Y3BEKUCTOH PECIIYBJIUKACH
OJIUM BA YPTA MAXCYC TABJIUM BA3UPJIUT U

MHUP30 YJIYFBEK HOMUJIATH
Y3BEKUCTOH MWIJIMHA YHUBEPCUTETHU

Kyn é3ma xyxyxuoa
VIIK 539.3

PUXCHUEBA BAPHO BAXTHUSAPOBHA

ENUIKOK-IJIACTHK CTePKEeHHUHT KATTHK,

JKHMCMTa 3apdacura ouj Macaja
5A140302 - Jle¢popMmanusiiaHyBYaH KATTHK KHCM MeXaHHKACH
Maructp

AKaJCMHUK JapakKaCuHi OJINII YIYH €3MJIraH

auccepTamus

HNammuii paxoap:
¢.-m.¢p.1. bermartos A.



1-000.

11-000.

111-600.

2
MYHJIAPUKA

Ennmkok-miacTuk CTCPRKCHHUHI KATTUK A€BOpra ypuwjiniimra

OHUI MACAJIQA ... i s s s s s nn s 10

Kynpananr kecumu y3rapMac EMUIMIKOK-TUIACTUK CTEPKEHHUHT

KaTTHK J€BOpra ypUJINIIN MACATACUHUHT KYUHIIUALIH .....ovveeeveeennnn 10
Acocuii TEHTJIaMaJIap CUCTEMACUHUHT YIIYaMCU3 KYPUHHIIH ........... 13

MacananuHr TaKpuOuil e4MMUHU OJIUII YYYH OJTUN

nuddepeHran TEHrIaMaTaAPTa KETTUPHIIL «......veeeeivveeeeeiereeesneneeeanees 14
1-000 OYHMUA XYITOCA ...uvveieeiiiireie it e e 20
ENMIIKOK-IIACTHK cTeP:KEHHUHT KATTHK AeBOPra YpHIHIIHT
MACATACHHUHT COHTH UMMITAPH ....ovvvierieiiireiesirneeinenssneesssneseneen s 21
Pynre-Kyrra ycynu 6yiinya Macana €4 TAPTUOH .......ocvvereveeennnnn, 21
TakpuOuii eunmnapuu PyHre-KyTTa ycynuna aHUKIALL ................... 25
MacajlaHVHI €YNMHWHY YE€KIU aiupMaap yCyJInuIa OJIHLI ................ 32
11-000 OYMHUA XYTIOCA ..vevvviiiriieiirieeiee s et 44
VirapyBuan KyHaaJaHr KecHMIH EMHIIKOK-ILIACTHK
CTEP’KEHHUHT KATTHK JACBOPTA YPUIIMIIH .....ooovvvianinnnnnenninneeaieenns 45
MACATTAHUHT KYMPITHLLIH ...eeveeesasieeesaesasssnnesesssssnnsssseesssssnssseesssssnsneees 45
Acocuii TEHTIIaMaJIap CUCTEMACUHUHT YIIYaMCU3 KYPUHHIH ........... 48

Takpubuii eauuMHM TaHaal acocuaa macainanu Pynre-Kyrra

YCYIUAA CUUIITA KEITTHPHIIL ...vvveevieieisnieeseesiesesneessseasneessnessnessneesnns 50
PyHre-KyTTa yCyNnHIa COHIIA €YU ....ovveiiiiiiiiiiiie e 95
UYeknu aliupManap ycyiu épaaMujia Macaia eUUMIIAPUHH OJUI ...... 60
HT1-600 OVHMYA XYITOCA ...evviiriiiiiiie et 66
D Q2] (11 R PO O TP PPRTPPRR PRI 68
TATIOBA ... 70



KHUPUII

X03Mpru KyHIa AyHE XaMKAMHATHIA Y30EKUCTOHHUHI CAlOXMATH,
YHUHT TIOPJIOK KeJaXkaru Xap TOMOHJIaMa TYJIHMK YbTUPOJ STHIMOKIA Ba OYUK
TaH OJUMHMOKAA. by VpuHAa TeXHUKA Ba TEXHOJOTHUS, WIMHHN SHTUJIUKIAPHU
autu6 yrum xowzaup. Ilpesmpentumuz M. A. KapumoB wuiam axjura
MypoXaaTHaa IIyHmail geiimu: “Y36eKMCTOHHMHT KelaXkarW TYFpPUCHIA
Vinaranumusaa, yHu Oanmap AkagemMuscu3 TacaBByp H3THO OYynmaiiau.
Akagemus 53ca MuwuiarT Qpaxpu, MamilakaT oOpY-3bTUOOPUHUHT pamM3ura
alJIaHUIIHN KEPAK.

MamlakaTUMU3HUHT Typid BWIOSATIApUAA Xap XWI Japaxaaaru
UIMUNA Myaccacanap GaoiausaT KypcaTMoKaa. Yiap ¥3 MUHTaKalapuaa MaBxKy/l
OyJraH MyaMMOJIApHU YPraHUIl Ba Ty MUHTaKa TapakKUETUra OOFIUK OYiraH
MyaccacallapHu Xaj 3THII OWJIaH IIyFyJUIaHMOK/IA.

AkafeMuK (aHHU KaHYaJIUK PUBOXKIAHTUPUIIM KEpaK HKAHIUTUHU
Oapuamu3 TymiyHamu3. Arap AaBiaT y3 MaHpaaTuHU Ky31a0, wiMmy ¢aH
TapaKKUETUHUHT aXaMUSITUHU TYFpU aHrijaca, y3 OmODKETUIaH Kepakiu
MalJarHu axpaTuO Oepullld 1apKop.

YMmyman @annap AxaJeMusicu IIyHJIad OUp HaproxXk, y y3ura
HucOaTaH anoxuja CEHAANIyBHUM Tanad »dTaad. YHra wunuiad YuKapuil
KOPXOHACH 3Mac, WIMUN TapakKyp, UXTUPOUUIIUK Ba SPATyBUWIMKHUHT HUPUK
Mapka3zu cudaruna EHAANMIN Xamaa Xap OuUp OJMMHHUHT y3Ura XocC
IXTUEKUIAH Kennb YnKubd MyHocabaTaa OVIUI TaK030 dTUJIAIH.

MamiakaT Tapakku€ruaa ¢pyHaaMeHTan gaH MyxuM YpuH TyTaau. by
Oopana, sabHM (¢yHAameHntan GanHu puBoxiaHTUpUIl yuyH Dannap
AkazemusacHaa SIXIIUTMHA TaxXpuOa Ba UMKOHUSTAApP 00P.

Arap ¢dannu ynkan Oup napaxT Jae0 TacaBBYp KWICAK, TaJIKUKOTIAp
VHUHT WIJU3UHU TalIKWAJ 3Taau. 3€po, WIAU3 KaHualuK OaKyBBaT, YYyKyp

KeTran 0yJca, JapaxT NIyHYAJIMK OapK ypuoO sIHahau, Ky X0oCcHl Oepau.
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MamiiakaTumMusaa dbyHgaMeHnTan TaJKUKOTIap KYJTaMUHU
KEHTaUTUPHUII, Y30KHU MYJDKAIIA0, 0JIMC UCTUKOOJ TapaKKMETUHU KY351a0 Uil
tytuil jgo3uM. OynnamenTan ¢anra ymua OWIaH KapalldMHU3, YHTa KEHT Wy
oun6 Oepumumus gapkop. ” [1].

bus ¥3 TakqupuMuU3HU ¥3 KYJIUMU3Ta 010, a3aiuil KaJIpusaTIapuMU3ra
CysaHHO, 11y OmnaH Oupra, TapakKWid TONraH JaBiaTiap TaXpUOAaCUHU XucoOra
OJITAaH XO0JI/1a, MaHa NIyHJal ONMKaHOO MHTUIUIUIAp OWIaH SAAaéTTaHUMU3,
XaJIKUMH3 acpiiap 1aBOMUJA OP3UKUO KyTraH 0301, SpKUH Ba PapoBOH XaETHU
Oaprno »rtaérranuMui, Oy #ynma »spumiaétral OTYKIApUMU3HU XalKapo
XaM)KaMUAT TaH OJIraHU — OyHAall UMKOHUSITIAPHUHT OapyacUHU alHaH
MYCTaKHJUTHK O€praHWHU OYT'YH XaMMaMu3 4yKyp aHriaaimus [2].

AliHM JamJa MaTeMaTUK ycyiuiap €EpaaMuaa TaAKUK KWIMHAETraH
MacallaJJapHUHT KapuiO TYpTAaH Oup KUCMU HPKUH Yerapaiud macajianap
cuH(ura Ttaamnyknu. Macana kapana€TraH COXaHUHI 4erapacu Tyna €Ku
KHUCMaH Yy3rapyByaH Ba HOMabiyM OyiraHu cabalbiau HpKUH dYerapaiu
MacajaJlapHU €4YdIl HUXO0ATAAa KUWMH OYynuO, Hazapuil axamusaTra Xam 3ra
oynanu. Ma3kyp Macananapaa Hadakat Kapajga€TraH xapacHHU TaBCU(DIOBUU
byskius (GyHKIUsIIap), OATKH KUIUPHIAETIaH (YHKIMSUITAPHIUHT aHUKTaHUTIT
COXaCHHM XaM aHMKJIAIl JIO3UM OYnaau. DpKUH Yerapajid MacailalapHU TaIKUK
ki Mamxyp Crepan wmacanacujgan  Oonuianu®, Xo3upra mnantiaa
MaTeMaTHKa, MEXaHHWKa Ba OOIKa coxajapia KYymiad OJWMIIApHUHT Oy
coxaJiaru WIMHUN UIIapU MOC WIMHUN MaTOyOT/Aa 3bJIOH KUJIMHTaH.

HedbopmanusiiianyBul KaTTUK JKHUCM MEXaHUKAacHaa XaMm Oup Karop
MEXaHUK Xapa€Hiap J3pKUH uerapaiud Macajiajapra KelThupuiaaaud. XycycaH
ENUIIKOK-TUIACTUK MyXWTiapaa (o3 Oepaguran aedopmanus xapaHu Xam
mryJap »KymiIacuaaHaup.

ENMIIKOK-TIIaCTHK ~ MaTepuanjgaH scairaH CTEp:KEHHUHT OViinama
3ap0aBuil IOKJIAHUIIKA HATWXKAcHAa AedopMalMsiHU aHUKJIAIl Macajlacura OuJl
OuprHYM dKcTepuMeHTIap Ba Hazapusuap cyHrrd 100 WMUTMKHUHT OMpUHYH

spmMuga 1o3ara kenau [3]. Maskyp auccepTranusaga  CHHIIKOK-TUIACTHK
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CTEpP)KCHHUHT KATTUK J€BOpra ypWIMIIM HATWXKACHAA CTEPKEH HYKHU
HyKTajlapuja Xocuil oynanuran aedopManusuiap ypranuianO, TaxJ I dTUIaIH.
by xycycupmaru anabuérnapiaH MabiyMKd, KYWHITaH MacallaHu TaJKUK
sTUlIAA EMUIIKOK-TUIACTUK CTEpPKEH 3ap0a HaTHKAacuAa UKKU coxXara axxpaniap
9KaH. OMPHHYU KUCM KATTUK coxa (KAaTTHUK XOJIATIard), MKKMHYMA KUCM 3ca
ENUIIKOK-TUIACTUK coxa (EmuMImKok-riacTuk xosarnaru) [4]. By coxamaphwu
aXpaTyBYM yerapa y3rapyByaH OyiaraHu ca®a0nu TaJkKUK KWIMHAETTaH Macalla
APKUH Yerapaji Macajanap CUH(pUra TaauryKiau Oyaaau.

KarTuk Ba €NMIIKOK-MIACTUK COXaJapHU aXpaTyBUM yerapa MCCUKIUK
TapKaJIHII Macajanapuaard (azaBuii ytum derapacu ((ppOHTH) aHAJIOTHIMP.
bynpaii macananapHyu 4ekid allupManap yCyJjW[a WUUIAIIHUHT UKKUA TYPYyXH
MaBXyJl: XHCOO opKanu ycynau [5] Ba ¢dazaBuil YTUII yerapacuuard axxpajra
ycyn. KenTupuiaraH WKKHHUM TYypyX yCyJdura ajganTuB Typiap ycymu [6],
bpoHTHH TYFpuiam ycyiu [7] Ba TYp TyryH HyKTajapura (GpOHTHH TYTHII
yeynu [6, 7] xupanu. CYHITH yCYJIHA UKKW BapHaHTH MaBxKyl OYIu0, OUprHUN
Bapuantna (azoBuil TYp onauHAaH Oepunagu. CYHrpa BakT Kajamu Oyitnmda
Hnurn6 uukwiaan. bynma GpoHT TYp TYryH HyKTamapuaa KoiluO KeTalu.
WNkkuHuu BapuaHTAA 3ca BaKT TYPHU OJNauHIaH Oepuwind, ¢azoBuil Typ Oyiinua
wurmiangu. OpoHTHU TYTUIN YCyluaa TYp TYTyH HyKTajgapura 2 Ta acOCHM
yerapa Kyuuiaau.

1. Ycynnu macana euumiga ¢pakat 6utra GpoHT yU4yH UILIATHUIL,

2. OpOHT XOJaTUHU Y3TapUITi MOHOTOH XYCYCHUSITIa STAJIHTH.

Anaduériiap TaxJuimn.

[4] wmmma EnUMIIKOK-TIIIACTHK CTEP)KCHHUHT KATTHK JeBOpra 3apdacu
HATIDKAacuJa CTEP)KEHHH WKKH coXara (KaTTWK Ba EMUIIKOK-TUIACTHUK)
axpatwinb, yIapHUHT Xap Oupuaard XxapakaT TEHIJIaMacu OJIMHTaH.
[IyHUHTIEK MKKUA COXaHU aXXpaTyBUM dyerapa y3rapyBuaH Oynranu cababiu Oy
TEHIJIaMa €YUMHU OJIUII STHAJla MypakKaOJIuKKa oiau0 kenaau. bynu sptrbopra
ofraH xoiaa Oy epaa TakpuOuii-aHanuTuk edyuMHU Kapman-Ilonbraysen

ycynura Kypa taninad onuHuO [8], yerapaBuii mapTiiapHu KaHOATIIAHTHUPHIIN



Tekmupwirad.  TakpuOuii  e4uM  TEHIVIaMaHW  MHTErpajl  MabHOMAA
KAaHOATJIAHTUPHUILIHA, SBbHU OallaHC MyHoca0aT Oakapuiuiu Tanad ITUIAIH.
AWTHO YTwirannapaaH QoiiganiaHn®, 4YerapaHWHT Y3rapullld Ba YHAAru
TE3JIMKHUHT Y3rapuiuiapy TacBUpiIaHTaH rpaukiiap KeITUPUITaH.

[9] umina sca ENMIIKOK-IIACTHK CTEP)KEHHHMHT 3JIaCTHK 3ap0a Macajaacu
TAAKUK OSTUITaH. DJacTHK 3apba Tydaiau crepkeH 3 coxara (KaTTUK —
ENUIIKOK-TUIACTUK — KATTHK) aXpaTWIHO, yinapiard Xapakar TeHrjamalapH
Keatupuiarad. by Makonana ojliMHraH TEHTJIaMaHUHT €4UMU YEKIIM aitupmanap
ycynuaad (Qoialianral Xojja COHJM Tap3aa KeATUpwind, rpaduxiap
ypuswirad. [lIyHUHTAEK COHJIM HaTH)XKa SKCIEPUMEHTIAaH Kenud YUKKaH
HaTWKajnap OWIaH COJMINTUPUINO, Hespiau (apk KuiMaciaurd udoaaliaHra.
[4] marm macanaman ¢apku Oy epla CTepKCH KYHIAJaHT KECUM F03acu
y3rapyByaH €0 OJMHTaHIUTH Ba COHJIM UIUIAHTaHIUTUIHP.

ENMIIKOK-TIIacTHK OKUM HOCTAI[MOHAP MacajlaCUHU aHUK
(9KCIIEpUMEHT/IaH aHWKJIAaHTaH) Ba TakpuOuid euyumitapu Taxawm A. X,
Mup3apkaH3ageHHHT MoHOTpaduscuaa kenrupuirad [10].

Xo3upru KyHAa ENUIIKOK-IJIACTUK  JKMCM  XapakaTd  macajiacu
TaAKUKOTYMIAPHUHT TUKKATHHHA TOpTraH. bymap xycycuaa [11-12] napna xam
MabJIyMOTJIAp KEITUPUIITAH.

[13] agabuérna sca TYp TEHIVIaMaJapUHUHT €YHII YyCyJUIapu OaTadCuit
KeJTupuirad 60ynuob, nuccepranussHunr | 0o0uaa Kyiniran MacalaHUHT YEKJIH
aliupmanap ycyiauaaru e4uMuHU onuinaa ¢hoiganaHwian. SpHA yHAA Xaiaamn
YCYJIJITAPUHUHT BapUAHTIIApU TYJIa ouud Oepuiras.

[14, 15] nma xucoOiam ycyiapy HaMyHa Ba MUCOJUIap EpJamuaa
KypcaTu0 WIIIAHTAHJIWTKA JUKKATHU TopTaaud. Maskyp aucceprauusiaa
KYWWITaH MacajaJlapHUHT TaKpuOWN-aHAJIMTUK €UYMMHHHM TaHJAIl acochja
WHTErpai MyHocalaTiapaaH Kenud YuKaJAurad TeHIJIaMaHU e€YUIIHUHT PyHre-

Kytra ycynunan ¢goigananuiras.



MaB3yHUHT 10J13apOJIUTH.

JHedbopmanusianyBuM KaTTUK >KHUCM MEXaHHKacuia OUp KaTop MEXaHUK
YKapa€Hilap dpKUH 4Yerapaid Macajajapra Keiatupanaad. XyCyCaH ENHUIIKOK-
IJIACTUK MyXuTiapaa 03 Oepamuran jgedopmauus skapa€Hu —IIyiap
Kymuacuaanaup. Macanma Kapana€TraH COXAaHUHI 4erapacu Tyna €Kh KHUCMaH
y3rapyBuaH Ba HOMabJyM OViraHu cababiu SpKUH uerapaid MacajajlapHu
€UMIIl HUXOAT/Ia KUUUH OYu0, Ha3apuil axaMusaTra xaM sra oynanu.

TagknKoT 00bEeKTH Ba NMPeIMETH.

JluccepTallUSHUHT  TaJKUKOT OOBEKTH Ba TmpeamMeTd cudaruiaa
KYHJIaJlaHT KECUMU y3rapyB4aH €MUIIKOK-TIJIACTUK CTEP>KEH OJIUHAIU.

NuHuHr Mmakcaa Ba Basudasaapu.

ENMINKOK-IIaCTUK ~ MaTepuanjgaH  sAcalraH  KYHJAJaHT  KEeCHMH
Yy3rapyBuyaH CTEPKEHHUHT KaTTUK JEBOPra 3apOacu HaTHXacuaa CTEPKEH WUKU
HyKTajnapuga coaup Oynaguran neopmanusiapHd VpraHuml — Ba TaxJIWII
KUJIHIIAaH noopar.

TaagknKoTAa KYJVIAHUJITAH YCJIYOJaPHUHT KHCKA4a TaBCU M.

TagkukoTaa onauii nuddepeHnran TeHrIaMalap CHUCTEeMacd Y4yH
Pynre-Kyrra  ycynu  xamaa — xycycudt  xocunanu — auddepeHunan
TEHrJIaMajJapyuHu XUCOOJIAIIHUHT YEKJIM alupMalap ycyiu, XyCcycaH Xaiiaail
ycymnapuaas GonanaHuIau.

TagKMKOT HATHKAJTAPUMHUHT HA3ApUH Ba aMaJIMii AXaMHUSATH.

OnuHran HaTWXajgapAaH MalldHA Ba KOHCTPYKUMSUIAPHUHT EMUIIKOK-
IJIACTUK ~MaTepuajaH sicalraH CTEPKEHCUMOH JIeTAJUIAPUHUHT 3ap0a
TabCUpUJA KyWIAHTAHJIUK-AeOpMAlUSJIAHTAHIIMK  XOJIATUHU aHMKJIalaa
dbolnanaHu MyMKHH.

TagKUKOTHUHI WJIMHH AHTUJIUTH.

1. Kynpananr kecumu y3rapMac CTEpXKEHHUHI 3aplacu Macalacu
CUYMMHUHUHT aHUKJIUK JapakacH FOKOpPH OYIIraH ycyiija WIUIAHTAHIATH (YSKITH
aiipManap ycyJaud Ba €YMM Y4Ta XaJ aHUKIWUTH) Ba XYJH Iy YCYJIHH

y3rapyBuaH KECUMIIA CTEPKEH YUYH KYJUTAHWJITAHIIUTH.
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2. Xap WKKHA XOJJa XaM 4Yekiu adupmanap ycymuau (1-xonm yuyH
Xauaan ycysu) Kysuiad, Kepakiii HaTHKajaap OJIMHTaHIIUTH.

Juccepranus TApKUOMHUHT KUCKA4Ya TABCU(DH.

Ma3kyp MarucTpjiauK AWCCEpTalUsl WIINM KUpuil, y4dra 000, Xyroca,
dbolinananunran amabuétinap Ba wioBalapaan ubopar. Kupum Kucmuaa
MaB3yra ouj afiabuétiap mapxu, AUccepTalus MaB3yCUHHUHT J1013apOJIHIINTH,
UIIHUHT MakcaJu Ba Bazudanapu, OJIMHIaH HATHKAJTApHUHT Ha3apuil Ba UIMUN
aXaMUSITU KEATUPUIITaH.

| 60012 EMUIIKOK-TUTACTUK AePOopMalUsSIaHyBUYUd CTEP)KEHHUHT a0COIIOT
KaTTUK JI€BOPra YPWIHIIN MACalaCUHUHI KyWWUIUIINA KeaTupuiaraH. CTepxeH
KecUMJIapu YUyH TEKUC KecHumIiap TUIOTE3acu YPUHIU 10, ENUIIKOK-TIIaCTUK
CTEp)KEHHUHT 3apba Macajacu Oup Vyiuamiid Macajara KeJITHPUIUO,
MacalaHuHr Kyuunumu Oepwirad. lllyHuHraexk ewwnuimu kepak Oynrax
mudPy3us TeHriamacu, OOIUIAaHFUY Ba YerapaBuil Imaptiap Yyiadyamcus
KypuHUIga Kentupuirad. Kyiuiran MacanaHUHT TaKpuOUN €UMMHHM OJIMIII
Y4yH 4erapaBuil KamiaMm Hazapusacuaa Kyiuianuinrad Kapmas-llosbrayszen
ycynuaas (oiinananu0, ENUIIKOK-MIIACTUK 3ap0a macanacu Komm macanacura
KEeJIITUPUIUIIN Oa€H STUITAH.

I 606nma EnuIIKOK-TUIACTUK  JAedOopMalMsUIaHYyBYM — CTEPKEHHHUHT
aOCOJIIOT KATTUK JI€BOpra YpWJIUIIM MaCallaCHHUHT TaKpuOWil edumiiapu
onuHrad. AsBaji, 1-0001a KenTUpWIraH MacajlaHud €YUl Y4YyH OJIui
muddepeHnman TeHrnamaIapHu TaKpuOuil edyumiapuHu onuin Oyiinda Pynre-
Kytra ycynu, xamaa auddys3uss Macamacu ydyH YEKIM alMpmaniap ycyJu
TYFpUCHIA MAbIyMOT KEATUPWIMO, Iy HKKH ycyimapaaH ¢oiigananuo
KYWWJITAaH MacajlaHWHT COHJIM €YuMJiapu ojiuHraH. Eummmap rpaduk Tapsna
KeNTupuiaau Ba Taxjui dtwirad. [lyHunraek, Oy MKKH ycyiuiap/ia OJIMHTaH
eyrumiIap KuECU COMUIITUPUITAH.

Il 606nma kyHmamanr kecuMu Yy3rapyB4aH OYNraH ENUIIKOK-TUIACTHK
nedopMalMsUIaHyBYaH CTEPKEHHUHT a0COJIOT KAaTTUK JIeBOpra ypUIIUIIN

Macanacu Kypunrat. /lactnabd macajnaHUHT KYHUIUIIK: OUp KUHCIU OYIMaraH
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muddy3us TeHrmamacu, OOLUIaHFUY Ba YerapaBuid MapTiap; CYHrpa TakpuOui
€YMMHM TaHJall 3Ba3ura MacajlaHu oaauil auddepeHnnan TeHriaamanap
cuctemacura kentupuin® yHu PyHre-Kyrra ycynu opkanu coHiu edumnapu
onuurad. llly OwunaH Oupra OOOHMHI CYHITHM IMYHKTHJA YEKIH alupmaiap
€plaMuia XxaM MacaJJaHMHI COHJIM €4UMJIapy OJIMHTaH.

JluccepTallssHUHT Xyjocacuaa OaxkapuiraH umuiap Oyinduya OJIMHTaH
HaTWXKa Ba XyJjocajap, WIoBacHAa 3ca KYWWITraH MacajajJapHU €4ull Y4YyH

Ty3u0 YMKWITaH JacTypiap Oepuiras.
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1-606. EMAIIKOK-MIJIACTUK CTEPKEHHUHI KATTUK JEBOPT A
YPUJIHUILUT A OUJ MACAJIA

Ymby 06007a EnMIIKOK-MIACTUK JedopMalUsIaHyBYd CTEPKEHHHUHT
a0COJIOT KaTTUK JEBOpPra ypHWIAIIM MACATACUHUHI KYHWIMIIN KeATUpUiIrad. 1-
MyHKTAAQ CTEP>KEH KeCHUMJIApU YUYyH TEKMC KecuMJap THIOTe3acH YpUHIU 1e0,
EMUIIKOK-TUIACTUK CTEPKEHHUHT 3ap0a Macajacu Oup yrmyamiaum Macajiara
KEeJNTUPWINO, MacalaHUHI KyWniauimu OepuiradH. KeMMHIM MyHKTAA €4nIIUIIH
Kepak Oynran nuddysus TeHrnamacd, OONUIAHFUY Ba YerapaBui mapTiap
YnuamMcu3 KypuHuiga Kentupwirad. Kyilwiran MacamaHuHr —TaKpuOwMii
€YMMUHU OJMII YUyH 3-TIyHKT/a YerapaBHil KaTiaM HazapusaCHAa KyJJIaHUITaH
Kapman-Ilonbrayzen ycynupan ¢Qoigananund, ENUMIIKOK-IUIACTHK — 3ap0a

Macanacu Komm macanacura KeITUPUIUIIN O0a€H STUITaH.

1. KynaajgaHr keCUMH y3rapMac énuImKOK-IJIACTUK CTePKEHHUHT

KATTHK JeBOPra ypuInIIyd MacaJaCHHUHT KYHUJIM N
Cuxkunmac  ENMINKOK-TUIACTHK — MaTepuaijiaH  sicanraH  ueknd |
Y3YHJIMKJIArH CTEpXKEH Y3 VKU HyHanumu Oyinad V, Te3nuk OwiaH
xapakatianuO, BakTHUHT t=0 oHuma abcooT KarTuk nesopra ypwicud (1.1-
pacm).

Vo

sSss—

y

— X, (t)—
|

1.1-pacm

By xonna crepkeH XapakaTUHU KBa3u Oup Yiauamuu 1e0 KaOyn KujiaMu3, SbHU

Ky4JIaHuIl, TC3JIMK Ba 6OI_IIKa KaTTaJIUKIIapHU CTCPIKCH KS"HI[aJ'IaHF KECUMH
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Oyiinya ypramamrupuirad ne6 xucoOnanmu3. LllyHpail skaH, kecum Oyiinua

ypraua Kywianuim & Ba jgedopMaiusi Te3nmuru OV/O0X opacuaard MyHocabart

Kyhumaaruda oynaau [4]:

G+ 0o,
éﬂx: T (‘G‘ZGO) (1.1)
0, (‘G‘SGO)

Oy epna V(X,t) - cTepkeH KyHAaIaHT KECHMUHHMHT t BakTaaru Te3nuru, o, >0
- 4YerapaBUil KywlaHUII, |[I - CTEPKEH MAaTepUATMHUHT EMUITKOKINK
KO3 PULMEHTH, X KOOpPJIMWHATAaHU CTEPKEH YKU OYyinad Xapakar MyHaauIIura
Kapama-kapmu  WyHantupamus. byHmail  xonmga  cTep:KeHHMHT — Oapua
Hykranapuaa o <0 6ymamm.

Kapamaérran wmyxutna (Te3IWK TapKalaliuaa) d3JIacTHK Ky3FaJHIuIap
yekcu3 karta Oynanu. bynnan xypunaauku, 0y myxutna FOHr moaynu yekcus
KaTTa OynuO, Ky3ranuin OyTyH cTepkeH Oyina0d tapkaianu. by Xonna
uxtuépuii 1 >0 BakT OHUAA XapaKaT TE3JIUTH CTEP)KCHHUHT Oapya HyKTaJlapuaa

V, naH ¢apkau 6ynanu. LlyHuHr HaTHXKacuaa CTep KeH HyKTajJapu XapakaTura
Kapab YHH 2 KUCMTa aXKpaTUIl MyMKHH:

1. 0<X<X,(t) - OupuHUM KuCM — ENUIIKOK-TIACTHK coxa. by coxanma
Ky4IaHUII MOJYJIH G, JaH Karta Oyiagu Ba Oy coxajna ENUIIKOK-IIIACTUK
OKHIII Ky3aTHJIa]IH.

2. Xot)<x<I| - wukkmHUM KHCM — abcoMOT KaTTHK coxa. by coxanma
KyWwIaHUII MOAYIU G, JaH KUYMK OynuO, CTEep)KEHHUHI Oy coxajgaru

XapakaTh a0CONIOT KaTTUK KUCM XapakaTu KaOu Oynaau.
X =Xy(t) - EnMIUKOK-ITaCTHK Ba a0CONIOT KAaTTUK CcoXajlap Opacuaaru
KY3FallyBUM dYerapa XOJIaTH MacallaHd €YHIll JaBOMHUAA KyUJIaHHII Ba TE3JIHUK
y3nyKeu3auruaad ¢poigananud aHuk1ad Oopuiaau.

CrepikeH HyKTalapu XapakaT TeHIJIaMacu Kylunjaaruya 0ynanu:
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ov 0o

p =22, (1.2)

Oy epaa p - CTepXE€H MATEPUAIMHHUHI 3UWIUTH OYnud, yHu y3rapmac aed
XUCOOIaiMMU3.

(1.1) myHocabatra kypa ENHMIIKOK-TUIACTHK COXaaa Te3NHK Auddy3us
TEHIJIAMaCUHHU KaHOATIaHTUPAJIN .

N _ 20V a’= (0< X <X, (t)); (1.3)

a2 xe

o=

a0comroT KaTTHUK coXadaru TCHIJiaMa 3Ca

oV

=~ =0 (X,(t)<x <) (1.4)

kypunumra kenaau. (1.4) TeHrnamaHu HHTErpauiao,
V =-V,(t) (X,t)<x <1) (1.5)

o1 onmamm3. by epma Vy(t) - cTepXeHHHMHT KaTTHK COXAaCHAaru HyKTajap

XapakaT Te3nuru OYynud, Xxo3upua HOMabIyM (yHKIUS XucoOnaHagu. KaTTuk
COXaHUWHT XapakaTt TeHrJIaMacu HeIOTOHHUHT 2-KOHYHUTAa MYBO(UK KyHugarmda
Oynmanu:

dvy(t)

M gt pSoll =X, (t)]

Vo) _ 1. @)+ 0,115, (1.6)

Oy epma M :pSO[I —Xo(t)] - CTep)KeH KaTTUK COXACHHHHT MaccacH, S, -

CTepKCHHHMHT KYH/IaJaHT KECUMH F03aCH.
K¥ysramyBum X =X,(t) dyerapajga KywIaHUII  Y3TyKCHU3JIHTHIAH
G[Xo(t)+ O,t] =0, Ba (1.6) MyHOCabaT Kyliuiaru KypruHUIITa KeIaau:

dv,(t) ____ S (1.7)

dt — pll—x,®)]
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HlyHuHrOek, aiHaH Iy 4Yerapaja Te3JIUMK Ba KYyWIAHWMII Y3JIyKCU3JIATU

Kylnaaruya udoanananm:

VIOA= ), Wlx.t)=0. (L8)

Yerapasuii Ba OolIaHFUy mapTiaap Kyluaaruda Oynaau:

v(0,t)=0 (t>0);
V(X,0)=-v, 0<x<I); (1.9
V,(0)=V,, X,(0)=0.

[ynnaéi KwimO, CUKHIMAC EMUIIKOK-TUIACTUK CTEPKCHHHHT a0COJIOT
KaTTUK JjgeBopra ypwmmu Macaitacu (1.3), (1.7), (1.8) Ba (1.9) napuwm

KaHoaTmaHTupyBuu V(X,t), V,(t) Ba X,(t) ¢yHKmmsamapHu TOmMIN Macamacura

0JINO KEJIUHIU.

2. Acocuii TeHIJIaMaJIap CHUCTEMACHHHUHT YI4aMCH3 KYPHHUIIU

ENUIIKOK-NIACTHK CTEP/KEHHMHI a0COMIOT KATTHK J€BOPra ypUIMIIH
Macajgacd TONWIMIIM JIO3UM OyiraH y3rapyBuyaH uerapaiu auddysus
TEHIVIaMacUHM euumira kentupwigu. Illynnaih skaH, Kymaiuk ydyH
KAaTTaJIUKIApHU YI4aMcH3 KypUHHINTa Kentupamus. Kyiinaarnya oenrunanuiap
KHPUTaMU3!
ue=—0 X g2l Ay Y

2
2
Vv, I I

(1.10)

0

Yoy (1.10) OGenrmmanurapgan  ¢oitmanancak, (1.3), (1.7)-(1.9) cucremana
U(g,t), &(t) Ba Uy(t) HOMaBIyM (GYHKIMSUIADHU AHUKJIANI Y9yH KyHUAard

MyHOcCa0aTIapHU XOCUJT KHIIAMU3:
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ou o’u _
o B CELEEO) (L11)
du,(t) ___ s ; (1.12)
dt 1-E&y(7)

Ulg, (1), 7] = Uy (1), g%mkdﬂﬂbzo, u©,9=0 (t>0);  (L13)

ug,0)=1 (0<g<l), Uy(0)=1, §&,(0)=0. (1.14)
by epma s :G—OI - Cen-Benan mapamerpu Oynu0, xapakaTHU TaBCU(DIOBUU
KV,

napaMeTpJIAPHUHT YIT9aMCH3 KOMOWHAITUSCH.
[Mynnati kw6, 1.1 nmysaxtoa kyvmnran macana (1.11)-(1.14) napuwm

KaHoaTnaHTupyBuu U(E,T), &y(T) Ba Uy(T) DyHKIMSIIApHU TOTUINTA KEJIH.

3. MacajlaHMHT TAKPUOM e4MMUHHU OJTHII YIYH OUTHii

augdepeHHAT TeHTIaAMATAPTa KeJTHPHUII

(1.11)-(1.14) cucremMaHWUHT TaKpUOWH EYMMHHHM YeTapaBUil KaTiam

Hazapusicuna Kyutanwiran Kapwman-Ilomerayzen ycynmum Oyiimua  U(E,T)

GYHKIVSIHA KyWHIard KYpUHHALIA Kuaupamus [8]:

a,+a E+a a—2+a g—g (0<E<EL(T)
u@gr)=4¢°%" "Ttg, g2 %l TR (1.15)
Uo(1), (Eo(r)<E<T)

By epna @, (i=0,3) Ba &, HOMAaBIyMIap T BAKTHHHT ()YHKIHSIAPH, SHHH
a; =a;(1) (i =0,3) Ba & =E,(1).

Arap Ugy(t) Ba &y(t) dynxmmanap (1.13) mapTHUHT CYHITH UKKUTACHHU
KaHoatnantupca, y xoiga (1.15) d¢yskmus (1.13) mapTHUHT OapyacuHH

KaHOATIAHTHPATH. (1.15) byHKIHS (1.11) TEHTJIAMaHU aHWK

KaHoaTnantupMaciuru papmad. lyaunar yayn xam (1.15) Oy TeHrnamanu
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uHTerpasl MabHONa, sbHU (1.11) TeHrnamaHu ENUINIKOK-IDIACTHK — COXa

(0<E<E(T)) Oyimua  wHTErpaUTalmaH  Kenmud  YMKKaH  MHTErpai

MyHOca0aTIapHU KaHOATIAHTUPHUIIY Tanad KWJIWHAIN:

€o(1) au a2

j Ludg =0, Lu="" e (1.16)
0

Eo(7)

[eLude=o. (1.17)

0

Ymby myHocabarinapau KaHoaTnantupuin yuyH (1.15) marm HOMabaym @, (1)

¢yukrusutapan (1.13) maptnapnan ¢oitnananud tronamus. (1.13) HUHT cYHITH

mapta U(0,7)=0 (t>0) nan a,=0 xenub uymkanu, OMPHHYM Ba WKKUHYU

mapTJIapyujiaH 3ca yuoy

u[&,(7), t]=ay(t) +a,(t) +a,(t) = Uy(v), (1.18)

au
g

1 28, 3 ] _
1(D———+a,t ) 3(7)3— =
E=Ey (1) [ &O( ) &O( ) &O(T) £=£4 (1) (119)

_ gol(r) (8,(1)+ 28, (1) + 32,(x)) = 0

myHocabatnap ommHaau. (1.18) Ba (1.19) tenrnmamamapman a,(t) Ba a,(t)

GyHKUMATApHU KyHuaarnya aHukiaad ojgamus:

a,(7) = 2uy(1) +a4(1), }
(1.20)
a,(1) = —2a;5(1) — Uy(1).
Assai (1.16) uHTErpaaH!
€o(1) &o(7)
ou ou
—d{=— 1.21
| o dé = %, (1.21)
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TEHTJIUK KypuHUIaa €3u0 onamu3. DHau (1.16) Hu OVirakiad nHTErpaiaitMus.

Yoy (1.21) TEHTJTUKHUHT Yarm TOMOHHHHM Oyjakiad WHTerpajuianl aMajlduHH

Oaxxapamus:

'ou d = dg, d " &
l—dg—a !ud&—u[&o(r),r]a—d— Juteode-uo(r)
=i&0fm[a -5 ra,05 raym L ]da U3 = (122)

B S Mo R 1) A

:i(a (0" +a,0)-5 a0 ]w)—u (9= -

ar( e e m T g m), T de

(1) , (1) as(r) dg,
dt( 5 + 3 j&o(T) Uo(t)— dt

(1.20) uu (1.22) ra kyiicak, y XoJija HHTETpaJl KyPUHUIIH

I a—udﬁ—d (8UO(T)+a3(T)j§O(T) Uy (1) 220 &o
T

0 ot 12 dt
1 d&o du, da, ﬁo
12 (8UO(T)+33(T)) dt 12 (8¥ j&o( )— o(T) (1.23)

du, da, 1 de,
12(8 by, 92 ]&o(r)+5(a3(r)—4uo<r))a

oymanu. (1.21) HUHT YHT TOMOHHU

= 52 _( ] _[ 1 2t 3&2} _
jaazg %), M em 2n ey

a1 oy (g+ay) (1.24)

&O(T) &o('c)
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skammruaan, (1.21), seam (1.16) man kyhugarn l-wHTErpanm MyHOcaOaTHU

oJIaMu3.

du da 1 d& 1
8—0+—-3 +—(ay(r)-4u 0 —_ 2u,(t)+a,(1)). (1.25
12( dr ' de ]ﬁo“ 12 @)= Aug() 22 = S (us(e) +ay(m). (1.25)

Oumu (1.17) nan 2-unTerpan MyHocabaTHH XOCHI KWJIAHIMK. ByHuHr

yuyH aBBai (1.17) uaTerpamnu
€o(7) So(r) A2
ou o°u
— —d 1.26
{ g _de= j & g e (1.26)
TEHIIMK KypuHHIIHAa €310 omamu3. (1.26) TEHTTUKHUHT Yam TOMOHHHH

Oynakiab UHTErpaUIaimMus:

Eo(7) io(T

ou &
{ agda—— j SudE — gl =

T s & 3 dg, _

= { %(al(r)%ntaz(t)ggm+a3(r)gg(T)]dggO(T)uO(T)E_
3 4 5 \[%0(7)

:%(alm e ] o) 2 =

3 &) 4 g 5 &),

_d(a) az(T) as(t) dg,
_dt( 3 * 4 j&o() Eo(TIUy(T) ac

Onuaran myHocabatra (1.20) Hu Kyiuiacak,

i( 25U, (1) + 2a,4(1)
dt 60

]aé( ) Ealen(0) 020 =

_ Eo(1)( Uy &o(7) &o dg, _
=50 (25 a- +2 drj 30 (25U0(T)+233(T)) —Eo(T)Uy(7) i
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_ ﬁc"i(f)(zsd“o 2% | B -su@9E e
30 dt

60 dr dr

kypunuiira kenaau. (1.26) HUHT YHT TOMOHH

Eo(t) A2
o°u
f&g a—ag

E.,o(T) Eo(7)
ou
_ [ Hge=
| =, de=

0

B €o(1) 1 2& 3§2 B
== _([ (al(T) go(r)+a2(T)%+a3(T) gg(T)]dﬁ =

€o(T)
__ g £’ e
- (al(r)ao(ﬂ a,(t )&o() ()&8(1)]0 (@,(t)+a,(t)+as(1))
¢xu (1.18) man doiigamancaxk
Eo (1) 62
j ggdg —Uy(x) (1.28)

kypunumra kenamu. (1.26) ra xypa (1.27) Ba (1.28) napHM TeHTJIAIITHPCAK,

KyHAugara 2-mHTerpaj; MyHOCA0aTHH OJTaMU3:

%S(T)( du, das] Eo(T) dg,

25 +2 + 2a,(t)—5u —= = —U,y(7). 1.29

60 de de 30 ( 3(7) o(T)) dr o(1) ( )

Oumu (1.25) v &, ra xymaiitupuo, (1.29) myHnocabaraan aimpcax, S,
T

ra HucOatan euwirad auddepeHnran TEHIIaMa XOCHJI KWJaMu3. XOCHI

kuauHran Tenriama Ba (1.12) rtenrmamanapuum kadta (1.29) myHocabatra

- da,
Kylcax, do ra HucOaraH euwsirad quddepeHnyan TeHraiaMaiu ojlaMu3. Yoy
T

ukkn guddepennman TeHriama Ba (1.12) HM KyHumard KYpuUHUIIIA E3WIN

MYMKHH:
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dqg 2
— 6(2a; —u,)+4,5
dy, ___s (1.30)

dt 1-Jq°

da, 1 2a,—-5u

—3 == _-30u, ——2—""0| g(2a, — +45— 125
2 a2 s ]ns

6y epma yura HomabayMm ( =E&5(t), @, =a,(t), U, =U,(t) map ydyH yura

TEHTJIaMaiap CUcTeMacH. by TeHrnmamamap yuyH Oonuranrud mraptiap (1.14)

HUHT CS'/HITI/I HKKHU IIapTiiapuaaH
q0)=0, Uy(0)=1 (1.31)

dopmynanap Owmman Oepwiran. bupok a,(0)=?. YmoOy a,(0) maptau

anukiainmuk. byaunr yays (1.25) ra xypa ypunnm 6yiaran

d(s 1 dz,
u —a =—Uu,+c U ,
4 (12 . 3]ao o+ Gy O

TCHIJIaMaHU
5 1 . 17 dé&?
Uy +—a =—|udt+=|u,—2dr,
(12 ot 30 3]&0 _([ ot 2_([ 0 4 1

kypuHHIaa €3amu3. byHman 1 HHHr Kkuumk Kuiimatinapuna (T~ 0)

UO(’C)‘T_)O =1, &gL_}O =127t skannuruam 3pTHOOpPra ojicak, T — 0 ga

{i-l-kia3 ]1212—1-1+£-121

12 30 "l 2

eKu —+i ——i+£—i TEHIJINK YpUuHIH Oynanu. bynnan
2730% T 2w YU DY AL, BYH

a3L_)O 0, spHU

a,(0)=0. (1.32)
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Hatwmwxkana, yoaamcns kypunuiiga kKyiwirad (1.11)-(1.14) macana Kormu
Macasacuau eunmra, spHU (1.30) Tenrmamanap cucremacuam (1.31)-(1.32)

mapTiIapHd KaHOATIAHTHPYBYMU CHMMHWHHA TOIMUIITA KESJITUPUIIAU.

1-600 0yiinua xyJioca

1. ENMImKOK-NIACTUK CTEp)KEHHMHI aOCONIOT KATTUK JEBOpra ypHJIUIIN
MacaJlaCUHUHT KYWUWJIUIIM CTEPKEH XapakaTyaH HOMabiIyMm uerapa OuiaH
HMKKH KUCMTa aXpaJvIld XUcoOra OJIMHUO OeprIIIn.

2. Kyiiunran macamaHWHT TEHTJaMa Ba IIapTiapw Ya4aMCcH3 IMapaMeTpiap
KYpuHUIIKIA UdoIanaHu.

3. MacanaHuHr TakpuOW{ EUUMHHHM OJIMII Y4YyH 4YerapaBWil KaTiiaM
Hazapusicuna Kymwtanwiran Kapman-Ilonsrayzen ycynuman doiigananuo,
yura oaaud auddepeHnuan TeHamanap cuctemMacu yuyH Komm

Macajlacura KCITUPUIIOHN.
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11-606. EMUIIKOK-TIJIACTUK CTEP)KEHHUHT KATTUK JIEBOPIA
YPUJIHUILIUA MACAJIACUHUHI COHJIM EUMMJIAPU

Yumby 060072 EnMIIKOK-MIACTUK JedopMalusIaHyBYUd CTEPKEHHHUHT
a0COJIIOT KATTUK JIeBOpra YpWIUIIM MAacajlaCUHUHT TaKpUOMN euumiiapu
onuHrad. AsBai, 1-000ma KenTHpWIraH MacajaHW €YHIl YYyH OJIui
muddepeHnman TEHrJIaMalapHu TaKpUOUN edyuMiapuHu oymil Oyitmya Pynre-
Kytra ycynu, xampa nuddysus Macaiacu ydyH YEKIM adupMmainap yCylu
TVFpucuaa MabiyMoT Kentupunau. Iy wukku ycymnapaan Qoitnananuod
KYWWJITaH MacajJaHUHT COHJIM €uumiiapu onuHAu. EBummnap rpaduk Tapsna
KeNTUpUiAAn Ba Taxjui 3Twiad. [lyHuHraek, Oy MKKU ycyijapaa OJIMHTaH

eynuMJIIap KUECHIN CONUIITUPUIIIN.

1. Pynre-KyrtTa ycynu 6yituua macajna ednin TapTudu

Ommuii mudpdepennman tenrnamanap (1.29) cucremacuaumnr (1.14) Ba
(1.30) mapTmapHM KAaHOATJIIAHTUPYBYHM CUUMHHU aHUKJIAIl MacCaJacUHHU
kypaiimuk. W3nanaérran eummimapauar t=71, (N =0,1,2,...) Bakrmaru

n
Takpubuit kuiimamnapuau Q" =q(t,), @z =a,(tr,) Ba Uj =Uy(t,) 1e6
Oenrunainuk. Pynre-Kyrra ycynu 0yiinda KEMUHIU T = T,,,; OHJArl €4YMMHHHT

n+1 n+1

1 y
" =d(th), A3 =a5(T,,4) Ba Ug =Ug(t,,;) Kuitmariapu

TakpuOuii

Kyhuaaruda anukianamy [14]:

q”+1:q” +Aq", AqQ" :%(K((ﬁ)+2K((]nz)+2Kg]3)+K$));
afi=ajcaal, Aaf =K+ KD+K@ kD) @D
ug™ =ug +Aug, Aug =%(Kfﬂ) +2K )+ 2K 1) + Kﬁn4));

by epna

K =chlamas.up). K =chlamas.up). KW =chomas.u ) @2)



n n n 2 n n n
fl(q ,az,Ug ):—an m [6(233 —Ug )+4,5q
3 —Ug

fg(q“,a;‘,ug):qin

f,(0".a5,up )=-

n
_30up - 22

x[6(2a3 —Ug)+4

C=

Tn +1

-7

—5u;
n no X
a; —Ug

5 d’s

o

n:

|

(n) (n) (n)
(n) _ n ql n, K 1 n, K 1
Kq2 _qfl q + 2 1a3 + ; 1uo + ; ’
(n) n) (n)
: K K
K& =¢f,| g +—%—,a3 ;,u8+—§L,
(n) (n) (n)
Kl(Jn):qf3 q" + ql al al ’ug +Ku1 :
2 2
K(n) K(n) K(n)
(n) _ q2 2 n 2
Kq3 _qfl q + 2 a3 ; 1uo + ; ’
K(n K(n) K(n)
K3y =Cfo| 0" +— %85 +—>5,ug + =% |,
Ko (n) K ™)
K& =¢f; q" + —ag sk ug
K®) =cf, (0" +KE,a0 + KD,ul +K D),
KE) = (0" +K®,al + KW,ul +K ),
K&:qg@”+K$, +KD up +K$&

S

)

(2.3)

(2.4)

(2.5)

(2.6)

2.7)

Takpubuii eyuMITapHU aHHUKIANl TapTHOM (AWITOPUTMH) KyiHmaruda

oynanu:
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1) Uznana€tran GyHKIUSIAPHUHT OONUIAHFWY KUHMaTiapu €3u0 OJIMHAIW:
0 _ 0 0 _ 0 0 _ 0 .
=0q(0), a; =a;(0), uy =u,(0);

2) Bakr Oyitnua keiimHrm Kamam TaHnab onmuHamu: (=1, —1, Ba (2.6)-(2.8)
dbopmynanapman 1) marm  q°, ag , ug napaaH  ¢oigamaHrad  XoJaa

fl(qo,ag,ug), fz(qo,ag,ug), f3(q0,ag,u8) HUHT KUHMAaTIapu aHUKIa0

OJIMHAIH;
3) (2.2) dopmynanaru ql ) =(f, (q ,ald,u ) K;‘)l)zqz(qo,ag,ug) Ba

Kfjol) :Qf3(q°,a§ ,ug ) HUHT KWiMaTiapu 2) npaH ¢oiigamaHrad xoijga

xXucoOnaHaau,
K((i) K(O)
4) Tomnwuiran qu, Kéol) Ba KL(Jol) napaaH Qoigananuo, qO +Tq a3 Tal Ba
()
ud +T”1 JIApHYU aHHUKJIA0 ONIaMM3;
K(O K © 0 K @
5) (2.6)-(2.8) dopmymamap épmammma f,|Q° +T ,aj + 26‘1 ,Ug + 2“1 :

K © (0) (0) K¢ (@ 0 (0)
f,|q°+—2 ,a§+Ka1,u8+—K“1 Ba f, °+Kal,u(‘)’+K“1
2 2 2 2 2 2

HHUHT KuiiMatiapuan anukiad, (2.3) gan K K(2 Ba K Hap Xuco01a0

q2’
YUKWIAOY,
6) 4) Ba 5) map kabu Tomwmran K , KO pa K mapnad doigananuo,
p q2 az2 p

K © K (0) K (0)

q +Tq2 as + 26‘2 Ba UJ +T“2 JApHH aHHUKJ1a0 OJIaMU3;
KO KO , KO
7) (2.6)-(2.8) dopmynamap éEpmammma f; q° +T a3 26‘2,uO +T“2 ,

K (@ K © K (@ K (© K (@ K ©
fz[q°+ 2.al+ a2,ug+—;2 Ba f, q°+—;2,a§+ az g +—u2
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HUHT KHiiMatiapuan anukiad, (2.4) man KO K(3 Ba K nap Xuco01ab

q 3 ’
YUKWIIAIH,

8) 4) Ba 5) éxmu 6) Ba 7) ;map xabu TOIUIraH Kq3, Kéoe? Ba KL(J%) JapaaH
dhorimananuo, q +Kq3, K(3 Ba u0 K(3 JJapHU aHUKJIalMu3;

9) (2.6)-(2.8) dopmynamap Epmammaa f(q +Kq3, Ka3, +KL(103?),
f,(0°+KQ,al +KQ,ud+KQ) pa f,(q° +KQ,al +KQ,ul +KY) mumr

KniiMaTIapuHu TorraH xonna, (2.5) man K9, KO a4 Ba K 44 J1ap xuco6sab

at
TONWIAIH,

10)(2.1) cucreMaHWHT MKKMHYH KHcMunard Qopmynaiapaan 3), 5), 7) Ba 9)
JapJa aHUKJIaHTaH Ké?, K sa K napnan doitnananran xomma Aq°,
Aag Ba Aug mapHu Xuco6mab YNKaMHu3;

11)3umu 10) ma rtomwmran Aq°, Aa) Ba Auj map épmammpa (2.1)

1_ A0 0 1_,0 0
CUCTEMaHMHI OWpuMHYUM KHCMHIaH ( =(Q +AQ , a;=a;+Aa; Ba
1_,,0 0 :
U, =U, + AU, aHUKJIaHAIU,;

12)Xymu wyHzail Taptubaa, aHUKIAaHTaH a% Ba ué JTapHU OOIUIaHFUY

KurMart ae6 kaoyn kuim0, 1)-11) xucoOmanuiapHu 1aBOM STTUPHIIAIH.

Tabkummad yTamu3, XucoOjaml KaJaMHHM Oup KaJgaMJiaH KEHHUHTH

KaJaMra yTranja y3rapTMpuil MyMKMH. Bakr Kagamm (=7, — T, HHM TYrpu
TaHJIAll y4yH KyiHuaarunda Uil OpuTHIaIu:
n n
K oKay | KGR KK
q n n)|’ a n n u-— n n
Kél)_KéZ) K K& K@ -K{

xuco0mad Oopwnamgu Ba ynapHuHr kKuimatn € =0,01 mam ommacmouru
TabMUHJIaHaAU. Akc xonjga ( KaJaMHUHT KuWMatu kamatupunanu. PyHre-
KyTra ycynuau KoMnploTepra KUpUTHIraiia ( HU aBTOMAaTUK Tap3/a aHUKIa0

oluHaaAu. ByHUHT yuyH Xap Oup Kajamjaa MKKU MapTa: gactiad ( Ba KeWuH
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£/2 kamamiap yuyH XUcoOJdaHau. Arap OJNMHIaH HATWXanap €. aHWKIUKIA
dapk Kwica, y Xojja KEHUHIM KajgaMm ydyyH C HHUHI KUHAMaTH MKKM MapTa

OPTTHPWIIAIH, aKC X0oJaa sspuM (/2 Kamam OJMHAIH.

2. TakpuoOwuii eaumiaapuu Pynre-Kyrra ycynuaa aHukiaam

1-6001a kyWuiaraH ENUIIKOK-IJIACTUK CTEPKEHHUHT a0CONIOT KATTUK
nesopra ypuwmmu macanacu (1.30) nuddepennuan TeHrIamaiap cucTeMacHHH
(1.31) Ba (1.32) maptiapHu KaHOATIAHTHPYBYM Macajiara KEJITHPWIAH. DHIA
ymdy nuddepennuan TeHriamanap cuctemacuHu Pynre-Kyrtra ycynupan

doiinanann6d evaimuk [16]. MabiayMku, XOCHJ KWIMHTAH TEHIJIamaliap

ol
cucteMacunary S =—2 CeH-BeHan mnapameTrpd XapakaTHH TaBcH(Iaran

KV,
napamMeTp Ba TypJd KUMMaTIapHU KaOysl KWIHIIM MYMKHH OVJITaHIUTA
cabalsn, MacajllaHW COHJIM €YMIJA, S’bHU JAcTyp TY3HILJAa S HUHT TYpJH
KHMaTIapy Y4yH €4UM OJIMHUIIUTA 3bTHOOp Oepamus.
Ma3kyp nacTypHM Ty3uIlJla OOLUIAHFUY IIAPTIAPHU TYFPUIAH-TYFPU

kyium Hatmwkacuaa (1.30) HuHr yurH4YM TeHrnamacuaa €ku (2.8) GyHKIUsSHU
xucoomamaa 0 HOAHUKJIMKKA KeIuO, e4nM OJIMII MMKOHM Oynmainu. Hly

cababmm q(t), Uy(t), a,(tr) HOMabayM (QYHKOMSIADHUHT T HHUHT KHYHK

KUiiMaTiaapyaaru acuMnToTaliapujiad QoipanaHnuianm, SbHU Kyluagaruda

anuknanagy: (1.30) aunr 1-tenrnamacuma a; =0, U, =1, q =0 ne6 onunaau:

dqg 2
—=—-(6(0-1)+4,55-0)=12
4. ~o-160-D )

Jlemak, T HHHT HOJNTa SIKUH KuiimaTinapuaa =12t ne6 onum MmymkuH. bynnan

doitmananran xoiaa (1.30) HuHT 2-TeHrIamacuaaH

du, S S

dr  1-Jq 1-+i2t
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Ba OOLIUTAaHFUY BaKTAAru maprra MyBoQuK U, =1—StT dKaHIUru Keaubd 4YuKaau.

Xocusl KWIMHTaH Oy WKKH acuMmnrToranaH (oimanancak, (1.30) cucremanuHr

CYHITHCH KyMHAaru KypUHUIIIHU OJIAJIH:

da, 1 2a,—5u gs S
—3="|-30u,-——-2 6(2a; —u,)+45—— ||+12,5——
dr q{ ° a,-u, ( (285 = o) 1\/6]} 1-Jq

JdaH
da; 1 0—5(1—51)( 1215]
30(L—s1)— —— 59 6011 57)+4,5
drt 121{ d=s0)- 0-(@1-s1) ( R V12
t125 S 1 —30+303¢—5(—6+631+54TS] +125°> =
1-J12t 121 1 1

= %(— 270s1)+12,58 = -22,55 +12,55 =10s,
T

Ba OyHaaH a; = —10St HU onamus.

[yngait kuiuO, KUUUK T Jap Y4YyH Kuaupwiaétran (QyHKuusiap

KyWHJ1ard KYypUHHUIITA dra OyIaau:

q(t)=12r,
Uy(t)=1-sr, (2.9)
a,(t)=—-10srt.

Yoy ¢yukmusuiapaan (1.30) TeHriamanap CHUCTEMAacHHU COHJIM CUYHUINHUHT
OupuHYM Kamamuaa Govgananumian. BakTHUHT keiduHrn Kagamiaapuaa (1.30) Hu
(1.31)-(1.32) mapmmap acocuma 2.1-myHKTAA KypcaTwiran ycyna OVitnua

anroput™M Ba gactyp (l-mioBa) Ty3uO connu euumiiap oymHAu. OJiMHraH

o . . ol
eynMIIapHU rpaduk KypuHHIaa TacBupiainmk. Kyiuna, 2.1-pacMaa, S=——

KV,
napameTpausr 0.25, 0.5, 1 Ba 2 ra TeHr KuAMatiIapu ydyH EMUITKOK-TIIACTUK
yerapaHuUHT 3apOajlaH CYHr BaKT HWYWJA Y3TapUIN KEATHPWITAH. YOy
pacMaaH KYpuHUO TypHOIWKH, CTEP)KEHHUHT KATTHK JIEBOPTa yPUIIUIIH

6OH_U'IaHFaHI[aH KeNuH I[aCTJ'Ia6KI/I BaKTJIapaa éHI/IHIKOK—HJ'IaCTI/IK COXaHHHT
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KeHTaluImM Ky3aTuiaMoKaa. bupop T Bakrtra erranjga Oy COXaHMHT YIdyaMu

(y3ynnmurn) &, MakCUMyMmra SpHIIagyd Ba CYHTpa COXaHUHT Yio49aMH Kamas
Oopaau. S mnapaMETPHUHI KUIMaTh OpTraH capH, S’bHM MacallaHMHT OOIIKa
napamMeTpilapyuHy y3rapTHUpMaral XojiJa CTEpKEHHUHI YpUIUIIAAra V,
TE3NIUTUHUHT €KW ENMUIIKOKIUK XYCYCHUATHHU HGOAATOBUYM |l HapaMETPHUHT

KaManuIm éHI/II_HKOK—HJIaCTI/IK COXaHHHI MaKCHUMaJl KI/IﬁMaTPIHPIHF KaMaWHUIIUra
oo KCIaJii, Ba aKCHH4YA, CTCPKCH KaTTa TC3JIMKAA ACBOPra ypwuica, YHHUHI

EMUIIKOK-TUIACTUK JeopMalnusiiiaHaurad KUCMHU KaTTapok Oyiaau.

&o

0.8 [ T~

06 %\\\1 1_Sf0'25
NN N\ A
o T T W
N U W T

0 0,2 0,4 0,6 0,8 1 71

2.1-pacm

[lyHuHTOeK, CTEp)KEHHUHT Y3yHJIWTH OpTranaa (MacaJaHWHT  OoIIKa
napameTpiapy. TE3JIUK Ba ENUIIKOK-IUIACTHK Ae(OPMALMSUIAHUIL XYCYCUATH
y3rapmarannia) ENUIIKOK-TUIACTHK COXa YI4aMH CTEPIKCH Y3YHIUTUTa HHCOATaH
OJITaHJa KaMaWWIlKd Ky3aTuiau. 3apOajllaH CYHT BaKTHUHT OUPOp T =T.
KUMaTura erraina &, MakCUMyM KHHMaTuAaH Kamas OOpuO Hoira TEHT
Oynanu, SbHU ENUIIKOK-IUIACTHK coXa HYK OynmuO kKonaau. YmoOy oOHIaH
CTEp’KEHHUHI KaTTUK COXACHHMHI TE3JMKJApH HOJIra TEHI OYIUIIMHH, S’bHU

CTCep)KEHHUHT  XapakaTh TyJla TYXTalWMHW  aHriaraad.  2.1-pacmuan

TCKIIHUPUIITaH 6apqa xouiapaga CTCPKCHHUHIT UKKMHYM — KATTHK COXaCHu TOHMMO
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MaBxXyJ Oynub, 1y coxa ypWwIMIl HaTHXacujga XaM JedopmarusiaHMai

KOJMIIIMHKA aHTJall MyMKuH. 2.2-pacmaa 2.1-pacmra moc .M. BapenOnat Ba
A.YO. Nnumunckuiinap [4] Tomonuman (1.15) dopmyrnana KKy XaaHu XucoOra

OJITAaH XOJIJja €4YWIraH ymly MacajJaHUHT TaKpuOMN EYUMUHHMHT rpaduru

kentupwirad (ymly e4uMHHU OJHII JacTypu WIDIad YMKWITaH Ba 2-WJIOBaJa

Oepwiran). Maskyp 2.2-pacMm cudaTt KUXaTHIaH CTEPKEHHUHT MKKU COXACHHH

QXpaTyBuUM YeTrapaHUHI BakKT OVyiuua Vy3rapumu Oup XWwil HSKaHIUTHUHU

omnaupaIn.
&o
0’8 .:::: ..........................................
;’-’ .................... 1 Leeeee s=0.25
0'6 :.:.- ‘ ] 9 s=0.5
0 4 5: : ".“‘? ...... S:l
3 - /. s=2
0,2 :
i4
0 K
0 0,2 0,4 0,6 0,8 T
2.2-pacM
1—s=0.25
2—5s=0.5
3—s=1
4—s=2
1 T
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Maskyp nuccepranusaa TakpuoOuii eanmuan 3 ta Xamm (1.15) xypunumza
n3nab onmHraH eunM OwiaH [4] ma 2 XaangaH OJMHTaH CYMMHUHT MUKIOPHI

KMXATJIaH COMMIITHpHUIN rpaduru 2.3-pacmiaa Kypcatwirad. Ymoy pacmaa &,

HUHT BakT Oyinua y3rapuiy rpadukiapyu MyHKTAP YU3UKIa Oepuirannapu [4]
ra Terunumd. EuumiiapHm Takkocmam HaTtmkacupa kKypuHaawkd, (1.15)
GYHKIUSHUHT CYHITH XaJIWHU XUCOOTa Ojuil (TyTaml 4YH3UKjIap) EMUIIKOK-
IJIACTUK COXa YIUYaMUHUHT MakcUMaal KUHMaTUHU OMpO3 KaMaTupap sKaH, 1y
Ownad Oupra CTEPKEHHUHT YPUIUIIIAH KEUMHH XapaKaTUHUHT TYXTall BaKTHHU
OMpO3 OLIUPUIIUHU KYpCcaTaiH.

2.4-2.6-pacmmapga S TapaMeTpHUHT Xap XWI  KAWMAaTIapuaa
CTEp>KEHHUHT JAedopMallUsUIaHMalurad Ba ENUIIKOK-IUIACTUK 4Yerapajaaru

KECHUM TE3JIMTMHUHT U, YI4aMCH3 T BaKT OyiH4a y3rapuilu KeITHPUITaH.

Leenee- s=0.25
Dueeees 520.5
|
| foreres S=2
0,2 S o
4 “. 3 2 ...................
0 = e e
0 0,2 0,4 0,6 0,8 1 T
2.4-pacm

2.4-pacmuaru Hatmwka (1.15) HuHT cyHITHM Xamucu3 [4] TOMOHHMIAH OJIMHTaH,
cunMun (1.15) OViimua onuHraH Hatmwka 2.5-pacMmia KypcaTWwirad. Yoy
CUYMMJIAPHUHT CH(aT Ba MUKJIOP KHXATJAaH TaKKochamn rpadukiapu 2.6-pacmaa
Oepwiran (MyHKTHp YM3WKIap [4] ra Terwmumm, TyTaml YH3WKIAp MasKyp

JUCCEPTALNsIa aHUKIAHTaH).
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08 \

0,6 \\\\ ;: Sigés
RN o
el NN s

0 \\\\

0 0,6 0,8 1 7

2.5-pacm

1—s=0.25
2—s=0.5
3—s=1
4—s=2

2.6-pacm

Ymlby pacmnapnan KYpuHUO TypuOJMKH, CTEPKEHHUHI KAaTTHK JEeBOpra
YPUWIMIINAAH CYHT MacaJaHUHI KYWHJIUIIUIa Kapad YHUHI €NUIIKOK-TUIACTUK
coxa yerapacu Ba Ae(popMalMsUIaHMANIUTaH KUCMUHUHT TE3JIUTM BaKT YTHILN
OwiaH kamas Oopap Ba MabJyM BakTAaH CYHI HOJra TEHr Oyiap SKaH. S
NapaMETPHUHT OPTHILH, S’bHU 3ap0a TE3NMIMHUHI KaMaluIiM €KU CTep)KeH

Y3YHJIUTUHUHT OPTUIIN UO TC3JIMKHUHI' BAKT 65,71>'II/I‘{21 CS”HI/IHI HWHTCHCHUBJINTHHN

OolMpap Ba HOJra TEHr OYIWIIM BakTUHM Kamautupap o9kaH. (1.15)

GyHKOMARArd CYHITH XaA U, TE3JIMKHH HOJITA TEHT OyJINII MyInaTHHHA OUpo3
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OIlIMpap dKaH, SbHU CTEP>KEH XapakaTAaH TYXTallll O3TMHAa KEYPOK coaup Oyiap

OKaH.

So 11ap dapku, %

T $s=025|s=05| s=1 | s=2

0 0,00 0,00 0,00 0,00
0,01 0,35 0,70 1,40 2,83
0,02 -0,36 -0,82 | -2,28 | -12,71
0,03 -0,79 -1,51 | -2,98 | -18,29
0,04 -1,36 -2,40 | -3,97 | -14,99
0,05 -2,02 -3,29 | -4,84 | -11,23
0,06 -2,72 -4,05 | -538 | -9,01
0,07 -3,36 -4,55 -556 | -7,54
0,08 -3,75 -4,71 -5,44 | -6,37
0,09 -3,75 -4,58 -5,13 | -5,37
0,1 -3,42 -4,24 -4,72 | -4,49
0,11 -2,96 -3,83 | -4,28 | -3,70
0,12 -2,52 -3,41 -3,86 | -2,97
0,13 -2,15 -3,02 -347 | -2,26
0,14 -1,86 -2,69 -3,11 | -1,55
0,15 -1,63 -2,40 | -2,78 | -0,79
0,16 -1,44 -2,15 -2,47 0,07
0,17 -1,30 -1,94 -2,18 1,11
0,18 -1,18 -1,76 -1,89 1,26
0,19 -1,07 -1,59 -1,60 1,61
0,2 -0,98 -1,44 -1,29 1,84

2.1-xanBai

2.1-xanBanga 2.3-pacMmaa KEITUPHWITAH TaKKOCHAIra MOC TYpIH S Jiap

y4yH €ENUIIKOK-TUIACTUK COXa YErapacMHMHI BakT OyiWYa Y3rapumuaaru
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KHUMATIapHUHT (Gou3Iapaard MUKIOPUN CONMMINTAPWIHIIN Oepunrad. byrman
KYPUHAJIWKH, MHKIOPUU IKUXaTHaH HaTwkamap (apku S HUHT KaTTa
KuiimaTnapuaa Oynap skas. XKangsangaru S =2 naru &, napuunr 18% dapku
dakat mry T =0.03 onmaru KuitMaTIapuHUHT GapKUHU aHTIIATAIIH.

Huccepranusna Ba [4] ma anukmanraH &, dYerapaJapHUHT MaKCHUMal
KHMAaTIapu Ba CTEPKEHHUHT TYJIHMK TYXTalll BaKTJIAPUHUHT MUKJIOP KUXATIaH
dbomznapmaru dhapku 2.2-xKaaBanaa KypcaTUIraH.

2.2-KaaBal

s=0.25|s=0.5|s=1| s=2

Enuimkok-mnactuk coxa yerapacu &,
-2.35 | -3.60 |-4.89| -6.91

HUHT MakcuMaJl Kuiimatiapu dapku, %

CrepikeH XxapaKaTUHUHT TYJIUK TYXTalll
4,00 3,64 |556| 9,09
BaKTJIapu T JapHUHT papku, %

Y0y skagBajijaH MacajJaHWHT Kypwirad xoswiapu yuyH (1.15) HHHr cyHITH
XaIUHU XHcoOra oOJull ENUIIKOK-TUIACTUK COXa YIYaMUHHHT MakKCHUMall
kuiiMaTiHN  2-7 % Tada KaMaWWiM, CTepKEHHUHT XapakaTdaH TYIIUK
TyxTamura KerraH BakT 4-9 % rava omumm HaTWKAacUHU Oepaiaul JeraH

XyJjiocara KeJvi MyMKHH.

3. MacaJJaHMHT €eYMMHHH YeKJIH al“mpMaJIap ycyjauaa oJami

1.2-nyHkTna kenrtupwiran wmacananu, seHU (1.11)-(1.14) xycycuid
XocWiIamu AudQepeHIran TeHrIaMalapHi YSKIH aiupMaiap ycyiau épaaMuia
COHJIM CYMMJIAPUHU OJIAWIUK. BYHUHT YYyH €MHITKOK-TUTACTHK COXara TEerHIILTH

(1.11) muddepennman tearnamanu moc & (1 =0,1,2,...,N ) Tyryn HyKTanap Ba
1, (n=0,12,...) Bakr omnapuaa anuknawran U =U(&,T,,) JUCKpET

MyHOCa0aTIapHU Ty3U0 YMKaAMU3!
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Mo Lwour),  n=012.., 0<i<N,
ot At
@ ~ 2h| (uin&1 _uin+1)_hi+1(uin+1 _uin—zl) h. = a _ a
Gl hih(h; +h;.,) | Lo
MyHocabarinapnan ¢ornanancak, N =0,12,..., 0<i<N map yuyn (1.11)

muddepeHnman TeHrIaMaHUHT YOy AUCKPET aHAJIOTMHU

i(u_nﬂ —u” ): 5 h, (uin;il _ uin+1)_hi+1(uin+1 B Uin_zl)
At ! i hh. (hl +hi+1)

i+l

onamu3. byHnan

20 e U R
_hihi+1(hit+hi+1)[hi(Ui+11_ui 1)_hi+1(u‘ 1—u,_11)]+ui f=y,
€K
2AT n+1 2AT hi IAT VR
PN b B U M=, 2.10
hi(h, +hi+1)UI_1 +(hi +hiy ’ JUI h;a (b, +hi+1)u'+1 Ui (2.10)

XocuJ Kunamu3. BakTHuHr xap Oup kamamu yuyH (2.10) myHocabaTman | = LN

map ydyyH anreOpauk TeHJamanap cucTeMacuHu Ty3uO onamus. Kyiumarmua

Oenrunaniap KHpUTaUIuK:

2AT 2AT 2AT
hi(hi +hi+1) h; +h;y hi+1(hi +hi+1)
n+1 n _
ul yi J ul - fl
VY xonmaa xap Oup BakT Kajgamu yayH (2.10) TeHrmamanap cucreMacu
Yo—XaY1=ky, 1=0

YN —X2Yna=MHa, 1=N
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Kypunumra kenaau. by epna 0 <a; <o, ‘xl‘ <1, ‘Xz‘ <1.

Macananuar Oonutanrud 1maptd — (1.14) vunr l-maprtura MyBOQUK
uiO =0, span BaktHHHT l-kamamm yuyH f;, =0 (0<i<N). CrepxeHHHHT
JieBOpra YpHJIHII KecuMuaaru yerapasuii mapt — (1.13) HUHT cYHITH mIapTHaaH
ug™=0(n=0,12,...) éxu y,=0 mu onamus. Jlemak, (2.11) ma 3, =0 Ba
w =0. (2.11) cucremamarm Yy, Ba |, Jap ENHIIKOK-TUIACTHK COXAHUHT
yerapacuaard TE3JMKHUHT KUAMAaTHIaH aHUKJTaHAAW. BYHMHT ydyH BaKTHHHT
xap 6up Kamamuaa ymoy &g =&y(t,,) uerapa Ba 1Iy yerapaHWHT aiiHU OHJArH
tesmarn - U[&y(t,), T, ]= U(E], T, )= Upe(t,) =UG: mapuu Tomum  Tanab
KWINHAIW. YOy MacajaH e4MIlia BAaKTHUHT Xap OMp T, KaJamu/a aBBajrH
2-mynktaa Pynre-Kyrra ycynmum opkamm anwknmanrad (2.1, 2.5-pacmmapna
Kypcarwiran) &; Ba Up: Japnad doiinamanamums. Jemak, (2.11) cucremana

n+1 n+l

Yy =Ug: (Nn=0,1,2,...) éku x, =0 Ba pn, ==Uy, Kabyn kununaau. bynnan
KYpUHUO TypuOIuKH, Xap Oup Kajamaa |, HUHT KHAMaTH y3rapud Oopap HKaH.

[yanait ko, (2.11) TeHrnamanap CUCTeMacH yayH
x=0, =0, %, =0, Mz==U3{l (2.12)

KaOyJ1 KUJTUHAIH.

(2.11) anreOpamk TeHTIaMaIap CHCTEMAacUIa Xauaml YCyJUHUHT OKHMITH

BapuaHTHHU Kymwiad [13], xap Oup BakT Kamamu yuyH Y;, | =0,N mnapHuHr,

1

spad U, 1 =0,N JapHMHr T=T,,, y4yH COH KHHMATIAPUHH TOIAMHUS.

Xaigam yCcylUMHHHT OKMMJIM BapUaHTU oOJaTAa MNapameTpiiapu Yy3rapajura
muddy3us Macananapuia KyulaHuWiIaau. BU3HUHT Macanaja XaMm uerapajaru
KuiiMaT Xap Oup Kagampaa Yys3rapaau, OyHAaH TallKapyd €YUMHHU aHUKJIAIl
xapaéuuga nu@Qy3MoH OKMMHHM - 4YerapaHd XaM aHUKIaml Tanad STUiIaau.

Mynnai kumuo, (2.11) cucremanu evainuk. byHna Xaimam yCyJauHU KYJUIal
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maptapu: |y <1, [xo|<1 Ba ¢ =a;+a,+d;, 0<a;<w, d;=1>0
1=1 2,..., N -1 napna Gaxxapunanau.

(2.11) yuyn yHr ToMOHIaH “Xaimam” ¢hopMynanapu Kyinaarnda Oyiau:

+.,P, _ _ .
y =Retleby oy gy LB i—N-LN-2,..0; (213)
1-y,0y
by epna
= = ai+1 i .
oy =%y, Oy = , 1=12,...,N-1; (2.14)

a,+d; +a (1_ai )

B=m, Bu=(f+aB)>2, i=12..,N-L (2.15)

i+1
SAuru HoMabIyM (PYHKIMS KUPUTAMU3

w, =-a,(y, -Y,,), i=12,...,N (2.16)

Ba (2.11) Hu Kyiuaaru KypuHuIa €310 ojamMus3:

Yo = X1Y1 =My i=0
—XWnN Ty (1_X2)YN =ayM,, =N
(2.16) hopmymnanan
1 )
YiZYi+1+a_Wi+1’ 1=12,...,N-1

i+1
HHM aHUKIaiimMu3 Ba Oy udonmanm (2.13) ra xysmms. Hatmxkama Yy, Ba W,

JapHU OOFJIOBYM MyHOCA0ATHU XOCHUJT KUJIaMU3!
Wi+l+ai+l(1_ai+l)yi+l:ai+lgi+l’ I :11 21 e N _1' (218)

Kyinnarnua

Oenrmiann KupuTcak, y xonna oy (2.18) mynocabatHu
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w, +oyy; =B, 1=12,...,N (2.19)

KYypHUHUIITA KEITUPAMU3.

Tabkummam no3umky, (2.17) Ba (2.19) Tenrnamanap 2N +1 ta y,, Vq, ...,
Yy Ba W;, W,, .., W, HoMabaymnapra HucO6aran 2N +1 ta anreGpauk

TCHI'JIaMalIap CHCTCMACHMHHU XOCHUJII KHWJIaJH. By CUCTCMAaHHUHI TY3WJIMIIN

WIYHAAWKY, Y Yo, Vi, - Yy B2 W;, W,, ..., Wy HOMabllymiapra HucOaTaH

UKKUA y3apo Oup-Oupura OOFNIMK OYyJIMaran cucreMmayiapra axpaiagu. Yoy

CHCTEeMaJapHH  KyWuaarmda  aHukmaimu3. (2.19) nmam Yy,  mapHuM
Y :([3i —W, )/oci , 1i=1,2,...,N rtomu6, (2.17) cucremanunr i=12,...,N

Japy y4yH Kyino6 unkamus. Hatnxana

ay [(L—x, By — oy, ]

Wy = ,
" (1_X2)aN +OoNX2
o dp —af (2.20)
wo=— %y fSPTSN N N2,
o; +d; o; +d;

KYpUHMILITa Kejnaau. by cucremanaru TeHIJiaMajlapHU KeTMa-KeT euuo, Oapua

W; JIapHH aHHMKJIa0 OJaMus3.

OHIU Y, Jlap y4yH TEHIJIaMajlap CHCTEMAaHM TONAMIMK. byHMHT ydyH

(219) pmam w; mapam W, =-a;Y; +B;, 1=12,...,N anuxma6, (2.17)
cucremanur 1 =1, 2, ..., N nmapu yuyH Kyinb ynkamus:
Yo =%XY1+Hys =0
Qi fi Biath .
=—y. +——=—1  I=N-1,N-2,...,1 2.21
y| o, +di y|+1 o, +di ( )
X2Bn +ayH, -
Yn = ; =N
U (- +agy,

KE€TMa-KET yi JIapHHA aHUKJIauIUraH TCHIJIaMaJiap CUCTCMACHUHU XOCHUJT KUJIaMU3.
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o; Ba [3; JApHM aHUKJIAWIUTAaH PEKYPPEHT (popMyraJapHH TOMANUIIHK.

(2.14) Ba (2.15) nan ¢oiinananran xojaa

oy :al(l_X1)’
) BRG] aesd)
i+1 i+1 i+l ai+1+di +a, (1_ai+1) a,, +o. +di )
i=12,..,N-1
Ba
Bl :all’t]_v
Bus=an B = 2alfitB) 5o N (2.23)
a1 T4 +di

XOCHJT KAJIAMU3.

Macananuar derapaBuii maptiapu Ba (2.22) dopmynagan o; >0
SKaHIMrd Keaub uwmkaam. By xomma (2.20) dopmymagarn o/ (ai +di)
Kod(pGuuueHT OupAaH oOIIMaiau Ba Y3 HaBOaTHaa W; JIApHM XHCOOJIAII
ANTOPUTMUHHUHT yCTYBOpJHMTH TabMuHIaHagu. Cyurpa, o; >0 Ba d, >0
mapTmIapaaH a,;,, <a;, + o; +d; 6axapumumm kenud ynkaau. bynnan (2.22) ra
Kypa o, <a;+d, Tenrcusnmuk Ypuunum Oynmamu. lyamsar yuyn (2.21)
dopmymagaru o, /(o +d,) xodbdunmenT noumo GupnaH kKuumK 6ymHOG, Y,

JapHU XMCOOJAIIIard yCTYBOPJIMK Oaxkapwiaiu. JciaTtud yramus, Wy Ba Y

Jap y4yH €3WIraH MyHOCAOATJIapHUHT Maxpakjiapw JOUMO HOJJJIAH KaTTa
oynanu.
Mlynpait kunO, oKMMIIM Xaimam ycyauHuHT anroputMu (2.20)-(2.23)

nap OwnaH udopanananu. Kenrupumiaran o; Ba [3; JIapHM aHMKIAHAWTaH
peKyppeHT ¢opMyianap, IIyHUHTAEK W, Ba Y, Y4YyH udomamap a;,, <l
Oynranma ¢oiinananmiagu. Arap a;,,>1 Oymca, y xomma (2.20)-(2.21)

dbopmynanapaaru KacpJlapHUHT CypaT Ba MaxpaxyiapuHu a;,, OynraHaaH keiauo

i+1

YUKAOUTaH
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o, +d. f. +B;
a_ 1 — | | B 1 — | |
1+ 1 1+ H
1+(ai +di)/ai+1 1+(ai +di)/ai+1
X2 Bn/ay TH, _ (1_X2)BM — Oy My
Yn = , Wy =
1y, + %200 /Ay 1—%, + %200 /8y

dbopmynanapaan dhonganaHuIagu.

Ouau (2.20)-(2.21) TeHrmamanapHu eduInga Oaxkapuiaaurad apudMeTuk
amasiap COHMHHM aHuKmainnk. KomnbroTrep opkanu Oapua dopmynanap ydyH
ymymuid 6ynran udonanapau Oup mMapTa XUCOOIaHUINM bTHOOpPra OJUHCA, Y
xonma O6apua apudmeruk amamuiap conn 21N +1 omepammsnman optMaiimu. by
ONIMMA XaWJall ycyliu OpKalu Oa)kapuiaguraH amaljiap COHHMJAH TaxXMHUHaH
MKKHU MapTa Ky XucoOJaHaau.

Ymly KenTupwiran ycyJl BaKTHUHT Xap OWUp KaJaMd Y9yH TaKpopaH
xucobnab Oopunaau. Tysunaran anroputmaaH doiianaHrad XoJjijga JacTyp
Ty3wiay (3-uIoBa) Ba KYHHIraH MacaJlaHUHT COHJIA €YMMJIIAPH OJIMH/IH.

Ky#ugaru 2.7-2.10-pacmmapaa crepskennunr & =0.05, 0.25, 0.5, 0.75 Ba
opkuH yumparu (& =1) HyKkrajgap TE3TMKIAPUHUHT BaKT OyHWYa Y3rapuInu

rpaduKIIapy KEITHUPUITaH.

u

[—\—\ 5=0.25

0,8
\ W 1— £=0,05
06 2— £=0,25
\ \\ 3— £=0,50
0,4 \ 4— £=0,75
02 \L 5— £=1,00

2.7-pacM
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u
$=0.5

0.8 \ 4.5

\ 5\\\ 1— £=0,05
0,6 2—&£=0,25

2\ \ 05
0,4 . \\ 4—£=0,75
0,2 k\ \ S—¢&=l
2 0,3 0,4 0,5

0 0,1 0, : : ,

T

2.8-pacMm

Texmupuna€rtran HyKTajgap Te3JIUKIapu Jactiad — CTepKeH JeBopra
ypwimmura kagap 1 ra TeHr. Ypuiuiil OolUIaHTaHJaH CYHT Oy Te3NHKIApHUHT
KuiimMaTiaapu kamaiub Honra eTtud Oopanu. ['paduknapnan KYpUHAIUKH,
JeBOpra ypuiuil kecumura skuH Hykranapaard (& =0.05) Te3MKHUHT KuiiMaTH
nacTiabKu OHJIapja KeCKUH Kamasanu. CTep>KeHHUHT 3PKUH y4d Ba YHTa SIKMH
aykranapauar (& =1, 0.75) Tesnuiiapu BakT VTHIINW OWiaaH OUp Mapomia
(mespyi YM3WKJIM) HoJraya KamanO Oopamm. S =0.25 Oynranga (2.7-pacm)
KapallaéTraH HyKTaJap TE3JUKIapu BakT Oyiuua Typjaura kamaiun® Oopaiu.
Crepxer spkuH yuugaru & =1 Ba £ =0.75 mykragaru teznuknap BaktHuHT 0.1
raga Ba 0.5 nan katTa KuiMaTIapuaa ycTMa-ycT Tymanu (0y Hykrajgap Oup Xui
Te3NMWKIa  Xapakatma Oymamm). Oy dca [y OHJIApAa  HyKTajiap
nedopmManMsUiaHMalIUral coxara TETHWIIUIM SKaHWUHU Owinupanu. BakTHUHT
taxmuHaH 0.1 nan 0.5 opanuruaa Oy HyKTajgap TE3NMHMKIAPU BaKT Oyiinda ycTMa-
ycT Tymmarad, aemak, §=0.75 garum HykTa 11y oHIapAa EMHIIKOK-TUIACTHUK
coxara Terunuiv 3kaH. byau 2.2-mynktna Pyare-Kyrtra ycynu opkanu onmHraH

eanmaad (2.1-pacm) xaM Ky3aTHIII MyMKHH.
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s=1
0,8 _
\ \5 1— 20,05
0,6 2— £=0,25
\2\ \ 3— £=0,5

4— £=0,75
5— £=1

04 T

2.9-pacm

S TMapaMeTPHUHT KHIWMATH OPTraH CapH CTEPKCHHUHT EMUIIKOK-TUIACTUK
COXAaCHHUHI KaMaluiu Ba jaedopManysuiaHMaiiiuran coXaHuHr optumm 2.1-
pacmyuaH anukiganran. S =0.5 Oymramma (2.8-pacm) crepkeH HyKTanmapu
TE3MUKJIAPUHUHT HoJra TeHriammmy Baktu S =0.25 (2.7-pacm) Oynranmarura
HucoOaran kam, S=1 Ba 2 (2.9-2.10-pacm) smapra HucOaTaH KaTTapok OViaau.
s=0.5 nma (2.8-pacm) crepxken spkuH yumpmaru & =1 Ba & =0.75 HykTamaru
te3mukiaap, S =1 Ba 2 ga (2.9-2.10-pacmmap) £ =0.5, 0.75 Ba 1 maru HykTamap
TE3NWKIApU OWp XWi OYJIWIIM 11y HyKTajJap ypWIAII >KapaéHumua
neopManusUTaHMaiInTal  coXara TETUIUIM SKaHWHH Ba EMUIIKOK-TUTACTUK
COXaHUHT uerapacu Oy Hykramapra ymymadn (S=1 ma £=0.5 HykraHwHr
MabJIyM BaKT OHJIAPHUIAH TAIIKApH) €TUO KEIMACIUTHHU aHTJIaTaIH.
2.11-2.12-pacmnapna S wuar 0.25, 0.5, 1 Ba 2 ra Tenr Oynranmaru
KuiiMaTiiapu yuayH crepkeHHUHr & =0.25 (2.11-pacm) Ba £=0.5 (2.12-pacm)
HYKTaJIapH TE3JIUKJIAPHHUHT BaKT OyHHYa Y3rapuiny rpadukiapi KeaTHPUITraH.
KaOyn xunuaran S HuHr Oapya Kuitmatinapu yuyH &=0.25 marm HyKTaHUHT
TE3JIUTH JTacTiIad Oup Xuia kuiMataa y3rapaau (2.11-pacm). Bakt ytumm Ounan
TE3MUKJIAPHUHT CYHUII WHTCHCHUBIWUTH S HHUHT KHHMaThra MoC TypJidda

65”.]'[&)_'[1/1. S HHUHT KaTTa KHﬁMaTHapHﬂa TC3JIMKHUHT CS’IHI/IHI HWHTCHCHUBJIIMI'M KaTTa
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O6ynmu0, cTepKeH HYKTaCHHUHT XapakaTH TYXTall BakTh Kuuuk Oymamu. & =0.5
Jard HyKTa Te3MUTHHHUHT Yy3rapumm (2.12-pacm) xam & =0.25 garu HyKTaHUHT
Te3nuru kabu Oymanu. By epaa S HHMHI KarTta KuWMatiapuja JIacTiaOKu
BaKTIaH Te3nuK Typianda (2.12-pacMm, S =2) Oynumm ky3atwiaau. Kapanaérran
Oy WKKM HYKTaJAPHUHT XapakaTJaH TYXTalld S HUHT KHAMaTIapura Moc

paBuiiia Oup BakTAa coaup Oyiap sKaH.

s=2
0,8
\ \ 1— £=0,05
0,6 St 2— 520,25
\ 2 \ 3— =05
0.4 \ \\ 4— £=0,75
02 5— &=l

0 0,1 0,2 T
2.10-pacm
u
0,8 \ £=0.25
\ 1—s5=0,25
0.6 2— 5205
3—s=1

0,4
\ i
0,2

2.11-pacm
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u _
0,8 £=0.5
\\ 1—s=0,25
RN\ i
0,4 3—s=1
\ X s
0,2
4\ W
0 T T T | T T T
o 01 02 03 04 05 06 07 °
2.12-pacm
u 3
et L T $=0.25
l« : //'x
0,8 - ) 1- - - -1=0,05
¢ ‘ m 2 T:0,1
08 ,'// 3 1=0,2
0.4 S A | 4—1=03
///, S 5 t=0,4
0,2 = e ——— 6— —1=0,5
0 ~ = T T T T T
0 0,2 0,4 0,6 0,8 1 S
2.13-pacm

2.13-2.16-pacmimapaa s =0.25 (2.13-pacm), s=0.5 (2.14-pacm), s=1
(2.15-pacm) Ba S =2 (2.16-pacm) KuiiMaTiIapuHu KaOyJl KWITaHAa T BaKTHHHT
(UKCUpIaHTaH Typiu KUWMaTiapura TEHT OHJAru CTEpKEH y3yHJIUTH Oyinua
TE3NMUKJIAPHUHT TaKCUMJIaHUII rpadukiapu Oepuwiarad. YmoOy rpadukiapaa

(uUKCcUpIaHTraH BakKT OHUJIArM  TE3JIUKIAPHUHT O3TPU  YU3MK  Oyiinua
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TaKCUMJIAHHUILIM 11y HYKTaJApHUHT YOy oHAa ENMIIKOK-IUIACTHK COoXara,

y3rapmac TYFPU  YM3UKIM  TAaKCHUMJIAHTaH

KHCMHAAru HYKTaJ1ap

I[e(bOpMaHI/IHJ]aHMaI\/'II[I/IFaH KaTTHUK coXara TCruujin dJKaHUHNU 6Hn,uupa)11/1.

u
1/'/«-’\ s=0.5
0,8
// 1—1=0,05
0,6 2— 1=0,1
/ / //L 3— 1=0,2
0,4 4 4—1=0,3
%—/ 5
0 - \ \ \ \ \
0 0,2 0,4 0,6 0,8 1 §
2.14-pacm
u
/\ s=1
0.8 —\
/ 2 1—1=0,05
0,6 S 2— 1=0,1
/ //" f 3— 1=0,15
0,4 - 4— 1=0,2
0.2 MS 5 1=0,25
0 0,2 0,4 0,6 0,8 1 ¢

2.15-pacm
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08 1/\ s=2
/ 1— 1=0,05

0,6 —\ 2— 1=0,1
// 3— 1=0,15

0,4 4— 1=0,2
0.2 % T

2.16-pacm

[yngait  kuanb, ENUIIKOK-TUIACTUK CTEPKEHHUHT KATTHK JIeBOpra
YPWIMIIA MACaJIACUHUHT WMKKHU: UHTerpaid MmyHocabatiapaa Pynre-Kyrra Ba

YeKJIM alupMalap yCcyJid OpKajiu OJIMHTaH HaTUXalapu Jesipiud Oup Xul Oyiau.

11-000 6yitnua xyJsoca

1. ABBairm 600xa kenTHpuiaral macajaHuHr euuinna Pynre-Kyrra ycynunu
KYJUIall, XamJ1a 4eKIM alupMmasiap yCcyjlu OpKajiu COHJIM €YMMJIApHHU OJIAII
anropuT™MiIap  KeATUpWIAW. YmOy  anroputMiapiaH  Qoiigananuo,
MacaJlaHMHT MKKH XWJ yCYJJa COHJIM €YUMMIIAPUHU OJIMII JACTypH HILIa0
YUKUIIIH.

2. ENMINKOK-TIACTUK CTEPKEHHUHT abCONIOT KATTUK JE€BOPra YpHIIHMIIN
MacaJlaCUHUHT COHJIM €4MMJIapy OJIMHJIM Ba HaTHXanap rpaduk KYypUHHIIIA
oepuan.

3. OmnuHraH HaTWXalap TaxXJawil STWaAu. Taxmwn Oyiinmua cTep)KeH IeBopra
ypuirad YyHHMHI €ENUIIKOK-IUIACTHK Je(opMaluusaiaHaguraH COXACHHHUHT
Ynyamu optuO OopuillM, Makcumand KhimaTtra »3puiidd, CYHT HoJraya
KaMaluIlM; MabIyM BaKTAaH CYHT CTEpPXKEH XapakaTu OyTyHIail TYXTaliu;
CTEp’KEHHUHI JIeBOpra YypWraH YYUMHUHI Kapama-Kaplid TOMOHHIAH

MabJIyM KUCMH JOUMO JedopmanusiaHMai KOJUIIHA Ky3aTHIIIH.
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11-606. EMUIIKOK-TIJIACTUK CTEP)KEHHUHT KATTUK JIEBOPIA
YPUJIHUILIUA MACAJIACUHUHI COHJIM EUMMJIAPU

Yumby 060072 EnMIIKOK-MIACTUK JedopMalusIaHyBYUd CTEPKEHHHUHT
a0COJIIOT KATTUK JIeBOpra YpWIUIIM MAacajlaCUHUHT TaKpUOMN euumiiapu
onuHrad. AsBai, 1-000ma KenTHpWIraH MacajaHW €YHIl YYyH OJIui
muddepeHnman TEHrJIaMalapHu TaKpUOUN edyuMiapuHu oymil Oyitmya Pynre-
Kytra ycynu, xampa nuddysus Macaiacu ydyH YEKIM adupMmainap yCylu
TVFpucuaa MabiyMoT Kentupunau. Iy wukku ycymnapaan Qoitnananuod
KYWWJITaH MacajJaHUHT COHJIM €uumiiapu onuHAu. EBummnap rpaduk Tapsna
KeNTUpUiAAn Ba Taxjui 3Twiad. [lyHuHraek, Oy MKKU ycyijapaa OJIMHTaH

eynuMJIIap KUECHIN CONUIITUPUIIIN.

1. Pynre-KyrtTa ycynu 6yituua macajna ednin TapTudu

Ommuii mudpdepennman tenrnamanap (1.29) cucremacuaumnr (1.14) Ba
(1.30) mapTmapHM KAaHOATJIIAHTUPYBYHM CUUMHHU aHUKJIAIl MacCaJacUHHU
kypaiimuk. W3nanaérran eummimapauar t=71, (N =0,1,2,...) Bakrmaru

n
Takpubuit kuiimamnapuau Q" =q(t,), @z =a,(tr,) Ba Uj =Uy(t,) 1e6
Oenrunainuk. Pynre-Kyrra ycynu 0yiinda KEMUHIU T = T,,,; OHJArl €4YMMHHHT

n+1 n+1

1 y
" =d(th), A3 =a5(T,,4) Ba Ug =Ug(t,,;) Kuitmariapu

TakpuOuii

Kyhuaaruda anukianamy [14]:

q”+1:q” +Aq", AqQ" :%(K((ﬁ)+2K((]nz)+2Kg]3)+K$));
afi=ajcaal, Aaf =K+ KD+K@ kD) @D
ug™ =ug +Aug, Aug =%(Kfﬂ) +2K )+ 2K 1) + Kﬁn4));

by epna

K =chlamas.up). K =chlamas.up). KW =chomas.u ) @2)



n n n 2 n n n
fl(q ,az,Ug ):—an m [6(233 —Ug )+4,5q
3 —Ug

fg(q“,a;‘,ug):qin

f,(0".a5,up )=-

n
_30up - 22

x[6(2a3 —Ug)+4

C=

Tn +1

-7

—5u;
n no X
a; —Ug

5 d’s

o

n:

|

(n) (n) (n)
(n) _ n ql n, K 1 n, K 1
Kq2 _qfl q + 2 1a3 + ; 1uo + ; ’
(n) n) (n)
: K K
K& =¢f,| g +—%—,a3 ;,u8+—§L,
(n) (n) (n)
Kl(Jn):qf3 q" + ql al al ’ug +Ku1 :
2 2
K(n) K(n) K(n)
(n) _ q2 2 n 2
Kq3 _qfl q + 2 a3 ; 1uo + ; ’
K(n K(n) K(n)
K3y =Cfo| 0" +— %85 +—>5,ug + =% |,
Ko (n) K ™)
K& =¢f; q" + —ag sk ug
K®) =cf, (0" +KE,a0 + KD,ul +K D),
KE) = (0" +K®,al + KW,ul +K ),
K&:qg@”+K$, +KD up +K$&

S

)

(2.3)

(2.4)

(2.5)

(2.6)

2.7)

Takpubuii eyuMITapHU aHHUKIANl TapTHOM (AWITOPUTMH) KyiHmaruda

oynanu:
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13)U3nanaétran (QyHKIUSIAPHUHT OONUTAHFWY KUHMaTiapu €3u0 OJIMHAIW:
0 0 0 :
=0(0), ag =a;(0), Uy =Uy(0);

14)BakT Oyitnua keiimHru Kagam TaHnad omuHagu: (=1, —1, Ba (2.6)-(2.8)

dbopmynanapman 1) marm  q°, ag , ug napaaH  ¢oigamaHrad  XoJaa

fl(qo,ag,ug), fz(qo,ag,ug), f3(q0,ag,u8) HUHT KUHMAaTIapu aHUKIa0

OJINHA/IH;
15)(2.2) ¢dopmymnanaru ql ) =(f, (q ,aj,u ) KO =Qf2(q°,a§,u8) Ba

Kfjol) :Qf3(q°,a§ ,ug ) HUHT KWiMaTiapu 2) npaH ¢oiigamaHrad xoijga

xXucoOnaHaau,
K © K(O)
16) Tonuiraun qu, Kéol) Ba KL(Jol) napaaH Qoigananuo, qO +Tq1 a3 Tal Ba
()
ud +T”1 JIApHYU aHHUKJIA0 ONIaMM3;
K(O K © 0 K @
17)(2.6)-(2.8) dopmynanap épmammma f,| q° +T ,aj + 26‘1 ,Ug + 2“1 :

K © (0) (0) K¢ (@ 0 (0)
f,|q°+—2 ,a§+Ka1,u8+—K“1 Ba f, °+Kal,u(‘)’+K“1
2 2 2 2 2 2

HHUHT KuiiMatiapuan anukiad, (2.3) gan K K(2 Ba K Hap Xuco01a0

q2’
YHKWIIA]TH,
18)4) Ba 5) nmap kaOu TomwITaH qu, K(2 Ba K ) mapnan doiiganaHuG,

K © K (0) K (0)

q +Tq2 a3 26‘ 2 Ba ug +T“2 JIapHU aHUKJIa0 OJlamMu3,
KO KO , KO
19)(2.6)-(2.8) dopmynanap épmammma f,| q° +T aj + 26‘2,u0 +Tu2 ,

K (@ K © K (@ K (© K (@ K ©
fz[q°+ 2.al+ a2,ug+—;2 Ba f, q°+—;2,a§+ az g +—u2
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HUHT KHiiMatiapuan anukiad, (2.4) man KO K(3 Ba K nap Xuco01ab

q 3 ’
YUKWIIAIH,

20)4) Ba 5) €ku 6) Ba 7) ;map kaOW TONMMJITAH Kq3, Kéoe? Ba KL(J%) Japra”
(dhorimananuo, q +Kq3, K(3 Ba u0 K(3 JJapHU aHUKJIalMu3,;

21)(2.6)-(2.8) dopmymanmap Epmamuga (q +Kq3, Ka3, +KL(103?),
f,(0°+KQ,al +KQ,ud+KQ) pa f,(q° +KQ,al +KQ,ul +KY) mumr

KniiMaTIapuHu TorraH xonna, (2.5) man K9, KO a4 Ba K 44 J1ap xuco6sab

at
TONWIAIH,

22)(2.1) cucteMaHMHI WUKKMHYMA KucMmuuaru ¢dopmynanapaan 3), 5), 7) Ba 9)
JapJa aHUKJIaHTaH Ké?, K sa K napnan doitnananran xomma Aq°,
Aag Ba Aug mapHu Xuco6mab YNKaMHu3;

23)2umu 10) na tomwmran AQ°, Aaj Ba Auy map épmamuma (2.1)

1_ A0 0 1_,0 0
CUCTEMaHMHI OWpuMHYUM KHCMHIaH ( =(Q +AQ , a;=a;+Aa; Ba
1_,,0 0 :
U, =U, + AU, aHUKJIaHAIU,;

20)Xynou myHpaid TaptuOaa, aHUKIaHTaH ql, a% Ba ué JapHUA OOIITaHFUY

KurMart ae6 kaoyn kuim0, 1)-11) xucoOmanuiapHu 1aBOM STTUPHIIAIH.

Tabkummad yTamu3, XucoOjaml KaJaMHHM Oup KaJgaMJiaH KEHHUHTH

KaJaMra yTranja y3rapTMpuil MyMKMH. Bakr Kagamm (=7, — T, HHM TYrpu
TaHJIAll y4yH KyiHuaarunda Uil OpuTHIaIu:
n n
K oKay | KGR KK
q n n)|’ a n n u-— n n
Kél)_KéZ) K K& K@ -K{

xuco0mad Oopwnamgu Ba ynapHuHr kKuimatn € =0,01 mam ommacmouru
TabMUHJIaHaAU. Akc xonjga ( KaJaMHUHT KuWMatu kamatupunanu. PyHre-
KyTra ycynuau KoMnploTepra KUpUTHIraiia ( HU aBTOMAaTUK Tap3/a aHUKIa0

oluHaaAu. ByHUHT yuyH Xap Oup Kajamjaa MKKU MapTa: gactiad ( Ba KeWuH
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£/2 kamamiap yuyH XUcoOJdaHau. Arap OJNMHIaH HATWXanap €. aHWKIUKIA
dapk Kwica, y Xojja KEHUHIM KajgaMm ydyyH C HHUHI KUHAMaTH MKKM MapTa

OPTTHPWIIAIH, aKC X0oJaa sspuM (/2 Kamam OJMHAIH.

2. TakpuoOwuii eaumiaapuu Pynre-Kyrra ycynuaa aHukiaam

1-6001a kyWuiaraH ENUIIKOK-IJIACTUK CTEPKEHHUHT a0CONIOT KATTUK
nesopra ypuwmmu macanacu (1.30) nuddepennuan TeHrIamaiap cucTeMacHHH
(1.31) Ba (1.32) maptiapHu KaHOATIAHTHPYBYM Macajiara KEJITHPWIAH. DHIA
ymdy nuddepennuan TeHriamanap cuctemacuHu Pynre-Kyrtra ycynupan

doiinanann6d evaimuk [16]. MabiayMku, XOCHJ KWIMHTAH TEHIJIamaliap

ol
cucteMacunary S =—2 CeH-BeHan mnapameTrpd XapakaTHH TaBcH(Iaran

KV,
napamMeTp Ba TypJd KUMMaTIapHU KaOysl KWIHIIM MYMKHH OVJITaHIUTA
cabalsn, MacajllaHW COHJIM €YMIJA, S’bHU JAcTyp TY3HILJAa S HUHT TYpJH
KHMaTIapy Y4yH €4UM OJIMHUIIUTA 3bTHOOp Oepamus.
Ma3kyp nacTypHM Ty3uIlJla OOLUIAHFUY IIAPTIAPHU TYFPUIAH-TYFPU

kyium Hatmwkacuaa (1.30) HuHr yurH4YM TeHrnamacuaa €ku (2.8) GyHKIUsSHU
xucoomamaa 0 HOAHUKJIMKKA KeIuO, e4nM OJIMII MMKOHM Oynmainu. Hly

cababmm q(t), Uy(t), a,(tr) HOMabayM (QYHKOMSIADHUHT T HHUHT KHYHK

KUiiMaTiaapyaaru acuMnToTaliapujiad QoipanaHnuianm, SbHU Kyluagaruda

anuknanagy: (1.30) aunr 1-tenrnamacuma a; =0, U, =1, q =0 ne6 onunaau:

dqg 2
—=—-(6(0-1)+4,55-0)=12
4. ~o-160-D )

Jlemak, T HHHT HOJNTa SIKUH KuiimaTinapuaa =12t ne6 onum MmymkuH. bynnan

doitmananran xoiaa (1.30) HuHT 2-TeHrIamacuaaH

du, S S

dr  1-Jq 1-+i2t
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Ba OOLIUTAaHFUY BaKTAAru maprra MyBoQuK U, =1—StT dKaHIUru Keaubd 4YuKaau.

Xocusl KWIMHTaH Oy WKKH acuMmnrToranaH (oimanancak, (1.30) cucremanuHr

CYHITHCH KyMHAaru KypUHUIIIHU OJIAJIH:

da, 1 2a,—5u gs S
—3="|-30u,-——-2 6(2a; —u,)+45—— ||+12,5——
dr q{ ° a,-u, ( (285 = o) 1\/6]} 1-Jq

JdaH
da; 1 0—5(1—51)( 1215]
30(L—s1)— —— 59 6011 57)+4,5
drt 121{ d=s0)- 0-(@1-s1) ( R V12
t125 S 1 —30+303¢—5(—6+631+54TS] +125°> =
1-J12t 121 1 1

= %(— 270s1)+12,58 = -22,55 +12,55 =10s,
T

Ba OyHaaH a; = —10St HU onamus.

[yngait kuiuO, KUUUK T Jap Y4YyH Kuaupwiaétran (QyHKuusiap

KyWHJ1ard KYypUHHUIITA dra OyIaau:

q(t)=12r,
Uy(t)=1-sr, (2.9)
a,(t)=—-10srt.

Yoy ¢yukmusuiapaan (1.30) TeHriamanap CHUCTEMAacHHU COHJIM CUYHUINHUHT
OupuHYM Kamamuaa Govgananumian. BakTHUHT keiduHrn Kagamiaapuaa (1.30) Hu
(1.31)-(1.32) mapmmap acocuma 2.1-myHKTAA KypcaTwiran ycyna OVitnua

anroput™M Ba gactyp (l-mioBa) Ty3uO connu euumiiap oymHAu. OJiMHraH

o . . ol
eynMIIapHU rpaduk KypuHHIaa TacBupiainmk. Kyiuna, 2.1-pacMaa, S=——

KV,
napameTpausr 0.25, 0.5, 1 Ba 2 ra TeHr KuAMatiIapu ydyH EMUITKOK-TIIACTUK
yerapaHuUHT 3apOajlaH CYHr BaKT HWYWJA Y3TapUIN KEATHPWITAH. YOy
pacMaaH KYpuHUO TypHOIWKH, CTEP)KEHHUHT KATTHK JIEBOPTa yPUIIUIIH

6OH_U'IaHFaHI[aH KeNuH I[aCTJ'Ia6KI/I BaKTJIapaa éHI/IHIKOK—HJ'IaCTI/IK COXaHHHT
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KeHrallumm Ky3aTWIMOKJAa. bupop t Bakrra erraHga Oy COXaHHUHI YI4aMH
(y3ynnmurn) &, MakCUMyMmra SpHIIagyd Ba CYHTpa COXaHUHT Yio49aMH Kamas
Oopaau. S mHapaMeTpPHUHI KUMMAaTH OpPTraH capu, S’bHUM MacaJlaHMHI OOLIKA
napamMeTpilapyuHy y3rapTHUpMaral XojiJa CTEpKEHHUHI YpUIUIIAAra V,
TE3JIMTUHUHT €KW ENUIIKOKINK XYCYCHUSATMHU U(OAAIOBYM | HapaMETPHUHT
KaMalnIy ENUIIKOK-TUIACTUK COXAaHWHI MAaKCUMAJI KNMMAaTHHUHT KaMalHIINra
oJIM0 Kejlaau, Ba aKCHMHYA, CTEP)KEH KaTTa TE3JIMKAA JeBopra ypuica, YHUHT

EMUIIKOK-TUIACTUK JeopMalnusiiiaHaurad KUCMHU KaTTapok Oyiaau.

&o

0.8 [ T~

06 %\\\1 1_Sf0'25
NN N\ A
o T T W
N U W T

0 0,2 0,4 0,6 0,8 1 71

2.1-pacm

[lyHuHTOeK, CTEp)KEHHUHT Y3yHJIWTH OpTranaa (MacaJaHWHT  OoIIKa
napameTpiapy. TE3JIUK Ba ENUIIKOK-IUIACTHK Ae(OPMALMSUIAHUIL XYCYCUATH
y3rapmarannia) ENUIIKOK-TUIACTHK COXa YI4aMH CTEPIKCH Y3YHIUTUTa HHCOATaH
OJITaHJa KaMaWWIlKd Ky3aTuiau. 3apOajllaH CYHT BaKTHUHT OUPOp T =T.
KUMaTura erraina &, MakCUMyM KHHMaTuAaH Kamas OOpuO Hoira TEHT
Oynanu, SbHU ENUIIKOK-IUIACTHK coXa HYK OynmuO kKonaau. YmoOy oOHIaH
CTEp’KEHHUHI KaTTUK COXACHHMHI TE3JMKJApH HOJIra TEHI OYIUIIMHH, S’bHU

CTCep)KEHHUHT  XapakaTh TyJla TYXTalWMHW  aHriaraad.  2.1-pacmuan

TCKIIHUPUIITaH 6apqa xouiapaga CTCPKCHHUHIT UKKMHYM — KATTHK COXaCHu TOHMMO
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MaBxXyJ Oynub, 1y coxa ypWwIMIl HaTHXacujga XaM JedopmarusiaHMai

KOJMIIIMHKA aHTJall MyMKuH. 2.2-pacmaa 2.1-pacmra moc .M. BapenOnat Ba
A.YO. Nnumunckuiinap [4] Tomonuman (1.15) dopmyrnana KKy XaaHu XucoOra

OJITAaH XOJIJja €4YWIraH ymly MacajJaHUHT TaKpuOMN EYUMUHHMHT rpaduru

kentupwirad (ymly e4uMHHU OJHII JacTypu WIDIad YMKWITaH Ba 2-WJIOBaJa

Oepwiran). Maskyp 2.2-pacMm cudaTt KUXaTHIaH CTEPKEHHUHT MKKU COXACHHH

QXpaTyBuUM YeTrapaHUHI BakKT OVyiuua Vy3rapumu Oup XWwil HSKaHIUTHUHU

omnaupaIn.
&o
0’8 .:::: ..........................................
;’-’ .................... 1 Leeeee s=0.25
0'6 :.:.- ‘ ] 9 s=0.5
0 4 5: : ".“‘? ...... S:l
3 - /. s=2
0,2 :
i4
0 K
0 0,2 0,4 0,6 0,8 T
2.2-pacM
1—s=0.25
2—5s=0.5
3—s=1
4—s=2
1 T
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Maskyp nuccepranusaa TakpuoOuii eanmuan 3 ta Xamm (1.15) xypunumza
n3nab onmHraH eunM OwiaH [4] ma 2 XaangaH OJMHTaH CYMMHUHT MUKIOPHI

KMXATJIaH COMMIITHpHUIN rpaduru 2.3-pacmiaa Kypcatwirad. Ymoy pacmaa &,

HUHT BakT Oyinua y3rapuiy rpadukiapyu MyHKTAP YU3UKIa Oepuirannapu [4]
ra Terunumd. EuumiiapHm Takkocmam HaTtmkacupa kKypuHaawkd, (1.15)
GYHKIUSHUHT CYHITH XaJIWHU XUCOOTa Ojuil (TyTaml 4YH3UKjIap) EMUIIKOK-
IJIACTUK COXa YIUYaMUHUHT MakcUMaal KUHMaTUHU OMpO3 KaMaTupap sKaH, 1y
Ownad Oupra CTEPKEHHUHT YPUIUIIIAH KEUMHH XapaKaTUHUHT TYXTall BaKTHHU
OMpO3 OLIUPUIIUHU KYpCcaTaiH.

2.4-2.6-pacmmapga S TapaMeTpHUHT Xap XWI  KAWMAaTIapuaa
CTEp>KEHHUHT JAedopMallUsUIaHMalurad Ba ENUIIKOK-IUIACTUK 4Yerapajaaru

KECHUM TE3JIMTMHUHT U, YI4aMCH3 T BaKT OyiH4a y3rapuilu KeITHPUITaH.

Leenee- s=0.25
Dueeees 520.5
|
| foreres S=2
0,2 S o
4 “. 3 2 ...................
0 = e e
0 0,2 0,4 0,6 0,8 1 T
2.4-pacm

2.4-pacmuaru Hatmwka (1.15) HuHT cyHITHM Xamucu3 [4] TOMOHHMIAH OJIMHTaH,
cunMun (1.15) OViimua onuHraH Hatmwka 2.5-pacMmia KypcaTWwirad. Yoy
CUYMMJIAPHUHT CH(aT Ba MUKJIOP KHXATJAaH TaKKochamn rpadukiapu 2.6-pacmaa
Oepwiran (MyHKTHp YM3WKIap [4] ra Terwmumm, TyTaml YH3WKIAp MasKyp

JUCCEPTALNsIa aHUKIAHTaH).
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08 \

0,6 \\\\ ;: Sigés
RN o
el NN s

0 \\\\

0 0,6 0,8 1 7

2.5-pacm

1—s=0.25
2—s=0.5
3—s=1
4—s=2

2.6-pacm

Ymlby pacmnapnan KYpuHUO TypuOJMKH, CTEPKEHHUHI KAaTTHK JEeBOpra
YPUWIMIINAAH CYHT MacaJaHUHI KYWHJIUIIUIa Kapad YHUHI €NUIIKOK-TUIACTUK
coxa yerapacu Ba Ae(popMalMsUIaHMANIUTaH KUCMUHUHT TE3JIUTM BaKT YTHILN
OwiaH kamas Oopap Ba MabJyM BakTAaH CYHI HOJra TEHr Oyiap SKaH. S
NapaMETPHUHT OPTHILH, S’bHU 3ap0a TE3NMIMHUHI KaMaluIiM €KU CTep)KeH

Y3YHJIUTUHUHT OPTUIIN UO TC3JIMKHUHI' BAKT 65,71>'II/I‘{21 CS”HI/IHI HWHTCHCHUBJINTHHN

OolMpap Ba HOJra TEHr OYIWIIM BakTUHM Kamautupap o9kaH. (1.15)

GyHKOMARArd CYHITH XaA U, TE3JIMKHH HOJITA TEHT OyJINII MyInaTHHHA OUpo3
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OIlIMpap dKaH, SbHU CTEP>KEH XapakaTAaH TYXTallll O3TMHAa KEYPOK coaup Oyiap

OKaH.

So 11ap dapku, %

T $s=025|s=05| s=1 | s=2

0 0,00 0,00 0,00 0,00
0,01 0,35 0,70 1,40 2,83
0,02 -0,36 -0,82 | -2,28 | -12,71
0,03 -0,79 -1,51 | -2,98 | -18,29
0,04 -1,36 -2,40 | -3,97 | -14,99
0,05 -2,02 -3,29 | -4,84 | -11,23
0,06 -2,72 -4,05 | -538 | -9,01
0,07 -3,36 -4,55 -556 | -7,54
0,08 -3,75 -4,71 -5,44 | -6,37
0,09 -3,75 -4,58 -5,13 | -5,37
0,1 -3,42 -4,24 -4,72 | -4,49
0,11 -2,96 -3,83 | -4,28 | -3,70
0,12 -2,52 -3,41 -3,86 | -2,97
0,13 -2,15 -3,02 -347 | -2,26
0,14 -1,86 -2,69 -3,11 | -1,55
0,15 -1,63 -2,40 | -2,78 | -0,79
0,16 -1,44 -2,15 -2,47 0,07
0,17 -1,30 -1,94 -2,18 1,11
0,18 -1,18 -1,76 -1,89 1,26
0,19 -1,07 -1,59 -1,60 1,61
0,2 -0,98 -1,44 -1,29 1,84

2.1-xanBai

2.1-xanBanga 2.3-pacMmaa KEITUPHWITAH TaKKOCHAIra MOC TYpIH S Jiap

y4yH €ENUIIKOK-TUIACTUK COXa YErapacMHMHI BakT OyiWYa Y3rapumuaaru
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KHUMATIapHUHT (Gou3Iapaard MUKIOPUN CONMMINTAPWIHIIN Oepunrad. byrman
KYPUHAJIWKH, MHKIOPUU IKUXaTHaH HaTwkamap (apku S HUHT KaTTa
KuiimaTnapuaa Oynap skas. XKangsangaru S =2 naru &, napuunr 18% dapku
dakat mry T =0.03 onmaru KuitMaTIapuHUHT GapKUHU aHTIIATAIIH.

Huccepranusna Ba [4] ma anukmanraH &, dYerapaJapHUHT MaKCHUMal
KHMAaTIapu Ba CTEPKEHHUHT TYJIHMK TYXTalll BaKTJIAPUHUHT MUKJIOP KUXATIaH
dbomznapmaru dhapku 2.2-xKaaBanaa KypcaTUIraH.

2.2-KaaBal

s=0.25|s=0.5|s=1| s=2

Enuimkok-mnactuk coxa yerapacu &,
-2.35 | -3.60 |-4.89| -6.91

HUHT MakcuMaJl Kuiimatiapu dapku, %

CrepikeH XxapaKaTUHUHT TYJIUK TYXTalll
4,00 3,64 |556| 9,09
BaKTJIapu T JapHUHT papku, %

Y0y skagBajijaH MacajJaHWHT Kypwirad xoswiapu yuyH (1.15) HHHr cyHITH
XaIUHU XHcoOra oOJull ENUIIKOK-TUIACTUK COXa YIYaMUHHHT MakKCHUMall
kuiiMaTiHN  2-7 % Tada KaMaWWiM, CTepKEHHUHT XapakaTdaH TYIIUK
TyxTamura KerraH BakT 4-9 % rava omumm HaTWKAacUHU Oepaiaul JeraH

XyJjiocara KeJvi MyMKHH.

3. MacaJJaHMHT €eYMMHHH YeKJIH al“mpMaJIap ycyjauaa oJami

1.2-nyHkTna kenrtupwiran wmacananu, seHU (1.11)-(1.14) xycycuid
XocWiIamu AudQepeHIran TeHrIaMalapHi YSKIH aiupMaiap ycyiau épaaMuia
COHJIM CYMMJIAPUHU OJIAWIUK. BYHUHT YYyH €MHITKOK-TUTACTHK COXara TEerHIILTH

(1.11) muddepennman tearnamanu moc & (1 =0,1,2,...,N ) Tyryn HyKTanap Ba
1, (n=0,12,...) Bakr omnapuaa anuknawran U =U(&,T,,) JUCKpET

MyHOCa0aTIapHU Ty3U0 YMKaAMU3!
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Mo Lwour),  n=012.., 0<i<N,
ot At
@ ~ 2h| (uin&1 _uin+1)_hi+1(uin+1 _uin—zl) h. = a _ a
Gl hih(h; +h;.,) | Lo
MyHocabarinapnan ¢ornanancak, N =0,12,..., 0<i<N map yuyn (1.11)

muddepeHnman TeHrIaMaHUHT YOy AUCKPET aHAJIOTMHU

i(u_nﬂ —u” ): 5 h, (uin;il _ uin+1)_hi+1(uin+1 B Uin_zl)
At ! i hh. (hl +hi+1)

i+l

onamu3. byHnan

20 e U R
_hihi+1(hit+hi+1)[hi(Ui+11_ui 1)_hi+1(u‘ 1—u,_11)]+ui f=y,
€K
2AT n+1 2AT hi IAT VR
PN b B U M=, 2.10
hi(h, +hi+1)UI_1 +(hi +hiy ’ JUI h;a (b, +hi+1)u'+1 Ui (2.10)

XocuJ Kunamu3. BakTHuHr xap Oup kamamu yuyH (2.10) myHocabaTman | = LN

map ydyyH anreOpauk TeHJamanap cucTeMacuHu Ty3uO onamus. Kyiumarmua

Oenrunaniap KHpUTaUIuK:

2AT 2AT 2AT
hi(hi +hi+1) h; +h;y hi+1(hi +hi+1)
n+1 n _
ul yi J ul - fl
VY xonmaa xap Oup BakT Kajgamu yayH (2.10) TeHrmamanap cucreMacu
Yo—XaY1=ky, 1=0

YN —X2Yna=MHa, 1=N
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Kypunumra kenaau. by epna 0 <a; <o, ‘xl‘ <1, ‘Xz‘ <1.

Macananuar Oonutanrud 1maptd — (1.14) vunr l-maprtura MyBOQUK
uiO =0, span BaktHHHT l-kamamm yuyH f;, =0 (0<i<N). CrepxeHHHHT
JieBOpra YpHJIHII KecuMuaaru yerapasuii mapt — (1.13) HUHT cYHITH mIapTHaaH
ug™=0(n=0,12,...) éxu y,=0 mu onamus. Jlemak, (2.11) ma 3, =0 Ba
w =0. (2.11) cucremamarm Yy, Ba |, Jap ENHIIKOK-TUIACTHK COXAHUHT
yerapacuaard TE3JMKHUHT KUAMAaTHIaH aHUKJTaHAAW. BYHMHT ydyH BaKTHHHT
xap 6up Kamamuaa ymoy &g =&y(t,,) uerapa Ba 1Iy yerapaHWHT aiiHU OHJArH
tesmarn - U[&y(t,), T, ]= U(E], T, )= Upe(t,) =UG: mapuu Tomum  Tanab
KWINHAIW. YOy MacajaH e4MIlia BAaKTHUHT Xap OMp T, KaJamu/a aBBajrH
2-mynktaa Pynre-Kyrra ycynmum opkamm anwknmanrad (2.1, 2.5-pacmmapna
Kypcarwiran) &; Ba Up: Japnad doiinamanamums. Jemak, (2.11) cucremana

n+1 n+l

Yy =Ug: (Nn=0,1,2,...) éku x, =0 Ba pn, ==Uy, Kabyn kununaau. bynnan
KYpUHUO TypuOIuKH, Xap Oup Kajamaa |, HUHT KHAMaTH y3rapud Oopap HKaH.

[yanait ko, (2.11) TeHrnamanap CUCTeMacH yayH
x=0, =0, %, =0, Mz==U3{l (2.12)

KaOyJ1 KUJTUHAIH.

(2.11) anreOpamk TeHTIaMaIap CHCTEMAacUIa Xauaml YCyJUHUHT OKHMITH

BapuaHTHHU Kymwiad [13], xap Oup BakT Kamamu yuyH Y;, | =0,N mnapHuHr,

1

spad U, 1 =0,N JapHMHr T=T,,, y4yH COH KHHMATIAPUHH TOIAMHUS.

Xaigam yCcylUMHHHT OKMMJIM BapUaHTU oOJaTAa MNapameTpiiapu Yy3rapajura
muddy3us Macananapuia KyulaHuWiIaau. BU3HUHT Macanaja XaMm uerapajaru
KuiiMaT Xap Oup Kagampaa Yys3rapaau, OyHAaH TallKapyd €YUMHHU aHUKJIAIl
xapaéuuga nu@Qy3MoH OKMMHHM - 4YerapaHd XaM aHUKIaml Tanad STUiIaau.

Mynnai kumuo, (2.11) cucremanu evainuk. byHna Xaimam yCyJauHU KYJUIal
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maptapu: |y <1, [xo|<1 Ba ¢ =a;+a,+d;, 0<a;<w, d;=1>0
1=1 2,..., N -1 napna Gaxxapunanau.

(2.11) yuyn yHr ToMOHIaH “Xaimam” ¢hopMynanapu Kyinaarnda Oyiau:

+.,P, _ _ .
y =Retleby oy gy LB i—N-LN-2,..0; (213)
1-y,0y
by epna
= = ai+1 i .
oy =%y, Oy = , 1=12,...,N-1; (2.14)

a,+d; +a (1_ai )

B=m, Bu=(f+aB)>2, i=12..,N-L (2.15)

i+1
SAuru HoMabIyM (PYHKIMS KUPUTAMU3

w, =-a,(y, -Y,,), i=12,...,N (2.16)

Ba (2.11) Hu Kyiuaaru KypuHuIa €310 ojamMus3:

Yo = X1Y1 =My i=0
—XWnN Ty (1_X2)YN =ayM,, =N
(2.16) hopmymnanan
1 )
YiZYi+1+a_Wi+1’ 1=12,...,N-1

i+1
HHM aHUKIaiimMu3 Ba Oy udonmanm (2.13) ra xysmms. Hatmxkama Yy, Ba W,

JapHU OOFJIOBYM MyHOCA0ATHU XOCHUJT KUJIaMU3!
Wi+l+ai+l(1_ai+l)yi+l:ai+lgi+l’ I :11 21 e N _1' (218)

Kyinnarnua

Oenrmiann KupuTcak, y xonna oy (2.18) mynocabatHu
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w, +oyy; =B, 1=12,...,N (2.19)

KYypHUHUIITA KEITUPAMU3.

Tabkummam no3umky, (2.17) Ba (2.19) Tenrnamanap 2N +1 ta y,, Vq, ...,
Yy Ba W;, W,, .., W, HoMabaymnapra HucO6aran 2N +1 ta anreGpauk

TCHI'JIaMalIap CHCTCMACHMHHU XOCHUJII KHWJIaJH. By CUCTCMAaHHUHI TY3WJIMIIN

WIYHAAWKY, Y Yo, Vi, - Yy B2 W;, W,, ..., Wy HOMabllymiapra HucOaTaH

UKKUA y3apo Oup-Oupura OOFNIMK OYyJIMaran cucreMmayiapra axpaiagu. Yoy

CHCTEeMaJapHH  KyWuaarmda  aHukmaimu3. (2.19) nmam Yy,  mapHuM
Y :([3i —W, )/oci , 1i=1,2,...,N rtomu6, (2.17) cucremanunr i=12,...,N

Japy y4yH Kyino6 unkamus. Hatnxana

ay [(L—x, By — oy, ]

Wy = ,
" (1_X2)aN +OoNX2
o dp —af (2.20)
wo=— %y fSPTSN N N2,
o; +d; o; +d;

KYpUHMILITa Kejnaau. by cucremanaru TeHIJiaMajlapHU KeTMa-KeT euuo, Oapua

W; JIapHH aHHMKJIa0 OJaMus3.

OHIU Y, Jlap y4yH TEHIJIaMajlap CHCTEMAaHM TONAMIMK. byHMHT ydyH

(219) pmam w; mapam W, =-a;Y; +B;, 1=12,...,N anuxma6, (2.17)
cucremanur 1 =1, 2, ..., N nmapu yuyH Kyinb ynkamus:
Yo =%XY1+Hys =0
Qi fi Biath .
=—y. +——=—1  I=N-1,N-2,...,1 2.21
y| o, +di y|+1 o, +di ( )
X2Bn +ayH, -
Yn = ; =N
U (- +agy,

KE€TMa-KET yi JIapHHA aHUKJIauIUraH TCHIJIaMaJiap CUCTCMACHUHU XOCHUJT KUJIaMU3.
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o; Ba [3; JApHM aHUKJIAWIUTAaH PEKYPPEHT (popMyraJapHH TOMANUIIHK.

(2.14) Ba (2.15) nan ¢oiinananran xojaa

oy :al(l_X1)’
) BRG] aesd)
i+1 i+1 i+l ai+1+di +a, (1_ai+1) a,, +o. +di )
i=12,..,N-1
Ba
Bl :all’t]_v
Bus=an B = 2alfitB) 5o N (2.23)
a1 T4 +di

XOCHJT KAJIAMU3.

Macananuar derapaBuii maptiapu Ba (2.22) dopmynagan o; >0
SKaHIMrd Keaub uwmkaam. By xomma (2.20) dopmymagarn o/ (ai +di)
Kod(pGuuueHT OupAaH oOIIMaiau Ba Y3 HaBOaTHaa W; JIApHM XHCOOJIAII
ANTOPUTMUHHUHT yCTYBOpJHMTH TabMuHIaHagu. Cyurpa, o; >0 Ba d, >0
mapTmIapaaH a,;,, <a;, + o; +d; 6axapumumm kenud ynkaau. bynnan (2.22) ra
Kypa o, <a;+d, Tenrcusnmuk Ypuunum Oynmamu. lyamsar yuyn (2.21)
dopmymagaru o, /(o +d,) xodbdunmenT noumo GupnaH kKuumK 6ymHOG, Y,

JapHU XMCOOJAIIIard yCTYBOPJIMK Oaxkapwiaiu. JciaTtud yramus, Wy Ba Y

Jap y4yH €3WIraH MyHOCAOATJIapHUHT Maxpakjiapw JOUMO HOJJJIAH KaTTa
oynanu.
Mlynpait kunO, oKMMIIM Xaimam ycyauHuHT anroputMu (2.20)-(2.23)

nap OwnaH udopanananu. Kenrupumiaran o; Ba [3; JIapHM aHMKIAHAWTaH
peKyppeHT ¢opMyianap, IIyHUHTAEK W, Ba Y, Y4YyH udomamap a;,, <l
Oynranma ¢oiinananmiagu. Arap a;,,>1 Oymca, y xomma (2.20)-(2.21)

dbopmynanapaaru KacpJlapHUHT CypaT Ba MaxpaxyiapuHu a;,, OynraHaaH keiauo

i+1

YUKAOUTaH
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o, +d. f. +B;
a_ 1 — | | B 1 — | |
1+ 1 1+ H
1+(ai +di)/ai+1 1+(ai +di)/ai+1
X2 Bn/ay TH, _ (1_X2)BM — Oy My
Yn = , Wy =
1y, + %200 /Ay 1—%, + %200 /8y

dbopmynanapaan dhonganaHuIagu.

Ouau (2.20)-(2.21) TeHrmamanapHu eduInga Oaxkapuiaaurad apudMeTuk
amasiap COHMHHM aHuKmainnk. KomnbroTrep opkanu Oapua dopmynanap ydyH
ymymuid 6ynran udonanapau Oup mMapTa XUCOOIaHUINM bTHOOpPra OJUHCA, Y
xonma O6apua apudmeruk amamuiap conn 21N +1 omepammsnman optMaiimu. by
ONIMMA XaWJall ycyliu OpKalu Oa)kapuiaguraH amaljiap COHHMJAH TaxXMHUHaH
MKKHU MapTa Ky XucoOJaHaau.

Ymly KenTupwiran ycyJl BaKTHUHT Xap OWUp KaJaMd Y9yH TaKpopaH
xucobnab Oopunaau. Tysunaran anroputmaaH doiianaHrad XoJjijga JacTyp
Ty3wiay (3-uIoBa) Ba KYHHIraH MacaJlaHUHT COHJIA €YMMJIIAPH OJIMH/IH.

Ky#ugaru 2.7-2.10-pacmmapaa crepskennunr & =0.05, 0.25, 0.5, 0.75 Ba
opkuH yumparu (& =1) HyKkrajgap TE3TMKIAPUHUHT BaKT OyHWYa Y3rapuInu

rpaduKIIapy KEITHUPUITaH.

u

[—\—\ 5=0.25

0,8
\ W 1— £=0,05
06 2— £=0,25
\ \\ 3— £=0,50
0,4 \ 4— £=0,75
02 \L 5— £=1,00

2.7-pacM
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u
$=0.5

0.8 \ 4.5

\ 5\\\ 1— £=0,05
0,6 2—&£=0,25

2\ \ 05
0,4 . \\ 4—£=0,75
0,2 k\ \ S—¢&=l
2 0,3 0,4 0,5

0 0,1 0, : : ,

T

2.8-pacMm

Texmupuna€rtran HyKTajgap Te3JIUKIapu Jactiad — CTepKeH JeBopra
ypwimmura kagap 1 ra TeHr. Ypuiuiil OolUIaHTaHJaH CYHT Oy Te3NHKIApHUHT
KuiimMaTiaapu kamaiub Honra eTtud Oopanu. ['paduknapnan KYpUHAIUKH,
JeBOpra ypuiuil kecumura skuH Hykranapaard (& =0.05) Te3MKHUHT KuiiMaTH
nacTiabKu OHJIapja KeCKUH Kamasanu. CTep>KeHHUHT 3PKUH y4d Ba YHTa SIKMH
aykranapauar (& =1, 0.75) Tesnuiiapu BakT VTHIINW OWiaaH OUp Mapomia
(mespyi YM3WKJIM) HoJraya KamanO Oopamm. S =0.25 Oynranga (2.7-pacm)
KapallaéTraH HyKTaJap TE3JUKIapu BakT Oyiuua Typjaura kamaiun® Oopaiu.
Crepxer spkuH yuugaru & =1 Ba £ =0.75 mykragaru teznuknap BaktHuHT 0.1
raga Ba 0.5 nan katTa KuiMaTIapuaa ycTMa-ycT Tymanu (0y Hykrajgap Oup Xui
Te3NMWKIa  Xapakatma Oymamm). Oy dca [y OHJIApAa  HyKTajiap
nedopmManMsUiaHMalIUral coxara TETHWIIUIM SKaHWUHU Owinupanu. BakTHUHT
taxmuHaH 0.1 nan 0.5 opanuruaa Oy HyKTajgap TE3NMHMKIAPU BaKT Oyiinda ycTMa-
ycT Tymmarad, aemak, §=0.75 garum HykTa 11y oHIapAa EMHIIKOK-TUIACTHUK
coxara Terunuiv 3kaH. byau 2.2-mynktna Pyare-Kyrtra ycynu opkanu onmHraH

eanmaad (2.1-pacm) xaM Ky3aTHIII MyMKHH.



64

s=1
0,8 _
\ \5 1— 20,05
0,6 2— £=0,25
\2\ \ 3— £=0,5

4— £=0,75
5— £=1

04 T

2.9-pacm

S TMapaMeTPHUHT KHIWMATH OPTraH CapH CTEPKCHHUHT EMUIIKOK-TUIACTUK
COXAaCHHUHI KaMaluiu Ba jaedopManysuiaHMaiiiuran coXaHuHr optumm 2.1-
pacmyuaH anukiganran. S =0.5 Oymramma (2.8-pacm) crepkeH HyKTanmapu
TE3MUKJIAPUHUHT HoJra TeHriammmy Baktu S =0.25 (2.7-pacm) Oynranmarura
HucoOaran kam, S=1 Ba 2 (2.9-2.10-pacm) smapra HucOaTaH KaTTapok OViaau.
s=0.5 nma (2.8-pacm) crepxken spkuH yumpmaru & =1 Ba & =0.75 HykTamaru
te3mukiaap, S =1 Ba 2 ga (2.9-2.10-pacmmap) £ =0.5, 0.75 Ba 1 maru HykTamap
TE3NWKIApU OWp XWi OYJIWIIM 11y HyKTajJap ypWIAII >KapaéHumua
neopManusUTaHMaiInTal  coXara TETUIUIM SKaHWHH Ba EMUIIKOK-TUTACTUK
COXaHUHT uerapacu Oy Hykramapra ymymadn (S=1 ma £=0.5 HykraHwHr
MabJIyM BaKT OHJIAPHUIAH TAIIKApH) €TUO KEIMACIUTHHU aHTJIaTaIH.
2.11-2.12-pacmnapna S wuar 0.25, 0.5, 1 Ba 2 ra Tenr Oynranmaru
KuiiMaTiiapu yuayH crepkeHHUHr & =0.25 (2.11-pacm) Ba £=0.5 (2.12-pacm)
HYKTaJIapH TE3JIUKJIAPHHUHT BaKT OyHHYa Y3rapuiny rpadukiapi KeaTHPUITraH.
KaOyn xunuaran S HuHr Oapya Kuitmatinapu yuyH &=0.25 marm HyKTaHUHT
TE3JIUTH JTacTiIad Oup Xuia kuiMataa y3rapaau (2.11-pacm). Bakt ytumm Ounan
TE3MUKJIAPHUHT CYHUII WHTCHCHUBIWUTH S HHUHT KHHMaThra MoC TypJidda

65”.]'[&)_'[1/1. S HHUHT KaTTa KHﬁMaTHapHﬂa TC3JIMKHUHT CS’IHI/IHI HWHTCHCHUBJIIMI'M KaTTa
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O6ynmu0, cTepKeH HYKTaCHHUHT XapakaTH TYXTall BakTh Kuuuk Oymamu. & =0.5
Jard HyKTa Te3MUTHHHUHT Yy3rapumm (2.12-pacm) xam & =0.25 garu HyKTaHUHT
Te3nuru kabu Oymanu. By epaa S HHMHI KarTta KuWMatiapuja JIacTiaOKu
BaKTIaH Te3nuK Typianda (2.12-pacMm, S =2) Oynumm ky3atwiaau. Kapanaérran
Oy WKKM HYKTaJAPHUHT XapakaTJaH TYXTalld S HUHT KHAMaTIapura Moc

paBuiiia Oup BakTAa coaup Oyiap sKaH.

s=2
0,8
\ \ 1— £=0,05
0,6 St 2— 520,25
\ 2 \ 3— =05
0.4 \ \\ 4— £=0,75
02 5— &=l

0 0,1 0,2 T
2.10-pacm
u
0,8 \ £=0.25
\ 1—s5=0,25
0.6 2— 5205
3—s=1

0,4
\ i
0,2

2.11-pacm
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u _
0,8 £=0.5
\\ 1—s=0,25
RN\ i
0,4 3—s=1
\ X s
0,2
4\ W
0 T T T | T T T
o 01 02 03 04 05 06 07 °
2.12-pacm
u 3
et L T $=0.25
l« : //'x
0,8 - ) 1- - - -1=0,05
¢ ‘ m 2 T:0,1
08 ,'// 3 1=0,2
0.4 S A | 4—1=03
///, S 5 t=0,4
0,2 = e ——— 6— —1=0,5
0 ~ = T T T T T
0 0,2 0,4 0,6 0,8 1 S
2.13-pacm

2.13-2.16-pacmimapaa s =0.25 (2.13-pacm), s=0.5 (2.14-pacm), s=1
(2.15-pacm) Ba S =2 (2.16-pacm) KuiiMaTiIapuHu KaOyJl KWITaHAa T BaKTHHHT
(UKCUpIaHTaH Typiu KUWMaTiapura TEHT OHJAru CTEpKEH y3yHJIUTH Oyinua
TE3NMUKJIAPHUHT TaKCUMJIaHUII rpadukiapu Oepuwiarad. YmoOy rpadukiapaa

(uUKCcUpIaHTraH BakKT OHUJIArM  TE3JIUKIAPHUHT O3TPU  YU3MK  Oyiinua
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TaKCUMJIAHHUILIM 11y HYKTaJApHUHT YOy oHAa ENMIIKOK-IUIACTHK COoXara,

y3rapmac TYFPU  YM3UKIM  TAaKCHUMJIAHTaH

KHCMHAAru HYKTaJ1ap

I[e(bOpMaHI/IHJ]aHMaI\/'II[I/IFaH KaTTHUK coXara TCruujin dJKaHUHNU 6Hn,uupa)11/1.

u
1/'/«-’\ s=0.5
0,8
// 1—1=0,05
0,6 2— 1=0,1
/ / //L 3— 1=0,2
0,4 4 4—1=0,3
%—/ 5
0 - \ \ \ \ \
0 0,2 0,4 0,6 0,8 1 §
2.14-pacm
u
/\ s=1
0.8 —\
/ 2 1—1=0,05
0,6 S 2— 1=0,1
/ //" f 3— 1=0,15
0,4 - 4— 1=0,2
0.2 MS 5 1=0,25
0 0,2 0,4 0,6 0,8 1 ¢

2.15-pacm



68

08 1/\ s=2
/ 1— t=0,05

0,6 —\ 2— 1=0,1
// 3— 1=0,15

0.4 4— 1=0,2
0.2 % T

2.16-pacm

[yngait  kuanb, ENUIIKOK-TUIACTUK CTEPKEHHUHT KATTHK JIeBOpra
YPWIMIIA MACaJIACUHUHT WMKKHU: UHTerpaid MmyHocabatiapaa Pynre-Kyrra Ba

YeKJIM alupMalap yCcyJid OpKajiu OJIMHTaH HaTUXalapu Jesipiud Oup Xul Oyiau.

11-000 6yitnua xyJsoca

4. Asmpanru 000/1a KeNTHpWIraH MacajdaHUHT eunmaa Pynre-Kyrra ycynuHu
KYJUIall, XamJ1a 4eKIM alupMmasiap yCcyjlu OpKajiu COHJIM €YMMJIApHHU OJIAII
anropuT™MiIap  KeATUpWIAW. YmOy  anroputMiapiaH  Qoiigananuo,
MacaJlaHMHT MKKH XWJ yCYJJa COHJIM €YUMMIIAPUHU OJIMII JACTypH HILIa0
YUKUIIIH.

5. ENMIIKOK-TIACTHMK CTEpKEHHUHT abCONIOT KATTUK JE€BOPra  YpPHIIMIIHN
MacaJlaCUHUHT COHJIM €4MMJIapy OJIMHJIM Ba HaTHXanap rpaduk KYypUHHIIIA
oepuan.

6. OnuHra" HaTIKamap TaXJIWI STWIAH. Taxyiui Oyinda CTEp)KEeH JeBopra
ypuirad YyHHMHI €ENUIIKOK-IUIACTHK Je(opMaluusaiaHaguraH COXACHHHUHT
Ynyamu optuO OopuillM, Makcumand KhimaTtra »3puiidd, CYHT HoJraya
KaMaluIlM; MabIyM BaKTAaH CYHT CTEpPXKEH XapakaTu OyTyHIail TYXTaliu;
CTEp’KEHHUHI JIeBOpra YypWraH YYUMHUHI Kapama-Kaplid TOMOHHIAH

MabJIyM KUCMH JOUMO JedopmanusiaHMai KOJUIIHA Ky3aTHIIIH.
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XVYJIOCA

1. HedbopmanusuianyB4aH KATTHK >KUCM MEXAaHHUKACWUra TETHMIUIM EMUIIKOK-
IJIACTUK CTEPKEHHUHT a0CONIOT KAaTTUK JEBOpPra YpPWIIUIIKM Macaiacu
mubdy3us wmacamacura KeATUPWIIUA. byHJa CTEpKEHHHHT KYHIaldaHT
KeCUMHU Yy3rapyByaH Oyica, y Xxojijla Macajlia Oup >KMHCIM OYyimaran
mudy3us TeHrIaMacura KeJIuinu KypcaTUuiau.

2. Kyiimnran wkku wmacana (Y3rapMac Ba Yy3rapyB4aH KYHIQTAHT KECHMIIH
CTepXKCHJIAp Y4yH) ymdamcu3 kKypunmmga &3m0, Pynre-Kyrra Ba vexim
allupmanap ycymiapu €pAamMuia COHJIM eunmiiapu ONuHAU. MacananapHu
1y UMKKM ycynaa euumn Taptubu Ba JAVA Tunmaa gactypiapu unoiad
YUKUIITH.

3. ENMIIKOK-IIACTHK CTEpKEHHUHI a0CONIOT KATTUK JeBOpra  ypUJIMILIH
MacallaJlapuHUHT COHJIM eduMiapu rpaduk Kypunuiiga Oepuiaau Ba TaxXJIuil
T, HaTtmxanapHUHT Taxiuiau Oyitnda Kyiugarunap:

e CNUIIKOK-TIACTUK CTEPXKEH JEBOpra ypuirad yHUHT EHUIIKOK-TUIACTHK
nedopmManusiaHaAUTaH COXACMHUHT YiuaMu OpTUO OOpuIM, MakcuMmall
KuiiMatra SpuiluO, CYHT HoOJradya Kamalulv, MabiyM BaKTIaH CYHT
CTEpKeH XapakaTu OyTyHJal TYXTallld; CTEP>KEHHUHT JIeBOopra ypujiraH
VUMHUHT  Kapama-Kapiuid  TOMOHHUJIAH  MabiyM  KUCMHU  JIOUMO
nedopManusiaHMai KOJUIIW Ky3aTUIIH,

® S MapaMETPHUHI KUWMATH OpPTraH capu ENUIIKOK-TUIACTUK COXAHUHT
MakCcUMall yiyaMyd Ba CTEPKCHHUHI XapakariaH OyTyHJal TyxTall
BaKTUHU KaMaWMIIIUTa OJTMO KEeJIUIIHN KYPCaTHIIIH,

® CTEp)KEHHHMHI JIeBOpra YpWIHII YYUJAH 3PKUH y4d TOMOH KYHAAJIaHT
KEeCUMHU [03aCH 4YM3UKJIM oOpTUO OopaguraH 1Iakid Y4yyH 3apba
Macanacuia ENUIIKOK-TUIACTUK COXa YIYaMHHUHT MakKCcUMall KUWMaTh
KaTTAJIAIMIIMA Ba CTEPKEHHUHI XapakaTJaH TYJIUK TYXTall BakKTH 3ca
KaMaWWII aHUKJIaHIH,

® TaKpuOMIl €UMMHUHI YUYMHYU XQJAUHU XHCOOra OJIMII EMUIIKOK-TUIACTHK
coxa VYIYaMHMHUHT MakcuMal KuiimMathnau 2-7 % rada kamaiumm,
CTep)KEHHUHT XapaKaTlaH TYJIWK Tyxtamwura kerraH BakT 4-9 % rada
OILIUILIYA HATH>KAaCUHU Oepau;

® CTEp)KEH KYHJIaJlaHT KECUMUHUHT 103acu y3yHiauru o6yinda 20 % uusuxim
optu6 Oopwumuy 3apOagaH CYHT YHHHT XapakaTmaH Tyxrtaml BakTuHH 10%
raya KaMaluTUPUIIN KYpCATUILIH.
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NJIOBA

1. Pynre-KyTTa ycyiauaa TakpuOuii e4MMHH aHUKJIALI 1aCTYPH

((1.15) pyukums Gyitnua)

import java.io.File;
import java.io.FileNotFoundException;
import java.io.PrintWriter;
import java.util.Locale;
import java.util.Scanner;
public class RK1 {
static int num =101,
static double[] x, y, z, mO, n0, I0;
static double s, h, t, f1, f2, f3, m, n, I;
static Scanner in;
static PrintWriter out;
public static void main(String[] args) throws Exception{

10[0] / 2):

12);

0[1] / 2):

Locale.setDefault(Locale.US);
in = new Scanner(new File("kirish.in"));
out = new PrintWriter("chigish.out");
X = new double [num];
y = new double [num];
z = new double [num];
mO = new double [4];
n0 = new double [4];
10 = new double [4];
s = in.nextDouble();
h = in.nextDouble();
t = in.nextDouble();
X[0] =12 * t;
y[0]=1-s*t;
z[0] =-10*s *t;
for (inti=0;i<100; ++i) {
mO[0] = h * func1(x[i], y[i], z[i]);
n0[0] = h * func2(x[i]);
10[0] = h * func3(X[i], y[i], z[i]);

mO[1] = h * funcl(x[i] + mO[O] / 2, y[i] + nO[0] / 2, z[i] +

n0[1] = h * func2(x[i] + mO[0] / 2);

10[1] = h * func3(x[i] + mO[0] / 2, y[i] + n0[0] / 2, z[i] + 10[0]

mO0[2] = h * funcl(x[i] + mO[1] / 2, y[i] + nO[1] / 2, z[i] +

n0[2] = h * func2(x[i] + mO[1] / 2);
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10[2] = h * func3(x[i] + mO[1] / 2, y[i] + nO[1] / 2, z[i] + I0[1]
/1 2);
mO[3] = h * func1(x[i] + mO[2], y[i] + nO[2], z[i] + 10[2]);
nO[3] = h * func2(x[i] + mO[2]);
10[3] = h * func3(x[i] + mO[2], y[i] + nO[2], z[i] + 10[2]);
X[i+1]=x[i]+1.0/6.0 *(mO[0] + 2 *mO[1] + 2 * mO[2] +
mO[3]);
y[i + 1] = y[i] + 1.0 /6.0 * (nO[0] + 2 * nO[1] + 2 * nO[2] +
nO[3]);
z[i + 1] = z[i] + 1.0/ 6.0 * (I0[0] + 2 * I0[1] + 2 * I0[2] +
10[3]);
¥
out.printin("x=");
for (int 1= 0; i <= 100; ++i)
out.printin(Math.sqrt(x[i]));
out.printin("y=");
for (int1=0; i <= 100; ++i)
out.printIn(y[i]);
out.printin("z="),
for (int 1= 0; i <= 100; ++i)
out.printIn(z[i]);
out.close();
¥
static double funcl(double x, double y, double z) {
return2/(y-z) * (6 *(y-2 *2)
-4.5*x *s /(1 - Math.sqrt(x)));
¥
static double func2(double x) {
return - s/ (1 - Math.sqrt(x));
¥

static double func3(double x, double y, double z) {
return 1/ x*(-30*y+6*(2*z-5*y)*(y-2*2)/(z-Y))
+(125-45*2*z-5*y)/(z-y)) *s /(1 - Math.sqrt(x)) ;

2. Pynre-KyTTa ycyjauaa TakpuoOnii e4uMHH aHUKJIAII JaCTypPH
((1.15) auHT CYHITH Xaaucu3 OYITraH X0)

import java.io.File;
import java.io.FileNotFoundException;
import java.io.PrintWriter;
import java.util.Locale;
import java.util.Scanner;
public class RK3 {
static int num =101,
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static double[] x, y, m0, nO;
static double s, h, t, f1, 2, m, n;
static Scanner in;
static PrintWriter out;
public static void main(String[] args) throws Exception{
Locale.setDefault(Locale.US);
in = new Scanner(new File("kirishm.in"));
out = new PrintWriter("chigishm.out");
X = new double [num];
y = new double [num];
mO = new double [4];
n0 = new double [4];
s = in.nextDouble();
h = in.nextDouble();
t = in.nextDouble();
X[0] = 0;
y[0] = 1;
for (int1=0;1<100; ++i) {
mO[0] = h * func1(x[i], y[i]);
nO[0] = h * func2(x[i]);
mO[1] = h * func1(x[i] + mO[0] / 2, y[i] + nO[0] / 2);
nO[1] = h * func2(x[i] + mO[0] / 2);
mO[2] = h * func1(x[i] + mO[1]/ 2, y[i] + nO[1] / 2);
n0[2] = h * func2(x[i] + mO[1] / 2);
mO[3] = h * func1(x[i] + mO[2], y[i] + nO[2]);
nO[3] = h * func2(x[i] + mO[2]);
X[i+1] =x[i] + 1.0/ 6.0 * (mO[0] + 2 * mO[1] + 2 * mO[2] +
mO[3]);
y[i + 1] =y[i] + 1.0/ 6.0 * (nO[0] + 2 * nO[1] + 2 * nO[2] +
nO[3]);
¥
out.printin("x=");
for (int i =0; i <= 100; ++i)
out.printin(Math.sqrt(x[i]));
out.printin("y=");
for (int i =0; i <= 100; ++i)
out.printin(y[i]);
out.close();
¥
static double funcl(double x, double y) {
return 12 - 4 *x *s/y/ (1 - Math.sqrt(x));
¥

static double func2(double x) {
return - s/ (1 - Math.sqrt(x));
¥
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3. Yexkian aifmpMaJIap yYcyanaa COHJIMN €HUMHHA aHUKIAI JacTypu

import java.io.File;
import java.io.FileNotFoundException;
import java.io.PrintWriter;
import java.util.Locale;
import java.util.Scanner;
public class Yangi2 {
static Scanner in;
static PrintWriter out;
static double[] ul, u2, u0, tmp;
static double[][] res;
static double dt, dx, s, eps = 0.001, nn = 250;
public static void main(String[] args) throws Exception {
Locale.setDefault(Locale.US);
in = new Scanner(new File(*dat.in"));
out = new PrintWriter(*'dat3.out");
int n = in.nextInt();
res = new double[n + 1][101];
s = in.nextDouble();
u0 = new double [101];
ul = new double [101];
u2 = new double [101];

uo[0] = 0;

ul[0] =0;

u2[0] = 0;

for (inti=1;i<=100; ++i) {
uofi] = 1;
ulli] = 1;
u2fi] = 1;
res[O][i] = 1;

¥

double t, x, u;

int[;

for (inti=0;i<n; ++i){
t = in.nextDouble();
X = in.nextDouble();
u = in.nextDouble();
| = (int) Math.round(x * 100);
for (int j = Math.max(l, 1); j <= 100; ++j)
uofj] = u;
if (i == 0) I = 100;
for (intj = 0; j < 250; ++j) {
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for(intk = 1; k < I; ++k)
ul[k] = uO[K] + 0.4 * (uO[k - 1] - 2 * uO[k] +
uofk + 1);
tmp = u0;
u0 = ul;
ul = tmp;
¥
for (intj = 0; j <= 100; ++j)
res[i + 1][j] = uO[j];
¥
out.printin("x = 0.05");
for (int1=0; i <= n; ++i)
out.printin(res[i][5]);
for (int xx = 25; xx <= 100; xx += 25) {
out.printin("x = 0." + xx);
for (int1=0; i <=n; ++i)
out.printin(res[i][xX]);
¥
I* inttt=(n-1)/4;
for (intj=1;j<=3;++j) {
out.printin("t = 0." + j * tt);
for (int k = 0; k <= 100; ++k)
out.printin(res[j * tt][K]);
3

out.printin("t = 0.05");

for (int 1= 0; i <= 100; ++i)
out.printin(res[5][i]);

out.printin("t = 0.10");

for (int i = 0; i <= 100; ++i)
out.printin(res[10][i]);

out.printin("t = 0.15");

for (int i =0; i <= 100; ++i)
out.printin(res[15][i]);

out.printin("t = 0.20");

for (int i =0; i <= 100; ++i)
out.printin(res[20][i]);

out.printin("t = 0.25");

for (int i =0; i <= 100; ++i)
out.printin(res[25][i]);

out.close();
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4. Yex1u aiitupMasiap ycyJuaa COHJIM e4UMHN aHUKJIam gactypu (
KYHJIQTaHT KECUMU Y3rapyB4aH CTePIKEH YUYH)

import java.io.File;
import java.io.FileNotFoundException;
import java.io.PrintWriter;
import java.util.Locale;
import java.util.Scanner;
public class MKRperemen {
static Scanner in;
static PrintWriter out;
static double[] ul, u2, u0, tmp;
static double[][] res;
static double dt = 0.00004, dx, ss, eps = 0.001, nn = 250;
public static void main(String[] args) throws Exception {
Locale.setDefault(Locale.US);
in = new Scanner(new File("datp4.in™));
out = new PrintWriter("datp4.out");
int n = in.nextInt();
res = new double[n + 1][101];
ss = in.nextDouble();
u0 = new double [101];
ul = new double [101];
u2 = new double [101];

u0[0] = 0;
ul[0] =0;
u2[0] = 0;
for (inti=1;i<=100; ++i) {
uofi] = 1;
ulfi] = 1;
u2fi] = 1;
res[O][i] = 1;
¥
double t, x, u, hO, al, h, s =0;
int [;

for (inti=0;i<n; ++i){

t = in.nextDouble();

X = in.nextDouble() + 0.0001;

u = in.nextDouble() + 0.0001;

| = (int) Math.round(x * 100);

for (int j = Math.max(l, 1); j <= 100; ++j)
uo[j] = u;

if (i==0)1=100;

for (intj = 0; j < 250; ++j) {
if (i'=0)s+=u/x*dft



76

/lout.printin(s);
for(intk = 1; k< I; ++k) {
h0O=1+0.2*k*0.01;
h=h0/(1+0.02*5);
al=0.2/(1+0.02*5);
ul[k] = uO[k] + 0.4/h0/ (1 +0.02 *s)* ((1 +

0.2 * (k + 1) *0.01)

* (uO[k + 1] - uO[K]) - hO * (uO[K] -

uOfk -1])); //- al * ss / ho;

/lul[k] = UO[K] + 0.4 * h / hO * (UO[k - 1] - 2 *

uO[k] + uO[k + 1));

/*

/[+al / hO * ((uO[k + 1] -uO[k - 1]) / 0.02 - ss);
¥
tmp = u0;
u0 = ul;
ul = tmp;
¥
for (intj = 0; j <= 100; ++j)
res[i + 1][j] = uO[j];
¥
out.printin("x = 0.05");
for (int 1= 0; i <= n; ++i)
out.printin(res[i][5]);
for (int xx = 25; xx <= 100; xx += 25) {
out.printin("x = 0." + xx);
for (int1=0; i <= n; ++i)
out.printin(res[i][xX]);
¥
inttt=(n-1) /4
for (intj=1;)<=3; +4)) {
out.printin("t =0." + j * tt);
for (int k = 0; k <= 100; ++k)
out.printin(res[j * tt][K]);
3

out.printin("t = 0.05");

for (int i = 0; i <= 100; ++i)
out.printin(res[5][i]);

out.printin("t = 0.10");

for (int i = 0; i <= 100; ++i)
out.printin(res[10][i]);

out.printin("t = 0.15");

for (int i = 0; i <= 100; ++i)
out.printin(res[15][i]);

out.printin("t = 0.20");

for (int i =0; i <= 100; ++i)
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out.printin(res[20][i]);
out.printin("t = 0.25");
for (int1=0; i <= 100; ++i)
out.printin(res[25][i]);
out.close();
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