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Axagemuk B. C. 3axapsn, P. B. lannaksan, U. B. Oranucsan

o I'PAHUYHBIX 3HAYCHHUAX MIPOU3BEACHHUSA B,

(Mpencraneno 911 2016)

KiioueBble ciioBa: onepamop unmezpo-oughpepenyuposanus Pumana —
Juysunns, npoussedenue busiwke, npoussedenue [Jocpbawsana, siopa ocpbda-
wisana, knacewl muna upuxie.

Beenenue. Ilycts D :{ Z |2| <]} — €IMHUYHBIN KPYr KOMILUIEKCHOM IJI0C-

kocth €, O<p<+wo. Kjgacc HP ompemensieTcss kak MHOXKECTBO TEX aHa-
JUTHYECKUX B COUHUIHOM Kpyre D QyHKumit f , I KOTOPHIX BBIIONHICTCS

sup{%rzﬂ f (re"” )‘p d¢} < 400,
0

yciioBue

O=sr<1

O kmaccax HP moxno mpouects B [1, 2].
Ilyctp O< p<+o,-1<ag <+, Kitacc A’ ompeznensercss Kak MHOXECTBO

TeX aHaJUTHUYECKUX B [ (byHKIIPIﬁ, IJIA KOTOPBIX BBITIOJIHACTCA YCIIOBUE
r2m
P _ .\ io
10 =[] re)

ITycte 0< p<+oo,-1<ag <+, Kiacc D} ompenensercs Kak MHOXECTBO

prdrd6?< +00 .

TeX aHaJUTHYECKUX B [ (byHKIIPIﬁ, IJIA KOTOPBIX BBITIOJTHACTCA YCIIOBUE
r2m

1 =] § @) (re)
00

B cnyuae, xorna a +1< p, knaccel D) HaspIBaroTcs kiaccamu Tuna Jlupuxie.

prdrd6?< +00 .

Knacc D] HasbiBaeTcst KJIACCOM aHAJIUTHYECKUX B €IMHUYHOM Kpyre (yHKIpmit
¢ KOHEUHBIM HHTerpajoM upuxie.
ITycTh 0CIEI0BATENBHOCT KOMILIEKCHBIX wrcen {2} O D Takas, 4to

> (1-a) < e

n=1

[IpousBenennem bisiike Ha3pIBaeTCA CleAyromas QyHKIU:



©z -z
B(z;{ 4}): Z"—_d—iﬂ zO D.
w=11-722 7
O cBolicTBax NMpou3BeneHuUs bisiiiike MOXHO IPOYECTb, HApUMeEp, B [1, 2].

M. M. JIxp6amstaom ([3], rmaBa 1X) BBemeHBI B pacCMOTPEHHE KIIaCChI
N, (-1< @ < +c0) MepOMOP(HBIX B €AMHHYHOM Kpyre QYHKIMI H yCTAHOBICHO

¥IX TIApaMeTPHUECKOe TIPEICTABIIEHHE.
Kmace N, (-1<a < +ow) ompesensiercs oCpeCTBOM & -XapaKTePHCTHKHI
T, (r.,F)=m, (r.F)+N,(r,F)
KaK MHOXECTBO TeX MepOMOp(HBIX B kpyre |7 <1 dynkumii F(z), wis koto-

PBIX
sup{T, (r F)} <+

O<r<1
Ipu stom dynkuuu m, (r,F), N, (r,F) u T, (r,F) npexcrasmsor cBoe-
0GpasHble aHAIIOTU M3BECTHBIX HEBAHIMHHOBCKUX GyHkumit m(r, F), N(r,F) u
T(r,F), coBmanas ¢ HUMHU Ipy 3Ha4eHUH mapamerpa a =0, Tak uTo Kmace N,

coBmajaeT ¢ kiraccom N HeBannuHHBI.
BwMmecrte ¢ TeM BaxkHOH 0COOESHHOCTEHIO KJIAacCOB Na SIBJIIETCS TO OOCTOSI-

TENBCTBO, YTO JUIA JIIOOBIX 3HAUeHMH —1<a; <a,<+c HMEET MECTO CTPOroe
srmoyenne N, U N, U, B yacTHOCTH
N, DNy =N, (-1<a<0).
Omneparop unrerpo-audpepernuposanus D™ (mpu —1<a < +w ) B CMbIC-

ne Pumana — JIMyBHWIIIsS ¢ HaYaJioM B HYJIEBOHM TOYKE ONpenessieTcsl CIeAyo-
M 00pa3oMm:

o {p(n} =0T Np(r} (-1<a<q).

Anst aHanmuTHaecKux (YHKINH, MpUHAIISKAMuX Kmaccy N, , QyHKIHS

T, (r,F) onpenensercs ciemyrommm o6pasom:
Vs
T, (r.1)= [ D log]f (re) a6,
-

rae
o5 {o(n)} =ma{o™"{o(0)} -4

UzBecTHO, uTO aHanmuTH4eckas GyHKUuUS ki1acca N, UMeeT BUA



t(z)=dr 2 g( 4 g})exp{%j as( i )ZI,M(B)},

A€ y — IpOU3BOJIBHOC BEUIECCTBEHHOC YHCIIO, A - IIPOU3BOJIBHOC HATypaJIbHOEC

- 1
gucio, K, = azﬁ, 1//(«9) — BCIIIECTBCHHAsA (I)yHKI_II/I}I C KOHEYHBIM I10JI-
nin+a
=1

HBIM U3BMCHCHHECM Ha [—IT, IT] '

i +a+ i 0 7
_Z%{gﬂ(k x)” xk‘ldx—fkj(l— R Xt dr} | =<1,
k=1 0 ¢

5.(9- r(lia)[(l_j)w SIHEZ

Oyukuus S, (2 nassiBaercs sapom JixpOawsna tuna llsapua. ReS, (2

Has3bIBaeTcs snupoM Jpxpbanrana tuna Ilyaccona. Ilpu a =0 3tu sapa cosma-
narot ¢ sapamu 1lIBapua u I[lyaccoHa cOOTBETCTBEHHO.

Ba(z;{ an}) HasbiBaeTcs npoussenenuem JkpOamsina. B cnenmansHoM

cliyqae a = 0 MIPOU3BEACHUC Ba COBITAZAACT C IMTPOU3BCACHNUEM bnsmke.

(2 a)) = o ) =[] 222

B pa6ore [4] M. M. JIxp6amsiny u B. C. 3axapsHy yaanochk 10oKas3aTh cie-
IyIOIIee yTBEp KICHHE.
Teopema (o e3aumocsssu npoussedenuti B, u B). Ilpu ycrosuu

[

Z(l—|an|)1+a <+, (-1<a <0

n=1
umeem mecmo npedcmaeﬂeﬂue

B, (z{a})= {4 ﬁ})exp{%,zfﬂ (¢ F “’(‘9)}’

0
20e w(6) — nesospacmarowjas QyHKYUs OZPAHUMEHHOU 8APUAYUU HA [O,27T],
umerowas euo

Ba(rneig;{ an})
B(rnei‘g;{ an})

(0<rl<r2<...<rn <..,rpt 1).

w(8) =lim

n-o

A

D™“log dé,
]
0

9



OcHoBuble pesyabtarsl. Jemma 1. [fyems —1<a <0 u nycms nocinedo-
samenvrocms {z,} O D maxas, umo

i(1_|;1|)“" <+

n=1
Toeoa ecnu npouszgederue Ba(z{ z,}) He npunadnexcum kiaccy D3,
0<B+1<2, mo 2momy KIACCY He HNPUHAOLEHCUM TMAKIICe HpOU3BeOeHUe
B, = B, [B,, 20e

5, (z{3))=[] 5(=

KOHeuHoe npouseedenue Jcpdbawiana ({ z;}lil O D) .

Teopema 1. Ilycms -1<a <0 u nycmb nociedo8amenbHOCHb {Zn} obp

makas, 4mo

> (1-[3])" <o

n=1

Tozoa ecnu npouseeoenue B, ( z{ 4}) umeem KoHeyHwlll unmezpan /upuxie, mo
B, Aeniemcs KoHeuHbIM Npouzsedenuem.

Teopema 2. [lycmv -1<a <0 u nycmb nocie0o8amerbHOCHb {zn} Oob
yoosremeopsiem yciosuio brswxe — [icpbawsina. Toeoa kosgpuyuenmor Teii-
Jaopa 06020 beckoHeune2o Nnpou3eedeHust Ba(z{ 4}) Y00671em8opsiom ycio-

6UIO

oo

> |8, (n) n=+eo.

n=1

Teopema 3. Ilycme —-1<a<Ou nycme nocredosamensiocme {z,} 0 D
yoosenemeopsiem ycioguio Busiwke — [oicpbawsna. Toeoa npouzsoonoe becko-
HeuHo20 npouseedeHus B, ( z{ 4}) ne npunaonexcum kiaccy H*.

Ymeeporcoenue meopemul credyem uz credyroweco gpaxma

H OA;.
HccnenoBanue BBIONHEHO MpH (UHAHCOBOW Moazepxke ['ocynapcTBeH-

Horo komutera mo Hayke MOH PA B pamkax maydnoro mpoekrta Ne 15T-
1A083

APMSIHCKH HaIlIOHAJFHBIN MTONUTEXHUIECKHH YHUBEPCUTET
e-mail: mathdep@seua.am, dallakyan57 @mail.ru, gthjt@gmail.com

Axkanemuk B. C. 3axapsn, P. B. lanaakan, U. B. Oranucsn

O rpaHny4HBIX 3HAa4YeHUSAX Npou3BeeHus B,

[onp3ysice anmaparoMm uHTErpo-guddepenpoanus Pumana — Jlnysmig, M.
M. JLxpOamssH o0o0umun kiiacc MepoMOop(QHBIX B eAMHHYHOM Kpyre ¢(yHkumii P.
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HeBannuHHBI, BBOS TakKe TIPOU3BEACHUA Ba(—1<0’ < +00), KOTOpPBIE B CIICIHAJIBHOM

caiydae a =0 coBmagamoT c mnpousBeneHussMu bmsmke. Ilpu -1l<a<0 M. M.
Joxpbamssny uw B. C. 3axapsHy yaanoch YCTaHOBHTH B3aHMMOCBS3b MEXIY
npousBegeHusiMu B, u B bmamke. B Hactosmeil pabore, monb3yach TeopeMoi o

B3aUMOCBSI3U  IIPOU3BENCHUN Ba(—1<a'< 0) n B=B,, nokaseBaercs, uTO
GeckoHeUHble Ipou3BelieHuss B, He Moryr mpuHauIekaTh Kiaccy D? -aHaTUTHIECKHUX

B €IMHUYHOM Kpyre (yHKUHMHI ¢ KOHEYHBIM HHTerpasoM Jlupuxie. OTo o3Ha4yaeT, 4yTo
HPOM3BOIHAS IPOM3BEACHHST B, He MoXeT NpHHAIIekaTh TakKe Kiaccy H'.

Uljunbdhynu 9. U. Qupupyui, (.9, Fujjupjul,
b. 4. Znyhwhthuyyut

B, wpuunpuyiukph kqpuyphtt wpdtpukph dwuht

Yhpuntyny (thdwb — Thmyhyih hnbgpnphdbpkugdub oybpunnpp’ U. U. Qpp-
puojubip ukpdnist) E dhwynp ppowinud dkpnunpd dniulghwubkph Na(—1<a <+00)
nuubkpp b B, (—1< a< +00) wpuwnpuiibpp, npntp @ =0 hwwnnil] nhypnid hwdpiy-
unwd Bu Ryuolkh B wpunwugpuyubph htw: Zknwqunud U. U. Qppwojutth b 9. U. Qu-
pupuih Ynnuhg vnwglt t B, & B wpunwunpuiibpp juwny pwbwdb, bpp
-1<a <0: Uju wpjuunwipnid, oqunylny tpqus Juuhg, wywugnigynid k, np wtipg
B, (—1< a< O) wpununpuubkpp sk Jupnn wunfwibk] Jhunp oppwitnid wbiwhwnhly
b Jtpgufnp Fhphhuyty

h phuwnbgpuy niukgnn $niulghwbiph Dg nuuht: buyp wpwbwlmd E np
B, (—1< a< O) sh jupnn wuwnwik H ! nuuht

Academician V.S. Zakaryan, R.V. Dallakyan, |.V. Hovhannisyan

On the Boundary Values of the Product B,

The class of R. Nevanlinna’s meromorphic functiomsgéneralized by M. M.
Djrbashyan using the Riemann — Liouville integratdifferentiation operator in the
unit circle including the produ@, (-1<a <+w), which in the special case af=0

coincide with the Blaschke product. Furthermore,emfl<a <0, a connection
between the product8, and B of Blaschke is shown by M. M. Djrbashyan and V. S.
Zakaryan. In this work, using this connection tleemwe prove that the infinite product
B, (-1<a<0) doesn't belong toD; - the class of analytic functions in the unit arcl

with finite Dirichlet integral. It means that therilvative of B, doesn’t belong to the
classH?.
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MATEMATHUKA

VK 514.752.44
A. P. Hazapsn

HOpMaJ'II)HO IVIOCKUEC PUYIH-TIOJTYCUMMETPUYCCKUE
HOI[MHOFOO@])ZBI/IH KOpPpasMEpPHOCTH 1BA ¢ € IMHUYIHBIMUA
HHACKCAMHU PETryJIAPHOCTH U CHHT'YJIAPHOCTH

(ITpencraBneno akagemukom B. C. 3axapsaom 2311 2016)

KioueBble cioBa: puuyu-nonycummempuieckue nooOMHo2000pazus, Ko -
HYCbl HAO PUMAHOBbLLMU MHO2000PA3UAMU, NPAMbLE NPOUIBEOEHUS.

1. Beegenue. IIycte M —pumanoBo MHOroo0Opasue ¢ TeHzopoM Puuun R
U ollepaTopamMu KpUBU3HBI R( X, Y) , rae X,Y — IIpOU3BOJIbHBIE BEKTOPHBIE I10-
msua M. Ecmn R(X,Y) R=0 it mo6bix X,Y, To TeH30p R HasbiBaeTcs mo-

JIynapajjleJIbHbIM, @ caMO0 MHOroo0Opasue M Ha3bpIBaeTCsl pUYYM-TIONyHapai-
JIENbHBIM WM PUYYM-TIOTYCUMMETPUYECKUM. PHUYM-TIOyCUMMETpUYECKUE
MHOI000pa3usi SBJIAIOTCS €CTECTBEHHBIMH OOOOLIEHUSIMH CHUMMETPUYECKHUX,
SUHINTEHHOBBIX, MOJYCUMMETPUIECKUX MHOTOOOpa3uii U pUMAHOBBIX MHOTO-
o06pa3suii ¢ mapasenpHpiM TeH30poM Puuun (cM. [1-3] U uTHPOBaHHYIO B HUX
auteparypy). OOmasi kiaccudpuKanis PUMAHOBBIX PUYYH-TIONYCHMMETPHYEC-
KUX MHOrooOpasuii Obuia monydeHa B [2]. B Teopuu puUYYH-NIONYyCHMMETPH-
YECKUX MHOroo0pasuil M MX H30METPUYECKUX IMOTPY)KEHUH OIHOM M3 aKTy-
IBHBIX 3a/a4 SIBJSIETCS 3a/1ada MX FeOMETPUUYECKOro omnucaHus. PaznuuHble
KJIaCChl pUYYH-TIONYCUMMETPUYECKIX TTOJMHOT000pa3uii ObLIH MCCIeI0BaHbI B
[3-11].

Hacrosimast pabota nocBsiieHa UCCIEA0BaHUIO U T€OMETPUUECKOMY OIIH-
CaHHI0 HOPMAJIbHO IUIOCKUX PHYYH-TIONYCHMMETPHUECKHX MOAMHOT000pa3Hii
KOPa3MEepHOCTH J1Ba C €IUHUYHBIMU MHJEKCAMU PETrYJIAPHOCTU M CHUHTYJISIPHO-
CTH B €BKJIMJIOBBIX ITPOCTPAHCTBAX.

Beipaxkaro uckpeHHioro OnaropapHocts npogeccopy B. A. Mupzosny 3a
OOJIBIIYI0 TOMOIIb, OKa3aHHYI0O MHE Ha MPOTsDKEHHHM Bceid paboThl Haj
pe3yJbpTaTaMu CTaThH U B €€ 0(hOpMIICHHH.

2. Pu4yum-mosycuMMeTpUUYECKUEe TOIMHOr000pa3usi, y10BJIETBOPSIIO-
1ue ycJaoBuIo i, =1, y=v+1. IlycTs B eBKINI0BOM NIPOCTpaHCTBE E, TeH30p

Puyun M-MEPHOI0 HOPMAJIBHO IINIOCKOI'0 PUYYH-TIOJTYCUMMETPHYICCKOIO ITOJ-
MHOF006paSI/I5[ M KOpasMEpHOCTHU ABa UMECT TOJIBKO OJHO HECHYJICBOC cobcT-
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BeHHOE 3HauyeHwe. Torma M [OMYCKAeT WM TOJBKO OJHY TPYIIY TJIABHBIX
BekTOpoB KpuBH3HbI (I.B.K.) W | wmi Toneko ase rpyrmsr r.8.x. WO u Wi,
KOTOPbIE COOTBETCTBYIOT HYJIEBOMY M HEHYJIEBOMY COOCTBEHHBIM 3HAYCHUSIM
Tensopa Puaun. (Onpenenerne rpyrmn W npuseneso, nanpumep, B [7-9]). B
MEepPBOM CiIydae MOoaAMHOroobpasue M sBISeTCs SMHIITEHHOBBIM (HO HE PUYYH-
IUIOCKKMM), & BO BTOPOM Clly4ae — MOy HHINTEHHOBBIM U HMeeT Ooliee CIIOXK-
HYIO CTpYKTYpy. Ilockombky n—m=2, To HepaBeHctBa (2.7)u (4.7)8 [8] mpu-
HUMAIOT CIEAYIOIIUMA BUI:
O<spu-v+k<2, Ospu-v+ig<2,

rae i, 0003HavYaeT MHAEKC PEryJSIPHOCTH, U—V =i —HMHIEKC CHHTYJISPHOCTH,

a K —4HCIIO MOANPOCTPAHCTB poCTpaHcTBa Konedekrrocts T moaMHOroo6-

pasusi, ”HBapUAaHTHBIX OTHOCUTEIBHO OIEPATOPOB KPUBU3HEI R( X, Y) . 13 BTO-

POTo HEpaBEHCTBA CIEAYET, YTO HEOOXOIMMO PACCMOTPETH BCETO TPH CIIyJast:
@i, =1, y=v, ((bO)iy=1, p=v+1, (©)i=2, u=v.

OueBnaHO, uTo B ciaydasx (&)u (C) k=1 wmu k=2, aBcuy4ae (b) k=1.

B cnyuae (b) ycnoBue i, =1 o3Hadaer, 4TO pa3MEpPHOCTh JHMHEHHOH 000-
nouku Bexropos rpymmsl W pasna 1, 1. e. 8 WY Bce BekTopsI KommHHEAPHBI
W, KaKk MBI 3HaeM, OTBEUAIOT CIUHCTBEHHOMY HEHYJECBOMY COOCTBECHHOMY 3HA-
4eHHI0 TeH3opa Puuun. YcnoBue g =v+1 osnauaer, uro rpymma WO coxep-

XKUT TOJIBKO OJMH HEHYJIEBOI CHHIYJISPHBIN I'.B.K. U, BO3MOYKHO, HYJIEBOM I'.B.K.
[Mockonbky TeH30p Puuun mMeeT HeHyJeBOe COOCTBEHHOE 3HAYCHHUE, TO ITOMY
COOCTBEHHOMY 3HAYEHUIO COOTBETCTBYET HEKOTOpPBIN peryispHsii r.B.k. Cie-
JIOBATENBHO, BCE OCTANBHBIE  PETYJISAPHBIE I.B.K. KOJUTHHEAPHBI STOMY BEKTOPY

u npuHaiesxkar rpynme WY . Torga rpymma WY cocront mmm u3 ofmoro pe-
T'YJIIPHOTO T.B.K., UMEIOIEro KPaTHOCTh, WM U3 ABYX KOJUIMHEApHBIX PETYJLIp-

HBIX T.B.K. CiemoBaTenbHO, Tpymmna W He moxer COZIEpKATh pEryIspHbIE
r.B.K. [IOCKONBKY TMIEpHOBEPXHOCTH, HE SBIAIOIIKECH JIOKAJIBHO EBKIMIO-
BBIMH, YIOBIICTBOPSIOT YCIOBHIO 4=V [8], TO B paccMaTpUBacMOM CIydae

MOAMHOT000pasue M He ABIseTCS TUIEPHOBEPXHOCTHIO. 31eCh HE00X0AUMO
paccMOTpeTh IBa ciydas. (b) rpymma W cocrout u3 oxHoro PETyIApHOTO
T.B.K. N, IMEIOIIET0 KpaTHOCTh =2, (b,) rpynma w® cocromr n3 JIByX KOJIIN-
HEapHBIX PErYJISPHBIX T.B.K. N, 1,.

B nHacrosmiedt paboTe MBI pacCMOTPHUM TOJBKO CIydait (bz) . Uccnenosa-

HUs OyZleM NPOBOAWUTH C HCIOJBb30BaHHEM (popManu3Ma pacCclOeHUs ajar-
TUPOBaHHBIX PEMEPOB, C KOTOPHIM MOYKHO [TO3HAKOMHTKCS B paborax [1-9].
[lycte m-MepHOE HOPMAJBHO IIOCKOE MOAMHOrooOpazue M eBKIUAOBa

npocrpanctsa E,,, momyckaer Tonsko oy rpymmy W@ perymspHbIx rB.K.,

m+2
COCTOSIIYIO M3 JIByX HEpaBHBIX KOJUIMHEapHBIX I'.B.K. N,N,, KpaTHOCTeHl p, U
p, cooTBeTcTBeHHO. [lockonbKky B ciaydae (D) BbImOMHSETCS TakKe YCIOBHUE

H=v+1, To M J0OmyCKaeT TOJbKO OJUH HEHYJIEBOI CHHIYJIAPHBIM I'.B.K. N,.
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KpaTHOCTB BekTOpa N, paBHa €IUHUIIE, U OH, KaK MbI 3HaeM, OPTOTOHAJICH BEK-
Ttopam n;,n, [8, 9]. [lockombky n, =An, (A1 #0, A #1), aBeKTOp CpeAHEH KpH-
Bu3HBEI H ompenensercs gopmymoit H = pn + p,n,+ r,, TO U3 yCIOBHSA |nl|2 -
=(n,H) :|nz|2 -(n, H), KOTOpOE PaBHOCHIIEHO IOJTYCHMMETPHUHOCTH IIOJ-
MHOTO006pasuss M , JIETKO MOJNY4HTh, uTo (P, ~1)A°+(p, - p,)A+1- p=0. U3
3TOTrO YpaBHEHHs CIEAYEeT, YTO YCIOBHE P, =1 paBHOCHIIBHO YCIOBHIO P, =1.

B cimywae p, = p, =1 nmoamHOrooOpazne M wmmMmeeT Kome(eKTHOCTh nBa. Kak

M3BECTHO [2], MOAMHOT00Opasusi KOAE(PEKTHOCTH IBa aBTOMATHYECKH SIBII-
0TCS  RiC-TIOTyCUMMETPUUECKUMHA U JaXKe MOy HHINTeitHOBRIMU. [lokaxkeM,
YTO MOJAMHOT000pa3usi KOAS(HEKTHOCTH JBa C JIBYMsI HEPABHBIMU OJIHOKPATHBI-
MU KOJUTMHEAPHBIMU PETYISAPHBIMH T.B.K. U OJJHUM HEHYJIEBBIM CHUHTYJISIPHBIM
r.B.K. B E,, cymecTBylOT. JIeHCTBUTEIBHO, TAKOBBIM SIBISIETCS, HAIPUMED,

NpsIMOE NpoU3BeJeHnE M, X L™?, rme M, — AByMEpHas IMOBEPXHOCTL C HEHY-
JIEBOM TayccoBoW KpuBHM3HOW B E,, oTimunas or cdepbl, a L™ - rumep-
IIOBEPXHOCTH PaHra OJMUH B HEKOTOpoM E_, .

PaccmoTpum ciaydait p, 22, p,22. B aroMm ciyuae, pemas OTHOCUTENBHO

.. 1-
A TpUBEAEHHOE BBILIE YPABHEHUE, [TOIYYUM A = —pll CnenoBatenpsHo, A <0
P~

(T. €. BEKTOPBI N, N, MPOTHUBOIOJOXKHO HANpaBlIeHb) U  H :pz—_zlnﬁns.
P, ~

[Mycts T™, T, T™ oGo3Hayaror coOcTBEHHbIE MOAIPOCTpancTBa B 7, (M),
COOTBETCTBYIOIME BEKTOpaM Ny, n,, n, coorsercrBenHo. Torma T®=TM™ +
T, TO=T™+T!, rae T, NPOCTPaHCTBO OTHOCHTENBHOH AEPEKTHOCTH.
OHO COOTBETCTBYeT HyleBOMy TI.B.K. Kak wMbl 3Haem, dimT™ =p,
dimT™ = p,, dimT® =1, dimT/=m- p- p-1. B uensx ynpouenus BbIumc-
JIEHUH ¥ TEOMETPUYECKOTO ONKCAHUS TOJAMHOT000pasus M OpTOHOpMpETEp
{x.g....6. 6. 6., xXOM, agantupyem CieayiomM 00pasoM:

e.L"”’qu u -[A(nl)' %ﬂ"”' %+ P, u ‘t“z) J §+ p2+1E| T) '

eﬁ+p2+2""Qn|:| T)’(’ eTrl’ %‘}ZD -E( M '

B nanbHeiimem uHIEKCH Oy1yT NPoGeraTh CIIeyOIIKME 3HAYECHHUS:

a,b,cOl,...,p, r,st= p+L..,p+ R

uv,w=p...ma,f=mlm2 ijkil..,n p=p+p,+l

[ToCKOJIbKY HOpMasibHasi CBA3HOCTh IUIOCKast, TO B HEKOTOPOM OPTOHOMpEIEpe
BCE MATPHUIIBI ||hj"|| BTOPO ()yHIaMEHTAIBHOM (HOPMBI @, MOTIYT OBITH OIHO-

BPEMEHHO TPUBEJCHBI K JUArOHAJILHOMY BUY ||/li”’dIj || Torma n =A%¢,,
n,=A’e, ny=A;,, .6, npuuem A7 =A7,a#b, A7 =A],r #s, B cuy KpaTHo-

creif BekTopoB N, u n,. Ilockonbky BEKTOp N, OPTOrOHAJIEH BEKTOpaM N, U N, ,
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a N U n, KOJUIMHEApHbI, TO EAUHIYHbIE BEKTOPHI €,,, U €,,, MOXKEM BHIOHPATh

TaK, 4ToObl €,,, OBUI KOJUIMHEapeH n, u Nn,, a €,,,— BEKTOpy n,, T. €.

n=A"e ) =AM G,, N = AT, Tora arpuust ™, |w*| Gyayr
HUMECTh, COOTBCTCTBCHHO, CJIeD;yIOHII/II/I BUI:
A m+1
a
0
/] m+l
: /] m+l O
r
. /] m+2
’ p
At 0
r
0
0
0

rae A 20, A™#£0,A72£0, AT £ A™

Jlerxo BUAETH, YTO TaKOW BUJA MaTPHULl BTOPOH (yHAaMEHTANBHOW (HOPMBI
a, monMHoroo6pasuss M B E, B HEKOTOPOM OPTOHOPMpETNEPE C TAKHMH XKe

YCIOBUSMHU Ha JMAroHajbHbIE JIEMEHTHI SABJLIETCS 1OCTAaTOYHBIM, YTOOBI M
OBUI0O HOPMAIBHO IUIOCKUM C JIByMs KOJUIMHEAPHBIMH HEHYJIEBBIMH PETYIISIp-
HBIMH T'.B.K. KDaTHOCTEH P, P, = 2 ¥ OJHUM HEHYJICBBIM CHHTYJISIPHBIM T.B.K.

ITyctp {a}, - ,ai"*z} — Koperep, ABOICTBEHHbIN K BEIOpaHHOMY BBILIE pere-
y {x,q,---,eﬂ, €.1s em} . Torna Ha moxMHoroo6pasuu M BBIIOJHAIOTCS Clie-

JYyIoImMe COOTHOLICHMS

of =0,af =A"°3 o 1)

AN G+ NG +(A7 =47 )d =i o . )
Ecmu B (2) i=a,j=b,azb, To umeem hj, =0.Ilpu i =r, j =s,r #s nomy4um
h?, =0. Ilonaras B (2) i=j=a, a 3areMm i=j=b,b#a, Oymem umers

dA{ +Alaf, = M0, dA + Al e = K, 0. TIOCKOIBbKY JIEBBIE YACTH STUX COOT-
HOILICHHI PaBHbI, TO
hr. =0, h, =H,, H.,=H, a L

d/]m+1_haW1M +mm0-la) Am+1 WZ hmFZa) +hl‘ﬁ*—2 (3)

TakuMm sxe 00pa3oM MOXKEM MONYIUTh CICAYIOUINE COOTHOIICHUS:
he =0, MG =t M= £ s

dA™ = hetef + e, AT = hief e 4)

U3 Bropsix ypaBHenwuii cucteM (3) u (4) cnenyer, 4ro

m+2 _ - - 0 /1m+l 2 _ - hrr»2 , /]m+1%+l hmrz . (5)

ar ra IT|+1 aau mu
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Tak kak A™ = 1_—p11 Am

2

, TO, CpaBHHBAs MepBbie ypaBHeHus cucteM (3) u (4),

Oyzem UMeTh

1 _ _1-p
ha'=hy'=0, G
P, -
Torma cucremsl (3)-(5) cBoasTCSA K CIIEAYIONIAM JBYM PaBEHCTBAM:
QAT = e, AT =he ©)
m+2 1 pl m+2
IMTockonbky —{ "'+ TO OKOHYATENLHO NONyYaEM CIIEAYIOIIHE COOTHO-
P,
IICHUSL:
aar = hrra _O hrru - ha
P, -

Ecnu B (2) monoxkuth j=a,i=u, TO MOIy4UM ( -7 )a}; =hl o +hl o +
+h? «'. Corsnacuo pesyabrary Yxens — Kroitnepa (cm.[12]) bopmbr o momk-
HBI BBIPAXAaThCS TOJBKO yepe3 «f u « . [1o3ToMy U3 3TOro paBeHCcTBa CleAyeT,
yro hj,=0 u, clegoBaTelbHO, (/1"’ —A”)af h7of +hl . Orcroma mpu

a=m+lu a—m+2 HUMeeM

m+l ml n+1 m+2 m+2 rT+2
/] haau w*+ haur ’ /]u haau haur (7)
Ecnu B (7) monoxuTh U= p, a3arem U > p TO OyZeM UMEeTh
m+2 _ jamt2 _ m+2 . ap — |2 rr+2
haau haur - 0’ u=> p, A C{) haap w* hapr (8)
Touno Tak XK€, €CJIM B (2) IIOJIOKHUTH J =r,i =u,TO IOoJIy4YuM
m+l U m+2 a m2, .r
AT = w0 AT = —h - R, ©
s TIOCJICAHEr0 paBCHCTBA IIPU U = P, a 3aTEM IIpU U > P 6yz[eM HUMCTH
hrm+2 _0 u> p, /]m+2wp__ ggzwa_hn!EZ(ur. (10)

Hycte B (2) i=u,j=v,u,v> p. Ilockoabky A =AJ =0, 0o hi, =0 mpu
yKa3aHHBIX 3HAUECHHSIX HHIEKCOB U,V. Ecimu B (2) moxoxuts i =j =p, T0 Oy-
nem umeth dA7 +A%af, = h of + I of + f ¢ Tak kax hf =h =0 cormacho

ppa app 'op
pesynsrary Wiens — Kioiinepa, To dAS +A2af; = h o’ . Orciona npu @ = m+1

A a =m+2 UMeeM
Am+2 m+l hmrl d/]m+2 hm+2 . (ll)

m+2 ppv 1 ppv

Ecmu B (2) monoxuts i =u,j=p,u>p, 10 nomyuum A’af =h{ e . Tlo-

ckonbKy hi, =hi, =0 npu n00bIX 3HAYEHUSIX UHIEKCOB U,V, TO U3 MOCIETHETO

ruv

paBeHcTBa MMeeM A, =hi «f +h ", tne w>p. Tak xak hj, =0 npu

u,v>p, TO A”a}‘ h{fppa)p mpu u>p. Orcroma mpu a=m+1l U a=m+2,

COOTBCTCTBCHHO, HMEEM
m+l_0 /1m+2 hrmzwp, u> p (12)

upp
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Ecnu B (2) monoxuth j=a,i =r , TO HOIyIUM

(A7 A7) e =g o +he,a +

ara arr

Orcroma B cuy hi =h =0 wnmeem (/l;” —A )w’ hy.«' . Ilonaras 3mech

aru
a=m+1, a 3aTeM @ =m+2, OyAeM UMeTh, COOTBETCTBEHHO, (/1;“*1—/1[“1)01; =
l_ pl /] m+1
1 a

™', M2 =0. YuutsiBas, 9to A™ =
P,

, M3 TIpEInocieHero pa-

BEHCTBA TOIYIHM
+: + - 2 -
At PP E i, (13)
p, -1
B urore i KOMIOHEHT TeH30pa N MoayyaeM Clieyronme COOTHOIIEHHUS !
h;”bk =0,azb H,=0,r£s, {,=0,u> pw |
— — — +2
hf:r rfar rgn' - Ij’uv - mv PI 0

h;{ = hgbu’ az h I"fru - I‘Zsu’ s 1 ﬁru_ p pl ﬁa\al’

+2 2 _
ho = he” =ho, ™=0, u> p.

C y4eToM 3THX COOTHOIIICHHH cucTeMy ypaBHeHui (6)-(13)Moxem mpeob-
pasoBaTh K CIEAYIONIEMY BUIY:

m+l — pmel MM = G2, gmeL m+L )
dAa — laau a)u, /] m+l haap w A h C() + haur 1
m+2,.p — _j]aM2,.a m+1 - ml, .a m+2 . .0p — _
ATl = -hPw?, A™a ="+ hw?, AT wP = -hiw' (24)
+2, M2 _ e 2 = 2, 20 m+2
A2 = SR A2 = A2t AT huppwp u> p,

Pt P2y gy
p, 1
U3 Tperbero ypaBHEHHUs 3TOW CHCTEMbI IPH U= P M YETBEPTOrO YpaBHCHHS, a
3aTEM U3 MIATOI0 YpaBHECHHS IIPH U= P U IIECTOI0 YpaBHECHUS ITOJIydaeM Cle-
TTyTOIIME PaBEHCTBA.

m+1 m+2 m+1 m+2
haap — _ haap hrrp —_ I‘]rp hm+1 =0.
/]m+1_ A2’ /]m+1_ /]m+2’ arp

a p T

1- P: yma m+l _ 1- p1
- . /1 ’ ’
p2 1 a hrrp p -1 ha\ap

BBIIIC OTHOIICHHI COBIIaJarOT H, CJICIOBATCIbHO,

[Mockombky A™ = TO JIEBBIE YaCTU IPUBEACHHBIX

hm+2 - hm+2 .

B cuny

m2 _ 1- Py me2

™ D, -
2

W2 =0. TocnenHee ycinoBHe TEOMETPUYECKH O3HAUAET, YTO HOPMAIBHBIE K

m+2 m2 _ m+l ml el
o meeM his = hivs = 0. Crnenosarensro, hp™ =his=hir=0,

HO,I[MHOFOO6pa3PIIO M BCKTOPHBIC 1TOJIA €., §,,., [TapaJlJICIbHBI B HOPMAJILHOM

paccioeHuu.
VYuuteiBast 3Tu pe3ynbraTel, cucreMy (14) moxxem mpeoOpa3oBaTh K clie-

IyIOILeMy BHIY:
din

A= AW, u> p, df = AW+ B, u> p,
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— p,-1 +2| _
w;_/shaulipl B, ", u>p, din|A7?= D", (15)
+p, -2
W =Dy, u> p, %wf‘: B, &' U>p, & =a’=w™?=0,
P, -
m+1
rne ¢yskmum A, B,, m D, ompenensrorcs mo Qopmynam A, = /]an"jfl, B =
o hmtzz 1 1
= /]nﬂ:l , D, = /]';:’+2 . [Nockonbky hama; = ha”r'; =0, To A =B,, =0, 410 n Tpex-
a p

ToJIaraeTcs B JaJbHEHIIIEM.

Pacnpenenenue T sanaercs cnenyroiei auddepeHmraTbHON CHCTEMO:

of =0, =0,&f = Q. (16)
Ecnu yuects ypaBHenus cuctemsr (15)u dpopmyist
aj:+l :/‘an’ﬁlwa, afﬂl :/‘rn’ﬁlwr’ a{[n+1 - wam+2 - wrmFZ - 0,
azlwrz :0, u> p’ aj;wz :A:wzwp,

TO JIETKO TO0Ka3aTh, YTO BHEIIHHE AU PEpeHIMANbI JIEBbIX YacTell ypaBHCHUI
cuctemsl (16) Takke paBHBI HyITI0. DTO 3HAYHUT, 4TO cucTema (16) BrosiHe HHTe-
rpupyema. [TockosbKy Mpu BhITONHEHHH YenoBuitl (16) umeem

W =AM AT = A atbw'= Awd u> p, WP =W = =0,

TO MHTErpanbHOe MHOrooGpasue pacmpenenenms T mpencraBiser coGoid
cepy pasMepHOCTH p,, KOTOpyIo OyneM 0003HavdaTh gyepes S™ .

To4HO Tak k€ MOXKHO JI0Ka3arh, 4To AuddepeHnnanpHas cucrema of =0,
@ =0,a =0, 3amaromas pacnpenenerue T™) | Taxke SBISCTCS BIOJHE HHTe-
rpupyemoil. Ero mHTerpansHoe MHOrooOpasue SIBISICTCS P,-MEpHOH cdepoii,
KOTOpyIo OynemM o0o3Ha4yaTh yepes S™ .

AHAJOTHYHO JOKa3BIBACTCsI, UTO AU PepeHInaTbHbIE CHCTEMBI

o =0,/ =0,/ =0 = O,u> p,
o =0,/ =0, = 0 = O,

3aJal0II€e, COOTBETCTBEHHO, PaCIpenEICHUs T u T', BIIOJIHE UHTETPUpPYE-

Mb1. MHTerpansHoe MHOTooGpasie pacnpenenerus T mpexcrasisier co6oid
KPHBYIO C KaCaTeNbHBIM BEKTOPOM €, . [Tockonbky

— m+2 p
de, =[ A;"? 6., + >, Dg |,
u
(uzp)
TO BEKTOP ep HE ABJIACTCA MOCTOSIHHBIM, a4 KpHUBas, CJICAOBATCIbHO, HE ABJIACTCA

npamoii. JIerko BHIETh, YTO MHTETpajbHOE MHOrooOpasue pacrpenencHus T’
MIPEJICTaBIISIET OO0 (m— p) -MEPHYIO TIOCKOCTh, KOTOPYIO OyjieM 0003HaYaTh

uepes E,_,.
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Paccmotpum Temepsr muddepenumansayto cuctemy «f =0, =0, = 0,
KOTOpas 3aJaeT pacupeaciicHue TO =70 4 7 Jlerko MIPOBEPUTH, uTo daf =0,
do/ =0, dw =0 wu, clenoBaTeNIbHO, pPACIpPE/ICICHUE TO HHTETPUPYEMO.

TToCKONBKY HMHTErpaibHOE MHOrooGpasue pacipenenerns T smmsercs
KPHBOI, a MHTerpaibHOe MHOroobpasue pacmpenenenus T' ects (m- p)-

MepHasi IIOCKOCTb, TO HHTErpaTbHOE MHOrooOpasue pacnpeneneHus T

peACTaBIsIET co00ii OrnGaoIy0 OHONAPAMETPHIECKOro ceMeiicTBa (M- p)-

MEpPHBIX IUTOCKOCTEH U, CIIEIOBATENBHO, SIBISIETCS JIOKATEHO EBKIHIOBBIM.
Paccmotpum nmuddepenunansHyo cuctemy of =0, o =0, 3amaromyro

pacipenenenne T™ + T = 7O TTockombky

daf =0, da’ =0, da}‘:%pzl_zamafﬂw’,u> P,

1o pacnpenenerne T Gymer BromHe MHTErPHPYEMBIM TOLIA H TONBKO TOTIA,
— m+l
Korma B, =0,u> p,T.e. ;" =0 npu u> p.
PaccmoTpuM Tpu cirydast.
1. [lycTh MHIEKC OTHOCUTENBHOM Ae(heKTHOCTH MoAMHOT000pasuss M pa-
BEH HYNIO, T. €. T'— HyJeBOE MOINPOCTPaHCTBO. Torna MHOXECTBO 3HAUCHHI

uagexca u (u>p) mycro m B, =0. B sroM cmydae pacmpenencHue
TO =70 4 7lre) , ompeaensieMoe cucteMoit «f =0,w° = 0, SIBIAETCS UHTETPUPY-

embiM. Cucrema (15) B a3TOM cityuae IpUHUMAET CIICAYIOLINI BU:
A =const{#0) dln|/1;“+2 =Dw’, =0, af =w’ =a]=0.

V3 nocienHero ycinoBus cieayer, uto pacnpeenenns T | T2 7 papay-
JIENBHBI B PUMAHOBOM CBS3HOCTH HAa MOAMHOTO0Opasuu M . TIockombKy 3TH
pacmpeieNieH st COMPSKEHBI OTHOCUTENIBHO BTOPOU (DyHIAMEHTAIBHOM (HOPMBI,
TO M SIBJIS€TCS IPSIMBIM MTPOU3BEICHUEM HX MHTETPATBHBIX MHOTOOOpa3uii, T.

e. M=SP"xS”x C, rne C— wuHTerpaimbHas KpHUBas paclpeneieHus T(”3) s
KOTOpast He ABJAETCA NpsAMOM. Takoe Mporu3BeIeHNE UMEET KOPa3MEepPHOCTh TpU
u 6oJee, 9TO MPOTUBOPEUHT HAIIEMY TTPEIITOII0KEHUIO O KOPa3MEPHOCTH.

2. [Tycth mogMHOTOOOpa3ue M HMMeeT HeHYJICBOH HHICKC OTHOCHTEIBHOM

nedexrtHocty, T. €. dimT'21, u nycts B, =0. Torma pacnpenenexue T(l) =
=T g ompezensgeMoe cucreMoit of =0, =0, sBISETCS HHTETPU-
pyembiM. B aToMm ciydae cucrema (15) CBOANTCS K CIEAYIOLICH:
A =consf(#0), A™* =cons{(#0), o = Aw’,
W =AW, u>p, @=af=0, Wf=ai=w=0. (17)
YcaoBue o) =0 O3HAUaeT, 4TO pacrpene’IeHus Ty ) nmapaieNbHbl Ha

uHTerpanbHoM MHorooGpasun MY pacnpenenenms T® . Jlerko Buaers, uto
9TH PacClpeieNeHus] CONPSDKEHBl OTHOCHTEIBHO BTOPOH (yHIaMEHTAIbHOM
dopmsl moamuoroo6pasus MY (sto cnenyer us (17) 1 npexsimymmx popmyn).

CHCI[OB&TGJII)HO, M(l) ABJICTCA TPAMBIM MPOU3BEACHUECM WX HNHTETPAIIBHBIX
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MHOTOOGpasmii, T. e. M®W =SP x §*. U3 Bepakenuit 1 of, of, @°, ° (cm.
(17)) cnenyer, uro M ® sgpnsiercs BrONHE OMOHMIMYECKUM TMOIMHOT000pazueM
B M. [lockonbky moamMHOTOOOpazue M SBJIAETCS MOy HHIITEHHOBBIM, TO

MY Gyner sitnmreitnoseiM (cM. [4]). DTOT BaKT MOKEM OKA3ATH TAKKE Iy-
TEM TPSIMOTO BBIYKCICHHS. JIeHCTBUTEIBHO, MMOCKOIBKY BCE MATPHIBI BTOPOil

o 1) o
¢dbyHaaMeHTaIbHOM (HopMBI OAMHOTO00pa3us M ® imeror IMaroHanbHBI BU,
TO €ro TeH30p Puuum Taxke MMeeT MUAaroHANBHBIN BUI, a HOpMajbHAs CBS3-
HOCTH sBIsieTcsl IUIocKoi. Ecmu wepes fi,,i. 0003HAYNM TJIaBHBIE BEKTOPHI

KpHBH3HBI TToaMEOr006pasus MY | to momyunm crexyromtue GopmyIis:
~ 1 ~ 1 T ~ ~
A= AT"e,, + 2 &, 1=4"g.+> (g, H=pR+pMn.
u u
Brrunciss no obrmer Gopmyne (cM. [8]) auaroHanbHbIC dJIEMEHTH P,, D, TeH-

30pa Praun HO,I[MHOFOOGpaSI/ISI M @ , HOJTYYHUM
X me1)2 P 1
pa :pr :(/]b l) pl_+z fu2 "
p,-1 3

OTtcrofa U cieayeT SHHIITEHRHOBOCTh MOJAMHOTI000pasus MY . Ormernwm, uro

(@

IIOCKOJIBKY Ha M BbImonHsAeTcs paBeHCTBO «f =0, TO TD(M) u T(O), KaK

oApaCCIIOCHUA HOPMAJIBHOI'O PacCCIIOCHUS IJIA M(l), SABIIAIOTCA MapajljiCiib-
HbBIMH B HOPMaJIBHOM PacCCJIOCHUH. Tak xak M g ABJIACTCA HOPMAJIBHO ITJIOC-

kM, 0B T7 (M) 1 TO wEgymMpyroTCes MIOCKHE HOPMATBHEIE CBI3HOCTH. JTO

0
3HAYUT, 4TO Npu &f =0,c)' = 0 BEKTOpHBIE I10JIA ¢, B T Moxmo BBIOpATh TaK,

9T00bl OHM ObUIM mapamiensHel. [locnmeHee paBHOCHIBHO TOMY, 4YTO
of =T,,w". B nanpHelmemM Mbl OyJIeM CUUTATh, UTO €, TaK U BHIOPAHBI.

IMpomomkuM u3ydeHue moaMHorooopasusi M . TTockoJbKy B paccMmaTpu-
BaeMoM ciydae B, =0, To cuctema (15) npuHHMaer cieayommi BU;

dIn|AM™ = A",
o = AW, af = AW, @ =@l =0, (18)
ah =Dw’, u>p, =y =0.

ITockoeky A, =0, TO MOXEM CYHTATh, YTO B TEPBOW, TPETHEH M UETBEPTON

dbopmyrnax cucremsl (18) uHmekc u mpuHEMaeT Bce cBou 3HaueHus. Judde-
pEHLUpYS BHEIIHUM 00pa3oM MepBoe W TperTbe (WM YETBEPTOE) ypaBHEHHSI
9TOH CHCTEMBI M IPHMeHsIs JieMMy KapTaHa, moryanm

dA - Adl = E', E,= E, dA- AW = AAW. (19)
CnenoBatensHo E,, = A A,. duddepenuupys BHEHUM 00pa3oM ypaBHEHHE
P =0 (umu «® =0), 6yaem umMeThb

> AD, =0. (20)

Jlerko mpoBeputh, uto dad'? =0. JuddepeHunpys BHEITHUM 00pa3oM ypas-

m+1

HeHue of =0, nony4um
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ATEAT ST AZ=0.

Haxonen, muddepennupyss BHEmHUM 00pa3oM OCTajJbHbIC JBa YpaBHEHHUS
cuctemsl (18), mpuxoauM K CIEIYIONMM COOTHOIIEHHUSM:

db,-D,u, = E, &', E,= E,, (21)

dD,-D,&f -D,Dw’ = GwP,u,v> p. (22)
PaccMoTprM cienyromue BeKTOPHBIE OIS

§=>Ae, n=De,, (=) Dg,.
! (wp)

[ockoneky A =0, To ¢ opToronansHo 77, a u3 (20) cnenyer, uto & oproro-
HabHO Takke ¢ . OueBHIHO, 4TO 7 U { TaKXe OpTOroHaIbHBEI. PaccmoTpum
TH BEeKTOpHBIE Toisi Ha moamHorooGpasimi MY . Tak kak va MY Bemomnmsior-
cst yenoBusi of =0, o =0, To u3 (19), (21), (22knenyer, 4TO BEKTOPHBIC MOJIS
&, n+{, { mnapamnenbHbl B HOPMAJIbHOM PACCIOCHHUU HOI{MHOFOO6paSI/I$[

0 — ® -
M¥ . U3 (21)nmpu v= p crenyer, uro Ha M™ dyHkims D, sABISETCA MOCTOSH
HOM. Ilockoneky Ha M @ BRImONHAIOTCS TaKKE ycrnoBus o, =af =0, TO Bek-

TOPHOEC IIOJIE €, a CICA0BATCIIbHO U /7, IIAPAJUICIIbHBI B HOpMaJbHOM pac-

p b
cioennn Ha MY, Tenepp MBI MOXKEM CIEIIUAIIM3UPOBATH PENep CIEAYIONIIM
00Opasom. Beibepem BeKTOp €,,, KOJIMHEAPHO ¢, a €,,, KoumHeapHo ¢ . Tor-

na

§=A,n8., A=0,vzp+l, {=D,.6,.,, D,=0,v#p+2,v>p
Iockoneky na MY pynkuus A,,, noctosuna u of =0, To ans Toukn xOME
1MeeM

d(x+ AlLe,) =l g+df e+ B,(dh,, e+dd,, g
=ufe +ae + Ajl(— Ao e— A e) =0.
CrenioBatennbHO X+ A €., = cONs u M@ npuHaTEKHT HEKOTOPOI THmep-
chepe npocTpancTsa E,, 1715 KOTOPOH BEKTOP €,,, SABIACTCS HOPMAJIBHBIM.
Hockonbky A, =0 mpu v# p+1, 1o u3 (19)mpu u# p+1 momyqaem A, [
@ =0.Ecm A, =0, o momyunm, uto of =)' = =0. B cuiy storo, kak

JIETKO TIOKa3aTh, MOJMHOT00Opasue M SBJSeTCs MPAMBIM IPOU3BEACHUEM
IBYX cep U JIOKaJbHO €BKIMJO0BA IOAMHOr000pa3us, OTIMYHOIO OT IUIOCKO-
ctu. Torma M uMmeeT KOpa3MepHOCTb TPU WK OoJiee, YTO MPOTUBOPEUUT IIpea-
TIONIOKEHHIO 0 KopasmepHocTh. CrnenoarensHo A, #0, 1 torma o™ =0. Io-

CKOIBKY ¢} =a}' =0 mpu u# p+l, To OTCIOAa CIEHYeT, YTO paclpeieracHus

T(”l) +T(“2) +L L, roe L, mopoxaaercs BEKTOPOM € a L, sBisercs JuHEH-

p+l?
HOW 00O0JIOYKON BEKTOPOB €,,6,,,,..., §,, NapalIeIbHbl Ha MOJMHOr000pasuu
M . TlockombKy OHM COIpSDKEHBI OTHOCHTENBHO BTOpOW (hyHIaMeHTaJbHOM

¢bopmMer, TO M sBIsieTcss UX NpSAMBIM Tpou3BeneHueM. CriemoBareiabHo, M
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€CTh MPsIMOE MPOU3BEICHUE PUUUH-TIOTYCUMMETPUUECKON TMIIEpIIOBEPXHOCTH,
ONMCaHOW B MYHKTE (e) Teopembl 1 B [3], u TOKaIBHO €BKIMIOBOW THIIEPIIO-

BEPXHOCTH, KOTOPasi SIBJISICTCSI TUIIEPIIOBEPXHOCTHIO paHra oauH (cM. [8]).
3. PaccmotpuM obmmii cimydvait, koraa B cucreme (15) cpenn xoadduiu-
CHTOB B,, HMEIOTCS OTJIMYHBIC OT HYyJS U, KPOME TOTO, MOAMHOroobpasue

M MMeeT HEHYJEBOW WHJIEKC OTHOCUTENBHON aedekTHOCTH, T.e. dimT'=1.
Juddepennupys BHemHNM 00pa3oM mepBoe ypaBHeHue cucTemsl (15), momy-
YUM

(da - Aat) Do + P2 plpz ABw* 0w =0.

OTCIO,I[a JIETKO MOJIY4YarOTCA CICAYIOIINE COOTHOILICHUA .

dAh - AW’Z = Luva)vl LJV: Lvu’ ZAJ aru (23)

B mnockoctu TX(O) PacCMOTPUM BEKTOPBI
F=>Ae&., R,=) B,

Bropoe u3 paBeHcTB (23) sBISICTCS YCIOBUEM OPTOTOHAIBHOCTH MHBAPHAHTHO-
ro BekTopa F K cucreme BEKTOpOB ( ) IMockoneky A, = B,, =0, TO BEKTOPBI
F u F, oproroHaibHsl BeKTOpy €,. CileqoBaTeibHO, OHU IMPHHAIIEKAT

MPOCTPAaHCTBY ~ OTHOCHTENBHOH  nedektHOCTH T, OueBUAHO,  YTO

.-
0< rang( Fa,) < <dimT;. PaccMoTpum Bce BO3MOXHBIe ciydau. Ecnu
rang(F,)=0, 10 B,,=0 ¥ Mbl IONy4aeM CIy4ail, pacCCMOTPEHHbI B I 2.
Ecmu rang(F,)=dimT,, To Ha OCHOBaHMM BTOPOrO U3 paBeHCTB (23) 3aKio-
gaeM, yTo A, =0 a1 moboro u. Torma of =B, &', u, auddepenuupys sto

ypaBHEHUE BHEITHUM 00pa30oM, MOIYIUM
(dBaru - ijuag - Baslpjsr - Bar\[“)\il) Dwr
p,-1 p,-
+m ﬁZ( aranru aru Borv)w Da]b 0.
Otcrona cieayer, uto

ru - Borua}; - BaSlﬁIrS_ Bar\{“)vu: hal’Llé")S ’ Z ( Barv BD[U aru Bnrv)

[TockonbKy mMmocneHee paBeHCTBO UMEET MECTO /ISl BCeX 3HAUYEHUI MHIEKCOB,
TO, TIoJIarasi B HeM b = a, v= u, Oyaem nMeTh

Z Baru Baru =

CnenoBatensHo, B, =0, 4TO IPOTUBOPEUUT MPEANOTIOKEHHIO, YTO HE BCE KO-

sdpduuments: B, pasusl Hyio. [Tycrs 0<rang(F, )< dimT, . B atom ciydae B

aru
IUIOCKOCTH T, MOXXEM IPOBECTH MAOIOJHUTEIbHYIO aJaNTalli0 BEKTOPOB
e, V# p. lIMeHHO, BEeKTOp €, MOXXe€M BBIOpaTh Tak, 4yTOOBI OH OBLI KOJUIU-

HeapeH uHBapuaHTHoMy Bekropy F . Torma F = A e, u, cienoBarensHo, A =0
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npu Uz m. Byaem cuntath, uto A, #0 (MHaYe TOMYYMM NpPEABIAYLINI CIIy-
Yaif).
Teneps BTOpOe U3 paBeHCTB (23) mpUHMUMAeT cieayomuid Bu1: A, B

arm = 0 "
Torma B,,=0 u u3 Broporo ypaBHeHusi cuctemsl (15) cmenyer, uto of =
=A,«. U3 (22)ipu U= m U U# M, COOTBETCTBEHHO, MOJIy4aeM

dA, = L o', a{”:—%aﬂ, (24)

rae u=p, p+1,--,m-1. Jlanee, NOCKOJIbKY IIOCKOCTh T, SIBISIETCS €BKJIUAO-
BBIM MPOCTPAHCTBOM, TO, HE yMalisi OOLIHOCTH, MOXKEM CUMTaTh, 4YTO B T, B
KaueCTBE JIOKAIBHBIX KOOPJUHAT BHIOPAHBI MPSMOYTOJIBHBIE JIEKAPTOBBI KOOP-
muHATHL. Torma o) (u %z p,VE p) JIOJDKHBI 00paIiaThcs B HyJIEBbIe (HOPMBI PH
of =0,af = 0,00 = 0w = 0 (31a cucrema 3amaer pacnpeneienre T'). Orcioma
clenyeT, YTO OHM JOJKHBI BBIpAXaThCsl TONBKO yepe3 of o ,w’. Torma us
BTOPOTO paBeHCTBA B (24) cieayer, 4To

L

o =GJw’, G'=-—=,uzm, L,=0,uzmvz p.
A,
Ilonaras B mociegHeM paBeHCTBE U= m, noayduM L, =0 npu u# m. Toraa
nepBoe u3 paBeHcTB (24) CBOAUTCS K cieaytolieMy paBeHcTBy: dA, = L, .
Y4uuThIBas BCE MOJIYUYEHHBIE BBIIIE COOTHOLIEHUS, a TAK)KE YPAaBHEHUS CHUC-
temsbl (15)u muddepeHuupys BHemHNM 00pa3oM ypaBHeHue «f = A o°, nony-

qyum
(L= A2) " D" + A B 0w’ - Y B, Gl D’ =0.

[Tockompky B, =0, 2-bopmel J" 00, @ Ow',V# p, @ OwP HE3aBUCUMBI,
TO BCEe KO PHUIMEHTH paBHBI HYIr0. ClieIOBaTEIbHO, A,B,,=0,1.e. B, =0,
¥ MBI IPUXOJHM K YK€ PACCMOTPEHHOMY CITydaro.

[IpoBengénnbie HccaeIOBaHMS TMO3BOJIAIOT CHOPMYIUPOBATH CIETYIOIIHIA
pe3yIbTarT.

Teopema. IIycmeo 6 esxnudosom npocmpancmee E, m mepHoe HopmanvHo
n0CKOe PUYYU-NOIYCUMMempuieckoe noomuo2ooopazue M Kopasmepnocmu
08a donyckaem

a) MoAbKO 00HY 2pYRNy wt De2YIAAPHBIX 21A6HBIX 8EKMOPO8 KPUBU3HDL,
COCMOAWYI0 U3 08YX HEPABHBIX KOJIUHEAPHBIX BEKINOPO8,

0) MOLKO 00UH HEHYNEGOU CUHSYSIPHBLIL 2IAGHBII 6EKINOP KPUBUIHDI.
Toeoa M 1okanvho aeusiemcs uiu HOOMHO2000pasuem Kodegexmuocmu 0sa,
unu npedcmasisem cobou npsimoe npoussedenue K™xV, 20e K™ = nonysiin-
WmeliHo8a 2UNepnoBepxXHOCMb 6 HEKOMOpPOM eBKIUO0BOM HNPOCMPAHCHIGE
E ..,M=>5, Komopas A611emcs KOHYCOM HAO NPIMbIM NPOU3BEOeHUEeM 08)YX

cep, a V — eunepnogepxnocmo panza 1.

m+1 7

APMSIHCKH HaIlMOHAJTFHBIN MTONUTEXHUIECKHH YHUBEPCUTET
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A. P. Hazapsn

HopmanbHo niiockue puy4M-noaycHMMeTpHYecKie IoAMHOrooopasusi
KOPa3MePHOCTH /IBA C eIMHUYHBIMU HHAEKCAMHU
PeryJisipHOCTH ¥ CHHTYJISIPHOCTH

I[aéTCﬂ T€OMETPUUYCCKOC OIMMCAHUEC HOPMAJIBHO IUIOCKUX PUYYH-TIOTTYCUMMETPH-
YCCKUX HOHMHOFOO6pa3HIﬁ KOpasMEpPHOCTU ABa C ABYMs HEPaBHBIMU KOJIJIMHCAPHBIMU
PETYIAPHBIMU U OJHUM HEHYJICBBIM CHUHI'YJISAPHBIM I'NTaBHBIMHU BEKTOPaAaMU KPUBHU3HLI B
CBKJIMIOBBIX IIPOCTPAHCTBAX.

U. [}. Luqupyui

‘Unpdw) huppe tpynt Ynwswihh phssh-Yhuwupdbnphly tipupuqunipniiutp
nhqnijjupnipjub b uhignijjupnipjut thunjnp hinkpuny

Eqlyihnbujwb mwpwsnipnibitkpnud npynud £ Eplne Ynsunhh inpdwy hwpp bplynt
ny hwjwuwp hwdwghs nhignijjup b Uk ny qpnyujut uhtignijjup Ynpnipjut gjawynp
Jtjunnpubpny  phssh-Yhuwuhdbnphly  Bupupuquudbnipniiutph  Epjpusuhwulw
uwpugpnipiniip:

A.R. Nazaryan

Normally Flat Ricci-Semisymmetric Submanifolds of Codimention
Two with Unity Indexes of Regularity and Singularity

A geometric description of normally flat Ricci-seayinmetric submanifolds of
codimension two with two unequal collinear reguad one non-zero singular principal
curvature vectors in Euclidean spaces is presented.
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MEXAHHUKA
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C.II. Crenausin

3agaya TepMOyNPYrocTH OPTOTPONHOM NJIACTHHKH-I10JI0CHI
NepeMeHHOM TOJIIUHBI IPU HAJMYUH YIIPYTO
3aleMJICHHOM OIOpbI

(ITpencraBneno akagemukom I'. E. Barnacapsaom 20/X1 2015)

KiroueBble cioBa: opmomponus, niacmuHKa-noaoca, ynpy2oe 3aujemie-
HUe, nepemMeHnas MoauHa, mepMoynpy20Cms, NONEPEUHblll cO8U2.

B Hacrosimei cratse pemaercs 3a1a4a u3ruda TepMoynpyrocTu opToTpor-
HOM MJIACTUHKH-TIOJIOCH! MIEPEMEHHOMN TONIIUHBI C YYETOM IONEPEUHOrO CIBU-
ra, OJUH TOpel KOTOpOH yIpyro 3amiemiieH, a APYrol MIIApHUPHO OMEPT.
[TnacTuHKa-TIOIOCAa HAXOAUTCSA TOJBKO MOJ JeicTBUEeM Temmeparypsl. [Ipuse-
JIeH YUCIICHHBIH NpUMEp, U UCXOZs U3 BBIIOJIHEHHBIX PacyeToB HCCIEN0BaHa
3aBUCHMOCTh OCHOBHBIX BENWYUH (MEpEMEUICHHUN, YCWINH, U3TUOAIONIMX MO-
MEHTOB) OT IapaMeTPOB, XapaKTePU3YIOIIKX MONEPEYHbIH CABHI M H3MEHsIe-
MOCTb IUTACTUHKH 1O TOJIIKHE. [lenaroTcesi KaueCTBEHHBIE 3aKITI0UEHHUS.

1. UccnenoBaHo OfHO U3 INPUMEHEHUH TEOpHH, IPEATIOKEHHON B padore
[1], rme, mONB3ysCh METOAOM TPEICTABICHUS PEIICHUI CTENCHHBIMHA MHOTO-
WIeHaMH I0 MONEpeuyHOd KOoopAMHaTe ¢ ydeToM runore3sl @panna Helimana
[2] (c. 330), mo amanorum ¢ pabotoii [3] monyueHBl ypaBHEHHsS U KPacBbIC
YCIIOBHA 3aJaudl TEPMOYIIPYTOCTH OPTOTPONHON IUIACTHHKH NEPEMEHHOH TOJI-
LIMHBI IPU y4eTe BJIUSHUM MONEPEeUHbIX CABUIOB M W3MEHEHUS TeMIepaTyphl.
PaccMOTpUM OPTOTPOIHYIO IUIACTHHKY-IIOJIOCY C JIMHEWHO-TIEpEMEHHOH TOJ-
IMHON h W mmpuHON | . IIMacTHHKY-TIONOCY OTHECEM K CHCTEME IPSIMOYTOIIb-
HBIX JIEKapTOBBIX KOOPAUHAT X, Y, Z, OCH KOTOPOM MapasuleIbHbI INIABHBIM Hal-

paBlieHHAM OPTOTPONUU Marepuana. KoopIWHATHYIO IUIOCKOCTb XOY COBMe-

CTHM CO CPEIWHHOM IIOCKOCTBIO TUIACTHHKHU-TIONOCH], & OCh 0Z HAIpaBUM Bep-
TUKAJIBHO BHU3. Y CIIOBUMCS, YTO TONIIMHA TNIACTUHKHU-TIOJIOCH], OCTaBasICh CUM-
METPUYHON OTHOCHUTENIBHO CPEIMHHOM IJIOCKOCTH, U3MEHSAETCS JIMHEHHO TOJIb-
KO BJIOJIb KOOPAWHATHOW OCH OX TIO 3aKOHY

h=h+hx, 1.
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rae hy, u h — usBectHsle napaMeTpsl. Ha MoBepXHOCTAX MIACTUHKHU-IIOIOCH

h h .
z:+E u z=—§ JeficTByeT TeMiepaTypa COOTBETCTBEHHO 6° U 6, a u3MeHe-

HUE TeMIlepaTypsl € BHYTPU IUIACTUHKHU-IIOJOCH! OyAE€M CUUTaTh JIMHEHHBIM
OTHOCHUTEIIBHO MOTIEPEYHON KOOPAHHATHI Z

g +6 o
=2+ 2o -0 ). (1.2)

Beenem cnenyromne 0003HaueHNe, KOTOPbIe TPUBOIAT K 0e3pa3MepHBIM BeJIH-
YUHaM!

a=nh,

:ﬁ D= a {D—i B:aan V
B, Bt he

B & = 3B)
x=IX, s=-2, h=RQhH h=ys H=1l+ryx B= mB, ¢,= &, (1.3)
asB,=x.  N=BhN., M=BAM,

3pmece W ecTh nporud, B — MEXaHMYECKHE MAapamMeTphl, KOTOPHIE MO U3BECT-
HbIM (opmynam [1] BeIpakaroTCs Yepes yrnpyrue MoCTOsIHHbIe MaTepuaia, @ —

(byHKIMS, XapaKkTepU3yolias paclupeie/ieHue MOIepeyHoro KacaTenbHOro Ha-
npsokeHust 7,,, N, — HomepeuHas cuna, M, — U3ruOaromui MOMEHT IUIACTHH-

2
KH-TIOJIOCHI.

B pamkax teopuu [2] ¢ momoisio obo3nauernii (1.3) mis 6e3pasmepHOit
MOTEPEYHOM CUITBI M M3rHOAIOIIEr0 MOMEHTA MOTYYHUM CIIEIYIOIHE (YOPMYITBL:

_ 2 H dw__dg, . _ o
NX:EH@—ylS—Z{sH(sEZV—X%j%aﬁ mry)(e -6 )} (1.4)
- H( d*w  dg ). 1 .
V=T HG—WX%J—H( ) (6" -6 )] (L)

re @, U a, —KOI(QQUIMEHTHI TEMIOBOIO PACIIMPEHHs MaTEpPHaIa 1o Harpa-
BJIEHUSM OCEH X U Yy COOTBETCTBEHHO.

2. Jlns pereHus 3aaa4n M3rnoda MIaCTHHKHU-TIOIO0CH Ha OCHOBE [2] 1 0060-
snauenunit (1.3) moxyuum

d
—(H?p,)=0
* (2.1)
d(,,dw) x d d¢) 8%, vy : '
—|H*— |-4—|H?Z22 |+ 2+ L (q, + g+ )=0.
dT([ d’sz s cri o)t Ao, )(67+ )
WHTerpupys nepsoe ypaBHeHHe cucteMsl (2.1), 11 @ nosrydnm
=5 2
5= Ry 12

Moacrasmsis (2.2) Bo BTOpoe ypaBHeHue cucremsl (2.1), mms Ge3pazMepHOro
nmporuda uMeem
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W=c,+ CX-ZIn(1+y) +——2
GBI ) G R
yz(a +ma, )(6" - )[ (1+(1+ yx)) In(1+ y%) - ]

C yuerom (2.2) u (2.3) u3 (1.4) u (1.5) ms GespasmepHoit N, — nomepeynoit

CHJIbI U Mx —1/13r1/16a}0mer0 MOMEHTA IMOJTYUYUM

(4-xv8)-
(2.3)

N, :—1—123y(§g—(ax+ mry)(e’—é?*)) (2.4)
_ —8g+sy(1+ yx)[(afX + mn'y)(ﬁ' —6’*)— $ g} -
x = 123y . ( . )

KpaeBrsie ycimoBus ympyro 3ameMIeHHOTo BuAa Mpu X =0 OINWCHIBAIOTCS ypaB-
HEHUSAMU.
dw dw

w=a -+ BN,, D(aN - M). (2.6)

dx

[TapuupHOE onupanue mpu X = |

w=0, M, =0. (2.7)
OTH yCI0BHS € MOMOIIBIO 0003HaueHui (1.3) npHHUMAOT BUI:
npu X=0

dw  arf — aw_a; ~ -
LS AT Y] 28)

mpu X =1

w=0, M,=0. ®.9
VY nosierBopuB KpaeBbiM yciaoBusM (2.8) u (2.9), ¢ yuerom (2.3) must onpene-
JIEHWsI TIOCTOSIHHBIX MHTETPUPOBAHUS C +C, MOJIYYHM CHCTeMy anreOpandec-

KUX YPaBHEHMI:
a, (¢ +a,lt,+ alct alc= h
a’Zl ml-'- a22 |:t:2+ 323|:|(\3+ a24DC4: bZ
ay, [€ + a;, [+ a,lle;+ a,llc= b,
a, [t + a,[k,+ a,lc+ g dc= b,
3neck by +b,, n KOOPOHUUMEHTHI & ONPENEAIOTCS 10 CIEAYIOMUM popMyJIam:

(2.10)

an:—(1+ nsy)sgys4+ % X) au:n_str%nZSgay, a,=-ns, a,=1.
bl:—[r;—?+3i6n2my9t} a21:—12+ 253'5;:;2352%)(’ azzzl—lz(—sa—%z+ n§ay],
a,=1, a,=0, b= (nszayz_—lzzj;—ﬂ)ﬁt’ - 543;3?;_}:_2/;) 1 832:@1
a,=1, a,=1, b= a(- y+(2s+;/)|n(1+y)), af%/, a“2:_1_1252(1+y)’
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(12+ say- n§ay2)9t

128%y '
IMocne pemenust cuctemsl (2.10)moTydnM BEIpaXKeHHE TSI HEM3BECTHBIX Tepe-
MEHHBIX C +C,. [loncTaBuB HaiiJieHHbIE BhIpakeHust B Gopmyssl (2.3), (2.4)u

a43:0- a44:01 b4:

(2.5), monmy4nm opMyIibI U ONPEIEIeHNs] 3HAYEHHS Ge3pa3MEPHOTo Mporuoa,
TIOTIEPEYHOI CHIIBI M U3THOAIOIIETO MOMEHTA.

Ha puc. 1 - 3npusenensl rpaduKu COOTBETCTBEHHO [UIsi G€3pa3sMePHOTO
nporuba W, mornepeunoro ycwius N, u usrubaromero mMomenta M, Tpu

a =1. Ilpu BEIYUCICHUM MPUHATHI CIEAYIOIINE 3HAYCHHs TapaMeTpoB. m=0.3,
$=0.15, y=1, ot=(a,+ma,)(6"-67)=1,a=05110,x= 0, 10, 20, 3

B tabnuue npuBeneHsl 3HaueHHA Ui Oe3pa3MepHOro mporubda W, more-
peunoro ycunuss N, ¥ u3rubaroriero Mometa M, mpu y=1.

X
0 0.1 0.2 0.3 0.4 0.5
x=0 W | 0.085 0.345 0.767 1.206 1.569 1.797
a=1 N 0.023 0.023 0.023 0.023 0.023 0.023
VIEEE -0.14 -0.12 -0.11 -0.09 -0.08
x =10 W | 0.098 0.384 0.839 1.308 1.694 1.935
a=1 N 0.027 0.027 0.027 0.027 0.027 0.027
M | -018 -0.16 -0.14 -0.12 -0.11 -0.09
x=20 W | 0117 0.437 0.937 1.449 1.867 2.125
a=1 N 0.032 0.032 0.032 0.032 0.032 0.032
M | -021 -0.19 -0.17 -0.15 -0.13 0.11
x =30 W | 0.144 0.515 1.080 1.654 2.118 2.401
a=1 N 0.039 0.039 0.039 0.039 0.039 0.039
M | o026 -0.23 -0.21 -0.18 -0.16 0.13
x=0 W | 0.524 1.215 1.850 2.353 2.677 2.795
a =10 N 0.014 0.014 0.014 0.014 0.014 0.014
M | ©0.09 -0.086 | -0.076 | -0.067 | -0.057 | -0.048
x =10 W | 0572 1.317 1.990 2.516 2.850 2.966
a=10 N | 0016 0.016 0.016 0.016 0.016 0.016
M | 010 -0.09 -0.08 -0.07 -0.06 -0.05
x=20 W | 0.629 1.439 2.158 2.713 3.058 3.171
a =10 N 0.017 0.017 0.017 0.017 0.017 0.017
M | 011 -0.10 -0.09 -0.08 -0.07 -0.06
x=30 W | 0.698 1.588 2.363 2.952 3.313 3.422
a =10 N 0.02 0.02 0.02 0.02 0.02 0.02
M | 013 -0.11 -0.10 -0.09 -0.08 -0.06

29



X
06 0.7 08 0.9 1
x=0 W 1.852 1.712 1.360 0.791 0
a=1 N 0.023 0.023 0.023 0.023 0.023
Vi -0.06 -0.05 -0.03 -0.02 0
=10 | w 1.991 1.836 1.457 0.846 0
a=1 N 0.027 0.027 0.027 0.027 0.027
Vi -0.07 -0.05 -0.04 -0.02 0
x=20 | w 2.180 2.007 1.590 0.922 0
a=1 N 0.032 0.032 0.032 0.032 0.032
M -0.08 -0.06 -0.04 -0.02 0
x=30 | w 2.456 2.256 1.784 1.033 0
a=1 N 0.039 0.039 0.039 0.039 0.039
M -0.10 -0.08 -0.05 -0.03 0
x=0 W 2.694 2.364 1.804 1.015 0
a=10| N 0.014 0.014 0.014 0.014 0.014
M -0.038 -0.028 -0.019 -0.009 0
x=10 | W 2.850 2.495 1.901 1.068 0
a=10 | N 0.016 0.016 0.016 0.016 0.016
M -0.04 -0.03 -0.02 -0.01 0
x=20| w 3.038 2.653 2.017 1.131 0
a=10 | N 0.017 0.017 0.017 0.017 0.017
M -0.04 -0.03 -0.02 -0.01 0
x¥=30 | w 3.267 2.846 2.158 1.208 0
a=10 | N 0.02 0.02 0.02 0.02 0.02
M -0.05 -0.04 -0.02 -0.01 0

Ha puc. 4 - 6 npuBeneHs! rpaduKH COOTBETCTBEHHO [UIsi 0€3pa3sMepHOro
nporuba W, momepednoro ycwims N, u u3rubaromero MomMeHra M, Tmpu

x=10.

3akawueHue. HOJ’Iy‘IeHHLIe pe3yIbTaThl NPUBOIAAT K CICAYIOIIUM
3aKJIFOUCHUAM.

o h
HpI/I Harp€BaHWM HUKHCHU MMOBECPXHOCTU INIACTUHKU Z = E




1) ¢ pocroM mapaMeTpa X, XapaKTEPHU3YIOIIETO BIUSHUAEC MOMNEPEIHOTO
C/IBHTA, IPOTUOBI, MOTIEpEeYHAast CHJIa U U3THOAIOIIMA MOMEHT T10 BEIMYHHE BO3-
pacrarort;

2) ¢ pocToM mapameTpa a , T.€. C YMEHBIICHHEM JKECTKOCTH YIPYTO 3allle-
MJIEHHOH OIOpPBI, MPOruOBl IUNIACTUHKU YBEIMYMBAIOTCS, a IONEpeYHas cujia U
n3rubarolii MOMEHT 10 BeIMYMHE yMEeHbIIAarTca. MakcuMyM IporuooB me-
pemeniaeTcs K ynpyro 3ameMIeHHOH OTope;

_25 £

ol 02 04 06 08 10X

+02
—+0.3t \

+0'4J . x=o s ¥ %0

Puc. 4
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0
-+ 0.05¢ 0.2 04 06 08 10%x
+0.10¢
+0.15%
+020¢ \
F8%8 ) X
|
BN a>).5 a=1 a =10

Puc. 6

3) Bo Bcex ciydvasix IomepeyHas Cuiia mo KoopAnHaTe X, T. €. [0 HIHPUHE
IUTAaCTUHKU-TIOJIOCH], HE MEHSETCs], a U3rM0aroIuii MOMEHT U3MEHseTCs 10 JIU-
HelTHOMY 3aKOHY.

EpeBaHckuii rocyaapcTBEeHHBIN YHUBEPCUTET
C.II. Crenansin

3agaua TEPMOYIIPYIroCcTH OpTOTPOHHOﬁ INIACTHHKHU-ITOJIOCHI
HepeMeHHOﬁ TOJIIMHBI MPU HAJIUYIMHA YIIPYTO 3aleMJIeHHOM OIopbI

Pemmaercs 3amaua u3rnba TepMOYNpPYrocTH OPTOTPOIHOM IMIIACTHHKU-TIONOCH! Tie-
PEMEHHOM TOJIIMHBI C Y4eTOM IONepedyHoro capura. IlmacTuHka-monoca HaxoAUTCS
TOJIBKO T10J] BO3ZICHCTBHEM TeMIlepaTypsbl. [IpUBOIUTCS YUCICHHBIN IPUMEP UCXOIS U3
TOro, 4TO OAWH TOpEIl| IUIACTUHKHU-IIOIOCH YIPYro 3alieMyIeH, a APYrod MapHUPHO
oreprt. [To pe3yabTaTaM BBINOJHEHHBIX PACYETOB UCCIIE0OBAHA 3aBUCHMOCTh OCHOBHBIX
BeIMYHH (MEPEMEIICHHUH, YCHIINH, U3rH0a0MMX MOMEHTOB) OT I1apaMeTPOB, XapaKTe-
PHU3YIOIINX HONEPEUHBIH CIBHUT, U3MEHAEMOCTb IUIACTUHKH 10 TOJIIIVHE, & TAKXKE OT Ma-
pamMeTpa, XapaKTepU3YIOIIEro CBOICTBA YIIPYroro OCHOBAaHUS.
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U. M. Unkthuiyub
Onihnjuwljwh hwuwnnipjub oppnunpny uwi-okpwnp
shplwurwdquljuinipjui unhpp wrwdquljui udpulgldut
httwpwih wnuynipjudp

Lowsynud E thnthnpuwluwt hwuwnnipjudp oppnwnipny uw-okpinh obpdwwnwad-
quiwinipjul punhpp, puujiwlut vwhph hwpdundwdp: Uw-otpunp qgninnud
Uhuyl obpuughtt wqnbgnippub nwl: Ahpdmd E pyughl ophtiwly Bupwungplyny, np uwg-
okpunh Up kqpp wnwaqujui wdpulgyws b, hul dnup” hnpujuwnpbh hkigws: Yw-
nwpyws hwoynudubph hhdwt Jpu hbwnwgnunynud E hhdtwwb Ukdnipniuubph
(mbEnuihnjunipinit, nidkp, énnn Undkuwn) Jwhjwénipniip wyt ywwpwdbnpkphg,
npnbp punipwgpnid Eu puuytwlub vwhpp, uwi-2kpnh hwuwnnipjut hothnpunt-
piniup b wnwdquljut hkbwpwuh hwnljmpniabbpp:

S. P. Stepanyan

Thermo-Elagticity Problem of an Orthotropic Plate-Strip of Variable
Thickness at the Presence of an Elastically Fastened Support

Problem of thermal elasticity of an orthotropic plate-stripvariable thickness is
solved taking into account transverse shear. Thee{dtrip is only under the thermal
influence. A numerical example is given, assumingt tone end of the plate-strip is
elastically fastened and the other one is simpppetted. Based on the calculations, the
dependence of the main variables (displacememntsedpand bending moments) upon
the parameters characterizing the transverse stieanges in the plate thickness, and
the properties of the elastic support is investidat
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2U8UUSUULh @PSNEESNPLLVLELDP URQAUSEL UUUTEURU
HAINMWOHAJIJBDBHAA AKAJAJEMMUSIA HAYK APMEHMHUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

JOKUJAIDBI 2tsuyNps8suveEr REPORTS
i“%lo”i?“ 116 2016 N1

MEXAHUKA
VJIK 539.3

Ynen-koppecnionaenT HAH PA C. O. CapkucsH,
M. B. XauarpsH

MartemaTH4ecKasi MOJeJIb INIOCKOT0 KPUBOTo (KPYroBoro)
YHPYIoro cTep;KHs M0 KJIacCH4eCKON TeOpUH yIPYTrocTH ¢
Y4eTOM NoNepPeYHbIX CABUIOBBIX JAeopManuii

(MpencraBneno 30/X| 2015)

KuarwoueBble cioBa: preoeoﬁ CMeEPIHCEHDb, MOC)@JZb, Klaccudeckas ynpy-
20Cntb, nonepevHvle cosuzu.

Beenenue. B pabore [1] BBABUratOTCS TUIIOTE3bI TIOCTPOCHUS TEOPUH YII-
PYTUX TOHKHX 000J104eK (KaK KIACCHYECKUX, TaK U MUKPOIOJSIPHBIX), KOTOPHIE
000CHOBBIBAIOTCSl ACHMITOTHYECKUM METOJIOM HHTETPUPOBAHUS YpaBHEHUH CO-
OTBETCTBYIOILEH TpexMepHOoW Teopuu. KuHemaTuueckas 4acTh 3TUX TUIOTE3, B
KJIACCUUYECKOM cllydae — KuHeMaTnueckue runotessl Teopun C. I1. TumomeHko
(B MHKpOTIOJIIPHOM Clly4ae — aHAaJOTHYHBIE THIIOTE3bl, KOTOpble 0000IIEHBI U
pacmpoCTpaHEeHbI TaKKe Ha CBOOOIHBIC BPAILICHUS), @ UX CTATUYECKAs 9acTh OT-
JIMYaeTcs OT COOTBETCTBYIOIIMX T'MIIOTE3 YKa3aHHON Teopuu. Ha ocHoBe rumo-
Te3 [1] moCTpOEHBI aCUMITOTHYECKH TOYHBIC M JHEPTETUYCCKH MPABUIIBHBIC
MPUKIIAJHBIE TeOpUH (KaK KIACCHYECKUE, TAK U MUKPOTOJSIPHBIC) YIPYTUX TOH-
Kux 0anok (IMpsIMOJMHEHHBIX), IUIACTHH U 0005104eK [2-6].

OTMeTuM, 4TO B KJIACCHMYECKOH IIOCTAaHOBKE MHOIOYWCIIEHHBIE 3afaui
IIPOYHOCTH, CBOOOJHBIX U BBIHY)KACHHBIX KOJIeOaHUil, paclpoCTpaHeHHs BOJIH
JUI COOTBETCTBYIOLIMX TOHKHX Tell M3YyHaIUCh U NPOJODKAIOT M3ydaTbcsl Ha
OCHOBE yTOYHEHHBIX Mojesell Teopun Tuna C.I1.TuMOLIEHKO ISl CTaTUKU U
JMHAMUKYU cTepkHer [7-9] u mMomeneid, 0000MIEHHBIX HA CIAy4Yad IUIACTHHBI U
o6omnouku [9-14]. OcHoBHbIe ypaBHEeHHs Aedopmaru (CTATUKH W JHHAMUKH)
YIPYTroro KpyroBoro koipla Ha 6aze runore3 C. I1. TumomeHko npuBeIeHHI B
pab6ote [15].

B nanHoi#i pabote pa3BUBaeTCsl METO TUIOTE3 paboThI [1] At mocTpoeHuUs
Ha OCHOBE KJACCHYECKOW TEOpUH YNPYIOCTH NPHUKIATHON MOJENU KpPUBOTO
(kpyroBoro) ynpyroro CTepkHs C Yy4€TOM MOIEPEYHbIX CABUTOBBIX nedopma-
IUH.

1. MocranoBKka 3aga4yu. PaccMOTpUM KPHBOH CTEp)KEHb MOCTOSHHOTO
MOMEePEYHOro cedeHust (B BHAe mpsmoyroipHuka: 2hxb,b=1), ocb KOTOpOro
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ouepueHa 1o okpyxuoctu (puc. 1). Bynem cuuTarh, 4TO UMEET MECTO ILIOCKOE
HanpspKeHHoe coctosinue (Ha puc. 1 mokazaHa cpeAnHHas MIOCKOCTh KPUBOTO
CTEpIKHI), B KOTOPOE BBOJMM MOJIAPHYIO CHCTEMY KoopauHaT (r,¢) .

Puc. 1

B cpenunHON mnockoctd crepxHA (I <r <r,,0<@<¢ ) uUMe0T MecTo
OCHOBHBIE YpaBHEHHUS IUIOCKOH 3a/lauy KJIaCCUYECKOH TEOPHH YIPYrOCTH B I1O-

JSIPHBIX KoopauHaTax [16]:
ypaBHEHHsI PABHOBECHSI

loo, 1 io,, 1 ldo, 2 00,
— -0t -—0,=0, ——2>+—0,+ =0, 11
r a¢ r 022 o r 011 r a¢ r 012 x ( )

(u3MUecCKre COOTHOIIEHUS YIIPYTOCTH

1 1 1
y11:E[011_U022] , yzz:E[Uzz_UJu] ' 1’12:;012; (1.2)

reOMETPHYECKHE COOTHOIICHHS
10V, 1 av, 10V, 1, 9V,
=00 0y =2, ==ty 4 04 1.3
Mo TrY e 2T YTy Ty (13)
IPaHUYHbBIC YCIOBUS
Ha I =0, 0,=0;, 05,=0, Ha [ =1, 0,=0%,0 ,=0", (1.4)
Ha xpoMkax ¢ =0 U ¢ =@, pacCMOTPUM CJIEAYIOIINE TPAHUYHBIE YCIIOBHS:
a) ma $=0, 0,,=0,,,0,=0, mwap=¢,0,=0",0,70", (1.5)
b)ra $=0,V,=V/, V,=Ve;  ma g=g, V=V, V=V, (L)
W3BectHbIM criocoboM Ha ocHoBe ypasHenwii (1.1)-(1.3)merko momy4nts
ypaBHeHHe GajaHca SHEpIuu

[[wrdrdg =2 A, (1.7)
S 2
rae W — [UIOTHOCTb TOTEHIHAIBHON SHEPTUH AeopMariiu

2 2, 1 2
)(V11+2UV]}{ 2V 22+E(1_U)V J: (1.8)

1
W= E(leylz"' Jzzyzz"' JlYl) = 2(17

A —paboTa BHENIHUX MPUIOKEHHBIX YCUITHIA

35



A=[(dv+dy)

& 2 r r
fzd;ﬁ—f( qVv+ qz\é)r:rl [¢_I(U11\/1+012 o0 dr

0 n e
+_[(011"V1+012"V2) dr. (2.9)

N =9,

Kpaesyto 3amauy (1.1)-(1.6)mMo0xkHO CHOpMYNIHUPOBATH IO BAPUALUOHHON TPAK-
TOBKE, TIPU 3TOM 00l QyHKIMOHAN 3aa4u OyAeT BBIMIAACTh CIeNyIOLIM
obpazom:
1oV, ' 1

oV,
I :(D) W-<oy, y11_(? o +r_V2] +022|:y22_?2:|+

lov, 1 oV,
*0y, ylz_(?a_;_r_vl"'?lJ rdrdg -

& &
_J.|:C11+V1+0£V2Jr=r2 ndp+ ([ o i+ @Vzlql rp+ | (1.10)
0 0

a) I = f[aulvl Y

n

2] dr—J‘[aJV;al;’Vz} dr (1.11)
=0 3 b=9,

B ClIy4ae rpaHndHbIX ycmoBuit (1.5),

3

3
6) I = j[an(vl—vl' ) + Ulz(vz— V;)} dr—f[al‘(vl— V';) +0 1( Vs \/"2)} dr(1.12)

n #=0 n P=¢
B ClIydae rpaHu4HbIX ycnoBuit (1.6).

Bapeupyst | mo BceM HE3aBHCHMBIM (YHKIIMOHAIBHBIM apryMEHTaM, W3
BapHalMOHHOTO ypaBHeHust Ol =0 momyunM ocHOBHbIC ypaBHenus ((1.1)-
(1.3)) u rpauununsie ycmoBus ((1.4)-(1.6)) KpyroBoro CTepsKHs IpU ILIOCKOM
HAIPSHKEHHOM COCTOSIHUH.

2. Ucxonnbie nmpeamosoxenns [1-6] 1 mocTpoeHne NPUKJIATHOMH MojIe-
JIH YyIPYroro KpPyroBoro TOHKOIO CTep:KHsI. DTOT maparpad MOCBSIICH I10-
CTPOCHUIO YTOYHEHHOH TEOPUH YIPYroro KPyroBoro TOHKOTrO CTepxHs. [lpu
9TOM HMCXOJHUM W3 TOTO, YTO pacCMaTpHBAaeMbIC YPaBHEHHS KPHUBOTO CTEpPIKHS
JOJDKHBI YYUTHIBATH OAMH U3 BaXKHEHIINX (HaKTOPOB, a UMEHHO, MOMCPCUHbIC
CIIBUTH, U B TO K€ BpPeMs UMETh JJOCTATOYHO MPOCTYIO (HOPMY U HEBBICOKHUH IMO-
PAIOK ISl TOTO, YTOOBI B AAJIBHEHINIEM HMCIIOJIB30BaTh UX MPH pa3padoTke 3¢-
(PEKTUBHBIX YHCIEHHBIX METOIOB PEIICHNUS MPaKTHYCCKU BKHBIX 3a/1a4.

A) B xauecTBe HCXOHOW KHHEMATUYECKOHN MPUMEM THIIOTE3Y IPSIMOMA JTH-
HuK (runoTe3y THMOIIEHKO), COTIACHO KOTOPOil IMepBOHAYANBHO MEPICHANKY-
JSIpHBIN K cpelHEeN JUMHMM CPEAMHHOM IUIOCKOCTH KPYrOBOI'O CTEP)KHS 1O Jie-
(dopmanmu ocraercs mocie nedopMaIiy IPSIMOITUHEHHBIM, HO yXKe He TIepIIeH-
IUKYJSIPHBIM K eopMHUpOBaHHOM cpefHel JIMHHM, a IIOBOpaunBaeTCs Ha He-
KOTOPHIH yToil, He M3MEHsIs TIPH 9TOM CBOEH IUTHHEL BemencTBue sTOro nMeeM
JMHEHHBIN 3aKOH M3MEHEHUsI MepeMeIIeHHH 110 TOJIIHHE CperHel IITOCKOCTH
KPYTOBOTO CTEPXKHSI:

V=u(g)+ %(9), Va = w(e), @.1)
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rae ciaeayer uMMEeTb B BHUIOY, UYTO r:r0+z, l,— paaunyc cpez{Heﬁ JIMHUH,

-h<z<h G(Q]:ﬂ

or 0z
3nech, U(@) U W(P)— nepeMeleHns TOUEK CPEHEH IMHUM B HAmpasJie-

HUSIX 110 e KacaTelIbHON 1 1o HopMaitH; /(¢)— yroi moBopoTa repBoHaYanbsHO

HOPMAJIBHOT'O JJIEMEHTA.
Kunemaruueckas runoresa (2.1) IOMONHASTCS CTATAYECKUMHE TUIIOTE3aMH:
b) O mManocTH HOPMAJIBEHOTO HAIPSKEHUS. J,,, OTHOCUTEIILHO HOPMAIBHO-

O HalpsDKEHWs O, B IIepBOM ypaBHeHUH 3akoHa ['yka (1.2);

. h
B) oTHOCHTENBEHO €AMHUIIBI OyIeM IPeHeOperaTh BETUYHHON OPsIKa —
r0

1 1 1

ron+z (o z)
0 ro| 1+
rO

I') npu onpenenennn aedpopMaliii 1 HAMPSDKSHHUI, CHaYaa JUis KacaTellb-
HOTO HaIIPSDKEHUS O, IPUMEM

S

0
gy, =0'12(¢). (2.2)
IMocne ompeneneHus yKa3aHHBIX BBILIE BETHIUH HOPMYIY UL 0;, MOTpa-
BUM cleayronmM obpazom. UuTerpupyem mo z Btopoe u3 (1.1) ypaBHeHue
PaBHOBECHS U [IPH OTPE/EIICHUH IOCTOSHHOTO HHTerpUpoBanus (BepHee GyHK-
Mu ot @) OyneM TpeGoBaTh PaBeHCTBO Hyiro uHTerpana or—h g0 h ot no-
JY4EHHOTO BbIpaxkeHust. [10dyueHHOE OKOHYATENbHOE BBIPAKEHUE TIOCIE YKa-
3aHHOTO MHTETPUPOBaHMs NMpubaBuM K hopmyie (2.2).
B CcOOTBETCTBHM C NPUHATHIM 3aKOHOM paclpeesieHHs MepeMelIeHn
(2.1),moncrasmsist ero B popmysr (1.3), Haxoaum

ldu 1 1dy ldw 1
= ——+ =W+ 2, =0, =——-—u+y. 2.3
Vi [rod¢ - J . dg Voo K= s 7 (2.3)
[Mpumewm crenyromue 0003HAYCHHUS:
ldu, 1 ldw 1 1dy
== +=w, ==—-Zu+y, K ==-—"%, 24
11 rod¢ r 12 rod¢ r, Y 11 rod¢ ( )

Torna ISl iepopMariiii oTyIuM
J/11:|_11+ZK117 J/12:r12’ y22:0' (25)
@usznueckuit cmeicn I, K, , [, 3akmodatores B cinenyromem: [, — npo-
JOJNbHAs OTHOCHTENBHAS AedopManus cpenHeil muHu; K., — W3MEHEHHE KpH-
BU3HBI cpefHeil nmuHni; [, — caBUTOBas AedopManus B TOYKaX CpeIHEH JH-
HUH.
HUcnonb3ys runore3y b) u hopmyny (2.5), uz popmynsr (1.2) mis Hamps-
KEHUS O, UMeeM
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0, = 311(¢) + Zé11(¢) ) (2-6)
rae
3’11(¢) =Er,;, (;'11(¢) =EK,,. 2.7)
Ilpu omnpeneneHun BbIpaxeHUs O, Ucmoib3yeM rumotess! I') u B). dus
olpeeieHHus TopaBku K Gopmyite (2.2) ypapuenne pasHoBecus (1.1) mpen-
CTaBHM TaK:

12 4 <

oz 1 2 1 dp
rlie B IPaBOW YacTH HEOOX0AUMO yuecTh BeipaxeHue (2.6). [lonygaercs Heon-
HOpoJHOe JuHeWHoe nuddepeHIatpHoe ypaBHeHHE It GYHKINA O, .
CooTBeTCTBYIOIIEE OHOPOIHOE YpaBHEHNE MMEET cieylolee oomee pe-
HIeHue:

dg, , 2 __ 1lodo, (2.8)

7,=Ce" = C[l—g zj, rie C=C(g). (2.9)

rO
YactHoe pemieHue ypaBHeHus (2.8)umeer Bun

0 1
0 __yidon 7 1dow (2.10)

0, = .
r, dg 2r, d¢
Ob6riee pemnrenne ypasHenus (2.8)0ymer

0 1
— _ _2 _ idan_i_l don
7,,=C(9) ” zC(9) zro i 21 dg (2.12)

h
CorsacHo runorese B) TpeOyeM BBITIOTHEHHE YCIOBHS I 0,,0z=0. B pe-
-h

3yJbTaTe AJs C(¢) MOJTYIUM

1
h> 1 dou
Clg)=——= ) 2.12
(¢) 6r, d¢ ( )
IMoxcrasus (2.12)8 (2.11),115 &,, noXy4UM
1 1 0 1
2 2
a__lzzh_idan__lz Ldan_z_l dJn__f_l Cb—ll. (2.13)
6r, d¢ r,° 3 d¢ r,dg 2r, d¢

OxoHuartenpHO 1o runorese B) mis 0, nomyuum (310 cymma (2.2) u
(2.13)):
0 W 1dow 1 _HF do ldow 21d
0, = Ou(g)+ == 2, C0u_, 2 C0n_ 2 2 Tu (314)
6r, dgp r,° 3 d¢ rp d¢ 2r, dg
Jlist oTipesieNieH sl HAIPSHKEHUST O,, WCTIONB3YeM YpaBHEHHE PaBHOBECHS

(1.1):

0
~ 0 1
Tz :C(¢)+[ian—iddalzJZ+—lcrn§ : (2.15)
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C uenpio MpUBEAEHUS IBYMEPHOHN 3aayl TEOPUH YIPYTOCTH K OJHOMEP-
HOMW, YTO YK€ BBINIOJIHEHO JJIs TIepeMEICHUH, neQopManuii U HanpsKSHHH,
BBEJEM CTaTUYCCKU SKBUBAJICHTHBIC K HAMIPSKEHUSAM YCUINS U MOMEHTBI:

h h h
N = Ialldz , Q= Ialzdz, M, = Iallzdz . (2.16)
-h -h -h

Ha ocnose ¢opmyn (2.14) ynosieTrBopuM rpaHudasiM ycnousm (1.4), B
pe3yJbTare 4ero, BO MEPBBIX, IPHIEM K CIAEAYIONIUM YPABHEHUSIM PABHOBECHSL:

1 1dQ_ 1 1dN
~N- , = ———w=h(g+ 2.17
N E T QT ~(q - q)QrOd¢ (g +q).(217)
KpOMe 3TOI0 UMEEM TaKXKEC
0 31 - 211
NZZhgn, Q=2hgwz, M, :%011, C(¢):—h7rl0'11+ (0,2 +02) (2.18)
0

Ha ocHoBe GopMy: 1 1715t HanpspKEHUH MOIyInM (prU3HIecKre COOTHOIICHUS
YIPYTOCTHU AJISl OTHOMEPHOW MOJIETIH:
_ 2ER®

uz

N =2Ehr,,, Q=2uhr,,, M

K, (2.19)

VpaBHenus: paBHOBecus (2.17), dusuueckne COOTHOLICHUS YIPYTOCTH
(2.19), reomerpuueckue cootHorieHus (2.4) MPEACTaBIAIOT COOOW OCHOBHBIC
YpaBHEHHUS MIPUKJIAJHONH TEOPUU KPYTOBOI'O YIPYIOro CTEPKHS C Y4EeTOM IIoIie-
PEYHbBIX CABUTOB (B KIIACCHYECKOH MTOCTAHOBKE).

3. YpaBHeHue 0ajiaHCa JHEPrUM M BAPHANMOHHBIN (QYHKIMOHAJ KPY-
roBoro ynpyroro crep:;kusi. C yaerom gomymienuii A) - I') myHkra 2, npousBo-
Il MHTETpUpOBaHue 1o Z B mpezaenax oT —h no h, mosyuyum BelpaskeHHE JUIs
YCPEIHEHHOTO (PYHKIMOHATIA

Io:T[WO_{l:rn_{iE"'_lwﬂN"{Kn__l%]M +
o Ldg rodg )

{rn [rlg‘g rtuwﬂ Hrd¢ [[a(ur )+ g ] yap

+j[ tw)+ G w| gdp+ 1 (3.1)
g0+ WQ o= Ny — - _Wq‘af:m'
6) I'= N(U_”') p=0 M, (@ =¢")] poo + QW W)| 5o~ N (u- d)‘aﬁdll_

-M,, (¢ _‘ﬂ")|¢:¢1_Q(W_ "‘7)|¢=¢1
3meck yurensl Gopmyist (2.1), (2.4), (2.16)a Takxke hopmyia it yaeib-
HOU 3Hepruu aedopmanun

Enh®

WO:EH_ZIZ.l 3 K11+/’IH_§.2 (32)

Bapbupys |, 1Mo BceM He3aBHCHMBIM (DYHKI[MOHAIBHBIM apTyMeHTaM, Io-
JYYUM W3 BAPHUAIOHHOTO ypaBHeHHs1 Ol , =0 cieqyomne TpyIbl COOTHOIIIE-
HUI: ypaBHeHus paBHOBecHus (2.17),reomerpuueckue cootHotuerus (2.4), bu-
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3UYECKHEe COOTHOLICHHs yrnpyroctu (2.19)u rpaHudHbIe yCIOBUs Mpu ¢ =0 U
=9

CTAaTUYCCKUEC YCIIOBUA

h h h
M, $=0 — M'= JO’iIZdZ q¢:o = Q= J.Jllz dz *¢: o= N= JJ'u dz

'hh '“h ‘: (3.3)
M, |4, =M "= Jal"lzdz q¢:¢1 =Qg-= Jal”z dz I]ll¢,:¢71 = N= fal"l dz

h h “h

IEOMETPUYECKUE YCIOBHS

h , , h ,
u|¢:o:u':2—1hjvl a2 Y= = I Vzdz o= wylh_jh Y dz o
U|¢=¢1: u' 2hj dz 4”|¢ ¢1‘¢’":2hsj\( zdz 1%»1 ("’:—j N d

OTMeTHM, YTO aHAIOTHYHBEIM 00pa3oM W3 ypaBHEHHs OalaHca SHEPTUU
(1.7) nBymepHOIi TeopuH MOIYYMM ypaBHEHHE OallaHCa dHEPTUU HPHKIATHON
MOJIENTH YIPYTOr0 KPUBOTO CTEPKHS

Ewm:%?s. ®.
Trac I& —pa60Ta BHCIIHHUX MPHUJIOKCHHBIX yCI/IHI/Iﬁ
A:J[(QL Q)U+(q+Q)|¢’+ d- g \E+’J¢ N[y =M | = W, g+

+“N"|¢=¢1 '””\/|"|¢=¢1 +WQ’|¢=¢1- (3.6)

3axiaouenne. Ha ocCHOBE IPUHATHIX JOCTATOYHO OOIIMX THITOTE3 MOCTPO-
€Ha MPUKJIaTHas MOJENb YIPYroro KPyroBoro CTepKHs B KIIACCHYECKOH TOCTa-
HOBKE C y4ETOM IIOTIEPEYHBIX CIBUTOBHIX nedopmarmii. [lomydeHo ypaBHeHHe
OayaHca HEpruH ¥ IOCTPOEH BapUAlMOHHBIA (DYHKIIMOHAT MPUKIAIHON Moze-
JIM, HA OCHOBE KOTOPBIX MOXEM YTBEP)KAATh, YTO IO 3TOH MOJENN MMEIOT MeC-
TO BCE DHEPTETUUECKUE TEOPEMBI.
Pabota BeimonHeHa npu ¢uHancoBoil nogaepxkke I'KH MOH PA B pamkax
HayuHoro npoekta Ne SCS 15T-2C138.

I'toMpuiickuii rocy1apCTBEHHBIN Ie1aroru4ecKuil
UHCTUTYT uM. M. Hanbannsxa
Ynen-koppecnonaenT HAH PA C. O. Capkucsn, M.B. Xauatpsax

MaTemaTi4eckas MojeJib JIOCKOT0 KPUBOro (KpyroBoro) ynpyroro
CTEPIKHSA 10 KJIACCHYECKON TeOPHH YIPYTOCTH C Y4eTOM MOINepeYHbIX
CIBUTOBBIX Aedopmanuii

B pa60Te Ha OCHOBE JIOBOJIBHO OOIIMX THIIOTE3 IIOCTpOCHA MaTEMaTHYCCKasd
MOACIIb Z[e(i)OpMI/IpOBaHI/ISI YIpPYroro KpyroBoro CTEpXHsA C Y4YE€TOM IIOINEPEUYHBIX
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CABUI'OB IIO KJIaCCUYECKOU TEOPUU YHPYrOCTH. I/I3y'{eHa OHEPIreTUKaA SIBICHUA |
TIOCTPOCHA COOTBETCTBYIOIICC 06H_[ee BapHallMOHHOC YpaBHCHUE.

22 2UU pypuljhg wunud U.2. Uupquyub, U.9,. uyunpui

Tuwuwljub wnwdqulijuinpiub nbunipjudp phyuyulwt vwhpugh
phdnplughwbtnh hwyurdudp wnwdquljui hupp
Ynp dnnh (opowtiughty) dwptdwnhulwb Ungkp

Pujuljmb punhwinip punyph Jupluwsubph hhdwb Jpu junnigyl) b wnwaé-
qujwi opowbiwghti Annh nEdnpdwghuyh pluyuwytuljwt vwhpbph hwpqundwdp dwuph-
dwnpjuljwi Ungljp’ pun wpwdquljuinpjul quuwlut nkunpub: Qumdbuuhp-
Jws L Eplinyph tubpghnhyui, b jurnigws £ hudwywnwuwb puinhwinigp uphw-
ghntt hwjwuwpnudp:

Corresponding member of NASRA S. H. Sargsyan, M. V. Khachatryan

Mathematical Model of Elastic Plane Curve Beam (Circular) with
Consideration of Shear Defor mationson the Basis of the
Classical Theory of Elasticity

Mathematical model of elastic circular beam is aoeseéd with consideration of
shear deformations on the basis of the classiealryhof elasticity and hypotheses of
general type. The energy process is studied anespwndent variation equation is
constructed.
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Introduction. The space elevator is a new space transportatigimeering
structure rising from the Earth’s equator surfazealbove geostationary orbit
extended out to the level of 144,000 km whererinteates in a counterweight.
The space elevator structure would permit to traviel space from the Earth’'s
surface without the use of space rockets. Conditidoy resulting force of the
Earth gravity inward force and centrifugal outwéodce caused by the Earth’s
daily spinning the structure would be held in tensin which the maximum
tensile strength would reach up to 120 GPa. Cugrentilable materials do not
meet this requirement. Advances in carbon nanatedienology could make it
possible to create a strong type of carbon nanommagerials in future with
tensile strength of up to 200 GPa [1,2]. These aarbanotubes with high
tensile strength, combined with relatively low dgnsmake nanotubes an
excellent construction materialfor a space elevaldre mathematical and
engineering concepts of the space elevator weseifitroduced in [3-5], where
problems of buckling, strength and vibration werescdssed. Reviews,
developments of the space elevator and detailemyrddésr construction and
operation are given, particularly, in [6-15].

The paper is devoted to a new simple design mofiéhearly tapered
space elevator hollow tube.

Mode statement. Let us consider a hollow tapered thin tube withstant
internal radiusr, and variable thicknes$i(y)=h+)0, 1,>>h(y) linearly

varyingalong tube height (Fig 1).

Introducing dimensionless coordinatey/ R, (yis the distance of a point
on the tube measured from the ground level), for tépered elevator tube the
cross sectional areS( X)varying a with position along the tube can be wnitt

as
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'3 —de

Fig 1. The tapered hollow tube.

S(¥ = s(1+ a¥, o= 271, 1)
where § is the cross sectional area of the tube at the groued le
The stress in tube, (X)is determined from the equation [9,10 ]

W—Ropgos(gg(x):o, g(x)=(1+ %7 -8+ %); 2
where R, is the Earth’s radiusp the mass density of elevator tubgis the
acceleration of gravity at Earth’'s surfage= Rg;'w’ =1/288, wis the Earth’s
rotational angular velocity.

The dimensionless stress(x) = (R,pg,) " d,(x) under conditiono(0)=0
can be calculated as[10]

Ot %

9(2) (9 dz
BECE o

The minimal characterizing length- of the tube will be determined from
condition

o(x)=

Ig(z)S( ) dzo0. (4)

In this way we can finally find that

()= x[3(574-x(3+ X)) - 4 1728 { * J( 3 3)] ai(1+x) )
1728 1+ X) (T &) ()

Let note that in limiting casa - « we have that

-x(1728+ X+ 5¢+ 2¢)+ 17281 % 1f 4

I )+ 17262 14)
1728( 1+ X)

Analysis and numerical results. The negative values of parameger

correspond to the tube elevator narrowing up taufhger end. On the Fig.2 are
presented the curves describing the stress stiatles space elevator. The upper
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curve corresponds to the tapered tube wih0.01, the middle curve
corresponds to the non-tapered tube witlv, the lower curve corresponds to
the tube narrowing at ground level (widening aterdpvel) witha =0.01.

Since for the space elevator narrowing at the uppet the stresses
exceeding maximal stress of non-tapered tube dmdy tapered tubes with
positive values ol >0 must be considered (see Fig 2).

o(x)

O.€

O.€

5 10 15 20 \és X
_:)_2,

Fig 2. The stress states for three different space eleti#es.

In Table 1 for different values of paramet@rthe data are presented for
the maximum tensile stresses=maxo(x), the tube minimal lengthl,
under which all stresses are positive (tensile), wadl, the taper ratio
B=maxS(xy minS(¥= SL,)/ & Point x, is the level at the tube, where the

maximal stress occurs. For non tapered cable thénman tensile stress in the
cable occurs at geostationary level [3, 4].

Tablel
a a; X L s

-0.01 0.81 6.21 23.92 0.76

0 0.78 5.62 22.54 1
0.05 0.65 3.78 18.38 1.92
0.1 0.59 3.06 16.66 2.70
0.2 0.53 2.68 14.85 3.97
0.5 0.42 1.81 12.93 7.47
1 0.35 1.61 11.88 12.88
1.5 0.32 1.42 11.46 18.19
2 0.27 1.39 11.32 23.64
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From the results of Table 1 and Fig. 2 data itofell that increasing the taper
ratio B brings to the sufficient decreasing of stresses laniding lengths
compared with non tapered cable.

Conclusions. The new design model for a space elevator cable i
presented, namely, the linearly tapered and widgairupper level hollow tube,
where the maximum stress and limiting length casuféciently reduced. For
these reasons this model can be useful in coninscof a space elevator
cable.

Institute of Mechanics of NAS RA

Academician S. A. Ambartsumian, M. V. Belubekyan,
K. B. Ghazaryan

Stressesin a Tapered Space Elevator Tube

A new design model of the tapered hollow tube &spnted, which can be useful
in the space elevator cable constructions.
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HanpsikeHusi B KoHHYecKoil TpyOKe KocMuyeckoro Judra
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Introduction. The influence of magnetic field on the medium and
particularly on the atomic transitions is of gremportance for a wide range of
applications, starting from magnetometry, spectipgc space research,
medicine, etc.[1-3]. There is a range of studiegeatrated on the investigation
of weak magnetic field influence on atomic tramsis [4]. However, the
behavior of alkali atoms in strong magnetic fiehds been under attention only
recently. The increasing interest is due to thé fhat the external magnetic
field eases the study of atomic states structutkteansitions, as it separates
degenerate states well from each other making lpessheir experimental
detection. Investigations on atomic states®®b, ®Rb, '*Cs and*K are
already published in [5-9, 11]. However, there @ sufficient up to date data
on“*%K and*K isotopes as they are of low densities in nat6ra% and 0.01%,
respectively). In the current paper we presentttierfirst time our theoretical
studies of thé'K isotope O and D) lines in the presence of external magnetic

field while interacting withr(B||E) polarized laser field.

The essence. To understand the behavior of the alkali atoms,uketsee
what is happening to the quantum numbers. Thetiggliof atomic levels in
weak magnetic fields is described by the total &éargmomentumr =J+1 of
the atom and its projection , where J = L+ S is the total angular momentum

of electrons and is the nuclear spin. In the Hyperfine Paschen-B&tRB)
regime J and | become decoupled and the splitting of the atomiels is
described by their projectionsm, andm . For alkali metals the HPB regime

takes place at field8> B, = A,/ 4, , where A is the ground-state hyperfine
coupling coefficient (magnetic dipole constant) gmndis the Bohr magneton.
For “)K isotope it is easy to calculat® =90G. The relevant atomic

48



configuration is presented in Figure 1 in the bas$it and! quantum numbers

for D; and D lines. Below we show that at strong external mégnigelds
initially strong transitions weaken, instead, titioss that were negligibly weak
(or even initially forbidden) become stronger aiglble. The latter ones we call
initially forbidden further allowed (IFFA) transins, labeled as 3 and 11 in
Figure 1. The arrows there show the transitions i@ain at strong magnetic
fields. Numbers in rectangles correspond to thesmnsitions. Also,
corresponding transitions in the,m. basis are shown for,Cand B lines in

Table 1 and Table 2 respectively.

my

-3/2 -1/2 +1/2 +3/2
my

my=+3/2 ——
32 12 +12 32
my=+1/2 —— — % - my = +1/2
my; = —1/2
my=—1/2 _
my; = —3/2
[o] (D] [Bs] |[ee]
o] | L] | [a]] [=]
my; = +1/2
[E L O O m= 1172
12 2 5 [ﬂ]
my=—1/2 1 my=—1/2

Fig. 1. Relevant atomic levels and transitionsha basis of the quantum numbers m
and m. The left configuration corresponds to thelDe, the right one to the Jine.
The numbers on the transitions correspond to taesitions that remain in strong
magnetic fields (wherB = 90G).

There is another phenomenon that has been obsewdd, investigating
alkali atoms D line behavior in ther polarized laser radiation field. There are
transitions that are not changing their probab#gitand maintain transition shift
slopes, which we call guiding transitions (GT). Tiw® GTs, labeled as 7 and
14 in Figure 1, maintain their probabilities andftsslopes in a very large range
of external magnetic field (from 0 G to ~ 250 kGhe upper limitation is due
to the fine structure constant.

The model. The theoretical model is based on the Hamilton@antlie D
line of alkali atoms for any static magnetic fi¢ld]. The diagonal terms of the
Hamiltonian have the form

(Fm|H.F.m)= E(F-t g m B @)
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Table 1l

D, line(]d=1/2) ~|J =1/2), labelsfor 7 transitions corresponding to the

labelsin therectanglesin Fig. 1

[F=1m) - |F.m.=m)

m - -2 -1 0 +1 +2
F'=2 2 4 6
F'=1 1 S
|F=2m) - [F.m. = m)
m - -2 -1 0 +1 +2
F'=2 7 9 11 13 14
F'=1 8 10 12
Table2

D, line(]d=1/2) ~|J' =3/2),labelsfor 7 transitions corresponding to the

labelsin therectanglesin Fig. 1

[F=1m) - |F.m.=m)
m - -3 -2 -1 0 +1 +2 +3
F'=3 3 7 10
F'=2 2 6 9
F=1 1 5 8
F'=0 4
[F=2m) - |F.m.=m)
m - -3 -2 -1 0 +1 +2 +3
F'=3 12 | 15 19 22 24
F'=2 11 | 14 18 21 23
F'=1 13 17 20
F'=0 16
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where E,(F) is the atomic energy in the absence of magnetid 8,, g, is the

corresponding Landé factor. The off-diagonal magtexnents may be non-zero
only betwee\F =+1,Am. = 0.

[(3+1+)"-F* [F2-(a-1)7] N

F
() @

We use the eigenvalues to calculate the energislef¢he excited and the
ground states and the state vectors are expressedms of the unperturbed
atomic state vectors

C

(F-1m |H[.F.m)=-2(g-q) B

@ (Fom)) =3 Cec| Fomy ®3)

and

|z//(Fg,mg)>:;chFé F, m) (4)

where the sums are only over the state vectormatie samem. since the
perturbation introduced by the magnetic field cegpbnly sublevels with
Am. =0.

The energy shifts calculated by Egs. (1-4) areeuries] in Figure 2. As we
see, starting from relatively not strong magneigtds (compared to Rb [5-7]
and Cs [8, 11]), at around 300 G and 400 G fprabd D lines, respectively,
this dependence becomes linear. The mentionedeliite (300 G and 400 G)
is caused by the presence of electric quadrupatstant B,) in B,, states,

which is absent far=1/2 states. Note, that the calculations show that this
linearity goes up to 250 kG, however, this is nasented here in order to have
a better view on the transition shifts behaviore Trashed lines in the figures
represent the transitions, whose probabilities temdzero and they are not
visible in the experiments under strong magneglti§i. The solid lines are those
transitions whose probabilities are not negligibted they can be seen in the
experiments. As mentioned above, the definitiontted numbers with the
corresponding transitions in the,m. basis is shown for Dand B lines in

Table 1 and Table 2, respectively. It is worth tention, that in our previous
experiment performed using nanocells [11], one datermine the 41K
transitions in the atomic absorption spectrum {@hich, however, are much
weaker compared to tH& atomic transitions, as the density of the forniser
much smaller than that &K.

The intensities of the transitions are calculated presented in Figure 3.
As it is well seen for the D(the left figure) and B (the right figure) lines the
transitions that were strong in the presence ofawbak magnetic field § <80
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G for D, line and B<10 G for D; line, i.e. dashed lines), become negligibly
small at B>300 G and B>400 G, respectively, therefore they are no more
visible in the experiments, while IFFA as well @&sd probable transitions
become dominant.

Trausition st MHZ)
“Traekion s @M

— e
g 50 16 150 2080 e a0
Magmstic feid {15

Fig. 2. Magnetic field dependence of the energftsiuf the*!K isotope O (left) and
D, (right) lines. The solid lines describe the tréinsis which exist in HPB regime,
while dashed lines describe transitions whose fitibas tend to zero in HPB regime.
The zeros ar€=2, me=-1toF' =1, me=-1.
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Fig. 3. Transition intensities dependence on magrietid for D, (left) and D (right)
transitions of 'K isotope.

The reason for having only 8 transitions for &d 8 transitions for D
lines for 7z polarized laser field is that in rather strong>{ B) external

magnetic fieldsF is no longer a “good” quantum number. The “goodaagtum
numbers become and J (with their projections). GT appears because ef th
atomic states coupling (in an external magnetitd¥ieOnly the states which
satisfy AF =+1,Am =0selection rules are coupled. Coupling is the

superposition of the quantum states. Since thetpadion axis is the external
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magnetic field, onlyAm. =0 states can be coupled (as was mentioned above).

Not to have the same statas should bexl and not zero (Table 3). The GTs
exist exceptionally between two uncoupled statemndd, for*’K and for

(B|E) polarization radiant field GTs are §,(F=2m=-2) -
- R,(F=2m. =-2)andS,(F=2,m =+2) - B,( F=2,m =+2 transitions.

Table3
Atomic states. UC-uncoupled states, C-coupled states

m - -2 1] 0 +1 +2
S,, states
F= uc C C C uc
=1 c| C C
R,, states
= ucC C c C ucC
=1 C C C
m - 3| 2| 0 +1 +2 +3
P, states
F=3 ucC C C C C C uc
F=2 c| C C C C
E=1 C C C
F=0 Cc

As a last step, we have calculated the spectfakoD, and D) lines for
B=0G,B= 200G, B=400G and B=0G, B= 250G, B=500G magnetic fields,
respectively.

The components coming from=1 are in black and the components
coming fromF, =2 are in blue. The components’ full width at halfximaum is
We,w =50 MHz, The cumulative curves for different increasing metie fields

are respectively in cyan, red and yellow. We cl#iat it is exactly what will be
seen while performing experiments with i isotope. Particularly, using the
nano-cell with the thickness #2 (A = 770 nm) and filled with th€K, in the
way as it was experimentally realized for € atoms [9].
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Fig. 4. Spectra of’K (a) D, line; (b) D, line for B=0G, B= 200G and B =400G
magnetic fields. The zeros are F=2:1 to F=1, m-=-1.

Conclusion. We have theoretically studied the behaviof'&f D, and D
lines for 7 polarized resonant light in the presence of stimagnetic field. We
have shown that for this case in [he there are two guiding transitions that
maintain their probabilities and frequency slofgearticularly, we explain the
reason of GT existence, we observe reduction ofmage transitions and
difference of two D lines behavior in HPB regimendily, we present the
theoretical 3D spectra for D lines for different gnatic fields. It should be
noted that a complete HPB regime for relatively lmagnetic field~ 400 G
has been demonstrated, while this value of magfietitis the smallest for all
alkaline metals.
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Theoretically research of the behavior %K D, and O lines forx polarized
resonant light is conducted in the presence ofmgtrmagnetic field when the total
electronic angular momenturd and nuclear spirl are decoupled. We show that in
the case of linear polarization and for Iibe there are two transitions, so called guiding
transitions (GT) that maintain their probabilitiaed frequency slopes. In Hyperfine
Paschen-Back (HPB) regime other transitions areérmphogether to those GTs, making
2 groups (4 in each). Each transition in the grbap the same frequency slope and
probability as the GT in their group. It is demaagtd that from 12 (P and 20 (D)
initially allowed Zeeman transitions (taking intocaunt the selection rules) at low B-
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field, only 8 transitions in each D line remainahsorption spectra atB >200G. A
complete HPB regime for relatively low magnetiddie B ~ 200G has been observed.
This value is the smallest for all alkaline metals.

U.G. Snunjut

4K munnup Jhguljutiph Jupph nwkuwluit hbnwgnnnieniup
nidln dwqihuwljwib b 7phtnugdudp juqbpuyght nugnnid

Stuwuwunnpkt ntuntdwuppyty 4K Di b D2 gdbiph quppp 77 pilinug]ws nkqn-
twbuught quonnd’ nudbn dwqihuwlui guonh wouympudp, bpp gnidwpughl
LEyupntughtt winibughtt J dndbnp b dhgniuyhtt | uwhbp mwpubywngws L
8nyg k wipdby, np gdwyhtt pikinwgws nyuh hwpnid Di génud b kplynt wbgnidukp,
wjuybu §nydus ninkljgny wugnidubp (NRU), npnup dwqhuwfub puonnid wuwhww-
unud kb hpkg hwjuwiwlwinipnitibpt ot hwdwhiwght okindwt phpnipniuubpp: Shp-
unipp Muwpkt-Fulh nkdhunud (ML) Uiniu wugnidubpp dhwnpdnud Eu uyn NRUukph
onipg wpwewghtmy] snpuwlwi whgnmukpny kplyne unidp: 8mpupwignip udph w-
Ukt wugnud dqunud | hp jadph NPUL hwdwhiught okndwt phpnipjutt nt hwjubw-
Juunipjutp: 8nyg t wipyk, np poyp dwquhuwlub quonbtpnd enljdwt jubnttbpnyg
wuydwiwynpus h uljqpuik pnyjunpdus 12 (D) b 20 (D2) QEkdwbyut wagnidutnhg,
Jruidwh uykljnpnud, 200 @ nupwnnid, mpupwibgnin D gdnud dinud ki 8 wgnudubin:
Yhunly b junwpyuy @M plingp, hwpupbpuljub pog; 400 @, wpnwpht uownn:
“wpwnh wyu wpdbpp wdktwthnpnpt k pnnp wjjuh dbkinwunubph hwdwp:

A. E. Tonosin

Teopernyeckoe UCcJaeI0BaAHNE MOBEIECHU “K aromos B
JT-OJISIPU30BAHHOM JIa3€PHOM HM3JIyYeHHH B MPUCYTCTBUH CHJILHOTO
MATHUTHOI'O IOJISI

[IpoBeneHo TeopeTHueckoe UCCeIOBaHUE MOBEICHUS aTOMOB “K s Dy u Dy
JIMHUHA B CcIy4ae J7-TIOJSIPU30BAHHOTO JIA3EPHOTO U3IYICHHS B MPUCYTCTBUU CHIIBHOTO
MarHuTHOrO IIOJisA, B cCiyd4ae, KOrJa MPOHCXOMUT Pa3phiB CBI3U MEXIY IOJHBIM
YIJIOBBIM MOMEHTOM 3JIEKTpoHa J W MarHUTHBIM MoMeHTOM siapa | . ITokaszaHo, 4To
st Dy nmuHWM W TMHEHHO-TIONSAPU30BAHHOTO M3TYYEHHS HWMEIOTCS HaIpaBISIONINe
atomuble mepexomsl (HIT), KoTopble COXpaHSIOT BEPOSTHOCTH U BEIHYHHBI
MIPOM3BOIHBIX YaCTOTHBIX CIBUTOB IO MarHuTHoMYy moimo. B pexwnme [lamena — baka
Ha cBepxToHKO# cTpykType (ITBC) apyrue aToMHbIE TIEPEXOBI TPYIITUPYIOTCS ¢ STHMHU
HII, o6pasyst 2 rpynmsl (1o 4 mepexona B Kakmoi). Kaxxaplii mepexom B rpyIie UMeeT
TaKyI0 € BEPOSITHOCTh U YaCTOTHBIA HakioH, kak HII B cBoelt rpynne. IlokazaHo, 4ro
u3 12 @in D) m 20 (s D,) paspemeHHBIX 1O MpaBHiIaM OTGOpa Ui ClabbIx
MarHuTHeIX moneit, npu B>200 I'c ocrarorcs TONBKO MO 8 aTOMHBIX MEPEXOJO0B.
Honueii pexxum I[NIBC HaGmromaeTcs IUisi CPAaBHUTEHIHO MalbIX MArHHTHBIX MOJCH
B~400T'c. Dra BeanurHa HaMMEHBIIAs IS BCEX IIEJOYHBIX METAJUIOB.
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1. Introduction. Fundamental interest in quasi-two-dimensional (2D
electron gas (EG) properties in quantum wells (QW/)initiated both by
fabrication advances and by request of optoeleitrimthnology. The proper-
ties of Q2D EG attract attention owing to excitowsich mostly are confined
in QW with compressed wave functions. The resulésthe increased binding
energy and enhanced contrast between the 1s exgtdnand continuum [1, 2].

In QW samples selective doping makes it possib& ¢ Q2D electron
channel can coexist with photo excited excitonsctvinesults in the changes of
the optical properties. The latter is caused by yvimdy effect such as a
screening of the excitons by free carriers as @equence of Coulomb mutual
correlation [3-9]. The effect of excitons screenisgtwofold: decreasing the
binding energy and altering the interband absonpsipectra. In 2D structures
the screening of excitons by free carriers is éfective than in 3D samples [3,
4] and the any exciton cannot be screened outya? Rrdensity.

Due to selective doping, the free carrier densit@s govern the strength of
interaction between the particles simultaneouslthwtructural adjustment of
the QW specific parameters such as the barriehhaigthe QW widthd and,
particularly, a strong contrast of the neighboringdia dielectric constants in
heteroboundaries (dielectric confinement effect YDCrhe latter, as well
known, turns up the exciton binding energy andlador strength essentially
[3,7,10-12].

A theoretical study of the screened Q2D Coulomeéradtion with arbitrary
dielectric constants of both the QW and barrigf,€,) have been started by

Rytova in [3]. In particular, for the strong cordgtdetweens, and g, values
such as ¢ =¢,/¢,>1 (the two-sided DC effect), a statically screene2DQ
potential expression has been established in tine fo
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Vs(0) =—€2e; Ko[ ngp] 1)

for the moderate large in-plane distancesd/2>>p >>d between the
charges, wherex, is the Bessel function of the second kings is the 2D

screening parameter. Here screened potential §rdegend on the QW width
and decay exponentially for large in-plane distanoetside the circle with the

radius of p,=,/d/2q; .

In Ref. [7] for the case of, = ¢, , ¢, >> ¢, (i.e. when the barrier media on
each side of QW have the strongly different diegleatonstants and the latter’s
mismatch is strong for just one heteroboundary ,omhile for the other one the
DC effect is negligible (the one-sided DC effecthe 2D Debye- Hiickel - type
analytical expression for the 2D screened potential

2 a
Vs(p):_z_e (eXp( p/po) (2)
Eu P
is obtained for the in-plane distancep such as d<<p<p,

\/sv’vl[(ez +1)/ (€ +1)])*-1, wheree,, = ¢,/ ¢,, ~1,e=2.71.is the natural number.
As follows, both for thetwo-sided (g,> ¢ ,=¢,=5,) [3] and one-sided

(e,=¢, ,&,>>¢, ) [7] dielectric contrast affected cases, the Dfecatfleads to

recovering of Q2D screening radius.

In the Refs.[13-15] the binding energy problem ofesned Coulomb
bound states in the semiconductor QW with scree@2® potential after
Exps.(1) has been explored. In particular, maomctincrease of the screened
Coulomb center binding energy with decrease of tththickness and density
/ temperature ratio parameter is revealed.

The present work is devoted to the study of theested exciton properties
in one-sided dielectric contrast,(= ¢, , ¢, >>¢&,, ) affected QW system. We

present both the analytical and numerical studyhefQ2D hidrogen-like (H-
like) screened Coulomb centers binding energy prablmodeled by the
screened potential after Exp. (2), namely for tBe2ebye -Hiickel - type of
limit.

2. Theoretical Background and Model.The H-like Coulomb bound states
in QW system influenced both by quantum confinenard screening effects
have been the subject of deep investigations ipdsétime. Experiments in this
field based mainly on the IlI-V group semicondust¢t6, 17], whereas the
various calculation techniques all within the effee-mass approximation
(EMA) such as the perturbation theory, the varimleperturbation method, the
variational and numerical methods are performedrdteally (see, e.g. Refs.
[29-41] in Ref.[13]). The discussed systems in fietd are GaAs/AlGaAs
and Si/SiQ QW structures by weak or negligible expressed Bece

At the same time, for the dielectrically heterogareternary layer system
with g,=¢, and g, >> ¢, conditions the Coulomb interaction characterized by

2D Debye-Hiuckel type one-sided dielectrically erteah potential (Exp.(2))
becomes larger due to the decreasing of the stmuotffective dielectric
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constant twice. As in the unscreened case [10} Would give rise to the
screened exciton energy spectrum enhancement. X€2kE is realized when
the following the two conditions are simultaneousiiffiled: qd <<1 and

p;td<<1, where q is the 2D electron wave vector. The first inegyal
corresponds to the strong confinement conditige- d (a, is the electron Bohr
radius in bulk sample), while the second matchebéaelationr, >>d, where

ry is the 3D Debye radius.

The 2D Debye—Hiickel type potential has been widglylied in studies on
H-like impurity binding energy [8], excitons osailbr strength [7] in QW
systems, as well as on Dirac electrons spectrheoPD H-like screened atoms,
etc. (see, e.g. Ref.[18] and references therein).

In our discussed one-sided dielectric contrastctdtecase with 2D Debye—
Huckel type enhanced potential the position of skheeened exciton ground
level one can determine with a great deal of acguifione utilizes a direct
variational method. We are following to the strampfinement regime for that
a distance between quantized energy levels isrlahga an CoulomByeraction
energy. Thus, a ground state wave function hasparable form such as
¢=¢(0,2) =¢(p)@(2), where ¢(p) is an in-plane wave function and
@ (2) is an one-particle 1D Schrodinger-like equationAsblution.

The model for the Q2D EG embedded in the QWased on the nearly
rectangular band alignment with band offdgt The Hamiltonian of Coulomb

center in QW i#=H, +H, +V,, where H, =V_, (2)+V, .(2)- is the
unperturbed party; is the screened Coulomb potentid],, =0 with 0< z <

d andVv_, =4, with z<0, z>d. HereV,,_,, is the one-electron self-image
interaction potential, which, as well as the gjpantized potential, modifies
one-particle states, gives contribution to thedsgap renormalization and does
not depend on the in-plane 2D distance betweenhheges. This contribution
has the same order as the particle binding enek@yl§]. So, the self-image
interaction changes the rectangular localizing miiaé weakly [4]. Thus, the
Q2D screened potential/,(p) becomes weak, varies smoothly on the scale of

k" (k. =J27m, is the 2D Fermi vector) and can be treated apéntirbation in

subbands energy calculations. We discuss the siatee fundamental subband
(size quantum limit (SQL)).

3. Analytical study of the Screened Exciton BindingEnergy. The
standard variational principle deals with the fimaal Hg| :jqﬁH] gdv . The
binding energyE, is obtaining by minimization of th&[g¢] by involving the
screened potential after Exp. (3) and as the diffee of the first subband
energyE; and expectation ener@y.

According to the a, > d condition, we choose the 1s exciton ground state

normalized one parameter trial wave function inftiren ¢ (o) =v2/mAe*[9,

59



10, 12-15] where A is the variational parameter. After needed catuia we
have theE, variational expression as

h2A 2 1A 8

g =MAm _MAm 8 3)
2/'1D 2iuDaOS CIS + ZA

which gives the screened exciton binding energhénfinal form

2 2 1+ s ex—3
E, =" 2+(2—qsam)~/1+qsaw+[qgamjMV i } (@)

28, 2 \/l+ Oscec *1

wherea_, =a, /2, a, =¢&,h° 1 [, €, p, is the exciton effective mass.

As we can see from Exp. (4), in the zero-order @ypration with respect
to the small parameter binding energyE, does not explicitly depend on the
QW width d. While, as will be show next, the dependence fibimplicitly
holds through validity criteria;*d «<1. As in the unscreened situation with DC

enhanced case [10], here in-plane distances obttier of a_ . =a, /2 are
characteristic for the screened Coulomb problem tikat E, takes the value 16
Ry, with g,-0 instead of 4R whereR, ~ 0.34 meV is the 3D exciton effective
Rydberg.
In our model the Q2D charged (n- or p-type) charomgitributes to the

screening of the e-h pair. For that the Debye m@@ebcreening parametey
in the SQL limit is determined as [3, 9]
2 mmhn

1-exp——=)|, 5

PELY g

e

Os =

where a,,=¢, 7’/ m,e*, m, is the electron effective mass.

After combining Exp. (5) with 2D screening radiuskpeession
p,=4d/2qs both for the pure degeneratemifn, /mk,T >>1) and pure non-
degenerate(7°n, / m kT <<1) Q2D EG cases the Exp.(4) holding validity
criteria would be established in the form
g h?

mksT . (6)

8, >>4d

3, >>4d

With that, however, thes /T parameter’s allowed ranges will be found
numerically as well.

4. Numerical Calculation and ConclusionsAs an illustration of offered
model let now to carry out the Q2D screened exdiioding energy numerical
calculations for InSb-based modulation-doped QW.cadmmon these QW
samples are grown on high dielectric constant-basixdtrates (large as InSb
counterpart) such as Ah;.,Sb and AlGa ., As ternary materials [19].

InSb has the lightest effective mans,= 0.014 m, and large dielectric

constantg,, = 16.8. By this reason free excitons are diffitalobserve and do

not appear as a decisive feature in bulk InSb sesnglie to the small exciton
binding energy (~0.4 0.5 meV). As we will show next, in the model under
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discussion the screened Q2D exciton binding enempy substantially
enhanced, which makes these systems an interestimjnee for excitonic
device applications. The numerical data for theT parameter's permitted

interval are shown in Table 1.
Table 1
The numerical data ofns/T parameter’s allowed interval for the QW
fixed width values

dnm

15

3.0

5.0

10.0

ns/ Tcm? %K

10°+10%

10+4.1C

10+2.1C

10+1C¢

As follows, the density/temperature ratio parametgi allowed interval
widening goes along with the decrease of the QWhwid and this tendency
keeps further tough as the QW becomes narrowerpadirticular, for the
moderate thin QW case with= 10nm anchs/T =1F+10¢ cm? °K the Q2D
EG wholly behaves such as the nondegenerate gasirnl, unded = 5nm QW
width values the Q2D EG deviates from the pure Bgederacy and
demonstrates the fairly degenerate gas propertidsrustrongly narrow QW
cases (narrower thah~ 20nm ands/T > 1.5.18 cm? K).

Now let us display the Q2D screened exciton bindingrgy numerical
calculations for the InSb-based QW system with 28by2 — Hiickel - type
potential. In Fig.1 we plot the binding enery dependence versus parameter
ns/T. Although E, in our model approximation does not depend expficn
QW widthd , nevertheless, the correlation between the latidry/ T parameter
specifically determines the validity criterigo,>>d and, hence, the allowed
ranges for thé&, as well. So, the latter implicitly depends frahin accordance
with Table 1 results. On the graph the allowed eangf /T parameter for the
fixed QW widthd are marked by crosses.

Em (meY)
S

10 10 10° 20109 10 10
ns.’T [em™/"K]

Fig. 1. The binding energy of the screened excignas the function of density /
temperature ratio parameteyhin the cases dQW width d=10nm (10° =108 cm?/ °K),
d=5nm (10° +2.10® cm?/ °K), d=3nm (10° +4.10% cm%/ °K) andd=1.5nm (10° +10'2 cm"

2/ °K).

As follows from Fig.1, the screened exciton DC etféel binding energi,
is enhanced substantially in relation to bulk ueened and DC absent result
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(~0.3+ 0.4 meV) for thens/T values less than 5.3@m?% °K and QW width
values less than 5 nm. According to this, in thergeotic /T low limit range
less than 4.10cm? °K and for the aforementioned QW width values the
unscreened DC enhancBg~16R, result [9] is recovering.

In the transition region between moderate low (2.48% °K) and highns
IT values ( 4.1bcm? °K) for the nondegenerate Q2D EG case the screened
binding energyE, grows up sharply with decreasing of the indicgiachmeter
and has enhanced more than twice for the QW widlheg less than 3nm. A
IT values larger than 1@m? °K and QW width values less thad =2 nm for
the degenerate Q2D EG caBg starts to saturate, but the remaining binding is
still sizable ¢&2meV) and should permit for the observation of extit
associated features in InSh-based QW's at low testyes.
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2 Armenian State Pedagogical University after KhawshAbovyan
e-mail: ahkamo@yahoo.com

K. H. Aharonyan, N. B. Margaryan

Binding Energy of the One-Sided Dielectrically Enhaced Screened
Exciton in Semiconductor Quantum Well

A formalism for the study of the two-dimensionateened exciton states in one-
sided strong dielectric contrast affected ternargrqum well (QW) system modeled by
the two-dimensional Debye-Huiickel-type potentiapiesented. The numerical analysis
depending on the specifics of InSb-based QW is igemk The appropriate
density/temperature ratio parameter and QW widthretaited ranges have been
established for the variationally calculated twomednsional screened exciton binding
energy expression holds. The latter's strong erdgrapeat (46 meV) in relation to the

unscreened exciton bulk value (8034meV) is received.

K. TI'. Araponsn, H. b. Maprapsix

JHeprusi cBsi3M 3KPAHUPOBAHHOI'0 IKCUTOHA B M0JIYIIPOBOJHMKOBOI
KBAHTOBOIi siMe ¢ O/ITHOCTOPOHHHUM IHIIEKTPUUECKHM YCHIeHHEM

B Momenu ABYMEpHOro ae0aii-XIOKKEIEBCKOTO MMOTEHIHATa B3aMMOJACHCTBHS B
TPEXCIIONHOW KBAaHTOBOH sIME MPEACTaBIeH (HOpMann3M Uil HCCICIOBAHUS IKPAHUPO-
BaHHBIX 3KCHTOHHBIX COCTOSHUI C Y4ETOM OIHOCTOPOHHETO CHIIBHOTO KOHTpAacTa JW3-
JICKTPUYECKUX MTOCTOSHHBIX. [I[POBEACHBI YHCICHHBIE PACYCTHI VISl CTPYKTYPHI C KBAH-
TOBOIT siMoii Ha 6a3e INSb.YcranoBieHB COOTBETCTBYIONIE KOPPEINPOBAHHBIE TIPOME-
KYTKH U1 BEJIMYMH OTHOLICHHUS AByMEPHAs IUIOTHOCTB/TEMITepaTypa 1 IIHPHHbI KBaH-
TOBOi SIMBI, TIPA KOTOPHIX BBIYMCICHHOE BapHAIIMOHHBIM METOJOM BBIPAKCHHE IS
9HEPTHH CBSI3U IBYMEPHOTO SKPAaHHPOBAHHOIO SKCHUTOHA MMeeT MecTo. [lomydeno crpo-
roe yeenuueHue mocieaHedd (4+6 mM3B) MO OTHOWICHWIO K AHANOTHYHON BEIMYHHE
(0.3+0.413B) 1tst HEIKPAHHPOBAHHOTO SKCUTOHA B 0OBEMHBIX 00pasiax.

62



Y. Z. Uhupniyul, L. . Uupquipjub

Utlynquuih phEjupujuit ndtnugdudp Ejpubuynpus tpuhwnnith
Juuwp tukpghwi jhuwhwnnpnsuyhtt pjwnnuyhtt thnunid

Bplppwih phpup-hmjbpyut pinyph thnpwgpgnipyut ynnkughwh Yhpwunnt-
pjudp ukpyuyugyws b tnwokpn pjubnnwghtt thnund Eplswih Eypuwdnpdws tpuh-
untwghtt Jhwljbph nunidbwuppnipmip phFpupulwi hwuonwnnth dkyyng-
dwbh Jupnty pohsph hwojunnidny: Yunwpyus b pyught hwsquply’ InSb-h hkbpny]
pyuttnuyhtt pyughbplswth junnigyusph hwdwp: 9dbp Eu hwitdws tplsuth pawnne-
pi/obpdwunplutt hwpwpbpnipyjutn b pywbnwghtt hnph jujunipjut wpdbputph
huduwywnuupwb hnpujuyulgus vhewluyptpp, npnug nhupnid tpljsuth Eyputw-
UnpJud Epuhwninith’ Juiphwghnt uljqpmipny hwoqwé Juwh Lubpghwih wpnwhw-
nnipgnip wknh nih: Unugqws E Jbpehhu dksmpyut bwlwi wg dhigh 4:6 U hnd
uunoubpnud stjpwtwynpywé tpuhinth hwdwwywunwuppwt wpdtph (0.3+0.4 k)
ujundwdp:
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2U8UUSUULh @PSNEESNPLLVLELDP URQAUSEL UUUTEURU
HAINMWOHAJIJBDBHAA AKAJAJEMMUSIA HAYK APMEHMHUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

A0 KJAJB 25uUNbh38LED REPORTS
i“%lo”i?“ 116 2016 Ne 1
XUMHUYECKAS ®U3UKA
VK 541.124
I'. H. Capresin

KBanToBO-XxMMH4YecKkoe 000CHOBaAaHUE U MOJIeJITMPOBAHNUE
MeXaHM3Ma MOHOMOJICKYJISIPHOTO pacnaja OpraHu4eckoro
COe/IMHECHUSA NPU TEPMHUUYECKOH aKTHBANUH. PacyeT KOHCTaHT
CKOPOCTH MOHOMOJIEKYJISIPHOTO CIIOHTAHHOI'0 pacnajaa

BUHHWJIOBBIX 3()MPOB. 2

(Mpencrasneno akagemukom M. A. Bapaamsu 25/XI 2015)

KuaroueBnle cioBa: sgup, Koncmanwma ckopocmu, (axmop 4acmomsl,
pacnao.

Mertobl pacyeTa BEIMYMHBI KOHCTAHTBI CKOPOCTH XUMHUYECKUX PEaKIui,
B YaCTHOCTH peaKL1i TEPMUYECKOI0 CIIOHTAHHOI'O Paciaja IPOCThIX MOJIEKYI,
KaK MPaBHIIO, AT YIOBJIETBOPUTENbHBIC pe3yabrarsl [1]. Hanpumep, meron
nepexoguoro coctostHus (IIC) XOpoIO OMUCHIBAET MPOLECC, €CITH BO3MOXKHO
TOYHO pACCUHUTATh IMOBEPXHOCTh MNOTEHHUAIbHOW »SHepruu. OIHAKO IpH
HCCIIIOBAHUM CIIOHTAHHOT'O paclaja CJIOKHBIX MOJIEKYJ, B TOM YHCIE
BUHIWIOBBIX 3¢hupoB (BD), pacuer moBepXHOCTH MOTCHIMAIBHOW dHEPTUH, a
TeM OoJiee oIpelesieHHe YHEPIUU aKTHBALMU HE BCErAa ynaeTcs MPOBECTH ¢
JIOCTATOYHON TOYHOCTHIO.

B mepBoii crathbe maHHOW cepuu [2] TpenCTaBICHBI Pa3BUTHIM HAMH
KBAaHTOBO-MEXaHMYECKHH METOA M CII0CO0 MOJEIUPOBAHUS TEPMHUYECKOIO
CIIOHTAaHHOTO pacnaaa BD, o3Bossone MONyYuTh IPEIIKCIOHEHTY ((bakTop
Y4aCcTOTHI) KOHCTAHTBI CKOPOCTH 3TOTO Ipolecca. [I[puHIMAaeTcsl, 9TO MPOIECCHI
TEPMUYECKOTO MOHOMOJIEKYJISIpHOro pacnaga BD mpotekaror yepe3 oOpazo-
BaHUE UKINYECKON CTPYKTYPHI BCIEACTBUE MOSBICHUS BHYTPUMOJIEKYISIPHON
BOJIOPOJHON CBSI3H, OOYCJIOBIEHHOH BHYTPHUMOJIEKYJSIPHBIMH BpaIlCHUSIMHU,
BbI3BaHHBIMU TEPMUYECKOM aKTUBaLUEH.

Omnpenenenue GakTOpOB YaCTOTHI CIIOHTAHHOTO paciaja BUHUJITHIOBOTO
sdupa (BDD), sunminponmiosoro 3¢upa (BIID) u BuHIIOYTHIOBOTO 3dupa
(BBD) 6b110 MPOBEICHO C MOMOIIBI0 MATEMATHYECKUX IIPOIPAMM, BXOSIIMX
B cocTaB nporpamMmmuoro kommiekca ChemBio Ultra 12.0pytem mocTpoeHus
3THX MOJIEKYN o mporpamme MM2 u nocneayromeil MUHIMH3AIUKA SHEPTUN
mo mporpamme Gaussian Job: # RHF/6-31G Freq Testakxe pacuera Hau-
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MEHBIIIETO OTPUIATEIBHOTO 3HAYEHUSI YacTOTHI, COOTBETCTBYIOIIEH OTpPBIBY
aToMa BOJIOpOJla OT aTOMa YIJIepOAd AKHIBHOW IPYTIIHI.

B nmanpHeitiem 3TOT aToM, HaXOASIIMKICA B JajJbHOICHUCTBYIOIIEM IIOJIE
aToMa yIJIepoZia BHHUJIOBOM IPYIIIBI, IPUTITUBAETCS K HEMY.

B mnactosmeli paboTe ¢ MCMONB30BaHWEM 3HadeHUs (haKTopa 4acToT H
SHEPIrHil aKTUBAIIUH, TOJYYCHHBIX HaMHu B [2, 3], paccuuTaHbl KOHCTAHTBI CKO-
POCTH pacrnajia BAHWIOBBIX 3(HPOB.

B crmygae BOD momydeHs! 1Ba 3HaUeHMS (paKTOpa YacTOTHI V, = 344.131F

-1 -1
CM "~ U V, =278.148€cM ™~ B 3aBUCUMOCTH OT TOI'0, KaKue aTOMBI Bojopoaa —f

WIA @ OTPBIBAIOTCA OT JIKUIBHOM I'PYIIIIHIL.

B cirygae BIID n BBD Benmmunnbl hakTopa 4acToThI A7 OTphIBa O aToMa
BOZOPOJA OT ANKMIBHOH TPYIIbl  COCTABNAIT vin=192.158tcm™, vd=
=174.7585cM™", COOTBETCTBEHHO.

B pabore [3] mpemnoxkeH MOTYIMIUPHUSCKUAN METOA ONPEICTICHHS
SHEPTUM AaKTUBALMM TEPMHUYECKOIO CIIOHTAHHOTO pacliajia BhIIIEyKa3aHHbIX
BD Ha HachblleHHbIE IPOAYKTHI ¢ TIOMOIIBIO IoTeHuana Jlenapaa — J[xoHca u
MIOJIyYEHBI €r0 3HaYEeHUs.

IIpu onpenenennu napaMeTpos B norteHuuane Jlenapna—Jxonca

U(r)=4¢[(a/R)* ~(o /R)"],
riae &,0 —IONy3MIUPUYECKHUE ITapaMeTpbl, R —paccrosHue MeXAy aTOMaMu,

PYKOBOJCTBOBAJIUCH CIENYIOLIMMH COOOpakeHUsIMHU. [ G1aropolHbIX ra3oB
BEJIMYMHBI TIApAaMETPOB &£,0 PACCUUTAHBI C XOpPOIIEH TOYHOCTHIO. I10CKOIBKY

M0 PACIOJIOKEHHIO B Tabnuie MeHzaeneeBa aToM Yriepoja C 3alOJHEHHOMH
ANIEKTPOHHON 000J0YKOW OoJiee ONHM30K K aroMy HEOHa, TO BO H30exaHHe
HEHY)KHBIX CJIO)KHOCTEH pacueTHOTO XapakTepa Ijs B3auMOACUCTBHS ABYX
TaKUX aTtoMOB yrieposaa (B cOCTaBe MOJEKYJbl 3(upa) HCIOIb30BaHBI BEIU-
YMHBI £,0 , paCCUNTaHHBIC It HeoHa [4]: £€=0,04 3B, o =2,844.

OHeprusi aKkTHBAaLMM ONpEAeNsIach Kak pa3HUIA »HEpruil cBsizei
YYacTHUKA BOAOPOIHON CBA3M aTOMa BOAOPOJA aIKWIBHOHN IPYIIBI U 3HEPrUH
nedopmaru  Mojiekyiasl BD. TlocnenHsis BO3HUKAaeT W3-3a TMOSBICHHS B
MOJIEKYJIE Pa3pBIXJISAIONIEH CBS3M, dHEPTUs KOTOPOM OIpenensercss SHeprueit
BO30YXKICHUS DIICKTPOHHBIX YPOBHEH [4] BCIENCTBHE BHYTPHMOJICKYJSIPHBIX
BpallleHuil, a UMEHHO NPHUOIMKEHUS IBYX aTOMOB YIVIEpOJa pa3HBIX TPYIIL,
Ckazannoe Ha mpumepe BIIO mmmoctpupyer puc.l.

OnpeneneHue KOHCTAHThI CKOPOCTH IPOBOAMIIOCH HA OCHOBE (hOPMYJIBI,
nony4yerHoi Cnelitepom [5] B citydae paciajia THIIOTETHYESCKOHN IBYXaTOMHOM
MOJIEKYJIBIL:

&
k=vle RT,
V —IIPEI3KCIIOHEHTa, E,—3Heprus akTUBaIUHU.

VTaK)Ke HazbIBaeTcsl (PaKTOpPOM YacTOThl, U Pa3pblB CBSI3U B CIOXKHOU
MOJIEKYJI€ OIMCHIBA€TCS HAUMEHBLIMM 3HAUY€HHEM MHUMOIO PEIleHHs ypaB-
Henusa Ulpeaunrepa, eciu MOJIEKYTy NpPEACTaBUTh B BHUJE THUIOTETHYECKOM
JIByXaTOMHOW MOJIEKYJIBI.
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Inc

Puc.1.TIC cocrosuue BIID u paccrosaue R Mexay nByMs aToMaMu yriepoja npH o0-
pa3oBaHUM BOJOPOJHOH CBA3M MEXIY « -aTOMOM BOAOpPOJA AJKWIBHOW TPYHIBI U
KpailHUM aTOMOM yTJiepoJa BUHUIOBOM IPyTIIbL.

CoOTBETCTBYIOIIME 3HAYEHUS] ITUX BEIMYUH Hapsay C JUTEpaTypHBIMU
TAHHBIMHA JIPYTUX aBTOPOB IIPUBENCHHI B Ta0T. 1.

Taoaunma 1
Beanuuns! 3Hepruu aktuBanun 118 B33, BI1J, BBJ n koHcTaHThI
CKOpPOCTH CIIOHTAHHOTO pacnaja

Ddup | Dueprus akr., | JIUT. 1aHHbBIE, Kouncranta | JIut. manHble c'l,
KKaJ/MOJb KKaJ/MoIb CKOpPOCTH L T=72KK
T=72K
B2O 44.9 {1C1) 43.8 [6] 0.25 0,017[6]
41.0(1C2) 42.3 4.622 0.619
BIID 42.32 - 1.034 -
BBED 46.8 424 (7] 0.042 0.189 [7]

B npenenax ToYHOCTH MOZOOHBIX PACUETOB, KaK BUIHO U3 TAOIHIIBI, METOT
JIaeT YAOBJIETBOPUTENBHBIE Pe3yabTaThl. ITO, KOHEYHO, CrieU()UIECKUN Ciy-
qaif, Korja pacmaj IMPOMCXOIUT B pe3ynbTare 00pa3oBaHHS IHKIMYESCKUX
CTPYKTYp B 3(upax, BCIEICTBHE TepMHUYECKOH akTuBaruu. OIHAKO METOJ,
Pas3BUTHIA B HamMX padoTax, MOXKET OBITh MOJE3HBIM M NPH HCCIEeIOBaHUH
pacmajia cI0KHBIX OPraHUYECKUX COSAMHEHUH.

BaxHeHWmmM pe3ynpraToM padOTHl MOXHO CYHTATh TO, YTO BIIEPBHIC
MOATBEPKICHO TPEIIONIOKEHIE, YTO IIPH 00Pa30BaHUY IIUKIMUYECKUX CTPYKTYP
BCIICICTBUE BOJOPOAHOM CBSA3M OCHOBHOHM BKJIAJ B XapaKTEpU3YIOIIHME BEIH-
YHMHBI NIpoLecca paclaga WIA U30MEPHU3aI BHOCAT aTOMBI, HETOCPEACTBEHHO
Y4YacTBYIOIIME B UX 00pa30BaHMH, a TAKXKE TO, YTO Pa3BUTHIK HAMU KBaHTOBO-
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XUMHYECKU# moaxox [2, 3] MOKET ONMCHIBATH MPOILECC pachaaa CIOMKHBIX
OPraHNYECKUX COCTUHEHUN.

WHCTUTYT XUMIYECKO# pr3nkn
uM A. Hanbannsna HAH PA

I'. H. Capresin

KBaHTOBO-XxHMHYecKoe 000CHOBAHNE  MOJIEJTUPOBAHHE MeXaHHU3MAa
MOHOMOJIEKYJISIPHOTO PACHAAAa OPTAHNYECKOr0 COeTUHEHUs IPH
TepMHUYeCKoii akTuBamun. PacyeT KOHCTAHT CKOPOCTH
MOHOMOJIEKYJ/ISIPHOTO CIIOHTAHHOTO Pacnaga BUHUJIOBBIX 3¢GupoB. 2

I/ICXOZ[Z W3 3HAYCHUN BEJTUYUH CI)aKTOpOB 4aCTOTHI U 3H€pl"HI>i AKTUBallMU pacriaja,
TIOJTYYCHHBIX HAMHU B MPEATIOIO0KCHUA 00 06pa3OBaHI/H/I IUKIIMYECKUX CTPYKTYpP, B BU-
HHUJIOBBIX 3(1)I/Ian BCJICIICTBUC TepMPI‘-IeCKOﬁ AKTUBAlUM pacCUYATAHbl BEJIUYUHBI KOH-
CTaHT CKOPOCTH 3TOT'O IIporecca.

Q. L. Uupquyui

Onpqubiwljut ynmphnh ehpduyhtt whnhjugdudp Unindnjtynyuyht
puypuydwb pjutnnwphdhuljwi hhdttwynpoudp b dEfuwthquh
Unnbjudnpnudp: Shthjuyght kphpitnh hiphwpuwpwydwh wpugnipywi
huuwnuwnniuh hupuplyp: 2

zhdudbing dtp Ynnuhg unwmgdus Jhupjughtt Gebpubph puypuyjdwi hwgw-
hunipjutt gnpéntth b wljnhjugdwt tukpghwjh wpdbpubtph dpu’ hwpdqws Eu wyn
wpnglkuh wpwgnipjui hwunwwnniabbpp:

G. N. Sargsyan

Quantum-chemical Explanation and Modeling of M echanism of
Unimolecular Decay of Organic Compoundsunder Thermal
Activation. Calculation of the Constant of Rate of

Vinyl Ethers, 2

Taking into consideration the frequency factorsueal and activation energy of
decomposition, obtained and based on the assumpfiothe formation of cyclic
structures in vinyl esters at thermal activatidre tate constants of that process has
been calculated.
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CpaBHHUTE/ILHBIN AHATN3 XaPAKTEPHUCTUK CIOHTAHHOM
JJIEKTPUYECKON AKTHBHOCTH Pa3/IMYHBIX OPTaHOB
MO4Y€BOI0 TPAKTAa KPbICHI

(ITpencrasneno wi.-kop. HAH PA JI.P.Mausensaom 23/X 2015)

KiroueBble ¢jI0Ba. MOUECMOYHUK, Mouesoll ny3wslpvb, ypempa, CNOHMAanHas
aAKmMueHoOCmMbv, nomeHyua Oeﬁcmeuﬂ, asmomamusm.

OcHoBHasl (yHKLIUS MOUYEBOTO TPaKTa 3aKJIouaeTcs B 00ecledeHnH OJHO-
MOJISIPHON KOHTPAKTYpHOH AEATeIbHOCTH JUId BbIBeeHUs Mouu. [lonoOHo npy-
I'MM IJIAAKOMBILIEYHBIM TKaHAM JaHHAas KOHTPAKTypa 00ecreurBaeTcs: pacipo-
CTpaHEHHEM BJOJb MOYETOYHHMKA DJIEKTPUUECKOW BO3OYIMTENbHOW BOJHBI B
BHUJIC MOTSHIIUANOB JelicTBus [1, 2], u ompernesnseMoe MOYKOil KOJTHYESCTBO BbI-
BOJMMOHN M3 OpraHU3Ma >KUAKOCTH MPU 3TOM IepeMelaeTcs: 10 MOYEBOro Iy-
3bIps. M3BECTHO, YTO NpOLECC BO3HUKHOBEHMS MEPUCTAIBTUKU MOYETOYHHUKA
O CBOEH MPUPOJIe MUOTeHHBIH [2, 3] u ocyIecTBiseTCs 6Iaroaaps HATMYHIO B
[IOYEYHOH JIOXaHKE aKTHBHBIX MEHCMEKEPHBIX KJIETOK, TaK Ha3bIBAEMBIX aTH-
MUYHBIX [TaJKOMBIIICYHBIX KJIETOK. By lyus pUTMOBOJUTENSAMU OHU TeHEPUPY-
I0T CIIOHTaHHbIE TEeWCMEKEepHble MOTEHLUabl, KOTOpble Oyarojaps HaJIU4UIO
HECTAHAAPTHBIX HMHTEPCTHLHUATIBHBIX KiIeToK Kaxasms (MHOIYIATOPOB HX aK-
TUBHOCTH) CIHOCOOCTBYIOT BO3HMKHOBEHHIO MOTCHIMATOB ACHCTBUSI B IJIaIKO-
MBILIEYHBIX KIETKaX, PACIPOCTPAHIIOMINXCS BIOJIb MOYETOYHHUKA 0O MOYEBOTO
my3sIpst [4-6].

MoueBoil Iy3bIpb XapaKTepU3yeTcsl IByMs OCHOBHBIMU (DYHKIMSAMH. Ky-
MyJsiMed BbIpabaThIBa€MOM IMOYKOW MOYHM, MPUCHOCA0IMBAsACH NPU 3TOM K
aJIeKBaTHOMY YBEJIMYEHHIO ero oObeMa He MOBBIIIas BHYTPHUITY3bIPHOIO JaBJie-
HUs; OBICTPBIM OMOpPOKHEHHEM. BMecTe ¢ TeM JaHHBIM OpraH He SABISETCS Mpo-
CTBIM IIPUCIIOCAOIMBAEMBIM PE3E€PBYapOM — 3TO MUOI'€HHBIH, CIOHTAHHO aKTHB-
HBII MbITIIEUHBIA opraH [6-9]. Eciu B MOUeTOYHMKE IPUCYTCTBUE MEHCMEKEPOB
HEOOXOUMO Ul TeHe3a PUTMUYHON MEepUCTATBTUKU JUIS IPOJBIXKEHHUST MOYH,
TO MOYEBOH Iy3bIph OONBIIYIO YaCTh BpeMeHH (YHKIHMOHHPYET KaKk OpraH, Ky-
MYJHUPYIOUIMHA MOYY, U IIPU 3TOM IJIaJIKOMBIIIEYHbIE KJIETKH CIIOHTAaHHO aKTHB-
HBI, 00YCIIOBIINBAs c1a00 KOOPIUHUPOBAHHYIO KOHTPAKTYpPY, KOTOpas BO3HUKA-
€T B Pa3iIHYHBIX JIOKycax MoueBoro my3eips [7, 10]. B cBs3u ¢ aTuM uHTEpCTH-
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nuanbHble KiIeTku Kaxams B MOYeBOM My3bIpe, MOJOOHO MOYEYHOW JIOXaHKE,
cKopee Bcero (pyHKIMOHUPYIOT KaK MOIYJISTOPbl aKTMBHOCTHU IJIQJKOMBIIIEY-
HOH TKaHu [4, 6].

Yperpa KOMOMHUPOBAHHO (DYHKLIMOHUPYET C MOYEBBIM ITy3BIPEM M CIIO-
COOCTBYET €ro HAlOJHEHUIO U OMOpOKHeHWI0. CIIOHTaHHAs dJIEKTpHYEcKas W
MeXaHH4YecKasg aKTUBHOCTh TJIAIKOM MYCKYJaTyphl YpeTphl 00eCIIeUnBarOT 3HA-
YHUTENbHBIA MBIIIEYHBI TOHYC, KOTOPBIA COCOOCTBYET ()YHKLIUHU pelaKcaliu
MOYEBOI'0 ITy3bIps U, NMOJOOHO NMPOKCUMAIbHO PACIOJI0XKEHHBIM OpraHaM, Xa-
pakTepusyeTcsi MUOT€HHON tpuponoi [8, 6]. JlelicTBuTebHO, MU mepepeske
HEpPBHBIX BXOJIOB U, 00JIee TOro, IPU U30JISILUU U KaHIOJIMPOBAHUM yPETPhl Tak-
e HabJIofaeTcsl TOHYC, XOTS MeXaHH3M €ro MUOTE€HHOTO IeHes3a Bce elle He
uccinenoBan [6,11,12]. Tem He MeHee INIEKTPUUESCKAs AKTHBHOCTh JaHHOTO Op-
raHa IpeJCcTaBleHa pa3psiiaMy IOTEHIUANI0B AeHCTBHS, HAJTOKEHHBIMH Ha MeI-
JICHHBIC PUTMHUYHBIC OCHMILIIIUE MeMOpanHoro nmoteHnuana [13-15]. Tlonobno
MBILILAM MOYEBOr'O ITy3bIps, INIOTHO CBSI3aHHbBIE C MHTEPCTULUAIBHBIMH KIIET-
kamu Kaxans rinagkoMblleyHble KIETKH YpPEeTpbl CIOCOOHBI M3MEHUTH CBOIO
aKTUBHOCTS [6, 15].

CormnacHo BBIIICH3IIOKEHHOMY JUIS HCCIEAYEeMbIX OpPTaHOB MpPU BCEX UX
pasNuYHBIX (QU3HONOTHYECKNX (PYHKIHMAX MOKAa3aHO HalMdue 0a30BOTO CIOH-
TAHHOTO 3JIEKTPHYECKOTO pUTMa. [IpH 5TOM MPUCYTCTBHE B MBIIIEYHONW TKAHH
MOYEBOTO TpaKTa WHTEPCTULHAIBHBIX KIeTOK Kaxans mpu4acTHO K TeHe3y UX
MHOT'€HHOH JIEKTPUYECKOM aKTUBHOCTM B 3aBUCHMOCTH OT OpraHa JIM0o B BU-
JIe MOIYJSTOPOB AKTUBHOCTH IJIAJKOMBIIIEYHBIX KIIETOK, JUOO «CBOOOIHBIX
neiicmekepos» [10,16].B takoM ciiydae Heb3s HCKIFOYHTH COOTBETCTBYIOIIHX
OTIIMYMIA B IOKA3aTeNAX IEKTPUISCKOTO PUTMA.

Ienpto naHHOM paboTHI SIBISETCA NPOBEICHHUE CPaBHUTEIBHOIO aHaIH3a
MapaMeTpoB CIIOHTAHHOM ANEKTPUYECKON aKTUBHOCTH MEXIy OpraHaMH Moye-
BOT'O TPAaKTa: MOYETOYHUKOM, MOYEBBIM ITy3bIpEM, yPETPOH.

Pabora BeImONHEHA B yCinoBHsX iN SituHa kpbicax maccoii 250-300r, Hap-
KOTH3UPOBAHHBIX BHYTpUOprommuHO HeMOyTamoM (45-50mr/kr). Jleneparius
MOYETOYHHKA, MOYEBOI'0 Iy3bIPsl U YPETPHI OCYLIECTBIIsIach Nepepe3Koil Kope-
IIKOB YPEBHOTO0, TA30BOr0, CPAMHOTO, & TAKXKE IO JUpEeBHOr0 HepBoB [17]. Peru-
CTpall¥s aKTUBHOCTH IPOBOJMWIACH OJHOBPEMEHHO C IIOBEPXHOCTH MOYETOY-
HUKa, U3 MOUEBOTO My3bIpst U ypeTpbl. CralikoBble pa3psiibl U3 OKOJIOMOYEYHOMN
00JIaCTH MOYCTOYHHMKA OTBOIMIM OHUIOISIPHBIMU 3JIEKTpoAamu (paccTosHHE
MEXTy BOCIPUHUMAIOIIMMHU KOHYUKAMU 2 MM). AKTUBHOCTh MOYEBOT'O ITy3BIPSI
PErucTpUpOBaNach C BHyTPEHHEH MOBEPXHOCTH MPOKCUMAIbHON 30HBI OpraHa.
C 9TO0il 1EeNbI0 MPEIBAPUTEILHO JIENalcs HEOONBIIOW HAape3 B JUCTAIBLHOM
OTJeNle MOYEBOI0 ITy3bIps, uepe3 KOTOPBIA BBOAMJIICA 3JIEKTPOJ U OCYILECT-
BIBSUICS. OTTOK MOYH. DJIEKTpUUECKass aKTHBHOCTh YPETPBl TaKXKe PEruCTpUpO-
BaJach U3 €€ IUCTAIbHOIO OTAENA IyTeM BBEICHMs 3JIEKpoJa depe3 HIKHHUH
c(UHKTEp OpraHa.

Bce skcnepuMeHTHl OBUIM OCTPHIMHU, M IOCJIE 3aBEPIUCHUS PErHCTpalHii
KHBOTHbIE YMEPUIBIISUIMCH BBEJCHUEM JOMOJHUTEIFHOTO KOJIMYECTBA HEMOY-
Tasa. Cxemarnueckoe U300pakeHHe BCEX UCCIEIyeMbIX OpPraHoB, IIOKa3aHHOE
Ha puc. 1, A, Mo3BoJIseT HAIJISAHO NPENCTaBUTh 00JACTH, U3 KOTOPHIX OTBO-
JIAIIAch IEKTPUYECcKas akTUBHOCTb.
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Puc. 1. A. CxemMaTu4eckoe U300pakeHUE MOYETOUYHIKOB, MOUEBOTO MY3BIPS U YPETPHL.
1, 2, 3 —COOTBETCTBEHHO O0JIACTH PETUCTPAIIMH AKTUBHOCTH; 4 —001aCTh Mepepe3ku
MoueToYHHKA. b. THUITBI CIOHTAHHBIX AKTUBHOCTEH, 3apETUCTPUPOBAHHBIX U3 00IacTeit
1,2,3.

AHanu3 >MeKTpOoYU3HOTOTHYECKIX PETUCTPALUi MPOBOAMICSA IyTeM OIl-
penesieHys 3HaYeHUH CleyIoUX apaMeTpoB CIIOHTaHHbBIX [TOTEHIIUAIOB Aek-
CTBHSL: YACTOTHI, aMIUTUTYAbI, CpPeJHEH CKOPOCTH HApaCTaHUs MUKA, MPOOIIKH-
TEJIBHOCTH HapacTaHus (POJOJDKUTENIBHOCTh YBEIMYCHHS! aMIUIUTY/Ibl TIOTEH-
[pana AeHCTBHUS 10 MAKCUMAJIBHOTO 3HAYCHUS MpH (a3e HapacTaHMs), TOJTOBH-
HBI IIUPHHBI (BpeMs, 32 KOTOpoe HOPMHUPYETCS BEPXHsIS YacTh MHKA HAYHHAS C
YPOBHSI MeMOpaHHON MOJSPU3AINU, COOTBETCTBYIOIICH MOJOBHHE aMILIHTYIBI
MOTEHIIANa JeHCTBUS MpH (a3e HapacTaHHs J0 ITOTO e YPOBHS MOTEHIIHAIa
npH dase mageHuns).

CrnioHTaHHAas 3JEKTpUUYECKass aKTUBHOCTh PETHCTPUPOBANIACH HA 4-KaHAJb-
HOM Tipubope, pa3paboranHoMm B UucturyTe (hmsmonornm um. JI. A. Opbenn
HAH PA s oLieHKH 3JIEKTPUYIECKON aKTUBHOCTH MIIaAKoil MycKynarypsr [18].
OTHOILIEHHE CUTHaJ — LIyM NpUOOpa OCYILECTBISET JAOCTOBEPHYIO pErucTpa-
LU0 OTKJIOHEHUH curHanoB ¢ ammutynoi 10 10 MxB. [TonocoBas ¢punsTpanms
PETHCTPHPYEMBIX CHTHAIOB HaXoAuTcs B nuanasone 3-301'm. 3Hadenus ompe-
JIeNIeMbIX TIOKa3aTeNledl MpeACTaBiIeHbl B BUAE CPEIHECTATHCTUYECKUX JaH-
HbIX+cTaHaapTHBIN pa3opoc. CTaTUCTUUECKUI aHAIU3 XapaKTepa 3aperucTpu-
POBAHHBIX CHTHAJIIOB MPOBOIIJICS C MCIOb30BaHieM makera Lab View u Ori-
gin 8.5. OueHka IOCTOBEPHOCTH W3MEHEHHSI MOJTYyYCHHBIX AaHHBIX OCYILECT-
BJISLIaCh coryiacHo t-kpureputo CTbroJIeHTA.

Ha pucyHkax kxak eZMHWYHBIC, TaK W HAJOXKEHHBIE OPYr Ha JApyra Juid
CpaBHEHHUS MMOTEHIIMANBI ACHCTBHS MPECTABISIOT COO0H TUIMYHBIE POPMBI YyC-
PEIHEHHBIX MOTEHIUANOB IEHCTBUA. YcpeqHeHue (HopM MOTEHIHANOB JEHCT-
BHUS NIPOBOJMIIOCH KaK B Ipe/eNax KaKI0ro SKCIEPUMEHTa, TaK U II0 BCEM KC-
MIEpUMEHTaM.

Bce akcniepuMeHTsl ObUINM NPOBEIEHBI B COOTBETCTBUY ¢ IpaBmiiamu Epe-
BaHCKOT'0 TOCY/IapCTBEHHOTO MEAMLIMHCKOTO YHHBEPCHUTETA MO 3THKE B 00JIaCTH
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yXoJa ¥ HCIOIb30BaHUS J1a0OPAaTOPHBIX KMUBOTHBIX. DKCIIEPUMEHTHI, a TaKXkKe
YXOJl 33 )KUBOTHBIMHU BBIIIOJTHEHBI B COOTBETCTBHM ¢ «[IpaBuiaMu U HOpMaMmu
TYMaHHOTO 00OparieHus ¢ 00bEKTaMK UCCIICIOBAHUSI».

ITockosbKy MOUYETOUHHK SBJIAETCS MApHBIM OpPraHoOM, BO3AEHCTBHE pac-
MIPOCTPAHSIOIEHCS BOJIHBI CIIOHTAHHON aKTHBHOCTH Ha aBTOMAaTH3M MOYEBOTO
My3bIpsl MIPU HOPMAJBHBIX YCIOBHUSX, €CTECTBEHHO, OyneT HaOMoAaThCs Ha
KXyl U3 CTOpPOH oprana. Vcxons W3 3TOro pelleHHe MOCTaBICHHON mepen
HaMM 3aJadd TpeOyeT MOLIaroBOr0 HCCIIEAOBaHUS NIEKTPOPU3UOIOTNUECKUX
CBOWCTB OpPraHOB HM)KHEr0 MOYEBOro TpakTa. B Hacrosmeil pabore perucrpa-
L[Us] aKTUBHOCTH M3 BCEX PUTMOIE€HHBIX OTAEJIOB, CXEMaTHYECKH IpeICTaBIIeH-
HBIX Ha PUCYHKE, IPOBOAMIACH NIPU UCKIIOUEHUH BIUSHUSA aKTUBHOCTH OHOTO
u3 MovyerounukoB (puc. 1, A, 4). Ha puc. 1, b npuBeneHa kapTuHa 3amucu aK-
TUBHOCTH IIPU OJHOBPEMEHHOH €€ perucTpalud U3 MOYETOYHHKA, MOYEBOIO
My3bIps U ypeTpbl. CTPOro pUTMUYHAS CIIOHTAHHAS AJIEKTPUYECKas aKTHBHOCTD
B BUJI€ IOTEHLIMAJIOB JeHCTBUS U3 00JaCTH MOYETOUHUKA, ONn3iexKallel K nue-
JIOypeTepaIbHOMY COYCTBIO, NPENCTABIseT co00il BOJHY BO30YIMMOCTH, pac-
IIPOCTPaHAIOLIENCS] JUCTAIBHO 10 MOYEBOro Iy3bIps. COrinacHo Mojy4yeHHBIM
panee pesyabraTam [18] akTHBHOCTH MOYEBOTO ITY3bIPs MPEACTABISIET COOOH MO
CPaBHEHHIO C MOYETOYHHKOM 0o0Jiee HU3KOAMIUIUTYIHbIE MMOTEHIMANbl ACHUCT-
BUS C MPUCYILIEH eMy PUTMHUKOU, KoTopas meHee yeM B 10 % cimydaeB Moxer
OBITH HE CTPOTO pEeryisipHO. [Ipr 3TOM He HUCKIIOYAeTCsl TaKkkKe BO3MOXKHOCTh
reHe3a CrpyNIUpPOBaHHBIX B BUJIE BCIBIIIEK IOTEHLIUAIOB JEHCTBUS.

B cBs3Ke OTMEUEHHBIX BBILIE OPraHOB MOYEBOI'O TPAaKTa OCOOBIN MHTEpecC
BBI3BIBACT aKTUBHOCTH YPETPHI, (PYHKIMOHAIHHO TECHO CBS3aHHOH C IEsATEIb-
HOCTBIO MOYEBOTO My3bIpsi. JlaHHBII OpraH, mpegoTBpallas YTeUKy MOYH MpPH
(aze ero HaIOJHEHUs, XapaKTepU3yeTcs 3HAUUTEIbHBIM TOHYCOM, KOTOPBIH
CMEHsIeTCS perakcaled, crocoOCTBysl Mouencyckanuto. CormacHo puc. 1, b,
3 aKTUBHOCTH ypeTphl Oojiee pUTMUYHA, a aMIUTUTY/Aa NOTEHLUAIOB JIEHCTBUS
HIDKE, YeM y MOUYEBOTO ITy3bIpsl, U BOSHUKAET HA (JOHE YACTHIX MEAJICHHOBOJIHO-
BBIX U3MEHEHUH MEMOPaHHOTO [IOTEHIIHAA.

IToMuMO HarJsIIHBIX, OMMCAHHBIX BBILIE [1APaMETPOB CIIOHTAHHOW aKTUB-
HOCTH (4acToTa PUTMOTEHe3a U aMILTUTY/a MOTCHIMAIOB NeHCTBHs), B paboTe
OIpeNeNISUIMCh TaloKe MOKa3aTeNny MOTeHIUAIOB AEHCTBUA, (POPMHUPYIOIINE UX
KOHTYp (CpemHsisi CKOPOCTh HapacTaHUsl MHUKa, TPOIOJKATEIBHOCTD €0 Hapac-
TaHUs ¥ MOJOBHHA MIUPUHBI). CPaBHUTEIBHBINA aHAIN3 TAHHBIX TAPAMETPOB aK-
TUBHOCTH BCEX OPraHOB BBIABWIJI OINpENeNICHHbIE Pa3luuusi B HX CBOMCTBax
(puc. 2). CornacHo rucrorpaMmaM HaHOOJIbIICH aMILTUTYION XapaKTepu3yeTcs
aMIUIMTyJa MMOTEHIMANOB JIEHCTBUS MOUYETOUHHUKA, aMIUIUTYIbl MOYEBOTO My-
3BIPSL U yPETPHl MEHBIIE TAKOBBIX IS MOYETOYHHUKA COOTBETCTBEHHO Ha 43.23
u 73 %.BenuunHa ke cpefHeil CKOPOCTH HapacTaHHUs MHKa AJS STHX OPTaHOB
YMEHBIIAaeTCAd 10 OTHOIIEHHIO K BEJIMYMHE TOrO JK€ IOKasaTeas Uil Moue-
TOYHHKA COOTBETCTBEHHO IMOYTH HA Te ke Benuuuubl (46.6u 76.3 %).Uto xe
Kacaercsi MpOJOJDKUTENIBHOCTH HapacTaHMs MHKa, TO JaHHBIN MapaMeTp u3Me-
HSIETCA B OCHOBHOM JUISL YPETpbI, BO3pacTas MO OTHOIIEHHWIO K TAaKOBOMY IS
MoueTouHuKa Ha 14 %. /1711 MOJOBHHEI XKe IIHPHHBI HAOII0qaeTcss HeOOIbIIoe
ymeHbIIeHne Ha 7 %.YacToTa cnalkoB 1T MOYEBOTO IY3HIPSI I YPETPHI COOT-
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BETCTBCHHO YMEHbIIAeTCs MOoYTH Ha Ty ke Bemuunny (50 u 45 %) no cpaBHe-
HHIO C MOYECTOYHUKOM.
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Puc. 2. [TapameTpsl CHOHTaHHBIX IOTEHLUANIOB IEHCTBUS, M3 COOTBETCTBYIOIINX 00-
JacTeid MOYETOYHHKA, MOYEBOro My3sIps U yperpsl. A, b, B, I', ]I — cooTBeTCTBYIOT
Ka)XJIOMy U3 I1apaMeTpOB.
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Puc. 3. Ycpennenusie (opMbl e IMHUYHBIX MOTESHIIUANIOB JEHCTBHS M3 PA3IMYHBIX 00-
JlacTei perucTpalry akTUBHOCTH. A. 1,2,3 —10TeHIHAaJbI JCHCTBHS COOTBETCTBEHHO U3
obyacTell perucTpali MOUYETOYHHKA, MOUYEBOTO My3bIps W ypeTpsl. b. Hamoxxenue
JIPYT Ha JIpyra MOTEHI[UAJIOB JICHCTBHS.
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Ha puc. 3, A 1y HarIsITHOCTH TPEACTABIICHBI YCPEIHEHHBIE (DOPMBI eH-
HUYHBIX TIOTEHIMAJIOB JEHCTBHS, COCTABIISIONINX CIIOHTAHHYIO aKTHBHOCTH CO-
OTBETCTBEHHO MOYETOYHHKA, MOYEBOTO Iy3bIpsi U ypeTphl. [IpuBeneHHbIC Ha
THCTOTpaMMax 3HAuCHHS I[TapaMeTPOB aKTHBHOCTH IJIsi BCEX OPTraHOB (op-
MHPYIOT COOTBETCTBEHHO 3TH MOTEHIMANBI JeicTBUg. Hanoxenue xe Apyr Ha
JIpyTa 3THX €IWHUYHBIX (OPM TOTEHIMAIoB aeicTBus (puc. 3, b) mossomser
MPEJICTABUTh PA3IMUUs B UX TIOKA3aTEIsX.

[ToMuMoO TpHBEIEHHOTO CPAaBHUTENHHOTO aHAJM3a MoKa3aTelieil akTHBHOC-
TH onpenesuics Takxke kodhpunuent (K=A/2:t), koTopsiii XapakTepu3yer cKo-
pocTh (hOpMHUPOBAHUS KOHTYpa BEPXYIIKH MMOTEHIIHATA AeHCTBHS (CTENeHb OC-
tpotsl) [19]. TTonydeHHble BETMYMHBI TaHHBIX KO3()(GHUIUEHTOB IS TPEX HC-
creayembix obmacreit (puc. 1, A, 1, 2, 3 otHocstes kak 138:84:35.Takum 06-
pa3oM, HaWMMEHBIIMKA TOKa3aTeldb OBICTPOTHI HAPACTAHUS BEPXYIIKH IMOTEH-
nuana JeHCTBYsI IoKa3aH JIUIsl aKTHBHOCTH ypeTphl. [losryueHHbie B paboTe pas-
JMUYAS B TOKA3aTeNsIX MOTEHIMAIOB IEHCTBHS, OMPENENSIONNX CIIOHTAaHHYIO
AKTUBHOCTH B K&KIOM M3 TPEX OPTaHOB MOYEBOTO TPaKTa, OOYCIIOBJIEHBI 0CO-
OCHHOCTAMH THIIOB WX PUTMOTeHe3a. V3ydeHue 51eKTpo(HU3HOIOrHIecKinX
CBOMCTB aKTHBHOCTEH NAHHBIX 00JIACTEH MO3BOJIUT BBISIBUTH MEXaHU3MEI, pea-
JIM3YIOIIKME UHTETPATUBHYIO JIEATENHHOCTD B IIEJIOM BCETO MOUEBOI'O TPAKTA.

Wuctutyt ¢pusuornorun um. JI. Opoenn HAH PA

K. B. Kazapsn, ILI. I'. Maprapsin

CpaBHUTEJIBHBIH aHATU3 XapPAKTEPUCTHK CIOHTAHHOM dJIeKTPHYecKOoi
AKTHMBHOCTH Pa3JUYHBIX OPIraHOB MOY€BOIr0 TPaKTa

[IpoBenen aHanu3 >1eKTPOGU3UOIOTHUECKUX CBONCTB CIIOHTAHHOTO PUTMOreHE3a
OpPraHOB MOYEBOr0 TPaKTa. MOYETOYHHKA, MOUEBOTO Iy3bIps, ypeTpsl. I[loka3aHno, uro
HapsAAy CO CTPOro PUTMHUYHON AKTHMBHOCTBIO MOYETOYHHMKA B BHJ/IE€ BBICOKOAMILIU-
TYIHBIX TOTEHIIMAJIOB J€HCTBUS aKTHBHOCTh MOUEBOT'0 ITY3bIPs XapaKTEPU3YeTCsI MCHEe
PUTMHYHBIMH CHaKaMH ¢ OoJiee HU3KOH aMILTUTYI0H. PUTMOreHes ke yperpsl mpea-
CTaBJICH PaBHOMEPHO BO3ZHHMKAIOIIMMH cIaiikaMd Ha (oHe KoneGaHuil MeMOpaHHOTO
noreHuuana. CpaBHEHHE BEIMYMH OCTAJIBHBIX IOKa3aTeleld IHOTEHIMAJOB AeHCTBUS
(ckopoCTh HapacTaHWs NHKA W MOJOBHHA [IHPHHBI) MO3BOIIET 3aKIFOYUTH 00 OTHOCH-
TEITBHOM ITOJOOUH XapaKTepa aKTHBHOCTH MOYETOUYHHKA H YPETPHI.

£. 9. Nuqupjui, T. ¢ Uwpqupub

Uhqnunpukph wuppkp opquitibph ptiptwpntju Ejnpuljwi
wlunhympjut hwdtdwunwlub JEpnibnipnihp

YQuunupyl) L huptwpniju nhpunghutgh LEjunpubhqhninghwljui hwnlnipjut
whuhq wjiyhuh opquiitikpnid, huswyhupp b Uhqusnpuip, dhquuupyp b mink-
nnwi: 8nyg L wnpjws, np dhquénpwih nhpdwqup wlinhynipjut qgnpénnnipjut
wnunkughwt nith wykh dks wdwjhnnigw, pwt dhquuunplp, npp pinipugpynud £ ny
wynpwl nhpuhly nt wykh thnpp wdyihunuyny vyuylbpny: Ninknpugh phpdn-
qklkqp ubpluwjuglws b hujwuwpuswth swgnny uyuylbpny dklppubwghl wyninki-
ghwih nmwwnwidwt $nuh Jpu: Uy wupuwdbnpbtph gnpénnnipjul wynnkiughuh wp-
dbplkph hudbdwwnnmipmnitip (wpwgnipnit, whih wsh wpwugnippiip b uyinieuh
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Ytup) pnyp £ wuwhu kqpujugut] dhquuuplyh b nminbnnwih punyputph hwpupk-
puljut ilwimpjut dwuhte

K.V.Kazaryan, Sh. G. Margaryan

Comparative Analysis of the Characteristics of Spontaneous
Electrical Activity of Various Organs of the Urinary Tract

Electrophysiological properties of spontaneous himggenesis of the ureter,
urinary bladder and urethra have been analyzeid. dhown that along with a strictly
rhythmic activity of the ureter in the form of higtmplitude action potentials, the
bladder activity is characterized by less rhythnsigikes with lower amplitude.
Rhythmogenesis of the urethra is presented by aggugenerated spikes against the
fluctuations of the membrane potential. Compariebthe other parameters of action
potentials (rise rate and half-width of peaks)waous to conclude that the ureter and

urethra have relatively similar natures of activity

Jlutepartypa

1. Osman F,Romics |, Nyirady P, Monos E,Nadasy Gy. L - Acta Physiol
Hung. 2009. V.96Ne4. P. 407-26.

2. Lang R. J., Exintaris B., Teele M.E., Harvey Jlerkm M. F. -Clinical and
Experimental Pharmacology and Physiology. 199&85/.P. 310-321.

3. Santicioli P., Maggi C. A. Pharmacol Rev. 1998. V.584. P. 683-722.

4. McCloskey K. D. -Handb Exp Pharmacol. 2011. VV.202. P. 233-54.

5. Klemm M. F., Exintaris B., Lang R. JJeurnal of Physiology. 1999. V.5183. P.
867-884.

6. McHale N. G., Hollywood M. A., Sergeant G. P., 8hif., Thornbury K. T., Ward
S. -Journ. Physiol. 2006. V. 5780 3. P. 689-694.

7. Andersson K. E., Arner ARhysiol Rev. 2004. V. 84\ 3. P. 935-86.

8. Imai T., Tanaka Y., Okamoto T., Yamamoto Y., HachbdT., Tanaka H., Koike

K., Shigenobu K- Acta Physiol Scand. 2002. V. 176. P. 57-63.

9. Fry C. H., Meng E., Young J. S\uton Neurosci. 2009. V. 19154, P. 3-13.

10. Bradley J. E., Anderson U. A., Woolsey S. M., Thoy K. D., McHale N. G.,
Hollywood M. A. -Am J Physiol Cell Physiol. 2004. V. 286. P. 107@834.

11. Fleishmann B. K., Murray R. K., Kotlikoff M. 1.Proc Natl Acad Sci USA. 1994,
V.91. P. 11914-11918.

12. HashitaniH., EdwardsF. R. -J Physiol. 1999. V. 18Ye 514(Pt 2). P. 459-470.

13. Hikaru H., Dirk F., Van H., Hikaru S. British Journal of Pharmacology. 1996.
V.118.Ne7. P. 1627-32.

14. Callahan S. M., Creed K. EBr J Pharmacol. 1981. V. 7X:2. P. 353-8.

15. Lyons A. D., Gardiner T. A., McCloskey K. IB3U Int. 2007. V. 99Ne3. P. 687-
94.

16. BradingA. F. - J Physiol. 2006. V. Ne570. P. 13-22.

17. Kasapan K. B., Cumounsn JI. I'., Qubyxuan P. I'. - Poc. ¢u3non. XypH. UM.
M.M.Ceuenona. 2015.T. 101.Ne4. C.433-440.

18. Moore K., Agur A.- Essential Clinical anatomy. third edition. Philgzea.
Lippincott Williams and Wilkins. 2007. P. 227-228.

19. Kasapsn K. B., Yuausn H. I'., Casasan A. A., Hununocsn T. A., Mxpmusn A. B.,
Manykan A. M.- KypnHan sBomonroHHol Ouoxumun u pusznonoruu. 2015.T. 51.
No5. C. 340-346.

75



2U8UUSUULh @PSNEESNPLLVLELDP URQAUSEL UUUTEURU
HAINMWOHAJIJBDBHAA AKAJAJEMMUSIA HAYK APMEHMHUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

JOKUJAIDBI 2tsuyNps8suveEr REPORTS
o’ 116 2016 N1
Volume

OU3NOJIOTIus

VJIK 597.82:612.886

Ynen-xkoppecnionnenT HAH PA JI. P. MaHBeJisiH,
A. M. Hacosmn, /1. O. Tep3sin, A. B. Mapkapsn

Heiiponnbie MeXaHM3Mbl MO3KE€4YKOBO-PETUKYJISIPHOM
NPOCKIMOHHOM CHCTEMBI JIATY KK

(TIpencrasmeno 11/X11/2015)

KioueBble ciioBa: pemuxyisapras ¢popmayus, aypuxyispHas oo6aacmo
KOpblL MO3J4CEUKA.

Panee Hamu ObLIO HCCIICOBAHO BIIMSHUE aypHUKYJISAPHOH 00NACTH KOPBI
MO3KEYKa Ha MOTOHEHpPOHBI BeCcTHOYJIApHOro saepHoro komriekca (BSIK).
CortacHo nureparype, jarepaibHoe BecTuOysipHoe sapo (JIBS) mpoucxomur
u3 perukysipHoii popmarun (PD) [1 - 3]. MeroTcs Beckue T0Ka3aTeIbCTBa,
YTO MMITYJIBCHI, TIOCTYHAOIINE U3 BECTUOYSIPHBIX sIep Ha COMHAIBHBIE MOTO-
HEWPOHBI, MOT'YT OBITH OIMOCPEIOBAHBI TAKXKE M YEPEe3 PETHUKYIIO-CIUHAIBHBIC
uetipons! [1, 2]. OpmoBckuM U coaBT. [2] OBUIO MOKAa3aHO, YTO OOJBITHHCTBO
PETHKYIIO-CIIMHATBHBIX HEHPOHOB HE3aBHCUMO OT JIOKAJIH3AI[HK B CTBOJIC MO3ra
y4acTBYeT B Tepenaue BecTHOYSIpHONW MHpOpPMAIMK B CIIHHHOM MO3r. BakHo
OTMETHUTh, 4T0 PD sBisiercst oHOM U3 QyHIaMEHTAIbHBIX CHCTEM MO3Ta U pas-
BUTA Yy BCEX II03BOHOYHBIX, & PETHUKYJIO-CIHUHAIBHBIA TPAaKT MPEICTABISET
coboit HanboIee APEBHIOIO LepeOPO-CIUHATBHYIO CUCTEMY [4].

B cBs3M ¢ BBINICH3IOKEHHBIM HaM IPEACTABISIETCS BAKHBIM H3yYCHHUE
(GYHKIIMOHABHBIX B3aHMMOOTHOIICHUIT B CHCTEME aypUKYJISIpHAs 00JacTh MO3-
Keuka — MequanbHas peTukyisipHas dopmarms (MP®). YV MiIeKOMUTAIOIINX
ObUTH OOHApPYKEHBI TOPMO3HBIE MO3)KEUKOBbBIC BIMSHHUS Ha HeWpoHsl PD [5].
OTH BIUSHUS OMOCPEAYIOTCS BIIOJIHE ONPEICTIeHHBIMU IepeOesuo-peTHKYISIp-
HbIMH 1yTsiMH [6]. Takue nccrieoBaHusl y HU3IIKMX MO3BOHOYHBIX KaK JIATYIIKA
oTcyTcTBYIOT. CyIIECTBYeT MHEHHE O CXOICTBE MO3KCUYKOBO-PETUKYIIIPHBIX
CBsi3ell y JATYIIKH U Gojiee BBICIIMX MO3BOHOYHBIX, B TOM YHCJIE M MIICKOIH-
Tarouwx [7].

B nanHO# paboTe MpoBeAEHO MEKTPOPHU3HOIOTHIECKOE H3YUEHHE OpPTO-
JPOMHBIX NOTEHINATOB HelpoHOoB MP®, BO3HHKAIOIIKUX B OTBET HA pa3lipake-
HHE ayPUKYIISIPHOI 00JaCTH KOPBI MO3XKEUKA JIATYIIKH.
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MarepuaJjibl 1 MeTOAbI. DKCIIEPUMEHTHI MPOBEACHBI Ha 93 03epHBIX -
rymkax (Rana ridibundapboero mosa o mMeToanke M30JUPOBAHHOTO TEpdY-
supyemoro mo3ra [8]. JKuBoTHBIX Iiy00OKO HApKOTH3UpOBaIH pacTBopoM MS-
222 (0.2r/xr). BekpoiBaiach rpyaHas KieTka i oOHaxanochk cepare. Yepes ero
KETyJIo4YeK B AYTY aOpThl BBOJWJIACH KAHIONS C LENbI0 Mep(dy3uH pacTBOPOM
Punrepa ans XOmoJHOKPOBHBIX, HACBHIIIEHHBIM KapOOTEHOM M OXJIaXIICHHBIM
1o 10-18°C. C gopcanbHOW CTOPOHBI BCKPBIBAICS Yepern. DIEKTPUIeCKoe pas-
npaxeHue nepenseil Bersu VIl HepBa ocyIiecTBIIAI0CH OMUHOYHBIMU yapaMu
nocrostuaoro toka (0.1 - 0.2mc; 0.05 -0.4MA) mocpeacTBoM cepedpsiHOro
BcachIBaroIlero vekrpoaa. Kpannoromueil ooHaxancs Taioke Mo3xedok. Ilox
BU3YaJIbHBIM KOHTPOJIEM Ha MOBEPXHOCTh aypUKYJSPHOH 00JaCTH OCTOPOIKHO
MIPUKJIAIBIBAIUCH OUIONAPHBIE LIAPHKOBBIE AIEKTPOIBL. [ 3IeKTpu4ecKkoro
pa3zipakeHus aypUKYJIApHOH 00JIacTH MO3KEUKa MPUMEHSIIIChH Te JKe IapaMerT-
PBI TOKA, 4TO U B OTHOLIEHUHU BECTUOYIAPHOTO HepBa. C LeNbl0 BHYTPUKIIETOY-
HOT'O OTBEJICHUS IEKTPUUECKON aKTHUBHOCTH HEMpOoHOB MP® ncnons3oBanuch
CTOUCHHBIE CTEKJISTHHBIE MHKDPOJIEKTPOIBI, 3allOJHEHHBIE pacTBopoM 2M jm-
MOHHOKHCJIOTO Kauus, ¢ conpotuBienueM 10-20MQ. Haunyunmit agdekt ot-
BEJICHUS MOTEHIMATIOB HeipoHOB MP® B OTBeT Ha pa3apakeHHe BeCTUOYISp-
HOTO HepBa HaOMIoascs, KOTAa 3JEKTPO/ BBOIAMIN B 00JacTh THA YETBEPTOrO
xemynouka, Ha 1.5-2.0MM kaynaneHee BXoAa BECTUOYIAPHOTO HEPBa B CTBOJ
Mmosra, Ha 200-500 piatepanbHee cpelHel JUHUU W MOTPYXKaTU Ha TIIyOUHY
500-1000 por mopcanbroii moBepxHocTH [9]. TIpOBOAMIICA KOMITBIOTEPHBIN
aHanu3 JaHHbIX. [IpoGeru syua ocuusuiorpada nocpencTBOM aHaloro-mugpo-
BOTO Npeobpa3oBaTessi KOHBEPTUPOBAIM M COXPAHSUIM B KOMIIBIOTEpE I MO-
crenytomieii oopabotku. IIpuBenensl cpenHeapudMeTHUeCKHe CTaHAAPTHHIC
OTKJIOHEHMS IIOKa3aTelnei.

PesyabTatbl u o0cyxnenune. Heiiponst MP® unentudunmpoBaimuce Ha
OCHOBaHMHU BO30YKAaroIuX nocrcuHantudeckux morennuanos (BIICII) (puc.
1l,a1,61,81,r1;puc. 2,al,61, 81, r 1), BO3HHKAIONMX B OTBET HA pa3apa-
eHue BecTnOymsipHoro Hepa. Jlnme 30% uaeHTHQUITIPOBAHHBIX HEHPOHOB
MP® oTBeyanu Ha CTUMYJISLUIO MO3KeuKka. I3BecTHO, uTo HelipoHbl MP® am-
¢bubHr 00MIBHO CHAOXKAIOTCS BecTHOYISIpHBIMU BosokHamu [3, 10]. Bectuby-
JsipHBIe aepeHTHl BIUSIOT Ha HelpoHbl MP® Takke depe3 WHTEPHEHPOHBHI,
nokanusoBanueie B BAK [2]. BuyTpukieTouHas akTHBHOCTb 3apeTrHCTPUPOBaHa
B 175peTuKyIsipHBIX HEWPOHAaX.

OauHOYHOE pa3lIpaxKeHue aypUKYIAPHOH 00JaCTH KOPBI MO3KEUKa BbI3bI-
BaJI0 TOpMO3HBIE mocTcuannTudeckue notenrmansl (TIICIT). YuureiBas Bpe-
MEHHBIE XapaKTEPUCTUKH HCCIICAOBAHHBIX OTBETOB, MBI YCIIOBHO pa3AesHiIg 3a-
peructpupoBansbie TTICII Ha Be rpynIbl: KOPOTKO- U IJITMHHOJIATEHTHBIE.

B nepByto rpynmy Bouutn 56 HEHpOHOB, CKPBITHIN MEPHOA KOTOPBIX COC-
taBisut 1.65-3.0mc (B cp. 2.56£0.33mc; N=56) puc. 1,a 2,6 2, B 2, r 2; puc.
3). Ilpu pa3nu4HON MHTEHCUBHOCTH CTUMYIISAIMU HE HAOIIOAANOCH 3HAYUTEIb-
HOT'O M3MEHEHUs MPOJOJKUTEIILHOCTH CKPBITOTO MEPHO/ia U BpeMEHH HapacTa-
HUS aMIUTUTYABI 10 MakcumymMa. [locnennsst cocraBinsuia B cpennem 3.72+0.93
Mc (2.1-6.15mc; n=52).1x ammuturyna qocrurana 0.57-3.3uB (B cp. 1.58+0.58
MB; n=52).O6mas amurensHOCTs Kosiebamack B mpexenax 7.46-22.5mc (B cp.
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11.6+ 3.16; n=55)puc. 1,a 2,6 2, B 2, T 2; puc. 3). OTMeueHHbIEC TTOKA3aTEeTH
nanu ocHoBaHue paccMatpuBath ganHbie TIICIT kak MOHOCHHANTHYECKHUE.
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Puc. 1.[locTcnHanTudeckne MOTEHIINAIBI Y€THIPEX HEHPOHOB MEAHAIBHON PETUKYIISIP-
HOM (hopMaIiK Ha pa3apakeHHe aypuKyIsIpHON 0061acTH Mo3xkedka. a 2,0 2, B 2,7 2 —
monocunantuueckue TTICIT; a 1, 6 1, B 1, r 1 — BIICII Tex e HEeHpOHOB Ha pa3apaxe-
HHE TIepeHel BETBH BECTHOYISIPHOTO HEPBa C LENbI0 HACHTH()UKALINH.

W3BecTHO, UTO cHHANTHYECKasl 3aJIepKKa B LIEHTPAIbHON HEPBHOW cuCTe-
Me amdpubuii nmeet Benuuuny nopsaka 1 mc [11]. B qoctynHoit Ham nuTepary-
pe OTCYTCTBYIOT MOP(OIOTHYECKUE MCCIEeJOBaHUS O MPOEKLIUH aKCOHOB Kile-
ToK ITypkunbe B P® naryiuek, Toraa kak Ha MIEKOIUTAIOLUIUX Mopdoioruyec-
K{ ¥ 3JIEKTPO(U3HOIOrHYEeCKH MOKa3aHa MpsiMasi CBsi3b Mo3xeuka ¢ PO [12].
OTO MO3BOJSIET MPEANONIOXKUTh, 4To KoporkonareHTHble TIICII renepupoBa-
JIMCh MOHOCHHANTUYECKU B HelfpoHax P®, mpennonaoXuTenbHO MpsIMOM akTu-
Banuell akcoHoB KieTok [lypkunbe, npoenupytonuxcs B MP®, no ananoruu c
CYIIIECTBYOIIEH MpsiMOi ¢Bsi3bI0 KieTok [Typkunse ¢ BSIK [13, 14].

Bo BTOpyto rpyniy Obutu BkItoueHbl 119 peTukynspHbIX HEHPOHOB, B KO-
TOPBIX CTUMYJISILIUA aypUKYJISIpHON 00acTH KOpbl MO3keuka Boi3biBasa TIICII
¢ OoJee AUTENBHBIM U HECTAOWIBHBIM CKPBITBIM mepuoaoM (puc. 2,a 2, 6 2, B
2, r 2; puc.3). OHU XapaKTepU30BATICh YSTKHUM YKOPOUCHHEM CKPBITHIX [IEPHO-
OB M BpeMeHu Hapactanus runepnoispusanuud TIICII no makcuMmyma Ipu
YBEJIMUYEHUH MUHTEHCUBHOCTH CTUMYIALUU. VX CKpBITHIA mepuol kosedaics B
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npenenax 3.04-6.0mc (B cp. 4.2+0.8 mc; n=119). nurensHOCTs BPEMEHU
HapacTaHUsl aMIUTUTYIBl 10 MakKCHMyMa COCTaBJIsIa B cperaHeM 5.16+1.24mc
(2.22-8mc; n=87). AMmuiuTya gocturaia MakcuMmyma B cpensem 1.8+0.62mB
(0.63-3.5MB; n=92).06mas mmurensrocts manabix TTICIT Gsita B mpenenax
8.18-27.8mc (B cp. 15.5+4.6mc; n=112) puc. 2,a 2, 6 2, B 2, T 2; puc.3). Ber-
LIEOTMEUEHHBIE BpEMEHHbIE XapakTepucTHku 3apeructpupoanHbix TIICIT u
UX 3aBUCHMOCTH OT UHTCHCUBHOCTH CTUMYILIIMU YKa3bIBAIOT HA JU-, OJIUTO- U
MOJIMCUHANITHYECKOE TIPOUCXOKICHHE.

Puc. 2. TlocTcuHanTH4eCKUE TOTEHIIMANbI YeThIPEX HEHPOHOB MEIUAILHOH PETUKYJISAD-
HOH (opMaliy Ha pa3JpakeHHe aypuKyJIsipHOW o0iacTu Mo3xkeuka. a 2,0 2, B 2, r 2 —
nomucunantryeckue TIICIT; a 1, 6 1, B 1, r 1 — BIICII Tex ke HEHpOHOB Ha pa3zpaxe-
HUE NepeiHel BeTBU BECTUOYIISIPHOTO HEPBa C LENbI0 UICHTH(QUKAIIH.

BrisBneno, uro mnmaHONatentHeie TIICII, BeI3BaHHBIE c1ab0i CTHMYIIS-
[Mel MOBEPXHOCTH MO3KEYKa, IMOCTENEHHO YKOPAuWBAINCh MO BPEMEHH IMPH
YBEJIIMYCHUNM MHTEHCUBHOCTU CTUMYJISIIUH, T. €. TPU MPOCTPAHCTBEHHOU CyM-
Mal{¥ BXOIOB MMapajUIelbHBIX BOJIOKOH K JeHIpuTaM KieTtok Ilypkuube [11,
15, 16]. MsI monaraem, 4TO ONMHCAHHBIC JW-, OJUTO- U IMOJHUCHHANTHYCCKHE
TIICII Bo3HHKAaIK HE IPSIMOIA, @ KOCBEHHOU akTHBanuen kieTok [lypkunbe [11,
17] gepes mapaiiesabHbIE BOJOKHA, IO aHAJOTHH C TAKOBBIMH, 3apETHCTPUPO-

BaHHBIME B BSIK, B OTBeT Ha pasjipaxkeHne ayphUKyISIpPHOI 00IacTH KOPBI MO3-
xeuka [13, 14].
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Wwmeer nu nanHbld HEMpoH KopoTko- wiu anuHHonareHtsie TIICII, 3aBu-
CUT HE TOJIbKO OT MHTEHCUBHOCTH CTUMYJISILIMM, HO U OT OTHOCHUTEIBHOH JIO-
KaJM3alul Pa3apaXkalollero 3JIEeKTPOoAa, MOCKOJIBKY HEKOTOpBIE BECTHOYISp-
Hble HEHPOHBI OTBEYAIOT MOHOCHHANTHYECKHU IIPU OUEHb C1a00i CTUMYIIALNY, a
JOpyTUM HEOOXOAUM CHIIBHBINA CTUMYJI. MalleHbKHe pa3Mepbl MO3KeUKa JISATYII-
KH{ ¥ OJM30CTh aypUKYISPHOHN JOJIBKH OT HOXKKH MOKEUKA HE JAIOT BO3MOXK-
HOCTH TOYHO ONPEAEIHTh MECTOPACIIONIOKEHHE MO3)KEYKOBO-BECTHOYIAPHBIX
knetok Ilypkunpe. OnHaKO MOXHO IOJlaraTh, YTO YacTOTa IOSIBIEHHUS OTMe-
yeHHbIX TIICII cHmxamach Ipu TNEpEeMELICHUH pPa3Ipa)karoliero 3J1eKTpoja
OmmKe K cpefHei TuHIM Mo3Keuka [16].

n

16

12

MC

Puc. 3.Tucrorpamma pacnpenenenus MoHo- U nonucuHantuueckux TIICIT nelipoHoB
MeIUalIbHON PEeTHKYISAPHOH (OopMalMyM B OTBET Ha pa3ipakeHHEe HICHIIaTepalIbHOM
aypUKYJIIpHOH 001acTH Kopbsl Mo3keuka. [IpeppiBucTas IMHUSA YCIOBHO pa3zaeisieT Mo-
HO- ¥ TOJIMCHHANTHYeCKUe 0TBeThL. [10 ocu abcrmce — BpeMst (Mc); O OCH OpIUHAT —
KOJIMYIECTBO UCCIIEI0BAaHHBIX HEUPOHOB (N).

Taxum 06pa3oM, MOXKHO IPEAIIOJIOKUTE O HATMYUH BBIIIEOUCAHHOTO Me-
XaHU3Ma TaK)Ke B OTHOLIEHUH MO3KEUKOBO-PETUKYJISPHBIX B3aUMOOTHOIICHUIHA,
yuuTbiBas 3apeructpupoBanHbie Hamu TIICII. OOcmyxuBas W HampaBisisd
JBUraTeIbHBIA aKT, MO3KE€UOK aKTUBHO BOBJIEKAETCS B PETYJIALMIO O3Bl U JBU-
KEHHUS CaMOTO PazIMYHOTO XapaKTepa, KOOMEepUpYsICh TOMUMO BECTHOYISPHOM
TaKXKe C PETHKYJSIPHOU chUcTeMoi cTBosia mo3ra [18]. Mel monaraem, 9To BbI-
IICOTMEUCHHBIC (DYHKIIMU MOKEeuka aM(PUOUil CXO0XKU C TAKOBBIMH MIIEKO-
MUTAIOLINX.

Wuctutyt ¢pusuonorun um. JI. A. Opoenmu HAH PA
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Ynen-koppecnongenT HAH PA JI. P. ManBeasin, A. M. HacosiH,
. O. Tep3sn, A. B. Mapkapsin

HeiiponHbie MeXaHM3MbI MO35Ke4KOBO-PETUKY IS PHOMI
NMPOEKINOHHOM CHCTEMBI JATYIIKH

B akcnepuMeHTax Ha Impenaparte nepdy3upyeMoro Mosra JITYIIKH HCCIeoBa-
JIMCh BHYTPHUKJIETOYHBIC NMOTEHIMATIE HEHPOHOB MEAMAbHON pPETHUKYISpHOI dopma-
i (MP®) B oTBET Ha pasapakeHHe UIICHIATEPaTbHON aypUKYIAPHON 00JaCTH KOPBI
Mo3Keuka. BeLBieHo, 4To pazapaxeHue kieTok IlypkuHbe BBI3BIBAJIO MOHO- U HOJH-
CHHAIITHYECKUE TOPMO3HbBIE TOCTCHHANITUYECKIE NOTSHIMANBI B HeiipoHax MP®.

Corresponding member of NASRA L. R. Manvelyan,
A. M. Nasoyan, D. O. Terzyan, A. V. Margaryan

Neuronal M echanisms of the Cerebelo-Reticular
Projection System in Frog

In experiments on the perfused frog brainstem @effalar potentials of neurons of
the medial reticular formatiofMRF) in response to stimulation of ipsilateral auricula
area of the cerebellar cortex were studied. It @sablished that stimulation of Purkinje
cells evoked mono- and polysynaptic inhibitory ggeaptic potentials in MRF
neurons.
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