linoonembl
(MU3URM,

MATEMATUEN
N TCXHURMN

Ned (4) 2010




HAYUYHO-TEXHUYECKHU
KYPHAJ

«ITPOBJIEMbI ®U3UKMU,
MATEMATHUKHA
N TEXHUKWN»

I nasnwnii peoaxmop:
A.B. Poraues (benapycn)

3amecmumenu 2nagnoco pedaxmopa:
O.M. Jlemnaenxo (benapycs)
JILA. lllemetkoB (benapycn)

Peoaxyuonnas xonneeusi:
B.E. Aragexos (benapycs)
I1.H. Bornanosuy (benapycs)
A.®. Bacuases (bemapycp)
I'o Bonbounnb (Kuraii)
C.C. T'upreas (benapycp)
B.N. I'pomak (benapycs)
A.H. Iynusn (benapycs)
B.A. EpoBenko (benapycs)
A.N. Kanunun (benapycs)
I1.4. Kyxapuuk (benapycs)
B./Il. Masypos (Poccus)

N.B. Makcumeii (benapycs)
H.B. Makcumenko (benapycs)
FO.B. ManunkoBckuii (benapycs)
A.P. Mupotus (benapycs)
B.B. Mo:xaposckuii (bemapycs)
B.C. Monaxos (berapycs)
H.K. Mbikun (benapycs)
FO.M. IlnneckaveBckuii (bemapycs)
M.B. Ceabkun (benapycs)
N.B. Cemuenko (benapycn)
A.H. Ceparwoxkos (benapycn)

A. Cuxsoua (Dunnsaans)
A.H. Ckuba (benapycp)
C.A. TperbsakoB (OuHISHIUA)

OmeemcmeeHHbill cekpemapb:
E.A. Py:xxuukas (bemapycs)

Aodpec pedakyuu:
Tomenvckuii cocyoapcmeentuiii
yuusepcumem um. D.Cropunui

yn. Cosemcras, 104,

246019, e. ' omens, benapycw
Ten. +375(232)60-30-02
+375(232)60-74-82
e-mail: pfmt@gsu.by
Humeprnem-aodpec: http://pfint.gsu.by

SCIENTIFIC AND TECHNICAL
JOURNAL

«PROBLEMS OF PHYSICS,
MATHEMATICS
AND TECHNICS»

Editor-in-Chief:
A.V. Rogachev (Belarus)

Deputy Editor-in-Chief:
O.M. Demidenko (Belarus)
L.A. Shemetkov (Belarus)

Editorial board:
V.E. Agabekov (Belarus)
P.N. Bogdanovich (Belarus)
A.F. Vasilyev (Belarus)
Guo Webin (China)
S.S. Girgel (Belarus)
V.I. Gromak (Belarus)
A.N. Dudin (Belarus)
V.A. Erovenko (Belarus)
ALl Kalinin (Belarus)
P.D. Kuharchik (Belarus)
V.D. Mazurov (Russia)
L.V. Maksimei (Belarus)
N.V. Maksimenko (Belarus)
Yu.V. Malinkovsky (Belarus)
A.R. Mirotin (Belarus)
V.V. Mozharovsky (Belarus)
V.S. Monakhov (Belarus)
N.K. Myshkin (Belarus)
Yu.M. Pleskachevsky (Belarus)
M.V. Selkin (Belarus)
L.V. Semchenko (Belarus)
A.N. Serdyukov (Belarus)
A. Sihvola (Finland)
A.N. Skiba (Belarus)
S.A. Tretyakov (Finland)

Executive Secretary:
E.A. Ruzhitskaya (Belarus)

Edition address:

F. Scorina Gomel State University
Sovetskaya Str., 104,
246019, Gomel, Republic of Belarus
Ph. +375(232)60-30-02
+375(232)60-74-82
e-mail: pfmt@gsu.by
website:hitp://pfmt.gsu.by



INPOBJIEMbI ®U3UKU,
MATEMATHUKHN U TEXHUKHA

HAYYHO-TEXHUYECKH KYPHAJI

H3z0aemcsa c oexaopa 2009 ..
Brixonur 4 paza B ro

Ne 3 (4) 2010

COJEPKAHUE
DOU3UKA

Kammaii B.H., Konapatiok B.B. PaccesiHue a51eKTpoMarHUTHBIX BOJIH Ha OMU30TPOITHOM IIape B
OMUBOTPOITHOM CPEIIC. . . e et etenente e et et ettt et e et et et ettt e e e ettt et et et e et et et e e e et et e e enenenes
Maxcumenko H.B., Kypuinn A.C., Ilogoasckmii C.B., Anapees B.B., IOuko A.A., Ba-
onu K.C., Crenanenxo FO.FO. HoBbIif MeTOI ONTHMHU3AINH TOPOTOB OOpE3aHWH B IKCIECPUMEHTE
E391: KOHIENINS U TEKYITHHA CTATYC PEATHBAIIHI . . . . .. e e eneeeeeeneeneeeeeene e ee e ea e een e eaeaeeneeneeaeneanas
Muwmmnuor JA.I'., Porayes A.B., ®egocenxko H.H., bexkapesuu P.B. Mexannueckue cBoiicTBa
JIETUPOBAHHBIX MENBIO YTIIEPOAHBIX MOKPBITHH, OCAXKICHHBIX M3 HMITyJIbCHON KAaTOMHOW IUIa3MHlI. . ... ...
Huaunuos J.I'., PynenxkoB A.C., BekapeBuu P.B. Mop¢onorust KOMIO3HIIMOHHBIX TTOKPBITHH
Ha OCHOBE YTJIEPO/Ia, IIOABEPTHYTHIX OOPAOOTKE HOHAMI Q30T ... e eueneeneeneneneeneneneaneatenneneanenenns
Mlanynaes C.B., Huxutiok 10.B. JlazepHoe TepMopackaiabiBaHWE CTEKIOM3AEIUN TpyOuaToi

MATEMATHKA

Jxuanxonr Xyanr, ®enrsan Xue, Xuoaan Ou. S-C-nepectaHOBOYHO NOTpYyKEHHBIE TIOATPYII-
TIBI KOHEUHBIX TPYTIIL. .. e ettt et etente e et et eaea et ete e et e e e e e e e et e e e e et e et e e e ettt e e e et et e e e e e et enenenens
Kazumupos I'.H. DkBuBaneHTHas: CTPYKTypHask XapaKTEPUCTHUKA JAHHOTO 000OMIEHHOTO MOy
TITAZIKOCTH . . . et et ettt et et e et e e e e e e e e e et e et e et et e e e e et e e et e et e e e et et e e et et e et e e et ene e e
Kammun FO.A., ’Kagan M.W., Kamuuna P.E. Cratuka ruOKoro TpeyroibHOTO HOJBECA. ... ..........
Cku6a A.H. O nepeceyeHnn BCeX MAKCUMAJIBHBIX -5 -TIOATPYII KOHEYHOM IPYIIBL. ................

I0doanr Jiny, Xuyxnan ®@3nur, JxuanxoHr Xyanr. O §, -HOpMabHbIX HOATPYIIAaX KOHEUHBIX

NH®OPMATHUKA

Hdemugenko O.M., Jlepuyk B./I., Ky4yepos A.W. OyHKIMOHATBHBIE BO3SMOXHOCTH IPOrPaMMHO-
r'0 KOMIUIEKCA a/IalITUBHOM WACHTU(HUKALUH [0JIb30BATENEH KOPIOPATHBHOM CETH. .. euetvvinenenennenen.

EcbkoBa O.U., Kuxkors U.H. IInanupoBanue KpeaIuTHBIX YCIOBUM Ha OCHOBE METOJa UMHTALM-
OHHOT'O MOJICJTUPOBAHHSI BEPOSITHOCTHOTO CETEBOTO TPAPHKA. .. vuvne et eteneneneinenineneneeneneneneanenenenens

22

25

31

35

41

49
52

56

63

69



Yupeoumenv — Yupescoenue oopazosanua «l omenvckuil 2ocyoapcmeennulii yHugepcumem
umenu @panyucka CKopunvl»

2Kypnax 3aperucrpupoBan B MunucrepctBe nHpopmarmu Pecniyonuku benapych
(cBuzmerenbeTBo 0 peructpauuu Ne 492 ot 15 urons 2009 r.)

Texuunueckuit penakrop E. A. Pyscuykas
Koppextops! /[. /. Ilasnosey, I'. H. I[lemyxosa
Juzaiin o6noxku 4. B. Epmakos

IMoamucano B meuars 07.09.10. ®opmat 60x84 ¥ . Bymara odcernas. Fapuutypa Times.
Ven. ney. 1. 9,53, Yu.-m3a. 1. 8,40. Tupax 100 sk3. 3akasz Ne 470.

Wznatens — YO «I'omenbckuit rocynapcTBeHHbIN yHUBepcHTET UM. ©. CKOPHUHBI»
246019, I'omens, yn. CoBerckas, 104
JInnensus Ne 02330/0549481 ot 14.05.09.

Otnevarano Ha nojurpaduyeckord Texauke YO «I'TY um. @. Cxopunsn»
JInuensug Ne 02330/0150450 ot 03.02.09.

© Yupexnenue o0pazoBaHus
«I"oMenbckuil TOCYAapCTBEHHBIN
yHuBepcureT uMeHu dpannucka Cxopunsy, 2010



PROBLEMS OF PHYSICS,
MATHEMATICS AND TECHNICS

SCIENTIFIC AND TECHNICAL JOURNAL

Published since December, 2009
There are 4 times a year

Ne 3 (4) 2010

CONTENTS
PHYSICS

Kapshai V.N., Kondratjuk V.V. Scattering of electromagnetic waves on biisotropic sphere in
DIISOIrOPIC MEAIUIML. ...ttt ettt ettt et et ettt et e e et e e et e e et e e e et e e e e e e ananeas 7

Maksimenko N.V., Kurilin A.S., Podolsky S.V., Andreev V.V., Yuchko A.A., Babich K.S.,
Stepanenko Yu.Yu. New method for the cuts threshold optimization in the E391 experiment: concep-

tion and current IMPleMENtAtION. ... ..ottt e e 22
Piliptsov D.G., Rogachev A.V., Fedosenko N.N., Bekarevich R.V. Mechanical properties of the
copper alloyed carbon coatings deposited from cathodic pulse plasma....................oco 25
Piliptsov D.G., Rudenkov A.S., Bekarevich R.V. The morphology of the carbon based composi-
tion coatings Processed DY NItrOZEN 10MS. . ......u ittt e 31

Shalupaev S.V., Nikitjuk Y.V. Laser thermosplitting of the glass tubes................................ 35
MATHEMATICS
Jianhong Huang, Fengyan Xie, Xiaolan Yi. S-C-permutably embedded subgroups of finite
o0 010 o N 41
Kazimirov G.N. Equivalent structural characteristic of the given generalized modulus of smooth-
0TS 49
Kashin Y.A., Zhadan M.I., Kashina R.E. Statics of flexible triangular suspension.................. 52
Skiba A.N. On the intersection of all maximal § -subgroups of a finite group.......................... 56
Yufeng Liu, Xiuxian Feng, Jianhong Huang On §, -normal subgroups of finite groups............ 63
INFORMATION SCIENCE

Demidenko O.M., Liauchuk V.D., Kucharau A.I. Functional capabilities of program tools for

the adaptive identification of the corporate Network USErs...........oovvriniiiiriiiiiiiii e 69
Eskova O.1., Kikot I.1. Planning of the credit conditions based on simulation of probabilistic net

L& 2 ' P 74



Founder — Francisk Scorina Gomel State University

The journal is registered in the Ministry of information of Belarus
(registration certificate Ne 492 from June, 15th, 2009)



Ipo6remvr usuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

V]IK 537.87

DOU3HUKA

PACCESIHUE JIEKTPOMATHUTHBIX BOJTH HA BUM30TPOITHOM IIAPE
B BUN30TPOITHOM CPEJIE

B.H. Kammaii', B.B. Konapatok®

1 N .
T'omensckuil 2ocyoapcmeennsiti ynusepcumem um. @. Cropunsl, I'omens

2 o . o

T'omensckuil 2ocyoapcmeennswiti mexnudeckuti ynusepcumem um. 11.0. Cyxoeo, I'omens

SCATTERING OF ELECTROMAGNETIC WAVES ON BIISOTROPIC SPHERE
IN BIISOTROPIC MEDIUM

V.N. Kapshai', V.V. Kondratjuk*

'F.Scorina Gomel State University, Gomel
2P.0. Sukhoi Gomel State Technical University, Gomel

Penrena 3a1a4a o paccesHUH JIEKTPOMATHUTHBIX BOJH Ha GHU30TPOIHOM LIape B OMHU30TPOIHOI cpexe. [lomydeHsl aHaMUTH-
YEeCKHE BBIPAXKEHUS JUI KO3 (PUIIMEHTOB Pa3I0KEHHS PACCESHHOTO M BHYTPEHHETO IOJIei 10 MOIHOW U OPTOHOPMHPOBAHHOI
CHCTEME IIAPOBBIX BEKTOPOB. UNCICHHO NPOaHATM3UPOBAHBI 3aBUCHMOCTH TUX aMIUIUTYIHBIX KOI()(UIUEHTOB OT apamer-
POB OMH30TPOIHBIX cpeji M panuyca mapa. [loka3aHo, 4TO B 4ACTHOM Cllydae B3aUMHBIX T'MPOTPOIHBIX CPEJ U3 IOJTy4EHHBIX
HaMH BBIPXEHUH CIIeYIOT (OPMYJIbl, U3BECTHBIEC U3 Oosiee paHHUX padoT.

Knrwouegvie cnosa: buusomponnas cpeoa, mamepuanvhvle ypashenus, meopus Mu, wiaposvie 6ekmopbl, cpepuueckue 0nHbl.

The problem of electromagnetic wave scattering on biisotropic sphere in biisotropic medium is solved. Analytical expressions
for expansion coefficients of the scattered and inner fields on the complete orthonormal system of spherical vectors are ob-
tained. These coefficients are numerically analyzed depending on the parameters of biisotropic media. It is shown that in the
particular case of gyrotropic media our results yield solutions known earlier.

Keywords: biisotropic medium, constitutive relations, Mie theory, spherical vectors, spherical waves.

Bgeoenue
B mocnienHee BpeMs MHTEHCHUBHO BEIyTCS HC-
CIICIOBaHUS PA3JIMYHBIX CIOXKHBIX HCKYCCTBEHHBIX
MaKpOCKOIINYECKUX CPeJl, SJIeKTPOMAarHUTHBIE CBOM-
CTBAa KOTODPBIX OIIMCBHIBAIOT MaTepHANbHBIMH ypaB-
HeHusMu Buza [1]-[8]
D=¢E+(y+ia)H;
f?z(;(—ia)Eﬂuljl,
COJIEpIKAILIMU  «IIEPEKPECTHBIE» MarHUTOAIEKTPH-
yeckue ciaraeMble. Takue cpelpl OIydIn B Hayd-
HOW JWTeparype Ha3BaHHE «OMHM30TPOITHBIX)
(«biisotropic»). JItoboe BHemrHee mose 00ycClaBIIH-
BaeT B HUX DJCKTPUYECKYI0O M MAarHUTHYIO IOJS-
pu3anmio. YacTHRIMHM BapHaHTAaMH TAaKUX Cpel SB-
JAIOTCA:
a) W30TPONHBIE IUWIEKTpUKH (pu « =0,
x=0);
0) eCTeCTBEHHO THPOTPONHEBIC (KUpPAIbHEIC)
cpensl (mpu ¥y =0, a#0);

(0.1)

B) cpennl Temterena (mpu o =0, y#0).

BaxkHocTh M3yueHHs OMU3OTPOIHBIX cpeJl 00b-
SCHSIETCSI TEM, YTO, OCTaBasCh W30TPOIHBIMH, OHH,
TEM HE MEHee, MOTYyT HMMETh 3JIEKTPOMarHUTHbIC
CBOMCTBa, CYIIECTBEHHO OTJIMYHBIC OT CBOWCTB 00-
Jee MPOCTBIX Cpel THIIAa W30TPOIHBIX JUIICKTPH-
koB. bonee Toro, OMM30TPOITHBIE CPEABI MOTYT TIPO-
SIBJIATH CBOWCTBA, 3aMETHO OTJIHMYAIOIIHECS OT

© Kanwaii B.H., Konopamiok B.B., 2010

CBOICTB KHpaJIbHBIX cpea uiu cpef Temnerena. Pas-
JIUYHBIC acCTeKTHl UCCIICAOBAHHUS KUPATBHBIX U OWu-
30TPOTHBIX CpPe XOPOIIO OCBEIICHBI B JIUTEPATYpE,
B wacTHOCTH B MoHorpadpusax [9], [10] u craTesax
[11]-[21].

Bospacratomuii  uHTEpEeC K HCCIEIOBaHUSM
ANIEKTPOJMHAMHYECKUX CBOWCTB KHUPAIbHBIX U OWU-
30TPOIHBIX CPeJl BO MHOTOM OOYCJIOBJIEH yCIIeXaMH
B CO3JaHUU KOMIIO3UTHBIX CpE€Jl, CTPYKTYpHUpPOBaH-
HBIX B MUKPOCKOMHMYECKOM U HAaHOMETPOBOM Mac-
mrabde. [Ipu sToM crekTpanbHas 00yacTh, B KOTO-
PO MOTYT MPOSBIATHCS CHENH(PUISCKAE CBOWCTBA
HCKYCCTBEHHBIX Cpell, 3HAYUTEIFHO IIUpPEe, YeM OII-
TUYECKUU AWATa30H, B KOTOPOM CBOICTBA Cpell THMA
KHPAJIbHOCTH OOYCIIOBIIEHBl CBOWCTBAMH MOJIEKYJI.
C ycoBepIIEHCTBOBAaHHEM METOJOB CHHTE3a IOJIH-
MEpPOB CTal0 BO3MOXKHO pEaln30BaTh B3aWMHBIC
KHUpaJIbHBIE CPEJbl B IENAX MPAKTUYECKOTO UCIONb-
30BaHus X cBOMCTB B CBY 1 MUJIITMMETPOBOM BOJI-
HOBOM Juana3oHe. Cpe MHOTOUUCICHHBIX TOTEH-
LIUaJIbHBIX MPUMEHEHUH KHPabHOM Cpelsl MOXKHO
yKa3aTh HCIIOJIb30BaHHE CIOEB U3 HUX B KAauecTBE
00BEKTOB, MOTJIONIAIONINX W3TYUYCHHE PalapoB.

BunzoTporHeie cpenbl, paccMaTpuBaeMbIe Kak
0000IIeHne cirydasi KHUpPANbHBIX Cpell, KpoMe KH-
pabHOCTH, O0JIAAlOT TaK)Ke€ CBOMCTBOM HEB3aWM-
HOCTH, B CHWJIy 4Yero OHH OY€Hb IEPCIEKTUBHBI B
NPUKIAJHOM OTHOIIEHNH. bumzorponHsie (HEB3a-
UMHBIC KHpaJbHBIC) Cpenpl, MpHU ONHCAHUU HX

7



B.H. Kanwaii, B.B. Konopamiok

MaKpOCKOTIMYECKUX 3JIEKTPOMArHUTHBIX CBOWCTB,
XapaKTepU3ylT YeTHIPbMSI MaTepUalIbHBIMU Iapa-
MeTpaMH (BMECTO TPEX, MCIOJIB3YEMBIX JUIS Xapak-
TEPUCTUKHU B3aMMHBIX KUpPAJIBHBIX cpen). Bemeacr-
BHE ITOTO CHOCOOBI CO3/IaHMSI MCKYCCTBEHHBIX Ma-
TepHajoB, oOiagaomux TpeOyeMBbIMH dJIEKTpoMar-
HUTHBEIMH CBOWCTBaMH, 0ojice BapHaTUBHBI. TakuMm
obpazom, Bce Ooubiie U 0OJIbIIIe BHUMAHUS TPUBJIC-
KaeTcsl K 00JIaCTH B3aMMOACUCTBHS DIIEKTPOMArHHUT-
HBIX BOJIH CO CpeIJaMH 3TOTO KJIacCa U COOTBETCT-
BYIOIIIMM I'PAaHUYHBIM 3a7jadaMm.

CrnenyeTr OTMETUTh, 4TO ¢ cepeaussl 90-x ro-
JIOB TIPOIIJIOTO BEKa B JINTEpaType BEAETCS JUCKYC-
CHSL O «pacrio3HaBaeMOM CYIIECTBOBAaHHW) HeB3a-
HUMHBIX OUM30TPONHBIX cpef [22]-[34]. Kak ykazaHo
B [7], [8] aTa muckyccus GpakTHYSCKH HE 3aBepIlcHa,
MI03TOMY MMEHHO TPH PEHICHWH TPaHWYHBIX 3a1ad
MOTYT OBITh HaliZIeHBI JIOTIOJIHUTEIbHBIE apTyMEHTHI
B TIOJIB3Y YTBEPIKICHHS O TOM, UTO HENb3s 3P eKTr,
00yCTIOBTICHHBIE OTIIMYNEM OT HyJISl 3HAYCHHS Tapa-
MeTpa HEB3aUMHOCTH Y, OOBSICHUTH M3MEHEHHEM

3Ha4eHUH Apyrux napamerpoB mpu y =0. YTtoOwI

HalTH Takue 3)(EKTHI, CIeqyeT PelIUTh Pa3InIHbIC
TPaHWYHBIC 33/1a41 IS 3JIEKTPOMArHUTHBIX TIOJIEH B
OMM3OTPONHON cpene, rpaHnyalleii ¢ APYTUMH pas-
JWYHBIMU CPEaMH B YCIIOBHSX, KOT/Ia TPaHMIIA pa3-
Jiena SIBISIETCS TUIOCKOH, chepruecKor, MMIHHAPH-
yeckod W Ap. 3amadn 00 OTpakKeHUH DIIEKTPOMAr-
HHUTHBIX BOJIH OT IJIOCKHX T'PAHUII pa3fena «BaKyyM
— OuM30TpOITHas cpenay, «Ouu3oTpornHas cpeaa 1 —
OuMM30TpONHas cpefa 2» paccMOTpPeHbl B paboTax
[35], [36]. B HacTosimieit craThbe paccMaTpUBaETCs
3aa4a 00 OTpaKEHWH DJICKTPOMAarHUTHBIX BOJH OT
cheprudyecKkoll TpaHUIlBl pasfeNia JBYX OHH30TpOII-
HBIX Cpel.

1 3a0aua Mu ona 6uuzomponuvix cpeo

Teopust paccesHHST >IEKTPOMArHUTHBIX BOJIH
Ha C(EepUIecKd CHMMETPHUYHBIX OOBEKTaX pa3ind-
HOW TIPHPOJIBI, IOMELICHHBIX B Ty WIN MHYIO Cpexy
(Teopuss Mu), umeer Goyiee YeM CTOJETHIOIO HCTO-
puto [37], mo sToii mpobiieme MMeeTcsl OOIIMpHAs
oubnmmorpadus. B kadecTBe myTeBoAnTENCH N0 3TOU
Teopun ykaxkeM MoHorpaduu [38]-[40], B KOTOpBIX
COZIep)KaTcsl JIECSATKU CCHUIOK Ha OpUTHMHAJbHBIC
pabotsl. PaccesHue Ha KupanbHBIX W Ipyrux cde-
pUUYECKH CHMMETPHUYHBIX O0BEKTax OBUIO PaccMoT-
peno B [13]-[15]. Ananoruynas 3agada o paccestHu1
3JIEKTPOMArHUTHBIX BOJIH Ha OMU30TPOITHOM IIape B
Bakyyme pemreHa B [17]. B Hacrosmeir paboTe MBI
TIPENICTABIISIEM pelleHne Oonee OOIIeH TpaHUIHON
33/1a44 O PACCESIHUM IUIOCKOM MOHOXPOMAaTHYECKOM
9JIEKTPOMArHUTHOM BOJIHBI Ha OMM30TPOITHOM LIape
paguyca R, IOMEIIEHHOM B OMM30TPOIHYIO Cpeay,
napaMeTpsl KOTOPOW OTJIMYAIOTCSI OT IapaMeTpoB
YacTHII-IIapa. B ompeneneHHOM CMBICIE Takas
3ajaya sBIseTcss HauOonee oOINeH 3amaueit s
JIBYX CpeJl ¢ M30TPOITHBIMH cBo¥icTBamMu. Kak u mpu
peleHny BCsIKO «HanbOosiee oOmiel» 3amauu, s

HCCIIeIOBAaHUN C HEOOXOAMMOCTBIO TpPeOyeTcsl MpH-
BiIeUeHHe HambOosiee APPEeKTHBHOrO MareMaTHye-
CKOro ammapara. B Xopme peleHus 3afad Takoro
pona Mbl yOeTUIUCh B TOM, YTO TAKAM CaMbIM MOIII-
HBIM CPE/ICTBOM SIBIISIETCS. KBAHTOBOMEXAaHMYECKAs U
KBaHTOBOAJICKTPOIMHAMUYECKAsT TEOPHs IMIAPOBBIX

Bexropos Yy, (7i,) [41], [42]
YIIM(ﬁI):ZCI{fn/IIy Lm(ﬁr)éy’ (11)
m,pu

rae Y, (7,) — chepudeckue rapMOHuKH, 7, =F/[r,

Cl, — xoaounmentsr Knebma — I'oprana rpyn-
bl TPEXMEPHBIX BDALICHUId, &, — LHMKIMYECKUE
OpTHI:

ITocpenctBom Bektopos (1.1) ynobno ompene-
JIUTH cepudeckue BoJHbI [12]-[15]:

FJ(ZM(k|r)_ZJ(kr) JM(ﬁ )-
—iv|a,z,, (k) ¥ (ii,) - (1.2)
bz, (kr) Y3 (7,) .

B Boipakennu (1.2) BepxHHUIl MHAEKC z HCHONbB3Y-
eTcst 1l 0003HAUeHUs THIa chepudeckux HyHKIHH

z,(p). B 4acTHOCTH HAMH IIPHMEHSIOTCS Chepude-
ckue Qynxumn Beccens z, (p)=j,(p), Heiimana
z,(p)=n,(p) wm Xankens l-ro u 2-ro poxa

z,(p)=H" ()= j, (p)xin,(p). Kodbdummenter
a, u b, B(1.2) onpeneneHsl cienyOmUM 00pa3oM:

= /(27 +1), b, =J(J+1)/(2J +1).

HerpynHo mokasaTh, YTO IIOCKYIO MOHOXpO-
MaTHYeCKyI0 IHUPKYJSIPHO TIOJIIPU30BAHHYIO BOJHY
MOYKHO pas3JIOXKHUTh 10 chepnueckuM BoiaHaMm (1.2)

cleayIomuM 06pa3oM (MHOXKUTENL € MBI OITyC-
KaeM):
Er(F)=—v&,Eyexplik,z) = 3 E,FY) (K, | 7).
J=1 (1.3)

E, = E,\2n(2J +1)i,
rae k, = (w/g,u—;(z +va)a)/c — BOJIHOBBIC 4YHCIIA,

COOTBETCTBYIOIINE BOJIHAM, PaCIpPOCTPAHSIOIIUMCS
B OMU3OTPOITHON cpefe; UHAeKcoM v =*1 0003Ha-
YaeTcs HoJisipu3ays BOJHBL (V=1 ais mpaBoLup-
KyJSIPHO TOJISIPU30BAaHHOW BOJIHBI M Vv =-—1 s
JIEBOLMPKYJISIPHO MTOJISIPU30BAHHOMN ).

VYuuteiBasg cTpykTypy BbIpaxenus (1.3), pac-
CesTHHOE M BHYTpeHHee MoJjst OyJeM HCKaTh B BUE
Ppa3noXKeHuil:

EP ;: ZE Zfo’v Jo’v o-l?)’
o (1.4)
ZE Z gm/ Jcrv (kl |*)

IIpo6remvr uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010
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3nech k. = (ng W=z +aal)a)/c —  BOIHOBBIE

yucia U BHYTPEHHHUX BOJH (BOJH B OMH30TPOI-
HOM mape), f. U g’ — uckomble KOd(QQHUIHEHTEI
Pa3oKEHUs MOJIEN PacCEsTHHOM U BHYTPEHHEN BOJIH
COOTBETCTBEHHO; MHJEKCOM O OTMEYEHO COCTOs-
HHE IOJIIPU3AUU PACCESIHHOM U BHYTpEeHHEH BOJH
(o =%1). B cuiy opTOHOPMHPOBAaHHOCTH U JHHEH-
HOIl HE3aBHCHMOCTH CHCTEMBI HIAPOBBIX BEKTOPOB
Ha cdepe B popmynax (1.4) durypupyror mapossie
BEKTOPEI I?ﬁd (ﬁr) TONEKO ¢ M =v. Jlna paccesH-
HOIl BOJIHBI HCHONB3YIOTCA chepuueckue (QyHKIUH
XaHKeJsl TEepBOTO pojia hf)(p), UMeIoIMe Ipa-
BIJIbHYIO ACUMITOTUKY («PacXoIIIascsl BOJIHA)

Ha 6ecKOHEYHOCTH. Y100HO cdeprueckne (QyHKIUH
Beccenst s BHYTpeHHMX BOJH  0003HAdYaTh

z,(p)=j.(p).
Ucnonb3ysa ypaBHeHuss MakcBemia U mMaTepu-
anpHbIe ypaBHeHUS (0.1) mist GUM30TPOITHOM Cpensl,

MOXHO HaWTH HANPSHKEHHOCTH MarHUTHBIX IOJIEH,
COOTBETCTBYIOIIUX ATUM BOJTHAM:

ZE b lvv v )

H? (7)= ZE > £b F (k7))

o=*l

ZE > en b (kL 1F).

o=%1

311eck BBEACHBI 0603Haqum

bc,:l(;(+iow/gy—;(2), (1.6)
Y7,

1 .
by =—( 1 +io\eu -z )

1
I'paHnuHBIe YCTIOBUS 3aKJIIOYAIOTCS B HETpe-
PBIBHOCTH TaHI'CHIMAIBHBIX COCTaBJIAIONIAX pe-
3YJIBTHPYIOMINX DJIEKTPHYECKOTO0 U MarHUTHOTO TIO-
Jiel Ha TpaHuIe pasjiena AByX cpex (cdepa paxuyca
R). Maremarnyuecku 3TO TpeOOBaHHWE MOXKET OBITh
3aIliCcaHo B BUIE:
[, B} +E-E}] =0,
D (1.7)
e n P B _
(i, B +H} -H] =0.
IIpoemmpys BekTopsl, cogepskamuecs B (1.7), Ha ocu
JIOKAJIBHOM CHUCTEMbI KOOPAMHAT (e €,,¢€ ) [41],
MIOJTyYHM CHUCTEMY ypaBHEHHI
n P B __
E,+E)-E;=0
n P _ B —
E!+E!-E!=0
n P B __
H,+H]-H,=0
n P _ B —
H!+H!-H!=0.

(1.8)

Jns ynobersa l'IpI/IMeHeHI/Iﬂ TPaHUYHBIX YCIIO-
B BeIpasuM QyHKIMH F JvM (k |F) depes BEKTOPHI

}7};)(6,@ (Z:O, il), WCIOJNIb3YSl X CBSI3b C

Ipo6remvr uzuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

waposbiMu Bektopamu Y, (6,¢) [41]:
Vi (0.0)=a, 7 (0.0)- 0,7, (6.9),
o (0.0) =131 (6.9), (1.9

Y./Zl(é’s(/’) b Y/M(e ¢7)+a1YJM (9 @)
[oncrasnsas Gopmynst (1.9) B BeIpaxkeHue s che-
pUYECKUX AJIEKTPOMAarHuUTHBIX BoJH (1.2), a Takxke
UCIIONIB3Yysl PEKYPPEHTHBIE COOTHOLIEHUs Ui ce-
puuecKux QyHKIMIA:
2n+1 - (,0),

Zn—](p)+Z;z+](p): (110)

(2n+l)%zn(p) —nz, ,(p)~(n+1)z,.(p).

MOTY4UM CIIEAYIOLee BbIpaKCHHE Il (DYHKIUH

JvM(k|r)

r
tivab, %2, (k) 750 ().

31ech UCIONL30BaHO 00O3HAYEHUE ;L(p): Pz, (p)

st pynkumii Pukkarn — Beccenst, Pukkarn — Heit-
MaHa U Pukkatu — XaHKels, a TPUXOM 0003HaUe-
HO au(¢epeHIUpoBaHEe MO COOTBETCTBYIOLIEMY
apryMeHTy.

[Moncrasnsst Beipakenue (1.11) B dopmysst
(1.3)«(1.4), nomyunm BBIpKEHHS VIS HAPSHKEHHO-
CTEH IEKTPUYECKOro Mol Majaroulel, pacCesHHON
U BHYTPEHHEHN BOJIH:

E'(F ZE{],kr) (i) +

+,§TVV}'} (k)Y (7,)+

+m@%§ﬂWﬂNm}

4

ZE > L AR (k) T (5,) +

o=*1
+;Tar/5}(“ (k,r)Y3) (i) +
vigab, 2T (k, )Y};”(ﬁ,)},

=3E zgw{ (k)7 () +

o=*1

17z () PO (i) +

1
k,r

+ica,b, %zl (k;r)?};l) (ﬁr )}

COOTBCTCTBy}OH.lI/Ie HarpsHpKEHHOCTU  MarHUTHOTO
TIOJISL 3aITUITYTCS B BUIC!:
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H! ()= ZEb{],(kr) (7, )+

J=1

C yuetoM Toro (akra, 4TO BEKTOP )7 ,(;)(ﬁr) HE
WMEET TaHTeHUUAIbHON COCTaBJISIONIEH, U3 TpaHUY-
HBIX ycioBui (1.8) cienyer anrebpanyeckas cucre-
Ma YpaBHCHHH Ui ONpEICNICHHsT KO3(P(PHUIIMCHTOB
paccessHHOTO M BHYTPEHHEro TMoJied B YCJIOBHSIX,
COOTBETCTBYIOIIMX paccMaTpUBaeMOM 3aaue:

S {12H (kR + gz, (K R)) =
o=t1

1 ) 7 ()|

o

x|
=k1}.} (k,R);
v (1.12)
S {2, (k,R)+ g2z, (KLR))} -

o=*1

= bvjj (kvR),

Z{f;baki/% (k,R)+ 00,

o=*1

2 ()| -
= bv ki.}} (kvR)

OTy cucreMy nenecoodpasHO 3amucaTh B MaTphy-
HOM BHUJE:

AQ) (1) 5 (7l s o7l .
PER) GRS R 2GR 7, R)
WY k,R)  ~hYGR) 2GR 2R || S Sk | 1| vk R) (L13)
bRk R b AV(LR)  BLE,(KLR) b2, (K\R) | & /kl | K| b (kR
A A J 1 ~r
bR (hR) ~b L R) B KL R) b2 R) L& K] VB R)
Pemenus cucremsl (1.13), To ects x03hdumm- 2 =2, ( ! R).

J J o
eHTBl f, ¥ g, ,, MOXXHO HAalTH IO IpaBUIAM:

kA kL AS
J —Zo Zov, S —Zelov (1,14
fO'V kv A gO'V kv A ( )

rae A — TJaBHBIM ONpeNeNnuTelh CUCTEMBI, A

ov?
g
A%~ — xapakrepuctudeckue onpenenurend. I[Iposo-

A UX BBIMUCJICHHUSA C YYETOM XOPOIIO H3BCCTHBIX
CBOWCTB OHPCHGHHTeﬂeﬁ, HaxoguM IJId A BbIpa-

) (2.2 )+
(}2 )— (1.15)

~[b.b! +b bl (A2, )r1(h.2 ).

IIpu 3amucu ompenenutenelt Mbl HCIONB3yeM 000-
3Ha4YEHUA

A=[b b, +blp!, |01 (

hh \TT
+[babl +b bl W (hz )W

W (3»,)=Ys = ¥ivss

T(yp,) =005+ ¥,
Y COKpallleHHbIe 0003HaYeHUs (DYHKIINH

Jo=1Js(k.R),
h, =h (k,R),

10

IIpy BBIYMCIICHUH XapaKTEPUCTHYECKHMX OINpe/IesH-
Teneit A/, u Af

ov?

AL =[bb, +b0, (2,2 (}VﬁLJ+VG}Lﬁ_G)+

MIOTy4aeM BBIPAKCHUS:

b bbb, W2, ) (72 —vejiz,) - (1.16)
bbb, 0(h2,)(5.2, +veiiz,).

A5, =B, +bb (A4 )(},2, +vefz,)-

b, +b bW (R 2, ) (G -voih, )~ (117)

(bt +b0big]n(h52,a)( R wvefih,)

®opmyasr (1.14)—(1.17) B COBOKYITHOCTH CO-
CTaBJIIIOT OTBET K 3a/lau€ O HaxXOXIeHWH Kodhhu-
LMEHTOB PA3JIOKCHUSI PACCESIHHOTO M BHYTPEHHETO
noneit (1.4), (1.5).

[MpowsuTroCTpUpyeM MOTyYSHHBIC aHATUTHYC-
CKHE pe3yJIbTaThl TOYHOTO pelIeHus 3aaauu Mu Juist
OUM3OTPOIHBIX CPEJl C MPUMEHEHHEM Pe3yJbTaTOB
YHCIICHHBIX pacueToB. Ha pucynkax 1-8 mpuBeneHs
3aBUCHMOCTH BEIIECTBEHHBIX W MHHUMBIX 4YacTei

kod(pduimentos 7 m gJ, or orHomenus R/A

IIpo6remvr uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010
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JUIA pa3MUuHBIX 3HaueHui J (J=1; 3; 6) u Bcex BO3-
MOJKHBIX BapHUAHTOB 3HAYCHHU IOJIAPU3AIIMOHHBIX
HHIEKCOB O U V.

HeobxomumocTs 0OJIBIIOrO YHCIa HIDTFOCTPA-
Ui oOycioBieHa OdYeHb OOJNBIIMM KOJHYECTBOM
mapaMeTpOB 3a7auu: 8§ MaTePHAIbHBIX MOCTOSHHBIX,
4 3HayeHHs TAaphl TMOJSIPU3AIMOHHBIX HHJCKCOB
(o,v), oTHOIIEHHUE R//1, HHAEKC J, 3HaYeHHEM
KOTOPOTO OMPEIENAETCs TOJHBIA MOMEHT ceprue-
CKOM BONHBL. UTOOBI CHCTEeMAaTH3MPOBATH TPaQuKH,
MBI Ha KaXXIOM W3 PUCYHKOB |—4 mpezncraBiseM
3HAUEHUs BEIUYMH Re fU’V u Im fU’V MpU OTHUX H

TEX K€ 3HAYECHHSX IMapbl MOJSIPU3AIMOHHBIX WHIIEK-
coB (0,v). AHaJOTMYHO Ha KaXIOM U3 PHUCYHKOB
5-8 mpejcTaBieHbl 3HAYeHMs BeNMMuMH Reg?l, U

J
Img/ mnpu omHHUX M TeX ke 3HAUEHMAX Napbl UH-
nekcoB (o,v).. Takum oOpaszom, B mpenenax Kaxio-
I'0 PUCYHKA OCTOSHHBI IIOJIIPU3ALIOHHBIE HHIEKCHI
ocuv.

Ha Bcex BocbMH PHCYHKaX YCTAQHOBJIEHO COOT-
BerctBHe: a) J =1; 0) J=3; B) J=06; ykazaHHbIe
3Ha4YeHMs IT0JIHOTO MOMEHTa BBIOpaHbI Il TIpHMe-
pa. Ilpu sToM Ha JieBHIX (IPaBBIX) PUCYHKax H30-
OpakaeTcsi QyHKIMOHAIIBHASI 3aBUCHMOCTD BEIIECT-
BEHHON (MHHMOI{) 9acTH, COOTBETCTBYIOIIEH (hyHK-
ui f wim g or mapamerpa R/A. Ha xaxnom u3
PHCYHKOB KpPHUBBIM, IMPOHYMEPOBaHHBIM HH(ppamMu
1-4, cooTBeTCTBYeT cleayIomuii BEIOOp 3HAYEHHH
MaTepualIbHBIX MOCTOSHHBIX (OJMHAKOBBIM JUIS BCEX
PHUCYHKOB):

) a=01 z=01 a =01 z=02

2) a=01, z=02 a=03, z=03

3) =03, ¥=0,4, =04, z =05

4)a=04, =05 o =02, y=0,1.

Tak Kak 4HCIIO BapbUPYEMBIX HMapaMeTPOB BENHUKO,
IHDJICKTPUYECKAE M MAarHUTHBIE MPOHHIAEMOCTH
IBYX OWHM30TPOIHBIX Cpell B YHCICHHBIX pacuérax
ObUTH (PUKCHUPOBAHBI M B3SITHI CICAYIONMMU: & =3,
#=101n ¢ =4, p=105.

B xone aHanu3za 3aBUCMMOCTEW THUIA MpPHUBE-
IEHHBIX Ha PHUCYHKaxX |-8 WM pacCUMTaHHBIX IPH
JIPYTUX 3HA4YCHHUAX IapaMeTpoB BBLICHHIOCH, YTO
IPY OTJIMYHBIX OT HYJS 3HAUCHUSX [IapaMeTpoB He-
B3auMHOCTH (¥ #0; ¥, #0) HU OiHA U3 KPUBBIX HE
MOJKET OBITh BOCIIPOM3BEICHA HU MPH KaKuX (W3Me-
HEHHBIX) 3HAYCHUSX APYTUX MaTepHalbHBIX Iapa-
METPOB &; M5 &3 &5 1, &, YTO NIPOTUBOPEUUT HpeJ-
TIOJIOKEHHsIM aBTOpoB padot [22], [23], [32]-[34].
Jpyrumu crnoBamu, napaMeTpbl HEB3aUMHOCTH ¥ U

X, HE MOryT OBLITh MCKJIIOUEHEI M3 COOTHOIIEHUI

TEOPHUM PACCESHUS DJIEKTPOMArHUTHBIX BOJH Ha
chepudeckux OWU3OTPOIHBIX YacTUIAX B OUHU30-
TPOITHON Cpefe HU TpHU KakoM Habope 3HauCHUIA
JIPYTUX MaTePUATBHBIX MTAPaMETPOB.

Ipo6remvr uzuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

2 Hexomopuie uacmusle 6apuanmol peuienHus
3a0auu Mu ona ouuzomponmvix cpeo

B nensx mpoBepKH MOJTy4YEHHBIX PE3yJIbTaTOB
paccMOTpuUM JBa YaCTHBIX ciydas. B mepBoM u3
HHX, KOTJ]a TapaMeTphbl OMU30TPOIHEIX cpef] (BHEII-
Hell cpelbl M MaTepHalla YacTHIIbI-IIapa) COBIAza-
10T, umeem: b, =b. u k_ =k.. Tlpu sTomM mns Ko-
3¢ QUIUEHTOB PACCESIHHOTO U BHYTPEHHETO IOJIeH
nonyuaem f. =0, g/ =&, rme &, — cuMBON

ov?
Kponekepa. Takum 00pa3oMm, B JAHHOH CHUTyaIluu
paccesiHHas BOJIHA OTCYTCTBYET, a BHYTPCHHSS BOJI-
Ha MOJTHOCTHIO COBITAJAET C BOJHOM Mamaromieii, Kak
M JOJKHO OBITH.

B kadecTBe BTOpPOTO TecTa Ha MPAaBHUIBHOCTH
MMONTy9eHHBIX (OPMYN PACCMOTPUM CHTYaIlUIo, B
KOTOPOH M BHEUIHSS Cpefa M YacTHUIla-IIap SBISIOT-
Csl B3aWMHBIMH THPOTPOIHBIMU; TIpu 3ToM )y =0 ;

xn=0mn

b, =ic i; b, =ioc i,

H H
a onpexaenutenu (1.15)—(1.17) u Beipaxenus (1.14)
nis koddduumentos £ u g’ ynpomarorcs. Ipu
PaCCMOTpPEHHH CITydas JIBYX B3aWMHBIX THPOTPOII-
HBIX cpeq s riaBHoro onpeaenuters (1.15) moiry-
YaeM BBIPaKEHHUE:

a5 [+ 8) w (b )w(h.2.)- o

~(1-ey (k. )n(iz.)],

6‘]_/,[
HE
AHaJ0ru4HO YIPOUIAKTCA U XAPAKTCPUCTUYCCKHUC
OINpCACIIUTECIIN:

e o =

_& 2(1+5)W(h1V2,V)W(hAV}V);a=v;
A =N H (23)

—% 2(1—5)H(262V)W(fzvf;);O';tv.

Takum obOpazom, dhopmymst (2.1)—(2.3), moiry-
YeHHbIE KaK YacTHBIA ciydail BeipaxkeHud (1.14)—
(1.17), monmHOCTBIO COBHATAIOT C pe3yJbTAaTaMHU,
MIOTyYeHHBIMH paHee B pabdote [14].

CpaBauBas ¢opmynsl (2.1)+(2.3) ¢ oOmmmu
¢dopmynamu (1.14)—~(1.17), u yuuThIBast pe3ynbTaThl
cpaBHEHUs IpaMKOB, MOKHO OTBETUTH HA OIUH W3
IJIaBHBIX BOIPOCOB JIUCKYCCHUH, YINOMSHYTOH BO
BBEICHHUH — BOIPOC O PAcCO3HABAEMOM CYILECTBO-
BaHMH OMU3OTPOIIHBIX CPEI.

11
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1 0.6 T T T
1
Re flll Im £,
04
08
02
06
a) 0

04
02

04

0 08y 05 1 15 RjA 2
1 0.6 T
. 3
Re fijl Im fi:l
os 04
0.2
06 -
6) 0
04 -
-02
02—
-0.4
0 1 1 1

-0.6

Refl:"’1
0.8

0.6

B) 0.4

- -0.6 .
0 0.5 1 15 R/A 2 0 0.5 1 1.5 RfA 2

Pucynox 1 — 3aBHCHMOCTH BEIIeCTBEHHON 1 MHUMOM JacTei
AMILUTYHBIX KO3puiuenTos £, ot R/A:

a) £, 6) £, B) £
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0.4 T T T 0.4 T T T
3 N
Re /.- b g i r o A n s
' . e o . oo
. . 1 I
N I [ R I !
0.2 , I oy . 02 , v
|\3 - . . [ Vo ]
I | | ' '

PucyHok 2 — 3aBUCUMOCTD BELIECTBEHHON U MHUMOM YacTeil
AMILTATYHBIX KO3 duuuentos f;” ot R/A:

a) fi‘lflﬂ 0) fi,}—lﬂ B) f1.‘671

IIpobnemvr usuxu, mamemamuxu u mexnuxu, Ne 3 (4), 2010 13
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0.1
Re fjm

0.05

| | | 0.1 T T T
Im f_11:1

0.05

a) 0 0
0.0 -0.05
-0.1 | | |
-0.1 -
0 0.5 1 15 R4 2
0.1 0.1 T T T
Re f_sl:l Im -f—;l
0.05 0.05
6) 0 0
-0.05 =0.05
I I I
-0.1 "
0 0.5 1 1.5 RfA 2
0.1 T T T
I‘mf_f1

0.05

~0.05

14

[3=)

0.5 1 15 RfA 2 0 0.5 1 15 R/A

PucyHnok 3 — 3aBUCUMOCTD BEIIECTBEHHONH M MHIUMOM YacTei
aMILTATYHBIX K03 duuuentos 7, ot R/A:

a) f—ll,l’ 0) f_31,1r B) fj,l

IIpo6remvl uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010
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Pucynox 4 — 3aBUCHMOCTB BELIECTBEHHON 1 MHUMOM yacTeil
aAMIUIMTYIHBIX KO3 dureHToB ffl _, oT R/2:

a) f-lL-]s 0) f-31,-1’ B) ](.-61,-1

IIpobnemvr usuxu, mamemamuxu u mexnuxu, Ne 3 (4), 2010 15
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16

PucyHok 5 — 3aBHCHMOCTH BEIIECTBEHHON 1 MHUMOM YacTei
aMILTUTYIHBIX K03 dummenTos g, ot R/A:

a)gll,l’ 0) g13,1’ B) glﬁ,l
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0.6 T T T 0.6 T T T
1 1
Reg Img, ,

<0.6 - ~0.6 .
0 0.5 1 1.5 R/A 2 0 0.5 1 15 R/A 2
0.5 T T T 0.6 T T
Re gls:—l 4 I I‘ II 1 \ ." Im gls:—l !' i

1 1 1 1 1 |
0 0.5 1 15 RfA 2 20 0.5 1 15 RfA

[

Pucynok 6 — 3aBuCUMOCTb BELIECTBEHHON U MHUMOM YacTein
AMILTMTYHBIX KO3(pUIMEHTOB g | oT R/A:

a) gll,—17 0) gi-]s B) g16,—1

IIpobnemvr usuxu, mamemamuxu u mexnuxu, Ne 3 (4), 2010 17
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0.15 T T T 0-115 T T T
1
Reg,, Imgs,
0.1 0.1
0.05 0.05
a) 0
-0.05 -0.05
-01 -0.1
| | | - 1 1 |
- 0.15 -
O'150 0.5 1 15 RiA 2 0 0.5 1 1.5 RfA 2
0.15 T T T 0-155 T T T
Regjl_l ImgZ,, .’II 4
0.1 0.1
0.05 0.05
0) 0 0
-0.05 =0.05
-0.1 -0.1
- -0.15 | I I
0'150 0.5 1 15 R/A 2 o 0.5 1 1.5 R/A 2
| | | 0.2 | T T
Reg’ Img6
g1 -11 4
| | | _ L | I
- - 0.2 ~
03, 0.5 1 15 R/IA 2 0 0.5 1 15 RiA 2

PucyHOK 7 — 3aBHCHMOCTH BEIIECTBEHHON 1 MHUMOM JacTei
aMILTUTY AHBIX KO duupentos g’ ot R/A:

a) gll,l’ 0) gil,l’ B) gfl,l

IIpo6remvl uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010

18



Paccesnue INIEKMPOMACHUMHBLX 60]IH HA 614“30"1[70[’!11&” wape 6 6uu30mp0nuoﬁ cpede

._.
h
=+
=
~
g

6
Img—l:—l

(3]
|

0 0.5 1 15 RiA 2 0 0.5 1 1.5 RfA 2

PucyHox 8 — 3aBHCHMOCTH BEIIECTBEHHON 1 MHUMOM JacTei
aMIIMTY IHBIX K03 durmentos g’ | ot R/A:

a) gll,—l’ 0) gil,—l’ B) gEl,—l

IIpobnemvr usuxu, mamemamuxu u mexnuxu, Ne 3 (4), 2010 19
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COBepILIEHHO SICHO, YTO HUKAKUM M3MEHEHHEM
mapaMeTpoB &; ;& &5 L4, @, BXOIAIINX B apry-
MEHTHI cepuaeckux QyHKmi beccens n Xankens
B popmynax (2.1)~(2.3) mpu y =0, yx =0, HeBO3-
MOXHO BOCHPOU3BECTH OoJjiee CIOXKHBIE (HOPMYJIIBI
(1.14)—(1.17), conmepkaiiye HEHyJEBble 3HAYEHHS
IapaMeTpOB HEB3aHUMHOCTH.

W3 nammx Beipaxkenuit (1.14)—(1.17) nerko
TaKKe MOTYYUTh OTBETHI AJIs 331a9d MU U B IPYTruxX
YaCTHBIX CITy4asiX, HalpUMep, U 33a1a4 o pacces-
HHUU DJICKTPOMAarHWTHOW BOJHBI Ha OMH30TPOITHOM
mape, HaXOAAIIeMcs B BaKyyMe, IHICKTPUKES WIH
cpene Temerena, WM O pacCesHUH HA HAXOJALIEM-
csi B OMM3OTPOITHOM Cpejie TUIIEKTPUYECKOM HWIIN
THPOTPOITHOM IlIape, Ha BaKYyMHOH ITOJIOCTH WX Ha
mape Tesnerena B OMM30TPONHON Cpesie ¥ B IPYTUX
YCIOBHUSX.

3aknrwuenue

B Hacrosmeit paboTe morydeHo TOYHOE pere-
HHE 3aJa4i MU 0 paccessHHU IUIOCKUX JJICKTPOMar-
HHUTHBIX BOJIH Ha OMM30TPOITHOM LIape, HaXOAsIeM-
csi B OMU3OTPOITHON cpene, XapaKTepH3YIOIIeHcs
JPYTUMH MaTepUabHBIMU MapaMmeTpamu. [lomyueH-
HbIe aHAJIUTHYECKHE BBIPAKEHUS IPOMLIIOCTPUPO-
BaHbl rpaUyecKy C HCIOJIBb30BAHUEM DPE3yJbTaTOB
YHCIIEHHOTO pacueTa kodpduuuentos f. u g’

paccesHHOW U BHyTpeHHEH BOJIH. B pe3ynbraTte ana-
JM3a 3aBUCHMOCTEH YKa3aHHBIX KOA(QUIIMEHTOB OT
OTHOUIEHHST R/A TP Da3NMYHBIX OTJIMYHBIX OT

HYJISI 3HAUYCHUAX NapaMETPOB HEB3aMMHOCTH Y U
X AOKa3aHO, YTO 3THU 3aBUCHUMOCTU HEJIb351 BOCIPO-

U3BECTH MOJB3YSICh IIPU pacuere (GopMysIamMH, B KO-
TOPBIX MapaMeTpbl HEB3aUMHOCTU IPUHATHI PABHbI-
MU HYJIIO, HU IIPY KaKUX BapHaHTaX COYETaHMS 3Ha-
YeHUH JPYTrUX MaTepUalIbHBIX HapaMeTpoB. JTO U
O3HAuaeT, YTo OUM30TPOINHBIE CPelbl — PACIO3Ha-
BaeMbl; OHHM TNPHUHIMIINAIBHO, @ HE TOJBKO 3HaUe-
HUSIMU NIApaMETPOB &; 4; @ OTJIMYAIOTCS OT B3aUM-

HBIX KHPAITBHBIX CPENI.

B 4acTHBIX yCIOBUSIX NMPH KOTOPBIX (HEB3aMM-
HbIe) OMU30TPOIIHBIE CPebl TpaHCHOPMHUPYIOTCS BO
(B3auMHBIC) THPOTPOIHBIE CPEIbl Pe3yIbTaThl JaH-
HOM paboThl COBMAJAIOT C IOJYyYCHHBIMH paHEe B
[14]. ®usnyeckn mpaBmiIbHOE 3aKIIOYEHUE 00 OIl-
THUYECKOH OJIHOPOJHOCTH CpEJbl CIEAYeT W3 IOJy-
YeHHBIX (OPMYJ M TIPH COBIIAJICHHH IapaMeTpoB
TPaHUYAIINX CPE.
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NEW METHOD FOR THE CUTS THRESHOLD OPTIMIZATION
IN THE E391 EXPERIMENT: CONCEPTION AND CURRENT
IMPLEMENTATION

N.V. Maksimenko', A.S. Kurilin’, S.V. Podolsky'”,
V.V. Andreev', A.A. Yuchko', K.S. Babich', Yu.Yu. Stepanenko’
'F. Scorina Gomel State University, Gomel

*Laboratory of Nuclear Problems, Joint Institute for Nuclear Research,
Dubna, Moscow Region, Russia

IpencrasiieHa HOBas TEXHMKA ONTUMU3ALUU KaTOB C HCIOJb30BAHUEM FE€HETHYECKHX aJrOPUTMOB. I JTaBHBIM IPEUMYIIECTBOM
JTAHHOTO METOJA SIBIACTCS MOJHOCTHIO aBTOMATHYECKHI MOMCK TOYEK 00pe3aHus. DTO MO3BOJIAET HAXOAUTh TOUYKU JKCIIEPH-
MEHTAJIbHBIX OIPaHUYCHUI YCTaHOBOK 0€3 BMENIaTeILCTBA UelloBeka. boee Toro, aBToMaTHYeCKHil MOUCK 3THX TOUCK SIBIISCT-
cst Ooree TOYHBIM IO CPABHEHHIO C PYYHBIM METOJOM. B paboTe mpencraBieHbl NpeABapUTEIbHbBIC PE3yJbTAaThl JUIS Kat-
ONTUMU3ALIHN BETO CHCTeMBbI dKkcriepumenTa E391. JlanHas MeToIuKa MOJKET ObITh HCIIONB30BaHA B APYTHX KCIEPUMEHTAX.

Knrwoueswie cnosa: peokuii pacnao, K — me30H, 2enHble ancopummbl, Kamoi.

New cut optimization technique with using gene Algorithms is proposed. The main advantage of this method is completely
automatic search for cut points. This allows finding cut points without of human intervention. Moreover, precision of cut points
obtained by automatic searching is much higher than for those obtained «by hand». Preliminary results of the veto system cut
optimization in the E391 [1] experiment is presented. The developed technique is applicable to other experiments.

Keywords: rare decay, K, — meson, gene algorithms, cuts

Introduction
The rare K, — 7z’ +v+v decay process is one

of the clearest and «cheapest» critical Standard
Model (SM) probes. In several papers (for example
[2], [3]) it was shown that this decay is sensitive to
the «new physics» effects as well as to the SM pa-
rameters. For a long time, this decay measurement
was impossible and just with the start of the E391
experiment studies of this decay on special setups
began. Sensitivity of the E391 experiment is too low
to observe this decay because the planned precision
of the experiment is ~ 10~ while the SM-based pre-
dictions show Br(K, -z’ +v+v)~10". The
most important task of this experiment was develop-
ing methods for the K, — 7z’ +v+v decay registra-

tion to be applied to more sensitive experiments in
the future.

During the experimental data analysis it was
found out that one of the most important tasks of the
E391 experiment is to optimize cuts of observable
quantities. In the E391 setup 1200 ADC channels are

used, and 20 kinematic values are reconstructed. All
work on choosing signal phase space was done by
hand. To do this, methods for sensitivity and back-
ground estimation were developed. Cut values were
tuned to obtain the best ratios between signal and
background with keeping the latter value reasonable.
It is a natural approach used without significant
changes since the first high energy physics experi-
ments till nowadays. The experience gained during
the analysis phase of the E391 experiment showed
that the case of the classical cut optimization method
is accompanied by a lot of restrictions:

1. With the hand approach, it is very difficult to
take into account the correlation between visible
kinematic variables because there are a lot of them.
They are assumed to be orthogonal to each other and
are optimized in the zero approximation.

2. There is no way to check convergence of so-
lutions.

3. The optimization process yields range of cut
point of kinematic variables, ADC and TDC values.
It is much more convenient to use one function of lot
of variables (visible and reconstructed).
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New method for the cuts threshold optimization in the E391 experiment: conception and current implementation

4. Cut points founding is a labor-consuming
process. The main goal of the present paper was to
create a new method of the computer cut optimiza-
tion for the E391 experiment. To achieve that goal
we used gene algorithms [4].

1 Gene Algorithms

Gene algorithms are heuristic search algo-
rithms used for solving tasks of optimization and
simulation by random exhaustion, combination, and
variation of searching parameters, as in biological
evolution [4].

During the evolution process of a system, it is
modified to meet external requirements. For this
rules of evolution transformation and fitness func-
tion are defined. The evolution process continues
until the requirements are met or the number of gen-
erations exceeds the predetermined value.

As in biological evolution, the following evolu-
tion mechanisms can be selected in gene algorithms:
reproduction, mutation, termination, elitism.

Reproduction is a process of combination of
two individuals for obtaining two descendants. The
latter will possess exceptional characteristics of both
parents. Mutation is a change in the single individual
in accordance with the predetermined algorithm.

Termination is exclusion of the individual from
further evolution of the system.

Elitism is the transition of the individual to the
next phase of evolution without change.

Application of gene algorithms for finding the
values of the cuts in the experiments of particle
physics is a new and promising trend. In the last
three years several papers on data processing using
the developed approach have been published ([5],
[6], and a few others).

2 Cut optimization in the E391 experiment

To find the corrected values of the cuts, we
have created a special program that works on the
principles of genetic algorithms. We used the lil-gp
framework developed at Michigan State University
[7] as a part of the GARAGE (Genetic Algorithms
Research and Applications Group) project. We di-
vided optimization process into several phases.

At the first stage we optimized the cut thresh-
olds for one detector (Main Barrel) of the E391
setup. This stage was necessary to make sure that the
proposed approach allows automatic cut search. At
the next stage we optimized thresholds for the whole
veto system, and after that we optimized all cuts.
The next step in the development of the effective
approaches to signal/noise separation will be search
for the single function from all visible variables,
with their correlation taking into account.

At the present investigation stage each individ-
ual in the population was represented by 43 num-
bers. The value of each of them is proportional
to the cut threshold used in the E391 experiment
data analysis. Kinematic observable quantities
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correspond to 23 numbers, and the energy release in
the veto detectors — 20 numbers. The total number of
such individuals in the population was 200.

During evolution, each individual could be
subjected to the above mechanisms (reproduction,
mutation, deletion, elitism).

The value of each threshold was limited to the
top and the bottom. These boundary conditions are
needed to exclude the possibility of obtaining non-
physical results in the machine search. For a more
complete coverage of the set of real numbers in this
range, as well as for avoiding large jumps in the
process of mutation, the value of each number in a
set of cutoffs was represented as a tree of functions.
During reproduction, individuals can share the
branches of the trees. The maximum degree of nest-
ing of the functions was limited to 10.

The criterion for the effectiveness of circumci-
sion, which corresponds to a particular individual, is
a fitness function. We have defined it as

ce(s) |
f(S)—m,Bg(S)<O,55,
_1/2Acc(S) ]
f(S)—T(S),O,55<Bg(S)<0,6S,
_l/4Acc(S)
/( )——Bg(S) ,Bg(S)>0,65,

where Bg(S) is the background level, which re-

sulted from the reconstruction of events

K} >z’ +v+v with applying S selection cuts,
Ace(S) is the sensitivity of the method to
K]} - 7" +v+V events after applying S selection

cuts. Differences in the coefficients for different
ranges of values of backgrounds are needed to main-
tain an acceptable background contribution to the
recent results of computer search.

In the process of computer calculations for
each individual the function f was evaluated. Then,
based on the obtained fitness function value, indi-
vidual either jumped to the next generation in the
process of reproduction, mutation, or elitism, or was
terminated. The relative probability of the first three
operators was 0, 1, 0, 1 and 0,8, respectively. The
relative probability of the termination of the individ-

ual was f'. Three hundred generations of indi-
viduals, were calculated.

Acceptance calculation. We used the proce-
dure of background and acceptance estimation as
well as experimental and Monte-Carlo statistics de-
veloped for the E391 experiment Runll analysis [8].
This allowed to comparing the effectiveness of im-
posing the cuts found and used in the standard
analysis without any whatever amendments to the
differences in the methods. Acceptance was calcu-
lated by reconstruction of events with applying of all
cuts. For taking into account accidental losses and
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applying timing cuts, we calculated additional coef-
ficients of acceptance loss, as shown in [8].
Background calculation. Among all sources of
background, we have identified those whose contri-
bution cannot be considered negligible [8]. By the
method presented in this work, we analyzed the fol-
lowing sources of background: decays K, — 27z°,

n— 2y and sources associated with the neutron
beam.

3 Results

After the calculations we obtained new cut val-
ues that were more effective than those found by
hand. The results of the calculation of backgrounds
are represented in Table 1.

Table 1 — Background estimation

Background Contribution | Contribution
in the case in the case
of manual of machine

selection cut search
of cuts

Core neutron 0,20 0,17

background

Halo neutron 0,08 0,13

background

K} —27° 0,12 0,12
events

n—2y 0,06 0,08
events

Total 0,46 0,50

As seen from Table 1, the contribution of back-
grounds increased by 8%. However, the increase of
sensitivity was 10%. Signal plots for the classical set
of cuts of the E391 experiment and the results ob-
tained in the present work are shown in Figure 1 and
2, respectively.

pt_z_sigl
L2,C0S Entries 187
04 Meanx 3053
Meany 01678
RMSx 8342
RMSy  p.0472

0.35—
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Z decay, cm

Figure 1 — Signal plot for Run II of the E391
experiment, after applying standard cuts.
Events in the signal region are absent
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Figure 2 — Signal plot for Run II of the E391
experiment, after applying the cuts
found by using gene algorithms.
Events in the signal region are absent

Conclusion

As a result of this work, we have found new
cut thresholds, which are more effective than those
found by the usual selection. Acceptance to events
increased by 10%. This work will continued to find
a single threshold function of all observed variables
to take into account correlations between them.
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DOU3HUKA
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MEXAHUYECKHE CBOMCTBA JET'MPOBAHHBIX ME/IbIO YI'JIEPOJHBIX
IHHOKPBITHUU, OCAKAEHHBIX N3 UMITYJIbCHOU KATOJIHOMU I1JIA3MBbI

A.I'. IImaunuos, A.B. Porayes, H.H. ®enocenxo, P.B. bekapesuu

Tomensvckuti 2ocyoapcmeennviii yusepcumem um. @. Ckopunsi, I'omens

MECHANICAL PROPERTIES OF THE COPPER ALLOYED CARBON
COATINGS DEPOSITED FROM CATHODIC PULSE PLASMA

D.G. Piliptsov, A.V. Rogachev, N.N. Fedosenko, R.V. Bekarevich

F. Scorina Gomel State University, Gomel

OmpeneneHsl 0COOCHHOCTH BIMSHUS JIETHPOBAHUS MEIbIO OJHOKOMIIOHEHTHBIX M THTaHCOJCPIKAIIUX aIMa30IoJ00HBIX IO-
KPBITHIA, OJIy9aeMbIX H3 KaTOJHOU MMITyIbCHOMU IIa3Mbl, Ha HX MHKPOTBEPAOCTh, BHYTPEHHIE MEXaHUUECKIE HAIPSDKECHUS U
Mopdonoruto. ITokasaHo, 4TO MebCOAEPKAIIIE YTIIEPOAHBIC OKPHITHA UMEIOT HEOAHOPOIHYIO CTPYKTYPY, XapaKTepH3yIOTCs
0oJiee HU3KOH MUKPOTBEPAOCTBIO, COXPAHSIOT BHICOKHE TPHOOTEXHUYECKHE CBOMCTBA. [Ipy OTHKUre MOKPBITHH, COpEpKAILINX
YIIIepo, TUTaH, MeAb, MUKPOTBEPAOCTh Bo3pacTaeT. BBeneHne B IOKPHITHE MM NPUBOANUT K CHIDKEHHIO BHYTPEHHHUX MeXa-
HMYECKUX HANpPsHKEHUH, U3MEHEHUIO UX XapaKTepa; IIPU BbICOKOI KOHLIEHTPALMU MEIM OHU CTAHOBATCS CKUMAIOIIUMH.

Knroueswvie crnosa: yeﬂepobnbze NOKpblMuUA, mexanuyeckKue ceodcmea, mpenue, recuposanue, }l/le()h, mumad, AlOpd)O,’lOZM}l.

In the present paper the copper alloying of single-component and titanium- containing diamond-like coatings obtained from ca-
thodic pulse plasma is examined. The pecularities of the influence of the copper alloying of such coatings on their microhard-
ness, internal mechanical stresses and morphology have been defined. It is shown, that copper-containing carbon coatings have
non-uniform structure, they are characterised by lower microhardness and they keep high tribotechnical properties. Microhard-
ness increases after annealing the coatings containing carbon, titanium and copper. Copper implantation into the coating leads
to decrease of internal mechanical stresses and changes their character; at high copper concentration they become compressing.

Keywords: carbon coatings, mechanical properties, friction, alloying, copper, titanium, morphology.

Beeoenue

YraeponHsle  anMa3onOIOOHBIC  TOKPBITHS
(AIIIT) obmamaroT KOMIDIEKCOM IEHHBIX (DHU3HKO-
MEXaHUYECKHUX CBOMCTB M HAXOIAT MIMPOKOE TIPAK-
THYEeCKOe TPUMECHEHHE, B TOM YHCJIEC B Ka4eCTBE
AHTH(PUKIIMOHHBIX, KOPPO3MOHHOCTOWKHX, OWO-
coBmecTuMBIX cioeB [1], [2]. Bmecte ¢ Tem, 00-
JIaCTh WX HCIOJB30BAaHUS OTpaHMYCHA H3-33 HU3-
KOl TepMOCTOMKOCTH (Ha BO3IyXe JKCIUTyaTalus
AIIIT pexoMeHyeTcss MpU TeMIepaType He BBIIIE
350 °C), Hanuuus B €JI0€ 3HAYUTEIbHBIX BHYTPEH-
HUX MEXaHUYECKUX HaNpsKEeHUH, HU3KOW aare3uu
[1]. OtmeueHo, 4TO mpH TemIiiepaType HarpeBa
BbIe 400 °C B MOKPHITUN MPOUCXOIUT CHIDKCHHE
KOHIGHTPAIMH SP -CBsi3eil M COOTBETCTBYIOIIEE
BO3PACTAHME UHCIA SP°-CBA3CH, UTO NMPUBOIHT K
CHIDKEHHIO TBEPAOCTH W TPOYHOCTH. Takume Tem-
MepaTypsl MOTYT OBITH TOCTUTHYTHI B 30HE (haKTH-
YECKOT0 KOHTaKTa MPHU TPEHUU ¥ BBI3BIBAIOT HH-
TEHCHBHBIM M3HOC TOKPHITHS [3].

CymectBenHbiM Hepoctatkom AlIIl sBiser-
CSl UX CKIIOHHOCTBH K PAacCIOSHHIO M IIENyIICHHIO,
KOTJJa WX TONIMHA IPEBHIACT OIPEACICHHOE
3HayeHue. OCHOBHAs NMPHYMHA TaKOTO MOBEACHUS
AIIIT — BBICOKHMII ypOBEHb OCTATOYHBIX BHYTPEH-
HUX HanpspkeHuil [4]. B xadecTBe 3 PEKTHBHOTO
METOJa X CHIDKCHHSI Tpejyiaraercs (popMupoBa-
HUE KOMITO3UIIMOHHBIX IUIEHOYHBIX CUCTEM. Tak
kak AIIll o06nmamaroT BBICOKOH TBEPHOCTHIO U

© Hununyos J1.I"., Poeaues A.B., @edocenko H.H., bexapesuy P.B., 2010

HU3KUM KO3()(UIMEHTOM TpEHUs, a METaulbl, B
YaCTHOCTH, XapaKTEPU3YIOTCs IIACTUYHOCTHIO, TO
nx BBenenne B AIIll, a Tawke (opmupoBanue
MHOTOCTIOMHBIX CHCTEM Ha MX OCHOBE MOXET Cy-
LIECTBEHHO MOBIMATH HAa PENAKCALI0 MEXaHU4e-
CKUX HaNpsDKeHUH U, B IIETIOM, HA MEXaHHIECCKHUE
CBOICTBA MOKPHITUN JAHHOTO THIIA.

OKcIepuMeHTaIbHO ycTaHoBleHO [2], [5],
YTO 3HAYUTEIBHOE TIOBBIIICHHE MEXaHHUECKUX
CBOMCTB IIOKDBITMI HAa OCHOBE YIJIEPOJAa MOXKET
OBITH JIOCTUTHYTO OITHMAJIBHBIM JIETHPOBAaHHEM
UX MeTajslaMH, IPUPOJia KOTOPBIX YCTaHABIMBAET-
Csl C Y4ETOM NPOTEKAMOUNX Ha cTaguu (Gopmupo-
BaHWA ¥ OKCIUIyaTallid XUMHUYECKUX IIPOIECCOB.
OtMernM, 4TO B OOJBIIMHCTBE PAabOT aKIEHT Ce-
naH Ha nerupoBanue AIIIl kapOumooOpasyromuMu
Matepuanamu [3]-[5], obOpasyrommx B cioe Ha
CTaIuy CHHTE3a WM K€ MPH TepMOooOpadoTKe B
BaKyyMe BBICOKOANCIEPCHBIE (ha3bl BHEIPEHHS CO-
OTBEeTCTBYIOIIUX coeauHeHnd. Cuctemsl Me-ATlTl
B cpaBHEHUU ¢ ogHOKOoMTIoHeHTHBIMH AlIII B psine
CIIy4aeB TIIOKa3bIBAIOT CHIDKEHHE H3HOCOCTOMKO-
CTH, XOTS W O0JIaAIOT JIOCTATOYHOH TBEPIOCTEIO,
0osee HU3KUM 3HAYCHHEM BHYTPEHHHX HaIlpspKe-
HUM U Tydmeit aare3ueit K MoiokKaM, Halpumep,
cranpHeIM [2]. Io-BumuMomy, oOpasyromuecss B
o0beMe TMOKPBITHS TBEpHble KapOWJHBIE YaCTHUIIBI
NPU TPEHUH TIPAKTUYECKH HE Ae)OPMHUPYIOTCS U
MOT'YT BBIKpAIIMBAThCS U3 CIOSL.
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Bo3moxnocts serupoBanus AIIIl meramma-
MU, He 00pa3yloluMH KapOHIpl, N3y4eHa Hel0c-
TaToyHo. Hambonee NEPCHCKTHBHBIM METAJIIOM
M3-3a CBOMX MEXAaHWYECKMX W XHMHUYCCKUX
CBOMCTB siBisieTcss Menb. [lo naHHbIM aBTOpOB [6],
nerupoBanue AIIIl, cHHTE3UPOBAHHBIX U3 all€TU-
JIEHOBOU IJIa3Mbl, MEJIbIO MO3BOJISIET CHU3UTH YPO-
BEHb OcTaTouHbIX HanpsbkeHuit go 0,7 I'Tla. Cse-
JICHUST O BIUSHUH TUIACTHYHBIX METAJJIOB HA CBOM-
ctBa AIIll, momydeHHBIX APYIMMH METOJAMH, B
YAaCTHOCTM M3 KaTOOHOM HMITYJIbCHOM IJIa3Mbl,
OTCYTCTBYIOT.

OCHOBHO# LIeTIbI0 HACTOsIIEH PabOTHI SIBIIS-
eTCsl u3ydeHHe MOP(OIOTHUECKUX OCOOCHHOCTEH
U MEXaHUYECKHX CBOWMCTB JITUPOBAHHBIX MEJHIO
OJIHOKOMIIOHEHTHBIX ¥ KOMIIO3UIIMOHHBIX yTJje-
POIHBIX TOKPHITHH, CHOPMHUPOBAHHBIX W3 WM-
MyJICHON KaTOJIHOM IJIa3MBl.

1 Memoouka uccneoosanus

OCHOBHBIMH OOBEKTaMH HCCIICIOBAHUS SBU-
JIMCH JITUPOBAHHBIE MEABIO aIMa30I0100HBIE TIO-
KPBITUSL U KOMIIO3UIIMOHHBIE CHCTEMBI Ha OCHOBE
yriaepoja, Meau, TUTaHa. BriOpaHHBIC HAMOJIHHUTE-
JIM XapaKTepU3yTCa Pa3TUdYHON aKTUBHOCTHIO 1O
OTHOIICHUIO YTJepoJia, U UX KOMIUIEKCHOE BBeJe-
Hue B coctaB AIIIl mpencraBiser Hay4HbBIM U
MIPaKTUYECKUN UHTEpEC.

JUIst TIoJTy4eHHsl JISTUPOBAHHBIX YIJIEPOIHBIX
MOKPBITHH UCIIOIb30BAJIaCh YCTAHOBKA BaKyyMHO-
ro HamnbuieHuss YBHUIIA-1-001, conepxamas
Ta30BbIil HOHHBIA UCTOYHHUK, C IIOMOIIBI0 KOTOPOTO
MIPOU3BOIUTCS OYHMCTKA W HATrpPeB IOJUIOXKEK, WC-
TOYHUK  IUTa3MBI  CTaI[MOHAPHOTO  KaTOTHO-
JyTOBOTO pa3psia ¢ METAIUIMIECKUM (TUTAHOBBIM)
KaTOJIOM, UCTOYHHUK IUIa3Mbl UMITyJIECHOTO KaTO[-
HO-JIyTOBOTO pa3psijia ¢ KaToJoM M3 rpadura, Hc-
MOJIB3yEMBIM [UIS HAHECEHHs YIJIEPOIHBIX IOKPHI-
THHA. YTIeponHble IOKPHITUST HAHOCHJIMCH TPHU
HanpspkeHun paspsiga 250-300 B u yacrote um-
mynabcoB oT 1 g0 35 I'u. JlaHHBIC peXUMBI BHIOU-
pajiich COTJIaCHO MOJyYCHHBIM paHee peKOMEH[a-
msim [5].

JIns ourcTKY M HarpeBa MOJUTIOKEK TIPHUMEHS-
jack 00paboTKa MX MOBEPXHOCTH HOHAMHU METall-
ma ¢ seprueit 1,5-2,5 KoB wmnm nomamu aszora
(aprona) c sneprueii < 4 KoB u mII0THOCTBIO HOH-
HOTO TOKa ~ 25 A/M”. HaneceHue MOKPBITHS TPO-
W3BOAWIOCH TIPH AaBJeHUU B kKamepe ~ 4-10-3 Ila.
OTpunarenbHBI TOTEHIMAT CMEIICHHS, [10/1aBae-
MBI Ha oOpazen = 110 B.

JlernpoBaHue MeAbIO YTIAEPOTHOTO TOKPBITHS
MPOBOIWINA W3 IJIa3MBl HWMITYJIBCHOTO KaTOIHO-
JIyTOBOTO paspsiia, MPU CO3JaHUU KOTOPOTO HC-
MOJIB30BAJICSI COCTaBHOW KatoJ M3 rpadura u Jje-
THpYIOLIero MeTajuia. VI3MeHeHHe conepkaHus
MeIH B MOKPBITHH JIOCTUTAJIOCH TyTEM M3MEHEHUS
IUIOIaq MEOHBIX BCTaBOK HA ITOBEPXHOCTH
ucmapseMoro TpaduTOBOrO Karona. BmemeHue
TUTaHa B TIOKPBITHE OCYIIECTBISUIOCH C TIOMOIIBIO
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OTIETBHOTO 3JIEKTPOAYroBoro wucrapurensd. s
ONpeseleHNs] KOHIEHTPAlUU JICTUPYIOIIUX 23Jie-
MEHTOB HCIIOJIb30BAJICAd PEHTI€HOCIIEKTPAIbHBIHI
MHUKPO30HI0BbIN aHAIN3.

B kauecTBe OCHOBHBIX XapaKTEPHCTHK, OIpe-
JEISIONINX MEXaHWYECKHE CBOWMCTBA ITOKPHITHH,
ObUTM BBIOpaHBI 3HAYEHHMSI MHKPOTBEPAOCTH, ypO-
BEHb BHYTPEHHHX MEXAaHHUYECKHX HAIPKECHUH,
KOX(PUIHIEHT TPECHUSI.

UcnbiTaHust MOKPBITUIT Ha MUKPOTBEPIOCTH
MIPOBOAMINCH NPU MOCTOSIHHOW HAarpy3ke Ha HWH-
JIEeHTop Ut Bcex obpasmoB 10 T mpu AmuTensHO-
CTH HarpyXeHus 7 CEeKyHJ Ha MHUKpPOTBEpJIOMepe
Leica VMHT MOT (Knoop).

JI71s1 OLICHKU HAIPSDKEHUM B IJICHKE HA KPEM-
HUEBOW MOJIOKKE HCIOJIB30BAJIICS PEHTTEHOBCKUIL
TUppaKkIMOHHBIH aHanu3 [7]. Merox ocHOBaH Ha
perucTpanyy pPeHTIEHOBCKOTO M3JIy4eHHs, OTpa-
KEHHOTO JBYMS pPa3HBIMH TOYKAaMH KpHCTalIA.
[on yrmom Bymeda-Bperra. OtpaxkeHune B OBYX
TOYKax KpHcTaula 0e3 M3MEHEHHS €ro YIJIOBOTO
MIOJI0’KEHHS MOXHO ITOJY9HUTh TOJIBKO Ha UACAIBHO
MpAMBIX KpHcTa/ulaXx. Ha M30THYTHIX KpuCTamiaax
IIPU MEPEXO0JIE PETUCTPALMN W3ITyUSHHS U3 OIHOMN
TOYKH B JIDYTYI0 HEOOXOJMM IMOBOPOT KpHCTaLIa
JI0 TIOJNOXKEHUSI, TMOJUUHSIOMIErocs 3aKoHy Byib-
¢a-bporra. Benuunna nedopmariuu KpyucTasmia, mo
KOTOPOM PAaCCUUTBHIBAINCH HANPSKEHUS, OIpese-
JIANach MO0 U3MEHEHHUIO Yrila MOBOPOTa MpH mepe-
Xofie U3 OAHOM Touku B Apyryto. [Ipu pacuere Ha-
NPSOKEHUH B TIOKPBITHH, OCAXICHHOM Ha KpeM-
HHUEBYIO MOMIOXKKY, Moxyib IOnra E u xoadpdu-
mueHT Ilyaccoma u TpUHMMAnUCh PaBHBIMHU
1,1-103 I'Tla 1 0,07 COOTBETCTBEHHO.

TpuboTexHHUECKHE HCTIBITAHUS ITPOBOAMIN
Ha mukporpubomerpe MMT mo cxeme cdepa —
IUIOCKOCTH (IIApHK pagnycoM 3 MM U3 3aKaJICHHOM
crammm IIX15, mommoxkka — cramp 12X18HI10T).
Pexum Tpenust: Harpyska 1,50 H, cpenuss cko-
pocts mepemerenust 0,04 m/cex. OcobGeHHOCTH
ompeneneHus: kod(GUIMEHTa TPEeHHsS U H3HOCO-
CTOMKOCTH C HOMOIIBI0 MHKpoTpubomerpa MMT
NpuBeeHbI B [8].

N3zyuyenne mopdonorun aerupoBanusix AT
MPOBOJWIIOCHE METOAOM pPACTPOBOM 3JEKTPOHHOM
vukpockorm (ESEM Quanta 200F) u atomHO-
CHJIOBOM MHUKPOCKONIMM B PEXHMax H3MEPEHUS
tonorpadun 1 (pa3oBOro KOHTpAcTa C MOMOILIBIO
mpudopa Solver Pro nponzeoacrea NT-MDT (Mo-
ckBa, Poccms). IIpuMeHeHme NOIYKOHTaKTHOTO
METO/a MO3BOJISIET C JIOCTaTOYHON TOYHOCTBIO HC-
ClleIoBaTh MOP(OJIOTUUECKHE M OTHOCHUTENbHBIE
MEXaHHUECKHEe XapaKTepUCTUKH TOBEPXHOCTEH
pa3nuHON GU3NYECKON PUPOBL.

2 Pe3ynomamul u ux oocyryncoenue

Y CTaHOBIEHO, YTO JIETUPOBAHHBIC MEJBIO yT-
JIEPOJHbIC TMOKPBITHS, (HOPMUPOBAHHUE KOTOPHIX
OCYIIECTBIISUIOCh UCIIAPEHUEM COCTABHOTO KaToja,
HMEIOT  psAA MOP(HOIOTHYECKHUX OCOOEHHOCTEH

IIpo6remvr uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010
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(pucynox 1). B dacTHOCTH, YCTaHOBIEHO, HTO
MeJlb B YIJIEPOIHOM IOKPBITHH HaXOIMTCSI B BUJIE
OTJENBHBIX BKparuleHHi pasmepoMm a0 150 HM.
[Ipu 3TOM MHMKpOYacTHIBI MEAW PAaBHOMEPHO pac-
TIpeZIeIeHBl 10 TOBEPXHOCTH M MMEIOT MpaKTH4e-
CKH OJIMHAKOBYIO (popMy, UTO SIBISETCS CIICICTBH-
€M MpOSIBIICHUS KalleIbHOIO MeXaHHW3Ma TI'eHepa-
UM TIOTOKA NP MMIYJIGCHOM KaTOIHOM HCIIape-
HUM Metamia. IIpum yBemMUeHWH KOHIEHTpaIuU
MEIU TIOKPBHITHE CTAHOBHUTCS MOPHUCTHIM, XapaKTe-
pu3yeTcsi BBICOKOM CTPYKTYpPHOHM HEOAHOPOIHO-
CTBIO, IIEPOXOBATOCTHIO (PUCYHOK 1, 0).
BbicokoanCIEPCHYIO CTPYKTYpPY HMEIOT YI-
JIEpOAHBIE TIOKPBITUS, COZlEpKAIINE THTAH U MeJlb
(pucyHok 1, B, 1), Mezb U a30T (pucyHok 1, e). Paz-
Mep TBepAbIX (a3 BHEIAPEHUs, 00pa30BaBIIUXCS B
pe3ysbTaTe XMMHUYECKOTO B3aUMO/ICHCTBUS THTaHA

2 40
a)
Y, MKM
1 - . -20

0)

A, MEM
I

Z, HM

¢ yraepojioMm [5], (Ha nzobpaxkeHun $Ha3zoBOro KOH-
Tpacta (PUCYHOK 1, B) OHHU SIBJISIOTCS CBETJIBIMH)
coctaBisier 20-50 um. Ilpu Bo3pacTaHUU KOHIIEH-
TpallMd MEAM BBICOKAs OJHOPOIHOCTH HMOKPBITHUS
HapyIlIaeTCs, Ha IOBEPXHOCTU PETHCTPUPYIOTCS
OTHOCHTEJIFHO PaBHOMEPHO paclipeziejIeHHbIe Yac-
THIBI MEIH, Pa3JICICHHBIC OOJACTAMH BBICOKOMH
TBepAOCTH (PUCYHOK 1, T). OTMETHM, YTO TIpH JIe-
rupoBanuu ATl TONBKO TUTAHOM MOKPBITHE UME-
eT Ooiee KpyNHBIE CTPYKTYpHBIE OOpa3oBaHMUS,
3HAYUTEIHHO OTIMYAIOMIAECS TBEPIOCTHIO (pUCY-
HOK 1, ).

CopepxkaHie MEIH B yIIIEPOJHOM MOKPBITHH
OKa3bIBAET CYIICCTBEHHOE BIHMSHUAC HA UX MCXaHH-
YECKHE CBOWCTBA. B 9acTHOCTH, C yBEIMYCHUEM
COJICpXKaHUS MW HAHOTBEPAOCTh M MOIYJb YII-
PYTOCTH TOKPBITHS yMEHbIatoTcs (Tadnmma 1).

2 .""’."J'_‘T"‘ﬁ 80
-~ . - FE
(R LA 7.
[+ . g o o N 1
Yo MkM (e 970 T e g
{232, 520 a0
| PO e N b B

X, MKM

II

Pucynok 1 — ACM m300pakeHne MOBEPXHOCTH YTIIEPOAHOTO JIETUPOBAHHOTO TTOKPHITHS MEIBIO C KOHIICH-
Tpauueit 3,6% (a) u 4,2% (0), mensio (1,8%) u Turanom (38,6%) (B): I — Tommomorus; 11 — pa3oBerit KOHTpacT
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r) r18
Z, HM
-9
L0
I
1)
e)

K, MKM X, MKM

I I
Pucynok 1 — ACM u300pakeHne MoBepXHOCTH YTIIEPOAHOTO JIETUPOBAHHOTO MOKPBITHS MEIBIO C
koHnentpanueii (4,8%) u tutanom (41,3%) (1), Tutanom (56,93%) (n), menspio (2,5%) u azotom (5,3%) (e):
I — romonorus; 11 — dha3oBblii KOHTpacT

Tabnuna 1 — 3nauenus mukpoTBeproctu (H), moayns ynpyroctu (E) n koadduupent tperus (f)
nerupoBaHHbIX AIITT

Coneprxanue, % 7
Tur nokpeITUs ’ H*, MIla E£AE, T'Tla
Ti Cu
AIIM+Cu - 3,6 1341,9/1186,0 - 0,13/0,11
ATIM+Cu - 4,0 1178,7/956,9 - 0,08/0,12
ATIIT+Cu — 4,2 1102,8/1001,18 — 0,21/0,25
ATI+Cu+Ti 38,6 1,8 1491,7/1629,6 407£16 0,31/0,27
ATI+Cu+Ti 45,4 4,1 1250,1/1341,4 372426 0,26/0,24
ATI+Cu+Ti 41,3 4,8 1015,6/1129,7 314450 0,27/0,27

*)- TNEPBOC 3HAYCHUEC XAPAKTEPU3YCT MMOKPBITUC N0 OTKHUT'A, BTOPOC — MMOCJIC OTKUI'A.
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ITpu 3TOM YCTAQHOBIIEHO, YTO OBEPXHOCTHEIE
CJIOM YTJIEPOJHBIX TMOKPBITHA, COIEpPKAIINX MeIb
W TUTaH, UMEIOT OoJiee BBICOKYIO TBEPJOCTh (pH-
CYHOK 2). YCTaHOBJIEHHOE CHIDKEHHE HaHOTBEP/O-
CTH TIOKPBITUS NIPHU BO3PACTaHUM BEJINYUHBI IIPH-
KJIaJ[bIBAEMOH Harpy3Ku MOXKHO paccMaTpHBaTh
KaK CJEJCTBUE BBICOKOW CTPYKTYpPHOW HEOIHO-
poxHOCTH MOKpbITHA. [Ipu yBenuueHUH Harpys3KH
Ha WHICHTOp B Je(OopMHUpOBaHHE BOBJIEKACTCS
Oonpmmii 00BEM MOKPHITHS, B KOTOPOM W COZEp-
KHTCS OOJbIIE HAHO-, MUKPOYACTUI] MEIH, KOTO-
pble MMEIOT 3HAYUTENIBHO 0OoJiee HU3KYIO TBep-
JOCTb.

H, |
GPal
25

I 20IOOI L 24IOO' L 28IOO o 32IOO Lolad HIN
Pucynok 2 — 3aBHCHMOCTB OT BETTHYUHBI
MIPUKJIAIBIBAEMOM Harpy3KH HAHOTBEPIOCTH
nokpsiTuit AIIIT+Cu ¢ KOHIIEHTpauen Meau
4,8% (1), 4,1% (2), 1,8% (3)

IIpu nerupoBanuu AIIIl mensto U TUTaHOM
MHKPOTBEPJOCTb IOKPBITHS B ILIEJIOM BBIIIE, YEM
MIPY JIETUPOBAHUH TOJBKO Menbio. JlaHHBIA (hakT
TpeOyeT IOMOIHUTENFHOTO HWCCIIEIOBAHUS, T. K.
IpU MHOTOKOMIIOHEHTHOM JIETUPOBAHUH COJEp-
JKaHUE YIIEPONHOHN (a3bl B MOKPBHITUN CHIXKACTCS
1 BO3pacTaHUE TBEPJOCTU KaK Pe3yJIbTaT CyNepIo-
3UIUMOHHOTO 3((eKTa HEeBO3MOXKHO. Bricokue 3Ha-
YEeHUs TBEPJOCTH HAOIOJAI0TCSI IPH JIETHPOBAHUT
YTIEPOTHOTO MOKPHITUS TUTAHOM JI0 3HaYeHHUH 49-
50%. D10 MOXKET OBITH 00YCIIOBJIEHO 00pa30BaHHU-
eM B 00beMe MOKPBITUS TBEPIbIX KapOUIHBIX (a3
BHeApeHus [3], [9]. Bmecte ¢ TeM TBepAOCTb ITHX
(a3 BHeIpeHMs HIKE TBEPAOCTH OJHOKOMITOHEHT-
HOTO yIJIEPOJHOTO MOKPHITHS.

C 1enbio BBIPAaBHUBAHMS KOHICHTPAIWH Jie-
TUPYIOIINX 3JIEMEHTOB IO TOJIIMHE CIOS IPOBO-
JUJICS OTXWI TOKPBITHS B BaKyyMe IPU TeMIIepa-
type 500 °C B Teuenue 30 mmH. Kax BHgHO M3
Tabnuupl 1, Mpu HarpeBe JBYXKOMIIOHEHTHBIX I0O-
kpeiTuil AIIII+Cu MHKpPOTBEPAOCTH CIIOEB 3HAYU-
tenbHO (Ha 13...23%) cHmxaercs. [Ipu oTxure sxe
nokpeiTuid - AINI+Cu+Ti HaOmoxaeTcs ee 3amer-
Hoe BospacTtanue. JlaHHbli addekT cornacyercs
MIPENICTaBICHHBIMA B paboTax [5] maHHBIMHU, CBHU-
JETeJICTBYIOIMMI 00 WHUIMHPOBAHUH IIpOIEC-
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coB 00pa3oBaHMs KapOWJa THTaHA IPU HArpeBe H
00pa3oBaHUM TAKMM 00pa30M TBEP/bIX KapOHHBIX
(a3 BHEAPECHHUS, KOTOPHIC U OOYCIABIUBAIOT BO3-
pacTaHnE€ TBEPAOCTU MOKPBITUA B IICJIOM.

OcoOblii MHTEpEeC BBI3BIBACT ONpEIeIICHHUE
BiusiHus nerupoanusi AIIIl meabto Ha BEIUUUHY
BHYTPEHHHX MEXaHWYECKUX HANpsOKEHUH, BeEJH-
YMHA U XapakTep KOTOPBIX OKA3bIBACT BIMSHHE Ha
9KCIITyaTallHOHHBIE CBOMCTBA TOHKOIUICHOYHOMH
cucteMsbl. Pe3ynbTaThl MCCAEAOBAHUN IMOKPBITUH,
JIETUPOBAHHBIX METAUIAMU U a30TOM, NPHBEICHBI
B Tabmme 2.

Tabnuna 2 — BHyTpeHHUE HANPSHKEHUS
nerupoBaHHbIx ATIII
CocraB | Konnentpanus | Tun nanps-

MOKPBITUS | JICTUPYFOIIUX JKEHUI o,
3JIEMEHTOB MIla
T1,% | Cu, %
C 0 0 |pactaxenus |171,5
C+Cu 0 3,6 |pactsxkenust |40,0
C+Cu 0 4,2 |cxaTus 16,0
C+Ti 56,93 0 |pactsxenus [94,3

Ti+C+Cu 38,6 1,8 |pactshkenus |84,3
Ti+C+Cu 41,3 4,8 |pactsokeHus |[72,2
C+Cu+N, 0 2,5 |pactsbkenus 54,4
C+Cu+N, 0 5,3 |pactskenus |11,1

YcTaHOBIEHO, YTO BBEICHHUE MEIU B yriie-
POIHOE MOKPBITHE MPAKTUYECKH BCETJa MPUBOIUT
K CHIDKCHHIO BEJIMIMHBI BHYTPCHHUX HAMPSKECHHUH.
Tak, nerupoBaHue yTJIEpOAHOrO MOKPHITHA 2,7%
MEIM  YMEHBINACT MEXaHHUYECKHUE HAaNpsDKCHUS
Gosiee ueM B aBa pasa. I[Ipu 3ToM mM3MeHseTcs Xa-
paxkTep BO3HUKAIOIIMX HANpPSDKEHUH; €CIT B OIHO-
KOMIIOHCHTHOM TIIOKPBITUM BO3HUKAIOT HAIPSXKE-
HUA PpacTsIKCHUA, TO IpU JICTUPOBAHUM MCIU —
HarpspkeHust oxatus. OTMETHM, 4TO B TaKuX CIIO-
SIX COXpaHsieTCs JAOCTATOYHO BBICOKAasi TBEPIOCTb,
YTO B COYETAHWU C OTHOCHUTEIHFHO HU3KHMHU BHYT-
PCHHUMH HAINpPsDKCHUSIMH  OTIPEJICIISIET  BBICOKYIO
MIEPCIIEKTUBHOCTD MX MPAKTHYECKOTO MPUMEHCHHSI.

[TpencraBnsronM HHTEpEC (HaKTOM SIBISECT-
sl I3MECHEHHE XapaKTepa HaIpsDKEHUH MpU BBEZe-
HUM B TIOKPBITHE MEIOH U a30Ta. BosHukaromme B
TaKUX CHUCTEMax HANpPsDKCHUS PACTSDKCHUS SBIIS-
I0TCSL BechMa 3HauuTenbHbIMU (10 55 I'Tla) u mo-
IYT SIBUTbCS IIPUYMHON Pa3pyLICHMs] NOKPBITHSL.
OCOOeHHO HEraTMBHO BIMAIOT HaNpsDKEHHUsS pac-
TSDKEHHSI Ha M3HOCOCTOWKOCTh TIOKPBITHIT IIPH Tpe-
Huu [10].

IIpy  MHOTOKOMIIOHEHTHOM  JIETHPOBAaHWHU
BIIMSHHE JIETHPYIOIINX 3JEMEHTOB Ha BHYTPEHHHE
HalpspKeHNST HE OJHO3HAYHO, M TOJHBIH aHaJU3
MIPOLIECCOB, BIMSIONINX HA MEXaHWYECKYIO Hamps-
XKEHHOCTb MOKpPBITHH, BO3MOXXEH IIPU YCIOBHUHU
aHaIM3a MPUPOAbI M KHHETUKH XUMHUYECKUX H3Me-
HeHI/Iﬁ, MPOTECKAOIUX B TaKMX KOMIIO3UIIMOHHBIX
MarepHanax.
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TpeHne IEerMpOBaHHBIX MEIBIO YIJIEPOIHBIX
MOKPBITHH TaK)Ke MMEEeT CBOM 0COOEHHOCTH. YCTa-
HOBJICHO, 4TO ITPU OTHOCHUTENBHO HEOOJBIIONH KOH-
LEHTPAIlMd MEJIN B TIOKPHITUM OHAa CIIOCOOHA BBI-
MIOJIHATH POJIb TBEPIOH CMa3KH, W oOecrieurBaeT
HU3KUH Kod(hduuueHT TpeHus (tabmmma 1). U3
TpEACTAaBIEHHON Ha PUCYHKE 3 AIEKTPOHHOW MHK-
podororpadun BHIHO, UTO B 30HE TPEHHS MEIb-
COZIEp’KaIeTO YTIEPOAHOTO MOKPBITHS 00pa3yeTcst
XapakTepHasi I MEAX MOJIUTYpPHAs IJICHKA, KOTO-
past cnocoOCTBYeT CHIKeHHIO Ko3dduitmenrta Tpe-
HUS W OOBSCHACT NpUBEACHHBIC B [9] maHHBIE,
CBHUIETEIBCTBYIOIINE O CTAaOWIBHOHW pabore y3ia
TPEHUSL.

[Tpu nerupoBaHNMU THTAHOM M MEABIO KOd(Pu-
LUEHT TPEHHS 3aMETHO BO3PACTaeT, U PErUCTpHUpye-
MBbI€ 3HAUCHUS OJM3KM K 3HAYEHHSIM, XapaKTCpPHBIM
JUISl IBYXKOMIOHEHTHbIX mNokpbIiTHit AIII+Ti [3],
[9]. TIpu >TOM OTKUT TOKPHITHS HE OKAa3bIBacT 3a-
METHOTO BJIMSIHAS Ha TPHOOTEXHUIECKNE CBOWCTBA.

SEMHV: 2000 KV WD: 11.7860 mm VEGAN TESCAN
View fleld: 21.24 pm  Det: SE 5 pm i

Pucynok 3 — Jlopo>kka TpeHUSI MOKPBITUSA
ATII+Cu (conmepxanue meau 1,8%)

Boieoon

Omnpenenensl 0COOCHHOCTH BJIMSHHSA JIETHPO-
BaHHUS MEIbI0O OJHOKOMIIOHEHTHBIX M THTaHCOJIEp-
KAIMX aJIMa30MOJ00HBIX IOKPBITHH, MOTy4aeMbIX
13 KaTOJHOW MMIYJbCHOM IIIa3Mbl, HA MUX MHUKpPO-
TBEPAOCTb, BHYTPEHHHE MEXAHUUECKHUE HATIPSKEHHS
u Mopdomnoruto. [TokazaHo, uTo MenbcoaepKalue
YIJIEPOAHBIE MOKPBITHS HMMEIOT HEOAHOPOAHYIO
CTPYKTYpY, XapaKTepu3yloTcsi Oojiee HHU3KOH MUK-
potBepaocThio. IIpy OTKUre MOKPBITHH, cozuepxka-
KX YTJIEpoX, TUTaH, MeIb, MUKPOTBEPAOCTh BO3-
pacraet. BBeseHHe B MOKPHITHE MEIM HE OKa3bIBAET
3aMETHOTO BIUSHUS Ha KO3()(UIMEHT TpeHus, IpH-
BOJUT K CHIKEHHIO BHYTPEHHHX MEXaHMYECKUX
HaINpsDKEHNH, KOTOPBIE TIPH BEICOKOI KOHIIEHTPALNH
Me/IM CTAHOBSITCS] CKMMAIOIINMH.
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PU3UKA

MOP®OJIOTI Sl KOMIIO3UIIMOHHBIX IMIOKPLITUIL HA OCHOBE YTI'JIEPOJIA,
HOABEPTHYTBIX OBPABOTKE NOHAMM A30TA

JA.I'. Inamnuos, A.C. Pynenkos, P.B. bekapesuu

Tomensvckuii cocyoapemeennviil ynusepcumem um. @. Cxkopunsi, I'omens

THE MORPHOLOGY OF THE CARBON BASED COMPOSITION COATINGS
PROCESSED BY NITROGEN IONS

D.G. Piliptsov, A.S. Rudenkov, R.V. Bekarevich

F. Scorina Gomel State University, Gomel

YcraHoBIIeHO, 4TO 00paboTKa KOMITO3HMIIMOHHBIX MOKPHITHI HA OCHOBE yIJIEpoJa W TUTaHa HOHAMH a30Ta CYIIECTBEHHO
JUCTIEPTUPYET CTPYKTYPY MOKPBITHH (pa3mep oOpa3oBaHuii cHuxkaercs mout B 10 pa3). [locie omxkura MopQoiorus mokphi-

THUI CTAaHOBHUTHCS 00JIee OHOPOIHOM.

Kntouegvie cnosa: komnosuyuonnvie noKpuimus, UuonHas obpabomxa, monozpagpus, cmpykmypHvle o0pazo8anus.

It was determined, that the processing of composition coatings on the basis of carbon and titanium by ions of nitrogen essen-
tially disperses the structure of coating (the size of formation becomes 10 times less). After annealing of coatings the morphol-

ogy becomes more homogeneous.

Keywords: composition coatings, ion processing, morphology, structure formation.

Bgeoenue

bombapanpoBka yCKOPEHHBIMH HOHAMHU IIOA-
JIOKKH U TIOBEPXHOCTU MOKPBITHS COIIPOBOXKIAETCS
MPOSIBIICHUEM IIEJIOT0 psiia SBICHUM (pacblIeHUs,
00pa3oBaHKsl TOYEYHBIX U JINHEHHBIX J1e()EKTOB KPH-
CTAJUIMYECKO pEeIIeTKH, YCKOpeHus auddysuu,
JIOKAJIbHBIM HarpeBOM), KOTOpBIE BBI3BIBAIOT H3Me-
HEHUSI B CTPYKTYpPE M CBOWCTBAaX IOBEPXHOCTHBIX
cnoes [1]. st ynpaBieHUsl CTPYKTypOH U CBONCT-
BaMM TOKPBITHH HauOOJBIINKA HHTEpEC IpeiCTaB-
JSFOT CJIEAYIONIE 0COOCHHOCTH HOHHO-TIIIa3MEHHOH
00paboTKH:

1. YnaneHue ¢ NOBEPXHOCTH aicopOMpOBaH-
HBIX CJIOEB XMMHYECKHX COEIMHEHHH mpu OomOap-
JMPOBKH MOHAMH BBICOKHX YHEPTHH.

2. AxrtuBanus 1u((y3HMOHHBIX TPOLECCOB B
MIOBEPXHOCTHBIX CIIOSIX MOA ACHCTBUEM HOHOB .

3. JlucneprupoBaHue CTPYKTYPHI ITOKPHITHS.

D¢ dexTuBHO Tarke MpUMEHEHNE HOHHOH O0M-
OapIUpOBKY AJIs TPaBJICHHUS BEPXHUX Aedopmupo-
BaHHBIX CIIOEB M TOJHMPOBKH MOBepxHOCTH [2]. U3-
MEHEHHEe TOmorpaduu MOBEPXHOCTH OOBIYHO OCY-
IIECTBIISIETCS C TOMOIIBIO CKOJIB3SIIUX ITY4YKOB ME/I-
JIHHBIX MOHOB ¢ 3Heprueit ot 100 xo 700 3B. Ilox
HeﬁCTBHeM HOHOB MPOUCXOAUT NPECUMYIICCTBEHHOC
pa3spylIeHHe TPaHUIl 3epeH, KOTOpPBIE MPOSBISIFOTCS
Ha pacnblIsIeMOl TOBEPXHOCTH B BHJIE BIIAMH. 3ep-
HUCTas CTPYKTypa BBISBILSIETCS 1aXKE Y TEX BELIECTB,
JUIL KOTOPBIX XMMHYECKOE TPaBJIEHHE HE JaeT pe-
3yJIBTaTOB, HAPHMeEp, CIUIABOB HA OCHOBE ATIOMH-
Hust. VlonHoe Tpasnenue 3¢ ¢GeKTHBHO NPH BBLIBIIC-
HUH CTPYKTYPBI COCTaBIIAIOIINX CIUIABOB, MHUHEpa-
JIOB U OCOOEHHO MHOTOKOMIIOHEHTHBIX IHIJICKTPH-
YECKUX M MOIYNPOBOJHUKOBBIX CHUCTEM (CHTAJUIOB,
yrierpaduToB, pe3uHsbl, HeillIoHa).

© Hununyos J1.I"., Pyoenros A.C., Bexapesuu P.B., 2010

[lpu woHHOI OGoMOapIUPOBKE MMOBEPXHOCTH
KOMIIO3ULMOHHBIX MOKPHITHH Ha OCHOBE yIJIepoaa U
MeTajula HEYTJICPOTHBIMH HOHAMH (a30Ta, aproHa)
MMOMHMO TIEPEUNCIICHHBIX 3(P(PEKTOB MPOMCXOIUT
BHITPAB/IMBAHHE SP -THOPHIM3HPOBAHHOTO YrIIepoaa
[3]. OcoOblit uHTEpEC MPEACTABISCT U3YyUYCHHE MPO-
[IECCOB, MPOTEKAIOUINX NPU HOHHOW 00paboTke B
YCIOBUSIX BO3MOXKHOT'O TPOTEKaHUS XUMHYECKOTO
B3aUMO/ICHCTBUS HOHOB C aTOMaM{ MHIIEHU. TakuM
00pa3oM, IIpu HOHHOH 00pabOTKE KOMITO3UIIMOHHBIX
TOKPBHITHI Ha OCHOBE yIJIepoa U MeTajlia BO3MOX-
HBl CYyNICCTBEHHBIC HW3MEHEHHs Tomorpaguu mo-
BEPXHOCTH, 4TO TpeOyeT NeTaTbHOTO N3yYCHHS.

OCHOBHOM TIE€TBI0 TaHHOW PabOTHI SBISETCS
n3y4deHue Mop(oJIOruy, KOMIIO3HIMOHHBIX YIIIe-
POIHBIX TOKPBITHH, MOABEPTHYTHIX 00paboTke
HHU3KOAHEPreTHYECKMMU HOHAMH a30Ta.

1 Memoouxka uccneoosanus

OCHOBHBIMH OOBEKTaAMH HCCIICIOBAHUS SIBU-
JMCh KOMIIO3WIIMOHHBIE CHCTEMBI Ha OCHOBE YTJIe-
pona u TuraHa. [y MoIydeHHs KOMIIO3HUIIHOHHBIX
YIJIEPOAHBIX ITOKPHITHH OBLIA MCIIOB30BaHA yCTa-
HOBKa BakyyMHoOro HambuieHuss PVM-D, conepixka-
mass HOHHBbIH UCTOUYHUK «AMJIA», ¢ OMOIIBI0 KO-
TOPOTO MOXXHO IIPOM3BOJUTH OYHCTKY M HAarpes
MTOJTOKEK, 00pabOTKy pacTymiero MOKPBITHS HOHA-
MH a30Ta; MCTOYHHK IUIa3Mbl CTAllMOHAPHOTO Ka-
TOJJHO-YTOBOTO pa3psiia C METAUTHYECKHM KaTo-
JIOM, HCTOYHMK IUIa3Mbl HMMITYJIbCHOTO KaTOJHO-
JYTOBOTO paspsja ¢ KaTroJoM U3 rpadura, UCIIOb-
3yeMBIM JIJIsI HAHECEHHsI YIIIEPOJIHBIX MOKDPBITHH, a
TaKXke J103aTop padoyero rasa, Mo3BOJIAIONINN KOH-
TPOJINPOBATH JaBICHHE PabOvero raza B BAKyyMHOM
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kamepe. Cxema yCcTpOHCTBa AJIs1 HOHHOH 00paboTKH
MpeJicTaBlIeHa Ha pUCYHKeE 1.

3

Pucynoxk 1 — Cxema ycTpoiicTBa, IpeiHa3HAaYE€HHOT O
JUISL CHHTE3a KOMIIO3UIIMOHHBIX YTIICPOJHBIX I10-
KpBITHH ¢ TOCIeqyomel nx 00paboTKOM noHaMHU

a3oTa: | — UMIyJIbCHBIN UCTOYHMK YIJIEPOIHOM
TU1a3MBl, 2 — ICTOYHHK IIa3Mbl CTAIIMOHAPHOTO Ka-
TOJHO-IYTOBOTO pa3psijia C TATAHOBBIM KaTO/IOM,
3 — HOHHBIN UCTOUHUK «AWJIAY,
4 — crienmanpHast OCHACTKA, 5 — MOJIOKKU

O4ncTKa NOBEPXHOCTH KPEMHHEBBIX IOJUIOKEK
5 mpou3BOAMIACH C ITOMOIIBIO HOHHOTO MCTOYHHKA
3. B kauecTBe pabodero rasa MCIIOIB30BAJICS apTOH.
JlaBenue paGouero rasa 2-107 ITa. DHeprus HOHOB
aproxa 350 sB. Tok Hakana — 8 A, TOk coneHouza —
0,4 A, Tox anona — 3 A. Bpems 00paboTku cocTaB-
nsu10 20 MUHYT.

Komro3umoHHbIe OKPHITHS (POPMUPOBAIHCH
U3 IJIa3Mbl UMITYJILCHOTO KaTOIHO-IYTOBOTO pa3psi-
Jla ¢ KartozoM u3 rpadura / (HarpsHKEHHE HAKOIH-
tens cocraBisuio 300 B, uncino umiynscoB — 3600,
gacrota cienoanus 20 ') U ¢ OXHOBpEMEHHBIM
JIEKTPOSYTOBBIM HCHAPEHHUEM THTaHA C MTOMOIIBIO
ncnaputens 2 (Tok gyru 70 A).

HonHast 00paboTka KOMIIO3MLHOHHOTO YrJe-
POAHOTO MOKPBITHS OCYLIECTBIISUIACH C ITOMOLIBIO
HoHHOTO HcTouHNKa «AMJIA», ycTaHOBIEHHOro B
BEpXHeH JacTu kamepsl Hoj yriom 45° k Hampasie-
HUIO TUIa3MEHHOT0 MOTOKA YITIEPOJIHOTO UCTOYHHKA.
OO6paboTka MOHaMHM a30Ta KOMIIO3HMIIMOHHOTO II0-
KPBITHS TIPOMCXOAWNIA IIPU CIEAYIOIUX Iapamer-
pax: naienue paGouero rasa 4-107 Ila, Tok Hakama
— 8 A, sneprust HoHOB a3zota — 350-400 5B, Tok aHo-
ma — 2 A, tok comeHoupa 0,3 A. O6paboTka mpoms-
BoAMJIACh B TeueHuu 8, 15 u 30 MunyT.

Wzydenne MopQoIOTHN TOKPBHITHI TPOBOIH-
JOCh METOAOM AaTOMHO-CHJIOBOM MHKPOCKOIIMU

(ACM) B perkumax u3Mepenus tornorpaduu u daso-
BOTO KOHTpacTa C IMOMOIIbI0 mpubopa Solver mo
METOJIMKe, ONMUcaHHOil B paborax [4], [5]. IIpume-
HEHHE JWHAMUYECKOTO MOIYKOHTAKTHOTO METoja
MO3BOJISIET C JOCTATOYHON TOYHOCTBIO MCCJIEI0BATh
MOpPQOIJIOTHYECKHE U OTHOCUTEIILHBIE MEXaHUUECKHE
XapaKTEPUCTUKU TOBEPXHOCTEH pa3iuiHON (HU3M-
YEeCKOU PUPO/IBI.

2 Pe3ynomamul u ux oocyxyncoenue

IToBepXHOCTP KOMIIO3UIIMOHHOTO  ITOKPBITHS
Ti+C, He TOABEPTHYTOTO NOHHOW 00paboTKe, Mpe-
CTaBIIICT COOOM CUCTEMy OOpa3oBaHUM CO CPEIHUM
JaMeTpoM Yy ocHOBaHMA mopsaka 130 HM u BeIcoO-
Toit 10 HM (pUCYHOK 2, a).

Kak BumHO w3 puc. 2, 0, B, T, TUCIIEPCHOCTH
MOKPBITHS, 0OpPaOOTaHHOTO HMOHAMM a30Ta, 3HAYH-
TEJIPHO YBEJIWYMBACTCS; JIaTepalbHBI pasMep OT-
JETBbHBIX CTPYKTYpHBIX OOpa30BaHWH COCTaBIISET
15-20 uM, BBIcOTA He Oomee 3 HM. [Ipu 3TOM ycTa-
HOBJICHO, YTO BpeMs HOHHOW 00pabOTKHM HEOIHO-
3HAYHO BIIMSIET HAa MapaMeTpsl LIEPOXOBATOCTH IIO-
BEPXHOCTHBIX ci10eB (Tabmwma 1).

BunHo, 4To mpu BpeMeHU HMOHHOU 00pabOTKH
15 MuMHYT BBICOTa CTPYKTYPHBIX OOpa3oBaHHMH H
HIEPOXOBATOCTh IMOBEPXHOCTH UMEIOT MHHUMAJIBHOE
3HaueHue. MHTepec mpencraBiisieT OlEHKA BIMSHHS
OTXHra Ha MOP(OJIOTHIO THTAHCOJCPIKAIIUX YTJie-
POIHBIX TOKPBITHH, MOABEPTHYTHIX 00paboTKe HO-
HamH a3o0Ta. Harpes B Bakyyme TakHUX MOKPBITHH, 11O
JTaHHBEIM pabot [3], [4], MHUIHUUPYET MPOIECCH 00-
pa3oBaHMs KapOWAOB W HUTPHIOB TUTAHA, TUCTIEPC-
HeIX (a3 BHeApeHus. Pe3ynbraTsl HCCIEOBaHUA
Tomorpaduu 00pa3lmOB IOCIE OTKUTA CpPEACTBAMH
ACM mnpezacraBieHs Ha pUCYHKE 3.

VYcTaHOBNIEHO, YTO TMOCJE OTXHra CTPYKTypa
MOBEPXHOCTHOTO CJIOSl CTAaHOBHUTHCSI Oojiee OIHO-
POJIHOM, CHMIKaeTCsi BBICOTA CTPYKTYpPHBIX 00pa3o-
BaHMH M WX pazmep. 13 aHanmza uzoOpaxenuii ¢a-
30BOTO KOHTPACTa CIEIYyeT, YTO IJIOIMIA/Ab CBETIIBIX
Y4YacTKOB Bo3pacTaeT (pa3Mep M IJIOTHOCTh TEMHBIX
YACTHIl CHIDKACTCS), YTO CBHUAETEIBHCTBYET 00 yBe-
JIMYEHNH TBEPAOCTH ITOBEPXHOCTH.

Buieoowt

YCcTaHOBIICHO, YTO MOCIe 00pabOTKH TUTAHCO-
JIepIKAIIUX YTJIEPOJHBIX TMOKPHITH HOHAMHU a30Ta
BBICOTa CTPYKTYPHBIX OOpa3oBaHMH M IIEpOXOBa-
TOCTb TOBCPXHOCTHU CYHICCTBCHHO YMCHBIIACTCA.
OTXUT MOKPBITHHA B BaKyyMe IOBBIIIACT CTPYKTYp-
HYH OJHOPOIHOCTH M CIIOCOOCTBYET CIIIaKHBAHUIO
MTOBEPXHOCTH.

Tabnuna 1 — Pe3ynbrarsl cTaTicTiHyeckoil 00padoTku gaHHbXx ACM Komno3uuuoHHbIX mokpbituil Ti+C

Tun Bpewmst nonnoi [ITepoxosarocTh Ra, HM Cpennsist BbIcOTa 00pa3oBaHui, HM
MOKPBITUS 00paboTKH, MUH JI0 OT)KHUTa 1ocJe OTXKHra JIO OT)KHUTa Iocjie OT)KUra
HET 2,03 — 9,9 —
TitC 8 0,37 0,206 33 2,6
15 0,17 0,216 1,2 2,5
30 0,31 0,194 1,8 1,1
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PucyHok 2 — ACM u300pakeHue MOBEPXHOCTH KOMIIO3MLIUOHHOTO MOKpbITUst Ti+C ucxoaHoro (a) u 00pado-
TaHHOTO MOHAMH a30Ta B TeueHne 8§ MUHYT (0), 15 MunyT (B), 30 MHHYT (T), IO CKAHUPOBAHUS 1X1 MKM:
I — rononorus; 11 — dazoBblit KOHTpacT
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DOU3HUKA

JIABEPHOE TEPMOPACKAJIBIBAHUE CTEKJIOU3IEJIUIA
TPYBUYATOM ®OPMBbI

C.B. lllaxynaes, 10.B. Hukutok

Tomensvckuti 2ocyoapcmeennviii yusepcumem um. @. Ckopunsi, I'omens

LASER THERMOSPLITTING OF THE GLASS TUBES
S.V. Shalupaev, Y.V. Nikitjuk

F. Scorina Gomel State University, Gomel

BrInonHeHO MoOJENMMpoBaHHE Mpoliecca JIa3epHOro TePMOPACKAIBIBAHNS CTEKIIHHBIX H3/enuil TpyOuaroil ¢opmbl. PacueTs
TEpMOYNPYTUX MONel ObUIM BBHINOJHEHBI JUI OJHONYYEBBIX U JBYJIydYEBBIX BapHAaHTOB PeaaM3allid TEXHOJOTHHU JIa3epHOrO
TepMopacKanbsBaHus. [lokazaHo, 4TO AT IPaKTHYECKOTO UCIONB30BAHMS IIelecoo0pa3sHo MPUMEHEHHEe IBYIy4eBOro crocoda

JIa3epHOH Pe3KU CTEKJITHHBIX TPYOOK.

Knrouegwie cnosa: nazepnas pesxa, 08y1y4esoil Memoo, Cmexo.

Modelling of the process of laser thermosplitting of glass products of the tubular form is executed. Calculations of thermoelas-
tic fields for one-beam and two-beam variants of realisation of technology of laser thermosplitting have been performed. It is
shown, that for practical use the application of a two-beam way laser cutting of fragile glass tubes is expedient.

Keywords: laser cutting, dual-laser-beam method, glass.

Beeoenue

BaxxHO#il Pa3sHOBHIHOCTBIO JIA3€PHOTO TEPMO-
pacKalbIBaHUS SIBISIETCS pa3leieHue XPYNKHX He-
METAJUIMYECKUX MaTepHaIOB TpyOuaToi (OpMEI.
Pe3ka CTEKISHHBIX TPyO METOIOM JIa3e€pHOTO Tep-
MOpacKaJbIBaHUSI HMMEEeT TMeped TPaauLIHOHHBIMU
croco0amMu psAA HEOCIOPHUMBIX NPEUMYIIECTB, K
KOTOPHIM B IIEPBYIO OYepenb CIelyeT OTHECTH BbI-
COKO€ Ka4yeCTBO IOJTY4aeMBIX TOPIEBBIX ITOBEPXHO-
creil. OAHM U3 NEPBBIX PE3yJIbTATOB IO Ja3epHOU
pe3Ke CTEKISIHHBIX TPYO0 METOIOM TepMOpacKalIbl-
BaHUs npuBezeHsl B [1]. Pa3BuTie nanHoi TexHoIo-
THHY TIPUBEJIO K CO3AAHMIO IEJIOT0 psiia ee Moau(u-
kauit [2]-[3]. HyHO OTMETUTB, YTO BO BCEX BHI-
LIETIePEYUCIICHHBIX CIy4asX pa3jieleHHe XpPYyNKHX
HEMETAJUTHIECKAX MaTepuanoB TpyOdaToir (HOpMBI
OBUTO BBITIOJHEHO C WCIIONIF30BAaHUEM H3IyUEHUS C
nnuHoW BonHBI 10,6 MkM. IlomydeHHBIE aBTOpamu
MTOJIOKUTEIbHBIE PEe3yJIbTaThl HCIIOIb30BAHUS [IBY-
JMy4eBOH TEXHOJOTHH TIPH pa3felieHHH METOIO0M
TEPMOpPACKAIBIBaHHS IUIOCKONAPaJUIENbHBIX 00pa3-
LIOB CO3/aJIM MPEIOCHUIKH I IPOBEACHUS HCCIe-
JIOBaHUS BIHMSHHUSA BO3JEHCTBUS JOMOJHUTENHHOTO
JIA3epHOTO U3JIY4YEHHUs ¢ JIIMHON BOJIHBI 1,06 MKM Ha
IpoLEeCcC JIA3€PHOTO0 TEPMOPACKAIBIBAHUS H3AEITHHA
TpyOuaroii popmsr [4]-[5].

1 ITocmanogxa 3ad0auu

AHann3 U3BECTHBIX PabOT M COOCTBEHHBIE HC-
CJIC/IOBaHUsI TIO3BOJIMJIM BBIJIEIUTh HECKOJIBKO OC-
HOBHBIX CXeM 00palboTKH, 00ecleuMBaIOUINX MNpH-
EMJIEMBIC PE3YJIbLTATBI MPU MPAKTUYCCKOM HCIIOJIb-
30BaHUMU.

© Llanynaes C.B., Huxumrwxk FO.B., 2010

B coorBercTBUM € NEPBON CXEMOM CTEKIISTHHAs
TpyOKa IOJBEpraeTcs JIa3epHOMY HarpeBy B Tede-
HHUE HECKOJBKHX 000pOTOB /10 00pa3oBaHMs pasjie-
JIAIOLLEH TPEUIUHBI.

[Ipu 06paboTke MO BTOPOW cXeMe B TEeUEHHUE
HECKOJIBKMX OOOpOTOB YacTh Marepuaia TpyOKH
HarpeBaeTcsl JIa3epHBIM H3JIyYeHHEM M OJHOBpE-
MEHHO Ha HEKOTOPOM YAAJICHHH OT 30HBI JIa3€PHOTO
HarpeBa MOBEPXHOCTh TPYOku oxnaxnaercs. [Ipu
9TOM B MaTepuaine (OpMHUpPYETCsl HE CKBO3HAs Jia-
3€pHO-UH/IyIIPOBaHHAS TPELIMHA.

Hcnons3oBaHue TpeThel CXEMBI ITPEAToaraer,
YTO TpyOKa MOMagaeT B 30Hy BO3JICHCTBHS JIa3EPHO-
IO M3Iy4EHUs, Aajiee, COBEPIINB HECKOJIBKO 000po-
TOB BOKpPYT CBOEH OCH, HMOBEPXHOCTh TPYyOKHM IOJ-
BEpraercst BO3JCHCTBHIO XJIaJarcHra, IpuieM Tpyo-
Ka TPOAOJKACT BpAaIlEHWE IPHU OIXHOBPEMEHHOM
BO3JICHCTBUH JIa3€PHOTO M3JIYYEHHsS U XJIaJareHTa
(TakuM 00pa3oM, TpPeThbs cXema SBJIETCS MOCIeNO-
BaTEJIbHBIM COUETaHHEM IMEPBBIX JIBYX).

Jns pacuera TepMOYHpYIHX IOJied ObUT HcC-
MOJIL30BaH METOJI KOHEUHBIX 3JIeMEeHTOB [6]. Moxe-
JUPOBaHKE TNPOBOJMIOCH JUIA TPyOOK M3 CTekia
C52. Tak Kak BETUYHUHBI TEITOPHU3MISCKIX CBOMCTB
CTEKJIa B 3HAUUTEIHHON CTETICHH 3aBHUCAT OT TEMIIe-
patypsl, a TIpH JIa3epHOM TEPMOPAaCKAIBIBAHUH
CTeKIoM3AeniA TpyOuaroir ¢opMbl TemmepaTypa
MEHsETCA B IIMPOKUX NpeJenax, TO B pacueTax Obl-
JU YYTEHBl COOTBETCTBYIOIIWE 3aBHCUMOCTH [1].
Monayne ynpyroctd, kosddunuent Ilyaccona, ko-
3pQUIMEHT TeMIepaTypHOro PACIIUPEHHsT U ILIOT-
HOCTB IIPUHATHI PAaBHBIMU COOTBETCTBEHHO: E =380

[Tla, v=0,222, a,=80-10 7 °C", p,=3960 kr/m’.
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IIpn BeIOIHEHHM PACYETOB OBUIM HCIIOIB30-
BaHbl CIIEAYIOLIME IapaMeTpPhl JIa3epHBIX IyYKOB:
GonbIuas ock A=6-107 M, Manast och B=110"m TS
My4yKka ¢ ATUHON BONHBI M3nmydeHus A=10,6 MKM u
MOIIIHOCTBhIO m3nydeHus P=15 BT, paauyc msiTHa
usnyueHusi YAG — nazepa ¢ MOIIHOCTBIO M3JIy4YECHHUS
P0=40 Bt coctapmsn R=1-107 m.

Pacuetsl nmpoBeneHsl sl TPyOKH ¢ BHELIHUM
panuycoMm, paBHBIM 7 MM, BHYTPEHHHM paJnyCOM,
paBHBIM 6 MM, ¥ ATHHOI B oceBOM HampasieHuu 20
MM. CkopocTh BpamieHusi TpyOKHM OTHOCHTENBHO
Ja3epHBIX MTyYKOB TNPHUHUMANACh paBHOH 45 06opo-
TOB B MUHYTY. CUMTAIOCh, YTO MO ACHCTBHEM XJIa-
JareHta 00ecIeunBacTCs OXJIaKACHHE ITOBEPXHO-
CTH TPYOKH ¢ KO3(p(PHUIIMEHTOM TEIUIOOTAAYH, PaB-
ubiM 8000 Br/(M?K) [7].

MogenupoBaHue pe3ku TPYyOOK OCYIIECTBIIS-
JIOCh KaK JUIsl OJJHOJIy4YEBBIX BApHAHTOB 00pabOTKH C
ucnons3oBanueM CO, — mazepa u YAG — nasepa,
TaK | JJIsl [BYJIy4€BOTO BapHaHTa, COYETAIOIIErO O/~
HoBpemeHnHoe BozneictBue CO, u YAG — na3epos.
st Bcex BapraHTOB 00pabOTKM OBUTH BBITOJIHEHBI
pacyeTsl 3aBHCHUMOCTH TEeMIICpaTypbl M HampshKe-
HUH, ASHCTBYIONINX B OCEBOM HAINpaBJiICHUH TPYOKH,
0T HOMepa 000pOTa IS TPEX Pa3INIHBIX CXEM Bpe-
MEHHOM MOCIEeI0BaTEIbHOCTH BO3IEUCTBUS J1a3ep-
HOTO M3IYYEHHUS M XJIajgarcHTa Ha oOpabaTsiBaeMoe
m3nenve (puCyHKH 1-6).

2 Ananus pe3ynbsmamos

CpaBHHBasI IPeICTaBICHHbIE HA pUCYHKaX 1, 3,
5 pacueTHble 3aBHCUMOCTH TeMIEpaTypbl B (PUKCH-
poBaHHBIX Toukax (1 — Ha BHEIIHEH MOBEPXHOCTH
TpyOKH; 2 — B cepenuHe CTEHKH TPyOKH; 3 — Ha
BHYTPEHHEH MOBEPXHOCTH TPYOKH), MOXKHO CIIENaTh
BBIBOJL O TOM, YTO JOTOJHHUTEIHHOE BO3/EHCTBHUE
JIa3€pHOTr0 U3JIy4YEHUs ¢ JIMHOM BOJHBI 1,06 MKM He
TIPUBOJNT K CYIIECTBEHHBIM H3MEHEHHAM XapaKkTepa
9THX 3aBHCHUMOCTEHl 10 CPaBHEHHIO C BAapHAHTOM
onmHoIMy4deBoit 00paboTku CO,-mazepom. MoXKHO
OTMETHTh HEOOJbIIOE YBEIMYCHHE 3HAYCHHUH Mak-
CHUMaJIbHBIX TEMIIEpaTyp INpH HCIOJIb30BAHUU KaXK-
JIOW U3 CXEM JIBYJIyYCBOW 00pabOTKH MO CPABHCHHUIO
C COOTBETCTBYIOUIMMH CXEMaMH OJHOJIy4eBOI 00-
paborkn CO,-nmasepom, KOTOpOE, Kak M CIEI0BAIO
OKHMJaTh, B HAaHOOJbLIEH CTEIIEHH NpOSBISIETCS B
YIJICHHBIX OT IOBEPXHOCTH CJIOSIX MaTepHana.

AHammupys pucysku 1 a, 1 6, 1 B, BuanM, 910
IPU MHOTOKPaTHOM JIa3€pHOM HarpeBe MaTepHaia
TpyOKH, BpaIiaromeics BOKPYr CBOGH OCH OTHOCH-
TENIBHO HETIO/ABM)KHOTO JIA3€PHOTO JIyda (MIIH JIydeH
— mpu IBYJy4YeBOU 00paboTKe), TeMIepaTypa B Ka-
JKJI0OM TOUKE €€ BHEIIHEW MOBEPXHOCTH MEpPUOANYE-
CKU PE3KO IOBBIIIAETCS MOJA BO3JCHCTBHEM Jazep-
HOTO M3Jy4YEHUs] U IIJIaBHO yMEHbBIIAETCSI BCIIE/CT-
BHE OTHOCHTEIHHO HEOOJBIION TEIIONPOBOJAHOCTH
crekna. Ilpm osToM HabmomaeTcs TOBBIIICHHE
MaKCHMaJIbHOM TemrepaTypsl crekia. HyxHO OT-
METUTh, YTO B CiIyyae OJHOJY4eBOW 00pabOTKH
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YAG-nazepom, TakuM 00pa3oM HU3MEHSETCS TeMIIe-
parypa o BceMy o0beMy TpyOkH (prcyHOK 1 0).

[Ipu wucmonb30BaHUM BTOPOM CXEMBbI (pHUCY-
HOK 3), SIBJIIOIIENCS TIO CBOEH CYyTH CXEeMOM ympaB-
JIIEMOTO JIa3€PHOI0 TEPMOpAcKalbIBaHUs, IpUMe-
HEHHOW 11 oOpaboTku Ten TpyOuaroil (opmsl,
MIPOMCXOUT MHOTOKPATHBIA OBICTPBIH JIOKAJIBHBIA
HarpeB oOpabateiBaeMoii moBepxHocTH. OH Yepemy-
ercsi ¢ OBICTPBIM OXJIAXKJCHHEM, OOYCIOBICHHBIM
BO3JeHCTBUEM XJlagareHTa. Ilpyu 3ToM mpakTH4ecKu
OTCYTCTBYET ITIOBBIIICHHE MAaKCUMAJIbHOW TeMIlepa-
TyphI cTekina. Takum oOpa3oM, Kakaslii 000poT Xa-
paKkTepu3yercsl MPaKTUYeCKH OIMHAKOBBIMH H3Me-
HEHUSIMH TeMIIepaTypbl TPYOKH.

3aBUCHMOCTH TeMIepaTypbl 0T HoMepa 00opo-
Ta, XapaKTEepHBIE JISI TPEThEH CXEeMBbI 00pabOTKH
(pucyHOK 5), Ha TIEpBOM 3Tare XapaKTepH3YITCS
0COOCHHOCTSIMH, aHAJIOTMYHBIMU yKa3aHHBIM paHee
0COOCHHOCTSIM TIEPBOI CXEMBI: TeMIlepaTypa TOYEK
MTOBEPXHOCTH TEPHOJMYECKH PE3KO YBEINYNBACTCS,
a 3aTeM IUIaBHO yMeHbmaercs. [Ipu 3Tom moBbIma-
eTcd MakCHMalbHas TeMieparypa obpasua. Ha Bro-
poM 3Tamne 00pabOTKU 3aBUCUMOCTH TEMIIEPaTyPHI B
TOYKaxX TOBEPXHOCTH TPyOKH OT HOMepa oOopoTa
aHaJOTMYHBl HAOJIOaeMbIM TIPH HCIIOJIb30BAHHH
BTOPOI1 CXEMbI: TEMIIEpaTypa B TOYKaX MOBEPXHOCTH
MEPUOANYECKU PE3KO YBEIMUYMBACTCS, @ 3aTEM PE3KO
yMeHbInaercsi 0e3 U3MEHEHUs] MaKCUMaJbHOU TeM-
neparypsl. OnHcaHHOE BbIIIE W3MEHEHUE TeMIlepa-
TYpBI IIPU UCIIOJIb30BAaHUN TPETHEH CXEMBI SBISIETCS
CJIC/ICTBHEM TOTO, YTO 3Ta cxema 00pabOTKU SBIIS-
eTcsl TI0CIIeI0BAaTENIbHBIM COYETaHHEM TIEPBBIX JIBYX.

CpaBHUBasE pacdeTHbIE 3aBHCHMOCTH Hampsi-
JKEHUH, JEUCTBYIOIIMX B OCEBOM HAalpaBiICHUHU
TpyOKH, OT HOMepa 00opoTa MPH OJHOIY4IEBOH 00-
pabotke CO,-a3epoM u IpH JIBYIIyUeBOM 00padoT-
ke (pucyHku 2 a, 4 a, 6 a u pucyHku 2 B, 4 B, 6 B),
MOKHO CJIeJIaTh BBIBOJ| O TOM, YTO HPH pealn3aluu
onHoyueBoro (c ucrnosib3oBanuem CO,-nazepa) u
JIBYJIy4eBOTO Ppa3zieieHHss OCHOBHBIE OCOOCHHOCTH
W3MEHEHHS OCEBBIX HANpPsHKCHUH B (MKCHPOBAHHBIX
TOYKax 00pabaThIBa€MOro MaTepHana C TCUCHHEM
BPEMEHH COXpaHAIOTCS. IIpy 3TOM IONOIHHUTEIH-
HBIM Bo3zaelicTBHeM u3inydeHus Y AG-mazepa 00y-
CJIOBJICHO 3HAYUTEIBHOE YBEJIMYEHHE KaK PacTsTH-
BAIOIIMX HAIPSDKEHUM, TaK M HANPSDKEHUH CKaTHs,
YTO B CBOIO Ouepe/b OOYCIIOBIMBAET 3HAYUTEIHHOE
YBEJIMYEHUE BEPOSTHOCTH HMHUIMUPOBAHHS U CTa-
OMJIBHOTO Pa3BUTHUS Pa3lelISIONIeii MUKPOTPEIINHBI.
HyxHO OoTMETUTb, YTO aHanu3 pUCYHKOB 2 O, 4 0,
6 0 1O3BOJISIET CEATh BBIBOJ O HEI(P(HEKTUBHOCTH
CaMOCTOSITENILHOTO HUCIIOJIb30BAaHHSI M3IIyYEHUS C
JUIMHOW BonHBI B 1,06 MKM Ui pa3zfeneHus MeTo-
JIOM TEPMOpaCKAJBIBAHUS CTCKJIOM3JENHNA TpyOua-
Toi (hopMbl. JlaHHOE OOCTOSTENHCTBO OOYCIIOBIICHO
HEIOCTaTOYHO BBICOKMM 3HaueHWeM KodQuuneHTa
MOTJIOIIEHHSI CHJIMKATHBIX CTEKOJI Ha 3TOH UIMHE
BOJTHBI.
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Eme omHoi 00miel 3aKOHOMEPHOCTBHIO 3aBH-
CHMOCTeﬁ, TMOJYYCHHBIX P YUCJICHHOM MOJCIINPO-
BAaHWMU, SIBJIAETCS TO, UYTO HAa BHEUIHEH U BHYTPEHHEH
MOBEPXHOCTH CTEKJISIHHOM TpyOku (opmupyroTcs
HaNpsHKEHUs, OJUHAKOBBIE MO 3HaKy. [Ipu 3TOM Ha-
MpsOKCHUs] Ha BHEWIHEH rpaHMIle TPyOKH 3HAUM-
TENIFHO OOJIBILIE, YEM Ha €€ BHYTPEHHEH MOBEPXHO-
CTH, a B CJIOSX MarTeprana ONM3KUX K CepeiHrHe
CTeHKH TpPyOKH, (popMHUpPYIOTCS HampspKEHUs, Tpo-
THUBOTIOJIO’KHBIE FIM TI0 3HAKY.

IIpu 06paboTke MO mepBOil cxeme (C MHOTO-
KpaTHBIM JIa3epHBIM HArpeBOM MaTepraia) UMeeT
MECTO TMOCJIeI0BaTEeIbHOE YepeZOBaHHE B TOYKaX
MOBEPXHOCTH TPYOKH OCEBBIX HAIPSDKEHHH pacTsi-
JKEHHA M CXKaTHsl, COINPOBOXKIAEMOE IMOCTEICHHBIM
YBEJIMUEHUEM HaNpsDKEHUM pacTsbkeHus. Takoe u3-
MEHEHHE HalpsDKeHU OO0yCIIOBIMBAaeT B HTOTe
CKBO3HOE pazjeneHue TpyOku. OIHaKoO KadecTBO
TaKOTO pa3/IeiCHUs 9acTO HEOCTATOYHO BBHICOKOE.

[Ipu ucrone30BaHUK BTOPOI CXEMBI 00paboT-
K Ha TIOBEPXHOCTH TPYOKH MPAaKTHYECKH MOCIEC
nepBoro 000poTa BO3HMKAIOT PACTATHBAIONINE Ha-
NPSDKCHHS, JTOCTATOYHBIE Ui (POPMHUPOBAHHS pas-
Jensronie TpemuHsl. B manpHelimem 0e3 cymiecT-
BEHHBIX U3MEHEHUH NEPUOANYCCKU paCTATUBAIOIINC
OCeBbIe HAIpsDKEHHsI, KOTOPhIE BO3HUKAIOT B 30HE
BO3ACUCTBHUS JIa3€pHOTO H3ITYUYEHHUS, CMEHSIOTCA
CKUMAIOIIMMH HaIPsHKEHUSIMH, (OPMUPYEMBIMH B
30HE BO3JEHCTBUA XJlafareHTa. IIpu ucnonp30BaHNN
JIJAHHOM CXeMbl 00ecCreYrnBaeTcsi pa3BUTHE HECKBO3-
HOM pa3leNsiomeil TpeuHbl, 0cOOCHHOCTH (HOPMH-
pOBaHUA KOTOPOH B LIENOM TaKHe e, KaKk B IpoLec-
ce YHIpaBIIEMOTO JIa3epHOTO TEPMOPACKAIBIBAHUS
IUIOCKOTIapaJUIeIbHEIX 00pa3moB. [lomydeHHsle mpu
HCTIOJIh30BAaHUH NAHHOH CXEMBI TOPIIEBHIC TTOBEPX-
HOCTH XapaKTepU3YIOTCS BBICOKMM KaudecTBOM. He-
JTIOCTATKOM JTaHHOI TEXHOJOTHWHU SBJSeTCS Heo0Xo-
TUMOCTh MEXaHHYECKOTO MOKOJa IS TIOyYeHHS
OKOHYATEeIbHOTO U3JIeNH.

IIpu KMCHONB30BaHUM TPETHEH CXEMBI, SIBIISIO-
Hmielicss MOCIENOBATENbHBIM COYETAHHEM MEPBBIX
JIBYX, KaK ¥ TEMIIEpaTypHbIC 3aBUCUMOCTH, 3aBUCH-
MOCTH OCEBBIX HAIpsDKECHHH OT HOMepa obopoTa Ha
IIEPBOM dTale COBMANAIOT IO XapaKTepy C 3aBUCH-
MOCTSIMH, TIOJTY4YECHHBIMH C TPHUMEHEHHEM IepBOM
cxeMbl 00pabOTKH, a Ha BTOPOM 3Tare — C 3aBUCH-
MOCTSIMH, TOJTYYeHHBIMH C MPHMEHCHHEM BTOPOM
cxeMsl. [Ipu ucnonp3oBaHUM TpeTbelt CXeMbl obec-
NIEYUBACTCA MMOJYYCHUEC CKBO3HOM TPECUINHBI C BBICO-
KHUM Ka4eCTBOM IOJydyaeMbIX [MOBEPXHOCTEH paszje-
nenusi. Takum oOpazom, Ha pakTHke Haubosee
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3G PEeKTUBHO NpPUMEHEHHE IBYJIy4eBOH 00pabOTKH
II0 CXEM€, B KOTOPOHU NpeABapUTEIbHbIN JIa3EpHBIN
HarpeB o00OpabaThIBAGMOIrO Marepuaia B TCUCHHE
HECKOJNILKUX OOOPOTOB COYETACTCH C COBMECTHBIM
BO3ICHCTBUEM Ha MaTepHall BAOJIb KOHTypa o0pa-
OOTKM ITa3epHOr0 HM3IYYCHHS M XJajareHra, oly-
CIIOBIMBAIOIIAM  (DOPMHUPOBAHHE  pa3[eistoIIei
TPEIIUHbI.

3aknwuenue

HawnbGonee > pekTUBHBEIM METOJOM pasjelie-
HUsl CTekJou3zaenuil TpyOuaToit (opmbl sBisIeTCS
JByJTyueBass oOpabOTKa MO CXeMe, HCIOJIb3YIOIeH
npe/IBapuTEsbHBIN Ja3epHbI HarpeB oOpadarbiBac-
MOT0 MaTepuaja B TeYeHHE HECKOJIBKUX 000pOTOB C
MOCIEAYIOIUM  (OPMHUPOBAaHUEM  pa3elsIoNIeH
MHUKpPOTPEIIMHBI P COBMECTHOM BO3JICHCTBHU Ha
KOHTYp 00pabOTKH J1a3epHOT0 M3ITyYeHHS U XJiaja-
TeHTa.
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IMoxrpynma H xoHeuHo# rpynmbel G Has3bIBaeTCs S -yCIOBHO HEPECTAHOBOYHO IOTPYKEHHOH (mu Ooiee KpaTko, s - ¢ -Tie-

PECTaHOBOYHO MOTPYXeHHOH) B G ecnu Juis Kaxaoro p € 7(H), Kaxnas CHUIOBCKas p -MOArpynna rpynmnsl /H  sBisercs

CUTJIOBCKOH p -TIOArPYNIIONW HEKOTOPOW S -YCIIOBHO NEPECTAHOBOYHOM moirpynmnoil rpymmnsl G. B naHHON paboTe MbI MC-

MOJIb3YET HEKOTOPBIE § - ¢ -IIEPECTAHOBOYHO IIOIPYKEHHbIE IOJTPYNIBI [UIsl M3y4EeHHs] CTPYKTYpBhl HEKOTOPBIX KOHEUYHBIX

rpym. O6006I1al0TCst HEKOTOPBIE H3BECTHBIE PE3YIIBTAThI.

Knrouegwie cnosa: xoneunas epynna, S -yclo6HO NepecmaHo80yHO NOSPYICEHHA nodepynna, popmayus, nodepynna Cunoea,

MakcumaibHas nodzpynna.

A subgroup H of a finite group G is said to be s -conditionally permutably embedded (or in brevity, s - ¢ -permutably em-

bedded) in G if for each p e x(H), every Sylow p -subgroup of H is a Sylow p -subgroup of some s -conditionally per-

mutable subgroup of G. In this paper, we use some s - ¢ -permutably embedded subgroups to study the structure of some

groups. Some known results are generalized.

Keywords: finite group, s -conditionally permutably embedded subgroup, formation, Sylow subgroup, maximal subgroup.

Introduction

Throughout this paper, all groups considered
are finite and G denotes a finite group. The termi-
nology and notations are standard, as in [1] and [2].

Let 4 and B be subgroups of G. A4 is said to
be permutable with B if A4B=BA. If A is permu-
table with all subgroups of G, then A4 is said to be
a permutable subgroup [1] (or quasinormal subgroup
[3]) of G. The permutable subgroups have many
interesting properties. For example, Ore [3] proved
that every permutable subgroup of a finite group is
subnormal. It6 and Szép [4] proved that for every
permutable subgroup / of a finite group G, H/H,

is nilpotent.

However, in general, two subgroups A and T
of G may not be permutable in G but G maybe con-
tain an element x such that H7* =T7"H. Based on
the observations, Guo, Shum and Skiba introduced
the concept of conditionally permutable subgroup
(in more general, the concept of X -permutable sub-
group) [5]-[7]: let X be a non-empty subset of G.
Then a subgroup 4 of G is said to be conditionally
permutable ( X -permutable) in G if for every sub-
group T of G, there exists some xeG (xe X

© Jianhong Huang, Fengyan Xie, Xiaolan Yi, 2010

respectively) such that AT* =T7"4. By using the
conditionally permutable subgroups and X -per-
mutable subgroups, authors have obtained some
new elegant results on the structure of groups (cf.
[51-(8D.

By considering some local conditionally per-
mutable subgroups, Huang and Guo [9] introduced
the concept of s-conditionally permutable sub-
group: a subgroup H of G is said to be s-
conditionally permutable in G if, for every Sylow
subgroup 7 of G, there exists some xe€ G such
that HT* =T"H . By Sylow’s theorem, we see that
a subgroup H of G is s-conditionally permutable
in G if and only if for every p € 7(G), there exists
a Sylow p-subgroup 7 such that HT =TH . As a

development of s-conditionally permutable sub-
groups, Chen and Guo [10] introduced the concept
of s - ¢ -permutably embedded subgroups:

Definition 0.1 [10, Definition 1.1]. 4 subgroup
H of G is said to be s-conditionally permutably em-
bedded (or in brevity, s-c-permutably embedded) in
G if every Sylow subgroup of H is a Sylow subgroup
of some s-conditionally permutable subgroup of G.
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Clearly, all permutable subgroups, s-permu-
table subgroups and s-conditionally permutable
subgroups are s - ¢ -permutably embedded. But the
converse is not true in general (see, for example,
Example 1-2 in [10]).

The purpose of this paper is to go further into
the influence of s -c-permutably embedded sub-
groups on the structure of finite groups. Some new
results are obtained and some known results are
generalized.

1 Preliminary results

In this section, we give the related concepts
and some basic results which are useful in the
sequel.

Lemma 1.1 [10, Lemma 2.2]. Suppose that G
is a group, KG and H < G. Then:

() If H is s-c-permutably embedded in G,
then HK/K is s -c-permutably embedded in G/K.

(2) If K<H and HI/K is s-c-permutably
embedded in G/K, then H is s-c-permutably
embedded in G.

(3) If HK/K is s -c-permutably embedded in
G/K and (|H|,|K|)=1, then H is s-c-permu-
tably embedded in G.

(4) If H is s-c-permutably embedded in G,
then HNK is s-c-permutably embedded in K.

Lemma 1.2 [11, Lemma 3.1]. Let N and L be
normal subgroups in G such that P/L is a Sylow
p -subgroup of NL/L and M/L is a maximal sub-
group of P/L. If P, is a Sylow p-subgroup of
PN, then P, is a Sylow p -subgroup of N such
that D =M NN NP, is a maximal subgroup of P,
and M = LD.

Lemma 1.3 [12, Lemma 4.1]. Let p be a
prime dividing the order of G. Suppose that
(Gl,p=1D) =1 and the order of G is not divisible
by p’ and G is A,-free. Then G is p -nilpotent.

Lemma 1.4 [2, Theorem 1.8.17]. Let N be a
non-trivial normal subgroup of G. If N N ®(G) =1,
then the Fitting subgroup F(N) of N is the direct
product of minimal normal subgroups of G which
are contained in F(N).

Lemma 1.5 [13, III, Lemma 3.3].

1) If NG, ULG and N<D(U), then N<D(G).

i) If M<G, then ®(M) < ®(G).

Recall that, a class § of groups is called a

formation if it is closed under homomorphic image
and subdirect product and every group G has a

smallest normal subgroup (called § -residual) with
quotient is in § . A formation § is said to be satu-
rated if it contains every group G with
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G/®(G) € §. A class of groups § is said to be S -
closed if every subgroup of G belongs to § when-
ever Ge§. We say a subgroup H of G is §-
supplemented in G if G has a subgroup T e$§
such that G = HT . In this case, T is said to be an
§ -supplement of H in G . In particular, if § is the
class of all supersoluble groups ( p-supersoluble

groups), then an § -supplement is said to be a super-
soluble supplement (a p -supersoluble supplement).
We use i to denote the formation of all supersolu-
ble groups. The following Lemma is obvious.

Lemma 1.6. Let § be a formation of groups.
Suppose that a subgroup H of G has an § -
supplement in G. Then:

(1) If N<G, then HN/N has an § -supplement

in G/N.

Q)If HSK <G and § is S -closed, then H
has an § -supplement in K.

Lemma 1.7 [14, Lemma 2.3]. Let § be a satu-
rated formation containing all supersoluble groups
and G a group with a normal subgroup E such
that G/IE € § . If E is cyclic, then G €'§.

Lemma 1.8 [15, Theorem 3.1]. Let § be a
saturated formation contained 3\ and G has a
soluble normal subgroup H such that G/H € §. If
for any maximal subgroup M of G, -either
F(HYXM or F(HYNnM is a maximal subgroup
of F(H), then Ge€§. The converse also holds, in

the case where § = L.

Lemma 1.9 [10, Theorem 3.2]. Let G be a
soluble group. If every maximal subgroup of every
non-cyclic Sylow subgroup of G having no super-
soluble supplement in G is s-c-permutably em-
bedded in G, then G is supersoluble.

Recall that a subgroup H of G is said to be a
2 -maximal subgroup of G if H is a maximal sub-
group of some maximal subgroup M of G.

2 Main results

Theorem 2.1. Let § be a saturated formation
containing 4 and G a group. Then G €§ if and
only if G has a soluble normal subgroup H such
that G/H €°§ and every maximal subgroup of every
non-cyclic Sylow subgroup of H having no super-
soluble supplement in G is s-c-permutably em-
bedded in G .

Proof. The necessity is obvious. We only need
to prove the sufficiency. Suppose that the assertion
is fasle and let (G,H) be a counterexample with
|G || H | is minimal. Then:

(1) G/R €5, where R is an arbitrary minimal
normal subgroup of G.

IIpo6remvl uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010
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Obviously,

(G/R)/(HR/R) = G/HR = (G/H)/(HR/H) e §
and HR/R=H/(HNR) is soluble. Let P/R be a
non-cyclic Sylow p -subgroup of HR/R, where p
is any prime divisor of | HR/R|, and M/R a maxi-
mal subgroup of P/R . If P, is a Sylow p -subgroup
of PN H , then by Lemma 1.2, P, is a Sylow p-
subgroup of H such that L=MNHANP, is a
maximal subgroup of P and M = LR . Clearly, P,
is non-cyclic. By hypothesis, either L is s-c-
permutably embedded in G or L has a supersoluble
supplement in G. By Lemma 1.1 and Lemma 1.6,
either M/R=LR/R is s-c-permutably embedded
in G or M/R=LR/R has a supersoluble supple-
ment in G. By the choice of G, G/Re§.

(2) G has a unique minimal normal subgroup
N, G=[N]M, where M is a maximal subgroup of

G, and N=0,(G)=F(G)=C,;(N) for some
prime p.

Since § is a saturated formation, by (1), G
has a unique minimal normal subgroup N and
®(G) =1. Hence, there exists a maximal subgroup
M of G suchthat G=[N]M. Since H is soluble,
N is an elementary abelian p-group for some
prime p. Clearly, N <0,(G) < F(G)<C,(N). Let
C =C;(N). Itis easy to see that C "M <G. Hence
C=CnNnNM =N(CnM)=N. Thus (2) holds.

(3) Nis a non-cyclic Sylow p-subgroup of H.

By Lemma 1.1, Lemma 1.6 and Lemma 1.9,

we know that H is supersoluble. By the choice of
G, H<G. Let g be the largest prime divisor of

|H | and Qe Syl (H). Then Q =0, (H)<G. Since
N is the unique minimal normal subgroup of G,
q=p. Hence, by (2), we see that
Nc0=0,(H)c0,(G)=N. By (1) and Lemma
1.7, we see that N is not cyclic. Thus (3) holds.

(4) Final contradiction.
Let G, be a Sylow p-subgroup of G. Since

NZ ®(G), N @(G,) by Lemma 1.5. So there exists
a maximal subgroup A of G, such that NZ A.
Clearly, N, = F, NN is a maximal subgroup of N.
If N, has a supersoluble supplement in G, then

there exists a supersoluble subgroup 7 of G such
that G=NT. It is weasy to see that
NNT <INT =G..Hence NNnT=1or NnT =N.
If NnT=N, then G=N,T =T is supersoluble, a
contradiction. If NnT' =1, then N =N,, which
is impossible. Hence we assume that N, is

Ipo6remvr uzuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

s - ¢ -permutably embedded in G, that is, there ex-
ists an s -conditionally permutable subgroup A of
G such that N, is a Sylow p-subgroup of 4. In
this case, for every ¢ € 7(G) and ¢ # p, there ex-
ists a Sylow g¢-subgroup Q of G such that

AQ=04. Then N,=NnP =NnAQ JAQ and
consequently Q< N;(N,). On the other hand,
N, =NnR<G,. Thus, N,<G. It follows that

NNP =1andso |N|=p. Then by (1) and Lemma

1.7, we obtain that G €§. This contradiction com-
pletes the proof.

Theorem 2.2. Let § be a saturated formation
containing Y and G a group. Then G €§ if and
only if G has a soluble normal subgroup H such
that G/H €°§ and every maximal subgroup of every
non-cyclic Sylow subgroup of F(H) having no su-
persoluble supplement in G is s-c-permutably
embedded in G .

Proof. The necessity is obvious. We only need
to prove the sufficiency. Suppose that the assertion
is fasle and let (G,H) be a counterexample with

|G || H | is minimal.

Let M be a maximal subgroup of G. If
F(H)g M , then there exists a prime p dividing
| F(G)| suchthat O,(H) & M. Thus G=0,(H)M.
It is clear that ®(G) N F(H) =1. If not, we choose a

minimal normal subgroup R of G contained in
O(G)NF(H), then (G/R,H/R) satisfies the hy-

pothesis. The minimal choice of (G,H) implies that
G/R € §. Then, since § is a saturated formation, we
have that G €, a contradiction. By Lemma 1.5,
©(0,(H)) c ®(G)NF(H). Hence ®(0,(H))=1.
It follows from [2, Theorem 1.8.17] that O,(H) is
an abelian p-group and consequently O (H)NM <G.
If |O,(H)|=p, then |F(H): F(H)NM[HG:M|=p.
Hence by Lemma 1.8, G €. This contradiction
shows that O,(H) is a non-cyclic Sylow p -sub-
group of F(H). Let M, be a Sylow p -subgroup of
M. Then G,=0,(H)M, is a Sylow p -subgroup
of G. Let £ be a maximal subgroup of G, with
M,ck and B =RNO,(H). Then R=RN0O,(H)M, =
=(BNO,(H)M,=BM, and BENM,=0,(H)NM,,.
Hence |O,(H): B |5 0,(H)M, : PM, |=/G, : R = p,
that is, P, is a maximal subgroup of O,(H). Since
O,(H)nM 2G, P(O,(H)nM) is a subgroup of
O,(H). By the maximality of 7, in O,(H), we
know that B(O,(H)nM)=E or B(O,(H)nM)=0,(H).

43



Jianhong Huang, Fengyan Xie, Xiaolan Yi

If B(O,(H)nM)=0,(H), then G=0,(H)M =M.
Since, obviously, O,(H)nM =P,nM, O,(H)=P,
a contradiction. Hence P,(O,(H)nM)=P,. It fol-
lows that O,(H)nM c P,. Since O,(H)nM <G,
O,(H)nM < (B);. If (B), £M, then G=(B) M=
=PM and O,(H)=PR(0,(H)nM)=P,, a con-
tradiction. Hence, (), <M and (B),=0,(H)NM.

Suppose that P, has a supersoluble supplement
N in G, then G=BN=0O,(H)N. If O,(H)nN<M,
then O,(H)NN <M nO,(H)=(P); <P. There-
fore, O,(H)=P,(0,(H)NN)=P,, a contradiction.
It follows that O,(H)"\N £ M.

Since O,(H)NN <G and M is maximal in
G, we have that G=(0,(H)nN)M. By the
modular law, N =(O,(H)NN)(M N N). It follows
that G=0,(H)(M NN). By the modular law again,
M=(B);(MNN). Hence, G=M(O,(H)NN)=MN =
=(H)N.

If M NN is not maximal in N, then there ex-
ists a maximal subgroup N, of N such that
MNN<N,. Let L=(P).N,. Since (P); <M, it
follows that (B), "N =(B), (NNM)<(B), "N, <
<(P);NN. Hence, (P);NN=({PL);NN,=
=(B), n(M AN). Since G=(B),N, L=(P),N,,
M =(P).,(MN), we have that M <L<G, a
contradiction. Therefore, M NN is a maximal sub-
group of N. Since N is supersoluble, it follows that
|F(H):F(H)NM |=|G:M|=|N:MNl|=p, a
prime. This implies that F(H)NM is a maximal

subgroup of F(H). Then by Lemma 1.8, we obtain
that G € §, a contradiction.

Hence, by hypothesis, P, is s -c-permutably
embedded in G. Then there exists an s-conditionally
permutable subgroup 4 of G such that P, is a Sy-

low p-subgroup of 4. Now, for every g € #(G) and
q # p, there exists a Sylow ¢ -subgroup QO of G
such that AQ<G. Because P, =400, (H)< 40,
we have that O < N,(P). On the other hand, since
P,=FnNO,(H)R, and O,(H) is abelian,

G, =0,(H)M, = O,(H)R, < N,(B).
Thus, P, <G. This implies that B =(B); <M and
so O,(H)nM =P, "M = P,. 1t follows that

| F(H): FH)NMH G: M= O,(H):0,(H)nM |= p.

This indicates that F(H)NM is a maximal sub-
group of F(H). By Lemma 1.8 again, we obtain
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that Ge§. The final contradiction completes the

proof.
Theorem 2.3. A group G is p-supersoluble if

and only if G has a normal p -soluble subgroup H
such that G/H is p -supersoluble and every maxi-
mal subgroup of every Sylow p-subgroup of H
having no p -supersoluble supplement in G is s -

¢ -permutably embedded in G.

Proof. The necessity is obvious. We only need
to prove the sufficiency. Suppose that the assertion
is fasle and let (G,H) be a counterexample with

|G || H| is minimal. We proceed the proof via the

following steps:
(1) If R is a minimal normal subgroup of G,
then G/R is p -supersoluble.

Clearly, (G/R)/(HR/R)=G/HR =(G/H)/(HR/H)
is p-supersoluble and HR/R=H/(HNR) is p-
soluble. Let P/R be a Sylow p -subgroup of HR/R
and M/R a maximal subgroup of P/R. If P is a
Sylow p -subgroup of PN H, then by Lemma 1.2,
P, is a Sylow p-subgroup of H such that
L=MnHAMNP, is a maximal subgroup of P, and

M =LR. By hypothesis, either L is s-c-
permutably embedded in G or L has a p-

supersoluble supplement in G. By Lemma 1.1 and
Lemma 1.6, we see that either M/R=LR/R is s-c-
permutably embedded in G or M/R=LR/R has a
p -supersoluble supplement in G. By the choice of

(G,H), G/R is p-supersoluble.

(2) 0,(G)=1 and G has a unique minimal
normal subgroup N such that
N=Cy;(N)=0,(G)®(G) and [N £ p.

In fact, if O, (G)=#1, then, by (1), G/O,(G)
is p-supersoluble. It follows that G is p -super-
soluble, a contradiction. Hence, O,(G)=1. Since
the class of all p -supersoluble groups is a saturated
formation, G has a unique minimal normal sub-
group N and N ¢ ©(G). Obviously,
N=C;(N)=0,(G). By (1) and Lemma 1.7,
| N |# p.

B)If H<D<AG and D<G, then D is p-

supersoluble.
It is clear that D/H 1is p -supersoluble and

(D,H) satisfies the hypothesis by Lemma 1.1 (4)
and Lemma 1.6. Hence, by the choice of (G,H), D
is p -supersoluble.

(4) Let H, be a Sylow p-subgroup of H .

Then 1# H , N andso H » is not normal in G.
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By hypothesis, obviously, H, #1. If H, =N,
then, by (2), [H,[>p. Since H,¢P(G) and
H,dG, H,¢®(G,) by Lemma 1.5, where G, is
a Sylow p -subgroup of G. Hence, there exists a
maximal subgroup B of G, suchthat H, & R. Let
E=H,NEF. Then E is a maximal subgroup of
H,. If E has a p-supersoluble supplement 7" in
G, then |G:T|<|E|. Since H,T=ET=G and
H, is an abelian minimal normal subgroup of G,
G=[H,]T. This implies that |G:T|=[H, > E|, a
contradiction. Hence E is s - c-permutably embed-
ded in G, that is, there exists an s-conditionally
permutable subgroup A4 of G such that £ is a Sy-
low p -subgroup of A . So for every ¢q € #(G) and
q # p, there exists a Sylow ¢ -subgroup Q of G
such that Q4=A4Q. Thus E=H,NF=
=H,nAQ < AQ. It follows that O <N, (E). Be-
sides, E = H,nF4G,. Therefore E <G. This
induces that £=1 and so | H, |= p, a contradiction.

Thus (4) holds.
(5) G=[N]IM , where M isa p-supersoluble

maximal subgroup of G such that p||M| and
0,(M)=1.

By (1) and (2), G has a p-supersoluble
maximal subgroup M such that G=[N]M. By [2,
Lemma 1.7.11], O,(G/C,;(N))=0,(G/N)=1. Hence
O,(M)=1. Assume that p {| M |. Then p does not
divide |G/N|. Since Nc H, H/N isa p'-group,
which contradicts (4).

(6) H=G.

Assume that H # G . Consider the subgroup
HNM. Since H=HNNM =NHnNM) and

N+#H, HnM=1. By (2) and (3), H is p-
supersoluble and O, (H)=1. It follows from [11,

Lemma 3.3] that H is supersoluble. This implies
that p is the largest prime divisor of | H| and so

the Sylow p-subgroup P of HNM is normal in
HnNM. Hence P char HNM <M. Since
O,(M)=1, P=1. It follows that N is a Sylow p-
subgroup of H, which contradicts (4).

(7) Every maximal subgroup of every Sylow
p-subgroup of G has a p-supersoluble supple-

ment in G.
Let G, be a Sylow p -subgroup of G and A

a maximal subgroup of G,. If N c B, then, by (5),
P, has a p-supersoluble supplement M in G. As-
sume that N¢F and B is s-c-permutably
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embedded in G. Then there exists an s-
conditionally permutable subgroup 4 of G such
that B be a Sylow p -subgroup of 4. By the same
discussion as in (4), we obtain that A <G and con-
sequently N c B, a contradiction.

(8) Final contradiction.
By (7) and [11, Theorem 3.4], we obtain that
G is p-supersoluble. This final contradiction com-

pletes the proof.
Theorem 2.4. Let p be the smallest prime di-

viding the order of a p -soluble group G and P a
Sylow p -subgroup of G. If every 2 -maximal sub-
group of P is s -c-permutably embedded in G and
G is A, -free, then G is p -nilpotent.

Proof. Suppose that the assertion is false and
let G be a counterexample of minimal order. We

proceed with our proof as follows:
(1) G/N is p -nilpotent, for every non-trivial nor-
mal subgroup N of G.

If some Sylow p -subgroup of G is contained
in N, then, obviously, G/N is p -nilpotent. Hence,

we may assume that N does not contain any Sylow
p-subgroup of G. Let PN/N be a Sylow p-

subgroup of G/N, where P is a Sylow p -subgroup
of G, and M,/N a 2 -maximal subgroup of PN/N.
It is easy to see that M, =PNNM,=(PNM,)N.
Let P =PnM, Since PnM,NnN=PnNN,
p’ = PN/N:M,/N|=| PN :(PNM,)N|=|P:P,|.

Hence P, is a 2-maximal subgroup of P and
M,=PN. By Lemma 1.1, M,/N=PN/N is
s - c-permutably embedded in G/N. This shows

that G/N satisfies the hypothesis. The minimal
choice of G implies that G/N is p -nilpotent.

(2) G has a unique minimal normal subgroup
H=C,(H) and ®(G)=1.

Since the class of all p -nilpotent groups is a
saturated formation, G has a unique minimal nor-
mal subgroup, say H, and ®(G)=1. Because G is
a p-soluble group, H isa p-group ora p'-group.
If H isa p'-group, then G is p -nilpotent. Hence
H is an elementary abelian p -group. Now, by the
similar argument as in the proof (2) of Theorem 2.1,
we can know that H = C,(H).

Q) |Hzp"

If |Hl=p, then G/H=G/C,(H) < Aut(H)
is a cyclic group of order p—1. Since p is the
smallest prime of |G|, G=C,i(H), that is,
H < Z(G). This induces that G is p -nilpotent, a

contradiction. Thus (3) holds.
(4) Final contradiction.
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By (2), we see that there exists a maximal sub-
group M of G such that G=[H]M. Let M, be a

Sylow p-subgroup of M. Then G,=M H is a
Sylow p -subgroup of G. By Lemma 1.3, we see
that |G, |2 p’. Let G, be a 2 -maximal subgroup of
G, with M, cG, and H =G,nH. Then
|H:H, |=|H:G,nHI|= HG,:G, |=| G, :G, |= P

Hence H, is a 2 -maximal subgroup of H. By hy-

pothesis, G, is s-c-permutably embedded in G.

Hence there exists an s-conditionally permutable
subgroup 4 of G such that G, is a Sylow p-

subgroup of 4. Let ¢ be an arbitrary prime divisor
of |G| with g=# p. Since 4 is s-conditionally
permutable in G, there exists a Sylow ¢ -subgroup
Q of G such that AQ=04. As H, is a 2 -maxi-
mal subgroup of H and H,=G,NHcCAONHCH,
we have that H, =4A0NH or AQNnH=H or
HcAQONHcH. If AQNH=H, then
Hc AQ andso G,=M H < AQ, which is clearly
impossible. If H, c AQNH c H, then AQNH is
a maximal subgroup of H. Let H,=4A0NH.
Since H,=A0NH<JAQ and H,<H,,
AQc N,(H,) and G,=GH<AH<N,(H,).
This implies that 4, <G. However, because H is

the minimal normal subgroup of G, we have that
H,=1. It follows that |H |=p, a contradiction.

Hence H, =A0NnH<A4Q. It follows that
AQc Ny(H;). On the other hand, since
H =G,nH<G, and H is an abelian group,
G,=G,Hc N;(H,). This shows that H, JG.

2

Consequently, H, =1 and so |H |=p~. It follows
that | Aut(H)|=(p+1)p(p—1)°. Since ¢>p and
G/H=G/C,(H) S Aut(H), q=p+1. This in-
duces that p=2, ¢=3. Let x be an element of
order 3. Thus [H ]<x> is a subgroup of G, which

contradicts the fact that G is 4, -free. The final con-
tradiction completes the proof.

Remark 2.4.1. In Theorem 2.4, we cannot omit
the assumption that G is A4, -free in general. For
example, G =4,. It is clear that every 2 -maximal
subgroup of the Sylow 2 -subgroups of G is the
identity subgroup and of course, is s - ¢ -permutably
embedded in G. But G is not 2-nilpotent.

Corollary 2.4.1. Let G be a soluble group.
Suppose that for each prime divisor p of |G| and
P e Syl (G), every 2-maximal subgroup of P is s-
c-permutably embedded in G and G is Ay-free, then
G is a Sylow tower group (see [2, p. 49]).
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Theorem 2.5. Let G be a group and N a
soluble normal subgroup of G such that G/N is a
Sylow tower group. If, for every prime p dividing
the order of N and P e Syl (N), every 2 -maximal
subgroup of P is s -c-permutably embedded in G
and G is A,-free, then G is a Sylow tower group.

Proof. By Lemma 1.1 (4) and Corollary 2.4.1,
we can see that N is a Sylow tower group by induc-

tion. Let » be the largest prime number in 7z(N)
and Re Syl (N). Then R char N<JG and so
R<G. By Lemma 1.1 (1) and induction, G/R is a
Sylow tower group. Let g be the largest prime divi-
sorof |G| and Q a Sylow ¢ -subgroup of G. Then
RO/R<AG/R and thereby RO <JG. If g =r, then,
obviously, G is a Sylow tower group by induction.
Hence, we assume that r < g .

Case 1. RO <G. In this case, RQ is a Sylow

tower group by Theorem 2.4 and induction. It fol-
lows that O S RQ and so O JG. Thus G is a Sy-

low tower group.

Case 2. G=RQ. Let L be a minimal normal
subgroup of G with Lc R. Then the quotient
group G/L (with respect to N/L) satisfies the hy-
pothesis. Hence, by induction, G/L is a Sylow
tower group. Since the class of all Sylow tower
groups is a saturated formation, L ¢ ®(G) and L is

the unique minimal normal subgroup of G which is
contained in R. Therefore, L=F(R)=R by
Lemma 1.4. In particular, R is an elementary abe-
lian group.

If R is a cyclic subgroup of order r, then
r<gq implies that G is r-nilpotent by [16,
(10.1.9)] and so G=RxQ. Hence G is a Sylow
tower group. Now assume that | R|>7". Let R, bea
2 -maximal subgroup of R. By hypothesis, R, is s -

¢ -permutably embedded in G. Hence there exists
an s -conditionally permutable subgroup 4 of G
such that R, is a Sylow r-subgroup of A. Then, for

some (), €Syl (G), we have AQ <G. Since
R =RNAQ <40, AQ < N;(R). This implies
that R < G. But, because R is the minimal normal
subgroup of G, we have that R =1 and so |R|=7".
Since Q < Aut(R) and | Aut(R)|=(r+1r(r-1)°,
g =3 and r=2, which contradicts the fact that G

is A, -free. The proof is completed.

3 Some applications of the results

Theorems 2.1-2.3 have many corollaries. We
state only some special cases of theorem which can
be found in the literature.

Theorem 2.1 immediately implies
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Corollary 3.1 (Huang, Guo [9]). Let § be a
saturated formation containing all supersoluble
groups. A group G €§ if and only if there exists a
soluble normal subgroup H of G such that G/H € §
and every maximal subgroup of every non-cyclic
Sylow subgroup of H is s -conditionally permutable
in G.

Corollary 3.2 (Chen, Guo [10]). Let § be a
saturated formation containing all supersoluble
groups. A group G €S if and only if G has a solu-
ble normal subgroup H such that G/H €§ and
every maximal subgroup of every Sylow subgroup of
H is s-c-permutably embedded in G.

Recall that, let X be a non-empty subset of G.
Then a subgroup H of G is c-semipermutable ( X -
semipermutable) in G if there is a minimal supple-
ment 7 of H in G suchthat A is T -per-mutable
( X -permutable) with all subgroups of 7 (see [8],
[17]). Clearly, if a subgroup H of G of prime
power order is c¢-semipermutable (X -semi-
permutable) in G, then H is s-conditionally per-
mutable in G and consequently is s - ¢ -permutably
embedded in G. Hence we immediately have the
following corollary.

Corollary 3.3 (Hu, Guo [17]). Let § be a satu-
rated formation containing all supersoluble groups.
A group G e€'§ if and only if there exists a soluble
normal subgroup H of G such that G/H € § and
every maximal subgroup of every Sylow subgroup of
H is c-semipermutable in G.

From Theorem 2.3, we have

Corollary 3.4 (Zha, Guo, Li [18]). Let G be a
p -soluble group. Then G is p -supersoluble if and

only if G has a normal subgroup N such that G/N

is p-supersoluble and every maximal subgroup of
every Sylow p-subgroup of N having no p-super-
soluble supplement in G is s-conditionally permuta-
ble in G.

From Theorem 2.2, we obtain

Corollary 3.5 (Ramadan [19]). Let G be a
soluble group. If all maximal subgroups of the Sylow
subgroups of F(G) are normal in G, then G is
supersoluble.

Corollary 3.6 (Ramadan [19]). Let G be a
soluble group, and E a normal subgroup of G such
that G/E is supersoluble. If all maximal subgroups
of the Sylow subgroups of F(E) are normal in G,
then G is supersoluble.

Corollary 3.7 (Asaad, Ramadan, Shaalan [20]).
Suppose that G/H is supersoluble. If H is super-
soluble and all maximal subgroups of any Sylow
subgroup of F(H) are s -permutable in G, then G

is supersoluble.

Corollary 3.8 (Asaad [21]). Let § be a satu-
rated formation containing Y. Suppose that G is a
soluble group with a normal subgroup H such that
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G/H €§. If all maximal subgroups of all Sylow
subgroups of F(H) are s-permutable in G, then
Ge§.

Corollary 3.9 (Huang, Guo [9]). Let § be a
saturated formation containing all supersoluble
groups. A group G e§ if and only if there exists a
soluble normal subgroup H of G such that G/H € §
and every maximal subgroup of every non-cyclic
Sylow subgroup of F(H) is s -conditionally permu-
table in G.

Corollary 3.10 (Chen, Guo [10]). Let § be a
saturated formation containing all supersoluble
groups. A group G e€§ if and only if there exists a
soluble normal subgroup H of G such that
G/H e§ and every maximal subgroup of Sylow
subgroups F(H) is s-c-permutably embedded in G.

Corollary 3.11 (Hu, Guo [17]). Let § be a
saturated formation containing all supersoluble
groups. A group G e§ if and only if there exists a
soluble normal subgroup H of G such that
G/H e§ and every maximal subgroup of Sylow
subgroups F(H) is c-semipermutable in G.

Corollary 3.12 (Chen, Li [22]). 4 group G is
supersoluble if and only if there exists a soluble nor-
mal subgroup H of G such that G/H is super-
soluble and every maximal subgroup of every Sylow
subgroup of the Fitting subgroup F(H) of H is
F(H) -semipermutable in G.
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In this paper the equivalence of the k-th generalized modulus of smothness determined with the help of the generalized shift op-

erator and Peetres K-functional is proved.

Keywords: Jacobi generalized shift operator, generalized modulus of smoothness, K-functional.

Beeoenue

Xopo1o U3BECTHHI NpsiMasi U o0paTHas Teope-
MBI TEOPHH NPUOIMIKEHUH O CBSI3U MEXIY MOJYJIsS-
MU THAIKOCTH 27 -TIEPUOIMYECKIX (YHKIUH B UX
HAaWIyYIINMH TPHOMIKCHUSIMH TPUTOHOMETpHYE-
CKUMH TIOJTMHOMAaMH. [Ipu paccMOTpeHHHN Hemepuo-
JYecKuX (YHKIMH yXe He yJnaéTcs MOJyYuTh Ta-
KHE K€ CBS3M MEXIy MOAYJSMH INIaAKOCTH (pyHK-
UM ¥ e€ HaWIy4dlIMMHU NPUOIKEHUSIMU aireOpau-
YeCKUMH MHoOrowieHamH. OnHaKo, €cii OOBIYHBIH
MOJIYJIb TJIQJIKOCTH 3aMEHUTH HEKOTOPHIM 0000IIEH-
HBIM MOJIYJIEM TJIaIKOCTH, TO OCTAIOTCS CIPaBeIU-
BEIMH TIpsMasi U OOpaTHas TEOPEMBI TCOPHUU TPH-
ommkeHnit. Hexotopbie n3 Takux 000OIIEHHBIX MO-
IyJeld HEeNpEephIBHOCTH, OINPENENIAEMBIX IIPH MOMO-
IIM OTIepPaTopoB OOOOIMIEHHOTO CABUTa OBLIM Tpe-
nmoxensl M.K. TloramoBeiM B Hacrosmmeit pabote
paccMaTpuBaeTCs OAWH M3 TaKUX OOOOIIEHHBIX MO-
IyJel TTIaAKOCTH M JOKa3bIBACTCA €r0 IKBHUBAJICHT-
HocTh K-(pyHKimoHany. C MOMOIIBIO 3TOM 3KBUBa-
JIEHTHOCTH, ciexyst Metony K-(QyHKIHMOHaia, BBe-
néuHomy . Ilerpe nerko Qoka3bIBalOTCS MpsAMas U
oOpaTHasi TeOpeMbl TEOPUH NPUOITHIKEHHH.

1 OcHnosHble onpedenenus u 6cnomozameinb-
Hble ymeepcoeHus
Bynewm rosopute, uto f€L,, 1< p <o, ecin

¢yaknusa [ m3Mmepuma Ha otpeske [—L1] u

1 1/p
I, =(flreora) <
amss p=oo QyHKUMs f HempephiBHA Ha OTpE3Ke
[-1,11n | /], = max|f(x)|- Yepes L,,, oGosnammm
—1<x<1

MHO)XECTBO TakuX (GpyHKUui f, 4T0
© Kasumupos I''H., 2010

J@A-2)eL, u|f],, =]/ 0-x)"
Omnpenenum ornepatop 0000MIEHHOTO CABUATA

T,(f,x)= %[f(x cosh++/1-x” sinh)+
+ f(xcosh—/1—x* sinh)]

Beeném obo3nauenus (7 =2,3,...):
A(Sx)=T,(f,%) = f (%),
A, ()=, (851, (f0)),

6.(f:8),0= s [ (f.)

y]<]Si=1,...r

7 d 7 d

D,=V1-x"—+/1-x" —,

dx dx
Df =1, rae I[-TOXIEeCTBEHHBI oOmeparop,
D!=D, u mna k=2.3,.. D!=D.(D'"). Uepes

AD, ,, 0003Ha4MM MHOXECTBO Takux (QyHKuUuiH g,

p.a '

s
p.a

YTO g MMeeT aOCONIOTHO HENPEPHIBHYIO Ha KaXIOM
!
[a,b]=(-1,1) 2r—1 npoussoanyto u D.gelL,, mus
1=0,1,2,...,r.
Hna f e Lp o BBenéMm K-dynkmmonan [lerpe

o opmye:
K (1:8),, = inf ||/ =gl,,+5"

gEAD"p.a

Dig(x)”p’a}-

Llens paboThl — HOKa3aTh TeOpeMy 00 HKBHBa-
JICHTHOCTH O0OOIIEHHOTO MOIYNS TJIaJKOCTH |
K-dysakumonarna.

JokazarenbcTBy TEOpeMbl NPEANOLUIEM He-
CKOJIBKO JIEMM.
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Jemma 1. Ilycmv Oanvl uucia p,r makue,
umo 1< p<oo, r=12,3,.... Ilycmb uyucio o evi-

bparno no npaguny:

az=2L npu 1< p <oo, =0 npu p=o.
Tozoa ecnu felL,,,
7,791, <G/

cmosannas Cg He 3a8ucum om f u t.
Jlemma 1 nokazana B [2].
Jdemma 2. Ilycme Oanbl yucia p,r makue,

mo u T(f,x)el,, u

20e NONOJCUMENbHASL NO-

p.a pa

ymo 1< p<ow, r=123,.... Ilycmv yucio a 6vi-

bparno no npaguny:
1
a =—2 npu 1< p <oo, o=0 npu p=co.
p

Tozoa onn g€ AD, , u 6 €[0,7] cnpasednuso ne-

pa@el—tcm@o:
B,(/+8),, <C0" [Dg(0)], .

20e nonodcumenvhas nocmosannai C, He 3agucum
omgu .

Hng 0<h< % paccMOTpHUM OmepaTop

L(f)=
Oycrs L, (f,x)=L,(f,x), a mia k=23,...
hl ..... hy (f 'x) [Llhl,l...,h (j.’x)’xj‘

Jdemma 3. Ilycme Oanbl yucia p,r makue,

Lawl T (f,x)du,

ymo 1< p<ow, r=123,.... Ilycmv yucio o 6vi-

bpano no npasuny: o = ZL npu 1< p <o, o=0 npu
¥4

p=o. Tozda ecnu felL,, mo ora mobozo k€N

L (f,x)e AD"
JlemMma 2 u 3 noka3zansl B [3].
Jdemma 4. ITycmv g € AD" |

1,—

p.a’

. Toz2oa ons nou-

mu 6cex x €[-L1] u ecex ¢,...,
1=12,3,..

tLeR, k=123,.;
. CNPAaBeonUuso paseHcmeo:
DT, (gx)=T, , (Digx).
Jlemma 4 nokaszana B [3], cTp.26.
Jemma S. Ecu fel,_,, mo ona mobozo

k e N cnpaseoruso paeeucmw'

DiL,(f, )— A"(f x).
Jlemma 5 mokasaHa B [3, c. 50].
Jemma 6. Ecu fel_,, mo oia noumu

ecex x €[-1,1] u ona mobuix t,t, € R cnpaseonuso
PaBEHCmEo:

Lf0)=T, (f,)

Jlemma 6 mokasana B [3, c. 32].
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2 Teopema 006 3xeueanenmuocmu 00600uien-
HO20 mooyna 2raokocmu u K-gpynkuyuonana

Teopema. I[lycmv Oawnvl yucia p,r makxue,
umo 1< p<co, r=1273,.. Ilycmbv uucio o 8uvi-

bparo no npaguny:

1
a=— npu 1< p<ow, a=0npup=w .
2p

Tozoa ons f €L,, cnpasednusol nepasencmea:

Co,(f.0),,<K.(f.9),,<Cd(f,5)
20e nonosicumenvhvle nocmosinnvie C; u C, He 3a8u-
camomfu o .

Lokazamenvcmeo. Ucnons3ys nemmy 1 u nem-

p.a p.a’

My 2 umeeMm st g € AD]

p.a

@,.(f,0),,<o(f-g,0)+a(g,0) <
<G| r-gl,, +Co™ x‘g(x)||m ,

rae C;u C,He 3aBUCAT OT f, g1 O .

Ilepexoast Kk TOYHON BepxHEW TIpaHU IO
ge AD!

p.a

MOy INM:
Cd,(f.0),, <K.(f,6),,

Jns  nokasarenbcTBa IPaBOTO  HEPaBEHCTBA
paccMoTpuM (PYHKITHIO

4,(f,x)=E—-(E-L) (%),
rne E(f,x)=f(x).

U3 nemmsr 3 cuenyer, uro Ly(f,x)eAD; .
Herpynno mnpoBeputs, 4TO AD;W c 4D, , nupu
lzr=1, I=r,r+l,... llostomy 4,(f,x)e€ AD,,.
Tak kak L, mMeeT abCONIOTHO HENPEPHIBHYIO IPO-
M3BOAHYIO Ha KaxaoM [a,b] < (—1,1), To mpumenss

TeopeMy Jlebera o mpepesbHOM Iepexoe HoA 3Ha-
KOM HHTErpaia, jemMmy 4 , 0000IEHHOE HEPABEHCT-
BO MUHKOBCKOTO U leMMy 1, umeem s [ =2,3...

@)qd

2
7

h
[dw
0
<c o ,x)||m < (o,

Tak kax 4, (f,x) mpencrasiser coboif cymmy

(LS| du<
pa

npomssenenuit L (f,x), To
|orgiro], <c)l

L -
[Ipumenss nemmy 5, uMeemM
DA (S, =h"

<G, ||A;1 (fax)"pﬂ <
<G, S‘IEEHAZ (f,x)"pﬂ <

<Cya.(f,h),,-
C npyroif CTOPOHBI, TaK Kak
E-L,=(E-L)YE+L,+..+L™),

h2r
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TO U3 ompeaenenus L, (f,x), obobmeéHHOrO Hepa-
BeHCTBa MMHKOBCKOTO U JIEMMBI lcieayerT, 4To npu

0<hs % Iz, (0, <Culr],.
[HosTomMy
[E-Lew),, < CsllE-L)(g0] <

< sup ||Au (g,x)”

n,a
0<u<h l

U3 nemmel 6 crienyer, 4To
T(L,(f,x),%) = L,(T,(f, %), ).

ITostomy u3 HepaBeHcTBa (2.1) ciexyet, 4To
-4 s | <
< Cj Sup sup ... sup A;huwu‘(f,x)" <
0<u,<h 0<u,<h  0<u,<h o p.a

< C'17&’)/‘ (f’ h)p,a *

Taxum obpazom mst 0 <A < %

K.(f,0),,sCyd(f,5),,-
Mycrs 1, = || f-A( f,x)||w +h|Dr A ( f,x)"p’a} .

Vs
ITo moxazarHOMYy BBIIE W1t 0 < /1 < 5

Ipo6remvr uzuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

I, <Cya(f,1),, uans %ﬁhﬁﬂ'

[h < C20]1 < C21a~)(f’1)p,a < CZZ@r(f9h)
Wrak, ais aro6oro o €[0, 7]

K.(f,0),, < Cra(f,0),,-
Teopema MOITHOCTBIO TOKa3aHa.

p.a’
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MATEMATHKA

CTATUKA I'NBKOI'O TPEYTI'OJIBHOT'O MNIOJIBECA
I0.A. Kamun', M.H. Kanan', P.E. Kamnua®

I . .
Tomenvckuti cocyoapemeennviil ynusepcumem um. @. Crkopunsl, I'omens

2 N N -

Tomenvckuti cocyoapemeennviii mexnuueckuti yuusepcumem um. I1.0. Cyxoeo, I'omens

STATICS OF FLEXIBLE TRIANGULAR SUSPENSION
Y.A. Kashin', M.I. Zhadan', R.E. Kashina’

'F.Scorina Gomel State University, Gomel
2P.0. Sukhoi Gomel State Technical University, Gomel

IMonmyyena cucreMa HEIMHEHHBIX ypaBHEHHMI, ONHUCBHIBAIOIIUX COCTOSIHUE CTaTHYECKOTO PaBHOBECUs TMOKOIO TPEyroabHOro
Io/iBeCa B INIOCKOM CHIJIOBOM II0JI€, KOMILIAHAPHOM IUIOCKOCTH HEM3MEHHOTO TPEYTrONbHUKa KHHEMaTHIECKHX CBS3CH.

Knroueswle cnosa: 2uokuii mpeyeozzbubni nodsec, cmamuyeckoe pasrnogecue, Kunemamudeckue Cesia3u, Hepacmsdicumast eubkas

HUms.

The system of the nonlinear equations describing the condition of static balance of the flexible triangular suspension in a plane
force field, coplanar to the plane of the constant triangle of kinematic relations is received.

Keywords: flexible triangular suspension, static balance, kinematic relations, not extensible flexible string.

Beeoenue

I'uGkuM TpeyroapHBIM MoABEcOM Tena 1 K yc-
JIOBHO HCHOABUKXHOMY TCIIY TA Ha3bIBa€M CHUCTEMY
ABYX T€JI, KHHEMAaTHYCCKU CBSA3aHHBLIX JABYMs Ha-
NPsODKEHHBIMUA BETBSIMU WJIM OTpe3KaMH T'MOKOW HU-
TH, IMEHYEMBIX MOBOAKAMH, TPU TOYKH KPETICHHS
KOTOPBIX K 00OMM TenaMm SBJISIFOTCS BEPIIMHAMHU
nericreutensHoro APCQ, Bepumsbl P u O, KOTO-

POro 3aKpernyieHbl Ha MOABeIIeHHOM Tene T, a Bep-
nmHa C — Ha HecymmeM Tene 7, (pucyHok 1).

¥

1 Ilocmanoeka 3a0auu ucciedoeanus

Ienbto HacTOsIIEH pabOTHI SBISIETCS U3yUCHUE
COCTOSIHUSI CTaTUYECKOTO PaBHOBECHS TMOKOTO Tpe-
YTOJILHOT'O MOJIBECA B IIOCKOM CHJIOBOM II0JIE, KOM-
IUTAHAPHOM IUIOCKOCTH TPEYTOJIbHUKA KHMHEMAaTHYC-
CKkux cBszed aroro moaBeca — APCQ. IloBonaku

OyzmeM paccMmaTpuBaTh KycKaMu THOKOH HepacTs-
*kuMol HuTH [1], [2], KOHIIBI KOTOPBIX IUIOTHO 3a-
memseHsl Ha Tenax ', u T .

Pucynok 1 — Kunemaruueckas cxema rOKOro TpeyroyibHoro nojseca tena 7, xreiny 7,

© Kawun IO.A., >Kaoan M 1., Kawwuna P.E., 2010
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Cmamuxka 2ubkozo mpey2onbHo2o noodseca

Ilycte 2¢ — pnuHa otpe3ka PQ, CTATHBAOLIErO

TOYKH KPEILJICHUS TIOBOJKOB HA MOJBCIICHHOM TEJC
Ty, p u q — mnsel noBogkoB PC u QC cooTsert-

CTBEHHO, p < ¢ W IIyCTb

el

oCl<q,

rIe 3HakaM CTPOrOr0 PaBEHCTBA COOTBETCTBYIOT
CTPOTO TIPSAMOJHMHEHHBIC (OPMBI ITOBOJKOB, MPHOO-
peraeMple UMH B HANpPSDKEHHOM COCTOSHHMH II0J
JEeHCTBIEM COOTBETCTBYIOLIMX KOHLEBBIX PacTSIH-

BaIOIIHNX CHJI (PUCYHOK 1),
P>0, 0>0. (1.1)

CripaBe/UIMBBIM CUUTaeM W 0OpaTHOE: KOHIIe-
BBIM PACTSTHBAIOLINM CHJIAM ITOBOJIKOB, YIOBJICTBO-
pstomuM  ycnoBusiMm (1.1), COOTBETCTBYIOT Hampsi-
JKEHHBIC COCTOSIHUSI TIOBOJKOB, MX CTpOTas NpsMO-
JMHEHHOCTb, OIPENCICHHOCTh M HEH3MEHHOCTh
¢dopmsbl 1 pazmepoB Gurypsl, oopazoBannoii APCQ

U CCUCHHUECM TCJla TB IIJIOCKOCTBIO 3TOI'0 TPEYIOJib-

HHKA.
ITonosxum, 4To

A=1"P, (1.2)

a =q+Tp=c0nst. (1.3)

IIpu 3T0M, B CHILy IPDUHATBHIX COIVIALICHUN U U3-
BECTHBIX CBOMCTB TpPEyrojJbHUKOB, HEOOXOIUMO
BBIIIOJIHAOTCS CIIEYIOIINE HEPAaBEHCTBA

0<A<c<a. (1.4)

ITonoxnm Takxke, 4TO

b=+a’-¢’ (1.5)

c<b<a. (1.6)

Pasmeps! p, ¢ 1 ¢, ynoenerBopsronge (1.2)—
(1.6), 6ymem Ha3piBaTh 0a30BBIMH pa3MepamMu 00Cy-
KIaeMoro OM(WIIPHOTO TOJBECA, COOTBETCTBYIO-
muit APCQ — 6a30BBIM TPEYTOJIBHUKOM IOZBECA, a

U, 4TO

€ro MIOCKOCTh — 0a30BOM MIOCKOCTHIO MOIBECA.

2 Pewienue 3a0auu
IIpennonaraem, yto Ha Teno 7T, IEUCTBYeT

HEKOTOPAs OMpPE/IE/eHHas CHCTEMA BHEIIHUX CHII
Fk,k =1,n, TMHUM OCHCTBHS KOTOpBIX Jie)KaT B Oa-

30BOM IUIOCKOCTH MOJIBECA, YTO IO ACHCTBUEM ITOM
IUIOCKOM CHCTEMBI CHJI TeJIO T, W yIep:KHUBAIOLIHE
€ro MOBOJKHM 3aHHMAIOT TaKO€ CTATHYECKOE IT0JIO-
JKEHHE, ITPH KOTOPOM JIMHUS JCHCTBUS ITOCTPOCHHO-
ro B Touke C TJIaBHOTO BEKTOpa JAHHOW CHCTEMBI

BHCIIHUX CHUJI
—_— n —_—
F-SF,
k=1

nepecekaer oTpe3ok PO B ero HEKOTOpOi Touke F

Y IpU 3TOM pEaKTUBHbIE CUibl P W () HaTsHKEHUA

MOBOJIKOB T€JIOM 7, yPaBHOBEIINBAIOT JaHHYIO CHC-
TEMY BHEIIHHUX CHII:

Ipo6remvr uzuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

F+P+0=0. (2.1)

[Tpeamnonaras, 4To BCe STH YCIOBHS BBIIOJIHE-

HBl ¥ Tedo 7, HAXOAUTCS B IOKOE, CBSIKEM C HUM
CHCTEMY JEKapTOBBIX koopauHat OXYZ c¢ opramu
ZZ k, mockocts OXY KOTOpOH COBMECTUM C
miockocteio APCQ, ocb OX — ¢ TUHHEW OCHOBa-
HUsE PQ 93TOTrO TPEyrojbHUKA, a €ro LEHTPAIbHYIO

Touky O mpuUMeM HayaJloM CHUCTeMbl KoopauHat. B
3TUX ycloBUAX BepmMHaMu APCQ SBISIIOTCS TOY-

ku P(c,0,0), C(X.,Y.,0), O(-c,0,0), koopauna-
TBI KOTOPBIX CBSI3aHBI CICIYIONIMMH yPaBHEHHSIMHU:

g=a+A= \/m

p=a-A=\(X.—c)+Y..
CrenoBaresnbsHO,

+m = Const,

A= (X +e) + Y2 = (X —c) —Y2. (23)

3amedaeM, 9TO paBeHCTBA (2.2) SBIIOTCS aHA-
JUTHYCCKIM BBIPOKECHHUEM KIIACCHUECKOTO OMpee-
JeHHs 3IuUnca O TeOMETPHIECKAM MECTOM TOUYeK
C(X,,Y,) mnockoctu OXY , cymMMa pPacCTOSHUM

2.2)

KOTOpBIX A0 Touek P(c,0) u O(—c,0), nMeHyeMbIX

(okycaMu 31IMIICA, TIOCTOSIHHA ¥ PaBHA JJIMHE €ro
6oupmoii ocn 2a . APCQ w anmnunc 3, 0HO3HAYHO

orpezensieMble 0a30BBIMH pa3MepaMu p, ¢ U ¢ JaH-
HOTO OM(UIAPHOTrO HOABECa, YCIOBUMCS Ha3bIBaTh
ero 0a30BbIM TPEYTrOJIEHUKOM KHHEMAaTHYECKHX CBS-
3edl U ero 0a30BBIM 3JUTHIICOM. [LlOCKOCTH MX pac-
monoxkeHnst OXY Ha3zoBeM 0a30BOH IIOCKOCTBHIO
noaseca. KaHoHIUECKOE ypaBHEHHE JUTHIICA O
2 2

X—ZC Y—szl (2.4)

a b
MOJTy4aeTCsl UCKIIIOYEHHEM pPaJlUKajioB B ypaBHEHUN
(2.3) u ero mocIeAyONMMHU MPeoOpPa30BaHUSIMH.
Abcmuccy Toukn C HaXoJuM TIepeMHOKEHHEM ole-
ux yacrteit paBeHcts (2.2) u (2.3):

A

X, = “7 2.5)
OT0 3HaueHHWEe MOJCTaBisieM B ypaBHeHue (2.4) u,
penas ero, noixy4aeM opaAnHaTy Touku C:

Y. :iQ\/cz—Az, (2.6)
c
rae, Ui ompeaereHHOCTH Bbibopa Touku C coxpa-
HSIEM 3HaK ITIoC (+).
VYpaBHEHHE ITydka MPSAMBIX IIockoctd OXY

NPOXOIAIINX Yepe3 TOUYKY C(— _ﬁ j
UMEeT BUJ:

Y——\/—A2 k(X——j (2.7)
rie
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k=tgo (2.8)
— yriaoBod KO3(QQUIMEHT COOTBETCTBYIOIIEH Mps-
MOH JaHHOTO CEMENCTBA, @ — €€ YroJl HakKJIOHa K

ocu OX.
Ecnu nexkotopast npsimast II aroro cemeiictBa
ock OX mepecekaeT B omnpezeneHHoi Touke D(d,0)

ocHoBanuss PQ APCQ mupu d e[-c,c], To ycimo-
BUMCSL 0003HauaTh k, ee yrnoBod koddduimeHr,
@, — €e yroi HakjoHa K ocu OX, U, yAOBIETBOPAA
ypaBHeHIsIM (2.7) u (2.8), Oyaem cuurtaTh, 9T
b - A’

ah—cd
B cooTBeTCTBHM € 3TUM MpPaBUIOM yCTaHaBIIU-

k,=tgp, =

BaeM, YTO JJIA JIUHWUW JEHCTBUS CHII }3, Q u F 5

SIBIISTFOIIIMXCSI TIPSIMBIMH TOTO XK€ CeMEHCTBa U TPO-

xomsumx uepe3 Touku P(c,0), O(—c,0), F(f,0),

yrIIoBble KO3(D(UIIMEHThI, COOTBETCTBEHHO, PABHBI
kp=18pp, ko =180, u k. =120,

M YTO WX YIJIbI HAKIOHA K ocu OX OmpenensoTcs

3HAYEHUSIMHA
bVt —A? {0 Z}
2

®Dp ZCU"CthE

rere NE A 7
%o & ah+¢c? 2’

unpu f €[—c,c]

— arct b - A’
@, = arctg A fe
B TO xe Bpems, OCHOBBIBAsICb Ha H3BECTHBIX
CBOICTBAX YITIOB TPEYTOJbHUKOB, 3aKJII0YaEM, YTO
Po=Pp+7-
Buytpennuit yron y APCQ upu ero BeplinHe

€l@p. 9,1

C, oOpa3oBaHHbIH TUHUAMHE JneiicTBust cuin P u O

HaxoquM Ha OCHOBAaHHH TEOPEMBbI KOCHMHYCOB U YyC-
TaHaBJIMBAaCM, 4TO

y = arccosﬂe [Z,n}.
a’-A 2
YaoBneTBOpss MPEACTABICHHBIM 3aBHCHMO-
CTAM, Yroll ¢, BbIpa3sUM JMHEHHOH koMOuHanuei
€r0 NPEENbHBIX 3HAYCHUH @, U @,
Pr =2’¢Q +(1=-Dgp =0, + 47,
rne A€[0,1] — HeompeneneHHBII MHOXHUTENH Jla-

1
rpaHiKa. Jlerko 3aMCTUTD, YTO IIpU A ZE yroJj Ha-

K1oHa K oct OX cwisl F paBeH
Pr=0pt+y/2=0,-y/2,
CIIEIOBATENIbHO, OH COBIAJAET C YIJIOM HAKJIOHA ¢y
6uccextpucel CH5 yrma y, KoTopasi, Kak M3BECTHO
n3 rianuMeTpun [3], cBoeit Toukoit 5(6,0) mepe-

cedeHus ocHoBanmsi PQ ©6azoBoro APCQ penwt
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ero Ha otpesku P5 u 5Q, npomnopuuoHaIbHBIE
JUIMHAM TIPWJICTAIONNX OOKOBBIX CTOpoH PC w
QC 5>TOro TpeyroiabHHKa:
Ob c+6 gq a+A
BP ¢c—6 p a-A
W3 »oTtux ypaBHCHWI HaXOAWM 3HAYCHUC

Ac o
6 =— ¥ BBIYHCIISEM YII0BOH K03 ¢uumeHT omc-
a

cexktpucsl CH

b =N B abx/c2 -A? _ a\/c2 -A?
al—co Ala® =c?) Ab

3arem, Mcnoib3ys 3aBucHUMocTH (2.5) u (2.6), npu

A €[—c,c] ompenenseM yriaoBoil ko3 duiueHT k,

ky =12

HOpManu 0Ga3oBoro auunca O B ero touke C u yc-
TaHaBJIMBAEM, YTO:

dX,
b = _dA _a\/cz—A2 _
n_tgwn__dy - bA _kE'
dA

OT0T pe3ynbTaT O3HayaeT, uTo Ouccexkrpuca CH
yriaa y, obpazoBaHHOro mpu BepuinHe C 6a30BOro

APCQ mnoBogkamu PC u QC, coBmagaeT ¢ HOp-
MaJibio 6a30Boro siiumca J B ero Touke C.

Pacnonaras yrmamu opueHTanuu BEKTOpoB P,

O u F, NpejicTaBUM HX B KOOPAMHATHOH (opMme B
BUJIE!
P =P(i cos @, + Jsing,),
0 =0( cos P, +Jsing,),
F=F(icosg, + jsing,).
OTu 3Ha4yeHUs MOJACTaBiIsieM B ypaBHeHHe (2.1),
MPOEKTUPYSl €ro Ha OCH KOOPJHMHAT, IOJIy4aeM CHC-
TEMY JIBYX ypaBHEHH:
Fcosp, =Pcosg, +0cosg,
Fsing, = Psing, + Osing,,.
Ee pelieHusiMu sIBISIFOTCS 3HAYCHHSI

P:FSITIM/, Q:Fsm(l.—l)}/, 2.9)
siny siny
kotopsle mpu >0 u ye€[0,7] ynoBIETBOPSIOT

ycnoBusiM (1.1), Ipy BBIMIOJIHEHHH KOTOPBIX CCUCHHE
tena 7T, 0a30BOM IUIOCKOCTBIO M 0a30BBIA Tpe-

yroabHUK APCQ 00pa3yloT HEM3MEHHYIO (QHTYpY,

Harpy’>kKeHHYI0 3aJaHHON CHCTEMOI BHEIIHUX CHII,
YPaBHOBELIEHHBIX PEAKTUBHBIMHU CUJIAMH HAaTsKe-
HUsSI TOBOJIKOB HecyIuM Teaom T .

U3 dopmyn (2.9) cnenyer, 4To paBEeHCTBY CHII
HATSHKEHUs] 00OMX MOBOJKOB COOTBETCTBYET 3Haue-

1 . ~
Hue A =7 T.€. ciIydail, korna cuina F HOpManbHa

K 6azoBoMy 3mumHricy D B ero Touke C, SBISIOMIEHCS
BepunHOH 6azoBoro APCQ.
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Cmamuxka 2ubkozo mpey2onbHo2o noodseca

3axnouenue

Pe3roMupysl M3TI0KEHHOE, KOHCTATUPYEM, YTO
A JOCTHKEHUS HEKOTOPOI'O COCTOSAHHA CTaThu4de-
CKOT'O paBHOBECHsI THOKOTO TPEYTOJILHOTO MOJ[BECA C
JAHHBIM 0a30BBIM HEH3MCHHBIM TPEYTOJIbHUKOM
KHHEeMaTn4deckuX cBszei APCQ B IUIOCKOM CHIIO-

BOM I10JIe, KOMIUIAHAPHOM IUIOCKOCTH 3TOrO Tpe-
YTOJIFHUKA, HEOOXOIMMO M JIOCTaTOYHO, YTOOBI I10-
CTPOCHHBII B TaKOM CTallMOHAPHOM COCTOSHHU
mojBeca ¢ HadanoMm B Touke C KpermyieHHs 000uX

[IOBOJIKOB Ha HECYILEM Telle T4 TIIaBHbIM BEKTOP F
JICHCTBYIOIIMX HA NOJBELIEHHOE TeJIO I BHEIIHUX
cHJ1 OblI OPHEHTHPOBAH B HaNpaBiieHUW Tena Tp, a
JUHUS ero JelcTBusl Tmepecekana oTpe3ok PQ,

Ipo6remvr uzuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

CTATMBAIOIINI TOYKH KPEMJICHUs ITOBOJKOB Ha TEle
T’s B HEKOTOPOI! Touke F' 3TOro OTpe3Ka.
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ON THE INTERSECTION OF ALL MAXIMAL 3§ -SUBGROUPS
OF A FINITE GROUP
A.N. Skiba

F. Scorina Gomel State University, Gomel

Ilycts § xiacc rpymm. [ogrpynma H rpynmsl G Ha3hIBa€TCS MakCHMAIbHOW § -moarpymmoii rpymnsl G ecin H €§ u

G we umeer Takoi moarpymmel Ee€§ uto H <E. CumBon X (G) 0603HauaeT nepecedeHHe BCEX MAKCHMAIBHBIX

§ -noarpymnmn rpynel G. Mbl u3ydaeM BIUsAHEE TOATPYNNbl X¢(G) Ha cTpoenue rpymisl G.

Knrwouegvie cnoga: nacvlyennas gopmayus, HacreOcmeennas Gopmayus, MUHUMATbHAS  NOOZPYNNA, MAKCUMATbHAS
§ -nooepynna, § -eunepyenmp, pazpewumas Spynna, C6epxpaspewiumas 2pynna, S -KeasuHopMaibHas noOPynna.

Let § be a class of groups. A subgroup H ofa group G is said to be a maximal § -subgroup of G if He§ and G has no
a subgroup E €@ such that H <E. The symbol Z:(G) denotes the intersection of all maximal § -subgroups of G. We

study the influence of the subgroup X:(G) on the structure of G.

Keywords: saturated formation, hereditary formation, minimal subgroup, maximal § -subgroup, § -hypercentre, soluble

group, supersoluble group, S -quasinormal subgroup.

1 General properties of the intersection of all
maximal § -subgroups

Throughout this paper, all groups are finite. We
use G® to denote the intersection of all normal sub-
groups of a group G with G/Ne§. A class § of
groups is said to be a formation if for every group
G, every homomorphic image of G/G® belongs to
%. A formation § is said to be saturated if § con-
tains every group G with G® <®(G). A formation
§ is said to be hereditary if § contains every sub-
group of every its group. In this paper § denotes

some hareditary saturated formation containing all
nilpotent groups. We use 91 and i to denote the
formation of all nilpotent groups and the formation
of all supersoluble groups, respectively.

A subgroup H of a group G is said to be a
maximal § -subgroup of G if H €§ and G has no

a subgroup E € such that H <E. We use 2:(G)

to denote the intersection of all maximal -
subgroups of G. Thus X, (G) is the intersection of
all maximal nilpotent subgroups of G and X (G) is

the intersection of all maximal supersoluble sub-
groups of G.

Applications of the subgroup Z:(G) is based
on the following our theorem.

© Skiba A.N., 2010
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Theorem A. Let H, E be subgroups of a
group G, N a normal subgroup of G and
Z=2:(G).

(a) 2 (H)N/N <X (HNI/N).

(b) Z(H)NE<Z(HNE).

) If HHHNX €', then HeS.

(d)If He'§, then HX €.

(e)If N<Z, then Z/N =Z.(G/N).

(H Z:(G/Z)=1.

() If every minimal non-‘§ -subgroup of G is
soluble and y,(N)<2, then N <X

In this theorem w,(G) denotes the subgroup of

G generated by all its cyclic subgroups of prime
order and of order 4 [1]. A group G is said to be a
minimal non-§ -group if G¢§ but He§ for
every proper subgroup H of G.

Corollary 1.1. Suppose that every minimal non-
§ -subgroup of a group G is soluble. If every p -
subgroup P of G is contained in the intersection of
all maximal § -subgroups of N (P), then G €§.

It is well known that every minimal non-
supersoluble group and every minimal non-p-
nilpotent group are soluble. Hence from Corollary
1.1 we obtain the following.
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Corollary 1.2. Suppose that every p -subgroup
P of a group G is contained in X, (N;(P)). Then
G is supersoluble.

Corollary 1.3. Suppose that every p -subgroup
P of a group G is contained in the intersection of
all maximal p -nilpotent subgroups of N;(P). Then
G is p -nilpotent.

Corollary 1.4 (Frobenius). If N.(P)/C.(P) is
a p-group for every p-subgroup P of a group G,
then G is p -nilpotent.

Proof. Since by [2, Appendix C, Corollary 6.4],
O,(Ng(P)/IC o (T /K))=1 for all chief factors

H/K of N;(P) below P ,wehave P<Z (N,(P)).
Hence for every p-nilpotent subgroup H of
N.(P), the subgroup PH is p -nilpotent as well.
Therefore G is p -nilpotent by Corollary 1.3.

Next applications of Theorem A are connected
with minimal subgroups.

Theorem 1.5. Let G be a group and § the
class of all 2' -supersoluble groups.

(1) If every minimal subgroup L of G of odd
order has a supplement T in G such that
LT <X (T), then G is 2'-supersoluble.

(2) If G is soluble and every subgroup of G of
order 2 is complemented in G, then G is 2-
nilpotent.

Corollary 1.6 (Gaschiitz [3, IV, Theorem 5.7]).
If every minimal subgroup of a group G is normal
in G, then the commutator subgroup G' of G is
2-closed.

Corollary 1.7 (Buckley [4]). Let G be a group
of odd order. If every minimal subgroup of G is
normal in G, then G is supersoluble.

Corollary 1.8 (Ballester-Bolinches, Guo [5]).
Let G be a group. If every minimal subgroup of G
is complemented in G, then G is supersoluble.

Recall that a subgroup H of a group G is said
to be quasinormal (S -quasinormal) in G if
HE =EH for all subgroups E of G (HP=PH
for all Sylow subgroups P of G, respectively).

Proposition 1.9. Let R be the subgroup of a
group G generated by the set of all cyclic quasi-
normal subgroups of G and R_ be the subgroup of

G generated by the set of all cyclic S -quasinormal
subgroups of G. Then R <X, (G) and R is con-
tained in the intersection of all maximal p-
supersoluble subgroups of G for all primes p.
Corollary 1.10 (Shaalan [6]). Let G be a group
and E a normal subgroup of G with supersoluble
quotient G/E. Suppose that all minimal subgroups

of E and all its cyclic subgroups with order 4 are
S -quasinormal in G. Then G is supersoluble.
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Proof. By Proposition 1.9 we have
v, (E)<X,(G). Hence E <X, (G) by Theorem A
(g) and so G is supersoluble by Theorem A (c).

Recall that the hyper-generalized-center
genz"(G) of G coincides with the largest term of
the chain of subgroups

1=0,<0,0,<-,
where Q.(G)/Q, ,(G) is the subgroup of G/Q, ,(G)
generated by the set of all cyclic S -quasinormal
subgroups of G/Q, ,(G) (see [2, page 22]).

Corollary 1.11 (Agrawal [7]). The hyper-
generalized-center genz' (G) of G is contained in
2, (G).

Proof. Let R be the subgroup of G generated
by the set of all its cyclic S -quasinormal subr-
groups. By Proposition 1.9 we have R <X (G) and
hence X, (G)/R =2, (G/R) by Theorem A (e). Thus
genz" (G/R) = genz*(G)/R < 2, (G/R) and  so
genz' (G) < Z(G).

Based on Theorem C we also proved the fol-
lowing result.

Theorem 1.12. Suppose that § is either the
class of all soluble groups or the class of all p-
decomposable groups for some prime p. Suppose
that G has three subgroups A, A, and A, whose
indices |G:4,|, |G:4,|, |G:4,| are pairwise
coprime. If 4, N A, <E:(A)NE;(A)) forall i#j,
then Ge§.

Corollary 1.13 (Wielandt [8]). If G has three
soluble subgroups A4,, A, and A, whose indices
|G:4,|, |G:4,|, |G:4,| are pairwise coprime,
then G is itself soluble.

Corollary 1.14 (Kegel [9]). If G has three nil-
potent subgroups A, A, and A, whose indices
|G:4,|, |G:4,|, |G:4,| are pairwise coprime,
then G is itself nilpotent.

In view of Proposition 1.9 and Corollary 1.10

the following natural questions arise:
(D) Is there a group G such that

genz’ (G) =X (G)? (see [2, page 22] or [7, page
19])
(1) Is there a group G such that genz' (G) is

not contained in the intersection of all maximal p-
supersoluble subgroups of G?

The following examples give positive answers
to these questions.

Example. Let p, ¢ and r be primes such that

p#q#r. Let C, beagroup of order » and Q be a
simple F [C,]-module which is faithful for C,. Let

H=0XC, and P be a simple F,[H]-module
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which is faithful for QC, . Finally, let G=PXH.
Then P=C,;(P), so P=F(G).

1. Suppose that g divides p—1, r divides
p—1 and r does not divide ¢g—1 (p=31, g=5

and =3, for instance). Then the maximal subgroups
PQ and PC. of G are supersoluble but the sub-

group H is not supersoluble. Hence X (G)=P.
Suppose that genz"(G)#1. Then G has a non-
identity cyclic S -quasinormal subgroup V. Hence
V' is subnormal in G by [10], so V' < P =F(G) by
[11]. Hence QC. < N.(V) and so V is normal in
G. But then V' =P and hence G/C,;(P)=0QC, is
cyclic. This contradiction shows that
genz’ (G)=1=2,(G).

2. Now suppose that p=r and ¢ divides
p—1. In this case PO=0"(G) and QC, is not
supersoluble. We shall show that P = genz'(G).
Indeed, since ¢ divides p—1, then PQ is super-
soluble by [2, Chapter 1, Theorem 1.4]. Hence by
Maschke’s theorem, P =B x P, x...x P, where P, is
normal in PQO=0"(G) and |P|=p for all
i=12,..,t. Hence P is S -quasinormal in G by
Lemma 4.3 below and so P<genz"(G). On the

other hand, if £ is a cyclic S-qusinormal subgroup of
G, then E is subnormal in G and hence
E<P=F(G). Thus P is the subroup of G gener-

ated by the set of all its cyclic S-quasinormal subr-
groups. It is clear also that any cyclic S -quasinormal
subgroup of QC =G/P is identity. Hence
P =genz'(G). Since all maximal subgroups of G
are p-supersoluble, then the intersection X of all

such subgroups is identity. Hence genz"(G) £ X.

2 On the § -hypercentre and the intersection
of all maximal § -subgroups of a finite group

A chief factor H/K of a group G is called § -
central provided (H/K)X(G/C,(H/K))e§ (see

[12, p. 127-128] or [13, Def. 2.4.3]). The product of
all normal subgroups of G whose G -chief factors

are §-central in G is called the § -hypercentre of
G and denoted by Z:(G) [14, p. 389].

Note that for any subgroup E e of G, the
subgroup X:(G)E belongs to § as well (see Theo-
rem A 3.1 (d)). Moreover, we shall also show that
Z:(G)<Z:(G) and the condition G/Z:(G)e§
always implies G €§ (Theorem A (c), (h)). There-
fore the subgroup X:(G) is similar in properties to

the subgroup Z;(G). Nevertheless, the following
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simple example shows that in general we have
Z:(G) # Z:(G).

Example. Let p, g and r be primes such that
q divides p—1, r divides p—1 and r does not
divide ¢g—1 (p=31, ¢=5 and r =3, for instance).
Let C, be a group of order » and Q be a simple
F [C.]-module which is faithful for C. Let

q r r

H=0XC, and P be a simple F [H]-module

which is faithful for H. Finally, let G=PXH.
Then the maximal subgroups PQ and PC, of G

are supersoluble but the subgroup H is not super-
soluble. Hence X, (G)=P # Z,(G)=1.

In connection with these observations it is
natural to ask:

Question. What one can say about a hereditary
saturated  formation §  if the  equality

Z:(G) =Z;(G) is true in each group G ?

In order to give the answer to this question we
write §(p) to denote the intersection of all forma-
tions containing the set {G/O,, ,(G)|G € §} and we
write F(p) to denote the class of groups G such
that G3 is a p-group. It is not difficult to show
that F(p) is a formation for all primes p, and any
extension of any p-group P by a group G € F(p)
belongs to F(p) as well.

We say that the formation § is a formation
with Property (*) if § contains each group whose
maximal subgroups belongs to F(p), at least for
one prime p. We say that § is a formation with
Property (*) in the class of all soluble groups if §

contains each soluble group whose maximal sub-
groups belongs to F(p), at least for one prime p.

The following our theorems give an answer to
above question.

Theorem B. The equality Z;(G)=Z2:(G) is
true in each group G if and only if § is a formation
with Property (*).

Theorem C. The equality Z;(G)=Z2:(G) is
true in each soluble group G if and only if § is a
formation with Property (*) in the class of all solu-
ble groups.

The proofs of these two theorems consist of
many steps and are based on the following lemmas.

Lemma 2.1 [15, Theorem 1]. Let § be a for-
mation containing all nilpotent groups. Then § is
saturated if and only if F(p) <'§ for all primes p.

From Thereom 17.14 in [12] we get

Lemma 2.2. Let § be a saturated formation
containing all nilpotent groups. A chief factor H/K
of a group G is §-central if and only if
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G/C,(H/K)e F(p) for all prime divisors p of
|H/K|.

In view of [15, Remark 1] and Proposition 3.16
in [14, IV] we get also

Lemma 2.3. For any prime p, the formation
F(p) is hereditary.

We shall need in our proofs the following
properties of the § -hypercentre.

Lemma 2.4. Let G be a group and H <G.

(1) If H is normal in G,

then Z:(G)H/H < Z:(G/H).

(2) Z;(G)NH < Z:(H).

(3) If GIZ.(G) €, then GE€S.

Proof: (1) This follows from the G-
isomorphism Z;(G)H/H = Z;(G)/Z;(G)N H.

(2) Let 1=2,<Z <..<Z,,<Z,=Z:(G) be
a chief series of G below Z;(G) and
C =C,;(Z/Z_). Let p be a prime divisor of
|\Z."HIZ_ "HI|=|Z_(Z ~"H)/Z_|. Then p
divides |Z,/Z, |, so G/C,<F(p) by Lemma 2.2.
Hence by Lemma 2.3, H/HNC, =CH/C, € F(p).
But HnNC <C,(ZHIZ_NH). Hence
H/IC,(Z, "HIZ_ nH)e F(p) for all primes p
dividing |Z, nH/Z_ "H|. Thus Z(G)NH < Z;(H)

by Lemma 2.2.

(3) This is evident.

The following lemma is a corollary of general
results on f -hypercentral action (see [16, Chapter

2] or [14, Chapter IV, Section 6]). For reader’s con-
venience, we give a direct proof.
Lemma 2.5. Let E be a normal p -subgroup

of a group G. If E<Z:(G), then G/C,(E) € F(p).

Proof. Let 1=E, <E <..<E =F be a chief
series of G below E. Let C, =C,(E/E,_) and
C=CnC,n.nC,. Then C,(E)<C and by
Corollary 3.3 in [17, Chapter 5], C/C,(E) isa p-
group. On the other hand, G/C, € F(p) by Lemma
22,50 G/C e F(p). Hence G/C,(E) € F(p).

Lemma 2.6. Let G be a group and p a prime
such that O,(G)=1. If G has the only minimal
normal subgroup, then there is a simple F [G]-
module which is faithful for G.

Proof. Let A=C,1G=[K]G, where C, is a
group of order p and K is the base group of the
regular product A. Let

1=K, <K, <..<K, =K, (k)
where K,/K,, is a chief factor of 4 for all
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i=12,.,t Let C,=C,(K/K,,), N bea minimal
normal subgroup of G and C=C,NC,N..NC,.
Suppose that C, "G =1 for all i=1,2,...,¢z. Then
N <CnNG. Hence N stabilizes Series (**), so N
is a p-group by Corollary 3.3 in [17, Chapter 5],
which implies N <O, (G). This contradiction shows
that for some i we have C,(K,/K,,)=A. The

lemma is proved.
Lemma 2.7.

() If§=8,8, then F(p)=S§.
) If §=N9 for some non-empty formation
9, then F(p)=8,9 forall primes p.

Proof. (1) In view of Lemma 2.1 we need only
to prove that § < F(p). Suppose that this is false

and let 4 be a group of minimal order in §\ F(p).

Then R=A"" is the only minimal normal sub-
group of 4 and O,(4)=1. By Lemma 2.6 there is
a simple [, [A4]-module P which is faithful for 4.
Then G=PXA4e®,F=F, so A=G/P=
=G/0,,

(2) The inclusion F(p)cIN, 9 is evident.
Suppose that 91 $ & F(p) and let 4 be a group of

(G) e F(p), a contradiction.

minimal order in M $\ F(p). Let L be a minimal
normal subgroup of 4. Then L is a unique minimal
normal subgroup of 4 and O,(4)=1. Hence
Ae$ and there is a simple F, [A]-module P
which is faithful for 4. Then G =P X 4e® HCTE,
so A=G/P=G/O, ,(G) e F(p), a contradiction. The
lemma is proved.

A group G is said to be a minimal non- -
group if G¢§ but H e§ for every proper sub-
group H of G.

In what follows we shall need the following re-
sult about minimal non- § -groups.

Lemma 2.8 [16, Chapter VI, Theorem 25.4].
Let G be a minimal non-§ -group such that G° is
soluble.

(@) P=G® is a p-group for some prime p
and P is of exponent p or of exponent 4 (if P isa
non-abelian 2 -group).

(b) P/D(P) is a chief factor of G and
(P/D(P)) N(G/C,(P/D(P))) ¢ §.

(c) If P is abelian, then ®(P)=1.

Let H amd K be subgroups of a group G. If
HK =G, then K is called a supplement of H in
G. If, in addition, HT # G for all proper subgroups
T of K, then K is called a minimal supplement of
H in G
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3 Some classes of formations with Property (*)

Classes of soluble groups with limited nilpo-
tent length. Following [14, Chapter VII, Definitions
6.9] we write /(G) to denote the nilpotent length of
the group G. Recall that 91" is the product of »
copies of N ; N’ is the class of groups of order 1
by definition. It is well known that 91" is the class
of all soluble groups G with I[(G)<r.

Proposition 3.1. For any r € N, the class I
is a hereditary saturated formation with Property (*)
in the class of the soluble groups. The formation N
is a formation with Property (*).

Proof. Let §=M". It is clear that § is a he-
reditary formation. Besides, by [14, Chapter A,
Theorem 9.3 (c)], § is saturated. Moreover,

F(p)=M,MN"" by Lemma 2.7 (2). Therefore in the
case r =1 the formation § =9 is a hereditary satu-
rated formation with Property (*).

Now suppose that » >1. We shall show that §
has Property (*) in the class of all soluble groups.
Suppose that this is false and let (91",G) be a coun-

terexample with minimal »|G|. Then G ¢‘§ and
there is a prime p such that every maximal sub-
group of G belongs to F(p). Then ®(G)=1. In-
deed, suppose that ®(G)=1. Then |G/D(G)|<| G |
and every maximal subgroup of G/®(G) belongs to
F(p). Hence G/®(G)e§ by the choice of G, so
G €§ since the formation ‘§ is saturated. This con-
tradiction shows that ®(G)=1. Let R and N be
any minimal normal subgroup of G. Suppose that
R# N. Then G=RXM and NXL for some maximal
subgroups M and L of G, so GI/R,
G/NeF(p)=®,F(p). Hence G=G/IRNNeF(p)cS,
a contradiction. Therefore R=N=C,(R) is a
unique minimal normal subgroup of G and R is a

q -group for some prime g # p.

Let M, be any maximal subgroup of M. Then
RM, e F(p)=M ", Since R=C,(R), O,(RM,)=1.
Hence O, (RM,)=0,(RM,) and O,(RM))=1.
Hence RM, e W', Thus

M,/M,"RO,(M,) = RM,/RO,(M,) =
=RM,/O,(RM,) = RM,/O,, ,(RM,) e N N"">.
Hence M, e M M. Therefore every maximal sub-
group of M belongs to 9 9. Hence M e N
by the choice of ()',G). Thus
G=[RIM e§=N".

This contradiction completes the proof of the propo-
sition.
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Proposition 3.2. Let {r,|1€l} be any parti-
tion of P and § the class of all groups G such that
Ge'§ if and only if G is the direct product of its
Hall 7, -subgroups. Then § is a hereditary satu-
rated formation with Property (*).

Proof. 1t is clear that the class § is closed un-
der taking subgroups, homomorphic images and
direct products. Hence § is a hereditary formation.
Moreover, this formation § is saturated. We show

that for any prime p, F(p)=6_, where perx,. It

is clear that F(p)c®,. Suppose that the inverse

conclusion is not true and let 4 be a group of
minimal order in &, \F(p). Let L be a minimal

normal subgroup of 4. Then L is a unique minimal
normal subgroup of 4 and O,(A4)=1. Hence there

is a simple F [A4]-module P which is faithful for
A Then G=PxA4e®, c§, so A=G/P=
=G/0, ,(G) € F(p). This contradiction shows that
F(p)=6,. Now let G be a group such that every
maximal subgroup of G belongs to F(p)=6,_.
Then either G belongs to F(p)c§ or |Gl=q ¢ 7,

is a prime, so again we have G €§. Hence § is a
formation with Property (*).

Proposition 3.3. Let {r,|1€l} be any parti-
tion of P and § be a class of all soluble groups G
such that G €§ if and only if G is the direct prod-
uct of its Hall r,-subgroups. Then § is a heredi-
tary saturated formation with Property (*) in the
class of all soluble groups.

Proof. See the proof of Proposition 3.2.

Lattice formations. A subgroup H is said to
be § -subnormal in a group G if either H =G or
there exists a chain of subgroups

H=H <H <.<H =G

such that H,, is a maximal subgroup of H, and

H/(H, ), €§ forall i=12,..,t A formation §
is said to be a lattice formation (see [18, Section 6])
if the set of all § -subnormal subgroups is a sublat-
tice of the lattice of all subgroups in every group.

We use & to denote the class of all soluble
groups.

Proposition 3.4. Every lattice formation §
with Mc§ <& is a hereditary saturated forma-
tion with Property (*) in the class of all soluble

groups.
Proof. By [18, Corollary 6.3.1], there exists a

partition {7, |1} of P such that Ge§ if and
only if G is the direct product of its Hall
7, -subgroups. Hence by Proposition 3.3, § is a
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hereditary saturated formation with Property (*) in
the class of all soluble groups.

Corollary 3.5. If either §=N", for some
reN, or § is a lattice formation with
NcF 6, then Z.(G)=2:(G) in every soluble
group G.

From Proposition 3.2 we also get

Corollary 3.6. If either § =0 is the class of

all nilpotent groups or § is the class of all p-
decomposable groups, for some prime p, then
2:(G) =Z2:(G) in every group G.

Proposition 3.7. Let § be the class of all
groups with nilpotent the commutator subgroup G'.
Then § is a hereditary saturated formation with
Property (*).

Proof. Suppose that this proposition is false
and let G be a counterexample with minimal |G |.

Then G' is not nilpotent and there is a prime p
such that every maximal subgroup of G belongs to
F(p). Ttis clear that § =9, where 2 is the for-
mation of all abelian groups. Hence by Lemma 2.7
(2), F(p)=6,2 for all primes p. First we show

that G 1is soluble. Suppose that this is false. Then
for every Schmidt subgroup H of G we have
H=#G. Let g+ p be any prime divisor of |G]|.

Suppose that G is not g -nilpotent. Then G has a
q -closed Schmidt subgroup H = QO X R [3, Chapter
IV, Satz 5.4], where Q is a Sylow ¢ -subgroup of
H, R is a cyclic Sylow r-subgroup of H. Since
H=#G, H<M, where M € F(p) is a maximal
subgroup of G. Then M'<O,(M) and hence
H'<QNO,(H)=1. Hence H is abelian. This
contradiction shows that G is ¢ -nilpotent for all
primes g # p, so G is a Sylow p -subgroup of G.
Hence G is soluble. Let R be any minimal normal
subgroup of G. Then every maximal subgroup of
G/R belongs to F(p),so (G/R) < F(G/R) by the
choice of G. Therefore R is the only minimal nor-
mal subgroup of G and RZ£®(G). Hence
G =R X M for some maximal subgroups M of G,
R=C;(R)=0,(G) for some prime g # p (see the
proof of Proposition 3.1). Let M, be any maximal
subgroup of M. Then RM, e F(p), so RM, is
abelian since R=C_(R). Hence M, =1,s0 G'=R
is nilpotent. This contradiction completes the proof

of the result.
Corollary 3.8. If § is the class of all groups

with nilpotent the commutator subgroup G'. Then
Z:(G) =Z2:(G) in every group G.

Ipo6remvr uzuku, mamemamuru u mexuuxu, Ne 3 (4), 2010

4 Some classes of formations not having
Property (*)

Corollary 4.1 Suppose that for some prime p
we have F(p)=SF. Then § does not have Pro-
perty (*).

Proof. Let G be a minimal non-§ -group.
Then G ¢ § but every maximal subgroup of G is in
§ = F(p). Hence § does not have Property (*).

Similarly one can prove the following
Corollary 4.2. Suppose that § <& and for

some prime p we have F(p)=F. Then § does not
have Property (*) in the class of all soluble groups.
Corollary 4.3 Suppose that § is one of the fol-
lowing formations:
(1) The formation of all p -soluble groups.

(2) The formation of all p-supersoluble groups.
(3) The formation of all p -nilpotent groups.
(4) The formation of all soluble groups.

Then § does not have Property (*).

Proof. 1t is clear that for any prime g # p we

have § =& _§. Hence F(q)=7 by Lemma 2.7 (1).
Now we use Corollary 4.1 (4).
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[lyerh G komeunan rpynna 1§ — QopMauus KoHeuHoii rpynnel. Mel repopum, yto noarpynna H rpynnel G spisercs

3, -HOpMaNbHOM B G €CNIH CYIECTBYET Takad HOpManbHast moarpynna 7 rpynnel G, yto AT - HOpMAnbHAsA XONOBCKaA

noarpynna 8 G n (HnT)Hz/H; colepkures B § -THNEpUEHTpe ZE(G/HU) rpynnel G/H; . B paunoii paGote Mbl

NO/y4aeM HEKOTOPBIE PE3YIIETATE O §, -HOPMATLHBIX MOArPYNNAX U HCIOMB3YEM HX JUIR M3Y4EHHA KOHEYHBIX TPYIIIL

Knwouesnte cnosa: xoweunas epynna, F, -HOopmaishas noozpynnd, nodepynna Cunoed, MAKCUMARbHAA RoO2pynnd,
MUHUMATbHAR ROJ2PYNNG.

Let G be a finite group and § a formation of finite groups. We say that a subgroup # of G is §, -normal in G if there
exists a normal subgroup 7 of G such that A7 is a normal Hall subgroup of G and (H nT)H;/H,; is contained in the § -

hypercenter ZX(G/H,;) of G/H,; . In this paper, we obtain some results about the §, -normal subgroups and use them to study

the structure of finite groups.

Keywords: finite groups, §, -normal subgroup, Sylow subgroup, maximal subgroup, minimal subgroup.

Introduction

Throughout this paper, all groups are finite and
G denotes a group. The notation and terminology
are standard, as in [1] and [2].

The relationship between the subgroups and the
structure of G has been extensively studied in the
literature. Many useful results of finite groups have
been obtained under the assumption that some
certain subgroups of G of prime power orders are
well situated in G . Ito [3] has proved that if G is a
group of odd order and all minimal subgroups of G
lie in the center of G, then G is nilpotent. Buckley
[4] showed that a group G of odd order is
supersoluble if all minimal subgroups of G are
normal in G. Srinivasan [5] proved that a group G
is supersoluble if every maximal subgroup of every
Sylow subgroup of ¢ is normal in G.

Recently, by considering some special
supplemented subgroups, people have obtained a
series of new interesting results. For example, Wang
[6] introduced c-normal subgroup: a subgroup H
of G is said to be c-normal in G if there exists a
normal subgroup K of G such that G=HK and
HNK<H,;, where H; is the maximal normal

© Yufeng Liu, Xiuxian Feng, Jianhong Huang, 2010

subgroup of G contained in H . Later, Yang and
Guo [7] gave the concept of % -supplemented
subgroup: a subgroup H of G is said to be §, -
supplemented in G if there exists a normal
subgroup K of G such that G=HK and
(HNK)H;/H,; is contained in the §F-hypercenter

Z3(G/H,) of G/H, . Many facts have shown that

c-normal and 3§, -supplemented properties of some

subgroups can give a good insight into the structure
of supersoluble groups and p -nilpotent groups (see

[6]-112]).
As a development of this topic, the authors
introduce the following new concept.

Definition 0.1 [13]. Let § be a class of groups.
A subgroup H of G is said to be §, -normalin G

if there exists a normal subgroup 7" of G such that
HT is a normal Hall subgroup of G and

(HNTYH /H, <Z3(G/H,).

Recall that, for a class § of groups, a chief
factor H/K of G is called §-central (see [14] or
[1, Definition 2.4.3]) if [H/K|(G/C,(H/K)€T.
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The symbol Z3(G) denotes the § -hypercenter of a
group G, that is, the product of all such normal
subgroups H of G whose G -chief factors are
§-central. A subgroup H of G is said to be
§ -hypercenter in G if H < Z¥(G).

A class § of groups is called a formation if it
is closed under homomorphic image and every
group G has a smallest normal subgroup (called § -
residual of G and denoted by G%) with quotient is
in §. A formation § is said to be saturated if it
contains every group G with G/®(G) e §. We use
J1, 4 to denote the formations of all nilpotent
groups and supersoluble groups, respectively,

Obviously, all normal subgroups, c-normal
subgroups and §, -supplemented subgroups are all
§,-normal in G, for any nonempty saturated
formation § . However, the converse is not true in
general (see [13, Example 1.2]).

In this paper, we will use §, -normal subgroups

to give some new characterizations of some classes
of groups. Some previously known results are
generalized.

1 Preliminaries
A formation § is said to be S-closed (S,-

closed) if it contains all subgroups (all normal
subgroups, respectively) of all its groups.
For the sake of convenience, we cite the
following lemmas which are useful in this paper,
Lemma 1.1 [15, Lemma 2.1]. Let § be a non-

emply saturated formation, A<G and Z = Z3(G).
Then

(1) If 4 is normal in G, then AZ/A < ZE (G/A).

(2)If' § is S-closed, then Z ~ A< Z5(A).

(3) If § is S, -closed and A is normal in G,
then Z\ A< Z3(A).

(4)If Ge§, then Z=G.

Lemma 1.2 [12, Lemma 2.5]. Let p be a
prime number such that (|G|, p* -1)=1. If G/L is
p-nilpotent and p* | L|, then G is p-nilpotent.

Lemma 1.3 [16, 11 7.9]. Let N be a nilpotent
normal subgroup of G. If N#1 and Nn®(G) =1,

then N is a direct product of some minimal normal
subgroups of G.

Lemma 1.4 [3, VI 143). Let G be a finite
group. If G has an abelian Sylow p-subgroup P

of G, then Z(G)NG' NP =1.
Lemma 1.5 {17, Theorem 1]. Let § be a
saturated formation and G be a minimal non-5 -

group such that (G*)' is a proper subgroup of G,
then G® is a solvable group.
64

Lemma 1.6 [1, Corollary 3.2.91. If § is a local
formation, then [G%,Z3(G)] =1, for any group G.

Lemma 1.7 [13, Theorem 3.2]. Let § be a S-
closed saturated formation containing . Suppose
that G is a group with a normal subgroup E such
that G/IE €5 . If all cyclic subgroups of E of prime
order and order 4 are U, -normal in G, then
Ge§.

Lemma 1.8 {13, Theorem 4.1]. 4 group G is
solvable if and only if every minimal subgroup of G
is i, -normal in G.

Lemma 1.9 [13, Theorem 3.1]. 4 group G is
supersoluble if and only if there exists a normal
subgroup E of G such that G/E is supersoluble
and every maximal subgroup of every non-cyclic
Sylow subgroup of E is U, -normal in G.

Lemma 1,10. Let R be a soluble minimal
normal subgroup of G. If there exists a maximal
subgroup R of R such that R is A, -normal in

G, then R is a group of prime order.
Proof. Since R is a minimal normal subgroup
of G, R is an elementary abelian group and

(R)s; =1. By hypothesis, there exists a normal
subgroup K of G such that R K is a normal Hall
subgroup of G and R NK<ZYG). Since
RNKG, RnK=1 or RnK=R If RnK=1,
then R=RNRK=R(RNK)=R, a contradict-
tion. If RNK =R, then R<K, andso R <K. It
follows that R =R NK <ZY(G). If R is not a
group of prime order, then 1= R <ZX(G)NnR.
Hence ZX(G)nR+#1 and R<ZX(G). It follows
that R is a group of prime order. This contradiction
completes the proof.

Lemma 1.11 [13, Lemma 2.6]. Let G be a
group and H < K <G. Then

(1) H is §,-normal in G if and only if G has
a normal subgroup T such that HT is a normal
Hall  subgroup  of G, H,<T and
HIH; nT/H; <Z3(G/H,).

(2) Suppose that H is normal in G. If K is
$,-normal in G, then K/H is §,-normal in G/H.

(3) Suppose that H is normal in G. Then for
every §,-normal subgroup E of G satisfying
(|H|,|E|)=1, HE/H is §,-normal in G/H.

@I H is §,-normal in G and § is
S-closed, then H is §,-normal in K,

) If H is §,-normal in G and § is
S, -closed then H is §, -normal in K.

(6) If Ge§, then every subgroup of G is
&, -normal in G.

TIpobremser ghusuru, mamemamusu u mexnuru, Ne 3 (4), 2010
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2 Main Results
Theorem 2.1. Let p be a prime divisor of |G |

with (|G|,p-1)=1. Then G is p-nilpotent if and
only if there exists a normal subgroup N of G such
that GIN is p-nilpotent and every maximal
subgroup of every Svliow subgroup of N is i, -
normal in G.

Proof. The necessity is obvious. We only need
to prove the sufficiency. Suppose that the assertion
is false and let G be a counterexample of minimal
order, we proceed the proof via the following steps.

(1) G is soluble, G has a minimal normal
subgroup L <N and L is an elementary abelian » -
group, where r is the largest prime in 7 (N).

If p>2, then G is soluble since (|G |,p-1)=1.
Now we assume that p=2. Then G/N is 2-
nilpotent and so G/N is soluble. Since every
maximal subgroup of every Sylow subgroup of N is
i, -normal in G, it is il, -normal in N by Lemma
1.11 (4). Applying Lemma 1.9 for the case G =N,
we get that N is supersoluble and so G is soluble.
Hence, for the largest prime number r in z(N), the
Sylow r-subgroup R of N is normal in N. Since

R char NJG, R is normal in G. Thus, G has a

minimal normal subgroup L<N and L is an
elementary abelian » -group.
(2) G/L is p-nilpotentand L=R ¢ Syl, (N).
Obviously, (G/L)/(N/L)=G/N is p-nilpo-
tent. Let R/L be a maximal subgroup of a Sylow
r-subgroup of N/L. Then R, is a maximal

subgroup of the Sylow r-subgroup R of N. By
hypothesis and Lemma 1.11 (2), R/L is il, -normal

in G/L. Let Q/L be a maximal subgroup of a
Sylow g -subgroup of N/L, where g #r. Itis clear
that O, = O L, where () is a maximal subgroup of
a Sylow g-subgroup of N . By hypothesis and
Lemma 1.11 (3), O/L=0Q/L/L is &, -normal in
G/L. Hence by the minimal choice of G, G/L is
p-nilpotent. If p{| L], then G is p-nilpotent, a
contradiction. So L isa p-group. Since the class of
all p-nilpotent groups is a saturated formation, L is
the unique minimal normal subgroup of G
contained in N and L£L®(G). By Lemma 1.3,
F{N)=L. Since N is soluble, L<C,(F(N)<F(N)
and so C,(L)=L=F(N). Because RG and
R< F(N), we have that L =Re Syl (N).

(3) Final contradiction,
Let L, be a maximal subgroup of L. By (2)

and the hypothesis, L, is L[, -normal in G. Then by

IIpobneser huzuru, mamemamuxu u mexruxu, Ne 3 (4), 2010

Lemma 1.10, we have that | L|= p. Since G/L is
p-nilpotent, G/L has a normal p-complement
H/L. By Schur Zassenhaus theorem, H =G,.L,
where G, is a Hall p'-subgroup of G. Since p is
the prime divisor of |G| with ((G|,p—1)=1 and
Ny (LY Cy(L)S Aur(L) is a cyclic subgroup of
order p—1. By the well known Burnside theorem,
we have that H is p-nilpotent. Hence, G, char

H<G and so G, 4G Clearly, G

L
complement of G, which implies that G is p-
nilpotent. The final contradiction completes the
proof.

Theorem 2.2. Let p be a prime divisor of | G |
with ((G|,p—-1)=1. Then G is p-nilpotent if and
only if G has a soluble normal subgroup H such
that G/H is p-nilpotent and every maximal

is a normal p-

subgroup of every Sylow subgroup of F(H) is 4, -
normal in G.

Proof. The necessity is obvious. We only need
to prove the sufficiency. Suppose that the assertion
is false and let G be a counterexample with
|G || H| is minimal. Let P be an arbitrary Sylow

r -subgroup of F(H). Since P char F(H) char
HAG, PAG. We proceed the proof via the following
steps.

(1) GYNP=1.

If not, then 1z2®(G)NP<G. Let
R=®(G)nP. Clearly, (G/R)/(H/R)=G/H is p-

nilpotent. By [3, Theorem II1.3.5], we have that
F(H/R)=F(H)/R. Assume that P/R is a Sylow

r-subgroup of F(H/R) and P/R a maximal
subgroup of P/R. Then F, is a maximal subgroup of
P. By hypothesis, £ is &, -normal in G. Then by
Lemma 1.11 (2), £/R is 4, -normal in G/R. Now,
let O/R be a maximal subgroup of some Sylow
g -subgroup of F(H/R)=F(H)/R, where g=r.
Then O =0 R, where Q, is a maximal subgroup of
the Sylow g -subgroup of F'(#7). By hypothesis, O,
is il, -normal in G. Hence Q/R=(QR/R is i, -

normal in G/R by Lemma 1.11 (3). This shows that
(G/R,H/R) satisfies the hypothesis. The minimal

choice of (G,H) implies that G/R is p-nilpotent.
Since G/D(G) = (G/R)/(P(G)/R) is p-nilpotent
and the class of all p-nilpotent groups is a saturated

formation, G is p-nilpotent, a contradiction. Hence
(1) holds.
() P=(x)x--x(x,), where every (x)

65



Yufeng Liu, Xiwxian Feng, Jianhong Huang

(i=1,---,m) is a normal subgroup of G of order ».
By (1) and Lemma 1.3, P=R x---xR_, where

R (i=1-,m) is a minimal normal subgroup of
G. We now prove that all R, are of order .
Assume that | R, [> r, for some i. Without loss
of generality, we let | R, [>». Let R’ be a maximal
subgroup of R. Then R'xR,x--xR =P is a
maximal subgroup of P. Set T =R, x---xR_, then,
clearly (R); =7. By hypothesis, £, is {(, -normal
in G. Hence by Lemma 1.11 (1), there exists a
normal subgroup N of G, such that (F), <N,

AN is a normal Hall subgroup of G and
(BN (P); <ZXGIP),). 1t follows that
AN=RTN=R'N. If RN #1, then
I<RNNd2G. By the minimal normality of R,
RNN=R and so R <N. Hence AN=RN=N.
R <N It  follows  that
RIR)G < ZE(GIP),). If (B), =P, then R =1,
which contradicts RN #1. Hence (B); <P,
and so 1# PAR), <Z2(GHP);)NP/(P),. Since
P/(R); =R and R is a minimal normal subgroup
of G, P/(R), is a chief factor of G. This implies
that  Z(G/P);)NPI(P), =P/(P), and so
PI(R); < Z2(G/(P),). 1t follows that | P/(P), |=r.
Hence | R, |=r, a contradiction. Now assume that
RN =1. Then (R'); =1<N <9G, R'N =PN is
a normal Hall subgroup and
(RF N"NY(R)), =1 Z2(G/(R}),;). This shows that

R is 4, -normal in G. Hence R, is a cyclic group

Consequently

of order » by Lemma 1.10, a contradiction again.
Thus (2) holds.

(3) G/F(H) is p-nilpotent.

From (2), F(H)=(y)x--x(y,), where every
(y,) (i=1,---,n) is a normal subgroup of G of
prime order. Since G/C, ((y,)) is isomorphic to a
subgroup of Aur((y,)), G/Cs ((1,)) is eyelic and
so it is p-nilpotent for each /. It follows that
G/, C;((»)) is p-nilpotent. Obviously, C,(F(H))=
=, Co((y)). Hence G/C,(F(H)) is p-nilpo-
tent. Consequently G/(H NC,(F(H)))= G/C,,(F(H))
is p-nilpotent. Because F(H) is abelian, we have
that F(H)<C,(F(H)). On the other hand,
C,(F(H)<F(H) for H is soluble. Thus
F(H)=C,(F(H)) and so G/F(H) is p-nilpotent.

(4) Final contradiction.
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In view of Theorem 2.1, we have that G is
p-nilpotent. The final contradiction completes the

proof.
Theorem 2.3. Let § be a S -closed saturated

Jormation which satisfies that every minimal non- <5 -
group is soluble. Then G is an § -group if and only
if G has a normal subgroup N such that GIN € §
and every cyclic subgroup of order 4 of N is
§,-normal in G and every minimal subgroup of N
is contained in Z3(G).

Proof. The necessity is obvious. We only need
to prove the sufficiency. Assume that the assertion is
false and choose G to be a counterexample of
minimal order. Then, obviously N #1.

Let L be a proper subgroup of G. Then
LILAN = LN/N <G/N implies that L/LAN € §.
Since LNN<N, by hypothesis, every cyclic
subgroup of LNAN of order 4 is §,-normal in G
and hence is §, -normal in L by Lemma 1.11. On

the other hand, since every minimal subgroup of L
is a minimal subgroup of G, every minimal

subgroup of L is contained in Z3(G)nL < Z3(L)
by Lemma 1.1. This shows that (L,N ~ L) satisfies
the hypothesis. By the minimal choice of G, Le§
and so G is a minimal non-% -group. By [I,

Theorem 3.4.2] and the hypothesis, we know that G
is soluble and G has the following properties: (1)

G® is a p-group, for some prime p; (2)
GS/®(G®) is a chief factor of G: (3) If G¥ is
abelian, then G¥ is an elementary abelian p-group;
(4) If p>2, then the exponent of G® is p; If
p =2, then the exponent of G¥ is 2 or 4.

Since G/Ne§, G®<N. Suppose that the
exponent of G*® is a prime. Then by hypothesis,
G® < Z¥(G) and so G € §, a contradiction.

Now assume that G* is not abelian and p =2.
We claim that there is no an element of order 4 in
G5\ ®(G®). Assume that there exists an element

xeG®\®(G®) with |(x)|=4. Then by hypothesis,
(x) is §,-normal in G . Hence by Lemma 1.11 (1),

there exists a normal subgroup T of G such that
(x)T is a normal Hall subgroup of G and

{(x)/{x), NT/{x), <ZE(G/(x),). Thus G® <(x)T
by (1). Let B=G'nT. Then P<G. If
R <®(G"), then GF =G* n{x)T=(x}(G* nT)=
=(x)P ={(x), a contradiction. So P, ¢ ®(G*). By
(2) PO(G*)/D(G®)=G¥/D(G®). 1t follows that
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R=G" and so G®<T. Thus (x)<T and
( > ( > We first
(x)/{x), mT/( ) =1. Then (x)=(x)_ <G. Hence
(X)DGH/D(G®) aG/D(GF).  Then by (2),
(x)D(G*)=G? and so {(x)=G?¥, a contradiction.
Hence (x)/(x), nT/{x}, #1, that is (x); <{x),
and so |(x), |<2. If [(x), |=1, then (x)<Z3(G).
G® <Z%¥(G) and consequently
If E(x)(; =2, then
(x)/(x), <Z}(G/(x),) and (x),<Z}(G). 1t
follows that Z3(G/(x).)=Z5(G)/(x),. Hence
(x)<Z¥(G). This implies that G% <Z5(G).
Consequently Ge§. This final contradiction
completes the proof.

Corollary 23.1. lLet § be a 8§-closed

saturated formation which satisfies that every
minimal non-F -group is soluble. Then G is an

S -group if and only if every cyclic subgroup of
order 4 of G is §,-normal in G and every

X assume that

By hypothesis,

GeF, a contradiction.

minimal subgroup of G is contained in Z%(G).

Corollary 2,3.2 (Miao, Guo [18]). Let § be a
S8 -closed saturated formation which satisfies that a
minimal non-§ -group is soluble and its § -residual
is a Sylow subgroup. If every cyclic subgroup of
order 4 of G is c-normal in G and every minimal
subgroup of G is contained in the § -hypercenter of
G, then G is an § -group.

Corollary 2.3.3 (Miao, Guo [18]). Let § be a
S -closed saturated formation which satisfies that a
minimal non-§ -group is soluble and its § -residual
is a Sylow subgroup. Let N be a normal subgroup
of G and GIN e§. If every cyclic subgroup of
order 4 of N is c-normal in G and every minimal
subgroup of N is contained in the § -hypercenter of
G, then G is an § -group.

Theorem 2.4. Let § be a S -closed saturated
Jormation containing \ and G a group. Then
Ge§ if and only if there exists a normal subgroup
N of G such that GIN € and all elements of N
of odd prime order are A, -normal in G and N
has an abelian Sylow 2 -subgroup and every
subgroup of N of order 2 is contained in Z2(G).

Proof. Assume that the theorem is false and let
G be a counterexample of minimal order.

First we show that M e § for every maximal

subgroup M of G. If N¢M, then G=MN and
MIMAN=MNINeF. Since § is S-closed,

Hpobdnemo: dustiku, mamesmamuxu u mexwicu, Ne 3 (4), 2010

MANZE(G)<Z3(M) by Lemma 1.1. Then by
Lemma 1.11, we see that (M, M N N) satisfies the
hypothesis. Hence M e§ by the choice of G.
Therefore G is a minimal non-§-group. Let
R=G?. Then R<N. Assume that R' <R, where

r

R' is the derived subgroup of R. Then R is soluble
by Lemma 1.5. Hence by [1, Theorem 3.4.2] and
since R has an abelian Sylow 2 -subgroup, R is a
p-group of exponent p. If p#2, then Ge F by
Lemma 1.7, a contradiction. Suppose that p =2,
then R is an elementary abelian 2 -group. Thus, by
hypothesis, R<Z}(G) and so Ge§, a
contradiction. Now assume that R=R'. Let T bea
Sylow 2-group of R. Then 7T is abelian and so
TmZ(R)=1 by Lemma 1.4. Assume that 7 #1.
Then there exists an element reT with |r|=2.

Hence rer:(G) and so reZ5(G)nR. Since
ZXG)NR is contained in Z(R) by Lemma 1.6,

reZ(R)nT=1. That is Z(R)YnT=#1. This
contradiction shows that R is of odd order.
Therefore by Feit-Thompson theorem, R is soluble,
which contradicts R = R’

These  contradictions show  that  the
counterexample of minimal order does not exist.
Therefore the Theorem holds.

Theorem 2.5. Let § be a saturated formation
containing i1.. Suppose that G is a group with a
normal subgroup H such that G/He§. Then
G e § if one of the following conditions holds:

(a) G is 2-nilpotent and every element x of
odd prime order of H is Y, -normal in G.

(b) H has an abelian Sylow 2 -subgroup and
every subgroup of prime order of H is i, -normal
inG.

Proof. (a) If G is 2-nilpotent, then H is
2 -nilpotent. Let K be the 2 -complement of H .
Then K<G. Since (G/K)/(H/K)=G/He§ and
H/K is a 2-group, H/K has no element of odd
order . Hence G/K € § by induction on |G |. Since
K is a 2-complement of H, K has no cyclic
subgroup of order 4. Thus G & § by Lemma 1.7.

(b) Let E=G%. Then, obviously, £< H and
E has abelian Sylow 2 -subgroups. By hypotheses,
every subgroup (x) of prime order of £ is 4, -

normal in . Hence, by Lemma 1.11, (x) is also
i, normal in E. It follows from Lemma 1.8 that
E is soluble. Let M be a maximal subgroup of G
such that E€M. Then ME/E=M/M~Ec§. It is
easy to see that (M, M N E) satisfies the hypothesis.
Therefore M €F by induction. Then, applying [I,

67



Yufeng Lin, Xiuxian Feng, Jianhong Huang

Theorem 3.4.2], we see that £ is a p-group of
exponent p. Thus Ge§ by Lemma 1.7.
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NHOOPMATHUKA

®YHKIIMOHAJIBHBIE BO3MO’KHOCTH ITPOI'PAMMHOI'O KOMILVIEKCA
AJAIITUBHOU UAEHTUO®UKAIIUU ITOJIB30OBATEJIEN
KOPIIOPATUBHOM CETH

O.M. [lemunenko, B./1. JIeBuyk, A.U. Ky4epos

Tomenvckuii cocyoapemeennwiil yrusepcumem um. @. Cxkopunsi, I'omens

FUNCTIONAL CAPABILITIES OF PROGRAM TOOLS
FOR THE ADAPTIVE IDENTIFICATION
OF THE CORPORATE NETWORK USERS

O.M. Demidenko, V.D. Liauchuk, A.I. Kucharau

F. Scorina Gomel State University, Gomel

B cratbe TIPEUIOKECH aanTUBHBIA croco6 3aIIUTHl BBIYUCIUTEIFHON TEXHUKH OT HECAaHKIIMOHUPOBAHHOTO MCIOJIB30BAHUA.
HpI/IBOZ[I/ITCﬂ OpUIMHA/IbHAsE CX€Ma pean3aluu IMPOrpaMMHOI0 KOMIIJIEKCA. PaCCManI/IBaIOTCﬂ TIpeuMynIeCTBa CO3MaHUA U

BHEJIPEHHUS Pa3pabOTaHHOrO MPOrPAMMHOIO KOMIIIEKCa.

Knroueswvie cnosa: asmopusayusi, u()eHmu(pukauu;z, aymeumuqbukauuﬂ, npoepaMManZ KoMniuekc, KopnopamueHdas cemao.

The authors propose an adaptive way of protecting computers from unauthorized use. The original scheme of the software im-
plementation is discussed. The advantages of creating and implementing of program tools are considered.

Keywords: authorization, identification, authentication, software system, the corporate network.

Beeoenue

[MpakTrueckn KaXIblii OQHUCHBIN COTPYAHUK B
CBOCH IOBCEIHEBHON IPOU3BOACTBEHHON NEATENb-
HOCTH B TE€YCHHE BCETO paboyero IHS HCIOIB3YeT
KOMIIBIOTEPHYIO TEXHUKY U KOMMYHHKAIIUOHHOEC
obopymoBanue. B Hacrosiee BpeMs OrpOMHOE KO-
JIMYECTBO 000pYyIOBaHUS OOBCTUHICTCA B CCTECBBIC
CTPYKTYpPHI pa3IMYHBIX CTAHIAPTOB U THUIOB. bynb
TO JIOKaJbHbIE, KOPIOPATUBHBIE, TOPOJICKHUE WU
rIo0abHbIE CETH.

B mnponecce cBoell AESITENBHOCTU YEJIOBEK —
MOJIB30BATENb, HCIIONB3YET pa3INYHBIE CETCBBIC
pecypcl U B CBOIO OYepelb CO3[acT pa3IHyHbBIC
KOMIBIOTEPHBIE TPOIYKTHI: JOKYMEHTBI, YEePTEXKH,
IIPOrpaMMbl, MyJbTuMeana U ap. Kaxnplil cereBoit
pecypc U MPOrpaMMHBIN MPOAYKT SIBJIICTCS COOCT-
BEHHOCTBIO OMPECIEHHOTO YeJOBEeKa WM TPYIIIbI
JIMI] 1 B KOHCYHOM HUTOI'C MOXKET 6BITI> COGCTBeHHO-
CThIO TIpeanpusaTus. [1o3ToMy BO3HHKAeT HE00XO-
JTUMOCTh OOECTICUCHHS COXPAaHHOCTH CO3/IaBacMbIX
MPOTrPaMMHBIX MPOAYKTOB. JlJisi 3TUX LIeNel UCTIONb-
3yeTcs TPEBEIIMKOE MHOXKECTBO IIPOTPAMMHBIX H
anmnaparHelx pemieHuil. Ho ocHOBHOM M mepBOHa-
YampHOU 3aJa4deil ABJSIETCS 00ecIedeHUe JOCTOBEp-
HOW WACHTHU(HUKAINN TOJbh30BaTeNsd. [ 3THX Ie-
JIeil omepannoHHAs CHCTEMa IIPEIOCTaBisieT OOoIb-
1€ BO3MOXKHOCTH, HO WX HE JIOCTaTOYHO, TaK Kak
OHU IIHUPOKO M3BECTHHI 3IOYMBIIUIEHHUKY [3], [4].
[TosTomy 3amaun uaeHTU(UKAIMN U ayTEHTH(HKA-
LMK TI0JIb30BaTEJIEH KOPIOPATUBHOM KOMIBIOTEP-
HOM CETH SIBISIOTCS AKTyaJIbHbIMU.

© Jemuoenxo O.M., Jlesuyx B.J[., Kyuepos A.H., 2010

1 Tpaouyuonnasa cxema 3auiumosl cemeevlx
pecypcoeé om HeCaAHKUYUOHUPOBAHHO20 UCHOJIb30-
8anus

Kaxnprif monp30BaTeNns WIK TPYIIA MOJIb30Ba-
TeJiel B OMEPalMOHHOW CHCTEME 00JIaaroT OIpe/e-
JICHHbIMU TIpaBaMu. [[eficTBUsI, KOTOpBIE MOIb30BA-
T€Jb MOXKET BBIMIOJIHATH B ONEPAIMOHHON CUCTEME,
CTPOTO OMpEJEIICHBI U ONKCaHbl. B olmem ciydae
BO3MOXHOCTEH Yy moib3oBatesiss MHOTo. OH MOXET
BEITIOJTHATE OOJIBIIIOE KOJMYECTBO PA3IIUYHBIX OIIC-
pammii, Ha KOTOpbIE MOXXET WMETh WIH HE HMETh
mpaBa. DTH OIEpalliil CBS3aHBI Kak ¢ paboToil Ha
JIOKAITFHOM KOMIIBIOTEpE, Tak ¢ paboToil B ceTeBoit
cpere.

UeMm BbIIIIe TPUBUJIETHH IIOJIB30BATENS, TEM
BBHIIIE Y HEro MpaBa U COOTBETCTBEHHO BO3MOKHO-
cti. Becemu mpaBaMu B OTIEpaIlMOHHOM cUCTEME 00-
JIaJIal0T TOJIBKO aJIMUHUCTPATOPBI cUCTeMBL. Jist
yIOpaBlieHUs! IpaBaMy MOJIb30BaTeNel B ONEpaloH-
HOHM cucTeMe B HAaCTpPOMKax MMEETCS BO3MOXKHOCTH
aMUHUCTPUPOBAHUS, IJI€ MOXKHO HA3HAUMUTH MpaBa
mosib3oBarens [2], [S5].

ITonp30BaTens MOJKET BBIIOIHATH OOJIBIIOE
KOJIM4YeCcTBO JeiicTBuii. Ho He Bce M3 HUX MOJIB30Ba-
TeJIb UMEET MPABO M JIOJDKEH BBIMONHATE. A uHpop-
Maldsg MOXKET OBbITh KaK OOIIEro, JIMYHOro, TaK M
CITy’ke0HOTO HCITOJIF30BaHMS.

Jlst TOBBIIIEHNUsS UCUUIUIMHBI PYKOBOJACTBO
OpraHu3auuil U HNPEeANPUSATHI AODKHO HUMETh BO3-
MOXKHOCTh YIPABJIATH MpaBaMH IOJIb30BATENEH J0-
KaJbHOW BBIYMCIIMTEIBHOM CETH M CICOUTH 3a
BEITTOJIHEHUEM WX CIOyXeOHBIX O00S3aHHOCTEH.
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OObecnieunTh 3TH BO3MOXKHOCTH IPEIHA3HAYEHO KaK
BCTPOEHHOE B OINEPAllMOHHYIO CUCTEMY, TaK U JIpy-
roe CUCTEMHOE POrpaMMHOE 00ecIiedeHue.

CoBpeMeHHbIE OIEpalMOHHbIE CUCTEMBI OT
BEPCHH K BEPCHU COBEPIICHCTBYIOT CHCTEMBI, OTBE-
yaronye 3a 6e30rnacHocTs. BOoWTH B onepaiiioHHyo
CHCTEMY BO3MOJKHO TOJIKO 3aperHCTPHPOBAHHOMY
none3oBatento. OH JOJDKEH 3HATh 3aperucTpupo-
BaHHOC HMs TOJIB30BATeNIi M €ro mapoib. Ecmu
KOMIIBIOTED HOAKIIOYEH K KOMIIBIOTEPHOH CeTH C
JOMEHaMH B KadyecTBe pabodell cTaHIUH, TO omepa-
LIOHHAs CHCTeMa NOTpedyeT MOMUMO UMEHHU W Ta-
pouts, erie u UMs oMeHa. TOJBKO MPH COBIAJCHUH
9THX TpPEX COCTaBJISIOUIMX MOJb30BATEN0 OyneT
paspelieH BxoJ B cuctemy. To ecTh MOJb30BaTElb
npoiiaer ayrentudukanuio [3].

AyTeHTHUKALUS — 3TO YCTaHOBJICHHWE MOA-
JMHHOCTH JMYHOCTH. OHa MOJKeT OBITh BBHIIOJHEHA
IIPY HUCIIOJB30BaHHU TpPEX BEIICH: TOro, 4TO BBI
3HaeTe, TOTr0, YTO BBl HIMEETE, WIIM TOrO, KeM BB SIB-
asierech. Vicropuuecku At HACHTUGUKALUH JTHYHO-
CTH B KOMIIBIOTEPHBIX CHUCTEMaX HPHMEHSIOTCS Ia-
posn. Ho HazmesThCs Ha maponu ocobo He Clienyer.
[Naposie MOXXHO yragaTb, TUOO MOJIB30BATENb IIE-TO
3alyIIeT ero, ¥ napojib y3HatoT Bce. [lonbp3oBaTesb
TaKKe MOXET IepeaTh CBOW Napoib IPyroMy JIHILY
0 KaKo# 0o npock0e WK C MPECTYIMHBIM YMbIC-
JIOM.

Ha pucynke 1 nokasana yrpouieHHasl Tpaau-
[MOHHAsI CXeMa 3aIlUThl BBIYUCIUTEIBHON TEXHUKH
OT HECaHKIIMOHHPOBAHHOTO HCIIOJIb30BaHUS.

Ha pucynke 1 BHIHO, 4TO 3aIliiTa CETEBBIX pe-
CYPCOB OT HECaHKIJMOHHPOBAaHHOTO HCIIOJIb30BaHUS
claraercss M3 TPeX COCTaBISIONIMX: aJMHUHUCTpa-
THBHBIE CpPEJICTBA, NPOrPaMMHBIE CpEICTBa, amma-
paTHBIC CpEACTBA. A[[MI/IHI/ICTpaTI/IBHI)Ie cpeacTtBa
OIMCHIBAIOT CITy>KEOHbIE O0S3aHHOCTH KaXKAOTO pa-
0OTHHKA, IpaBUJIa BHYTPEHHETO Pacropsaka 1 npa-
BMJIa WCIIOJb30BAHMS BBIYHCIUTEIBHOW TEXHUKH.

AJMUHHCTpPAaTHUBHbBIE CPEACTBA IPEANKCHIBAIOT Ha-
CTPOMKM MPOrpaMMHBIX M allllapaTHBIX CPEICTB.
AnmapaTHble CpeACTBa Yallle BCEro HaCTPaMBaIOTCS
MOCPEACTBAM MPOTPAMMHBIX CPEJICTB, KOTOpbIE B
CBOIO OY€pelb COCTOSIT U3 ONEPAMOHHON CHCTEMBI,
YTUIIUT OT MIPOU3BOANTENSI OTIEPALIOHHON CHCTEMBI,
YTWIINT CTOPOHHMX IPOM3BOAUTENIEH, COOCTBEHHBIE
nporpamMMHBbIe pa3paboTku. Ho u Bce mporpammHusie
W anmaparHble CPE/ICTBA MMEIOT CBOM OTPaHWYCHUS,
YTO BHOCUT CBOM KOPPEKTHBEI B 3IMUHHACTPATHBHBIC
CpezcTBa.

Jlst obecnieuenus 3¢ heKTHBHOMN O6€30MacHOCTH
BBIYMCIIUTEIBHON CHCTEMBI HCOGXOZ[I/IMO HCII0JIB30-
BaTb BCC TPH BbILIC OIMMCAHHBIC COCTABJIAIOMINUE. Ho
BHEJ[PEHHE CaMbIX I(P(EKTUBHBIX CHUCTEM 3allHUThI
BBIYHMCIIUTENBHOM TEXHUKH OT HECAaHKIMOHUPOBAH-
HOTO HCIIOJIb30BAHUSI MOXKET 0OOOHTHCH OYEHB JJOPO-
ro, HO 3TO €lle He 3HAYUT, YTO y MpPEANpusiTHs OY-
IyT Bce HEOOXOIMMBIE BO3MOKHOCTH IIO yIpaBiie-
HHUIO TOJHMTHKON Oe3omacHocTH. [losTomy MHOTHE
CyOBEKTBI CTPEMSATCS CO3/1aBaTh COOCTBEHHBIE ITPO-
IpaMMHBIE KOMITIEKCHI 17151 00€CTICUeHHS 3aIIUThI OT
HECAaHKIIMOHNPOBAHHOTO HCIIOJIB30BAHMUS BBIYMCIIH-
TEIbHOW TeXHUKU. IIpu 3TOM mporpaMMHbIM MyTEM
MOXHO CJICAUTH 3a BCCMH HeﬁCTBHHMH I10JIB30BAaTC-
JIS1 BRIYUCIIUTEIILHOM CUCTEMBIL.

2 Aoanmuenas cxema 3AUIUIMBL CEMEBLIX
pecypcoe om HeCAHKUUOHUPOBAHHO20 UCHOIb30-
eanus

MOHO TIPEIOKUTh CIEAYIONIYI0 CXeMy pea-
JU3alHKA TPOTPAMMHOTO KOMIUIEKCA 3alllUTHI CETe-
BBIX PECYpPCOB OT HECAHKIIMOHHPOBAHHOTO HCIOJb-
30BaHUs, KOTOpasi OyAET COCTOSTH M3 TPEX CBS3aH-
HBIX JPYyr € JAPYIrOM HPOTPAMMHBIX TIPOIYKTOB.
[lepBBIii TpOrpaMMHBIA MPOAYKT OyneT (YHKIHO-
HHUpOBaTh HA JIOKaJbHOM cTaHUWU. Ero riaBHBIM
NpeAHa3HaYeHueM OylIeT MOHHTOPHHT paboThl
MTOJIL30BATEIIS C COXPAHCHUEM pe3yNbTaTa B (haii.

SaLLLMTa BbIMMCNUTENLHOW TEXHWKK OT HeCaHKUWMOHWPOBaHHOIo MCNoNk30BaHWA

Y L

A

AOMMHWUCTPATHBHLIE cpeacTea MporpammH

Y

A

ble cpeacTea AnnapaTHble cpeacTea

Y

OnepaumoHHas cucTeMa

YTUNWTLI OT NpoM3BOOMTENA
onepauMoHHON CUCTEMBI

YTUNUTB

npow3eogMTenei

| CTOPOHHMX

CofcTBeHHbIE NpOrpaMMHbIe
pa3paboTku

PI/leHOK 1- BaHJ,I/ITa BBIYMCIIUTEIBHON TEXHUKU OT HECAHKIIMOHUPOBAHHOT'O UCIIOJIB30BaAHUSA
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(pyllKL[MOIla]lbllble B0O3MOICHOCTMU NPOCPAMMHO20 KOMNIEKCa aoanmueHou udeumuqbukauuu noav3zoeameinel Kopnopamu@noﬁ cemu

Bropoii mporpammHublii IPpoAyKT Oyaer (yHK-
MOHMPOBaTh Ha cepBepe Oe30MaCHOCTH U 3aHU-
MaTbCcsi cOOpPOM M aHAJM30M Pe3yJIbTATOB MOHUTO-
pHHIra aKTHBHOCTH IIOJIb30BaTeled Ha pabodmx
cTaHuusAX. M3 3THX NaHHBIX MOXKHO MOIYYHUTh UH-
¢dopmanmio paziauyHoro pona. Hampumep, ckoibko
M0JIb30BaTEIb MPOBOJUT BPEMEHHU 32 KOMIIBIOTEPOM
1 KaKWe TIPHIOKEHHUS 3aITyCKaeT, KaKue yCTpOHcTBa
BBOJIA SIBJISIOTCS TPENIOYTHUTENBHBIMY, KaKne TMpH-
JOXXEHHUA MOCTOSIHHO HaXOoJTCS B OIEPATUBHOM
MaMATH, KaKoi (ailyIoBBI MEHEIKEep 3arpyKaeTcs
110 yMOJYaHHIO U T. . [0 3TMM U OpyruM AaHHBIM
MO>HO COCTaBUThb I/IH)]I/IBH}lyaHLHblﬁ MOPTPET MOBEC-
JIEHUS TIOJIB30BaTENs 32 KOMITbloTepoM [1].

Tperuii mporpaMMHBIA MPOAYKT OyIeT 3aHH-
MaTbhCsl JIOTIOJHUTEIBHONW MICHTU(PUKAIMEH JIMYHO-
CTH MOJIb30BaTeNsl IO XpaHAIEMYCS Ha cepBepe
HOPTPETy MOBEAEHUs MOIb30BATENS U MO HEKOTO-
peIM ApyruM JaHHeIM. Ha pucyHke 2 moxa3aHa
aJlaliTHBHAs CXEMa MPOTPAaMMHOTO KOMIUIEKCa MO
3aIIUTE CETEBBIX PECYPCOB.
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Pucynok 2 — AganTiuBHas cxeMa IIporpaMMHOTO
KOMITJIEKCA MOHUTOPHHTa aKTUBHOCTH
Ionp3oBareneit

Paznuuue B omepanmoHHBIX CHCTEMaX, yCTa-
HOBJICHHBIX Ha Pa0OYMX CTAaHLUAX BJIEYET 3a cOo0O0i
pa3paboTKy pa3IHUYHBIX BEPCUI MIEPBOTO U TPETHETO
nporpaMMHBIX TpoayktoB. Ho cepBep Oe3omacHo-
CTH JIOJDKEH MMETh OOIIUI CTaHIapTHBIA HHTEpdEiic
JUTSI BCEX BEPCHIA.

[Tpn ucronb30BaHUM B CETH TEXHOJIOTHH «TOH-
KW KJIMEHT» BCE CTAHOBHUTCS €IIE MPOILE, TOCKOIb-
Ky JOCTAaTO4YHO cOOMpaTh JaHHBIC B IpEJeiax cep-
Bepa, 00CITy KNBAIOIIETO KIMEHTCKHE paboune CTaH-
uun (pucyHok 3). @yHKIUHM cepBepa 00CTyKIUBaHHS
n cepBepa 0E30MaCHOCTH MOXKHO COBMECTUTH Ha
onHOU ammapaTHOl 6a3ze. Tormga Bech mMporpaMMHBII
KOMILIEKC, COCTOSIINI M3 TPEX MPOTPaMMHBIX IPO-
JIyKTOB, Oy1ieT paboTaTh Ha OJTHOM CepBepe.
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B pe3ynbpTare npu UCIOJIB30BAHUH MIMPOKO U3-
BECTHBIX CPCACTB 3alllUTbl OT HCCAHKIIMOHWPOBAH-
HOTO MCIIOJIb30BAHMS BBIYMCIMTEIBHOM TEXHUKH
COBMECTHO C TNPEAJIONKECHHBIM NPOrPaMMHBIM KOM-
TUIEKCOM MOXKHO HAJIEATHCS, YTO 3aliuTa OyAeT To-
pasno Gonee apdekTuHOM. [Ipu 3TOM NpeIoKeH-
HBId MPOrpaMMHBIH KOMIUIEKC pellaeT, HNOMUMO
JIOTIOTHATEIBHONW 3alIUTHl OT HECAaHKIMOHWPOBAH-
HOTO WCIIOJBb30BaHUS BBIYMCIUTENEHON TEXHUKH,
ele M psAA Ipyrux 3amad. Bo-mepBeIX MOXKHO Mpo-
aHAIM3UPOBATh, CKOJIBKO BPEMEHH KaXKIBIH MONIB30-
BaTeab MPOBOAUT 3a BBIYMCIUTEIBHON TEXHHUKOM.
BO-BTOpBIX, MOXHO BBIACHHUTH KaKHWE€ MNPHUIIOKCHUA
3amycKajl IOJIb30BaTeNlb M, MCXOJIS M3 ITOTO OIe-
HUTH, CKOJIBKO BPEMEHHU I0JIb30BaTENb peliai Ipo-
U3BOJACTBEHHBIE 33Jla4ll M CKOJIBKO HaXOJWICA B
COCTOSIHUU TaiiMayTa. B-TpeTbux, aHanu3upys IaH-
Hble Ha cepBepe, MOXKHO YBUAETh MPOAOIIKHTEIb-
HOCTH pabOTHI KaXXJ0H pabouell CTaHIIMKM OT MOMEH-
Ta BKJIIOUYEHHs 1O MOMEHTa BbIKIIoueHHs. 13 3toro
BPEMEHU JIEMEHTAPHO BBIAENAETCS BPeMs MPOCTOA
BBIYHMCIIUTENBHON TeXHUKH. Ilpu TBOpueckoM moOA-
XOZIe TIEpEeYCHb ONMIMOHAIBHBIX BO3MOXKHOCTEH CHC-
TEMHBIX MPOTPAMMHBIX CPEJICTB HE OIPaHUYMBACTCS
NPUBEACHHBIMH BBIIIE PEXXUMaMH (YHKIHOHHPOBa-
Hus. Takum oOpa3oM, JaHHBIA MPOTPaMMHBIN KOM-
wiekc obecreunBaeT dS(PGEKTHBHBIE MEXaHHU3MBI
aIMHHUCTPALIUU 10 YIIPABICHUIO MPEAIPHUATHEM.
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Pucynok 3 — Cxema nporpaMMHOT0 KOMILJIEKCa MO-
HUTOPHHIa aKTUBHOCTH IOJIb30BaTENEH I TEXHO-
JIOTUY «TOHKUI KIIUEHT».

3 Dmanwvt pazpadbomku npocpamMmHozo KoMm-
naekca

Ha mepBoMm »stame pa3paOOTKd HpOTpaMMHOTO
obecrieueHnst CO3/1aH MPOTPaMMHBINH MPOAYKT, I1O-
3BOJIIIOILMN aBTOMATU3UPOBaTh JEUCTBUSA aJIMUHU-
CTpaTopa KOPIIOPAaTHBHOM CETH MO0 PETHUCTPALUN
MoJb30BaTeNied Ha KOHTpoiuiepe aomeHa. [ns
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MPEIOCTAaBICHHSI JOCTyIa K pecypcaM CeTH Heo0Xo-
JUMO TIPUMEHATh CPEACTBA OMNEPAI[IOHHON CHCTe-
MbI, KOTOPBIC TIO3BOJIAIOT pPAa3rpaHU4YUTh IIpaBa
MOJIb30BaTeNel Ha HCHONb3yeMble naHHble. Onepa-
LIUOHHAS CUCTEMA SBIISETCA CBS3YIOIUM 3BEHOM
MEXy 3JIEKTPOHHBIMU CPEICTBAMHU U IOJIb30BaTe-
neM. Bes undopmanus XpaHHTCS B DIEKTPOHHOM
BHJIC Ha KOMITHIOTEPaX.

PasrpanmdenneM mpaB JOCTyIa ITOJNB30BaTeE-
Je K pa3nuyHoi MH(OpMAIMK 3aHUMAeTCs aIMU-
HUCTPATOp KOPHOpaTUBHOW ceTH. [[ns ocyuiecTsie-
HUS CBOCH AEATEIBHOCTH €My HeoOxonmmo obpaba-
THIBaTh OOJBIINE O0BEMBI UHPOPMAIIUH, COICpIKa-
1116171 CBCACHUA O KOMIIBIOTEPAX U IIOJIB30BATEIIAX
KopriopatuBHOU ceTu. Ha pucyHke 4 mpenctaBieHa
CXeMa TpaJUIMOHHOH paboThl aIMHHHUCTPATOPA
KOpPIIOPaTUBHOM CETH.

Jlnst ycoBepIIeHCTBOBAaHUsS pabOThI aAMHUHUCT-
patopa ceTH IO pas3rpaHUYEHHIO IpaB JOCTyma
HOJIb30BaTeleil K MH(OPMAIIMOHHBIM pecypcam CeTr
UCIIONIb3YeTCsl pa3paboTaHHAash aBTOPaMU aBTOMATH-
supoBanHas cuctema JOCTVYII, kotopas mo3Bossier
YMEHBIINTh OIIMOKH, COOM M AyOJIMpOBaHUE CITy-
XKeOHOHM MHpOpManmu B paboTe aAMUHHCTpaTopa H
onepauuMoHHON cucreMbl. Ha pucynke 5 mpezacras-
JIeHa cxema paboThl aIMHHNCTPATOpa CETH IOCpe-
CTBOM aBTOMATHU3MPOBAaHHOW CHCTEMBI.

ABTOMaTH3MPOBAHHOM CHCTEMOW peamu3yroTcs
CJIEYIOIIHE 3a/1a4H:

— BBOJ NepBUYHOM MH(MOpManuu B 0a3y jaaH-
HbIX Active Directory [2];

— MoxuGUKaLys, yAaleHHe yCTapeBIIeW WH-
(dopmarun;

— BBOJI BTOPUYHON MH(OPMAINH;
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Pucynoxk 4 — CTpykTypa HEaBTOMaTU3UPOBAHHOM PadOTHI aIMUHHUCTPATOpa CETH CPEICTBAMH ONEPaIOHHON
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Pucynok 5 — CtpykTypa aBTOMaTH3UpPOBaHHON Pa0OTHI aIMUHHUCTPATOPA CETH
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— peruiukanus 6a3bl qaHHbIX Active Directory;

— ITOMCKOBBIE 3amlpochl B 0a3e AaHHBIX Active
Directory;

— BBIBOJI PE3YJIbTATOB IIOMCKA I10 3apocaMm;

— CO3/aHMe JIMYHBIX TAlOK I0JIb30BaTeleh
KOPIOPaTUBHOH CETH;

— pasrpaHUyYCHUE NpaB AOCTYNA K BBIYUCIIH-
TEJIFHBIM PECypcaM KOPIOPATHBHON CETH;

— BEJICHUE ayUTa BXOJla M BBIXOAA Ha paboue
CTaHIINN;

— BEJICHUE ayJIUTa UCIIOJIb30BAaHMS CETEBBIX pe-
CYpCOB;

— aBTOMATH3aIUs BBOJA BTOPUYHOM MH(pOpMa-
LMK

— aBTOMaTu3anus MOZ[I/l(l)l/IKaLIl/II/I U yJaJICHUA
ycrapeBiuei nadopmanum.

Ha Bropom stame pa3paboTku IpOrpaMMHOTO
obecrieueHnsl CO3[JaH IPOTPaMMHBIA  KOMILIEKC
aJlalTUBHON HMACHTH(UKAIMK TI0JIB30BaTENCH KOp-
TopaTuBHOM cetn. B ero ocHoBe HaxomuTcs cOop
MHQOPMAIMU O TIOJIB30BATEISIX Ha Y371aX CETH H
(opmMupoBaHHE HWACHTHU(PHUKAIMOHHOTO TOPTpETa
KaXJI0T0 TI0JIb30BATENS.

B kauecTBe y370B CE€TH NPUHATHI IEPCOHAb-
HbI€ KOMITBIOTEPBI, COEMHEHHBIE MOCPEICTBOM Ce-
TEBOU Cpezbl, BBIIIOJHEHHOW IO OJHOM U3 TOIOJIO-
ruii. Pabouast Harpy3ka Ha y3jax CeTH COCTOUT U3
pabodeli Harpys3Kku, CO3/aBacMON OICpaAIlMOHHOMN
CHCTEMOM, U paboyell Harpy3KH, CO3JaBaeMOH I0JTb-
30BaTEJIIMU BBIUUCIUTEIBHON cUcTeMBl. B mponec-
ce (DyHKIMOHMPOBAHHMS OICPAlMOHHON CHCTEMBI Ha
y3JIe CeTH MOopoKAaeTcs pabodasi Harpys3ka Imocpen-
CTBOM CHCTEMHBIX mHporeccoB. Kpome 3Toro, mois-
30BAaTeb BBIYMCIUTENIBHON CUCTEMBI 110 POLLYy CBOE
JEATEIBHOCTH BBINOJMHSIET Pa3iINdYHbIE 3a/1aud, KO-
TOpBIC B OMNEPAI[IOHHON CHUCTEME MPEICTaBISIOTCS
KaK TII0JIb30BaTeNbCKHE Iporecchl. Ilomp3oBarens
MOJKET HCIIONB30BaTh CJIEAYIONINE IPOrpaMMHBIC
MIPUIOKEHUS: O(UCHBIE TaKeThl; OyXranaTepcKue
TIAKEThl; WIPBl; WHTEPHET; rpa)uuecKue IMaKeThl H
MyJIBTUMEHA; SI3BIKK MIPOrpaMMHUPOBAHUS; Clielua-
JIM3UPOBAHHBIE TIPOTPaMMHBIE CPEACTBA.

[IporpaMMHBIN KOMIUIEKC aJalnTUBHOW HJIIEH-
TU(QUKAIIMHA TI0OJH30BATEIEH KOPIIOPATHBHON CeTH
ApPXUTEKTYpPHO IOCTPOEH HA OCHOBE MOJYJIBHOTO
MPHUHIUIA Pa3pabOTKH TprIokeHUH. Kaxmpiid Mo-
ZlyJIb BBITIOJHSET CBOU ONIPEAEIEHHbIe (DYHKIIUH, YTO
TMO3BOJIACT YMCHBIINTD BJIMAHHUC OAHOI'O IMpOTrpaMm-
HOTO MOJIyJIsl Ha JpYyroi. 1o obecneynBaer cosaa-
HHe Oosiee TUOKOTO M JIErKO pAaCIIMPSIEMOro MO
¢yHKIMSIM 1TporpamMMHOro Monyist. IIporpammubie
MOJTyJTH OyIyT coOUpaTh HH(MOPMAIHIO O ASHCTBHUIX
ToJIb30BaTelNell, HampuMmep: CKOpocTh Habopa Ha
KJaBuaType (KOJIMYECTBO CHMBOJOB B EIUHHILY
BPEMEHH); CKOPOCTh HaKaTWH KaKJOH KHOIIKM Ma-
HUITYJISITOpa TUMA «MBIIIb»; 3aIyCKaeMble IPUIIO-
JKEHUSI; BpEeMsI BXOJla B y3€J CETH; BpeMs BBIXOJa M3
y3J1a CeTH; BpeMsI OJIOKMPOBKH IOJIB30BATENIEM y371a
CeTHU; BpeMs IIPOCTOS y3/1a CETH U T.JI.
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Ha ocHoBe cobpanHoOl nH(pOpMaNUU, CO3AaeT-
csl WAEGHTU(HUKALUOHHBIH TOPTPET MOJIb30BaTeIs
KOpIOpaTUBHOM ceTH. J[aHHbIE TOPTPETHI MOJIb30Ba-
TeJien XpaHATCA B Oase JaHHbIX W CPaBHUBAIOTCA C
Tekynied nHpopMmanuei o moms3oBatene. Ecimu co-
XpaHEHHbIH MJICHTU(QHUKAIMOHHBINA ITOPTPET HOJB30-
BaTessl CYIIECTBEHHO HE COBIAJaeT C TEKyIeH WH-
(dopmanmeit 0 mMoONB30BaTENe, TO C OIPEACIICHHON
JTOJICH BEpOATHOCTH CHCTEMa aTalTUBHOW WICHTH-
¢uKaM IONB30BaTENe KOPIIOPATHBHON CETH
MIPUHUMAET peIIeHre, YTO Ha y3Je CEeTH paboTaer
MTOJTF30BATENb, BEIIAIONINNA ce0st 3a APYTOTO MOIB30-
BaTcCJIA. MeTO)II/IK 110 ONPCACICHUIO MHHUMBIX I10JIb-
30Bareneil Ha OCHOBE HMJCHTH(UKAIIMOHHOTO MOPT-
pera ToJIb30BaTeNs I0CTATOYHO MHOTO, U ellie Tpe/l-
CTOUT BBIACHUTH HAaUOOJIee MPUEMIICMYIO U3 HUX [1].
Jnst 9THX 1eneit He0OX0AUMO POJOIDKUTH HayYHbIE
HCCIIEJOBAaHMS B 9TOH 001acTH.

Uem ponblie CO3AAHHBIN NPOrpaMMHBIA KOM-
wiekc Oyner (QyHKIMOHHPOBATh Ha pabo4MX CTaH-
OUSX B KOPIIOPATHBHOM CETH, TeM OONBIINMHU JTaH-
HeIMHA Oyner oOmamate 0Oasza JaHHBIX, B KOTOPOWM
OyAyT XpaHHTBCS OEHCTBUS mmonb3oBareneid. U tem
Ooee amgeKBaTHO MPOTPAMMHBIN KOMILIEKC OyaeT
OINpENeNsITh TOJIb30BATENs, BBIJAIOMIETO Ce0s 3a
JPYTOro MoJIb30BaTeNsl KOPIIOPATUBHOMN CETH.

CaHkLuy, NMpUMEHsAEMble K TaKUM HapyIIuTe-
JSIM, OTIpeAeNseT aJMUHHCTpAIMs OpraHu3allvy,
KoTOpast OyleT HCIOoJIb30BaTh CO3AAaHHBIA IpoO-
rpaMMHBIH KOMIUIeKc. B HacTosimee Bpemsi pac-
CMOTpPEHHBIC B JAaHHOH CTaThe MPOTPAMMHBIC Cpe-
CTBa MPOXOMSAT OIBITHYO SKCILTYaTaIHIo.

Kak BeIlie 0TME9aI0Ch, U3 COOpaHHON HH(OP-
MaIli MOXHO JAeJaTh W Jpyrue BeIBoAbl. Hampu-
Mep, CKOJIBKO KaXXIbIi y3€J1 CeTH pabdoTaeT B Teue-
HUM JHs, Hexenu, mecsina u T.4. Ot atoro Oyner
3aBUCETh, KaK 4acTO HEOOXOJWMO MPOBOJMTH IPO-
¢unakTryeckue pabOThl C TEM WIM HHBIM Y3JIOM.
B mpomecce okcmutyaTanMu MporpaMMHOTO KOM-
Tuiekca OyayT YTOYHSTBCS LIENH M 3aJaddl CO3/aH-
HOM CHCTEMBI.
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NHOPOPMATHUKA

IJIAHUPOBAHUE KPEJUTHBIX YCJIOBU HA OCHOBE METOJIA
NMUTAIIMOHHOTI'O MOAEJIUPOBAHUA BEPOATHOCTHOT' O
CETEBOI'O I'PADUKA

O.M. EcpkoBa, U.. Kukoth

Eeﬂopyccxuit m0p2060—3KOHOMu"l€CKMIZ YHUsepcumeni nompe6umeﬂbcxod Koonepayuu, Tomens

PLANNING OF THE CREDIT CONDITIONS BASED ON SIMULATION
OF PROBABILISTIC NET DIAGRAM

0O.I. Eskova, LI. Kikot

Belarusian Trade and Economics University of Consumer Cooperatives, Gomel

OO6cyxaercs 3amada ONpeJeieHHs CpOKa Hadaja BO3BPaTa KpeIWTa Ha pPealM3allii0 WHBECTHIMOHHOTO mpoekTa. IIpoext
HPE/ICTABISICTCS. B BUAE BEPOSTHOCTHOTO ceTeBoro rpaduka. CpaBHUBAIOTCS aHAJIUTHYECKUH M MMHUTALMOHHBIA METOIBI HC-

CIICIOBaHUA.

Knroueswvie cnosa: erdum, uusecmuuuomtblﬁ npoexkm, eepo;lmuocmublﬁ cemegou epa([)uK, umumayuornHoe JHOO@JZLIPO@(IUHE.

The problem of the credit repayment term determination is discussed. Investment project is represented as probabilistic net dia-
gram. Analytical and simulation methods of investigation are compared.

Keywords: credit, investment project, probabilistic net diagram, simulation.

Beeoenue

Peanmuzanusi KpynHBIX WHBECTHIIHOHHBIX IPO-
€KTOB OOBIYHO HE 00XOAMTCS Oe3 MpHBJIeUeHUs OaH-
KOBCKHMX KpeauToB. IIpumepaMu MOTYT CIIy>XKHTb
CTPOMTENBCTBO 3aBOAA, (paOpPHKHM WIIM IIHPOKOMAC-
mTabHasi PeKOHCTPYKIMS Kakoro-noo mnexa. Takue
MIPOEKTHl OTIAWYAIOTCS 3HAYUTEIBHOW ITPONOIDKH-
TENBHOCTBIO BO BPEMEHH U HEONPEIEICHHOCTHIO
CPOKOB BBITIOJIHEHUSI KaK OTAEIBHBIX padoOT, Tak U
BCET0 NPOEKTa B IENOM. B curyamum mcnosnb3oBa-
HUS KpeAWTa CPOK BBOJA B IKCIUTyaTaluio (hUHAH-
CHpPYEMOro O0OBEKTa OYeHb BaXKEH, IOCKOJIBKY €ro
(YHKIMOHMPOBAHME TMO3BOJISIET HAvaTh I10JIy4YaTh
MpUOBbLTb, U3 KOTOPOW BBITIAUMBAETCS KpPEeIUT OaH-
Ky. 3a HECBOEBPEMECHHOE HAYal0 BBIIUIAT OaHK Ha-
Ka3bIBaeT BBEICHHEM DPA3IMYHBIX MITPadHBIX CaHK-
i (0OBIYHO TOBBIMIACTCS MPOIEHTHAS CTaBKa MO
kpernuty). [ToaToMy O4YeHb BaXKHO B MOMEHT 3aKJIIO-
YEeHUs] JOTOBOPAa O KPEOWTOBAHWM IIPEIyCMOTPETH
peanbHBIE CPOKM BBOJA OOBEKTa B 3KCILTyaTalHIo.
Hecmotpss Ha MHOTOOOpa3me yCIIOBHA M COTJaIIe-
HUH, KOTOPBIE MOTYT OBITh OTPa)KEHBI B IOTOBOPE O
KpPEIUTOBAHUM, OCHOBHBIMH IIapaMETPaMu TaKOTO
JIOTOBOpA SBJISIOTCS:

P — TOJIOBas IPOLICHTHAS CTaBKa 10 KPEIUTY;

7" — nIaHUpyeMbI CPOK 3aBEpIICHUs IIPO-
€KTa ¥ Hayasla BO3BpaTa KpeIuTa;

T — nepuon1, B Te4E€HHE KOTOPOT'O JOJDKEH OBITH
MOTAIeH KPeAWT MOCJIe Hayana ero BO3Bpara paB-
HBIMH JOJISIMH;

p> — wTpadHas NPOLEHTHAs CTaBKa, KOTOpas
Oyzer mpuMeHeHa B cIydae, eclii He BOBpeMs Oyaer
HauaT BO3BpaT KPEauTa.
© Ecvkosa O.U., Kukome UH., 2010
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CeroaHst peaJbHOW MPAKTUKON B3aUMOOTHO-
LIEHUH OTEYECTBEHHBIX KPEIUTYEMBIX OpTraHH3aLUi
c 0aHKaMH SBJISIETCS TO, YTO OHHM COIJIALIAIOTCS Ha
yCIIOBUSI, KOTOpBIE NpesiaraetT 6aHk. OaHaKo 3apy-
OEXKHBIH OIBIT MOKA3BIBAET, YTO €CIU OpraHM3aIMs
o0aaeT onpeeNeHHbIM YPOBHEM JAOBEPHS CO CTO-
POHBI KPEOUTOPOB W NPH 3TOM MpEAiaracT CBOH
YCIIOBUSI TIOJTyYCHUS KPEUTa, TO OaHKH, KaK IPaBHU-
710, WX npuHEMaioT. llosTomMy mpu peanusanuu
CEpPBE3HBIX HMHBECTHUIIMOHHBIX MPOEKTOB IIPEIIPH-
ATHE 3aMHTEPECOBAHO B IPOBEIEHUH HCCIIEIOBAHUN
0 BO3MOXHBIX CPOKax BBOJA OOBbEKTa B IKCILTyaTa-
IO ¥ Ha UX OCHOBE ONPEIEICHUHU TaKOTro MapameT-
pa kpeaura, Kak 7",

B nanHOll pabore cpok 3aBepleHHs HMpPOEKTa
OIIpEZICTISIETCST Ha OCHOBE aHAJM3a €r0 BEPOSTHOCT-
HON cereBod Mopenu. PaccmarpuBaercst cyiecTt-
BYIOIIMH AHAJIMTHYECKUH METOJ  HCCIIeIOBAHUA
TakoW Mozenu, (GpopMynIHpYyrOTCS €ro HEIOCTATKH.
[Ipennaraercst UCIOIB30BaTh METOJ MMUTALMOHHO-
IO MOJIEIUPOBAHMA AJsI MOITydeHUs1 OoJiee peabHO-
IO pe3yJibTaTa M CHIDKEHHs BEPOSTHOCTH HACTyIIJe-
HUsl TpadHbIX caHKIMK OaHka. OmuckiBaeTcs aj-
TOPUTM peanu3aliu 3Toro meroga B cucreme GPSS
World u tabananom npoueccope MS Excel.

1 Ananumuueckuit memoo uccieoo06anus ge-
POANHOCHHBIX CEMeBblX ZPAPuKos

OnHUM H3 pa3fesioB TEOPUH CETEBOrO ILIAHU-
POBaHHS SIBJISETCS KCCIICAOBAHUE BEPOSITHOCTHBIX
CEeTeBBIX IPa(MKOB, T. €. TAKUX CETEBBIX MOJEIIEH,
KOTOpbIE O0JIQJIAIOT JETEPMHUHUPOBAHHON CTPYKTY-
pol, a TNPOAOIKUTEIBHOCTH paboT 3aJaroTcs
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HEKOTOPBIMH CIydaiiHbIMH BenumduHamu. [Ipu sTom
MpeAIojaraeTcs, YTo 3aKOHBI paclpesielieHHs] 3TUX
CIly4allHBIX BEJIMYUH JOJKHBI OBITH YCTaHOBJIEHBI
Ha OCHOBE aHajHM3a aHAJIOTHYHBIX paboT, MpOBO-
JUBIIMXCS paHee. Eciam ke paOoTHI SIBISIOTCS HO-
BBIMH ¥ MaJIOU3Y4YE€HHBIMHU, TO B KAYECTBE TUIIOBOTO
pacripefieseHust UX MPOIO0IDKUTENILHOCTH UCIIONb3Y-
eTcst Oera-pacnpenencane [1]. MccnenoBanue mpo-
JOJDKUTENBFHOCTH paboT M Mogdop CTATUCTHYSCKHX
QHAJIOTOB JUI HUX SIBIISETCS TPYJOEMKHUM U HEHOC-
TaTOYHO MOTHBHPOBAHHBIM 3aHATHEM IJIsI KOHKPET-
HBIX CYOBEKTOB XO3SHCTBOBAHHUS, IOITOMY, Kak
MPaBUIIO, MPOJODKUTENILHOCTH Pa0OT B BEPOSTHO-
CTHBIX CETeBBIX rpaMKax 3aJaloTcs UMEHHO C I10-
MOIIBIO OeTa-paclpesie/ieHdss Ha OCHOBE JKCHepT-
HBIX OLICHOK.

@yHKOMS  MIOTHOCTH — Oera-pacipeneineHus
(pucynok 1) nmeer Bun:

1) = ct—a)’ (b-t)! msa<t<b,
0 s —oo<t<a,b<t<oo,

rIe p, ¢ — MapaMeTpbl paclpeesieHus, 3aBUCSIIIe

OT BHJA pa60T1>1; Cc — HOpMI/Ipy}OHJ,l/Iﬁ MHOXHTCIIb,
b

OTIpEe/ICTISIEMBIN U3 YCIIOBHS cj (t—-a) (b-1t)'dt=1

a

A S0

1
1
1
1
]
]
]
1
1
1
1
1
|
|
]
1
!
1
1 |-
I | !
a m

Pucynok 1 — @yHKIUS IUIOTHOCTH
Oera-pacripeneneHus

[pu 3agaHUK XapaKTEPUCTUK 3TOTO pacIpe/e-
JICHUSI BO3MOXHEI JIBa TIOAX0/1a:

1. MI3BecTHBI TpU OLEHKH MPOAOIKUTEIBHOCTH
KaKIoH paboTHL:

a — ONTHUMUCTHYECKUHA CPOK BBHITONHEHHS pPa-
00THI (HaUMEHBIIASI TPOAOIKHTEIBHOCTD);

b — meccHMUCTUYECKHUN CPOK BBITOTHEHHS pa-
00TbI (HanOOJIBILIAS MTPOIOIKUTEIBEHOCTD);

m — HanOoJiee BepOsATHAS MPOIOJIKUTEIBHOCTh
paboTHI.

B 3ToM ciyuyae mpoBelleHHBIC paHee HCCIe0-
BaHU MMO3BOJIWIIA YCTAHOBUTH, UTO p+q=4, a MaTe-
MaTHUYCCKOE OXXKHUJAHWUC U JTUCIICPCHS NAHHOH CITy-
YafHOW BENWYMHBI MOTYT OBITH PACCUUTAHBI IO

thopmymam:

E:M[t]:$6m+b; D[t]:(b;aj .
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2. V3BecTHBI TOJIBKO [BE OLIEHKH INPOJOJIKHU-
TEJBHOCTH paboT: a u b.

B aTom cityyae 3HaueHHs BEJIMYMH p U g Onu3-
KM K TOCTOSIHHBIM 3HaueHusM p=1/ u g=2 [1], a ma-
TEMaTHYECKOEe OXKHJIAHWE W JHUCIEPCHS PaCCUHUTHI-
BaloTCA 10 popMyam:

;:M[t]:@; D[t]=(b;aj .

[IpumeneHune ABYX BPEMEHHBIX OLEHOK CyIle-
CTBCHHO YMEHBIIaeT 00beM HH()OPMAIHH, KOTOPBIN
TpeOyercss oT dkcrepra. [losToMy B nmanbHeEi-
meM OyaeM OpHEHTHPOBATHCS WMEHHO Ha BTOPOM
TTOJTXOJ.

[Tocne ompeneneHuss MaTeMaTHYECKUX OXKHIA-
HUW TIPOAOKUATENBHOCTEH pabOT OHM TPHITUCHIBA-
IOTCSl yraM CeTeBOro rpauka U MPOM3BOAUTCS
pacder ero mapaMeTpoB, Kak U B JETEPMUHUPOBAH-
HOM ciydae. Takum oOpa3oM, MaTeMaTH4ecKoe
OXKHUJaHUE KPUTHUECKOTO CPOKa MPOEKTa HAXOAUTCS
KaKk CyMMa COOTBETCTBYIOIIHMX MaTeMaTUYECKUX
OXXKHITaHUH pabOT HA KPUTUIECKOM ITyTH:

Mt 1= Y 4,

(i)t

Jlucnepcio  KPUTHUYECKOTO CpPOKa CUHUTAIOT
paBHOIl CcyMMe JAWCIEpPCHil KpUTHYECKHUX pador,
TIpeAroaras, YTo NpoJODKUTEIFHOCTH padoT ceTe-
BOT0 rpadrika HEKOPPEINPOBAHBI:

Dlt, 1= > DIt,]
(i)t

Ecmu mpomomxuTenbHOCTH paboT OTKIOHSIOT-
Csl OT CBOMX CpENHUX 3HAUYCHUH Ha TaKyl Malylo
BEJIMYUHY, YTO KPUTHYCCKUN IyTh HE H3MCEHSCTCH,
U, €CIIM Ha KPUTHYECKOM ITyTH JISKUT 3HAUNUTEIHFHOE
gucio pabot (5 m Gonee), To HA OCHOBAaHUM IIEH-
TpPaJILHOH TIpeNIeTbHON TeOpEMbI IPUOIMIKEHHO CUH-
TAlOT, YTO €ro MPOJOJDKHTENLHOCTD IOJYUHSETCS
HOpPMaJIbHOMY 3aKOHY pacIipelesieHHs] ¢ MapaMeT-

pamu ¢, D[z,,] [1]. Torna BeranciieHne BeposTHO-

Kp 2
CTH TOTO, YTO (l)aKTI/I‘IeCKI/Iﬁ CPOK BBIIIOJIHEHUS IIPO-

eKTa f, OKaKeTCs MEHble MIaHOBOro cpoka 7,

TIPOM3BOAUTCS IO (hopMyIie
P(t, <T"")=d(u)+0,5,

1

2z

YEeHUsI KOTOpOo OepyTcs U3 TaOJIuIL,

naam
uzM; o, = D[th].
O
PaccMoTpuM B KauecTBe IpUMeEpa peaii3anum
9TOT0 METO/a pacyeT BEPOSTHOCTHOTO CETEBOTO
rpajuka CTPOMTENHCTBA MOJIOTOBOTO KOpITyca Ky3-
HeyHoro 3aBofa (pucyHok 2). Ha stom rpaduke
MPOCTABJICHBl MaTeMaTHYECKUE OKUIAHUS JIUTENb-
HOCTel paboT, Kaxias W3 KOTOPHIX 3amaercs Oera-
pacupeneieHHeM C IapaMeTpaMy, YKa3aHHBIMH B
tabmuie 1. Maremaruueckoe OXHIAHUE W JIUC-

nepcusi  MPOJO/DKUTEIBHOCTH — KaKIOH — paboThI
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paccunTaHsl 10 (opMysiaM, COOTBETCTBYIOLIMM
BTOPOMY CIly4aro (IB€ SKCIIEPTHBIC OLEHKH a U D).
Enunnna m3mepenus: Bpemenu — 1 genb. OnuH u3
KPUTHYECKUX MyTeH BBIJENEH XUpHOU IuHUen. Ero
MPOJIOJDKUTENFHOCTD  (MaTeMaTH4ecKoe OXKUIaHHue
KPUTHYECKOTO CPOKa MPOEKTa) COCTABIISICT
t=20+40+75+60+30+140+80+140 =585.

Ha sTom ocHOBaHuM GaHK IpezsiaracT IpUHATH
B JIOTOBOpE CpPOK Hayaja BO3BpaTa Kpegura
™" =600 gueil.

PaccunraeM aucnepcHio KpUTHYECKOTO CpOKa

KaK CyMMY JHCHEPCHIA KPUTHIESCKUX padoT:
DI[t,,]=4+100+6,25+6,25+25+400+25+25=591,5;

o, =D, 1=24,321.

Torna, ecny KpUTUYECKUH CPOK MTPOEKTa UMEET
HOPMAJIBHBII 3aKOH paclpezeleHUs,, BEpOATHOCTh

TOro, 410 €ro (baKTI/I‘{CCKOC 3HAYCHHUE OKaXETCsA
MCHBUIC 3allJTAaHUPOBAHHOT'O, paBHA

P(t, <T"")=0,731302

(mpu pacuere wncnosb3zoBanack QyHknus HOPM-
PACTI() npunoxernuss MS Excel). [Jomyctum, 9to
PYKOBOZCTBO Ky3HEYHOTO 3aBOJa XOYET, YTOOBI 3Ta
BEpOSATHOCTh ObLTa HHUKAK He Hmke 0,9. Jlerko mo-
no0paTh Takoe 3HAYECHWE IDIAHOBOTO CPOKA, YTOOBI

3TO ycnoBHe BhINoNHAN0Ch. Hanpumep, 7,"" =620 .
[Ipu 3TOM BEPOATHOCTH YIIOKHUTHCS B 3TOT CPOK Y
Ky3HEYHOTO 3aBo/Ia ropaszuo BBIIIIE:
P(t, <T,"")=0,924939. Takum 00pasom, pe3yib-
TATOM AHAIMTHYECKOr0 METOJa aHalu3a JAHHOTO

ceTeBoro rpaduka ObUT0 OBl MPEATIOKECHUE YBEIH-
YUTH CPOK Havasia BO3BpaTa KpeanTa Ha 20 THEH.

Pucynok 2 — CereBoii rpayik CTpOUTEIHCTBA MOJIOTOBOTO KOPITyca

Tabmmuma | — ITapameTpsl paboT CTPOHUTEIHCTBA MOJIOTOBOTO KOPITyca

HaumenoBanune paboTsl Kon @ b . ! . D’
paboTsl | nmHEH OHEH | nmei
Pa3pabotka KoT/I0BaHA (1,2) 16 26 20 4
YcrpoiicTBo OypoHAOWBHBIX CBait 2,3) 20 45 30 25
YCTpoiicTBO POCTBEPKOB 2,4 20 70 40 100

OO0OpaTHas 3aCBIKa U MMOJICHINTKA

3,5 30 42,5 35 6,25

VYcTaHoBKa 5k/0 KOJIOHH M IIJTUT 4,5 70 82,5 75 6,25
YcrpoiicTBO OETOHHOM HOATOTOBKH IO TOJIBI (5,7) 10 85 40 225
MoHTaxX 6JI0KOB TOKPBITHI (5,6) 55 67,5 60 6,25
YcrpoiicTBo KpoBin (7,8) 20 45 30 25

MoHTaX CTEHOBBIX MaHEIEH

(7,9 25 37,5 30 6,25

MoHTaX OTONMUTEIBLHBIX CUCTEM

(9,10) 130 155 140 25

3anoyiHeHHe IPOEMOB, OKOH, (oHaper

9,14) 100 150 120 100

DNEKTPOOCBEIEHIE, MOHTaX IIEKTPOCHIOBOro obopymosanus | (9,11) 105

117,5 | 110 | 625

MoHnTax BOJONPOBOJA M KaHAJIU3alIUH

9,12) | 90 140 | 110 | 100

OTnenovsbie paboTh

(9,13) 100 200 140 400

YcrpoiicTBO (hyHIaMEHTOB 101 000pyI0BaHKE

(14,15) | 70 95 80 | 25

MOHTaX TEXHOJIOTHYECKOTO 000PYIOBAHUS

(15,16) | 130 | 155 140 | 25
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VYKaxeM HeOCTATKH JaHHOTO METOAa:
1. Ilpu HaMU4YUKM HECKOJBKUX KPUTHYECKUX ITy-
Te MOXHO MOJYYHUTh Pa3IUYHbIE PEe3yJIbTaThl, OPH-
SHTHPYSCh Ha KaXbli U3 HUX. Tak, HampuMep, eciu
051 OBLT BBIOpaH KPUTHUYECKUH ITyTh
u=1-2-4-5-6-7-9-10-14-15-16,
TO ero aucnepeust cocrasuna 6vl D[f,]1=197,75.

Torma pyKOBOJICTBO MPEANIPHUATHS MTOCTAPATIOCh OBI
MJIAHOBBIM CPOK YBEJIWYUTb HAa 5 IHEW AJs JOCTH-
KeHust  pesynbrara P(f, <605)=0,922521.  Oue-

BUJIHO, YTO TIPH HAJMYUU HECKOJIBKUX KPUTHYECKUX
MyTel cieayer BEIOMpaTh Uil pacueToB MyTh C HaU-
Ooutbeil nucnepcuei.

2. JlaHHBIA METOA HE SIBIISIETCS YHHUBEPCAJb-
HBIM, TIOCKOJIBKY HEINb3sl TapaHTUPOBATh, YTO KpH-
THYECKHH TIyTh MPOEKTa OCTAHETCS HEM3MEHHBIM
MIPH CIOy4alHbIX MNPOAODKUTEIBHOCTSIX paboT c
OospIIMMH  TUCTIEpCHAMH. [HWrmore3a o TOM, dTO
KPUTHUYECKUH CpPOK MpPOEKTa HMEET HOPMalbHBIMN
3aKOH pachpe/iesieHus, He MOATBEPKIACTCS U C T10-
MOIIBKO HMMHTAIMOHHBIX METOAOB HCCICAOBAHUA,
KOTOpBIE OBIIM TPOBEIEHBI aBTOpamu. Ha pazmmy-
HBIX CETEBBIX IpaduKax OBUTM TMOIYYEHBI pas3iny-
HBIE 3aKOHBI pacmpefeneHusi (B TOM 4YHCIE HOp-
MaJIBHBIA U JIOTHOPMAJIBHBIN 3aKOHBI).

3. IlpuMeHeHne NAHHOTO AHATUTHYECKOTO Me-
TOAa aHaJM3a CETEBOTO Tpaduka BEI3BIBACT OOJB-
e CIOKHOCTH NPU APYTHX 3aKOHAX pacrpesene-
HUSI BPEMEHH BBITIOJIHEHUS KaXKIOW paboThI, OTIHY-
HBIX OT OeTa-pacmpeseeHusl.

4. Kak Oyner mokasaHo Jaiiee, MOJIyYeHHBIN
CPOK 3aBEpIICHUsI IPOEKTA ABJISETCS 3aHUKEHHBIM U
Ha caMoM Jiesie He o0namaer TpedyeMoi HaaexHO-
cthio 0,9.

2 HmumayuoxHblil Memoo uccied06anus ee-
DPOAMHOCMHO20 cemesozo zpaghuka

B ocHOBY aHanm3a BEpOATHOCTHOTO CETEBOTO
rpaduka MMOJIOKEH METOJ CTATHCTHYECKUX HCITBITa-
Huit Monre-Kapno [2], [3]. CyTs 3TOro Meroma co-
CTOUT B TPOBEICHHUU PSAAa DKCIICPHUMEHTOB, B KaXk-
JIOM W3 KOTOPBIX pa3bIrPhIBAIOTCSA 3HAYCHHUS MPO-
JIOJDKUTENBHOCTEH Kakaoi paboTel. COBOKYIMHOCTh
9THX 3HAYEHWH ONpeAeNseT MNPOJIOIKUTEILHOCTD
MpoeKTa B LeJIoM (KpuTndeckuid cpok). [Ipu mocra-
TOYHO OOJIBIIIOM KOJMYECTBE CTATHCTHYECKHUX OJKC-
MIEPUMEHTOB M TIOcienyromei o0paboTke uX pe-
3yJIBTaTOB, MOKHO MOJYYWTHh BBIOOPOYHBIE Xapak-
TEPUCTUKN KPUTHIECKOTO CpOKa: CpelHee, CTaH-
JapTHOE OTKJIOHEHHE M T. . MOXXHO TakKe aHaH-
3UpOBaTh 3aKOH PACIPENEIEHUs 3TOH CIydailHOM
BEIMYMHBI HAa OCHOBAaHUHM PAa3IHYHBIX KPHUTEPHEB
corjiacus, OHNpeaACIUTb BCPOATHOCTL BbIIIOJTHCHUA
MPOEKTa B 3aINIAHUPOBAHHBII CPOK.

Jna peanuzammu merona Monre-Kapno mpen-
Jlaraercsl WCIIOJIb30BaTh CUCTEMY HMHUTAIIOHHOTO
mozaenupoBanust GPSS World, koropas obGecrme-
YMBAET T€HEpAlMIO CIly4alHBIX YHCENl COIJacHO
3aJaHHBIM  3aKOHaM paclpefelieHus, cOop #
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npe/BapuTeIbHyI0 00pabOTKy pe3yJIbTaTOB 3KCIie-
PUMCHTOB, yIOOCTBO 3aJaHUs JIOTUYECKOW 3aBHCH-
MOCTH padOoT JIPYT OT Jpyra U pacueTa KPUTHICCKO-
ro cpoka mpoekra. Ha stame oOpaboTku pe3yinbTa-
TOB KCIIEPUMEHTOB MOXXHO TTOJKIIOYHTE TPUIIOKE-
Hue MS Excel u ucnonp30BaTh €ro MHMPOKHE BO3-
MO>KHOCTH JUTSI CTATHCTHYECKOTO aHAJTN3a.

AJTOPUTM MUMHUTAIHOHHOTO HCCIIEIOBAHUS BE-
POSITHOCTHOTO CeTeBOro rpaduka BKIOYAET Clie-
JYIOIINE [I1aru:

1. Pa3paboTka UMHUTALIMOHHONW MOJEIH CETEBO-
ro rpaguka Ha si3bike GPSS.

2. IlpoBeneHue psjga SKCICPUMEHTOB Ha 3TOU
mozenu B cucreme GPSS World. TIpensapurensHas
00paboTKa pe3ysIbTaTOB 3KCIIEPHUMEHTOB CPEICTBA-
MU CHCTEMBI.

3. IlepeHoc pe3ynbTaToOB SKCIIEPUMEHTOB B Ex-
cel u Goee neTANBHBIN UX aHAIH3.

VYmobcrBo wmcrnonp3oBaHusa s3eika GPSS s
MOJICTUPOBAHUS CETEBBIX TPAPHUKOB OOBACHACTCA
HAJIMYUEM B JaHHOM sI3bIKe OJIOKOB JJIsI paciierie-
HUS ¥ 00beIuHEHHS TPaH3akToB [4]. IIpu aTom G10K
SPLIT (PacmienuTs) Ucmonb3yeTcs, KOraa U3 OJIHO-
r0 COOBITHS BBIXOIAT HECKOIBKO padot (puc.3). [Ipu
9TOM I KaXIoiW pabOThl CO37aeTCs OTACIbHAS
KONMS TpPaH3aKTa, KOTOpas 3aTeM 3aJIepPKUBACTCS
o6nmokom ADVANCE (3anmepxath) Ha ciydaiiHoe
BpEMsI BEITIOTHEHUS 3TOW paOOTHI

NODE4  SPLIT
9 WORK45 ADVANCE

e @ DALEE  TEST P1,2,WORK47
WORK46 ADVANCE ...

@ WORK47 ADVANCE

2,DALEE, 1

Pucynok 3 — Ucnons3oBanue 6moka SPLIT

bnox ASSEMBLE (Cobparts) wucnonbzyercs
JUIl UIMHUTAIMM HACTYIUIEHUsI COOBITHS, B KOTOPOE
BXOJISIT HECKOJIBKO paboT (puc.4). DTOT OJOK OXKH-
JlaeT TOCTYIICHUsS] TpeOyeMOro 4nciia TPaH3aKTOB U
0o0bEeMHSACT UX B OJHH, KOTOPBIH M IIPOAOJDKACT
IBIDKeHHe. TakuMm 00pa3oM, yKa3aHHOE COOBITHE
HACTyIaeT TOJIKO TOTZAA, KOTZA 3aBEepLIAOTCS BCe
BXOJISIIIINE B HETO pabOTHI.

NODE9 ASSEMBLE 3

)
/

Pucynok 4 — Ucnonp3oBanue 6;oka ASSEMBLE

Jnst 3amanust Oera-pacrpeneNieHns] UCTIONb3Y-
ercst QyHkius s3pika PLUS, pacmmpsiiomnero cras-
JapTHBIE BOBMOXKHOCTH si3b1ka GPSS:

BETA(RN, min, max, a , ),
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rae RN, — HOMEp HUCIONL3yEMOro IFeHEparopa pas-
HOMEpHBIX CIy4YaiHbIX 4HCeN, min=a U max=b —
ONTHUMHUCTUYECKHMA W TIECCUMHCTHUECKHH CpPOKHU
BBITIOJTHEHHS PaOOTHI (MCIOJIB3yeTCsl BTOPOH CIIoco0
3amanus  Oeta-pacmpezeneHus), a=p+1=2;

P=q+1=3.

Vimuranys BBIIOTHEHNS TIPOEKTa HAYMHACTCS C
TeHepalny TPaH3aKTa, KOTOPHIH MOCTyIaeT B OJIOK,
COOTBETCTBYIOIIIMA HCXOIHOMY COOBITHIO. 3aTteM
TPaH3aKT MPOXOJUT BCE OJOKH, UMUTHPYIOIINE pa-
0O0THI 3aJIePKKON Ha CIIydaifHOe BpeMs UX BBIIOJHE-
Hus. [lapannensHoe BBITOTHEHNUE U JOrMYecKas IMo-
CJIE/IOBATENILHOCTh  paboT 3aJaloTcsl  OJI0KamMu
SPLIT u ASSEMBLE. Takum 006pa3om, BpeMs mo-
CTYIUICHUS] TPaH3aKTa Ha 3aBepliaroliee COObITHE U
SIBJISIETCSI CPOKOM BBITIONIHEHHUS MTPOEKTA MPU pasbl-
TPaHHBIX TIOCIEIOBATEIHHOCTIX PadOT. DTO BpeMs
coxpansiercs B (aitne wim pukcupyercs B Tabimie
GPSS, a TpaH3aKT mepemaeTcss Ha UCXOIHOE COOBI-
THE IUIS BBITIOJTHEHUS! HOBOTO CTaTHCTHYECKOTO IKC-
nepuMeHTa. KonndecTBo 3KCIIepruMEHTOB PeryIupy-
eTcsl ¢ TOMOUIBI0 cYeT4yHnKa IuKia u 6noka LOOP
(Huxo).

O0bexT «Tabmmmnua» sa3pika GPSS mossossger
paccunTath BBIOOPOYHOE CpeiHEee M CTaHIapTHOE
OTKJIOHEHHE, a TaKKe IOCTPOHMTH BapHALIOHHBIN
psan. Ha pucynke 5 mokazan ¢parMeHT oTyera CHc-
tembl GPSS mo mMozmenu mMonoroBoro kopmyca, na-
pameTpsl paboT KOTOPOTo NMpHUBEAEHBI B Tabmuie 1.

B tabmune ¢ umenem TA Obuti coOpaHbI 3Ha-
YeHHs CpOKa BHIMONHEHUs mpoekTta it 1000 mpo-
BEJCHHBIX SKCIEPUMEHTOB. B pesynbrare BRIOOPOU-
Hoe cpemHee (MEAN) KpHUTHYECKOTO CpOKa paBHO

t,, =609,589, a
(STD.DEV) pasno o,, =18,490. [lanee nokasaHbl

JTMara3oHbl, Ha KOTOpbIe ObUIa pa3duTa OCh 3Haue-
Hui kputndeckoro cpoka (RANGE) u wactoTsl mo-
MajJaHusl JaHHOW CIydYallHOM BEIMYMHBI B 3TU JIMa-
naszonsl (FREQUENCY). Beibopounyio BeposT-
HOCTH BHINIOJTHCHHS TIPOEKTAa B 33JaHHBIA CPOK MOXK-
HO OTIPENIENINTH, €CIIH CIIOKUTh BCE YACTOTHI IO MH-
TepBajiaM, MEHBIINM 33JaHHOTO CPOKa, M Pa3[IEIUTh

CTaHJapTHOC OTKJIOHCHHEC

TAELE
T4

HE AN
609,589

3TD.DEV.
15.450

260
S70.
580.
590.
600,
610,
6z0.
630,
640,
650,
660,
670,

.0oo

ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo

Ha o0lIee KOJIMYECTBO IKCIIEPUMEHTOB. Tak, Bepo-
STHOCTh BBITIONHEHHSI MPOEKTA B CPOK, KOTOPBIH

npepnaran 6ask (7,7 = 600 ), paBHa

P(t, <T"")=(1+17+39+94+144)/1000 = 0,295,

a BEpPOSATHOCTH BBITIOJIHEHHUS TIPOEKTa B CPOK, KOTO-
peIii OBLT OMpENeNeH 10 aHAIUTHYECKOW MOIETH

(I, =620 ), paBHa
P(tlb < ]’VzlL'laH) —
=(1+17+39+94+144+203+212)/1000=0,710.

TakuMm 00pa3oM, pe3yIabTaThl UMHTAIHOHHOTO
MOJIETUPOBAHMS ITOKA3bIBAIOT, HYTO CPOK Hadajia
BO3BpaTa KpeAuTa, MpejylaracMblii OaHKOM, HEJNb3s
NPU3HATh YIOBJICTBOPUTEIbHBIM, TaK KaK BEPOST-
HOCTb 3aBEPILICHUS CTPOHUTENBCTBA MOJIOTOBOTO
KOpITyca B 3TOT CPOK O4YEeHb Mana. Pe3ynbraTsl mia-
HUPOBaHMS Ha AaHAINTHUYECKOW MOJENM TaKkXkKe He
COOTBETCTBYIOT BBIABUHYTHIM paHee TpeOOBaHHAM
Ha/Ie)KHOCTH (BEPOSITHOCTH BBINOJHEHUS B IUTAHO-
BBIH CpoK noipkHA ObITh He Hipke 0,9). ITo pesynbra-
TaM MOJENMPOBAHUS JIETKO IT0A00PaTh TAKOE 3HaYe-
HHUE IUIAHOBOTO CPOKa, MPU KOTOPOM 3TO YCIOBHE

Beinonuserca: 7,7 = 640.

P(t, <T;"")=
=(1+17+39+94+144+203+212+152+94)/1000=
=0,956.

TaxkuMm 00Opa3om, pe3yIbTaTOM UMHTAMOHHOTO
METOJja MCCIEJO0BAHUA BEPOSTHOCTHOIO CETEBOrO
rpaduka MOJOTOBOTO KOpITyca OyIeT IpeiosKeHHe
MIPUHATH CPOK OKOHYAHWS MPOEKTa, paBHBIA 640
JTHSIM.

Crienyer OTMETHTh, YTO NPOLECC MMMTAIMOH-
HOTO MCCJICIOBAHUSI HE OrPAHUYMBAETCSl TOJBKO
pa3pabOTKON MOAENU U OJHOKPATHBIM €€ BBIIIOJIHE-
HUEeM. BaxHoil nmpo0iieMoii HMHTAIlMOHHOTO MOJie-
JMPOBaHUA SBJIAETCS JO0Ka3aTeIbCTBO aJeKBaTHOCTH
MOJENY, YTO He BCerja yaaercs clenars. B nannom
IIpUMepe apryMEHTOM JUIs JI0Ka3aTelbCTBA aJleK-
BaTHOCTH MOJKET CITY>KHUTh HNPUHIUIHAIEHOE COOT-
BETCTBHE PE3yIHTATOB AaHATUTHUCCKOTO ¥ MMUTALH-
OHHOTO METO/Ia PEIICHHUS.

RANGE RETRY FREQUENCY CUM.%
]
= 560,000 1 0.10
= 570,000 17 1.80
= 580,000 39 5.70
= 590.000 94 15.10
= 600, 000 144 29.50
= 610.000 Z03 49.80
= 620,000 z1z 71.00
= 630.000 152 S6.20
= 640,000 94 95.60
= 650,000 35 99.10
= 660,000 7 99.80
= 670. 000 u] 99.80
= 680,000 Z 100.00

Pucynoxk 5 — @parment otueta cucreMsl GPSS no Mogenu MonoToBoro kopiyca
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Haanuposa/me eréumublx yC/lO@MI; Ha OCHOBe Memooa UMUMAYUOHHO20 /l'iOd@JlLlpOGalluﬂ BEPOAIMHOCMHO2C0 cemesoco EPGdJMKd

Taxske Bceraa BOSHUKAET BOMPOC O «IOCTATOUHOM
KOJIMUECTBE DKCIIEPUMEHTOB, KOTOPBIE JIOJDKHBI
OBITH TMPOBe/IeHbl Ha MoJeH. [10CKONIBKY B TaHHOM
NpUMepe yBEIWYEHHE YHCIIa OKCIEPUMEHTOB He
BBI3BIBACT TPYJHOCTH B NMPOTPAaMMHPOBAHUM, W HE
BEZET K 3HAYMTENBHBIM 3aTpaTaM MOJICIIFHOTO Bpe-
MEHH, OCTaBUM OOCY)KJIEHHE 3TOT0 BOIPOCa 32 paM-
KaMH JaHHOH pabotel. [loguepkHEM TOIBKO, YTO
aBTOpaMH JIaHHBIE HCCIICIOBAHHS MPOBOIWINCH, U
Obu10 TpU3HaHO, 4To 1000 3KCIIEPUMEHTOB Ha MO-
ACIN ABJIICTCA BIIOJHE AOCTATOYHBIM JIsA MOJIy4Ye-
HU TEX BBIBOJOB, O KOTOPLIX MIJIa peUb.

O0mbekT «rabnuua» s3bika GPSS npencrasiser
yke 00paboTaHHBIE Pe3yNbTaThl SKCIEPHMEHTOB (B
YaCTHOCTH, OHM CrPYNIIUPOBaHBI IO HHTEpBaJaM
3HavyeHni). Jlinst Oonee NETaNbHOTO HCCIeOBAHMS
9THX pe3yJbTaTOB CIeIyeT MX COXpaHUTh B (aiine,
COJIEPKHUMOE KOTOPOro 3aTEM MUMIOPTHPOBATH B MS
Excel wm B apyroe cnenuaibHOE MPHIOKEHHUE IS
00pabOTKK CTAaTUCTHKH. Tak, UCIONB3YS HAACTPOM-
Ky Excel «llaker aHanm3a» MOXXHO ONpEAETHUTH H
JpyTHe XapaKTEepPUCTUKW MOJYYEHHOW BBIOOPKH,
MOCTPOUTH TUCTOTpamMMy. C MOMOIIBI0 HECIOKHBIX
pacyeToB M CTaHAAPTHBHIX (yHKUMIT KaTteropuu
Cmamucmuyeckue  BBINOIHAETCA  HCCICIOBAaHHE
3aKOHA pPaCIpe/eICHUs] KPUTHYECKOTO CpPOKa C T0-
MOIIIBIO PA3INYHBIX KPUTEPUEB COTIIACHSI.

3 Ananusz y¢ppekmusnocmu memoooe nianu-
Pposeanusa cpoka Hauana 603epama Kpeouma

ITockonbKy CPOK 3aBEpIICHHMS MPOEKTa SIBISAET-
Csl CIIy9aifHOW BEJMYMHOM, OIeHKa Y(PPEKTHBHOCTH
€ro IUIAaHWPOBAHUS 70 MOMEHTA pealn3aly MPOeK-
Ta BEChbMa 3aTPyJHMUTENIbHA, a MOCJE €ro peain3a-
UM — HUKOMY He HyxHa. [loaTOMy npenyaracmbli
Jlaee mojaxo K oneHke 3(QQEeKTUBHOCTH IUIAHUPO-
BaHMs MOXXHO paccMarpuBaTh Kak MpeaBapUTEIb-
HBII 1 OPUEHTUPOBOYUHBIH.

[Tycts 00BeM kpeanta coctasisier V=5000000
y.€., CPOK BO3BpaTa KpeauTa C MOMEHTa Hadalla ero
BbIIAaThl 7=5 ner. IlycTh Juis NpOCTOTHI BBIILIATA
MIPOIIEHTOB M JOJHM KPEANTa MPOHCXOAUT B KOHIIE
Kaxgoro roga. Torma oOmasi cymMMa IIPOLIEHTOB,
KOTOpBIE CIIEIyeT BBIIATUTH M0 JAHHOMY KPEIHTY
B Cllydyae [JCHCTBUS IEPBOM INPOLECHTHOM CTaBKU
p1=0,1 (xorzma mpenmpusTHe BOBpeMSI HAYHMHAET BHI-
TJIaThl) COCTABIISCT:

lT—l'
0 =Vp, T__Zl >
T3

a B Clly4ae JEHUCTBUS BTOPOW INPOLICHTHOM CTaBKU
p>=0,2 (utpadHbie CaHKIUK)

1 -1 .
0,=Vp,| T __Zl
T3
[TosToMy mOTEpH, KOTOpBIE MOHECET MPEANPUITHE

NPY HACTYIUIEHUU MTPAa(HBIX CAHKIMHA MOXHO Olle-
HUTb CYyMMOM

1 -1 )
0,-0,=V(p,—p) T_le
i1
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OTH noTepu NpenupusATHe HOHECET B Cllydae, eCiH
peaybHBIi CPOK 3aBEpLICHUS] TMPOEKTa OKaXKETCs
Oombllle 3aIUIAHUPOBAHHOIO, MOITOMY CIydalHYIO
BEJIMYMHY «O0BEM IOTEPH» MOXKHO OIICHUTDH BBIpa-
KEHUEM

1 = . naamn
Z=V(p,—p) T“?Zl P(t¢,>T' )=
i1

1 -1
=V(p,-p,) T—FZi [1-P(t, <T™)].
i=1

B Tabmune 2 Ha OCHOBaHMHU JaHHOW (OPMYIIBI
paccunTaHbl OOBEMBI MOTEPh JUIA TPEX ITAHOBBIX
CPOKOB (IIPETIOKEHHOTO OaHKOM, pPacCUYMTaHHOTO
AHATUTHYECKUM METOJOM M PaCcCUUTAHHOTO MMHUTa-
LUOHHBIM METOJOM). BeposTHOCTH BBINOIHEHUS
IIPOEKTa B 3aJaHHBIA CPOK ONPEACIINCH 10 UMHU-
TAIMOHHOM MOJIeNN, KaKk Haubosee y4HUTHIBAIOLICH
CJIOKHOCTB HCCIIEyEMOTr0 Ipoliecca.

Tabmuna 2 — CpaBHeHUe 3 PEKTUBHOCTH
TUTAHUPOBAHMS CPOKaA Havasa BO3BparTa

KpenuTa

HanmenoBanue Tnanoserit Orenka
MeToza (;925; P, <T"")| norepsb

TUTAHUPOBAHUS . (2),y.e.

IIpennoxxeHnue

0aHKa 600 0,295 1057500

IAHATTUTHYECKHUI

METOJ, 620 0,710 435000

IIMHTAITMOHHEIH

METO/ 640 0,956 66000

Ilo pesynpTaTtam, NpeAcCTaBIEHHBIM B 3TOU
Tabnuie, MOXHO CIeNaTh BBIBOJ, YTO HEPEXOi OT
TUTAHOBOTO CPOKa, MPE/IaraeMoro 0aHKoM, K CPOKY,
MOJly4€HHOMY MMUTALUOHHBIM METOJOM, JAaeT JKO-
HOMHIO

1057500-66000=991500 y.e.,
a K CPOKY, MOJTy4€HHOMY aHATUTHIECKIM METOJIOM,
1057500-435000=622500 y.e.

3aknwuenue

B nanHolf paboTe Ha IPOCTOM MpUMEpe Mpo-
JIEMOHCTPHPOBAH METOJ WMHTAIMOHHOTO MOJIEIH-
pOBaHHsI BEpPOSITHOCTHOTO ceTeBoro rpaduka. [Ipu-
MEHEHHE ITOT0 METOJa JaeT BO3MOXKHOCTh 00OCHO-
BaTh IUIAHOBBIA CPOK Hayaja BO3BpaTa KpeaWTa,
KOTOPBIN SIBISIETCSI OJTHUM M3 HapaMeTpOB KPEAWT-
HOTO J0TOoBOpa MO (PMHAHCHPOBAHWIO WHBECTHIH-
OHHOTO 00BekTa. ClenyeT OTMETUTh, YTO MIPUMEHe-
HHE MMUTALMOHHOTO METOJa MO3BOJISIET HCIOIb30-
BaTh JIIOOOH 3aKOH pacIpeaeicHus Il KaXa0i pa-
00ThI ceTeBoro rpaduka, He TpeOyeT MpeoNoKe-
HUHM O HEM3MEHHOCTH KPUTHUYECCKOI'O MyTHU U HC HaA-
KJIaJbIBaCT OTPaHUYCHHUH Ha CTPYKTYPY CETEBOTO
rpaduka. B3BemeHHoe 1 00OCHOBaHHOE IUTAHUPO-
BaHME CpOKa BO3BpaTa KpeAUTa CIIOCOOCTBYET
SKOHOMHH 3HAYMTEIBHBIX CPEJCTB IIPU BBIIUIATE
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O.U. Ecvkosa, M.U. Kuxomuw

IpoLeHToB Mo KpeauTy. [lomydeHHas sKoHOMMS
CYIIECTBEHHA HE TOJBKO JUIS COCTOSIHUS (DHHAHCO-
BBIX PECYpCOB, HO U AJIS I€JIOBOM peryTaluu opra-
HHU3alUuK, WHQOpMaLus O KOTOPOH COIEepKUTCS B
KPEIUTHOW HCTOPUH M MOXKET OBITh pacKpbITa I0
3a1pocy J1000ro I0PUIUIECKOro IUIA.

JIMTEPATYPA
1. Kocmesuu, JI.C. THpOpMAIIIOHHBIE TEXHO-
JIOTMU ONTHMAaJbHBIX pemieHud : y4ye6. I[locobue /
JI.C. KocteBu4 — MH. : AkafieMusi yopaBJiIeHUS MIPH
[Mpesunenrte Pecnyonuku benapyce, 1999.

80

2. Kenvmon, B. VIMHUTaIliOHHOE MOIETHUpPOBA-
uue. Kimaccuka CS / B. KenbtoH, A. Jloy. — 3-¢ u3a.
— CIIO. : TTurep; Kues : BHV, 2004. — 847c.

3. Poircuxos, FO.M. IMuTalmoHHOE MOJEIH-
posanue. Teopus u texnonoruu / FO.1. Peokukos. —
CII6. : KOPOHA mpunT; M. : Anbprekc-A, 2004. —
384 c.

4. Ulpaioep, T. /. MognenupoBanne Ha
GPSS / T.JIx. Ilpaiibep. — M. : MammHOCTpOCHHE,
1980.

Hocmynuna 6 peoakyuro 20.07.10.

IIpo6remvr uzuku, mamemamuru u mexnuxu, Ne 3 (4), 2010



IMPABHWJIA JJISA ABTOPOB

Crarbsi, HarpasisiemMasl B pefakiuio xypHaia «[IpobneMsl Gpu3nku, MaTeMaTHKU U TEXHUKH», TOJDKHA CO-
OTBETCTBOBaTh ero npodwito. OHa IpencTaBiIsIeTcs Ha PyCCKOM, OEIOPYCCKOM HITH aHTJIMHCKOM SI3bIKaX B JIBYX
JK3eMIUIsIpax Ha Oenoi Oymare ¢opmara A4 ¢ mpoHYMEpOBaHHBIMU cTpaHuiiaMu. OTHOBPEMEHHO B PEAAKIIHIO
HAarpasysieTCsl 3JIEKTPOHHBIA BapHaHT craTbu Ha auckere 3,5" wnu CD, wnu mo anexTpoHHO# noure (e-mail:
pfmt@gsu.by).

JIJ1st HOATOTOBKM CTAaThbU MOXKHO MCIIOJIB30BaTh penakTop MS Word for Windows (6.0/95/97/2000), mpudt
— Times New Roman, 14 pt, Bce momns — 2 cMm, mm cucremy LaTeX ¢ onmmeit 12pt B crangapTHOM cTue article
0e3 mepeonpenencHus ctangapTHEIX cTriei LaTeX'a n BBegeHUs: COOCTBEHHBIX KOMaH/I (BCE OIS — 2 CM).

B neBom BepxHeM yrily nepBOW CTpaHULbI cTaThu cTaBUTCA MHAEKC YK, HMXKe 0 LEHTpY Ha PyCCKOM U
QHTTIMHCKOM S3bIKaX: Ha3BaHWE CTAThbH IPOIMCHBIMHU OYKBaMH, HHUIMAIB! M (JaMUIus aBTopa (aBTOPOB), Ha3Ba-
HUE OpTaHMU3aIMH, B KOTOPOii OH (0HM) paboTaer, aHHOTaIus (10 10 cTpOK) U nepedeHb KITFOUYEBHIX CIIOB.

Cratbsl, KaK NpaBUIIO, I0JDKHA COAEPIKATh: BBEICHUE, OCHOBHYIO YacTh, 3aKJIFOUCHUE U JINTEPATYPY.

HasBanue crartby JOIDKHO OTpaXkaTh OCHOBHYIO HUCI0 HCCIIEI0BAHUS, OBITh KPATKHM.

Bo BBeneHunu maercs Kparkuii 0030p JMTEpaTypbl, 0OOCHOBBIBAETCS LIENb PadOTHl U, €CIIM HEOOXOIMMO,
OTpakaeTcsl CBA3b C HAYYHBIMH M IPaKTHYECKUMH HampaieHHsMH. OOsS3aTeNbHBIME SBISIOTCS CCHIJIKM Ha pa-
0OTBI JPYTHX aBTOPOB, MTyOIMKALMK OCJIEAHUX JIET B 00JIaCTH UCCIIEIOBAHHMS, BKIIIOYAs 3apyOeKHbIE.

OCHOBHas1 4acTh JIOJDKHA COZEpKaTh ONMCAHWUE METOJHMKH, OOBEKTOB MCCIIEIOBAHMS C TOYKH 3PEHUS UX
Hay4HOH HOBM3HBI. OHA MOXKET AENUTHCS Ha MOAPA3eIbl (C Pa3bIACHIIOINMH 3aroJI0OBKaMi) M COJIep)KaTh aHa-
113 MyOMUKanuii, OTHOCSIIMXCS K COAEPKAHUIO TAaHHBIX MOAPAa3/IeNIOB.

DopMyITbl, PUCYHKH, TaOIUIBI HYMEPYIOTCS B Tpeaenax pasiena, Hanpumep: (1.1), (2.3), pucynok 1.1,
tabnuua 2.1. Jlonyckaercst CKBO3Hasi HyMepalusi pUcyHKoB 1 Tabnui. Hymepauuu noiexar Toibsko te Gpopmy-
JIbI, Ha KOTOPBIE UMEIOTCS CChIIKH. HoMep GopMyiibl IprkuMaeTcs K MpaBoMy Kparo CTPaHHLBI, a cama hopMy-
Ja neHTpupyercs. PUCYHKH 1 TaGIUIbI paconaraloTCcsl HEIOCPEICTBEHHO B TeKCTe. Pa3mep pucyHKoB u rpadu-
KOB He JoipkeH npesbiath 10x15 cm. [oiyToHoBBIE (hoTOrpaduu A0HKHBI KMETh KOHTPACTHOE N300pakeHHE.
HOBTOpeHI/Ie OJHUX U TEX XK€ NaHHbIX B Ta6m/1uax " pUCYHKaX HE JOITYyCKaCTCA.

Kaxnast Tabnuia g0oJKHA MMETh 3arojioOBOK, B HEH 00s3aTeNIbHO YKa3bIBAIOTCS €IMHUIIBI U3MEPEHHs pac-
CMaTpuUBAacMbIX BCJIMYUH. Pa3MepHOCTb BCCX BCJIMYMUH JOJIXKHA COOTBCTCTBOBATH Me)KZlyHapOZlHOfl CHCTEMC
ennann m3mepennii (CH). He nomyckaercst cokparieHue ciioB, KpoMe OOLIETPUHSTHIX (T. €., U T. A., U T. IL.).

B 3axmouennn B cxxatoM Buze GpopMyHpyrOTCsl MOJTyUYEHHBIE PE3yNIbTaThl, X HOBHU3HA, IPEUMYIIECTBA U
BO3MOKHOCTH IPAKTUYECKOTO MCIIOIb30BaHUSI.

Criicok nuTepaTypsl JODKEH COAepkKaTh MOJHBIe OuOnmorpadudeckue qanHeie. OH COCTaBIAETCS B IMO-
psilike YIIOMHHAHHS CCBUIOK B TeKcTe. CChUIKM Ha HEOITyOIMKOBaHHBIE pabOTHl He AOIycKaroTcs. CChIIKH JaroT-
Csl B OPUTMHAJIBHOHN TpaHciurepanuu. [TopsakoBble HOMEpa CCHUIOK IO TEKCTY YKa3bIBAIOTCS B KBaApaTHBIX
ckoOkax (Hampumep, [1], [2]).

CraTbsl MOANKCHIBAETCS. BceMu aBTOpamu. K craThe mpuiararorcst CBeJeHUs1 00 aBTOpax M 9KCHEPTHOE 3a-
KJIFOUCHUE O BO3MOKHOCTH OITyOJIMKOBAaHHS CTaThbH B OTKPBITON MEYATH.

CgezneHust 00 aBTOpax MPEACTABISIFOTCS Ha OTAEIBHOW CTPAaHUIIE M COJEpXkaT: (paMUIIUI0, UMS, OTYECTBO
aBTOpa (aBTOPOB), YYCHYIO CTEIIEHb, 3BaHHE, MECTO PA0OThI U 3aHUMAEMYIO JIOJDKHOCTD, CIICIIMAIIMCTOM B KaKOM
00J1acTH sIBJISIETCS aBTOP, ITOYTOBBIM MHIEKC W TOYHBIA aapec Ui MEepernucKH, TesedoHb! (CayXeOHbIH U 10-
MaIIHHKR), aipec 3JIeKTPOHHON NouThl. ClienyeT yka3aTb aBTOpa, ¢ KOTOPBHIM HY>KHO BECTH IEPENHCKY U HaIpaB-
JICHUE, K KOTOPOMY OTHOCHUTCS IIpeJicTaBieHHas pabora ((pu3nka, MaTeMaTHKa, TEXHHUKA).

[NMocTynuBiIas B peJjakuuio CTaThs HApPaBISIETCsl HA PELeH3UpoBaHue. B cirydae e€ OTKIOHEHUS pelaKiys
cOO00IIAaeT aBTOPY pPEIICHHE PEIKOUICTHH M 3aKII0UEHHE PEIEH3CHTa, PyKOIHCh aBTOPY HE BO3BpamiaeTcs. Pe-
IIEHUE O IOPaOOTKE CTAaTbU HE 03HAYAET, YTO OHA NMPHHATA K redaTth. [locie 1opaboTKH cTaThs BHOBb paccMart-
pHYBaeTCs PElIEH3eHTOM U PEIAKIIMOHHOM KOJIETHen.

Penakiust ocraBisieT 3a coOOM NpaBO MPOM3BOAUTH PEJAKIMOHHBIE M3MEHEHUS M COKpAILCHUS, HE HCKa-
JKAOIINE OCHOBHOE COJEPKAHUE CTAThH.

CTaTl)l/I, HE OTBCHAIOIUC NEPCUNCIICHHBIM Tpe6OBaHl/I)IM, K paCCMOTPEHUIO HE MPUHUMAIOTCA U BO3Bpalla-
IOTCA aBTOpaM. IIaTOﬁ MOJYUYCHUA PYKOIIUCU CHUTACTCA JC€HDb IMOJTYUCHUSA pe)laKLIPIeﬁ OKOHYAaTCJIbHOT'O BapraHTa.

ABTOpBI HECYT OTBETCTBEHHOCTh 32 HAIIPaBJIICHHE B PEIAKLHUIO YK€ paHee OIyOJIMKOBaHHBIX CTaTeH Min
CTaTel, MPUHSATHIX K Ie€YaTH JPYyTUMH W3JaHusAMHU. Penakiys npenocTasiseT IpaBo MepBOOUEPEHOTO Oy OIIn-
KOBaHUS cTaTeil JMIaM, OCyLIECTBIIIOIINM IT0CIEBY30BCKOE 00ydeHHe (acIMpaHTypa, JOKTOPAHTYpa, COMCKa-
TEJILCTBO) B IO 3aBeplIeHust o0y4eHus. [nara 3a ormyOimkoBaHe cTaTeld He B3UMAETCsI.

Bcio KoppecnoHAEHIMIO CIeAyeT HampaBiIATh NPOCTHIMH HIIM 3aKa3HBIMH NHChbMaMH (OaHAEpOISIMH) Ha
a/Ipec pelaKIuy.

OO0paser; oopMIIEHHs CTaTbU, CBEJCHUI 00 aBTOpaxX M SKCHEPTHOTO 3aKITIOUCHHUS MOXKHO TIOCMOTpPETh Ha
caiite )ypHaua 1o ajapecy http://pfmt.gsu.by.

Kypnan «IIpobnemsl Gpu3nKn, MaTEMaTHKKU U TEXHUKW» BKIIOYEH B KaTaJIOT II€YaTHBIX CPEICTB MAaCCOBOM
unpopmannu Pecryonuku benapycs. Unnekce sxypHana: 01395 (uiist MHIUBHIyalIbHBIX moAnUcYUKoB), 013952
(A7 mpenpUATHIA U OpraHu3anui).
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The paper submitted to the Editorial Board of the journal «Problems of physics, mathematics and technicsy,
should meet the following requirements. Contents of a paper should be written in line with the scope of the jour-
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the margins and introduction of the author’s commands.
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readers with the analysis of the publications on the problem described in these subsections.
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