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YIAK 61.2+68.1:62.755

[ToBbIIeHNE KauecTBa, HAAEKHOCTU U JIOJITOBEYHOCTH TEXHUUECKUX CUCTEM U
TEXHOJIOruueckux mnpouecco: COOpPHUK TPYHOB MEXIYHApPOIHOH HAydHO-
TexHU4YecKoi KoH(pepeHumy, 5 — 12 nexabps 2009 r. — Xmenpauukuit: XHY,
2009.-173 c.

B cOopHHK BKIIOYEHBI MaTepHAbl MEXIYHApOJIHOH KOH(EpeHIHH
«[loBbIIIIEHNE Ka4eCTBA, HAJISKHOCTH M JIOJTOBEYHOCTH TEXHUYECKUX CHCTEM
U TEXHOJIOTMYECKUX ITIPOLIECCOBY, poBeaeHHor B Erunre B nexadpe 2009 r. B
r. Xyprazaa.

PaccmoTpeHs! mpo0ieMbl TOBBIIEHNST KAUECTBA M IPOU3BOJUTEIEHOCTH
TEXHUYECKHUX CHCTEM M TEXHOJOTMYECKUX MPOIIECCOB, MPEICTaBICHBI JOKIa bl
M0 KOHTPOJIO, AWATHOCTHKE W IPOrHO3MPOBAHMIO COCTOSIHUSI STHX CHCTEM,
OCBEIIIEHbl HEKOTOpBIE MPOOJIEMbl BUOPAIIMOHHON TEXHUKH, AUHAMUYECKOH M
CTaTUYECKOM TNPOYHOCTH, a TaKKe OJKOHOMHYECKHE W o0pa3oBaTelbHbIE
aCIIEKTHI POOJIEM.

COOpHHK paccyMTaH Ha HAaydHBIX M HMH)XEHEPHBIX paOOTHUKOB,
aCIMPaHTOB, CIHENUAIM3UPYIOMNXCS B 00JAacTH TMOBBIIIEHHS KayecTBa,
HA/IKHOCTH M JIOJITOBEYHOCTH TEXHMYECKHX CHUCTEM M TEXHOJIIOIMYECKHX
HPOLIECCOB.

Peoaxkuyuonnan konnecusn:

Boropomr A.T., n.1.H. (Ykpauna), Byoymuc A. n.1.1. (JIlutea), Cumun P.I.,
n.1.H. (Ykpauna), Porisman B.I1., 1.1.H. (Ykpauna), Cokon B.M., 1-p
(U3pamb).

Omeemcmeennulil 3a ebinyck npogh. Poizman B.I1.

VYTBEep)KAEHO K TIe4aTH COBMECTHBIM 3acenaHueM lcmomkoma
XmenpHUAIKONW 00nacTHOM opranuzanuu Coro3a Hay4HBIX W HMH)KEHEPHBIX
o0bennHeHni YKpauHbl U YKpauHckoro HanmonansHoro xkomurera |FTOMM.
ITporoxkon Ne6 ot 21 HOs16pst 2009 T.
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JAHAMUKA U ITPOYHOCTH POTOPHBIX CUCTEM

KOJEBAHUA U YCTOMYNBOCTH CUCTEMBI
«POTOP-KUAKOCTb-®YHIAMEHT»

Kuviowipbexynvt A.B., Paxmemonna A.1L., Xadxcuesa JI.A.
Hnemumym mexanuxu u mawunosedenuss MOH PK,
050010, Kazaxcman, 2. Anmamut, ya. Kypmaneaswt, 29

E-mail: almatbek@list.ru

[Ipy TPOEKTUPOBAaHUM U OIICHKE BUOPAIIMOHHBIX XaPAaKTEPUCTHUK
POTOPHBIX MAIIMH HEOOXOMUMO YYUTHIBATH KOJleOaHWs KOpmyca, T.C.
paccMaTpuBaTh JUHAMHUYCCKYIO CHUCTEMY «POTOP-KOpIyC-QyHIaMEHT» B
uenoM [1-2]. Bo MHOTHUX TEOPETHYECKUX W MPAKTUUECKUX HCCIETOBaHUSIX IO
JIMHAMUKE POTOPHBIX CHUCTEM, COJAEPKAIIUX KUAKOCTh, PACCMaTPUBAIOTCS
TOJBKO KOJIeOaHHs pOTOpa C JKUIKOCTHIO M MPH 3TOM craHWHa (pyHIaMeHT)
cuutaercs HenmoABWkHOW. Takoe gomyileHHE MNPUBOAUT K CYIIECTBEHHBIM
MOTPENIHOCTSIM ~ TIPU  OIICHKE  JUHAMHYCCKUX W KHHEMATHYCCKHUX
XapaKTEePUCTUK POTOPHOM cHUCTEMBI B IeoM [2-3]. DKcrnepuMeHTaJIbHbIE
HCCIIEIOBAHUSl TAaKUX JUHAMHYECKUX CHCTEM KaK pPOTOPHBIE CHCTEMBI,
MMOKA3BIBAIOT BAXKHOCTh Yy4uéra BHOpanmuu (yHIAMEHTa W HEOOXOIUMOCTh
pa3paboTku Mep Mo uX CHiKeHHWI0 [4]. 3mech mpemioxeHa 0000MEHHAS
MareMaTudeckass MOJieb, IO3BOJIIONIAS — MCCIEOBAaTh B3aMMOCBSI3aHHBIE
KOJICOaHUS CUCTEMBI «POTOP-KUAKOCTh-(DYHIAMEHTY» TMPH HAIHYUHA YIPYTHX
CBsI3el MEXy HUMU M (DYHIAMEHTOM MAIITUHEIL.

PaccMoTpuM BepTHKANBHBIN POTOP, YCTAHOBJICHHBIM Ha THOKOM Bajy C
AHU30TPONHBIMU YIPYTHUMH OTMIOPaMH, BpalIalONIMIACS C TOCTOSIHHON YIJIOBOM
ckopoctero Q. IlocpenctBoM 3THX oOmOp Bald pPOTOpPAa NPHKPEINIEH K
ynpyromy (yHmamenty. Porop uMmeeT IMMIMHIPUIESCKYIO TOJOCTh, YaCTHYHO
3aIOJTHCHHYIO BSI3KOH JKHJKOCTBIO C KHHEMAaTWYSCKUM K03 duimeHTOM
BSI3KOCTH V , U YCTAaHOBJIEH HA BaJly HECUMMETPHUUYHO OTHOCUTENILHO ONOp U
HMEET MEePEeKOC — HAKJIOHEH Ha HEKOTOPBIA yrojl OTHOCUTENBHO IIOCKOCTH,
MEePIEeHIUKYISIPHON OCH Bajia. YTJIOBasi CKOPOCTh BPAILEHUs Bajla CUHUTAETCA
JIOCTATOYHO OOJBIION TaK, YTO TPAaBUTAIIMOHHAS CHJIA TIPEHEOPEKIMO MaJia o
CPaBHECHHIO C IICHTPOOCKHOH CHJIOW, W IKHIKOCTh TMPUHUMAET (POpMY
HWIMHIPUYECKOTO SKHJIKOIO CJIOSi C BHEIIHUM pPaJuycoM R U paguycom
cBOOOJHOM IOBEPXHOCTH [,. B cocTosHMU TUHAMMYECKOTO PaBHOBECHS POTOP
U JKUJKOCTh BpAIlAlOTCS Kak eIuHoe TBEpPJoe Teiao. PoTop uMeer Takxke H
CTaTHUUECKYI0 HEYypaBHOBEUIEHHOCTh. llpenamonaraercsi, 4To B JBUKEHUH
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cucTeMbl (pyHZaMEHT mepeMenaercsi B rOpu30HTAIBHOM TTockocTH. Cucrema
KOOpAUHAT A)XyZ HENOJABIXKHA B IPOCTPAaHCIBE; ocd X U Y ukcupyror

TIOJIOKEHWE TOYKUM S, @ OChb Z TPOXOIUT Yepe3 och HenedOopMUPOBAHHOTO
Baja (och BpalleHus1). YTIIbI TOBOPOTA BaJla B TOYKE S B IUNIOCKOCTSIX XY W YZ
0003HaYEHBI COOTBETCTBEHHO 4epe3 o W . Bce mporuObl B HampaBiieHHH
oceil X U Y ToyararoTcsl MajJbIMH, a IEpEMENICHUSIMH B HANIPABICHUH OCU Z
npeneOperaerca. Bropas cucrema xoopauHaT O¢né cBsi3aHa ¢ poropoM. Och
¢ ecTh momsipHas OCb, OChb & TIPOHM3BOJIHO TIIPOBEJICHA YEpe3 BEKTOP
SKCIIEHTPHCUTETA Macchl LMJIHH/IpA. dyHgameHT CUNTAETCS
3a1eMII(pUPOBAaHHBIM. B paBHOBECHOM  IIOJIOKEHHUH LEHTP  TSHKECTH
dbyHIaMeHTa ¢ KOOpPAUHATAMU X, Y, COBIAJAeT C HAayaJoM HEHOJBIKHOU
CHCTEMbl KOOpAWHAT. JIBW)KEHHE KHAKOCTH OIKCHIBACTCS B IOJBMKHOI
cucTeMe KOOpAMHAT (r,p,Z), KECTKO CBA3AHHOM ¢ poTopoM. OTKIOHEHHS

JKUIAKOCTU OT IOJIOKCHUSA PABHOBECHUA, INMPOU3BOAHBIC IO BPEMCHU OT BCEX
AMIUTUTY]Q KoJiebaHuit MNPUHUMAIOTCA MaJIbIMH. C y‘IéTOM CHJI BHCHIHECTO U
BHYTPECHHEIO TpCHUA, CHUJI PpCaAKIUU KUIAKOCTHU Ha CTCHKHW NWIWHApPA
YpaBHCHUA ABWKCHHA HEYPABHOBCHICHHOI'O pOTOpa € IMOJOCTHbIO, YaCTUYHO
3aIT0JITHCHHON KUIKOCTBIO U (bsz[aMeHTa, HUMCIOT BUJ

m5<+(ne+f\]>'<+ PX+ QN Y — Gt + 0, % = Me Q2 cosQt + F,,
My + (N, + 1N )Y+ Py — QN X -G, +0,Y, =Me QesinQt + F,
AG +CQuB + (1 + 14 )0 — 1 X+ Qo B+ Sa + 03X, =
=(C-A)s Qisin(Qt— )+ M,
AB—CQuar + (1 + 11, ) B~ 1,y - Qo + S,B + 6,y =
=(A-C)5 Qcos(Qt— 7} + M, MK + pX +Ix+sa+n% =0,

M Vi + PYi + r4y+s4ﬁ +NY, = 0
ypaBHeHI/IH JBWKCHUA ) KUJKOCTU UMCKOT BU/

y_ 200 = _l?_@e-i(ﬂotw) 4 izg'e-i(ﬂotw)’
p or
5 ZQ U _ _iZ_P Qe—i(ﬂot-Hp) + Zg'e—i((lot+q)) ’
prop
p 0z
a(rU] v W _
or ago 82 npu p = const ,



C TpaHUYHBIMU YCIOBHSMHU: HA CTCHKE, BCPXHEH W HIDKHEH TpaHHUIAX
mwmHapa U =W = 0; Ha cBOOOTHOM MTOBEPXHOCTH JKUIKOCTH

[@—pQgrOUJ =0. 3gece Q=x+iy, O=a+if .
ot Ir=ry

B cnydae BBIHYKAEHHBIX KOJNEOaHHH pOTOpa, OOYCIIOBJIEHHBIX €ro
JUHEHHOW ¥  YIVIOBOM  HECYPAaBHOBCIICHHOCTHIO, ¥  aBTOKOJICOaHWI,
BBI3BIBAEMBIX HEKOHCEPBAaTHBHBIMU CHIIaMH (TUIPOJUHAMUYECKAsT CHIIA, CUJIBI
BHYTPEHHETO TPEHHUS U JIp.), 3aKOH JIBI)KEHUS MPEACTABIISETCS B BHIE

ot : ot . o .

X:Ael o +Blelwt, a :%el o +Bgelwt, Xk :A)el 0 +Bselwt,

1Ot it 1Ot it iQot it
y=Ae"™ +B,e”,| B=Ae +B,e”,| vy, =A™ +B,e"”.

BBIHy)KI[eHHBIe Koyebanus JKUIAKOCTU MOKHO IPEJACTaBUTh B BUJIC

* i(ct— * i(ot— * i(ot—

U=U"(r,2)“, v=0"(r,2)e"?, W=W"(r,z)e“"".

B pe3yabTaTC PCHICHUA ypaBHeHI/Iﬁ COBMCCTHOI'O  JIBHOKCHUA
HCYPAaBHOBCIICHHOI'O  pOTOpAa, (bsz[aMeHTa U JKHUIKOCTH  ONpEACIICHBI
BBIPpAXKCHUA COCTABJIAIOIINX CKOPOCTH 4YaCTULBI XUAKOCTH W [JaBJICHUA B
JIF000M TOYKE JKUAKOCTH, THAPOANHAMUYCCKAA CUJia U e€ MOMCHT, aMIUIUTY bl
BBIHYXJICHHBIX KOJIe0aHui u caBuru (a3 BBIHYKAEHHBIX KojieOaHui poTopa,
O6YCJ'IOBJ'IeHHI>IX €ro JMHEHHBEIM U YIJIOBBIM SKCHECHTPUCUTCTOM, aAMIUIMTYAbI
BBIHYXJICHHBIX KoneOaHui (QyHIaMeHTa, MONYYEHO XapaKTepHCTHYECKOe
YpaBHCHUE CHUCTEMbI OTHOCUTCIIBHO HCKOMOM YacTOThI @ , 1O KOpHAM
KOTOPOro onpeacisacTcsa yCTOfIQHBOCTB CUCTECMBEIL.
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K 3AJIAYE JMHAMHUKHA POTOPHOMN CUCTEMBI,
YACTHYHO 3ATIOJTHEHHOM IBYMSI
HECMEHNHNBAIOIINMHUCA KUJIKOCTAMU

Kuviowipbexynvt A.B., Paxmemonna A.1LL, Xadxcuesa JI.A.
HUnemumym mexanuxu u mawunosedenuss MOH PK,
050010, Kazaxcman, 2. Anmamut, ya. Kypmaneasoi, 29
E-mail: almatbek@list.ru

JIMHaMMKa POTOPHBIX CUCTEM C MOJIOCTSMH, YACTHYHO 3aIIOTHEHHBIMHU
CTpaTu(HUIUPOBAHHBIMA  KHJIKOCTSAMH  HEJOCTaTOYHO  u3ydeHa. Ilpum
WCCIIEIOBAHUN TUHAMHUKH POTOPHBIX CHCTEM OOJBIIMHCTBO aBTOPOB CUHTAs,
YTO KHJKOCTh, COJEpIKaIlasics B IOJIOCTH OJHOPOJHAs, TaKUM 00pa3oMm,
nmpeHeOperaroT MHOro(ha3HOCThI0 00pabaThiBaeMOro Martepuana. Bo MHOrmx
HCCIIEIOBAHMSX, TIOMHMO 3TOr0, HE NMPHUHUMAETCS BO BHHUMAaHHUE JIBHKCHUE
¢byHIaMenTa (kopiryca). B nelicTBUTEIBHOCTH TH000H (DYyHAAMEHT HE SIBIISCTCS
a0COJIOTHO HEMO/BI)KHBIM U TIOJI JIEWCTBHEM KojeOaHMI poTopa COBEpIIAaeT
JIBIDKEHUE, ¥ HE NIPUHATHE BO BHUMaHUe KoueOaHuii GpyHaaMeHTa IIpUBOIUT K
CephE3HBIM TTOTPEITHOCTSAM MPU pacuére JAUHAMUYECKHX M KHHEMAaTHYECKHX
XapaKTEePUCTUK POTOPHON CHCTEMBL.

PaccMoTpuM MacCHBHBIA POTOp, YCTAaHOBJICHHBIH Ha TMOKOM Bally W
pacIlONOKEHHBI  CUMMETPHUYHO OTHOCHTENBHO omop. [uOkmii Bam ¢
KO3(GHUIMEHTOM KECTKOCTH C, YCTaHOBJIEH Ha YNPYyroM (QyHIAMEHTE M
3aKpeIuI€H ¢ MOMOIIBI0 MOAUIMITHUKOB KaueHWsl, 00eCreunBalomnX YCIOBHE
TUIOCKOTIapaJUIEIbHOTO  JIBIDKEHHSI  poTOpa. YNIpYyrHe  XapakTepUCTUKH
MOAUIUITHUKOB ~CYMTAEM JIMHEWHBIMH C OJMHAKOBHIM KO3 QHUINEHTOM
KECTKOCTU C,. DYHIAMEHT YCTaHOBJIEH Ha YNPYIMX HM30TPONHBIX ONOpax C
ko3¢ dunmeHToM xEcTkocTH ¢ . LlmnmmHapuyeckas monocTs poTopa, BHICOTHI
h u paguyca R, 4YacTHYHO 3amONHEHA JByMS HECMEMIMBAIOIINMHUCS
KHUIKOCTAMH C KHHEMaTHYeCKMMHU KOI(QQUIMEHTaMHU BSI3KOCTH Vv, W
v,(v,>Vv,). YTrioBas CKOpPOCTh BpamleHHs poropa €, =const JOCTaTOYHO
BEIMKa TaK, 4YTO JKUJIKOCTH IPUHUMAIOT (opMy Koiblla C paanycamu
CBOOO/IHOM MTOBEPXHOCTH [, W TPaHUIbI paszena xxuakocted r, (puc.l). Porop
HUMEET CTaTUYECKYI0 HeypaBHOBENIEHHOCTh. MEXIy YIpyro# ornopoii poropa u
(yHIaMEHTOM YyCTaHOBIIEH jaemIidep ¢ KOIPPHUIMEHTOM TpeHHs y,. 31eCh
NPUHATHL  CIEAYIOIIUE JOMyImeHus: 3(P(PEeKToM CHJI  MOBEPXHOCTHOT'O
HaTsHKEHHs IpeHeOperaercs; aMIUIMTyAa KojebaHuil poropa, (yHIamMeHTa u

JKHJIKOCTEH CUHMTAIOTCS MaJIbIMHU; CHUJIbI TSXKCCTU U THUPOCKOIMMNYCCKHUE CHUJIbI
JA0CTATOYHO MaJibl IO CPABHCHHIO C OCTAJIbHBIMU CHWJIaMH; TOJIIIWHA CIIOEB

9



XKHUJIKOCTE MHOTO MEHbIIE UX BBICOTBL. B cuiay 1ByX mOCIeAHUX
BBICKA3bIBAHUH IBM)KEHHUE KUIKOCTEN MPUHUMAETCA IUIOCKUM.

JIBwkeHne poropa W (QyHAAMEHTa ONpENENsSeTcss OTHOCHTEIBHO
HEMOABIKHON CHCTeMBI KoopAMHaT  Oxyz, a J[ABIKEHUE O>KUAKOCTEH —
OTHOCUTENIBHO MOJBMKHOM cUCTeMBI KOopAMHAT O&nd , *KECTKO CBA3aHHOM C
pOTOpOM, OCh ¢ HaIpaBJ€Ha BIOJb OCH BEKTOpa 3KcUeHTpucureTa. Hauamo
KOOpJAMHAT HEMOJBM)KHOM CHUCTEMBI KOOpPAMHAaT O COBMNAJAaeT C LEHTPOM
TSDKECTH QyHIaMEHTa M 4epe3 Hero MPOXOAWT JMHHS [EHTPOB MOIIUITHUKOB
Baja mpu paBHOBecHOM mnonoxkeHun CPXK®. Yepes x u y 0003HaYeHBI

KOOpPJIMHATHI TOYKM KPEIUICHWS! HWIMHIpa K Baly (KOOpAWHATHI TOYKH O,
TEOMETPUUECKUH LIEHTp poTopa), 4Yepe3 X, M Y,— KOOpJMHATHI IEHTpa
TSDKECTH POTOpA, Yepe3 X, MU Yy, — KOOPJHMHATHI LIEHTpa TsHKECTH (yHIaMeHTa
O, . IlonoxeHue yacTUIB! KUAKOCTU ONpPENENAeTCs B IOABMIKHOM CHUCTEME
O¢né xoopmuHaTaMH I W ¢. JIBWKEHHE ITOABM)XHOW LMIJIMHIPUYECKON
CHCTeMbl KOOPIMHAT (I,@,Z) ONpejenseTcs BEKTOPOM CKOPOCTH Hayasa
KOOPIMHAT V, M BEKTOPOM MIHOBEHHOI YIIOBO# ckopoctu Q. Kpome cui

YOPYroCTH, HMHEPUUH U CHJI PEaKUUM XHUIKOCTEH, YUUTBHIBAIOTCS  CHJIBI
BHEIIIHETO TPEHUs,, KOTOpble IPUHUMAIOTCS IPONOPIHMOHAIBHBIMU IEPBOM
CTENIEHW CKOpPOCTH IIepeMelIeHus] poTopa M (yHAaAMeHTa. Y paBHEHUS
JIBIDKEHUS poTOpa U (pyHAaMEeHTa UMEIOT BUJT

MX + C(X—X,) + xoX+ K, (X— %) = meQ2 cosQt+F,,
m'y+c(y— yl) +7(oy+ kll(y_ yl) = rTEQgSinQot + Fy ’
M X + c(xl— x)+ C X + 1, % + k(X - %) =0,
My, + c(yl— y)+ c,V,+ x, ¥, +k,(y,-y)=0,
— %3(’\0 C: C0C2 .
G+6G ’ C,+GCy
TeueHne  XMAKOCTEH  HoOnmaraercss  ABYMEPHBIM M OIUCHIBAETCS
JIMHEAPH30BAHHBIMU YPABHEHUAMHU

ou. ou, V. ouU, Vv? of;
—+u, L+ -20yV, *ijjéz
ot o rdp r opr
10P .
=———L - %cog(Qt + @) — YSiN(Qt + ),
p; or
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oV, 6V VaV 1 of.
—tyu L 4+L ijVj+ZQOUj+vj—‘:

ot Far " rop v or
10P y
=———L 4+ Xsin(Qgt + @) — Ycos(Qt + ).
rp; op
o(ru;) oV,
YpaBHeHHE HEPa3PBIBHOCTH MPU p = CONst +—=0;
or op
ou; ov, V,
f = i B ] ,(i=12).
rop o r
I'paHnYHBIE YCITOBUS 3a/1a4H:
mpu r=r,=R U, .=0,V, =0;
mpu r=r, U, =U,, V,=V,,
(LY vl) 1au LY,
e e VoP2 o
1 oy,
|:_|31+Ep1902(r2_r12) vip— o :| ‘r:rl+51=
1 ou
:|:—P2 +5p2902(r27r12)+2v2p267r2:| ‘r:rﬁé s
Lé{g‘tpvt) =U1 :U2;
npu r :I’O 1272 1(}£ ﬂ \/1) 0,
rop o r
1 ou,
-BR+-pQ, (r? _ro) 2vip—= |r:rﬂ+§o((p,1):O7
2 or
8§U(co.t):ul .
ot °

Pemenust yka3aHHBIX ypaBHEHUH COBMECTHOI'O JBMIKEHHSI CHUCTEMBI
Pa3bICKUBAIOTCSI B BHJIE PSAJOB IO CTEMEHSM MajblX BO3MYIICHHH, TJE B
KauecTBe MOPOXKIAIONIET0 JBUKEHUSI PACCMATPUBAETCSl BPAICHUE JKUIKOCTH
Kak TBEPIOrO Teja, a peIIeHUs IEPBOrO MPUOIMKEHUS PA3BICKHUBAIOTCS
METOJIOM Teopuu MIOrPaHUYHOr O ciosl. [Ipu OTIpeNIeIeHu U
TUAPOJMHAMUYECKMX CHJI YUYUTHIBAIOTCS HOPMaJIbHBIE U KacaTesIbHbIE
HaIPsDKEHUS! HA CTEHKaxX poTopa.

UccnenoBanue ypaBHEHWI JBIXKCHHS poTOpa ©W (QyHIaMEHTa W
MOJIYyYEHHOTO W3 HEro XapaKTepUCTUYECKOrO ypaBHEHUS  IO3BOJISIET
ONpeJIeNIUTh 30Hbl HEYCTOMYMBOCTH JIBUKEHHUS POTOPHOM CUCTEMBI U BIIUSIHUE
Ha WX KOH(UTYpaIMIO pa3IUYHBIX MapaMeTPOB, TAKUX KaK, YHUCIO 00OpPOTOB
poTopa, COOTHOIIIEHHE 00BEMOB KHUIKOCTEH U Jp.
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ROTOR TO BEARING RUBBING DIAGNOSTICS
OF HIGH POWER TURBOUNIT

Wrtautas Barzdaitis Kaunas University of Technology, Kaunas, Lithuania:
vytautas.barzdaitis@ktu.lt ; Jurgita Grigoniené, Rimatas DidZiokas, Klaipéda University,
Klaipeda, Lithuania: jurgita.grigoniene@gmail.com, Rimantas.Didz okas@ku.lt

1. Introduction. The study concerns high power generating steam
turbines-generator bearings failures, causalities that caused bearings failures
and anadysis results before-after overhauls. The stationary condition
monitoring, protection and diagnostic systems (MDS) operation is based on
rotor system mechanical vibration and technological parameters measurements
and anaysis[1, 2]. The object is 110MW power turbo unit at rated speed 3000
rpm and MDS Benly Nevada BNC 3500, Fig. 1.

1GV 26V 3GV 4GV 5GV 6GV 7GV 8Gv 9GH 10GH
1GH 2GA 3GH 4GH5GH 6GH 7GH

XY 2CHoxy  [axy 4xy XY [Paae—]6XY XY
EC1 ‘ ‘
| %&: N

1'oll| DSR L@&ﬂ '] VSR éJ@lI ! MSR 6 g o]
F1-]/[z 3- 4l s --GF 5
SP1 KAP1 ARSPL, 2 SP2 L] SP3
Fig. 1. The turbo unit scheme: high DSR, middle VSR and low M SR pressure steam turbine
rotors, generator and exciter rotors (GR, ZR); 1-10 journal bearings; 1XY,..., 8XY- non-
contacting sensors (proximity probes); EC1, SP1,..., SP3, ARSP1,2, KAP1 — displacement
transducers; RSG — rotation speed two sensors, FK — Keyphasor, 1GV, 2GA...,.10GH —
seismic transducers (V vertical, H horizontal and A axial directions)

2. Diagnostics approach and testing methodology. Most often
occurring breakdowns in rotor system are bearings failure occurred at run up
and coast down, uneven thermal deformations of massive cases and rotors at
dtart up after long term stoppages. Early experience on steam turbines and
generators was restricted to the measurement of bearing housing absolute and
shaft vibration usng shaft-riding transducers. Modern MDS based on non-
contacting sensors (proximity probes) measured relative shaft vibration
displacement - peak-to-peak displacement values [1]. Proximity probes
measure shaft dynamic motion — vibration displacement magnitude s,., and
shaft position in the bearing (gap) relative to the probe mounting location. The
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maximum values of peak-to-peak displacement Stp-p
of vibration displacements Syax i S approximated:
Stp-pymax = 2 Sirax -

Thisrelation will be correct when the two orthogona measurements
sx(t) and s((t) are of single — frequency sinusoidal form. Sy — isthe main
parameter of the shaft kinetic orbit.

The monitoring and diagnostics of machine was provided
continuously during 5 years between two overhauls. At the end of 5" year
exploitation period before the overhaul the most sensitive was 3 bearing.

yma @A Maximum values

3. Rotor to stationary part rubbing at 110 MW turbounit

Rub is a dangerous contact between a rotating and stationary part, but it
usually doesn’t happen by itsdlf, it is a secondary effect to someinitial machine
mafunctions. Rub causes extreme ware of contacting parts, scratched or
smeared babbitt, damaged seals and provide highly nonlinear transient
behavior of therotor.

50 10345, 1349 rpm
anof
L f\,\
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5 r e N
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=L — r \_d————ﬂ\;—
50—

-4 77—
1554 1559 16:04 16:09 1614
16APRZ009 16APRZ009 16APRZ003 16APRZ003 16APRZ003

TIME : B0 Secs /fdiv
Fig. 2. The damaged 3" bearing's shaft relative vibration displacement s,y trend plot
versus time at shutdown (rubbing at ~2758-2773 rpm, direct Sypavpire=250 pm and large

changesin 1X=46,22 Hz frequency vibr ation displacement Sp.p3y1x=118pm Z 4%, Sp-pavrez=193
pm £ 5 at resonance speed ~1349 rpm)

Partial radial rub occurred once per turn of the rotor and produced a
self-excited, large vibration amplitude of the damaged 3 bearing (s,
pavpired=250 pm, Fig. 2) at subharmonics 1/2X frequencies, Fig. 3. Because the
rub involves tangential friction forces acting against the direction of rotation,
full spectrum plots will often show significant reverse precession components
at the subsynhronous frequency. The 3" bearing shaft rubbing a shutdown
occurs at ~2758 rpm and excited vibration frequencies with forward
(+22.983Hz)  Syp3+209837~108 pm and reverse (-22.983 Hz) precession
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amplitudes  Sy.ps.22.08347=55 um, Fig. 3. After rub the rotor moves away from
the bearing, the spring stiffness of the rotor will decrease, producing a change
(increased vibration magnitude) in vibration response.

16 Ap 15064

AMPLITUDE: 40 um ppitiv.

16 Apr 1406:00
16 Apr 12:06:42

0
FREQUENCY: 10 Hz/div
55@-22.983 Hz 108@22.983 Hz

Fig. 3. The full spectrum waterfall plot measured at “shutdowns-start ups’ indicated
subsynchr onous self-excited free vibration at 1/2X Hz frequencies
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F e Fig. 4. Shaft average centerline
? plots of damaged 3" bearing at

H o startup and shutdown (gaps
T \ values in pm)

T I
The 3" bearing shaft average centerline plots in Fig. 4 show valuable
centerline position sudden changes when rubbing happens at ~2720-2800 rpm.
The shaft centerline behavior below 1100 rpm is normal at start up and is
dightly different at shutdown. Extreme average shaft centerline position was
caused by excessive radial 10ads associated with internal misalignment.

In practiceit is not possible to verify that vibration frequency 1/2X isan
exact integer ratio by using only vibration signal spectrum data, because of the
limited resolution of the spectrum (Fig. 3). To avoid such uncertainty a direct
orbit with keyphasor dot display should be used to verify the integer
relationship, Fig. 6.
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A

Fig. 5. The rub orbit/time base plot taken from the damaged 3™ bearing, during shutdown at
2758 rpm (therub orbit is extremely elliptical)

Locked Keyphasor two dots on the direct orbit indicate exact 1/2X
frequency at rotor running speed 2758 rpm. The complicated shape orbit shows
the path of the shaft centerline for eight shaft revolutions. The rub in Fig. 6
results in very high vibration displacements, €. 9. Syp-pmax=176 pm and S
pmax=190 pum at 2758 rpm when the rub starts.

4. Conclusions

Rub produces changes in both the Forces and the Dynamic Stiffness of
therotor system and results as complex rotor dynamic response.
1. Symptoms of Rub. Changes in 1X vibration; Abnormal orbit shape;
Subharmonic 1/2X,...frequencies vibration; Reverse precession components,
Harmonics in spectrum. Sudden changes in average shaft centerline position
during startup, shutdown, or steady state operation.
2. Diagnosis of rub. Correlation of different vibration data formats acquired at
transient speeds: vibration displacement trend plots, full spectrum waterfall and
cascade plots, direct orbits, and average shaft centerline plots.
3. Partial radia rub occurs at ~2758 rpm that is grester than 2 times the first
bal ance resonance speed ~1379 rpm of turbo unit rotating system.
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THE INVESTIGATION OF DYNAMICS OF ROTOR TYPE
MACHINES AND DEVELOPMENT OF MONITORING
SYSTEM
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1.Introduction

Condition monitoring is the process of parameter of condition in
machinery, such that a significant change is indicative of developing failure.
The use of condition monitoring allows maintenance to be schedulated, or
other actions to be taken to avoid the consequencies of failure. It is tipicaly
much more cost effective than allowing machinery to fail. Serviceable
machinery include rotating machines and plant. The benefits of condition
monitoring are recognized when results from the measurements and analysis
are actualy used to support the correct maintenance activity. Condition
monitoring is the foundation for getting pre-warning time needed to carry out
the maintenance work at the schedulated stop and avoid stop in —between [1].
The condition monitoring strategy can be easily established right from the start
—initial period of exploitation.

The challenge is to find siutable Condition monitoring tools and
supplier that can give relevant results. It is known from experience that choice
of Condition monitoring technology also decides the complexity in the
evaluation of the results and the resourses needed for making routine
measurements. Technologies also determines to what degree the Condition
monitoring program will depend on external consultants or internal experts.
This aspect is important when we consider the long term commitment and
ability to continue with Condition monitoring. The results from Condition
monitoring must be easily understood by key personnel of departments and
suppliers[2].

2. Monitoring and diagnostics

During last few years there were built and introduced some new
enterprises in Lithuania. Data from diagnostics and experience with condition
monitoring in companies; JSC “ORION GLOBAL PET” — PET raw material
factory, JSC “GIRIYJ BIZONAS”, JSC “KLAIPEDOS MEDIENA” — wooden
chipboards and furniture factories was used for thisarticle.

The most commonly used method for rotating machines is called
vibration analysis. This method was used not only to examine levels of
vibrations be compared with baseline values and standards and utilizing FFT to
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interpret information contained in a vibration signals. Enterprises employ
various machines. pumps, fans, blowers, mills, gear boxes, etc. with rolling
and journal bearings, fast and low rotationa speeds. During initial diagnostics
of machines we also used other factors and additional diagnogtic tools, such as
timesignal, SPM Method and others.

Initial analysis of vibrations enabled us to investigate machines
according their shaft misalignment (foundation deformations), unbalance,
rolling bearing condition-lubrication, features of construction — resonances,
belt tenson and aignment, overgrowth of temperatures, stiffness of
foundations and building ceilings, noise. Received initial data from
measurements was used not only like a base to eliminate errors of mounting
and congtruction but also as input data for Condition Monitoring System
implemented there,

Further production process with introduced condition monitoring and
diagnostics was concentrated on problems seeking to identify week places in
machinery when production level reached project figures and also maximal
possible, to eliminate noise sources.

Problems witch were identified during exploitation in JSC “ORION
GLOBAL PET” while initial stage: shaft misalignment, unbalance, poor
lubrication of bearings of electric motors, resonances —stiffness of ceilings,
vibrations of product tanks and piping, large noise level of heating system
weather inlet, cavitation of pumps. After 3 months of exploitation: rolling
bearing damages of eectric motors, serious damage of cooling tower fan
gearbox .

— i B

; Y '\--:—--l'.-"':l-"\--—n--.-'i“l-llllall"-.-""'. eidincioal
Fig.1. Damaged input shaft with pinion of cooling tower fan gear box and vibr ation spectrum

when damage was identified. Vibration signal was measured on gearbox case, bearing
condition value, RM S value, with unit “g” achieved level 4,98 from 1,25. [JSC “OGP”]
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F

Fig.2. Spectrum of noise signal, z Fig.3. Source of 322 Hz frequency measured outside
JSC ,KLAIPEDOS component in noisesignal, located

MEDIENA® theritory , strongly on theroof of production shop,
expressed 322 Hz frequency with resonance of the cyklone
component construction.

3. Centralized monitoring system.

The knowledge from specalistsinvolved in Condition monitoring is
an important factor when enterprice decides to introduce Condition monitoring.
Other problem is that today many of companies can not purchase ingruments
as they are expensive. But they more and more need for effective maintenance
of their equipment. They can solve this problem while getting service from
externa suppliers. Thats why the establishing and development of centralized
monitoring system with experienced specialists, instruments, tools, programs
and other means is important while seeking to satisfy wishes and demands of
clients to introduce and maintain Condition monitoring in their companies. The
Kaunas University of technology during many years is involved in various
activites according problems which are there discussed. There are specialists
in vibration diagnostics, there are used many high quality vibration and bearing
condition measuring instruments ant tools from world known firms like
PRUFTECHNIK AG, VMI AB, SPM INSTRUMENT, ADASH and others,
PC programsfor data collection and analysis.
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Fig.3 Prototipe of centralized rotating machines vibr ation monitoring system, used today
ehen we provide high quality servicesfor companies.

Conclusions

1. Collected data during initial period of exploitation create good base
for the Condition Monitoring System implementation.
2. Further condition monitoring and diagnostics in companies can be

arranged by suppliers from outside organizations, such

centralized monitoring system owners.
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In recent decades significant achievements of hi-tech developments and
their application in majority of fields of engineering and technology as
manufacturing technologies, exploration of space, deep water, defense
technologies, civil security etc., can be observed. For al of them there isaneed
of equipment developed on modular approach, based on smple in structure,
reliable, cost effective units.

Already traditionally piezodlectric actuators as simple in structure and
compact in dze are attractive for such applications. Input-output link
interaction in them is of frictiona nature and to ensure stability of the
generated motion is important task. A novel concept of active rotational joint
the operational principle of which is based on high frequency travelling wave
excited to generate motion of an output link is presented in the paper.

Structure of the proposed active joint is shown in Fig. 1. It consists of
piezodectric ring shaped element 1, rigidly attached to it contact ring 2 (input
link), balls 3 evenly distributed along circumference with the help of separator
4, and output link 5 which is composed of two discs 6 and 7 with conical
contact surfaces being pressed one to another by elastic elements 8.

A-A 1

2 /fs
|~

6 | =)+ L
= /_

Fig. 1. Structure of activejoint

Using multiphase voltage source (not shown in Fig. 1) and the necessary
pattern of el ectrodes on piezoelement high frequency travelling wave is excited
in the input link (stator) in such a way that its length is equal to the distance
between the adjacent balls. Due to this fact al contact points (stator — balls)
make in-phase eliptical motion. Because of composite structure of the output
link reliable contact between a ball and the output link is ensured what in turn
guarantees motion stability of the output link.

For theoretica analysis of the proposed active joint a simplified
dynamical model as shown in Fig.2 was used. The input link 1 in it is
represented by a point moving according the defined law and output link 2
which can rotate and which is pressed to the input link with the help of eastic
element. Interaction forces between the links are assumed to be dry friction
forces.
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Fig. 2. Dynamical' model of contact interaction
Contact point of the input link is assumed to move by dliptica
trajectory the coordinates of which are X, = Asin(wt +y,) and Y, = Beosat

where X; and Y; — coordinates of the point, A and B — amplitudes of vibrations
of the point, @ —angular frequency of vibrations, v, — phase shift.

The ball (output link) gtarts rotational motion under the effect of dry
friction force moment:

Mg = RfgNsign- v, D

Here: N = [MY'2 +C(Y, + A)] }/COSa — normal reaction force at contact point

between the links, M — mass of the rotational (output) link, C(Y> + 4) —
elagticity force, 4 — initial deformation of elastic element, vp; = v, — vy — IS
velocity difference of the points of input and output links at contact,

v, = X, cosa +Y,sina, Vv, =Rp+Y,sina and sna=X,/R,
cosa =Y, -Y,/R
Taking into account the expressions given above equation of motion of
the output link can be written in the following form:
Yy’ +he' +rf,(uy; +cy, + f)'}/cosa'
-signfre’+ (v, — y; )sina — X cosa ]= 0
Hee  x=X,/A, vy, =Y/A, Vv,=Y,/A, r=R/A, h=H/lo,
hy=H,/lo®, u=MA/I, c=CA*/10®, f = Alo®, 7 = at

2

For the determination of conditions and parameters necessary for steady
state regime of the output link there were analysed four possible types of
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motion — two types of maotion with a dip in contact and two types of dip less
motion. Theresults of performed dynamical analysis are presented in Fig. 3.
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Fig. 3 Dependences of mean angular velocity @, efficiency 7, coefficient of motion
uneveness § on frequency o/ mmax (2) and coefficient of dry friction fo (b).

The obtained results of the theoretical analysis proves the proposed
gtructure “active joint” to have sufficient performance characteristics for
precise positioning applications or as the actuators of relatively low output
power.
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PE3YJIbTATHU 3ACTOCYBAHHA PIZIMHHUX
ABTOBAJIAHCHUPIB HA POTOPI 3
I'OPU30HTAJIBHOIO BICCIO OBEPTAHHSA

B.I1. POF3MAH, B.II. TKAYYK, O.0. HIKITIH
Xmenvnuyvkuil nayionanbruil ynigepcumem, Ykpaina
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Jnsg MammH i3 3MiHHAM JIucOajaHcoM poropa (NpaibHI MaliuHH,
cemapaTtopu, IeHTpu(yrd Ta 1H.) TPAJUIiiHI MeToau OalTaHCyBaHHS
Manoe(eKTuBHI. PoTopy X MammH, SKi MaloTh IEpeBa’KHO TOPU3OHTAIBHY
Bicb oOepraHHs, He0OXimMHO OanaHCyBaTH Oe€3MMOCEpPEIHBO B  IPOIEC
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eKCILTyaTallii, a caMe HeoOXijHe aBTOMaTH4YHE OajlaHCyBaHHS 3a JIOIIOMOTOIO
aBTobaaHCyroYnx nmpucTpoiB (ABIT).

Iepmi HavinpocTimi 3pa3ku nacuBHux ABII 3'sBunmcs Oureiie 120
pOKiB TOMy. Y mofanbiomMy Oyau po3poOiieHi pi3HI TUIH TaKUX HPUCTPOIB Y
ToMy uuchi 1 pigunHi. Orisg cydacHOro CTaHy Teopil 1 HpakTHKH
aBTOMAaTUYHOTO OajlaHCYBaHHS JIO3BOJISIE 3pOOMTH BHCHOBOK IPO T€, IO B
iCHYIOYiH JTiTepaTypi BiJICYTHIN aHami3 0coOIMBOCTEH POOOTH aBTOOATIAHCHPIB,
BCTAaHOBJICHUX HAa pOTOpaXx 3 TOPU3OHTAJIBHOI BICCIO OOepTaHHA i3
BpaxyBaHHSIM CHJIU Bard i TepTsl.

o6 mnobaunty 1i ocoOnuBOCTI OyllOo BUPIMIEHO IPOBECTH
eKCTIEpUMEHTAJIbHI JIOCIIKEHHS aBTO0aIaHCYBaHHS T'OPU30HTAIEHOTO POTOpa
1 IIBUJIKICHY BiJICO3MOMKY MOBENIHKU pinuHu B kKamepi ABII, monioHO ToMy sk
1ie Oys1o 3po0JIeHO paHillIe U POTOpa 3 BEPTUKAIBHOIO Biccto ooepTanHs [1].

ExcriepumenTanbHa ycTaHOBKA JUISl JJOCHIPKEHHS! pOOOTH PiJMHHOTO
ABIl Oyna pospobiena Ha 0a3i mpajgbHO-BLKMMHOI MammHM “B’sTka-
aBToMar’ 1 TpeNCcTaBisie COOOI0 >KOPCTKUH KOHCOJNBHHH TOPU3OHTAIBHUM
POTOp Y BHUIJISIIL ITyCTOTIIONO IMJIIH/pa, BUTOTOBJIEHOTO 13 HEPKaBilovoi crasi
i3 JHUIIEM Ha ONHOMY KiHIl, IO 3a0e3meuye HeoOXiHY JKOPCTKICTH poTOpa
puc 1.

. ITix Jac
P . EKCTIEPUMEHTAJIbHUX  JIOCIIJKEHb
) OyJI0 BCTaHOBJIEHO, IO TPOLEC

S . aBTOOATaHCYBaHHS pianHOIO
i’ B o TOPU30HTAILHOTO  pOTOpa,  Ha
' . o BiJI3HaKy Bij BepTHKanbHOro [1], €
. N, MeHIIl e(heKTHBHUM [2].
H ' . Kpim Ttoro mnst mporecy
5 aBTOOAIAHCYBaHHS pianHOIO
Pucynok 1 — Cxema cTenaa 1J1si 10CJIiIZKeHHS TOpU3OHTAIEHOTO poropa
noBeainku pinunu B ABII HeO6XiI[HO, IJ_IO6 pi):[I/IHa
1— ABII; 2 — Bineokamepa; 3 — crpodockon; “BKJIIIOYMIIACE” B o6epTaHHg
4 — qamnu OCBi:l".]'le.HHﬂ; 5- aKc‘enepOMeTp; 6— POTOpH oi cHcTeMH, a He
BIIMITYHK OﬁepTlB . .

MIPOKOB3YBajia BIAHOCHO CTiHKH
ABIL. e “BKJIFOUEHHS”

BiIOYBAETHCS MI3HIIIE HIX Y BEPTHUKAJIBHOI'O POTOPA BHACII/IOK i1 CHITM BarH.

3 meroro 30inbiIeHHs AianazoHy podotn ABII, BcraHoBneHoro Ha
TOPU30HTAJILHOMY POTOpI, 38 PaXyHOK 3HMKEHHS! KYTOBOI IIBUJIKOCTI 3aXBary
pizvHA OyI0 CTBOPEHO aBTOOAIAHCHD 3 paialIbHUMHU TEPETOPOIKAMHU PUC. 2.
[eperopoaku po3ninstors kamepy ABII Ha okpemi cekropu (CyauHH), SIKI 110
niepudepii 3’e1HaHI Mi>K COO0I0 TOHKUM KaHAJIOM (3a30pOM).
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Takum 4YMHOM 3aranom
KOHCTpYKIisl aBToOasaHcupa €
chUcTeMa  CYIOWH, CIOJYYEHHX
KaHaJIOM, SIKUA BHMKOHYE pOJIb
JIpocelisi P TepeTiKaHH piuHU
i3 omHiei koMmipku B iHNTy. Boma
NP PO3TOHI POTOpa HE BCTHUTae
Puc. 2 Koncrpykuist ABII 3 neperopoakamu HepeTiKaTI/I B CyCiZ[Hi CyIWHU.

Ileperopoaxu  yTpuMmyroTh i,
3MyLIyI0un 00epTaTuCh pazoM i3 kameporo ABII mo komy mie 10 3aXOmJIeHHs.
[Tix yac aBroOamaHcyBaHHS piJMHA TEPETIKAa€ Yepe3 KaHaj i PO3TalIOBYETHCS
HaBMPOTH AucOaNaHcy.

3 meroro nepeBipku edextuBHOCTI podotn ABIT Takoi KoHCTpyKIii,
OyJI0o MPOBEJCHO TMOPIBHAIBHI  CKCIICPUMEHTATBHI  JOCTI/DKCHHS  Ha
po3pobiieHoMy creHmi ( puc. 1) i3 3aCTOCYBaHHSM METOJY INBUAKICHOI
BiJICO3HIOMKH.

[Tix wac mpoBeneHHS Bif€0O3HOMKH B Kajpi nepeOyBaB elEeKTPOHHHUN
TOIMHHUK, TOMY Baajocs 3adikcyBaTH 4yac i BH3HAUUTH KYTOBY IIBHJKICTH
3axBary pianHu kameporo ABIIl 3 meperopoakamu i 6e3 Hux. DparmMeHT
Bijieo3iioMku 3axBaTy pigunu kameporo ABII 3 neperoponkaMu 300pakeHO Ha
puc. 3.

3acrocyBaHHS ~ aBToOajaHcupa 3
MeperopojkKaMy  JTO3BOJIWJIO  3MEHIIUTH
MiHIMaJIbHY KyTOBY IIBHIKICTb, HpHU SKii
BiIOYBAETHCS 3aXOIUICHHS PIAMHY 3 ©,=24 ¢’
Yo =19 ¢’ Xoua cyrreBo 3HM3HTH
KYTOBY IIBHJKICTh 3aXOIUIEHHS PIJIWHMA He
BJAJOCh IPOTE€ dYac PO3LOHYy poTopa M0
pobounx 06epTiB 3HU3UBCA 3 15 110 8 C.

. Mg qac TIPOBEICHHS
Puc. 3 ®parmenT BineosiioMkun eKCHepI/IMeHTiB 6yJ'IO HOMi‘IeHO, 1o
3axeary pinunu kamepoio ABII 3 aBTOOAJAHCHD 3 TEPEropoAKaMu MPOXOAUTH

Teperopoicany PE30HAHC i3 3HAYHO MEHIIMMHU BiOpallisaMHu.

Tomy Oyao0 TPOBEJICHO JIOMATKOBI  CKCICPUMEHTANBHI  JOCHIKCHHS
edexTuBHOCTI aBTOOANancyBaHHs pinuHHUM ABII 3 meperopoakamu i 6e3.

3a MarepiaJaMu JOCHTIPKEHb BJAJIOCh BCTAHOBUTH, IO POTOp i3
BCTaHOBJICHUM Ha HhOMY ABII 0e3 meperopofok He MOXE MPOUTH PE30HAHC,
SIKIIIO aBTOOAJIAHCHUP 3aITOBHUTH PiIMHOI0, 00’ €M SKOI OB a00 JOPiBHIOE
500 M. Ha mepexigHuX peKMMax, a came Mpu pO3roHi poTopa, 0COOIMBO Mij
Yac TPOXO/PKCHHS PE30HAHCY, Yepe3 BiJCTaBaHHS IUIONIMHH TPOTUHY Bij
IUTOLIMHYU JucOaniaHcy pinuHa nepedyBae y pyci BimHocHo ABII Ta 3miHIOE
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CBOE TOJIOKEHHS. Pyxaloumch 3a iHEpIi€l0 piJMHA MOXKE CIiBHamaTH i3
TIOJIOKEHHSIM IMcOasiaHcy, 110 B CBOIO Yepry MNpPU3BOOUTH A0 301TbLICHHS
BiOpariii. Ile oco0nMBO HEOE3MEUHO MPU HATIOBHEHI aBTOOAIAHCHPA BEIIUKUM
00’emom piauHu. Ilpu 3actocyBaHHI aBTOOAIaHCHpa 3 MEPErOpOJKaMH TaKHX
npo0JieM He BUHUKAE OCKIIBKH BY3bKHH KaHaJl BUKOHYE POJIb JAPOCENS i pOTOp
JIETKO TIPOXOJWTH pPE30HAHC HaBiTh Npu HamoBHeHI kamepu ABII pignHOIO
00’emom 1000 mut. Y BUTIAZKY, SKIO TPU MPOXOHKEHHI PE30HAHCY PiTUHA IIIE
HE BCTHIJIa BCTAaHOBUTHCH HAaBIPOTH JAHMCOANaHCy, TO TIIPH HAasBHOCTI
MIeperopo/ioK ii piBHOMIpHHUI PO3MOIT MO KONy aBTOOAlaHCHpa Maike He
TIOPYIIYETHCS 1 HE BIUIMBAE Ha BiOpatii poropa.

Y wMammHaxX i3 3MIiHHEM JucOajJaHCOM pOTOpa  HEMOXIIUBO
nepen0aYnTH BEIWYMHY HE3PIBHOBA)KEHOCTI ITiJ] 4Yac BUKOHAHHS KOXHOL
TexHomnoriuHoi omepauii [3]. Tomy 06’e€M piavHH y Kamepi MOBHHEH OYyTH
TaKUM, IIO0 3MOXKE 3PIBHOBAKUTH HAWOUTBIINKA MOXIMBHN aucOanaHc. OmHak
SIK OYJI0 BCTAHOBJICHO MpH BeNWKHUX 00’eMax pimuau B ABII 6e3 meperopomok
Ha PE30HAHCI BWHHMKAIOTh BENWKI BiOpamwii poropa, TOMy aBTOOAJaHCHPH 3
MIEPErOpoOIKAMH € OLIBII €(PEKTUBHUMHU OCKUTBKU TPHU iX 3aCTOCYBaHHI TaKHX
po0JIeM He BUHHKAE.
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JNOPEPEHIIMPOBAHHOE UBMEPEHHE
BUBPAIIUU POTOPHBIX CUCTEM

Cokon B.M., Hncmumym npocpeccusHbix uccied08anuil,
ya. Paanan 1/27, Apao 89044, Hzpauns.
Ten.: +972 72 211 32 05; +972 776 56 58. E-mail: vmsokol @gmail.com

BuOpamust poTOpHBIX CHCTEM MOXET OBITh BBI3BaHA Ppa3IMYHBIMHU
npuanHamu [1]. Haubonee pacnpoctpaHeHHOH NPUYUHON BUOpAIMN SBIISIETCS
MEXaHWYeCKHi JaucOanaHc, OOYCIOBJIEHHBIH OSKCIEHTPUCHTETOM MacChl
poropa. IIpuurHamMu BUOpanuy MOTYT OBITH TaKkKe SJUIMIICHOCTH POTOpa, €ro
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o OCTaTOYHBIH poruo,

i HECOOCHOCTHb o11op,

f . L = = "™  BBI3BIBAIONIAs YIJIOBBIC

O T T AN R KONneOaHusd OCH BpalleHHsd, H
] B ; % £ T.1.

a i fie ) |'<-I‘ o b Bynem CUUTATh

Pr ol napaMeTpsl BHUOpanuu

Puc. 1. Cucremnoe nsmepenue DJICMEHTAMH EIMHOM CHCTEeMBI

MeXaHUYEeCKHUX MapaMeTpPoB poTopa MCXaHHYCCKUX napaMeTpoB

poropHON cucremsl [2, 3],
naeHTHHUKAUS KOTOpOH OCHOBaHAa Ha W3MEPEHHHM DAacCTOSHUM MEXIy
JIATYMKAMHU ¥ KOHTPOJIUPYEMBIMH TOUYKaMH ITOBEPXHOCTH POTOpa WM €ro Bajia
(mamee — poTopa), HM3MEPEHHM JIMHEWHBIX CKOPOCTEH OSTHX TOYEK W
TIOCJIE/IYIONEM BBIYHMCIEHUN UX Palyc-BEKTOPOB [ (puc. 1).

MexaHndeckuid aucOagaHc poTopa SIBISIETCS] MPUYMHON BO3HHKAFOIHX
NpU  BpAIlEHUW pOTOpa IIEHTPOOEXKHBIX CWJI, BBI3BIBAIOIIMX CMEIICHHE
T€OMETPUYECKOH OCH CUMMETPUH POTOpa OTHOCHUTEIBHO €ro OCH BpAllleHUS U
CO3/IAIONINX BHIHY)KAECHHBIE KOJIEOaHHs C YacTOTOW BpalleHus. AMIUIATYnIa Ag
BBIHYXK/ICHHBIX KoneOanuii (puc. 1, D) B MIOCKOCTH pacroNOXeHHUs IATIHKOB
MOJKET OBITh OmpejieNicHa B BuE [4, 51

A, =x/R2+r32—2Rr3cos(a—ﬂ);
2
f — Il COS ¥yp — I3 COS Y33 + M3 COS o3
2. .2 2 2 '
\/(1 +15 —2rlrzcos;512ll +15 =20, cos;(m)
N8N Y3
2, 2
\/rz +1r3 —2ry3COS ¥ o3

rIe I, I, '3 — paguyc-BEeKTOPBI KOHTPOIHUPYEMBIX naTdrkaMu Dy, Dy, D3 Touex
A, B, C Ha moBEpXHOCTH pOTOpPA, Y12 — YOI MEXKIY PaJHyC-BEKTOPaMH I U Iy,
Y13 — YrOJI MEXIY pajnyc-BEKTOpPaMHM 1 U I3, Yp3 — Yroldl MEXIy paauyc-
BEKTOpaMH f, U 3 R — pamuyc OKpyKHOCTH, OrpaHHUYHMBAIOLIEH CEYEeHUE
POTOpa IUIOCKOCTBIO PacHONIOKEHHs AATUYHKOB Dy, ompenenseMslii, coriaacHoO
[4, 5], B BUzE:

a =arcsin

)

S =arcsin

Rl r? 412 — 2ryr COS ¥ 53
5 2
2 " — Il COS Y15 — I3 COS Y43 + Mol COS o3

1-
2 2 2 2
\/(1 + 15 — 211, COS ¥4 L +r3 —2nr; cos;m)
BenwuuHs! 1, Iy, 3, Y12, Y13, X23 MOTYT OBITh HAMJICHBI TIPHU PEIICHUU

CHCTEMbl YpaBHCHWM, OMpelensieMol MpUBEJACHHBIM Ha puc. 1, b
26
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T€OMETPUUYECKUM TTocTpoeHueM. OrpeaeneHne BelyrH I, I, I3, Y12, 713, X23
MO3BOJISIET BBIUUCINTH paanyc R OKPYKHOCTH, OTrpaHMYMBAIOUIEH CEYECHUE
POTOpa IIOCKOCTHIO PACHONOXKEHNS TaTYMKOB Dy, 1 amMrunryny BuOparmum Ay,
00YCIIOBJICHHOI MEXaHUYECKUM JUCOaIaHCOM POTOpaA.

OueBumHO, yTO BBIpaXKeHHE (1) TMO3BOJISET HE TONBKO BBIYHCIUTH
aMIUTUTYy BHOpAIMu, ONpenessieMoll MeXaHWYeCKHM AMCOaaHcoM poTopa,
HO ¥ OJJHO3HAYHO MJECHTH(OUIMPYET IPUUNHY BUOpaLUH.

Ecnmn  cedyeHne poTopa IUIOCKOCTBIO — PACHOJIOKEHUS  JAaTYUKOB
OIpaHUYMBAETCSl OKPY)KHOCTBIO, TO HE3aBHUCMMO OT yIVIa IIOBOPOTa pOTOpa
paauyc OTOH OKDPYKHOCTH, ONpEACISIeMBI corimacHo (2), sBIseTcs
MOCTOSIHHOM BenmnunHON: R = const .

W3menenne BeanunHBI R B mporecce moBopoTa poTopa Ha HEKOTOPBIN
Yroia ¢ CBHIETENBCTBYET O TOM, YTO 3aMKHYTas KpHUBas, OrpaHUYMBAIOIIAS
CeYeHHE pOTOpa IUIOCKOCTHIO PACHOJIOKEHHS JaTYMKOB, OTIMYAETCS OT
okpyxHocTtd (puc. 2). Ilpm 5TOM MrHOBEeHHOE 3HaueHHWE BEJIMYHMHBI R,
BBIUMCIIIEMON coriacHo (2), mpencraBisieT co0OH paauyc KpPUBH3HBI B

e =

KOHTpOJ'IPIpyeMOﬁ TOYKEC IMOBEPXHOCTH.

."I{'Q _" H“x ] OueBHIHO, YTO HM3MEHEHHE paJuyca KPHBU3HBI B
% | mporecce BpALICHHUS poTopa omnpenensier
N n, M i BHOpOMEpeMelIeHHe TOYKH TIOBEPXHOCTH POTOpa MPH €ro
{ I';\ | TIOBOpOTE Ha HEKOTOPKIN yron ¢:
y !
St = €
Puc. 2. Bubpanus, de
00ycrnoBIeHHast IIpu srom cormacHo (3) ompenensiercss BUOpanus
SJUMMIICHOCTBIO  pOTOpa, OmpeiesieMasi HapylieHHeM (OPMbI MOBEPXHOCTH
poropa poropa (B YaCTHOCTH, ero SITUIICHOCTHIO) "

UICHTUQUIMPYETCS COOTBETCTBYIOIIAS MPUYNHA BUOPAIHH.

Jlist onpeneneHust MPOCTPAHCTBEHHOIO MOJIOKEHHUS OCU BPAIICHHUS POTOPA
BBIOCPEM HEMOMBIKHYIO (WM YCIIOBHO HEIOABIKHYIO) CHCTEMY KOOPIMHAT
OXYZ (puc. 3), )xeCTKO CBSI3aHHYIO C (YHIaMEHTOM (W/MIIH KOPITYCOM) MAaIlMHBL.
OpUEHTHPYS OTHOCHUTEIHFHO Havasla KOOPIHHAT OIWH W3 JAaT4MKOB Dy B Kaxkmon
IUIOCKOCTH VIX PACHOJNIOKEHHs, HaiineM Bekropel d; u d,, mpexcraBisonive
coboif paccrostHust oT coorBercTByromiero marauka (D wm D,) mo nHawama
cucrembl koopmuHat OXYZ. Tlonoxkenume Touek G; um G, mepecedyeHus ocu
BparnieHus ¢ mwiockoctsiMu | u |l pacnonoxenust naTankoB Dy onpemernsiercs mpu
sToM BekTopamu Py u F, coorBercrBeHHO, KaXkIplif U3 KOTOPBIX MOMKET ObITH

HalIeH B BUJIE:
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Fi=Ay+h+5+d, (4)

Fo=Ap+h+5,+d,, ®)
IJIE BEKTOPBI ,501 u ,502 CYTb PaCCTOSIHHS MEKTY
OCbI0 CHMMETPUM W OCBIO BpAIlleHUS B
mwrockocTsx | u |l pacnonokernst gataukoB Dy,
f, u I, — pagumyc-BeKTOpsI Touek Ay u Ay, S 1
S, paccTosHHMS MEXKAy ToukamMu Ay u A; n
nataukaMu A; 1 Ay COOTBETCTBEHHO.

HaxoxaeHue BeKTOpPOB IEl u IE2
MO3BOJISET OJIHO3HAYHO OIIPEIICITUTh
KOOP/IMHATEl MX KOHEYHBIX TO4eK Gi(Qix Oy
01) ¥ Go(Ox Oy U2,) B CHCTEME KOODAMHAT
OXYZ u, cnegoBatenbHO, HANTH KAHOHUYECKOE
yYpaBHEHHE TIPSAMOI, COBMAJAIONICH C OCBIO
G, G, Bpamienus [6]:

Ox — 9uix _ 9y ~ Yy _ 9z 917 _
U2x — J1x gZy - gly U2; — 012

(6)
Ipu mneansHOM COOCHOCTH oOroOp (TIPAKTUYECKHM HE MMEIOIEH Mecra B
peasbHBIX MallWHAX) IPOCTPAHCTBEHHOE MTOJIOKEHUE OCH BPAIIECHUs] pOTOpa IpU
€ro BpallleHWH OCTaeTcs HeM3MeHHbIM. ! ypaBHeHWe (6) He mperepreBaeT
W3MEHEHHH NpY U3MEHEHUH YTJIa ¢ T0BOpoTa poropa. HecoocHOCTh orop MoXeT
CTaTh TNPUYHHON YITIOBBIX KOJeOAaHWH pOTOpa, MPHUBOMAIIUX K W3MCHCHUIO
npocTpaHcTBeHHOTO nosoxkeHust ocu G;G, BpaieHus Npu U3MEHEHUH yria ¢
TIOBOPOTa POTOpPA U, CIEJOBATENBHO, K M3MEHEHUIO KOOPAUHAT U1, Ciys Gz Gox,
Oz, U2, Ompenensonux ypasHenue (6). Ilpu sTom Benudussl AQwy, Atiy, A,
Aly, AQy, Ay, ompenenseMble IIPH IIOBOPOTE pOTOpa Ha yron Ag,
XapaKTepH3yIOT BUOPAIMIO POTOPA, BHI3HIBAEMYIO HECOOCHOCTBIO OTIOp.
Ocrarouynblii  mporu® poropa MokeT OBITH — OIpeneneH  Npu
PacHoIOKEHUH TOTIOIHUTENBHBIX KOMIUIEKTOB TaTYMKOB (pHc. 4, @) BIIONb OCH
BpatieHust. [Ipy 3TOM y4acTOK OCH BpallleHUs] MEXy Ka)I0i Mapoi COCeTHUX
TPy TaTIuKoB Dy MOXeT OBITh OMpeeIeH COrfiacHO ypaBHeHUsM (4), (5) u
(6). BenmmunHa OCTaTOYHOTO MpOruda poTopa MO BCEH €ro JJIMHE MOXET OBITh
olpezieNieHa CYMMHUPOBaHHMEM IPOCTPAHCTBEHHBIX ITOJIOKEHHH BCEX TaKUX
y4acTkoB. [Ipw 3TOM Takke MOTYyT OBITh UACHTH(DUIMPOBAHBEI COOCTBEHHEIC
(bopmbl THOKHX (KBAa3UTMOKUX) POTOPOB — TepBasi ocHOBHast (puc. 4, b) Bropas
(puc. 4, c), tpetbs (puc. 4, d) u T.a. [1, 7], npuyeM aMIUIUTyAa COOCTBEHHBIX
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Mooy iy Srd o, My b TPOJIONBHBIX KONEOAHUH ONpeseNnsier BUOPAIHIO,
= 7= 00yCIIOBJIEHHYIO NPOruGOM POTOpA.

= P AHaornIHBIM 0bpazom MOXHO

b7 " T7-__ | uaeHTUMIMPOBATH HECOOCHOCTb BAIIOB CIIOKHOIO

arperara, BKJIIOYAIOIIETO DA MOCIENOBATENBHO

Al - COE/TMHEHHBIX POTOpOB (nanpumep,

i TypOoreHeparop), ¥  ONPEACIHTH  BBI3BAHHYIO

" HEeCOOCHOCTHIO BUOPAIHIO.
‘—-.__H_ ____#x"_ U3 W3JIOKEHHOrO CIEJYET, 4YTO METOJ

Puc. 4. Bubpauus, HM3MEpEHUs] NapaMeTpoB pOTOpa, MPEJIOKEHHBIN

00yCJ0BJIEHHASI OCTATOUHBIM B [2, 3], mosBonsier MbdepeHIpoBaTH IPUIUHY

MporudomM u coOCTBEHHBIMH BI/I6paHI/II/I B IpoHecce €€ U3MEPCHUs.
¢opmamu rudxoro poropa
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METOABI PACYHETA CIIEKTPOB U ITPOLECCOB
PEJIAKCAIIUU KBABUYACTUIL B
MHOJYINPOBOJAHUKOBBIX HAHOCTPYKTYPAX

YBozopow A.T., *Boponos C.A., 25y6yﬂuc A., *Coxon B.M.
YHayuonansnviii mexnuuecxuii yuisepcumem Ypauwi
«Kuesckuil nonumexnuueckuti uHCmumym»y,
2Kay)Ltaclcuz? mexHnono2cuyeckutl ynusepcumem (JIumsea),
3I/IHcmumym npogpecusnvix uccredosanuil (Mzpauin)

B mocnemnme roxpl  mporpecc B o0lacTM  ONTO- WU
MHUKpPOJIEKTPOHUKH B OCHOBHOM CBSI3aH C Pa3pabOTKOH HOBBIX NMPHOOpPOB,
JIEWCTBHE KOTOPHIX Oazupyercst Ha 3((eKTe pasMEepHOro KBaHTOBAHMS. DTH
puOOopsl 32 MHOTUMH TapaMeTpaMy MpeodiagaroT aHajJory, Co3/aHHbIe Ha
OCHOBE TpPAJMIMOHHBIX OOBEMHBIX IOJYINPOBOJHUKOB. B 3TOM IUTaHe
OCOOCHHO  WHTPUTYIOIIEH  SBJSIETCS  IEPCIIEKTUBA  HCITOJIb30BAHUS
HAHOMPHUOOPOB B KOMIIBIOTEPHBIX TEXHOJIOTHSAX W B HAHOJJIEKTPOHHUKE,
KOTOpas NMOCTENEHHO NPUXOAUT Ha 3aMEHY MUKPOAJIEKTPOHUKU. Beneacreue
9TOr0 Ha JIAaHHOE BpeMsl MOJABIISIOIIEE OONBIIMHCTBO  HAyYHBIX
HCCIIEIOBAaHUH B 00JIACTH TTOJTYIPOBOHMKOBOIO MPUOOPOCTPOCHHUS KacaeTcst
TIOTYTIPOBOJHUKOBBIX HAHOCHUCTEM.

W3BecTHO, 4YTO  OTKPHITBIE  HAHOTETEPOCHCTEMBI  (OTKpBITHIE
kBaHToBBIe Touka (KT) n mpoBona) MOTyT CIy’)KHTh B Ka4e€CTBE PE30HAHCHBIX
TYHHEJIbHBIX IMOI0OB ¥ KBAaHTOBBIX HAHOTPAH3MCTOPOB. B KBa3HCTalMOHAPHBIX
COCTOSIHMSIX (30HaX) TAKMX CHUCTEM BPEMs JKM3HM KBAa3MYaCTHI[ 3aBHCHUT OT
KBa3UUMITYJIbCa, YTO CO3JAET NOMNOJHUTEIbHBIE BO3SMOXKHOCTH B YIPABICHUU
WX JMHAMHYECKMMHU XapaKTepUCTHKAMH, a 3HAYUT W XapaKTepHUCTHKAMHU
IpUOOPOB, MTOCTPOECHHBIX HA OCHOBE OTKPBITHIX HAHOCHCTEM.

B3aumMoneiicTBue 3NEKTPOHOB € JOHOPHOIO NMPUMECHIO0 B KBAHTOBOU
TOYKE U C BHEITHUMHU IOJISIMA MOKET YBEIIMUMBATH BEPOSTHOCTh MEK30OHHBIX
KBaHTOBBIX TEPEXOJ/IOB, @ 3HAYHUT YBEINYUBATH 3(P(HEKTHBHOCTH ONTHYECKUX

HaHOMPHOOPOB.

563 9KCTIEPUMEHTATBHBIX HCCIIeI0BaHUI CJIOXKHBIX
MOJTYMPOBOIHUKOBBIX KBAHTOBBIX MPOBOJIOB CJIEAYET, MO HATMYUE TOHKOM
BHELIHEH 0005I04KH 3HAUUTENIBHO  YJydIlaer HWHTCHCHBHOCTh

(OTONMIOMUHECIIEHIINY HAHOIIPHOOPOB.

Opnako, HeB3HWpass Ha OOJNBIIOE KOJWYECTBO TEOPETHUYECKUX W
9KCHEPUMEHTATBHBIX paoor, MTOCBSIIIIEHHBIX HCCIIEI0BAaHUIO
TIOJTYTIPOBOJTHUKOBBIX KBAaHTOBO-Pa3MEPHBIX CTPYKTYp, LEJBIH psiji mpodieM
B JIAHHOM 00JIACTH OCTAIOTCS HEPEIIEHHBIMH.
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Hanpumep, Ha [aHHOe BpeMsl HE HCCIIEIOBANOCh BIHSHUE
pa3MbIBaHUsSI TPAHMIBI JENEHUs] CpeJl Ha TMOJOKEHHE JHEPreTHYSCKUX
YpOBHEl KBa3UYACTHI[ B HAHOCHCTEMAX.

HccnenoBanne pe3OHAHCHBIX W KBAa3HCTAIIMOHAPHBIX COCTOSHHHA B
OTKPBITBIX  MONYMPOBOJHUKOBBIX ~ HAHOTETEPOCHCTEMAX HAXOMHUTCS B
HaYyaIbHOM CTAJNUH PA3BUTHSL.

Majo uccnenoBaHHBIM OCTaeTCsS BIHUSHUE (OPMBI KBAHTOBOTO
MPOBO/IA HA CMIEKTPAJIbHBIC XapAKTEPUCTHKUA HAHOMPUOOPOB, YTO CO3/IaHBI HA
€ro OCHOBE.

DTO M COCTABISIET CIEKTP 3a[ay, YTO PEHIAlOTCA B PaAMKaX TaHHOH
HAYYHO-UCCIIeIOBATENILCKOH paboThI.

Obvexm uccredoéanusi - CIEKTPHl KBAa3HMYaCTHIl B OTKPBITBIX |
3aKpBITHIX TOJYHPOBOJHUKOBBIX HaHOCHCTEMaX C(EepUuecKoH, IUIUHIPOBOM
U DJUTMITHYECKON CUMMETpUIL.

Llenvs pabomwl: TIOCTPOUTH TEOPUIO CIIEKTPOB W B3aUMOJIEHCTBHS
KBa3WYaCTHL[ B CJIOXHBIX C(HEpUUECKHX, HWIMHIPOBBIX M OJUIMITHYECKUX
HAHOT€TEePOCUCTEMAX.

Memoodwi uccnedosanuss - Merox  3(dexTHBHBIX  Macc,
MOIU(UIIMPOBAHHBINA METO MATPHIIBI PACCEMBAHUS, YHCIICHHBIE METOJBI.

B Hay4yHO-HCCnenoBaTeNnbCKOM paboOTe BBINOIHEHO HCCIE0BaHHE
SHEPreTUYECKUX CHEKTPOB KBAa3MYAaCTHIl B CPEPUUECKHX, HWINHIPOBBIX H
SIUTUNTUYECKUX MOTYIMPOBOJIHUKOBBIX HAHOCHCTEMAX.

Jusa cheprueckux KT paccunTansl sHepreTHYecKHe IOMPAaBKH K
JNEKTPOHHOMY CHEKTPY 3a CuUeT pa3MbIBaHUS TpaHMIBl pas3jena Ccpen.
Paccuntan 3HepreTMueckuil CHEKTp JIEKTPOHA, UTO B3aUMOJEHUCTBYET C
JIOHOPHOIO TMPUMECBHIO, pa3MElIEHHOW B IIEHTpE KBAaHTOBOM TOUkH. Jlist
otkpeIThIXx KT mocTtpoeHa Teopust B3aUMOAEHUCTBUS JIEKTPOHOB U JIBIPOK C
(oHOHaMu Ha ipuMepe AByxssMHOI KT.

HccnenoBaHbl 3HEPruM UM BpEMEHA JKM3HHM KBA3UCTALMOHAPHBIX
COCTOSHUN KBa3WYaCTHIl B OTKPHITOM CIOXXHOM IMJIMHAPOBOM KBAHTOBOM
mpoBofe. Iloka3aHo, UYTO B PE30HAHCHBIX COCTOSHMUSIX HCCIEAYyeMOM
HAHOCHCTEMBI BPEMEHA KM3HU KBA3UYACTUL] SKCIIOHEHIIUATBHO YMEHBIIAIOTCS
C yBEIMYEHHEM NPOJOJIBHOI0 KBa3MUMITYyJbca. B obmactu sHepruii Bble
MOTEHIIMAJILHOIO Oaphepa HAOJIONAETCs pacTAJKUBAHUE JHEPreTHYECKUX
YPOBHEH, KOTOPOE MPOSIBIAETCSI B HEMOHOTOHHOM IOBEJIEHUH BPEMEH JKHU3HU.

BeInonHeHo uccneqoBaHue AIEKTPOHHBIX 3HEPreTUYECKUX CHEKTPOB
B IWJIMHAPOBBIX KBAHTOBBIX IPOBOAAX C MOMNEPEUHOM aHM30Tponuein
3¢ PEKTUBHOM MacChl, a TaKKe B paJUalibHO- U aKCHAJIBLHO-MOAYIHUPYEMBIX
JJUIMNTUYECKUX KBAHTOBBIX MpoBoAax. Iloka3aHo, 4TO pacyer cHekTpa
pPa3MepHOro KBaHTOBAHUS KBAa3WYACTHI] B IIUJIMHPOBBIX KBAHTOBBIX MPOBOJAX
¢ monepeyHol aHuzoTrponued 3¢QdexTHBHONW Macchl CBOAMTCS K 3ajade
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HaXOXJIEHHUS OHEPreTMYEcKOro CHEeKTpa KBa3sMYacTUI C  HM30TPOITHOM
3¢ PEKTUBHOM MAaccoi B 3JUIMNTHYECKOM KBAaHTOBOM IIPOBOIE. Y CTAHOBIIEHO,
YTO OIUNTHYHOCTh KBAaHTOBOTO MPOBOJA IPHUBOJUT K PAaCIICIUICHHUIO
SHEPreTUYECKOro CIIEKTpa Ha CEPHM YPOBHEH, YTO OTBEYAIOT IApHBIM U
HEMapHBIM COCTOSIHUSIM 3JIEKTPOHA, KOTOpBbIE MMEIOT pa3HOE MOBE/ICHHE B
3aBHCHMOCTH OT BEJIMYHMHBI SKCLIEHTPUCHUTETA JIUIHIICA.

B xome peliieHus] MOCTaBJIEHHBIX 3a/lad PACCUMTAH DHEPreTUUECKHIMA
crnektp onektpoHa B cepuueckoir KT HQS/CAS ¢ mmaBHBIM
OrpaHUYHUBAIOIIAM MOTEHIUAJIOM, UCTIONB3YS CKaYKOOOpa3HbIit
MPSIMOYTOJIbHON MOTEHIMAT WM MapaOoNuecKuil MOTEHIMAT TaPMOHHYHOTO
OCHHJUTATOPA, JUIS KOTOPBIX CYIIECTBYIOT TOYHBIE PEIICHUS YpPaBHEHUSI
[lpeaunrepa. Bmecte ¢ mpocTOTON MONYYEHHBIX PEIICHUMN, HCIONb30BAHUE
TAKUX MOTEHIINAIOB UMEET HEKOTOPbIE HEOCTATKH.

OCHOBHBIMH ~ HEJOCTATKAMH  MapabOoNMYecKoro  MOTEHI[Hana
SIBIIIIOTCS:  TIPEHEOpEXKEHUEe pasHWIlbl BeNUYUH  S(GQPEKTUBHON  MacChl
KBa3M4aCTHI[ BHYTPU KBAHTOBOM TOYKH M BO BHEUIHEH Cpe/ie; HEBO3MOKHOCTD
MOJYYUTh 00JIaCTh HEMPEPHIBHOIO YHEPTETHYECKOrO CIEKTPa KBA3UYACTHIL C
BBICOKMMH JHEPIUSAMH, a TaKKe€ HEOrPAaHMYEHHOCTh STOro IMOTEHIMaNa Ha
OeckoneyHoctu. [lpuHMMasi BO BHHUMAaHHE MEPEYUCICHHBIE HEIOCTATKU
KJIACCHYECKOT0 MapaboNMYecKoro MOTEHIUANa, HUCIONb3YIOT MOJCIbHBIH
MOTEHIMaN, KoTopbiid B mpeenax KT coBmagaer ¢ mapabolUYecKuM, a BO
BHEIIHEN Cpe/ie — MOCTOSHHBIN. Pacuer sHEpreTMYecKoro CHEeKTpa B TaKOM
MOJIEJIM  3HAYUTEIBHO OCJAOXKHHUIICS W  BBIMOJHSJICS — MPHUOIMKCHHBIMU
METOIAMH.

OfHUM U3 HEIOCTATKOB MOJENU MNPSAMOYTONBHOIO MOTEHI[MAa
SIBIISIETCS HEPU3MIECKOE CKAUYKOOOPa3HOE TIOBEICHHE TOTEHI[MATBHON SHEPTUU
u 3QdexkTUBHOW Macchl HAa TPaHU JAENEHHS MOJIYIPOBOJHUKOBBEIX CPEIl.
AHaNOrMYHOW TPHUPOABI HE(DU3UUYHOCTH BCTPEYAETCS TMPU  HCCIIEIOBAHUU
SHEPrUM  CBS3M  3apsiia CHIAMHM  DJIEKTPOCTATHUYECKUX  OTOOpaKeHWi,
00YCIIOBIICHHBIX CKaYKOOOPa3HBIM HU3MEHEHHEM JIURJIEKTPUYECKOM
MPOHUIATEIHHOCTH Ha TPAHHUIIE pas3jiena cpel. PaccyWTaH MMOTEHIMAN CHIT
0TOOpa)keHU W TOMPAaBKM K DHEPTUsM CBSI3U 3JIEKTPOHA, OOYCIOBJIEHHBIC
YYETOM IUTABHBIX (DYHKIMH JUIJIEKTPUIECKUX MPOHHUIIAEMOCTEH, a TaKKe
MOrPENIHOCTH B BEIMYMHAX JHEPTUH CTAIIMOHAPHBIX COCTOSHHU 3JIEKTPOHA,
00YCITOBJICHHBIX IUIABHOCTHIO OTPAaHMYMBAIONIErO MOTEHIHANA U (DYHKIIUH
s¢dexktuBHOM Maccel. [lnaBHas QYHKIUS IUIIEKTPUUECKON MPOHUIAEMOCTH
Ha TUIOCKO# TpaHHuIIe pasjiena cpel onucana GopMymon
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TIOATBEPXKIAIOTCS AKCIIEPUMEHTAIBHBIMHA UCCIIEOBaHUAMH. [  rpaHuIp
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rne L- mapamerp, uto OyaeT XapakTepu3oBaTh MIMPUHY Pa3MBIBAHUS TPAHULIBI
paszena cpeq.

Jns  ydyera pasmbeiTocTd  rpaHdipl - pasgena KT HgS/CAS
(YHKIMOHAILHYIO 3aBUCUMOCTL MOTEHIMAIBLHOW JSHEPIMU DJIEKTPOHA U €T0
3 (EKTUBHOM MaCCHl OT PACCTOSHUS K LEHTPY ChePUUECKO KBAHTOBON TOUKE
BHIOpAJIM B TAKOM BHIIE.
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roe m=0,036 my u M=0,2 my — 3¢pdexruBuble Macchl 3nekTpoHa B KT u
BHEIIHEH cpele, My — Macca cBoOomHoro siekTpona, V. = 1,35 eB —
OTHOCHUTEJILHOE 3JIEKTPOHHOE 1mo100ue monynpoBoauukos HQS u CdS.
DHEPreTUIeCKUA CIIEKTP KBa3UJacTHIIbI ¢ 3 (GeKTHBHOI Maccoii (6) B
MTOTCHIIMATBHON siMe (5) HaxoauTcst U3 pemeHus ypasHenus [peaunrepa
o 1 -
——V——V+U()P{F)=E¥([)
2 m(r)
(7)
BriomHe MOHATHO, 4YTO TOYHOrO pemieHus ypaBHeHus (7) He
CYIIECTBYET, MO3TOMY IMPUMEHSUIA NPHOIKCHHBIC BapHAIMOHHBIC METO/IBI.
PaccunTan camblii HU3KUN 3HEPreTHYCCKUN YPOBEHb, a IS BBIYMCICHUS
SHepruil BO3OYXKIEHHBIX COCTOSIHMH, Takas 3ajada CTaHOBUTCS CIIMIIKOM
cnoxuo. [loatomy ypaBHeHue (7) pelianu, HCIOIH30BAB AMIPOKCHMAITUIO
TuIaBHBIX (QyHKOMH (5) 1 (6) cTyneHuYaTono100HBIMH (HYHKIHSIMHU.
Uem Oonbiee KOJIMYECTBO CTYTICHEK, TeM TOYHEE
anmnpoKkcuMupoBansl (GyHKIMKM K QyHkomsm (5) u (6) W TouHee pelIeHue
ypaBHeHus (7). Pemenne ypaBHenus lllpenuiHrepa BBINOIHEHO C YYETOM

cepryeckoii CUMMETPUH 3aJaddl W CTYIEHYATOION00HOro BHIa (DYHKIMMA
N-+1

m(r) u U(r) U(r)=>Vio(r) @
i=0

UncneHHBIMH ~ METOIaMH  HAHIEHO ONTHUMAaJbHOE KOJHYECTBO
crynmeiek N B ampokcuMaimoHHbIX GyHKimsax M(r), U(r) u BbINOTHEHHI
pacyeTsl SHEPruil 3JEKTPOHA B CHEPUUECKH CHMMETPHYHBIX COCTOSHUSX HPHU
pa3HbIx 3HaueHusX N.

IPUKJIATHI HAHOTEXHOJIOT'TI IOKPUTTSA

kmu B.I" Ilicapenko KHBO “©®opm”
kmu B.H Isawenxo TOB HBII “Sinta’
kmu B.I".Bopooin TOB HBII “Sinta’

Beryn.

Bigomo, mo BBegeHHS TBEPAMX IUCIIEPCHUX YaCTHHOK (OKCHIB,
HiTpUIy, OOpHULy, KapOiliB, KIACHUYHHUX ajMa3iB) B €JIEKTPOXIMIYHI MOKPHUTTS
MiABUIIYIOTH X MIKpPOTBEpAiCTs 1 3HOCcOCTiHKicTh. [lpnumHa mporo -
3MEHIIICHHS pO3Mipy KPHCTATIB OCA/PKYBAHOT'O METAJy 1 HAsIBHICTh B IMIOKPHUTTI
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BEJIMKOI KIJBKOCTI HAATBEPAMX YACTHHOK. MIKpOYaCcTKH, OCaKyBaHi 3
METajJoM, TpaloTh POJb LEHTPIB KpHUCTali3allii, TOMY, YAM MEHII pOo3Mipu
YaCTHMHOK, THM OUIblle JUCIIEprye KpUCTANiyHAa CTPYKTypa ITOKPHTTSL.
MikporBepaicth (1 TOB'SI3aHa 3 HE 3HOCOCTIHKICTB) MeTaly pocTe
npornopiiiro d ™’ e d — posmip kpucrana.

VY psai BUMAAKiB KUTBKICTH OCa/DKYBaHUX YACTHHOK € MacCHBHUMH
HATIOBHIOBAYaMH 1 iX BMICT q0x0auTh 10 40% BiJT Baru 0ca)KyBaHOTO METaITy.
Bynyuw, six npaBuiio, HaATBEPAMMH MaTepianaMy, BOHH JI0JAI0Th HOMY JIOCHUTb
BHCOKY MIiKPOTBEPJICTh 1 3HOCOCTIHKICTh. AJie i3-3a CBOIO BEIUKOT'O BMICTY B
MOKPUTTI 1 Mi€NEKTPUYHUX BIACTUBOCTEH BOHM CHJIBHO BIUIMBAIOTH Ha
eNEeKTpoi3NYHI  XapaKTEpPUCTHKH IOKPHUTTS, a TaKOX 4YacTo JIOJAroTh
MOKPUTTIO TiJIBUIEHY KPUXKICTh. Jl0 HENOJIKIB Takoro MOKPHUTTS MOXKHA
BIIHCCTH MOXKJIUBUM MiBUINICHUA 3HOC KOHTPTiJa Mapu TEPTs, OCKIIBKU
OINIBIIICTh HANOBHIOBAYiB — KPUCTAJH, PI’Ky4i KPOMKH SIKHX BHCTYNAIOTh 3
OCIBIIOTO Pa3oM 3 HUMHU METally.

3aBIaHHsl JOCHTIJHHUKIB CTOSJIO B TOUIYKY HOBHMX HAaIlOBHIOBAWYiB,
3MAaTHUX TP 3MICTi iX B HEBEJHMKHX KUIBKOCTSX B MOKPHUTTSIX ICTOTHO
301IBIINTH 3HOCOCTIHMKICTh, MIKpOTBEPAICTh, aAre3ito 1 KOpO3iHY CTIHKICThH
Ipyu 30€pekeHHi iX eNeKTpo(i3NIHUX BIACTUBOCTEH.

Ile 3aBmaHHS YCKJIAagHIOBAJO Te, IO EJIEKTPOIITH XPOMYBAHHS €
CHJIHO OKHCIIOBAIFHMMH CEpEIOBHIAMH, TOMY BHOIp MaTepiamy s
COOCAXKIEHHS 3 XpOMOM JOCTaTHhO BY3bkMH. HaHoanmasHi 4YacTHHKH,
OTpHMaHI JICTOHAIIHHUM CHOCOOOM, B TMOJIOHUX BHUMAJKAX € HAHOLIBII
MEPCIIEKTUBHUM MaTepiajioM 3aBJSIKM TaKUM BIACTHUBOCTSIM ajMasy, sK
Ha/ITBEP/iCTh, HU3bKUI KOE(ilieHT TepTs, BUCOKA TEIUIONPOBIAHICTD 1 XiMiYHA
ineptHicTh. KpiMm Toro, HaHoaima3 mae Haaroman posmipu (3 — 10 HM),
¢dopmy, Oim3bKy 10 chepudHOi, OTXKE, HEMA€e BUCTYIAIOUMX PIKYUYHX KPOMOK,
a TaKOXK BOJOMIIOTH Jy)KE€ BETHKOI IHTOMOK TOBepXHE (10 450 m% 1) i
BHCOKOIO TIOBEPXHEBOIO EHEPTI€IO0.

YacTWHKM HaHOaIMa3iB MalOTh JOCUTh CKIAJHY CTPYKTYpY: SIPO 3
KJIACHYHOTO KyOIYHOrO ajamasy i BYIVICNIEBY OOOJOHKY HaBKOJO sypa. Lls
0GOIOHKA, IO CKIAJA€ThCs 3 SP>- TiOPHIAM30BAHMX AaTOMIB BYIJIELIO,
HEO/IHOpiHA TIO0 CTYINEHIO BIIOPSIKOBAHOCTI CTPYKTYPHHUX (DparMeHTiB.
[ToBepxHeBHMii mIap, IO BKIIOYAE aTOMH BYIJIEII0, HACHYEHHH HIMPOKHM
CHEKTPOM pI3HOMAaHITHUX (QYHKLIIOHANBbHUX rpym. [Ipn nmpoMy KOMIOHEHTH
HAHOAJIMa3iB € He JOMIIIKaMH, a OPraHiYHUMH CKJIaJIOBUMU HPOIYKTY, IO B
3HAYHI} Mipi BU3HAYAIOTh KOMILJIEKC HOro crienudiyHuX BIacTHBOCTEH.

Hanromani po3mipu HaHOanMasiB NPHBOIATH 1O TOro, IO POJb
MiK(a3HUX B3aeMONi Haa3BMUYaiiHO 3pocrae. HasBHICTP Ha MOBEpXHI
BHCOKOIIOJISIPHUX 1 PEaKIIOHO3AaTHUX TI'PYII, 30CEPEPKEHUX B MaJIoMy 00'eMi,
BH3HAYa€ BHCOKY AKTHBHICTH Jii YaCTMHOK Ha HAaBKOJIMIIHE CEPEOBHIIE.
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Hanoanmasu, Ha BiAMiHY BiA 3BHYAaHHUX JpPiIOHOAMCIEPCHUX MOPOLIKIB-
HaIlOBHIOBAYiB € HE HAIlOBHIOBAYEM, a CTPYKTYPOTBOPHHUM
MaTepiajgom.3aBIsSKH TiAPOANHAMIYHUM, €IEKTPOCTATUYHHM 1 MOJIEKYJISIPHUM
CHJIaM 3Ba)KEHI YAaCTWHKHM HAHOAJIMAa3iB MiJ| 4ac OCAa/PKEHHS B3aEMOIIIOTH 3
TIOBEPXHEI0 HAPOIYBAaHOTO MTOKPHUTTSL.

Buxonsuu 3 BUIIECKa3aHOTO, BUTIKAE, 1110 HAHOAJIMAa3H 3aBISKU CBOIM
VHIKQJbHUM  BJACTHBOCTSIM  MOXYTh  3MIHIOBaTH  (hi3MKO-MEXaHiuHi
BJIACTHBOCTI MarepiaiiB, B CTPYKTypi SIKMX BOHHM 3HaxonsThcs. [IpoBeneHi
JIOCII/PKEHHS ITATBEpAMIN, IO BBEAEHHS BOAHOI CyCIIeH3ii HaHOaiMa3iB B
€JIEKTPOJIIT Ha OCHOBI IIECTHBAJIEHTHOT'O XPOMY JIO3BOJISIE OZIEPKATH TIOKPUTTS
3 HHU3BKMM  KOeQII[IEHTOM TepTs, BHCOKOIO  TEIUIONPOBIAHICTIO 1
3HOCOCTIHKicTIO. PO3riIsiHEMO AesKi NpUKIIaan 3 HAHOAIMA3HOTO MOKPUTTH:

HanoTexHoJtorisi XxpoMoaJMa3HOI0 IOKPHUTTS.

Ha cporogniniHuii neHb axkTyaJbHUM 3aBJaHHSIM Y BCHOMY CBITI €
CTBOPEHHS TAKMX 3MIIHIOIOYMX ITOKPHUTTIB, SIKi 3MOIIK O 00’ €JHATH B COOI TaKi
BJIACTHBOCTI, SIK BUCOKA 3HOCOCTIMKICTh B yMOBax aOpa3uBHOTO 3HOIIYBaHHS B
BY3JaX TepTs, MOPIBHSHO BHCOKAa KOpO3ifiHAa CTIHKICTh, TEXHOJOTIYHICTH i
TIOPIBHSHO HEBUCOKAa BapTiCTh. JlJIs1 BUpIIIEHHS TaKuX pI3HUX TEXHIYHUX
3aBJlaHb HIMPOKE MOIIUPEHHST HA0yI0 TBepe XpoMyBaHHs. OIHAK TEXHOJIOTs
XpOMOAJIMa3HOT'0 XPOMYBaHHS JO03BOJISIE B 3HAYHIW Mipi MONIMIIATH ()i3HKO-
TEXHIYHI TOKa3HWKM TaKOro IIOKpUTTS. BOHM B MOpIBHSHHI 3 TBEpAUM
XpOMYBaHHSM 30UIBIIMINCH B 2-5 paziB, a KoeillieHT TepTs 3MEHIIMBCS Ha
15-25%. 3aBnsku CcBOIil O€3MOPUCTIH CTPYKTYpl HaHOAJIMa3HE MOKPHUTTS Mae
TaKoX OLIBII BHCOKY KOpO3iiHYy cTilikicTh. TakuM 4YHMHOM, BOJIOIIIOYH
TIOMIIIIEHUMH BJIACTUBOCTSAMH, 3MIIHIOIOUI TIOKPUTTS TpH cobiBapTocTi Ha 10-
15% mnepeBuIIylOTH TBEpAE XPOMYBAaHHSI, MOXKE B JABa 1 Oijblle pasu
MiABAIIMIN pecypc poOOTH aeTajeld Ta BY3JIB, IO MPAIOIOTh B YMOBax
abpa3UBHOIO Ta KOPO3iHHOTO 3HOCY.

OTpyMaHHS KOMITO3UI[IHHUX ITOKPUTTIB METOJOM CITiBOCAKECHHS
JPIOHOMUCIIEPCHUX YaCTOK 3 MeTajoM (HampuKiIaj XpOMOM) TabBaHIYHUM
crocodoM BioMo JaBHO. O/IHAK OCKIJIBKH EJIEKTPOJIITH XPOMYBAHHS € CHIBHO
OKHCHMMH CEpeIOBUILIAMH, BUOIp MaTepiaiy Ul CHIBOCAJUKEHHS 3 XPOMOM
JIOCUTH By3bKHI. HaHOaIMa3H1 YaCTUHKY, OTPUMaHi AETOHALIHHAM CIIOCOOO0M,
y MOmiOHMX BHMAJAKAaX € HaWOUIbII TNEpPCIeKTHBHUM MaTepiajloM 3aBJsSKU
BJIACTHBOCTSIM aliMasy, SIK HaJTBEPHAICTb, HU3BKUHA KOE(Ili€HT TepTs, BHCOKA
TEIIONPOBIIHICTh 1 XiMiYHA iHepTHICTB. Lli BiacTHBOCTI anMasy € OJHUMH 3
BU3HAYAILHUX, aje [Ie HeJOoCTaTHIMM iX y  BHpoOI , K
MOJIe(piKaTOPAIOKPUTTiB. ['OJIOBUHUM YHHOM JIBi OCHOBHI XapaKTEPUCTUKU
HAHOAJIMA3iB JICTOHAIIHOTO CHHTE3Y, a caMe — Majuid po3mip ( 3-10HM ), o
BH3HAYAE IXHIO IUTOMY TOBEPXHIO ( 10 450M% Ha OMH IPaM MOPOIIKY ) 1 Ayxe
BHCOKY HIOBEPXHEBY aKTUBHICTh, 00YMOBIIEHY (PYHKIIIOHAJTbHUMH TPYIIaMU Ha
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il moBepxHi, BWU3HAUYAIOTH BJACTHBOCTI HaHOAIMa3zy MoOJU(DIKyBaTH pi3Hi
MaTepiajy B SKUX BOHH PO3IOJiJIEH], 3MiHIOIOYN (i3NKO-XIMIUHI Ta MEXaHI4Hi
BJIACTHBOCTI CaMUX MaTepiaiB.

JloBeneHo, 1m0 HaHOAanIMa3W, SIKi 3HAXOMATHCA B  EICKTPOJNITI
XpOMYBaHHS TIpH NPOTIKAHHI TaJbBaHIYHOTO NPOLECY, OCAIKYIOUUCH 3
XPOMOM Ha CTPYMOIIPOBIi/IHI TTOBEPXHI YTBOPIOIOTH KOMIO3UT (XpoMasiMas) 1o
BOJIOZIi€ BHCOKMMH ITPOTU3HOCHUMH 1 TPUOOTEXHIYHHUMHU XapaKTEePHUCTHKAMHU.
CaMe 1e 1 TOKJIaJeHO B OCHOBY TEXHOJIOTIT OAEp)KaHHS KOMITO3UTHHX
HAaHOAJIMAa3HMX XPOMOBUX IOKPHUTTIB. HaHoamMa3zHe XpOMOBE MOKPHUTTS
repeBepiIye BiIOMUH 1 INIMPOKOBXKHMBAaHMKH B CaMHMX PI3HUX BUPOOHHYHX
LUKJIaX CIOCi0 TBEpPIOr0 XPOMYBaHHS, IO JO3BOJISE ICTOTHO MONIMIIATH
TEXHIYHI XapaKTEpUCTHKH ITOKPUTTIB, a TaKOXX 3HAYHO PO3MIUPUTH chepu
3aCTOCYBAHHS HAHOAIMA3HOI'O XPOMYBAHHS.

HanoanmasHe XpoMoBe MOKPHUTTS XapaKTEPU3YETHCS ITiIBUILEHOO
TBEPiCTIO, 3HOCOTPHUBKICTIO, KOPO31HHOIO CTIHKICTIO, HU3BKHM KOE(DillieHTOM
TepTs 1 3a0e3medye MiJBUINECHHS TEPMiHY CIYXOM IHCTpYMEHTY 1 Jerainei
By31iB Teprss y 2-15 paziB. Bucoka koposziliHa CTIHKICTh HaHOAIMa3HOTO
MOKPUTTS ~ XPOMYBAHHS JIO3BOJIIE BHUKIIOUUTH Yy psAi  BUPOOHMITB
BHUKOPHCTAaHHS HEP)KaBIIOUHMX CTaJIeH.

TexHomorist HaHOAJIMa3HOTO XPOMYBAaHHS JIETKO aJanTyeThesl J10
TpaguUiiiHOi JiHIi XpoMyBaHHS 0e3 3HaYHMX (IHAHCOBMX BHTpAT Ha
Oprasi3zalio BUpOOHHYOr0 TPOIIECY.

Ipu3zHavYeHHS XPOMOAIMA3HOI0 MOKPUTTS:

KommnosuiiifiHe XpoMOBe MOKPHUTTS MpU3HAYEHE s IIiJBHIICHHS
pecypcy poboTH:

* IepeBo 1 MeTanooOpobHoro incTpyMeHTy ( Dpes, cBepasl, METUHKIB,
3€HKEpiB, MPOTKOK,

HOXIB, HOXKIBKOBHUX ITOJIOTEH, TOIIO);

e neraiedl BY3NiB TepTs (MiJMIMITHUKIB, INTOKIB TiJpOLMIIIHIPIB,
MOPIIHEBUX KiJlellb,

TuryHxepa, Baiis JIB3 i T.11.);

* JeTasieil obnaHaHHsI, 110 MPAIIOE B yMOBaX iHTEHCUBHOI'O 3HOCY i
B KOpPO3iHHMX cepeno-

Bumax ( T3 1 IIHEKIB eKCTPYAEpiB; HOXIB, PELIITOK 1 IITHEKIB
MsICOpYOOK; IITOKIB HACO-

CiB Ta iHIL);

* ipecopM, MaTpHIIb, TyaHCOHIB;

* MEIMYHOT'O IHCTPYMEHTAPIIO Ta iHIIUX BUPOOIB;

* neraiiei 30poi Ta iHIIOI TOUHOT TEXHIKH;
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OCHOBHI  TEeXHiKO-€KOHOMIYHI  XapaKTepPUCTHKHM  TEeXHOJIOTil
KOMIIO3ULIiiTHOT 0
XpPOMYBaHHS:

MixkpoTBepaicTs MOKpUTTS, HV, Kr/MM 1000-1400

PekoMeHioBaHa TOBIMHA MOKPUTTS Ha pobouy moBepxHiO | 5-20
JIeTai, MKM

[lixBumenns TepMiHy CcayxOM pgetamed 3 TOKpHUTTSIM | B 2-15 pasi
(i BUIIICHHS 3HOCOCTIHKOCTI JieTasiell By3IIiB TepTs i CTIHKOCTi

IHCTPYMEHTY)
ITigBuienns aaresii 10 ocHOBH, % Ha 30-40
3aBaHTaXCHHS Karaji3aropa, I / JI 10

Ikr KaTamizaropa 3abesledye CyMapHy ILIOLLY MOKpUTTs (mpu | 2,5-3,0 THe. M°
TOBIIWHI TOKPUTTS 5 MKM )

IlepeBarn:

* KommosumiliHe XpoMOBE TOKPUTTS XapaKTepe3yeThes —IIiIBUILEHOO
TBEPJIICTIO,

3HOCOCTIMKOCTIO, KOPO3iHHOIO CTIHKOCTIO, HM30KUM KOe]illieHTOM TepTs i
3a0e3meuye

iIBUIIEHHS TEPMiHY CIy)kOW 1HCTpYMEHTy 1 neraned By3umiB Tepts y 2-15
pasiB.

* MOXJHBiCTh BUKOPHCTaHHS HEIOPOrWX i HeaedinuTHUX MeTaniB. Bucoka
KOpo3iiiHa

CTIMKICTH XPOMOAJIMAa3HOIO TIOKPHUTTS JO3BOJSIE BUKJIIOUUTH Yy DAl
BUPOOHHIITBA BH-

KOPHCTaHHS HEPXKaBIIOUUX CTaJIeH.

* [ligBHIIEHHST CTPYMOIIPOBIAHOCTI.

* MOXJIHBICTh peaizallii TEXHOJIOTIi Ha CTaHAaPTHOMY YCTATKYBaHHI.

HAIIPA’ KEHHOE COCTOAHHUE OBOJIOYKH
KAHATHOI'O BAPAGAHA

Duoposckas Hamanvs Hukonaesna
Ykpaunckas unocenepno-nedazoeuieckas akademus, Xapvkos, ya. Yuusepcumemckas, 16, m,p.
0577337818,0.0573375934, 0997905534, 0973969883, alrion@list.ru

Pacuer mpouHOCTH 000JOYKM KaHATHOrO OINPIIOIHI OCHOBaH Ha
pemerne Jlame 1852 roma, a yCTOMYUBOCTH MPOBEPSIOT UCIONB3YS (GOPMYITY
P.Museca, nonyuennyio B 1914 roay u BOCHpPOU3BENEHHYIO MO3XKE B TPYyJax
C.I1L.Tumomenka, A.H.Jlunnuka, I1.d.ITankoBuua u Apyrux CHeLUalINUCTOB B
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Teopud  ynpyroctu.OJHaKo TO OOCTOSTENBCTBO, YTO JIAHHBIE PEIICHUS
UCTIONB3YIOTCS HA TPOTSDKEHWH CTOJIETHS, €lle He TOBOpUM 00 uX
yOenuTenbHOCTH.  [JIaBHBIM ~ HEJOCTaTKOM  3TUX  pEHICHHH  SBISIETCS
HEJIOOIEHKa IMPOYHOCTH W YCTOWYHMBOCTH HMJIMHIPUYECKOW OOOJIOYKH, T.K.
OHM TONy4YeHbl sl OECKOHEYHOH TpyObI M HE YUWTHIBAIOT YIPYroe
CoeIMHEHUE C JI0OOOBMHAMH. BnTsHHME 3TOro ¢axropa 3HAYMTENBHO, €CIIH
YUuTHIBaTH HeOONbIIyl0 JuMHYy Oapabana. Kpome Toro, ¢opmyssr s
OIIpe/IeIeHUs] KPUTHYECKOW HArpy3Kd OBLIM TOJYYEHBI IS IMIMHAPHIECKOH
000JI0YKH, TO/IBEPKEHHON T'MAPOCTATHUECKOMY JaBJICHUIO, YTO 3HAYUTEIHHO
OTJINYAETCsl OT JaBJICHUS, KOTOPOE BO3HUKAET IIPH HABMBKE KaHATA.

B nporecce HamoTKH KaHaTa Ha OapabaH MEXy HUIMH BO3SHHUKAET
CHJIa TPEHHs], KOTOpasi 3HAUYUTEIFHO YMEHbBIIAET IaBICHHE Ha CTEHKY, HO OHA
YUHUTBHIBAETCS TOJIIBKO MPU pacyeTe AIEMEHTOB 3aKpETUICHUs KaHATAal0

Harspkenne HUTH, epeOpOIIEHHOM Yepe3 [IKUB, U3MEHSIETCS 110
3aKoHY Diepa

— L
T=Te" (1)
I'ne p -xo3¢ddunueHt Tpenus

O =yroia HaBUBKH

Kanar npencraBnsier co0ol CIOXHYIO YNPYI'YIO CHCTEMY, KOTOpas
3HAYNTEIBHO OTIMYAETCs OT HepacTshKuMoW HuTH. i ydera ynpyrux u
TEOMETPUUECKHX ITapaMeTpoB KaHaTa M OapabaHa MbI BBOJUM KO QHIIMEHT K.

®opmyna (1) Torma npuMeT BUA

T = Toe"‘“ “ )

Ed,
K “EVR €

E,. E, - Moxynu ynpyrocru xanara u GapaGaHa COOTBETCTBEHHO

T'ne

R — paanyc cpennHHOM noBepxHOCTH 00eyaiiku 6apabana

O - TonumHa obeyaiiku

Jls onpenenenust ycuiMii B KaHaTe, HABUTOM Ha OapaOaH,
UCIIONIb3yeM cUCTeMy ypaBHeHui Kupxroga
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q7) 1M, k

R w Ry
:kzﬂz
R2

ﬂ -Yrojl CBUBKHU 3JICMCHTOB KaHaTa

B
(8)

+ Rb + W (W +W,)

IIpoBoguM  cpaBHUTENBHBIN pacder Ipu dk =16 MM,
T, =30000H, R=150 mm, & =15 mm, E,=120000 MIla, E,=210000 MIla,
u =014 x=0,19.

Mo dopmyne (7) momyuum fn =38H/mMM, mpu pacuere OapabaHOB

paauaNbHyI0 HArpy3Ky CTCHKH OMpPEEISIOT Mo hopMmyrie

5T, _ 3000

= 200 1y,
150 W

Kak BuauMm, Harpy3ka GapabaHa 3aBblilieHa 0ojiee 4eM B 5 pas, uTo
BeleT K HEOOOCHOBaHHBIM  3alacaM MOPOYHOCTH M K W3JIMIIHEH
METAJIOEMKOCTH OapabaHa.

BJAUAHUE NOAKPEIVIAIOIINX 9JIEMEHTOB HA
IMPOYHOCTDb U XKECTKOCTb BAPABAHA JIEBEJKHN

Hecmepenxo Buxmopus Barenmunosua, Ilepeomatickuii noaumexuuyeckuil UHCmumym
Hayuonanvhozo ynusepcumema kopabaecmpoenust um. aomupaia Maxaposa, Ykpauna, 2.
Ilepsomaiick Huxonaescroii obracmu, yn. Odecckas, 107a, men. (0516145441, ppi @ukrpost.ua

Bo MHormx ciydasx s OOecHedeHUs] YCTOWYMBOCTH CTCHKU
KaHATHOrO Oapa0aHa TOABEMHBIX MAIIUH MPUMEHSIIOT MOJKPEIUISIONINE
9JIEMEHTHl — KOJIbI[a WJIM TIPOAOJbHBIE pedpa xecTkocTH. OOecrieunBast
YCTOHYMBOCTh KOHCTPYKIIMM, OTH DJIEMCHTHI OJHOBPEMCHHO SIBJISFOTCS
HCTOYHHUKOM KOHIICHTPAIIUU HANPSDKCHUH B 30HC MX KOHTAKTa (COCIMHEHUS
CBapKoOH) C IMJIMHIPUICCKON WM Jpyroi obOecuaiikoi OapabaHa, BBI3bIBAS
JIOCTATOYHO BHICOKHE MECTHBIC HAIpsDKeHHs m3rnba. Kpome TOro, 3meMeHTHI
0apabaHOB BOCIPUHUMAIOT IUKIMYCCKHE HATPY3KH M MECTHBIC ITHKOBEIC
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HampspkeHUs] (0OCOOEHHO B 30HE CBApHBIX IBOB) MOTYT CIY)XHTh MPHYUHOI
BO3HHUKHOBEHHS M PA3BUTHS YCTAIOCTHBIX TPEIIUH.

Bce  BhIllecKa3aHHOE ~ OOBSICHSET  BAXKHOCTh  OIPEACIICHUS
HanpsbkeHHO—TehopmupoBanHoro coctosiHus (HJIC) cTeHKU UITHHAPHIECKO#
000JIOYKH B 30HE KOHTAKTA C MOAKPCIUIIONMM KPYrOBBIM KOJNBIOM MpH
Harpyske o0O0JOYKH BUTKAMH KaHATa MO0 JPYTUMH JIOKAJIbHBIMH HAIPY3KaMHU.

Llenp wucCIEOBAaHUS COCTOUT B pa3pabOTKe METOAOB OLCHKH
HanpspKeHHOTo cocrostHust  Oapabana (H/C), ycunmeHHOro KOmbIaMu |
pedpamu KEeCTKOCTH.

B Hacrosiiiee BpeMsi 3aKOHYEH OKCIEPUMEHT Ha CTeHne. bbutu
pa3paboTaHbI ¥ CO3/IaHBI MOJIENT OapabaHOB TPEX THIIOB:

— 0€e3 DIIEMEHTOB KECTKOCTH;

— ¢ JBYMs KOIIbIIAMH JKECTKOCTH, YCTAHOBJICHHBIMH IO HEHTPY
OapabaHa;

— C YeTBIPbMs TPOMOJBbHBIMU PeOpaMu KECTKOCTH, NPHUBAPEHHBIMU
oy yriiom 90?Bo31e omop 6apabdaHa.

Hedbopmarnus obevaiiku O0apabaHOB PErHCTPUPOBANACH MPH TOMOIIH
Ten3ope3ucropoB KOSII1 —3—-400-65 —12 TY 3.06 Ykpaunsr 7710 - 0001-
93. TeH30pe3uCTOpbl MOJKIIOYAINCh MO MOCTOBOH HM3MEPHUTEIBHOH CXeMe.
Peructpanus u 00paboTKa CHTHAJIOB BBIMOJHSUIACH TPH MOMOIIM KOMILIEKCA
ZetlLab, xotopsiii cocToMT M3 aHamoro-iudposoro mnpeodpasosatenst AL
HAIT ZET-220, nByx mnpeaBapUTENbHBIX YCHIHMTENEH C TrajJbBaHHYECKOH
passskoii  ZET 411 wu mepconanpHOro kommbtotepa. OcHMLIOrpaMMBbl
UCIIBITAaHNH B TMHAMHKE coXpaHeHsbl B ¢aitisl Ha [1K (puc. 3).

O6paboTka ocipyutorpaMM MpousBoamiack B cpeae Mathcad. Beuu
MONyYEHbl 3aBHCHMOCTH HAIPSDKEHUS OT BPEMEHH, a TOCie OIpeNeNCHUsI
TapUPOBOYHBIX KOIPDHUIMEHTOB — 3aBUCUMOCTH JAe(pOpMAalli OT HATSHKCHUSI
KaHaTa JUisl OTJCTbHBIX TEH30MOCTOB M JUTs Bcero OapabaHa .

AHanM3 pe3yNbTATOB TPOBENCHHBIX 3KCIEPUMEHTOB MO3BOJSET
clenarth CIeIyIONHe BBIBOJ: Ne(OpMAaIK PE3KO BO3PACTAIOT B 30HE CBAPHBIX
HIBOB OKOJIO pedep )KECTKOCTH.

[IpoBeneHHbIC SKCIIEPUMEHTHI OBUIM CMOJEIUPOBAHBI B  Cpelne
aBTOMaTH3UpOBaHHOro npoekTupoBanus SolidWorks. B oTyerax, nomy4eHHBIX
MOCNe CUMYJISLMH BBINIE OMUCAHHBIX SKCIEPUMEHTOB, TMOIYYCHBI JIIOPHI
HampsDKeHUH, nedopMalmii U THepeMelIeHHH OTAENbHBIX TOYEK Mojeneit
OapabaHOB. X aHaJM3 TakKe MO3BOJSET CAENATh BBIBOI O TOM, YTO CBAPHBIC
UIBBI MOJKPEIUIFOIINX 3JIEMEHTOB SIBISIFOTCS KOHIICHTPATOPAMH HANpPsHKEHUI
U MPOBOLUPYIOT MOSIBJICHHE TPEIIUH.

Hnst  ompenenenmss  HJIC  oOomodek  KaHATHBIX — OapabaHOB,
MOKPEIUICHHBIX CUCTEMON MPOMONBHBIX M TMOMEPEYHbIX pedep, MONb3YHTCs
W3BECTHBIM MPUEMOM, KOTOPBI COCTOMT B 3aMEHE IaHHOW H30TpPOITHOI
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00010uKN ¢ pedpaMHu aHH30TPOIHOHM 0000uKOi Oe3 pedep ¢ NMpHUBEAECHHOM
TOJIIIMHOM.

3amaua onpenenenust HAC 00010YKH ¢ JUCKPETHBIM YKPEIUISIOMINM
KOJIBIIOM MO JIEWCTBHEM Harpy3Kd OT BUTKOB KaHATa 3HAYUTENHHO CIIOXKHEE.
Jlis pelieHns moctTaBIeHHON 3a7ja4y OBUIO UCIIOIF30BaHO YpaBHEHHE, KOTOPOE
monyuywn ILILBefimapn Juis TOHKOCTEHHOW OOOJOYKU TIOA JIeHCTBUEM
paauaIbHON Harpy3KU.

Jlns  pelieHus HamNpsDKEHHOT'O COCTOSIHHMSL  HCIIONIB30BaH  METO[
pa3loKEHUsT HAarpy30K U NepeMelieHuil B asoiiHble psasl @ypse. Ilpu 3tom
TPU ypaBHEHHS TEOPUM OOOJOYEK B YACTHBIX IPOM3BOJHBIX CBOMSATCS K
OJJHOMY YPaBHEHHUIO BOCEMOTI'O TTOPSIKa JJIsl PaHaIbHOTO IIEPEMEIIEHHSI.

Opnako peanbHble yciOBUsL paboTel  OapabaHa  yCIOXKHSIOTCS
HaJIMYUEeM TpeHUst Mexay OapabaHoMm u kaHatoM. C yderoM koadduimieHTa
TpeHus OblIa MoJTydeHa CHCTeMa YpaBHEHUH IS ONpe/ieNieHns] HapsHKEHUH

GX
p/a

c
y 2
—L=my*+ny

p/a

Beutn ompenenieHbl BETMYMHBI CHJIOBBIX (DAaKTOPOB — W3THOAIOIINX
MOMEHTOB U MEMOpPaHHBIX CHII:

M M N N

m=—>"; m=—"; n=-—2; n=—2,
“pa’ " pal Y p’ " p
a Takke QopMyna IS ONpeneNieHUus mporuda  (pajauaibHOTO

TiepeMeIIeHHs )

=my®+ny

w
p/E’
HOJ'Iy‘IeHHI)Ie KOMIIOHEHTBI ITO3BOJIAKOT OLICHUTH HaHpH)KeHHO—
Je(OPMHUPOBAHHOE COCTOSTHUE OOeualiku OapabaHa, MOJKPEINICHHON KOJBIIOM
JKECTKOCTH U Hal”py)KeHHOﬁ 10 BI/ITKy KaHarta.

INFLUENCE OF ELASTIC-PLASTIC STRAIN ON
STEEL MARTENSITIC TRANSFORMATION

Regita Bendikiene, Rasa Vitkeviciene
International Studies Center, Kaunas University of Technology, Mickeviciaus 37, LT-44244,
Kaunas, Lithuania, Tel. +370 37 323704, E-mail: regbendi @ktu.lt

The internal dresses occur during cooling. The stresses appear
because of the differences in temperatures of specimen surface and the center,
because of irregularity of martendtic transformation, and external load during
hardening in the stamps. The values of stresses constantly change during
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cooling. The dress relaxes because of the high temperature and, especially, the
kinetic plasticity during martendtic transformation [1]. The aim of thiswork is
to determine plastic strain and stresses influence on the martensitic
transformation of high chromium steel. The test pieces made of sted X12M
and 40X 13 were used for the tests. The test pieces were heated up to hardening
temperature, then bended in kinetic pladicity device for the dastic-plagtic
deflection ye = 1.5 mm and kept from 5s till 15 min. The deflection change
was registered when unloaded specimens were cooled in the air up to the room
temperature. The deflection change shows irregularity of martensitic
transformation in compressed and tensioned parts of the test pieces. The
complicated processes occur in the specimens during the test: eagic-plastic
bend strain, elastic stress relaxation, martensitic transformation; volume
changes; kinetic plasticity. The complicated plastic strain and stress state
occurs when the specimens are bended or unloaded. This changes the
temperature of martensitic transformation and its intensity in the compressed
and tensioned parts of the specimen. The processes cause different phase
composition and al so autodeformation.

The test pieces made of steel 40X 13, deformed in austenitic state for
5 seconds, kept bending to the same direction, as they were bended, when the
martendtic transformation began. The greater effect was got when the
specimens were bended at the lower temperature, which is close to the
temperature of the beginning of martensitic transformation (Fig.1). The
stresses relaxed partially at the higher temperature. So martensitic
transformation more equally goes in al the volume and autodeformation
becomes smaller.

Different results were obtained for the steel X12M test pieces (Fig. 2).
When the martensitic transformation starts, bended at austenitic state
specimens starts straighten. So, at this moment, the martendtic transformation
was more intensive at compressed part.
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Fig. 1 Influence of austenite plastic strain on autodeformation of steel 40X13. Hardening
temperature 1025 °C, yr = 1.5 mm. Defor mation time 5 seconds.
Fecimen temperature, °C

1025 158 84 43 22
0.04
E 002 A\
E oy
S -0.02 \
g hr
§ -0.04 1-710°C-684°C
% -0.06 2-632°C-610°C
Q 3-310°C-302°C
-0.08 f T
0 5 10 15 20
Time, min
—_—1 — ——3

Fig. 2 Influence of austenite plastic strain on autodeformation of steel X12M. Hardening
temperature 1025 °C, yr = 1.5 mm. Defor mation time 5 seconds.

The deformation time in austenitic state aso has an influence on
martengtic transformation and autodeformation. As the Fig. 3 shows, al the
specimens of steel X12M kept straighten during martensitic transformation, as
the martensitic transformation was more intensive at the compressed part. The
autodeformation was greater when the specimens were bended in austenitic
state for alonger time,

1-t=5s
45 2—-t=15s
3—-t=1minl5s
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Fig. 3 Influence of austenite plastic strain on autodeformation of steel X12M. Hardening
temperature 1025 °C, yg = 1.5 mm.

Fpecimen temperature, °C
1025 200 106 62 40 30 20

x s R
g 015 /’% 2 20%
£ o1 jﬁ?ﬁ " 3-30%
S 005 4-40%
P =
% -0.05 ’
0 o1
0 4 8 12 16 20 24

Time, min
——] =) =3 O =D ——
Fig. 4 Dependance of autodeformation kinetics of steel X12M and martensite quantity.
Har dening temperature 1025 °C, yg = 1.5 mm.

During longer deformation stresses will have greater influence on the
transformation. So for the purpose, the hardened specimens were bended for
elagtic-plastic deflection of 1.5 mm at 280 °C temperature and were cooled up
to the formation of certain martensite quantity (Fig. 4). When during deforming
10%-20% of martensite was formed, initially unloaded specimens
straightened insignificantly. Later the direction of autodeformation change and
the deflection of specimens start to increase. The greatest deflection increment
is obtained for the test piece in which it 40 % of martensite was composed.
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Conclusions

1. Austenite plastic deformation above Ms temperature changes the intensity of
martengtic transformation. When austenite contains 0.45 % of dissolved
carbon and 5% of chromium (stee X12M) the martensitic transformation is
induced by compression and when austenite contains less than 0.35 % carbon
and 10 % — 12 % of chromium (steel 40X13) — by tension.

2. The influence of plastic strain on martensitic transformation increases on
decreasing the temperature difference between deformation temperature and
Ms.

3. Austenite deformation by compression below Mg temperature increases the
intensity of transformation at higher temperature. Deformation by tension
induces the martensitic transformation at lower temperature therefore initially
the test pieces are bent dightly to the direction of straightening later inversely —
to deflection increasng one.

4. Elagic-plastic deformation during hardening the test pieces made of sted
X12M changetheir deflection during tempering.
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IMPROVEMENT OF CYCLIC STRENGTH OF
DISTORTED STEEL BY HEAT TREATMENT

Antanas Ciuplys
Kaunas University of Technology
Kestucio g. 27, LT-44312 Kaunas, Lithuania
Tel.: +370 37 300420, fax: +370 37 323769, E-mail: antanas.ciuplys@ktu.lt

Fatigue strength is one of the most important mechanical properties.
Durability and rdiability of car partsis often defined by their fatigue strength,
since most of them are loaded with dynamic, repeating or variable loads and
the main type of failureis metal fatigue [1].

Fatigue crack usualy starts on the metal surface. The interrelationship
of the surface layer together with the characteristics of internal metal volume
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determine the value of fatigue limit and the coefficient level of stresses
intensity, which isrequired for the start of fatigue crack [2].

Various hardening methods of surface have a huge impact on fatigue
strength of structural materials. The choice of surface processing method is
determined by properties and microstructure of a material, as well as the
purpose and working conditions of part’s material. Very often the optimum
processing is a combination of several methods, which enables to obtain the
required properties (high fatigue strength, wear, etc.) [3].

Investigation of specific fatigue fracture properties enables to
determine the kinetic of processes, related with fatigue crack initiation and
propagation. Analysing fractures of machine parts and comparing them with
the most specific “mode” fractures it is possible to determine the nature of
affecting loads and the reason of part failure.

The impact of several combined surfaces processing on the fatigue
strength of carbon steel samples is investigated in the work. The surface was
hardened using different processing combinations. by hardening with high
frequency eectricity currents, rolling by rollers, heating and cooling under
different temperatures. Fatigue strength was investigated in the experimental
facility VKH-10M by rotating in cyclic bending. The experiments were carried
out at room temperature and at a rate 3000 r/min. Round samples of carbon
steel 45 were used. The diameter of operational part was equal to 7.5 mm.
After the mechanical processing all samples were annedled at 850°C in the
protective environment.

Fatigue strength was investigated using 6 series of samples. The
processing regimes are given in thetable,

E%” S | Hardeni ng regimes of the surface

1 The unhardened sample is annealed for 6 hoursat 750 C

2 The unhardened sample + rolling by rollers

3 The unhardened sample + rolling by rollers + hardening with high-frequency
electric current

4 The unhardened sample + rolling by rollers + hardening with high-frequency
electric current + 2 htempering at 200 T

5 The unhardened sample + rolling by rollers + 6 h tempering a 500 T +
hardening with high-frequency electric current + 2 h tempering at 200 T

6 The unhardened sample + rolling by rollers + 2 h tempering a 300 T +
hardening with high-frequency electric current + 2 h tempering at 200 T

According to the surface hardening regimes, presented in table,
fatigue curves of treated samples are presented in Fig. 1. The numbers of
curves correspond to the numbers of sample series.
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Fig. 1. Fatiguestrength of carbon steel samples subject to surface hardening

From the fatigue curves it can be seen that the surface hardening
increases fatigue strength and durability of carbon stedd samples. Rolling
samples of series 2 by rollers, their fatigue strength, comparing with the
unhardened samples of series 1, increased by 160 MPa, whereas the durability
at 520 MPa gress increased almost 100 times. Plastic deformation changes the
structure and density of crystal boundaries defects of the surface layer, besides,
the residual compression stresses are formed on the surface therefore fatigue
strength increases.

After rolling by rollers and hardening of samples with high-frequency
electric current, their fatigue strength decreases. Fatigue limit decreases to
340 MPa, however durability increases, comparing with the unhardened
samples of series 1. After treating samples with the regime of series3 and 2 h
tempering at 2007C, fatigue strength and durahility significantly increase. The
fatigue limit of samples of series 4 —540 MPa 1.5 times exceed the fatigue
limit of unhardened samples, whereas durability at 550 MPaincreased by 1000
times.

The additional surface hardening treatment with high (series 5) or low
(series6) tempering, which is performed after rolling by rollers, does not
demonstrate a more visible change of fatigue limit, comparing with the samples
of series 4. Only after tempering samples for 6 hours a 500 7C, fatigue limit
and durability increase insignificantly. Taking into account fatigue strength of
samples of series 4, 5, and 6 it is difficult to give importance to any of them.
The most economical one is treatment of samples of series 4 since after rolling
by rollers tempering is not applied to them, which is used for the samples of
series5 and 6.
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Microfractographic testing of the carbon stedl fatigue fracture in al
amplitudes of |oads has revealed that the samples of series 1 and 3 decompose
due to the fatigue crack, which appears on their surface and further progresses.
In this case, a smooth and glossy segment region was seen in the fracture,
where the fatigue crack initiated and dowly grew (Fig.1). The fracture surface
gloss in the fatigue crack propagation region is more expressed at the loads
similar to the fatigue limit, and it is more emphasized at bigger number of
cyclestill failure.

Fig. 1 Fatigue fractures, when the fatigue crack is initiated on the sample surface:
a — series No 3, ¢ = 400 MPa, N = 9,5-10° cycles; b — series No 1, ¢ = 400 MPa,
N =1,0-10° cycles

Thus according to the nature of the fatigue crack propagation region
(its size, gloss, contour, etc.) it may be decided only upon the duration and size
of the cyclic load affect. Small loads and a big number of cycles till failure
evoke the formation of big, smooth and glossy region. The load increase
evokes the glossy region reduction and the contour increase.

According the fracture nature, failure of the samples with the hardened
surface in the small load region begins insde the sample, in the boundary,
which separates the hardened and unhardened metal (Fig.2). Such kind of
fatigue fracture is usually formed in hardened and high strength metas,
whereas the dlipse fatigue crack propagation region is called a “fish eye’ [4].
The “fish ey€” region area reduces with increase of stress and after reaching a
certain load range ong, the fatigue crack initiation on the surface becomes
energetically more beneficial. Stress om, Which corresponds to the mechanism
variation of the fatigue crack initiation, is a critical parameter and it defines the
ability of hardened metal to resist the surface fatigue crack initiation.
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Fig. 2 Fatigue fractures, when the fatigue crack is initiated inside the sample:
a — series No 6 ¢ = 680 MPa, N = 6,2:10° cycles; b — series No 2 ¢ = 630 MPa,
N =2,3-10° cycles

Fracture analysis of the samples, the fatigue dissociation of which
have initiated under the surface, has enabled to highlight some common
fractographic patterns.

At stress, similar to the fatigue limit, the maximum “fish eye” region
area in the samples of the given series was observed. Final failure of the
sample at this stress is brittle, Stuated on the opposite fracture side of the “fish
eye” and occupies major region of the unhardened sample part.

Samples, which fractured with the development of the “fish eye’,
always have higher fatigue strength than the samples, the fracture of which
begins on the surface. This is due to different stress state crack in the node,
which depends on the fact whether the fatigue crack occurs on the sample
surface or ingde it. When the fatigue crack is devel oped inside the sample due
to small opening when it grows, the conditions of plane deformation are
exhibited more clearly than in the situation when the crack initiates on the
surface and when propagating it opens up more widely.

CONCLUSIONS

1. Expeimentdly it is proved that thermal trestment of plastically deformed
carbon steel significantly increases fatigue strength.

2. It is proved that after surface hardening with the given regimes, the
microstructure and residual stresses are formed in such way that fatigue crack
begins to grow under the hardened sample surface.

3. Samples, in which the fatigue crack initiates inside the sample, have higher
fatigue strength than the samples, the fatigue crack of which initiates on the
surface.
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OCOBEHHOCTH PACYETA TATOBBIX 3YBYATBIX
HHEPEJAY JIOKOMOTHUBOB

Tymanuweunu I'. 1., 3suadaypu B. C., Yenuose M. A., Loyxanaweuru M. I1I.
(I'pysuncxuii Texnuueckuui Ynusepcumem, 0175, Tounucu, yn. Kocmaea 68. m. +995 32 36 50 93,
gtumanishvili @yahoo.com)

Jnsa  3y0uaThIX ~ KONEC ~ JIOKOMOTHBOB  OOBIYHO  NPHUMEHSIOT
BBICOKOKAUECTBEHHBIE JIETHPOBAHHBIE CTAIN C MOBEPHOCTHOM 3aKaJKIIH, YTO
3HAQYNTEIHHO TIOBBIIAET WX KOHTAKTHYIO BBIHOCTHUBOCTH II0 CPaBHEHHIO C
BBIHOCIIMBOCTBIO MX TIpH u3rude [1]. Jlns TpaHCHOPTHBIX MamuH B 00LIEM
OajaHce TOBPEXICHUA  JIOMHHHUPYIOUIMM  SIBISICIOTCS  ITOBPEXICHHMS
BCJIEICTBHE M3HOCA pabounx mpoduieid 3yobes. [Ipn skcruryaTanuu TSArOBBIX
nepenay OOBIYHO HAOII0JaeTCsl M3MEHEHUE TreoMeTpuu pod st 3y0a a pecype
riepeiauy 3aBUCUT HE OT M3TMOHON IPOYHOCTH WIIN TIPOYHOCTH 3YOBEB, a OT UX
n3HOCcOCTOMKOCTU. [Ipu 3aBOJCKHMX M JENOBCKUX PEMOHTaX JIOKOMOTHBOB IO
TIPE/ICNIEHO JIONYCTUMOMY M3HOCY 3YObEB NpexIeBpeMeHHO Opakyercs 10 95%
mectepéH U okono 60% 3y0UaThIX KONEC, YTO CBS3aHO K 3HAYUTEIHLHBIM
MaTepHaIbHBIM 3arpaTam Hawnbonee HaNpPsDKEHHBIMU ~ SIBJISIFOTCS
TIPUTIOBEPXHOCTHBIE CJIOM Tpoduiiell 3yObeB, Te NeHCTBYIOT MaKCHMalbHbIE
TpajIMeHThl HanpspkeHni. Harpy)keHHOCTh TSTOBBIX Iepefiad JIOKOMOTHBOB
OIIPEJIEIISIIOT MHOXKECTBO (DAKTOPOB: HM3MEHEHHE CONPOTHBIICHUS JBHKEHHS
roe3/ia, HeMpsIMOIUHEHHOCTh ITyTH B Mpoduie, MecTHbIE Ae(eKThl BEPXHEro
CTpOEHHSI TYTH, HEPaBHOMEPHOCTb pacrlpelesieHHus JUCCUTIATHUBHBIX,
WHEPUUOHHBIX W YIPYTUX CBOMCTB IyTH, HECTAI[MOHAPHBIE IWHAMUYECKUE
MPOLIECCHl B DJIEKTPUYECKUX [EIsX TATOBBIX JIBUTaTelel, HOTrPEnIHOCTH
W3TOTOBJICHUS W  CTeNEHb M3HONIEHHOCTH Ipoduieil 3y0oB  Komnéc,
KOHCTPYKTUBHBIE OCOOEHHOCTH XOJOBOWH YacTH JIOKOMOTHBA M Jp. OTO
olpesieNIsieT KpaiiHe TsDKENbIE yCIOoBHs PadOTHI TATOBBIX 3yOUaThIX Iepenad
JIOKOMOTHBOB.
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Jis TSOKETOHAarpy)KEHHBIX KaTAIIMXCS CO CKOJBXKEHHEM Tel Hauboee
pacrpocTpaHEHHBIM M ONACHBIM BHJIOM H3HAIIWBAHUS SIBISIETCS 3aelaHHMe.
CymiecTByromye MeToIpl pacuéra 3yOuaThIX repeiad Ha M3HOC HEIPHUIOIHBI
JuIsl pacyéra TATOBBIX Iepenad JIOKOMOTHBOB. Y CTaHOBJICHBI J1Ba HaunOoiee
BaXXHBIX (haKTOpa, HEraTHMBHO OTPaXKAfOUIMECcs Ha KOHTAKTHYIO CHUTYalUIO —
TeMIlepaTypa U Harpy3ka. [Ipy IMOBBIIIEHHBIX CKOPOCTSX M HAarpy3Kax ocoOble
npoOJieMbl BO3HMKAIOT C OOecreueHneM NPOTHUBO33AUPHONH CTOWKOCTH
MoBepXxHOCTe. 3yOuarble Tmepeaad JIOKOMOTHMBOB CMasbIBAIOTCS O KUAKOM
cMa3koi. 3aenaHue TPYIIHUXCA CMa3aHHBIX TOBEPXHOCTE BO3HUKAET INpHU
paspylIeHUHHd CMa304HBIX CIIOEB THUAPOJAMHAMUYECKOIO W  TI'PaHUYOro
MIPOUCXOXKAECHT U, PA3IENIAIOUIErocs TeJda U UX HEMOCPEACTBEHHOM KOHTAKTe.

Ha puc. 1 IlokazaHsl pe3ynbTaTbl 3KCIIEPUMEHTAIBHBIX HCCIIEIOBAaHHH,
TIOJTyYeHHBIE Ha POJIMKOBOW MaIlliHe TPEHHS, IO onpeaeseHnto KoddduirenTa
TPEHHsI CKOJILKETHHs, TOMIMHBI CMa30YHOTO CJIOSl M YCJIOBHH BO3HUKHOBEHUS
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Puc. 1. 3aBHCHMOCTH IOTOHHOU HArpy3KkH 3aegaHus (P,;)0THOCHTEIbHON TOJUIMHBI CMA304HOT0
caos (h/R) u ko3¢ punnenta Tpenus (f) ot ckopoctu kavenust (Vs,) 1 ckopocTH cKoJIbkeHust (Vo )Ipu
PA3IUYHBIX BA3KOCTAX CMa309HOro Marepuaia (v).

b
0 8 1

1 hR= ¢(Vs);  Pw=10° H/u; v=157¢cCr;

2. hWR=p(V); Pn=2x 10° H/m; v=157 ¢Cr; Vi
=50m/c;

3. Pu=¢(Va);  v=49 cCr; Vg, =50M/c;

4' Pn3: (P(VZK), V:lS7 CCT; VCK |:22 M/C,

S, f= o(Ve);  Pw=15x10°H/™M;  v=49 cCr; Vi
=50m/c;

6. f=(Vs);  Pu=10°H/v; v=157 cCr.
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Crnenyer OTMETHTb, YTO coriacHo ycioBus (1), npu 3HaueHusix A=4, B
KOHTaKT MOT'YT BCTYIHTh MHMHHMAaJbHOE KOJIMYECTBO MHKpOHepoBHocTeil. C
yMeHbIlIeHneM A JomycTuMasi TOJIMHA CMa304HOTO CJIOs YMEHbBIIaeTcs, a
KOJIMYECTBO MHMKPOHEPOBHOCTEH, BCTYMAIOIIME B KOHTAaKT yBEJIMYHBaeTcs. B
o0ouX ciydasXx, B TPEAENbHBIX PEKUMAax TPEHUs B KOHTAKT BCTYIMAIOT
OTZAEJbHBIE MHKPOHEPOBHOCTH M TJIyOMHa WX HarpeBaHusl OIpEeNseT
MacIITa0bl MOBPEXICHUS OT 3aeIaHusl.

Ha ocnoBe wunTerpo-mud¢epennnansieix ypaBHenun OI'J] Teopun
CMa3K{ B HauOojee IOJIHOM OCTaHOBKE C YU€TOM TEILUIOBBIX IOLECCOB BHYTPH
CMa304HOrO CJIOSI M Ha TpaHMIE C KOHTAKTHPYIOUUMH TellaMH TONy4eH
KpUTepHii 3aeaHus, KOTOPbIN uMeeT BuA [2, 3]:

0,7 0,6
R (TR A
\/Ral 2y Razz R, R Ve Pa.
rae: R — npuBeneHHBIH paguyc KPUBU3HBI MMOBEPXHOCTEH, paBHBIHN
Ryp=RiR:/(R1+Ry), Ry 1 R, — paanycsl koHTakTUpyromux tei; P, — moronHas
Harpy3ka; [ - mbe30K03(PQUIMEHT BI3KOCTH Macia, o - Kod(hGUIMEHT
3aBHCHUMOCTH BSI3KOCTH CMa30YHOrO Marepuajia OT TEMIEPaTyphl, Lo -
JMIUHAMHYECKAsT BSI3KOCTh Macjia NpPU TEMIEpAType BCTYMAIOIUX B KOHTAKT
MOBEPXHOCTEH; V- CyMMapHast CkopocTh KaueHus Tea Vy, = V+Vo, (Vi V
— CKOPOCTH KOHTAaKTHUPYIOUWIMX TelN); A - KOI(QQUIMEHT TeruionpoBOJHOCTH
macna; Vg — cKopocTh ckonbxenus Vo= V1-Vy; By, = npuBeneHHsiit Mogyb
ymnpyroctu ten; Pep, = (Pep + Pey)/2 cpennee uucno Ilekne; Pe=(b Vi)/ay,
Pe,=(bV,/a), b — monymupuna repreBckoro koHtakta, R, u Ry, —
cpenHeapupMeTHIecKUe OTKIOHEHUs] npoduiell TPYIIUXCS IMOBEPXHOCTEH
mepel  BO3HHUKHOBEHHWEM  3aelaHus; & W &  KO3(D(DUIMEHTHI
TEMIEePaTypONPOBOJHOCTH MAaTEPHAIIOB.
Kpurepnii MoxxeT OBITH NPEICTABIICH B CICAYIOIIEM BHJIE:

K

<1, (1)

K VadVad P io? Ry (VR + Rp?) BOA" o' d B, "< 1. 2

[puanmas B, A, o, @ U E NOCTOSHHBIMBI, KpUTEpUl MOXKHO
MPEICTABUTH B CIEAYIOLUIEM BHIE:

K1 VadVad P o’ Ry (VR Z + Rp?) < 1, A3)

rae K;=Kp9A." o' d [
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Ha nponecc yImIoTHEHUs U NepeMEIleHuUs IIIacTUYeCKOro MaTepHaa
OoJbIIIOE BIMSIHUE OKA3bIBAE€T HE TOJNBKO YacTOTAa M aMIUIMTYAa BUOpaIy, HO
W €ro HampaBjIeHHe; T.€. JECHCTBYET JIM BHOpauusl 10 HAIpaBJICHHIO CHUIIBI
TpaBUTAIMU WM IPOTHB HETO.

JlelicTBuTENbHO, KOra paboumii opraH BHOpaTopa JAeHCTBYeT Ha
MaTepuan (KOTOpBIH MOABEPraercsi YIUIOTHEHHIO) C HIDKHEH CTOPOHBI, TOra
n3-32 BIIMSHUS CHJIBI MHEPIMH OTAEIbHBIC 3€pHA Cpa3y HAUYMHAIOT OITYCKaeTCs
BHU3 M TBEPJO YKJIAJbIBAETCs B HIDKHHX CIIOSIX Marepuana. B manHom ciyuae
Ha OTHEIFHOE 3€PHO [EHCTBYIOT KaK YCKOpEHHME CHJIBI TSDKECTH, TaK |
yCKOpeHHe BUOpaluii, KOTOpble MMEIOT OAMHAKOBOE HalpaBlleHHE, T.€. OHU
cknajabiBatorca.  CrenoBaTelbHO, YIUIOTHEHHE MaTepHana HauuHAeTcs C
HIDKHHX CJI0eB. B mpoTuBHOM citydae, korna BUOpalus JeiCTBYET ¢ BepXy Ha
VILIOTHSAEMBIN MaTepHai, TOrJa W3-3a Pa3HOCTH CHJI BHOpAIMU M TpaBUTAIUN
OTAEJbHBIE 3€pHa B Hayaje CKUMAlOTCI B BEPXHUX CIIOSX, a 3aTeM
CMEUBAIOTCSl KaK 10 OOKOBBIM CTOpOHAaM, TaK M B HIKHHUX CJOSIX. B cBsizu C
WHEPUMOHHOCTHIO 3€pHA, CKJIa/IbIBAHIE U YIUIOTHEHWE HAYMHAIOTCS B BEPXHUX
crnosix. CrenoBaTenbHO, CKIIAJBIBAHMSI OTACNBHBIX 3€PEH B HIDKHHX CIIOSIX
MIPOMCXOJUT HE TaK TBEPAO, KakK ATO UMEET MECTO NPH BO3/ICHCTBUI BUOpanuii
C HIDKHEH CTOPOHBI.

[Mporecc TpaHCTIOPTHPOBKY U YIUIOTHEHHUS CHIMYYHX M ITACTHYECKUX
MaTepuajoB BeCbMa CIIOXKEH U I10 ATOMY He yHaeTcsl OUCaTh €ro MaTeMaTu-
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yeckd TO4HO. CIeoBaTeNbHO, CYIIECTBYIONIME MaTeMaTH4ecKHe MOJIENH,
KOTOpBIE ONUCHIBAIOT BBILICYITOMSHYTBIX MPOIECCOB, BEChMa JAJIEKH OT
peanbHOCTH. bomee TOro, mpH  OKCIEPUMEHTAIBHBIX  HCCIIEIOBAHUIX
YKa3aHHBIX MPOLECCOB BHOpAlysl 4acTO MPOSBISIET ce0s BechbMa HEOOBIYHO,
yacTo Hempejackazyemo. Hampumep, mpu  HccleqoBaHMM — TPOLECCOB
NepeMeIleHnss M YIUIOTHEHWs CHITYYMX M IUTACTUYECKUX MaTepHalioB,
HaOroaeTcs mpolece, KOTOPBIA HaM He M3BECTEH M3 HAYYHOW JIMTEPaTypHL.
B wuccrnemoBaHWsIX  pa3sBUTHS Tpoliecca  YIUIOTHEHHS TPU  JBIKCHUH
MIPO3pavyHOM IIJIACTMACCOBOW OYTHUIKM HAIIOJTHEHHOHM INECKOM, IepeMeleHue
OYTBIIKY 3aMeIJIsIeTCs, TIOCIe OCTaHABIMBAJICS, a 3aTEM HAUMHACTCS IB)KEHHE
Hazaja. Crenyer OTMETHTh YTO, PSIOM HaXOJSIIUHCS MPpeAMETH! (B TOM 4YHUCIe
aHaJIOTWYHAs TIECKOM HAIOJIHEHHAsl CTEKJITHHAs OYTbUIKA), IPOAODKAIOT
JIBUTATbCSl 110 HANpaBJIeHWIO jelicTByromed BuOpaumu. [lpum sToM aHUMIIA
JoTKa BUOpaTopa ObLIa BeChbMa JKECTKOW M HEe BO3HHKaJa €e COOCTBEHHbBIE
KoyeOaHusl B paboveM peKuMe.

Ha ocHOBe npoBeeHHBIX IKCIIEPUMEHTAIBHBIX HCCIIEI0BAHUI MOKHO
3aKITIOYUTD, YTO MPOLIECC YIUIOTHEHHS sIBIIsieTcs] PyHKIMEH BpeMeHH .

Hecmotpst Ha To, 4TO mHpupoja 3aTyXaHWs aMIUIUTYX B TIyOuHe
MaTepHana OTIMYaeTcs OT IPUPOABI 3aTyXaHHs CBOOOIHBIX KOJIeOaHUH, BCe Ke
U B 3TOM Clly4ae MMEEeTCs BO3MOXXHOCTb ONPENENUTh KOA(DPHUIUEHT U TEMIT
3aTyxaHWs B DIIyOMHE Marepuana, MO KpUBOW OruOaromiell 3aTyXaronmx
aMIuuTyn koneOanuii, puc.1,2. Uem Oojbllle aMIUTUTYAbI KOJIEOAHUH, TeM
Oonplie TeMO TamieHHWs. ECTECTBEHHO TEMIT 3aTyXaHusl —aMIUIHTY,
MIPOHUKAIOIINX B MaTepuall, 3aBUCHT OT €ro (PU3NKO-MEXaHWYECKHX CBOMCTB.
OpHako, Uit MHOTHX TUIACTUYECKMX MAaTEpPHAJIOB 3TU CBOWMCTBA B IIPHUHIIMIIE
onuHaKoBbl. ClieoBaTeNbHO, U1l MHOTMX MaTEPHUAIOB BO3MOXKHO ONPEIENUTh
NPOHUKaHKWE BHOpalMM 10 TNIyOMHE MarepHajga C IOMOIIBIO ITPOCTBIX
pacyeroB, YTO HEOOXOAWMO sl ONpeNeNeHHs TIyOWHBI YIUIOTHEHHS |
COCTaBJICHUE MaTEMaTHYECKOH MOJIENH, OMMCHIBAIOUIEH TUHAMUKY MPOIIECCOB
BHYTPHU MaTepHaa.

1 1

puc. 1 puc.2
1. BuGponpeodpazoBareb 1. 3aTyXamue aMILIUTYADI,
2. puOponpuHuUMaromMii ¢guanen. 2. orudarommii aMIINTYyA.

IIpakTuyecku naas MHOTHMX JTUHAMUYECKHX pPAacu€TOB JIOCTATOYHO
pUOIN3UTENBHOE ornpejiesieHue TITyOUHBI BHOPOIPOHUKHOBCHUS.
CrneioBatenbHO, PH JOMYIIICHUU KPUBOKM OTHOAOIICH 3aTyX AIOIHX aMIDTHTY/]
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KaK JIMHEHHYIO (YHKIIMIO BPEMEHH, CTAHOBUTCS BO3MOXHBIM BEChMa IPOCTO
OIIPEJIEINTh TIYyOWHY MPOHMKHOBEHHS BHOpAIMM B MaTepHajle C MOMOIIBIO
CJIE/IYIOIIETO BBIPAYKECHUSL:
ykl'Sg_/kz'Aq) (1)
rae  Ki-kodpdUIMEeHT BeNWYMHBI YIUIOTHEHWs] Martepuana, Ko-
KOO GHUIMEHT HaMauuBaHUs (BIQKHOCTH) Marepualia, MEHSIomas ero
YIPYrocTh, Si- ONpeseNieHHas JAIMHA YIUIOTHEHHOro Martepuana, Ay=Ai-A; -
Pa3HOCTh BEIWYMH aMIUTUTY[ IO JJIMHE S MOCIIE ONpEJeNICHHBIX, Halpumep
1000 mmknoB KoneOaHMM, COOTBETCTBYIOIMX c=20 CEKyHAY, NMPH YacTOTy
BuOpanuu 50rn. B cimydae HeoOXomumocTd Ooiiee YTOUHEHHYIO BETHUMHY
MIPOHUKHOBEHHSI BUOPAII MOXKHO OTIPEJIEIIMTh C ITOMOLIBIO Jorapugpmuyec-
KOT'0 JIEKpeMeHTa
d=In(A/A)) (2

BeimeynoMsiHy THIH ITpoLecc JUHAMHUKY YIUIOTHEHUSI OCOOEHHO BaYKHO
TP HAHECEHWs CJIOS MOKPBITHS Ha BEPTUKAIBHOM IUIOCKOCTH (Ha cTeHe). B
JIAHHOM CITy4ae HarpaBJieHHWE NEeWCTBHS BHOpalUU K TPaBUTALMOHHOW CHIIE
cocrapsier 90°. 'paBUTAIMOHHAS CHIA CTPEMHTCS OTOPBATH CO CTCHBI BCE EIIe
HE XOpOIIO 3aKperyIeHHbIE CIION MOKPHITHUSI.

[Mpumenenne BuOpanmu s 00paOOTKM Ha CTEHE HaHECEHHOTo
TIOKPBITHSl OYEHb BAaKHO, TAaK KakK IBIKYIIME YacCTHIBI CHUMAIOT CO CTEH
MSTKHX TIPUMECEH M 3aHMMAIOT UX MECT B CBS3HM C YEM IIOJYYaeTcsl MOYTH
MOHOJIUTHOE TIPHUCOEAMHEHHE TMOKPBITHA cO CcrTeHod. He ymiuoTHeHHbIe
TIOKPBITHSL  CONEPXKAaT MHOXKECTBO  BO3JYIIHBIX  ITy3bIPHKOB, KOTOpBIE
YMEHBIIAIOT KaK TBEPJOCTH CJIOSI HOKPBITHS, TaK U IUTOLIA (b PHUCOEIHHECHHUSI.
OcobeHHO 3TO NPOOJIEMATHIHO 3UMOM, KOTAa IPH MOPO3€ JIeASHBIE MY3bIpH
pacumpsioTcs, a OETOH CKHMAeTcs, COOTBETCTBEHHO TOSBIISIIOTCS Kak
paspyliaromye HampspKeHUst OeToHa, TaK U OTPHIBAIONIME CHJIBI  CJIOS
TIOKPBITHS CO CTEHBI. BETOH JIerko BIUTHIBAET BOLY.
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Paboune opranel (PO) BHOpaIMOHHBIX TEXHOJOTUYECKUX MAIIUAH C
YIPYTUMH KOHTaKTHBIMH ITOBEPXHOCTSIMH MOTYT CYIIECTBEHHO H3MEHHTh
3aKOHOMEPHOCTH TEXHOJIOTHYECKOTro Mpolecca, NpUcymye K xKecTkum PO
[2,3]; mpu aTtom ynpyrocts PO MoxeT ObITh MCITOIB30BaHA JUIS YBEIHUCHUS
CyMMapHOH aMIUTUTY/IbI Kosebanuid PO.

OpHUM W3 TIOAXO/I0B YBEITMUYEHUSI CYMMapHON aMIUTUTY/IbI KojieOaHust
PO cocrout B ero pacuieHeHUU Ha ABYX 4acTell — NPUKPEIUIEHHON yIpyroi
IUTACTHHKM H EJUHOro (BMecTe ¢ IDiacTuHKoW) y3ma (puc. 1). Ecmm
paccMoTpers nepByo (opMy ynpyrux aedopmanuid ruractuHke 3 (puc.l),
npu BosnedctBum cuinbl Q(f) oHa mepeMemnaeTcs Ha aAMIUIUTYAy A, |
OJIHOBPEMEHHO 1ePOPMHUPYETCS HAa aMIIUTYly A WIH A .

Paccmorpum  cxemy (puc.l) PO c mnactuHkOH 3 W CHITyYdM
rpy3oM 1. Ha rpy3 ¢ maccoii mp OyayT neiictBoBath criia wHepiuu PO - 2 u
COOCTBEHHO CHJIa MHEPIUH CaMOH TUIACTUHKH.

VYpaBHenus aswxenus equHoro PO (BMecTe ¢ IIIACTUHKOMN) MO X U
z cyuerom TH 1 umeror Bua [ 2]:

(m +k m)% +k (% cosa, +Z,sina,) =Q, (t) +Q,;
(m +k m)2 +k (X,sina, + 2, cosa,) =Q,(t) +Q,,
The X1, Z1 U Xp, Z- kKoopaunHatel PO u TH coorserctBHHO; Q, (t) U QZ (t) -

cocTapisiole BO3Oykmaromeil cume; Q. M Q, - ympyrue u

JIeMITUPYIOIINE CHIIBI  YIPYroil CUCTEMBbI BHOPOBO3OYIUTENS M CHITYYero
rpy3a; @, =« + f; B [ yron Bubpanuu; ¢ - yron Hakiona PO; my- macca
PO -2 (puc.1). K — k0o3hHIMEHT, YUUTHIBAIOLINI OTPHIB U MPHCOCTHHCHHUE
rpysa k nosepxaocteio PO (k=0-1)[2,3].

C mempro yuera JedopMaluu IUIACTUHKM B IIpoLiecce BUOPAIMOHHOIO
JIBIDKEHUS TPy3a COCTaBUM YpaBHEHHS €€ MOTepeyHbIX KojIeOaHuii.

PaccMoTpuM IpsIMOYTONTBHYIO IIACTHHKY IOJ] BO3JICHCTBHEM MHEPIIMOHHBIX
cun PO 2w pacnonoxxeHHoro Ha Hero rpysa | (puc.lc). J{ns mmactuHKEM co
CBOOO/IHO ONEPTHIMU  KpasiMH BBIPQKEHUE ISl POrMOOB IIpU KOJeOaHUsIX
MOXHO TIPEJCTaBUTh B BHJE JIBOWHOTO psizia

1= Y g s n—smw : @

m=1 n=1 b
rae @, b—mmpuna u 1yMHA IACTHHKH.
Ecmu moxcraBum  (2) B BBIpOKEHHSAX MOTCHIUAIFHOW W KUHETHYCCKOMH
SHEPTruH [ 2 | W NpeacTaBUM BO3MOXKHOE TEpeMENICHHE B BUJIE
O =00, SN(Mz X/ &) sin(mzy /b)

OTy4YrM TUQQPEepPeHINATBHOE YPaBHEHUE TIPU CBOOOTHBIX KOJICOaHMSIX
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=
=0

-
Puc.1. PaGounii opran BUOPOMAaIIMHBI C HATPYKEHHBIMH IUIACTHHKAMH

rae ph - macca enumuipr noBepxHOCTH TIACTHHKM; D - KeCTKOCTH
miactMHkH 1pu u3rube; c=(m?/a®+n’/b*) [1]; p - mwiotHOCTH

matepuana; N - TommuHa miacTHHKH.
[lpn BBIHYXIEHHBIX KonebaHWsX B mnpaBod  vactw (3) Oyayr
MOSIBISITHCS. MHEPIIMOHHBIE CHITbl PO M TEXHONOrNYECKOH HATPY3KH

Q' (1) =my (2 +kx,). 4)

I'py3 Oyzmer nBurathCcs TMOA BO3AECHCTBHEM HMHEPUHMOHHBIX cui PO,

KaK €IMHOr0 LEJIOr0 U MHEPLUOHHBIX CUJI HEMOCPEACTBEHHO OT IJIACTUHKHU.
VYpaBHEeHUS ABWKEHHUS Tpy3a OyayT UMETb BH:

X, + (X, +¢—2)cosa, :—mi(fZNZ - f,N,)sign(x,) + gsina;
2

Zz+(21+<o+x1)sna1=—fyaNysgn(zz)—gcosa, (5)

rae f,, f, — koo dumenTs! TpeHus Mexay Ipy3oM M IUIACTHHKOH U
OokoBoii moBepxHocTH PQO; SigN — HenuHeiHAs (QYHKIHS, MTPUHAMAIOIIAS
snavenns: SIQN(X,) =1, mpu X,, >0m sgn(x,) =-1, npu X,, 2,
<0; N, un Ny - peakuusi Tpy3a OTHOCHUTEIBHO IUIACTHHKH U OOKOBOH
nosepxHoctu PO [2,3].

Vpasuenus gswxenuss PO (1), kak eIMHOro »ECTKOro Tedja,
ceimydero rpysa (5) m aedopmanum yrnpyrod miactuHkd (3) ¢ yderom (4)
SIBJISIFOTCSL  B3aUMOCBSI3aHHBIMM U OIMCBHIBAIOT TEXHOJIOIMYECKUH IpoIecc
00pabOoTKK MM TPAHCIIOPTUPOBKH MaTepHaa Ha yIpyroi IIacTHHKE.
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[MpuHOMnManpHast 0cOOEHHOCTH BUOPALIMIOHHOTO JIOTKA C IIACTHHKON
COCTOHT B TOM, 4TO JeopManuu (IIOBOPOTHI) IUIACTUHKHU 3 OCYIIECTBIISIOTCS
cuH(pa3HO ¢ KojeOaHWEM JIOTKa 2, T.€. 0 HANpaBJICHHUIO IE€pEMELICHUs
Mmatepuana 1 (puc.l). C 3Toii 1epio K INIACTUHKAM ITPUKPEIUISIOTCS TPY36I 4
TaK, 4TO MoAOOPOM IapaMeTpoB IUIACTUHKHM U TPy3a YacTOTa COOCTBEHHBIX
KPYTWIBHBIX KoJIeOaHWH IUTaCTHHKU ObUla KpaTHA 4YacTOTE BO30YXIaromlei
CHJTBI

o, =0gln (n=1273).

Bepruxansnas amrmuintyna A koneOaHWN KpaiHe# TOYKH CHUH(A3HO
KoJIeOITroTIeicst KPOMKHM TUIOCKOH TUIACTUHKH 3 OTHOCHUTEILHO
HETOJIBIKHON CHCTEeMBl XyZ paBHa: A= A, + A,

rne A, —BepTHKambHas aMIDIUTyJa KoieOaHuil JioTka, A; —
BEpTUKaJIbHAsl aMIUTUTyAa KojeOaHWH KpallHeld TOYKM KPOMKH IUIACTHHBI
OTHOCHTEIIFHO KapKaca.

UncneHHoe MccleloBaHne MPEACTaBICHHON MaTeMaTHIecKOH MOJIeIH
B COYETaHMH C (PM3MYECKUMH IKCIIEPUMEHTAMH JIaCT BO3MOXHOCTH 1T0100paTh
OINITHUMAaJbHBIE TapaMeTphl IUIACTHHKH M TNPUKPEIUIEHHOTO Ha Hei rpysa 4
(puc.1) pmnst  ymy4meHuss Tpoluecca BHOpalMOHHOW — 00pabOTKM — WMiH
TPaHCIIOPTUPOBKHU TOHKOCIOMHBIX CHIITYYNX MaTEPUAJIOB.
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SURFACE RESISTIVITY TUBULAR POLYMERIC
GRADIENT MATERIALS
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1. Introduction
Gradient structure provides possibility to connect two or more materials
with different characteristics without boundary problems or at least with
significantly diminished interface problems. Gradient polymeric materials are
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two or more components polymeric systems in which the concentration of one
component varies in a continuous way from point to point. At the turn of XX
and XXI century scientists elaborated many methods of functionally Graded
Materiads (FGMs) preparation that may be applied also to Polymeric FGMs
(FGPMs), for instance: diffusion solutions, corona discharge curing,
compression moulding, selective laser sintering, in Situ polymerization,
gravitational or rotational cagting, powder metalurgy techniques, reaction
bonding and other technologies. One of the effective methods applied in
production of FGPMs is the centrifugal technique. Mould with processed
mixture is rotated around one or two perpendicular axis. As a consequence of
applied centrifugal force one of the components sediments gradually on the
tool walls[1-5].

2. Experimental

Materials

Gradient epoxy-graphite composites were searched. Epoxy resin
Epidian 6 cured with Z1 and produced by ,, Organika — Sarzyna” Chemical
Plant SA. (Poland) were used as polymeric matrix components. Graphite
powder PV60/65 and PAM96/98 produced by Koh-1-Noor (Czech Republic)
were used as fillers. Addition of respectively, 3, 6, 9 and 12%vol of graphite
was applied. In this research centrifugal casting as one of the most effective
methods for polymeric gradient materials creation was chosen. Figure 1
presents shape and diameter of specimens.

M ethods

Surface resistivity was applied as a measure of electrical properties.
Measurements were performed according to Polish standard PN-88/E-
04405. The idea of the test was to define eectrical resistivity in sequentia
layers with different content of conductive component (graphite). Firdt,
specimen’ sthickness was measured and surface resistivity tested.
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079, 75mm

10mm, < 150 mm N

Fig.1. Specimen used in research programme

Next outer layer was removed by turning. Next, following thickness
and resistivity measurements were performed. Scheme of system of surface
resistance measurementsis presented in Figure 2.

A T 7 = (LT

Fig.2. Scheme of system to surface r esistance measur ement

3. Results and discussion

On the basis of electrica properties tests results the dependence of
surface resistivity on graphite contents was determined. The lowest surface
resigtivity was observed at the outer surface (Fig.3). Almost all amount of
graphite was located in the layer about 0,4mm thick. The deeper was the
surface of measurement the higher was the surface resistivity.

The results of surface resistivity show that highest electrical resistance
was for 6%vol contains of graphitefiller. Whereasthe least electrical resistance
was obtained for specimen with 12%vol of graphite filler. As can be seen in
Figure 3, polymeric gradient materias with PV60/65 graphite filler,
characterized by lower level of codlification and size reduction, exhibited
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lower electrical resistance in comparison with composite with PAM96/98
graphitefiller.

Removing layer about 0,4mm thick caused increase of surface
resistance over device measuring range 160E+12 Q.

1,0E+12
2.5184E+10
) 10B+11 6,6538E+07
S 1,0E+10 2.4029E+09
£ ’ 6,5031E+08 5,1824E+06|
=] 4,0977E+07
B 1,0E+09 8,4892E+07
1,1811E+07
£ 10E+08 - ~
o
£ 1,0E+07 -
=]
7]
1,0E+06 -+
1,0E+05 -
3 6 9 12
percentage contents of graphite [%]

Fig.3. Surfaceresistivity of specimen with graphite filler PV 60/65 and PAM 96/98

At surface resistivity level reached at outer sample surface static
electricity acummulation is not expected, what is very important in many
polymeric composites applications.

4. Conclusions

e The graphite fillers with specified concentration changed favourable
surface resigtivity on outer layer to the level alowing to avoid static
electricity accumulation.

e Almost al amount of graphite was located in the layer about 0,4mm thick.
The deeper was the surface of measurement the higher was the surface
resistivity.
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RESEARCH ON GEOMETHRICAL FEATURES
OF MINED COAL FILLERS
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Introduction

Widely used construction polymeric materials and their composites are
still extensively searched in order to modify their mechanical, thermad,
electrical, rheological and other properties [1,2,3]. Surface and interfacial
effects occurring between polymer and filler are especialy important for al
these properties. It is closaly connected witch filler’s particles geometrical
characteristics and fundamentally decide about possibility of achieving good
adhesion between plagtified polymers and fillers during production of this type
of composites [4,5]. In recent years a research programme was developed in
Silesian University of Technology on application of mined coal particles as a
polymeric matrixes fillers. In the present paper results of coal geometric
characteristics research are presented.

Materials

Tests were made using two kinds of fossil coal:
A- anthracite coal type 41 derived from ,Obuchowska’ mine (Russia), its
density level is 1,37 g/cm® and average content of ash is 3,37%. (assigned as
codl *A");
Z- hard coal type 35 derived from ,, Zofiowka’ mine (Poland) with content of
carbon 88,46%, density 1,33 g/lcm® and average ash content 8,13% (assigned
ascoa “Z").

Both anadyzed materials originally had mean particle size about 50mm.
They were treated in the same manner to achieve powdered state with suitable
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to further processing grain size. First of all coals were crushed with impact
crusher then they were milled with hammer-mill and finally pulverized with
ball-bearing pulveriser. Humidity was removed by drying powders in
temperature 90 °Cin 1 hour time.

Then the samples were placed in exsiccator for 24 hours to achieve
thermodynamic equilibrium.

Testsand their analysis.

Particle size didribution was determined using two methods. sieve
andysis an laser diffraction analysis. Sieve analysis allowed to determine
percentage content of bigger particles. This test was made according to PN-
74/Z7-04097 standard and using dry method. Vibration sieve analyser was
applied. Laser diffraction analysis was made usng wet method. Laser
diffraction analyser Mastersizer 2000 with attachment Hydro 2000 was used.
As a dispersion liquid water with addition of sodium citrate was applied.
Results of this resaerch allowed to define grain size digribution which is
showed in figure 1.
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Fig.1 Comparison of particle size distribution of fillers A and Z, a) results of sieve analysis,
b) results of laser diffraction analysis

Obtained results indicate that anthracite coal exhibit larger particles than
hard coal. It is the result of higher hardness of anthracite and in this way grater
resistance to pulverising.

Specific surface was determined using aso two methods. One was
nitrogen absorption method performed with Micrometrics Gemini 2360 BET
andyser and the second was based on particle size distribution determined with
Masterszer tester. Results of specific surface research obtained with laser
diffraction set together with the results get from BET method and showed in
figure 2.
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Fig. 2 Value of specific surfacefillers A and Z
Results showed that anthracite particles exhibited higher specific
surface. Results obtained with particle size distribution help are much lower
than obtained with BET method. It istheresult of assumption accepted in the
first method that all particles are spheres so no pores and shape irregularities
are taken into account.

Conclusions

1. Analysis of particle size distribution showed that grains of anthracite coal
are much bigger than hard coal grains. Both kinds of coal were disintegrated
with the same method , however anthracite grains posses his higher hardness.

2. Specific surface of fillers was determined by laser diffraction method and
BET analysis. The second method is more precise because it measures surface
of most particles pores. Specific surface of anthracite coal is higher than of
hard coal.
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Introduction. Polymer gradient materids (PGMs) are composites
containing at least one polymeric component and exhibiting gradient of
structure or concentration. For such composites frequently thermosetting or
thermoplastic polymer are used as a matrix. These materials can be created by
many preparation methods eg.. compresson moulding, selective laser
sintering, PVD and CVD methods, rotational and gravitational casting or in
other technologies[1-5].

Magnetic polymer composites find application as cell separation, cell
labeling, nucleic acids concentration enzyme immunoassays, and in drug
delivery processes [6].

The goal of present work was to produce polymer gradient composites
by centrifugal casting and examine their magnetic induction.

Materials and Methods. In the present work compositions of epoxy
resin and curing agent (Organika-Sarzyna, Poland), that was used as matrix,
and two kinds of ferromagnetic fillers (BaFe ;0,9 and SrFe;09 — ZAM
Trzebinia, Poland) were used. Six mixtures were prepared which contain
10%vol., 20%vol. and 30%voal. of ferrite powders. In this research rotational
casting as a method for creating polymer gradient materials was chosen. The
rotational velocity was about 1400rpm. Subsequently specimens were
magnetized on selenium rectifier and the value of magnetic induction was
examined with millites ometer Elimag P-2, operating on hall’ s effect base.

Results and discussion. The results of measurements of magnetic
induction for regions of specimens that content strontium ferrite or barium
ferrite as a filler for this composites are shown in Fig. 1. Respectively Fig 1la
presents results for composites that were filled by 10%val., 20%vol. and
30%val. of strontium ferrite whereas Fig. 1b presents results for composites
that contain 10%vol., 20%vol. and 30%vol. of barium ferrite. As could be
expected higher contents of ferrite powders in composites increased magnetic
induction. Figure 2a presents results for specimens that content 10%vol. of
fillers which were obtained on radius. Measurements were made from interior
to exterior surface. The higher values of magnetic induction were achieved for
points that are nearer exterior surface. It can be explain by higher amount of
fillers what was received by centrifuga force. However figure 2b illustrates
comparison of magnetic induction which was obtained on exterior surface of
composites with 30%val. of ferrite powders.
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Figure 1 Results of magnetic induction on exterior surface for composition with:
a) strontium ferrite, b) barium ferrite
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Figure 2 Comparison results of magnetic induction for composition with fillers:
a) for 10% vol.of fillerson radius, b) for 30% vol. of fillerson exterior surface

As can be seen the best result for both kind of composite were obtained for
contents of 30%vol. of ferrite powders. Results for both fillers are comparable
but in some points of specimens with barium ferrite samples show higher value
of magnetic induction — 11,3mT whereas for specimens with strontium ferrite —
10,4mT.

Conclusions.
- It is possible to produce polymer gradient composites that present
magnetic properties using centrifugal technique.
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Centrifugal casting is possible for preparation compositions that contain
30%val. of ferrite powders. Higher amount of fillers increase viscosity,
which does not allowed casting.

Maximum levels of magnetic induction for measurements on radius were
obtained nearer exterior surface: for 10%vol. of barium ferrite — 1,4mT
whereas for 10%vol. of strontium ferrite—1,6mT.

Maximum results of magnetic induction for specimens of composites were
obtained for 30%vol. of barium ferrite 11,3mT while for strontium ferrite
was 10,4mT.

Comparison between two kinds of ferrite powders shown that the results
for both are comparable.
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Introduction. In previous research ultrasonic methods were applied to

non-destructive evaluation of fatigue and thermal degradation of composites
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[1,2]. The aim of the present research is to elaborate the evaluation
methodology of the degree of polymer composites therma degradation using
thermography.

The basic idea of thermography isto apply infrared frequency range of
electromagnetic radiation emitted by object under research to obtain
information concerning its selected physical properties or processes taking
place within this object. Depending on experimental conditions, temperature
digtribution can be an information source about other object properties.
Knowing the surface temperature distribution one can formulate the inverse
problem: What are the reasons of achieved surface temperature state or given
process of surface temperature changes? Especially interesting is what material
properties and structural characteristic of experimentally tested materia can
influence temperature digribution of scanned surface [3-8]. In the described
research relations between material changes caused by thermal degradation and
surface temperature distribution after short time heating were investigated.

Materialsand Methods.

Epoxy-glass composite TSE-3 produced by 1ZO-ERG Gliwice, Poland
was used. Samples were activated by short time heating. Taking into account
that the main aim of the research was to find relations between thermall
degradation and temperature properties changes, the surface opposite to heated
surface were scanned by thermovision camera. Described research programme
comprises two stages. In the firg stage 3 sets of samples were subjected to
ageing in three different temperatures 180°C, 200°C and 220°C. Sets of testing
specimens after established time of ageing were heated individually during 40
seconds time in thermogrphy test stand. After 40 seconds of heating the heater
was removed and temperature increase on the opposite side of testing sample
was measured using precise thermovision camera INFRAMETRICS type 76B,
USA. Thermographic images after different time were recorded.

Results and discussion.

Typical dependence of temperature on sample surface opposite to the
heated one on timeis presented in Fig. 1
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Fig. 1 The dependence of temperature of unheated sample's surface on time after heating
ceassion

Different characteristics of curves such asin Fig .1 were anaysed:

e Maximum temperature on surface opposite to the heated one,

e Time of temperatureincrease,

e Rate of temperature increase.
Fig. 2 presents dependence of time neccesary to achive equlibrium (constant
temperature) on the unheated surface as afunction of ageing time.
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Fig. 2 The dependence of time necessary to constant temper atur e achievement on ageing time
in 200°C

Conclusions

1. Ageing caused substantia changes of therma properties of epoxy
composite what resulted in differences in behaviour during thermographic
testing.
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2. The more degraded is composites the more imperfections are cumulated in
composite and in the result the longer is time necessary to achieve constant
temperature and the lower isthe temperatureincrease rate.

3. Inthe next stage of research program the dependences between thermal and
strength properties are planned.
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ASSESSMENT OF CREEP RATE IN DEPENDENCE ON
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Abstract

This paper presents methods for a creep strain and creep rate change
in time description. The main aim isto prepare an equation modeling creep rate
of P91 sted in function of time, stress and temperature based on uniaxial creep
dtrain test data. For this reason, creep phenomenon will be presented and
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significant equations will be described. Then, sample calculations, leading to
creep rate model establishment, will be performed. The paper finishes with
presentation of the equation describing creep rate of P91 stedl in dependence
on time and stress and temperature, and the equation coefficients are given in a
table.
Introduction

Materias characteristics and parameters are changing with increasing
temperature. Some of them, like Y oung modulus and strength are decreasing,
while otherslike ductility areincreasing.

It should be noted, that atoms mohility is connected with a diffusion,
which is described by Ficks low. Diffusion coefficient D, describing a
diffusion rate, could be approximate by Arrhenius’ rule (1):

D = D, exp[— %] )

where Dg is constant for given process, Q is activation energy for atoms
mobility, R is universal gas constant of value 8.314 J(mol K), and T is an
absolute temperature in Kelvin degrees.

Creep phenomenon

Creep is a materid nonlinearity, material deforms continuously under
a constant load. Also if material is distorted, tension in material will decrease
intime asaresult of creep processes (relaxation).

Creep process takes place in long term in materials under load (stress,
distortion) operating in high temperatures (higher than creep temperature for
given material).

Usually there is no sudden crack in creep process [8], but rather the
material loaded for long time period eventualy fails. Creep strain is time
dependent. Creep do not take place as an effect of sudden load, but is an result
of creep strain summation in long time period.

Creep processes take place in time for various material in different
temperatures. It takes place in absolute temperature higher than half of melt
temperature for given material. Thisrelative temperature is called homol ogous
temperature Ghom=T/Tmat, Where T is considered material temperature in Kelvin
degrees, and Tyt iS Melt temperature of the material in Kelvin degrees[5].

According to given above definition, it can be calculated that
homol ogous temperature valueis at least 0.5.

a) iC& Bhom= Teree/ Tmat = (-50°C+273)/(0°C+273) = 223 K/273
K=0.83>0,5

b) steel: (600°C+273)/(~1500°C+273) = 873/1773=0.5

C) zinc and lead aloy:

(20°C+273)/(200°C+273) = 293/473 = 0.62 > 0.,5
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where T e IS Creep temperature, that is the minimum temperature at
which creep processes take place for given material.

Steam pipelines in power plants are operating at high temperatures
(above 500°C) and under high pressure (even above 25 MPa), adso jet engine
elements may reach high temperatures above 1000°C what initiates creep
processes [2,3]. While machine e ements are mounted, there also initial tension
isused. Nuclear reactors operatein high temperaturesin creep conditions, what
may leads to initia tighten to be loosen. Initial tight is also very important for
concrete constructions, if it be loosen, concrete may be vulnerable. For al
these situations — understanding and further researches of a creep processes are
very important.
Creep stages

If element operates in creep conditions, that is in temperature equal or
higher than homologous temperature and under any kind of load (stress,
distortion etc.) the change of creep strain (fig. 1) and creep rate (fig. 2) in time
can be noted. Three stages of creep process could be distinguished:

1 Transent creep — primary creep stage when creep rate is transient
C
and decreases de” _ g°.
2. Steady creep — secondary creep when creep rate is steady (or

almost steady) and has the minimal value of all creep process. So
thisrateis called aminimal creep rate ¢35, or steady stage creep

rate. This conditions are relatively best investigated. The term
“creep rat€’ usually means creep ratein secondary stage.
3. Progressive creep — tertiary creep when creep rate increases
exponentialy. This stage leads to material failure.
There are many researches and analysis of primary and secondary
creep. Tertiary creep leads to rupture and as such isless explored.
A | | rupture A |

Creep strain g¢
Creep rate dec/dt

| »
e

Timet

&] | I

Timet

|
|
|
I
1L
tr tr

Fig. 1. Creep strain as afunction of time; Fig. 2. Creep rate in subsequent stages
creep stages mar ked
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Theoretical curve of creep strain in function of time for material under
congtant stress is presented in figure 1. Change of creep rate in subsequent
stagesis presented in figure 2.

Experimental data— creep test

The very basic aim of creep tests is to obtain a creep strain change in
time curves (fig. 1).

Creep test assumptions are simple: apply a force to test specimen and
measure change of dimensions in relatively high temperature. Despite clear
conception, practical tests run is complicated. The key significance has the
temperature control, its fluctuations have to be below 0.1 to 0.5°K. Also
resolution of extensometer have to be at least at 0.5 micrometer leve.
Surrounding may influence tests leading to earlier failures, so environmental
conditions should be controlled.

Temperature and stress change influence

The result of temperature increase or stress value increase is incline

and change of shape of creep strain curves, as shown in figure 3.

10 —

P91, T=600°C
¢——¢ 5,=100 MPa
B =120 MPa
A—A—4A 65,7140 MPa

P91, 6=100 MPa
&—6— T,=600°C
EF—B—£1 T,7620°C
A—A—A T,=640°C

Creep strain &¢ [%]
Creep strain & [%]

T T
o 2000 4000 6000 8000 10000 0 -8
Time t [h]

0 2000 4000 6000 8000 10000
Time t [h]
a) constant temperature b) constant stress
Fig. 3. Change of stress and temper atur e valuesinfluence on shape of creep strain changein
time curves; steel P91

Creep strain change in time for constant temperature 600°C in a
various load conditions of 100, 120 and 140 MPa for steel P91 is shown in
chart in figure 3.8). The creep strain for constant stress value of 100 MPa and
various temperature valuesis presented in figure 3.b).

Inter polation of creep test

There can be made visualization of different creep mechanisms by

overlaying some curves representing separate creep stages (fig. 4). The initia
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strain [1] is represented by congtant function &. Primary creep e/ (transient
creep) begins with high strain rate which decreases when time passes. For
secondary creep &) (Steady creep) significant is relaively steady strain rate.
Thisrateisrepresented in figure 4 by straight line with a slope equal creep rate
value in secondary stage. Thetertiary creep runs with increasing creep rate and

end with failure. This stage is often omitted in analysis and in figure 4 is
presented only by summarized creep strain curve [6].

1.0E-001

P92
1.0E-002 /E]

& O <$600°C
0O O Oes0°C
1.0E-003 )
1.0E-004 \/

2&" Y
- EE/ /
P

Summarized creep strain curve
Ete e TEy,

Creep strain de/dt

Minimal creep rate dec/dt [1/h]

Mereep. SN 2y Y
g Initial immediate 1.08-006 8/
/ Steady strain . /,
creep € 9
u 1.0E-007
©
a]

Time t

120 150
Stress [MPa]

Fig. 5. Log-log chart of minimal creep rate

) - . changein function of stressvalue; it shows
Fig. 4. Super Bﬁ;t}lg;grt:r:fferent creen existence of two creep mechanisms for small
and high stressvalues;
datafor P91 steel
Modelling of creep strain

Change of creep strain in timeis described by empirical equation (2):
Al
g = 80<].+ btlla/exp(kt) 2)
where b is constant for atrangent creep, k is coefficient of a steady creep rate,

& is creep strain observed in creep test, & represents initial immediate strain,
and t representstime.

Better fitting for experimental datais provided by equation (3):

g% = g5+, (- exp(ot))+ &5t ©))
where b is constant, &, is strain in between primary and secondary creep, and
£rin iSMinimal creep rate in a secondary (steady) creep stage.

Stress influence consideration

There are many empirical equations describing nonlinear dependence
of creep strain change in time. One of them is equation (4):
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¢ = gy + Do?(L - exp(bt))+ Bo"t (4)
where B, n, D, a, b are empirical constants.

If in equation (4) timet is greater than t;, that ist>t), (wheret), istime
of trandtion from the primary to the secondary creep), then equation takes the
form of equation (5):

£ =¢y+ Do +Bo"t (5)
and creep rate is a creep rate in steady creep stage, that means the minimal one
(6):

de ) )

=B =& = sh ©

Creep rate in (I1) steady stage £;; , or in other words minimal creep

rate £, is often used as an engineering tool for calculations. For example,

from equation (6) it is possible to calculate stress necessary to generate given
creep rate, or given distortion in given time.
Creep rate modelling

In an equation (6) to take into account temperature influence, there is
used Arrhenius rate equation (1), the result is given by equation (7):

“C _ n _g
Emin = Ao EXD( RT] (7)

where n is stress exponent, Q is activation energy of creep process, R is
universal gas constant, and T is absolute temperature.

To find out values of constants in equation (7) it is necessary to run
several creep testsin isothermal and iso-stress conditions.
Isothermal tests

For isothermal tests exponential factor takes constant value and
equation (7) may be written in form of Norton-Bailey equation [5,7] (8):

&8 =Bo" )
Equation (8) could be linearized by both sde logarithmization (9):
log éin = l0g B + nlog o 9)

Log-log charts of a minimal creep rate £5;,, change in function of

stress o often have form of two straight lines. Their slope coefficient n has
smaller value for smaller sresses, and higher for high stresses (fig. 5). this
indicates fact of existence of two different creep mechanisms for smaller and
higher stress values.

Sample data [4] of creep tests carried out in temperatures of 600°C
and 650°C for P92 stedl are presented in the graph in figure 5. For small stress
values dope coefficient n of line (9) is 7, while for higher stress values it is
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about 17. The dope coefficient n is in the same time exponent of stress in
Norton-Bailey equation (8).

P91

© O 08 MPa
O 0O 0100 MPa
A A A120MPa

A

o z o
/ se-00s —|
108005
A d
P
108008 600°C ||

Creep rate des/dt [1/h]

Minimal creep rate de</dt [1/h]

91 n
o 0 © |
[3/ O O O se20°C
A A A 640°C
I a
;o:vess [MPa’]m ° - T [1K]
Fig. 6. Minimal creep rate changein stress c
. -C . i 5 ).
function log( €y, )-log(o) for different Fig 7. Dependence In( £ mip )-(1/T) of
temperatures minimal creep rate in function of inverse
for P91 steel absolute temperature;

datafor P91 steel

Constants in equation (8) for P91 stedl were find out using linerized
equation (9). Average value of exponent n in an analyzed range of
temperatures and stresses is 12.34. Creep test data describing minimal creep
rate in function of stressfor P91 sted are shown in figure 6. Datain fig. 6 were
interpolated by lines according to calculated herein equation (12).

Iso-stress tests

For iso-stress tests, the stress factor of equation (7) takes constant

value and in the effect equation takes form of (10):

émin = C exp[— %] (10)
Equation (10) could be linearized by both sde logarithmization (11):
e ) Q1
IS, = In(C)- T (11)

Logarithm-line chart of minimal creep rate change in function of
inverse temperature value is a linear curve. Its dope coefficient —Q/R depends
on activation energy Q of creep (fig. 7). Data in fig. 7 were interpolated by
lines according to calculated herein equation (12).

The activation energy Q for P91 steel find out by means of above
described method is equal Q=763000 Jmal.

Results of calculations

When constants n (stress exponent) and Q (activation energy) in
equation (7) have been found, it is possible to calculate constant A. Constant
values found are given in table 1.
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Table 1. Constantsin equation (7); values for P91 stedl

Constant A n Q
Value 7.2.10" 12.34 763 000
Equation (7) using constants from table 1 may be written as follows
(12):
) 763000
é8in = 721063 exp[— — ] (12)

Thelinesin figures 6 and 7 were drown according to the above equation (12).
Conclusions

The paper presents creep phenomenon, detailed discussion of problem
have been conducted. Definition of a creep and the stages of process were
shown. Homologous temperature concept was introduced. Influence of
temperature and stress change was discussed. Problems of the creep tests were
presented. Several well-known equations were written and discussed.

Calculations of different creep related parameters were conducted. In
the end, the parameters of P91 stedl, such as stress exponent n and activation
energy Q were find out, so that equation (12) describing creep rate of this
material could be established.

The paper shows many important problems connected with creep
processes calculations for widely used in the power engineering industry
contemporary P91 steel material.
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MOBBIIIEHUE KAYECTBA U HAJEKHOCTHU
U3JEJUIA U ITPOLIECCOB

HNIABUIEHHA AKOCTI TEXHOJIOI'TYHUX
IMPOLECCIB HA BEPCTATAX 3 YIIK

B.O. Ocmagwee?, 1.A. Trauenxo?, O.I1. Kosavuyx? P.C. Cinin?
Hayionanvruit mexuiynuil ynisepcumem «KI1I»
03056, m. Kuis, np. Ilepemozu, 37, men. (044) 4549475, 80632615027 vao@In.ua
Amenvnuybkull HayionarbHull yHigepcumen,
29016, m. Xmeavnuyokuil, ya.. Incmumymcewka, 11, men. (0382) 728076

OpHi€ro 13 HAWOUIBII BAXKIIMBUX MEPEIYMOB SIKICHOI OOpPOOKH € TOUHE
TIO3UI[IOHYBaHHSI OOpOOJISIOYOro IHCTPYMEHTa, a caMeé BU3HAYSHHS MOMEHTY
TOPKaHHS J10 JAETaJIi.

Bigomi crocoOu Bu3HAueHHS MOMEHTY TOPKaHHS IHCTpYMEHTa IO
JleTani Ml yac MexaHiuyHOI oOpoOKM Ta MpHCTPOi IS iX peaiizamii MaroTh
HEJIOJIIKY:

CKJIaJIHICTh BUT'OTOBJICHHSI Ta BCTaHOBJICHHS Ha BEpCTaTi JAaTUHKIB
(KOTYIIOK IHAYKTUBHOCTI),

HEOOXiTHICTh IHAMBIAYaJIBHOTO PO3PAaXYHKY EJIEKTPUYHUX JIAHIIOTIB
JUIsE KOYKHOTO TUITY BEpPCTaTYy;

BUpILIEHHS TpoOJeMH 3a0e3neyeHHs] TeMIIepaTypHOi CTabiIbHOCTI
JIaTYMKIB;

HeoOxinHicTh BUKOHAHHS IHAYKIIHHUX KOTYIIOK BEJIMKHX PO3MIpiB
3YMOBIIIOE 3aCTOCYBaHHS ITOPIBHSHO HHM3BKHX YacTOT, II0 3HAYHO 3MEHIIYE
IpaHWYHY TOYHICTh Ta MIBUAKOIIIO.

[pucyTHE 3ycCWUIS TOpKaHHS, IO 3MCHIIYE TOYHICTh Ta HAJIHHICTH
MIPUCTPOIO BU3HAYEHHS TOPKAHHSI.

3a OCHOBY il pO3pOOKH OYIIO B3ATO CHOCIO BU3HAYCHHS MOMEHTY
TOpPKaHHSI Pi3aJIbHOTO THCTPYMEHTA JI0 JICTajl Ta MPUCTPIH Tt HOro peaizamii
, B OCHOBY SIKOT'0 TTOKJIaJICHO BUMipIOBAaHHS PEaKTHBHOI CKJIaJIOBOI ONOPY MiX
TOYKAMH MiJIKITIOYEHHSI CHCTEMH - IIIUHJETIEM Ta JETaLTIO.

Tak sK IHCTpyMEHT MOXe OYyTH SK CTPYMONpPOBIZHUH, Tak 1
JUENeKTPUK TO PO3POOIIOETHCS JIBA TPHIIAIH VISl TIO3UIIOHYBAHHS K OJTHUX
BU/IIB iIHCTPYMEHTY TaK 1 1HIINX.
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«[IpucTpiiiuiss TOYHOrO BHU3HAUCHHS IMOJOKEHHS CTPYMOIPOBITHOTO
IHCTPYMEHTY» Len TIPUCTPIl IIpaLoe HAaCTYIHUM YUHOM:
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Puc.1 3aranbHa cxema poGoTH CHCTEMHU

Curaan, 3 KJIeM IiIKITIOUCHHS TeHepaTopa 0 BepcTaTa, HaJIXOIUTh
JIo TpaHchopMaTopa 2, 0 HAJaroHKEHUH Ha 4acToTy reHepaTopa 1. Hampyra
3 BTOPUHHOI OOMOTKH TpaHC(popMaTropy 2 HAAXOAUTH JO JCTEKTOpY 3, Ha
BUX0i sIKoro popmyerbest moctiiina Hanpyra UA-B. [t 3MeHIIeHHs BIUIUBY
HABOJIOK CHTHAJY, BiJl CTAHMHU BEpCTaTa Ha JAPOTH IIEPETBOPIOBAYIB, 10 KIIEMU
B CXEMi B OJIHOMY €KpaHi 3 JPOTOM OCHOBHOT'O IIEPETBOPIOBAYA PO3TAMIOBAHO
JIPIT KOMIICHCAIlIT 3MiHU PiBHS HABOAKH 11, IO MiAKITFOYCHHUN TILTBKH OJIHUM
KiHIIEM JI0 TEPBUHHOI OOMOTKHM Jpyroro Tpanchopmatopy 4, pe3oHaHCHA
YacToTa SKOro MAOpIBHIOE 4YacToTi reHepatopa 1. Jlpyruit BuBij npyroro
TpaHcdopMaTropy MiAKIIOUEHHH A0 3arajbHOi IMKMHHU npuctporo. CurHam 3
BTOPUHHOI OOMOTKH Jpyroro TpaHchopMaTopy 4 HAAXOIWTH JO JPYroro
JIETEKTOPY 5, HA BUXOJI SKOro ()OPMYEThCS MOCTiHA HAMpyTa, MPOMOPINiifHA
HaTnpy3i HABOJIOK HA BHBOJHU IEPETBOPIOBaYa. [Ipu IIbOMY HETaTHBHUN BUBIJ
JIPYTOro JAETEKTOpa MiAKIIOYCHUN IO BUXOIY MPUCTPOIO 6 aBTOHAJIATOKCHHS
Hyss. [103UTUBHUI BUBIJl APYTOro METEKTOpa S5 MiAKITIOYCHUH 10 HETaTHBHOTO
BXOJy Jau(EpCHIIHOrO MmiICHiIoBaYa 7, HA TIO3UTHBHUH BXiJ SKOTO
HAJXOMUTh Hampyra 3 JeTeKTopy 3. 3 BHXOAY MiJCHIIOBada 7 CHrHaj
HAJXOJINTh HA TIO3UTHBHHUU BXiJI MPUCTPOIO 6 aBTOHAJIATOKEHHS HYJIS, IO €
JMU(pEPSHITIHHUM T ICHITFOBaYeM, HETATHUBHUI BXiJl KOTO ITiIKIF0UeHu 10 "0"
cxemu. [Ipy 1IbOMY CHUTHAT Ha BHXiJ| MiJICHIIIOBaYa IPOXOAUTH 3 3aTPUMKOIO,
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JIOCTATHBOIO JUTs BiATpaitoBanHs curHany TopkaHas (100-200 mc).3 Buxomay
mijcuiTioBada 7 Kpi3b OJIOK pexxeKTopHUX (inbTpiB 8 Hampyra HaaXOIWTh Ha
migcwmioBad 9. Ha Bxoam Groka 10 BU3HaYEHHsSI CUTHAIIB HAJXOSTh CUTHAIIH
3 IETEKTOpY 3, IPYyroro AETEKTOPY 5 Ta miacuioBaya 9.

I'eneparop 1 Moxe mpamfoBaT# B pPEXUMI JDKepena Harpyrd abo
JoKepera CTpyMy.

ITpu poboTi cxeMu B JAHIIOTy HABOJKH, 110 KOMIIEHCYE, 3MiHa PiBHS
HaBOJKM Ma€ TOH e 3HaK, [0 W B JIAHIIOTY repeTBoptoBaya. [1pu 3miHi onopy
CTaHWHM - HAaIlpyra Ha BUXOAl KOHTYpY 4  3MiHIO€TbCSl B OIK, NPOTHIICKHUH
3MiHI B JIaHIIOTY TepeTBoproBaya. [IpucTpiii 6 aBTOHANAroHKEHHS HYJIS
KOMIIEHCYE€ ITOBIUJIbHI 3MIiHM PIBHSI CUTHAJY BiJl pyXy KaOeJiB IepeTBOPIOBaYiB.
Ha Bxomu 6soky 10 BH3Ha4YeHHS CHTHATY HaJIXONISTh CHTHAJM 3 JETEKTOpY 3,
JIpyroro aerekTopy S5 Ta mincwiroBada 9. [Ipu npomy joriuyHuii npucTpii, abo
mpolecop 3a 3MIiHOK IUX curHaimiB ¢opmye Ha iHTepdeiic cucremn UYIIK
iH(OpMAIiIO PO CTaH CUCTEMH BEPCTAT-/ETab.

Takox 10 CHCTeMU MPHUCTPOIO nomaHuil horoenement 14 i mazep 13.
CyTb poOOTH TPUCTPOIO TOJSITa€ B TOMY IO IMiJ] Yac BCTaHOBJICHHS
IHCTpYMEHTY B HYJIBOBY TOYKY 12, HHUM MEpEeTHHAETHCS MPOMIHB Jazepy i
TIOAAETHCSl CUTHAJ HA 3MEHIIECHHS MoJayi IHCTpyMEHTY. TakuM YHMHOM 3HUKAaE
MOXIIUBICTh TOMIKO/DKEHHS 1HCTPYMEHTY BHACIHIZOK CHJIBHOTO YAapy Ii0
JIeTami i B TOM K€ Yac IIBHJKICTh MPOIECCY MO3IIMIOHYBAHHS IHCTPYMEHTY
Maiike He 3MEHIITYEThCSL.

HabaraTto ckmagnima cuTyalis HIpH MO3HIIIOHYBaHHI 1HCTpYMEHTY-
JICIEKTPUKA.

B Teopii “Tlpuctpiit mist mo3inioHyBaHHS IHCTpYMEHTa-/1i€JIeKTpUKa”
Ma€ IpamoBaTH Ha OCHOBI TOrO, IO HABITh HPH HASBHOCTI Ji€IEKTPHKA
(piky4oi KpOMKHM IHCTpYMEHTY), NpHM TIPOIYCKaHHI 4epe3 KOJO Hampyru
BHCOKOI YacTOTH BiJIOYBA€ThCSA 1OHI3AIlSI TMOBITPS MiX CTPYMOIPOBITHOO
YAaCTHHOIO 1HCTPYMEHTA i HYJIbOBOIO TOYKOIO 0 SIKOI JOTHKAETHCS pPiXyda
KpPOMKa — JTieJIEKTPHK, BHACIIJIOK [[LOI'0 KOJIO 3aMHUKAETHCS 1 ITOCTYIIA€ CUTHAT
Ha UYIIK Ta ¢ikcyeTbess KoOpAMHATA BEPIIMHY Pi3Id 3 MOMUIKOIO He Oijible
Hik 0.3 MKM.

BucHoBku

[puctpiii It TOYHOrO MO3MIIIOHYBAHHS KOOPIWHATH TOPKaHHS
IHCTpYMEHTa JIa€ MOXKJIMBICTH CIIPOCTHUTH 3aCTOCYBaHHS BHMIpIOBAIEHOTO
MIPUCTPOI0 BU3HAYEHHS KOOPAWHAT PI3aIbHOTO IHCTPYMEHTA, ITiJBHIIUTH
Ha/iiHICTh, MIBHIKOAII0 BHMIpIB Ta IPOAYKTHBHICTH Ipolecy oOpoOku, a
TaKOX Ma€ BUCOKY TOYHICTb, KA 33J0BOJIbHSIE OTPEON Cy4acHOr0 MaIlHO Ta
npuiago0y/IyBaHHS.

B nopanpioMy rmiaHyeThesl BIOCKOHAIEHHS IIPUCTPOIO.
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IOBBIINEHUE KAYECTBA PEMOHTA B 30HE
OIIOP KOTJIA BAI'OHA-IIMCTEPHBI
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B crathe paccMOTpEHBI YaCcTO BCTPEUAIOIIUECS TMOBPEKIACHUS OMOp U
KOTJIa BarOHBI-IIUCTEPHBI B 30HAX 3aKpeIUIeHHA. BbISBICHB HArpy3KH
BBI3BIBAIONME  IOBPEXIEHUS OTHX 30H. Ilocme psiga  pacueTHBIX
9KCIIEPUMEHTOB pa3paboTaHbl MPETIOKEHHS o HCIIPABJICHHUIO
HEKaYeCTBEHHOI'0 PEMOHTA KOTJIa BATOHA-I[UCTEPHBI B 30HE 3aKPEIICHUH.

Koten BaroHa-1[CTEpHBI OMUPAECTCS HA JIEKHEBBIE OMOPHI MO KOHI[AM
KOTJIa M TOMKMMAETCA CTSDKHBIMH - XOMyTamu. JlaHHBIH Buja  omop
OrpaHMYMBAET TMEPEMENIEHHE KOTJIa B BEPTUKAIBHOM H  IONEPEYHOM
HanpaBlieHusiX. B cpenHedl yact K KOTIy TpHBapeHbl 4 (pacOHHbBIE JIalbl,
KOTOpBIE MOCPEACTBOM OOJIITOBOTO COCTUHEHHS COCTUHEHBI C OMOPHBIMH
IUIAHKaMH, TMPUBAPEHHBIMH K TJIAaBHOM pame BaroHa. MacoOHHBIE Jiarbl
OrpaHMYMBAIOT TEPEMENIEHNE KOTJIa BecoM mopsaka 60 TOHH B MPOIOIbHOM
HanpasiieHud. [Ipu 9KCIUTyaTalliy B CBAPHBIX IIBaX (PaCOHHBIX JIAIl M OMOPHBIX
IUIAHOK YacTO 00pa3yloTCs TPEIIUHBI, KOTOPbIE MPU PEMOHTE JOMYCKAETCs
3aBapuUBaTh 3JIEKTPOCBAPKOW. Takke BOZHUKAIOT TPEUIMHBI KOTIA, YXOJIIUE
non (acoHHbIE JaTbl TU00 pacmpoCTpaHsoIIecs U Ha (GacoHHbIe mambl. [1o
MpaBUJIaM KaIllUTAIGHOIO PEMOHTA 3aBapuBaTh TPEHIMHBI (PACOHHBIX JIall
3ampeniaeTcs, a OMOPHBIX IUIAHOK paspemiaercsa. st 3Toro HeoOXOomUMO
cpe3ath Ae(eKTHYIO (aCOHHYIO Jamy, pa3/enaTh U 3aBapUTh TPEIIMHBI KOTIA,
YCTAHOBHUTH HOBYIO (DACOHHYIO JIAMy C MIEPEKPHITUEM CBAPHBIX IIBOB HA S0MM.

Pe3ysbTaThl HOPMATUBHOTO pacyeTa HEPTEHATHUBHON IMCTEPHBI MPU
TPEThEM SKCILTyaTAIMOHHOM U MEPBOM aBAPUHHOM PEXHUMAax MOKa3ajH, 4To B
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30H¢ (DACOHHBIX JIall HATPSHKCHUS JIOCTUTAIOT COOTBeTCTBEHHO 90MIIa wm
200MI1a (puc.1).

Puc.1.Hanps:xeHnus npu TperbeM (90Mmna) u nepom (200Mna) pesxumax

Jlnst TpeThero W TEpPBOr0 PEKUMOB JOMYCKAEMbIE HAIMPSKEHUS
Marepuala OrpaHMYeHbl: COOTBETCTBEHHO G.; =170MIla u or=245Mlla.
OO0Opa3oBaHue TpEIIMH B 3TUX 30HAX BBI3BAHO OCIAOJICHUEM OOJITOBOTO
coe/MHEeHUS (DACOHHBIX JIall C ONOPHBIMU IUIAHKAMH W HEKAYeCTBEHHOMN
TIPUBaPKOX (haCOHHBIX JIal K KOTIy (puc.2).

Puc.2. Tpeumus! paconHoii gansl Puc.3. PacueTHast Moes b ¢ TPeMHON 1
HAKJIAAKOH

Ilpu BBHIMOJHEHWH PEMOHTA KOTJIA C TPEUIMHAMHU, YXOMALIUMH TOJ]
(acoHHbBIE Jallbl, BHYTPH KOTJIAa YCTAHABIUBAIOT HAKIAJKA MPSIMOYTOIbHOM
¢dopmer (puc.3.). B pesynpraTe MaTEeMaTHYECKOrO0 MOJCITUPOBAHUS TaKUX
TPELIHH ONpPE/IENEHO, YTO BBEJCHHUE HAKIIAIKH Mepepacpe/ieiseT HanpsHKeHHUsI
HE3HAYMTEIBHO, & YPOBEHb HANPSHKEHUN yBemnuuBaeTcs (puc.4).



Puc.4. HanpsizkeHust B (pacoHHOI J1ane ¢ TpeImMHOI: a) 6e3 HAKJIAAKH, 0) ¢ HAKJIATAKOH
BHYTPH KOTJIa

Pe3ynbTaThl pacueToB mokas3aiu, YTO 3KCIUTyaTallusl BaroOHa-IUCTEPHEI C
TaKUMU TOBPEXJIECHUSIMH U YCHWJIEHHEM B BUJE HaKJIaJKd HEJOMyCcTUMa, U
TpeOyeT 3aMeHBl ITOBPEXIEHHBIX (ACOHHBIX Jall C TPeIBapUTELHON
pa3AeNnKol U 3aBapKOH TPEIIUH HIKHETO JIHCTa KOTA.

oNnTUMM3AIUA UBMEPUTEJIBHOI'O
OBOPYJIOBAHUA 1JIsA MOHUTOPUHT' A CUCTEMBI
KOJIECHASA ITAPA — PEJIBC

boiiko Anexcandp Quaunnosuy, Anywesckuii Arekcanop
Puosiccruit Texnuueckuil ynusepcumem, dsepmanac 6, Puea LV-1006, Jlameus,
+371 67089396, boyko_af@yahoo.com, janush@latnet.lv, www.rtu.lv/mmd/zpl.htm
Byuemuu Heopv Heanosuu
Barmuiickuii ucnetmamensuvlii yeump, bpusubac 201, Puea LN-1039, Jlameusi,
+371 67801726, btc@btcentr.com

B pabote pemaeTcs 3a1aya yHU(PHUKANN TEH30METPUIECKUAX KOJIECHBIX
map W TeM CaMbIM CHID)KCHHS 3aTpaT Ha MPOBEACHUE HCHBITaHWil. Pabora
BEITIOJTHEHA HA TpUMEpe KOJECHOW Maphl TEICKKUA TPy30BOro BaroHa. Jlms
MOBBIINICHUSI TOYHOCTH W3MEPCHHH OMNpPEACICHBI 30HBI MaKCHMAaTbHBIX
HATIPSDKCHUH M X HATPABJICHUS Ha TIOBEPXHOCTU KOJIECHOW Maphl OT HATPY30K
B IITHE KOHTakTa C pEIbCOM B YCIOBUSIX BpamieHus. Paspaborano
obopyznoBaHue, 00ECIEYUBAIONIEE BO3MOXKHOCTH BBIMOJHATH M3MEPEHUS I10
MOHHUTOPHHTY CHCTEMBI KOJIECO-pEeNIbC Ha BaroHe JHOO JIOKOMOTHBE,
UCTIONB3Ysl €ro IITaTHYI0 KojecHylo mapy. OTCyTcTBHE HEOOXOIMMOCTH
3aMEHbI KOJIECHOW Maphl Ha CHEUUAJIbHYI0 TEH30METPHYECKYI0O M CaMOro ee
CO3JIaHUsI COKpAIIAeT 3aTPAThI U BPEMS Ha TIPOBEJICHHUE MCTILITAHUIMA.

B Hacrosimiee Bpems il MOHHUTOPUHTA CHCTEMBI KOJIECHAsl Tapa —
PENTbC UCTIONB3YIOTCS CIICIUAEHBIC TEH30METPUUECKUE KOJMECHBIE Maphl. s
KKIOr0 THIIA WCIBITYeMOH IWHUIBI IOJBIXKHOTO COCTaBa (BaroH
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JJIEKTPOIIOEe3/a, JU3EIbII0e3a WIN JIOKOMOTHB) TEH30METpHUYECKas: KoJecHast
napa JOJKHA M3TOTaBJIMBATHCS 3aHOBO, TAK KaK TPeOYeTCsl COOTBETCTBHE IO
nuamerpy (MPoKaTy), THIIaM KpervieHUs (OYKCOBBIM y3JaM) U JIOCTaBISATHCS K
MeCTy ucmbITaHui. [103TOMY AJIi WUCIONIE30BAHUS INTATHON KOJCCHOW MMaphl
UCTBITYEMON CIUHUIIBI MOIBMKHOTO COCTaBa B KAYECTBE TECH3OMETPUYECKOM
HEOOXOAMMO  TPEABApPHUTEIBHO  ONPEACINUTH  CXEMY  PacIOIOKEHUs
M3MEPUTEITEHBIX TATINKOB HA HAPYXKHOH CTOPOHE TUCKA KOJIECHOM Maphl.

Co3/laHa KOHEYHO-2JIEMEHTHass MOJENb KOJECHOH maphsl TPy30BOrO
BaroHa (Bec 80 TOHH), TOYHO OMHCHIBAIOIIAS IMOMEPEYHOE CCUCHHE TUCKA U
MTOBEPXHOCTH KaTaHUs Koyeca. OmnpeIecHbl 30HbI MOBBIICHHBIX HATPSKCHUH
U WX HANpaBJICHUs Ha TOBEPXHOCTH KOJECHOTO JUCKA OT MAaKCHMaTbHBIX
HATPy30K, BO3HUKAKIIUX B  COCOTUHCHUU  KOJECO-PEIbC.  YUTEHBI
BEePTUKAJIbHBIC CHJIBI OT BEca BaroHa W IOJ3yHa (2MM) Ha Kpyre KaTaHUs
KOJICCHON Tapbl, OOKOBBIC CHJIBI OT I[EHTPOOCKHBIX CHJ U B3aUMOJCUCTBUS
BAaroHOB B KPHBBIX PEILCOBOrO MyTH. JIJI OIEHKU BIUSHUS KaXKIOH U3
JISWCTBYIOIUX CHJI TMPOAOJIbHas och (0a3a) KaXIOro TEH30JaT4MKa JIOJDKHA
ObITh COOCHa C HaNpaBlIEHWEM, BJIOJb KOTOPOrO H3Mepsiercst aedopMarus
(manpspxenue). s onpeneneHus cXeMbl HAKJICWKA TEH30JJaTYMKOB Ha JHCKE
pacyeTHOI MOoJIeNn Kojeca HaHeCEHbI KOHIIEHTPHUYECKHE OKPYXHOCTH (puc.1.).
PacuerHast cxemMa HaKJIEHKH TCH30JaTYMKOB IO HOMEpPAaM OKPYKHOCTEH OT
BBIIIIC YKA3aHHBIX CUJI MPUBEICHA HA PUCYHKE 2.

\

]
&Ne9Y bokoBast

i\ ]
% W Ne8 BepTHKaTBHAT
\\\ O
3 &Ne4 GokoBast
Ne3 BepruxampHas X
Puc.1. Kosiecnast mapa Puc.2. PacueTHas cxeMa HaKJIEHKH TEH301aTYHKOB

Jns kperienus 2-x OecnpoBOAHBIX mepenaTdrkoB (20x55x80 mm),
BecoM 100 rpaMMOB KakIbld, pa3pabOTaHO CheMHOE O0OPYJIOBAaHUEC B BHIIE
mucka jguamerpoM  600mM, TtommmHONW 7mM, w3 Meramia AL1060H12,
yCTaHaBIIMBaeMOe Ha OCH KollecHOM mapsl (pwuc.3). IlpoyHOCTH CHEMHOrO
JICKa JIOCTATOYHA MPH BBIIIE YKa3aHHBIX HAarpy3kax (puc.4).
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o Mises (Mim2)
9461e+005
IE s7s0v00s
7 590e+005
710524005
631924005
55342+005
[ L renons
| 3.963e+005
L3177e+005
23926+005

1 606e+005
8.209e+004
354384003

Puc.3. Pacnosio:kenue creMHoro qucka Puc.4. HanpsiskeHusi cbeMHOT0 JuCKa

BeImosiHeH 4acTOTHBIN pacueT CheMHOI'o JMCKa, COOCTBEHHAs 4acToTa
koroporo 242 I'n, a yacrora BO30YXJEHHUSI OT KOJECHOW Maphl C IOJI3YHOM
rITyOMHON 2 MM TIpH CKOpOCTH rpy3oBoro BaroHa 120 km/gac cocrasmser 11,2
I'a.

IIpn Oomee BBICOKMX CKOPOCTSX JBIDKEHHS M OONBIIMX Becax
nepefaTYukoB  HEOOXOJMMO  IIPOBEPUTh  NPOYHOCTH M BBHIIIOJHUTH
OINITUMU3AIHIO (POPMBI CHEMHOTO JIUCKA.

COBPEMEHHBIE ITIPOBJIEMbBI OBPAIIIEHUS C
HENPUTI'OJHBIMHU U 3AINPEIIIEHHBIMHA
XUMHUYECKHUMHU CPEJICTBAMM 3AIIIUTHI
PACTEHUH

A.M.Kacumos, 0.m.H., npogp.
Vxpaunckuii nayuno-ucciedosamensckuti UHCMUmMym 9K0I02UYECKUX NPoOIeM,
2. Xapwvros, YVipauna

PaccmotpeHsl  mpoOieMbl  oOpamieHHst C  HENPUTOAHBIMH K
NPUMEHEHHUIO WM 3alpelieHHbBIMM XUMHYECKUMHU CpEICTBAMU  3allUTHI
pacrenmii (XC3P), koTopble OBUIM HAKOIUIEHBI B TMPOILIOM BEKe Ha
TeppuTopur XapbKOBCKOH oOiacti. OmnperneneHa OMacHOCTh BO3MOXKHOTO
nonmaganus XC3P B okpyxaromyro cpeay. IIpoaHanu3supoBaHbBl JaHHbBIE
CTaTUCTUKM 00 YCIOBHSIX M COCTOSHMM XpaHEHUS 3alpemieHHBIX |
HENPUTOJIHBIX K MCIOJNb30BaHUIO B celnbckoM xo3siiictBe XC3P. BeisiBienst
(aKTOpHI, OCIOXKHSIONIME CUTYyalrio B cdepe oOpalieHus ¢ HEeNpUTrOJHBIMU
XC3P. IlpoBemeH 0030p MEpONPHUITUN OPraHU3AMUOHHO-TEXHUICCKOTO
XapakTepa, BBINOJHEHHBIX ['OCyNpaBl€eHMEM DJKOINOTMHM M HPUPOIHBIX
pecypcoB 1o XapbKOBCKOW oOiacTH. PaccMOTpeHBl anbTepHATUBHBIE ITYTH
obpamenuss ¢ HempuroxHbiMu XC3P, moigyduBIIMMK pacnpocTpaHEeHHE B
3apyOeXHBIX CTpaHaxX U Ha YKpauHe
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B arponpoMsllIeHHOM KOMIUIEKCE YKpauHBI B HACTOAIIEE BpeMs B
3HAYUTENBHBIX KOJIMYECTBAX HAKOIJICHBI HENPUIOJHBIE U 3alpelIeHHbIE K
WCIIONIb30BAaHUIO  XMMHYECKHe cpencrBa 3amuTel  pacteHunit  (XC3P),
00e3BpeKMBAaHME  KOTOPBIX  SIBJISETCS  TIEPBOOYEPENHOH  JKOJIOro-
TOKCUKOJIOTMYECKOM  3ajaded,  KoTopas  JO/DKHa  pelmarbes  Ha
TOCYIlapCTBEHHOM YpPOBHE C TPHBJIEYEHHEM BBICOKOKBAIU(PUIIMPOBAHHBIX
CHELHUAIICTOB.

BemectBa, M3BeCTHBIE KaK CTONKHE OpPraHMYECKUE 3arps3HUTENN
(CO3), sBusrorcss 4Ype3BBIYAHO TOKCHYHBIMH W ONACHBIMH XUMHYECKUMHU
coelMHEeHUSIMH. VX 00BbeUHSIOT YeThIpe OOIIMX CBOWCTBA!

1. Boicokasi cTOMKOCT, B OKpYXKarollled NpUPOAHON cpeje
(OIIC) — ycroiumBoCTh K (HOTOXMMUYECKOMY M MHUKPOOHOJIOTHYECKOMY
OKHCIIEHHIO.

2. CriocoOHOCTh K OMOaKKyMYIISILINH, 00YCIOBIIEHHAS! BHICOKOW

JUMOPIITFHOCTRIO, TO3BOJIIONIAS HAKAIUIMBATHCS B JKUPOBBIX TKAHIX U
MIPOJIBUTATHCS TIO THIICBBIM IICTISIM.

3. Crocoonocts k mnepemeniernto B OIIC Ha Oonbmime
PACCTOSIHUSL C BO3MYNIHBIMA W BOJHBIMH ITOTOKAMH WJIH MUTPHPYIOIIHMU
BHJIAMH JKUBOTHBIX.

4, CrocoOHOCTh  BBI3BIBATH  OTJNAJICHHBIC  KaHIIEPOTCHHEIC,
MyTareHHble () (EKTHI.

ITo cBoum  xapakrepuctukam 12  CTOHMKHX  OpraHUYECKHX
3arpsi3HuTenel, BkIO4eHHbIX B CrokromeMckyto Koueenmuro o CO3,
pacnpenensatorcss Ha 3 rTpynmbl. IlepBas rpynma — BBICOKOTOKCHYHBIE
necturasl (IJT, muanapuH, aapuH, rentaxiaop, MAPEKe, TOKCa(eH, SHIPUH,
XJIOp/IaH, TeKCaXJIOPOEH30JI, IMHAAH). BTOpast — MpOMEBIIUICHHBIE TPOIYKTHI (B
1. 4. [IXBb u [IX]]). Tperbs rpynma CO3 — ocobas. OHa mpencTaBieHa Tak
HA3bIBACMBIMH JHOKCHHAMHU — TPYIIIION COCIWHEHUH, KOTOphIC 00pa3yroTCs
KaK MOOOYHBIC MPOAYKTHI HEKOTOPHIX BHICOKOTEMIICPATYPHBIX IMPOIECCOB B
JIIOOBIX MTPOU3BOJICTBAX, TJIE UCTIOIB3YIOT XJop [1,2].

2. Hakoruienne mecTUIMIOB U arpOXMMHUKATOB HA TEPPUTOPUHU
Ykpaunsl Havasocb B 50-X IT. MpONUIOrO BeKa, KOrJa WX KOJIHYECTBO,
MTOCTABIISIEMOE Ha CENBbXO3MPEANPUATHS, TIPEBBINIATI0 00BEMBI HCIIOIH30BAHUS.
ITo naHHBIM CTATUCTUKKA Ha TEPPUTOPUM Y KpauHbl HAKOIUIEHO mopsijaka 27
ThiC. T HeKOHIUIMOHHBIX XC3P. M3 Hux Ha TeppuTOpuM XapbKOBCKOMH
00JTacTH, COMIACHO MPOBEJACHHONW WHBCHTAPU3AIUU YCIOBUA U COCTOSHUS
XPaHEHUs! 3alpelieHHbIX W HENPUTOAHbIX K HCIOJB30BAHUIO B CEIBCKOM
xo3sictee XC3P, xpanmnock 1111,66 1, uro cocrasmsier 4,12% ot obiero
KOJIMYECTBA IO CTpaHe.

IMectumaet xpaustes B 157 ckinaickux MOMEIEHUSIX, U3 KOTOPBIX 28
HaxoJTCSl B XOPOIIEM COCTOSIHMM, 84 — B YJOBIIETBOPUTENbHOM, 45 — B
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HeyzoBieTBOpUTENbHOM. [lon neficTBreM aTMOC(hEpHBIX OCaJKOB BO3HHUKAET
omacHocTh monananus XC3P B OKpyKaromiyro cpeiy, 4To BIIEYET 3a COOO
3arpsi3HEHUE TPYHTOB, ITOBEPXHOCTHBIX M MOA3EMHBIX BOJ, aTMOC(HEPHOTO
BO3/yXa.

CuTyanust OCJIOXKHSETCS CIASTYIOMNUMHE (haKTOpaMH:

1) OTCYTCTBYIOT MOJHbBIC CBEJICHHS O COCTOSIHUH TTECTUIIN/IOB;

2) Hexoropbie Mecta U emkoctu xpaHenusi XC3P He oTBewaror
TEXHHYECKUM TpeOoBaHMsIM (B XapbKOBCKOH 00NacTH STOT MOKa3aTelb
cocragiset 28,7%);

3) 3HauuTeNnbHAS YACTh MECTUIMIOB HEONO3HAHA HJIM HAXOAUTCS B
Buzie cMecell (B XapbKOBCKOM 00JacTH 3TOT MOKa3aTelb cocTaBisieT 82%);

4) mecTUIUIBI MOTYT OBITh CMEIIAHBI C OTXOJAaMH CTPOHMATepHaoB
pa3pyLIEHHBIX TOMEIIEHUH CKIIa0B U MOACTUIIAIOIIEH TOBEPXHOCTH;

5) ropumuueckue nuia ¥ opraHu3anuu - Biaaaenabibl XC3P nubo ux
MIPABOINPEEMHUKH -YKJIOHSIOTCS OT YCTAHOBJICHHOTO 3aKOHOM IOpsiKa
oOpalleHus C STUMH BEIIECTBAMH.

B MupoBoil npakTuke NpUMEHEHHE HAIUIU CIEAYIOUIMe TeXHOJIOTUU
YHUYTOXEHUsI CTOWKHMX opranumdeckux BemectB (COB), B Tom uwmcie
MECTUIUIOB. BBICOKOTEMIIEPATYPHOE CXHUTaHUE B KOHTEHHEPHBIX YCTaHOBKAX
(Janust), TepMOXMMHUYECKOEe OOC3BPSKUBAHHEC B MOOWJIBHOW yCTAaHOBKE
YxpI'HTL[ «3neprocrans, Ykpamna. Kopnopamms «ELI Eco» (Kanana)
MPOBOJIUT KCIIEPUMEHTHI 110 BoccTanosiennio CO3 B ra3oBoii dase [3-6].

CpenHsisi CTOMMOCTB 3aBOJIa N0 NepepadoTKe MECTHINIO0B COCTABIISIET
$20-50 wmuH. OpHUM W3 aNbTEPHATHUBHBIX MyTeH pelIeHUs] MPOGIEMBI,
MOJTYYMBIIUX PAaCHPOCTPAHEHUE HA YKpauHe, SBISIETCS XpaHEHUe MpernapaToB
B CHeNUalbHBIX KOHTeiHepax. Ha teppuropun XapbKOBCKOH obnacTu
VYxpaunst B 2003 1. ObII NMpUMEHEH METOA Iepe3aTapuBaHMsl HETPUTOIHBIX
XC3P B NONMATUICHOBBIE MEIIKM C IOCIEAYHOIIeH KOHTeHHepu3aluenl B
repMeTHYHbIE TTOIMMEPOETOHHBIE KOHTEHHEPHI.

IIpu BEIOOpE TakTMKM  OOpamieHUss C  HENPUTOXHBIMH |
sampemieHHbiME K npuMeHeHuto  XC3P  cyOBEKTHI  XO3SICTBEHHOM
JIESITEIBHOCTA M OPTaHbl TOCYAAPCTBEHHOIO KOHTPOJIS U YIPABIEHUS JOIKHBI
OpPUEHTUPOBAThCA Ha CJIEAYIOUIUE NMPEUMYIIECTBA U HEJOCTaTKH yKa3aHHBIX
METO/IOB!

- JIOITOCPOYHOE XpaHeHHe TpeOyeT, MpsSMBIX PacXoJoB, 3aTpaT Ha
M3BICKAaHUS W pa3pabdoOTKy IPOEKTa, €ro OJKCIEpTH3Y, CTPOHUTEIHCTBO
xpanwnu, uaeHtupukanuio XC3P, TpaHCIOpPT K MecTy XpaHEeHUs], BeleHUE
MIOCTOSIHHOI'O MOHUTOPHHTA TEPPUTOPUI, MPUIETAOIUX K palloHy XpaHEHUs.
[pouecc muTenpHOrO XpaHEeHHs ¢ 00ECIeYeHHEM YCTAaHOBJIEHHOI'O 3aKOHOM
nopsiaka oOopayMBaeTcss B WTOre 3HAYMTEIHHO OONBIIMMHU 3aTpaTaMu |
SIBIISIETCS. OTHOCHTENILHO O€30ITaCHON OTTSKKOM pelIeHus! Tpo0IeMbl
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BonpIIMHCTBO METOJOB, HCHONB3YEMBIX CETOAHS - BapUaHTHI
ruaponus/muponu3. OHM  MEpCHEeKTUBHBI, HO JIOPOTOCTOSIIH, TPEOYIOT
3HAYNUTEIBHBIX CPEICTB HA OYMCTKY OTXOJSIIMX Ia30B, KOHTPOJIb BHIOPOCOB C
OTHOCUTEJIBHO MAaJIbIMU KOHLEHTpAIMAMU O4Y€Hb TOKCHUYHBIX JHOKCHHOB,
6eH30(ypaHOB — MIOOOYHBIX MPOIYKTOB MHPOIN3A.

Ilocne aHamm3a UCHOMB3YEMBIX B MMPOBOM IPAKTHKE METOIOB
00e3BpeXMBaHNS HEKOHJMIIMOHHBIX M 3anpemeHHblx XC3P, B Ykp['HTL]
«3OHeproctanb» cosMecTHO ¢ YkpHUMOII u HYBXull nox pykoBoacTsom
aBTOopa JaHHOW CTaThM pa3paboTaHa HOBas  9KOJOr0-3KOHOMHUYECKH
3¢ deKTUBHAS TEXHONOT S IS YHUUTOXKEHUS )KUIKUX U TBepabix XC3P [3-6].
Pa3paboranHasi TEXHOJOT WS, UMEIOIIAsl «HOY-Xay» M 3allIWIIeHHas] MaTeHTaMH
VYkpaunbel, onpoOoBaHa B  ONBITHO-TIPOMBINIICHHBIX  YCIOBUSX  IIPH
00€3BpEeKMBAaHUN  BBICOKOTOKCHYHOIO XJjopopranumdeckoro XC3P - -
rekcaxjopiukiorekcana (mHgan). KoOHTpoib MONHOTHI  00€3BpPEKUBAHUS
BEIMIONTHEH coBMecTHO ¢ XapbkoBckor ['opCIC, O6aCIC u XapbKOBCKUM
HanioHampHbIM MEIUIIMHCKUM YHHUBEpCUTETOM [6-8].

Pa3zpaborannblii  cmoco®d — mo3BoiseTr  0€3  HMCMOJIB30BAaHUS
JIOTIONIHUTENBHON — KaTalUTHYeCKOH  00paboTKM  0OEcHeYuTh  IOJTHOE
pa3ioXKeHue TOKCUYHBIX KoMIOHeHTOB XC3P ¢ yrunmsanueldl XMMHUECKOIro
TeIUla, BHOCUMOIO IMU B IIEYHOH arperar, 4To ’KOHOMUT NEPBUUHOE TOITUBO.

OrneHnBasi CyIIECTBYIOUIME CIOCOOBI TEPMHUUYECKOTO Pa3JIOKEHUS
6onpHCTBa CO3, MHOTHE HCCIIeIoBaTeNl (PUKCUPOBAIIH, YTO NP CHIHKEHUH
TeMIepaTypbl OTXOJIIUX Ta30B U3 UCHOIb3YEMBIX arperaTroB, MPOMCXOIUT
pereHepanyisi TOKCUYHBIX KOMIIOHEHTOB. OTCYTCTBHE 3TOrO SIBIECHHS MpHU
WCCIIEIOBAaHUN Pa3pabOTaHHON TEXHOJNOTMU MOJAYEPKUBAET €€ BBICOKYIO
9KOJIOTO-TUTHEHNIECKYI0 3PPEKTUBHOCTb.

ITo pe3ynpTaramM ONBITHO-NPOMBINIJIEHHBIX WCHBITAHUN pa3paboTaHbI
TEXHOJIOTMYECKass M aNlNapaTypHO-TEXHOJOTMYEecKas  CXEeMbl  JJif
MIPOMBIIIJICHHBIX HCHBITAHUN TpeaIaraéMoil TEeXHOJOTMH U €€ BHEIPEHUs.
[TarentoBanme paspaboraHHOro cmocoba ¥ YCTAHOBKM IS €ro
ocyuiectBieHus: B Poccuiickoii denepaliu BEAETCS B HACTOSIILIEE BPEMSL.

Jlutepatypa
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AKYCTHUYECKASI DMUCCHS U METOJT
EE PETUCTPAIIMM (OB30P)

YBozopow A.T., *Boponos C.A., 2Poiisman B.I1., 3F0p0u41<0 A.B., 35y6yﬂuc A.
YHayuonansnviii mexnuueckuii yuusepcumem Yrpaunwvl « Kueeckuil noaumexnuyecxkuii
UHCIUMYm»,

ZXMeﬂbHuuKuzZ HAYUOHATLHBII YHUBEPCUEM, 3KayHacc:cuzZ mexHoI02UYeCcKuil yHugepcumem

B mocnenHee Bpemst HaOmomaeTcss TEHIEHIUS HEYKJIOHHOTO pPOCTa
TpeOOBaHMI Kak K KOHCTPYKIIMOHHBIM MaTepHajaM, TaK U K METOAaM OLIEHKH
MX Ha/ISKHOCTU W KadecTBa. Ocoboe BHUMaHME YJEISIeTCsl pa3padoTKe HOBBIX,
¢usmyeckn  OOOCHOBAaHHBIX  KPUTEPUEB  KOHCTPYKTHBHOH  IIPOYHOCTH
MaTepHaloB, OCHOBAaHHBIX Ha BCECTOPOHHEM HW3YUYECHHH SIBJICHUM, JIEKAIIHUX B
OCHOBE TpoIEeccoB AehOpMalK U pa3pylieHus. Takol HOAX0oA MpeaonaraeT
pacuiMpeHre HaIluX MPEACTaBIEHWH O NPHUPOAE NMPOYHOCTH M MEXaHU3Max
paspylleHuss MaTepHaloB Ha pPa3IUYHBIX MAaclTaOHBIX YPOBHSX. OTO
BO3MO)KHO TOJIBKO TMpPW HCIIOJB30BAaHMM B TIPOIECCE H3YYEHHs JaHHBIX
SIBJICHUI KOMIUIEKCa COBPEMEHHBIX (PU3NYECKUX METO/IOB HCCIIEJOBAHMSI.
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Kax nmoxassIBaeT N€MCTBUTENBHOCTD, PELIEHHE TOCTABIECHHOHN 3a/1a4uu
KOMIUIEKCHOTO IOAXOfa K IpodieMe Hecylledl cocOOHOCTU MaTepuanoB U
KOHCTPYKILIMIT BO3MOXXHO Ha CTHIKE MAaTepHaJOBEeNEHUS, (GU3UKH U MEXAHUKH
pa3pylieHus, T.6. B paMKax HOBBIX HAIPaBIEHUH - MHUKPOMEXAHUKU
paspymieHuss W (QU3MYECKOH ME30MEXaHMKH. He WCKIIIOYEeHBl METOJbI
KJIACCHYECKOr0  MaTepualioBeieHHsa.  [lepcrieKTUBEH  HOBBIM  MOAXOJ,
COYETAIONMH METOJM CHHEPT€THKH ¥ TEOPUH (PPaKTaIoB.

Meroj akyctuueckoi amMuccuu (AD), OCHOBAaHHBIN Ha PETUCTPALN U
00paboTKe BOJNH HAIPSHKEHHH, BO3HUKAIOUIMX B pe3yabraTe (OpMHPOBAHUS,
U3MEHEHHUS M pa3pylleHUs CTPYKTYp pa3iIHuHBIX MAaTepuasioB, SBISETCS
HaunOonee S(GQEKTUBHBIM Uil HM3YYEHHs IPOIECCOB W CTaJui Pa3BUTHS
nedekTHOH  CTpYKTypsl M HENpPEphIBHOTO  MOHHUTOPHHTa  OOBEKTOB
MIPOMBIIIJICHHOCTH.

[lepBbic pabOTHI MO M3YYCHUIO SBICHUS AD TOSBIINCH B KOHIIE XX
Beka B CIIIA u B ®PI'. Pa3BuTHe 31EKTPOHUKU U CO3JAaHUE CIIELUABHBIX
aHaJIOTOBBIX NPUOOPOB AD ITO3BOJNIMIIM HCIOJIB30BaTh MeTod AD s oOHa-
PYXEHHs pocTa TPEUIMH B MPOLECCE Pa3IUUHBIX MEXaHUYECKUX HCIBITaHUM.
udposas TexHHKa ¢ OOMBIIUM OOBEMOM NMaMSTH U CKOPOCTHIO 0OpaOOTKH
nHopManuy TO3BOJSIET HaKaILIMBaTh, 00pabaThIBaTh, AaHAIN3UPOBATH U
XpaHuTh AD HHPOPMAIHIO.

B nanHoOl paboTe npearpruHsTa MONBITKa 0000IINTH CYIIECTBYIOMIYIO
nHpopMalIMIO 10 UCIOIb30BAHHIO MeToda AD B  OKCIIEPUMEHTAIBHOM
MIPAKTUKE COBPEMEHHOI'0 MaTEPHATIOBECHNUS.

Oco0oe MeCTO OTBOAUTCS MUCIOIb30BAHHIO MeTona AD A UccIeno-
BaHUS IPOIECCOB HAKOIJICHUS MOBPEXACHUI B HATPY)KEHHBIX MaTepuaax,
JUI HEpa3pyLIalolIero KOHTPONISi W JUAarHOCTUKU Hecylled CIOoCOOHOCTH
MaTepuasoB U U3JETHH.

B nokxnane BHavane paccMaTpHUBAIOTCSl OCHOBHHME mapaMmerpsl AD B
coorsercTBUH ¢ 'OCT 27655-88 kak M3nydeHUE MAaTEpPHUaIOM MEXaHHUUYECKHX
YOPYTUX BOJIH, BBI3BAaHHOE JMHAMHUYECKON JIOKAlIbHOM IEepecTpoiKoi ero
BHyTpeHHeH cTpykTypel. K AD OTHOCAT Takke BBICOKOUACTOTHOE
AaKyCTHYECKOE M3JIydeHHE, BO3HUKAIOLIEE NMPU UCTEUEHUH XKHUIKOCTEH U ra3oB
U3 OTBEpCTHH B cocydax | TpyOompoBogax. AD CHrHaJIM3HPYET O
TPUOOJIOTMYECKUX B3aUMOJEHCTBHUAX TBEPABIX Tel. AD - sIBICHHE, CONPOBO-
XKIarolee eaBa JIM He Bce (PU3MYEecKue MPOIEecch B TBEPAbIX Telax W Ha HX
MIOBEPXHOCTH, @ BO3MOXHOCTb €€ PETrUCTpalMd IPOLECCOB ONpPEenseTcs
JIUILb YYBCTBUTEIBHOCTBIO UCIONb3yeMON anmapaTypbl. AD BO3HUKAeT Kak B
MUKpOIIPOIIECCaX, OOYCIOBJIEHHBIX JIBIDKCHHEM MEJIbYalIINX DJIEMEHTOB
CTPYKTYpbl Tel, TaKk M B MAaKpOSBJIEHHUSX, CBA3aHHBIX C pa3pylIeHUEM
arperaToB M KoOHCTpykuui. Iloatomy peructpamuss AD mnpenocTaBiser
LIMPOKHE BOZMOXKHOCTH ISl UCCIIEOBAHUS TBEP/BIX TEJ, UX B3aUMOJEUCTBUSL
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MEXIy CO0O0H, C KUAKMMHU U ra3000pa3HBIMH CpEellaMH, a TaKKe JUarHOCTHKH
MaTepUaIoB SHEPrOHANPSHKEHHBIX KOHCTPYKIUI.

SIBnenue AD M3BECTHO C CEpeUMHBI MPOLUIOrO CTOJETUS KaK "KpPHK
onoBa", BO3HMKAIOIMA TpH Je(OPMHUPOBAHMM OJIOBA U  CIIBIIIMMBIN
HEBOOPYKEHHbIM yXOM. OJHAKO B TE€UEHHE MHOTUX [ECSATHJIETUH OHO He
HaXOAWIO MPaKTUUECKOro NpUMeHeHHs. bplna oco3HaHa CIOXKHOCTH IPobiIeM,
BO3HMKAIOIIMX  TIPM  HWHTEpIpeTauumu  AD-CUTHaJIOB,  pa3paboTaHa
BBICOKOUYBCTBUTEIIbHAS amnmapartypa, HaKOIJIEH Onpe/eNeHHbI N
OKCIIEpUMEHTAJBHBIH ~ MaTepHal,  JOCTaTOYHBIM  JUIl  pelIeHHus  Kak
HCCIIEI0BATENbCKUX, TAK U TEXHUYECKUX 3a/1ad, B T.4. JJIsl AUATHOCTHKU y3JIOB
TpEHUsL.

B nokmage paccMOTpPEHBI CyHIECTBYIOIIME METOAUKU KOHTPOJSA
OCHOBaHBI Ha aHajJM3€ HapaMeTpoB AD-CHTHAJOB, UX 0OpabOTKH U oIpene-
JIeHUsI UX WH(OPMATHBHBIX [TAPAMETPOB, 3aBHUCSIINX OT BHIA PETHCTPUPYEMOH
AD. PaznnuaroT TUCKPETHYIO U HENpephIBHYIO AD.

Jns BbiOOpa MH(GOPMAaTHBHBIX HAapaMeTpOB IPU PETHCTPAILMU TOTO
WM WHOro Buaa AD, pacCMOTPEHBI OCHOBHBIE YCIOBHS (OPMHUPOBAHHS
AaKyCTUYECKHUX CUTHAJIOB B TBEPJBIX TENaX.

B cuity muckpeTHo nprpo/Ibl BEIIECTBA AUCKPETHBI U ITPOUCXOISIINE
B HHX (u3ndeckne mnponecchl. Kakymasicss HemnpepbIBHOCTh Ipoliecca
oTpakaeT (aKT yCpelHEHHs pe3yiabTaTa HaONIOAEHUs OONBIIOr0 YHCcia
OTZEJBHBIX 3JEMEHTapHBIX COOBITHI. DIIEMEHTapHOE COOBITHE B TBEPJIOM TEje
MIPUBOAMT K J1e(pOPMHUPOBAHMIO ITOCIETHETO, HO CTOJIb HE3HAUYUTEIFHOMY, UTO
OHO, Kak MpaBWJIO, HE MOXET OBITh 3aperucTpUPOBAHO H3BECTHBIMU
cpenctBaMu. OpHako OOnbIIOE KOJIMYECTBO 3JIEMEHTApHBIX COOBITHI,
00pa3yomyx IOCIEI0BaTENbHOCTh (TIOTOK) COOBITHH, MOXET NPHBECTH K
MaKpOCKONIMYECKUM SIBJICHUSM, BBI3BIBAIOIIMM 3aMETHOE H3MEHEHHUE JHep-
TeTHYECKOT0 COCTOSIHHMS Tena. [Ipy BBICBOOOXKIEHWH DHEPrWH 4YacTh ee
H3TydaeTcsl B BUJe ynpyrux BoiH. [TosBienune Takux BoiH U ecTb AD, KoTopast
MOXET TIPOSIBUTHCS JIBOSKO. EciaM 4YHMCIO 3JeMEHTapHBIX — COOBITHA,
NPUBOAAIIMX K BO3HHUKHOBEHHIO YINPYIMX BOJH, BEJNHWKO, a OJHEprus,
BBICBOOOXKIaeMasi MNpU  KaXJIOM  COOBITMH, Maja, TO AD-CHTHAJbI
BOCHIPUHHMMAIOTCSl KaK CiIaOblii HENpephIBHBIA NIYM, MOJYYMBUIMN Ha3BaHHE
HerpepbiBHOM AD. M3-3a ManocTd DHEpruu, BBICBOOOXKAAEMOH IpH
€IMHUYHOM aKTe, YHEPTeTUUECKOE COCTOSHUE TEIa MEHIETCS HE3HAYUTENbHO.
BeposTHOCTE OCYIIECTBIEHUS CIEAYIOIIEr0 TaKOro aKTa IPAKTHYECKH He
3aBUCHUT OT npeasiaymero. Kak cineacresue, XxapakTepUCTUKH HENpephIBHON AD
MEHSIOTCA BO BPEMEHU CPAaBHUTEIBHO MEAJIEHHO, YTO MO3BOJSET paccMaTpH-
BaThb ATOT THUII YMUCCUH KaK KBA3UCTAllMOHAPHBIN IpoIiecce.

Ecmu cocTosiHue Tena 1ajaeKko 0OT PaBHOBECHOTO, BO3MOKHBI IIPOILIECCHI
JJABUHHOI'O TUIIa, IIPU KOTOPBIX 32 MBI IMPOMEXYTOK BPEMEHHU B Ipolecc
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BOBJIEKAETCSI OOJIBIIOE YHCIO BIIEMEHTApHBIX COOBITHHA. DHEprus YIpyrou
BOJIHBI IIPU 3TOM MOKET Ha MHOTO MOPSAKOB NIPEBOCXOUTh SHEPTUIO YIIPYTHUX
BOJIH TPH HEMNpepbIBHOW sMuccud. [logoOHas sMuccnsi, XapaKTepu3yommascs
OOJIBIION aMIUTUTYAOH PErUCTPUPYEMBIX aKYCTHYECKUX UMITYJILCOB, MTOTY4HIIA
Ha3BaHUE TUCKPETHOM.

Cnenyer OTMETHTh, 4YTO pasfeneHue AD Ha HENpephIBHYIO HU
JIUCKPETHYIO JIOCTaTOYHO YCJIOBHO, IOCKOJIBKY BO3MOXKHOCTH pa3JebHON
peructpanui AD-UMITYJIbCOB 3aBUCHUT JIMIIbL OT XapaKTEPUCTUK UCIONb3yeMOn
anmnapaTypbl. Hampumep, yBennuuBas ypOBEHb IUCKPUMUHALIMU CUTHAJIOB,
MOXHO  PErHCTPHpPOBaTh  TOJBKO  BBICOKOAMIUIUTYAHBIE  BBIOPOCHI
aKyCTHYECKOTO0 CHTrHaja, TO €CTb ()OPMaJbHO NEpPEeHTH OT pPErucTpanuu
HENPEPHIBHOM K PErHCTPAlluU AUCKPETHON AD, XOTSI O4EBUIHO, UTO CYLIHOCTh
siBIIeHUS AD IIPU ATOM HE U3MEHUTCH.

B peanbHOl cuTyanuu, Kak IpaBUIIO, HNPUXOAUTCS HMETh JENO0 C
smuccuedl 00oux THIoB. Hampumep, mokpuTHYECKOE MOApACTaHWE TPEIINH B
MeTajulax IoJ| JCWCTBUEM BHEIIHHX W BHYTPEHHHX (DAaKTOPOB HPOHUCXOIUT
ckaukooOpa3Ho. IIpomormkurenbHblE TEPHOIABI  CTAOMIBHOTO — COCTOSHHS
TPELUHbl, IPU HEKOTOPOM BO3MOXKHOM BO3PAaCTaHUU  IUIACTHUECKOU
nedopmanu B ee BepIIMHE, YEpEAyIOTCS C MOMEHTaMH BpPEMEHH, Korja
TpEILHA MEHSET CBOK JUIMHY C OKOJO3BYKOBOM CKOPOCTBIO, NEPEXOis B
HOBOE PAaBHOBECHOE COCTOsIHME. Takoll Iepexoj| CBSi3aH C H3MEHEHUEM
HAIPSDKEHHOTO COCTOSIHUS (pa3rpy3Koii) MaTteprasia B OKPECTHOCTH TPEIUHBI
U CONPOBOXKIAETCA WU3IYy4EHHEM YOPYrod BOJHBL, PETUCTPUPYEMOM
npeoOpa3oBaTeseM KakK CHIHAlI JAUCKpeTHOH AD. B mpomexyrkax Mexay
CKauyKaMH, IIpM HAKOIUIGHWH IUIACTHYEeCKOH Jedopmanmy, HaOmogaercs
XapakTepHas Uil IUIacTUYecKoro nedopmupoBaHus HempepbiBHas AD.
CxofHast KapTHHA UMEET MECTO U B MPOLECCE PA3BUTUS YCTATIOCTHBIX TPELIMH.

IMom3ydyects MaTepuana Ha MEpBOW, HECTAMOHAPHOW, U BTOPOH,
CTallMOHAPHOM, CTaausAX CONPOBOXKJaeTcs HempepslBHOM AD. Ha Ttperneit
CTaguy, TIOMHMO HENPEpbIBHOMW, HaONlIoAaeTcss Takke M JucKperHas AD,
oOycroBiieHHas 0Opa3oBaHMEM W pPa3BUTHEM MHUKpOTpeuuH. Takoe ke
MOJIOXKEHUEM HMEET MECTO IpPH KOPPO3UM IOA HANpsDKEHUEM, KOHEeuHas
cTazusi KOTOPOM - KOPPO3MOHHOE PACTPECKUBAHUE - COIPOBOXKAAETCS
MHTEHCUBHBIMH aKyCTUYECKUMH BCIBIIIKAMU JUCKPETHOM AD.

Bo Bcex ykasaHHBIX CIy4asx B TEUEHHE JOCTATOYHO JUIMTEIBHOIO
BPEMEHU — JOKPUTHUYECKON CTaIUU Pa3BUTUS TPEIIMHBI, CPEAHSS CKOPOCTh €€
pocTa, KaK MpaBWJIO, HE MPEBBIIIAET J0JIel MIJIIUMETpa B 4ac. TpeliyHa ere
HE TPE/CTaBISIET CEpPhE3HOM OMAaCHOCTHU AJS KOHCTPYKLUH, HO BO3ZHHUKAIOIIAs
npu 3ToM AD yKa3bIBaeT Ha pa3BUTHE JIe(eKTa U, CIeJOBATEIbHO, SBISIETCS
MIPEIBECTHUKOM  HACTyIUIEHMs  paspyuieHus. [[ns  IporHo3upoBaHUs
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pa3pylieHusl OOBIYHO HCHONB3YIOT JUCKPETHYIO COCTaBISIOMIYI0 AD u3-3a
TIPOCTOTHI PETUCTPALIMH CUTHAJIOB OOJNBIION aMILIUTY/BL.

JuckpetHyto AD HCHONB3YIOT TakXke INpH KOHTPOJE TEXHONIO-

TMYECKUX IIPOIECCOB, B XOJ€ KOTOPBIX BO3MOXKHO OOpa30BaHHE TPEIINH
(cBapka; 3akanka; qudQy3nOHHOE HACBIICHUE, HAPUMEP HABOJIOPOKUBAHUEC
U 7Op.), a TaKkKe ISl HCCIAENOBaHMS M KOHTPOJIS KOPPO3MOHHOTO
pacTpecKUBaHuUs, MPOYHOCTH, TEPMOIIPOYHOCTH, YCTAIOCTHOTO Pa3pylLlEHHUs, a
TakKe TMpOLEeccCOB TpeHus U wu3Hoca. HemnpepbiBHYo AD CBS3BIBAIOT C
IUIacTUYeCKoH  jgedopmanuedi, KOppo3uWell MarepuajioB U JIPYTUMH
¢usmueckuMu TporieccamMu. [Ipu BceX NEpEeYMCIIeHHBIX Mpoleccax, Kak
NPaBWJIO, MOXXHO HAONIOAaTh Kak JUCKPETHYIO, TaK M HENPEPHIBHYIO
cocTapistronye AD.
Paznuyaror mH(MOpPMAaTHBHBIE TAPaMETPHI OTJEIBHBIX UMITYJIbCOB AWCKPETHOH
AD, NIOTOKOB MMIYJIECOB W TapaMeTpbl HEMpephIBHOM AD, (u3uueckas CyTh
KOTOpBIX (hopMasnM30BaHa B TIPEJCTABICHHBIX B MaTepHajax JOoKJala
MaTeMaTH4ecKuX MOoAeNsAX. MoJenu IO03BOJSIOT IPOTHO3MPOBATH 0OOIIEe
YHUCIIO MMITYJIBCOB JIMCKpETHOH AD 3a HMHTEpBaJl BpEMEHH HaOJIOIEHUs,
aKTMBHOCTh AD ¥ JMHAMHKY IIpolecca paspylleHus, cyMMapHyio AD,
CKOPOCTh cueTa (MHTEHCHBHOCTb) AD- CHTHAJOB YCTAaHOBJIEHHOTO YPOBHS B
eIUHHILy BpEMEHH, IUIOTHOCTb BEPOSITHOCTH  aMIUIMTYAbl HMITYJIbCOB,
aMIUIMTYAHOE paCIpeAeieHne HMITYJIbCOB, B T.4. CUCTEMBI paclpenieleHuit
[Mupcona, pacripesneneHre BPEMEHHBIX MHTEPBAIOB MEXIY OTIEIbHBIMU AD-
UMITYJIbCaMH  OJJMHAKOBOM BEPOSTHOCTU 3JIEMEHTapHBIX COOBITHH, WX
MOCJEI0BATENBHOCTb,  BBIABJICHHE  JEJIOKAIM30BAHHOIO  pa3pylIEHUs
MaTepuana KOHCTPYKIMHU, a TaKXKe aMIUIUTYIHO-BPEMEHHOE paclpeeeHue
UMIOYyNbCOB AD, CHEKTpaJbHYI IUIOTHOCTh IUCKPETHOH AD, MOIIHOCTH
Ipoliecca B €IMHUYHOM 10JI0Ce YacToT.

PaccmoTpeHsbl Taxke MeETOJB! BBIAETEHUS CHUrHajJoB AD Ha ¢oHe
TIOMEX JJIEKTPOHHOHM amnmaparypbl. KpoMe cOOCTBEHHBIX IIYMOB ammapaTypbl
TpPakThl TpueMa W 00paboTKM HHGOPMALMH MOTYT OBITh ITOJBEPKEHBI
BHEIIHAM IIyMaM, JUIS YMEHBIIEHHS BO3JEHUCTBHS KOTOPHIX IIIHPOKOE
pacIpocTpaHeHUe TMOJMyYHIN aKTUBHBIE M ITACCUBHBIE CIIOCOOBI MOAABIICHUS
TIOMeX.

IIpn npoBemeHnrn 0COOOTOYHBIX (PUIUUECKUX OKCHEPHUMEHTOB
CTpEMSATCS K IIPUMEHEHUI0 OECITYMHBIX BUJIOB HATPY)KEHHSI, TAKHX KaK HarpeB
WIN OXJIAKAEHHE WIN K HCIIOIb30BAaHHUIO IPEABAPUTEIILHO HATPYKEHHBIX
00BEKTOB. AKTHUBHBIE CIOCOOBI 3((EKTHBHBI TPH TNPOBEACHUU HCITBITAHUH
MaTepHaIoB B JIaOOpaTOpHBIX ycinoBusiX. IIpu mpoBeneHMM MCClEeNOBaHUM,
KOHTPOJISI M TPOTHO3a Ha pEaIbHBIX paboTarOmMX OOBEKTaX AaKTHUBHBIE
CHOCOOBI MMPAaKTUUECKH HEBO3MOXKHO PEajn30BaTh. PacCMOTpEHBI aKTHBHBIE U
MTACCUBHBIE METOABI OOPHOBI C NIyMaMH M TIOMEXaMH, KOTOPBIE UCTIONb3YIOTCS
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MPaKTHYECKH BO BCEX YCTPOMCTBaX M CHCTEMaxX PETHCTpAlMd M 0OpabOTKH
CHTHaJIOB AD, BKIIIOYAsl aMIUTUTYAHYIO AUCKPUMHHALMIO JUTIS OTCEYKH IIyMOB
M0 aMIUIUTYAHOMY TPH3HAKY IyTeM CpPaBHEHUWS MPUINEAIINX CHTHAJOB C
HEKOTOpHIM Harepe] 3aJaHHBIM 3HadeHHeM ((HUKCHPOBaHHBIA MOpPOT),
TUIABAIOIIMK MOPOT, YaCTOTHYIO (HJIBTPALMIO B OOJIACTH HIDKHHUX YacTOT B
mpenenax 20...200 k['m, a B obmacTu BepxXHUX 4acror - 1,5...2 MI'1. Ckopoctu
pacrpocTpaHeHus B MaTepraiaX Mpo/I0JIbHBIX U ITOMEPEYHBIX BOJIH MO3BOJISIOT
pETHCTPUPOBATh TPEHIMHBI C ONpENeNIeHHBIMU pa3MepaMy, a BpeMeHHas
CeJIeKIIMS, 3aKITF0OYArONIasIcsl B 3aMPaHUM KaHAJIOB PETHCTPAluK CUTHAIOB AD
Ha BpeMs JICHCTBHUS IOMEX, WHAMKATOPOM KOTOPBIX CIYXHT CHEelHaJIbHBIHA
KaHaJl, pEruCTPUPYIOMINI TOJIBKO IIOMEXH.

B anamoro-mudpoBeix cucreMax AD BO3MOXHO HCHOJIb30BAHUE
NpsSMOTO  BBIYMTAHUS ~ CHTHAJOB  TOMEX U3  BCEH  COBOKYNHOCTH
3apeTHCTPUPOBAHHBIX ~ CUTHAIOB  AD.  Jlng  3TOro  NpOU3BOAMTCS
TIpe/IBapyUTENIbHAS 3aITUCh CUTHAJIOB ITOMEX B KOHKPETHBIX YCIIOBHSIX PabOTHI
HarpyKaromero o0OpyIOBaHHs W JeHCTBHS APYrHX BUAOB romex. [lana c
CBOIHAs TaOJIMIa MApaMeTPOB CUTHAJIOB AD Ui HEKOTOPBIX HCTOYHHKOB
aKyCTHYECKOM OSMHCCMM B  METajulaX, yYHUTHIBAIOIIME  MEXaHH3MBbI
TUTACTUYECKON NedopMalu: TPOIECCH JBWKEHHS TUCIOKalMi (KOHCepBa-
TUBHOE CKOJBXEHHUE M AHHUTWISLMSA JAWCIOKAlMi, WX pPa3MHOXXEHHE I10
MexaHmsMy @panka-Puna; OTpbIB JUCIOKAIMOHHBIX TETENb OT TOYEK
3aKperuieHus H  JIp.); 3epHOIPAaHUYHOE CKOJIBXKEHHE; JBOWHUKOBAHHE;
MeXaHU3MBbI (ha30BBIX NPEBPAIIECHUN W NEPEXO0J0B IIEPBOrO U BTOPOro poja,
nonmumopdusmMa, (a3oBble IMEpexobl B MarHETHKaX M CBEPXIPOBOJHHKAX;
MarHuToMexaHndeckue 3((GeKThl n3-3a CMEIIEHNST TPAaHUIl U TIepEOPUEHTAIUH
MarHuTHBIX ~ JIOMEHOB npu N3MEHEHUH BEITNYHHBI BHEIITHETO
HaMarHW4MBAIOIIETO TOJIS.

METOJI AKYCTUHYECKOM SMUCCHH IS
BBIABJIEHUA JE®EKTOB U MUKPOTPEIIIUH

YBozopow A.T., *Boponos C.A., 2Poiisman B.I1., Zfopouuco A.B., 35y6yﬂuc A.
YHayuonansnviii mexnuueckuii yuusepcumem Yrpaunwvl « Kueeckuil noaumexnuyecxkuii
UHCMUMympy,
2XenbHuyKuti HayuonateHbitl yHusepcumen, “Kaynacckuii mexnonozueckuti yuusepcumen

Axycriueckass oaMuccusi (AD) mpexncraBiser co0Oi  sBIEHHE
reHepaliyd BOJH HaNpsDKEHUH, BBI3BAaHHBIX BHE3AITHOW IIEPECTPOMKON B
CTpyKType Marepuana. Knaccnueckumu uctouHnkamMu AD SBIISIETCS POIecc
neopMupoBaHus, CBSI3aHHBIH C POCTOM Je(eKTOB, HAampUMep, TPEIIHHBI
WIN 30HBI IUIACTHYECKOH JedopMariyu. IIponecc reHepanuu u
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obHapyxkeHuss AD mpuBeneH Ha puc.l. BHe3amHoe IBWXEHUE UCTOYHHKA
SMUCCHUM  BBI3bIBA€T  BO3HMKHOBEHHE BOJH  HANpPSDKEHUHM,  KOTOpBIE
PacnpoCTpaHsIOTCs B CTPYKType MaTepuana ¥  JOCTHIarOT
MTbE303JIEKTPHYECKOro TpeoOpa3oBatens. [lo Mepe pocra HampshKEHHH,
AKTUBU3UPYIOTCS MHOTHE U3 UMCIOIIUXCSI B MaTepuaje 00beKTa UCTOYHUKOB
SMUCCUU. DJIEKTPUUYECKUE CHUTHAIbl SMUCCUHU, TONYYEHHBbIE B PE3YJAbTATE

peoOpa3oBaHus JIaTYUKOM BOJIH HaIpsDKEHUH, YCUJIMBAIOTCH,
PETHCTPUPYIOTCS amapaTypod W MOABEPraloTcs IalbHEHIel o0paboTke u
HHTEpIpETalrH.

VICTOYHMKOM  aKyCTHKO-DMHCCHOHHOW SHEPIrHM CIY)KHMT IIOJe
YOPYTUX HanpsHKeHWH B Marepuaine. be3 HampspkeHHME HET W 3MHCCHH,
no’ToMy AD KOHTPOJIb OOBIYHO TPOBOJMTCS IYTEM HArpyXeHUs
KOHTPOJIUPYEMOro 00bEeKTa. ITO MOXKET OBITH IPOBEPOUHBI KOHTPOJIb HIEpe.T
3aIlyCKOM O0BEKTa, KOHTPOJIb M3MEHEHWH Harpy3ku BO BpeMs paboOThI
00bEKTa, WCMBITAHWS HAa YCTAJIOCTh, MOJI3Y4YECTb WIM KOMIUIEKCHOE
HarpyxkeHre. Yacro KOHCTPYKIHMSI HarpyKaercsi IpOU3BOJIBHBEIM CITIOCOOOM,
TOTJa UCHOJIb30BaHUE AD-KOHTPOJIS MO3BOJIAET MOJNy4YaTh AOMOJIHUTEIBHYIO
LEHHYI0 WH(OpManui0 O TOBEAEHHMM KOHCTPYKIMHM TOJA JAEHCTBHEM
Harpy3ku. B gpyrux cnydasx AD  ucnois3dyercs O NPUYMHAM
SKOHOMHUYHOCTH U Oe3omacHocTu. Jlist Takux 3a7ad  pa3padaThIBaroTCs
cHelyanbHble MPOLEAYPhl HATPYXEHHS U TECTUPOBAHUSL.

AD B3auUMOCBsI3aHa C JPYTUMU METOJAMU KOHTPOJIS U OTJINYAETCs OT
OONBIIMHCTBA METO/I0B Hepaspymiatomero kontpoins (MHK) B nByx
KJIIOYEBBIX AacleKkTax. Bo-NepBbIX, HMCTOYHUKOM CHUTHAjla CIY)KUT caM
MaTepual, a He BHEITHUH UCTOYHHMK, T.€. METOJ| SIBJISIETCS IIACCUBHBIM (a He
aKTHBHBIM, KakK OOJIBIIMHCTBO JPYIMX METOJOB KOHTpOJsi). Bo-BTOpHIX, B
OTIMYME OT JPYTrHX MeToZoB AD OOHapyXHBaeT JABIKEHHE aedeKTa, a He
CTaTHYECKHE HEOTHOPOMHOCTH, CBS3aHHBIE C HauM4yheM aedexToB, T.e. AD
OOHapy)KMBaeT pa3BHBAIOIIMECS], a IOTOMY HanmOoJee oOnacHble Je(eKTHI.
Cpemn MHK He cymiecTByeT HHM OJHOTO TaKOr'O METONA, KOTOPBIH MOr OBl
pemmTh NpoOJIeMy OLEHKH LEIOCTHOCTH OOBEKTa ONTHMAIBHO C yYEeTOM
TaKUX OCHOBHBIX  (DaKTOpOB, KakK IIOJy4eHHEe HauOoiee  HU3KOU
cebecronmMocTH  paboT W JOCTWKEHUS TEXHWYECKOW  aJeKBaTHOCTH
pe3yibTaToB  KOHTpoOis. JlydmuMm  pemieHueM  mpoOJeMbl  sIBISI€TCS
npuMeHeHne KoMOuHanmu pa3nuuHeix MeronoB HK. Bmaromaps Tomy, 4to
AD pe3ko OTIIMYaeTCs 0 CBOMM BO3MOXKHOCTSIM OT TPaJULMOHHBIX METOJOB
KOHTpOJIsI, HAa NMPAKTHKE OKAa3bIBAE€TCS OYEHb IMONE3HBIM coBMemaTh AD ¢
Ipyrumu Metogamu. OCHOBHOE NpeumyliecTBO Meroga AD CBS3aHO C
BO3MOXKHOCTBIO IIPOBEJCHUSI HEpa3pylLIaloNIero KOHTPOJS BCEro 0O0beKTa
LEIUKOM 3a OJWMH LUK HarpyxeHus. JlaHHBIE ~ MeTon — sBIsIeTCA
JIUCTaHIIMOHHBIM, OH He TpeOyeT CKaHMPOBAaHMS MOBEPXHOCTH OOBEKTa

97



JUI TIOMCKA JIOKANBHBIX JedekToB. HeoOXomumo MpocTo NpaBHILHBIM
00pa3oM pacCIIONIOKHUTh HYXHOE YHCIO AATYNKOB W HCIOJIB30BaTh MX JUIS
OCYILECTBJICHHs] JIOKAllMM HCTOYHMKA BOJIH HampsbkeHH. Bo3moxHoCTH,
CBSI3aHHBIE C JUCTAaHUMOHHBIM HCIIOJIb30BAaHHEM METO/A, AT OOoJbIIne
MIPENMYIIECTBA M0 CPAaBHEHHIO C JPYTHMMHU METOAMH KOHTPOJIS, TPEOYIOmIX
yIaJIeHHs] U30IAIMOHHBIX 000JI04eK, 0CBOOOXK/IEHHSI KOHTEHHEPOB KOHTPOJIS
OT BHYTPEHHETO COEPKAaHUS WM CKAHUPOBAHHS OOJIBIINX ITOBEPXHOCTEH.

Tunuuneli npumep  ucnonb3oBaHus AD  3awiodaercs B
OIIpE/IeTIeHUH MECTOIOJIIOKEHHUS 1ePEKTHBIX Y4acTKOB, IIOCIIE Yero st Oonee
TOYHOT'O OTIPEAEIICHHsI TPUPOBI e eKToB ucronb3ytorest npyrue MHK.

SBnenne AD HaOdromaercs B IIMPOKOM JWAara3oHe MaTepHasoB,
CTPYKTyp | mporeccoB. Hambomee xkpymHomacmrabHass AD cBsi3aHa ¢
CYILIECTBOBAHUEM  CEHCMHUYECKMI BOJH, B TO BpeMsi KaK HaWUMEHBIINI
MacIITaOHBI YpOBEHb SMUCCHH BBI3BIBACTCS TUCIOKAIMOHHBIM JIBHKEHHEM B
HarpyXeHHBIX CTPyKTypax Marepuana. Mexay 3TUMu AByMS Buaamu AD
CYyIIECTBYET HIMPOKHH [Hara3oH MaclmrTaboB SMHUCCHH, OT JIaOOpaTOpPHBIX
HCTBITAHUH 10 TPOMBIIIIEHHOT'O KOHTPOJIS.

[Mpn nabopaTOpHBIX HCHBITAHUSAX HCHONB30BaHUE AD KOHTPOJS
CTaBUT CBOEH IIEJbI0 W3Yy4YEHHE IPOIECcCOB AedOpMallM W pa3pyLIeHUs
Matepuana. MeTron Mo3BoiseT B peaJbHOM BPEMEHH II0 CUTHAJaM 3MUCCHU
HaOMroaTh 3a ITOBEAEGHHEM Marepuaiia Npu HarpyxeHuu. [lockombky AD
OTKJIMK 3aBHCHT OT CTPYKTYphl Marepuaja W pexumMa JeopMUpOBaHMS,
pasHble Marepuajia IpU Pa3JIMYHBIX CIIOCO0aX HarpyKeHHs B CHJIBHOU
CTENEHU OTIMYAIOTCS APYr OT Jpyra MO CBOEMY aKyCTUKO-3MUCCHOHHOMY
noBeneHuo. CyIiecTByeT /Ba OCHOBHBIX  (pakTopa,  NPUBOAAMNIMX K
BBICOKOM SMHUCCHBHOCTH — 3TO XPYIKOCTb U T'€TE€pPOr€HHOCTh MaTepHaia.
Bs3kue MexaHU3MBI pa3pylleHus], HAPUMep, CIUSHUE IOp B MATKHUX CTAJIAX,
HANpOTHB, NPUBOAAT K HHU3KOM O3MHUCCHBHOCTH (II0 DHEPIMU U YHCIY
CUTHAJIOB).

IIpu TectupoBaHMM NpOAYKIMU MeToN AD wHcHoIb3yeTcs Ui
MIPOBEPKH ¥ KOHTPOJIISI CBAPHBIX COCAMHEHNH, TEPMHUUYECKU CIKATHIX OaHIaKeH.
Merox Takke HUCHONB3yeTCs BO BpeMs ONEpaluid, CBS3aHHBIX C
¢dopMooOpa3oBaHneM, TaKMX Kak YIUIOTHEHHE WIM IIpU NpeccoBaHHH. B
nenoM AD KOHTPOIb MOXKET NMPUMEHAThCA BO BCEX CIydasX, KOrjJa MMEOT
MECTO  MpOIECChl  HArpyXeHWs,  NPHUBOAAIIUE K  IOCTOSIHHOMY
negopmMupoBaHMIO  MaTepuajoB. B OCHOBHOM TpM  TECTUPOBAHHWHU
KOHCTpYKUUHA AD HCMONB3yeTcss JUisi KOHTPOJIE COCY/AOB JIaBJICHUS,
XpaHWwnI, TPyO0 ¥ TpyOONpPOBOAOB, ABMAIMOHHBIX M KOCMHYECKHX
alnmnapaToB, AIEKTPOCTaHIMH, 3aBOA0OB, MOCTOB, KEJIE3HOAOPOKHBIX LUCTEPH
U BaroHOB, TI'PY30BBIX TPAHCIOPTHBIX CPEACTB, a TAKKE MHOTUX APYIHX
00bEKTOB. AD KOHTpOJb IJIsi OOHApYXEHUsI TPEIIMH, CBAPHBIX Ne(EeKTOB U
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T.II. IPOU3BOJIMTCSI HA HOBOM M Ha OBIBIIEM B 3KCIUTyaTallMH 00OpPYIOBaHHH.
[Mpouenypsl, CBsI3aHHBIE C HCIIOIb30BaHHEM AD MeToAa  OIMyOJMKOBAHBI
Awmepukanckum O6miectBoM HmxeHepo MexanunkoB (American Society
Mechanical Engineering — ASME), Amepukatnckium OOtiectBom KoHTpons u
Marepuano (American Society for Testing and Materials — ASTM) u
JPYTUMH ~ OpraHU3alMsMH. YCIEIIHbIE PE3YJIbTaThl KOHCTPYKIMOHHOTO
TECTUPOBAaHUS MOXXKHO HaONIOJaTh B TEX CIIydasx, KOrZJa BOSMOXXHOCTH H
JIOCTOMHCTBa MeTola AD MpaBWIBHO WCHOJNB3YIOTCS B KOHTEKCTE
KOHKPETHBIX UCCIICIOBAHUH U KOTJ[a IPUMEHSIIOTCSI KOPPEKTHBIE TEXHUYECKHE
pelieHus W Clenualu3upoBaHHOEe oOopynoBaHne AD, KOTOpoe OYeHb
YYBCTBUTEIBHO K JIOOBIM BHJAaM CTPYKTYPHBIX TEPEMEIICHUIl B ITHPOKOM
YacTOTHOM fuamna3oHe paborsl (00bruHO or 20 k[ mo 1200 xI'm). Owno
CIOCOOHO PErHCTPUPOBATH HE TOJBKO POCT TPEIIMH WIM HX pa3BUTHE B
mpollecce CBapKd, H3HOCA M CONPHUKOCHOBEHHWS OOOpYyIOBaHMS TpHU
aBTOMaTHYECKON MeXaHWYecKOH 00paboTke, yTpaTe cMa3Ku NpU BpalCHHH,
TPEHUH OOBEKTOB, [CTCKTUPOBAHWHM YTPAUYCHHBIX YaCT€d W YaCTHII
o0opy/noBaHus, OOHApY)KEHHH M KOHTpOJE Tedel, KaBUTAIMd W MOTOKOB
KHUJKOCTH B OOBEKTaX, KOHTPOJE XUMHYECKHX PEaKTOPOB, BKIIIOYAIOIINX
KOHTpPOJIb KOPPO3MOHHBIX IPOLECCOB, KHUAKO-TBEPOro nepexona, (hazoBbIX
TpeBpalleHu, yaapoB M JAPYTHX IIPOIECCOB, KOTOpBIE CTaHOBSTCS
WUCTOYHMKAMHU HEXEeNaTeNbHbIX  MyMOB. [103TOMY H3BECTHO MHOXXECTBO
Pa3NYHBIX TEXHUYECKHUX PEIICHUH C ENTbI0 CHIKEHUS U M30aBICHHS OT ITUX
IIYMOBBIX TIOMEX, SIBJISIONINXCS OCHOBHOW TNPErpajod Ha ITyTH HIMPOKOTO
uCroNb30BaHUss AD B KayeCcTBE pa3BUTHS UYBCTBUTEIBHOCTH METOJA
KOHTPOJIS.

PaccmorpeHs! ¢u3ndeckast CyTh paclpocTpaHEeHUs! BOIHBI OT AD Kak
UMITYJIbC ~ HAlpsDKEHHS, COOTBETCTBYIOIIMM  CMEIIEHHIO ITOBEPXHOCTH
MaTepuana M yrjioBasi 3aBUCUMOCTE AD OT pPa3BUTHS TPEUIMHBI BHYTPHU
MaTtepuara.

BonHoBOe cMmernieHre mnpencTaBiseT coboil (QyHKUIMIO OJIM3KYIO K
cTyneH4aToil. HampspkeHne, COOTBETCTBYIOIEE CMENICHUIO, MMeeT (hopMmy
UMITyJIbCa, IIMPHHA M BHICOTAa KOTOPOTrO 3aBUCAT OT JAWHAMUKH IIpolecca
u3NnydeHus. VIMIynbChbl TaKUX MCTOYHHKOB KaK MPOCKOK MHKPOTPELIHHbBI
WIN pa3pyllieHHe OCAXKICHHBIX (PaKUUi HMEIOT Malylo JUIMTEIbHOCTh
(Topsiika MUKPOCEKYH/I WJIM JOJIell MHKPOCEKYH[). AMIUIMTYIAa W JHEPTHs
MIepBOHAYAILHOTO UMIYJbca AD MOXKET MEHSATHCS B IIMPOKOM JIHAIla30HE B
3aBHCHMOCTH OT THIA HMCTOYHHMKA aKyCTHYECKOH SMHCCHH. 3apoIuBILIasiCs
BOJIHA (MMIIYJIbC) PacrpoCTpaHsIeTcsl OT MCTOYHUKA BO BCEX HAIPaBIICHUSX,
IpU 3TOM B COOTBETCTBMM C IIPUPONOW HCTOYHHKA HOCUT SIPKO
BBIDOKEHHBIH aHM30TPOIHBIA XapakTep, a CKOPOCTh paclpoCTpaHEHUs
3aBUTCUT OT HAIIPABJICHUSL.
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@dopma mepBOHAYANIBHONH BOJHBI IPETEPIEBAET CYIIECTBEHHBIE
W3MEHEHHs] TIpU paclpoCTpaHEeHWH B CpeAe MaTepHaia u  TpH
npeoOpa3oBaHUM  JAaTYMKOM, MMOITOMY CHTHAJN, TPHUIICAIIMHA C JaT4HKa,
BEeCbMa OTAAJEHHO HAIIOMWHAET HMCXOJHBI CHIHAI OT HMCTOYHHWKA. Takoe
n3MeHeHne (GopMbl AD curHaja SIBISIETCSl Ba)KHOW ITPOOJIEMOM, ¢ KOTOpOH
TIPUXOJUTCS CTAIKUBATHCS KaK MPH UCCIIENO0BAHUAX (PYHKIIMN UCTOYHHUKA, TaK
W TpU pElNIeHWH NPaKTHYeCKUX 3a/Jad Hepas3pylaromero KoHTpons. Te
WCCIIEJIOBATENN, KOTOPBIE CTPEMSTCS OIPEAEINUTh MEepBOHAYAIBHYIO (OpMY
CHTHaJIa, UCIIOIB3YIOT ITMPOKOIIOJIOCHBIE JATYUKU M MTPOU3BOAAT ITONPOOHBIN
aHaMM3 HayaJbHOW dYacTH  3apeructpupoBaHHoro curnama. Ocoboe
CMelIeHUE BOJIHBI, BO3HUKAET OT yjaapa B TOYKE. DTO BaKHBIHA, HO OYEHb
HENpOCTOH CIocod HccieoBanus, T.K. 00paboTKa OJHOTrO CHUTHAsa MOXKET
3aHUMaTh JUINTEJIbHOE BpeMs. B CBS3M C 3TMM MHOTHE HCCIEIOBAaTENd B
00JIaCTH HCHBITAHUS MaTepHajoB B OOJbIIEH CTENEHW 3aMHTEPECOBAHBI B
MOYYEHUH CTAaTHCTHYECKUX OIEHOK mapaMeTpoB AD, yeM B IOJPOOHOM
W3Y4EHUH XapaKTEPHCTHK OT/AEIBHBIX HMCTOYHHUKOB AD, W UCIOIb3YIOT
Y3KOIOJIOCHYIO amaparypy, HO3BOJSIONIYI0 HM3MEPATh JIMIIb HEKOTOphIE
rapameTpbl GOpMBI CUTHAJIOB, HO OJHOBPEMEHHO C 3TUM — PEruCTpUpPOBATh
OoJIbIIINE TOTOKW CUTHAJIOB (COTHU CUTHAJIOB B CEKYHIY).

HccnenoBannsi mokaszaid, 4YTO IOMHMO OCHOBHBIX (DaKTOpOB,
OKAa3bIBAIOIINX BIIMSIHUE HAa PaCIpOCTPAHEHHsI BOJH, B3aMMOCBSI3H MEXAY
(GyHKIMEH WCTOYHUKA U PE3YIBTHPYIOIIUM CMEIIEHHEM IOBEPXHOCTH
Marepualia B TOYKE KOHTPOJIsI, KOTOPblE MHTEHCHBHO M3YYaJINCh B ITOCIIECHUE
10-15 mer bpuranckum — Xapyanbckum  LleHTpoM, AMEpHKaHCKHM
HanunonansHeiM bropo Crannmapros, Kopaysnbckum u  Toxuiickum
YHHUBEPCUTETaMH, HEOOXO0IMMO YUNTHIBATh IEPBOHAYANIBHYIO (DOpPMY CHTHasa
Ha BBIXOJIE JaTyuKa. YK€ IIpU NPOCTOH TEeOMETpUH OOBEeKTa W
9JIEMEHTAPHOTO HCTOYHMKA pE3yAbTHpYyIomas (opMa CUTHaja SBISETCS
JocTaToyHO cioxHOM. Ecnm ke paccMoTpers cnydail ¢  IUTAaCTHHOM,
npobyieMa CYIIECTBEHHO YCIIOXKHHTCS, IIOCKOJBbKY BTOpasi IOBEPXHOCTh
Taxke OyJeT BIUATH HAa YHPYro-IMHAMHUYECKHH IPOIECC PaclpoCTpaHEeHUs
BONHBI. B ciywae ¢ 1ulacTMHaMu JIBIOKEHME TIOBEPXHOCTH B TOYKE
HaONIONEHUS] CHJIBHO 3aBHCHT OT OTHOIIEHHS PACCTOSIHUS JI0 MCTOYHHMKA K
TOJIIUHE TUIACTHHEI.

Kpome Bcero mpouero, ¢QyHKIHMS HWCTOYHMKA HE SBISETCS
TIOCTOSTHHOW, OHa CKOpee INpeNCTaBisieT coOol He TOYEYHBIH HCTOYHHUK, a
JUIONb  W/WiaM  JBOWHOM JUIONL C HEW3BECTHOM B 0OIIEM cly4ae
OpHEeHTalel, y KOTOpOro JOJDKHBl — YYUTHIBATHECS M TOPH3OHTAJIbHAS, W
BEpTUKaJIbHAsh KOMIIOHEHTHI. B CBSI3W C INEpevnCIeHHBIMU TPYJHOCTIMHU
CO3/IaHME MaTeMaTHYeCKOM MOJIeNM, YHCICHHBIX M IKCIIEPUMEHTAIBHBIX
METO/IMK OLEHKH (YHKIIMM UCTOYHHKA AD 3HAYUTEILHO YCIIONKHHIKCE.
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PREVENTING TECHNOGENIC RISK BY DEVELOPING
ACOUSTIC EMISSION METHODS FOR TESTING AND
PREDICTING STRENGHT OF TECHNICAL OBJECTS

Kovtun I.I., Petrashchuk SA.
Khmelnitsky National University, Ukraine
E-mail: iikovtun@mail.ru

Majority of known methods for non-destructive diagnosing such as
ultrasonic test and X-ray radiography provides only selective contralling in
separate zones of material, detects large defects but doesn’t assess potential
danger of defects. However any defect can dangerous or not depending on its
location in strain field generated by some load. In difference with mentioned
methods the method of acoustic emission (AE), which is based on radiating
elastic mechanical waves from growing defects of deformed material, is
characterized by high sensitivity,detecting and monitoring of growing defects,
controling materials wotout scanning, applicability to control as homogenious
as heterogenious materia's, even composites. The question of practical using of
this method for strength diagnosing is il actual and needs further workout
dispite of numeriosworks[1, 2, 3] studyingit.

Original measuring system of acoustic emission (SAE) was designed
as train of 2-channd measuring instrument AF-15 and computer. It was
accomplished by modifying three units of AF-15, designing input/output
interface unit to transfer acoustic emission data from measuring insgrument to
computer, developing software, what provided collecting and processing data
of acoustic emission signals and 40 times increasing of processed signals
quantity comparring with serial instrument AF-15.

Measuring system finds amplitude, activity, power, energy, and also
linear coordinate of signals AE, which is calculated by formula:

L 1o
=—+— 1
X 2 2 @
where L — distance between piezodectric transducers, v - velosity of
ultrasound distributon in material of researched object, T - time delay of
signals (TDS) coming to two transducers.

To make sure that method of acoustic emission is aplicable for non-
destructive diagnosing first researchs were conducted on specimens having
shape of arod and tested by tension, shear and bend load.

For the instance controlling acoustic emission during tenson testing
of steal specimen alloed to find practically valuable information about
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specimen and material bevavior under load.

Three-dimensional graph, which shows AE signals distribution
depending of strain and linear coordinate testified generating signals yet before
elagtic limit. Linear location of those signals allowed to see acoustic emission,
what means growing defect, in place of future destruction. Moreover place of
future destruction is clearly identified yet before elastic limit and further up to
destruction. That gives possibility to conduct non-destructive diagnosing of
future destruction place in materials under load.

It's proved that maximum of AE signals activity belongsto yeld limit.
This fact was used to find yeld limit of specimens from brass, whose tension
diagram has no obvious yeld limit.

In strain zone that doesn't exeed proportional limit the linear
correlation between forecasting coefficient K and AE dgnals activity N is
found:

K=A-BN, 2
where A = 7.5; B = 0.42 seconds per impuls (AE signals); N — AE signals
activity (in impulses per second), which is being measured; K is calculated by
formula

K= Ou 3
O for
where ¢, — ultimate limit of specimen; o — Strain of forecasting in which AE
signalsactivity N is measured.

Obtained correlation (2) can be used to find forecasting coefficient K
by measured AE signals activity N. And formula (3) can be transferred to
forecast destructive strain ¢, for specimen being tested as:

Ojoru: K-Gor. (4)

Thus, AE signals activity N and strain o s, Smulteniously measured
during non-destructive testing (till the strain that doesn’t exceed proportional
limit) of steal specimen can be sustituted into formulas (2) and (4) to find
future destructive strain.

Practically non-destructive diagnosing or forecasting strength can be
simplified. First it should be conducted destructive testing of a number of
specimens, with ssimultaniuos measuring and recording of AE parameters and
strain; then control level of AE activity (maximal activity, which is stable to
appear under non-destructive load) is defined; for every specimen forecasting
dtrain o IS defined as one that corresponds to control level of AE, and
forecasting coefficient K is caculated by formula (2). Now non-destructive
testing of another specimens can be conducted with simultenious recording AE
activity and strain. If activity of AE has reached control level frecasted strain
will be calculated by formula (4), if it hasn’t the strength of specimen is
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concidered not lower acceptable.

However coefficients K experimentally found from number of
destructive tests had scatter caused by unstabile of physical and mechanical
characteristics of tested specimens. Therefore for calculations by formula (4) it
was decided to select the minimum Ky, from confidence interval found with
probability 0.95. Thus usng possible error in calculating forecasted strain will
work as safety factor. Such selection of K is the only one possible; testing
important objects one can select even lower K (from the sample) and increase
in that way safety factor, hower reducing accuracy of forecasting.

The method for non-destructive diagnosing and forecasting strength
worked out on specimens was implemented for real machinery.

Using method of acoustic emssion to research heterogenious materials
worked out by technologies of surface saturation allowed to offer method for
non-destructive controlling strength changing of material after workout. These
technologies include: hydrogen embrittlement, which is purposed to reduce
strength of surface layer what increases efectivness of mechanical workout in
cutting area; and hardening by nitriding applied for hardening hard-alloy
cutting tools. Researched objects were steal specimens and hrd-alloy cutting
plates. Only mechannica testing showed that hydrogen embrittlement 30%
reduces ultimate limit of steal specimens, and hardening by nitriding 15%
increases ultimate limit of cutting plates. Analisys acoustic emission recorded
during testing showed that AE is even more sensitive to tose technologies.
Accumulated quantity of AE signals radiated by embrittled specimens is 90%
greater than that radiated by unworked out specimens, and hardening by
nitriding technology 40-45% rises average amlitude of AE signals and 100%
rises accumulated quantity. Thus, acoustic emission mehtod allows detecting
action produced by every technology and conducting non-destructive
controlling of strength changing after work out by comparision of AE
parameters, measured during non-destructive testing, prior and after workout.

Acoudtic emission research of glassplagtic blanks used to
manufacture pumping rods was ordered by QOil-Gass industry. The outcome of
conducted research was the mothod for non-destructive diagnosing strength of
blanks. In accordance to which parameters eval uating strength are amlitude and
activity of acoustic emission. If mentioned AE parameters exceed control
levels during non-destructive testing by bending to load Py (5) a blank is
considered defective and rejected, in the other case - the strength of blank is
concidered not lower acceptable.

Pres=PraxlK , (5)
where P — maxima acceptable load, which is not destructive; K —
forecasting coefficient found by previousy conducted destructive testing
according to formula (3); taking into account that pumping rods are used in
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mine (being wrecked they may cause great expenses for maintanance) Ky, = 2
was selcted from confidence interval K=(2,06-3).

Authors conducted research of stregth of levers S 48.167230. Their
manufacturing frequently causes defects, such as pores, blisters, which may
bring to fatigue failure. Levers were tested by three point bending in specially
designed appliancy to non-destructive strain oy = 480 MPa, wich corrsponds
to load Py = 19000 N . This load never goes over proportional limit. Testing
was followed by recording parameters of AE signas. Analysis of AE
information allowed to reect defective levers. Quality of reecting was
approved by visual control, X-ray radiography and capillar control. There was
found correlation of accumulated energy and quantity of AE radiated during
non-destructive load with destructive load. The more is strength of tested lever
the lower is accumulated energy. Physical essence of this phenomena is that
defects, which reduce strength of levers, show themsdaves (radiating AE) as
early as more they reduce strength.

Using method of least squares it was found correlation between
ultimate limit o, and yeld limit o, and energy E of AE signals accumul ated
during non-desructive testing:

c, =950 E°, (6)
o, =807-E°. ©)

As ordered quality criteriawas oy, = 720 MPa, whcih corresponded to
accumulated energy of AE signals £ = 3.4 mV? so loading levers to Py and
recording AE parametersit’s possible to detect defective lever with probability
0.95 and also forecast its ultimate limit and yeld limit using formulas (6, 7).

Interesting was the fact that two levers were considered defective by
research with X-ray radiography and capillar control but they were considered
not defective by acoustic emission diagnosing, mechanica testing to
destruction proved that strength of levers was not lower acceptable. Thus, in
comparision with the traditiona methods method of acoustic emission is more
accurate not only to detect defects but also diagnos strength.

Practical imlement of worked out metod for diagnosing strength:
testing every lever is conducted by bending to non-destructive load Pieg.
Whcih provides safety factor (n=1.5...1.8) and doesn't exceed
proportional limit of lever. Testing ss followed by recording accumulated
energy of AE.
if accumulated energy of AE exceeds acceptable value E = 3,4 mV? lever
is considered defective and rejected.
if necessary strength of defected leversis forecasted by formulas (6, 7) for
further usein lessimportant machines.
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STRENGTH DIAGNOSING OF WELDED JOINTS
BY ACOUSTIC EMISSION METHOD

A. Goroshko' A. Bogorosh? A. Kozak®
Khmelnitskiy National University, Khmelnitskiy', Ukraine
National Technique University of Uktaine“ KPI” %, Ukraine
Yarmolunetskyj Technology Lyceun?, Ukraine

[. Introduction

Nowadays, the transfer from resource maintenance to technical sate
maintenance is specifically important. Reliable technical diagnostics allows to
prolong the term of exploitation for a considerable part of machines, that have
already worked their resource out, which produces a significant saving rate.
Unlike the traditiona methods of nondestructive control and technical
diagnosing, such as ultrasonic crack detection and X-ray radiography, the
method of acoustic emission (AE), based on the radiation of material during
the change of its inner structure of spring mechanical waves which are caused
by the increasing flaws, provides better sensitivity, the ability to discover and
examine the flaws behaviour and integrality, enabling the control the state of
the material without scanning, is simple for usage in the testing process,
manufacture and exploitation, is capable of controlling materiads not only
under the mechanical pressure but also in the process of phase transformations.

The paper introduces the devel oped methods and means of computer
AE control and diagnosing of welded joints.

The investigations which have been earlier carried out by other
authors [1-3] show that in the process of joint weld cooling, AE appears
without external strain, as a result of heat action which leads to phase
transformations in the material, under the action of internal local strains,
developing in the joint weld itself and the surrounding area, and due to the
irregularity of the material structure. The authors have found that AE method is
not effective for controlling the quality of welding circuit plates in the process
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of flux solidification because of negligible quantity of AE signals and on the
contrary — it is highly effective for quality control of welding in the process of
joint weld solidification.

With the purpose of working out the methods of nondestructive
control and diagnosing technical state of joint welds in the process of flux
solidification, i.e. even before the weld is in equilibrium, high-quaity and
defective joint welds of cast iron were investigated. It was stated, that the
process of flaw formation is characterized by an abrupt quantitative increase of
high amplitude AE signals (fig.1).

el-pudi=
[P

S

Laan-o
[T

Ll SN L]

LI LT B
Fig. 1. Compar ative acoustogramsfor high-quality and defective joint welds cooling

The most informative parameter appeared to be the actual activity of
AE signals for the welded joint unit, registered during the temperature change
from 200°C to room temperature. The studiesresulted in working out a method
of detecting welding defects in the process of joint weld formation:
v’ after burning of arc is over, therecording of AE signals is made during the
time of temperature change from 200°C to room temperature.
v if the maximum actual activity of AE signals during the observations
exceeds the permissible level N=1 imp/c:sm® , set according to the results of
static processing of the previous experimental data, then the controlled joint
weld is subjected to dangerous defect formation.

Fig. 2 demonstrates a photo of typical defective welded joint, its
formation being followed by increased activity of high-amplitude AE signals,
shown in the picture 3.
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welded joint

parent

Fig. 2. A fragment of destroyed joint weld

The elaborated method of diagnosing technical state of welded joints
in the process of flux solidification was implemented in Khmelnitsky National
University for control of cast iron CH-4 welded joints.
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B coBpeMeHHBIX MAlIMHHBIX arperarax JOBOIEHO YaCTO UCIIOIB3YHOTCS
nIBUrateaw BHyTpeHHero cropanus (JIBC), mnpuMmeHseMble JUIs TPUBOIA
CaMOXOJIHBIX WJIM CTAallMOHAPHBIX ycTaHOBOK. OMHOM M3 3aj1ad, Uil KOTOPOWM
aKTyajgpHa pa3paboTKa palMOHAIBHON MaTeMaTUYCCKOW MOJEIH, SBISIFOTCS
MIPOIIECChl B3aUMOJICHCTBUSI TEIUTOBBIICIICHUS C JBIDKCHUEM IOPIIHSA B KaMepe
cropanus JIBC u BIusiHYSL Xapakrepa TeIUIOBBIICTICHUS HA MOIITHOCTh JBUTATEIIS.
Lenp paHHOM pabOTBI - TIOCTPOCHUE JUHAMHYCCKOM MOIETU pPaOOTHI
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YETBIPEXTAKTHOIO OJHOLMJIMHAPOBOTO JIBUTATENSI BHYTPEHHETO CrOpaHHs U
paspaboTka COOTBETCTBYIOILETO KOMIIBIOTEPHOTO TIPUIIOKEHMS,
TTO3BOJIAFOLIEH MCCIIeN0BaTh NPOLECCHI, IPOMCXOIISIINE B 3TOH CUCTEME.

Cxema wmexanmma JIBC, muarpamma paOoThl JBHTatrenss M €ro
JIMHAMUYECKasi MOJIeb MPUBEIEHBI HA PUC. 1, a HA BEpXHEM NPABOM yITy. YIPYTrUMU
yTeMeHTaMu JuHaMIdgeckor Moriern JIBC SRIISFOTCS KONICHYAThIA BaJl, paOOTArOIAIA
Ha Kpy4eHHe U IIaTyH, CIBITHIBAIONINHA AehOopMaIy pacTshKEHHs)/ CKaTHs.

[Mpumennm ypaBHenust Jlarpamwxka 2-ro poma[l] mis onmcanus
JIBIDKEHUSI JIByXMaccoBol sauHamuueckod wmojgenu JBC. Ilpumem 3a
0000111eHHbIE KOOPAUHATH! YIJIbl IOBOPOTA MAaXOBHKA () M KpHUBOLIMNA (X .

JuddepeHunanbabie ypaBHEHHs! IBIKEHNST MEXaHUYECKON YacTH JABHIaTels
BHYTPEHHET 0 CTOPAHHUs C YIPYTOH CBA3BIO 3aMHUIIEM B BUE CUCTEMBI

3j+,(p-) =M,
36 +5 3,4 6l -a) +5¢ (p-a)’ =[(R-R)S, +mglX
)

o !
B orux ypaBHeHwsx J- MoMeHT uHepuuMM MaxoBoii Maccs; C., C -
NIPUBEJICHHAs JKECTKOCTh Bajla M €€ NPOU3BOJHAs MO YLy IIOBOPOTA

! o
kpuommna ¢ ; J.,J; - IpUBEICHHBII MOMEHT MHEPUMH MEXaHH3Ma K
KPUBOIIMIy X ero mnpoussopHas; M- wmacca nopmms; M- moment
conpotuBIieHus Ha Banty asurarens; P - nasnenne B KC; P, - nasnenne 8 xaprepe;

Sp - IDIOAAb MOPIIHS; { - YCKOpeHHe CBOOOTHOro MaaeHus. Eciu monoxuTs

B cucreme (1) C,=const u J=0, 10 nonysaem mudpdeperiyansHbie
YypaBHEHHS PacCMOTPEHHBIE B pabdore [2].
IpuBenennnpie napamerpel C, u C,/1 IIPU YCJIOBUM, YTO WIATyH U Ball

JIBUTATCIId  ABJIIOTCA  YIIPYTUMH, OHPCACIIOTCA W3 (bOpMyJ'I, MOITYYCHHBIX U3
PaBCHCTBA IMOTCHIUAJIBHBIX 3Hepr1/1f/'1 3BCHA IMPUBCACHUA U MCXOAHOI'0O MCXaHH3Ma

(3]
2
cnzcﬁ;%' (o4 :%; y =rsinfa+arcsin(ésina)]

c+cy® " da

VpaBHeHWe ISl JIOMONHUTENIBHOM ~ HEM3BECTHOM — BEIMYMHBI -
TEPMOIMHAMUYECKOTO JIABJICHUS - BHIBOIUTCS U3 YPABHEHUSI COXPAHEHHsI SHEPTUH
M AMEET BU]],
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d? xR (- < k-1 = .
E_—Tj;v-dS+T J;AVT-dS+Q\J;WdV 2)

spece V=S L -obbem kamepsr cropamms; S- ee moBepxHOCTh; V-

0 .
ckopocTh Taza; Q= —Zvi h" - remnorsopHas crioco6HOCTH roprouero; W -

MaccoBas CKOPOCTh TOPEHUs B €IMHUIE 0o0beMa 3a EIMHUILy BpeMeHH, A -
KO3(QUIMEHT TEIIONPOBOAHOCTH; K - CpelHMH IoKaszarenb aauadarsl. Hamo
OTMETUTb, YTO aHAJIOTMYHOE YpaBHEHNUE, HO JUTsl HEMOIBIKHOM 00JIaCTH, BHIBEIICHO
TaKxke B [4].

YpaBHeHue (2) ABIACTCSA JOCTATOYHO OOIIUM - HE 3aBUCHT OT (POPMBI
o0JIacTH ¥ TIPUTOHO ISl PacyeToB KaK JAMHUHAPHOTO, TaK U TYpOYJIEHTHOIO
TEYEHUH C COOTBETCTBYIOUIMMH KOI(QQUIMEHTaMH TEpeHOCOB M 3aKOHOB
TOpEHUSL.

HecnoxHble BBIUKCIEHHS MOKA3BIBAIOT, YTO HA TAaKTE BITYCKa 3TOT 4JIEH
BCJIE/ICTBUE JMHAMHUYECKOH HE CKMMAEMOCTH ra3a paBeH HYIIO, a Ha TaKTe
ckarus - OV /dt. Tlocme OTKpHITHS BHITYCKHOTO KiamaHa MPOMCXOTMUT
W33HTPOIIMYECKOE HCTEYEHHE ra3a W3 KaMepbl CropaHHs W TIepBBIA HHTErpasi
ypaBHEHHH (2) UMEET BH

I\_/-d§:V656+VpSp, e
S

K+1 1
2(x-1) P
VeSe: i VKSe _t’ P = Pe E
k+1 \/ o) P

e

Ik

e Ve - CKOpOCTb UCTCYCHUS ra3a u3 KC, Se - IJI0UIab BBIITYCKHOI'O OKHA.

3akoH ropeHus (BTOpOM MHTErpal B KBaJIpaTHOM CKOOKe ypaBHeHHH (2))
MPUHAT B BUJIE TIOTYIMIMPUIECKON 3aBUCUMOCTH [5 ]
: d Mo . | n(a—a
deV:Mf—n: ! sin ( 0) , ap<alao,
Y dt  2(c,— o) o, —a,

rac 77 - J10JI1 BBITOPAE€MOI'0 TOIUIMBA, M ¢ - Macca TOIlIMBa, Croparomiero Ha
OJHOM IHKIIC,; ao . 0{1- HaYaJIbHBIA U KOHEUHBIN YIJIbI TOPCHUA TOIUIMBA.

OxoHuarenbHO AU epeHiyaibhble ypaBHeHns: Uil fasnenus P u

miorHoctu P B Kamepe cropanus ipu O < o <47 moryr GbiTh 3anmcaHbl B
CIIEIYFOIIIEM BHUIC
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0, ecmu(a<a,)Vv[(a>a )A(R <2R)]
c R v
—kR|— |+ +XalL|, ecm(a>a )A(R22R) ©)
p_9R_ LS Ve
boodt —kXRa /L, ecmmoa, <agay,a, <a<oa
— M . o —
—KX’Rd/L+K 1 QM an sin rla-a) , ecm o, <a<a
LS, 2(a,—ay) o, —a,

0, ecmm(a<a,)v[a>a )A(R<2R)]

p:d—p= —p| < R oixar |, ecma (o > )A(P>2P) @
dt LS,V p

—pXall, ecmna, <a<a_

3I[eCB JUI YIIPOUICHUA 3aIIUCU BBCIACHO 0003HaYEeHUE ITOCTOSIHHON BEJTUMYUHEI
Kk+1

2 \aAx-
c=| — Sk
K+1

Taxum o6pa30M, JUHAMHNYCCKass MOACIIb pa6orrH JABUTaTC/IA BHYTPCHHETO
CropaHus ONMCbIBACTCA CHCTEMOI HEJIMHEHHBIX I[I/I(l)(l)epeHHI/IaJ'H)HHX ypaBHeHI/Iﬁ

(1), 3) u (4) ¢ navanpubMu yerosusvu ipu £t =0, =0, w = w,, P =F,.
Macca tonuBa M MoxeT GbiTb OmpeneseHa U3 PeaKlUH OKHCICHUS

CTEXHOMETPHYECKON OEH3MHO-BO3/YIIHOW CMECH.

4C,H  +43(0, +4N,) = 28C0O, + 30H,0+172N, .

Kak mokasanu KOMIBIOTEpHBIE HCCIEJOBAaHUS Ha  TakKTe
pacmiupenusi (ropeHus) MPOUCXOAUT pe3koe yBennuenue aasienus B KC
W YIJIOBOW CKOPOCTM Bajla JBHraTtelss M 4YTO C YMEHBUICHHEM
MPOIOJDKUTENIBHOCTH TOPEHUSI MPOUCXOAUT yBEJIWYEHUE MOUIHOCTH
nBuratens. Ha Belle Ha3BaHHBIE MapaMeTpbl TaK K€ 3HAYUTEIHHO
CKa3bIBaeTCA M y4eT ynpyroctu kosneHuaroro Bana JBC.

Ha pucynke 1,a mnpuBeaeHO [AHAIOrOBOE OKHO CHUCTEMBI
KOMITBIOTEPHOTO MOJIEIUPOBAHUSI 110 HCCIENOBaHHUIO Ipolecca paboThl
JIBC, koropoe BXOOUT KakK 4YacThb B pa3pabaThiBaeMbId NPOrpaMMHBIH
komriekc ~ DynSyn  —  juHamudeckuii  CHHTE3  IJIOCKMX U
MPOCTPaHCTBEHHBIX MexaHu3MoB. CneBa u3obOpaxkensl Mmonens JBC c
LIUKJIOTPAaMMOHN JBW)KEHUS! W TAaHENb IS 3a/JaHusl UCXOJHBIX MAaHHBIX, a
crnpaBa OTOOpakaercst Iponecc ABMKEHUS KPUBOIIUITHO-TIOJI3YHHOTO
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MEXaHU3Ma B  JIHHAMHYECKOM pexuMme. lMMeercss BO3MOXHOCTh
BKJIIOUCHHUS/OTKIIFOUEHUST (prara JUIS yd4eTa YIOPYrOCTH 3BEHBEB B
IUHAMHYECKOU MOJECITH.

6) | |

Puc. 1. /Iluajioropoe 0KHO NpUJI0keHUs 1Mo ucciaegosanuio IBC

Ilo HaxaTHIO KHONKHM «J/lMHaMMKa» NPOUCXOAUT pEIICHHE
BBIIIEYKAa3aHHBIX  MU((GEpeHINaIbHBIX ypaBHEHHH W OTOOpa)keHue
MOJy4YeH- HBIX PE3yNbTaToB B YHCIEHHOH u rpadudeckoir ¢opmax. [lo
HaXaTHIO KHONKM «['padmkm» oroOpaskaercsi IUaJoOroBOo€ OKHO C
rpadMYecKUM  TIPEJCTaBICHHEM  XapaKTepHBbIX  KUHEMaTHYECKUX U
JUHAMHYECKUX TmapaMmeTpoB (pucyHok 1,0). UYucneHHblE pe3yiabTaThl
3alMCHIBAIOTCS B TeKCTOBOU (haiin. Ha nuanoroBoM oxkHe MOXKHO IOJIYYUT
paccUUTaHHYI0 MHJUKATOPHYI AuarpaMMmy 1is aasineHus B KC, xoropad
MIOKa3bIBACTCS HA SKpaHe MPM HaXaTHUM KHONKM «JlMarpamMmax», a Tak xe
NPEICTaBICHO  BCILIBIBAIOIIEE  MEHIO 110  HACTPOMKE  METOJOB
HHTETPUPOBAHUA M  pacueTa HEKOTOPBIX  BAXKHBIX  MapaMeTpOB:

111



MOAATIUBOCTEN YIMPYTUX AJIEMEHTOB, OCHOBHBIX MAapaMeTPOB CHKUTAEMOT0
TOIUIMBA M HEKOTOPBIX JPYrUX JAWHAMHUYECKHX mapameTpoB. Cucrema
MoKa3bIBaeT (parMeHTsl Trpaduyeckoro uHTepdeiica, oToOpaXkarouye
konebanue ymnpyroro Bana JIBC u xapakrep W3MEHEHHs yTIIOBOW CKOPOCTH
KOJICHYATOr0 Bayia 0e3 yJeTa U ¢ Y4eTOM YIPYTHUX MapaMeTpOB UCCICTyeM O
JMHaMu4eckod Mozenu. Jlanee B cucTeMe MPOBOJIUTCS OLEHKA MPOYHOCTHU
yOopyroro Baja W miatyHa. [IpoBeneHHBbIE YHUCJIEHHBIE pacdyeThl U HX
CpaBHEHHE C HU3BECTHBIMHU JKCIEPUMEHTATbHBIMHU JTAHHBIMUA
MOATBEPKAAIOT JTOCTOBEPHOCTh MPEIJIOKEHHON NUHAMHYECKOW MOJENH
paboTHI NBUTATENSI BHYTPEHHETO CTOpPaHUS.
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KOMII'IOTEPHA OBPOBKA BUCOKOIIBUJAKICHOT'O
BIJEO3AIINCY KOJIUBAHD IIJIAT
PATIOEJIEKTPOHHOI ATIAPATYPH

P.I'. Yonoscekuid, B.II. Poiizman, O.T. Boropomr

BuwmiproBanss €, 6e3 CyMHIBY, Mi3HaBaJbHUM MNPOLECOM OTPUMAHHS
KiJIbKiCHOI iH(oOpMalii mpo o0’ekT, SKUM Moke OyTH mpeamer, ¢izndHa
cucrema, siBumie i T.m. O4eBHAHO, MO 00’€KT BUMIPIOBAHHS IIOBHHEH MaTH
onHy a00 CyKYNHICTh BIIACTUBOCTEH, IO HOro XapaKTepu3yloTh, 1 sKi
TIPE/ICTABIISIOT 1HTEpEC /Uil OTPUMAaHHS caMe sIKicHOI iH(opMmarii.

Haiivacrime, y MOBCAKIECHHIH NPaKTUI BUKOPHCTOBYETHCS BEJIHKA
KUJIBKICTh PI3HMX MpPWIATiB, SIKI THM YM I1HIIMM CHOCOOOM CHpUIMAIOTh
BEIMYMHY, IO BHMIpIOEThCS. 30KpeMa, Uil BUMIPIOBAHHS I1apaMeTpiB
KOJIMBAaHb IUIAT PajiOCNEKTPOHHOI amapaTrypd BHKOPHCTOBYIOTHCS MbE30- Ta
TEH30/IaTYUKH PI3HUX TUIOPO3MipiB. O/iHAK, JOBOJI YacTO HAa MPAKTHII Yepe3
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Maji po3MipH MIKPOCIEMEHTIB PO3MIIICHHS Ha HUX JATYUKIB 3MIHIOE€ Bary i
YKOPCTKICTh CHCTEMH, a 3HAYUTH, IOPOIKYE BEIUKI TTOXUOKU BUMIPIOBAHHS, a
BEJIMKA IMIJIBHICTh MOHTAXY PaJiOCIEMCHTIB HE Ja€ MOXJIMBOCTI PO3MICTHTH
i JaTYMKHU, TOMY BHKOPHCTAaHHS KOHTAKTHHX JATYUKIB CTAE HEMOXIUBUM i
NOTpiOHI OE3KOHTAKTHI METOAM BUMIpPIOBaHHSI.

Ha xadenpi nmpuximagHoi MexaHikd XMETbHHUIIBKOTO HAI[iOHATHHOTO
VHIBEpCUTETY € BCIUKUN JOCBiJ] BUKOPHCTAHHS  BHUCOKOIIBUIKICHOI
BIICOBMOMKH JUISL  JIOCHI/DKCHHS KOJNWBaJbHHUX TIPOIECIB MAIMH  Ta
o0JaiHaHHS.

[epernsn BUCOKOMIBHIKICHOI BiJCO3HOMKH dYepe3 KOMIT IOTEp Ja€
MOXJIMBICTh ~ YIOBUIPHUTH  MIBHIKICTH  BijJieo3amucy,  0aratopa3oBo
MIEpErysaIaTH MPoIeC Ta poOUTH Horo sKicHui aHami3. HaiOuiem 1ikasi cror-
KaJpyu 3amMUCYIOTECS OKpPeMHMH (ailylaMu I MOJANBIIOI KOMIT FOTEPHOT
00pOoOKH.

Ha puc. 1 Ta 2 moKa3aHO TNPHUKIATM KOMIT IOTEPHOI 00pOOKH
(hparMeHTiB 3aMUCy KOJIMBAHb IUIAT.
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Pucynok 1 - Komn’rorepHa 06po6ka ¢gparMeHTy 3anMCy KOJIHBAHb IIAT
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Pucynok 2 - Komn’rorepHa 06po6ka ¢gparMeHTy 3anMCy KOJIHBAHb IIAT

O6pobka mpoBoguiaack y rpadiunomy makeri CorelDraw 3a
Joromororo nporpamu Artrise Golden Section.

Ha nepuromy etami y mporpami pactpoBoi rpadiku Corel Photo, sika €
cknamoBoro makery CorelDraw, mpoBoamioch BHUPIBHIOBaHHS 300pa)KeHHS Ta
YCYHEHHSI CTIOTBOpPEHb, BUKIIMKAHUX PO3TALTYBAHHSIM BiJJCOKaAMEpH.

Ha npyromy erami 300pakeHHs IIEpEBOJUIOCH Y PENAKTOP BEKTOPHOT
rpadiku CorelDraw. 3a n0omoMoror CTaHIapTHUX IHCTPYMEHTIB MPOrpaMu
BCTaHOBJIIOBABCS MacmTad 300pa’keHHS, Ha SKOMY pPO3MIpH MiX IUIaTaMU
BiJINIOB1IAI0Th PO3MipaM y peasibHiii KOHCTPYKIIii.

Jlis mofanbiioi 00poOKu 300paxkeHHs 3amyckanachk mporpama Artrise
Golden Section, mpusHaueHHs sIKOI — TeHepallis MacTabHOI CiTKH. BikHO
MpOrpaMH PO3TALIOBYETHCSI MOBEPX BCIX BIKOH, IO Aa€ 3MOTY HPOBOAUTH
BUMIpIOBaHHS 0€3 Iepexo/ly 3 OAHIET MporpaMu B iHIIY.

Maninysroroun mMacmraboMm BikHa mporpamu Artrise Golden Section
TIPOBO/IMIIOCH CYMIILIIEHHSI CITKH Ta 300payKeHHSL.

Ha tperromMy erami 3a JOMOMOIOI0 CTaHAAPTHUX 1HCTPYMEHTIB
(30xkpema «Po3mipy) nporpamu Corel Draw mo ki1r040BUM TOYKaM BH3HAYAIACH
aMIUTITy/Ia KOJIMBAaHb IUIAT 3 PUB’A3KO0 JI0 MACIITaOHOI CITKH.
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AKTHUBHBIE MATEPUAJIbI UISA JEMII®UPOBAHUA
BUBPAIIMU U UX ITPUMEHEHHUE

1 1 1 . 2
bybynuc A.,” FOpenac B.,” Axaiumuc I1.°, Pouzman B.I1.
1 . .

Kaynaccruii mexnonoeuueckuil ynugepcumem,(J/lumea)
2 . o

Xuenvnuykuii Hayuonarohulil ynusepcumem(Yrkpauna)

BuOpammonHoe Bo3JelcTBHE SBISETCS BaXHOW IpoOieMol BO
MHOTUX OTPAacisiX YEIOBEYECKOH. AesTeIbHOCTH. OT pa3HOro poja Ha3eMHBIX
COOPY)KECHHI (BBICOTHBIC 3/IaHUSI, MOCTBI) JI0 BO3/YIIHOW TEXHHUKH (CaAMOJIETHI,
KOCMHYECKHE JIeTATeNIbHBIC Aamapatbl) a TaKKe CIOPTUBHBIA WHBEHTAPb
(JIBDKH, paKeTKH TEHHHUCA) — BCE MOT'YT OBITh ITOPayKeHbI BUOpaIHeii.

[To3TOMy JOUArHOCTHKA W KOHTPOJHUPOBAHHE BHOpALMH SBIACTCS
OJHOM M3 BakHeWmmx npobdiem X XI Beka.

Jl1s TMarHOCTHKY BHOpaIMii B OOJBIIMHCTBE CIy4YaeB HCHOIB3YIOTCS
MACCUBHBIC CUCTEMbI. KOHTPOJsL. Takue CHCTEeMbI CHHXKAIOT BUOpALIUH 32 CUET
npeoOpa3oBaHus HAKOIIEHHON BUOPORHEPTHH B TEIJIOBYIO 3HEpruto. OqHaKo
Takod croco0 Manxod((eKTUBHBIN, 32 CUET OrpaHWYEHHOTO INPUMEHEHHS B
CTPYKTYpax ¢ MePEeMEHHBIMU BO30YKICHUSAMH .

BubpanmoHHoe BO3IEHCTBHE MOXET OBbITh TEPUOAUYCCKHM HITH
ciydaiiHBIM. B mepBoM ciydae Takoe BO3JEHCTBHE MepenaroT (FeHepHpYIOT)
HAMPUMEp Pa3UYHOTO POja POTOPHBIC MAIIMHBI WM CIydaiiHble BHOpalUu
OJu3KHEe K PE30HAHCY caMoi CTpyKTypbl. CirydaiiHble BUOpAIUM BO3HHKAIOT
OpU BO3JMCHCTBUM TPUPOJIHBIX SIBICHUN  (3EMJICTPSACEHHS) a TaKKe MpH
WHTCHCUBHOH JIEATEIILHOCTH YeNIOBeKa (TPaHCIIOPT).,

W3BecTHO, 4TO BHOpamuMM WMEIOT Kak II0JIe3HOE BO3JEHCTBUE
(pa3nmuMYHOrO poJa TEXHOJOTMYECKHE MPOLECChl) TaK U BpPEAHBIE, KOTOpHIE
HEoOX0JMMO  JeMn(upoBaTh 0 MUHAMAJBHBIX 3HAuYCHWH. MeTobl
nemrdupoBanust (TalieHus) BUOPALMH ¢ AKTUBHBIMH DJIEMEHTAMHU HAIpUMeEp
MTbE303JIEMEHTHI Pa3/IeIISIFOTCSl Ha NMACCUBHBIE U aKTUBHEIE.

MeTonpl TACCHBHOTO JeMI(UPOBAHUS NEJATCS HA HMHIYKTHBHBIM
METOZ, 3aKIIOYAIOIIMICS HA  BBEJACHHS  WHIYKTHBHOTO  ILIYHTA B
pesonupytomyto 1mens (LC) , HamomoOme MexaHWYECKOro naemrmdepa
KoJieOaHMi; Ha PE3UCTOPHBIA METOJI, MPUHIIUI KOTOPOTO II03BOJISIET UCTIONB3YS
UIYHT CONPOTHBIICHHUSI ~ PACCEUTh CKOMMBIIYIOCS  BHOPOSHEPTHIO B
MIPOCTPAHCTBO; HA EMKOCTHOW METOJI, MO3BOJISIOMIMI IIYHTOM KOHJEHCAaTopa
3¢ PEKTUBHO U3MEHSTDH JKECTKOCTh MHE303JIEMEHTA U MEPEeKITI0YAONINI METO/,
TP MOMOIIH KOTOPOr'0 MOXHO OBICTPO MEHATh XapaKTep IYHTHPOBAHHS.
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3a cyer JOCTH)KEHHH COBPEMEHHBIX TEXHOJOTUH OIpEeAesIOnnX
pa3BUTHE MEXaTPOHHUKH CYIIECTBEHHYIO POJIb JUIS AeMII(UPOBaHUS KoJeOaHH
MEXaHMYECKHX CHCTEM MWIpAlOT  aKTUBHBIE METOABI, MPUHIMI KOTOPBIX
3aJI0KEH HCIONB30BaHUEM «YMHBIX MatepuanoB» ( smart materials) [1]. K
TaKUM MaTepualiaM  OTHOCSTCS B TEpPBYyIO ouepenp oOiaaaromime
Mbe303(h(HEKTOM U IIIEKTPO-MATHUTO PEONOrHYecKHe XUAKOCTH [2]. CyIHOCT
MeToJla aKTUBHOTO NEeMI(HUPOBAHMS 3aKJIIOYAETCs B TOM, 4YTO JKEIaeMble
rapameTpbl  KOJEOJIONIYIOCS CHCTEMBI JIOCTHTaeTcsl 3a CYer  THOKHX
CTpaTeruii, KOHTPOIUPYEMBIX JWHAMUKY KOHCTPYKIMH B IEJIOM, BKJIIOUas

TCOPUIO YIIPABJICHUSA U MATCPUATIOBEACHU .
. 6
R -
——" VWV

a)

6)

Puc. 1 Cxema gemMnpupoBanus KojedaHuii MHAYKTHBHBIM MeToaoM( a) 1 qaTyuk AJust
H3MepeHUil KoJsiedaHmii; 2 BuOpupylomas Oaaka ; 3 kpemienue; 4,5
Nbe303%JeMEHThI ; 6 compoTHBJIeHUe; 7 MHAYKTHBHOCTH [2]; (0) o0umii BuA
JKCIePUMEHTA.

C menblo ompeneseHusl BIUSHUS BUOpalUi OKpY)Kalolled cpensl Ha
AJIGKTPOHHBIC TUIATHII  MEPCOHATBHOTO KOMITBIOTEpa OBLIM  IPOBEICHEI
SKCIIEpUMEHTaNbHBIe HuccheqoBanus.Ha puc 2,3,4 mokazaHel : peajbHas
CUTYyallys, anmnaparypa u pe3yibTaThl UCCIEI0BaHUH.
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Puc.2 OO0mmii. BHA  3IKCIEPUMEHTAJIbHOI Puc.3.Uccaenyemas miara 1-—parvuk; 2 —
YCTaHOBKH, njarTa,
1 - BuGpocTeHa u annaparypa 3 —y3eJ1 KpenieHus IIATHI.
2- KoMHNbIOTEP

v AMINETYIRC-9ACTOTHEE XapaKTepHOTHER KOMIBIOTERHOH IMATH B
BubpocTona

a0

70
B0 \
50

\ I \ —— mmaTa
40

\ / \ —— sufipocTon
30

- 1 LA
\h ~

rids?

o = 7 v
0 - e e
o 50 7288 g 150 200 23041 555 00 350
Tm

Puc.4. Pe3y1bTaThl NpOBECHHBIX IKCIIEPUMEHTATBHBIX HCCIeJ0BAHUN KOMIBIOTEPHOI
IJIATHI C ONpeeleHHeM MAKCHMATBHBIX 3HAYeHHI aMILIMTY/ABI BHOPALMIA IIATHI
TPU KOTOPBIX MPOMCXOAHUT MOBPEKACHHE COeAUHEHUH 3JIEKTPOHHBIX 3JIeMEHTOB H
pa3beMoB.

ABTOpaMH MpPEIOKEHHAS CXEMa 3aIUTHl AJICKTPOHHOH TIAThl OT BUOpAIuil
(3as1BKa Ha MaTeHT)
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Puc.5. IlpuHmunuaibHasi cXeMa JJIEKTPOHHOH IJIaThl € CHCTeMOH AaKTHBHOIO
aemngupoBaHus. 1 31eMeHT KpeluieHHsl ImJaarel, 2 maara u3odpakenus IIK, 3
nbe303JeMeHT (I1aCTHHA) ¢ pa3dejeHHBIMHU dJiekTpoaamu (4, 5), 6 akrtioarop, 7
¢azoBblii nmpeodpasoBaTesb, 8§ YCHINTENb MOIIHOCTH, 9 KOPHYC CHCTEMBI
ynpasJieHusi, 10 31eKTpOHHBIE 3J1eMeHThI IIaThl H300paxenus I1K.

Jlumepamypa
1. George A. Lesieutre. “\Vibration Damping and Control Using Shunted
Piezodectric Materials’. 1998. Published by:

http://mwww.sagepublications.com

2. Giuseppe Ferri, Senior Member, IEEE, Nicola Guerrini, Ernesto Silverii,
Ambile Tatone, , Vibration damping using CCll-Based inductance
simulators*, 2008.

INEPEJJIAIOYA AHTEHA YKX AIAITA3OHA JJISA
HUPPOBOI'O TEJIEMOBJIEHHA

K.m.H., ooyeum Lnvinos M.J[., k.m.n. Kozyoyos L M., llayekuii 1.0., umypa FO.B.
Biiicbrosuil incmumym meaekoMyHikayit ma inopmamusayii
Hayionanvnozo mexuiunozco ynisepcumemy Yxpainu « Kuigcokuil noaimexuiunuil incmumymy
01011 Vkpaina m. Kuis, 6yn. Mockoscvra 45/1

['oOBHUM €JeMEHTOM CHCTEMH paJio3B’sI3Ky 3 pPYXOMUMH Ta
CTalliOHADHUMHU 00’ €KTaMU € aHTeHHI Hpuctpoi. J[o aHTeHW BHCYBaIOTHCS
KOPCTKI BHMOTH K 1O (OPMYBAHHIO HEHANpaBJIEHOTO a00 CEKTOpialbHOTO
TIOJISI BUIIPOMIHIOBAHHSI B a3UMYTaJIbHIN TUIONIMHI, TaK 1 JI0 BEPTUKAJIBHOI YU
TOPU30HTAJILHOI MOJISIpU3allii JaHOrO BUIIPOMiHIOBaHHs. B ymoBax ¢iHaHcoBO-
€KOHOMIYHOI KpW3U aKTyaJbHUM € MHTaHHS pPO3pOOKM KOMITAKTHHX Ta
JIeIeBUX TIepelarounx aHTeH uid mudpoBoro TenemosieHHs [1]. Ha
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Cy4acHOMY €Talli pPO3BUTKY AHTCHHOI TEXHIKH TENIEBI31HHOrO MOBJICHHS, B
SIKOCTI TIepefalounx aHTeH, Mo (OPMYIOTH HeHarpaBiieHe a00 CeKTopiajbHe
BUIIPOMIHIOBAHHS 3 TOPH30HTAIBHOIO TOJISPU3ALIEI0, BUKOPHUCTOBYIOTHCS:
TYpHIKETHI aHTEHW; KOHIYHI CHUMETPHYHI BiOpaTOpM 3 IHAYKTUBHUMH
uryHtamu; Biopatopu bpayne; XK — nozi6ni Bibpatopu. IIpote Bci BoHM MatoTh
CYTTEBI Maco-radapuTHI MMOKAa3HUKH, 1 I peajizamii 3ajaHoro KoegilieHTa
MiJICHICHHS, iX HEOOXiJIHO BUKOHYBATH Y BUTJISAAI CHH(DA3HUX aHTCHHHUX
pELITOK, [0 MNPWU3BOAUTH O 3HIKEHHS MEXaHIYHOI MIIHOCTI, a TaKoX
YCKJI/JIHEHHS] CUCTEMH KHMBJICHHS JaHUX aHTEH.

CraH 3HaYHO MOXKHA TIOKpAIIUTH, SKIIO IEPEeHTH BiJ IEPBHHHUX
BUIIPOMIHIOBAYiB EJNEKTPUYHOIO THUIY JIO TEPBUHHUX BUIPOMIHIOBAYiB
MarHiTHOrO  THITy, TOOTO [0 UIUIMHHUX CHMETPHUYHHX BiOparTopis
pO3TalllOBaHMX  HAJ  IWIIHAPWYHOIO  IIOBEPXHEI0  JJIsI  CTBOPEHHS
HEHAIPABJICHOI'O BUIPOMIHIOBAaHHA B a3uMyTaibHii rorommHi. inuHAI
aHTEHHI PelIiTKY Ha muIiHApi [2, 3], He 3HAHILIM MHPOKOTO 3aCTOCYBAaHHS B
TeNeBi3iiHIA TEXHIill, 3-32 JOCUTH CKJIAJHOI'O0 KOHCTPYKTHBHOTO BHUKOHAHHS,
BY3bKOCMYT'OBOCTI Ta HU3BKOI €JIEKTPUYHOI MIIIHOCTI.

ABTOPCBKMM KOJIEKTUBOM 3aIpPONIOHOBAHO BUKOPUCTATH HU3BKO—
npodineHy anteHy (HA) 3 HpsSMOKYTHOIO BEPXHBOI IUTACTHHOK. AHTEHa
JITAHOTO THITYy HAJISKHUTh JI0 KJacy HIJIMHHUX BHIIPOMIHIOBAYiB 1 SIBJISE COOOIO
JIBI MeTaJieBl IUIACTHHU PO3HECEHHMX MK C000r0 Ha BifctaHp O<<l, e 4 —
JIOB)KMHA XBWII, OfIHA 3 SIKMX BUKOHYE (YHKI[IO €KpaHa, JApyra, IEeBHHX
pPO3MIpIB, € BHIIPOMIHIOIOYAM €JIEMEHTOM. B MpOCTOpi MiX ILIaCTHHAMMU
PO3MIIIYIThCS BY30I1 30Y/PKEHHS €IEKTPOMAarHiTHUX XBHJIb. BunpomiHroBaHHsS
3IIHCHIOETBCS 13 TOPIIB LIIJIMH, YTBOPEHNUX BUIIPOMIHIOBaYEM Ta €KPaHOM. 3a
paxyHOK BBEJEHHS JI€IEKTPUYHOIO MaTepily, B HPOCTIp MiX IJIACTHHAMH,
PO3MIp BUNPOMIHIOIOYOTO CIEMEHTa MOXHA 3MCHIIMTH B 1/ [z Pas, A€ & —

BiJIHOCHA JTieJICKTPHYHA IPOHUKHICTh MaTepiaiy, 0 BUKOPUCTOBYEThCA [4, B].

TexHiyHa peanizalisi LIUTMHHOTO BUIIPOMIHIOBaYa Ha LWIIHIApI, 3
METOI0 OTPUMAaHHsS HEHANpaBJIEHOTO (CEKTOPIabHOr0) BUIPOMIHIOBAHHS B
a3MMyTaJIbHIHN IUIOMMHI, 3 JoroMoroo HA Mae psin mepeBar, 30KkpeMa: MIMpoKi
(yHKIIOHAJIBHI MOXIIMBOCTI 3 ()OPMYBaHHS XapaKTEPUCTHKH HAIPaBICHOCTI B
a3UMyTaJbHIA  IUIOIIMHI;  CYTTEBO  CIPONIEHY  CXEMY  JKHMBJICHHS
BHUIIPOMIHIOIOYMX €JICMEHTIB B CKJIaJi AHTCHHOI PEIITKY; ITiJBUIICHY
MeXaHiIuHy MII[HICTh aHTE€HH B ILJIOMY.

TeopernuHi JOCTIKEHHS €IEKTPOJMHAMIYHUX XapakTepucTuk HA
JIAIOTh 3MOTY 3[IMCHUTH X aHalli3 Ha OCHOBi anepTypHOi MOAENi, B OCHOBY
SIKOT TTOKJIaJICHO TEeOpilo XBUIIEBOAIB. ToMy, KOXkHiN KoHKperHili HA moxHa
MOCTaBUTH Y BiANOBIAHICT HWIIHAPUYHUA XBHJIEBOA, IIO Ma€ MOMEPEYHUH
niepepi3 Tiel x ¢dopmu, mo i BepxHs miaactiHa HA. 3rigHo npami [6] HA 3
JIOBIJIBHOIO  KOH(IrypaIrielo BEpXHbOI IIACTUHH, MOXKHA TPEJICTaBUTH Y
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BUTJISIII IMUIMHHOI aHTEHW, Tiel X KOHQirypauii, mpopizaHoi B IUIONIUHI
MerajieBoro ekpana. Ha puc. la 300pakena HA, 3 mpsMOKYTHOIO BEPXHBOIO
TUIACTHHOIO, LIO PO3TAlllOBAaHA Ha IMIIHIPI, 3 eNEKTpUYHUM pamiycom ka =1,
e a — pajaiyc IIiHapa; ¢ — KyT Mix mimuHamu; TXK — Touka >KMBIICHHS.
[Jiarpama nanpasneHocti ([JH) nmanoi aHrenm, anst 3HaueHHS & =4 npu
MOCTIHHOMY pajiyci HmuiiHapa, 300pakeHa Ha puc. 10, TYT Ke, TYHKTHPOM
MOKa3aHO BapiaHT CTBOpeHHs cekropHoi J|H 3a paxyHOK 3MiHM KyTa ¢ MiX
I[UIMHAMY HA AT HIPA.

z

F(o)

ka=1, y=n

e kaely=m2 D)

Puc. 1
Ha nHa nwmmiHapuyHid MOBEpXHI B €KBaTOpialbHIM IUIOMIMHI, B
3aJIeKHOCTI BiJl KOHKPETHHX BHMOT, J1a€ 3MOT'y (DOPMYBATH SIK HEHANpaBIIEHY,
KBa3MHEHAIpaBJIeHy YU CEKTOpiaJibHy HiarpaMmy HampasiieHocTi. Hampuximag
TIPY KOMIIOHOBIII TEJIEBi3iHHOI epeaovoi aHTeHH JeNUMETPOBOr'O Jliana3ony,
TIoTiepeyHi pO3MipH HWIIIHAPUYHOIO eKpaHa (TpyOu) OymyTh NMpHOIU3HO piBHI
120 mm. /[Ins mopiBHAHHA: TypHikeTHa aHTeHa ~ 300 MM; mnaHenmbHa, 3
HaIlBXBWJILOBUMH BiOpatopamu ~ 420MM; mnaHenbHa, 3 XBHJIHOBHMH
BiOpaTopamu ~ 840 MM. ko 3adikcyBaTH MmorepedHi po3MipH T HAPHIHOL
noBepxHi (ka = congt), a 3miHoBatH po3mipu HA 3a paxyHOK BBeIeHHsI
JCNEeKTpUKa, TO MOXHA OTPUMATH OJHOHANPABJICHE (CEKTOpiaJbHE)
BUIIPOMIHIOBAaHHS B a3UMYTAJIBHIH TUTOLIHHI.
BucHoBkn
BukopucranHs HM3BKONPOGUIFHUX aHTEH 3 HWIIHAPUYHAM EKpaHOM,
JUIs  KOMIIOHYBaHHS AHTEHHHX MIPUCTPOIB 3 HEeHaIpaBJIEHIM
BUIIPOMIHIOBaHHSIM B a3MMYTHIH IUIOMIMHI JO3BOJISIE 3HAYHO 3MEHIIUTH iX
Maco-rabapuTHI XapaKTEepUCTHKH, MaTepiayibHi 3aTpaTh Ha BUTOTOBJICHHS Ta
MiJBUIIUTA MEXaHIYHY MIIHICTE 3aCTOCYBaHHS JaHWX AaHTECH Y BEpXHIl
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YaCTUHI JICIIMMETPOBOrO JIialla30Hy XBWIb JIO3BOJNUTH C(HOPMYBaTH SK
HEeHanpaBJIeHy TaK 1 CEKTOpiajbHYy JiarpaMmy HampasieHocTi. Kpim Toro
AHTCHU JJAHOT'O TUITY MOXKYTh OYTH 3aCTOCOBAHI i B SIKOCTI aHTEH JJIs 0a30BHX
CTaHIiii MOOULIBHOrO 3B’sI3Ky. BBemeHHsSM [ieleKTpuKa B MPOCTIp MiX
IUTACTUHAMU JIO3BOJIHUTH 301IBIINTH HAJIHHICTE pOOOTH aHTCHU, Ta JIOJATKOBO
i IBUIIUTA MACO-TA0APUTHUMHU ITOKA3HUKAMH.
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CMYT A OITUMAJIBHUX POBOYUX YACTOT
JEKAMETPOBOTI'O AIAITA3OHY B HEYITKO-
JIOITTYHHOMY TPAKTYBAHHI

K.m.n., npogecop Minouxin A.1., x.m.n. Kozyéyoe .M.

Biiicbrosuil incmumym meaekoMyHikayit ma inopmamusayii
Hayionanvnozo mexuiunozco ynisepcumemy Yxpainu « Kuigcokuil noaimexuiunuil incmumymy
01011 Vkpaina m. Kuis, eyn. Mockoscvra 45/1
kozubtsov@mail.ru

OcobauBicTh nommpeHHs nekamerposux (JJKM) pamioxBuib Hakianae
BUMOTU /0 BHOOpY YacTOTH MJsl pajiOMOBJIEHHS 3 MHOXMHHM 3HAY€Hb
onTuMaibHUX podounx yactoT (OPY) [1]. Muoxuna OPY 3anexuTh BiJ 3MiHU
KPUTHYIHOI YACTOTH, TOOTO BiJI KyTa BiJOMBAHHS XBHJII BiJ ITIapiB i0HOCHEpH Ta
piBHSI TOpOroBoi 4yTiaMBOCTI npuiiMaya. MuHoxuna OPY nexwurts B obnacti
frzy < fopy < fuzy 1 0OMEXYETHCSI 3BEpXY MAKCHMAJIBHO 3aCTOCOBHOK) YaCTOTOO
(M3Y), a 3Hm3y — HaiiMeHImI 3acTocoBHOI dYacrororo (H3Y), Ha skii
BUKOHYETBCS YMOBa 3a0e3leueHHs pajio3B’s3Ky i3 3aJaHMM MiHIMaJIbHO
HEOOXiTHUM TEpeBUIIEHHSAIM CHUTHAINy Haja 3aBafamMu. OO’€KTHBHY OLIHKY
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NpUAATHOCTI ISl panio3B’s3sky MHoxuHH OPY Moxke nmatm pesysibraT
aKTHBHOI'O 30HAYBaHHS ioHOc(hepu. Cucrema akTHBHOI'O 30HIyBaHHS He
3aJI0BOJIBHSIE YMOBaM PO3BiJ| 3aXHUIIEHOCTI, a TOMY Hakilazae oOMEXEeHHS Ha
roro 3acrocyBaHHs [2] BHACIIJOK EJICKTPOMATHITHOTO BUIPOMIiHIOBaHHS
JIUM-curnamy. Jlnst BUKOHAHHS YMOBH PO3BiJ3axuIieHocTi B [3] aHANITHYHO
00TPYHTOBaHO MOXIJIMBICTH BUKOPHCTOBYBATH METOIM TEXHIYHOI'O aHATI3Y JJIs
nporuo3yBanus OPU ta 3acrocyBaHHs crpoleHoro pamionporaosy OPU s
cucreM (ikcoBaHOro pajio3s’si3ky. Koxnoro pasy npu Bubopi wacror KM
Jliara3oHy orepaTop 3MyIIEHHH BUPIIIyBaTH 1€ aKTyaJbHE ITUTaHHSI.

Teopernunnii ananiz. g omucy MHoxuam OPY  3actocyemo
MaTeMaTWYHUHA amapar, 10 IPYHTYEThCS Ha MaTeMaTH4HIN Teopii HEeWiTKHX
MHOXHH 1 HeuiTKiH yioriti. Po3rnsaemo Hewitke monsatts 'OPY'.

SAx Bimomo [1], pamios'sizok B JIKM jiama3oHi BigHOBITHO JO
3aKOHOMIPHOCTEH 1X TMOMIMHAHHS 1 BiAOMBaHHA B 10HOC(eEpi MOXKe
3nilicHIoBaTHCS B Aiana3zoHi podounx wacror (PY) mix H3Y i M3Y TobTo:
fizu < fopy < fyzy. BusHauenus OPY TpaauIiitHO 3AIHCHIOETHCA 3 YMOBH
BigouBanus xBumi, fopy = 0,85 fyzg 1 HE BpaxoBye 3aKOHOMIPHOCTI 3pOCTAHHSI
pO3CisSiHHSL XBHWJII 1 30iNbIIEHHS TJMOMHW IIBUAKAX 3aBMHUPaHb y Mipy
Habmmwkenss PY (f) i M3U (fuzy). YMoBoro pamioss’ssky B JJKM niana3soni €
BiOMBaroya 3/1aTHICTb IOHOC(EPHOT0 HIAPY, TaK 1 MEPEBUIIEHHS MOJISI CUTHAITY
(Ec) Ham monem mepewiko (Ey) B TOpIBHAHHI 3 MiHIMAIbHO HEOOXiTHUM
EclEn> Ky.

Jlns omucy HEWITKMX MHOXKHH 3aCTOCOBYIOTH TMOHSTTS HEYITKHX 1
JIHTBICTUYHUX 3MiHHHUX. HewiTka 3MinHa omucyethes HabopoMm (N, X, A), e N
— Ie Ha3Ba 3MiHHOi, X — yHiBepcajbHa MHOXWHa (00JacTh MipKyBaHb), A —
HEYiTKa MHOXXUHA Ha X. 3HaUCHHSMU JIIHTBICTHYHOI 3MIHHOI MOXYTh OYTH
HEYITKi 3MiHHi, TOOTO JIIHTBICTUYHA 3MiHHA 3HAXOJWUTHLCS HA OLIBIII BUCOKOMY
PiBHI, HK HEWiTKa 3MiHHA.

XapaKTeprUCTUKOI HEYITKOI MHOKMHHU BHUCTYIA€ (pyHKIIiS HaJIeKHOCTI
[4]. TTozHaummo yepe3 MFC(X) — cryminb HaleXHOCTI 70 HewiTkoi Ge3mivi C,
IO € Yy3araJbHEHHSM TIOHATTS XapaKTepUCTH4HOi (yHKLIT 3BHYANHHOL
MHOXHWHU. TONi HEWITKOW MHOXKHHOIO C Oyme Oe3niu BIOPSAIKOBAHUX Tap
Buny C={MFc(x)/x}, MFc(x) [0,1]. 3nauenns MFc(X) =0 o3Hauae
BIJICYTHICTh IPUHAJIC)KHOCTI O MHOXXUHH, 1 — OBHY IPUHAJICKHICTD.

CdopmyeMo 0a30By TEepM-MHOXHHY, IO CKIAIaTUMETBCS 3 TPHOX
HeuiTkux 3minHux: 'H3Y', 'OPY', 'M3UY' i 3a1amo 001acTh MipKyBaHb y BUIJISII
X =1[3; 30] (omunumps MI'n).

IcHye moHan mecsiTok THMOBHX (OpM KpHMBHX JUIsi 3afaHHs (QyHKIIN
MPUHAICKHOCTI. AHAII3YIOUM TpamneneiqHy (yHKI0 IPUHAICSKHOCTI, MOXKHA
3pOOWTH JIOTIYHMI BHCHOBOK: BOHA IIpPHJAaTHA ISl BUPIMICHHS ITOCTaBIICHOL
3amaui. Jlust 3ajaHHA TpameneinHoi (QYHKUIi NpHHAIEKHOCTI HEoOXixHa
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yeTBipKa ymcen (a, b, ¢, d):

0, B pewTi BUMaakax

MF

1]

X
Puc. 1. TpaneueinHa QyHKIisi NPHHAJEKHOCTI

CykynHicTh (YHKIIH MPUHAJIKHOCTI UIS KOXKHOTO TepMma 3 0a30BOIO
TEPM-MHOXHHOIO T 3a3BUYail 300pakaloThCsl pa3oM Ha omHOMY rpadiky. Ha
puC. 2 HaBEJICHUIA OMHUC JIIHTBiCTHYHOT 3MiHHOT 'OPY'.

U ) 4 PBiIlGl/IBaHHﬂ
rym f
OPY

BincyTtHe
Bucokuit BiNGVBaHHs

Hiakwit - —— - —

f [MIu]

Puc. 2. Onuc giarpicruunor 3minHow 'OPY’.

Pesyabratm  Ta ix oOroopenHs. TpaneueimHa — QyHKmis
MIPUHAICKHOCTI TpuaaTHa Ul onucy MHOXuHE OPY. AHami3yrouu KpyTU3HY
HaXWIly TpaneueinHoi GyHKIiT MpUHaIeKHOCTI, MOJKHa 3pOOUTH BUCHOBOK ITPO
ii mpupatnicte. TpameneinHa ¢opma H03BONSE 3MIHIOBATH KyT HaxXWIy
(30inbIIyBaTH) ONHIET 3 OIYHMX CTOpIH 1 BIANOBIAHO 3MEHIIYBaTH APYTY; y
Tparienii € BEpXHs OCHOBA, IO Harajaye HeBH3HAUeHY IIMPUHY 3HaueHb OPY.
Cwmyry OPY mpezacraBiieHO y TpakTyBaHHI HewiTkoi joriku. [Ipomec BuGopy
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pobounx uwacror JIKM miama3zoHy s panio3aco0iB € HEWiTKa Jorika 1 B
KOHKPETHOMY BHIAJIKY 3QJICXKUTH BiJ| OriepaTopa.
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CIIOCIB KABITAIIHHOT'O OYUIIIEHHA TA
3HE3APYKYBAHHSA BOJIA YV BIGPAIIIMTHOMY
OBJIAIHAHHI

Cinin P.I, I'opoees A.1..
Xmenvnuyvkuil nayionanbruil ynigepcumem, Yxkpaina

Ha nanwmii wac ayst 3He3apakyBaHHSI CTOKIB BUKOPHCTAETHCS PiAKUH
XJIOp, 030H W ymbTpadioner. SIk mpaBwio, UIS IIBOr0 HEOOXIIHI TMPOMIXKHI
KOHTAKTHI pe3epByapHd BEIUKOI MICTKOCTI, MO0 3a0€3MEYUTH TPUBATICTH
KOHTakTy He MeHIue Hix 0,5 roguHu.

3He3apaxcyroua JIisl KaBiTallii 3acHOBaHa Ha e(eKTax, sIKi BAHUKAIOTh Y
TypOyJEHTHUX ITOTOKax piauHKA. Tak HpH  TiAPOIUHAMIYHMX KOJMBAHHIX
piAMHM BHHUKAaIOTh 1 3HUKAIOTh KaBiTalliiHI MyXUpLi, 0pU LBOMY
CTUMYIIOIOTECST (Pa30Bl MEPEXOmH, MiJBUIIYIOTHCS JIOKAJbHI TEMIIepaTypu i
TUCK. KpiM TOro, y MOMEHTH yTBOPEHHS i 3HUKHEHHS KaBiTAI[IHHUX MyXUPLIB
Y ra30HANOBHEHIH MOPOXKHUHHU CTBOPIOIOTHCSI YMOBH JUTS ITOSIBU €JTEKTPUIHUX
3apsAiB, CNEKTPUYHUX 1 MATHITHUX TMONiB. Y Takui cmoci0 piauHa,
00poOItoBaHa KaBiTalli€ro, MiTAaeThesl TEpMOOAPHYHIA H eNeKTpOMAarHiTHIN
Ui,

Oco0MBICTIO KaBiTalifHOrO METOMY IOJISITAE B TOMY, IIO BHCOKHI
CTYMiHb 3HE3apa)KyBaHHS BOJIM BiJl S€lb 1 JIMUUHOK MAPA3UTIB JOCATAETHCS 32
paxyHOK IXHBOT'O MEXaHIYHOT'O PO3PHBY YIAPHUMH XBWIAMU. [y pyHHYBaHHS
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OakTepiii 1 BipyciB  TepMOOapWYHHI BIUIMB ITiJCHIIIOETHCS  JIOKAJIHHOIO
€JIEKTPOMAarHiTHOIO J€ro, KOJIM HaBe[CHI EJIEKTPUYHI MOTEeHIiaIN
poOHMBaIOTh TXHI MEMOpaHH i 000JIOHKH.

Binomo croci6 # ycraTKyBaHHS y BUIIAJI KaBITAIlIHHUX pEaKTOpiB
[1] y sKuX mpw MpOTiKaHHI PITMHU B MiCIli 3MEHIIEHHS MEPETUHY MOTOKY
BHHUKA€E KaBiTaliiHuil mivH. OJHAK e(pEeKTUBHICTH TAKOTO MPOIeCY HE3HAYHA
TOMY, IO KaBiTalifiHa peakiis BHHUKAE€ B HEBEIUKOMY 00'eMi piauHH H
OJTHOKPATHO.

BimoMi crocoOu OYHIICHHS CTIYHOT BOJIU, B OCHOBY SIKUX, ITOKJIAJICHE
HACWYCHHS TMOBITpsAM  [2] abo OapOoryBaHHS mpupoaHuMm razom [3].
[Ipororunom npuiHATHIA CIIOCIO OUMIIIEHHS CTIYHOI BoAHM [4].

3rigHo cnocoOy CTiYHI BOXM TMiNNAIOThCs MeEpioAudHOi aeparii,
TiepeMilllyBaHHIO, BiJICTOIOBAHHI CTIYHOI BOAM i BUJAJICHHSIM HaJUTUILIKIB MYy
W OuYMIEHOI BOAM i3 HUPKYIALIE0 iX MDK peakTopaMu JpPYrHM, TPETiM i
TIEpPIIUM CTYIIEHEM OYHIIECHHS.

Henomikom Takux pimeHs € TO, IO HEOOXiJHO BUKOPHCTATH
JIOATKOBI ~ TPHUCTPOi Ui Iofadi MOBITps M mepeminryBaHHs pigunu. e
YCKJI/IHIOE CMOCIO OYMINEHHS 1 He J03BOJISIE POOWTH 3HE3apaKyBaHHS.
OpHOKpaTHE IPOXO/PKEHHs KaBiTaliiHOI 30HM  Ja€ HHU3bKY IIBUJIKICTH
npouecy. HemonmikoM TakoX € 3Ha4Ha BHTpaTa ra3oBoi (a3, TOMy IO B
6apOoTepi OEepXKYIOTh MyXHPII PO3MipamMHu Bif 2 MM JI0 5 MM.

B ocHOBY pinieHHs, ITOCTaBIEHOTO 3aBJaHHS, y BiIOMOMY croco0i
OYMIIEHHS CTIYHMX BOJ, LUIIXOM BBEICHHSIM JOJATKOBHUX TEXHOJOTTYHHX
orepariif, CTBOPEHO OUTBII €(EKTHUBHUIN CITOCIO MPUCKOPEHOrO OYMIICHHS I
OTHOYACHOTO 3HE3apaKyBaHHS CTIYHUX BOJX W OCaaiB KOMYHAJIBHUX 1
MPOMUCIIOBUX  IANPUEMCTB,  TBAPUHHHUIBKUX  KOMIUIEKCIB  IIIIIXOM
OHOYAaCHOro 0araTopa3oBOro BIUIMBY TiJpoKaBiTamii ¥ MOpIiOHHOTO
HACHYEHHS PiJMHU JIPIOHUMH MyXUPLSIMH HOBITPSI.

[epiognuni 3MiHM THCKY B 30HI KaBiTalii J03BOJISIOTH, IIIIXOM
CTBOpPEHHS yJJapHUX XBUIIb, MEXaHIYHO PO3PHUBATH OOOJIOHKH SIEND 1 JTMYHHOK
napa3uTiB. Takoxk, s OlOJNOTIYHOrO OYMINEHHS, OJHOYAaCHAa MOpLiOHHA
rojavya TOBITPS B PiAMHY B 30HI KaBiTamil Yy BUIVIAI Ta30BUX IMyXHPIIB
posmipamu Bim 0,2 MM mo 0,4 MM  TiABHINYE NIBUIKICTH OKHCITIOBAHHS
010JIOTTYHHX YaCTOK.

Ha xpecnenni (Puc. 1) HaBeneHa TeXHOJOrYHA CXeMa, IO LIIOCTPYE
TIPOLIEC OYMIIEHHS W 3HEe3apaKyBaHHS CTIYHUX BOJ.
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Puc.1 — TexHoJoriyna cxema 00/1aiHAHHA OUHILECHHS i 3He3apaKyBaHHS CTIYHUX BOJ

Peaizanist crioco0y nependayae npoBeaeHHS NPOLECY B TPHU €Talu:
MeXaHIuYHE OUMIIEHHs, MONepeIHE OYMIICHHS i 3He3apakyBaHHS, OCTATOYHE
OYMIIEHHS 1 3HE3apaKyBaHHI.

CrivyHi Bogu | HaKOMUYYIOTHCSA B MPUHOMHOI €MKOCTI 2 1 HAJAXOMISThH
Ha ouMcHI QinbTpu 3, ne iX OUYMIIAIOTH BiJl BEJIMKOrabapUTHUX HEYHCTOT.
[Ticns MeXaHIYHOrO OYHINCHHS CTiYHI BOJM TONAJA0Th y €MKICTh 4, e
peayi3yloTb TEXHOJOTiYHy OHepamito MONepEeTHHOr0  OYMIIEHHA W
3He3apaXyBaHHA. TEeXHOJOrIUHY OIlepaliio 37iHCHIOITh 33 JIONOMOTrO0
BiOpaliifHOro CTPYMHHHOTrO KaBiTaTtopa 5, MmO 3'€qHaHUH 3 MOBITPSIHUM
npocenem 6. Ilicist 0OpoOKM Bojia BiJICTOIOETHCS i epeKadyeThCsl HACOCOM 7
Y €MKICTB 8, a MyJT BiIKa4yeThCsl HACOCOM 9 Ha mpocymiky. Jlani mpoBoguTHCS
MTOBTOPHE 3allOBHCHHSI EMKOCTI 4 CTIYHOIO BOJIOI0 U MPOBOIUTHCS 1i 00poOKa.
Boma B emkocti 8 mijgmaeTbcs OCTATOYHIW OOpOOIN 3a JIOMOMOTOHO
BiOpariifHoro crpymuHHoro kasitaropa 10, 3'erHaHOro 3 MOBITPSIHUM
npocenem 11. Tlicmst oOpoOKM ¥ BiJICTOIO BOJA BiTKA4yeThCS HAacocoM 12, a
3aJIMIIKKA MYJTy BiIKA4yIOThCSl HACOCOM 13 Ha ITpOCYIIKY.

Kasitatopu 5, 10  mependayaroTh ~ CTBOPCHHS  TIPOIECY
TiIPOJMHAMIYHOI KaBiTallil MpH NMKIIYHOMY  3BOPOTHO-NIOCTYHAJIHHOMY
MIPOXOKEHH] PiJIMHU Yepe3 OTBIp NMEBHOI JOBXHHHU 3 TOCTPHUMHU KpasMH Ha
Bxozai 1 Buxoni. OTBOpH chopMOBaHI Ha MOPIIHI, MOMIIIEHOMY B TpyOi i3
3aKpUTUM TOpLEM. Y HIDKHIA 4acTHHI TpyOM mijBeneHa TpyOka, 3'eiHaHa 3
MOBITPSIHUM JipocernieM. [Ipn 3amoBHEHHI €MHOCTI PiIMHOIO Yepe3 OTBOPH B
TpyOi BOHA ITOIA/Ia€ Ha TOPIIEHH 1 MPOTIKAa€E Yepe3 OTBOPU B HHOMY JIO JTHA
TpyOu. Ilicns BKiIrOYeHHS BiOpalifiHOrO NPWBOJA IPU XOJI TOPUIHS BHH3
piAMHA BUINTOBXYEThCS 4YEpe3 OTBOPH HAropy, y BHUIJISNI  3aTOIUIEHHX
CTPYMEHIB, IPU X0 MOPIIHS HATOPY CTBOPIOETHCS PO3PSPKEHHS, 1 HAIPSIMOK
CTpYMEHsI DPIIMHM MIHSEThCS BHHU3, OJHOYACHO uepe3 Apocenb 1 TpyOoKy
BTSTYETHCS MTOPIIS MOBITPSI, pEryIboBaHa JPOCcesieM, IO APOOUTHCS Ha ApiOHi
myxupui. [Ipy neBHUX CHIBBIAHOMIEHHSX PO3MIpIB MOPIIHS H OTBOPIB, a TAKOXK
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PSKMMIB KOJIMBAJBHOTO MpOLECY BHHUKAE TiipokaBiTauis. bararopasose
MIPOXO/KCHHSL PITUHA 4Yepe3 30HYy OOpOOKH, HACHUYCHHS KHCHEM IIOBITpS,
MPUBOIUTH JIO IHTEHCHBHOTO JPOOJCHHI MYJIOBHUX OCaJiB, IXHBOMY
OKHCITIOBAHHIO, a TAKOX OJTHOYACHOMY 3HE3apa)KyBAaHHIO PiHHU.
Hocmimkenns [5], mpoBelneHi Ha EKCIEPUMEHTANBHIA YCTaHOBIII,
MTOKAa3aJId, IO MICJIT OCTATOYHOI 0OPOOKY CTIUHUX BOJ, 3HU3MIACS Oi0JOTrivyHA
notpeda B KUCHI y 2,2 pa3u i HiIBUIIMIACS OKHCHA 3/1aTHICTh Boau Ha 70%, a
3HE3apakyBaHHS BOJIY IMOKA3aJI0 Ha 3pa3kax 3HIKEHHS KiJTbKOCTI KOJIOHIN  Bij
63 wrT. 70 3 wWrT.
Jlitepartypa:
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9/14, 302F 11/02. Ony6n. 25.04.2008 p. y Fior. Ne.8
5. Buguenns mexamizmy siopayitinoi eiopoxkagimayii ma ii éniue Ha cxnao eoou / A.1
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DEVELOPMENT AND INVESTIGATION OF
ELECTRORHEOLOGICAL CLUTCH

E. Dragasius, S. Navickaité, V.Rugaityté
Kaunas University of Technology, Lithuania

I ntroduction
Clutches are devices earmarked to couple together two shafts or other
rotating machine e ements and to transmit torque. Clutches are classified by
design, purpose and working conditions. ER clutches are classed as controlled
clutches[1—4].
The torque transmitted by the clutch can be controlled. Working
principle of these devisesis reasoned by rheological effect of ER fluids.

1. Design and wor king principle of the developed ER clutch

There is a gap between a corps 1 and driven shaft 4 (Fig.1). They act
as dectrodes. In the gap between electrodes is ER fluid 3. Seeking to solve
sealing problem in device, there are used sealed roller bearings 2. Electrodes
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areisolated using tekstolite hubs 7. Gasket 5, cover 6 and screws 8 to make ER
clutch stiff are used.

7

m

Fig. 1 Design of developed ER clutch

Working principle of ER clutch is reasoned by rheological effect of
ER fluid. The particles in the fluid are moving together with the flowing fluid
if electric field between electrodes is not created. In this case the torque is not
transmitted through the clutch. Torque transmission begins when ER fluid is
induced by eectric field. Electric field is created between electrodes of ER
clutch. The particles in ER fluid stick chains and because of this reason
velocity of ER fluid is changed [1, 2, 4].

Torque transmission through ER clutch depends on the velocity of ER
fluid and it is proportional to the strength of eectric field.

2. Calculations of ER clutch

To find output torque T, we use power balance equation for all system
(D).

001 T, -w+099-B,-K=T, -® Q)
Where @ — angular velocity; P; — incoming electrical power of ER clutch;
K —electromechanical constant. It depends on concentration of polarized
particlesin ER fluid [2].

Incoming electrical power P;[2]:
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P,=27-1EJ; (2
where E — dectric field, kV/mm; J— density of current, 2A/mm?; | —length of
electrodes, mm.

In the calculations, dendity of current is known from characteristics of
ER fluid. So torque of outgoing shaft T, can be found [2]:

_001-T,+ 27 - r2AEK
@

T 3

T2,Nm
T2,Nm

f=T2E) =129

30

25 25

. / /
15 S
1: A

0 1 2 3 4 0 10 20 30
a) b)
Fig. 2 a) Output tor que ver sus active electric field, b) Output tortuge versus current density

The results of calculations are shown in table and illustrated in the
graphs (Fig. 2 @) and b))

Conclusions

After analysis of literature and patents we have devel oped new design
ER clutch. Looking forward to advantages, disadvantages and cal culations we
can make conclusion, that the investigated ER clutch can be used in al
mechanisms that require high action speed and accountability. After
cal cul ations we can see, how the device works and what voltage is necessary to
the necessary outgoing torque. From the graphs we can see that with increased
voltage and current density, output torqueisincreasing also.
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E. Dragasius, S. Navickaité, V. Rugaityté

DEVELOPMENT AND INVESTIGATION OF ELECTRORHEOLOGICAL
CLUTCH

Summary

Electrorheological (ER) clutches are used to control torque transmitted
through these devices. We have created a new design ER clutch and solved seding
problem of the device using seded roller bearings. We have explained working
principle of the developed ER clutch.The results of calculations are illustrated
graphicaly.
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At present there are many scientific publications, which cover
SoC/SiP testing, diagnosis and repair problems. The testing and repair problem
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for the digital system logic components has a special place, because repair of
faulty logic blocks is technologically complicated problem. Existing solutions,
which are proposed in published works, can be divided on the following
groups. 1. Duplication of logic elements or chip regions to double hardware
regdization of functionality. When faulty element is detected switching to
faultless component by means of a multiplexer is carried out. The FPGA
models, proposed by Xilinx, can be applied for repair of Altera FPGA
components. At repair the main unit of measure is row or column. 2.
Application of genetic algorithms for diagnosis and repair on basis of off-line
FPGA reconfiguration not using externa control devices. The fault diagnosis
reliability is 99%, repair time is 36 msec instead of 660 sec, required for
standard configuration of a project. 3. Time-critical FPGA repairing by means
of replacement of local CLBs by redundant spares is proposed in. In criticaly
important applications the acceptable integration level for CLB replacement is
about 1000 logic blocks.

The research objective is devel opment of repair technology for reused
and new logic of real time SoC & SiP on basis of use redundant chip area

Problems: 1) Analysis of SP design-manufacturing features. 2)
Analysis of test, diagnosis and repair methods for SiP components. 3) Analysis
of diagnosistechnologies for SiP logic on basis of FPGA (Field Programmable
Gate Array). 4) Development of an algebra-logical repair method for logic
blocks of a digita system on basis of FPGA. 5) Devel opment of a method for
logic blocks matrix traversal to cover FPGA faulty components by spare tiles.
6) Analysis of practical results and future research.

FPGA are widely used for rapid prototyping to decrease the cost of
complex digital systems designing. Modular FPGA architecture dalows
carrying out of remote reprogramming to replace faulty CLBs by faultless
spares. This feature enables to increase fault tolerance of hardware
applications. It is important for systems, which function in critica
environment, such as space, harmful environment. Manufactured FPGAS can
be tested completdy until their programming. Due to specia tools on-line
FPGA and component testing is carried out after implementation of given
functionality on-chip.

Constant and transient failures can be detected by means of embedded
test techniques. Use of some FPGA blocks as spares enables to replace a faulty
area where a constant fault is detected. Replacement is realized by means of
chip reprogramming at changeless functionality. Reconfiguration agorithm
depends on chip kind. Partial reconfiguration enables to decrease the mean
time to repair and the bitstream length that is used for FPGA reconfiguration.
To choose the effective strategy of spare allocation a chip interconnection
structureis of great importance.
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FPGA isamatrix of configurable logic blocks (CLBs), every of which
is hardware realization from 2 up to 8 4-input look-up tables (LUTS). LUT is
connected to flip-flop through routing resources, programmable switch matrix
(PSM). To provide FPGA fault tolerance and reliability the sparing of
functional CLBs is realized by means of a priori forming of a spare CLB
subset, power of which depends on chip interconnections, influencing on repair
of FPGA blocks.

The interesting solution of the diagnosis problem can be obtained by
application the Boolean algebra to analysis the fault detection table (FDT) M
that is the Cartesian product of the test T on the specified fault set F. The
output response vector (ORV) V that is equal to the length of distinguishable
test segments enables to reduce the fault location procedure to the coverage
problem and to obtain the most exact result in the form of DNF, where every
term is a possible variant of SiP fault subset or combination. The diagnosis
mode! isrepresented bel ow:

A=<T,EMV > T=(T, o0 Ty 1) F= (R, Foreos e i)

M =[My], i =L =1 V= (Vg Vareo Ve V)i Vi =R OR ()1 {M, T My R} {03

The value of the vector V coordinate is the result of Xor operation on
a generalized model and the actual response of device outputs. Even if “1”
value of the vector V fixed on one device output by i-th test segment, the
generalized output state is equal to 1. Otherwise the vector V coordinate is
equal to 0.

Diagnosis problem solution comes to the fault detection table analysis
that is ensued from fault smulation of SiP components by means of subsequent
forming of logical product of diunctions (CNF), written by unit values of the
output response vector:

i=Ln j=1Lm
F= N\ ( V Fj)
vV =1 VMj;=1

The conjunctive normal form, derived from the fault detection table, is
transformed to the digunctive normal form (DNF) by means of equivalent
transformations (conjunction, minimization and absorption). Therefore we
have the Boolean function, where terms are the logica products, which
represent full solution set in the fault combination form (they give the binary
coordinates of the output response vector V at SiP outputs or its components):

N IR
F= A ( F)= —b] = Y. (AKjF).kj={0F. (1)
WV, =1 VMji=1 J [gzgiab} i=1j=1 137
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In genera case function (1) forms a diagnosis in the form of some
fault combination subset, which need refinement further by means of
application an additional probing of internal points by boundary scan register.
A number of “1” in the output response vector V forms quantity of CNF
digunctive terms (1) Every term is line-by-line writing of faults (by logic
operation OR), which influence on functional outputs. Table representation in
the analytical form (conjunctive normal form) makes possible to reduce the
volume of diagnostic information for fault location essentially. Subsequent
transformation of CNF to DNF on the basis of the Boolean algebra identities
enables to reduce the Boolean function.

The proposed algebra-logical and vector-logical diagnosis methods
give the mathematical apparatus to a speciaist in the field of SoC design and
testing. It enables to diagnose of faulty components if there is preliminary
constructed fault detection table. At that vector solutions, efficiently obtained
by second method, can be represented by all possible fault combinationsin the
form of DNF terms that is typical of the first method. Second method is
efficient if anumber of 1-valuein FDT is greater then 10-20%.

SOC DESIGN QUALITY INCREASING
BY USING ASSERTION ENGINE

Vladimir Hahanov, Irina Hahanova, Eugenia Litvinova, Ngene Christopher Umerah, Tiecoura
Yves, Computer Engineering Faculty, Kharkov National University of Radioelectronics, Lenin Ave.
14, Kharkov, Ukraine, 61166, phone: (057) 70-21-421, (057) 70-21-326
E-mail: hahanov@kture.kharkov.ua; kiu@kture.kharkov.ua

The novel testing and verification technology for system HDL models
allows searching for errors in the HDL-code with a given thoroughness for an
acceptable time by means of the introduction assertion redundancy to the
critical points of the software model, which are defined by the synthesized
logic functions of the testability. The controllability and observability criteria,
used in hardware design and test, are applied to estimate the quality of software
code in order to improve it and effective diagnose semantic errors.

The objective isimprovement of the testing and verification technology
for digital systems to diagnose and correct of errors for HDL-models by
sharing of the assertion engine and testable design technologies.

The research tasks: 1. Design verification and testing environment for
system HDL-model on the basis of assertions. 2. Development of testability
evaluation metrics on the basis of new logic testability function. 3. Application
of a technological assertion model to verify an IP-core filter on the basis of
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discrete cosine transform. 4. Practical results and directions for further
research.

The verification model
can be represented as a
generalized equation for fault
detection T®S=L a the
system level or more detail in
the components: Figure. 1. Strategy of project designing
(T.HE(SA)=Lg. Here
T,Fare test patterns and functiona coverage of the reference modd with
expected responses; S, A are testable HDL-model and assertion engine for the
verification and exact diagnosis of errors in software code. Hardware testing is
based on utilize the analytic expresson (T)®(S,B)=L}p, where B is the
boundary scan register defined by the IEEE 1500 standard and used as a
complement of the model to obtain the desired diagnosis thoroughness. At that
Lg,Lp are lists of errors and faults, obtained on the stages of design

verification and product testing. Verification and testing strategies have
different models of technology application, focused to reduction of time-to-
market. The iterative verification process seeks to correct the errors of system
level HDL-moddl, obtained from the project specification (Fig. 1). The end
result is a netlist or debugged HDL-model of register level. Taking into
account the definitions and explanations model of the environment or
macroprocess of verification for software stage of a project isfocused to reduce
the time of product creation and increase the yield for the use of code
redundancy in the form of assertion engine and use testbench in conjunction
with the metrics for determining the quality of the test or the functional
completeness.  Assertion engine is model redundancy, complementary
testbench to verify the time internal design status, represented by input-output
assertions and designed to accelerate the testing, verification, diagnosis and
correction of design errors in the system code. Assertions can be generated not
only by specification, but also by HDL-model, removing the unnecessary
construction, and the rest need to be modified to the assertion form. At the
same time there is the probability of software error recurrence in an assertion,
which will not be identified in the simulation. The analytical model of the
verification infrastructure is represented by the following expressions (P-
design specification, S— soft-moddl, A— assertion modd, T— Testbench, F
functional bin, D — module for error diagnosis and C — conditions for error
diagnosis):

HDH, ool
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n n

5 D=f5(P.SFT,A) =|Ljj|efLs,L}; 6) C=IUR eF=PIALUT <T=F;
1= 1=

7 Ls=(T,H®(SA);, 8 Lh=(T)S(SB).

Here, the expression 6 defines the conditions of test confidence for
functional bin concerning the specification. Line 7 defines the function of
determination the design errors in the trangtion from the system level to
register one, using all attributes of verification infrastructure. The function 8
regulates the detection of faultsin operation stage of digital system-on-a-chip.
The assertion redundancy is a function of critical points of HDL-modédl, the
maximum number of which may be equal to the number of time frames for
functional components identified by the specification.

A priori, the coordinates of the assertion vector are assigned the value
X. Then the critical coordinates are identified, a number of which would be
sufficient to carry out a verification experiment in the search for faulty
software blocks with specified diagnosis thoroughness. These coordinates are
identified by the unities. In the process of simulation vector coordinates are
modified to reduce the unities. Each coordinate of the vector A is in
compliance with a list of all nodes- ancestors of software transaction graph.
The reachability matrix of a transaction graph or lisgs of nodes- ancestors
correspond to the vector coordinates.

For the actual binary state the elements of the vector A unconditional
diagnosis procedure is performed for the list L to diagnose faulty software
blocks d (A), defined by the following expressions:

Ls(W=C N ADVC U Aj);
Vi(A; =1) Vi(A; =0)

LmA)=C U ApDNC U Aj).
Vi(A; =1) Vi(A; =0) @
The system of equations is to search for single and multiple errors by
using the assertion state vector. The length of assertion vector is egqual to the
number of nodes in a graph or the number of program blocks in the functional-
logical structure of HDL-code.
Substantia redundancy of the HDL-model assumes its efficient use in
order to improve testability of structurefor designed code.
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Conclusion
1. An universal modd of software component in the form of transaction graph,
which can be used to solve the problems of testability analysis in order to
obtain the required diagnosis granularity for HDL-code is presented.
2. The logic testahility functions for HDL-models on the basis of transaction
graph are proposed in order to determine the testability estimates
(contrallahility and observability) for software components and HDL-design as
awhole,
3. Examples and testability curves (controllability and observability) for
software model s represented by transaction graphs are made.
4. The practical significance of the proposed methods and models is the market
appeal and high interest from the technology companies to the innovation
solutions of the effective testing and verification of hardware and software
components for system-level design in order to reduce time-to-market and raise
yield.
5. Further research will be focused on the development of standard interfaces
for integration of models, methods and software in the technological design
flows of digital systems on chips.

SOC FAULTY CELLSEMBEDDED REPAIR
BY USING COVERAGE METHOD

Hahanov V., Zakharchenko O., Chumachenko S,, Litvinova Y.
Computer Engineering Faculty, Kharkov National University of Radioelectronics,
Ukraine, 61166, Kharkov, Lenine Ave, 14, of. 321, tel/fax: (8-057)-70-21-326,
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Abstract — The quasi-optimal method for the minimum coverage of
faulty blocks by spares when repairing the logic part of digital system-on-chip
is proposed. The general provisions and rules of coverage for the matrix of
configurable logic blocks (CLB) with faulty cells are considered. Coverage
criteria for faulty cels are developed. Examples of the agorithm
implementation are made. Key words — digital systems-on-chips, faulty blocks,
coverage, spares, memory, logic, quasi-optimal coverage method.

I. Introduction. Digital systems-on-chips, containing up to 16 types of
various components (processor, memory, logic, buses, dedicated computers),
which can be divided into 2 subsets: the memory (90%) and logic (10%). At
that faults, detected in memory, are repaired successfully by the on-chip
facilities of the leading companies (Virage Logic, Intdl) [1-3]. But almost 10%
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of logic is unamenable to regular solutions in the on-chip repair. Today, the
world's biggest problem in the market of electronic technology is repairing the
logic part of digital system-on-chip. All market-based ideas will be
implemented in the chip with a dedicated functionality. So, infrastructure 1P
creation in a chip is important problem, because it is capable to redlize the
embedded diagnosis and repairing, which will significantly improve the yield
and extend the life cycle of digital product. Therefore, any new solution in this
area might be interesting for the market of electronic technology, which
determines the urgency of the proposed technology for quasi-optimal faulty
blocks coverage by spare components.

The purpose of the paper - the development of technology for the
optimal faulty blocks coverage by spares when repairing the logic of digital
system-on-chip. Research tasks are; 1) The development of generalities and
rules to cover the matrix of configurable logic blocks with faulty cells. 2) The
development of coverage criteria for faulty cells. 3) Flowcharting for the
bypassing the matrix of configurable logic blocks to obtain coverage. 4)
Flowchart examples.

1. Method of coverage. A matrix of configurable logic blocks with
marked faulty cells is considered. In detecting the faulty cell its coverage is
carried out. Covering dement is a block of 9 cells, which form a square of size

3x 3. Coverage of the faulty cell ajj , which is regarded as a base, can be

performed by 9 ways. Coverage constrains for the faulty cell. If afaulty cell is
located in firg/last two rows/columns, obvioudy, the number of ways to cover
for it is limited to the alternate solutions. When choosing a covering element
the square with the largest weight is preferred. Weight is determined by the
number of faulty cells, which are in the covering square.

Row-wise matrix traversal. In implementing the coverage algorithm the
traversal of a matrix by rows is performed starting from the first one in order
from left to right. Then a jump to the second row and traversal of the matrix
elements in reverse order are carried out. Thus, the matrix rows with odd
numbers are always traversed from the left to right, then jump to the bottom
row with an even number and traversal in the reverse order from the right to
left are performed. For the faulty cdl, found in arow, the covering square with
maximum weight is chosen. After that, traversal of a row to choose the
coverage squares for therest faulty cellsis continued. When traversing the next
row a part of faulty cellsis already covered, so it is necessary to choose the
covering squares for uncovered faulty cells. At that earlier obtained coverage
limits the choice of covering squares for the rest faulty cells that reduces their
number in each case and reduces the search time. In the case where there are
several ways to cover the faulty cells by sguares with the same maximum
weight, any of them is chosen. If there is a Situation where it is impossible to
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cover the faulty cell, it should be back to the previous faulty one to change its
coverage on a square with smaler weight. When searching a new coverage a
sgquare with less weight is preferred if it covers two neighboring cells (located
on the diagonal or side by side in a row/column) and it is adjacent to the
[eft/right side (when traversing from left to right or right to left respectively) in
order to retain alarger number of free cells on the right/left, respectively, for
other coverage. In other words, a covering square is moved in the direction
already seen to thistime rows/columns.

Columnwise matrix traversal. Along with traversing by rows the pass of
the matrix from top to bottom followed by jump to the right of the neighboring
column and then up can be used. In this case the odd-numbered columns are
traversed from top to bottom, but even — from left to right. At that coverage is
selected similarly to previous one, as well as subject to the shift of covering
square to the side of traversed cells.

Example 1. Consider a matrix of configurable logic blocks with marked
faulty cells presented in Fig. 1. According to the algorithm, the traversal of a
matrix is performed by rows. For any faulty element the maximum weight of
its neighborhood is determined and grouping of cells in clusters is performed
subject to the above rules. As aresult, the coverage consisting of 11 squaresis
obtained, at that 6 squares have the weight 2 and 5 ones have the weight 1. The
coverage of 10 sguares, from which 7 squares have weight 2 and 3 ones —
weight 1 isobtained at row-wise matrix traversal (Fig. 2).
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Figure 1. Choice of coverage Figure 2. Optimal coverage for a matrix
at row-wisetr aver sal of configur able logic blocks

Thus, quasi-optimal coverage was obtained at traversing the matrix by
rows and optimal one — by columns. Asit will be shown below, the traversal of
amatrix by rows almost aways gives optimal coverage.
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I11. Conclusion. Quasi-optimal coverage method for the addressable
faulty cells of digital systems-on-chips by spares is developed. It enables to
increase yield of FPGA. Exigting analogs are typically focused on optimizing the
placement of components in 3D or 2D space. The difference of the proposed
method is coverage optimization for faulty cells by spares. Therefore, the
objective function is minimization of the number of spares, which completdy
cover all faulty addressable cdls of the chip. Formulation of the proposed
method is original. Practical significance of the proposed method is the
possibility of applying the method to on-chip repair components of digital
systems-on-chips, including the addressable memory cells or addressable logic
blocks. In general, this method can be applied for repairing any addressable
components, located in the plane.
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AXTyaJbHAM 3aBJIaHHSIM TIPH CTBOPEHHI NMPOTrpaMHHUX KOMIUIEKCIB €
nepeBipka NPaBHIBHOCTI (QyHKHiIOHYBaHHS. [3 3pOCTaHHAM BUPOOHWUYMX
noTped 3pocTae CKIAAHICTH MOBEAiHKH mnporpam. [Ipn mpomy BUMOTrH, IO
TIPE/'ABJISIIOTBCS 10 SIKOCTi, CTaloTh Bce Oinbln KpuThaHmMH. [Ipote, i3
30UIBIIEHHSM CKJIAJHOCTI CHCTEM 30UIBIIYETHCS BIPOTiAHICTH ICHYBaHHS
HEBMSIBJIEHHX ITOMWIJIOK. 3Ae0iibIIoro, Ie BiJOyBa€ThCs 13-3a BiJCYTHOCTI
3a[I0BUIBHOTO  JJISI  NPOMHUCIIOBOCTI  pilleHHS  NpoOJeMu  IepeBipKku
MIPaBUIIBHOCTI SIK TIPOIPaMHUX CHCTEM, TakK i JIOTTYHUX CXeM OOYMCIIOBAJIBHUX
npucTpoiB. MeToay TecTyBaHHsS He 3a0e3NeuyloTh BUYEPITHOIO aHaji3y BCIiX
MOXIIUBHX BapiaHTIB ITOBEIIHKN CHCTEM, THM CaMHM, HE MOXKYTh BHSBUTH BCi
BUIAJIKN TOPYIIEHHS BIACTHMBOCTEH, SKMMHU MOBHUHHI BOJOMITH CHCTEMH, IO
po3pobisitoThes. [l cUCTEM 3 CKIAJHO MOJEIUIIO IOBEMIHKHU CTa€e
HEMOJJIMBUM O0XOJUTHCS 0e3 aBToMaTn3allii nepeBipKy MpaBUIILHOCTI.
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Ilin cucTeMO pPO3YMIETHCS JICKUIbKA KOMIIOHCHTIB (00’€KTiB,
areHTiB), 10  B3a€EMOMIIOTH MK CO0OKO 1 3  HAaBKOJHUIIHIM
cepeIOBUIIEM(OTOYEHHSI TaKOXX MOXKE 3aJaBaTUCS y BUINIALL OKPEMOro
areHry). PeakTuBHa cucremMa — cucTeMa, sika BYAacCHO pearye Ha ITOCTIHHO
3MIHHI BX1JHI JaHi.

PeaktuBHy cucreMy i ii OTOUEHHS MPEACTABISIOTH, SK MPAaBHIO, Y
BUTJISIII TTAPANIENBHOI CHCTEMH, B SIKili BCI KOMITOHEHTH CHCTEMH 1 Ii OTOYEHHS
(YHKI[IOHYIOTh TapajeibHO, B3aEMONIIOYM OJWH 3 onxHuUM. CeMaHTHKa
pEaKkTUBHOI CHUCTEMH B OUIBIIOCTI BHUIAJKIB ONHCYETHCS MPOTOKOIAMHU
B3a€MOIi 1 JEKIapali€ro MeBHUX BJIACTUBOCTEH, SIKUM ITOBHHHA BiAIOBITaTH
Taka cucreMa. Ilij BIacTUBICTIO PO3yMIEThCS 031U OYiKyBaHMX MOBEIIHOK,
sIKi IOBMHHI OyTH BJacTHBI peakTHBHiM cucremi. IIpn 1poMy cama cucrema
TIPE/ICTAaBISETBCA Y BUIIIAAL rpada craHiB, a i BIACTHBOCTI 3aNHCYIOTHCS Y
Burmsini  (opMyn  BigmoBimHOI  TemmopanbHOi  Jorikd. [liaxix, 1o
BHKOPUCTOBYE METOIM TEMIIOPAJILHOI JIOTIKH 1 BXXKUBAETHCS IS CIICU(IKaIii
BJIACTHBOCTEH PEAKTMBHUX CHCTEM NPH PillIeHH] 3a/1a4 MOJEIIOBAHHS 1 aHATIZY
peaJbHUX CHUCTEM, IPYHTYEThCS Ha MPUIYIIEHHI IIPO Te, IO SIK caMa CHCTeMa,
Tak 1 1l OTOYEHHs, MOJEINIOIOThCA SK AWCKPETHI mpouecu. EmemeHTamu
MapaeNbHOl JJUCKPETHOI CHCTEMH € MPOLIECH, 10 MapajeNbHO (QYHKI[IOHYIOTh
B yaci. BoHn MOXxyTh OyTH He3aJeKHUMHU OJHMH BiJl OMHOTO 1 KOHKYpPYBaTH 3a
3arayibHi pecypcu (aCMHXPOHHI KOHKYPEHTHI CHCTEMH), B3a€EMOJISATH MiX
co00r0, BUKOHYIOUH 3arajibHe 3aB/aHHs (KOOIEpaTHBHI PO3IIO/IiIEHI CHCTEMH)
1T

B naniit poboTi MM pO3TIIIHEMO HACTYITHI KJIaCH BHUMOT':

. moBHOTa(completeness) — BHUMOTM TOro, IO OINHWCAaHi BCi
MOXIIMBI BapiaHTHM TOBEMIHKM CHCTEMH Yy 3aJaHuii MOMEHT dacy(Ha
KOHKPETHOMY CTaHi);

. Oesmeka(safety) - rapaHTtis TOro, mo JesKa BJIACTHBICTH
30epiraeTbesl y BCiX CTaHax BCiX 0OUMCIIEHb CHCTEMU;

. HenerepMiHizM(nondeterminism) — JEKiTbKa MOXIIUBOCTEH
TIepex o1y 3 OMHOTO CTaHy CUCTEMHU

. oesuxingae cranosuie(deadlock) — curyaris, Konu Hemae
KOJTHOT'O JIOITYCTHMOT'O TIEPEXOy.

Texuomorist VRS(Verification requirement system), 3a JOHOMOTOO
Kol 3HifcHIOBasiach (opmMaiizamis Ta BepH(iKallisi PEaKTHBHUX CHCTEM,
PO3IIISIaE CUCTEMY SIK KOMIIO3MINI0 HAaBKOJMIIHBOI'O CEPEJIOBHUINA 1 arcHTIB
(o0'extiB). BIl omucyrOTh TOBEIIHKY KOXKHOI'O 3 areHTIB, iX B3aEMOJI0 Mik
coboro Ta i3 cepenoBuiieM. KoxeH 3 areHTiB Mae cTaH Ta Habip aTpuOyTiB, sKi
OITUCYIOTH HOTO BIIACTUBOCTI.

bazoBuii mporokon — Bupas Buay x(o—< u > fB), me x —
CHHCOK(THITI30BaHMX) ITapaMeTpiB, o i B — popmysm 6a30BoO1 JOTiYHOI MOBH, U
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— mporec MpOoTOKoNa(KiHIEBa TOBEiHKA KOMIIO3UINT JIEKITPKOX arcHTIB Ta
cepenoBuia MSC miarpam).

dopmyrna o Ha3UBAETHCS MIEPETYMOBOIO, a opMyIa 3 — IIOCTyMOBOIO
6azoBoro mporokona. bazoBuii MPOTOKON MOXKe po3rysimaTHCs K (opmysia
TEMITOPAJIbHOI JIOTiKH, SKa BHpa)kae€ TOW (akKT, IO SKIIO CTaH CUCTEMH Mae
PO3MITKY, SIKa 3aJ0BOJIBHSE YMOBY 0, TO IIPOIIEC U MOXKe OyTH iHII[ilOBaHMIA, i
TTicIIst HOro 3aBEPIICHHS CTaH CHUCTeMH Oyzie 3aJJOBOJIBHATH YMOBI .

Monyni  cucremun VRS  3a0e3neuyroTb TepeBipKy JTOCSHKHOCTI
BJIACTHBOCTEH,  BHSABIIIOTH  JISIUIOKH,  HEJETEPMiHI3M,  MOpYIICHHS
BJIACTHBOCTEH O€3MeKH, HeJOCSHKHI BUMOTY, BUKOPUCTAHHS HEIHII[iali30BaHIX
aTpuOyTiB Ta BUXiJ 3HAa4YeHb aTpUOYTIB 3a JOMYIIEHI HOPMU Ha OCHOBI
KOHKPETHHX Ta aOCTpakTHUX Mopeied ¢opMaibHUX crienudikamniii BuMor B
tepmiHax BPS. Bumie cka3zani mpoGiieMH BUPINIYIOTBCS T'€HEpalli€lo Tpac, sKi
JIOCSITAIOTHCS 3 TI0YaTKOBOT'O CTaHy MOJENi. 3reHepoBaHi TPacH MOXYTh OyTH
BUKOPDHCTaHI Uil TECTOBOI reHepanii. Pe3ynpTaTH mNpencTaBisioThes B
.MSC/PR Ta .txt hopmarax.

Cucrema 0a3yeTbCsi Ha YHIBEpCaJbHIH Nporpami aBTOMAaTHYHOTO
Jokazy(prover) Uil TpeIvKaTiB MEpIIOro IMOpsaKy. YHiBEpCallbHHH prover
0a3yetbess Ha anroputMmi [mymkoBa. CrieriaiizoBaHa YacTUHA JICTyKTUBHOL
CHCTEMH MiJITPHUMYE JIOBEJICHHS Ta PO3B’I3aHHS JIHIHHUX YHCIOBUX OOMEKEHb
Juts winux yucen(aiaroputM [IpecOyprepa) Ta ans giicHux(anroputm Oypier-
MorikiHa), JOBEICHHS Ta PO3B’SA3aHHS JUIS MEPETIYHAX Ta CUMBOIIYHUX THITIB
JTaHHX.

TakuM YMHOM 3 TEXHIYHUX BHUMOT JIO CUCTEMH, MM MOYXEMO OTPUMATH
(hopmatizoBaHy MOJIENb, IPOBECTH Tporec Bepudikaiii, orpumata SDL- ko,
UML- xox, xog C++.

FEATURE DETECTION ASTHE IMPORTANT
PART OF IMAGE PROCESSING

"Marta Zakowska, Renata Dwornicka
"Cracow University of Technology, Institute of Computing Science, marta.zakowska@gmail.com,
%Cracow University of Technology, | nstitute of Computing Science, dwornick@mech.pk.edu.pl

1. Introduction

Today image analysis, image processing and computer vision plays an
important role in society, because image is a powerful information medium and
communication tool capable of representing complex processes in a compact
and efficient way. Especially Digital Image Processing has become a primary
component of modern medicine. It is stll a relatively new field with
unanswered questions and also unknown effects. Hence, the technologies are
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evolving, new equipment and study methodology have been constantly
developed.

In the paper there is presented an utilization of algorithms to edge
detection. Edges are important features in image anaysis which play
significant role in visual perception and provide useful clues to 3D
interpretation of images. Edge detection is a crucia tool used in most image
processing applications to obtain information from the frames as a first step to
feature extraction and object segmentation. This process detects outlines of an
object and easily distinguish boundaries between objects and the background in
the image. An edge-detection filter which is presented in the paper can aso be
used to improve the appearance of blurred images.

2. Digital Image Processing

To perform image processing on digital images thereis used complex
computer algorithms. It allows using more sophisticated performance at smple
tasks, and the implementation of methods which would be impossible by
anaog means.

Thereis some of fundamental stepsin Digital Image Processing [1]:

1) Image acquisition: to involve preprocessing such as scaling
to acquire a digital image.

2) Image preprocessing: to improve the image in ways that increase
the chances for success of the other processes.

3) Image segmentation: to partition an input image into its
congtituent parts or objects.

4) Image representation: to convert the input data to a form
suitable for computer processing.

5) Image description: to extract features that result in some

quantitative information of interest or features which differing one class of
objects from another.

6) Image recognition: to assign alabel to an object based on the
information provided by its descriptors.

7) Image interpretation: to match meaning to an ensemble of
recognized objects.
3. Edge detection algorithm.
3.1. Gradient-based algorithm
For a continuous image f(x,y), where x is the row and y is the column of
coordinates, two directiona derivatives 0,f(x,y) and o,f(x,y) are considered.
The gradient magnitude and the gradient orientation are two functions in edge
detection that can be expressed in terms of these directional derivatives. The
gradient magnitude is defined as [4]:

VE(x,y)|= \/[ax t ) +[o,f(xy]
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and the gradient orientation is defined as:
o, f(x,
LVF (x,y) = arctg| 21 %Y @
o,f(xy)

Local maxima of the gradient magnitude identify edgesin f(x.y). If the
first derivative achieves a maximum, the second derivative is zero. Hence, an
alternative edge-detection strategy is to locate zeros of the second derivatives
of f(x,y). The differential operator used in these so-called zero-crossing edge
detectorsis the Laplacian [5]:

Af(xy) =0, ({x2}) F(x, y)+8, ({¥.2} f(xY)

The basic edge-detection operator is a matrix area gradient operation
that determines the level of variance between diverse pixels. The edge-
detection operator is calculated by forming a matrix centered on a pixel which
is chosen the center of the matrix area. The middle pixel isclassified asan edge
if the value of this matrix area is above a given threshold. Examples of
gradient-based edge detectors are Roberts, Prewitt, and Sobel operators
(Fig.1.).

Prewitt Sobel
-1 0 1 -1 0 1
Kx= | -1 0 1 Ex= | -2 0| 2
-1 0 1 -1 0 1

Fig. 1. Prewitt and Sobel horizontal operators

All the gradient-based agorithms have kernel operators which
calculate the strength of the dope in directions which are orthogona to each
other, usually vertical and horizontal. The contributions of the different
components of the dopes are combined to give the total value of the edge
strength.

The Prewitt operator measures two components. The vertical and the
horizontal edge components are cal culated with kernel Kx and Ky respectively.
[Kx| + |Ky| gives an indication of the intensity gradient in the current pixe.

Gradient-based edge detection scheme has a few problems, but in
spite of that they are still commonly used in image analysis. Depending on the
image noise, results of edge detection are different. Gradient-based algorithms
are very sensitive to noise what is a huge problem. The size of the kernd filter
and coefficients are fixed and can’t be adapted to a given image. An adaptive
edge-detection algorithm is necessary to provide a robust solution. It is
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adaptable to different noise levels of these images to help distinguish valid
image content from visual artifacts introduced by noise.
3.2. Canny Edge Detection Algorithm
Canny edge detector is used around the world. It is optima for noisy step
edge if the edge filter is linear and the image noise is additive, white and
Gaussian. The contour extraction algorithm, introduced by Canny [2] has three
steps: (1) feature detection, (2) nonmaximum suppresson, and (3)
thresholding. Today there are some modification to enable analytical
optimization. Thethree different termsin criterion Canny's are as follows:
1) Sgnal-to-Noise Ratio - maximize the signa to noiseratio isthe way to give
agood detection. Theresponse of afilter h(x) to aparticular signal fo(x) is:

S= [ f,(x y)h(-x,~y) dxdy ©
RZ

where S— height of the response at its maximum. If the input is corrupted
by additive white noise of unit variance, then the variance of the noise at
the output is given by the energy of the filter, as follows:

Noise= Hh(x, y)|2dxdy )
RZ
2) Localization —for accurately marking edges it is needed to
achieve good localization
d2
Loc=—y(f0~h)=—'|. f,(x h)h,, (-x,—y) dxdy (5)
R

The second derivative of the response is negative at the maximum
(assuming S > 0), hence the new localization term is a measure of the width of
the peak and the expression is positive. Because of noise in maximum position
the response becomes sharper.

3) Elimination of False Oscillations — minimize the number of
responses to a single edge favors the identification of true negatives, it means
that non-edges are not marked.

In the Canny edge-detection algorithm, the processing requirement is
a combination of the four stages of Gaussian, smoothing for noise reduction,
finding zero crossings using the derivative of Gaussian, non-maximal
suppression to thin the edges and hysteresis thresholding.

The steps involved in the third order edge detection algorithm is
presented below [3].

f10 = filterSeparable(image, g', 9);

f11 = filterSeparable(image, g, 9');

fa0 = filterSeparable(image, g7, 9);

fa; = filterSeparable(image, g, 9');
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f3, = filterSeparable(image, g', 9'');
fa3 = filterSeparable(image, g, 9" "’);
for i=0to Nrows-1 do
for j=0to Ncols-1 do
01 = agofao(i,j)+ ogafs2(i,))+ arofo(in));
02 = (Bag—2032)f31(1,))+ otz2f33(1 )+ arof1,1(i));
03 = (Bag—2032)f32(1,))+ 0t32f30(1 )+ ataof1,1(1));
Oa = 0gf31(1,))+ otg0f3,3(1,))+ arofa(in));
solset = solveCubic(dy, 205-30q1, —0);
thetaset = {atan(sol set), atan(sol set)+r} ;
[optmag(i,j),optangl&i,j)] = giveMaximumRoot(thetaset, gy, Gp, Gz, G4)
end for
end for

The routine giveMaximumRoot returns the maximum value and the
corresponding angle.

Researchers have considered the problem of feature detection based on
measuring edges. In fact, it is difficult since nobody exactly knows which
the underlying features should be detected.
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In recent years, the increasing demand on upgraded security has led to an
unexpected interest in automated personal authentication based on biometrics.
Biometric systems, as an authors assumption, must guarantee higher security
level and also high convenience of utilization. The monomodal biometric
technology is difficult to meet the higher security needs because of a number of
limitations and that is why multi-modal biometric technology gradually
becomes the mainstream of biometrics.

In this article there is presented theory and some of new approaches of
applying technology in multimodal biometric systems based on different
biometric features. Multi-biometric features fusion and recognition technol ogy
integrating the evidences provided by several biometric characteristics in order
to improve the accuracy of decision-making.

2. Biometric system

Multimodal biometric systems make use of more than one physical or
behavioral characterigtic for enrollment, verification or identification. Depend
on the application context and user requirements, biometric system can be
categorized as verification or identification system.
2.1. The verification

An input feature vector X, which is extracted from the biometric data, and
a claimed identity |, determine if (I, Xq) belongs to class wy or w,. Typically,
Xq is matched againgt X, the biometric template corresponding to user I, to
determine its category. Thus:

it S(Xq,X,) >t
(1.Xq)e m S, X)) @)
w, otherwise

where:
w;  — indicatesthat the claimistrue (a genuine user),
w, — indicatesthat the claimisfalse (an impostor),
S — the function that measures the smilarity between feature vectors
Xq and X,
t — apredefined threshold.

The value Xq, X)) is termed as a similarity or matching score between the
biometric measurements of the user and the claimed identity. Therefore, every
claimed identity is classified into w; or w, based on the variables Xq, I, X, and t
and thefunction S
2.2. Theidentification

The identification is defined as:

. N
Lo if maxiS(Xo, X, ) >t k=12....N
|

Xq € _ 2
ns Otherwise

where:
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Xo — input feature vector

Ik — identity, ke{1, 2, ...,N, N+1}
X — thebiometric template corresponding to identity I,
t — apredefined threshold.

The ly, Iy,..., Iy are the identities enrolled in the system and Iy, indicates the
reject case where no suitable identity can be determined for the user.

A multimodal system can perform in one of three different modes: serid
mode, parallel mode, or hierarchical mode. In the serial mode of operation, the
output of one modality is typically used to decrease the number of possible
identities before the next modality is used. Therefore, multiple sources of
information do not have to be given simultaneoudy and it doesn’t have to be
supply al features to arrive at a decision. That is why overal time of
recognition can be reduced. In the paralldl mode of operation, the information
from multiple modalitiesis used smultaneously for recognition.

2.3. Fusions' levels

There arethreelevels fusion proposed [2] for multimodal systems:

— feature-level fuson means the data obtained from each sensor is
preprocessed to achieve the feature vectors respectively, then several low-
dimensional feature vectors integrate. The new vector has higher
dimensional joint eigenvector parameter.

— match-level fuson means single biometric features will be matched
independently to get matching scores and the fusion algorithm will
calculate each scores to get the final results.

— decision-level fuson means the fusion at the highest level, a separate
authentication decision is made for each biometric trait. Then these
decisions are combined into a final results.

As the match-level fusion integrates a certain amount of information from

different biometric features, it is easy to achieve and draws more attention.

The input of decision-level fusion isthe logic output of single biometric
recognition system, so it has a smaller amount of availableinformation. The
feature-leve fusion has the maximum amount of information.

3. Biometric techniques

Together with technology development there is also methods
development based on more and more advanced algorithms. Biometric
techniques of people identification depend on analysis of relations between
certain characterigic points in processed sample. There are many effective
multimodal biometric features generally based on phisica biometric features.

Iris is an almost unfailing feature for recognition, especially connected with

another feature. That is why iris feature is mostly used. The aim of al

techniquesisto create perfect biometric system.
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The biometric techniques proposed by Wang et.d. [3] is a method of
using match-leve fusion connected with face and iris feature for authentication
in which authors has used two strategies for fusion. The first one is to compute
either an unweighted or weighted sum and to compare the result to a threshold.
The second strategy is to treat the matching distances of face and iris classifiers
as a two-dimensional feature vector and to use a classifier such as Fisher's
discriminant analysis and a neural network with radial basis function (RBFNN)
to classify the vector as being genuine or an impostor. It was compared the
results of the combined classifier with the results of the individual face and iris
classifiers.

Fusion based on the RBF neural network produced the highest
verification accuracy. Weighted sum rule isthe best approach when compared
with the sum rule and the Fisher rule.

Important factor in biometric systems is accuracy. To produces more
accurate results researchers improve traditional approach (like single SVM).
The multiple SYM technique in [4] utilize the following biometric features:
face, fingerprint, and DNA profile data. This approach were implemented in a
few steps:

1. implement biometric classifiers, one classifier for each of the biometric
modalities: face, fingerprint, and nuclear DNA (to test the multi-SVM
fusion technique),

2. learn Multiple SVYMs by a fusion agent,

3. collect biometric data and process by the individual classifiers. Each
classifier outputs match score for their specific biometric modality,

4. sent these individua match scores to the fusion agent,

5. sdect the appropriate fusion SVM, based on the available modality match
scores by the fusion agent,

6. the system outputs one overall classification decision.

Ross[5] in his papers discussed three feature-level fusion methods in detail:
(1) Face RGB color and LDA coefficient fusion; (2) Face PCA and LDA
coefficient fusion; (3) Face and hand feature fusion.

Another approach is presented by Byungjun [6], who first used 2-D DWT
to extract face and iris features and integrated them to obtain low-dimensional
joint eigenvector, then used LDA to recognize directly, however the fusion
model was not discussed.

In the paper [2], is discussed two-dimensiona Fisher Linear
Discriminant Analysis and proposed a multi-biometric fusion model with face
and iris features and recognition (Fig. 1.). For different biometric features of
face and iris, different preprocessing methods were applied.
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Face image preprocessing Iris image preprocessing
and feature extraction and feature extraction

Feature standardization

l

Feature combination

l

2DFLD Feature fusion

l

Nearest Neighbour
Decision

Fig. 1. Recognition model

A new technology is presented in [7]. It is robust multilevel fusion
strategy involving cascaded multimodal fusion of audio-lip—face mation,
correlation and depth features for biometric person authentication. The
proposed approach combines the information from different audio—video based
modules, namely: audio-ip motion module, audio-ip correlation module, 2D
+ 3D motion-depth fusion module, and performs a hybrid cascaded fusion in an
automatic, unsupervised and adaptive manner, by adapting to the loca
performance of each module.

Another approach presented in [8] to fuzzy approach utilize in
multimodal biometric continuous authentication. There are investigated the
opportunity of using a multimodal biometric system as input of a fuzzy
controller designed with the aim of preventing user substitution after the initia
authentication process.

4. Summary

Biometric systems can not be abstracted from conseguences and
problems which are connected with even the most efficient identification
method. Practical implementation and the final success of every method
depends on awareness of a weak points of this methods and the way of its
estimation.

Biometric techniques seem to be one of the most safe forms of
identification and authentication. However the study of the problems brings to
the conclusion, that one effective method of the biometric measurements which
is good in each case doesn’'t exist. The choice of the optimum biometric
technology mainly depends on its practical application.
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1. Introduction

Thefirst step in image analysis and pattern recognition isimage
segmentation and it is one of the most difficult tasksin image processing. It
determines the quality of the final result of analysis becauseit is very important
and critical component of image analysis. Image segmentation is a process of
dividing an image into different regions such that each region is homogeneous
while not the union of any two adjacent regions.

A formal definition of image segmentation is defined by Pal et a. [1]
as:
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If P(9) is a homogeneity predicate defined on groups of connected
pixels, then segmentation is a partition of the set K into connected subsets or
regions{S, S, S} such that

US =K with§ns =a (i#]) 1)

The uniformity predicate P(S) istrue for &l regions S, and P(SW §)
isfalse, when i# and sets § and § are neighbors.

According to Fu and Mui [2]: “the image segmentation problem is
basically one of psychophysical perception, and therefore not susceptible to a
purely analytical solution”. Probably that is way, literally, there are hundreds
of segmentation techniques in literature. There is no single method which can
be considered good for &l sorts of images and conditions.

Most of the segmentation techniques for monochrome images
(histogram thresholding, feature clustering, edge detection, region-based
methods, fuzzy techniques, and neural networks) can be extended to segment
color images by using RGB color coordinates or some of their transformations
(linear or non-linear).

This paper provides a summary of neural networks approaches to
color image segmentation available now, and describes the properties of
different kinds of color representation methods and problems encountered
when applying the color models to image segmentation.

2. Segmentation of color images

Color is perceived by humans as a combination of tristimuli R-red, G-
green, and B-blue and they are usually called three primary colors. By using
either linear or nonlinear transformations, from R, G, B representation, we can
derive other kinds of color representations. Several color spaces, such as RGB,
HSI, CIE are utilized in color image segmentation, but none of them can
dominate the others for all kinds of color images. One of the difficulties in
color image segmentation is selecting the best color space [3].

It has long been acknowledged that human eye can discern thousands
of color shades and intensities but only two-dozen shades of gray. When the
objects cannot be extracted using gray scale but can be extracted using color
information is quite often - color provides information in addition to intensity.
It is useful for pattern recognition and computer vision. Also the acquisition
and processing hardwares for col or images have become more available to deal
with the computational complexity caused by the high-dimensional color
space. Therefore, color image processing is becoming increasingly more
practicdl.
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There are two critical issues for color image segmentation. First is
what segmentation method should be utilized and another problem is what
color space should be adopted. Currently color image segmentation methods
are usualy extended from monochrome segmentation but most gray level
image segmentation techniques can be extended to color images, such as
histogram thresholding, clustering, region growing, edge detection, fuzzy
approaches and neural networks. Gray level segmentation methods can be
directly applied to each component of a color space, then the results can be
combined in some way to obtain afinal segmentation result [4]. However, one
of the problems is how to employ the color information as a whole for each
pixe. When the color is projected onto three components, the color
information is so scattered that the color image becomes simply a multispectral
image and the color information that humans can perceiveis|ost.

In most of the existing color image segmentation approaches, the
definition of a region is based on similarity of color. This assumption often
makes it difficult for any algorithms to separate the objects with highlights,
shadows, shadings or texture which cause inhomogeneity of colors of the
objects surface. Using HSI can solve this problem to some extent except that
hueis ungtable at |ow saturation.

3. Neural networks

Artificial Neural Networks are widely applied for pattern recognition
and image processing. For classification and clustering there are used their
extended parallel processing capability and nonlinear characteristics. Neura
networks are composed of many computational elements connected by links
with variable weights. The complete network (represents a very complex set of
interdependencies which may incorporate any degree of non-linearity) allows
very general function to be modeled. Usually training time is very long, but
after training, the classification is quick.

3.1. Hopfield neural networks

Sammouda et a. presented [5] an unsupervised algorithm used
Hopfield Neural Networks (HNN) to segment the color image of liver tissues
prepared and stained by standard method. The results show that the RGB color
space representation of the color images is more suitable than HSV or HSL
color spaces. This agorithm can automatically extract the nuclel region and
cytoplasm region - which are useful for diagnosis. Ref. [6] attempted to
segment sputum color images in order to build an automatic diagnosis system
for lung cancer. After masking nonsputum cell, HNN can make a crisp
classification of cells by labeling pixels as background, cytoplasm and nucleus.
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The technique has yielded correct segmentations of complex scene, however,
more work needs to be done to solve the overlap of the cells.

The theory and representation of the Hopfield neural networks is
described as follows: a pattern, in parlance of a N node Hopfield neural
network, is an N-dimensional vector p = py, p2..., Py from the space P = {-1,
1}, A special subset of Pisthe set of patternsE = {€“ 1< k< K}, wheree* =
[€X,€,....el 1. The Hopfield net associates a vector from P with an exemplar
pattern in E. The neural net partitions P into classes whose members are in
some way similar to the exemplar pattern that represents the class. The
Hopfield network finds a broad application area in image restoration and
segmentation. For this network there are following components:

—Neurons - a finite set of neurons x(i), 1 < i < N (they serve as
processing units); each neuron has a value (or state) a timet denoted by x(i).
A neuron in the Hopfield net has one of the two states, either -1 or +1; that is,
x() €{-1, +1}.

—Synaptic Connections - the cognition of a neural net resides within
the interconnections between its neurons; for each pair of neurons, x(i) and x(j),
there is a connection w; called the synapse between x(i) and x(j). The design of
the HNN requires that w; = w; and w; = 0.

—Propagation Rule - defines how states and connections influence the
input of a neuron. The propagation rule (i) is defined as bellow:

W= x (v -

—Activation Function - the activation function f determines the next
state of the neuron x..1(i) based on the value «(i) caculated by the propagation
rule and the current value x(i). The activation function for the Hopfield net is
the hard limiter defined as:
if t,(i)>0

, o 1
x+1(|)=f(rt(l),x(l))={_L e -0

The Hopfield neural network isshown in Fig. 2.
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W 31

Fig.2. Hopfield neural networ k

4. Summary

There is no universa theory on color image segmentation yet. All of the
existing color image segmentation approaches are, by nature, ad hoc. There are
no general algorithms that are good for all color images. An image
segmentation problem is basically one of psychophysical perception, and it is
essential to supplement any mathematical solutions by a priori knowledge
about the picture knowledge. Most gray level image segmentation techniques
could be extended to color image, such as histogram thresholding, clustering,
region growing, edge detection and fuzzy based approaches. They can be
directly applied to each component of acolor space, then the results can be
combined in some way to obtain the final segmentation result. In this paper
there was provided a summary of neural networks approaches to color image
segmentation available at the present. Neural networks have been successfully
employed to solve a variety of computer vision problems. There are a'so many
types of neural networks and they are determined by the type of connectivity
between the processing eements, the weights of the connecting links, the
processing elements characteristics, and training or learning rules. In this paper
were discussed Hopfield neural network.
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1. Introduction

Lots of things on the world are fuzzy, especially digital images. As
opposed to crisp memberships fuzziness quantifies vagueness and ambiguity.
There are manifold types of uncertainty in images, from pixel-based grayness
ambiguity over fuzzinessin geometrical description up to uncertain knowledge
in the highest processing level. Image features logically have to be considered
fuzzy because of the problem with a gray-value slope, an edge, border of a
blurred object and so on.

2. Background of fuzzy logic

Fuzzy image processing is based on fuzzy logic and uses its logical,
set-theoretical, relational and epistemic aspects. Fuzzy geometry, measures of
fuzzinessimage information, rule-based approaches, fuzzy clustering
algorithms, fuzzy mathematical morphology, fuzzy measure theory are the
most important theoretical frameworks that can be used to construct the
foundations of fuzzy image processing. All of these areas can be used ether to
devel op new techniques or to extend the existing algorithms[1].

The theory of fuzzy logic was introduced by Zadeh [2], in his innovative
work Fuzzy Sets. A fuzzy set is aclass of objects with continuum of grades of
membership. Fuzzy sets are an extension of crisp sets. Crisp sets do not allow
partial memberships; they only alow full or null membership of an element x
totheset A, i.e,
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uA(X)={é

where ?,(X) represents the membership of x to A.
Partial memberships are allowed in fuzzy sets. The range of ?x(x) is [0, 1]
instead of {0, 1} asfor crisp sets, and the set A is defined as

A={(x, 7a())lx € U}

where U isthe universe of discourse.

The notions of inclusion, union, intersection, complement, relation,
convexity, etc., are extended to such sets, and various properties of these
notions in the context of fuzzy sets are established.

3. Fuzzy geometry and infor mation

Geometrical relationships between the image components play a key
role in intermediate image processing. Many geometrical categories such as
area, perimeter, and diameter, are aready extended to fuzzy sets [3]. The
geometrical fuzziness arisng during segmentation tasks can be handled
efficiently if we consider the image or its segments as fuzzy sets. The main
application areas of fuzzy geometry are feature extraction (e. g., in image
enhancement), image segmentation and image representation. A more detailed
description of other aspects of fuzzy geometry can be found in the literature.

Fuzzy perimeter and compactness were investigated in this work.
Considering an image S of size KL, containing one object with the membership
values ?,. The area of the object — interpreted as a fuzzy subset of the image —
was defined as:

area() =Y S,

k=0 1=0

and the perimeter of the object can be calculated as

K L1 K-1 L
perimeter(u) = ZZ“HK" — Hyjall T zzuﬂk.l ~ My
4

k=1 1=1 k=1 I=1

Then, the fuzzy compactness, introduced by Rosenfeld [4] was represented as

area(u)

CompactneS(lu) = m .

()
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3.1. Measures of fuzziness and image infor mation

Fuzzy sets can be used to represent a variety of image information.
Fuzziness refers to the level of uncertainty of an image feature given the
corresponding membership function. In theory the intersection of a crisp set
with its complement equals zero. However, for two fuzzy sets, this condition
no longer holds. The more fuzzy a fuzzy set is, the more it intersects with its
own complement [3]. Thisleadsto the definition of indices of fuzzinessy.

In this work, there is given a fuzzy set A with the membership
function ?, defined over an image of size K x L so the linear (y) and quadratic
(yq) indices of fuzziness, which are given by Egs. (6) and (7), respectively, and
explored them as potential descriptors of structure:

7(9) =ﬁ2min(umn,1—umn)
©)

1/2

2
74(S) = \/E {Z MiN( 4ty - ﬂmn)J
(7
Entropy is a theoretic measure quantifying the information content of
an image. The counterpart in fuzzy set theory is given by the fuzzy entropy. As

the indices of fuzziness, the logarithmic (Hiog) and exponential (He) which has
been proposed by Pal and Pal [5]) fuzzy entropies were defined as:

1
Hlog(s) =mkz|:8| () @

where

B (1) = =g In(1g) — (L= g ) IN(A— 12y)

and

Hep(S) = Z{u.e“ ) 4 (L g )& -1

KL(\/E -4
The measures of uncertainty ranging from zero to unity.
3.2. Fuzzy connectedness, surroundedness and adjacency

Fundamental thing in image analysis is segmentation, but image
regions are not always defined like crisp sets. Sometimes more appropriate is
to define them like fuzzy subsets. Also connectedness and surroundedness can
be extended to fuzzy logic.
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A global fuzzy relation called fuzzy connectedness is defined on the
image domain which assigns to every pair (c; d) of image e ements a strength
of global hanging togetherness that has a value in [0, 1]. To determine this
value, every possible path from c to d (a sequence of nearby el ements starting
from ¢ and ending at d) is considered and the minimum affinity of pairwise
elements along the path is determined. This affinity represents the strength of
this path. The strength of hanging togetherness (connectedness) between ¢ and
d is the largest of the drengths of al paths between ¢ and d. Fuzzy
connectedness can be defined as follows [6]:

connectedness »(p, g) = max Jdyg[min 2(r)](11)

wherer e dyq, ? iSamembership function, dyqis paths from p to g containing
the pointsr.

Fuzzy surroundedness can be defined as follows [6, 7, 8]: if for al points p
andr in Uc G and all paths é form p to g, the fuzzy subset C separates A from
B such that the following condition holds:

?c(r) = min [?a(p), Zs(q)] (12)

where ?,, ?g and ?¢ are the membership functions of fuzzy subsets A, Band C
of image G.

In genera the adjacency of two crisp sets is defined by the length of their
common border. In fuzzy logic there isfollowing description of it:

adjacency(?, 2= ¥ ()i (DIAGL 1.0

where ?; and ?, are piecewise-constant fuzzy sets of G, A(l, j, k) isthe k-th arc
along which G, and G; medt, || A(i, |, k)| indicates the length of the k-th arc.

There is a close relationship between adjacency and surroundedness; it is
shown in Fig. 1. Depending on particular requirements, one may consider one
or both of them to describe spatial relationships.

] <] =l

Fig. 1. Relationship between adjacency and surroundedness,
from left respectively: adjacent, adjacent/surrounded, surrounded

4. Feasibility of applying fuzzy logic
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The fuzzy connectedness algorithms have been effectively utilized in
several medical applications including multiple sclerosis lesion detection and
quantification via MR imaging, blood vessdl definition in MR angiography.

The scheme of fuzzy object extraction algorithm based on image
connectedness is presented below according to Saha et al. [9]:

Input: O = (C, f), any o € C and any fuzzy spel affinity x in O.

Auxiliary Data Structures. An n-D array representing the connectivity
scene Oy, = (C, fxo) of O and a queue Q of
spels. We refer to the array itself by O, for
the purpose of the algorithm.

Output: A g-connectivity scene Oy, = (C, fxo) of O with respect to o.

begin

set all elements of Ok, to 0 expect o whichissetto 1;
push al spelsc € C such that ?«(0, ¢)>0to Q;
while Q isnot empty do
remove a spel ¢ from Q;
find frax = Maxgec[Min(feo(d), 2«(c, d))1;
if frec>fio(C) then
set fKo(C):fmax;
push al spels e such that ?«(c, €)>0to Q;
endif;
endwhile
end;

This algorithm based on dynamic programming. We do not assume that 6y is
known beforehand. It hasto be find the best path po,. from oto ce C. It hasthe
practical advantage that x can be specified interactively after the algorithm
terminates and thereby it becomes possible to choose the appropriate strength
of connectivity to define the fuzzy k6« -object properly. The agorithm
essentially outputs a scene expressing strength of connectivity between o and

al ceC.
5. Conclusion

In this study, there was demonstrated the theory and the feasibility of
applying fuzzy logic. Fuzzy logic image processing techniques allow to
characterized objects where data inaccuracies, graded object compositions
or limited image resolutions are. In many medical imaging applications
such as computation of local thickness (an important parameter in
anayzing object shape) or morphol ogy-based separation of anatomic
structures having similar intengties fuzzy logic algorithms will be useful.
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9KOHOMMUKA, YIIPABJIEHUE U OBPA3OBAHUE

"SIKICTh MPOAYKIII" IK EKOHOMIUHA KATEI'OPISI

JKasopouxosa I'aruna Bacuniena
JKasoponxoe Borooumup Onexcanoposuy
Hayionanvnuii asiayiiinuii ynisepcumem
Kuis, np-m Komapoea, 1, men. 406-76-50, E-mail: galina_zhavoronkova@ukr .net

Kareropis skicTh - €éMHa, CKJIaJHa W YHIBepCalbHA KaTEropis, 10 Mae
HU3KY OCOOJIMBOCTEH, SIKI 3aJIeKaTh BiJl 3aCTOCYBaHHS 00'€KTa JOCIIKEHHS,
TOMY B Kateropii "sKkicTe" BHIUIAIOTH (PLIOCO(PCHKI, COIiaNbHI, TEXHIYHI,
€KOHOMIYHi Ta PaBOBI aCHEKTH.

3 eKOHOMIYHOI TOYKH 30py CHOTOIHI B cepi BUpOOHHUITBA, 5K i B cepi
00CIIyrOBYBaHHS, OMHUM 3 OCHOBHHUX HAIPSMIB € SKICTh, & HE 00CAT BUITYCKY
MPOAYKINT YU HaJaHHS MOCTyT. JIOCHiKeHHST MOKa3yIOTh, M0 BH3HAYHUMU
YMOBaMHU JIO TOBFOCTPOKOBOI'O 3aBOIOBAHHS PUHKIB 30yTy, HE OEpy4H JI0 yBaru
JIOXOJM BiJ TPONAXy, AKI[IOHCPHHWU KaIliTall Ta KaIiTAJOBKJIAJCHHS, €
BiJIHOCHO BHIIIA SKiCTh 3 YpaXyBaHHSM MMOTPeO CIOXHUBAUIB, a HE OLIBIT HU3bKI
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uinu. BucokosikicHa mponykuisi npuHOcHTh Ha 40% Oinmbine mpuOyTKy Ha
1HBECTOBAHUH KaITiTal, Hi’)K HU3bKOSKICHA.

HaykoBe moHATTS siKOCTI mpomyknii ¢opMyBanocs MiJl BILTMBOM
icTOpUKO-BUPOOHUYMX 00CTaBUH. l[e 0OOYMOBJICHO THM, IO KOKHE CYCIIIbHE
BHPOOHHUIITBO MaJI0 CBOi OO'€KTHBHI BHMOTH JIO TMOHATTSA sKOCTi. Tomy
PO3BHUTOK E€KOHOMIYHOI JYMKH, METOOJIOTI] YIpaBIiHHS SKICTIO 3yMOBUB
nosiBy 0e€3Jidui TiaymMaueHb IOHATTA "SKOCTI NPOAYKIIi" SIK EKOHOMIYHOL
Karteropii (Tabmurs).

OTKe, MOXXHAa CTBEp/KYBaTH IO TPAaKTyBaHHS BITYM3HSAHUMH 1
3apyOiKHUMH EKOHOMICTaMH TOHSTTS "sSKIiCTh" BIiZOYyBa€ThCI y  IBOX
HaIpsIMKaXx: SIKICTh — SIK CYKYIHICTb BJIACTUBOCTEH Ta XapaKTEepUCTUK 00’ €KTa,
SIKI CTOCYIOTBCSI HOT'O 3/IaTHOCTI 3aJJOBOJIBHATH YCTAHOBIICHI U mepeadaveHi
MoTpeOH Ta SKICTh — SIK OJUH 3 HAHBAXKIIUBINIMX MMOKA3HUKIB, II0 BU3HAYAE
MONHUT Ha MPOJYKIIIO, 1 YacTO Ma€ BUpIIIANbHE 3HAYEHHS ISl JOCSTHEHHS,
MIATPUMKH 1 MiJBUIICHHS KOHKYPEHTOCHPOMOXXHOCTI. T00TO, OMmHI BueHi
BBaXKAIOTh, IO OiJIbIlIe MOTPIOHO OpIEHTYBATHCh Ha INOTPEOM CHOXMBada, a
iHIN — HA Jii KOHKYPEHTIiB MO0 BHITYCKY CXOXOI MPOAYKIli abo MOCIHyT.
HaiinonmmpeHimmM Ha ChOTOJHI € TaKe BU3HAYEHHS IOHATTS «AKICMbY — 1E
CYKYITHICTh XapaKTEPUCTHK O00’€KTa, SKi BiTHOCATHCS JO HOro 3JaTHOCTI
3aJI0BOJIBHSITH BCTAHOBJIEHI Ta mepeadayuyBaHi nmorpeou.

Jly1s BU3HAYEHHS SIKOCTI MPOIYKIiT HEOOXiAHO BUKOHATHU TaKi Jii.

1. BcraHOBUTH XapaKTEpPUCTUKM MpPOAYKIii, II0 BiANOBIJAIOTH
morpedaM CIIOKUBAYiB.

2. Bu3HauYMTH pearbHO MOXJIIMBI XapaKTEPUCTHKH MPOIYKIIi.

3. TlopiBHATH peasbHi Ta MOTPIOHI XapaKTEPUCTUKU TPOAYKIIII.

[MonsiTTs "sIKICTH NPOAYKIIT" SIK EKOHOMIYHA KaTeropis

Astop(n) | DopMymoBaHHS BU3HAYEHHS "sIKiCTh MPOAYKIii"

BignoBigHicTh Npu3HaAYEeHHIO

Joxypan  JIx. |IIpupaTHicTb Ui BUKOPHCTAHHS (BiNOBIIHICTE IPU3HAYCHHIO);
M. (1979) Ccy0’€KTHBHA CTOPOHA — CTYITiHb 33/JOBOJICHHS CI1O)KHBAYiB

Jlapian B.M. CyKyIHICTb BJIaCTHBOCTEH MPOIYKIIii, SIKi 310BONBHSIOTE IOTPEOH 1
BIANIOBIAHOCTI 3 ii MPU3HAYECHHSM 1 IIPY CYCILIBHO-HEOOXITHIX BUTPAaTaxX

BignosigHicTs morpedam cnoxuBavin

OeiirenbayM A.|3aranbHa CyKyHNHICTh ~ TEXHIUYHHX, TEXHOJNOIIYHHUX 1  eKCIUIyaTaIliHHHX
XapaKTepUCTHK BHPOOY abo IMOCIYyrH, 3aBISKH SIKHM BHPOOHM abo mociyru
OyIyTb BIAIIOBIIaTH BUMOraM CHOKHBAYa IPH 1X eKCILTyaTanii

AH(anoB A.A. |OauH 3 HaWBaKIMBINIMX MMOKA3HUKIB, IO BH3HAYAE TONMUT HA MPOAYKIIIO, i
4acTO Ma€ BUPIIIAJIbHE 3HAYCHHS JUIS JOCSATHEHHS, MiATPUMKH 1 ITiIBUIIEHHS
KOHKYPEHTOCIIPOMOKHOCTI

bananos JLM. |CykynHicTh CHOXKHBAI[BKUX BIACTUBOCTEIl MPOAYKII, 10 BH3HAYAIOTH CTYIIHb
ii BiIMOBIIHOCTI 3a/1aHiil KOHKPeTHIil BUMO31 y (hikCOBAaHUX BUMOTaX CHOXXHBA4a

CnoxkuBYa BapTicTh
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I'niveB A.B. IlpencraBisic  co0OH IOTEHI[IHHY MOMIIMBICTh 3aIOBOJBHATH BH3HAYECHY
noTpely, a CIOXKHBYA BapTiCTh BUHHKAE IPH Oe3M0CePEAHBOMY 3aCTOCYBaHHI

3aronokin B.M. |IIoHsATTs, sike XapaKTepH3ye BIACTHBOCTI TOTO YH IHIIOTO IpeaMery (BUpoOy) sk
CIIOXKUBAIBKOI BAPTOCTI

BignoBigHicTh BUMOram

bibik 10.B. CykynHiCTb ii BIacTHBOCTEH 1 XapaKTePHCTHK, IO 00 yMOBIIOIOTh 33 J0BOJICHHS
OTped CHOXKUBAYIB, PIBEHb 3aJOBOJICHHS SIKHX BU3HAYAETHCS (PaKTHIHOIO
BIJIMOBIIHICTIO TIPOAYKIIii BUMOTaM, sIKi 10 Hel BUCYBAIOThCsI, B TOMY YHCII 3
0e3MeKy JIIo/iel Ta HABKOJIUIIIHBOTO CePeIOBHIIA

Kpoc6i @. BiAnoBigHiCTh BUMOTraM, sIKi KOMITaHisi BCTAHOBHJIA ISl CBOET MPOIYKITIT
Inwi cepu

Taryti I BrpaTs (MiHIMaJIBHI), SIKi Hece CYCIiIBCTBO 3 MOMEHTY BUITYCKY IPOIYKIIT

Jewminr B. Sk pe3yJIbTaT B3a€MOZIT TPhOX CKJIAJOBUX: CAMOr0 TOBApY; CIIOXKHBava i

croco0y BUKOPHCTaHHS TOBApy Ta cepBicy 3 00CIIyroByBaHHS TOBapy

Bcmanoeneni nompebu 3adikcoBaHi B IpaBOBUX HOpMax, CTaHAapTax,
3aMOBJICHHSIX, JOrOBOpaX, TEXHIYHUX YMOBAX MOCTABOK Ta 1HIINX JOKYMEHTaX.
[MpuknagamMn BCTaHOBIEHHX HOTped MOXYTh OyTH BHUMOTH, SIKi OOTOBOpeEHi
NIPY MiANUCaHHI KOHTPAKTy, BUMOTH 3aKOHOJABCTBA IOAO0 BHKOHAHHS yMOB
OXOpPOHM  HAaBKOJMIIHBOTO  cepeloBHIIAa.  HeBUKOHaHHS  OinbmIoCTi
BCTAaHOBJICHUX  TOTpeOd  3YMOBJIIOE  aJMIHICTpATHBHY a00  IPaBOBY
Bi/IIOB1TAJIEHICTB.

Ilepedbaueni nompebu IOBUHHI OyTH BUSBJICHI Ta BU3HAYCHI. MarOThCS
Ha yBa3i OYIKyBaHHS, SIKI MU 3a3BHYail He (OPMYITIOEMO KOHKPETHO, alie
BITHOCUMO JO HamoJernuBux mobaxaHb. Hampukinan, mnepeabaueHUMU
noTpedamMu 10 BiTHOIIEHHIO J0 TaKoro 00’€KTy SIK OpraHizalliiiHa CTpyKTypa
MATIPUEMCTBA MOXYTh OYTH BiJICYTHICTH NMPOCTOIB, THYYKHI B3a€EMO3B’S30K
MPOAYKTUBHOCTI Mpali Ta pe3yabTaTiB poOOTH IpamiBHUKIB Bif IXHBOT
3apo0iTHOI IIaTH, pe3yJdbTATHBHICTH i KepiBHUKIB. [lo mnepexbaueHnx
moTped BiTHOCATHCS TAKOXK €CTCTHYHI BUMOTH, BiIOBIIHICTH MPOMYKIIT MO/,
3BHYKaM CIIO)KMBAYiB, HAIllOHAIIEHUM Ta KYJIETYPHUM OCOOJIHBOCTSIM.

VY Teopii 1 npakTHI YIPaBIiHHS SKICTIO BUAUISIOTHCS IBAa HAIPSIMKH:
SIKICTb TIPOAYKMIT 1 ynpaBiiHHS (MEHEHKMEHT) sIKocTi. ToOTo, TepMiH “SKicTh”
3aCTOCOBYETHCS TTO/IBIHHO — Y BiHOIIEHHI /10 MPORyKii (SKICTh MPOIYKIIT) 1
JIO CHCTEMH YNpaBIliHHA (CUCTEMa SIKOCTI).

Po3BuTOK cHCTEMHOro MiAXOAY [0 YIPaBIiHHA SIKICTIO IOYaB
CKJIaZIaTUCS 3 JIPYyroi MOJIOBUHM MHHYJIOTO CTOJNITTSA. Bymm po3pobieni pizHi
MOJIETI CHCTEMH yNpaBIiHHS SKicTIO nponykuii. OcHOBY KoOHHemNii
3a0e3MeueHHs AKOCTI Npu peaizarii moaerni A. deiirenbayma CKIIaJaroTh J1Ba
nonokeHHs1. [lo-mepie, CHOXXWBad4 MYCHTh OTPHUMYBAaTH TUIBKM SKICHY
MPOAYKIII0, TMO-JpYyre, OCHOBHI 3YyCHIUIS CNiJl CHPSMOBYBAaTH Ha KiHIIEBHM
KOHTPOJIb SIKOCTI. BiH ke 3anporroHyBaB MoJIeh 3arajlbHOI'0 KOHTPOITIO SIKOCTI
(TQC — Total Quality Control) i BBiB MOHATTS BapTocTi sikoCTi. [IpakTHuHy
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pearizaiito B MOBHOMY 0Ocsi3i I cucreMa orpuMana B SImoHii B pamkax
cucremu KanOaHn.

Mopnens Etrinrepa — Citrira, ska po3po0ieHa cremiaiicraMmu
€BporneicbKol opranizanii 3 KOHTPOJIIO SKOCTi, BPaXOBY€e BIUIMB TOIHTY Ha
SIKICTb ITPOJYKIii, Iepeadadae BUBYEHHS! pUHKIB 30yTYy.

Mopnens JIx. Jkypana — mo3adacoBa MpOCTOpOBAa MOJENb (CIipaib
SIKOCTi) — BHW3HAYAE€ OCHOBHI CTajii Oe3MepepBHOrO PO3TOPTAHHS POOIT 3
VIpaBIiHHSA SKOCTi, € MPOOOpa3oM 0araThbOX MOJENEH SKOCTi, pO3pOOJICHUX
mizHime. Mogenp mependadae  MOCTIHHE — JIOCHIIKEHHS  IONUTY  Ta
eKCIUTyaTallifHNX  IIOKa3HWKIB  SKOCTi, 1[I0 OOYMOBJIIOE  Opi€HTAIO
BHPOOHUIITBA HA BUMOTH CIIO)KUBAYiB 1 pUHOK 30yTYy.

Cnipany (nemns) skocmi — e KOHIIETITYaJIbHa MOJIETh B3a€MO3JISKHIX
BHJIB [ISUTBHOCTI, SKi BIUIMBAIOTh HAa SKICTh HA PI3HUX CTadiIX MEBHOI
JUSUTBHOCTI: BiJi BU3HAYEHHS NOTpPeO CHOXXKMBAya JI0 OL[IHKH iX 3a70BOJICHHSI.
[etns cnipani SKOCTI MOKa3ye MTOCIIIOBHE BiZOOpa)KeHHsI SIKOCTI MPOLIECiB Ha
SIKICTh KIHIIEBOTO PE3YJbTATy. Y3arajbHEHa SIKICTb pe3yJbTaTy IPEICTaBIIsIE
c00O0k0 CYKYITHICTh TIPOCKTHOI, BUPOOHUYOT Ta €KCILUTYaTaI[iifHOT SKOCTI.

HaBeneni Momeni cTaau OCHOBOIO PO3POOKM CHCTEMH YIIPaBIiHHS
SIKICTIO MTPOJYKIii B MPOBIAHUX KpaiHax CBITY.

BCTAHOBJIEHHA IIITHU HA HOBI MAIIIUMHU 3
YPAXYBAHHAM EKOHOMIYHOI EOEKTUBHOCTI

Pacnux €.I"., I'opowro O.B.
Xmenvnuyvkuil nayionanbnuil ynigepcumem, Yxkpaina

E-mail: vsf-83@rambler.ru

3a BIJICYTHOCTI IICHTPANi30BAHOTO BCTAHOBJICHHS I[IH HA HOBY
TEXHIKy, SK Le OyJlo 3a 4YaciB aJMiHICTPATHBHOIO YIPaBIliHHSA, CHOTOMIHI
BUpILIEHHS NpoOJeMH OOIPYHTYBaHHI M[iH Ha NPOAYKIiI0 BHPOOHWYO —
TEXHIYHOTO MPU3HAYCHHS BU3HAYAETHCSI MEXaHI3MOM Y3TO/KEeHHs edekTy i
L[iHA MK BUpOOHMKOM Ta CHOKMBayeM HOBOI Mpoaykiii. B yMoBax puHKOBOI
EKOHOMIKM IIell TpolleC HE pErjJaMeHTYEThCS JIepKaBOI, a BHPILIYETHCS
IUITXOM  CTBOPEHHS TMPO30pOi  CHCTEMH pPO3MOJUTY “IHHOCTI”  MiK
CIOXKHMBayYeM Ta (ipMOFo.

B 70-90 pokax MUHYJIOrO CTOJNITTS BITYM3HSHHUMHU BUEHHMH Oyria
BHCYHYTa Ta po3poOJieHa IUTiIHA i/ies] BCTAHOBJICHHS LiHM HOBOI MAIlMHU Ta
oOnajHaHHS BHPOOHMYO — TEXHIYHOTO TPU3HAYEHHS 3 ypaxyBaHHSIM
€KOHOMI4HOI e(eKTHBHOCTI, ane Iy i 3aCTOCYBaHHS B PHHKOBHUX YMOBax
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HeoOXi/He paJuKaJbHE IEePEOCMHUCIICHHS METOMIB PO3pPaxyHKY, 3MICTy Ta
MIPU3HAYCHHS] OCHOBHUX €JIEMEHTIB ITi€l CHCTEMHU.

HeoOxinmHO miAKpecnuTH, MO iCHYE JBa OCHOBHHX MOINISAIM Ha
Meroau (OpMYBaHHS IliH: BUTPAaTHHH (METOAM TIpymu “BUTpaTH IUTIOC”) Ta
LiHHICHUH (TaK 3BaHE aKTHBHE LIHOYTBOPEHHs). PO3XOIKEHHS JAYMOK MiX
MPUXWIFHUKAMHU LIHHICHOTO (@KTHBHOT'O) IIHOYTBOPEHHS! Ta LIHOYTBOPEHHS
Ha OCHOBI CO0IBapPTOCTI YITKO OKpECIIeHI 3a IBOMa ITO3HILIISIMH:

1. Poxi BuTpar B nporieci niHOyTBOPEHHSL.

2. Poxi o0csTy mpoax B IIHOYTBOPEHHI.

“Y BUINAJKy BCTAHOBJICHHS I[iIHM HA OCHOBI I[IHHOCTI, - BiMI4alOTh
T.Hern ta P.XonzeH, - minpoBa IiHa BCTAHOBIIIOETHCS HAa 0a3i OL[IHKM BapTOCTi
TOBapy JUIsl CIIOXKMBaya, a He BUTpaTax. [IpukiajiB 4ucTOro MiHOyTBOPEHHS Ha
OCHOBI IIIHHOCTI € He 0araTo, OJHaK YyCIIiX, SIKOTO BOHHU JIOCSTAIOTh, 3a3BUYal
Bpaxae”[1, C.21-22].

OTXe, NUJUTIO I[IHOYTBOPCHHS HAa OCHOBI I[IHHOCTI € BCTaHOBJICHHS
Takol 1I[iHW, 0[O TPWHOCHTH OUIBII BUCOKHHA MPHUOYTOK 3a PaxyHOK
3a0e3meueHHs] BHIIOI IIHHOCTI, a He 30unblIeHHs mpoxax. He ckiagHo
MIOMITHTH, 110 I[IHOYTBOPEHHS Ha OCHOBI IIIHHOCTI MO CYTi TOTO)XHO METOJaM
pO3paxyHKy IIiHM Ha HOBI MallMHM 3 ypaxyBaHHSAM EKOHOMIYHOL
epexkTuBHOCTI. BcraHOBNeHHs IiHM 3  ypaxyBaHHAM  E€KOHOMIYHOI
€(QEeKTUBHOCTI HOBHMX MaIllMH, KOJIH €(EeKT PO3IMOAUIIETHCS MK BUPOOHUKOM
Ta CIIOKMBAa4yeM, Ha Halll TOTJISL, HIYUM HE BiJIPI3HSAETHCS BiX “...OTpUMAaHHS
LIHHOCTI, KOJH i1 YacTHHa, CTBOPEHA /ISl TOKYIIIB, TOBEPTAETHCS KOMIaHii .

BaxniBHM eJeMEeHTOM B CHCTEMI I[IHOYTBOPEHHSI Ha HOBI MalldHHU €
HIDKHS MeXa X [iHu. Ha Hanry ;yMKy, MeTos po3paxyHKY HH)KHBOT MEXI1 iHH
Ha OCHOBI ITOBHOI CO0OiBapTOCTI HOBOI MAalIMHHU Ta peHTabenbHOCTI 0a30BOro
3pa3Kka MOXKe IPU3BECTH JI0 BEJIMKOI HEBU3HAYEHOCTI PO3PAXyHKY i1 BETMUUHH,
IO BHKJIMKAaHO HEBH3HAYEHICTIO BEJIMYMHM IIOBHOI COOIBapTOCTI HOBOL
MalllMHHY, 32 paxXyHOK HEOOXIJZHOCTI PO3MOAINY MOCTIHHUX BHUTpAT Ha PaHHIX
CTajisIX pO3pOOKM, KOJM MallWHa [I€ HE BHUTOTOBISETHCSA. 3aKiIaJaHHI B
PO3paxyHOK peHTaOeNbHOCTI 0a30BOr0 BHPOOY TAaKOX CIIOTBOPIOE BEIUUUHY
I[iHK, OCKUIBKH PEHTAOCIHBHICTh BHU3HAYAETHCS 3a JIOMOMOTOK ITOBHOI
cobiBaptocti. He migxoauTs Aisi po3paxyHKy HIDKHBOI MEXKI IIHHM METOZ
PO3paxyHKy ‘“BUTpaTH IUTIOC”, TOOTO JOMaBaHHS IO CyMH 3MIHHHX BHTpPAT
Ha/l0aBKH, OCKUIBKHM PO3MIP OCTaHHBOI € CYO’€KTHBHUM, BilipBaHUM BiJ
peanpHOI iH(pOopMAaIIii M IIPUEMCTBA Ta HE MOXe 3a0€3IIEYUTH PiBHOBHTIIHICTh
BUPOOHMIITBA HOBOI Ta 0a30BOi MAIlIMHU.

Ha namry nymKy, HEoOXiHO TEpErNITHYTH BUMOTH JI0 €KOHOMIYHOTO
3MICTY HIXKHBOI MEXI1 I[IHM Ta i TOJIOBHOI XapaKTEPUCTUKH — PiBHOBHI'IIHOCTI
BHPOOHHUIITBA HOBOI Ta 0a30BOi MamuH. [IOHATTS  PIBHOBHUTITHOCTI
MIPOITOHYETHCS TPAKTYBATH HACTYITHUM YHHOM: BUPOOHHUIITBO HOBOI Ta 0a30Boi

164



MAaIllMHA BBAXKAE€ThCS DIBHOBUTIAHUM, SIKIIO Map)KWHAJBHUA NPHOYTOK Ha
CHiBCTaBHUH 0OCST BUpOOHHIITBA HOBOI Ta 0a30BOi MalIMHKM OfHAKoBHH. Lle
JIOCSITAETHCST PO3PAaXyYHKOM HIDKHBOT MEXI LIHA BUXOZSYH 31 3MIHHUX (TIPSIMUX)
BUTpaT 1O HOBIA MaIIMH i3 ypaxyBaHHSAM KOE(DIIIEHTY Map)KHHAIBHOTO
npuOyTKy mo 0a3oBiii MammHi, ab0 cepeiHbOro MO MiANPHEMCTBY (SIKIIO
0a3oBa MalllMHAa HE BHIIYCKA€ThCS Ha MiMNPUEMCTBI - iHHOBaTtopi). Jlo
pPO3paxyHKy HIKHBOI MEXI LiHM aOCONIOTHO HE NPUHMAIOTHCS HaKIJIAJHI
BUTpaTH NPU BUPOOHUIITBI HOBOI Ta 6a30BOI MAIllMHU, SIK II0Ka3aHO y (hopMyti
(mo3HavueHHs A0 MaHoi Ta IHIMX (QOpMYJ, sKi OyayTh HaBelEHI y CTaTTi,
3rpynoBaHo y tabnumto 1).
i, - B (1)
1-K
Buxonsgun 3 eKOHOMIYHOrO 3MICTy BEPXHBOI MEXi I[iHM Ta Horo
3B’A3Ky 3 pPIYHMM EKOHOMIUYHMM e(EeKTOM CHOXXHBada, HEOOXiTHO TaKuUM
YMHOM MOJM(DIKYBaTH IIi THOHSATTS, 00 B yMOBaX PUHKOBUX BiJTHOCHH BOHH
BioOpaxkaJln peayibHi EKOHOMIYHI Tporecu. B rmepmry dYepry Hamu
MIPOITOHYEThCS MOIM(DIKyBaTH PO3PaxXyHOK PIYHOTO EKOHOMIYHOTO e(eKTy.
Tax, y Bigomiit hopmysti pi3HUII IPUBENEHUX BUTPAT, IOTOYHI BUTPATH, TOOTO
MOBHY CO0IBapTICTh MPOYKINI B chepi CIIOKUBAHHS, CITiJT 3aMIHUTH Ha 3MiHHI
BUTpaTH Ha OIWHHIO TPOAYKLII 3 ypaxyBaHHAM aMOpPTHU3AIiHHUX
BiZpaxyBaHb ( Bsu,, B,,,,)» @ TUTOMI KamitanbHi BKnajeHus ( K') — BianosinHo,

Ha 1iHy 6a30BOi MAIIMHK Ta HWKHIO MEXY LiHU HOBOI Matuuuu ( [],,I],, )-Taki

MITE

M1

3aMiHM JIO3BOJISITH JIIKBiJyBaTH BUKPHUBIIEHHS COOIBapTOCTi, IIOB’sI3aHE 3
METOJIaMH PO3IIOALTY MOCTIHHUX BUTpAT, BiOOpa3uTH B po3paxyHKax peajbHi
BUTpATH CIIO)KMBa4a Ha NPUI0AaHHS MOPiBHIOBAaHUX MAIHH.

Tao6muns 1 — [To3naveHHst 10 GOpPMyII.
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Iosnauenns Xapalcmepucmulca NOKA3HUKA

Oo Iina oxuHuI 6a30BOT TEXHIKK
H by Huwxus Mexa 1inu
I, BepxHs Mexka iHH

q p Iina npogaxy

yig JlimiTHa niHa
I
€, Piunnii ekoHOMIYHUH eekT
K KoedimnieHT MapxuHANBEHOrO MPUOYTKY 32 6a30BOI0 MALIMHOO

MITE

ACI 1 ACI 3MiHHI BUTpATH Ha BUTOTOBJICHHS OJMHHUII HOBOI Ta 6a30BOI MPOAYKIIil BiMOBIAHO
0

HH , Oo Iina HOBOI Ta 6a30BOT MAIIMHK BiAIOBIIHO

K., K. CynyTHi KamiTajlbHi BUTPATH
0’ 1

E, HopmaTuBHUii Koe(illieHT eeKTUBHOCTI KaIliTaJIbHUX BKJIaJJeHb
P, YacTka BigpaxyBaHb Ha aMOPTH3ALIII0

P, ButpaT Ha IPOEKTYBaHHS Ta OCBOEHHS HOBOI MaIlIMHU.

n KinbKicTb MallnH, SIKi IIAHY€THCS BUITYCKAaTH MPOTSTOM N POKIB.

Ai AO Piunnit o6csar BUpOOHUITBA MPOAYKIIT (poOiT) 3 BUKOPHCTAHHSIM HOBOI Ta 6a30Boi
' TEXHIKH B PO3PaxyHKOBOMY POILi.

P Hopma amopru3ariii.

K KoedimieHT po3moainy eKOHOMIYHOro e()eKTy Mik BHPOOHHKOM Ta CIIO)KHBadeM
HOBOI MallIMHU.

Piuanii exoHOMi4WHMII edeKT Bij 3acTOCyBaHHS HOBOi MAalIWHU
MIPOITOHYETHCSI PO3PAXOBYBATH HACTYITHUM YHHOM:
€, :[(Bwo+Uo'Ell)_(BxM1+U1'E/1)]'A1 (2)
Toni po3paxyHOK BEpXHBOI MEXi LIiHN Oy/e 3/11HCHIOBATHCS 32 HACTYITHOO
(dhopmyoro:
UB:UO.ﬂ_i_(B?Mo_B?Ml)"'EH'(Ko_Kl) 3
A, E,+P,

Hamu Oyno BuBeneno Qopmyiy pospaxyHky “[],” B OesnocepenHii

3aJIeKHOCTI BiJl piYHOro eKOHOMiuHOro edekty (€, ):

€
Oy=0,+ . Q)
E,+P,
Pospaxynku “ [],” 3a oboma (hopmynaMu MOBHICTIO CHIBIAJar0Th, aji€

nepesara Apyroi ¢GopMynu MOJAra€ B TOMY, IO IO-HepIIe, CIOXKHBAY
(3aMOBHMK) Ma€ iHpOpMAI[I0 TPO KOHKPETHY BEJIMYHUHY PIYHOTO
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€KOHOMIYHOT0 e(peKTy, YaCTHHY SKOTO BiH MOXKE€ OTPUMATH NP BCTAHOBIICHH]
LiHA TIPOJAXYy; MO-Apyre, Il (GopMysa JO3BOJISE 3IIMCHIOBATH PO3PaXyHOK
“I],” B yMOBaXx, KOJM HOBa MallliHa NpPU3HAaYeHa HE I BHPOOHMITBA Ta
00poOKHM OFHOrO HaliMeHyBaHHS BUpPOOy, a Juia 0aratboX, JO TOTO XK
pisHopiaaux. Pospaxynok “ [],” B Takux ymMoBax 3a (pOpMyINOK0 3 MPaKTHYHO

HEMOXKJIUBUH.
B po3paxyHKy JIMITHUX I[iH B IIUJIOMY CHOCTEpITarOTh JBI MPOTHICKHI
TEHJICHITIT:
- JIIMITHA I[iHA TIOBUHHA OYTH SIK MOXXHA OJIFKYE JIO [iHU 0a30BOI MAIIUHU
a00 J10 HIKHBOI MEXI I[iHH,
- JIIMiTHA I[iHA TIOBUHHA 3a0€3MEYHUTH CIOXUBAYy BiJHOCHE 3ICHICBICHHS
MPOAYKINT HAa OJMHHUIN0 KOPUCHOTrO e(deKTy, TOMy BOHa HAOJIKEHa 0
BEPXHBOI MEXKI IIHH.
3araJibHUM HEJONIIKOM 000X METOJIB € ITHOpYBaHHS B PO3paxyHKax
BHUTpPAT HA NMPOCKTYBaHHS Ta OCBOEHHS HOBOI Mpoaykilii. HamMu mpomonyeThes
MIEPETTITHYTH 3MICT Ta MPU3HAYCHHS JIIMITHOI IIHU Ta ITOB’SI3aTH HOT0 3 OfHIET
CTOPOHM 13 BUTpPAaTaMU Ha MPOCKTYBAHHS Ta OCBOEHHS BUPOOHUIITBA, & 3 1HIIOI
— 3 I[HOO MPOJIAXKY.
,=0,+ f()// (5)

>N
i=1

Ha BigmiHy BiJl NpakTHKd B YMOBaX IIEHTPaJli30BaHOI E€KOHOMIKH,
JIMITHA I[iHa TTOBHHHA OOMEXYBATH IIHY MPOJaXy 3HU3Y, TOOTO SK MPABHIIO,
[iHA MPOAAXy MOBUHHA JTOPIBHIOBATH, a00 OyTH OLNBIIE JIIMITHOI, TaK K B
OMY BHWIIQJIKy IIpOJaXHA MiHa 3a0€3NeYlTh IIOTallleHHs BHTpaT Ha
MIPOEKTYBAHHS Ta OCBOEHHS BUPOOHUIITBA HOBUX MAIIMH Ta 00OJIaHAHHS.

Po3paxyHok 1iHM TIpomaxXy 3 YpaxyBaHHSIM OOIpYHTYBaHHS
BH3HAYEHHS! HW)KHBOI Ta BEPXHBOI MEXI1 LIIHM 31HCHIOETHCS 32 (hOpMyIaMH:

_ & (6)
O,=0,+K, E, +P,
Ta H//ZHH'I'KP'(HB_HH)' (7)

B 3aranpHOMY BHIIISAI cXeMa OOTPYHTYBAaHHS LiHM HPOJaKy HOBOI
MAllIMHY TIpeICTaBIeHa Ha PUCYHKY 1.

[MocnigoBHICTH pO3paxyHKIB HACTYITHA!
1. Ha paHHIX CcTafisx NPOEKTYBaHHS Ha OCHOBI JaHUX KOHCTPYKTOPCBHKOI Ta
TEXHIYHOI JIOKYMEHTallil 3/iHCHIOETBCS PO3PAaXyHOK IIPSIMUX BHUTPAT Ha

BUTOTOBJIEHHS HOBOT MauIveu (B, ).

2. Busnavaethest KoeillieHT MapKUHAIBHOTO NpUOYTKY ( K, )-
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3. Ha ocHOBI po3paxoBaHMX IIOKa3HWKIB 3MIHHHX BHUTpaT Koe(illieHTy
Map)KMHAJIBHOTO NPUOYTKY 3HAXOAWTHCS HIDKHS MeXa IiHM  HOBOL

mammHu( 1], ).
4. BusHauaroTbcsi 3MiHHI (TIpsiMi) BHTpaTH 3 YpaxyBaHHSIM aMOpTH3aLlii
(Buo Ta Bj,,) mpn

eKkciuTyaranii 0a3oBoi Ta HOBOI MalIMHH, 1 BIANOBIJHO JBa BapiaHTH

Ta B, ) Ta 0e3 ypaxyBaHHS amoptu3amii (B

3M 1 3M 0

pO3paxyHKy BepxHboi Mexi tinn (L] ).
5. Pospaxosyetbcs JtiMiTHA 1iHa 32 Gpopmynoro( L] ).

6. B pesynbraTi y3ro/KEHHsS i3 3aMOBHHKOM PO3PaxOBYEThCS I[iHA MPOAAKY
HOBOI Maumnu ([] ).

B K Bci eneMeHTH pO3paxyHKY
3MH i e(peKTHBHOCTI ~MallUH B
chepi  BUpOOHUWIITBA  Ta
1, eKCILTyaTallii SIBIISIIOTH
B B co0OI0 €IMHY CHUCTEMY, IO
3M0 3M1 P,, N JTO3BOJISIE (dhopMmyTIOBATH
v v 3a/ladi Ta BUKOPHUCTOBYBATH
P \ KOMIT FOTEpHY TEXHIKY.
—E, |[e—1 4 |—
E, 4 i, - Crnony4HuM €JIEMEHTOM
JI
¥ v ! | PO3PaxXyHKy € BH3HAYCHHS
1 Ji4 ' | piuHOrO €KOHOMIYHOT' O
e e NS ' | edexTy y croxuBaua, SKMii
F d i | 3HAXOAMTBCS AK  PI3HHUIS
R-' d A K l

0 1 ' | IpUBEJICHUX  BUTpPaT B
| e .« .
) < ' | eKkcIUTyatauii — mpu iHI
T | i, |--- Tyatail pu
L S5 | HOBOI MAaIIMHU Ha PiBHI ii
HWKHBOI MexX1. Y BCIX IUX
Puc. 1. BcTanoB/1eHHsI iH HA HOBi MaLIMHHK 3 pO3paxyHKax abCOMOTHO He

YPaxXyBaHHSIM €KOHOMi4HOI e()eKTUBHOCTI. BHUKOPUCTOBYIOTBHCS

MOCTIWHI  (HakiIagHi) BUTpaTH, TOOTO HA BiAMIHY BiA MeETOHNIB, MIO
MPOITOHYBAJMCh B YMOBaxX LEHTPAIi30BAaHOTO YIIPABIIHHS EKOHOMIKOIO,
MOBHICTIO BUTPUMAHUH ITPOTUBUTPATHHUHN TTiAXi.
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IMPOsIBU BIVINBY gBITOBOi ®IHAHCOBOI KPU3H1
HA TEHAEHIII PO3BUTKY PEAJIBHOI'O 1
BAHKIBCHKOI'O CEKTOPIB EKOHOMIKH YKPATHA

Boguak Onvea [mumpiena
Vuieepcumem 6anxiscokoi cnpasu Hayionanoho2o 6anky Yxpainu (m.Kuis)
04070, m.Kuis, eyr. Anopiiscoka,l
Ten. 098 430 26 76; e-mail vovchak@lac.lviv.ua

XapakTepHOI0O PHCOI0 CBITOBUX €KOHOMIYHHMX BiJHOCHH CTa€
IHTEHCHBHUI PO3BUTOK (hiHAHCOBOI I100Ai3allii 13 3aIydeHHSIM HalliOHAIBHUX
€KOHOMIK JI0 CBITOBOT'O PHHKY KaIliTaly, MOCHJIEHHS 1X B3aEMO3aJIEXKHOCTI.

[Mounnaroun 3 II miBpiuus 2008 poky yepe3 HECTIPUATIUBHHA PO3BUTOK
TMIPOLIECIB Y CBITOBIH €KOHOMIIli, 1110 IPOSIBUBCS Y TIOTIpPIIEHHI KOH FOHKTYPH Ha
30BHIIIHIX PHHKAaX, 3MEHIIECHHI IHBECTHIIMHOIO Ta CHOXXHUBYOTO TOMHTY, B
VYkpaiHni modanu croctepiraTich KpH30Bi SIBHIAa B EKOHOMIIl 3arajoM Ta
0aHKIBCBKOMY CeKTOpi 30kpema. CBiTOBa (hiHAHCOBAa KpHU3a Todaiacs 3 Kpaxy
puHKy imoreyHux kpenutiB CIHA y cepnai 2007 poxy, me Oinbine
nornu6unacs 3a 2008 pik i y Bepecni 2008 BeTynua B 6ypXIuBy HOBY dasy. Ii
Iis BiAYyBaeThCs y BCiM TioOanbHIM (iHAHCOBIM cucTeMi, 30KpemMa Bce
O1JIBIIOI0 MipOIO B KpaiHax 3 pUuHKOM, 10 GopmyeThes [1].

[lepenymoBaMu BUHHMKHEHHSI CBITOBOi (hiHaHCOBOiI Kpusu Oyio
3HIDKCHHS BiJICOTKOBUX cTaBok DemepanbHolo pesepBHOO cucremoro CIIA
micnst moxiit 11 BepecHst 2001 p., micnst woro y 2002 — 2003 pokax movasocst
HEOOTPYHTOBAHE 30LTBIICHHS KiTBKOCTI BHJIAHWX IMOTCYHUX KPEAUTIB 1, 5K
pe3ynbTar, moyaia 3pocTaTH BapTicTh HepyxoMocTi. Bike y 2006 pori BuHHKIIA
npobJyieMa HEesIKICHUX KpenuTiB. BopHoWac KpH3a iMoTeuHOro KpeauTyBaHHS
3ayenuia i iHBECTHIiMHI OaHKW. BaHKpyTCcTBa Ta KpeauTHI BTpAaTH CBITOBHX
(iHAHCOBMX KOMITaHId TMEpeBHIIMIN MiB TPWIbiOHA nonapiB. Inmoreuna Ta
KpenuTHa Kpu3u 3mycwin Oureire 100 OaHKIB Ta 1HBECTKOMIIAHIN crimcaTu
$501,1 mapx [2]. Omxe, cBiToBa (blHaHCOBa KpHu3a 3a BCiMa O3HAKaMH BXKE
nepepocia B r106anbHy ekoHoMiuny. [i pyitHiBHI Aii i3 inaHCOBOrO cermenTa
€KOHOMIKM CBOTO/IHI Jenanmi Oijbllle NMEepeKHIAoThCsl Ha pPealbHUN CEeKTOop:
OynmiBelIbHY Taldy3b, aBTOMOOLICOYIyBaHHS, BHPOOHHUIITBO OYiBEIBHUX
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MaTepiajiiB Ta METaJIyprilo i, HapellTi, Ha BECh JIAHIIOT BUPOOHNYOTO TPOLIECY,
a/pke (iHaHCOBa cUCTEMa i peaibHa €KOHOMIKA — 1€ €MHE IIijIe.

BiguyrHumMu Hacmigku cBiToBOI Kpu3u € 1 aist kpain €C. Excrieptu
3a3HA4aloTh, II0 E€KOHOMiKa €BpOCOIO3Y, /O SIKOrO BXOOUTH 27 KpaiH, He
BHIIPOOOBYBaja Hidoro momiOHoro 3 pemecii 1993 poky. ¥ Bcix cekTopax
BiJI3HAYAETHCS Pi3Ke 3pOocTaHHA 3BibHEHB: y 2008 p. B 15 meprkaBax eBpO30HU
poboui wmicus BTpatwio Bxe mnoHany 600 tucsy womosik [3]. Bim Opaxy
JIKBIJTHOCTI OaHKM Pi3KO OOMEXHIM KpeAUTYBaHHS, 110 3MyCWJIO BHUPOOHUYI
MANPUEMCTBA TEPEHTH B PEXKHUM EKOHOMIi, 3MEHIIYIOYHM BHTpaTH 1
CKOPOYYIOYH MEPCOHAIL.

Kpwuza, Big sikoi moTepnatoTh (iHAHCOBI PUHKH CBITy, HE OMHUHYJA i
Vxpainy. Ilix BruMBoM ri100anbHOI KpH3M €KOHOMiKa YKpaiHH TepeXHuBae
MaJio He HaWOijble BUNPOOYBaHHS 3a BCIO CBOIO icTOpito. B ykpaiHChKiit
eKoHOMIIIl (hiHaHCOBa KpU3a Mae KijbKka nposBiB. [lo-niepie, ykpaiHChKi OaHKH
3IIITOBXHYJIUCS 13 KPHU30K0 JIKBIMHOCTI 4Yepe3 OOMEXKEHHS JOCTYIY JIO
3aKOpAOHHUX KPEIUTIB, SIKi KiJJbKa OCTAHHIX POKIB OYJIM OCHOBHHMM [[KEPEIOM
30inblIeHHss 00csTiB  KpeauryBaHHs. [lo-gpyre, kpuza B KHTJIOBOMY
OyIIBHMIITBI, BUKJINKaHAa 3HAYHUM CKOPOUYEHHSM IMOTEYHOTO KpPEAWTYBAHHS
O0aHKaMH Ta TIOOOIOBAHHSIM IIOJIO ITOBTOPEHHS aMEPHKAHCHKOI 1MOTEYHOI
Kpu3u B YkpaiHi. [lo-Tpere, picT 1iH Ha eHeproHocii HaJI3BUYalHO CEpHO3HO
BIUIMBAE Ha BCIO EKOHOMIKY YKpaiHH, OCKUIBKH aBTOMATHYHO ITPU3BOJIUTH J10
3pOCTaHHs ILiH Ha OUIBIIICTH TOBapiB Ta IOCIYT, BUPOOJIEHWX B YKpaiHi.
Haii6inpim ycmimHi 32 OCTaHHI POKHM CEKTOpPU €KOHOMIKM — OaHKH, TipHHYO-
MeTajJypriiHa MpPOMHCIIOBICTh Ta HEPYXOMICTh — OIMHWIINCS Ha II0pO3i
obBaiy. Y cepmHi 2008 poky B YkpaiHi BHepIiie, MOUYnHAOUN 3 KOBTHS 2002
POKy, BifOyrocs 3MeHIIeHHs OOCSTiB BUPOOHHUIITBA MPOMHCIOBOI HPOAYKINT
JIO BIAMOBIAHOTO MICSI[SI TONMEPEAHBOT0 poKy Ha 0,5%, 30kpema, B MeTamyprii
— Ha 8,6%, xiMiuHiIi mpomucioBocti — Ha 9,1%, y BHpPOOHHITBI KOKCY,
mponykTiB  HadromepepoOku — Ha 4,9%. I3 Toro wacy curyamis B
€KCIIOPTOOPIEHTOBAHMX CEKTOPaX E€KOHOMIKH MOTipIIMIIACS, CIOCTEPIraeThes
katacTpoiyHMi crHaj BUPOOHUITBA. BiATak came eKCIOPTHO-OpPI€HTOBaHi
raimy3i Oylu OCHOBHHM JIBUTYHOM 3pOCTaHHsS €KOHOMiku Ykpainu [4]. I, mo-
YeTBepTe, Uepe3 JIOCUTh 3HAUYHHUI piBEHb IHTErPOBAHOCTI EKOHOMIKU YKpaiHU B
3araJbHOCBITOBY €KOHOMIKY, 3pOCTaHHS pIiBHS CBITOBOI iHQUIALII CyTTEBO
BIUIMHYJIM Ha picT iHGunii B Ykpaini. 3 2009 poky 1iHM Ha ra3 3HOBY 3pOCIIH,
a 11e MPU3BEJIO JI0 NMOJOPOXKYAHHS, MEepI 3a BCE, [iH Ha EKCIIOPTHY MPOAYKIIIO
VYxpainu (4OpHHH Ta KOJIHOPOBI METAH, MPOIYKIIis XIMIYHOI POMHUCIOBOCTI)
[5].

[Ile ogHMUM HACHIOKOM CBITOBOI (hiHAHCOBOI KPHU3H, MPOSIB SKOTO MU
BXKE CIIOCTEpIraeEMo, € 3pOCTaHHs 0e3polITTS B YKpaiHi. BimOyBaerbes 1ie
yepe3 Te, 1O (hiHAHCOBA KpHU3a BIUIMBAE Ha OYAiBENbHY, METaIypriiHy,
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XiMiYHy 1 OaHKIBCHKY Taxy3i YKpaiHChKOi E€KOHOMIKH, i€ CIIOCTEPIraeThCs
MaJiHHSA BUPOOHWYMX MMOKA3HUKIB Ta, SIK HACIIJIOK, 3BUILHECHHS MpAIliBHUKIB.
CKopo4eHHsI BUPOOHUIITBA B METANyprii Ta XiMiYHId MPOMHCIOBOCTI TEX €
MIPUYMHOIO 3BUTFHEHHS MPAIliBHUKIB 1 3SMEHIIICHHS PO3Mipy iX 3apIuiati [6].

HecrabinbHa cuTyamis 13 HalliOHAJBHOI BAJTIOTOID 1 JIOIapOM
CIpPUYMHMIIA BiATIK KOWITIB 3 OaHKIBChKOI cepu. 3a mannmu HarioHamsHOro
0aHky Ykpainu, oocsr nerno3utis Ha 01.01.2009 p. cranoBus 359,7 mupa. TpH.
3a 2008 pik TeMIH 3pOCTaHHs JCMO3UTIB CTaHOBWIN 126,7 mpotu 152,7% Ha
kineup rpyass 2007 poky. ¥ ciuni 2009 poky BiTiK IEMO3UTIB 3 YKPaiHCHKUX
6ankiB ckiaB 21 mapa. rpH..1le cBiquuTh po BTpaty 1oBipH 10 OaHKiB [7].

3a OIiHKaM{ E€KOHOMICTIB OYiKyBaHWH 00Bajl PHHKY HEPYXOMOCTI,
3HW)KEHHS L[IH Ha TOBApH, SIKi CTAHOBJIATH OCHOBY YKPaiHCBKOTO €KCIIOPTY, i
NmajiHHg KypCcy TpHBHI HEraTMBHO TIO3HAYMIMCA Ha  CIPOMOXKHOCTI
MO3WYaJIbHUKIB BUKOHYBAaTH CBOi 3000B’S3aHHs. 3 YIOBUIBHEHHSM TEMIIiB
3poCTaHHA KpeauWTyBaHHA (32 mepmmx ciM  wicsamie 2008 p.  oGcsr
KpeauTyBaHHS IOpUANYHUX 0cib 3pic Ha 22,4%, a GpiznuHnX — Ha 27%, mpotw,
BignoBinHO, 63 1 98% 3a moBHuit 2007 pik) yacTka NMpoOJEMHHX KpEIUTIiB
JIUIIE 301TbITyBaTUMEThCS [8].

CporofiHi KJIIOYOBMMH TpoOJieMaMH pO3BUTKY OaHKIBHHMITBA B
VYkpaiHi € TATh TOJOBHUX: BHCOKMH pIiBEHb TPOLEHTHHX CTaBOK 3a
0aHKIBCHKMMH KPEANTaMH, po30allaHCOBAHICTh CTPOKOBOI CTPYKTYPH ITOIHTY 1
MPOITO3HILIiT Ha TPOIIOBOMY PHHKY; HHU3BKMH piBEHb Kamitamizaiii OaHKiB,
CITa0KICTh CEKTOPY JepKaBHOTO OAHKIBHUIITBA, HAJMIPHA 1 3arpO3JIMBA YacTKa
MIPUCYTHOCTI 1HO3EMHOro KariTany y OaHKiBChKiH cucremi. Bci 1 Baam
CIPUYMHSIOTH CEPHO3HI MEPEeKOCH B €KOHOMIII 1 0OMEXYIOTh ii MOMKIIMBOCTI.

HeratuBHi TeHneHIii PO3BUTKY €KOHOMIKH Ta OaHKiBCBHKOT
cucreMn Ykpainu nepenecnucs Ha 2009 p., mpo mo cBifgdath Taki AaHi,
HacaMnepe]], MAKpOeKOHOMIYHOro po3BuTKy Ykpainu: BBII y I miBpiuui 2009
p. 3amuBcs Ha 19,1 %; oOcsAru MpPOMUCIOBOrO BHPOOHHUIITBA 32 8 MiCAIIB
ckoporwiucs  Ha 29,6 %;luBectnnii B ocHoBHME Kamitan y | miBpiuui
ckoporwincsi Ha 43,3 %; peanbHi 10X0OIM HaceleHHs 3a | KkBapTan BHaau Ha
12,9 %; iHmeKC CITOKUBYHMX IIiH 332 CEpICHb MOPIBHAHO 3 ceprHeM 2008 poky
3pic Ha 8,2 %; oOcsT iHO3EMHUX MPSIMUX IHBECTHIIIH 3a | miBpiyds cTaHOBUB
2,5 mapna. mon. CIIA, mo y 3,2 pasu MeHIe, HiXK 3a BIAMOBITHUHN mepiof
MUHYJIOTO POKY, @ BiJ'€MHE CaJb0 3BEJCHOrO IUIATIXHOI'O OalaHCy JOCSTII0
10,2 mapn. mon. CILIA [7;9].

Y rpomoBo - kpemuTHii cdepi cramom Ha 01.10.2009
crioctepiraaucs TaKi TEHJICHI1:

- TpomoBa Maca 3MeHNmIack Ha 8,9 % mo 469,6 Map. TpH.;
- MoHerapHa 0a3a 3smeHmnmIack Ha 1,6 % mo 183,6 mupa. TpH.;
- pediHaHCcyBaHHS OaHKIB CKJIaso 59,6 MIIpI. TPH.;
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- o0car MoOLITI30BaHNX KOIITIB CSTHYB 72,4 MIIpJ. TPH.;
- BUKYN Jiep)kKaBHUX oOmirauiid Ykpaiau 3niiicHeHo Ha 27,7 MIIpA. TPH.;
- obcar koppaxyHKiB 3MeHmuBcs Ha 13,8 % no 16,0 mupa. rpH.;
- 00csr rotiBku mo3a OaHkamu 3MeHIUBCS Ha 3,8% mo 148,9 mupa. TpH.;
- piBeHb MOHETH3AIliT eKOHOMIKH 3pic 10 47,1%);
- obnikoBa crapka HBY 3 12.08.2009 3menmiena 3 11 % mo 10,25% [7;9].
1o >k 1o OaHKIBCHKOTO CEKTOPY, TO B YKpaiHi BiH € BIIHOCHO CITA0KHM.
CrOro/Hi BiJTHOIIEHHS aKTHBIB BiTUr3HAHMX OaHKiB 10 BBII nopiBrroe tpoxu Ouiblie
100 %, Tomi sk B kpainax €C BOHO craHOBUTH B Mexkax 350 %, IO CBITUMTH PO
«KApITUKOBDY PO3MIPH BITUMBHSIHOI OAHKIBCBKOI cricteMd. OCHOBHI IMOKa3HUKHU
IisTbHOCTI OaHkiB Ykpainu cranoM Ha 01.10.2009p. xapakTepu3yrOThCs
TAKUMH JaHUMH:
- 3aranbHi aktuBH — 988 muip. TpH. (85 Mupa. €BpO);
- kpeautu HamaHi — 770 mupa. rpH. (66 MIIpII. €BPO);
- 3000B’s13aHHs — 772 Mupa. TpH. (66 MipI. €Bpo);
- komrrd ¢ismgHEX 0ocid — 201 map. rpH. (17 Muipa. €Bpo);
- kourru cy0’extiB rocnogaproBanss — 119 mupa. rpa. (10 mipa. €Bpo);
- perynstuBHuH KamiTan — 128 mupa. rpa. (11 mupa. eBpo) [9].
3arasipHa XK KiJIbKICTh OaHKIB, 3apeecTpoBaHHX B Jlep:kaBHOMY peecTpi
6ankiB ctanoM Ha 01.10.2009 p. cranoBmia 198, a KiIBKICTh JiFOYUX OaHKIB —
185. KinbkicTh 6aHKIB 3 iHO3€MHHUM KarliTajoM 3pocia 10 51, 3 Hux 17 6aHkiB
—11e 6anku 3i 100% iHO3eMHUM KarmiTajoMm. [9].
3a pgaHmx OOCTaBMH ChHOTONHI Yy OaHKIBCBHKiM cucremi YkpaiHu
YTBEPKYETHCS TIONITUKA 1 MPaBWiIa, 3a SKUX BEIUKI OaHKA MAlOTh IICBHI
TepeBaru HaJ MajauMu OaHkamu. Benmuki OaHKW 3aTHI IiJBUIIYBATH JIOBIPY
JI0 CBOEI HAJIMHOCTI HE TUIBKM 3aBASKM TapaHTiiHIA QyHKOii BiIacHOro
KariTaiy, a i 3aBJISIKM CHHEpTiuHii /ii YNHHUKIB BEJIMYMHHU Ta MaclITaOHOCTI
OaHKy.
3 Metoro mpotuii BruuBy (inancosoi kpusu HBY 3nilicHeHo HU3KY
3aXOIiB, SIKi MO)KHA BiJIHECTH TAKOX JI0 CTa0LIi3aIlifHUX, 30KpeMa:
*  CIIPONICHO MPOIIEYPH MOTO/HKCHHS CTAaTyTiB OaHKIB Ta
peecTpaniiHuX npoueayp OaHKiB;
*  3aIPOBAPKEHO MPOLEAYPY KPEAUTHOI MiIATPUMKH OaHKIB y pasi
3arpo3H ix cTabiIbHOI PoOOTH;
*  cxBajeHO PexoMeHnanii cToCOBHO MpOOJIEMHHX MMO3MYAIbHHUKIB-
¢iznuHuX 0cib;
*  MPOBEJICHO MOBHE JIarHOCTHYHE OOCTE:KEHHSI OaHKIB;
*  BBEJEHO OCOOJIMBUI PEKUM KOHTPOJIIO 32 JisUIBbHICTIO OaHKIB IIIIIXOM
MIPU3HAYEHHS! THMYACOBHX KYpaTOpiB;
*  BHECEHO IPOMO3uIlii Ha po3rissy BPY miono 3akoHOMaBYOT 3MiHU
CTOCOBHO po3mmpeHHst GyHK1ii PoHy rapaHTyBaHHS BKIJIA/IIB
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¢i3n4HUX 0ci0 Ta 3aKOHOIABYOro 3a0e3MeueHHs] pOOOTH MI0/I0
pecTpyKTypH3aIii OaHKiB
BonHouac TpuBaicTh CBiTOBOi (hiHAHCOBOI KPH3HM Ta IMOINIMOJIECHHS il
BIUIMBY Ha YKpaiHy mnoTpeOyroTh aJe€KBAaTHUX AHTUKPH30BUX 3aXOJIB.
OcHoBHi HanpsiMu, o0Opani HBY, st BUXoxay i3 KpU30BOro crany 0aHKiBChKOT
CHCTEMH 3arajioM , CTOCYIOTBCSI TaKOTO:
*  crabimizanist piHAHCOBOTO PHHKY Ta HAI[IOHAJIBHOI BAIIOTH;
*  MiATPUMKA JIKBIJHOCTI i INIATOCIPOMOXHOCTI YKpaiHCHKHUX OaHKiB;
*  3a0e3reveHHs 3AIHCHEHHS OaHKaMH PO3PaxXyHKIB 1 IUIATEXiB KITI€HTIB;
*  IJBUIICHHS JOBipU HACEIICHHS JJO OAHKIBCHKOI CHCTEMH.

Haiiomwkunm  vacom OaHKaM JIOBelEThCS, KpiM  KpeaUTyBaHH,
PO3BMBATH ¥ iHII BHIM AisUIBHOCTI, HANPUKIIAM, BIPOBAKYBATH IMPOIYKTH,
TIOB's13aH1 3 IMCTAHIIHHUM OOCITyrOBYBaHHSM KIIIEHTIB, a caMe MOOLIBHOTO Ta
IHTEpHET - OaHKIHTY, SIKI KOPHUCTYIOTHCSl BEIMKHM IIONMTOM Ha 3axofi i sKi
NIPUHOCATh OaHKaM HOpMaibHUI mpuOyrok. ChoromHi B Ykpaini jwmme 10
0aHKiB HaIaI0Th Taki mociyry. [loctynoBo OaHku OyayTh Opi€eHTYBaTuCs i Ha
JITIO3UTHI, 1HBECTHLINHHI Ta cTpaxoBi mpoaykTH. O4YeBHIHHM €, IO MiCIsA
KpU3U CTPYKTypa JOXOMAiB OaHKIB 3MIHUTHCA. SIKIIO 3apa3 Ha MPOICHTHUIH
JIOX1JT BiJl KpeAWTYBaHHs Npumanae 1m0 85 % OaHKIBCHKOI BUPYYKH, TO MiCIs
KPH3H el TIOKa3HUK 3HIDKYBATHMETHCSI.

IIle onHiero mpobieMoro GaHKIB 3amumaeTbest Aedinut kowmris. [Ipu
LIOMY 30BHIIIHIA PUHOK Kamitamy Oyae i Jayi 3aKpUTHM ISl YKpaiHCHKHX
(iHAHCOBMX YyCTaHOB. A THX KOWITIB, sKi OyAyThb BIIMBAaTH 1HO3EMHI
MaTEPHUHCHKI CTPYKTYPH B CBOi JIOWipHI MiIPHUEMCTBA, Oy/ie HEJOCTATHHO IS
PO3BHUTKY OaHKIBCHKOI CHCTEMH. 32 TaKMX YMOB OaHKaM JIOBEIETHCS 3aIydaTH
pecypcu Ha BHYTPIIIHBOMY pHUHKY. A 16 BHMaraTuMe KOHCOJijamii
0aHKiBCBKOTO CEKTODY.

3arajioM 3a TpoOrHo3aMu OaHKIpIB y TEPCHEKTHBI PO3IBUTOK
0aHKIBCHKOI CHCTEMH KOpPEIIOBATUME 31 3pOCTaHHAM eKoHoMiku. Tak, 3a
nporao3Horo 3pocrands BBIT y 2010 p. Ha piBHi 3 %, MOKa3HUKH AisUTEHOCTI
0aHKiB 3pOCTYTh MakcuMyM Ha 5 %. SIkmio exoHoMika Oyae majmaTe, TO i
OaHKIBCbKa CHCTEMa CKOPOTHUTHCSI.

Ha nmanmii yac 0araTo aHANITHKIB CXHJIbHI BBaXaTH, IO CBIiTOBa
€KOHOMIYHa KpH3a MHUHYJA 1 CBITOBA €KOHOMiKa BXKE CSTHYJA «IHA» KPHU3H 1
Ternep TOYHEeThCsl BifgHOBIEeHHSA. OpHak, ¢daxiBui OaHKIBCBKOI CIpaBU
BBaXKAIOTh, 110 IPOOJIEMH T100aIbHOI  (PIHAHCOBOI CHCTEMU 3apa3 CUTYaTHBHO
BUPILIYIOTECSI 32 PaXyHOK 0araTOMiJIbSIpJHMX BIIMBAaHb KalliTady y CBITOBY
eKOHOMIKY T1eHTpansbHuMu Oankamu CIIA, Smownii, Kurtato Ta €Bporm. Lli
rpolIi MOXYTh IOMOITH CBITOBiIH €KOHOMIII ITOJONATH KPH30Bi SBHIIA, alle
TIIBKM B KOPOTKOCTPOKOBIHM II€PCHEKTHBI, TOAI SK TIJI00aibHI NpOoOIEeMHU
CBITOBOI €KOHOMIKH, SIK OT BHCOKHH piBEHb 3aKpEIUTOBAHOCTI HACENEHHS i
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KOMITaHiH, He30a1aHCOBaHICTh €KOHOMIK Pi3HHX KpaiH, My3Wpi, 10 BHUHHUKIH
Ha pI3HUX PHHKaxX 4epe3 JOCTYIMHICTh O JEUIEBUX KPEAWTHHX TpOLIeH, Ie
3aJIMIIAIOThCS HEBHPIMIEHUMH. TOMY CHOTOIHI MOXXEMO IPUIYCTHUTH, IO
iCJIS 3aKiHYEHHS CBITOBOI KPH3H BITYM3HAHY OAHKIBCBKY CHCTEMY IOTPIOHO
Oyne 3HOBY BiOYJAOBYBaTH, BHKOPDHCTOBYIOUHM IIO3UTUBHHH  JIOCBiJ
TIoTepeTHIX POKiB.

BonHouac, kpiM pATyBaHHS OaHKIBCHKOI CHCTEMH, IIOCTAa€ 3aBJIaHHS
3armo0iraHHsl 3arpo3aMm Juis PEaJIbHOrO0 CEKTOpY HalliOHAJIBbHOI EKOHOMIKH,
30eperkeHHs! il KOHKYPEHTOCIPOMOXHOCTI.
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The global postal market is related with the inter-governmental and
multilateral relationships and negotiations about the delivering of postal items.
The quality of international postal services was periodically evaluated by the
tests of Union Postale Universdlle; quality of national services was evaluated
by national rules mainly by independent firms on the order of regulation body.
Of course, the traditional access to evaluation of quality in postal industry has
changed over the last years the methods and tools. The creation of the
European single market also in the area of postal services opens up protected or
regulated national markets. From the point of view of postal service quality,
evaluation of quality at postal operators is important the same sense of
indicators, tools, numbers etc.

Quality of service in the postal industry is the multilateral term and
has a lot of definitions, that can be divided by the areas for measurement of
quality, by the kind of service or item, by the rules assert in the country.
Generally, the crucial point is the definition of postal service, universal postal
service and regulation rules. Postal services include posting and collection of
postal items (‘clearance’), sorting of postal items in distribution centre, their
transport and delivery to addressees (‘distribution”) and postal payment service.
Universal Service is a set of permanent postal services provided at affordable
prices (hereafter referred to as 'postal charge) under the same conditionsand in
determined quality accessible to all users at access points. In the Slovak
Republic the Postal Regulatory Authority determines the quality requirements
for providing the universal postal service as annex of the Postal licence
“Requirements for the universal postal service quality” and controls
observation of them. The universal postal serviceis set of postal services that
are accessible to each citizen living on the teritory of the Slovak Republic
under determined conditions and quality.

Aress for quality measurement in the postal industry can be sdlected
to three levels: the postal system or demand aspects of postal services, postal
infrastructure and efficiency aspects[1,2]. The postal system can be describing,
comparing and analyzing at aggregate level by intensity of postal services of an
economy, the postal service sets and productivity. The provision of posta
infragtructure is a prerequisite for postal services and an important condition
for economic and administration activities. Quality aspects of posta
infrastructure include:

- Genera aspects — planning process of postal network, organizationa and
spatial accessibility, geographic coverage, availability of information and
payment systems etc.
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- Costs—investment, operationa and maintenance costs

- Operational aspects — security, speed and reliability, service availability,
pricing systems etc.

- Principle of equality of users and transparency of commercial condition of
postal services.

Efficiency aspects include performance characteristics of postal
network (density of post offices per km? or number of inhabitants per post-
office), percentage of post-offices equipped by IT, infrastructure quality
perception (survey results), pricing schemes

In terms of genera definitions, quality in posta service is
characterized as postal company behaviour that results from accepted and
declared aims from both business and social aspects, and represents a level of
perfection that addresses the customer. In this context, quality management in
postal services is a set of methods and activities with diagnosing and
preventive approach to the making of a postal product, while with formation
and transference of value to the customer, his or her expectations are more than
met. Diagnostics and measurement of the quality are the basis of measures as
for efficiency improvement of the whole postal technological system in
connection with customers expectations as well as competition and regul ator
behaviour. The diagnostic approach applied to the system of quality
management must be orientated on each criterion of a postal company profile.
The phases of diagnostic procedures:

1. introduction that includes the selection of diagnostic object, qualitative
andysis of diagnostic procedures and the formulating of diagnostic
checking,

2. thelettering of system development and condition of environment e.g. the
measurement, the devel opment and condition of behaviour

3. the diagnostic checking e.g. the comparison of behaviour in posta
company with testing criteria and identification of normal state and its
maintenance and classification of problem types

4. diagnogtic analysis, e.g. analysis of problem reason, analysis of problem
consequences, forecast of next devel opment of problem

5. diagnostic formulation of corrects measures and verification of efficiency
of measures

6. conclusion that provides the proposals for eimination of a problematic
process and for a new method of realization of a postal product which
would attempt maximal satisfaction of all customer’s needs.

Quality of postal servicesisof course a matter of trangit times. The table

1 includes the view of the standard end-to-end measuring transit time methods

of domestic and cross-border mail and aso the modern tools for monitoring
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items moving, transit time, the items flow density between sorting centres etc.
by using the information technologies [2]. The different of these methods
issued from the goal's and the realisation style, e.g. measured Process Phase (1%
- clearance, 2™ -transport, 3¢ - délivery), internal or external redlisation
(independent contractor), tests items or real mail, measurement frequency,
number of panellists, total mail flow between defined postal aress, etc.

The Postal Regulatory Office in SR determined standards of
fulfilment of the timeliness for transport of postal items of the universal service
to the universa service provider. The universal service provider is obliged to
ensure execution of measurement of quality by an independent body to prove
fulfilment of the quality standards.

Effectively and systematically applied diagnostics in postal service
can be very useful if we can assess the context in which abnormality problems
arise, and if we can correctly identify the main problems in technological
system of postal activities and processes.
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Tablel
Measured | Measurement Type of .
Method Redlisation Process Frequency measured Measured mail
Phase (per annum) medium type
National Measuring Systems
Ordinary
End-to-End External from 1% to letter-post
(full-area (independent o minimal 1 Test items items
measurement)* contractor) Recorded
items
End-to-End 1% or 2™ Ig;g:??;
(specific External rd minimal 1 Test items ;
measUrement)* * or3 items
Recorded
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items
1% or 2™ ) Recorded
End-to-End Internal or 3 at need Real mail items
Mail bags
International Measuring Systems
Ordinary
) letter-post
Nd s % %
UPU Internal 2 4 Real mail items Postal
parces
U PUEE]gd'tO' Internal 1%, 2™ 3¢ 1 Testitems | Priority items
1% or 2™ ) o
PostEurop Test Internal or 3 3 Testitems | Priority items
from 1% to
3 Yearly 1% class
UNEX Test External or (fromtimeto | Testitems international
1% or 2™ time) mail
or 3¢
from 1% to
) 3 Yearly 1% class
(L:I’\cl) tEt);lt_l 'r:e) External or (fromtimeto | Testitems international
p 9 1% or 2™ time) mail
or 3¢
Other Measuring Systems
Recorded
Track and Trace | Internal*** 1%, 2m 3¢ yearly Real mail |temsa(lﬂgtlonal
international)
Real mail L
CAPE**+* Internal o yearly (mail | Pricrityitems-
PRIME
bags)

* Full-area respect universality of postal services (covered whole postal territory)

** Specific measurement — one of the three phases transportation process
*** Monitoring postal itemsin the whole transportation process (using also for customers)
**** Measuring from the office of exchange to the ddlivery office

INCREASING THE QUALITY OF PEDAGOGICAL
PREPARATION FOR UNDERGRADUATE STUDENTS
THROUGH MICROTEACHING
Prof. Ing. Jan Bajtos, CSc. PhD.

Education Department, Faculty of Arts, P.J.Safaric University, Moyzesova 16, 040 01 Kosice,
Sovakia,
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There is a close relation between upbringing, education and society.
Since upbringing and education has been preparing youth and aso adults for
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life and work in future, it is necessary to foreseen society development. And
conception of education should be proposed so that it would be able to react on
changes. For society based on information (informational, learning society) is
information the determinant source of development. Crucia role for
functioning society plays an education, which should ensure that people would
be able to orientate themselves in a wide range of information; they would
understand and use all information for their benefit and also would be able to
form new information. There is a need to increase students? interest in
education, their ability to learn effectively through the whole life and that they
would be able to adapt flexibly to changing life conditions. In a society based
on information, a formal school environment is getting loosing its position as a
source of information and more attractive mediums are becoming predominant
(TV, video, PC, multimedia, internet and etc.). Fundamental different skills
will be needed for present teachers and pre-service teachers as it was in
previous years. We assume that, with the change in quality of teacher
preparation is possible to obtain that pre-service teachers will have a good
preparation for their teaching profession.

Requirements on the quality of preserviceteacher preparation

Evaluation of the quality in thefield of education is aprocesswhich is
based on definition, choice, analyses, interpretation and usage of information
for improving the quality of teaching process and student own development
(Ratcliff, 1998). Categories of quality in teaching process have not been
surveyed from all viewpoints yet. From the view of teaching, it is crucid
problems. The issue of the quality in educational institutions, the quality of
methods and techniques occurs with urgent necessity also in this period of
democratisation and humanisation of our school system. Nowadays there are
increasing requirements in qualification (Bajtos, 1998). The term a quality of
education (teaching, learning) is aterm without long tradition, it has been
explained from several point of view and approaches, but has not been
precisdly defined yet. There are not sufficiently defined the ways of
examination of the quality, but also there is a lack of a system for criteria of
quality. In our and foreign pedagogy there is a wide range of works, which dedl
with the quality in educational process. Concern about the quality of education
was predominated in pedagogical discussions in the 80%. There was an
opinion, that democratisation of education, especially in countries which had
adopted model of ,,cohesive school”, leaded to decreasing of reached standards
in education. This means, that a school were predominated approaches in
which weaker students were in better positions that cleverer students. Criteria
of the quality should be defined in much wider frame than are school results.
These criteria should assess to which scale an education provided by schools
meets with the needs of young peoplein their preparation for their personal life
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and their efficient existing in modern society. From the above mentioned, it is
possible to use it as abase for ensuring the quality in teacher preparation.
Complex assessment of the quality of teacher preparation on a concrete
university should include these indicators (Bgjtos, 1998; Zelina 1992): internal
indicators of the quality (e.g. results of teaching process, quality of teaching
process, length of the study, percentage of failed students), operating
indicators of the quality (e.g. anumber of studentsin the classroom, proportion
of pedagogues to students, sudies stress on students, school budget, school
equipments) external indicators of the quality (e.g. students satisfaction,
students life achievement, school evaluation, school award and successes),
indicators of teachers productivity (e.g. qualification and personal growth of
teachers, successfulness in implementation of innovation into educational
process) and educational indicators of quality (a level of development of
cognitive and non-cognitive functions of individuality, students relation to
life).

e Microteaching

Microteaching was developed in the early and mid 19607, as aneed
for pedagogues working in the field of pregradua preparation of teachers to
transform theoretical knowledge concerning teaching process into practice.
Microteaching was developed by Dwight Allen in 1956 at the Stanford
University as Teacher Education Program. The program emphasized a sample
teaching using actual school students as authentic audiences. This model has
been modified and adapted for university teaching. Initialy, it has been used
most often for graduate teaching assistants, later it stared to be used as an
effective pregradual preparation for pre-service teachers

(http://fdc.fullerton.edu/learning/CAST L /carnegie microteaching_mat
erials. htm).

Training program for teachers was based on 14 basic areas (Brown,

1975):

1. Introducing the topic, teaching method and the stage of school on
which present topic is teaching.
Questioning.
Dealing with potential problems in relation to topic and teaching
method.
4. Presentation of lesson aims.
5. Use of the blackboard (or whiteboard).
6. Useof teaching aids (models, illustration, pictures, flashcards ...).
7. Use of teaching technique (data projector, PC ...).
8
9.
1

W

Interpretation and didactic analysis of curriculum.
Exposition of the teaching content.
0. Encouraging and motivation of students.
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11. Stimulus on potential aternatives in teaching steps.

12. Teacher’s enthusiasm for teaching.

13. Fixation.

14. Closure and evaluation of teaching unit.

Microteaching in pregradual teacher preparation is amethod to be
used as practice of teaching skills. Its base is in simplifying conditions for
teaching (e.g. decreasing the number of pupils in the class, shortening of
teaching time to 5-15 minutes and etc.), in which only one skill is practised
(pupils motivation, fixation, exposition and etc.). Microteaching, according to
authors of this contribution consigs of three phases: doing the activity, analysis
of the activity, (microteaching analyss), revised repeated activity.
Microteaching in conditions of pregradual students preparation is possible to
do within the subjects as the General didactics, or Subject didactics as micro-
lessons or sessions (Bajtos, Orosova 2009). A simulated situation gets a closer
reality of teaching into the classroom. During microteaching students evaluate
their activity — it is their sdlf-reflexion. They anayse and critically evaluate
their own teaching activity with focus on their strengths and weaknesses of
their micro-lessons headed by a university pedagogue. During student’s
reflexion, the technical equipments such as DVD, CD, video and tape recorder
could be very useful, which also increase reflexion efficiency.

Microteaching in pregradual teacher preparation can be understood as
(Z€lina, 2006):

a) non-traditional way of teaching/learning

It is alearning in the practise by practical action and learning from
own mistakes. Non-traditional learning is less foreseeable, less forma and
more orientated on student’ s individuality and his/her feglings, needs, interests
and it isreally natural way of learning (Cross, 2007).

b) role-play

A student-teacher during micro-lesson has to put himsdf/herself into
the role of teacher and hig/her peers (classmates) have to put themselves into
the role of younger students for which microteaching is given. A student-
teacher like every actor has to prepare yoursdlf in advance and pre-study own
presentation (Goffman, 1981). During micro-lesson a real teacher should be
acting as a student. Later, during discussion (after micro-lesson), should be
acting asa coordinator. Teacher should have in mind the time, since students
get instruction about the time limit in advance, that micro-lesson should last
10-15 minutes. Students have to present one teaching method, which can be
used in motivational phase, expositional or fixation phase of |earning/teaching.
This micro-lesson should not be a kind of some entertainment, but should get
closer to redity (Morgan, Fleming, 1999).
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¢) educational activity

Peers arein the role of the students who are taught. They learn how to
use inovative methods and also they learn how to prepare lesson plan which
should be innovative and creative. Many of the participants considered
microteaching as an educational activity and some of them viewed it as a step
towards thereal activity of teaching. During evaluation isimportant to evaluate
understanding of particular teaching method, student’s crestivity, the quality of
learned topic and overall impression from micro-lesson (Bauman, 1989).

d) new approach for abtaining information

Thisway of learning is also important from the view that it is based on
a constructivistic approach to learning/teaching. In present days of information,
students have a wide range of obtaining information and knowledge through
internet (Cross, 2007). Microteaching gives us different approach to obtain a
pedagogical proficiency.
Conclusion

Implementation of microteaching into pre-gradual preparation for
preservice teachers has significant role mainly in increasng the quality of
educational process. Students focus mostly on their quality of micro-lesson,
where we can monitor interaction between teacher — student, competence,
communi cation, working management, using teaching methods and techniques,
using teaching time, teaching style, methods of evaluation and assessment,
using didactic aids and technical equipmentsand etc.
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B nomoBini posrisaaeTses psi mpobiieM, sIKi CTOCYIOTBCSI CYy4acHOTO
CTaHy Ta PO3BHUTKY HAayKH, OCBITH Ta JIOJMHH, iX NPUYMHN Ta HACIIAKH IIOAO
MaTEeMaTU4HOI MiATOTOBKU B CHCTEMi NMpodeciiiHoi OCBiTH, ii poli Ta 3HAYEHHS
B PO3B’sI3aHHI O3HAYEHHX MPOOIIEM.

IIpobrema KpU3W MUCIIEHHS Ta CBITOTJISTY JIFOAWHHM, 38 BU3HAYCHHIM
0araTbOX BYEHMX pPI3HHMX rajly3eil 3HaHb, BBR)KAETHCS OCHOBHOIO HA JIAHOMY
erami. BoHa mOB’s3aHA 3 MOMIIOM MHUCICHHS Ha aHAJOrOBE, IHTYIiTUBHE,
KOHTHHYaJbHE, 3 OJHOrO0 OOKy, Ta JWriTajbHe, JABOIYHE, palliOHaJbHE,
JoriyHe, mudpoBe, nepepuByacTe, AUCKPETHE, AUCKOHTHHYAJBHE, 3 1HILIOTrO, i3
3HAYHOIO TIEPEBAr0l0 OCTAHHBOT'O.

Ilpobnema TPOTUCTOSHHS MOHOJOTIYHOCTI Ta MIaJIOTIYHICTI TpH
3HAYHIH IepeBasi nepuioi Ta npobiema OIiHIOBAHHS.

Ilpobrema TPOTUCTOSHHA TOYHOTO Ta TyMaHITapHOrO 3HAHHS,
MaTeMaTU4HOI Ta TyMaHITapHOI OCBITH.

Ilpobrema TIPOTUCTOSIHHS HAYKOBO-TIDUPOJHHUYOI, TEXHIYHOI Ta
T'YMaHiTapHOI KyJIbTYp (Ta BiAMOBIHO, MiITOTOBKH).

Ilpobnema  opMyBaHHS  IUTIICHOrO, TapMOHIHHOTO MUCJICHHS
(cBiTOrMsITY) T@ AIANOTIYHOCTI TIOBEIIHKY Ta CTaBJICHHS JI0 CBITY.

Ilpobnema cTBOpeHHs Ta peaii3aimii HOBHX OCBITHIX MapajurM B
JIaJIOTOBOMY PEXHMi pealbHHX yMOB Ta PEaJbHOrO0 4acy, 3 ypaxyBaHHSIM
cnenuiKu TPaJUIiA Ta MEHTAIBHOCTI OCBITHIX CUCTEM KpaiH CBITY.
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Ilpobrema MaTeMaTH4HOI MiATOTOBKM B CEPEAHIN MIKOJI Ta CHUCTEMI
nipodeciiiHoi, 30kpeMa, TeXHIYHOI OCBITH.

I'muboka kpu3a MaTeMaTHYHOI, MIepIll 32 BCE, IIKIIBHOI OCBITH, B TOMY
yucni, B YKpaiHi, moTpedye IepIIoyeproBoro Ta HaHOLIbII JOCKOHAJIOro
JIOCITiPKEHHSI.

«[ToB3yunit» HaCTyn Ha KypcH MaTeMaTHK{ Ta (Qi3UKH B cepenHii Ta
BHIIIH MIKOMI, skui movaBcs B 60-x pokax 20-TO CTONITTS IIEe B PaJsHCHKI
YacH, pi3KUM CTPUOKOM TOTIPIIMB SIKICTH MaTEMaTHYHOI OCBITH BBEICHHSIM
HOBOI TporpaMM 3 MaTeMaTHMKd B INKOJi Ta BHMOIOI0 00OOB’SI3KOBOTO
BpaxyBaHHSl CEpEAHBOrO Oally IIKIIBHOTO arecrtaTy MNpH BCTYII B BY3H
Hanpukiadi 70-X pokiB.

Jlo Hamoro wacy 30epiraerbesi iHepiis c()OpMOBaHOTO B yMOBax Jii
TEXHOKPATUYHOI MapaJurMu Ta BUMoOr 10 BAJloBoro BHITyCKy criemiajiicTiB
BY3aMHM 3HEBAXJIMBE CTABJICHHS JI0 MATEMaTUYHOI CKJIa/JI0BOT OCBITH.

HeoOxinHicTs BM)KMBaHHS BY3iB B JIEIIaTaX CKPYTHOI €KOHOMIYHOI
cUTyalil MOCTPaIsSHCHKOTO TIepiofy MpH3Bena 0 MaTOJOTIYHUX (opM
KoMepIianizamii OCBITH, CIPUSIIO MIparMaTHYHO-yTHIII TAPHAM
YMOCIPSIMYBaHHSM, OOYMOBJIEHUM €KOHOMIKO-IIEHTPU3bKOIO MapaurMoro.

OpieHTanisi Ha EKOHOMIYHi, MpPaBOBI Ta COLIaJbHO-TYMaHiTapHi
CHeLiaIbHOCTI  MOCWIIIOBaja HEMOOIIHKY 3HAYymlocTi (yHIaMeHTaJIbHOL
MATOTOBKH, BIEBHEHOCTI B  HEMOTPIOHOCTI MaTeMaTHKH, MITyYHOMY
(dbopMyBaHHI eMoOIlii CTpaxy IMepe]] MaTEeMaTHKOW Cepea IIKOISAPIB  Ta
CTYJICHTIB, JUCKPEIUTAIlT MATEMaTHYHOI OCBITH.

JleueHnTtpanizamis yNpaBiiHHS OCBITOIO IIpu3BeNa 10 pyHHamii
CTaHAapTiB, aHapXil Ta CBaBULIA NPH CTBOPEHHI HAaBUAJIBHMX IUIAHIB Ta
mporpaM, JaucOajgaHcy MK IMKJIAMU MiATOTOBKH (axiBIlg, MiHIMi3amii
MaTeMaTHYHUX Ta HAyKOBO-PUPOJHWYMX JAWCIMILUIIH HaBiThb B CHUCTEMI
TEXHIYHOI OCBITH.

YTunitapHe pO3yMiHHS —«TryMaHiTapu3amii» OCBITH, JIOOIFOBaHHS
IHTEepeciB BIAMOBITHUX Kadeap Mij NPUKPUTTSIM HeomiOepalbHUX Tracen
«IeMOKpaTH3allii»,  «pIBHONPABHOCTI»,  «TyMaHi3amii», MpH3BEIO  JI0
HeOyBaJIOTO Ta HEBHUIIPABJAHOIO pOCTY TyMaHITapHOI Ta COLIaJIBHO-
€KOHOMIYHOI CKJIQJIOBOi OCBITH (B TOMY YHUCHi, B TEXHIYHUX YHIBEPCUTETaX) 3a
paxyHOK KypciB ()yHAaMEHTaJIbHOI ITiATOTOBKH, HacaMmepel, MaTeMaTH4HOI,
IO KiHeUb KiHIIEM, CIPHSIIO 3HAYHOMY IHOTIPIIEHHIO 1HTErpoBaHOi SIKOCTI
IiATOTOBKHM BUITYCKHHKIB BY3iB.

TakuM 4YMHOM, CBHOTOJHI MH MAaeEMO HpobOiemy MaiXe TOBHOI
Jerpajamnii MaTeMaTHYHOI MiArOTOBKM SK B IIKOJI, TaK ¥ B BY3i, IIO
NPU3BOJUTH O  TOCIIJOBHOTO  pYWHYBaHHS  IPUPOAHUYO-HAYKOBOI,
mpodeciitHoi  Ta rymaHiTapHOi OcBiTH. CTamo 3pO3yMiNuMM, IO 3HUIICHHS
MaTEeMaTUKH [TPU3BOJUTE /10 €PeKTy OyMepaHry.
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3amauero ChOrOAEHHS € 3IIHCHEHHS CHCTEMHOrO MiIXOAy SIK JI0
BUBYEHHS CKJIaJHHUX MNpoOseM B Hayli, OCBITI, COLiyMi, Tak i B NpaKTHI
YIIPaBIiHHS.

OCHOBHUM B CHCTEMHOMY ITAXO/AI € TMOHIYK Ta (popMyBaHHS Tak
3BaHOI'O CHCTEMOYTBOPIOIOUOro (AaKTOPY, KU BU3HAYAE K CUCTEMY, TaK i il
CTpaTeriyHe 3acTOCYBaHHS B JOCIHIIHUIBKIM, YNPaBIiHCHKIA Ta Oymb-sKii
iHII# AistbHOCTI. Takuii (hakTop BIOPSIAKOBYE JI0 TOr0 «Oe311aqHy MHOKUHY
Ta pobuth ii (QyHKIIOHYIOUOH cucTeMor. [lpu 1BOMY B3aeMOis
(YHKI[IOHAJBHUX CHCTEM PI3HOTO piBHS OpraHizarii 3/1iHCHIOETHCSI HA OCHOBI
NPUHIOUIIB  1€EpapXidYHOrO  JAOMiHYBaHHS, MYJIbTUIIApaMETPUUYHOI  Ta
TIOCITIZIOBHOT B3a€MOJIII.

B cucremi ocBiTH, Ha Haml TOMIISA, MaTeMaTHKa Ta MaTeMaTH4HA
iATOTOBKA € CUCTEMOYTBOPIOIOUNM (PAKTOPOM, SIKUI AeTepMiHye (OpMyBaHHS
Ta peanizalilo KOPHUCHOTO pe3y/bTaTy HaBUYAHHS Ta B KOMIUIEKCI B3a€MOAIN Ta
B3a€MOBIIHOCHH HOTr0 KOMITOHEHTIB, Ma€ XapakTep iX B3aeMOCO/II].

Matemarusarniro Hayku A.l. Cybero [1] Ha3uWBae ONHIEI0 3 TOYOK
pocty abo PO3BUTKY CYCHIJIBHOTO iHTENEKTYy. BiH MporHosye nmapagurMaibHy
PEBOJIIOI[II0 B CHCTEMI MaTeMaTHYHOTrO 3HAHHS; BUHUKHEHHS MaTEeMaTHKU
SKOCTi;  JIOMIHYBaHHS ~ KOHTHHYaJIbHOI ~ MaTeMaTUKH 3  HIUPOKUM
BUKOPDHCTaHHSIM MOBHM T€OMETpii Ta TONOJOrii; CTBOpPEHHsS TiOpHIHKX
MaTeMaTU4YHUX OO0 €KTIB, B SIKUX CIIOJy4eHI BIIACTUBOCTI IMCKPETHOCTI Ta
KOHTHHYAJIBHOCTI TOLIO.

3a foro TyMKOI OCHIIUTHCS MPOIEC MaTeMaTH3aIlli SKiCHUX rary3ei
TIPUPOJIO3HABCTBA, HaYKOBHUX HAIpSIMKIB JIFO/IMHOBEJICHHS Ta
CYCNIJILCTBOBECHHS; BUHUKHE HOBA IapajurMa KOMII IOTEpHOI 1HIYCTpii Ha
OCHOBI ~KOHTHHYaJbHOI ~MaTeMaTHKH, MOBH TOMNOJOTi{; 3IiHCHIOETHCS
CHHTE3allii MaTeMaTHYHOIO IPHUPOAO3HABCTBA 3 MAaTEeMAaTHYHUM OJIOKOM
T'YMaHITapHHUX HayK.

AJe ms nporo HeoOXiJHa BiANOBiAHA MOIM(]IKaLlis CHCTEMH OCBITH,
XapaKTePHUM YaCOM SIKOI € Yac >KUTTSI LLIOTO TIOKOIiHHSL.

Haxanp, mMaTemaTW4Ha OCBiTa 3HA4YHO BiJCTa€ BiJ MaTeMaTHYHOI
HayKH SK B IUIaHI MaTeMaru3alii 3HaHb, TaK W B IUIaHI BTUIEHHS Cy4acHHX
MaTeMaTHYHUX HAYKOBUX JIOCITI/DKEHb B MPAKTHKY HAaBYAJIBHOTO IPOIIECY;
MPOTUCTOSIHHSL MK IpodeciiiHoo, MPUPOIHUYO-HAYKOBOIO, TEXHIYHOIO,
MaTEMaTUYHOIO Ta TYMaHITapHOI ITiATOTOBKOIO MOCHIIIOETHCS; TUCHHUILTIHAPHA
OPTONOKCIS «BUDKIDKAE» 32 paxyHOK IHIIMX Ta HE TypOYeEThCs Npo
BUpOOJIEHHS  BCEOIYHOrO  YSIBICHHS ~ 3HAaHHS; BUKIMKAE  OCOOJIIMBY
3aHENOKOEHICTh MpobieMa 30epeKeHHs] HayKOBOCTI, (yHIaMEHTaJIBHOCTI Ta
(YHKIIOHAIBHOCTI MaTeMaTUIHOr O OCBITHBOTO mpouecy SIK
CHCTEMOYTBOPIOIOYOro (hakTopy MiJrOTOBKH SK B CEpEAHIN IIKOMi, Tak i B
cucreMi npodeciiiHoi Hacamnepea, TEXHIYHO, OCBITH.
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e B 1751 poui M.B. JloMOHOCOB HarosouryBaB HEOOXiIHICTh
cyMicHOI poboTu (axiBIiB pi3HUX HAIPSMKiB, HEPO3PHBHOTO 3B’ SI3KY HAYKOBOL
Teopii Ta MPaKTHKH, MiJKPECTIOBaB 3HAYYIIICTh MaTeMaTHKU. BiH mucas, 1o
JUI  <«TIpEyCHeBaHMs» B JOCIHIPKEHHSIX «ECTECTBEHHBIX BEIIel», «K CeMy
TpeOyercsi BecbMa HWCKYCHBIH XHMHK W TJIYOOKMH MaTreMaTuKk B OJHOM
YeJIoBeKe... becroie3Hsl TOMy O4H, KTO JKeJIaeT BHJIETh BHYTPEHHOCTD BEIIH,
JUIIasCh PYyK K OTBEPCTHUIO OHOW. becroige3sHsl TOMY pyKH, KTO K
pacCMOTPEHHMIO OTKPBITBIX Belled oued He uMeeT. XUMHUS PpPYKaMH,
MaTeMaTruka o4aM¥ (PU3NYECKHMU 10 CIIPaBEAIMBOCTH Ha3BaThCs MoxeT. Ho
Kak 00e B MCCIIEJIOBAaHUM BHYTPEHHHX CBOMCTB TEIIECHBIX OJHA OT APYroi
HEOOXO0AMMO TOMOIM TPeOyIOT, TaK, HANpPOTHUB TOTO, YMbI YEIOBEYECKHE
HEepeaKO B Pa3HbIE IYyTH OTBJIEKAIOT. XMUMUK, BUIS TIPU BCSIKOM OITBITE pPa3HbIE
W 4YacTO HeYasHHblE SBJICHWS W IIPOM3BENCHUS W TPHUMAHUBAsICh TEM K
OTBICKAHHMIO CKOPOHM MONB3bI, MaTeMaTHKy, KaKk OBl TOJBKO B HEKOTOPBIX
THIETHBIX PA3MBIIUICHUSIX O TOYKaX W JIMHHUAX YHPAKHSIOMIEMYCS, CMEEeTCs.
MaremaTuk, HampOTHB TOTO, YBEPEH B CBOUX IOJOXKEHHSAX SCHBIMH
JIOKa3aTeJIbCTBAMM M 4epe3 HEOCHOpPHUMBbIE W OecIlpepbhIBHBIE CIIEICTBUS
BBIBO/ISl HEM3BECTHBIX KOJIMYECTB CBOWCTBA, XUMHKa, KaK ObI OJHOIO TOJIEKO
MIPAaKTHKOIO OTSATOIIEHHOI'O0 M MEXAy MHOTHMHU OECIOpsIOYHBIMU OIBITAMHU
3a0ITy’KJaroIIero Npe3upaeT U, NPUOOBBIKHYB K YHCTOM OyMare M K CBETJIBIM
T€OMETPUUECKUM MHCTPYMEHTaM, XUMHYECKUM JBIMOM U MEIJIOM THYIIAaeTCsl.
W nns Toro mo cue Bpemst cue JBe, 00IIer0 ITOJIb3010 TaK COeTMHEHHBIE CECTPHI
TOJb Pa3HOMBICIIEHHBIX CBHIHOB IO Oomblneil wactu poxkaanu. Cue ecThb
NPUYMHOIO, YTO COBEPIICHHOE YYEHHE XUMHU C TJIyOOKMM TIO3HaHUEM
MaTeMaTHKH €lle COCJUHEHO He OBbIBajo... HEKOTOphIE C HEMaJoi TpaToi
TpyZla CBOETO B €IMHOW TOJI0OBE POAMBIIUMHUCS TPUBHICHUSMH HATYpPaJIbHYIO
HayKy OOJbIlIC TOMPAYMJIH, HeXKEIH CBETY el mpuaanny» [2, c. 121-122].

MaremaTiuka BUHUKIIA HE SK NpPUMXa BUEHHX, a 3aBJSIKH JKOPCTKIiH
HeoOximHoCcTi B OOpoThOi JIFOACTBA 3a BIDKMBAHHS, TOMY IO B Xaoci
iH(opMaIlil OTOYYIOUOrO HAC CBITY BOHA €JMHA, SKa 3JaTHA BCTAHOBHUTHU
YACTKOBHI TIOPSIIOK; CTPYKTYpyBaTH iH(pOpMAIlI0; HAJaTH MOXIIUBICTh
MIpOaHaJi3yBaTH CKJIJHI SIBHIIA 32 JIONOMOr'OI0 OiJIbII ITPOCTUX MOJENeH, ane
30epiralo4nx TOMOJIOTIUHI iHBapiaHTH Ta BJIACTUBOCTI MPOLECIB.

MaremaTuuHe 3HAHHS, SIKE PO3BUBAETHCS HE ONHE TUCSYONITTS, €
HEeoOXiTHUM 0a3MCHUM KOMIIOHEHTOM CHCTEMH OCBITH, 3aCO00M (hOpMYBaHHS
3MATHOCTI ~ MHUCIIEHHS, IO € KJIIOYOBUM MOMEHTOM B  PO3KPHTTI
IHTEJIEKTyalbHUX 3JaTHOCTEH CyCIiIbCTBa B3araii, ajie 4yepe3 KOHKPETHHX
inauBigyymis. ToMy pyliHYBaHHS MaTeMaTHYHOI OCBITH, SIK€ MU MaEMO 3apas,
MIPU3BEJIE JI0 HETIONPAaBHOIO MIPOJIOMY Ta 30MTKIB, Ta BiJIKHHE CYCIIJILCTBO Ha
PiBEHB JyXe JajJeKoro MUHYJIOTO.
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MaremaTuka BHIEpEIKAE Yac; € CaMOAOCTaTHHOIO METaHayKOIo;
TPAaHCIUCUUILTIHAPHOIO MOBOIO HAaYKH Ta OCBITH; € MOCTOM, SKHH 3’€IHYE
CHHTETUYHUH PiBEHB MiIXOMY JOCIIHUKA 0 OyIb-sKHNX KOHKPETHHX 00’ €KTIiB
Ta AHAMITUYHUKA pIBEHb BUBYEHHS [MX OO’€KTIB; OCHOBOIO OaynaHCy
MEHTQJIFHUX CTPYKTYp Ta MiaJOTIYHOI0 MHCIIEHHS Ta CTaBJIEHHsS N0 CBITY;
KOpErylounM 3aco0oM TIcHXiku JroguHd. Ll MoryTtHs, BunpoOyBaHa
TUCSYONITTSMHU, aje 3aBkId MOJoNa, HayKa, €, MOXIHMBO, €JINHOI0
MIPOTHUOTPYTOIO BiJl 3aXBOPIOBAHHS PO3YMY Ta AYIIl MOJOAOrO IOKONIHHS Ta
OJIHIM 3 3ac00iB PO3B’sI3aHHS O3HAYEHHX B JaHili poOOTi mpodIeM.

3a JOCBiOM aBTODIB CTaTTi, SKIIO BUKJIAAay 3HAE AECTPYKTHBHI Ta
KOHCTPYKTHBHI O3HaK{ HAIIOr0 4acy, OCOOJMBOCTI ICHXOJOTIi CHPUHHATTS
CTy/IeHTa HOBOTO IIOKOJIHHS, TEHJEHIi PO3BUTKY Cy4acHOI MaTeMaTHKH,
MIOCTIHHO Mi/IBUIIY€E CBOIO KBaJIi(iKallilo, € TBOPUOIO JIIOIUHOIO, TIOOUTH CBOIO
CrpaBy, TO BIiH 3JaTHUH JO CTBOPCHHS IHHOBAIliMHUX TIEIArOTiYHUX
TEXHOJNOTI  BUKJIAJAaHHS MaTeMaTW4YHUX  JUCHUILUIIH, PO3YMHOTrO  ix
CHONy4eHHS 3 Kypcamu iH(OpPMAaTHKM Ta iH(GOPMAIiHUX TEXHOJOTIH,
opieHTallii Ha MPOQUIH CcremianbHOCTI (3 000B’SI3KOBUM 30epeKEHHIM
(yHIaMEHTaTbHUX OCHOB Ta BHYTPIIIHIX 3B’SI3KIB caMOl MaTeMaTHKH),
eQeKTUBHIN CIIBIIpall 3a CTyAEHTaMH, HE3B)KAIOUM Ha BCi HENOJIKH Yacy, B
SIKOMY BiH JKMBE, TPYIHOIIl Ta IIEPEIIKOIH.
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OIlbITa O6y‘IeHI/IH CTYACHTOB TEXHOJIOTMYECKOI KYJbTYpPE OT BCAYHIUX
KOMIIAaHU# TJTaHETHI. I[eJ'IaeTCH AKIOCHT Ha IIOHCK AKTUBHOMU MOJIOACKHU IJIsd
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MOATOTOBKM W BOCHUTAHHWs KakK JIYYIIMX B MHpPE CTYAEHTOB, a Jaiee
CHELUATIMCTOB B KOHKPETHOM O00JacTH, MO WHIUBHIYAJIBHBIM IpOrpaMMam,
OPHEHTHPOBAaHHBIM Ha Pa3BUTHE JIMYHOCTH B  YCJIOBHAX  JKECTKOH
KOHKypeHIIMH. BO3MOXXHO, yKe 1mopa BCHOMHHTb 3a0bIThIH J03yHT — «JIyumne —
MEHbIIIE, J1a — ydie!»

MexyHapoJHOE COTPYIHHYECTBO

1. Kak wutor 10-1€THEr0 OMbITa MEXIYHAPOIHOTO COTPYAHHYECTBA
(dakympTeTa  KOMIBIOTEpHOH  uwmkeHepun XHYPD  MoxkHO  cuuTath
OpraHU3alHIo KiacTepa CTYICHYECKHX JIMTHBIX KiyOoB mo uHTepecam Club
Elite Teaching: Aldec-club, INTSPEI Club, Design & Test Club, Kaspersky
Club, Echostar Club, Microsoft Club, Intel club, IEEE CS tttc-club B
akazieMuueckux rpynmax. He BaxHo, 4el ThI CTYAEHT, KAaKOT0 (aKyJIbTeTa WK
yHuBepcuTeTa. MBIl OTKPBITHI Al BceX. CyIIeCTBEHHO JIUIIb, YTO CTYAEHT
Xouer OBITh MEPBBIM, JIYUIIHNM B CBOEH OOJACTH M IOMOJHSIONIMM KOMAaHY.
Bcerna TtpymHo ymnpaBmate sydmumu. OHHM - KamlpH3HBL, YECTONIOOMBEI,
STOMCTUYHBI, IparMaTH4HbL. [Ipodeccopy cienyeT ObITh Beeraa B opMe U He
TOJBKO MHTEJUIEKTYaJIbHOM, HO U (u3uueckoir. @yrdon u Gackerdos, ropHbIe
W BOJIHBIE JIBDKH, CIIOPTHBHAS THMHACTHKA M TEHHUC — OCHOBA YCIIEXOB.

2. Kaxnmeii rog xomanga Club Elite Teaching sammmaer 3-5
JICCepTaliii, MOTHBHUPOBAHHBIX OT TpobOieM riobansHON | T-uHAYCTpHU.
Cpennuii Bozpact auccepranta 25 ner. Ects u pexopast — Mpa CriceHko — 22
roga. Ha mmewax wmomnomoro pgokropa Hayk Csernanel YymadeHko
W3TOTOBJICHWE JIByX ABTOPUTETHBIX JKypHAIOB: «PaIuodJeKTpoHHKa |
nHdopmaruka», «ACY 1 npruOOpEI aBTOMATHKH», KOTOPbIE BXOMAT B IepeueHb
BAK VYkpaunel. Hamm poctmkenHust B TekymeMm roay: 14 3apyOexHBIX
BBICTABOK M KoH{epeHuwid; 32 rpanra, 24 aumuioma, 109 myOnukanuii, 68
JOKIanoB Ha KoH(pepeHumsx, 12 1eneBeix Tenenporpamm. JKypHan
«Panunoanextponnka n napopmatika» ¢ 2008 roja BeITyCKaeTcs 1MoJ| STUA0H
|IEEE CS.

4. Hama npoayKuysi — XOpOoIie CIeHUaIuCThL. 31ech IlaBHas Gurypa
— npodeccop. B IT-uanyctpun wHbGOpMAIUS yIBaUBACTCA Ka)IbIe MOJNTOpA
roga. Texnomoruu oOHOBIAIOTCS Kaxaele 18 MecsneB. MwuHHCTEPCTBO
00pa3oBaHUsi HE MOXKET OBITh THOKHUM K HYXJIaM YHUBEPCHTETOB — JIyYIIHM
CleyeT TPEAOCTaBIATH aBTOHOMHOCTh. XHYPD — Ge3ycnoBHBIN nuaep —
MOXeET BecTu (M BezeT) 3a coboi nHmyctpuro | T-ob6pasoBanust Ykpaunsl. s
TIOJTHOLIEHHOT'0 00pa30BaTeIbHOrO Ipolecca conuaibHas mapa «CTyaeHT —
IMpodeccop» nmomkHa mpeBpamaTrsCs B TPEYrOJAbHUK. TpeTHil KOMIIOHEHT —
MUPOBBIE U JIOKaJbHBIE Juaepbl | T-uHnycTpun. AKTHBHBIN npodeccop — Kak
MUHAMYM KOHCYJIBTaHT KOMITaHWH, JIydllle — paOOTHUK. 3apaOoTHas Iuiara —
1000 momnapoB. DTo Hallla peabHOCTh M Xopomias udpa st Ykpaunsl. OH —
B Kypce TEXHOJOTMUECKMX H3MEHEHHH B MHpE, IUIIOC — KOH(EepeHIHUH,
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CTaXXMPOBKH, TpaHThl 3a cueT ¢(upmel. Ham mnpodeccop: B Hayke —
COCTOSITENBHBIN YYeHBI, B 00pa3oBaHHUM — aBTOPUTETHHIN yuuTenb, B |IT-
WHIYCTPUH — KBAIM(UIMPOBAHHBIN crieruanuct. Ham cTyaeHT: oTiauyHHK +
500 momapoB OT KOMITaHHH, TJie OH pabOTaeT BO BTOPYIO MOJIOBUHY JHS. DTO
MUHUMYM, a MakcumyM — 2000 nonnapoB. Ecte u Takue skcneptsl. OHU ke —
MIPENo/IaBaTeIn KPUTHIECKUX KOMIIBIOTEPHBIX TEXHOJIOTHH JJISl CTY/IEHTOB.

[Mpuopurer — BHEMIHME 3arpaHWYHblE  KOHTAaKThL.  JlecsaTku
YHUBEPCUTETOB MHUPA, CTAXKUPOBKH, KoH(pepeHnnH. CTONBKO e IIaHeTapHBIX
¢upm. Tpenunrn cryzneHtoB u npodeccopoB. C mocnenumu xyxe. OHH
0osTCS CBOEro aHIJIMHCKOrO $3bIKAa, HEKOMIETEHTHOCTH. YeM Mooxe
NpernoyaBaTesb, TEM OH MOOHMIIbHEE, a 3HAUUT TeXHOJIOrMyHee. Hama ropaocts
n opengunr — IEEE East West Design and Test cumnoszunym. Broporo Takoro
Her B YkpanHe u CHI. Crioncopsl: Begymue ¢upmsl mupa Microsoft, Intel,
Cadence, Echostar, Mentor Graphics, Synopsis, INTSPEI, Aldec. Tlo uroram
CeMH JIeT TPOBEACHHUS CUMIIO3UYMY HNpHUCyXJeHa MexnyHaponHas [Ipemus
[pusHanus obmectea |[EEE w mHOroumcnenneie JIMIuioMbel 3a BBICOKHI
YpOBEHb OpraHM3aly U IMpoBeAeHUs KoH(pepeHIuH. Kaxaplii rox 31ech Mbl
cobupaem 100 —150 yuactHukoB ot 30 — 35 crpan mupa. CobGuparorcs
nmydme ydenele Bocroka u 3anana. 31ech e CTYAEHTHI U3BECTHBIX HAyYHBIX
mKos. B TeueHue 7 mocienHUX JIET B CUMIIO3UyMe MpuHsid ydactue: 1500
BEAYIIMX YYEHBIX IUIAHETHl, BKirouas 450 CTyIeHTOB M acHHpaHTOB.
OpraHu3aTopsl — CTYJEHTHl W aclUPaHTbl, CBOOOJHO BIIAJICIOT AHTIMHCKUM
s3bIKOM. braromapst rpanTam oT UpM M YHUBEPCHTETOB MHpa CTYIEHTHI U
yueHble Kadeapsl eKEeroJHO y4acTBYIOT B KOH(EPEHIUSIX MHUPOBOTO YPOBHS,
BXO/SIIIMX B TNEpBYIO Jecatky. Jlokmaapl u ydeba B jerHed mkone. Cras
MOJIOZIOCTH U OMbITa. 3apsiJi SHEPTUHU Ha UENbIN Toj. AKTUBHBIN OTIBIX, CLIOPT.
TpaauioHHbIe CEMHHAphl YYEHBIX M CTYAEHTOB Ha Oepery Mops WIM Ha
TOPHOJIBKHOM KypOpTe.

7. HoBble TexHomoruu. OtcnexuBaeMm exenneBHo. [Tomoraer |EEE
Computer Society — ob11iecTBO, KOTOPOE 3aHUMAETCsl 00pa30BaHUEM ILIAHETHI.
Ceromns 20 Hammx CTyIeHTOB — wieHbl obmiectBa |EEE, onu ke mumerot 8
npemuii or |EEE CS. Ham xypatop 3aece EpBanTt 30puaH, yenoBek HOMep
oauH B Mupe B obonactu |IEEE CS Design & Test. Dddexrusnee |[EEE CS B
JITAHHOM BOIIPOCE HE CYIIECTBYET. | 'Op)Kych, UTO MMEIO CaMyIO BBICOKYIO €ro
narpagy — |[EEE Computer Society Golden Core Member u |IEEE numiom
MHPOBOTO TIPU3HAHUSL.

PeiHOK YKpauHsI.

1. IT- peiHOK VYkpaunsl, ¢axtel. B ortpacnu paboraer 20 ThIC.
WH)KEHEPOB, IPON3BOUTENBFHOCTD Ha OHOTO — 22 THIC. 10JUTapoB. PeIHOYHAS
MIPUBJIEKATEIbHOCTh YKpauHsl — 3 MecTo B Mmupe, nocne Kutas u Wnnuu.
Kpynneimme nentpsl: Kues, XapskoB, JIbBoB, JlHempomnerpoBck, Opnecca.
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3000 IT-xommnanmii B Ykpaune, 3 dupmser umetor 6omee 1000 genosek. Mner
npouecc mnornomeHus. OOpa3oBaTenbHBI pHIHOK  YKpauwssel. 1403 000
crynenroB, 22% — wumkeHepsr, 979 BY3os 1-4 yposueii, 315 BY3oB 3-4
ypoBHEH, 43 — HallMOHAJIBHBIX yHHBepcuTeTa. Bce yHuBepcutersl 3a 2008 —
2010 romer moaroroBatr 40 ThIC. BBIMYCKHHKOB s |T-wHAycTpuu, npu
peiHOYHOM moTpeOHOocTH 80 ThIC. [lemorpaduueckuid cmaj. 3aproiata
(MuHEMYM — MakcuMyM) B | T-kommanmsix ornmuaercss B 40 pas; rpagamus
BO3HArpaXXJECHUS B YHHUBEPCHTETAaX IPAKTHYECKH OTCyTCTByeT. KauectBo
obpazoBanust: 20/80 — TONBKO Ka)IbIi 5-1 BBITYCKHUK — BAJIUTHBIH.

2 BocTo4yHO-eBporneiHCcKui PHIHOK CIIEMAIMCTOB SIBJIsSIETCS Bce Oosee
MIPUBJIEKATEIbHBIM JJIS1 BBICOKO TEXHOJOrM4YHbIX KommaHuii u3 CIIA u
EBporel, BBUIY HEOOpaTHMBIX NPOIECCOB AHTHU-WH)KEHEPHH B Pa3BUTHIX
CTpaHax M M3MEHEHHWs] BEKTOpa WX WMHBECTHIMH Ha BocTok. Hama 3amaua —
c/ienaTh TPUBJIEKATENFHBIM BOCTOYHO-EBPOIEHCKHI PBHIHOK CIHELHAICTOB B
00J1acTH TIPOrpaMMHO-aNMapaTHOrO MPOEKTUPOBAHUS IYTEM MOJIEpPHHU3AINH
BBICHIEr0 O00pa3oBaHMS M B LENSAX MONYYEHHsS WHBECTHIHUHA. YKpersieHue
CBSI3€H MEXIy YHHBEPCUTETAMH M JIOKAIBHOW WHIyCTpHEld HEOOXOIUMO IS
TIOJTYY€HHs] TEXHOJIOTUH M MHBECTUIMI YHUBEPCUTETAMH.

OB OIIBITE NCITIOJIB30BAHUSA KOMIIBIOTEPOB
B OBYUEHHUHU PYCCKOMY A3BIKY KAK
NHOCTPAHHOMY

Bepoicanckas Onvea Hukonaeena, Jlacyma Tamvana Hukonaesna,
Xapvrosckuii nayuonanvuvii ynieepcumem umenu B.H. Kapasuna,
Llenmp medncoyHapoono2o 0bpazosanusi, Kageopa YKpauHCKo20 u
PYCCKO2O0 513bIKO6 KAK UHOCIPAHHYIX,

Vkpauna, Xapvros, ynuya [lnowads Ce0600ul, 4,
Tenegpon: (057)707-51-03, E-mail: Podfak@univer.kharkov.ua

CoBpeMeHHOE OOIIECTBO XapaKTEpU3yeT CTPEMHUTENBHOE Da3BUTHE
MH(POPMAIMOHHBIX M KOMMYHHKAI[MOHHBIX TEXHOJIOTHHA. VX BO3MOXXHOCTH
MO3BOJISIIOT ~ 4eJOoBeKy 3((EeKTUBHO  pemiatb MHOTHE  COIMAaJbHBIE,
SKOHOMHYECKHE, TMpodeccnoHanbHble W ObITOBBIE NpoOieMbl.  Temmbl
TEXHHMYECKOTr0 Iporpecca Bce Oofblie 3aBHCAT OT  3(PPEKTUBHOCTH
00pa3oBaHUs, KOTOpPOE H3MEHSETCS B CBSI3M C HOBBIMH TPEOOBaHUSMHU
o0IecTBa W WINET ITYTH PENIeHUs] HOBBIX CIOXKHBIX 3a7ad MO O0YYEHHIO
KBaJM(UIMPOBAHHBIX KaapoB. OMHMM M3 CIIOCOOOB pEIIeHUS ITHX 3a7ad
SIBIISIIOTCSL  CPEJCTBA M TEXHOJOTWH, CBs3aHHbIE C HHpOpMaTH3aLUen
obpazoBanus. Bospacraer HeOOXOAMMOCTb B 3HAHMAX, KOTOpBIE OyayT
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MO3BOJISITH ~ CTYJIEHTAaM OPHEHTHUPOBAThCS B HOBOM HMH(OPMAaIIOHHOM
MIPOCTPAHCTBE, UCITOIb30BATh MPEUMYIIECTBA III00ATH3anH.

Pemrenne mpoOiem 3¢¢ekTHBHOCTH 00pa3oBaHHWS HAYUHACTCS C
npo)ecCHOHANBHON TMOJArOTOBKM TenaroroB. [lemarorm HOBOTO ITOKOJIEHHS
JIOJDKHBI BJIAJIETh WHPOPMAIMOHHON KYJIbTYpOH, OCHOBATEILHBIMH 3HAHHSIMHU
B cdepe COBpEMEHHHIX HMH(POPMALMOHHBIX M  KOMMYHHKAIMOHHBIX
TEXHOJNOTMH. BaxHO yMerb KBanM(HUIMPOBAHHO BHIOMPAaTh W INPHUMEHSTH
UMEHHO T€ TEXHOJOTWH, KOTOphle B TOJHOW Mepe COOTBETCTBYIOT
COJIEP)KaHMIO U LENSIM W3Y4eHUS! KOHKPETHOH IUCIMIUIMHBI, CHOCOOCTBYIOT
JIOCTW)KEHUIO [eJiel TapMOHWUYHOTO pAa3BUTHSI yYallUXCsl C YYETOM HX
WHIVBHIYaAIBHBIX ~ CIHOCOOHOCTEH. [IpenonaBarenn JOMKHBI ~ MMETh
BO3MO)KHOCTb HE TOJIBKO CO3/[aBaTh CHUCTEMBI OOy4YeHHS HOBOT'O THIA, HO M
y4acTBOBaTh B  IIPOGKTUPOBAHHUM W  COJEP)KATEILHOM  HAIOIHEHUU
nHpopManMOHHOH  00pa3oBaTENBbHOM  Cpenmbl, co3laBaeMoll Ha  Oase
TexHomoru# |nternet.

Hcnonp3oBaHNe KOMIBIOTEPHBIX TEXHOJOTHH SIBISETCS OJHUM W3
JIEWCTBEHHBIX CITOCOOOB MOBBIIEHHS 3()(HEKTUBHOCTH 00y4EHHs, B YACTHOCTH
00y4eHUss UHOCTPaHHOMY SI3bIKYy. B yKpawmHCKOW BbICIIEH INKOJE y4eOHBIH
MpoLIeCC KOMMBIOTEPU3UPYETCS, pa3padaThiBAlOTCS aBTOMAaTHU3WPOBAHHBIE
oOygaromume CUCTeMBbI ISl 0O0y4eHus s3bikaM. CucreMbl  0OydYeHHS
XapaKTepu3ylTcsi THOKOCTBIO, IPOCTOTOM B OCBOEHUH, pa3zHooOpazueM (opm
BOCIIpOM3BEJcHUs yueOHOM wuH(popManuu Ha 3kpaHe. Ho, HecMoTps Ha
HaJIMYUE ONPENEIEHHOI0 ONbITa MPUMEHEHHs KOMIIBIOTEPOB, KOJIJIEKTHBBI-
pa3paboTyrKy y4eOHBIX MPOrpaMM 10 HHOCTPAHHBIM S3bIKAM MaJIOUHCIICHHHBI,
OTCYTCTBYET KOOpJHWHAIMSl TakoW BaXHOW pabOTHl, HET KOHIEIIUH
KOMITBIOTEPH3ALINH TIPETIO/IaBaHNsI HHOCTPAHHBIX SI3BIKOB B BY3e€.

[TpuunHBI TaKOro MOJOXKEHHS — B HEIMOHMMAaHWH BO3MOXKHOCTEH
MIPUMEHEHHUST KOMITBIOTEpA IPH 00YYE€HUH MHOCTPAHHBIM SI3bIKaM, OTCYTCTBHUE
JIOCTaTOYHOI'0 ~ KOJMYECTBA KOMIIETEHTHBIX  CIHEIHANNCTOB, TPYAHOCTH
MaTepHaNbHOrO  oOecrieueHHss  KOMITBIOTEpaMH W COOTBETCTBYIOIIMM
o0opymoBaHueM, OTCYyTCTBHE 3()(EKTUBHOrO MNPOrpaMMHOTO OOCCICUCHUS
WHOCTPaHHBIX S3BIKOB.

B Ilenrpe wmexnmyHapogHoro  oOpa3oBaHHs  XapbKOBCKOTO
HalyoHaibHOro yHuBepcutera umenn B.H. Kapasuna Benmercst pabora mo
CO3JJaHUIO psAJa y4EeOHBIX NpPOrpamMM, IMPEAHA3HAUCHHBIX JUIS 3aKperICHUs
MIPOWIGHHOTO MaTeprallia Ha OCHOBE PYCCKOTO sI3bIKa. YueOHbIE HMpOrpaMMbl
MOryT OBITh HCIOJIB30BAaHBI IIperofaBaTelieM B TpyINe W BO BpeMs
CaMOCTOSITENIBHOM paboThl CTYACHTOB IIpU OOYyYEHHWH HEUTPAILHOMY CTHIIIO
PYCCKOTO s3bIKa, 8 TaKK€ HAyYHOMY CTHJIIO CIIEIMAIBHOCTEH — SKOHOMHUCTHI,
WHXKEHEPbl, MEINKH, (QUIONOTH, MY3bIKaHTBI, XyIOoXHHKH. DoHeTuka,
JIEKCHKa, TPaMMaTHKa PYCCKOTO SI3bIKa BBI3BIBAIOT OIpE/IENIEHHBIE TPYAHOCTH Y
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WHOCTPaHHBIX, 0OCOOEHHO KHTaHCKUX, CTYJICHTOB U TPEOYIOT OT IIPEnoaBaTes
MOCTOSIHHOT'O MH/IMBU/IYaJbHOI'O KOHTPOJIS, OTHHUMAIOLIETO 3HAYUTEILHOE
yueOHOEe  BpeMsi.  YueOHble  NpOrpaMMbl  ITIO3BOJIIIOT ~ OCBOOOAWTH
npernojaBaTelss OT 93TOW  pabOThl, [NAIOT BO3MOXHOCTH  CTYIEHTY
CaMOCTOSITENIbHO, B WHIMBHIYaJIbHOM TEMIIE, I10J] KOHTPOJIEM KOMIIBIOTEpa
3aKpenuTh NpuoOpeTeHHble HaBBIKM. CTYOEHTY Npeaiaraercs OIUH U3
BO3MOXKHBIX ~ PEXKHMOB DPabOTHI C KOMIBIOTEPOM — oOy4aommid |
sK3aMeHylomui. Kaxkapli  pexknMm  XapakTepusyeTcss CBOMM — HaOOpoOM
MapamMeTpoB, ONpeessomux (GopMy quaIora Imojab30BaTesl ¢ KOMITBIOTEPOM.
OTUMH napamMeTpaMu SIBISIIOTCS: BCTaBKa MPOIYIIEHHBIX OYKB, OKOHYaHWH,
CJIOB; COCTaBJICHHUE BOMPOCOB K PAa3HBIM WICHAM IPEUIOKEHUs, ONpezeeHue
COOTBETCTBMH W T.A. (TO €CTh OIpEAENeHHbIH KOMIUIEKC YIIpa)KHEHUH);
BO3MO)KHOCTDH ITOJY4€HHs IMOJCKA3KH; (QHKcalus OMMOOK; Pe3yIbTHPYIOMIast
OLIEHKa U cyMMa 0aJlIoB, BbIJJaBaeMbIe B KOHIIE paOOTHI.

Mbl cuWTaeM, 4YTO HCIIOJIB30BaHUE YYEOHBIX IPOTrpPaMM IO3BOJISET
WHJIMBHYaJIN3UPOBaTh paboTy Ka)JIOro CTYJIEHTa B 3aBUCHMOCTH OT YPOBHS
MOATOTOBKH, CIIOCOOHOCTEH M ITOMOraeT YCTpaHUTh MMEIOIInecs MpoOeisbl B
3HaHUAX. HeoOXOmMMBIM SIBIISETCS CO3JaHHe M NpUMEHEHHE B OO0y4eHUH
MporpamMM JJIsl CaMOCTOSITEIBHOTO OCBOEHUSI CTYIEHTAaMH HOBOTO y4eOHOTo
Matepuana. C Hamieil TOYKM 3peHHs, YCBOSHHE y4eOHOro Martepuana OyneT
MIPOUCXOJUTh OBICTpEE W MOJHEE, YeM IpH IOAPOOHOM OOBSICHEHHH TEMBI
npenogaBatereM. Mpbl  Hajgeemcs, 4Tto B LleHTpe MeXayHapOgHOrO
0o0pa3zoBaHUsl TPOAOIDKUTCS paboTra Mo pa3paboTke y4eOHOro KOMILIEKCa
nporpamMMm  (HampuMmep, CO3[JaHWE  EIIEKTPOHHOrO  y4yeOHOro  cioBaps,
rpaMMaTHYeCKOI0 CIPaBOYHHMKA) W CTAHET BO3MOXKHBIM IIEPEXOA K
CHCTEMHOMY M3yYEHHIO PYCCKOTO M YKPAHHCKOT'O SI3bIKOB KaK MHOCTPAHHBIX C
MOMOIIBI0  KOMIBIOTEPHBIX  TEeXHOJNOrWd.  be3ycioBHO,  addekTHBHOE
UCTIONIb30BaHUE  O0YYaIONIMX  BO3MOKHOCTEH  DJIEKTPOHHOH  TEXHHKH
HEBO3MOXHO 0€3 TECHOro COTPYIHMYECTBA CIEUAINCTOB PAa3IUYHOTO
npouiis — nperonaBareneil, IporpaMMHCTOB, TICHXOJIOTOB.

KomrmsroTep MoXeT ydacTBOBaTh B yueOHO-BOCIIMTATENLHON paboTe
CTyJeHTa, OBITh CPEJCTBOM  VIIPABJICHUS CaMOCTOSATEIBHON  YueOHOM
JIeITEIbHOCTBIO  CTYIEHTOB, CpPEICTBOM  (OpMHpOBaHHS  (HDOHETHUECKHX,
JIEKCHYECKUX W TPaMMaTHYeCKHX HaBBIKOB, (OPMHPOBAHHS YCTHBIX U
MTUCBMEHHBIX HaBBIKOB KOMMYHHUKAIIUH, ()OPMUPOBAHMS U Pa3BUTHUS S3BIKOBOM
W pedeBOH  KOMMYHUKAaTHBHOHW  KOMIETEHLMH, Ppa3BUTHS  yYMEHUH
JINAJIOTUYIECKOH W MOHOJOTMYECKOW peuH, KOHTPOIsS y4eOHOH M HaydHOH
JIeITEIbHOCTH CTYJEHTOB, a TAKXKE CPEICTBOM MH(OPMAIMOHHO-CIIPaBOYHOT O
obecrieueHHs y4eOHOTO MpoIiecca.

Takum 00pa3oM, B HacTosIIee BPeMsl CyIIECTBYET HEOOXOIMMOCTh B
Ooniee MHTEHCHBHOW KOMITBIOTEpH3alMKM YydeOHoro mporuecca. Kommbrorep
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MOXET CYIIECTBEHHO YIYYIIMTh CHTyallMlo B 00JacTd  00y4eHUs
WHOCTPAaHHBIM sI3bIKaM, B YaCTHOCTH PYCCKOMY M YKPaWHCKOMY Kak
WHOCTpaHHBIM, OJlarofapsi TOMY, 4TO UIMEET BO3MOXKHOCTh CTUMYJIUPOBAThH BCE
BHJIbI TIO3HABATEIBHON AEATENBHOCTH, C €0 MOMOIBI0 MOXKHO HCIIOJIB30BaTh
IIMPOKUHA AMana3oH Y4eOHBIX 3aJlaHui, a TaKKe OCYIIECTBIATh BBEICHUE,
3aKpelieHHe W KOHTpoNb HWH(popMmanuy, o0ecreynBaTh ONTHMAJIEHOE
pactipenenenre (YHKUUH YIpaBlieHUS Y4eOHOW [ESTENBHOCTBI0 MEXAY
KOMITBIOTEPOM M CTYJEHTOM, YCTaHABIIUBATH ONEPATHBHYIO OOPAaTHYIO CBSI3b,
KOTOpas UTpaeT BaXHyI POilb B U3yYEHUH HHOCTPAHHOTO SI3bIKA.

MbI cyuTaeM, 4TO TakXKe JO0JDKHA YCHIMTHCS TEHICHIHS MONTYdeHHUs
nHpopManuy ydamuMmucs BHE OQUIMANIBLHONH CHUCTEMBI O0Opa30BaHUs 4epes
MHOTOYHCIIEHHbIE MH(OPMAIMOHHBIE KaHaJbl (pajno, TEIEBUICHHE, IeYaTh,
KOMITBIOTEPHBIE CETH, OMOIMOTEKN | T.1.). [IpernogaBareny 1OKHEI pa3BUBATh
Y CTYAEHTOB CIOCOOHOCTH K OOYYEHHUIO, CAMOCTOSITEIbHOMY NPHOOPETEHUIO
HOBBIX 3HAHWH, OBJIAJEHWIO HOBBIMH BHIAaMHU JAesTeIbHOCTH. Heobxomammo
o0ecreunTh CTYACHTa CpENCTBAMH OpHEHTAllUHM, «IYTCBOIUTEISIMU» B
0o0JlacTi TIO3HAHMS W TpPaBWIIAMH I0Jb30BaHMsl MMHU. OcHOBOW y4eOHOro
npolecca JIOJDKHO CTaTh HE TOJBKO YCBOSHHME 3HAHWH, HO U CIIOCOOOB 3TOTO
ycBoeHMsT  (mepexoJi OT  JUCHUILTMHAPHO-OPUEHTUPOBAHHOM  CHUCTEMBI
o0y4eHUss K TIPOEKTHO-KpeaTuBHOH). Mpbl yOexaeHsl B TOM, 4YTO
KOMIMBIOTEPHBIE TEXHOJIOTUU MOMOTYT IPENOAaBaTeN0 OCYIIECTBUTh 3TU
3a/1a4M.
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[podeciitHicTh 1 MalCTepHICTF MalOyTHHOIO OQIIEPCHKOTO KOPITYCY
0e3mocepeHbO 3aJIeKaTh BiJ ICHYIOWOI CHCTEMH BHUIIOI BiHCBKOBOI OCBITH
VYxpainu. B Ykpaini BuIa ocBita — piBeHb OCBITH, SIKMH 37100yBa€THCS 0COO0F0
Y BHIIOMY HaBYaJHHOMY 3aKJjaJli B pe3yJbTaTI ITOCITIIOBHOTO, CHCTEMHOTO Ta
LJIECTIPSIMOBAHOT'O TIPOIIECY 3aCBOEHHS 3MICTY HaBYAHHS, SIKMH I'PYHTYETHCS
Ha TIOBHIW 3arajpHil cepeaHill OCBITI # 3aBepuIyeTbCs 3700yTTSM MNEBHOL
KBaJiQikamnii 3a macyMKaMu aep:kaBHoi atectauii [1]. Jlume akpenuroBanuii
BHIIMY HABYAIBHUHN 3aKJIa]] COIPOMOXKHUH 3MIACHIOBATH OCBITHIO JTisUTBHICTS,
MOB'si3aHy 13 3700YTTSAM BHUINOI OCBITH Ta KBawidikalii, 3a HampsMamu i
CHeLiaIbHOCTSIMH BiZIMOBITHAX OCBITHBO-KBaNi(DiKalifHUX piBHIB, HE MEHIIE
JIBOX TPETHH 3 SIKMX € aKpEeJUTOBAHMMU. 32 Pe3yIbTaTaMU aKpeIUTaLlil BUIIX
HABYAJILHUX 3aKJIajiB MiHICTEpPCTBO OCBITH YKpaiHH pa3oM 3 MiHICTePCTBAMU
1 BIIOMCTBaMH, SIKUM TiJIIOPSIKOBAaHI HAaBYaIbHI 3aKiIagy, BH3HAYAE
BiJITIOBITHICTh OCBITHIX ITOCIYT JIep’KaBHUM CTaHJapTaM MEBHOI'O OCBITHHO-
KBaJiiKalifHOrO piBHSA 3a HampsMaMu (CHELiaJbHOCTSIMH), HaJa€e IIPaBoO
BUavi JOKyMEHTA IIPO OCBITY JIEPKaBHOTO 3pa3Ka; BUPILIYE B YyCTAHOBICHOMY
MOPSAJKY THTaHHA NP0 peopraHizalilo BHIIONO0 HAaBYAIBHOTO 3aKiaay 3
HaJIaHHSM BiJIOBIIHOTO cTaTrycy abo Horo JIiKBigamito.

B ymoBax mnepexomy Ha bomoHchkuil mporec nyke Bpas3iIUBUM €
KpHTepiil IKOCTi BUIOI OCBITH. I1i/1 TEpMiHOM SIKICTH BUIL[Oi OCBITH PO3YMIIOThH
CYKYIIHICTB SIKOCTEH 0COOM 3 BHILOIO OCBITOIO, IO BijoOpaskae ii mpodeciiHy
KOMIIETEHTHICTb, IIHHICHY OpI€HTaIlifo, COLIaJbHy CIPSIMOBAHICTh 1
00YMOBJIIOE 3[aTHICTh 3aJOBOJBHATH SIK OCOOMCTI JyXOBHI 1 MarepianbHi
motpebu, Tak i moTpedu cycmiibeTsa [1].

Big yMCeTpbHOCTI TIEIaroriYHUX Ta HAYKOBO-IIEAATOT1YHUX MPAIliBHUKIB
Ha TpAMY 3aIEKUTh AKPEAWTAllis BUIOTO HABYAJIBHOTO 3aKiaay, a BiJ ix
BHCOKMX MOpPAJIBHHX SKOCTEH, BIAMOBIAHOI OCBITH, NpogeciiiHO-IpaKTHIHOL
MiATOTOBKH, (hi3MYHOTO CTaHy 3ajieKaTuMe SIKiCThb BUILOI OCBITH.

Mertoto poOOTH € PO3TIIsi MPodiIeMy 30epekeHHs KaJpOBUX HAyKOBO-
MeIaroriyHuX IMPaliBHUKIB y BUIIIM BIHCHKOBIM OCBiTI YKpaiHH B yMOBax
JIMHAMIYHO-3MIHHOTO IITATy, Ta HEJOCKOHAJIOI MiJIrTOTOBKH MOJIOANX HAYKOBO-
MeIarOriYHUX MPAIiBHUKIB Y aJ1 TOHKTYPi [2].

UncenpHICTh Ta CIy)kOOBE CTaHOBHINE Yy BIHCHKOBHX HaBYaJIbHUX
MiJPO3/ijiaX CiIyxXadiB, KYpPCAaHTIB, CTYACHTIB 3 KOXHOI CIEI[iaIbHOCTI
(crierianmizamii) abo  BiMCEKOBO-OOJIIKOBOi  CIICIIaTbHOCTI  BU3HAYAIOTHCS
CHUIBHAMH Haka3zamMu MiHicTepcTBa 00opoHH, MiHicTepcTBa OCBITH 1 HAYKH Ta
IHIIMX [IEHTPAJBHUX OpraHiB BHUKOHABYOi BJIAJ M, IO MAlOTb Y CBOEMY
MAMOPSIKYBaHHI BHII HaBuanbHi 3akmamu [3]. UwucenbHicTh ciryxadis,
KYpCaHTiB, CTYACHTIB 3 POKY B pIK € HE OJHAKOBOIO 1 3aJIC)KUTh BIiJ
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Jiep>)KaBHOTO 3aMoBIIeHHsT MiHictepcTBa obopoHu Ykpainum. Otxe, BOHa €
JUHAMIYHO 3MIHHOI0. JIUHAMIYHMIN fiana3oH 3MiH B OCTaHHIN 9ac KOJIMBAETHCS
Bix 0,2 mo 2. Iloka3HUK 2 € CYTTEBO BIUIMBOBUM Ha YHUCEIBHICTH HAYKOBO-
TMeJIaroriyHUX MPAIiBHUKIB Y BUIIIN BIHCHKOBIH OCBITI, SIK 3 YHCIIA HUBLIEHUX
Tak 1 BIHCBKOBHX. AJDKE CTPYKTypa Ta YHCENBHICTH OCOOOBOTO CKIAIy
BIfIChKOBUX HaBYAJIBHHX ITiIPO3LIIIB, IO 3TiHCHIOIOTH ITiITOTOBKY BiiCHKOBHX
(haxiBIiB BU3HAYAIOTHCS IITATAMHM, & BIICHKOBIX HABYAIBHUX ITiJPO3/LIIB, IO
TIpU3HAYeHI TUTBKH IJIS MATOTOBKHM O(ilepiB 3amacy 3 4Hcia CTyIACHTIB, —
IITATHUMH PO3IHCAMH.

Posrnsnemo oco0nmBoCTI puiioMy HayKOBO-TI€ar O YHUX
MpaliBHAKIB 3 YHCJIAa [WBIIBHUX NpAIiBHUKIB 30pOWHUX CHI YKpaiHH.
[lemaroriyni Ta HayKOBO-TIEIATOTIYHI TMPAI[iBHUKH MPUHAMAIOTECS HA POOOTY
LIJISIXOM YKJIaJIeHHS TPYOBOI'O JIOTOBOPY, B TOMY YHCIIi 32 KOHTPAKTOM.

[MpudHATTS UUBITBHUX OCI0 Ha TOCAJW HAYKOBO-IIEAArOTiUHUX
NIPaIiBHUKIB BIMCHKOBOIO HABYAJILHOTO MiAPO3JTY 3IIHCHIOETHCS HaKa3aMHu
KepiBHMKa BIHCHKOBOI'O HaBYAJIBHOTO MiJPO3AIY HA IiACTaBI KOHKYPCHOTO
BiIOOpY.

Jlo6ip Ta mnpusHaueHHs (NPUHHATTS) HAa KOHKYPCHIH (KOHKYpPCHO-
KOHTPaKTHi#) OCHOBI  odilepiB Ha TMOCaAd  HAYKOBO-TICNATOTiUHHUX,
MEaroriYHUX TPAIiBHUKIB y BUIIMH BIHCHKOBUN HaBYANBHHUN 3aKJaj
3TIACHIOETHCS 3T1THO MOPSAKY PO3POOKH Ta 3aTBEPKCHHS IITATIB BiIICHKOBUX
HaBYAIBHUX MiApo3/iniB. [opsioKk BCTaHOBIIOETHCS Ha OCHOBI [HCTpyKii 3
pO3pOOKM ITAaTiB Ta Ta0enmiB MO IITaTiB 3’€qHAHb, BIHCHKOBUX YACTHH,
BIfIChKOBUX HAaBUAJIbHUX 3aKJaJ[iB, YCTAHOB Ta BIAMOBIJIHUX OpraHi3amii
MinicrepctBa 00opoHn VYkpainu [4]. Xoua mrtatn (WITaTHI PO3ITHCH)
CKJIaJIAIOTHCS Ta MOPIYHO KOPETYIOTHCS B 3aJICKHOCTI BiJl 0OCSTIB 3aMOBJICHHS
Ha MiJIrOTOBKY BiHCHKOBHUX (haxiBLiB, IPOTE€ TEPMiHH NMPU3HAYEHHS! HAYKOBO-
MeIarOTiYHUX, IMEJAaroriYHuX IPAI[iBHUKIB 3 YHCIa BiCHKOBOCTY)XOOBIIB €
TpuBanuM. [HCTpyKuisi Hakjnamae psx oOMexeHb Ha (OpPMYBaHHS Ta
30epeKeHHs] KaJApOBUX BIMCHKOBMX HAYKOBO-TIEAATOTIYHUX KaJpiB BUIUX
BIfIChKOBUX HABYAJBHHUX 3aKJIQJiB B yYMOBaX JIHUHAMIYHO 3MiHHOTO HA0Opy
CITyXadiB, KypCaHTIB Ta CTYJICHTIB.

3rigHo monoxkeHHs [3] m. 5.1. poOoumii yac BHKJIagada BU3HAYAETHCS
o0csiroM HOro HaBYaJbHUX, METOJWYHMX, HAYKOBHX 1 OpraHizamiiHuX
O00OB’SI3KiB 'y  TIOTOYHOMY  HaBYaJIbHOMY  pOLi, BiJoOOpakeHHX B
IHAMBIAYaTbHOMY poOodoMy ruiaHi. TpuBamicTe poOodoro yacy BHKIajaya 3
IMOBHUM 00CSTOM OOOB’s3KIB CTaHOBUTh He Ourbmie 1548 rogun Ha
HABYAJILHUIA PIK TPU CEPEIHBOTIKHEBIH TpuBanocti 36 romuH. OCKiTBKU
3MIHIOETBCS YMCEJIBHICTh CIIyXadiB, KypCaHTIB, CTYIEHTIB, TO 1 BiANOBIIHO
3MIHIOETBCS YHCENIbHICTh HAyKOBO-TENArOTiYHOIO INTATy, BHUXOASYH 3
000B’SI3KOBOr0 00CSTY HABYAJILHOTO HABAaHTA)KEHHS BUKJIagaya BiAMOBITHO 10
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Horo mocagd, BCTAHOBJEHOI Kadeapor (IIpeAMETHOI abo IMKIOBOO
komiciero). Ilpu CKOpOYCHHI BIAMOBIMHOI TOCAAM HAYKOBO-IIEAATOT1UHI
MIPaIiBHUKY 3 YHCIIa BIHCHKOBOCIY>KOOBIIIB 3MYILIEHI 3HAXOIUTH 1 BUKOHYBATH
HAYKOBI ITOCAJIH, HE IMOB’sI3aHi 3 MEJaroriqHo0 MisTbHICTIO. OTXKe, TOCBiaUCHI
HayKOBO-TIE/IArOTivHi MpaliBHUKK BTPavyaloTh HE JIMIIE JOCBIJ IEAaroriqyHoi
MalicTepHOCTI, a i cTaxk Oe3rmepepBHOI IearoriyHoi poooTH.

TakuM dYHHOM, IIOCTAE BAXJIMBA AaKTyaJllbHA MpoOJieMa pOo3poOKU
HAyKOBO-OOTPYHTOBAHHX 3acaj 3 IMOPSIKY 30epeeHHsS ICHYIOUMX KaJpOBHX
HAyKOBO-TIE/IarOT1YHUX MPALiBHHUKIB 3 YHCJIA BIMICHKOBUX Yy BUILIH BiHCHKOBIH
ocBiTi YKpaiHU B AMHAMIYHUX YMOBaX, JIOKH He Oy/e yJIOCKOHaJleHa cucremMa
MATOTOBKM BIMCPKOBHX HAyKOBO-TIEAArOTiYHMX MpPALiBHUKIB B aJ FOHKTYpI
JUISl BUIMX BIHCHKOBUX HaBYAJIBHUX 3aKJIaiB.
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KJIFOUOBUX NPUHIOUIIB 1MOOYJOBH BiIHOCHH y OYyAb-SIKOMY J€MOKPAaTHUYHOMY
PO3BHHYTOMY CyCIIbCTBI. OCKUIBKH A1l YKpaiHU XapaKTepHOIO € TEHESHIIS
0 30iJbIIEHHS KIJBKOCTI IMMIrpaHTiB Ta ODKEHIIB, a TaKoX IOCTiiHE
TONIOBHEHHS.  BHIIMX HAaBYAJBHHUX 3aKJaliB 1HO3EMHHUMH CTYAECHTaMHU
(mepemyciM  CTyJICHTAMU MEIUYHUX YHIBEPCUTETIB, OUIBIIICTE 3 SKUX
npuOyBaloTh 3 apUKAHCHKMX Ta a3iiChKUX KpaiH), po3poOka edeKTUBHHX
3aXOMiB  IIONO  TMOMEpPEeKEHHS  MDKHAI[IOHAJbHOI ~ BOPOXKHEUi  Ta
KCeHO(OOCHKUX HACTPOIB 3 OOKY NpEICTaBHUKIB KOPIHHOTO HACEIEHHS MI0/0
pUOYIUX € BKpail BayKJINBOIO.

Jnst po3poOku 3acam MOOYAOBH TYMaHICTHYHOTO €BPOMCHCHKOTO
CYCNIJIbCTBA, IO TIPYHTYETHCS Ha PIBHOCTI BCIX TPOMags H B yMOBax
TOMIKYJIBTYPHOI JIep’KaBH, NOMUJIBHUM € BUKopHcTaHHs jgocBiny CILIA, ne
€THOKYJIbTYpHA, TOJITHYHA, peJliriiiHa TOJEepaHTHICTh Ta T'eHAEpPHA PIBHICTH
JIEKUTH B OCHOB1 KOHIEIII COL{adbHOI MOJITHKH Ta OCBITH. Bigomo, 1o
Criomyueni Iltatm Amepuku ImopiuHo npuiiMaioTh Omm3bko 500 THCSY
iHO3eMHUX cTyneHTiB 3 Snonii, Kopei, Kurato, Iunii, Himeaunnu, Taiinanny,
Bpasunii, Mekcuku, kpain xonmumasoro CPCP [5] tomo, i 3rizHo 3 OaratbMa
OITUTYBAaHHIMH, OUTBIIICTh CTYJCHTIB HE BIIYYBAIOTH JKOIHOTO JAUCKOM(OPTY
mig yac nepedyBanHs Ha teputopii CIIIA, mo cBimuuTh Mpo Te, MO MOJEIb
MoOyIOBH MYJIBTHHAI[IOHAJIBHOIO aMEPHUKAaHCHKOTO CYCIIJILCTBA Ha OCHOBI
pIBHOCTI Ta ETHOKYJBTYPHOI TOJEpaHTHOCTI € Oe3ymMOBHO Bnamow. Ha
CYY4aCHOMY €Tarli pO3BUTKY aMEPUKAHCBKOTO CYCITIILCTBA, TOHATTS «diversity»
(eTHiYHA, KyITBTypHA, PACOBA, PENIriliHa, MONITUYHA, BIKOBa PI3HOMAaHITHICTB)
¢irypye y mnepeaBHOOpHUX KaMIaHisSX IONITHKIB, COL{aJbHIA IONITHII,
HaBYAIBHUX MporpamMax BHUIIUX Ta CEepPeNHIX HaBYaJIbHUX 3aKJajiB TOIIO.
OCKIUTBKM TIOHSTTSI «TOJEPAHTHICTH» Kpalle CIPUHAMAETHCS YKPaTHCHKUM
ciIyxadeM, HiXK «PI3HOMAaHITHICTE» UM «HECXOXKICThY», M0 € Oe3mocepenHiMu
eKBiBaJICHTAMH aHINIHCHKOro TepMiHy «diversity», BoHO yacTillie BKHBAEThCS
y BITUM3HSHIN TeOpil Ta MPaKTHUIli CoIiabHOI podOTH.

Hmnst icropii po3sutky CIIIA xapakTepHUM € TOCTIHHHIA IOTiK
IMMITPaHTIB, 110 3HaYHO BIUIMHYB Ha (OpMYBaHHS aMEpUKAHCHKOI Hallii,
eTHIYHUH CKiIa] HaceleHHs Kpainu. Kpim Toro, BapTo 3ragatu Te, IO Iepes
CIIOA panime 3a iHmi KpaiHM T1ocTanma mpoOiieMa  CIiBiCHYBaHHS
NIPE/ICTABHUKIB PI3HMX Hallil, BIpOCHOBifaHb Ta KynbTyp. besymoBHO, y Bci
Yacu B Pi3HI KpailHW HPHUI3AMIN JIIOJM Yy TOIIyKax Kpamoi Joii, aje Takoi
mocTiiHOi Ta MacoBoi imMmirpamii, sik y CIIA, >xomHa kpaiHa cBiTy He
3a3HaBana. [Ipn mpomy, sikmo go kiHosg XIX cr.. iMMirpanté npuOyBaiu
3nebinbiroro 3 kpain 3axigHoi Ta [TiBHIYHOT €BponH, TO XapaKTEPHOIO PHCOIO
iMMmirparii 2-i momopuHu XX CT.. Oyina 3MiHa ii €THIYHOrO CKJIaay 3a paXyHOK
«KOJIbOPOBOI'0» HACEJICHHS, KUIBKICTh SIKOT'O TMOJEKYAHM NepeBHIIyBaja
KiJbKicTh Ointoro. IIpoTsiroM 1poro mepiogy y pi3HOMaHITHOCTI €THIYHOTO i
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KYJIbTYPHOT'O CKJIaJy HAceJeHHs BOAayasM Mepenikoay, M0 CTOosUla Ha 3aBaji
CTBOPEHHIO «EJMHOI HAIil», Yepe3 110 KOKHUH NPUOYIHH iIMMIrpaHT OBHHEH
OyB NparHyTH A0 MOBHOI acCUMUJIALIi, TOOTO 3TiJHO 3 TEOPI€I0 «IUIABUIILHOTO
rOpIIMKa», MaB CTaTd  «CTOBIJCOTKOBHM  aMEpHKAaHIEM, THUIIOBUM
MIPE/ICTABHUKOM aMEpPHUKaHCHKOI'o CycIijbeTBa». [Ipore y 2-it monoBuHi XX
CT.. Taka iJIeoJIoTisl BTpaTHia akTyaiubHicTh. [IpuOyBmm no CIIA, Buximmi 3
Jlatuacpkoi Amepukn Ta A3ii mparHynu 30epertd MOBHY, pPeENiridHy H
KyJIbTYpHY iZ€HTHYHICTh Ta 300YTH HE3AJEXKHICTh BiJ 1HIIMX KyJIbTYpHHX
rpyn. Yien komicii 3 mpobiem ocBitH k. AJuleH 3a3Hayae, M0 KOXKHa cripoba
MIPE/ICTABHUKA €THIYHOI MEHIIMHHU 30eperTH CBOEPIAHICTH PiAHOI KYJIBTYpH
CTaja TOBHONPABHOI Yy COLIaJILHOMY, €KOHOMIYHOMY Ta TOJiTHYHOMY
KOHTEKCTI aMepPUKaHChKOT KyibTypH [3, 48].

VY CIOBHHMKAX TEpMIH «TOJNIEPAHTHICTH» HAaWYacTille PO3TISIIAETHCS SK
CHHOHIM "TepnuMocTi" 3 IMOCHIIAaHHSAM Ha Te, L0 HOHSATTS «TOJEPAHTHICTH»
noxingue Bix dat. tolerantia i o3Hawae «repmmumicTsy [4, 669).

[MonibHe  TpakTyBaHHS  mporoHye 1 Jlekmapalis — NpUHIMIIB
TOJIEPAHTHOCTI, mo Oyma mporonomeHa ta mianmucana IOHECKO 16
muctomana 1995 p. ¥V meprmiii 1 cTaTTi 3a3HaYEHO:

1. TonepaHTHICTh O3HaYa€e MOBaXKAHHS, CIIPUHHATTS Ta PO3YMiHHS OaraToro
pPI3HOMAHITTS  KyJAbTYp Hamoro cBity, QOpM CcaMOBHpPaKEHHS Ta
CaMOBHSBIICHHS JIFOJICBKOI  ocoOucrocTi. @OpMYyBaHHIO TOJEPaHTHOCTI
CIPHSIOTh 3HAHHS, BIAKPHUTICTh, CIIJIKYBaHHS Ta CBOOO/AA IYMKH, COBICTI
1 mepekoHaHb. ToNEpaHTHICTh — I €HICTh y pi3HOMAaHITTI. Lle He TimbKH
MOpaJIbHUI 000B’ SI30K, a 1 MoJIiTHYHA Ta paBoBa norpeda. TonepaHTHICTH —
e Te, IO CHPHSE JTOCATHEHHIO MHpPY, MEPEeXoay BiJ KyJIbTypH BiHH 10
KYJIbTYPH MHPY.

2. TomepaHTHICTP — LI HE IIOCTYyIKa, MNOOJaXJIMBICTh YH MOTYPaHHS.
TonepaHTHICTh — 1€ NepeayciM aKTHBHA MO3MIIIS, 10 POPMYETHCS HA OCHOBI
BH3HAHHS YHIBEpPCAJIbHUX IPaB Ta OCHOBHUX CBOOOJ JfoAWHH. TonepaHTHICTh
Yy JKOJIHOMY pa3i He MOKe OYTH BUIIPABIAHHSIM IOCSATAHHIO HA I[i OCHOBHI
uiHaOCTi. ToNepaHTHICTh MOBUHHA BUSBIISTH KOXKHA JIIOAWHA, TPYITH JIIOAEH Ta
JIep>KaBH.

3. TonepaHTHiICTP — 116 O0OB’SI30K CHPHATH YTBEPKCHHIO TpaB JIIOAWHH,
wiopanizamy (y TOMYy YHCI 1 KyJIbTYpHOIO IUTIOpaji3Mmy), JEMOKpatii Ta
NpaBoNOpsIIKY. TonepaHTHICT — L€ TOHATTS, IIO O3HAYa€ BiIMOBY Bif
JOrMaTH3My 1  aOCoNIOTU3MY, YTBEpIPKEHHS HOpPM, 3akpilUIeHuX Y
MiKHAPOTHO-MIPABOBHX aKTaX Y rajy3i mpas Joaunu [1].

AHani3 JociipKeHb 3 TMPoOIeM TOJEPAHTHOCTI Ja€ 3MOTY BHU3HAYHTHU
TIOKA3HUKH TOJIEPAHTHOTO CTaBJICHHS, CepeJl SIKUX HacaMIlepe]: BU3HAHHS 1
MIPUAHATTS OCOOUCTICTIO PIBHOIPABHOTO iCHYBAaHHS Pi3HOMaHITHUX JYMOK,
MIEpEKOHAHb, 3BUYATB; 3/IaTHICTh JI0 CAMOKOHTPOJIO y chepi eMorliif; moTpeda
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y cBOOOJII BIIACHOTO BHOOPY i MOBara J0 cBo0OJM BUOOPY IHINUX; 3/1aTHICTh
TIPUMHUPHUTHUCS 3 ITOBEAIHKOI, NMEPEKOHAHHSIMH 1 I[IHHOCTAMH IHIIUX dYepes3
TIeBHE HACWJIBCTBO HaJl CO00I0; TIIMOMHHE PO3YMiHHS HEOOXITHOCTI iHIIOrO,
PO3XOKEHb 1 OCOOJIMBOCTEH SK MOMEHTIB IIJIOrO, SIK HEOOXiAHOI YyMOBH
PO3BUTKY; BIJIKpUTICTH HOBOMY; BiIMOBa BijJ OOpOTHOM 3 BIAXWICHHSMHU,
BHU3HAHHS IX IpaBa Ha ICHYBaHHS; SIKICTh CIIJIKYBaHHS — IIParHeHHs 10
KOMIIpOMIiCY; BiZIMOBAa BiJl TIpeTeH31 Ha BOJIOJIHHS OCTATOYHOIO 1
HE3aIMePEYHOI0 ICTHHOIO Ta 1H.

VY mnenaroriynii Teopii Ta mnpaktumi CIIA MixerHiyHa ocBiTa
3'siBuslacst Ha nmodaTky 20-X poKiB MUHYIJIOTO CTONITTSI, aje OlIbII cepiio3HOro
PO3BUTKY OYJIO TOCATHYTO JIUIIE y APYTil MOJOBHHI CTOMITTS. HuHi € mimcTaBu
BBaXaTH, IO YMHHA CHCTEMa MDKETHIYHOI OCBITH OO0’ €IHYE PIi3HI IiJXOJH,
CHpsIMOBaHI Ha €quHy MerTy (OpMYBaHHS OCOOMCTOCTI, SKa BOJIOMIE
KyJbTYPOIO MIKHAIIOHAJIILHOTO CITIJIKYBAaHHS 1 CTIHKOIO ETHOKYJIBTYPHOIO
TOJIEPAHTHICTIO, 3/ATHICTIO [0 CaMOpPO3BHTKY Ta camopeasizamii y
MOTIKYABTYPHOMY CYCHINBCTBi. Taka OCBiTa PO3MISANAETHCA SK SPEKTHBHUUN
nuUIsIxX 3a0e3nedeHHs 6e3001iCHOr0 BXOKEHHS PI3HOMaHITHUX €THIYHUX TPy
JI0 aMEpUKaHCHKOI KYJAbTYPH 3a yMOB 30€peXeHHs BJIACHOI KYJIbTYypHOL
caMoOyTHOCTI.

SIBuIIEe €THIYHOI TOJIEPAHTHOCTI-IHTOJIEPAHTHOCTI SIK BUSIB COLiaIbHO-
TICHXOJIOTIYHUX OCOOJIMBOCTEH B3a€MOJii €THIYHUX TIPyN y IMOJIKYIbTYpHHX
perioHax TMpOTATOM OCTAHHIX JECATWIITH BUBYAJIOCS Yy 3apyOiKHIN Kpoc-
KyJAbTYpHIM  TICHXOJIOTii, 30KpeMa JOCIHiKYBaJIWCS  B3a€EMOBIIHOCHHH
MpencTaBHUKIB pi3HUX eTHiuHUX rpyn (Allport G.W., Deridder R., Deschamps
J., Doise W., GilesH., Johnson P., Kim S., Pleasants M., Sinclair A., Scott W.,
Smith R., Thalhofer N., Tripathi R., Turner J)); MiKyIbTypHA ajanraris,
«KyneTypHUii mok» (Berry JW., Bochner S, Furnham A., KohlsL., Oberg K.,
Smalley W.); ernonentpusm (Brewer M., Campbel D.T., Eriksen T.H.,
Horowitz D.L., Le Vine R., Smith M.); myneTukynetypanizm (Berry JW.,
Bond M, Kalin R., Moghaddam F., Taylor D., Wazer M.)

3HayHy Bary JUId JIOCHI/DKEHHS TIPOOJIEMH  €THOKYJIBTYpPHOI
TOJIEPAHTHOCTI MAarOTh POOOTH POCIHCHKUX €THOJOTIB Ta €THOIICHXOJIOTIB, B
SIKHX PO3KPHBAETHCS CYTh TaKUX CKJIQJHUX TOHATH, K «ETHOC», «MI>KETHIUHI
CTOCYHKH», «IICHXOJIOTiSl HAIlil», «ETHIYHI OCOOIHMBOCTI», «MEXaHI3MU
MDKETHIYHOro crpuiHATTS». Cepell HHUX, HacamIlepes, BapTO BHOKPEMUTH
nocnimpkenns 1I.A. Borinoi, }0.B. Bpomnes, T.B. bapuynosa, B.I". Kpucbko,
H.M. Jle6enepoi, A.B. Jlibina, O.B. Mirtina, A.B. Opnosa, T.I. Credanenko,
T.B. Tab6oninoi, A.H. Tarapko, B.A. Tumkosa, H.A. Hoxnosa, [.B. Carapina,
K.J. KacesiaoBa, H.3. fpomryka Ta iH.

JlocmimHUKH BKa3yIOTh Ha Te, IO CBITOBI MIoOaNi3alliiiHi mpoIecy,
SIK1 CYIIPOBODKYIOTBCS ~ TOMOTCHI3aIli€l0 KYIIBTYPHOTO  TPOCTOPY
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HAIlIOHABHUX CITIJIBHOT Ta PO3MHUBAaHHAM iXHIX KYIBTYPHHX MEX, CIIPUSIOTH
MOUIMPEHHIO i/Iell LIHHOCTI KYIBTYpHOTO IUTIOPATi3My ¥ MiXKETHIYHOL
TOJIEPAHTHOCTI, ajie BOJHOYAC INPU3BOAATH JO 3pPOCTaHHs HAaIllOHAIBHOTO
paauMKami3My MOA0 30epeKeHHS BIACHOI KYIBTYpHOI camMoOyTHOCTi. [Ipore,
KpiM 3araJibHOCBITOBUX MPOIECIB, KOPKHE CYCHIIBCTBO CTUKAETHCS 3 BIACHUMH
TPYIHOIIAMH, 3YMOBJIEHIMHU JMHAMIKOIO BHYTPIIIHIX CyCHUIBHHX MPOIECIB
CTAHOBJICHHSI BUCOKOT'O PiBHSI MIDKETHIYHOI TOJIEPAHTHOCTI y BIIACHIN KpaiHi.

Hespakaroun Ha Te, mo VYkpaiHa 3a CBITOBUMH CTaHIapTaMu €
MOHOHAIIIOHAJIBHOIO JIEPXKABOIO, J€ NPEJACTaBHUKU HAI[IOHAJIHHUX MEHIINH
ckiagaroTh 22,2 % Bij 3arajbHOI KUJIBKOCTI HAaceJeHHs KpaiHu, mpobnema
MDKETHIYHMX CTOCYHKIB B  YKpaiHCBKOMY CYCHUJIBCTBI CTae jaeaalii
rocTpimoro. [Ioka3oBUMHU € 1aHi OCTaHHIX COLIOJOTIYHUX ONMUTYBaHb. Tak,
pe3ynsTaté JoclimkeHHs «PiBeHb TorepaHTHOCTI B YKpaiHi» [2] 3acBiqumim,
o sume 12 % onuTaHuX OLHIOIOTH CYYacHY CUTYaIlilo B KpaiHi SK CHOKiHHY,
a moHan 67% — sk HanpyxkeHy 1 koH(uikrHy. IlpmunHoro cycminbHOrO
Hecriokoro Juist 34 % onuTaHWX € 3pOCTaHHS KiJIbKOCTI MITpaHTIB 1 ODKEHIIB
B YKpailHCBKOMY CycHibcTBi. KinbKicTh pPECHOHIEHTIB, SKi IMPOTIroM
OCTaHHIX TPbOX PpOKIB 3a3HaBajM JUCKPUMiHAIl, cTaHOBUTH 32 .
HaiiBumuii piBeHb TONEPAHTHOCTI PECHOHAEHTH BUSBWIM IIOAO POCISH,
OijopyciB Ta €BpeiB, MeUI0 HIDKYMH — y CTaBJI€HHI JO MOJJIaBaH Ta
KPUMCBKUX Tarap. 3TiHO 3 pe3yjibTaTaMH ONUTYBaHHs, HAHOLIbII BOpoOXe
YKpaiHIi CTaBISATHCS A0 INPEACTABHHUKIB KpaiH Adpukn Ta A3ii, a Takox
BBAXKAIOTh, WIO HENPHUIYCTUMO BIyCKAaTH 1O KpaiHM TNpeJCTaBHHKIB
kaBka3pkux HapomiB 30 % omuranux, nuran — 39 % Ta agraxmniz — 29 %.
TpuBoxHO € i cutyauis B ykpaiHcbkux BH3, ne HaBuaeThcs
BeJMKa KiJNbKiCTh iHO3eMHHUX cTyaeHTiB. KceHodoOcbki HacTpoi
arpecMBHO HaJAIITOBAaHOI MOJIOJAI 4YacTO CTAalTh MPUYNHOIO
MCUXOJOTIYHOTO TUCKY, (i3UYHOTO0 HACHUIBCTBA Ta JAUCKPHUMIiHAIIT
3a HalliOHAJIbHOIO qy perairiiiHoo MpUHAJIEXHICTIO,
BipOCITOBiJTAHHSM.

SckpaBuii  mpukiIax  37e0UIBIIOTO  MHPHOTO  CIIBICHYBaHHS
MIPE/ICTABHUKIB 0arathbOX HaliOHAILHOCTEH B OMHINM JAepXkaBi JIEMOHCTPYIOThH
CIIIA, nme ocepenxoM (GOpMyBaHHS TOJICPAHTHOCTI € BHII HABYAIBHI 3aKJIaJIH.
BinbnricTs yHIBEpCHTETIB, KOJICKIB Ta IIKIJ COIIAIBHOI pOOOTH MPOIMOHYIOTh
CTyJICHTaM HaBYalbHUI Kypc «Diversity» (B Tomy uucii «Human Diversity»,
«Ethnic Diversity», «Cultural Diversity», «Religious Diversity», «Linguistic
Diversity» «Equality and Diversity»), mo mnepenbauae TInOOKe BUBYCHHS
icTopii, pemirii Ta KyIbTypu pi3HHX HapoliB, (i3W4HOI Ta COIiaIbHOL
aHTPOIOJIOTi], HALlIOHAJIILHOTO MEHTaliTeTy Tommo. OcoOIMBY POJIb BUBYEHHS
1i€l AMCHMIUIIHM BiJirpae y npodeciiHii maroroBui MaiOyTHIX COIabHUX
MPaIiBHUKIB, po00OTa SKUX Tmepefadayae HAJAaHHSA JOMOMOTH OKCHIIM,
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HaIllOHATGHUM MEHIIMHAM, pOOOTy 3 MOCTPaXAAJIMMHU BiJ DPI3HUX BHIIB
JTUCKpuMiHamii. 3aHATTS NPOXOIsTh, B OCHOBHOMY, Y (opMi MaiicTep-Kiacis,
TpeHiHriB, irop, Oecil, «MO3KOBHX IITYpMiB», MEPErsy Ta OOTOBOPEHHS
¢inpMmiB, 1O 3a0e3nedye 3alliKaBIEHICTh CTYJEHTIB Ta Mae HeaOusKy
NpakTHYHY 3Hauymiicte. Kypc Takoxk mependadae po3poOKy CTyAEHTaMHU
BJIACHHX IIPOEKTIB, HANMCAHHS TBOPUYUX POOIT, IO BHUCBITIIOIOTH MpOOIEMH
€THOKYJIbTYPHOI, PENiriiiHoi Ta reHJepHol TOJEPaHTHOCTI Ta MPOIOHYIOTH CBOL
HNUISIXH 1X BHUpilIeHHs. Bech KOMILIEKC BOpaB i 3aBJaHb HA TAaKUX 3aHATTIX
CIpsIMOBaHWI Ha BUSBJICHHS IHAWBIAYaJbHUX SKOCTEH KOXKHOTO CTYJIEHTa,
PO3KPHTTSI HOro BHYTPIIIHBOT'O CBITY 1 BOJHOYAC HA PO3YMIHHS HEOBTOPHOCTI
IHIIIOi 0COOMCTOCTI, il €THOKYJIBTYPHUX OCOOJIMBOCTEH, pacH YM peirii.

B VYkpaini ¢popMyBaHHS TOJEPaHTHOTO CYCHIJILCTBA € MEPCIIEKTHBHUM
HAIpPsIMOM COIIaJIbHOI POOOTH, 1 PO3BUTOK MOMNIKYJIBTYPHOI OCBITH MOXKJIMBHUH
32 YMOBHM BUKOPHCTAaHHS MO3UTHBHOTO 3apyOi’KHOTO JOCBiTy B IiH Tramysi.
Bapro 3ayBakutn, mo e(eKTHBHICTb aMEPUKaHCHKOI MOJIKYIbTYPHOI OCBITH
3yMOBJIEHA 1 THM, 110 BOHA mepea0dadae HaBYaHHS TOJEPAHTHOCTI HE JIMIIE y
BUIIMX HABYAJILHMX 3aKJajax, a ¥ y MIKoJax Ta JUTSAYUX CaJl0uKax, Ne JiTei
3MaJIeuKy HPUBYAIOTH JI0 MUPHOI'O CHIBICHYBaHHS 3 NMPEACTAaBHUKAMH 1HIIHX
€THIYHUX, PACOBHX, PENITIHHUX TPYII.
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YEPE3 EKOJIOTTYHE BUXOBAHHSI
A0 IMI3BHAHHSA CAMOI JIIOAUHU
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E-mail: emailme@ua.fm

BimoMo, 1m0 ekomoriyHa ~CHUTyalmisi Ha 3eMili  TPOJOBKYE
MOTIPITYBATHCS: O30HOBA Jipa HaJg AHTapKTUIOKD HE 3MEHIIYETHCSA, a
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3a0pymHenicte  CBiToBoro OkeaHy 1 TOBITpSHOI OOONOHKH — 3emiti
30inbyeThes. Benukoi mkoxn 3emuti Ta i IpUpOAl 3aBAAIOTh HenOaiiuBe
30epiranHs i 6e3rpaMOTHE 3aCTOCYBAaHHsS OTPYTOXIMIKATiB 1 JOOPHB: TMHYTbH
KOMaxH, MiKpooprauizmMu. [pyHT NepeHaCUYEHHI BaXKKMMHM MeETajaMd Ta
IHIIMMHM LIKIJUIMBUMH €JIEMEHTaMU, TIOTPAIUISIHHS SIKMX Yepe3 POCIMHHY 1Ky B
OpraHi3M  JIIOMHH  TpPU3BOJUTH 1O  TNOPYIIEHHS iX  HOPMaJbHOL
KUTTEMISTIbHOCTI. BeTanoBieHo, 1m0 Olblle MOJIOBUHM BCiX XBOPOO CydacHOL
JIOIMHYA BHKIIMKAHO [i€l0 XIMIYHUX, (I3UYHUX Ta OloJIOTiYHUX (aKkTopiB
HaBKOJIMIIHHOT'O CEPEIOBHIIA.

Hame cycninbcTBo He TOTOBE J0 peamizalii HPHUPOAOOXOPOHHUX
3aXO0JIiB HE TUIBKU TOMY, IIIO JUISl I[bOTO HE BUCTAa4Ya€ MEBHUX KOIUITIB, a i TOMY,
IO BiJCYTHSI €KOJIOTiYHa KyJIbTypa MHUCIEHHS HE JIMIe y TiTed, ane # y
JIOPOCIHX. 3 OTJIAAY Ha I1e, BUPIMICHHS EKOJIOTTYHUX MIPOOJIeM 3HAYHOK MipOI0
3aJIeKUTh BiJl EKOJOTIYHOTO BHXOBaHHS MOJIOJAI y INKOJaX Ta BHIIKX
HaBYaJIbHUX 3aKJIa/1axX.

IMpuknan: no €runercbKux mipaMiZi HE TO3BOJICHO MiJ 1XKIDKAaTH Ha
aBTO, OCKUIBKHU CIIOJIYKH CIPKH Ta BYIJIEIIO, 1[0 MPUCYTHI Y BUXJIOMHUX ra3ax,
MOETHYIOUHCH 3 BOJSIHOIO NMApO0, YTBOPIOIOTH CipYaHy KHUCJIOTY. A KHCJIOTHI
JIOIIl MOXYTh 1 pydHyroTh Iie Benuke UYymo Ceiry. lle nwurtanHs Moxe
PO3IIISTHYTH BUMTENb icTopii, reorpadii, ximii, 6iomorii i ¢isuku Tex. Amke
MOBa Iae Npo K.K.J. JABHTYHA i NpPO NUIAXM WOro MiABHINEHHS. Y miTel
moTpiOHO  (QOpPMYBaTH  «EKOJIOTIYHHH  CBITOIVIAI», TOOTO  CBiJIOMICTh
MIPIOPUTETHOTO BUPILIEHHS €KOJIOTYHUX MPOOJIeM ITiJ| Yac 3]iHCHEHHS OyIb-
SIKUX TIPOCKTiB, PO3POOKH CYYaCHUX TEXHOJOTIH, CTBOPCHHS MAaIIWH 1
MeXaHi3MiB, a 0COOJIMBO, HAHCYYaCHIIINX IIPUCTPOIB.

Exonoriune BHXOBaHHS Ha ypokax ()i3UKH BUHMTEIhL HE MOXE BECTH
JUIIE TUTBKM MeromoM Oecimm abo mekmii. Hai6inpm mommpenum (i
PE3YyIBTATUBHUM) E€IEMEHTOM HaBYaJIbHOI MIsUTBHOCTI Ha ypokax (i3uku €
PO3B’A3yBaHHA 3ajau. IX OBrOBOpeHHs BHKIMYE KOPMCHI AMCKycii i nacTh
MOXIIUBICTh BBECTH Y4HIB, CTYJEHTIB B KOJO NpoOJieM, II0 30araTtuth ix
VSBJICHHS PO TpUpoay. BoHM rimbIre po3yMiTHMYTh I[UTiCHICTD, BETUYHICTD,
Kpacy mpupoau. A B3arani, Oyap-aKy 3amady 3 (I3WKH MOXHA 30araTutu
€KOJIOT1YHUM 3MiCTOM.

Mu 9acTo 4yeMmo: «IOTpiOHO T'yMaHITapu3yBaTH OCBITY». Al e
JIMKTY€E HEOOXIIHICTh MOBepHEHHS (Pi3MKH 10 ii TOYaTKOBOTO 3MICTY SIK HAYKH
PO TPUPOAY, TOOTO MOTPIOHO EKOJNOri3yBaTH NpPEJAMET IIKUIBHOI (hi3HKH.
AKe BiHOIICHHS JIIOJWHU JI0 TIPUPOAX — 1€ caMa JIF0JIMHA, 1ie i npupoaa, ii
nyma. Ha ypori BYMTENns MOCTIHHO 3yCTpi4aeThesi 3 MOINISIAMHM  YYHIB.
PizHuMu BOHM OyBarOTh: OCSHHI 1 CITOKiHMHI, YMCTi i TyMaHHi, XWUTpi 1 HIHUpI,
BIAKpUTi. AJle € i CyMHI, 3 SKAMH HE MOXXHAa PO3SMHMHYTHCh. 3a3BHYai, B
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CYMHHUX OuYaxX TPHBOTa 3a CBOKO JIONIO, Hajis Ha kpamie. J[iTh 3 moraHum
3710poB’siM. .. Ix GaraTo.

CkiaziHa €KoJIOridyHa OOCTaHOBKAa 1 MiJBHIIEHHS pIBHS 3aralbHOI
3aXBOPIOBAHOCTi, BEJIMKE MEPEBAHTAKEHHS HABYAJIBHUMH  IIPEAMETaMHU
(ocobnmuBO B JiNeHHMX Kiacax), IIKBal OpyAaHOi 1 IIKIIMBOI MacoBoOi
iHpopManii, HU3bKUI piBEHb CYCHUIBHOI CBIZIOMOCTI — OCh (pakTopu, MO €
MIEPIIONPUIHHOI0 KCYMHHUX OYCi».

Sk Matu, sSK BYMTENb, 1 30KpeMa BYHUTENb (Di3UKU, BBAXAIO
00OB’SI3KOM KOXKHOT'O TeJarora uepe3 BHKJIAJaHHS CBOTO MpenMeTa JaBaTh
YUHSIM 3HaHHS PO 370poB’sl. Pi3uKa — HayKa Ipo MPUPOY, a 3HAYUTH, 1 TIPO
moauHy. OTxe, Yepes BCl po3aiian 3 (i3WKH MOXXKHA TIPOBECTH TEMY 3JI0POB’ s
JIOJIMHU, a HAaBYAJIBHUM MaTepian 30araTUTH IiKaBUMH IIOBiJIOMIICHHSMU,
3a/ladyaMu, CKCIePUMEHTaMH 3 Oi0(i3UYHUMH JaHUMU. Buwrtens Ha Micle
abcTpakTHOroO (hi3MYHOrO Tijla TOBHHEH cTaBuTH cebe um yuHs. /Jlitn
CHpHUIMAIOTH 1€ SIK eJIEMEHT TPH, a B TPl 3HAHHS 3aCBOIOIOTHCS Halikpae. [1pu
IFOMY AaKI[CHTYEThCS yBara Ha IIi3HAHHI 1 BUBYCHHI CaMoi JIIOJUHU SIK
¢iznuHoro o6’exra. SIk BiZOMO, HaWpe3yJbTATHBHIIINM METOIOM BHUBYEHHS
(bi31KH 3aUIIAIOThCS 3a7a4i. AHATI3YI0UH 1 PO3B’SI3YI0UH 3a/1a4i PO JIFOIUHY,
BYHTENb POOUTH BENHMKUI BHECOK Yy 30€peKeHHS 3/J0pOB sl TiTeH.

HonaTkosi 0iodizuuni nani
IIBuAKICTh NPOXOKEHHS 30y/PKEHHS 110 M si3aX

Tun M’ 13iB HIBuakicTs M/c
1) CkenetHi M’ s34 JTIOJNHU. 10-15
2) CkesnetHi M’ 13U xabu. 3-4
3) M's3u nepeacep/ist JHOTUHU. 1
4) M’ 531 KUIICYHHUKA JTIOIMHH. 0,01
5) M’s3u kuieyHnKa xaou. 0,001
IIBUAKICT PYXy KPOBi B CyAMHAX JIIOJMHH
KpoBoHocHi cynuan IIBuakicTs M/c
1) Aopra 0,3-05
2) Benn 0,05-0,2
3) Kamnimsipu 0,0002 - 0,0005

Sk mpukman 3actocyBaHHS 0i0(i3MYHMX NaHUX HAaBEJIEMO YMOBY
3amaui 3 MeroguyHoro mnocionmka H. B. Topomko «Buswaii cebe. bepexu
cebe» 3i cepil «Di3uka i exororis - 110 3amawy:

Bona y kanimsipHiii Tpyoui niamerpom 0,4 MM ITiHSUIacCh Ha BUCOTY
7,2 MM, a xoBY y TpyOmi aiamerpom 0,5 MM — Ha BucOTY 3,73 cM. Y CKiJIbKH
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pasiB Koe(ilieHT MOBEPXHEBOIrO HATATY BOAW OUIBINMMA, HiX JKOBYI, SIKIIO iX
T'YCTUHU MaiKe OJHaKOBi?

VY Ham yac, cepen yuuTelniB (i3UKH 3HAYHO 3pOCiIa 3aliKaBJICHICTh B
inTerpamii (Qi3WKM 3 IHIOUMH TIpeMETaMH, OCOONMBO 3 OioJoriero Ta
ekooriero. BukopucranHs 6i0¢i3HYHOr0 Marepiaiy JOrmoMarae JiTsM Kparie
3aCBOIOBATH TPEJMET, PO3IIMPIOE U MOTTHONIOE Mi3HABANBHUMA iHTEpec. [Ipu
LILOMY, CIJIiJl BUJUINTH TaKi HAIIPSIMKH:

1) Ha ¢dakrax nokasaTH €JHICTb 3aKOHIB IPUPOIH.
2) 3acrocyBaHHs 3aKOHIB (Hi3UKH JI0 )KUBOT IPUPOJIH.
3) Hosi Meroau i TeXHONOrI BIUIMBY HABKOJNHUIIHBOIO CEPEIOBHINA Ha

OpraHi3M JIIONHU.

[Mpamforoun 3a MMHU HanpsSIMKamy, BUUTENI (POPMYIOTH €KOJIOTiUHY
KYJBTYpY, SIKa JIOTIOMOKE MOJIOJIOMY MOKOJIIHHIO 30€perTH HaHIiHHIIIE — CBOE
3JI0pOB’ 1.
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