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Cnocis | NPUCTPIA BUMIPIOBAHHSA PI3HUL

AIAMA30HIB

Tlocranoska npobiemu

Bumipiosanns pisiuui ¢as curnanis Gorononspumerpu-
HHM CrOCOOOM BiZIKDHBAE HOBI MOKIMBOCTI /UIA CTBOPEHHA
MIHIATIODHHX NPHCTPOIB 1 PO3POOKH NPHHIMIIOBO HOBHX NpHIA-
J1iB, AKi MOKYTH OyTH KOHKYPEHTHO3AATHHMH BUIHOCHO /10 PALY
MHPOKOBIIOMMX CHOCOGIB BuMipioBanms pisuuii a3 enexr-
PHHHHX CHIHATIB.

3apnanns jocnimkenia chopmymoemo i peanizyemo 3a
TAKHMH HANPIMAMH — BCTAHOBIEHHS AHATITHYHOI 3WIEKHOCTI
BUXUIHOTO CHIHATY Ha BHXOA] (OTONOAAPHMETPHIHOIO haso-
MeTpa; po3pobka Grok-cxemu i anropurMy POGOTH NpHiIALY;
A3 MOTEHNITINOI TOUHOCT] CTIOCOBY BUMIDIOBAHSL.

Beryn

IlIupoxo Bizomi criocou BaMipioBanHs pisamLi (a3 eekr-
PHUHMX CHIHATIB: MCTOA (Ja3oBOrO JICTEKTYBAHHSA, CEPEIHBO-
ity scimit, wpOBMIE (IPYHTYETHCS HA BUMIPIOBANH] ACOBOTO
iHTepBATY 3ANOBHEHHS JIMANLHHMH IMITYJIHCAMH), IETEPOIMA-
wuii, Kommencauiiinuii Tomo [1-8). B Tepminonorii «pisnmiio
(a3 eNeKTPHYHMX CHIHAIIBY) HYACTO HAIMBAIOTH (TIOMATKOBOIO
($a3010 eNCKTPHIHOTO CHIHATY.

Lugpponuii croci6 Bimipiosanis nosarkosoi dasy ¢ naii-
Tounimmm. Horo moxu6ka ofymorsena Tim, mo (asa curnany,
AKA CTBOPIOE JIYHIbHI iMIyIbeH, QUyKTYI0€ BIIHOCHO 10 dasu
BUMIDIOBAHOTO CHIHANTY, & TAKOXK MOXHOKOIO BH3HAYCHHA MOMCH-
TiB HaCy, KO/ AMILTITY/H BUMIDIOBAHOTO 7, i ONOPHOTO f,, CHI-
HaniB A0PIBHIOIOTH Hymo [9-11].

V pobori [12] nponoHyeThCs BHKOPHCTOBYBATH MArHITO-
onTaunmit onTpos [13] s BEMipioBanns pisamii (as ereKTpuY-
HHX CHIHAITIB,

Curaan Ha BHX0/Ii ONTPOHA

3rigso 3 [14] Ha BXix ONTPOHA NMOAIOTHCA JBA CHTHATH:
BHMIDIOBaNHii CHIHA, NOYATKOBY asy ¢y HKOrO HeoOXiaHo
BHMIDIOBATH

it =g, SIN(@! ~@p) )

i nivMTBHME CHrHAN, SKMH [C Ha3MBAKTH CHIHANOM

JaNOBHEHHS
uq = tpg sinQY . @)

Curnan na Buxofti onrpona 6ysie AopiBHioBaTH:

U = 119082 [0 + O, sin(ex - 9) +0, sin ] 3)

Ae Oy — nouyaTKOBMIl A3MMYT MK IUIONIMHAMH HaHGLTH-

wmoro nponycanus nonspusatopa i ananizaropa; ©g, =Kig, .
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O =kugg  — NOUATKOBI AMILITY/M KyTiB Po3

TIONIMHN HOJISPH3ALIT CBITAA CHIHATAMHE Uy, 1

WIEHT TEPETBOPEHHS HANPYTH, WO MOAIETLCH

ONTPOHA, HA KYT NOBOPOTY TUIOUIHAN HOXAPH3AMT
” x

Posrismemo sapiant, komn O =?.106'm 1

CTaHi, KOJM Ha MOJIYJIATOP HE TOAAIOTLCH CHIHAL

HBOMY HANPYra Ha BHXOZI ONTPOHA JOPIBHIOE H)
BHIAJKY CHCKTPAILHE PO3KIAZAHHS |
Burasa (asanoriuno [14]):

u= "n{l ~[/0(20p5) +2 3. j2 (200,) xcos2plat~
pel

® D
*[jo(280a)+2 3 12y (2000 )x cos2p'u1+ ‘
P

+4 )Ej (204, Jsin (Zp" -1)x

=l

sl eg) i /',‘-‘I(ZE')m)sin(mefl) n}
P

e j(20) — dynxuis Beceens i-ro 110

Haxnazemo ymosy € >> o: Hacrora
(3anoswenns) nabarato OUIBIIE YACTOTH Bifd
BUALMO 3 yYChOTO CTIEKTPa HaCTOT Ci
wactor Bia Q - © a0 @ + . le Gyze o
indopmaniio npo novatkosy dasy @y

260 Jsin(at — gy )x singt =
="nmsﬂ1( =

e = 200 (200 )i

2 Ugqu = 20101 (200011 (2€00)
3 Bupasy (5) BUXOIMTE, 1O NPH
UIONHHK HAfGLILINOTO NPONYCKAHHS B

2
MHOKyBanHA CHrianis (phe. 1)

(E)D = ”J anapatHa (yHKIiS ONTPOHA Mae
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Puc. 1. TIpHHIAN NEPeMHOKCHNS CHIHAIB B ONTPORi

Bapro BiI3HAYMTH, WO TEPEMHOKYBAHHA CHIHATIE Mar-
(MHHM OITPOHOM Mae€ OfHy BaXJIMBY 0cobGamMBiCTH Ha
BUIMIHY BUL TPAIMILIHHIX CTI0CODIB MHOKEHHA: BUXTAHMIT CHrnan
CTIO BiICYTHIl, SKIO HEMaE X04a 6 OHOTO 3 BXIAHMX CHT-
Omxe, Taki npuctpol Maioth (notenuiino) npeunsiiini

BiioMiMit pATiOTEX HIMHIMH MCTOGMH HE MOKHA CTBO-
NPUCTPI 3 iAANBHOI0 QYHKIIEIO MepeMHOKYBarHS. 3a
0CTi O/IHOTO i3 CHIHANIB JPYTHil NPOXOIMTHME CHILHO
nabneHuM.
Crioci6 pumipropanus pisaaui ¢as i konerpyuis
tasomerpa

BHKOPHCTOBYIOUH BHIIC PO3MISHYTY 31ATHICTH ONTPOHA
MHOKYBATH CHIHANH, B poGoTi [12] 3anpononosannii meTox
OBaHHS N0YATKOBOT (hasu.

Ha pue. 2 paBeieHo NPHHUMIOBO HOBHIE CHIOCIG BMIPIO-
Ui NOYATKOBOT (asy.

'_M___
1~4M_l—’

Puc. 2. ®otonoaspumerpammii pasomerp: 1, 1~ onrponn
CHIHAY U, | ONOPHOTO CHIMANY Hyoy; 2 — UHGpPOBHIT
ikponporecop BAMIpIOBANNS inTepBany T

=y, it —

= g S0

= S0

BumipioBanmii CHIHAT 1, ONOPHHI CUIHAT 1y, 1 CHIHAN
NOBHEHHSA (CHIHAN 3UHTYBAHHSA) U BU3HAYAIOTECH BUPAIAMU

1, = gy Sin@t ~ 9o =y ); (6a)
Hon =HUoaon SI0(@f ~ ) ; (66)
g =tuoq Sin €Y . (68)

Curnan 3anoBHEHHS Mac HY/JIbOBE 3HAMCHHS NOYATKOBOT
OCKLIBKH BiH NpHB'S3aHuii 20 €TANOHHOrO, NOTOYHOrO
, AKuil 32 JAHKM CHTHANOM BiUNKOBYEThCA. Yactota Q
BiHHa GyTH CTAGLIBHOK, eTATOHHOIO.

Bu3HAYAEMO MOMEHTH 4acy, KOJIH BHMIDIOBaHIHi | OnOpHHMiT

(7a)

Ol ~Pp =", (76)
nen"=0,1,2,..
Beakaemo, 1o 3cys 10 (asi @y He nepesHuIye 277 , T06TO
i =n".
3 dopmya (7a i 76) onepimo:

Ot ~ton) =0 » @®)

ABIALLIAHW/A TPAHCNOPT

A€ i f,, — MOMEHTH 4Hacy, KONM AMILTITYJH BHMi-
PIOBAHOTO i OMOPHONO CHIHANIB JOPIBHIOIOTE HYITIO.

Tlepion curnany sanosmenus Ty ninGupacMo kpaTHUM
Tiepiofy BEMIpIoBarOTo curuany 7,

T,=NIq, ©)
ne N — uine umcio.
3 (9) Burmsac, mo
Q

@

AGcomoTia | BiIHOCHA TIOXHOKH BH3HAuenHs uncia N

nOB'3ANI 3 HECTAGLIBHICTIO YACTOTH TEHEPATOPIB OMOPHOTO

(BIINOBIAHO | 9ACTOTH BHMIDIOBAHOrO CHIHANY) i CHrHATY
3ANOBHEHHA

(10a)

An=20, 0ta (106)
@ "

AN Lo (108)
Q @

Bimiocka ounicts N, 10610 KpatsicTs wactor @ i Q,
BHIHAMACTHCA HECTAGUILHICTIO YACTOTH reHEepaTopiB ONOPHOTO
CHIHATTY Ta CHIHATY 3aTIOBHEHHA:

Lo —toy =n"Tgy + Al + Aty . (1n

se n™ — uine wncno (n < N);Af, i At — noxubku

on

BsasCHNA MoMenTin sacy 1, Ta 1,,.

Cymapry noxnbKy Busnauenis Momentis sacy I, i1,

nosnanMO sk Aty = At +At,,, . Jlani Gyze nokasano, mo ueii
HAC TAKOK MOXKHA BUIHAYHTH | BUIIOBLAHO 3MEHINTH NOXHOKY
Aty = Ty - Binswaunmo, mo Aty - < 2T, , ne munmramcs
Ha Te, W0 BUMIPIOBAHHSA 3IHCHIOEMO B BOX TOHKAX.
Takim 4HHOM, 0YATKOBA (asa | noxubKa i BusHANCHIs
JOPIBHIOIOTH:
Aty _

»
=onTn + @Ay =anTn +E=21—n+2r——=
P [ o a+& a Ty

=2x%+2n%k=%{n+k). 12)

Bimnawnmo, mo 7 - KiikKicts  nepioais curmany U, B

inTepsani wacy [, —1,, , a k — I0AaTKOBa 9aCTHHA HaCy Bill-
HOCHO NIEPIOJTY 3aNOBHEHAA.

Jluckpernicts BuMipioBarns (asu opisHioe

pid
Yo SOn=Ona="gre

Omxke, Ui 36UIBIICHES TOUHOCTI C1ix 36inburysath N.

Toxnbka Bumipiopanis (asi Ha KPOK JIHCKPETHOCTI
JIOpiBHIOE

(13)

Sy ,LH(A&ﬂ
" N\Q o)

anoxubka y BUMIpIoBauRi (asn

(14)
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B 6Gnoui / sinbysae-
ThCH  OBHyINCHHA Mo9aT-
KkoBoi  (hasm  omopuoro
CHTHATNY @, ‘epes (aso-
obeprat 9 BMicty Jitin-
HHKa 4, n0xaTkoBoi (asu
(nouatkooi s chrHaTy

JANOBHEHHA),  3HAYCHHNA
BUMIIOBAHOT s BUMIP-
ko 3 Ag.

Brok 2 imoctpye re-
Hepalliio  ONIOPHOFO  CH-
THATY i CHTHATY 3anoB-
wenis rencpatopas [ i 8
(puc. 3).

¥ Gnoui 3 nposom-
THCA  3ABAHTAKCHHA  CH-
rHATY 3 BHMIpIOBAHOIO
asoto u,, . Buoxu 4 i 5
POBOLAITH MHOKCHRSA
cHrHATiB omrpoHamu 2 i 6
(puc. 3).

Biok 6 npoBoanTs
BHMIPIOBAHHS JUETTITY
as: onopsoro curmany i
cHrHaty 3aN0BHEHHA
A@,, BHMIPHHKOM OrOp-
HOFO cHrHANY 7; BHMipio-
BAHOTO CHTHANY | CHIHATY
3an0BNeHHA A@ BHMIpHH-
KOM  BHMIPIOBAHOTO  CH-
rany 3.

Bnok 7 nposoanTh
MOPIBHAHHA TIOTOUHOI Pis-
uuli - A@,, 3 KpOKOM

n=n+l

LIRSS
=0ty

Puc. 5. Anropurm poboru
OToNoAMETPHIHOTO asomeTpa

2
i pision pas =
o pivn pas

¥ By, KO- Ay >27" , 70 8 Goni & binGysaeTscs
DUILUICHHS 3HAUCHHA ()a3H ONOPHOTO CHPHATY HA BENHHMHY
(aonaTkonuii nosopot (it dasoobepratem 9), a b Goui 9
finbuicinn yicty fiwuismmka 4 na 1.

2z :
Ko Agy, <=5, 70 8 Groui 10 wiswasacrscs sonatkona

s & , AKa JIOPIBHIOE MOTOMHIH pisHHIL (a3 ONOpHOTO CHrRay
HATTY 3ANTOBHCHHS.

Brok 1] imoctpye poboTy cymatopa 5, sKHii NPOBOJHTH
liicyMOBYBARHA 3HAYeHb J0AaTKOBOT dasu & i mumipioBanol
A@ Ta obusCioe BMipIoBaty TIouATKOBY (asy CHrHATY.
flani (04K1 BUMIPIOBAHHA TIOBTOPIOETHCA.

MNorenniiina ToumicTH MeTOXY
OcHopry 1oXHOKY NpH BHMIpIOBAHHI BHOCHTH CKIANOBA

o Aty

, AKa 8Os 710 (12). Jins Toro, mob smemmuTH i,
QT

HEOOXIZHO 3HATH MOMEHT Hacy NPOXO/UKEHHA CHTHAY U, epes

HYJIb SKOMOTa TOUHilIE, OTkKe 30UIBLITYBATH YaCcTOTY 3aNOBHCHHA
Q abo iHIMMH CIOBAMH, — 3MCHIIYBATH KPOK KBAHTYBaHHA

@
azi 360— .
Q

Slkmo wactora BumipioBasoro curmany | xl'm, TO
Heobxiano, mob vactora sanosnenns Gyna 36 MI'n ans noxudkn
B 0,01°. MarnitoonTuusi MOTyIATOPH Ha deprTax edeKTHBHO
NPAIoOTH Ha YacToTax a0 2 Ml

IliaGepemo HacTOTy CHTHANY 3ANOBHEHHA TAKOW, MOG B
(12) 3unkna cknanosa &.

Toni supas (12) npuitve BUraaa:

=2 Ly 2 BN 0 @
o Q7 R

ne a=nti wine o,

Yacrora Q' nigibpana Tax, mo6 y BHMipioBamHii
IPOMIKOK YaCY YKIIATACH 1iNa KiNbKiCTS nepiois.

Mokna BuGpatn ¥ iHII 4ACTOTH, JUIA SKHX BHKOHYETBCH
ymoga (17):

a7

e a=iti.
Orxe

(18)

Sk Q"> Q' , 70 i — uine NOIMTHBHE TUCIO.
Yum Gigkina KiaeKicTs 101aTKOBHX nepiomis, TuM Giibma
pisHmis Mix uactoramu Q° i Q.
3a supasom (18) Mo&Ha BU3HAYMTH 7, 3HAKOUH HacTOTH '
i Q" Moxubka y BUIHAYECHH] 7 IOBHHHA GYTH MEHIIA OXMHNIL.
Busnaunmo noxudky An, npoaudepenttitosasu (18)
xm'( AR 40 ]
P L )
(@ -
CraBinbHicTh ACTOTH IeHEPATOPA B MEWAX BHMIDIOBAHOTO
: . AQ' AQ"  AQ
NANA30HY BBAKAEMO HEIMIHHOIO —— =—.
Q' Q' Q
3 (19) 3maxoaumo ymoBy, komu An<l1, To6ro n Gyse
TITHM 9HCTOM

<1. (19)

AQ
<

e
Yo'

¥ supasi (20 % ~ BHIEANGe CraGimssicTs sacToTH

(20

rexiepatopa; Q" —€' — Aianason, B AKOMY 3MIHIOETHCH H2~FOTa
reHeparopa B nporeci BHMIDIOBAHHS. ‘Feansio
Q=Q'~Q">>Q"-Q', Tomy supas (20) sammmemo B
HACTYTTHOMY BHITGUILI:

AQ

Q'-Q'
=
3 (21) smmwmsae, mo 36insmenns i, 10610 3GiNBUICHAL
KinbKocTi nepionin T y BUMIpIOBATLROMY iTCpBATI MisKiIX
imnysein we aae. 13 BinsmennaM i HeobXimo 3Binsulysar

< @n
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ianazon BuMipioBannA yacToTH renepatopa B i pasis, a Tou-
HICTD TIDH 1HOMY He 30LTHLIYETHCS.
Bucroskn

BHKOPHCTaHHS 1HOTO CHOCOOY BMMIIOBAHHA Ja€ 3MOTY
CTBOPIOBATH NPHIA/M JyKe BHCOKOT TOYHOCTI /UIsi BHMIPIOBAHHS
pisHuILi a3 CHIHANIB B HPa- | HUIBKOUACTOTHOMY AANATOHAX,
a TaKoK BHKOPHCTOBYBATH JAHMil CIOCIE B pagioTexHigHmX
CHCTEMaX | KOMIUIEKCAX, HATIPHKIAL, B JANCKOMipax, nesien-
ratopax, pagionokaniimX i pazionapiraniiimnx cncremax. Tpo-
ToHOBaHKi CHOCIG TaKOK Gy/1e KOHKYPEHTOIATHHIT 3 BIIOMHMH
CI0COBAMI MHOKCHHS YACTOTH 32 MYTAMBICTIO | MO HIMPOKO
BHKODHCTOBYBATHCA B mH(pOBili i OGMMCTOBATLHIR TexmHii
5.6, 11,18, 19, 20].
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