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Posp’sizana Jinilina 3agada resepanii Ta e€BoJIIOLI] IIOBEPXHEBUX XBHJIb Ta 3aTyxalodux 30ypeHb Ha BLIbHIM noBepxHi
KaHaJly 3 TpalelieBUAHOI (HOPMOIO IOIEPEYHOrO IIepepi3y IpU CTalioHAPHOMY Pyci 06J1acTi HOBEPXHEBOIO TUCKY IIPSIMO-
KyTHOI bopmu. st 3HAXOIPKEHHsSI PO3B’sI3Ky JJIs IOTEHIaJly MBUAKOCTEH BUKOPUCTAHO 3MIHEHY CUCTEMY KOODAUHAT Ta
iHTerpaJibHe IEPEeTBOPEHHS 110 IIO3I0BXKHIM KoopauHatTi i poskian y psg Pyp’e no nomnepeuniit koopauuari. Oneprxano
B SIBHOMY BHUIVISIAI PO3B’SI30K K JJIsl XBUJILOBOI'O IIOJIf, TAK i JJIsl 3aTyXalO4MX CKJIAJOBUX. Y pPe3yJbTaTi BUKOHAHUX
pPO3paxyHKiB IpoaHasi3oBaHo 0co6auBoCTi GOpMyBaHHsl Ta CTPYKTYpPY Kopabeiabnux (6apuvHHX) XBUJIb Y 3aJI€2KHOCTI Bij
pEeXKUMY PyXy, TPaleli€eBUAHOCTI KaHAJLy Ta XapaKTE€PUCTUK PyxXoMol obsacti.

KJIFOYOBI CJIOBA: cranionapuuii pyx, KaHaJ, TpalenieBuaHuii mepepis, 36ypeHHs, MaTeMaTH4YHa MOJeJIb, (DyHKIT
Becceuisi, noBepxHeBI XBUJII, HOTEHIiaJl IBUKOCTI, ducao Ppyra.

Pemena nuneitnas 3ajada reHepalMdl U SBOJIOIUU IIOBEPXHOCTHBIX BOJIH M 3aTyXalOUIUX BO3MYIIEHHH Ha CBOOOMHOII
IOBEPXHOCTHU KaHaJjla C TpaleluueBUIHON (DOPMOIL IIOIIEPEYHOIO CEUEHHs IIPU CTAllMOHAPHOM JIBUYKEHUH 00JIaCTU IIOBEPXHO-
CTHOT'O JaBJICHUs NIPAMOYTOJIbHOI popMbl. LIt HAXOXKIE€HUsI PELICHUsI 3aJa49y JJIs IOTeHIMaJa CKOPOCTEl HCIOIb30BaHO
M3MEHEHHYIO CHCTEeMy KOOPJHUHAT, HUHTErpaJibHOe IpeobpazoBaHHE IO IIPOJOJLHOIl KOOpDJAMHATE WM Pa3JIOXKEHHE B Pl
®Dypbe 1o nomnepeqHoii koopaunare. ITosrydeHo B sIBHOM BHJE pellleHUE KaK JJIsi BOJTHOBOTO IIOJIsI, TaK U JJIs 3aTyXAIOIINX
COCTaBJISAIONNX. B pe3ynbraTe BBIIOJIHEHHBIX PacdeTOB IIPOAHAJJIM3UPOBAHO OCOOGEHHOCTU (DOPMHUPOBAHHS U CTPYKTYPY
KopabesbHbIX (6apuvuecKux) BOJIH B 3aBHCUMOCTHU OT PEXKUMAa JBUXKEHUSs, TPAlCLUEBUJHOCTH KaHAJa M XapaKTEPUCTHK
ABM2KYyIIeiicss o61acT.

KJ/IFOYEBBIE CJIOBA: crauuoHapHOe JBHU>KCHUE, KaHaJl, TPAIICLUEBUIHOE CEYEeHHE, BO3MYIICHUE, MaTeMaTuIeCKas MO-
nesib, pyuknquu Becceuisi, mopepxHOCTHBIE BOJIHBI, HOTEHILHAJ CKOPOCTH, ducjao Ppyna

A linear problem of generation and evolution of the surface waves, and convergent responses on the free surface of a
channel of trapezoidal cross-section when the restangular surface pressure region moves at a constant velocity from
the state of rest is solved. In order to solve a problem in respect of a velocity potencial, a transformed coordinate
system and an integral transformation for longitudinal coordinate, and expansion into a Fourier series for a transverse
coordinate are used. The explicit solution bots for a wave field and for damped components is obtained. Based on the
calculations performed, the peculiarities of forming and structure of the ship (pressure) waves are analysed depending on
the movement mode, trapezoidal channel and characteristics of the moving region.

KEY WORDS: stationary movement, channel, trapezoidal cross-section, response, mathematical model, Bessel function,

surface waves, velosity potential, Froude number

BCTVII

IITnpoke BUKOPHUCTAHHS CYJOXOJHUX KaHAJIB, fK
DPYKOTBODHUX, TaK 1 HPUPOIHBOTO YTBOPEHHsI, 00-
YMOBJIIOE IHTEpeC 0 BUBYEHHS TiIPOIUHAMIKA PYXY
cyzmeH B ymoBax obmexenoro dapsarepy. Ocobiin-
BICTIO IIHOTO HANPSIMKY JOCTIIXKEHb € HeOOXiIHICTDH
BpaxyBaHHS BILUIUBY Ha TiAPOINHAMIKY OOTIKAHHS CYy-
JTHA Ta WOTO XOJ0BI XapaKTEePUCTUKU HE JIUIIE HAsiB-
HOCTi CKiHYeHOCTI ryimbumHu, ajie i reoMeTpil OidHUX
CTIHOK KaHay. ¥ TOHl caMuil Yac, B TAKOTO POIY
dapBaTepax TPAKTUIHO BaXKJIUBUAM CTA€ BPAXyBAHHS
nporeciB B3aeMoil rifpojuHaMidauX NOJB (30Kpe-
Ma, KOpabeJIbHUX XBUJIb), FEHEPOBAHUX PYXOMUM Cy-
JHOM, 3 beperaMu Ta PI3HOTO POy CIOPYIAMH, HA
HUX PO3TAIOBAHUMU.

Busuenus kopabelbHUX XBUJIb MAE JIOCTATHBO JTOB-
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ry icTopiro, oJIHaK iHTepec J0 IMHOTr0 HANPSIMKY JI0-
CJIIT?KEeHb HEe BTPATHUB CBOEI aKTYaJIbHOCTI Yepe3 HU3-
Ky HEIOCTaTHBbO BHUBYEHUX MIPODOJIEM, OOYMOBJIEHUX
B2K€ BiI3HAYEHOI0 0OOMEXKEHICTIO (hbapBaTepa Ta HEoO-
XiJIHICTIO IPOrHO3YBAHHS PE3Y/IbTATIB B3AEMO/Ii1 30y-
peHb 3a CyIHOM 3 OGeperaMu Ta PO3TAIMOBAHUMU HA,
HUX CHOPY/aMH, a TAKOXK 3MiHHOIO Tomnorpadiero JHa
Ta HECTAIlIOHAPHICTIO PyXy cyleH. [lounnatoun 3 mio-
uepcebkux pobit JI. M. Cperencbkoro [1, 2] no kin-
s MUHYJIOTO CTOJITTS BUKOHAHO JIOCTATHHO BEJIU-
K& KIJBbKICTh pOOIT, B dKUX y JIHIAHINA MOCTAHOBII
pPO3B’s13aHO psi 3a]1ad, IO JO3BOJIMJIO BUSBUTHU TO-
JIOBHI 0cOOIMBOCTI 1 MexaHiZMu (hOpMYyBAaHHS TOJIsT
[TOBEPXHEBUX KOPAOETHHUX XBUJIb ¥ KAHAJIAX [IPSIMO-
KyTHOI'O TOIIEPETHOrO IIepepi3dy Ta 00yMOBJIEHUI HU-
MU XBUJIbOBHIT omip pyxy cynHa [3-8] (xus. 6i6. B [3,
4, 8]). Y BUKOHAHUX TEOPETUYHUX JOCJIIZKEHHIX PY-
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XoMe CyIHO iMiTyBasoch y pizawmit croci6. Ile i Buko-
puctanasa popM 06BOIIB CyAHA, AKi ONMICYIOTHCS IIPO-
CTHMU aHAJITHYIHIMHE 3aJIeXKHOCTsMH [7], 1 3aMiHa cy-
JIHA PYXOMOIO 06JIaCTIO HOBEPXHEBOro THCKY [5, 6] abo
PO3IOJLIEHUME B3JI0BK Bici pyxy mxepenamu [4]. B
€KCIIEPUMEHTAIbHUAX JIOC/IPKEHHSIX BUKOPUCTOBYBa~
Jucws Mozeni cyzen [9, 10]. TosoBao HAapaBieHicTIO
BiMmigeHHX POOIT € BU3HAYEHHSI XBUJIHOBOI'O OIOPY
pu pyci cynen. s By3bKuX KaHAJIB, KO Tabapu-
TU CyJHA Ta IMUPUHA KaHAJJIY CHIBPO3MIpHI, I IO-
OyI0BU JIHITHIX PO3B’A3KiB MOXKHA, €(DEKTUBHO BUKO-
PUCTOBYBATH PO3KJIAJ, IITyKAHOTO ITOTEHIAY IIBUJI-
KocTi pyxy B pan Pyp’e mo mormepedriii KoopanHATI
[8]. Oneprkanmit B Takwii crioci6 po3s’si30K HE MiCTUTH
MOABIfTHUX IHTErpaJIiB 1 TOMYy 3PYYHIMNANA JJIsT BUKO-
pUCTAHHS.

B psni Bukonanmx poOIiT TOCTiIKEHI TaKOXK HeJTi-
HiitHl edeKTH, siKi BUHUKAIOTh y KaHAJaX IIPUA J0-
caraeHHi cymHoM miamazony uamcen @pyrna, Olabmmx
IIeBHOI'O KPUTHUYHOIO 3HaUYeHHs. TeopeTndHi i eKcire-
pUMEHTAJIbHI JOCTIPKEHHS TOKA3YIOTh, M0 B TAKAX
Jiama3’0HaxX Ma€ MiCIle YTBODEHHSI OJMHOKUX XBUJIb-
cosiToHiB a6o ixHiX cucreMm [11-17]. B reopernynmx
poboTax pyXome CyHO IMITYBaJIOCh 00JIACTIO IIOBEPX-
HeBOro TuCKy. [IpoBeseHi MOCTiI?KEHHS TO3BOJIMIIN
BCTAHOBUTH HU3KY XapaKTepPHUX ocobymBocTeil (hop-
MyBaHHS ITUX HEJIHIHHUX yTBOpeHb. Tak, BUIBIEHO
BaKJIMBICTh 3HAYEHHSI BeJIMINHU KoedirieHTa O6JI0KY-
BaHHS, PIBHOTO BiTHOIIEHHIO ILIOII MOIIEPEYHOTO TIe-
pepi3y cyaHa J0 IJIOMI MONEePEeTHOro nepepizy KaHa-
ay [12], ra icrorHuit BB MinKoBoaAs [15] Ta TO-
norpadil kKanasy na ixni xapakrepucruxu [13]. Bera-
HOBJIEHO, IO HECTAITIOHAPHICTD IIPOIIECY ITEPEXOJTY Pe-
JKAMY PyXy Bif[ MOHAJIKPUTHUIHOTO IO JTOKPUTHIHO-
r'0 MOYKE CYIIPOBOKYBATUCH TTOMITHAM 301/IbIITEHHSIM
aMILITY L coJiToHiB [16].

Bci 3rajgiani mocimijizkeHHs BUKOHAHI IS KaHAJIIB
MIPSIMOKYTHOTO TIOIEPEYHOTO Iepepisy abo 3 BepTH-
KaJIbHUMU OOKOBUMU cTiHKamu. Ajie BCi pyKOTBOPHI
CYJIOXOJTHI KaHAJUA MAaOThb (POPMY IIOIEPEIHOTO IIe-
pepi3y y BUIVISIL Tparerii, a KaHaJdu MPUPOIHHOTO
YTBOpPEHHsT MalTh (opmy yioroBuH. s mmporux
KaHaJiB (opma OIYHUX CTIHOK MPAKTUIHO HE BILIM-
Ba€ Ha TiIpoauHaMiKy OOTiKaHHS CyIHA Ta HOro Xomo-
Bl XapaKTEepHUCTUKY, a MUTAHHS B3a€MOJIII Kopabesib-
HAX XBWIb 3 OeperamMu MOXKHA PO3IVISIATH OKPEMO
BiZl pyXy Cy/iHA, BUKOPHCTOBYIOUH Ijis I[HOTO Bilo-
Mi TpeJCTaBJIEHHS [UX XBWIb JJIs BOJHUX aKBaTO-
piit ckinvenoi rmbuuu. st BUmakiB pyxy Cy/zieH B
obmerkeHnX dapBaTepax, Ie XapaKTepHi po3MipH Cy-
JHA 1 KaHAJIy OHOTO MOPSJIKY, BILIUB TeOMeTpil mo-
[IEPEIHOrO Tepepi3dy KaHaIy CTa€ iCTOTHUM, O0CODJIM-
BO JIjIsi pexKuMiB pyxy 3 unciaamu Opyna, 61u3bKuMu
JI0 KPUTUIHOTO, 200 OLIBIMMME, KOJA MAKCUMAJIHHO
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[IPOSIBJIAIOThCS HeJiHINHI edekTn. BukoHani B oMy
HAIPSAMKY JOCJIiPKeHHs, JOCTATHBO TOBHY 6i0/1iorpa-
dito axux masegeno B pobori [18], mokasyorsb, 1Mo B
HEJIHIRHAX 3a1a9aX y HaOIUKEHH]I MiJIKOT BOJIM KaHa-
JIaM 31 CKJIAJIHINIOI0 TeOMEeTPI€l0 TpUTaMaHHI TaKO¥XK
ocobymBoCcTi (HOPMYBaHHST KOPAOEJbHUX XBUJIBOBUX
KapTHH, aHAJIOTIYHI BiAMIYeHIM paHile /I KaHaJsiB
IpSAMOKYTHOTO 1repepizy. OgHaK mpu bOMy CTPYKTY-
pa XBUJILOBUX KApTUH 3aJI€KUTH 1 Bij ocobimBocTei
reomerpil mepepizy. CTOCOBHO KaHAJIB 3 TPAIIEIi€BU-
JHOK (POPMOIO MIONEPETHOTO MEpepisy, Caif BiaMiTu-
tu poboru [19, 20]. B nepuiiii 3 Hux B rigpaBaidHOMYy
HaOJIMKEHH] 3 BUKOPHUCTAHHSIM €KCIIEPUMEHTATbHUAX
KOeIIieHTIB IPeACTaBIeHO METO BU3HAUCHHST BEJIH-
9UHU TiIPOJMHAMIYHOTO OMOPY PYXOMOTO CYJIHA JIJIsi
npokpurnaHux pexkumis pyxy (Fr< 0.3) i pisuux 3mua-
9eHb TAKOTO TAPAMETPA, sIK BiTHOIIIEHHS TJIOI ITOTIe-
PEYHOro Tepepizy KaHaJIy A0 MJIOMIL MOIMEPEYHOrO Te-
pepisy cyaua. B po6oti [20] B Heminiituiit mocraHoBI,
3 BUKOPUCTAHHSM PiBHSIHb MiJTKOI Bomu ['pina-Harmi,
OJlepKaHI YHMCEIbHI PO3B’SI3KM XBUJIBOBUX IIOJIB 34
PYXOMOIO 00JIACTIO TOBEPXHEBOI'O TUCKY JIJIsT PEXKUMIB
pyxy 3 Fr< 1, ne B skocTi JiniftHOro Maciraby BUKO-
PUCTAHO BEJIMYWHY BiJIHOIIEHHS ILIOMNI ITOIEPEIHOTO
repepiszy KaHaJIy A0 MIAPWHU BOJHOI MOBEPXHI KaHa-
ay. llokazano, mo mis pexkuMiB pyxy 3 Fr, Oin3prux
J0 OMHUIT, XBUJILOBA KAPTUHA CTA€ CTPOTO HEJTIHIH-
HOIO, 3 GOPMYBaHHSIM 3 9aCOM IOIEPey 00JIacTi 01~
HOKHUX XBUJIb-COJIITOHIB, MO/IIOHUX 10 TUX, 110 (hopMy-
IOTHCS B KaHAJIaX MPsIMOKYTHOTO Iepepisy. B mimomy
rimponuaamMika KOpabeJbHUX XBUJIb ¥ KaHAJIAX 3 Pi-
3HOI0 T€OMETPIEI0 TIOIIEPEYHUX MePePi3iB BUBUEHA HE
JOCTATHLO MOBHO. HaBiTh y JIiHIHHUX 33a/1auaX HEMAE
2KOJTHOTO TOYHOTO PO3B’SI3KY JJIsi TeOMeTPil moneped-
HOT'O Tepepisy, BiIMiHHOI BiJ| IpsiMOKyTHUKaA. B cBOIO
qepry, HeJHIHI pO3B’sI3KU OJIepyKaH] ITOKH IO JIHIIIE
Ui BULAJKY PYXiB 3 BUKOPUCTAHHSAM HAOJIMKEHHS
MiJIKOT Bogu. TakuM YUHOM, JIOC/iPKEHHS B ITbOMY
HAIPSAMKY [PEJICTABJISIOTHCS TAKIMU, IO 3aC/IyTOBY-
IOTh Ha YBAry JJjIs BCbOTO KJIACy O3HAYEHUX 3aJad.

B mamiit poboTi BHepime po3B’si3aHa cTalioHapHa
3aJiavda remepariii JiHiffHuX MOBEPXHEBUX XBUJIb 33 PY-
XOMOI0 00JIACTIO IOBEPXHEBOT'O TUCKY B KAHAJI 3 Tpa-
rrerieBuIHOI0 (bOPMOIO mTonepedroro mepepizy. Omep-
JKaHO TOYHUN PO3B’sI30K Ii€l 3a/1adi, siKuil BKJIIOYAE
B cebe sIK XBUJIBOBI, Tak 1 3aTyxarodi ckiagosi. [lpu
upoMy, K 1y [8], BuKopucTano miaxiz 3 po3kiaIoM
IIIyKAHOTO PO3B’SI3KYy Il TOTEHIaJIy IIBHIKOCTI B
psan Oyp’e o momepedHit KOOPIMHATI.

1. IOCTAHOBKA 3AJAYI

Posrnsimaernesa cramionapre nose JTiHIAHATX KOpa-
GesbHuX (6apUYHUX) XBUJIb, YTBOPEHE OOJIACTIO II0-
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BEPXHEBOTO THUCKY, KA PYXa€ThCsl 3 IOCTIHHOTO IIBU/I-
KicTio U B3I0BXK TO3/0BXKHLOI Bici KaHAJy 3 Tpa-
MEIIEBUIHOI0 (POPMOIO HOTO IOMEPEYHOTO Iepepisy
(puc. 1). Bepxug cropona uiel Tpanenii BC' mmpu-
vHOIO |3 = 2l cmiBmajae 3 BUIBHOIO IMOBEPXHEIO BO-
i, HUKHAS cropona AD — 3 JHOM KaHAJa IUPU-
Hoio Iy < ly, a 1T BucOoTa BiAmOBiIae rIuMOUHI BOJHOTO
mapy B KaHaji h. Bubupaerbcs pyxoma cucrema Ko-
OpJMHAT OXYZ, MOYATOK SIKOl 3HAXOJUTHCA B IEHTPI
obJracTi THCKY HA BijIbHIN TOBEpPXHi, BiCh 0T HAIIPAaB-
JIEHA B CTOPOHY, MPOTHUJIEKHY HAIIPSIMKY ITBHUIKOCTI
pyxy obuacti, a Bicb 0z — Bropy. I'eomerpist obracri
[TOBEPXHEBOI'O TUCKY 33JIAE€ThCS Y BUIVISA IPSIMOKY-
THUKA 3 IMO3JIOBXKHBOIO CTOPOHOKIO 2a 1 MOIEPETHOI0
croponoio 2b. Tuck P(x,y) Bcepenuni obnacri npu-
WMA€ThCS PIBHOMIPHO PO3IMOIIIEHUM, TaK IO

P('raya O) = Pof('ray)a
ae f(x,y) = [H(z+a)—H(x—a)][H(y+b)—H(y—b)].
Tyr H() — opuaununi dbyukuii Xesicaiina i f(z,y,t)
Moxke OyTu npezcrasiena psgom Dyp’e o y Ta inTe-
rpasibHuUM TpescTaBieHHsM Dyp’e o x.

Qv

Puc. 1. Cxema pyxy obiacti TucKy B KaHaJi

Beenenns 0Oe3po3mipHux BequunH, e BuOpaHi B
SKOCTI MacmTabiB: JOBXKWHU — [VIMOMHA KaHAILY h,
THCKy — pU?, moTenniary msumkocti Tedii — Uh, mo-
3BOJIsi€ C(POPMYJIIOBATH HACTYIHY TPAHUYHY 3aady
JIJIst BUBHAYEHHS TIOTEHIIaIy MBUIKOCTI 30ypeHOol Te-

Ap=0 (1)
3 TPAHUIHUME yMOBAMHE
o9  0%¢ of B
)\g—l-@—l-Poa—x 0 mpu z =20, (2)
99 =0 mpu z=—1, (3)
0z

99 .

o 0 upu  (y,z) € (ABiCD), (4)
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Ta YMOBOIO BUIIPOMIHIOBAHHS

¢(z,y,2) >0 mpu z — —oo. (5)

32
022

— obepHEHE 3HAYEHHS YNCTIA

02 02
a2 o

top Jlamraca, A =

Tyr A = - TPUBUMIipHUIT ortepa-

g
U2

Opyna; 1 — HOpMAJb 0 HIYHIX CTIHOK KAHAJLY.

2. ®OPMVYJIIOBAHHS 3ATAYI B HOBIN
CHUCTEMI KOOPAVNHAT

Hexaii npsami, mo npoxondars dyepe3 croponu AB
i CD, neperuHaOTHCA B TOYIl, BEPTUKAJIbHA KOOP-
IUHATA AKOI Z —H, ne H > 1. BBejierHs HOBOI
[IOTIEPEYHOT KOOPIUHATH Y1

__Hy
T4+ H

Y1

JI03BOJIAE IpaHudHy yMmoBy (3) 31 3MiHHMMEU 3HAde-
HHSIMI Y 3aMiHUTHA yMOBOIO 31 CTajJuM 3HAYCHHSIM
y1 = =, Mo aHAJIOTIYHO 3a/1a4i I KAHATY 3 IIPSIMO-
KyTHHUM oriepedHuM mepepizom. Ile Buxoaurs 3 TorO,
110 B KOXKHill Toumi 6okoBux crinok AB i C'D 11 ko-
opamHATA Y1 JOPIBHIOE BEJIMYNHI TAHTE€HCA KyTa MixK
6iuyHMMUE cTOpOHAaMU KaHasy i1 Biccio oz. OTke, B KO-
OpJMHATAX Y,z [MOIEPEYHUNl mepepi3 KaHay Habu-
pae mpsMokyTHOI dopmu. ['eomerpis obsacti TuCKy
B HOBIIf crCcTeMi KOODJAWUHAT He 3MIHIOETHCS, OCKITbKHI
npu 2z = () BUKOHYETHCS PIBHICTD Y1 = Y.

B cucremi koopauHat x, y1, z piusuns (1) nabupae
BUTJISIITY

(z+H)2%—(H2+y%)giy?+(z+f1)2%—
—2uy1 (2 + H) (;ngz + 2y1§—i =0, (6)
a rpannuni ymosu (2)—(4) -
A(%ﬁ‘%%) %erog—x:o npu z =0, (7)
g—f—Hyilg—Z_o mpn z=-1, (8)
g—jl—o mpu y1 =+ 1. (9)

YmoBa BunpoMminioBaHHs (5) He 3MIHIOE CBOTO BUIJIsI-
AY-
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3. IIOBYAOBA PO3B’A3KY

Poss’a30k 3ama4i myist ¢(x, Y1, 2) UIYKAETHCH y BU-
sl inrerpajbHOro nepersopenus Oyp’e mo x:

Py

¢ = o / p(k1, y1, 2)e™ dky . (10)

Mincranoska (10) y Bupasu (5)—(9) npusoauTs J0 3a-
Jladi 3HAXO/KEHHsT PO3B’A3KY PIBHAHHS JIA PyHKIIi-
obpasy ¢(k1,y1, 2):

92 27
¢ 979
0 09
+(H2+y)—¢+2 1—¢—k2(2+H) d=0 (11)
8y 8 Y1
3 TPAHUYHUME yMOBAMHU
06 1 99
<3Z_H3y1> ¢p+if =0 mpu z=0, (12)
3@3 Y1 3@5 _
2. H-1om, =0 opu z=—1, (13)
8—¢ 0 opu y==+1, (14)
oy

e

f =2sin(kia)[H H(y, —b)].

B cuity cumerpuanocti f(x,y) 00 y BoHA 3aaMIac-
ThCsl CUMETPUYIHOIO 1 110 Y1 . Toi, gk me Buauo 3 (11)—
(14), dbyuxuis (Jg(kl, Y1, Z) TAKOXK MAE CUMETPUYHUN
O %1 XapaxKTep 1 po3B’A30K JJIs Hel MOXKHA 3HAXOIH-
TH y BUALIAAL po3kJay B psan Pyp’e o y; B inTepBadi
—1l <y <1, gk ue 3pobuieno y [8]:

(y1+0) —

o0

(5: B, (K1, 2) Z

, (k1 2) cos (kauyn) , - (15)

Je ko = mka/l. YMoBa (14) npu npoMy 3a0BOJIbHS-
€ThCsI ABTOMATUYIHO.
B cuty CUMETPUIHOCT] CKIagoBux piBHanHgA (11)
3(;5 32¢
Yz — oy

8 2
y BUTJISAII p03KJIa,ILiB B psin Dyp’e:

o Y1 IX MOXKHa& TaKOXK opeacTaBUTHU

8y1 nzl ¢nl kla COS (n*yl) ; (16)
5—? jé: L (K1, 2) cos (nayy) - (17)
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Ha mizncrasi npencrasiens (15)—(17) marors micie
CIIiBBiTHOITIEHHST

—U1 Z kg*(b SlIl kg*yl
kz 1

S, cos ()
n=1

—y Z k2*¢k cos (ka.y1) = Z

kzl n=1

, €os (nay1)

™
.

AKIo KOXKHY CKJIQJOBY IUX CIIiBBiJHOIIEHD IIO-
MHOXKUTH Ha COS(N4y1), Je N JOPIBHIOE JedkoMy Ko,
i mpoinTerpyBaTy 1o y; B iHTepBasi Bim —I! 1o [, To
B IpaBUX IXHIX YaCTUHAX BCI CKIAJOBI mipu N # ko
JaayTh HyJb, a OIpd N = ko BIANOBIIHO lenl = l(;vﬁ,c2
Ta l(an = l¢k2
CKIHYeH] psii CKJIAJIOBUX (5k2 3 KoedirienTaMu, sKi
JIETKO BUPAXOBYIOTHCsl. BUKOHAHHST TAKO1 IPOTIE/Ly pu
ast Beix 1 < m < 0o Ta 30upaHHS y JIBUX YaCcTU-
HaX BCIX CKJIQJIOBUX I BHIILJIEHOTO HOMeEpa N = kg,
sKi BiamoBigHi BCiM iHIIAM HOMEpaM 1 # kg, TIPUBO-
JUTB JI0 HACTYITHOTO, CIIPABEIIUBOTO ISl JIOBLILHOTO
ko, npeacraBieHHs QyHKITIT (5"1 Ta (5"2 qepe3 obpas-
byHKIiT Gp, 11t nl = ky Ta n2 = ko, BigmOBiIHO:

A€ Ny =

. B yiBUX 9acTUHAX OTPUMYIOTHLCA He-

_ e kQ*(—l)n+k2
Gt = g0 (124 D |
n=1,n#ko * 2%
o - 1 7w2k2 -
Pra2 = =@, [5 +3 2 4 4k§(—1)k2¢kn] ;
e
. - (—1) - (="
Pk = Z n? — k2 + 2k; Z (n2 — k2)2 "
n:l,n;ﬁkg n=1,n#ks 2

Bpaxosyiouun, 1o [21]
S 1 !
Y. =gz 2D
n=1,n#ko 2 2

Ma€ MicIle HACTYTIHE NPEJICTAB/ICHHS CKJIaI0BUX Bhy1
i Gry2 1epes 6a30By DYHKILIO ¢,

Oy =7, by (i =1,2), (18)
e
1 1 k
=3 {t- o eyt
3 2]€2
Tho = —5 — 5 - 2(_1)k2 - 8k3(_1)k2rk2n ’
2 3
i
Thon — Z 2 2\2
n=1,n#ko (n B k2)
69
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Bukopucranas npejcrasiaenb (15)—(17) ra 3ame-
»kuocTi (18) IpuBOAUTE 10 HACTYHUX MPAHUYHUX 33~
nau susnadenns ¢g(ky, 2) ta ¢p, (k1, 2):

1) mast ¢o(kq, 2)

b0 — kido =0 (19)
3 rPAHUYHUME yMOBAMHI
</ 27 i,
Ay — k1o = T mpu z=0, (20)
1
by =0 npu z=—1, (21)
ne
. b
a, = 4b,sin(kia); b. = 7
2) mas $k2 (k1,2)
(Z + H)Qégz - 2Tk1 (Z + H)é;cz -
— [H?k3, —2r,, — 1, + K5 (2 + H)?| ¢p, = 0. (22)

3 'PaHUYIYHIMHA YMOBaMH

_ A _ _
A(b;w - (Erm + kf) Pk, = ia,, mpu z=0, (23)

_ r _
(;522 — ﬁ(bkz =0 upu z=-1,(24)

Ae 4
= sin(kya) sin(k2.b) .

a,, .
YMOBU BUIPOMIHIOBAHHS B JIAHUX 3aJa9aX aHAJIOTi-
qui ymosi (5).

OT:ke, IOCTaBICHA 331294 3BeIeHA 10 PO3B’ T3aHHsT
3BUYANHUX TU(EPEHIIAJIBHUX PIBHSIHb.

4. PO3B’A30K AJId ®YP’€-KOMIIOHEHT
OBPA3Y ITIOTEHIIIAJIY BN JKOCTI

Posp’s130k  rpanmaHol
¢o(k1, z) Mae BUDISAT

sagaui  (19)—(21) st

do(k1,2) = 1,

klz k1(27z)
k1 D [e e !

(25)
Jie
D=e M (\—k))—A—ki.

Heszanexui po3s’si3ku piBHsiHHg (22) mpezicras-
JIIOThCA  depe3  moamdikoBani dyskiil Beccesst
Lki(z+ H)] i K, [k1(z + H)], nOpsa0K v 9KUX BU-
3HAYAETHCS MapaMerpamu pisaaass [, H, ko

(NIl

1
v= 5 [1 + 4T51 +4 (Hng* T Tkz)]
3araabHUT PO3B’SA30K IBOTO PIBHAHHSA MAE€ BUTJIST
[22]

14+2r; 4

Oy (k1,2) = (z+ H)" 2z (Ciil, + OnK,) . (26)

70

Craui inrerpyBanns C1y, Ta Cop BU3HAYAIOTHCS 3 TPa-
HUIHOX yMOB (23) 1 (24) y Burisiai

Cip = k2 151 4 2(H — Dk K]
By,
Co = — 22 1,0 4 2(H — 1)k 1]
By,

e
By = [K,1 +2(H — k1K) x
I T P
— L1 +2(H — 1)k1I},] x

+ k%) qu KUO] )

A
x [)\HSkRkQ - ( Z“
Rkl = TML,O + Hkljl/,o y
RkQ = TleUO =+ Hlel/IO y
2r,, —1 2r,, +1

Sk:Ta q, = 9

Tamexkcn ’0’ Ta '1’ 6ing mopsaxky dyskiiii Beccems
03HAYAIOTh BU3HAYEHHS 1X IpH 3HadeHHaX 2 = 01z =
—1 BignosizHo. BepxHiit iHmekc ) ozHavae MOXi THY
1o z.

5. IIOBEPXHEBI XBWJII
3A PYXOMOIO OBJIACTIO

715 BUBHAYEHHS [TOJI XBUJIb 38 PYyXOMOIO 00JIACTIO
BUKODPUCTOBY€ETHCS BijoMe criBBignomenns [23] njist
aMILIITY/1 3MIMEHHs BiTbHOI TOBEPXHI

1 [0¢
0)=— | =+ F . 27
wew0) =5 (Se+rr). )
3 inTerpaapHoro neperBopennst Pyp’e mo r maHO-

ro Bupaldy Bignosigna obpasz-dyukkuis 7(ki,y,0) =
1k

Tqﬁ AHAJIOTIYHO TMOTEHIaJy IMBUIKOCTI MPeICTaB-

JISIETBCs Y BULVIsiAI po3kany B psm Pyp’e mo more-
pedHiit KoOpJInHATI:

. o
n= 5770 (kla O) + Z My (kla O) COos (kQ*yl) ) (28)
ko=1

Bpaxosyrouu omepxkanuit psg Pyp’e mjist ¢, s Bif-
MMOBIIHUX CKJIAJOBUX XBUJIHOBOTO TOJIsI MAIOTh MiCIie
HACTYIHI IPEeJICTABJICHHSI:

_ 4b,sin(kia)
T]O - )\D

4quAkk1 . .
W sm(kla) sm(kg*b) y

(¢ +1),

ﬁkz =

O. I'. Crerenko, B. M. Lnbuenko
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e

Ap = Lo K1 +2(H — 1)k 1/11] —
_KUO [Iul + 2(H - 1)k1]1//1] .

Toni poss’sizok s n(x,y,0) OpeJCTABIAETHCA Y
BUTJIsIIL

1 = .
77(55, Y, O) = 5770 + Z 77k2 Sln(kQ*b) COS(kQ*yl) ) (29)
kz:l
e
Pyb.
n,(2,0) = == (Jor — Joo) . (30)
TA
Jo1 = Im / 5 (e +1) et @t gk, |
1 2k ik1(z—a)
JQQZIm 5(6 1+1)€1 dkl,
P()qu
M, (2,0) = oy Vo (Jk1 — Jk2) ,  (31)

T Ak
Je1=1Im / Lelkl(rﬂl)dkl,
By,

T Agky
Jkngm/ Lelkl(mia)dlﬂl.
By,

st obuncieHHsT IHTErpaJsIiB B OIEPKAHUX BUPA3AX
BUKOPHUCTOBYETHCSA armapaT Teopil JUIIKIB I aHaJIi-
TUIHUX (DYHKIIIH KOMILUIEKCHOTO 3MiHHOTO.

5.1. Po3B’s130K 151 CKJIaZ0BOI 1), (2, 0)

Iliginrerpansbui pyuKIil B Jo; Ta Joo B ki-maommmHi
3aJ0BOJIbHAIOTL yMoBaM JieMn zKopfana i MaroTh
TaM ocobuinBi Touku-nostocu npu k1 = 0 Ta ky, Big-
MOBiHUX pO3B’si3Ky piBHsHEA D = 0, abo

eI N—k1) = A=k =0. (32)
Pisusiras (31) Mae oxu jificHuii Kopinb ky = ¢ suie
JUIS PeXKUMIB pyxy, Bianosiguux ymosi A > 1 (Fr
< 1) i HeckiHYeHY MHOXKHUHY YUCTO YSIBHUX KODEHIB
k1 = +i(s;. Kopiab ( 3HaXOIUTHCST OE3M0CEPETHBO
3 (32), a kopeni £(,; € PO3B’I3KAMU PIBHsIHHSI, AKE
BUILINBAE 3 PIBHOCTI HYJIO SK JiHCHOI, TaK 1 ysBHOI
vacrunu Bupady D(ik,):

Al — cos(2k,)] — ke sin(2k,) = 0. (33)

O. I'. Crerenko, B. M. Lnbuenko

Cain BigMiTUTH, MO0 MHOXKWHA PO3B’S3KIB (4; BKJIIO-
qae B cebe IIiIMHOKIHY

Cn =nm.

Bignmosimuwmit amasiz mokasye, mo moJioc ki = 0 He
Ja€ BRIy y po3B’st30K. Kutacuanmit minxin Bukopu-
cranHs TeopemMu Kormmi mjis 3aMKHYTOro KOHTypa 3
OT0 3aMUKAHHSIM y BEPXHiil ab0 HUKHI TiBILIOITH-
Hi KOMILJIEKCHOI k1-TIJIONIUHY, B 3aJI€2KHOCTI BiJ 3HAKY
BEeJINYWH & + @ 1 T — a, 3 ypaxyBaHHSIM YMOBHU BUIIPO-
MIHIOBaHHS, JIA€ HACTYIHUN PO3B A30K st 1), (x, 0):
a) B obslacti T > a

Pob.
)

7o (, 0) = [_SAO sin(Cz) sin(Ca) + Agg] . (34)
e 41

2R (A—C 1) -1’

Ag =

WL

[efmm) _ efcmfa)} ,
02

Api = Doii[1 + c08(2C4i)] — Doir sin(2¢s;)
Doi = Dg;, + Dgi

Dyir = (2X — 1) c08(2Csi) + 2¢xi sin(2¢4;) — 1,
Doii = (2XA — 1) 8in(2¢si) — 2¢4i c08(2(;) -

6) B obsacti —a < z < a

Pyb, i
my(@,0) = == {44 cosf¢(a +a)] + AR | . (35)
() _ N~ A0 [ coiata) |, Coilaa)
A02 Z Dy; [6 te ] )

i=1
B) B obuacti < —a

Pob,
)

[eC*i(era) _ erila—a)]

no(xa O) = Ag)l) )

(36)

A=

=1 02

5.2. Po3B’s30K 415 CKIaA0BOI 7, (T, 0)

Iliginrerpanpui QyHKINT ckmagoBux Jx1 Ta Jio
posB’a3ky (31) B ky-ytomumui npu ki — 0o upamy-
I0Tb J0 HYJIS 9K K] 1, oTke, 38,10BOTBHSIOTH YMOBAM
nemu 2Kopaana. Born MaioTh 0cob/IMBI TOYKHA B IIiit
wrommuai. e Touka posramyxenns k1 = 0, xapakrep-
Ha 11 Beix dyHKiin Beccenst, Ta Toukn, KoopauHaTH
SIKUX 3a/I0BOJIbHAIOTDH piBHsHHSA By, = 0, abo

(K1 +2(H — 1)k K] %

71
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— L1+ 2(H — 1)k I,,] x

X [AgskRkQ - (% + k‘f‘) quKl,o] =0. (37)

Bsamos:x miticrol misBici k1 < 0 B ki-TLIommuHI BUKO-
HAHO PO3Pi3.

PiBugnusa (37) Mae KOpiHb (,gr) Ha JOJATHIA miii-
cHill miBBici, e 3py4HO TO3HAYUTH k1 = kfr) > 0.
Ha Bing’emmuiit miticHiit miBBici, 9Ky TakKo¥K 3pyTHO ITO-
3HAYNTH K k1 = kgf) < 0, KOpeHi 3HaXOIATHCT 3
JOTIOMOTOIO IIPEICTABIEHH ST kgf) Ha KOXKHOMY 3 Oepe-
riB PO3pi3y Uepe3 piBHE MO MOIYJIIO JOIATHE kgﬂ Ta
BUKOPHUCTAHHS BiJIOMUX BUpa3iB aHAJITHUIHOIO IIPO-
JOBKEHHs I MoandikoBannx GyHKI Beccens mna
060ox Geperax poapisy [24]. Ha Bepxubomy Gepesi pos-
pi3y, Je I PiBHUX MOJYJIiB kfr) i kgf) Il BeJTMINHA
BUPAXKAIOThCA OIHA Iepe3 IPYTy K kgf) = k§+)e”i,

L(k7) =L ().
K, (K7) = e Ky (kD) = mil, (k7).

Ha, HukHBOMY Gepesi, ne kgf) = kﬁ)e*”,
1, (kgi)) _ e*l/ﬂ'i]y(kfr)),
Ky, (K7) = e Ky (k) = il (k7).

Mincranoska 1ux Bupasis y pisaganns (37) mokasye,
1[0 BOHO HE 3MIiHIOE CBOT'O BUIVISITy Ha 000X Oeperax
po3pisy. 3 IIbOro BUXOAUTD, IO HA Bi €MHIN MiificHii
Bicl, sk 1 y BUIaJKy ckianoBol 7),(x,0), Mae micre
CUMETPUIHUAN KOPiHb —( ]gr)'

BpaxoByrouu BifjoMi BJIaACTHBOCTI CIIPSI?2KEHOCT] Oec-
ceseBux DYHKIIH [Tt JIHCHUX U,

L/(Igl) = I_V(kl) ) KV(IEI) = I_(V(kl) )

HEBaXKKO MEPECBITINTUCH, IO Ma€ MicIle 3aJIeXKHICTh
By (k1) = By(k1) .

e osuauae, mo pisagaus (37), okpiM JificHuX Kope-
miB :I:(,gr), Mage Imie (JIsi KOYKHOIO 3HadeHHs ko) He-
CKiHY€HY MHOXKUHY YUCTO ySBHUX KOpeHiB +i( Igm)'
Bignosinuuit anamiiz nokasye, mo seaududa Ay Ta-
KOXK HEe 3MIHIOETHCS TIPH HEepexXodi Ha Apyruit 6eper
pO3pi3y, BHACTIAOK 9OTO mpu 00XOMIl po3pi3y cymap-
HUI BKJIQJT Y BeJIWYIUHY iHTerpamis Jg; Ta Jgo piB-
Huii Hysa0. OKpiM TOro, aHaJIi3 ACUMITOTUAKH ITiIiH-
TerpajbHuX QyHKIiH [;1 Ta I;o B OKOII TOYKH po3ra-
ayxenns (k1 — 0) moKasye, 10 BOHU TYT IPAMYIOTH
Jo Benmauan 2/(2r,, + 1), Tak 1Mo BesmunHA iHTE-
rpaJiiB mpu 0OXOi Ii€]l TOYKHU MO KOJIy HECKiHYIEeHO

72

MaJIoro pajiyca npsmye g0 mysis. OTxe, y po3B’si30K
JUIL IAHOI CKJIAJOBOL, K 1y BUIAAKY st 1o (x,0),
BKJIaJT JTAIOTH JIAIIE IOJIIOCH IiiHTerpaJbHIX (OyH-
KITiif :I:C,gr) Ta :I:i(,gm).

B pesyabraTi BUKOHAHHS CTAHIAPTHOI MIPOIIELYPU
IHTerpyBaHHS 10 3AMKHYTOMY KOHTYDPY 3 BUKODUCTa~
HHAM Teopemu KoIrmi oepKano HaCTYITHAN PO3B’ 130K
AL 7], (z,0):

a) B obslacti T > a

2P,

M, (2,0) = TAkg H% sin(k2.b)n,,, ,  (38)
AAM ) . .
Nigr = —kff)k sin( ,g )x) sin (C,g )a) +
ka
3 G [0 _ i o]
n=1
6) B obsacti —a < z < a
2P .
M,y (xa O) = TAkg H% Sm(k2*b)77k2z ) (39)
9 A () .
o ]
B
kp
n=1
B) B obuacti ¢ < —a
2P, .
Ny, (7,0) = ~ e H% sin(ka.by) X
xS G [ec,?")<x+a> _ M @-a)] (40)
n=1
Ty
T T T dBk T
A=A, By =22, (@)
1
A4 = A6, B = ), (42)
G = Re (% . (43)
ka

Bupasu (29), (34)—(36) Ta (38)—(40) narors po3s’s-
30K [OCTaBJIEHO! 33,184l BU3HAUEHHS 10JIsi KOpabeiib-
HUX XBUJIb 38 PYXOMOIO 00JIACTIO THCKY.

6. PE3VYJIBTAT YN CEJIbHUX
EKCIIEPMMEHTIB

Pozpaxynku xapaKTeprCTUK XBUJIBOBOTO ITOJISI Ta

AMILTITYTHIX KapTUH BUKOHAHI /IS JIEKIIBKOX Xapa-
KTEPHUX PEXKUMIB PyXy 00JIaCTi IOBEPXHEBOI'O THUCKY,

O. I'. Crerenko, B. M. Lnbuenko
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momibHUX TUM, MO Oy BUKOPHUCTAHI JUIsi KAHALY 3
MPSIMOKYTHHUM ITOTIEPEIHUM [IE€PEPI30M IMUPUHOIO 21.
Ile nmo3Bossie mpoBecTH aHAJI3 BIJIUBY TpAIEIi€BU-
JTHOCT1 KaHAJTy Ha XapaKTEPUCTUKHU BiIMOBITHUX XBU-
JIOBUX TIOJIiB.

Ilpy BuBHaUYeHHI XapaKTEPUCTUK ITOBEPXHEBUX
XBUJIb 1yt obuucienust dyukiiit beccens [, ta K,
BUKOPHUCTOBYBAJINCH IXHI 1HTerpajbHI IpPeJICTaBJICH-
HsI, a JIJI BEJIMKAX 3HAYEeHb V — IXHI BiJNIOBiIHI acuM-
nrotudHi npeacraaeHds. [loxinai Bigmivennx dyn-
KITilf 3HAXOMIUCS 3 BiJIOMUX BUPA3iB IXHBOTO IIPE/I-
craBjieHHsl Yepe3 cami pyHKIil [24].

B minomy, cTpykTypa aMILTITyIHOI KAPTUHU MOJTi-
OHa JI0 BUMAJKY MPSIMOKYTHOTO KAHAJY 1 BKJIIOYAE B
cebe monepeyHi i po36ixkai xBui. [Ipu nbomy monepe-
9HI XBUJI, BiAIOBiIHI PO3B’SI3Ky myist 19, BUSIBUIUCH
IIeHTHYHUMY oflepKaHuM B [8] g KaHajy 3 Bep-
THKAJIBHEMHI cTiHkamu mupunn 2. Ix me icmye mst
pexkumiB 3 A < 1. Ilpu A > 1, mo Biguosigae mokpu-
TuaHnM 3HadYeHHAM unciaa Ppyna Fr< 1, mi xBmm
MIPUCYTHI IO BCiii MUPWHI KaHAJLY B 0bsacTi > —a.
Bignosinna nonepeyna XBUJIs 3 XBUJIBOBUM YHUCIOM
¢, mpuB’st3aHa 70 pyxoMol 0bacTi B 30HI —a < = < a,
[IPEJICTABIISETHCS CKIIAI0BOI0 3 cos[((z+a)], a mo3ary
Ii€l 30HU IpH T > a — CKIaIoBuME 3 sin(Ca) sin((z).
Ak BummBae 3 po3B’s3ky i (, IHTEHCUBHICTD ITi-
€l CKJIaJIOBOI MPOTOpIIiiHa mapamMeTpy by, sKuil mpu
| — 00 npsmye 10 HyJIs.

0]

k
207
Cao
1571
Ca0
10t Cio
Cs
Gy
5t
G
o 1 2 8 4 &

Puc. 2. 3anexuicts ¢ Ta Qgr) Bing A nmpu H = 1.2

Hpyra cucrema xBuib (po3biKHUX), sdKi iCHY-
IOTb TpH BCIX ), OIHUCY€TbCA CKIAJIOBUMH 3
sin( ,gT)x) sin((,y)a) i BoHa Gepe y9acThb y popMyBan-
Hi XBWJILOBOI KapTUHU 110331y obsacti Tucky. Ckiia-

(

. r . . .
noBi 3 cos[kawy — ¢, )x] BiAIOBIIAIOTH XBUJIAM, €Ki

O. I'. Crerienko, B. M. Lnbuenko

dopMyroThCsa 3iTiBa Bif Bici pyxy, moTiM BimOuBaro-
TBhCS BiJl JIiBOI CTiHM KaHAJIY 1 TOMMPIOIOTHCS BIPABO.
Bignosigno, ckianosi 3 cos[ka.y + CIET)x] dopmyro-
ThCsI CIIpaBa Bif Bici pyXy, IMOTIM BiaOWBaIOTHLCS Bim
paBol CTiHKN KaHAJy 1 HNOMUPIOIThHCA BJIiBO. Jlaui
MIPOTIECH BiAOUTTS XBUJIb MOBTOPIOIOTHCS.

@in)
S

25

20

15 ¢

10

@in)
S

25 1

Puc. 3. 3anexnicrn ng) Bigm A npu: a —H = 1.2;
6—H =4

B 6amxwHiit 10 obmacTi THCKy 30HI Il XBUJI, MMOIi-
6HO 110 cxeM pyXy 6e3 OOKOBUX CTIHOK, TAKOXK 3HAXO-
IATHCS BCEPEIWHI ITEBHOTO CEKTOPA, BEJUYIUHY KyTa
KO0, Ha BiJIMiHY BiJl BUIIAJIKy BiJICYTHOCTi CTiHOK,
He BIAEThCS BU3HAUYNUTU s“BHO. Ha puc. 2 HaBejieHA
3aJIe2KHICTh BiJIOBI/IHUX 3HAYEHb XBUJIBOBUX YUCET
000X THUMiB XBWIb Bij mapamerpa A npu H = 1.2,
ojiepxkaHa i3 po3s’a3ky piBusuns (37). 3 HbOro BU-
AHO, MO mpy (iKCOBAHOMY 3HAYEHHI A\ BEJUIUHU
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XBUJIbOBUX YHCEJI ,gr) 301/IBIIYIOTBCS 31 3pOCTAHHSIM
nomepa Dyp’e ckiaamoBol ko, a 30iMbIIeHHS BeJIU-
quHA Tapamerpa A\ npu QikcoBaHOMy 3HadYeHHI ko
JTa€ 3POCTAHHS XBUJILOBUX YMCEJI TEHEPOBAHUX XBUIb.
IIpencrasieni 3amexHocTi ay»kKe OJM3BbKI 10 Bimamo-
BIJTHUX 3aJI€2KHOCTE, OJIep2KAHNX JJIsI KaHAJy Tiel ca-
MOl IIUPUHEU 3 IPIMOKYTHOI (DOPMOIO MOTIEPETHOTO
nepepisy [8] (BigMinaicrs mae mice, modnHao4dn 3
TPETHOTO-9€TBEPTOTO 3HAYYIIOIO YHUC/Ia B JIialla30Hi

ks < 60).

\Y
/&
%/
300
2001
100
0
Puc. 4. 3anexuicrs v Bix ke npu [ = 3
Amnajroriuni pospaxyuku npu H = 2 ta H = 4

JAIOTH 3HAYEHHS XBUJIbLOBHUX UHCEJI, dKI MaJo Bimpi-
BHSAIOTHCS BiJl HABEIEHUX Ha pUC. 2, aJie e OJImKYIe
JI0 TXHIX 3HAYEHD y BUIMAJKY IPIMOKYTHOI popMu Te-
pepi3y Kanaiy, a ipu H — 00 3aJIe2KHICTh C,gr) Bim A
crporo Biamosimae 1t popmi. Ie ozmadgae, mo dazo-
Ba KapTUHA MOBEPXHEBOI'O XBUJIBOBOI'O MMOJIsI (hopMy-
€ThCsl CHEKTPOM XBUJIbOBUX dnces (MHoxkuua Pyp’e-
KOMIIOHEHT ,gr)), AKUil c1abo 3ajeXKUTh BiJ Bem-
quan H npu ogHakoBuX iHImMEUX mapamerpax. Orxe,
edekr BBy H Ha XBWJIBOBY KapTHHY O0yMOBJIE-
HUI, TOJIOBHUM YHHOM, MeXaHi3MaMu TparnchopMariii
XBUJIb, HAOITAI0INX HA TOXUINI Oeper, KpyTU3HY CXU-
JIy $IKOTO IIsi BEJIMINHA 1 BUBHAYAE.

Saryxatodi 30ypeHHsI, MOPOJXKEHI PyXOMOI0 00Jia-
CTIO THUCKY, OMUCYIOThCS YSIBHUMU KODPEHSIMU DiBHS-
HHs (37). st KoykHOrO 3HadeHHs ko 1 A icHye He-
CKiHYeHa KLIBKICTb IUX KOPEHIB :I:i(,gm). XapaxTep
3aJIe2KHOCTI X KOPEHIB Bix A It ABOX 3HAYEHD ITa-
pamerpa H mpezncrasiiennii Ha puc. 3. 4K BUIHO, 1A
3aJIeKHICTD BiJI BKA3aHUX MapaMeTPiB Kap/IMHAJILHO
BiJIMiHHA BiJ Ti€l, dka Mae Micie Jjis JificHuX Kope-
HiB :I:C,gr). B nmanomy BUNajKy ysiBHI KOpeHi MOMiITHO
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3aJiexkaTh Bin 3HadenHs H 1 BKpail ciiabo 3asiexkarh
Bin 3Hadenna A. Bpaxosyioun, mo Bei £i(, ~ MaoTb

JOCTaTHBO BEJIUKI 3HaYEHHS 1XHIX MOJYJIiB C,gm), K1
MIBUIKO 3pOCTAIOTH 31 3pocTanuaM ks i H, 3aTyxaroqi
30ypeHHsI MIBUMKO MPSAMYIOTh JI0 HyJs 3i 301/IbIIeH-
HAM BigmaJi Big obJracTi THCKY, IO HAJAJ 1 M aTBep-
JI2KYIOTh TPOBEJIEHI PO3PaXyHKH.

Ha puc. 4 mpeacrasiena 3a71eKHICTh BEJIMINHUA 1O~
panky dyukin Beccens v Bim xBuiboBux ducesn ko
I ABOX 3HadeHb H. fK BUgHO, 31 30iAbIIEHHIM
H rpajieHT 3pocTaHHS 3HAYEHHS ¥ MIBUJIKO 3POCTAE.
Came 1uM 00yMOBJIEHE 3rajyBaHe BUINE 3aCTOCYBa-
HHsI aCUMIOTOTUYHUX IPEICTABJIEHb JJIs BEJIUKUX U
npu obuucienHi oyHkIin Beccens.

XapakKTepHi KapTUHU PO3MOJLIY i30/TiHIN 3MiIeH-
Hg BlIbHOI noBepxHi 7/ Py = const 3a pyxomoro 06;1a-
CTIO THUCKY, BiflHeceHOro 110 BeawdyumHu Py, 11 pis-
HAX 3HAYEHb BU3HAYAJIHHUX mapamerpis a,b,l, H, A
HaBesieHi Ha puc. 5—9. AHaJ3 OTpUMaHUX Y PE3Ylb-
TaTi pO3PaxXyHKiB KAPTUH XBUJIbOBUX IOJIB ITOKA3YE,
0 JJIsT KAHAJMIB 3 TPANEIlie€BUIHOI0 (DOPMOIO ITOIIe-
peuHoro mepepizy (OpMyBaHHsSI XBUJIBOBOI KAPTUHU
30epirae BCi xapakTepHi 0COOJIMBOCTI, BJIACTUBL JJTst
KaHAJIB 3 MPsIMOKYTHOIO (DOPMOIO TIepepizy, HaOyBa-
I09H, OJHAK, JesIKi HOBI ocobmmBocTi. fK Bike Bimmi-
9aJI0Ch, T0JI€ TOMEPEIHNX XBIWJIb y PAMKAX PO3TJIsi-
HyTOl JIHITHOI MOCTAHOBKKA B O0OOX BUITAJKAX CIIiB-
magae. B OukHil 30HI 38 pyxoMor obsractio hop-
MYIOTbCSI CHCTEMHU HOCOBHX 1 KOPMOBUX XBWJIb, IIPHU
IbOMY KYT XBHJILOBOI'O CEKTOPA, B IKOMY PO3MIIIEH]
XBUJIBOBI IiyrH, copMoBaHi iHnTepdepeH e po3di-
JKHUX 1 TIOMEPEYHNX XBUJIb, 3POCTAE 31 301IbIITEHHIM
Besimanan \. BinOyBaerhcst perysisipHe BimOWTTs m0-
BEPXHEBUX XBWJIb BiJl OOKOBUX CTIiHOK. K i y BUmaI-
Ky BigcyrHocTi 60KOBUX criHOK [2, 8, 12|, 3memnie-
HHsI BEJIMIUHU A 3MEHIIYE€ KyT XBUJIBOBOIO CEKTOPA
B OmkHIN 00J1aCTi, M0, 3BUYAHO, 3MIHIOE 3arajib-
Hy KapTHUHY [TOBEPXHEBOIrO 30ypeHHs. 31 3pOCTaHHSIM
BEJIMYMHU A\, IPU OJTHAKOBUX 1HIAX ITapaMeTPax, aM-
ILUTITY/IA TIOBEPXHEBUX XBUJIb 3MEHIITYIOThCS.

IIpo xapakTep BIIMBY Ha Il IPOIECH TPAIIEII€EBU-
JTHOCTI KaHAJIy MOYKHA POOUTH BUCHOBKU Ha IIiICTaBi
BUKOHAHUX PO3PAXyHKIB.

Ha puc. 5 npencraBiena kapTuHa i30J1iHIN 3Mire-
HHsI BLIBHOI TIOBEPXHI /I BOX 3HAYEHb A TIPU He-
3MIHHUX XapaKTEPUCTUKAX O0JIACTI TUCKY 1 KaHAJTy.
Ha obox kapTuHax BHIHO HAsIBHICTH B OJIMKHIN 30-
Hi 32 PyXOMOIO ODJIACTIO TUCKY O0JIACTI XapaKTepHOI
KJIMHOBUTHOT (bOPMU, YTBOPEHOI HOCOBOIO 1 KOPMO-
BOIO CHCTEMAMU XBUJIb, Ki cchopmoBaHi inTepdepen-
i€ po30iXKHUX Ta monepedHnx xBmwib. OcranHi, siK
B2Ke BiJIMiU€HO, IPUCYTHI B O3HAYEHI 00acTi KaHA-
Jsty. Beepenusi 06J1acTi XBUIBOBOTO TOJIsI, /1€ TPUCY THI

O. I'. Crerenko, B. M. Lnbuenko
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Puc. 5. [307iuil 3mintents BiIbHOI TOBEpXHI TpH
A=4,a=1,0=0.2,l=3:
a—H=4;6—-H =12

IepeBazKHO MOIEPEYHI XBUJI, 31 3POCTAHHAM BifjaJii
Bz pyxomoi 0bjacTi 10 TMOYaTKy BiIOUTTS XBUJIBO-
BHUX I[YTiB Bij OIYHWX CTIHOK Ma€ MiCIle 3pOCTaHHS
IXHIX aMIUIITy] Opu 3MeHIenHl Benuawan H. [lpu
JIOCATHEHH] XBUJILOBAMU (PPOHTAMU OOKOBUX CTiHOK
[IPOCJTi IKOBYETBCS TOYATOK Tporiecy ix Bimourts. [o-
PIBHAHHS HaBEJEHUX IOJIB 130JIHIN MOKa3ye TAaKOXK,
o 3Mmeniiedds Besuanau H (1o 36ibmiye mpors-
JKHICTH 30HU CXUJIy OOKOBUX CTIHOK KaHAJy) 301/1b-
IIIy€ MPOTSKHICTH NEPEIHBOrO (PPOHTY XBHUJIb y 30-
Hi CXWIy CTiHKH KaHAJIy. B pe3yabTaTi KyT pO3XUIIy
o0JtacTi, 3aifHATOI TIOBEPXHEBUMU XBUJISIMU, 3POCTAE
(puc. 5, 6), wo, B HeBHI Mipi, BiANOBiAHE 3MEHIIEH-
HIO cepeHbol rnbnHan Kanasy. [lpu npomy, aMmmiTy-
JI¥ TIOBEPXHEBUX XBUJIb 31 3MEHITICHHAM BenduHu H
3pocTtaioTh. Haouno BiinB 3Mmentends Beauanan H
HaUKpaITe CIIOCTEPIraeTbCsl BCEPEINHI 30HU XBUJIHO-
BOTIO KJIMHY, JI¢ 3HAXONATHCS [TEPEBAXKHO IOMEPETH]
XBWJIi. TaM 9iTKO CIIOCTEPIraeThbcs MOMITHE 3POCTaH-
HY aMIUITY[ IUX XBWIb (B HABEJIEHOMY IPOMIXKKY

O. I'. Crerenko, B. M. Lnbuenko

[POIJICHOrO MLIAXY BOHU 3POCJU HPUGIU3HO BIABIY).
Ha mepennix dbpoHTaX XBUIHOBOIO IOJIST TAKOXK Hi-
TKO BUJHO 3POCTaHHSI, XO4 1 MEHIII iIHTEHCUBHE, 1XHIX
aMIITY HAJ JiIIAHKOIO CXUIY CTIHOK KaHAJIy.

/P, x=4
0.1F
ok N /\ /\______
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Puc. 6. Sumimenns BiTbHOT MOBEPXHI B3/I0BXK MTOTEPEIHUX
mepepiziB kKanaiy A =4,a =1,b=0.2,l = 3:
a—H=4;6—-H=12

Ha puc. 6 npencrassieno mpodisi 30ypeHHst Biib-
HOI MOBEPXHI B TPHOX IIONEPEYHUX MMEPETUHAX KaHa-
JIy JUIsi TUX DEXHUMIB pyXy obsacti THCKy, mo i Ha
puc. 5. 3 NOpiBHSHHS BiAmOBiIHUX TPOMIIiB BUIHO,
o Haitblibma (6iabm HizK BABiul) 3MiHa aMIUTYL
Ma€ Micre B yiKe 3rajyBaHiil o0jacti BcepenuHi Ka-
HaJIy MiXK XBHJILOBUMHU Ityramu. Bimomo, mo Tpamc-
dopmMmariis XBAJIBOBUX I[yTiB MOBEPXHEBUX KOPaOEIb-
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HUAX XBIJIb OOyMOBJIEHA IUCIEPCITHUM pPO30iraHHSIM
IXHIX XBIJIbOBUX CKJIAJOBUX. J[JIsT KaHAJIB 3 MOXUIIN-
Mu OOKOBUMU CTiHKAMU Ha Il TTPOIEC BILIUBAE KPY-
TU3HA Ta MPOTSKHICTH MUX cXuaiB. B mepepisi kana-
Jgy npu x = 4 3Mi"a aMIUITy/u B 00J1aCTi LIepeHbO-
ro GppOHTY MOYMHAETHCSI PAHIIIE JJIsi MEHIOro 3Ha-
qenns H. e obymoBaeHO THM, 1O mupUHA 00/1aCTI
BBy OiuHMX cTiHOK pu H = 1.2 mmpima, Hixk npu
H = 4. lle nijkOM TPUPOIHO, BPAXOBYKOUN OLIbIILy
IIPOTSKHICTh CXUIY B IbOMY BHNAAKY. B cmry Bimmi-
qeHol panime MaJjol Bi/IMIHHOCTI CIEKTPiB reHepoBa-
HUX XBUJIBOBUX YHUCeN A4 pizaux H, ciain odikysaTw,
1o HagBHI BigminHocti npodinis 7(y) mia H = 1.2 1
H = 4 obymoBJeHi, TOJIOBHUM YUHOM, BILIMBOM KDY-
Tu3Hu cxuiy. et BB 00yMOBIIIOE 3MiHy Hapame-
TPiB KOXKHOI CKJIaJIOBOI CIEKTPY XBUJIBOBOI'O IIyTa, siK
[Ipu oro HabiraHHI Ha MOXWIY CTIHKY, TaK i IpH Bij-
ouTTi Big Hel.

MO Y
@l

'
N 4=
o

Puc. 7. I30miuil 3mintenHs BiIbHOI TOBEpXHI Tpn
H=12,a=2,0=0.2,1=3:
a—-A=2;6-)X=4

IIpu 36ibInenni JOBXKuUHA 00JIACTI TUCKY Bimmi-
geHi Buie ocobamBoCTi hopMyBaHHS KOpaOETbHUX
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XBUJIb JIOTIOBHIOIOTHCsT 301JIBIIIEHHSIM IMUPUHA 00JIa~
cTi, 3aiiHATOl pOo30iKHUMY XBUIbOBUMHE yramu. Lle
BHUHO i3 MOPIBHSIHHS XBUJIBbOBUX KAPTUH, ITPEICTAB-
JieHUX Ha puc. 5 i 7. BignocHo puc. 7 cmiix BiaMiTu-
TH, [0 PEXKUM PyXy 3 A = 2 B KaHAJIAX BiJHOCUTHCS
J0 Mialla30Hy ABOX KPUTUYHUX NIBUIKOCTEN, e Ti-
JPOJIMHAMIKa XBUJILOBUX IOJIB 3a CyJHAMHU Ma€ He-
JIiHIMHY OpHpoAy i TOMy He ONHUCYETbCA B JIHINHIN
nocranosni [4]. Opuaxk it 9KICHOrO aHaJi3y BILIU-
BY 3MiHU BEJIMYMHN A Ha KAPTHUHY HOJIs JIHIHUX 10-
BEPXHEBUX XBUJIb BUKOPUCTAHHS PO3B’A3KiB JIIHIHHAX
3agaqd jgomyctuMe. J[Isl TOCTATHBO BY3bKHX KAHAJIB
XBUJIBOBI (DPOHTH MIBUIKO JOCIATAIOTH OEPEriB KaHALY
i XBUIbOBA KapTUHA (DOPMYETHCsI, TOYUHAIOYN 3 JIe-
SIKOI BificTaHi BisT pyxomol o0s1acTi, sik iHTepdepeHtiis
Habiraoumx Ta BiOUTUX CUCTEM XBUJIb. XapakKTep-
HOU BUIJVIsI, XBUJIbOBUX KAPTUH JJIs TAKUX CHTYAaIiil
HaBEJIEHO Ha, PUC. 8, JIe MPEJICTABJICHa XBIIHOBA Kap-
THHA JJIs PE2KUMY PyXy 00J1acTi THCKY, BiAIOBIIHOMY
puc. 5, ayte [ KaHAJIy MUPUHOIO 2] = 4.

‘*i'\":\\

o

Puc. 8. I30s1iHil 3mimenns BiIBbHOI MOBEPXHI TPH
l=2,2=4,a=1,b=0.2:
a—H=4;6—-H=12

B nmamomy BumasKy xapakTepHi BiAMIHHOCTI XBH-
JIbOBUX KapTUH MOXKHA BUIIJIATHU JIAIIE Ha MEPETHIX
dpoHTaX XBUIBOBUX IIYTiB 0 MOYATKY 1X BiIOUTTS,
Jie Ma€ MicIle 3pOCTaHHs aMILUIITY/I XBIIb 31 3MeHIIIe-
HHsM BesimanHau H | Ta BcepeauHi KaHaIy MiXK po30i-
KHUMH XBUJIbOBUMMU IyTaMU, Jle TP TaKiil »Ke 3MiHi
H momiTHO 3pocTaloTh aMILIITY/IM HAsIBHUX TaM 30y-

O. I'. Crerenko, B. M. Lnbuenko
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PEHHX MONEePEeYHNX XBUIb. 4K BUJIHO 3 puc. 8, OCTaH-
HE 3pOCTaHHS BCEPEIWHI KaHAJIy Ma€ Micre i mcisd
mepIoro BinmdourTst xBuaboBux Gpoutis. [Ipu mpomy,
JK TIe BUIJINBAE 3 IPEACTABIEHNX TYT Ta HA pUC. 5 1
7 XBIJILOBUX KapTUHAX, SIKIO Ha JISHIN KiIbBaTEP-
HOTO CJIy JI0 IOYATKY BiIOWTTsI XBUILOBUX (DPOHTIB
3pPOCTaHHS AMILIITY 3aBXK/IM OLJIbIIEe IPU MEHITIOMY
suadenHi H, To micis BinOuTTs B 30HI iHTepdepeHtil
BiaOUTUX XBUJIH O1JIBIN iIHTEHCUBHE 3PDOCTAHHS AMILTi-
Ty MOYXKe MaTu Micrie i mpu Oinbmromy 3nadenni H.
B ob6sacti 3akpuruaHUX pekuMiB pyxy, mpu A < 1,
BILIUB HEJIHIWHOCTI Pi3KO 3MEHITyE€ThCSA. TYT BiICY-
THI Tonepedni xBuii. TomMy mpencTaBisSgIOTh iHTEpecC
TaKOYK OCOOJIMBOCTI JIIHIHOTO PO3B’SI3KY J1JIs1 XBUAJIBO-
BOTO TIOJISI B yMOBaX PyXy 00JIACTi TUCKY B KaHAJ 3
TPANEIiEBUTHIM ITONIEPETHUM TIEPEPI3OM 1 JIJTA TAKIX
pexxkumiB. Ha puc. 9 mpeacraBieni BianoBiHi moBepx-
HEB1 XBUJILOBI KADTUHU JIJIs JIBOX 3HAYEHD ITapaMeTpa

H.

Puc. 9. [307iuil 3mintents BiIbHOT TOBEpXHI TpH
A=0.5,a=1,0=0.2,l=3:
a—H=4;,6—-H=12

AHati3z CTPYKTYypHU OJIEPYKAHUX XBUJIBOBUX TOJIB

O. I'. Crerenko, B. M. Lnbuenko

I8 JAHOTO PEKUMY PyXy IOKa3ye i1 BiAIOBIIHICTD
[IPOAHAJII30BAHOMY BUINE XapaKTepy BILUIUBY HA HUX
BEJIMYMHNA CKOCY OOKOBUX CTIHOK KAHAJIY Ta BEJIMYM-
vr A. OxHak, BpaxoByOYn MaJji 3HAYEHHS A\ 1 OmHY
i Ty camy 00JIaCTb PO3PAaXyHKY B3J/I0OBXK KOODIWHATH
T, 3pOCTAHHS AMILIITY B 00/IaCTi IepeIHbOrO (hpOH-
TY XBUJIb Ta BCEPE/INHI XBUIHLOBOI 00J1aCTi MiK P0o30i-
JKHUMU IyTaMU XBUJIb Ta 301JIbIIEHHS KyTa PO3XUILY
XBUJIBOBOI 06J1acTi 31 3MeHIIeHHSM Beandnau H Bu-
paxeHo ciadkirre.

3AKJIFOYEHHA#

B pobori Buepire po3s’s3ana JiiniitHa 3a1a9a po3-
pPaxyHKy I10Jisi KopabeiabHux (6apudyHuX) XBUJIb, I'e-
HEPOBAHUX CTAIIOHAPDHUM PyXOM 00JIacTi TOBEpXHe-
BOTI'O THUCKY B KaHAJI 3 TPAIEIIE€BUIHOI0 (POPMOIO IT0-
IepevHoro mnepepisy. Po3s’s130K 3amadi 3HaX0IUBCA B
IepeTBOPEHI#l cucTeMi KOODJIMHAT, B sIKifi rpaHWYHI
YMOBU Ha KOCHX OI9HUX CTiHKAX TPAHC(HOPMYIOTHCSH B
YMOBU HA BEPTUKAJIBHUX CTiHKAX. 3aCTOCOBAHO Tepe-
TBOperHs Pyp’e 10 MO3TOBKHINT KOOPAUHATI Ta pO3-
KJ1aJ 06pasy moTeHIiasa mBuakocti B psag Pyp’e o
HOBIiI TIonlepedHiit koopauHari. Pazom 3i 3HaiimeHnM
[IPEJICTABICHHSM CKJIAI0OBAX MEPETBOPEHOTO DiBHSIH-
Hsl Jutst (DYHKINT-00pa3y 0 BUIVISALY, SIKUH Ma€ To-
9HUN PO3B’sI30K, 1€ JO03BOJIMIO 3HANTHU TOYHUI PO-
B’SI30K ITOCTaBJIEHOI 3a/1a4i y BUIIsAIl KBaaparyp. Ha
MiCTaBl BUKOHAHUX YUCETHbHUX €KCIIEPUMEHTIB MO-
JKHa CHOPMYJIIOBATH HACTYIHI BHCHOBKH CTOCOBHO
ocobymBocTelt popMyBaHHS KOPAOETbHUX XBUJIh JIJIsT
POSIJISTHYTOTO TUITY KAHAJIB:

1. Bci ocobnmBocTi BIJIMBY TOJIOBHHX TapaMmeTpiB
zagadl (I, A\, a,b) s KaHajiB OPSIMOKYTHOIO IIOLIE-
PEYHOro mepepisy 30epiraroTbCs 1 /I KaHAJIB 3 Tpa-
MEIiEBUIHUM IIepPePizoM.

2. Ilomepeuni xBuJi, reHepoBaHi pPyXOMOIO 00Jia-
CTIO THUCKY, aHAJOTIYHI BUMAJKY KAHAJY MIPSIMOKY-
THOTO Tepepizy. XBUIBOBI 9MC/Ia CIIEKTPY PO30I2KHIX
XBUWJIb, HABITE jiyig H , 6iu3bKuUX J10 ojuHuLi, MaJio (B
Tperifi-uerBepTiit 3Hauymii 1udpi) BiApI3HAIOTHCH
BiJl BUITaIKy MpsAMOKYTHOTO KaHawy. Lle o3nauae, 1mo
BILJIUB CKOCY OIYHMX CTIHOK IIPOSIBJISIETHCS JIAIIE de-
pe3 MexanisMm TpancdopMarii po30iKHUX XBUJIb B
obJracTi cxmtiB GeperiB KaHaJIy siK B IIporeci Habi-
TaHHSI, TaK 1 B IPOIIeCi IX BiAOUTTSI.

3. Ilpu 3menmenni Bequawan H 1 He3MiHHIN TIIH-
6uni kanayy h (3MeHIeHHsT KPDYTU3HU 1, BIOBIIHO,
301/IbIIEHHS] IPOTSXKHOCTI CXUJLY) MA€ Micle TPaHC-
dopmMmarlis XBIJIBOBOTO TMOJIS 31 3POCTAHHSIM AMILTi-
TYJ[ XBWIb, 10 HANOLIBIN MOMITHO B 30HI HabiraHHs
[IePeIHHOT0 XBUJIBBOTO (DPOHTY HA CTIHKY 1 BCepein-
Hi KaHAJIY MiXK PO301’KHUMU XBUJIHOBUMU IyTaMU, Ta
301/IbITIEHHST KyTa PO3XUJIY CEKTOPa XBUJIBOBOTO IO-

7
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s, O6uasi ocobsmBocTi oAIOHI 70 epeKTy 3MeHIIe-
HHS BeJIUInHu h.

B minmomy, K BUNIIMBaE 3 0JIepzKaHUX PE3YJILTATIB,
BIJIUB CKOCY OIYHMX CTIHOK KaHAJIy HA XBUJIHOBE 0JIE
3a PYXOMOIO 00JIACTIO MOBEPXHEBOI'O TUCKY 3POCTAE 31
3MEHIIeHHsIM Besmmanan napamerpa H. B peanbaux
cuTyarisgx obMmexkeHunx apBaTepiB MJisi CYIEH BILIUB
CXWJTIB MO2Ke Oy THU 3HAYHO OiJIBIT iICTOTHUM, OCKIIBKI
B [IPOMY BHUITAJKY BKJIIOYAETHCs BILIMB TAKOTO Iapa-
MeTpa K BITHOINIEHHST CEPEIHBOI ILJIOIL MTOMEPETHO-
ro Iepepisy CyJiHa J0 IUIOINI MOIIEPEYHOrO Iepepi3y
kanasy. et kiac 3a1a49, BKIIOIHO 3 PEXKUMAMU PY-
Xy B Jiana3oHi KPUTUIHUX MIBUIKOCTEH, IMpeICcTaB-
Jisie Hafb1IbIMit iHTEpec.
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