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KHUPHUII

Huccumanus cy3u gotunda “dissipatio” cy3uman onuurad 0yimuo6 “couunmmm”
JleraH MabHOHU aHrjatragu. bus kynruna sxapaéunapHu Kypud YMKaHUMU3/A YHU
KaHJIalIup SKUHJIAIIUIIAP acocu1a KYpuO YMKuIra ypranud Konraunmus. JIekuH,
KYIITMHA XOoJulapja JUCCUNAIUSHUA XucoOra omuil sHru dddextnapra onud
KEJIa/Ix.

JuccunaTtus kapa€Hiapra ajaokajop OyiraH skapaéHiapHH Kapald 4YUKaMu3.
Bynpait xapaéunapuunr Oupu cudaTuaa UKKU SIPOHUHT KYHIWIMIN >KapaéHUHU
XaM KeaTUpuil MyMKuH. buz Oy »xapaéHHu kypuO uukamus. VKK SAPOHUHT
KYUIWIMIIKA ~ aCOCUM  sSIApO  peaklusuiapujaH  Oupuaup. Xamma  SIHTU
TpaHCMEHeneeB deMeHTnapu (apHu  Z > 101)yyna Kymmiawimn peaxkiusuiapuaa

244

CHHTe3 KWINO onuHamu. 2esPu Ba 268

Cmsaponapu 6unaH 35CAHUHT KYIIAIAIII
HaTmwkacuaa 114Ba 11631emMeHTIapHU CHUHTE3 KHJIUO OJTMHTaH.

SAnpo TYKHAIIMIUIApUAA YIAPHUHT TYIMK KYIIWIMIIUTa OJaud OopyBuH,
KOHCEpBaTUB Ba JUCCUIIATUB Kyujap Tabcup Kwiaau. KoHcepBaTuB Kyunap
OYnraH KyJoH, siIpO Ba MapKas/iaH KouMa Kywiapy KUPHII NOTEHIMAIN TYCUFUHU
xocwu1 Kunaau. lIlyHUHT y4yH OFUp MOH €Tapiiu Japaka/la KHHETUK 3Heprusra ara
Oymumu kepak. JluccumatuB Kyuyjgap HMOH TYHAIIMIIAA KUHETHUK SHEPTUSHUHT
SIIPOBUYM CUCTEMAHU WYKH FallaéHIaHUIIHra cabad 0ymanu.

SAnponap opacujaru TabCUPJIALIYBYM KOHCEPBATHB Ky4JapHU Kapaliga UKKH
XU SKWHJIAIIUIT MaBXya: TycaTdaaH (SbHU Te3na) Ba aauabaTHK SIKUHJIAIIMII.
Arap a1po TYKHaIUIUIapuHU Te3na Oymanu ae6 Kapaaurad Oyicak, y xonma Oy
KHCKA BAKT MYMJA SAJIPOHUHT HA OPMACH Ha YHHUHT TY3WJIWIIW >KUAJWN paBHILIA
y3rapuimra ydpaMmanau. XakuKaTaa XaMm IIyHra SKUHPOK, YYHKH KYIIWJIMII
taxmuHad 10722 cek  BakT mumga Oynamy. bab3uma yIapHHHT TYKHAIIHII
BaKTHIa SIPOHUHT (OPMACH TY3YJIHINH “My3araHiuTu XaKHuIa XaMm TarupuiIajiu.
bynaka HykTam Hazap ¢akarT sSIpOJApHUHT ¥3apo XOJIATUHHU Y3rapuiiyd OuiaH
oormuk O6ynu6 komanu. LlyHuHr yuyH ynapopacujaru y3apo TabCUp sIpoJiap

opacunaru macopa Rra Oornuk 6ynub xonanu. bynnaiitypnaru xonarnap Kynon



TYCUFUAAH CE3WIapiU Japakazga Karra OyiraH eHrwia sSapo TYKHAIIWIUIapUAa
Ky3aTUJIaau.

TykHammnuiapaa HULIOH cudatuga orup spo, Kenud ypuilaéTran 3appaya
cudaTuaa erapiu Aapaxana Karra Ba sHeprusicu KynoH Tycuru skuHuaa Oynraxn
VOH XM3MaT KWIaand. XyAIu UIyHJIal SApo peakuusIapu yTa OFUp 3JIEMEHTIApHU
CHUHTE3 KWIMIAa unuaTwiagd. bynpail Xxonna sapoHMHr JnedopManuscUHU
XycoOra onumira TYFpu KenuO Kojaau. SApOHUHT KYIIWIMIIMHU CYIOK TOMYHU
MOJIEJINra acocaH Kypaaura OyJcak, y X0J4a SIPOHUHI CUPTU MyailsiH IIaKIHU
srajulaiiiu Ba Te3/a siAPO MWAKIMHU Y3raptupanu. Kypunub typubnuku Oy xonna
dakar Outta mapametrp R aHyarmuHa Mypakkab Oynran sapoJIapHUHT
TabCUpJIAILNII )KapaéHUHU TacBUPJIad Oepa oMaiau.

Taxxpubanap HIyHU KypcaTaJuKu OFUP SAPOHHMHT KYIIWJIWIIAHU TacCBUpPJIALI
yuyH Kamuja 3 Ta mapameTp Kepak Oymaau. YinapaaH Oupu saposap opacujaru
mMacoaHu TacBUpJANAM, UKKMHYUCU CHUCTEMAaHUHI MacCaBUil aCCHMETPUSICHHHU,
YUYHUHCH 3Ca UY3WIMIIHUHT (QOpMacHHM Ba YIYaMUHU XapaKTepianiu.
CucrtemMaHUHI TMOTEHLMAl JHEprusick Oy mapaMeTpjapHUHI  (QYyHKLUSACU
XHucobaaHau.

AnnabaTuK SIKUHJIAIIMIIIA CUCTEMAHUHI JMHAMUK SBOJIOLMIACU MYHAIHUIIN
Oy mapameTpjap OpKaJd AHUKJIAHAJUIaH MOTEHLUa]l SHEPIUSHUHIT MHHMMAI
KuiiMatu opkanu yragu. Kymmnum xapa€Hu HucOaTaH CeKHH YTaau Ba CHCTEMa
Xap Oup mapamMeTpuHUHI KUHMaTH y4yH MUHHUMAaJl MOTEHLMAJ dHEprusAra »*aso0
OepaauraH KOHPUTYPaLUSIHU OJIUIITa yATYPaIH.

UyKyp HO21aCTHMK peakUUsJapHU YpraHull IIyHH Kypcataauku Kynon
TYCUFHUJIaH FOKOPYU DHEPTUSIN SAPOJAPHUHI TYKHAIIWINW KWUHETUK SHEPTUSHUHT
MHTEHCHB paBUIIA AUCCHUMALUATa ydpamra onud kemagu. Kunetuk sHeprus
SAAPOHUHT HWYKHA FAIACHIIAHUII DJHEPTUsicura yTaad. [YKHAIuWIIIa KAHETHUK
DHEPIUs JUCCUITALIMSACHHA MHUKPOCKOIMK Japa)kaja TaCBHpJIAll €Tapiy Aapakana
Mypakkab macanmaaup. KuHeTuk sHeprusi TUCCHUNALMSICH SIAPOJIAPHUHT HUCOUM

XapakaTuga Haﬁ,Z[O 6§/H8.I[I/IF8,H HI[pOBI’IfI HIIKAJIaHUIOACK Kapajlaau.



| —606. PO TYKHAIIUIILIAPYU YUYH SIIPO —SAJIPOBUI
INOTEHIHUAJI

1.1 Te3na IKUHJAIMIUIIAA SAPO TYKHAINMILIAPH YUYYH SIIPO — SIAPOBHIA
NMOTEeHIHUAJ.

SAnponap opacuaa TykHamui Oyiarad Bakrtiaa utapyBuu KyioH Ba mMapkas3aaH
KOUMa Kywiap, Xamjaa SIpOBUWA TOPTHUIIWII KywIapu TabCcup Kuwiaau. Tesna
aKkuHnamumaa 0y kyuinap ¢gakar RuuHr QyHkuusicu Oymaau. by xomnma siapo —
saposuii noreHnuan V(R)—KyoH, sapoBuii Ba Mapka3iaH Kouma MOTEHIHAIIap
WUFUHANCUIAH HOopat Oynamu, IbHU

V(R) = Ve(R) + Vy(R) + Vyoe(r) (1.1)
Chepux ¢dopmanaru saponap TYKHAIIMIIKM y4yH Oy KypcaTWiraH MNOTEHLIHAI
dakat OuTTa y3rapyBuu s’bHU PO MapKasiapu opacuaaru macoda R GyHKiusicu
oynaau.

Kynon Ba wmapka3zgaH Kouma NOTEHUMAUIAPHH XHMCOOTa OJIMII acOCHi
MyaMMOHU TacBupial Oepa onmaiau. R ydyH KyWWJaruHu €3uUMIMMHU3 MyMKHUH
R>R;+ R,. by epma RyBa R,MoCc paBumjga OHPUHYM Ba HUKKHHYU
SAIPOJIADHUHT  paauyciapu. KyJloH mnoTeHuuanu TabCUpJAaIaéTraH HMKKHTA

3apsaiap y4yH Kydujaarugya oJuHaau

Z, 7, e?
Ve®) = — (1.2)
Oy epaa Z,Ba Z; — sapOHHMHT aToM HOMepH. V.(R)HUHI aHUK KUAMATHHU OJIUIII

yuyH siaponapiaa ¢epMu 3aps] 3UWINTH TaKCUMOTHMHHU XHMCOOra OJMII Kepak.
Kynon notenuuanu 0y xonataa COHIU XUCOO KUTOOMapHH Tanad Kuinaau. Sapona
3apsii TAKCUMOTH OYTYH Xa)XM Oyinda TeKUC TaKCuMIaHraH xoud yuyH  V.(R)
HUHT aHATUTHK udonacugaan ¢oimaranumumu3 Mymkua. V.(R) yuyH udoma

KyWduaard KypuHuia oyiaam

V= 7, Z,e? ; ( R )2 |3
" 2(R,+ R, R, + R, (1.3)




Oy epma RyBa R, — WKKaJa SAPOHUHT DKBUBAJICHT paauyciapu. by ukku

1 1
notenuuanay 150 + 238Pbpeaxkuuscu yuyn R = 0.86 (A] + A3 )xuiimatu

y4yH TaKKociaiauran OyJicak y Xojjaa moTeHnuamiap opacuaaru gapk 1% nan
KaMpok Oymaau. ArapR = 0 yuyH kypaauran Oyncak Oy ¢dapk 7 % gan karra
oymmaiiau. IlyHuHr y4ayH siIpo — sApoBHN MOTeHHHMAIHU XucoOnam yayH (1.3)
udonaman QoiinanaHcak 6yaaau.

Mapkasznan kouma moreHiman V,,:(R) HUKyHuaard KypuHUIIga Oymaau

oJIaMH3
hRI(L+1)
Viot(R) = T24R (1.4)
Oy epnal — TYKHAIIMIIHUHT OpOuTan Oypyak MOMEHTH, U — SAPOBUIA

CUCTEMAaHMHI  KENITHPWITaH Maccacd. TykHammO EnumraHna KAHETHK
DHEPTUSHUHT TYJIUK AWCCHUMALUACHIAH CYHT CHUCTEMaHWHI WHEPUUS MOMEHTHU
uR?+ j, + jora tenr 6Yynu6 xomagu. By epma  j; Ba j, Tabcupnamaérran
SAPOJTAPHUHT HWHEpIHMsS MoMeHTIapu. Vy(R)HM XucoOra oJaraHuMH31a MyaMMO
fo3ara kenaad. Vy(R)  HUHC Typid XWJI MOJEIUIapAa TypJid XHJ KHAMaTiapH

MaBXXyJTUpP.

1.2 Cakcon —ByJCHUHT ONTHK MOTEHI[HAIN

Cakcon — ByacHuHr ()EHOMEHOJOTHMK ONTHK MOTEHLHATN  €HIUII
GomOapaupoBka kuayBuu saponapra(p, n, d, t, 3He, 3He)nap snaponapu
OuiaH TabCUPJALIUIINHN TaCBUPJIALI YUYH KEHT KYJUIaHWUJIaaAu. Y OFUpP MOH OMIIaH
SJPOHHU Y30pa TabCUpUHU TaBpcudam yuyH Kymianuwirad. [lyramgai kumuo  [1]
na Cakcon — Bync noreHuuanu €paamu OuiaH TYKHAIIWII SHEPTUACH S JaH
10M>B/uyknon raga Oymran 12C, 1N, 180, 20Nenap opxamu Z3SUnmnr
OyMMHMII ~ KeCMMUHM uoAanamra -HpULIIIUA. bynuHum  kecumu Oy

JKCIIEpUMEHTIapaa 3 TapTuOjaru Kartanukka y3rapau. Kaiin kw6 yramusku

Oepunran peaknusuiapAa OYVIMHWIN KECHMMH TAIIKWIANA SAPOHUHT TTAKJUIAHUII



kecumura skuH. [2] Ba  [3] ma Cakcon — Byjc ontuk moreHImanmu épaamuia
OyIMHraH ypaH Ba Kiopuil u3oTomnapuparu nHumon 12C , 3C nmap wonnmapu
OWJIaH HYPJIAHTUPWIITaH/Ia TAIIKUINKA sapoaad 3 AaH 8 radya HEMTPOH YMKHIIHUIATH
XOJI YIyH YWFOHHMII peaKusICH (PYHKIMSICHHN TaCBUPJIAIITA SPUTIIIHIIIH.

Arap TYKHaIIyBYM SIPOJIAPHUHT Z;Z,KYlMaWTMacu aTOM HOMEpHJaH OUTTa
napameTpau CakcoH — Byjic oNTUK MOTEHIIMAINTa aHUK OOFJIMK XO0JI1a KUPUTCAK,
yHIa Z; Ba Z, KEHI JWAlo30HIa OFMp TAIIKWIMHA SAPOJIap XOCHIJI OYIIHII
KECUMHHHM aKC JSTTHPHII Ba yTa OFUP DJIEMEHTIAp XOCWJI OYJIHII KECUMHHU
onauHmaH aiTO Oepumra spummian. [4]ma Cakcom — Byac ontuk

MOTSHITMANIAaH KyHuaru KypuHaaa GoiganaHuiarad
1 1 -
Vn(R) =1, { 1+ exp 7 } (1.5)

J

oy epnma V,, d, 7y, —onrtuk mnoTeHuMas mnapameTrpiapu. A;Ba A, dca

1

TYKHAIllyBYM SAApOJap macca CoHH. V, , 1,  KaTTanukiap Kyvujaaruda Kauj
kwimHradn: V, = —=70MaB, 1, = 1.26 ®m.d mnapameTp KaTTaaurd sca
Kyhnaaru myHocabarra MyBouk y3rapaau

d = 0.950 — 0.00039 Z,Z,(dm) 1.6
Cakcon — Byzac ontuk mnoteHnmuaiu (GEHOMEHOJOTHK TIOTEHIUAIAND. Y HHUHT
napameTpiiapy IIyHAal TaHJIaHaJAWKW OyHJa SKCIEpUMEHTal HaTH)KaJapHU SHT

SIXIINA KYPUHMIIIA aKC STTUPULI KEPaK.



2 -606. SIAPOHUHI TVJIA KYIIWJIUII MOJEJIA

2.1 Kputux macoda moaean

SIApOHMHr TyJla KYIIWIMIIMHU YPraHyBYM OSKCIEPUMEHTIApAa TaIUKWIAN
SPOHUHT BYXYIra KEIUIl KECMHUHHM VYpraHaau Ba 0., (E)OomOapaupoBka
KWJIyBUM HMOHJApP SHEPTUSCUHUHI KecUMra OOFIMKIUIM ypranunaau. TaOuuiiku
SIPOHMHT TYJa KYIIMIUIIKIA HAa3apHidl MOJIeNIa XaMMacHIaH ONUH 0., (E) Hu
xucobnail kKypcatunaau. TamKkuaui sSapojard TYKHAITYBYH SIAPOJAPHUHT KanTa
KYpPWIHILI >Kapa€HU OHKCIEPEMEHTan Ky3aTyBJapJaH SIIMPUH Tap3ja KedaJu.
DKcrepuMEHTaTOpJIap TAIIKWIMK SAPOHUHI IIAK/UIAHWII MEXaHU3MM XaKWJaru
TacaBBYpPJApHUHI OupH €KM OOIIKACMHU ad3an KypUILIMaiau SbHU yjlap Y4YyH
OKCIIEPEMEHTIaH OJIMHI'aH HATHKa MyXyMpOKIup. AMMo 0.,(E)  HH Typiu
Mojeuiapaa, Oy MeEXaHWu3M Xakujaa Owiuiira jsra OyimaciaaH Typuo xam
TaBcH(IaIITa SPUITHIIN.

60 — 70 iiwuiap OSKCIEpMMEHTIApHAA yHYa OFMp OYyJIMaras zc,
N, 80, 3)Ne nonnapunan doiinananuiras. By peakuusnapia SbHH MOHJIAp
OunaH Ke4yaJuraH peakuusuiapaa yuyuO KeiaraH sApOHUHT SIIpO — HUIIOH OWIiaH
KaMpa® OJIMHUIIM TAIIKWIMN SAPOHMHI Iakiaura oau6 kenrad. UIyHuHr yuyn
TYJa KYyIuauim kecMu 0., (E), kampam kecmu 0,(E) Moc Tymiaau Ba Hazapus
Macaiacu KamMpad OJMIIHU aMalra OLIMPHII yYyH Kepak Oyiaaurad mapTiapHu
OuuIIra oJud Keyaiau.

SIApOHMHT KYIIWIMII MOJACTWHUHT OWpMHYMIApHIaH Oupu Oy TaIIKUIUN
AApO XOCWJ OVYIMII HMMKOHUATH (akaT sAapo — SAPOBUIl NMOTEHUMAn OuiaH
aHuKIaHaau. by kputuk macoga monenu Jledop Ba Oomikanap TOMOHHMIAH TaKIU (]
kuimHrad [3]. By Mozen miyHu Hazapaa TyTaJaWKH TYKHAmAETTaH saposap Tyia
Kyumnum Oynmumu yuyH R = R ,Macodaraua sKMHIAIMIIU Kepak. Kputuk

Macoda Kyiugara udoaa Epaamuaa aHUKTaHAIA

1 1
R, = 1. <A; + A;) (2.1)



Oy epna Ai;Ba A, — »5ca TYKHaUIyBYM SIApOJap Macca COHHU, T.,— IMIIUPHUK
TaHnaHrad napamertp. JKyma kyo sapo peakuusiiap yuyH 7., = ( 1.0 £ 0.07 )dm
yerapacuaa €Taiu.

Kputuk mMacoda moaenuaa sApoTapHUHT TYKHAIIUIIN Te37a SKAHIIAIIAIIIEK
Kapajaau Ba SAPOHUHT Ty3yJWINW Ba makiu R, wMacodarada sKUHJIAIMTYHTa
Kamap “my3maran” ne0 Kapaigaau. SIApOHWHT XapaKaTWHU KJIACCHK 3appavdaHrHT
XapakaTuek Kapanaau. Aapo — saposuil noreHuuai KynoH, mapkasiadn Kouma Ba
SAIPOBUIN MOTEHUMAJUIAPHUHT WUFUHIMCUIAH TAlIKWI TONraH, Oynub y dakar
outta mapamerpra 60ornuK ne6 kKapamanu. Anposwmii morennuman V;, (R), sHeprus
3UWINTA MeToau Owian OVimua xucoOnaHamu. TykHammm sHeprusicu Kyron
TYycurura siKiH Oyiran xosuiapja Oypyak MOMEHTHMHUHI KaTTa KUWMAaTiapuaa
(Il = l, )mapuuanb TYJIKAH Yy4yH TYyJa KYIIWIMII KECMH O, KUPHIII
NOTEHIMAIN TYCUFU OaJaHAJIUTY OWJIaH aHUKJIaHAIU, ITHHU

Vi,(R) = Ecym (2.2)
Oy XonaTma KYIIWIUII KECMU HOJJaH [,rava Xamma mapuuanb TYJIKHHIAP

WUFUHANCHUIAH nOopat Oynaan
Ler
op = mA* ) (2l+1)= wA%(l, + 1)? (2.3)
1=0

Tynma xymwmmm KecMUHM siHa Oomika Oup udoma Epmamuaa Xxam wudoaananil

MYMKHUH

V(Rz)> 2.4)

Kuuuk TeOpanuinnu sbHu  R; Ba R, opacuiaru BapualysHU XMcoOra oiamacak y

X0JIJ1a TYJ1a KYIIUIUIT KeCMH KyHuaarura TeHr 0Viaau, ibHu

V(Ro)>

ECM

o = TR, ( 1- (2.5)

By myHoca0ar skcriepuMeHTaapia ucoornanrad or HuUHr 1/E;y ra 4u3ukiu

6OFJ'II/IKJII/II‘I/IFa MOC K€JI1aaH.



KysoH TYcuruian 10KOpH SHeprusiiapaa KUpuin noreHuuanu tycuru V..(Ry)
TYKHAIINUII KUHETUK SHEPTUSCHIIAH CEe3UIapiiu Japaxaaa KUUuK OYaub KypuHaIu.
HlyHuHr yyyH napuManb TYJIKMH Y4yH Oypuyak MOMEHTH KUMMaTWHU aHUKJIa0

oynmait konaau. by xonatna [..,R = R, -rada aKuHJIAIIUAIIM OWJIaH aHUKJIaHAIU

Vlcr (Rcr) = Ecum (2.6)
Tyna Kymuiui KecuMH Kyiuaaru MyHoca0at €piamMuia aHUKJIaHa Il
V(R
or = mR.> ( X °)> (2.7)
Ecm

Xyanu OUpUHYM XONAArujiek OF HUHT KuhiMatu 1/Eqp ra Yu3uKiIv paBulaa

OOFJIaHTaHIUD.

2.2 Cuptuil MIIKAJAHMILIM Ba JHHAMMK JedopManusIu AP0 MOIeIH

CupTuii WIIKQTaHUIUIA KJIACCUK AMHAMHMK MoOJen Hadakar sapojapHUHT
Kymmnumu  TacBupiamga (Goitmananmwnanu. LyHUHTAEK 4YyKyp HOBJIACTHK
peakuusgap aHAJM3MHUA Kypcatuiyia xaM Qoijgananunaad. by monenna 4ykyp
HO3JIACTUK PEaKLUs KEeUHUIIU MaxXCyJNOTJIapu KUHETHK 3HEPTUACHHU aKC 3TTUPHUO
oynMaiinu. UYyHkH  XuUcoO KUTOO SHEprusjiapu  JKCIEpUMEHTAA  KaiJ
KWIMHTAaHUAAH ce3wapiu jJapaxkana karragup. Coumiaum peakuus KaHalld
YUKUIIUAArH siapoap aedopmanmsicun xucodura Tyrpu kenaau. Knaccuk nuHaMuk
MoJieUIapia sapojap TYKHAIIMIIM SApO IIAKIM “My3Jaral” IeK sIbHU sJpojap
Oup —Oupura Te3 SKUHJIAIINIIIATUICK KYPUHAIH.

I'pocc Ba Caryarcu KMpUII Ba YMKHII PEAKLMs KaHAJUIAPU Y4YyH CHPTUU
UIIKAIAHUIUIM  JUHAMUK JedopManus MOAENUMHU KupuTau. byHna ¢akar
KBajpymnon aedopmanus KapairaH 5AM. byHna TYKHaUIyBUM sapojap sUIOK
LIAKJIHU OJIaJH, MKKWIAHTaH AP0 CHUCTEMACHHMHI MapyajaHraH SApOCH KydJd
ootrangup. Anponap aepopmanusiiapu oup xun Kyvunranau. Opebux Oy HynHu
KeHraiTupu6 xap Oup TYKHAIIyBUM SAApOJap YUYyH AacCUMMETPHUK SIpO

peakMsUIapy XOJIU YUYH MaBXKyJl OYJraH MHAUBUAYaAJ AePOpMalUIHA KUPUT/IH.
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Jlarpamxuan Ba Peneeil anuccumatuB (yHKUMATApU TYKHAIIYBUM SAPO

CUCTEMAJIapU YUYH Kyﬁnz{am Ki’lpHHHmna Ooynanu

L= Prz + Z ) Zc 2.8
=t 2,ur2 2D, VoL '

1 1 . 1
R = EKr 72 + EK‘b r2d? + Zf”di + Ez Ky a0 2.9
Oy epaaru jJarpamxuania P.—paauan uMmysbc, 7 —sapo MapKasjiapy opacuaaru
Macoda, | — TYKHAIMMIIHUHAT Oypyak MOMEHTH, «;— AcdopMaius mapameTpHu,
TT;—TapMOHUK JAeopMaIlis MOJAACH YI9yH OJMHTAaH UMIYJIbC, [ — KEITHUPUITaH
macca, D; Ba C; SAPOHUHT CYHOK TOMYHM MOJEIH Y9yH TOMYH Maccacu Ba
nedopmarmsicu nmapametpu, V(r, @;) — sapo — SaApOBHiA TOTSHIIHAIT.

Peneeii nuccunarus pyuknuscunary K, Ba Kg — paauan Ba NOTEHIMAN
MIIKAJIaHUII TTapameTpiapu,  K; . —paauan xapakaT Ba KBajpynos BeOpanus
opacuaaru OOFJaHMILIHU XapakTepiaiauraH Ko3(Q(QUIUEHT, Kai’aj — HKKala

AIpo BUOpaLuMscH opacuaard OormaHuIl Ko GUIUEHTH.

Xapakat TeHIJIaMacUHM TOTICAaK y KyhHuaarnya o0ynaau

Py
TT AT T R

dV(r,a;) X P. z TT;
T dr - ru -

an . Ty
= —ai =
,Ll(l - ls) Di

_ dV(r a;) P
Ty = — S ZKala]D ral'ur - Gy

3 -606. TAIIKWA MAJTOHIATH JTUCCUNATUB CUCTEMAJIAP
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3.1 Tamku 370eKTp Ba MArHMT MaWIOHIATM MHMKPO3appPaHMHI
XapaKaTu.

By macamanm xypub YMKUIIIAH acCOCH MakKcaj TAlllK{ JJICKTP Ba MarHHT
MaiJOHUIArK 3apsyiylaHraH MakpO3appaHUHI XapakaTUHU ypranumaup.by xosna
3appa KaHAalaup KOBYIIOK MyXUTAa XapakaTiaHaérraH OyicuH. by xomnna
3appadara OFHMpJMK Kydd, KOBYIIOKJIMK Ky4Hd Xamjaa JIopeHl Ky4H TabCcHp
KWIagu. 3appaHuHT XapakaT TeHIVIAMAaCUHU KylWu1aru4a €3uinaan

mv = mg —kv +eE + e|[vH] (3.1)
guunr iyHamumman OZ YKy WyHanumura Teckapu 1e6 tannab onamus. By BekTop

TEHTJIaMaHU CKaJsip KYpPUHHILJATW TEHIjamara yraaurad Oyicak y Kyluaaruda

oynanu
Uy = =V Uy + 00— WV, + ay
Uy = —Y Uy + 0V, — WU + ay (3.2)
U, = =YV, + WU — Wy + a,

Oy epna wy, w, Ba W, UMKIOTPOH YaCTOTAJapH OYnub Kyiduaarura TEHT

W, = C’Zx’ w, = %, w, = eTIZZ (3.3)
[TynuHraex
ek, ek, ek,
ax=7, ay=W, az=m—g
k
y = o k =6mn R

ra TeHr ned kuputHO oyguk. (3.2) TeHrimamanap cucremacuuu Jlarutac meroan
épmamuma  edamu3. AJMAIITUPUILIAPAAH CYHT TEHTJIAMAaHUHT KYPHUHHIIU
Kyiinaaruda 6ynaau

(S+ Y)ve(S) — w, vy(S) + wyvz(s) = a, + v,(0)
W, V(8) + (S + Vv, (5) — w,v,(S) = a, + v,(0) (3.4)
—wy V(S) + w1, (S) + (S + VI, (S) = a, + v,(0)

By anmamtupuiiaH CYHT TE3JIMK KOMIIOHEHTaJapuHU KyhHujaruya TOMUIIMMU3

MYMKHUH

12



Ue(t) = A1 (D) (0) + A (0)vy(0) + A3(D)v,(0) + Ax(8) + Ay () + A,()
vy (1) = B1()vx(0) + By(t)vy(0) + B3(t)v,(0) + B, (t) + By(t) + B,(t)
v,(t) = D1 (6)v(0) + Do (1)1, (0) + D3(6)v,(0) + Dy (t) + Dy(t) + D,(¢)

Arap 1,(0) = v,(0) = v,(0) = 0 ne6 onamuran Oysicak aHya cozina
KYypuHHUIITa Keaub Kojamu. Arap A(t) , Ay(t) , A1), B.(t), B,(t),
B,(t), D,(t), D,(t), D,(t) napuuHr KuiMaTIapuHU Kysauran Oyiacak Ba Oup

MapTa HHTErpajjiacak y XoJia KyHHIaru KypuHUIIIArd TeHTJIAMaHH OJIAMU3
-~
X = @) (= 1= S)E + S+ 7))+
i=1 !
-~
+ ayzs—;(esit —1-S;t) (a)xa)y + w,(S; + y)) +
i=1 !
-
+ azzs—;(esit - 1= t)(wxwz — wy(S; + y)) +
i=1 !
+ x(0) (3.5)
y(t)Baz(t) uryHra yXimam TeHIIamMara KellaJu JICKHH aiiHaH mryHpaai smac. (3.5)

naru 0erra KodhGUIUeHT Kyiuaarura TeHT

i 1

A S TN
1

EN R (GRS 50)
1

= S =Sy (5= 5))

Arap TeHrnmamaHu xuco6mad yumkcak y xoiaa x(t)ydyH Kylupard OOFIaHUIIHU

OJlIaMH3

2xLy (™" + yt —1)- *
V202 02(y2 + 02)2

* [(¥?2 + O w,w,e  cos(2t) + (y? — Q)w,w,(yt —1) +

x(t) = —g
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+(? = 0*)Qwye " sin(2t) — (y? — Q*)Qw,t — 2 yQuw,w,e ™ sin(02t) +

+ 2y QPw,w,t + 2y Q*wye " cos(2t) + 2y Qw, (vt — 1)]]

oyepma Q%= Qf + Q) + QF

By Tenriamanapuu Xymau myHuHTIEK Y (t)Baz(t)XaMm TOMHIIIA OJIUII MyMKHH.
By eummpan KypuHMO TypyOaMku cyHuin MaBxyn Ba Oy e ' nma kypunu6
TypyOau. Arap y KaHua KarTa Oyica yHUHT CYHHILN XaM IIyH4Ya IOKOpH OYIasu.
Y HUHT y3u Xam R HuHr GyHKOuscuaup. byHmaH aWTUIl MYMKUHKHA CYHHII

3appavyaHuHT yIuaMura Xxam OOFJIMK KaH.
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3.2 Tamku 3J1eKTp Ba MATHUT MaiiIOHNIATH JUCCUIIATUB CHCTeMAJIap
Xo03upru KyHja (PU3MKaHUHT TYpJIM XWJ COXAlTapuaa MarHuT MalJOHUHUHT
TabCUPU OM3ra SAXIIN MabIyM.DJIEKTp YTKa3yBUAHIMK, MCCUKIIMK YTKa3yBUaHIIUK,
mud¢ys3us Ba OOIIKa KMHETUK MapaMmeTpiiapra MarHUT MailIoH TabCUp KHUIIHUII
HaTW)KacuJa MyBa3aHaT XOJIaTUAAH KUYMK YEKJIaHUIuIapra oiub kenaau. Maraur
MaiJIOHHUHT Ky4Iu €KM Ky4cH3 JeHUIIMMH3 Tabcupra kapad aitunaau. Mwucon
yuyH MarHuT Maiigonunr 10°T kaTTa GYIMINM >IEKTPOHIAPHUHT SAPO OUIIAH

Kynon ¥y3apo TabcupuiaH erapiu Japaxaaa karta Oyiaummra oiul Kenaju.

Tamku 5>7eKTp Ba MAarHUT MaWJIOHUJA (E Ba B J1a)3JIEKTPOHHU  KYpHO
yukKamMu3. Macca Mapka3d CaHOK CHCTEMAacuJa CUCTEMAHMHI  yMyMUU
["amMunToHMAHU Kylnaaruda 0ynaau

H= H.+ H, + H,, (3.7)
by l'amuntoHuanna OUpUHYM KUCMHU 3apsiiJlaHTaH 3appaHd TallKd dJEKTp Ma
MarHuT MaiJIOHHMJArd KWHETUK SHEPTHSCHHU TacBUpJaimu.e = |e|med oncak y

xXoJiaa

1
(px - eAx(xr:V) )2 + _(py - eAy(xry) )2 + eExx (3-8)

H. =
¢ 2m,,

2m,

€K
2 2
Ty Ty
H, = +
2m, 2m,,

+ eE,x (3.9)

by xonarna marHut MamgoHu ZyKu Oyitmda iynanran ne6 tannad onguk. by

epoaru  m, Ba m,, ¢ PekTB Macca TEH30pPUHUHT KOMIIOHEHTaJdapu, p, Ba
> B B

py HMIYJbHUHT KOMIIOHEHTadapumup. by epna A= (_E’ > ,0)Ba aJyeKTp

Maiionu E,xVku nynamummaaaup. Kynainuk yayH Ou3 Kydujgaru Oeiruiamntu

KUPUTHO OJITaMU3

1

Ty = Dx + mewcxy
1

Ty = Py + Emywcyx

15



Oy epoarn gy Ba Wy — IUKIOTPOH YaCTOTA KOMIIOHEHTAIAPUJIHD.

TCHFHaMa,Z[aFI/I HNKKHHYHA KHCM oCa (I)OHOHJ'Iap TEPMACTaTUHUHT

["amunToHnanuuu udonanad 6epaau Ba y Kyluaariura TeHIIUp
H, = Zhwvb;fbv (3.10)
%

Oy epma by Ba b, — TyFaupyBuM Ba YIIUPYBUH (JOHOH ONEPATOPIAPHIUD.
["aMunTOHMAHJATW YUYyHUU XaJl 3ca TEPMOCTAT Ba KOJIJICKTUB CHUCTEMa Opacujaru

¥3apo TabcupHU UdoaanaiMpa y Kyiugarura TeHT

Ho = 3 V(B)bF+ b)+ Y —

hw,
v

K (R) (3.11)

l'amunToHuaH TeHrnamacunad Goiinananub x, y, m,, m,, byBab, map yuyn

XapakKaTt TCHIJIaMaJlapruHA €3aMu3

x(t) = %[H,x] = n;‘n(:)
50 = $1Hy) = 20
', (t) = %[H,Tcx] =
= 1Oy =B = ) UL(B) (bF + by) - zZVv(ﬁiz(‘l’iﬂﬁ)
(0 = [ Hm) =
= 1 (Owee = ) Wy (R (b + by) - 22‘4(’2(‘%@

. [ [ -
By (6) = 2 [H,b}] = ia,bi(®) + 3V (R)

. [ [ -
b, (t) = %[H: b,] = —iw,b,(t) — ﬁVv(R)

16



by (t) + b, (1) =

2% (R)
hw,

="+ £ -

_ wi f e[ (2) exp(ieo, (¢ — 1)) — () exp( i, (£ — 1))
by () — by(t) =

=L - £®)

- wiftdr[ciﬁ(r) exp(iw, (t — 1)) + @(2) exp(—iw, (t — 1))]

Bynapuu arap 6u3 tenrnamara onud 60pu0 KysauraH Oyicak y XoJija HOUM3HKIN

UHTErpo — qudPupeHIran TeHriaMagapHu OJaMu3.

w(n ==Y
y = 29
y

: 1t , 1t .
H(O) = Ty (Oy = eB =5 [ A6 0O} — 5 [ delky @ DXO)
0 0

+ FE(t)

o 1 o |
1,0 = ~ 1O~ | drl,EOYO) - 5 | drike 6 DIO),

+ E,(t)
By TeHrnamanapaaru acocuii IMCCUINIATUB SAPO Oy KyHugaruiapup

1
Kart1) = ) (U (OWia(D)} 4005 (@, (¢ = 1))

v

1
Kyt 1) = ) (W (O} (D)} 05 (@, (¢ =)

v

1
Kyet,T) = ) (K (OWx(D)}sc0s (@, (t = )

v
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1 ! !
Ky (61 = ) 5o (ki (Vi (1)} o5 (@,(t =)

CroxacTHK Kywiap 3ca KylHujaarura TeHr

RO = Y RO=-) W [ O+ AO]

RO = ) B©O=— ) Vy [F©O+ AO]

Xapakar TeHrjamMacuHu euuil yuyH Jlamnac anmamtupuiiapuaan QoiiiaaaHcak

TCHIJIaMaHH €YHIII aH4Ya OCOHJIallIaaH.

Jlanutac anMamTUpUIIapUIad CYHT TeHIVIaMa KyWuaaru KypuHUIIra Kejaaau

%($)S = x(0) + =&
B Ty (S)
V(S =y(0) + =2
Ty (S) 1
7.(S)S + (Kxx(S) + ny(S)) = m(0) + ey (S) — ¢ eEx + F(S)
1y (S) B
1, (S)S + (Kyy(S) + Ky (8)) = m,(0) = ey (S) + Fy(S)

By cucrema euummra sra Oynumm ydyH KyWuJard IJUTEPMUHAHT HOJIra TEHT

OynuIIN Kepak

D =5 (mmy0F + (Keu(S) + me8) (Kyy () + my(9)) ) = 0

[lynnait Kb, Ou3 TEHTIaMaHUHT €YUMUHM KyHUJard KYpUHUIIIA OJIaMH3

x(t) = x(0) + A;(O)m, (0) + A, ()1, (0) — Az(t)eE, + ftAl(t)Fx(t —1)dt
0

+ ftAZ(t)Fy(t — 17)dTt
0

y(t) = y(0) + B1 (), (0) — B (0)m,(0) + Bs(t)eEy — f B, ()F(t — 1)dt

0

+ thl (OE,(t —1)dt
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t

. (t) = C1 ()1 (0) + Co(0)my(0) — C3(t)eEy + f Ci(OE(t — )dt
0

+ thZ (OE, (t —1)dt

t

1y (t) = D1 ()1, (0) — D;(t)7,(0) + D3(t)eky, — f D,(O)F(t — T)dr

+ ftDl (HE,(t —1)dt

By epnaru Baktra 60fnuk Oynran koddpuuneHTiap Kyiuaarura TeHT

Ky (S) + Ky (S) + myS
D

A, (t) = Z_ll ] = Bl(t)]x<—>y

~ .1
A, () = Tnywcyl'_1 [E] = Bz(t)]x<—>y

A = I [Kyy(S) + Ky (S) + mysl

SD
~q 1
B (t) = My Wy L [S_D]

¢, () = m, L1 IS(Kyy(S) + Kgx(S) + m,S)

= Dl(t)]x<—>y

N S
C; (t) = 7nx7nywcxl‘_1 [5] =D, (t)]x<—>y

C3(t) — mxi—l [Kyy(s) + ny(S) + myS]

D

- 1
D;5(t) = mymywe, L™ [5]

Oy epnaru L1 teckapu Jlanmac anMaruTupHILIapuHy GeIruaaiam.
Tenrnamanapuu ypradana® ypraua KuMAaTiapHU ToHaauraH Oyicak y

Kyluarura TeHr 0yiau.

(x(t)) = (y(®) =

(mmx (1)) (1 (1))
m, m,,
(fo(t)) = wcy(ﬂ:y(t)) - Anx<ﬂx(t)) - eE—';c;

(n:y(t)) = _wcx<ﬂx(t)) - Any(ny(t)> - eE:;y (3-12)
19



Oy epaaru umkajgaHum ko3 puimeHTiapu Kylinaarura TeHTIIp

DGO + D6
* G (OD(t) + Co(t)Dy ()

_ C1()D1(t) + C,(H)D, (D)
v G(O)D(t) + C(t)D,(0)

KaﬁTa HOpMaJUTalIl'aH OUKJIOTPOH YaCTOTACHU Kyfmnamra TCHI AUP

AGIACERAGIXO
Pex = C(OD;(6) + C(O)D5(D)

_ C(DC(0) — C(DC(0)
Py = C(OD:(0) + Co(H)D5 (D)

9JICKTp MaKJ10H KOMIIOHCHTAJIapH 5Ca Kyﬁm[amra TCHI AUP
Ep';clx = Ex (DS (t)wcy + C3 (t)}{nx + C3 (t))
Ey

(Cs(®Bex = D3(O)Ar, — D5 (1)) (3.15)

A

An

(3.13)

(3.14)

yy =

3.3TepMocTaT OWIAH YM3UKJIM OOFIAHUILIU OYJIraH XoJ1aT
TepmocraT OmiaH 4M3MKJIM OOFMAHMIUIM XOJNaT Y4yH Tyna ['amunroHuan
1($OoaCHHUHT OOFJIAHUIIHU M(PONATIOBUM YUYHUM XAIWHU KylHuaaruda E3UIIMu3

MYMKHH

1
Hoy = ) (xay+ YB) (B3 + b)+ Y ——Gay+ ¥ (316)

Oy epna a, Ba f, XaKUKAW OofJlaHuI y3rapMmaciapu. by epnaru
KOOpAMHATANIap KOJJICKTUB CUCTEMaHUHT KoopanHaTazapuaup. CTOXacTHK Kyd Ba
JUCCHUIIATUB A1Ipo udoaanapu Kyiumaruda 0ynaam

RO =) afB®O =) A (17

v

2
K., (t—1)= Z ;Zv cos(wv(t — T))

262
K, (t—1)= z hf) cos(wv(t - T)) (3.18)
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By epma  F/BaF, opacuaa ¥3apo OOFIMKIMK OYnMarawiurd yuyH Ky, =
Ky, = 06ynanu.

(3.18) Ttenrmamamaru aumccunatuB sapo udomacu Jlammac Ba Dypbe
aNIMAIITUPULUIAPUIAH CYHT KyJlal KYpUHHUINTA KENAaH, SbHU

Ko () = medye YK, (t) = mya,ye "l

m,A,y myAd,y
Kxx(s) = %Kyy(s) = %
m,A,y my/ly
K = ——K = 3.19
w@) = K@) = 2 (319)

Oy epaaru MiIKanaHuin Kodpuiuentiapy A, Ba A,
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XVYJOCA
Tamkyu MalAoOHIArM TUCCUIIATUB CUCTEMajap YpraHuiu® YHMKUII HATHXKACHUJA
KyWUJard SHT MyXyM OYJITaH HaTHKajaap OJHH]IN.
1. Onunran eynmiap €paamMuaa UIKAIaHUA KOAGOUIIMEHTIapU aHUKIIAHIH.

2. Kaiita Hopmasutamran 4acTota aHUuKJIaHIH.
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