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cy3 BOLWN

Y36eknctoH Pecnybnnkacu Onuii Ba ypTa Maxcyc TabiuMm
Ba3sMpPNNUrn ONnNIA TeEXHUKA YKYB HOPTNapUHUHT "PagnoTexHuka"
Ba "TeneKoMMyHMKauua” nyHanuwnapwu tTanadanapu yuyH gapc-
K cudatmga TaBcusa aTraH Maskyp "PagnoTexHUK Tusumiap
Haszapusacu acocnapu” Kutobm "PagnoTexHUK TUusnmnapga cur-
Han y3aTULWHWHI YMYMWUA Mab/yMOT/apu Ba UCKPeT cUrHan-
napHu y3atuw ycnybnapu" 6ynMmMmnapuvHm Talwkun atagm. Ywoy
napcnuk 1997 imnga Y3bekuctaH Pecny6nukacn Onuii Ba ypTa
Maxcyc Tab/IMM Basnpaurnga tacamknaHraH, "PagnotexHumka"
Ba "TenekoMMyHUuKauma" nyHanuwnapmn 6yirinya 6akanaespnap
Taliépnawl pexkacura mMoc KenaguraH Tapsga 6aéH aTunaraH.

"PagmnoTexHUKa” coxacu 6Yyiinya HOKOpU Manakanu my-
TaxaccucnapHu Tarépnawga "PaguoOTeEXHUK TU3MMIap Hasa-
pusicm acocnapu” aHu anoxmpa YpuH arannanan. Tana6anap
ywoy paHHN YpraHuw gasommaa 6upmHYmM MmapoTtaba 6up Heuva
thaHNapHM >Xamnawura (xycycaH, onvMini matemaTtuka, pusn-
Ka, YKYB pexagarn gesapnm xamma TexHUK daHnap) TyFpu
Kenagw.

"PagnoTexHUK Tuanmnap Hasapumsacum acocnapu" daHm
IOKOPU Manakanm paguomyTaxaccucnapHu Tanépnawga yKys
pexxagarn aHNapHUHT SKyHA0BYUCKM 6Ynmnb, TanabanapHUHT
ONANMUHN 6P TM3NUMIa conaaun, ynapHMHIr 6unnm goupana-
PUHN KeHranTupagwu.

Myannudgnap Maskyp KMTO6 ycTmaa mwnawHWUHIE 6apua
6ocknunapuga y3snapmHUHr KuMmmMmaTtnm pukp Ba mynoxasana-
pn 6unaH AkuHAaH éppam GepraHnmMknapu ydyH TOLWIKEHT
Aasnat Munnnin yHnsepcuTeTa, AManuin pnsmka nnmmnin Tek-
WMPpULLI MHCTUTYTa nabopatopusa myagupu, g-m.p.4, npodgec-
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cop 3.T. AsamaToBra, Aby PaiixoH BepyHuii Hommnaarn Tow-
KeHT [laBfaT TeEXHUKa YHUBEPCUTETUHUHT "PagnoTexHuUKa Ba
pagmoTnsnmMmiapmn” KagpegpacuHMHrgoueHTn LW A. MoBnoHoBra
xamaa TOWKeHT ax60poT TeEXHONOTNANap YHUBEPCUTETUHUHT
"CuUrHannapHu ysatuw Hasapuscu" kadegpacuHMHI Myanpwu,
pou. O. A6ayasmsoBra Yykyp MMHHaTAOPYUANK 6ungmpagn-
nap.

[apCcNUKHUHT sHaja axwunaHuwnra KkapatuaraH 6ap-
ya TakIudg Ba MynoxasanapHu myanaugnaap MamHYHUAT 6u-
naH Kabyn kunagunap.



KNPl

PagnoTexHMK TU3MMAap CUrHannapHu paguoTynKuHnapu
épfamupga axxpatnb onuw Ba 6apbos KUAUW enHpura maH-
cybaup.

PagnoTexHUK TusuMmniap Kyhunpgarn xycycusTnapra sra —
aHTeHHann paguoTY/KMH MaHb6awura ara 6ynraH pagmokaHan-
HUHI MaBXygnurn (butra ékm 6mp HeuTa), PaguoTYIKNH Tap-
KanaéTraH MyxuTaap Ba Kabyn KWAru4d, paguoTynkuHnapra
KaiTa nwnoe 6epmnb, ynapgaH CUrHan axpatmoé onuwl. Y éku
Oy cUrHannapHu paguoTynKnH épaamMmuga ysaTyByu pagmoTyn-
KMHNapra paguocurHannap gevivnagu. [ilemak, paguotmsnmnap-
HUHT XapaKTepnn xXycycusiTnapugaH 6upu — curHannapHu ysa-
TM6 6epuwga pagnocmurHannapgaH oganaHnwanp. CurHan-
NapHWHI TaMHNAHUWIWN pagnoTUIMMNApPHUHT 6enrmnapuiaH
6npun xmcobnaHaan. PaguoTtusmmnap ywoéy 6enrunapu 6yrnya:
y3aTuil, axpatuné onuu, 6y3miw (XxanakUuTHU TalwKua 3Tull)
Ba pagnobowkapul Tusnmnapura 6ynnHagn. Ywoy rypyxnap
y3 HaB6aTuga, TUIMMNapPHUHI (yHKLUMOHan Ba3ncanapu 6um-
naH axpann6 Typagn. MacanaH, CUTHanfapHW ysaTtuwl TUsu-
Muga paguoanoka (6up KaHannum, Kyn KaHannm, paguopenenu
ékn Ep cyHBUIi nyngowm opkanun), TenemeTpusanun, 6ynpyk
y3aTull, pagnoswinTTMpuLL Ba TeneBUAeHUeNnapaup.

CurHannapHu axpartu6é onvw TU3MMUra pagmosokKaLmoH
Ba pagMoOHaBUTaLlMOH TU3UMIap, pagnoactpoHomMmus, Ep cat-
XUHUHT KN 6OLIKa nnaHeTanapHW paguvokKysaTull, ayuimMaH
TOMOHMAarn paguoTexHUK paguokysaTuLinap Kupaau.

CurHanHu 6y3nw (XanakUTHM TalwKua 3Tuw) Tusnmaia-
pn épgammpa aAywimMaH TOMOHUAaru pagmotTmsmmnapga Cur-
HannapHu aHuUkKnaé 6ynmangn.

Typnn ob6beKTNapHW paguMocurHannap épgammpa 6owwka-
puwga paguo6olkKapul TusnMnapugaH doiiganaHmnnaau.
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KynnaHnanwm xxmnxatgaH curHannap ysnykcms MMNynAbC-
v ékn pakamnu pagnoTtusmmnapra 6ynmHagun. Y3nykcms Tu-
3nmnapga curHannap amnanuTyga, yactoTa, asa kabun ynyam-
nap ysrapuwmn kypuHuwunga 6ynagn. MUmnynbcnu TusnmMmnapaa
CUrHan pagmommMmnynbcnap Ketma-ketnmrmn (amnautyga, gasa,
yactoTa MMNYNbC KEHINUTN) KYpUHMWULa xamga UMMy/be-
nap kKeTma-keTnurmgarn coH ynap opacuparn gapk KYpuHW-
wwnga éynagwu.

Pakamnu Tusumnappa ysatmnaérraH curHan asBan BakT
Ba caTx 6ylmuya KBaHTnaHaan (kamnaHagun). Xap 6up carxra
MMNYNbCNAPHUHT KOA TYPYXU MOC KenaguraH 3NTyBUW CUT-
Han mogyndaunsanaHagn. Pakamnm tusnmnap 3 XM 6unaH OCOH-
rMHa mMocnawraH xonja CUrHannapHu xoTupara onagu, M-
nos 6epaan Ba BuM3yas KysaTull MMKOHUATW Naingo 6ynagw.

PagnotusnmnapHu spatvwiga amanga gesapnm pagumo-
TYNKUHAAPHUHT XaMMa cnekTpnapu, mupuametrpgaH (A K 10 —
100 km) munnnmeTp (AK 1—10mMM) rava kynnaHunagwu. fe-
MaK, 3/1eKTPOMarHuT TebpaHULLNapHUHT Aedpan xamMma cnek-
TpU KynnaHunagn. PagnoTexXHUK TUIMMAApHW ypraHuwga
pagnoTeXHUKaHUHI cTaTUK ycnybnapugaH cgoirganaHnb, 6u-
puH4YM HaBbaTha, CUrHannapHW ys3aTUWHWUHE ycnybnapuHuy,
YKYB MaTepuannapuHu KuUsnmkapnu, HucbaTtaH coguapok Ba
paBoH Tunga 6aéH aTnwra xapakaT Kuiamms.

1. PAONOTEXHUK TUSNMNAPOA CUTHANTTAPHN
Y3ATUWHWHI YMYMUWN MABNYMOTNAPU

1.1. YmMymunii TacHU Ba cCUHGapu

PagunoTtynknHnap épaammga 6upop aso NyHKTAaH 60wKa
epra curHan eTKasvWHU TabMWHAOBYM TEeXHWUK BocuTanap
MaXKmyacura CUTHaNIHWN PaguoOTEXHUK TU3UMAN y3aTuW feilnun-
nagn. CUTHaNHU paguoTexHUK TU3UMIN y3aTuwaa paguocur-
Han 06BbEeKTHUHT KaHJananp xonatnapu Tyfpucmgarn mabiy-
MoTnap MUFUHAUCUHUW TalKWN 3Tagu.

PagnoTexHUK TU3MMAM y3aTuULl CUTHannap Ba ynapHwu
Kabyn KunyB4YMMapHWHI MaHO6anapun coHura kapab, 6mp Ka-
Hannu Ba Kyn KaHannm pagnoTexHUK TU3UMAN y3aTuiira 6ynm-
Haau. 1.1l-pacmpa 6Up KaHanAM HaMyHaBUii paguoTeXHUK TU-
3nMIap cxemMacu KenTumpuaraH.
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y A,

ax6opot aneKTpohUn3nK paavo
mMaH6aun y3raptTupruy kopep y3aTrny ln 4
" n. 11- |
------------------ [PaavoKaHa
2U paguno Teckapu
Kabyn nekogep 3N1eKTPOPhU3NK ax6opoTnap
KAy U yarapTupruu ncTebmMonYmUcH
n4 s - n.
/. I-pacm

NxTnépuin punsmk ysraptmpruygaH (MMkpodgoHaaH, gat-
uynkgaH) KenaétraH n{— curHan u2— 3NeKTp Ky4ynaHuwura
y3rapTupunagn Ba Kogep épgammpa KognaHagm, Hatukaga pa-
ANOTEXHUK TU3UMAM y3aTullga CUTHaNIHUHT XanakuTtnapra Typ-
FYHAUTKX, y3aTuw cudaTtnapun opTaau. PagmoysaTtruypga Kop-
naHraH M3 curHan épgamMmuja 3n1TyBUM lOKcaK 4acToTa Tebpa-
HULWNapu mMoaynauusanaHagn. — aHTeHHa épgamuga w4 —
paguocurHan acupra Tapkatunagm. PaguoTynknHnap Tapka-
naétraH MyxuT paguoKaHanHW TawWKun aTagun. YHUHT yn4yam-
napu paguoysaTull XKapaéHuga ysrapmac Ba Tacoamnduii ysra-
pUuwun xaMm MyYMKWH. LLUYHWHT y4yH KaHannap LOuMWi Ba Ta-
coandunin ynyamnm 6ynagn. Pagno kabyn KMnrmd Kypuamacuga
3NeKTPOMarHUT Te6paHuiunap A2— Kabyn KUnyB4YM aHTEHHa
époamuga kKabyn KUAnMHWMG, aekopepra, KeliMH 3ca Teckapwu
3neKTpodun3nK ysraptuprmdra (TeneoHnn, MHAUKATOPAN Ba
X.K.), YHAAH CUTHannap ucrtebMonuyucura ysatmnagu. Xana-
KUTnap Ba 6ysuwl curHannapu 6ynmaraHga cCUrHaaHW paguo-
TEXHUK TUMMIU y3aTULl paguo Kabyn KWUnyBUYM Kypuama-
HUHT u|( M2, uv WA Ky4dnaHuUWnNapu pagnmoysaTyBuu Kypuama-
jarv uvuv uv W Ky4dnaHuwiiapra mMoc Tywaau. Xanakmtnap
Ba Gy3unuwinap Tabcupupga Kabyn KUAMHraH curHannap ysa-
TUNraHgaH kKelimH papknaHuwu MyMKUH. Kyn kaHannm cur-
HanHW PaguoOTEXHUK TUMMN y3aTullaa, 3NTyBUN TebpaHULL-
nap curHannapHu 6up HedTa MaH6GanapgaH ysaTuwra Kynna-
HUNagn. CurHannap CMKUATUPULL KypuamMacuaa anekTpodusnk
ysrapTupuwgaH CyHr rypyx curHanura eupnawtmpununb, pa-
avoysatrny épgammupa Ue curHan aHTeHHa épaamMmuga HypiaH-
TupunagnraH (ysatunaguraH) 3feKTPOMarHUT TebGpaHuLinia-
pura mocnaHagu. Kabyn Kunrmu Kypuamacmpa aca Teckapwu
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y3rapTmpuiw amanra owmpunagm, 6yHaa axpartmw Kypuama-
cnga rypyxcurHannm Ule gaH kaHannap curHannapm axparmo
onuHagn. KaHannap curHannapw Teckapu aneKTpodunsunk ysrap-
TUpruygaH nmcrebmonuura ysatmnagu. Kyn kaHannm curHan-
HM paguoTeXHUK Kognaw Ba fekofepnawl ofaTga CUKUNTU-
puw Ba axkpaTtuiwl 6unaH 6upranvkga onué 6opmnnagw.
3aMOHaBMin MyNOoLWNM afnoka Tmanmmaapuga Kyn craHums-
NV paguocurHannapHu, adupra pagnocTaHunMa aHTeHHacu
opKanu HypnaHTupuw Ep cyHbui yngowin petpaHcnaTopuia
amanra owupunagn. bopT aHTeHHacu épgamunga Ep cyHbui
nyngown 6opTtmaa wWakanaHraH rypyx CUrHanm HypaaHTupum-
nagn (ysatumnagwn). EpHUHT Typnum HykTanapuga >oilinawiran
Kabyn KMarnmy nyHKTnapuga curHan ¢asosuii, yactoTanu, BakT-
N1, KOANM Ba apanawimanu Typnapura axkpatub onnHagm. Cwur-
Hannap 6up HeuTa MaHbanapfaH, paguvocurHannap aca 6up
HeuTa paguocTaHuusanapAaH y3aTtuaraHinrn yyyH curHan ysa-
TULW PagMoTeEXHUK TU3UMIapPU KYN KaHannurmHa amac, 6ankm
KYyn cTaHuusanu xamaup. byHaa paguotusmmMmu kaHannap 6ynm-
HULWWHN NYKK CTaHUWA xaMa cTaHuManapapo Talkua atagu.

CurHan ysatvwl pagmnmoTexHUK TUdnmnapuia curHannap
Y37yKW Ba Y3NyKCnU3 6ynagn. Y3nyknu curHannap 6ynak-6ynak
BaKT 6upnuruga jouMunin yHKUUAnnm 6ynmb, YHUHT OXUPTn
Kuiimatu kyn xonatnmgup (1.2-pacwm, a).

Y3nykcn3 (aHanornu) curHan maHb6amra xoc 6ynraH xy-
CYCUAT CUTHAMHUWHI BakT 6upaurnga y3nykcms yHKunanm-
nnrngnp (1.2-pacm, 6). CurHannapHu ysatuw TusmmMmnapuga
ynap y3nykau Ba y3nykcus 6ynagn. AHanornu curHaanapHu
y3aTULL YUYYH ANCKPET CUrHanaap ysatuw Tmsumnapugad qom-
JanaHnw MyMKWH. ByHpan xonaTtga aHanornm curHan (AuMck-
peTM3auma KuauMHagwn) ysnyknura annaHtupwunagm Ba catx.
6yMnya kBaHTNnaHaan. CYHITu nnunnapga pakamam curHan yasa-
TUL KEHT PUBOXNaHAWN. PakaManm CUrHan ysatuwl maH6au cu-
thatnga XM kynnaHunagu. CurHanHm aHanornu (y3nykcmus)
y3aTuwiga sca, aHasnor-pakamaun ysraptuprud (APY-ALLM)
éppaMmuga cUrHan pakamnura annaHtTupunagn. byHpgan y3rap-
Tupruynapgad donganaHnb, CUrHanHW pakamamura amnnaHTum-
puyw Hatumkacmpga OXM éppammpa curHanra kaita WLLJIOB
6epnl UMKOHWATW Tyfunaagu, HaTu»Kaga cuUrHan HucbartaH
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1.2-pacm

KaMpoK anmnapaTtnapHuUHr HocTabmnnurn Tabcmpuga 6ynagn.
CurHannapHu adanor (y3nykcms3) KYpuUHULWIAA ONULW YUYYH
Kabyn KUY Kypuamara pakam-aHanornu yaraptuprud (PAY-
LATM) kuputmnnagwn.

KynuHua ax60poT y3aTull paguoTexHUK TU3UM TapKnbu-
ra épgamum Kypuama Kmputunagu. Epgamum Kypunma kKaHan
X0NaTUHW HaszopaTt KMNagm xamga TU3UMAapHU CUHXPOHaLl -
TUPULIHW TabMWHAANAW. Y3aTUll >KapaéHMHU KOppeKuus
KWAWLW, CUTHanNapHWHI By3NAUWIWHM aHuKfaw makcagna-
punga 6ab3nm 6up xmn TU3MMNapga Kanta KaHan Kuputunagu
HaTwxaga Kabyn KWUAMHIaH cUrHannap xakuga mabaymoTtnap
TynnaHagwn.

AX60pPOTNapHN pPagnoTeXHNK TU3MMAapa ysatuil ep Katna-
MUV Ba MOHOCepa KaTinamu 6unaH YyerapanaHraH ampaa anek-
TPOMarHuUT TYNKNUHNapu épaaMmuga amanra owmpunagn. Amanga
KynnaHunagmraH yactota guanasoHuHu 3kly +3 «105M Ty, Taw-
Knn atagn. Ywoby ananasoH yTa y3yH TY/IKUH Ba MUATMMETPAN
TYNKWH Y3YHAUKNAPUHW Y3 numra onagm. Xosmpru Bakrga on-
TUK AnanasoH xaM ypraHuamokaa. TYAKWUH Y3YHANUKAaPUHUHT
WapTan 6YNNHULIN 31eKTPOMArHUT TYNKUHNAPUHUHT TYNKWUH
y3yHAukKnapura kapab tapkanumi xycycuatnapura 60fFnnkamp.
CurHannapHu paguoTexHUK TUdMmnapaa TYIKUHAapHUHT Tapk-
anmu mexaHusMura kapab ysatmw TypT Typra 6ynmHagun:

1. Oudpakymnsara 6UuHoaH EpHU KucmaH anaHn6 ytagu-
raH Ep katnamwmn 6ynnab tapkanaguraH (103aku) ep TYAKUH-
napw.



2. EpHu 6up >XuHcnu 6ynmaraH Tpornocgepa Kucmmpaa
TYNKUHNap KaMmalnwun, NyHanTupuaraH BOJIHOBOANU BYLUUK-
farv TynKuHnap.

3. Ep wapu atpodunaa 6up Ba Kyn mapTa KaiiTnb atmocde-
paHWHT noHocdepa KaTnammaaH KamTraH noHocdepa TYKUH-
napw.

4. TyFpn 4un3nk 6yiinab TapkanyBum EpHUHT aTmocdepa
KaTnamura Kupa onaguraH TYFpu TYNKMHNap. YTa y3yH, y3yH
Ba ypTa TY/IKMHAp acocaH ep caTXxMHW ainaHné ytuw nynm
6unaH Tapkanagn. 1+ 10 cm rava TYy/AKWUHAap y4yyH Tponocde-
pann HOOOKM raya Tapkanuw xocamp (ynbTpakucka TYAKWUH-
YKT-YKB).

Kucka TYynKnHnap noHocgepa KatnammgaH Kamtuw xycy-
cmATWUra ara. YnbTpakKucka Ba ONTUK AuanasoHnapga anoka
TYFpU KYypuLW opanufnga TyFpu TYNKMHNAp éphamuaa amanra
owwnpunagn. LWyHMHIAeK, KOCMUK anokanap xam, arap Koc-
MUK TUHUAHWHT 6MP MNyHKTa epga 6ynca Tyfpu TYnKWUHAap
époaMmuna amanra owmpunagn.

ANOKaHVHI TypAn MacananapuHu edumiwlja, TesieMeTpus-
fa, 60owWKapyB TU3uUmAapuaa AUCKPeT Ba Y3/NYKCU3 CUTHas-
NapHW y3aTuw KeHT KynnaHunagn. AiiHnkca, KOCMUK pas3oHun
ypraHuwga curHannapHn paguoTexHUK Tusnmaapga ysatuil
KeHT puMBOXNaHAan. Typau anoka xvu3mMart BocuTanapu, Tene-
BUAEHMWE, CUTHA/THN TenedoH épaamumnaa ysatuil kabu nyngou-
nn (CNyTHWK) anoka TM3MmMnapu KeHrahmokga. Kocmuk an-
napatnap 6unaH munnmoHnab knaomeTpan macodajga anoka
KUAuw, ynapHum 6owkapuw Makcagumpa pagunonuHusanap
KypuamMokgaa. Y nbTpakucka TYNIKMHAA anoka in3MMUHNHI Tab-
cMp govpacuHn (Y30KJAUTUHWN) OWNPULL MaKcagmaa peTpaH-
cnatopnapgaH doviganaHnnaaun. Ynap Ep cyHbuii nyngowmnga
Ba EPHMHI Mabnym nyHKTnapura Xkonawtmpunagn.

OXM TapMOFUHUHT PUBOXK/IAHULLN, YHUHT KEHT Kynampaa
KYNaHUNnWmn, xycycaH, yumil annapariapu TMUsSMMUHN 6oL -
Kapuw, Typau CUTHaNlapHU Taxaua KANMLW Ba KamTa WL-
naw cTaHgapT KaHannapgaH mabayMoTnapHU TU3MMAW Apa-
TULWHW TaKo30 3Tagu.

CurHannapHm pagmoTexHuK Tumm épgammga ysaTvwiga
YNapPHWUHT acocuii Ty3uanwm xamma pagnoTexHnkK TusmmMaap-
ra Moc 6ynraH xonga ymymungmp. LLYHUHT yuyyH xam Typau
MacananapHu eynwga 6mp xun ycnybmuin xonga éHgawnnanm .
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1.2. CUrHanMapHUHI cTaTUCTUK TacHUdapn

Y3aTunaétraH curHannap racogudumin BOKeMKHN KN XKa-
paéHHWN xapakTepnahgn. CUTHaNHUHT Tacogndunii xapakrepu
YNapPHUHT MDXKTUMOUM KYPUHULLUHW aHUKNangun.

Arap curHan xap BakT 6upnurnga aHmknadvraH 6ynca, y
Tacogndunii xxapaéH 6unaH aHnknaHagn. BakTt 6upnurmnga ys-
NYKAN curHan tacognduii ketma-ketnmkga 6epunagn. WyH-
Jari KMnmb6, aHanornm curHannap Tacoguduin y3nykcus xa-
paéH Ekun y3nykcm3 6enrmnm Ketma-keTnmkaa 6epnamwm mMym-
KUH. Y31yKNU CUTHan y3nyknu Tacoangpuii >xapaéH Eku
y31yKNn Tacogndmnin kKetMma-KeTamMKLa OXUPru Kyn X0naTHu
Kabyn kunagn. Mabnymkum, X(t) — tacoamguii xapaéH, arap
N-Yn4oBAun >KapaéH TakCuMoTnaa NXTUEpPUIA Xv ..., XnKuii-
MaTnapHuW aHuknaw MyMKuH 6ynca I, M t BaKTxonarna-
puga 6epunraH geiivnagu.

Tacoguguii >xapaéHnapga MapkoB >apaéHnapu KaTTta
YPVUHHM TalWKNA 3Tafgun. YNapHUHT XapakTepau XycycumsaTna-
pu: X{tkA) Mabnym Kuiimatnapumpa X(tk) axTmMmonmin Kuimatm
UXTUEPUI BaKT bupnurngarn kKuiimatura 6oFnuk 6ynmanan,
ABHU IXTUMOINK 3UYAUTUN KYANAarn TEHTTMKHN KaHoaT/aH-
Tnpagu:

wirk AP V 72" ~ wek h | P

MapkoB >apaéHu ydyyH OyHAaH by tX....<tn\onart yuyH
Kyingarn ypuHnn 6ynagw:

wW(A., ... X, tv...... m = wA,; r,) wXZ /12U ,; /,) w(A3; /31X,
I'Z) """"""" W(’/Aif t/j A nv tn—’Q'

MapKoB >apaéHnapu cToxacTuk agudepeHynan TeHrna-
Manapy KYpuHMWNAa 6Gepuiniui MyMKUH, YYHOHUYU:

mxw/ A-bpM + UL xag7T - (1)

6y epga t,(t) — 6Up >XKMHCAM CcreKTpaa 3U4YnKKa ara 6ynraH
OK LWOBKUH; KoapuymeHtnap K{ (X t) Ba K2(X, t) ymymui
xonga X»>kapaéH KuiimMatura Ba BaKTura 60fnmkK 6ynu6 yTka-
31w Ba anddysns KoapduyneHTaapu genvnagn.



Cogpa xonatuga (1.1) TeHrnama Kymuparm KypuHuliga
6ynaau.

dX(t)/ dt = - aX(t) + nx(t) (1.2)

(1.2) TeHrnamapgaru >xapaéH n,(t) ok WoBKUHAaH RC —
(bunbTp) cysrmugaH yTKasuwl MWynm 6unaH xocua KNAMHagW.
a= 1/RC kuiimat T= RC CY3rMYHUHT BaKTAOMMMUIACN OpKa-
nn aHuknaHagn. A(r) YTKasnw KeHrnanmrm T KUAMaTUHWHT TaH-
naHnwwura 60fFNnK 6ynaam Ba Koppensayus Baktu T, = la 6yna-
on. by xonatga >apaéHHuHTr X(/) koppensayusa QyHKLUACK
Kyhngaru ucgoga opkanu aHukgaHagu: R.(z) = oX2 exp (-
alrl), 6y epna aX2 — X(t) »xapaéH gmMcnepcuscu.

1,3-pacmpa Cy3aruyHUHT (PUNbTP) >KapaéHHN TallKWUA 3TYB-
ym cxemacu kypcatmnraH. l.4-pacmpa aca ywby >xapaéHHWUHT
Koppenaumsa pyHKLMACU KypcaTuiraH.

(1.1) TeHrnamagaH, MapkoB >XapaéHU YUYYH 3UYNUK
IXTUMONIMHN KyAnparn TeHr-nMma 6yiunya é3vw MyMKWUH:

dw (A t)/dt =3/39 [AT, (A,/)w (9,/)] +
+32/2a82[/T2(8,/)a>(A,/)] =ip m)(4.7). (L3)

By eppa LPr 6unaH ®okkep-MNnaHk-KonmMoropos oneparo-
pvn 6enrvnaHraH.

(1.3) TeHrnama WUXTUEPWUI /-BaKT GUpUrnpa, verapasuii
Ba 6ownaHfuy waptnapu 6epunraH xonat YYyH 3UYINK
9XTUMONNHU aHukKnangn Ba Pokkep-NMnaHk-Konmoropos
TeHrnamacu ne6 atanagn. (1.1) TeHrnama 6unaH ngoganaHysuu
MapKoB >apaéHWHW aHWUKNOBYUN, CUTHANHUHI HucbaTaH

1.3-paem 1.4-pacm
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Mypakkabpok mogenn kynnaHunagn. byHga LPr onepatop Ky-
puHuwun (1.3) TeHrnamaga mypakkabnawiagwn.

Y1uw axtumonn w(xXk tk Wk ,; t{) TeHrnama 6unaH ysnyk-
cn3 Tacogmpuii MapKkoB KeTMa-KeTanrn 6yiinya éamnagn. Yoy
TeHrnama cTpykTtypacu (1.3) TeHrnama KypmHuwmnga 6ynagn.

AuckpeT curHannap mogenn cudarmpa guckper Mapkos
>KapaéHnapu Ba KeTMa-KeTAIUrn KynnaHunagu. Arap guckpert
y3NyKnn Tacognduii KkeTMma-keTAmk "T ' afieMeHTAaH a,, ay

TalWwKWa Tonca, KeTMa-KeT/IMKHM aMmanra owunpuw Kyii-
naaru KypuHuwpaa 6ynagn o4(]), asa\ a{\ aiky),...,. by epaa
OCTKW MHAeKcNap 3/1eMeHTHUHT KNAMATUHW, YCTKMUCU 3cCa BaKT
MOMEHTUHU udoganaiign. byHgaii keTma-keTamkagarm "n” ane-
MeHTNapAaH TalKua ToNraH opanuk P- axTumonnuk éunax
xapakTepnaHagn. IXTUMOMNINKHN KYNanTupuwl Teopemacura
6UHOaH /-3aXTUMONNNK OPaNNKHN aHMKAaW MYMKUH, YHAa-
M anemeHTnap akik= 1, 2,..., N) KMAMaTNapHn Kyhimgarnda
Kabyn kunagu:

P@"\ «ig2;....a «)= P(a.)P(a™ l1a,/']) x
XP(@m™ I<t«w,; flac);....; P(@a™ la/);....; v ,w)) (1.4)

NxTnépuii ajkaxTUMOANNKHUHI WapTAn nango 6ynmwmn
MapKoB 3aHXWUPU YUYYH TYAMKAUTMYA aHWKNaHraH 6ynaawm,
arap yHAaH aBBanrv afnemMeHT Mabaym 6ynca

«n(); ...V .J1 0) = P(ar 1K *-.))(bl))> 0-5)

ABHW 3leMeHTap KeTMa-KeTanrngaru anokanap TYyANKANIn-
ya éHugarn anemeHtnapra 6oFAMKANTM 6yiMnya aHMKNaHagn.
"T" xonatnm 6up XXnHcnm Mapkos 3aHxupu, pv = P{a\a}}
yTuw axTmmonun 6unaH xapaktepnaHwu6, 3anemMeHT HOMepura
60fNnNK 6ynmangn Ba Kyhimgarn matpuua 6unaH aHMKnNaHagnu:



YTuw matpuuacuHu rpad
KYpUHMLIKMAa TacBMpaall MyMm-
KWUH. 1.5-pacmpa T - 3 6ynraH
Xxonat yuyyH 6yHpan rpadg Ttac-
BMpnaHraH. l.6-pacmpa 3ca,
6yHAan rpa@HUHI T-MUHUMaAnN
6Yynaknapra 6yanHraH ytuw mo-
MeHTNN ANCKPEeT XKapaéHwn Tac-
BMpnaHraH. byHgarn rpad Ho-
CUMMETPUK MapKOB 3aHXUPU-
HWN TacBupnangn. Arapga Pn~P n 6ynca, 3aHXXUP CUMMETPUK
6ynagn. Ywoy (1.6) matpuyagaH, xap 6up matpuua catpugarv
9XTUMOTAPHUHT YTULI MUFUHANCK Bupra TeHT 6Ynagn Ba TYnK
rYpYyxHU TalluKun atagu.

Arapga guckpeT (y3nyknu) MapkoB >kapaéHuga yTuwl
(MOoMeHTN) BaKTU Tacoandunin 6ynca, yHAa >xapaéHHu yTuw
axTuMonn YanmeH-Konmoropos — gudcepeHuman TeHrna-
MacmpaH aHMKNaHaau:

/.5-pacm

(1.7)

ByHAa, hu — yTuw 3axTUMONMHU, | — xonaTugaH j BakT
oupaurngarn Kniamatura yTuwl 3XTUMOSIMHW XapakTep/ioByun
nokKan yTuw axTMmonu gennnagn. bBuHap — MKKW KuiiMatam
>KapaéH yyyH amangarv KypuHuwn 1.7-pacmpa TacBup/iaHraH.

t BaKT YUyH 3xTUMoOnnuk xonatun P{(t) Pt{t + At) axTu-
MONNK 6unaH t+ At xonat kyinungarn ndoga bunaH aHukna-
Haau:

Pt(t+ At) = 2,(/)(1- ual) + PR\

T

o—0— 0—0-0

/. 6-pacm
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1.7-pacm

P23XTUMONAVK XaM LWYHra yxwaw ngoaa 6unaH aHuKna-
Haau:

A2(r+ p0 = N (0(1-N0 a2 + N (AHNal2,

6yHpaa rinl2 Ba rjg — ytuw axtumonu.
Hatuxaga kenTupunraH ndoganapfaH KyiimgarmHm ésmw
MYMKWH:

dPI(f)/dt=-n ./>,(/) + N2 A0

dPt)/dt= hI2P,(f) - hItPAE)\ (1.8)

6yHoa % = lim (rf / At),i, j = 1 2.
/-0

Kentupunran TeHrnamanap (1.7) dopmynagarn ymymuia
ndogaHuHr xycycmii xonnamp. KnunnepnaHraH HyTKUW CUT-
Hasnnap Ba 6ab3n TenemeTpuUK curHannap 6uHap Mapkos >ka-
paéHnapu 6unaH axwwn TaceupnaHaau. byHpail koppenauyns-
naHraH yHkuunsa l4-pacmpa KentumpwunraH Ba y 6enrunarax
TaKTNM opanukgapra ara 6ynm6, >kapaéH koppenauma yHkK-
unsacngaH dapkgaHagn. Koppenaumsa QyHKLUACUHUHT KYpU-
HAWW MMAOyNbenap KeTMa-KeTnUrnm 3fieMeHT KYpuHUwmn 6u-
NaH aHUKNaHagw:

Gx(co) = j (r)exp(-jcoT)dT. (1.9)

BMHep-XMHYNH Teopemacura 6MHoaH KypuaraH axbopor-
NapHWHT 3HepreTUK CAeKTpnapu Kylhungarnya aHMKnaHagu:
MacanaH, Tenedad curHanm yyyH 6uHap >kapaéHga 6enru-
NaHraH Bakr yTULLIW yUYyH KOPPEensumoH (MyHKUUS Kyhrhngarmua
6ynagm:
15



1-|1T/T, | TI<T;
(@] > T.

(1.10)

(1.9) Ba (1.10) TeHrnamanapra acocnaHmb6, Tenerpag cur-
HaMHWHT 3HEPTeTUK CNeKTPU Kynnpgarnya €smnagu:

G (co) = Tsin2 @ T/2) / (w T/2)2 (1.11)

KypunaétraH >kapaéH yuyyH 1 Kuniimatnapgarn gucnepcms
6upra TeHr 6ynagn.

1.3. CurHannapHuHr acocmii TacHUdnapm

PagnoTexHUK TU3MMNapAa curHan ysaTull KBasurapmo-
HUK TypAaru >kapaéHra Taannyknum 6ynué, y Kkyhmaarn TeHr-
nama 6wunaH é3nnagw:

i(/) = yl(r)cos[coor+ v (0], (112

6y epga A(t) ofrma Ba pasa \|/(/)-BakT hyHKLMACK, cos t00? ra
HuUcbaTaH CeKUH Y3rapyBun; co}— YyacToTaHUHIy3rapmMmac Kuii-
mMaTtw.

Y3atunaétraH nHopmayma oFMa arpunnk Tapkubuga gasa
8KM vacToTa y3rapuwmnga 6ynmwm mymkmH (1.12). LW yHra acoc-
naHn6 mMoaynaumMa amnantyganu, gasann éku vyactotanu Typ-
napra 6ynuHagu. Arap curHan ysnyknm (guckpet) 6ynca, cur-
Han MOAYNAUMACU — MaHUNynsauua geinnagu.

PagnoTexHMK TU3nmnapga cMrHan ysatmwga curHan kKypu-
HUWW ywby Tnanmra KymunraH TanabnapfaH, XycycaH CUr-
HaHUHT XanakuTnapgaH aXpatmb onuiira acocnaHagn. Arap-
Ja curHan ysaTyBum cudatmja rapmMoHuK TebpaHuLwnapgaH
doliganaHnnca, xanakutnap Maexyg 6ynmaraH xonarga ar-
punuk Ba asa (1.12) getepmuHnawran (A(t) = AO; \y(?) =\|/0)
6ynaawn.

Kabyn Kunysum ToOMOHAa MOC paBuluja BakT Gupnurnga
CUTHANMHWHI amnauTygacn ékmn gasacu y3rapca, cMrHan ysa-
TULW KeHT nofocann 6ynagn. YsatunaétraH curHan k(t) tap-
knéungarn xabap A(t) Ba \J/(r) kywunmya mogynauma pyHKLus
Tapkmnébuga 6ynagn.

16



1.8-pacm

MacanaH, hasanm moaynaunaga KynmngarmHm xocun Kuna-
MU3:

s(t, A) = /4(0 cos[cod + \J/(0 + MX{t)], (1.13)

6y epaa in— mMoaynAunusa YyKYpJAUTMHWN XapaKTepsioBYN KO3ad-
puyneHT.
CurHannapHu ngoganawga B 6asa TywyH4yacu Knputmna-
an:
B = A/T. (1.14)

LJaBpuii curHanHMHr mabaym 6ynran A{t) éku \Nit) pyHK-
unacu 6ynca, T— CUTHANHWHT TakpopaaHuw gaspw; A/-cur-
Han CMNEeKTPUHUHT KEHTNTW.

Opawii curHannap 6asacm B~1 Mypakkab (kKeHr monoca-
nn) curHannapga aca B » 1 Arappa TKop— Koppensuus BaKTu
T paH >XXyga Knumk 6ynca, 6yHgail TakpopnaHyeBun [-curHan
2-289 17
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KeHr nonocanura mucon 6ynagn. byHgaih nxtmnépnii xapaéH-
nap, CUrHan ysatuwl Makcaguga KynnaHuamwm MyMKUH. KeHr
rnonocanu y3aTULLIHWHI TOp nosocanura HucbartaH adsannurm,
yNapHWHI ypTaya KyBBaTugarn 4acTOTaHWHI KeHT crnekTpga
crnekTpan 3nunurn 6mp Heya mapTa KMUMK 6ynuwungagup. by
3ca MHOPMAaLMAHN AWMPUH y3aTuLLra MMKOHUAT apaTagu.
KeHr nonocann (WOBKWHra yxwail xam geiinnagmn) curHan-
nap ojatpa nceegotacogmduii guckpet (y3nyknm) kKeTma-keT-
NNKAArv anTyByYM rapMOHUK CUTHAN MaHUNynauuacugaH Lwakn-
naHagn. CUMBONIAPHUHT KWAMaTiapura Moc X0ngarn Ketma-
KeTAnKAa amMnanTyga, asa éku 31TyBUYM yacToTa y3rapagu.
Mwucon Tapukacupa ncesgotacognduii kKeTMma-KeTanKaa-
rm anTyBym pasa MaHUNynAuMAaHU kKypamus. Teckapwu nora-
pupmMunk anokanu cumkuwl peructpugad (TJIIACP) tawkun
ToMraH reHepatop épAamMmuga MKKUIaHraH rncesgoracognduii
KeTMa-KeT/NIMK wWaknnaHagn. Peructp kucmugan= 1/tnyacto-
Ta 6MnaH cMMBOANAP CUMKUWNHW TabMWUHNA6, TakTIn UM-
NynbCAN reHepaTtop Tw ncespoTacoandmnini KeTma-keTnmkga
6ynaan (1.9-pacm). MaHTUKUIA CXeEMAHUHT MypaKKaburm re-
HepaumsanaHaérraH KOAHWHT KYpuHuwmnra 6ofnnk 6ynagn.
PeKypeHT 4M3nKAM MaKcuman y3yHAuKgaru rcesgoTaco-
Andunin KeTma-KeTNIMKAA AaBpra XornalwyBsym 3a/ieMeHTnap CoHn
N, (2" - 1) kuimaTt 6unaH aHuUkKnNaHagu, 6yHga N — cypull
perncrtpugarn paspagnap coHn. MacanaH, n= 10ga N = 1023.

111
ir
TNACP
y*>
MCj
1.9-pacm



1 10-pacm

McesgoTacogntuii kKetma-ketTnmkga (M — KeTma-kKeTnnkaa),
ariHnkca N HUHT KatTa Kniimatnapuga UxXTuépuii coH *1 ket-
Ma-KeTIMTMHW aManra OWnpuLL XyCcycusaTura akuH 6ynagu.

McesgoTacoandunin KeTma-KeTNIMKAArn aBTOKOPENNALNOoH
dyHKuma (A Kd) xam gaBpuia xycycusaTra ara 6ynagu. 1.10-pacm-
Ja HopMannawTupuaraH aBTOKOPPensaunoH gyHkumnsa (AK®)
TaceupnaHraH. ABTOKOppensaunoH yHKunaHuHrgaspu T = NxH
AK® HUHI KYPUHULIM MNCEBAOTACOANPUIA KeTMa-KETAUKHUHT
KYPUHULWN 6unaH aHUKgaHagw.

M — KeTMa-KeTInKAa, aBTOKOPPenaumsa GyHKUNsacU Kni-
Mat \/N ra TeHr 6ynraH éH Kongukgapw 6ynaau. MNcesgoTa-
coagndunin KeTma-KeTInKAarn cnekTpaa 6owka gaspuii pyHk-
umsanap kabwm asTokoppensaunoH dyHkuma 1.11-pacmpa kypca-
TUATaHNAEeK, AUCKpeT (y3nyknm) KypuHuwpga 6ynagw.
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CneKTPHUHT noJfioca KeHIINTX MceBfoTacofnuduii ketma-
KETNINK 3NeMEHTNaPUHUHT Y3YHUTU, YHUHT TakpopiaHuL
faBpun Ba éH criekTpan TalKua 3TyBUUCU BUnaH aHUKNaHaau.
CNeKTPHUHT rosioca KEHTNMUTUHUHT Y3rapmMmac Tallkuia 3TyB-
yucm aca YV-6ynub, y ncesgotacoanuii KeTMa-KeTIMKHUHT
6asacura 60fFnnkK 6ynagn.

ANUTYBYM YacToTa 6unaH MaHuNynsyusinadraH casanap
faBpuii ncesgoTacoanduii curHan xocmn Kunagu. 1,12-pacm-
Ja hasza MaHUNynsayManaHraH ncesgoTacognduini curHan Kypm-
HUWK GepunraH 6Ynn6, y Kyingarn ndoga éunaH émnagn:

5(0 = a0 sin[tod/ + 0.5pg(t) + <p(t)], (1.15)

6y epga a0 — y3rapmac amnamTyaa; co0 — annTyBYM yacToTa-

cn; (0 — curHanHuHr Tacoauduii yarapysyaH asacu.
MceBgoTtacoandnii KeTMa-KeTANKHUHT LaBPUANUTUHN

abTnbopra onmnb, yHn Kynmpgarn KypmHuwga €3mw MyMKUH:

(1.16)

6y eppa rect[i/Ts] -TyFpu 6ypyaknm MMmnynbc QYHKLUSACUHUHT
uogacn 6ynn6, (0, T8 opanukaa 6UpNMK amnauTygara ara.
VKl — KuiiMmaTnapra ara 6ynraH ncesgortacoanguii anemeHT
KeTMa-KeT/urn.

9 (1) .

S (1)

1.12-pacm
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1.13 fl-pacmpa annTyBYM yacTtoTara TeHr 6ynraH aBToKop-
penAunoH MYHKUUSAHUHT ha3a MaHUNyNaumManaHraH ncesno-
Tacoandunii curHan ofFmacu kypcatunaraH. ®asa mMaHunynaymsa-
naHraH ncesgoTtacoauMuii cuUrHan MNCeBAOUXTUEPUIA CUTHAN
CNeKTPUHUHI KypuHuwmnra ara 6ynmnb, dakar aninTyBumn yac-
TOoTa TOMOH CU/XKUraH xonatga 6ynagn (1.13 5-pacm). 9nun-
TYBUYM yvacToTara MOC KWCMHWHI TallKuUn 3TYBYUCK amanga
KMUCKa 6YNn6, YHUHT KNWAMATU MaKCUManHUHI 1/YYKUCMUHN
Tawkna atagn. AunckpeT (Y3NYKAN) CUTHaNNapHW y3aTuil yUyH
MWUHUMaN Y3apo KoppensuusnaHraH curHannap gyHKLuUacm
MUFnHAUCKra ara 6ynmw makcaara myBoduk 6ynaan.

ByHpan curHannap MMFMHQUCK Typnu cuHdga ncesgoTa-
coagnunin KeTma-KeTIMKLa MYMKUH 6YnraH xonarnap COHUHU
2 paH q rada curHannap COHMHW 6epunraH cUHG yuyH (2/1))
faH (g"-') raya owwupulira MMKOHUAT Gepagn, 6y eppaa
a=1,2,.... McespgoTacoanuii kKyn carxgm KeTMa-KeT/IMK
(q= 3,4,....) KyNuHYa 4yactoTa MaHunynauusnm (UM) Tu-
3nmnapga KynnaHumnagu. Y3nyknum (auckpet) UM curHannap
(AYUYM)HUHT xap 6Up 9NEMEHTNN KEHIIUTN YacToTa Kagammra
TEHT 6ynraH yacTtoTa-BakT MaTpuua KypuHUnga 6epunmiim
MyMKUH (1.14-pacm). Opatpa [Ac)~2n/TytaHnab onnHagm Ba



xamMmma anemeHTnapu AYM curHanHmHr 6up gaspuga 6up map-
TajaH OpPTUK TakpopfaaHmaiign.

1.14 <7-pacM 4ym3macmpgaH matpuuara MmoHaHg AYM cur-
Han guarpammacu 1.14 6-pacmpa TacBMp/iaHraH. Yoy Kypu-
HULWAarn CUTHaIHW XOCU KAWL YUYYH Kylngarn cxema (1.15-
pacm) gaH conganaHunagn.

by epga: HK — vactota KommyTtatopu, CKI — COH KeTMma-
KeTnuru reHepartopu, N'CIr — rapMOHWK CUTHanA reHepartopwu,
TUIl — TakT yacTtoTa reHepartopu, fjk — yacTtoTa 610KU.

AunckpeT yacToTa MaHUNynAUMAnNaHraH CUrHanHMHr 6asa-
cn /?= /TA/paH aHuknaHagu, 6y epga A/= [co/2a . Xo3upru
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BaKTZa 6Up Heya XMA Kyn caTxiuM KaTTa KyBBaTra ara 6ynrad
rncesgoTacoanduin KeTMa-KeT/IMK aHUKNaHraH 6ynu6, ynap
Tydainu aeKTUB cCUrHan y3aTyBYM MaHUNyAAUUSAIN pa-
AVNOTEXHUK TU3MMNAp KypuULl MMKOHMUATNApW naigo 6ynau.

1.4. PagnoTexHUK TU3nMnapga curHan
y3aTtumwigaru xanakurtnap

PagnokaHannapga cMrHannapra xanakutnap Tabcmp 3TmG,
CUTHaNHN Kabyn KUNULWHN KUAnHNawTnpagm. Xanakmtnap ta-
coandunin xapakTtepra ara 6ynmnb, ynapHu Tynukaurmnya mnyk
KNnm6 6ynmaingn. Kenmb unkmwm xmuxatmaaH xanakutiap Typ-
nuya 6ynagn. Ynap numga aHr Kyn tapkanraHu atmocepaga-
rM 371eKTp >KapaéHnapwn 6unaH 60fnnkK 6yaraH atmocdgepa xa-
nakuTnapuaup. by xanakmtnap Tabcupmu aiHuUKca y3yH Ba ypTa
TYNKUHNapaa Kynpok ceannapnu éynagwu.

Typnn xvnparu 3nekTp ycKyHanapwu Tabcupupia, 3a1eKkTpo-
ABUTaTeNb, aBTOMOOUNNAPHUHT EKUW TU3NMU, TUOBOUET
9NEKTPXKNX03N1apu Ba xokasonapgaH MHAycTpuan xanakutnap
cogmp 6Yynagn. PagnonnHusanapHWHr uw gaonmatnapmura n-
nab TypraH pagnoXKmxosnap COHUHWHI OPTULLKN Xam TabCcup
Kypcatagn. CurHannapHuHr 6ysmnmumn okmbarnga — pagmo-
y3aTuLl YacToTaNapMHWUHT HOCTabUNAUIM HaTMXKacuaa KaHan-
napfa HoYM3nk >kapaéHnap xocmn 6ynagu.

NXTnépnin pagmoTnsmmnap y4yH Xoc Xxanakutnap: pagvo-
YKMXO03NAPHUHT MUKW LLOBKUHAAPW Kabyn KWUYBUYN-KyYai TUPYB-
un acbobnapgary sapsafgnapHUHI xapakatugaH coguvp 6ynagw.
Yw6éy WoBKNUHNAP, aliHMKCca yabTpakucka TYNKMHAa nwnangn-
raH pagmotmsumiapga Kynpok cesmnagu. by gnanasoHga Koc-
MUK xanakutnap Ba 6owka Epra Termwnm 6ynmaraH o6bekT-
NapHWHI MacanaH, Kyeaarnm sneKTpoMarHuTuK >xapaéHaap Tab-
cvpnapu xam 60fnunk 6ynagu.

XanakuTnapHUHI cUrHannapra Tabcmpu 6yiinya agantms
KN MynbTUNAUKaTMB 6Ynagn. AQANTMB XanakuT apanawima
r(/)pa curHan s(t) 6unaH Kyhnpgarnya Kywmnagu:

r(t) = s(t) + y(t) (1.17)
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MynbTUNANKaTUB XanakKuT 3ca CUrHanra kynaitma Kona-
Tnga 6ynagu:

rit)="(t)-s{t). (1.18)

Pean kaHannappga xap WKkana Typjaru xanakutiap xam
MaBXXyn, 6ynagwn.

Y3aTyBuM Ba Kabyn KWUAYBUYM KypuamMa MYHKTAApPpUHUHT
y3rapuwm pagnoTynKuUH TapkanaéTraH MyXUTHUHT Tacoangunia
y3rapuiin HaTukanapujga CUrHan napamMeTpiapUHUHT 6y3un-
nuwura onub kKenagw. Yw6y ysrapuw amnautyganap, asa-
nap, CUrHan 4acToTaflapMHUHI Tacoauduii yarapuwnapuga
HaMO&H b6ynaawn.

YMyMuii xonga curHan Ba xanakut WUFUHAUCK Kylinparu-
Yya noganaHNLLIN MYMKUH:

r{t) = ) cos[co0(/-x) + N/ T) +v(t)}
+ n{t) + y(t), (1.19)

6y epga A{l) Ba \/(?) — CUTHANHWUHT MOAYNALUNA KOHYHUHU
npoganosym BaKT (PYHKLUACK.

u(/) sa y{t) — xanakUTNapHWHI MYy/bTUNANKATUB Ba af-
ANTUB TalKWUA 3TYBYMNAPU.

n{t) — Kabyn KWATUYHWUHT MYKWN LOBKUHUNLAH XOCWN
6ynraH aganTuUB Xanakut.

$(©0 Ba T = i(t) — curHanHWHT Tacoauduii y3rapysyaH
hasacn Ba BaKTU KEUYMKULLIW.

n(t) — xanakut, laycc Tacogmdg >kapaéHura ara 6ynuo6,
hbnykTaumanmamp. YHWHI cnekTpan 3MYINTN KEeHT 4YacToTta
AnanasoHnpa Kyhungarnya aHnkgaHagn:

GJJ) —0.5 K'P = 05YVo, (1.20)

6y epga kK = 1,38* 108 )XX/K — BbonbymaH goumwniicn, TK —
LWOBKUHHUHT abcontoT xapopatn, Nn= KTK— LWOBKUHHUHT
6Up TOMOH/amMa CnekTpan 3NYINTU.

XXapaéHHWHT ypTaya KMAMaTUHW HOMAra TeHrnawTmpumeo,
KOPPensaunmoH QyHKLMS cnekTpan 3u4ynmruHm ®dypbe ysrap-
TUPULIUHUHT (1.20) TeHrnamacugaH aHuUKNaw MYMKWUH:

Rn (0 = <n(t)n(t+ r)> 0.5 yV,d(n). (1.21)
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By epparn 6ypuyak kascu A(T) — fAenbta — PYHKUUACUHUHT
ypTaya cTaTuK onepaumacuHn ngoganangn.

ApanTue y(t) xanakuTt Y3MHUHT XapakTepun 6yiunya y3nyk-
CU3 EKN MMMYNLCAN BYNNLWLIN MYMKWH. Y31YKCU3 XanakuTnap
ogatfa TOp noJsioca crnekTpura abTnméopnn 6ynmb, Tawku pa-
AvocTaHuuAnap Tabcmpuga cogmp 6ynagn. Umnynscnm xana-
KUTMApPHUHT NOM0Ca KEHTUTWN ofaTaa Kabyn KMATMUYHUHT No-
noca yTkasrmumgaH katrta 6ynagn. CurHan ysatmw pagnoTex-
HUK TU3MMNapuga Kyn cTaHUuMAanm Ba Koanm 6ynuHuwga émp
BaKTAa 6Up HeuTa CTaHUMA TabCMpW XxapakTepnnaup. byHpan
Xxanakmtnap CTpPyKTypacu pagmotusnmniapuga kKynnaHuwnagu-
raH cMrHannap CTpykTypacura yxwaw 6ynagu.

1.5. PagnoTexHUK TusnmMiapga CurHan y3aTUuHUHI
acocumin TacHUgNapu

PagnotexHuk Tuanmnapga cuUrHan ysaTtuul, asBajo y3a-
TUNaétraH CUTHaNHNHT cuaTn Ba MUKLOPW bunaH udopgana-
Hagn. CUTHaNHW y3aTULW aHUKAUTU 6unaH MUKAOPWU CUTHan
y3aTu Te3nurn 6unaH aHnkgaHagn.

Y3atnw cundatm Kabyn KUAWHIaH CUTHANHWHT Kai gapa-
»Kaja xanakutnap tabcmpuga éysmnmwimnra 6ofnvnkanp. Arapga
pagnoTexHUK TM3MMnapga CUrHan ysatuw TYFpu nonmxanatl-
TMpunaraH 6ynca, abHnM PTC XXUX03UHWUHT Tanab gapaxacuga-
M yngamnumnurura »>asob6 6epca, xanakutnaH 6owka cabab-
nap xucobra onuHManmgn. Xnxo3 Yngamamnmrin nwnaTmunmw
wapT-waponTtnapu, noinxa-TexHonornk ynyamnapu 6unaH
TabMUHAaHagn. WyHpan kunm6, paguoTexHUK TusmMmnapjia
CUTHaN y3aTuiwlfa yHUHT cudaTuHM Xanakutnapra Kapwimy 4m-
fJaMannanrngad aHuknaw MyMKUH.

PagnoTexHMK TM3MMNapa CUrHan ysatmwjga xanakurnap-
HWUHT canbmnini TabCcupura YNgamamnanru xanakuira Kapwm 4ym-
pgamnunurun geinnagn. Kabyn KMnvHraH CUrHaaHUHT y3aTui-
raH cuMrHanra MOC/AUIM YHUHT aHUKNUru geiinnagn. CurHan-
HWHT XapakTepura kapab Typan MUKAOPAN aHUKAMK Y14oBnapu
KynnaHunagn. ¥Y3nykKcus curHannap ysatunaérraHfa aHMKInK
NyKOTUANLW KniimaTun ékn TaBakkannmk CITX, A*)6unaH aHNK-
naHagwn. Xanakut tacogndunin 6ynraHAnrn yyyH TaBakkannmk
KUAMaTn curHan Ba YHUHr 6axocu A’*ra 60Fn1nK xonga Ttaco-
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andungnp. WYHWHT yuyH ypTadya MYKOTMLW €KM ypTaya Ta-
BakKKannmk <CIp knputmunagu:

(Cn)=Jdx] c(8,9%m(3,9%)/d X, (1.22)

6y eppa w(A, X*) — kKabyn KUAMHraH X* Ba ysatuaraH X
CUTHaNNapPHWHT Guprannkgarv axXTUMOINNK 3NYIUTK.
Opatga e = X—X*. ByHaaH ypTaya TaBaKKallnk

(Cn>=1}c n(Cn (E£)w(E)rfe. (1.23)

Nykotuw dyHkausacu C/le) Typavmya TaHNaHULWIN MYM-
KWUH. JIEKNH Y yMyMUI TanabnapHu KOHUKTUPULLW WapT: AYKO-
TUW KWAMAaTKM HONMMHYW XaTonKha MUHMMan 6ynuuwn ke-
pak, 3epo MYKOTULI KMAMATU XaTonuK bGenruncmra 60FNnNK
6ynmangn.

Bab3y 6Up MYMKUH 6YnraH MYyKOTULL PYHKLUSAMTAPUHN Ba
MOC paBuLlja ypTavya TaBaKKa/lIMKHUN KYpub 4ynkainunk.

KBagpatuk nykotmw gyHkyusacu: Cs(e) = e26ynagm (1.16,
0-paeM). YpTaua TaBakkannuk 6yHga ypraua KBagpaTUK XaTo-
HU aHWKpangun:

(e2)= J e2w(e) de. (L24)

KentupunraH kputepuiira myBouK, ypraua KBagpaTuk
XaTONMK MUHUMYM 6Y/ica, TU3UM SIXLUU Aelnnagn.

cn(£) Cn(£)

y

1.16-pacm
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Opouii nykotuw dyHkumsacu Cnrle) = 1 - rect[(e + e0)/
2e0: (1.16, 6-pacm). ByHaa ypTaya TaBakkKan/iuk 6epunaraH ga-
pakagarm axTUMMoONNnKgaH optnb ketuwmn 6unaH xmucobnaHa-
an: BO/X| £1>e). Yw6by kKputepuniira 6MHoaH arapga aHr KN4uK
IXTUMONNNKHU TabMuHnaca P(| B |> e0) TM3nm axwim xuco6-
naHagw.

YMymuii xonga xatonuk e(/) tacoauduii xapaéH 6ynraH-
nvrngaH Kabyn KWAWHraH CUrHanHu ysatuaraHgaru dapku-
HW yn4yaw yyyH Kynunpgarm undogagaH goinganaHunagu:

e2=1/7"/[A(0-A*(/)]2N, (1.25)

o]

6y eppaa T — BakT 6yiinua ypTanawTUPWUTaH opanuk.

Arap curHan X(t) — HocTayuoHap >kapaéH 6ynca, ypTaya
XaToNuK BaKT pyHKUMsAcuga 6ynagn <e2(?)>.

CurHannapHu guckpeT (y3nyknw) ysaTtuwifa, CUTHanHu
y3aTULLIHN MUKAOPWUIA 6axonall yyyH XaTO/IMKHWUHT Takpopna-
HULW Te3NUTU, ABHU XaTo Kabyn KUAMHTAH CUTHAMHWUHT yMYy-
MWIA y3aTU/raH CUTHan coHura Huc6atm 6unaH Mym : Kx =
Mxtro/ Mym aHUKnaHagw.

Y3aTuil BaKTW 4YerapanaHraH xosfa Xxatonmk Koadhuuym-
eHTU Tacoauuii 6ynub, wy BakTra 60FNINKANP.

AManga anoka ceaHCW 3/1eMEHT KeHrnurngaH 6up Heua 6Ga-
pob6ap kKnumk Ba X0 — KuiAiMaT y3aTuLU >KapaéHuga cTaTuk Tac-
Hudnapu y3rapmac 6ynraHga, 6upop curHan PeanemeHTn xaTo
KaByTMHUHT axTUMonugaH dapkan 6ynagn. LUYHWHT yuyyH pa-
AVOTEXHUK TU3MMMapga CUrHannapHu Y3nykau ysaTtumwiga
IXTUMONNUK Peékn xap KaHgai ywoy aXTUMOAIMKHUHT MOHO-
TOH PYHKLUACU IXTUMOJIIUKHUHT MUKAOPUIA Yndamu 6Ynagu.

CurHan ys3aTULWHUWHI pagunoTexHUK Tusummnapuga Pe
9XTUMONK YMYMUIA BYAraH ypTaya TaBakkannk Kputepuii-
cu 6unaH 6axonaHnLLIMra NWOHY XOCU KUANLW MYMKUH. Xa-
KUKathaH xam, arap xap 6mp M xato X0NaTHUHT i — Huucwy,
OVCKpeT CUTHan Kabyn kunuwpga TaBakkannuk kunmartu Cr,
i= 1, M 6ynca, aXTUMONNIUKHUHT P./-HUn ypTaya TaBakkas-
nvrn kyihungarnya ésnmnagu:

(Cn) = (1.26)
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MkknnaHraH (6uHap) TM3Mm y4yyH M = 2 Ba xap xun inyko-
TMwpga C\ = 1, /= 1, 2, 6yHAa

<Crp P(x.)) P(x* = x2X = x,) + P(x2 P(X*

= xJX = x2. (1.27)

By epga P(X = x), /=1,2, — cumBonnap X=x{Ba X=x2
NnapHu anpeop 3aKTUMOJIIUTI.
Arap ywoy axTuMmonnuknap TeHr 6ynca, yHAaa

<CTb = 0.5 [P{X* = x21(X = X,) +
+ P(X* = x{\X=x2] = Pe (1.28)

ABbHU YpTaya TaBaKKal/IMK CMMBOJTHU XaTo TacBupnaliaa Tyaunk
9XTUMONINK BunaH mMoc Tywagn.

(1.2) — TeHrNnamafaH KpuUTepuii 6yiinya aHr axwm TU3nm
£e6 XaToNMK PeHWUHT 3HT KNWYNK IXTUMOINTU TabMUHNAHTa-
HUra anTunagu.

BepunraH BakT 6upanrnga curHan ysatuil KaHanumjaH ysa-
TUATAH CUTHANHUWHT Te3INTU y3aTUraH CUrHan MuUkKLopu 6um-
NaH aHUKNaHagu. Y3nyKau curHan ysaTuil Tusmmnapuaa Tex-
HMK Ba axbopuii ysaTuil Te3nuru TyuwyH4dacugaH coligana-
HUNagn.

Bup cekyHAafa y3aTuUAraH 3/1EMEHTNAP COHUHWHT Y3/yKIu
CUTHanga TeXHUK Te3nnrn (MaHUnynaums Tesnurn) aeinnagu.

R= \/T, (1.29)

6y epga T— 6Mp 3NeMeHTHMU Y31YK/IWN CUTHANAa y3aTULL KeHT-
NNTK.

Bup cekyHaaa paguotvusMmAa y3aTyBUMaaH Kabyn Kuarmdra
€TNG KenraH CUrHaa MUKAOPU CUTHAN Te3Nuru aeinnagun. Ax6o-
pyiA TE3INTU UKKUIAMYU COH MUKaopuaa (6UT) ceKyHaura ynya-
Hagu. YMyMuUiA xonpa ax6opuili Te3NUK TEXHUK Te3nuk Gunad
MOC 6YMaiiin, YyHKU Yy MaHUNYyASALUS Te3NIUrn, anoka KaHa-
NIMHWHT TYPW, CUTHAJ Ba XanakuT Typaapura xam 60FInkKump.

AHanornu (y3nykcms) curHan ysaTuwl Tusvmmaapuga ysa-
TULWIHWUHT MakKcuman Te3Nurn 6up BaKTHUHT y3upaa ysatuna-
avraH TeneoHga rannawinwiiap, paguosalwinTTUpULL Ba Te-
NIEBU3NOH 3WNTTUPULLNAPAATA KaHan XaTo/fMKaap Ba CUrHan
Oy3unuwnapyu KupuTuaMaraHiarm xonataa aHuMKnaHaau.
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PagnoTexHUK TuaMmnapga CurHan ysaTULIHWHE acoCuii
ynyamnapugaH 6Upn CUTHAMHUHT KEYNKNLWNANP. Y3aTuarau
CUTHan Kabyn Kunrmuga Kamta TMKNaHm6, yHU y3aTuiraH Bak-
TUAaH, KanTa TUKNaHraH BakKT/IaPpUHUHI MakCMMan opannsn-
ra CUTHa/HUHT KeYnknwmn geinnnaan. Keunmknw ysatkmyga sa
Kabyn kunrmuga CUrHaaHW KailTa wuwiaw BakTnapu xamja
PagnoTUINMHUHIY30KAUTUTaAxaM 60FMINKAMP. CUTHANHN KanTa
vwnaw Te3NUrn aca CUrHaaHW KoAnallura Ba fekofepraidra
capdnaHraH BakTnapra 60fnnK. PagnmoTexHUK TusMmiapga
CUTHan y3aTull y3aTUll Ba KeuunKkKuwra 60F1MK 6yamaraH TaB-
cudnapgaHaup.

lOkKopuga 6aéH aTuNraH KypcatkmynapgaH tawkapu, pa-
OVOTEXHUK TU3NMNapga cuUrHan ysatuwl paguoTUIMMUHWUHT
AWNPUHIUTN TU3UMTA KUPUG 60puLLl 3IXTUMOMK, Maccacw,
XXUXO03HUHT TeOMeTPUK ynyamnapu, Hapxu Ba aKcrnayatauyu-
el xapaxartnapm 6unaH xaMm xapaktepaaHagw.

PagnoTUIMMHUHT AWMPUH MLWNALL 3XTUMONU y3aTunaétraH
CUTHANHN aHuKNall 3XTUMOAW 6unaH aHukKnaHagu, AWNPUH-
raHNMK CUTHATHUHT CMeKTpan 3sndynmnkKgapaxacura 60fInK: crnek-
Tpan 3NYNUTA KaHYaIMK KMYMK 6ynca vwnaw 3xTUMoNn xam
Knumk 6ynagn. Ly myHocabaT 6unaH paguotnsnmaapaa aHep-
reTUK AWNPUHIaHIuK TyLIyHYacu xakmga ranmpunagn. Paguo-
TEXHUK TU3MMNapga axbopoT y3aTULLUHUHI HOKOPU 3HEepreTuk
AWNPUHTAHIUTUHN MYypakkab curHannap épgammpa amanra
ownpunmwn xaknga (1.3)ga \am kKypcatuarat.

TalwknM KysaTyBumnap TOMOHWAAH y3aTunaétraH cCUrHan-
NapHU aHuKNaw y4yyH asBasniam6op, CUTHANHWUHT TY3UNULLIN-
HU aHuKnawra BakT capdnaHagn. LLYHWHT yuyyH LWIOBKWHTa
yXxwaw Mypakkab curHanfnapHUHr KYNnaHUanwm aHukaal
KapaéHUHN KUWMHAAWTMPaaM Ba CUTHan y3aTuwl pajgunoTtex-
HUK TU3NMAAPUHN KYMPOK AWNPUH MLialra onmé kenagu.

CurHan ys3atuw paguoTexHuUK Tu3nmMmnapuga almpuH ni-
naw, wy 6unaH éuprannkga TM3nMMra pyxcart aTuamaraH Ku-
puL 3XTUMON KOMMEPLIMA anoka TU3nmaapura MmaHcybeaup.

CurHan ysaTuw pagnmoTexHWK TusMmaapuga kKyhugaru
KypcaTknunapHu xucobra onuvwl 3apyp: XXUX03HUHT Maccacu,
ynyamu, Hapxu Ba 3aKcnsyataums yuyyH PTC caphwu, YHWUHT
vwnaw wapouTn, KaHganW makcagga mwinawra MysaxkannaH-
FraHNNTN, TUSUMHUHT TEXHUK amasra owupunniin, ynapHuHr
KOHCTPYKTWUB NOANXanaHnLun.
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1.6. Pagmoanoka TusnmMmgarn MyxaHgUCINK XMcobun

Xuncob yuyH Kyingarnnap 6epmnagn: y3aTUWHUHT 3XTUMOJI-
NN, pagnoTexXHUK TU3MMaa y3NYKCU3 CUrHan ysatuiiga yprada
KBafpaTuK XaTo &KW Y3NyKIW (LUCKPeT) CUrHan ysatuwiga
pyxcaT 3TU/raH CUMBO/IIN XaTo; Pagmoanoka TUSUMUHWHT Tab-
cmp goupacu (Y3yHAUTW); paguoKaHalnHWHI KYpUHULIKW, pa-
OVOCUTHANMHWHT Tapkanuwn 6unaH ndoganaHysBuun, xanakuT-
nap KypuvHuMWu Ba X. K.

Pagnoanoka TUSUMUHUHI MYXaHAUCAUK XUCOOBWU YHWHT
acocuii ynyamnapuHm aHmknawija aHepreTuk XXumxatgaH €H-
Jowvuira acocnaHraH.

OuckpeT (Yy3NyKcu3) CUTHaniapHu pagmoTeXHUK TU3UM-
napga ysarmwga TyFpu TYNKUH 6unaH spKuH TapkanaéTraH,
cTaTuK TaBcunapn ysaTvwjga Ba Kabyn kunuwjga mabaym
6ynraH xmcobnawl ycnybmHu Kypmb ymkKamus.

Kabyn KUNTUYHUHT KUPULL KNCMUAATN CUTHATHUHT KYB-
BaTW pPafgMoasnOKaHWHT Y30KINK TeHrnamacuaH aHuknaHagu:

pc= MMPYEGah /(W ), (1-30)

6y epfa PHyp— ysaTrnugaH HypnaHTUPUAraH CUrHan KyBBaTW.
Gah — y3aTrny aHTEHHACUHWHT MYHaNnTUpuL KoaduumeHTa.
S3 — Kabyn KUAyBYN aHTEHHAHWHT 3 eKTnB MangoHn. D —
Kabyn Kunrmy 6unaH ysaTrMyHMHI opacugarn macoda. y — pa-
AVoKaHanga CUrHan 3HaprUSACUHWUHT KamanuwmHu xucobra
0NyBUMN KO3(pPULMEHT. YE KOahdpnymeHT an — cyHUL Koag-
bunyneHTra 60FNnK 6yNn6, oTUANW capdun 6mMnaH aHukNa-
Hagu;

yE= exp (-0.23 an D), (46/km) (1.31)

an — cyHuw, TebpaHMWw uvacToTanapu Ba MYXUTHWUHT
xycycmatnapura 60Fnnk:

f{~ IOy y4yyH MeTepeonornk wapouTtra kapab, atmoc-
hepagarn oTunmw captpm an= 102— 1A4B6/km,/0= 2.5TTy
Ja oTnnuw 5 6apobap Kamasaau.

PagnoTusnmpaa acocnin xanakmtnapgaH payKTyaLMoH LWoB-
KUH KM 6olka (MNyKTyaunmoH TypAaru xanakutnapHu aco-
cuiicn pe6, Np(f) — xanakUTAapHWHI HaTUXXaBUi criekTpan
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3UUNUTM aHUKNaHagn. CurHan cnekKTpUHWUHT [/3 opanufuga
XanakKuTt KyBBaTu

PW= K A/a, (1.32)
6y epaa
NP=1/4//*3" NP(f)df, (1.33)
b-V,/2

— Kabyn KWATUUYHWHT KUPUW KuUcMumparu xanakutnap
AUFUHOVUCUHUHT ypTada CNekTpan 3nYanru.

Arapga Kabyn KUNTUYHUHT UYKWN LLIOBKWUHWU YHUHT aco-
CUI xanaknutu 6ynca, xanakMTHUHI cnekTpan 3uunmrn Np =
Na (1.20 ra kapadr) 6ynagu. (1.30) 1.32) TeHrnamanapHu
3bTMbOopra onmo6, Kabyn KUATUYHUHT KUPULL KUCMULa CUT-
Han/lWOBKUH HUCBATHN Kyhmnparnya é3amms:

<U4)

Bup 6MPANK NKKNNamMm4yu CUrHanHu ysatmwga, Tanab atun-
raH 3XTUMOJININK XaTOHW TabMWUHIALWL YUYYH 3Hepruanap Huc-
6atn E= PT?T cUrHAaNHUHT NpLIOBKUHHWUHT CrEKTpan 3ny-
nunrura Hucbatn 6unaH aHUKNaHagw:

g = 2E/NO= (Pc/ Pu)te TA/Q (1.35)

ByHAaa Tanab aTuaraH Kabyn KUArmy KMpuw KUCcMuga cur-
Han/WoBKUH HUcGaTK Kylingarmya aHuKNaHagu:

(Pc/ PN 3 = S13/(T A /9).

NNeKnH Kabyn KWW HWHT pean wapT-laponuTnapuHmn xmcobra
0116, cCUrHan LWOBKWUH KyBBaT HMcbatu 6GMpMyHUYa 3axmpa
6unaH onuHagu:

(Pc/PUN3-Y ~T13/(TA/3). (1.36)
by epfa — y3 — WOBKWHra Kapwuv 4ymnjamannamkHm xmcobra

0/1yBYM 3axmpa KoaduLumeHTa: CUHXPOHNAW TUPULLHUHT 6Up
Xunga amacnmru, nHtepdepeHUMoH bGysmnnwinap Ba x.K. by



curHan/WwoBKNUH HUcbaTtuHu 3 H 10 A6 3axmpa 6munaH xmcob-
ra onca 6ynagu.

CurHan ys3aTULLIHWHI Xanakutnapra yngamnnnurn tanaé
3TUATaH fapa)kajaH KaM 6ynmaraH xo0naTHW TabMUHIALL YYyH
Kyrungarn wapT YypuHan 6ynagu:

("c/nNnwns* (~c/NNa- (1-37)

CUMMEeTPUK Y3NYKNIWU KaHanga CUrHan y3aTULLHWHE pean
Te3NUTN (KNUYNK IXTUMONNNK XaToNnkKaa 2.2-ga 6yHaan kaHan
TaBcudun 6epunraH) Kynmgarn dopmynagaH aHUKAaHagn:

N =yi? (log n)/7\ (1.38)

6y epfia N — KynnaHunaéTraH KOAHUHT acocn; YR < 1 — cuH-
XpoHM3auuara Ba xokasonapra capnaHraHnnrn Hatmxacuga
TE3INMKHUHT KaMalULWKWUHU xmcobra 0NyBUYM KOIPPUUMEHT,
6y epfa Ba 6yHAaH KeluHrun wmdoganapga xam log — nora-
pudm 2 acocnu. (1.34), (1.36), (1.38) napHu abTmbopra onmo,
(1.37) HucbaTUHU Kyhnpgarnda ézamms:

PHypGAS3  , O3 & )>uw 2+- )
n

AnD Np > yrlogn \ ~y)

Ywoéy HucbaTHM pagnmoTusnm xucobumpa bepunraH Kuii-
MaT cudatmpa Kapaw MyMKUH. BYHUHr acocmpa curHan ysa-
TUW PafVUOTEXHUK TU3MMUK YnyaMAapUHUHT ONTUMan KWii-
MaTnapuHU TaHNalWl UMKOHUSTU coaup 6ynaawu.

2. ANCKPET CUTHAJITAPHWN Y3ATNLL
BA KABYJ1 KNJTNW YCNYBJTAPU

2.1. AnckpeT curHannap MaHb6anapuHUUr axéopuii Tascudu

CurHannapgarn uHgopmaumsa COHW, CUTHannap OpTUK-
NUTN, IHTPONWSA Ba CUTHAN MaHbGacMHWHI camapagopnuru,
MHopmauma y3aTul Te3UTM Ba KaHAHUHT YTKasnw Kobu-
nMATKM axbopuin TaBcud KaTtopura Kmpagu.

AuvckpeT curHannap maHbébacu x e X, /= 1, K 6enrnnap-
JaH Tawkumn TonraH M Ty6 COHMHM Mwnab ynkapagn. MaH-
6aHUHT X anudibe xaxkKMuHu J1/6vnnaH 6enrvnall MymMmkuH. Arap-
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Aa xap 6up curHan n 6enrnnapuHm y3 nuura onraH 6ynca, y
xonga n ysyHamkgarn Typnn curHannap conm N = K" mukgop
6unaH aHuknaHaau. By MuMKAOp AUCKpeT curHan maH6acu
xakunja (uMKp opuTuLLra MMKOH 6epca-ga, 1eKUH YHUHT N Ba
N papakanu Tabmatm Hokynanmgup. 1928 hnnga P. KapTtnu
MHpopmMaunus MUKZOPUHUHT / = logjV = n\o%K norapucdpmmnk
YAUOBUHU KNPpUTAN. BUPOK By YNUOB CUrHannap waknnaHu-
WUHWHT Tacoaudunini xapakTePUHU akc aTTupmangn.

1946 nnpa K. LLleHHOH curHannapga nHhopmaumanap Mmnk-
oopu 6unaH 6enrvnapHUHIN Nango 6ynnwn 3aXTUMOIUHU GOF-
nawHn Taknug Knngn. Arapga anugpb6eHunHr xamma 6enrnnapu-
HUHT nango 6ynuuw axTtumonm 6up xun 6ynca, y xonga 6ump
6enrv épgammga KyumpunagmuraH nHgopmauumsnap coHun /, = logA.
Mogomunkun, P= 1/M 6eArnnapHUHr namgo 6ynauwl axTmmonu
9KaH, y xonga M= 1/P. M HuHr 6y kmnimatm /, = —ogP Hun Ge-
pagv. LLyHaain Knnnb, onnHraH HUcCbaToémp 6eNrMHn Kyuunpys-
UM CUTrHanN CoHM BunaH Wy 6enrMHN Nango 6ynn axXxTUMMOINHN
6ofnaign. Amanuin curHannapga P(x), x.e X axtumonnap Typ-
nnMyagup, WYHUHT YY4YH X GENTMHU KYUYMpYBUM MHGOpMaLmns-
nap coHn. CuUrHan MaHGacUMHUHT 6Up 6enrucmra Moc KenyBumn
MHPOPMaUUAHUHT YpTada Mukgopun H(X) anudb6eHunHr 6op
XaOKMN 6yinya yptada xmcob onnuwl MmyomanacuHm Kynnaw nynu
6unaH onnHagw:

H(X) =-~P{x,)\0&P(x,). (2.1)
/=i

(2.1) ngoaa ANCKPeT cUrHannap MaH6acMHUHT aHTponNus
cndaTUHU aHUKNamgnm Ba MaHOa daonmaTuga HOaHUKNUK
YynuyoBu xmcobnaHagn. QHTPOMNMA KaH4YanmK KatTa 6ynca, ypta
xucobaa y €k 60oWKa curHan namao O6YNUWMHUHT HOaHWUK
Japaxkacu wyH4a KatTta 6ynagu. CurHan kabyn KUAMHraHm-
AaH CYHI HOaHMKAUK Mykonaawu. Alemak, nHhopmauma MUK-
AOPUHUN HOAHUKANKHU KaMarkTupysdn ynyos cudatnga Ky-
pUlW MYMKUH.

SHTPONUAHUHI acocuii xycycuaTnapum KyhuparmnappaH
noéopart [7]:

1. Arapga curHan gactacmpaH 6mpruHa curHan 1 ra TeHr
6ynraH a3axTumon 6unaH ys3atTunub, konraHnapum 0 ra TeHr
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axTumonra ara 6ynca y xonga, y Hoara TeHr 6ynagm Ba aHTPO-
nMsa MaHuin 6ynmangn.

2. QHTpoONna aganTus — 6y LWWYHW 6unaupagnkn, maHb6a-
nap SHTpoONUACU WUFUHAUCK “KaTTanawTUpUAraH” curHan
MaH6acMHU XoCUN Kunaau.

3. “K” Xxnnma-xuna curHannapHun y3 nuura ofaraH gacra yyyH
H(X) < logAT udogann HucbaTt ypHUHU arannavgn. Wy 6unax
6upra TeEHrNNK akat xamma curHannap y3apo TeHr 3XTUMON
Ba 6up-6upura 60fNUK 6YynMaraH xonga ysaTuaraHparvHa
6ownaHagn. K coHMHn anndgbe xaxkmn gernwagn.

BUpUHUYM Ba MKKMHYM xycycuaTnap (2.1) ndopagaH Ke-
M6 YnKagn. YUNHUYN XYCYCUSATHUHT XaKKOHUANAUTUHN NcHoT-
nanmms.

Arapga xabap 6up-6mpugaH cTtaTUCTUK MycTakun (XoTu-
pacn3 mMaHb6a) ysaTtwusica, y xosnja:

H (A")-logA' < - (loge)™ .P(x,)log KP (x,-). (2.2)

A

ByHAaH In X< X— 1 TeHrcM3nukHu abTmubopra onmb

H (X)-\og K < (loge)~/* (x/)[1 —1] = (loge)[1 -1] = 0. (2.3)
/= KP()

Tenrnuk KP(x.) x 16ynraHgarnHa ypuHnm 6ynagm sa y4ymH-
UM XYyCYyCUSATHMU ucboTnamgn.

K = 2 6ynraH xonga MKKkuaamum xotmpacus mMaHbaHu kypa-
Mu3. by xonga aHTponua Ax,) = P{xr) = 0.5 kuiimatnapga
y3 Makcumymura spuwiagm Balog2 = 16MT. ra TeHr.

MaH6a aHTponuACUHUHT P(X,) = 1 —P(x2 axTnmonra 60f-
nmMKnnrn 2.1-pacmpaa KeNnTUpuraH.

CurHanun oganin MapKoB 3aHXXMPU XOCUN KWUYBYM MaH-
6a yuyyH xap 6Mp XK CUTHan 3XTUMOJIMHW, arapga ONAWHIN
y3aTunaraH x(ax6opoT mabAym 6yfnca aHUKNaW MYMKWH. By
xonga maH6a sHTponuacu Kylhingarn mndoga 6unaH aHnkKna-
Haau:

H(X) =2 f jP(x,)P(xk\) log P (xkXi). (2.4)

JH
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ByHpa P{xklx.) — arapfa aB-
Ba/ifM Mab/yMoT X. 6ynca, XK Mab-
NYMOTHU y3aTULL LWAapTIN 3IXTU-
Monnu; P{x) - X HUW y3aTuwl MyT-
naK axTUMONN.
Arappa anngbe xaxxmMm Ba CUT-
HalHUHT MyTnakK axtmmonu 6wup
6ynraHnga 6o0ofnnkK ax6opoTtnap
MaHb6a 3aHTpOMNUACU XaMma BakT
MycTakun ax6opoTnap mMaHb6a 3H-
TponuAcuaaH KWYMK 6ynagu.
Annp6eHNHr MycTakmn xapgna-
PVHW Y3 nymura ofiraH Ba LWy xapo-
napgaH Ty3unraH cysnap maHb6a
SHTPOMUACUHN CONNWITUPKG, oKopuaarn GuUkKpra MLOHY
XOCU KUANLW MYMKUH.
MaH6a TOMOHMAaH MwnaTuamalkgurad \amga wy anud-
6efa SHTPOMUSAHUHT MYMKWUH Kajap Makcuman kuiimatmra K
anng6e \axxMu 6unaH K MaHb6a opTUKAUTK Aeb anTunagu:

A= (log/T -4 (A))/log K. (2.5)

Bup ékn 6olwkKa-6owKa MaHb6anapaa ax6opoTniap KeTma-
KeTNurngaru 60FNNKANK SHTPOMUAHUHT KaMaliuliunra Ba MaH-
6a OPTUKANTUHUHT Kynalinwunra onnb kenagn. Mwmucon yuyH
MaH6a K ax6opoT unwnab ymkapca, ax60pOTHUHTI M KeTMa-
KeTAnrnga MablyMOTHUHT MakKCUMYM KUMaTu, Kyhiungarura:

HK n° (2-8)
TeHr, 6y xamMMa curHannap TeHr 3aXTUMONAu Ba 6up-6bupura
60fNMK 6YNmaraH xonatra TyFpu Kenagwu. Arapjga curHannap-
HWUHT Naifo 6ynuw 3XTUMONM Xap XWa Ba CUTHaNNapHWUHT
y3apo Tabcupu MaBxyg 6ynca, MablymMOT MUKAOPU Kamasaw.
MaH6aHn 6axonawl mMakcaguja YHUHT YHYMAOPAUTU Ty-
WwyH4yacn Knputunagum. benrmnaHraH Tesnukpa Ba \ap 6up
6enrv yuyyH T BaKT capioBunm maH6a 6epaéTtraH MabaymMoOT-
HUHT YypTaya MUKLOPU MaHbGaHUHT yHymgopaurn H\ (X) Hu
aHnknanmgn (6wut/c):

A1(X)= H(X)/ T @.7)
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Bab3n MaHbanappa yHyMAOP/AUKHW T KaTTaluMKHU y3rap-
TMpuw Wynm 6unaH TapTmbra conuwl MyMKWH. ByHpaan maH-
b6ara paguo-Tenerpad TapMofu OpKanu ysaTuiira TaliépnaH-
raH mMatH mucon 6ynagu.

2.2. ANCKPeT KaHaIHUHI CUrHa YTKasu KobunmaTu

MabnymoT y3aTuwiga CUrHan KaHannapuHWHE Kobunusa-
TUHU ynyaw Makcagmpa KaHanaapHUHT YTKasuw Ko6unmnatm
TywyH4yacmgpaH onganaHnnagm. YyHoHuum, “C ” KaHaTUHWUHT
axbopoT yTKasuw Koomnuatu (6uT/c) BakT 6Gupamrn numnpa
KaHan 6yiiunya y3atnb 6ynaguraH Mab/yMOTHUHI MakKcuman
MUKAOPW 6UNaH aHUKNaHagu.

“A xaKMau anudbefaH BakT 6upnuru unumga n 6enru-
nap ysatunaétraH JUCKpeT KaHanHu kKypamus. Xap 6up 6en-
TMHU y3aTuwiga KaHan 6yiinua yprada, Kyhngarm Mukpopga
MabayMoT yTagu:

I(X, X*) = H{X) - H(XI1*) = H(X*) - H(X*\X) (2.8)

6yHAa XBa X* — KaHa/n KMpULIW Ba Ynkuwmngarn tacogudumnia
6enrvnap: H(X) — auCKpeT curHan maHbacu épfammja aHUK-
NnaHyBYWM Ba y3aTunaérraH 6enrm mabl1yMoOTUHM 6ax0N0BYMN IH-
Tponusa (byHaa maHb6a kKogepHu Y3 nyura onagn (l.1-pacmra
KapaHr)); H(X* \X) — waptam axtumon P{X* \X) épgamunpa
aHWKAAaHYBYW, LIAPTAN 3IHTPONUS:

H(X*\X) = <log ( /P X* IXj)) >. (2.9)

By eppa 6ypuak Kascrnap CTaTUCTMK ypTaya Kuiimar onuu
onepaumacnuHn 6ungmpagu.

XoTnpacms cMMMeTPUK KaHanHu kypamus, 6yHga \ap 6up
y3atunaraH kognm 6enruv P axTMMoONAuMkK 6mnaH xato Ba (1-p)
IXTUMONNNK 6MNaH TYFpn Kabyn KUAMHULLIN MYMKWH, aMMO
XaTo Kabyn KWAWHraH xonga kKabyn Kuavw TOMOHMAa y3a-
TunraH X. 6enrn ypHura 6enrn / Kaing KnnuHagu. Xotupacus
CMMMETPUK KaHan y4yyH 6enrmHu xato Kabyn KuUamw 3xTu-
MONN ONAWH KaHpalh 6enrnnap ysaTWUAraHAuUrn Ba ynap KaH-
Jari Kabyn KuanHraHnurura 60fnmK amac. 2.2-pacmpga MKKu-
namMyn CUMMeTPUK KaHan ydyH 6up xongaH WKKMHYmMcura
YyTULW 3XTUMOMN KYypcaTUu/raH.
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XoTupacus CMUMMETPUK KaHaTHUHT YTKasnw KoO6Unnatu-
HM xucobnaiimmns, 6yHaa 6up xongaH 6owkanapura yTuil
9XTUMONINHW Kylngarn HucbaTpa onamms:

(2.19

YTKasuw Ko6unuatu “C “ kyiugarn ymymuii ndoga 6u-
naH aHuKnaHagu:

C =maxI(X,X*)/T . (2.17)

ByHAa MakcMmMyMaawTUpuULL Kyn Ya4oBam TakcmmoT P(X)
6yinua 6akapunagun. (2.10) myHocabaTuHu 3bTubopra onraH
xonga waptan aHTponusa (2.9) kynungarn cdopmyna épgammaa
xmcobnaHagu:

(2.12)
= />log”-i + (I-p)log—L
p 1-p

(2.12) ngopga, 6epunraH xon ydyyH H(X*\X) akTtumon
TakcumMoTu X ra 60fFIMK aMacaUIMHN xampga akaTrmHa Ka-
Ha/THUHT YTKasuw 3xTUMONM épgamMmmia aHMKNaHULWNHU Kyp-
catagn. by xycycuaT agauTuvB LUOBKWUHAWM KaHanHWHT 6apuya
Mogennapura xocgup.
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(2.12) ndogaHn (2.11) ra Kynub, Kyihimgarm mngopgara ara
6ynamus:

C = maxn piogn!-(i P)lOg: (2.13)

P(x)

P(X) axTumonnap TakcumoTtugaH akatrmHa H(X*) udoga
60FNNK, WWYHUHT YYYH BYHU MakcumMmannawTupuil kepak. (2.3)
ngogara 6MHoaH #(V¥*)HUHI Makcuman kuimaTtu log K ra
TEHI Ba MYCTaKu/ xampja TEHT axTUmonnm 6enrnnap xonaruga
amanra owmpunagn. LWyHpanm Knnnb, xotmpacms CUMMeTPUK
KaHaHWHT yTKasnw Ko6mnuatu kynmgarn undoga épaammga
aHuKgaHagn:

C=n 102 px@>-ih+7~p)bgh~ p) (2.14)

Nkknnamum kaHan (K= 2) yuyyH yTKasnw Ko6unmaTtu ysu-
HWUHT MUHUMan Knimatm C= 0 ra P= 0,5 TeHr xonartura ara,
6y KaHanHUWHI y3nnuwura moc kenagn. P= 1Ba P= 0 yuyH
MKKNIaMUn KaHaNHUHT YTKasuw KobunmaTtu 6up xmn, 6y aca
P - 1pay3atunaétraH xamma 6enrmnapHuUHIN LWWOBKUHCU3 Ka-
Hanra HucbataH MHBepcUA 6UNaH TYLWWYHTUPUNAAW.

Kylhivngarnnap guckpeT KaHannapHWHr 6owka mogennapwu
xucobnaHagn: xoTmpacus xoTupagaH YumpysyM CUMMETPUK
KaHannap, SbHW KaHan yunkuwwmnga anudbe kywnmua (k+ 1)-
un Genrura ara, 6y 6enrm “?” Genrmcm 6mnaH 6GenrnnaHmMo,

6enrnnapHu éunuwiga Ho-
aHUKAWK WapTnga xotmpa-
fAaH yumpunagn. Xotmpacus
CMMMeETPUK b6ynmaraH Ka-
Han, 6yHaa xatonap axTu-
Monu ysatunaérraH 6enru-
napra 60fNuK.

XoTupanu Ba HoajAu-
TUB LLOBKWUHAW KaHan (6en-
.u1apapo nHTepepeHLn-
Ann KaHan), 6yHpaa xaTo
IXTUMONUN KYypunaértrax
6enrvra kagap ysatuiaraH
6enrvnapra 60fNNK.

38



q P(1/1)
2.4-paem

KaHanHWHT YTkasnw Koo6munmatm K.LUeHHOHHWHT acocuii
KoAnawTMpuw TeopemManapu épgamuja ouymnaguraH KaHan-
HWHT NOoTeHUWan TabpudnapnHn aHuknaingn. by Teopema guc-
KpeT xabapnap maHbacura KynnaHunraHga kKyihivgarmya ndo-
panaHagun. Arapga, xabap maH6acMHUHT yHymgopaurn H'(X)
KaHan yTkasuw kKobmnumatm C gaH KMUYmMK 6ynca:

H'(X)<C (2.15)

x0nja Kognaw ycynu (KaHan Kupuwmga xabapHu curHanra
TybaaH ysrapTvpuil) Ba KalTa kognaw (KaHan u4uMkuwumga
CUTHaNHWHT xabapra Ty64aH y3raptupuwl), 6yHaa xato KanTta
Kognaw axTumonm Ba MyctaxkaMmank H(X\ X*) >xyga KMUYmnk
6YNMwmn MmymkuH. Arapga H'(X)>C 6ynca, y xonga roKopu-
[a Kalf KWNWHraH ycynnap MaexXxyg 6ynmangn.

KaHpgan kopgnawl ycynu KynnaHMwwnpaH Katbu Hasap,
K.LLl eHHOH TeopeMacu Mab/lyMOTHU XaToOCU3 y3aTULL Te3Nu-
TMHWUHT Yerapa KuiimatnHu 6enrmnangn. Kabyn KuWnunHraH
curHan 6ynunya axb0opoTHM KaliTa TUKNaw y4yyH curHasn ax6o-
POT 3HTpOMNMACUTa TeHT 6YaraH Wy ax6opoT 6yiinya mMabay-
MoTra ara 6ynuwn kepak. LLUYyHWHT yYyH CUTHanHW TYFpn y3a-
TULW MabiyMOTHM y3aTull Te3nurn maHba yHyMAopaurugaH
Kam 6ynmacnmrn nosum (curHan ywnab KonmHagwuraH X,0f-
napga 6y wapT 6axkapuamacanurn MyMKuH).

MNpean anoka KaHannapuga mabiymMoT MaHb6am xap foum
KaHan 6unaH mocnawraH, SbHU YHUHT YHYMAOPAWUIN KaHan-
HUHT YTKasuw kobmnumatura TeHr. “K” 6enrmnm anudgbenaH
thoipanaHyBum Ba 6up xun T y3yHAukgarun n 6enrvpad Tawl-
KN TONraH curHan mwnaé ynkapysyum maH6a yHymMaopamru
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H'(X) = (log K)/T (2.16)
ra TeHr 6ynca, ngean KaHan yuyH
(log K)/T= C= 1/7;, (2.17)

6yHaa TO— 6MTTa MKKUIAMUU Mab/lyMOT GUPAUTUHU y3aTuLL
YUYH KeTajuraH BakT.

OnuHraH ngoga naean KaHanja conuwiTupma 6ycara cap-
thn BA HM 6enrnnangn:

Pm= A/3/C = A/aTO0= A/al/log K = B/log K, (2.18)

6yHaa O/ — OKOpU YacToTaAn CUTHaN CMeKTPU KeHraumrura
Moc 6ynraH Kabyn KUAyBUYM KYpPUJIMAHWHT 3KBUBAJIEHT yTKa-
3nw 6ycafacn: B — curHan 6asacu, /3y ra Teckapu 6ynraH
KaTTa/iuK, y Y3aTULIHWHT CONMLLITUPMA Te3UTMHN mndgoaa-
nangun (6ycafa 1T ra moc KenyBum 6MT/ceKyH cOHM). (2.18)
ngogpanaH, anmdbe acocMHU oWMpUL, /24/ HAHT nacanuwunra
03 Tabcup Kunagu. LLUYyHUHT yuyyH 6Ycara COHM 03 6ynraHuga
o4.<<1l)opaTtpa 6a3acum 5= 16ynaraH oaani curHannap vwina-
Tnnagu.

Baszacm B » 16ynraH mypakka6 curHannap conmwtupma
6ycafa capwu /2o/HNHT opTuwKnra onmb kenagu, ammo 6yHaa
Kabyn KWyBYM KypuaMa KUpUWunga CUrHan/woBKNUH MYHO-
cabatn kam 6ynraH wapouTga xam Kabyn Kunmw amanra
owmpunagn. Xakmkaraa, kabyn KUnyB4Yum Kypuama KUpuiun-
Ja CUTHan 3Hepruacu E HWM LWOBKWUHHWUHI 6Up TOMOHIama
cnekTpaa 3munurn Nora HucbaTtaH MyHocabaTUHU KypcaTyB-
UM IHEPTUSHUHT conumwiTupma cappun PE geraH TyllyHYaHU
knputammns. LyHpan Knnuo, Kyinmagarn ndogaHn é3nil Mym-
KVH:

/?’E= E/Ng= PTOAfJ(NOAf3) = PB/(PJog K), (2.19)
6y epga Pc Ba Pw — curHan Ba WOBKWH KyBBaTnapwu.
Mpaean kaHanpa kKepaknm curHan/loBKUH MyHocabaTUHU

(2.18) Ba (2.19) napHu abTMbopra oMb WyHAan udoganal
MYMKWH:

PE/P A= PE(log KO/B. (2.20)
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Jemak, curHan 6asacm B Moc paBuwija TaHnaHraHga
Kabyn KWNyBUM Kypuama KUpuwmnga Kepaknm cCurHan/wos-
KWH MyHOcabaTu KMYUK BYNMWIN MYMKUH. By Xynoca mypak-
Kab curHannapHu Kynnaw acocuga mMabymMOT/AapHU y3aTyBuun
AWNPUH PaSNOTEXHUK MaKMyanapuUHU ApaTul UMKOHUATU
60pNUTUHN Tacaukgangn.

2.3. Ysrapmac napameTpnu KaHannapga AuckpeT
CUTHa/IMapHN ONTUMas Kabyn KLl

2.3.1. CurHannapHu KorepeHT Kabyn KuauLl

Y3rapmac mapameTpnu KaHan wy 6unaH udoganaHagu-
KW, Kabyn KWAyBYM Kypuama KMpULMaa CUrHan Ba LIOBKWH
apanawn r(t) kyhAmpgarn KypuHuwiga 6ynagu:

r(t) = ks (t —71) + n(t), (2.21)

6yHaa k Ba x — ysrapmac kaTtanumk, n(t) — laycc agavutus
LIOBKMHW, YHUHT MOodenn cugaTtmga ypradya KWiAMaTu Ho/bra Ba
cnekTpan 3nunurn NOra TeHr 6YnraH oK LWOBKWUH Kabyn Kuam-
Hagu. K Ba T HUHI y3rapmac KaTTaamknapuga ynapHu 6yHpaH
6yéH moc pasmwiga 1Ba 0 ra TeHr fe6 Kabyn KA MYMKUH.
AnckpeT curHannapHn LWOBKUH (oHMAa Kabyn kKunuil
CTaTUCTUK EHJaLLIVLL acocufa Xan KunuHagm, abHn M acoc-
nn Kop 6munaH KoAnaHraH AWCKPET CUrHannapHwW ysatuuwipja,
(0,7) BakT opanufmnga amanuii St(t) curHan nwnatunagu. by
amanuii curHannap, X kog 6enrnnapwura moc Kenagm: i= 1,M.
(0,7) TakT opanufu gasomuga kKabyn KuayeBun Kypuama Ku-
puwwura r(t) Te6bpaHnwl kenmb Tywagn, 6y Te6paHULI LWIOB-
KWH Tabcupun Tydamnm S.(t) curHangaH dapk Kunaau.
Kabyn kunysun Kypuama M MMKOHUATAN Y3apo YPHUHU
aranfioBun rmnotesanapgaH 6MPUHN TaHNawWun NO3NM:

a4, — Kognin 6enrn ysatunraH, abHu s, (/) curHan;
H2 — X2 kognn 6enrn ysatunaraH, abHU s2(t) curHan;
Hu — Xmkoanwn 6enrn ysatuiaraH, SbHU (?) curHan.

By runoTesanap opacufa hakat 6uTTacu XakuUKuii, Kon-
raHnapu xatogup. Mikkmnamum curHannap (M = 2) yuyH MyMm-
KUH 6ynraH BapmaHTnap 2.1-xaaBanga KenTUPUTaH.
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2.1-xagBan

CwurHan 6yiinya TaHnaHraH runoresa
Y3aTunraH curHan

s, (0 s2(0
(0 HxrunoTtesa Tyfpu H2rmnnotesa xato
s2(0 A, rmnoTesa xaTo H2 runoTesa Tyfpu

FvnoTte.3aHM TaHNaw Kabyn kuauw cudatn 6yinmnya nul-
na6 ymkunagurad, onguHgad 6enrnnadHrad Masnym 6mp Komga-
ra acocnaHagu.

JacTaBBan MKKMAaMuu MakKmyanapHu kypamuns. Kabyn
KUNYBYM KypunamMma kmpuwinga TebpaHuw r(t) woskuHgaH n(t)
Tawkapu, ékn 5,(0, St) curHanHm y3 numra onraH 6ynagw.
CurHan maeXygnuruHu kypcatysum ~(SJ r) anoctepmop (Tax-
pnbagaH CYHITW) 3XTUMONNAPHW KupuTamms. AnocTepuop
axtumonnap r{t) apanaw (O, 7) opanufunga Taxaua KWUIUH-
raHugaH CYHr WakAaaHUWn MyMKUH. TnnoTesanapHu TaHnaw-
ha okunoHa kputepusa cugartuga p(SIr) sa (.SJr) napHu co-
NUWTUPULLIHN KYPULL MYMKWH: arapga r) axTumon p(S2\)
axTMmongaH katta 6ynca, y xonga Ht runoTtesaHn TaHnaw
no3Mm BaakcuHua. LUyHaanm KMnmo6,anocTepruop aXTUMONHUHT
MaKCMMyM KpUTepuiicMHU Kynnab, xynoca 4ymkapuw kKouga-
CUHWN Kyhngarnya €3mw MyMKUH:

(2-23)

AxTMMoONnap TeHr 6ynraH axBonga, Kalcum rmnotesaHu
Kabyn KUANLLIHW ONAMHAAH KenMwuné onuwl gapkop.

HOKopuaa Kag KMAnMHraH xynoca Ynkapuiwl kougacu “baii-
ec” kompgacu ékun baiec 6yiinya xynoca geb roputunagu. ban-
ec kompacu Kyhmparum 3XTUMONMHUHT MUHUMYM KUAMaTUHWU
TabMuUHNanan:

P(sNr) = 1- ). (2.24)

TeHrcnsnmk GaxapunraH axsonga (S, CUTHaNHU y3aTuLl
6ynya Kapop Kabyn kKunuu):

p(y ) > p(s2v). (2.25)
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(2.24) axTumon kKapop kKabyn kunuwpga xaToHW udoja-
namagun. Arap (2.25) wapTaa, TEHTCU3/IMK Teckapu uvwopacu
6unaH ONMHUG, S2 CUTHaNHU y3aTuwl 6yinya Kapop Kabyn
KUNnHraH 6ynca, y xonga 6yHgain kapop kabyn KUauw axTu-
MO Kylinpgarmya aHukKgaHagn:

p(5lr) = 1-p(s2\r). (2.26)

By axTumon xatonuru (2.25) TeHrCcU3IMKHU xucobra on-
raH xonga, 6upmHum xonatra HucbataH katta 6ynagn. LWyH-
fJar 9kaH, {1, runoTe3aHu TaHnawga, MMHUMaN XaTtonnkK axTu-
MO TabMUHNaHaau. by mabHofa baliec komgacu ontuman
xmcobnaHaau.

OonTuman kKabyn KWayBYM KYypPWUIMaHUHI TY3UAULWN Ba
CMaTUHM aHuKyiall YYyH anocTepmop axTumonnapura nao-
fa Tonuw Tanab knanHagwu. baecos hopmynacmura MyBouk:

12GB|r ) = Pis) co(r *)/o)(r), (2.27)

6yHAa — Kabyn kKmnysum Kypunma kmpuwimnpga s{ cur-
HanHnm 6enrvnaHraH Kunmatmpa Tacognuin >xapaéH
AXTUMONIMHUHT KYN Yn4oBaun 3munurn; co(r) —r{t) Te6paHunLl
TAaKCUMOTUHUHT KYN YN40BAW MyTnaK 3UYInNrn.

OXTUMOJTHUHT KYN YAYOBAM 3UUAUTUHU TONULW YyUyH r(t)
TebpaHnwHM  /H-YynyoBnn asaga y3 koopauHatanapu 6u-
NaH aHWUKN0BYN BEKTOP KYPUHULLIMLA TAcaBByp KUAMLI MYM-
KUH: r= (r{,r2, ... , rj, 6yHgar= r(t). t, /= 1, m, MOMEHT-
nap wyHganm taHnab onuHagnkum, 6yHpa rv r2, ... , rrracoaum-
duin KaTTanuknap 6up-6upura 60FANK 6YynMacuH. BYHWUHT
YUYYH OK LWOBKWH, yacToTa atpodmnga NOcnekTpan 3nYNnNK-
Ka ara 6ynraH, LKopu yactoTa 6yiinya Ft= m/2 T kninmaTum-
[Ja yerapasaHraH KBa3nm OK LIOBKMHW 6unaH anMmawTmpuna-
an, 6yHga m >> 1. At = 1/2FBBaKT opanufmga onivHraH r(t)
)KapaéH KecMMW KoppensuuanaHmaraH (CMrHan yerapanaH-
raH cnekTpra ara geraH wapTt 6axkapwunca). lapxakmkaTt Kea-
31 OK LUWOBKMHHWHT criekTpura (2.5.pacm) Kynngarn Koppens-
LWOH aman MoC Kenagau:

(2.28)



Gn(0 RN(X)

Nn

2.5-pacm 2.6-pacm

YHUHT KYpUHNWU 2.6-pacmpa KypcaTusiraH.

Mogomukun, n(t) >kapaéHm laycc TakcmmoTura 6GYWMCyH-
raHAnMrn xamga KoppensumanaHmMmaraH/vk WwapTura Kypa BakT
6ynnua 6up-6upugan At= 1/2Fs mapTta opkaja Ko/yBUYM >Ka-
paéHnap KeCUMWHWUHI 6up-6upura 60FNNK aMacnnrn Kenmnoé
ymKaau.

Ly cababnu onmMHraH xmcobnap y4yyH m — YJHOBAN 3XTU-
Monnap 3MYnnrn Kynmgarm mdoga épgamMmmpa aHMKnNaHagum:

co (ri,r2,...,rastht2...,tm\sl) = nco”ls”, (2.29)
i=1

6yHAa

rbl ~*i (</)
w 2na P 21 (2.30)

L oBknH KyBBaTu 02= NOAfra TeHrnMrnHm xucobra osn-
raH xonga xampja T—>°° fa yerapa Kuinmartnapra ytmb (ksasu-
OKAaH OK LUOBKWHra) KyhmparmHm onamus:

w —
d ) = T7TexP
() 10 o (2.31)
i= 12
(2.27) ra myBohuk (2.31) axTmonnap 3vUNUrU xampga ) Ba

p(s?2 xonaTnapHWUHI anpuop 3XTUMOJIIMKIApUra acociaHraH
X043 XaKUKNiira SKMH TeHr MUK MyHOCA6aTUHU KUPUTaMK3:
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By xonga kKapop Kabyn KUAWLIHWHT oNnTUMaa KOouAaacu

H
|

(2.33)

2
H

6y onTuman Kabyn KWIyBYM KypunaMaga XakKUKWUA TeHTIUK
MYyHOCabaTHU WaKNJaHTUpUW Ba yHU 6Yycafa 6upnurn 6unax
CONNWTUPULLIHN bunanpaaun. KypunaétraH xonatga:

n-2=71|nexp {~9 r(0-52(01]1n

(2.34)

(2.33) Ba (2.34) MyHocabaTnap cuUrHaanapHu axpaTuil
onTUMasn aNropuTMu (KOMAACU)HU aHUKAaRaN. XaKUKUIA TeHT-
NINK MYyHOCabaTUHUWHT xap KaHAalh MOHOTOH ama/uHu 6ycarfa
6unaH cCoNUWTUPULL MYMKUHUTUHU 3bTnbopra onraH xonga
lKOpugarn anroputMm cogganawitmpunagun. Arapga LyHpan
aman cugatuga norapupmMuk GyHKLMUA oNnHca, y xonga an-
puvuop 3axTumonnapu 6up xua 6YnraH MKKWU CUTHaNHU OMNTU-
Man hapK/a0BUYM anropuTtMm Kyhunparm xonga ésvnagu:

(2.35)

-+
6yHpa Ei=jV (t)dt, i=1,2-5, (/), curHan aHepruscwu.

(2.35) anropuTMra mMyBouK onTuman Kabyn Kuays4uum
KYPUAMaHUHT cxemacu 2.7.-pacMmpia kypcatunraH. CurHan re-
Hepatopnapu (CI) kabyn KuAuMHraH Ba TasHY cUrHannap-
HUHT KOTEPEHT/IUTUHN TabMUHNOBYM xamaa T opannkka Kap-
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, H,
r(t) cK b K

X —==>/

2.7-pacm

pann 6ynraH gakukanapga uHTerpatopiapHu KamTa TabMUWH-
NOBYUN CUHXpOHNaw kypunmacu (C+) 6unaH CUHXPOHMNaHa-
an. VHTerpaTop UMKULWINAA ZXBa Z2ZKOPPEeNnsaLuuoH uHTerpan
KuiiMaTnapura nponopunoHan 6ynraH KyynaHwuw Laknnia-
Hagn Ba T BaKTra Kappanwu 6ynraH gakmkanapga apkioBumn
Kypuamaga ynapHuUHI annpmacu cogmp 6ynagn. Xocun 6yn-
raH avivpma 6ycara Kypunmacumpga (b+), (2.35) mdopgacu-
HWHT YHT TOMOHWUra Moc pasuwpaga 6epunagnraH 6ycafa ga-
paxkacu 6unaH connwiTupuiagun.

Uumsmknm naccus cysrnynap (MyBoukNawTUpPyBYN Cy3-
rmynap MC) éppamujga z, Ba r2kartainknapHn LakanaHTu-
pvw amanra owmnpunagn Ba ynapHUHI MMMY/bC peakumsana-
pn qQ@t) N Ba s2curHannap 6unaH Kynupgarm myHocabatga
60fnaHraH

g0i(r)= CA (t0-t), (2.36)

6yHpa CO0 — uxTuépuin gonmuiicn, 0 — cys3srmyHu Gusuk
XKOPUW KUNWLW WapTyn opkKanu TaHnab ofnHaguraH Katrtanuk:
n> T

2.8-pacMpa MyBOUKNALLITUPYBYM CY3rMUan Kabyn Kuaysum
KYPUAMaHUHT cxemacu KentupunraH. Arapga 0= T 6ynca, CUH-
XPOHMaW KypuamMacu KUpuUAaarn CUrHan TabCUpU TamoMm
6YnmMwn gakmkacmga MyBoOUKAAWTUPYBUYM CY3rMY YUMKULL -
[a CUTHannapHW CONNWTUPULLHK TabMUHAANAN.

Arapfa (2.35) myHocabat yan ToMoHUAarn uHTerpannap-
HWU 6upnawiTupca, MKKN CUTHaNHW hapkKNoBun Kabyn Knnys-
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CC,
r(t) 4

cc2
CK

2.8-paem

Yn Kypusamanapum cxemacu coafanawTupuanin MyMKUH. by
X0Nnja KoppensaumoH kKabyn kKuayeBum Kypuama buprmHa Ta-
AHY curHanum 5,(0 —s2(t) dapkura TeHr 6YnraH KoOppensaTop
acocupa >Xopuii kKunuHagum (2.9-pacm).

Arapga MyBOUKIALLITUPYBYM CY3rMy acocuga 6ynca, YyHUHT
MMMYAbC peakumacn Kyhmparn gapk opkanm aHuknaHagu
(2.10-pacm):

2.9-pacm

2.10-pacm
47



g(t) = b,(/0- t) - SAtO-t) 1.

KenTnpunnraH HaTtuxkanap M curHannapHum gapkaaws \on-
napuv yuyyH ymymaawtupunagm, s.(t) curHanHum ysatuiiga kapop
Kabyn KUAuw anroputMun Kynungarn kypuHuwga 6ynagm:

3/=(/>, ()dt - 0.5E, > jfr(/yy(t)dt - 0.5Ej,
o o (2.37)

j= 1.

HOKopugarn anropuTMHU XOPWUIA KWUIYyBUYM KYMN KaHanm
Kabyn Kunaysum kypunma T BakT gakukacmpa KOpPpPesnsLMoH
MHTEerpana KNAMaTu SHT KaTra 6yaraH KaHa/lHW aHMK/I0BYN Kapop
Kabyn kmnysum kypunmacu (KKK HK 3 nuuvra onagw.

Bup xun aHeprusira ara 6ynraH MKKW CUTHAHU KOTePeHT
thapkaoBUM MUCONMAA oNTUMan Kabyn KMnyBYN KYPUIMaHUHT
Xxanakutra 6apAoLlwInrnHn Kypammna. 2.9-pacmaa KenTupuirat
Kabyn KUIyBYM KypUMaHU XXOPUIA KUAULIHWU xuco6ra onraH
xo0ngaa, Kynungarm MHTerpasHUHr KNiMaTuHu xmcobniall Kepak

r-}g(r)[’\(r)-*,(()]n. <2 38)

MHTerpanHuHr 6y kuimatu r(t) apanawmaja LW OBKWH
6opnuru cababnu Tacoauhuin xmcobnaHaau.

Tacogndunii z KAaTTANNKHUHT €O(Z) TaKCUMAAHULL KOHYHW-
HM aHUKNarmMmus. tit) apanawmaga s~t) curHan y3 TabCUPUHUN
yTKaszaanTu geraH waptga (2.38) udogaHu éiinb ézamus:

182{t)dt - J 5, (?)s2(/)dt + jn ()[s, (t)- sT(M]dt.  (2.39)

0 0
CUTHaNnNapHUHT ¥3apo KOPpensiLmMsanallHUHT HopManial-
raH aMasiMHU KUPUTaMU3:

-
Ps = Y i5i(t)s2(t)dt- (2.40)

By xonga (2.39) gaH KyhingarmHu 0nammus:
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-
Zt= E(\ -p,) + (0-*a(0]n-  (2.41)

o]

n(t) woBkMH laye TakcumoTura 6YincyHraHnuru cabab-
v, Tacoanduin Z kaTtannrn xam Wy Takcumortra ara. L os-
KWUHHUWHT ypTaya KMiiMaTtuHW HoAnra TeHrnaw 6wunad z,, Kat-
TaNNKHUHT ypTaya Knimatn <zt> (MatemaTukK Ky L) aHUNK-
naHagu:

<Z,>=£71-p,j+i<(f)>n(0> (2.42)

>[i, (t)-s2(t)]dt = E(I - ps).

Ovicnepcusa <Z,2>0aca ypTada keagpaTtu <z{2 sa ypraua
KUAMaT KBagpaTu <r,>2HUHT hapKNUHU xmcobnaw 6mnaH To-
nunagn. LLI0BKMH Ba CUTHATHUHT ¥3ap0 MYCTaKUIIUTUHU 3bTU-
6opra onraH xonga ypraya keagpart <zt2> kyinunpgarvura TeHr:

T T

o 0

> [, @) - 122)1de2+ E2(1 - ps)2.

OK LWOBKWHHUHT KOPPENSLNOH amann 8 — aMasn opKanu
aHUKNAHULINHN 3bTUGOPra 0laMuns;

<«(*) n(td> = 0.5 NO5 (T, - ©). (2.44)

8 — (yHKUMa mabvnym 6up y3nykcus 0(/) pyHKumna 6um-
naH énnnca, Kymugarura TeHr 6ynagu:

Vi
jvO{t)S (t~tl)dt =<po (ti)- (2.45)

(2.45) HM xucobra onmb, gucnepcusa yuyyH Kynugarm ndo-
JaHn onamus:

<Z2>0=NOE (1-p 9. (2.46)
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Apanawmaga sAt) curHan TabCMp KW/raH LWapouTaa,
loKopugarvra yxwaiw, KyinaarmHu Kypcatuil MyMKUH:

<z2> = ~E (1—py9); (2.47)
<Z2>0= NOE(l -p). (2.48)
lOkopunga onnHraH ndoganapra acocaH (z), i— 1,2, HUHT

TaKCMMMaHULW KOHYHU Kyinaarnya aHUKAaHagu:

ri,2+t£()-pn)
B priNced-Ps) TP aiveea-ph) (2.49)

TakCUMNaHULW KOHYyHnapu 2.1l-pacmpa KypcaTusraH.
CurHannapHuHr E aHeprmsacu TeHr 6ynraH xonatga 6ycara
fapaXkacu Z Y3MHWUHT HONMb KuimMatura moc kenagu. CurHan-
NapHW XaTo Kabyn KMAnw wapTam sXTUMONn Kynugarn ndo-
fa éppaammnga xmcobnaHagu:

p(s2/st)y= P(4 <0)= j oo(zi)dzt; (2.50)

p(s2/s,)= p(z2<0)=1]a)(z2)dz2 (2.51)
0

MuKgop xxuxatugaH 6y axrmumonnap 2.11-pacmga Wwtpuxnatlan
to3ara TeHr. (2.50) ypHura axtmmonnap 3vunuru (2.49) KnimaTuHm
Kynnb xampga y3srapysumHn Ir, - E (1- p0)]<J(NOE 1-p,)) =X
ra y3raptupm6, cyHrpa uHterpasnnacak Kyugarmra ara 6ynamms:

2.11-pacm
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X2

T ~t
dPM
w T L w r
UM
AM
P, =0
2.12-pacm
P($r/ si) = J e x2dx =
/ \ f \ (2.52)
o) <Z\> — 1 <Z[>
v n/<2?>0 , r<zi>oy
6yHAa
~oy
Pfy) = J e X /X2 _ 3aXTUMONNNK UHTedanmn (2.53)

p(st/s? axTMMoNun xam xyaau LyHra yxwaiw xucobnaHagw.
Apanawmaga Ba s2curHannap 6up xuna axTumon 6unaH Tab-
cup kKunrauuga, (2.52) xucobra onmb Ba xartonap LwapTau
9XTUMOMN TEHT X0MaTha XxaTo, KanTa TUKNaWHWUHT TYna axTu-
Monn P kyhupgarn ngoga 6munaH aHukKnaHagu:

A= 1-th(V0,5%(1-n)), (2.54)

6yHaa q = 2E/N0— koppenatop éknm MocnawTupyByn cy3rmy
ynKmwnga curHan/WwoBKUH MyHocabatu. (2.54) wudopa aHr
TUNUK \onartnap y4yyH KOrepeHT Kabyn kKunuwiga xanakutra
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6apAOWNNKHU CONNWITUPULLTA UMKOH 6epafun: akc curHan-
nap épgammpa curHanHm ysatuw (ps= —1,5, = —52); opToro-
Han curHannap épgaMmmpa curHanHm ysatmw (ps= 0); naccus
naysanm CUrHan ysaTui.

AKC curHannapra dasacm 180 rpagycra MaHuUnNynauma
KUnuHraH dasamaHunynaunsann (¢ M) curHannap mucon 6yna-
an. ToTeHuwvan aHepruacyn ongmnHaaH 6epunrad sa q KaTTanmk
6unaH 6axonaHyByYM TYNKUH y3aTyBUM NNMHUSAAA aKC CUTHanN-
nap 3HT KMYMK XaTo IXTUMONNHN PeTabMuHnangun. 2.12 -pacm-
fa Koppenauusa Koahd@uumneHTn xap xun 6ynraH amanuii cur-
Hannap KypcatuaraH, 2.13-pacmpja aca Xato/IMK 3XTUMOIMHUHT
CUTHaN/LWOBKNH MyHocabaTura 60FIUKNNTUA KENTUPUNTaH. by
pacMmnapga opToroHan curHannap 4acrora 6yrinya maHunyns-
umanaHrad (UM) curHannap cudartnga kypcatmaraH. TYAKUH
y3aTyBUM NUHUANapaa byHaai curHannap uwnatmnaraHga xyga-
AN akc curHan xonarugarn Kabu XaToNuK 3XTUMONMN ONuLl
YUYYH 3HEpPrus noTeHUMaIUHU WUKKWU MapTa owupuLl N03UM.
MaccmB TMHUWAN aMmNAnTyaa 6Yinya maHnynaunaga maby-
MOT 6e/ITMHUHT Mab/lyM 6Up x0naTuaa CUrHan Honra TeHr (2.12-
pacm), WYHUHT yuyyH © = 0. JIeKWH 6UP WMKKMIaMUn CUTHan
GUpAUrnra Moc Kenys4yun aHeprus Maskyp xosaT y4yH opToro-
Han UM curHannapra HucbataH MKKKW MapoTaba Kuyuk, 6y
3ca XaToUK 3XTUMONU Pe HUHT (2.13-pacm) opTuwura onmbé
Kenagw.

WyHn Tabkugnaw n03NMKKU, KypunaétraH kKabyn kuaui
aNrOPUTMUHUNHT XanakuTra 6apgownanrn MyTiako MyCcTakusi-
anp. ®akaTrnHa, Faycc WOBKWUHAW KaHan 6yiinya ysaTnnaéTr-

2.13-pacm
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raH 1 6UT curHanara TYfpu KenyBYM CUTHAN 3HEPTrUsicn xampia
vwnatunaéTraH CUrHaNHUHI Typyu axaMusiTra ara.

K. LLleHHOH TOMOHWAAH CUrHannapHu Faycc KaHanu 6yinn-
Ya y3aTuliga Mab/yM derapanap ypHaTuaraH: njean Maxmy-
anapga Pe= 0 HM TabMWHNAW YYyH CUTHaA/LLUOBKUH MYHO-
cabatm q = In 2 = 0.7 ra TeHr 6ynca etapnm xmcobnaHagm
(2.13-pacmra kapaHr). AMMO OyHAar MakKmyanapHUW >XOpuii
KUNn6 6ynmangn, YyHKM ynap ywnab Konuuw BaKTUHW 4YekK-
cu3 owmnpunb 60pPyBUN KoAall yCyanapuHW Tanab Kunagw.

2.3.2. CurHannapHu HOKOrepeHT Kabyn kKunuw

KynrnHa pean kaHannapfa curHan casacu acta y3rapu6
6opaau. Arapga y3aTyBUMHUHI TabCUpPU BaKruga asaHUHT
y3rapuwuHM axamMusiTra osiMaca, y X0n4a CUTHanHW Kabyn
KUAnW gaBsomupa 6y ysrapuiwl tacoanduin kKattanmk ged kabyn
KnnuHaau. by \onga curHannap ynapHuWHr gasanapu Kuiima-
TUHWN H6axonaman Typmb, HOKOTepeHT Kabyn KUInL YCy/NHM
Kynnaw 6unaH Kamta umwnawm MyMKUH.

CurHan Ba WOBKWH KYLWINIMacMHU Kyhungarnda ésamuns:

KO = ) + «(0, (2.55)
oyHaa

i(f, Pi) = A.(t) cos[colf + \|/jO + ft].  (2.56)

(Bi — 6ownaHfny Tacoanduin dasa, (0.2n1) BaKT opannfu-
03 YHUHT 3XTUMOINK 3n4nnrmn éup tekucga: co(p,) = 1/(2n).
CekunH y3rapysun A t) Ba 44,(0 amannapu curHan opmacu-
HU (MOAyNnAUUA KOHYHUWUHW) aHUKnalngu.

OonTuman apkK/oBYN aNrOPUTMHUN aHUKNAALL YUYYH 6Up X1n
SHEPTUANN TEHT 3XTUMOJNN CUTHaNNap xogmcacu 6unaH 4ye-
rapanaHamms. CurHannapHu ontmman dapkgall y4YyH Kore-
PeHT Kabyn KUauw xogmcacum Kabu myHocabaTHU mwnab uu-
KWL Ba YHU 6ycara 6mnaH Takkocnaw n103um. (3 HUHT Kanpg
KWAWHIaH KuimMmaTtuga waptnm Hucbatn A.(P) Hu \mcobnaw
MYMKWH. BYHUHT y4yH yHU (2.31) ra myBoduk, m(r] 5,)/to (r |0)
HucbaTn Kabwu aHmknaHagwu, 6yHga co(r]0) — apanawmaga
cuUrHan MykK BakTmngarm axXxTUMOJIINK 3UYUTTUTU.

(3 kKaTTanmk Tacogudmnii 6ynraHn cababnu xap 6up M Ky-
TUnaéTraH CUrHan yuyyH wapTnm myHocabatm A .(P) xam Ta-
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cognpuignp. Xakukartra sikuHaawuw koumpgacura 6GUHOaH
<1 .(P)> i= 1, M, maTeMaTuUK KYTULWHWHI 3HT KaTTa KWii-

MaTura myBouk 6ynagnuraH Kapop Kabyn kunuiw kepak. ByH-
Javi anropntm Kylhimgarmyda ésmnagu:

on
max,. < A. (/3) >= max, Joj(/3)\, (P)d/3 =
n e (2'57)
= maxil-jA I(p)dp.

< A ,(P)>Hun aHuknawpa (2.56) TYNKUHHW OPTOroHan Tatl-
KWUN 3TYBUUNAPUHUHT WUFUHAUCK KYpUHULIMAA KypcaTull
Kynaii. By xonga curHan 3sHeprusacuHu (3 6ownaHfnd asa
KaTTanurura HucbaTtaH MycTakUIIUTUHU xucobra onraH xonga
Kylingarmda €3mw MyMKUH:

A .(P) = exp[—E/NO0] exp{( 2/NOH"cosP + ri2sinp]} (2.58)

oyHpa

J = B2’
0

Yn(r) = 4(/)cos[m 0?+ (2-59)

Ytl (/) = A4 (/mcos [(o0t + yr, (/)] =

Z KOppensiuuoH WHTerpannap BaKrHWHI MabiyM (YHK-
umsnapu Y n(t) Ba Ya(t) épgamnga aHmkKnaHagu. AHrmM yara-
pyBUMNAPHU KUPUTaAMU3:

O =ntO+7%2;Q = arctg (1,,/ Zi2), (2.60)

y xonga (2.58) kywnugarn kKypuHuwpga é3mnagn:

ar

<A (7)) >= i I0 exP

cos(0, - /3) d(3exp (2.61)

— —

= exp -
— 7" fe)’
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on

ByHga /o(") =i Joexp[xcos(o-/3)]<//3

— HONMVUHYKN TapTnbnn beccenHMHT MoaudMKayusanallrax
yHKUUAcK. By dyHKLUMA mycbaT >KydpT Ba X = 0 ra TeHr 6yn-
raH kKonga 6upra nHTunaaun, |x \> 0 ga aca MOHOTOH Kynasaw.
(2.57) konga < A ,([3)> gaH 60wWNab MOHOTOH (byHKUUANap-
HW TaKkKocnawra onnb kKenagwu. byHpar yHKUMa cudatuga
norapnMuK YHKLUUSAHW OJicak, CUTHanlapHM HOKOrepeHT
hapknawl anropuTMUHU 0N1aMUn3:

max, [ In/0(2A/NO)~ E/NO]. (2.62)

(2.62) ra MyBohunk curHannapHm HOKOrepeHT dapkiawl
anropuTMm xap 6UpU MKKUTaJaH KOPPEensauusam KaHalHWu,
(2.60) dopmynacu épgammnga O, KWAMaATUHU, XNUCOBNATNYHMN,
In / (X) byHKUUACKU BMNaH aHUKLAHYBYUM HOUYU3NK Kypuama-
HU 6upnawTupraH M Ta KaHanHW Y3 nyura onagun. Xap o6up
KaHaNMHUHI YNKULIN Kapop Kabyn KUnyBuYM Kypunmara 6epu-
nagwn, 6yHga mMakcMMym 6Yyiinya KaHalHWUHT TapTubu Ba Wy-
HUHTAEeK, 3KTUMO/IN CUTHan TapTubm XxaM aHUuKnaHagu.

AHua cogfa Kabyn KUNyBYM Kypuama mocnaliraH cysruu-
nap acocupa >XOpuU KUNMHaawn, ynapfaH cYyHr amnaumrtyja
petekTop (4) ynaHaau (2.14-pacm). byHpanm pgeTtektopnap asa

cq i

r(v)
> CC2 KKKK

CCr Ar

2.14-pacm
55



(BHWHT y3rapuwunra axammaT 6epmanian Ba hakaT cysrmynap
ynmKapaéTraH KyuylaHULHWHI OFYBUUCUHU Gepaaun. daszaHUHT
Tacoanuuin ysrapnwmnmHM xmcobra onMacinK KorepeHT Kabyn
Kunuuwra HucbataH curHannapHu apknaw cudaTuHU na-
caiTupaau.

TeHT 3HEepPrusanM UKKUNaMmuyu CUrHannapH” ysaTuil MUco-
nmpaxato Kabyn KUanw 3XTUMONMHU aHUKAarmmns. Ly Mak-
cagna [ KaTTaNMKHUHT TaKCUMIaHUW KOHYHUHU xucobnaii-
Mun3. 5, curHanHu ysatuwga (2.59) Ba (2.60) HWM xuco6ra
onraH xonja Kywhuparmra ara 6ynamma:

O, = [(£, + Ecosp)2+ (£, + Esinm W2 (2.63)

Or = (S2, + Vi)'2 (2.64)
oyHaa

£ = jon(t¥u(t)dt’i’J =12-
Tacogundcui KaTTanuk Faycc KOHYHU 6Yyiinya TakCum-

NaHraH Ba yptayda KuimaTtu Honb 6Yynn6 ancnepcusacu NOE / 2
ra TeHr. s, Ba S2CUTHaNMapHWHI OPTOroOHaNAUIN cababnu ysa-
po Koppensauus KoaghuumneHTnapu Ba <£nN£i2> HoAra
TeHr. KOKopuaa kypcatunraHura xamga [, sa 2 myHoca6aT-
napra acocaH LWYHW akTUWl MYMKUHKW, A, Ba [2 KaTTanuk-
nap 6up-6upura 60fIMK 3amac, Wy 6unaH 6uUp kKatopgaa [2
KaTTanuk Pene TakcmmoTura 6yinicyHaau:

(02 = (202N O0E) exp(— A\/NOE), @ = 0, (2.65)

[, KaTTanuk aca PeneHMHT ymyMmnawiTUpuUaAraH Takcumo-
Tura 6yiicyHaan:

n>(4,) = A4iI/YVO0E)exp
exp(- (4] +E )/NO0e)/0(2A / NO0), (2 66)
4, > 0.

XaTONUKHWHT wapTnm axtumonm p(s2|s() kyvingarn 4,<42
TEHTCU3NNUKHUHT 6adKapunumi 3XTUMONmM 6mnaH aHMKNaHaau:
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I»(j1i1) = fo)(A1)</Alla)(A1)rfA2. (2.67)

o n,

(2.65) Ba (2.66) ra acocaH (2.67) umHTerpaniapHum xmcob-
naraHpaH cYyHr kynuparura ara 6ynamuns:

/>(j2]15,) = 0.5 exp( —q/4). (2.68)

WapTtnm axtumonnuk pCsls,) allHaH oKopugarn mnyn 6u-
naH aHUKnaHagu, WYHWHT YY4yH XaTo Kabyn Kuauvw 3XTUMO-
nn Pe Kylingarn mndgopa 6unaH aHUKAaHagu:

Pe= 05 exp (—q/4) . (2.69)

ByHpaali xaTonnk axTMMo-
NMHW opToroHas1 YM curHan-
N Maxkmyanapga Bakr 6yiu- 10 20 an
ya MaHuUnynauusra ara cur-
Hannap opkaaMm oauu
MYMKWH. 2.15-pacmga opToro-
Han curHannap ydyyH P Hwn
curHan/lWoBKUH g MyHocaba-
Tura 60FNIUKANUTN HOKOrepeHT
(2.15-5, pacm) Ba KOrepeHT
(2.15-a,pacm) Kabyn Kunmil-
nap yuyH kentupuarad. Hoko-
repeHT Kabyn KUAuL Maxmy-
anapuga aHeprua 6yiinua
TYXTaw CUrHan/lioBKUH My-
HocabaTura 60fNNK Ba I—
Ja Honra nHTUnNagw.

2.15-pacm

2.4. Ysrapmac ynuamnu kaHannapga WKKuiaHraH
CUTHa/TNapHU Kabyn KWINLLHWHE amMannii ycynnapm

2.4.1. AMnanTygacu mogynauunanaHraH MKKunaHraH
CUTHannapHn HoKorepeHT Kabyn Kunuil

2.3-MaB3yfaa KypuaraH kKabyn Kunuw Kypuamanapu y4dyH
amMnanTypga, YactoTa Ba CUTHaHUHT BaKT 6yiinya xonatm aHuUK
Mabnym 6ynuiimn nosnm. AMannii KaHannapjga tapkatuw Xycy-
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CUATUHUHT Y3rapuilm Ba XapakaT/laHyBUM OOBLEKT/IN MaXKMy-
anapfa ysaTyBuu xampa Kabyn KUAyBUU KYPUIMaHUHT Ky4u-
wun cababnn roKopuaa Kamg KMNMHraH yndamaap 4veTra ofagu.
TacHUdNap HOMYHOCUGAUTN HaTMKacuga Kabyn Kunmw cu-
haTtm 6Mp MyH4a éMoHMawaan. MacanaH, 6ycara 6unaH Tak-
KocnaHaétraH CC HUWHI Yynkuwungaru MakCMMyM KyuaHULL
Ky3aTn6 6opunaérraH BaKTHUHI aHUK 6Up OHUra Moc Kenagw.
Makcman COHUSAHWUHT OFULLN HaTuXKacmpaa caHanaétraH Kyd-
NaHuW nacasiu, HaTmXkaja XxaTo/IMK 3XTUMOJIMHUHT oLunLIunra
onnb6 kKenagn. HokorepeHT Kabyn KUnyBuYM Kypwusama OyHpaan
ofuwnapra Kampok ce3yB4YaH, YyHKM CC HWUHI dmkuwmnja
CUTHAN OFfyBYMUCU BaKT OGUPAUTN mumnga 3NTYBUU TYNKWUHTa
HucbaTaH aH4YarnMHa cekuH ysrapagn. CC nap caHall BaKTura
60fNNK 6YynraH 6up BakTAa KoppenatTopnap kKabyn KWAWHraH
Ba TasH4Y cUrHannap opacugaru BakT 6ylnya moc Kenmacnu-
M MYMKWH.

AmManga KBasumonTmuman Kabyn KWnyB4YU KypuamanapHu
Xopuii Kunnwpaa koppensatop Ba CC napHUHI XXobuii xycy-
cnatnapugaH onganaHmnagn. by Kabyn Kunysuu Kypuama-
napga (KKK) curHannapHm WOBKMHAAH To3analwHW KBa3wu-
onTuman dunbTp (cysrmy) 6b6axkapagw, caHaw 3ca tob6opwun-
raH ofmwaaH oganaHnb, Kypuama Kmpuwgarn TebpaHuULLIHN
opanuk oxmpugarn Taxaun BakTupaa 6akapagu.

KBasnonTtmuman cysrnynapga (pumnbTpnapga) ontmman
yTKasuw 6ycaracMHW TaHnaw Wynm 6umnaH 3Hr axwm Tosa-
naw TabMuHNaHaan. Ogatha opannkK YacToTaja XXopuii Knnm-
HaguraH oaanii MKKUIaM4uun CUrHannap ydyyH KsasmonTuman
cysrnunap (omnbTpnap) ontumannapra 1 46 gaH kyn 6ynma-
raH MmkKaopgaa yTkasumnagu.

CurHan amnnmTtypa y3rapuwunHm (OFYBUMHU) aKpaTmnb
onvw oaaunin petekTop 6unaH KN CUHXPOH geTekTop (ékun
pgemopgynatop) (CA) 6unaH amanra owupunagn. CJH HWHT
Mwnawm yyyH TasgHy TYAKUHUHW XOPUK KWL 103UM.

MaccuB TUHNWAKM aMNAMTyga 6yrnya maHunynayusgaH
CUrHannapHM Kadyn KUAnWwHmM Kypmb unkamms. Kadbyn Kunmi
KYPUNMACUHUHI Ty3suaumw cxemacu 2.16-pacmpa Kentmpwun-
raH. CurHan 4actoTacu apanawTupysdm Ba retepoauH ()
épaamunga Ty6aaH ysrapTumpunraHugaH cyHr, TYNKUH YUN3UNK-
NN KBasMonTuUMan Cy3rmy posanHu YHHOBYM OpanunkK vactoTa
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r(t) H

Uya Ou4K il BK KKKK
H
2
1
r — CK ?
2.16-paem

KydaTuprnumra kennb Tywaau. JeTekTop épaamMmmaa curHan
OFfYBUMUCU axKpaTunagn, cyHrpa WOBKMHHUWHI HOKOPW 4acTo-
Tanu Tawkua aTyBUYMNAPUHN MYKOTYBYN BUAEO KydalTmprmyga
curHan kyyahtumpunagn. CUHXpPOHNAW KypuaMmacu épgammaa
6OLLIKAPYBYN KApop Kabyn KUIMW KypunaMacuga Kkabyn KUnamH-
raH curHan 6ynnya xynoca ynkapunagu.

XaTo Kabyn KUanw 3aXTUMOMIUTMHK 6axonall yyyH Kydna-
HULWHWHT AeTeKTOp uYukuwmngarn TakCUMIaHULL KOHYHWUHU
aHuKnaw 3apyp. CurHan 6ynmaraH naintpa (naysa) KBasurap-
MOHUK Tacoanguii >xapaéH OFYBUUCUHUHI 3UYNNK 3XTUMONU
Pene TakcmmoTun 6unaH aHuknaHaan. Knpuwpgarm apanawimaga
CUrHan 6ynca Ky4naHUL OFYBUUCUHUHI TakcumaaHuwun Pene-
HWUHT yMyMAaliraH TakcmmoTura 6yricyHaau. 2.17-pacmpa ofyB-
UMHUHI 6enrnnaHraH Kuiimatnapu vew= UCWo Ba vur Unfa
AXTUMOJIIUK 3UUNUTU KUPpULLAArK apanaliMaja curHan 6ynaraH
Ba 6ynMaraH xoniapu ydyH KenTupuaraH: a2— LIOBKUH Kyudna-
HULWWHWNHI YpTaya KBagpaTa. Bycara kuiimatn b= U J a ora
HucbaTaH 6enrnnaHraH.

Kabyn kunuwgarn xaTonmk akaT GUpruHa xanakutam
(52= 0) kmpuwgarn apanawmaga s,(f) curHan Tabcupwu
6ynraH KyynaHuw KuimatmpgaH HOKOpU KenuwungaH méopar.

\V(V'LL)
I W(VCm)
Ip (s2s)) y<Ap(S,/S2\
/ y 1 \
1 hopt Vi Veuw
2.17-pacm

59



TakKKOCNaWHWHI KypcaTuUlinya, XaTO/UKAaPHUHT WapT-
nn [?2(52]") axTumonu 1s2) 6up-6upugaH dapk kKunagwu,
6y amnnntyga 6ylinya mMaHMNynsauusa cuUrHannapHuM HoOKoOre-
pPeHT Kabyn Kunuwga KaHanliapHUHI HOCUMMETPUK 3KaHU-
rMHn 6unagupagn. Honra Ba YeKCU3NMKKa MHTUNYBUYM 6GYcaFa-
HWHT 4Yerapa KuiMatiapu y4YyH CUTHanHW YyTKasub t6opuLl
xamga coxTa kKabyn kunuw Tydainm Pe axtumonnuk 0,5 6up
BaKTAa TUHULL X0NMaTUHWU Kabyn Kunuw Eékm 6upruHa xanan
KyynaHuwmn 6ycara Kumatra MHTuUnagn. AMmMo 6ycaraHUHT
KaHpgananp bagld onTuman KuiiMaTu MaBXyaku, 6yHpaa XaTo-
NUKHWUHT Tyna axTumonu Pe Y3MHWUHT MUHUManN Kuiimartura
ara. bd knimatnHmn co(yw) = o)(ycw) TeHrnama wapTu opkanu
oW MYMKUH (2.17-pacmra kapaHr). byHgaH w(y ) Ba m(ycLu)
TaKCUMOT KOHYHNapu mdgoganapuHm xucobra onraH xonga
6ycara oNnTUMaNIUTUHUHT bgi= Un / a kKyhiupgarn waptu
Kenné ymnkagu:

T (2<MP und¥ °.) = exP (“kuvp) (2-7°)

6yHAa gB«— Kabyn KunyBuYM KypuamMa Kupuwimngaru curHan
Ba LUOBKWH KyBBaT/lapUHWUHT HUcbaTtu: aH—s,(t) CUTHaANHUHT
aMnanTypacu.

2.18-pacmpga Unopt/ aQHUHT OaH GOFNUKANTN KENTU-
punaraH. qmp HUWHT ycuwm 6munaH HUcbuii 6ycara 0,5ra MHTU-
nagn. [letektopga WOBKWH CUTHaNHW 6Yfuwl xonatu 6ynma-
ca, PkH> 9, HMc6um 6Yycafa 0,5 ra TeHr. byHgah xonaTtpa

P = 0.5exp (~<ywp/ 4)(l + 1/ p/Tr™"Hp) (2.71)

linopt/ao
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Ontuman 6ycaraHn ypHaTuw yyyH a0 amnnmtygaHu 6u-
v 3apyp. WYHWHT yuyyH Kabyn KuayBUYM Kypuama amniu-
TygaHu 6Gaxonawu kKepak, 6yHU Kabyn KWUIMHaAETraH curHan
6yrinya Kabyn KUayBuYM KypuamaHu KydaTUpPULLIHW aBToOMa-
TukK cosnaw (KAC) Tusmmm TabMuHnangu.

AMNAUTyaa 6yiivya MaHUNyNAaUuUsa CUTHaANIHUHI HOKoOre-
PeHT Kabyn Kunuw 6unaH onTuUMan KOorepeHT Kabyn Kuauvli-
HUHT xananra 6Gapgow 6epyBUYAHNIUIMHU TaKKocnaw LUyHU
KypcaTaguku, Pe HUHT 6P XU KNAMATUHU TabMUHNALW YYYyH
HOKOTrepeHT Kabyn KWNyBUYUM KypuamMa kKupuwumpga curHan/
WOBKMH HUCBATUHU y MapTa KynanTupull Kepak, byHaa

Y = 1+ (4] <wvp) In [yjjigKip/ 2). (2.72)

By wyHun kypcataguku, Pe = 106 — 103 ga HOKOrepeHT
Kabyn Kuauw curHan aHeprusicuHm 15—30 cdous kynanTu-
puwHKN Tanab Kunagw.

2.4.2. YacToTacu mopynaumanaHraH curHannapHu
HOKOrepeHT Kabyn Kunuuw

Opanin UM curHannapHun kabyn KUNMWHW KYypub 4vunka-
Mun3. ByHpal xabapnapHu WyHAak KypuHuaaTacasByp KMauL
MYMKUH:

s.(0 = a0 cos(w./ +j.), t G (0, 7), i = 1,2, (2.73)

6yHpaa (Q Ba i — ZHuUKM xabap yacTtoTacu Ba asacu.

2.19-pacmpaa UM cUTHaNHUHT CNEKTPU KypcaTuaraH, byHga
[ /— 4acToTa 6yinab curHan CNeKTPUHUHI TapK anuWwmnHU
aHMKNOBYM 4vacToTa geBuauusacum; Ab— UM curHan cnektpu
arannaraH 4yacTtoTa 6ycafacu. [ /HUHT onTuMan KMimmMmaTtu Mmas-
XYAKWN, 6yHAa WOBKUHAAH CUTHaNHW dapkK KUAULW 3IXTUMO-
NN 9HT KaTTa KuiimaTtra apuwagu:

Algl= 0.75 T (2.74)

Of  ra Hucb6ataH Af HUHI Yycnub 60pULLN CUTHANNAPHUHT
apK KNAMLW WapTUHN axwunnaMmamgn, WyHUHTr 6unaH 6up
KaTopZa ywa Mmukaopaarn mabiyMoOTHU y3aTulija 6ycara cap-
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2.19-pacm

¢un opTtaaun. J1 /< O/otpa curHan crnekTopnapu y3apo KonnaHa-
avnap, 5 Ba s2 xamja cuUrHannapHu gapk KUamw Kamasaiu.

UM curHan crnekTpu arannaraH, pyxcaT aTU/AraH 3Hr Top
6ycara (nonoca) Kyhnmpgarnda aHuUKNaHagu:

Ala= A/+ \/T ~ 2/T. (2.75)

UM curHannapHm kKabyn KUAnwHU 6up Heda ycyn 6unaH
amanra owupuwl MYMKWH. BUPUHYM ycyn CUTHANHWUHTI 4YWn-
3MKNM cy3rnygaH pgactnabkm cysrudra (punbTpayus, Tosa-
nawra), CUTHaTHUHI aMNAnTygann ONyKTaymacuHu nykKo-
TUW MaKcaguaa TebpaHULLIHM Yerapanalira Ba Kabyn KWIWH-
raH curHan 6yhinya Ky4dnaHuw vwnab 4ynkapysdum yacTtoTanu
OVCKpUMMUHaTOp/Aa CUTHaMHW KakTa mwiawra acocsiaHraH.
MNKKMHYM ycyn UKKUTa 6ycaraBuii cy3rmygaH, ofyBuYun AeTek-
Topnap (AQL), TacBmpwui Ky4danTuprmuynap Ba (apKaIoBYU
KypunmagaH dorganaHunwra acocnaHraH (2.20-pacm). byHpaaii
Kabyn KNNyBUN Kypunama aipyum TapMOK napameTp/iapUuHUHT
y3rapunwmnra 60fFNnK amac Ba xananra 6apgow 6epyBYaH/INK-
HU IOKOPpW Japakafia TabMUHNaKAN.

CuUrHannapHuWHr 3aHeprusinapu Ba 6ycafaBuU CY3rMUHUHT
(MC) 6Yycafacnga 6up xmn 6ynraH wapouTtaa Kabyn Kunys-
un Kypunama xananra 6apgow 6epyByaHIUrnHn 6axonamau. by
xonataa 5, Ba S2 napHuU Kabyn Kunuwga cxema CUMMMeTPUK-
AVIp, WYHWUHT YUYyH p(stls2) Ba p(52]5,) xaToNMKNapHUHT WwapT-
NN 3XTUMON Y3apOo TEHT.
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2.20-paem

5, cUrHan ysaTunraH 6YNncuH, y xo0npa, curHan 6ynmaraH
MKKUHYM KaHanga gakaT LWOBKWH TabCcUp Kunagn Ba GUPUH-
un KaHanpga, s, CMrHaam TamoMm 6ynuu gakukacmga UmuloB-
KWH OfyBUMCKM UcLicUTHaN Ba LUOBKWH OFYBUUCUHUWHT KUiiMa-
TUaaH YCTYyH KenraHnurm Tydanm xaTonmk cogup 6ynagwn.
(2.68) ncogacnHn KenTUpPM6 YMkKapraHgarngek 6y xonga xam

*(p,) = 05 exp (- 0/4), (2.76)

6yHpga q = a2/ VO4/p— curHan/woBKMH MyHOcabaTwm, —
6ycafa Cy3rM4HUHT yTKasuw 6ycafacu.

TeHr aXxTUMONNNUK CUTHaNNapga xato Kabyn Kuauw axTu-
mMonun (2.76) wndogacn 6unaH aHUKNaHagwn.

OnTuUMan KOrepeHT Ba HOKOrepeHT Kabyn KNUayB4Yn Kypun-
MaHWHI Xananra 6appow 6epyBYaHAUIMHU TaKKocnanmmus.
OpToroHan curHannap xonatmga onTuMman Kabyn KuUnyB4u
KypuamMa Kyhungarm xaTonmK 3XTUMONMHWU TabMWUHMankaun
((2.54) ra kapaHr):

Pe=i-d (41/2). (2.77)

CurHan/woBKMH MyHocabaTn kaTTa HucbaTga 6ynraHuga
6y noopga Kyringarm KypuHulira Kentumpunagm:

Pe=(1/\")exp (-<?/4). (2.78)

(2.78) Ba (2.76) paH KOrepeHT Ba HOKOrFepeHT Kabyn
KNNuLaa XaToanK 3XTUMOMNapu TeHrnurngaH Kenué yuka-
OVNKN, HOKOTEPEeHT Kabyn KUNyBUYU KYpPUIMa KOrepeHT Kypun-
Mara aHepreTuka 6yirinya y mapoTtaba >oih 6epaamn, 6yHaa
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/ =1+41In(1.26JqJ1)/q. (2.79)

UM curHannapHum HOKOrepeHT Kabyn KunyBuYu Kypunma
Pe= 10'6— 10'3XaTO/IMK 3XTUMONN YUYH KOrepeHT Kypuamara
HucbaTaH curHan aHeprusacnHm 15—30 domns ékn 0,5—1 b
ra owmnpuwHn Tanab Knnagu.

2.4.3. dasza maHunynayuanaHraH curHannapHmu
Kabyn Kunuwl

daza 6yrinvya maHunynauusanaHraH curHannap kabéyn
KUNUW aHUKNUIM 6epunraHpa 6owkKa curHannapra HucbartaH
OVCKpeT CUTHaNnapHW ysaTuwga aHr Top 6ycafa Ba aHeprus
capun Tanab KunnHagwu. YsatunaértraH curHan 6yrnnya mab-
NYMOT CUTHaNHUWHT hasa Tapknbuaa >konawraH Ba Kynuaa-
M KYypuHuwaa é3nnagu:

s, (/) = Ysin (to/+ &), /e(0,77), /=12  (2.80)

dazaHn 180 rpagycra MaHUNynALUA KUAUHraHaa |, — 2|
= 1 ra ara 6ynamms. AHUKNNUK yuyH o, = 0, ¢2 = N kKabyn
KUANW MYMKWH, WyHAah Kunnbé curHan dgasacum MabnymoT
6enrnnapn KeTmMa-KeTnurm 6mnaH 6upra 60fnaHraH. YnapHu
axpaTmnb onuw pasa getektopu (P L) éppgamumnpga curHannap-
HU (hasza 6yinya axxpaTtnub onmuwira acocnaHraH.

dasa feTeKTopu TasgHY CUTHANMN Ba KMpuwgarn TeébpaHumLl-
HU KaTa Kynantupuw onepaymacuHun bakapagm xampga nact
yacTtoTanap cysrmum épgammpa HKOPWU 4YacToTanm TallKun
3TyBUYMNAPHU 60CcTUpagn (2.21-paem). TasgsHY CUTHAIMHW WaK/-
naHTupysum kKypunama (TCLUK) wmwnabé 4ymkapyB4ym Kydna-
HUW KyWungarnra TeHr:

sty = agnsinFog/ + Ay
TassHY Ba KMpULWIJArn CUrHaafapHu KahTa KynantupuL
xamaa ® [l cysrmuga cysmil HaTuxKacuga Kymmgaru KyunaHuiu
akpanagu:

MbL, = K COS IK “ “on)t+ (di_ ooH)Il.

o) Ba LUl vacToTanap TEHIUIKM Kabyn KUAMHaéTraH CUr-
Han dasacura 6ofamkanp. KO KoathpumumeHTa KaTTanurura
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UkHp | Il npa
nyc

STaaHy oYl

2.21-paem

curHan amnnuTtygacu Ba (pasa pgetektopu (D) ysatuw
KOs hUUMeHT TabCup Kunagun. kn= 1 aeb6 kabyn kKuncak,

(2.81)

ra ara 6ynamms.

d = don= 0 waptmh @M curHannapHm CUHXPOH (Kore-
pPeHT) AeTeKTophawHW TabMuUHAanan. Arappga, KaHpanamp
cababra kypa 6ownaHfuy asa kKuiimatm kKabyn KunmHca, y
xonja Teckapu uwnaw xopmcacu BY>XKyAra Kenagu, sibHU s,
9NTYBUMNAPHM S2 ra akCMHYa yTuwm cogup 6ynagn.

®d 1 TaAHY CUTHANVHW WakKnnaHTupuwaa Typau ycynnap-
AaH doiganaHnnagn: xap 6up anoka ceaHcu 6owunga Kydna-
HULWKW y3aTyBUYM Kypu/imMa reHepaTopu KyudnaHUWMK dpaszacu
6unaH MOCNaHTUPUG ONMHYBUU Maxaniuii OKOPU TYPFYH-
NKKa 3ra 6ynraH reHepaToOpHU Kabyn KWUayBYM Kypunmajga
Kynnaw kabyn kunuHrad r{t) apanawmagaH TasH4Y cUrHanu-
HU axpaTub onnwaup. BMpmMHUM ycyn reHepaToOp/iapHUHT
IOKOPU TYPFYHNUTU Tanabu 6unaH 60fnnkK, kamcmkm 2*10 3
faH 20c. raya 6ynraH anoka ceaHCU faBpUHU TabMUHNAL YUYYH
HUcbunii kmnmatm df/f~ 10'6- HO '°raeTmwinm Kepak.

XaTTo WyHAam KUckKa anoka ceaHCW fgasBpuja curHannap-
HWUHT anoka KaHanun 6yhinua Tapkanmwunga dasa tacoanduii
yeTra YMKULLIM MYMKWH, LWWYHUHT YUYyH KypcaTuaraH ycyn 3a-
MOHaBUii pagnonuHuanapga Kam KynnaHunagu. Kaébyn kunum-
HaéTraH curHan éppgamuga ® /[ TasgHY Ky4YNaHULLIWHUW LIaKn-
NaHTUPYBYN UKKUHYN YCYN KEHT TapkanraH. bab3nga Tawys-
UMHU KaliTa TMKNoBYM cxemMacu Aeb oputunagurad TKTC HUHT
TypAu cxemanapu mabnym. 2.22-pacmpga 1933 nnga pyc onm-
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2.22-paem

Mn A. A. MNunctonbkopc Taknug KunraH ¢asa tenerpacpusacm
cxemMacu KentmpuaraH. TalwlyBYMHU KaiTa TUknaw ydyyH ®M
CUTrHan opanuk 4dactoTa Kydantumpruum (04 K) yuknwmngaH
MKKUNaHTUpyBun (kBagpatop — KB)ra 6epunaamn, 6yHga cur-
Ha/HW KBagpaT fapaykara KyTapull onepaumnsicn 6axapunagu.
dM curHanHum s(t) = a0X(t) cos(a>|r + ¢0) KYypuHuUwKnga Ta-
caBBYp Kuncak, 6yHAa anTyBuunapra moc pasuwga = 1 kuii-
MaT onmMHagwn, y xonga

s2(t) = a2cos2col?+ ¢0) = 0.5 a2{l + cos[2(oy + dO]}.

MKKnnaHTupunraH antyeymga tebpaHuwnap Top 6ycara-
nn cysyBun (TBC) éppamunpga axkpatumnagu. Hactota uMKkura
6YynuHraHngaH cyHr Ba xocun 6ynaétraH dpasa 6yrinya cypu-
AMwHK dasa ysraptTuprmyga KoMmneHcaumsa KUAMHraHupgaH
CYHr @[] ra co, yacToTalIuK TUKIaHraH TebpaHuw 6epunagwn.
TKTC pga xanakMTHu cycantupuw A/p/ Ol = OB «T< 0.1 wap-
TV GakapuiaraHga camapanu 6ynagmn, oy epga A/oTM C 6Yca-
facn. by wapTt curHan yactortacura HucbataH OKopu Bapka-
pop 6ynraHparnHa 6axkapunagn. Yactorta 6yimnya Jonnep cun-
XXULWMHNHT TabCUpU ce3unnapnun 6ynraH xapakaTiaHyBuM
o6bekTNnapu 6mnaH anoka PTC ga naccuB TM C ypHUra yacto-
Tann (UAM) ékmn (®PAM) 4yacToTaHM aBTOMaTUK MoOcnaLll-
TUPIrUY NPUHLUNN acocnja KypuaraH akTue KysaTyBuu Ub-
Tpnap kynnaHwunagn. TYNKMHAAHYBYM OMUANap TabCUpPU Ha-
Tuxacuga NMucToNnbKoOpe cxemMacupa kKarTa muwnaw xoamcacu
Ky3aTUIULWNM MYMKUH.
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r(t) HHK
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KB. ;2 TKTC

nr

D Oi- nyc 1]— jwov

2.23-pacm

Pyc onnmun B.N.CndopoB TaBCcuUSA KuUAraH cxemaga u4ac-
TOoTa 6ynyBuncu mnykotunagn, ® L, HUHT MWK 3ca KYLLMMYa,
UKKNNOBYN (N) HN KNpUTUW Xmcobumura MKKUIaHraH Tawys-
ynga amanra owmpunagn. Cnhopos cxemacu, TasHY Kydna-
HULWMWHWHTI (pasa 6yrnya cakpab yTuwnapu Kampok Kynna-
HunraH. (2.23-pacm). AMNanTyga 6yiinya mogynnawitupuaraH
TebpaHULWNapHU KOrepeHT geTekTopnaw ydyyH 1956 nunga
amepunkanuk onum [.KocTtac Taknug kuaraH cxema Hucba-
TaH coaga xmcobnaHaau (2.24-pacm). by cxemara yerapanos-
YN KyYauTUPruy KUPUTUATaH Ba YHUHT YMKULWINAA WaKnnaH-

2.24-pacm
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raH antysumnap P, HUHI YMKULI KydnaHuwura KynamTtu-
punagu. 2.25-pacMmpga MoaNMUKaLUA KUNNHIaH cXxeMa KenTu-
punraH, kyyanTmprudy @AM cXeMaHUHT KUPUTULIUTA ynaH-
raH, OyHMHr xucoobura ® /i, ra kenaétraH ¢asa 6yrinvya maHu-
nynaymanaHraH CUrHaaHW ONWMLW amanra owwupwunagwu.
2.26-pacmpga BaKT 6yinua gnarpammanap [.Kocrtac cxemacu
TalWyBYMHUN TUKNaLW >XapaéHUHU usloxpangn. By cxema xam
KaTa nwnaw xogmcacuHu nykota onmangu. WyHmn antuw
nosmmku, d O paH cdoinganaHné ®M curHannapHu kabyn
KMnnuwga Kamta nwnawHn npuHumnnmnan nykotné 6ynmanan.
ByHn ®M curHan cnekTpujga TawyB4M vacToTacmpia Tallkun
3TYBUUCU WNYKNUTU BUNaH TYWYHTUPUAAAWN, LUYHUHT Y4YyH
CXeMaHWHTI vWnawy KMpULW Ba TasitHY curHannap ¢gasmpos-
KaCMHWHI 60oWnaHfny WwapTnapm 6unaH aHUKNaHagu. XatTo
Oy cMrHannapHUHr 6ownaHfFny gasacm TyFpuM TaHNaHraHga xam
Tacoanduii TYNKMHNaHMWwNap gpasa cakpawiura sa HaTuXkaja,
KaiiTa nwnawra onmb Kenuwm MyMKUH.

KaliTa vwnawpgaH Tawkapu, ®M curHannapHum pean
Kabyn KNANWHUWHTE XanaKkuT KapLlwuanrura xanakmtnap tydamn-
NN 103ara KenyBuyM TasgHY Ky4dnaHULWIM KaHanuparm XaTosInK-
nap Tabcup Kmnagu. Kupuwpgarm sa TasaH4Y curHanniap ypracu-
parn dasa 6yrunya Tacoguunin Moc KenmaciamkK curHan/1os-

2.25-pacm
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2.26-pacm

KWH 3KBMBAaNEeHT HUCOGATHUHI KamMaiuwimra onmé Kenagun sa
XaTo Kabyn KUAuW axTumMonn P HuM owmnpaan. ONanH Kypca-
TUATaHNeK, 4YacToTanap Moc KenraHuga o[ dukuwmgaru
KyUnaHUWHU Kyhingarn KypuHuwaa é3nw MyMKUH:

nda= cos ¢ cos (&), (2.82)

6yHAa anTyBuura Kkapab 0 éku n KMiimaTUHU Kabyn Kunagw.
<G\ HUHT Tacoanuii TabmaTm HaTMXKacuaa XaToOMMKHU WapTan
axTumonun Pe(g ) xam Tacoanduin KaTTanmk xmcobnaHagu:

P'{8,)=1-0[ficos(8,)]. (2.83)

P' XaTONMMK 3XTUMOMMHU TOMULW Y4YyH ¢asa XaTOoNUTMHU
TakcumnaHuw 3munurm (0(5") HM xmucobra onraH xonga taco-
oAUV KaTTaIMKHUHT ypTa KUAMaTUHW TOMWLL JTIO3UM:

Pe HUHT HUcGaTaH KNYNK 3XTUMONNapuaa TaxXxMUHUKA ndo-
napaH doriganaHca 6ynagu:

Pe = 1-d (V " <cos(<S¥)>), (2.84)
6yHAaa
<cos(5v)>= J w(5,)cos($,)</(«,). (2.85)

69



TawyBUMHN KaiTa TUKNAW cXemanapuga, oaaTaa, xanasn-
Aa XXyaa axwuy (hunbTpraw) cysruunaw amanra owupuna-
OV, WYHWHT y4yH 10(6") TaKCUMOTUHU OKOpU gapaxaaa a-
ycc 6yiinua anpokcMMaunus KUamw MYyMKWUH:

a>{8,,) = 1/(~2qaar)exp -(s]j / (2ag) , (2.86)

6yHAa a2- dasanap xXaTtonuru gucrnepcusicn, 6yHW Taxmu-
HaH Kylungarn opmyna 6mnaH xmcobnawl MyMKWH:

o\ =\/ s, (2.87)

gB — TasiHU CUTHa/IMHU LWAaKANaHTUPYBYMN Kypuama YnKu-
wunga curHan/lloBKMH MyHocabaTtu. laycc TakcumoTu (2.86)
yuyH (2.85) ga uMHTerpannaw kKyhiungaru Hucbatra onmb Kenagu:

< co5(5qd) > = exp (-a 2/ 2). (2.88)

ByHaaH (2.84) ra acocnaHn6 PeydyyH AsKyHUIA ndoga xocun
KNnamms:

Pe=1-p (V"exp(-(72/2)). (2.89)

CurHan/lWoBKNH 3KBMBaNeHT MyHocabaTun (3 HU Kylinaa-
rmya aHuUKgaw MYMKUH:

g3 = g exp(~a?2. (2.90)

Anb6aTTa. xaTo gucnepcusacu od2 HUHI opTuUwKn 6munaH g3
Kamasaun Ba PeaxTumonum ycmb 6opagn. Ancnepcus ag2HM aHUK-
NIOBUM CUTHaN/LWOBKUH MyHocabaTu qBKuiiMmaTtuHm Muctonb-
KOpC cXeMacu Yy4dyH Kyhmparu HucbaTt acocmpa xmcobnall
MYMKUH:

F%MPA/S
L2<TDI D * (2.91)
6yHAa q — opanuK yacToTa KyudaliTupruum [/a 6ycaracupa

curHan/woBKMH mMyHocabatn; A/g— TMC 6Yycafacu.

(2.91) HucbaT woBKUHAa 6epunraH {qmp < 1) TawyB4yun-
HN @M curHangaH axxpatné onvw UMKOHUATUHW KypcaTagu.
Ll yHra yxwaw Huc6aTnap TasgsHY CUTHAIMHUW WaKANaHTUpPYyB-
UM KYPUIMaHUHT 6oWwKa Typnapu yu4yH xaM MaBXXyAaup.
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2.4.4. Hucbuin dasa 6ylivya maHunynaymsnaHraH
curHannap épfamuja MabayMoTNapHU y3aTyBUYuM Tusmmnap

KaliTa mwnaw xoaucacura Kapwu Kypawuw Makcagmpia
Xap Xun ycynnap Taknmd KMnmnHraH. YnapgaH 6ab3nnapm ysa-
TnnaéTraH curHanra maxcyc NMUAOT/CUTHaANMHU KUpUTULITa
acocnaHraH Ba YHUWHI épgamupa Kabyn KunyBudM TOMOHMAA
TasiHY CUTHa/IMHU LWaKNNaHTUPYBUYN KypuamMa reHepartopra-
PUHWHI CUMHXPOH mMwnawmn TabMuHnaHagn. AMMo 6yHaa nu-
noT/curHanra Kywmmda aHeprus capcnaw tanab kunmHagw,
Oy aca TYNKWH y3aTuw nWynugarn capHu KamantTupagu.

®M HUHT HUcbaTaH TYNukK Kynamnuknapun 1954 nnnpa pyc
onumu H. T. MeTpoBMUY TOMOHUAAH TaBCUSI KUMHIaH HUCOWUIA
asann Tenedadpuna (HDT) ycynnapu kynnaHuaraHga amanra
owupunnagn. bab3nga HUCO6MIN daszanm maHunynauma — (HP M)
0eb puTUNYBUYM YHUHT Oy ycynu KaiTa nwnaw sdpgekTmaaH
XONUAup. YCYNHWUHT MabHOCU Kylimparnda: dasza xmcobnaiu
abCconT TUIUMN YpHUTA:

x= 1-»5,(0, ®,= 0;
X= -1 ->s2t), d2= n.

Hwuncbnii daszann maHmnynauma — H®M ycynuga HUcbui
(cypunyBun) hasa xmcobnaw TUIMMU KUpuTuUnagu. Xap 6up
HaBb6aTgarnm anTyBUM pasacUHUHT xncob 6owun cucpatnga on-
AVIHT 3NTyBUYM (hasa onvHagwu.

ByHAa WMKKU KYWHW 30TyBUYU hasanapn dapkm UKKUTaA
KniimMmaT Kabyn kunagwu:

0, arap o = qm
1, arap cp= 4™ + n.

onTyBuunap asacMHUHI HUCOUIK Xxucobnaw Tunmmaa
CUTrHan anTyBUUCUHU TaHNaw MOAYNATOP Kupuwimnra kKenaér-
raH MabnyMoOT BGENTUHUHT KuimMaTura (x,= 1ékun x2= -1) 6or-
NMK 6ynunw 6unaH 6up Katopga ONAWMHIU 3NTYBYM KaHpAal
oynraHnunrura (s, ékm s2) xam 6ofnunkK. x{= 1 6enrura gasanap
apkn A = 0 ra TeHr 6ynraH curHan asnTysB4ducu, x2= —1
6enruvra ¢asanap dapkn Od = n ra TeHr 6ynraH curHan an-
TYBUMCM MOC KeNraH wapTuia UKKuaamyum curHannapHum ysa-
TUWwaa TawyBYUM TYNKUH asacMHM MaHUNYNAaLUsa KUauvLld

7



Kounpacun Kynmungarmda 6ynagun: xt= 1 6enrmHmn ysatuvwpga an-
TyBUM (pasacu y3rapmacfaH, ONAUHTN 31TyBUYM (pasara TeHr-
nmrnya Konagw, x2= —1 6enArvHK ysatumwga anTyBumn pasacu
ONAMHIM 3NTyBUYM (pasara HucbaTaH 180° rpagycra ysrapagw.
WapTnn cypatga 6y kompa wyHpam ésmnagn:

|X‘:1_*q:(|
Xj |x2=-1 (B = GHi+n. (2-92)

MabnyMmKku, HasbaTgarn anTtyBuu pasaHUHT 6GoLNaHFUY
XUCOBMHNM TabMUHNAW Makcagmaa HUCOUM pasann MmaHunyn-
aumna — HPM TUSUMUHWUHT y3aTyBUM Kypuamacu xap 6up
9NTYyBUYMN hpasaHU 3cnab KONyBUM XOTMpa 3neMeHTUra ara 6y-
nmwun Kepak. Kabyn kKunyeBum Kypunmajga kaicu 6enru ysa-
TUATAHANTUHU BUNNW Makcagupa dakaTruHa 6epunraH an-
TYBUMHMN XmMcobra onnbruHa Konmam, 6ankm ongmHrn kKabyn
KWNWHTaH, SbHU XOTUpa 3afieMeHTUra ara 6ynumw sapyp. ®M
Ba HUCOWI hasann MaHUNyAALUA YCYyANnapuHWUHT MYyBOMUK-
NNTUHU HaMOWWUW KWW Makcagmpa 2.2-)kajBanja Mabiy-
MOT 6enrvnapu Ba cuUrHan annTyBuYnNapm kentumpuaraH. Ho-
AMHuUnM j — 0 ycTyHAa ceaHc 6owmnga HMcbuii asanm maHwu-
nynauna BakTnaa ysatuaysum épgamym 6enrv Ba yHra MyBogouk,
épfaMun 3aNNTYBUYM KypcaTuaraH.

AManga annTyBUM 4verapaiapuHu aHUKAOBYM Ba (pasa bypu-
ANWNHN 60WLIKAPYBYN MOAYNALMNA KOUOACUHUN XXOPUA KUAWLL-
[aH BO3 Keuull MyMKWUH. MaHUNynsaunusHu xyaam ogataarn @M
AeK amaTra owmpuil ydyyH 6enrmnapHmn 6owwnaHFny KeTmMma-KeT-
NUTUHN Kyhngarn kompa 6unaH Kanmta KognawTupuil Kepak:

X —xj ® xK(G ). (2.93)

2.2->xafgan

YCTYH 0 1 2 3 4 5 6 7 8 9 10 1
pakamu j

Xj 1 -1 1 -1 -1 1 1 -1 -1 -1 1 1

S ®M SI s2 sI s2 S2 SI SI S2 S2 s2 sSI Sl
S OoM SI S§2 82 sI s2 s2 s2 SI S2 SI SISl

XKj 1 1 0 0 O 1 0 0 0 O 1 0
Skj OePM SI SI s2 S2 S2 SI S2 S2 S2 S2 SI S2
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2.3-xagsan

Yctyn .
. 0 1 2 4 5 6 7 8 Y U1
paKeMA j !
XKj 11 0 0o 0O 1 0 O O O 1 O
S§ OdM s, TS 528 S s s? s, S
Brasi S 9 s sls, S s?2 8 sm s
Ui + o+ + o+ + o+ +
Xkj* 10007 121110 1
Xj* 1 0 1.0 0 1 0 O O O 1 1
X 1 -1 1-1-1 1 1-1-1-1 1 1
2.4-xapsan
YCcTYyH
_ 0o 1 2 3 4 5 6 7 8 9 10 1
pakamu j
Xj 10 1 0 o 1 1 0 0 0 1 1
Sj OoM S s s s s §? s, 2. 3 s s,
StasH4y = Sj-1 S S, s, S S s? S? s, S1 s,
uj + + o+ - - +
Xj* D 1 0 0 1 1 0 0O 0 1 1

Mopyn 2 6yrnya kywmnwpga 1-6enrn 0 ra yTkasunagn. 2.2-
»XaaBanuga HUCOU asanu MaHMNynAuna ydyH sl antyBuu-
napra moc xK ketma-ketnurmn 6epunraH. LLyHgan knnno, 6e-
punraH xonga ®M MofynaTopu y3aTyBuM y3rapraHupa dasa-
HU Kyunpuw Wynm 6unaH nwnanmgn. Kaita kognawTUupuwnm
y3aTyBUM KYPWU/IMaHWHI cxeMacu 2.27-pacMpa KenTUpUraH.
KanTa kognaw kKypunmacu T BakKTra KEUMKTUPYBYU 3NEMEHT
Ba 2 Moaynu 6yihinyda nnfyBungaH Talwkmna TonraH. dasa 6yinnua
MaHunynauusgaH cyHr xocun 6ynraH ®M curHan KyBsBaT
6ynnya kyvantnprud (KK) ga kyyantupunagn Ba ysatunagu.
Kabyn Kunysum TomoHaa 6enrmnapHu 6ownaHfny KeTMma-KeT-
nvrura Kantapuw makcagufia kKarvita kognawra tTeckapu 6ynraH
onepauunsa 6axxapunagu.

Hwucbnii cdaszanm MaHUNynayumsa curHannapuHu kaéyn
KUAuwaa acocuii ycynnapHu Kypué UMKammi: KOppensiLumnoH
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2.27-pacm

(KkorepeHT) Ba aBTOKOppensayunoH (HokorepeHT). Koppensauyu-
OH Kabyn kumnuwga HMcouini asanm MaHUNynauusa curHan-
napuHu gemogaynsiumsinaill casanu geTeKTop épgammaa 6axa-
punagn. ® L y4yyH TasiH4 TeGpaHULLM cxemMacu tKopuaa Ky-
punraH TasiH4Y CUTHa/IMHW WaKA1aHTUpPYBYU KypunmMaga nuinab
ynkapunagn. TassHY Ky4dnaHUWNHU nwnaé Yymkapuwga gasa-
nap 6ynnuya xatonuknap Tydannm KOPPensaunoH yCysn aHUK
KOrepeHT 6yna onmMangn Ba WWYHUHTI y4YyH 6ab3mpa yYHU KBa-
3MKOrepeHT Aeb aTanagwu.

Hwncbuii pasanu maHUNynAaLMsS cMrHannapuHu kabyn Kunys-
UM KOPPENSALMOH KypuamMma cxemacu 2.28-pacMmpaa KenTUpUraH.
Conuwtmpuw kypunmacu (CK) ga kabyn KUAMHIaH OfyBUW-
HUHI KyT6 uwopanapu asBan Kabyn KWAWHIaH OFYyBUU KyTO
vwopacu 6unaH conmuTnpunagn. ByHuMHr yuyH cxemara T gaBp-
ra CUrHa/lHU KeUYUKTUPYBUU XOTUpPa 3fleMeHTa KUPUTUTaH.
OpaTtpa 6yHAal aneMeHTNnap Tpurrep Typura MaHcy6 cxemanap
acocuga Kypunagn. ConnwTUpuLL Kypuamacu cMrHannapuHuHr
KyT6 mwopanapu Moc TywraHja 60WKapyBUYM MMNYAbC YMKa-
pyBUM CONULLITUPYBYM cxeMafaH mnbopat 6ynaan. Kapop kabyn
KUNYyBUYM KypuaimMaga 60LIKapyBUM MMNYnbC Tabcupupga, r(t)
apanawmMaga “curHan 6opnmru xakuga Kapop kabyn KunmHa-
an. CurHannap Moc TylimaraH xonatga s2curHan Kabyn KUanH-

2.28-pacm
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raHnAurn TacauknaHagn. Kypué unkunraH Kabyn Kuamw ycynm
KYTOMapHUHI MOC Tywiuwn ge6 roputunagn.

KalTa kognaw TU3UMWN YUyH Kabyn KUnmHraH x’' éenrmvnap
KeTMa-KeT/IMTUMHU Kabyn KUAuW Ba LWaKNNaHTUpULW cxemacu
2.29-pacmpa KenTumpunaraH. 2.3-kagBan TasgH4Y curHanun S5aH)
pasacu cakpab y3rapraH xonaTu yUYyH CXeMaHWHI MLINawmnHmu
TywyHTupagn. Cakpab ysrapuwga 5 Ba 6 curHannap tynnamu
yerapacmupa hakaTrmHa 6UTTa XKajBanja Tarmra YM3naraH ane-
MeHT HOTYfpu Kabyn kunmHagn. KYypmHmné typunéankm, 5eH0
cUrHan pasacMHUHI cakpab y3rapuwimnpga xato fiokan 6axona-
Haau Ba 6UpP EKU UKKWM GeNrMHUrnMHa y3 numra onagn. Arapga
TasiH4Y curHan asacMHUHT cakpab y3rapmwiuv T gaBp opanusu-
na 6ynca, MKKUTa xato 6enrnm namao 6yamwm MyMKUH. @M
CUTHaNNapHu ysatuuwga wy Kabu cakpab ysrapuwnap gasacu
cakpab ysrapraH TasiH4Y cMrHanupaH cyHr kenaétraH 6apya 6en-
rmnapHn xato Kabyn kunauwira onnb kenagw.

Huncbuin aszanm maHuNynauusaHM kKabyn Kuanwja kavta
Kognalwl Kyhuaarm koupgara acocnaHagu:

T XS kG-

2.3-xapgBanga 0 ——1, 1—1 mMocC TywwuwHM 3bTubopra

onnb, X. bownaHfnu 6Genrnnap KenTupuaraH. Xato Kabyn
KWAWHTaH 3nemMeHTnap 6-ycTyHra Termwnn.

LUOBKNH TabCMpu ocTmpa HUCO6MI hasann MaHUNynauus
CUTHaN TYNNaMUHUHT SKKa 6y3nnmwm Kabyn kunmwga Kylia-
NOK XaTo/IMKKa onmb kenagmn. x’] 6enrnnapHWHr éyHaanm 6ysu-
amwun 6mp-6mpura moc TylwimMamgmraH MKKU Mypakkaé xonaTHuU
to3ara Kenuwmn 6mnaH 6opagn: ® unkuwmnga x''yuyH KyTo
uwopacu TyFpm YUYH 3ca HOTYFpU TUKNaHagun: X' kyto
Mwopacu HOTYFPU TUK/AHTaH, X YUYH TYFpU TUKNAHTaH.

(2.94)

KQ-1)
r(t) u: X x*
O4K Sl KKKK

TKTC

2.29-pacm
75



Xap 6up wyHpain xonatnap xonatnap axtumonu p = Pe (1—P)
ra TeHr, 6yHga Pe aipnm curHan tynnamm KyT6 MLLOPacUHUHT
HOTYFpPU TUKNAHULW 3XTUMONUAUP. By axTumonnnk ®M cur-
HannapHU KorepeHT Kabyn kunuwgarn Pe kabwm aHuUkKpaHagw.
Huncobnin cdazanm MaHMNyNsaumMsa y4yH XaTONapHUHI  KYLllanok-
NUTNHN 3bTUBOpPra onNm6, KyNmnaarmHu Xocusa Kunammas:

AHOM = 2PP(L- pe) = 2[1 - D ("~ )] D (2.95)

Opatpa Pe « 1 6ynuwn Tanab atunagn, WYHWUHT YYyH
(2.95) HM copgpanawiTUpUl MYMKWH:

reHBM = 2 1-®(y[a)~\. (2.96)

LWyHpan kunnb, HUCO6Min dazanm mMaHunynaymaga Kamrta
UwnawHn MNYKOTULL YYYH XaTo Kabyn KUAul 3XTUMOVHU
®M pgarura HucbaTaH MKKU Bapobap OWMPULL Kepak.

Hunconin dazann maHmnynauma 6yhinda pean kKabyn
KUnLwaa CUHXPOH geTeKTopnawpaarn gasa 6yimdya CMHXPOH-
NawTupuLL XaToNUTMHU Xucobra onnwl Kepak. BYHWUHT y4yH
OUpUHUYM akuHnawmnwpaa (2.89) Ba (2.87) myHocabatnapwu-
AaH chonpganaHNW MYMKWH.

Hucbuii aszanm MaHUNynNALuUa CUrHanNapuHM aBTOKOP-
penaumoH Kabyn KWUINWHUN KYypnb unkamuni. byHaanm kKabyn
KU HOKOTepeHT KncobnaHaaun, YyHkn ® /[ yuyH TasHY Teb-
paHnw cudpatmnga T BaKTra KEUNKTUPUATAH ONAUHTN CUTHA-
nap Tynnamu Kabyn kunmHaau. ® L ycynuaa Kabyn KUAMHraH
Ba ONIAVHIU cUTHannap TynaamMaapuHUHI asanapu ConuLl-
TUPUNAAW, WYHUHT YY4YH HUCOUI ha3anm MaHUNyNsunst CUr-
HannapMHu aBTOKOpPPeNnsAuuoH Kabyn Kunuw 6ab3npja Cur-
Hannap TynnaMuUHUWHI asanap 6yiinya conmwTmpuwl ycynu
xam ne6 opuntnnagn. Hmucoui gasanm maHUNynAaUunUa cCUrHan-
nap 4emMofynsaTOPUHUHT Tapknbuii cxemacun 2.30-pacmpaa Ken-
TupunraH. dasa 6ynya 4eTEKTOP CUTHAHNUHT aBTOKOppensa-
LUMOH aMannHu xucobnawwHu 6axapaan. Kapop Kabyn Knnys-
un Kypunma Uj KyYnaHUWMHUHT KyT6 uMwopacura moc
paBnwga Kyhngarnda Kapop kKabyn kKunagu: Ky4dnaHuwl Myc-
6aTt 6ynraH xonatga ® [ ynknwunga 1 6enrn TuknaHagn, MmaH-
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uii xonatn yuyyH 0 ékn 1 TuknaHagun. 2.4->kagsanun gasanap-
HU CONMWITUPULL yCcynu 6yrnda Kabyn KUAUWHW KypcaTagu.
By eppa 2.2-)xagBanuparu kabu 6enrvnap kKabyn KWUIMHTaH,
xanakmTnap xmco6ra ofMHMaraH.

KypunraH ycyn Kaihta uwnaw WUMKOHUATUHU WYKOTaaw.
L OBKUHHUHT Tabcupun gaBpu T ra TeHr 6ynraH KyWwHW opa-
nnkpapaa TeépaHuwinap asacuHm yrapuwmra onmé kenagu.
BenrvunapHun 6yHpali wapouTha Kabyn Kunuwga xaToukK
KeNn6 4YMKUWKN MYMKUH. Xap 6up curHannap tynnamum &/
UMKMWNAa WKKU MapoTaba KyuNaHULWHUWHI TUKNaHuwWwuaa:
6UPUNHUYM MapoTaba curHannap Tynnamu cundatmpga, MKKUHUYU
MapoTaba 3ca TasiH4 cCUrHan cugatmja UWTNpok ataau. IMy-
HUHT YUYYH YMKULIAA MKKWIaHTaH XxaTonap naigo 6ynaau.

ABTOKOPpPEeNsAUNOH Kabyn KUIULWHWHT Xanakutra 6apaoLu-
nn'rm 6axonaHaéTraHga Kabyn KunmHaéTraH curHannapHu
KYLWanoK opToroHan cugaruga Kypuwl MyMKUH. HOKOrepeHT
Kabyn KuUAnw y4dyH XaTONukK 3axTumonm (2.69) myHocabaTtu
6unaH aHukgaHagun. (-T, T) opanmkKga curHan aHeprusicn 2E
ra TEHrMUrMHM 3bTU6Oopra onmb, HUCO6MIA hasann MaHUNynsa-
UMS cUrHannapHM HOKOrepeHT Kabyn KuUanwl yyyH

P'H= 05 exp (- q/2), (2.97)

6yHaa q —2E/No — curHan/lwoBKUH MyHocabaTu.

XaTonnk axTuMmonu PH KOppensaumoH kKabyn kumnuuwparu-
ra HucbataH 6up Heya mapTa KaTTa. dPasanapHu CONULWITUPULL
YCYNIMHW amanra owmpuliga curHannap TyniaMmmHMHIE Mapka-
31UiA YacToTa CneKTpura MocnaHraH HKOpU caTxau KOMMYyTa-
uua 6ynysun (punbTpnap) cysrnunap vwnatuvnagn (2.31-paem).
CuHxpoHnaw Kypunmacu (CK) A, Ba K2 kanutnap épgamuga
cysrmynap KommyTaumsacuHm amanra owmnpaan. KenaértraH teb-
paHuw t = —T oHMAa, Wy BaKTra Kagap TebpaHuLWHN YyunpuLl
ycynu 6unaH HOAUMHYM GOLUNaHFUY LWapouTra KentupuaraH
6npuHYM P| cysrnumra bepunagn. Kupuwgarn te6paHuw 1= 0
OHWja lKopuaarn Kabm HOMMHYM BOLINAaHTINY WaponTmnaa Ken-
TUPUATaH MKKMHYU Cy3rnyra KommyTtauusa kmnnHagm. t= Tca-
HOKOHWUra Kagap d[cysrmumnga Y3sMHUHT MyCcTakun TebpaHmnLL-
napwn pgasom atagn. TebpaHuwnap cysrmunapgaH cyHr tebpa-
HULWNapHN KaliTa KynanTupuil Ba MHTerpaTop sasmdanapmuHun
6axkapyBun P[] ra 6epunagn. Kupnwgarn curHan t= 2T oHU-
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2.31-pacm

na AHa @, cysrmuura ynaHagn, P2 ga aca tebpaHunw t—bT
oHUra kKagap faBoM 3aTagwu.

2.32-pacMfa CXeMaHWHTI UwWnawmHN TYLWYHTUPYBYN BakKT
Avarpammacu KentupunraH. KOkopunaa KypuaraH Kommyrtaums
cysrmynapra ara cxema 6mp KaH4a 4derapanapra ara. bupuHum-
AaH, TebpaHUWHWN cYyHAMPULWL BakKTu At TebpaHnw T HWHT
HucbaTaH KUYMK BYynarMHm Talwkna KUanwm kepak. AKc xonga

ss«c K A A/ m M A/V V m /W V ,

NK-GL[ 1 | 1 1 1 |

IMb[ [ | R— 1 [S— 1 t

nr.p2 1 1 . 1 . 1

Ur-*11 1 | |
2.32-pacm
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CYHANPULL YYYyH capdaHaguraH aHeprus kabyn Kuauvw cu-
taTnHu Tywmnpaagn. Ogatga Ar< 0,1 T. UKKUHYngaH, ynapHUHT
cuaTnHU mngean MHTerpatTopaapra SKMHNAWTUPULL Makca-
anga cy3rmynapHMHI IOKOPU MYCTaxkKaM/JMIMHW TabMUHNaL
Kepak, AabHU AfT < 0,1 Tanab atunagun. 10 kly gaH HKopwU
yacTtoTanapga 500 gaH OopTUK MyCTaxKaMIUTMHW TabMUHIaL
KWIANH.

KypcatunnraH waptnap y3aTUWHUWHI TEXHUK TE3NUTUHU
yerapanamgwu:

R= 1/ T< 102/, (2.98)

(2.98) yerapara acocaH HUCOMK dazanm mMaHunNynaAuns
aBTOKOPPENALUMOH Kabyn KUauw ycynnapu ysaTuill Te3nurm
KaTTa 6ynmMaraH paguonMHusnapuga KeHr KynnaHunagu. Opgataa
IOKOPW Te3NnKaarn Mab/lyMOTNapHU y3aTyBUM paguoOTexXHUK
TusnmMnapga HuUcbmii cdasannm MaHUNYNAUUS CUTHannapHW
KOppensumoH Kabyn Kunuvw ycynm KynnaHunagu.

2.5. Tacogndmii napameTpnn KaHanapga
CUrHa/INapHU Kabyn KuanLl

2.5.1. KaHannap TaBcubu

MabnymoT 6epull >apaéHupa napameTpnapum TYXTOBCU3
Ba Tacoanduii yrapaguraH KaHannap >Xymaacura Tponocde-
panu, noHocdepanm, MeTeop afokKa KaHannapu kupagu. Ta-
coaucunii NapameTpan KaHannap wapTnau pasuwiga Tyfpu
TYNKUHAN Ba CUpak TYNKUHAM KaHannapra 6ynuHagn. bu-
pPUHYM Typ KaHannapfa curHan kabyn KuayBdm Ba y3aTyB4u
Kypuima opacuga reoMmeTpmkK KYpUHULL Yyerapacmpa Tapkana-
an, Tacoagndwnii ycynnap opacmparn napametpnap Xygum ep-
Jarv onTUK anoka KaHannap kabu ysrapagn. VIKKMHYUM Typ
KaHannapga ysaTyBuu Ba Kabyn KuayBUM Kypuama opacumparu
reomMmeTpuK KypuHuw 6ynmarign Ba anoka ydyyH Houpgean my-
xUTnap 6unaH TYNKMHNAPHU cuiipaknaHull Ba HypfaHULL Xoc-
cacn wvwnatunagun. MapameTpnapu BaKT 6yrinya y3rapyB4yu
MYXUTHUHT alipyuM XaXMuUAaH CUTHanNapHWHI KalkTuwm Ba
cuiipaknaHuWmM xucobmura CUrHanNNapHUHI TyXTawu coaup
6ynagn. TyxTaw nanTuga cCUrHan gapakacu acocaH nacanu-
WY MYMKWUH Ba HaTuxKafa Kabyn KMAMHaéTraH MabyMOTHUHT
aHUKNUTM TycaThaH éMoHNawagn.
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BUpPUHYM SAKMHNaWMWaa TapKanuw MyXuTu YM3nknu aeé
XNCOBMAHULLIN MYMKUH. AbHW NapameTpnap MyxuTaa curHan-
HUHT 6YWaWnHNU akKc 3TTUPYBUN aipuM YU3UKIN TUIUM KY-
puHMWIMaarn TyYXTaWHNHT acTa-CeKuUH y3rapuiim éunaH ngo-
AanaHyBUYN CUTHaNNaPHUHT KOTUAULWLN KYPUHULWINLATU MYXUT
napameTpnapu Tes3 ysrapuwm 6mnaH xocumn 6ynyBUM cUrHan
pAyKTyaumacm cudatmga TaBcusa aTuiagu.

HucbaTaH KUCKa BaKT/M anokKa ceaHcnapu BakTuga cakat
curHan AyKTyauusicMHu xucobra onvil MyMKWH, yHAa My-
XUTHUHT y3rapyBYaHAUrn Tydalinm CUTHaNIHUHT acTa-CeKUH
TYXTalWnM axamusaTcus xmucobnaHagn. CurHan onyktyaumsacmura
onné KenaguraH MyXUTHUHT y3rapuwiuvra Typam Katnamnapga
XapopaTHUHT 6upaaH y3rapuim €K MYXUTHUHT 3UYINTU Ha-
TmKacmpa xocun 6YynyBun Xmnma-xun xopucanap, WYHWHT-
OeK, nokKan xoaucanap cogmp 6ynuwimnra onné Kenyes4um Typ-
OyneHT >XkapaéHnap cabab 6ynagn. by katnamnm sa Mmypakkab
xogucanap Y3VHWHTI ynyaMuHW Y3raptupmb Typagu. Paguno-
CUTHANHUWHI TacBUpP XapaKTepu Ba 3HepPrusacu cuimpaknaHwu-
WKW Wy MyXuTra TapKaanil BaKkTuaa Y3 XKoWWHM y3rapTupagu,
Kabyn KWNyBUM Kypuama KUpuwmra curHan Typau nynnap
6unaH Tywagn. by KYpMHMLIWI KYNHYPANAUK ge6 atanagn. Teb-
PaHULWIHWHI aMNAnuTyja Ba YTULL BakKTW Hypfnapga xap Xwua Ba
Tacognpumnanp. HypnapHuMHr nHtepdepeHumnsacn kKabyn epu-
ha CUTHaNMHWHT nykKTyauusacura onnmb kenagw.

CurHannap TynnamuHum ysatuw Baktuga s.(t) = a/ff), 6yH-
fa o0 — curHannap TynnaMmuHuHr amnautyaacu, fffy — ai-
pyuM aMnanTyda curHannap Tynnamu, Kabyn Kunysudm Kypun-
Ma KUpUWMaa curHan Kymugarn MNFMHAN opkanu 6epunniin
MYMKWH:

sn (0 = Yjs* (0 =1X (07 \] (01>  (2-99)

6yHaa K Hypnap coHu, aklt) — cUrHanHWHI K HYpM opKanu
ONINHraH i cUrHannap Tynnamm ofysuucu, xk(t) — curHannap
TYynnamm TapkKanumwl coHura HucbaTtaH K Hypu TallKun 3TyB-
UNCUHUHT KEYUKNLL BaKTW.

ak(t) Ba tk(t) >kapaéHnapHWHI Tacoamnpunin Tabmatm sH?)
CUTHaMHNHT TacoaAudunii TabnaTtuHm 6enrnnaman. XK curHan-
HUHT K HYp OpKanuM KenraH Keudmkull BakKTuW 6Gapya Hypnap
6yiinya ypTaya BaKT XK HUHT Ba K Hypuaarn dt Ke4HMKunil BakKTu-
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HWHT ypTada T BaKTAaH Tacoanguii yetra ofulnN MNFUHAN-
CU KYpuMHULWIKNGa TacaBByp aTunagn. CUrHanHUHT KYMNHYpau
Y3UIULW BakKTW Tp Makcuman sa MuHuman St udopganap opa-
cnparn dapk 6unaH ngoganaHagn. KYynHypav ysmanwHWHL
Tabcupun Tydainm Kabyn KNWATMUYHUHT KUpULWLUAaru xap KaH-
hav curHannap Tynjiamuy TpBakKTra Kagap owvpuaraHgam Kypu-
Hagn. byHpa Kabyn kunmw cnaTUHUHE éMOHMawmwura onmoé
KenaguraH 6enrmnapapo nHTepdepeHumnsa namgo 6ynagn. 2.33-
pacMaa MHTepdepeHUUAHUHT TabCcUPK KypcaTuaraH (WTpux-
naHraH 6ynum mHTepdepeHumsa MalgoOHUHU aHUKAab 6Gepa-
an). benrnnapapo HTepdepPeHUNAHNHT UKKWIaHTaH cCurHan-
napHu Kabyn knnuw cndatmra TabCUPUHN KaMainTUpuLl y4yH
an6atta T » TpO6Yynuwmn Kepak. by epgaH KYynHypau KaHan-
napga sWwWnNTTUPUWHUHT TEXHUK Te3IMKKa KYNuaraH waptum
Kennb umkagn: R = UT <<Tp.

Y30K, KMCKa TYNKUHAM anokKaHUHT 4000 kM macocdhagarm
pagnoTynkuHnapga Tp 4ysUKAWK BakKTU 3 MC KaTTaamkrada
eTnb6 6opagn. 1000 km macodagarm Tponocdep opanuknapga
Oy BaKT OMpP Heya MUKPOCEKYHAHU TallKWUa Kunagwu.

ATPOg MYXUTHUHI Tacoguduini apanalyBu aTpod MyxuT
opkann yTtaguraH CUrHan cnekTpan TawkKua 3TyBUYUIaPUHN
yacTtoTa Tacoaucuii Jjonnep cypunuwnra onné kenagn. CnekTp
HYPNN TalKWUa 3TYBUYMNAPUHUHI Tacogudunii xapakrtepgaru
CUMKULWNapM HaTwXKacuga YAapHUHT KeHranvuwm YpHUHU
srannaiign (O/cnekKTpHUHT Jonnep uysnnuwmn). CurHan cnek-
TPUHWUHT 6apya TawKnn 3TyBUMNaPU YUYH TaxMUHaH 6mMp Xun
UysuAnL WapTu Ky3aTuaraH yactortanap AuanasoHN KOrepeHT
TapKaIUWHWHI YacToTanap KeHrnurn ge6 atanagn. KorepeHT-
NINK WapTn TEHTCU3NNKKaA 0116 Kenaau, abHWM 4/ «  A/cbyHpaa
A/c — curHan cnekTpu kKeHrnurn. Arap AOfc~ |/t pe6 oncak,
YHAa KypcaTuaraH wapt 6yrunda T« 1/4fq 6Yynagn. by wapT-

X(1] S
1
1 1 1t
X >1 Yy
y P \
2.33-pacm
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HUHTI 6a)KapnnamMmacimrn CUrHan CNeKTPU Ba YHUHT KYPUHNLL -
napuHn Tacogudunini bysmnuwnra onnb kenaan (CenekTuB
TYyxTaw). Jonnep 4ysunmil Ba KYNHYPANIUKHUHT KaM TabCu-
pn TanabnapnHn KoHampuw yuyyH Af xp « 1 TEHICU3NUKHW
6akapuw 3apyp. AfdTIp= Kp kynaintma uysmnmw koadphunun-
eHTUHU undoganagn. CurHan TyxTawmga aMmnamTygaHUHT
y3rapuwnm TacunoTU YUyH TyXTall UYYKYpP/AUTU Ba Te3NnUru
AeraH TywlyH4Yanap Kupmutunagn. Tyxtaw Y4yKypamrn meauvaH
ndopara HMcb6aTaH CUrHan OfFyBUYUCU fapaXXacUHMWHT y3rapu-
wun 6unaH ndoganaHaan. MegnaH néopa anoka ceaHcu faBo-
MUga IOKOpPU Ba MacTKU gapaxanapfa 6ynuni >XapaéHUHUHT
YMYMWUIA BaKTU 6Up Xxmn 6ynagmraH OfyBuUu fapakacu 6unaH
ngoganaHagn. Katra macoagarn anoka nnHnsanapuga Tyxraw
yykypnmrn 20-30 gb ra et MYMKUWH.

Taxkpuba acocmpga ONMHraH mMabayMmoTnapra kaparaHga
TYXTaWHWHI aHNK KOPPEenAaLuMoH aMmann Kynnaarn KypcaTkmnu-
N 9KCNOHEHT KypuHuwwura ara 6ynagn (— |1 |/(2TdD)), 6yHaa
rdd— TyxTaw Te3nurnHun mndoganosym kKuimart. Katta maco-
agarn pagmoTYyNKMHHUHI TYXTalwl Te3IMrMm KMYmMmkK macoda-
jarn TyxTaw Te3nurugaH HKopu Ba anbatta t0ll kaTTanmk
KNUYMK. TYXTawWHUHT ypTaya gaepu 0,1—0,3c aTpoduga 1e6-
paHagn. Oesapnn KYNUUAUK pagnoTynkKkuHNap YYyH TyxTall-
HWUHT ypTaya faBpu alipum curHan Tynnamnapu KeTma-kKeT-
ANTUHN BUPMYHYa OLLINpPaaKn, LUYHUHT YY4YH CUTHannap TyxTa-
WNHN CEKMH aeb xmucobnaw MyMKUH.

CuUrHannapHWHI TYXTall BaKTuaaru ofyBY4aHANTUHUHT Tak-
cMMNaHuwWwun PeneHMHr ymymnalwiraH KOHYHuUra 6yicyHaawn
(macanaH, 2 66.ra kapaHr) >Xypa 4yykyp TyxTawnap BakKTuaa
CUrHan ofyBYaHNUrn Pene KOHYHU éKn 6up TOMOH/Nama HOp-
Man KOHYH 6Yyinua TakcumnaHraH pge6 xuco6naHagun. Pene
TYXTawun MYMKWUH 6YnraH KaHan yyyH mucon kmnmb tponoc-
pepa™ EkM MoHOocgepann KaHalHU ONUW MYMKUH. YTKUP
MyHanraH aHTeHHanap KynnaHmnaguraH KaHannap ymymnatu-
raH Pene TyxTawnapu 6unaH undoganaHagwn.

2.5.2. NkkunaHraH hnykTupnawraH curHannapHm
AKKa Kabyn Kunuil

Kabyn Kunyesum Kypunma Kmpuwmnpga TedbpaHULWLIHN Kynn-
parn KypuHuga TacaBByp KuUaamus:
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rit) = ksfit) + n(t); i= 1,2, (2.100)

6yHga n(t) — Ng cnekTpan 3MuYnnMKKa ara 6ynraH agauTuB OK
WOBKUH. KoathdnumeHT K CUTHANHUHT MyXUTAarn TYXTawmnHn
ucoganarian Ba aHMK TaKCMMOT KOHYHUWra ara 6ynraH tacogu-
uii KaTTaNUKHKU 6ungmupagn. s.(t) curHan Tacogudunii 6ol naH-
fn4y aszara ara, WYHWUHT yyyH (2.100) mopgenn KypcaTwuaraH
wapTtnapgaa ymymuii Tyxtawnm Faycc KaHanaura moc Tyllajw.
CUTHaNHWHT acTa-CeKUH TyXTalum xonatmaa K KoadpuLumeHTn-
HUHI XaKukKaTra yxwawnank MyHocabaTnHum xmcobnawl BakTuaa
xmcobra onul kepak. by xonga curHannapHMHr ontuMan gapk-
NaHUWKW anropuTMn [, KaTTaIMKHUHT WaKanaHuwmura onné Ke-
naan (2.3.2 ra KapaHr), sbHU onTuMan Kabyn KUATUUYHUHT CTPYK-
Typa Ty3unuw cxemacu xyaam Tacoanduii 6owinaHFny dasanm
CUTHaNNapHMKM Kabu konaau (2.14-pacmra KapaHr).

Tacoangwnin amnautygann Ba dasanu CUTHaANapPHWUHT
Kabyn kKumnuwigarn xanakutra 6apfolavanrnHmn 6axonaiwiga
(2.100) parn K KoOap(PNUNEHTHNHT TaKCUMTaHULW KOHYHUHW
ounuw 3apyp. bup 6umpnuk gucnepcmsanu Pene TakcumMoTu
xonatuaa opToOroHan cCUrHannap y4dyyH XaTo/uK axTumonu Pe
Kynnpgarn néopa 6unaH mndoganaHagn:

Pe =\w (k)Pe(k)dk = \/(q + 2). (2.100)
0

By eppa 6apuya curHannap Tynnamm 6yrimnyda yprtada Kuii-
MaTHM onnw amanra owwunpunnagn. Pek) — (2.69) ngopa 6mn-
naH xucobnaHaguraH xaTolapHUHT WapTaAn 3XTUMONWU, YHAA
q= 2E/ N(ypHura k2g kynnw kepak. Pe HUHT ( ra Tobenurun
2.15-pacmpa kentupwunraH. Japxaknukart, curHannapHuHr Pene
TYXTalln CUTHanAapHU aXxpaTuw cudaTUHU KamaTupagu.

Pe axTMoONInMkK nbéopacuHU cUrHan amnanTygacuHWUHT
y3rapuwl KOHYHUHWHT 60LlWKa Xonnapuga xam oav MyMKUH.
WyHaah Kmnu6, 6up TOMOHAamMa HOopMan TakCMMoTAa:

|n/2tr exp(-A:2/2), K> 0
[0, K<O0

o (K)

oynagn.
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Pe xaTo axTUMONM Kyingarn néopa 6unaH Tonunagu:

M,o=1/(2Vi + ~2). (2.102)

2.15-pacmpgarn UKKM 4ymsama Pe HUHTI q ra To6ennrnHun
Kypcatagu. Pe HUHT KNUYUK KMAMATAapUHU TabMUHAAW YYYyH
TYXTaw BaKTMAa CUTHaN 3HEePrusaAcUHN TyXTaw KysaTunmaraH
KaHannapra HucbataH owWMpULl Kepak.

2.5.3. CurHannapHun kabyn kunnwga apknaw ycynum

CurHannapHu capknaw ycynm Pene kaHannapuga Tyxrawra
Kapwmu Kypawja camapanu xucobnaHagu. ®apknaw acocmja
Kabyn KuUAuw BakKTuaa Kabyn KUAMHraH ax60pOoTHUHI xan
KUNMHULLIN BUP XN axb6opoTra ara 6ynraH 6mp-6mnpungaH dapk
KWNYBYN CUTHANNAPHUHT TadTULLIKM acocnaa nmwnaé YmKumna-
on. Arap CUTHalHWHT CUTHan Tynnamnapu HamyHanapm 6up
xunparn sk ax6opoTu opkanu udopganaHca, N Ta HamyHara
ara 6ynraH ax6opoT Kyhmpgarnya aHUKNaHagu:

sk =a KIf ki(t), i= \,n, (2.103)

6yHpaa ak OFyBUMHUHT | HaMmyHacu, fK(t) HamyHa curHan ama-
nu. Xamma HamyHanap (O, T) opanufu atpouia xapakaTt Kuia-
awv.

TYXTalWHWHI BUp XUN cTaTucTukacmja a. amnamtyga 6e-
punraH apnm  KaTTanMKAaH KU4YUK 6ynraHga TyxTaw axTu-
Monun 6up xungup: P (akf < n0) = p. = p, WYHWHT y4yH b6apuya
n HamyHanap wu0pgaH KMYMK amnnuTygara ara 6ynraHpa,
3XTUMONNNK Kylngarura TeHr 6ynagu:

Po=t\.Pi~ P (2.104)
bl

ByHpaH 6ap4ya HaMyHanapHUHT GUp BaKTAarn TyxTall 3Xru-
MO N COHUHUHT YyCUwnm 6mnaH Kamammuwm mabaym 6ynagn.
By BasmsaTgaH Kabyn KUAMWHWHI cudaTura TyxTaw TabCu-
pPUHU KaMarTupuwga gorganaHunagn.
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Taxpubaga Kyhiugaru dapkpawl Typnapu wuwnatunagun:
yacTtoTanu, BakKT 6yiinya, KyTénawraH Ba hasoBuii. HactoTa-
v capkpawga 6up Xxua MabaymMoT 6epuil yyyH Typau 4yac-
ToTanapfa CUrHan waknnapu xocmn 6ynagn. Tyfpu dapkgawiga
CUTHannap Kam Koppensauus KWanHraH 6ynagu, yactotanap
6ynnab thapknaHraHga curHannap 6mp BakTaa 6mMp Heda na-
pannen KaHannap 6yihna6 6epunagn. byHpaii dapkgawl mab-
nymMoTnapHu y3atyBun PTC KypunmanapuHWHI Mypakkabna-
WMWK Ba 4vacToTa AMAnNasoOHUHUHT KeHraumwm 6unaH 60f-
nuKanp.

BakT 6yiinya dapkgawga 6mp xmun mMabnaymoT rqyiryxraiu-
HUWHT KOppensuns BakKTUAaH KaTTa 6ynraH mMabnym BaKT opa-
nufnaa Takpopnaw opkanu 6epunaau. CurHan Kaéyn KUAMLWH3
TalWKNA KWL YYYH y3aTyBYM TOMOHUAA 6YnraHn Kabu Kabyn
TOMOHMAA XaM XOoTupa Kypuamanapu 6ynuuwun kepak. BakTt
6yiinua dapkgawga axbopoT y3aTull Te3nnurm kKamasigwn.

KyT6nawraH thapkgawl Kabyn KUAMHraH tebpaHuwnapHm
ropuM3oHTan Ba BepTUKan KyT6AM Tallkun 3TyBUMIapra ax-
paTuwra acocnaHraH. by Tawkun sTyBUmMniap Typau KyT6aum
MKKN aHTeHHaga Kabyn KunuHagun. Bupok kKypcatmnraH ag-
dhekT dhakaT alipyM KaHannaparnmHa KysaTtunagu.

da3oBUii papkgall aca 6Up cUrHaaHM gasoga 6Mp-6uUpu-
AaH hapKaaHYyBUYM MKKW aHTeHHa épaammia Kabyn Kunuiira
acocnaHraH 6ynu6, 6y Typam Tapmokjapa OfyBYM Hycxana-
PUHWUHI HOKOppensauusa 6ynuwunHm TabMuHNangu. CurHan
OfyBUMIApPU HYyCXacu opacuparv Koppensums KoadPUuLmneH-
Ta Ox chapknaw KaTtTanurura 60FnnkKoynm6, kynungarnyda ndo-
JanaHagu:

p(Ajd = exp[—Ax2(2An.@)], (2.105)

6yHpa Ox0 — HycxanapHU HoKoppensauyusnawraHgarn dapk-
NaWHWHI MUHUMan néopacuHmn nojanosym Kattanmk. dapk-
nawHWHI Typnapura kapab, ysrapysum [x0 yacToTa, BakT,
Macodpa Ba 6ypyak 6upnuknapuga ngpoganaHnwm MyMKUH.

Taxkpubaga ¢as3oBuii apkgaw 3HI Kyn KynnaHwunagwu.
YnbTpakucka TYynKuH (YKT) ga curHan wakanapuHUHT eTap-
nunya gekoppensaunsacn [/ macodaga aHTeHHaHWN dapkaall Bak-
Tnpga 10—20 X ra etagun, 6yHaa X — TYNKUH Y3YHIUTW.
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Kabyn kmnuwpga papkKnaWwHUHI acoCUi ycynnapuHu Ky-
pu6 umkKkamms. Hr Ky4am curHannapra ara 6ynraH TapMok-
HWUHT aBTOTAH/IOB YCYNW 3HT oAAWiA Ba eTap/iuya camapanu
ycynnapgaH xmcobnaHagu. ABToTaHN0B 6Yinya hapkiap Kabyn
Knnmw cxemacu 2.34-pacmpa TacBupsiaHraH. TapMoOKnapHU
Kabyn KuamwHuHr dynknwm (KK) karita ynaw cxemacu
(KYC) opkanu kapop kabyn kumnyBun kKypunma (KKKK) nun
noemoaynaTopra ynaHagn. Karita ynaw cxeMacMHu 60LwWKapuL,
anoxupga Tapmokpap 6yinuya, KaHannap YTKasrMYMHUHI KO-
apduLmMeHT (KM Kabyn KunmHraH curHan kKyssatu) (KY)
ynyarnum épgamuga amanra owmpunagn. Kanta ynaw cxema-
CW 3HT KaTTa CUrHan TapMOfUHUW TaHIall MMKOHUHWN Gepaawn.

Anoxupa onvMHraH n TapMokgapaarv CUrHannapHWHI cycT-
nawraH Pene Ba 6up xun TyxTawnapu Bakrmgarm opToroHan
CUTHANNN WUKKWNAHTaH TUSUMWUHUHI aBTOTAH/IOB CXeMacu Xa-
naknTura 6apaoWwNMrnHn 6axonaMmuns. i KaHan ysaTtuil .Ko-
ahhrymeHTa TaKCUMOTUHUHT Pene KOHYHU K1 ypTa kBagpat
6unaH ngoganaHraH 6yncmH. bapya TapMmokgap 6yinua mak-
cuman KnimaTtm KTbepunradH KO gaH KMYKMK 6ynraH 3xTUMO-
NIMK x0NaTuHM Tonamms. Arap 6apya K néopanap k0gaH KU4uk
6ynraHgarmHa K Kattanmk K0gaH Kndmk 6ynagn. LLyHaan knnmo,

p{kT”"k0)=P(kt<kO0-K2<KO;... K,, <KO0) =

(2.106) ndoaga KO KAaTTANMKHUHT TaKCUMOT amanmHu 6en-
rmnangn. by nodogaHunHr k0 6yinnuya xocmnacmHnu onnb sa KO
HM KT ra anMmawTmpunob, w(kj 3aXTUMONNUKHUHT 3NYTUTUHN
X0CU KUnamms:

n-1

(2.107)
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2.34-pacm

OpToroHan curHannapHun TyxTtaw 6ynmaraH BakTugarm on-
TUMan HOKOrepeHT Kabyn kunuuw (2.69) ngoga 6mnaH aHUK-
naHaguraH xaTonmknap axTUMOMVUHU TabMUHNalgn. Pene Ka-
HaIMHWHT y3aTull KoadumuymeHTa K= KTBa 6Gapya K KaTTa-
nnknap 6yrnya XaToNUK 3XTUMONUHW YpTada KUMMaTUHU
onnw 6unaH 6y ndoga Kynngarn KypmHuwra kenagu:

Pe(kJ = 0.5 exp (- gJA), (2.108)

6yHpga q= 2EJN 0 curHan/woBKUH MyHocabaTtun, KT ysatuwl
Koa(hpuumeHTUra ara 6ynraH Tapmokgapgaru CUrHalmHWHT
aHeprusacn ET= kj- E ra 60f1nK. ABTOTAH/IOB CXEMACUHUHT
COKMH TyxTawunpga ysatuw kKoachpuymeHtTa k= km (2.107)Hun
TaKCMMOT KOHYHU 6uNaH y3rapyB4M 3KBUBaANEHT KaHanjarum
AKKa Kabyn kunmw cxemacu cudatmga Kypmw MyMKuH. LWy-
HUHI YYyH «-MapTa (apkfawfja Kabyn KWAWWHWHI ypTada
XaTONNK 3XTUMONN Kyhungarnya aHUkKgaHagu:



6yHpa <7= KI1E/NO— (TyxTay 6yKunya) curHaiHUHI ypTada
aHeprusacn K?E HUHT OK LUOBKWH CMeKTpan 3un4vaurura Huc-
6aTaH MyHocabaTw.

(2.109) uvHTerpanuMHWU WHTErpan OcCTU PyHKUMANapugaH
6UpUHN HbIOTOH 6UHOMUra énb cyHrpa kKucmnap 6yrnya
xucobnaw MYMKUH. Xucobnaw HaTuXacupa KyWugarvHu
XOCUM KNNaMuns:

Pr=w /21 (i + L (2.110)
1=1

2.35-pacmpga (2.110) wnbopara kypa n= 2, 3, 4 kKabu Typ-
N COHNN TapMoKfiap YYyH hapknawcmns askka Kabyn Kuauni-
na (n = 1) PT HUHT q/2 ra 60FAnKnnrn kypcatunrad. Kentum-
punraH 60FNUKNUKAAH KYPUHNG Typmnbamku, dapknaw ycy-
NNHWNHT caMapacn AkKkKa Kabyn KunmwgaH MKKuUnaHraH kaéyn
Kunuuwra ytaéTraH BakTha Kyu/JMpPOK KYpMHaamM Ba TapMOK-
NapHWHT KEMNHIN COH ycuwnaga Kampok ndoganaHagn.

P < 10~4x0Nn y4yH siKKa Kabyn KmnnmuwpaH MKKunaHraH kaéyn
Kunmuwra yTuw xmcobura aHeprusa 6yinyda cgoinpga 1746 pgaH
owlaaun.

AlipnMm TapMoKkfnapfa TyxTawnap opacuja Koppensaums
MaBXyanurn xmcoCura hapknawgarn gponga kamannb kKeta-
oun, neknH p(At) < 0.6 kKoppenauus koadpduumeHTa gouvipa-
cupa 6y axamuaTcus 6ynn6 KypuHaau.

ABTOTaHNOBra HMucbataH 6MpMyHYa KaTTa camapaHu Hyp-
napHW 4M3nNKNM nFnw 6unaH 6opaguraH apknaw ycynm

2.35-pacm
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TabMUHNaANgN. VIKKU TapMofu hapkiaHraH Kabyn KunyB4du
KYPUIMaHUHT cofgfa cxemacun 2.36-pacmpga kentmpunrad. Ky-
YalMWHKN aBToMaTuK 6owkapuw (KAB) Kypnamacu Tapmok-
napja KyyamuwHW TeHrnawtTnpagn. bnpnawtnpysum kypun-
Maga (BK) TapmoKgapHu MUFULLI KOFEPEHTAUTU (YN3UKAU-
nnurn) 6mp curHan gasacMHUHI 6olKa cnrHan gasacura onnb
KenyBuyun pasa 6yiinya aBTo mocnoBum (P AM) xucobura 6yna-
an. bowkapuw retepoauH (2) opkanu amanra owvpunagu.
Tapmokgap 6upnawiTupunraHgaH CyHr ONMHraH TebpaHuLl-
HW KaliTa vwnaw gemoaynsatopja Ba kka Kabyn kunuwgaru
Kabn kan kunyeum (XKK) Kypunmaga onmb6 6opunagn Ba
CUrHan moaynauuscu Typura 6ofFnnkK 6ynagu.

Uunsmkgn nMurnwiga 6apya TapMokgap 6up xun xucobna-
Haau. CUrHan KyBBaTUHWHT GUPNalITUPYBUN KypUaMa YNKn-
wnaarv WOBKWUH KyBBaTuUra MyHocabaTu TapMOKAAPHUHT y3a-
Tnw koapdhmymeHTa kj HUHT Tacoguuii xapaktepu 6unaH
60FNNK 6ynraH Tacoaudunii KatTanukaup. Tapmokpapgaru
CUTHaNNapHWHI MyCTaKuia Hycxanapu y4YyH CUrHaa — LUOB-
KWUH MYHOCabaTMHUHI ypTada Kunmatu <q> Pene TyxTawna-
punaa Kynnpgaru néopa 6unaH ndoganaHagu:

<g>=ql+ (n—1) (n/4). (2.111)

Unsankgm nmninw xucobura sHeprusa 6yininya camapa
KBn= <q>/q TapmMmokgap cOHn 6unaH 6enrnnaHagn. by Cama-
pa aBTO TaHNOB cxemacugaru camapa KoadpdpuumeHTn KBA= |
\/i ra HUc6aTaH Kyngmp.

2.36-pacm
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fAHaja KYNpokK camapa TapMOKAAPHWUHI ONTUMaa YU3nK-
M WUFUNNLWLIN BaKTUAA Xap 6Up TApMOKHUHI aHUKXO0NaTUHN
xmcobra onraH xonga amanra owmMpunagn, Hycxanap aca ysu-
HWHI OfyBUMCUTa KaparaHja KaTTapok Huc6aTtga >xkovinawtm-
punaau. By wapTHU 6axkapuLl y4yH xap 6up TapMokaa Hycxa-
napHu hasanap 6yrindya mocnaw Ba Ky4/u CUTHannapHu Kyn-
POK Ky4aiTMpPYyBUM aBTOMaTUK GOoLLKapyBUmnap 6ynnwm Kepak.
ByHpali wapouTha aHeprusa 6yiivya doiriga TapMOKAAPHUHT
onTMMan Yn3nkKan RUFNAnWN xucobura Keo= n ra TeHr. 2.37-
pacmpa 3aHeprus 6yhinuya camapa KoagpduuneHT KB HUHT
KYpu6 YyTuUaraH yyta xoguca y4yH n COHAM TapMoKgapra 60f-
NVKOUTN KypcaTusraH.

dapkgall ycynnm 6unaH kabyn kumnuwiga, aHr pauuoHan
YCY/THU >KOpUiA Kunuwga, cogla Ba onTuUMan 4msmkam nu-
fuwga camapa 6yinuya Kam lOTKasunaguraH TapMoKnapHU
UM3UKAN GUPNALITUPULLHU XMcob6all MYMKUH.

TapmMoKAapHW AeTeKTOpAu 6upnawiTupul (opanauvk, yac-
TOTa OGUPMAWITUPULL) YCYIMHU KYnnaw curHan Hycxanapu
haszacuHu 6axonawHu Tanab saTagu.

CurHannapHun kKaTTa BakKT opanufuja KYynNnHypau 4ysuvwija
pazaHu Gaxonawgaru xaTonuk 6mpaaH opTagm Ba AeTEKTOP-
v 6upnawTUupu camapacu nacasagu. byHpan xonnapga Tap-
MOKAapHW geTekTopgaH CYHTr (HOKOrepeHT) 6upnawTupull
ycynnapu kynnaHagmn. ONMHraH Hycxa Taxgumnm sikka HoKore-
peHT Kabyn kunuwgarn Kkabu amanra owmpunagmn, ysatuiaraH
6enrn 6yrinya Kapop TapmMokzapga amac, 6anku ynapHu nu-

Ki:

2.37-pacm
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ycd i ILh

TI()

TK- KKKK b

r- 4yc, Anj
r,0)

yc< Dib

2.38-paem

fyBUMaa 6upnawtupuaraHngaH cyHr kabyn kumnuHagn. 2.38-
paema WMKKWIaM4yn axbopoTiapHU y3aTuwiga TapMoKAapHU
HOKOrepeHT 6upnawTnpub dapkgaw ycynm 6yrinya kabyn
KWL cxemMacu KentupwunraH. Yusmkam cysrudnapga (4 Q
Ba S2curHan Tynnamnapu xanakuTgaH TosanaHagu. [ peTek-
Topaa OFyBUM aXpaTmb ONMHraHugaH cyHr 5 Ba s2 ra Moc
6ynraH ofyBumnap avipum-aipum >KamnaHunagu Ba HaTuka
Takkocnaw (TK) kypunmacmga cogup 6ynaawn.
TapMOKAapHW HOKOrepeHT >amnaw Yn3nkKan (KOrepeHT)
ra HucbataH xanakmTra 6apaolwnmk 6yrmnda lgb ra SKUH OT-
Kasaan. Oaounnurn, yTa loKkopu camapanmnamru cababnm Ho-
KOTepeHT 6GUpRawTUpULL YCYNU KeHr KynnaHwunagu.

3. Y3NYKCWM3 AXBOPOTNAPHUN Y3ATULL
BA KABYJ1 KWW YCYNNAPU

3J1. ¥Y3n1yKcus axbopoTnapHn y3aTuLL
Ba Kabyn KWL ycyninapu

Ax60poTnapHn y3nykcus unwnab 6epumws mMaH6am 4Yekcus
MUKaopAarn ax6opoTnapHM YeknaHMaraH UMKOHUAT gapaka-
cupa Kyn mwnab 6epul xycycmsatura aragnp. Ax6opoTnapHu
Y3NYyKCU3 TalKUA 3TULW MaxKMya MaHb6au dekcmsgup. byHpai
MaH6a TacHUMMHM XapaKTepnaw y4dyH “aHTponusa” Ba “y3a-
PO ax6opuURNNK” TyllyHYacu KUpuUTuiaau.
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3.1-paem

Arapga Tacoanduin xkapaéH X(t) coxanapuHun AJl1 opanuvk-
napra 6yncak, (Ak k[A) opannkka KmpaguraH MUKLOP 3XTW-
monnurn co(A)4N1-gpaH aHukgaHagn, 6y epga cn(X) - aXxTUMOon-
NNK 3NYSINTUHUHT Tacogndunini KuimaTtun

YHU XK Kuimatun 6mnaH anmawtupumnb, X{ ysnykcms Kui-
MaTHUHT GOLUMAaHFUY OpannKAa OIUHTaH TYPYXUHWU AUCKPeT
KYpyHuwga ésmw MYMKWUH Ba 6yHpali MaH6a aHTponuscu
Kynngarn ngoga 6mnaH aHuUKgaHagu:

Hi(f) = L W(EAIM 108 (s39*N] =

= co(A,)ANlogco(A,) - jT co(A,) AN log OA.

=1 I=]

(3.1) TeHrnamagaH AX—0 pga 4yerapa mMukKgopura ytunca
xampa (rca(X)AX) HM abTUbOpPra oncak, Kyrmnaarnya é6ynagu:

#(A) = - J co(A)logft) (A)ciN1 -]im log ASl. (3.2)

(3.2) TeHrnamaHWUHTI UKKWUHYM 6ynarm OA—0 pga X Tak-
CUMIaHULW KOHYHUra 6yncyHmangn say YeKCU3MKKa MHTU-
nagn. By WyHW 6unagupagnukin, xap KaHaam y3nykcms tTacoaun-
unii KninmaTt vyekcmns KatTagup. Wy 6unaH 6upra, ysatunraH
Ba Kabyn KWAMHraH curHannap opacmparu ysapo mHdopma-
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uUMs aHUKAUrnya Konaan. AMHU BakKTAa y aHTpONUs xocunacu
opKanu aHUKAaHaau. BusHM aHTponua xocmnacu KU3MKTUP-
raHNUrn y4dyyH (3.2) TeHrnamagarMHMHI UKKMHYM 6ynarun
xucobra onmHmMaca xam 6ynaan sa guddepeHuyman aHTponus
Kylingarnya aHMKpaHaau:

ft(A) = -J co(A)loga>(A)tfA. (3.3)

AvdchbepeHuman aHTpoNmna MaHM®UE KuiiMaTtra xam ara
6yNMWK MYMKWH, NIeKUH 3HTponusra xoc 6ynraH agunTus-
NNK XyeycUsTUHU eakpanau.

Y3apo gundchepeHuman aHTponma Tacogunduin KMnmMataun
A Ba I y4yH Kyhmnparmya aHUKaHagu:

6(A,r) =-J d?j co(A,r)\ogo)(A,r)dr. (3.4)

/(A, 1) y3apo axboOpOTHU Y3NYyKCU3 KuUimMaTaap opanunfu-
parm (2.8) TeHrnamara yxwaw agmdpdepeHymnan saHTponuanap
hapku opkanm aHuKAaWw MYMKWH:

/(A1) = b(A) - b(r/N) = b(r)- b(r/N), (3.5)

6y eppga b(r/n )= J dAj co(A,r)\ogco(r/A)dr _ wapTtnu

onddepeHyman aHTponuA.

Arapga kabyn kumnmHraH X(t) Ba ysatwunraH X(t) ax6opoT-
nap tapku kam 6ynca, 6yHaam ax6opoT aKBUBANEHT gennagn.
OKBUBaNEHT/IMK KPUTEPUSACU cudaTmga ofaTha ysaTuaraH Ba
Kabyn KUNMHraH ax6opoTnapHUHT ypTada KBagpaTt hapku xamga
y3aTuaraH ax6opoTNapHUHI ypTaya KBagpaT dapku KynnaHu-
nagun, ysatunraH ax60poTHUHI 02A KyBBaTU (AUCMEPCUSACK)
6epunraH geb Kabyn KuanHagw.

Kang Kunavw WOoBKUHU dapkK 6unaH aHunkgaHagn. Tu-
3NMAM xatonap 6ynmaraHpga <e(0> = 0, e(t) = X'(t) — X(t)
ypTada kBagpaTt <e2(/)> Kawng KUamw Aucnepcmsa WOBKWMHU
6unaH moc 6ynagn. Arapga cr2 yptada KBagpaTt dapk 6epun-
raH En kuiimaTtnapgaH OopTukK 6ynmaca, ékm a] < By (3.6)
6ynca, ax6opoT X(t) Ba X'(t) nap akBuBaneHT genunnagun. 1(X,X")
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axbopoTnap coHu anddepeHyman aHTponus b(X) Ba aKkBuUBa-
NeHTNNK KpuTepuanapura 60fnukK 6ynagn xampga y LapTau
IXTUMONANK 3undnurn co(f'/4) Ba wapTnm aHTponusa b(X/X*)
napHuW aHuUKpanaun.

A*(?) ax6opoTtaa A(/) ra HucbataH MUHMMaN UHGpOpMa-
Uuns, aKBUBaNneHTAUrnga “dncunoH-aHTponmna” HeAA) gein-
nagn. (3.5.) TeHrnamara 6mnHoaH

He(A) = min 1 (4,9 *) = 6(A) - max 6(A]A *), (3.7)

Oy epga MMHUMYM XaMma WapTain TakCUMOT YUYH OJIMHaAun.
ONCUNOH-3HTPOMNUSA Y3NYKCU3 aXO6OPOTHUHT BUPINK Xncobun-
parn cesmnapnm MHMoOpMaunaHn aHUKgangn.

BepunraH a\ KyBBaTnu, TypfyH laycc >xapaéHUHU undo-
[anoB4YUn y31yKCM3 axb0poT MaHb6auHn Kypannuk. (3.6.) garun
3KBUBANEHT/INK KpUTepusgaH gorganaHamuns. X(t) >kapaéHHun
A*(?) —e(?) apky 6unaH €3nw MYMKWH, WYHWHT y4yyH Oe-
punran X(t) ax6opoTga wapTnm agunddgepeHyman sHTponus
b(X/A") Tynukgnrmnya e(/) WwoBKUH 6munaH ngoganaHagn. byH-
JaH Kyhupgarn wapTHU XOCUI KUNaMns:

M(A/A*) = wax b (e). (3.8.)

to(e) TakcumoTha aHTponua 6(e) MaKCUManINTMHN aHUNK-
nammMmmns. Aeano paucriepcus 6enrmnaHraH geb xmcobnaimms.
Bapunaunsa xmucobnaw ycnyomgaH, ¥ — pyHKUMOHaNHW, 3KC-
TPEMYMWHWHT 3UYINK 3XTUMOIU co(e) MebEpn derapanapumm
xmcobra onmb6, Kynnpgarnya aHUKgammuns: e

F =-jo(r)logco(e)de + a, Joo(e)de + a2Je200(e)de, (3.9)

By epaa a, Ba a2 HoaHWK JlarpaHx kKynaTmacw.
dyHKUMOHAN F HUHT 3KCTPEMYMUHU TabMUHANALL YUyH
Kylinaarm TeHrnamaHm KOHUKTUpui nO3mm:

(3.10.)
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By epaa y — BapuaHT toB(e) TapKnbura Knpysun koagpdpuuymn-

EHT.
(3.10) TeHrnamaga to(e) dDyHKUNA Kyhngarn KypuHuLlga

6ynagn:

co(e) = wo0(e) + vcos(e). (3.11)
By epga (00(B) — (3.8) — wWapPTHU TabMWHNOBYM WN3NaHAET-
raH (3.11) TeHrnamaHm (3.9) ra Kynuunb, yHun y — 6yrnva

anddepeHymannab, (3.10) TeHrnamaHwm Kynmugarm KypuHuiira

KenTnpamMmums:
J w(e)|™- log«;(£) +a, +az22rff =0.

ByHpaH co(e) > 0 3KaHAUTUHU 3bTUbBOpPra onmob,
a, - a2e2(3.12) HM xocun Kunamus.

log m(e) = -
NathaH>X KynaWTMmacu 4verapanoByn LapTugaH gucrnepcus
YUYH MebEp Kylimparmya aHUKpgaHagu:

Jexp(-a, —aZX2)de =1
J e2exp (-a, -~aZxl)de - c2

KynanTmanap a, Ba a2napHW aHUKparaHfaH CYHT Kyinu-

JarMHM Xocun Kunammums:

1/(72acTE)exp(-£2/2a2) . (3.13)

«0(e)=
WyHpgain kunnb, arapga w(e) TakCUMOTU raycnu 6yrca,

b(e) — anddepeHunan aHTponua 6GenrunaHraH cre KWUn-

MaTga Makcuman 6ynaan. 3HTPONUSAHUHI MaKcMMman Kui-
MaTu Kyhngarnya ngoga 6unaH aHMKgaHagu:
Tax/>(£) = log-"2neo] . (3.14)

BUp 6UPNUK XNCO6 YUYH, 3MCUMOH- 3HTPONUS raycnu ys-
nykcus maH6a yuyH (3.7) Ba (3.14) wndpopganapra acocnaHun6

Kylinparura TeHr:
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Hc(a) = \ogM2neol - logy]2ne(Ye = 0,510g(cj2/ cr2). (3.15)

po0 = / a] HwucbaT curHannap LWOBKWUH HUCOATUHUHT
MUHUMan HUcbaTuHM mndoganaiagn, byHaa ax6opoT X*(t) Ba
X(t) napH” 3KBMBANEHT Aeb6 xucobnawl MyMKUH. p0 — Kuiimat
y3aTunaétraH ax6opoTnapHUHI xapakTepura 60fn1nK. Bornuk
6ynmaraH ax6opoTnap xMmcobu ydyyH ysaTusraH axéopoTnap-
narn nHgopmayunsa Kywmnagu.

Y3nykcn3 ax6opoTnap MaHb6amHUHT YNKULL AapaXkacu MaH-
6ajaH 6Up ceKyHAAa, IKBUBaAIEHTHUHT KpuTepusicn 6epunraH
xonatga, axbopoTtnap Mukgopu cudatvpa aHukgaHagu. bof-
NUK 6ynmaraH xmco6b ydyyH ypTada ax60opoT Gepull Te3NUrn v
6ynca, ancMnoH — unwnab 4ymkapuw Kynungarnda 6ynagn:

H\ (A) = vHc(A) =V b(a)-logyj2nea2 . (3.16)

KoTenbHMKOB Teopemacura 6MHOaH, y3nykcus ax6opoT
MaH6aun y4yyH 4acTtoTa cnekTpu FB 6MnaH yerapanaHraHga BakT
ouckpeTtusaunsacu At= 1/2Fe= \/v (3.1-pacm). F Bopanukaga,
6up xungarn cnekTpga ywoéy xmcob kKoppensuusinaHmaraH
(2.28-pacmra kapaHr) Ba laycc maH6acura 60f1MK amac. Y
xonja Kyhimgarmya 3w MyMKUWH:

H\ (A) = 2FBHe (A). (3.17) Ba (3.15) HWU xmcobra onraH
xonga kKynngarn udogaHu 6mp xungarm crnekTp nosnocacumja
3NCUAOH nNwnaé 4YmkapuwHWHI [aycc maH6am mndogacnHm
XOCU KWUITaMUn3:

Q' (A) = FBlog(<Y1/0]) = FBlogpo. (3.18)

Tc BakT 6upnurnga Naycc maHb6angaH 6epunaétraH ax6o-
poTnap MUKAOPWU Kyhungarnya 6ynagn:

Tc (H I(x)) = T.FB\ogpQ (3.19)

Arapfia CUTHaHUHT AWHaMWK Auana3oHu logp0 ra TeHr
6ynca, curHan xaXmm TywyH4yacu 6unaH moc 6ynaau. laycc
MaHB6aMHUHT nWNab yMKapaéTraH KBa3u OK LUOBKUHW Xap KaH-
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hai 6owkKa WwWyHJaW KyBBaTAM MaHGaHUHI WWOBKUHUAAH KaT-
Ta 6ynraHnmrn yuyyH (3.19) TeHrnamagaH Tc BakTaa 6epuna-
éTraH MakcuMman MHhopMauus MUKLOPUHW aHUKNaNau.

XoTupacus y3nykcus ax6opoTnap MaHGaMHUHT OPTUKAU-
TMHN Kylunpgarn ngoga opkanm aHUKLaW MYMKUH:

(AW -

(3.20) aBBan Kabyn KWUAWHraH AUCKpeT MaH6a yuyyH (2.5)
ncoga kabmgmp. MaHb6aHUHT OpTUKANKAAapaXacu, arapfa Cur-
Ha/THUHT TaKCMMOTU rayccnm 6yncarmHa Hosnra TeHr 6ynagu.

Bepunran pOKunmaTgaH KM4mMK 6ynmaraH Konatga, Kabyn
KUNTUYHUHT KUPULL KUCMUAA CUTHan Ba LUOBKWH KyBBaTW-
HUHT HUCc6GaTK KBagpaT/u KpUTepus 3KBMBa/ieHTa acocuja ax-
60pPOT Yy3aTULIHWHT TYFPUAUTU TYLWYHUNAAWN.

3.2. Y31yKcu3 axbopoTiap ysatmwiga KaHaHUHP
YTKasyBUYaH/IMNK XyCyCUATA

Anoka KaHanmgaH 6up cekyHaga ytaguraH Makcuman MH-
dopmaymsanap mmkgopura yTkasyBuyaHnmk — C geinnagu. Arap
ax6opoTnap X(t) Ba X*(t) anoka KaHalMHWHI KUPULWN Ba
unkKuwnga ysnapuHuUHI xucobnapun 6unaH At— 1/2[1/3 BakT
opanufunpga Aftopanukga mHpopmayna /(A., X*), KaHangaH
yTuw BakTu T 6Yynca, xap 6up MHPOpPMaLUAHUHT KNCO6 Hn-
FUHAMNAPW TeHr 6ynaan. bBup xncob yuyyH yTKasyBYaHNUK:

CO= wax/ (A4 *) max[/r(A)- NGAI A*)] =

= Tax[/i(A *)- /r(3/9 *)]. (3-21)

By epga X Ba X* — >apaéHnap A(t) Ba X*(i) HWUHI Kecumw,
OyHAa MaKCUMYM KUPUTULL CUTHaNNapUHUHT 6apya TakCuMm-
NaHULW KOHYyHNapu 6yinya onnHagu.

YTkasyBuaHNUK C6UpP CeKyHAAa ONMHIaH XUCOGHUHT Gapya
C(| KMAMaTUHNHT NMUFNHANCKN BuNaH aHUKAaHaawn.
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YpTa KyBBaTAarn curHan ydyH o2B6unaH 4derapanaHraHaa
A/, opannkga laycc WOBKUHWU Tabcupupa xoTmpacms KaHan
YUYYH YTKa3yBYaH/NKHUN xucobnaimmmns. LLIOBKUHHMHI ypTada
KyBBaTU am2= Pn ae6 onuHagn. LLIOBKMHHUWHT afanTUBAUTA-
HM Ba (3.14) HWM xucobra onnb, CO HN aHUKZANMWS:

C,=max m 'm fi)], (3.22)
By epga h(r) r — apanawmaHUHI anddepeHynan aHTpPoONUNA-
cu. laycc takcmmoTu w(r|A) HUHT waptnm aHTponusa h(r/k)
CU MaTeMaTuUK KyTuwra 60FNIUK 3Mac Ba y Kylimgarura TeHr:
log yj2nePn.

Bup-6bupura 60ofnmnkK 6ynmaraH cCUrHana Ba LUOBKWUH Y4YyH
Kylingarn udoga ypmHnu 6ynagw:

=a\+o0], =T+ T,

6y eppa Pc curHanHWHI ypTaya KyBBaTu. Arapga TakKcUMOT
KOHYHU layccnm w(r) Ba w(A) (3.14 ra kapaHr) 6ynca, 6en-
rmnaHraH gucnepcus YyH MakcuMman aHTponus h(r) Tab-
MUHNaHagu. byHaaH

maxA(r) =logpneiP” + Pn), (323)

C0=0,5\09g[(Pc+ Pn)/P n\. (3.24)

Arapaa curHan xumcobum 60fnmkK 6ynmaca 6up xungarm 1
curHan cnektpuga A/s opanukga 6up HeudTa xmcobnawga ysa-
TunraH axéopoT makcuman 6ynagn. (3.24) KuimaTtHU 60FNUK
6ynmaraH xmco6 2Af3yuyyH Kywmnb6, 6up ceKyHaaarn yTkasyB-
YaH/AINK KOBUNNATUHN aHUKAAAMUS:

C =20/2.0= A/s log (1+ P J P,,). (3.25)

Arapfa curHan/woBKUH HMcbaTn Honra TeHr 6ynm6, cur-
Han KyBBaTu Pe uverapanaHmaraH 6ynca, onnHraH udoganaH
KaHalmHWHT YTKa3yBYaH/INK XYCYCUATM YEeKCU3 KaTTa Ba Hora
TEHINUTU HaMOEH 6ynaan .
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(3.25) ncoga LLleHHOH popMynacu aeinnagn. Ywoy dop-
Myna CUrHan KyBBaTUHWHI YTKa3dyBYaH/MK nojaocacura an-
MaWTUPULL MYMKUHANTUHN KYypcaTaau. C 6unaH O/ AHUHT 4yn-
3MKAN 6oFAnKaUrn Ba PA/P N HUHT norapnMuk 60FInKgnrn
CUTHan KyBBAaTUMHWHI 4yacToTa Mojsiocacu YyTKasyBHaHAUrUra
anMalWTUPULLIHUHT HUcbaTaH camapainanrmHn Kypcatagn. Pn
= NQ@Tf3 6ynraHnnrungaH (3.25) HM Kyhungarnda €3amms:

C=Aa/slog[i+PC/ (N ~)J= A/3logeln + Pc/ (MW0a/3)

(3.26)

YTKasyBUaHNINK xycycuatn C [/3kuiimatra 60FMnK6Ynmne,
C, = (Pc/Nnloge (6but/cek), X3 optraHga (3.2-pacm) MOHO-
TOH opTaau.

By T BakTga ys3aTunraH ax6opoTnap CUrHaa/loBKUH
g= 2PcT/NO0 KaHpagup Oycafaga gapakagaH OPTULLUHW
KypcaTagn. YpTaua ysatunraH ax6opoT TI(X, r)< TCA, wy-
HUHT YYyH

Tr(X, r) < (PCT/NO) loge (3.27)

Ba 6Up 6UT axbopOT y3aTULl YUYH KepaK 6ynraH curHan aHep-
rmacu

PCT > NJ\og e = NO01n2, ékm g> 1.386. lNaycc KaHanu
YyUyH ax60pOoTNapHMHI MaKcMmMman xaXKmu T BaKT yUyH Kyiiu-
parnya 6ynagu:

CNn

AfNo
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Yr ke = W >g (i + PJPny (3.28)

PC> P Maa (3.28) KaHaNHWUHI TacHUpKM 6mnaH MocC Kena-
OV Ba KaHan XaXXmu aeinnagw.

LLleHHOH Teopemacu y3nyKCU3 KaHan 6unaH y3nyKcus ax-
60poT MaH6aMHM MOcCNaWTUPULL MYMKUHANTUHU aHUKAaL-
Tupagu: arap 6epunraH 3KBUBANEHTNIU KpuTepusifa ax6opoTt
MaH6an eX YHUHI 3MCUMOH uwnaé YnmKapuinu KaHalHWHT
YyTKasyBUYaHNUrngaH kKn4dmk 6ynca, Prr(X) < C kognaw Ba ge-
KOAEepNaWwHWHT WyHAan ycnybu MaBXyaKn (aX60pPOTHUHT CUT-
Hanra y3rapTupuil Ba aKCUHYa), CUTHA/IHW akKc 3TTUPULL Xa-
Tonurn 60 ra AKUH 6Ynagn. H'r(X) > C pga 6yHgain ycny6 YpuH-
nm 6ynmangn.

LLleHHOH Teopemacura 6uHoaH Pc/Pn s p0 waptn axb6o-
POT TUKMAWHUHT 6epunaraH aHUKAUKAA 6YNun WwapT amac.

AXB60POTHU TUKAAW YYYH MaHOGaHUHT Mwnadé yYnkKapuwimn
KaHaNHWHT YTKasyBYaHIUTMAaH OpTULLN Kepak amac. by xonga
axb60pOTHN cUTHanra wyHAaaW aWnaHTUpuL NO3UMKWU, CUT-
Han/WwoBKNMH HuUcbatn P JP ( Kabyn KUATUYHUHT 4YuKkuwunga
pnpgaH KaTTa, Kupuwmnga aca P JPn> p0gaH KMYMK 6Ynuwin
MYMKWUH. TabKuanaHraHmpaek, MOAYNSALUUSHUHTI XanakKkuTra
yngaman TYPUHWM TaHnauwra, macanaH, KeHr rnonocanu (L oB-
KUHCUMOH) Nyn 6unaH spuwimwl MyMmkuH [3; 9].

3.3. Y3nyKcum3 ax6opoTaapHM onTuman Kaéyn
KUNULW ycynnapu

3.3.1. CurHannapHu KorepeHT Kabyn Kuaumw

CurHan napameTpriapuHU Y31yKcu3 ax6opoTnap 6unaH
MopynsumanaraHga, uHopmaumoH napameTp X(t) curHan
pyHKUMACUra Knpagnm Ba HOUU3UK 6Ynagn. Ywoby 6ypuaknu
Moaynauma ycnyom ypuHnm 6ynagn. Ax6opoT X(t) HM Kabyn
Knnuwpaga 6yHga xonga apanawma r(t) cumrHan 6a LWOBKWH-
JaH ax6opOoTHU AXLWN axpaTnbd onuwl macanacu Kyhimnagu:

r(0 = s(t, X) + n(t). (3.50)
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LLloBKVMH OK Ba rayccoBnu fevinnaaun, arapga
<n(H>0 Ba<n”™U ) > 05 MB(r,- 2.

X(t) >kapaéH HoOUM3INKAM (PUNbTpaymaga MapKoB 6yilinya
6ynn6, guddgepeHyman (1.1) TeHrnama opkanu wudopganaH-
ca, s(t, X) doyHKumna X 6enrnnaHraH Kuimatnapuga mMabiym
neb6 xucobnaHagn. MmHMMan ypta KBagpaTuk xato < EIl(t)>m
HM TabMMWHMAOBYU 3HT AXWM 6axo X*(t) Hu, r(t) KysaTuwga
(0, 7) opanukga waknnaHTUpuw Tanab atunagw.

OonTuman Kabyn Kunrnmd kysatuw r(t) = /*0 6yiinua, anoc-
Teprop 3UYUYNUKHUHT 3XTUMONNUK TakKcumMoTu w(X/r'0) Hu
waknnaHTupmnb. bailec hopmynacmra 6MHoOaH Kynugarmn 6u-
naH mndoganaHaau:

w(l 7r\) = K Hv(\)w(r ~ {) (3.51)

Oy epfa KH — X ra 60fnukK 6ynmaraH KoacpduumeHT, w(rbiX)
— X napaMeTpHUHT 6enrnnaHraH Kuimatmgarn TaKkCMMOT 3U4-
nnMrn kM xakukaTra yxwawnuk yHKUMacu Kynugarmyda
ndoganaHagn:

W(/0TA) = exp | --ji-I[r(/)-5(/,A)]*J. (3.52)

P.JI. CTtpaToHOBMY, anocTepmnop 3n4nmkK vw(AN0), MO TeH-
rnamacuHmn gunddepeHymnan TeHrnama (1.1) 6ynnya ésunraH-
Ja Kyhnparnda sakaHIUTUHU TabKugnanau:

Avv(a/no) adrn |/ CI AN |
] a~[ (S'Ovv(s3//-0)] +
+1AT[M A0 u(salb,)] + (3.53)

+[F(A,r)~ < F >]w (all=,)) =

= Lprw(n/ri)+[ F < F >lvv(al/l-0),
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6y epga Lpr — ®okkep-MNnaHk-Konmoropos onepaTtopu;
F(\, 0 — BakT 6yrunua (3.52) ndoaa pyHKLUMNA xocmnacu:

= (1/n0 no -*(a)]2 (3.54)

<F >= J F(A. )W (A/r0)</A. (3.55)

(3.53) TeHrnama ax6opoT X(t) HM anocTepuop Takcumna-
HULW KOHYHUATU 3BONMKOLUACUHU KypcaTagun. YWw6y TeHrna-
MaHu MogennawTupyBYM Kypuama etapian gapaxagarm kadyn
KUArmy 6ynm6, ysatumnraH ax6opoT A(/) Tyfpucmpa eTtapnm
MabAyMOT anocTepunop 3nunuk iv(A/~0) ga 6ynagn. X*(t) HUHT
9HT AXWM 6axoNaHuLLIN Yy4yH ONrMMananK KputepuscmpaH
cdonganaHnwl no3vm 6ynaav.

MYKOTULWHUHT YpTa KBagpaTUK PYyHKLUSACUHN TaHnab Ba
ypTaya TaBaKKalMMKHU MUHMUManNNawTupmb, Mabaym anoc-
TepMop 3UYIMKLA MUHUMAN ypTada KBaApaTUK XaTOMK KPU-
Tepusicura 3puLLINL MYMKUH.

(3.53) uHTerpoguddepeHumnan TeHrnama ymymuin xonga
eunnManman, WYHUHT YUYyH eTapian fjapaxajaru kKabyn Kun-
rmy Kypunamanapu ydyyH Typamya TaxMUHUIA cogaanaliTmpuiira
XapakaT KUanHagw.

BUpuHUM 6yHpall TaxMUH, anocTepmMop 3UYINK TaKCUMO-
TV rayccosnm geininagw.

241(0 (3.56)
6y epga a\ (/) — ax6opoT A(/) HN aHNKAUTUHWN XapaKTeprioB-
UM anocTepuop TaKCMMOT AUCNEPCUSCH;

X*(t) MaTeMaTUK KYyTUIULL anocTepUop 3XTUMOINKHUHT
MakKCcUMyMuUra mMoc Kenub, ypraya KBafpaTUK XaTOHUHI MWU-
HUMan KPUTEPUSACUHUHT onTuMan 6axoCUHU aHUKAanaun.

(3.56) TeHrnamaHu (3.53) ra Kynmb xampga ysrapTmpmb
Kylingaru rayccoB HOUYMU3UKAU CY3rTMUIN TeHrnamanap TuUsun-
MWHU XOCUN KUNaMN3:

(3.57)
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(3.58)

(3.53) Ba (3.58) TeHrnamanap 6wunaH mdoganaHraH HO4Yun-
3NKAN cy3rnd, koathbduuymentnapu /rOA*/) Ba xampaa
oucnepcusinapn -a2<tt) BakT 6yiinua ysrapyByaH 6ynraHnm-
rmgaH HocTaumoHap 6ynagn. CysrmuHu MKKUTa y3apo 60FNUK
Kypuama cudatmga TacaBByp KUAuW MYMKWH: (3.53) TeHr-
nama 6yirinuya 6axonawl Kypunamacu mwnangu, (3.58) TeHrna-
Ma 6yrunya aca, AUCNEPCUAHUHT KUNMATUHN aHUKAUK KYpWUi-
Macu uwnab 6epagn. Xycycuin xonga, arap uabTpaaHyBuYY
ynuam ayccnn uxTuépuii >xapaéH 6ynca xamga aganTuBs LLIOB-
KWH 6unaH kKywwunca, (3.29) TeHrnamagarunpgek, cysruud
(bnnbTp) TeHrnamacu KyWungarm KypumHuwga 6ynagu:

AH =-ax*(t)+al(t)l-[r(t)-X*(t)] (3.59)

~A- = +ag{t)ral(t)2a. (3.60)

Ywo6y TeHrnamanap KanbmMaH-BbHCUHUHT YU3UKNN
(hbnnbTp) cy3rny nwmnHM ndoganamgn, YHMHI CTPYKTypa cxe-
Macu 3.3-pacmpga KentupunaraH, 6y epgap = d/dt —gudphepeH-
Lnannaw onepatopu.

AvcnepcusHUHT HaBbaTgarn KuimMaTu, aHUKOUK Kypun-
macmpga (AK) (3.60) TeHrnamara 6uHoaH uwiab ynkapunaau.

3.3-pacm
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Arapga ax60poT X(t) CUTHaNMHUHT HO3HepreTUK napamMmeT-
puHn mogennawTupca, (3.57), (3.58) TeHrnamagarn F(X, t)
dyHKuna (3.54) mndopgara HuUcbaTaH copfapok KypuHuwiga
ngoganaHagun

F(X,t) = (2/NOr(f)S(t, X). (3.61)

(3.61) TeHrnamaHm 3bTubopra onmb, (PUnbTp )Cy3rny
TeHrnamacu laycc X(t) >kapaéHu y4dyH Kyhnpgarnda 6ynagu:

Nip. = -aA*F(t)+M-0A(t)r(t) p -; (3.62)
N 2 4 325-(/,A*
T, asIM NV (3.63)

Ywo6y TeHrnamanapra Moc paBullfa CUTHanA reHepaTopau
(CI) S(t, X*), 6owkapyBin anemeHTIn — (B3), CUTHANHWUHT
napameTpuHm 6axonaHraH X*(t) kmnmart 6unaH y3rapTuUpyB4m
Cy3rmu cxemacu Tysmnagu. Cxemaga wTpux 6unaH aHUKAUK
Kypuamacu axpatmbé kypcatunagu. CtaumoHap xonatga guc-
nepcus KuiimaTu y3rapmac, WYHWUHT y4yH 6axonall Kypunma-
M KO3 P MLMEHTUHM Y3rapTupuLl wapT amac. CtaumoHap xonat
yUYyH Aucnepcusi KMAMaTUHU aBBangaH xucobnab, cxemagaH
AaHUKOANK KypunaMacuHuM uyunkapunb Tawnab, (PunbTpHU) Ccys3-
rMYyHU HUcbaTaH coaga xonatra KeNnTUpuLl MyMKUH.

AvcnepcuaHUHr a 2 ctaumoHap kuimatun (3.63) gudde-
peHuMan TeHrnamara mMoc 6ynraH TeHrnama opkKanu xamja
da>2(t)/dt = 0 wapT 6axapunraHga Kymnunpgarndya aHukKgaHagu:

0=" - 2a(n+CTa_ r(r)_i_". (3.64)

Yw6y TeHrnamaHu eydnwl y4dyH aBBasOo BaKT 6yinya tit)
Tacoauuii KuiimatnapHu yprtanawTupull Kepak:

2 L()A - ) A.icprs ( (3 65)
NOTOJ V' cln*2 KoEo | Vv ' X
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6y epga a(l E = aRBI' — curHanHuHr aHeprmudacu (0; T) opa-
nmkaa curHan S(t, X) HUHT amnanTygacu.

(3.65) — WNGOJAHUHT YHI TOMOH UHTerpanu X 6yrnmnya k-
KNAaM4yn XOCUMNaHW CUTHANHWUHT aBTOKOppensaumscu (yHK-
umsicuHn 6epaau:

[>*(*)="~Jj(/,A)rE2df. (3.66)
(0}

Cy3rM4HUHI HOKOPWU cugaTtmga xaTonmk e = X*—X Honra
AKMH 6ynagn. W yHWHr yuyyH (3.66) TeHrnamagaH e= 0 Ba
S(t, X) ~ S(f, X*) 6ynagn: YHpaga (3.64) TeHrnamaHm BaKT
6yrnya yptanawTtmnpub, Kyhnngarnda €samms:

0 = 05YVHA- 2aal + <m(1/ T) P’ (0), (3.67)

6y epga q = 2amr2T/NO0 — (O, 7) opanukga 3HEpPrns HUC-
6aTnapy cnekTpan WOBKWUH 3Mynnrnura HmcbartaH (3.67) an-
rebpank TeHrMaMaHUHI eHUMUHN Kylingarnya €3 MyMKUH:

ol =[~-~,F(0)/2a2r-\]/9 1 (3.68)

Xycycuii xonga, arap X(t) (punbTpnaHyB4YW) cy3rmdna-
HYBYM NapaMeTp BUHep >XapaéHUHU 6epca, yHAa anddepeH-
uuan TeHrnama 6unaH ésmnagu:

dX (t)/dt= ny(t), (3.69)

6y eppa nx(t) — Na — cnekTpan 3MyanKKa ara 6ynraH,
HOMMHUYM ypTada KuiiMaTnu oK LWOBKUH. HKOKopuaa Kentu-
punraH TeHrnamanapga a = 0. CtayuoHap xonatga (bunbTp)
Cy3rny gucrnepcus xXaTocu Kynugarmda éynagw:

al=(NJ/q)'/2. (3.70)

W. T kminmaTHM T BakKT undmpgarn X(t) gucnepcma >kapac-
Hura eTtuwnwin ge6 kapaw MymkuH. (3.68) Ba (3.70) napHwu
Taxamn knnmb, gucnepcusa ydyH X(t) cTpykTypa cxemacwura
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Ba CUrHan LWOBKMHUIa gucnepcuss GOFNUKAUTUHU XyJoca
KU MYMKWUH.

KOHKpeT MUCONMHN KYypaninuk.

dazacu 6Yyrinya moaynauusnadraH curHan S(t,X), ysnyk-
Cn3 ax6opoT y3aTull TUIMMUaa, Kabyn KunmMHaéTraH apanawima
Kyhingarnya ésmnagn:

r(t) = acos[w,/ + juA(0J + n (0> (3.71)

6y eppa — hasa mMoAynAUUNACU UHOAEKCUHUN aHUKAOBYU KO-
aIPPULUNEHT.

Y3aTunaétraH ax6opoT BuHep (3.69) >kapaéHun 6munaH Ge-
punraH 6YncuH.

(3.71) parn curHanHu xmcobra oMb, CUTHATHUHI ONTU-
Masn 4eMOAYNATOP CXeMACUHU Kypuwl yuyH ds(/, X*)/dX* dyHK-
UMAHUHT KYPUHULWIWHN é3aMUN3:

ds (t, A*)/dA* = -a,jusin +MN* (NI, (3.72)

(3.72) hopmynara 6MHOaH xocuUNacuHWU aHUKAANMMNS:

d2s(t,X *)/dX *2=-aqu2cos[a)0?+ pA *(/)J. (3.73)

CTayuuoHap xonatgarm ((QUNbTPHUHT) CY3rMYHUHT ONTU-
Man AeMoaynaTopuHun udopganosum (3.62) TeHrnamaHm
aHUKNawTupamMmms.

(3.72) Ba a = U3KaHAUTUHN 3bTUGOpra onmb, Kyhiungarm-
HU XOCWUJ KWUIaMus:

dX *(t)/dt = -(2/ NO)alaOiur(t)s\n[(o0t + X *(i)J. (3.74)

(3.74) cdbopmynagaru ysrapmac Koap@@uUuUUeHT 6unaH ndgo-
fana6, onTuman 4eMoaynAaTop TeHrnaMmacuHu Kyhimaarn Kypwu-
HUwaa é3ammas:

a*(0=(E,//[>Mpin[<V +M *0_|- (3-75)

Ywo6y TeHrnama 6ynnya kynungarn 3.4-pacmpgarv cxemaHu
TY3ULW MYMKWH.
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3.4-pacm

CI — curHan reHepatopu ®M dasza mogynstTopuga Mo-
AYyNAunsAnNaHyBYN rapMOHUK TeBpaHULnapHn nwnab 6epagu.
HaBb6aTgarm ax6opoT 6axocn nponopuuoHan 6ynraH 6owka-
pyBUM curHan dasa moaynatTopwura ysatumnagu.

OonTtuman femoaynATopHUHr M curHanm 6o0wKa Bapu-
aHTha yacToTaHu hasanu aBToco3nalw acocupa Kypunagw.

Ywoby cxema 6ynnda 1/P mHTedannaw onepauunsacn CI
yactoTaHn 6owkapuw, (Bowkapuw anemeHTU-B3) Kypun-
Macu opkKanu amanra owmpunagu.

(3.70) Ba (3.73) ndoganap acocnga axb0poTHN KalnTa SWINT-
TUPULWHWHI CTayMoHap Xo0naTu Y4YyH XaTO/MK AUCMepuscu
aHuUKAaHaau:

<Z =[N J/(w 2)1'2- (3-76>

(3.76) ncopgagaH KypuHaguku, curHan/ WOBKWUH -q HUC-
6aTUHN OPTULLKN AMNCNEPCUS XaTOCUHUHT Kamakuwunra onué
kenagn. LLyHuHraek, p koagdpuuyeHT xam Kamaaan. PK0) Hn
aHMKpawga Kymnpgarnm TeHrnama ypuHnum éynagu:

T

|cos[2fI>0r + 2,uA *(t)"dt = 0. (3.77)
o}

Arappga ax6opoT lFaycc-MapKoB >apaéHun KypuHuwunga
6ynca, 3.4-pacmpaga nHTerpatop ypHura 1/(P + a) ysaTuw Ko-
appuueHTUra TeHr 6ynraH (punbTp)-cy3rny ynaHagu.
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3.5-pacm

Y3nykcu3 ax6opoT y3aTull TUSUMUHU aMNAnTyganu Mo-
Aynauunsa yyyH kKypamms. By xonaT yyyH curHan Ba LUOBKMWH
apanawmacu kKyngarn KypuHuwga ésmnagn:

r(t) = a0ll+ a,4(/)Jcos(coat + gn) + n{t). (3.78)

By epga a0, o, ® — mMabnym Kuiimatnap; ua— amnamTtypga
MoAynauna KoagppuueHTU. AX60poTHU laycc >kapaéHu ageb
xnco6nab 6epunraH ywby TeHrnama 6unaH ésamms:

dA(/)1dt - -aX{t) + nk(t). (3.79)

n(t) aganTmMB XanakUTHU cnekTpan M0 3MYNNKIN OK LUOB-
KNUH feb xmucobnamimmns.

By xonatpa X(t) ax6opoT cUrHaNHW 3HepPreTUK napamMmeTp-
H1 moaynauusanangn. LLyHWHT yyyH cTayunoHap xonatga \*(t)
axbopoTHU Gaxonaw yuyyH udoga Kymmpgaru KypmHuwga 6y-
nagu:

dX (t)/ dt = -ard* (t) + § \— , (3.80)

F(X, t) dyHkyma (3.54) ngoga opkann aHnkgaHagn. Cuvr-
HanHWHI(3.78) wudogagarn dF/dk* gudpchepeHynann Kynun-
parnya ésmnagu:

=77 A [1+ AA* (/)]cos(FI>O + % )}x

Xcos (co0t + % ). (38
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cAa

3.6-paem

(3.81) Ba (3.80) udoganap acocupga Kabyn KUATUYHWHT
CTPYKTypa cxemacu Ty3unagau. 3.6-pacmpa CUTHaNIHWUHT aMn-
nUTyganu MopynsiumsanaHraH kKabyn KWArnud cTpykTypa cxe-
Macu KypcaTuiraH.

Ky4aTUPrMYHUHT y3aTul KoagpduumeHTa K, = 2 UUSG*K/NH
CUHXPOH [AEeTEeKTOPHUHI KUPULL KUCMUAArn cUrHan KumimaTtu
aBTOMaTUK Hycxacu pocTnawl apanaliMajaH CUrHan Hycxacwu-
HU ainpuwl xmucobura amasnra owmpunagn. AMnanTtyga 6yrnua
MaHUNYNAUNA CUTHANTHUHT CUHXPOH Kabyn kuauwjga axéopoTt
AWNTTUPULL aHUKAUTU Kyhungarn aHUKAUK 6unaH udopana-
Hagun. MKKUH4YM TapTmnbnam xocuna cP-F(X* t)/dX'2BakTOyinnua
ypTanawTUpUIraH:

1FE~(a*,,)
71 “t = -anyu/ NO. (3.82)

0

YHAa XaToNnK a Xxaucnepcusicn Kyiugarn popmMmyna opka-
NN aHUKAaHaau:

al=~\+gn2N j(2a2r)-1]/~ . (3.83)
Mopynauuna 6ynmaraHga (X = const, J1*=0) CUTHaNHWUHT

y3rapmac amnamTyga gucnepcus 6axocu Honra TeHr 6ynaaw.
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3.3.2. AMnavTyganu Mmoaynaunsa curHanamHm
KBa3MKOrepeHT Kabyn kuauw

KBasnrapMoHuK Kabyn kunrmura xoc 6ynraH xapakTrep-
napgaH 6upun curHanga Tacoanduin yrapyeum <p(t) pasaHUHT
MaBXyanurnanp. CUHXpPoOH AeMOAYNATOP 3ca ax6OpOTHU ax-
paTmnb onuw >kapaéHupga ysnykcms asa KmimmatmHm 6axonab
Typaan. KypcaTtunraH wapouTaa CUrHan UKKU MapameTpra
6ofnukK 6ynagn. bumpuHumncnm X(t) ax6opoT, MKKMHUUcK cp(/)
pasagmp. Xap MKKana napameTrprap y3nykcus MapKoB >kapaé-
HUHU HaMOéH 3Taau Aeb ynapHu 6axonawl ydyyH MapKoB XKa-
paéHun (punbTpun) Cy3srmMum HasapuUACMHUN Kynnaw MYMKUH.

CtaunmoHap xonatga, raycc sskuHnawysmga X*(t) sa d*(r)
napHun 6axonawpga Kymnupgaru TeHrnamanap ypuHAN:

i) _y () + &2 d). + o dF(* *7). r3.84*

yO-K @z VE QA 059

ap +'V

By epga KV Ba KU — guddepeHunan teHrnamanapgarmn X(t)
Ba (0 nap y4yH 6y3unuiwl KoadpdunumeHTa.

a\ Ba a2 — MKKUHYU japaxkanu y3apo momeHTnap 6ynmo,
cTaumoHap xonaT yyyH xucobnall MyMKWH Ba ynap TeHrnama-
nap TusMMmMpaH aHUKpaHau.

Cy3rM4YHUHT (PUABLTPHWHT) ONUK pgapakagarn cudatnu-
namrmnpga 6upuHYM AKMHNawnwaa (xmcobnaw >xapaéHmpga) X*
Ba (b* y3apo anocTtepmop anoka 6axonapuHu xmcobra onmaca
Kam 6ynagn Ba Rx<f= = 0 peb6 xmcobnaHagwu.

OpaTtpa hasaHUHT (/) Tacognuin xapakTepm 3ATyBYM Yac-
TOTaHWHI HocTabunaurmgaH 6ynraHnmrn ydyH (0 >kapaéH
onddepeHuman TeHrnama 6mnaH mdopganaHagmn

$ =«00- (3.86)

By epaa Adfr) — HONMHUM ypTaua KuUiiMaTIu OK LWOBKWUH Ba
KOppensaunoH yHKUNSan
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<«TM"N'2)>=T-5(.~"'2)-

WyHpan knnnb, X(t) dasa BuHep >kapaéHu xucobnaHagwu.

Arapga X(t) ax6opoT Naycc-MapKoB >XapaéHu 6ynca, yHaa
(3.84) Ba (3.85) cys3rmu (chmnbTp) TeHrnamanapuHu xampaa
(3.86) HM abTMBOpPra onnb KyMugarn KypnHuwga é3mw Mmym-
KUH:

dx’It) 23r(n’Y 1)
~yr =-axX (0+~ --oam (3.87)

(3.88,

AMNANTYAANN MOAYNSAUUUN KaByn KWW YyYyH WGy TeHT-
naMmaHun KOHKpeTnawTmpamMmms: Tacoanduii gasa MaBxyanurm
Kylingarn KypuHuwpga 6ynagu:

5(/,A,<p) = a0[1 +/i,,A(/)Jcos[ft)d +<p(/)J. (3.89)

X(t) — aHepreTuk napameTp 6ynAraHnmMrm yyyH (3.87) Ba
(3.88) TeHrnamanapga dF(x*,t)dx* dyHKUMsnapHuU mMoc pa-
BULWAa noganawl no3nmm. byHaa 2co0 yactoTanu TallKua 3TyB-
UNCUHU KaByn KUATUYHWUHT cy3rnunga NYyKoTUanwmnHM xamaa
KWYMK XaTonapga e = cp*-, cose = 1 aKaHAUTUHWN Xxucobra
oNvW Kepak. Y Xxonfa Cy3rmd TeHrnamacu Kyiumgarm Kypu-
Huwpga 6ynagn:

= -aX (t)+ kt{r (t)cos[ay + < (1)] -
d 1 , (3.90)
-~ L[+ 7i0A (0]}

=V (0O[!'+M* ()]sm[ay + & (/)]. (3.91)

3.7-pacmpga (3.90) Ba (3.91) TeHrnamanap acocmga Kypun-
raH Kabyn KMATMYHWUHT cxemacu KypcatunraH. Cxemaga:
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3.7-pacm

*= YKV "o ; K=-2a0o*/NO0

CL cUHXpOH gemynsaTtopga Kabyn KUAMHraH TeGpaHuLl-
nap gemogaynsumnsanaHaagu. b — 6owkKapyB4Yu reHepatopgaH
unkaéTraH curHan pasa aBTomaTumk cosnaw (PAC) cxema-
CUHWHT TasiH4 cuUrHanm 6ynné xmsamat kumnagn. ®AC K, —
KYNakTUPYBUMHUHT Ynkuwinga 6mp xmn gapaxagarm CUrHaaHu
TabMMHNa6, anoka A, ax6opoT 6axocu Kypuamacu opkanm
DAC HUHT KNPpULWINAATU CUTHANHUN KYYaUTUPULLHW aBTOMa-
TUK pocTnab Typagu. (3.83) Ba (3.70) mcopganapagaH ¢oinga-
naHn6, cTayunoHap xonarnap ydyyH A* Ba cp* 60fnuK 6ynma-
raH 6axonapHum xmcobra onm6, cUR Ba Cr2 amcnepcumsanapHu
aHMKpaw MyMKuUH. ByHpaa (3.70) aaH NkypHura NMpHn Kynnoé
KylingarmnapHm xmco6ra onumwl 103UM:

<3.92,

112



By eppa A2 =~|4 2(t)dt - ax60pPOTHUHI ypTaya KyBBaTW,
(3.70) ndgopara xampga KenTupwunaraH dopmynanapra acocna-

HNG6, KylhingarmHu ésammns:

1/2

S2= N J/p[\ +u]n2) (3.93)

6y epga q= 2aal T/NO — curHanHuHr (0, T) opanukgarm
ypTaya sHEPTNACUHUHT WWOBKUH 3UY/IUTUHUHT cCeKTpan 3nu-
nnrura HmucbaTtu.

(3.93) paH KypuHub6 Typmnbankn, |iyea A21apHUHT OpPTU-
wwn pasaHn bakonawiga gUcnepcmsa XaTOCMHUHI KaMmamwura
onnb6 Kenagn. Yw6y xaTonapHu, cUrHan/loBKUH HUcbGaTn
(3.83) akBMBANEHTUHUHI KaMaunwmnra onmé Kenuwunm MyHO-
cabatun 6munaH \mcobra oUW MYMKWH:

gp= JI+ /(20c2T) -1 / pYal/aT. (3.94)

(2.90) — wndopa opkanu q3curHan/lLOBKNH 3KBUBANEHT
Hucbatn aHwmkgaHagn. byHpa (3.93) cdopmynagaH 3ca gwuc-
nepcusi aHUKAaHagn, sibHU

Ub— A exp(—ci2). (3.95)

KeHr TapKanraH 3wmnTTUpUL TU3MMUra HucbaTaH, CUHX-
poH Kabyn Kunuw npodeccuoHan aaoka TusnumMnapuaa KeHr
KYnnaHunagun, YyHKU y oAAWNKA Kabyn Kunumwra HucbaTtaH
IOKOPW Aapaxkaja xanakutnapra yngamnugup.

3.3.3. CurHannapHu HOKOrepeHT Kabyn Kunuul

Axb6opoTaa Tacoanpuin (3 — cdasannm curHan maexypn 6y-
nmn6, ceaHc gaBomMujga y ysrapmaca curHangaH ax6opoTHU Ho-
KOrepeHT Kabyn kunruyga axkpatnb onmwl MyMKUH. CurHan-
H1 S(t, X, P) dyHKumna kKypumHuwmnpa 6epunb, 6y epga (3-cur-
HaNHWHT Tacoguduin dasanm (0,2n) opanukga 6mp xungarm
IXTUMONNNK 3ndnurura ara; A(/)-MapKoB >xapaéHUHU Kypca-
TyBUM MHPOPMATUB KypcaTkud. Arapga X Ba (3KypcaTkuuna-

8-289 113



PVHWN BEKTOP KOMMOHEHTNapu cugpatnga 6epunca, yHaa ywoy
BeKTOp y4yH (5.53_ra kKapaHr) CTpaTOHOBUY TeHrl1aMacuHU
ésnw mymkuH. F (4,/) dyHKumna ypHura, 6yHga V(X, P) dyHK-
UMaHU Kynunoé, kynungarn ndogaHm ézammns:

t
v(A,/3) =1/ exp J F(A,(3,t)dt- 1 . (3.96)
t-T

T—0 pga 6y yHKuma F(X, P, t) ra ytagn. V(X, p) GPYHK-
UMAHUHT KUPUTUNNLLIN, XOCUNAHUHT TaXMUHUIA KEHTIUTM Ba
OXMPrv aiMpMaHUHI TaXMUHWUIA KEHTUTUHW aHrnaTtagn. Ai-
TUAraHnapHu nHobGaTtra onm6, anocTepuop 3UYIUTUHUHT TEHT-
namacumHun Kynmngarn kypuHuwga €3amms:

- < V>1w(A,£]r0),(3-97)

6y epgpa |-®Pokkep-NMnaHk-Konamoropos onepaTtopu, Bek-
TOPHUWHT anpuop KypuHunwunHm ndoganaign; V(X, P) dyHK-
uma opkanm W(X, P/r0) ypTanawTupuaraH axTMMOA/INK anoc-
Tepuop 3UYANTUHM MHOGaTra onmb, < V> KuMimaTt aHukpga-
Hagwu.

W (X,/r0") ax6opunini KypcaTKn4y 3aXTUMONNUTUHWUHT WapT-
CN3 3UYNIUTUHWNHT TEHIrnaMacuHn aHuknaw ydyH L P) 6up
Xmnpa TakCMMAaHraHANIrMHM abTmbopra onmb, (3.97) TeHTr-
NamMaHWHI 4Yan Ba YHr TOMOHNapuHu P 6yihinya [0,2n] opa-
nnkaa wnHTerpannaimmnis. Hatuxaga KyhungarmHm xocun
Knnamms:

<Vs>p - < V>>(A]|r0). (3.98)

By epga

(3.99)
o

Arappa curHan (2.56) TeHrnamagarv KBasurapMoHUWK Teb-
paHnwW KypuHuwmnga 6ynca, yHM OpTOroHan TawKua 3aTyB-
ynnap RUFNMHANCK KYypuHUwnga ndoganawl MyMKUH.
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X(t) KYypcaTKMYHN HO3HepreTUK Ae6 xmcobnab, (3.96) Hm
9bTub6opra onmb ea (3.99) HM y3rapTupunb, Kynngarn ndogaa-
HN e3aMun3:

(3.100)

by epga 10(X) — HONMHYM pJapakanu, becceHUHT mMogndn-
KauusnaHraH gyHkumsacu. A(CX, t) dyHKLUS KoppennsunoH
WHTEerpan opkaan aHuKgaHagu:

A ) = [Z,2A) + Z2(M]V2, 6y epaa Z, (1) J r(0)Y, (t,k)dt,

A(t) Ba X) byHKLMANAP CUTHAMHUHT MOAYNALNA KOHY-
HUra 60FNNK 6Yn6, ynap mabnym ae6 onnHagun. < N>P pyHk-
LMAHU UKKUNaHTUpuw yuyyH S(t, X) — curHan 6unaH moc-
nawTupunran () ofyBum [eTeKTOpPAW, YU3MKAW Mofocanu
cy3rmy (UMC)HM kynnaw MymMmkmH. Ur'TC HUHT YTKasuw nono-
cacu A(?) axb6opoT cnektpura 60fnukK. 1Q@x) DYHKUUAHUHT
HOUYM3UKAUNUTN AeTeKTOp Tabpudunaa xmcobra onmHagn. 3.8-
pacmga < K>p dyHkuusHu r(t) 6ylimya amanra owmpunui
cxemacu KenTupuaraH.

(3.98) dopmynagaH anoctepuop 3uunurn W(X(rrt)) rayc-
COB annpokcMMmaumsacu 6yiivya 6ynraHfa, HOKOrepeHT Cy3-
My CXeMacuHU XPCUa KUANW MYMKWUH. CY3TMYHUHT cTaumo-
Hap X0/aTW YYYH HOKOrepeHT AeMOAYNSATOPHUHI onTuman
KYPUHULLN TeHrnamacu Kyhugarn KypuHuwga éynagu:

(3.101)

r(t)

3.8-pacm
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6y epaa Ki(X*) — X(t) ax6opoT yuyH anpuop TeHrnamagaru
y3aTvwl KO3 MULUUNEHTUHUHT KniAmatu. <V >* — dyHKuna
(3.100) TeHrnama opkann X*(/) Hn kyiinb aHukgaHagn. Cra-
LMoHap xonatga ax6opoT axxpatub onuwgarn gucnepcusa xa-
TONUIM y3rapMmac Kuiimart 6ynmn6, Kynupgarn TeHrnama opka-
N aHuKNaHagu:

2 A (A"

0= A2(A%)+2eT" T 0w en

(3.102)

Fayccoe X(t) xonatm yuyH (3.101) TeHrnama (3.100) Hwu
xucobra onmb, Kynngarn KypuHuwga ésmnagu:

an>) 24(m*,<)"ap(s*,r)
n -ar* (7) + o N - (3.103)
6y epfa IXX) — BecCenHUHT GUPUHUYN. Aapadkann Moandgu-

KauuanaHraH yHKLUSCHU.

Beccen hyHKUMSACU apryMeHTUHUHT KUYUK KUAMaTIapu-
fa YHU KaTop KypuHuwunga udoganawl MyMKWUH. Hatukaga
copfanalwiTUPUAraH TeHrnama Kyimmgaru KypuHuwaa 6ynaam:

v

mc(f):-ﬂﬂ‘(?)*’(ﬂ'z/\,ﬂ,(ﬂ\?)a:_ﬂ (3.104)

dt

Ywo6y TeHrnama acocmga 3.9-pacmja HOKOrepeHT 4eMogy-
NATOPHUHI CXeMacu KenTUpuraH.

Ax6opoT KuniimaTtn baxonawl nosocanu cy3rmy napametp-
napura Tabcump 3Tagn Ba [ AeTeKTOPHMHI YNKULW KUCMUAA
O(A*, t) pyHKUMa xocun 6Ynagn. (3.102) ymymuii TeHrnama-
JaH 0X2CY3TMUYHWUHT XaTONNK ANCNEPCUACU KENTUPUIITaH CXe-
Ma 6yiinua Kylimgarnua aHnkgaHagn:

2= 1-4N J NATA— a2 /14 NZTA"a
0 ar1 an

(3.105)
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3.9-pacm

YacTtoTa MOAYNAUUANM CUTHATHU HOKOrepeHT Kabyn
KUNNLW MUCONMHU KYpainuk:

S(t, X, P) = a0 cos[(co0+ X)r+ P], te[0, 7], (3.106)

6y epma As A(t) - (</A(/)/ dt)T « HA(/) wapTHM KaHoaTNaH-
TUPYBYM CEKUH Y3rapyBum BakT pyHKumsacK. X(t) xkapaéHHU-
HU BUHEP TUNMAArn >kapaéH fe6 xucobnainmk. gA/pX* xocu-
NaHn amanra OWWPULLHW TY3UINLW CXeMaCUHW Tysnwija Ba
Cy3rmy TeHrnamacuHu é3mwpa abtTmbopra onuw nosnm. Opart-
Ja xocuna oxmMpru ampma 6vnaH anmawTupunagu.

n =a[4(A"+17)-4(A"-717)1} (3.107)

(3.106) kypuHMWwIKngarn curHan yuyyH A(o* + 0,5aco) dpyHK-
LMa nonocanu Ba OfyBYM AeTeKTOp épgamMuja LiaknnaHagu.
Monocanu cysrny t00+0,5c/1 ypTa 4vacTtoTacumra cosfiaHraH
6YNnn6, nonocanu cysrny 60WKapyBUYM 3NeMeHT épgamumaa X*(t)
Kuimartra cosnaHagm. Amanga bl 60w kKapysyum reHepatop vac-
TOoTacMHMW y3rapTupuw 6unaH xampga torp6enrvnaHraH 4yacTo-
Taja CUrHasnara uwaoB 6epuLl CUrHan 4YacToTacuMHW Yy3rapTu-
pvw 6unaH amanra owmpunagn. TeHrnamagaH a= 0 ge6 Bsa
(3.107) TeHrnamaHm abTMbGOpra onu6b, 3.10-pacmpga Kentu-
punraH HOKOrepeHT Kabyn KWATUYHUHI CXEMACUHW Ty3uLl
MYMKWH. Cxemafa NYHKTUP 4Yn3nK4ya 6unaH uyerapanaHraH
kucmu Y yactota gUCKPUMUHATOPWU 6Ynnb, YHUHT TacHU-
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3.10-pacm

¢n MC nonocanu cys3rny Ba Cy3rMYHUHT CO3/1aHMaraHnnrmura
6ofnunk 6ynagn. 5A H 1/ I kniAmatga Kabyn KUATUYHUHE 3HT
KaTTa Cce3rMpamk gapaxacura TyFpu Kenagn xampga SUCKPU-
MMWHaLMOH TacHudAa MakcMman 3rpuank gapaxacm 6unaH
xapakTtepnaHaau. 3.11-pacmga A C AUCKPUMUHALWMOH TacHUM-
HUHT WaKANaHuwWwy rMpUHLUAN KeNTUPUIraH.

MC KaHanu wWrp cMrHan CNeKTPUHMUHT ypTa yactoTacmra cos-
naHraH 6ynm6, Y/ yactoTa JUCKpUMMHATOP 6UNaH KynamTyB4m
6/TOKHUHT YMKUL KUCcMmga mebépnawtmpagn. K kyvantmpruy-
HUHT y3aTuwl kKoadppuuymeHTa a}2A/N2T kuiimaTt 6unaH aHuUK-
naHagn. 0237 2H a@TP g’ (0) HU 3bTubopra onunb, cr2 gucnep-
CUAHU xucobnarimus. YHaa (3.105) ra acocnaHm6, a = 0 xonat
YUYYH Kyhmngaruuya 6ynagu:

Gh=- -~-72:(0)]'/2/("2p: (0)").  (3.108)

By epga pg’(0) — Y[ yactoTa ANCKPUMUHALLMOH TacHUU-
HUHT 0 garn arpunnrn 5X cosanaHmaraHnukga p' (0) = -2/ &P
6ynun6, (3.105) TeHrnama Kynugarnya 6ynagu:

a,2= [Nk5X2 T/(292]" . (3.109)
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ByHpaH axbopoT y3aTuw JUCNepCcus cr2xXaToanrn cys3rny-
HWUHT Hoco3nurura 5A nponopuvoHan 6Ynu6, cumrHan cnekT-
PWUHWHT N0/10Cacn, SbHU Cy3rny nosoca yrkasmwm 6unaH aHuk-
naHaawn. Af3cnekTp nonocacu TBakT 6unaH Aa= 2/T Hucbatga
6ofnmknurngaH (3.109) ndoganaH oxX2 AUCNEPCUSAHUHT CUT-
Han CrekTpwu nosocacura 60FNMKANUTA Kennbé vynkagu.

3.4.1. Hopman Ba aHOMaJ XaTOonMKNap

CurHan Ba LWOBKWUH HUCOATUHUHT TYp/AnU KUiiMaTnapm yuyH

LLL X/ra)) anocTeprop 3XTUMONIMKHUHT CTPYKTYPacUHUN KY-
pannuk. (3.51) Ba (3.52) udoganapra 6muHoaH, t= T KaHpai-
ANP BaKT MOMEHTU YUYYH KyWunarnHu €3uil MyMKUWH:

o (A0 ) = ALexp M (A) exp[<iw (A)] (3.110)

6yHaa Kyugarn 6enrvniawinap KUPUTUTaH:

T

R{X) = £jS(t)S(t,X)dt;
(0]

T (3.111)

AMoCTeEPUOP 3XTUMONNIUKHUHT Tacoan Ui YyeTra YNKULL -
napuHm ?UA) WoBKUH MYHKUMACKU aHUKAanan. XQxaknkKuii
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Kuimatra askuH W(K/r0T) xonaTHU curHan yHKLUACU aHUK-
nangwn. 3.12-pacmga q = 24/.J1,0curHan/WwoBKUH HUCOATHUHT
TYPAN KUMaTnapu yyyH anocTepuop TakCUMJ/IaHULL TacHU-

napwu KypcaTuaraH.



< 1 pa ADKniimaTpaH katTa 6ynraH Tacoguguin yeTra ym-
KuLWnap Kysatunagu. g » | 6ynraHga anocTepruop 3uYImK YHU-
Mofan KypuHuwga 6ynagw.

(N = /) ~4] < ekjcurHan uykkucu verapacupaH YMkKmaii-
AWTaH KaTTanuknap Mebepuii xatonmknap fenmnnagn. EKkoppe-
nayma opannk abcontoT KuimaTngaH opTnG KeTyBYM XaTONUK-
nap aHoman xaTonuknap feinnagn. EK koppensums opanufn
MebEpNaHTUPUATraH aBTOKOPPENALUMOH CUTHan (yHKuusacu
6unaH aHMKaaHagu:

A =/|N(A)|</A. (3.112)
o)

KeHr nonocanu mogynauma TM3anmuga, aHoMmasa XaTosInK-
nap katTa xanakuTnapga cogump 6ynun6, kabyn aHukaguruga
YHUHT Japa)kacMHu nacanunwmnra onmb kenagm xampaa xanakmT-
ra TYypFyHnmk 6ycaracu \ocun 6ynunwinra cabab 6ynagn. Katra
xanakurtiap coxacma y3sniykcus axbopoT y3aTULLHUHT Xanakutra
Kapwu TypfyHnurn Pad= />’ (Je]|>eK) aHOMan xaTonunk axTu-
MOMM 6MnaH xapakTtepniaHagu. Yw6y aXTUMOIIMKHU XaKUKUi
ynyam kunmatm cmdatnga kapaw MyMKUH. Mebépuin xaTonnk
6y xonga yw by 6axOHUHT aHUKAUTUHW ndoganangn. Y3nykcums
ax6opoTHM “ar” opanukgapra 6ynm6, ekkuiimatiap 6unaH 6en-
rmnacak, y3siykcms axbopoTHu “OT” OpTOroHan curHan ysatu-
nvwunra anmawTupmnmwin \amga PT a\TUMONNMKHU aHMKAaLW
YUYYH OUCKPEeT cMcTemMajarn xaToMK KUMmart HaTuKkanapugaH
thoriganaHnL MYMKUH. 2.3 aH onTUMasn Kabysa KUArnyHm “or’—
KaHannm Kypunma fie6, xap 6up kaHanga waptam A (X), /= 1,
OT, pocTra yxwalwamK HucbaTtum wapTtm xmcobnaHmo, 6y xmcob-
nap HaTuxkacmga Makcuman poctra yxwalnmk mes3oHn 6yinn-
Ya Kapop kabyn kunmHagn. /~ax60poT KyBBaTMHWHI Pr wos-
KWH KyBBaTUra HMcbatu kKabyn Kkunrmyga Kymmgarmya aHukga-
Haau:

4HE A = W n2'jGm(f)dt, (3.113)

f (0]

6y epfa 1= 1AM />/< A2> — ax60poT Yy3aTULLHUHI MUK OMU-
nm, F — Kabyn KUATUUYHUHT Yynkuw nonocacu, Gn(f) —kabyn
KUATNY YNKULLINAArA LWOBKUHHUHT CAEKTPasa 3UYSIUTH.
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AX60pOoTHM Mebépnawga |JAmJ = 1, WyHUHryuyH Px= /M2
6ynanun.

CurHan/woBKNUH Knpuwgarn Hucbatmum qld= PJPR,= P
(NO Af), 6enrmnnacak, 6y epaa A/ — cUrHan CnekTpu Mnono-
cacu, Kynmparn Kuinmart 6enrmcmHn KNpUTamms:

_<TYMK _ N ofj

rB 77" (3.114)
n Pc- b Gm (f)dt

Ywoéy kuihmar moaynauma TusmMmumparn TykK KuiimaTtu
fenvnagn xampga xanakuTra Kapwuv 4ngaMmanank ynyamu cm-
hatnga xmsmat Kunaau. KOTykgapaxacu 6yiinya g> 1 6ynraH-
parv Tmanm adgpsan 6ynagw.

3.4.2. TU3NMHUHT 3P (eK TUBANK KypcaTKN4K

Anoka Tmanmunga “g” — KypcaTKMUYHUM TakKocnawl JOMMO
Kynan 6ynasepmanan. YyHKn Typau curHannap Typam cnekTp
KeHrnurura ara 6ynagw.

Bup xmnpgarn KyBBaTra ara 6ynraH curHana ydyyH “g”
KYpcaTKu4y KeHT mosocann Tnanmaa Katrapokoynaam. Cababu
yHaa qKUp kKniimatn KMuymk 6ynmwimnHm tanab atagn. LU yHUHT
6unaH 6upra Top nosaocanMaaH KeHr nonocanm TMammra yTumu-
[Ja WOBKWH KyBBaTW AeMOAYNATOPHUHI KNPULI KUCMUAA Op-
Tagn. HaTtmka oTKasmwra onmb kenagn. KypcatmnraH kapa-
Ma-KapLwuankHU e4yull Makcaguja pean lTULW TyllyHYacu
KNpUTUNagn:

Ap = 8 ("B / ANl ) = <2HK/ («<?Kup )- (3.115)

6y epga a = A/, / Fs.
LLleHHOH Teopemacura acocnaHmb, MyMKUH 6ynraH mak-

cuman “q” — TUW KuiiMaTn Ba"a" — pean TUW KUiiMaTu-
HW aHUKNaw MYyMKUH. Teopema: [f] ra acocnaHmn6, 6epunraH
T) /T = T0 KniimaTga axbopoT y3aTULl MYMKWH, KayOHKU

N'OA) — ancunoH — camapagopamk C — yTkasuw kobunumsa-
TUAaH KUYMK 6YncarnHa ancunoH — camapagopnuk (3.18) ra
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acocnaHu6, /Mlogpora teHr, C — yTKasuw Kobunuatm aca (3.26)
ndoga opkanu aHnkgaHagn. Migean runoteTMk anoka TM3MMun-
pga C=4'4); duk= P¥B\eEaTK- Adog(l+ glp TeHrnuknap
6arkapunagu.

Mogaynauma TnsuMuHudr 1l apdexktusnurn ge6 M p(
VWOHYIMANK TabMMUHAAHTaH4a MaHOaHWHT 3NCUAOH cama-
Pagop/ANTMHUHT MUHUMaAN YTKasmw KoOGUAnatura Hucbatmura
antTunagn. byHganm TM3nMm yuyH Kyiingarnya €3ml MyMKUH:

rarr8y., k= U A/, log (I+<7Kip). (3.116)

ByHaaH kypuHaauku, r\Af>FB 6ynraHga (g, 1) qHip
KUAMaTNapuHUHI KUYMK Kuiimatnapmpa xam KatTa HTyKkKa
IpPUWLINLL TabMUHAAHAAW. DHT AXWW TU3UM feraHja KatTa
xanakmrtnapra ungamnm ékm 6epwunaraH xanakuTtra ympgamin-
NUrn 1KopK 6ynraH Tusum TywyHunagu. Wpgean tusnmpa
rj = 1, Ba KaHa/IHWUHT YTKa3yBYaH/NK KOOUIUATU TYNUNK KYN-
naHnnaan. byHpan Tnamm yuyH (3.116) gan qmk= (1+ <K\fa,
Ba gKIl>> 1 6ynraHaa toTyKg = ('] 6Ynaan xamaa xakMkuii oTyk:

q = qKq;L'-/ﬂ. (3.118)
WyHaah KMnm6, ngean tuanmpaa “q” — TYK a —KWUii-
MaT OpTULLIN GUNaH 3KCMOHEeHUMan KOHYHUAT 6yiinya optagu.
Pean tusumpa 6epunraH a — Kuiimar mgean TusmMmra Hmucba-
TaH xanakKuTra HKoOpu YnaamanianKHN TabMUHNam onmaingn.
(3.114) Ba (3.115) TeHrnamanapra acocsaHu6, Typam xmn-
jarn mogynauunanapga TM3UM camapajop/iMrMHM TakKkocnal
MYMKWH.
AMNAnTyganu Moaynsaymaga:

(3.119)

By epga Of = 2FB akaHnurn xucobra onnHraH.Yerapasuin 1oTumLl
KuimaTtn ya= 1lsa M= 16ynraHga ypuHnm 6ynagn. banaHcnm
mogynauusga (BM) anTyBUM YacTOTaHM 4YMKapub6 Tallna
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xucobura kynugarnmya 6ynagm: gm —2; g W = U abHU OTYK
nuK omuara 6oFnnk 6ynmaingn. dasanm moaynauymaga-®M Ba
KatTa MHAekcnapga a ~ 2m 6ynraHga Kyhuparnya 6ynagu:

EPM=52/(4 9 2); "o, ~ a2/ (4/72), (3.120)

ABHU OTYK MOAYIAUMA WHAEKcUra Ba axbopoT MMK-OMWUAUra
6ofnnK 6ynagn. Yactotranm mogynaumsaga — YM, vactota A/
JeBnauunacuga TYK Kyihngarn Hucbatnap 6unaH aHukgaHagu:

gdM = 3//46 / (N2F?) = 3a2/ (49 2);

SoHM = 302/ (49 2). (3N121)

by epaa u = Of/FBmogynaumna MHOEKCUHUHT KaTTa KuiimaTm-
fa 3= 2uFB curHan cnekTpm nosiocacu xmMco6ra ONIHIaH.

KentupunraH ndgoganap kypcatagnku, ®M sa UM napga
IOTYK 6upAaH KaTtTa 6YIuLmM CUTHANHWHE YacToTa nosocacu-
HU KeHrantTmpuiwl xmcobura 6ynmwimnmHu Kypcatagm (mopyns-
UMA UHOEKCUHWUHT OpTULWIN Xxucobura). Ynsnknmn(AM) mopay-
nayuagaH gapkiv ®M Ba UM pga ax60opoT y3aTuLl MLWLOHY-
VAT 6epuiraH xanakKuT gaparkacmaa CUrTHaIHUHT KyBBaTUHM
owmpuw xucoburarmHa smac, 6asku 4yactoTa MO0CaCUMHMU
KeHraiTMpuw xmcobura owmpul MyMKUH. YW 6y xynocanap
thakaTrmHa KM4YMK xanaKkmtnapgarnHa ypuHnm 6ynagn. Karra
Xanakmtnapga aca 6yHgam tmanmnapga 6ycafa addekTta co-
anp 6ynagn, abHU AKAX 4b, 6y epga E curHannap LWoOBKWH
6Yycara HMCHaTW, KeHT nosiocany TU3NMAAp Xanakutra Kapwm
TYPFYHAVUKHU NacaiTupagn. KeHr nonacann moaynsaumsa Tu-
3umnapuga 6ycafa ahekTn Kyhmgarnya TylwyHTupunagn. Pean
(3.115) 6yimua oTywHU aeuymnbennapga Kyupgarnya ndgogaa-
nanmMmus:

Sp= Sk (A wp-a). (3.122)

LUK KUAMaTUHUHT (“kp a) ra 60FNNKANK rpaurnHn (ge-
unbennapga) umanb, 45' nn TYFpM UM3MKKa HuUcbGaTaH pean
doigaHn opguHata 6yirivya arpy 4nmsmk 6unaH TYFPU UYU3UK
thapky opkanm 6axonall MyMKuH (3.13-pacmra KapaHr).
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3.13-pacm

Bup nonocanu mopynauymaga ax60poTHM ys3atuwga ? =
= (<ivm) TeHrNUK YypuHnu 6ynagun, YyHku ((SKHR) = PJNax
X FJ=09  — Kabyn KUATUYHUHT KUPULL KUCMUAA CUTHanN
KYBBATUHWHI LUOBKWH KyBBaTuUra Huc6atm ax6bopoT ysartuul
rnosocacmga ypuHan.

Npoean tnsnmnap ydyH (3.118) ra 6uHoaH

bl wk=a\é(\ +gTp) (3.123)

AKnp»1pga = a\ggKiip= a\g(gK a) Hwm xocmn Kuna-
MU3, LWYHUHT YUYyH

fI(<K, p - fI)- (3-124)

Ywo6y (3.124) wndopa 3.13-pacmparu TYFpU UYU3UKAAPHU
uogananagn. a= 1 6ynraHga TyFpym 4msuk 45° nu 6ynagu,
a> 1 6ynraHga aca 6ypuyak yTKkmpnawagm xamga TYFpu Yn3unk-
nap koopguHata 6owmngaH YHrpoKTOMOHAa Kecuwagn. 3.124
faH g’Klp Hn xucobnab, geuwnbennapgarn wugean Tusnmpgaru
IOTYKHU xnco6nawl MYMKUWH:

me>e (3.125)

Ywoéy TyK noropudmuk macwtabga q’°  KuAMaT opTu-
wun 6unaH umsnkanm optmnb 6opagn. Arapga q » 1 6ynca tu-
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3MM YyuYyH gp— tTyK qtMd ra 6ofnmk 6ynmacnurmn (3.119)—
(3.121) wdoganapgaH KYypuHUG Typmubau.

3.13-pacmpa TYfpu 4um3nkka napannen 45° nn 6ynn6, gp
KuiimaTtra cumkuraH 6ynagn. MacanaH, UM Tn3vmm yyyH a = 8
6ynraHga (ngean tusmmpga) 3.13-pacmpa NyHKTUP YU3UK OU-
naH KypcaTunraHumpiek, gp KentupwuaraH TYFpu 4msuk 6unaH
Kecnwimanman. by wyHu KypcaTaguku, HWHT KatTa Kuii-
MaTnapuga TykK 6epaétraH TM3Mmpga Kamaniuwm 6unaH
TYK WykoTunagn. Arapga 9'Kix a 6ynca, TMaum MaHpUin
IOTyKra ara 6ynagn (SbHW OTKasunagn). a — KMiiMat opTmn
6unaH 6ycara aheKTN KyunmpokK HaMoéH 6ynaan. a < 16ynraH
TMsumaa ywoy acddekt 6ynmaign, nekuH ? » 1 6ynraHga
ynap TyK 6epmani.

3.5 Iimnynscnn mogynauusa Tmnmnapu

AX60pOTAapHM UMNYNLCAN MOAYNAUUA TU3MMIapuga Ta-
CaBBYp 3TULLAA MMMYNbCAAPHU OHUI KUiiMaTnapu KeTMa-KeT-
nurnHn At BakT opanukjapuparn KypuUHULIWM Hasapga TyTu-
nagn. KoTtenbHUKOB Teopemacura 6uHoaH ax6opot A(f) cnek-
TPUHUHT 3HT toKopn FlovacToTanu yerapanawja Kylhivgarnya
6ynagu:

<3.126)

CaHok momeHTnapu kAt BakTmpga (3.126) garm kaTtopnap-
HWHI K gaH Tallkapu xamMma acocu Honra anaHagu. CaHok
hyHKUMACK 3ca 6upra TeHrnawaan. AxéopoT X(t) HM umnynbe-
oM TM3nMpa ysatuwja faBpuini MMnynbcnap KeTma-KeTnmru-
faH origanaHnnagn.

/(0= E H*-KAt). (3.127)
ByHpa ysaTtunaéTtraH ax6opoTra MocC X0/4a UMMY/bCHUHT

6upop OoHWI Kuiimatm y3rapagu (amMnanTyfa, BakT X0/aTw,
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hasacum, UMNyNbC KeHrnuru). MogynnawraH MMMy/bC KeT-
Ma-KeTnurn kKynunpgaruya 6ynagm:

[(NA)= £ O[A(*41)./-*0 1} (3.128)

MMNynbe KYpUHULL LIaKAN byHKUUNS opKanu
aHuKgaHagn. Hr cogna xonatga &(t) — TyFpu 6ypuyaknm vUm-
nynsc 6Ynu6, KEHrAUrM TS aMnAuTyAacu aca 6upra TeHr:

#(/) = rect[// xv]. (3.129)

AMNnntyga-umnynscnm mogynauuaga (AMM) 4?2, A) keT-
Ma-KeTAUKHUHI aMmnanTygacm axbopoT 6unaH mMoc paBuLlja
y3rapagu:

/= {i,N)= Yj \}+ /] (3.130)

By epfga uanamnautyga moaynauusa koadduumeHTa.
®aza umnynscnu mopynauyusaga (PN M) axbopot 6unaH
MOC paBuLIga MMNYAbCHUHI BaKT xonatn \am y3srapagu.

/ = (f,A)= Yj rect T (3.131)

By epfia K — MMNYNbCHUHI BaKT x0naTugarn geBnaLnusicuHu
aHVUKAOBYN KoadhuumeHTa. KeHr mmnynbcam mMoaynsaumns
(KNM) kyhingarn udoga 6unaH ndoganaHagn:

I-kAl
/M )= X rect (3.132)

By epga uwunmMnynbC AeBnaumnsa KeHIMUTUHN aHUKAOBYN KO-
appununeHT. BaéH atunrad fit, X) keTma-keTnurngarn mMm-
nynscnn moaynauma 3.14-pacmpga tTacBupnaHraH.

bynapgaH Talwkapu 6owka Typgarn mogynaumanap xam
KYynnaHmnagu, macanaH: yactota mumnynscnm (UMM). Pagno-
KaHangaH axbopoT y3atuwga MKKMHYM 6O0CKMY MOAYNAumN
Kepak 6Yynagu: f[t, X) nmnynbc keTma-keTnnru 6mnaH anTys-
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PNM

WM

3.14-paem

ynM yacToTa MmogynnawTupunagn. Mkknnamym moaynsunsHuHr
TYpPAU KYpUHULLINAPU 6YNMWN MYMKUH: AM, ® M, UM. Xy-
cycaH amnautyganu moaynsauusga ar, X) ketma-keTamkgaru
MMMY/AbCHW 3NTYBYM YacToTa FOPMOHMKAcCK 6unaH kKynaniTm-
pvw amanra owwmnpunagn. Hatmxaga s(t,X) curHan Kymnmagaru
KYPUHULLHW 3rannanan:

s(t,A) = a0f (t,A)cos(a)0t + (p0) =

(3.133)
= a, N V[A.(kAt),t - kAt~ cos(a)0t +%).
*=_>

ByHfalh KypuHuwpgarn curHannap MKku mapotabanu mo-
aynnawiraH 6ynu6, Kyrunpgarnda éenrmnaHagn: AVMM—AM,
PNM—AM, KNM—AM Ba X.K.

Kypn6 unkunraH moaynsuuvs typnapumgadH ® MM pga X(t)
MHpopmaumoH ynyam S(t, X) CUTHANHUHT HO3HEPTreTUK Yyn-
yammnamp Ba layccoB Mopaenupaa >kapaéH X(t) yuyH (3.62),
(3.63) cysrmu TeHrnamanapu ypunnngup . AUM ékn KM
nappga X(t) ynuam aHepretukamnp. WyHMHr yuyH F(X, t) pyHK-
uusa éannuinia yHm abtmoopra onuwl no3um (3.54 ra kapatr).
Mwucon tapukacmga ® 1M —AM cuUrHanHu ontuman kKabyn
KUATUYHUHT TaxNUNnHM kypamms. (3.133) HM abvTubopra onmb
r(t) apanawmaHn Kynunpgarmda é3ammus:
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r(/) =ad~ #[A(A:41)/-M ~cos~f +HQ+n(t). (3.134)

OnTuman nwnos Gepuwiga X napamerp 6yiirya curHan xocu-
NacUHW LWaKNNaHTMpULW Tanab aTunraHnurugad, uMnynscnap-
HU Kyhngarn KypuHuwga ndoganawl Kynam 6ynagm:

#(1) = exp[-/2/ 21a)], F£ [-A/, AN (3.135)

Y xonga ® 1M —AM curHan Kyingaru KypnHuiiga 6ynagn:
5(/,9) = a0l exp]- (>]jcos(<v +(p0). (3.136)

CTaymoHap xonat yuyyH ax6opoTHu 6axonawga (3.62) Ba
(3.136) udoganap acocmpa Kynuparmya éamnagu:

dxX A =-aA" (t)+” 5 Zr(t)x
" (1) N (1) (3.137)

® 3
X £ ~ kAt ~ 'UMA* +N)-

v(t, X*) pyHKUMAHN X* 6yiinda gudpdepeHumannal HaTu-
»xacuga 3.15-pacmpa TacBMpIaHraH MKKW KyToau arpu Ymsmk-
HM XO0CuN Kunamms. i3(r) TyFpyn 6ypuyaknau umnynscga gudge-
peHuMannaw ornepaumacm oxmprn gapkHm xucobnaw 6GunaH
anvawTupunagn. (3.137) udogaHnHr cxemacu 3.16-pacmpa
TaceMpnaHraH. by eppa UK 60w KapyBUn YN3UKAN KEYUKTUP-
rmy, MK — nmnynsc keTMma-keTnnk k=2aohIN o reHepaTo-
pn. I — reHepaTtop rapmMoHuK TebpaHuwnap mwnaé 6epagw,
HaTwkaga Cl, — CUHXPOH AeTeKTopuaa paguoMnynbCHU CUH-
XPOH gemMoaynaumanaliHn Ba BUAEO KeTMa-KeT/IMKHU TabMUH-
nangn. BUK A/) BnageoumMnynbCHUHI a3acuHM co3namau,
andggepeHumannaw d/dX" gaH KelnH 3ca UMKKU KyT6nu arpwm
YM3nKHU (3.15—pacmra KapaHr) xocmn Kumnagn. dun 4Ynsnk-
NapHWHT BaKT xo0/saTiapyn Kupuwgarv BUAeoNMMYNbCAapHUHT
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Ky3aTuLl Makcuman Kuimarnapura moc xonga Kynamtmprmura
y3atunnagm.

Pacmpa TacsmpnaHraHugek, (AK) auckpemeHaumoH Tac-
HUDU (< LA> KyuNaHWUWHWHT € — MOoc/NaHMaraHankgaH 6of-
NVUKANTU) UMOYNbCHWU faBpPUANUTNAaH LWYHAAW KYpPUHULLAA
6ynagn. A X HUHT gaBpuinnurngaH KysatunaérraH tusnmga émup
HeuTa TYpPFYH HyKTanap xocun 6ynaam (Hykta 0. 3.17-pacm).

L oBKkuHNap TM3Mmaa A/-gaspra kappaaun 6ynraH eaaHo-
Masn xatonuknapra onné kenagn. A X HUHT YN3UKAN KMCMULa
MMMNYAbC KEHTNUTM 6uNaH >KohnawaguraH Hopman xatonap
>KOWNaHca,WyHAam rayccos anpoKcMMaLMsacu arnoctepuop
3NYNNUTU IXTUMONIUTUHW YPUHNU felinl MYMKUH, KaiCUKN
Cy3ruy TeHrnamaHu ndoganaHuimnga KynnaHnnagm. AX60poTHu
KaliTa alwmnTTUpULLAa HopMan xaTonuk gucnepcusicn 8] (3.64)
TeHrnMrugaH aHukgaHagu. (3.65) ngoaa 6unaxH Al yptaya opa-
MWK ONVHAAU, UMMYNbC 3HEPTUACU TAMMNYbC KEHTIUTUra
nponopuuoHan 6ynagn. (3.135) KypuHUwingarn nmnynscnap
yuyH p"(0) kuiimaT (3.66) faH Kyliuparnya aHukKgaHagu:

p"(0) =-/4/(V2T1,2). (3.138)

(3.68) ra (3.138) HU gucnepcusa y4YyH Kyinub, Kyihngarm-
HU XOCUN KUnamus:
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CA

X*()
r(tl 1/(d+ot)
cos[*]
r f(t)
d/di* = Y3 rAn

3.16-pacm
3.17-pacm

82= I\+UiMxiAi /{21 M T na2)-" .

(3.139)

BuHep >kapaéHnum X(t) ax6opoT yuyH gucnepcus kylimaa-
rmya 6ynagm:

Si = 1rarg/r2/ {12qHHTM)]

(3.140)
=[N,Qtl/(2q,,nHy\/2.
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TeHrnamagaH KypuHmn6 TypmnbauKmM, axb0opoT y3aTuLl xa-
TO/IUTU, UMMY/IbC SHEPTUACUHUHT WOBKUH (= 2EJN; cnek-
Tpan 3nunurura Hwucbatm Ba HUCOMI mopynaumsa uH= L df
/ (>/2t,,) koapduyuneHTura 6oFNUK 6YNagn. Umnynsc opa-
nMEnm (2= Or7TA HUHT OPTULLIM AUCMEPCUAHUHT OpTULLIUTA
onmb kenagn. Ax60poT KanTa AWNTTUPULL aHUKAUTU NMIY/bC
KYpuHnwwura o3 6o0fnukK 6ynagu, yyHkm p”(0) — umnynsc
KYpuHmnwura 60fFnnkK 6ynagn.

KM Ba AUM nun tmsmmnap ®U M ra HucbaTtaH KUYUK
XanakmTra Kapwu ymgamanmaunkka ara, YyyHkm KM pa um-
NynbCAAPHUHI ypTaya [aBOMIMANTM KaTTa (WYHWHT Yy4yH
p”(0) knumk), AVNM nappa aca curHan LWOBKUH HucbaTm-
(AM—AWVM pa MnynbCNapHUHT ypTaya 3HEPrusicn Kkamam-
Uwmn xmcobumra) Ku4ymk.

®NM — AM curHannapHu kKabyn kunumwpga (/) Tacogn-
wuii y3rapysuyaH kucmm (3.86) 6ynraHmpgad, (3.87), (3.88),
TeHrnamanap TM3MMugaH Kabyn KUATMUYHUHT Ty3UAuLW cxema-
CUHN ndoganoBun TeHrnamanap TM3MMKU Kyinngarnya 6ynagn:

(0 + kr (O X - kAt - (0 1x
xcos™ +d (N)]; (3141)
dep (/) "
Mdtt M OySeo X
X #/m- kKAt - /TVA* (0 jx sin[c<V + &* (O] (3.142)

6y epfa K= 2a02X/NO; kx= -2 a@2d /NO

(3.141), (3.142) TeHrnamanap Tmanmura 6uHoaH Kypwun-
raH Tysmnmuw cxema 3.18 - pacmpa TacBmpiaHraH.

by epga CO Hn — wuwnawnm Bl 60wwIKapyB reHepatopu
opkanu, tasa aBTo cos3naw ®AC xankacura ynaHraH xonga
amanra owmnpunagu.®asa asTo cosjawl UMMYNbLC pPeXXxnmupa
K, KYnamTyBUM GNOKHWUHI YNKULI KUCMMLEA UMMYAbCAN Kyu-
naHnw 6unaH xapaktepnaHagn. ® AC xatonurm gucnepcma 6m-
NnaH aHuKfaHagw.
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3.18-pacm

8\ =(N 497, Qlqg,)yn- (3-143)

Ywoéy xaToNMK nMnynscnapHu gaykryaumacura onmo Ke-
naawn, Hatwxkaga CA fa axxpanub YMKKaH KydnaHUL HaTuXKa-
cn axbopOTHU KaliTa aWnTTUPULL XaToNurnra Tabcup Kypca-
Tagun. X(t) ax60poTHM Ky3aTULL XankKacu TakT 4acToTaan cO3-
NaHyBYM UMMYNbLCAU TreHepaTtop épgamupga Gaxkapuauiwim
MYMKUH. PUM — AM TU3MMUga xanakmtnapra Ymgamaniamnk-
HM Gaxonaw y4dyH (3.115) ndoga kputepusicngaH cdongana-
Hamuns. Pean 1TyKbOy xonga Kyhimgaru popmMyna opkKaam aHunK-
naHagw:

*=Ar./r)2av) (3

6y epfa Kh — umnynsc hopmacura 60F1MK 6YnraH Koadpu-
uneHT; Otv uMNynbCc XONaTUHWHI MakKcMman fAeBnauuscu.
PNM — AM ynuyamnapuvHUHI onTUMan Kuiimatnapujga:

Afan =1; At=1/(2Ffi);
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OTi(= 1/(4/FB) = At/2 yuyH ywbyHU XOCUN KUNaMU3;
gp = a2/(\6ni). (3.145)

Yubypyaknu mmnynsc yuyyH K~ =1/12, IOTyKg"HM nun
curHan yuyH (3.121) ra moc tywagun. NMNeknH ® MM yuyH cur-
HaNHUHT KeHT CAeKTPUHU, AbHU a-HWUHT KaTTa KUMaTuHu,
wy 6unaH 6upra g OTYKHW KaTTa KMAMaTUHW TabMUHIAL
MYMKUH. LLUYHWHT 6unaH 6upranmkaa cMrHan CneKTPUHM KeH-
ranTMpuw UMNYAbC KEHIAUTUHM  Ba O X KamanTupuwira onmé
Kenu6, KatTta xanakutnapga TMSUMHW UWwaaH yukapub, aHo-
Mas XaToJIMKNapHU COAUP 3TULLN MYMKWH.

3.6. ¥Y3nykcms axbopoTnapHu pakamnu ycnybnapgna
y3aTuwl Ba Kabyn kunuil

3.6.1 Mnynbc-KoANM Moaynsiuus TUUMK

OuvckpeT kaHan 6YyiiMya y3nykcms axbopoTnapHu ysaTtuil
YUYyH ax60poTnapHu AUCKpeT (pakamiau) curHanra ysrapTu-
pvw nosnm 6ynagu.

ByHpali y3rapTupuwnapHn 6axapuwiga Kynmaarm onepa-
umanap 6akapunagn. BakTt 6yiinya axbopoTHM AuCKpeTnaw;
(kBaHTMawWw) ax60poTHU fJapaxka 6ynya guckpetnail; ax6o-
POTHW y3rapuil BaKTW Ba gapakacu 6yinya guckpetnawiTu-
puaraH Kog KombuHaunsacu KYpMHULWWAaru COHAN pakamnap
KeTMa-KeTinrura y3raptupuil. Y3nnkcms ax60poTHN pakam-
NV KYpuHULWTa Y3rapTupysun kypunmara APY-MATI pakam -
aHonor y3raptupruy épgammnga ysraptmpunagn. Y3nykcus ax-
60pPOTHMN pakam/an KYpuUHULLITa y3rapTupuil xmcobumra oKopu
Japakanu xanakuTnapra 4yngamav Ba UWOHYAWN pakamaum ysa-
TUW TUSUMUHU ApaTULL MMKOHUATWM to3ara kenagu. Ywoby
a3annuk, anHMKca CUrHannapHu Tmsnmaga Kyn mapotabanm
peTpaHcnauma (kata kabyn KMnub ysatmil) Kuavwga ce3u-
napnawn gapaxaga HamoéH 6ynagn. byHgan Tnsmmnap mMmconm-
ra ysok macocdanu pagmopenenn nuHuanap kmpagu. PetpaHc-
nAunsga XatoNMKNapPHUHT TYMNaHUWWHN KamaiTmpuw ékun
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MyKOTULW MaKcagmja pakamam TU3MmMaa UMnynbcnap pereHe-
pauyuanaHagun, AbHU y3aTuaraH MMNynbCHU KoAsapHWU feMO-
aynaumnsanab Ba peTpaHcnaTopfa KaTa mogynauyusnaHa-
an. byHpai xonpga KMpuw KucMugarn agautue xanakutnap
thakaTrmHa gemoaynsaumns xatocmga HaMoéH 6ynmb, peTpaHc-
NATOPHUHT YUKW KucMuga 6y xanakutnap Kysatunamangw.
PeTpaHcnaTtopsiap COHM “n” Ba pyxcat 3TUATaH XaTo/IuK 3XTU-
Monu P << 16ynraHga, xap 6up gemogynatopaa XxaTo/fMK axTu-
Monn PJn Hu TabMuHNaw kepak. MacanaH, MMNy/abC — KOA-
m mogynayusaga (MKM-AM) [7] P< 1056ynraHga, tanab
3TUNTaH curHan/wWoBKUH Hucbatn ( = 43,28. PeTpaHcnsayus
nyHkTnapm n=103 6ynraHga, xap 6mpu yuyH Pe= 10‘8 Kuii-
MaTHW TabMUWUHMALW N03UM, abHu = 4In(2P1 )w =71 6ynraH-
nUrngaH curHan KyesBaTWMHW 1,64 mMapTta OpTTUPULL eTap/n
6ynagu.

Y3nykcm3 axbopoTnapHu xanakuTra Kapwmum kognaw pa-
KaM/In KaHannap opkanu ysatuwja y3atuil MWOoHYINIUTUHN
oWwIMpULLITa UMKOHUAT TYFANPaAN. XanakuTnapra okopu Typ-
FYHAUTNAAH TawKapy pakamav TusnmaapHn 3 XM 6unaH Huc-
6aTtaH cogfapok MOCNAWTUPULL UMKOHUATK 6Ynnb, aBTomart-
nawTnpuaraH anoka TapMoKgapuHu Tysuwaa Katta axamusaTt
Kacb atagu.

Y3nyKcu3 ax6opoT y3aTULLHUHT paxamav TUSUMUHUHT CXe-
mMacu 3.19-pacmpa kentmpunraH 6ynn6, 6y epga y3nykcus Ka-
Hanra Huc6ataH APY-(ALLM) sa PAY-(LLAT) nap ynaHraH.

Lhi) r- >(K) I~fk)  APYI

OuckpeTnatu KeaHTnaLw Kognai Y3atysum
Kypunma

\

Kabyn -JZTM
Ecgmyﬁ;g [Oekodep — bunetp”
PAYJ]
3.19-pacm
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APY — (ALLM) ga y3rapTupunraH ax6opoT ysaTruura, rn-
KOO KOMOGUHAUNSA KYpPUHNLWLINGA KeTMa-KeT 6epunagn. ByH-
Jan y3rapTupuwl MMMNyAbCc-KOAAN MoAynauns gerinnagn. Opat-
fa kognawga pgapaxa (T = 2) MKKUNaHraH xucob6nawl TuU3u-
MK 6Yiivda éanwra kentupunagn. Kabyn kunrmy kmcmmpa aca,
MMNynbcnap KeTMa-KeTnnurn geMmoaynsauunsnaHraHuaaH sa pe-
reHepaumanaHraHmgaH cyHr, kabyn kunrnuga PAY — (LAM)
ra Kenagw Ba Kognu KeTma-KeTNukK gekogepriaHagm xampaa cys-
rmyga Cy3sMamwm xmcobura KBaHT/MaHraH KeTMa-KeTnuknap
y3nyKcu3 ax6opoTra ysrapagu.

MKM Ttusnmunpa (i) axGoOpOTHUHI pakamMnm KypuHULLTa
y3rapuwnga axanuTnaHraH xatonmknap cogup 6ynm6, 6y xarto-
NUKNap KBaHT KagaMWHWHI SspMuUjaH opTuk 6ynmaign. Ly-
HWUHT YYYH XaM Yy HasopaTnu xucobnaHagn. 3MNcUNOH KpuTe-
puiira MyBoukK, KBaHTNalW KafaMWHW TaHnaw 6unaH Ken-
TUPWAraH Ba KBaHT/NaHTraH ax60pOTNapUHUHT SKBUBANEHT/INTUHN
TabMWUHAaW MyMKUH. KenTupunraH ax6opoT Ba ax60poT hapku
KBaHTMAHULLI XaTONUTUHWN TallKUA KUANG, KBaHTIaHULL XUCO-
6upa TuknaHraH 6ynaguv, eks(?) KBaHT/laHULW LLUOBKWUHU [Aeiu-
nagn. 3.20-pacmpa X(t) ax6opOTHUHT aManra owmpunuin (a),
AB(KAr) — KBaHTNaHraH xmcobuHuHr At{6) BakT opanurnpga
O/INHTAH, WKKWNaHraH koA (B) KOM6MHaUMA KeTMa-KeTamru
Ba <4g|r) (r) KBaHT/awW XaToONUTU KeNTUPWUITaH.

Kog anmawitupumwa opTukyanmk 6ynmaraHga cumeonnap-
HM XaTo Kabyn kuanw 6yTyHnaid Kojh KOMOUHauManapuHu
XaTo fekogepnawra onmbé kKenagw.

AX60pPOTHM XxaTo Kabyn kunuwra, Aekogepnawl XaTonauru
Xamja KBaHT/awl xatonmknapm cabab 6ynagn. LLyHUHT yuyH KM
TM3NMUa xanakmtra TypFyHANKHN 6axonawja LWoBKUHNap un-
FUHAMCK xmncobra onnHagm.

KBaHTNaw WOBKWHW KBAHT CAaTXWHWHI COHWHW TaHnaw
6vnaH aHMKLaHaAuW Ba anoka caTxy COHWHMU OPTTUPULL YN
6vnaH 6yHAal WOBKUHHW ce3nnapan japaxaga kamantmpuil
MYMKWH, TEKNH xap 6up xmucobnawra TYFpu KenyeBuyun Kognap
COHW CUMBOMNAPHM OpTTUPULWITa TYFPU Kenagn. by kaHanga
CUTHAN CMEKTPUHWUHT KeHramunwmra sa Ko CUMBOINAPUHUHT
KEeHTTUTUHWN 3ca KuckapTupuwra onmb kenagum. KeaHTnaw
WOBKUHUHM KamMalTUpuLira CUrHan CNeKTPUHWU KeHrantu-
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AMKM (i)

N kB (i)

3.20-paem
puw xmucobura spuwinnagm, AbHU xanakuTra ynjamam aHa-
nornn Moaynaumsa ycnybu xonatugek 6ynmwmnHn nngnpagn.
KBaHTNAaLIHUHT WWOBKWUH KyBBaTUHW aHukNanimms. \(f) ax-
60poTHU (3.126) KoTenbHUKOB Katopu 6unaH kKypcaTtuo6,
Ar(ka/) cy3rnygaH KeliMH caHOK MOMEHT/IapUHW KBaHTNaob,
\«(t) PYHKUUAHN Kynuparn KypuHuwga é3vl MYMKUH:

XJt) dyHkumnsa TaxmuHaH \(t) ax6opoTHW TacsBupnangwn.
(3.146) TeHrnamaHun y3raptupunb, KotenbHukos YPOO hyHK-
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UMSACUHN  XUcobuHM 6enrmnab, XK(KAF) kBaHT/aHraH xucoo6
KUAMATUHU CyMMa KYpUHULIKga E3aMU3;

XK(KAL) = X(KAE) — Kk AX. (3.147)

by epga A — KBaHTNaw Kagamwu,

K K— Tacoguduii ynyamcus kKummar 6ynm6, YHUHT KWUii-
MaTtn = 0,5 opanukua 6ynaaun.

KBaHTnaw KMAMaTUHWHT KaTTa gapaxanapuga K K KBaHT-
naw xatonuruHmHr — 0,5 < K\ < 0,5 opanukga 6up mebépga
TakCcMM/aHraH geb6 xucobnaw MymKuH. (3.147) TeHrnamaHwu
abTubGopra onné ea \ft(0, 6enrmnawHm xmcobra onmno Xkt)
hyHKUMAHM Kylnparn KYypuHnwga Kainta ésamms:

K.(0 = £ [A(N4A])+ kkAX]\ttk (/)

(3.148)
= A(/)+ BAJ  kkylk (/)=

(3.148) — TeHrnamagaru MKKMH4YU mneopa exd(0 — KBaHT-
naw WOBKWUHMHWN TallKWUA 3Tagun.

P 18— KBaHTNaW WOBKNHUHWUHT ypTaya KyBBaTUHUN aHUNK-
nalimns:

(3.149)

By epgarn 6ypuyak KaBcnapwu ctaTuk ypranawl onepaymnusacuHm
ounngnpagn.

(3.149) ndgogpaara (3.148) nonasaH erdr) LLOBKUH KBaHT-
NaHVWWHW Y3rapTUpuwlgaH CYHr KyiungarmHm xocun Kuna-
MW3:

i T/ TI2M

Pf,=(AA)2lim| £ X <KK >

N k=-T /24 1=-T728/

(3.150)
> x jy /k {O)\ir,(t)dt.
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Yk(t) Ba \e(t) dyHKUMANapHW opToroHannukKknapupaaH
(3.150) wdopagarn uHTerpan 1=K pga Honbra ainaHagu Ba
IdK pa At = 1/(2FB) 6ynagn, WYHWUHT Yy4yH

1 1 T2 R 2
Pe*, = (gA) 1™ ~ £ <K*>& = Ne )
/ k=-T/2or
lim < K*1> — = (4fA)2< AR> <3151)
r->» Ta/

TacoAuUin KNAMaTHUHT BUpP TEKUC TAKCUMIAHULLUHUN XMUCO6-
ra onm6, < K\ > yprtaua kBagpat 1/12 ra TeHr 6ynagn. LLyH-
Jal Kunmnb, KBaHTNaW LOBKUHUHWHT ypTadya KyBBaTu Kyuu-
parnya 6ynagn:

=(Af)2/12. (3.152)

AXGOPOTHM KBaHTNAW XaKKOHUWAUTUHKU Pn,= <X2> ax-
60pOT KyBBaTW Ba Pe@ KBaHT/Aall LUOBKUHW HUcHaTKU 6unaH
ngoganawl MyMKUH.

mx/ mE =< 82>/ <e)K >= 12< A2>/(492). (3.153)

(3.113) dhopmynara 6uHoaH PA, ypTaya KyBBaT, Mebép-
nawtTupunraH ax6opoT yuyyH 1//72 kuinmat 6unaH aHukKgaHa-
an, 6y epga 9 — nuk-hakTopu.

Arapga AX HU L KBaHT caTxu 6mnaH udoganaHca xampaa
I0A1 <1 ax6opoT Mebép wapTu Aeb, KyhugarmHm \ocun
Knnammnz AX= (Xma~ Xm} / /(L - 1)= 2/(1 - 1)

YHpa (3.153) gaH KyBBaTnap HUCO6aTUHU Kynungarmya é3mwl
MYMKWH:

n.. i, | M - H
Rie mr{ga) nl 13) (3.154)
By epga N — nkKKunnaHraH optukya 6ynmaraH Kkoguarm n-cum-
BOJI1ap COHW.
(3.154) wndgopara 6GUHOaH axbOPOTHUHI KBaHTNaHraH
VLWOHYNNAUTN KBaHT caTxura 6ofnunk. Muk-cpaktop A = V3
YyYyH 6up xunpga co(d) = 1/2 takcmmnaHraHga JA|< 1,3.1-
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»KajBanfa KBaHT WOBKUHN — 201g(Z —1) = P JPee (oeun-
6enpa) HUCOUI KYBBAaTMHUHI L KBAHT caTxW COHUra 60FNunK-
NN KENTUPUITAH.

3.1-xagsan
L 8 16 32 64 128 256 512 1024 2048
n 3 4 5 6 7 8 9 10 n

—20lg(L—1) -16.9 -235 -295 -360 —421 -481 -542 -602 -66,2

XXagsangaH KYpuUHWG Typubamkun, nN-KOAHWHT paspsgn op-
TMWKM 6unaH P,/Pad Hucb6aT TaxMuHaH 6 A6 ra optagu. Yoy
HaTwkanap akarrmHa 6mp xunga TakcMmiaHraH axéopotnap
YyUYyHrMHaTaannyknmanp. bolwka axéopotnap yuyH aca >kagsan-
jarn kuimatnap mogynu 6yinya 201g(/7 = V3 ) a6 ra ysrapagu.

KBaHTnaw woBkKMHM X(t) ax6opoT naiigo 6ynuwmn 6u-
naH 6upra nango 6ynagn. YHuW KBaHTnawjga naipgo 6ynagn-
raH 4Yu3nk 6y3UIMWLIMHUNHT 6owKa 6Up KYypuHUWK cudaTtm-
fa Kapaw MyMKUH. ByHpal WOBKWH peTpaHcnsauusaga hn-
funmanrign. Kabyn kmnnHaétraH ax6opoTra Tabcmp Kunagurax
WOBKWH KBAHTUHM KamalTmpuw y4dyH 6up xunga 6ymaraH
6up gamnu kKeaHTnaw (3.21-paem) kynnaHunagun. Katrapok
9XTUMONAMK axbopoT fapakacura KBaHT/AAWHWUHI KWYUK
KajaMun, KNYMKPOK 3XTUMOJINKra aca KaTTapok KagamMm MocC
Kenagu. bup xmnga TakcumMaaHmaraH ax6opoTnap y4yH KBaHT-
naw gucnepcua KatTalaurMHu Kamantumpuwra mysaddak
6ynanu.

3.21-paem
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Bup xunga 6ynmaraH KeaHTnaw ogatga axbopoTHU KOM-
naHfepnaw acocmpa amanra owmpunagn. KomnaHgepnaw Tu-
sumuga (KIM) komnpeccop Ba (J9) akcnaHaepnap 6ynuo,
y3apo Teckapu HOYM3UKAM TacHugra ara (3.22-pacm). Y3art-
My TomMoHupaa Komnpeccop épaammaa JH{X) TacHudnm Xwp
axbopoT AMHAMUWK cMKMnaawu, cyHr aca 6up xmnga KBaHTna-
Haawu. Ywoy onepauns 6up xunga 6ynmaraH KBaHTnawra sk-
BMBANIEHTANP, YYHKN KBaHTNaw kagamu.[JA.) HOUM3UKAM Tac-
Hugra 6ofFnnk 6ynagn. Kabyn kKumamw ToMoHMAa aca TecKapw
y3rapTupuiw amanra owmpunagn, AbHW 6up Xnn Kagamam
KBaHTMaWl xMcobw TUKIaHagu, CYHr 3aca ynap akcnaHgepna-
Hagunap. QKCNaHAePHUHT YNKULL KUCMUaa ax60pOTHUHT AN-
HaMUK AManasoHn TUKNaHagw.

Jekopepnawga énfFoH nmnynscnap xmcobura xocnn 6yna-
AUTAH XaTONMKAAPHW Kypannuk. ENFOH MMMNYAbCAAPHUHT
LWOBKMHU KaHanga xanakutnap éunaH sa anTyB4ymn yactoTa mMo-
aynayusacy 6unaH aHnkgaHagu. Yoy WoBKUH aHoman(n. 3.4.4.
ra KapaHr) xapakrepra ara 6ynm6, curHan crnekTpu KeHraiica
YHWUHT KyBBaTuM KaMpoOK opTagun. Xato kabyn kuauw P axTu-
MOIINTUN KOJ KOMOUHAUUACUHUHT BUTTA CUMBOMIN YYYH MO-
aynauns typura 60fFnnkK 6ynm6, 2-6o06pa kentupunraH gop-
Mynara acocaH aHUKAaHaaun. XaTonuK 60FnnkK 6ynmaraH xonat
YUYyH XaTO/IMK Kappanu “a” 6ynca kynmupgarnda 6ynagu:

p,=c:p;{i-pja. (3.155)

Koa KOMOUHALUSACMHUHT Kabyn KWW 3XTUMOAINTLA 6Up-
rMHa xaTonmk 6ynca xam, NP << 1 6ynraHga Kyhmngarmya 6ynagu:

“I-(1-Pj] = nPe. (3.156)

3.22-pacm
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MKKnnaHraH Kop KynnaHunraHga xatonap KOLHWHT Typ-
nn xonatnapuga ax6opot A(f) 3WNTTUPULLHUHT TYpanM xaTo-
nuknapura onn6 kenagn. MacanaH, Kog KOMOMHaLNACUHWHT
KWYMK paspagumna [a KBaHT Kajammra MoOC XaTo/IMKKa onun6
Kenagn, 8NFOH MMMYbC HaTuXKacuga xocun 6ynaguraH LIoB-
KUHHWHT ypTaya KyBBaTUHW Kynmnpgarnm wndopa 6unaH €3l
MYMKWH:

< £nn.
=1 (3.157)

“I» ([AA)2X 2 2(m)

Arappga n = logL kwuiimat 6enrunaHraH 6ynca, é/1fOH UM-
nynbc WOBKUHU (hakaTrmHa Pe axTUMONU, AbHU KEeHrNukKaa-
M curHan/woBKUH HuUcbatn Ba MoAynsauusa Typura 60fnnk
6ynagu.

Tyfpn noinxanawtnpunradH MKM TusmMmmga KBaHTIaLl
LW OBKMHHWN aHUKAOBYN 6YNn6, ENFOH MMMYNbLC aHOMan LUO0B-
KWHHW y3aTullra cesnnapnm gapaxaga rabcup kypcatmanau.
CurHan KyBBaTMHWHI KaHjangup 6ycara gapaxkacupjaH Ku-
UMK KMAMaTnapuaa nwoHYNNANK ce3nnapan kamasan. KesaHT
L papakacu opTvwmn 6unaH CUrHaaHWHI 6ycaFacu opTtagu,
YYHKM 6UTTa CaHOK YUYYH KOANW MUMMYNbC COHWM opTagm. Ly
6unaH 6upra MMNyNbLC KEHTUTW Kamaniuwmn xmcobura cur-
Ha/M 3IEMEHTUHUHT 3Hepruacu Kamasaau. NekKnH cnrHan aHep-
rMACK KaMalnnM KBAHT LUOBKMHWHWHI KamalunwmnpgaH o03-
pok 6ynagn. MacanaH, 128 gaH 256 ra yTmwiga KBaHT LLOBKU-
HM 6 A6 ra kamaagn (3.1->xagsan), UMMyNbC KEHIAUIM aca 7
paspsaggaH 8 ra ytuwga 8/7 =1,14 mapTa kamaagn. by konga
Pe XxaTonuK aXTUMONMHU TabMWUHNALL YYYH CUTHAN KyBBaTW-
HU 1,14 mapTa, abHu 0,6 A6 ra opTTUPULL Kepak.

Xanakutra yungamnm aHanornn Tusnmpgarn Moaynaumaana,
MKM TnsmmMuga cmrHan yactoTa nonocacuHM KyseaTra aamatu-
TUPULL MYMKUH. XaknkaTtaaH xam MKM curHan cnektpu ax6o-
pOT CreKTpn nonocacuaaH 6Mp MyH4Ya OPTUKPOK. LLIYHUHT Xxnco-
6ura MKM Tnsmmuga roKkopm xanakutra TYpFyH/UK TabMUHNa-
Haan. KoTenbHWUKOB Teopemacura 6MHOaH AucKpeTu3sauus
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MUHMMa 4YactoTacu ax6opoT CreKTPU KEHTNUTUHWUHT 2FBuUK-
KnnaHraHura TeHr. KeaHTnaHraHugaH cyHr xap 6up caHoK Mo-
MeHTa L = Anx/(f1)+1) HU Kabyn KUAMwuy MyMKWUH Ba n= logL
UKKWUNaHTaH UMMYNbCUHUHT KO KOMOUHauuacn 6unaH anma-
waan. \ap 6up cumeon keHramrm Tn = 1/(2F log L)— paH
KaTra 6ynmacnuru Ba A/ > 1/(2Ttu) = FBlogL Kepaknu yactoTa
rnonocacun ngogagarugek 6ynuwmn kepak. MKM — AM Tnsmmm-
fa curHan A/, =24/ =2FBlogL nonocaHn 6aHp Kunagn, AbHU
[./3 nonoca KBaHT fapaXkacu OpTULLN NOorapuMmMK KOHYHUAT
6unaH opTtagn. byHga (3.154) ra 6MHOaH ax60poT ULLOHYINAN-
rM opraau.

WyHpah knanb6, MKM Tmanmupga vactota MNosocacuHu
KyBBaTra anMawitmpuw 6yHpaan aHonornm UM, &M xampa
BaKT UMMYNbCAIN MOAYNAUUA TU3MMUra HucbaTaH camapanu-
pok amanra owiagn.

AX60pPOT KYBBATUHUHT LWOBKWUH KyBBaTuUra Hucbatu ywoéy
TUSUMHUHT YNKNLL KNCMUAA CUTHATHUHT KEHT/INK CMEeKTPU-
HUHT KBafgpaTura (MacanaH, 3.114 ra kapaHr) nponopuyuo-
Han opTtagn. MKM Ttusmmmnpga 6y Hucbart Te3pokK opTagn, YyH-
KW CMEKTP KEHrNUrv cMMBONApP COHWUra nponopuwuoHan,
LWOBKWH KBAHTUHWHI KyBBaTW 3aca 22'ra nponopumnoHangunp.
MKM Tnsanmnapun ogataa (CNyTHUKAN) ep CYHbUIA Ayngowun
pagunotusnmMmnapuga KynnaHmnagu, 4yyHkn KM ys3aTruuyHUHT
KUYNK KyBBaTUAa HOKOPWU y3aTuULl ULOHYIUANTUHU TabMWUH-
nawmn Kepak.

3.7. ABangaH alTml MyMKUH 6ynraH KoanawiHu
KY//10BUMN TU3MMANAP

ToByLU Ba TENIEBU3NOH axb0opoTNapHU y3aTuga yNapHUHT
CNEKTOPUHUHT BUp Xxnunga amacanrn Ba opasiukK xmucobu-
JaH, AbHM KOTeNnbHMKOB TeopemacmpaaH KUYMK xonaTtja ca-
HOK Oopanufuja KOppensyuoH asoka 6ynuwun nos3mm. Yuwoéy
anokapaH goiganaHnb, ax6opoT y3aTuLl TUSUMUHUHT camMa-
pPannNAUIMHN OWUPULL MYMKUH. CamMapasiuIMKHN OLINpULL -
HUHT ycnybnapugaH 6upun ax60poT y3aTULWIHW aBBanjaH au-
TUW MYMKWH 6ynraH ycnyébungup.
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X(K) . 8 (k) X*(K)

] bl 4+
e(t)
X(K)T KaHan
X*(/
rnc ve)
nc
3.23 - paem

ABBa/silaH anTULLI MYMKWH 6YnraH TUSUMHUHT cxemacu 3.23
-paemMpa KypcaTusraH.

Y3aTniwl ToMoHuAa e(/c) aBBangaH aMTULL CUTHa XaTocu
WwaknnaHagn. by curHan e(K) xap 6up caHok curHanm A(A-)
JaH aBBanfaH aMTuULl CUTHaNM anupmacum opkKanu aBBasfaH
anTuw 610KMAa ONAUHTU KOPpPensauusa cCaHOFUHU nwnab ym-
KWL HaTumkacupa cognp 6ynagm. CurHan xatocmga sHrM Mab-
nymotnap 6ynun6, aBBangaH anmTull Ba XaKUKUIA Kuiimatnap
thapku 6unaH ndoganaHagn. Kabyn Kunmw TOMOHMAA CaAHOFU
X*(K) waknnaHraH 6ynun6, 6y Kabyn KWUAMHraH curHan xaTo-
cn 6unaH aBBasjaH aMTunraH KMnmMaTnapHUHT ANFUHOUCU-
anp.

KatTta koppensuuaga xmcobra onuvwiga assanfjaH alntuil
CUTHaNM aHMKPOK LUaK/A/JaHaAn Ba XaToO/IMK CUTHA/IMHU y3a-
TUWAa TagHY cCUrHanura HucbataH KMUYMK MapkoB axb6opoTu-
Ja CUTHanN XaTONMUTUHUHT ypTadya aHepruscu kKyhimpgarn ndo-
[a OpKann aHUKAaHaau:

E, =<[N1(k)-N(k-1)]2>= 2EX(1 - p), (3.158)

6y eppga p =< A.(K)JI(K - 1) >/ EX — caHokpapapo Koppens-
una KoappuumneHTa.

p > 0,5 xonatga Ee curHan xaToO/IMTUHUHT aHeprudacu En
TassHY CUTHANHWHT 3HEPTUACNLAH KUNYNK.

Pakamnu Ttusmmnapga e(K) cMrHan xatocu caHOfU aBBas
KBaHTNaHM6 Ba KoA/aHU6, CYHT y3aTunagu.
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ByHgan tusumnap MKM (AVNKM) guddepeHynan Tum-
sumMnap gennnagn. VKM Tusmmmga KeaHTnaw LWOBKUHW 0f-
ann MKM Tmammwura HucbataH KMUYUK, YYHKU YHUHT KyBBa-
TW aBBaNnjaH alTuULW XaTOCUHWHT 6up 6ynak KyBBaTMHUTMHA
TalWKua aTtagun.

EnfoH mmnynec xatocura KenraHga, AVKM nn ysatunui-
Aa nwoHYNMnnkHn MKM ra HucbaTaH KYnpoKEMOHIaWTn-
pagu, YYHKN KOAMN KOMOMHaUMANM XaTo Kabyn kunuwiga 6mp
HeuyTa KoppensaumsanaHraH axbopoT CaHOfFUHWU XaTo Kabyn
Knnuwra onnb kenagw.

ABBangaH ainTuwl TUIMMUHU ApaTull ycnybnapugaH siHa
6upn OM, abHWM genbTa mopynaumaanp [8].

by moaynaumnaga Xxato CUTHaZIHUHT KBaHT fapa)acu COHU
MKKUTaya Kamantupunagn. byHun gnckpetmsauma yactoracu-
HW KaTTanawTupub, caHoOKAap opanFu KOpPpPensaunuscuHu opT-
TMpn6 amasnra owmMpuw MyMKUH 6Ynagn. KeaHTnaHraH cur-
Han XxaTocuMHW Kyliungarnya mdoganawl MyMKUH:

eke{K) = y(K)AI/, (3.159)

, u f+le(k) >0
6yepaa £(4<o0.

Jenbta — MOAYNATOPHUHT YUKW KUCMUAATU CUTHAanN
hakaTrmHa CUrHan XaTOCUHWHT 6enrucu Tyfpucmgarn ax6o-
POTHU Tawkmn 3atagn. Kabyn Kunmw TOMOHMUra MHTErpartop
ynaHagn, y JA HU ainpagn éku Kyllaaun, HaTukaga xmcob Ba
TasH4Y KuiiMatnapu xatonuru Kamasau. enbta mMogynsuuns-
HUHT vwWiaw NPUHLUMWHK TYLWYHTUPYBYM cxeMa 3.24-pacm-
[a KENTUPUNTaH.

3.24-paem
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Kopep (kBaHTNOBYM) Y(K) WUKKM KYyT6IM WMMMybCAapHu
waknnaHtTnpagn. LaknnaHnw KOHYHUATUHW Kyhungarn ngo-
fa 6unaH €3N MyMKUH:

Y (k)Sign{A(K)-A.K (k - 1)}, (3.160)

6 Sit lLarapga x > 0;
i'gnx -
y epaa g -1,arapga x < 0.

A& —1) — curHan asBanrM CUrHannap XaTtocu KBaHT-
NaHTaHANTUHNHT RUFNHANUCK 6UNaH aHUKAaHagn:

K(K-D=£  ©O=AsEy0n

y(K) cumBonnap (3.25, 6-pacm) anoka KaHanu opKanu
y3aTunaun.

N — unHTerpatopra 6mp BakTHUHT y3nga JAY()) nmnynsc-
nap ysatunagwn, 6y epga Al(i) KBaHTNaHraH xmcob waknna-
HM6, ax60POTHUHI KeliMHIM xucobu 6unaH TakkocnaHagm. MH-
TehaTop uMKMLW KucMmmaa AKYt) KBaHTNaHraH CUTHANHWHT
KypuHnwin (3.25, g-pacm) TacBupnadraH. AM-gensta Mmoaysi-
NAUMSA 3MHANOSACUMOH (PYHKUUAHUHT KYLWWHW KniiMatn JA 6up
KBaHT Kagamun Kuiimatura anbatrta papk kunagn. Kabyn kmna-
AvraH ToMoOHJaru uHtedaTop ysaTrmy ToMoHuMparn nHteda-

AKu(t)
a)
X A-(t)
6) 1AQ1)
n " 1 [
B T—— b TR 1 i R 1
3.25-pacm



AA() Xu(k)

R
L~

3.26-pacm

Top 6akapaguraH (yHKUUsSHU 6axkapaan Ba X*(K) UKKU KyT6-
N UMNYyNbCAapHU Kabyn Knnm6, 3MHanosaCMMOH (PYHKUUWSAHN
waknnaHTupagn. Ywoy yHKkuus cysrmugaH ytme X*(t) ax6o-
poTra y3rapTupunagun. X*(t) keaHTnaWw kKagamu KMUYMK 6YNMLLIN
6MnaH KBaHT LWIOBKMHW XxaM KUUYMK 6Ynagn Ba X*(t) — X(t)
hapkn 6unaH aHukgaHagn. MNMeknH >Kyga KUWUYMK Kagamnapga
6y3unuwl cogmp 6ynm6, ?2HM ofnLw 6yiinya toknama gennnagn.
ByHAa 3MHanosAcMMOH (hYHKUMA ax60poT Y3rapullmHU Ky3a-
TUwra ynrypmangm.

ByHra yxwaiw xanaKkutnapHuHr 6ynmacnnrmim ndoganos-
UM WAPTHU Kyungarnya €3mw MyMKWH:

(316i>

6y epga A(/)|f — ax6OPOTHUHI MaKcuman Kunmartu;

JA (t) T — ax6opoT y3rapuw (3pUNNUTN) TEINUTUHUHT MaK-
cMman kKuimatu; L — KBaHT gapaxkacu COHMU.

AM tnsumu KM Ba OUKM Tusmmnapura HucbataH
IOKOPW 4YacToTa caHokgapra ara. AM pa xap 6up caHok 6up
UMNYNbC Kenuwm 6unaH 6axapunagn. MKM pa aca caHoOK
Japaka coHura kapa6, 6up Heuta UmMnynbc 6unaH xucobna-
Hagu. LWYHWHT yyyH nMmnynbcnap 4acToOTaCMHWUHI Takpopna-
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HULWW Xap UKKana TM3MmMga xam 6vMp Xua UWOoHYAUANKLA fe-
Aapam 6up xun 6ynagn. bup xun nonocanu tmanmga AM NKM
ra HucbataH OCOHPOK amasnra owmpuiagn.

OM Tnsnmnga gnuckpetmsayns 4yactoTacMHK axbopoT y3ra-
puw Te3nurura 60FNMKG6YNraH y3rapyesyaH KBaHT/I0BYM Kaja-
MWUHN KUPUTNG KaMalTUPULL MYMKUH. BYHWHT yYyH 6MpAunk
3NYNUTN aHaNN3aTOPUHU KNPUTUANG cMmBONIap KeTma-KeT-
NUTNHU xmcobra onmb, 6enrnnoBYN Ba MMMyAbCnap KeTma-
KeTINTUHW WaKnnaHTupagm. Ywoéy mmnynbcnap Ketma-keT-
nurn W, nHterpatopja MHTerpannaHagn, Hatumxagja aHanor-
nn curHan xocmn 6ynu6, AM/ amnauTyganm mogynsatopra
y3atunagun, 6y aca ax6opoT caTxuMHM Golukapagu.

3.27-pacm

AM TUsnmMan KoMmnaHgepnaHrad xonaTtHUHI cxemacun 3.27-
pacMpa KenTupunraH.
Kywumua Kypunmanapu 6ynuwinra kapamam KomnaHgep-
m AM cuctemanap MKM cuctemanapura Huc6ataH Y3UHUHT
ngoanurn 6unaH axkpanub Typagn [4].
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