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INMpoaHaan3mpoBaHbl 0COOEHHOCTU 0O6pa3oBanus peoaorndeckux Tea (PT) Bbicokoro paHra
myTeM oO0beprHeHUs ABYX PT ¢ MeHbnM yncaoM. ChHOpMyAMPOBaHbL HEOOXOAMMBIE U AOCTATOY-
Hble YCAOBHUSI HEBBIPOKAEHHOCTH 00bepArHeHHOro PT, cocTosmue B TOM, 4TOOBI CyMMa pPa3Ho-
CTel MeXXAYy KOAMYEeCTBOM yIPYTHUX U BA3KUX JIAEMEHTOB U MEJKAY YMCAOM ITapaAAeAbHBIX U
TIOCAEAOBATEABHBIX COEANMHEHUY B mocTpoeHHOM PT paBHsAACh eAVHUIIE, & BpeMeHa peAaKkcalium
PT-chraraemMbIx Ipy mTapaAA€ABHOM COEAMHEHUU U BpeMeHa OCAEASUCTBUS ITPYU TTOCAEAOBATEAD-
HOM COEAMHEHUHU Pa3ANYarrCh MeXXAY COO0MU. [TocTpoeHbl PyHKITUM NOA3Yy4YeCTH perakcanuu. C
UX IIOMOIIIBIO CO3AAHEI IAPA U PE30ABBEHTHI MHTETPAAbHBIX YPaBHEHUN 2-TO POAQ, KOTOPEIE OIIH-
CBIBAIOT HEYIIPYTHE IIPOIECCH B CPEAAX C IIOCAEAEHCTBUEM.

KnhroueBsblie croBa: peorornieckoe TeAO, peOAOTHYIeCKOe YPpaBHEHUe, Aeq)OpMaLH/IH, Harlips>Ke-
HUe, peAaakcanusd, paHr, HeYIIPYTOCTh, HEBBIPOXXKACHHOCTE, BOAHOBOE IIOA€, TEOAOTHUYEeCKasi CpeAaa.

LIsg poboTa € TpoAOBXeHHSIM CTaTTi [Builanb,
2014], B gKili pO3TAIHYTO AesKi OCOOAMBOCTI TOOY-
AOBU peonoriuHux Tia (PT) poBinbHOrO paHry. Ae-
TAaABHO IIPOAHaAI30BaHO MOOyAOBY PT npueanan-
Ham npy>xHoro (['1E) abo B'a3koro (BE) eremenTa
AO HeBUpOoAKeHUX PT.

Posrasgnaemo pani 06'epHanHs okpemux PT. Y
3rapAyBaHIU CTaTTi AOBepeHO, 1m0 PT n-ro panry
MIOAIASIIOTE 3a CTPYKTYPOIO Ha YOTHUPH CYKYIIHOC-
Ti. Ix peonoriuni piBasius (PP) 3anmucyroTsb B y3a-
TaABHEHOMY BUTASIAL

(NZn_l):(1+a1D+---+an_1D”“)cs:

=H,§D(1+b1D+---+bn_1D"“)e,

(Nzn):(1+a1D+~-+anD”)0'=

=H5D(1+b1D+---+bn_1D”_1)e,

(H,,): (1+a1D+~-+an_1Dn_l)G=

:E,’f(1+b1D+~~~+an")s,

72

(Hapsr):(1+a D+ +a,D" o=

=E,§(1+bID+---+an”)a, (1)

Ae D=0/dt; Hi N— KBa3impyskHi Ta KBa3iB's3-
Ki PT; E 5 i H ,If — peAakCcyoui Ipy>kKHi Ta B'I3-
Ki MOAYAIL BIATIOBIAHO.

I'IpoaHanizyeMoO BIAUB CTPYKTYypHU OKpemux PT,
OanraHCy i TUITY 00'€epAHAHHS Ha CTPYKTYPY 00'€A-
"aHoro PT. Haraapaemo, 1110 3a mapareAbHOTOo 06'€A-
HaHHSI ABOX PT, PP akuX MaroTh BUTASA

Pioy =018, P,o,=058,, 2

opepxumo PT, PP gkoro 3anumeMo Tak:
P Pyo= (P10 +P0)e. §

3a nmocaipoBHOro 06'epAHaHHSI AAsT PP 1tux PT
MaTUMeMO TaKUM 3aIluC:

(P Oy +P,0,)=0,0;¢. (4)

PosrasneMo nuTaHHsA PO paHr 00'€AHAHOTO
PT. Bin 3aAeKUTB Bip CTPYKTYPH MOTO CKAGAOBHUX.
CAhip 3BepHYTH yBary Ha Te, 110 XapaKTepUCTHY-
Hi piBHsAHHS (XP) AiHIHUX AndepeHIiaAbHUX BU-
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ITPO AEAKI OCOBAHUBOCTI CTPYKTYPU Y3ATAABHEHOI'O PEOAOITYHOI'O TINA. 2

pasiB (AAB) Pi Q o6'epnanoro PT MoXXyTb MaT
CITIALHUY KOPiHb, TOOTO OAMH i3 YaciB peaakca-
[il HaIpy>KeHHd 3a IOCTIWHOIL AepopMariil 30ira-
€ThCSI 3 OAHWM i3 UaciB peaakcaliii pecpopmariiii 3a
MOCTiMHOrO Hanpy>xeHHs. Toal koedinientu PP 3a-
MTUIIIEMO:
P"=(D-0,)P" ', 0"=(D-0,)0"" ",
Ae min — nopsiarku AAB P i Q BiatioBipHO, a PP
06'epnanoro PT MaTuMe BUTASIA,

(D—ao)[Pm“c—Q”“s]zo, (5)

B IKOMY BHPa3 Y KBAAPATHUX AY’KKaX € PEOAO -
rivHEuM piBHAHHAM Mg PT n— 1-ro paHry i Mae
AOPIBHIOBATU HYAIO. 3BiACH BUIIAUBAE, 1110 00'€A-
HaHe PT matume n— 1-11 paHr, TOOTO BipAODyBaeThCS
BUPOAKEHHS.

BusicHMMO IPUYNHY IIOSIBU CIIIABHUAX KOPEHIB
Yy XapaKTepucTuyHuX piBHIHHIX AAB Pi Q. 3 pis-
HSAHHA (3) BUIIAMBAE, 110 CIHIABHUM KOPIHb O,y Ma€
BXOAUTHU AO OAHOTO i3 CIIBMHO>KHUKIB Py abo P, .
Akiio o € P i MOXKHa 3anucary, 1o Py = (D —
— oy ) Py, To 3 piBHAHHS (3) OAEPIKUMO

(D—oco)x
x[Pl*on—(Pl*Qz+P2Q1/(D—oc0)J£:|:O,

3BIAKM BUIIAUBAE, 110 ABOYAEH P, 0 Ma€ AIAUTH-
Cs Ha MHOXKHUK (D — 0 ), gKIo o € O abo
o € Py. Briepmomy BUIIAAKY 3 ypaxyBaHHIM AO-
BinbHOCTI BHOOPY AAB P Ile 03Hayae, 10 IKUNUCH
3 PT-pA0pQHKIB — BUPOAJKEHUM, & B ADYTOMY —
HagBHUM CHIABHUM KOpiHb y XP KoedilieHTiB ipu
Hanpy>keHHi B 000x PT-popaHKax.

AmnanoriuHo 3 piBHSAHHS (4) BUIIAWBAE, 110 3a
nocAipoBHOTO 00'epHaHHs PT panr 06'epHaHOTO
PT 3MeHIIUTHECS BHACAIAOK BUPOAKEHHS SIKOT'OCh
3 PT-p0paHKIB @00 HasIBHOCTI CITIIABHOT'O KOpPeHs
B XP xoedinieHTiB 1pu pedopMariii.

Ao xapaktepuctuuHi piBHgHHI AAB P i Q
MaTUMYTh k CHIABHUX KOpeHiB, To PP 06'epHano-
ro PT HaOyae BUTAIAY

k
I1(p-c;) [P’”"‘c— Q”"‘a] =0, (6)
i=1
A€ BUpa3 y KBAAPATHUX AYKKaX € PEOAOTIYHUM

piBHSHHAM AT PT n—k-ro paHry i AOPiBHIOE HyAIO.
OTxe, PP 06'epnanoro PT 3amnuiiieMo Taxk:
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p" ks 0" ke =0.

3BiACU BUIIAMBAE, 110 HAIBHICTh CHIABHUX KO-
peHiB y XP koedinieHTIiB Ipu AepopMariii i Ha-
npy>keHHi 06'epHanoro PT 3MeHITye oro panr
HAa KIABKICTb IIUX KOPEHIB.

TakuM 4YMHOM, Ba’KAUBUM €A€MeHTOM IIpU I10-
Oyao0Bi PT BuCOKOTO mOPSAAKY 3a pAontoMororo PT
MEHIIIOTO PAHIy € BUMOra HeBUpOoAKeHocTi PT-
CKAGAOBMX 1 BIACYTHICTB CIIIABHUX KOpeHiB XP Koe-
dinienTis 006'epnanoro PT y pasi poedopmariii mpu
IIOCAIAOBHOMY 00'€AHAHHI, a IPU Tapar€AbHOMY
— HAIIPy’KeHHI.

SIK i B pO3TASIHYTUX BUIlle IPUEAHAHHSAX OAU-
HOYHOT'O PEOAOTIYHOTO eAeMEHTa A0 HEBUPOAJKe-
Hux PT, 3BepHIMO yBary Ha BaJKAUBY POAb OaAaH-
cy PT, axkuii BU3HauaeMO 3a POPMYAOIO

5, +6,.=1, (7
Aed, = ‘ ny —ng ‘ — Pi3HUIA MK YACAOM IIPYK-
HUX i B'I3KUX eAreMeHTIB y PT; 3. = ‘ ny—n_

— pi3HUNA MK KiABKICTIO IapareAbHHUX i ITOCAL-
AOBHUX BKAIOUEHb.
[MTpoananizyemo ocobanBocTi 06'epHanus PT.
1. Posrasaemo 06'epasanss PT Noy_ 1 i Noj_q.
3a napanreabHoro 06'epnanHs PT koedinientu PP
3HaMAEMO 3a AOIIOMOT0I0 (POPMYAH (3):

p=plk=-1) pli-1) _ plk+1-2)

>

Q:p(l—l).[_]]fDQ(k—l)+

‘1)~P("‘1)=(H,f + HE)x

HE)+

+HED Ol

xD(P(k_l) /(
(]

QU R [ (R k)=

—(#R+mk)polri-2),

3anumeMmo PP y craBpapTHIU hopMi Tak:

P("”‘Z)c—(H,f +HF )polk+i-2)e —o.

Topi y3araabHeHa popma 06'epnanoro PT ma-
THEMe BUTASA

No(k+1)-3 = No(k+1-1)-1-

MOro paHT MEeHIINHI Ha OAMHMUIIIO BiA CYMU PaHTIB
PT-p0paHKIB, a iIHA@KC MEHIINM Ha OAWHUITIO Bip,
4YKMCAQ EeAeMEHTIB y IIMX AOAA@HKaX, TOOTO BiAOyBa-
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€. M. BUIJAHD

€THCSI BUPOAJKEHHS. AWIIHIN eneMeHT B 00'epHa-
HoMy PT — B'a3kuti.

[Mippaxyemo 6aranc o6'epnanoro PT. Koxen
3 PT-popaHKIB Mae opuH AuiHiN BE, a KiABKiCcTb
IIOCAIAOBHUX i IaPAAEABHUX BKAIOUEHBb OAHAKOBA.
Tomy B 6araHci 06'epHanoro PT nepiira ckaapoBa
0OanaHCY AOPIBHIOE ABOM, a APYyTa 3 YPaxyBaHHSIM
IIapaAeABHOTO TUITY IPUEAHAHHA PT-AOAQHKIB —
opuHULI. PiBHAHHA 6GaraHCY MaTHUMe BUTASIA

6, +8,=3,

TOOTO 006'epHaHe PT Oyae He30araHCOBAHUM.

3a MocAip0BHOTO 06'eAHAHHS ITUX TiA KoedilTi-
entu PP 06'epnanoro PT 3HariaeMo 3a AOIIOMO-
roto GopMyAH (4):

p=pl-1D.gRpol-1,
s Dk pU-D o (g f s uf)x
xp (P gk [ (HF+mF)+
LR R [ (e )=

=(H]f+HlR)DP("”‘2),

QZHSDQ(I(_I)HIRDQ(I_I) =
:HlleRDZQ(k+l—2).

PP o6'epnanoro PT y cTanpapTHIN popMi Ma-
THUME BUTASIA

R R
(Hk +H, )X
XD|:P(k+l—2)G_HRDQ(k+l—2)€j|_O
ki =0
Ae
R _ yRyR R R
Hyy=H H, /(Hk +H; )

BoHo Mae criiAbBHUY HYA€BUM KOPiHb 3BOAUTE-
Ccd AO PiBHSIHHA

P(k+l—2)G_Hl§DQ(k+l—2)8: 0.
TOOTO 06'epnane PT e

No(k+1-1)-1-

3BiACH BUNIAUBAE, 1110 paHT 00'epHanoro PT
MEHIIINY Ha OAWHHUIIIO Bip cyMu paHris PT-popan-
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KiB, @ iHAKC MEeHIINY Ha OAVHMUITIO BiA YMCAA ene-
MeHTiB y PT-p0paHKaX, 1 € BUDOASKEHHS.
[Tiapaxyemo GaraHc 06'epnanoro PT. Koxxen
3 PT-p0paHKiB Mae opuH auniHiM BE i nopiBHy pisz-
HUX TUIIB BKAIOUEHB, TOMY B 6anraHCi 06'epHaHO-
ro PT mepiita cKA@AOBa AOPIBHIOE ABOM, & ApyTa
— opuHuM. PiBHAHHA OaraHCYy MaTUMe BUTASA

o6, +98,=3,

TOOTO 00'eprane PT € He30araHCOBAHUM.

2. PosrasHeMo npuepHanusa PT Ny, _; po PT
N, . 3a napareAbHOTO 00'€eAHAHHS IJUX TiA KOe-
gitienTu PP 06'epnanoro PT 3HatipneMo 3a AOTIO-
Moroto popmyau (3):

p=plk-1) pl)_ plk+i-1)

Q:pW-prg“—U+
s mRp =1 pl-t) _ (R 4 k)
xD(P(’)Q("‘l)HlR/ (H,f +HZR)+
+QUNpEy ) (R uE))=
—(HR+uF)poliri-1),
3amumeno PP y cranpapTHiit hophi:

P(k+l—1)6_(Hl§ +HIR)DQ(k+l—1)8=0_

3BIACH BUIIAUBAE, 1110 PE3YABTATOM IAPANEABHOI'O
npuepHansst PT Nog 1 AOPT Ny € PT No (g 1y -1,
PpaHT 9KOT0 AOPiBHIOE CyMi paHriB y 1ioro PT-ckaa-
AOBUX, @ YUCAO eAeMEHTIB Y HBOMY AOPiBHIOE OTO
inpekcy. OTke, 06'epHaHe PT € HeBUpOAKeHe.

[Tippaxyemo 1oro 6ananc. PT N o _ | Mae opun
autHid BE 1 nopiBHY ITOCAIAOBHUX i ITapareAb-
HHUX BKAIOYeHL, PT N, — MOpiBHY NPYy>XHUX i
B'SI3KUX €AeMEeHTIB, a YMCAO IIOCAIAOBHHUX BKAIO-
4YeHb Ha OAMHUIIIO OiAbIIIe, HDK TapareAbHUuX. To-
My B 6anaHci 06'epHanoro PT mepiiia ckaap0Ba AO-
PiBHIOE OAMHULT, APyTa 3 YpaxyBaHHSAM [TapareAb-
Horo Tuily 00'epHanHsg PT-CcKAQAOBUX — HYAIO.
PiBHanHA OaraHCY MaTUMe BUTASA

6, +06. =1,

TOOTO 06'epAHaHe PT Oyae 30arnaHCOBAHUM

3a mocaipoBHOTO 06'epHanHs nux PT koedi-
mientn PP 06'epnanoro PT 3HariaeMo 3a AOIIOMO-
roo GopMyAH (4):
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P:P(k_l)-HlRDQ(l_l)+

+H,fDQ("‘1)~P(1)=(H,f +H[F Jx

X D( P(k_l)Q(l_l)HlR / (H,f +H [ )+

+ P(I)Q("‘l)H,f/ (H,f +Hf JJ:

—(HR s R )pplert=1),

Q=H,§DQ(]‘_1)HIRDQ(Z_1)=
:HlleRD2Q(k+l—2)‘

PP 06'epnanoro PT y cTanpapTHIN popMi Ma-
TUME BUTASA

(H,f’ +H [ JD[P(k+l_1)G—

—H,SDQ(/‘”_Z)E]:O,

BOHO Ma€ CIIABHUM HYABOBUM KOPiHB i 3BOAUTE-
cd, 4K 1 BUIIle, AO PIBHAHHA

P(k+l—1)6_H]SDQ(kH—z)e:Q

3Biacu BUIAMBAE, 110 00'epHane PTe Ny k411,
MOro paHT Ha OAMHUITIO MEHITNH Bip CYMU PaHTIB
PT-ckrapoBUX, IHAEKC MEHIITUN Ha OAUHUITIO BiA,
YHCAA €AEMEeHTIB, a TOMY € BUPOAJKEHHS.

[Tippaxyemo 6aranc 06'epranoro PT.PT Ny, 4
Ma€e opuH AuIIHIN BE i MOpIBHY MOCAIAOBHHUX 1 T1a-
PaAeABHUX BKAIOUeHbB, PT N, Mae NOpiBHY Npy»k-
HUX i B'SI3KUX €A€MEHTIB, YHCAO IIOCAIAOBHUX BKAIO-
yeHb Ha OAMHMUITIO OiAbllle, HDK IapareAbHUX. ToMy
B Oananci 06'epnanoro PT mepiiia ckaap0Ba AOPiB-
HIOE OAWHUILL, APYyTa 3 YpaxXyBaHHIM IIOCAIAOBHO-
TO TUITy — ABOM. PiBHSAIHHS GaraHCy MaTHMe BUTASIA

6,+98,=3,

TOOTO 00'epHaHe PT Oyae He30araHCOBAHUM.
3. Posrasuemo 06'epnannsg PT N,y _; po PT
H ;. 3a mapaaeAbHOTO 00'€AHAHHS IIMX TiA KOe-
gitientu PP 06'epnanoro PT 3HatipeMo 3a AOTIO-
Mororo popmyau (3):
p= P(k—l) ) P(l—l) _ P(k+l—2)

9
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Q:p(l—l)_HlfDQ(k—l)_i_ElRQ(l).P(k—1)=

l

_ ER (P(I_I)Q(k_l)»;kl + Q(l)p(k_l)J:

_ EZRQ(k+l—1)'

PP 06'epnanoro PT 3anumieMo y cTaHAQPTHIN
dopmi

ple+i-2)5 EIRQ(k+l—l)8:O‘

BrachaipOK aparenbHOro npuepHanss PT Noy 4
Ao PT H,; yreopunocsa PT, ke B y3araAbHeHIl
dopMi 3anmiemMo Tak:

Nocksri-1y-

3BipCH BUTIAMBAE, 1110 paHT 00'epHanoro PT
Ha OAMHUITIO MeHIINM Bip cymu paHTiB PT-ckaa-
AOBUX, iIHAEKC MEeHIIININ Ha OAMHULIEO Bij YHCAQ ene-
MEHTIB Y HbOMY, TOMY BiAOYBA€TBCSI BUPDOAKEHHS.

ITepesipumo Garanc 06'epnanoro PT. PT H
Ma€ IOPiBHY IPY’KHUX i B'I3KUX €AeMEeHTIB, Juc-
MO TIaPAAEABHUX BKAIOUEHb Ha OAUHUITIO OiAbIIIe,
HIXK HOCAIAOBHUX, Y PT No; | € ammnin BE imo-
PIBHY ITOCAIAOBHUX i IapAAEABHUX BKAIOUEHbD, YHa-
CAIAOK IapareAbHOro npuepHanus PT H o, po PT
N, _1 Tlepllla CKAaAOBa 0anaHCy AOPIBHIOBATH-
Me OAWHHUIN, APYyTa 3 YPaxyBaHHSAM ITapaAeAbHO-
ro TuIy o6'epHaHHs PT-ckaapoBux — ABOM. PiB-
HAHHS OaAraHCY MaTUMe BUTASA

6, +9d,=3,

TOOTO 06'epHaHe PT Oyae He36araHCOBAHUM.

3a mocaipoBHOTO 06'epranus nux PT koedi-
mieuTu PP 06'epnanoro PT 3HariaeMo 3a AOIIOMO-
roxw GopMyAn (4):

P=P(k_1)-ElRQ(l_1)+H]§DQ(k_1)~P(l_1)=

— ElR (p(k—l)Q(l—1)+ P(I)Q(k_l)‘tkl )=

ZEIRP(k+l—1)’

Q=H]§DQ(k_1)-ElRQ(I) :HlelRDQ(k+l—1)’

R R
Ae Tkl:Hk /El .
[Ticass cKOpOUYeHHs HAa KOHCTAHTy E lR 3alu-
memo PP y craHpapTHIN dopmi:
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P(k+l—1)6_HlfDQ(k+l—1)8=0_

3BIACU BUXOAUTD, 1110 PE3YABTATOM IIOCAIAOB-
HOTO NPUEAHAHHS Nog _1 A0 PT Hop € PT Ny y gy 1o
PaHTI IKOTO AOPiBHIOE CyMi paHriB PT-cKAap0OBUX,
YUCAO eAeMeHTIiB y HbOMYy — HOro iHAEKCY, TOO-
TO MAEMO HEBUPOAJKEHNM BUIIAAOK.

[Tianpaxyemo 6araHc 06'epHanoro PT. Ckaapo-
Bi piBHsIHHS OanraHcy B PT N, _; Taki: 8, =1,
8. = 0 (B'a3KUX ereMeHTiB Giablite), BPT Hoy —
d, =0, 3, =1 (mapareAbHUX BKAIOUYEHB GiAbIIIE).
PiBHsAHHS 6araHCY 3 YpaxXyBaHHSAM IIOCAIAOBHOI'O
TuIly 00'epAHAHHS PT-CKAQAOBUX MaTHMe BUTASIA

6,+9d,. =1,

TOOTO 00'epHaHe PT 6yae 30aAaHCOBAHUM.

4. TTpuepnaemo PT Noi | po PT Hoy o . 3a
rmapaseAbHOTo 06'eAHaHHS ITUX TiA KoeillieHTr
PP 06'epnanoro PT 3HariaeMo 3a AOTTIOMOTO0 hop-
MyAu (3):

P= P(k—l) . P(l) — P(k+l—1)

s

0= P(l)-HlfDQ(k_l)+ ElRQ(l)-P(k_l) —
=ElR (DP(Z)Q(k_l)Tkl +Q(1)P(k_1))=
_ ElRQ(k+l)_
3anuineMo HOoro y CTaHAAPTHIiN opMi:

P(k+l—1)6_ElRQ(k+l)€=O_

3BiACH BUIIAMBAE, IO PE3YABTATOM IIapaAeAb-
noro npuepHanus PT Nop | po PT Hoyq €
PT H (41, YCAO €A€MEHTIB 1 PaHT B IKOMY 30i-
raloThCs 13 CyMOIO €eAeMEHTIB i DaHTiB y IOT0 CKAA-
AOBHUX, TOMYy 00'epHane PT € HeBUPOAKEHUM.

[Tiapaxyemo 6ananc 06'epananoro PT. PT Ny,
Mae opuH AnIHIN BE I HOpiBHY IIOCAIAOBHUX Ta
IIapareAbHUX BKAIOYeHb, a PT H o, | Mae opun
autnHik [1E i mopiBHY MOCAIAOBHUX Ta apareAb-
HUX BKAIOYeHb. ToMy B OanraHci 06'epnanoro PT
IIeplIila CKAGAOBa OaraHCy AOPIBHIOBAaTHUME HYAIO,
ApyTa 3 ypaxyBaHHSM IIOCAIAOBHOT'O THUITYy 00'€A-
HaHHA PT-ckAapOBUX — opuHUIL. PiBHSIHHS Oa-
AQHCY MaTHMe BUIASIA

6, +6. =1,

TOOTO 00'epHaHe PT 6yae 30araHCOBAHUM.

[MTpoaHaaizyeMo mocAipoBHE 00'€AHAHHS ITUX
PT. Koedittieutu PP 06'epnanoro PT 3HaxoaMO
3a AOIIOMOTO10 (popMyAU (4):
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P=P(k_1)-ElRQ(l)ﬂ—HlfDQ(k_l)-P(l) —

_ ElR (p(k—l)Q(l)+ P(I)Q(k_l)‘ckl ):

0= H]fDQ(k—l).ElRQ(l) _ H}fDElRQ(k+l—1).

[Ticast cKOpOYeHHS Ha KOHCTAHTy E ZR PP 3a-
NIHUIIEMO Y CTAaHAAPTHIN dopmi:

P(k+l)6_H]§DQ(k+l—l)E=O'

3BIACH BUIIAMBAE, IO PE3YABTATOM IIOCAIAOB-
noro npuepHannsg PT Ny, a0 PT Hy | € PT
N9 + 1), YACAO EAEMEHTIB i paHT B sIKOMY 30ira-
IOTBCS 13 CYMOIO €A€MEHTIB I PAHTIB y MOTO CKAA-
AOBUX, TOOTO MAEMO HEBUPOAKEHMM BUITAAOK.

[Tippaxyemo OaraHc 06'epnanoro PT. 3 orag-
Ay Ha Te, mjo PT N,; | mae opun amuHii BE, a
PTH, ., —TIIEiB 06ox PT nopisHy nmocaipos-
HUX | TapareAbHUX BKAIOYeHD, B 6araHCi 00'ep-
HaHoro PT nepiita ckrapoBa 6araHCy OyAe 30aras-
COBQHOIO, & ApyTa 3 ypaxXyBaHHSM IIOCAIAOBHOTO
Ty 06'epAHaHHS PT-CKAQAOBUX AOPiBHIOBATHME
opuHUII. PiBHAHHA OaraHCY MaTUMe BUTASA

6,+06,=1,

TOOTO 06'epHane PT 6yae 30araHCOBAHUM.

5. [Ipoananizyemo 00'epHanHsa PT Ny, i Ny .
3a mapaireAbHoOTO 00'epHaHHS Koeditientu PP
06'epnanoro PT 3HatiaeMo 3a AOIOMOT010 Pop-
MyAH (3):

poplk) pl) _ plesD)

)

Q=P(l)-H]§DQ(k_l)+HIRDQ(I_I)'P(k)z
= (H,f +H [ )x
xp(PWot-DpR [ (HE k)
QU0 (it -
=(H,f+HlR)DQ("”‘1).

Y craHAapTHIY (bopMi BOHO MaTHUMe BUTASIA,

plk+l)s _ (H,f + HlR )DQ(k+l_1)8 =0,
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a B y3araabHeHiN popmi 00'epnane PT 3anmiie-
MO, IK Ng(g 47) - 1MCAO €AeMEHTIB i paHT y HbO-
My 30IiraroThCd i3 CyMOIO €AEMEHTIB i PaHTiB y
MOTO CKAQAOBUX, TOOTO € HEBUPOAJKEHICTb.
[Tiapaxyemo 6aranc 06'epnanoro PT. Koxken
3 PT-pA0AQHKIB Ma€e NOPIBHY IPY>KHUX i B'A3KUX
eAeMeHTIB, YHCAO ITIOCAIAOBHUX BKAIOUEHb Ha OAU-
HUIIO OiAbIIle, Hi’K ITapaAreAbHUX. ToMy B 00'ep-
HaHoMy PT nepiria ckaapoBa OaraHCy OyAe 30aras-
COBAHOIO, APpYyTa 3 yPaxyBaHHAM IIapaAE€ABHOTO
TUIry 00'epHaHHSA PT-CKAQAOBUX AODPiBHIOBATHME
opvHUILI. PIBHAHHA OaraHCY MaTUME BUTASA

6,+3d, =1,

TOOTO 00'epHaHe PT 6yae 36araHCOBAHUM.

3a MoCcAipAOBHOTO 00'eAHAHHS ITUX TiA Koedilri-
eutu PP o6'epnanoro PT 3HalineMo 3a AOIIOMO-
roro GopMyAu (4):

P=P(k)'HIRDQ(l_l)+HIfDQ(k_1)~P(l)=
= (H,f+HlR )x
XD(P(k)Q(l_l)HIR/ (H,f+HlR)+
sl (s nf))=

—(#R+uR)ppl+i-),

0 =H]§DQ(k_l)'HlRDQ(l_1) —
_ HIleRDZQ(k+l—2)7

PP 06'epnanoro PT y cranpapTHiM dopMi 3a-
IHUIIeMO TaK:

(H,f +Hf )D[P("”“)c—

- HISDQ(]‘”_Z)E] =0.
SIK moKa3aHo BUllle, BOHO 3BOAUTHCS AO PIBHAHHS
(k+1-2) . R (k+1-2), _
P 6-H, DO e=0.
3BIiACH BUIIAMBAE, 1110 00'eaHare PTe No (g 471,
MOro paHr Ha OAMHUITIO MEHIIIUN Bip CYMU PaHTIB
PT-ckAapAOBUX, YMCAO €AEMEHTIB Ha ABa IE€PEBU-

LIy€e MOro IHAEKC, TOMY € BUPOAKEHHS.
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[Tiapaxyemo 6araHc 06'epnanoro PT. Koxken
3 PT-pAOAQHKIB Ma€e NOPiBHY IPYJKHUX i B'I3KUX
€AEMEHTIB, YHCAO IIOCAIAOBHUX BKAIOUEHB Ha OAU-
HUIIO OiAbllle, HiXK TapareAbHUX. ToMy B OaraH-
ci 06'epranoro PT nepira ckaaaoBa 6araHcy Oyae
30aAa@HCOBAHOIO, ApyTa 3 YPaXyBaHHSIM IIOCAIAOB-
HOTO TUNly 00'epAHaHHS PT-CKAQAOBUX AOPiBHIO-
BaTuMe TPbOM. PIBHAHHS OanaHCY MaTUMe BUTASA

5,+6,.=3,

TOOTO 06'epHaHe PT Oyae He3b6araHCOBAHUM.

6. Posraguemo o6'epnannsa PT Ny, 3 PT Hoy .
3a mapanreabHOTo 00'epHaHHS Koedinientu PP
06'epnanoro PT 3HalipeMo 3a AOTTOMOTOI0 POP-

MyAu (3):

PP zanuiieMo y cTaHAapTHIN popMi Tak:

P(k+l—l)0_ EIRQ(kH)SZQ

3Biacu BUmIAMBAE, M0 00'epHane PT — me
Hoy(ks1)- Moro paHr 36iracThcst i3 CyMOO paHTiB
AOTO CKAQAOBUX, YUCAO €AeMeHTIB Y HbOMY — 3
HMOro IHAEKCOM, TOOTO € HEBUPOAJKEHICTB.

IMippaxyeMo 6aranc 00'epranoro PT. Kosken
3 PT-pA0pQHKIB Mae NMOPIiBHY IPY’KHUX i B'I3KUX
€AEMEeHTIB, YMCAO ITIOCAIAOBHUX BKAIOYEHBb B N o
HAa OAMHMUIIO OiABIIIe, HiK IAPAACABHUX, @ B H o
HaBnaku. Tomy B 6anraHci 06'epnanoro PT nepia
CKAQAOBa OaraHCy Oyae 30anaHCOBAHOIO, a APY-
ra 3 ypaxyBaHHSIM IIapareAbHOTO TUITY 06'eAHaH-
Ha PT-ckAap0BUX AOpPIBHIOBATHME OAWMHUIL. PiB-
HSIHHS 6aAaHCY MaTHMe BUTASIA

6,+9d, =1,

TOOTO 00'epHaHe PT Oyae 30araHCOBaHUM.

3a moCcAIAOBHOTO 06'€AHAaHHS ITMX TiA Koedi-
mientu PP 06'epnanoro PT 3HaliaeMo 3a AOTIOMO-
roro popMyAHl (3):

P=P(k)-ElRQ(l)+H]§DQ(k_1)-P(l_1)=

— ElR (p(k)Q(l)+ P(I)Q(k_l)’fkl ): EIRP(k+l),
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Q=HfDQ“_”EfQU)=HfEfDQ“+”U.

[Ticas ckopoueHHS Ha KOHCTAHTy E lR Y CTaHAAPT-
HiK popMmi PP matume BUTrAgp,

P“*”c—HﬁDQ“*“Us:Q

T06TO 06'epHane PT e Ny ;). OTxKe, BoHO 36e-
PETAO PaHT Ta YUCAO EAEMEHTIB i € HEBUPOAKEHICTD.
[Mippaxyemo 6aranc 06'epnanoro PT. Koxxen
3 PT-A0AQHKIB Ma€ MOPiBHY NPY’KHUX i B'A3KUX
€AeMeHTiB, YMCAO MOCAIAOBHUX BKAIOYEeHb y PT
N, Ha OAMHMUINIO OiAbIlle, HiXK ITAPAAEABHUX, Y
PT H,; HaBIaku — YHUCAO NAapPAAEABHUX BKAIO-
YyeHb Ha OAMHUITIO OiABIIIe, HiXK TOCAIAOBHUX. To-
My B Oananci 00'epnanoro PT mepia ckaapoBa
OanaHcy Oyae 30aAaHCOBAHOIO, APYyTA 3 YpaxyBaH-
HSM BUAY 00'epHaHHS ABOX PT popiBHIOBaTUMeE
opuHMII. PIBHAHHA OaraHCY MaTUMe BUTATA

6, +9d, =1,

TOOTO 00'epHane PT 6yae 30anaHCOBAHUM.

7. Posrasnemo npuepHanss PT N o, po PT
H 9; ;1. 3a nmapareabHOro 00'eAHAHHS ITUX TiA KOe-
ditiertu PP 06'epananoro PT 3HatipemMo 3a pomo-
Moroio popmyan (3):

Y cranpapTHiY opmi PP 3anuimieMo Tak:

P“+”0—EfQ“+”s:0

OT>Ke, pe3yAbTaTOM ITapareAbHOTO IIPUEAHAH-
HA PT Noyp A0 PT Hyj g € PT Hy(g 4y 4. Hue-
AO eneMeHTIB B 00'epHaHoMy PT popiBHIOE HOTO
IHAEKCY, IOTO PaHT 30Ira€TbCs 13 CyMOIO DAHTIB
y ¥oro PT-ckaapoBux, ToMy 06'epHane PT € HeBu-
POASKEHUM.

[MTippaxyemo banranc 06'epnanoro PT. Butie 3a-
3HaveHo, o PT H,, . Mae opun ammHin [1E i
IIOPIBHY IIOCAIAOBHUX 1 IIapaA€ABHUX BKAIOUEHD,
a PT N, Mae NOpiBHY IPY’KHUX i B'I3KHX eAe-
MEHTIB, YMCAO IIOCAIAOBHUX BKAIOUEHb Y HBOMY
Ha OAMHUINIO OiABIIIe, HiIXK NapareAbHUX. TOMy B
Oananci 06'epnanoro PT mepiiia ckaapoBa OaraH-
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Cy AOPIBHIOE OAWHHUIN, APYTa 3 YPAXyBAHHAM I1a-
pareapHOro Tuily 00'epnanHsa PT-ckrapoBUX —
HyAO. PIBHAHHSA OaraHCy MaTUMe BUTASA,

6,+06, =1,

TOOTO 00'epAHaHe PT Oyae 30araHCOBAHUM.

3a MOCAIAOBHOT'O 06'€AHAHHS ITUX TiA Koedi-
ieutu PP 06'epnanoro PT 3HaMiaeMo 3a AOIIOMO-
roro hopmyau (4):

p= P(k) . EZRQ(Z)"' HlfDQ(k_l) . P(l) —

R (P00 4 ppWgli-Ny, )=

_ pRp(k+1)
=E'P :

0= H]fDQ(k—l).ElRQ(l) - H,fElRDQ(k”_l),

[Ticas ckopoueHHa 00ox AAB Ha craary E lR
PP o6'epnanoro PT Habyae BUTASIAY

P“+UG—H£DQ“+FUSZQ

TOOTO 06'€pHane PT e Ny (). 3BIACH BUIIAUBAE,
o paHr o6'epnanoro PT 36iraeTbest i3 cymoro
PAaHTIiB y MOTO CKAQAOBHUX, YUCAO €AeMEHTIB y HbO-
My Ha OAMHUIIIO IIePEBUIITYE UOTO IHAEKC, 1, OTXKe,
€ BUPOAJKEHHS.

[Tippaxyemo 6aranc o0'epananoro PT. PT N,
Ma€ IOPiBHY IPY’KHUX i B'SI3KUX €AeMeHTIB, Yuc-
MO TIOCAIAOBHUX BKAIOUEHb HAa OAUHUITIO OiAbIIIe,
HiXX nmapareabnux, PT Ho, | Ma€ OAMH AMIIHIN
I'lE i mOpiBHY IOCAIAOBHUX 1 ITaPAAEABHUX BKAIO-
yeHb. ToMy B 6anraHci 06'epnanoro PT nepiria cKaa-
AOBa OaraHCy AOPIBHIOBATHMMe OAVMHUIL, APYTa 3
YPaxyBaHHSIM IIOCAIAOBHOTO BUAY 00'€AHAHHS ABOX
PT — aBom. PiBHAHHA OaraHCy MaTUMe BUTASA

6,+96,.=3,

TOOTO 00'epHane PT O6yae He30araHCOBAHUM.

8. INpoananizyemo 06'epHanHsa PT H o, i Ho;.
3a mapaireAbHOTO 00'epHaHHS KoeditienTtu PP
06'epnanoro PT 3uaiipeMo 3a AOIIOMOT010 POp-
MyAH (3):

I):Iﬂk—l).PU—l):Iﬂk+l—ﬂ

0= p(l - 1), EkRQ(k) + E[RQ(I) . p(k—l) —
~(£f+ £f )p(PU-00WER [ (£ + £ )+
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+oWpU-Dp, [ (ER 4 R))=

(5t st ot

Sanuiremo PP y cranpapTHiN opmi:

pleri=2)g_ (R4 gk )oUk+i-1e =g,

B y3araabHeHOMYy BUTAsIAl 06'epHaHe PT 3anu-
meMo, ik H o (j4/—q) - 3BIACH BUIIAUBAE, IO PAHT
00'epnanoro PT Ha OAWHUITIO MEHIIINUH Bip cymMu
panriB PT-CKAGAOBUX, YUCAO €AEMEHTIB Y HbOMY
Ha ABI OAWHWUIII IIePEBHUIYE MOro iHAEKC, TOOTO
€ BUPOAJKEHICTb.

IMippaxyemo baranc 06'epnanoro PT. Kosken
3 PT-p0pQHKIB Mae NMOPiBHY IPY’KHUX i B'I3KUX
€AeMEeHTIB, YMCAO TTapaAeAbBHUX BKAIOUEHL Ha OAU-
HUITIO OiABIIIe, HIXK NOCAAOBHUX. TOMy B OaraHCl
006'epnanoro PT mepiia ckaapoBa 6araHCy OyAe
30aAaHCOBAHOIO, @ Apyra 3 ypaxyBaHHAM Iapa-
AeABHOTO TUITY 00'epAHaHHS ABOX PT popiBHIOBa-
THMe TPbOM. PiBHAHHS 6araHCy MaTUMe BUTASIA

6,+98,=3,

TOOTO 00'epHaHe PT Oyae He30araHCOBAHUM.

3a MOCAIAOBHOT'O 00'€AHaHHS ITMX TiA Koedi-
mientu PP 06'eananoro PT 3HatipeMo 3a AOTTOMO-
roro popmyan (4):

P=P(k_1)~ElRQ(l)+ E?Q(k).p(l—l) -
- (E,f +ER )(P(k_l)Q(l)ElR/ (E,f +EF )+
gt (ef o )

:(Elf +EIR )P(k+l—1)’

0= E/fQ(k)'ElRQ(l) - ElelRQ(]H'Z).

PP 06'epnanoro PT micast ckopouenHst o6ox AAB
Ha cTany E If +E lR MaTHUMe CTaHAAPTHUN BUTASIA

P(k+1—1)G_E/§ Q(k+1)8:0’

R R R R R
Ae Ey =ELE, / (Ek +E )

3Biacu BUNAMBAE, 10 00'epnane PT e Hy (4.
Moro paHr pAopiBHIOE cyMi paHriB PT-cKAapAOBHX,
YKUCAO eAeMEHTIB Y HBOMY AOPIBHIOE MOT'O IHAEKCY,
oTXe, 06'epHase PT € HEBUPOAKEHUM.
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[Mippaxyemo 6araHc 06'epHanoro PT. Kosken
3 PT-pAOAQHKIB Ma€e NOPiBHY IPY’KHUX i B'I3KUX
€AeMEeHTIB, YUCAO ITapaAeAbHUX BKAIOUEHb Ha OAU-
HUIIIO OiABIIE, HIXK MOCAIAOBHUX. TOMY B OaraHCi
o0'epHaHoro PT mepiia ckaapoBa 6anraHcy O6yae
30aAaHCOBAHOIO, APYTA 3 YPaxXyBaHHIM IIOCAIAOB-
HOTO TUIly 00'epHaHHS PT-CKAQAOBUX AOPiBHIOBA-
THMe OAMHUIL. PIBHAHHA OaraHCYy MaTUMe BUTASIA

6,+6,.=1,

TOOTO 06'epHaHe PT 6yae 30araHCOBaHUM.

9. Porasguemo npuepnanug PT H o, po PT
H 9; , 1. 3a mapareAbHOTO 00'eAHAHHS IIUX TiA KOe-
ditientu PP 06'epnanoro PT 3HaMiaeMo 3a AOTIO-
Moroto popmyau (3):

p:p(k—l).p(l):p(k+l—1)

Q=P(Z)-E,§Q(k)+EIRQ(Z)'P(k_1)=

(et o ) P00 e/ (et et

F0P g (it 1)

(e £ Jolon,

PP zanuiieMo y cTaHAapPTHIN popMi:

ple+i=1)g _ (Elf +EZR)Q(k+1)£:0_

3BIACH BUIIAUBAE, III0 PE3YABTATOM IIapPaAEAb-
noro npuepnanus PT Hoy, po PT Hy oy € PT
H (1), PAHT SIKOTO AOPIBHIOE CyMi PaHTIiB MOTO
PT-cKAQAOBUX, YUCAO EAEMEHTIB y HBOMY Ha OAU-
HUIIIO TIIepeBUIIye MOTro iHAEKC, OTKe 00'epHaHe
PT 6yae BUPOAKEHUM.

IMippaxyemo 6anranc 06'epnanoro PT. Yike 3a-
3HAYaA0Ch, 110 PT H,; Mae IOpiBHY IPY’KHHUX I
B'SI3KHX €A€MEeHTIB, @ YMCAO IIapareAbHUX BKAIO-
YyeHb Ha OAMHUITIO OiAbllle, HiXK TToCcAipoBHUX, PT
H ;.1 Mae opmn anmHil IE i mopiBHy TOCAIAOB-
HUX i apareAbHUX BKAIOUeHB. ToMy B OaraHCi
00'epHaHoro PT nepiira ckaapoBa 0araHCy AOPiB-
HIOE OAMHUIN, ApyTa 3 YPaxyBaHHSIM IlapareAb-
Horo TUly 06'epHaHHSA ABOX PT — aABoM. PiBHSH-
Hs1 6anaHCY MaTHMe BUTASIA

6, +98, =3,
TOOTO 00'epHane PT Oyae He30aAaHCOBAHUM.
3a mocaipoBHOTO 00'epHaHHS 1Tux PT Koedi-

nieutu PP 06'epnanoro PT 3HaMaeMo 3a AOIIOMO-
roxo GopmMyAn (4):
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P=P(k_1)'ElRQ(l)+ ElfQ(k)p(l) =

(et o )P0Vt (et

eP Qe et st et

(et v )t

0= ElfQ(k).ElRQ(l) - E}f ElR Q(k”).

[Micast ckopouenHs o6ox AAB Ha ctary E ,f +E lR
s3anuemo PP y cranpapTHIiT popMi:

P(k+l)6 _ E}SQ(k+l)€ -0

3BIACH BUIIAMBAE, IIJO PE3YABTATOM IIOCAIAOB-
Horo npuepHannsg PT H o, po PT Hoy . € PT
Hy(j 41)+1, PAHT SIKOTO AOPIBHIOE CyMi PaHTIiB HOTO
PT-crAap0BUX, MOTO IHAEKC AOPIBHIOE UHUCAY €Ae-
MEHTIB y IOr0 CKAQAOBHUX, TOOTO MAaEMO HEBUPO-
AJKEHICTb.

[Tiapaxyemo 6araHc 006'epnanoro PT. Bpaxo-
Bytouy, o PT H 5, Mae NOpiBHy NPY’KHUX i B'43-
KHX €AEeMEeHTIB, YUCAO NapaAeAbHUX BKAIOYEHBb
HA OAMHHLIIO OiABIIIe, HIXK TOCAIAOBHUX, PT H ) 4
Mae opuH AniHil [1E i mopiBHY TOCAIAOBHUX i ITa-
PareAbHUX BKAIOUEHE, y 6araHci 00'epHanoro PT
Iepllla CKAAAOBA OAAQHCY AOPIBHIOE OAMHMUIN, &
ApyTa 3 ypaxyBaHHSIM IIOCAIAOBHOTO TUITY 00'€A-
HaHHA ABOX PT Oyae 30araHcoBaHOIO0. PiBHAHHA
0OanaHCy MaTUMe BUTASIA

6,+06,. =1,

TOOTO 00'epAHaHe PT Oyae 30araHCOBAHUM.

10. I'lpoananizyemo npuepnanas PT Hoy, .y AO
PT H,,i. 3a napareabHOro 00'€epAHaHHS Koedi-
nieuTtu PP 06'epnanoro PT 3HariaeMo 3a AOIIOMO-
rorw popmyau (3):

80

3anumemo PP y craspapTHIU hopmi:

pltlg (R + ER JoUk+)e =0,

3Biacu orpuMaemMo 00'epHane PT B y3aranb-
HEHOMY BUTASAL — H ok 17 +1- Horo paHr Aopis-
HIOo€e cyMi paHriB PT-ckaap0BUX, HOTO iHAEKC Ha
OAVHUITIO MEHIINH 3a KIABKICTb EA€MEHTIB Y CKAQ-
AOBUX, TOMY MAEMO BUPOAKEHUU BUMAAOK.

[TiapaxyeMo Oanranc 00'epranoro PT. PT-p0-
AQHKHU MarOTh OAMH AUIIHIN [1E i MOpiBHY MOCAI-
AOBHUX i TapaAreAbHUX BKAIOYeHBb. TOMYy B OaraH-
ci 06'epnanoro PT nepira ckaapaoBa 6araHCy AO-
PiBHIOE ABOM, APYyTa 3 YpaxXyBaHHSM IlapareAb-
HOTO TUIly 00'epHaHHSA ABOX PT — opmHwui. PiB-
HAHHS OAAQHCY MAaTHUMe BUTASA

6, +9d,=3,

TOOTO 00'epHane PT O6yae He30araHCOBAHUM.

3a moCcAipOBHOTO 06'€eAHAHHS ITUX TiA Koedi-
mieutu PP 06'epnanoro PT 3HariaeMo 3a AOIIOMO-
roro GopmMyAn (4):

PZP(k)-ElRQ(l)+ E?Q(k).p(l):

(et o ) P00 f (5t )

+POQWE [ (e + 1))

(et e,

0 = ElfQ(k).ElRQ(l) - E]f ElRQ(k+l).

[Ticast ckopouenHsa o6ox AAB Ha ctary E ]f + FE lR
PP zanumemo y cranpapTHIN dopMi:

ple+l) g _ EISQ(HZ)E =0,

y3araAbHeHHI BUTAsIA 00" eAHaHoro PT— Hy gy 4.
Panr 06'epnanoro PT popiBHIOE CyMi paHTiB Hioro
PT-crAapOBUX, MOTO iHAEKC Ha OAMHHUITIO MEHIIIe
KIABKOCTI €A€MEHTIB Y CKAQAOBUX, TOOTO € BUPO-
AJKEHICTb.

[Tiapaxyemo 6araHc 00'epranoro PT. KoxxeH 3
PT-popasKiB Mae opuH AninHil ITE i mopiBHY Ho-
CAIAOBHUX i ITapareAbHUX BKAIOYeHb. ToMy B 6a-
AaHci o6'epnanoro PT mepiia ckaapoBa 6araHCy
AOPIBHIOE ABOM, ApyTa 3 ypaxyBaHHIM IIOCAIAOB-
HoTrO TUIly 06'epAHaHHS ABOX PT — opmHui. Pis-
HSHHS 6aAaHCY MaTHMe BUTASIA

6,+9d,=3,
TOOTO 06'epHaHe PT Oyae He30araHCOBAHUM.
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Bunmiiemo pesyabTaTi 00'€AHaHHS ABOX 30a-
AaHCcoBaHUX PT B oOKpeMy TaOAMUKY:

Nog -1 ‘ Nojp—1=No(k+i1-1)-1>
Nog—1=Noy—1 =
=No(k+1-1)-1> Nog -1 ‘ Ny =No(k+1)-1>
Nog-1=Noy =No(k+1-1)

Nog -1 ‘ Hy =Hj(k+1-1)s
Nop—1=Hy =No(k+1)-1-
N2k—1‘H21+1 =Hj(r+1)s
Nox—1=Hay11 = No(k+1)s
NZk‘NZI =No(k+1)-

Nok =Noy =No(k+i-1)» Nog | Hop = Ho (g +1)>
Nox =Hy = No(k+1)>
Ny ‘ Hyv1=Hy(k+1)+1>
Nop = Hopv1 = No(k+1)

H oy ‘ Hy =Hjy(k+1-1)s
Hop —Hy =Hj(k+1)>
H ‘ Hyv1=Hy(k+1)

Hop —Hyv1 =Ho(k +1)+1>
Hop 41 ‘ Hoyv1=Ho(k+1)+1-

Hopyr—Hoypp1 =Ho(k+1)+1-

Bcworo maniuyemo 20 pi3HUX BapiaHTIB. 3 HUX
IIOAOBUHA OyAe BUPOAKEHUMH, IIOAOBUHA — He-
BHUPOAKEHUMH.

BunuieMo oKpeMoO HeBUPOAJKEH] BUITAAKH

Nog—1 | Nop =No(k+1)-1-
Nok-1—=Hy =No(k+1)-1>
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Nok-1|Hoiv1 = Ho(k+1)>
Nogk-1=Ho41=Na(r+1)s
NZk‘NZI:NZ(k+l)’ Nog | Hoy = Hy(k+1)s
Hyp =Ny =No(k+1)s
N2k‘H2l+1=H2(k+l)+1’

Hyp = Hy = Hj(k+1)s

Hop —Hypp1 = Hoy(g4)+1- (8)

XapaKkTepHOI0 OCOOAMBICTIO HEBUPOAKEHUX
00'eAHAHB € Te, IIJ0 BOHU BUKOHYIOTBCS 3 AOTPH-
MaHHSAM YMOBU 0anraHCy (7). 3BiACH BUIIAUBAE Ta-
Ka TeopeMa.

Teopema. HeobxigHumu [ gOCMAMHIMU yMO-
Bamu HeBupogxenocmi PT, ymBopeHoro 06'eg-
HaHHAM gBoXx 36arancoBanux PT, € gompu-
MQaHHS yMOBU 6aaaHcy (7)1 Bumora, w06 xa-
paxmepucmuyri piBHAHHA AAB P, 3a napa-
AeABbHOro I Q; 3a NOCAIGOBHOIO 00'€JHAHHA He
MAAU CNIAbHUX KODEHIB.

[Tepekonaemocs, 110 IIi yMOBU OYAYTH HEOO-
XipAHUMUA. AIMCHO, AKIIO pe3yabTytode PT € HeBu-
POAJKEHUM, TO 3 PiBHSAHHS (8) AOXOAUMO BUCHOB-
Ky, 110 00'epHaHHS ABOX PT 6yae HEBUPOASKEHUM
AUIIIE TOAl, KOAU BOHO BUKOHYETHCS 3 AOTPUMaH-
HAM OaraHcy (7), a B PT-p0paHKax yacu micAsAil
3a HapaAeAbHOrO 1 YaCu peAakcalii 3a IOCAIAOB-
HOro o6'eAHaHHS He 30iraroThCs.

Boanouac 11i ymoBHu OyAYTE i pocTaTHIMU. Lle
BUIIAMBAE 3 TOTO (PAKTY, 110, SIKII[O BUKOHYIOTHCSI
YMOBHU OAAGHCY I AOTPUMYIOTBCSI YMOBH IIIOAO He-
301’)KHOCTI KOP€EHIB XapaKTEPUCTUYHUX PIBHAHB
AAB P 3a napareAbHOTO 1 XapaKTEePUCTUYHUX PiB-
v1Hb AAB O 3a mocaipoBHOTO 06'epHanHS PT-A0-
AQHKIB, TO pe3yAbTyroue PT, 3TiAHO 3 pIBHAHHIMU
(8), OyAe HEBUPOAKEHUM.

JIK npukaap, 3acrocyBaHHsg PT BucOKoro mo-
PSAAKY MOJKHA HaBeCTU TOOYAOBY (PYHKITiM OB-
3Yy4OCTI Ta IMICAIALL AAST 3HAXOAKEHHS AEP IHTer-
parbHUX piBHAHB BoAbTeppa 2-ro poAy, 1o ONu-
CYIOTh IPOIIECH IICASAIL B HEIIPY)KHUX CEPEAO-
BUIIAX, gKi 3aIMCYIOTh Tak [Petinep, 1965; CagiH,
Pymunbskutt, 1975; KoatyHos, 1976 Ta in.]:

e(r)=

by | —

G(t)-i—JK(t—‘E)G(T)dT , (9
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o(t)=E s(t)—JR(t—r)e(r)dT , (10)

Ae K (t — 1) — aApO iHTerpaAbHOTO PiBHAHHA (9);
R (¢t — T) —MOTO Pe30ABBEHTq, Tak 1110 Bupa3s (10)
€ PO3B'I3KOM piBHAHHSA (9), i HABIakKu — BUpa3
(9) 6yae po3B'a3koM piBHgHHS (10).

SAapo iHTerpaAbHOTO PiBHAHHS (9) BU3HAUalOTh
Yepes MBUAKICTb QyHKIIIT TOB3y4OCTi £ y Takuit
crocio [Koatynos, 1976]:

k(1)="¢ (11)

DyHKIIIO TOB3YYOCT] 3HAXOAATH 3 PEOAOTIUHUIX
piBHAHS (1). Po3rasHeMo OyAb-sIKe 3 KBa3impyk-
Hux PT n-ro panry. Ko ¢ = 6 = const, AAS pe-
dopmarii (PpyHKIIil TOB3YUOCTi) € OAEPKUMO AU-
(epeHIliaAbHE PiBHAHHSI

e pee=Dy he Eve/b, =

oo/ (ERD, ), (12)

rAec;=b,_;1b,. Woro 3ararbHU PO3B'SI30K 3a-
MUIIEMO Y BUTASIAL

n

e=Y dyexp(h;1)+&, (13)
i=1

Tyt € =0 / (E,If b, ) — YACTKOBUU PO3B'sI30K
piBusiausa (12); A;=-1/v; — KopeHi xapakTe-
PUCTUYHOTO PiBHAHHS, IOPOAJKEHOIO A epeH-
IiaABHUM PiBHAHHSIM (12):

Vit e vt e e,y T2 4 41/ b, =0,

Ae V; — 4Jacu penakcallii poecpopMariiit 3a mocTin-
HOI'O HAIIPY’>KeHHA (dacu micagpail abo yacu IIoB-
3y4OCTi); d; — CTaAl iHTerpyBaHH, sKi BU3Ha4a-
IOThb 3 TOYaTKOBUX yMOB.

OyHKIIiS TOB3YYOCTi, IO 3anucaHa 3TiAHO 3
piBHaHHAM (13), € IO CyTi po3KAaAOM AepopMa-
il B psip IO €eKCIIOHEHTaX. SIKIIo MaeMO eKCIie-
PUMEHTAABHO OTpUMaHy (PYHKIIiIO ITIOB3YYOCTi, TO
il MO’KHA PO3KAACTH B PSA IO €KCIIOHEeHTaX . Ix
MO>KHa PO3TASIAAQTHU K 0a3NC, i 3a IUM PO3KAAAEH-
HAM OTPUMAEMO CIIEKTP YaciB HiCAFAIL, 3a AOIO-
MOTI'OIO IKUX MO’KHA OyAyBaTH PEOAOTIUHI TiAa.

[MiacTaBuBLIM vy piBHAHHA (11) 3HaUeHHS (PyHK-
il TOB3y4OCTi, IMAPAXOBAHOI 3@ AOIIOMOTOIO PiB-
HAHHA (13), opep>KuUMO A siapa K (¢ — 1) iHTer-
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PaAbHOTO PiBHAHHA (9) TaKUM BUpaA3:

K(1)=E [—lc,-e"”i]. (14)
. T

i

3ayBa’kKAMO, 110 (DYHKIJIFO MIBUAKOCTI IIOB3Y-
4OCTi, dKa NOTPiOHa AAd TOOYyAOBH sApa K (1 — T)
IHTEerpaAbHOrO PiBHAHHA (9), MOJKHA OTpUMATHU 3
PEOAOTIUHUX PiBHAHD (1), PO3TASHYBIIN TAaKOK
OyAb-sIKe 3 KBasiB'sa3Kkux PT n-ro paHry. fkimo
O =0 = const, AAS IIBUAKOCTI pAedhopMaltii (PyHK-
11ii ITBUAKOCTI HOB3Yy4OCTi) € = V OTPUMaEMO TaKe
AUdepeHIliarbHe PIBHAHHA!

v("_l)+clv("_2)+...+cn_2v+v/bn_1 =

=60/ (Hlfbn—l)’

Ae ¢; =b,_o_; | b,_y;3anmuI1eMO HOT0 PO3B'A30K:

(15)

n—1

V= Z e;exp(u 1)+,
i=1

(16)

AE V=0 / (H,f b, _4 )— YaCTKOBUM PO3B'sI30K
piBHAHHA (15); W; — KOpeHI XapaKTePUCTUYHO-
TO PiBHSHHS, TOPOASKEHOTO APepeHITiaAbLHUM PiB-
HAHHAM (15):

n—1

u +c1u”‘2+c2u”‘3+...+1/bn_l:0,(1?)

a T; = —1/n; — 4acu peaakcartii pecpopmarit 3a
IIOCTIMHOTO HAIPY KEHHA (4acH IiCcAAAIL abo yacu
TIOB3YYOCTi).

SIk BUIAMBAE 3 piBHAHS (13), (16), DyHKIIII HIBUA-
KOCTIi MOB3yYOCTi, oTpHuMaHi 3a poortoMmororo PP (1),
Pi3HATHCSA TOPIAKOM.

[ToOGyayeMO pe30ABBEHTY R (f —T) piBHAHHA (9).
Ii BupakaroTh uepes (pyHKIIiIO peAakcarii 6 (1),
sIKa OIMCYE MIPOIleC peAaKcallil Hallpy>KeHb y ce-
PeAOBHUIL 3a MOCTiMHOI pAedpopMartiii € [Koary-
HOB, 1976]:

R(r-1)=6(1)/¢q.

ODyuKIio perakcarllii ¢ (f) 3HaXOAUMO 3 Peo-
AOriuHUX piBHAHS (1). Posrasaemo Oyab-gKe 3 KBa-
sinpy>xuux PT n-ro panry, Hanpukiaapa Ho, 4 1.
SIKIo € = € = const, AASL HANIPY KeHHA (PyHKIiI
pearakcartiii) 6 opepKuMo AudepeHiiiarbHe piB-
HSIHHS

+cn_16+0/an =

280/ (Er[fan )
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Ae ¢; =a, _; | a,.Vloro 3ararnbHMI PO3B'A30K 3a-
NUIIETHCS TaK:

n

O = 2 di exp(?»it)-l- 6,
i=1

Ae G =¢€g / (Ef a, ) — YaCTKOBHH PO3B'SI30K
piBusaHHA (18); A; = —1/v; —KOpeHi XxapakTepu-
CTUYHOTO PiBHSHHS, HOPOAKEHOT0 ApepeHIlianb-
HUM piBHSIHHAM (18):

vide vt e e, vt e 41/ a, =0,

V; — 4YacHU peAakcallil Halpy>kKeHb 3a MOCTiINHOI
AedopMariil (Yacu penakcariil); d; — CTaal iHTer-
PYyBaHHS, 9Ki BU3HAYalOTh 3 IOYaTKOBUX YMOB.

OyHKIIiSI MTOB3YYOCTi, 1110 3allKcaHa 3TiAHO 3
piBHAHHAM (13), € IO CyTi po3KAap0OM AecpopMa-
il B psA MO eKCIOHEeHTaXx. AKIIo MaeEMO eKcIe-
PUMEHTAABHO OTPUMAaHY (DYHKIIIFO IOB3Y4YOCTI, TO
1l MOJKHA PO3KAACTHU B PSAA IO €KCIIOHEHTAaX, AKI
MO>KHA PO3TASIAQTHU K OA3UC, 1 110 IIbOMY PO3KAA-
AAHHIO OTPUMATH CIIEKTP YaCiB MiCASAALL, 3@ AOTIO-
MOTOIO IKMX MOJKHa OyAyBaTU PEOAOTIUHI TiAa.

CucreMy (1) MO>XHaA IPEACTABUTH B IHIIIN (HOP-
Mi uepes yacu peaakcaitliti. AAB P i Q € moaino-
MaMH Bip mapamerpa D, IX MOXKHa PO3KAACTH Ha
MHOJKHUKM 1 3alIMCATU Y BUTASAL

k—1

P, = H(D_I-Li)’

i=1

k—j
0y =DMy [] (D-%;).

i=1

Ae j=0, akmo AAB QO mae AK, ij=1y npotu-
AeKHOMY BUIaAKY; [ =1, akmo PT € xBa3iB's3-
kuM, 1 [ =0, axkmo PT Oyae KBasinpy KHUM; kl- i
lL; — KOpeHi XapaKTepUCTUYHUX IIOAIHOMIB () Ta
P BiATTIOBIAHO, SIKi BUPA’KalOTh Uepe3 YaCUu peAakK-
calif Tak:

-1 -1
Ai=-7,, W;=-v, ,

A€ T; — 4aCu peAaKkcallil Hallpy>KeHb 3a OCTil-
Hol pedpopmariii (4acu perakcariif); v; — 4dacu
peaakcariii AoedpopMaliiii 3a IOCTIMHOTO HAIPY KeH-
Hs (4acu MmicAsAil, 9acum OB3y4oCTi); M p — pe-
AAQKCYIOUMM MOAYAB (IPY>KHUM, gKio B AAB Q €
AK, i B'I3KUI — y NPOTHUAEKHOMY BUIIAAKY).

Bupasumo pAani KOpeHi XapaKTepUCTUYHUX I10-
AIHOMIB Yepes 4acH peAaKcallii | OTPUMAEMO Y A
cyMKy popmy 3anucy PP cuctemu (1) yepes uacu
peArakcarii:

TI'eogpusuueckull xyprnaa Ne 3, T. 36, 2014

(Nzk—l)iak—l I:[ (D+u;)o=

i=1

k-1
=Hlbek_1 H (D‘f—}\,i)g,

i=1

k

(Nag):ag 11 (D+u;)o=
i=1
k-1
=HDb, ., [T (D+2;)e,
i=1

k-1

(HZk):ak—l [I(P+u;)o=

i=1

(19)

IMTpeacraBaenna PTy dopwi (6) pAa€ 3MOry Ipo-
BeCTU NOpiBHAHHA 3 po3ouTTaM PT, 3a [Baenp, 1965]:

N +1 N

[T (p+u;)o=ET] (D+1r;)De (B)),

i=1 j=1

N N

[T(+u)o=EJ] (D+1;)e (),

i=1 j=1

N N

[T(D+p;)o=n"]] (D+7¥j)D3 (B;).

i=1 j=1

N

[T (o+u)o=n T (0+2,)e (8)). @0

i=1 j=1

Ae N — 4HiCAO HOPMAABHUX KOOPAMHAT, 3@ AOIO-

MOI'OI0 SKHUX ONUCYIOTh AecpopMarnito B PT.
3ayBayXXUMO, 110 Y (hopMyai B4 (popMyaa (85)

Ha c. 62 y npani [baenp, 1965]) moKa3zHUKU HaA
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AOOyTKaMu Tpeba B34TU Ha OAMHUIIIO MEeHIIIe, TO-
My 11O BUpa3 A pedopMartii

N
1 1
+7

E nD

A B;

T Y s o)
, 1D+7»,-
1=

Ae CTanl B; MatoTb pO3MipHICTbE OOEPHEHOTO IIPYK-
HOro MOAYAS, ITpu 1/ E = 1/m = 0 3BOAUTHCS AO PiB-
HSAHHSI

N

I1 (p+%) ZKB H(D+k)

i= Jj=
(J¢l)

N -1

=ﬂ(_)1 11 (D+u;)o,

i=

-1

N
Z \iB;

i=1

Ae Mo = =1’ — B'SI3KUI MOAYAB.

Take 300pa>keHHSI TEBHUM YUHOM TIOB'si3a-
He 3i ctaHpapTHOIO popmoro PT k-ro panry (1):
By oo NogiBy oo Hypy11B3 oo Nop 1, By > Hyy.
3HaMAEeMO 3B'sI30K MijK KiABKiCTIO HOpMaAb-
HuX KooppnHAT B PT N i #ioro paHI‘OM k, a TaKO’K
Mi>K peAaKCYIO‘II/IMI/I MOAYASIMU ER P HR ¢ Tama-

pamerpamu |’ i E, BpaXOBYIOUH, IT[0 38 TEOPEMOIO
Bieta

1/a, =] (- :ﬁ 1!

i= i=1

1/b (-1)" 2,

=TI

i=1

Hv

i=1

Cucrema piBHAHB (14) MaTUMe BUTASA

k-1 k-1

(Nzk—1)i HT,- H(D+u,-)cs:

k=1 k-1

=HD []v: T[] (P+%;)
i=1 =1
k=1 k-1

(sz)i [T« [T(D+y;)
i=1 i=1
k

[T (D+2;)e

i=1

k k
(How): TT o TT(D+u;)o=
i=1 i=1
k k

=Ef Hvi H(D+X,~)£

(21)

3BiacH, nopiBHABIIM cuctemu (19) i (20), 3Ha-
XOAUMO, 1110 k= N+ 1 AAS TepIuX ABOX PiBHSIHDb
cucteM (21) i k=N — pAd IHIINX, a AAST HETIPYXK-
HUX MOAYAIB E i M OAEPKMMO TaKi BUPa3H:

R
E=HNbN/aN+1=

N

=Hyn, vy [](zirvi) (By).

i=1

N
E=EX bN/aN =En,, [ (xi7vy) (Ba),
i=1

n'=H N+1bN/“N_
N

IT (ei7vy) (B3).

i=1

R
_HN+1

N =EJ by /aN—l =
N

(BBt ) TT (i ivs) (B2).

i=1

SIkiio BBecTH, 3a [3uHep, 1954], Hepeaakcyio-

4i MOAYAL pAAd PT AOBIABHOTO paHTy 3a POPMYAOIO

MU =MRbn/Clm,

Ae min — nopsapku AAB P i O, To MOXKHA 3po-
OUTH BUCHOBOK, 110 MOAYAL E i m” vy popmyaax
(20) € HEpeAAKCYIOUNMU NIPY>KHUMHU Ta B' I3KMMU
MOAYASIMH BiATIOBIAHO.
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[MTpuB's13Ka A0 HOPMAABHUX KOOPAUHAT HE AQ€
3Moru BopsiAkysaTu PT 3a parnromM. Aast Toro o6
AOCAITH BIAIIOBIAHOCTI MiXK 300paskeHHAM PP y
dopmi (19) i (20), caip 3GIABIITUTY Ha OAUHUITIO YK C-
AO HOPMaABHUX KOOPAMHAT, IKIIO Y BUPa3i AT Ae-
dopmarii (20) koHCTaHTa T ~1 = 0.1lle 3ayBaxu-
MO, 110 BUKOPUCTaHHI HOPMaAbHUX KOOPAMHAT
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Of some peculiarities of generalized
rheological body. 2

© Ye. M. Bytzan, 2014

Peculiarities of high-rank rheological bodies (RB) formation through unification of two RBs
with lesser number of elements were analyzed. The necessary and sufficient conditions for the
nonsingularity of complex RB are formulated, which lie in the equality of difference between
the quantity of parallel and consecutive connections in the formed RB to one, and the RB
relaxation times that are composed in case of parallel connections and aftereffect times in case
of consecutive connection were different. The function of relaxation creeping were built, with
the help of which the cores are built, as well as resolutions of integral equations of the 2" kind,
which describe nonelastic processes in media with aftereffects.

Key words: rheological body, rheological equation, deformation, tension, relaxation, rank,
non-elasticity, non-degeneracy, wave field, rheological medium.
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