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KUPHUII

MaB3yHUHI  J10J3apOJuru. 3aMOHAaBUI TEXHUKAHUHT Xap XWI COXAJIApUHHU
PUBOKJIQHUILIM Ba HOCTAllMOHAp ¥3apo TabCcUpJa HILIAAWraH SHIH KOHCTPYKUMS-TApHU
ApaTUll TyTall MyXUTIapAa TYJIKWH TapKaIMIOUIApW Ba KATTUK XaMmJa AeGopMalusIaHyBud
JKUCMIIap OWJIaH ¥y3apo TabcHpW OwsiaH OOFIOK OYiraH HOCTAlMOHAP TYIKHUH >KapaCHIapUHU
TaJKUKOTUCU3 MYMKHH 3Mac.

Macanan, ymnapra wucon cudaTuia HOCTaMOHAp 3aplaiu TYJIKUHIAD TabCUPU
HATIKacHJ1a aKyCTHK MYXUT/IA KOMIAITaH Xap XUJl pe3epByapiapHu, CyB OCTH MHILOATIAPHHH,
cepuK KaTTUK TYCHKJIAPHU aTpod MyXUT OMIIaH ¥3ap0o TAbCUPUHU YPraHUII JKy/1a MyXHUMIHUD.

X03upru nanTaa AeKTPOH XUCOOIAIl MAITUHAIIAPHHUHT KYZa T€3 PUBOXK-JIAHUIIHN, YHUHT
Oapya mapaMeTpiIapHUHT SIXIIWJIAHWINK, SBHHU OINEpPaTHB TAlIKM XOTHPAHUHT KEHTJIUTH,
WIUIAITHUAT  WIIOHWINTH, XHCOOJaml TE3JIMTHHUHT IOKOPHU-JIUTH Ba uX4Yamiura ¢an -
TEXHUKAHUHT KYTI COXIAPUHUHT Mypakkad MyaMMO-JIapd €YMMHHH OJIMINTa UMKOH OepasIiy.
bynpmaii coxamap xymnacura gegopma-IUsUIaHYBYM KATTUK OSKUCMJIAp MEXaHMKACHHHHT
MacalajapuHd Kapam MYMKHH. JledopManusiaHyBuM KaTTUK J>KUCMIIAp HOCTalMOHap
TYJKUHJIAQPHUHT TapKaJUII-MHU YpraHuil MyXuM axamustra sraaup. UyHku Oy HyHanui
Oyiinda OJIMHTaH HaTIDKANIap KEeMAacO3NHUKIa, CaMOJETCO3WKIA, CYB OCTH HHIIOATIAPHHU
JOWHXA-NAIITUPHUIIIA, CEHCMOJIOTUSAa 3UI3UIAIIYHOCIMKKA OWJl MacajallapHH CuYUIIa,
caHoaT[a, KypUJIHUII cOXalapuaa, MaTeprallJIapHd MyCTaXKaMJIMTUHU aHUKJIAIIIa XaMmaa Oomka
coxanmapja y3 TtanOuruHU Tomanu. By aca oxupru Hmutapia mMaTeMaTHK MOJEIUTAIITHPUIIHU
Mypakkad XoJrca Ba )kapa¢HIapHU TEKIIMPHUIIIA WIMUN aMaluidi MacanajapHU €4HINTa TaJouK
KUJIMHUIINTA acocuii cabab Oynub xu3mar kunmokaa. JlepopmanusiianyBun KaTTUK >KHCMIIap
HOCTallMOHAp TYJNKUH >KapaCHIapHH MaTeMaTHK MOJCJUIAITHPHUII XaMJa alrOpuTMIapUHU
Unad YUKUII MaTeMaTHKa HYKTau Ha3zap/JaH aH4a Mypakka0 Ba KU3MKapiau Xamja Jon3apd
MacaJagapaup.

by coxama onuHraH HaTW)Kajdap Ba HyHaIMIIMHUHT xo3upru xosatu [1,5,6, 7]
anabuérnapaa 6aradcuil KeATUPUITaH OepuiraH.

Kynruna amanuii macananapaa atpod MyXuT TEKUCTHKIAP (KATTHK EKU SPKUH CUPT) EKU
chepuk cupTinap OwiIaH yerapajaHraH OVIWIIM MyMKHH. YJap KYm XoJulap/ia MyXHTHHHT
neGopManusa-KywWIaHUII XOJIATHHHHT Y3rapuIimra om0 Keau.

Kymbormamnu coxanmapja HOCTAllMOHAp TYJIKWH >Kapa€HIapura MOC OOII-JTaHFUY
yerapaBuil KYWHII, yTapHUHT caMapalli €urll alfTOPUTMIIAPUHY UIIIa0 YUKUII Ba TYIKUHIAPHU

TYCUK XaMmJla dYerapaBWil CUpTIapAaH KynmMapTa KaWTHUII-WHU XucoOra onubd, yimapHU



v

TapKAIMIIMHU ~ Ba  JU(pakuuscuHU KOHYHUSTIQPUHU  YpPraHull  3aMOHAaBUH
neGopManMsUIaHyBUM KAaTTHK KUCMIIAD MEXaHMKACHHUHI MYXUM Ba J10J13ap0 MyaMMOJIApUHU
ndoanaiiin Ba XucoOJIaHa Iu.

MyaMMOHUHTI YPraHWITaHJIUru. X0o3Upru BakTAa *KyJa J07a3ap0, JIEKUH KYIOOFIaMiIn
coxanap/a 3apOayii TYJIKUHIAPHUHT TapKaJIUIIK Ba AU(PPAKIUACH Macanajapy KaM YypraHuiras.
Kymnanan, Oup KOOpIMHATAIM CUPTIAp OWJIACUTa TETUILIN OyamaraH cepuk cupTiap OuiaH
yerapajlaHTaH CcoXajap/ia HOCTAIMOo-Hap TYJIKWH JKapaHJIapuHU YpraHull KaTTa KU3MKUII
VUroTaau.

MacanaH, akyctuk spuMm (azoga TYCUK (KaTTHK Mmap, IMWIMHAPUK KOOWK) OwWiaH
HOCTAIIMOHAp TYJIKWHJIAPHUHT TAPKAIUIIHM Ba JUGPAKIUACUHUHT KOHYH-USTIAPUHU YpraHuIl
narmwkanapu [1,7,8,23,24,25,26] agabuérnapaa KEITHPUI-TaH.

TaaKukoT 00beKTH Ba npeaMeTH. YIIOy MaruCTpJIMK JUCCEPTAIUsA- CHHUHT TaJIKUKOT
O00BEKTH W€l CYIOKIUKIAQPHUHT ¥3ap0 JKCIEHTPHK IONKAa cdepuk KoOukimap Owinax
yerapananran coxacuaa Kpuxrod-JIss tunuaaru ronka cepuk KOOUKIaH HOCTAIMOHAP TYJIKHH
tapkamumu Ba Tamku C.II. Tumomienko rumore3anapura acociiaHu® 4YuKapuirad chepux
KOOMKIAH TYJIKUH KaWTUIIM MAacalaCUHUHI €YUl aJTOPUTMHMHU HIUIA0 YHKUII Ba ChEpHK
KOOWKJIAQpHU HOCTallMOHAp TEOpaHWIIMHU XamJa ylapIard ypracuia HOCTAI[MOHAp TYJIKHH

JKapa€HJIapHU YpraHUuLIIup.

Tankukor Basudanapu. Ymly MarucTpiuK AUCCEPTALUACH KyWHIaru macajlalapHu

TaAKUK KAJIMIITA OaruIIaHTaH:;

o Wnean CyOKIMKIApHUHT y3ap0 SKCLEHTPUK 4YerapajaHraH coxXxacuja HYKH
Kpuxro¢ JIsB Tunuaara ronka chepuk KOOMKAAH HOCTALMOHAp TYJIKWH TapKAJIMIIN Ba TalllKW
C.I1. TuMoIIeHKO rumnoTe3ajapura acociaHud yukapwirad chepuk KOOMKJIaH TYIKUH KauTUIIN

apa€HUHU MaTeMaTuK udomananmi.

. VYprauwiagurad HOCTAIIMOHAP TYJIKUH jkKapaéHUra Moc OOIUIaHFUY 4erapaBui

MacaJlaHi €HYUIl aJITOPUTMUHU HI11a0 YUKHUII.

J Nmna® yukwiran ajroputM acocuja COHJIM HaTHXKajap OJIUII Ba YJIAPUHUHT
TaXJIWIH.
. KoOukmap Vypracumarm TYIKWH O>Kkapa€Hiapura 4derapaBuid CHPTIAp-HUHT

TabCUPUHU YPraHMUIIL.
TaakukoT MeToaIapu. MarucTpiuk AMccepTalUsICHAa UAeal CYHOKIUK-JIAPHUHT

acocuil MyHocabaTiapyu, MyXUTHUHT XapakaT TEeHIJIamalapy, OpToroHan KynxajapaaH, Jlammac



UHTETpal  ajJMalITUPUIUIApHAAaH Ba cdepuk KOOMKHUHI XapakaT —TeHIJIaMaiapHuiaH
doiinaTaHuIIN.
MaB3yHUHI WJIMHAJIMIH, SIHTHJIUTH. YOy MarucTpiuK TUcCCepTalusch- Ja

YpraHwirad HaTWxanap Kyiuaaruiap:

° Nnean CyroKIMKIApHUHT ¥3apo 3KCIEHTPHUK yerapajaHran coxacuaa Kpuxrod-
JIsB Tunmmarn ronka chepuk KOOWKIAH HOCTAIlMOHAp TYJIKWH Tapkaia-umu Ba Tamku C.I1.
TUMOIIIEHKO THUIIOTE3AIapUra acoClaHuO YMKApWIraH CcPepuK KOOWKIAaH TYIKUH KaWTHIIN

Kapa€Hura MOC OOLITAaHFUY YerapaBHil Macaja Kyn-HIIIH.

. S}pI‘aHI/IJIal[I/II‘aH HOCTaIllMOHAP TYJIKWH jkapaCHWra Moc OOIUIAaHFWY 4YerapaBHid
MacaJlaHUHT €YUl aJITOPUTMUHU UILITA0 YUKUIIIHU.

J Niua® yukuirad aiaropuTM acocuJa COHJIM HaTWXKajlap OJUHAM Ba ylapu
TaxJ 1WA KWIAH]IN.

. Kobukmap ypracuaaru TYIKUH KapaCHIapura yerapaBuii CHpTIap-HUHT TabCHPU
Ypranunu.

TagkukoT HaTHKATApUHM amMaauid axamuaTH. Jluccepraumsiga ypraswi-ral
MacaJlaJJapHUHT €YUl aJIrOpUTMIIAPUHHU, OJJMHIaH HaTHKalapHU caMOJIE€TCO3-IMK/Ia, CYB OCTH Ba
YCTU HWHUIOATIAPUHU JIOMMXaJAIITUPHILAA Xamaa JaedopMa-IUsUIaHYBUM KaTTHK SKUCMIIap
MEXaHUKACUHUHI MacajaJlapuHy COHJIM ycyJulap €pllaMHlia €uullja OJIMHTaH HaTHKaJlapuHU

UIIOHWIMTMHUA 0axonamjia, KyJIJIaHWI-TaH YCYJJIapHU HMXTUCOCIHMK (anmapu Oyiinua maxcyc

Kypcaapaa ¢oiiianaH-uiniyg MyMKUH.

MarucTpjJuKk  AWCCePTANMSCHHMHT  TY3WIMIIM Ba  XaKMH.  Maructpiuk
JccepTalusacH KUpuI, yuTa 600, Xynoca Ba ¢oiianaHmirad agaduérnap pyin-xatunas noopar.
bupunun 60612 romka cdepuk KOOMK TYIIYHYAacH, YHHUI XapakaT TEHIJlamajapu, Hjaean
CYIOKJIMKJIAp MYXHTHHUHT aCOCHH TyIIyHYajapW, XapakaT TEHIJlamalapd Ba  3apyp
MabJIyMOTJIap XaMa YerapaBuil MApTIAPHUHT TypJiapH, UKKUHYM 0001a ypraHwiraH acocui
MacajaJapHUHT €4YMII aJrOPUTMUHM HMIUIA0 YMKHUII y4yyH Kepaknu Oynran Jlamuac mHTerpan
anMamtupunuiapy, Jlexanap Kymxaaud xoccalapd Ba KYLIMII TeopeMacH, yYuHuM 000xa sca
acocuil MacaJlaHMHI MaTeMaTWK HQOJacH, YHUHI €YUl aJrOpTUMHU, MYXUT OWIaH KOOHMK
ypracugarn KOHTakT 00CMM Ba KOOWK YpTa CHPTUHHHT HOpMaJl KYUYHUINU YIyH OJIMHTAH aHUK
dopmynanap Ba ynap acocHAa OJMHIaH COHJIM HAaTHXKaJlap KeATHpWIraH. J(uccep-tamus XaxMu
56 Oerman wubopar. DoimananunraH agabuérnap pyiixatm 28 Ta agaOué€r Ba KypHal

MakosajgapugaH ubopar. Maructpimk aucceprauuscuia (opmynanap, pakamyapd HKKWATa



HOMepJaH nubopat, Oy HOMepiapaaH OMpu OOOHMHI HOMEPHUHHU, UKKUHYUCH 3ca (POPMYITaHUHT

HOMEPHUHU OWIITUPALIH.

| BOb
COEPUK KOBUK BA UJEAJ CYIOKJIMKJIAP MYXUTUHUHT

ACOCHUI MYHOCABATJIAPA

Wnean cyoKIMKIap MyXUTHAA JKOWJIAINTaH CUCTeMajapia HOCTAIMOHAP TYJIKUH
)KapaHIapUHU MAaTeMaTUK MOJACIUTAIITUPHUIN MYyXHTHHHT XapakaT TEHT-JaMaJIApUHU TaHJIalll
Ownan Oofnanran OynuO, ymap KYyJjami JIO3UM OYyiraH yera-paja xap OUp MyXUTHUHT HOTHHY
XapakaTiHu TacBupiaiau. Kyiinna ypraHuia-Inral uiira HOCTallMOHAp MacallalapHH CUYMIIIA
KYI MapTa CHHOBJIApJIaH MYBO-(PaKKUATIA YTraH KJIACCHK MaTeMAaTUK MOJeIIap KyJUIaHMIUIINA
KEITUPUIITAH.

by OynmuMpma VpraHwiaguraH HOCTallMOHAP TYJIKUH JKapaCHIApUHU MaTe-MaTHK
udpojaianl y4yyH HJeall CYIOKIUKIAPHUHT acOCHW TyIIyHYallapu MyHOca-OaTiapu, Xapakat
TEHrJaMaiapu, chepuk KOOMKHUHI XapakaT TEHIJlamMajapud Ba OOILJIaHFUY-YerapaBHil

MacalaTlapHUHT KYHWIHIIY, TypJiapy Ba yaapHUHT udoaa-iapu kenrtupwiras [1, 6, 19, 20].

§1.1. IOnka cepuk KOOMK XapakaT TeHIJIaMalapH

TexHukana, caHoaT KypwiIMIUIapuia, €p OCTH CYIOKJIWK CakJall MIuMuuiapu cudaruja
UUTUHAPUK KU chepuk dopManapuaard KOHCTPYKIHSUIAp WILIATH-Taau. MacajlaH: ep OCTH
CYIOKJIMK €KH Ta3jap yuyH >KOWIaIITHPWIrad TypOanap-HU HMIUHAPUK KOOUK cudaTHIa Kapail
MYMKHH.

Ep octu €éxkninFu cakiiam HIUIUIApUHA chepuK KOOUK cudaTuia oMUl MyMKUH. 3UI3UIa
naiiTuaa ynapra 3ap0aHu HOTAlMOHAp TYJIKUHJIAPHU TYUIMIIKA yJapHU TeOpaHHUIIWra oynd
kenaau. Uy cababnu, yrnapHUHT MyCTaXKaMJIMTHHHU YpraHuil MyxXuM axamusTra sra. Kamux
6y cdepuk anmapariaap OWwiIaH yerapa-JaHraH 3JacTUK MaTepHauId JKUCM cudaTtuja Kapari

MYMKHH. (1 - pacm)



by xonmnma kamuH cdepuk KOOMKHUHT TAIIKKM CUPTUHU JPKUH CHPT XuC001ad WYKH
cuptura OUpPOp TEKHC TAKCUMIIAHTAH CHUPT KywWIapy TahCUP ATraHia YHUHT KYWIAHUIIMHA Ba
neopManus X0JIaTHHH YPraHUuIl MyMKHH.

IOnka cdepux KOOMKIApHUHT XapakaT TEHIVIaMaJlapuHU MYypakKaOpok OYynuO, ymapHH
KeNTUpUO YHMKApuIl TUnore3a (TaXMHH)JIApra acoCiaHraH. DHI KYI TapKajliraH Xapakar

TEHIJIaMaJlapU/IaH.

1-pacwm.

Kupxro¢-JIss runoresacu Ba C. I1. TumomeHko rumoTe3anapura acocIaHn0 YUKapuiIral
chepuk KOOMK XapakaT TeHriamanapuaanmup. Onka cepuk KoOMK ned aramummura cabad
VHHUHT KaJUHJIUTH Ba OOIIKa YI4oBIapura HucOaTaH aH4a KMUUK OYmaau.

Kupxrog-JIas runorezacura xypa:

A) KOOMKHUWHT ypTa CHpTHTA TEPICHINKYISAP TYFPU YU3UKIU Ba AcopMa-IHsUIaHTaH
aneMeHTH JedopManusgaH CYHT XaM TYFpU YHM3UKIN Ba JedopMalus-TaHraH ypra cuUpTra

MNEPNCHAUKYJIAP XOJda KOJIaau.

b) ¥pra cuprra mapanen ro3amapgard HOpMajd KyWIAHHIUIAPDHU IBTUOOPra OJMII

MYMKHH.

TUMOIIIEHKO TUIIOTE3acUra Kypa:

Yypra cupTra yTrazwiraH HOPMAJIHUHI JAedopMalMsIaH CYHI CHJDKUII Oyp-uaru
bTUOOPTa OJMHAIH.

IOnka cdepux kobuk xapakar Tenriamacu cudaruna C. I1. Tumomenko rumnore3acura
acociIaHu0 YUKapuiIraH Xapakar TeHrjamacuaan (oiiananamMu3 y Kyiaara Kypuauimra sra [6,

11]:
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by epna Lij - muddepenmman oneparopIap.
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By epna W, U — Kyuui BEKTOPUHUHT HOpMaJl Ba TAHT€HLIMAJI KOMIIOHEHTJIapH;
@D - chepuk KOOMK yprTa cUpTUra YTrasuarad HOPMAIHH OYpHIMII Oypdaru. O -IOIKa

chepuk KOOMK KaauHiaury; P Ba (] -map WYKM CHUPTra TabCUP KWIYBYM HOPMAaJ Ba TaHT€HLUAI

KYWIAHHUIILIAPIUP.

bomnanruy maptiap:
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=0 1.2
= (1.2)
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Kupxro¢-JIsB rumoresacn acocaH 4YHKapwiraH pomnka c@epuk KOOMK Xapakar

TEHIJIaMJIapuaa ypTa cupTra yTra3wiradi HOpMaJIHUHT Oypyaru 3pTHOOpra OJIMH-ManiIx.



By rumnortesa acocuna KypuiraH ronka chepuk KOOWK XapakaT TeHrjamalapu Kyiaarua

kypunumra sra [1, 4, 13, 14]:

h? )| %u ou )
(1+ ]{ 1+Ctg(9a—61—(v+c:tg e)u1}+

12R? )| 00°
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by epna U;, W, Ky4uil BEKTOPUHMHI TaHTEHIMA Ba HOPMaJ TAIUKUI 3TyBYMIIapH, (] -
cepuk KOOMKKa TabCUP 3TYBYM KyWIAHHUII.
y(l—v2)02 R(l—vz)pc2

B == ==

Byuna E - IOnr moaymu; v - Ilyaccon xospuuunentu, N - xobux kamua-nuru; Y -
KOOMK MaTepually 3UYINIH; P - TAIIKA MYXHUT 3UYIUTH; C-TAlIKKM MyXUT-a TOBYII Te3IUru (2-

pacm).




IOmnka cdepuk KOOUK.

2 - pacm.

By Tenrnamanap cucremacu yuyH OOIUIaHTUY HIApTIIap:

= % = % =0 (1_4)
= aT =0 a’c =0

ul =0 Wl

KypuHUIIAa Oyiaam.

XapakaT TeHIJIaMajap CHUCTeMacu MapaboJIuK TUIra TErHIUIMIUp Xamaa Oy Xapakar
TEHIJIaMaJlap CUCTEMacH KYNTMHA CTAaTHUK Ba JMHAMUK MacajajlapHU €UMIAA Y3UHMHT SXIIN

TOMOHJIApUHHA K)"/pcaTraH.

§1.2. Unean CylOKJIMKJIAP MyYXUHTHHHHI XapaKaT TEHIVIAMAJIAPH.

AKYCTHK MYyXUT TYJIKUHJIAP TapKaIUIIN (Iudpakusch) Macajajlapuaa TyTall MyXyuTiap
MEXaHUKaCUHUHI MaTeMaTHK MOJEUIapuaaH OUpHUIMp Ba y HJi€al CYIOKIUKIAD MYXUTHHHHT
YU3UKJIAITHPUIITaH MOAETHHU Udoganaiiiu.

Wnean cyroxkInMKiIap XapakaTh Y3rapyBUMJIApDHUT HKKH XWI CHCTEMacuja YpraHull
MyMKUH. bupuHuncu Diinep y3rapyBumiIapu CUCTEMacH, UKKMHYHMCH Jlarpanx y3rapyBuuiap
cucremacu 1e0 ropwiagu. DWnep y3rapyBuwiapuia MUXTUEPUA BakTAa MYXUT HYKTACHHHMHT
TE3JIMTUHM, YHJAard OOCHMMHHU Ba OOIIKa AMHAMHUK XapaKTePUCTUKAJIAPUHM YPraHUII MYMKHH.
Jlarpax y3rapyBuMIapuaa MYXHTHHHT alOXHAa HyKTACHHHHT XapaKaTH ypraHMIaad. Y3MHHHT
COJIaNUTHra Kypa Diliiep y3rapyBUMWIapu CHUCTeMacHaa CYIOKIUK XapaKaTWUHHU YPTaHWII KEHT
TapKaJraH.

Wnean cyrokauk nae0 MmIyHAad MyXUTra aWTWIaJuK{, YHIA HUXTUEPUN CHUPTIArU

Ky4JIaHUII BCKTOPH 1Ty CUPTTa OPTOTrOHAJI, AbHU NCPICHAUKYIIAPAUD.

byHnaii MyxuT yayH Kywianum TeHsopu [1, 6, 10]
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o
©
©
|
®)
o

Kkypunumura sra. by epga P - cyrokmukgaru 6ocuM. CyIOKIMK XapakaT TEHIJIaMa-JIApUHU

Ditnep y3rapyBuniapua kapaimus. Mean CylOKJIMKHUHT XapaKaTUHU aCOCUM TeHIJIaMacu

—

dv

av _e_
dt

1-gradf), (1.5)
P

i Q+E.VX+E.V +£.VZ
dt ot ox oy ' oz

— —

Kypunuinuaa. By epma p - cyrokimuk suwimku; F - xaxmuil kywiap suunuru, Vo - Te3nuk
BekropH; t- Bakr, P - Oocum. (1.5) Bekrop TeHrjaamara TyTall MYXHUTHHHI Y3JTYKCHU3JIHK

TEHIJIAMACUHU KYIIAMU3:
%w.dw:o. (16)

(1.5) Ba (1.6) Tenrmammap cucremacu 6emr HoMabiymai ( P - GocumM, p - 3uumuk Ba yara V -

TE3JHMK MPOSKLIHUSIIApH) TYPTTa TeHIIIaManapaal uoopar. by cucrema TYIuK Oyiumm y4dyH sHa
Ooutra TeHraama Kymui jgo3uM. CyIOKIMK XapakaTh xapaéHu O0apoTponuk Oyiica, sbHU 60CUM

dakar 3uUIMKKa OOFIIUK,.

VY xonma

p=p(p) (1.7)

TCHIJIaMa OJIMHA/IH.

I'mapoaHaMUKAHMHT Ky Macalajlapyd y4yH CYIOKIMK XapakaTd MOTEH-IUanuaup. by

xoJiaa \7 TC3JIMK ITOTCHI AT (p q)YHKI_II/ISI OuIaH

op

\7:grad(p=a—7+%i+a—¢lz
X

1.8
p (1.8)

Oornanmmmra sra. CylOKJIMK XapakaTd MOTEHIWANd OYJIMIIHMHT 3apypHil Ba eTapnu maptu V

BEKTODP (PYHKUIMSHUHT POTOPUHH HOJITA TEHTJIUTUAMP:

rotV =0. (1.9)
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Hocrammonap TynkuH xapaénnapunu ndoaanamia CyloKIMK XapakaTH aKyCTHK MOJICNH

KEHI TapKajrad. by Moenb KHYMK aMILTUTY1aJIu TYJIKUH Kapa-EHIapUHU SIXIIHA TaCBUPJIanIN.

MyXUTHUHT THAPOAMHAMUK XapaKTEPUCTHKAIAPUHH

P=pPo+p. P=p,+ P \7:\70"'\7,'
Oy epaa «0» WHIEKC OOLUIAHFUY, SHHA MYyXMTHHHI THHY XOJaTUTa MOC KENyBYH
napamerpiapui Owngupand. LITpux Ounad Xapakar HaTHXKacuJa [03ara KeiraH Iapamerp

OenruiaHrad gactiiad, THHY XoJaTaa V0 =0 6ynaxu.

!

p

Po

V
<<1 —l<<1
C

TEHICH3JMKJIApHU 3bTHOOpra oiudb, (1.5) — (1.7) TeHrnamanapHd CHCTEMACHHHMHT YU3UKIN

KHUCMHUHU OJIaMH3:

—

ov 1 ,

—+—-gradp’'=0 (1.10)
ot p,

op’ =

—+p,-gradv’'=0 (1.11)
ot

p'=c’p (1.12)

c= || %R , grad=27+ﬁj7+£lz.

dp ) .. ox oy~ oz
(1.12) uu (1.10) - (1.11) Tenriamanap cucteMacura Kyinu0, Te3IMK NOTSHIIMAINra HUCOaTaH.

1 0%

——=A 1.13
c? o ® 19

TYIKUH TeHrnaMacuay onamus. By epna A - Jlannac onepartopu.

Tesznuk noreHaIu 00cuM OUJIaH

op
=—p,— 1.14
P=—pP P (1.14)

OOFJTaHUINTA dTAa.
Kyltugarn ymuoBcu3 MUKAOpIApHH KUPUTHO (IITpUXIAp YIYOBCHU3 MHUKIOP-JIApHU

Oomnupann):
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2
' C* C ’ ’ V Ct
R Tome Bo=Ds PV e )

?= C*_R , C p*C* p*C* Cx

(1.13) Ba (1.14) mynocabatinapau (0y epja IITPUXJIAP TYMHUPUO KOIJAUPHIITaH):

o 5
Y ar(f = Ag, p=—B,7’ a_(f (1.16)

KypuHUIIga €310 o1aMus.

§1.3 Hocranmonap 4yerapaBuii MacajJaJapHUHI KYHHIHIIN

Vprammnaérran cucTeMa ¥3 HuMra OIACTMK KATTHK OJKHCMIADHHM Xamja Hzean
CYIOKJIMKJIApHU OJIMII MyMKUH. Mnean cyrokiuk OyTyH (a3oHM TYIAU-pUIIN EKU YerapajaHraH
Xaxmaa Oynumm MyMKUH. ByHpail cucTemManapHUHI JUHAMHMK XOJAaTHUHU Ha3apuil ypraHuii
MYXHUT XapaKaTHMHU TaCBUPJIOBYM TEHIJIA-MaJIap CUCTEMAaCHHHM MOC 4YerapBUi MIapTiap Xamaa
OoluIaHFUY IapTiap OMiIaH OMpraaukaa eyulinra KelnTupuiaau. YerapaBuil apTIapHUHT TypU

MYXHUTHHU, ) XKUCMHH YCrapajloBuUu CUPTHUHT (1)I/I3I/IK Tabuarura 6OFJ'II/IK. Arap nacall CyrOKJIMK-HU

yerapanoBun I’ cHpTH KaTTHK Ba Ky3ranMac Oyiica, y Xoiia 3appa Te3IWru-HuHr V, Hopmai

TaIIKWI 3TyBYM Hoira TeHr [1, 19, 20], spuu (3-pacm)

1)

By epaa N - I’ cupTra yTrasuiran HopMai OpT.

0 (118)

r

KAaTTHK CUPT OETOH

3-pacm
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Arap I' cupt — 3pkuH cupt 6yi1ca, yuaa 60CUM HoJIra TEHT OYnaau, spHU (4 pacM)

p|, =0 (1.19)

r I

I-\."'h...----"_‘—‘-'l-\_.:—-""-_\_"'"'\—'—l--_._'

—_— ——
—_— - — -y

o Hdear cyroxmur -
REHE- ) e

w" [ =
f

SPKHUH CUPT CYB CUPTHU F03aCH.

4-pacm

Arap uzean CylOKIUK Ba 3JaCTUK KOOUK ymymuid I cupt Ominan yerapananran Oynica, y
xonna [' cuptaa CyroKIvK 3apadacy TE3JUTUHH TAIKWII STYBYH JIaCTHK KOOWK 3appaya Te3JIUTH

TAIIKWI STyBUMJIapra TeHr 0ymamu. (5-pacm)

v,.1)

By epna W - KOOMK 3appadyacHHHUHT KYYUIIIH.

=— 1.20
=5 (120

i v vl
e el SR
il — =

K
W — oy
\‘*F - N
ST 'ﬂ.‘}_:_h_
5 a_-
T, —— - 7
) e e
S/ e S
il — - —}I_
LY o Ty 2
—-_‘-\H.:-!l._ h— - —"":}"

Cdepuk koOHMK Ua€an CYIOKINK HIUAA.

5-pacm

Arap unean CylOKIMK Ba 3pKMH MyXuT ymymui ['-cuprt Oyimua ypunca, y xonga I

CUpTJA yerapaBuii mapt. (6-pacm)
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o

) =(\7(“) -ﬁ)‘r, (1.21)

p-cos(nx)|.=c,|..  Pp-cos(ny)_=o,]. p-COS(nZ)‘rzcsm|r

KypuHuIga Oyiaam.

6-pacm

MacanaH, CyB OuaH CYB OCTH MHIIOATH.

Arap WKKWTa y3apo apajalMaiaurad uaeal CYIOKJIukiap ymymui ' cupt Oyiinua

ypuHca, y Xxonja I cuptna uerapasuii mapt (7-pacm)

(\7(1) ,ﬁ)F:(\](n) ,ﬁ)

p(|)|r: p(“)|r

KYPUHULITA rajiup.

. (1.22)

bynpan Tamkapu arap MyxuT derapajlaHMaraH Ba3HHU TYJaupca. Y XoJAa YeKCH3IHUKAA

TYJKUHHUHT CYHUIIMHYU YbTHOOPTa OJIMII 3apyp.

By dverapa maptiapiaH Tamkapy OOIUIAHTHY IIApTIap XaM MaBxXyJ OYIUIIN Kepak.

Hactmab, cuctema TUHY XojaTaa OyJaraHu Y9yH TE€3JIUK, O0CHM, KYUHIII Ba OOIIKA apaMmeTpiap

T= O Ja HoJIra TCHI' [[66 OJIMHaau.




MacaJlaH CyB Ba KEPOCHH.

2-Boo
JTUHAMUK MACAJIAJIAP YUYH UHTEI'PAJI AIMAHITUPUIIJIAP BA
OPTOI'OHAJI KVIIXAJIJIAP

By 60612 acocuii MacalaHUHT €4MII aITOPUTMUHM MIUIA0 YUKW YUyH 3apyp OYiraH Ba
nedopMalusIaHyBYM KaTTUK KUCMIIAP MEXaHMKACHHUHT HOCTAl[MOHAp MacajaJlapuHU eunllia
Kyn wunUiatuiaaaurad Jlammac uHTerpan ajaMallTHpHUILIapW, OprUHajira YTHUII YyCylJlapu,
Jlexxanzip opToroHas Kymxauiapu Xxamaa beccenb (QyHKUMATaApUHUHT 0ab3M XOccalapH Xamaa

KYLIMII TEOPEMACH KEITUPUIITaH.
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§ 2.1. Jlanyiac MHTerpajg aJIMAIITHPUILIAPHA BA YHUHT X0CCAJIapu

HedopmarusuianyBui  KaTTHK JKUCMJIApD MEXaHUKACMHMHT JMHAMHK Macaya-JapHHU
€UMII yYyH XyJa Kyl MaTeMaTUK YCYJUIapHU KyJutain MyMkuH. By ycymnapra mucon cudaruna
MHTErpajl aIMAlUTUPUIILIAD YCYJHU, Y3rapyBUMJIApHU AKPATULI YCYJIH, CCH TYJIKUHIAP YCYJIH,
Bonbrepp Ba AnamMapHUHT yMyMmJlalliraH ycyJulapuaaH OMpOPTACHHU TaHIA0 OJIMII AMHAMHK
MacallaHd KYyUHJIMIMHHUHAT (PU3UK MabHOCH OwmiiaH Oornuk. Keitmaru Oup Hewa YH HuUTHUKIAp
UYMdga MaTeMa-THK (U3MKAHUHT MacajajapHu, MEXaHWKa Ba TEXHUKAHWHT JTUHAMUK
MacajaJlapvHU €YMIl Y4YyH HMHTErpaj aJMallTHpHUILIapra acoCIaHTaH OIEepallMoOH METOIIap

Kyza Te3-Te3 Ba MyBadakusaTiu Kyutanuia oomnianau[6,13,15,22,28].

Macasan, Jlamnac #HTErpan aaMalITHPUIIIapH MIyHAail MeToapaad oupu 0ymuo, y P
KoMmIuIeke Y3rapyBuununr tacsup F(P) Gup kuiimatiu dynxkuuscuau ynra moc { xakukwuit
yarapypunaunr opurunan f (t) ¢ymxuuscu 6unan Gornaii-mu. By f(t) sa F(P) xydraap
Ypracugaru y3apo Oup KUMMATaM MOCIMK KYI XoJulapa amMaluid Makcajaja >KaJBajuiap
épIaMua aHUKJIAHAIN.

Jlannac uHTerpan aaMalTHPHILIAPY 1y OunaH xapaktepianaguky, T (t) opurumamiap
ycTUaa amajira ONIMpUIIAJMraH KyNruHa MyHocabaTinap Ba omepauusiapra yiapauar F(p)
TacBUpJapH YCTHJA aMaira OLIMpaJWraH aHya cojjia MyHocaOaTiap Ba olepauusiap Moc
KeJaau.

Xycyccan, ynap auddepeHian Ba MHTErpaji TerjJaMajJapHu €uuil YYyH KYJUTaHWJIaAW.
Eunmr ycynu f('[) OpUTHMHAJUUIAPHU y3 WYUIa OJIyBUM OepuiiraH TEHIJIaMaHU F(p) Jlannac
AIMAIITUPUILIUIADUHUHT TacBUpJjapura HucOataH, (azogard MoOC HKBUBAJICHT TEHIJIamara

AJIMalITUPpUIIIAH I/I6opamnp.

bynnan Jlannmac anmamtupunumiapy BakT Oyiinda KyIaHWITaHAa XYCYCHH XOcCHIalu
nuddepennman TeHraama tacBupiap daszocuaa oaauit auddepeHuan TeHriaMara ajaMariain.
Opnuii nuddepennman TeHrinamMma 3ca HOMabiyM (QYHKIMSHUHT TacBHpUra HUCOAaTaH YU3UKIN

aJIFeraI/IK TCHIJIaMara KeJITUpu-jiaau.

TaCBI/IpJ]ap (I)asocnz[a OJIMHI'aH HATUKAJIAPHUHT OpUTMHAJJIApHU KOJAWUKIIAp Ha3apUusaCHu

€ku OorIKa ycysuiap €paamMuaa TOMUIaau.
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YMymaH onragaa, Jlammac uMHTErpan anMallTHpULUIapU EpJaMua YpraHu-JaJuras
HOCTAIlMOHAp JKapaHHM MaTeMaTuk wudoaanoBun OOILIAHFUY- YErapaBUil MacalaHUHT
AHAINTUK €4YMMH oJuHanu. HocrtanmuoHap MacalajapHUHI aHUK CYHMUHU TOIMII MYXUM
axaMusTra sra, YyHKM aHaJIUTUK €4MM OepuiraH HOCTa-IMOHAp >KapaéHHM TaxXJIWJI KWIMIIAA
UILIOHWIN HaTWXaJlapHU Oepaay Xam/a aHuK (GopMyJlaJlapHU COHJIM yCyJutap €plaMua OJIMHIaH
HATWO)KAJAPHUHT TYFPWIMIMHM TEKIIMPUILJA Ba XaTOJUIMHM Oaxojallja KarTa axamusTra

arajiup.

Jlanymac uWHTerpan anMaIlITUPUILIAPUHUA KYiiad HOCTalMOHAp MacajlalapHU edyuliia
KylHJarua TypTTa 3TallHi aMaJira OIIMPHUII Kepak Oyiasu.

1. Homabiym opurusan ¢yuxuusausar F(P) tacsupra yum.

2. F(p) raceupra yrtumpa ymra moc f(t) opuruman ycrupa 6amsu omeparms
aIMaITHPUIIEY Gaxapumn anMamrupuimgas cyar F(P) dyskiumsra auc6atan conna TeHrnaMa

omnuid muddepeHnran TeHriiaMa OuiaH alMalTHPUIIaAN Ba X0K03a.

3. Taceupnap daszocuna onunran Tenriama F () ra nuc6aran eunnanm.
4. Onunaran F(P) rtacupuunr opurunan f () ra yrunamu. By wsnanaérran gynkmus

Oynmamu. Macananap my ycynna eduiaau. ACOCH MaTeMaTHK KUWMH-YUIMK OXHMPTU dTarja,

spun Tomwiran F(P) tacsup udonanapungan opuruHanra yrummup. OpuruHag YTUIIHE OUp

HeYa XWJI yCyJiia amalira OIUPHUIIT MyMKHH.
a) COHJIM ycyiap épaaMua
B) KOJITUKJIAp Ha3apusicu €paamuia

) KaTopra €ium ycynu épaamusa.

Anraitmuk, 0 <t <oo apum yxuma xap KaHmail dekiu [a,b] OpAJIMKJa Y3UHHUHT
abcomor KuitmMaTmapu Ouman wuHTerpammanyBun | (t) ¢ysknus Gepumam-ran  Gyicum.
p =0 +Iit xommiekc mnapamerp kuputamus Ba T (t) ¢yskumsauar Jlanmac wumTerpan

aJ'IMaHITI/IpI/IHII/IHI/I
F(p)= j f (t)e Pdt 2.1)
0

TEHTJIUK OHIaH aHUKJIalMU3.
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Arap P mnapameTpHMHT KuiiMaTu ydyH (2.1) mmTerpan sxunnamysuu Oyica, T (t)
dynkumsra Jlannac unterpan anmamrupumad kysinam mymxud. T (f) dynxuwmsara opurunan

Jerdunaau, arap y Kyduaara xoccanapra ara oyica:

1. f(t) pynxums O <t < o0 ykuma aHukIaHran Ba 4eKiIM OpavKaa abCONOT KMiMaTH

OuiaH UHTErpaJIaHyBYH.

2.t<0 na f(t) dynxums nonra renr.
3. P napamerpuuHr xeu Oynmaranna Ourra kuitmatuma f(t) ¢ymxumsra Jlannac
anMamrrupumiapuny - kymtam mymkue. F(P) dysxumara f(t) ¢yskums-punr  Jlanmac

MHTETpaj aIMAIITUPHUIUIAPH OYHrYa TaCBUPH IECHIIIAIH.
Jlammac uHTErpas aJIMalITUPULIUIAPUHUHT aCOCUN XOCCaJIapH.

1. YM3UKININK XOCCACH.

f(t)=Zfi(t), f.(t)+F.(p) sa f(t)+F(p)
Oynca, y xosa
F(p) =2 F(p)

Oymaau.

2. DpKiH Y3rapyBUMHUHT MacIITaOWHU Y3rapTUPUIILL.

Aiiraitmuk, f(t) =+ F(p) 6yncun, ysrapmac A >0 6ynranpa f(At) wumr Tacsupu

AHUKIIAHCHH.
o0 o0 _E
L{ )} = [e™f )t = % Je "t odnt
0 0
At = Z necak,
1% P
Lif(2)l==|e* f(z2)dz
(f@)}=> j (2)
€K1
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bynna
f(t)+F(p)=je-p‘f(t)dt
0
6I/IJ'IaH aJIMallITUPCAK,
1_.p
f(M)+==F(=
() +F ()

HaTHKara sra Oyiamus.

3. f'(t) xocunanuur racBupu.

Aiitaitmuk, T (t) + F(p) 6yncun. f'(t) sunr racBupunu Tonum kepak.

1 o)
Lif'(t)j==|e™f'(t)dt
{rol=3le" o
MHTETpaIHu OYakinad uHTerpaiiacax,

L{f'@®)=e ™) + pTe“’t f (t)dt =—f (0) + pTe‘pt f (t)dt,

L{f'(t)}= pL{f (®)}— f(0), swmm f'(t)+ pF(p)— f(0)
Xycycan, arap T (0) =0 6ynca, f'(t) + pF(p). Opurunannu nupdepen-unaniam oy
TacCBUPHU [) COHIa KYyMaWTHPHII AeMaKIup.

[ynra yxmamn

i (n-1)
FO )+ pn{F(p)_ (Q_ro_ _f n(O)}
P P p

OKAHJTMTMHM aHMKIAN KWitMH smac, Oyaum wucGormam yaym f (t) raua kerma-xeramK
f '(t) + pF ( p) KYJUIAaHUJIMIIY KEPAK.

Xycycan, arap f(0)=f'(0)=...= f"?(0) 6yuca, f™(t)+ p"F(p) 6ymanm,
svan T (t) Qyskuusauar N - TapTHOMM XOCMTACHHMHT TACBUPH, (QYHKIUS TacBUpHHH [

HUHT KyIlaiTMacura TeHTIUp.
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t
4. Nurerpanuunr tacupu. O(t) = _[ f (t)dt pynxumsuu kapaiinuk.
0

t
Aitraitnuk, f(t) + F(p) 6ynranna J f (t)dt numr taceupunM Tonmm Kepak Ba yHH
0

@(p) neb6 Genrunab kyiiunaruiapHu é3amMus.

¢ ="1() . 90)=0, ¢'(t) + po(p) éxu f(t)+ po(p)

ukkunan Tomonaan T () + F(p).

F(p)

t
Jlemak, @(pP)=——>, sbHu If(t)dt+w MyHOCa0aTHH KETMa-KeT KYJllaml
P
0

HaTHU>XXacuaa

ot et [ o tj f(t,)dt, _pi F(p)

MyHOcCa0aT Kenuod YnuKaIu.

5.t" f (t) dysxumsuunr TacBupwy.
ABBan 0y QpyHKIMS TacBUpra ara OyiInum-0yIMacIuruHy aHUKJIaInK.

t"f (1) <M e,

svun t" T (1) ynxims Tacupra sra Gpynkimsiap cuHbuUra Kapamum SKaH. DHJIH Iy TACBUPHH

TOIANIIHK.
L{t"f (1)} = Te‘ptt” f (t)dt
0

uHTerpan xam Re P > S, + A coxaza Tekuc SKMHIALIYBYHINP. A KUUUK OYiIraHu yayH (YHHHT

UXTUEPUMIIUTUIAH) YHU Re P > S, coxa necak xam oynanu.

L{t"f )} = (—1)"Te-m (=0)" f (t)dt =

9 Ep).

= (" =

d" n
i L{f(t)}=(-2)

Jemak,
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n

O () + (1) ddpn F(p)

6. TacBUpHM MHTErpAJLIALL.

f(t)

Teopema: Arap IF(p)dp UHTErpal sKUHJamyBud Oyica, y Xojijaa T
0

GYHKIUSHUHT TacBUpU OYmaau. ¥+ J. F(p)dp , sbuu TaceupHu wunTerpammam Gy
0

opuruHanHu 1 ra 6yaumnn gemakaup.

7. CHKHII TeopeMacH. F(p+k)+e‘“f(t), ABHM TACBUP apryMeHTHMHH A ra

—At oo
CUJDKHUTHUII OPUTHHAJIHA e ra KynmauTupuia JeMaxkaup.

XaKuKaTIaaH

e Mf(t)+ j e (P (t)dt = F(p+A).
0

8. Keumkmm Teopemacu. Mxruépuit mycbar 7 yuyn f(t—1)+e "F(p)

ypunmmaup. (OpUrHHANHE T BAKTra KEYMKHO MIIATHII TaCBHPHH € ' ra Kymail-THpHIura

TEHT).

9. Kynaiitupnm teopemacu: Arap F(p)+ f(t) sa G(p)+g(t) 6¥nca, 6y ukku

TAaCBUPHUHT KynaiiTMacu TacBup Oynaau, ury 6uiian oupra

t
F(P)G(p) + [ f(1)g(t-T)dr (2.2)
0
TaCBUPJIaH OPTUHAITA YTUII KOJIIUMKJIAp Ha3apusACH EpAaMHuaa KyWHarnya aMmajra OlupuiIaay.
_Ap) .
Arap TacBup F(p) = B( ) KypuHMIITa dra Ba [ — Jyap F ( p) (GYHKIUSAHUHT
P

KyT6napy xamza N, —ap ymapra moc Kyt6 kappanucu 6ynca, y xonaa F (t) opurunan

o1 .. d%? ¢
ro :kzzll(nk ~1)! Ierprk] dp™~* (F(P)P =P

dopmyna Epramuia TOMUIAIH.
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A(Pp)

Arap F(p) =—— Qyukums ommmii P, — KyrOmapra ora Gymnca, y xonma f (1)

B(p)

ACP) e
22[3( )

opurunan T (t) = TEHTIMK EpIaMuUIa XMUCOOIaHa 1.

= C
Arap taceup F(p)= Z—k KYpuHUIITa 3ra 6yica, y Xoiaa

k
k=1

o0

fo= kz(k 1)|

OpUTHHAJ KYPUHHIIIA OYIIaIu.

A(Pp)
B(p)

a(t), b(t) sa f(t) pynkumsnapra moc pasumma A(P), B(p) sa F(pP) rtac-Bupnapuunr

Taceupuunr F(p) = upomacunn  B(P)F(p) = A(p) «ypunummna &3uo,

opurnHajuapu 0yica, y xosiga 9-xoccara Kypa Ib(’[) f (t—t)dt =a(t) unrerpan renrnamanu
0

ONUII MyMKHH Ba Oy MHTerpaj TeHriamManu conmu eunm ycymmapu ounan f () oprumammu

TONUII MYMKHWH.

§2.2. TacBupsapiaH OpUrHHAJITAa YyTHIN yCYJUIAPH

u(p)
v(p)

u(p) sa v(p) nap P mapamerprumr Moc papumza M Ba N apaxam (M < N) Kymxantap.

F(p) - Tacup pammonan-kacp pynxims, sean F(p) = kypununiga. by epna

Arap V(P) xynxamHu comna KymaiTHpyBYMIapra aKpaTHIT MyMKUH Oyiica [15], sean
k k K,
v(p)=(p—p)*(P=p)*.(P=P)",
K, +K,+...+k. =n
Ypuam 6y7ca, y xonna F () dynxmmsan
A

I

Ki—s+1

(pP—p)"

KYPUHULIAATH JIEMEHTAp Kacpiiap MMFUHANCHUTA NN MyMKHH.

Jlemak,
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F(p)= ZZ )k, 1 (23)

j=1 s=1

By fiuruaauHuHT Oapya Aj’s ko3 dunmenTIapu

1 ) ds—l kj
A= (S_l)!gggj{dps_l[(p— ) F(p)]}

dopmyna EpramMuaa aHUKJIAHATH.

Arap V(P) dyHkuusHuHT Gapua WIAU3IAPH OJUIHI, THHU
v(p)=(P=P)(P=Po)-(P=P), P; # Py, J#K

Oynca, y XoJiqa MMFUHIN COTATAIIAIN.

L A u(p;)
F — J , A — J
(») ,Z_;‘p—pj TV(p)

(2.4)

F(p) ¢ynxuus kappanu Kyr6napra sra 6yiranzia, sbHu (2.3) HUHT OPUTHHAIM

ki—s

t .
F(p)= ZZAJS )e

j=1 s=1 - i

kypunmira sra. F () dynxims ommuit kyrora sra 6yaranaa, sbau (2.4) HUHT OPUTHHAH

u(p;)
o= Zv(no)

dbopmyna OusiaH aHUKTaHAIH.

a'n+1

Arap F(p) racBup 1 HUHT \p\>R na ( R=Ilim #00 ) SAKHHJIANIYBYH
P

nN—oo

Jlapakalld KaTOpU KYPUHUIINIA

F(p)=Y p""ntl
n=0

Oynca, y X0Jija OpUTHHA

atn

KYpUHUIIAA OYIaau.

§ 2.3. Jlexanap kynxamiap Ba beccesib pyHKUUSIIADHUHT

0ab3u Xoccanapu
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Connu ycymIapHUHI KEHI KYyJlaMJa PUBOXJIAHUIIM XaMJa COHJIM IKC-IIEPUMEHTHUHT
aXaMHUSITUHU OUIMIIM MyHOcabaTH OuiiaH Maxcyc (pyHKUMsUIapra KU3WKHII FOKOpU Japakaia
ycau. By umkku xonmar Owian OornaHraH. bupunHumaan, QU3uMK XOAMCAJaApHUHT MaTEMaTHK
Mojenu unutad uyukuna 0ab3u dddekraap-HUHT HUCOMH pPOJIMHU aHUKJAIl MakKcaauaa
nacTinabKd MacajlaHd aHATUTHK (opMaaa €YMMUHHM OJIMII YYyH COAJANAIITHPUINTa TYFpH
KeJa/Iu.

Wkxununnan, OXM Eépnamuaa Mypakkad macajalapHU €4UIa WIIOHWIM Ba caMapaliu
XUCOONaIl alrOpUTMIIAPHU TaHJAIl YYyH COAJNANAIITHPHWITAaH Maca-JalapHu (oiinananum
KyJIaiIup.

OHr kxyn ¢oiifananunaaurad Maxcyc (QyHKIUsuiap cudaTuaa OpTOTOHAN KyIxaamap,
HWIMHIPUK Ba cPepuk PyHKUUATAPHU KEATUPUIT MYMKUH.

Hazapuii Ba MaremMaTtuk (QU3MKAHUHT KyIl MAacaJaCHHH EUHIl, XyMJIaJaH, HCCHKIUK
*KapaéHiapuHu Yypranunl. MyxuTiapia 371€KTpOMarHuT, HOCTAlMOHAap aKyCTHUK Ba 3JIACTHK
TYJIKUHIAPHUHT TapKAIUIINHE YPraHUII Xap Xul Maxcyc GyHKuusIapaad doiinananumra oauo
KeTa/Iu.

Cababu, amamuérna maxcyc GyHkmusuiap xap xwi auddepeHnuan TeHr-IaMaIapHuHT
€UMMU KYPUHIIH/IA Maif10 Oymaau.

Ouau (1.12) TYNKUH TeHrIaMacu Y4yH OOlUIaHFUY-4erapaBuil Macaiaiap-HUHT €YUMUHU
TYIUK OYIMaras y3rapyBunMIapHHU aXpaTHIL yCyauaaH ¢poigana-oHub u3nainmMus.

byHnna nznanaétran HOMabJIyM MOTEHIUATHA
o0
@= . ¢n(r,7)P,(cosh), 2.5)
n=0
KypuHuLa Taceupaaiivus. By epra P, (C0S0) -Jlexannpa kynxannapu[2,3,18, 21].
Pn (X) KYnxaiap Kydugarn ojauil nuddepeHinuan TeHriamMaHu KaHOoaT-JaHTHpPaad

(Tpux 6unan X 6yiuya Xocuianap OeJIruiIaHraH):

4

[(1— x*) Pn'(x)] =—n(n+1)P.(x). (2.6)
Bynnan oca P,(C0SO) dynkumsnap

ii{sinew} =-n(n+1)P,(cosb) (2.7)
sind 00 do

muddepeHIan TeHrIIaMaHUHT €UUMU YKAHJIUTH MabiayM OYnaau.
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(2.5) xaropuu (1.12) TynkuH TeHrnamacura Kyiin6 xamaa (2.7) tenravkau Ba [0, 7]
opanuKIa {Pn (COSG)} (GyHKIUATAP CUCTEMACHHUHT TYIMKIUTUHM XUCOO-Ta 0110, TUMepOoIuK
THIIArd KyHuIara

o°Q 1 0( , 8) n(n+1)
n :A 1 An = | — |- 2.8
ot? nPn r? ar( or 2 @8)

r
TEHTJIamara sra 0ynamus.
Jlesxanap oproronan kynxaunapu 6yinua 6epunran P(t,0) dpynkuusnu xaropra &iium

BaKTUAa Karop KOI(Q(UIMEHTIapHH aHUKIAml Y4yH Oy KymXamiap-HA OpTOTOHAJUIMTHH

3’BTPI60pl"a OJIaMH3.

.[ P, (cos0)P, (cosb)sin6do = LSmn, (2.9)
5 2n+1

P, (cosB) =cos6.

By epna O, - Kpouekep Genrucn.

(1.12) tenrnamanap y4yH OOLUIAaHFUY-YErapaBUil MacallAJIApDHUHT €YMMHH TY3HII yIyH
KeHI ¢oiigananunaérrad MeToajapJaH Oupu ya4oBcu3 T BakT Oyiim-ua Jlammac uHTErpain
AIMAIITUPUILLIIAPHY KYJUIAIAD.

Jlannac uHTErpan aJMallITHPULIUIAPUHUHT TacBUpiap ¢a3zocuja Oy TeHIIa-ma Kyiujaaru

KYpHUHMILITA 3ra:
A@- —vyis’p- =0, (2.10)

Oy epaa S - HHTepral aJMallTHPUII [apaMeTpH, WHaekc L anmamrmupuin Tpamc-
dbopMaHTaCHM OMIAMpPAH.

(2.5) karopaan doiinananuo, (2.10) TeHrIaMaHUHT YMYMUN €4IUMHHU

0" = g%[& ()Ky2 (r768) + By () .y (rvc8) | P (cos6), (2.11)

KypuHHIIAA €310 OJlaMu3.

By epma |, 112 (X) Ba Kn+1/2(X) - beccenHuHr OHMpPHHYM Ba MKKHHYH TYp

Mo uduImpianran GpyHkuusiapu [2, 3, 9, 27].
Arap MyXWT XapakaTd uerapajaHMmaraH coxajaa KapajgaérraHn Oyiaca, y XxoJja

YEeKCH3JIMK/JIa TYJIKUHHHUHT CYHHWINM IMApTHHU XpcoOra onumn  3apyp. by beccenb

. L
dynkumsnapunuar xoccanapura kypa B (S) =0 tenrmukka onu6 kenamgu. Yexmn coxa xomnuaa
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3ca TOTCHUUAJUIAPHUHT YerapajaHTaHIMTyd mapTtuHu (oiigananuim kepak. by xonma (2.11)

eUnM/IaH Arl{ (S) =0 renrnuk xenu6 umkamy.
OyHKIMIap Ba KYIXaaiap yuyH Kyduaard oenrunanniapaan ¢oiigana-aamus [6, 28]:

G,(s)=R,(-s)e’~R;(s)e®,  j=0,4,

Ry5(8) =Ry (8) =Ryo(S), Rn4(8) =Rn2(8) = Rno ().
R,(s)= Zn: A", R.(s)= ni B, ", (2.12)
(n+k)!

Ay = am:Aw+kAw4(k¢0) Bro = Ano>

(n—k)1k12x’

R ,(S) xymxan R ,(S) Ba R, (S) xynxannap Gunan

[Ruo(s)s e | ==R, (956 [Ru(9)s 6" | =R, (5)s ™%
Ru(8) = Roso () =NRyo s) (2.13)

MyHocabaTiap opkaiau Oornanras [6].
Y xomma beccenmHWHTr OMpUHYM Ba HMKKUHYM Typ chepuk (YHKIUSIIApU DIEMEHTAP

GyHKIMSIap OpKaiu Kyluaarnya udoananau [2, 3, 9, 21, 22]:

In+1/2 (S) \/(% no (S) Kn+]/2 (S) = \/%es;ns Rno (S) ' (2.14)

Keiina nmma K| +1/2(X) Ba |, +]/2(X) beccens ¢yHKuMsnIapuHUHT Kyiugarn Oab3u

T T
xoccanapu  Qoinananmnamm. . (S) opramm /2— |2 (x) éxm | /2— K 112 (x)
S S

byHKUMsUIapAaH OupuHH Oenruiaiimus. Y  Xomaa fn (S) dynxkumsnap yuyH Kyiiu-maru

MyHocabaTnap ypuriu 0ynaau [27]:

2n+1
fn—l(s) + fn+1(s) -

fo(s),
n+1
—f 2 (8) + f 2 (8)=f,4(s), (2.15)

f, 4(s)—(n+1) fn+1(s)=(2n+1)% f.(9).
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§2.4. Becceab GyHKUMAIAPH YUYH KYIIHII TeopeMajiapH

Acocuil ypranunaguras macananu edumpa xap xua 1;,0;,9; Ba f ,0 i ,81- (1#])

chepuk KoopauHaTamap cucremacuaa Kapamaguran (1.17) xypunuimgarun ¢GyHKIUsIap

Yypracugaru OOFJIaHUIIHY TOMUII 3apYPHUATH 03ara KeJau.

by Oornannmmap beccenmHuHr |n+]/2(S) Ba K +1/2(S) OMpUHYM Ba UKKMHYU TYyp

Monupuuupnanrad  GyHKOUMsUIapra KYJUIaHWJQAWraH KyIIMIO —Teopemanapu Epaamuja

ubonanananu [1, 18, 27]:

n+]/2 (Sr)P(p)(COSG ) Z ( 1)m(2m +1)(m - p)' y

1
st 245 (m+ p)!

m+n

% Z b(npmp) - G+]/2(s )Im+]/2 (Srj)Pngp)(Cosej), (rj < rij),

o=jm-n|

1 (2 1)(m - p)!
FanZ(sn)Pn‘p)(cosei):\/%2;( m+Lm=p)t, (2.16)

(m+ p)!

X Z b(npmp) S ’ G+1/2(S )Km+1/2(3rj)Pngp)(Cosej)’ (rj > rij)’

o

1 ns (D)TEm+H(m-p)!
——1_,(sr)P®(cosh,) =, [=
Jor e SR (C0s0) =5 3, = 0P
X rg b{™™ —— c+1/2( i) g2 (1) Py (c0s0))

o=|m-n| S»\’
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bR — (_1)P \/ E: u 8:52 - E;:(anO/GO)(nmp,— 0/60)

e
e

(NMO0/60) = x {(ZG +1)(1 + 2n)1(1 - 2m) (I - 25)!}21

arap | — xxy¢r Oyica,

(I +1)!
0, arap |—T1ok Oyica, l=n+m+oc
26 +1
(nmp,—p/c0)=0c (m+oc—-n)(n+c—m)li(n+m-oc)k
(n+m+oc+1)!
1
«(n? - p?)i(m? - p?)1f2 S (DX [KI(n+m—c—k) (K + G+ p—n)k
max(m-p—o,0)<k<min(m+n- |
-o,m-p,n-p

x(M—p—K)I(k+p+o—min—p—kI™
by epna rij - UKKH CEepHK CHUCTeMaJlapuHUHT MapKasjapu opacujaru macoda; bc(,npmp) -

Kneo6mra-I'opaon koaddunuentnapu [9, 12, 18].
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111 - BOb
IOIIKA COEPUK KOBUKJAPHUHI' HOCTAIIUOHAP
TEBPAHUIIIN

Maructpiiuk AUCCEPTALMICHHUHT OXUPTH 000Maa ¥3apo IKCICHTPUK >KOWUJIAIITaH MUKKU
I0NKa cepuk KOOWKIap ypracuiaa Haean CYIOKIMKIAp OWiaH TYIAUPUITaH CHUCTEMAHHHT
HOCTallMOHap TeOpaHUIIN kKapaéHu ypranuiaran. Myxut OusaH onka chepuk KoOuK ypracugaru
KOHTaKT Ky4IaHUII Ba KOOMKHUHI KMHEMAaTHK XapaKTepUCTUKAIApW aHUKJAHTaH. Myxutaaru

0ocuM yuyH aHUK (opmysia Tonwirad [16, 17].

§ 3.1. MacajaHuHr MateMaTuk udoaacu

AWTaiinuk, Ousra ¥3apo HKCUEHTPUK >KOWJAIIraH ONKa cepuk KoOuKIap OuiaH
yerapajlaHraH ujaean CyroKIukiap ¢aszocu 6epuiran 6yicuH (8-pacm).

Bomanrnu T=0 Bakrna wukm cdepuk KoOMKHMHT nmuku cuprura Hopman P,(T,0,)
Ky4 TabCUP 3TAH Ba CYIOKJIMKJIA TYJIKUH TapKaiauO, OyTyH CUCTeMa TMHY XO0JIaT/IaH YUKAIH.

Tamku rornka chepuk KOOMKHUHT XapakaT TeHriamacu cudaruga C. I1. TumoreHko

THIOTE3acHra aCoCIaHN0 YNKApPHIITaH XapakaT TeHrIaMacuaan goiaananamus [6, 10, 11]:

7S = L) + L () + (@)
26 le( )+L22( L)+ L (CI)2)+0L0p02 (3.1)
28CD

= Loy () + Loy (W) + L ()
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By epna W,, U, — Ky4uIII BEKTOPMHUHT HOPMaJl Ba TAHT€HIIUAJI KOMIIOHEHTJIAPH;

@, - chepux KOOUK ypTa cHpTHra yTrasuiiraH HOpMaIHH Oypaaumr Gypuyary. J, -ronka
chepux KOOMK Kamuumury; [)y, - TAIKKW KOOMKHMHI MYKU CHPTra CYIOKJIMK TOMOHHJAH TabCHp

KUJTyBUM HOpMaJl Ky4JIup.
AKyCTHK MyXHUT OWJIaH TallKM KOOWK YpTacuaard KOHTaKTa MapT KyHuaaru KypHHUIIra

ora:
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aWZ
=—2 3.2
P 3.2)

op
or,

=R,

Nuku 1onka chepruk KOOMKHUHT Xapakat TeHriamacu cudaruna Kupxrod-JIss tunumaru

Xapakar TeHrjaamMacunu onamus [1, 13, 14]:

h? | 6°u ou
1+ L+ ctg0—2 — (v +ctg®0)u, |+
[ 12R2j{692 907 ~(v+etg’) 1}

h? | &°w oW, oW, oW, o%u
5 { 14 8621 +(v+ctgze)a—el}—(l+ v) 891 =B, atzl (3.3)

+
12R*| 06°

h? | &% 62 2\ OUg 5
12R2{863 L (1+v+ctg?) 22 = +(2-v+ctg’0)u, |+
+(1+v)(ctg9u +au1)+ | o'w W +(1+v+ctg’0)ctgo M
Y00 ) 12R? ae“ 00° o0
o
2(1+V) Bl +B2(p01 + pl) p01 :_E
r=1

by epma U, W, - cdepux KOOMKHMHI ypTa CUPTH HyKTaJapuJard Ky4WIl BEKTOPU
KOMIIOHEHTaIapu Ba [y, - HUKK CHEpHK KOOMKHMHI TallKH CUPTUra CYHOKJIMK TOMOHH[IAH
TabCUP 3TYBUM KOHTAKT Ky4;

AKyCTHMK MyXUT OMJIaH MYKM KOOWK ypTacuaard KOHTAaKTa IIapT KyHMHIard KYpHUHHUIITa
ora:

al’ ot (34

Lg=R,
MaC&HaHHHF S”K CI/IMMeTpI/IKJ'H/IFI/IHI/I XI/ICO6Fa OJ'H/I6, nacal CYIOKJ'H/IKHI/IHF HOTHUHY

XapakaTH () TE3JIMK MOTEHIMAIUra HucOaTaH TYIKUH TEHIJIaMacu OUIaH TaCBUpJIaHAU:
2

e

a 2

By epaa A - chepuk koopauHar cucreMacua Jlamiac onepaTtopu.

= Ao, (3.5)

Cyroxnuk 3appadacu V Te3nuru Ba ) 60ocuM (P Te3IUK MOTEHIUANIN OUJIaH Kyiiuaarnya
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v=—", S 3.6
or P ot (3:6)

6OFJ'IaHI/IH_U'IapFa ora.

boummanfuy mapTtiap:

2|0 2lz=0 2le=0 ot 0 ot =0 ot =0 |
u
1:0:% = r=o:er=0:ﬁ :% =0
T =0 617 =0 aT =0

KypuHUIIIa Oyanu.

§ 3.2. MacajaHMHT e4HII AJITOPUTMH.

(3.1) - (3.7) Oomutanruu - YerapaBHii Macajara T BakT Oyimua Jlammac WHTErpan
aJIMaIlITUpUIIUIApUHA KyJmaimus ( L Jlammac anMamTupunuiapuHUHr TpaHcpopMaHTacu, S -
WHTErpaJl A IMAIITUPHUII TTAPAMETPH).

VYV xonpma Jlammac aiMamTHpUIUIApUHUHT TacBHpiap ¢a3zocuaa KyWujaaru-iapra sra

6y namMus:
sy = Ly () + Ly (W5) + Ly (@)
YWy = L, (ug )+ Ly (g ) + Ly (@ ) + 0t Py (3.8)
S°D; = Ly (Up) + Loy (W3) + Ly (D)

L
LN (3.9)
2
arz r,=R
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he [ o2t out
1+ +etg0 S (v+ctg?0)u
( 12R2]{ a0r 9% (v ctg’e)u }

h? {aw o*wt ow-

ow,
Y or? ctgo +(v+ctgze) 891 }—(1+v) =B,s°U  (3.10)

_|_
o0° 007

h2 a3uL 82 L X auL X .
12R2{ P thge L +(1+v+ctg 6)6—é+(2—v+ctg 0)uy |+

auL h? | o'w" o*w- ow"
+(1+v)| ctgbu, + L 4 2ctg0—= +(1+ v +ctg®0)ctgd |—— +
( )[ : aej 12R{894 90 g * (L vrotg)etg } 20

2(1+V) __Bls W +Bz(po + ps)

L
(N SW-, (3.11)
or. !

1 =Ry
sp" = A" (3.12)

MacanaHuHr S'/K CUMMCTPHUKIIMTHMHU Ba COXaJlla CUMMHHUHI YfrapajlaHraHJInu-TUHH

ybpTHOOpTA oo, TacBUpIIaAp dazocuna (3.12) TEHTJIAMaHUHT SUNMHUHU

0 =i%2\ﬂ (8)K, ., (:5)P, (c0s6,) +

n

Z:"TB (s)1,.4,(r,8)P,(cos6,) (3.13)

WUFUHAWIAp KypUHHUINAA u3ianMui. by epna |p +1/Z(X), K, +]/Z(X) - beccenp OupuHuM Ba
uKknHIM Typ Momuduumpnanran dynxumsicn; P, (X) - Jlexanap oproronan kymxammapw;
AL 5L o

A(s) , Bp (S) - wuerapaBuil mapTIapiaH aHWKIAHYBYM S TApAMETPHUHT HOMABIYM

dynkumsmapy; I, Ba O, - map GouuranFud HyKTacH W4k cdepuK KOOMK Mapkasuma OyiraH

cdepuk crucremanuHr KoopauHatanapy; I, Ba 0, - nap sca GouulaHFIY HYKTacH TalKH cheprk
KOOMK Mapkazuja Oynarad ceprK CHCTEMaHUHT KOOpIWHATAIapH;

[, +1/2(X) ¢ynkuustap yuyn [1, 12, 18] kymmm TeopemanapuaaH ¢oiaa-nanuo,

L N
(r, 91 , 91) cepuxk KoopIUHATaIap CUCTEMAacuia (P MOTEHUHATHUHI TaCBUPHH KyHuparu

KypuHUIIIa €310 onaMus:
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(PL(rl’el’S): Z(Pi_n (., 5)P, (coso, ); (3.14)
n=0

1 _ o0
on(n,s)= g Roo () Ar (8)e™™ + Gy (1) Y .CH (5)B5 (s)e® —

1 p=0
Gro(1:S) z Ci) (5)B; (s)e 'S] (3.15)
p=
c® 2n+1 pr p(0PO) (-1° R (I
ORE T ollebl
C(Z)( ) — 2n +1 pz b(nODO) ﬂ RGO (IS),

s ofpn (Is)°

Ly | AL L 1
An(s)—\/;An (), Bn(®)= \ﬁB (s).

bynpan (3.6) Gornanunuiapra Kypa CYIOKIHMK 3appadyacd Te3JUTd Ba KOHTAKT OOCHM

KaTopsiapuHUHT Kodddunmentapu yuyH (1, 0,, 9, ) chepuk xoopauHaTanap cucremacuia

L o0
a@l”a(rr“s) —— [Rm(ns) AL (8)e™ +G, (1) X.CY (5)BY (s)e” —
p=0

1

G, (rs)3CY (s)B;(s>e-'s] (.16)
: [Rno(R A + G RIS CHSBL )" -

- GnO(Rls)gcn‘? (S)B;(s)e“}, (3.17)
udoganapHu onamus.
Nuku KOOMKHUHT WlL, ulL KMHEMaTHUK MapaMeTpIIapuHH, plL (S,el) Oepunran 60cuM Ba
xontakt Py (S,0,) Gocuvmu P, (C0SO,) Jexanap sa C¥2(C0SH,) Terenbaysp oproroman

Kynxaanapu 6yitnua karopiapra éiamms:

W= iwfn (s)P,(cos,), u, =-sind Zum (s)C¥(cosh,), (3.18)

n=1
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pr = pr,(s)P,(cosh,), Ps =D, Pown(S)P, (c0s8,), (3.19)
n=0 n=0

By xonma xaropmapHuHT Kod((duIMeHTIapura HucbaraH KOOWK CHPTAArd uerapaBuil
MIAPTHUHT KYHUJArd KYpPUHHIINATA 3Ta 0Yy1aMu3:

oy,
or,

1lg=R

=sw, (s), (3.20)

(3.18) Ba (3.19) karopmapuu (3.10) TeHrimamanap cucremMacura KyiunO Ba uan, Wan

koad¢uimenTra HucOaTaH TEHIJIaMalap CUCTEMAacCHHU OJIaMU3 XaMmJa YHH KOd(QQuIieHTaapra

HHcOaTaH e‘lI/I6, Kyﬁnz[am TCHITIMKIIaAPHU OJIaMH3:

L Aﬁi) S)(..L L
U, (S) = An ((S)) ( Poin (S) + Pry (S)) )
L/ay A\(Nzr? (S)/ .. L
M&%Aﬁﬁwﬁhmﬁm (3.21)

OyHa
A (s)=s*+a,s’+a,
AL (8) =b, A0 (5), (3:22)

n n

A\(Nzn) (S) = blsz + bn2 '

E h?
a, :m{2(1+ v)+ (N +n—-1+ v){1+ R? (n*+n +1)}},

2
E 2 2 h2 2
a,=| ————| 1(N*+n-2)A-v?) + n*+n-1+

+W[m2+m0ﬁ+n—l+W—2a+vXM+n—DB,

_Rp
bl_hy’

2
nz:@ EZ 1+ h = |(n*+n-1+v)
hy y(1-v°)c 12R

E h? 2
a,= | 1+—= [(N"+n-1+V)
y(L—-v)c 12R
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2
bnsz—% 1+v+ h ~(N+n-1+v) |.
yA—v3)C 12R

p(lj‘1n (S) munr (3.17) udonacunu (3.21) ra k¥ituo, Wan (S) xo>ddunmentaap yuyn

W, (s) = R{‘j — i(:)((;){ no(R1S)Ah(S)e_Rls+Gn0(Rls)ZC(1)(S)B (s)e" —
_ N (2) —Is A(Z)(S) pln(s)
Gno(Rls)pEC (s)B;(s)e } A Q) (3.23)

ndoganu onamus.

IOxopunarn (3.14) xaropmek, K +1/Z(X) ¢byakmusutap  yayd  [1,12,18]  xymmm

. L
Teopemanapunan  Qoinananu6, (r, , 0, , 3, ) chepuk koopmunaramap cucremacuma @

MOTCHUUAJIHUHI TACBUPHHA KyﬁHI[aFH

(PL(rZ’BZ ! S): Zw(;(plz_n (rz ! S) Pn (COSGZ)

1
05 (5p.5) = mmknem@m@n (3.24)
2

FRy(1S) 3 (Cr%’ (s)e" —C{2(s)e™ )Ag(s)e‘rZS}
p=0

KypuHHIIAA €310 OJ1laMu3.

IOkopunarura yxmam, (3.6) OofmaHunuiapra Kypa CYIOKIHK 3appayacd TE3JIUTH Ba

KOHTaKT GocuM KaroprapuHuHr kodpourmentiapu (I, , 0,, 3, ) chepux xoopauxaramap

cucreMacuga
8(p2n(r2,s):_ 12 n[(—1)”Gn1(rzs)BnL(s)+ (3.25)
or r,’s
+Rn1(rzs)i(cn(;’(s)e's Co(s)e” )A;(s)e'zs}
p=0
Pn () = RM DG (R9)B; (5) + (3.26)

+R(RSX(CH ()" - C“’(s)e'S)AL(s)e‘st}

37



KYpUHUIILIapra sra 0ynaau.

Tamkn KOOMKHUHT WL, u2L , q); KMHEMATHUK IMapaMETpIapUHU Ba KOHTAKT [Z)OL2 (5,92)
6ocumun P, (COS@Z) Jlexannp Ba Cr‘:’/_ i(COS@Z) I'erenbaysp oproronan kymxamiapu Oyiinda
KaropJsapra €éiammus:

W, =D W, (S)P,(cosb,), = —S|n922u2n(s)c3/ ’(cosh,),  (3.27)

n=0

ph =Y P (9)P,(c0s6,),  Df =—sind, > Dk (5)C2(cosd,)  (3.28)
n=0 n=1

By xonma xaropmapHuHTr Ko3(duimeHTaapura HUcOATaH TallKUd KOOWK CHpPTIAru

verapaBuii (3.9) KOHTAKT MIAPTHUHT KYHHUIArd KYPUHHUILKra 3ra O0yI1amMus:

0Q;,

=sw: (s), 3.29
arz 2n( ) ( )

n=R,

(3.27) Ba (3.28) karopsapuu (3.8) TeHriamamap cucremacura KyiuO Ba u;n, W;‘n Ba
CDIZ‘n ko3¢ dUIMeHTra HucOaTaH TeHIIamMallap CHCTEMACHHHU OJIaMH3:
( 282 - I11n ) u(l)_zn - I12n W<I)_2n _Il o2n — =0,
_Iz 02n ( 2S IZZn)WOZn I CI)(tzn =0, poLG (3.30)
— 31, U(I)_zn —l3on W(I)_Zn + (Y%Sz - |33n)q)|62n =0.
(3.30) Tenrmamanap CHCTEeMACHHH UCI,‘2n (s), W(I)‘Zn (s), CDIO_Zn (S) xoodpdu-nuentnapra

HucOaTaH eunO, ynap yuyH Kyiuaaru udoaiapHu oIamMu3:

A(Z)
u(I)_Zn (S) A 2u(n ()S) p(l)_2n (S) !
2n
A(Z)
Wi (9)= 2520 pf (5) @)
2n
A(Z)
02n( ) %z—qm(s) p(l)_Zn(S) :

A2n (S)

6.6 4 4 2
by epna A2n (S) =715 — "1 (Illn + I22n + I33n)S +7; (I11n|22n + I11n|33n + |22n|33n -

2

_I13n|31n - |32n|23n - |12n|21n)S - I11n|22n|33n - I12n|23n|31n - I13n|21n|32n +

+|22n|13n|31n + Illn|32n|23n + I33n|12n|21n !
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0) 2 2
Az (s)= Y1 I12nS + I13n|32n - |12n|33n , (3.32)
(2) 2 2
2wn (S) 'Y Y1 (Illn + I33n )S + I11n|33n - I13nl31n ’

2
A(ZQZn (S) Y1 32nS + I12n|31n B I11n|32n :
poLG (S) mumr (3.26) udonacunu (3.31) ra k¥iiuo, W2Ln (S) yuyn

1  «a AP (s
W(I)_Zn(s) = — le — A 2wn( )
2 S 2n( )

[ (-1)"G(R,8)By (5) + (3.33)

+Rn0(st)i(c,§1;(s)e's CO(s)e” )A;(S)e‘RZS}

n(poaaHU 0JIaMU3.

(3.16) Ba (3.23) udonanapuu (3.20) yerapaBuii maprra, (3.25) Ba (3.33) udoganapuu sca
(3.29) uerapaBmii maptra KyWnO Ba 0ab3M dJIEMEHTAp aIMAIITHP-HUILIApAaH CYHT, UKKUTA
YEeKCHU3 YM3UKJIM aireOpavK TEHIJIaMallap CUCTEMacHHHM OJIaMHM3 Xamja yJapHU KyWujaruda

MaTpuiajid TCHrjiamMaiaap

MOAV?z + TOB-TPBv? - T¥Bz? + TVBv’z? =k ®vz ,
LBz - L¥Bx%z + FYAX? - P Ax?z2 = 0. (3.34)

V:e_Rlsv X :e_st, VA :e7|S
KYpUHUIINAA TaCBUPIA0, €310 KYIMus3.
By epna T” Ba F*) map moc pasuma snementnapu T (s), FY)(s) 6ynran uexcns

npl npl

matpuranap; M® Ba LY map sca moc pasmmaa smementiapm M P (s) Ba LY (s) 6ynran
i=14, k=12); k. kO (s) 6y
yekcn3 auaronan marpunanap (1=14, k=12); snemernTiapu K’ (S) Oynran uekcus

sexTop; A Ba B nap xommnonentanapu AII,‘ (s), Brll‘ (S) 6ynran yekcus HoMabIyM BeKTOpIAp

XaMmJia yjap KyHuJara KypuHUIIra ara:

M®P(s)=A, (s)R,(RsS) —Rs*’A?(s)R ,(Rs)

n%i(s) M (1)( S)C(l) (s), n(p21) (s)=M (1)( S)C(Z) (s),
T9(s)=MP (5)C 2 (s). TO©) =MO(CR (),

Ky (5) =—S"RI™*AG (3) Py (5)
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(11) (S) = (_1)n |:A2n (S) Rnl (_ st) o stzao Rno (_st)A(zan (S):| ’
(21) (S) = (_1)n |:A2n (S) Rnl(RZS) - RZSZOLORnO(RZS)A(Z%/an (S):| !
Fo1(8) =] Ay (S)R4 (R,8) = R,s%0gR 6 (R,8) AL, (5) [CE(5).

F2(8) =] Mg (8)R,(R;8) — Rys%0t,R o (R,8)AL) (5) [C2(s).

2wn

(3.34) marpunanu TeHrJIaManap CHUCTEMAaCHHUHI CYMMHHHU DKCIIOHEHTanap Oyiinya
YEKCU3 KaTOp KYypUHHUIIUIA U3TaiMU3:

o [(a 2@
[A}: 3 (S) m, "‘m(s) Liyiy=n-1, (3.35)
B) im0 f;?n(s) b{2) (s)

|km

(s) Ba b} _(S) - nap snementnapu Moc pasumina a(q P) (s), b(q P) (s) (9=1,2)

6y cpha a; ikm ikm

ikm ikm
OyIIraH YeKcu3 BEeKTOp YCTYHJIap.

(3.35) eunmum (3.34) Tenrinamara Kyiu0, TEHIJIMKHUHT YHT Ba 4al TOMOH-JIapuaard (YHr
ToMoHJa (akaT Outra HOJMmaH Qapkau xang O6op) X, V, Z y3rapyB-uWJapHUHT OUp XHII

Japakajapy ojauaard Kod(QuimeHTIapHu TEHr1ao, ai(ﬂﬁp) (s), bl(gnp) (S) dysxuusnapra

HHcOaTaH KYﬁHHaFH TCHIVIAMAJIADHUHI PECKYPPCHT CHUCTECMACHUHH Ba YyJiapra MoOC OOIIIaHFUY

HIAPTIAPHU OJAMHU3.

krgl) (s) aLn
’ ik
M (s) ik

aleo) (s) = (s)=0,i=01,k>0, m>1;

al>M(s)=0, bM(s)=0, bl2V(s)=0, i=01, k>0, m>0;

ikm

by (s) = L76s) b0 (5) - Y LiZ)(S) CH(s)afP)o(s) +
=O

0= ) P2 T g g 20
%L{;(S)pfo @ (5)aZP (s), i>2, k>0

B )—El)gs)) SCYRORES 1&;{;(5) > CROaLlo(e)+
HiPL(i;(S) P C)a?fly(s), 122, k=0;
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a Li”(S) @ )" (s) =
bt (s) = 0s) b (5) + Lf”(s) éég @ (s)a™P) . 1 (s),

122, k>0, m>1;

(2n)(s)__L1 (5) (2, (s) - S_El_ki?ﬁﬁl CH()al ) ma(s) +

L (s) ;2 ko LD (s) p=0 2,k,m-1
D" (s) =
g—ﬁ%éfﬁ : CA(s)a?f) a(s), 122, k=0, m=1; (3.36)
p=
1n ﬂ)( 5) cl 1, N 1
allm (s) = M(l—)() CO(s)bEP) 1 (s) + Eoc,gp) ()b 1 (s) +
M (1)( )
M, @ (s) p= 0 (2) (s)bl(lk p; m 1(3) N p (2) (S)bl(lkFrJ% 1(5)’
i>2,k>2, m>1;
alm (5) = M (s ) $ cOEBED (5)+ 3 CHEDED (5) +
|k0 (1) (S) p:O ik-21 020 np ikl
M{ 59) 5 0 (9) CO (SR () - X CO (bR (s), 122, k=2;
M(l)(S) p— i,k-2,0 p i,k,0

(1 n) (s) = Z C(l) (S)b(l p) 1(3) _ (2) (S)b(l p) 1(3)’
p

|km ik,m+ ik,m
122, k=01 m>1;

(1)
220 (- )
i ()= GJ(S) b= o

i,k,m

(1) (S)bl(i Pz)m 1(5) n zoc(l) (s)b(2 p) 1(3) n
p:

MY () &

(Z)Sb(Zp) S—OZO)C(Z)Sb(Zp) 5).

i,k,m+1

i>2,k>2, m>1;

1
L) M (- S)

A =" CHEBE )+ X CR bGP () +
(s) p= o p=0
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M (1)( S)

(2) (2,p) _ (2) (2,p) . .
Ma)(s) HOLEAO) p D(sbEP(s), 22, k22;

i,k,m+1

a{2" (s) = zoc“) ($)bZP () - 3 CO ()b, (s),
p= p
1>2, k=01 m>1;
ala" (s) = zoc@ ()b&ER (s)— T CR ()P (s). i>2 k=01.
p= p=

Jlannac anMaiuTupuiuiapyu TacBupiiap (azocujia KOHTaKT 00CUM Ba KOOMK-HUHI ypTacu
CHUPTH HYKTacHJIa Kyuull pagudan KommnoHeHTacu Jlexanap kynxag-napu — Oyiinda
KaTOPJIApUHUHT KO PHUIHEHTIIapH yuyH dopmyanap

L )G (R ()27 +

n+lan-1 ikm
R)7S™ ikm-o

pOLZn (S) =

bl ()2 1]+ Rno (R2S) Z cH (S)[a(1 P (5)z2™* +altP) (s)z‘””_z}< -

ikm

Roo(R,S) Z C) (s)[ L) (5)zm+t 4 gL P) (s)z‘m]x}xiv"“l, (3.37)
p=

i (-1'G,, (R,8)[bt" (s)2" +

m:

;U
=
¥
I\J
:

=

ED ()2 ™4+ Rnl(st)zc@(s)[aa ") (5)2™ % + 2P ()77 ™2k -

ikm ikm
Ru(R9) S R 27 -alky (s)zm]x}xivu.
p:

KYpHUHHUIIITA 3ra.

§ 3.3. Opurunanra yrum
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Opurunanra yTuim, factial, OIyHH TabKuajam Kepakku, (3.37) maru Tamky 4YeKcHu3
KaTopiap dKCIOHEHTanap Oyinua 6ynub, opurnHamuiap ¢a3zocuaa yiaap Y€K BaKT OpauFruja
YEeKJIM UAFUHIUTA ailjlTaHaIu.

bynman rtamkapu, (3.18), (3.19), (3.27), (3.28) katopma 4YeKaH COHIATH XaUIapHH

oysmmHTrana, (3.35) Ba (3.37) popmynanapaarud 3KCIOHEHTaIAp OJITUIATH al(fmp) (s), bl(k%p) (s)

(9=12) xo>pdunmentaap xam S Jlamgac MHTerpan ajIMalITHPMILIAPM HApaMETPMHUHT

panuonan ¢Qynkuusnapaup. by sca kynma copma xonpa dermpmanap Hazapuscu Epaamuiaa

YIapHUHT OpPUTHHAILIAPHHH TOMHII MMKOHHHH Oepaiy.
1
Bynn, mmcon cudaruma, Macamammer comtapok DS’ (S)  kosdunment-napuma

KypcaTamus.

by xoaddurnmentnap (3.36) pekyppeHT MyHOcabaTiap/iaH aHUKIaHAIu:

(2
o)~y 0~ o0 S cloai o)+

L 1E§1)|—(1:)(5)pz_: C@(s)a”(s), n>0,
Oy epna
b’ () =0, n>0,
k$(s)
M (s)

V xonza b () kosddummentiap

ac%op) (s) = p=0, aooop) (s)=0, p=0.

(2)
(9=~ 2 a0

KYPUHMIITA KeNajy.
AP (s)  kosduumentiap Ba C(l)(S) dynxiusmap weknm N Ba P dap
(@<n, p < N) yuyn (3.36) napman keaud YNKATUKH, PALMOHAN (YHKIMAIAP-THP.
Temax, seom N, P nap yayn b (S) kosddummentiap

£.() =S M2 M, (5)

k=n
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Maxpax sra Oynran panuonan Gyakmusiapaup. by epaa |n - HaTypaJl COHJIap.

[ynnmaii kummo, (3.36) pekyppeHT MyHOocabarnap Ba (3.37) dopMynanap KypcaTaaukH,

OKCIIOHEHTAJIAp OJIIUAaru 6apua ko uiMeHTIap KyWnaaru KYpuHUIIra 3ra;

-3

(3.38)

Oy epna
N
fo(s)=s"T[My(ns)
k=1

- xynxaz, . Ba |k - COHJIAp MOC paBHUIIJa MaxXpaX WIAU3IAPUHUHT KappaJury, fl(S) KYTIXaj
TapTUON f2 (S) KyImxaJ TapTuOuIaH KHYHK.

Masbnymku, F(S) ¢yHkuus dweknm comparu TomiocnapiaH TallKapd HyKTa-lapja
perymspaup, y xomma JKopaam nemmacu Ba Komm Teopemacura acocmanu6, F(S)

dynxmusarar opurunam T (1) mn

f(s) = Zsress 1(8 e f,(s,)=0 (3.39)

bopmyna Epaamuaa xucobuain MyMKHH [6, 22].

(3.37) man doiigananuma f2 (S) KYTIXaJIHUHT WIOU3IapU MabiyM OVIMIIN Kepak.
VYapHu Xap KaHIai MaBxKyJ| ycysuiap OuiiaH TOTHIIT MyMKHH.

(3.37) nmam xemu6 umxaguku, F(S) dynkims uxtuépuit TapTHOIM MOMIOC-TApra Sra
6y mymkuH. Arap S, - F(S) Gynkumsannr ommmit nomocu 6yica, y xonaa Oy Hykrana

qerupma

f,(s
resF(s) = RACY) e
5=5; f2 (Sk )
dbopmyna EpraMuia TOMIIIA N,

Abiraitmuk, sumn S, - F(S) dysxumsumar M -neum Taprn6mm momocn. Y xomaa

OTIepaIioH XUCOOHUHT Teopemaiapu Ba JIeiOHuIHUHT Gopmynacuaan [6, 22] doiinananuo,

m-1
resF(s)e* = 1 d =
s=5 (m-1)!ds"

[(s=s)"F(3)] (3.40)

\ss

m-—. k Skt

SR, 60 [(-8)F)]

=0

)
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HHU TOIIaMH3.

Opurunanra yrum agroputMuu Tyramiam yayn G(S) dyHKUMSHEHT XocH-TanapuHu

Xuco0naHu

(i)
ey 1| Gi(s) 91(8) _ ooy fi(8)
Ny (S)_J!Laz(s)} | ne O W e G

KeTMa-KeTIMK Epamuza amanra ommpum kepak. by epra @, (S) Ba 0, (S) — kyn-xamnap.
G(S) (QyHKIMAHMHT S =S, HyKTaJard XOCHJadapd KeTMa-KeTIMTUHU JIeHO-Hu

dbopmynacugaH KenuO 4YMKaAUTaH KyHuJarn peKyppeHT dopMynaiap Oyiimda XwucoOsiamn

MYMKHH:

GO(s g, 14 Ny g
G, = (| L .Gk g;=0"/i(i=12). (342
J: 9:; 9250

by opurunanra ytum anroputmu O¥iinuya 0ab3u COHJM SKCIEPUMEHTIAPDHUHT HATHKaJapuHU

0JIaMM3.
§3.4. Conntu HaTHKANaP.

IOxopuaarn wunuiad 4MKWIraH MacajJaHUHI aJrOpUTMU acoCHJia YTKa3WiraH COHJIU

OKCIEPUMEHTIAPHUHT HATHKAJTAPUHUHT TpaduKIapuHu Kapaimk. KK KOOMK cucTemMacura

OMJI COHJIM SKCIIEPHMEHT/IAp YTKasHIUM YuyH WukH KoOuk pammycn Ry =1, tamkum xobuk

pamycu R, =2, ynapuunr mapkasnapu opacunaru macoda sca | =0.5ra tenr. Tyram myxut
unean cyiokmk (cys: C; =1500M/cek, pg =1000K1"/ M ), KOOMK Martepuanapu cudaruaa
nymar  ommmran: E, =2.01-10° MIla , E,=201-10°> MIla , v,=v,=03 ,

p, =p, =800 Kr/ M° . By sMacTHKIMK napameTpiapura KyiHjaard YI40BCH3 MHKIOPIAp

MOC KeJIaiu:
o, =910, o, =0.601, o, =1.601,
o, =2.6, o, =361.2, o, =361.5,
o, =30.1, o, =0.301,
B, =B, =89.3495, v, =0.282.

Nukyn KOOMKHUHT MUKW CHPTUTA TEKUC TAKCUMJIAHTaH HOpMaJl 0OCHM TabCHP KHJIA I
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P, (t,0,) =H(7), 4,(r,0,) =0,

By epna H (1) - Xeucaiiguunr 6upauk GpyHKuusACH.

9 Ba 10 yn3Manapia UKKH KOOMK CHCTEMAacH YdyH TallKH KOOUKHHUHI Iy = 2 cupruparu
Kyitunaru mykra 0, =0 (1-srpu umsux), 0, = 1/2 (2-3rpu umsux) u 0, =7 (3 srpu unzMK)
napaa rufpoauHaMuk P = P,, 6ocum Ba paguan Wy, KYuuIl KOMIOHETACUHUHT BaKIra OOFIMK

Y3rapuii rpagukiIapy TacCBUpJIaHTaH.

1,2+
0,87

0,41

0 - ——— T

1 2 T

9-un3zma




10-yu3ma
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XYJIOCA

Jluccepraliysi MITHHA Oa)KapuIla OJIMHTaH HATWKajlap KyWnuaaruiapaa uoopar:

1. Juccepranus MIMMHUHT aCOCUI Macajlacl XUCOOJIaHTaH HMJIeall CYIOKIUKIaAPHUHT
¥3apo IKCUEHTPUK omKa cdepuk KoOukiap Owman yerapananran coxacuga Kpuxrod-Jlss
TUNIUAArd fonka chepuk KOOWKIAH HOCTalMoHap TYIKWH Tapkamumm Ba Ttamku C.IL
TuMONIEHKO TUIOTE3aNnapura acociaHuO® 4YHMKapwiran chepuk KOOMKIAH TYJIKUH KaWTHIINA
)apa€Hura MOC OONTaHFUY-YerapaBUil Macaia TaCBUPIIaHIH.

2. JedopmarusiianyBIM KaTTUK KACMIIAp MEXaHUKACHHUHT c(hepuk cupTiap OmiiaH
qyerapajaHraH MKKA OOFJaMIId COXacH y4yH OONUIaHFUY YerapaBUil MacajlaHWHT Hazapuil Ba
amMaliiii axaMHsTra 9ra OyJiraH aHaJIMTUK CUUMH OJIMH/IH.

3. Kentupuiran macana y4yH aHaIMTUK METOJ] MIIUTA0 yukuirad. Hatwkana macana
Jlarutac  wHTErpan — alIMalITHPUIUIAPUHUHT  TacBUpiap ¢da3ocuaa YM3HWKIH — alreOpank
TEHTJIAMAJIAPHUHT YEKCHU3 CUCTeMAacura KeITHPUIIN. By YeKCU3 crucTeMa eduMu YKCITIOHCHTAJIap
Oyin4a Karopiap KYpUHHIIUAA W3JaHHO, PEKyppeHT MyHocalaTiap oJHMHraH. by pekyppeHt
dopMmynanap UYEKCHU3 CHCTEMaHHM €UUIIIA PEAYKIUsS MeToauaaH (oHIaJaHMaciuK Ba
KAaTOpJapUHUHT KO3 duimeHTIapan Jlammac HHTerpai aaMamTHPUILIAPUHAHT TapaMeTPHHIHT
pamuoHan (QyHKOHMsUIApH KYpUHHUIIHIA aHHWKJIA WMKOHWMHHM Oepamu. By sca opurmnHanra
YTHUITHHA YeTupMaiap Hazapuscu EpJaMu/ia aMaira OIMPHII KIMKOHUH OSp/IH.

Nuinab 4nkuiaral aHATMUTUK METOJ aCOCHJIa COHJIM HATHXKalap YUYyH aJITOPUTM TY3HIIH

Ba COHJIM SKCIEpUMEHTIIap YTKa3wiau. by HaTmxkanap rpaduxinap KypUHUAIINAA KEATUPUITaH.

OOUJATTAHUJT AH AJIABUETJIAP PYUXATH

1. babaeB A.D. HectannoHapHbl€ BOJIHBI B CILIOIIHBIX CPElaXx C CUCTEMON OTpaXKaroIINX
noBepxHocten. — Kues: Hayk. nymka, 1990. — 176 c.

2. beiitmen I'., Opaeiin A. Beicmue TpaHcueHaeHTHble (QyHkuMM, ¢pyHKkuuu beccens,
¢GyHKIMN TapaboInYecKoro MUINHAPa, OpTOroHaIbHbIe MHOTOWIEeHB. — M.: Hayka, 1974. — 295
c.

3. Barcon I'.H. Teopus 6eccenesbix ¢hynkmmii. —M.: NJI, 1949. T.1. — 800 c.

4. BoneMup A.C. O60704YKH B OTOKE KHUJIKOCTH U Ta3a: 3alaud TUAPO-yIPYrocTu. —M.:

Hayka, 1979. — 320 c.
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5. TopmxoB A.JI., Mopo3os B.H.,, Ilonomapes A.T., Ikmapuyk @.H.
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