coXacunard hv cudarmga coneHouagan Kabyn kunrad. [iemak,

2 0 2 2
hv=-" pH® (1) v=-%2 yH%h=—2yH°
i (1 v i 57

Mpeueccuanunr Gypyak Teanuru @=27v ra, HKKMHYH TOMOHIaH ©=Y Ho
ra tenr. Bynnan 2mv=yH" a v=yH"/2n xenu6 unkamu. Y uuHr Gy xufiMaTHny

GUpUHYH TeHrnamara ojaub G6opub xy#cak, h‘YHO/ZTF—‘% uHo; y=4n/ V3 *wh;

2 o_ 2 0
V=Vp=-—p/hH =y H’ kenu6 unxanu.
TG 5! 8

2
3

Hpeyeccus yacmomacu Vipey=Vpes=V | cexyndoa [, eexmopu H
ampoguda neva mapma aivanub wuxuwunu, @ 3ca npeyeccusnunz Gypuax
me3znuzu Oeliunub, y mazuum momenmu jy lc 0a nexwa paduan iyn 6ocuwunu
xypcamaou. Iy cababoan, o wunz Kuiivamu 21 gu v 2a Kynaiimupunrzanuza
menz: w=2mv, AbHU npeyeccusnunz BYPYaK MeEInUU NPeYeCcCUn Hacmomacuza
myzpu nponopyuonan.

IOkopunaru udoaara GHHOaH, TIPELECCHS YACTOTACH Vpe, H' ra GormiK.
Tawku MarHHT MalnoOH KyWIaHWIIIMIB KaHYanHK KarTa G¥sca, mpeneccus
YaCTOTACH XaM NIYHYAIHK KAaTTanauwu6 Gopany Ba aKCHHYA. Vigeq=Vpe-V HH H,
Mal{IOHHHHMHI PE30HAHC IOTHILI &KH YUKAPHII BaKTHAATH 9aCTOTacH, AeHu

Hemak, y=4n/\3wh vye=—=yH’ (2).
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MymkuH. Lllynra Gunoan AMP criexTpuHH 434G ONWMII Y4yH HKKWTa HynmaH
doHpananunagu:

1) H® uu pesonanc yacToTacHra AKHH coXana JOMMHH cakjaraH Xo/ya
H, HHHr 4YacToTacH v HM MaBIyM HHTEpBAI opacHia KynalTupuiu, &€xu

KaMafiTHpuil /iynu 6unan pe3oHaHCra IPUILHIanH vw=—%y Hg

By epna v Ba H° nap poumuit Kuimatnap. Jactnab v> Vpe, EKH V< Vpes
PE30HAHC BAKTHAA - V= Vp, Ba CIIEKTPAA MOC YYKKHU Hafino 6¥nanu.

2) AMP KypuIMacKHH Mab/iyM Pe30HAHC YacToTacHra Mymkamnab (25,
40, 60, 100, 200, 400 Mru), yura spumumu yayn H® Moc xuﬁma'map AparamH3.

pe3

ByHra JpHHUIHII YYYH Vpe,= ,/'YHO man H=——2°  pu xem‘ubuﬁ
YHKapaMH3 Ba Pe3OHAHCra pHiui yayR H® Huur kuitmarunu H< H°® pa H> H’
opanurnia acra ¥3rapTupub 6opub, H°=H,,e, KuiiMaTiHi anuKia6b onamus. By

BAaKTAA AAPO H%=H,. = 3V g 6 al
POHMHT po= 52 WAPTH GIKAPWIAIM B2 MATHHT MOMEHTH
Y4

Ounan H, maiinon ypracuaa hv,,, KBAHTHHH QIMaIIMIY conup 6ynanu. AManaa
MKKHMHYM HYR KeHrpoK  Kymnauunanu. YyHkH, H® xyna xarra kuiimar
6YNralyINry y4yH, YHHHr Y3rapULIHHHM IOKODM aHMKMMK Owian Gowxapuu
MYMKHHKH, Oy TaskpHOa XaTocuHM KuupaTHpany.

S APOHHHr MArHHT MOMEHTHHH AHHKAAII

(1) TenrnukaaH XaMAa pe3oHaHC pYil GepaéTralH MIAPOMTAA Vpes, H°,m nap
MawTyMiMrusan doiiganann6, Typad sheMeHTNap aroMJIapH Ba  YJIADHMHI
usorromlapuuunr MArHHT MOMEHTAAPHHM TOMHIE MYMKHH. ByHHHT YuyH

. gl \3 \'wh
KyHuaary TeHruknaH goiinanaHamus: vm—Tu/h*H T

(1) dopmynaman GMpOp KOHKpET AAPO YYYH Vp, Ba Ho nap ¥zapo
6GeBOCHTa AJI0KA/10p FKAHMIM AKKO KYpuHKO Typuban. Macanal, NpoToH y4yH
arap pesoHaHc 4acroracH 40Mru 6ynram KypWimMana um onub Gopuna&rraH
6¥nca, H® aiivan 9400 rayccra TEHT GYnaml. Bopamio Kypwima 60 Mk
wacrotana vuwradauran 6ynca, y Ho=H'p, 14100 raycc HM TAIIKAT KWIaIH.
Xap xun aaponap y4yH Tamwky malnoH H° IouMHit 6¥araH xoixa npeueccHs
YacTOTach (Vps) MA3Kyp AP0 YYyH YHHHI rMpoMarHuT HucOaTh Yi-p/h ra
6GOFIHK.

H’=14100 raycc Gymramna, Typau sAponapra KyHWHAard PE3OHAHC
gacroranapy T'Slrpn Kenanu. .

Slapo. 'H H "B "B .“C "C N Yo "F
Voo, ML 60.00 921 645 1927 - 1510 434 - 56.5
Couwa xanr 2 1 3 3n 0 % 1 0 Y4 coHm.
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Sapo MardMT Ppe3oHAHCHIA NIEKTPoH Ypamuuur 3ddexTH Ba
COHH CIIMH TAbCHD

Bu3 rokopuna kyuynamuuumurn H® 14100 rayccuw Tamikmn KHIYBYH
TallKH MaliloHAa NPOTOH pe30HaHC TaxMuHaH 60 MI'L vactoTana coaup 6¥nagn
_z_.yHO
V3
TEHINIMIUura OWHOaH, ynapauHr noummii kyuwnammu H° ra asra 6GYaras
MaiiloHzary pe3oHaHC vacroTacd aifHan Oup xun Gynuum xepak. Arap
XaKMKaraH XaM IIyHJai Xon KysaTtwiagurad 6ysica »mu, y Bakraa SIMP
CHEKTPHUHT KYJUIaHHLI JOHPAcH Xy/Ja Xam Top 6ynapau. Xycycan, yHaaru 6up
MONb TYPAM XUN Oupukmanapaard y €ku Oy SIODOHMHI Yy OpKajiM MasKyp
INEMEHT aTOMMTapy EKM NMPOTOHIAPHHHHT CYMMap MHKIODHHHM aHHKAaw OuiiaH
yekauub Komap sauk. Bynaail mabmymorTiaphu amaina KuMEBUH aHamms, ¥ -
cnexrpockonus (MeacOayep >¢dexTn), akTHBAUMOH aHAIN3 ycy/utapd Ounax
TOMMUI XaM MYMKHHJIMTH yuyH SIMP cnextpomerp kabu Mypakka® Kypuiamanu
HMHIIATHILTE 3XTHEK KonMmaikay.

Fan wynpakd, Xap GMp MarHuT MoMeHTHra sra Gynran sapoHHHr
PE30HAHC YacTOTacH &KH KyWIAHMUUIMIH YHHHT MOJEKynajaru 3JeKTpOH
ypamura Ba KaHgalli Tawku spponap OwnaH &uma—€H, KYIWHH XoJja
6ynraunurnra 6ormuk. By sca SIMP yCynHHHEI MOINJQIAPHH KRMEBHI
TY3HIMIIWHHE Yprandiuaa kuéc xunub 6ynMalinuraH keEr MMKOHUATIIapra sra
6ymumuHK TabMuHnaiian. SIMP kypunMajiapHHMHr AYHENArd 3HT MAlUXyp
HIMUA TEKIIMPHIU MHCTHTYTHapH Ba NabGaparopusanapuiard wiMHii xuxosnap
opacHia KaTTa YpHH TyTraHnMrHHMHr cababu ana wyHma. By ycyn
pedrredorpadus, snexktpoHorpagus ycynmapm eun6 Gepa onmadimuras
MacananapH¥ XajJ KWIMinAa Takkocna® 6ynmaiimurad gapaxana iokopu VpuH
sraymaian. Mucon cudarnna Monekysanapiars BOAOPOA aTOMAAPHHHHT XUJH,
COHH, ypaMM TYFpHCHAA XyJa aHMK MABIYMOTNIap ONHII MYMKHWHIHTHHH
KeNnTHpHO YTUII MyMKHH.

Kuméeuii cunzcuuwt. Bopopor aroMH SAPOCHHUHT PE30OHAHC YACTOTACH
YHHHT 3IEKTPOH Ypamura Gornuk. Xap xuwi Kypueuuiga GornaHran NpoToHiap
Xap Xun Tabcup Kwiaérran noumuii H® malinonn 6unan y3apo MyHocabaty xap
xua 6¥imm MyMkuH. By aca Monekynajard mpOTOHIAPHH OCOHAMK OuiaH
Oup—6upunan dapknauira AMKOHHAT SpaTajy.

SIMP ycynu my papakana Ce3rMpKH, NPOTOH AKHHMZAA YHTa TabCHp
xunagrran H° MalioHM KXy4NaHMULIMCHHHEC G3rHHa yarapuim, anbarra,
PE30HAHC YaCTOTACHHH CWDKHIDMra o6 kenamu. JleMak, MoJiekysara AroHa
tamkuy H° wmainonn TAbCHP KWIAETraHJIMrMra KapaMmad, YHHHI Xap Xun
NPOTOHIIAPH Xap Xwi1 Ypamra 3ra GYaraHnur yuys yrapaunr xap 6upn H® nan
y &xu 6y papakama ¢apknanysaan >¢dexkTus Maiijonnap TancHpuaa
OYnanunap Ba mry Ttydaling ynapun Oup-Oupunad dapknam HMKOHHATH
TyFUnang.

neavk. JlapxakMkar, XaMMa npoTounap Oup xun Gymrawiurd yuyw v=
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Bepunran npoToHra TasCHp KHia&TraH ¥pamHHHT cymmap addextunn
WKKM KHCMra Oynmm MyMkuH. YnapaaH Oupm npoToHsn ¥pal Typrau
3NeKTpoHNap OunaH OGOFNMK, MKKHHYHMCH 3Ca MArHMT MOMeEHTHra sra 6ynraH
KYWHK $OPONAPHMHI MaBKyAIMIM Ba XOCHN KWIAJHMIAH MAarHuT MaiiioHH
6uan GornHK. By TabCHpIIapHUHT Xap GMPHHM aJI0XuJa KYpHO YMKaMus.

1. DnexTpoH 3kpamnam €ku Kuméeuit cwoxmm. Tamku H°
MaiiIoHH MoNeKyhanarn hakaT MarHWT MOMEHTMra Jra OynradH supomnapra,
XycycaH NpOTOHNaprarnHa 3Mac, Ganku ynapHu ypab Typrad siexTponnapra
XaM ¥3 TabCHPHMHM Kypcarand. ByHHHI HaTiDKacHaa 3NEKTPOHJIAp XaM Xy/UIH
SAPONapHMHT MarHUT MOMEHTIIapH BEKTOpIapH — W J1ap xabu, H® maiinon
arpoduaa ainaHa Goumnaidizunap. Arap H' +Z 6Yiiuua Hymanran ne6 xabyn
KMWJICAK, 3NEKTPOHJIap YHUHT aTpoduaa coaT CTPEJIKACHTA TECKapu HyHanHmxa
alinaHanunap Ba ¥3 Ky3buil MarHuT MalZOHNApPUHH XOCHNA Kwiapunap. By
mareut Maiinonn H° arpoduna coneHoun KYpuHHIMAa OYnuO, YHHHT Kyd
unzuknapn H Humr #yHanammra Teckapu 6ynanu. Jlemak, sSapoHuur ¥pamuaa
TypraH 3NeKTpOHJIap Talku Maitzon H® HUHI SApO MArHMT MOMEHTHIa TALCHD
Ky4YHMHH kaMaiThpap 3kaH.

By epaa xamma xoaucanap uan Kyj Kongacura OuHOaH pyit Gepanu.
OnextpoHnap Manduii 3apannadran 3appavanap O¥nrammrn yuyH ynap
Apatran Maitnod H,, #ysamaus H® uunr #Yuanmmura kapaMa — xapuim 6ymanm.
ByHHHr HaTWKacH yNapok, AApora TanCHp KWIAaETraH MarliT MailJIOHNHHHY
xyunapuupmarn HC nan kmumkpok 6ynamm.

ONEKTPOHJIAPHHHT  TalUKM  MaliloHHW  AAPOJIApHTa  TAaBCHPHHH
KaMaHTHPHIIMIA 3NEKTPOH 3KpaHnawl, AeHunany. Arap 6M3 rekwMpunagrran
Moana cudarnaa METaHHM OJicak, YHHUHI MoJjeKyJacuaard 4 Ta BoAopon
aToMnapd ¥3apo 3KBHBANCHT OYaraHnury ydyH ynap TaMOHMAAH JJEKTPOH
3KpaHjamw Tydalnu spponapra TabCHp KWIAéTrad Talku MaiaoH Gup xun
Japaxaja KaMasax Ba GYHHHI HaTH;Kacwia PEe30HAHC CMEKTp OMTTa YH3HKIAH
nbopar 6¥namn.

Monekynanapu IKBHBaJICHT BOAOpOANapra 3ra 6ynran MoazasapHH
SAMP ycynuna ky3saralinuk. Bynaail mogaanapra Kylinaarunap Mucon 6ynamm:

A

I

CH,- CH,
Si(CHs)s, CeHiz, CH, COCH, 0O } 0
CH, - CH,

H,O , CH.CL,, CHCL,, CF; COOH.
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DKBUBAICHT BOAOPOANapra sra 6Ysran 6y MODAANapHUHI Xap GupH
yaura xoc Tapxkmb Ba Ty3wnuMmra sra OVAramwIHrE ydyl, YJApHUHT
NPOTOHIAPHHK SNCKTPOH JKPAHIAHKIN AAPDKACH XAM Xap XHI 6¥nanu.

JlexuH ynapHuur xap 6upu yuys SIMP cnekTpH Kyla onumii Ba OMTTa
uyKkura sra 6ynamu. Dab3an 4YKKMNAapHAHr CcOHM Oup Heura O¥mamu. by
COEKTPHM TYIIYHTMPMIOHH  OCOHNALITHDAAH, YHHHT  axOOpPOTAMNHIHHK
6Goituranu, 4yHku Oy X0/a y KYIPOK HHAMBHAYAUTHK XoccackTa 3ra 6y amu.

SAMP  cnexTp KypuMHHImMra xa2pab, TOp HHM3HMKIH Ba KEHI YH3HKIH
Xuanapra 6ynunany. BUpHHYM XHN CIEKTp Fa3, CyIOK €KW JpHraH XOonjard
MOZpalap y4YyH KysaTtunagd. MKkuHGM XWiH 3Ca KaTTHK XHCMJiap, HOKOpH
KOBYIIKOK/IMKKa 5ra GYyiram cMmonamap, emummap  ¥prasunaérraH naitna
HaMOEH OVnamu. Cylokauknapia Ba dpHUTMaNapja, Uy KymiajaH, rasnapaa
KYIIHH MOJIEXTANapHUHT TALCHPH GerapTb (XaOTHK) MCCHKIMK Xapakath
6yaranmarn Gouc, ¥3apo kOMIEHCAUUANanuG, aeapay HyK napakama Gynaam.
Kpucrann Mopnanapia KYUIHH SAPONAPHMHT MArHUT MOMEHTNAPH KpPHCTaml
nanxapa TYTyHNapuaa MyKHMIallraH Xomga Oymanu Ba yJapHUHT ‘¥3apo
JOMMMH TabCHPH HaTHKAaCHAA PpE30HAHC HacToTa YKHHHHT MabiyM
HHTEPBALIAPUTa TYFPH Kenamu, ABHH YYKKH abnucca yKu O6YiMua kewraiiran
6ynanu. ' S

Pesonanc yacroracura &ki KypHIMaHHHEI IOMMHMIl 4aTOTAacCH YULTAHTaHja
Tamiky H® MaiilORHHHT pe3OHaHCHH aMalira OWMPYBYM KMHAMATHIa, MacajiaH,
0/1IaTAarK MHCOJ cH(aTHA NPOTOHHMHT LAPO MATHAT MOMEHTH u= 1,42 * 10%
3pr raycCHu osiaaMraH Gyicak, wacroracu 42,6 Ml BakTAa H°® malinoHHMHT
Kyanadrawmrn H°=10000 raycc HY TallKWii KWIHIOH Kepak. Jlexny Maskyp
MarHuT MOMEHTIIM AIPONAPHUHT TABCHPH (MArHHT JHUIONE TARCHPH ) Tydaiu
pe3oHancnoByy Malinon 50-60 raycc kuiiMarura TEHr Xonua, HKKaJla TOMOHTa
Y3rapagu. ’

MOJIEKYJAJIAPAPO TABCHP BA YHHHI" XHJLIAPH

KuméBHil dneMEHTIapHHHT aToMJlapH Ypracuiard ¥3apo MOMMILIHK
Tybaim, ynap xomanent (Kyrbcuz &ku KyTOam), MOH, MeTaun Gornapu
BOCHTACHJA XHIMa-Xull O/MA Ba MypakKka® MOIJANapHH XOCWI KWIMIL
KOOUnMATHIa 5Sra. BYHMHTI HaTIKacufa MONEKYJNalap, aroM, €KH HMOHH
TY3WIHINTa 3ra G¥ran KpucTa/uT MoAAIap, MeTaIap Xocun 6ynanu. Byunai
KHUMEBHH GOFNapaan Taulkapi Xocws Oynras MOJLIAIAPHMHT MOJIEKYTaIapH,
HOHJIAPH, aTOMJIapH  YpracHia MOJEKYJanapapo TabCHp neb aTanamurad
MYHocafaT XaM MaBxya. By tascup Tydaiim Moxnanap xapopar Ba 6ocumra
GormuK Gyaran xonna Typnu arperar Xonariiap (K4TTHK, CYIOK, Ba ras, 6yr)na
GYnapunap. AfiHu wysnaii TasCHp HATIKACHAA peaN TAVIAPHUHI HAean ras
KOHYHIApHAAQH WYeTJaHWINH Ky3aTWnagu. AJCOPOLHMSNaHHIN,  HOPMA
wapoutaa 1 Monb Moaza yuyH kenralimu A=pdv=latm:22,4 n=22,4 nappas
OPTHKYA OYmuumIM XaM ana HIy MOJIEKylanapapo TarcHp Ounad GOFNHK.
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Monekynanapapo Tascup (MOT) HMHr 3Hepruscd, yMyMaH OJraHa,
KUMEBMI GOFnap SHEPrHACHAaH aHYarMHa KMYMK OyyullAra Kapamaii,
Tabuartia, TeXHAKA Ba CaHOAT[a KarTa axamustra sramip. MOT ne6 alipum
MOJIEKyasiap HIHAAry €K TYpiM MoneKynanap Tapkubuaard Y3apo 6esocuTa
GornaHMaras atomsap, aroM rypyxjmapu ypracupa pyii Gepanurad TabcHp
HAaTWKACHAA XOCWI1 Oyiagurad TOPTHINMII Ba MTAPWAHLI SHEPruAcHra
afTHIagy. Haku Monekysisp TabCcHp XycycaH BOZOpOX OOFM XOCHIT KHJIMHI
KoOwnmATHra, &kd KyTOm Tabuarra 3ra Oyaran rypyxnapu Gynran
MoJKaNapia, Iy XyMJIagaH, noIMMepnapiaa skkosl RaMoéH 6§aanu. Macanan,
HYKH MOTIEKY/IAp BOAOPOI GOFNApPHHHMI XOcHN GYnump Gab3u noymuMepnap
MaKpOMOJieKyIanapHHuHr rnobynanap, komrok (KIy0OK) map KYpuHMIHAA
6y nuuMHUHT acocHit cababu HYKH MONEKYNAp TavcHpaup. MUk Monexkynasp
$a30BHil TALCHP HaTHXacuia MoJjeKynajiapaaru §-0ormap arpoduaa IpKuH
pasHwAa pY# Gepuin MyMKHH 6Ynran Huku Moniekysap alitanma a 6ypunMa
TeOpaHMIl XapakaTiapy KWAHWIAIMIUKH Ba cOaMp Oynaonmali KOMHIIA
MYMKHH.

MOT acocupa, Gomka xamMma xoiapaa OYnraHuaex, MOARANApHHHT
6upunan HaBGatTaa, MycOat Ba Manduit 3apslaHral 3appavanapiaH TaLKui
Tonrawtnry €rapy. lllynpaii skan, MOT xaM 371€kTpOCTaTHK Ba XaM KBaHT-
MEXaHHK TabHaTra srajup.

Monekynanuar  §3apo Gesocura OGOFNaHMaraH aroM TIypyXJapH
ypracupars TascHp TYFpucuaa cy3 Gopraupa, MacanaH, o-HHUTpodeHONAA
HYUKH MOJIEKYJIAP BOJOPO] GOFIApPHHUHT XOCHN OYNMMMIMHM, KyYnH Japaxana
HIOXNIAHraH  MOJIGKYJIANapHMHI, YJIAPHHHT HOpMal TY3WIHIIra 3ra
6yarannapura HucOaTaH xamMpox OSHeprusra 3ra OYJMIIHHH, MaiCHH
KHCAOTAJJarH KapOOKCWI rypyXJapHHHI ¥3apo TabCHpNAIYBH HATHXKACHAA
MaIEHH AHTHADWAHMHI OCOHMMK OWiaH Xocun OYynumuuun Mucon Kunmb
KEJITHPMLI MYMKHH.

MOT ru 6upuaur 6ynu6 xucobra onraH Ba WAeaN Ta3HHHC XOJaT
Tenrnamacu 6yaras  pv=nRT wudomaHu pean raznapra TanOMK KHIMII
Maxcafuza Hiku 60ocum (a/v’) Ba B MONEKyJANARPHUHT XyCYCHH XaxMmyiapH
HHFMBIUCHHHHT Y4 Gapobapun (B=3N,V,) Tallkun KWIMIIHHYM 3bTHOOpra
olnrad oM Bau-nep-Baankc G¥nranmiru yuys 6y xyunap, ymymuit xonaa,
YHHHr HOMH OunaH ropurwiaau. Bas-gep-Baanmsc ¥3 TYrpHiamiapuny
xucobra onraH xonxa, Meungenees-Knaneiipon TeHrnamacMHu KyHHOArH
Tap3za E3Ml JO3UMIMIHHH KYpCaTau:

(p+a/vV))(v-b)=nRT

By udoaa pean raznap yqayH 3Mr coana Ba TOXpHUOAa HaTHXaTApUHH
KOHHKApJTH Japakaia TaCAHKIOBYM TeHIamMa cudaTtiia Kaby i KLJIHHIaH.

MOT HM THM3MMIATM MONEKYJANapHHHI XWUIapura Kapab Juiions-
JUMIIOJNB, JIUTIONE-HOH, NUMONb-KyTyGnanMarad MoJieKyna Ba KyTOaaHMaraH
MoOJieKyJianap YpracHmarM TanCHpilapra axparvul  MyMKkHMH. Bynap, ¥3
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HaBbaTHHa, KyitMaa caHad YTHIraH yd XWil TabcHpnap cHgaTHOa HaMOEH
6ynanu:

1. Opuenramnos MOT (Keesom xywrapu Ba 3¢dexrn, 1921)

2. Unayxuuor (nonspuzauuod) MOT (Ile6ait kygunaph Ba s pexty, 1920)

3. Aucnepcon MOT (Jlongon kyunapu Ba >¢dexrn, 1930).

Opnerraunos MOT (Keezom 3dpdextn, 1921)

By xungaru MOT gumions - AMIONL, HOH - JHIIONL Ba HOH — HOH
KypuHamMaa cogup OG¥naau. JoMMHil JUTIONL MOMEHTH |, I'a 3ra O¥nrax
MoJNeKynanapHu KytOium Mmosnexynanap, ne6 aranwk. Kumésnit tyiiunran,
3NEKTP 3apAiM HYKTau HasapuiaH akcapuaAT XoJulapaa Heifrpan Gynrax
OyHpaii 3appaqaapHUHT ¥3ap0o TOPTWIMUIHHMHT cabadu, ynap ypracuna pyit
6epanMraH qAMONL-AUNONE TABCHPIUD.

Jloumuit  gunons MoMeHTMra 3ra OyAran  MKKMTZ  MOJEKyJa

+ . -
JMMOJUIAPHHKMHT 3HT KyJlal XKoWIamumy < -

xonna (€Haku OpHEHTALMAIAHKI) OYnuuM MyMkuH. Yiaap KynoH KOHYyHU
acocHza y3apo rancupnamiany. llywra Gunaon Kylimparu cxema 6¥iinua
TALCUPNAWAETIaH MKKUTA JUTIONHKHT TACHD HEPTUACHHH Tonalnuk.

JiunonnapHuHr ¥3apo TabCHpHAIliHII YH3MACH.

*q q *q T
L — W L
. R
IOKopmlam YH3Malda akc muplmraﬂ TYPIIK XUl 3apnm1apmmr 'mprmmnm
Ba 6Mp XHJI 3apsANapHUHT UTAPWIALI SHEPIUACKHHA Kyiudaruua udoaanam
MYMKHH:

Upm @ @8 26 et
% me2l R REL R4+2LR+LIR

L<<R 6ynramnurn y4yH wmaxpakmad L wu om6 Tamnaiimuz Ba
OpHEHTALHOH TaBCHP 3HepruacH Uy, yuyH Kyiugarun ndoaHu oaMu3:

U= 2q0)? 2l B —aL-

op e — DY epna u=q-L-a/1eKTp 1unosie MOMEHTH.

Arap 31eKTp NMMONL MOMEHTIIAPU Xap Xwi (W, Ba W) OYiaraH MKKHTa

AUTONL §33p0 OPHEHTANMON MAakoMJa TabCHpnamaérraH Oynca, ylmapHHHr

OpHEHTALHOH T&bCHP 3HepruacH Uy= -3%;-’-'3 6ynann. Kypunub typuOmuks,

Ugp TOPTHIIMIL SHEPrHACHIHD.
Joumnit nunons MOMEHTHra sra G¥aran Mosexynanap 6up-6upyn 6unan

¥3apo dakar 1okopuna aliTn6 YTHITaH OPHEHTAUMOH THIATWHA TABCHPIAMHG
KONMa#H, my Ounaw Gupra, yjnapzaH GUPHHYMCH MKKHHYMCHHM HMHIYKIMOH
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KyTOnalinn Ba akcuHua. Xocun 6¥nraH KyuMMua MHAYKUMANAHTAH JUOOJIAP
MaBXKy/l NOHMHIi Junowiap 6unal TabcHpnamany. by TabCHPHUHT SHEPrHACH

Um -

By epna: o nHAYKUMOH KyT(TaHAETraH AMTIONHUHT KyTOIaHyRUAHITHTH,
E-aca yHra TabcHp Kuia€rraH Ba OMPHHYH [HINONE XOCHI KWITaH
IMEKTPoCTaTHK Malinon. By wmalinonnuar aumonM  ifyuanumn 6yiinua
yHnan r macodana Typrad M Hykragar# Kywianuwnurn E(M)uy Tonaitmk.
By xyumammmuiuk munonHuHr myc6ar (+ q) Ba mandwuit (-q) 3apsmmapu
TOMOHHKAAH M HyKTagarn kuimaruaaH uéopar.

R+ L
Pacmra Mynoq»m,
E( )_ %—L--— L . 249 R - ‘Zpo %g_ﬂg
(R+L)z RT  R*42RL  RS+3IRPL  RIMIRIL  RP
By Tenrnamana L<<R skaHnurusn 3pTH6Opra oaub, oxuprd udonana
maxpaxunary 2R’L HH Iymupu6 KOJLANPAHK.

Hemax, E(M)*- 2 ra TeHr 6ynanu.

Magnomukn, ran OPHEHTALMOH TabcHp TYFpUcHOa Gopa&rraH O3kaH,
OPHEHTAUNOH KyTONaHYyBYaHIIMK O, HH JleGali ¢opmynach opkanu
ndoaamab:

s
3KT ne6 &mm Ba U=-0E%2 Tenrnamazary o YpHura Olop HHHT

KuAmMaTHiK K¥inb, U, yuyn kyiiuaarn dopMysnaiu onamus:

ag 82 2 4 2 .
Uyp = — =-Ffo 2 _ fHe
2 6KT R® 3RRS
Arap JMNONb MOMEHTNApH W Ba M, ra TEHr OYNraH MKKH XWiI MOJEKysaanap

y3apo TabcHpnamaérran 6yaca, y xonna U,, = — :ﬁﬁ el &3UIH MyMKHH.

Hemak, KyT6nu Monekyyanap ypracuna pyii Gepanuray OpHCHTIUHOH
MOT punosniapHUHr ¥3apo TOPTHIUMID SHepruacH OYimub, 6ysum mwopa
Kypcarasnth. Y TabCHpNaa€rraH MoJIEKyJlanap AOHMHI 3NEKTp AWNONL
MOMEHTIIADHHHHI KMAMAaTnapH WM, Napra TYFpH HpONMOpLHOHAN, Xapopar
(T) Ba aunmomnap opcuaark Macoda (R) HHRr 6-gapaxacura TeckapH
MPONCPIHOHAN IKaH.

Oxupry ¢opmynanaH sHa My Hapca KYPHHAIHKH, OPHEHTAUHOH
TabCUPHH YpraHa€trad Ba TaxJMi KwialTran paiTia YHHHT JHEPTHACHHN

aop =
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Xapopatra Ba TabLCHpNAIUAETraH KyTONM Monekyiulapha, yiapeuHi' 6up-
O6upura KyTONOBYM TabcupH Tydaind, KYUIAMYA TOPTHUWMII 3HEPrHACH
a0 OYNUILMHKY XMCoOra OJIMI JIO3HM 3KaH.

JapXakHkaT, OPHEHTALMOH TABCHP MKKHTa JOMMMIA JHII0NE MOMENTHI A
ara OYnraH Monekynamap ypracuaa pyi Gepap sKaH, YHHHr 3HeprHicH Oy
IVNONIApHUHr  GHp-OupHra Hakagap MoOC pPaBMEIAA OPHEHTAUHANAHTAH-
nurvra SOFMMK. DHr Kynall Xonarnap AMnosiapHuHr Yku 6¥iiuya Ba EHaku
opHeHTauMsNnaHHuIMp. bomka Gapya Xommapaa 3neKTPOCTATHK TOPTHUUIMIL
SHEPrHACH HHCOaTaH KH4HKpOK Gynaju. JlumosuiapHUHT ¥3apo MOC Xofna
MOHMaMIMIAra TYCKMWIMK KWIANWraH Xap KaHOal OMMII OpHMEHTaLMOH
TOPTHIIMII JHEPrHACHHN KamaiTHpaau. By oMuiapiaH 3Hr MyXHM/apy —
Xapopar Ba MOJIeKYJIacH KyTOcH3 6§nran spuryBunzmp.

Hon - aunone TabeHup. Arap Tawku snekTp Malinonu myc6ar €ku
Manduii 3apAANaHraH HOWIAD TOMOHMZAH XOCHN KuAuHaSTrad O6¥nca,
BOHMHI IHNOJIL MOMEHTHIA 3ra 6Ynran (XyTOnu) Mostexyna HOHIa, ¥3MHHHT
yura Hucbaran Teckapu Oynrau kyrOu Omnau ifysanran 6ynamu. Mom-

nt)
ANIIONL TABCHUPHHHT NOTCHLKHAN JHEepruscH U,Hf:"“—"ﬁ

R
= R —

N+ q+ -

—4q
L—L-——»' ,&;"‘-Q‘L

HoH-aHnone TabCHp HOH-HOH, EKH AUINIONG -~ AMNOND TABCHPra ¥Ximam
6ynca xaMm, yuMAr sHepruscu  ypracuaarm macoda R ra  KyucHspok
Japaxana  ceasrup 3kan. UyHkd, U,qeuon =f(1/R) KynoH KOHYHHOAH
KCITHPMO yuKapuianu:

q1Qa2 | _ . _@92R 9142
fuou-uou Rz Uuou-uon" -f- R = '—'—'—-—'—Rz = ----—R

Usonannon< Usonnon JA2H, YYHKM JMIOIUIAPAA MEKTP 3apsiutapy KyToin
KOBUTEHT 6o0fra TerHuum OGYNrawiMru yuyH  3apsjlapHHHT OFMDIIMK
MapKaznapH ¥3apo TYNHK axparirad aMac. HoH-AMnosns TasCHp rMApatiap
Ba ConbBaT/ap Xocun OYNMIIMHHHT acocuna &ramu. Macacnad, CsF cyspa
spurinca, Cs Ba Fuounapu spwrmama Cs(H,0)', sa F(H,0), xomna
CYBHHHI X,¥y COHJM KyTOIM MoJeKynajsapH TOMOHMAaH ¥paira
(runparnanran) 6Ynann. VOH-IMIONB TABCHP Xam Macoq:ara DoFnmuK
6ynrannury yuyu, x Ba y nap OupuHYM m»mons ypaM yUyHIMHA KaTbHI
kuitmMatra: sra. Macanan, cyema [Co(H,O)s]** Tapkufmu cyiok aMMHaK
apiTmacuna [Co(NH)s]®* Tapku6nu KOMIUIEKC KATHOHNAp MAaBXyZIMIH
aHMK/IaHraH. HOH-IUIIoNb TabCHP JHIONE-AMNONE TALCHPra Kaparauua xaM
Kywmpox MOT xuco6iananu
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HuaykumoH rancup (Aebaki addpexrn, 1920 i)

By xun MOT goHMuii 37ekTp AUNONb MOMEHTHra ora GynraH Kyronu
MoJleKynaiap GunaH KyrOcus Monexynamap opacHua p¥il Gepany. Kyr6am
MoNeKyia ¥3 atpodMaa XocHn KUNraH 30JeKkTp MalioHu OunaH KytOcms
MOJIEKYNAHHHI 3JIEKTPOR KOOW¥Mra TabCMp KHIaJH Ba YHH MabliyM
Japaxafia Kytnaiinu. Hatwxaga, 6y MKKK Monekyna Ypracuaa TOPTHOIMINM
BYXyAra kenamd. VHAYKUuMoH KyTONaHMII MOJIEKY/ANAPHUHI HHIYKUHOH
KyTO/aHYBYAHIATH O, BAa HHAYKUMANOBYM TAIIKM MalfoH KyWIaHHMIN-
JIHrHra 60FIMK. Py=0u,E. By epia: pq,~HHAYKIMOH AUNOIbL MOMEHTH,
Olyyy, -MOJIEKYNAHMHI MHOYKUMOH KyTGnawyswannurd,  E-Monexynanu
MHAYKHHMARAETraH  MalIOHHMHT  MOJIeKyjara  TabCHp  KHNaérrad
Ky*UTAHHIIHHHHT KHHMaTH.

Hanykumananrad Junojh MOMEHTH- P, JOUMMI AMNONL MOMEHTH Mo
JaH Wy 6unan Gapk KMNaJuky, y BaKTHHYA AUNOJL MOMEHTH GYnnb, Taiuku
3NEKTp MaliloHK TabcHpHAAruHa nafino 6ynamu. Arap E=0 6Ynca, sbHH
TallKH MalioH 6YnMaca, =0 6¥namn.

Hoummii Ba HHAYKUMANAHTaH AMIONL MOMEHTIM MOJEKYJaNnapHHHI
¥3apo TabCHpNANINII 3HEPrUsCMHM XHcoOmam Makcamuia KYUTaHWIHLIH
MyMKHH O6Ynran  dopMmynanu KemTHPHO YMKApHIL YYYH My OWIAH
HHAyKkuuanosum Malinod E Ypracuaary TabCHP SHEPrusACHHH TONAMIUK:
U=-pyuz E-cOS(tsi E)

Muny Ba E HUHT i HaMIIK MOC, ABHHA yap ¥3apo napayen 6¥nrasnuru
yuyH cos(ugE)=1 OYnagu. HMuOyKuusanaryBuH MoONeKynara TabCHp
xunyn!m Majfuxonuunr KywianHiuK o Ba E ypracuna yarapaau ne6 xucobnab,

2

m—-fu_, E~—Iu EdE = —amIEdE—-E";E HU

.
20
IKAHAMTUYH IBTUOOPra onrad Xonaa, Uy, - - Hmenitd

YHKapaMH3. E—-

ne
Monelcyna TAlUKH 3JIEKTp MailoHH Tabcupura OGepuna olnyBuH
TapkuOuii Kucmnap — aromsiap (aliHukca KytOnm Oofsmap BocHTacuHaa

Gornanran lokopu HOM ra sra 6§nras aromnap) sa 3nekTporapaan Héopar
OYNIraHIIHIY YIYH Oy =0 t0,, AaH uGopar GYnanu.

Hemak, MHAYKUMOH TabcHp KyTOCH3 MONEKYNAHHHI HHAYKLHOH
KYTONaHYRUQHIHIH a2 Ba KyTOMH MONEKYJQHHHI MOHMHH AMIiOiie

MOMEHTH |, HHHT KBaJpaTura TYFpH NpONOPLHMOHAN, TabCHpnamagTraH
MOJICKynanap opacuaard MacoanHHI ONTHHYH S[apakacHra TecKapu
NpOnoOpIMOHaNk paBumaa GOFMMK GYNraH TOPTHIIKLI SHEPTHACHAND. YHHHI
KufiMaTH Xapoparra GOFIMK JIMac, YyHKH MyalisH XapopaTr Opaiufuaa
KyTOCH3 MOJteKyna JOMMO OCOHJIMK GHNaH KyTONH MONEKyJIara, SbHH TallKH
eKTp MaliIOHK FPaANEHTHIAa MOC paBHIIA naparten xoiamran 6¥anu.
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AneroH Ba OeHzon mMonexynanapu Ypracupmary MOTHu vHOyknHoH
TabcHp Aeium YpHHAHAMP. MHAYKUHOH TabCHP XaMm OPHEHTAllMOH TabCHUp
kabu, macoda opTuiin GunaH kKaMaloBYaHNHTH cababmu, XycycaH alleTOH-
6eH30M1 TH3UMHHH HCHTTAaHUMH3AR, Oy CYIOK TH3HM KEHTaslH, MoJieKyanap
ypTacuna TOPTHILHLI FHEPrHACH KaMasa{ Ba KH3AWPHUI NaBOM 3TTHPHICA,
6enszon monekynanapu MOT xyuunu enru6, O6yr xonwura yragunap. Byngait
Xomuca apanamiMaiapiu Oysakna6 xaiipam  #ynm  O6winaH  afipum
KOMITOHEHTJIApra wKpaTXill Ba T03a X0NAa oMl acocHna pyi 6epanu.

VIHIYKUMOH TABCUPHHHI' SHCPTHACH YHUYANHK KaTTa 3Mac Ba y Kyda
AKHH MacoanapaariHa HaMo&H OynanH.

Hupykunon  Tabcup  KyrOcuz  Monmekynanap  dakar  KyTonu
MONeKy/anaprariia 3mac, 6anku MycOar, €ku MaHQuil 3apaanaHraH
HOHNTapra sAKHHNamraHga xam pyd Gepamn. MoH Tamcupupga Kytbeus
MONECKYJAHHHT SAEKTPOHNIAPH SNPONAPHHHI OFHPIHK Mapkasuwra HucbaTaH
cunkuiau. By XonucaHu acnmna KyTOGCcH3 MOJEKyna 3JIEKTPOH Oy THHHHT
nedopmanmsmanimn, aeb xam Kapaw MyMkHH. Jlemak, [p6aii a¢pdexrununr
cababn KyTOCH3 MOJNIEKYIAaHHHT MHAYKLIMOH KyTONaHyBYaHIMTHIKUP.

Hon Ba HBAyKUHANaHraH JUNOJIb YPTaCHAArH TOPTHILYB TABCHPHHHUHT
TIOTEHLKAN DHEPTHACH Kyiiinarnya udonananann:

Euon-m-mnunons= 'iNilz 52’_;? = “iN'tr * ‘:,:.

By ndonanan kypunaauku, Macodara kapab AUNONE-WHAYKIHUAIAHTAH
AWNONL TABCHPHra HucOaTad HOH-MHIYKIMANAHTaH JUNONb TabCHPH
CEKMHpPOK KaMasiH, AbHU Y30KpoK Macodanapia xaM ¥3 xyuumHH eTapnuya
caxnainy. byHn wownapuuHr cod mycbar (katuownap) &ku cod maudwuii
(aHMoHNap) 3apsara osra JKaHAMrA Ba OyHjaall 3apannap TabCHPHHAHT
3D PEKTHRINIY IOKOPKIAHIH OWIIAH TYWIYHTHPHIN MYMKHH.

Jucnepcuon Tancup (Jlonaon adderxry, 1930 ii.)

JlucnepcuoH TancMp Xap KaHzal KyTOmn &ku KyTOcH3 Mojekynanapra
Xocnup Ba yMymuil TabcHpnap OanaHCHHA KaTTa Xuccara sra. Arap
JMCTIEPCHOH TabCcHp GYNMaraHga 344, ach rasyiapHd CylK, Konasepca
KaTTHK XONaTra ¥TKa3uIl MyMKUH 3Mac 314. BaxosnaHku, SHF €HI'WI, JEMaK,
aTOMH KaM COH/IM HYK/IOHNAap Ba 3JIEKTPOHNApAaH TAlIKWI TONTaH [eNuii
MOZIACH XaM XKy[la [IACT Xapopar Ba I0KOpH GOCHMIA CYIOK Xonra yTamu.
Xatro, remuif KarTHMK XO0naTra yTrazunraminry  TYFpHcHma MabAYMOTIIap
TapKaTHjarad iH. J{HCnepcHOH TALCHPHHHI MABXYIUTMTH XaM, Gup weda
MapTa TabKHI1ab YTraHMMU3OEK, MOAJANApHHHT MycGar Ba Maudwuii
MIUOpaNM  3NeKTp 3apaqura Sra  Oynaran  3appavanapiad  Tamkui
TONTaHIHKIapH OwiaH GOFMK,

JMCIEPCHOH TABCHPHHHT NAHRO OYNIMIIMHM  ACOCNAM YYYH 9HIHKIH
OCLIULIALMANAHAETTAH, SHHH CHHXPOH paBmmja TeGpanadrraH Juronnap
XKy QGTHHHHT ¥3ap0 TaBCHPIALIYBUHY Ky3aTaliuK.
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Bonopoun, a3oT, KHC/IOpOA, METaH, acyl FauapHHUKH KabM, CUMMETPHK
TysuaMira sra 6ynrau, kyrbcus Monekynanap ypracuma Xam, mry6xacus,
TOPTHWMII ky4YnapH 6Gop, akc Xoima ynap, HOKOpMAa aNTHIrAHWIACK,
KOHeHCALMARAHraH XoJaTiaapna 6yna onmac sauwnap. ByHnait monekynanap
ypracuna ByXyAra KENyBYH TABCHP KyYHHM TYIIYHTHpraH onuMm JloHaou
6ynon. Yuuur ¢ukpuua, Xarro OMp aToMiid MONeKynaga Xam Xap 6up
3MNEKTHPOH AAPOCH Ba NEKTPOHIapH OHp-Onpura Hiucbaran ¥3 Xonarnapvuu
dasona y3raptupn6 Typazunap. MacanaH, asnemewrnap sapo arpoguna y3
AO napura Xoc pasuilja -TYXTOBCH3 Xapakariauub6 Typamunap. ByHu
gaBpuii pasuuiga tebpaHuuira YXmwaTviml MYMKHH. Arap 6H3 Xyda Kucka
BaKT — JakMka Mobafinnga aHa myHpmaf aromnap €ku  MolneKynanap
TYNIaMHra Ha3ap CoJCak, YJNAPHHHI Xap OHPHHMHr sApoNapH Ba
‘3NeKTpoHsIapH Gup-GupHra HHcOaTaH TYpnH KMMEBHH 3appavanapaa Typau
‘Aapakafa CWDKWIaH XONaTAa SKaHIUKIaPHHA KYpaMus,

ONeKTPOHSIAPHHHT ¥3 aaponapura BucbataH OyHnali cywnkurannapura
aroMNapHuHr KyrOnauras xonard, Ae6 kapami MymkuH. Sapo Ba
JNEKTPOHIIAPHUHT HUCORH cwkHIIM Tydaiinu Xap Oup MOJEKYJIAHHHI
IHMONL MOMEHTH JOMMHUH faBpuii pasamyia 6ynma#t, ¥3rapub Typama Ba
MojieKyfa, KyrOnM &xu Kyt6eus OGynuumadH xarbuii Rasap, Y3uHM
OCLIALIMANAHYBYH (TYXTOBCH3, naBpuil, TebpaHma Xapakar KWIyBYH)
mnosb cuaTiaa HaMoEH Kiwanm, |

OnexTpounapHuHr saponapra HucbGaraH TeOpaHMmuu (CHIDKHILM)
HaTHXacHla XOCHn OynraH IumONk MOMEHTH NAaKHKAa AMTONbL MOMEHTH
Aedunanu. YinapHuHr xap Oupu, ¥3 nasbarnaa, kYuIRM Mojckynaga y3ura
yXmawm qunons MOMEHTHHH HHAYKUMsAnainy Ba Oy MKKH JaKHKa AMTIONNApH
¥pracupa TOPTHIUMII TabCHpH maiino 6ynub, Monexynamap Oup-Guprra
TOPTHNANH.

JHCnEepCHOH  TabCHP JHEPrHMACMHM  XMcOOnam yuyH HKKHTa
OCUWLISUMANTIAHAETTaH AMIONIHA Ky3aTalnuK:

+ - + ~

e— X| —ste——  (R-X)) X -
-——  R-X;+Xp) ——— ]

d R —————]

- R+X3) >

X; Ba X JIap aTGMIApAard SNEKTPOHNAPHHHI ¥3 smponapura HucGaraH
rapMOHHK TeQGPaHHIll BAKTHAArH CYJDKHIIN.

Kynou xoHyHHra GHHOAH 3apA[VIapHHHI ¥3ap0 TaBCHPJIAINMIL NOTEHHUAN
SHepruiAcH 4 xmwi — (++), (~), (—+) Ba (+-) TUNMAArK TascHpaapaan utopar.
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*
VYAapHUHT HOTEHLMAN JHEPTHUACH F=-—-~§;; U=fR U= 5;3 =~ , [HyHra

1 1 1
moan Ug=e? (3 + oo - 20— 22).
By epaa Mycbar mwopanmu xamnap Oup Xui 3apsiap, MaHguit
HIHOpAnK Xaiap — Xap Xui MIIOpaNu 3apAUlapHUHT Y3apo TabCHPHHH
udonanafinn. x=x, OYnrannuru yuym rx,-x,=r ae6 kalyn kuncak,

tat
R

U=e? (i- . ~3«~) & —e? 5%y onamma. Arap R>x; R>x,
R~X, R4X, R{R-X, KR+X%,) '

ne6 oncak, R-x; Ba R+xyiap ypumra R’ &smm  mymxed. Jlemak,
Pon S
U= 25%
R
OcugnaTopHUHE MEKTPOCTATHK TahCHpalLyBy Gunan GoFnux Gyirad
noTeHuuai 3Heprua Ug faH TamKapH MaccanapHHHE CWDKHINH GunaH 6ornuk
KBa3HOnacTHK Ky4 f 6unan Gornmk GYran noTeHLMAI SHEPTHS XaM MaBXyJH, Y
LI
/X5 3% g venr.
1 3 4 xzy — 287 XaXy
VMymuii noreHuuan sneprua ¥ " 7KL + X2 ®*  ra TeHr. Arap

ocuaTopnap 6up-OupuaaH anuaruna ¥30Kaa xoiinamrad 6yaca, #pHH R>X;
R>x 6¥11ca, oxupru xan Ora marunamy, 9ynka R® xarra connan ubopar 6ynanm,
CWDKMII KaMaiub, x,—0 x,—0 6ynud konamd. By xam oxmupri xazau Ora
AKMHAAILTHPAIH.
Byupait xonna 6y MkxM OCIWUIATOP ¥3ap0 TeHr KalTapyBuHM Kyd
TH3UMH cudatupa Oup xun TebpaHum yacroracura sra Gynrai Aroma
KoMmIuiekcra atinananm.

1k
TeOpannm uacrotach Gusra Mabiaym Oyiran vy = il udona

Ounan Genrunanany. By epaa: f-OCUMIUIATOPHMHT KAllTapyB4 KyuH, {-Xap
b
GHp GCUMINATOPHHHT KEJTHPHITAH Maccacd  f = ) Ha BA U, TAP MOC

PaBMINNA AAPO BA 3NEKTPOHIAPHUHT MACCACH.
Mkknta ocumwiaropnad ubpoar 6Yiran KOMIUIGKC TH3MM YYyH E3unras
Ulpe,umxrzep Tem;navvlacn Kyingaraua:
Y 'y 8ry 1 2_1_ 2
i teEt TR (""2'“‘"2”’* b=0
By Tenrnama eumsica, E HHHI MKKA X Ky3bRit KnﬁmaTnapu, swHd E, Ba E,
J1ap Kenub uukanm:

ZeZX,X )

1
Ey = (ny + )hv,

1
Ey =(n, + 'Z')h"z

XKy3puil xuiiMaTnap HUFHHIMCH HKKMTa OCUWULITOpHaH wubopar
G¥nraH Kyl TH3MMHUHET YHEPTHACKHH Gepaju:

E = (ny + Dhvyt(n, + Dhv,

84



By epra v; Ba v, map ¥3apo ThCHPRAWAETTaH ocun.mTopnapHm{r

TeOpaHuIl HaCTOTACH: Vy = Vg (1 - 3—'-?-) & Vy == Y (1 + 267 ( )
fR® (4 rgz
Hemax, Oup-Gupuman y30Kza TYpra# OCUMLIATOPNAp  ¥3apo
TabCHMpRaumiMaipn Ba Oup XuMn Vo yacTorara oJragHpnap.  Ynap
AKMHIAITHPHITAHM CapH Ypraxa ¥3apo TabcdHpiailys naigo 6ynaam Ba
HaTWKaga ynaphan O6upH vi<v, HKKMHYHCH 3Ca V>V, HactoTa Oumau

1
Tebpana Gomuaiiay. TH3MMHHHT TYNHK SHEeprusacu E, = 3 h(v, +v,) ra reur

1 1
6ynamu. By sHeprmsi hv,, +2hv, = hv, AR KUHKPOK. Bbynra nkpop Gysiumw

YUYH Vi Ba V; JIAPRUHT YpHura (@) TEHIIMKIapHE KYHuoO, xearupwimb
ypKapwiran  OMHOMHM  Hapaxkand  Katopra  &imaca, E, yuy

E,=hv,(1--=—;) npoma xemmb6 wuuxamw. By epma E, ¥3apo

R‘
Tawupnamaérraﬂ HKKHTA OCHHUIATOPHUMY TYIHK 3HEPrHACHAND.

VHIaH OCHWINSTOPNApHAHT ¥3apo TancHpsamMadtrad nalTHxarn
HONMHYM DSHEPrUANApHHM aliMpcak, TabCMP 3HEPIUACH KHHMATHHHHY
nudonacy kennd unkanu;

1 1 &t hv, et
UO:EO—EhV—EhV=hV0(l 2]_2 s) hv,= iﬁﬁ;‘—hv.;
- hv,e'
Byhpan U, =——2—(0;
yHRaH Y 2f'R"<

U,<0 3kaHanry Monexyianap ¥3ape TOPTHIAETTAHIUTHAAH Janonar

Gepamn. Pean Monekynanap y4 Ynyamzaa TeGpawramiiMrH - ydyH
4
U,=~ %}%‘ﬁ?neﬁ &3y Kkepaxk.

Arap 6y mdonara kupraH KaTTAIMKIAPHH MOJCKyJIaNapHUHT aipum
Xycycustnapd OwmnaH Oornacak, yHnan oofifananunr y4yH aHJdaruHa
Kynaitnuk nafijgo Oynamn. Monekyna xyunammmin E 6ynran maiimonra
KHPHTHJICA, YHAA My, JAHMIONB MOMEHT maino 6¥nann. Ynap ¥3apo Pug-ak
TERrHryd 6nnax Gornanral. MKKHHYM TOMOHAAK, unug=e-]l GYnrawuruaan

|
Pu=0E=e-l, 6ynnan E= —aﬁ— Kenmb IHKaIH.

ma
HHaykuusinanrad aHOONHNHI nOoTeHIman aHepruscH Uy, Hd ronuvw
YUYH MaiiioH Ky4laHMH E HH CHDKHTaH 3apfi MUKIOPH € 12 Ba CHIDKHII
y3ynmarn dl ra xynaitrupu6, cynrpa 1=0 nas l=] raua 6ynran opamxia
aHMK umerpannam Kepak.

._ el
Uy = jE edl = chdz E= -

3KAHAMIHHY Xucobra oo,



D 2 j2

Uy = ¢ [—Etdl = 22 L. lg, 1
o Cun ayp 2
1

Um=5a_‘-E‘.

OCLMNNSTOpAapHUHT  IOKOpMIAa MyX0KaMa KWIMHFaH MEXaHHK
1
CHJDKHII TIOTEHUHAN HEPTHACH Eﬂ’ JIEKTp MalJOHK TabCHPHIA AAPO Ba

NICKTPOHIAPHHHT CHWDKHMII NMOTEHLHAN IHEPrHACH Onnan 5"3apo TeHr 1eb
xucobnam MYMKHR, ABHH

2
lnl.-.%amE, OyHIaH a__‘:%xennﬁ yukagu. byszaru E? ypHura

2
Hra Tesr 6yaran ndoaa
y Y.
e1|; ﬂzax el
E'= ol Kyicax, a,,=-i 6§nuG, yHmaH o = IKaHIHrH
ManiIyM Oynanu.
3hv,e’ e 2 .
U, == fige BaTH 1 JPHHIA O sy HH Kylicak,
3hv,ata.
U= ———-Y—“g‘q‘ udosia Kenub YHKATH.

By dopmynanu Uy, HH XucoGnaly Y4yH KYIUIaHHMIH MYMKHH 6§nran
cyurry udona, acHumi MyMKHH. YHra OHHO2H JUCIEPCHOH TabCHPHMHI
NOTEHIMA)l FHEPTHACH TOPTHLIUAIN IHEpruiacKH O6Ymmb, y OCLMILIATOPIAPHHHT
Ky3bHil TeOpaHMHIU YacTOTaCH V, ra Ba MHAYKUHMOH KyTONaHyBYaHIMK
(OlupHHHT KBaJpaTHra TYFPH NPONOPUHMOHAN, OCLBUUIATOp/Ap OpAacHIarH
MacoQaHMHI OJITHHYM Jiapakacura Teckapd NpONOpHHOHan 3KaH. Jlemak,
OCLWIMALHANAHAETIAH MONeKyNlanap opacuiarH Macoja O3rHHA oOpTCa,
TAhCHPNAWTYBHHHT TOTEHIMAN SHEPTHACH XyAa KywIH pasmmjga Kamaiu®
KeTaju.

JAunons-gunoab TabLCHP

Hocummerprk Ty3wimmra 3ra Oynran xyrOénu Monekynanap yprackna
KyWwIH MOJNEKyJlajapapo TabcHp Hamodéu OYnann. KonpeHncaumananrax
dazanapna Oysnmali Monekynanap Taptubnu xolamumra WHTHIanunap. by
TEHACHUMA TyQaliii MOoHJaIap IOKOPHMpOK XapopamiapAa CYIOKIaHagu Ba
KaiHaim (MonexymAp MaccanapH skHH Oynras xyTOcH3 Mosexynanapra

HucbaTaH)
+ N + - -t PR -+ -+
— e — —_— e
- ——— ————
+ - + =

Vaapo I-Il  xunparu stynamunuiap  1I-IV xonarnapra sucbatan coH
KHXaTHAAH K¥n 6Ynamu. AUCTOHMTPIWI MOJEKYJacHIarH METHi TyPyXHHH

86



muepr cdepa ne6 kapanca 6ymamu (CH,-C'=Naueronurpuwn). CumMerpux
xofinatrad Kyténu 6orny Gupukmanapaa afipum GofIap ¥3apo Kydnu TasCHp
K6 xoinamrad 6Y U MyMKUH.

Joumuit xumons MomeHTMra sra G6ynmaran, nekvH KytOonu OGormM
MONEKYJANApHHHT  KOHJACHCHpJiaHran  daszozary  y3apo  Kolnammuin
MOAZANApHHHr (PH3MK KMMEBHMII KOHCTAHTanapura 0€BOCMTAa TABCMP KUNand.
Macanan :

o-nuxnopbenzon t.=-18° t,=179°
n-AuxnopGenson t.=55°, t=174°
Kyr6aanyBuyannux

Houmuit nunonkr MoMeHTHra 3ra 6ynraH MoJsieKynanapra 3ieKTp MaiiioH
6unan TabcHp KMNuO, Ky TOnagTupHm MyMxuH, Tlaiifo 6¥nrad JHIoIs MOMEHTH
HHAYKUMANIAHTAH JMO0Jb  MOMEHTH JACHWIAZM Ba Y  MONEKYJAHHHT
KyTONaHyBYaHANIWHA Hbonanadmm: ,..~oE, By epna:

0-KyTOJIaHYBUaHIHK, E~Taliky 3/1eKTp MaliZOHHHHHT Ky4IaHyBUYaHJIMIH.

Kyrt6nanuui Kyucu3 GOfnaHTaH BaNeHT MEKTPOHIAPHHE CWDKHIIN Tydaiiny p¥it
Gepann. ONEKTPOHIAPHMHI KYTONaHMIOM, MHPOBapAH/a, MOWIAHHIUrA ONub
kenamy. HIUKopuii MeTa/UTapHMHI aromiapH OcoH xyrOnasanu. Katuownapu
. 3Ca XyJa KMYHK KyTOnaHyBYaHNMK XyCycuATHra sra (4yHKH, Oynap T¥iran
Tawku KoGukmapmup Li‘~He, Na'~Ne,K'~Ar...). AHHOHNIAp OCOH Ba IOKOpH
napaxana KyrOnanamw (¥3 aromura Huc6aran). DneMeHTAapHUHT
rypyxnappard  Taptn6 HoMepH opramux OunaH KyTOmaHMI  opramu.
MonexyianapHuar KyténaHnmu GornoBus Ba OOFNaMOBYM  3NEKTPOH
OymyrnapuHusr nedopmanuacu Tydatinm pyi  Gepand, SbHH MONEKYJIAp
KyrGnaHHu anektpoH GynyrnapuHuHr nedopmatics geMakaup. TyfinHmaran,
KOHBIOTMp/IaHraH Ba KydcH3 Gornap ocownuk Ounau Ba IOKOpH  Japaxaza
KyTOnaHazunap. ’

Kyucus  GOFNMapHMHT  3JNIEKTPOHJApH  MOJICKyJianapra  KyucH3
6ornanranamp. KytOmamum Gunan Gesocura Oornmk Oynram xoauca -~
CHHIMpHIL Kypcatruanaup. Epyriux Hypnapu THHUMK QU3HKaBuii KYpPCATKHLIH
MarepHaUlap MyXMTH OY#inab saxyymuarura uucGatad CEKHHDOK —Xapakat
Kunagunap. HypHHHT CeKHHIRIIYBH YHHHI' MAaTEpPHAIRArH EKTPOHIap OunaH
TAaLCHPIAITYBHAAH KenuO uukamy. CHHOMPHII KYPCATKMYMKHMHT KaTTanaulyBy
Hyp B2 MYXHT YpracHiaru TabcHp Kyuas&Traumurunad panonar Gepamn, n-
HYPHHUHF A-cHra 6orsHK. LIlyHMHr y9yH n-HU KenTupagTrad nalitaa A- HHM XaM
KYPCATHIN 3apyp. N-Xapoparra XaM Ky4iH pasuinja Gornuk. By xon TeGpanma
XapakaTHHHI KPUCT&UI NaHXapajapAa MHTeHCHBIawysu 6unad Gormuk 6¥ica
KEpaKk, LIYHHHT yUyH n—>n'y KYPHHHIIA GEPWIHIIH NO3MM. N’y —KHMEBHH
TO33 THU3MMJAp Y4YyH GepHnaauraH SHT MYXWM KarTamMK —JOMMHIUTHKIAH
Hbopar.
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T T

n g n n
H,O 1,3330 CHy(CH,),J  1,4955
CHiCOCH, 4,3591 "CeHs 1,5017
CH,CHxCH-C=CN 14156 CsHsNO, 1,5529
CH3(CH,),Br 1,4444 TOCCHIION 1,7083

, angannad xypHHAOHKH, KYWMOOFNap OCOH KyTOJAHYBYM TralioMiap
rypyx# (Br—> 1) ra yrranumus capy, nTn MyHra3aM opTHb Gopmokaa.

Moaexyaanapapo Kyréaanum

Kyt6noBuu Ba KyTOJNaHYBYM  MOJISKYAQIAPHUHT §¥3ap0  TabCHPHHU
KyTONH-KyTOCHZ MONEKyNanap ¥pracuiard MHAYKTMB KyTONAHHIL TabCHPH
Senrmnaiy Ba y GyHmail MOAARTapHM KATTHK KPMCTamn KM CYIOK arperar
xonaraa Gyna onMmiMHHHT acocuit caGabnapuigan 6mpumup. F-H, O-H, N-H
Gorsap maexcyR OyaraH mMonekylanapia Boaopon OOriapH py&bra uukanu Ba
MOJJIANIApHUHT CYIOKIaHKII Ba Kaftmaw xapoparn opramd. HF,, (HF),
3appadanapHuHr xocHn 6¥mum caGabu — H 6oru Eyp . o=45kkan/moss, Eq.n=80
KKaJI/MOJTb.

Meoeananapuunr ¢usnxkaBuil xeccanapu

Mopaanapundr ¢u3BKaBaii XoccanapuHu COH KuitMaTiaapd Ypracupa
maexyn 6ynran ¢apknap, ynapHa HACHTHOWKALMANAE  YYYH KYJUIQHMNaNH.
Bynpait xoccanap Karopura da3zasnii yrain Xapoparnapy (i, t.), SPYBUAHIHK,
ancopOunAsIanKii KAPaIu.

Mcopﬁuun

MonaanapHHHT KaTTHK CaTXAa WOTWIMIIH XaM IOTHIYBYH B3 XaM IOTYBYH
(ancopbent) uuur Tabnarwra Oornkk. XpoMarorpadus TYp/H MOANANAPHMHF
ancopOeHT caTXHZa TYpAHM Japakaxa Kyd Ba y3dAra Xocqmk Ounan
ancoOpGUILISHHIMIA  acOCNaHraH. JJoaT BOCHMTacKia ancopOuMaaHraH
MOJIJaR1 WKPaTHO ONWIN BaKTHA4, Y KOJOHKA 6¥iinab OuMp Heua MapTra Kadra-
Kadita ancopbuusiianany sa fecopOumagaHany. UyHKH, aIcOpOEHT CATXMHMHT
JXyHa KaM KMCMH afncopdar TOMOHHAAH srannanras 6ynanx.

Dasopril YTHIT XapopaTh

Cywknayyns  Xapopard aed, KaTTHK Xoijard MOANA CYKK XOJra
yTanuran xapoparra adTvaasy. YV Toza Moxmanap yuyH xarsmiaup. Tosa
6¥nmaran MozaaIap MyailsiH XapopaTt OpafHFH/A CYIOKJIAHARMIIAD Ba XAKMHHHI
Y3rapuiuy ceaunap<u3 napaxana 6¥nagu. IlLlyHuHr yuyH CyIOKnaHHIi XapopaTH
Talky 6ocuMra geapnu 6ormuk smac. 1ly cababng, cyrox1aHuI XapopaTy Kedr
KynnaHunanuran guamkasuii goumuiinurapaad Gupuanp. Vs xun KpHcTAmy
MOIZA apafAINTHUPHICA, &) AIIMAHKUHT CYIOKTaHMII Xapopard 3HI OCOH
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CYIOKIdHAAMIaH MOINA/APHUKHAAH XaM OMp Heua rpaiyc macTra CHIDKMUIM
MyMKkuH. JlexsH TypiaM MaHOanapaaH onuHrad Gurra Kpucramul MOAJAHHHT
CYIOKJIaHHII XapopaTH y3rapmac Xoila KOJMaaukH, Oy TaakuK KHWIHHAETTaH
MOIa HAMYHAJAPHHHI TO3&IHIH Ba AWHHIUIMIMHH TACAMKJIOBYY NAIMJUIMD.
Bapian 6mp Oupukma Oup Hewa Xun KpuCTaT masxkapa (KyTudya) XOCHJ
KW MymMKHH. By Xoxaucara monmuMopdusm gmeitwiamy. ITonumopd
KpHCTanap y3apo QapKiaHysuH CYIOKIAHHALI XaPOPATHIa ra GY/IMIIH MyMKHH.
Bawsuna Mozpmanap KarTHK XONaTH AOMPacHia, WBHH ¥3 KaTTMK XONaTHHH
caknarai xonna, 6up KpHCTamt MOK(HKAUMANAN HKKHHYHCHA YTa OMNHIIK
MyMKuH. KaTTHK Xonjaru KHCJIOPOAHM COBYTHIraHaa Kysarwman 6y xoauca
GyHzall XonaTna XaM MONEKYNanapHuHr 6up-Gupura HucGaraH xapakatd pyi
OepuilM MYMKHMHIMrUIaH Janonar Gepany Ba Y KHHETHK JHCPrHAHMHI
Xapoparra GOF/IMKIMTHHHHI HaTHXACHIUP.

Monexynsp  KpHCTaIZaruM  MOMCKYNalapape  TasCHp  KpuCTaml
NAHKApaHUHr OapKapOpAMIMHY TabMMHalinn. KpHcraul  mamkapanard
MONEKyJIanap «Myaiarah» Xxonataa 6ynu6, Muke Monekynsp adimaHMUI CONHP
6Yna omMaiinp. By MukH MOnexynsp HOTEHUWAN TYCUKHHHI aHYArdHa Karta
KulMaTra 3ra SKawiHrd OwiaH Gorank. JIekHMH Monekynanapapo TabCHp
IHEPrus HYKTaH HazaplaH YHY@IMK Karra Gyamaramnurd cababnu, xaito
KPUCTAJL1 XONIaT JOMPACHAA XaM ¥3rapuiIapHH Ky3aTHII MyMKRH.

Monexynap KpHCTAUIHMHT CYIOKJaHuMum cafabu XpucTa/n HYHIara
MOJIEKYJIATAPHHHT KHMHETHK 3HEPrdACHHH YNAPHWHI KPHCTAJUI Namkapajiard
NOTEHL{HaN 3HepruscugaH optH6 xermmmaup. Ka#uam xapopatu mryHnail
XapoparkH, 6yHIa CYIOKIMKHHHT TYAMHran Oyr GocuMu  Tamkp Gocumyra
TeHr 6¥naau. CyBHHHI yulaMu¥ HYKTRCHHHM OMp BakTHWHr ¥3uNa MY3HUHT
Xam CyriaHMIUM, XaM CYIOKIAHMUIH Ba CYIOK CYBHHHI KaiHall XapoparH,
neiinm MyMKuH. UyHkd GMp HyKTama cyiok cyR ¢>O0yF «»My3 G¥nakyanapi
¥3apo TepmomMHaMHKk MyBo3aHatha OYnanu. Tyilmmran Gyr Gocumu GHiaH
MYBO33HATAA TYpraH CyiOK CYBHHHI KalHaluM BaKTHAQ MOJSD XQKMHHHT
yirapdiin aH4a KarTa KHHMatra sra OynraHjaurd yuyH, KabHaiw XapoparH
Tauwikk GocHMra Gornmk. KalHawl xapopari Moama Ty3HWIHIUHTa GeBOCHTA
6ormik. Joumuit Xxapopatia CyroK apanalmanap KOMAOHEHTIADHHMHT KafHau
xapoparnapu ypracumaru dapk ynapuu 6ynaksab xadaaw iyam Gunan Gup-
6upuaan aKpaTHIIra HMKOH Gepamy.

Cyiok Momua Monekynanapuuvir Oup-Ompura HucGaraH KHHETHK
SHEPruACH YNADHHHT Y3apo cumxuMra erapn 631ca xamM, ickui Opaiapigard
MacoaHW KaTTANAWTHpHWIra etapnu dMac. CyloKk MOAZanapia HHKH
MONeKynsp aiNanMuuiap py¥it  Gepamn, wyHkM Mosekynanap HucOaran
SpkMHAAINANM. KHHETHK 2Heprus TOPTHMIIHII SHEPrHACHHM €HITaH B3 TAlIKH
6ocumra Kapun GaxapunumM xepak 6¥irau f=pdv HumHu Gaxapuira eTapiis
6Ynranna mopmma Gyrmanamu. By xonma yHaur ryiiudran 6yr 60cMM Tamku
6ocumra TeHr 6Ynamm Ba y xalinaiau. Bywpa#i xapoparra KaliHawu Xapopary
NeHHIATH.
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JpyBUAHIUK

Moaanasr 6Mpop CyIOKIHKAA IPHIUHM YHHHI CYIOKIAHUIIHIG ¥Xiuakims.
CyIoK X0N1ard 3pHIManap/a acocaH SpHraH MOAZA Ba PHUTYBYH MOJICKyIalapH
Ypracunaru TabcHp Masxya Ba HamoéH 6ynamd. Y3apo yxumam moananapHuHr
3PYBYAHJIUIH YIAPHHHT CYIOKIAHMII Xapopary opTHO GopHulu OHIaH KaMaanH.
Macanas, Gyspali XonHM CIIMPTHAp Ba KapOGOH KHMCIOTANAPHHHI TOMOJIOTHK
KATOpUAA  Ky3aTHil  MYMKHMH. Xap xun  mabuamnu  modoanap
apanawumupunzanda MoONeKynanap ypracuua y3apo TanCHP Ky4H KarTapok
6ynran KOMNOHEHTJIADHHHT alpHM (a3a XOCH KMAMIIra AHTHIHIIH JOKODH
6ynranyMrd y4yH roMoreH TusuM Xocun 6yna onmadzau. Illy ca6abpan
CNMPTIIAP FOMOJIOTHK KATOPHHHMHI JacTnabku HaMOEHLanapd CyB OWiIaH AXLIM
apanamand, spHd cysna axuad >puiind. JlekuH cyB GHiaH TeKCaH TypiH,
HKKHTa (asa Xxocwn Kwiamy.. ApanamiManapia cys kym GyJsica, rekCanHHHI
CYBIIarH SMYNLCHUACH, arap rexcad kyn 6ynca, CyBHHHI reKCaHgard IMyJbCHACH
xocun OYnapu (crabunnam wapr). [Tupopapampa, yjnap MKKHTa MYCTaKHI
¢asara axpanagu. Y3apo apanamMosud Cy:OKIMKIAPAA MOINANAPHUHT TYPAH
Macca HHcOarlapuaa TakCHMIAHHMIDH aHa IOy MOJIEKYNanapapo TabCHp
JHEPTHACHIA BA 3PyBYAHINKKa GOFIHK.

Arap SpHMII BaKTHAA TH3MMAA JPHTYBHM Ba 3PHTaH MOMJa YpracHIua
KuMméEpyi peasainn p¥it 6epca, Oy 3pHIIHBHT opTHLIHTZ OHO Kenanu. MacanaH,
aMMMaKHUHT CyBaa 3pumd (NHy+H,O0—->NH,OH) Bonopoa xnopHaHHHr CyBaa
spus (HCHNH,0—>H" (H,0)+ClI'(H,0)y n=x+y), aHWIMHHMHI KHCIOTAIH
MYXHTAaZ OpMLIM, YHHHC Ty3 Xoiura YrHmm Ounan  Gornmk,
CsHsNH,+H;0->CsHsNH,+H,0. HFna H Ba F atomnapuumur pagMycnapu
HucOaTaH KMYMK, snekTpManduiinuknapuuuur ¢apku 3ca karra (4-2,1=1,9)
HBr, HJ napna sca Ay kuuxuna r, karra Gynraunury yuys Gapua HHal
MONeKyJanapH ¥3apo skuH kuliMaTura j, raampnap.

Junom MOMEHTH BEKTOp KATTANMK SKAHJMIH aBsall TABKUANa6 YTunra
3y, HlyHuBr yuys KyT0au 608/ Monexkynanap Gab3aH CHMMETPHK Ty3WMIIra
ara 6ynrawmknapu 60oMc, JKaMNaHrad JMNOML MOMEHTHIra 3ra GyaMaiimunap.
Bynnal monexynanap xymiacura CCl,, CO,, n-Cs H,C1; xabunap kupanu:

. H H H cI
CH3. J (CH;)}WO- \ +=+C/ \é’__&/
o ‘a o H
Merunlionnn Tpumerniamun-
Ho=1,611 HUHr okcumm  uwel 2-Jimxaiop - TpaHc-1,2-Auxnopatu-
Ro=5H ITHIIEH. B,=1]1 JieH, P,=0J1

Arap xapama-KapmlM 3apsa/UIaHraH aroM EKM aToM TYPYXMHMHE ¥3apo
TabCHPH Y30KpPOK Macodanma pyil Gepca, aHoMan I0KOpH IOHIIONE MOMEHTH
naino Gynuim MyMKHH:



+ - -~ -
CH3;NO; «—» CH;ONO
Hutpomeran p°=3,50[]

L0 6,0 0,0 o,60

N ﬂ/ \_&/
&

Hutpobenson, p°=3,951%

. Akcnnya, N O Hal napuudr aromnapunaru kabu TakCHMIaHMaraH 3JEKTPOH

KyQTaapuuur MesoMmep 3ddexr TydaliM ACNOKANTAHUIIN  MONEKYJIAHHHAT
HOpMAJT KYTOJTAaHHIIHHH KaMaRTHPULIY MyMKHH:

e b CH3-NH2

>

Merunanunus p,=1 3311

SSeNeNs ©~

NH, NH,
AHunuH, p,~1,53]1 N-HUTPOAHWIHH, [1,=6,10]]
Tyiinuran ranoHpamIHK TYHHHMarad Xocwiara YTumm MoGakfnmuaa

IHM0J/Ib MOMEHTHHHHI KaMalHUIM UKKHHYA XOJIATHH HaMOEH KWIYBYH MMCON
6yna omagu. Macanax:

CH;'CHz-X—)CHz‘:CH-X €kn CsHs-X

X CH;-CH;-X CH;=CH-X CiHs-X

Ci 2,05 1,44 1,73
Br 2,02 1,41 1,71
J 1,90 1,26 1,50

91



MOJEKYJAJTAPHHHI' OIITHK CHEKTPJIAPH

Mosekyna Ba Hyp

Epyraux nyamicrax TaGuatra sra. Monekynanap HypHu alipum hv
KBaH1Nap cudaruna oTranna, €kM HYPNAHHII HaTHXKacu#a Y3uaaH OpTHKYA
aHeprua cudaruna axparub YUKAprauna, EpYrMKHHHE KOPIyCKYaap Tabuary
HaMo€H Oynamm. OifHmrefin Hazapudcura OMHOAH, EPYFIIMK KBaHTIApU
3appauanapu ailipuM gMHaMMK Xycycusrtra sra OYmb, ynmap dortonmap ned
HOMfaHaOH. AMMO (OTOHNAp TYFrpUCHHAArH KOPHYCKYNAp FOAra TasHCAK-Ia,
HYPHHUHI TYIKHH TabGHaTH TYFpHCHIArn FOSHM HHKOp 3THO GYnMmalou, uyHkn
XamMmara mannaym 6yaran uwurepdepeniums, audpaxkuus XoAHCANApMHH alfHaH
Hy FOA acoCHia TYIWIYHTHPHII MyMKHH. ByHnail ¥3ura xoc myanusm dakar
€pyradKrardia xoc OynMacnaH, y wmoanauuHr Oouika Gapua snemeHTap
3appadyaiapura XaM TaalyKJIMKAUpKH, Oy XOJIHM XyCycaH 3NIeKTPOHNap Ba
HEHTPOHIAPHHHT RU(paKUMANAHAIIE MECOIMIA SKKOJ Ky3aTHII MyMKUH.

Ty¥nkuu nasaphicura GUHOAH, EPYFNHK DJIEKTPOMATHHT MaliIOHUHHHT
daszona TeGpaHHG TapKaIMIIM HATWKACHAMP. Arap 3/CKTPOMArHHT MaiacHu
abumcca Vku 6yiiuya rapkanaétran 6ynca, yuusr pasmawinry E opaunara yku
6¥ituya cuHyconnan xypunuinna re6panus yarapamu.

3nextp MaiigoHy Gunan Gup Karopaa YHra OEPUEHIMKYJAD TEKUCHUK
6¥ituya naspuit pasmumisa TeGpaHub TypyBUM MArHWT Mal{IOHM Maskyx.
HWIyHHHT y4yH EpyFaMK SNEKTPOMAarHUT MaiIoHu AeiwinG, y Hyp HyHanumu
6yituua ocummnsumsanaérran y3apo Tek Gyaran XZ Ba XY TeKuUCIMKIIapuia
anextp (E) Ba marnut (H) Ky<naHvmnapyausr Gupruruaas ubopar. Epyrnuk 1
CEKYHAA BAKYYMAa 3-10" cm macodann 6ocub yTanu. c¢/v cexyHn mobaliruaa
Y ¥3 Te0paHHII CHHYCORJACHHMHI MCTaNraH UKKHTA Y3ap0 SKBUBANCHT HYKTacH
opamurd 4 cM Macodanu GocuG yranuxw, 6y karranuk (A)TYAKUH Y3YHAHTH
nedimmagn. C=3-10" cm/c yHuBEpcan KarTamukiapaan Oupmmup. Hyp mry
macodann GocHO YTMIUM yYyH Heda Mapra TeCpaHMiIM KepaKTUIHHM
KypcaTyB4H COH YHHHT 4acToTacH (V) nefiunany.

Iynnait kwm6, yacrora EkH TYIKMH Y3yHIMTHHHHT KHUMAaTHLAH HYPHH
udonanawt yayu ¢oinananuimn MyMmkua. Arap Gynapaan Owrrac (v éxu )
Mabiaym Oysnca, HKKEHSHCHHH v=c/A éxu A=c/v udopanap OopKand OCOHIHK
6GHITaH TONMII MYMKHH.

Epyrnux tymcumnapusn 1 oM Macoana KoHMAma w...iMraH COHM

¥ opkamu udonanaca xam 6¥nanu. = e éxu =14 66, y V aaH ¢ Mapra

KHYMKAHp. YactoTa V Tynkus coud ¥ ra nponopuHoHan GYATaHIMIM  yuyH
aKCapHAT XO/Ulapia Vv ra Kaparaiia aHJarMHa KWIHKPOK COH VvV  JaH

dofinananunann. Jlemak, y V Ounan %  ¥pracHmard OpONOPUMOHALIAK
k03 uLIMEHTHra TeHT.
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Tynkun y3yrnaru cM A® napna, sactora I/c éku ¢’ napaa, TYIKHH COHH
em! napna ynuananm.

TYnkuH y3yHiurd 6¥iinua SNeKTpOMarHuT TYNKMHIApU Y3rapypdaH TOK
(Macanan, A=c/50=3-10/50=6-10° cm =6-10° m=610° kM Hypnapu y4yH 2,
XKyaa KaTTa KHiMaTra ora. Bynnail keanTnapra TYFpu kejiras sHeprusuu E= hv
nponacu opxanu tonca 6¥nanu. Jlemak, y3rapypuad TOK KBaHT/IapH KyJda
KHYHK 3Heprusra sra 6§56, ynap pazno tynkusnapunan n6opar. Kocmuxk Ba y
HYpNapHH TAllKHI KHOYBYH KBaHI/Ap KyAa KaTTa SHCPrHAIM KBaHTIapaup.

HOKopuIa KeSTUpHIraH XoxXJiaraH KaTTalnuk (v,; , 4} napnan ¢okinananras
XOJI/1a, JNEKTPOMArHMT MalIOHIAPHHHU TYPJIM COXaIapra aKpaTuil MYMKHH. By
COXANAPHUHI" Xap GHPH MOAJA TY3MIMLINHH YPraHuul yCyNapuaaH IHT MyXHMH
Ba OMpH GYJIraH CICKTPOCKONUAAA KYJUIAHWIAIH.

Y- Hypaap Mac6ayap addexrinn

R- Hypnap artomap ynuamnapvnu Ba 0oFnap y3yHwIMKIapuHy

VirTpa 6uHadwia Ba kypuHyBun (1=340-720 um) coxanap atomnap sa
MOJieKyJ1anapAaH IeKTPOH YTHIUIAPHH YPraHUUIAA KEHT KYIUTaHwIaad.

Sikun UK coxa — Monexynanaparn aromnapHier 6up-Gupura Hucbata
TeOpaHMa Xapakatuuu, y30Kk MK — coxa — Monekynanap Ba yJapHUMHI
KMCMJapHra Xoc 6¥iran alinaHma xapakaTinapHy, panuo Tynkuniuapu SMP,
OIIP cniexTpiapHy YpraHumna KyinaHuiIanH. .

DREKTPOMArHUT MAHJOHHHHMHT TYJIKMH Y3yHIHKnapd depmunapaa (g
= 10" cm =10" m), nuxomerpnapna (107 wm), anrcrpemnapna (J4° = 10
m=10" cm), Hanomerpnapaa ( Iuu=10° m=10" cm), muxrponnapna (Iu=10"
mu=10" cm=10° M), MHITHMHKPOHNAPAA, CAHTHMETPNAP, METPNAp Ba KM
napaa yauanuu Mymxud. ONTHK COXana, oNaTaa, HaHomerpuapian [sm=10" g
107cm=104° otnananunann.

Yacrora repiyiap () aa yauaragn. i — 1¢ gars reGpannuuiap conu / o
Iy=1MIy, mezcazepy | O I'y=1I'Thy (rurorepm).

Moaaanap TOMOHHIAH HYDHUHT IOTHIMITH

KBaHT MEXaHMKAacH HYKTAHM HAa3apHziaH Hyp ksaHTiapaas (doronnapnax)
ubopar 66, Mogna ¥y3ura TywaErraH KBAHTHH IOTHIIH KU HOTMaCIHUH
MYMKHH. Arap MoOJeKyJafa Ma3Kyp KBAHTHHM IOTHIOM HATHXKacHAa, YHHHT
Ky3fairad AHrd XONZTUra TYFpH KeTyBYH JHCKPET 3HEPreTHK NOFOHA MaBiKyll
oynca, orwmm pyit Gepaad, akc XoJma MOJIEKYNa Ma3Kyp MOHOXPOMATHK
HypH 1oTMaitau. YyHk, y Mabono o1y KeaHTHH loTagural 6¥ca ¥3 anepreTuk
NOFOHAIAPH TYIVIAMHA MaBXKy/l 6¥IMarad IHepreTHK roFoHara, A-HH Gekapop
xonarra Y6 xonran 6ymap smu. Bynnmaif XomaucaHuHr 03 GepuLIv 3XTHMONM
KyJa xaM Kkuudk 6¥nanu. Y amanga pyit 6epmaiinn.

MoHoxpoMaTuk Hyp keanTHHUHr Ilnank dopmynacn E= hv opkamm
Hbonanananuran SHeprusic OunaH, YHHHT paBIIAWIMIH Ypracujgard
MyHocabaTHM AXmHM aWrna6 ommE  kepak. MOHOXPOMAETHK — HYPHHHI
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PABIUAHIATY YHHHF SHEPruacH Av OynradH KBaHDIApHMHMI conura GOFHK.
Mopnrara HYHaNTHPWIAETTaH KBaHTNAPHHHI COHM KaH4amuk xym Gynca, Hyp
paBIUAHNAIE (IYHYAIHK JOKOPH 6¥nany. HypHHHT MOAI2 TOMOHHAAH IOTHIHIIN
yHra TyWHpWiASTras Ba APOKTH TYNKHH Y3yHJIMrHra 3ra Gynarad KsaHT/ap
COHHHUHI KaMmailiviuy paeraauaup. Hyp IOTHMIIM  BAKTHAX  MasKyp
MOHOXPOMATHK HYPHHHI' aMIUINTYJAcH KaMasid, YYHKH HTWMI MoAna
opkanu YTadTrad KBaHTIap COHMHMHT KaMaivuminu 6unaupand.

Dywaémean nyprune ‘ Moooa opxanu ymean Hyprunz
maescugnapu mascugnapu

» >
>

11 =n1hv (n>ﬁ;)

I,,O)aezaawmx)‘-—- nohv ,

A~ mynAKun Y3ynausu I A — mynKun yaynaueu
V - HYPHUHZ 4acmomacu  HYPHU IORY6YU MOO0a V- HYPHUHZ Hacmomacu
Ag-Hyprunz amnrumyoacu A—Hyprune auniumyodacu

HypHusr momma TOMOHMAAH OIMii JOTHIMINHM BaKTHAA YHMHT
KBaHTIAPUHUHT OMp KUCMHM (n,- n;) hv, MOAAA MONEKYNATapH TOMOHMAAH
10TUNHO, ynap Kysraiurad xonatra yraaud. lOtwiMail xonramnapu 3ca xeu
KaHJail y3rapuiicus nhv MEKIOPHAA MOTanaH YTuO kerany. AMINMTY JaHHHT
A, nan A; raya KamaiiMius (n,-n;)hv Ta KBaHTHNAPHHRI MOJAA 3appauajlapH
XyCycaH, MojleKyjanap TOMOHWAaH oTwmG xonumu GunaH Oornmuk. Bynpait
XOAMcaNap MO&Aara TyNIMpHIAETraH NOJNIMXPOMATHK HYPHHMHr aipum-alipum
“MOHOXPOMATHK” coxanapura Xoc. by CcOXalapHHHr Xap XWil napaxana
IOTHWIHLIM HAaTWXacHiaa YpraHwia&TraH HaMyHanunr y &ku Oy coxajmaru
OTAINI CrIeKTpH naiino 6ynaay.

IOTHnum  HaTHWXAcHHAa  MOHOXPOMATHK  HYDHHHT  PaBIIAHJIMIH,
aMIUIMTYNACH V3alITHPWIMIIMA KaMmasId, YacTOoTacH 3ca Yy3rapmaiiam. Xap
6Hp KBAHT JOTHIHIOM EKH KOTHIMACIHIH MyMKuH. JlekuH joTHMaif YTUG KeTrald
KMCMHZA YacToTa HyKra# HazapuaaH y3rapui 6ynmaiiny.

MNonuxpomaTHk Hyp yuyH 3ca Ma3Kyp loTWiaéTraH alipiM MOHOXPOMATHK
COXAJAPHHHT PaBHIZHIMIA KaMasau.

IOTHIras HypHHHT Y3rapumaapu

MorekyjlalapHUHT  HYKH  SHEpruscu ksaurnauran Oysmu6, ymap
TOMOHHAAH Hyp HOTHJIHIIH acoCHH HOpMan, ShHM BHI NacTKd aiinanma,
TeOpaHMa Ba NIEKTPOH PHEPreTHK MOFOHAIApAA TYpraH Xonuja pyi Gepanm.
YyHkH, MOJIEKyTaNapHMHI ONTHK COXATa TYFPH KeJI'aH KY3FanraH Xonamiapaa
Typum naspu 10°-10° ¢ pn Tamxun kunazms, xonoc. By nmasp, nuposapauna,
Yhap OpTAKYA DHEPTHANADHHM JIOMHHECUEHIMS, (UIyopecueHimaA SHHHKN
KATTapoK suiam fgappura sra Oysnran  docopecuenums &xu  GynMaca,
HypJiauMalt TapkaTRO robopmin HYnu Guian MCCHKIMKKA aliaHTHpuil, ¥3apo
TYXKHawMIM, &€ -WAuII AeBOpHApMra ypwHul iyynapm Ownan capdnaiimnap,
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yhnad xonu Oynammnap. Bawmzm xomnapaa Oy #AyinapaMHr Gawswiaps
6upranvkaa, OnAMHMa — KeHHHIMK Iynm OunaH pyit OepHIUM MYMKHH.
Macanan, 6ap3aH Ky3rairaH BHPTyan XOnaTaa TypraH MoJieKkysa ¥3 OopTHKua
JHEPrHACHHHHT OMp KHCMMIAH Y3apo skuH OYnran tebpanma Ba aitianMa
TeOpaHMa MOFOHalap Vypracupa  yNapHHHr  OMpHIAH  WKKHMHUYMCMIa
HypnaHMacjad yruw iymm 6unan xomu 6ynu6 kysranraH muckper (Hucbatan
crabun) xonarra YTub, cyHrpa sca Oy moroHanaH acocuit HOpMan Xojarra
YTy Takpubama kysarunamd., L1y cabaGnaw, Kysranran Xonmarga Typras
MOJICKYIaHHHI HaBOaTAarH  MKKHHIM KBaHTHH IO0THO V3 3Hepruscuuu
KyMYJIbSTHB PaBUIijia SHala OUIMPHIN SXTUMOUIMTH aMaijiaa Jdespiil HoJira
TeHr. BYHHHr ycTHra afipHM OHCKPET SHCPreTHK noroHanap Ypracupga yruinnap
TaHJIall KOUJAcHra OHHOAH TabKUKIaHraHAUP. BopuuHr yacToranap Kouaanapu
Xam pyit Oepumi MyMkuH Oynrad YTHII HMKOHMATAAPUHW GHpMyHyYa
YyeKnanam.

OneKkTpoMarHuT TYNKHHIApH ¥3 uacrorajiapura Kapal, kyla karra
HHTepBanHM KaMpal oaumy aitu® YTwiran sau. Arap aHa Wy UTepBaJiiaru
YacTOTAIApHHHT Xap Oupura sra GynraH doroHnapHunr 1 Mone MUKAOPMHMHT
3HEPrHACHHH Kalopwanapaa Hdoaanacak, YIapHUHT Ky3Fanral xonarra Yrra
MOJICKYJIAaHH KaHpal Y3rapunutapra onub KeNHIIM MYMKMHIHINY TYFpHMcHna
TAXMHH KWIMII Taino 6Ynauu. ByHuHr yuyH xyitmpard dopMmymnanapaan
tdoinananmn mymkuH. Ilnank dopmynacura Gunoa, xap 6up xsaHT (doToH)

HUHTr 3Hepruicn E=hv, v=c/A V=1, , Aemak v=c l/A-. Byun E pary v
ypuura kyhicak E=hcV xenu6 unkazM. hc™ Hu kannopuanapa YTKasuil yuyH

KEepaKjH  YHUBEpcan  JIOMMHIVIMKIApPHUHT  MamiyM  KuAMatnapHaad
¢oiinananamns. Ynap kylinnaranap:

Epyrmuxumnr reamurs C 2,998-10'° cm/c
naux goumuitnury h . 6,625:10% sprc
Asorazpo conu, Ny 6,023-102 arom/mons
BonbuMaH LONMHIUIMIM, K 1,380-10‘IO apr/rpa.

Tynkus y3ymmrn 1 oM ra Teur 6Yaran (v=Icwm”' v=2,99810")
HYPJIAHHIL KBAHT3Pr/MONEKYNaHUHT SHCPTHACH Kyituaaruya 6ymanu:
he¥  =6,625-107 2,998:10" ape/monexyna=19,862* 107" spa/xan
Ixan=4,185*10° »pr oxawnuruuk  Xxucobra oncak, hcv=19,862*10
T ape/monexyna=19,862*107/4,185* 10" =4,751*107 xan/monexyna. Arap hc™
HH ABOranpo comura kymaiitupcak, hcVN,=4,751 107 . 6,023 10”°=2.858
KaVsors KenuG unkaum.,

V HMHC 37€KTPOMArHUT MalIOHM CIIEKTPHHHHE TYPJIH COXanapura TYrpH
KenraH KuiiMatnapupan  dodpanannb, Moc  xonpard  GOTOHNAPHMHT
SHEPrHACHHH KaJI/MOJIbIIAPAA TONHIN MYMKHH.

ChnexTpHdHr alipum coxanapu yayH Oy kuiiMarnap Kylunard kansainna
KEJITHPHIITaH:
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XKamsan

Cnekrp coxacu Tynxun y3yHIUra, TYaxuH hv= hc¥ xan/mom
cM COHHM

Panuoyacroranap 500 0,002 0,00572

MukpoT{nkutap 1 1,0 2,858

Wndpakusun coxa 10° (10mx) 1000 2858

Kypunysuu coxa | 5-10° (500 m MK) "20000 57170

Vastpabunadma | 2:10° (200 m Mx) 50000 142924

MonekynajapHMHT WNTapHIaHMa Xapakay 3Heprusanapy KsaHT/IaHMara-
JIMTM - YMYH, ynap SMeKTPOMArHuT -MalloHH CHOeKTPHHM OTMaliunap, AbHH
WITapHIAHMA XapaKaT CIIeKTpH Ky3aTHIMaiau.

Monekynanapaarn uuke afinanma, teGpasma, ONEKTPOH ¥rHuwiap,
3MEKTPOMAarHUT MaliJIONN CIIEKTPHHUHT TYPIM COXalapura TYFpH KEJTaHIuri
YUYH, ¥3uHH JEAPNH AIOXHAA-aROXH/A, Y3Hra XOC COXanapaa HaMOoEH KHIalH.

AlinanMa osHepreTHK TOFOHANap YpracMia YTHWra TYFpH KeJyBuH
KBaHT/IAPHUHF TYJIKHH COHM V1cM™' GYNTAHMMIH YyH A 1ap MEKPOTYJIKMHAAD
coxacupa HamoéH 6Ynamu. TeGpauma ¥ruuuiap 3ca A 3-30 MK uuTepBanura
TYrpu kenamn. By undpakuann coxaanp. Ymby coxara TYFpH KeJiraH HEPrua
1-10  kka/MONBHM TAIMKWI KWia M. ONEKTPOH YTulwiap KYMHIHK
Molekyanap yuyn ynsrpabunadiua coxana pyit Gepanu. Maskyp coxara T§Fpx
KeAraH KBaWTNApHWHI dHepruscu 60-70 kkanw/mons aproduma 6ynub, 6y
MHKIOp KMMERMIT OOFNIapHUHMI Y3IHNHII 3HEPrHiICH 6unan TaKKOCIAHMLIK
MyMKdH. Jlexun wMypakka6 TapkuGnn Ba Tysunummi. KOHLIOTHPJAHraH
KyGormM TYHMHMaran OWpHKMAnapha 3JiEKTPOH HOFoHanap Oup-Gupura
HUcOaTaH sKMH Gynaam Ba ynap ypracuia YTHII KYPHHYBUH Ba XaTTO SKHH
MHQPaKM3NT coxama xam pyi Gepurw mymkuH. ByHnmalt momexynanmap
K¥puHyBuH HypHM Tamnab, 1oTa onumu cababnu, ¥3ura XoC paHITa raiHp.
Gyéxnapnary, ryjmapnary snekTpoH yTuuuiap myHgal yTuuuiaphas wGopar
6ynramnury yqyn, ynap XHIMa-XWI paHrnapHd HamoEH kwmanu. ByHnpah
yrumnapaa n-n yramnap Gunan Gup karopAa, n — ® YTHuAp xam aos
karHamagu. Uly ca6abnan, akcapuat 6Y&knap KCHbOrHpnaxral kyui 6orma N,
O, S anemeHTNapy TyTran MONeKynanapaas uGopar 6Yrnamu. MacanaH, capuk
cab3uHHHI paurn ana mWyHaah -1 YT Tydaim nafigo 6¥namt. Hysks yHna
KOHBIOTUPNaHraH Kymbosiap 3aHKHUPH MaBXy .
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MonexyaanapHHHr aiiIaHMa XapaKaT CIEKTPH

AjinanmMa  XapakaT KwiIa€TraH MOJIEKYyJaHH KATTHK  poraropra
YXWATHIIUMU3 MYMKHH. YHHHr ¢asofard XapakaTH, yMymaH  ONraHia,
Mypakkab xapaxart 6¥1m6, yHH MeXaHHKa KOHYHJIapUTa OMHO2H MKKH KUCMra —
HArapuliaiMa Ba ailaHMa Xapakatiapra axparHll MyMKHH. Wnrapmnauma
Xapakar MOJNieKyJla OFMPNIMK MapKa3uHUHI ¢a3oja CWKUIIM  OwiaH GornuK
6Ynub, Momexkyna mapkasunaH GoumnanamuraH JIexapT KOOpAHHAT TH3UMHHM
YKJIapH - X, y, Z JTAPHHHT BakT YTHIOM OHMad ¥3rapHuM opKaim udomananaau.
Wnrapunasma xapakaT MOfEKyJNaNapHWHT MH3MKIN TEIHIH Ba Xapopar Ouian
GOFIMK 6YNraHNMrM ydyH, YHHHT JHEPIHACH KBAaWTJaHMaraH OYnanu sa
Y3IyKCH3 paBduza Y3rapaau. By xapakar MosekynanapHuHr Getaptnd, XaoTHk
Xapakaty, ¥3apo TyKHammnuiapH, OyHmaH TYKHaIMIIAp BakTHAa ¥3apo
JHEPrug aIMaliMHMHI Ba TEVIMKHHUHT CTATMCTHK paBummiga (MaxkcBet
Koujacura 6MHOaH) TAKCHMJIAHMIUH aHHUKJIAHTaH.

Mypaxkkalb XapakaTHHHI' MKKHHYM TanIKHN KWTyBYMCH OYnraH aitanMa
Xapakar 3¢a, MOJIEKYJIaHUET (a30dary Xapakary HYHaNUIIAHN Y3rapuiy Swiax
GOFMMK Ba YHHHI JHEpruAcHM KBaHTiaHranaup. By XapakarHu uzoxnaur yyyH
alinanMa Xapakar KwiadTraH TH3MMHHHr y Gunan OeBocurta 6oFyMK Gynran
KOOPIMHAT TH3HMH YKIapd — X,y,Z japra HucOaTaH MHepLMa MOMEHTIApH B2
YJapHUHT JHCKpPET DPaBHIIAA Y3rapuIunapH TYrpucHia cy3 IOPHUTHIN KEpak.
AilanMa Xapakar CNCKTPH YM3MKIM Ty3unumra sra 6ynm6, GyHmalt xapakar
KHNa€TraH MOJIEKYNIa KBaHT MEXaHMK TH3MM OYsrannuru y4dyH, 6y xapakatra
X0C 3HeprusHy Tonui dopmysacu Hipeaunrup redrnamacunan dolinananrax
XONa YHKAPHIIAIH.

Ailnauma xapaxkar KMIaéTran MonexyJaIapHHHI HHePLH
MOMEHT/IapKH TYFpHCHAA

HiHepuus MOMEHTHHMHr X,y,Zz ¥Kiapu OYiinua KOMNOHEHTHAPUHHHT
KUiiMaTnapH MOJIEKy/lalapHHHE XWinra GOFnuK Ba MabiyM Japaxana yJiapHH
TacHM(nain, cRHGrapra aXpaTHII YUyH KYJUTAHHIALINA MyMKHH.

AlinanMa XxapakaT Kwia€TtraH Mojekyna abGCcoJIoT KAaTTHK TH3MM
XHco06naHuO, ailaHHMm BaKTHAA YHHHT KOHGOpMauMAcH Ba KOH(UIypauuacH
ysrapmaiiaon.

Monekynanap MKKH aTOMIH CHMMETPHK 0, '*N, Ba HOCHMMMeTpHK
(*°0"0, "N"'N) NO, CO, HCI xabu 6Yauun MyMKHH. _

AWnaHa&Trad MOJEKyna 3PKMH XOJjaTaa Typubmm, ne6 XxucoOnaHamM.
KoopauHat TH3HMHHMHT GOILH MOJIEKYNaHHHT OFMP/IMK MapKasura xoinatra-d
6ymm6, y 6unan 6upra xapakatnananu. AfinaHaérrad MONEKYTaHHHT HMHEPIHA
MOMEHTH YHMHI ali/laHMIira KaplWMIMrHHY Oeirwnaiild Ba WIYHHHI YYYH Y,
HHEPLMS MOMEHTH, J1e6 HOMITaHTaH.

Atinana®Tran MOAEKy/1a YUYH HKKM XH1 TEJIHK XOC:
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1. Yuzukmu Teanuk -V;
2. Bypuak Tesnmurn- W
YM3nKIKM Te3NMK aiNaHaSTraH TH3UMHHHI  GHpPOp HYKTacHHH BaKT
Mobalinmaa & 6Yiu1ab Gocu6 yraguran iYnuHu Genrwraian.

Bypuak Teanvru sca aiiiadadTrad HyKra BakT OMpIMIH WIHAA HeYa PajiioH
Gypuakka Gypunuuiuny ddosanaitan. Bypuak TEUIMIH ailaHadTTaH HYKTaHWHT
alJIaHHIl M2PKa3HAaH HaKa/ap y30K, AKUHIUrkra GOFIMK 9Mac.

Hemak, Gypuak TeINMrMHUHT MCTANraH HyKTaHH KOHIEHTPHUK aiinaHanap
PamMyCHHHHI Kaepura moﬁnamraﬂnnmrz anokacH #yK.

.4
W= .dT‘

by epaa ¢- 6ypunuw 6ypuary.

Arap aiinaHa¥tran Hykra dt BakT MobGalinuza &l OViiMua ds Macodann
Gocub Yrca, ds=Vdt 6ynanu. By epaa V uusuim teznuk. DT BakT MoGalinuaa
pamuyc Bextop Typnu & 6yiinya do ra Gypunany.

ds = rdi

vdt = rdg

v= r%t-, =W W
Arap W=conct 6ynca, aiinanma xapakar Tekuc Xapakar pgelimnamu. (1)
TEHIMaMaJaH KYpUHAAMKY, HYKTAaHHHT YH3UKJIHA TE3NMHIH PaaHyC — BEKTOpra
TYEpU NPONOPLAOHANAMD.

(1) v
]

\\‘- r ds

Adnanagtrad Hykra alimanum Mapkasm atpodgmuaa Gup Mapra TYIAHK
AWTaHHO YMKMIIM y4yH capd KuiuHraH Bakr aiinanvm naspu (T) medunmanu.
Bakr Oupnurn uumna pyit Gepa&rraH allaHMII COHM aliTaHMIN 9aCTOTAcCH
AeiAMnanu.

Hxku aToman MOJEeKYIaTapHHHT aitianMa Xapaxkart CleKTpH

Alinanma YyTHm MoGallHuia 10TWIAETTaH 3MEKTPOMATHAT MaiJOHMHUHT
KBaHTH 6Y/IIMaraiinry MOJIEKyNAHMHT JJIEKTp JMIONE MOMEHTH TOMOHHMAAH
Kabyn xumuHagy. Hlynusr ywys, maccanapu Ba 3nex'r? 3apsIapUHAHT
OFHP/IMK Mapxainapd GMp HyKTara TYFpH KENaJura , YN-“N xabu
CHMMETPHK MOJIEKyJianap IOMNoib MOMEHTHra Jra 6ynmarannnm y4yH, yniap
MMKPOTY/IKHH COXacH/ia aiiNaHMa CIEKTP XOCHN KHIMaHAWtap. %0-1%0 #xu
N-! kaM M30TOMNApAaH XOcWi OynraH MOJEKYNanapHUHT 3NEKTp
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3apALIapHHUHT OFHPITHK Mapkasnapu (ynap §3 MosieKyJianapuiard aroMiiapra
HUCOATaH CHMMETPHK KOMIAINraH) MAacCalapHUHI OFMPJIMK Mapkanapu(ynap
OFUP HM30TON TOMOHIa CHJDKMIaH)Ia MOC KE/JIMarawjiurd yuyH, Oy, MKKMHYH
Mapkasra HUcGaTan 3apsUlIapHMHI TAKCHMJIAHMILM HOCHMMeTpHK O¥nanu Ba
HaTIKaNa XKyaa KHIuk Gyaca Xxam QuIoas MOMeHTH naino 6¥namm. lly Gouc,
GyHpait Mosiekyianap yuyH aitnanma ciektp kysatunanyu. HHal, CO xa0u uxxku
arommn €xy NH;, CHCI; kabu kyn atomnu ra Kyréau Gornapra sra 6ynrad
MoJiexyiianap, anbarra, aifnaHMa YT CIeKTPIapHHN HaMOEH KInaay.

Ajinanma XapakarT KWIaéITaH MKKH aTOMIM MOJIEKYNA YYYH MOIelb
cnaruia KaTTHK POTATOPHY TAHIAL MYMKHH.

Karruk porarop neb, maccanapy m; Ba m; 6ynran Ba ¥3apo y3rapmac r.
macodana xollamran THIMMra aifThnagu. Y OFMpNMK Mapkasd artpoduaa
SpKMH alinaHa onanoy Ba Iy cabGabpan MOTEHUMAN 3HEpruara sra smac. Jlemax,
YHHHT TYJIUK SHEPTHACH KWHETHK SHEpTHsAAaHTHHA ubopar 6Y1mo,

E, = Eixi g.ﬂ%'i Ty o= ‘I‘; W :33 = ‘rz‘&?
T W o TR
6YynraHaHruaan Ey = mﬁ? + 7= ,;

we
= (mart + mard)

AWaHnm Mapkasura HucGaTan mnn = mar; pa 1 +13 =7, quragan I = urf
LN
HM XENTHPHO YHKAPUII MYMKHH.
4 "l’)lz 1 = )A (g
By epna, ™ *™: monexynaHuHr xenTHpHIraH MaccacH feiwtamd. ™™ Ba

My JIap POTATOP TAWKHIIMA KHCMIAPUHHHI XapakaT MHUKIOPH, MR ga

™72V nap ynapumur XapakaT MHKIOP MOMEHTNIapuHp (pacMmra Kapalur).
MonexynaHuHr XapakaT MHKIOP MOMEHTH J=mnn +menvy=lw oo
. . J=m=Jjg+1
MeXaHMKacHura 6unoan J KBanT/iaHrauaup 2

By ¢opMynanary j-HH alilaHdI KBaHT COHH Aeimnaau. Y 0 nan Gownal
6yTyH cornapHu kalyn KHJIagu Ba aiifianMma INOFOHANIAPHHHF ¥3apo HUCOHi
KoMNnamuIKHyK Oenrvnainy.

Karruk porarop (uxku aromym Mostekyna) ydyH Ulpeawnrep
TEHITIAMaCHHH €YML HAaTHKAcKa alilaHMa Xapakar SHEPrHACH yuyH KyHnaaru
udonanm onmiura Mysodgax 6Yninnau:

h
Arap E, HU TYAKMH connapu opkanu adonaraMoxyH 6¥icak,
E:i.n
By B o e J{f 4]
kA he = 8rt j{j v ) Ba
h
8nlc wu B opkamu Genrunacax , fan =BjU +1) (em?)  j=0,1,2, B -
aliTlauMIn JOMMMIUTHTH Aeliwyramu. AfnaHuin KBaHT coHu J HuHr Kmiimatu 0
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paH Comnauranmurn cab6abny, MONeKyJaHHHI ajilaHMa XapakaT DHEPIHACH
JAacTaBBal XaTTO HOMb OYNMIIA MyMKHHIHWMA XaM kequ6 uukann. Bywnaii
XOllaTra Fos TIacT Xapoparia puinuid MyMKHH. Bapua Moananap coByTHarasia
KaTTMK XOnarra ¥ragy Ba . KPHCTALT IaHKapanapHH TalKWI KHIyBYH
3appavyaapHAHr aiaHMa XapakaTH TYXTaliH XamM/ia yHra Xoc 6YJraH KHHETHK
snepras E; ca j=0 O¥nrammmru cababiu, TabHMA Honra Tewr 6yianu.
[MamxapaCHHUHN SHeprHACH KUYKMHA Monekynsap kpuctaunap (H,, CH,....) oa
XKYA4 TacT Xapopamiapaa Monekynanap ¥3 acocHii Myo3aHAaT XOmariap
JOMpacK/ia XYy/Aa KUIHK aMIJIMTyAa OWnaK TaBcuraHyBuH rapMoHyk OypHima
TeOpaHMa Xapakar Kwiagunap. ByHnali xapakaT BakTHaa MOJEKY/IaJapHUHT
MK coxara xoc 6ynran Te6paHma 3HepreTHK moroHacH Ysrapmaiinu. Ymoby
TeGpaHuILIap pafgyo TYJIKHH COXAacwra TYFpH KelalH Ba YIapHH Kaifl KHIWLI
TeXHMK XHXaTdaH aHua Kuliunmup. (1) dopMynanan E; i, j Gunan keaapatuk
Gornaurad. IlyHunr yuyH j acra cekud OyTyH connm xuitmarTnapan kabyn
kunu6, opru6 Gopran capH Ejs, KBagpartwk ¢yHxkums cudarnma ocunub
Gopamn. ByHHHr Hamwkacupa j optHb Gopumy Ounan aiilaHMa 3IHEPreTHK
MOFaHaNapHHUHT Oopacd MyHTasam ommb OGopanM, apHM EHMa—EH coOHnamraH
aitnanMa 3HepreTUk NoroHa1ap GHp-OHpHAAH y30KNaany.

JIapXaKkuKaT, TAaKWKJIAHMaraH JHEPreTMK IOFAHANap KeTMa — KETJIHTH j
¥phuura 0,1,2 xabu 6yTyH HaTypast COHnapHu Kyiiun 6unaH Tonunanu.

j 01 2 3 4 S SR

E; 0 2B 6B 12B 20B 30B ...

By »Hepreruk noroHanap Kyiuaara pacMaa KeITHpHIraH

5

4
3

2

[ —

Jlexnn yTHII yacToTanapu KoopAMHar GommMpan Gomnab mdonanamca,
¥3apo 2B ra Tenr 6ynran macodanapra koinamra YH3HKIAP TYIUIAMH XOCHI
6Ynanm:

4B,
|
! ) |
2B, 6By

Jj =0 nan j =1 ra yraérrad Monexyna nacnaCky SHEprusHH Kabyn Kunamu.
Ouan, wasGarnary yruw pyi Gepaérran sakrna sHepruscu 2B, (=1) 6yiran
monexyna (j=2) ra 6, 4B, sueprusuu kaGun xunaau. Yacrora(aGuucca)
yxura Oy sueprua 4B, ra TYFpH Kena/Id Ba aBBAIrA 9acTOTajaH sHa aiiHaH 2B,
ra yjoxjmamraH Oymamm. j = 3 OYnran xonm yuyH aiiiaHMa Xapaxatr

v
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3HEPTrUACHHHHT Y3rapuiin 6B HY Tauikui Kujaiu Ba 4yactoTa Ykuaa 6By 4Bo
JAaH 2B, YHrra yzoiamras 6ynanu.

Llynnait kunu6, alinanma XapakaTra YM3HKIM TY3YJiduira sra 6Ym‘au :1:]
y3apo 2B, macodanapia skofinauiraH YH3MKIAp TYIUIAMH TYFpu KeNaiM.
Taxpnuba acocuaa omuHran OyHpali cnektpaan dQolizananu®, HKKH aToMnu
MoJiexyJiagard GOFHMHT Y3YHIHTHMHM, SHHU SApOJap opacunaru Macopanu
TONMIL MyMKHH.

h 3 S .
B-oo ™ i 77 2n 20’

By ycyman KkumE€BUHM GOFNIADHMRI TEOMETPHK  MapaMeTpnapuHy
CMIEKTPOCKONMKMK YCynAa Tonuul Aelivnagu. XO3MPrH BakTAR PafHOTEXHHKa
JOTYKnapn TyhainH, MHKpPOTYNKMH CHEKTPOMETDHACH COXacHAa Karra
KyJnainuknap apatiirad. MHKpPOTYJIKMHAAPHH XOCWI KWIYBYH FEeHEpaTopnap,
YyJapHH Kaia KWIySYH MOCHaMaIap aHMK HaTHXanap ONHUIHK TALMHHIaIN.
Jlasep HypnapHHHHr KOMOHWHAUWOH COYMNIMIUAAH (oHanaHMmn XaM aHHK
MaTyMOTJIap OJHMIIHH TaMHHIaHAMraH HWMKOHHATIAPAAH 3HI MYyXHUMHTa
aiiaHanH.

MostekyaanapHuHr Te6pasMa XapakaT crieKTpJapd

MonekynajiapHUHr HYKH XapPKaTHHHHT aTOMJIADHUKHIAH HA OGHDP MyXuM
(dapxy Ba y3ura xoc TOMOHM mIyHAaH HOOpaTkH, aromnapHu y3apo 6ornab
Typysun kxumEBul Oormap onactmxamk (kalitap TabGmatra asra  G¥nran
medopMaunsnaHyBuaHIMK) XoccacHra Jra. By Xocca aimanma Xapaxar
KHIAETaH MOJIEKYJJAHHHT HOKATTHK POTarop TabOHaTHHMHF 8COCHHH TAIUKHII
KWiraH 34, AbHM Te3 afinaHMa XapakaT Kuia&TraH MOJKyjnana MapKasfaH
KOuMpMa Kywiap maiino OYmummn vtydalinm, yHUHr MHEpUHS MOMEHTH
KaTranawap 3M.

Kumésnti GorHuHr anacTuiidry Tydaitmmu ¥3apo GornmaHran aromuap ¥3
MYBO3aHAT opanurura HucGaTan naspmii TeOpaHMa XapakaTiap KWiaauiap.

AfinanMa xapakaTHH ypraHumuu Gouuraran Xonumu3s xaGu, TeGpanMma
XapakaTHH XaM HMKKM aTOMJH MoNeKyianap Mucoauna GouwraliMms. Ysapo
MawIyM kumEBmii Moliwuiukka dra  6ynranm  arommap  6up-Gupura
SKMHAAITaHRa, YyiAap Yprachaa TOpPTWIHMII Kyyn mnaiigo 6ynaum. by
SAKHHNALHITHERT cababn ¥3apo GornaHa&TraH aToMilap AApONapHHHHI ynapra
Tervmnu 6ysran anexTpoHnapra TOPTHAHMBAMP. By Tabcup iCK1poOCcTATHK Ba
KBaHT MeXaHMK TaGuarra sra. JlekAH kuMéBmit 60oF BocHTacuna GornanHa&rraH
aTOMJIGPHMHT ¥3apo AKMHJIAIYBH 4eKCH3 JasoM sTaBepMmaiau. Macoda 6or
y3yHIMIHra TeMrnawray, 6ofnaHaérraH TYpim Afponap Ba ynapra TETHILNH
MEKTPOHIAP VYPTaCHAA MOC pAaBMHIJA WTAPWIHII Ky4napH maftno 6ynazm.
Toprwmn kKy4nm XaM, HTapHIMID KYYH XaM NOTEHHMAUIHK XOCCACHra, FBbHM
Higra alnaHyBuannuk Tabuatura sra GYIrasiura yuyH ynapHHHPr anrebpauk
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HUFERAUCH MWHHMan OYIraH XoNnarT MKKM aTOMJIH MOJIEKYNAaHMHI 3HI KHYHK
IHEPTHACHTA TYFPH KENaJIn.

MoeKynaHHHT MaHa [y MWHHAMA TOTEHIHAN SHEpruAra TYFPH KelraH
Gor ysywnury L, ra aromjiap opacuiard myposaHat — macoda, nefimnanu. by
epia e-MHOeKcH  (MyBo3aHaT) cysuHHHr OGupuHuYM Xapdumup. Jlexun Gy L.
macoda xarro xapopat OKra TeHr 6ynranaa XaM TOM MabHOCH OHIAH JOMMHIA
yarapmac 6ynmacaan, L.ra axuH GYiras Mabiym opamikia Yarapub, kynaiiud,
kamaiu6 Typamn. By YarapuuuiapHuHr cababum tersuum  kuMEBME  Gor
Bocurackaa GornaHraH aToMnap saposapuHi 6mp-6upura uucGaran Tebpanma
xapakarumup. Dusmkauii HyKTam HasappaH OynmaH XxapakaT KuiagrraH
TUIUMHHUHI MOJeny cudarua rapMOHMK OCLMIUIATOD (TeOpaHrH4)HM TamIanl
MYMKMH.

HxkH aToman Tebpanaérrad MoJ1exyJia rapMoHHK OCIMJLIAATOP
endaTria

HKKH aTOMIIM MOJEKYJaHMHI aromnapd Oup-Ompmra Huc6GaraH naBpuit
paBHuiza AkuHAawu® Ba ysoknamu® KwiagrraH TefpaHMa XapakaTUHU
CUHYCOMIAn XapakaT, JeHuMII  MYMKHH Ba YHWHT AH&IMTHK HQoaacH
r- r, = asin2rwt kypuHuummzia 6ynam. By epaa 2-aroMimt MojieKyna TebpaHma
XapakaTHHHHI' aMIUIHTYHacH (r- r,) KumEBME OOF Y3YHJIMTHHH MYBO3AaHAT
macodacu - r.ra HucOaTaH y3rapwimd (r- r. ) HONAAH KarTa XaM, KHYHK XaM
Gy nuInK MyMKHH.

V — MOJEKYJIAHUHT XyCycHil TeOpaHMul TakpoOpMrH, pHM 1 ceKyHua
geya Mapra TYnaK TebpaHa omumIMHM — KypcaryBun coH. Maremaruk
TeOpauruyaa Oynrand kabu, TeOpaHMIUHUHT YETKH HYKTAJapHIa TapMOHMK
OCIIUISITOPHUHT SHEPTMACH YHHMHI TIOTEHUHaN >HepruscHaan ubopar 6yiub,
aHa 1wy sHeprus naspuli TeOpaHMIIHM jo3ara KenTHpysud cababaup Ba r- r,
Hykraga U(r) muarumyM opxand yramd. LyHuHr yyyH, u(r) HH T, ra SKuH
6¥nrau r- r, — HyKranapu 6¥#nya Karopra éfnm MyMKHH:

: du 1. d%
u(r)= “(’g)+(dr)m, (r ’¢)+5(—de'),=',
6ynranwnury cababnu (3KCTpeMan HyKTanapia QyHKUMSHHMHI apryMent 6yivua
ONMHIZH }gpcmam O ra Teur 6y nap aam),

(r - rz)z s,
u(r)—u(r,)=u(r-r,)=u(g)= k——z——— e €31 MyMKHH.

(r-r)* =0

By TenrnmamajzaH KYpUHAIMKH, MyBo3dasar macodacHpaH o3ruha ¢apk
KWAa Uraf CHDKHINNAp YuyH, abHM (1 £ 1, = 1, ) HykTanap yuyH uw(r-ro=u(q)
QyHKIMAHHHT rpad¥ry  NapaboNMK rPH KYPUHMILATA 3ra, SBHH HKKY aTOMIIH
MOJIEKYJIAHUHT  KMYMK  TeGpaHMlIapMHH  TapMOHMK  OCHWINTOPHHHF
TeOpaHuIuIapH, 2e0 Kapail MyMKHH.,
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Xap 6Mp aTOMHMHT OFHPJIHK mapkasd C ra HHCOaTaH XONATHHH I; Ba T,
opkany 6enrmnab, r+,=r, Mmr=mr,,

T T;
t sle 2 »

T
m, [ m,

m; Ba M, HYKT&JapHHHHI XapakaT TeHriaMacHHW 3ca, Heroron KoHysura
OuHOaH,

d*r

m —=-K(r-r,
' dr? r=ro)
d*r

mzﬁ-:—l((r—r,)

KYpuHHIIMAa &3unminy MyMKHH. TenrnamManapHi Kymcak:
2

2
iTrz—(L+—l—)K(r-rg)=—lK(r-—re). ,uofi—:-=—K(r—r¢) Kenub ynKanu.
dt m m, ] ’ dt

By epna p-tebpaHa&rran MONEKYAHKHT KEITHPUITaH MacCacH.

K
Oxupru TeHINlaMa Maccaci W Ba TeOpaHMIl YacToTacu va=—21— {——
z\u

6yaran rapMOHHK OCLIMIATOPHHHT XapaKaT TEHTIAMacCHAHUP.

Knaccuk ¢msmuka HyKrau HasapHmaH KYpMHHO TYpPHMOQWMKH, FapMOHHK
OCUWLUTATOPHUHI JHEPIUACH T, ra HucOatan cwokmml (r-r,) HHUHT KBaJpaTHra
TYFpH NpPOMOPUHOHAN X0 Y3TyKcH3 opTHG Gopanu. Jlexun 6u3 GunammuskH
TeOpaHa¥TraH HKKHM aTOM/IH MOJIEKY1a MUKPOOOEKT OYNrannuri ydyH y KBaHT-
MEXaHWKaCH KOHyHnapura Gyiicynamu. LUysMHr yuyyH, yHuHr TebpaHMa
Xapaxar sHepruacHHM llpeuHrep TEHrnaMacH acocHAa TONHLI — Makcaara
MYBO(HKIHD.

Arap TH3UMHHHT XapakaTth ¢azona pVit Gepaérran 63 nca, euwnumm xepak
6ynran Illpenunrep Tenrnamacu Kyiinaarnya €3unap aqu:

2 2 2
2t Dy

8x%u
o et

h

(E'UW(I»)’»Z) =0

JlekMH MKKM artoMIH TH3HMAa TebGpanuil YHHHr atomiapuud dakar ¥3apo
Gornosun x Yku G¥iimia pyit Gepagn. Illy cababnan 1oxopumars TeHIIaMa
Kyltngaru anya cojAa Kypunuura yraam.

d’y 8xu
St U0k =0
By TeHrnamaHu evafrran malfTZa MOJICKYJIAHHHI TOTCHUMAI 3HEPrHACH
2
U(x)=%-ne6, kabyn KwiMHagy Ba eYWMIuM Joz3uM 6ynraH TeHrnama
KyJ#aars KypHHHIra §ram:

-
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2 2 2
LVO L E-Eoyw=o

ax’ h
By TeHrnmaMa MaTeMaTMK KOWJanapra aman Kuamb . euwnrasja,
OCHMIIATOPHUHY Te6panma Xapakar SHEPTUACH yUuyH
1
Eveep = (8 +35 ) v
Tebp 2/ wdonack xenu6 yuxaam.
u(r) ' u(r)
a 6 A
\ | /
4 v
H A
I NS W
A
Awiuat
VA = =
. CH
Te r To T
* 2a\p

Fapmonuk (a) Ba aHrapMOHHUK (6) OCIMIIATOPHHHT MOTEHUMAN TPHIIAPH,
SHEPTeTHK NOFOHANAPH Ba CXEMaTHK TebpanMa criektopnapu ¢opMynajard v-
TeOpanuI KBaHT COHM AeHMmagu. Y MONEKYNaHUHT JIMCKPET 3HEPreTHK
TIOFOHANApHHUHT Y3apo HucOwii Jxoiamumunn xypcaramu Ba 0,1,2,3 xabu
OyTyH con xuiimManiapuHu KaOyn kunapgu. [apMOHMK  OCLIMJIIATOPHHHT
TebpaHMa 3HepreTHK noroHanapH OWp-OMpMIAH TEHT Y30KIMKIapia Typrad
3HEPreTHK MOFOHANAp MAKMYWAaH ubopar. ByH/ail ocLunIATOp YYyH Tariam
Koupacu AV =+1 ra teHr, AuHH TeOpanMa yTHIIap GeBOCcHTa OCTHH Ba YCTYH
XOJia TypraH 3HEPreTHK MOoFoHanap Ypracuaa pyi Gepuuy mymkus. Ulynnai
yTHuUIap pean IXTHMOIUINKKA 3Ta.

Onmuuit rapMOHMK OCIMUUIATOP YIYH arToMiiap OpacHIaH MacodaHUHT
TeGpanmn  pasomupa  Y3rapuniy rre=a sin2zvt ¢opmynacu Ounan
ubomanananu. By eprars Xap XWJI 3HEPreTHK NOFOHANAp YdyH macoda (r-r.)
HUHT ¥3rapuwiy  TeOpaHHUl aMIUTHTYZACHHHHT ¥Y3rapuimin OunaH GOFMHK.
bomkaua kim0 alfrcak, pacMAaH KYpHHAIMKH, rapMOMHK OCLIIATOPHHHT
smeprusich Ejgan Ea Ba E; pan Ejra Yy3rapranpa (E,<FE;<FE;...) atomnap
opacufard KumEpHil OOFHMHT y3aHMMIl KM KMCKAapMID Hapaxacu Y3rapamm,
MOJCKYJIAHAKT Ky3BHi TeOpaBHII dYacroracH v yarapMaiinu, (r-ro)Husr
¥arapuum acocuga TefpaHul aMIUTMTY RACHHHHT Yarapumv &Tanu.
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Vet = -21— VIE ¢dopmynana yacrora 'y napaa ndonasanran.
¥4

Te6paHuI 4aCTOTACH V HH TYJIKMH COHM XHCOGHIa HOaaNalm yuyH, YHH
C=3-10"" cm/c, ra 6ynmu kepax.

L L S
melp 27 ”’ M

KBaHT MEXaHHUK YCYJia TONUITAH.
By =(8 +%)h v, (Jorc)
utonanard V ypuura O kyiunca E,.q,=0 nuru keand unkany.
EOuy = %h v, (Jloc)
Vo~ HOMMHYHU TeGPaHMIU HaCTOTACH.

1 o
E® e ;Ehv, — HONHMHYH TeOpaHWIl D>HepruacH jelimnamu. YHUHT

MAaBXYJUTHTH XaTTO MYTJIaK HOMb XapopaTAa XaM AJpOJIapHUHr ¥3 MyBo3aHaT
XosiaThra HucGaTaH Xy3buil TeGpaHuiuM TYXTaMacauruuu kypcatamu. By sca
Xapaxam MamepusHunz AwGu WaKapuoan (Maexcyoaux ampubymnapuoan)
Gupu sxanauzuHY MacouxAauou.

1 I
E® .9+~h =—hvy, = ~h— —"
metp = ( ) v, 2 Vo 5 2”

By karranux knmésuit 6orHuHr dakar Ky4 noumuiﬁnumra Ba KENTHPHIIIaH
MaccaiHHr KuiiMaTHra 60FnHK 6YnHG, xap 6up GoF, EKH MKKH aTOMIIH MOJieKyna
YUIYH XOCIUp. _ .

Honurun Tebpanuii HEPrHACHHUHT MaBXY/UIHFH KBAaHT MEXAHHK YCYJIHH
TATOMK KWIMIIHMHT HaTXacK OYnub, TH3UM SHEPrHACHHHHT JHCKPET PaBHIlAA
Yarapummnad kemab uukanw. Knaccuk mexaHurara GMHOAH DHeprus HONJAH
Gomnab y3amykcns pasummaa optu6  Copamu. HonmHYM  3HEPTUNHMRD
MaB3KyUIHTH Taxpubanap acocHIa MIIOHAPIH PABUILAA TaCAWKIAHTAH. ;, « .

SHa my Hapcady anoxXuaa TRBKHIUIALI JIO3HMKH, Ma3kyp TeOpanminap HK
coxaga HaMoSH YN ydyH TeOpanadTraH UKKH aTOMIIH MOJIEKYnd JOHMHHR
IUNONE MOMEHTIM, SBHM reveposanponu OYnuum xepak. ‘Lynks, TeSpasmin
BaKTHZIA MABXKYJA JUIIONB MOMEHTH l,=¢ L HuHT ¥arapuiun tydaiing Moaexyna
MK coxara Xoc TalKM 3JIEKTPOMArHHT Malinony GunaH >Heprus agMadia
oNany Ba IOTWIHII KM YMK2PWIHIL CieKTPH HaMmo8H 6ynanu. oumuit qunons
MOMeHTHra 9ra Gynmmaran H;, Ny, O, ... KabH roMosaposs MOeKyJianap rapys
WK coxara Tyrpu kenysuu yacroranap 6unan tebpamcanapma, mry coxara
TYFpu KeNyBuM Hyp Maiiionn Owian ¢aon paBuIga JHEPrus anMaiia
onMaiaMnap.
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Hypuunr KoMOHHALHOR COMMIHIIH CIIEKTPH
Brupop MyxuT opKai YTaérran Hyp ¥3 HyHanMLUIMHK Y3rapTHpMaii Xapakar
K 6unag Oup Karopaa, YHHHI' aTpodra COMMIMINM XaM Ky3aTHIanu.
Counna&rrad Hyp YMyMRii SHepruaaar OMp KUCMUHY Y31 Gwitad onul xeTuiuy
Tydaitnn, TYFpH 9M3MK O¥itMya Tapxana€rral HYPHHHI SHEPIHACH, YHMHE
Ma3Kyp MyXHMT OpKai ¥ 6oprim Mobalinnia acTa-cekuH kaMmaiu6 Gopanu.

HypHHHI COUMWNHINHHY aMaJiia Ky3aTHIl, YHH 3 XWIra aKpaTHUIl MyMKHH
IKaHJMFMHM KYpcaram:

1.Muxkporerepored (KOJWIOMA TH3UMIAPRAH COUMIMUI).
2 .Penefiuacura cOYMIHIL
3. Kom6nxaunon cowwmnm (MaHpensmrraM-Pamad addexrn)

CanHab yTwiran coywmHmuiapHuHr ¥3 cababnapu Ba QeHOMEHONOTHK KU
KBaHT MEXaHHK MEXaHH3MJIAp MUiNab UNKHITaH.

MornekynanapHy uaeHTHQHRKAIMANAI B2 HYKM TY3NMHIIMHM YpraHumiaa
SHI MyXMM YPHMH TyTafHraH HYPHHHT COYWIIMOI XOARUCANApHNaH OUpH YHHHT
1928 #tunna Paman (Xunucron), Mangensmram Ba Jlannchepriap TOMOHHAAH,
Oup-6upnapira OoraMk OynmaraH xonna, kaud KoraH KOMOHHALMOH
coymnuiuManp. KoMOHHalHOB COMMIAIN XOAHCAacH INYHIAH uOoparky,
XOXyiaraH arperat Xonarfa TypraH MOAJaHH MOHOXPOMATHK KYpHHYBYaH, 8KH
nazep Hypu Ounan EpuTHNTaHAa, YHINAH COYWIraH Hyprnap Tapkubuma
4acTOTacH TywuaérraHnapun Hypeukura Oapobap G6ynran (penenqacura
COYWIMIN) YW3UK OWnan GHMp KaTOpZa, PABIIANIHIM YHHKHAAH 10" mapra
KHYMKPOK Ba 4actoracH Vi=V,xAV ra Tenr O6ynran sAHrM 4M3AKIAp Naino
O6Ynamgu. By epaarn AV HuMr KuliMaTH TymagrraH MOHOXPOMATHUK HYPHHHIL
YacTotacH ¥, ra MyTaako Gormuk GYJ!MaraHn X053, épmnnaé'rrau Moa
tabuatnra Gornuk Oynanm Ba y 100 cm’ mam 300 cm' wmrepangarn
KuiiMatnapra sra O6Yynumu MyMkHH. Vi- 9msuknap ¥, ra  #ynpom ymsuxnap
6ynub, arap Vi=V,-AV 6ynca, 6y 4M3MKIap CTOKC YH3HKIIApH Jeiiiay, arap
Vi=V,+AV 06¥nca, ynap auTHCTOKC 4YM3MKJIap HoOMH OMnapr 1opuTHnagu.
Hypruar xoMOupaumon counmmuy (HKC)HHHT MoXuaTH OyHIaH HOOpaTKH,
Moziaara TyRIa&Tran Hyp, YHHHT TOMOHWJAH I0THAMO, Y3mamTupanub, moana
MOJIEKYIUTAPHHA KY3FairaH Xouatra yTkazaan. by Kysrairan XonaT BupTyan
xonar neiinniub, 6y Xonmarsa TypraH MONEKyJAHMHr fmam Aaspu 107c wu
Tamkan KWiaaW. Kysranmran Xonatmard Monexyna §3mgaH SATHAAH  Hyp
YHKApUII WY OWnaH 3HEprus 3axupacd KaMpox OYnraH macTKu SHeprermk
noronanapra yramu. Hlynnait kw6, HKC uu3uknapi MoJeKyJaHHHT IOKOPUTH
alinanma Ba €xu TeOpaHMa IIOFOHAIAPIAH MOC XONJArH NACTKM SHEPreTHK
NOFOHAIAPra YTHIK HaTIbKacKaa Xocui 6ynamu.
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3.

Konaong THINMJAapAa Ky3aTH/IaaIural COYnani

Konnoua TH3uMnap MHKpOTeTeporeH Ba YITPAMUKPOTETEPOreH THIUMIIAD
6ymub, ynap pHCHepcHOH MYXMT Ba mucnepc ¢asajaH Talkel TONARH.
Hucnepc dasza sappayasiapuiuHr Yyraamnapu 400 HM aad 1 HM raga 6ymmuum
MYMKHH. Bynnaii nEcnepc 3appadanapHu onauit MHKPOCKON BOCATacHAA KYpHill
MymikuH 3Mac. Kooz Té3MMnap TOMOHHAAH HYPHMHI COMMIUIUM HHCIIEPC
thasa 3appavanapuHMHr pagnycH Owial Tymaérral Hyp TYIKUH Y3YHIATHHHHT
¥3apo mucbarura Gormmk.

1.Arap r>>1 Oynca, AKKON PaBMINIAA NEOMETPHK couMmMiu p¥il Gepanw.
3appauanuur omx carxu  (S=27") TOMOHWIAH TymagTraH Hyp TYpiH
6ypuaknap ocTHAa TYNHK paBMILAA Xap TOMOMra couunamy Ba J=J, SNAX
uogara 6unoan xucobnanumy Mymkun. By dopMynana J -cOuWIras HypHHHE
PaBIUAHINTH, J, TYyHIatTraH WYpPHHMHr AacTabKy pPaBIUAHNMTH, S- HYp COYYBYM
3appavyanapHUBT ON caTXH KuiiMath (S=22"), N- Xk GUpIMIHOar¥ Hyp
COYyBYH 3appavanap coHH, AX- HypHuHr 6ocub ¥rad iynu. by xonaa yraérran
HYp aH4arnHa japakana Xxypajiamanmm.

J 1
Arap K, =7 Ax HH KOJUIOMI TH3HMHHMMI COUMII K03(hduuveHTH, aet

1
Genrunacak, reOMETPMK COMMIMII YuyH Ka =7 6Ynub, 3appadanap Ymuamu
oprran capH K, kamaliu6 Oopamn. By TymaHuuHr &mrupra aiinanpmm
JAerannavp. Jlemak, XakMKaTAa XaM T KaTTanaumrad capH, TyMaH cuiipaknamnt
6opany, YyHKH HYp COHMII Ky"CH3IJIAHAAH.

Penedt codysum 3appauanapHmur panuycH r<i 6¥nran  xonnapHu

TeKIHPHO, COYMIITaH HYP PaBIIAHIMFH YHYH xyﬁmxam ¢opMynaHH yHKapau:
J=J,e 24x°
b
By epaa: J couwna¥rraH HYPHHUHI YMYMHii paBIIaHnHry, Jo-Tymia&rrad
HYPHHHT paBIIAHIArH, N- XaxMm CHMp/IMrHaary codyBud 3appadajiap COHm, V-

NV(2 )z

Xap COUYBUM 3aPPaYaHMHT XBKMH (V=‘§-m'3) n-pucnepc ¢$a3aHW TAUIKAT

KHWIYyBYH MOJJAHHHI CHHIHPHHI KypcarkwuM, Ax- coywnadrran Hyp 6ocub
ytraH #¥n ysyHnurH. Arap couwmm Oypuarw O-7 Yprackina ysrapaétran
6ynca, J=f{¢) Mu BekTop aMarpammacu kxypunumuna 6¥naau. By auarpamvma
IIAK) )KMXATAAH JUTHIICOUIHH 3CIIaTanu.

Vnuamnapn  TYIKuH y3ywimMrura sxud Oynran  3appauanap (rsd)
TOMOHMREH HyPHHHT CONWHINR NM{pakuMoH couwnuil, aefinnanyu. By xonna
couwInm ko3pduuHeHTH K, = -J—‘:—n— n, T Ba A JIapra aH"yarnsa Mypakka6 xonaga

o

GornanraH 6yYnanu. bynnait cowyeum 3appauajap AMCNEPCHOH MYXHTAa aHua

107



KatTa GapKapop/iMKka 3ra 6Y7m6, ynapHunr «uyxumy Teaturd vl 0 cm/c uu
TamKWn KWiIamy, sbHU 3 coat MobaliHuaa athry 1cM ra teHr macodara nactra
cwokuilay. Arap Oyumail 3appauaiapiaH KypHIIaaH TYcHK (MacKHpoBKa)
cudaruna dolinananérran Gyncak, ynap 3Hr camapaid xucoOnaHagM Ba Y30K
BaxT MoOaiiHnaa 6apkapop 6ynaau.

IOxopuna kypunrad yura xon yuyH K (r>A)<Kyr<)<K,(r=l) ne6,
XyJiOCa YHKapHIl MyMKHH.

Penel popmynacura GUHOAH COYMIAETraH HYp PaBINAHNATHHUHTL, TYIKHH
y3ywnrg 4 HUHT 4 papaxkacura TecKapH NMponopuHORaNn JKaHIHIHHH KyHJY3H
OCMOHHMHI' KYKIMIH, KeukypyH GoraérraH Ky&m mypnapHHHHI KU3HIDIUTH
6unan Gornam MywmkuH. Kymaysu Gusra Ep carxura uucGaran 90° Gypuax
OCTHJ2 COMMIIAH Hypnap eTHO kenamw. Ynap k¥k paur 6epyBuu Hypnapaup.

Ky&w OoTMm BaKTMAA 3Ca YHWUHI Hypnapu Ous typran Ep carxura
napayen pasuuia Hynanran 6Ynagn. HypHHMr TYIKMH y3yHJIMIH KHIKHHa
6Varan (kyk paHr OepyBUH) KHCMIIapH aTMochepaHMHT KaIMH KkaBaTHHu Gocub
T MoGaliHuaa TypnM TOMOHJIAPra Ky4nH pasuupa cowwiub, 6usra ernb
kenonMaiiy. CHEKTPHHEr KH3WI KHCMHM 3ca ¥3 ifiynuna aespmu counnMai
KaBoM 3Tany Ba Gusra etn6 xenaam. Llynmar yuyn Kygw AoMpacy KeMKypyH,
aKkcapyaT XOJUIapaa, Kn3un 6Ymub kypunann.

HypuuHr penefiqacura cCOMUIHIIH

Tyman ToMuwiapy, €Ki 9aHr Ba TYTYH 3appayanapu 6¥nmaran armocgepa
XaM HYPHH MabjiyM Iapakaja Coudil KoOwnmuatura sra. By xun couwnmwra
pesieiivacura couMnnIn feitunany. Arap GyHnaif MyXy#Tra «<MOHOXPOMATHK» HYD
OmnaH Tabcup KWICAK, COYMITaH HYPHHHI 4acTotacd Tyma#rraH HYPHHHT
wacToTacura TeHr 6ynanu. Penefiuacyra COMMMUMIIHMAT acocHit Ba 6ol cababu
CYIOKTNKAApaa Ba rasnapia 3HWINKHHHT ¢nyxryaudscu 6Yymib, KaTruk
AHCMJIAPJA aKYCTHK TYIKHHIAPHHAT TapKaIHIHAKD.

Hyp Ttywagtran MyXMTHHHr OWPXMHCIHAMIY TEPMOIHHAMHKAHBHUT
HKKHHYM KOHYHMNAH Kenub wqdKagu.. BUp JKMHCIMWIMK Maskyp Xaxmpaaru
MOIICK) Nanap COHM LIy XaKMra TYFPH NPONOPUHOHAN HeraH cys:

N=N,V =

JappavanapHudr Oynaall TakCHUMNAHHIIH TH3MMHHHT 3HT 3XTHMON

XOjlaTHra, JCMAaK, OSHTPOTMAHMHI MaKCHMal KuliMaTura TYFpH Kenagu.

CraTHCTHK MeXaHKkara OMHOaH, SHTPONHA TUSMMHUHI 3HF 3XTHMOJI XOJIaTH
6unan Kylingaruya GOFNaHraH:
S=kinW
By epna: K Bonsuman NouMuiUTATH 6Y5H6, y 1,38'10™' apr/rpan ra Tewr,
W 3ca — TH3UM XONATHHHHT TEPMOIMHAMHK SXTHEMOJUTAIH.
- K¥yn cownmn 3appauamapnan nGopar Gynran THIMM TEPMORMHAMHK
MYBO3aHaT XoJjaruia O6ynumMra xapamai, yHMHI adpUM KWYHK COXajlapHia
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3appayajap TaKCHMIIAHHWIIHAA HOTEKHCIMK Ky3aTHIMIIM MyMKHH. Bywnafi
YeTnaHHImap GayKryauus Reisan.

Arap 3appavanapHyHT ypTaya TaKCUMIIAHHWKHE N opkanu Genrunacak,
N=N;V nup. Onykryauus xarranurd 6 N=N- N.

Onykryaurs tacoguduit xoaquca GYraHNMry yuyH yHUHr Yprada KuiiMaTte
ON=N-N,=0 O¥namu, seHM MycGar Ba MaHQuii uyernaHuuIap y3apo
KOMNEHCalManaHMb, TepMOAMHAMMK Xyfocanap Y3 KyuHMHHM caKiIafgu.
3nwiaknuer  dnykryauuscH  Tydaiiin  MoanamaH uUMKASTraH HKKMIIAMYH
HypnapHudr unrepdepenuma waprnapu Oy3wnagd Ba yjmap Xap TOMOHra
Gerapt0 pasuiuga penelivackra couuwnagu. TapxanaéTraH HypnapHHHT
aMIUIMTYyJanapn  ¥3apo OeBocHMTa KYIWMHIMIIM HATHOKACHIA COMMIAETraH
HYPAapHMHTI pPaBIUAKTMIH Ky3aTa ONyBYaHJIMK fapaxacura eru6 Gopaam Ba
Oiinmredin, Cmonyxosckuit, Manzaensuitamnap ToMoHWIaH vual YUKUNTaH
Ha3apua acocuga Pene#i Taknud kunraw Kyiimmarn dopmynara 6GuHOaH
xucobnab Tomunagu;

J—~5—l—4(l+cos ())V(”N: J,

By udonana: J,- rymwaérraH HypHUHT paBAHINTY, ¥~ COMYBYH COXaHHHID
XaxMmu, N;- Xakm Gopivrugard MOJIEKYJIanap COHH, #-CHHIMPUIN KYPCATKHYM,
R-couysum xaxmliaH Ky3aTHII HyKracuraya O6epunran Macoda, o-Tymaérrad
Hyp iyHamuuy 6unan KysaTuw Hynanuuu opacuaaru 6ypuyax. by gopmynanan
XaM KYpHHHO TypnOaukH, Peneityacura counnarran HypHHHT paBuIaHiuri J
XaM, XyAou KOJUIOMA TH3HMIIApAA Ky3aTIWIraHMOCK, TywWa&TraH HYpHHHI
TYNKHH Y3YHIMTHHHHT TYPTHHYH Japakacura TeCKapd MpPOMOPLMOHAn, AbHU
KHCKa TYNKHHMM Hypnap (K¥K paHr) KYNpoK COMHIAAM, KAaTTapoK TYIKHH
Y3ynmurura sra 6Ynran (xu3un pamr) Kampok counmnaau. Lymmar yuys, Ep
arpodusa afinanatrrad KOCMOHABT/IAD HHIOMHHATOP OPKaTK YHH rynadioa map
KabH kypaauiiap.

CouryiHin  HaTHXKACHAA TH3UM TOMOHWIAH TapKaTHNASTraH HypPHHHI
paBiianiuTH Kamaliu6 Gopuinn GuiaH GHp KaTOpAZ COYMNMINTA KYIIPOK KHMCKa
TYNKHHIH Hypriap Aydop Oymuiuu caGabmu, KysaryBuura erub kemagrrad
TapKaTWIraH Hyp KH3W1 padraa Oynagu. Kucka TYJIKHHAH HypRap MYXHT
TOMOHH/IAH KY4YSiM PaBHILAR TAapXaTHiMO 1060puIaan Ba HATHXAA TAPKATYBUH
MYXYT Ky3aTyBUura KyK Cku Ounadiua patraa xypusany.

HypHuHT KOMGHHALMOH COMHIHIWHHY MOJIeKYJia
aiiiaHma XapakaTi SunaH 60FIHK GYAraH crieKrpu

MMKpOTYNKMH YCYNH BOCHTacHAa KYTOCH3 MoOJIEKyNanapHu YpraHuul
MYMKHMH 3MAaC/IHIM, CHMMETPHK BOJYOK Kabu MOJIEKyJalapHU YpraHHIIHMHE
kniivanury, HKC ycynuaan doiaananmmny tako3o kanamu. XOkopuaa canab
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¥Tunrad MoJeKyiianapaa afinaHMa YHM3HKIApHUMT opackaary GapKHHHI TYIKHH
COHM TaxMuHaH aturd 0,5 cM' HH TAIIKAN KWIFAHIMCH YYYH, YI2pHH Kainx
xamam 0,001 oM™ ammkmuk Gunan GaxapunMmmk 3apyp. XO3MprH BaKTaa
Oynnalf aHUKIHKHA TabMUHAAHAWraH wWyHAal ycywnap Mmnald 4YHKUAraHKH,
yjap ailinanMa Xapakar CHeKTP/apHHH Ba Yjap acoCHZa MOJICKYJNanapHUHT
reoMeTPHK NapaMETpIapXHH TONUI HMKOHHATHHU GepMOK/a.

HKC xonucacy xam( KWIMHTaHHAaH kelfuH, Gy ycyn BocuracHna N; ,O;,
KabH HKKM aTtomiu KyTOCHM3 MONEKyNaNapHH YpraHuli WMKOHHATH TyFHITaH
6ynca, 1950 mwumapra kenu6 aromnap couu 8-12Ta 6yiIran cUMMeETPHK
MOJIeKyNnanapHH Ypranvmra xam  Mysagdak OYnuumn. Jlazep  (xarra
paBUIaHJIMKKA 3ra -OYNraH MOHOXPOMATMK KOTEPEeHT) HYPNAPHHMHr Kauwid
KUKHUINY ainaHMa XapakaTr cnekTpuHd ypranumaa HKC ycymmpan sxama
KeHrpok ¢oiixananuira acoc Apatiaf.

IOxopuna Tabkupnab yTHITAHRACK, HYPHHHr KOMOHMHALHOH COMHIIMINM
HYpP Ba MOJIEKYNAHHHT ¥3ap0 HOMACTHK TABCHPNAIHYBHM HATHXKACHAA COYYBYH
MOJICKYJIaHHHT YHEPreTHK XonaTtn yarapumu 6unaH 6ornanrad. MoHOXpoMaTHK
HypHH Kabyn kuaub, KysFaiaraH BupTyan Xonatra yTradH MoNekyia, ¥3unaH
OpTHKYA JHEPTUAHH OPTOroHAI #AyHanumaa Hyp cudaruaa uMkapub
Jactnabku  Xomarura HucbGaTaH OKOPUPOK MOFOHAHU 3rajiaca, CTOKC
YM3MKIIapH maligo G6ymaan. AHTHCTOKC YM3MKIApUHAHT mnaiino Gy
MOJIEKY/1a JHEPrHACHHUHr OOIIAHFMY XoNaTtura HucOaTaH XaM  KaMaiiMuiH
OMNIaH TYLINHTHDWIALH.

E; 77 77T T T /ﬁupmya/t XOnAmMu 6@ IHEP2UACU

5% S TS T

hv;-cTokC YH3MKIApH
E; hv,'-aHTHCTOKC YHIMKNAPH
E,

Hactnabkn E; xonar E, xonarra uuc6aran karrapok Hepria (E,>E,;) ra
sra 6yarannurn yuyd E,garu monexynanap cous E, JarunaH KAMHKPOKAMD Ba
my  cababman AHTHCTOKC  YM3HKJAPUHUHT  DaBMIAHIMIH  CTOKC
YH3HKIADHHUKMAAH nacTpok Oynmamu. MKkuTa KyuiHM ajilaHMa 3HCPreTHK
noroxHanap Oup-OMpnapura aHdarMsa AKMH GYnraHnHiiIapu y4yH, aiinaHma
KOMOHHAUMOH IHEPIUs I0THLI SXTHMOJUTHIH Hyp YHKAPHIN SXTMOJUTHTHIS SKHH.
By BonbiMan dopmynacnsaH Gesocura KenuO YMKanu:

N JAE
Lo &

N,
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Y6y udopanaru AE Kanvanux xuuuk 6¥nca, -—1 6Yynanu. by 3ca

1
/
ETRE

N
NIACTKH Ba IOKOPHIYd MOFOHANAPHHHI IraJUIaHIaHNHK Japaxkacu Nl -1 ABHH
2

o

ynap ¥3apo skuH Jperanw. TebOpanMa OSHepretMk mnofoHanmapra YTl
IXTHMOJUIHIH IOTWIMII COEKTpUia 1oKopupoxmup. UyHkM, KymHM TebpauMa
MOFOHanap ypracuaard oHeprus ¢apkH aHYarMHa KaiTa Oynraniurd
(Vmeip=100V )  ydyH, MoOReKynamapHuur nacTku TeGpanma 3HEPreTHK
NOFOHANAPHHU 3rajUTaraHNMId KOKOpY MOFOHAHMKHAAH aH4a Karra Oynanu.
Kom6uHauyon coumIHITHMHT alfHaH aiilaHMa CIEKTPH XaM paBIIAHIMK Ba YaM

. .. . AE AE
yacmoma Kuiimamu 6ytuva mywaémean myp V, oan V, ——h—ea v, +-—h-
Macoghanapoa cummempux Kuiimamnapza s2a 6ynean wusuxnapdar ubopam
6ynaou.

Monexynanapuunar rebpanma xapaxaru Gunan
Gornuk G¥nran KomGHalHOH COMMIHIN

IOkopuna aiiTwiraHumek, JOMMHI OUNONS MOMEHTHra 3ra OyraH MKKH
aTOMJIH MOJIEKYJIANIAP IEKTPOMArHUT TYJIKMHIAPHHHHT HHPPaKH3KI coXacuaa
§3ura Talkapuiax TylladTraH Hyp KBaHTJIapUHU KOTHO, papillaHNHMIA aHya
IOKOpPH OyaraH IOTWIMIN CHEKTPHHH HaMOSH KWwiaad. HypHMHM HIOTHIHIIH
MOJIEKynaHH acocuit (macTku) 6apkapop Tabpanma 3HepreTHk HOFOHAnaH YHIa
Xoc 6ynaran IOKOpUrd Ky3fauraH Juckper TeOpaidma SHepreTHK 1oFoHara
yrHu Ginan 6oFnnk. HypHuHr 6yusall IOTWIMIIHHHHE acocuii cababu KyTonu
MONEKyNla JIUNOJIb MOMEHTHHUHT TYpJIH Te6paHMa noroHaslap Y4yH TypiHua
KuiiMarra 3ra 6yaummaanap. TeOGpaHuin aMnJINTYaCUHRHT Y3rapuiuy  p,=el
tdopmynanaru I HuHr Y3rapuinn Gunan 6ornaHran.

Arap 6M3 TexmuMpa&rran Moanamusra kypunyeun coxamara (hVg,>hV.)
Hyp ManbOau 6unaH TasCHp KWJICAaK, wHppaku3wn coxana Oynranuiex, xapatH
dakaT HypHUHT WOTHWIMIDY GHnaH GorK 6Ynubruna konmal, akcHHua, Y3ura
XOC XOAMCA, ABHM Mo/ulara TywaéTraH HYPHHHT Xap Xun Hysansiaa
COUMIMIMHY  KypamMH3. DBy COYWIMIDHHHT MKKH XWira aKpaTHIHLIK
Ky3aTHNajgu:

1.Penetivacuza covwnuwe - cOYMNA&TraH HYPHMHI YacroTacH Mojzjara
Tymupuna&rras 6upnamun GOIUIAHFHY HYDHHHT YacTOTacHMra TeHr. By XomwH
monexyna GHilaH Myp ypracuma OdNacTHK TabCHp pyH 6epam'm, neb
TYUWYHTHpUII MYMKHH. Bynja momsa 6Mnan yHra Tywa&rraH KBaHY OpacHaa
3Heprud anMamBrRdwH pyi Gepmalian. HypHu kalyn KwiMIE HaTH:KacHAa
Ky3ronrad xonra ¥TraH Mojekyna 10°c mobafinuna «OpTHKYA» IHEpruicnaan
xomu OYnamu, sbHM KaOyn KWIraH KBaHTHM KalTanaH 4MKapu0, Y3HHHHI
6ouutaHrud TeOpalMa JHepreTHK HOFOHACKTa YTanu.

2. Hypnunz monexynanapoa mebpawma ymuw cooup 6ymauu  Gunaw
6oznux Gynzan kombuwayuow cowwruiuu. By xonma XaM, XynaH alinasMa
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yrviunapna OyiraHMAEK, TYWAaérraH HYPHMHT KOMOMHALMOH COYMIMIIH
Ky3aTtunanu. lOxkopuna airwiranuaek, 6y xoauca 1928 imnga Mangensram,
JlanacGepr, Poman Ba KpuiliHau ferad olMMNap TOMOHHAAH Kaiidy KHMMHHraH
M.

Hypuunr TeGpaHMa XxapakaT Kuiadtras Moniekyna Guwian TabCHplaulyBH
HONTacTHK O6YnHO, coumnadIral Hyp HacTOTacH TYINAETTaH HYP YaCTOTAaCHIaH
XaM KHYHK Ba XaM karTa OYamum mymxud. llynmait kuma6, counnaérras
(doToHNap MyTNIAKO AHTHAAH N0 GYiraH BUpTyan KBawTAapAMD.

Tebpanma KOMOMHALMOH COUMWIMLTHMHT aXaMHMATH LUIyHAaH uGoparku y
MofieKynanapra xoc¢ OynraH pmuckper TeOpaHMa OSHEPreTHK [OFOHANAPHH
aHHKNAW YUYH KYATaaunaad. MacanaHMHr MOXUATH IIYHRAKH, JOUMH BHOONB
MOMEHTHra 3ra 6ynmaran Kyrbeus H, O, N, xabu monexynanap UK coxama
Hodaon OYmanu, aeHu yaap UK coxaja iOTWIMIIM CHEKTPHHH HAMOSH
xkunonMaiign. [lemax, ynapuu MK CIeKTpOCKONUS BOCHTacHAa YpraHuul
camapacu3gup. HypHuHr KoMOHHAIMOH coYMnuml XoauMcacH Oy KaMUWIMKHH
6aprapad xunamu, sBHM KyTOCH3 MOJeKynanapra Xoc O6ymran IHCKper
TeGpaHMa MOFOHANAPHY JHEPreTHK NapaMETPJIAPMHH aHMKNAWl YuyH GeBocHTa
XH3MaT kunagd. ByHunr cababud IyHAakW, arap TymaérraH HYp KBaHTH
SHEPTMSACHHM /v, YHKADHIAETraH HYP KBAHTM 3HEPrwACHHH hv, Ounan
Gearmnacak, kv, - hv; = Ahv; MasKyp MOJIEKysIa y4yH AOMMMil KuliMatra sra
6ynub, y hv, HuHr KuliMarura 60K 3Mac. Monexynara kKYpHHYBUM COXaHHHT
MaBIyM MHTEpBANMAAIH Xap Xwl KBaHTIap OunaH TabcHp KWIHO, YHH
(3uepruscu) xap xun GYIraH IOKOpHr# BMpTYyan xonarra yTkasamus. Bydnait
Ky3rairaH xonjmard Mmosekyna, €ku OeBocMTa nNacTKM Typnd TebpaHMa
3HEPreTHK noroHalapra yTum &xyn Y3 OHEPruACHHMHr OHP KUCMMHM
HyprasMacnad capdnaw iynm 6wnan MeracTabun TeOGpaHMa 1OFOHara YTHINM
MYMKHH. ¥ epaaH 3ca MOJIeKyna ¥3ura Xoc 6¥nraH xalicuanp nacTku TeGpanma
DHEpreTUK MNOFOHara yraayv Ba, HaTHKAJR, TYyIIAa&TIraH HYPHHHI KOMOWHALHOH
COYHIIHIIM Ky3aTHJIanu.

HypHyHr Te0paHMa SHEPreTHK NOFOHANAp Ba yiap Ypracuia pyil Gepumu
MYMKHH G¥iarad yrummap Tydaiinu, coaup GynaauraH KOMOKHAIMOH COYMAMIL
XOQHCACHHM MKKH XHA:  XaM KJIAacCHK JJICKTPOAMHAMMK3a,  XaM . KBaHT
MEXaHMKACH aCOCHIA TYLHYHTHPUII MYMKUH.

Hypruur Te6panma KoMOHHALIMOH COMMIMIIHHEY KIACCHK
3J1eKTPOAHHAMHKA ACOCHAA TYIIYHTHPHIT

Hypuunr 613 Myxokama KwiaétraH ORTHK COMHIMIIM ra3, CYIOK, KaTTHK
MOAANApRa MaBxyna OynraH Ba onTvk TeOpanuuuiap, nel aTanaguraH WHMKH
Tebpama xcpakatnap Oumnan Gornmk. By Tefpaummnap Monekynamard
ANPONAPHHHT OGnp-OuMpura HHcGaraH NaBpHi paBHmga CWDKHMOG Typumu
HaTkacuiaa pyH OGepaan. SIOPONapHHHT MOJEKYNafarH XONATIApHHU NaBpHI
paBmiga Y3rapumiu, ynap GHNaH 3J€KTPOCTATHK Ba KBAaHT MEXAHMK Kyw@iap
BocHTacHaa GoFnmaHHG Typrad 3JeKTPOHJIAp XONaTHHH Y3rapub Typuuuura
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onub xenanu ByHnaait yarapysuanmik MoJeKynara TalIKapHaaH Ty IIHpunaérad
Ba ¥3 rabmary Omnam 3JCKTPOMArHWT MaidoHHMmaH ubopar 6Ynran Hyp
TabcHpuAa comup Oynanm  Ba  OyHHMHr  HaTWikacHza — MoOJeKynajga
MHAYKIMARAHraH JHNONL MOMEHTH nalino 6¥naau:

u=ak
O-MONICKYJIAHUHI  KyTO/IaHYBYaHIMIH, E-Taliku 3MekTp Maii/IoHHHAr

KyWIaHHWEIY. Y Bakt yTuiuu OwiaH AQaspui pasuumiga Kylinpars udopara
6uHoaH y3rapanu:

E=E,Sin2nvt. E,- MakcuMan aMninTynaa.

Hemax, «xuilmath pu=aF=a E,Sin2avt ra TeHr, HHAYKUMAIAHIaH
MOMEHTH XaM v uacTora 6unad reGpanub TyniaérraH Hyp 4acTOTACH V Ia TEHr
6ynran yacrora OGunaH Hyp uukapanuku, Gynu Peneifuacura couwnmuu se6
aftrad >auK. JlekuH KyrOnanyBUaHIMK O XaM sJPOJIAPHMHT Y3 MYyRO3aHatr
XONaTH r, ra Huc6araH NaBpuii paBAIIAA Y3rapub Typaauras CHDKMIN KMAMAaTH
r ra 6ormuK. By Gornanumbu r=r,Sin2zv kypunumaa udonanacax, 6y epaa v,
Monexynaaarv Te6pasguil TaKpopiurHaup.

Tebpanma xapakaT KHJIAETraH MOJICKYNAHHHU KyTOJAHYBUBHSIATH MKKH
KHCMZIaH: 1- saponapuuHr MyBO3aHAT XOMNATH 7, ra TYFPH KenraH KUCMH o, Ba
2-tebpann Tydaiinu SAPONAPHUHF 7, T4 HHUCOATAH CUIDKMIIH GuiaH GOTIMK
6ynraH kucMu /A r nas uGopar, ne6 Kapaur MyMKHH

a=a,+ —’[z or
A
By epaa B - KyTOnaHyBYaHAMKHMHI CWDKHLI KuiiMath 7 ra GOFIMK X0J11a
Jsrapuis Teaiurn. A — TeOpaHMII aAMIIIMTYAAcH. Arap MOJEKYJTaHUHD
TeGpaHHIIMHA OANMI rAPMOHHK XapaKaT JecaK, Y Xonaa r = ASin2z¥y Gynamu.
Bynnau

B o .
a=a,+ ;o ASin2xvit =, + BSIn27AVi!  yenu6 uuxany.

E Ba  « napunr anrcOpanx KUNHMaTHapMHH MHAYKUMSNAHTAH JMION
MoMeHTH Hponacura onub 6opub kyitcak,
p=ak =(a,+ pSin2aVt)ea E Sin2zav t = a, E, Sin2zxv t + PE Sin2xvt @ Sin2avt =

=a E, Sin2mv + % BE,[cos 2x(v - v, )t — cos 2z (v + v, 1}

6ynann.

By TenrnamanaH KypuMHAIMKM, HHIYKUASIAHraH JJeKTp AHOON dakat
TymadrraH Kyp YaCTOTACHIA TEHT v ¥acToTa GuiiaHruya smac, wy Gustan 6upra,
(v - v ) Ba (vy+ v;) uacroranapu GwiaH naBpwii paBuuAa TebpaHand Ba
TYWA&Tras v 4acTOTaiM HypHH ¥3K TOMOHHIAH MORYIAUHANaG, h v Gunan 6up
Katopnia h(v - v ) Ba h(v+v)) xautnapu cudartHaa Tamkapura couanu. Taxpuba
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WyHu Kypcaraguxu, hdv=h(v - v ) Ba hdv =h(v+ v, nap Mmoazara
TyWIHpHIAETTaH MOHOXPOMAaTHK HYPHHMHI 4acroracura O6ornuk 6YnMaii
TeKITMPHIAETraH Ma3Kyp MOJJA MOAaNeKylacH ydyH Roumuii xucobnanub, y
fIaCTKH UKKHTA TeOpaHMa INOFOHA opacuaaru 3Heprus ¢apkura TeHr. Jemax,
wypuunz KC xoducacudan ¢hotidaranub, ooumuit Oounose Momenmuza 324
6ynmazanaueu yayn HK coxada onmux ¢haon 6yamazan Kymbcuz modoanap
MOREKYAANapuHun2 meGPARMa IHEPLEMUK NOZOHANAPURY MONUUL UMKORUIMU2A
32a Oynamu3.

Wysuar yuyn, HKC xomucacu HedTh MaxCyNOTHApURHHT KHMEBHNA
TapkMOMRH aHAMH3 KWIHLIJA KEHr Ky/UlaHaguran ycymiaphal Gupu Oynu6
xucobnanapu. HKC cniexrpuzaru(v- v;) 4acTOTany YU3UKNAP CTOKC YM3MKfIap,
V YaCTOTAIM UM3HKIAP AHTHCTOKC YM3UKIApU Aciunanu. Momna ToMoHHAaH
KOMOMHAIMOH  COMMNAETraH HYPHHHC YAYIMIK  YHra  TYIIMDWIA€TraH
pasiliannurura Hucbatan kyga xaM xuuuk 6ynrawmire yayHn HKC cnexkrpunm
€3u6 onumt TaxpuGacH BAKTHAZ IKCHOIMUMS COATNAl JABOM ITANH.

Hly wsapcann Ttapkumnab Vruim JKOM3KH, KIACCHK 3NEKTPOIUAAMMK
Hasapudacura OumHOoaH, HypHMHr TeOpaHMa KOMOUHAIMOH  COYMITHILM
MOJIEKYNIANapHHHI KyTOMaHUWHMHMHr TeOpanMma Xapakatu tydaiinu ysrapuinu
6unas  Gornuk. Hypuuur aiinasma komGuHaumon couwwnuuiu  axkar
MOJIEKYNAHHHT KyTO/IaHYBYAHIIHTH, YHUHI TYpIH HyHamumiapy yuyH Typjiu4a
6ynragnarusa Kysatumanm. Arap Monekyaa KyTONaHyBuasnukka HucObaran
u3oTpon Gynca, ABMH YHUHr KytOmanum #dywanumra Gornuk Gyimaca,
OyHmali  Monmekyna  TaliK¥  ONEKTPOMATHMT  MAMJOHM  TOMOHHIAH
KyTOnanTHpunaérran naiitna, KyTOnauum 6Gapua dynammuuap yuyH Gup
XWinury  cababnm, altranaétrad  Mosexydajga  naiigo  GynaErrau
HHIYKUMAJAHAETraH QUIo/le MOMEHTH XaM XaMMa ifynHammuuap y4yH 6up Xun
6ynanu. Bynmait Xolapga daxar Peneifyacura couWyMIl Ky3arHAaIH,
KOMOMHAUMOH COMWIHIN conup GYnamaiimm, TaGuuilKy, CTOKC Ba AHTHCTOKC
YH3MKNApH naimo 6Ynmumu KysaTwiMalinu.

Hypuuur TeGpanma KOMOMHAMOH COYHIMITHHY KBAHT MEXaHHKACH
ACOCHAA TYINYHTHDHI

Keaur mexaHuxacy Hazapusicura GuHOaH, Hyp I0TTaH MOJICKyJIAIap I0KOpU
SHEPreTHK MOFOHAra YTamu. By Xxonar MoneKyna yuyH Ky3rairaH xonart 6yimu6,
akcapusT xounapaa Oy XonaTha TypHul JaBOMHItIMIH 10%-10% uu Tamxun
3Tagu. llly rakr naBoMHIa MOJIEKYNa ITACTKH AMCKPET SHEPreTHK MOFOHANApAaH
6upopracura Yranu.

Arap Kysrairas Xonarja TypraH MoOJEKyJa HYp YMKapum #Hysmu Gunan
¥3uHuHr nactnabku Xosatura yrca RV omunse =V e OYTH6, HYpHUHT GyHpal
counNHUM Peneftdackra counwmim 6ynaau. JIekHH Hyp YHMKapHIll HaTHXACHAA
afipuM Ky3ranraH Mojexynanap AacTnabku MMCKPET SHEPIeTHK MOFOHAJaH
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6anannpokma  xoiUramras IJHepreTHk IOFOHara, afpUMIIapud 3ca YHHAH
MacTpoKkAa 6ynraH SHEpPreTHK NOFOHAra KAMTHILIAPH MYMKHH.

_E ' E
hevi hev, hevi hev,

E' E'
E" E" !

1-xH1 ¥THUI Y4YH SHEprus (alaHCH TEHIJIAMACHHY E3aMu3:
E"+ hevi hev=E'; E'- E'=he(vr vy
E'—E" = hevi%=he(v, -v,, ¥ — V) v =y —vg

Kombunaumon cumxnul Tydaling Monekyna IHEpPrusCHHHHI Y3rapHinu
(opTHmIH) 2Ta NACTKM JMCKPET OJHEPreTHK MOFOHANAD JHEPrHACHHMHE
afiHpMacHra TeHr 6ynasnry:

E' —E" = hevis

By xon yqyn vi> v, gan.By 3ca CTOKC YM3HKJIQPUHHHT XOCHA OYIHIIHHE
aKc 3Taju.

3HAy, 2- XA YTHLE YUyH SHEPrys GajlaHCH TEHrNIAMacHHY §3aMHU3:
E'+ hevr hev,=E"; E-E' '=dhe(vi- vy

E' - E" = hevi&=hc (v, —v,) vi% =v, —v,;

Vi<V, MaH. By Xomma monexynaumur suepruscu (E”), yumnr nactnabku
xonatnaru 3uepruacu (E)nan kuuuk 6¥namu. E'- E” ra tenr 6yaran sneprus
KafiMatn  hovitheviyy=  hev, kBaHT cHarHaa COMWINM Ba aHTHUCTOKC
YM3MKNapH naino 6Yum. hcvg umiuknapm hcv; ra HucGaTadH CHMMETPHK
KOWnawrad, YyyHkd ynap hcv, nmaH  heviSira (Crok 4M3MKIApH) KHUHK Ba
KaTTaaup (AHTHCTOKC YH3HKNIApH). ’

Momnauur acocult xonarmma E° JHepreTMK MoroHana KomauiraH
Moltekynanapuuar coun E' (E'> E") noronama xoiinairan MoiexynasapHiHI
COHMZaH KYnpoK G6ymrammrn yuyH E'- daw E'ra yrum E'man yrwmra
Kaparanzna HucGaran Kynpox 6ynaau sa GumoGapun A4 E= E'- E'= hevis?
SHEPrusHu ¥3una yuab Koo, E'ra YTyBYUM MONEKYIAIAPHHHT COHH KYTIPOK
6ynanu. By XOn CTOKC HYM3HKIapDHHHHI TaxpubGaaa IOMMO Ky3aTiwum6
KCIMHAYTTaH OKOPHPOK Japaxala paBmaHpOK SKAHIHIHHH KBAHT MEXAHMKACH
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acociaiinn. E'-xomataarm Mosexynanapeuer coHn E” parura Kaparanja
KaMpoK 6ynrawnuru cababnu, ynap 6unan Gornuk Gyaran E'ra yTamsap xaMm
MOC paBuilzia KaMpoK O¥samn. By XoNm aHTHCTOKC YH3MK/IADHHHHT TAcTpPOK
paBHIZHNMKKa 312 6YnMIM acocua Eraam.

Hypuuur Monekyna TOMOHHIAR aiaHHIIA Ba TeOpaHHIIM BaKTHAA
KOMOHHAUMOH COMUWIMUIYM AMNONG MOMEHTHHHHT, €XH YHHHT X,),z YKNIapHHUHT
6upoprace 6yiiMua TawWKWI KUAyBYHCHHHUHI GOPIMIH Ba YHH HMKM XapakaT
paxTHOa y3rapuiun Ounad Gornuk. MacanaH, KyTONaHyBYAHJIMKHMHT X YKH
OyiMYa TauIKHI KUAYBUNCH d,HH XHCOOTR O/iraH XONga, KOMOMHaUWOH YTH
SXTHMOJUMIIH P,,,(x) ydyH Kylinnaru ndoaany &3mm MyMKUH:

Py = [ Q- (d.E)pdr

By epna: d-x #yHanuum G6yiinua kyrOnanyeuannuk, E, — £ HUHr my X
HyHanumm 6YHnya TabCUP KUNAETraH TAILKA KHITYBYHCH.

Arap d,, y4yH

d=d, +£x
A

o X
kabM KOHYHHMAT Kyura ara, ae6 xabyn Kulcak, d.=d ”‘*ﬂn'; HM ¥3mm
MYMKHH. Y xonpa

Py =Ed’ j.qou epdt+ Vi yi J.(/zux(andt (a)

XKyspuit TeOpauuin QYHKUMSCH (-OpPTOroHan OYnraHnura y4qyH, yHra
Ky#iHnanaurad opTOroHAUIMK, Y3MYKCH3MMK, TYraJUIMIMK B2 6Hp KMHMaTIMIHK
mapTiapura GHHOAH, OXMPIH TEHTIAMAHHNT YHT TOMOHMAArH OCUPHHYM Xan m
#n O6¥nrau xoynap yuyH O ra TeHr 6ynanu.

By xan peneimacura cowwiHIIH 3XTHMOUTMTHHM udonanaiiny Ba m = n
6ynran xomnap yuywn O pmaH  karra Oynagu. KoMOMHAUMOH COMMIMLI
KY3aTHIMUIH MYMKHH OYnmM y4yH (a) TeHrnamazars MKKHHYHM Xag O ra Teunr
6ynmaciiry kepak. ByHuHr yuyH S, #0 mapr GaxapwivimH Kepak, SBHH
KOMOMHAUMOH COYMIMIN aManra OUIWIUM YUyH MoJiekyia TeOpanaérraH maifTia
YHHHT KyTOJIaHy BYaIUTHTHHHHT, anbarra, Y3rapyud pyi Gepuim kepak.

AjiranMa  koMOMHAIMOH COMWMIN Y4YyH XaM aifHaH miyHma#t wapr
6axapunuuin Tanab xwiHHamM. JlekuH ailnaHaérrad WKKM artOMJIH MOJIEKyIa
KarTuK potarop, Ae6 Kabysn KWIHHTAHINIY YYyH, aliflaHuil MOGaiiHuAa YHHHT
saponapn ¥pracuparn Macoda V3rapmait konmagum. Jlemak, acocmit uaprt
alinanagrran  MONCKYNAHMHI KyTOJIaHyBUYAHIMIH  aHM30TPONHMK  O¥numm
Kepakinuru 9Kkan. Arap d.#d,#d. &m dgo=d,#d, 6ynca xam aiiianma
KOMOMHAUHOH COMMNHI Ky3aTwiami. Arap dy=d,,=d,=0 Gynca, alinanma
KOMOMHALOH COMMMMIN KY3aTHIMAHIN.
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Hxku  aromn roMosaponu &€ku reTepoAnposiM MOJEKyJlanap y4yH
KyTOJaHyBYaH/INK  S/UIMNCOMmM  cdepa wwakauna Oynmadimn.  Bynnmai
MOJIeKyJlanap TeGpaHHIL JaBOMHAA Y3 YiuaMnapHHy y3raprupanunap. byausr
HaTHKAcCHIA YJapHMHT KyTONaHyBYaHMWIrd XaM IABpHi paBHINA ¥3rapaid.
byHnaii Monekynanap xaMm aitianMa Ba XaM TeOpaHMa KOMOMHALIMOH
COUYMIMMHE HAMOEHR KuIannnap. MeTaH Ba TYpT XJIOp/M yriepoa KabH cepuk
CHMMETPHK MOJIEKYNIanap ailnanraHia, yIapHuHrL X,Y,Z yxnapu Oyiinab aunons
MOMEHT/IAPUHHHT Y3rapuiuy Kysatunmaiinu. [y cababoan yrap xam ainanma
KOMOUHQYUOH COYWIUWIHU HAMOEH KUMMATIOU.

Knaccuk MexaHMka Hazapuiacura OMHOaH, HOMMHYM TeOpaHMa NOFOHAZA
TYPraH Mojexy/a TebpaHMa XapaxaT JHEpruscera sra smac. [Lyuusr yuyH, 6y
Xonat/ia HypHHHT TeOpaHMa KOMOHHALMOH COMMNHIUM KY3aTHIMAcIHIH KEPaK.
AMMmo Taxpubana y ky3arwnagM. By HaTHXaHH KBAHT MCXaHHKacH HKKH
aTOMIM MOJIEKyNa, XaTTO HOJMMHYH TeOpaHMa [MOFOHaJla TYpPraHja Xa,
TeOpaHHHIK MaBXyUTHIH GHJIaH TYIHYHTHPAIH.

OnTuk gaonank Ba yHHHr Hazapuii acociaapu

Oprauuk kumEna MOAMANAPHMHr TY3MNMIOH OWNaH ynapHHHI Xoccanapd
ypracugary OofFnaHMm afiHMKca AKKONM HamMoEH OYmanu Ba kyda Kyn
Xo/mapaa Xafm KWyBYH  ponb  YHHalian. MosieKynaHMHr  TY3HITHIUHU
TYWIYHYaCH, YHH TAWKWHI KWIYBYH ATOMJIAapHHHr Y3apo kuMEBMi OormaHMII
TapTuOH Ba TabuaTHHWruHA 3Mac, Oankd ynapHunr 6up-Gupura HucGaTaH
dazopuit xoHnawMmIMHM XaM ¥3 wukra onagd. Bup xman  kumEBMiA
TapKuOra, NEKMH Xap XWi1 KHMEBMA Ty3wimmra sra OYaran mompaiap
usomepaap peimnamu. Haomepus xonucacu Bepuemuyc tromoHHpaH —kaiud
Kungurad  6Ynu6, ymu rtymywtupumaa A M.ByTIEpOBHMHr - KHMEBMIA
TYSWIHII HA3apHACH Xal KHAyB4YM ponb Yinangw.

AKCapHAT OpraHMK MOJAANAD MONEKYJApP Ty3unuuira oara Oynrad
MOANANAp TYPKYMHHH Tamlkui 3Tagd. Xap OHp Monekyina ¥3ura Xoc
dazosuii  Tyswnmmra ora. QazoBMM  TY3WIMLI  BANEHT  KYWIAPHUHT
HyHanumra sra 6ynaum, aToM OpOMTA/UIADHHUHEr TYpnd Xwi rH6pHAnaHraH
Xonatnapaa 6yna omMmm, MyaiaH KuMEBHI GOFNApHUHI KaThuil Y3YHIHKKA
ara 3JKaHAMKAApW, ¥3apo Oepocura OOflaHMaraH aromiap  JJIEKTPOH
xobuxnapuuur Ilayad npuuumu Ba ['wmtancH runore3ocH KemHb 4HMKKaH
xonpa Oup-OupuzaH verapamanwiud OunaH Genrmnasany. MoneKynanapHHHr
¢azopuit Ty3MnHMIIMHKY YpraHyBuM coxara crepeoxumms Aefimand. Brp xmn
KuUMEBHIL, NexuH xXap xmn dasopuii Ty3wmmra sra 6¥nran nomepnap
cmepeousomepaappup. Mucon yuyd, C;HO smmpux Tapxubra sra 6¥nran
3THR cnHpTH Owian auMerdn >pupu  kuméeuii  msomepiaapmup. CH.ClL
Tapkubra MOC KemyBYH MoOAJanap XaMm, KHMEBMIT M3omepnap Ba mwry Ounad
Oupra crepeousoMepnapiup.
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Macanan, 1,2-puxnop3taiieH ©MC Ba TpaHc (aloBuit  M30Mepnap
KYpUHHIIMAZ OYIHILN MYMKWH:

H H H cI
\ / \
KC= C\ C= C\
1 cI a* H
Luc-1,2-0uxnopamunen Tpanc-1,2-0uxnopsmunen

Bynap crepeonsomeprnap 6YIn0, reoMETpHK M30MepJiap HOMH OHIIaH XaMm
topuTiiazy. lemax, crepeousoMepnap aeb, ¥3apo kumEsnit GoranHu TapTHbH
6up xun, nexud Moneky/anapaard (azoeuil koimaunmmuu Xap xun 6ynran
aToOMNApJaH TallIKK/ TONTaH MOAaiapra afTunany.

CrepeoHsoMepapHH YyKyp YpraHHIl INYHM KYPCaTAHKH, yAap WuKzAa
K¥3ryRard akcjlapHH YCTMa-ycT Ky#Arasaa, ¥3apo MOC KeJIMaiJHraHnapH xam
MaBxxy. ByHnait nzomepnap onmux gaon usomepnap neiinnu6, Tabuarna xyna
KEHr TapkajiraH. Yiap aromnapuuudr asoBuii xoinaumwp 6uwnan dapx
KWnamH. YnapHH ONTHK M30Mep AeHHMMIIAHMHT calabu mryHnakd, OyHpai
n3oMmepnap Gapya dusukaBHii xoccasiapi (CyIOKIaHHIN, KalfHAll XapopaTnapH,
3u4nHra Ba 6omkanap) Oup xmn 6¥nrann xonaa, Kyroaaurad Hyp 6miaH Tascup
KHJMII XoccacH Xap xmwi. By xocca xyza MyxuM Ba y3ura xocaup. MacanaH,
INacTepuunr anvMknammi4a, afipum Oakrepuanap YHT BHHO KMCAOTacH 6unax
O3MKJIAHTAHM XOJifa, YHHHT 4an usomepura Gedapk xapaiian. Bynman orruk
M3oMepNapHH axparHmjga Gofimanannm MmymkuH. lynpa#i  6upukmanap
GopxH,alipHM OpraHu3MIIap y4yH YIapHHHT GMp M30MEpH 3aXapiiH, HKKHHYNCH
aca MyTniako Gesapapaup. Y Hr achaprus KHCIOTACH UIMPHH TAbMIIH, HAIH 3¢a —
TabMCH3. Bepunrad MomIanuHr Gasosuil TySUNHIIMHM anuKIal GuoxumeBmii
)xapaérmapnu ypranmin yuyH MyXuMaup. OrrTuK  H3OMEpNapHUHT HOpMan Ba
CapaToH XyXaiipanapura Xap Xuwi TabCHp KHIMIIA acocupa 6y kacaliMkka
TAUIXUC KYHuI yCyjid ApaTHIraH.

OnTHK AKTHBJIHK HAZAPHACHHHHT KHCKaYia TAPHXM

®panuys onumMn [ Aparo 1811 fimnaa xpucTann KBapuHUHT HYPDHH MKKH
XWl CHHIHPHUIKHM Ky3aTHIll Xapa&HHAa OnmuK aKkmuenux XOCCaCHHH OYAH.

1815 finnna ¢pays oanmu XK.Buo ea Hemuc ¢msurn T.3eebek onmux
akmueaux XoccacH Hadakar KpucTann moznanapna, Gamkm CyloKmMKiapaa,
apanaumanapia Ba xarro OyF XosaTnark Mopmanapha XaM  Gyaumm
MYMKMHAHTHHA  aHuKIalify. DBynpaw  kypuHammke, onmux akmueaux
KPUCTA/T nawxkapa Ounad Gornuk dmac, Ganku ymby MONEKyNaHMHF
aCHMMETPHK TY3WIHIIH HATHKacHIup.

1874 #inmnpa Baur-Todd Ba ¢panmys xummrm Jle-Benb ToMOHMzZaH
onmuk aKmueiux Ha3apHACH APaTHIUIH.
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Hyp Ba yuuur xKytyOaanuum

Hurepdeperums, audpakuus Xomucanapy Ba HYPHMHE TapKanWiuy,
YHHHI TYJIKHH >kapaénnpan wGopar okawnuri Omnan vambapyac Gormuk.
Hyp ksantnap (¢otomnap) oxumuman wubopar 6ynub, yHuHr Tapkanuux
JJIEKTPOMATHMT MAlIOHMHHHT  TeOpaHMIIM, JACTaHHAMDP. DIEKTPOMArHHT
MaitloHH Gup-6upura THK 6¥nran Ba y3opo yambapuac GOFnaHrad anexrp Ba
MarHutT  Malinonnapugan  ubopar. HypHMHr TapkanMmM  KYHAIAHD
TYAKUHAAp KYpPHHHWIMAR amanra omamy. KyHpananr Tynkuenap ne6,
TeOpauum #YHasMIUM HYPHMHT TapKaMil HYHAIMImIMra TepneHavKynap
6ynran Tynkumnapra aHTunagM. Arap Hyp MOHOXpoMatuk G¥nca, y
CHMHyCOMAa KypwHMmiMga TeOpanu6 Tapkantamu. By cuHycomiamap E
(3neKTp MalJOHH KYYNAHTAWIWIMHUHI amrumdrygacd) sa H  (Maruur
MalIOHH  KYWIAHTAHIUTMHHHT  aMIUIMTYJacH)  BEKTOPNAPHHUHT  Hyp
TapKalvill WYHAIMIIKCa napamnesn OYiraH COHCH3 Texuciuknap Oyitvua pyi
Gepanu. By TeKMCNHKIAp HYPHMHT TapKanuum #yHamamu O6Yiiab, rexuc
ounb Kyiimiran kurob Bapaknapy kabu xyaa Kynump.

Tapkanun  #yHanuumMra mnapamnen sBa Wy iiywanumra  uucObaraH
CHMMETPHK O¥Ynran xyn coHnH Texkucimkiap Oyfiuua CcHHycoMzanap
KYpHHMIIKIA Tapkanaérran Ryp Kymy6aaumazan Hyp, neliwnanu. Arap
KyrOniaHMaran  HypHd T, TypManMH  KPHUCTATHIAH  ¥TKa3cak, YHHHI
PaBIUAHJIMTA HKKH Mapra Kamasiu, JeKUH KPHUCTAUIHH ¥3 yxu arpoduna
ainaHTHpCaK, Y OpKatu ¥TraH HYpDHMHI pPaBUIAHJMIMra TabCHP KHIIALM.
Arap TypManuHHMHT T, XpHCT&LT TUIaCTHHKAaCHAAH XellHH YHUHI' fHa
6urra T, KpHCTAT TUIACTMHKACMHHM YpHATCaK, YHAaH ¥Y1IraH HypPHMHI
paswawmry T, an T; ra HucGaran xkannail afinavrupumn Gunan Y3rapanu.
Bynusr caGabu wrynnaku, T, KxpucTann y Opkaiu YTadIraH OK HYpHM
Kyronainn. Kyrt6nawran Hypuu T, miacTHHKa oOpKand VTumm 8Ku
yrmacaurn T; Ba T, napHuHr onTuk VYximapuHu Oup-Oupura HucOaraH
Aynanummra 6ormuk. Arap ynap napamwten 6ynca T, man yTran Ba 4YHIMKIM
Kyronauran ne6 afitmnaguran uyp T, maH Xam Xeu KaHAall tycuk iyknai
yrann. Iepnennukynap Gynranaa T, opkamu ¥rran Hyp T, nau yrmail yHaa
yunaun6 konagu. T, BaT; §pracura ontuk ¢aon moama 3puTMack Kyhwica,
y T, opkan# kyrOnanm6 ¥Tras HYpHHHr KyTOnMaHuw TekuciuruHu Oupop
6up o Gypaakka Gypamm sa 3uau T, T,ra mapawren 3mac,y Guma ¥3apo
alina a O6ypuak XOCHN KMATRHAR Hyp Yy OpKauH Yragu. Mawa myHnaif
Ty3wiraH acbobra nonspumemp peitwiand. Y onTMk ¢aon MoamanapHy
aHMKJAIIAA, OJPUTMAa  KOHLUCHTPAIMIADUHM  TONMUIKA  HULIATHIaAH.
KyrOnanmaran Ryp Tabuuii Hypaup. YHAR HYPHHUHI Tapkanil #yHanuiura
THK G¥nran ucranrad Hynamuuna pyH Gepaérran TeOpanuuutap MaBxyd. T,
KpucTan 3ca, ¥3 VYkura napawien OGynraH Texucankga tebpaHadrraH
TYIKMHIADHUIHHA YTKasamu, yHra Moc Oynmaranunn  yuwaG  Konamu.
Harwkana, y opkana ¥TraH HYPHHHT PaBIMAHIMIM HKKM Mapra KaMasuu.
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Tabuuit HypAa Hyp Tapkanmum Ayuanuiuk X ra [eprieHIAKyNIap XoXJjJaraH
HyHanMpa  TeOpaHMl — MaBXYAAMr#  yuyH T, TEKHCIHMIMHHMHI  HYp
HyHanuwn X ra xalficu papakana OypwiraHiMIMHWHr aXaMuaTH #yx. T,
HMHT XOXjlaraH XONaTH YYYH Yy Opkaid yTarran Hyp HYHanmuuaa
TeOpaHaéTrad TYnKMuIap Maexyj, nekuH T, jan yraérrauy Hyp Tabuuit
aMac.y KyrGrnaHran GynraHnuru caGaGnu, YHHHT HYp ¥TKasuil KOOMIMATH
ONTHK TEKKCIMKHHHI #yHanuumm T, nukura Gormuk OYmu6 KomalH, SbHH
YHMHI KyTOJIaHTaH HypHu ¥3u opkajium Yrkaza omuumm T, ra HucGarau
kanpa#t Oypuyakka Oypunrannurura 6ormuk 6yaub xomanu.

IOxopuna abitu6 Yiranumusiex, Epyriuk ¥3apo mepleHaMKynsp 6ynran
E Ba H Bexkropnapuunr tefpaHum sxapagnu GynraHupaH, HyPHHHD
KyTOMaHHIUM TYPMAndH ONTHK TEKUCIMIMIa aiHa# E  BEKTOPHHHI
napauien OYmunu Gunad Ba 1wy Tekdcnukaa reOpanmuyl Ounan GOFIMK.
lily cababnan, E Bexrop >koiinauran TexuCnuk mebpanuws Tekucaurn pa H
BEKTOp OKOWIAWraH TEeKHCIHK 3ca, Kymbiawuus  TEKMCIHIH AeHUNamn.
Tywynuin yyyn Oy xapadu E sexropnapuusr rteGpaHnmm Gunan Gorauk
Oynrann yuyH “HypHuHr teOpaHALl TEKMCIMrH” HETaH TEPMHHIAH KYNpoK
doinananmnany. Sleuu E Ba H Bexropu TeOpaHanuran TeKMCIMK Hasapia
Tytwianu. Typmanme Ounan  yrkaswiran Mazkyp Ttaxpuba [orenc
TOMOHHMAAH MCTIAHT mmatu(CaCO3 HUHr reKkcaroHal KypHHHIM)AA
JTrasunran TaxpuOaHUMr aliHaH Y3 OYncaia, NeKMH Y HKKHIa aXparrad
HYPHUHI OMTTacCMHH XylJa Kywid paBuimja 1oTHO Konamd. Amania ronka
TYPMATHH  TUIaCTHHKA 6vTra TEKHCIMKAA KyrOnaHraH HypHM axparub
Gepanu.

Epyriukiunr E  sexropu ¢ororpaduk ddextnn TapMummalam sa
amarra ownpand. Ulysunr yuyn y &EpyrMk BexkTopH Ackimnamu. OnTHk
GaoLTUKHN AXIMPOK TYWyHMII y4yH TaGuuii Ba KytGnamraH HypHH ¥3apo
Takkocnaul xepak. Tabumii Hyp V3uHEHC Tapxamuu HyHamMmura HUcGaraH
CTATHCTHK ~ CHMMETPHK  paBMmga TeOpaHagrraH Ba 3 TeOpanHim
AyHanumuiapMHM  JKyda KaTTa TeINHK OWIaH Y3rapTHpyBYH TYJKHHIAp
TYrnamnaad  nbopar. Umsuknk KyrOnaHrad Hyp WYHaIMIUIADH aHHK Ba
¥3apo Owp-Oupmra Thk G¥nran ukkura Tekucnuk Oyina6 X yku Oyiinua
Tapkanagn. ByHnaH Ttaurkapu afilaHa Ba SUmMNC KytOnasmmra sra 6ynran
Hypnap 6op. By Hypnap TapKana€TraHia ynapra TErHUUIH 6yaran E Ba H
BCKTOPNIADHMHI YYNADH HYP TADKAAMImIM NABOMHAA ainada &€kuy, E€ku 6y
3KCUEHTpHKKAa 3ra 6YaraH sumnc yusapwnap. Kucman kytOnaumran HypAaa .
KaHJalnup Oup teGpaswmn Hysanummn fokopu ad3ammHkka sra OYmamm
6unan Gup Karopna Gowmka itywamuuutapsa Xam TeOpanum pyh Gepans.
Kucman kytOnauran HypHu Tabumit Hyp Ounan KyTOnaraH HypHMHT
apanammacy, ne6 kapam MymkuH. Xap Oup afipum osmHras grom ¥3-yamda
KyTOnamran Hyp umkapwigd MymkHH. JIekHH HyprnaHa¥TraH aTomnap xyna
Kyn Ba TYpAu Xonatnapa Gynrannuknapu yqyH TaGHHA HYp XOCHII KHJIAJH.
Qakar alipum Xomnapmarusa, Macanad, Hyp arMocdepa TOMOHHAAH
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couwnraHia, €kM CyB CaTXM[aH akc Irrupwiranaa TabGumii Hyp Tapkubmna
KyTONIaHraH = HYpHHMHT XMCCAacH CE3WNapAM  KaTTaiMKka 3ra  Oyadmum
MYMKHH.UH3HKIM  KyTONauMaraH HypHH ONTHK ¢aoi MOJAajaH ¥TKasuLl
BaKTHAA HYp CHHaaM Ba KyTOnaHmiura yupa#iau. By xommcanu Hyp HCAaHI
HINaTy opKany yTaérrad nalitaa Ky3aTvin MyMkuR.Oquit aypuaur saektp [E]
Ba MarHut pextopd [H] Gup-Ompura thk 6ynaran xonpa sa my Guian Gupra
HYPHUHI HYHanumura THK 6¥nrad Texuciaukaa rebpanamn.
E

AAVAAYAR
ANV

P-vypuuHr Tapkamum  HyHamame X ra  Tuk 6yaran tekucnuxnap E sa H nap
aca, P Texkmcnmkiaa ¥3apo nepneHAMKYNAp XOnaTnapAa LWIMHAD H4MMAA
HapbatMa-HaBbar OMpH WKKHHYHCHra alnaHub, TeOpannG Tapkanamunap. By
TapKaMil COMpal Xaikanapura yxwam Oypanu6 Ba HyPHHHI TapKaMul
Aywanuium atpoduna aitnann6 pyi 6epanu. Oamuit Hyp Tapkanaérran naiitaa P
tekucenk X fiynammn 6Yiivua cnupan xankajnapH xabu aiinanub, Harwkala
IMUTHHIP SACOBYHMCH CATXMHH XOCHJ KMnanu. Jlemak, ox HypuuHr E sexroprapu
XaM, H sexTopnapn Xam anoxupa-anoxujia, McTanras HyHanuuijia tebpaHanu.
Jlexun xap 6up E ea H ocy¢pmu yuyn yrapwunz y3apo muxiuzu caxiauaou.
Arap aHa my oK Hypnd Huxonme npusmacH opxamu ¥Tkasunca, Guprusa
AyHAIMILIM  TEKHCNIMKIA TeOpanaérran  dypnapraHa  yramu. boluka
iyHaMILTapaary TeKucniap 6yituya teGpanatrrad Hypsiap 3ca yTa onman
kosiagu. Ly ca6abman Huxone npHsmacu oOpkaiM ¥Trad HYpHH 4HM3HKIH
KyTOnaHraH, ¥kd TEKWCIMKAR KyTOmaHraH Hyp, AciHunaaud. AHa wmyHaail
KyT0naHraH Hyp ONTHK M30Mep/lapHH ¥praHuil yuyH kyuiasunagu. By mw XX
- aCpHHHT fowNapMaatK aManra ouIHpiIa GOLLIAHIaH 3/IH.

HypHn ocumnniumananattrad sekrop cudarnaa xapaw MyMxuH. Bynaai
OCLWMUMANANYBYH (TeOpaHyBYH) BEKTOP MKKHMTA ¥3apo TeckapH OyiraH, ABHH
OuTrack coar crpenkacH G6¥inal, MKKMHUMCH COAT CTpPeNKacHra TEcKapH
fynanumaa altnaHaérrad BEKTOPNApHMHI KYUNWIHIUM HaTikac, ae6 xabyn
KWIMHIaH. .

B EY
E E.AIAN AIA ...
E. E.

E.-coat crpenkacu 6¥#inal atiananu.
N Ecl-coa'r CTpEJIKacHIa Teckapu HyHanuma ainaHau.
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TeOpanagrran HMKKMTa BEKTOpAaH Xap OMpPH GOIKAacHra TecKapH
Ayuanumupa 6ynran compan  sicaiiau. Hukons mnpusmacupad Yrranga Gy
CNUPAJLTAPHUHI MKKana €H TOMOHAapH "kecwaub" kom0, 1 Ta TeKHCIMKKa
TYFp4 KearaHnapuriHa YTaau Ba, hatwkana, Ou3 mxoppma acnarub y'rran
TeKMCIMKIA KyT6JaHraH Hypra ara O§namus.

Miynnati xunaub, yu3uknu - 1CCH  KyTONAHTaH Hyp YH[‘ Ba 4an UMPKYyIip
KyrOnauran HypnaH wnGoparaup. Bynpaii wmsuxiu KytOiaHran Hyp Xupan
MyXdT OpKanu ¥yTravZa UMpKynsp KyrOnasrad HypnapaaH OMTTacH
HKKHHYMCHIa HucOaraH cexkuniauragd. ByHMHr HaTwxacuaa YHr Ba dvamra
alinaHyBun BekTOpyapHuHr azack Y3rapub KyTOGnaHMIN TEKHCHHTHHHMHT
AYHANHIIMHK  §3raprUpamm. KytOnaummr  TexucauruHuer  Oypumm
XomucacHra onmux aqiltanuw, feivnagy. MoJaaanapHUHr ONTHK ailnaHMUIHK
amanra OWHPHI KOOWIMATH onmux chaonrux, nedimnamu. Bywnmait xoccara
ara OYymraH Moxaa 3ca, ommux paon wmopma AefiMnagH. MommaHuHr
KyTONnaHHil TeKHCIHTHHM Kailicu (YHr EKH 4an) TOMOHFa OypWIM, YHHHT
MONEKYNAp Tysunuumra OGornuk, Oypunmm OypuarMHMHr KWilMatH 3ca,
MOadAa MMKHOpUTa GOFIHK.

Honsprmerp

Onruk aitnanmm GypuardHd Yiyem y4Yyd Ky/ulaHwnazuran acbobra
nonapuMeTp ARelimnamu. Cxemarux pasumaa y Kytbnosuum Ba Ymuosun, ned
aTamyB4d MKKHTA OWp Xun Hukons mOpusMacHAaH Ba yjap ¥pracHia
KOANAIITHPWIraH XaMAa oONTHK (aol MOIJIAHHHT 3JpPUTMAacH Ounan
TYIMpHRagural HadazaH Hborar.

Arap Halfyara xeu Kaugail spurMa coymmMHmaraH Oysica Ba HuHKONb
npusmanapu  (1-xytonmoBum, 2-VIYOBYUM)HMHI ONTHK VYKmapd  ¥3apo THK
Aymanrad Gynca, nonapumerpaaH Hyp Yrmaligm Ba YHMHr HMH KOMKOpa
6¥1u6 «ypuHamy. Arap IONAPUMETPHMHT MOIIa YUYYH MYJDKamaHraH
naliyacy onTvk ¢aon MoAmaHMHr sSpuTMack Gwiad Tynampwiran 6ynca,
YHHHT TABCAPHAA KyTONOBYMIaH KyTONaHuG, YTraH HYPHUHT KyrOiaHwin
TEKHCIATH MamiyM Oypuakka Oypunamu Ba, awmu, OyHmall Hyp ¥.T40BuH
OPKA/IH ManIyM MHKIOpHA YTHO, monspumerpHuur uum Epyrnawanm. Epyr
MaliIOHHH KOPOHFY XOJra KeNTHpHMIU Yy4yH Y/MOBYMHH Ooumnanrud
Xonatura HucOataH a-Gypuakka Gypum kepak. By xonma ymuosumnaH ¥rrau
HYPHUHF KyTOJaHMII TEKHCITUCH KyTONOBYHWIAH YTraH HYpPHMHr KyTOJaHMII
TEKMCAMIMIra HucOaTaR THK Xoyatda Oynanu. Arap OyHMHr YYyH Ky3aTyBuH
yirmopynnu y3ura BucOaran YHr tomoura Oypca, alinawmm (+),(d), akcHHua,
yan tomonra Oypca (-),0 ne6 Oemrwmamamu Ba moazanap {-mewron, d-
rmoko3a, d-neHuuesumA, ne6 udonananagu. FHaHTHOMEPNAPHUHT SKBHMOJAD
apanammacH onTHK daoumkka sra 6yiaMalini Ba y paueMHK MoauduKauus
neiiwnand. Onatna y + &ku d, € 6unan udonananauy.
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Conumrupma 6ypHun

Onruk afinanumn kuiivaty xyaa kyn daxropnapra, XyCycaH, HalHHHT
Y3YHIAHIMIa, MOIJAHHHT KOHIEHTPALMACHTA, TY3WIHLINATA, 3PUTYBIMHHHI
Taluarura, XapopaTra Ba KyTONMaHraH HYPHUHr TYJIKMH Y3yHaurura COFMHK.
Onarna, comuurrupma Gypsm [«]®, Ky#unaru gopMyna acocHaa TOnMIamM:

_aloo

[o] = fe By epaa: o-rpagyciappa YndaHras KysaTuna€rraH
Gypunuur; A-HypHHHr TYNKHH y3yHnury (onaria Oy Harpufinvar D-4u3urd
6ym6, yHuHr TYaKkMH y3yHnurd 589 HM  ra  TeHr); (-HalwanmHr
JeuuMeTpnapaa yiuasraH y3yHnurd; c-100 Mn spuTMaza rpamMmiiap OpKa/m
HdopanaHTaH KOHLIEHTpauua.
By TenrnaManan KypuHaanky, arap HaliHUHr Y3yHIurd 1M ra sa 3pUTMaHMHT
KOHHeHTpauuacH Ir/mn  6ynca, kysaTwnalrraH ONTHMK afinaHHm B2
conmmuTHpMa Oypunum y3apo TeHr Gymamu.

IOxopuna aliTwiranujek, M3oMepnap y3apo paHTH, SpYBYAHIMIM E€KH
KaHzafoup peareHT GMNaH KUMEBMI peaxiMara KMpHIIMII Teumdrs Ounan
tdapx xunagu. M3omepnap myswiuwe usomepaapura Ba cmepeousomepiap
(dazosmit m3omepaap)ra OYynuuany. Ty3unMaenit H3loMepnap MoJieKylanar
GoFnapHMHr Xwid Ba COHM Ownan ¢apx KwiagM, SbHH yjapia KuMEBHMA
tdapx kysarwnagu. CTepeonsoMepiap 3Ca MONEKYMacCH Ba  MOHJapHaarid
aTomyiapHHHr Ga3oBuii xolinammiun 6unan dapk xusanu. Macanau, upc- Ba
TPAHC-H3OMEPNap FEOMETPHK CTPYKTYPIIM if3oMepnapra kupain. Crepeowso-
MEPIAPHU TALIIKWI KWIYBYH MOJIEKY/Ia Ba MOHMapaarn KuMEBUH GOFIapHEHT
XMIIM Ba COHM MaBKyAd H3OMEpJapJa MOC paBMILZA ¥3ap0o TEHr, JICKHH
ynapHuHr  Qasosaru kolmawmmM  xap xun  6ynanu.  Terpadapux
MOJIeKyNanapAa HUc- Ba TPaHC- H30MEPHA Ky3aTHIMalii, 4yHKH TETPAdAPHUHT
6apua uykxwiapu ¥y3apo &uMa-&n JKoilnamIraHAMpJap, AbHM 4YKKWIapAary
aToOMJIapHUUT TETPA3RPHK MOJIEKY/Ialard XONaTH Y3rapumu Ownal, yJapHUHT
&HMa-tHnUrn  Y3rapmaliam. AMMO ULHMC- Ba TPaHC- HM30MEpNap OKTadApHK
mawira ara 6yaraH Monekynaiapga KysaTwiagd. Macanas, UHc- Ba TpaHC-
makapuuur  Xocun  Gymuummm  Co(NH,;),ClY,  komniekc  HoHwna
Ky3aTHUMMH3 MYMKHH:

N N c
N | N N N
| |
N——Co—\—CI Cl—l\Co\—N Cl‘-—\}CO\T-CI N—>Co-—\—-N
cl ‘ N I N ' N
N cl N ct
3-IMC - IAKJ 6-rpaHc- Wakn
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Conmanawrupuin Makcaauna NH; nap yprura N &mnran.

Crepeou3oMepuaHUHr sHAa OHp Typn onmux uzomepuspdp. ONTHK
H30Mepnap ne6, MojleKyNaHHHI WIAKIM YMMHr KY3ryOard akcd Owiad y3apo
Moc O¥na onMaiiauran xonnapra adtwiagu. Yan KYNHEHT KY3ryZars akcH
JHr Kynra yXmaraskgex, ONTHK H30MepHapiaH OHpPUHM  KYIMMH3OATH
HaMyHaBHi MOJIEKYJIAaHHHT Y3, MKKHHYMCHHM 3Ca YHHHT KY3ryaard akcH
neb, TacaBByp KunMil MymkuH. By HKKM makn Xed BakT Y3apo aifHaH
¥xwaw 6¥na onmaiind. Bynmali Monekynamap pa MOWIAp Xupan TH3UMIAp,
nerivnany.  Xupan  Monekynanap Kyténaran —HypHHHr  KyTOnaHuin
TCKHCNUIMHMY vanra &xu YHrra Oypmimn kobunatura oragwpnap. Xwpan
TH3UMIAp oNTHK ¢aon THIKMMAIAp, Aeliunand.

Kumé naGoparopuacHaa ONTHK H3OMEPNApHH CHHTEZ KWMLK YYyH, £
Ba d-xon wu3omepinap(d-uzomep,(+) norunya “dexter”-YHr ) TEHr MHKROpAA
Xocun 6ynub, ynapau Gupranmkga payemamnap, Aeiimnamu. Pauemariap
KyTOnaHran Hyp Texkucnuruuu Oypwir koOmnarura sra mac. Pauemarnapra,
yur d(+) wuzomepnmapra Tedr wmukaopAa uan £ (-) M3OMepnap MaBXyd
Oynrannuru £ HHHF KyTONAHWII TEXMCIMIMHM vanra Oypummay, d HMHC
yurra Gypum  y3apo KOMHNEHCauusnaimn. PaueMariapHu  aHTHNOAN2pra
aKpaTui yyyH yinapra € €kd d TuMnOard xupan TH3uMiap OwimaH Tabcup
K kepak. Macanan, [Co(En);]Cl; panemMux  apanamMaHu - aHTHROANApra
DKpaTHIl  YYYH XHPAT TapTpar aHHOHH CH,0s" nnur Oupop onTHK
M30MEpH OwnaH TabcHp KWIMIN MyMKHH. XycycaH, [Co(En)s]Cl; munr cysnm
sput™Macura d-taprpar amuvonn tytran NaNH,CH,O¢ Hu xymcak, d-
[Co(€n);}(d-CsHsO¢ YCI  monnacu kpHCTALT  XONAa aXpanu® wMKaaM.
Spurmana aca, £-[Co(En);]*" HOHM paneMuk apanamMazas aKpanrad Xojaa
KOJazH.

Tupuk  opranm3mnapna pyi - GepysuM  KapadHnapha  paUeMHK
apanauiManapial  KepakiM aHTHNOAHH kpatH® onvMm y9yH y OHnad
TabCUpNAMIYBYH, YHra Moc Oynram omruk aon  depmentnapman
dotinanannnamu. Ynap Y3 "sazupacu"HH 1OKODH [apaxaga TaHNOBYAHIIMK
HamMo®H KuoubG Oaxapamu. Muxposappayanap onTuk (aoUIMKKa 3ra
6ynumn y4yyH ynapHHMr xupan GYiuMmM eTapnuMu, feraH Ccasolra Xamma
BakT XaM wxobuii xaBo6 Gepum MyMxuH 3Mac. MacanaH, 643 ¥3 onauMH3ra
naopaTopHANa  METWI-ITWIOYTIWI-aMHHHHHT  3HAHTHOMepiapuHu  Gup-
Gupuan aXpaTHINHH Makcajy kMM Kyiran 6YNcak, KaHYanuK YpHHMAMIHK,
KyTHJIraH HaTWkara 3pHiia oyMaiimus. By momma Xupan Ty3uwnumra sra
6Ymummmra kapamacaam, {- sa d- KYpMHMIIMIArM ONTHK AHTHTIOWIAp XO/MAA
Typa osmalin. Bynusar ca6aGu azor arommura Xoc Oyiaran uHBEpcHS
xoaucacHmup. By xommca azor aromMuMHuMHr KoHQHMrypauuoH GeKapopiHru
6unan Gornanran. Kondurypaumon Gexapop ne6, aHTHIOLIAPHHHI OCOHJIHK
6unan Gup-Gupura alnammiuura aliTunagd. BYyHHHT HaTIKACHIA pPAlEMHK
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MomudukauHs Xocwn Oynmamu. Py Gepran xoaucara paueMu3aups
neAnIalH.

ynna#i xunu6, ontuk ¢aomnuk HaMOEH OYMuMILH y4YyH MoOllexyna
Xupan Ba korgurypauron 6apxapop 6ynmim xepak. Pauemuk Moaudukauus
{d- Ba{- nunr ¥3apo HucO6aTH lra TeHr) ormrHK QaoJUIMKKa ora OynIMaraunuru
cababsy, meTiun o1 6yTWI aMuH onTHK daon 6yna onmalian. Kondurypaumon
OexapopAMKHHHr caGabH MONCKyNaHMHr XWpan Mapkasd GYNuIIM MYMKHH
6ynran arom arpodmnary ypunGocapnap Ypracuma (asosuil uTapMwMI
3HEPrUACHHHHT Kuuukaaruaup. llly cababpan, ynmap 6mp xun wm3omepaan
HKKHHYH XMJ1 H30Mepra OCOHNHK Owinan ytub keramunap. Jaspuil THzum
HKKHHYH NaBPUBMHI 3 BANEHTIM aTOMJApH, YMYMaH OraHAa, KOHQUIYpaLHoH
6ekapop aromnap xucobnaxaaunap. CXYZE wmonekynacuna 4 sanenwtim C
aroMn  koHurypaumoH Oapkapop Oynramm xonma, :CXYZ xapGanuonn
‘KOHbMTypauuoH 6exapopaup. HsepcHa Xxoaucacu GHNHUpaMHAZ KYpHUHHUIATA
sra Oynran yunaMyM aMHH &Kn KapOaHMOHHMHMI TEKHC Xoira, CYyHrpa
TYHKapHaraH Xonara YTHINH HaTHxkacuga comnp Oynamu. By Xomuca KaTTHk
mwamonga COSOOHHMHr ainaHu® KeTHIIMHM  Aciatagd. OHKPUMMIHHHT
tacaury  cuparupa  CH,CHCIC,Hs monekynacuHuMHr B3, IIyHWUMCIEK,
[RR'R"R"’N]+ THOHAArH ~ aAMMOHMIH KaTHOHMHHHI  KOHOHrypaumnoH
GapkapopiurneM  acnatiG  Yramus. Bynnalt monekyna Ba HOHpap ONTHK
daon antunonnap kypunuiuaa 6yna onanmd.

Monexynanapnnnr reOMETPHK NnapamMeTpaapu

KnméBuii OHMpMKManapHH TalIKM KWIYBYM 3appayanap Ypracuuary
GorHuHr Tabmarvra kKapal, YyAapHM MONEKYnsp Ba KPHCTALIOKMMEBH
TyswmMiira 3ra GyiaraH xunnapra axpaTiil MyMKHH.

Monexynap Tyawmmumra sra 6ynraH Moamanap aromuapiaH TalKWg
TonraH 6ynub, ynap Ypracuparu Gormap kytOcu3 €knm KyTOnM KOBATeHT
6ornapnan  mboparaup. Bynpmali monmanap, KaHzmalt arperar  xoJjaraa
Oynrannuraga  KarbHii  Hasap, Oapkapop WHAMBHIOYyaJl MOJEKysjajiapaaH
Tamxun Tonrad. bopauio, Maskyp Moana, Macanal, nepokcMmyiap kabu
6exapop monekynamapmaH Tamikwi TonraH O¥nca, yana arperar XOJIATHHHT
Xap Oupuma Maexya Oyna onMacnuri, SbH4 XapopaT TabcvpHaa Gounka
TapkuGnii  KucMiapra axpanu® KeTHIIH MyMKkHH. bByHna#t XxoamcaHHMHr
acocuii cababumcu Mmonexynazarm afipim xumésmii GormapHuHr HucOaTan
6eKapopIHTHAMP.

Arap Mypakka® kumEpmil GHDHKMAHH XOCHJI KHIA&TraH 3JIeMEHTIap
ATOMJIAPHHWHT  JNekTpMaHuitmknapu ¥3apo cesunapnu pasvmina  ¢apk
KHIICA, YJapHUMHr atoMnapu Ypracuna monn Gor xocun 6ynamn Ba ynap
KATTHK XONaT[a KpUCTA/UIOKHMEBHI Ty3WNHIIra sranupnap. bynnali moananap
HCHTHII HATHAKACHIA CYIOK Xojra YTraHaa, YJapHHMHI HOHAGpAaH TarlKul
TONTaH KPHCTAWT mNawkapanapd emHpwiagd. XocHn Oynrad CyloKnaHMa
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HHCOATaH IPKHH XapakaT KHAYBuY#, MycGar Ba MaHdMH 3€KTp 3apsmiapHra
ara 6¥nraH MOHNappaH TAWKKI TONAAU. MaiKyp CYlOKnaHManap ras Xonarra
yrvw, seHe yunm koGwnstura ara. a3 ¢asacuna 3ca womnap xybriawut
§Tub, xuMEBMM GMPUKMANapHHUHT MoOJNeKynanapuud tysagua. Iy mapca
I5THOOpra Ca30BOPKH, HOHJIAP/AH TALNKHMI TONraH MOJIEKY/NANApAArH HOHNap
opacuiard macoga (DOFHHHI Y3YHINMIH ) XPHCTAI MaHXapalark OpaJMK
macodanan xHuukpok 6ynamn. ByHMuHr cababH, KpuCTalN maHkapana JIoKan
madnonsuer  6ywamwrawmruanp.  [lynapaan  xenu6  4MKKaH — XOnfga,
MOANQNADHMHT FEOMETPHK TIapaMeTpiapn — XaXMH, JHAMETpd, CorIapHHMHT
Y3YHAMTH, BaleHT GypyaknapiHUHT KMIMATNapH TYFPUCHAA CY3 IOPHTHIIHMH3
MyMKHH. By napamerpmap Oupramukma MonekynanapHuHr  ¢azoBui
TY3WIHIIHHK Genrunaiiou.

XO3HprH 3aMOHKa KMMEBME ycywiap GunaH 6Hp XaTopaa, KyAa KeHr
KyInaHunaérrad ¢u3nkaBuit  TAOKMKOT YCyNnmapH  MOJIEKYNaNapHHHT
TCOMETPHK  mapaMeTpiapd, sSbHM aromyiap  ypracumarH  Mmacodanm,
GOfNapHHHI y3YHTMrMHM, BaleHT OypuakNapHHH, aTOMJIAPHHHI KOBAJIEHT
panMyciapMHi, MolnexyhaanapHunr Ban-gep-Baannc pamfyCnapHHu KYmUnnuk
Xonjgapaa JKyJa Karra aHHKIMK OWiaH TonmMml HUMKOHMATHHH OGepanu.
Byupaft napamerpnap, assanamGop, aromiap TabuaTuia Ba  KUMEBHH
Oornap xunura GornuK. Bassu XoJutapaa KYmHH aromhap Ba 6Gornap By
KaTTajlMKiapra Kywid TabCMp Kypcartajmwnapku, OYHHHr acocuia aipum
MOIzafnap MoneKkynanapura Xoc OYnran uHAMBHMAyan —TadOBYTNApHH
Ky3aTHl MyMKuH.. By Ttadorymnap ¢asomuii, oanexrpon s¢pdexrnap
HatiwkacH Oynu6, Moana TyswnMuMHM VPraHMmIa KAMMATIH Ba MYXHM
MaBIymoTIapra osra O¥aMimn MMKOHHATHHM Ocpaind. By 3ca KUMEHMHr
aCOoCHH MaxcaijiapunaH GUpUAHMD.

ATOMJIADHMHI KOBAJeNT paauycaapn. A-B MosekynacHaarm A Ba
B ,3TOMIIADHVHT KOBANEHT paidyciapu Ae6, 60F y3YHNHIMHMHI KaH4YacH A
artOMHMra, KOJFaH KaHJacH B aTOMMra TEIMILIH OSKAHIHTHHH KypcaryBun
COHra aiTHNAM. A aTOMHHHHI KOB@IEHT panrycH A-A OOF -y3yHJIMIHHHHT
ApMHra, WYyHHAHrAEK, B aroMHHHHr  koBasieHT pamuycH- B-B  6or
Y3YHAUTHHUAT xpmlra TCH!‘ Gy.na.lm A-B  OGOrHMHI Y3YHIMIH 3Ca

TAB™ 71:4*’"’35 = “(7’4-4 +13.3)

Kypunnmnga Kauoarmalrmpapnu AHMKJTNK Gunan Tonunann Macanau, C-Cl

3 ~ 0.154
Sorvummuar y3yH.rmm FTec="F7=  0.778M ra_a = 0.99um

KuiiMaTnap acocuia r.m(C)ﬂm(Cl)—O 77+0. 99—1 76 um ra TCHIJIHTH KenH6
UHKami. Onexrponorpaduk ycynma C-Cl GorusMHr y3yHiaura afiHan 1.76
HM ra TeHr JKaWIMIH TomWwIraH. JleMak, = arOMISDHHHI  KOBAJEHT
pamuycrapu. mamlyM 6ynca, ynap acocuaa  GMpIaMuM . GOFNApHHHC
Y3YHIHIHHH XMCOON30 TONMII MYyMKHH 3KaH. -

-
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: Kagsan
Ban3n jneMentaap aromaapuHaar fupaamuu Gornapra T¥rpu
KeJAJHrad KoBaJjieHT paguyciapu (A

C 0.77 N 0.70 8] 0.66 F 0.64
Si 1.17 P 1.10 S 1.04 Cl 0.94
Ge 1.22 As 1.21 Se 1.17 Br 1.14
Sn 1.40 Sb 1.41 Te 1.37 J 1.33

By »ansanmau KypuHamuku, Xap GOup JaBp OGOWMAaH, YHWHI OXMpHra
6opraH capH, aTOMJIADHUHT KOBAJIEHT paadyciiapd kamaiiub Gopamn. By xon
Xxap Oup pnasp 6Yina6 vanman YHrra kapa6 aTtoM SApOCH  3apsaM
KAfMaTMHUHr opTHG Gopuium OunaH 3NEKTPOH KOOHFMHHHI  XKMHHH
Kamaiu® OGopuuIdHH xypcaragu. By 3ca aTOMIAPHHHT KOODAHHAIMOH
CHFMMHBM Oenrwiamaa acocuit pone VitHalan.C-C  GOFMHHHT Y3YHJIHIH
0,154 wum 6ynran xomma, C=C nuxu 0,133 ra, C=C uuxku 0,120 AHM Ta
Teur. C-C pan C=C ra ¥yrran naftrumusga Gor ysywmuru 0,034 aM ra
kamasau. XyImu wiyHAail yarapdur afiHay MKKMHYM AaBpra MaHcy® 6ynran
azor aTOMH YUYyH XaMm Ky3aTUNa/H. IlyHnai KUNHO,
TeNTctt=0.77+0.70=0,147 uM, r(C=N) osca, 1.47-0.34=0,113 um ra Tenr
6¥muun  xepak . TakpuGana 0,115 uM suru  aHuKIaHrad. rgg =0,074 uM
Oyaran xonma BOAOPOA ATOMMHHHI KOBAJIEHT paguycH ry =030 sM ra
TeHr, OyHMHr ca6abd BOHOPONHHHI METAUINK XOCCaCUHKW  HAMOZH
KWIHIIMAKP, ne6 afitmm  mymxus. H-H  Gorupa oanextpoH  Xydru
rOMOSJPONM MOJEKYNaAa  CHMMETpMK okoinawran H-3 Gornapuaa O
TOMOHra cypwiHiny Tydaiinu r(H-3) y kuupasau.

ATrominap Ba Moaexyaanapuuur Ban-aep-Baanbc paanycaapu

BHpOH WKKM aTomMiM MoJieKynagarm aroM KumEsuii OoF BOCUTacHHA
Y3m Owran GornauraH arom Ounamrusa ToprHmMC  KoAMachaH, 3
MOJIEKYNIaCHra AKMHNIGWAETIaH KYUIHM MOJIEKYJIAHHHT aroMHM OHIaH XaM
TabCHMpramang. AHa My MKKHHYH XWi Tascup  Ban-aep-Baanec TabcupH
JeHHIARM. YHUHr MaBXyANMTU pean razflapHHHr Haean ra3 KOHyHJIapuaaH
YeTIAHHIIHHY, MOANANAPHHHI a3 XOJaTHaH CYIOK Xonarra YTUIINHH,
CYIOKMKIaDHMHI  aMalja CHKHJIMOBYM  JKaHIMIH  acochaa  €rajd.
Monexynanap, yjap opacuaaru Macoa Ban-nep-Baansc paaHycHra
TEHMATYHYa, TopTHIamMiap. ['aznapma Oy  TOPTHIIMII  OPKHH  #Y
y3yHIMrdHd Gocub ¥Tran Monekyna MKKHHYM Monekyna OunaH 3J1acTHK
TyKHawaéTraH MOMeHTAa mHaiino Gynann. Hopman wapowtaa 1 oM’ xakmaa
taxmunad 3*10" Ta monexyna Gynamm. Vnap ypracuma xap Gup cexyHmaa
pyH GepatrraH yMyMmHil TYKHAIMULIAD COHH 3*10° HM TalKHI 3Tanm.
Iy Tyxuamummnap Bakruaa Monekynanap Ban-nep-Baansc pagdycHra TCHT
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macodara SKHHAAWAAUNAp, Xonoc. AHpHM MOJIEKyJIAIaPHUHT  JJIEKTPOH
6ynyrnapu Y¥3apo Oup-GupuHMHr MunMra KHpMahiau.
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