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KITACCUNYHECKAA 3AOAYA

OnpeodeneHue pe2ynupoB8OYHbLIX XAPAKMePUCMUK peanbcosol uyernu makxkux, npu Komopseix PL| ebinosnHAem ceou
pyHKUUU 10 KOHMPOso 3aHAMOCMuU/ce0b600HOCMU y4acmKa nymu, Ueso0CmHoOCMU pesnbcos U nepedaye cueHa108
AJIC-APC 8 300aHHbIX yCa08UAX SKCAyamayuu

< i Lo U — MakcuManibHO AOIYyCTHUMOE HAIPSKEHNE ITyTEBOTO

e Zr s T 1 reHepaTopa;
I U (MEH. B MaKc.) — TOMyCTHMOE HANpPsDKEHUE Ha BXOJIE

MyTEBOr0 MPUEMHUKA;

(1,-111)
A AT nr I, I,
= OTEMM017  nogc-2r 2===

=40 = | |
n n=s8 =l ‘ K — K03ddurment gyBctBurensHocT PL k HOpMaruBHOMY
OIyHTY,
I S S S KOP — ko3(pduIeHT yyBCcTBUTENBHOCTH P1] K M310My penbca;

L 51111 B AJIMHA 30HbI JOIIOJIHUTCIBHOI'O IIIYHTHUPOBAHMNSA

AunsusnoH /O TKHMNC | 2025

R; — HOMUHAJIBHOE CONIPOTUBIICHHUE 3AIIUTHOTO PE3UCTOPA;
Ry — HOMMHAQJIBHOE CONPOTUBIIEHUE «KAOEIBHOTO PE3UCTOPAY;

Nyt — KO3(QPUIMEHT ypaBHUBAIOLIETO TpaHC(popMaTopa;
év1x00 DIIM,

®rM-E YT-E

FM3C.E MN3CM-E || MM3CM-E

U ,pc — HaIpsDKEHHE Ha BBIXOJIE TeHepaTopa curaainos APC;
| \pc — MaKCUMaJbHBIA TOK Ha BBIXOJE reHeparopa curHainos APC.



OPITAHUW3ALUWOHHbBIE ACIMEKTbI
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HAYYHHO-TEXHUWYECKWE ACIIEKTbI
1. MATEMATUYECKWE MOOENW PENbLCOBOW NNUHUN

BCAPKATOB 1A BUCE, EMCTENEHCIM 1.1 Ucnonb3osaHue uzsecmHbix mooesnel ,DefleOBOU sUHUU 8 HOpmMAsibHOM, KOHMPOsIbHOM U

PENECOBBIE
]_[EHM AHATIM3 PAOTH WyYyHMoeomM pextumax

W TEXHUHECKOE
OBC/YKMBAHVE

@ TCorT- 2 ; 1V.3. Meroauka onpeneaenus A
Kos(hdnunenTos peascororo HETLIPEXNOMIC KA —O—
npH o6opBanKEOl peabcosofi HUTH ! I 7
L1 Vi
Cxema saMewenns pensconoii menu npu ofopsantoft peancooft muTH J Ln
Ha pacerostitui £y or nayana i [, 0T KoHlta ee usoGpasena na puc. IV.4, a. U' HT a
Hauasno- xoopanuar pacnosnaraercs ¥ Mecta oOphiBa pesncoBoN HHTH. E J ~
A g me—‘h j‘i'"-' T -Tim by I ? ; UT-H g
B.C.AmHT wmes, B.A.MUHHH . M U u]c [;v flx‘f ol 4 I
| COBEPUIEHCTBOBAHME LI e s li' R - 2 i x
CUCTEM il | G| Zatx e g
ABTOBJIOKHPOBKH . T = : PSR 3
LMWL 1 L,""——iﬂ 1y 2K e i 3 =
PR P Apo=chyl-+2EV 142p ch yish™yly; =
s Ef} o - S
b [Me b ) Byo=Zy (sh i 4 2E VT 2p ch v/, ch y); 5
P Ay By : fz3 8 T | T
iy i P » : A o b i ot : (1V.47
1 e e1 ad I i % Nes » ”z! g B Z, (5]] vM-2E)V 1+ 2pshyl, sh 'l:"r'a)- )
Cxo ' Ne Iy
Puc. IV.A4 ‘UI“D_- ch ?! + 2E lF 1 + Qp sh ?"'1 Ch }’Jr::.
1 def n_ko_from_book(1l1l, ri, 1):
2 Z W = np.sqrt(Zr * ri)
CMPABOYHMK 3 gm = np.sqrt(Zr / ri)
. 12 =1 - 11
5 A ko = ch(gm * 1) + 2 * Er * np.sqrt(1 + 2 * P) * ch(gm * 11) * sh(gm * 12)
6 B_ko = z_w * (sh(gm * 1) + 2 * Er * np.sqrt(1 + 2 * P) * ch(gm * 11) * ch(gm * 12))
7 Cko=(1/ z_w) * (sh(gm * 1) + 2 * Er * np.sqrt(1 + 2 * P) * sh(gm * 11) * sh(gm * 12))
8 D ko = ch(gm * 1) + 2 * Er * np.sqrt(1 + 2 * P) * sh(gm * 11) * ch(gm * 12) S
9 return {'A': A ko, 'B': B_ko, 'C': C_ko, 'D': D_ko} P



HAYHYHHO-TEXHUWYECKWE ACIHEKTbI
MATEMATUYECKWE MOOENW PEIbCOBOW NNHUN

1.2 Pazpabomka omcymcmasyrouux mooesel pesnscosol AUHUU

def n_2e_abl(ll, ri, bl, b2, b3, b4, cl, c2, z_rx2, z_rx3, z_rx4, dtl, dt2, dt3, du4)
Z_W = np.sgrt(Zr * ri)
Z2wlL=0.5"Er"2w"nnpsgre(l + 2" P)
zwl=085"zw
gm = np.sqrt(Zr / ri)
gnl = (Er * gm) / (np.sqrt{l + 2 * P})
gn = gm
yvil =1/ 2wl
yi2 =1/ z_w2

BONpO yNpaanime

METOUKA PACHETA
KOHTPOJIbHOTO PEXMMA
TOHAJBHbIX PENIbCOBbIX LIEMEA

CUSCCAMM MEDeBal0n

TRANSPORT

A el SNEKTPOHHOE MOJENUPOBAHWE

KA. Kpasuos, %2 = -cl - €2 [¥p)]
nppeccop, %3 = -¢l - €2 - bl S
nloc;:éliclikcw, RESEARCI1 ¥ = -cl - €2 - b2 1, = PACCTORHIE OT MECTA PASBETRICHUA YHACT- o
B.C. Kyatieuon, X5 = -c2 - b3 KOB PEABCOBON JIMHIN @, by, ¢, 20 MECTA B3I0ME o

ROUEHT, x6 = -bd penbea. I =0, (30
3NEKTPOHHOE MOAENNPOBAHUE eymetie AT wnimipsenca con| T uavato Koopumkzt Gyaet  uecre ps- S
z dtl = z wl / 2 if dtl else le{ BCTHACHWN YHACTKOB pebconoil inHmn a, b, o, %

dt2 = 1 2 iF dt2 el 1 MOHAKHTEABHOC HAMPARICHHE OCH X — B CTOPO-

YAK 656.259.12 iR e S wnk R x
2ty w2 Wl /2 1f.dL3 alse 18 I 0108 L1 PAIHEX CCUCHII NPHHATON exeMel ¢n —

______ = ‘ 2 S PAIHEIX CeUe xeH -
METOAUKA NMOJTYYEHUSA A-NAPAMETPOB 2.0t4 = 2u1 / 2 4F dt4 else 18] g dyayr copancunm creaviOuHe aHa- 2 <
E.[ WapSuHa, AOUEHT, # Cwawano cdenoem Hynelyw sampu YEHIA KOOPIMHATH X (33 ~~
£aEe AMTOHOR, B S SKBUBAJIEHTHOIO YHETbLIPEXNMOJIDCHUKA A = np.zeros((28, 28), dtypesnp| 4 _ yiecro wanowa peanca; pon ES

~r # A sames 3adaduM 3HaHENUR Ko = - . s (35)
PENbCOBOW JIMHUU NPU USJTOME PEJIbCA e, @) B s 3 5
Al®, @] = y11 * sh(gml * 11) P — PAIRCTRIACHME b | (36) o
* A = y11 * ch{gml * 11) p,— b, — Konew peaLcosodt THHHK B 3 =
T BE3 AHAJIMTUYECKOTIO PELUEHUS e, L) 2 yis s oot 230 6=~ v pencomcn o 3

T PRTAOY0 A0 © i omiod mime v i) ;o ) -

. OANDDEPEHLNANIbHBLIX YPABHEHWUA s, 3] = 12 * chignd * 12 ', xoweu perscoott s ;. ‘ 2
_nwmm-:w—u- A =3 X, = =b4 — Koweu pennconci nHmmm by, (37 ==
e pr— . e - z
e LWEPBHHA Anekceil EBreHbeBMY, KAH/. TEXH, HAYK, PYKOBOAMTENL OTARNA PENLCOBLIX Lenad; A = -1 ) ““““_’”“"“‘“_“ ""“‘_- "6"-_‘“" “!"“’“ ;"' (38) =

wpral - e-mail: alexey.shcherbina@®1520signal.ru A 5] = -1 SO EXEME, B CouTRerc T © 1 “'_84' 83), (39)
LWEPEMHA Eerenuii feHHaaseBMy, Kaua, TEXH, HAYK, OLSHT, TEXHUHECKMI AMpeKTop; A =1 MOIYT _f"f'“’ BHIPELKCHE © NOMOLUER CARLYRUINE (40)
e-mail: evgeny.shcherbina®1520signal.ru Al - dopmya: 41
A 7] = -1 “y
rm— o . sk e A e Vs A ] =1 Aeh(rx)e A (rx) e Aeh(re)e oo
b R ket Wb 1y g Ty v ey (LT, g A e « Ash(,x),
A =] . . .
= FAYKA 9 TEXHMKA TPANCTIONTA A £ Ul e Aleh () Ash(yx)=lch(y,x)= on 43
i y s Ajsh(y, (44
A[5, 24] i . . 43)
e L U ER ) Epe (46)
e + v (A sh(y,x)+ Aeh (v a0 ::;;
A[7, 4] = sh(gml * x1) iy [k (p ) e Aleh (rx) )+ o
A 5] = chigml * x1) by (Ash(y x ) Aleh (v x)) -
I'qu NOLCTAHOBES I8 HHX BMECTO M «Ms AN 49
wKe, BMCCTO /= BEPXHCTO MHACKCE, OTHOCHLIE- (SUJ
TOCH K COOTBETCTOYIOMIEMY YHACTRY PeALCOnOR 51)
JIHMHMA (LR YHACTKD o BCPXHMA He ke oTeyT-
CTBYCT), BMECTO X = COOTBETCTEY KOLICTO 2
s, L 0, x X, BYAYT NOAYSCHB! BRIPAKCHHA
Ans H IpﬁlL‘llIIli H TOKOR B COOTRCTCTRY MY 59
A X CXCMBl SAMCIICHWA, TARACHHON Ha :ﬁ:]
pHe, 16, (33
Ha ocHoRanum 3axoHoR Kupxroda, & coot-
BETCTRHM CO CXeMON, NpHREASHHON Ha puc. 16,
MHOHO ST IPIHHYHBE Yerosns (30) — (36) wim
ONpeaencHA 28 NOCTOAHHEY HHTCIPHPORIHIA (54)
Ap Ay Ay A A A (35) [ )




HAYUYHHO-TEXHUWYECKWEACHEKT b

2. MatemaTtndyeckne mogenu anemeHtos PLU

N3mepeHne xapakTepucTuk HoBou annapaTtypbl PLL v npoBepka npaBunibHOCTN Moaenu B flabopatopum
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420 800 8,328 5,1636 3,0826-03 | 2,436E-02 | 5,894E-06 1,080
400 5,711 2,5623 1,396E-03 | 1,2056-02 | 1,191E-05 1,536
140 3,306 0,9015 4,5156-04 | 4,199E-03 | 3,413E-05 2,600
480 800 8,334 5,4630 3,1916-03 | 2,4256-02 | 4,533E-06 1,035
400 5,715 2,7085 1450E-03 | 1,1996-02 | 9,144E-06 1,469
140 3,307 0,9662 4,704E-04 | 4,180E-03 | 2,626E-05 2,430
580 300 8,356 65,8246 3,604E-03 | 2,384E-02 | 3,154E06 | 0,873
Boix0n 89,11 | 400 5,727 3,3910 1,6496-03 | 1,179E-02 | 6,378E-06 1,241
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MapameTpbl B MOAENH NOABMPAOTCA MCXOAA MX XapaKTEPMCTUK TpacHhopmaTopa Z1X, 72X n 22K

R1=R2X

R2 =R2ZK-R2X
L1=L2K

L2 =L2X-L2K

Emrocte C1 noadupanace 8 mogenw Ha Orcad nog pesonaHc Z2K scero ®unotpa
N =Kopens (C1/Cpes), rae Cpes - nonfopHas emroCTs Nog NoceaosaTensHelii pesoHanc c Z1X TpacHgopmaropa
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MatemaTmndyeckne mogenu anemenTtos PLU

N3amepeHue xapaktepuctuk Hosown annapatypsl PLL n npoBepka npaBuUnbLHOCTM MO4EN
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