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KHNPHUII

MaB3yHUHT 10/13ap0/auru. 3aMOHABUN TEXHUKAHUHT Xap XWJI COXaJlapUHU
PUBOKJIAHUIIINA Ba HOCTALIMOHAP Y3apo TabCUPAA UIUIANAUTAH SHTH KOHCTPYKLIHSI-
JapHU SpaTUll TyTall MYXUTIapJa TYJKHMH TapKaJWLOUIApW Ba KATTHK XaMm[a
neopManusIaHyBYM KUCMIIap OmiaaH ¥V3apo Tabcupu OujiaH OOFJIMK OYiraH
HOCTAIIMOHAP TYJIKUH XKapa€HIApUHU TaJKUKOTUCU3 MYMKHH 3Mac. YJiapra MUcoJl
cudaruga ceiicMUK Ba 3apOainu TYJIKUHJIAp TabCUPHU HATHXKACH[IA U30TPOIUK Ba
FOBAK-M30TPOIHUK MYXHT/A XKOWIAIITaH Xap XWJl pe3epByaplapHi, METPO TOHHEII-
JapuHH, cHEepUK KATTUK TYCHUKJIAPHU aTpod MyXUT OMIIaH y3apo TabCUPUHU ypra-
HUII MyXUMIUP.

WNHumoatnapHu, OMHONApHU, CaHOAT KypWIMLIUIAPUHU TYHpoK acoc (dpyHaa-
MEHT) OWJIaH y3apo TabCUPH XaKUAArd KYI COHJIA MacajalapHHU €YUl BaKTHIA
SPUM TEKUCIIUK KYpUHHUIIUIATH acoc((hyHAaMEHT)HUHT TUHAMUK KYYUIIIMHA aHUK-
Jall 3apypusTH TyFUIaad. Acocra TabCUp 3TYBUM KyWwIaHUILIap TaOuaTura Kypa
BaKTra Ba macodara OOFJIHK X0JiJ1a Mypakkad KOHyHJap Oyinua y3rapaau. SApum-
TEKUCJIUK KYpUHUIIUAATH acoc (PyHIaMEHT)IapHU KYTIMHYA TYIPOK (€p) TAIIKHII
ATUO, YHUHT TapKUOWJla HAMJIMK, Xap XWJI KaTTHK XUCMIap OYIUIIM MyMKUH. By
X0JIJIa ACOCHH KYT KOMIIOHEHTAJIN MyXHT €0 Kapam MyMKkuH. Ky komnoHeHTanu
MYXUTIAPHUHT AedopManusicu OuiaH OOFJIMK >KapaéHJIapHUHT MYpaKKaOJIWIH,
yJIapHU YPraHwIll YUyH Typiu XUl Mojesiapra onub kenaau. Kynm koMmoHeHTau
MYXUTJIapHUHT Xap xui monemtapu SA.1.@penkens, M.A.buo, I'."M.JIsxoB, X.A.
PaxMaTynnuH Ba OOIIKaTapHUHT WIMHUN TaJAKUKOT MILIApUia YpraHuirad Ba pu-
BOMJIAHTUPWITAH. VIKKM KOMITOHEHTAIM MyXUTHHHT Mojenu OupuHun mapta S.1.
@peHKenb TOMOHUIAH YpraHWiIrad. Y HaMm TyHpOKJa TYJIKUH jKapaéHUHU TaCBUP-
JIOBYM TEHIJaMalapHU KeJITUPUO 4YMKapId Ba MKKU TUNJArd Oyiinama TYIKUH

MaBXyIJIMTUHA I/IC6OTJ'IaI[I/I.



Cyroknuk OunaH TYWHHTaH FOBAaK M30TPONUK MYXUTHUHI YM3UKIU AeQop-
Manus Haszapusicu M.A.bUo TOMOHHMIAH ypraHwirad. ¥ XaM FOBaK H30TPOIHK
MYXHUTJa UKKUTa OYillama TYJIKUH TapKIUIIIUHA UcOO0TIab Oepiu.

Kynruna amanuii macananapga atpod MyXUT TEKUCIMKIAp (KAaTTHK EKU
OPKHUH CUPT) OWJIaH YerapajaHTaH OYIWIIM MyMKHH. YIap Kym Xojulapia MyXHT-
HUHT JAedopManus-KywIaHUIl XOJaTHMHUHI Yy3rapuimura onu0 kenaau. byHnai
YKapaéHiap y4yH MacaJaHWHI KyMWIMIIM Ba YHMHI CaMapajid €4ull yCyJUIApUHU
UIUIa0 YMKUII XamJia 4erapajoBUl CUpTIIapAaH TYJIKUHJIAPHUHT KylIMapTa KauT-
UIIMHUHT TAbCUPUHU YpraHuil JedopMalrsiaHyBUl KaTTHK XXUCMIIap MEXaHHUKa-
CUHUHT 3aMOHABUM MyXUM Ba J0J13ap0 MyaMMOCHHU Udoananiu.

IOxopuaarnnapaan xynoca KuinO, CyrOKJIUMK OWJIaH TYHMHraH FOBAaK-H30-
TPONMK MYXMTJIU SIpUM (pazosapja HOCTAMOHAP JACTUK TYJIKUHIAPHUHT TapKaJi-
WIIMHA YMYMUH KOHYHUSITIAQPUHHM YPraHull MyXHM axaMusTra sra Ba J0J3ap0-

TIp.

MyaMMOHMHI YPraHuwIranJIuru. Xo3upru Bakrraua 0y yHamumu Oyinya
aKyCTHK Ba 2JIaCTUK 3apOaiu TYJIKUHIAp HaTWXacuja Oup OOFIaMiIM coxaiapia
AroHa TYCHUK OwWIaH aTpod MyXUTHHHT ¥3apo TabCHpPU TYJIHUK YpraHuirad. Yiap-

HUHT HaTWkanapu [5, 7, 8, 9, 12, 14] uiiapja KeNTHPHIITaH.

XO03Upru BakTJa KaTTa axaMusaTra sra OyiraH, JIGKUH KYMOOFJIaMJid coXa-
Japaa HOCTalmoHap 3apOaiu TYJIKUH TapKaIMIIA Ba JUQPAKIUACH KaM YpraHui-
rad. JKymmnaman, Oup KOOpAMHATAIA CHUPTJIAp OWJIACUTAa TETUIUIM OYyIMaraH
CUpTJIap Yerapalianral coxajiap/ia HOCTallMOHap TYJIKUH >KapaCHIapUHU YpraHUIl
KaTTa KU3UKUII YUFOTAIH.

Macainas, yerapajaHMaraH 3JacTUK Ba FOBaK-M30TPOIHMK MyXUTJIapaa Xam-
Jla 2JIaCTUK sipuM (pa3oja KYHAAIAHT TYJIKUHIAPUHU TapKAIUIIK Ba AU(PaKIUICH

HaTwkanapu [4, 14, 18, 21, 22] unmuii TaIKUKOT UIIAPKIa KEITHPUIITaH.

Taagkukor 00beKTH Ba mnpeaAMeTH. YOy MarucTpiuK JUCCEPTAIIHS

CHHHUHI' TAAKHUKOT 00BEKTH CYIOKJIUK Omtan TS'/I>’II/IHF3.H rOBaK U30TPOIIUK MYXUTIIN



apuM (azona xoilnamrad abCOMIOT KATTUK IIAPHUHT OepuiiraH KOHYH OYitnua
xamaa OepuiraH Ky4 TabCHpJa HOCTAaMOHAp WIrapwiaHMa XapakaTu
MacajaJapyuHUHT €YUl AJITOPUTMHHM UIUIA0 YUKUII Ba KATTHK IIAp XapakaTura

aTpodu MyXUTHUHT aKC TabCUPH KapaCHJIApUHU YpraHUIIIUP.

Taakukor Basudagapu. YmlOy MarucTpiMK IJUCCEPTANMSICH KyHumaru

MacCajJlaJdJapHHU TaAKUK KHUJIHIITa OarvIIJIaHTaH:

. Cyroknuk OwiIaH TYHHHTaH FOBaK M30TPOMMK MYXUTIHU sSpuUM ¢a3zoaa
JKoMTamrad adCoI0T KaTTUK IIAPHUHT OepuiiraH KOHyH OYyitnda Xamjaa Oepuiran
Kyd TabCHpJa HOCTALIMOHApP WITapuiaHMa XapakaTh >Xapa€HUHM MaTeMaTHK

udoaanami.

° SlpraHI/IJIaIII/IFaH *Kapa€Himapra Moc  OOIUIaHFUY  YerapaBui
MacaJaJapHUHT €UUIIl aITOPUTMUHH UIILIA0 YUKHUIIL.

o Nuna® yukuirad alropuTMiiap acocujia COHJIM HaTWKajdap OJIMII Ba
YIAPUHUHT TaxXJIWIIH.

o AOGCONIIOT KAaTTUK HIAPHUHT HOCTAIIMOHAp WJTapujaHMa XapakaTura
aTpo MYXWUTHUHT aKC TabCUPUHHU Ba map aTpouauru TYIKWH >kapaéHiapura

yerapaBuid CUPTIAPHUHT TAbCUPUHU YPTaHHILL

TaakukoT MeTomIapu. MarucTpiauk auccepTaluscuia CYIOKINK OuiaH
TYHUHTaH FOBAaK U30TPOIUK MyXUTHUHT aCOCUN MyHOcabaTiapu Ba TyIIyHUYaJIapH,
MYXUTHUHT XapakaT TeHryiamanapu, Jlexanap xamma ['erenbaysp oproronai
Kymxamaiapaad, Jlammac wHTErpan amMamTuUpHIIiapuaaH Ba beccens dyHKIMs-

Japu yYyH KYUIUII TeopeManapuaad GpoilgaiaHuIIn.

MaB3yHHHI MJIMMJINTH, SHTWJIMIH. Y1IOy MarucTpivK JUCCEpTalUsicH

Jla ypraHWwJIraH HaTWXajlap Kynuaarumiap:

o Cylokuk OuinaH TYWHHTaH FOBaK M30TPONMUK MYXUTIU sipuM (azona

JKoMmamran >kouiamrad aOCoI0T KAaTTUK IIAPHUHT OepuiraH KOHyH OVinua



Xxamjia Oepuiirad Ky4 TabCHUpa HOCTAI[MOHAP WIIraphJIaHMa XapakaTjiapu HaTHXa-
CHJa 03ra KeJraH HOCTallMOHAp TYJIKWH jkapaéHiapuHu udoaanoBun OOILIaH-

FUY-YerapaBui Macajia Kyuuigau.

o Vpranumaguran sxapaéHmapra Moc OONUIAHFHY-YErapaBMii Macana-
HUHT €YWL AITOPUTMHUHH UILIA0 YUKHIIIH.

o Nmna® 4yuKuirad ajaropuTM acocHj]ia COHJIM HaTWKalap OJUHAM Ba
yJlap acOCU/1a HOCTALlMOHAP TYJKHUH KapaéHU TaXJIWI KUJIUHAM.

o AOCOIIOT KaTTUK 1ap aTpoUIUTH TYJIKHUH jKapaéHapura yerapaBmii
CUPTJIAPHUHT TabCUPU XaM/JIa IIap XapakaTura arpod) MyXUTHUHT KapIIMIUK Ky4YH
yuyH GopMmysia TOnwiau Ba (opMyJia acocuia Kyd TabCUPHU YPraHUJIIH.

o [MapHuHr Oepwiran Kyd TabCUp/la HOCTALMOHAp WJIrapHjiaHMa

XapakKaTy HaTHKacH/a ap MapKa3y KYYUIIM Y4yH aHUK U(OIa OJHH/IH.

TaagKUKOT HATHKAJIADMHU aMaJIMid axaMuATH. /[uccepranusga ypraHui-
raH mMacajajapHUHT €UUIll aJrOPUTMIIAPUHU, OJIMHTAH HATHXXKaJlapHU reodusuka,
CEHCMOJIOTUSIHUHT aMaliiii MacaJlalapuHU €4YMIlia, €p OCTH Ba YCTH HHIIOAT-
JApUHU JIOWHUXAJAINTUPHUIIA Xamaa JaeopMarusiaHyBUd KAaTTHK JKHCMIIap
MEXAHUKACHHUHT MacajajJapuHU COHJIM yCyJulap €paaMuaa €uYMIlga OJWHTaH
HaTIWKAJIAPUHA WIIOHWIMTHHU OaxoJiamaa, KYJIaHWIraH yCyJIapHd UXTHCOCTUK

dannapu Oyitnda Maxcyc KypciaapHU YKUTHIIIA HOHTaTaHUIUIITNT MyMKHH.

MarucTpjauk JQMCCepTANUSICHHUHT TY3WJIMIIM Ba XamMH. Maructpiuk
JUCCEPTAIMACH KHUPHII, WKKHTa 000, Xxymoca Ba doipamaHnuiraH amxaduériap
pyiixatugan ubopaT. bupuHum 00012 FOBaK HM30TPONMK MYXWUTHHUHT ACOCHM
TyLIyHYaJIap, XapakaT TEHIVIaMallapd, MYXUT Y4YyH 4YerapaBui IIapTIapHUHT
Typiapu Ba 3apyp Mabiaymotriap xamna Jlexanap Ba ['erenbaysp oproronain
KYIIXaJJIADUHUHT XOCcalapy, MKKMHYM 0007a YpraHwiraH acocHil MacajlaHHHT
CUUII QJITOPUTMUHM UILIA0 YWKHUII Yy4YyH (QoijamaHuIaAurad MaTeMaTHK

MeToJy1ap, YYMHYM 0007a 3ca ypraHwiagurad HOCTAllMOHap XKapaéHHUHI MaTeMa-



TUK TAaCBUPH, YHUHI €UMINI AJITOPUTMU, MYXHUT IapaMeTpiiapu y4dyH aHuK (Gop-
MyJiajap Ba COHJIM HaTwkajgap rpaduk KypuHUIIAa KenTupwiraH. J(uccepramus
xaxmu 68 Oetnan nbopar. doitnananmiran agaduériap pyrxaru 23 Ta agabueT Ba
KypHaAJI MakoJiajapujaH ubopar. Maructpiauk mauccepranuscuaa ¢gopmysaiap,
pakamiapy UKKUTa HOMepJaH ubopat, Oy HoMepiapaad Oupu OOOHUHT HOMEPHUHU,

WKKUHYUCH 3ca POpMYyJIaHUHT HOMEPUHU OWIIIUpaIH.



1-BOBb.
CYIOKJIMK BUJIAH TYUHUHI' AH FOBAK-U30TPOITUK
MYXUTJAPHUHI ACOCUI MYHOCABATJIAPU

Cyroknuk OuiaH TYHWMHTaH FOBaK M30TPOIMUK MYXHTIApAa HOCTAIHOHAp
TYJIKUH JKapa€HJIapUHU MaTeMaTHK MOJCJUIAIITUPUII MYXWUTHUHI —Xapakar
TEHTJIaMaJIapUHU TaHIaml OuiaH OofnaHran OyiuO, ymap KyJuiamn Jo3uM Oynran
yerapaza xap OWp MYXUTHUHI HOTHMHY XapakatuHu Oenrunaigu. Kyitnna
YpraHujaaurad MIra HOCTAalMOHAp MacajaJlapHHU €4ulIa Kyl MapTa CUHOBIAp
JaH MYBO(MAKKHMATIM YTraH KJIaCCHUK MaTeMaTHK MoJen KyJulaHwirad. Yom
ATWITaH WIMHN UIUTAPHU YpraHUIl KypcaTaJuKi, MAXaHUKaHUHT KYNTHHA MyXUM

aMaJIMil €YuIa ylIapHU TaHJIAll YPUHIUIUDP.

by 0001a 4M3MUKIM FOBAK M30TPONMUK MYXUTHUHI acOCUM MyHoOcalatiapu
XamJia FOBaK M30TPOIUK MYXHUT YYyH HOTAlMOHAP MacalalapUHUHT KyWHIJIHUIINA Ba

['erenbaysp opToroHan Kynxaajiapu HUHT XOccajJapy KEITHPUIITAH.

1.1. Cyrokjank OuIaH TYHHHIaH FOBAK-U30TPONUK MYXUTJIAPHUHT

Xapakart TeHIJiaMmajaapu.

®pankenb buo Mogenura kypa, CyroKJIUK OuIaH TYHUHTaH FOBAK U30TPOIHK
MYXUTHHUHI JIUCCUIIATUB KYWIAPHUHI TabCUPUCHU3 XapakaT TEHIJIAMACH BEKTOP

dopmana Kyinaaru kypunwuiira sra [2, 14, 16]:

. . o%u o°U
NAuU + (A+ N)gradd'VU + QgraddIVU = pll? + P12 ? ,
. . o%u o°U
Qgraddivu + RgraddivU = p,, s +Py e (1.1)

by epma u Ba U - ymap Moc paBuIa CKEJIETAA Ba CYIOKIMKAA KY4YHUII
BekTopaapu; A, N — Jlap MyXUT CKEJIETUHHHI 3JaCTUKIMK KOHCTaHTiapu; R —

FOBaK XQXMHH TYJIIMPYBYH CYIOKJIMKra KyHwmiyBun OocuM (OyHIa yMyMHUH XaXm



y3rapMacnan kojamu), Q — ngedopmarus madTHaa KAaTTUK Ba  CYIOKJIHK
KOMIIOHEHTAJIapy ypTacuJard MaxKaMJIaHWIIl MHKIOPH; Py, , Py, - YJIAPHUHT
HUCOMH XapakaTh naituaard >QQEeKTUB MaccanapH; p,, - KaTTUK Ba CYIOKIHK

KOMITOHEHTAJIapu OpacHIard AUHAMUK OOFiaHuIl kKoddduimenTu; A - omeparop

Jlannac onepaTtopu.
Pu =A=PBo)P,, —Pr2s P22 =PBoP,. —Pr2
by epna [3,- MyXWT FOBakiWru, p, Ba p . - aJOXWJa XOJJa KATTHK Ba CYIOKJIHK
KOMITOHEHTAJTApUHUHT 3UYJIUTU.
MyXHUTHHUHT 3JIACTHK ITapameTpiiapu Kyiunaru [2, 14]
P >0, pp >0, p,, <0, pyp,, —p%, >0, (A+2N)R-Q°>0
Pp,—2Qp, >0, P=A+2N
HIapTIapHU KaHAOTJIAHTUPAIH.
u Ba U Bexropiapuu Moc pasuiiaa U, U,, U, BEKTOPJIAPHUHT MWUFMHIUCH
Ba YM3UKJIM KOMOMHAIMSCH KYPUHUIIN]IA
u=u,+U, +U,, U=pU +p,U,+ U, (1.2)
TaCBUPJIANMU3.
by epna B3, Ba 3, - X03MpyYa YM3UKIN KOMOMHAIMSAHUHT HOMabJIyM KO3(Q(QHUINEHT-
naph, By =—py,/py -
Uy, U,, U, BEKTOpIap KyHuaard Kylmumya mapTiaapHi KaHOATIaHTUPAIu:
divi, =0, rott, =rotl, =0. (1.3)
by mwaptiapau kyrinaaru Jlame tacBupiiaHuIIapy KaHOATIAHTUPAIN:
u=grad(e, +,) + roty, U =grad(B,e; +B,p,) + rotB,y (1.4)
by epna ¢, 1ap Ky4yuil BEKTOPUHHMHI CKaJIp Ba \J BEKTOPJIU MOTEHLHAIIAPU

mabHocura ora. (1.4) Jlame tacBupnanunutapuan (1.1) TeHrizamanapra

KYWraHMMU3JIaH CYHT y4dTa y3apo OOFJIMKCU3 TYJIKUH TEHTJIaMaJTapyUHU OJIAMU3;

1 &%, 10y
— o (k=12), Ay =——- 1.5
¢ ot ( ) v ¢ ot (13)

AQ,

10



(1.5) pman OuMpHHYUM WMKKHTACH MOC paBHIIAA C, Ba C, TC3JIMKIAp OWJaH

tapkanyBuu | Ba Il tTun GViinama TYJIKUHIApPHU TaCBUPJIANAM, YYMHYH TECHIJIaMa

3ca €, Te3NUK OWJIaH TapKaTyBUYM KYHIATaHT TYJIKUHHU U(OIaTaiIu.
TYNKUH TapKAJIHMII TE3JIMKJIAPU MYXUT NapaMmeTpiiapu OpKaidu Kyuhujaaruya

le :P+—QBK’ C; :L (16)
P11 + PPy Py + BsPy,

udonanananu. by epaa p, - 1ap Kyiumara KBajapar TeHIIaMaHUHT WITU3IapU:
(P2,Q — Py R)B* + (PP —pPuR)B+p,P-p,Q=0. (1.7)
(1.1) Tenrmamanapaan Ba (1.5) - (1.7) myHocabaTnapjaaH JMMHTIA YTHII

ynu Ouian ajgoxujaa xap Oup KOMIIOHEHTa y4yH XapakaT TeHIJIaMallapyuHU OJIHIII

MyMKHH, SbBHM M30TPOIMK Ba CyloKmuk yuyyH: Q -0, R—0, p, >0, p,, >0
(A +2p)
napaa (0y xomma moc pasumga €, >0, ¢,—>u/p ¢ —> i ) wumean

U30TPONMK MYXUTHHHI C;, C;; A, [LBa p - XapaKTEepJIM TE3IUKIAP Ba M30TPOIHMK
MyXUT 3Uuuinru 6unas xapakar tenriamacuHu: N —0, Q -0, R—>0, A,
pn—>0, p,—>0 xomma (6ynma moc pasumma ¢, —0, ¢, >Ay/p,, ¢;=0)
CYIOKIHMKHHHT C,; A, P, - TE3IMK Ba IapaMmeTpiap OWJIaH XapakaT TEHITIaMaCHHH
OJIaMu3.

MyXxuT XapakaTjiapuHu OOIlUIaHFUY HYKTacu cdepa Mapkasu OWsiaH ycTMa-
yer tymyBun (R,0,3) chepuk xoopauHaranap cucremMacuaa Kapaiimus. 3 Oypuak
O, yKura neprneHAMKyISp TEKHCIMKIA XucoOnaHanu, 6 Oypdak 3ca paauan Hyp
omnan O, YKUHMHT MycOaT HyHaIUIIN opacugara Oypuakiaup.

(1.4) kyuuin BeKTOpU KOMIIOHEHTaIapu cheprK KOOpauHaTajgap CUCTEMAacCH-

Jla KyMyuJaaru KypyuHUILTa ora.

_dete), 1 {gwsine _%]
or rsin®

o0 o9
u zia((P1+(P2)+1|: 1 dy, _a(r\Vs):l
“r 0 r| sind 89 or |’

u

11



4 =L Ot e) 1{8(%) 8\1/} (18)

rsind 09 r or 00

U, = OB, +B,9,) " 1 {Q Bay,sing — aBs\Ve:l
or rsin@| oo 09

U zla(Bl(P1+Bz(P2)+1|: 1 8\Vr_a(rBs\V9):|
Ty o0 r|sind 09 or ’

U. = 1 OBy, +B9,) 1|:8(FB3\V9) aBg\I/:l
*rsing 89 rl or 00 |

CYIOKJIUK Ooua" TS"ﬁI/IHI‘&H rOBaK MYXUTHHHI' I'COMCTPHK UYHM3UKIIHU MYHOC3621T-

Japuna neopmManus TEH30pH KOMIIOHEHTAIAPUHU KAaTTUK Ba CYIOKJIHK (azanap-

HUHT KY4YMII BEKTOPJAPUHUHT TAIIKUI dTYBUMIIAPU OPKAJIM KyHUJaru KypUHHMILIA

udoanai MyMKUH:

ou, 1| 1( ou, 1 ou, 1du, LU
e, =—",€,=—|— —u,ctgl |+ ———> 1|, e, = + L,
or 21 r\ 00 rsin® o9 r 89 r
1( 1 ou, ou, u, 1 oduy
€, =—| — -+ —— |, €4 =
2\rsin9 038 or r
1 %—U—S 1au) e=e, +€, +€, (1.9)
or r r oo

ere 2
v, 1oU, 1 oy, U

+ — +—9ctge+3ur,
or r 00 rsind 09 r r

Yo tge+—
rsin© 5‘8 r r

eE=

Ky'WIaHUII TeH30pH KOMIIOHEHTJIApH 3ca Kyluaaru Kypunumra [14]:
G, =2Ne, + Ae+Qe, oy, =2Ne,, +Ae+Qe, o, =2Ne, + Ae+Qg,

Gy =Gy = 2Ner9 ’ Ggor =0y = 2Nere 1 Ggy =0py = 2Nees’

c=0Qe +Re. (1.10)

ora.

FoBak wu30TpOonMK MyXHT Y4YyH KyWMAAru YIYOBCH3 MHUKIOPJIAPHU
KUPUTAMU3:

,E=—,

Q. R
H' > H



—9 (=123, H=P+20+R, uw=—r y=t2 v

;0 0, -,
¢, = Rlz,cpz Ré,\v

o;UN\el

by epna R,- KanpaliaMp xapakTepid YU3UKIM YI40B; U, V, Ba U,, V,- jJap
CKEJIETIa Ba CYIOKJIMKAA KYYHUIIHUHI MOC paBHIJIa pagudal Ba TaHIMCHLIHAI
KOMIIOHEHTanapH; G,q(o,B=r,0,8) - KyuraHum TeH30p KOMIOHEHTIAPH; G, -
CYIOKJIUKIaru 0ocuM (Kyiuma Oapya jxoia YI40BCH3 MUKAOPIap Oelruiapaard
HMITPUXJIAD KyHHIMAian).

MyXUTHUHI XapakaT TEHIJIaMaJlapd KYYMIIMHUHI YIIYOBCU3 ¢y, (0, CKaJIpP
MOTEHIIMAJIM Ba BEKTOP NOTEHIMAIHUHT HOJJIaH (QapKiu \y KOMIIOHEHTAacHUra

HUcOaTaH c@epuk KoOpAMHATANIAp CHCTeMachaa YKCUMMETPUK XOJIM YYyH

KyWHJIard KypHUHMINTA Ora!

K 2 0% %y v
Y = =40, Ys & =4, v§ =AY o (1.11)
10(,0 1
B A== 2y
y cpad re ar( 8rj r’sin® 69( ]

Chepux koopAauHaATaNIap CHUCTEMAcHJa KY4YWIl BEKTOPH Ba KyWIAHHMII
TEH30pU KOMIIOHEHTAJIapu MOTeHIMan QyHKuusuiap OunaH kyhunaru nuddepen-

nuan udoaanap Ousian OOFJIaHTaH:

a((P1"'(|)2) 1 1{8((P1+(P2) 0 i|
= sin® ———|r ,
1= rsing ae(% = T e
a(Bl(Pl + Bz(Pz) 1
u, = — sin® 1.12
2 or I’SII’]@ ae(Ba\Va )¥ ( )
_ 11 0B, +By0,) O
vV, = I’|: 20 or (Bsr\Vs) )

ou, u, [ ov ou, 2 1fov j
_ +2y L 4+L ZLhvctgd |+M, | =2 +=u, +—| —2+V,ctgo ||,
On ZThg L7 r(ae ! gj nz[&*r re r(ae 4 }
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2 |rae or r
ou, 2 1fov, ou, 2 1fov
=M, —+—U, +=| —==+V,ctg0 | |[+&| =% +—u, +—| —2+V,Cctgo | |.
O n{ar r r(a(%) ' gﬂ é{ar r’ r(ae i gﬂ

1.2. FoBak-u30TPONUK MYXUT Y4YyH YerapaBuii IIAPTIAPHUHT KYHUIHIIH

G =1 _XF Ny | N ﬁ}, (1.13)

Yy MarucTpiauk AUCCEepTAlUsCUIA CYIOKIMK OWJlaH TYWHWHTaH FOBAaK-
U30TPONMUK MYXUTJIIM HWKKH OOFJIaMiid coxara TETHIIM Macalla KapajiaJiu.
Avitaiimuk, G ukku Oormammm coxa P, Ba P,, 0G=PR UPR,, RNP, =Y
cupTiap OusiaH uerapajanran OyicuH (1- pacm) Ba Oy coxa CYIOKIMK OWJaH

TyUMHTaH FOBAK-U30TPOMUK MYXUT OuiaH OaH[l, SHHU TYIAUPUIITAH.

MyXUTHUHI HOTHHY XapaKaTUHU U(POJATOBYN KYUUIl BEKTOPUHUHT MMOTEH-

mmain (¢, 1 =12 Ba m) napu (1.5) TYIKUH TeHIIaMalapyuHU KaHOATIAaHTUPAIH.

Ypraumwnaérran HOCTAIlMOHAP MacajaJlapHUHT Oapuyacuaa, onaTaa OolIaH-
rud (t1=0) BakTma MyXuT THUHY XoJyiaTna Oynaau, ssbHU OyHTa Kylumara Oup
YKUHCIM OOIUIaHTUY [IApTra MOC KeJIau:

o=m =1 =0, (i=12) (1.14)

0G cupTtma derapaBuii mapTiap OepwiraH Oymmmuy kepak. YerapaBuid

(pi =0 = (.Pi

mapTiapiaH KyMHUJIAard UKKW TYpU SHI KYII TapKalraH: 4yerapaja KydwIaHuIap

MabJIyM, SSbHU

Tolp =T (1.15)

€K1 yerapaBuii CUpTAa KY4HIll BEKTOPU OepUiIraH, SbHU

Ulp, =V (1.16)

Oy epaa T, Ba T, - N Hopmanra sra P, derapaBuii cHUpPTIard KydIaHUII TEH30PH

Ba Oepuiiral KywiaHui Bekropu; U, - P, cuptaa Oepuirad Kydull BEKTOPH.
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P, Ba P, cupTinapHHHT Xap XWJI ydacTKaJdapula Xap XWj TUIIArd IIapTiap
Oepwiirad OYJIMIIKM XaM MYMKHH.

VMymaH onranzma, (X', X, x*) KoopaMHATIAp CHCTEMACH IIyHAAH TaHIaHA-

IvKd, yaaa P, éku P, cuprinapaan Oupu koopJUHATaIUIUD, SBHU COAJA TEHIIaMa

Owna" 6epusay.

Arap MKKUHYM CUPT XaM OMpUHYMIa YXIiaml KOOpAWHATAIM COJJa TEHT-
Jama OwitaH Oepwiica, y X0Jijia OONIIaHFWY-YeTapaBuil MacajlaH!u €4HIl KUHMHYH-
auru ($akat KoopAUHATa CUCTEMacH OMilaH OOFJIaHTraH.

Arap/a MKKMHYM CUPTHUHT COJJA TE€HIJIAMAacH OMPUHYM CUPT OuiaH OuTTa
KOOpJIMHATa cucTteMacuja Oyiamaca, y XOJjJa 4YerapaBuil IIapTIapHU KaHOAaTJIaH-
TUpUILI OujlaH OOFJIMK XOJ1Jla 103ara KeITyBYM KYIUMMYa KMMMHYWIMKIAP Mai10
Oynaau. VXTu€puil 3rpUUYM3MKIN KOOpAMHATAIAP CUCTEMACH YYYH FOKOPHIArd
OOlUIaHFUY —YerapaBuil MacaJlaJJapHUHT CUUIIHU TY3HII Ky/Ja KHHUH UILIUD.

yHuHT y4yH, ymi0y MarucTpiauK AUCCEpTalMICH HIIKAa (akar KylWHujaaru
XyCYCHM XOJIHU Kapanmus.

P, — Texucimuk (z2=0), a P, — aca 2>0 sipum ¢a3oHUHT siccu cupTUIaH h
(h>R) uykypmukna xoitnamran R paguycnu chepuk cuptoup (2—-pacm). by
sapuM (azona kounamrad chepux KYpuUHUIIIATH OYVIUIMK, KOOMKIapAaH TYIKUH
TapKaJIUIUIApU TYFPUCUAATA Macajlalapura Moc Kelau.

AWiTalinuk, spuM Ga3oHUHT SCCH CUPTU KyWIAHUIIIAH (3YPHUKHIIAAH) XOJIU

Tols, =0 (1.17)

€KM KY4HIIl BEKTOP HOJITA TEHT

U‘Pz =0. (1.18)

Cdepux 6yIUHK yerapacuaa KydJaHUII Oepuiran

Tn‘Pl =T (1.19)
€KM KY4MII BEKTOPU MabIyM

ulp, =Us. (1.20)
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by macananunr xycycuii Xonu cudaruaa sspum (azona sxkounamrad chepux

OYIUIMKA SICCH TYIKUH TUGPaKIMSICUHU Kaparl MyMKHH.

VY xoia OYIIUIMK CUPTAAry YerapaBuil maptiap Kyhuaaraya O0yiaau:

* \
€1 Ls -0, (1.21)
1
€KM adCOJTIOT KaTTUK LIap

(+u§£ -0. (1.22)

1 — pacwm.

by macama yayn sipuMm (pa3o TeKHC cUpTAa 4YerapaBWil mapTiap KyWumarua

TEHIJIMKIap Ounad Oepuiaau:
« D
(-n +TnsL5 =0, (1.23)
2

E€KH



(+U;E _0. (1.24)

(1.21) — (1.24) mapmiapna S WMHIEKC OWJIAH TYIIYBYM Ba TEKUC CHPTIAH
KAUTYyBUM TYJKUHJIAPUHUHT TabCUPU HaTaKacuJa MYyXMTIa lo3ara KelyBud
KYWIaHMII Xama KYUYUITHUHT HATH>KAJIOBYM BEKTOPJIapU OEJITMIIaHTaH.

Kapana€rram wacamaga derapaBuii mapTiap chepuk KoopAWHATAIAp
cucTeMacuja eduMHH 3 Oypuakka OOFIIMKMACIUTUHUA TabMUHIANIN.

Arap kapamaérran G coxanga MyxuT Oomika aedopManusIaHyBYU KHCMIIAp
OWIaH KOHTaKTra sra OyJca, y XoJja ssHa/la KUMUH Macajia Ba yerapaBuil mapTtiiap
1o3ara kenagu. by xonpma P, cupmiiapia IapTIapHUHT TYpH Y3apo YpPHHYBYH
MYXUTJIAPUHUHT TaOuaTura OOFIUKIUP, DJTACTUK OOBEKTIAp YUyH 3Ca YJIApPHUHT
¥3apo MaxKamiIaHUIIUTa OOFIUKIUDP.

Avitaitnuk, B, cupt (x',x?, x*) STpHUM3HKIN KOOpAMHATAJIAp CUCTEMACH[a
x° =const Gup KoOpAMHATAIM CUPT OMJIaH YCTMA-yCT TyIICHH. By xomma [ X°]

KOOpJMHATA YM3uFu P, cupT HOopManu 6¥itnua ityHanran, [ X'], [ x*] uusukiap sca
P, CUpTHMHT OOLI SrpUIMKIApH OMJIaH MOC TYIIa/H.

Kymnanan, qudpakuus Macanacua Keaud TyHIYyBUM TYJIKUHHU SICCH 3J1ac-

THK OYyilama TYIKuH cudaTuga KapailMu3. YHHHI TapKaaum (QpoHtu P, spum
¢da3o TeKUC cUpTUTa MapauIe] Ba KyWHIard MOTCHIIAAJTA ATa

¢ (r,0,7) = f (t+rcos6 —1)H(t+rcos6—-1), (1.25)
Oy epma f(t) — MOTEHIMANHWHT BakT OYHW4Ya y3rapuiid KOHYHHHH OepyBYH
uxtuépuit pyukuus; H (1) — XeBucaHUHT OUPIUK (QYHKIIUACH.

Xap Xui xoccara sra OyiraH MKKMA 3JIaCTUK MYXUTHUHT ¥3apO KOHTaKT

HIAPTHIAPUHN YMYMUH KYPUHHIIAA Kyiugarnda ¢3um MyMKuH [7]:

ol _ @ ol _,,@
G33 A G33 R’ U; A U; R’
o =o3| =k u?-u® |, (1.26)
B B P
O _ @ _ 2 _ @
Go3 R Go3 R k, u;” —U; .
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y epJia IOKOpY UHAEKCIap MyXUTIAPHUHT HOMEPUHU OWIIIUpaIH.

(1.22) tenrmuknapna K, , xkod(hGUIHMEHTIAPHUHT KUPUTWIUINN YerapaBuil
MIAPTIAPHUHT UKKU TYPUHH Kapaml HIMKOHHHU Oepaau: K, , =0 - s)pkuH cupraHum

(cuixum), Ky, =o0 - KaTTUK (Maxkam) GOFIaHHMIIL
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Arap B cupr r=R, cdepa Omian ycTMa-ycT Tyllca, y XOJa YKCHUM-
MeTpuk aedopmaius xonatunaa chepuk cucremacuaa (1.22) myHocabaTiIapHUHT

udoaacu Kyiuaaru KypuHuIIra Keaaau:

@

rr

—c®
r=R O

u® =@

r=R

(&)

r=R

r=R

—®| =k v _y®

r=R

Gro (1.27)

r=R

r=R
R paanycCiia C(I)epI/IK FOITKA KO6I/IKHI/IHF 9JJaCTUK MYXHUT 6I/IJ'IaH g’S&pO

KOHTAKT XO0JIMJa KOKOpUAAru mapTiIapHu KYﬁHHaFan €3aMu3:

Grr‘r:R = Bpo ] u|r:R =W , (128)

Gre‘rzR =Bq, = k(v\r_R -, +%CI)1), B=E/(A+2u).

B koaddunmentHuar (1.28) MyHOocabaTnapaa KUPUTHIUIIMHUHT cababu

O00cHM OMiaH Ky4JaHUIUIAPHUHT Xap XU YIIHOBCU3IIMKIIAp OWIaH OOFIaHTaHIup.

1.3. Jlexxanap Ba I'eren0aysp oproronaj kynxaajiapu

xamaa beccenb QyHKUMSICHHUHT 0ab3U X0CCATApH

Connu yCyJUTapHUHT KEHT KylaMmJa PUBOXKJIAHHWINKA XaMma COHJH JKC-
MEPUMEHTHUHT aXaMUSITHHH OIIUIIN MyHOca0aTu OwiaH maxcyc (yHKIusuiapra
KU3UKHII FOKOPH Japakana ycau. by ukku xonat Ounan OofjaHraH. bupuHunnas,
(GbU3MK XOuCaTapHUHT MaTeMaTHUK MOJeNW uiuiad yukuiga 6ab3u 3¢ dextiap-
HUHT HHCOWM pPOJIMHM aHUKIANl MakKcaauja AacTIa0Ku MacajlaHu aHAJTUTHK
dbopMaza eYMMHUHH OJUII YUyH COANANAIITHPUINTA TYFpHU Kenanu. VIKkuH4IumaH,
OXM épnamusia Mypakkad macanajapHu €4MIlJia WIIOHYIM Ba camapalid XUcoo-
Jall aJlTOPUTMIIAPHY TaHJIAI YY9yH COAMANAINTUPWITAH MacaiaiapHu (oiganan-
W1 KyJaugup.

OHr kyn doinananuiaaurad Maxcyc (QyHKmusuiap cudaTuaa OpTOTOHAT

KYTIXaJiap, MWIMHIPHUK Ba cHepuK PYHKIUSTIAPHA KEITUPUIIT MYMKHH.
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Hazapuii Ba matemaTuk (U3MKAHUHT Ky MacajaCUHU €YUl KyMJIaJaH,
VCCHUKJIMK >XapaéHJIapuHU YpPraHWIl, MyXHUTJIApJa 3JIEKTPOMArHuT, HOCTALIMOHAP
aKyCTUK Ba 3JAaCTUK TYJKWUHJIAPHUHT TAPKAJUIIMHU YPraHWIl Xap XHJI Maxcyc
dbyukusnapaan goinananumra oaud kenagu. Cababu, amanuéraa Maxcyc GyHK-
mustap xap xuwin auddgepeHnuan TEHINIaMaJapHUHT €YUMU KYpUHIIHMIA Taiao
oynasu.

Onpu (1.11) TYNIKUH TEHIIaMaJIapUHUHT YMYMH €4MMIIAPUHN TOIUII Y4yH
y3rapyBUMJIapHHU TYJIUK OYJIMaraH akpaTUIl METOJAWHM KYJUIaWMH3 Ba U3JIaHAET-
rad noreHuuamapau Jlexxanap Ba ['ereHOaysp oproroHan kymxaajiapu Oyihnua
KaTopJIap KYPUHUILNIA TACBUPJIANMU3!

0,=Y 0, )P C0s0),  y=-sin0y,(rnICA(cos0)  (129)

n=1
3
by epna P,(x) Ba Cné(x) - JIexxannp Ba I'eren0aysp oproronan kymnxampiapu [1, 6,
13].
P (X) xynxamiap kyiiunaru ogauil nuddepenunan TeHrIaMaHu KaHOATIaH-

TUpaau (ITpux Omiian X Oyiinya Xxocuia OeNTHIanraH):

!/

[ 1-x2 Pn'(x)] =—n(n+1)P,(x) - (1.30)
bynnan P,(cosO) gynxuus

ii{sinedPn(cose)
sind 0o do

nuddepeHnran TeHrIaMaHUHT €9UMHE SKAHJIUTH KeITNO YUKaIH.

}:—n(n +1)P, (cos6) - (1.31)

(1.31) tenrnukan aupdepeHnmaiad Ba 0ab3u aIMAITHPHUIILIAPAAH CYHT,
KyHUJaru TeHIJIMKHU OJIAMU3:

ii(sineij— _12 dPn(COSG):—n(n+1)—dp"(cose). (1.32)
sind 00 09 /) sin“0 do do

Jlexxannapa Ba ['eren0ayspa opToroHasn KymxaajJlapuHUHT

Ri()=CYi(%)
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y3apo OOfIaHUIIMHKM YbTHOOpra oaud [8, 15, 22], Ba (1.29) katopmapuu (1.11)

TeHTamanapra kynuno xammaa (1.31) tenrmukam xpco6ra onu6, [0, 7] opanmukma

P (cosb) wu Cff ?(cos0) (yHKuMANAp cMCTEMCH TYnaiurd cababnu, Kyiuparu

FI/IHep6OJ'H/IK TUILOAryd TCHIjIaMaJlapHUu OJIaMM3.

0%, . 10(,0) nn+
22t A, (i=1,23), A =—— rz—j— : 1.33
Y| 81_2 n(Pm ( ) n r2 ar( ar 2 ( )

r
by epra @q, =, .

Kyunmr BexkTopy Ba KywIaHHII TEH30pHM KOMIIOHEHTAJIApWHM Jlexkanap u
['erenbaysp opToroHan kymxamiapu OYyilMda Kartopiap KYpUHHUIIUIA TaCBHUP-
JTANMM3:

u = Zum(r, )P (cos0), V, =—sin eva (r, r)C:_Zl(cosﬁ) :
n=0

n=1

G, = Zc;crm(r,r) P (cos9), c, Z;Gmn(m) P (cos9), (1.34)

Gro =—SINOD G, (T, x)CZZ1 (cos0).

n=1
(1.34) xaropnapuu (1.12), (1.31) nmapra kyiu0, katopiap ko3¢ HUIIHEHT-

Japura HucOaTaH Kyiuaaru opmysaiapHy OJIaMU3:

uin — a((pln + (PZn) _ n(n +1) \an V1n — (Pln + (PZn _Wn _ a\Vn ’ (135)
or r r or

u, = OB,y +Byp,0) _ n(n+1) By, V,, = By, + ByPay — Baw,y, _ Bs%

or r r or
ou, X 2y ou 2 n(n+1)
=n,—2 —n(n+1)&v, +—=u, +n,—2 +—U,, — v

cTrrn nl ar ( ) r 1n r 1n n2 ar r 2n r 2n
-yl 1 oV

Gron =~ nlz L |:F (uln - Vln) + a:_n :la (136)

ou,
or

cmn:nz[ ”+Eu1n—n(n+1)vﬁ}+§[%+gu2n—n(n+1)vﬁ]
r r or r r
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¢®,, ¢, Ba Y JApHM XaMJa Ky4yUIIl BEKTOPHM Ba KyWIAHHUII TEH30pH

KOMIIOHEHTa-JIapuHu Oup KuiiMaTiu aHukiam ydyH (1.11) Tenrmamamapra Ba
(1.12), (1.13) Gormanum (opMynanapura derapaBuii Ba OOIUTAHFHY INAPTIAPHU
KYIIUII KEPaK.

Jlexxanapa opTOroHaNl KYNxXaajlapu Y4yH KyHuJaru peKyppeHT MyHocabart-

nap ypurnm [8, 13, 15]:

1
P (cosO)=———— nP_.(cosO)+(n+1)P
n( ) (2n+1)0089 n—l( ) ( ) n+l

dP (cos®)  n(n+1)
do (2n +1)sin®0

(coso)

P _,(cosB) - P, ,(coso) ,

d*P, (cos6) dP. (cos6)
—2= = =-—n(n+1)P,(cosb) — ctgd ——+,
407 (n+1)P,(cosb) —ctg 40
3
%ggse) = n(n +1)ctgoP, (cosd) + (1.37)
+[—n(n +1) + R + Ctgze}%gse),
d*P, (cos0) 2
— < =In(n+1) - —ctg°0 |n(n+1)P, (coso
0 |+t fn(n -+ cos0) +
+ctge[2n(n +1) - e —ctgze}%gse).

bepunran Ba HOMabaym Qyskiusmapauar Jlexannpa Ba ['erenbayspa
OpTOTOHAJI KymXaajuap Oyinda kaTopJyiapura EHUIMacUHUHT KOA(DPUIIUCHTIIapHU

aHuKJanIa 0y KymnxaalapHUHT

_.' P, (cosB)P, (cosb)sin6d6 = 2 O

0 2n+1

22 (cose)C2? (cosbsinode = X DN 2) 5 (1.38)
0 2n+3

P, (cos0) = cos0, CY*(cos0) =1

OPTOrOHAJUIMTMHU YbTUOOpPra onaMus. O, - KpoHekep oenrucu.
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(1.11) Tenrnamanap yuyyH KyHwiraH OONUTaHFUY-YeTapaBUil MacaialapHU
euniga kKyn QolganaHwiaaurad ycyimapaan Oupu ¢ Bakr Oyiimua Jlammac
WHTETpaT AIMAIITUPUIIUTAPUHY KyJanigup. Jlamiac nHTerpain alMamTHpUIILIapH-

HUHT TacBUpJap dazocuaa ynap

At —s%p" =0, (1.39)

AWL—(SZn2+ > 1 > j\uL =0, (1.40)
resin“o

KypuHuuira sra. by epaa S - anmamrupum napameTpu, L uHmekc sca tpancdop-
MaHTHH OWJIIUpaIu.

(1.29) xatopnapra acocnanu0, Oy TeHTIIaMaJIaApHUHT YMYMHH €YUMUHU

oo}

= Z%[Ak (8)Kpy2(rs) + By (S)1 .y (rS)] P (cosh), (1.41)

n=0

= _Sln ez \/_[A1 (S) Kn+1/2(rns) + B (S)In+1/2(rns):|c3/i(cose) (142)

KypuHHUIIIa €310 oamMus.

By epma l;,12(X) Ba K, 3,(X) - BeccenHnHr OnpuHYM Ba MKKMHYM Typ
MoauduIupiianrad GyHKIUSIIAPH.

Arap MyXHTHUHT XapakaTH uYerapajaHMaraH coxaja Kapajica, y XoJaa

YEKCU3JIMKAAa HOTUHYWIMK OYyJIMaciuruHu 3bTuOopra oswmil 3apyp. by beccenb
(yHKIMsIapuHUHr Xoccanapura kypa BS(s)=0, Dy (s)=0 Tenrmuknapra oau6
kesaau. Uerapajganrad coxajgapia 5ca MOTCHIMAIapHU YerapalaHraHIury IapT
doiinananmnaan. by xomma (1.41) Ba (1.42) udonanapaa A,'{ (s)=0 Ba Crl{(s) =0
ned ouII Kepak Oyaam.

Keiun nmna K, ,(X) Ba 1,,(X) Beccens dynxuusnapununr xyinnarn

0ab3u xoccanapu ¢ornananmnanyu. f (S) opkamm ‘/; |12 (X) €xm 1/; n+12 (X)
S

¢ynxuusnapgan OupuHu Oenrmnaiimus. YV xomma f (S) dyHkuumsmap yuyn

Kylugaru MmyHocabatnap ypuniu o6ymanm [5]:
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2n+1

fra(8)+ f4(8) = fa(s),

”—”f 9+ f (9=1..(9), (1.43)

i 4(5) ~ (1+ D)y (9) = (2N +D S £,6).
S
OyHKIMA Ba KYIIXaaiaap yuyH Kyduaaru oenrmnanuiapaan (oiganaHamMus:

J.(8)=Q,(-s)e’—Q,(s)e*, =13,
G,(s)=R;(-s)’—R;(s)e”,  j=04,

Qu(8) =R2(8) —=2¢R 1 (S) —n(N +D)xR,(S). (1.44)
an(s) = (1_ X) Rnl(s) + RnO (S) )

Qus(S) ——X Rp(8)+(n+2)(N=DRo(s) ,

Rn3 (S) - Rnl(s) - Rno (S) ' I:Qn4 (S) - Rn2 (S) - RnO (S) '

n n+1

RnO (S) = Z A\1ksn7k ! Rnl(s) = Z Bnksn+17k '

k=0 k=0

n+2 - k)'
R, (s) =) C,s"*, __(n+lo!t

n2( ) ; nk A]k (n—k)'k'Zk

Bok = A + KA k=0, Bro=Anw:
an == Bnk + an,k—l k * 0 y Cno - BnO .

R.(s) Ba R,,(S) kymxammap R ,(S) Ounan kylinmaru MyHocamaTiap OuiaH

OornanraH [5]:
|: no(s)s -1a s:| _Rnl(s)sfn*Zefs’

[Ru(s)s™ %] =R ,(s)s™ (1.45)

Rnl (S) = Rn+l,0 (S) - ano (S) .
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bupunun Ba ukkuH4YM Typ beccenHUHT chepuk QyHKIUAIAPUHU 3Ca dJe-MEHTap

dbyHKIMsUTap opkanu udomacu [3, 5, 8, 19]:

lalS) = J‘Z‘—Tlgnsneno(s) L Kp(s)= E SRS (140

1 606 GYyitnya xysocanap

Maructpiauk JIUCCEpTAUSCUHUHT OUpUHYM OoOuAaru Marepuasiapu
éplamMun xapaktepra osra OYnuO, yinap HMKKUHYM Ba Y4YHMHYM OoOJapaaru
MacaJaJapHUHT MaTeMaTHK udozanan Ba YJIapHUHT €YMIN aJTOPUTMUHHU HIIIa0
YUKW YYyH Qoi1aTaHuIaIu.

[y ca6abmu, OupuHuM 00042 CYIOKIUKIAp OwWiaH TYHWUHTaH FOBAK
U30TPONUK MYXUTHHHT C(HEpUK KOOpAWMHATalap CHUCTeMacuja  Xapakar
TEHIJIaMaliapy, aedopmaliis Ba KyWIaHHUII TEH30pH KOMIIOHEHTalapy XaMJia yiap
Yypracugaru OornmaHUIIHKA MGONATOBUYM MYXHT yuyH ['YK KOHYHH, CYIOKJIUKIIAp
OwiaH TYHUHTaH FOBAK-M30TPONMK MYXMTHHHI Xap XWJI XoOJariapjaa 4derapaBuil
mapTIapHUHT Typjlapu Ba warematuk wudomacu, Jlexxanap Ba ['erenbaysp
OpTOTOHAN KymXamiapu xamaa beccenb (GYHKIUSCHHUHT 0ab3u XoccajlapuiaH

doitnanann0, y3rapyBUMJIAPHUHT TYJIUK OYIMaraH aXpaTuIll YCyJIU KEITHPUIITaH.
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2-BOB
FOBAK M30TPOIIHK SIPUM ®A30/A KATTUK INAPHAHT
BEPWJITAH KOHYH BYIIUA HOCTALIMOHAP WITAPUJIAHMA
XAPAKATH

MarucTpiauk JUCCEpTAIUICUHUHT Oy OYIMMuUIa CYIOKJIMK OWjiaH TYHWHWHTaH
FOBAaK M30TPOMHUK sipuM (ha3o/a >koimamran abCoMIOT KaTTUK HMIApHUHT Oepuiran
KOHYH OViinya HOCTallMOHAp WITapHIaHMa XapakaTu Ypranuiarad 0yiu0, mapHUHT
XapakaTura atpod MyXUTHHHI peakiys Ky4d Y4YyH aHUK (opmysia OJIMHTaH.
Connm  HaTtwxkamap acocuja sipuM (A30HUHT TEKUC CHUPTUHUHT TabCUPH

AHUKJIaHI'aH.

2.1. MacajiaHUHT MaTEMaTUK TaCBUPHU.

Avitaiinuk, spuM ¢azo (z>0) CyroKIMK TYHHHIaH FOBAK M30TPOIHMK MYXHT
Ounan Tyamupwirad OyicuH Xxampaa spuMm ¢asonuar (zZ=0) tekuc cuptuman h
macoga(aykypiuk)aa R=1 (h>1) yn4uoBcu3 paguyciu abCOMOT KATTHK IMAPHUHT
MapKasH >Koujamra OyacuH.

AOcomor KatTuk mapHuHr Oz Yku OVinad, yHUHr HYHaIuIIUra kKapama
KapIilld HOCTaIl[MOHAp WIrapuiaHMa xapakaTh Z(T) KOHyH OVinua Oepuira.
Cyrokmk OuiaH TYWMHTaH FOBAaK M30TPONMUK MYXWTHUHT HOCTAI[MOHAP HOTUHY
XapakaTH OONUIaHFMY HyKTacw mmap Mapkasu Oymran (r , 0 , § ) chepuk
KoopauHaTtanap cucteMacuna xamaa O,Xyz aekapT KOOpJAMHATagap cUCTeMacHja
Kapayiasiu.

MabiayMKu, KY49UIl BEKTOPUHUHT CKalsip Ba BEKTOP MOTCHIMAILIAPH

MaBxKyaaup. Ckansap ¢,, ¢, NOTEHIMAUIap Ba BEKTOP NOTEHIMAIHUHI HOJIJAH

(dapkiu ¢, KOMIIOHEHTAaCUra HUCOATaH FOBaK-U30TPOIIUK MYXUTHUHT XapaKaTH

o’ o
el N A

0% ¢
=Ag,, R = A, - 2.1
?, Y3 Py ®s ZsinZo (2.1)

26



27



TyHKHH TCHIJIaMaJlapu OuaH TaCBHUPJIAHAIN.

Spum ¢azonunr tekuc Z =0 cuptuaa €Ku KywWIaHUII MaBXKy] 5Mac, S’bHU

HOJIT'a TCHT:

GZZ|Z:0 =0, GZX|Z:O =0, G,l,,=0 (2.2)
EeKU KS’/‘IHHI KOMITOHCHTAJIApHU HOJITA TCHI'

Uyl ,=0, Uy, , =0, u,|z=0. (2.3)

AOCOIIIOT KaTTHK IIap CHPTHUA YerapaBuil mapT
u|._, =z(r)coso, Grl =k Z(1)sinO-v]  ,

u,| , =z(t)coso (2.4)

ol
KYpHUHUIITA 3ra.

by epma koadpdunment Kk yerapaBuil MIAPTHUHT WMKKH TYPUHU Kaparl
uMKoHUHU Oepamu: K =0 ga derapaBuil CHUPTIIApDHUHT SPKHH CHPIIAHUIIHATA 3Ta
Oynamm3, K =co 51a 3ca map CUpTH MyXUT OWJIaH KATTHK MaxKaMJIaHTaH.

bouutanruy maptiap Oup KUHCIH:

(Pl =0 = (bl =0 = (p2 =0 = (i)Z =0 = (p3 =0 = (:[)3 =0 = O ' (25)
Uekcus3nukaa HOTUHYWINK MYK, SbHU TYJIKUH CYHAIN:
limo, =0, lime, =0, lime, =0. (2.6)

r—o0 r—o r—o0

2.2. MacayiaHuHT €4HIIl aJTOPUTMHU

Okopumaru (2.1) - (2.6) OorianFuy yerapaBuii Macajgara YId0BCH3 T BakKT
Oyiinua Jlammac wHTETpan aJIMalmITUPHUILIAPUHN Kyimaimus. by xomma Jlammac
UHTErpaj aJIMAIITUPUIIUIAPUHUHT TacBupiap (asocuaa OONUTAHFHY dYeTrapaBHid
MacanaHuHr Kydnaumy (L Genru ammamntupuin TpaHcopMaHTacHHH, S - 3ca
napaMeTpUHU OWIIIUPaIN):

L
S-S =0, (27)

AL— 252 L:O,AL_ 282 LZO,A L_
(Pl Y1 (Pl (Pz Y2 (Pz (P3 rzsinze
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4], =0, o5| =0, ot =0 (2.8)
u| =0, Uy, , =0, Uy =0 (2.9)

ulLLl =2"(s)cosh, oy|

=k z25(s)sin6-v;| , U] =7"(s)cose (2.10)

2 |,

limo, =0, lim ¢, =0, limo; =0. (2.11)

[ —>00 r—o r—ow
KYpUHHUIITA dTa OYIaau.

Yekcu3mukaa TYIKWHHUHT CYHWIIWMHH, sbHH (2.11) maptHm >pTHOOpTra
0JIu0, (2.7) TEHIJIaMaJIAPUHUHT €YUMIIapUHU Jlamnac UHTErpal

AIMAIITUPUIIUIAPUHUHT TacBUpJIap ¢azocuaa Kyiuaaru

Z fAm(s)KW(ryls)P(cose) i— BL(5)K .. (57,5 P, (c0s0,),

p=0

Z \/_ Az (S)Kn+1/2 (r72S)P (COSG) + Z \/‘ C; (S)Kp+1/2 (rlyZS) Pp (Cosel)
= —smez T A (5)K 1/ (r7:8)C Y2 (cosb) — (2.12)

—sind Z T D (s)K 4, (1y8)CY(cos6,)

KypuHHUIaa E3u0 oamMus.
By epna A-(s),i=1+3, BS(s), C-(s) Ba D (s) - map S mapameTpHHHT
HOMabJIyM (QYHKOUsuapy; I, Ba 0, - cheprk KOOpAWHAT CHCTEMACHHUHT PaJHyc

Ba Oypuak koopauHaraiapu (3 pacMra Kapasr).

Spum ¢pazonunr z =0 yerapacuga I, 0 Ba I, 6, KoOpANHATaTaAPHUHT

r

z=0

6 +6

z=0 1

=7 (2.13)

llz=0" z=0

OofnanuivHA Xamja Jlexxanapa Ba I'erenOayspa KYNXaUIapuHUHT XOCCAJIapUHU

[15, 19]
(—1)”Pn(cose)‘zzo=Pn(cosel)\z (-1)" c3/2(cose)\ —C3/1(cosel)‘zzo,(2.l4)
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xoccanmapunan  ¢oiinananu6, P (cosO) xymxammapuunr (1.37) xoccamapw,
Kpa2(X) Gyaxumst (1.43) xoccanapura kypa xamaa (2.8) €xu (2.9) uverapasuit

mIapTiIapHU KAHAOTIAHTUPUO UXTUEPUI HOMabIyM QYHKIUsIap Ypracuaa:

Ch(s)=#(-1)"4"(s), D-(s)=+(-D)"B-(s) (2.15)
60FJIaHI/IHIJIapHI/I OJIaMHU3. By epz:a IOKOpI/I I/IHIOpa KaTTHUK CI/IpTFa MOC K€jIaau,
I1acCItru I/IHIOpa 2Ca 3pKI/IH CI/IpTFa MOC KEJ1aau.

Kiny2(X)  yskumsnap yayn kyumim Tteopemacunu (2.12) mortenuman

byukuusnap nponanapura Kymwiad, ymap yuys (r,0,93) chepux koopauHaTamap

cucreMacuaa KYﬁHIIaF 151 I/I(i)OI[aHapHI/I OoJIaMU3.

= icpfn (r,s)R,(cos6), (2.16)

Py, (r,8) = % A () Koo (r7,8) + (1) (2n + D)1y, (ry,8) x

2D A )] anb”’pf’),/ iy M2(2hvls)}

=3 ¢" (r,5)P. (cos),
n=0

m;n(r,s)=% AL (9K s (17,8) + (1" @+ D)1, (17,5) %

3 IO mm(zhyzs)}

(g5 =—sin0> oy, (r,s)CYi(coso), (2.17)

(-D"(2n +1)
n(n+1)

xz[+( )P AL (S) | Zb‘"”’”,/ ahrs m(zmgs)}
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(1.46) ndomanapuu xucodra omub, ¢ (r,s), y-(r,s) JapHUHT dIeMEHTIAp

byHKUMsIIap OpKaIn I/I(bOI[aCI/IHI/I 0JIaMHU3:

0o (r.8) = —— m( 5 | Ruo(r1is) A (s)e ™ +

+Gno(rvls)ZC‘l’ (S)A, (s)e” 2““5} (2.18)

(PZn(r S) = n+1 nO(r,YZS) AZLn (S)e_rst +

( 7,S)" [

+Gno(rYzS)ZC(2)(S)A2 (S)ezmzs}

(Pﬁn(f,s)=%
r

Gy L R (AL (s)e 7 ¢

+Gn0(ry3s)i S, (S)AL (s)e”‘“s}

C(I)(S) +(-1)"(2n+1) g‘: mopo) Roo(2hy;S)
4hyi3 o= pn| (ZthS)G ’

_HEDP@n+D) &Y gy Roo(2hy,) i ﬁ ]
Sw() = an(n+1)hy,s 20 (2hy,s)° An(s) = ZSA”(S)'

o=[p-n|
VY xonga (2.14) Ba (2.15) xaropiaapHuHT Ko PHIIMEHTIapY OMIaH

u-

M8 N agb
[

“P (cos9), = —sin evac  (cos0),

n=1

oL => o P(cos®), o —Zcmn P (cos6), (2.19)

rr

I
o

n
Gy, =—sin ei GrenC/ (cos0).
=1
KYYUII BEKTOPH n Ba KYWIAHUII TCH30PH KOMIIOHEHTAJap KaTOPJIAPHHUHT
koddurmeHTIapu ypracuaaru
ot = 00n+95) n(n+1) L _ Pt 95—V _ Vs

= — , VvV, = — ) 2.20
in ar r Wn In r ar ( )
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L _ OB +By95,)  N(n +1) L= B+ B0s — By o Oy
u2 - Bs n’ BS

n or Van = r or
ou, X 2% L ou, 2 . nn+l) |
" _n(n+1) 2V +=2up + 2 4 —u, ———2V
rrn nl 6'_ ( ) r n ar r 2n r 2n
—v|1 ov:-
ot ==X 2t _ytyy D , 2.21
ron 2 r( 1n 1n) 8r ( )

ou- 2 Vi ou- 2 vh
o- = I+ Zu- —n(n+1 Yin | 4 20 L Zus —n(n+1)-2 |,
mn T]2|: ar r ( ) :| E.)|: r r 2n ( ) r :|

OOfaHMIIIApra Kypa Kydull BEKTOPH Ba TEH30pU KOMIIOHETAJIADUHUHI TaCBHP-

Japy y9yH Kyhduaara udoaJapHu OJIamMus;

Uy, (r,s) =— rn}zsn { { R, (rv;8) Ay (s)e ™ + Gnl(rvls)ZC“) (A, (S)e”’“}
{ "1(”25)’*%(96‘”25+Gn1(rvzs>20<”(s)Az (s)ems}
+n(n + 1)’Y;’n |:Rn0 (rY3S) A3Ln (S)e_rY3S + GnO (r’Y3S)§: Snp (S) ASLp (S)e_ZhY3S :|:| !

h(r8) == {vl { (AL (S ™ + G119 Y CH ), (s)eﬂ

75" | Ruo(r7,8) Ay, (s)e™™ +Gn0(rYZS)ZC(2)(S)A2 (s)e” Zhyzs}

13| Ry (ry8) Al ()™ +Gn3(rv3s)isnp<s)A;p(s)eZ“Vﬁﬂ: (2.22)

Uz (r,s) =- rn+1zsn [51{ Ru(ry:8) A, (s)e ™ +Gn1(rV18)ZC(1)(s)A1 (s)e” 2hyls}

1

B{ Ru(rr,8) A, (s)e” ”ZS+Gn1(rv28)ZC‘2)(s)Az (s)ezhyzs}

2 p=0

N n(n +n1)B3

Y3

{R”" (F7,8) AL ()8 + Gy (17,9) 3 S, (8) AL (s)e 7 ﬂ ,
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VZE(r’S) - n+];sn |:51|: no(rY1S)A1n (s)e”™ +Gno(rY1$)ZC(l)(S)A1 (s)e” 2h715:|

r 1

+52 Ruo(ry28) g, (s)e™"* +G o(rst)ZC(Z)(S)Az (s)e” Zhyzs}

Y3 |

Ra(TAL (e ™ +6a(17:5) 3.,y ()AL (s)emssﬂ ;

o (19 = | QA
+§an<—S)ZC("(s)Ap(s>e*2““ ZQl.n(s)zc“)(s)Ap(s)e*“%S
Qe (—s)gsm (s) AL, (s)e 2" Qm(s)gsnp () A;p(s)eZ“%Se%S} ,
c:9n<r,s>:Tﬁg{gqﬁn@w(@efm 223)
+§Q2m(—s>zc<'>(s)Ap(s)e*“%s zQz.n<s>zc<'><s>Ap<s>e
+Q23n(—s)§snp () Ay, (s)e e —Q, (s)gsnp ()A- (s)eZ“Ysse%S},
o1 = | QA
+iZ_21:Q3m(—S)ZC(')(S)Ap(S)e_ZhY' ZQg.n(S)ZC(')(S)Ap(S)e

Qs (-9)2 S (AL ()7 ~Qu (9 S A, (s)eZhvsSe”ss} .

Nxtuépuit N>0 yuyHn 0 OypyakHU aXpaTWIUIIMIAH CYHT, Iap CHUPTUAA

KaTtop ko3 duureHTIapura HucoaTal Kyiuaaru yerapaBui mapTiiapra Keaamus:

ug| =25),  om =k +2°s) . Uyl =2'(s)  (224)
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L L
u =0 o
nla '

ron|,._4

=0 (2.25)

_ L
—lenr

L
L (n=1), U,, .

(2.22) Ba (2.23) udomanapuu (2.2) Ba (2.25) yerapaBuii 1apTiapra Kymuo,
6ab3u dJeMEHTap aMIAIITHPUILIAPAaH cYHr A" (S) HOMabiyMm (yHKIUAIApHTa

HHCOATaH YEeKCH3 YU3HUKJIN aﬂre6paI/IK TCHIIaMaJIap CUCTCMACHHU OJIaMHU3 Ba YHHU

yduTa MaTPUIAIM TEHIJIaMalap CUCTEMAacH KYPHHUIINA €310 KYSIMU3:
MPA tuw+ FOA xuw — F@A xt?uw+ M@ A tu*w + FO A ytw —
~FOA ytu*w+ MOA tuw’ + FOA, ztu — FO A, 2°tuw? = kPtuw,
NOA t2uw -+ HPA xuw — HP A xt’?uw + NP A tu*w + HO A, ytw —
—HYA, ytu’w+ NP AW + HOA ztu — HO A Z°tuw? =k Ptuw,  (2.26)
LYA tPuw+ TOA xuw TP A xt?uw + LD A tu’w + TO A ytw —
~TOA, ytuPw+ LPAuw + TOA ztu - TOA 2% tuw? = k®tuw,

2hy,s

X=ge" ' y e 2hyzs

7= t=e*,  u=e"®, w=e®

By epma F®, H® a T® - nap snementmapn ank)(s) H(k)(S) Ba Tn(;‘)(s)
(k =1,6) 6yuran yexcus marpunazap; M?, N sa LY - nap sca snementnapu moc
pasurga M (s), N (s) sa LV (s) 6ynran uekcus muaroman marpumanap; k® -
snementnapu K" (S) nap Mawbiaym Gyiiran uekcus BekTopnap; A — 3JeMeHTIapH

A-(s), (i=1,3) HomabayM GYIraH yeKcu3 BEKTOpJIap.

(2.26) cucremazgardn MaTpHMIla Ba BCEKTOPJAPHUHT  KOMIIOHEHTAJIApH

KYWHUJIAard KypUHMILTa 3Ca:
MP () =1"Ru(v:8), M (5) =7;"Ryq(1,5) ,

M (s)=y;"n(N+DR o (v,5)

Fp () =M (=8)CL(s), Ry (8)=M(5)CL(s),
Fp (8) =M (=s)C)(s), Fp (8)=M(s)C(s),
Fp (5)=M7”(=5)S,,(s). Fp (8)=M(5)S,,(s),
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Nrgl) (8)=Q,,(s) —ky," R0 (v19), Nﬁz) (8)=Qy(S) — kYEano (729),

N3 (8) = Qun (5) = K¥5" Ry (v28) (2.27)
H(9)= NP (S)CES). HY (5)= NP (9T (5).

(3)(8) N(Z)( s)C(Z)(s) (4)(8) N(Z)(S)C(Z)(S)
Hy (8)=N;7 (=5)S,,,(s), Hyp (8)=N(s)S,,(s),

I—(nl) (S) = Blygn Rno (YlS) ) I—(nZ) (S) = Bzy;n I:zno (YZS)
L(nl) (s)=n(n+1) Bﬂén Rno (Ygs)

T ()= (=5)Cy,) (9). Ty (8) =LY (5)Cy, (9),
TP =LY (-5CH ). T =LY ),
To(8) =LY (-5)S,,(5), T (8) = L7(5)S,,(5),
KO (s)=-s2°(5), kP(s)=s2'(s), k(s)=0, k”(s)=0, n=1
kO (s) =—sz"(s), k™ (s) =0.

(2.26) yekcu3 MaTpHIaIM TEHIVIAMajap CUCTEMAacH aH4ya Myppakaoaup. Y
y4 HOMabJIyMJId BEKTOPJAPHUHT y4Ta MaTpPHUIlAIH TCHIJIAMAacHIaH Ba OJITUTA X,

y, Z, t, U, V 3KCITOHCHIIMA (PYHKIMSUTApAaH HOOpaTIup.
(2.26) cucremaHnuHr e4MMuHU X , Y, Z, t, U, V DKCHOHEHTAJApPHUHT

YEKCHU3 KaTOpJIapy KYPUHHUILNIA TACBUPIANMU3!

0 0

A= Al EXY 't uw T, A= Y Al (XY Izt U w T

ijnklm=0 ijnklm=0
NE kg™t
A3: Z a|(Jn)klm(S)X y Znt " (228)
ijnklm=0
By epma ai’. (s) - map omementiapu aih(s) GYmran dekcus HOMabiyMm
BEKTOPJIAPNUP.

(2.28) uekcus kartopiaapuu (2.26) MarpunanM TEHIJamajiap CHUCTeMacura

KYHKO, TEHTJUKIAPHUHT Yam Ba YHI TOMOHJapujgaru X, Yy, Z, t, U Ba V
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HKCIIOHEHTAJAPHUHT OWp XWI Japaxalapu ojauaard KodhdUuireHTIapuHu
TEHTJ1a0, a]grﬁ’kﬁr?] (s) HOMabIyM (QyHKIHsUIAp y4yH KyHuIars OONUIAaHFWY IIapTiap

Ba PEKYPPEHT MyHOca0aTIapHHU OJIaMU3:

AW (S) A® (S) A®) (S)
1) aé%)’o%)oo (s)= App (s) d aégbgg)o (s)= App (s) ] a(()gb%o (s)= App s) , P21

2) 8gs0m (8) =0, Agggiin (5) =0, Bogian(5) =0, p20, k+1+m =0,

3) afj%]kﬁ?n (S) = ZC[()E) (S)ai(—lfj)nklm (8)7 a|§r21klpnz (S) = O’ au(r?krl)n)m (S) = 01 I 2 1’ j’ n= O! k! I ’ m= 0711
g=0

&an(8) =0, &0 (5) = D _CL(8)a Vi (), &dn(8) =0; j 2L i,n=0k,1,m=0,1;
g=0

anim (5) =0, a5 () =0, 80 (5) = DS, (5)a% Fuam(8), N 21,1, j=0; kL, m =01
g=1

A S o0 0
4) al%krir)n (s)=- Aln((s)) Zcélq) (S)ai(ifj?n,k—l,lm (s)+ Zcélq) (S)ai(}’lc,lj?nklm (s)
n q:O q:O

i (s) = ——AA““((S)) > CO(s)al)  m(s); 121 j,n=0;k =1 1,m=0,1;
n(S) 40 o

ali®) (s) = —AA”—((SS))ZCSJ (8)a") am(8); 2L j,n=0;k 2L I,m=0,; (2.29)
n q=0

5) afiin(s) = —AAZ”—((;)ZC‘E? (8% 1an(S); §2Li,n=0;121L k,m=01;
n q=0

A i (S) 0 0
Bin (5) =~ oy 2.0 (2 S (8) + 2 C1 ()21 Tan (9)
n 0=0 q=0

OE —AAS“—((;)ZC‘()? (8% 1an () §2Li,n=0;121Lk,m=01
n q=0

6) aiih (s) = —AA3“—((SS))ZSpq (9)al? g ma(S);n2L i, j=0;m>1 k,1=0,1;
n q=0

i (s) = —AG”—(S)ZSpq(S)a{ﬁn‘ﬂkl (s);n>Li,j=0;m>1k,1=01
A, (8) & S
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A 0
alﬂik?r?] (S) - A )) Z S (S)alggnq)l kl,m-1 (S) + Z S pq (S)al(anq)l km (S)
=1
_AL(5) &
al(Jln ';)+1 p+1, m+1( = A ( Z_(; (1) (S) ai(}’lqj)nk—l,nl,mﬂ (S) + 2 C " (S)a -1, jn,k+1,1+1,m+1 -

7)

A (S) &~ ey a2 AL (8) ¢ 3 .
A ( ) ZC( )(S)afr k+1,l 1m+l( ) n(s) Z;S (S)a|(jn):Lk+1l+1m 1(5)’

_ALB) e Ag,(8) ¢
a.ﬂiki)l 1+1,m+1 (S) =——tr Z C ;(qu) ( ) |(11qj)n,k—1,l+1,m+1( — z C ;()Z) ( ) |(121qr)1k+1,l—l,m+1 (S) +

A, (8) & A, (8) &
A, (S
+ ZC(Z) (S)a(zl nk+1,1+1, m+l AE’”(( )) Z;S ( )al(j:?‘k 1,k+1,1+1m 1(S)
q
A, (S A, (S
a.ﬁlz)lm m+1( = A7n(( )) ZC(I) (S)al(llqj)n k=1,1+1, m+1 ABH(( )) ZC(Z) (S)al(leqr)l k+1,1-1,m+1 (S) -
A S
NGO CLEC IS JOROL O
A ( ) g=1
by epna

AL (8) =M (=s)NZ ()LD (s) + M P (S)N P (S)L () + M P (S)N ()L (—=s) —
“ME GNP GLY () - MP N (HLY(5) - MP(ON P (L (5);

A, (8) =M (=s)NP(S)LY (s) + M Z (S)N P (S)L' (=s) + M P (S)N (2 (=s) L' (s) —
M (SN ()L, (=8) = M 7 (=s)N 7 ()L, (s) = M ;7 ()N (=s)L, (s);

Ay (8) =M P (=S)N(S)LY () = M P (SN (=s) L (8) + M7 ()N 7 (s) Ly (=) —

~MP (N7 ()L (=) = M P (=s)N P ()L (s) = M [ ()N (=s) L (s);

AL (8)=MP(S)NP (=)L (s) + M P (S)N P (S)L) (—s) + M P (=s)N TV (s)LY) (s) -
M ()N (=s)LY (8) =M P (=s)N 7 (S)L) (s) = M (SN P (s)L) (=s);

Ag,(5) =M P (S)NP (=S)LD () + M P (SN ()LD (=) + M P (-=S)N P (s)L) () —

~MOENL (LY =M P (NP (LY (5) - M (SN ()L (-);

A, (5)=MP(S)NP ()LD (=5) + M P (=s)N P ()L (s) + M P (s)N P (—s)L*(s) —
MP(=s)NZ(S)LE(s) =M P ()N P (=s)LZ (s) - M P (S)N T (S)LY) (-s);

Ag, (8) =M P (SN ()L (=5) + M 2 (=s)N P (s)LV (s) + M 3P (s)N  (—s) LY (s) —
M? (=s)N 7 (S)L,)(5) = M (SN (=S)L (s) = MV ()N (s) L) (=)
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Ay, (8) =M P (S)NP ()L (=8) + M P (=s)N P (s)LV(s) + M 37 (S)N I (=s) L) () —
“ME NP LY ) ML ONP (LY (5) =M P (ON ()L (-s);

Ay(s) =M (s),
A, (5)=MP (S)NP ()LD (s) + M P ()N ()LD (5) + M P ()N (5)LD (5) —
—ME (S)NP ()L (5) -~ M P ()N ()L (5) - M P (s)N T ()L (5),
AD () =k ()N ()LD (5) + M P (S)N P (5)k P (5) + M P (s)k 2 ()L (s) —
-M S’) (s)N ff’ (s)kff) (s)-M Ef) (s)kéz) (s) Lf) (s)— kgl) ()N f’) (s) L(pz) (s),
AP (5)=M P (5)k? (s)LD () + kP (S)NT ()LD (5) + M (s)N P (9)k? (5) —
~ME (5)k? ()LD (5) kP (S)NP ()LD (5) ~M P (s)N P (5)k I (s)
AP (5)=MP (s)NP () (s) + M P (s)k P ()LD (5) + kS (S)NP (S)L2 (5) —
kP (SINP (LY (5) =M P ()N (5)k () ~M P (s)k P (s)LL2 () .
Avitrmn MyMkuHKH, (2.29) pexyppeHT myHocabatiap (2.28) katopiapHHHT

NQ)

inim (S) KO duuMenT BekTOpIAPUHMHT Gapya afjr'?qun)1 (S) KOMITOHEHTAJAPUHU S
napaMeTPHUHT pariuoHal GyHKIusuIapu cudatraa aHUKIal IMKOHUHU Oepajiu.

(2.22), (2.23) Ba (2.28) nappman kenub® YMKAIAWKH, KYYWII BEKTOPU Ba
Ky4IaHHII TEH30pU KOMIIOHEHTaIapu Karopiapunuur U, (r,s), uy (r,s), v; (r,s),
o- (r,s), o5, (r,s) Ba - (r,s) xkoddduiuentiapy Kyiunaru KypHHUIITa 3ra

oynau:

0

1 _ r _
U;(r, $)=- (P2gP Z |:Y1 P |:Rp1(r’Y1S)ai%kﬁr)n ()t + Gpl(r’Y1S)CEJl) (s)xt l] +

ijnklm=0

+1,°[ R (ry,8) 8l (S)u"™ + G, (ry,8)CP (s) yu ™ |+

+p(P+1)73° [ Ryo(r:8)a8 (W +G o (r7:8)S, (S)2w ™ | Xy 2t Hu-w ™,

Z |:V1_ P |: RpO (r’Y1S)ai(j%1,kF;r)n (s)t “+G po (ry,s)C ,()1) (s) Xt_1:| +

L —
U (18) = PP iimeo
ijnkim=
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+y; P |: RpO (r’YZS)alﬁian)m (S)U i + C;pO (rYZS)CE)Z) (S) yu71:| + (230)

V5" [ pB(r%S)a.(,ik?n)q(S)Wr+Gpg(rv3S)Sp(S)zw’lﬂx‘yjz”t*ku*'wfrﬂ,

1
u;P(r’S) = p+2

Z |: by |: pl(ryls)al(ﬁ'nkﬁr)n (S)tril + Gpl(ryls)CS) (S)thl:l +

p
S ijnkim=0

5 [R (rYZS)au(Jikfn)] (s)u"™+ Gpl(l’YZS)Céz) (s) yu’l] +

2

POy al (pw Gpo(rvgs)sp@)zw1]}x‘yjz“tku'wm ,

3

vy, (r,s) =

Z { by [ 2o (ryss)aii (St +G o (ry,s)CY (s)xt*] +

Pr2ap
™ "S" jjnkim=0 vP

PR (1,980 () 4 Gy (ry,8)C P (s) yu ] +
Y

ijnkim
2

+Bo[R

3

Rya(17s8)alim (W™ + Gy (ry;8)S, (s)zw ™ | X'y 'zt *u'w™;

1 p—
L = MgS YqS
G”p(r’s) - pP+3gP Z {Zqup (S)a.(,ﬂkfrz (s)e e+

ijnkim=0| g=1

2
2 dp(S)C ()e e 13, (5)S, (S)ez"hsem}x Yzt
g=1

1 - 3 —Iy,S S
cTII‘_Op(r’S) = r_p+3Sp Z |:ZQ2qp (S)al(Jﬂan)] (S)e b qu + (231)

ijnkim=0| g=1

g=1

J“Zqup(s)c(q)(s)e_2th " +J,,(9)S, (s)eZ“YBSeYSS}x vzt u"'w

o 3
Z |:ZQ3QP (S)al(Jngr% (s)e "%e™ +

1
L e
Omp(r8) =—=5
r ijnkim=0| g=1

+ZJ3qp(S)C(q)(S)e Mt 13, (S)S, (s)eZh“Se“s}xy 2t w

g=1
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By epna
Qup (8) = (N +MBg)R;,2(8) = 203 + Byn2) Ry (8) = P(P +D)(x +1,B4) Ry ()
Qup (8) = (N, = 1)(Ry1(8) + Ry4(8)/ 2)
Qs (8) = (M, +BE)N(R,,(S) = 2R, () = P(P + DR (8)) . (a=12),
Qusp(8) = P(P+ (M, —E)(R,1(S) + Ry (8)) Qi (8) =0,
Quap (8) = (M, =E)R,(8) + (P +2)(p DR (5))/ 2,

Jip(8) = Qp (-5)€° —Qn (S)E ™, (k=13),q=12
Cér) (s)= i C é;) (S)aﬁ;iﬂr)n (s), S p (s)= i S nq (S)ai(jik?r)n (s).

FoBak M30TpPONMK MyXUTHUHT UXTUEPUM HYKTACHJArd Ky4dWII BEKTOPHU Ba

KyWJIaHHUII TCH30PHW KOMIIOHCHTACH YYYH
u, (r,s)=u,(r,s)cos6, v, (r,s)=v,(r,s)cosd, u,(r,s)=u,(r,s)cosO
o (r,s)=o;,(r,s)cosb, o, (r,s) =cL,(r,s)cosO, o, (r,s)=c" (r,s)cosO
udoaanapHu oJlaMu3.

Tyrtam Myxutaa map XxapakaTHHUHT MyXUM XapaKTepucTUKallapuaaH Oupu
niap xapakaTtura atpod MyXUTHUHT KAPUIMIIMK Ky4JIUp.

by xyunu kyninaaru

rol

4
RzL = ?TE ErLrl + Grl;l - 20, 11

€K1
O3 3 3040400 (9-20u () 2O+

2
+3° J3a(8) + Jgq(8) = 23,5, () CLP(s)e™™" + (2.32)
q=1

 J131(8) + J301 () = 25, (8) Sl(s)e_zhm} .

dbopMmyIia aHUKJIaHAIN.

40



2.3. Opurunajira yTum

Opurunanra yTuil, gactTiad, MyHd TabKUIaIl Kepakku, (2.32) maru Tamku
YEeKCU3 KaTopiap SKCIOHeHTanap Oyiuuya OYnub, opurumHamwiap Qazocuaa yiap
YEKJIM BaKT OpaJIUFU/Ia YCKJIN MMFUHANTA ailJlaHa/In.

bynman rtamkapu, (2.19) xaropga 4eKIM COHIArM XaJJIapHH OJIMHTaHJa,

(2.30), (2.31) Ba (2.32) dopmynamapaard SKCIIOHCHTAJAp OJIHAIATH aunk,r)n(s)

kodhdummenTiap xam S Jlammac uHTerpan amMamTHPUILIApU HapamMeTPUHUHT
panuoHas QyHKUMAmapaup. by asca Kyaa coana Xoiaa yerupmaiap Hazapusicu

ép,[[aMI/II[a YJIapHUHI' OpUTHHAJIIAPUHA TOIIMII KMKOHHWHHA 6epam/1.

ByHu, Mucon cuaTuja, MacalaHHHI COINAPOK A, (S) Ko>(pUIMeHT-

JJApUHHUHI" OpUTUHAJJIAPUHU TOIIXMIIAA KS'/pcaTaMI/B.

by xoapdurmentnap (2.29) pexyppeHT MyHOcabaTIapaH aHUKIaAHAIH:

(9
%m@>§xﬂﬁm%&®—;1)20w9%%@)
g=0

Oy epna

AD(s)
i (5) = ) p>0, alth (s)=0, p>0.
p

%O%)OO(S) K03 bUIUCHTIAD Ba C (S) byHKIMsAIap 4YeKaM ( Ba P Jap

(1<q,p £ N) yuyn (2.29) napnan keau0d YMKAIUKH, pAIMOHAT (QYHKIHMSIIAP-IUP.

Jlemax, uekmu ¢, P map yuyn alh) (S) koaddurmentiap

£,0(5)=s"MZ(S)[ [M.(5)

k=n
Maxpas 3ra O0ynran panuonan pyskuustapaup. by epaa || - HaTypan connap.

Mynnait kw6, (2.29) pekyppent wmyHocabatmap Ba (2.30), (2.31)
dbopmyrnanap Kypcaraauku, SKCIIOHEHTajap oyauaaru Oapda kodbduimeHtiap

KYyWUUJIaru KYpPUHUILTA 3Ta.
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F(s)= :1(8), (2.33)

Oy epna
N
f,(5)=s [ [M¥ (ns)
k=1

- kynxap, l. Ba |, - coHmap Moc paBuIIga Maxpax WITU3IAPUHUHT KappajurH,
f,(S) xymxax Taptubnu f,(S) xynxax TapTUOMIAH KUYUK.
Masbnymku, F(S) dyHKIMS Yekiau COHAArd MOJIOCIAp/aH Talllkapu HyKTa-

nTapaa perynsapaup, y xonaa JKopman nemmacu Ba Komm Teopemacura acociaanuo,

F(s) ¢byakuusuaunr opurudann f (t) Hu

f(s)= Zsress 18 e”, f,(s)=0 (2.34)

dopmyna Epmamuaa xucodmam MyMKHH [5, 15].

(2.34) nan ¢oinananumua f,(S) KYIXagHUHT WITU3IApH MAabIyM OYIHIIN
Kepak. YJIapHH Xap KaHaal MaBxKy. ycyJuiap OWiIaH TOMUII MyMKHH.

(2.34) nan kemu6® uukamauku, F(S) QyHkuus uxtu€puil TapTUOIN TOJIFOC-
napra sra 0ymumm MyMkuH. Arap S, - F(S) dyHkuusHuHr ofauii nomocu 6yica,

Yy XoJiaa 6y HYKTaaa 4erupma

resF(s) = RACHIRY

55 fo(si)
dbopmyna épaamMuia TOMUIAH.
Avitaiinmuk, sHIM S, - F(S) dyHKIMSHMHT M -uHYM TapTHONM MoIrocH. Y
X0JIJIa OTIEPalMOH XUCOOHMHT Teopemasiapu Ba JleWOHuIHUHT hopmynacuaan [,

15] doitnananuo,

st 1 dm_l m _
resF(s)e _(m—l)!dsm‘l[(s_s") F(S)}S_Sk_ (2.35)
mltk SktG(m‘l‘k) G (s)=L(s—s)"E(s)]"”
> (8)ess, ()—ﬂ[< -5)"F(s)]
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HH TOIIaMHU3.

OpuruHaira yTUIl arOpuTMHHEN Tyrawam yayH G(S) QyHKIUSHUHT XOCH-

JanapyuHu XUCOOJIalHA
GO (s) :_1{91_(8)}”) , 98 (s sy Bl (o 36)
'L 95(5) 9,(s) F,(s)

KeTMa-KeTJIuK €pJaMuzia aManra omupui kepak. by epaa g,(S) Ba g,(S) — xyn-
Xazap.

G(S) QyHKIMAHMHT S=S, HyKTaJaru Xocwiajlapu KeTMa-KeTIUruHu JIeio-
HUIl POpPMYJIaCHIaH KeIMO YMKaJUTaH KyHUuIarn pekyppeHT dhopmynanap Oyiirnua

XucoOan MyMKHH:

G(s) g, 1 & N
- (I S 2.Gi0jx g;=9"/i!(i=12). (237)
J: O, 9, k=0

G

j

by opurunanra ytum aaroputMu Oyiinda 0ab3u COHJIM SKCIEPUMEHTIAPHUHT

HaTWXXAaJIapUHU OJIaMUA3.

2.4. Connu HaTWXKaIap

I'paduxnm pacmma FoBak M30TPONUK MYXUTIM sipuM (azomard aOCONIOT
KaTTHK IIAPHUHT WITaprjiaHMa XapakaTura aTpod MyXUTHHHT pEeakKlus Kydd yIyH
YTKa3WiraH COHJIM OSKCICPUMCHTIAPHUHI HATIDKAJapyd TacBUpJIaHTaH. byHna
MYXHT Xapakrepuctukanapu ydyH [3; =0,8757 ; B,=-10,3287 ; (;=0,0088 ;
v,=1; v,=21662; y;=1963 kuiimatiap ONMHIM Ba LIAPHUHI HJITapUIaHMa
xapakatu KonyHH Z(t)=1°H (1) dynxums opkanmu 6epunmu. By epaa 1 um rpaduk
HIAPHUHT MYXWUT OwiaH 3pkuH cupranuimmra moc (K=0), 2 4u rpaduk sca —

IIAPHUHT MYXHUT OMJIaH KAaTTHK MaxkamiaHuimra moc keiamu (K=o). h=15.

Texuc verapasuii cupt (Z=0) — 3pkuH 10, TbHU yHIA Ky4IaHHII HOJTa TEHT.
['padux y3rapummnap yerapaBuil TEKUCIUKIAH KaWTraH TYJIKHUH XHCOOUTa MOC

KeJIaIu.
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| I [ T
0 1,2 24 3.6

4 - pacm

2 0006 OYyitnua xynocanap

MarucTpiauk JAUCCEPTAIMACHHUHT HWKKMUHYM OoOuJia CYIOKJIMK OwWilaH
TYHWHraH FOBaK M30TPONHK spuM (a30/Ja KATTUK IIAPHUHT OCpHiIraH KOHYH
Oyiinua HOCTalMOHAP WJTapUaHMa XapakaTH MAacalaACHHUHT MaTeMaTHK MOJEIH,
yHTa MOC OOIIJIaHFUY YerapaBUil MacaJlaHUHT €UHUII aJITOPUTMHU UIILJIA0 YMKUJIIJIH.

Kartuk map xapakatura aTpod) MyXUTHHUHT aKC TabCUPUHH H(OTATOBYN
Ky4d YYyH aHWK (opMmysia OJUHIW. YHHUHT OPUTHHAJIWHU TOIMII aCOCHIA COHJIM
HaTWXKaIap OJMWHAW. By COHNIM HaTWXaJllapHU TaxJIMJIA Kypa aTpo] MyXUTHHHT
peaknms Ky4dd Tpaduru Yy3rapuimra derapaBUd  TEKHCIUKHUHT TabCHPH
AHUKJIAHIU.

By HaTtwxkanapHu e€p OCTH MHIIOATIAPHUHAT Xap XWI 3apOalii TYTKUHIAHUHT
TabCUPHUTA YHIAMIIMINTHH YPraHUIIa Ba YIApHH JIOWUXANTAMITHPHUINIA XaM/Ia 1Ty
KaObW MacaJlaJlapHUHT COHJIM CUYHMINJIAa OJIMHTaH HaTWKaJapHU HIOHWINTHHA

Oaxonamiga dhoiganaHUuIT MyMKHH.
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3-BOB
FOBAK M30TPOIIHK SIPUM ®A30/A KATTUK INAPHAHT
BEPWJITAH KYUY TALCUPUJA HOCTAIIUOHAP WITAPUJIAHMA
XAPAKATH

Maructpiauk auccepTalusaCHHUHT Oy OoOuja CYIOKJIUK OuiaaH TYHWHTaH
FOBAK M30TPONUK ApuM (ha3o/a KOHUIalraH CAMMETPUK Maccalld aOCOIIOT KATTUK
HIAPHUHT OepUiIraH Kyd Tabcupuaa Oyiinda HOCTAIlMOHAp WIrapuiiaHMa XapakaTH
ypranuiarad 6yiau0, MapHUHT XapakaTura atpod MyXUTHUHT peakius Kydd XaMm/a
1iap MapKa3uHUHT KYYUIIW y4yH aHuK (popmynanap onuHrad. COHIM HaTHXajiap

acocuza sipuM (pa30HUHT TEKUC CUPTUHUHT TabCUPU aHUKJIAHTaH.
3.1. MacamaHuHr MaTeMaTUK TaCBUPH.

Avitaiinuk, sspuM ¢azo (zZ>0) CyroKIMK TYHHHTaH FOBaK U30TPOIHK MYXHT
Ounan Tyaaupwiran OyicuH xamaa spuM (azonuHr (z=0) Texuc cuptugan h
macoda(uykypiuk)aa R=1 (h>1) ymauoBcu3 paamyciu, cummerpuk M maccara
sra Oynran aOCOJIOT KATTHK INAPHUHT MapKa3u >KOWIamrad OYICHH Ba yHra

Oepunran R, kxyu Tabcup Kunagu. KydnuHr tabcup umsurn iyHanmumm Oz

VKUHUHT KapaMma Kapilyd WyHa UM OuiiaH MOC Tylaau. bolutanFud BakTa, ShHU
miapra Ky4 TabCUp 3TTyHYa ap Ba aTpod MyXUT TUHY Xoiaraa 0ynaau.

Macananunr ykcuMmMmerpukiurura kypa map Oz yku Oyitnad, yHUHT
KapaMa KapIiy HyHanuim 6yiinya 1map wirapuianMa Xxapakart Kujiaju.

[ITapHUHT YI40BCHA3 MUKIOPJIAPAATU XAPAKAT TEHITIaMaCcu
S MZ=R+R,, 2(0) = 2(0) =0, mO=M/(‘g‘p*R3j (3.1)

KypuHuIra sra. by epaa Hykra ya4oBcu3 T BakT OyViiMdya XOCHUJIaHU OWJIIMPATIH;

R,- map xapakaTura KapUMIMK KHIyBYM aTpo() MyXUTHHUHI YITYOBCHU3 pPEaKIMs

Ky4H.
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CyrokiIuK OwiaH TYHHHraH FOBAaK HM30TPONMK MYXHTHHHI HOCTAIIMOHAP
HOTHHY XapakaTH OONUTaHFMY HYKTAcH Imap Mapkasu Oymran (r,0,9) chepuk
KoopauHaTajap cucreMacuaa xamaa O,XyZ nekapT KOOpAWHATanap CHCTEMacHaa
KapaJaju.

Craysip @, ¢, Ba BEKTOpP IOTCHIHMAIHUHI HOIAH (apKIH (, KOMIIOHEHTa-

Jlapura HHCOATaH FOBAK HU30TPOIIMK MYXUTHHUHI XdpaKaTu

0% ) 0@ ®
YfﬁzA(Pp Ys 812 =Ag,, Y;ﬁZA%—m- (3.2)

TYJIKUH TEHTJIaMajaapy OujiaH TaCBUPJIAHAIH.
Slpum dazonunr yerapaBuii cuptraa (2 =0) €ku KywIaHUIT MaBXKy]l 3Mac,

ABHHN

GZZ|z:o =0, G2><|z:o =0, Onlyo =0 (3-3)

KM quHm BCKTOPHMHHUHI' KOMIIOHCHTAJIapW HOJIra TCHI'

ulz\zzo =0, le‘z:o =0, u,lz=0 (3.4)

[Tap cupTraa yerapaBum mapT

u| , =z(t)cosb, o,| =k z(t)sin®-v|  , u,|_ =z(r)cosb (3.5)

KYpHUHUIITA Jra.

By epma koadodurment Kk yerapaBuil IIAPTHUHT HMKKH TYPUHHU Kaparll
UMKOHUHHM Oepamu: K =0 ga derapaBuil CUPTIAPHUHT SPKUH CHPIIAHMIIUTA 3ra
OVmamu3, K =oo 1a 3ca 1map CUpTH MyXUT OMJIaH KaTTUK MaXKaMJIaHTaH.

bouutanruy maptiap Oup KUHCIH:

(pl =0 = (i)l =0 = (pZ =0 = (b2 =0 = (p3 =0 = (l)3 =0 = 0 ' (36)
quCI/ISHI/IK)Ia HOTUHYJIMK MaBXYy dMac.:
limo, =0, lime, =0, limg, =0. (3.7)

r—ow0 r—w r—o0
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3.2. MacayiaHiHT €UHIll aJrOPUTMHU

Oxopunaru (3.1)-(3.7) OounanFuy YerapaBuil Macajiara YJa4oBCH3 T BakKT
Oyitnua Jlammac uMHTerpan aJMalITHpUILIApUHU KyJnaimui3. by xonma Jlarmmac
WHTETpall aJIMalITUPHUIIJIAPWHUHAT TacBUpiap (a3zocuma OONUIaHFWY YerapaBUit
MacajaHMHr  KypuHumu  (0y epma xam L Oenrm  agmamTepuin

TpaHC(POPMAHTACHHH, S - 3Ca MapaMETPHHU OMIITUPAITIH):

L
AgE—y25%- =0, AgL —y25%gb =0, Agt ———2——y2s%5 =0, (3.8)

r’sin’o
sz o 0, GzLx = 0, o = 0 (3.9)
ule o= 0, U1Lx 0T 0, U2LZ = 0 (3.10)

ur| | =7"(s)cosh, oy,

=k z(s)sine-vf| U] =27"(s)cosH,  (3.11)

limg- =0, limg® =0, limgs =0. (3.12)

P, e F>o
Yekcuznmukaa TYJIKWHHUHT CYHMINMHM, fbHH (3.12) mapTHu >bTHOOpra

om0, (3.8) TeHrnamanapuHUHT eyuMiIapuHU HQomanapuHu Jlammac WHTETpan

aJIMaINTUPUIIUIAPUHKUHAT TacBUpiap (azocuaa (2.12) kypunaumaa E3u0 oamMus.

Spum ¢pazonunr z =0 yerapacuga r, 0 Ba I, 6, KoopAHHATaTaAPHUHT

= (3.13)

= 6  +6,

z=0

r

I
z=0 1 z=0

o
OormanumuHu Xamaa Jlexxanapa Ba ['erenOayspa KYNxaJIapuHUHT XOCCalapuHU
[15, 19]

(-1)"P. (cos(%))L:O = P,(cos0,)|, ,, (-)"C¥? (cose)\z:O =Cc¥ (cosel)‘zzo, (3.14)
xoccanapunad  ¢oitnananu6, P (cos®) kynxammapuunar (1.37) xoccanapw,
Kpg2(X) dynxums (1.43) xoccanapura xypa xamaa (3.9) €éxu (3.10) uerapasuii
mapTiIapHU KAHAOTJIAHTUPUO UXTUEPHUI HOMAabIyM QYHKIUMsIAp ypTacuaa:

CH(s)=+(-"4-(s),  D:(s)=+(-1)"BL(s) (3.15)
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OOFNaHMIIUIAPHU OJlamMH3. by epla roKopu HIopa KAaTTHK CHPTra MOC KeJaju,
HACTIU UILOPA 3¢a IPKUH CUPTra MOC KEJIaJIH.

By epna xam onauHry 6001aru Macaja KaOM KY4HIl BEKTOPU Ba KyUIaHHUIII
TEH30pH KOMIOHeHTaapuHuHr TacBupiapu (2.20), (2.21) dopmynamap Ouinan
AHUKJIAHA/IN.

Nxtuépuit N>0 yuyn 0 OypyakHU aXpaTUIUIIMAAH CYHT, IIap CHUPTUAA
KaTop kKod(hduIMeHTIapura HucbaTaH KyiHuaru YerapaBuil maptiapra KejaaMus,

Ut L
Uy, =2 “(9), Grof,_,

=k vlLlLl+zL(s) , ZLl‘ =z7"(s) (3.16)

L L
u1n r=1 0 ’ Gron

L L
=kv,| U,,

r=1 In

=0, (n#1). (3.17)

r=1 r=1

(2.20) wunr Oupuaum wudomacu Ba (3.16) derapaBuii mIAPTIAPHUHT

oupuHuncuaan z-(S) yuyH Kyiugaru

2°(s)= —%{vll{%(vﬁ) A (s)e ™ + Gll(yls)ZC(l) (5)AL (s)e” Zhhs}

+Y21{R11(Y28)A2L1(S)9“5 +GM(YZS)ZC(2)(S)A2 (s)e™" |+ (3.18)

+2V31|:R10 (v49) Asl_l(s)eiyss +Gy (Vas)islp(s) ASLp (S)eizhyss :I

ndoanu ogaMus.
Jlarutac mHTrepan aJaMalITUPUILIAPUHUHT TacBUpiap ¢azocuia MapUHUHT
Xapakar TeHTJIaMmacH

4—;m s’z"=RI +R; (3.19)

KYpuHuIITa 5ra 6Ynamu. By epaa aTpod) MyXUTHUHT peakius RS kydu

R =27 B

z 3 rrl

+o., —26,, 1

E€KU
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. dn| L feyantis
R, (s)= 3_:|:Z Q:Lil(s) + QSil(S) - 2Q2i1(5) A (s)e™ +
+i 3.,(5) + 35,(5) = 23,,,(5) ic{;} (5) AL (s)e ™" + (3.20)

+ 311 (8) + 3 (5) = 2024,(6) isl,)(s)A;(s)e‘ms}

dbopmyIia OuslaH aHUKJIAHA Y.

z"(s) munr (3.18) uponacunu (3.16) Ba (3.17) yerapasuii mapTIapra Xamaa
yuu Ba R nunr (3.20) udomacunu (3.19) Tenrnamara k¥yitu6, 6an3u sneMeHTap
aMJIAIITHPUILIApAaH cyHr A-(S) HOMabiyM (yHKIMsAIapra HUCOATaH HYEKCH3

YH3HKIIA areOpanK TEHrJIamajgap CHCTEMAaCHHH OJaMHU3 Ba YHH y4Ta MaTpHUIaIH
TCHIJIAMaJIap CUCTeMacH KYpUHHIIHIA 310 KYIMU3:
MOA tuw+ FOA xuw — FPA xt?uw + M@ A tu’w + FO A ytw —
—-FYA, yt*w+MOA tuw? + FOA ztu — FO A 2%tuw’ =k Ptuw,
NOA tPuw+HPA xuw — HP A xt’?uw + NP A tu*w + HO A, ytw —
~H@A, ytu’w+ NOAuw? + HOA ztu - HOA Z°tuw? =kPtuw,  (3.21)
LYA tPuw+ TOA xuwT@A xt?uw + LD A tu’w + TO A ytw —
~TOA, ytu’w+ LPAtuw + TOA ztu - TOA 2% tuw? = k®tuw,
X =™ y=e M  z—e?MS  t_e™ y=e7°, w=e'¥,
By epma F®, H® Ba T - nap snementnapm Fn(;‘) (s) , Hr(“'j)(s) Ba Tn(;‘)(s)
(k =1,6) 6yuran yexcus marpunanap;, M?, N sa LY - nap sca snementnapu moc
paurmga M (s), N(s) sa L (s) 6ynran uekcus muaroman marpumanap; k® -
snementnapu K" (S) map Mabaym Gyiran uexcus BekToprap; A, — dJeMeHTIapH
A-(s), (i=1,3) HomabayM GYIran yeKcu3 BEKTOpJap.
(3.21) cucremamarm Marpuila Ba BEKTOPJIAPHUHI KOMITOHCHTAJIAPH

KyWHJIard KypUHMILTA 3Ca:
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n=1 6ynranga
M2 (8) = v MeS"Ryy (1:8) + Quyy (8) + Qu1 (8) — 2Q,, (),
M{?(8) = v, M8 Ry (155) + Qo (8) + Qsza (8) = 2Q,,(5)
M () = 2y5'MeS"Ryg (158) + Qi1 () + Q1 () — 2Qu51(S)
R () =M (=5)Cp) (5), 3 (5) =M’ (5)C}; (s)., (3.22)
() =MP(=s)C(s). Ry () =M (s)C(s),
R (8)=M;” (=5)8,,(s), 5 () =M ()8, (s),
Ni”(8) = Qu(8) +kyy' Ry (118) = Ry (1:5)
N;(5) = Quu(8) +kv2' Riu(y,8) = Ry (125)
Ni”(8) = Qu(8) + k3" Ryy(v38) — Ry (1:9)

HO(s)=NO(-)C¥(s),  HP(s)=NO(s)C(s),
HO()=NP(-s)CP(s),  HO(s)=N2(s)CA(s),
HE (5) = NP (=5)S,,(s), HE (s) = NP (5)S,,(9)

Lgl) (S) = VIl (1_ Bl) R11 (Yls) ' L§2) (S) = ygl (1_ Bz) R11 (YZS) ’
ng) (s)= Zygl (1 —B3)Ry(155)

TOE=L(9Cl6),  T2()=L2E)CE(s).

TOO=L2)COE),  TO)=L2EC2(),

TOO=L2(95,),  TO()=LI()S,,().

OE)=-2Rs),  kO(9=0,  kI(s)=0,
47

n=1 6ynranga sca 0y kodddurmentaap
M rgl) () =v:"Ru(v:9), M rEZ) (s) =7, Ru(¥,9),

M r(13) (S) — n(n :'1)

RnO (YSS) '

3
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FO(s) =M (-5)CY(s), F@(s)=MP(5)C(s), (3.23)

B (c) = M@ @ @) (c) = M@ ()C@
Fo 5)=M2(=5)CJ(s),  F(5)=M;2(s)C.)(s),

F(s) = MY (=8)S,,(s), F5 () =M (5)S,,(s),
NP(8) = Quy0 (8) = kv, "R o (1:9), NP (s) = Q,5,(8) — Y3 "Ry (7,9)
N (5) = Qa0 (8) = kv3"R o (135)
HI®=NOSICEE).  HIE=NIEC(S).
HY (s)= NP (-s)C(s), HW(s)=NP(s)CL(s),
HO (s) = NP (=5)S,,,(5), HY ()= N2 (5)S,,(s)
LO9) =1 BRy(18).  LO(S) =1 BRy(rs), LO(9) = DB R (1s5).
TO-WECHE).  TEO-LECE),
T2 (5)=L7(=s)CP(s), T (8)=L7(s)C(s),
To(8) =LY (-9)S,,(5), T (5) =L (5)S,,(s),
K™(s)=0, k(s)=0, K™ (s)=0

KYpuHUIIra sra Oynaau.
(3.21) cucreMaHuHT €YMMUHU X, Y, Z, t, U, V 3KCIIOHEHTAJIAPHUHT YEKCHU3
KatopiapHuHr (2.26) KypuHHIINAA W3JIaiMHU3 Ba YHU cUcTeMara Kyumo, (2.27)

KaOu OOLUIAaHFMY Ba PEKYPPEHT MyHOCAa0aTIApHH OJlaMH3. YJap aﬁﬁkﬁ% (s) ,
birin(S) KodbduIMEHTIApHM S TApPAMETPHUHT  palmuoHan  (GyHKIUsIAPH

KYPUHUIIKMIA aHWKJIAl WMKOHWHU Oepamu. by sca yHHMHTr xamja Ky4uIln Ba
KYYJaHUII  TEH30pM  KOMIOHEHTAJIAPUHUHT  OPUTMHAUIAPWUHU  KOJAUKJIAP

Hazapuscu EpaaMuia OCOH TOMHUIIHU TaAbMUHIIANIH.
Keitun (2.26) cucrema eunmunn (3.18) ra x¥itu6, z“(S) map mapkasu

KYUYHIIH YU4YH
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26)=-2 3 [17[ Ry(1S)a (5)+ Gy (r8)C ()1t ]+

ijnkim=0

15" [ Ru(1,8)a85in () + Gy (1,8)C () yu ™ |+

+275" [ Rio(V59)aiuin (8) + Gy (v45)S , (S) zw‘lﬂ X'ylzt ™ uwm
Ba eyuM siHa (3.20) ra kyiub QopMmynaHu map Xapakatura aTpod MyXUTHHUHT
peakius RS Kyuu

-2 3|3 0001092009 8O-

ijnkim=0[ g=1

2
+Z qul(s) + JSql(S) - 2‘]2q1(5) Cl(q) (S)efzhyqS +
o1

+ J13l(s) + J331(S) - 2J231(S) Sl(s)e_zmss:l

dbopmynaHu ojlaMu3.
3.3. Connm HaTuxanap

I'paduxnam 5 Ba 6 pacmiiapaa FOBaK-M30TPONUK MYXUTIH sipuM (azojaru
a0COJIIOT KATTUK MIAPHUHT WITapUIaHMa XapakaTHIa Iap MapKa3uHH Ky4YHUIIH
yUyH YTKa3WIraH COHJIM SKCIIEPUMEHTIIAPHUHT HAaTHXKallapu TacBUpJaHrad. byHma
MYXHT Xapakrepuctukanapu ydyH 3, =0,8757 ; B,=-10,3287 ; (;3=0,0088 ;
11=1; v,=21662; 7v5=1963 kuiimarnap onMHAM Ba INIAPHWHI WITapyIaHMa
xapakatu KoHyHu Z(t)=1°H(t) dynkums opkanm Oepunmu. By epma 5 pacmuaa
rpaduKiIap MIAPHUHT MYXHT OwiaH spkuH cupranuimmra moc (k=0), 6 pacmaa
rpaduKiIap ca — MIAPHUHT MYXUT OWJIaH KATTHK MaxKaMIJIAHUIINATA MOC Kellaau
(k=) . h=15. Texuc uerapaBuii cupt (z=0) — spkuH ne0, ABHU YyHIA

Ky4JaHHWII HOJITAa TCHI.
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z .
3_ mO :O’5 ////
2 " m,=35
/
/
/
1 S
= | | | |
0 1 2 3 4 5 T
5 - pacm

6 pacm.

3 6006 Oyitnua xynmocanap
MarucTpiauk AUCCepTAlUSICUHUHT YYUHYM OoOMJa CYIOKJIMK OujaH

TYUUHTaH FOBAaK HW30TPONMUK spuM (a3ona KATTUK MIAPHUHT Oepuiran Kyd

TabCHUpHAa HOCTAIMOHAP HWIrapWjIaHMa XdpaKaTH HaTHKaCuAda ro3ara KcEJraH
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TYJIKUH >KapaéHJIapUHUHT MaTeMaTuK H(oaacu, YHUHT €YHUIl aJrOPUTMHU HILIa0
YUKWIIN.

AOCONIOT KATTHK IIap MapkKasd KY4WIIM Ba IIap Xapakatura arpod
MYXUTHTHI aKC TabCHUp OJTYBUM Kyud YyuyH (opmynanap onusau. FoBak-
U30TPONHUK MYXUTIM ApuM (dazofard aOCOIMIOT KATTHK IIAPHUHT WJTaphiaHMa
XapakaTuja IIap  MapKa3WHUHT  KYYUIIM  Y49yH  YTKa3wiraH  COHJIU
AKCIEPUMEHTIAPHUHT HATUXKajJapu acocuja 4derapaBUil TEKUCIUKHUHT TabCUPHU
aHUKJIAH]H.

By nHatmwxkanapHu celicMosiorusi Ba reoM3UKaHUHT aMalluidi MacaiallapuHu

€YMIIIA XaM/1a €p OCTH MHIIOATIAPUHU JIOWUXAJAITUPUIIAA KYJUIall MyMKHUH.
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XYIJOCA

Juccepranus WIIMHU Oakapullija OJIMHTAH HaTWKajiap KyluaaruiapaaH
nbopar:

1. Ym0y wiMuii TaaKUKOT HIIWAA YPraHUII Y4YyH OJUHTaH FOBAaK-
M30TPOINUK MYXUTJIH SIpUM (Pa3zoga aOCONIOT KATTUK IIAPHUHT OepriiraH KOHYH Ba
OepuiraH Kyd TabCHJa HOCTAIMOAp WiTapuiaHMa XapakKaTH HaTH)Kachaa ro3ara
KeJIaJuraH TYJIKWH Kapa€Hjapura Moc OolLIaHFUY-yerapaBuil Macasajap
KY WA,

2.  FoBak-m30Tpomuk MyXUTHUHT CPEpUK CUPT Ba TEKUCIUK OMJIAH yera-
palaHraH MKKU OOFJIaMJIM COXaCH YUyH IOKOpUAaru OOIUIaHFUY yerapaBUil maca-
JAJIAPHUHT Ha3apuil Ba aMaIvil aXxaMHsITra 3ra OYJIral aHaIUTHK €4MMH OJTUHAM.

3. Kentupuiran macana yayH aHaJIUTUK METOJ UILIa0 yukuirad. Hatu-
*ana Macana Jlammac MHTerpan ajlMalITUPULUIAPUHUHT TacBUpiap ¢aszocunua
YU3HUKJIM anreOpauk TEHIJIaMaJlapHUHT YEKCHU3 CHCTeMacura KenTupuwiau. by yek-
CU3 CHCTeMa €4YMMH JKCIIOHEHTajap Oyinuya KaTopyiap KYpUHHUINUIA HW3JIaHuO,
pEeKyppeHT MyHocabatnap onuHrad. by pekyppeHT ¢opMmynanap 4eKCU3 cucTeMa-
HU euula peaykuus Metoauaan (oipallaHuaciuK Ba KaTOpJapuHUHT Ko3(hdu-
uueHtiapHu Jlamnac nHTerpan almMallTUPIIUIAPUHUHT TapAMETPUHUHT pallMOHAI
GyHKUMSUIapU KYpUHHUINMAA aHUKJIAIl UMKOHMHU Oepaau. By sca opurunanra
YTHUILIHY YerupMasap Hazapuscu €pAaaMuia amaira OUMpUIl UMKOHUH Oepu.

4. Wmna® yuMKWIraH aHAJIWTUK METOJ acoCHJa COHJIM HaTWXajlap y4yH
QIrO-puTM TY3WIJIM Ba COHJM OKCIEpUMEHTIap YTKaswiau. by HaTmxkanap
rpadukIap KYpUHUIITHAA KETTHPUIITAH.

5. OnuHraH HaTWXaJapHU €p OCTH HWHIIOATJIAPHUHT MYCTaXKaMIIMTUHU
Vpranvuija Ba  yJIapHU JIOMMXAJAIITUPHUILAA XaMmJa CEUCMOJIOTHS — Ba

reopU3MKaHUHT aMaliuii MacajalapuHu euunia (porgamaHuIn MyMKHH.
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NJIOBAJIAP

NnoBanap kucMujga amManuéria kylaa Kyn QoimgalaHuiauraH Ba acoCHi
MacaJlaHMHT €UUIIl aJITOPUTMHHU WIUIA0 YHUKUII Y4YyH 3apyp OyiaraH Ba
nedopMaruslaHyBUd — KAaTTUK ~— JKHCMJIAD  MEXAaHUKACHMHHWHT  HOCTAIMOHAp
MacajiajlapuHu CUMIIIa KyT WIIJIaTHIaJurad Jlamnac HMHTETpAJ
aNMAlITUPULUIAPH, OpruHajara yTum ycymwiapu, Kymumm — Teopemanapu

KCIITUPHWJITaH.

A. Jlamiac vHTErpaJ aJiMalITHPUILIAPH BAa YHHHT X0CCAJIapu

JedbopMmanusiiaHyBYM KaTTUK KUCMIJIAp MEXaHUKACUHUHT JUHAMUK Macaja-
JApUHU €YUII YUYH KyJla Kyl MaTeMaTHK yCYyJJIapHU KyJulall MyMKuH. By ycyin-
Japra MUcoJ cudaTuia UHTErpall aMAIITHPUIILIAP YCYIIH, Y3rapyBUMIApHU axpa-
THUII YCYJIM, SICCM TYJKUHJIAp ycyiu, BonbTrepp Ba AjnamMapHUHT yMyMulalliraH
yCcyJulapusiaH OWpPOPTACHHU TaHJA0 OJIUIN JUHAMUK MacajaHu KyWHJTUITUHUHT
bu3uk mabHOCH Owian OornmuK. Keltmuru Oup Hewa VH MIIIMUKIApD WYUAa Mate-
MaTUK (U3MKa MacajlaJapHu, MEXaHUKa, TEXHUKAHUHT JTUHAMUK MacallaJlapuHu
€4MII YUYH MHTErpajl aJMallTUPHUIIIaApra acociaHraH OlepalloH METOAIap XKy/a
Te3-Te3 Ba MyBaddakusITIN KyJiaHuia oonuianau [6, 12, 15].

Macanan, Jlamiac uHTErpai aIMAITUPUIILIAPH IITyHIall METO IapJaH Oupu

0ynu0, Oy yCyJqHU TYpTTa dTanaa aMaira OIUpPHUII MyMKHH.

1. Homabsiym opurusan GyHKIUsHUHT F(D) TacBupra yTui.

2. F(p) TacBupra yrumma yara moc f(t) opurunan ycruna 6aw3u oneparus
ATMAIITUPUITHA Oakapuill anMamTupuiigad cyHr F(p) ¢yHkuusra HucOaTaH

coaia TeHrjama ojaui aud@epeHIman TeHriamMa OuilaH ajlMallTUPWIaAN Ba
XO0KO03a.

3. TacBupnap das3ocuaa oiuHran Tenrinama F(p) ra HucbaTaH eynnaau.
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4. Onuurad F(p) tacBupuunr opurunan f(t) ra yrunagu. by nsnanaérran

byukiusa O6ymanu. Macananap mry ycyijaa eduiaagud. Acocuil MaTeMaTHK KUHWH-

YIIMK OXUPTH dTarja, sbHU Tommwiran F(p) tacBup udomanapuaaH OpUrHHAITA

Vrutaup. OpuruHai YTUIIHA OUp HeYya XU yCyJiJla amalira OIIUPUII MyMKHH.

a) COHJIM ycyiiap €paaMua

B) KOJIIUKJIap Ha3apusicu €pAaamMuaa

) Katopra €luin ycyiau EpaamMujia.

Adraimnk, 0<t<oo sApuM VYKuga Xap KaHmal dYekiau [a,b] opammkma
Y3UHUHT a0CONIOT KuitMatiapu OwinaH uHTerpamuianyBun f (t) dyaxmus 6epuian-

ran OyicuH. p =y +i¢ xommiekc mapamerp kupuramus Ba f(t) dyHKUMSHUHT

Jlarmac mHTErpan aMalITHPHAILINHA
F(p) = j f(t)e "dt (A.1)
0

TEHTJINK OMJIaH aHHKJIaﬁMH3.

Arap p mnapaMeTpHUHT KuiMatd yuyH (A.l) uHTerpan SKUHIJIALIyBYH
oynca, f(t) ¢ynkuumsra Jlarmumac wHTErpan aJIMalITUPHINHN KYJUIAll MYMKHH.
f (t) ¢yHkumsira opuruHan nerniIaay, arap y KyiHuaara xoccajapra sra 0yica;

1. f(t) dbyskums 0 <t <oo yKuIa aHUKJIAHTAH Ba YCKJIM OPAITUKIIA a0COIIOT

KHiiMaTH OWjlaH MHTErpailaHyBYH.

2.t<0 ma f(t) dyHKIMS HONTA TEHT.
3. p mapameTpHHMHT xedu Oyimaranga Ourtra kuiiMatuma f(t) ¢yskuumsra
Jlamnac aaMmamTupUIUIapuHn Kysutam MmyMkuH. F(p) dyakmusra f(t) dyskiums-

HUHT Jlarmac uHTerpai aMalTUPUIILIAPH OVinYa TaCBUPH JISHUTIaIH.
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Jlanjiac MHTerpaJ ajJMallTUPULJIAPUHUHT aCOCHH X0CCaJIapH.

1. YnsuK/IMINK XOCCaCH.

FO=2 10, 10 +RE) 5 (0+F()
Oyica, y xonaa

F(p)= 2 F(p)

oynasu.
2. DpKJIM Y3rapyBUMHHHT MaCIITAOWMHH Y3TapTHPHILL
Avitaimuk, f(t) + F(p) OVmcun, y3rapmac A >0 Oynramma f(At) HuHr

TaCBUPHU aHUKIIAHCHH.

o0 o0 _E
L f(ut) = Je‘ptf(m)dtz% fe "1 (uydat
0 0
At =7 necak,
1% -2
L f(z) == |e* f(2)dz
7\‘0
EKH
1% -2
f(z)+L f(z) ==|e* f(z)dz
}LO
bynna

f(t)+F(p)= [e™f(t)dt
0
OuJiaH aJMaIITHPCAK,
1-.p
fOM)+=F(=
(A1) . (X)

HaTHKara sra OyJaMus.

3. f'(t) xocumaHuHTr TaCBHUpH.
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Avraiinuk, f(t)+ F(p) 6yncun. f'(t) HUHT TaCBUPUHM TOMHMII KEpak.
L4 32 ettt
Ao
MHTErpajiHu Oyakiad MHTErpaiacax,

L /() =e ™ f@ + pwje-ptf(t)dt=-f(0)+ pwje-ptf(t)dt,

L4'® 3pLA®) 3 f(0), swrm f(t)+pF(p)—f(0)
Xycycan, arap f(0)=0 o6ymnca, f'(t)+ pF(p). Opurnnanmaun auddepen-
uasuiai Oy TaCBUPHU P COHIa KyMauTHpUII AeMaKIup.

[lyHra yxmramr

i (n-1)
FO(t) + p”{F(p)— 1O _1ro_ 10 n(o)}
P P P

SKaHJIMIUHA aHUKJIAIl KWiiuH Mmac, Oyan ucbornam yuyn f ™ (t) raua kerma-
ketiuk f'(t) + pF(p) xymmaanmmmm kepax.

Xycycan, arap f(0)= f'(0)=...= f "?(0) 6ynca, f™(t)+ p"F(p) 6ynann,
spHU  f (1) QyHKOUSHUHT N - TapTHONM XOCWJIACHHUHI TacBUPH, (QYHKIIHS

TaCBUPUHU P" HUHT KyNalTMacura TCHIIUP.

t
4. Narerpanaunr Tacsupu. ¢(t) = jf (t)dt dyHKIIMSHN KapaidiuK.
0

Airaiinuk, f(t)+ F(p) Oyrranma jf (t)dt HUHT TacBUpHMHU TONUII Kepak
0

Ba yHU ¢(p) neb Oenrminad KyiumaruaapHu €3aMus.
M) ="F@1) ., 0(0)=0, ¢'(t) = pp(p) &xu f(t)+ po(p)
F(p)

ukknaun tomoHaan f (t) + F(p) memak, o(p)= , STbHU

t
j f (t)dt +¥ MyHOCa0aTHU KeTMa-KeT KYJUIall HaTuXKacuia
0
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ot [dt, , j ....... ij (t,)dt, —pi F(p)

MyHocabaT kenu0 YuKaau.

5.t"f (t) pyHkumMIHUHT TaCBHPH.

ABBain Oy QpyHKUMS TacBUpra 3ra Oyauni-OyIMacIuTMHU aHUKJIAWITHUK.

< M ne(s+k)t ’

spHU " f (1) dyHKIMS TacBupra sra QyHKOWsIAp CHHUTA Kapalud dKaH. DHIH

11y TACBUPHU TOIAMIHK.
L t"f(t) = _[e‘ptt”f(t)dt
0

UHTErpan xam Rep>sS;+A coxama TEKUC SKMHIAIIYBYMIUP. A KHYMK OYyJIraHu

y4yH (YHHHT UXTUEpUIIMruaad) yau Re p > S, coxa gecak xaM Oynaan.
L t"f(t) =(-1)" [e ™ (-t)" f (t)dt =
0

d

Jemak,

6. TacBUpHU MHTErpaLIall.

f (t)

Teopema: Arap I F(p)dp waTerpan skuHiamyBum Oyica, y xoiga ——

(YHKIUSHUHT TacBUpU OYiamu. ¥+ I F(p)dp, spHU TacBUpPHHU WMHTETpaUIAlI
0

Oy opuruHaigHu t ra OynuI qemMakaup.
7. Cuxum Teopemacu. F(p+2A)=e ™ f(t), spHu TacBup apryMeHTHHH A

ra CUDKMTHII OPUTMHAIHY € ' Ta KYMaWTHPUII JeMaKIup.

XaKuKaTaaH
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e f (1) + je-“““t f(t)dt=F(p+1).
0

8. Keunkum teopemacu. Uxtuépuit mycoar 7 yuyn f(t—1)+e "F(p)

Ypurimaup. (OpUrHHAIHA 7 BaKTra KEYMKUO WIUIATHIN TaCBUPHHU € °° ra Kymaii-
THUPUIITA TEHT).
9. Kymaiitupumn teopemacu: Arap F(p)+ f(t) Ba G(p)+ g(t) 6ynca, Oy

WKKH TaCBUPHUHT KynaiTMacu TacBup OYynamau, ury Ouinan Oupra

t
F(p)G(p)+ [f(r)g(t-T)dr (A.2)
0
TACBHUPJIaH OPTUHAJIra YTUII KOJUKIAp Ha3apusacH épaamuia Kylnaarnya amajira
OIIMPHIIA TH.

Arap Tacsup F(p) = ng; KypuHuITa 5ra Ba P, —aap F(p) ¢yHkiusaHuHT
KyTOJIapu Xxamjaa N, —jap yiaapra Moc KyTr0 kappamucu Oynca, y xonma F(t)
OpHMIHHAJ

o1 d
f(t)= lim F - pe”
O=3 gy i g PP

dbopmyna €épaamMuia TONMUIAH.

Arap F(p) = Alp) GyHkuus ognuit p, — KyrOmapra sra Oyica, y xoijga

B(p)
A
f(t) oprunan f(t)= Z%e& ! TeHrnMK éprammaa XUcoOIaHa Iy,
k=1 Py
Arap TacBup F(p)= ki% KYpHUHHINTA 3Ta OYIica, y Xoaa
=1
0 Ck

OpUTHHAJ KYypUHUIIAA OViIaau.
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A(p)
B(p)

¢3u0, a(t), b(t) Ba f(t) dynkuusmapra moc pasumga A(p), B(p) Ba F(p) tac-

TacBupaunr F(p) = upomacuan B(p)F(p)=A(p) kypunuimga
BUPJIApHUHT OpTHHAUIApH O¥iica, y Xoiaa 9-xoccara Kypa jb(t) f(r-t)dt=a(t)
0

HWHTCTpaJI TCHIJIAMaHH OJIMII MYMKHH Ba 6y HHTCTpal TCHIJIaMaHU COHJIM CYHUIIL

ycysutapu Omnan f(t) opruHalH{ TOMHIIT MYMKHH.

B. OpuruHa/uIapHu TONUII YCYJLIIAPpU

u(p)
v(p)

By epma u(p) Ba v(p) jap p mapaMeTpHMHI MOC pPaBHIIa M Ba N Aapakaiu

F(p) - tacBup parmonan-kacp ¢ynkuus, seHu F(p) = KYpUHUIIIIA.

(m<n) kynxamiapu. Arap V(p) KynxaaHud coia KyMaWTHPyBUMIApTra a)KpaTHII
MYMKUH O¥Iica, ShHU

v(p)=(pP- P (P—P)*..(P—P,)",

K +K,+...+Kk =n
Yypunau Oyica, y xoiana F(p) pyakuusau

A

J,S

K;i—s+1

(P-p)"

KYPHUHUIIJATY 3JIEMEHTap Kacpyiap UMFUHINCUTA EUULT MyMKUH.

Jlemak,

F(p)= ZZ )k, (B.1)

j=1 s=1

By HuruHauHuHr 6apya 4, KodpduimenTiapu

1 . ds? ki

dbopmyna épaaMuaa aHUKIAHAIH.
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Arap V(p) GyHKIUSHUHT Oapya WIAU3JIapy O, ShHU
v(p)=(P—PJ(P—P,)--(P—P,), Pj# P, j#k
Oyiica, y XoJ1a MUFUHIU COJITalIalliaIu.

n u .
A - ,(pj)
le p V(pj)

(B.2)

F(p) Qynkuus kappanu KytOnapra sra Oynranaa, spHu (B.1) HUHT opurnHamm
tkj—s o

F(p) ZZAJS ki —s+1

s o (p—-p)T

kypunumra sra. F(p) ¢yHkuus omawmii KyrOra sra Oynranna, sseHu (B.2) HEHHT

OpUTHHAIIN

(p)
()

dbopmyIia OuiaH aHUKJIaHA U,

a
—l1 % 00 ) IKUHIANIYBYH
an

n—o0

Arap F(p) TacBup 1 HUHT ‘p‘> R ma (R=Ilim—=
p

Japa)kajdu KaTOpy KypUHHUILIN]IA
o a

F(p)=2 —
n=0 p

Oyica, y XoJ1a OpUriHal

0 n

=37

KYpUHHIIAA OYIaau.

C. Ky reopeMaJjiapu

1.3 naparpadua kenrupuiad macananapuu euniza I;,0;,9; Ba rj,0;,9;

(1# ]) xabu xap xun chepuk KoopauHaTajmap cuctemacuzaa é3wnran (1.41) Ba
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(1.42) xypunmmgarn (GpyHKOHSIApD OpacHIard OOFIAHHUIIHKA TOMMII Ba YyJIapHH
KEJITUPUII 3apyPAHP.

By Gornannmutapuu beccennunr |1,,,,(S) Ba K, ,,(S) Monnbunmpnanran

GyHKIHSIApU YIyH Ky TeopeManapu épaamuaa [10, 19]:

1 T~ (-D)"(2m+1)(m— p)!
Kn+ Z(Sri)Pn( 2 (Cosei) =alA X
O 22

(m+ p)!

m+n

y Z b(npmp) - 0+1/2(S )Imwz(SI’j)Pngp)(COSBj), (rj < rij),

o=jm-n|
1 . | :\/Ew (2m+2)(m-p)!
\/i Kn+1/2(srl)Pn (C056|) 2 mz_;) (m+ p)' (Cl)

m+n

X Z b(npmp) S , 0+1/2(S )Km+1/2(srj)Pn(1p)(Cosej)’ (rj >rij)’

o={m-n|

m2m+1)(m- p)! y

1 ) (c0s6.) = JE -~ (=)
\/i |n+1/2(sri)Pn (Cosei)_ zmzp (m+ p)|

m+n

% Z b(npmp) 5 0+1/2(S )|m+]/2(srj)PnEp)(COSOj),

o={m-n|

p{PmP) — (1P \/ (n+P)XM+ P! 100/ 60)(nmp.— p/ 60)
(n—p)Y(m- p)!

KYPUHHILIA E3UII MyMKHH.

e 2
S

| o +1)(1 +2m( - 2m)!(l - 20)! :
(I +1)! ’

(nm00/c0) =5

arap | — xydr

0, arap | — TOK, l=n+m+oc
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(nmp,—p/c0)=c 20+1 (m+o-n)!(n+oc—m)!(n+m-o)X
(n+m+oc+1)!
x(n? = p?)i(m? - pz)@ (- P(h+m-c-k)!(k+c+ p-n)k
max( m—p-c,0)<k<min(m+n-
-G,m-p,n-p)
x(M—-p-KI(K+p+o—mn-p-k)!T,
Oy epna I; - HKKH chepuk KoopAMHATAIap CHCTEMAaCHUHHMHI MapKasjiapu

opacunaru Macoda; b{"™™ - Kne6ma-T'opnon kosdduuuentiapu [10, 19].
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