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YIAK 61.2+68.1:62.755

[NoBeIeHNe KayecTBa, HAEKHOCTH M JIOJITOBEYHOCTH TEXHUYECKUX CHCTEM H
TEXHOJIOruueckux mnpouecco: COOPHUK TPYHOB MEXIYHApPOIHOH HAydHO-
TexHHU4YecKoi KoHPepeHmHy, 12 — 19 nexadps 2010 r. — Xmenpaunkuii: XHY,
2010. - 200 c.

B cOopHHK BKIIOYEHBI MaTepHaAbl MEXIYHApOJIHOH KOH(EpeHIHH
«[ToBBIlIIEHHE KAa4YeCTBA, HAJEKHOCTH U JOJITOBEUHOCTH TEXHUUYECKUX CHCTEM
U TEXHOJIOTMYECKUX TIPOLIECCOBY, MpoBeaeHHor B Erunre B nexadpe 2010 r. B
r. Hapm smp Ileiix.

PaccmoTpeHs! po0ieMbl TOBBIIIEHN ST KAUECTBA M IPOU3BOUTEIEHOCTH
TEXHUYECKHUX CUCTEM M TEXHOJIOTMUYECKUX MPOIECCOB, IPEACTABICHBI JOKJIA b
[0 KOHTPOJIO, TUATHOCTUKE W MPOTHO3MPOBAHUIO COCTOSHUS 3TUX CHCTEM,
OCBEIIIEHbl HEKOTOphIE MPOOJIEMbl BUOPAIIMOHHON TEXHUKH, JUHAMUYECKOH M
CTaTMYECKOM TNPOYHOCTH, a TaKKe OJKOHOMHYECKHE W o0Opa3oBaTelbHbIE
ACIIEKTHI MPOOJIEM.

B  cOopHuKe KpaTKO  IpEJCTaBIIEHbl  JIOKJIAJbl  YYaCTHHUKOB
koH(epeHuny. OHU 0e3 cepbe3HBIX MPAaBOK OMYOJNKOBAHBI B TAKOM BHUJE, B
KaKoOM OBUTH ITPEACTaBIICHBI aBTOPAMH.

COOpHHK paccyMTaH Ha HAaydyHBIX M HMH)XEHEPHbIX paOOTHUKOB,
acIMpaHTOB, CIHENUANM3UPYIOMNXCS B 00JacTH TMOBBIIIEHHS KayecTBa,
HaJEXKHOCTU U JOJITOBEYHOCTH TEXHHYECKHX CHCTEM M TEXHOIOTMYECKHX
MIPOLIECCOB.

Peoakuyuonnasn konnecusn:

Boropomr A.T., n.1.H. (Ykpauna), Hoxxuaunxwuii FO.A., n.1.1. (Poccus), ByOymnmc
A. n.1.1. (JIurea), Poitsman B.I1., n.1.H. (Ykpauna), Cokon B.M., 1-p
(U3pamib).

Omeemcmeennulil 3a ebinyck npogh. Poiizman B.I1.



VYTBEep)KAEHO K IIe4aTH COBMECTHBIM 3acenaHueM lcmomkoma
XMmenpHUIKONW 00nacTHOM opranuzanuy Coro3a HaydHbIX M HMH)KEHEPHBIX
o0beanHeHni YkpauHsl U YKpanHckoro HaumonansHoro xomurera IFTOMM.
ITporoxkon Ne7 ot 15 Hosi6pst 2010 .



IIVIEHAPHOE 3ACEJJAHUE

HCTOPHSA U HAYUYHBIE HIKOJIBI POCCAMCKOT' O
I'OCYAAPCTBEHHOI'O HAYYHOI'O HEHTPA
«IIEHTPAJIbHBI HTHCTUTYT ABUAITMOHHOT' O
MOTOPOCTPOEHUSA UM. I1.U. BAPAHOBA» («<LIUAM»)
K 80-JIETUIO OBPA3OBAHUSA NHCTUTYTA

Hoocnuykuti FOpuii Anexcanoposuy
@I'VII LlenmpanbHwitl uHcmumym aguayuoHHO20 MOMOPOCMPOEHUs
111116, Mocksa, AsuamomopHas, 2, Tex.: (495) 362-49-75;
@akc: (495) 362-39-32; E-mail nozhnitsky@ciam.ru

B Coserckom Coroze, kotopblii ¢ Hawgama 1920-x romoB Haudan
CO3/1aBaTh CBOIO ABHAIMOHHYIO TEXHHKY, 3 jgekabps 1930 roma Ha Oase
nmeBmmxcs monapazaencuuii [IATY u HAMMU 6b11 oopasoBan [IUAM, teneps
— denepanbHoe 'ocynapcTBenHoe YHutapHoe IIpennpusitue «lleHTpanbHbli
Wuctutyr ABuanuonHoro Mortopoctpoenus umenu I1.M.bapanoBay. Otor
WHctuTyT sBNsieTcss Benyllel HayyHO-HCCIEN0BATENbCKON OpraHu3alnuei 1o
JIBUTATEJIECTPOEHUIO B ABHUAIIMOHHOM TMPOMBIIUIEHHOCTH M 3aHUMAET
JIOCTOMHOE MECTO CpPeIU YKA3aHHBIX LIEHTPOB.

OcHoBHOe HarmpaBieHue aestenbHocTd [IMAM - sto co3panue
JIBUraTesied BCeX THUIIOB JUISI CAMOJIETOB W BEPTOJIETOB, COBPEMEHHBIX,
MIPOEKTUPYEMBIX U JalleKOM mepcrnekTuBbl. 3Hauutened Bkiaa LIUAM u B
CO3/JaHME PAKETHBIX JBHUraTeiell KOCMHYECKOr0O M OOOPOHHOI'O Ha3HAYEHUS,
JIBUTATEIICH IS 3€HUTHBIX W aBUAI[MOHHBIX PaKeT, TAHKOBBIX T'a30TYpOHMHHBIX
JIBUTATEIICH, Ta30TypOUHHBIX YCTAHOBOK PAa3JIMYHOrO HAa3HAUCHWS, arperaToB
TPAHCMUCCUM BEPTOJIETOB U APYTrOM CIOKHEHIIeH aBUallMOHHON TEXHUKH.

OHUM U3 OPTaHU3aTOPOB U MEPBBIM pyKoBoauTeeM VHCTHTYTA OBLT
bopuc CepreeBuu CTeukuH, 3aJ0KUBIIMA OCHOBBI HAay4YHBIX MOAXOMOB K
CO3/IaHMIO, CTAHOBJICHUIO U PA3BUTHIO TIOPIIHEBHIX aBUAIMOHHBIX JBUTATENEH,
a, BIIOCTIEICTBUH, JBUTaTeNel it peakTuBHOM aBuanuu. Akagemuk AH CCCP
B.C.CreuknH BHocnencTBuu (HOpMaabHO HE YHCITHICS CPETU COTPYIHUKOB
MUAM, Ho noutu 40 net mpomomxkan padorate B UHCTUTYTE.

B umncie pykoBogureneir lHcTUTyTa B pa3Hoe BpeMsi ObLIH KPYITHBIC
yuenble: B.M. Tlomukosckuii, T.M. MenbkymoB, I.I1.CBumés, C.M.
Insaxtenko, .A. OropogHUKOB U JIp.

B 1930-e roger IUAM o6benunst ynxumun HUW n OKB, B cBszu ¢
yeM B VHCTHTYTE TIpOBOJWINCH HCCIeqoBaHHsA pabodero mporecca
MOPITHEBBIX MOTOPOB M OIBITHO KOHCTPYKTOPCKUE pa3pabOTKU TaKHUX
MOTOpPOB, U PYKOBOAMTEIIIMU 3TUX pador sBimsuuch b.C. Creukun, H.P.
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bpunnunr, C.A. Tpeckun, B.S1. Knumos, A.A. Mukynun, A.Jl. llIsenos, A./.
Yapomckuit u apyrue crnemuanuctel. B I[IAMe nHaunHamu cBoro paboTy
MHOTME TaJaHTJIUBbIE HHXKEHEpPhl, KOTOpblE B JajbHEWIIEM cTalu
I'enepanbHbiMu ¥ ['TaBHBIMEM KOHCTPYKTOPaMH — CO3JATENSIMHU  JIYYIIHX
oreuecTBeHHbIX aBuaaBuratenei: B.S. Kmumos, A.A. Mukynun, A.J.
[IBeroB, A.M. Jlroneka, B.H. Yenomeii, C.K. Tymanckuii, B.A. J[oOpbiHuH,
II.LA. KomecoB, A.A. becconoB, C.C. bamanaun, K.H. XXmanos, O.H.
®dapopckuii, B.A. [Jomnexans, B.A. Koncrantunos, C.A. Kocb6epr, E.B.
VYpmun, H.I'. Meuxsapumsunuy, B.B. YBapos, B.M. fIkosnes.

MHuorue yuénsle IIMMAM crossim y HCTOKOB HOBBIX HAay4HBIX
HaNpaBJICHUH M CO3JadU KPYIHbIE Hay4yHbIE€ KOJUIEKTUBBI, NPOAOIKAIOIIUE
yCIIeHO paboTaTh B Pa3IMYHBIX 00JIACTSIX aBUAIIMOHHOW Hayku. B uHCTHTYTE
c(OpMHUPOBAIHNCH UMEIOIINE MEXIyHAPOIHYI0 U3BECTHOCTh HAYYHBIE LIKOJIBI
[0 JBWraTeNsIM, JIONATOYHBIM MAaIllMHAM, Ta30BOM JMHAMUKE, TOPEHHIO,
MIPOYHOCTH U HAJAEKHOCTH U IPYTUM HalpaBICHUSIM.

B mHacrosmee Bpemss B paMkax I'ocymapcTBEHHOH MporpaMMbl
MOJJIEPKKA BeAyluX HaydHbIX Kol B IIMAM yTBep:KAEHBI JIBE HIKOJIBI,
pykoBoaumsle Belgaromumucs yaéusivu O.H. @asopckum u A.H. Kpaiiko.

B noxiage ocoboe BHUMaHUE yJeleHO HAyYHBIM IIKOJaM B 00JacTH
MIPOYHOCTH M HaJISKHOCTH, co3arensiMu kotopbix Obumm M.II. Heiiman, C.B.
Cepencen, P.C. Kunacomsunu, U.A. buprep, B.M. Akumos.

PaccmatpuBaercs Hayuynbid Bkiajg LHUAM B co3jgaHue 1iectu
TIOKOJICHWI aBHAIMOHHBIX MABHraTeNiell W Jpyrodl TEXHWUKH, B pa3paboTKy
HOPMAaTHUBHOW TEXHUYECKOH JOKYMEHTAIlH, B MOJATOTOBKY HAyYHBIX KaJpOB.
Obcyxnatorcst  cBsizu  LIMAM ¢ mpeqnpusiTUsIMA — TIPOMBIIUIEHHOCTH,
OTpacieBbIMU U aKaJEeMUYECKUMU WHCTUTYTaMH, BY3aMHU, MEXIyHApOJHbBIE
CBSA3M UHCTUTYTA.

ABIABYIIBHI IIIIITPUEMCTBA YKPATHU B
KOHTEKCTI MIZDKHAPOJIHOI'O CIIIBPOBITHUILITBA

Anuyx M.b., HAY, Kuis, np. Komaposa, 1.
Ten. 406-77-05, e-mail: marina_y2006 @ukr.net

VYxpaina Ha 0a3l BHYTpIIIHIX Ta 30BHIIIHIX IHBECTULIHHUX pecypciB
nparHe yBINTH Ha CBITOBMH aBiamiiHMH pUHOK. IcTopumyHO 3 daciB
HEe3aISKHOCTI  YKpailHM  cKjajacsd TIIeBHa  crenudika acopTHMEHTY
aBiaOyiBHUX MiJIPHEMCTB — LI TPAHCIOPTHI, @ TAKOX MACaKUPCHKI JITaKU
JUIs PHUHKY pETiOHaJbHUX 1 CEpelHiX MaricTpalbHUX IIepeBe3eHb, IO



MOTEHIIHHO JI03BOJIIE YKPAiHCBKUM BHPOOHUKAM 3aWHATH PHHKOBI HIIIH
TIOpsi/ 3 HAHOLTBIIMMH CBITOBUMH BUPOOHHKAMHU JIITAKIB.

HesBakatoun Ha KpHU30BWI CTaH, rainy3b 30epirae cBili HayKOBO-
TEXHIYHUH MOTEHIiaN, CBIIYEHHSM 4YOro € y4acThb B 0araTtbox Mi>KHApPOIHHX
nporpamax. Buxonsuum 3 aHawmizy JaHMX HAIlOHAJIHHOTO aBiamapky OO0
perioHaNIbHUX Ta BIHCHKOBO-TPAHCIIOPTHUX MAIINH KOPOTKOTO 3JILOTY, MOXKHA
CKasatu, Mo YKpaiHi € M0 3alpolOHYBaTH HAWBUMOTIMBIIITUM aBiaKOMITaHisIM,
SKi  3alMalOTbCS  PEriOHAIBHUMHM  NACKUPCHKUMH  Ta  BaHTKHUMHU
TiepeBe3eHHIMHU.

IMapk OCHOBHHMX ONMKHBOMATICTPAJBHUX JITaKiB MpEICTaBICHUN
TAaKUMH THIIAMH:

- AH-140, perioHanbHUl TypOOrBHHTOBHH JIITaK NPHU3HAYECHUH JUIs
MacaXMpPChKUX 1 MacaXMPChKO-BAaHTA)XKHUX  IIEPEBE3€Hb: MaKCHMaJbHE
KOMEpIIiiiHe HaBaHTaXeHHS 6 T/52 ocoOu, mnpaktuuHa nanbHicTh 1380-2420
KM,  Kpeiicepchka mBukicts 460-540 km/ron, opienroBHa Bapricth $8-10
MiH. [loTeHuiliHnii oOcsr puHKY 3a mporHozamu Ha mepion 2006-2015 pp.
cknage 600 ox.. OcuoBHUMH KOHKypeHTamu €: Ln-114, ATR-42, Bombadier
Dash-8 Q-series (Bapricts $9 - $16 mun.);

- AH-148, perionanbHuii pPEaKTHUBHUH JIiTaK, NpU3HAYEHUH JUIs
MacaXMPChKUX, BAHTAKOMACAKUPCHKUX 1 BAHTAKHHUX II€PEBE3€Hb Ha
perioHaTbHAX i OITU3BKOMAriCTpaIbHAX JIHISX ! MaKCHUMaJlbHa
nacaxupomictkicte  70-80 wdom., npakthyHa janeHicth 2000-4400 kM,
Kpeficepcbka mBUAKICTE 870 KkM/ronm, opieHToBHa BapTicth $18-20 muH..
[Morenmiitauii mporuo3oBanuii oocsr puaky B 2006-2015 pp. ckmagae 700 og..
OcHOBHI KOHKYpeHTH - pociiicekuii RRJ, cimeiictBo sitakiB EMB kommna#nii
Embraer (E-170) (Bapticts $23-30 MuH.);

- AH-74 - BaHTaXOMACAXHUPCHKWH JIITaK pPI3HOrO IPHU3HAYEHHS,
MakcHUMaibHe KomepuiliHe HaBaHTaxkeHHS 10 T/52 ocobu, mnpaxTudHa
nmaneHicTh  1500-2000 kM, kpeiicepchka mBuaKicth 580-700 km/Tog,
opienroBHa Bapticth $12-15 mun. [loreHuilinuii momut npotsrom 2006-2015
pp. ouikyersest Ha piBHi 400-450 on.. OcHOBHI KOHKYpeHTH (BapTicTh Bif $20
MiH.) C295 icmancekoi dipmu CASA 1 C27J Spartan iramiiicekoi ¢ipmu
Alenia;

- AH-124-100M «Pycnany» - BaXxKuil TPaHCIIOPTHUH JIITAaK MaKCUMaJIbHE
KoMepIlifiHe HaBaHTaxeHHS 150 T, mpaktmyna paneHicTh 5200-11600 &M,
Kpeiicepcbka mBuaKicTh 800-850 km/roa, opieHToBHa BapTicTh $120 MmiH.
[Morenmiitai motpedu punKy y 2006-2030 pokax MpOrHo3yrThes y po3mipi 80
o.. OcHoBHi KoHKypeHTH (Bapticth $130-160 mmn.) C-17 ¢ipmu Boeing
(CIA), C-5 Galaxy dipmu Lockheed Martin (CLLIA);

- AH-70 - BiliCbKOBO-TPaHCIIOPTHHH JIITAaK KOPOTKOTO 37IbOTY 1 MMOCAKH,
cTBopennii sk 3amina A -12, C-130 Hercules ¢ipmu Lockheed Martin
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(CIIIA), makcumainbHe KoMmepliiiHe HaBaHTaxkeHHs 47 T1/300 comnmartis/110
JIECAaHTHUKIB, mpakTudHa nanbHicTh 3000-6600 kM, Kpelicepcbka IMIBUAKICTH
700-750 km/rox, opientoBHa BapTicTh $60 muH.. [ToTeHUiHHINA 00CAT PHHKY B
2006-2015 pokax 400 ox. OcHoBHi KOHKYpeHTH (BapTicTb Bifg $130-160 miH.)
C-17 dipmu Boeing (CILIA), A400M ¢ipmu Airbus Military (mpoekr).

Kpim Toro, y 2008 poui na XapkiBcbKOMy aBiazaBoai OyB
ckoHcTpyHhoBanuii  mitak  AH-74TK-3001 - serkwii  perioHanbHUN
TPAHCIIOPTHUH JIiTaK HOBOTO TOKOJIHHS Uit Oi3HEC MOI37I0K, CTBOpEHHH Y
pe3ynbTati TIIMOoKoi MozepHizalii 6azoBoi Moneni AH-74. 3a piBHeM mIymy i
BUKMJAM UIKI[UIMBUX pEYOBHH B aTMoc(epy BiH MOBHICTIO BiJIIOBiia€e
cyuacuuM Bumoram ICAQ.

AHai3 BHIIIEe BUKJIACHUX JaHUX ITOKA3ye, IO JIMIe B Hanommkyai 10
POKIiB PHHOK pEriOHANBbHUX Ta BiHCHKOBO-TPAHCIIOPTHUX MAIIWH KOPOTKOTO
30Ty Ta mocaiku AH-70 omiHoerbest 'y 400 JiTakiB, perioHaJIbHHX
nacaxxupcbkux AH-140 — y 600- 800 mammH, AH-148 — y 700, Baxkkux
TpaHCTIOPTHUX AH-124 — y 80, perioHaJIbHUX BaHTaXHUX AH-74 — y 400-
450 3 ypaxyBaHHsAM TepMiHIB ekcruryaramii 10 20 — 30 pokis. [IpubmusHi
PO3paxyHKH TO3BOJISIIOTh BU3HAYMTH, IO MOTEHIIHHO MOXHA npoxatu 2,1-2,3
THC. JiTakiB Ha $28-35 Mup/., MaKCUMaJbHHUI MOMUT HA SKi OYIKYEThCSA MPH
MacoBHX cnHcaHHsIX AH-24 i AH-12, mo BimnparoBaiu cBii pecype. Came i
MOJIETi yKpalHCBKUX JITakiB Oynu HaiOULIbII 3aTpeOyBaHMMH CBITOBOIO
aBiariero B 90-X pokax.

Pe3ysnpraTBHICTE QYHKIIOHYBaHHS MiANPUEMCTB aBiaOyIiBHOI Tamy3i
Taka, IO BOJIOJIIOYM BEIMYE3HMM BUPOOHMYMM MOTEHHIaJIoM, (HaKTHYHO
TOTOBMM pHHKOM 30yTy, BITUM3HSHI aBiaOymiBHUKHM JI€JIBE€ CIHPOMOXHI
nmoOyyBaTH KiJibKa JIiTakiB Ha pik. ChOroIHI MOTYXHOCTI HPOBIJHUX 3aBOJIIB
JIO3BOJISIIOTH 30MpaTH JI0 JIECSTH JiTakiB Ha pik: KuiBchkuil 3aBox «ABiaHT»
30upae  AH-32, AH-70, AH-148; XapkiBcbKe Jep)kaBHE BHpOOHHYE
MiIpUeEMCTBO - AH-74 1 AH-140. 3a HAHONTUMICTHYHIIIUMH MPOTHO3aMU
excriepTiB 0 2013-ro poky mHIOpiyHE BHUPOOHUIITBO HA IMX 3aBOJAX MOXKE
Oytu 30inbIeHO 10 100 MarmH.

TakuM 4MHOM, B HAHOIMXYi JIecATh POKIB YKpaiHCBKI IMiIPHEMCTBA
3MOXYTh MMOCTABUTH Ha PUHOK He Oinbil Hix 400-500 mitakis Ha $7-9 mupa.
SIxmo Bci MOTY)XHOCTI OyIyTh IIIJTIKOM 3aBaHTaXeHI, YKpaiHa ofepKyBaTHMe
JIICH31MHI BifjpaXxyBaHHSA B po3Mipi 5-15% Bix 3aBOACHKOI BapTOCTi JIITaKiB,
mo B cymi cranoButh $2-4 mupn. Cyma y $2-3 mupn. ouikyeTbes 3a
MOCTa4YaHHsI 3aIT9aCTHH.

Po3BuTok BHpPOOHMITBA B aBialliifHii NPOMHUCIOBOCTI TOBHHEH
CYNPOBO/IKYBATUCS OJJHOYACHUM MPOCYBAaHHSM JIITaKiB HAa CBITOBI PUHKH, IS
YOro mOTPiOHO pO3BHMBATH JI3MHT 1 cepBicHe oOciyroByBaHHs. Tak, 1o
OIlIHKaM eKCIepTiB-mpo)eCiOHANIB ISl MOJCpPHI3aIlii 3aBOJIB, CTBOPCHHS
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CepBiC-IICHTPIiB 3 OOCIYrOBYBaHHS JIiTaKiB 3a KOPJAOHOM, CTBOPCHHS
JI3WHrOBOi KOMIMaHii Ta Hajaro/keHHsS e(peKTUBHOI poOOTH aBiaOyIiBHHX
CTPYKTYp TOTpiOHI omHOpa3oBi iHBecTuIii B po3mipi $100-150 muH. st
3aMiHH BepCTaTiB, yctaTkyBaHHS i 10 $20-30 MIIH. MIOPOKY Ui PO3IIMPEHHS
BHUPOOHMIITBA MPOTATOM HACTYIHUX TPHOX-YOTHPHOX POKIB.

[ToOymoBa cepBiC-IIEHTPIB — TEPIIOYCPTOBE 3aBJAHHS, OCKUIBKH
00CITyroByBaHHS JliTaka Ha IHIIOMY KOHTHHEHTI JyXe IO0pOroBapTicHe. 3a
OI[iHKaMK aBiaOy/iBHUKIB, Yy HaHOMWK4i pik-nBa motpioHo $15-25 MuH. amst
CTBOpPEHHSI TPHOX-II'SITU CepBic-IIeHTPiB Xoua 6 B A3ii i Adpuui, ne niTaoth
Amn-12, An-24, An-26, Au-28, Au-30, Au-32, Ar-72, Ar-74.

Binpime KomTiB BUMarae oprasizamis JI3HHTOBOI KOMIIaHii, IO
NIPE/ICTaBIsiE 1HTEpecH YKpaiHM Ha CBITOBOMY pHHKY. 3a OI[IHKaMHu
CHeLiaNiCTIB, y Teplli TPU-YOTUPH POKM TaKa KOMIIaHiS Mae OIepyBaTH
npubmuzao $400-500 muH. a1 komnencanii 80-85% Baprocti 40-50 niTakis.
JlomiTbHO YTBOPHUTHU AEPKaBHY JI3WHTOBY KOMIIAHIIO, METOIO JisUTHHOCTI SIKOT
Oyne 3aKymiBisi HOBHX YKPaiHCBKHMX JITaKiB y BITYM3HSHOTO BUPOOHMKA 1
nepeqaya ix y JJOBrOCTPOKOBY OPEHIY IPUBATHUM KOMIIAHIsIM.

I, Hapemrri, sikmo Jlep>xaBHuii aBiaOyaiBenbHUN KOHIEPH "AHTOHOB",
SKHH KOHCOJINYye T’STh YKPaiHCBKUX aBiaOyHiBHUX CTPYKTYp, IIOYHE
BUKOHYBaTH CBOI (D)YHKIi, 3apajyl SIKUX CTBOPIOBABCS, a came: KOOpIHMHALIis
3yCWJIb BUPOOHUKIB Ta MPOCYBaHHS JIITAKiB HA MI>KHAPOIHI PUHKH, TOJI Yepe3
ciM-ZiecsiTb POKiB YKpaiHa 3MoxKe 3aiHsITH 5-7 % CBITOBOro aBiapHHKY.

CEKIIUSI KOHCTPYUPOBAHMS ABUAIBUT ATEJIEM

K OIITUMU3AIINU BAHJIA’KHBIX ITIOJIOK PABOYUX
JIOHATOK I'A30BbIX TYPBUH

JIL.A. Maeeppamosa, B.E. Bacunveg
@I'VII [JenmpanbHolil UHCMUMYM ABUAYUOHHO20 MOMOPOCMPOCHUS UM.
11.U.bapanosa, Mockea, Poccus

AnHoTranusi. Ha ocHOBe TpexMepHOro aHaiu3a JAJUTENBHOU
CTaTUYECKOM NPOYHOCTH OaHIKUPOBAHHOH JIOMATKH TYPOWHBI BBICOKOTO
JIABJICHUSI CTAllMOHAPHOW YCTAHOBKM MpOBEJEHA IOIIaroBas ONTHMH3AIUs
KOH(UTYypaluH MOJIKH

Brenenne

BanpiaxHble OMKK Ha TypOMHHBIX JIONATKAX CITY)KAaT JUIsl OBBIIICHUS
X BUOPAMOHHOW HaJIEKHOCTH B paboumx ycnoBusaxX. s 3Toro noimkeH
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cOOJTI0/IaThCsl KOHTAKT MEX/Ty IOJIKaMH Ha PadOuuX pexuMax, B 0COOEHHOCTH
Ha TeX, Ha KOTOPBIX MOI'YT BO3HUKATh PE30HAHCHBIE KOJIeOaHusI.

BanjakHple TONKM CO3/AIOT  JIOMOJHUTEIBHYIO IIEHTPOOESKHYIO
Harpy3Ky Ha JIONIAaTKH, 3aMKOBBIE COeAWHEHHMsT W Jjauck. Kpome Toro,
HaNpsDKEHUSI B 30HAX MEXIY pabOYMMM W CMEXHBIMH TPaHSMH, KOTOpPBIE
SIBJISIFOTCS] KOHIIGHTPATOPaMH, a TaKkXKe B ITOJTOJIOYHBIX CEYSHUIX MPOQUIEHON
YaCTH JIONATOK MOTYT JIOCTUraTh "OIMAacHBIX" BEIWYMH Ha pabouMX pexuMax B
0COOEHHOCTH TIPH 3HAYMTEIHHBIX BEIMYMHAX TEMIIEPATYD.

IIpn nepexome Ha paboune pEXUMBI C YBEIWYEHHEM YaCTOTHI
BpallleHUsi pOTOpa W pocTa TEMIEpaTyp BEIWYHHA HATATA, YBEIUYMBAETCS
BCJIE/ICTBHE PACKPYTKH JIOMATKH B T10JI€ IIEHTPOOEKHBIX CHII M TEMIIEpaTypHOM
nepopmarmu. Ha pabounx pexxumax HEpaBHOMEPHOE TeMIlepaTypHOe
COCTOSIHHE JIONATKH MPUBOJINT K €€ BBITSKKE U J1e() OpPMUPOBAHHMIO TOJIOK, YTO
TaKKe BIMSET Ha X KOHTAKTHOE B3aMMO/ICHCTBUE U HAIPSDKEHHOE COCTOSTHUE.

C TeuyeHHEM BpEeMEHHM IPH BBICOKHX TeMIlepaTypax IPOHCXOIUT
penakcanys —HamnpsOKEHWH M JanbHelnee HakomwieHne —nedopmarmi
BCJIEICTBHE SIBJICHUS TOJI3YYECTH MaTepHaia, 4YTO OKa3blBaeT BIIMSHUE Ha
HAIpPSDKEHHO - e(opMHUpYyeMOe COCTOsTHUE.

ITosToMy BecbMa akTyaJbHBIM CTaHOBUTHCS IPOCKTHPOBAHHUE
O0aHJ@XHOW TMOJIKM TakuM o0pa3oM, YTOOBI Ha pabouMx pexuMax
HaNpsHKEHHOE COCTOSHUE B HA3BAHHBIX 30HAX HE CTAHOBUJIOCH "OMAacHbIM", T.€.
HE OrpaHUYMBAJIO PECYpC.

CpaBHHTe/ILHBIN aHATN3 IPOYHOCTH KOHCTPYKIUA OaHAAKHBIX IOJIO0K.

Ucxonnas xoHCTpyKIus O6annaxkHoi nomku (Monens Ne 1 Ha puc. 1)
M0 pe3yiabTaTaM pacuera JIONATKW Ha JUIMTENBHYIO IIPOYHOCTH C YYETOM
TUTACTUYHOCTH, TOJN3YYECTH, MOHTa)XHOI'O Harsra B pabOYMX YCIOBUSX He
YIIOBIIETBOPSIET YCIIOBHSIM CTAaTHYECKOW NMPOYHOCTH Ha 3aJl@aHHbIA pecypc. B
CBSI3W C OTHM INpOBE/IEHa MomaroBas MoauGHKaus KOH(UTypauuu MONKH
(Moxmemu Ne 2-6 Ha puc. 1).

Monenb No2 uMeeT yBelTHUYCHHBIC IUIONAA KOHTAKTHBIX rpaHeit (S).
VYron Mexny cMeKHBIMH IpaHsMu (a°) n3MeHeH. [Ipu 3ToM medo KpyTsero
momenTa (h) yBenuueno 29.3 mm.

B Monenu Ne3 cpe3aHbl HaBUCAOLIUE HAJ| BXOAHOW KPOMKOMH JIONATKU
yacT OaHJa)XHOW IIOJIKH, KOTOpBIE CO3/AIOT 3HAYMTEIbHBIE HM3THOAroIIe
HAIPSDKEHUS 10T TTOJIKOM.

B mozmenu Ne4 GannakHas mojika MOAM(HIMPOBaHA TaKUM 00pa3oM,
YTOOBI MEPEKPHITH 00J1ACTh pa3psUKEHUS ra3a B MeprdepritHOi YacT JIOaTKH
Y BXOJHOM KPOMKH CO CTOPOHBI CIMHKH B COOTBETCTBHHM C TpeOOBaHHEM
ra30iMHaMU4ecKOi (P PEKTUBHOCTH.
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B wmomemu NoS yBemmueHel paamychl ranteneid ()  Mexay
KOHTAKTHBIMA M HEKOHTAKTHBIMU TPaHSIMH OaHIAKHON TOJKH WM YBEITHUYCH
paznuyc repexoja oT BXOJHOH KPOMKH K IEPBOMY pedpy cO CTOPOHBI KOPHITA.

B monmenn Ne6 u3 TeXHONOTMYECKUX YCIOBHM yBEIWYEHBI pajuyca
MEXy KOHTAKTHBIMU ¥ HEKOHTAKTHBIMU TPAHAMU OaHIa)KHOH MTOJIKU.

B Tabmuune 1 mpuBeneHO cpaBHEHHE T'€OMETPHUYECKHX IapaMETPOB
mecTd Mopened OaHmaxHOH monku. [IpoBeneHbl pacdeTsl JUIMTETbHOM
MIPOYHOCTH JIOMATOK CO BCEMU MOJENSMH OaHJaXHBIX IOJOK B paboumx
YCIOBMAX HA 3aJaHHBIA pecypc C Y4eTOM IIIaCTUYHOCTH, TOJI3Y4ECTH,
MOHTa)KHOT'O HaTsTa.

Tab6muma 1. CpaBHEHUE TEOMETPHYECKUX TTAPAMETPOB MOJICIICH.

Ne a | S, h, Seh VYron p, MPa VYron VYron

Mojie- MM | MM MM packpyTku | (TIpu yriie | packpyTKH | pacKpyTKH

M (°) mpu packpytku | (°) npu (°) mpu
p=0 MPa 0°) p=28 MPa | p=35 MPa

V1 90 | 0.4 | 15.1 | 17.7 | 267.27 | -0.919 >800 - -

V2 50|04 | 23.6 | 28.8 | 679.68 | -0.838 - -

V3 50| 0.4 | 23.6 | 28.8 | 679.68 | -0.889 18 ~0.5 -

V4 50 | 0.4 | 23.6 | 28.8 | 679.68 | -0.879 18 ~0.5 -

V5 50 | 0.6 | 21.6 | 29.3 | 624.09 | -0.890 19 ~0.414° -

V6 50 | 1.2 | 16.6 | 30.1 | 499.66 | -0.858 23 ~0.195 ~0.457

[TpoBeneHHbI aHANN3 PA3IMYHBIX KOHCTPYKIWH OaHIa)KHOW ITOJNKH
MOKa3al, KaKoe BIHMSHHE Ha NPOYHOCTHBIE XapaKTEPUCTHKHA OKa3bIBAIOT
pa3in4HbIe KOHCTPYKTHUBHBIE pemieHus. Pe3yibpTaTshl pacueToB NPUBEACHHI B
Tabnuie 2 u Ha puc. 2.

B nannoMm ciyuae Hanbosnee ynaqHOW OKa3anach KOHCTPYKIIMS ITOJKH
Momenu  Ne6  CIpOCKTHpPOBaHHAasT B  COOTBETCTBHM C  TpeOOBaHUAMU
ra30IMHAMUYECKOi 3(PEKTUBHOCTH, ITPOYHOCTH M TEXHOJIOTUH U3TOTOBJICHUSL.

13




10 MPa L

r1.2

B

e

-~

- = =
i - o R e e ——
//M e N b -,

oNe 1,2 u 3 (c1eBa HanmpaBo

Puc. 1. Bapuantsl koHcTpyKI MU 0aHaaxkHoH moaku TB/]

oNe 4, 5 u 6 (ciieBa HAaNpaBo BHH3Y).

BBEpXy) H

14



BBIBOJI. HpI/I MMPOCKTUPOBAHUN 6aHI[a)KHI)IX TIOJIOK JIOIIATOK I'a30BbIX
Typ6I/IH HCO6XOI[I/IMO YUUTBIBATL YCJIOBHS HArpy:KC€HUSA Ha PACUCTHBIX
pexKuUMax, MJIUTCIBHOCTU pa6OTLI, MOHTaKHEII HaTAT, Tpe6OBaHI/IH ra3oBoii
JUHAMHKH, TCXHOJOTMYHOCTU U T.A.

4 . 825691

75.097

149.369

223,641

297.913

372.185

446.456)

520.728

595.

Puc. 2. Hanpsizkennss Mu3seca B KOHCTPYKIHHU Ne6

Tabnuna 2. CpaBHHUTENIBHBIE PE3YJIbTaThl pacdeTa «OMaCHBIX» 30H JIONATKH C
Pa3IMYHBIMHU KOHQUTypanusiMyA OaHTaXKHOH MTOJIKH.

Mogens Ne | p, MPa | 3ona 1 2 3 4 6 7
T°C 710.03 | 694.87 | 682.53 | 674.37 | 668.32
0 Owmisess MPa | 324.38 | 641.98 | 692.26 | 552.05 | 624.35
Km 1.493 0.817 0.8083 | 1.0553 | 0.9604
K% 1.483 1.141
3 20 G Misess 446.7
K 1.171
Gmisess MPa 494.0
28 K 1.043
40 GOwmisess MPa | 567.69 | 738.79
Km 0.8530 | 0.7102
T°C 698.68 | 694.11 | 682.52 | 674.37
0 Owmisess MPa | 397.57 | 642.63 | 687.72 | 584.36
Km 1.293 0.8198 | 0.8136 | 0.9969
4 20 Owmisess MPa | 434.18 | 720.25 | 662.06 | 559.54
Km 1.1838 | 0.7315 | 0.8452 | 1.0411
Owmisess MPa | 459.63 | 726.28 | 673.74 | 560.78
28 Km 1.1182 | 0.7254 | 0.8305 | 1.0388
K*%n 1281 | 0979 | 1.118 [ 1.342
5 28 T°C 711.22 | 692.64 | 682.51 | 674.37 | 667.51
Owmisess MPa | 510.53 | 715.48 | 679.55 | 538.31 | 713.12
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K 0.9425 | 0.7422 | 0.8235 | 1.0822 | 0.8440
K% 1206 | 1.102 | 1.159 | 1.413 | 1.157
T°C 723.77 | 692.81 | 682.57 | 679.00 | 666.55 | 662.89
0 owmisess, MPa | 389.11 | 275.70 | 388.10 | 505.62 | 269.86 | 656.85
Km 1.2812 | 1.8529 | 1.3854 | 1.0819 | 2.1479 | 0.897
6 28 Gwises, MPa | 416.70 | 530.59 | 423.87 | 503.87 | 503.97 | 540.93
K 1.0341 | 0.9641 | 1.2726 | 1.0920 | 1.1568 | 1.0961
Gwises, MPa | 474.63 | 595.00 | 438.48 | 504.41 | 565.70 | 512.17
35 Km 0.9079 | 0.8586 | 1.2260 | 1.0845 | 1.0246 | 1.1505
K% 1.245 | 1.166 1586 | 1.306 | 1.432

BO3JENCTBUE YJAPHBIX HATPY30K HA
BEHTUJIATOPHBIE 1 KOMIIPECCOPHBIE JIOITATKHA

Bopobuves IOpuii Cepeeesuy, Yeprobpuieko Mapuna Bukxmoposna,
Hnemumym npobrem mawurnocmpoerusi um. A.H. Iloocoprnoeo HAH Ykpaunwi,
Vipauna, 61046, 2. Xapvros, ya. [In. [oscapckozo, 2/10,
men. (+380572) 94-15-24, vorobiev@ipmach.kharkov.ua

JlomaTo4Helii  anmapaT  COBPEMEHHBIX TypOOMAaIIMH  SIBJISIETCS
Hauboliee OTBETCTBEHHOM W HarpyKeHHOH HX 4YacTblo. B pspme ciydaes
JIOKANW3alysl HaNpsDKeHWH BO3HUKAE€T B 30HE YJapHOTO BO3JIEWCTBHS Ha
BEHTWJIITOPHBIE U KOMIIPECCOPHBIE JIOMATKU. TeopeTHKO-9KCIepUMEHTAIbHbBIE
WCCIIEIOBAHMS TTOKA3BIBAIOT, YTO JUHAMHYECKHE HANPSHKEHHUS TPH JIOKaJILHOM
yIape Jake TeJIOM Majoi MacChl MOT'YT HIPEBBIIATh JAWHAMHUYECKHH Tpeesn
TEKy4eCTH MaTepuaa, a UHOrja U AMHaMH4YecKui npenen npoynocty [1]. Kak
pe3ynbTaT — TIOBPEXIEHHS, BIMSIONIME Ha JaJbHEHIy0 Oe3aBapHiHYIO
9KCILTyaTaluio Jyonatok. OIHAKO cileqyer 3aMeTHUThb, YTO BONPOC BIHSHUS
YIapHO-UMITYJIbCHON Harpy3Kd Ha BXOJIHYIO KPOMKY JIOIIATKHM KOMIIpeccopa
ocTaercs  OTKPBITBIM, MOXTOMY  IiejiecooOpa3HO  Oosee  jeTaibHOe
HCCIIeIOBaHNE INHAMUYECKOT0 HAIPSHKEHHO-eOPMUPOBAHHOTO COCTOSTHUS B
30HE yJapa ¢ yUeTOM JMHAMHYECKHX CBOWMCTB MaTepHaa.

PaccmarpuBaercs (parMeHT JIONMATKH BOJWU3UM BXOJHON KPOMKH,
TIPE/ICTABISIONINA COOOM TPEXMEPHYIO 30HY, pa3Mepbl KOTOPOH 3HAYHTEIHHO
MIPEBBIMIAIOT pa3Mephl Tella, COBEPIIAIOUIET0 JIOKAIBHBIH KOHTAKTHBIA y1ap 1o
TIOBEPXHOCTH JIONATKH. B 00JacTsX ympyrux M IiacTHdeckux Jedopmarmit
JIMHAMHYECKOE HaIPsHKEHHO-1eOpPMUPOBAHHOE COCTOSIHUE PacCMaTpHBAETCS
Ha OCHOBE JIe()OPMAIIOHHON TEOPHH IIACTHYHOCTH.

WmnynbcHas Harpy3ka paccMaTpuBaeTcsi B BHJE OJHOKPATHOTO
3aTyXalolllero BO BPEMEHH HMIYIIbCa, MPUIOKEHHOIO B OrpaHMYEHHOH
obmactu. Ilepexom or ympyroil craauu AeGOpMUPOBAHHS K IUIACTHICCKOMN
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MPOUCXOIUT, KOTJ]a WHTEHCUBHOCTh HAMPSKEHHUIA JOCTUraeT JUHAMUYECKOTO
npejieNia TEKYYEeCTH, MONYYEHHOrO C YY4ETOM JUHAMHUYECKHX XAPAKTEPUCTHK
MaTepuana. 3ajava pemaercs ¢ TPUMEHEHHWEM aJalTUBHBIX KOHEUHBIX
pasHOCTel MO MPOCTPAHCTBEHHBIM W BPEMEHHOM KOOpAMHATAM. DTO HaeT
BO3MOXKHOCTD IMOCTPOUTH KOHEYHO-PA3HOCTHYIO CETKY C Pa3IMYHBIMU [IaraMu
0 TIPOCTPAHCTBEHHBIM KOOPMHATAM U 110 BPEMEHHU, YTO OTPAXKAET Pa3IUUHbIC
IpaJIMeHTHI MEPEMEICHHUH M0 Pa3IMIHBIM KOOPIUHATAM.

Kak moka3bIBAIOT MpeaBapUTENIbHBIC HCCIEIOBAHKS, [MOCTABICHHAS
JMUHAMHYECKAsh 3ajada HOCUT SIPKO BBIPA)XEHHBIA HETMHEHHBIA Xapakrep.
PerieHre METOIOM KOHEUHBIX Pa3HOCTEH MPU MPABUIILHO MMOJO0PAHHOM IlIare
HMHTETPUPOBAHUS O3BOJIET MONYYHTh HaubOJee TOYHOE pEIICHHE B y3jax
KOHEYHO-PA3HOCTHOM CETKH. BBIOOp J0CTATOYHO MAjoro mrara MO3BOJISIET
MPOBECTH TOMIATOBYIO KYCOUHYIO JINHEAPU3AIHIO CYIIECTBEHHO HEJTHHEHHOM
3a/aud, HE BHOCS HEIOMYCTUMBIX MOrPEIIHOCTEH, T.K. JIHHEAPH3AIUSI
OCYIIECTBIIAETCS MOIIATOBO, U HA KaXJOM I[Iare YYUTHIBACTCS HM3MEHEHUE
CBOMCTB MaTepHajga U COOTBETCTBYIOIIEE M3MEHEHUE TTAPAMETPOB CKOPOCTHOM
yhnpyromiactudeckoil nedopmaruu. B pe3ynbTaTe HENMWHEHHBIH MPOIECC
ANMPOKCUMUPYETCS  KYCOYHO-JTMHEHHBIM  KaK [0  MPOCTPAHCTBEHHOM
KOOpJIMHATEe, TaK M 1O BpeMeHH. Ha KaXJIOM 1Iare BBIYHCIISIOTCS
MHTEHCUBHOCTU HAIPSOKEHUH, U MIPOBOAUTCS KOHTPOJb MX BeIWYMHBI Ecmu
MPEBBIIIAETCS TUHAMUUYECKUIN MPeae TEKYYECTH, TO MPOUCXOMAUT MEPEXO OT
yopyroit  craguu  AeOPMHPOBAHUS K IUIacTHYecKoi. [lpu  pasBuTHH
nedopmard B IJIACTHYECKOM CTajJnd, MPOBOJUTCSA TaKXKe IMPOBEpPKa
BO3MO)KHOCTHU ITOSIBJICHHUSI TPEUIMH U pa3pylieHuid. JIJi1 3TOro UCMOIb3yIOTCs
KpUTepUH NpOYHOCTH. Haumboree mpuemiieM B JaHHOM Ciiydae KpPHUTEpHid
[Mucapenxo-JlebeneBa

Hccnenoanoch HAMpPSLKEHHO-1e(h OPMUPOBAHHOE COCTOSTHHE
JIOKQJIbHOH TPEeXMEPHOW 0O0JaCTH JIOMATKH KOMIIPECCOpa U3 THTAaHOBOTO
cruiaBa. Bo3zeficTBHE YaCTHIBI HA JIOMATKY PacCMaTPUBAIOCh MPH CKOPOCTH
coynapenust 150 m/c (puc. 1a) u 200 m/c (puc. 16). JnurenpHOCTH HMITYIIECA
cooTBeTcTBOBaIA Bemuunie 107 ¢
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Puc. 1 — IHTeHCHBHOCTB HANPSIZKeHU i1 B 30He yaapa

UucneHHble HUCCIEAOBAHUS, NPOBOAUMBIE I BCEH KOHCTPYKIUH
OKa3bIBAIOTCSl JIOCTATOYHO TIpOMO3IKHMMH. llenmecooOpa3Ho WX IPOBOAWTH B
OTPaHUYCHHOU O00JIACTH 1O MPOCTPAHCTBEHHBIM M BPEMEHHOH KOOpIUHATAM
[2]. Takoii  momxom  JUKTYIOT  OpEABApUTEIbHBIE  HCCIEAOBAaHUA,
TIOATBEPXKIAIOIIHUE JIoOKau3anuio nedopmanronsoro npouecca [3]. [Ipu atom
MPOBOAUTCS  TOIIAroBas  JIMHEApU3alusi C  KOHTPOJEM  BEJIUUYUHBI
MHTEHCUBHOCTEN HANPSDKEHUH, YTO MO3BOJISIET CBOEBPEMEHHO MEPEXOJUTh OT
cramuu  ymupyroro  jaehOpMUpOBaHHMS K  CTaguM  IUIACTHYCCKOTO
nepopMUpoBaHus. PelieHWe 3amaddM  OMUpaeTcs Ha  AKCIEPUMCHTAJBHBIC
SMIIMPUYECKUE 3aBUCUMOCTH MEXKJY HHTEHCHUBHOCTAMH  HANpPSDKEHUM,
nepopmarmii W cKopocTell  gedopMarii, a TaKKe TEMIIEpaTypPHBIX
napamMeTrpoB. Pe3ynabTaThl HMCCIEAOBaHUWA  MOKAa3bIBAIOT  CYUIECTBEHHYIO
JoKanu3anuoo aedopManoHHoro mnporecca. CorocraBiieHHE pe3ylbTaToB
BBIYMCIIEHUH C  JMHAMHYECKUM  TPENeIOM  IMPOYHOCTH  IO3BOJISIET
MIPOTHO3UPOBATh BO3HUKHOBEHHE MOBPEXKECHUS T TPEIIUHBI.

1. BopobreB O.C. Jlunamuka JiomaTku KOMIIpeccopa IMpH JIOKAIEHOM
mmynbcHoM Bozzaeticteuu / FO.C. BopoOwe, M.B. UepHoOpbiBKO //
ABHAIMOHHO-KOCMUYECKas TexHuKa U Texuojorus. 2007, — Ne 10/46. — C. 59 -
61.

2. Bopooee  0.C., UepnoOpsiBk0O M.B.  MogenupoBanue
BBICOKOCKOPOCTHBIX  Je(DOPMAIMOHHBIX IPOIIECCOB C  HCIIOIb30BAHHEM

aJIalITUBHBIX BBIYMCIUTEIBHBIX METO0B // MexaHika Ta MallMHOOYIyBaHHS. —
2009.- Ne 1 - C. 112-110.
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3. UepnoOpeiBko M.B., BopoOber FO0.C. AnHamu3 JuUHAMHUYECKOTO
HANpPSDKEHHOTO  COCTOSIHUSI DJIEMEHTOB KOHCTPYKUMH TIPH  MMITYJIBCHOM
Harpyxenuu // Bectauk CeB['TY. — 2009. — Bum. 97: MexaHuka, eHepreTHka,
skonorus. — C. 3-6.

OCOBEHHOCTH KOJIEBAHUH PABOUYNX KOJIEC I'T]]
C MOHOKPUCTAVIMMECKUMMU JIOITATKAMUA

Bopoobves IOpuii Cepeeesuy, Yyaati Mapuna Anexcanoposna,
Hnemumym npobrem mawurnocmpoenusi um. A.H. Iloocoprnoeo HAH Ykpaunwi,
Vikpauna, 61046, 2. Xapvros, yr. [Im. [oocapcrozo, 2/10,
men. (+380572) 94-15-24, vorobiev@ipmach.kharkov.ua

Paboune xomneca ¢ pa3iMUHBIMH TUIAMU OaHIAXKHOW CBS3HM IIMPOKO
UCTIONIB3YIOTCS B COBPEMEHHBIX  Ta30BBIX  TypOuHax. IloBblmieHue
spdexkruBoctd ['T/I cBA3aHO ¢ POCTOM MakCHUMaJbHOW TeMIepaTypsl rasa.
[MosTomMy, Kkak Uit TIEpPBOM CTYNEHH Ta30BOM TYpOMHBI, Tak M IS
TIOCIIEIYIOLIHX, UCIOIB3YIOTCS MOHOKPHCTATHYECKHE )KapOIIPOYHBIE CILIaBHI,
obajaromiye BHICOKMMH JKaponpouHbiMH cBoiictBamu. HJIC Takux jomatox
Kak TIpH CTAaTHYECKUX Harpyskax, TaK M, OCOOEHHO, NpH KoJeOaHMsX
CYIIECTBEHHO 3aBUCHT OT Kpucramiorpaduueckoir opuenranuu (KI['O)
Matepuana. Beibop KI'O marepmana cBsi3aH c ydeToM psija (axkTopos,
3aBHCSIIMX OT TEOMETPHU JIONMATKH, TEMIIEPATYpHBIX IIOJNEH, BIMSHUS
LHEHTPOOSKHBIX CHI W (opMm KomebaHWH JIOMATOK, YTO NPUBOAWUT K
aKTyaJIbHOCTH HCCJIE[OBaHMH B 93Toi obmactu. [l  oxusaaaeMbIx
MOHOKPHCTAJUTMUECKHX JIONATOK, KaK IPaBHUJIO, UCHONB3YIoTCs cruiaBsl ¢ KI'O
[001]. Ins HeoxnmaxnaeMsbIx Jonatok Beioop KI'O HeoqHO3HAYCH.

OOBEeKTOM HCCIEZOBaHMs SIBISIETCSl  OaHIaXMpPOBAaHHOE pabouee
KOJIECO Ta30BOH TypOWMHBI C MOHOKPHUCTAIMYECKUMH HEOXJIaXIaeMbIMU
jJonatkamMy. BeHenm Jomatok uMeer paspe3Hyl0 OaHOaKHYIO CBS3b U3
LEeTbHOPPE3EPOBAHHBIX IOJIOK, KOTOPHIE HMEIOT IIPEABAPUTENBHBIA HATST,
HATAT OT IIEHTPOOEKHBIX CWJI M MOI'YT COBEpIIATh B3aUMHBIE MEPEMEIICHHS
npu KonebaHusAX. Bpu MpoBeNeHbl AeTaabHBIE MCCIET0BAHUS COOCTBEHHBIX
4acToT, opM KoaeOaHuil M paclpeeIeHus] OTHOCUTEIbHBIX HANPSDKEHUH /ISt
pabodyero kojmeca C  JIOMATKaMH W3 IOJMKPUCTALIMYECKOTO U
MOHOKpPHCTAJUIMYECKOro MaTepuana ¢ asumyrtansHeiMu KI'O [001] u [111].
PaccmoTpeHsb! BapuaHThI JUIsl CIUIONIHOW OaHIa)KHOM CBS3M W NPH B3aHMMHOM
TiepeMeIeHNH KOHTAKTHBIX IOBEPXHOCTEH MOJIOK, KaK C COMPOTHUBIEHUEM, TaK
1 0€3 COIPOTHBIICHUS.

CoOCTBEHHBIE YacTOTHI pabouero Kojeca ¢ MOIUKPHUCTATUINUYECKUMHU
JIONaTKaMH JJIsl 30HTUYHBIX (hopM KoneOaHMi cHMKatores Ha 8-10%, Tak xak
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npu Takux Qopmax KosuedaHWH CBs3b Je(OPMHUPYETCS OTHOCHTEIBHO Cl1ado.
Js ¢opM C Y3JIOBBIMH AMAMETPaMU COOCTBEHHBIE YACTOTHI CHHIKAIOTCSI OT
15% nns ¢popmet ¢ 1 y3noBeiM auamerpoM a0 50% mis popmsl ¢ 10 y310BBIME
naMerpami. Jlanee cHwkeHHe yacToT mpoucxomut o 60% s ¢gopm c 20
y310BbIMH anamerpamu. [l pabouymx Kojec ¢ MOHOKPHCTAJUTHUECKHMH
nonatkamMu ¢ KI'O [001] mangenwe ugacTtoT 3a cuer pa3pe3HOH cBs3u 0Oe3
COTIPOTHUBIIEHHSI COCTABJISIET ISl 30HTUYHBIX (hopM Konebanmit 11-12%, a s
dbopM ¢ y3m0BEIMH jguamerpamMu  15-63%. Jlnsg  paboumx komec ¢
MoOHOKpUcTasmndeckuMu jonatkamu ¢ KI'O [111] cHmwxeHne yactoT 3a cuer
pa3pe3Ho# cBsi3u cocraBisieT 5-12% aist 30HTHYHBIX (opM Konebanuit u 7,5-
60%, st GopM C y3ITOBBIMU THAMETPAMU.

Ha ocHoBaHMM pe3yibTaTOB pacyeToB IOCTPOEHBI TpaduKH,
MOKA3bIBAIONINE U3MEHEHHE CIIEKTpa 4acTOT paboyux KOJeC C JIomaTKaMH W3
pasHbIX MarepuanoB. I'paduku TOKa3BIBAIOT HE TOJNBKO CHIDKEHHE
COOCTBEHHBIX YaCTOT, HO U CrYIIEHHE CIIEKTpa 4YacToT. OTOT (akT
OKa3bIBaeTCsl BECbMa BaKHBIM IIPU OTCTPOWKE OT OMACHBIX PE30HAHCHBIX
PEKUMOB.

Ha puc. 1 npexacraBnensl ¢opmbl KoneOaHuii pabouero kosjeca C
paspesHoii csizpio ¢ KI'O [001]. Ananus ¢opm konebGaHuil U pacripeereHus
OTHOCHTEJIFHBIX HHTEHCHUBHOCTEH HAaNpsHKEHUH ITOKa3bIBAEeT, YTO HANOOJBIINE
M3MEHEHUS BO3HUKAIOT TIPU COMOCTaBIICHUH (OpPM KOJIeOaHUH pabouux Koec
CO CIUTOITHON OaHMa)XXHOU CBS3BIO M Pa3pe3HOW OaHIaXHOH CBS3BIO 3a CUET
B3aMMHOTO TIEPEMEIEHNUS TTOJIOK.

Puc. 1. ®opma nepeMenieHuii (a) 1 MoJisi HHTEHCUBHOCTel HanpsixKkenuni (0) mpu
KoJIeOaHUSAX ¢ 5-10 y3J10BbIMHU AHaMeTpaMu, 970,5 'l (MOHOKPHCTAITHYECKAs JIONATKA C
KI'O [001], mpockanb3bIBaHie ¢ COMPOTHBIIEHHEM)
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HamMeHblme W3MEHEHHS IPETEPICBAOT  (OPMBI  30HTUYIHBIX
KojeOaHWH, Tak Kak INpu O3THX (opMax KoieOaHWH CBSI3U HCIBITHIBAIOT
MeHplIMe nedopmanuy, YeM T1pu ¢dopMax KojaeOaHWH C  y3JIOBBIMHU
JIMaMeTpaMu.

3a cuer B3aUMHOIO IEpEMENIEHUs KOHTAKTUPYIOUIMX MTOBEPXHOCTEH
TIOJIOUHBIX CBSI3€H CYIIECTBEHHO YMEHBINAIOTCS OTHOCHTENIBHBIE HAIPSHKEHUS
B CBS3AX W TNepudepuiHbIX YacTiax Jionatok. PopMmbl KojeOaHMI JIOMAaTOK
CTaHOBSITCS OJMKE K MPEUMYIIECTBEHHO KpYTWIbHBIM. [loaToMy Hanbombime
OTHOCHTEJIbHBIE HAPSDKEHHS HAOMIOar0TCsl KaK Ha BXO/IHOM, TaK U BBIXOJHOM
KPOMKaXx JIOITATOK BOJIN3U KOPHEBHIX CEYEHHH.

Marepuait JIonaToK BIHUSET HAa XapaKTEPHUCTHKH CHCTEMBI C B3aUMHBIM
NepeMeIeHHeM IOJIOK HECKOJIbKO MHade, YeM JUIsi CHCTEMBI CO CIUTOLIHOM
0aH/Ia)KHOH CBS3BIO.

@®opMBl TIepeMelIeHniH Majo 3aBHCSIT OT Marepualia JIOMaToK |
CYIIECTBEHHO OT BHZa OaHIaXHOH CBsI3M (CIUIOIIHAS WIIM pa3pe3Has). Bua
CBSI3W MEHbIIE BIMSET HA (QOPMBI 30HTUYHBIX KoOleOaHWH W OoJblle Ha
(OpPMBI C Y3JOBBIMH JMaMETPaMHM, STO BIIMSHUE YBEIMYMBAETCS C POCTOM
Yyucia Y3JOBBIX JuaMeTrpoB. Harsr monmok cnabo Biusier Ha  (OPMBI
riepeMeIeHni u HaIpsDKEeHHH. Pacnipenenenue OTHOCHTENIEHBIX
WHTEHCUBHOCTEH HANPSHKEHUI 3aMETHO MEHSIETCS TIPH MePeXo/ie OT CIUTOIIHOM
CBSI3UW K pa3pe3Hoi. IIpum 3TOM CHWKAIOTCS OTHOCHTENBHBIE HAINPSDKEHUS B
CBSI35IX U IepU(EPUIHON YacTH JIONATOK U YBETUYUBAIOTCSI BOJIIM3U KOPHEBBIX
CEUeHUI.

Jns  npaHHOro paboyero Kosneca HauOONBIIME OTHOCHUTEIBHBIE
HaNpsDKEHUST HaOoaloTcss B OOJBUIMHCTBE CIIy4aeB Ha BXOJHOW KPOMKE
JIONAaTOK BOJHM3M KOPHEBOI'O CeueHMs il HU3IMX (opm n nepudepuitHoin
yacTu Jionatok st Beiciux (opm. [Ipu opumentammm KI'O momatox [001]
(opMBI KoNleOaHMH JIONATOK CTAHOBSITCS NPEUMYIECTBEHHO KPYTHIBHBIMU, a
HauOOJIBIINE OTHOCUTENBHBIE HAIPSDKEHHS HAOIIOAAl0TCS KaK Ha BXOJHOM, TaK
U BBIXOJHOHM KpomKkax JornaTok. [Ipu opmenrammu [111] dopmbl konebanmii
JIOTIATOK OJIMKE K U3THOHBIM.

KI'O nomatox [111] oOecneumBaer Ooiiee BBICOKHE COOCTBEHHBIC
4acTOThI pabouero koyeca mo cpaBHeHuro ¢ opueHraruein KI'O [001]. Beidbop
ocHoBHOM KI'O martepuana jomaTtok cieayeT NPOU3BOAMUTE C YUETOM BCEX
(hakTOpOB 15 pa3pabaThIBAEMON KOHCTP YKITHU.

CEPTU®OUKAIIMOHHOE UCIIBITAHUE HA OBPBIB
JOTTATKH BEHTIJIAATOPA OXJIAKJIEHUA CHJIOBOM
YCTAHOBKH
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Anmuoinko Jloomuna Benuamunosna, Menvuuros Anexcanop Hukonaesuy, [Lladpun JImumpuii
Braoumuposuu
@I'VII Lenmpanvuviy Uucmumym Asuayuonnozco Momopocmpoenus um.I1. M. Bapanosa.
111116 Mocksa, yn. Asuamomopnasn,0.2, men.8(495) 3624975, E-mail: antip@ciam.ru

enbto mgaHHOW pabOTHI OBLUIO TOATBEPXKICHHE HEMPOOHMBAEMOCTU
KOpITyca BEHTHJISITOpa NMpPU OOpBIBE JIONATKH M YCTAHOBJICHUS! COOTBETCTBUS
BEHTWJIITOPA OXJIAXKJICHUS CUJIOBOI YCTaHOBKHM BepTonéra TpedoBanusM Hopm
netHoU rogHoctH 29 11.29.908(a).

OCHOBHOW  CIIO)KHOCTBIO  JIJISI MIPOBEJICHUS UCIIBITAHUMH, o
TIOATBEPXKICHNUSI HEPOOMBAEMOCTH KOpITyca BEHTHJIATOpa ObUTO obecredeHue
00pBIBa JIONATKH BEHTWIATOPA OXJIAXKJECHHS CHJIOBOH YCTAaHOBKHM BEpTONETa,
TaKk Kak JIOllaTKa HMeeT OOJbIMe pacyeTHhIE 3arachl IPOYHOCTH Ha
TpeOyeMoii 4YacToTe BpalleHHsI.

Kpome Ttoro, wu3-3a KOHCTPYKTHBHBIX OCOOEHHOCTEH Koieca
BEHTWJIITOPA, BHIMOJHEHHOTO B BUE «OnrcKa» U OOJBIION T'yCTOTHI JIOMATOK
CJIOKHO OBUIO BBITIOIHUTH TO/IPE3KY NMPOGUIBLHON YaCcTH JIOMATKH.

B mpoBeneH aHanM3 HanpsHKEHHO-1e()OPMHUPOBAHHOTO COCTOSIHUS
pabouero Koyeca BEHTHIISITOpA OXJIaX/IeHUsI Ha pabodell yacToTe BpaleHHs C
YYETOM a3pOAMHAMHUYECKON Harpy3KH.

Pa3zpaboTaHHBIil BapuaHT IOAPE3KH JIOMATKH BEHTUISTOpA OBLI
paccunTaH METOAOM KOHEUYHBIX JIEMEHTOB

Ilpn uucneHHOM aHaJM3€ HCHOIB30BAICS  OOBEMHBIN KOHEUHBIH
9JIEMEHT, 3ajlaya Pelanach B yIpyroi mocTaHoBKe

AHanmu3  HamNpsDKEHHO-Ie(OPMUPOBAHHOIO  COCTOSIHHMS  JIUCKA  C
TIOAPE3aHHOMN JIONIATKOM IMOKa3all, YTO IPH YacTOTe BpalleHHs Ha KOTOPOM
JIOJDKEH  OCYIIECTBIATHCS  OOpBIB  JIOMATKM MaKCHMAJbHBIE 3HAYCHUS
NepeMeIleHUH JIOCTUTAIOTCS B OCEBOM HAIPaBICHWM M OHHM COCTABIISIOT
0.147mMm (puc.la) mpu 3TOM MaKCUMAJIBHBIC OCEBBIC HAIIPSDKECHUS HAXOISTCS B
30HE Iepexoia OT NpOo(WIFHOW YacTH JIONATKM K JWCKY W JOCTHUTAIOT
sHaueHuit 384MIla. (Puc.10)

Ilpemen mnpovHOCTH ~ AIOMUHHMEBOrO MaTepuasia JHcKa paBeH
390MI]a., T.e. pu 3TUX 3HAYEHHUSX JIONATKa MOXET ObITH 00OpBaHa.

715600

A

aasmoe * sz 1000 1603

148 h - 15
Filo: DiiANE\lopatka.x t File: Di\aus\ispacka.




Jlns obecriedueHus: BBINIOIHEHUSI TPeOOBaHMI MO OOpBIBY JIONMATKH Ha
MaKCHMaJbHOH YacTOTe€ BpAalleHHUs Ha OCHOBAaHMM pacyeToB OBLIH
pa3paboraHa crienuanbHasi KOHCTPYKTHBHASI MOJIEb MOAPEe3KH 000/a AUCKa U
JIONATK! W BBIMYIIEHBI YEPTEKH, 10 KOTOPHIM ObLIa OCYIIECTBIICHA TO/PE3Ka
JIONATKU M JAVCKA BEHTWIIATOPA OXJIAXK/ICHHS CHIIOBOH YCTAHOBKH BEPTONIETA.
BHenrauii By pabovero Koieca OXJIaXIACHUS TOKa3aH Ha PUCYHKE 2

a 6
Puc.2 PaGouee KkoJieco ¢ moape3aHHbIMHM 000/10M AMCKA H JIONATKON a- BUJ
CBepXy, 0-BH]1 COOKY.

3areM BEHTHIATOP OXJIaKAEHHs OBbUI ITOCTAaBIICH HA PA3TOHHBIN CTEH]
2-1029 ITUAM Ha cepTuUKAIMOHHBIC UCTIBITAHUS W MPOBEICHBI HCITBITAHUS
1o OOpBIBY JIONMATKW B TIOJIHOM COOTBETCTBHU C IPOrpaMMOH HCITBITAHUS,
yTBepKJIeHHON ABuanuoHHbIM Perucrpom MAK.

Jlonmatka oOopBanack Mo yTOHEHHOW HOXKKE Ha YacTOTE BpAICHUS
1128000/mMuH, uto coorBercTByeT 114% oT paboumx 00OpOTOB poTopa
BEHTWJISATOpa oxJaxaeHus cwioBoi ycraHoBku AHCAT, u BbuleTena Bnepén
[0 XOAy BpAlICHUS U yIaja Ha MOJ y pa3rOHHOM KaMephl Ha PacCTOSHUU
0.98M or mmockocTH BpamleHus BeHTWIsATOpa.  OOopBaHHAs JoOmaTKa
yIapuI1ach O COCETHIOIO JIONATKy U cMsia ee (puc.3).
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Puc.3 Kopnyca BCHTWJIATOPA OXJIAKACHUA B PAa3TOHHOM CTEeHIAE IMOCJIe oﬁpbma
JIOTMIATKH (C KOKOM H MOCJI¢ CHATHSA KOKa)

ITpu sTOM CTOliKA CieBa, Kpersiias KaroT, pa3BepHyJach M Ha Hei
cpesancst onuH Oont. [locne CHSTHS KOKa BEHTHIIATOpA OXJIAXKAEHHs, OBLIO
00HapyKEHO, YTO OTBEPCTHE, B KOTOPOM OBbUT cpe3aH OONT, UMEET CIIE/IbI
nedopmanuy, a Ha BHYTPEHHEW CTOpPOHE KOpIyca BHIHBI CIEIbl KacaHUs
JIONIATOK C BHYTPEHHHUM TOKPHITHEM KOpITyCa.

Kopnyc BeHTHIIITOpa TTOCTIE CHATHSI CO CTEHAA M Pa3OOpPKU HE MMen
BUAMMBIX Pa3pyLICHUH, KpOME HE3HAYUTENBHBIX JeopMalyii M0 OTBEPCTUSIM
KpETUIEHHs CTOEK.

Pe3ynpraThl UCHBITAaHWH TOATBEPAWIM  COOTBETCTBHE  THUIIOBOM
KOHCTPYKLIUN BEHTHJISITOPA OXJIAXJICHUS! TPEOOBAHUSIM CEPTH(HHUKAINOHHOTO
0asuca B yacTH yAep)KaHHs (parMeHToB JIOMaTku Ipu e€ oOpbiBe Ha
MaKCHMaJIbHOH BO3MOKHOHM B 9KCITTyaTally YacTOTE BpPAIEHHUSI.

CUCTEMHASA NWAEHTUOUKALIUA JTUHAMHNYECKUX
MMAPAMETPOB POTOPHBIX CUCTEM M ON-LINE
JUATHOCTHUKA ABUAITMOHHBIX IBUI'ATEJIEU

Coxon Braoumup Mopuyesuu
Mspaunvckas nesasucumas Akademus: pazeumust HAyKu
Tenegonvi: +972 72 211 32 05; +972 54 77 65 65 8. E-mail: vmsokol@gmail.com

W3 psina aBMALMOHHBIX KaTacTpod MOXXHO BBLIEIHTH KaTacTpo(dsl ¢
TPYOHO JHArHOCTHPYEMOH TPUYMHOW, KBAIH(QHUIUPYEMOH OOBIYHO Kak
«4eroBeYeckui  (hakTop». PeTpocneKTHBHBIA aHAMW3 TakuX KaTacTtpod,
BBITIOJTHEHHbBIA Ha OCHOBE METOMa MONHBIX OudypkanmonHex rpymn [1 — 3],
TIOKA3bIBAET, YTO NPHUYMHOM TaKMX KaTacTpod MOXKET OBITh BOSHUKHOBEHHE
On(ypKaIMOHHBIX TPYII, TPOTYOEpaHIeB U BPEIHBIX PEIKUX aTTPaKTOPPOB Ha
HEJIMHEHHBIX y4acTKaX aMIUIMTYIHO-4aCTOTHOM XapakrepucTuku (AUX)
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POTOPHOM CHCTEMBI aBHAILMOHHOro aBUrartens. [IpoOmema, ofHAKO, COCTOMT B
CJIOKHOCTH WCIIOJIB30BaHMSl MeEToJa TONHBIX OM(YpPKAIMOHHBIX TPYyHn |
WICHTU(QHKAIIMY aBAPUHHOTO COCTOSIHUS B PEKMME PEabHOTO BPEMEHH.

4 " PanuansHOE cMemeHue X poropa,
4 D,/’ BpAINAIOUIETOCsT IO JIMHEHHOMY 3aKOHY,
) / OIpeIeNM nmuddepeHnmansHpIM

c p p

) ypaBHEHHEM 2-T0 nopsiaka [4]:

B .. . -
/ N mX+b.X+cx = F,sinot ,
1 I

P 1)
o oo S rie m - wMacca poropa, b, =2mpy,,

Puc. 1. AYX poTopa npu nepeMeHHOM

j— 2 —_— — [—
KorpdHIENTE AKeCTKOCTH € =mQ*" = CONSt — )KeCTKOCTh MOMBECaA, Li

K03 dUIHEHT JIeMIT(pUpOBaHUS
panuanbHbIX KojeOaHWi, () — pe3oHaHCHass dacToTra, Fo — amminTyna
KoJieOaHWH BBIHY)KAAIOIIEH CHIIBI, (@ — YTJIOBasi CKOPOCTH, I — BpeMsi.

OpHaKo B peaNbHBIX POTOPHBIX CHCTEMAaX KOHTaKTHAs )KECTKOCTh TPH
TOYEYHOM WJIM JINHEHHOM KOHTAaKTe PabOdMX IMOBEPXHOCTEH OMOp M3MEHSETCS
10 KBa/IPATUYHOMY 3aKOHY, U KOOQ(HIIMEHT KECTKOCTH

C=C,+CX, 2)
rne Cp — cpeqHee 3HAUYEHHWE YKECTKOCTH, C; — YKEeCTKOCTh, OOYCIIOBIIEHHAS
W3MEHEHHEM Harpy3KH IpH paJuaibHOM CMEIeHUH I

C yuerom (2) ypaBuenue (1) npuobperaet Buz [4]:

m5<'+bx>'<+(co+clx2]x=F1+Fosinwt, 3)
rne F1 — cpenHee 3HaueHNE BBIHYKIAIONIEH CHITBL.

OueBUIHO, YTO TEepeMeHHBIN Kod(duImenT xectkocTr (2) siBIsieTcs
TIPUYMHOM HEJTMHEHHOCTH ypaBHEHUs JABKeHus (3) poropa.

VYpaBHenue (3) onuchIBaeT OJHY M3 MHOXKECTBA 3a/1a4, OTHOCSIIIUXCS
K 00JIacTH HEJIWHEWHOW MUHAMHKH W HETMHEHHOW TEOpUHU KOJICOAHWH, s
pelIeHus] KOTOPBIX UCIIOIB3YIOTCS Pa3JIMuHbIe IPUOIIMKEHHBIE aHATUTHYECKHE
MeToas! [4].

AUX A= f(w) poropa, onpenernsieMast ypaBHeHueM (3), Tpe/IiCTaBlicHa Ha
puc. 1. XapaxrepHsii mia 3ol AUX caBUr pe30HAaHCHOH 4YacToThl {) B CTOPOHY
OONBIINX 3HAYEHHUH 0 TIPH YBETIMYEHHUH (10 PE30HAHCHBIX 3HAYEHHI) aMILTHTYIbI A
KoneOaHuii OOYCITOBIIEH YBEIMYEHWEM JKECTKOCTH TozmBeca (2) TpH  YCIOBHU

X|w: o = Anax 1, CIIETIOBATEIBHO, YBENMICHUEM 3HaYeHHs €2 = 4/C(X) - m*.
IIpuHATO CYUTATh, YTO NIPH pasrOHE POTOpa 10 YIVIOBOH CKOPOCTH

w = Q IporuCxXoauT CKa‘IKOO6pa3HOe YMCHBUICHUE aMIUIUTYIAbI KOJIeOaHMIA

n3 Touku A (puc. 1) B Touky B, a pu ero TopMOXXEHHH 10 yrIIOBOH CKOPOCTH
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®,~ Q) — ckaukooOpa3HOe YBEIUUCHUE aMIUIUTYAbl konebaHuil u3 Touxku C B

touky D. Onnaxo B aefictBuTeIbHOCTH 30Ha AB HEyCTOHYNBOCTH aMILIUTYJHO-
YaCTOTHOM XapaKTepUCTHUKH (puc. 1) XapakTepu3yercsi MHOTOPEKHUMHOCTHIO
HEJIMHEHHON CHCTEMBI U HEBO3MOXKHOCTBIO CUCTEMHOT'O OOHAPYKEHHSI MOJHOTO
HaOopa BceX HEMHEHHBIX PEXHMMOB TPaJWIMOHHBIMH METOIAaMH HEIMHEHHON
JIUHAMUKH [2].

[lpyumHa  Tako  MHOTOPEKHUMHOCTH  OOYCIIOBJIEHA  BO3MOXKHBIM
TosiBJIeHHeM Ondypkaumii 1 nopoxaaemMbix umu nporyoepanies (MiN; u MpNy,
puc. 2) B 30He HeycroitunBocTH [ 1, 2]. Takue npoTydepaHIbl MOTYT TEHEPUPOBATh
HOBBIE OMQypKaliy U IPOTYOepaHIbl, KOTOPHIE,
B CBOIO OY€pe/lb, CIIOCOOHBI T€HEPHUPOBATH HOBHIE
Ooudypkaim W mporyOepaHIpBl, H T
BosnukHOBeHMe OrypKaIwii ¥ BBI3BAHHBIX HMU
npoTyOepaHIeB B 30He HeycroiumBoct AK (B
JIMala3oHe 4acToT @, <®w<@®;, pUC. 2)

Ny

—>n s

- N
—
.
;@
’
T
‘
i
"

[ —

KP

o TIPUBOJIUT K TIOSIBJICHHIO OIMACHBIX
@o Q@ e NPOMEKYTOUHBIX YCTOWYUBBIX COCTOSTHUS
ey b s (oroGpRaen yaeriavnt M 1 My ACX

Ha puc. 2) u XapaKTepH3YIOIINX
MHOTOPEKMMHOCTh CHCTeMBI. [Ipy 3TOM mporecc BOZHUKHOBEHUS OM(ypKaumid 1
MPOTYOEPaHIICB CTAHOBUTCS JIABUHOOOpa3HbM [2]. BosHuKaromme Takum oOpasom
OudypKaloOHHBIE TPYIIIBEI MOTYT TeHEPHPOBATH MOSIBIICHUE XaOTUUECKUX U PEAKUX
aTTPaKTOPOB, MOPOXKAAEMBIX HEYCTOMUMBBIMU pexxuMaMu [5]. B atom ciydae
CHCTEMa MOJKET MMETh HECKOJIBKO Pa3feIeHHbIX MeXTy coO0ol OMpypKarMoOHHBIX
TPYIII, KaK/Iast U3 KOTOPBIX MOXKET MMETh CIIOKHYIO CTPYKTYPY € OUypKalmsiMu 1
penxumu arrpakropamu (puc. 3) [6]. Bo3HMKHOBEHME TaKMX AKCILTyaTAI[MOHHBIX
PESKUMOB B PEATBHBIX POTOPHBIX CUCTEMaX MOMKET OBITh BBI3BAHO KaK M3MEHEHHEM
CTPYKTYPHBIX IIapaMEeTpOB CHCTEMBI, TaK W HM3MEHEHHEeM ee cocTosHus (ee
(azoBemMu  koopmuHaTamu) [2, 5]. O4eBHAHO, YTO MPOIECCHI, OOYCIIOBIICHHEIC
JIaBMHOOOpa3HO TOpOXIaeMbIMu Ondypkanmssmu (toukn By u B, puc. 3),
nporydepaHiiaMu U peakumu arrpakropamu (RA1 n RA2, puc. 5), MoryT sBisiThCS

A
A
r ]
---- budypkanun
A Peaxue
ATTPaKTOPBI
—_— AUX
0
o
Puc. 3. Peanbnas AUX HeJIMHETHOT cHCTeMbI
MpUYMHAMU TPYAHO JUATHOCTUPYEMBIX
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TeXHOTeHHbIX Katactpod. Tak, oudypkamust B;O Ha puc. 3 MoxeT ObITh NPUYHHON
CaMOIIPOU3BOJIHOIO ~ OCTAHOBA ~POTOPHOM  CHCTEMBbI  (Hampumep, TypOMHBI
aBHALIIOHHOTO JIBUTATENST) M MPUYMHOMN Takoi Karactpodsl. Pemxuii artpakrop RAL
SIBISIETCSl TIPUYMHON CTAaOWIHHOW BO BPEMEHHM M COMPOBOXKAAEMOM YaCTOTHBIMU
A OMEHWSIMH ~ AHOMAJIBPHO  BBICOKOH  aMIUIATYJIBI
R BHOpAIMH, MHOTOKPATHO MPEBOCXOISIIICH aMITTUTYTY
BHOpalK B 30HE pe30HaHca. TaKol pexuM CriocoOeH
B TEYEHHE KOPOTKOro0 BPEMEHH DPa3pyIIHTh TYpOUHY
JIBUTATENs] W TPUBECTH K TEXHONEHHOW KartacTpode.
Or™veTum TaKKe, 4TOo TIEPUOIMIECKHUIA
HErapMOHMYECKMH  pe&KUM  paboThl  TypOWHBI
ABUAIIMOHHOTO JIBUTATENS IIOPOXKIIAET PE3OHAHCHI
BBICIIIUX TIOPSIZIKOB, KOJIMYECTBO ~ KOTOPBIX
COOTBETCTBYET KOIIMYECTBY TIapMOHHUK psina Dypee,
Puc. 4. CMCTeMI; AaTYNKOB TIpIEM 30Ha KaKZioro pE30HaHCa MOKCT
KOMILJIEKCHOTO H3MepPeHusl COIPOBOXKIAATHCA MHOTI'OpPEKUMHOCTBIO "
MeXaHH1eCKUX APAMETPOB  1aRHOOOPA3HBIM TPOLIECCOM BO3HUKHOBEHUS
ng‘ft‘g;“:;;mfg;ﬁf’a OuypKaLMii, IPOTYOEPAHIIEB U PEIKUX aTTPAKTOPOB.
GG - och Bpamenusi poTopa CHOXHOCTh UICHTU(DHUKAIINY TAKUX PSKAMOB
COCTOMUT B TOM, YTO, BO-TIEPBBIX, OHH CITy4aroTCs
JIOCTATOYHO PEIKO IIPU OINpEENIEHHOM COYETaHWUH
KOHCTPYKTHBHBIX M (Ja30BBIX TAPaMETPOB, 1, BO-BTOPBIX, OHU 00YCIIOBJIEHBI TOIBKO
MHOTOPEKMMHOCTBIO HEJIMHEHHOM CHCTEMBI M TPOMCXOIAT IIPU  TOJIHOCTHIO
WCIPaBHOM OOOpYIOBaHWM, T.6. HE WIECHTH(HIMPYIOTCS —CYIIECTBYFOIIMMHU
CHCTEMaMM yNpaBiieHHs] W KOHTpOis. O4YeBHIHO TAKKe, YTO CBOEBPEMEHHOE
W3MEHEHHWE TapamMeTpoB WM (pa3oBBIX KOOPAMHAT POTOPHOW  CHCTEMBI,
TIOPOKJTAIOIINX PEIIKHUE aTTPAKTOPBI, TIO3BOJIMIIO OBl BHITH N3 aBapHUHHOTO peXKUMa
1 u30eKaTh BOBMOKHOM TEXHOTeHHOW Katactpods! [7]. U3 atoro cremyer, 4ro
JMarHocThka (B pPEXMME pPEeaTbHOr0 BPEMEHH) IIPOLECCOB, IOPOMKIAEMBIX
OupypKaImsIMu, IPOTYOSPAHIIAMH W PEIKIUMU BPEIHBIMH aTTPAKTOPAMU, SBIISCTCS
CPEZICTBOM, YCTPAHSIIOIINM CBSI3aHHYIO C HUIMH OITaCHOCTh TEXHOT'€HHBIX KaTacTpod
1 TIOBBIIIAIOINM HaJI@KHOCTH IKCINTyaTallii aBUAIMOHHBIX JBurarenei. V3 atoro
CIIEyeT Takke HEOOXOAMMOCTh HENPEPHIBHOIO HW3MEPEHMSI MEXaHWYEeCKHX
TIapaMeTPOB (B UX ECTECTBEHHOM B3aUMOCBSI3U U C Y4eTOM (ha30BBIX KOOPIMHAT) IS
TIPEAOTBPAILICHNS] aBAPUIHBIX CUTYAIMH M TEXHOT€HHBIX KaTacTpod.

HenpepriBHOE WM3MepeHHE W HMACHTU(UKAIMIO CHCTEMBI IapaMeTpoB
BpAIAIONIErocsi poTopa MOXKHO OOECIIEYHTH C IOMOIIBIO CHUCTEMBI JIATYHKOB,
pacrionaraemMbpIX B OMOPHBIX WM ONM3KMX K HUM IUIOCKOCTSIX (IO TP JaT4HKa B
KK/IOM TUIOCKOCTH) pOTOpHOM cucreMbl (puc. 4) [8, 9]. Meron wusmepenus
(MaeHTH(UKAIMK), OCHOBAHHBIA Ha M3MEPEHUU PACCTOSHHI Sjj MEXIY JaT4UKaMH
Dj u npoTHBONEXaUMI TOYKAMU TTOBEPXHOCTH POTOpPA, MO3BOJSIET ONPENETHTH

Dy’
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(BBIMUCIIMTh Ha OCHOBE 3THX H3MEpPEHMI) NPOCTPAHCTBEHHOE IOJIOXKEHHE OCH
cuMMeTpuu U ocu Bpatuenus [10, 11], MrHoBeHHOe 3HaueHHe YITIOBOM CKOpOCTU
[12, 13], MrHOBEHHbIE 3HaYEHUS AMIUIUTY/IB] PAAUAIBEHOIO CMeIeHus poropa [12 —
15], MrHOBEHHBIC 3HAYCHHS pajuyca KpUBH3HBI potopa (wm ero Bama) [11, 15],
MTHOBCHHBIC 3HAUCHUS SKCIICHTPHUCHUTETAa MAacChl M IMApamMeTpoB jucOaiaHca [14,
16], MrHOBeHHBIC 3HauUcHUs Ko3duiwieHTa aemrpupoBanus koinedanwii [17, 18],
MOMEHT WHepImH (IPU U3BECTHOW Macce potopa) u Tewsop uHepiwu [18 — 20],
CHJIOBBIE XapaKTepUCTUKH potopa [17, 18] u ero MexaHMYECKyI0 XapaKTepUCTHKY
M = f(w) [18, 21], a Tarke koddduimeHT compoTuBiaeHUs BpauieHuo [18].

Kpome »storo, meron mo3BONseT waeHTAGHMIMpPOBATh u aUddhepeHIpoBaTh
TIpHYMHBI BUOparmu potopa [12, 14, 15, 22].

OueBHHO, YTO COBOKYITHOCTH W3MEPEHHBIX B MOMEHT BpEMEHH U
pacCcTOSHUM  Sj M HMICHTUGHUIMPYEMBIX Ha OCHOBE JTUX M3MEpEHUi
MIEPEYHCIICHHBIX BBIIIE I1APAaMETPOB POTOPHOM CHUCTEMBI MOXKET OBbITh
MIPE/ICTaBJIEHA B BHUJIE TOYKH N-MEPHOTO IPOCTpaHCcTBa (Ie N — KOJIMYECTBO
WACHTUQHUIMPYEMBIX TapamerpoB). O4YeBHIHO TakKe, YTO COBOKYIHOCTb
[apaMeTpoB, OIpEAeNsieMbIX B MOMEHT BpeMeHu t, =t +7 (rme © — Bpems

MOATOTOBKM W3MEPUTEIBHOM CHUCTEMBI K TMOCIEAYIOUIEMY H3MEpPEHHIO),
MIPE/ICTABIIsIET COOOM MOCITEAYIONIYI0 KOHTPOJUPYEMYIO TOYKY N-MEPHOro
NPOCTPAHCTBA C W3MEHUBIIMMHUCS B TEUCHHE IIPOMEXKYTKa BPEMEHH T
napamerpamu. M3 3Toro ciemyer, 4ro Kaxkaash TOYKa N-MEPHOTO MPOCTPAaHCTBA
TIPE/ICTABIISIET COOOK TOYEYHOE OTOOpa)KEHHE COCTOSIHUS POTOPHOM CHCTEMBI
[23, 24].

WnrepBan  BpemeHH T  ompenensercs  ObICTponeicTBHEM
U3MEpHUTENBHON cHucTeMbl (naTunkoB Dj m BeraucintensHoi cuctemsi). Ilpn
yeaoBun 7 <<T (tme T — mnepuox koneOaHW) MHOXKECTBO TOYCUHBIX
OTOOpaKEeHHH, ONpE/ENsIeMbIX B TEUSHHE KaXJOro 000poTa POTOPHOH CHCTEMBI U
Ha TPOTSDKEHWH ee TIOMHOro pabodero IMKIa, IO3BOJSIET  ONPENETUTh
MPOCTPAHCTBO COCTOSHUI POTOPHOM CHCTEMBI B P&KUME PEATbHOTO BpEMEHH [7,
24, 25].

MHOXECTBO TOYEYHBIX OTOOpPaKEHWH W TPOCTPAHCTBO COCTOSIHHM,
UICHTUQHUIMPYEMBIE B PEXXUME PEaIbHOIO BPEMEHH, TIO3BOJISTIOT OCYIIECTBIISITh
TIOJTHEIN Ou(yypKarMoHHBIA aHamu3 [1, 3, 6] pOoTOPHOM CHCTEMEI B TIpoIlecce ee
skcrutyaTanuu [24, 25]. M3 aToro cnemyer, 4yTO YHOMSHYTBHIM BBIIIE METOJ
naeHTU(HUKAUN TapaMeTPOB POTOPHBIX cHcTeM [8 — 22] mo3BossieT HapsiLy C
naeHTHGUKAIUed JUHAMHYECKUX TapaMeTpoB NPUMEHHTh METOJ IOJHBIX
On(ypKaMOHHBIX TPYIII ISl TOJHOTO aHaIN3a COCTOSIHUSI POTOPHOW CHCTEMBI
B PEeXHME pPEATbHOrO BPEMEHH, BKIIIOYAsh HEJMHEHHBIE PEeXHMBI, a TaKKe
MIOPOXKAAEMBIE STUMU PEXKUMaMH MPOMEKYTOYHBIE YCTOWYHBBIE COCTOSIHUS U
pelKue BpeqHbIe aTTPaKTOPEL.
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RELIABILITY OF THE VIBRATORY ASSEMBLY

Bronius Baksys', Jolanta Baskutiene’
Kaunas University of Technology, Kestucio St 27, 44312 Kaunas, Lithuania,
! _ phone: +370 37 323721; e-ma : bronius.baksys@ktu.lt, >—e-mail: jbask@ktu.lt

Vibratory assembly is based on the movably based part’s plane

directional motion along the vertical plane, which consists of the displacement
and turn of the part [1]. Because of such motion of the part it is possible to
compensate the positional part-to-part errors of the being assembled parts in
assembly position and so to match the connective surfaces of the parts. The
joining of the parts is possible only after mentioned surfaces get reliably
matched. The directional motion of the movably based part occurs due to
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vibratory excitation along the joining axis direction. The movably or
immovably based part may be provided with vibratory excitation. The parts in
assembly position should be located so, that one of the parts is pressed to the
other by the predetermined magnitude force. The process of vibratory assembly
consists of two main stages, i.e. of part-to-part alignment and their joining [2].
During the alignment stage the part-to-part positional errors are compensated
and so the connective surfaces are matched. Then the unhindered assembly of
the parts is possible. This work considers an experimental analysis of the part-
to-part alignment under kinematical excitation of the movably based shaft or
located on the vibratory platform bushing. The reliability of the assembly
process mainly is predetermined by the reliability of the part-to-part alignment.

Experimental setup comprises the electromagnetic vibrator 1, which
through the elastic element 2 (38 mm length, 28 mm diameter and 0.04 N/mm
axial rigidity bellow) provides excitation to the shaft 3 (Fig. 1, a). The bushing
4 is immovably based in locating device 5.
The vibrator with the bellow may be vertically displaced and so parts’ pressing
force may be varied. The experiments were carried out aiming to align the
29.90 mm diameter shaft in respect of the 30.00 mm diameter hole of the
bushing and also carrying the alignment of the 15x10 mm rectangular cross-
section shaft in respect of the 15.10 mm width slot (Fig. 1, b).

Initially the shaft is pressed to the bushing by predetermined force and
axial misalignment of the parts exists. When the oscillator is turned on the
measurement system records the start of the alignment. Kinematically excited
shaft moves towards the bushing’s axis. As connective surfaces of the parts get
matched, the measurement system records the end of the alignment. This way
duration of the alignment is defined.

The excitation frequency has high influence both on the duration and
reliability of the alignment (Fig. 2). Under F = 1 N pressing force, circular
cross-section parts are aligned only under higher than 70 Hz frequency
excitation (Fig. 2, a). The rectangular cross-section parts’ alignment duration
dependences on excitation frequency have obvious minimum within the 60 —
80 Hz frequency range. As excitation frequency is outside this range, the
duration of the alignment considerably increases (Fig. 2, b).
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Fig. 1 Experimental setup: a - for circular cross-section parts alignment,
b - for rectangular cross-section parts; 1 — electromagnetic vibrator; 2 — elastic
element (metal bellow); 3 - shaft; 4 - bushing;
5 — locating table; 6 — indicators

220 A=1.0mm | A=1.9mm 3007\ A=1.5/mm
t, m - t, ms
140 L. F=1.0N 200 \ A=1.0 mm
LooLF=20N" =g /l Leo \\IF=ton | /F=20n
e = -_.
50 60 70 80 f,Hz 100 50 60 70 80 f,Hz 100
a b
Fig. 2 Parts* alignhment duration t versus excitation frequency f under different pressing
force F: a - for circular cross-section parts;
b - for rectangular cross-section parts, A- excitation amplitude,

A - axial misalignment

Both the alignment duration and range of the excitation frequencies,
when the alignment of the parts is possible, depend on the parts’ pressing force
(Fig. 3). It is possible to align the circular cross-section parts only if the
excitation frequency of the shaft and pressing force magnitudes are properly
matched. As the pressing force increases, it is necessary to increase the
frequency of the shaft excitation (Fig. 3, a). Furthermore, it is possible to
define the particular magnitude of the circular parts’ pressing force, which
results the minimum duration of the alignment. The increase in pressing force
causes continuous increase in duration of the rectangular cross-section parts
alignment and a more broad range of the shaft excitation frequencies where the
alignment takes place (Fig. 3, b).
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Fig. 3 Part-to-part alignment duration dependences on pressing force F : a — for circular
cross-section parts; b — for rectangular cross-section parts

Aiming to expand the technological possibilities of the vibratory
assembly, the immovable bushing, instead of the movably based shaft, may be
subjected to vibratory excitation. The experimental setup was slightly modified
and used for the experiments. The metal bellow with the shaft was attached to
the holder, while the bushing was based on the vibrator table and provided with
vertical vibratory excitation along the joining axis direction. The same as
during the kinematical excitation of the shaft, an initial preload between the
parts is made, which causes the shaft tilt in respect of the bushing’s axis by
some few degree angle. During the vibratory excitation of the bushing, results
the appearance of the horizontal component of the normal reaction at the
contacting surfaces, which forces the movably based shaft to move along the
bushing’s axis and turn in respect of the same axis. Due to displacement and
turn of the shaft, part-to-part location errors in assembly position are
compensated and thus the conditions for unhindered insertion of the shaft into
the hole of the bushing are stated. For mentioned experiments the same
cylindrical parts, as in the shaft excitation analysis, have been used. In
rectangular cross-section parts’ alignment experiments 29.9 x 12.0 mm shaft
and 30.0 mm width slot were used.

Based on the experimental data the areas of the excitation and
dynamic system parameters’ sets were determined, where the part-to-part
alignment goes reliably (Fig. 4). Therefore, it is possible to conclude, that
exists particular range of excitation frequencies, wherein the alignment process
is reliable under particular values of the excitation amplitude and initial
pressing force. The excitation of the immovably based bushing by the
predetermined frequency and amplitude vibrations provides possibility to
ensure reliable alignment of the circular and rectangular cross-section parts
under existing axial misalignment up to few millimetres.
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Fig. 4 Area of reliable part-to-part alignment (unhatched): a — for circular cross-section
parts, b — for rectangular cross-section parts

Conclusions

Applied vibrations provide possibility to accomplish the automated
assembly of the circular and rectangular cross-section parts by means of the
excitation along the joining axis direction, provided to the movably based shaft
or immovable bushing. Boundaries of the excitation frequency range, where
alignment of the parts is possible, depend both on the mass of the movable part
and on rigidity of the locating elements.

Both the duration and reliability of the vibratory alignment depend on
the frequency and amplitude of the excitation and the initial pressing force. The
reliable part-to-part alignment occurs only having properly matched mentioned
parameters.
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AMHJ'II/ITyI[HO-‘IaCTOTHHe XapaKTCPUCTUKU aBUAABUTATCIIA CTPOATCA
Ha OCHOBaHHM HerepBIBHOﬁ 3altuCu BPI6paIlPII>i B HEKOTOPBIX XaPAKTCPHBIX
TOYKaxX Ha €ro Kopmyce OT MOMCHTa 3allyCKa a0 Ha6opa MaKCHUMaJIbHBIX
YaCTOT BpallCHUA. Onu XapaKTCpU3yroT HE TOJBKO YPOBCHb BPI6paIlPII>i
MallrHbI, HO U ABHO WJIU CKPBITO COACPKAT B cebe CBCACHHUA O JTMHAMHNYCCKHUX

XapaKTePUCTHKAX (Mmaccax, YKECTKOCTSIX, MOMEHTaxX HHEPIINH,
JeMII(HUPOBAHUN) MHOTUX Y3JIOB U JIeTayiel aBuratens. [ CIOKHBIX MalTuH
3TH XapaKTEPUCTUKHU HMEIOT MHOTOBEPILIMHHBII XapaxTep,

CBUJIETENBCTBYIOIUI O TOM, YTO [BHUraTelb IPOXOAUT 4Yepe3 HECKOJIBKO
PE30HAHCHBIX 30H, HO NPHYMHBI KaXKJOr0 W3 PE30HAHCOB IPU 3TOM MOTYT
OCTaBaThCsl HEM3BECTHBIMH. MEXIy TeM, 4Ype3BbIYaifHO BaXHO YMETh
MIPaBUIILHO HACHTH(UIIMPOBATH KXK/BIH N3 pE30HAHCOB ISl OOPHOBI C HUM.

OOBIYHO ITPOBOAMMBIE MCCIIEOBAHUS JUHAMHUKH OTIENIBHBIX Y3JIOB U
MallliH B IIEJIOM HE BCErja MPUBOAAT K YCIIEXY, €CIM JaJleKH OT HaTYPHBIX
YCIIOBUI SKCIUTyaTallMM W3JIEJIHS, HE YYUTHIBAIOT MHOr00Opasue BIIMSIOIINX
(aKTOpOB M TUHAMHYECKYIO MOJENb CUCTEMBI, & MEXIY TEM HCKIIOUUTEIHEHO
BaXHO HAXOAWTb TOYHbIE 3HAYEHMs JIMHAMHYECKHX XapaKTEPHUCTHK,
MIPUBSI3aHHBIX MIMEHHO K MaTeMaTHUECKOH MOJIENH, ¥ TEM CaMbIM TIOBBIIIATH €€
3G PEKTUBHOCTE. JTOr0 MOXHO JOCTHYh pElIeHWeM OoOpaTHOW 3aladu
JUHAMHUKH 110 DKCIIEPUMEHTAJIbHO TOJYYEHHOW aMIUINTYAHO-4aCTOTHON
XapaKTEePUCTHUKE.

B nanHOM JOKIIajie Ha mpuMepe KoMIipeccopa aBuaasuratens AW-20
MOKa3bIBaCTCI KaK 110 MAaTEeMaTUYeCKOW MOJeNU KojebaHuil poropa
MHOTOCTYIEHYaTOT0 KOMITPECCOpa, IOKOSIIErocs Ha YHOPYTHX OIopax cC
MIPUCOETUHEHHBIMA K HUM MaccaMH KOpPITyCOB JIOOOBOTO KapTepa M Kamepbl
CropaHusl M 3alMCaHHOW IIPH BpaIIEHWH POTOpa KOMIpeccopa aMIUTUTYIHO-
YaCTOTHOW XapaKTCPUCTUKE BCEH KOJICOMIOMICHCS CHUCTEMBI, a TaKke
aMIUTUTYIHO-YaCTOTHOM  XapaKTepUCTHUKE BCEro  JBUTATENS,  yIaeTcs
WAEHTU(HUINPOBAT, HEW3BECTHBIE IApaMETPhl JTOH CHCTEMBI, a 3aTeM |
paccunTaTh MPOUCXOXKACHHE BCEX MSTH PE3OHAHCOB.

[t aTOoro B paboTe mpessiaraeTcsi MeTo MpOOHBIX MapaMeTpoB, CYTh
KOTOpOT'O B OOIIEM BHJIE COCTOHT B CIIEAYIOIIEM.

OO0b1yHO MH(OpMALNH, TTOTYYEHHON NPU MACCUBHOM HaOJIOJIEHUH 32
XapaKTepPUCTUKaMH, TOIAAIONIMMHCS JOCTaTOYHO TOYHOMY H3MEpEHHUIO, I10
pa3IM4YHBIM TPUYMHAM OKa3bIBA€TCS HEJOCTaTOYHO JUIS HACHTU(HUKAINU
rapamMeTpoB MaTeMaTuieckoi mozenu. IloaToMy OCHOBOW alrOpUTMHU3AINU

35



OIEPATUBHOIO0 MAaTEMAaTHYECKOTO MOJIETMPOBAHUS MOXKET CTaTh AKTUBHOE,
peryaupyeMoe Bo3ieiicTBre Ha OOBEKT.

ITycts pacueTHas MoOIETb OOBEKTAa HCCIEAOBAHUS IMPENCTABICHA B
BUJIE

Yi=fi(01, d2,--0n B, Bor-- ),

i=1,2...1

Ecnmn B (1) momctaBuTh WM3MEpEHHBIE B PEaJbHBIX  YCIOBHSX
(YHKIIMOHMPOBaHUSI OOBEKTa 3HAYEHMS BBIXOJHBIX XapaKTEPUCTUK Vi U
HEKOTOPBIX JIOCTOBEPHO U3BECTHBIX MEPBUYHBIX (akTopoB (0, f), TO BMecTe ¢
HUMH cucTeMe (1) TOMKHO YIOBIETBOPATh HEKOTOPOE YMCIO K HEeH3BECTHBIX
3HAYCHUH TEePBUYHBIX (AaKTOPOB W | koddummenToB Monenu. Yarie Bcero
cucrema (1) sBusercs H HemoompeaenenHoi, T.e. (K +j)> | u mostomy
JIOIyCKaeT OeCcUMCIIeHHOe MHOXECTBO pemeHnd. OJHaKo, Tak Kak OOBEKT
CymIecTBYeT M (YHKIMOHHUPYET peajibHO, TO W3 3TOr0 MHOXKECTBA CIEIyeT
BBIOpaTh NMEHHO TO pelleHne, KOTOPOE COOTBETCTBYET IAHHOMY 00beKTy. Jlis
3TOr0 3a7ady CIIEAYeT IOONpPENENUTh W NPAKTUYECKUM CIOCOOOM TaKoro
JIOOTIPE/IETICHUsI SIBIISIETCS. METOJ NPOOHBIX IapaMeTpoB C IIPOBEICHHEM
JIOTIONTHUTENBHBIX JKCIIEpUMEHTOB. J[1s ero peanmmsanuy B HCCIETyeMbIH
00BEKT MOOYEPETHO BBOJAAT JOMOIHHUTENbHbBIC, THOO U3MEHSIOT B HeM K+j-|
9JIEMEHTOB W (WJIM)  BBIBOJAT  OOBEKT HAa  NPOOHBIE  PEKUMBI
(YHKIIMOHUPOBAHUS, T.€. aKTUBHO PETYIUPYIOT paboTy 00BEKTa.

BozzeiicTBre 3THX POOHBIX 3JIEMEHTOB (WMJIM PEKUMOB) COBMECTHO C
JJIEMEHTAMH, XapaKTePUCTHKH KOTOPBIX HJICHTU(PUIUPYIOTCS, T03BOJISET
W3MEpPUTh HEIOCTAIoIlee KONMYECTBO 3HAYEHUH BBIXOJIHBIX I1apaMETPOB,
JononmHuTh cucteMy (1) 710 HOpManbHOW M WIEHTU(QHUIUPOBATH HCKOMBIE
¢dakToppl ¥ KOI(GHUIMEHTH MOJENH, T.€. PEIIUTh OOpaTHYI TOUYEYHYIO
3ajady.

1)

B mporuecce akcmnyatanuu asurateneit AN-20 u npu nposeneHUH
JUTHTENTEHBIX UCTIBITAHUN Ha CTEHAAaX ObLTH OOHAPYKEHBI TaKue JTe()EKThI, KaK
MOTHYTOCTh 3aJHETO BaJla, TOJOMKH IITH(TOBOTO COEAWHEHHUS pOTOpa
KOMIIpeccopa, TJIaBHBIM 00pa3oM, B COWIEHEHWH 3aJ[HEro Baja C JecsITOH
CTYNEHBIO POTOPA, a TaKKe PsiJ IePEeKTOB 1O KOPIYCY KaMephl CrOPaHHSI.

[Ipeamnonaranoch, 4To BO3HUKHOBEHUE YKAa3aHHBIX JE(PEKTOB CBS3aHO
C TPOXOXKAEHHEM dYepe3 KPUTHUECKHUE 4YacTOThl BpAlIEHUs poTopa
KOMIIpECCOpa B CUCTEME JBUTATENs; 3TO MPEANON0KEHUE YCUINBAIOCH TaKKe
HEJIONYCTUMO BBICOKMM YPOBHEM BHOpalMii  OTHENbHBIX 3K3EMIUIIPOB
nmeurareneii AU-20 Ha pekuMe Maioro rasa, rie KoOJcOaHUs HOCAT
PE30HAHCHBIN XapakTep.

Ha puc. 1 mpexacraBneHa aMIUIMTYZHO-4aCTOTHAsI XapaKTEPUCTHKA
komIpeccopa asuratenss AU-20 Ha ucnbITaTeIbHOM BaKyyMHOM cTeHsie MAU.
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24 3mecr YETKO BHAHO HaJWYHUE

:ﬁx; oy YETHIPEX-IIATH  PE3OHAHCOB, 4

: . YKa3aHHBIE  BBIIOE  JE(EKTHI

0.12; . fA i CBSA3aHBI C IPOXOXKJIECHUEM POTOpa

= /” 7‘ : 4epe3 3T PE3OHAHCHI MIIU JaXKe C

0.08 fo : paboroii Ha (unmu  BOIM3M)

AT HEKOTOpBIX U3 HuX. Ilpencrosio

0.04 : WA _ BBIACHHTH TPOMCXOXKICHUE BCEX

R ) | L .., DPE3OHAHCOB, YTOOBI 3aTeM
07T T ST el 0mie

B03ﬂeﬁCTBOBaTB Ha HUX 3HaA4YCHUA

Puc. 1. AMIVIMTYAHO-4ACTOTHbIE 110 YaCTOTE 1 aMILIHTYJIE.

XapaKTePHCTHKH KOMIIpeccopa:
1 — mo nepexnHeii onope; 2 — no 3axHeii onope

JluHamuueckass MoJenb ISl pacdyera COBMECTHBIX KolieOaHWiH
CHCTEMBI POTOP-ONOpHI Tpe/cTaBieHa Ha puc. 1. 31ech poTop KoMmpeccopa
Maccoii M; M TOJATIMBOCTHIO MOJ HEHTPOM MacC ¢i; TOKOHMTCS Ha JBYX
YIPYIUX oOropax HOAATIMBOCTEH dz; M d33 C NPUCOCIVHEHHBIMH K HUM
MaccaMu JIOOOBOTro KapTepa M, M KaMepsl CropaHus — Ms.

3HavyeHHsT KPUTHYECKUX YaCTOT BpALICHHS W PE30HAHCOB TaKOH
TPEXMAacCOBOH CHCTEMBl HaXOIST W3 PEHICHHS «BEKOBOTO» OIPEIETHTENS
CHCTEMBI TPeX ypaBHEHHH, OIMUCHIBAIONINX €€ KoeOaHMsI.

OpHaKO B 3TOM OINpeeTUTENe HEM3BECTHBI BCE MOATIMBOCTH KPOME

1.
2 2 2
1-— Mo 1m —Mooo® —M30930
- m]_OLZJ_O)Z 1- m2a22m2 - m30c23c02 =0 (2)
- mlocglcoz - m2a32m2 1- m3a33co2

Jns uneHTH(UKAIMKM HEW3BECTHBIX IO/IATIMBOCTEH W TPHUMEHEH
MeToJ TNpOOHBIX mapaMmeTpoB. B  kadectBe NpoOOHOrO  3yEMEHTa
UCIIONB30BAJIOCh YHPYroe KONbIO, IOKa3aHHOE Ha PHUC. 2, OJEBAacMOe Ha
HapyXHyl0 00oHMy TIepeJHero TMOJIIUIIHUKA pOTOpa KOMIIpeccopa,
KECTKOCTHAsI XapaKTEPUCTUKA KOTOPOro ObLIa ONpeAeneHa Ha CHelUabHOM
TIPUCTIOCOOIEHNH M OKa3ajlach 3HAYUTENILHO OOJIBIIIE TIONATINBOCTH POTOPA
Ayomma = 50 ? 10° (M/H).
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INopatnuBocTu ornop

poTopa,  PACIOJIOKCHHBIE B
n000BOM KapTepe U  KopIyce
KaMepsbl CropaHusi,

UIICHTU(QUIIUPOBAIIH 110 FTAIIAM:

1. 3Has  ympyrocrb
KOJIBIIA U CYMTAs, YTO YIPYrOCTh
nepenHeil  OMOpBl  KOMIIpeccopa
ompejieNsAeTCs  JIMIIb UM, IO
3HAYEHHIO PE30HAHCa JIBUTATEIs C
ympyraM — KonmblioM  (puc.  5),

(a)

NICHTU(PUIIUPOBAIN
Puc. 2. Onopa poropa KomMnpeccopa ¢ ynpyrum Ae (1) [1poBas .
KOABIIOM MOJIATIIMBOCTh  3aJHEH  OMOpHI,
paccMmarpuBas KoJeGaHus

OJHOMACCOBOI'0O poOTOpa Ha JABYX
NOAATJIMBBIX OIMOpax.

2. Tlo HalijeHHOMY 3HAa4Y€HHIO NOJATIIMBOCTU 3aJHEH OMNOphl H
3HAYEHHWIO PE30HAHCOB JBUTATENst 0€3 yNpyroil omnopsl WAEHTU(QHUIMPOBAIH
MOAATIIMBOCTD NEpeTHEN OMOpEL.

Jlanee  paccuWThIBaNM  COOCTBEHHYIO  4YacTOTy  KoiieOaHW
COCTaBJISIFOIMX CHCTEMBI, T.€. COOCTBEHHYIO 4YacTOTy KoiebaHWil poropa
KOMIIpeccopa Ha ECTKHX OINopax, JIOOOBOro KapTepa Ha MOJNATIMBOCTH Oy,
YTO COOTBETCTBYET PE30HAHCAM ITUX Y3JIOB.

HaxoHen, mpoun3Beny pacyeT COBMECTHBIX KOJIEOaHUI CUCTEMBI 110
dopmye (3).

CorocraBiieHne pe3yJIbTaTOB pacyeTa C HKCIEPUMEHTOM Tereph
TIO3BOJISIET TIPEJICTABUTH MONHYIO KAPTUHY KoJieOaHUH ¥ NPUYUHBI PE30HAHCOB.

1. ITepBblii pe3oHaHc cucremsl B paifone 7500 06/MuH. HacTynaer u3-
3a KoyeOaHWH >KEeCTKOro Bajla Ha MOJATIMBBIX OHopax. JTo mepBas gopma
KoJieOaHUi — CHMMETpPUYHAs, KOTia pOTOp KOJeONeTcs MOoYTH Kak TBEepaoe
TEJIO0, YIOKEHHOE Ha MO/IATIIUBBIE OITOPHI.

2. 3ateM cienyeT BTOPOM pe30HAHC CUCTEMBI poTop-onopsl Ha 8300-
8500 00/MuUH. - pe30HAHC TepeHEH OMOPHI, KOTrJ]a YacTOTa BpallleH:us: poTopa
COBMAJIAeT C COOCTBEHHOW YacTOTON KojIeOaHui J000BOro Kaprepa.

3. [Nocre craga aMIDIMTY]] HACTYIAET Pe30HAHC B parione 9600-1000
00/MHH., XapaKTepu3yIOIIHHCS KojlebaHHeM poTopa Kak TBEPIOro Tela Ha
MOAATIIMBBIX OIOpax II0 BTOPOH QopMme KonebaHWi - aHTHCUMMETPHYHBIX -
TIPY 3TOM POTOpP OBOPAYMBAETCSI OTHOCUTEIILHO IEHTPA BPALCHHSI.
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4. Crnenyrommii pezonanc Ha 10500 o0/mMuH, HacTynmaer mpu
COBMAJICHUH YacCTOThI COOCTBEHHBIX KOJEOaHMI KopIyca KaMepbl CrOpaHusi C
YacTOTOH BpaleHHs poTopa.

5. W, mHakoHen, mocimemHuii pesoHanc Ha 11200 o6/muH.
COOTBETCTBYET KPUTUYECKOW YaCTOTE BpAIEHUs] pOTOPA, YCTAHOBJICHHOTO Ha
KECTKHE OTOPBL.

CorocraBieHne pe3yJbTaTOB pacuera M AKCIEPHUMEHTa IOKa3bIBaeT,
YTO JAWHAMHWYECKass MONEIb W TPHUHATHIA QJITOPUTM  WACHTU(HUKALIH
KECTKOCTEH OIOp B JOCTAaTOYHON CTEMEHH OTPaKaIOT peajlbHOE ITOBEICHUE
CHCTEMBI.

Kpome ykasaHHBIX pE30HAHCOB HMEETCSl HEOOJBIIOE ITOBBIIICHNE
BuOparuii omop B pabione 5000-6000 o6/MuH., 4YTO OOBICHSETCS, TO-
BUAMMOMY, BIIUSIHUEM Beca poTopa.

Pe3onancel 1o mepBoi M BTOpOH (opMaMm KonebaHWH poTopa Kak
TBEpJOro Tejda Ha YIPYrUX Ornopax OJMM3KM MO CBOEMY 3HAUCHUIO K
COOCTBEHHOH YacToTe KonebaHuii JIeBOH 1 MPaBOM ONOP M MHOT/A Ha MPAKTHKE
UX NPUHAMAIU 32 OJUH pe3oHaHc B padioHe 8000 o6/muH. u B paiione 10400
00/MHuH.

ITpn stux dopmax koneGaHuii poTOp M3rMOAaeTCs] HE3HAYMTENBHO, a
MepeMeIleHNs] CTyNeHel IPOUCXOAST, B OCHOBHOM, BMECTE C OIOpaMH,
NIPUYEM COOTHOIIEHWE MEXIYy NpPOrmOOM poTOopa W KOJEOAHUSIMU OIOp
3aBHCHT OT OJIM30CTH TAHHOTO PE30HAHCA K COOCTBEHHOH 4acTOTE OIOPHI.

I[lo mepe ymaneHuss OT COOCTBEHHOH YacTOTHI OMOPBI B OOIIEM
CMEUIeHUH CTyINeHeH NpeobiafaloT Mporudbl caMoro poropa M B paiioHe
11200 06/MyH. OHM AOCTUTAIOT MAaKCUMyMa.

CTATUCTHYECKOE ITPOI'HO3NPOBAHHUE
BE30TKA3HOCTH ABUAIIMOHHBIX IBUTATEJIEN

Abacos Anexcandp Jleonudosuy, I'vces Braoumup Muxaiinosuy
@I'VII « [JUAM um. I[1. . Bapanosay.
Poccus, 111116, Mocksa, yr. Asuamomopuas, 2.
pab.84953624975 mob. 89150697974 abasov@rambler.ru

BaxHelIniM HHCTPYMEHTOM CTaTUCTUUYECKOrO YIPABJICHUS HAJIEKHOCTBIO
MApKOB aBHAIMOHHBIX  jaBurarenedd (AJ]), Haxomsummxcs B IKCIUTyaTalluH,
SBJISIETCS ~ NPOTHO3MPOBAaHME HMX  OE30TKa3HOCTH M pa3paboTka
MEpOMPHUITHH MO 00ecrnedeHHIo Tpe6yeMoro ypoBHS4.

HanéxHocTh CepuiiHBIX [BHTraTeleld Kak CIOKHBIX TEXHHYECKUX
CHCTEM TOYMHSIETCS 3aBUCHMOCTSIM THITA
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P:P (tK1 tc: H3)1
T:T(tK ’ tca H3)1

rae P - BEPOSATHOCTH 0€30TKa3HOH padoOTHI;

T -  cpenusis HapaboTka JABHraTelns Ha OTKa3 B  dYacax;
ty - KaJleHaapHoe BpeMs (T0oA) Havyajda SKCIUTyaTallUW JBUTATENS,
XapaKTepu3ymoliee «TOKOJIEHHE», K KOTOPOMY TMPHHAJICKUT
paccmatpuBaembiit AJl;

t. — cymmapnas HapaOoTka mapka JIBUTaTesiedl Imocie Hadana
9KCITyaTallNH;

Il; - COBOKYMHOCTH  (DaKTOpOB, OTpaKArOU[MX  BIUSHHE  YCJIOBHH

IKCIUTyaTallii Ha 0€30TKA3HOCTH JIBUTATEIS.

O06o006meHrEe MUPOBOTO ONMBITA IKCILUIYAaTAIl[MA aBHAITMOHHBIX
I'T]] nmoka3piBaeT, 4TO MO MEpE yYBEIIMUCHUS CYMMapHOH HapaOOTKHU mapka
JBUTATENIeld, KaK TIPABWIO, BO3PACTAIOT IOKa3aTelu Oe30TKa3HOCTU
(BcrmencTBHE TPOBEACHHS PA0OT MO YCTPAHCHUIO TPUYUH MPOSBUBIIAXCS
otkazos) [1].

[IporHo3upoBaHUE OCHOBAHO HA PA3JICIICHUM BIUSHUS OTACITHHBIX
(akTOpoB (BpeMsl 3KCIUTyaTaIlMH, KaJCHIAPHBIA TOJl Hayaia dKCIUTyaTaIluH)
Ha nokaszatenb 7. [Ipu 3TOM paccmaTpuBaeMmblil mapK JOJKEH COCTOSTH U3
JBUTATENCH ¢ OJU3KUMHU YCIOBUSMH SKCIUTYaTaI[UH.

[IpuMeHHUTETPHO K  OTJAENBHBIM  IIOKAa3aTelsiM  0E30TKa3HOCTHU
nojy4enbl 3aBucumoctd T = T(tx ) mpu HECKOJIBKHUX (DUKCUPOBAHHBIX
3HAYCHUAX [, OTpakaroluWe ITOBHINICHHE OE30TKa3HOCTH OT TOKOJCHUS K
MOKOJIEHHIO, KOTOPOE MOJYUHSETCS JuHEeHHOW 3aBucumoctd  INT(tk) ot tx
(Ip¥ OZIMHAKOBBIX 3HAYCHUSIX {,)

InT(tK) te=const — a(tc)tK +F(tc)- (1)

Crenyer yYuTHIBaTh, YTO KOA(QGUIHEHTH MPOIOPIIMOHATEHOCTH
tx He 3aBuCcAT OT t.. OTCcrona

T (g, t.) = "k -F(t.). 2

IepBast cocraBmstomas moxenu () orpaxaer BIusSHHE Ha pPOCT
0e3otkazHocTH AJl 00IIero TeXHUYECKOro Mporpecca B JIBUTATEICCTPOCHUH,
MPOUCXOJIAIIEIO MO Mepe YBEIWYeHUs KaleHAapHoro BpemeHu tx. Bropas
COCTABJISIFOIAsT OTpPakaeT NEHCTBHUE OOpPaTHON CBSI3U «OTKa3 - YCTpaHCHUE
€ro MpUYHH», Oyarogaps KOTOPOH MPOUCXOMUT MOBBINICHUE 0E30TKA3HOCTH
MpU YBEIWYCHUM CYMMapHOW HapaOOTKU Mapka JBHUTATe]ICd W BPEMCHHU
9KCIIyaTalllM, YTO BBIPAXKaeTcsi MOHOTOHHBIM pocToM ¢yHkiuu F(t.). Oto
MPOUCXOJIUT 10 OMNpPEACNIEHHOr0 Mpejena, NOpU KOTOPOM MPaKTHUYECKHU
YCTpaHEHBI MPUYUHBI BCEX MPOSBUBIIMXCSA OTKA30B. J[yisi jaBHTaTeneil omHOro
MTOKOJICHUS 3TO OIMKUCHIBACTCS (POPMYIIaMU

P =1-Q,
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Q=Q..+Q,e”c, 3)

rae Q - BEPOSITHOCTh OTKa3a Ha UK pabOThI ABUrATENS;

Q, - yctpanumast («BBITOPAIOIIAs») YACTh BEPOITHOCTU OTKA3a;

O, - TmpenenbHas BEPOATHOCTh OTKa3a T[OCIE YCTPAHCHUsS IMPUYNH
«BBITOpAIOIINX» 0TKa30B. [Tockonmbky 7=1/Q, momyyaem

1
T = (4)
t, =const —p, "
Q, +e
[Mocne mnpeobpaszoBanuid u3 (2) wm (4) ciaeayer AByX(axkTopHas
9KCTIOHEHIHANBHO-IOTUICTHYECKAs MOJICITh

Ae? (e —to)

T(tt,)=——
)= e

(%)

3nech

Ae ““kn'y) - ypoBeHb 6e30TKAa3HOCTH Ha MPOTHOBUPYEMBIi CPOK;

B - BennunHa, XapakTepu3ymolias JO0II0 YyCTpaHSIEMBIX OTKa30B B 0OIIeM
YHCJI€ OTKAa30B, HE YCTPAHEHHBIX K Hadally 3KCIUTyaTallWu;

f - XapaKTepUCTHKa TeMIIa «BBIIOPAHUA) YCTPAHUMBIX OTKa30B IO CyMMAapHOIi
HapaboTke {;

0 - XapaKTepUCTUKa TEMIa IOBBILEHHA Oe30TKa3HOCTH,

t,,,~ KaJIeHIApHBINA FOJl HaYasa SKCIUTyaTalluy apKa JBUTraTeNei;

teo- KAIEHAApPHBIA TOA, TNPUHUMAEMBIH 3a UCXOAHBIM IpH

MIPOrHO3MPOBAHNUH;

HccnenoBaHus BIMSHHS YCIOBUHM 3KCILUIyaTallUM ABUTATeJNed Ha
HaJeAKHOCTh IIOKA3alHu, YTO OJHUM U3 ONPEAENAIONHX (aKTOpoB sBISETCS
BeIMUMHa Ko3((HULMEeHTa UCIONb30BAHUSA «TSDKEIBIX)» PEXKUMOB, HAIPUMED,
B3JIETHBIX. YCTAHOBJIEHO 3HAYUTEIBHOE CHIDKEHHE YPOBHS 0€30TKa3HOCTH
JIBUTATENIEH M0 Mepe pocTa 3Toro kKoddduuueHTa (IpH NPOYMX PaBHBIX
ycnoBuax). C 3TUM CBsA3aHO pa30MEHUE BCEX CTATUCTUUECKUX JAHHBIX Ha
rpynmnsl. B uactHOCTH, Ha rpymIsl ABUrareneil JalbHeMaruCTpaibHbIX, OMIKHE
- ¥ CpeJIHE MATUCTPAIbHBIX CAMOJIETOB.

IToaTomy 3HaueHUs BCeX BXOMAIIMX B MOJENb (5) napamerpos (4, B,
a, ) NOIKHBI ONPERENAThCS OTACNBHO JUIS KaXJOH U3 INEepedrCIICHHBIX
BbllIe rpynn asurareneil. COOTBETCTBEHHO, MOJENb (5) peanusyercs B BUIIE
ad%i (ten —tko)
1
Tyt t.) :J—,ﬂ__t, (7)
1+B;e ™
rae | - uHaekc nokasarens Oe3otkasHoctd  (Trp - HapaboTKa Ha BBHIKITIOUCHHE
nsurarens B nonére, Trcy- HapaboTKa Ha JOCcpouHbI chéM aBuratens ¢ BC u
T.J.).
41



J - uHAEKC (HOMEp) TPYIIIbI JBUTATENCH.

Takum 00pa3oM, OCOOCHHOCTSMH MOJENH, IOJIOKEHHOH B OCHOBY
aJTrOpUTMa U IPOrpaMMBbl IPOTHO3UPOBAHMS, SIBJISIETCS] OTPA)KEHNE BIMSIHUS Ha
0e30TKa3HOCTh  aBWMAUMOHHBIX [T/l KajeHmapHOro BpEeMEHW Hayaja
9KCIUTyaTalliy, CYMMapHOH HApaOOTKH U KOI(PQUIMCHTa HCIOIb30BAHUS
TSDKENBIX PEKUMOB, ONPENENIEMOro Ha3HaYeHUEM JIeTaTeIbHOIO anmnapara, a
TaK)Ke KOHKPETHOT'O THIIa OTKa30B.

Jlutepatypa:
1. Borpockl HaJI&KHOCTH aBUALTMOHHOM TeXHUKHU. Cepus: ABHAIIMOHHOE
neurarenecrpoenue. Hapéxuocts u pecype ['TI. Bermyck 3 (1316). M.,
1AM, 2000.

VK 621.452.3.034

IMPUMEHEHUE JE®OPMAIIMOHHOT O KPUTEPHSI B
3AJJAYE SHJIEPA O IOTEPE YCTONYNUBOCTH
CXKUMAEMbBIX KOHCTPYKIIMH C YUETOM
MOJI3YUYECTU MATEPUAJIA

k.m.H. K.J[.Kapumbaes
DI'VIT HUAM umenu I1.U.EAPAHOBA, Mockea, Poccus, E-mail: kem@ciam.ru

Annomayusn

B nmanHOW  pabore  paccMOTpEHBI  TEOPETHYECKHE  acCIEKTHI
IPaBOMEPHOCTH UCIIOIb30BAaHUA B YIPYro-IUIACTUUECKOM 00JIacTH MaTepuana
KpPUTEpHUsT TOTEPH YCTOHYMBOCTH IO Ae(dOpPMALUSIM M HCIONB30BAHUS ITOH
BO3MOXHOCTU IIPU pacyerax ¢ y4€ToM HOJI3y4eCTH.

Pemenns YpaBHCHUA Bﬁnepa JJId HCHTPAJbHO-CKATBIX, YIIPYTUX
CTep)KHeﬁ MOryT OBITE NpEACTaBJICHBI B IBYX BUAX:

n’E

IO HaNPSHKEHUAM Oy = e 1)
7

1o ieopManysIm Ep = ? (2
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rae O-kp u 8kp MHWHUMAJIBHBIC KPUTUYCCKNEC 3HAYCHUSA HaHpH)KeHI/Iﬁ u

nedopmarmit; A =yl |A/J . - rubkocts crepxus nmanoit |, ¢ moomapro

A , MUHUMAJIbHBIM MOMCHTOM HWHECPIUH MONECPECUYHOI'0 CEYCHUA ‘]min nc IU -

KO UIMEHTOM 3aKpeIUieHHs, KOTOPBIH Ui IIAPHHUPHO 3aKpPEIIEHHBIX
CTep)KHEW paBeH eIUHUIIC.

[l ynpyroii obnactu 06a Buna ycnosui (1) u (2) paBHO3HaYHEL.

B ympyro-mnacTUuHO# 30He MaTepuana, KOrma HalpsOKCHHs

MPEBBIIAIOT TPeJeN NPOMOPIHOHATIBHOCTH (IpU O = o ,,), kpurepuii (1.1)

nepecTaéT BEpHO OTpaXkaTh dKCIIEpUMEHTANIbHbIE NaHHble. [loaToMy B ynipyro-
IUTACTHYECKOW OOJIACTH 3TOT KPUTEPUH 3aMEHSIOT JPYTUMH, OCHOBAHHBIMU Ha
MPEANONIOKEHH O BO3MOXHOCTH  HCIOJNB30BAHUSL  JIPYTOTO0  «MOJYJS
ynpyroctu». B moaxoae Oureccepa — llleHnu mnpumeHsieTcs JOKaJIbHBIH,

KacaTeJIbHbIH MOIYJb YHOPYTOCTH Ek = dO'/ de. B nomxome Kapmana

clleNaHa MOMbBITKA YTOYHEHHS, YYUTHIBAOIIAS, YTO C BOTHYTOW M BBIMYKJIOM
CTOPOHBI TIPOTHYBILIETOCSI CTEPIKHS JCHCTBYIOT pa3Hbie HampshkeHus. Tem He
MeHee, 00a OTH TOAXOHA JAOT 3aHIKCHHbIC 3HAYCHHS KPUTHYECKHX
HaNpsDKeHWH B ynpyro-mactudeckoil obmactu. OcoOeHHO SpKO  3TO
MPOSIBIISICTCS B MaTepuajax, B KPUBOH J1e(OPMUPOBAHUS KOTOPBIX HMEETCSI
wiomaaka Tekydectd. OYeBHIHO, YTO MPU 3TOM JIOKAJBHBIM, KacaTeabHBI
monyms do/de =0.

CpaBHuBas paccmarpuBaeMble kputepud (1) u (2) MOXXKHO OTMETHTS,
YTO pacIIMpeHHe AePOPMANUOHHOIO KpPUTEPHS B YIPYro-IIACTHYECKYHO
obmacte He TpeOyeT Kakux-TUOO J00aBOYHBIX MpeanoioxeHuil. Ocraérces
TOJNBKO MPOBEPUTH MPABOMEPHOCTH TAKOTO PACUIMPEHHUs] B BHJIY TOTO, UYTO
CaMH KpPUTEPHH IMOJYyYSHbI MPU PEUICHWH 3aJayd B YIPYTOH MOCTAHOBKE.
Ecau Takoe pacuiMpeHHe MNpPaBOMEPHO, TO pACIIMPEHHE KPUTEpHUs 10

HaIps)KCHUAM 6yz[eT HUMCTh CJ'IeI[yIOIJ_II/Iﬁ BU ka = 7[2 Ec /AZ , TOC

EC ZO'/ £ - ecTb HE JIOKaJbHBIM KacaTeNbHBIH MOAYNb, a MHTErPaJIbHBIN

CeKYILIUI MOyIb YIPYTOCTH.

[IpoBenéHHbIC HCCIEIOBAHUS ITOKA3bIBAIOT, YTO pPACIHIHPEHHE B
YIOPYTo-TUTACTHYECKYI0 00JIacTh /1eOPMAIMOHHOT0 KPUTEpPUsS B 3ajade
Oiinepa o0 moTepe YCTOMUUMBOCTH IIEHTPAJIBHO-CXATBIX CTEpXHKHEW IydIlne
COMNacyloTcs ¢ dKcrnepuMeHTaIbHBIMU KpuBbIMH D.C.ScuHCKOro, KOTOpPBIi
MTOTYYHJI UX, OCHOBBIBASICh HA MHOTOYHUCIICHHBIX SKCIIEPUMEHTATBHBIX JTaHHBIX
baymunrepa, Termaiiepa u Kocunepepa.
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Hcnonb3oBaHne paccMaTpUBaeMOro 0OCTOSTENBCTBA TIPU pacueTax Ha
HOJ3yYecTh NPUBOJUT K CIEAyMoeMy 3akmodeHuto: [lpu ompeneneHnu
KPUTHYECKHUX MapaMeTPOB B C)KUMAEMBIX CTEPIKHSIX MOCTOSHHOTO CEUCHHSI C
ONpesIeNnéHHON THOKOCThIO A y4eT TON3y4ecTH MO TEOPUH CTApEHHs, ¢
HCTIONB30BaHUEM  HM30XPOHHBIX  KPUBBIX  Je)OPMUpPOBAHUS — MarTepHana,
CBOMUTCSI K OMNPENENCHUIO TMEePECEUeHUs] MOBEPXHOCTH AeHOPMHUPOBAHKS B

2 2
CHUCTEME KOOpJuHAT &, t, O C IUIOCKOCTbIO 8kp =TT /}u .

B mavaneheiii mMoment Bpemenn t =0 wucnonesyercs oObruHas
kpuBas  nepopmupoBanms; B MoMeHT Bpemenn U =1 kpuBas

nepOopMHUpPOBaHUS OyleT MPOXOAWTh HIKE. B CBSI3M C OSTHUM 3HAYCHHE
KPUTHYCCKOT'O HAIPSDKEHUsI, COOTBETCTBYIOIIEE KPUTUYCCKOW edopMaru

— 72/92 .
Ep =T / A, co BpemeHeM ymeHbmaercs. [103TOMy MOTepst yCTOWUMBOCTH

BO3MOXKHa HE B HAYaJIbHBII MOMEHT, a IOCJe HEKOTOPOro BO3ACUCTBUSA
Harpy3kd U TEMIEpPaTypbl.
bnarogapnoctu:

ABTop BEIpaxkaer OnaromapHocth mpodeccopy b.®.Iloppy 3a
MOJIe3HOE OOCYXKICHHUE PaOOTHI.

Crnucok urepaTypsi:

1. Bupeep U.A. Kpyenvie nnacmunxu u obonouxu gpawjerus, M.: «Oboponeusy, 1961,
c.368.
2. B.U.®eodocwves « Conpomusnenue mamepuanosy, Mockea, «Hayxay, 1972, c.544.
3. AHcuncxuui @.C. «Onvim pazgumusi meopuu npooonvHo2o uzeubay, Cankmu-
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HMHEPIHUMOHHBIE MOMEHTbI
CUCTEMBI “POTOP - BAJI”

JKusomoe Anexcandp FOpvesuu, I'll Kb "FOxcnoe", ya. Kpueopoowcckas 3, [nenponemposck,
Vkpauna, 49008, Ten.: +38 (056) 792-23-70, ®@axc: +38 (056) 770 01 25, a-zhivotov@ukr.net

Paccmotpum ocoOeHHOCTH JIeHCTBUST MHEPIMOHHBIX MOMEHTOB Ha
npuMepe npocTeiieii potopHoii cuctemsl — “JxeddrorT porop”.

“IIxeddKroTT poTOp”, MpEACTAaBICHHBI Ha pPHCYHKE 1, MMeeT IBe
TBEpJbIE OMOpHl M YNPYruid Basl. YIpyrue CHIBl Baja HW30TPOIHBL. Ban
cuuTaeTcs HeBecoMbIM. Porop mpexncraBisiercst coOOH IUIOCKMH  JIHCK,
reoMeTpuueckasl och B KOTOporo coBmagaer co cpenHel nuHuel Bana. Porop
3aKpeIUIeH [0CepeaArHe Bajla Ha PAaBHOM PAcCTOSHUU OT OIOP.
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Porop obnanaer JcOanaHcoM D, a CTaTHYecKas
HEYPABHOBEIICHHOCTh 3ajaercs JKcueHtpucutetom € . llentp mace C
napaieNbHO CMelIeH OTHOCUTENBHO CpeIHEH JIMHUK BaJia Ha BEJIHYUHY & .

Jns  wu3ydeHHs JUHAMHUKA  HCIONb3YeTCS  OJHA  IUIOCKOCTb
HaOIIO/IeHNs, TIPOXOAAIIAs Yepe3 LEHTP MacC IHUCKAa MEpICHAUKYISIPHO OCH
Bpamenus O.

Cxema BpallleHHsI CUCTEMBI “poTOp — Bai : IeHTp macc poropa C
Bpalaercs BOKPYr T€OMETpUUYEecKoro IneHTpa B (cpemHss nuHus Bana)
CHHXPOHHO C BpAIllCHHEM reOMETPUYECKOro IeHTpa B Bokpyr ocu BpalieHus
O Ha BBIOpAaHHOM MOCTOSHHO# MO BETUYHHE CKOPOCTH.

i

I
|
I
I
: IInockocms usmepenui
1
1
1
I

Puc. 1 — Poropnas cucrema “/I:xedpdxort porop”

CKOpOCTh BpallleHHs CHCTEMBI “pOTOp — Baj paBHOMEpHas, 0Oe3
ydera pa3roHa WM TOPMOXKEHHS pOTopa.

[lepeBon cucteMbl “poTOp — Ba” C OJHOM CKOPOCTH Ha JIPYIYIO
OCYIIIECTBIISIETCS IUIABHO U HACTOIBKO 3aMEJJICHHO, YTO YCKOPSIOIMNA MOMEHT
HE BHOCHUT KaKUX-JTUOO BO3MYIIICHUH, BIMAIOIINX HA TIOBECHUE CHCTEMBI,

Porop Bpamaercs B Bakyyme. BHelllHue U BHYTPEHHHUE CHJIBI TPEHUSI
HE YYHUTBHIBAIOTCSL.

CunraeM, 4TO CUJIBI TPEHHS BIIUSIOT HA JUHAMUKY, HO HE OIPEIENAIOT
cnenuUUeckoe TOBEJCHUE CHCTEMBI “poTOp — Ball’: TOBOPOT pOTOPA,
BO3HHUKHOBCHHE PE30HAHCA, CAMOIICHTPUPOBAHHE POTOPA.

JIro60it poTop MOXKET 00JIaJaTh OCEBBIM U IIEHTPOOSKHBIM MOMEHTOM
uHepuuu. B auHaMuke poTopa OCEBOH MOMEHT HHEPIHHU POTOPA HIPAIOT
TaKYyI0 K€ POjib, KaK U Macca IpHU MOCTYNaTeIbHOM JIBUKEHUH.
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LeHTpOOEKHBIE MOMEHTHI MHEPIIMH SBIISIFOTCS HEXKENATeIbHBIMH U UX
CTPEMSATCS YCTPaHUTh KOHCTPYKTUBHBIMH MepaMH. MOMEHT MHEpIMH poTOopa
OTHOCHTEJIFHO TJIaBHOW OCH HMHEPLUHH HOCHUT Ha3BaHHE TJaBHOIO MOMEHTA
nHepuuu. OCcOOEHHOCTHIO TIIABHOI'O MOMEHTA MHEPIUH SIBIISIETCS CUMMETPHSI B
pacIipezielieHi MacC OTHOCHTENIFHO TJIIaBHOW OcH MHepiuH. Eciu riaBHas och
WHEPLUMHU COBIIAJIACT C OCHIO BpAIIEHMS, TO paclpelesieHne Macc poTopa
OTHOCHTEJIFHO OCH BpAILEHUS SBJISETCS CUMMETPHYHBIM. Ecim riaBHas och
WHEPUMHU POTOpa HE COBMAAET C OChIO BPAILIEHHS, TO paclpeieieHhe Macc
OTHOCHTEJIFHO OCH BpAIEHUSI B OOIIEM cCilydae SIBISETCS acCHMETPHYHBIM.
AccuMeTpu4YHOE pacrpefieJieHHe MacC CO37aeT CMEIIeHHE IJIaBHOH OCH
WHEPUUU OTHOCUTENBHO OCH BpalieHus. Hammume neHTpoOEXHOro MOMEHTa
poTOpa  OTHOCHTENBHO JIIO0OOM ocH yKasplBaeT Ha  acCHMETPUYHOE
pactipeznenenre Macc. Tak kKak poTopbl 00JIafaloT HEYpaBHOBEUIEHHOCTHIO U
BpaIaroTCcsl BOKPYr HEKOTOPOH OCH BPAIIEHHs, TO MOMEHTHI HHEPIIUH pOTOpa
COCTOSIT M3 CUMMETPUYHON U acCUMETpUYHOM yacT. YacTh 00mero MomMeHTa
WHEPLUH POTOpa C CHMMETPUYHBIM paclpeiesieHHeM Macc OTHOCHUTEIBHO OCH
BpalleHusl SBISETCS CHUMMETPHYHBIM MOMEHTOM HHepimH. Yacth o0mero
MOMEHTa HHEpUUH pOTOpa C AaCCUMETPUYHBIM pAacHpeleseHHeM Macc
OTHOCHTEJIFHO OCH BPAILEHUS SIBJISIETCS] aCCUMETPUYHBIM MOMEHTOM HMHEPLIUH.
Takum o0OpazoM, poTOpHI, Bpallalomyecs BOKPYT 3a/JaHHOW OCH BpalleHUs,
00J1a1a10T CHMMETPUYHBIMH U aCCUMETPHYHBIMA MOMEHTAMH HHEPINH.

B cooTBeTcTBHM € NMPHHATOW CXEMOW BpAIllEHHs] CUCTEMBI “pOTOp —
BaJ’ TNEpBOHAYAIBHO BpaIEHHUE POTOpa MPOUCXOJHUT BOKPYT OCH BpalleHUs,
KOTOpasl COBIIAJaeT CO CpeAHEH JIMHWEH Bajla, HO HE COBIAJAET C IJIABHOM
OChI0 WHEpUMH. B 3TOM ciydae MOMEHT HHEpPIMH poTopa 0Oe3 ydera
HEYpaBHOBEIICHHONW MAaccChl SIBJISIETCS CHMMETPHUYHBIM MOMEHTOM HWHEPIUH
OTHOCHTEJIFHO OCH BpalIeHHs ¥ OTHOCHTEIbHO CpeIHEel JIMHUM Baua.
HeypaBHoBemeHHast Macca poTopa CO3/IaeT aCCUMETPUYHBIH MOMEHT MHEPLIUH
OTHOCHTEJIFHO OCH BPAIllEHNs] U OTHOCUTEIBHO CpEeIHEeW JIMHUY BaJla, KOTopast
COBIIAJIAET C OCBHIO BPAICHUSI.

C yBenn4eHHeM CKOPOCTH CHUCTEMBI “pOTOp — Ba” MPOMCXOAUT U3TH0
Baja TOJ JIEHCTBHEM ILIEHTPOOEKHOW CHJIBI, NMPWIOKEHHOW K LEHTPY Macc
poropa. Porop cmemaercss mapajulelbHO OCH BpalleHHs, KOTOpas B 3TOM
cllydae HE COBIIQJIaeT CO CpeiHel JMHWeld Baya. B cBsizum ¢ m3rubom Bana
aCCHMETPUYHBIA MOMEHT MHEPIIUHU CUCTEMBI “pOTOp — Ball” YBEIMUHBACTCSI.

AccuMeTpu4YHbIE MOMEHTHl MHEpPIHH SBIISIOTCS aHOMAaJbHBIMU JUIS
BpalleHuss CBOOOJHOrO Tena M OOYCJIOBJIEHBI  KOHCTPYKTHBHBIMH
0COOEHHOCTSIMU CHCTEMBI “pOTOp — Bay .

B cmy cka3aHHOro BO3HHMKJIA THIIOTE3d, YTO AacCHMETPUYHBIE
MOMEHTBl MHEPIMH TpU BpalleHUH CHCTEMBI “‘pOTOp — BalX CO34AIOT
WHEPUUOHHBIE MOMEHTBHI, NPEISTCTBYIONIME BpAIIEHUIO CUCTEMBI. Tak
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aCCHUMETPUYHBIM MOMEHT WHEpIUHM POTOpa, BPAIIAIOIIETrOCs BOKPYI CpeaHEH
JUHUM Baja, CO3JaeT WHEPIMOHHBIH MOMEHT, MpPEISITCTBYIOIUN 3TOMY
BpaleHu0. ACCUMETPHUYHBIM MOMEHT WHEPIUH CHCTEMBI “porop — Ban”,
CBSI3aHHBI C M3rHOOM Bayla, CO3/1a€T WHEPLUOHHBIH MOMEHT, KOTODBIH
NPENATCTBYET BpAIlEHUIO CPEAHEH JIMHWM Baja C pPOTOPOM BOKPYT OCH
BpaleHus. B nieqom JBa acCHMETpUYHBIX MOMEHTA MHEPLHH CO3AaI0T OO
HHEPIMOHHBIA MOMEHT [1], mpensaTCTBYONINI BPAIICHHIO CHCTEMBI “POTOp —
Bai”.

B cooTBeTcTBHM € MPHHATOW CXEMOW BpAIllEHHs] CUCTEMBI “pOTOp —
BaJ” 3TW MHEPIMOHHBIE MOMEHTHI JIEHCTBYIOT BO BCEM JMAlla30HE CKOPOCTEH
BpaIleHUsI CHCTEMBI, [TOKa CyIIeCTBYEeT NPOruod Baja.

LenTtpobexxHblii MoMeHT nHepuuu “J[xeddrorT poropa” cunrtaercs
PaBHBIM HYJI0 M HE W3MEHSETCs INpH NapajulellbHOM CMEIIEHHH pPOTOpa.
[MosTomy B maHHOW paboTe HE paccMaTpUBAETCS BIHMSHUE LEHTPOOEKHBIX
MOMEHTOB Ha JIMHAMHUKY CHUCTEeMBI “poTop — Bay . Ho, BeICKa3aHHas THITOTE3a
00 MHEPLUMOHHOM MOMEHTE CIpaBeIIMBa W ISl CUCTEMBI “porop — Ban”,
obnaiaromieil neHTpoOeKHBIMH MOMEHTaMHU HHEPIIMH, KOTOPBIE 110 CBOEH CYTH
SIBJISIFOTCS] U3HAYAJIBHO aCCUMETPHUYHBIMH.

Jluteparypa:

1. Zhivotov, A.Y., New Theory of Rotor Dynamics: Dynamics of Disc Rotor with
Static Unbalance, Proc. 6th IFToMM International Conference on Rotor
Dynamics, Sidney, Australia,\VVol.1 (2002), p. 1057.

ONITUMM3ALIUA ADPOAUHAMUNYECKOI'O
TEHEPATOPA BEPTUKAJIbHOM BO3AYIIIHON CTPYH
JJIs1 CBOBOJHOTI'O ITOJIETA YEJIOBEKA

Ywaroe Banepuii Bacunvesuu, Cudenko Hamanvst Anoionvena
Puorcckuit Texnuueckuil ynueepcumem, AguayuoHHblll UHCIMUMYm
men.(+371) 67089895, ¢paxc. (+371) 67089990
Jlameus, Puea, ya.Kanvkio 1, LV-1658
E-mail: valery_ushakov@inbox.lv; nsidenko@inbox.lv

OTKpBIThIE a9POJMHAMUYECKHE TPYObI TUITA
“Aerodium” [1] co cBOOOAHON  BO3AYLIHOM
BEPTUKAJILHOW CTpyEH Oombiroro muamerpa (~3Mm) B
HACTOSIEE BpEMsl HCIIOJB3YIOTCS B KadyecTBe
HAa3eMHBIX YCTAHOBOK JUISi CBOOOJHOrO ITOJeTa
yenoBeka. Takwe TpyObl JIOKHBI — CO3[aBaTh
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BEPTUKAJIBHYIO CTPYIO OONBIION JalbHOOOHHOCTH (BBICOTA MOJIETA MOXET
nocturate 20-25 MeTpoB OT BBIXOAHOIO CEYEHHs TPYOBI), B MOMEPEYHBIX
ceyeHUsIX pabovero ydacTka CTPYH TOTOK JOIDKEH OBITh JOCTaTOYHO
PaBHOMEPHBIM M HE3aKPY4YEHHBIM CO CpEHEH BEPTUKAIBLHON CKOPOCTHIO = 60-
70m/c. Cnemyer OTMETHTh, YTO C TOUYKH 3PEHHS adPOJUHAMHKN 3TH TPYOBI HE
SIBJISIFOTCSL  BBICOKOO((EKTUBHBIMM, TaK KaK Ha BBIXO/IE CTPYyH Yy HHX
orcyrcTByeT M y30pHBIA y4acToOK, Mpeodpa3yronmii TMHAMUIECKHH HaIlop
B cratnyeckoe aasieHue. OCHOBHBIE 3JEMEHTHI T'€HepaTropa BEPTUKAIBLHOH
BO3AymHOW cTpyn [1,3,5]: a’ponuHaMuyeckuil BUHT MM BEHTHIATOD,
COEJIMHEHHBIE C  JBUrateneM; BXOJHOM NpOQHUIMPOBAHHBIA  KaHaJ,
TIOABO/ISIINI BO3JIyX K BUHTY WJIM BEHTHJISTOPY; ra30AMHAMUYECKUH KaHAN 3a
BUHTOM (BEHTHJISITOPOM), B KOTOPOM B OOIIEM Ciy4ae YCTaHAaBIIMBAIOTCS
HANpaBIISIONIME JIONATKW WM CHOPSAMIIIIOIIME  ammapaT [l yCTpaHEHHs
3aKpYTKH TIIOTOKa ¥  (OPMHUPOBAaHHS BEPTUKAIGHOTO PaBHOMEPHOTO
BO3/IYLIHOTO TIOTOKa Ha BBIXOAE M3 HIDKHEH 3alIMTHOW CETKH, OT KOTOPOM
HAYHMHACTCS padodas 4acTh CBOOOTHOW BEPTUKAIBHOW BO3AYIIHOW CTPYU.

OObIYHbIE MH)KEHEPHBIE METOBl pacyera a’dpOJMHAMHUYECKUX TPYO
[2,4], mpencraBisSOT COOOW IMOCICMOBATENBHBIA ITON0OP MMapaMeTpoOB HX
OTAEJIBHBIX YYacCTKOB C Y4YETOM THJPAaBIMYECKHX TMOTepb. Pa3nnuHble
JIONYIIEHHs, a TaKKe OTCYTCTBHE MH(OPMAaIM{ O TOJHOH KapTHHE TEeUECHUS
MOTOKa W B3aUMHOM BIIMSIHUM PAacCMaTpUBAEMBIX YJYacTKOB HE JAIOT
BO3MO)KHOCTH ONTHMH3HPOBATh KOHCTPYKIMIO TPYOBI U MOJYYNTH 3aJaHHbBIE
XapaKTEepUCTUKH. PacunTaHHBIE TAKMM CITOCOOOM IapaMeTphl TPYOBI SBISIOTCS
NPUOIMKEHHBIMH U TPEOYIOT JJOBOJKH B TPOIECCE HATYPHBIX UCIIBITAHUH, YTO
MIPUBOAMT K 3HAYUTEILHBIM MaTepUalIbHBIM 3aTpaTaMm.

Lenp maHHOW paboOTEI — pa3paboTKa METOJUK KOMITBIOTEPHOTO
MOJICJIMPOBAHMSI W ONTHMHU3AIMM T€OMETPHUYECKHX M adpOIUHAMHYECKUX
napamMeTpoB YCTaHOBOK THMa “Aerodium” pasHeix Moaudukanuii. YKa3aHHbIE
METOJIMKH C TOMOIIbI0 MAKETOB MPOrpaMM TPEXMEPHOIO MapaMeTpUUEcKOro
KoMmImbloTepHoro MojenupoBanus  SolidWorks u  CFDesign  mosBosnstor
CO3/1aBaTh pa3IMYHbIE MOAN(HUKALNHN TPEXMEPHBIX T€OMETPHUECKUX MOJENeH
W BBHINOJHATH HX BUPTYaJbHbIE TPOAYBKH, JOOMBAsCh ONTUMAJIbHBIX
TEOMETPUUECKUX M adPOJMHAMHUUYECKUX TapaMeTpoB pa3padaThIBaeMbIX TPYO.
Kpome aspoanHaMH4ecKUX XapaKTEepUCTHK U JIETaJbHOW KapTUHBI OOTEKaHHS
nporpamma CFdesign, mo3Bosnsier onpenessiTe CHIy TATH U KPYTAUHUHA MOMEHT
Ha Baly BUHTa, HAa OCHOBAaHMU KOTOPBIX BBIYHCISIOTCS COOTBETCTBEHHO
Oe3pa3MepHbIe KOA(PUIIMEHTHI TSATH, MOIIHOCTU U MOJE3HOTO ACHCTBUSL

Jns  YucnIeHHOro  pelleHMs — 3aJadyd  MCXOAHas — CHCTeMa
HecTalMoHapHBIX ypaBHeHMH HaBbe - CTOkca €  JONOJHUTENHEHBIMH
YpaBHEHHSMH, ONKCBHIBAIOIIMMH TYpOYJIEHTHBI MEPEHOC, AUCKPETH3UPYETCS
KaK 110 TPOCTPAaHCTBY B pacueTHOW oOjacTv, Tak M BO BpeMmeHu. Jlus




JHCKpeTn3auuy U pepeHIHanbHbIX ypaBHEHUHA M PEIICHHUS MOTydaeMoit
cUcTeMbl anrebpanueckux ypaBHeHuil B mporpamme CFdesign ucnonbssyercs
METOJI KOHEYHBIX 3JIEMEHTOB, a TAKXKE MPUMEHSETCS afaNTUBHAS TOJBIKHAS
CeTKa, YYUTHIBAIOIIAs TpoIiecc BpaleHust BuHTa [5]. B 3aBucumocTtn ot tmna
3a/auul JUIS yAOBJIETBOPUTEIHHOW TOYHOCTH PE3YNIBTATOB PEIICHHS B JaHHOM
pabore TpeboBonock mopsmka 800 000 — 1200000 >kumkux W TBEPIBIX
JJIEMEHTOB.

B nanHOli pabore mpencTaBiEHBl Ppe3yNbTaTbl  KOMIBIOTEPHOH
ONTHUMHU3AIMA  TEOMETPHUYECKHX W a’pOAMHAMHYECKHMX  I1apaMeTpoB
koHCcTpyknuu “Aerodium”, pa3pabGoTaHHOH OAHOM W3 YACTHBIX (HUPM.
Hcxonnbiii asponuHaMuueckuii cTeH (puc.2) cocTosul U3 MATH CUMMETPUYHO
YCTAQHOBJICHHBIX TPOIEIUIEPOB AWaMeTpoM 1.8M, pacroioKEeHHBIX BHYTPH
KOPOTKHUX HWJIMHIPUYECKUX KaHAJIOB, OCH KOTOPBIX HAIpaBJIEHBI ITOJ YTJIIOM
~80° x BepTHKaJIBHONH OCH CTpyH. BEHTHWJIATOPBI CO3JAIOT MATH CBOOOJHBIX
COYIapsIOIINXCsl CTPYH, KOTOpPBIE IO 3aMBICITy NPOEKTHPOBIIMKOB IOJKHBI
ObuTM co3/1aTh TPeOYeMyI0 BEpTHKAJIBHYIO CTpyl0 Oombmioro auamerpa. B
Tpoliecce  ONTUMH3ALUH ObUIM  PacCMOTPEHBI HECKOJIBKO BapHUaHTOB
KoHCTpyKimi (cM. puc 3 — 7). AHanu3 TCOMETPUHM U  BBIXOJHBIX
a’pOJMHAMHMYECKMX  MapaMeTpoB  TOKa3ad,  4YTO  HAWIy4YIINM W3

MIpe/ICTaBIIEHHBIX Ha PUC.2 — 7 SIBJISIETCS BApPUAHT, MOKa3aHHBIN HA pUC.7
Puc.4.

B cnpoexTupoBaHHON M MCCIIEOBAaHHONM KOMIBIOTEPHONH MOAEIH
TpyOB! (pHC.7) BEPTHKAJIbHYIO BO3AYIIHYIO CTPYIO CO3/AIOT ISTh CEPUHHBIX
MSTWIONACTHBIX BUHTOB JHMaMeTpoM |.8M, TOpH3OHTaJBHBIE OCH KOTOPBIX
CUMMETPHYHO PACITOJIOKEHHBI MO0 OKPYXXHOCTH BIOJb €€ paanycoB. Kaxbiit
BUHT YCT@HOBJIEH B CIIPO(QHIMPOBAHHOE KOJBI0, KOTOPOE KOTOPOE 32 BUHTOM
MEPEXOJUT B TPEXMEPHBIH NMPOMUINPOBAHHBIN KaHAI CIOXHON [ -00pa3Hoi
(OpMBI [UIsl TNIABHOTO M O€30TPHIBHOI'O — IOBOPOTA
notoka Ha 90?7 mapayulenbHO BEPTHKAJIBHOW OCH
ycraHoBKH. [locie 3aBepiieHust MOBOpOTa BCE ISTh
KaHaJIOB OOBEIMHSIOTCS B OJIHO OCECHMMETPHYHOE
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comio aumamerpoMm ~3.6M, Qopmupyromiee cBobomHyto crpyto. Koneuno-
9JIEMEHTHAs pacyeTHast MOZIENb ONTUMHU3UPOBAHON TPYObl HATYPHBIX Pa3MepoB
C BEpPTUKAJIHOM cTpyed mnokazaHa Ha puc.8. OCHOBHBIE MpPEUMYIIECTBA
NPE/JIOKEHHOTO  BapHaHTa: HaWMEHbBIIME THAPABIMYECKWE TIOTEPH B
ra30IMHAMUYECKOM TPaKTe; MPOGHIMPOBAHHbBIE KaHAJIBI M OTCYTCTBUE KaMEpHI
CMeUIeHUs ITO3BOJIMIIM HM30€XaTh MOTEPh JHEPTMM Ha COyAapeHHe CTpYH,
CO3/]aBa€MBIX BUHTAaMH, YTO B PE3YJbTATE ITOBBICHIIO SKOHOMUYHOCTH TPYOBI;
UCTIONIb30BAaHUE CHCTEMBI BHUHT B NPO(UIMPOBAHHOM KOJIBIIE, YBEIUYUIIO
pacxoi M CKOPOCTh MOTOKa 33 BUHTOM; KOHCTPYKIMS TO3BOJIMJIA TOJNYYHTh
HAUOOJBIIYI0 CKOPOCTh (~60-70M/C) B HaYaabHOM CCUCHHU BEPTHKAIHHOMN
CTpyH Ha BBIXOJIE M3 Tra30JJMHAMHYECKOro KaHalla NP 3aJaHHOW I'e€OMETpUH
BUHTa W MOIIHOCTEH JJIEKTpOIBUraTenel, a Takxke MaKCHMaJIbHYIO
PaBHOMEPHOCTh IOTOKa B paboyeid wactu crpyn. OcoOEHHOCTHIO
TIPE/ITIOKEHHOH KOHCTPYKIMK TPYObI  SIBISIETCS OTCYTCTBHE CIIEI[UATIBHBIX
CHPSIMJISIIOIINX aIapaToB 3a BUHTAMH, TaK KaK MaKpOBHXPH, 00pa3yroIIuecs
3a HUMH B 3HAQYUTEIHHON Mepe B3aUMHO YHHUTOXKAIOTCS M3-32 OJUHAKOBOTO
HalpaBJIeHUs] BpalleHWs BCEX BHHTOB. Pacyersl IOKasajid, 4YTO JUIs
BHIDAaBHHMBAHMS W YCTPAaHEHUs] OCTATOYHOW 3aKPYTKHM MOTOKA JOCTaTOYHO
YCTQHOBHTh Ha BBIXOJIE M3 COIUIA KOJIBIIEBOH XOHEHKOMO C MaJbIM
KOO((GHUIMEHTOM TOTEPh  JHEPTHUH. KommelotepHoe  MozaenupoBaHue
MO3BOJIMJIO PEHINTH CIIOKHBIE — 3aJaudl COENMHEHUs] CEeYEHHH BO3TYIIHBIX
KaHaJIOB TP COOJIO/IGHUN OTPaHMYECHUI Ha YINIBI CY)KEHUsI M PacIIMpeHUs,
IUIAaBHOCTh MEPEXOJ0OB U TOBOPOTOB KaHAJIOB, CONPSDKEHHS HECKOIBKUX
KaHaJOB. DBUT  BEHINONHEH  MOBEPOYHBIH  KOMIBIOTEPHBIH  pacder
a’pOJMHAMHUYECKHX XapaKTePUCTHK BHUHTA C 3aJIaHHON I'€OMETpHEH JIomacTeH,
pacIlONOXKEHHOI'0 B paboueM y4acTKe a’poAWHAMHYECKOH TpyOsl, u
CpaBHEHHE UX C 3KCIICPUMCHTAILHBIMU JNAaHHBIMHU. Pe3ynmbTaThl CpaBHEHHUS C
norpemHocTIO  5-10%  moaTBEpAMSIM  YAOBIETBOPUTENBHYHO  TOYHOCTh
pacueroB. Harypuas ycranoska “Aerodium” Obiia moctpoeHa B B r. Enrasa
(JIaTBuSI) B COOTBETCTBHU C KOMITBIOTEPHOW MOJIENBIO, NPEICTABICHHON Ha

I Vim K i pacvor Pe3ynpraThl CpaBHEHUs pacyeToOB
80 = 2400 RPM ‘

. umm} ckopoctd  Vy  (JIMHUA) i
© OKCTIEPUMEHTAIBHBIX  M3MEPEHHH
= (TOYKM) B BBIXOAHOM CEUEHUH
HaTypHOH yctaHoBku “Aerodium”
0e3 xoHelikomM0a, , IMOKa3aHbI Ha
® puc.9. BugHo, uTO pacueTHbIE

o0

< o 9

. 39Ha [ SKGNENAMERTOR Puc 9.

5 } ‘[ } } ‘[ %r - } JaHHBbIC JA0CTaTOYHO

R S8 2 geen e ye e en e YIOBICTBOPUTCIIBHO COBHAAAOT C
Puc. 9. pe3ylbTaTamMu HaTypHOI'O
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PO3BUTOK IUBLILHOI ABIAIIIl YKPATHU B
YMOBAX I'JTOBAJII3AIII

JKasopouxosa I'aruna Bacuniena
Caonoecvka Ipuna [lempisna
Hayionanvnuii asiayiiinuii ynisepcumem
Kuis, np-m Komapoea, 1, men. 406-76-50, E-mail: galina_zhavoronkova@ukr.net

Po3Burok mismpHOCTI  aBiakommaHiii YkpaiHu BigOyBaeTbcs Y
CKJIaJIHUX YMOBaX TaKHX MPOIECIB HAa MIXKHAPOIHOMY PHUHKY TPAaHCIIOPTHHX
MOCITYT SIK To0aizaris, Jribepaisaris, MPUBATHU3AIlis, 3TUTTS aBiaKOMIIAHIH 1
CTBOPEHHSI aJIbSIHCIB.

Pornb nepixaBu B perysIroBaHHI AisUTHHOCTI aBiaKOMIIAHIA 3MiHIOETHCS.
AntnmoHononeHa Biaga CIHIA, €Bpocorody i JesKHX a3iaTCbKUX KpaiH
MOYajJd CKOOPIMHOBAHE PO3CIITyBaHHS MOXIJIMBUX KapTeJIbHUX Yroja Ha
PHHKY aBiamepeBe3eHb. SIKIIO TNpOBMHA KOMIIAHIH Oysne [noBeleHa, I
3arpokye iM mrpadamMu B COTHI MinbioHiB jgonmapiB, a B CIIIA HaBiTh
TIOPEMHHM YB'SI3HEHHSIM JIJIS1 TOII-MEHEIKEPIB.

HesBaxxatoun Ha Tpariuni moaii B8 CILA 11 Bepecnst 2001 poky, criaz
CBITOBOI €KOHOMIiKH, BiliHy B Ipaky, BHNajku aTUIOBOi ITHEBMOHII y KpaiHax
A3ii, CBITOBHH MOBITPSIHUI TPAaHCIIOPT MPOJIOBXKYE CTAOLIEHO pO3BUBATHUCS 1 32
nporao3zamu [CAO (the International Civil Aviation Organization) o4iKyeTbCs
mopivyHe 3pocTaHHs o00csTiB mepeBeseHb Ha 4,7%. o 2020 poky obcsr
nepeBe3eHb 30UTbIMTHCS Yy 2,5 pasu y nopiBHsHHI 3 2002 pokom i maibke y 4
pasu 1o 2030 poky.

Jo 80-x pokiB XX-To CTONITTS CTaJo 3pO3yMIIHMM, IIO HEMOXKJIUBO
OTHOYACHO 1 3apo0isaTH MpuOYTOK, SKUN BUMAarae ypsa, i 3a0be3meuyBaTu
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noTpedu B aBianepeBe3eHHSX HaiOiMHIMINX BEPCTB HACEIEHHS, BUKOHYIOUH
MOJILOTH TIO 30MTKOBUX JIiHIsAX. [lepkaBHa BIIACHICTh CTana HEC(EKTHBHOIO,
royvajacsl IpUBaTH3alis AepKaBHUX aBiakoMmnaHid. B omHMX aBiakoMITaHisx
Oynu nepenani B npusatHi pyku 100% axmiii (British Airways, Air Canada,
Japan Airlines, Air New Zealand), a B inmmx — nume vactuHa (KLM) .
Binpmricte koMnaHiii epecTagy KOPUCTYBATHCS ACPKAaBHUMHU CYOCHIIsIMH Ta
rapaHTisIMHA TIOBEPHEHHS KPEINTIB.

Binpmrictes aBiakommaHii BuOpamu cTpaTerito riobdaiizamii CBOET
JSUTBHOCTI, TIEPETBOPIOIOYNCH, TAKMM YHHOM, Ha MerarepeBisHuKiB. OjHi
JIOCSITAIOTh IIBUJIKOI'O 3POCTaHHS IEepeBe3eHb Ha MIKHAPOAHHMX MOBITPSIHUX
niHisx (American Airline). [Huri aBiakoMmaHiT TOTJIMHAIOTH MEHII BJIAJIUX 1 TaK
JIOCSITAIOTh BJIACHOTO 3pocTaHHs. Tak, Ha chborojHi, ppaHIry3pKka aBiakoMMaHis
"Air France", sixa Ha 99,3% € nep>kaBHOO, BOJIOJI€ aAKINSIMA TAKUX 1HO3EMHHUX
aBiakommaniii: Air Austral — 34.0%$ Air Tchad — 33.7; Sabenf — 33.3%; Midle
East Airlines — 28.5%; Air Afrsque — 16.0%; Air Gabon — 11.2%; Air Tahiti —
7.5%; Air Comores — 6.3%; Tunis Air — 5.6%; Royal Air Maroc -4%;
Cameroon Airlines — 3.6. [HIIMMH MpUKIAJaMH TaKUX YTBOPEHb HA OCHOBI
BOJIOMIIHHS AaKI[iIMU € TPHIOAHHS ITATChKOI0 aBiakommaniero "Alitalia"
rmakera akuiii yropcbkoi aBiakommanii "Malev" B posmipi 30%, a Takox
rojutaHichkol0  aBiakommaniero "KLM" makera akmiii  aBiakommaHii
"Northwest" B po3mipi 25%.

3a J0MOMOro0 anbsHCIB, SKI MiAKPIIUTIOIOTHCS IIPaBOM BIIACHOCTI,
aBiakoMIaHii HaMmaraloTbcsi 3abe3neyntd coOi cTabinbHI Ta nependavyBaHi
YMOBH Ha PUHKY aBiarepeBe3eHb Yepe3 MoJajiblile MiKpiIuIeHHs] JOrOBipHUMHU
B3a€MOBIJIHOCHHAMH Yy CIIpaBi OpraHizamii B3a€MHHX IEpEBe3¢Hh Ha OCHOBI
00’enHaHHs peiiciB (Tak Ha3BaHWX "KOA-IIepiHr"), CHibHOI Koomepamii nmpu
CKJIaJIaHHI PO3KJIAy Ta B3aEMHOT0 (piHAHCYBaHHS.

OpHi€r0 3 OCTaHHIX TEHJEHIIH CBITOBOrO PHHKY aBianepeBe3eHb
CTaja MosiBa MaJjIoOIO/PKETHUX aBiakoMmaHid B KiHi 90-x pokiB XX CTOMTTS,
sKa BHKJIHMKaja PEBOJIIOIII0 B €BPONEHCHKOMY aBiaTpPaHCIOPTi. 3aBJAsSKU
nomituni "BinkpuToro Heba" B Mexax €Bpomeiickkoro Coro3y, €BpoIenchKi
KOMIIaHii OTpUMAaad MOXJIHMBICTh JIiTaTH B  OyJIb-KHH  acpoIopT.
MapkeTnHroBi HOBOBBEJCHHS 1 ONTHMi3allis BUTPAT TPHU3BEIU IO TMOSIBH
kommaHid no frills — "6e3 mHammmmkis". Ilacakupam Oynu 3amporOHOBaHI
pelicu B He Jy»Ke 3pYy4Hi Ta YHCTO PEriOHANBHI aepONopTH, B HE IyXKe 3pyIHUH
yac, Oe3 xapuyBaHHs, a iHOAI 1 Oe3 cTroapzec, i B MeHII KoMQopTadeabHUX
canonax. OpHaK, BapTIiCTh KBUTKIB IpPH MONepeqHid Kymimi (mpuabartu ix
MOXHa Oyllo TibKM dYepe3 IHTepHeT) KOMIEHCyBana BCl HE3PYYHOCTI —
exoHoMist ckianma 100 i OGimbie BincotkiB. ITomiGHI pelic MIBHAKO CTanu
MONYJISIPHAMHU — KUIBKICTh "ManoOro/KeTHHX" TMacaKUpiB 3a BICIM DOKIB
BHPOCIIO B JIECSATH Pa3iB, JOCATHYBIIN Maiike 2 MIIH. JIFOJIEH Ha THXKJICHb.
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3HaYHUI NpOrpec y CTaHOBJIEHHI IMBIIBHOI aBiamii €Bpocoio3y B
OCTaHHI POKH IOB'S3YIOTh 3 PO3BUTKOM CHCTEMH 3aN00iraHHS JTLOTHHUX MO i
nepeaymoB 1o Hux. lle, Hacammepen, cTBOpeHHs €BpoIeichKoro AreHcTBa 3
Oesniekn  momboTiB (EASA — the European Aviation Safety Agency) i
3aIpoBaDKEHHST €MHUX MPaBWII B chepi IMBIIBHOI aBiamii.

Ile 3pocranHs Oyme BHMaratd BiJl CBITOBOI aBIaTEXHIKH SK
MIPUHIMIIOBO HOBHUX JiTakiB (Hanpukiaza, Blended Wing Body Aircraft) Tax i
MIPUHIMIIOBO HOBOi CTPYKTYPH aepoIOpTiB 1 aepoBOK3aliB, HOBOI CHUCTEMH
aepoHaBIraIiitHoro 3a0e3neyeHHs TOIIO.

OHUM i3 OCHOBHMX 3aBJaHb IUBIJIHHOI aBiallii YKpaiHU € IBUAKE 1
epeKTUBHE BXO/DKEHHS Taly3i Yy CBITOBY CHCTEMY aBialepeBe3€Hb.
HajiinepcriekTHBHIIIMM Y IbOMY 3B’SI3KY € 30UIBIICHHS YaCTKH €KCIIOPTHOTO
MOTeHIiay YKpaiHM Ha MDKHAapoIHOMY PHHKY aBiallepeBe3eHb Ta MOCIYT
LUISIXOM  3HAYHOI'O MiJBHUIIEHHS KOHKYPEHTOCHPOMOXHOCTI YKPaiHCBKHX
aBianepeBi3HMKIB. CaMe TOMY OCHOBHMMH KpPHUTEPisIMH e(hEeKTHBHOCTI
PO3BUTKY LIMBLIBHOI aBialii YKpaiHu ci1iJl BBaXKaTu:

—  PO3BHUTOK Taly3i SK CKJIaJ0BOI YaCTHHH €IWHOI TpPaHCIOPTHOI
cucreMr YKpaiHu Ha 0a3i pamioHaIbHOTO PO3MOALTY PECYpPCIiB MK OKpEMHMH
BUIaMU TPAHCIIOPTY;

—  CcTymiHb iHTerpamii aBiamifiHOro TpaHCHopTy YKpaiHM Yy
MDKHApOJHY CUCTEMY IUBIIBHOI aBiallil Ha OCHOBI BIIPOBAJKCHHS CTaHIAPTIB
i pexomenganiii IKAO Ta B3aeMOBHUTIHOrO CIIBPOOITHUITBA YKPAaiHCHKHX 1
MDKHapOJHUX OpraHizamiil y cepi MoBITPSIHOIO TPAHCIIOPTY;

—  PO3BUTOK PUHKOBOT'O Ta KOHKYPEHTHOT'O CEpPEIOBUINA Y IUBLIBHIH
aBiallii Ha OCHOBI CTUMYNIOBAHHS JiSUTBHOCTI MHiANPUEMCTB pI3HUX (QOpM
BJIACHOCTI, @ TAKOXK 3aJTy4eHHsI BITYM3HSHHX Ta 3apyOi>KHUX iHBECTOPIB;

— TemMnu 1 piBeHb NEpEOCHAIEHHs NapKy IMBUIBHOI aBiamii
Cy4acHUMH TOBITPSIHUMH CYIHAMH IUIIXOM IPUAOaHHS BHCOKOE()EKTHBHOL
aBiallifHOI TEXHIKM BITYM3HSAHOTO BHUPOOHMITBA, OOMEXKEHHS IMIIOPTY
aHaJIOT1YHOI 3aKOPJIOHHOI aBiaTEeXHIKH, a TaKOXX BHUKOPHCTaHHS y CTPYKTYpI
MapKy JIiTaKiB MOJICPHI30BAHOI aBialliitHOi TeXHIKH MiHOOOPOHHU BiIIOBIIHO
1o norosopis mMixk BIIC i aBiamianpuemMcTBamu;

—  piBeHb  pAIliOHAJBHOIO  BUKOPHUCTaHHS,  PO3IIMPEHHS 1
MOJIEpHi3alii BiJMOBIIHO 7O CYYaCHUX CTaHIAPTIB IMBUIBHUX aepoIOpTiB
VYkpainu, nepeopienTarii (y pa3i eKOHOMIYHOI JOIITBHOCTI YU HEOOXiTHOCTI)
BIICbKOBHX aepOJPOMHHUX KOMIUIEKCIB Yy paMKaxX 3arajJbHOEKOHOMIYHOL
KOHBEPCIHHOI MporpaMu 3 MeTOlo e(eKTHBHOTO BHKOPHCTaHHS JEP>KaBHOTO
MaliHa;

—  CTBOPEHHS €IMHOTO aepOHaBIraniiHOro Ta 00CIyroBYIOYOro MOJIs
3B’S3KY Y NOBITPSTHOMY IIPOCTOpi YKpaiHu;
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—  CTymiHb iHTerpamii cucteM OOCIYrOBYBaHHS IOBITPSIHOTO PYXY
VYkpaiHu B €BpONEHCHKY 1 CBITOBY CHUCTEMY, pPiBeHb MOAEpHi3alii TeXHIYHHX
3ac00iB 00CITyrOBYBaHHS Ta YNPABITiHHS MOBITPSHAM PyXOM.

OTxe, MPOIlECH CKOHOMIYHOI Jlibepaizamii i rrobdanizamii mpu3BeIn
JI0 KOpIHHMX 3MiH B YyMOBaX KOMEpIIHHOI MisSUIGHOCTI MOBITPSHOTO
TpaHcropty. [IpuBaTH3amist i KoMepIliami3allis aBiakOMIIaHii, aepOMOPTIB i
MOCTAYaJbHUKIB ACPOHABITAIIIMHOTO OOCIYrOBYBaHHS € YaCTHHOK OLIBII
IIMPOKOI TEHAEHIIii, MOB's3aHOI i3 Tio0amizamiero i nideparizamielo y BCixX
€KOHOMIYHUX CEKTOpax IO Mipi 3HW)KEHHs piBHS a00 NPHUNMHEHHS Yy4acTi
JIep>)KaBU Y BOJIOJIIHHI Ta YIpaBIIiHHI JEpKaBHUMH i IIPHEMCTBAMHU.

CEKIIA TEXHOJIOT WA TPOU3BOJCTBA
ABHAJIBUTATEJIEH

INPUMEHEHUME IOKPBITUM ¥ YITPOUHEHHBIX
CJIOEB 1JIs1 HOBBILWEHUA PABOTOCIIOCOBHOCTH
JIETAJIEA ABUAJIBUTATEJIEN

Kocmiox I'ennaouu Hzopesuu
Hayuonanvuviii aspoxocmuueckui ynusepcumem um. H.E. JKykosckoeo « XAHU»
Yxpauna, 61070, . Xapvros, ya. Ykanosa, 17
m. 707-42-06, g.kostyuk@yahoo.com

[lepcnieKTHBEI pa3BUTHS aBUAIBUTATEICCTPOCHUS OPTaHMYHO CBS3aHBI
C pelieHueM JBYX MpoOJieM: MOoBbINIeHUe pecypca u yBenwueHue KII ero 3a
CYeT TOBHIINICHUS TEMIIEPATyp B Kamepe cropanus. Bemymmwe dupmbr mMupa
HAYMHAIOT PEIIATh 3TU MPOOJEMBI 32 CYET W3HOCOCTOMKUX IOKPHITUH U
PA3TUYHBIX BUJIOB YIPOYHCHHIA, BKJIIOYas KOMOWHHPOBAHHOE YIPOUYHCHHE,
MOBHIINIAS  W3HOCOCTOMKOCTh, 3PO3MOHHYI0 U KOPPO3HOHHYIO CTOHKOCTB,
MTO3BOJISIFOIIUX TIPOJUIATh PECYPC U MPHUMEHSS KAPONPOYHBIE TEIUIOCTOHKUE
MOKPBITUS W MAaTEPUANIbl, IMMO3BOJISIONIAEC IOBBICUTH TEMIIEPATypy Ta3oB B
Kamepe cropanus, a, cieaoBatenbHo, KITJI npuratens.

[IprMeHEeHUIO MOKPHITHI U PA3JIMYHBIX BUIOB YIPOYHEHUH ITOCBSIICHBI
pabotrel  [1-4], wWCHOIB30BAHME HAHOMOKPBITHA W  TOBEPXHOCTEH ¢
HAHOCTPYKTYpaMU pacCMaTpPHBAIUCh B pabotax [3-4], aHamm3 3THX
HCTOYHUKOB TIOKa3aJl, YTO PA3JIMYHBIC MOKPBHITUS M HAHOCTPYKTYPHI MOTYT
OBITh WCIIOJB30BAHEI B JICTAJSX aBHAJBUTATECIICCTPOCHUS JUIS TOBBIIICHUS WX
pecypca u obmero KIIJI sgBuratens 3a cYeT TOBBINICHUS pabodei
TeMIepaTypEhIL.
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4. Jlucku 6. Kopnye 9.(Kopnye xaveper \11.Kopnye 14..Conno
kopnyc, b c2op: P 2. ALO;

annapam xomnpeccopa u
OMNCYX
\Oemanu, eaner u m.o. 3. TLALSIN

1. IVD-Al 1. CVD-AL 2. ALOs u TasSis |1, AL-Mrrpuii
2. TIAHATIAIN+AL CP”‘)’:”“' oMOpaU|S. |y 0w ALO; |3 nSTIN/G-SNe |2, WVt TaC,
3. TiN/Cu nodwunmuK HfB, ALO;

3. nc-WC/DLC/nc-WS;

1.1VD-AL
2. 0,2HIN+0,8 HIN
3. ne-WC/DLC/ne-WS;

3. Onopa u
HOOUWUNHUKU
mypbunst

2. 0,8ZrN+0,2HIN,

W,C+(0,5Ti, B+

+0,6ZrB+WN),

WV

3. ncTiN/a-5TiN

1. Al-Wrrpuit HIT—
. Al-UrTpuii

g' ng:‘j‘"sﬁ'\}o—‘ 2. ZrO,+CryCe;

- neliN/a-S1Nq 0,4ZrN+0,1 HfN+0,5TiN
3. TiN/AIN
12.\/Tonamiu,
mypGunet, eans,
\Dopeymru um.o.

- 2. BN+Ti+TiN+Ti nan
1. MAO: Mo;N ZrN+Zr+JI Moa.
2. 0,2HfN+0,8ZrN 3. Ti-Si-B-N s -
3.0c-WC/DLC/ne-WS, 3.\VIonamxu kovmpeccopa, -l onnucHeIL 8.|Kamepa
LlOnopau wmd onnexmop ccoparus  10.

2. IIMO: ZrN

3.ZrO; un ALLOs (3. TiN/AIN niu

Puc.1. Bo3MoskHbIe TOKPBITHSI HAHOCTPYKTYP WJIH BUAbI YIPOYHEHHIt

Ha puc.1 npencraieHsl BO3MOXHBIE ITOKPHITHS HAHOCTPYKTYP HIIH
BUJIBl YIIPOYHEHUH, KOTOPbIE MOXKHO MPUMEHSATH Ul MOBBIMICHHS pecypca H
KIIJI aBuagBurareneii 3a cuet NOBBILICHNS TEMIIEPATYPHI B KAMEpE CrOpaHHUs U
Ha TypOuHE.

[TpoBenen ananu3 npeacTaBICHHBIX JAHHBIX Ha pHC. 1:

1. Onopa W mMOAMMIHHUK (POSUKOBBINH), HEOOXOAWMO TOBBIIICHHE
N3HOCOCTOMKOCTH,  CHW)XXEHHE  KO3((UIMEeHTa  TPEHHs:  MOKPBITHS:
0,2HfN+0,8ZrN (moBbIlIeHHe pecypca ponukoB B 5 pas3, H,=35 TTla)
aJIMa30I0100H0e HAHOTIOKPBITHE nc-WC/DLC/nc-WS,, =0,03-0,07,
Hwm=30ITIa;

2. BxonHoll HampaBIAONMI anmapaT KOMIIpeccopa: IOBBILICHUE
9po3uoHHON cToiikocTi (MHorocnoiHbie TIAI+AIH+TIAIN+AI, Hm=27 ITla,
HaHOCTPyKTYpHOE CO+6%WC ¢ BBicokmvMu KCHU =42 Jix/em?, p=0,77
Hwm=240 I'Tla u TiN/Cu, u=0,63, Hu=40I'Tla);

3. Jlomatku KoOMIIpeccopa M CTAaTOPOB: IOBBIINIEHUE SPO3UOHHON U
KaBUTAIMOHHON croiikocTh (MHorocnoiHoe BN+Ti+TiN+Ti Hu=29I'TIa unu
0,2HfN+0,8ZrN Hwm=35 TITla wiu KOMOWHHUPOBAHHOE YIPOUYHEHHE:
ZrN+Zr+JIMon.), nanoctpykrypasie Ti-Si-B-N, Hu=50I'Tla ¢ npocnoiikoii Ti;

4. Jlucku KoMIIpeccopa, KOpIycC, paclopHbIe NEeTaly, Bajbl: 3allUTHHIE
noKpbITHA T10, ¢ HU3KUM KO3 (PHUIIMEHTOM TpeHuUs U1 pabovuX yacTell BajaoB
Mo,N+MoS wunu HanOCTpyKTYpHOE anmasonomodonoe Nc-WC/DLC/nc-WS,,
=0,07;

5. Omopa ¥ TONIIMIHUKU: CHIDKEHHE KOI(PQUIMEHTa TPEHUS W
noBeiiiienne  uzHococrorkoct  0,2HfN+0,8  ZfN, komOGunupoBanHOe
ynpounerue ZrO+MoS+Zr+JIMoa. wnu HanoctpykrypHoe nc-WC(DLC/nc-
WS, f=0,03-0,07, Hm=30T"na;

6. Kopniyc muddy3opa: KOppo3HOHHAST CTOHKOCTh MOKPBITUS Zr0, win
AlLO;;
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7. TOIUIMBHBIA KOJUIEKTOpP: KOPPO3WOHHASI CTOMKOCTH MOKpBITHA ZrO,
nmu AlLOs;

8. Kamepa cropaHus: TeMIlepaTypOCTOHKOCTh - KpPHTEpHUH BBIOOpa
MakCUMajbHas TEMIlepaTypa IUIaBJICHHUS M  MaKCUMaJlbHas  OHEprus
cyonumanuu o 3tuM kputepusaMm Hawityuine HfC u Al,O3 nokpseitus Al,O3
(To, =2473 K, AH=1642 K/x/monp) TaC (T,=4258 K, AH=144,48
Kx/monb), WC (T, =3058 K, AH=3511 Kx/monb), ZrO (T, =3171 K,
AH=550 Kx/mons), HfB (T, =3527 K), HfSi (T,, =2870K), HfsSiz (T,
=2750), TaSi (T, =2770 K), HfC (T,, =4163, AH=226,56 K]]x/Mo1b)

. Hanoctpykrypa - TiN/AIN (m1)(Hm=32,85 u Tpad >1006; 0,25
TiB+0,75 TiN (ru1) (Tpad >1000K, HmM=52-58 I'na);

9. Kopnyc kamepsl cropanus: Temneparypoctoiikocts Al,O3 u V(1)
Ta5Si3;

Hanoctpykrypst -nSTiN/a-SizsNy (1) (Tpa6>1141 K, Hu=52 I'Tla

10. ®opcyHKd: KOppO3HUOHHAsi CTOMKOCTh, TEIJIOCTOMKOCTb U
HU3HOCOCTOMKOCTSD - mokphiTHs ZrO (T,,=2248 K, AH=550 K][x/momns) u Al,O3
(Ta=2474 K, AH=1642 K]])x/Mo1b);

Hanoctpykrypst NCTiN/a-SisN, (1) (Hm=34,94 T'Tla)

11. Kopnyc TypOunbl: Temioctoikocts - mokpbitust W+V+It (Tpabd
=2000 K), TaC (T,,=4258 C), HfB (T,,=3527 K), Al,O3 (T, =2423 K);

12.  Jlomatkm  TYpOHMHBI:  apOCTOHKOCTb,  TEPMOIPOYHOCTH,
obecrieueHne 3a CYeT MMOKPHITHI CHIDKAIONMX HAIPSDKEHHS Ha MOBEPXHOCTH 32
CYET KOMIIEHCAIlMM W3TUOHBIX PACTATHBAIONIMX Ha pabodyell MOBEPXHOCTH
Jonatkd, Tak — TpexcioiHoe mokpbithe  Al,O3+Ta,C+HfB, camxaer
JIMHAMHYECKHE PACTITUBAIONIME HANPSDKEHHST Ha TIOBEPXHOCTH Ooliee 4eM B 5
pa3, T,=3527 K wmu ZrO,+Cry;3Cq; u 0,40ZrN+0,1HfN+0,5TiN crmxator
JTMHAMHYecKue HanpspkeHust okono 6 pas T,,=3171 K), W+V+It (Tp=2000K);
HaHocTpyKTypsl: TIN/AIN (mn.); Hy = 32 I'Tla, T,,s=2000K.

13. Onopa ¥ TMONIIMIHUKK: B 30HE TypOWHBI HEOOXOAWMA BBICOKas
N3HOCOCTOMKOCTB TIPH BBICOKOM TeMIleparype, HU3KHH KO3 ((GHUIUESHT TPEHHUS:
TIOKPBITHE 0,8ZrN+0,2HfN MHOT'OCJIOMHOE TIOKPBITHE
W,C+(0,5Ti,B+0,6ZrB+WN), W+V+lt;

Hanoctpykrypsr: NCTiN/a-5TiN (1) (Tp>1200K, Hu=42.3 I'T1a);

14. Commo: Al,O3 (T, =2471 K, Hm=27 TITla), MHOrocioiinoe
nokpeitie  Al,03+Ta,C+HfB  cHmwkaer TemmepaTypHble paCTATHBAIOIINE
HaIpsDKEHUS;

Hanoctpykrypsr: Ti-Al-Si-N (HM=48ITla, Tp=2000K)

TpaauoHHBIE TTOKPBITUST OJTHOCJIOWHBIE M MHOTOCIIOWHBIE TTPOBEPEHBI
Ha COYETaeMOCTb B JMHAMHUYECKOM, WIIM CTAallIOHAPHOM TEMIEpaTypHBIX
pPEeKMMax, Ha COYETaeMOCTh C OCHOBHBIM MAaTepHalioM JIETalIH 110 METOJNKE
[1], Torma xaxk mais HAHOCTPYKTYp TaKH€ pacyeThl HE IPOBEIECHBI H3-3a
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OTCYTCTBHUSI HAJEXKHBIX MJaHHBIX 10 HX TEIUIOPU3NIECKUM U  (HU3HKO-
MEXaHMYECKHM XapaKTepUCTHKaM, U II03TOMY NPUMEHEHHE HAaHOCTPYKTYp B
KOHCTPYKIUSX aBHaJBUIaTENIeH ellle 0CTaeTcs MpoOIeMaTHIHBIM.

Cnmcok ncnoab30BaHHBIX HCTOYHHKOB
1. Koctiok I'.M1. ®wuswueckue TMNPONECCH IUIa3MEHHO-HOHHBIX, HOHHO-
Jy4EBBIX, IUTA3MEHHBIX, CBETONYYEBBHIX M KOMOMHUPOBAHHBIX TEXHOJIOTHIL:
monorp. / .. Koctiok. — K.: M3a-80 AUHY, 2002. — Ku. 1. — 587 ¢. u Ku.2.
—442 c.— 1030 c.
2. Kocriok I'.11. DddexTuBHbINH pexylyii HHCTPYMEHT: MOHOTD. / rm
Koctrok. — X.: U3n-8o AUMHY, 2003. — 412 c.
3. Kostyuk G.I. The effective cutting tools having the coating and hardened
layers: monograph-reference book / G.1. Kostyuk. — Kharkov: “KHAI”, 2007.
— 633 p.
4. Koctiok I''M. HaHOCTpyKTYpel W HAHOHOKPBITHS: TIEPCIEKTUBBI U
peanbHOCTB: yueb. mocobue / 1. Kocrrok. — X.: Xapbk. aBuan. uH-T, 2009,
403c.

IPPEKTUBHASI MEXAHUYECKASI OBPABOTKA
JAETAJIEN ABUAITMOHHOI'O HHCTPYMEHTA C
INOKPBITUEM U YIIPOYUHEHHBIM CJIOEM

Kocmiox I'ennaouu Hzopesuu
Hayuonanvuwiii aspoxocmuueckui ynusepcumem um. H.E. JKykosckoeo « XAHU»
Yxpauna, 61070, . Xapvkos, ya. Ykanosa, 17
m. 707-42-06, g.kostyuk@yahoo.com

DPPEeKTUBHOCT, MEXaHHMIECKON 00pabOTKH CBsI3aHA CO CTOHKOCTHIO
pexymero uHctpymMeHta (PM) ¢ THOKpBITHEM WM YIPOYHCHHBIM CIIOEM.
AJIre3MOHHOE B3aMMOJICHCTBUE TOKPHITHS W 00padaThiBAEMOro Marepuaia
CYIIIECTBEHHO BIUSIECT HA KO3 QUIIMEHT TpeHNUs, U3HOC U B KOHCYHOM CUYETE Ha
3¢ PEeKTUBHOCTE 00pabOTKH, OUYEBHIHO KpOME 3TOro (hakropa HEOOXOIUMO
YYUTHIBATh JICHCTBUE IWHAMUYECCKUX M CTAIMOHAPHBIX TEMIIEPATyPHBIX
HANPSDKCHUH, OMPENEIIONINX COYeTaeMOCTh MaTepuanoB PU u mokpeiTus u
HEOOXOMUMYIO TBEPJOCTh TIOBEPXHOCTH JUISI CHWDKCHUS aOpa3WBHOTO
uzHoca[1-4]. PaccmarpuBanuce PU u3 TtBepmoro cruiaa BK4, BK6, BKS,
BK10, BK6M, BK60M wu T5K10 ¢ mokpeitusmu [1-4]  Mo,N, TiN,
0,5TiN+0,5AIN; 0,2HfN+0,8ZrN npu o6paborke craneit 38XC, 35XI'CA,
DOU654M u TutanoBoro cruiaBa BT 14.

O00O0IICHHBIC PE3YABTATHI 3TUX HCCIICIOBAHUIN B BHJC 3aBUCHMOCTU
ko3 duimenHTa cpaBHUTENBHOIN CTOWKOCTH OT conepxanus Co MOKa3aHbl Ha
puc. 1 mist nokpeituit Mo,N, TiN, 0,5TiN+0,5HFN.
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CTOMKOCTh B 000MX CITydasiX OMpPEeNsuiach Kak BpeMs JJO0 U3HOCA IO
3aHelt moBepxHoctH hs, paBHbie 0,4 MM.

AHanu3 pe3yNibTaToB, NPUBEICHHBIX HAa PHC. 1, MOKAa3bIBACT, YTO
Haubonee mpuemiieMo cuntath 6%-Hoe coxepxkanume Co mo Becy. B arom
ciydae  JIOCTUTAeTCsl  MaKCHMAalbHOEC  TOBBINICHWE  CTOMKOCTH IS
TBEPJIOCIUIaBHBIX InacTuH ¢ mokpeitsMu MO;N, TiN, 0,5TiN+0,5HfN,
0,2HfN+0,8ZrN. TlpuueM MakcuMmaibHas CTOWKOCTh PEaTU30BBIBATIACH IS
MTOCTICTHETO MTOKPHITHUS.

3aBHCHMOCTh CTOWKOCTB-CKOpPOCTh pesanuss T —V mis criaBa BK6
npu toueHun cranu 38XC mpencraBieHa Ha puc.3. 3/1ech BUAHA Ta XKe
TEHJICHIIUSI CHIDKCHUS PAa3HUIIBI 10 CTOWKOCTH MeXny IutactuHamu BK6 ¢
MOKPBITUAMU M 0e3 TOKpbITHA. (OCOOCHHO WHTEHCHBHO 3TO pa3lIddue
CHIDKAETCS MPU CKOPOCTSAX pe3aHust Bhilre 80 M/MUH, KOT/Ia PE3KO YXYAIIAeTCs
paboTOCIOCOOHOCTh TUIEHOK Ha OCHOBe MO;N, a ocraroTcs BBICOKUMU IS
0,2HfN+0,8ZrN.

Ha pwuc.4 mokazanel 3aBucumocty T — V s cmmaBa TSKI10 ¢
TIOKPBITHAMH M 0e3 mokpbITHa npu TodeHMH cranu 35XI'CA. Pasnmma B
cToiikocTH s ckopocreit pezanus 130...180 m/muH coctabnsiia 1,8 — 4 pasa.

K a
3
5
a
a &
a
i BNy |3 /;/
-~ \\ T // 2
- ~ [
L - 2 -
1 1 Il
2 ] 1
o
1 HKG HKGM HEKGOM
o H 10 15

Co.%

Puc. 2. 3apucumocth k03 punneHTa
CPaBHHUTEJILHOI CTOHKOCTH OT
e — 3epHucTOCTH ciiaBa BK npu
1 - BK-38XT'CA ¢ noxpbiTnem; o6padorke ctanu 35XI'CA: 1 - 0e3
2 — Mo,N; 3 — 0,5TiN+0,5AIN: NOKPBITHSA NPH V=70M/MMH.C
4~ 0.2HFN+0 8ZIN: HOKPBITHSIMH: 2—Mo;N;3-TiN; 4
i ' ’ - 0,5TiN+0,5AIN; 5 — 0,2HfN+0,8AIN

Puc. 1. Bausinue conep:xanue Co Ha
K0d(p(pUIHEHT CPABHUTETbHOMH

OcoOblii MHTEpEC MPEACTABIIUIA  HCCIEIOBAHHUS [0 BBISBICHHUIO
Bo3MoxkHocTel mokpeituii Mo,N, TiN, 0,5TiN+0,5AIN, 0,2HfN+0,8ZrN npu
00paboTKe KapOMPOYHBIX CTATCH U CIUIABOB.
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[Ipu o6paboTke crumaBa D564 HaOMrOMaETCS YBENWYCHUE CTOUKOCTU
B 1,5 — 3 pasa mns miactuHok BK60M ¢ mokpertusmu MO,N, TiN,
0,5TiN+0,5AIN, 0,2HfN+0,8ZrN. XapaxkrtepHoe CHUXEHHE pAa3HHUIIBI [0
CTOMKOCTH MEXYy IUIACTUHKAMU C TOKPHITUSAMH U 0€3 MOKPBHITHI C POCTOM
CKOpPOCTH pe3aHusl IMEJIO MECTO U mpH 00paboTke ciuiaBa IM654 (puc.S).

MOKHO OTMETHUTH 00JIee YeM JBYKPATHOE MOBBINICHUE CTOMKOCTU TPH
ToueHUM TuUTaHoBoro cmiaaBa BT14 mmactuakamu BK60M ¢ mokpsrtusaMu
AlO,, Al,O3, HfN, 0,2HfN+0,8ZrN (puc.6).

BriBoabI

IMokazaHo, yrto is Haubonee S(GGEKTUBHOIO HCIOIB30BAHUS
MOKPBITUH HEOOXOMUMO YYHUTBHIBATH HMX aJIr€3UOHHOE B3aMMOJECHCTBUE C
00pabaThiBaeMbIM MaTepHaoM, TpeOyeTcsi obecreueHre ero MUHUMyMa W B
TOXe BpeMsi 0oJice BBICOKOW TBEPIOCTU IMOKPBITHH, YTO B COBOKYITHOCTH
00eCIeynT MakCUMAaITbHYIO paboTocmocoOHOCTs PU ¢ OKpBITHEM.
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PUCYHKOB)
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CHHCOK MCTI0JIL30BAHHBIX HCTOYHIKOB
1. Koctiok I'.M1. ®wuswueckue TMNPONECCH IUIa3MEHHO-HOHHBIX, HOHHO-
JIY4EeBBIX, IUIA3MEHHBIX, CBETONYYEBHIX M KOMOWHUPOBAHHBIX TEXHOJOTHUI:
monorp. / .. Koctiok. — K.: M3a-B0o AUHY, 2002. — Ku. 1. — 587 ¢. u Ku.2.
—442 ¢.— 1030 c.
2. Kocriok I'.11. DddexTuBHbINA pexynyi HHCTPYMEHT: MOHOTD. / rm
Koctiok. — X.: U3n-8o AMHY, 2003. — 412 c.
3. Kostyuk G.I. The effective cutting tools having the coating and hardened
layers: monograph-reference book / G.1. Kostyuk. — Kharkov: “KHAI”, 2007.
—633p.
4. Koctiok [.MI. HaHOCTpYKTYpHI ¥ HAHOIOKDBHITUSA: IEPCHEKTUBBI U
peansHocTh / .1, Koctrok. — X.: Xapek. aBuair. us-T, 2009, 403c.

CHU/XEHUE 3ATPAT HA ITPOU3BOJACTBO
KAPOITPOYHBIX CIIJIABOB 3A CHET PELHIUKJIMHI'A
PEHUA

Kacuxos A.I'., Ilemposa A.M., ' pomos I1.5., Karunnuxos B.T.
Vupeoicoenue Poccuiickoii Axademuu nayx Mncmumym xumuuy u mexnono2uu peokux 21eMeHmos u
Munepanbhozo coipvs um. M.B. Tananaesa KHL] PAH,
184209, Poccus, Mypmanckas 00ax., 2. Anamumbul, Akademeopodok, 26a;
men.lgare +7(81555)79653; e-mail: kasikov@chemy.kolasc.net.ru
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XKaporpounsie Hukenessle cruiaBel (JKHC) Omaromapst cBoum
VHHUKAJIGHBIM (DH3MKO-XUMHYECKHM CBOMCTBAM HAIUTU IIUPOKOE MPUMCHCHHE
IIPU M3TOTOBJICHUU OTBETCTBEHHBIX JI€Talell aBUAKOCMUYECKOM TEXHUKHU, B
YaCTHOCTH — paboumx jomatok TypOuH aBuarwioHHeix ['TJI. TloBbimicHue
TpeOOBaHUN K HAICKHOCTH U PECypCy CIENHAIBHBIX KOHCTPYKIIMOHHBIX
MaTepUaIOB C YBEIMUYCHHEM YpPOBHS pPabOYMX TeMIepaTyp M Harpy3ok
CTUMYJUPYET CO3JaHHE HOBBIX BBICOKOXKApPOIPOUYHBIX CIJIaBOB. B TeueHue
JUTHTENTEHOT'O0 BpeMeHH TpeOyeMblil ypoBeHb xapakrepucTuk JKHC mpocturancs
JISTUPOBAHUEM HHUKEJICBOW OCHOBHI BCE OOJIBITUM YHCIIOM KOMIOHEHTOB (110 15
JICSTUPYIOIIAX JJIEMEHTOB), COBOKYITHOE JEHCTBHE KOTOPBIX ITOJOKUTEIHHO
BJIASJIO HA TO WJIM MHOE CBOMCTBO — IUIACTUYHOCTb, JUTUTEIHHYIO MPOUYHOCTD,
COTPOTHUBJICHUE OKUCICHUIO W Ap. TeM He MeHee, MpoOJIeMy IMOBBIIICHUS
TEMIIEpaTypHOro ypoBHs paborocmocobnoctu T, (Temieparypa, Ipu KOTOpoi
JIOCTATAETCS OIpeJieJIeHHas] MPOAOIKUTEILHOCTE PAa0OThl T NPH 3aJlaHHOM
HANPSOKCHUU G) JIONIATOK C PABHOOCHOHM CTPYKTYPOH YAajaoCh PEHIUTH JIHIIh
nyrem BBeneHUs B coctaB JKHC HOBOro JErupyromero 31eMeHTa — peHusl u
YCOBEPIIICHCTBOBAHUEM TEXHOJOTMU BHIIUIABKU (HMCIIOIH30BAHUE TEXHOJIOTUU
HalpaBJICHHOH KpHCTalUIM3alMM). B mocnennume roipl  pa3paboTaHbI
BoicokopeHueBble JXKHC 4-ro mnokoneHuss ¢ yHUKaJIbHBIMA CBOWCTBAMH,
cogepxkame 9-12% penust (KC47 u XKC49) [1]. Onnako peHuit sBIsieTCS
JE(PUIIUTHBIM U JTOPOT'OCTOSIIMM 3JIEMEHTOM, YTO CYIICCTBEHHO YBEIHMYHBACT
CTOMMOCTh TPOM3BOJICTBA pPEHUNCOAEpKAIUX CIulaBoB. Kak BUIHO U3
TabmuIEl 1, yaeapHas CTOMMOCTh PeHus B CTpyKType cedbectoumoctu XKHC 3-
IO TIOKOJIEHUS] 3aMETHO MPEBBIIIAET JOJI0 JPYTHUX, B TOM YHCIE U OCHOBHBIX
(o mac.%), KOMIIOHEHTOB.

Takum 00pa3oMm, TIPOU3BOJICTBO BBICOKOPCHHEBBIX CIUTABOB B
3HAYUTEIBHOW CTCIECHU OTrPaHWIUBACTCS SKOHOMHYCCKHMHU (PAKTOpaMHU.
OmHuM U3 MyTedl CHIKEHUS KalUTAIbHBIX 3aTpaT Ha MPOU3BOICTBO
penuiiconepxanmux XHC moxer crarh rpamoTHasi opraHu3alusi mpolecca
PELMKIINHTA PEHUS U3 OTXOJI0B 00pabOTKU M AKCILTYaTallly CIUIABOB.

Tabnmuma 1. OueHowHble JaHHBIE II0 CTPYKType Ce0ECTOMMOCTH
HekoTophIx penuiiconepxkaiux XKHC 3-ro nokonenus
Mapka | OcnoBuble kommoHeHTH | Nj Co | Re Mo | W | Nb | Ta
cmiiaBa | J)KHC

ITpumepHast CTOUMOCTH 23 39 6500 | 335 | 38 50 160
METaJUIOB, JOJUL/KT

Alloy Coneprxanue 575 [ 125 | 6.25 - 58 | - 7.0
5A KOMIIOHEHTa, Mac.%
Ilena B nepecuete Ha 1 132 | 49 406.3 | - 22 | - 11.2
T CIUIaBa, THIC. IOJUL.
IpumepHas ynenbHas 3.0 11 92.8 - 05 | - 26

CTOUMOCTB, %
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CMSX | Conepxanue 69.7 | 1.7 6.5 04 54 | 008 | 82
10M KOMIIOHEHTa, Mac.%
Ilena B nepecuete Ha 1 16.0 | 0.7 4225 | 0.1 21 | 004 | 131
T CIUIaBa, THIC. IOJUL.
ITpumepHas yrenbHas 35 0.15 | 93.0 002 | 05 | 001 ]| 29
CTOUMOCTB, %
XKC Conepxanue 58.0 | 95 44 14 75 | 1.0 5.2
32y KOMIIOHEHTa, Macc.%
Llena B nepecuere Ha | 133 | 3.7 286.0 | 05 29 | 05 8.3
T CIUIaBa, THIC. JIOJUL.
IpumepHas yrenbHas 4.2 1.2 90.7 0.16 | 0.9 | 0.16 | 2.6
CTOUMOCTB, %

B mHacrosimee BpeMsi Ha HEKOTOPBIX POCCHHCKHX IPEATIPHATHAIX
MOAOOHBIE OTXOJBI HE MPOXOMAT CTaJUI0 COPTHPOBKH. [IpHm TakoMm moaxoze
coJepkaHne peHust B orxonmax obOpaborkm JKHC cHmkaercs 3a cuer
pa3baBieHus OTXOJaMH Oe3peHHEBBIX cIulaBoB. [loaToMy s oboramieHus
BTOPUYHOT'O CBHIPhS 110 PEHHIO B TEPBYIO OYEpenb CIENyeT Pas3leisaTb JUHUH
00paboTKU peHuicoIepKaMX 1 Oe3PEHUEBBIX CIUIABOB.

Ha cerogssmHuWii AeHb NPEAJIOKEHO JIOCTATOYHO  OoJbIIOe
KOJIMYECTBO CIIOCOOOB DEIMKIMHIA PEHHS W3 CIUIABOB  CIIELMAIBHBIX
HazHadueHuil [2]. Tem He MeHee, UMeEIOIIMECS TEXHOJOTMM HE BCeraa
JocTaTouHO 3(PEeKTHBHBI, peHTaOeNbHBI U OCYIIECTBUMBL. Pa3paboTka HOBBIX
MPOLIECCOB  PEIMKIMHIa pPEHHS U3  OTXOJOB  CJIO)KHOJEIMPOBAHHBIX
YKapOIPOYHBIX CILUIABOB BCE €IIE OCTAETCSI aKTyaJIbHOM 3a/1auei.

B nocnennue rogst B UXTPOMC KHI[ PAH pa3spaborano 2 cxembl
nepepabotku  orxomoB  penmiicomepxkammx  JKHC.  IIpeumymectBom
pa3paboTaHHBIX TEXHOJOTHH SIBJISETCS BO3MOXKHOCTH NEpPEepabOTKH  Kak
MEJIKOJJUCIIEPCHBIX MATEPHAJIOB, TaK U KYCKOBBIX OTXOJOB. J[i1s M3MenpyeHus
MOCJIEIHUX ~TPEUIOKEHA OIepalysi BBICOKOTEMIIEPATYPHOTO CIUIABIICHUS
MaTepHana C allOMUHAEM B BOCCTAHOBUTENBHBIX YCIOBHSX C IEJBIO MEpeBoa
HHKEIIEBOH OCHOBBHI criaBa B (opmy amromununa NizAl, ormuyaronryrocs
HU3KOTEMIIEpaTYpHOH  XPYNKOCTBbIO, 4YTO B  JajJbHEHIIEM  IO3BOJISET
W3MENTBYNTh MONYYSHHBIH TUIaB Ha CTaHAAPTHOM 00OpYIOBaHHH.

MenkoaucepcHbIH NPOAYKT Jajiee MOXKET OBITh IepepaboTaH Jmbo
M0 THUAPOMETALTYPIHYECKOW CXeMe, NpeayCMaTpUBAIOIIEH CEpHOKUCIOTHOE
BBIIEJIAYMBAHUE DPEHHUST M OCHOBBHI CIIaBa B NPUCYTCTBUU OKHCIHTEINS C
JANBHEHIIUM ~ CEJIEKTUBHBIM  OKCTPAKIMOHHBIM  W3BJICUYEHHEM  PEHUS
BTOPUYHBIM OKTHJIOBBIM CHHPTOM W3 KHCJIOI'O pacTBOpa BbllenauuBanus [3],
100 Mo KOMOMHMpPOBaHHOW cxeMe. B mocnenHeMm ciydae Ha HepBOM dTarie
TIPOBOJISIT CEPHOKHCIIOTHOE BCKPBITHE MaTepralia C epeBoIoM OCHOBEI CILIaBa
(Ni, Co) B c1abOKHUCIBIN PacTBOP U KOHIIEHTPUPOBAHHEM PEHHUS B OCTAaTKe.
Jlanee  peHmit M3 ocTaTka  NPEMJIOKEHO  H3BJIEKAaTh  METOAOM
BBICOKOTEMIIEPATYPHOH  OKHCIHMTENBHOM  OTroHKH. JlaGopaTopHble |
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YKPYITHCHHBIC JTa00OPaTOPHBIC UCTIBITAHUS TPEIIOKCHHBIX CXEM TOATBEP TN
ux 3¢dexkruBHOCTL A1 M3BNeueHus peHus u3 otxonoB JKHC ¢ momydyeHuem
toBapHoii comu NH;ReO,, mnpuromHodt 118 TPON3BOACTBA IOPOIIKOB
METAJTMYECKOTO PEHUS.

ITockonbky B Poccun Ha cerogHsIIHUNA 1€Hb NPOU3BOACTBO PEHUS HE
MPEBHINIAET HECKONBKUX COTEH Kr B Toi (TJaBHBIM 00pa3oM 3a CcueT
nepepaboTku  oTpaboraHHBIX Pt-Re  kartammsatopoB pudopmunra), a
MOTPEOHOCTH  MPOMBINUICHHOCTH  YIOBJICTBOPSIOTCS — MPEUMYIICCTBEHHO
MMTIIOPTHBIMU MTOCTABKaMU, BHEIAPEHUE OTCUCCTBEHHBIX Pa3padOTOK B 00IacTH
permkiuHra peus w3 orxomoB JKHC Morino Obl CTaTh 3HAYUTEIBHBIM
MOACHOPbEM JUIsl  YACLIEBIEHUS NPOU3BOACTBA CTPATETMUYECKH BaKHBIX
KOHCTPYKLIMOHHBIX MaTE€pPHaloB.

Paboma evinonnena npu uacmuuHOU NOOOEPICKE NPOSPAMMbL  YeNe6blx
pacxo0os [pezuouyma PAH «Ilo0depoicka unnosayuil u pazpadomorxy.

Jlutepatypa

1. Ka6nos E.H., [lerpymuna H.B., Cunopor B.B., Jemonnc .M. Pazpaborka
MOHOKPHCTAJUTHYECKHUX BBICOKOPEHHEBBIX JKapONPOYHBIX HUKENIEBBIX CILTABOB METOIOM
KOMITBIOTEPHOTO KOHCTpynpoBanust // Jureiinsie xkaponpodnsie cruiaBbsl. ekt C.T.
Kummkwaa: Hayd.-TexH. ¢6. — M.: «Haykay, 2006. — C. 79-97.

2. KacuxoB A.T., [lerpoBa A.M. PenmiJinHT peHus U3 0TXO0B >KapoNpOYHbIX
crienMaNbHBIX cruiaBoB // Texunonorus metainios. 2010. Ne2. - C.2 - 12.

3. TlonoxuTenapHOE pEIICHHE O Bbldaue TaTeHTa Ha u300pereHne Criocod
W3BJICUCHHS PEHUSI M3 METAUIMYECKHX OTXOJOB HHKEIbCOACPIKALINX IKAPOMPOUHBIX
crutaBoB / KacukoB A.T., [TerpoBa A.M., barposa E.T"., Cep6a H.B., Kanuanukos B.T.;
NXTPOMC KHIJ PAH; - Ne2009145364/02(064645); 3as. 07.12.09.

NCITOJIB30BAHUE BBICOKOYUCTOI'O HUKEJIA U
KOBAJIBTA UISAA TOBBIIEHUSA KAYECTBA
YKAPOITPOUHBIX CIVIABOB HA HUKEJIEBO OCHOBE

Kacuxos AT, Cuoopos B.B. 2
YVupeacoenue Poccuiickoti Akademuu nayk Mucmumym xumuu u mexmoao2uu peokux
271eMEeHMOo8 U MuHepanbhoo cuipbsi um. U.B. Tananaesa KHI] PAH
184209, Poccus, Mypmanckas 06a., 2. Anamumel, MKp. Akademeopodok, 26a;
men./gpaxc +7(81555)79653, e-mail: kasikov@chemy.kolasc.net.ru.
2Qryii Bcepoccutickuil HayuHO-UCce006amenbCKuil UHCMUMYm agUayUOHHbIX MAMEPUAIos

B Hacrosiee Bpemst mpo0ieMa J0NTOBEYHOCTH TYPOUHHBIX JIOATOK,
0T pabOTOCIIOCOOHOCTH KOTOPBIX BO MHOTOM 3aBHUCHT CPOK CIYXKOBI U
SKOHOMHWYHOCTh  JIBUTATENs, SBIsETCS Hamboiee ocTpoil. TexHuko-
9KOHOMMYECKHE MOKA3aTEeNId Ta30TYpOMHHOTO JBUTATEINS HAIPSAMYIO 3aBHUCST
OT TeMmIepaTypbl Tra3a Ha BXOIe B TypOuHy. Jlnd TOBBIIICHUS

63



IKCIUTYaTallAOHHOW  HAJEKHOCTH  TpeOyercs  oOecrneunTh  BBICOKYIO
KapOIPOYHOCTh MaTEpHaJIOB TOpsiUero Tpakra asurarens. [Ipexxae Bcero aTo
Kacaercs UIMTEIbHONW MPOYHOCTH M TEPMOCTOMKOCTH YKapOIPOYHBIX CIUIABOB
JIONATOK TypOHHEL.

IIpaxTuka nomydeHus kaponpouHslx ciuiasoB B PI'VII «BUAM» [1,
2], a Tak)Ke MCCIIe0BaHMs, BHIIIONHEHHBIE 38 PYOSKOM, MOKA3aJI1, YTO OJHUM
13 BaXHEHIIMX TPeOOBaHMH K CIUIaBaM SIBIISIETCSl MX BBICOKAsl YHCTOTA IO
npumecsiM. [Ipn HM3ydeHHMH >KapoINpOYHBIX CBOMCTB, B YacTHOCTH, OBLIO
YCTaHOBIIEHO, YTO HanbOoJsiee BpeTHBIMH MPUMECSIMH B CIUIaBax sBISIIOTCS Bi,
Te, Se, Pb u Ag, mpuuem oTpUIATEIHHOE BIMSIHHE BUCMYTa MPOSIBISIETCS TIPH
ero coaepxanuu 0.00002 mac.%.

[lpumecn mnonamaroT B CIUIaBBl M3 JIMTEHHBIX (opM, THUTIIEH,
OKpyXaroliel arMocdepsl ¥ NIMXTOBBIX MaTepuaiioB. Eciu nepBble HCTOUHUKH
MOT'YT OBITH HCKIIIOUEHBI TpPH IUIaBKE, TO HHM3KOE KayeCTBO IIMXTOBBIX
MaTepHaJIOB IPUBOAUT K HEBO3MOKHOCTH TTOJTy4E€HHSI BHICOKOYHCTHIX CILUIABOB
JIaXKe TI0CIIe MX BaKYYMHOT'O MepernIaBa.

OueBUIHO, YTO B IIEPBYIO OYEpEb BHICOKAs YUCTOTA JIOJDKHA OBITh
obecrieueHa y METaJUIOB, COCTaBJIIONIMX OCHOBY CIUIaBOB. B  ciydae
KapOIPOYHBIX KOOAIBTOBBIX CIUIaBOB UMH sBIsitoTCst Ni 1 Co.

Panee ObpUTO ycTaHOBIIEHO [1], 9YTO 3aMeHA B ATUX CIUIABaX PSIOBOTO
HUKeIsT Ha Oojiee YMCTBIA METal IO3BOJIMIIO YBEIWYUTH JIONTOBEYHOCTH
crtaBoB JKC6-4 u J)KC-K B cpennem nHa 20%. OmHaxo, ecnu IpOU3BOJCTBO
BBICOKOUHCTOr0 KapOOHMIIbHOTO HUKeNsS B Poccuy ycremHo GpyHKIMOHUpYeT,
TO OCHOBHAsI Macca KoOaabTa MPOU3BOIUTCSA B, OCHOBHOM, Mapok K1 u K1A
M0 ycTapeBIeH MUPOMETaJUTypruuecKol TexHoimoruu. «OrHeBoi» KoOalbT
CYIIIECTBEHHO YCTYIAET IO COJEPKAHUIO IPUMECEH KapOOHWIBHOW HUKEICBOMH
JIpOOH M TIO3TOMY NPH €r0 MCIOIB30BaHNH ITPOUCXOIUT CHIKeHUe dddekra oT
WCIIONIb30BaHMs 00JIEee YNCTOTO HUKEJISL.

B Hactosimee Bpemsi HamOosiee YMCTHIH METAUTMUECKHH KOOAJIbT,
OTBEUAIOIIUI BCeM TPeOOBAaHUSIM K 0CO0O YMCTBIM IIMXTOBBIM MaTepHajaMm,
npousBonurcst pupmoii «I'epmer» CojaepikaHue BpeIHBIX NMPUMECEH B 3TOM
MeTaJule COCTaBJsieT B OCHOBHOM MeHee 1 ppm. OnHako NPOU3BOICTBO
KoOaJIbTa OLIEHWBAETCSl KMJIOTPAMMaMH, a CTOMMOCTh cocTaBisier okono 2000
$CIIA 3a 1 xr. O4eBHIHO, YTO HCIOIH30BAHUE TAKOIO JIOPOTOro METaIlIa MPH
CEpHITHOM BBIITYCKE >KapOIPOYHBIX CIIABOB HEBO3MOXKHO.

Huskoe xauecTBO OrHeBOro KodOanbTa CBA3aHO KaK CO CIIOCOOOM ero
MIPOU3BOJICTBA, TAK M HENOCTATOYHOM OYHMCTKONH HCXOJHBIX MaTEepHajloB C
TIOMOIIBIO THAPOIUTHYECKUX CIIOCOOO0B.

IToBBICHTD KauyecTBO BBITYCKAEMOTO B IPOMBIIUIEHHOM Macmitade
KoOaslbTa  CTajJO BO3MOXHBIM  I[OCII€  BHEOPEHHMs Ha  KOMOMWHAaTe
«CeBeponukens» Kombckoit I'MK  rugpoxsiopuHOH — AKCTPaKIMOHHO-
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JJIEKTPOIN3HON TEXHOJOTMH, OCHOBAaHHOW Ha HOBOM CIOCO0€ IepepaldoTKH
KOOaJIbTOBOTO KOHIIEHTparta, paspaborannom B MXTPOMC KHI[ PAH [3].
[lpn mnpoBeneHnm mpomecca B ONTUMAIBHOM pEXHME Ha KOMOHHATe
«CeBepoHrKenp» Obula HapaOOTaHa ONBITHAS TApTUSl BBICOKOYHCTOTO
Meraunyeckoro kobanera. ConepskaHue NpHMeceld B BRICOKOUHMCTOM HHKeJe
1 KoOaJbTe B CPaBHEHUH C Pa3IMYHBIMUA MapKaMHU U KOOAJIbTOM 3apyOesKHOTO
NPOM3BOJICTBA TpHBeAeHH B Tabnmue 1. M3 Tabmumpr crnemyer, d9To
KapOOHWJIBHBIH HHUKEIh M KOOANbT, IIOJNYYEHHBIH 10 HOBOH TEXHOJIOTHH,
coJiepKaT  ropa3 0  MeHbIe HauOoiee BPEAHBIX IS ITOMyYEHHs
BBICOKOKaUECTBEHHBIX CIUIABOB MUKPOIIPUMECEH.

[IpoBeneHHbIE MCHBITAHUS IOKA3aJld, YTO HMCHOJB30BAHUE KOOANbTa
KO B3amen kobanbra K1 npu BeimiaBke criaBoB Mapku JKC 6YM-BU u BXKJI
12Y-BY 103BONMIIO YBENUYHTH JOATOBEYHOCTh OOpa3IOB CILIABOB IIPU
UCTBITaHUSX Ha Oombinoi 6ase (500 yacor) mpumepHo B 1.3 pa3a B cpaBHCHUU
C MaCIOPTHBIMU XapaKTEPUCTUKAMH PSIOBBIX CIUIABOB [4].

B nanpHelimem naptust 0co00 4ncToro kobansTa ObUIa HCHBITaHA JUIs
Boitu1aBky cuiaBoB JKC 32-YBU u XKC 36-BU. Ilpu ux nomydeHuH B KaUecTBE
IIMXTOBBIX MAaTepUaliOB HCIOJIB30BAJIM HUKEIEBYIO KapOOHWIBHYIO ApOOb
JHK, xpom OPX, mradbuku Mo, W u Re, npyrok Ta, Al-A99 u TuTaHOBYyIO
ryoky TI'100.

BelrutaBky  CrtaBoB  MpOBOAWIM B BaKyyMHOW HWHJIYKIMOHHOM
TUTaBUIIBHO-pa3inBoYHON ycraHoBke BUAM 2002. Beero Ob110 Mpou3BeneHO
10 2 TUTaBKHU KaXJIOTO CIUIABA.

Tabmuma 1. ConmepkaHue OCHOBHOI'O BEIECTBA M NPHMECHBIX DJIEMEHTOB B
HHKeIe U KOOallbTe pa3INyHbIX MapOK U MPOU3BoAUTENEH (B ppm)

Hukenb KobGaibT
KapGo- OrnbITHas
HITBHAS 1apTHs
eMEHT podb @on koH- | 0cobo
H1Y ’ K1A KO OpUIK, YHCTOrO
«Cesepo-
Hopgeerust | xobanbTa
HUKEITB) «Cenepo-
HHKCIIb)
Ni 99.95 99.95 3000 50-500 700 280
mac.% Mac.%
Co 1000 2 99.30 99.98 99.99 99.96
Mac.% Mac.% Mac.% Mac.%
Fe 100 100 2000 30 15 28
S 10 10 40 10 2 5
C 100 150 200 50 - 60
Te 5 5 - - - <1
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Tl 5 5 - - - <0.1
Ag 1 1 - - - 0.1
Si 20 5 - - - <7
C 150 4 300 10 10 5
As 10 5 20 5 1 <3
Zn 80 5 30 10 2 <1
P 10 0.5 5 30 - 1
Cd 5 1 10 3 - 0.01
Bi 5 0.1 5 3 - 0.6
Mn - 0.2 700 5 - <1
Sn 5 0.1 5 3 - 0.2
Pb 5 0.1 10 3 3 0.4
Sh 5 0.5 10 3 - 15

Ha nepBoii nmiaBke KaxJ0ro cruiaBa KodanbT MPUCAXKHUBAIN B 3aBAJIKY
C OCTaJbHBIMH IIMXTOBBIMH MarepuajamMu. Ha BTOpoi IIiaBke KOOaIbT
NPUCAXHUBATIM B KUAKMHA MeTaul. KOHTpoib copep)kaHHWs TNPUMECHBIX
9JIEMEHTOB B CIUIaBaX MPOBOAWIA METOJOM HCKPOBOW Macc-CIEKTPOMETPHH
Ha mpubope JMC-01-BM2 (SAmonms). CrmaBel jganee MEpeIUIABISUIA B
YCTQHOBKE HANpaBJICHHONW KPHUCTAUIM3AlMd W 3aJUBAJIM 3arOTOBKH  I10]
00pasupl ¢ MOHOKPHCTAJUTMUECKOH CTPYKTYpOH € KpHCTaiorpaduueckoi
opuenrareir <001>. Iocne MexaHWYeCKOil O0OpaOOTKU 3arOTOBOK 0Opas3Ilbl
OBUTH HCTIBITAHbI Ha JUIUTEIBHYIO IIPOYHOCTS 110 PEXKUMaM:

Crmas XKC 32Y-BU: T=1000°C; ¢ =19 xre/mm?; 1 =500 u (HopMa 110
acropry);

Crmas XKC 36-BU: T=1000°C; 6 =8.5 krc/mm?; T > 500 u (HOpMa 1O
MACIIOPTY).

Pe3ysbraThl HCTIBITAHUH Ha JTUTEIHHYIO POYHOCTH CIIABOB TOKa3ally,
4yTO BpeMsi 0 Hauyajia paspymenus cruiaBa JKC 32V-BU nns pa3HbIX MmiaBok
cocTaBuiIo 622-646 dacos, a st JKC 36-BU 622-656 yacoB, 4To B cpeTHEM B
1.25-1.30 paza OGombllle MO CPaBHEHHWIO C MACIOPTHBIMH XapaKTEPUCTUKAMHU
CIJIABOB, BBITUIABIICHHBIX C MpUMeHeHneM kobanbTa Mapku K1 u K1Ay.

[Mony4eHHBIH pe3yabTaT MOXHO OOBSICHUTH IOBBINICHHON YHCTOTOU
CIJIaBOB, Oyarozmapss uYeMy TIIpH KpHCTauM3aiuu QopMupyercst Oonee
COBEpIIECHHBIH 0e3/71eheKTHBII MOHOKPUCTAII, YTO OBUIO IOITBEPXKACHO INPH
WCCIIEIOBAHUM  MUKPOCTPYKTYPhl ~ MOHOKPUCTAJJIOB ~ Ha  MHKPOCKOIIE
NEOFOT26. Bo Bcex BBHIILIaBICHHBIX CIUIABaX OTCYTCTBOBAJIHM BKJIIOUEHUS
HUTPUZIOB, POCPUIOB, CYIb(PUIOB U CHITUIIHIIOB.
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Takum 00pa3oM, MPOBEJICHHBIC UCCICIOBAHUS U UCTIBITAHUS MTOKA3aJIA
MEPCIIEKTUBHOCTh UCIIOIB30BAHUS IIPU  BBHIIJIABKE MOHOKPUCTAIIIMYECKUX
YKAPOIPOYHBIX CILIABOB, BEICOKOYHCTOIO0 HUKEIIS U KOOAJIbTA.
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METOJA OYUCTKHU NIOBEXHOCTH TPEIIIUH,
OBPA3YIONINUXCS ITPU DKCILUTY ATAIIMA U3JEJIAN
N3 ’KAPOITPOYHBIX HUKEJIEBBIX CIIVTABOB

3.11. laii*, B.B. Ilaii®, B.H. Hapyon*
Y Unemumym kamanuza um. I' K. Bopeckosa Cubupckozo Omoenenus PAH, P®,
630090 Hosocubupck, npocn. akao. Jlaspenmvesa, 5, Poccus
Fax: (383) 330-80-56, E-mail: zpai@catalysis.ru
2 Hnemumym 2udpoounamuru um. M.A. Jlaspenmovesa Cubupckozo Omoenenuss PAH, PO,
630090 Hosocubupck, npocn. akao. Jlagpenmoesa, 14, Poccus

B npouecce SKCIuTyaTalliki aBUAIlMOHHBIX I[BPIFaTeJIeﬁ Ha JIornaTkax
Typ6I/IH BO3HUKAIOT TPCIIUHBI BCICACTBUC BO3I[eI>iCTBPIH Ha MaTepua JOImaToK
BBICOKHX TEMIICpaTyp, OOJIBIINX A3pPOANMHAMHWYCCKUX U MEXAaHUYCCKUX
Harpysoxk u T.II. CTOMMOCTh JIOMATOK OYeHb BBICOKA. TeM He MCHEE, II0
NpUYUHE OTCYTCTBUA B HACTOALICEC BpPEMs OTEYCCTBEHHOM TECXHOJIOI'MH,
HO3BOJ'IHIOH.I€I>1 OCYHICCTBJIATH Ka4yeCTBEHHBIN PEMOHT JIOIIATOK C TPCIIUHAMMU,
TaKHC JIOIIATKHU 3aMCHAKOT HOBBIMU, YTO ABJIACTCSI S9KOHOMUYCCKH HCBBITOJHBIM
peHICHUEM HpO6J’IeMI>I. AmnHayorunyanie HpO6J’IeMI>I BO3HUKAIOT W TIIpU
OKCIUTyaTalluu SHEPreTUYCCKUX Typ6I/IH, a TaKiKE€ B JPYrux mnpou3BOJACTBAX,
rac Tpe6yeTCH NMOATOTOBUTECIIbHAA OYUCTKA 3arpsA3HCHHBIX HOBerHOCTeﬁ JUIsL
MMPOBEACHUA PEMOHTHBIX pa60T METOAOM Mmaiiky uin CBAapKu

3a pyOexxoM sl peMOHTa METaJUIMYECKHX AeTaledl ¢ TpeluHaMu

IMPOKO ucnonb3yercs texHonoruto DAYTON, Gnaronapst yeMy 3HaUHTEIBHO

YBEJIMYHMBACTCS pecypc paboThl ITHX JeTaneid, SKOHOMSTCS MaTepHajbl U

COKpAILAaI0TCA TPYA03aTPaThl 10 CPABHEHUIO C U3TOTOBJICHUEM HOBBIX. PeMOHT

JeTajeil 0 yKa3aHHOM TEXHOJIOTMH OCYLIECTBJIAIOT B JIBE€ CTaJUM: OYUCTKA
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TIOBEPXHOCTH TPEUIMH OT OKCHIOB METAJIJIOB; BBICOKOTEMIIEpaTypHas Iaika
TPEUIMH CHEIHUATbHBIMA  BBICOKOXKAPOMPOYHBIMU  MPUMOSIMHU.  KITroueBbIM
MomenTtoM B TexHomorun DAYTON (paspaboran n 3amarenroBan UDRI-
University of Dayton, Research Institute B 1980 r.) sBnsercs mporecc
Ka4eCTBEHHOTO YJAJICHHS! OKCHJIOB METAJJIOB C MOBEPXHOCTH YCThbSI TPEHINH
(FCP-Fluorocarbon Cleaning Process) [1, 2].

TakuM 00pa3oM, OYHMCTKA TPEMIMH OT OKCH/IOB METAaJUIOB SIBIISIETCS
HEOOXOANMBIM YCIIOBHEM JUIS ITIPOBEICHHS PEMOHTA JIeTajled C TpeluHaMu
METOIOM BBICOKOTEMIIEpAaTypHOH BakyyMHOW maiiku. B MHcTuTyTe KaTamusa
CO PAH coBmectno c¢ HWucturyrom ruapoaunamukn CO PAH Obutn
NPOBEACHBl HMCCIEAOBAaHMS 10 pa3paboTKe HOBOTO CHOCO0a OYHCTKH
MUKPOTpEIINH METAJUIMYEeCKUX MaTepuajgoB Ha mpumepe cruiaBa JKC6-Y.
Co3/laHa ycTaHOBKA ISl 9KCIIEPUMEHTAJILHOTO OOOCHOBAaHMSI HOBOTO METOJA
(Puc. 1). DxcriepuMeHTHI TPOBOAMINA Ha 00pa3lax-uMHUTATOpax ¢ KOHTPOJIEM
COCTOSIHMSI TTOBEPXHOCTH TpemuH. IlokazaHo, 4YTO BBIOpaHHBIE Ta30- |
THJPOJMHAMHUUYECKUE NTapaMeTphl NPoLecca ¢ BapbUPOBAHUEM TeMIEpaTyphl U
COCTaBa TPaBWJIBHBIX PACTBOPOB TIO3BOJISIIOT 0O0ECHEYUTh MHOTOKPATHYIO
MIPOMBIBKY y3KHX 3a30poB 3a 0,3 - 0,5 u. [lepBuuHbIe UCIIBITAHUS OYUIIEHHBIX
00pasioB OpH TMPOBENEHUH BBICOKOTeMIepaTypHoil maiiku (1200° C) ¢
HCMONB30BaHUEM Ipumos Brip24 nokasanu NONOXKUTEIbHBIE PE3YJIBTATHL.

VYuuteiBas, 4TO B HACTOAIIEE BpPEMsI PE3KO BO3pPOCIA CTOMMOCTh
CIUIaBOB, U3-32  MOJOPOXKAHUS  OCHOBHBIX  UIIMXTOBBIX  MAaTEpPHAJIOB,
Ipe/JlaraeéMblii METOJ, MOXET CTaTh OCHOBOM JUIsl CO3JaHMsl TEXHOJOTUU
PEMOHTa JIONATOK TYpOWH aBHALlIOHHBIX ABHUIATEIEH.
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Puc. 1. YcTaHOBKA OYMCTKH TPEIIUH
aeTasieil H3 METAJINYECKHX CIIABOB

OCHOBHBIE anmapaThl YCTAHOBKH:

1. Peakrop, CHa0XCHHBIN
KOHTaKTHBIM  HarpeBaTesieM,
perynupyeMon MOIIHOCTH, IS
KOHTPOJISI  KOTOPOH  CIYXKUT
TepMomapa ¢ uudpoBoit
UHIUKAUEH TEMIIEPATyPhI;

2. EMKOCTh Il TPaBUTEILHOTO
pacTBopa, cHab)KeHa pyOamIKoi
JUTSE TEPMOCTATUPOBAHUSI,;

3. IMaporenepatop, cHaOXeH
HArpeBaTeIbHBIM 3JIEMEHTOM H
HUMEET MaTYUKU TeMIIEPATyPhl U
YPOBHS JKUIKOCTH;

4. Konnencarop, CHAOYKEHHBIN
pybamkoi g BOASHOTO
OXJIAKICHUS.
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ELASTIC JOINT WITH MICROHYDRAULIC
ACTUATION

Pilkauskas K., Bauriene G. Kaunas University of Technology,
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Kestucio 27, Kaunas, LT-44025, Lithuania, E-mail: kestutis.pilkauskas@ktu.lt
.genovaite.bauriene@ktu.lt,

Seeking for new quality advances an entire new approach to the
integrated system design, using new types of advanced materials, new
actuators, bioinspired or biomimetic structures becomes the more promising
way rather that significant efforts in modernization conventional mechatronic
systems.

Efforts to build precision mechanisms based on elastically deformed
frames, elastically hinged structures with the features of mechanical advantages
(displacement amplification) results in promising structures for precision
engineering [1, 2, 3]. Their integration with micro fluidic systems or basically
micro fluidic actuation, as well as active material actuated systems seems to be
perspective way for micro mechatronic systems development.

Having the aim to develop adaptive structures with the distributed
compliance a structure was proposed mechanical part of which consists of a
number of periodically arranged in longitudinal direction U-shaped structural
elements (Fig. 1) manufactured of high elasticity material (e.g. alloyed steel).
As U shaped members are used the side parts of which are relatively thick and
the bottom part relatively thin the fact implies an assumption the side parts to
be treated as rigid and the bottom part as elastic. The fluidic actuator in the
form of mini tube inserted in between the side parts of U shape when inflated
expands causing angular displacement of one side of the U shape with respect
to another. The U shaped links attached rigidly one to another by their sides
form the compliant mechanical structure. The resultant displacement
(movement) is the sum of angular displacements of all the U shaped members.

In order to obtain an effective means for the structure actuation the
application of a single tubular actuator folded in between rigid side parts of U
shaped members is a reasonable solution. In the current research with the aim
of interaction process analysis of the mini tube with rigid element the initially
pre-stressed arrangement was analysed. The angle of expansion due to tube
insertion into the elastic joint and subsequent inflation is obtained and
compared with experimental results.

Performance of the structure is predefined by the behavior of its single
joint.
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a b

Fig. 1 Compliant mechanism; a - mechanical structure; b -: Elementary unit of the
structure: 1 — U shaped link, 2 - fluidic actuator;

The computational model of a single joint is shown in Fig. 2a. It
represents one rigid side of the U element half of the tube and elastic element
(bottom part of U shaped element) the length of which is half U span.
Mechanical characteristics of the materials of the joint elements are as follows
— modulus of elasticity E = 193 GPa and E = 19.3 MPa, Poison‘s ratio v = 0.33

3 3
and v = 0.28, density p = 7900 kg/m and p = 1010 kg/m , yield point ay= 352

6 6
10 Paand ¢ = 17 10 Pa for U shaped link (AISI 301) and fluidic actuator

y
(Polivynil) accordingly. The dimensions are: U side height 2 mm, thickness of
bottom U part - 0.1 mm, outside diameter of the tube 2.08 mm, tube wall
thickness 0.255 mm. The width of the elastic elements is 50 mm.

mim
3 mm mm
3

! A4 f 1 |
0 P@/’B |
L 1 . — |
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Fig. 2 Simulation of the behaviour of the joint: a — initial position; b — the phase of tube
insertion; c — the phase of operation

Behaviour of the joint was analyzed by Finite Element Method. The
first simulation phase - the tube insertion was performed as follows. Assuming
that there is no pressure on the inner tube wall at initial position shown in Fig.
2a the end point A was moved vertically downwards deforming the system
elements elastically and allowing the points B B of the half tube contour to
move freely in horizontal direction (Fig. 2b). At the second simulation phase —
system operation pressure on the inner surface of the half tube was applied
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further deforming elements of the system (Fig. 2c) what resulted in angular
position change of the spacer after pressure is supplied.

Experimentally the structure was tested using optical test rig. A mirror
was mounted on one side of U shaped element and according the distance of
reflected laser beam shift the deformation angle was calculated.

Good agreement of the results of theoretical modeling and
experimental research (Fig. 3) indicate on operational capability of the
proposed structure.

theoretical

experimental

deformation, degrees

0

0 002 0.04 006 0.06 0.1
presure  MPa

Fig. 3 Comparison of the results of theoretical modeling and experimental research
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Nowadays in the development of modern mechatronic systems the
general trend to replace conventional mechanisms by the ones operating on
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new concepts and principles is observed. One group of such mechanisms
(piezoelectric actuators or piezodrives) is based on smart material application.
Smart material based sensors and actuators are especially convenient for the
use as components of mechatronic systems because they are simple structure
and easily electronically controlled components.

An original concept of a travelling wave type piezodrive for the
application as an actuator in robots or robotic units preferably as locomotion
unit in small size mobile robots is proposed.

The operation principle of wave piezodrives is based on friction
interaction of stator an input link in which a high frequency travelling wave
oscillations are excited with rotor an output link. The most important part of
these piezodrives is its stator. In our case — it is piezoceramic ring — shaped
exciter [1, 2]. Piezoelectric drive with a ring-shaped exciter is a complicated
elektromechanical system, when considered analytically. Mechanical and
electrical parameters and high frequency vibrotrasportation methods should be
included into its mathematical model.

The most difficult task is to determine the relation between the
piezoelectric exciter and the output link (rotor); i.e. between the system with
distributed parameters and the link whose motion is expressed by a
conventional differential equation. The inverse piezoefect is to be taken into
consideration, because the exciter is made of piezoceramics. Therefore, the
analytical investigations of dynamics of piezodrive with the ring-shaped exciter
and dynamic processes in it were studied by means of the method of finite
elements.

Structure of the proposed piezoelectric drive is presented in Fig. 1. It
consists of a rotor 2, three piezoceramic rings 1, elastic suspension elements of
the rings4 and the unit frame 3. Travelling waves are generated in
piezoceramic rings by conventional method, i.e. applying two phase, phase
shifted source of electrical oscillations. A piezoceramic ring contacts the rotor
by its inner surface, i.e. the inner surface which is concave by the shape is
pressed to the circular shaped rotor i.e. convex in shape. Constant contact
between the stator and the rotor is ensured by initially pre-strained suspension
elements 4. Totally the rotor is driven by three piezoceramic rings which are
arranged at 120° angular displacement each with respect to another and each
elastically suspended in cylinder shaped frame 3. The concave — convex shape
nature of piezoceramic ring - rotor contact zone and the three point contact of
the stator — rotor due to the mentioned above angular arrangement of the rings
is the key factor to achieve the stability of the stator- rotor contact for several
hours of operation required in most mobile micro robots.

For the analysis as a prototype was used the piezoceramic ring made
of piezoceramics CTS-19 (lead circonate) 1 with the following parameters:
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R;=0,010 m, R,=0,020 m — inner and outer radii of the ring;. y =3-10' N/m* —
elasticity modulus of piezoceramics; p=7200 N/m® — density of
piezoceramics.

Fig. 1 Structure of piezoelectric drive with 3 point contact of the stator and the rotor: 1 -
piezoceramic rings; 2 — rotor; 3 - frame of the unit; 4 - elastic suspension elements of
the rings

For theoretical investigation as the basic unit taking the interacting
single piezoceramic ring and the rotor mathematical model of the
electromechanical system - piezoceramic ring shaped exciter - rotor is as
follows:

FZ
MIE K6 el )= O {Fo 1+ 0.}

I:17
.. 2 )
J-p+bp=-r- fON5|gn(go~r—5rU

where [M], [K], [C] — matrices of piezoceramic ring-shaped exciter 1
masses, damping and stiffness respectively; {fj‘(t)} - force vector due to

electrical field, {f (t)}z A-sin(w, -t +¢, ), where i — number of finite element,
J — phase, A — amplitude of oscillations, @, — frequency of oscillations, ¢ —
phase shift. {@,} is the vector of acting forces on the contact point, & -

displacement of the exciter 1 contacting point, | — inertia moment of rotor 2, b
— damping coefficient, fo — dry friction coefficient, r - internal and external

radius of a ring-shaped exciter, N — normal reaction force, ¢,¢ - angular
velocity and acceleration of the rotor respectively.
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Fig. 2 Dynamic characteristics of wave piezodrive

The structural concept of the proposed piezodrive intended to be used
for robotic applications preferably small sized mobile robots is based on the
application of a stator composed of three elastically suspended in the unit’s
frame piezoceramic rings which contact the rotor in a prestrained manner by
their inner surfaces what ensures the frictional contact stability and thus the
performance reliability of the unit.

A model constructed for the analysis of frictional interaction between
the stator and the rotor proved the functionality of the proposed arrangement
with the sufficient characteristics for the application in small sized robotics.
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Time series prediction, especially long-term prediction is a challenge
in many fields of science and engineering. Although the search for a best time
series forecasting method continues, it is agreeable that no single method will
outperform all others in all situations. A method for time series forecasting by
fuzzy inference systems based on non-uniform attractor embedding is proposed
in this paper. The parameter characterizing the spreading of the embedded
attractor in the delay coordinate space is used as a fitness function for every set
of time lags. The reconstructed information on the properties of the underlying
dynamical system is directly elaborated in the fuzzy prediction system.
Computational examples are used to demonstrate the functionality of the
proposed method.

Time series forecasting by fuzzy inference systems is one of many
diverse methods used for extrapolating past behavior into future [1-3]. In
general, the object of these techniques is to build a model of the process and
then use this model on the last values of the time series to extrapolate past
behavior into future. In general, attractor embedding is a nonlinear analysis
procedure and comprises two basic steps: the determination of the minimal
dimension of the reconstructed delay phase space and the optimal time lag [4].

Suppose that a scalar time series is given as X, X,,..., Xy . Then time
delay vectors produced by a non-uniform embedding can be reconstructed as
follows [5]:

d-1
YO = Qo X Xprriaoar, ) P=12,N= D 7, (1)
i=1
where d is the embedding dimension of the delay coordinate space; yg’) is the

p-th reconstructed vector with the embedding dimension d; 7; € N . If the time
span between two adjacent points in the scalar time series is ¢ (the sampling
d-1
rate is 1/9), 52 7; isthe total embedding window. The function of
i=1
embedding quality is defined as the average of parameters of embedding
quality in all possible different planar projections:
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Every harmonic component of the original time series will be affected
by the function of embedding quality when the original time series will be
embedded into a d-dimensional delay coordinate space.
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Fig. 1. The optimal selection of 7 = 31 for a chaotic solution atd = 5

The best set of time lags (a near-optimal set) is determined to be
{#:4:3:4:4};  the resulting value of the fitness function is

F(4;4;3;4;4)= 1.0855. Next we use Matlab based ANFIS system (Fig. 1) to
predict the time series. We predict X(t+4) from the past values X(t—l?),

x(t-11), x(t—8), x(t—4), and x(t). We construct 560 data vectors y %),

use the first 280 ones for training (gray-shaded area in Fig. 1) while the others
— for determining the accuracy of the prediction (we start from the step number
250 because we want the transient processes to cease down before we start the
prediction). It can be noted that RMSE of the prediction errors is 0.4351 and
RMSE of the prediction errors of the post-transient chaotic Rossler attractor at
a=b=0.1 and ¢=20 is 0.4839. This is a good example illustrating the
value of non-uniform embedding for time series prediction by fuzzy inference
systems.
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We have extended time series prediction technique based on non-
uniform embedding by adding the functionality of genetic algorithms into the
procedure of determination of a near-optimal set of time lags. The
computational process can be characterized by three basic steps: the
identification of the optimal dimension of the phase space; the identification of
the near optimal set of time lags; training of ANFIS and prediction of the time
series. It is shown that direct computation of areas occupied by the chaotic
attractor embedded from the original time series into all possible planar
projections can considerably enhance the accuracy of prediction.
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DEVELOPMENT OF RHEOLOGICAL FLUIDS
MONITORING SYSTEM
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Abstract. Rheological properties of electro-rheological (ER) and
magneto-rheological (MR) fluids changes due to sedimentation. Aiming to
ensure reliable operation and good exploitation properties of devices with
rheological fluids during long period of time, rheological properties should
remain constant. This paper describes two monitoring systems for control of
sedimentation process of rheological fluids. This patent pending monitoring
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process allowing monitoring of rheological fluids rheological properties in
standby phase is very useful. Such monitoring systems can be used for control
of rheological fluids properties.

ERF and MRF is no colloidal suspension from ferromagnetic
particles, which are very small. For good treatment of device with rheological
fluids, need to vouch constantly properties of usable rheological fluids in all
period of devices work. But it is hard to reach this in devices with rheological
fluids working in shorts periods. When you stop using rheological fluids, in it
becomes sedimentation. Rheological fluids parts accumulate in bulk bottom.
For this reason there is requirement of rheological fluids monitoring system.
Signals of sensors must inform about fluids homogeneity. When reaches
critical sedimentation level, it must start mixer, for mix and raise parts from
bottom.

Speed of sedimentation depends on various parameters: Viscosity of
fluid, used for base of rheological fluids; Size of ferromagnetic particles;
Concentration of the ferromagnetic particles; Interaction of ferromagnetic
particles and molecules of the fluid; Temperature of the fluid; Amplitude and
speed of the fluid temperature changes; Operational intervals; Shape and size
of rheological fluids container; Loads on rheological fluids during exploitation.

Sedimentation is more significant in periods when devices are not
working. Therefore in order to keep homogeneity of rheological fluids, it
should be mixed, when concentration of particles reaches some value.
Depending on location of sensor in container, concentration of particles can be
lower (in higher part of fluid volume) or higher (in lower part of fluid volume).
In order to monitor this process of sediment, some monitoring system is
needed. It is quite natural that several different constructions of such system
can exist. Referencing earlier works [1], system was based on application of
submerged piezoceramic transducers (Fig. 1). Those transducers can be very
small and do not influence dynamical properties of the rheological fluids.
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Fig. 1 Rheological fluids monitoring and conditioning system: 1 — sensors; 2 — shakers; 3 —
controller; 4 — rheological fluid; 5 — container
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Depending on volume of rheological fluids container, dimensions of
the piezoelectric transducers (Fig. 1 position 1) may vary. They can be quite
small: thickness and height are about 1 - 2 mm, length is about 2 - 10 mm.
Such dimensions of those elements would guarantee that the built-in
monitoring system would not alter the physical properties of the analyzed
system significantly. Sensitivity of the system to the changes in the state of the
sedimentation of fluid will be defined by the sharpness of the piezoelectric
material amplitude — frequency characteristics. Aiming to simplify process of
monitoring and reduce quantity of equipment, all piezoelectric sensors can be
connected to one line of diagnostic. Size of sensors can be chosen depending
on shape and size of liquid container. Number of sensors in the diagnostic line
also depends on shape and size of liquid container. It should be noted that the
natural frequencies of the submerged transducers should be different. Such set-
up of transducer lines would enable monitoring of the natural frequencies
changes of the transducers when the rheological fluid around those transducers
is in sedimentation process and the boundary conditions are changing. This
information would provide the possibility to predict the level of sedimentation
and its parameters — temperature, viscosity, etc. In such system sensors must be
accordingly prepared. Sensors are coated by thin protective layer (50 - 100
pum), aiming to protect their electrodes from appearing of short circuit in fluid.
That could happen when conduction of rheological fluid is high, e.g. water is
used for the base of rheological fluid. In such case, moisture could change
properties of piezoelectric element.

Described monitoring method is a little bit uncomfortable of its
equipment number, need to measure sedimentation level. In Fig. 2 there is the
other rheological fluid monitoring and mixing system.

80



\\k\ﬂ\/
L
\/\
\// /
VNN
. E

§
\;(\
A
/\
SINNNY

o T —

Fig. 2: rheological fluids monitoring and mixing system: 1 - electric loop; 2 -
miliamperemeter (instead of it can be connected other supervisory device); 3 — bulk with
rheological fluid, wrapped with two connected coils; 4 — rheological fluid; 5 — piezoceramic
sensor; 6 — piezoceramic executer.

Using simpler variant suffice only electric loop, miliamperemeter and
bulk with rheological fluid, wrapped with two connected coils. Subdue electric
loop points 1 and 2 into electric net with ~ 220 V, become to generate magnetic
field in coils, which are connected to 4, 6 and 7 loop points. With connecting
miliamperemeter to loop points 3 and 4 we ascertainable sedimentation. Minus
is that wrapping coils must be not small, this limit of bulk sizes and forms.
Bulk can be rectangular parallelepiped and cylindrical form. Of side length or
diameter depends coils thickness, wherewith bulk is bigger the it needs thicker
coils, the best variant is then side length or diameter is to 10 mm. When the
bulk is longer, it is more sensitive nor with shorter bulk. With truing rheostats,
which is in electric loop, we properly adjust miliamperemeter indication. Then
we can watch exacter rheological fluids sedimentation.

When we need a better system, then we must douse piezoceramic
sensor and executor into bulk. Piezoceramic lamellas are connected in the same
rule, as was written in previously system, we can watch sedimentation of
rheological fluid with sensor and when becomes definite sedimentation level
fluid is mixing with piezoceramic executer. According to my experiments
results the best variation to douse sensor into depth 10 % of all height bulks. A
size of sensor must be from 1/4 to 1/3 of bulk cross-section measure, and
executer size must be near cross-section measure. Executer place in bulk is in
the bottom, for the better mix and raise fluid parts from bottom.

The whole system is a little bit cumbersome, but for rheological fluids
work almost don‘t have any influence. This system can fitting into devices
which have long and thin bulks. For this system environmental influence is
low.

Also we can use capacitors instead of coils. But in this case there is a
big influence of environmental. Depending for environmental humidity,
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temperature and other parameters are changing devices indication about
rheological fluids sedimentation. In this case these devices we can build only in
laboratory conditions.
Conclusions

Two new methods for monitoring and analysis of the sedimentation
process is proposed and described. First one is based on the usage of active
piezoelectric transducers, which are submerged into the rheological fluid.
Analytical rheological model of the system is designed and analyzed.
Numerical simulation of in-plane vibrations of built-in vibration transducers
confirmed the fact of the change of the dynamical characteristics of the
transducer during the process of sedimentation. That confirms the proposed
methodology for monitoring of process of sedimentation. Second one is based
on the usage of electric loop, which based of inductive converter principal
scheme, which exists in the world for a long time, in complex and simple
systems. Accomplished several experiments with his system and compared
received data from doused piezoceramic sensor and electric loop, can leave
only piezoceramic sensor for observe rheological fluid and piezoceramic
executer for mixing fluid. That will reduce the whole system size.
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HCCJEJOBAHUE JUHAMHUKH TPEX MACCHOM
BUBPAIITMOHHON MAIIWHBI C IEJBIO
IHOBBIINEHUSA DO@PEKTUBHOCTHU
TEXHOJIOI'MYECKHUX ITPOLHECCOB
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PaccmaTtpuBaeM Tpex MacCHYIO 3JEKTPOBHOPAIMOHHYIO MAIlUHY,
cxeMmaThdeckoe H300pakeHHEe KOTOpOM IOoka3aHO Ha puc. 1. Mammuna
COJIEPKUT J[BE Macchl B BHJE pabounx opraHoB 1 W 2, KOTOpBIE C IMOMOIIBIO
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YOpPYruX 3JEeMEHTOB 3 U 4 TNpHUKpeIUIeHbl K TpeTbell Macce 5. Ympyrue
9JIEMEHTHl HWMEIOT OJHOCTOPOHHHME OIOpBI, CO3JAIOIINe HEINHEHHOCTh
XapaKTEePUCTUK IKECTKOCTeH. PerynmMpoBka cTeneHH HETMHEHHOCTH MOXKHO
MIPOM3BECTH TEPEMENICHUEM KOHCTPYKIMM KpEIUIeHWS] BJIOJNb  YIPYTHX
3JIEMEHTOB. MalivHa NpUBOJUTCS B ABMXXEHHH C ITOMOIIBIO AJIEKTPOMArHuTa,
sIKOps 6 U cepAeyHuKa 7.

1 Hccnenyemast BUOpaluoHHAs
4 &, MallliHa  XapaKTepu3yeTcs  psIoM
= = JOCTOMHCTB. Maccst pabounx
e[ OpPraHOB ¥  KECTKOCTH  YIPYTHX
5 L 9JIEMEHTOB MOXXHO MOA00paTh TaKUM
X - obpazom, 4T00Bl  COOCTBEHHBIE
YacTOThl PabouuX OpraHoB ObUIH
. paBHbL. B 3TOM ciydae TpeThst Macca,
- i C TIOMOLIbI0 KOTOpPOH IOJBEIIeHA
MallliHa Ha HECYIIYI0 KOHCTPYKIHIO,
CTaHOBUTCS MIPAaKTHYECKH

HETOABIKHOM.

Puc. 1. Cxema Tpex MaccHoii BUOpaLHOHHOI
MAaIIUHBI

CrenoBaTenbHO, Iepefada BpeAHBIX BHOpAlMd HAa OKPYXKAIOILYIO
cpedy CTaHOBUTCS MUHUMAJIBHOM.

Kpome Toro, mmeercst BO3MOXXHOCTb INOAOOpaTh pas3Hble paboune
Macchl U COOTBETCTBYIOIME UM YIPYTHE 3JIEMEHTHI, CIEJOBATEIBHO, pa3HbIe
COOCTBEHHBIE YacCTOTHl KOJIeOaHMH Macc, KOTOphIE [ar0T BO3MOXKHOCTH
MIOJYYUTh Pa3Hble KOMOMHAIINH KoJeOaHni paboYnX OpraHoB.

bouln  mpoBeneHBl  TEOpPETHYECKHE U SKCIEpUMEHTAJbHbIE
WCCIIEJIOBAaHMSI TPEX MAacCHOW BHOPAalMOHHOW MAIIWHBL. Pe3ynbraThl Kak
TEOPETUYECKUX, TAK U SKCIIEPUMEHTAIIBbHBIX UCCIEI0BAaHUM MOKAa3aH, YTO NpU
acMMETpHU COOCTBEHHBIX 4YacTOT KojeOaHWii pabodyMx OpraHoB OCHOBHAs
pPE30HAHCHAs 4YacTOTa COXPaHAEICS, HO IpU 3TOM pabouue OpraHsl
KOJEOIIOTCA C Pa3HBIMM AaMIUIUTYJaMH. OTO OOCTOSTENbCTBO BaXKHO,
MOCKOJBKY MOKHO OJHOBPEMEHHO TPAHCIIOPTHPOBaTh JBa MaTepuana ¢
Pa3IUYHBIMU (U3UKO-MEXaHMYECKUMHU u FEOMETPUUECKUMHU
XapaKTEepUCTUKaMH U I0OUThCs Ooree AP PEKTUBHOIO MX IepEeMENCHUs.

Jis wmoctpand Ha pUC. 2 NIpUBENEHBI TpaduKH aMIUTATYIHO-
YaCTOTHBIX XapaKTEPUCTHK BCEX TPEX Macc, MONYYEHHBIX 3KCIIEPUMEHTAIBHO.
W3 cpaBHeHus TpadukoB BUAHA pa3HOCTh MUKOBBIX 3HAYEHHUH aMIUIUTyxA | u 2
pabo4mMx OpraHoB, a aMIUIMTYAbl KoieOaHWss 3 Macchl HE3HAYMTEIbHBI I10
CPaBHEHUIO C MOCIETHUMHU.
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AmM beimn  uwccnenoBaHbl TaKke
3.0 BITUSTHUS U3MEHCHUU
JIEMII(QHP YIOIITIX XapaKTEePUCTHK
MAaIllMHbl Ha aMIDTUTYIBl KOJeOaHun
24 I pabounx  opraHoB.  Pe3ynbTaThl
I, [IOKa3aju BO3MOKHOCTE
/ peryaupoBaHUs aAMIDTATYT
KOJIeOaHUH MacC CaMOCTOSITEIBHO.
Kak ObUTO OTMEYEHO BBINIC, YIIPYTHE
CUCTEMBI Tpex MacCHOM
BHOpPAITMOHHONH  MAIIUHBI ~ UMEIOT
HEJTMHEHHBIC XapaKTEePUCTHKH
xkectkocrel.  COOTBETCTBEHHO B
0.6 ),/jf/ 2 ALY pexnmax — kojebaHmii  paboumx
r'e'4 N OpPraHoB BO3MOXXHBI  BO30Y)KJEHUS
3L A [N cy0 u CyTeprapMOHUYECKHIX
S frit pexnmos xoneGanuit. Omun 13 Takux
20212223 2425262728 PSKUMOB, B YACTHOCTH, PEKUM

Puc. 2. AMIUINTYAHO-4aCTOTHbBIE 6 6 o
XapaKTepPHCTHKH Mace CYOrapMOHHWYCCKUX KOJICOAHUHN Ha
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yacTtoTe KoyeOaHWH THTAIOIEH JIIEKTPUUECKOH CeTH, OBbUI IONydeH
9KCTIEPUMEHTAIIBHO.

B 3akmroueHnm  ciemyer  OTMETHTh, 4YTO OBUIM  IIPOBEICHBI
TEOPETHYECKHE U OKCIIEPUMEHTAJbHBIE HCCIIEAOBAaHUS TpPEX MAacCCHOM
JJIEKTPOBUOPALMOHHOM MaIIMHBl peaJbHOM KOHCTPYKIMH. [ccnemoBaHus
MOKa3aJM, YTO B 3TOH KOHCTPYKIMM BO3MOXKHO NPHMEHEHHE JBYX pabodnx
OpraHoB, C TIIOMOINBIO KOTOPBIX MOXKHO OIHOBPEMEHHO ONTHMAaJIbHO
nepeMeInaTh ABa BUJA TPAHCIIOPTHPYEMOro Marepualia ¢ PasHbIMH (DU3UKO-
MEXaHWYECKUMH M T'€OMETPUYECKUMH XapakTepucTtukamu. Kpome Ttoro, B
3aBHCHMOCTH OT TpeOyeMOH MpPaKTHKOH 3a/1a4M, MAIlIMHy MO)KHO HACTPOUTH B
PE30HAHCHOM PEXHMME, KaK Ha YacTOTe MUTaHMS SJIEKTPHYECKOH CeTH, TaK M Ha
Oollee HU3KON 4YacTOTE, COOTBETCTBYIOIICH ITOJIOBHHE YACTOTHI KOJICOAHHUS
ceTu.

Jluteparypa
I'T. Uynas, H.I. Lymnas. OcHoOBbl Teopum KoneOaHWH W BHOpaIMOHHBIE
Mammael, Towmcu, I'TY, 2010. 178 ctp.

CEKIIUA CIIEHUAJIbBHBIX ITPOBJIEM
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IKCHEPUMEHTAJIBHO-PACYETHBIE METO/IbI
OIIPEAEJIEHUS SQHEPTUU JE®OPMALIINN
INOBPEXXJIEHHBIX B PE3YJIbTATE ATII
TPAHCIIOPTHBIX CPEJICTB

Ozopoonuxoe Bumanuii Aumornoeuy, I[lepnoe Bukmop Eeeenvesuy
Bunnuykuti nayuonanbHulil mexHuyecKuti yHugepcumen,
Xmenvruyxoe wocce 95, 2. Bunnuya, Yxpauna, 21021
Ten.: +38067-5897115, E-mail: vaogorodnikov@ukr.net

deHomeHoNornYeckass  Teopus  AePOPMUPYEMOCTH  METaJLIOB,
pasBuBaemast ¢ koHna 70-x rogqoB XX cTONETHS, YCHENIHO NMPUMEHSETCS NpU
pemieHny 3amady oOpaOOTKM JaBJEHHEM, a B TOCIEIHHE AECSATUIETHS — B
aBTOTEXHHYECKMX  OKCIIEpPTH3aX. BO3MOXXHOCTP HAXOXAEHHS  CTEIeHH
neopmManM B YCIOBUSIX CIIOXKHOTO HEMOHOTOHHOTO Ae(hOpMHPOBAaHUS
MO3BOJISIET  OLEHMBATh  HpenenbHoe  (DOPMOM3MEHEHHE  3arOTOBOK
00pabaThIBaeMbIX JIaBJICHWEM, a TakkKe HaxomuTh pabory nedopmarmit
KOHCTPYKLUI moBpexieHHbIX B pe3ynbrare J{TI1 TpaHciopTHBIX cpecTB, MpH
pelLIeHNH 3a]a4 aBTOTEXHUYECKUX IKCIEPTH3.

Co3/1aHleM 3KCIIEpUMEHTAIbHO-PACUETHBIX METO/IOB, C MOMOIIBIO
KOTOPBIX MOXKHO OIPEAESATh DHEPrHio, 3aTpadyeHHYI0 Ha IUIaCTHYECKHUE
nedopmanyu U paspynieHne 3JIeMEHTOB KOHCTPYKIIUHA TPaHCIIOPTHBIX CPEACTB
B pe3yJbTaTe JOPOKHO-TPAHCHOPTHHIX MPOHCIIECTBUI 3aHMMAETCsl OJHO U3
HayYHBIX HampaBiIeHUH Kadeapsl CONPOTHBICHUS! MAaTEPHUAIOB M IPHUKIIATHOM
MeXaHUKH BUHHHIIKOrO HAIMOHATILHOI'O TEXHUYECKOTO YHUBEPCHUTETA.

Omnpenenenne 3HEPruM jAedopManyyd W Pa3pylIeHUs] 3IEMEHTOB
KOHCTPYKLIUM TPAHCHOPTHBIX CPEJCTB BAXKHO HE TOJBKO MJISI HPOBEACHUS
9KCTIEPTHBIX OIEHOK CKOPOCTH WX JBWXKEHHUsS HA MOMEHT CTOJNKHOBeHHs. [Ipu
KOHCTPYHUPOBAHWHM M W3TOTOBJICHHH COBPEMEHHBIX CKOPOCTHBIX aBTOMOOMIIEH
B aBTOMOOWJIECTPOSHMH [aBHO Ha3pena HEeoOXOOUMOCTh  CO3IaHUs
0e30MacHBIX KOHCTPYKIMH, KoTopble B pesymerate JTII obecmeuat
MaKCHMaJIbHYIO 3alIUTy BOJMTENI0 W MacCaXupaM. OTO JIOCTHIAETCs
CO3JJaHMEM KOHCTPYKIHH, ITPOYHOCTH JYKECTKOCTh KOTOPBHIX YIpaBiisieMa M
nporHosupyema.  Takas  yImpaBiIsieMOCTh  NPOYHOCTH M JKECTKOCTH
obecrieunBaeTcsi nmapamMeTpamMHu TEXHOJIOTMH OOpabdOTKM JaBjieHHEM, T. €.
TEXHOJIOTUUECKUM HACIIE/INEM.

Merob! onpeencaus paboThl AeOopMaIuy U pa3pylIcHAsS METaJIIOB
B YCIOBUSIX JUHAMHYECKMX HArpy30K B TIOJIHOH ITOCTaHOBKE 3a/a4H,
3aKJTIOYAOIIEHCS B OLIEHKE HaNpsHKEHHO-Ie(OpMHUPOBAHHOI'O COCTOSHHS Ha
cTaguu 00pabOTKH JIaBJICHWEM U Ha ATanax JUHAMHUYECKOro Je) OpMHUPOBaHUS,
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SIBIISTEFOTCSI aKTYaJIbHBIMH B COBPEMCHHOM aBTOMOOWJICCTPOCHHH M CIYXKat
OCHOBOM MOJIETUPOBAHUS aBapUil.

Lens coBpeMEHHOrO MOJEIHUPOBAHUSI COCTOMT B OILIEHKE JIOJIH
SHEPTUM y/Aapa, BOCOIPUHUMAEMON KOHCTPYKIMEW M ONpPENEIeHUU XapaKTepa
paspyureHuii. COBpeMEHHBIC MOJICTU aBapHid JIODKHBI OBITh OPUEHTHPOBAHBI
HA CJIOKHBIC UCTOPUH Je()OpMUPOBAHUS, TaK KaK IIPU MOJCITUPOBAHUN aBapPHUIA
MPUXOJINUTCS  ONHUCHIBATH JIBYXCTYNEHUYATHI MpOIEeCC — CTaTUYECKOe
Je(OPMHUPOBAHUE TIPU ONEPAIUSIX OOPAaOOTKH JAaBICHHEM, W TOCIICAYIOIIHE
JMUHAMHUYECKOE e OPMHUPOBAHUE TIPH yIape.

PaccMoTpuM  omMH M3 DKCHEPUMEHTAIbHO-PACYETHBIX  METOJIOB
OnpeJieSieHUs] MOTEHIMAJIbHOW JHEPruu 3aTpaueHHOW Ha TOBPEXIEHMUS,
Bosuukmme B pesyaprate JITII. Pa3spaGoranHas MeToJuKa OICHKU
MOTEHIINAILHOM SHEpPIUH, YUUTBHIBAET  BIIMSIHUE MpeIBApUTENLHOMN
IUTACTHYECKON Je(hOpMaIliuy SJIEMEHTOB KOHCTPYKITMH TPAHCTIOPTHBIX CPENICTB.

[lyreM HCHBITaHUS TUTOCKUX OOPA3IOB, U3TOTOBJICHHBIX U3 TOrO XK€
MaTepuayia, YTO W  O3JCMEHTHl KOHCTPYKIIMHM  aBTOMOOWIIS, CTPOST

TapUpOBOYHEIA Tpaduk : TBepAocTh — Hi, uHTEHCHBHOCTH nedopManmu — &, .

Ilpu MOCTPOEHMH YKA3aHHOTO TpauKa BBOMATCS MApaMeTPbl HCXOIHOM
tBeprocte (Hr)o, mcxomHoro mpemena TekydecT Martepuana (O, ). Tax

UCXOJIHBIM TMpesen TeKydecTH O, (MIla) craBuTCcs B COOTBETCTBHE C

tBepaocthio (Hr)y crienyst ypaBHEHHUIO

04, =D+0,33(H;),> (1)
rae kodd¢unmentsr D mpu usmepenun TBeppoctd TBepaomepom TEMII-3
paBen D=176. VcxomHblii mpenen TEKy4eCTH CTaBUTCS B COOTBETCTBUE C
KO(GHUIMEHTOM aIpPOKCUMALMM KPHUBOM TEUEHHsS MaTepHhaja COINIaCHO
YPaBHEHHIO

A=1000exp(-0.00085,,,) , (2)

rne A — koadduimeHT annpokcuMaly KpUBOH TedeHus: Matepuaina, MIla.
KpuBas Teuenus marepuana umMeeT BUI

o, =Ag" , 3)
Koapopuumenr N B ¢opmyne (3) g pasmuyHBIX MaTepHaoB

NPUMEHSAEMBIX B aBTOMOOMIIECTPOSHHH HaxoauTcs B mpenenax 0,352n 20,1
1 MOXKET OBITh PHOJIMIKEHHO HAWJIeH U3 YpaBHEHHS

n = 0,35exp(—0,0008A) . (4)
B ):[aJ'II;HefIIJ.IeM BBOAUTCS napaMeTp K H, - OTHOIIICHUEC TBep):[OCTI/I
"TH,

nehOpPMHUPOBAHHOTO MaTepHaa K UCXOMHOH TBEPJOCTH 3TOrO K& MaTepHaa.
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Koaddumuent K, moctasiieH B COOTBETCTBHE C HHTCHCHUBHOCTBIO Jiedopmanuii
g,. 3aTeM CTpOAT 3aBHCMMOCTh Kod(pduumenta K, or kodsd@ummenta Ky

XapaKTepU3UPYIOIETO OTHOLIEHHWE YAENbHON MNoTeHIManbHOi aHeprun Wy,
JeopMUpOBAHHOTO MaTepualla K BeJIMIMHE YIPYrol SHEpT U

_ %%, 5)
o 2F

rae Oy, - Tpenen TEeKy4ecTH, E — MOAyNb YNPYrocTH Marepuana.

3aBucumocthb K,, = f (K, ) MOXHO aNnpoKCUMHPOBATH YPABHEHUEM

K
In =H
6
W, =W, exp D, (6)
Cc
e w, o - C momoIplo 3aBUCUMOCTH (6) MOXXHO pacCcuuTaTh BEIUYUHY
w,

0

yI[eHBHOﬁ HOTeHHPIaJ'IBHOﬁ OHEPIrun I[e(l)OpMaHI/II/I Marepuaia Wy) .

Cpenn  Hamboynee JOCTYNHBIX B HUCIONB30BAHUM  METOJOB
ONpEeNeNICHUsT JHeprud JedopMalid  TPAHCHOPTHBIX  CPEICTB  CIEIYeT
OTMETUTh TaKXe METOJ| '"SHEepreTuueckoro skBUBajeHTa". [l pasHbIX
KOHCTPYKIIUH aBTOMOOWJICH MPOU3BOMUTEISAMHU TPHUBOIATCS KO3 PHUIIUEHTHI
SHEPTOMOTJIONICHHUS, 3Has KOTOPBIE MOKHO OIPEIEIIATh SHEPTHUIO MedopManuu
mo '"ymemumiemy" Tpu  yaape o0beMy KOHCTPYKIuu. IIpu 3TOM cTOHUT
VYUTHIBATH  XapakTep JcQOPMHPOBAHUS U  OCOOCHHOCTH  IKECTKOCTU
kKoHCTpyKIuu. ONHAKO HE BCE MPOU3BOMUTEIN aBTOMOOWICH MPEIOCTABIISIOT
uHpOpPMAIUIO O KOI(D(GUIIMEHTAX SHEPTOMOINIONEHH. TakKe BBI3BIBACT
TPYAHOCTU OIpEJeNICHUEe JHEPruu JnedopMarid YKa3aHHBIM METOIOM IS
IPY30BBIX aBTOMOOWIEH. B MOMOOHBIX CITydasx CTOHWT HCIIOIh30BATh METOJ
TBEPIOCTU JUISI ONPENEICHUS SHEPruM Intactuueckor paedopmarum. C
MPUMEHEHHEM METOAa TBEPJOCTH BO3MOXKHO TaKXKe YTOYHATH 3HAUYECHUS
K03(pPHUIMEHTOB YHEPTOTOTIIONICHUS.

BriBoabI

PaccMoTpeHbl dKCIIEpUMEHTAbHO-PACUETHBIE METOJIBI ONpE/IeSICHUS
SHEPTUU TUTACTHYCCKON JTehopMaIii JIEMEHTOB KOHCTPYKIIUH TPAHCIOPTHBIX
CpPEelICTB HU3MEpEeHHEM TBEpAOCTH MeTaia. [IpeniokeHbl 3aBUCHUMOCTH,
KOTOpBIC IO3BOJISIOT WACHTH(OUIUPOBATH IO TBEPAOCTU MpPEICT TEKY4eCTH
Marepuana, a Takke KO3(QQUIMCHTH aNmpOKCHUMAIMH KPHUBOW TCUCHUS
Marepuana.
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YYACTUE YKPAUHCKHUX YUEHBIX B
MEXJIYHAPOJHBIX TPOEKTAX DESY ITO ®U3UKE
BBICOKHMX YHEPT UM

Aywes E.B., boeopout A.T., Bopornog C.A.
Kagedpa npuknaonou guzuxu Qusuxo-mexrnuuecxkozo uncmumyma HTYY « KI1H»

OcHoBHast 3amaya (U3UKH BBICOKMX DHEPrMH — H3ydeHHUE
(yHIaMEHTaIbHBIX CBOWCTB W 3aKOHOB B3aMMOJCHCTBUS 3JIEMEHTapHBIX
yactull. YToOBl YBHIETh HOBBIE SIBIEHHS  HEOOXOIMMO TIIEPEXOIUTH K
OONBIIIM DHEPTHSAM M MEHBIIMM DPAacCTOSHUN cTankuBaromuxcs vactun. C
9TOH 1IETBI0 CO3/IAI0TCSI MOIIHBIE SKCIIEPUMEHTAIBHBIE KOMIUIEKCHI, OTHAM W3
KOTOpBIX sIBisieTCsl JeTekTopHelli kommuiekc ZEUS nHa 0Gase snmextpon-
nporoHHoro yckopurenss HERA — MHOroyHKIIMOHAIBHBIA AETEKTOp C 47—
reoMeTpHuell sl U3y4eHHs! AJIEKTPOH-IPOTOHHBIX B3aMMOJEHCTBUNA. DHeprus
aseKTpoHHOro mnyuka 27,5 I'eB, sHeprus nporonHoro myuka B 1998 r. Obuta
yBenuueHa ¢ 820 mo 920 I'eB, uTo Ha MOpAAOK BBIIIE, YEM B IPOBEACHHBIX
paHee  OKCIIEpUMEHTax IO  TIJyOOKO-HEypyroMy  pacCesHUIO  Ha
(PMKCUPOBaHHBIX MHUIICHSX.

B Hacrosmiee BpeMss ~ M3BeCTHBI  pabOTHI,  TOCBSIIEHHbIE
UCCIIEIOBAaHUSAM  COOBITHH € pOXIEHWEM  aHAPOHHBIX  CTpyH  —
Y3KOHANpAaBJICHHBI IIOTOK YacTull (aJpOHOB), POXKIAEHHBIX B MOMEHT
CTONKHOBEHHs. ANpOHHBIC CTpyH (jetS) TpakTyIOTCs COBPEMEHHOH (HU3HKOM,
KaK BBIOMTBIE KBapKH, KOTOpbIE HE MOTYT CYyIIECTBOBaTh B CBOOOIHOM
COCTOSIHUM BelieqicBue 3ampera (confinement) npeBpaiarotcss B IOTOK YaCTHII
aJIPOHOB. Takne  WccnemoBaHus — MOAPa3syMEBAIOT  W3MEPEHUS
muddepeHIMaNBHBIX CeYeHUH pPOXICHUS aJpOHHBIX CTPYH TpU Pa3HBIX
SHEPrHsX HaJETAIONIUX YacTHIl, KaKk (YHKIMU yriax BbUIETa CTPYH, €HEPTUU U
JIPYTUX KUHEMaTH4eCKHX NapameTpoB. [IpoBOIMINCE Tarke HMCCIeIO0BAHUS
CTPYKTYpbl CTpyH M  MEXaHH3MOB  DOXK/IEHHS OIHOBPEMEHHO B OJHOM
CTOJIKHOBEHHH HECKOJBKHX CTPYH (IBYX, TPEX H T.II.).

W3yueHne aHAPOHHBIX CTPYH Hauanock ¢ 1975 r., koraa Ha JIeKTpOH-
nozutponHoMm konaiinepe SPEAR B mabopatopun SLAK (CILIA) Bnepsble
ObUTH 0OHApYKEHBI IBYXCTpYiTHBbIE cOObITHSI. CO BpEMEHEM TaKue ke COOBITHS
Obun  OOHApY)KEHBI HA  AJIEKTPOH-MO3UTpOHHOM  Komaiimepe PETRA
(T'epmanust), a B 1979 1. 3KCIIepUMEHTAIBHO TOATBEPXKIEHO CYIIECTBOBAHHE
[JIIOOHA — MEPEeHOCYMKA CHIIBHBIX B3aMMOJECHUCTBHH MEXKIY YacTHLAMH- NPU
OOHApY)KEHUH TPEXCTPYUHBIX cOoObITHH. CaMO pPOXKICHHE aHAPOHHBIX CTPYH
€CTh OIBITHBIM TTOJITBEP)KACHHEM CYIIECTBOBAHHMS KBAapKOB, KOTOpHIE HE
O00HapYXMBAIOTCS B CBOOOJHOM COCTOSIHUM. 3ydeHue aHAPOHHBIX CTpyH B
KOJIafIepHBIX 9KCIEpUMEHTaX, B KOTOPBIX CTaJIKMBAJINCh
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BBICOKOIHEPreTHUECKNE YAaCTHUKHU: MPOTOH-aHTUIIPOTOH, AJIEKTPOH-TIPOTOH HE
TOJBKO CBUJETENBCTBYIOT O KBAapKOBOW IPHUPOAE MPOTOHA, HO TaKKe
MO3BOJISIET OKCIEPUMEHTAIBHO U3MEpATh (DyHIaMEHTaIbHbIE KOHCTAHTHI,
HalpyMep KOHCTAHTY CHJIBHOTO B3aUMOJICHCTBHS 0. Takue SKCIEPUMEHTHI
MPOBOJIATCS CErofHsl Takke Ha komaimepax LHC (IJEPH) u Tevatron
(Fermilab). VYuurbiBas HW3JIOKEHHOE, MOXHO C/A€TaTh BBIBOJ, YTO
WCCIIEIOBAaHNSI aHAPOHHBIX CTPYH SIBIISIETCS aKTyalbHBIM B (DU3MKE BBICOKHX
sHepruid. Ha pesynmpraTax Takmx HCCIIEOBaHUI OCHOBBIBAIOTCS COBPEMEHHBIE
(yHIaMeHTaIbHbIE 3HAHUS O CTPYKTYpE MPOTOHA. DTO MOIIHBIH HHCTPYMEHT
MIPOBEPKH Mpe/ICKa3aHNi KBAHTOBOM XpPOMOJIMHAMHKH U UCTOYHHUK 3HAHUH PO
(yHIIaMeHTaIbHBIE CBOMCTBA KOCMOCA.

B T'amOypre (I'epmanmsi) B MeXIyHapoOAHOM HAy4HOM IIEHTpE
Deutsches Elektronen Sinchrotron (DESY), ocHoBannom B 1959 1., rae
paboraroT OKOJO 2 THICSY YUYEHBIX, BBIIOJHSIIOTCS (YyHIaMEHTaJIbHbIE
uccienoBaHus B 00s1acT (U3MKK BBICOKHMX SHEpruil. B obmiem, HampaBieHus
WCCIIEIOBAaHUH YCIIOBHO MOXKHO pa30WTh Ha TPU TPYIIBL a) pa3sBUTHE
YCKOPUTENBHOW TEXHUKH; 0) MCCIEJOBHHE MaTepHalioB Ha MHKPOYpPOBHE Ha
Iy4kax (OTOHOB (BKJIIOYAsi KOT€PEHTHBIE TyYKH B PEHTTEHOBCKOM JIMAIla30He)
u pa3paboTka HOBEUIIMX TEXHOJOTHWH, B T.4. HAHOTEXHOJIOTHI; B) M3y4deHUE
(U3UKH DIIEeMEHTaPHBIX YaCTHII.

ITo pasBururo yckopurenbHOi TexHukn (TESLA TexHomormum) B
Mexnynaponqaom HaydHoM ueHTpe DESY paspaboransl cBepXmpoBojsiue
YCKOpUTENbHBIE MOIYJIM, TIO3BONISIONIME TONydYaTh yckopeHue po 30
MUJUTHOHOB 3JEKTPOH-BOJBT Ha | MeTpe JUIMHBI Takoro pe3oHaropa. Ha stom
DESY 3apabarbiBaeT COTHH MUWUIMOHOB €BpO, OCOOGHHO C HayajloM
CTPOUTENbCTBA HOBOTO peHTreHoBckoro sasepa XFEL, rae mpemycmorpeHa
YCTaHOBKA HECKOJIBKUX THICSY TaKUX PE30HATOPOB.

B obOnactu ¢usukn snemenrapHeix yactun B DESY mpoBoautcs
skcriepumenT ZEUS, B koropom yuactByroT 400 yueHbIX, MPEACTaBISIOMUX 57
yHuBepcuTeToB U3 17 crpaH. [IpuMepHO TakuX ke pasMepoB IKCIIEPUMEHTHI
H1 u HERMES. DESY emgé yuactByer B akcrepumMente IceCube, kotopsrit
NPOBOJUTCS B AHTapKTHAe, TAC A8 PETHCTPALMH 4YacTUll (HEHTpHHO)
WCTIONB3YIOT MHOTOKHJIOMETPOBYIO TOJIIY JIbJd, B KOTOPOH BCTaBJICHBI
JIETEKTOPBL.

B obnactu ¢u3uku ¢GoTroHOB Hamboiee M3BECTHBI MEXIyHapOIHBIE
mpoektel PETRAIIl, FLASH u HFEL, xoTophic OueHb TOPOTOCTOSIINE U B
HUX COBMECTHO Y4acTBYIOT MHOT'O CTPaH.

Hamnpumep, B npoexre XFEL y4actBytot 13 cTpaH, B KOTOpBI TOIBEKO
Poccus Bnoxuna okono 300 MUIITHOHOB €BPO.

Bynem Hagesitcs, uro B OyaymieM YKpauHa ToXe OQHUIMATEHO
MPUCOETUHUTCS K OTHM MPOEKTaM, 4YTO II03BOJIUT HAIIUM  Y4YEHBIM
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YYaBCTBOBAaTh B  pa3pabOTKe HOBEHIIMX TEXHOJOIMH, KOTOpHIE CTaHyT
06a3ucoM Uil BBIYCKa HOBOW  KOHKYPEHTHO-CIIOCOOHOH W HayKOEMKOW
MIPOIYKIINH.

Takue dKCIIepUMEHTHI JUIATCS TOJaMH, a 00paboTKa WX JaHHBIX eIé
JIONbLIE.

ITocne 3anycka komnaiaepa B IEPH MHorue acnupaHtsl U y4eHble U3
3amaJiHbIX YHUBEPCUTETOB IIEPEKIIOYMINCh Ha BBHIITOJHEHHE IPOEKTOB B
IHEPHe. Ho skcnepumentsr B LIEPH (mpoTOH-IPOTOHHBIE CTOIKHOBEHHS) HE
CMOTYT 3aMEHHTHh MWCCIIEIOBAaHUH HA YHHUKAJIbHOM 3JIEKTPOH-TIPOTOHHOM
komaiinepe HERA, B Tom wumcne pesynbratoB oskcrepumenta ZEUS.
HaxomyieHo OrpoMHOe KOJIMYECTBO SKCIIEPUMEHTAJIBHBIX JaHHBIX, KOTOpPHIE
oCTaJIUCh HEOOpaOOTaHHBIMU M HEOMyOJIIMKOBaHHBIMHU (IIOTEHLMAIBHO 3TO 40-
50 craTeli B IpeCTXHBIX XypHaiax). OTBETCTBEHHYIO W PYTHHHYIO paboTy
Mo 00paboTKe OSKCHEPUMEHTAIBHBIX JaHHBIX, HPEIBSIBISIONIYIO BBHICOKHE
TpeOOBaHMSI 10 TEOPETHYECKOM MOATOTOBKE M HPOrpaMHPOBAHHIO,
paccunTanHylo 10 KoHna 2014 roja ¢ rapaHTHPOBaHHBIM (PMHAHCHPOBAHHUEM,
MIPOJOJDKAIOT  BBIMOJHATH Mojoable (U3MKKM C XOpOIIeH BY30BCKOW
MOATOTOBKOW. VMeercst odeHb Xopolias BO3MOXKHOCTh HalucaThb HE OIHY
JUCCEPTALMIO 110 HWMEIOMIUMCS  MaTepHajaM. Jlns  BBIIOTTHEHMS
MOCTAaBJIEHHBIX 33/7a4 Ha KOHKypcHOH ocHoBe DESY mnpurnamaer
JIOTIONTHUTENBHO — BBHICOKOKBAJTM(UIIMPOBAHHBIX ~ CIEIMAIMCTOB B 00JIaCTH
(u3MYecKoro sKCrepuMenTa. B xoe KOHKypcHOTro 0TOOpa NPETEHICHTY JaroT
Ha KOPOTKHH CPOK 3aJauy M OL[EHUBAIOT MOJTYy4eHHBIN pe3ynbrat. [locie aToro
MIPUHAMAETCSI pellIeHHe O MPOIEHUH COTPY/AHMYECTB. YUYHUTHIBAs, YTO aHAIIU3
OKCIIEPUMEHTOB BEJETCSl MO OTAENbHBIM TEMaThkaM. TakuX TeMaTHK
HECKOJIBKO JIECSITKOB MO pa3HBIM HampaBiieHUsIM. [lo3TOMy pe3ynbTaThl
W3MEpeHnH, MOJTy4YeHHbIE B JKCIIEPUMEHTE, MOTYT OBITh WCIIONB30BAHBI IS
MHOTUX  pa3iauyHblXx  ¢(usnmuecknx  3amad. Kpome 3toro  aHamms
SKCIIEPUMEHTAJBHBIX JAHHBIX [0 KaXJIOH TeMe IyOIupyrTcs, TO €CTb,
BBINOJHSAETCS HE3aBUCHMO JIByMSI DPa3HbIMH (DU3UKaMHU, HCIIOJIB3YIOIINE
pasHble MeTonbl 00paboTku. OOpaboTKa JaHHBIX BEAETCS Ha KOMIbloTepax. 3a
MHOTHE TO/Bl dKCIIEpUMEHTa HakoruieHo okono 100 TepabaiT mHpopmanuw,
KOTOpYI0 HeoOxoammo rmepepaboraTh M omyOnmukoBath. [loaTomy ocoOble
TpeOOBaHUSI TPENBSBISAIOTCS NPEXIE BCEro K NPOrpaMMHUPOBAHUIO U
HAIMCAHUIO JIOBOJIFHO CIIOXHBIX (hu3nueckux nporpamm. Koneuno, TpeGyercs
3HaHHE PadOTHI IETEKTOPa, B KOTOPOM HCIIOJIb30BaJIOCH OKOJIO MOJYMHJUTHOHA
KaHAJIOB pETHCTpallid  COOBITWH, ¥ TOHUMaHWe (HU3UKHA IIPOLIECCOB.
AJropuTMBl TIporpaMM  00pabOTKM JTaHHBIX COCTOSIT, KakK IpaBWIO, U3
HECKOJIBKUX ThICSY CTPOK. Kaknplil yueHbll (Kak MpaBHIIO, aClUPAHT) TOCIe
pa3paboTKu NporpaMMbl, TNOChUIAaeT €€ Ha BBINOJHEHHWE Ha CIICIHaIbHbIE
KOMITBIOTEPHBIE  (DEPMBI, COCTOSIIIUX M3 MHOTHUX COTEH IPOIECCOPOB.
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OaHOBpEMEHHO MOT'YT mochuiaThesi okono 100 3a7a4d, KOTOPHIE BBHIMTOTHSAIOTCS
opol 10 HECKOJNBKO aHed kaxknas Ha 100 pa3HBIX KOMITBIOTEpax (CHcTeMa
zarah).

Cpenu TpEeTEHJEHTOB Ha TakKylo paboTy ObUI  BBITYCKHHK
HanmonampHOro  TEXHHYECKOro  yHHBepcuTeTa  YKpawHbl  «KueBckuii
nomutexanaeckuiit uHCTUTYT (HTYY «KIIW») Aymes Erop Bnagumuposuy,
KOTOpBIH YCIIEIIHO CIPaBHJIICS CO CBOEH 3a1aueil U eMy NpeIIoKUIN KOHTPAKT
Ha Tpu Mecsina. Ilocnme aToro, yOemuBIIMCH B XOpPOIIMX pE3yJIbTaTax €ro
paboTel W NyOJIMKaMAX TO pa3pabaTbiBaeMOH TeMme, €My NPEeIOKUIN
TOMYHBINA KOHTPAKT, KOTOPHI aBTOMAaTHYECKH OBbIJI HEJaBHO MPOJIOHTHPOBaH.
VYunTeIBasi MHTEpEC K €ro pabore ¢ HEMEIKOH M YKpPauHCKOH CTOpPOH, eMy
OBbUIO MPEUIOKEHO MOCTYIHUTh B aCIIUPAHTYPY, YTO OH YCHEIIHO OCYIIECTBUI B
okTsi0pe 2010 roga, craB acupaHToM Kadeapsl MpuKiIagHoi Gpusnkun OU3HKo-
texHnueckoro uacturyra HTYY «KII».

Ha DESY mnpoxoisr mnpeMIuIOMHYIO TIPaKTUKy CTYIEHTBI W3
MHOTMX BY30B Pa3HBIX CTpaH Mupa, B ToM uucie ¢ Ykpaussl (KneBckoro
HallMOHAJIBHOTO yHHMBepcuTeta wuMeHn Tapaca Illesuenko u Kwueso-
MorunsHCKoN aKaJgeMun).

Hayunyio pabotry mo 00paboTKe SKCIEpUMEHTATbHBIX IaHHBIX B
KauecTBE MapajUIeIbHOr0 aHain3a BbIMONHSET BbIMycKHUK HTVYY «KIIN»
Aymes E.B. Bmecre ¢ HemenkuMm acnmpantom X. Ileppu (Hanno Perrey) uz
I'amOyprckoro  yHuBepcutera. Ero HayuHbIi pYyKOBOAMTENb  JOKTOD
T.lopHep, KOTOPBIN ABASETCS KOOPAUHATOPOM 20 HEMEIKUX YHUBEPCUTETOB
nmo mpoekry «Physics at the Terascale» u 3ameiicTBOBaH B 3KCHEpHUMEHTAX
LHEPH.

ITpu 06paboTKe SKCIEPUMEHTANBHBIX JAaHHBIX IPUMEHSIOTCS 3aKOHBI
KBAaHTOBOM MEXaHWKU M PEISITUBHCTKON (PU3MKH, COIJIACHO KOTOPBIM Macca M
SHEprus SKBUBAJIEHTHBHI M II03TOMY Macca 4YacTHI[ MOXET H3MEpSThCS B
eIMMHNANAaX OSHepruu. J[Is W3MepeHus SHEepPruM YacThI] M MacChl YacTHIL
UCTIONIB3YIOTCS  MPOM3BOMHBIE  OT  DJIEKTPOH-BOJIBTA (3T0  3Heprus,
npuodperaemast 3apsiIOM  PaBHBIM 3apsJy OJIHOTO 3JIEKTpOHAa IpH
IPOXOXK/ICHHH PAsHHIBI moTenrmanos 1 Bomst: 1 38=1,6 ?210%x). Jlns
XapaKTEPUCTUKH pPa3MEPOB U PACCTOSHHUI NCTIONB3YIOTCS €UHUIIBI H3MEPEHUSI
fm (bepmu wmm femto-meter; Igpepmu = 1?2 10%°x). Tlonepeunsie ceuenus
POXKIEHUS aJpOHHBIX CTPYH HM3MEpSIOT B MHKpoOapHaX, HaHOOAapHax W
nukobaprax (I 6apn = 1? 10%cr?, 126 = 1? 10%6apna).

UroObl NONYYUTh XOPOIIYI0 CTATUCTUKY B IpOIlEcCcax C CEYEHHEM B
HECKOJIBKO MHUKpPOOapH, M3MEPEHHsS MPOBOAAT Ha NPOTSDKEHWH HECKOJIBKUX
JHeH uiu Henenb. [Iporeccsl, n3MepseMble HaHOOApHAMM, JUIATCS MeCSILaMH U
ropamu. [Ipomecchl ¢ ceueHreM MUKOOApH JUIATCS MHOTHE TOABI M ISl HUX
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UCTIONB3YIOTCS  CIIEIMAbHBIE TPUITEpa, MO3BOJSIIONIME YBEIWYUTH Habop
CTaTUCTHUKH B THICSYHM U MIJIJIMOHBI Pa3, UCKIIIOYasi HEHY)XHbIE COOBITHSI.

B npoekre (Teme), BBHITONHAEMON MOJOJBIM YKPAaWHCKUM YYEHBIM
«Pooicoenue anOpOHHbIX CMPYI NPU  63AUMOOENCMEUY  PEeTAMUSUCTICKUX
npomonos ¢ anexkmponamu na xoanaiuoepe HERA» (HERA- Hadron-Electron-
Ring-Anlage) yxe onpenenensl auddepeHIuaIbHble CcedeHus JeicTBHi
[ITyOOKO-HEYIIPYroro paccesiHus C POXJICHHEM JBYX W Oosiee aHIPOHHBIX

crpyii (puc.1).

Puc.1. Koanaiinep HERA u cucteMa npeapiiymx yCKo puTeeii

HERA - nmepBelifi ¥ eIMHCTBCHHBIH B MHpPE KOIUIaimep,
Npe/IHa3HAYeHHBIN Ul N3Y4eHUS] B3aUMOJCHCTBHS MEXIY O3JIEKTPOHAMU M
nporoHamu. TyHHEIb YCKOPUTENsS HaXOAuTcs Ha riayowHe ot 10 mo 25 M u
COCTOHUT U3 MPSIMBIX YYACTKOB UIMHOM 10 360 M Ka>kKJbIi U YETHIpEX Y4acTKOB
B (opme kpyroB pamuycoM 797 M. OH COCTOMT W3 ABYX HOHOIIPOBOJOB,
pasMelIeHHbIX OAWH HajJ JPYTHMMH, B KOTOPBHIX JIBUTAINCH JIIEKTPOHBI M
MIPOTOHBI B IIPOTHBOIOJIOKHBIX HATIPABICHHSX.

Jlis BBeOEHWS IYYKOB YacTHIl B TJIABHBIH KPYr HCIIOJIB30BAIUCH
Npe/IBapUTEIbHBIE  YCKOPUTEIH.  DJEKTPOHBI  YCKOPSUIUCH  JIMHEHHBIM
yckopureneM LINAC-II o sueprum 450 M3B U BBOTWINCH U3 HAKOMUTEIS
PIA B xpyr DESY-II. B xpyry DESY-11 snexrpons! yckopsumch 10 713B u
nanee BBomwiuch B konbllo PETRA, rme ux sHeprus yBenmuuuBasiach 10 12
I'B. Ha mocnennem 3tarne my4ok 3J1eKTpoHOB yckopsuics B konblle HERA 1o
sHepruu 27,5 I'3B.

Iporons! cozpaBanuch ¢ momombio LINAC-II myrem npomyckanus
H-noHoB uepe3 amromMuHHEBYIO (OJBry, B KOTOpOWH OHH TEPSJIM CBOM
aseKTpoHbl. OOpa3oBaBIIMECS TPU 3TOM MNPOTOHBI BBOJMIMCH B KOJBIIO
DESY-III, rae ux sneprus yBenmuuBanack 10 7,5 I'3B. [Tocie atoro B konble
PETRA mpotons! yckopsiuchk 1o sueprun 40 ['5B u Ha mocienHeMm stare B
koutaiinepe HERA mnpotons! yckopsimuces o 920 I'3B.
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[Ty4kn 3ME€KTPOHOB M MPOTOHOB YCKOPSUIMCH TPYIIIAMH YacTHIl (Tak
Ha3bIBaeMbIMH «OaH4amMu»). OIHOBPEMEHHO B Koublie JaBuranock 210 O6anueit
4acTHUI[ Kaxaoro tuma. [Tpubnu3urensHo 10 gacrur kaxmoit TPYIIEI (TUTA).
CronkHOBeHUE OaHYEH MPOUCXOMMIO KaxK Ipie 96 He.

Ceerumocts (L), xapakrepmsyromast 3ddextuBHOCT  pabOTHI
YCKOpUTEIS, ONpEIeNsieTcss MHTEHCUBHOCTBIO cToNMKHOBeHNUs (N) B Koyutaiiepe
U MpSMO CBsi3aHa C TONEPEYHBIM CEYeHHEM (G) aHIPOHHBIX CTPYH COOBITHI
3aBHCHMOCTBIO:

N=o-L

BeruncienreM TONEpeYHBIX CEUYEHHH NPOLECCOB U 3aHUMAETCS
acriupant HTVYY «KIIW» Aymes E.B.

Jli1s 3TOrO MCIONIB3YIOTCS HEe0OpaOOTaHHBIE PaHEE OIBITHBIE aHHBIE,
HapaboraHHele ¢ 1992 1. B mpomecce YCKOpEHHs 3apsHKEHHBIX JICITOHOB
(9J1€KTPOHBI M MO3UTPOHBI) U MPOTOHOB, IPU OOECIIEYEHHH CTOJIKHOBEHUH C
HaunOoIee BBICOKOW SHepruer (B cUcTeMe LEHTpa Macc), 4eM 3TO BO3MOXKHO B
omblTax C (ukcupoBaHHOM MuineHblo. Vcnonb3yroress HeoOpaOoTaHHbIE
JKCIIepUMEHTalIbHbIe JaHHble ¢ Jjerekropom ZEUS, ycranoBnenHoM Ha
komutaiinepe HERA, na mpotsbkenne cemu ster (1998-2000, 2004-2007 rr.).
VYckopurenp HERA 6bu1 ocranoBien 30 wrons 2007 r. mocnme 15 ser
ycrnenrHoi pabotsl. ViHTerpanpHas CBETUMOCTh JaHHBIX coctapisier 409,5 pb
!(muxoGapu™). TIpM BBINIONHEHHH HCCIEIOBAHMH HCIIONB3YIOTCH PEANbHBIE
JKCTIEpUMEHTAIIbHbIE JaHHble, HapaOOTaHHBIE IETEKTOPOM M CUMYJIHPOBaHHbIE
JIaHHBIE, TTOTYYEHHbIE MIPU MOJCIUPOBAHUH ITPOIIECCOB B AETEKTOPE METOAAMHU
Monte-Kapno. IlomydeHsl pe3yapTaTbl CEYEHMH, XOpOILIO COMOCTABUMBIE C
TEOPETHYECKUMH TIpeJCKa3aHusIMH. Pe3ynbTaTel HaydHOW pabOTHI B BHUJE
3HAYEHWH CEYeHUH, ITOJydeHHbIE NPH aHaJIu3€, MOTYT OBITh HCITOIb30BAHBI
Jlanee 11 orpezesIeHUs] KOHCTaHThl CHIIBHOTO B3aUMOJIEHCTBHS Ol

B nayunoii pabore acnupanra Aymesa E.B. uccnemyrorcst coObITus C
POXIEHUEM AJPOHHBIX CTPYH B TIIyOOKO-HEYNPYrOM PacCesTHUH AJIEKTPOHA
WIN TIO3UTPOHA Ha TPOTOHE TMpU OOJBIIMX HHEPrusiXx OOMEHa MEXay
3IEKTPOHOM U MPOTOHOM (C BHPTYaIbHOCTEIO 06MeHHOro dorona 10 < Q% <
100 FeBZ) B HEUTPAJIBHBIX CTPYAX.

POJIb IETEKTOPA ZEUS B
MEXIYHAPO/HBIX TPOEKTAX DESY

Aywes E.B. acnupanm, npog. bocopow A.T., npog. Boporos C.A.
Kagedpa npuknaonou guzuxu Qusuxo-mexrnuuecxkoeo uncmumyma HTYY « KT1H»
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Buemnnii Bug gerexropa ZEUS, mpumeHsieMOro B MeXIyHapOIHBIX
npoektax DESY no ¢usmke Bucokux sHepruii, npencrasieH Ha puc. |

Puc.1 Jlerextop ZEUS nnst perncTpanuyu KOHEYHOT0 COCTOSIHMSI YACTHI Mocjae HX
CTOJIKHOBEHHI

Herexrop ZEUS umeer 4n-reomerputo, pazmepst 12m? 10mM ? 19 M u
BecuT 0ko0110 3600 TOHH, a TaKXKe COCTOUT U3 TAKUX COCTABIISIOIINX:

» ypaHoBblx  kajmopumerpoB (CAL): mepenHuii, TBUIOBOH W
6oukoobpa3nsblii kanopumMeTpsl (coorBerctBeHHO FCAL, RCAL, BCAL);

» TPEKOBOW CHCTEMbI: [IEHTpaJbHbI TpekoBblii gerektop (CTD),
MukpoBepuinHauii aerekrop (MVD), nepenuuit aerekrop (FTD, wmu STT),
THIIOBOH TpekoBwIi nerekTop (RTD), ThuIOBO# neTexTop Uit MajbIX YIIIOB
(SRTD - small angle rear tracking detector).

» MIOOHHBIX ~ JIETEKTOPOB: II€PEIHUH, THUIOBOH, 00OYKOOOpa3HBIN
(FMUON, RMUON, BMUON)

» BHelHero kanopumerpa (BAC - backing calorimeter)

» nerextopa cerumoctd (LUMI - luminosity monitor), kotopsbrit
pacnosyioxkeH Ha pacctossHAM 107 M OT TOUKH B3aUMOJAEUCTBUS.

Mexay CTD wu ypaHOBBIM KaJOPHMETPOM pa3MEIICHO TOHKOE
CBEPXIIPOBOISIIIEE KONBIO i co3faanust nons 1.43 Tu, OGnarogapsi KoTopoMy
OTNpEeNIeISIFOTC  UMIYNbChl  yactuil.  JKemesnoe sipmo  (iron  yoke)
(YHKIIMOHUPYET, KaK HAalpaBISIOMUS JOPOKKA ISl CHJIOBBIX MAarHHUTHBIX
nHUH. HeckombKo AeTeKTOpOB CO3/IaHbl ISl TOTr0, YTOOBI OTBEPraTh COOBITHS,
BO3HHKAIOIIME B PE3yJIbTaTe CTOJIKHOBEHHUH C ra30M U BCIIEICTBHUE BTOPUYHBIX
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croikHoBeHMH. [Jerekrop VETO u cuerunk C5 sBisSETCS B YaCTHOCTH TAKUMU

JeTeKTopamMu (puc.2).
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Puc.2 letextop ZEUS B XY ceuennn (a) u Y-Z (6). DJIeKTPOHBI BXOASAT B 1eTEKTOP cJ1eBa

ITpu sTOM Hcnonb3yercs mpasas JlekapToBa cUCTEMa KOOPAHMHAT: OChb Z
- HaIlpaBJIEeHHUE JBMXKEHUS IIPOTOHOB, X - HaNpaBJeHue B IeHTp konblia HERA,
TOYKA CONMPUKOCHOBEHHMS - HAYAJIO OTCYETA.

bnmke K TOYKE CTOIKHOBEHUS YCTAHOBIEH BJAOJIb OCH ITydKa
MUKPOBEPIINHHBIM KpeMHUEBBIN aeTektop MVD s ynydmeHuss TpeKKUHra
(oTbickanus TpekoB uactull). Paspemienne ¢ ucnoib3oBaHmeM MVD
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cocraBisier 80 ?M, YTO MO3BOJSIET pa3AENATh NEPBUYHBIE W BTOPUYHBIC
+ 0, o

BEpUIMHBI, B dYacTHOCTH Juii D~ w mokpeiBaer nuamazon 7,6°<6<160

TIOJISIPHOTO yriia ¥ ananasoH - 300<Z<750 MM ocu Z , 4T0 NOsICHsIETCS pUC.3.

6=22 0=160
0=7 S

P e T —
electrons protons

I— 3 layer barrel —

1 390 mm | 618 mm |

Puc.3 CTpykTypa MUKpPOBepHINHHOIO AeTekTopa MVD: nepennsisi 1 604Kx000pa3Hasi 4acTH.
IIy4yok NpoTOHOB MOCTYNAeT CIpaBa

Buytpennuit paaunyc - 38 MM, BHemHUN - 247 MM. Paspemenne xuta
(xut (anrn. hit - cronkHOBeHHE) clielyeT OCTaBieH B macTuHke) 20 ?M,
3¢ PEeKTUBHOCT perucrpanuu xura> 99%. JlereKTop COCTOUT U3 JIBYX YacTew:
6oukoobpasnoit (BMVD) u nepenneit (FMVD), conepxxut 712 KpeMHHEBBIX
CTPUIIOBUX CEHCOPa, KKIBINA C miomaasio 41 eM?, u3 Hux 600 JIETEKTOPOB B
00YK000OPA3HBINA YACTH.

JerexTopHble iacTuHbl umeroT B tommuHe 300 ?7M U ABISIOT cO0Oi
CIUIOIIHOW KPEMHHEBBIH IIOJYNPOBOAHUK THNA N C WMIUIAHTHPOBAHHBIMH
NapayieIbHBIMU TIOJIOCKAMH ¢ TIPOBOJMMOCTBIO p Ha OJHOW M3 CTOPOH.
Paccrosane mexay monockamu 20 ?m (puc.4).

A Charged particle / External amplifier
/ / \
a

~—* Aluminium strips

P—type implanted strips

N—type silicon

Aluminium

Puc. 4 CxemaTnyeckoe n300paskeHue KpeMHHEBOIi MUKPOIOJI0CKOBOI MIACTHHKHA

CunThIBalOIME MOJIOCKH PpACIONaralTcs Ha TOW K€ CTOPOHE Ha
paccrostauu 120 ?M Apyr oT Apyra M MEXIy HAUMH OCTaeTCs ISTh P BEAYLIHX
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nonoc. Ha MpoTHBOIMOMIOXKHOW CTOPOHE TUIACTHHKH HAaXOAWTCS AITIOMUHUEBAS
TIO/ITIOKKA, YTO CO3/IaET OJJHOPOTHOE AIIEKTPHUECKOE ITOJIE.

[TnacTuHKM CcOeqUMHSIOT BMecTe, (OPMHUPYS TNPHU 3TOM IIOJOBUHY
Moxyinst. ITomockl IByX JETEKTOPOB PACIIONOXEHBI MEPHEeHIUKYISIPHO JIPYT K
npyry. Takue COOpPHHKHM HCIONB3YIOTCS B OOYKOOOpa3HBI 4YacTH, T.K.
COe/IMHEHHBIE BMeCTe, 00pa3yloT J[Ba 3€pKaJbHO OTPA’KEHHBIX IOy MOJIYJIS,
WIN TIONHBIA MOIYJb, KOTOPBIH  BOCCTaHaBIMBAET IPOCTPAHCTBEHHYIO
nHdopmanuio o Tpekax yactun. B BMVD monynu pasmemaroT Ha Tparsbl,
Yyepe3 KOTOpbIE MPOXOT NMPOBOAHMKH, a TAaKXKe BOASHOE oxJaxieHue. Ha
OJTHOM Tpare pa3MeIaroT MmATh Moayiei, a 30 TpamoB o0pa3yroT 3 muIHHApa
6oukooOpaszneie yacth MVD. B mepenHell 4acTu IIaCTUHKH 00pas3yloT TpH
xonbia. Ctpunsl aBoiHbIX Moaynell B FMVD nepecexarorcst mox yriom 180 °©
/14 [1-5].
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K BOITPOCY NIPUMEHEHMUS NEJUIETHBIX KOTJIOB

"Masypenxo A.C., 2Ad)mamo:c B.B.,? Cnunoe B.M.
Y0oeccruii nayuonansubiii notumexnuueckuii yuusepcumem, np-m. Llleguenxo, 1,
200eccras 2ocydapemeennas akademus Cmpoumensemed u apXumexkmypbl, Ykpaunda, yi.
Juopuxcona, 4, 048-743-27-58, E-mail: valera2187@rambler.ru

MupoBoii Hay4yHbI M  MHXEHEPHBIM ONBIT 1O  CO3JAHUIO
SHeprocOeperaromx TEXHOIOTH HACUUTHIBAET OIPOMHOE KOJIMYECTBO HJIEH,
TEXHHMYECKHX pEUIeHWH W BOIUIOUIEHHBIX OOBEKTOB, KOTOpHIE MOTYT
3HAUUTENBHO CHM3UTh DSHEPro3aBUCUMOCTb YKpauwHbl, M B YacCTHOCTHU
Opecckoii 00acTu, OT UCTIONB30BaHKS TPAJAUIMOHHBIX UCTOYHUKOB SHEPTUH.
Wx BHenpeHHE MO3BOJIUT TAKKE YIYUIINTh SKOJIOTMYECKOE COCTOSHUE
OKpy’)Xarolle cpenpl, T.€. B HTOre IIUPE HCHOIb30BATH PEKPEA[IOHHBIN
noteHuan OJeccKoro peruoHa.
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B mocnemHee Bpemsi Ha YKPaWHCKOM pBIHKE OTOMHTEIHLHOTO
000pyIOBaHUS MOSBUJICS OTHOCUTEIHHO HOBBIN BHUJ KOTJIOB pa0OTAIOIIUX HA
nejureTax. JTo 00OpyI0BaHHE AOCTATOYHO MOMYISPHO B cTpaHax EBpocoroza
Omaromapsi TaKMM TPCUMYIECTBAM: HE3aBHUCUMOCTH OT I[CHTPAJBHBIX
HCTOYHUKOB H, CIICIOBATEIBHO, TAPU(PHBIX CTABOK, SKOJOTHYCCKOW YHCTOTE,
MAaKCUMaJIbHOM aBTOMAaTHU3allud U SKOHOMUYHOCTH [l1], a C mOBBILIEHHEM
BHYTPCHHUX IICH Ha T'a3 aKTyaJIbHOCTh JIAHHON TEMbI 3aMETHO BBIPOCIIA.

MOIIHOCTh TPaHYABHBIX KOTJIOB, YCTAHABIUBAEMBIX, KaK IPABUIIO, B
KOTTeMKax, cocTaBiseT ot 15 mo 500 xBr.

HwxHsis TpaHHMIa TpeaaraeMbIX MOIIHOCTEH ompeaensercs B
OCHOBHOM JKOHOMHYECKOW IIelecOO0pa3HOCTBIO, a BEpXHSS TIpaHula
MpeJyiaraéMbIX MOIIHOCTEH CBsi3aHA C OTCYTCTBHUEM OIBITHO-PACUCTHBIX
OCHOBaHUH IS TIONYYCHHUS MPEUMYIIECTB MEJUICTHBIX KOTJIOB Iepe]l IpyTUMU
texnonorusmu (cumwkerue KI1/] amwke 80 %, CHIDKEHUE CpOKa «KH3HI) KOTIA
110 3-5 JieT n3-3a MpoXKUraHusl KOHCTPYKIHH KoTia) [2].

KoTnel Ha mesteTax WMEIOT BBICOKHIM YPOBEHb aBTOMATH3AIMU U
o0ecreunBaroT MoJIepKaHue 3aJaHHoi Temreparypsl. [lomada TorumBa u3
OyHKepa TaKXe OCYIIECTBIIICTCS aBTOMATHYCCKH, MO Mepe HEOoOXOIUMOCTH,
Onaromapst 4eMy KOTel MOXeET paboTaTh Oe3 ydyacTusl 4elloBeKa, HaIpUMeEp,
ITOKA €CTh MEJICTHI B OIIEPATUBHOM OYHKEpe.

Kamepa cropanust 3TUX KOTJIOB OTHOCHTEIBHO HEOONbBIIAs, TaK Kak
OCHOBHOHM TEIUIOCHEM MPOUCXOMUT B XOPOIIO Pa3BUTONH MHOTOXOJOBOM
KOHBEKTHBHOM 4actu komia (mo 70 %). B pesynabpraTte Takoil KOHCTPYKIIUU
KOTJIa TEMIIEpaTypa YXOAIIUX ra30B coctariseT Bcero 120-140 C.

Kotén obopymoBan crieluansHON TPaHYIBHON TOPETKOH 00BEMHOIO
THma, Koropas obOecneunBaer Oonee Bbicokuit KIIJ[ pabGorsl kotna npu
CrOpaHUM TpaHyl, YeM Y JIPYIHX KaTerOopwid TBEPJOTOIUIUBHBIX KOTJIOB, U
cpaBHHMMa 110 3(PEKTUBHOCTH C KOTJIAMH Ha MPUPOIHOM raze [1].

ITeanernsle koTiael uMeroT Bbicokuit KIIJT — 85-95 %. B
COBOKYITHOCTH C JIOCTATOYHO HHU3KOH CTOMMOCTBIO TOIUTUBA, OTCYTCTBHUEM
3aTpaT Ha OOCIYXMBAIOIIMH II€pCOHANl M T.J. 3TO JeNlaeT JaHHBIA BUI
OTOIUICHUS MAaKCHMAaJlbHO JKOHOMHYHBIM B TEUCHHE BCETO CPOKA CIIYXKOBI
JIOMa, YpOBEHb 3aTpaT Ha OTOIUICHHE IEJUICTHBIM CIIOCOOOM HAMHOTO HIDKE
CTOMMOCTH OTOIUICHVSI MHOTUMHY JIPYTUMU BHJAMH TOILIHBA.

HemanoBaxxHbIM (haKTOpPOM CHpPOCa HAa 3TU KOTIBI SIBISETCS «CPOK
JKU3HI» KOTJIAa, KOTOPBIN JIJIS TEJUIETHBIX KOTIOB cocTariseT 20 jer u Ooee.

[IpemiaraeMble  HEKOTOPHIMH ~ CBPOICHCKUMY  ITPOU3BOIUTEIISIMU
MeJJICTHBIC KOTIIBI OOJNBIION MoIHOCTH (Ooee 2 MBT) UMEIOT crieruaibHbIe
JIOPOT'OCTOSIIIME arperaThl I CHEIUATBHON KpaTHOH MPEIIOATOTOBKU B
TMIPOLIECCE CKUTAHUS TIEIJIET.
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Hekoropeile ~ Momenu  KOTJIOB ~ MOryT  OBITh  OCHAILEHBI
JononHuTeNnbHbIM KoHTypoM ['BC (ropstuero BomocHaOxenust). KoTnsl Ha
nejuleTax He TpeOyoT CHenMaJbHOro oOciyKuBaHus. YuCTKa 3076
OCYIIECTBIISIETCS, KaK MpaBuilo, 1 pa3 B MecsIl.

[emtersl  uIs  KOTJIOB MOTyT OBITH TIpOM3BEeNeHBI U3  Topda,
JIPEBECHBIX OTXOIOB M OTXOJIOB CEITLCKOTo X03sticTBa. [lemneTs! npencrasiser
co0oll 1mMIMHApHYECKHEe TpaHynbl craHgaptHoro (6-10 M) pasmepa.
TemmorBopHas crocoOHOCTh meivieT paBHa 4,3 — 4,5 kBt1/kr, uto B 1,5 pasa
TIPEBBIIAET TEMJIOTBOPHOCTH JPEBECUHBI M MOXKET CPaBHUTHCS C YIVIEM, a NIPU
cropanu 2000 Kr TOIUIMBHBIX MEIJIET BBIJENSETCS CTOJNBKO K€ TEIIOBOU
sHepruu kak u npu cropanuu: 3200 xr npeBecunsl, 957 M3 raza, 1000 n
Ju3enpHoro Toruuea, 1370 n maszyra [3].

B Hacrosiee Bpems 1ieHa 3akynku Ha Ykpaune 800 rpH. 3a 1 ToHHY
neiuter, a B EBpomnelickux crtpanax — or 150 eBpo/ronHa. Hampumep, B
l'epmMannn 1eHa ApeBECHBIX NeUIET ¢ OeCIUIaTHOW JIOCTaBKOW Ha JOM
cocraBisier okoio 180 eBpo 3a ToHHY (maHHBIE Ha OKTA0ps 2008 roma).
JlpeBecHble TEJUIETHI, YyNaKOBAaHHbIE B MEIIKM, B JAHHBIH IEPUOL
MOCTAaBJISIIOTCA 110 1ieHe 250 eBpo 3a ToHHY [4].

Hcnonp3oBaHue meeT JOIDKHO 3a/IeHCTBOBATH CBHIPHEBYIO 0asy
pEervoHa, TONBKO B JTOM CJIydae MOXKHO IIONyYUTh DKOHOMHYECKHH U
9KOJIOTUYECKUH 3(PEKT, JUIsl pelieHus! 3a1a4y CHIDKEHUS! YHEPr03aBUCHMOCTH
YKpauHbI OT TpaAUIMOHHBIX BHJIOB TOILINBA.

CrhepxuBaromMu  (pakTopaMud Ha IyTH BHEIPEHHS COBPEMEHHBIX
sHeprod(pQeKTUBHBIX pemeHuit TaKxe SIBIISIETCS crenyomiee:
nH(pOpPMaMOHHO-S3BIKOBOH Oapbep; OTCYTCTBHE [OCTOBEPHBIX CBEACHHH O
CBIPbEBOM TOTEHIMAJIE PETMOHOB YKpaWHBI Ul MPOHM3BOJICTBA OMOTOILIMBA
(TmeteT); OTCYTCTBHE KOHCYJIBTAMOHHBIX IIEHTPOB IO YHEProcOEpEKEHUIO U
KOMIUIEKCHBIX IPOrpaMM 00ydeHHSI.

Beimenepeunciennsie  mpobiaeMbl  OPMHUPYIOT KOMIUIEKC 3ajad,
KOTOpBlE ~ HEOOXOAMMO  pemIuTh Ui  KOMIUIEKCHOTO  BHEIPEHHS
aJbTEpPHATUBHBIX HCTOYHUKOB TEIUIOTH paOOTAIOIUX HA MeJUIeTax:

— HM3yYeHHE HE TOJBKO TEXHOJIOIMYECKOro, HO OpraHW3aIOHHO-
€KOHOMHYECKOT0 €BpPOIEHCKOro U MHUPOBOr'O OIBITa IO CO3JAHUIO 3/IaHHUH C
MUHAMAIIBHBIM ~ SHEPronoTpeOJIeHHeM H  HUCIOJIb30BAaHUS  BTOPHYHBIX,
BO30OHOBJISIEMBIX U HETPAAUIIMOHHBIX UICTOYHUKOB TETIIOTHI;

— HCCIIEOBaHHWE CBHIPhEBOW 0a3bl KaKAOTO pEeruoHa YKpauHbI, JUIs
NpOM3BOJCTBA  OHWoTOIIMBAa  (WEIeT), ©  BbIpaboTKa  «PELENTOB)
MIPUTOTOBJICHUS MEJUIET U3 TUTMYHOTO PETHOHAIBHOTO CHIPHSI;

— DKOHOMHYECKOE€ U TEXHOJOTMYeCKoe OOOCHOBAHHE BBIPAOOTKH
OouotoruiMBa (IEJUIET) W3 PETHOHAIBHOTO CHIPhS, IMPH HEOOXOJUMOCTH
KOPPEKTHPOBKA TEXHUUECKHX XapaKTEPUCTUK KOTEILHOr0 000py10BaHUS;

99



— CO3/aHHE KOHCYJIBTAIMOHHOTO IIEHTPA Ui PACHpPOCTPAHEHHs OIMbITa
MPOEKTUPOBAHUS 3[IAHUI C HU3KUM SHEPronoTpedIeHneM;

— pa3paboTka y4eOHBIX IUIAHOB IUCIUIUIMH U y4eOHO-METOIMYCCKOTO
obecrieueHnst Il TOATOTOBKH HMHXXEHEPOB-CTPOMTENEH UM HUHKEHEPOB—
9HEPreTUKOB B BYy3aX.

BriBoabI

IToBcemecTHOE BHEApPEHHE B OOJBINUHCTBE PETMOHOB Y KPauWHbBI
MEJUIETHBIX KOTJIOB, B KAayeCTBE OCHOBHOTO HCTOYHHUKA TEIIIOTHI, TPeOyeT
pelIeHUs] KOMIUIEKCA HWHKEHEPHBIX U HAyYHBIX 3a1a4 CBS3aHHBIX C
obecrieueHrEM UX TOIUTUBOM (IEJIETaMK) «PETHOHATBLHOT0Y» MPOUCXOXKICHHSL.

be3  KOMIUIEKCHOTO  pelleHHMs  yKa3aHHOrO  Onoka  3ajaa4
9KOJIOTHYECKHI ¥  JIKOHOMHYECKHH 3IPPEeKT OT NPUMEHEHUS ITOrO
000pY/I0BaHUSI MOXKET OBITH CYIIIECTBEHHO HUBEIUPOBAH.

Jlutepatypa
1. Oscsako A.[., IleunukoB C.A. KoTenapHbIE ¥ 3JICKTPOCTAHIMUA Ha
ouororutue. CrpaBounuk. [Topr-Koncantunr, Cankr-Ilerepoypr, 2008, —
360 c.

2. Tlemnersl — TNEpCHEKTUBBI pHIHKA. [DIIEKTPOHHBIH pecypc]: — Pexum
nocryma: http: // fuelalternative.mk.ua / mirovoi-rinok-pellet. html
3. Tloneswsie cTaThu. [DneKTpoHHBIA pecypc]: — Pexumm gocryma:

http://biotechnology.mk.ua/pelleti-mifi.html.

4. Pestome u OU3HEC-IUIAH OPraHU3AIMK IIPOU3BOJICTBA MEJUIET HA Y KpauHe.
[Dnextponnsiii pecypc]: — Pexxum moctyma: hitp://pelleta.com.ua/pellets-
businessplan.html.

HNIABUIMEHHA ECEKTUBHOCTI IPOEKTYBAHHA
TEIIJIOBOT'O 3AXUCTY BUPOBHNYUNX BY/IMHKIB.

Agmaniox B.B., Kamenes B.I', Bimiokog B.B.
Odecvia depoicagha akademis OyOiGHUYMBA MA APXiMeKmypu,
Vipaina, eyn. ludpuxcona, 4, 048-743-27-58, valera2187@rambler.ru

[Ipobaema paIioHaJIEHOTO CIIOXKMBAHHS TEIUIOTH
TEIUIOCHEPTeTHYHUMH CHUCTEMaMH BUPOOHHUYUX OYIUHKIB 1 TPOMHUCIOBHX
mianpueMcTB Oynia MOCTAaBJICHA BITYM3HSIHHUMHU CHEPreTUKAMH IlE B TMEpIIiif
TIOJIOBHHI ABAJUATOrO cTopivus [1].

OpHaK KOMIUIEKCHE MPOEKTYBAaHHS IMX CHUCTEM METOAWYHO HE OYio
ATOTOBJICHO, 1 CIPSIMOBAHO 1O NIISIXY CHPOIICHUX PIIIEHb Ta CXEM B MEXax
OKpeMuX OJIOKiB TEIUIOEHEPTeTHYHOI CHCTEMH, 3 BHUKOPDHCTaHHSIM He
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palioHANBHUX PIllleHb Y BUIJIS/IL: CHOKUBYOTO ITiAXOAY 10 TEIJIOBOIO 3aXHCTY
BUPOOHUIHX Oy/IWHKIB, 3aJIeKHOTO €JIEBaTOPHOTO TIpUETHAHHS
OITATIOBAIGHOIO HABAHTAKEHHS, HEPINKO Oe3 IPHCTPOiB aBTOMATHYHOTO
pEeryIIOBaHHS  BIAMYCKYy 1 OOJIKYy CIOXXWBaHHS  TEIUIOBOI  CHEPTii,
Hee()eKTUBHUX CHCTEM BUPOOHHUYOI'O MIKPOKIIiMATYy.

Tomy ni1st OOYZOBH Cy4acHOi eHeproe)eKTUBHOI TeIUIOEHEPTeTHYHOT
CHCTEMH BUPOOHHYOro OyIMHKY HEOOXIHO NMPOBECTH KOMIUIEKC JIOCIIKEHb
110 JO3BOJISITH BUPOOUTH PalliOHAIbHY METOANKY (DOPMYBAHHS IUX CHCTEM.

Jlst yoro Ha mepmroMy erami HEOOXiTHO PO3TJISHYTH THITOJIOTIIO Ta
Knacudikamito BHPOOHMYMX OyJWHKIB, SKa JacTb 3MOI'Y BHPOOUTH
TepelyMOBH TIPOEKTYBAHHS TEIUIOBOI'O 3aXHCTy Ta 3’CYBaTH CTPYKTYpPY
BUPOOHUYMX OYAMHKIB.

Ha xapaxTep i po3BUTOK BHpOOHMYMX OyJWHKIB 1 CHOpYJ 3HAYHHMH
BIUTMB 3[IICHIOE COIiaJbHUN | HAYKOBO-TEXHIYHHMI mporpec. Ha mpocTopoBy
opraHizaiifo BUPOOHMYMX OYyJIMHKIB 1 CHOpPY/[DKEHb TaKOX BIUIMBAIOTh
XapaxTep npati Ta (opMH OpraHizamii TpyJ0BHX KOJEKTHBIB.

lonoBHUMHK o3HakaMu Juisi Kiacuikaiii BUpOOHWYMX OYIMHKIB i
CHOpPY/KEHb CIYKaTh: MPU3HAYCHHS, TIOBEPXOBICTb, KAIITAJIBHICTD 1 XapakTep
eKcruTyarari [2].

[lo mnpu3HaueHHIO TIPOMHUCIOBI OYAWHKH MiAPO3AUISAIOTECS Ha
BHUPOOHMYI, JOTIOMIXKHi, eHEpreTHYHi, TPAaHCIOPTHI Ta CKJIa/ChKi.

Jlo BupoOHMYMX OyIWHKIB BiJHOCATH OYOMHKM IEeXiB, IO
BHUTOTOBJISIOTh HamiB(aOpukaT# Ta roTOBY mpoaykiiro. [lo BupoOHHYO-
TEXHOJIOTIYHUX HAIIPSIMKaX PI3HOMAHITTS MiANPUEMCTB MOXKe OyTH 3BEJIeHE 10
TPYI:  MIIPUEMCTBA  TIPHAYOMOOYBHOI Ta  TipHHYO-30aradyBajbHOI
MIPOMUCIIOBOCTI; MiJIPUEMCTBA HA(PTOXIMIUYHOI Ta XIMIYHOI MPOMHCIIOBOCTI;
MANPUEMCTBA ~ MaIIMHOOY/AYBaHHS; IIJIPHUEMCTBA  JIepEeBOOOPOOHOI  Ta
LIEITF0JIO3HO-NIANEPOBOI IIPOMHCIIOBOCTI; i IIPUEMCTBA Oy IiBEIBHOI 1HAYCTPIl;
MATIPUEMCTBA TEKCTHUIIFHOI Ta JIETKOT ITPOMHMCIIOBOCTI; MAMPHUEMCTBA XapuoBOi
TIPOMHCIIOBOCTI.

Jlo MOMOMDKHHX BiJHOCATh OYIMHKH 3aBOAOYIPABIiHb, LEXOBHX
KOHTOp, OOYTOBHX IPUMIILEHB, ITYHKTIB Xap4yBaHHsI, 3/[PaBIYHKTIB.

Enepreruuni cnopyau — OynuHkH Kotenenb, enekrpocranniid (I'EC i
TEL), razoreHepaTopHIX, KOMIIPECOPHUX 1 T.1.

Jlo OyIMHKIB CKJIaJICBKOTO TOCIOJApCTBa Ta TPAHCIOPTY HAJIEKaTh
OynIuHKM, 10 CIOyXaTh Juid 30epiraHHs  CHPOBHHH, Marepiajis,
HamiBpaOpHUKaTiB, TOTOBOI TNPOAYKIIi, CIOPYIKEHHS JUIS PO3MIIEHHS
TpaHCTopTy (Tapaxi, Ieno, CTOSHKH 1 T.11.).

BigHocHO TIOBEpXOBOCTI BUPOOHMYI OYAMHKH, 3aJI€KHO BijJ IXHBOTO
NPU3HAYEHHS Ta KOHKPETHHMX YMOB OYIIBHMITBA, MOXYTh OYTH:
OJTHOITOBEPXOBUMH (CTaHOBIIATH O1M3bK0 70% 3araibHOro 4nciia BUPOOHUYHX
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OynuHKIB); 0araTomoBepXOBHMH, a B OKPEMHX BHINAJKaX BHUCOTHUMH 1
3MiIIIaHol TOBepX0BOCTi [3].

OpHOTMIOBEPXOBI BUPOOHWYI OYAMHKH - ICTOPHYHO TpaaULiHHUNA THIT
OyauukiB. Ixmi cnemmdiuni 0co6IMBOCTI: PO3MINIEHHS TEXHOIOTiYHOTO
Npollecy B  TOPU3OHTAJBHIA  IUIONIMHI, TOPU3OHTAJIBHUH  TPaHCIOPT
(migioroBuid, MiABICHUN, KpaHOBMH), HE3aJeXHE pIlIeHHS OyIiBEIbHUX
KOHCTPYKIIN BiJi TEXHOJOTIIYHOTO YCTAaTKyBaHHS (YKpYIHEHI CITKH KOJIOH,
MepeMillieHHs]  OOJIaJHAHHS), MPHUPOJHE OCBITICHHA II0 BCill BUPOOHWUIl
mromai (BepxHi jgixrapi). Hemomiku: Benrka rwioima 3a0y0BU Ta TTOKPiBEIb,
3HAYHI €KCIUTyaTalliiiHi BUTpATH.

OpHomOBEpXOBI BUPOOHWYI OyJUHKM MOXYTh OYTH IIpelCTaBIEHi
0araTonporoHOBUMH KOpPIYCaAMH BENHMKOI IMpWUHHM (OYAMHKY CYLiIBHOI
3a0ynoBu) abo OyaMHKAMU MAaBUTLHOHHOI 3a0ymOBH, MO 3a0€3MEeYyIOTh
HaCKpi3HEe NPOBITPIOBAHHS, NMPOCTUI 30BHILIHIH BOMOCTIK, OUIBIIY TOXEXHY
Oe3rexy.

Butpatn Temnotn B OJHOMOBEPXOBHX OYJMHKaX CTaHOBIATH: Ha
BeHTW A0 31%, mokputts -22 %, BikHa — 13%, mignora — 6%, criau — 28%
[4].

[epeBaroro GaraTonoBepXxoBHX BHUPOOHHUUYUX OYAMHKIB € 3MEHIICHHS
IUTOIi 3a0Y/IOBU Ta 30BHINIHIX OrOPOJKEHb. J[0 HEMONIKIB MOXXHA BiJHECTH
3HAYHy YAaCTKy TPOI3MiB 1 MPOXOMIB HA OJWHUIIO BUPOOHWYOI ILIONII,
30LIBIICHAS TUTON[ IS PO3MIIEHHS OOJIaJHAHHSA Yy 3B'S3KYy 3 OUIBIION
YaCTOTOO CITOK KOJIOH.

B Takux OyniBisSX BUTpaTH TEIJIOTH CTAHOBJIATH: HA BEHTWIALIIO —
50%, mokputtst - 1 %, BikHa — 32 %, mignora — 2 %, crinu — 15% [4].

TemnoizonAwist cTiH BUpOOHNYNX OyTUHKIB BUKOHYETHCS Yy BUIIIS[I:
30BHIIIHBOTO YTEIJIEHHS CTiH 31 IITYKaTypHUM MOKPUTTSIM («MOKpHiD» acan);
OararomiapoBi CTIHM 3 YTeIUIIOBaYeM SIK CEpeAHid Imap 1 3O0BHIIIHE
OOJIMIIFOBAHHS i3 WErVIM; 30BHIIIHHOTO YTEIJIEHHS CTiH 3 BEHTWJIHOBAHHM
3a30poM 1 IIOJNIETIIEHUM  3aXHCHO-ACKOPATUBHMM  OOJIMIIOBAHHSIM
(«BeHTHIILOBaHMH (acaay»); CTIHOBHX a00 MOKpPIBEIBHUX CaHBIY-TIAHENEH 3
TEIUIOI3OMAMIMHIM IapoM 13 TUIMT. BOHM MOXYTh KpINHMTHCS Ha MeETaJeBi,
JiepeB’siHi 200 OETOHHI MPOTOHHU.

[MokpuTTst BUpOOHHYMX OYAMHKIB, K MPABUIIO BAKOHYETHCS IIOCKHM,
o0 OOYMOBJIEHO MPOCTOTOK IpH OYMIBHUIITBI, BHUCOKOI HAMIIMHICTIO Ta
pallioHANBHOIO BAPTICTIO IMX KOHCTPYKIIIH.

KoHcTpykmii  IUIOCKMX TOKpiBENh Ta I1X TEIUIOBA  130JISIIis
po3poodustorsest 3rigao JJBH. Bubip NOKpHTTS 3aieKUTh BiJl TEIIIOTEXHIYHOTO
PO3paxyHKy Ta BUMOT IIIO JIO HaIIHHOCTI IOKPIBIIi.

Jns BUpOOHMYMX OYAMHKIB HaWOUIBII IIUPOKO 3aCTOCOBYIOTHCS
MIOKPUTTS TPHOX THITIB:
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— IIK-3 — ¢ 3a/1i300eTOHHUMU TUINTaMH, YTEIIEHE i3 3aCTOCYBaHHIM
CTSDKOK, 1110 BUPiBHIOIOTB;

— JIK-4 — ¢ 3a;1i300eTOHHUMY IUIMNTaMH, yTeIUIeHe 0e3 3aCTOCYBaHHS
CTSDKOK, 110 BUPiBHIOOTH; — [IK-5 — ¢ mpodinboBaHMM MeTajeBUM HacTHIIOM,
yTeIUIeHe.

IMpoctiM 1 edexkTHBHUM CIIOCOOOM 30UTBIIMTH  TEIUIOI3OJISIIIO
IUIOCKUX TOKpPIiBEJb CHOPYKYBAaHUX Ta PEKOHCTPYHOBAHMX BUPOOHHYMX
OyIMHKIB € 3aCTOCYBaHHS TBEPAUX MiHEpaJOBaTHUX IUTUT abo IUIMT 3
TIHOIIOJIICTUPOITY 1110 MAIOTh HEBEJIMKY IUTOMY Bary.

3a xapakTepoM eKcIuTyaTamii BUPOOHMYI OYIWMHKH IiJIPO3IIJISFOTHCS
Ha TpU3HA4YeHi JUIi OXHOrO BHUPOOHHWITBA, IS AEKIIHKOX BHPOOHHITB 1 i3
THYYKUM, JJMHAMIYHAM XapakTepoM BUPOOHHUIITBA.

3anexxHo BiJ crienudiky BUpOOHUITBA OyAMHKH IMiAPO3/ISIOTECS 32
BHYTPIIIHIMH PEXUMaMH eKCILTyaTallii Oropo/HKyBajJIbHUX KOHCTPYKILIH.

HaiinonmpeHimmMu € BUpoOHMYI OYIMHKH 13 CyXMM 1 HOpMaJIbHUM
PEKUMOM eKCILTyaTari.

KpiMm Ttoro mo OyauHKIB i3 CyXUM 1 HOPMaJBHHM PEXKHMOM
eKCIUTyaTalii MOXyTb OyTH BiJHECEHI IPaKTHYHO BCi aJMiHICTPaTUBHO-
MoOYTOBI, CKIIaJCHKI Ta JOTMIOMIXHI KOPITYCH IIPOMHCIIOBHX ITiJIIPHEMCTB.

Takox IIMpOKe MOMMPEHHS y BITYM3HSHIN Ta 3aKOPJIOHHIHM NpaKkTuIi
ofep)KaJM TaK 3BaHI NPOMHCIOBI palOHM — KOMITAaKTHE, KOHIIEHTPOBAHE
PO3MIIIIEHHS BUPOOHUYMX OYIUHKIB, IO MAIOTh 3aralibHi TCIUIOCHEPTeTUYHI 1
OYHCHI CIIOpY/IH, 3arajibHi 00CIIyroBYyI0Ui KyIbTYpHO-IOOYTOBI Ta KOMYHAIIbHI
cnyx0u (Il a€ 3HAYHYy €KOHOMIIO B TEPUTOPIi, KAIMiTAJIGHUX BKJIQJCHHAX 1
BapTOCTI EKCIUTyaTarlii).

3a3HayeHi BuIIE OCOOJMBOCTI BHUPOOHMYMX OYIUHKIB JTO3BOJISIOTH
3alporoHyBaTH HACTYIHUA METOAWYHHUM MiJXiJ M0 J0 YAOCKOHAJIIOBAHHS
CHCTEM TEIUIOBOT'O 3aXHUCTY, SIKMH IOJISIrae y HACTYITHOMY:

— BUBYEHHSI MEXaHI3MIB BTpaT Ta HAAXO/KEHb TEIUIOTH B KOXHOMY
€JIEMEHTI CHCTEMH 3 OJIEPXKaHHSIM TEOPETHYHUX a00 TEOpPETHKO-EMITipHIHUX
3aJIeKHOCTEH;

— MoOYZOBY CTPYKTYPHOI CXEMH IIPOIIECIB CIOKMBAaHHS TEIUIOTH Ha
MIPOMUCIIOBUX O0'€KTax 3 ypaxyBaHHSM [ii BCIX MeXaHi3MiB, 110 OepyTh B Hiif
y4acTh, 3 po30MBKOIO MPOIIECY Ha CTaii;

— JOCHi/DKEHHS 3a JOMOMOIOI0 CTPYKTYPHOI CXEMH BIUIMBY Pi3HHX
MEXaHI3MIiB Ha pI3HHX CTagifX 1 BU3HAYCHHS INDIAXiB ITiIBUIICHHS
€(QEeKTUBHOCTI CHCTEM TEIUIOBOT'O 3aXHCTY;

— BHM3HAYEHHS ONTUMAJIBHUX 3 HOINSAY KOHCTPYKIIHHHX, CHPOBUHHUX,
€HEPreTUYHHIX XapaKTEePUCTHK CHCTEMHU;

— mepeBipKa Ta JAOBEIEHHS 10 HOPMATHBHOI CUCTEMH TEIIOBOTO 3aXHCTY
B MIPOMUCIIOBUX YMOBaX.
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BucnoBkn

1. 3oBHIIIHE yTemJeHHS TOBUHHE NPOBOIUTHCH 3 ypaxyBaHHSIM
pe3ynbTaTiB  OOCTEXEHHsS TEXHIYHOro craHy Qacaay, SKdUH Iigisrae
YTEIUICHHIO, 3 OI[IHKOIO HOro MIITHOCTI, HAasIBHOCTI TPIIIMH, BOJOTOCTI, TOMY
IO Ii TMOKa3HUKW € BU3HAYAJIBHUMH NMPU BHOOpI KOHCTPYKIIi KpiIUIeHHs, ii
EKCIUTyaTaI[ifHOT Ha{IHHOCTI Ta JIOBrOBIYHOCTI.

2. Jlast BUpOOHWUYMX OYAMHKIB 3 TMOIJIY MiHIMI3alil KamiTalbHUX
BKJIaJIeHb HaWOIIbII palioHAJILHUM PIilIEHHSM € 3aCTOCYBaHHS 30BHIIIHBOTO
VTEIUIEHHS CTiH 31 IITYKaTYpHUM TOKPHUTTSIM («MOKpHit» acam) abo
BO3BEJICHHS OyJMHKIB 3 CaH/Biu-TIaHeIeH.

3. B apxiTtekTypi BUpPOOHMYMX OYIWHKIB, XapaKTEpHOIO pHCOI0 €
BHU3HAYAIILHUH BIUTMB TEXHOJIOTIYHUX TIPOIECiB BHUPOOHMITBA Ha IXHI
apXITEKTypHO-OyliBENIbHI pillIeHHS.
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NCCIEAOBAHUE KHHETUKH TIEHHOI'O
CJ10s B MOKPOM IIBUIEYJIOBUTEJIE

Cnunoe B.M.
Ooeccras 20¢y0apcmeenas akademis CmpoumensCmed u apXumeKmypol,
Vkpauna, yn. ludpuxcona, 4, 048-714-98-14, sssym@mail.ru

[IpoMBINIUIIECHHOE TPOHM3BOJCTBO W JIPYIME€ BHJIBI XO3SHCTBEHHOU
JIESITETFHOCTH JTIOJICH COMPOBOXKIAIOTCS BBIJICIICHHEM B BO3IYX MOMEIICHUN U
B aTMOC(EpHBIA BO3JyX PAa3JIUYHBIX BEIIECTB, 3arps3HSIONIUX BO3IYIIHYIO
cpexny. B BO3ayxX mocTymaroT a’po30ibHBIC YACTUII (TIBUTH , JTBIM, TyMaH ),
rassl , Maphl , a TAKKE MUKPOOPTaHU3MBI U PAJMOAKTUBHBIC BEIICCTBA.

Ha coBpemMeHHOM 9Tame Ui OONBIIMHCTBA MPOMBIIUICHHBIX
MPEINPUSITHIA OYUCTKA BEHTHISAIIMOHHBIX BBIOPOCOB OT BPETHBIX BEIICCTB
SIBIIICTCS. ONHUM W3 OCHOBHBIX MEPONPHUSATHIA IO 3al[UTe BO3MYIIHOTO
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Oacceiina . bmarogaps oducTke BBIOPOCOB Iepe] MX IOCTYIUIEHHEM B
aTMoc(epy IpeIoTBpallaeTcs 3arpsi3HeHue atMmocdepHoro Bozayxa [1].

OpHuM W3 TPOCTBIX U A(QEKTUBHBIX CIIOCOOOB OYHCTKH Ta30B
SIBIISIETCST MOKpOE TbLIeyJIaBiuBaHue. [Ipomecc MOKpOro mbiIeyaaBIUBaHUS
OCHOBaH Ha KOHTAKTE 3albUICHHOIO Ta30BOT0 MOTOKA C JKHJIKOCTBIO, KOTOpas
3aXBaThIBACT B3BEIICHHBIE YACTHIIBI M YHOCUT MX U3 alliapaTa B BUJE HIJIaMa.

Jis  moBbimieHUss  3(QQEKTUBHOCTH MOKPOTO  ITBIICYJIABIMBAHUS
MIpeJI0’KeHa KOHCTPYKIUS NBUICYJIOBUTENS C BUXPEBOM Tapenkoi [2].

Omnpenenenne  palMoOHANBHBIX  KOHCTPYKTHUBHBIX — XapaKTEPHCTHK
pa3pabOTaHHOIO IBUICYABIUBAIOLIETO amIlapara, CBS3aHO C BbIIIOJIHEHHEM
KOMIUIEKCA TEOPEeTHYECKUX HCCIIEJAOBAHUM, KOTOpble TIO3BOJIMIM OBl
MIPOTCHO3UPOBATH 3¢ PEKTUBHOCTH u HKOHOMHUYHOCTh nporecca
IBUICYJIABIIMBAHUS B JTFOOBIX IPOU3BOJICTBEHHO-TEXHOJIOTMIECKUX YCIIOBHSX.

IIpomecc  MOKpOTO  TBUICYNABIMBAHHS  SIBISAETCS  CIIOXKHBIM
TEXHOJIOTUYECKUM IPOLECCOM, TIO3TOMY JUISl YUCICHHOT'O MOJEIHPOBAHUS OH
pa30uT Ha [Ba B3aMMOCBA3aHHBIX MOJIEIUPYIOIINX OI0Ka.

- B mepBoM Oioke OBIIO IMPOBEIEHO MOJEIMPOBAHHE BHUXPEBOM
TapelKy MbUICYJIOBUTENS, B PE3yAbTaTe KOTOPOrO OHNPEeIeHbl PAalliOHAIbHBIE
KOHCTPYKTUBHBIE  XapaKTepUCTUKU  3aBuxpuTened  [3],  co3paromue
MUHHAMAJIHOE THAPABIMYECKOE COMPOTUBIICHHE B CYXOM PEXUME PaOOTEHIL.

- BO BTOpOM OJI0Ke HEOOXOIMMO OINPEENUTh BIMSHUE MEXaHH3MOB
B3aMMOJICHCTBUSI YacTHUIl IIBUIM C IIEHOHW M IIONYYHUTh 3aBHUCUMOCTH 3aTpaT
SHEPrUY Ha OYMCTKY OT OCHOBHBIX MTApaMETPOB ITbUIH, CBOMCTB MEHBI U APYTUX
(haKTOpOB, BIUSIONIMX HA MPOIECC ITbUICYITABIMBAHUSL.

[pouecc ymaBiauBaHUs TBUTM B MEHHOM CJIO€ MOXKHO pa3ieiuTh Ha
JIBA OCHOBHBIX JTalla, XapaKTepU3YIOIIUXCS OJHUM WM HECKOIBKHMH
MeXaHU3MaMH B3aUMOJICHCTBHS YaCTHUI] ITbIIH C IIEHOM.

Ha mnepBom osrtama BeIZEIMM JABe cCraaud. YacTHIBl ITbUIH,
OTAEIMBUIMECS OT MAacchl Marepuaja TMONagaloT B MBUICYJIOBUTENb U
YCTPEMIISIIOTCS HaBCTpedy NMEHHOM ciioro. Ha 9Toi crainu OCHOBHBIM BHIOM
SHEPrHHY, BEAYIIMM K OCYIIECTBICHHIO IpoIiecca OOECHBIIMBAHUS SIBIISETCS
KMHETUYECKast SHEPTHs TBUIEBBIX YaCTHII.

Pe3ynbpTaThl pacuera SHEPreTHYECKOro MapaMerpa, YYUTHIBAIOLIETO
KMHETUUECKYIO0 OJHEPrHI0 JIETSAIIMX K IMeHHOMYy cioto vactun Wk, mpu
Pa3IMYHBIX 3HAYEHUSIX CKOPOCTH YaCTHI, T'€OMETPHUYECKHX XapaKTEPHCTHK
amnmapara ¥ KOHIEHTpAlMU TBUTH Ha BXOJIE B aIllapar MO3BOJIMII ONpEIeInTh
CTENEeHb BIUSHUS KOHLEHTPAIMH MBI C,, CKOPOCTH BXOJla YaCTHI] B TIEHHbIH
cmoit V4, u HM3MEHeHHe reoMeTpudeckux pasmepop ammapara (h, Su) Ha
SHEPreTUYECKHEe 3aTpaThl Ha MbUICYIaBIBaHHE.

Ha Bropoii cragmm dacTuipl NBUIM CONMKAIOTCS C  TMEHHBIMH
My3bIPKaMH JI0 PACCTOSHHUN JEHCTBHS MEXMOJIEKYJISIpHBIX cuil. Ha aToit
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CTaJ U1 JIBY)KEHHIO YaCTHUII MPEMSITCTBYET BOSHUKAIOIIEE MEXKAY YaCTULIAMH H
My3bIpbKaMH PACKIIMHMBAIOIIEE JABJIEHHE, CBS3aHHOE C OOpa3oBaHHWEM Ha
YacTHLaX W My3bIPbKax aJICOPOIMOHHBIX 000JI0YEK BO3AyXa M OCOOEHHOCTSIMH
B3aUMOJICHCTBHS MOJICKYJ Ha TpaHuIle pasaena a3 [3, 4]. Ota craaus nepBoro
JTama TIpolecca XapaKTepHu3yercst SHeprermdeckuMm mnapamerpom Ww [4],
VUUTHIBAIONIMM Pa0OTy CHJ aAre3Wd, TaK Kak IIOCIeNHssS CBS3aHa C
TIOBEPXHOCTHBIMH SIBIICHUSMH.

[Mapamerp, y4YWTHIBAIOIMI DHEPrHIO TMPOTHBOAEHCTBUSI  IIEHBI
MIBUIEBOMY TTOTOKY, MOYKHO TIPEJCTAaBUTh B BHJE CYMMBI JIByX DHEPreTHYECKUX
napamerpoB WY u Wp, ormichIBaronyx SHEPruy, MOJIE3HO pacXoayeMble TpH
9KPaHHUPYIOIIEM U CMAYMBAIOIEM MEXaHU3MaX B3aUMOJIEHCTBUSI.

DKpaHUPYIOUIMH MEXaHW3M B3aWMOAEHCTBHSI YaCTHUIIBI C MYy3BIPHKOM
3aKI04aeTcsi B TOM, 4YTO YacTHI@, CONPHUKOCHYBINASICSI C ITY3BIPHKOM,
pacTsAruBaeT ero MoBepxXHOCTh B MECTE KOHTaKTa, 00pasys yriyonenue [3].

IIpn sTOM BBISBICHO, YTO JHEPreTHUECKHE 3aTpaThl B Ipolecce
OYMCTKM Ha OKPAaHUPYIOIIMH MEXaHM3M B3aWMOJEHCTBUSI YaCTHIBI C
MTy3bIPHKOM TIOBBIIIAIOTCS TIPH YBEJIMYEHUH MEIUAHHOIO JWaMeTpa YacTHIl
meuTd .

A wm3MmeHeHne sHepreruyeckoro mapamerpa WY, B 3aBUCHMOCTH OT
W3MEHEHHs CKOPOCTHM YacTHI NbUIM V4, TOCTymaromeidl Ha O4YHUCTKY,
XapaKTEepPUCTUKN TEeHHOro ciosi Dn u MeauaHHOro nuaMeTpa 4YacTull ITBLIH
nocTynarouieii Ha o4yucTKy 04, HE3HAYUTENbHO, T.€. IEPEUHCIICHHBIC
rapamMeTpbl NPAaKTHYECKH HE BIIHSIOT HA .

OcHOBHOE BIIMSIHWE Ha JHeprernueckuii mapamerp WY, okasbiBaer
W3MEHEHHE MEJNAHHOrO AUaMeTpa YacTull nbutH du, Ipyrue TeXHOIOTHUeCKUEe
MapamMeTphbl OKa3bIBAIOT HECYIIECTBEHHOE BJIMSHHE Ha SHEPTHI0O CMAauyUBaHUS
YaCTHI[ Ha SHEPTUI0 CMauYUBaHUS YaCTHIL.

BriBoabI

Maremartuueckast MOZIENb Tpoliecca B3auMOJICHCTBHS TTBIJIEBOTO a3PO30JIs
C TICHOM YYMTHIBAET JHEPreTHUYECKHE MapaMeTpbl M OCHOBHBIC HPHHIUIIBI
TOJTydeHHs1 NeHbl (eHooOpa3oBaHue, 0apOOTHpOBaHME BO3/yXa 4Yepe3 CIoH
TICHBI U JIP.), ONPEJIENSIOIINE COCTOSHUE TTOTYy4aeMO MEeHBL.

B pesynapraTte TpOBEAEHHBIX HCCIENOBAHMH ITONydEHBl 3HAYCHUS
SHEPreTUYECKHUX IOoKa3aTeeld mpolecca yaaBIUBaHUS YaCTHUIl NMbIIH TTEHHBIM
ClI0OEM,  KOTOpbIE  IO3BOJISIIOT ~ CKOHCTPYHMpPOBATh  IBUICYJIOBUTENH  C
palMOHABHBIMA ~ KOHCTPYKTHBHBIMH W PEXHMHBIMH  NapamMeTpamMH.
OCHOBHBIMH TapaMeTpaMH BIIMSIOIMIMMHM Ha TPOLECC MbUICYITaBIHMBAHUS
SIBJISIFOTCSL  KOHIIGHTpAIMsl TBUTM Ha BXO/AE B ammapaT KOTopas JOJDKHA
Haxoaurcst B mpenenmax 40-50 /M3  oummaemoro rasa, W IUIOHIAJ]b
TOTIEPEUHOr0 CEUEHHS ATMAPATa KOTOPas He J0JIKHA MPEBBIMATE 2 M.
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Ananu3 MeXaHU3MOB B3aPIMOI[eI>iCTBPIH qacTul 1IblIn C MIEHO IMO3BOJISIOT
NOJYYHUTh 3aBUCUMOCTL OSHCPTOCMKOCTHBIX MOoKa3zaTejled OT OCHOBHBIX
napamMeTpoB U CBOIICTB NEHbI, U APYIrux (baKTOpOB, BJIMAIOLIUX Ha IIPOIECC
NbUICYJIaBJINBAHU.
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DIAGNOSING STRENGTH OF
MICROASSEMBLY FRAMES BY ACOUSTIC
EMISSION METHOD

Goroshko A., Kovtun I.
Khmelnitskiy national University, Ukraine
E-mail: iftomm@ukr.net

Microassembly frames of microwave frequency (fig. 1), manufactured
from aluminum alloy AMg-2, is a permanent connection of base and cover,
made with the help of laser welding. These quite critical units are used in
modern Ukrainian planes. In the process of operation, i.e. while ascending to a
high altitude, internal overpressure emerges in the frames, which may cause the
destruction of joint weld and depressurization of the frames. AE method
enabled increasing reliability of manufactured frames, making it possible to
diagnose, control and prognosticate the strength and hermiticity of frames in
manufacturing and operation.

A group of frames was studied, where the junctions of covers and
bases are pressurized by means of laser welding, while all the load of external
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overpressure is taken by either joint weld alone or by joint weld and the
product construction.
. wE o During the loading process
the basic parameters of AE signals
were recorded. The  program
processing of AE signal parameters
allowed to create 2 and 3-
dimensional acoustograms, showing
the dependence of AE parameters on
pressure and linear coordinate
Fig. 3. The microassembly frame between the piezoceramic
of microwave frequency transducers.

The coefficients of predicting depressurization stress, obtained by the
data of AE signals activity measurements and registering the internal
overpressure of tested frames, can be accordingly used for defining the leak-off
pressure in safe loading of frames.

The predictable leak-off pressure is defined by the formula

4,

Pr =P K, (1)

max

Where Py, . is pressure, under which the activity of AE signals reaches
the control point (14,9 imp/c).

The values of prognostication coefficients for tested frames, are within
the range of 2-2,53. This dispersion of the obtained values reflects the
instability of physical and mechanical characteristics of joint welds and comes
from imperfection and weakness of laser welding technology. In this situation,
taking into account a particular responsibility of tested frames (the operation on
the plane board), we take the minimum value of prognostication coefficient
Knin=2 for predicting the depressurization stress; then a mistake in
prognostication is considered the margin of safety.

For arranging nondestructive diagnosing and prognostication of
strength and hermiticity of frames for microwave frequency microassemblies a
safe level of pressure for frame testing is defined. Using the minimum value of
prognostication coefficient, testing pressure is calculated according to the
formula:

P

P - max(TC)

test K ' (2)

min
Where Ppax (rcy - the value of internal overpressure, which must be
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withstood by the frame according to technical conditions.

o Nondestructive loading of frame up to Py makes it possible to assess
strength and hermiticity of tested frames according to AE signal
parameters.

e Consequently, there has been developed the method of nondestructive
control, predicting strength and hermiticity of microassembly frames of
microwave frequency.

o Diagnosing and predicting strength and hermiticity of microassembly
frames of microwave frequency is performed with nondestructive testing of
frames by means of internal pressure. Compressed air is directed into the
frame until it reaches the testing pressure Piest=Pmaxzcy/ Kmin, Where Praxrc)
is the top possible internal overpressure of the frames according to technical
condition, K, - coefficient of predicting the depressurization sress (Kpin =
2). Simultaneous registering of pressure and AE signal parameters is done
during the testing.

o If acoustic emission has appeared with the loading up to P and its activity
exceeds the reference level (15imp/c), the frame is considered
unserviceable in the pressure range identified by technical conditions; if
necessary, its depressurization stress is calculated with the formula:

« P¥ =P K

ored \min » Where Py — the pressure under which AE signals
activity has reached the reference level.

o vet, if AE activity has not exceeded the reference level, the frame is
considered suitable for exploitation within the pressure range set by
technical conditions.

The authors have also tested microassembly frames of microwave
frequency with the help of internal overpressure in dynamic mode in the
pulsating cycle.

The AE signals were found to testify to the fact that the process of
joint weld destruction starts and develops long before the catastrophic failure,
i.e. depressurization of the frame, and their use allows for exercising control of
strength and hermiticity of microassembly frames of microwave frequency in
the conditions of loading in the pulsating cycle.

Consequently, there has been worked out the method of
nondestructive control of strength and prevention of dangerous states in
microassembly frames of microwave frequency, operating in the conditions of
internal pressure difference in the pulsating cycle. The developed method is
intended to exercise nondestructive control strength and hermiticity of frames,
operating aboard. The control of frames is done automatically during the flights
by means of acoustic emission measuring device, installed on the board of
plane. AE sensor, transmitting AE signals to the measuring device, is set in the
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controlled frame with display panel, informing about the emission of AE

signals, in pilot’s cabin. If for some reason the AE device cannot be installed

aboard, the frame control is run by the technician who services the equipment
in the plane and tests the frames by internal overpressure every 5 flights and
landings. At the same time:

o the phenomenon of Kaiser effect, i.d. the absence of AE signals after the
first cycle, i.e. after taking off and landing, proves that the frame is strong
and hermetic;

o if AE signals appear at the n-cycle, being commensurable with signals
emitted during the first cycle, this should be the warning about the process
of catastrophic failure that has started, and such a frame is going to
depressurize after 6-10 flights and landings.

LOCATING DEFECTS AND TESTING STRENGHT
APPLYING METHOD OF ACOUSIC EMMISSION

Kovtun I.1., Petrashchuk S.A.
Khmelnitskiy National University (KhNU)
11, Instituska str, 29016, Khmelnitskiy, Ukraine
e-mail: roizman@mailhub.tup.km.ua

Any defect can dangerous or not depending on its location in strain
field generated by some load. In difference with majority of known methods
for non-destructive diagnosing such as ultrasonic test and X-ray radiography
which provide only selective controlling in separate zones of material, detect
large defects but don’t assess potential danger of defects, 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
without scanning, applicability to control as homogenious as heterogenious
materials, even composites. The question of practical using of this method for
strength diagnosing is still actual and needs further workout dispite of
numerios works [1, 2, 3...] studying it.

Original measuring system of acoustic emission (SAE) was designed
as train of 2-channel 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 instrument 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.
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Measuring system finds amplitude, activity, power, energy, and also
linear coordinate of signals AE, which is calculated by formula:
x=lg™ )

2 2

where L — distance between piezoelectric 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 a rod and tested by tension, shear and bend load.

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

Three-dimensional graph (fig.1), which show AE signals distribution
depending of strain and linear coordinate testified generating signals yet before
elastic 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.
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Fig. 1 Acoustic emmission in elastic phase

It’s proved that maximum of AE signals activity belongs to 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 signals activity N is
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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= ©)

O for

where g, — ultimate limit of specimen; o s, — strain of forecasting in
which AE signals activity 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 o™, for specimen being tested as:

"= K-Gor. (4)

Thus, AE signals activity N and strain o, Simulteniously 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 simultaniuos 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
strain oy, is defined as one that corresponds to control level of AE, and
forecasting coefficient K is calculated 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
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 K, from confidence interval found with
probability 0.95. Thus using 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
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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 mechannical 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.

Acoustic emission research of glass-plastic blanks used to
manufacture pumping rods was ordered by Oil-Gass industry. The outcome of
conducted research was the mothod for non-destructive diagnosing strength of
blanks. In accordance to which parameters evaluating 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.

Presi=PradK (5)

where Pna — maximal acceptable load, which is not destructive; K —

forecasting coefficient found by previously conducted destructive testing

according to formula (3); taking into account that pumping rods are used in

mine (being wrecked they may cause great expenses for maintanance) Kp, = 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 Pt = 19000 N . This load never goes over proportional limit. Testing
was followed by recording parameters of AE signals. Analysis of AE
information allowed to reject defective levers. Quality of rejecting 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. As it’s shown in fig. 4 the more is
strength of tested lever the lower is accumulated energy. Physical essence of
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this phenomena is that defects, which reduce strength of levers, show
themselves (radiating AE) as early as more they reduce strength.

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

c, =950 E°*. (6)
o, =807-E°. ©)

As ordered quality criteria was oy, = 720 MPa, whcih corresponded to
accumulated energy of AE signals £ = 3.4 mV/? so loading levers to Py and
recording AE parameters it’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, mechanical testing to
destruction proved that strength of levers was not lower acceptable. Thus, in
comparision with the traditional 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 Prs. 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 £ =
3,4 mV? lever is considered defective and rejected.

if necessary strength of defected levers is forecasted by
formulas (6, 7) for further use in less important machines.
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Introduction

In the area of machine design and all creations of technology and
nature, which are working in heavy conditions, monitoring the change of
stresses in different structures is one of the most important duties. It ensures the
safety and reliability of these structures. Previous solutions of the deformations
measurement systems required to use, for example the inconvenient strain
gauges gluing or very uncomfortable mechanical equivalent of strain gauge.

This paper presents the application of the Self-oscillating Acoustical
System (SAS) for monitoring the change of the deformation. The essence of
the SAS system is to use a vibration exciter and vibration receiver placed in a
distance, which are coupled with a proper power amplifier, and which are
operating in a closed loop with a positive feedback. This causes the excitation
of the system. The change of the speed of wave propagation, which is
associated with the change of the resonance frequency in the system is caused
by the deformation of the examined material. This phenomenon can be used for
an indirectly measurement of the change of the stresses in the material; it is
similar to the excitation of the circuit consisting of the microphone and the
speaker. Such a phenomenon, in these systems, is undesirable and in, this case,
is used to measure the deformation. For small deformations the sensitivity of
the self-oscillating systems is higher than that of the other measuring systems,
especially in comparison with the open loop systems. Moreover, other
solutions cause big problems with the reflection and the interference of the
waves. SAS, for a well-chosen gain factor in the feedback loop, has only one
strong impulse which is easily identifiable. It should be emphasized that after
reviewing the literature, no measuring system had been found which uses idea
of the positive feedback.

The widely known example of a self-oscillating system is a pair
microphone-speaker. By bringing closer a speaker to a microphone the system
is excited and it produces a hum. This effect also occurs in the radiotechnics.
The autodyne lamps, which are used in the old radio sets, can excite
themselves. This effect is called the autodyne effect. This effect consists in

115



variation of such parameters of a self-oscillation system as: the amplitude,
frequency and bias voltage.

Autonomous non-conservative systems are characterized by the fact that
their vibrations are associated with a gain of energy. If at the time of a
vibration of an autonomic system the flow of energy from the outside appears
causing a gain of the amplitude of these vibrations or compensating the loss of
energy and supporting periodic oscillation, then the system is called
selfoscillating and its vibration — selfoscillating vibrations.

The most characteristic feature of selfoscillating systems is the way they
charge the energy. It allows to distinguish between autonomous self-excited
systems and non-autonomous systems. Energy flow occurs in non-autonomous
systems by the action of external, explicitly time-dependent forces.

The time of selfoscillating system vibration occurs in equations not
explicitly. The energy source is constant, not dependent on time. The energy
flow is controlled by the oscillating system itself (which is why we call such a
system selfoscillating).

Preliminary Test Stand and Results

The autodyne circuit was discovered by Edwin Howard Armstrong as
an improvement to radio signal amplification using the light bulb type
amplifier. He inserted a tuned circuit in the output circuit of the Audio vacuum
tube amplifier. By adjusting the tuning of this tuned circuit, Armstrong was
able to dramatically increase the gain of the Audio amplifier. Further increase
in tuning resulted in the Audio amplifier reaching self-oscillation. More
recently, autodyne converters are employed in radio receivers for the AM and
FM broadcast band, where a single transistor combines the functions of
amplifier, mixer and local oscillator [1].

The autodyne effect appears also in the presence of laser-induced
hydrodynamic flows. This autodyne effect proved to be useful in diagnostics
during laser processing of materials, particularly in identification of the type of
biotissue in the course of its destruction [8].

Apart from radiotechnics and laser technology we can find the
autodyne effect at our homes. Everyone knows the effect of moving closer a
microphone to a loudspeaker. The result comes as excitement of the system,
which manifest as a hum. This effect consists in variation of such parameters of
a self-oscillation system as amplitude, frequency and bias voltage.

During our research at the Department of Process Control at the AGH
University of Science and Technology has been developed Self-oscillating
Acoustical System (SAS). It is an assembly of devices, which similarly to the
speaker-microphone system or autodyne lamps, exploits the phenomenon of
self-excite.
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Below the results of an experimental research on a new system for
stress measurement in rocks are presented. The idea of the experiment was to
use the changes of the acoustical resonance waves to calculate stress in rocks.

System diagram is shown in figure 1, where amplifier, shaker (E) and
receiver (R) are formed in a feedback loop [8]. The shaker (E) was fixed to a
bar, with a square cross section of 50x60 mm and length 660 mm, made of
gray sandstone. The bar was put into a testing machine to create a load. On the
beam’s surface four accelerometers were fixed: three of them on the same
surface as the shaker and the last one directly on the opposite site.
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Fig. 1. Self-oscillating Acoustical System diagram, where E — shaker and R - receiver

During research tests were performed on a single sample of sandstone
to examine the impact for the stress measurement parameters such as: position
of receivers, position of shaker and the influence of geometrical shape and
dimensions of sample. A theoretical model was also proposed whose
parameters have been confirmed by performed experiments. The tests in the
laboratory were conducted using several loads; they were 500kg, 1000kg,
2000kg, 3000 kg, 4000kg and 5000kg. The real object test was done only for
one load — 6 tons, but the stresses were grater in laboratory tests, because of
smaller cross section field area. Additionally in the metal, tensile stresses were
detected and in any other materials the compressive stresses occurred.

Tab. 1. Velocities, its average for the sandstone bar with different loads

knockin
Load g ta[s] to[s] At[s] v[m/s] Va[M/s]
number

1 5,43329620 | 5,43348876 | 0,00019256 | 2357,707
2 8,48131018 | 8,48150938 | 0,00019920 | 2279,116
3 10,98723954 | 10,98743376 | 0,00019422 | 2337,555
4 13,46161064 | 13,46181648 | 0,00020584 | 2205,597

500kg 2295,649
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5 15,61228008 | 15,61247762 | 0,00019754 | 2298,269
1 3,13927912 | 3,13911146 | 0,00016766 | 2707,861
1000kg 2 13,55393652 | 13,55374894 | 0,00018758 | 2420,301 | 2475,477
3 16,28319730 | 16,28299976 | 0,00019754 | 2298,269
1 3,32164838 | 3,32182600 | 0,00017762 | 2556,018
2 5,35422044 | 5,35441134 | 0,00019090 | 2378,208
2000kg 3 8,02705616 | 8,02721054 | 0,00015438 | 2940,795 | 2577,602
4 14,81584362 | 14,81603618 | 0,00019256 | 2357,707
5 18,48966598 | 18,48983696 | 0,00017098 | 2655,281
1 6,81661736 | 6,81678004 [ 0,00016268 | 2790,755
2 9,57813360 | 9,57829960 | 0,00016600 | 2734,940
3000kg 3 12,15677262 | 12,15694526 | 0,00017264 | 2629,750 | 2653,854
4 14,73804606 | 14,73822036 | 0,00017430 | 2604,705
5 18,53690128 | 18,53708222 | 0,00018094 | 2509,119
1 477264774 | 4,77283200 | 0,00018426 | 2463,910
2 11,93114044 1 11,93131972 | 0,00017928 | 2532,352
4000kg 3 14,31160700 | 14,31179292 | 0,00018592 | 2441,910 | 2596,734
4 16,58855430 | 16,58872860 | 0,00017430 | 2604,705
5 18,53210886 | 18,53226324 | 0,00015438 | 2940,795
1 9,00891296 | 9,00906568 | 0,00015272 | 2972,761
2 11,26468364 | 11,26484632 | 0,00016268 | 2790,755
5000kg 3 13,48013956 | 13,48030888 | 0,00016932 | 2681,313 | 2910,511
4 15,60218728 | 15,60236822 | 0,00018094 | 2509,119
5 17,54421962 | 17,54434578 | 0,00012616 | 3598,605
3500
3000
/
—. 2500 L e e
0 ~—
E 2000
g 1500
g 1000
500
0
500 1000 2000 3000 4000 5000
Load [kg]
Fig. 2. Dependence between wave propagating velocity in sandstone and the load
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Industrial Tests

The industrial tests were done in the cement plant. The object under
the study is shown in figure 3. It is a silo filled with cement. There are two
types of actions, loading and unloading the silo. Almost every 15 minutes
comes a mixer truck and takes a portion of concrete. Depending on the capacity
of the mixer truck it is about 1.5 tons of cement to make the concrete, for a
small mixer truck, and about 2.5 tons for large mixer truck. Two times a day
the silo is refilling with the thirty tons of cement, pumping from above to the
silo. The silo is standing on four legs. The base of the leg is not made only of
the concrete but there is also the metal for additional reinforcement. This is the
main difference between the real object and the laboratory test.

The load from the weight of the metal silo and from the weight of the
cement inside it is distributed among the four legs. We assume also, that the
load is divided by four, but we have to take into consideration the fact,
especially during the loading, that the cement could not take horizontal level
and it could spread unevenly, causing different load force to each leg. It is
especially important during defining the sensitivity of the closed loop system.
The real object test stand has several positions to mount emitter and sensors.
Figure 3 is showing these positions, where the letter E refers to the position of
the emitter, and R refers to the position of the receiver (accelerometrical
sensor). The tests were split in three different groups: the closed loop system,
the open loop system, the velocities measurement system. The tests in “a” and
“b” were done in configuration E1, R1, R2 and E2, R1, R2. The tests for
measuring the velocities were conducted in configuration R1, R2 and R1, R3.
They were caused by different ways of connection between the sensors and the
concrete. The R1 and R2 sensors were connected by the thread, while R3 has
magnetic connection with metal plate glued to the concrete.
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TS

Fig. 3. of the measurement test stand

Measuring the Wave Propagation Velocities

The tests were conducted in two configurations of the sensors. Each
configuration has first sensor in R1 position with thread connection. The
second sensor was in position R2 with thread connection in first configuration.
In the second configuration the sensor has magnetic connection and position
R3.

The analyses of the results showed, that magnetic connection is not
suitable to determine the velocity of the wave. It is caused by wrong
connection between magnetic sensor and rounded surface of metal plate.

The tests were conducted on two-phase system object. The silo leg
was made of concrete reinforced with metal bars, so the first phase was
concrete (B30), and the second was construction steel (E295). For better
understanding, several tests were made in laboratory with one phase system for
the concrete and steel. Parallel to these materials the wave propagating
velocities for marble and sandstone were also measured, as we tested the
autodyne phenomena on these materials.

As it was mentioned, the measuring system was equipped with two
sensors. The distance between them was | [m]. The measuring card was
sampled with the frequency of 600 kHz. Above the upper sensor several
knocks were applied and because of the time of this knocking it can be treated
like a Dirac delta function. During the analysis the time distance between the
first maximums signals from both sensors was determined. Because of the
wave reflection and interference phenomena the other maximums signals are
abandoned. There were also tests in which the knocking was done below the
lower sensor. The results of the analysis were similar for all knocking
positions.

SAS in Real Object Tests

The test was conducted with two configurations of the position of the
shaker. As shown on figure 3, there were E1 and E2 positions. Two signals
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were used for the closed loop; the first kind of tests used the signal from sensor
R1, and the second from R2. The measurement stand is showed in figure 2,
where: a is an accelerometer, b is an emitter (shaker), c is a laptop with
appropriate LabView software, d is conditioner, e are compact measurement
cards and f is a power amplifier.

The early test shows that the positions of the shaker are important for
SAS system. The shaker in position E2 does not result in an autodyne effect.
Researchers supposed that it is a result of the Saint-Venant rule, or it comes
from the dispersion of the vibration energy to the ground and not in sensor
direction. The difference between position with no autodyne effect E2 and the
position E1, in which the effect was apparent. With further tests the researchers
have noticed that the connection between metal plate and concrete has had
some little flaws. After correcting this connection, the autodyne effect has
occurred also in E2 shaker position. As a conclusion: the right connection
between the emitter or receiver with the tested object is very important.

Static Tests

The conducted tests can be divided into two groups. The first group
was conducted when there were no loads or unloads in the silo. The relative
value of the weight of the cement in the silo was known. This group can be
treated as a static test. The second group was conducted when the silo was
constantly loaded with the cement. At the same time unloading in the mixer
trucks but not constantly - group of tests can be treated as a dynamic test.

035
03
025
02
015
01
005 -

o

Ampliude [Volts]

Frequenc;

035 quency [Hz

% 03 46 Ston l 48tons
F ~

2025 \‘

£ 02

38tons Hdtons “
015 i

" . ]
Y Tl
I

008 —= T

0 — - T * T
14500 14750 15000 15250 15500
Eraouancy A

Fig. 4. The fft characteristic of the vibration of the real object loaded with different loads

When we started the tests, the weight of the silo was about 48 tons.
When there were no loading and unloading, the measurement was done. As a
result we obtain a resonance peak on fft characteristics at frequency about 15
kHz (highlighted area on upper chart showed on figure 4). To show the detailed
frequency, we extended this highlighted area and showed it in the lower chart
in the same figure. The blue peak represents the response for the resonance
when the cement in the silo weighted about 48 tons. This load has to be
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distributed into the four legs of the silo. So each leg was compressed with 12
tons plus the weight of the silo, which is constant. The changes of the stresses
are determined only by the variations of the weight of the cement inside the
silo.

After this measurement, the process of unloading has begun. The
cement from the silo was unloaded to the small mixer truck, which holds about
1.5 tons of cement. After this, again when there was no loading or unloading,
the measurement was conducted. On extended chart in figure 3 the result is
visible as an aqua peak. The cement sent to small mixer truck caused decrease
in the load for one leg, about 400 kg, and also decreased the stresses. The peak
moved left for about 5 Hz from the starting position.

Then the process of unloading was continued, but this time the mixer
truck was bigger; its capacity was about 2.5 tons. Again in static conditions (no
loading or unloading) the test was done. The peak responsible for new
resonance is shown in figure 3 in red peak. It moved to the left for about 33 Hz
from previous position and 38 Hz from the starting position. It was caused by a
decrease of the load for about 625 kg for one leg (2.5 tons goes to the large
mixer truck divided by four).

There are two reasons why the weights of the cement are given by
relative values. The first is the lack of any digital or analog devices that
measure the level of the cement in the silo and it is measured manually by
humans (Fig. 6.18). The second reason is because the researchers cannot
assume that the level of the cement is horizontal and regular (flat). It causes the
displacement of the center of the mass. And if the center of the mass is not in
the middle between the four legs, we cannot assume the compressing force is
the same for each leg.

Next day the measurements were carried out. The weight of the
cement in the silo was about 38 tons. The test was done also in the static
conditions. The pink peak presented in figure 3 is responsible for the resonance
of the concrete leg by this load. This peak has moved about 322 Hz from last
position and 355 Hz from the starting position. The decrease of the load
between start condition and end condition was about 2.5 tons per leg. The static
tests clearly prove that Self-oscillating System, which uses the autodyne effect,
can be adapted for the change of stresses measurement in real objects.

Analyzing the charts in figure 4, it can be concluded that nonlinearity
appears. In figure 5 the dependence of the load (so also the stresses) on the
resonance frequency is not linear.
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Fig. 5. The relation between the frequency and the load and its approximation (green)
The analysis was made in purpose to elaborate the empirical formula.
After approximation the results from real object, the dependence between the

resonance frequency and load was given by the formula (1).
1)

flx)=vax+b+rc

where: f — is the resonance frequency in [Hz], x — is the load in [kg], and the
values of factors a, b, c are: a = 14.9, b = -5.66-10°, ¢ = 14800.

The empirical formula (1) was elaborated because the formula did not
fit to the objects with the small ratio between length and the cross-section
dimensions, like real test object. The root mean squared error in this
approximation was only 18.05 [Hz].

Dynamic Tests

The second kind of tests was conducted when the silo was loading (it
takes cement from the truck) and unloading (sending the cement to the mixers).
The cement comes from truck. This truck is equipped with the special pump
system, which pushes the cement through the pipe to the silo. In one loading
cycle, it gives about 30 tons of cement. The process takes about one hour.
Assuming the constant efficiency of the pumps we can calculate the rate of the
flow. It is about half a ton per minute, which means, that the load for one leg
grew about 125 kg every minute. The SAS was continually monitoring the real
object during the process of loading.

It is worth mentioning that during the loading process the silo did not
stop working. It means that from time to time mixer trucks take portions of
cement. After the process of loading started, the fft peak went to the frequency
value which was around 15 [kHz]. The chart below in the same figure shows
the exact value of frequency (14807.5 Hz). By the time the load was
increasing. So after 20 seconds there was additional 50 kg for each leg; it is
calculated in proportion to 125 kg per minute. The green peek relates to this
stress change. The difference of frequency between these two peaks is about
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one Hertz. After 50 seconds, which means 100 kg per leg more, the peak
moved to the right four Hertz more. It is visible as red peak.

Obviously, the characteristics are only the snapshot from the real time
characteristics. The real time peaks move continuously to the right from blue —
start peak till red — end peak. From the same reason like in static tests, we
cannot give the exact value of the load change. It were unregular and not
horizontal level of cement causing displacement of the center of the mass
causing different load for each leg. Additoally in case of dynamic tests, we
have to mention that the efficency of the pomps is not constant, so the assumed
flow rate is also not constant. There are also some dynamic reactions, because
the cement is falling from the top of the silo causing the dynamic force, which
has an influence on the load of the single leg. With the increase of load, the
level of cement is growing and the distance for falling down is desreasing, so
the dynamic reactions are also decreasing.

After a couple of minutes the mixer truck had come and took a portion
of the cement from the silo. The process of loading was continuous, so the
weight of the cement in silo was also growing; the resonance peak was moving
continuously to the right. The blue, green and red peaks show the snapshots of
the resonance movement during the first minute of loading. After rapid loss of
weight, caused by mixer truck the resonance frequency had changed. This was
noticed by the SAS system. The resonance frequency after rapid unloading,
which had moved to the left about 33 Hertz from starting position.

The loading process was still going, so after the end of rapid
unloading, the weight of the cement in the silo was still increasing. With the
growing of the mass of cement, the resonance frequency grows too. After only
10 seconds the resonance peak moved to the right. It is represented by aqua
peak, which moved to the right about 14776 [Hz], which is two Hertz more
than at the moment ending the unloading. By the time, the SAS was monitoring
the construction for the next 25 minutes. In this time there were 3 large mixer
trucks, which had taken about 7.5 tons of the cement. We can also notice that
in 25 minutes there were 12 tons of cement pumped into the silo. So from the
beginning of monitoring there was 12 tons of the cement loaded into the silo;
ten tons were taken by the four truck mixers. This means that after 25 minutes
there were two tons of cement in the silo more than at the beginning. Its
displacement from the staring position is about 32 Hertz to the right, and the
frequency value for this peak is 14839 [Hz].

Summary

As we saw the SAS monitoring system is working very well in both
static and dynamic conditions. It detects both decrease and increase of the
stresses caused by the change of the load. The system has also very good
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sensitivity — the researchers marked even 20 kg change of the weight of the
cement in the silo, which is a great result in comparison with the overall weight
of the silo which is sometimes greater than 60 tons.

The main argument shown in this article is that self-oscillating
acoustical system with the positive feedback permits monitoring of the change
of the stresses in constructions. The usefulness of this phenomenon for
different states of strain and the various dimensions of test samples of
sandstone, marble and concrete was examined to prove this argument. The
study confirmed the existence of the self-excitation phenomenon, which can be
used to recognize the state of rock mass deformation. The preliminary
calculations were done using physical modeling; Cundalla-Hertz model was
built. After performing experiments in the laboratory and analyzing the results
from the simulation, the real object tests were conducted. In the cement plant,
the research was conducted on one of the legs of the silo. So the high level of
sensitivity was obtained which proves the efficiency of the presented method.
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PEI'MTOHAJIBHASI ABTOMATU3UPOBAHHASA
CUCTEMA YIIPABJIEHUS OB BEKTAMHU
I'A3OCHABXEHUA
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e-mail: tvf@gisnet.kharkov.ua

PaccmatprBaroTcst KOHIIENTYaIbHbIE OCHOBBI IIOCTPOEHHS PETHOHATBHOM
aBTOMATH3UPOBAHHON CHUCTEMBI YIpaBiieHHs! oObekTamu razocHadxeHusi (PACY
OI') Ha mpumepe Ta30CcOBITOBONM  KoMmaHuu obmactu. [IpuBomurcs
TeppUTOpHATIbHAS OpTraHW3alMOHHASl CTPYKTYpa Ta30COBITOBOrO MPEIIPHUSTH,
KoHUenTyanbHast  apxutekrypa PACY OI' |, mepedeHp  1M(pPOBBIX
KapTorpaM4eckux  MaTepUalioB  JUIsd  DasHbIX  ypOBHEH  yIpaBlieHUS,
(YHKIMOHAIBHBIE 3a/1a41, KOTOpbIe 00€CTIeYNBAIOT PELIEHNE TPOU3BOICTBEHHBIX
1 TEXHOJIOTMIECKHX 3a]1a4.

OcCHOBHOIi TIeJIBI0 MICCIIEZIOBAHUS SIBJIAETCS Pa3pabOTKa pPeruoHaIbHOM
aBTOMATH3UPOBAaHHOMN CHCTEMBI yNPaBIIEHUsS 00BEKTaMH Ta30CHa0KeH s 00acTy,
KoTOpasi oOecrieunBajia Obl  ONTHMaJbHBIE YCJIOBHS IS YIOBJIETBOPEHHS
MH(POPMAIMOHHBIX NOTpeOHOCTEH PYKOBOJACTBAa Ta30COBITOBOM KOMIIAHWH, €€
TEXHMYECKOTO IIEpCOHalla B  oOecredeHnn OecriepeOoHHOro  CHaOXKEHUs
notpeduTeneil — MNpennpusTHA W HaceJIeHWs Ha OCHOBE (OPMHPOBaHHS U
HCTIONIB30BaHMS COOTBETCTBYIOIIMX WH()OPMALMOHHBIX PECYPCOB M COBPEMEHHBIX
reOMH(OPMAIMOHHBIEX TEXHOIOTHA.

3agauamMu HCCIEIOBAHMS SIBISIIOTCS pa3paboTka apxutekrypel PACY
OI', OCHOBHBIX €€ ITOJICHCTEM, IPHHIIMIIOB OPTraHU3ali T'e€ONPOCTPAHCTBEHHBIX
JIAHHBIX, TEXHUYECKOT0 ¥ IIPOrPaMMHOT0 00ECTIEYEHHSI CHCTEMBI.

Pemenne 3amay  cTpaTerMyecKoro M OINEPATHBHOIO  YIIPABJIEHUS
JIESITENTLHOCTBIO KOMITAaHUN TPeOyeT aHaim3a M 00padOTKH OrpOMHBIX MAacCHBOB
nH(pOpMAIMY, YTO TIPUBENO K HEOOXOAMMOCTH pa3pabOTKM W  BHEAPEHUS
PETHOHANILHOM ~ aBTOMaTH3uMpoBaHHOW cucrembl ympasnenus (PACY) OAO
«XappkoBrasz». KiloueBbIMH KpUTEpHSMH, ONPEICTUBIIMMU HH(OPMAIMOHHBIE
TEXHOJIOTH, TTOJI0KEHHBIE B OCHOBY TAKOW CHCTEMBI SIBUJTHCH!

— NPOCTPaHCTBEHHO-PACIPEACIICHHAs! CETh 0OBEKTOB MPEIIPHUSITHS;

— MHOT'OYPOBHEBasl CTPYKTYpa YIpaBJeHUs] OCHOBHOM (pyHKIMOHAIEHON
JIESITENTLHOCTBIO;

— MOTEHIMAJIbHAS ONIACHOCTh 0OBEKTOB Ira30BbIX CETEH;

— YpPOBEHb OCHAIIIEHHOCTH COBPEMEHHBIMH CpeICcTBaMH 00pabOTKu
nH(pOpMAIHH.
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AHa3 MHpOBOTO ONbITa B CO3/IaHWM IMOJOOHBIX CHUCTEM MOKa3bIBAET,
YTO WHTETPUPYIOIIEH HMX OCHOBOW SIBIISIIOTCS T€OMH(OPMAIMOHHBIE CHCTEMBI,
KOTOpbIC TIpH pa3paborke uit KommaHui, momoOHeIx OAQO «XapbKoBrasy
Ha3bIBAIOT KOPIIOPATUBHEIMU. YUUTHIBAsI CTPYKTYPY U MACIITAObI JIESITEIBHOCTU
kommanud, B ocHOBY PACY mnomxHa ObITE mosiokeHa kopropatusHas [HIC ¢
pacnpeneneHHol 00padoTKoW HH(pOPMAIUH, B KOTOPOH OIHOBPEMEHHO OOJIBIIOE
YUCIIO COTPYIHHMKOB HMMEIOT JIOCTYN K (YHKIMSAM M JaHHBIM ITOCPEACTBOM
TEXHOJIOTUH KIIMEHT-cepBep. Hanbornee onTUMallbHBIM TEXHUYECKUM pELICHUEM
st moctpoeHust  kopriopatuBHoi [MIC  siBnsilercst  TexHOnorust W Habop
MPOrPaMMHEIX MPOIYKTOB GupMbl ESRI, KOTOpBIE B KOMIDTIEKCE C COBPEMEHHBIMU
CYBJ (Oracle, Informix, MS SQL Server) mo3BOJSIFOT CO3/1aBaTh CHUCTEMBI C
pacnpenielieHHO ~ 0OpabOTKOHM ~ MPOCTPAHCTBEHHOH W CEMaHTHUYECKOM
nH(pOpMAIHH.

OpraHu3alioHHasl CTPYKTypa ra3ocObitoBoro mpemnpustus OAO
«XapbKOBras» MepapXuyHa M COCTOMT M3 TPEX YPOBHEH: I'OJIOBHOE YIIPaBIICHHE;
(buman; y4acTok.

Hcxonst u3 aToro, NpocTpaHCTBEHHass MH(OpMAIKs, HEOOXoaAUMast s
peanM3al  OCHOBHBIX (DYHKIMI MO COMAEP)KAHWIO M CTENeHH JeTANTU3alN
OpraHU30BBIBACTCS HA HJIEKTPOHHBIX KapTaxX Pa3IMYHbIX MAcCIITa00B:

— JUT YPOBHSI 001aCTH — AIIeKTpoHHas kapta M 1:200 000;

— JUIsl YpOBHEH (hrinania W ydacTKa — 3JIEKTPOHHBIE Tomnorpaduueckie
manel M 1:2000 ¢ neranu3anuei B 30HaX PacHoiioKeHHsT 00BEKTOB Ta30BBIX
cereit M 1:500.

CoznepxaHue W YPOBHH JACTATM3AIMK OJJIEKTPOHHBIX KapT U IUIAHOB
onpezenstoTcs (PYHKIMOHATIEHBIME 3a/1a4aMy, KOTOpbIE 00ECTIeYNBAIOT peleHne
MPOU3BOJICTBEHHBIX W TEXHOJOTMUCCKUX 3a7a4 KOMITAHWH, OCHOBHBIMHU U3
KOTOPBIX SIBJISTFOTCS:

— MacmopTU3aLKs U AKCILTyaTalys 000pyIOBaHMS;

— JIMCTIETYEPCKOE YIpaBJIEHUE PEXUMaMH Tra30CHA0KEHUST;

— NpEeyNpeXACHUE, pearupoBaHHe U  JIOKAIW3alMs  aBapHUHHBIX
CUTYyaIui;

— Pa3BUTHE U PEKOHCTPYKIUSI PACIPENETUTEILHON ra30BOM CETH U JIp.

Jns  KOMIUIEKCHOTO pelleHHs]  BbINIENEPeYnCcIeHHbIX  3a71a4
Heo0X0INMO €O03/1aTh €IUHYI0 CHCTEMY, MCIOIB3YIOIIYI0 00IIMe HCTOYHUKH
HH(pOpMAINH, €MHYI0 TeOMH(OPMALMOHHYI0O TEXHOJIOTHMI0 M TEeXHOJIOTMIO
HHTETPAIMH ¢ 023aMH IAHHBIX YTO MO3BOJISIET:

— obecrieunBaTh ~ PYKOBOAWTENEH TIOJPA3ZENeHH BCEX  ypOBHEH
HEeo0X0MOM HH(OPMAIHEH TS MPUHSTHUSI YIPABICHYECKUX PEIICHUT;

— c(hopMHUpPOBATH HHCTPYMEHTAPHI TIOICPKKH TIPUHSITUS PEIICHUIT;

— chopMupoBaTh W CTAHJAAPTU3UPOBaTh B paMKaX KOMITAHHH
TIPOCTPAHCTBEHHYIO U aTpUOyTHBHYIO HH(OpMAIIHIO;
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— o0ecrieunTh JIOCTyn K TPOCTPAaHCTBEHHOW W aTpuOyTHBHOW
UH()OPMAIMH BCEM MTOPA3ICTICHUSM U CITY)KOaM.

PacnipenenutenbHas cucTeMa Tra30CHAOKCHUS O00JaCTH OTHOCHUTCS K
KJIaCCy CITOKHBIX TEXHUUECKUX CUCTEM, UMEIOIINX HECKOJIBKO YPOBHEH HEpapXuH.
D10 ompenersieT TpeOOBaHUS K CTPYKTYpE MPOCTPAHCTBEHHBIX U aTpUOYTHBHBIX
JIAHHBIX, KOTOpas OCHOBBIBaeTCs Ha Mojeiu jJaHHbIX ArcGIS. Tlpu paspabotke
kopriopatuBHOi ['IC ucnonb3yercss 00beKTHAsT MOJIENTb CHCTEMBI Ta30CHAOKCHUS
ArcFM  Energy xommanuu Miner&Miner, ¢ gopaOoTKaMu, KOTOpEIC
onpenensarorcs QyHKIMoHATFHEIME 3a1adyaMu PACY. Mojienb JaHHBIX CHCTEMBI
MOCTPOCHA C WCIMONL30BAHUEM HECKONBKUX YPOBHEH HWEpapXud, KaXKIblid W3
KOTOPBIX UMECT Pa3INYHYIO CTEIEHb JICTAIN3AINH, KaK JUIT OTOOPaKEHUsI, TaK U
UL pelieHus] (PYHKIMOHAIBHBIX 3a/ad. Kpome 3TOro CTPYKTYphl JaHHBIX
CHCTEMBI JIOIDKHBI 00ECTICUNBATh B3aUMOJICHCTBUE OTEIBHBIX noncucteM PACY
Y MHTETPAIIUIO C IPYTUMH KOPIIOPATHBHBIMU CUCTEMAMH.

Cozmanne 1MoAoOHOM cucTeMbl TpeOyeT JOCTaTOYHO — KPYITHBIX
(bMHAHCOBBIX 3aTPaT, OMHAKO, MPH YCJIOBUU COOJFOJCHUS B KOMITAHWHU CIHHOMN
koHuenumu BHeApeHuss [WC —  TexHoOmormid uMeeTcs BO3MOXKHOCTH
MOCTICIOBATENIFHOIO M MOIYJIFHOTO MX BHEAPCHHUS B TMOAPA3JCICHUIX U HA
OTJCNBHBIX Pa0OYUX MeCTaX, C HCIONB30BAHUEM OOMMX 0a3 JaHHBIX, B
3aBUCUMOCTH OT ITOCTABJICHHBIX 3a/1ad W (DHMHAHCOBBIX BO3MOXKHOCTEH. DTO B
JTATTHHEHIIIEM TIPUBEICT K MEPEPOKACHUI0 Ha0opa CPaBHUTEIEHO MAJIOMOIIHBIX
I'NC, BBIMONHSIOMIMX PsT JIOKATBHBIX 3371a4, B MOIIHBIA HH(OPMAIMOHHO-
aHaIMTHYECKUi nHCTpyMeHT Ha Oaze ['VIC.

BriOpannble pemenust mist cozanus kopnopatuBaoid [ IC obiactaoro
ra30COBITOBOrO TPEIIIPUATHS, KaK HWHTCTPUPYIOIMICH OCHOBBI PErHOHABHON
aBTOMATHU3UPOBAHHON CHCTEMBI YIIPABJICHUS, BHAYAJTC alpOOHPYIOTCS B paMKax
pa3pabOTKA W BHENPEHHS IIOT-TIPOSKTa CHUCTEMBI Ha BCEX TPEX YPOBHSX:
y4acTok — (QuiuManm — TOJNOBHOE NpeAnpusTHe. Pe3ynabTaTbl  ONBITHON
IKCIDTyaTalMAd  OYIyT CIYKUTh OCHOBOW JUIS TIPUHSATHAS —PCIICHUS O
MAacCIITaOMPOBAHUY CUCTEMBI HA BCIO KOMITAHUIO.

MOJAEJIMPOBAHME ITPOLHECCOB B CPEACTBAX
OINIPEAEJIEHUSA TEIIVIOMTPOBOJHOCTH

Jlanunckuii Bumanuii Bacunvesuy
Hayuonanvhuiil aspokocmuyeckuti ynueepcumem um. H.E. JKykoeckozo (XAH)

men.pa6.044 481 37 39, E-mail vit lap@ua.fm

I[J'IH YCTaHOBJICHUA TEMIICPATYPHBIX u KOHIICHTPAlIUOHHBIX
3aBUCHMOCTEH TCIUIOIPOBOAHOCTH OOJILIINHCTBA KOHCTPYKIIMOHHBIX
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MaTepHaloB HEOOXOAMMO TONydeHWe Habopa [aHHBIX IOJYYEHHBIX C
norpemHocTsIMH  He Oonee 3%. VYuuTbhIBas OCOOEHHOCTH MOJMMEPHOH
MaTpHUIbl, TAKHE JAHHBIC MOXHO TMONYYHTh, TOJNBKO TNPHMEHSSI METOJBI
CTallMOHAPHOTO TEIUIOBOrO TOTOKA. [yt TOJydeHHst TeMIepaTypHBIX
3aBHCHMOCTEH Oojiee NPUroJHBI JAMHAMHYECKHE METOIbI, BHIOOP KOTOPBIX
00YCITOBJIEH TaKK€ M BO3SMOXKHOCTBIO CTPYKTYPHBIX M XUMHUYECKHX M3MEHEHUH
MPU HAXOXKICHUH TOJMMEPHOTO KOMITO3HMTA TPH MOBBILICHHBIX TEMIIEPATypax
B TEYEHUH JOCTATOYHO JTUTEIHHOTO BPEMEHH.

CoBMelieHHEe B OHOM YCTPOMCTBE MPEUMYIIECTB CTAlMOHAPHOTO M
KBa3HCTALMOHAPHOTO METOJOB HW3MEPEHUS TEIUIONPOBOJHOCTH  SIBIISIETCS
JIOCTaTOYHO CIIOKHOHM 3amadeil. Bmecre ¢ Tem, oOmMMM Ui YHOMSIHYTBIX
METOJIOB €CTh NPHUMEHEHHE OJHOMEpPHBIX ONHMCAHHWH TEMIEPaTypHOro IIOJS B
00pasIie B BUJC IUTACTUHEI.

ITockonbKy opraHuzanust OJHOMEPHOCTH TEMIIEpaTypHOTO MOJIS
BOJMIM3M OOKOBOW IMOBEPXHOCTH 0Opasna Majoro pasmepa MPUHYAUTEIHHBIM
perynupoBaHUEM TEMIIEPATYPhl OKPYKAIOIIEH Cpeibl, TaXKe C UCIIOIb30BAaHHEM
COBPEMEHHBIX TEXHOJIOTHH, KpaiHe 3aTpyIHUTEIbHA, ObLIa NpEIIpUHATA
TONBITKA OIIEHWTh BKJIAJ CTOKAa TeIUla uepe3 OOKOBYIO ITOBEPXHOCTh H
BO3HMKAIOIIEH MpH 5TOM MHOTOMEPHOCTH TEMIIEpaTypHOI'O IIOJsl, B
TIOTPENIHOCTh  ONPEENICHNs] TEIIONPOBOIHOCTH. YCIOBHO cyHTasi oOpaser
BMECTE€ C KOHTaKTHBIM CJOEM M TEIUIOMEPOM OJHOPOAHBIM [HCKOM C
OPTOTPOIHOM  TEIUIONPOBOAHOCTIO, OBUIO PAacCMOTPEHO CTaIlIOHAPHOE
TEMIIEpaTypHOE TOJIe B HEM IpH HANpaBI€HWH TEIUIOBOTO ITOTOKA, COB-
[aJJaoIEro C OChIO JAUCKA.

B kauectBe MacmTaboB npuBeneHHs: BHIOpaHBI Zg M Tp; TPaHUYHbBIE
yenosust: ipu Z=0 O=T/T, , npu Z=h/r p=R, © =0 ; tae h — BeicoTa auCKa, r —
ero paaumyc (pamuyc Temsiomepa). B kadecTBe MOENBHBIX 00pa3oB
UCTIONIB30BaHBl  Mephl  00pa3loBble  TEIUIONPOBOJAHOCTH M 00pasIbl
MOJNMATHIIEHA, IOIMBUHUIIMACH(TOPHIA ¥ IOIUTETPaTOPITHUIIEHA.

BBIBOZIBI  OTHOCHTENBHO 3aBBINICHUS] 3HAYEHWH TEIUIONPOBOAHOCTH
IIPU YCTAHOBKE TEIUIOMEpa MEXIy HarpeBaTeneM M o0paslioM, IOJydeHHbIE
paHee, MOXKHO TIOJYYHTh W OoJiee MPOCTBIM IyTeM, Oosiee BaXKHBIM SIBIISIETCS
TIOJTyYeHHE BBIPAKEHHMSI, TTO3BOJISIIOIIETO OrPaHUYUTh PAANyC 30HBI KOHTaKTa
TerioMepa ¢ 00pasLoM.

Berunciensbie Mo Nomy4eHHBIM (QOpMyiiaM 3HaYeHUs! MOrpeITHOCTeH
OTPe/IeNICHUs TEIIONPOBOMHOCTH JUTS PA3IMYHBIX COOTHOIICHHH I U h mo-
Ka3bIBAIOT, YTO CYIIECTBYIOT ONTHMAaJbHBIE /ISl JAHHOTO Kjacca MaTepHasioB
COOTHONIEHHS pa3MepoB 00pa3la M CONpsSraeMblX C HUM YacTed YCTaHOBKH.
Pacuer OTHOCHTENBHOH IOrPEIIHOCTH HM3MEPEHHS TEIIONPOBOJHOCTU TPH
Pa3IMYHBIX PACIOJOKEHHUAX TeIUIOMepa W COOTHOUIEHHMH WX paJInyCcoB,
pe3ynbTaThl KOTOPOrO TpEACTaBiIeHbl Ha pHC. |, [Jal0T BO3MOXXHOCTh
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MHWHHUMHA3AlUHU IMOIrpEIIHOCTH 3a CUCT KPACBBIX 3(1)(1)8KTOB IpU KOHCTPYKTUBHO
OCYHIECTBUMBIX pasMepax. Vdyer TEmnoBEIX KOHTAKTHBIX COHpOTHBHeHHﬁ,
HpeZ[CTaBJ'IHIOH_II/Iﬁ OIIPEACICHHYIO CJIO)KHOCTB, OJHaKoO HC MOXKET
CYHICCTBECHHO HU3MCHUTH TEMIICPATYPHOC IIOJIC B 06pa3ue. bonee TOro, npu
HCIIOJIB30BAHUU OTHOCUTECIIBHOI'O METOAa rpaayupOBKHU TerjioMepa,
CYHIECTBCHHBIM ABJIACTCA TOJIBKO M3MCHCHUEC KOHTAKTHOI'O COIPOTHUBJICHUSA OT
OIlbITa K ONBITY W COOTHOLICHUE TCIJIOBOIO CONPOTUBJICHUA 06pa3ua u
TCIJIOBOT'O CONIPOTUBJICHUS KOHTAKTOB.

— - = = =
=] N S o <)

oo

OTHOCMTENbHAA NOrPELHOCTb (pacyeTHas), %

0,2 0,3 0,4 0,5

OTHoLwWweHne paanycos Tensomepa u obpasua, R./R,

Puc.1. 3aBHCHMOCTH OTHOCHTEJILHOM MOTPELUIHOCTH M3MEPEHUsI TENJIONPOBOIHOCTH
OT COOTHOIIEHHUsI PATuycoB Temiomepa R, m o6pasuna R,: a—0,5; b -1,0; ¢ - 2,5 u mpu
Pa3JIMYHBIX CHOCO0aX PACMOJIOKEeHUs HCTOYHMKA Temia: 1 — mox o6pasuom, 2 — Hajx
odpa3nom.

Hanuume npuHIMIHAAIEHO HECTAOUIBHOTO TEMIIOBOIO COMPOTHBIICHUSI
B [IOCJIEIOBATENLHOM [IEMH: KOHTAaKTHOE COMPOTUBIIEHHE Py = compoTuBieHue
obpasna P, = KOHTaKTHOE CONMPOTHBIICHHE Py Hamaraetr IOMONHHUTENbHbBIC
TpeboBaHus Ha 3HaueHue h obpasua. V3amepeHue TemmepaTypbl paliOHAIBHO
MPOBOJUTH  TEPMOYYBCTBUTEIBHBIMU  DJJIEMEHTAMHM,  3aJICIAHHBIMH B
BBICOKOTEIUTONPOBOHbBIE TOHKHE TUIACTHHBI, KOHTAKTUPYIOIIHE C 00pa3IoM U
SIBJISIFOIIIMECS] TIPOIOJKEHUSIMUA HArpeBaTess (MCTOYHHUKA TEIUIOBOTO MOTOKA) U
TEIJIONPUEMHUKA. [lOrpEenHOCTE U3MEPEHUS TEMIEPATyp B JAUHAMUYECKOM
pexuMe MOXKeT OBITh JOBOJIBHO Oombmioit (mo 2.5 K), Ho oHa OBICTpO
yMmeHbliaercs npu ymenbiienud dT/dt u, B cnyuae dT/dt =0, moxer ObITH
cBejieHa J10 BenuuuHb 2 Q Py .
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N3 paccMoTpeHHs] 3JEKTPUYECKOW aHAJOTMH TEIJIOBOW CXEMBI
cilelyer, 4TO TMOJY4YeHHbIE BBIIIE BBIBOABI OTHOCUTEIHLHO BO3MOXXHOCTH
ONTUMU3AIUH TEMIIEPATYPHOI'O MO M TCOMETPUU TEMIEPaTypHOro OJIOKa
JIOJDKHBI OBITH JIOTIOJTHEHBI OTPAHUYCHUSMU BO3MOXKHBIX 3HAYCHUH P,

3
- - -~ BEpXHaAf rpaH1La

= === HUXXHAA rpaHnLa
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Puc.2. 3aBHCMMOCTM OTHOCHTEJBHOT0 OTKJIOHEHUS U3MEPEHHOI0 3HA4YCeHHUA
TEIUIOMPOBOAHOCTH OT COOTHOIICHHUSAI TEIIOBBLIX COHpOTMB.]'leHMﬁ 06pa3ua Po )4
CYMMBbI KOHTAKTHBIX COHpOTMB.]'leHMﬁ Tem10Mep-06pa3eu )4 oﬁpazeu-HarpeBaTenL
2Py

C menpl0 MOJEIMPOBAHUS BIHMSHHS BO3MOXHOW HECTaOMIHLHOCTH
TEIJIOBOI'O COIIPOTUBIIEHHUS] KOHTAKTHBIX CONPOTHBIIEHWH OBUTH IIPOBEIEHBI
CepuM WM3MEpPEeHMH Ha yCTaHOBKe, MMomo0HO#M ommcannoit B [1, ¢.51-53].
Pe3ynbTaThl 4MCIEHHOrO MOJETUPOBAHMUA 3aBUCHMOCTH OTHOCHTEIBHOI'O
OTKJIOHEHMsS] ~ M3MEPEHHOT0  3HA4Y€HUs  TEIUIONPOBOJHOCTM  OT U
SKCTIEpUMEHTAJIbHbIE 3aBUCUMOCTH (KpuBBIe 1-2) mpencraBieHsl Ha puc. 2. 3a
HUCTUHHOE 3HaYeHUE TEIUIONPOBOAHOCTU MIPUHUMAINCH JIaHHbBIE
HCIIOJIb30BaHHBIX 00pa3LOBBIX Mep TEIUIONPOBOAHOCTH, YHCIEHHOE
MOJIETUPOBAHHUE BENOCH JUIS HUX XKeE.

W3 aHanu3a naHHBIX, IPUBOAUMBIX Ha puc. 1 — 2., 10CTaTOYHO NMPOCTO
c/ienaTh BBIBOJ O HanOoliee MpUEeMIIEMON IeOMETPUH TEMIIEPATYPHOTo MO U
pacIOIOKEHUU  IaKeTa "MCTOYHHK-TEIUIOMEp-00pa3en-nprueMHHK" B
TeMIepaTypHOM IIOJI€.

Jluteparypa
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FUZZY ANALYSIS IN PLANT BIOTECHNOLOGY

'Ewa SKRZYPCZAK-PIETRASZEK, “Jacek PIETRASZEK
LJagiellonian University, Collegium Medicum
Cracow University of Technology, Institute of Computing Science

1. Introduction

Biotechnology is an interdisciplinary science covering both
engineering science and natural science, using achievements of molecular
biology, biochemistry, microbiology, pharmacy, economics and technology.
That means any technological application that uses biological systems, living
organisms, or derivatives thereof to make or modify products or processes.

Integration of modern techniques of molecular biology and genetic
engineering for obtaining genetically modified organisms played the
pioneering role in the development of biotechnology. Achievements in
biotechnology are used in many fields such as medicine, pharmacy, analytics,
agriculture, horticulture, forestry, food industry, chemical industry. Given the
specific characteristics of research facilities that have a large individual
variation, statistical techniques are widely used to describe data and — in recent
years — fuzzy approach [1].

Plant biotechnology is a part of biotechnology, where a plant, in a
broad sense, is an investigation object. Selected examples of biotechnology
aspects will be discussed.

2. Biotechnology in the protection of plant genetic resources [2, 3]

About 250 thousand species of vascular plants is identified and
described so far in the world. The currently observed rapid decline of
biodiversity is due to the transformation of habitats (ecosystems),
overexploitation of natural resources, introduction of alien species,
environmental pollution and climate change. As a result the genetic erosion
appears, that is, rapid decrease in the number of species and varieties of plants
in the areas of their former range. This phenomenon occurs in most regions of
the world. Over 120 species of plants extinct on Polish territory during the past
200 years. Biotechnology can be very helpful in protecting plant genetic
resources through:
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- storage of plants or their organs in culture in vitro under
conditions of sluggish growth,

- storage of vegetative tissues in liquid nitrogen
(cryopreservation) using the method of encapsulation,

- propagation under in vitro culture (micropropagation,
somatic embryogenesis) of rare and endangered species for reintroduction.

2.1. In vitro cultures [4]

In vitro culture means breeding of plants, plant parts, tissues or
individual cells on artificial media in sterile conditions. In vitro cultures utilize
the phenomenon of totipotency what means the ability to reproduce the whole
plant from individual cell. There are, among others:

- callus culture,

- suspension cultures,

- shoots culture,

- roots culture.

Each type of culture may be used to regenerate whole plants by adding
appropriate growth regulators to the medium. In vitro culture may be a way to
protect plant genetic resources. In vitro cultures are kept in constant
(controlled) conditions of temperature, light, medium composition, etc.
Therefore obtained a large independence from climatic conditions, seasons, etc.
This makes that in vitro culture can be a source of biomass (also on an
industrial scale) to obtain plant secondary metabolites with valuable
pharmacological activity without having to crop plants from the natural state.

2.2. Micropropagation [4, 5]

Micropropagation is a method of vegetative propagation in in vitro
culture, used for mass multiplication of plants on a production scale.
Micropropagation can be performed directly from existing meristems (eg peak
and lateral buds), indirectly with the participation of callus tissue or from
adventitious meristems remaining on explants. The aim of micropropagation is
to obtain large numbers of genetically uniform plants. Number of species
propagated using in vitro culture is now about 300, while the world is produced
by this method about 800 million pieces of plants, of which about 90% are
ornamental plants.

Mikropropagacja in in vitro cultures of protected species is one of the
active strategy of ex situ conservation of species. In the case of species
threatened with extinction, while dramatically decreasing the number of their
positions, the regeneration of in vitro culture is a possible way to protect the
gene pool of these species and allow their reintroduction.
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2.3. Somatic embryogenesis [5]

This is a special case of micropropagation. It means that somatic
embryos, so called. embrioids, forms in callus tissue or suspension culture.
This is the fastest and most efficient method of micropropagation. With a few
grams of callus can receive up to approximately one million embryos. Somatic
embryos after covering the hydrogel and encapsulation can be transformed into
so-called. artificial seeds. Artificial seeds after freezing in liquid nitrogen
(cryopreservation) can be stored for a long time and provide good protection of
the gene pool of plants.

3. Phytoremediation [6, 7]

Environmental pollution associated with industrial development and
urbanization causes the accumulation of various toxic substances in soil, water
and air. As a result of these phenomena, both abiotic components and
organisms, as well as relations between them, are degraded. The changes relate
to the entire biosphere, and their outcome following global changes in the
ecosystem. According to UNESCO experts the most dangerous factors for
pollutants today are: carbon dioxide, carbon monoxide, sulfur dioxide, nitrogen
dioxide, phosphorus, mercury, lead, petroleum, DDT and other pesticides.
High concentrations of heavy metals: cadmium, chromium, iron, mercury,
nickel, lead and zinc occur in soils polluted by industry and automobile
communication. They are also associated with oil spills. From the soil heavy
metals leak into other parts of the environment - water, air and living
organisms, which are subject to a substantial accumulation and join the food
chain. For a man dangerous are: cadmium, mercury and lead, while the plants
threatens the copper, nickel and zinc.

The degree of accumulation of toxic compounds is faster than human
actions taken to eliminate them. Therefore, more attention is paid to efficient
utilization of resources of the same nature in order to reduce its pollution.

Phytoremediation means the use of plants for storage, sequestration,
removal or degradation of inorganic and organic contaminants of soil,
sediment, surface water and groundwater. Plants have a range of potential
cellular mechanisms that may be involved in the detoxification of xenobiotics
and thus confer tolerance for induced stress. Pivotal role in collecting
pollutants from the environment plays a root system. The most significant are
its individual and collective (habitat) extent and efficiency of collection of
xenobiotics from the soil and groundwater.

An important function of roots in the phytoremediation processes is
the interaction between plants and microbes in the root-soil interface in the
zone called the rhizosphere. Microbes support phytoremediation by reducing
the phytotoxicity of pollutants to a level allowing the growth and development
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of plants with a lower tolerance for pollution. Plants secrete sugars, acids and
alcohols to the rhizosphere. In this way, plants provide an additional source of
carbon and energy, stimulating microorganisms to better growth. The process
of metals and toxic compounds collecting by plants begins in the root zone. In
the case of metals, increased mobility is due to the secretion of organic acids to
the rhizosphere or by chelators. They are bound by the ion exchanger present in
the cell wall. Intracellular transport systems to high-affinity binding sites
mediate the collection inside cell. An important role is played here by protein
channels and transporters associated with H*. Detoxification processes mainly
concern the xenobiotics. Strategies to defend against these substances are
different: the production of alternative metabolic pathways, formation of
specific protein products (capture and binding of xenobiotic molecules, thereby
inactivate it, or allow a further decomposition processes).

Plants have some degree of resistance to heavy metals in soil and it is
constitutive resistance. Some, however, growing in areas with particularly high
content of metals, they have exceptionally well-developed mechanisms of
tolerance implied from the constant contact with large doses of metal, which is
called induced resistance. Plants preferring contaminated habitats or naturally
rich in large quantities of metals are called metallophytes. Hyperaccumulators
of metals are those plants that accumulate metals in amounts greater than 1%
(for manganese), 0.1% (for cobalt, copper, lead, nickel, zinc) and 0.01% (for
cadmium) in terms of dry weight. Common feature of hyperaccumulators is
that the concentration of toxic substances in the tissues of the plant is higher
than the concentration of the soil.

The plants being nickel hyperaccumulators are Thlaspi goesingene,
Leptoplax emarginata, Bornmuellera tymphaea, Alyssum bertolonii, A.
pintodasilvae, A. troodii, Sebertia acuminata, Streptanthus polygaloides. Other
plants accumulating metals are Armeria maritima (zinc, lead), Pteris Vittata
(arsenic), Thlaspi caerulescens (zinc, cadmium and uranium, the latter after the
addition of citric acid to the surface), Brassica juncea (lead, cadmium,
chromium, zinc), Iberis intermedia (thallium), Pteridium aquilinum (arsenic).

Poplars (Populus sp) are very effective in the phytoremediation of
organic pollutants, particularly pesticides. These trees develop a strong root
system to a depth of several meters into the ground and show an intense
transpiration. This makes that poplars remove from the soil phenol, benzene,
toluene, m-xylene and pentachlorophenol on the basis of fitoevaporation and
toluene and o-xylene by rhizodegradation method. Birch (Betula sp), false
acacia (Robinia pseudoacacia), wild apple (Malus sp) and mulberry (Morus sp)
carry out the remediation process through interaction with microorganisms
stimulated by phenolic compounds secreted by trees. Alfalfa (Medicago sativa)
causes rhizodegradation of such compounds as anthracene, phenol, pyrene,

135



toluene. Phytoremediation potential also shows soybean (Glycine max), various
species of clover (Trifolium sp), wheat (Triticum aestivum), sunflower
(Helianthus annuus), maize (Zea mays).

Phytoremediation applies to cleaning the environment mostly in the
system in situ, by introducing a particular type of vegetation. In special cases,
the contaminated soil can be collected and placed in areas where it is subjected
to phytoremediation, while a groundwater and surface water are addressed to
flooded areas in order to clear. Plants can accumulate pollutants in leaves,
stems and roots. In contrast to microorganisms, plants carry out the degradation
of organic compounds only slightly. For this reason, the plants contaminated
by collected xenabiotics and their metabolites need to be removed from the
environment. Among others, it is used controlled burning. Applying this
method to dispose of plants accumulating metals allows them to recover
(phytomining).

The advantage of phytoremediation is its economic viability, non-
destructive, the effectiveness in preventing soil erosion and dispersion of
pollutants in the environment. Limitation is the length of the process, lasting
from a few to several years.

In order to increase phytoremediation, such studies are conducted on
the use of genetically modified plants. This leads to improvement of plants,
who previously were already certain capabilities and usefulness in
phytoremediation. The research is focused on increasing the activity of
biomolecules, which affect the inactivation and degradation of organic
pollutants, or the accumulation of metals. Discussions are also attempts to
introduce these plants new genes from other organisms, whose purpose is to
enhance and extend the phytoremediation potential.

4. Allelopathy [8]

Allelopathy refers interactions occurring in systems: plant-plant,
plant-microorganism and microorganism-microorganism. These are the
biochemical effects of a harmful or beneficial types. Allelopathy is a
phenomenon, which involves secondary metabolites produced by plants and
microorganisms, which affect the growth and development of biological and
agricultural systems. Allelopathic compounds (allelopathins) are organic
compounds of very diverse chemical structure. These include terpenes, such as
volatile oil constituents of Artemisia (Artemisia sp): alpha-pinene, beta-pinene,
camphene, cineol, and are complex polycyclic sesquiterpenoids, sesquiterpene
lactones (eg in sunflower — Helianthus annuus). Allelopathic compounds may
be excreted into the environment in different ways. This process can be carried
out through: the release of volatile substances (evaporation), leaching by water
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such as precipitation, secreted by the roots (exudation); decomposition of dead
plant parts.

Due to the impact on yields there is a big interest in allelopathic
interactions between weeds and crops. It was noted that the adverse impact of
weeds on crops is associated not only with competition for light, water and
minerals, but also may be the result of weeds production of allelopathins
inhibiting growth and development of crops. This process was found in weeds
such as those of Artemisia (Artemisia sp), Centaurea (Centaurea sp) and in
wheat grass (Agropyron repens). Detailed examination of allelopathins
secreted by weeds can afford to construct in a future resistant, genetically
modified crops. The traditional battle with weeds is based on the use of
synthetic herbicides. Its mechanism of action relates to inhibition of basic life
processes of the plant. They inhibit the process of photosynthesis, the process
of respiration, biosynthetic processes (fatty acids, lipids, amino acids, proteins),
cell division and growth of meristems. Synthetic herbicides pollute heavily.
Therefore, the research is conducted for new compounds that meet the criteria
of perfect plant protection products: high efficiency, broad-spectrum resistance
to rain, high level of safety (lack of carcinogenic and toxic to humans and
animals), low production costs. It seems that allelopathins can be the basis to
construct on their base herbicides safe for the environment and human.
Allelopathy could become an alternative method of protecting plants. The
development of biotechnology can improve its efficiency. Conceptions of
research include:

- allelopathin production and isolation from plants, which
biosynthesis is increased by molecular engineering methods,

- construction of transgenic crops producing allelopathins,

- manufacturing of herbicides, a structure identical to natural
allelopathins, by chemical synthesis methods or creating derivatives with a
stronger effect.

Biochemical mechanism of action of some allelopathins is generally
known, and these compounds could be potential natural herbicides. These are
such as quinones — juglon and sorgoleon; monoterpenes — 1,8-cineol and its
analog cinmetylina; sesquiterpene lactones - artemizin and dehydrozaluzamin.

Some crops have high allelopathic potential. You can mention here, eg
rice (Oryza sativa), sorghum (Sorghum bicolor), wheat (Triticum aestivum),
sunflower (Helianthus annuus). Rice roots secret into the soil, a very large
number of compounds in a type of allelopathins. Their actions may be
synergistic or additive. A very promising object of research is sorghum — a
source of allelopathins and potential object of biotechnology manipulation. The
roots of the plants secrets sorgoleon into rhizosphere —a compound with strong
allelopathic behavior. Have been identified the gene responsible for its
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biosynthesis. Research is underway on sorghum genetic modification aimed at
increasing the sorgoleon synthesis. Allelopathins can be considered as a basis
for developing the structure of new herbicides. Sunflower (Helianthus annuus)
has allelopathic potential. More than 100 compounds of such action were
isolated from the plant. Using sunflowers as the model plant, as an attempt to
develop new herbicides were conducted. Compounds produced by Saussurea
lappa and artichoke (Cynara scolymus) — costunolactone and cynaropicrin —
have also been used as standards to obtain their derivatives, of which over 20
compounds showed strong herbicidal activity in excess of commercially used
herbicide. A big success in the field of allelopathins research is to implement
into agricultural practice a mesotrione (commercial product name: Callisto), a
herbicide developed by Syngenta AG. It is used to control weeds in corn crops.
This compound is a synthetic derivative of leptospermon produced by plant
roots of the genus Callistemon citrinus. Callisto herbicide is approved for use
in the U.S. and some European countries, including Poland. This is an example
showing the practical use of allelopathins to obtain safe for humans and the
environment, plant protection products.

5. Uncertainty in biotechnology research

The matter of pharmacobotanic investigations are objects with very
large natural variety: plants and their tissues. Uncertainty related to this matter
may be pure random or systematic. Classic statistics is very good approach to
evaluation of measure results with pure random errors. Related models are
known, well recognized and appropriate procedures are routinely applied. The
worse situation is in a presence of systematic errors because — in a contrast to
technical investigations — a randomization is only a partial success. It is related
to the fact that particular specimen of investigated plants or in vitro cultures
has its individual attributes, growth process is under the influence of many
uncontrolled and unknown disturbances, and the investigations have typically
destructive character. The investigated plant is transformed and obtained
substances are directly observed. For that reason classic statistical analysis are
associated with large confidence intervals acceptance or with mute acceptance
of many assumptions’ breaks. The assumptions, which are fundamentals for
performed analysis. Applying of too precise values of parameters appears
unfounded also, e.g. significance level. Appropriate distributions, which may
be a base for parameters identification, are poorly known or completely
unknown. It appears to be purposeful to check non-probabilistic descriptions of
uncertainty in those investigations because it may allow to use sentences like
‘significance level about 0.05’ or ‘confidence interval about 0.95.

As the beginning of a fuzzy approach to statistical problems,
particularly statistical hypothesis testing, the article of Casals and Giles [9]
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may be recognized. They generalized Neymann-Pearson lemma, where a
concept of fuzzy information system proposed by Tanaka, Okuda and Asai [10]
were utilized. It allowed to construct the uniformly most powerful test for
point-based hypotheses with assumed precise significance level. It is
characteristic for this approach that fuzzy event taken from a limited set of
fuzzy observations is considered and memberships (belongness) for all
considered events must sum to 1.

In the year 2004 Buckley [11] proposed and then in the year 2006 [12]
extended a different approach introducing fuzzy conditions, particularly fuzzy
significance level. It allowed to introduce e.g. *0.95 confidence interval’ or to
test hypothesis ‘with significance level 0.05’.

In the year 2006 Grzegorzewski [13] proposed a general classification
of possible fuzzy generalization for classic theory of statistical hypothesis
testing, where three main elements constituting a decision system were
distinguished. The theory of statistical hypothesis testing is only the particular
case of the system. The three main elements are: data, hypothesis and
conditions. Each of these elements may be described precisely or imprecisely.
The traditional theory requires the precision for each of these elements.
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MUCHOJb30BAHUE HAHOTEXHOJIOT' TYECKOH
MOBEPXHOCTH AJISI UTH®OPMAIIMOHHOM 3AIIIATHI
IIAPPOBOT O KOJIA HA MATEPHAJIBHBIX
HOCHUTEJIEN

'Bocopour A.T, 230]701-[06’ C.A., *llIxunes B. ., *By6ymuc A., “XKebewc K.
 Jenmp uccredoeanuii nayuno-mexuuuecko2o nomenyuana
u ucmopuu nayxku um. I'.M. JJo6poea HAH Vkpaunwi,
2Hayuonansmelii mexuuyeckuii yuusepcumem Yrpaunul « Kuescxuii noaumexuuueckuil
uncmumymy, *I'lT “LITHP Registru” Pecny6auxu Mondosa, *Kaynaccxuii mexnonozuueckuii
yrugepcumem Jlumosckoii Pecnyoiuku

DKOHOMHKH BCEX CTpaH 0e3 MCKIIIOUeHHs OOJEIOT OIHOW M TOH XKe
OOJIe3HBIO, W Ha3BaHHWE STOH OONE3HM — TEHEBas DKOHOMHKA, NPUYMHA U
MMUTATENIbHAS Cpeia KOPPYIIMH. B HEKOTOPBIX CTpaHaX TEHEBas SKOHOMHUKA 110
00bEMY BBITYCKACMOM MPOAYKIIMKA MPEBBINIACT PE3YJAbTaThl JICTaTBLHON
SKOHOMHMKH [1].

AHanM3 HSKOHOMHYECCKMX  OTHOIICHWH  IIOKa3bIBAeT, 4YTO Ha
MPOTSDKCHUM ~ JKU3HEHHOTO  IMKJIA JKOHOMHUKH  OYIyT  CYIIECTBOBATh
OMTHOBPEMECHHO W TEHEBas W JIeTallbHash JKOHOMUKH, YTO B JIETaJbHOMN
9KOHOMHKE OyJeT NPHUCYTCTBOBATh KOHTPA(aKTHBIA TOBap, & JICTaJbHBINA
TOBap, OyIeT MNPHUCYTCTBOBAaTh B TEHEBOW OSKOHOMHUKE. OTO B3aMMHOE
MIPOHUKHOBEHUE M 00eCreunBacT (QUIOCOPCKYI0 HEpPacTOPKUMOCTh ITOH
JyadbHOHM mapbl. [Ipu SBOIIOIMOHHOM pPAa3BUTHH, OCOOCHHO HA HAYaJIEHOM
Mepuoie, 3KOHOMHKA MOXET MPOXOJUTh Yepe3 MEepUoj, KOrja TeHeBas
CTPYKTYpa CUJIbHEE JICTAIBHOU (npouteduieti oghuyuanbHblil 20Cy0apCmeeH bl
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yuem) OSKOHOMKH. OTO BOBce HE KaTacTpoda Uil TOCyIapCTBEHHOTO
OpraHM3Ma, 3TO BCEro JMIIb ero 00Je3Hb, IpHUYeM O0JIE3Hb N3JIeUnMast.

Beixoa, nozckaspiBaeMblii HTHPOPMaIMOHHBIMH TEXHOJIOTHSMH, OUEHb
IpOCT — M ATOT BBIXOJA B IUIABHOM, IIOCTENIEHHOM U TapMOHUYHOM
BBIIABJIMBAHUU TEHEBON 3KOHOMUKHU «HA CBET».

TeneBo# OM3HEC 3aMHTEPECOBAH B HEOTIIMYMMOCTH CBOEH MPOAYKIMH
(no Kpatineti mepe 60 GHewiHel HEOMAUYUMOCHY) OT TIPOAYKIIMA MHUPOBBIX
JIUJIEPOB ¥ aKTUBHO MPOJBHUTraeT CBOIO (haibCH(UKAIMIO HA MUPOBOW PBIHOK. A
4YTO JeNnaTh, €CIM B TOCYJapCTBE pa3Mepbl TEHEBOM SKOHOMHUKHU IO CBOUM
pasMepaM yxe TIPEBBICHIH pa3Mepbl opUIMansHON SKOHOMHUKH? OCTaroTCs U
B OTOM CJy4ae XOThb KaKHe-TO IIAHCHl Ha MoOeny y JIeraJbHOH SKOHOMHUKH?
Wnu 3T0 cpakeHHe OKOHYATelIbHO mpourpaHo? Ha Ham B3rasn B 3ToM
CHUTyallMl HEOOXOIMMO K BOCIIHUTATENHBIM TEXHOJIOTHSAM — CEPTU(HUKALNKN H
CTaHAapTU3alMy 100aBUTh T'OCYAApPCTBEHHBIH IKOHOMHUYECKMH KHYT B BHIE
TEXHOJIOTHH, KOTOpasi Ha3biBaeTcs uiueHTHdukanuei. Jla, kak Bo Bce BpeMeHa,
HY)Ha TOJUTHKA KHyTa W mpsHuKa. CHCTeMOOOpa3yrolield TEXHONOTueH B
HaBEJCHUH TIOps/IKa B OKOHOMHKE MOXKHO MNPHU3HATH HWAECHTU(HUKALMOHHbIE
nH(pOopManOHHbIE TEXHOIOTHH [2].

BonpmmHcTBO MEXTyHapOIAHBIX 9KCIEPTOB B obnactu
nAeHTU(HUKAUN CKIOHSAIOTCSI K TOMY, YTO CYIIECTBYET /IBa OCHOBHBIX BHJA
naeHTHHUKAUH, 2 MMEHHO — JOKYMEHTallbHast M 00beKTHBHAs. B HexoTopom
CMBICIIE 3TH JIBa BHAA WISHTH()HKAIMU MPOTHBOOOPCTBYIOT MEXIy coOOH M
OJTHOBPEMEHHO HEPa3phIBHO MEX/Ty COOOH CBSI3aHBI.

JlokymeHTanbHast ~ uaeHTH(UKAMs  (DAKTHYECKH  CBOJUTCS K
oopMIIEeHHIO JOKYMEHTOB Ha TOT WJIM MHOM MaTepHaIbHBIA pecypc. DTOT BHA
naeHTHGHUKAIUN — TepBeHIIMi W Hambollee pPacnpOCTpaHEHHBIH TNIpH
MIOCTPOCHUN 3KOHOMMYECKHX oOTHouleHud. K coxaneHuro, 3TOT ypOBEHb
nAeHTU(HUKAUN TTOJTHOCTBI0 OCBOEH TEHEBOH O3KOHOMHKOHM, KOTOpas C
JIETKOCTHIO Ha CBOW KOHTpa(aKTHBIM TOBAp MOTy4aeT HUYEM HE OTIIMYUMBIE OT
JIeranbHbIX, a MOPOM U MPOCTO JIETaNbHbIE, JOKYMEHTHI.

OOBeKTUBHAS UACHTU(UKALNS, B OTIMYUE OT JTOKYMEHTAJIBHOMU, - 3TO
CephE3HBI IIar BIIEpell, MOCKOJIBbKY OHAa [OMyCKaeT 4YacTb HWH(OpManuu
XpaHUTh HE TOJBKO B JOKYMEHTE, HO HEIOCPEICTBEHHO B (Ha) camMoM
MaTepUaJIbHOM pecypce.

Ho BbIcmied cryneHplo B pa3BUTUH WASHTU(HKAIUK MOXET CTaTh
uaeHTHHUKAIUS C MIPUMEHEHHEM HAHOTEXHOJOrnu. VIMEeHHO Takoi moaxon
crocobeH co3laTh HWHIAWBUAYAJIbHYIO HACHTU(MHUKAIMOHHYIO METKY IS
Kaxoro m3nenusi. OcoOEHHOCTh TakoM METKM BechbMa CYIIECTBEHHA — e
HEJIb3s IIOBTOPHUTH IBAXKIBI, ayKe 00J1aaTeII0 TEXHOIOTHH.

B wmupe wMakpowsmenuil (usdenull, HOAYHUEHHBLIX C  HOMOWDBIO
KAACCUHECKO20 NPOMbBIUICHHO20 NPOU3600cmea) NISHTU(PHUKAIMOHHAS METKa
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npezcTaBisier coboll nuppoBoil KON, HAHECEHHBIH Ha OOBEKT C MOMOUIBIO
UTJIOYAApHBIX, TPAaBUPOBOYHBIX WM CXOXKHX TexHojornid. Takol momxon
JITaBHO CKOMIIPOMETHUPOBAH MO OUYEHb IMPOCTOW IMPUYHMHE — IPEACTABUTEIN
TEHEBOW SKOHOMMKH 3aKyIaroT HJIECHTU(PHUKALMOHHOE O0OpY/HOBaHME U Ha
cBOeil KOHTpaaKTHOW NMPOJYKIIMH BEIOMBAIOT TE YK€ HOMeEpa.

YTo MOXET JaTh HAHOTEXHONIOTHs Ui UIeHTHUKaK? BenoMHUM
JIETCTBO M CKa3Ky o 3omymke. s monamanust Ha Oan 3omynika moiaydaer
3aJaHie OT MadyeXW — pa3JeiUTh HECKOJIbKO MEIIKOB C IepeMelIaHHBIMU
YepHBIMU KM Oe’IbIMU 000aMU Ha MEIIKH OT/ACIBHO C YEPHBIMU H OCIBIMU
600amu. PabGora pnuTenvHas, HyJqHas, HO B TIPUHIMIIE BBITOJHUMAsL.
HaHoTexHOMOrMs MOXET MOCTaBUTh Nepell TEHEBOW SKOHOMHUKOW 3amady
HEMMOBEpHO OoJiee CIIOXKHYI0 — 3a(UKCHpPOBATH PACIONIOKEHHUE B MEIIKE
YepHBIX U OenbIx 0000B U MOMPOOOBATH €IIe Pa3 3aloMHUTh MEIIOK TEM Ke
pAacIONOXXEHNEM YepHBIX M OellbIX 6000B OTHOCHTEIBHO JIpYr Apyra. 3ajxada
OKa)XETCSl HEBBINIONHUMOH. HeBBIMOMHUMONW Aake Ha YPOBHE CMEUIEHUS
YIBTPaIUCIIEPCHBIX TOPOIIKOB PAa3HOro IBeTa M pasHbIX pa3Mepos. Ilpu
repexojie Ha HAaHOTEXHOJOTMYECKHH YPOBEHb 3a/1a4a Il TEHEBOH SKOHOMHKH
CTaHOBUTCS emie Oonee TpyaHOH. Y Kaxaoro mudpoBoro koma OyIeT cBOS
nH(popManMoHHass HAaHOTEXHOJOIMYECKasl 3allUTa B BUAE WHIUBUAYAJIbHOM
MAaTpPHIIbl, KOTOPYIO HEJb3s IOBTOPUTD JABAYXK/IbI.

Juis  co3maHMst HAaHOMISHTU(HMKAMOHHOM METKH HEeoOXO0AuMO
BBINOJHEHHE HECKOJIBKHUX YCIIOBUIL:

1. IwudpoBoit kom Ha wMerke. 2. Cucrema KoopauHar. 3.

WHnuBuayanpHas MaTpuIa, 3ayiaronas qudpoBoi Koz.
4.IlporpammHOe oOecnieueHne ¥ OOOpYIOBaHHE, CpaBHUBAIOIIEE

WHIVBHIYaJIIbHYI0 MaTpHIly Ha H3JEJIWH, C aHAJOrMYHOM B 0Oase

JIAHHBIX.

B kpaifnem cimydae, nuppoBOd KOJ MOXHO HAHECTH Ha OOKOBOM
MOBEPXHOCTH  WJCHTU(UKAIMOHHOW METKH. Y4YUTbIBas  HaHOpa3Mephl
WHJIMBUIATIbHOW MaTpuilbl  (OpMHUpOBaTH Ha HEHl CHUCTeMy KOOp/HHAT,
c/leNaHHyI0 (U3WYEeCKOW  TEXHOJIOTHH HE TPECTaBISIeTCS BO3MOXKHBIM.
Cucrema  BBICTpaWBaercsi B  cleAylolleld  mocienoBaTenbHocTd.  Ha
HAHOIOBEPXHOCTH HAHOCHUTCSl TOJNBKO JBE pEIepHble TOUYKU CHETaHHbIE
JMOOBIM  MeXaHWYecKMM crocoboMm. Takast perepHas Touka Ha (oHE
HaHOIOPOIIKA U3 KapOuaa Bonb(dpama co cperHUM pazmepoM dactull B 30 HM
— memas  BOpPOHKA. 37eCh TakKe HYKEH NpPOrpaMMHBIA  MPOIYKT,
OIIPEICIISAIONTUH [IEHTP TaKOH BOPOHKH (puc. 1).
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Puc.1 HpenTndukanmoHHasi MeTKa ¢ 00HAPYKEHHbIMH LIEHTPAMM PeNepPHbIX TOYEK

3ateM Ha OTCKAHHPOBAHHONH MICHTH(UKALNNOHHOH MeTKe
(dbopmupyeTcst BUpTyaidbHass HH()OpPMAIMOHHAS CeTKa (puc. 2) ¢ TMPUBSI3KOH K
pETepHBIM TOUYKaM:

Puc. 2 UnenTndukanuoHHas MeTKa ¢ MHPOPMAIITHOHHOI CeTKOMH

ITocme wero u3 Beex siueek WH()OPMAIMOHHON CETKH BBIOMPAIOT
HaunOosee HHPOPMAIMOHHYI0, Harlpumep, 5B, 1, ecin Hago, CKAHUPYIOT TOT
HEOONBIION  y4acTOK HMH()OPMAIMOHHONM CETKM TMOA  elle  OOJBIIUM
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yBenudeHueM (puc.3). Takoi moaxos Mo3BONISET MCIONB30BaTh 3HAYUTEILHO
MeHbIIMH pecypc mamsTh. [Iporiecc naeHTH(HUKALNN OCYIIECTBISIETCS ITyTeM
moucka B 0aze JaHHBIX METKM 10 NM(GPOBOMY KOAY U CpaBHEHHS
WHJIMBHUYaJIbHON KapTUHKHU 3TOr0 HEOOJBIIOrO y4acTKa HAa METKE C ITOH XKe
KapTUHKOH B 0a3e JaHHBIX. EciM KapTHHKHM COBMAJaroT, 0OBEKT NMPU3HAETCS
NAEHTU(UINPOBAHHBIM.

[udposoii kox HEOOX0aAMM, O€3 HErO HEBO3MOXEH OBICTPHIN MTOUCK B
MHOTOMWJIJTMOHHOH ~ 0a3e faHHBIX. HO MOATBEpOUTH  €IMHCTBEHHOCTH
SK3EMIUISIpa M3JENUs C OTUM  [UMQPOBBIM  KOJAOM  MOXET  TOJIBKO
WHIMBHyallbHass MaTpHUIA, KOTOPYIO B TPHHIMIIE HEBO3MOXXHO IOBTOPUTH
IBaxIpl. VneHTHHKAMOHHAsT METKa Ha HaHOTEXHOJIOTMYECKUX MPUHIIUIAX
HAIlOMUHAET CTBOJIOBYIO KJIETKY JKMBOTO OpraHu3Ma. TOJBbKO HMMesl TaKyro
WHIVBHUIYaJIbHYI0O METKY, OCHOBAaHHYI0 Ha COBMECTHOM HCIOJIb30BaHUH
mudpoBoro Koma W WHIUBHAYAIBHOHW MAaTpHIBl, MOXXHO TNPHCTYIHUTH K
CO3JJaHNI0 MH()OPMALIMOHHBIX CHCTEM, CIIOCOOHBIX OTJINYAThH JIETAIbHBIN TOBAp
OT KOHTpadaKTHOro, a CJeIOoBaTelIbHO, W BHECTH CBOW TEXHOJIOTMYECKHUH
acnekT B 60pp0y ¢ xoppymiueil. CaMa HEBOCIIPOM3BOAUMAsT MAaTPUIA MOXKET
W3rOTaBIMBaThCS  IyTeM  CIIEKAaHWS  HAHOIOPOIIOB,  HCITOJNIb30BAHUS
HAHOIUIEHOK €O Clly4ailHO pa30pocaHHbIMU IO IOBEPXHOCTH AedeKTamy,
3NIEKTPOUCKPOBOH NIEPEHOC MaTepuaa U T.J.

3

Puc. 3 BoinesieHHbIH y4acTOK HAa HAHOMETKe, TOMELeHHbIH B 023y AaHHBIX.

IepeHoCc HAHOYACTHUIl HA HUACHTHU(DUKAIIMOHHYIO METKY C MOMOIIBIO
HCKPOBOrO paspsaa [6] Xopoll, Opexae BCEro, TeM, YTO HCIOIb3YeTcs
CTOXACTUYECKHI TPOIECC, TPH KOTOPOM BEPOSITHOCTH MOBTOPA METKH
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MPaKTHYECKN paBHAa OECKOHEYHO Majioi BeMMYMHE. BeposTHOCTH Mmonaenku
Ha0opa >JIEKTPOpa3pAIHbIX IIT€H HAa METKE CYLIECTBEHHO CHIDKACTCS U 3a
cuer  gpyroro S¢p¢exra —  HENOBTOPUMOCTH  (OPMBI  KaXIOTro
3NIEKTpOpa3psIHoro nsATHa. Eine Oosee CyLIECTBEHHYIO 3allUTy MOXET OaTh
UCIIOJIb30BaHUE BHICOKOBOJIBTHOI'O OCTPOr0 3JEKTPOAa, CIIEYEHHOro U3 Habopa
pa3HeIX HaHodacTHL. [Ipu TakoM MOAXOAE KaXKJI0€ 3JIEKTPOopa3psiHOE MATHO
Ha MJIEHTH(UKAIIMOHHON METKe OyJIeT OTiINYaThCs HaOOpOM Pa3HBIX aTOMOB, a
CJIEIOBATENIPHO HMMETh  OTIMYAIONIMECss JApPYT O Jpyra CIEKTpalbHbIE
XapaKTepucTuku [3].

[I1aBHOE M rapMOHMYHOE BHEAPEHHE TaKUX TEXHONOTMH TO3BOJIUT
CcO3/aTh  NPUHIUNHATBHO  HOBYID  aBTOMATU3UPOBAaHHYI0  CHUCTEMY
TOCYIapCTBEHHON 3KOHOMHYECKOH Oe3omacHOCTH [4], 4TO MOXET YIBOUTH
Or0/pKeT HEKOTOpPHIX cTpaH. [IpeaaraeMblie TEXHOIOIMU TO3BOJISIIOT 3aIUTUTh
KaK JIOKyMEHTBl 0CO0OH Ba’KHOCTH [5-6], BKIIOYAs HAalMOHAIBHBIE BaJIOTHI,
TaK W u3aeus u3 Merasa [7-8].

Tpynuo IIPECTaBUTh JIPYTYIO TaKylo TEXHOJIOTUIO
KOMMEpIATU3alHsl, KOTOPOM MPU OTHOCUTEIBHO MPOCTOM MOAXOJE, MOXET
CYIIECTBEHHO IOBIMATh Ha 3alojHeHue Orojpkera Bcex cIpaH 0Oe3
HCKITIOUEHHS.

Buioowi:

1. Hanbonee mepcrieKTUBHBIM M CaMbIM TPOCTHIM HAaHOIPOHU3BOICTBOM
MOXXHO TPU3HATH M3TOTOBJIEHHE MACHTH(UKAIIMOHHBIX METOK, TIOCKOJIBKY IS
UX CO3/IaHMs HE TpedyeTcs MPOrpaMMHOro oOecriedeHusl, 1 acceMOuep MOKeT
JIEWCTBOBaTh C  HCHONb30BaHMEM Habopa IPOCTEHIIMX TI'eHEepaTOpOB
CIIy4alHbIX YHCe.

2. Ha mnepBom orame, A0 co3maHus IEpBOro accemoiepa, MOXKHO
WAEHTU(GHUKAIMOHHYI0 ~ METKY  CO3/1aBaThb  IyTeM  IPEABAPUTEIHLHOTO
NepeMEeIIUBaHNs U CIEKaHWs HAaHOAMCIEPCHBIX MOPOIIKOB PAa3HBIX Pa3MEPOB,
HMMEIOIINX KOHTPACTHBIE I[BETOBBIE TAMMBI.

3. Co3nanue naeHTH(UKAIIMOHHBIX HAHOMETOK MO3BOJISIET PUCTYIUTH K
pa3paboTke aBTOMAaTU3UPOBAHHBIX CHCTEM YIIPABIIEHUs], CIIOCOOHBIX pPELIaTh
CUMTABIIYIOCS paHee Hepa3pelnMoll 3ajauy - OTIUYaTh JIeraJdbHbIM TOBAap OT
KoHTpadakTHOro. boppba ¢ Koppymiield mpH 3TOM NEPEXOAUT W3 CTaJUH
IOPUIMYECKOr0 JIATaHUA KOPPYIILHUOHHBIX «IBIP» B 3aKOHOJATEILCTBE B
cTauio npogeCCHOHANBHOM pa3pabOoTKH HOBOM TEXHOJIOTHH.

Jluteparypa:
[1]. Bygankuii I1.A., Porapy O.M., Turumsay .M., llIkunes B./l. HanorexHomorns u
00BeKTHBHAS HICHTH(HUKALNS MaTepHAIBHBIX pecypcoB. Martepuanst 10 FOOuneinoro
MeXIyHaporHoro ¢popyma «Bricokue TexHomornn XXI Beka» Mocksa, 2009, ¢.93- 98.
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Iomnepkka st HacTosimied myOnmukanmu  Obila  okasaHa JIMTOBCKO-
YKpauHCKOW MPOrpaMMOi COTpyAHWYECTBA , (uHAHCHpYyeMoi JIUTOBCKUM
Coserom Hayku: mpoektsl TPA-32/2010 ,TPA-58/2010.

YJIBbTPA3BYKOBAS CUCTEMA PA3OI'PEBA
AKUIKOCTHU TP HU3KUX TEMIIEPATYPAX

Munyenss B.T*.,, Acumog P.M.**, Ponnerom X *** Byoyauc A.**** IOpenac B.. ****
*benopycckuil HAYUOHAIbHLIN MmexHuyeckuti yrugepcumem, Pb, **000
«Cencomponukay, Pb,

*** GmbH «HPF» , I'epmanus, **** Kaynacckuii MEXHONOSUYECKULL
yHusepcumem, Jlumea

B xomomHOE BpeMs Tojia 3KCILTyaTalus aBTOMOOMIBHOTO TPaHCIOPTa
3HAYUTEIIEHO YCIOXKHSCTCS, T.K. NPH HHU3KUX TEMIIEpaTypax IPOUCXOIUT
«3aryCTEHHE» TU3EIBHOTO TOIUIMBA C OCAKICHUEM B HEM KpPUCTAJIOB
nmapaduHa. B pesynaprate  3TOro  3aKymopuBaroTcs  QUIBTpEI U
TOILTUBOIPOBOJIBI, TPEKPAIACTCs MMOjadya TOIUIMBA K JBUTATEIIO, W 3aITyCK
JIBUTATENsl CTAHOBHUTCS Cepbe3HOM mnpobiemoit /1/. OmauM U3 crocoOoB
BOCCTaHOBJICHUS MTOJIaYM JTU3EITBHOTO TOIUIHBA SIBJISETCS TIOJIOIPEB TOILTHBHOMN
CHUCTEMBbI aBTOMOOWIIA DJICKTPHYCCKMMU HarpeBaTelissMd. HenocTatkom
MOJJOOHBIX HATrpeBaTesICH SABJSCTCS UX HEOONBINAs TEIIOBas MOITHOCTE (250-
300 Bt Bmecro TpeOyembix 1,5-2,5 kBT), u3-3a 4ero oHW HE B COCTOSHHH
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00eCIIeYnTh MPOTrPEeB BCEH TOIUIMBHOM CHCTEMBI aBTOMOOWIIS U MOTYT OBITh
WCIIONIb30BaHbl TOJBKO JUISl JIOKAIBHOTO IMOJIOrPEBa €€ OT/ENBHBIX YYacTKOB.
Hamu mpoBeseHBI SKCIIEPUMEHTAIBHBIC UCCICAOBAHUS IO BIIUSHUIO YIIBTPa-
3ByKa Ha TIpOIECC pa3orpeBa JHU3EIbHOIO TOIUIMBA. HUccnenoBanns
MIPOBOJIMITKCH B JIBA dTaIa.

BHauane wuccnenoBanioch BIMSHHE BIMSHHUSA — YAbTpa3sByka Ha
TEIUIOBBIC TIPOIIECCHl B JUIMHHBIX THOKHX BOJHOBOAax. Jlimst 3Tod 1enu
HCIIONB30Baach YKCIEPUMEHTAIbHAS YCTAHOBKA MPUBEICHHAS HAa PUCYHKE 1.
VYcraHOBKa COCTOWMT M3  YJIBTPa3ByKOBOI'O Ipeodpa3oBaTens 1, CBI3aHHOTO C
THOKAM METAJUIMIECKAM BOJHOBOAOM 6, YIBTPa3BYKOBOTO TIeHepaTopa 2,
M3MEPUTEITEHOT0 KOMILIEKCA JUISl 3aIIMCH TEMITEPaTyphl KOMILUIEKCA IS 3aIUCH
TeMIepaTypbl OT TepMomap 3, JaT4uka KOHTPOJS AaMIUTUTYIel 4,

MTOJTMXJIOPBUHMIIOBOU TPYOKH 5.
4 A2 A2 A2 A2 5 A2 A2

1

0 . 2 3 4 5
N

24B

KCn 3

Puc.1 - YcranoBka AJIA U3y4Y€eHHS TEeIJIOBBIX MPOLECCOB B YJIbBTPa3BYKOBBIX BOJIHOBOAAX

W3BecTHO, YTO pacnpocTpaHEeHHE YIPYroil SHEPrHu NMpH KOoJeOaHUH
BOJIHOBOZIAa MPUBOAUT K 3aTyXaHHUIO YIBTPA3BYKOBBIX BOJH, IPH 3TOM
YIBTPa3ByKOBHIE METAJUIMUECKHE BOJTHOBO/BI, paboTaromye Mpyu aMIUIUTyAax
nedopmarmm 10 — 10° MM 3aMeTHO HAarpeBaoTCs, TAK KaK 4acTh 3BYKOBOI
SHEpPIUU pacceuBaeTcd B MaTepuas. [IpyuemM CKOpOCTb BBIAENICHHS TeIa
3aBHCHT OT aMILIUTY/BI JeopManyy, KoTopas, Kak IMpaBHiIo, HEOJNHAKOBA 110
JUIMHE THOKOTO TOHKOT'O BOJIHOBOJA. B CBsI3M C TeM, 4TO B THOKOM BOJIHOBOJIE
OOJBIION UTMHBI UMEET MecTo Oerymias BoJHa, TO MPAaKTHYECKH TeMIIepaTypa
yCpeaHseTcs Mo AIHHE BOIHOBOJA.

B npuBeneHHONl Ha pHUCYHKE OKCIEpUMEHTAJIbHOM yCTAaHOBKE,
03BYYMBaHHE BOJIHOBOJA OCYHIECTBIISUIM IIPH IIOMOIIU YIbTPAa3BYKOBOTO
Ibe30IpeoOpa3oBaTenss OT TIeHepaTopa BBICOKOYACTOTHBIX — KojeOaHHi,
MUTAIOIIET0 OT aKKyMYJSTOpHOH Oarapen Ha 24 B. Axyctuyeckas cucrema
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HacTpoeHa Ha pe3oHaHCHYI0 yacToTy 2610,2 k['u. Pe3onaHcHas HacTpoiika
obecrieunBasacb 1O  aMIUIUTYAHOMY 3HQY€HHIO B IENH  I[TUTAHUS
npeoOpa3oBatens. lVccnemoBanume TemmepaTypbl IO JUIMHE BOJHOBOJA
npoBoawsin  0e3 au3ToruiMBa. V3MepeHWe TeMmIepaTypbl OCYLIECTBISUIM B
TOYKax Ha PAaCCTOSHUM A/2 OT MecCTa KpEeIJIeHUs] BOJTHOBOAA K KOHLEHTPATOPY
YIBTPa3ByKOBOIO TeHeparopa. TepMomapbl Kpenwinch K IOBEPXHOCTH
BOJIHOBOJIa TIPU MOMOIIM KOHTAaKTHOU cBapku. Perucrpanuio DC tepmomnap
OCYIIECTBIISUIN IIyTEM HETIPEPHIBHON 3aITicy B 0a3y JaHHBIX Ha MEpCOHAJBHBIH
KOMIIBIOTEP C MOCIEAYIONIeH pacimmppoBKOI 3amucH. AMIUTUTYIa KoeOaHui
n3Mepsulach Ha BXOJIE BOJHOBOJHOW CHCTEMBI NPH HMOMOIIM CIEIHAIEHOTO
OECKOHTAKTHOTI'O MHAYKTHBHOT'O IIPE00pa3oBaTes, pa3MEIIEHHOTO B ITyYHOCTH
konebanuii B Touke 0 (puc.1).

Ha puc. 2a,06 mnpencraBieHbl pe3ylbTaTbl TEOPETUUECKUX U
AKCIEPUMCHTAIBHBIX HCCICAOBAHUA BIMSAHUS aAMIUIUTYIBI YIBTPa3BYKOBBIX
KoJyieOaHMi Ha BXOJE JJTMHHOTO BOJHOBO/A Ha paclpezielieHue TeMIIepaTyphl B
KOHTPOJIMPYEMBIX TOUKaX W BPEMsI 03BYUHBAHUS.

VYCTaHOBIIEHO, 4YTO C yBEIWYEHHEM BpPEMEHH O3BYYHBaHMS,
TEeMIlepaTypa B KOHTPOJNBHBIX TOYKAaX pacTeT pPaBHOMEPHO M JOCTHIaeT
MaKCUMaJIbHOTO 3HaUeHus Ha Bxoje 3a 30 c.

[Mpuyem, Tnpu JanbHEHIIEM YBEIMYCHUH BPEMCHH O3BYYHBAHUS
TeMIepaTypa Mo JUIMHE BONHOBOAA B CpeaHeM cocrapiserT ~ 60°, rpamuent
TeMIiepaTypsl oT 55 710 85°.

Y CTaHOBIIGHO, YTO C YBEITMUEHNEM aMIUTUTY/IbI KOJIeOaHui
TeMIIepaTypa BO3pacTaeT IUIaBHO J0 aMIUTUTYAbI 15 MKM, a IpH aMIUTUTYIe
cBbIie 20 MKM MPOUCXOUT PE3KOE MOBBIIICHUE TEMIICPATYPhl B KOHTPOJIBHBIX
TOYKax M pa3pylleHne BOIHOBOJA.

Kpusslie 1, 2, 3 cOOTBETCTBYIOT paclpeeIeHUI0 TEMIIEpaTyp B
TOYKaX JISKAIIUX OT TOpLA IPeodpa3oBaTesisi HA PaCCTOSHUU, COOTBETCTBEHHO,
M2; M2+4N; M2+9.

t.'C

100 '
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Puc.2- 3apucumMocTh TeMNepaTypbl BOJHOBOJA OT aMILIUTYAbI KoJledaHuii (a)
M BpeMeHH 03By4uBaHus (0) BOJIHOBOAA

PacxoxneHne TEOpeTHYECKMX M OKCHEPHUMEHTAIBHBIX JIAHHBIX
cocraBisier 15-20% wu ommOKka yBenWYMBAETCS C YBEIMYCHUEM aMILTUTY/IBL.
OueBUIHO, YTO B pacyerax He BO3MOXKHO YUYE€CTh, BO3HHMKAIOUIHE B THOKOM
BOJIHOBOJIE M3TMOHBIE M KPYTHIbHbIE KOJIEOAHHS MPH YBEIHMUSHUH aMILIHTY/IbI
cBeime 15 MxM. TeopeTHueckuil pacdyeT OCHOBBIBAJICA TOJNBKO C Y4YETOM
TIPOJOBHBIX KosebaHui BOJIHOBOJIOB, MIO3TOMY MOJTy4YEHHbIE
SKCTIEpUMEHTAJIbHbIE  HMCCIIEOBAHUsI  TO3BOJIMJIM BHECTH IIONPAaBKY B
pacyeTHbIe 3aBUCUMOCTH IO aMILTUTY/IE TPO/IOJIBHBIX KOJIEOaHUH.

Bropoil 3Tam wuccnenoBaHM NPOBOAWICA C  HCIONB30BAaHHEM
CHeLUaIbHO Pa3pabOoTaHHOW SKCIIEPUMEHTAIBHON YCTaHOBKH, INPUBEIECHHOM
Ha pucyHke 3. B rTomimBompoBoj BBOAMTCS THOKHMH TPOBOJIOYHBIH
METaJUTMYECKUl BOJHOBOJ, Ha KOTOpBIH IOJaBallCh YIbTPa3BYKOBBHIE
koneOaHus. B pe3ysnbraTe 4ero, 3a CYET AUCCUIIALINN aKYCTHYECKON SHEPTHHU U
BHYTPEHHEr0 TPEHUS M TPEHHS O 3aMEpIIyI0 JKHUAKOCTh BOJHOBOJ
pasorpeBaercs, BOKPYI HeEro oO0pa30BbIBa€TCS KOIBLEBOH MHKpOKaHal U
TOIUIMBO HAYMHAET CBOOOJHO PACIPOCTPAHATHCS MO TOILTUBOIIPOBOLY.
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VY ibTpa3ByKoBOI
reHepaTop

Knumar kamepa 13

Puc.3- YcranoBka AJIA UCCJIeA0BAHNS YJIBTPAa3BYKOBOI'0 pa3orpesa 1u3€;JIbHOro TonJinBa.

[Ipu 5TOM MIMpHHA MPOXOMHOTO CEUYCHUS KaHAlla BO3PACTAaeT, U TOI-
JIUBO CBOOOIHO MOXET TepeMemaThcs 1Mo TPyOoompoBoay. Pa3pabGoraHbl wu
JIpYTUe CrocoO0BI MOIBO/IA YIIETPAa3BYKOBOW SHEPTHH, OTIUYAONIUECS TEM, YTO
pa3orpeB TOIUIMBAa OCYILIECTBIISIIOT BOJIHOBOJAMU H3TOTOBJIEHHBIMU U3
(heppOMarHUTHOTO Marepuaa HIN Marepuaa 00J1a1af0I1IETO
MAarHUTOCTPUKITMOHHBIM 3((HEKTOM 3a CUET BO3JICHCTBUS HA HUX MEPEMEHHBIM
MAarHuUTHBIM TOJieM ¢ 4acToTod He Humxke 1 k[, KoTopoe Moiay4yaroT MyTeMm
oJJa9y HA OOMOTKH TPOBOJIA TIEPEMEHHOT0 HATPSHKEHUS OT YABTPA3BYKOBOT'O
TeHepaTopa, MPHU 3TOM BOJHOBOJBI PACIONIATAIOT BHYTPU TPYOONpPOBOJA HA
KOTOPOM  PACIIOJIOKEHBI OOMOTKH IPOBOJA, caMu OOMOTKH MpPOBOJA
pacrnojiaratroT Mo BCeil IJIMHE BOJHOBOJA HAa PACCTOSIHUM OTHOCUTEIBHO JIPYT
Jpyra, KpPaTHOM TIOJIOBUHE WU UYETBEPTH JUIMHBI BOJHBI IPOJOTBHBIX
KoJe0aHuil BOITHOBO/A.

Cucrema pa3orpeBa UCIbITaHa B KuMat kamepe ¢pupmb HPE GmbH
I'epmanus npu Ttemmeparype -40 rtpamycoB (pucyHok 3). Bes cucrema
MepeKauyky TOIUIMBA IOMEIAIach KaMepy W BBbIIEpKHUBAJach JIO MOJIHOrO
3aMep3aHusl JU3ENbHOTO TOIUIMBA MO BCEMY KaHAIy TOIJIMBHOW CHCTEMBI.
KoHTpoib TeMIepaTypbl OCYIIECTBIISIICS MIPH MTOMOIIY TepMorap Ha Bxone Ty,
B cepeaunHe T, u Ha Bbixone T3 cucremsl. [locne 3amMep3anust Bcel TOTUTMBHOM
CHUCTEMBI, BKJIIOYAJICS yIBTPa3BYKOBOM TEHEPATOp M TPU JIOCTIDKCHUU
MOJIOKUTETILHON TEMIIEPATYphI, BKIIOYAJICS Hacoc M U JU3ENbHOE TOIUIMBO
MepPeKavYnBaJIOCh U3 OJHON EMKOCTH B JIPYTYIO.

UccnenoBanust mokazaiiy, 4TO 3a BpEMSI Pa3orpeBa, TeMIlEparypa
BOJIHOBOJIa HE IPEBBIILIAET 400C, T.K. B HayaJie MPOUCXOJUT JUCCUITATUBHBIN
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HarpeB IIpU BO3pacTaloOIled CKOPOCTH YJbTpPa3ByKa, a 3aTeM, CKOpPOCTb
pacIpocTpaHeHus yIbTPa3BYKOBBIX BOJH YOBIBAET C POCTOM TEMIIEPATYpHI.
OTO TPUBOAUT K TOMY YTO TEMIIEpaTypa B JKUAKOCTH HE MOXET OBITh
TIOBBIIIIEHA JI0 KPUTHUYECKOW BEJIMYHUHBI, T.€. IPOUCXOAUT CaMOpPETYIISLHs
CHCTEMBI pa3orpeBa TOIUIMBA B TPYOONpPOBOZE, 3TO 00ECIIEUMBAET B3PHIBO- U
M10kapo0e30I1aCHOCTh TOIUTMBHON CUCTEMBI.

Ha mnpennmoxeHHbIit crioco0 paszorpeBa AW3ENBHOTO TOIMJIMBA IPH
HU3KUX TEMIIEpaTypaXx M YCTPOWCTBO JUISi €ro OCYIIECTBJICHHS IOJyYEHBI
EBpaswuiickuii [Tarent, narent Pb, natent I'epmanuu.

WzroroBneHHass W BBeJEHHAs B OKCIUIyaTallMIO YJIBTPa3BYKOBas
chucTeMa  IO3BOJIUT ObICTPO  BOCCTaHaBIHMBATH  MPOXOIUMOCTH B
TpyOoIpoBOAax NpU  HHU3KHX TEMIEpaTypax TMpH Majod MOIIHOCTH
MOTPEOIIEHUS SIIEKTPOIHEPTHH.

AxycTHdeckasi cHUCTeMa MOXET pa3MelIaThcs Ha TOILUTMBOIIPOBOAX
CpPE/ICTB TEpEeABIKEHUs], JIeTaTeNIbHBIX amlapaToB M JPYruX amnmnaparax, e
HEOOXOAMMO  BOCCTaHOBUTH  INPOXOJUMOCTh  KaHAJOB NPH  HU3KHX
TeMIIepaTypax.

Pa3zpaboTka cHCTEMBI OCYIIECTBISUIACH COBMECTHO ¢bupmoii
«Sensotronica» Pecnyonuka bemapycs ( www.sensotronica.com), (GupMoin
HPF GmbH T'epmanus, ucrbpITaHus BOTHOBOAHBIX CHCTEM OCYIIECTBISLIOCH B
naboparopuu «MexaTpoHHKa» Kaynacckoro TEXHOJIOTUYECKOT0
YHUBEPCHUTETA.

IMPROVING DESIGN OF SUPERHEATERS IN PC-FIRED
BOILERS BY PREDICTING DEPOSITION

K.Waclawiak
Silesian University of Technology, Department of Metallurgy,
ul. Krasinskiego 8, 40-019 Katowice, Poland
coresponding author: krzysztof.waclawiak@polsl.pl

Deposition in power plant boilers, especially fired by coal, is a
problem to their operators. Firstly it decreases energy transfer from combustion
gas to water and steam in tubes of heat-transfer surfaces. Secondly deposits,
especially at high temperature become aggresive and speed up the corrosion
processes. Thirdly lumps of deposits (Fig. 1) can fall off and damage boiler
elements. Different mechanisms describe formation of deposits, depending on
thermal and flow conditions in boilers. Source of deposition is presence of
mineral matter in coal. The overwhelming majority of the minerals in coal are:
aluminosilicates, sulfides, carbonates, and silica. There is a number of
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proposed mechanism depicting transformation of mineral matter of coal into
high-temperature coal ash. Eventually all of them predict solid ash particles, of
more or less acurrate compostion assessed, and some gaseous compounds in
combustion gas. Interaction between them is sometimes taken into
consideration as well.
o - " 585 4 Deposit shape and height

: , s ~ | depend on arrangement of the
tubes in superheaters too. Balance
of forces acting on a particle of
ash impacting onto the boiler
superheater tube determines if the
particle bounces off the surface or
stays there building the powder
deposit. One of mechanisms
describing formation of bonded
tE ; deposit is that gaseous salts of
E ' N , alkali condense from flue gas
Fig. 1. An example of deposit on superheater onto heat exchange surfaces and
tubes in coal fired boilers . .

create a sticky layer capturing

particles of ash.

Slagging and fouling of

| ﬂ ” heat-transfer surfaces is usually

A assessed by empirical

‘ correlations. However a

Y- ‘ constant  progress in  fluid
4 3 dynamics methods can help

predict deposition. This
presentation shows results of

flue gas

Fig. 2. Various deposit shapes on superheater tubes numerical two-dimensional
= =R modeling of deposits formation

c e /oan N onto superheaters tubes. The

= it [ o0 \ A mechanisms of various kinds of
006 00 %3$§~\?A€ vy e j2f/0ps 004 deposition were implemented
~aN\_ | A with User Defined Files (UDFs)

X m in Fluent-Ansys (computational

Fig. 3. An example of predicted deposit growth on  11Uid _ dynamics)  software.
superheater tubes in coal fired boilers DEFINE_DPM_EROSION

procedure defines deposition
flux by using mass flow rate of ash particles, area of the face hit by the
particles, and an angle of impaction. In DEFINE_GRID_MOTION procedure
shape of the predicted deposit is modelled. The forming deposit insulates the
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tube, so the new surface temperature is computed in the procedure
DEFINE_PROFILE.

In Fig. 2 typical shapes of deposits are presented, while in Fig. 3 an
estimated growth of deposit onto a single type in function of time is shown.
Prepared procedures can be a help to boiler designers and operators. It is
possible to test how various tube arrangements, velocity of the flue gas,
temperature of the tube surface, ash particles properties like density, size
distribution etc. affect deposit growth during boiler operation, making design
of this boilers parts more exact and reducing cost of tests in real conditions.

REBURNING AS A WAY TO IMPROVE
ENVIRONMENTAL QUALITY OF OPERATION OF
CIRCULATING FLUIDIZED BED BOILERS

B.Gradon* K.Wactawiak, Z.Jastrzqb
Silesian University of Technology, Department of Metallurgy,
ul. Krasinskiego 8, 40-019 Katowice, Poland
* coresponding author: boguslaw.gradon@gmail.com

Apart from NO, emission, N,O is an active greenhouse gas too, which
reducing to NO, destroys the ozone layer in the atmosphere. Lifetime of N,O is
estimated of about 150 years. The main sources of N,O emission are natural
processes on earth, although human activity cannot be neglected, reaching 20-
40% of the total emission [1]. Among human activities agriculture, chemical
industry and power industry with fluidized bed boilers are the major
contributors to the whole emission. Among boilers especially circulating
fluidized bed boilers (cfb) emit large concentrations of N,O in flue gas up to
380 mg/m° [2,3], while the bubling fluidized bed boilers (bfb) can produce 30-
100 mg/m?. To reduce N,O emission from fluidized bed boilers some primary
methods are belived to be ready soon. First method is called “reversed air
staging”, which is a modification to a traditional air supply distribution. In this
method the air supply is increased in the bottom part of the boiler, and
decreased in the top part, where the extra fuel is injected. In the second method
called “reburning”, extra gaseous fuel is injected into the further part of flue
gas duct to increase temperature there and provide condictions for N,O
reduction. The N,O formation and destruction rates in the fluidised bed
combustors depend on many parameters, such as [5-10]: fuel properties,
properties of the bed material, power of the boiler, amount and properties of
sorbents, fuel feeding and air distribution. Particularly two parameters, bed
temperature and air ratio have a significant impact on the N,O emission level.
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Unfortunately these parameters affect simultaneously emission of other
pollutants, SO,, NO and CO, as well as the efficiency of the combustion
process. Because of this problem reburning is considered as a simple and
simultaneously very effective method [3, 11-13], resulting in the N,O
destruction rate up to 90% [14].

The research was set up with the aim of investigating reduction of
N,O in reburning process through homogenoues reactions. To achive this goal,
firstly the experiments were done and then modelling of the process based, on
previous experience of NO, formation. The experiments were done in a
horizontal quartz tube reactor of 16 or 34 mm in diameter, and 2.5 or 5 cm™
wall surface to reactor volume numbers. The reactor was heated up to
temperature of 750+950°C. The mixture of substrates of different compositon
was supplied from one or more cylinders, through pressure governors, mass
flow controllers, and finally mixed before the inlet of the reactor. The excess
air ratio was changed from 0.7 to 3.5. The products were extracted from the
reactor, cooled, and analysed with FTIR Awatar 350 spectometer, produced by
Nicolet, fitted with liquid nitrogen cooled sensor.

Results of the experiments provided data to investigate what reactions
describe properly the reburning process. Combustion process was modelled
with Bowman and Miller model or GRI. Formation and reduction of NO, were
analysed with submodel by Tomeczek and Gradon [15], with in-house
computer code COMRATE by B.Gradon. This code includes 600 reactions for
30 reactants and proved to be useful in describing the combustion process and
the nitrogen oxides formation and destruction [16]. The main reactions which
can describe the reduction process observed in the experiments were shown in
Table 1.

Table 1. The main reactions of N,O destruction
Reaction For example at temperature of
900°C and air ratio 3.07 the fastest reaction is
N-O+M—Nz+O+M that of N,O+H=N,+OH. contributing to
N,0+0 — N;+O, nearly 36% of the whole process, while
N,O+H — NH+NO reactions with HCN and CH; make 28%
N,O+HCN — N,+HCNO | contribution. Also reaction of
N,O+O=NO+NO and N,0+0=0,+N, are
N20+CHs — No+CH,0 important. The measured overall N,O

N20+0 — NO+NO reduction changed 75 to 95%. As it is
N,O+H — N,+OH expected increase in temperature of the
N,O+OH — Ny+HO, process improves reduction efficiency.

Literature shows that energy input of extra
reburning fuel can be up to 26% in the total

N20+CH3 — CH3N+NO
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energy input [14]. It seems a lot and means a one-fuel boiler will change into a
two-fuel boiler, with a need to adopt the boiler design.

To sum up a lot of positive features of circulating fluidized bed boilers
result in increase in N,O emission from power industry. Reburning method
produces condition for reduction of N,O emission not requiring major changes
in boiler desing and operation. Major reactions contributing to N,O destruction
in the reburning zone with methane as a reburning fuel, were identified on base
of the experiments. The most important reaction in N,O destruction is
N,O+H=N,+OH (around 36% contribution). Important impact of reactions
with CH; and HCN, was shown. Decrease of reburning fuel consumption can
be obtained with addition of extra additives into the reburning zone, especially
promising can be Fe, non-toxic and cheap. Future works focus on heterogenous
destructions of N,O with char, ash, additives like dolomite and calcite.
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OCOBJIMBOCTI AJITOPUTMY IIPOEKTYBAHHSA TA
PO3PAXYHKY KOHCTPYKTUBHUX ITAPAMETPIB
BIBPAIIIMHOT O OBJIAJTHAHHS JIJIS
I''IAPOAPOBO3SMIINHEHHS PIXKYYOI'O
IHCTPYMEHTY

Cinin P.1, I'opoees A.1, Cinin P.C.
Xmenvruyvkuil HayionanvHull yHisepcumem, Ykpaina

3 MeTor0 30iNbIIEeHHS HaAIHHOCTI 1 JOBrOBIUHOCTI JeTaliell MaIluH,
IUISIXOM HaJaHHS iX TOBEPXHEBOMY IIapy HEOoOXiTHHX (i3MKO—MeXaHIuHHX
BJIACTHBOCTEH, B Hall 4ac B MAIIMHOOYAYBaHHI IIMPOKO BUKOPHCTOBYIOTH
pi3Hi MeroauM moBepxHeBoro miactuuHoro aedopmysanns (III1[]]), sxe €
OHMM 13 HaWOUTBII TMpocTUX edeKTUBHHMX MeroniB 3MinueHHs [1]. Cyrtb
crioco0y BiOpartiitHoro riapoapodoctpyminaoro 3minHeHHs (BI'JIC3) momsrae
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B 00poOIi MaTepiany KylTbKamu, sIKi MepiONUYHO €KEKTYIOThCS 3MAIYIOUYd —
OXOJIOJDKYIOUOIO DIJJMHOI0, IO 3HAYHO YCYBA€ HENOTIKM 3MII[HEHHS CyXHM
JIPOOOM.

MeTtonuka NIpOEKTYBaHHS Ta alTOPUTM PO3PAXYHKIB KOHCTPYKTHBHUX
mapaMmeTpiB  BiOpamifHOro oOJagHaHHS IS TiIpoApOOO3MIIIHEHHS, Ha
MoyYaTKy, TONArae B CIiAYOYOMY: BHOHMPAaEMO KOHCTPYKTHBHY CXEMY
obnagHaHHs 3 moBOopoToM perani [2,3], ska oOpoOiroerscs (auB. puc.l),
MPU3HAYAEMO aMIUTITYJy KONHBaHb A, 3aJaéMOCh JIiaMeTpoM HacaJaka Ha
BUXOJi CTPYMEHSI Ta PO3PAXOBYEMO JiaMeTp KaMepH TIiIpomysibcaTopa.
3acrocyeMo BiOpalliiiHuii eKCIIEHTPUKOBHH IpuBoA. PoOoue cepemoBuiie: oist
«Inmycrpianbha 20», craneBi 3arapToBaHi KyJIbKH po3MipaMu Bix 1M 1o 2
Mmm [1].

Bubupaemo miamerp Hacaaka Ha Buxomi crpymens d. Toxi miamerp
KaMepH TiIpomy/ibcaTopa npuiiMaeMo 3a 3aneknictio: D =d - 12,

[MpoBoAMMO pO3paxyHOK BHYTPIMIHBOI (opMH Hacaaka 3a YMOBH
MaKCHMAJBHOTO JUHAMIYHOrO HAmopy 3a ¢popmyoro [3]:

: @)
ze Dy, D, d, — BiANOBinHO AiaMeTp MeMOpaHH, BXOJY B HAaCallok,
MTOTOYHUM JliaMeTp HacajKa.
3naxomumo nomkuHy Hacamka. L = (5..6)d,. Bice Hacamka
posramoByemo ix kyrom Bix 45° mo 90° 1o oci merai, sika 0GPOGIIOETHCS.
OCOoOIUBICTIO METOMKH MPOSKTYBAHHS € PO3PAXyHOK BHYTPIIIHEOT'O PO3MIpy
CcoIuIa JIIsi CTBOPEHHS [Iapy poOOYHX Tl — KyJIbOK (IMB.pHUC.2).
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3 Meror 3MEHIIEHHS CIHiByJapiB poOOYMX TiJ Ta PO3CIIOBaHHS

eHeprii, podoyi Tijla BCMOKTYIOTHCS, TIPH XOJIi MeMOpaHH! yYHU3, y MPUHOMHHNA
KapMaH B OJIMH WIap, 3aBSIKK TIEBHUM pO3MipaM BikoH h,, mpu Xoii MeMOpaHu
YBEpX CTPYMiHb PiJIMHA BUKHUJIAE iX HA MOBEPXHIO, sIKa 00OPOOITIOETHCSL.
Hiamerpanbuuii po3mip comia D, pu pisHEX BHIAX MaKCUMaTbHOT MOXKITHBOT
YKIIQJAKA BHU3HAYAEMO 3a
3aJIeKHOCTSIMH:
- 3 IEHTPAJHHOIO KYIBKOIO Ta
pO3TallyBaHHAM  KYJIBOK Y
HIECTUKYTHHUKHY, KIJIBKICTh
KYJbOK IIapy MOXXHa 3HAWTH B
3aJ1eKHOCTI Bijl Homepa K — ro
IIECTUKYTHHKA!

n =3k*+3k+5 (2

Toni nmiamerp coruta
Mae BHpAa3:

D, =dbVik? k+1+1- (3)

- 3 BIJICyTHBOIO LIEHTPAJIHHOIO
KYJIBKOIO, YKIIaIKOFO €
KOHIICHTPUYHI TPUKYTHHUKU.
Kinpkicts  KymboK y  Imapi
corua:

nk = 3k2 (4)
Po3spaxynkosuit
JiaMeTp coIlIa Ma€ BUpas3:

Puc. 1 — YceranoBka a7 rizpoapodocTpymMeHeBOro

3MillHEHHsI iHCTPYMeHTIB Ta ieTasieid MamuH: 1 — P 1 . (5)
pama; 2 — Bioponpusoa; 3 — memOpana; 4 — D, = d 2, [k —k+ 5 +1
Kamepa; 5 — Hacagok; 6 — orBopH; 7 — ciTka; 8 —
raiika; 9 — comio; 10 — Tpy6ka; 11 — kinbue; 12 — 3 ypaxyBaHHSIM
po3ainorua citka; 13 — BanHa; 14 — kpumka; 15 — MIJTBHOCTI YKIIaJKH Ta

00po6iroBanuii BuPio; 16 — mmingenn; 17 —

3a0e3neveHHs HEOoOXiTHUX
JABHTYH-PeAyKTOP; 18 — KyIbKH

3a30piB Ul 3MEHIIEHHS TEPTS
MiX KyJbKaMH, TIPU iX 3aIOBHEHI, OCTATOYHO BU3HAYAEMO BHYTPINIHIN PO3MIip
coruia (puc.2) 3a 3aJIeKHICTIO:
D, =D, +0,2MM. 6)
Kinpkicte mpuiloMHHMX BikOoH mpuiiMaemo 3 mrykd. Bucoty
NPUAOMHHUX BiKOH N, BH3HAYa€EMO 3a 3aJICKHICTIO:
h, =d, +0,3MM. (7
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3 [IpoBoanmo PpO3paxyHOK

hy MaKCHMaJIBHOTO THCKY y HacajKy, 3a

, MPUAHATAMU mapaMeTpamu, Ta

B T BU3HAYA€MO  4YacTOTy  KOJMBAaHb

Y \ BiOponpuBOIY 3a JTOTTOMOT OFO

NN —\,\;\f OpUTiHAIBHOI porpamMu «BusHaueHHS
Puc. 2 - KoHCTpyKTHBHA cXeMa TUCKY» [3]

BU3HAYCHHSA p(i3Mipy cor‘ma Dc Ta BUCOTH OTI)I/IMyCMO MaKCI/IMaHBHI/Iﬁ TUCK

npuiiomiX itkon Prax, MIIa Ta yactory xosiuBaus f, '
Slkmo  yacrora KONMBaHb, OTPUMaHa NPH MaKCUMaJIbHOMY THCKY, HE
CHIBIAJA€ i3 CTAHIAPTHUMH YHCIIAMH €JIEKTPOABUTYHIB, TO TP HOBTOPHOMY
PO3paxyHKy MaKCUMAJIBHOTO THCKY, BUKOPHCTOBYIOUH OPHUTiHAIBHY IpOrpamy
«Bu3HayeHHS THCKY», TPOBOJAUMO KOPEKTYBaHHS YacTOTH KONWBaHb f
3MIHOIO aMIUTITYIM KOJNMBaHb A4 Yy BIJNOBIIHY CTOPOHY (30iJbIIECHHS
aMILTITYmd A 3MEHIIY€e 3HAYSHHSI YaCTOTH KOJHMBAaHb | IpU MakCUMalTbHOMY
THCKY 1 HaBIIaKN).

3a pgomomororo opwuriHanbHoOi nporpamu  «[iapoapoOo3MilTHEHHSD)
(muB.puc.3) [3], 3amaBuIMCh TIUOMHOK 3MIIHEHOTO IIapy MOBEPXHi,
BU3HAYa€MO MaKCUMAaJIbHY €HEprito yaapy Kyiabku E,,

3rigHo ¢opmynu (8) [4] yTouHIOEMO TIMOWHY 3MIIHEHOTO MIApY
MTOBEPXHI IHCTPYMEHTY a0o0 AeTani NpH JMHAMIYHOMY BJIABIIOBAHHI KYJIBKH i
Biflomiii eHeprii ynapy E, Ta po3Mipy KyJbKu:

- k24,ﬂ2,b2,dK.Ey (8)
N 16-k,-HB '

ne K; = 2 — crhiBBiAHOMICHHS HAHOLIBIIOrO JiaMETpy BIJIOUTKY JO
JiaMeTpy BiIOMTKY, OTPUMAaHOMY TIpH IIEPIIOMY yaapi KyJIbKH;
b= ﬂ - MMPOCTiiHA BEMYHHA JIJIs OLTBIIIOCTI METAIIB;
20;
d, — miameTp KyJbKu;
E, — enepris ynapy Ky’abKu;

K3 - xoedirieHT TMHAMIYHOT TBEPIOCTI k, = H,
Ty
e _ 32-E,-d, _
a ﬂd 4
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Puc. 3— Pe3yabTaTn po3paxyHKy BeJIMYMHU eHepril ynapy Kyiabku [3]

Hanani mpoBoauMo po3paxyHOK NapaMeTpiB TPHBOLY: PO3MIipH
eKCIIEHTpHKA, Bayly, MiAOUpaEMO MiANIMITHUKYA, BH3HAYaEMO HEOOXiAHY
MOTY)XHICTh ~ OOmasHaHHs. Ilicnst BH3HAUEHHS OCHOBHUX IIapaMeTpiB
o0saJiHaHHS MTPOBOAMMO PO3PaxyHOK JeTajiell MPHUBOMY, SIKi KOJIHMBAIOTHCS, 3
ONTUMI3AIEI0 TIO PO3MiIpaM Ta Maci, METOJOM CKIiHYCHHUX EJIEMCHTIB B
nporpamMHoMy npoxaykti Cosmos 6.0, 1o mpaitoe B 000JOHI MPOrpaMHOro
mponykty SolidWorks 2000(quB. pe3ybTaTi OTPUMaHUX PO3PaxXyHKiB [3]).

3anporoHoBaHe OONagHAHHSA OyJNO 3aCHOBAHO IS  ITiJIBUINCHHS
CTIMKOCTI pXKy4Oro iHCTPYMEHTY — MOIYJIbHUX (pe3 31 crani P6MS, 3aBnsiku
OKPYIJICHHIO PiXKy4oi KpalKd Ta IiJBHUILIEHHI TBEpAOCTI MoBepxHi Ha 2...3
omunwii HRC.
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BIBPAIIIMHE OBJIATHAHHA CTPYMEHEBO-
nyJbCYIOHYOI'O TUITY AJIsA TIPOMUBAHHSA
OTBOPIB BIJ{ CTPYXKHAN

Cinin P.1, I'opoees A.1, Cinin P.C.
Xmenvruyvkuil HayionanvHull yHisepcumem, Ykpaina

Ilpn BUroTOBJIEHI PI3HMX KOPIMYCHUX JeTaned, TakuxX SK Ta3oBi i
BOMsHI JIYMIBHUKH, ICHYe TpoOjeMa OYHIICHHS OTBOPIB B KOpITycax
JIYWIBHUKIB BiJ CTPYXKH IIiCHsl omepamii pi3bOOHapi3aHHS Ta 3aUIIKIB
KHUPOBUX 1 3MallyBaJIbHO-OXOJNO/DKYBAJIBHAX piAuH. TpaauiiiHi MeTomw,
NPOAYBAaHHAM BPYYHY CTHCHEHHUM TOBITpSIM, HAATO TPYIOMICTKI 1 4acTto
HEJIOCTaTHHO e(EeKTHBHI.

OpHuM 3 crioco0iB MPOMUBKH JIeTajiell BiJl 3a0py/AHEHb Ta CTPYXKKH €
crnoci0, B SIKOMY BHKOPHCTOBYETHCS 3BOPOTHO - ITOCTYHAJIBHHH PyX PiAMHH
4yepe3 HacaJoK 3 TOCTPUMH Kpaiikamu Ha BXomi B Hacaaok [1,2] . Ile#t crmocio
MIPOMUBKY € Pi3HOBUIOM CTPYMEHEBO - MYJIbCAIIIHOTO crmoco0y ouncTku. [Ipu
ILOMY BHKOPHCTOBYETHCS IMIYJILCHUHN TiIpONUHAMIYHUKA edeKT 301bIIeHHs
LIBHAKOCTI PYXY PiAMHH, a BiITaK i KIHETHYHOI €HEeprii MOTOKY PiJvHU, TPH
BUTIKaHHI Kpi3b HAcagoOK Yy TiJpomyibcaTopi. HakmajganHs konuBaHb Ha
pianHy, 3a JOMOMOrOI0 BiOpalifHOrO NPHBOAY, NPU3BOAWTH 10 ITYJIbCALiN
MOTOKY PpiAWHH, Horo TypOymizamii i HpH HPOXOMKEHHI Kpi3hb HAacaloK 3
TOCTPUMH KpaiiKkaMy BHHHUKA€ KaBiTallis, IO IMPHCKOPIOE IIPOIEC HPOMHUBKH
BHACIIIOK  TypOyJIEHTHOro OOMiHY MiX MIapamMu IOTOKy. Jlo Toro x
BUKOPHCTAaHHS HAINPaBJIEHOI'O IyJIbCYIOUOrO CTPYMEHIO 3 TiApOmyJbcaTropa
JIO3BOJISIE TIPOBOJIUTH TIPOIIEC IPOMUBKH B OOMEKEHOMY 00’€Mi piTUHH, IO
JI03BOJISIE  €KOHOMHO BHUTpauyaTH OYHCHY piguHy. 3a TEBHHX YMOB IIpH
NPOTiKaHHI IMyJbCYIOYOrO IIOTOKY PIJMHM 4Yepe3 HacaJoK 3 TOCTPUMH
KpaiikaMH Ha BXOJli BiI0OYBa€ThCS BUAIJICHHS MOBITPsI, PO3YMHEHOI0 B PiUHI Y
BUTJISIIII TA30BHX ITyXUPIIB, 1 HA BUXOAI 3 HAacaJka OTPUMYETHCS Ta30piJuHHA
cymim. ['a30Bi myxupii MalOTh JOCUTH MaJli PO3MIipH 1 BeAyTh cebe sIK «TBep/i
JIOMIIIKWY, TIOCHITIOIOYH OYHMCHY JiI0 MYJBCYIOYOro MOTOKY PiJUHU IIpU HOro
PO3TiKaHHI B OTBOPI, 1[0 OYHUIIYETHCS.

IIpn mpoexTyBaHHI ycTaTKyBaHHS U BiOpOTiApaBIiYHOI OYMCTKH
BXJIMBO BHOpaTH TapamMeTpu poOoduoro opraHa, sKi 3a0e3MeUYyrOTh
MaKCHMaJlbHI 3HAYEHHsS BHXIJHUX XapaKTepUCTHK YCTATKyBaHHS - CHIIH
T1IPOIMHAMIYHOTO THCKY 1 IIBHJAKOCTI pyXy ITOTOKY ITiCJIsi HOrO BUXOAY 3
Hacajka. Jlo ymcma nmX mapaMeTpiB BXOJATh KOHCTPYKTHBHI IapamMmerp
riipomynbcaropa: iaMeTp Ta JIOBXXKHWHA IYJIbCAIIMHOI KaMepH, JiaMeTp
HacajKa, TiJpaBIIiYHI XapaKTepUCTHKU Hacalka 1 mapaMerpd HpUBOAY, IO
3a0e3MeuyroTh IMOTPIOHMH KOJMMBAJBHMN IpoOIeC - aMIUIITyAa Ta YacroTa
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KONIMBaHb. JlJIs1 OMMCAaHHS KOJHMBAJIBHOI'O PYXYy pIAMHM B YCTAaTKyBaHHI
YTBOPEHHSI ITyJIbCYIOUOTO0 Ta30piAMHHOTO TIOTOKY 3 METOI0 BU3HAYEHHS
B3a€MO3B 513Ky KOHCTPYKTHBHHUX IapaMeTpiB Ta PEeXHMiB pOOOTH NPHBONY,

ckiajzieHe AudepeHiagbHe piBHSAHHS, BHXOISMYM 3 EHEPreTUYHOro OajlaHcy
PYXY piUHU:

2 F Xmax .
i}/idi;(‘FLLf%'F}/JX:ApMSinwt,’ (1)
g’ F dt 2g R " dt F cos(wH ,/c)

ne F - IUIouHa nepepizy HacaJKa;

Q - MPHCKOPCHHSI BITBHOTO Ia i HHS;

y - IMTOMA Bara pifuHu; | - IOBKHHA MyTbCALIHHOI KaMepH;
F, - monuHa riepepizy mynbcaniiHol KaMepH;

(0 - KyTOBa 4acToTa IyJIbCaIliif;

max . e
X - MakKCuMaJibHa aMIUNITYy/Jia IYyJIbCalllu,

v=C+ ,1L~ - TiIpaBIIiYHI XapaKTEPUCTUKU HACATIKA;

H
C - xoe(illicHT MicIIeBOro OIOpYy Hacagka; A - KoedilieHT
TiIpaBIiYHOTO OTMOPY HACAJIKA;

Ap— Tepenaj THCKY B IyJIbCaLiiiHill KaMepi [iApoIyIbcaTopa;

H,, — PIBEHB IIiJ{ TIOBEPXHEIO, HA SIKOMY 3HAXOIUTBCS HACAIOK;

H,— BuCOTa CTOBNA piavHM Big TOBEpXHi 10 MeMOpaHH
TipomnyabcaTopa;

¢ — MIBWJIKICTH MEpeMillIeHHs TiIpaBIigyHOro yaapy.

YacTKOBHUi PO3B’A30K JAU(EPECHINANBHOIO PIBHAHHSI MOXKHA 3aIHCATH
y hopwmi:
. A . a,m
X' = P sin wt +arctg) —| ——— || |" @)
\/(a3 —alcoz)2 +ajo’ a; —a,0
d?L d
e ale—zp’ azzAMpww,?zs(p, aazyH ,
Dy Dy

3BiIKM OTPUMYEMO D~ JliaMeTp KaMepu; dH - ZliaMeTp HacaJKa.

3anponoHOBaHa METOJMKA PO3PAXyHKY Ta IIPOEKTYBaHHS poOOYOro
opraHa yCTaTKyBaHHS Ul BiOpOTiApaBIIiYHOI OYMCTKH, SIKa po3poOieHa Ha
ocHOoBi aHamitTmuHoi Mojemi (1) 1 eKCIepUMEHTalbHUX JOCTi/KEHb,
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PO3pO0JIEHO €CKI3HMH MPOEKT THIIOBOI YCTAHOBKM NPOXiJHOTO THIY s
OYKCTKH OTBOPIB Bijl CTPY’KKH B KOPITYCi Ia30BOr0 JIUMIbHHUKA (puc. ).

OOnamHaHHS TpaLmIoE CHiAylOYMM 4YuHOM: xaeTtanmi 1 (amB.puc.2)
BCTaHOBJIOIOTHCSI Ha [QHTOBI OIPAaBKH, PO3TAalllOBaHI Ha IUCKY 2, IO
obepraeTbcs Bin mpuBoxy 3. JlUCK 3aHyprOe fAeTali y BaHHY 3 MHUIOYOIO
pianHOI0. BOHM TMOCTIOBHO NPOXOMSATH HANpPOTH HACAAKIB 3 SKUX O’I0Th
MyNbCYIOYi CTPYMEHI piJMHH, SKi OYMIIAaroTh OoTBOpHU. Ilymbcyrodi cTpymeHi
PiAMHHA yTBOPIOIOTHCS 3a JIOMOMOTOI0 MEMOPAaHHOI'O TiAPOITyNbcaTopa, SKHH
3’€IHAHO 3 EKCIIEHTPUKOBUM ImpuBogoM 4. Ilpu Buxoxmi 3 BaHHM jaeTaii
3HIMAIOTHCS 3 LAHTH Ta MPOCYIIYIOTHCSI.

3
B
4
=
Puc. 1 - Kopnyc BoasiHOro JIiYMIbHUKA Puc. 2 - YeranoBka 1J151 HPOMUBAHHS Bijx
3 pi3b0OBHMH 0TBOPAMH CTPYKKH MOPOKHIUH KOPIyca ra3oBoro

JivuiabHuKa: 1 — gerann; 2 — quck; 3 —
npuBoj; 4 — BiGponpuBox

Jlitepartypa:

1.T'opaees A.W. MccnenoBanue TuApoOMyibCaTOpOB M HCIOIB30BAHUE HMX B
ycrpoiictBax aist oOpaboTku moBepxHocreil neranei/ A.W.Topnees, P.U.
CunuH // Pecny0i1. MeXBEIOMCTB. H-T 0. « ABTOMaTH3alMs ITPOU3B. IIPOIL. B
MaIIMHOCTP. ¥ npubdopocTpoeHnm»,JIbBoB, Beim. 29,1990, C.54-59.

2. Topnees A.l. Bukopucranns BiOpamifiHUX TiApomyJabcaTopiB B
TexHoNoriuamx mporecax / Ilpami Mk Hap. H-T koH(ep. TIporpecuBHa
TeXHIKa 1 TEXHOJOTis NPHIag00yAyBaHHS 1 3BaplOBAJIBHOIO BUPOOHHITBA”,
Towm 3, Kuis, 1998, C. 285-287.

3.Cinin P.1. IlpumeneHne ruapomnynbcaTopa Kak MOLYIIsl ITPH IPOEKTUPOBAHUH
BuOparmonnbix  mamwmH /P, Cimiar, Al Topnees // Materialy 3
Miedzynarodowej konferencji Naukowo-Technicznei-MTK 2002.
MECHANIKA. Z.59: Modulowe technologie i konstrukcie w budowej
maszyn. — Rzeszow. — 2002. — C.29-33.
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PE3YJIbTATHU JOCJIIIKEHHSA TPOLECY
ABTOMATHUYHOI'O BAJIAHCYBAHHSA
(CAMOBAJIAHCYBAHHA) POTOPIB MAIIIMH
PITMHHUMU POBOYUMU TIVIAMHU

Poiizman Binen Ilemposuu, banax Jlroomuna Axiena, Hikighopos Anopiii ,
Jlpau Inona Bonooumupisna, Tkauyx Bimanit [lasnosuu
Xmenvruybkuil HayioHanbHull YHisepcumem
Ykpaina, 29016, m. Xmenonuyoxuii, ya. Incmumymceoka, 11
Ten.(0382) 728743, ®axc (03822) 23265, E-mail: roizman@mailhub.tup.km.ua

Jlis MammH i3 3MiHHUM JIUcOajaHcoM poropa i Ipu OanaHCyBaHHI
poTOpiB MamuH 0e3 3YNMUHKH B €KCIUTyaTalliiHUX YMOBaxX TPAAMLIiiHI METOIH
3HW)KEHHs BiOpauiii ManoedexkTuBHi. Jlo TAKMX MaIIMH HaJeXaTh CEnapaTopH
Ta UEHTpU(YrH, SIKi BHKOPHCTOBYIOTHCS B PI3HUX Taly3siX HApOJHOTO
rocrosapcrsa (Xap4oBiil, XiMi4yHIH, IyKpOBiH, TipHWYIHA 1 T.1.), MEAWIHHI,
moOyti. HaiiGimpinr HamiiHUM, MEPCIIEKTUBHUM, a 4YacTO 1 €ITUHOMOXIIUBUM
METOJIOM 3HIDKEHHSI BiOpalliif TAKMX MallllH € aBTOMaTH4YHE OanaHCyBaHHS 3a
JIOIIOMOT'OF0 MIPUCTPOIB 3 BUTbHUM TePEMIillICHHSIM KOPUTYBaNbHUX Mac [1].

Jlana poborta mpuCBsiUEHA TOCHTIHKEHHIO (yHIaMEHTaIbHOTO SBHUILA
npupog  — caMoOaslaHCYBaHHs pOTOpa 3a  JIONIOMOTOI0  ITaCUBHHX
aBrobanaHcyrounx npuctpoiB (ABII), ski MarOTb BUIJISL MOPOXKHUCTOL
KaMepH, YacTKOBO 3allOBHEHOI pPOOOYMMH TiNaMH (piIMHOIO, CHUIYYUMH
TiJIaMH) 1 € TACHBHUMU PETYIATOPAMU MPSIMOI [Ii1, 110 HE ITOTPe0yIOTH IMTiABOAY
€Heprii Ta CUCTEMH KepyBaHHS JJIsl IEPEMIIIEHHS] KOPETryIoUrX Mac.

[Nepimm eranom TeOpeTUYHOTo JOCIiKEHHS 0YyIiI0 mo0yaoBa i aHawi3
MaTeMaTUYHUX MOJIEJIel CTalliOHApHOTO PYXY B )KOPCTKHX OITOpPax OPCTKOTO
poropa 3 IWIHIPUYHOK KaMEpOW, WI0 MICTUTh PIiAMHY 3 BUIBHOIO
noBepxHero. Po3misHyTI BUNaaku HEOOMEXEHOi i 0OMeXeHOI 3BepXy KaMepH,
eKCLIEHTPUYHO I CHMETPUYHO PO3TALIOBAHOI Ha Bady. Y KOKHOMY 3 BUIAJKIB
Ha OCHOBI IHTErpyBaHHsA JAHW(EpEHLIANbHUX pPIBHSIHb PIBHOBAaru piuHU
YCTAHOBJICHI 3aKOHH PO3MOJUTY THUCKY B PiJMHI, IO 3HAXOIAWTHCI B CTaHI
BiJTHOCHOTO CIIOKOIO 1 BH3Ha4eHI ()OpPMH IMOBEPXOHb PIBHOTO THUCKY. AHaIi3
noOyIOBaHUX MoOJeNiel BKa3ye Ha Te, 10 aBTOMAaTHYHO 30allaHCyBaTH
YKOPCTKHI POTOP Y MKOPCTKHUX OIOpax PiJJMHOI0 HEMOXITUBO.

Jlami po3risTHYyTO MeXaHiuyHYy CHUCTEMY, sIKa € THYYKHM pPOTOpPOM 3
WTIHIPUYHOI0 KaMepolo, IO MICTUTh pPiMHY 3 BUIBHOIO MOBEpPXHEo, 1
MoOyoBaHO MaTeMaTH4YHY MoJenb ii cramioHapHoro pyxy [2]. B ocHoBy
MaTeMaTU4HOI MOJeNli TOKJIaJAeHO TPUHIWI HaiMeHmoi nii y ¢opmi
I'aminbrona-Octporpaacekoro. CKiafeHO PIBHSHHS CTalliOHApPHUX pPYXiB B
SIBHOMY BUTJISI[II.
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aw
on

Al Al

=-0’ I(A_ C)71 + D71727371 - E(V3 - 7127371) Fy, + M. g (Xc - Zc717371): 0,

1)
oW ) B I )
? = _wZI(B _C)Vz - D(73 - 72273 1)+ Eyiyars - Fr, + Mcg(yc —ZY2V3 1)= 0,
2
2

ne W :EI—°+H - 3MiHEHA IOTEHIiaJIbHA EHEPTrisi CUCTEMHU TBEpJE TiJo-

pianHa; /1 — NOTEeHIiaIbHA HEeprisl JII0UMX Ha CUCTEMY aKTHBHHX CHI: CHIIU
TSOKIHHS 1 BIAUCGHTPOBOI cwin; Ko — 3Ha4eHHS CTanol s BHOAIKY
piBHOMIpHOTO 00epTaHHS BCi€l CHUCTEMHM 3 KYTOBOK MHIBHIKICTIO ®; lg —
3Ha4eHHs / (MOMEHTY iHepIii cuCTeMH) ISl yCTaleHoro pyxy, 4, B, C —ockoBi
MomeHTH iHepiil; D, E, F — BiguenTpoBi MoMeHTH iHepiii cuctemu; M — Maca
cUCTeMU; Xc, Yo, Zc - KOOPIUHATH LIEHTPA Bard CUCTEMHM; 7Y — MPOEKii opTa
HEpYyXOMOi OCi Ha pyXxoMi Oci.
BusnaueHo po3B’s130k piBHSHG (1),

1= 72=0, y3=1, (2)
SIKOMY BIJAIOBiZlae yMoBa aBToOanaHcyBaHHs. Po3B’s30k (4) Mae Micie npu
Oynb-sikiii BenuuuHi ® (0#0). 3 yMOBH CTIMKOCTI CTalliOHAPHUX PYXiB CUCTEMHU
BH3HAYEHO, 1[0 BUCOTA IIMIIHAPUYHOI MOPOKHUHM h Mae OyTH 3HAYHO MEHIIA
3a ii pamiyc R.

JlocmimpKeHHsT  JaHOi MPOCTOPOBOi  MOJIENi  CTAalliOHAPHOTO pPyXY
poTopa 3 HWIIHIPUYHOI MOPOKHHHOO, KA YaCTKOBO 3allOBHEHA PiJMHOIO,
TIOKa3ye, 110 aBTOOAJIAHCYBAHHS PIAMHOI0 MOMJIMBE MPH CTAIIOHAPHUX pyXax
chcTeMHU 3 Oy/b-SIKOI0 KYTOBOIO HIBHJIKICTIO. OHAK 3alipOIIOHOBaHA MOJIENb
HE J]a€ TOSICHEHHS, SIK caMe 1 MiJ JI€l0 SIKMX CHJI BiOYBA€ThCS MEpeMillleHHS
pinnau B Kamepi ABIL.

ToMy HAaCTYITHUM €TaroM JIOCIiDKEeHHs Oyiaa po3poOka MaTeMaTHIHOT
MoJIeNi TepeMileHHs piguau B kKamepi ABII mij BIiMBOM 3MiHM CyMapHOToO
JcOaIaHcy CUCTEMH 1 Mporuny. Jiis boro po3risiHyTo pod0Ty HaMIIPOCTIIIol
poTOpHOi cuctemMH, 1o MicTuTh y co0i ABII i3 pizuHOrO (AMcOanaHc SKOI €
MEHIINM 32 JucOaIaHc poTopa) IS BEPTUKAIBLHOTO THYYKOT0 POTOpa Ha JIBOX
KOPCTKHX OINOpax, IO 00epTaETHCS 3 KYyTOBOKO IIBUJIKICTIO NP Pi3HUX Il
3HaYeHHAX (0 =0, 0 << O, O< O O Oy, O>0g). Y KOKHOMY 3
BUNAJIKIB TOOYIOBaHO I€OMETPUYHY MOJIENb NOBEIHKH CUCTEMH [3].

OcHOBHa iJiess MoisArae B TOMY, IO NPH IIBUAKOCTI 0OepTaHHS
CHCTEMH ® < O, 3OBHIIIHIN Omip (CHAM TEpTS B MiAIIMIHUKAX, CHJIM TEPTS
WITiHApa 00 MOBITPS 1 T.JI.) 00YMOBIIOE BifICTaBaHHs IUIOMMHK nporuHy (I —
I) Bin miomunn cymapaoro aucoanancy (OC.) Ha dazoBuit kyt & (puc.l) i
BHMHMKalO4a NPH [[bOMY TaHTEHIliaJbHA CKJIaaoBa I BIALEHTPOBUX CHIJI iHEpIii
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F i cienmivni BnacTuBOCTI pignHM (2 came, INIMHHICTD, 3J]aTHICTh OYAb-SIKOT0
00’€eMy piZIMHH SIK 3aBI'OTHO

"y F_ , 3MIHIOBaTH CBOIO (popMmy miJ Adi€ro sIK
el 3aBTOJHO MAJIUX CHJI, BPAXyBaHHS CHUJI
B'SI3KOCTI TIJBKH TIPU PO3DIISII JTOCHTH
IIBUJIKAX pyXiB) CIPUSIOTh
npuBeNIeHHIO pinuan B kamepi ABII y
MOJIOXKEHHH, SIKE BiJIIIOBi1a€e
3MEHILIEHHIO 3arajibHOro JaucOanaHcy
CHCTEeMH HaBiThb Ha JOKPUTHYHIN
IIBUJIKOCTI 00EpTaHHS.

Amnaiiz reoMeTpuuHOI Mozedi
(puc. 1) mokasye, 0 MPU TOCTATHHOMY
30BHIIIHBOMY OIOpi  piguHa, sKa
3HAXOIUTHCS B CTIMKOMY ITOJIOXKEHHI
piBHOBaru, Mo)ke 0ajJaHCyBaTH POTOp HA JOKPUTHYHHUX KYyTOBHX IIBUIKOCTSX.
EdexruBnicts OamaHcyBaHHS 3pocTae IpH HAONMMKEHHI IIBUAKOCTI J10
KPUTHYHOI 1 TpHW 30UIBIICHHI 30BHINIHBOrO omopy. Ha#bimpmmii edekt
0aJaHCYBaHHS JJOCSTAETHCS, KOJIM BeJIMYHA AucOanaHcy piguHu Oyie Oau3bKa
Jo nucbanaHcy poTopa.

TeopernuHi pe3ynpTaté OyI0 MiITBEPIPKEHO CKCIIEPUMEHTAIEHUMHU
JIOCIHIPKEHHSIMH. J{J1s1 TTpOBEZIEHHSI €KCIIEpUMEHTANBHHUX JIOCIIPKEHb poOOTH
piznaaOro ABII Bmepimie 3anmpornoHOBAaHO i BUKOPHCTaHO METOJ| HMIBHAKICHOL
BUICO3MOMKH pyXy pOOOYMX TiJl 3a JOIIOMOI'OI0 Cy4acHOI KOMIT'IOTEPHOI Ta
BimeoTexHiku. Lleii MeToJ Ja€ MOXKITUBICTh MPOBOJUTH KOMIUICKCHUMN ITiIXi]
IpU  JOCTIDKCHHI TOBEMiHKM pobOouux Tin B ABIl, i Mae B OcHOBI
CHHXPOHI3aIliI0 Npollecy BUMIpIOBaHHS apaMeTpiB BiOparlii i Biie03HOMKH.

ExcriepumeHTaIbHO MOKa3aHo
[3, 4], mo y  piauHHOMY
aBToOaIaHCHPI piauHA fparHe

saw  BCTAHOBHUTHCS TPOTH [ucOalaHcy He
-~ TINBKA B 3ape30HAaHCHId, ame U y

JIOPE30HAHCHI  30HI  OOepTaHHsA

poropa 1 Ha caMOMYy pE30HaHCI.

[puknaau kaapiB MogaHO Ha puC. 2, 3
SIKMX BUJIHO, 110 PiJIMHA PO3TAIlIOBYETHCS HABIPOTH IHCOATIAHCY.

Puc. 1 - Cunu, saxi oiromo ¢ ABIT
HpU HAAGHOCHIE ONOPY

Lignid
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Puc.2 - Pozmawyeanus pooouux min npu: a) 00pe30oHancuiii; 6) pe3oHancuiii; ¢)
3ape3onancuiii yacmomi obepmannsn pomopa

TakuM YHHOM, BiJICO3aIHMC MOJIOKECHHS PiTMHU HAOYHO MiITBEpPIUB,
mo poOodui Tiga HaMararTbCsl BCTAHOBUTHCS IIPOTH JaucOanancy 1
JTO3PIBHOBXKUTH POTOpP HE TUTHKHA Ha pOOOYMX YacTOTaX oOEpTaHHS, ajie i Ha
PE30HAHCI, a TAKOX IIIE 3a[0BI'0 JI0 PE30HAHCY.

Jlitepartypa:

1. Poisman B.II., [lpau [.B., Txauyk B.Il. BiOpawuii Ta aBToMaTH4HE
OaJaHCyBaHHS MalMH i3 3MiHHMM aucOanaHcoMm // Marepiann 1 Ykpaino-
IMonbcekoi HaykoBoi KoHgepeHuii ,,CydacHi TeXHONOrii BHUPOOHHITBA B
PO3BHUTKY €KOHOMIYHOI iHTerpamii Ta mignpueMHunrea’. — cMT.CaTaHiB:
Texnonoriunuii yHiBepcuter [loxinns. — 2003. — C.176-177.

2. V.Royzman, |.Drach. Improving theory for automatic balancing of rotating
rotors with liquid self balancers // ISSN 1392 - 1207. MECHANIKA. 2005.
Nr.4(54). P.38-44.

3. Poisman B.II., J[lpau [B., Txauyxk B.II. Teopis aBToMaTH4YHOrO
OaJaHCYBaHHS POTOPIB MAallMH PiTUHHUMH poOoumMu Timamu // BiOpamii B
TexHimi Ta TexHonorisx. — 2007. - Nel. C.45-50.

4. Poiisman B.Il., Mamurin O.B.,, Yonoscekuit P.I'., bBopko [.B.
ExcniepuMmeHTanbHi JOCTIKEHHST podoTH aBoTOanancupa // COOpHUK TPYIIOB
I mexnyHap. xoHpepeHIH «J{MHaMuKa POTOPHBIX cucTem». — I. KameHnen-
IMomonsckwmit. — 1998. — C.91-96.

Asmopu BUCTOGTIOIOMb noosiKy OepoicasHum gonoam
@ynoamenmanvrux Oocuiodcenv Yxpainu ma Pocii, 3a niOmpumkor sSKux
BUKOHYBANACL Y podOOMA 8 pAMKAX CHIIbHO20 POCIUCLKO-YKPAIHCHKO20
npoexmy @ 28.1/001 «/Jocnioocenns Ounamiku I 3HUdICEHHS GiOpayii
POMOPHUX MAUIUH 3 BPAXYBAHHAM 2IOPOOUHAMIUHOL 83AEMOOIT iX elemenmiey.

CEKIIUA DKOHOMMUKU, YIIPABJIEHUA U OBPA3OBAHUSA

MOTHUBAIIUSI PABOTHHUKA: 3APYBEKHBIV OIBIT

Kocmun J.1O.
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Xapvrosckuii HayUOHATbHBLI YHUSEPCUMEM PAOUOINEKIMPOHUKU
Vkpauna, 61166, 2. Xapvros, ya. Jlenuna 3/69
mexn. (057)702-39-30

DKOHOMHYECKHH ycrex pa3BuTHsi Kutas moOykgaeT K CTpeMIICHHIO
H3Y4UTh €r0 METOJbl U MEXaHW3MBI OpraHu3alMy omiarsl Tpyaa. B Kurae ona
MIPE/ICTAaBIsIET COOOHM CIOXKHYIO CHUCTEMY CTUMYJIHMPOBAHMS HACENeHHs K
TPYIIOBOH JIeTENIbHOCTH, OCHOBAHHYIO Ha HCIIOJIb30BAaHUU €T0 Pa3HOOOPa3HBIX
SKOHOMHYECKHX HHTEepecoB. CTpeMsCh BBDKMUTH M JOOHWTBCS ycrexa B
YCIOBUAX MHPOBOM 3KOHOMHMKH, Kurail cran yaensTs BHUMaHUE IOHCKY
HOBBIX (hOpM OpraHM3anuy U MOTUBAIMH TpyAa. Kaxkias KoMIaHus, UCXOMs U3
CBOMX CIeIM(HYECKUX YCIOBHHA (DYHKIMOHMpPOBAaHHS M TOTPeOHOCTEH, s
MOBBIIEHUS A(P(PEKTUBHOCTH ITPOM3BOJACTBA BHEIPSET Pa3HbIE CHCTEMBI U
¢dopmer orutats! Tpyna [1,2].

B KHP neiictByrommii MexaHW3M OIDIATHI TPyJa HE CIIOCOOCTBYET
TIOJTHOW pean3aliiy TPYI0BOro IoTeHIrana paboTHUKOB. B crpane moka emie
He cQOpMHpOBaHa TaKas CONMAIBLHO-ODKOHOMHUYECKas Cpeia, B KOTOPOM
YBa)KalOT KBaJH(PUIMPOBAHHBIX PAaOOTHUKOB M MAaTEpPHAIbHO BO3ZHATPAKAAIOT
3a KOMIIETEHTHOCTb ¥ TBOPYECKOE OTHOLIEHUE K TPYAY.

OCHOBHBIMHU IIPABOBBIMU JOKYMEHTAMM, PETYIUPYIOIUMH TPYAOBBIE
otnomenuss B Kurae, sBisrorcs: Koncrurynus, Tpynosoi komeke (3akoH o
tpyne KHP), «BpemenHoe nonokeHne o0 ymiare B3HOCOB Ha COLMAILHOE
cTpaxoBaHMs», 3akoH «O TpyaoBeIX JoroBopax». B TpymoBoM komekce
3aKOHOJATENbHO  3aKpeluleHbl MNpaBa W OOSI3aHHOCTH  TPYISIIUXCS,
paboroaarenel u Ipyrux CTOPOH, YYacCTBYIOUIMX B TPYIOBBIX OTHOIIEHHsX. C
22 suBaps 1999 r. nelictByer « BpemeHHOe monoxeHnue 00 yruiaTe B3HOCOB Ha
COLIMAJIbHOE CTPAaxOBaHME», COIJIaCHO KOTOpOMY paboromarens 00s3aH
CTaBUTH BCEX PAOOTHUKOB Ha NMEPCOHANIBHBIA YUeT U IJIaTUTh Ha 00s3aTeNIbHOE
colyMajgbHOE CTpaxoBaHWe. B cTpaHe HaOmomaercss MHOTOYHCIIEHHOE
HapylIieHHe TPYJOBBIX NpaB paOOTHUKOB. Bcrpewarorcst ciyyan mx oOMaHa,
Korja paboronareny He BbIJaBalM 3apaOOTHYIO IUIATy, 3alep)KUBallU ee,
BBIIJIAYMBAIM CYMMY, MEHBIIIE OTOBOPEHHOW B YCTHOM MOPSJKE IpU NpUeMe
Ha pabory. C 1 sHBaps 2008 r. BcTymmn B cuiny 3akoH «O TpyHZOBBIX
JIOTOBOpax», KOTOPbIM obOecreynBaeT 3aluTy pabOTHHKA OT MpPOU3BOJIA
paboromarens. 3akoH IpeAbsBiseT Oojee BBICOKHME TpeOOBaHHMSA K
paboToaTernto 3a HEBBITIOTHEHNE HOPM TpyaoBOTO KozIeKca.

Kurali Hakonmuim OONBIION W Pa3HOOOPA3HBIA ONBIT OPTraHU3AIUH
3apabOTHOW TWIAThl U JApYrux (OpM MOTHBALMM TpyJda Ha NPENNPHATHSX, B
YUPEKACHUSAX U OpPraHU3alUsIX, KOTOPHIM B OMNpPEAETICHHOM Mepe MOXHO
HCIONIb30BaTh B Y KpauHe.

B sxoHomuke benapycu TeHeBast 3apaboTHas 11aTa - CEero/iHs OfiHa U3
caMbIX aKTyalbHbIX Tpobnem [3,4]. IlpuumH HeCKOIbKO - CTpaHa
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HEJIONOIYyYaeT HaJord, YTO MPUBOAUT K JAe(PHIUTY ACHEXKHBIX CPEICTB B
counanbHeIX  (oHmax, nedopMupyercsi PpBIHOK TpyJa, pa3BHBAETCS
HeI00pOCOBECTHAST KOHKYPEHIIHS, CHIDKACTCSl COLMaJbHAsl 3allUIEHHOCTD
PabOTHUKOB.

Hecmotpss Ha TO, 4YTO TEHEBbIE BBILIATHI B TOCIEAHHE TOJBI
HECKOJIKO COKpaTWJINCh, OHW COCTaBJISIOT 3HAYMTENBHYIO JIONI0 B OIUIATE
Tpyna. HauOombnryro — «reHeByro» — 3apa0OTHYIO  IUIaTy — HOJNYYaroT
PYKOBOZIUTEIH U BHICOKOKBATH(UIINPOBAHHBIE CIIEIIUAIICTHI.

B bemapycm ¢ OJKOHOMHUYECKOW TOUKM 3pEHHSI YK€ CO3/aHbI
HEOOXOANUMBIE TIPEITOCHUTKM ISl BBIXOJa 3apabOTHOM IUIaThl «H3 TEHM
(OTHOCHTENIBPHO HM3KHMH IIOJOXOAHBIA HAJIOr, OTMEHAa MHOIMX HAJIOTOB Ha
TIPEANPUATHSL, POCT OIUIATHI TPYyZAa ISl HU3KOOIUIAYMBAEMBIX PaOOTHHKOB U
Ip.). B 1o ke Bpemsl y3KMMH MeCTaMH SIBJISIFOTCS CIa0OCTh MPaKTUKU
MPaBOIIPUMEHEHHSI W OOLIMI CTPOH IEHHOCTHBIX OPHEHTALUH HACEIEeHUS
(moBepue TpaxkmaH kK pedopMaM B 00JACTH MEHCHOHHOTO OOCCIICYCHUS,
3/IpaBOOXPAHEHUs U T.I1.).

[TpoGnema BbIBOAA 3apabOTHOMN TUIATHI «U3 TEHH»- KOMILUIEKCHAS, U ee
peleHre MOXKET ObITh O0ECleYeHO 3a CYeT peaju3alid CHCTEMBI Mep B
0o05lacTi  3aKOHOJNATENBHOI'O, OKOHOMHYECKOrO ¥ aJMUHHUCTPATUBHO-
OpraHU3aLMOHHOTO PErYIHPOBAHMSI.

B crpykrype 3apaboTHOW IUIaTHI PAOOTHHUKOB B OIHEPTETUYCCKOU
orpacnmu  CmoBakmu  60,5%  cocraBnsiia  Ga3oBas  craBka, 592 —
JIOTIOJTHUTENBHBIE BHITLIATHI U 18,09% - mpemuu u 60HYCHL. B cTpykType 3aTpat
B JHepreTuueckoil orpacnu 67,16% cocraBnsuin npsiMble 3aTpatel U 32,14%
COCTaBJISIIM KOCBEHHBIE 3aTpaThl. /lMHaMuka cpeqHeil MecsyHOW 3apaboTHOM
IUIATHl JIOBOJIBHO CHIIBHO KOPPEIHPYET C JUHAMHKOH IMPON3BOIUTENLHOCTH
Tpyna [5].

BeiBoabl. B ycimoBusX MHPOBBIX TIOOAIM3AIMOHHBIX SKOHOMHYECKUX
MIPOLIECCOB Ba)kKHAsI POJIb Ha PBIHKE TPYy/Ja MPHHAUIEKUT CHCTEMaM MOTHBALUU
paboTHHKA, TOCKOJNBKY TMpoIecc Tpyda, ero 3(h(eKTUBHOCTb HEpa3phIBHO
CBSI3aHBI C YPOBHEM M KQUE€CTBOM YKU3HU HACEJICHHSI.

[IpuBeneHHBI ONBIT pa3HBIX CTPaH NpEANoiaraeT HaJIW4ue pPa3HBIX
(OopM M METOZOB MOTHBALMM TPYyAa pabOTHHKA, W SBISIOTCS METOIUYECKHM
MaTepHaJIOM JIJIsl COBEPIICHCTBOBAHUSI CUCTEMBI MOTUBALIMK B Y KpauHe.
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HOBBIE UJIEN B YIIPABJIEHUHU HOBOBBE/IEHUAMMN

Kocmun 1O.J]., Ywanoscxuii K.B.
Xapvrosckuii HayUOHATbHBLI YHUSEPCUMEM PAOUOIIEKMPOHUKU
61166, 2. Xapvkos, ya. Aeuayuonnas, 1, k6. 40
men. (057)702-50-90, e-mail olechkal09@rambler.ru

B mnanbGonee oOmem BuIe HOBOBBEACHHS (MHHOBAIMH) MOXHO
OXapakTepu3oBaTh KaK BHEJpPEHHE HOBLIECTB B  IPOU3BOJCTBEHHYIO,
MapKeTHHTOBYIO,  WHBECTUIMOHHYIO ¥  ()MHAHCOBYIO  JIESTEIHHOCTH
OpraHM3alliM, KauyeCTBEHHbIE W3MEHEHHsS BHIOB, (OPM UM METONOB ee
XO3SCTBEHHOW MEATENBHOCTH, OOYCJIOBJIEHHbIE BHEIIHUMH IPUYMHAMU U
BHYTPEHHUMH BO3MOXKHOCTSMH. BBIIENSAIOT ciieayrone Npu3Hakd HHHOBAIIUH
[1]:

- HAy9YHO-TEXHUUYECKass HOBU3HA, COBOKYITHOCTb HOBBIX 3HAHHH;

- CIIOCOOHOCTH Y/IOBJIETBOPHUTH OIpE/IEICHHBIE 3alpOChl TOTPEOUTENEH,
KOTOpasi 03HAYaeT, YTO HOBIIECTBO «BOCHPUHSATO» PHIHKOM, T.€. PEaM3yeMO
Ha PBIHKE;

- abderT  (IKOHOMUYCCKUH,  TEXHHYECKHUHA,  COIMAIBHBIN),
HEOOXOANMBIH 11 BOCIIPOM3BOACTBA MHHOBAIIMOHHOTO MIpOIIEcca.

MoxHO Ha3BaTh IO MEHBIIEH Mepe TpH CHUCTEMHBIE IPOOJIEMBI,
KOTOpBIE CEP’KUBAIOT MHHOBAIIMOHHYIO JAESTEIBHOCTD B YKpauHe.
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Bo-mepBhIX,  TOCyJapCTBEHHOE  YIPaBIICHHEC  WHHOBAIMOHHOW
JIeSITeIFHOCTBIO OCYIIECTBIsIETCS 0e3 4eTKO c(OpMYIMPOBAHHON CTpaTeruu
HAYYHO-TEXHOJIOTHYECKOT0 ¥ WHHOBAIMOHHOTO PAa3BUTHS, ITOCTPOSHHOTO
TOCYJApCTBEHHOTO MEHEIKMEHTAa €€ pealn3alli, IOCIeN0BATENbHON U
B3BELICHHOMN BHEIIHEN U BHYTPEHHEW SKOHOMHUYECKOM MOIUTHUKH.

Bo-BTopeIX, B VYKpaumHe CIMIIKOM JOJIO JUIMTCS  IpoLecc
niepepacrpeielieHiss COOCTBEHHOCTH ITyTeM ITPUBATH3ALUH T'OCYIapCTBEHHOTO
UMYIIECTRA.

B-TpeThux, MHPOBOI PHIHOK BRICOKOTEXHOJIOTMYHBIX TOBAPOB U YCITYT
yxke (aktudecku copMHpPOBaH, W YKpaMHE KaK CyOBEKTY NpPUACTCS
OTBOEBBIBATH CBOE MECTO B MEXIYHAPOJHOM pa3JeJICHUH Tpy/Ja, a 3TO CIeNaTh
OUYE€Hb HEMPOCTO.

Ha ceronnst Mbl MeeM BajlOBOI HAIMOHATBLHBIA MPOIYKT, KOTOPHIA B
mepecyeTe Ha OJHOrO ykpauHIa B 20 pa3 MEHbIIE, YeM Ha KaKIoro (uHHA, B
25 pa3 MeHbllle, yeM Ha kakaoro Cusramypa [2].

B pBIHOYHBIX  yCIOBUSX HMHHOBAIlMOHHBIA TPOIECC JIOKEH
o0ecreunBaThCsl HECKOIBKIUMH UCTOUHUKAMU (PUHAHCHPOBAHUSL.

OduHAHCHPOBAHNE WHHOBAIMOHHBIX (DUPM — 3TO COBOKYITHOCTH (hOpM
U METONOB, TPHUHIMUIIOB W YCIOBUH (PMHAHCOBOTO OOCCIEUCHUS WX
WHHOBAITMOHHOH JiesITeNnbHOCTU. [IpenpusTie He MOXET IIaHUPOBATh KaKHe-
JTU00 WHBECTULINH, HE MMl UCTOUHUKOB (DMHAHCUPOBAHUS.

OUHAHCUPOBAHUS JICATEIBHOCTH HHHOBAIMOHHOTO TPEATPHUITUSL
JIeTISITCS. Ha BHYTpEHHHE (COOCTBEHHBIM KamuTal) W BHEIIHHWE (3aeMHBIH U
MIPUBJICUCHHBIN KamuTai). BHyTpeHHee (MHAHCHPOBAHHE IPEAIIONATACT
WCTOJIB30BaHUE COOCTBEHHBIX CPEICTB, MPEKJIC BCETO YUCTOM NPUOBLTH U
aMOPTH3AIMOHHBIX OTYUCIICHUH. OHO UMEET Psil TPEUMYIIECTB:

- TIONMOJHECHHWE U3 TPHUOBUTM COOCTBEHHOI'O KallWTalla IIOBBIIIAET
(DMHAHCOBYIO YCTOHYHMBOCTD MPEIPHUITHS;

- (hopMHUPOBAHUE U HCIIOIH30BAHUE COOCTBEHHBIX CPEJICTB MPOUCXOIUT
CTaOUILHO;

- MUHHMH3HUPYIOTCSI PAacXOJbl IO BHEIIHEMY (HUHAHCUPOBAHUIO (TIO
00CITY’)KMBaHHIO J0JITa KPEIAUTOPaM);

- VOpONIAeTCsl MPOIECC TPHHATUS YIPABICHYCCKUX pCIICHUH 110
PA3BUTHIO TPEANPHUITHS, TaK KaK HCTOYHWKH TOKPBITHS JIOMOJHUTEIBHBIX
3aTpaT U3BECTHBI 3apaHee.

OTINIUTETEHBIMA  OCOOCHHOCTSIMH OpTaHHW3alvu  (hUHAHCUPOBAHUS
WHHOBAITMOHHOHN JIESITEIHHOCTH (ITOMHUMO €€ IEJIEBOM OPUCHTAITUH) SIBIISIOTCS:
1)  MHOXECTBO  HWCTOYHHUKOB  (DMHAHCHUPOBAHUS,  OOCCIEUMUBAIOIINX
KOMIUIEKCHOCTh OXBaTa MM pPa3HOOOPA3HBIX HANPABJICHUA WHHOBAI[MOHHOTO
mporiecca, pa3HbIX ero CyObEeKTOB, 2) CIOCOOHOCTh THOKO MPUCIIOCA0IMBATHCS
K JUHAMHYHO W3MECHSIONIMMCS VCIOBHSM BHENIHEH CpEIbl C  IICITBIO
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obecreueHnsT MaKCHUMalbHON 3((EKTHBHOCTH HCMOIb30BAHUS (DUHAHCOBBIX
pecypcoB. PocT (uHAHCOBOH oOTAa4M OT peanu3aldd HWHHOBAIMOHHBIX
MPOEKTOB BBICTYIIACT B KaYeCTBE Ba)kHEHIIero 0000IIAONIEro MoKa3aTess, Ha
OCHOBE KOTOpPOTO OMNPENESIIOT KOHEUHbIe pPe3yJbTaThl HHHOBAIMOHHOI
JEATEIBHOCTH W JICHCTBEHHOCTh (DMHAHCOBOW IMOJUTUKH, peaau3yeMoil
CAMHUMH XO3SHCTBYIOIIMMH CYyOBEKTaMH, KOMILUICKCHBIM 3KOHOMHUYECKUM
CYOBEKTOM - TOCYIAPCTBOM.

[puBneyeHue cpeAcTB Ui (UHAHCUPOBAHHS HHHOBAIMOHHOM
JEATEIBHOCTH BO3MOXXHO Ha OCHOBE KOMMEPYECKOrO KpEAUTOBaHWS,
MpeIyCMaTPUBAIOIIETO MPEIOCTABICHHE MOCTABIIMKAMEH CBOUM MOKYIATENSM
KpenuTa B BHJIE OTCPOUKHU IUIaTeka, 0(hOpMIIIEeMOro BeKceleM. BekcembHbIH
obopor B chepe HHHOBALMOHHOH JEATEIBHOCTH MOXET MONYYHTh
pacIpoCTpaHEHUE MPU MIPUHATUH 3aKA3YHKOM (BEKCeJeIaTeNIieM) 00s3aTeIbCTB
VIUIATUTh HCIOJHUTENSAM HWHHOBAIMOHHBIX pPabOT CyMMY, YKa3aHHYIO B
Bekcese (MPOCTON BEKCENb), JIMO0 YIIaTUTh NMPUYUTAIONLYIOCS CYMMY CBOMM
KPEAUTOpaM - COHMCIONHHUTEISIM (MEPEeBOJHON BEKCENb) 3a IMOCTABJICHHBIC
MaTepHuabl, 000pyIOBaHHE U MPoYee TP PACTIPOCTPAHESHUH CTPAXOBBIX YCIYT
HAa PHCKH, CBS3aHHBIE C HAay4YHO-HCCIEIOBATEIbCKOW M HHHOBAI[MOHHOI
NEATEIBHOCTPI0 W MOTYIIME MPUBECTH K  HENPUATHIO  3aKa3YUKOM
WHHOBAIIMOHHOTO MPOJYKTa B LIEJIOM WITH €r0 OTJEIBbHBIX 00BEKTOB.

dopmamu rocyJIapCTBEHHOM MOAICPIKKH WHHOBAI[MOHHOM
JIEATEIBHOCTH SIBIISIOTCS:

- mpsAMoe (PMHAHCHUPOBAHUE;

- NpeAOCTABICHHE HWHJMBUAYAbHBIM H300peTaTessiM H  MalbiM
BHEJIPCHUECKHUM MPEANPHATHAM OSCIPOIEHTHBIX OAHKOBCKHX CCYII;

- CO37aHHMEe BEHYYPHBIX WHHOBAIMOHHBIX (D)OHMOB, MOIB3YIOIIUXCS
3HAYUTENBHBIMH HAJIOTOBBIMH JIbTOTAMU;

- CHIDKCHHE  TOCYJapCTBEHHBIX  MATEHTHBIX  MOLUUTHH  JJISI
WHJIMBUTyalIbHBIX H300peTaTtesnei;

- OTCpOYKa YIUIAThl MATEHTHHIX MOIUIMH IO PecypcocOeperaronmm
U300pETEHUSM;

- peanu3alys MpaBa Ha YCKOPEHHYI0 aMOPTH3ALIHI0 000PYIOBaHHS;

- CO3/IaHHE CETH TEXHOIMOIUCOB, TEXHOMAPKOB U T.II.

[po6seMbl HHHOBAIIMOHHOTO Pa3BUTHS Y KPAUHBI CTOST OYEHb OCTPO
U TpeOyIOT KapJWHAJbHBIX penieHud. HeobXxoaumo co3maHue HOBOTO
MEXaHU3Ma KOOPAWHAIMU JEATEIbHOCTH BCEX YYaCTHHKOB HHHOBAI[MOHHOTO
mpolecca Kak Mo TOPU30HTAJIH, TAK U MO BEPTUKAIH MOCPEJCTBOM PHIHOYHBIX
pbluaroB. DTO HAJIOTH, IICHBI, TOCYJIAPCTBEHHBIC 3aKa3bl, KPEIMUTHI, KaJpbl
CMICIMATUCTOB,  OW3HEC-TIAPKH,  Pa3jMYHbIe  TNPOrPaMMBI,  IPOCKTBHI,
HH(OPMAIMOHHO-KOHCYIBTAIIMOHHAS U MAPKETUHIOBAsI TTOJIICPIKKA.
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B mensix coBepuIeHCTBOBaHUSI I'OCYJapCTBEHHOI'O (MHAHCHPOBAHUS
WHHOBAIIMOHHBIX TPOLECCOB B OIO/KETE 11€7€CO00Pa3HO BHIIEIUTH B KAYECTBE
HarpaJieHns] (GPUHAHCUPOBAHUSI MHHOBALMH B IPHOPUTETHBIX CTPATETHYECKUX
o0nacTsiX, T.e. B CO3JaHWUHM BBICOKOD(P(EKTUBHBIX TEXHOJIOTMH, MallMH U
obopynoBanus. [IpuHIMIIMANEHO HOBBIM KadyecTBOM pasjiella MHHOBALMHA B
Oro/pKeTe JOIDKHO CTaTh BO3BPATHOE HMHBECTUPOBAHWE PA3BUTHS MaIIbIX
MIPEANPUSATHH ¥ BEHYYPHBIX ()MPM HA OCHOBE YYacTHSl MX B MHHOBAIIMOHHBIX
MporpamMmax, IpOLIEANINX TOCYAaPCTBEHHYIO IKCIIEPTH3Y.

WHcTpyMeHTaM¥ TOCYAapCTBEHHOI'O PErYJIMPOBAaHUSI HMHHOBAIIOHHO-
WHBECTHIMOHHOT'O TIPOLIECcCa JIOJKHBI CTaTh!

- COIMAIFHO-KOHOMUYECKHE M HayYHO-TEXHHYECKHE MPOTHO3BI
TOCYlapCTBEHHOH TIIOMUTUKKA B oOnacT (UHAHCOB, IIEH, JEHEXHOTO
oOpalneHus1, BOCIIPOM3BOACTBEHHOM, CTPYKTYPHOH HOJIUTHKH U JIP.;

- TOCY/JapCTBEHHO-aJMHHHCTPAaTHBHBIE,  OOIIEIKOHOMHYECKHE U
PBIHOUHBIE PETYISATOPEI;

- (bemepanbHBle W pErHOHAJBHBIE INPOrPaMMBbl, OalaHChl M MOZIEIH
OIITUMHU3AIMY 9KOHOMUYECKHUX ITPOIIECCOB;

- TOCY/IapCTBEHHBIE 3aKa3bl U COBPEMEHHbBIE KOHTPAKTHBIE CHCTEMBI;

-  WHAWKAaTHBHBIE MEXAaHW3MBl W  PEryJsTOpHl  JESTEIbHOCTH
NpeANpUsTHA W OpraHM3alliii  T'OCyJapCTBEHHOW ®  JIpyrux  (Gopm
COOCTBEHHOCTH.

BruiBoabl. IMpouecc (dbopMUpOBaHUST  JCHEKHBIX CpeJCTB,
HAaIpaBJIsieMbIX HA HHHOBALMOHHYIO JIEITEIbHOCTD, UMEET OOJIBIIOE 3HAYECHUE.
ParonansHO 1OCTpOEHHast CTpaTerdsi CTUMYIMPOBAHUS WHHOBAIMOHHOM
JIeITEIbHOCTH U BEHYYPHOI'O WHBECTHPOBAHMS B YCIOBHAX YKPaWHBI MOXET
Croco0CTBOBATh 3¢ PEeKTUBHOMY W CITOJIb30BAHUIO KOHKYPEHTHBIX
MIPEMMYIIECTB, CBSA3aHHBIX C HAJMYUEM B CTpaHe, KaK MPUPOIHBIX PECYPCOB,
TaK ¥ HAyYHO-TEXHUUYECKOT 0 IMOTEHIHAaIA.
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AJI'OPUTM OPEPATUBHO-KAJIEHIAPHOI'O
IINTAHUPOBAHMUSA B DOHEPTETHKE

Iemposckas C.B., Tionuwesa O.1O.
Hayuonanvuwiii aguayuonnwiii ynusepcumem, Yxpauna
03680 2. Kues, np. Kocmonasma Komaposa , 1, men. (044) 497-81-96

E-mail: post@nau.edu.ua

B osHeprernke TpH ITOCTPOSHWHM TPAKTUUECKHX PpACIUCAHUH
(YHKIIMOHUPOBAHUSI CJIOXKHBIX OOCITY)XKMBAIOIIMX CHCTEM, Kak IPaBUIIO,
JUINTENBHOCTD BBHITIOJHAEMBIX OINEpalyii 3apaHee HEW3BECTHBI M HE BCEra
yaaercs OHpENeNuTh 3aKOH pACIpPEAeNeHUs BEpOSTHOCTEH CllydalHBIX
JUINTENBHOCTEH omnepanuii (IpUMEPOM MOXET CIYXKUTh Ta30TPaHCIOPTHOE
MIPEANPUSATHE), OJIEKAIINX BBIMOJIHEHUIO. VIHBIMH CIIOBaMU B MPAKTHYECKUX
3aayax ~ ONEpaTHBHO-KAJIEHJIAPHOTO IUIAHWPOBAHMS IPH  IOCTPOCHUH
pacrcaHuii  0OCITy)KMBaHUSI TpeOOBAaHWH, Kak IPaBMIIO, M3BECTHBI TOJIBKO
WHTEpBANbl BO3MOXKHBIX 3HAYEHWH JUIMTEIBHOCTEH omnepanuii, KOTOpbIe
Tpebyercsl BBIOIHUTE B oOCyxuBatoeii cucreme [1,2].

Crnenyer Takke OTMETUTB, YTO B MIPAKTHYECKHUX 33/1a4aX OIepaTHBHO-
KaJIeH/IAPHOTO IUIAHUPOBAHHS YUCIO N 0OCIYy)KUBaeMBbIX TpeOOBaHHH MOXET
OBbITH JIOBOJILHO OOJBIIMM, YTO OMpenessieT HeOOXOAMMOCTh HCITOIb30BAHMS
Ha TpakTUKe H(PQEKTHUBHBIX (T.e. TMOJIMHOMHHAIBHBIX) aJTOPUTMOB JIJIS
peleHusl NpaKkTHIECKUX 3a/1a4 OMNepaTUBHO-KaJIEHJApHOrO IUIAHUPOBAHUS B
JHEPIeTUKE:

MHox)ecTBo TpeGoBannii  J = {Jl,Jz,...,Jn} OJTHOBPEMEHHO
NOCTYNAeT B OOCIYXUBAIONIYH) CHCTEMY, COCTOSIIYK) M3 OJHOrO MpuGOpa.
TpeGosanne J; € J  nomxHO ObiTh 06CIYKEHO NPUOOPOM B TedCHHE

BpEMCHHU pi , JIA KOTOpPOro Ha MOMCHT ITOCTPOCHHA pPACIHMCaHUA H3BCCTHA

mume HwkHsA rpannua & > 0 M Bepxmsm rpannua bi 2 a;. Wnpvn
CIOBaMH, COCTaBUTENIO PACIHUCaHUA HW3BECTHBI TOJNBKO  BKIIFOUEHUS

p; € [ai ,bi] j € {I.,Z,..., n}, MIPUYEM 3aKOHBI paclpe/iesICHUs] BEpOSITHOCTE
CIyJyaHbIX BemM4uH [J;, B MHTEpBajlax (ai,bi ), j S {].,2,...,[’]}
COCTaBUTEIIO PACIUCAHUS HE WU3BECTHBL. Kaxjaomy TpeOOBaHUIO Ji elJ

npunucad Bec W; > 0, OTIPENEIAIONININ €T0 BaKHOCTD.
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Banaua 1|a, < p;, <D, |Z:WiCi 3aKJII0YACTCS B IHOCTPOCHUM

TaKol TepecTaHOBKU OOCIYKUBaHMS TpeOoBaHuii J = {‘]11 J,nd, }, npu

n
KOTODOH CyMMapHOE B3BEUIEHHOE BpEMS Z:WiCi 00CITyKUBaHHUS
i=1
TpeOOBaHMI TPUHMMAET HaWMEHbLIee 3Ha4YeHHe. 37ech M Jjajee Ci,
0603HauaeT MOMEHT 3aBepLieHus 00CIyxuBanus TpeGosanus J; € J .

)
IlycTh S - MHOXECTBO Beex N! MepecTaHOBOK 7T; = (J i i, e di
n

N «rpeboBanHuii M3 MHOXKecTBa J - S = {7[1,7[2,...,7[”!}. Iycte T
o0o3HauaeT MHOXECTBO JTOITYCTUMBIX BEKTOPOB JUTHTEITEHOCTEH
obcnyxuBaHus TpeOoBaHui ) = (pl, Py,..s P, ):

T={eR :a<p <b,J, eJ}.

IMockonbky BekTop T MOKET ocTaBaTHCS HEOMPEICICHHBIM BIUIOTH JIO
MOMECHTAa 3aBEpIICHUS OOCTy)XUBaHHS TpeOoBaHW J , TO W MOMEHT

sasepmennst C; obcnyxnsanns tpeGosannst J; € J , Boobwe ropops, Hemb3s
ONpEIENNTh Ha CTaJuH MOCTPOeHHs pacmmicanus. Takum oGpasom, 3anada
lla, < p;, <b | Z:WiCi , TI0 CYTH, SBJISETCS HEOIPE/IENEHHOMH, TOCKONbKY

3HAYEHMs 11eJIeBOi (DYHKIMH Ul Pa3JIMYHBIX IIEPECTAHOBOK M3 MHOXECTBa S
HE ONpeAeNeHbl BIUIOTh 10 MOMEHTA 3aBepIICHHs] 00CITY)KUBaHHS TpeOOBaHMUIH

J.

Jlns Takoil meompenenennoil samaun 1|@; < p; <b |Z:WiCi
MOXET HE CyLIECTBOBATh NEPECTAHOBKH 7T; € S, KOTOpas ocTaBanach Obl
ONTHMaNbHOH JUIs BCeX JETEPMHHMPOBaHHBIX 3ajad 1| P | Z:WiCi ,
NOpOk/IaeMbIX  HeomnpenenenHoll samaueit 1@, < p; <b, |Z:WiCi B

pe3ynbTrare pUKCaMy TOro WM WHOTO HANopa JIUTENFHOCTEH 00CTyKMBaHUS
tpeGoBannii P €T . Tlostomy B MmoHorpadusx [1,2] mnpu pemenun

Heonpesenennoit samaun 1)@, < p; <b, |Z:WiCi Ha 3Tamle COCTAaBJIEHUS
pacnucanus o0CITyKMBaHUS TPEOOBAHMI CTPOUIOCH HE OJHO PacIUcaHue (KaK

3TO JieNaeTcs TP PellieHuH AeTepMUHUPOBaHHOM 3anaum 1| P | Z:Wici ), a

CTpONJIOCHh MUHUMAJIbHOC MO BKJIHOYCHUIO MOAMHOKECTBO S(T) MHOXECTBa

175



MIEPECTaHOBOK S, KOTOPOE JIOMHHHPYET BCE IEPECTAHOBKHM MHOXECTBA S IO

n
KPUTEPUI0O MHHHMMU3ALMM CYMMAapHOI'O B3BEIIEHHOI'O BpEMEHU zWiCi-

i=1
UubiMu  croBamu, uis  Kakaoro Bektopa P €T anurensHocTed
obcnyxusanus TpeGopanmit MuoxkectBo S(T) m0mKHO comepxkaTh XOTs GBI
OJHY ONTHMANLHYIO TIEPECTAHOBKY Juisl 3amaun 1| P | Z:Wici , C BEKTOPOM
pPpeT nnurensHocTEl OOCTYXKHMBaHMS TpeOOBaHMil, NPUYEM HHU OHO
cobcTBenHoe moaMHOkecTBo MHOkectBa S(T) Takum cBoiicTBOM He
obnamaer.

Pemenne S(T) 3amaum  1|a, < p, <D, |ZwiCi MOKHO
ompeNeNuTh B pesyibTaTe moctpoenus oprpapa G = (J,A) OTHOILIEHHUS
JIOMMHHpOBaHHs TpeGoBaHuii U3 MHoxkecTsa J . Oprpap G = (J ) A) MOYXHO

2) .
MOCTPOUTH 32  BpeMs O(n ) B pesymbTate IPOBEPKH  YCIOBHM
JIOMUHUPOBaHUs TPeOOBAaHUH, JIOKa3aHHBIX B cTaThsaX [3,4]. TpeboBanue Ju
JOMHUHHpYeT TpeboBaHue J, OTHOCUTENbHO | , €CIH CYLIECTBYET MHOXECTBO
S(T) nnszamaun 1| @, < p; <b; | Z:Wici , B KOTOPOM BC€ IE€PECTAHOBKU

UMEIOT BUJ| (, J, ,...,JV,...) wi (..., J,,J,,...).

Jns  TmpakTHYecKoM —peaiM3alMM  Tpelularaercs BBIOMpaTh U3
muoxectsa S(T) mepectaHoBKy ¢ MakcHMasbHBIM 06HEMOM MHOTOTDAHHUKA
YCTOWYHMBOCTH COTTIACHO CIIEYIOLIEMY OIPEIEIEHHIO.

Onpenenenne. Ilycts cymectByer Bektop P €T, npu koropom
IepeCTaHoBKa 7T, € S SBISETCS ONTHMAIBHON JUIS 337241 1| p]| Z:WiCi .
MaxkcuManbHBIN 3aMKHYTBIN MHOMOIpaHHUK

{
SB(ﬂk,T)_ {>(kieNk Ilki Uy J,:X{ijeN\Nk kaj , pkj J< T

HA3BIBACTC MHOIOTPAHHMKOM YCTOMYMBOCTH IEPECTAHOBKH 7T

OTHOCHTENEHO | , €CIM 9Ta MEPECTAHOBKA OCTAETCS ONTHUMAIBHOM JUTs 3a/1a4K
, , C O

1l p |Z:Wici npu 1060M BekTOope P = (pl, Pysees Py € SB(ﬂk,T)

JUIMTENbHOCTE oOciykuBaHus TpeboBaHuil. Ecim He cymiecTByer BekTOopa

JuMTenbHOCTER  oOcykuBanus  TpeGoammii P €T, npu  koropom
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nepectaHoBKa 7, € S sBIseTCS ONTHMaTbHON s 3amaun 1| P | Z:WiCi ,
To nonaraem SB(7, ,T ) =0.

Mycrs C, (7[ K p) - MOMEHT 3aBepLIeHUs 00CTY>KUBAHUA TPeOOBaHUA
J, €J mna samaun 1| p| Z:WiCi npu o0CIy’KHBaHMM TpPeOOBaHUii B
HOPSIKE,  OHNPENENAEMOM  IIEPECTAHOBKOH 7T, € S. Muororpanauk
YCTOWYHBOCTU SB(ﬂk ,T) SIBJISIETCS TOZIMHOXECTBOM 00JIACTH YCTOHYMBOCTH

K(ﬂ ‘ ,T) IIEPECTAHOBKU 7T\, OTHOCHTEIBHO | :

K(ﬂk’T)z plp ET’ZWiCi(ﬂk’ p)= min;rVES ZWiCi(ﬂ-v’ p)

i1 i1
[lpu  orcyrcTBMM HMHPOPMAIMM O 3aKOHAX  pacIpeseNeHHs
BEPOSTHOCTEll CIydaifHbIX JUIMTENBHOCTEH [ € (ai ,bi), j€ {L,Z,...,n}

MEPECTaHOBKA, 00JaCTh YCTOMYMBOCTH KOTOPOW MUMEET HAMOOJIBIIUN 00BeM,
MPEJCTABIACT HAWOONBIIMHA WHTepeC (ISl KPUTEpUS  MHUHUMH3AIUA

n
CyMMapHOTO0 B3BEUIEHHOI'O BpPEMEHH ZWiCi) cpenu IepecTaHOBOK
i=L
MHOXKECTBA S pu 9BPUCTUYECKOM peleHu 3a/1aun
lla, < p, <D |ZWiCi. K coxanenuto, BbIOOp II€PECTAHOBKU C
MaKCHMaJIbHBIM 00BEMOM 00JIaCTH YCTOWYMBOCTH MPEICTABISIET COOO0H BechMa
TPYAOEMKYIO 3ajady HU3-3a CIOXKHOH CTPYKTypbl 00JIacTH YCTOMUUBOCTH
K(ﬂk,T). B Hacrosimee BpemMsi HaM HEW3BECTE€H IOJMHOMHAIBHBIN

ITOpPUTM JaXe sl TOCTPOSHMsT O00JAacTH YCTOWYHMBOCTH HPOU3BOJIBHOM
TIepeCTaHOBKH U3 MHOXKECTBA S .

B orianume ot obmactu ycroifumBocTH K(ﬂk ,T) MHOTOTDaHHUK

YCTONYMBOCTH SB(ﬂk ,T) HMEET CYIIECTBEHHO 0oJee NPOCTYIO0 CTPYKTYPY,

4TO ITO3BOJIMIO pa3pa60TaTI> NOJIMHOMUAJIBHBIC  QJITOPUTMBI  [JIsI €TI0
MOCTPOCHMUH.

Jns  ompeneneHuss MHOTOTpaHHUKA yCTOWYMBOCTHU SB(ﬂk ,T)
IIEPECTAHOBKU /T, OTHOCUTENBHO | ObUI paspaGoTaH alrOPUTM CIOKHOCTH

O(n log n). Jlis BBIOOpA MEPECTAHOBKU U3 MHOXKECTBA S ¢ MaKCUMAJIbHbIM
00bEMOM MHOTOIPaHHHMKA YCTOMYMBOCTH pa3pabOTaH alrOPUTM CIOXKHOCTH
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2)
o] 3 - PaspaGoranbi TaKke anropHTMbI YBPUCTHUSCKOTO PELICHHS 3a1aui
lla, < p, <hb |Z:WiCi , B KOTOPBIX CTPOMTCS NEPECTAHOBKA T, € S ¢

MaKCUMAaJIbHBIM 00BEMOM MHOT'OIrpaHHUKA YCTOﬁQHBOCTH SB(ﬂ'k ,T) Ecmu

7K€ HCCKOJIBKO TMEPECTAHOBOK MHOXKECTBA S(T) HMEIOT MaKCHUMaJIbHBINA

00b€M MHOTOrpaHHMKa YCTOWYMBOCTH, TO CpPEAM HHUX BbIOMpaercs
MepEeCTaHOBKa B COOTBETCTBHU C HIBPUCTHUECKMM IIPABHJIOM IPEANIOYTEHHS
TIepeCTaHOBOK.

BoiBoabl. IlpuBeneHHBIM  aJrOpUTM  KaJleHJapHO-ONEPATUBHOIO
TUTAHUPOBAHUSI MOXKET OBITh Peali30BaH HAa IMUPOKOM KPYre SHEpreTHYeCcKUX
O0BEKTOB TpH pEUIEHUH HEONpPENeNIeHHOW 3a/aud, KOrAa JOMUHHPYIOT
MHO)KECTBA IIEPECTAHOBOK S TII0 KPUTEPUI0 MHHHMHU3AIMH CyMMapHOTO
B3BELIEHHOTO0 BPEMEHH.
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K BOITPOCY YCTOMYUBOCTH HHHOBAIITMOHHOT' O
PAZBUTUA IPEAIIPUATUA

Abubynnaes Memem Cepseposuy
Taspuueckuii Hayuonanvhwlll yHugepcumem um. B.U. Bepradckoeo,
2. Cumepepononw, npocnexm Axademuxa Beprnadckozo, 4, E-mail: memrel@mail.ru

JuHamMu4yHOE pa3BUTHE MPEATIPUATUS U JOCTIKEHHE KOMMEPYECKOro
ycrexa TIojpa3yMeBaeT He TONBKO YNAuHBIH W pPe3yJIbTaTHBHBIA COBIT
MIPOU3BOJUMBIX TOBAapOB WM YCIYr, HO U IJIaHUPOBAHUE BHEAPEHHUS U
WCIIONIb30BAaHUSI HOBBIX TEXHOJIOTMH NPOW3BOJICTBA, a TaKkKe pa3paboTKy
HOBBIX BHJOB MPOIYKTOB. JlJs1 COBPEMEHHOTO NPEAIPUSATHS HEOOXOJUMBI
MOCTOSHHBIE W3MEHEHMsS WHHOBAI[MOHHOIO XapaKTepa, BHEApPSEMBbIE B €ro
JIeITeNbHOCTh. TONBKO HaxoJsCh B PEKHUME ITOCTOSHHOTO OOHOBJICHHS —
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TEXHOJIOTUYECKOTr0, OpPTraHU3alMOHHOTO, JKOHOMHYECKOT0, HpEANpUsITHE
MOXET BBDKUTH, YKPEITUTH CBOM MO3UIIMN Ha BHYTPEHHEM U BHEIITHEM pPBIHKAX.

Lenpto uWccnenoBaHusl — sIBIsETCS  pa3paboOTKa  METOIUYECKOTO
WHCTpyMEHTapusi 00ecHedYeHuss YCTOWYMBOCTH WHHOBAIMOHHOTO PAa3BHUTHS
MpEANPUSITHH.

VYcroHunBOCTH  Kak ~ CBOWCTBO  CHUCTEMBI  COXpaHITH  CBOE
MepBOHAYAILHOE COCTOSIHME B YCIIOBHMSIX BHEUIHMX BO3JCHCTBUH SIBIISETCS
HaunOoiee BaYKHBIM ISl JIIOOOH CHUCTEMBI, U B YAaCTHOCTH ISl TPEIIPHUSTUS U
VIpaBieHUs] €ro  WHHOBAalMOHHBIM  pasButHeM. Jlns  obecnedeHus
ycTounBOCTH Hambosee BaXKHBIMH (DaKTOpaMH SIBIISIOTCS: HETPEPHIBHOCTH
YIIpaBIICHUS; UCKITIOYEHNE OIMOOK B OLIEHKE COCTOSIHUSI OObEKTa YIIPaBIICHUS;
WCKITIOUYEHHE 3aJIep)KEK B OIIEHKE COCTOSIHUSI OOBEKTa YIpaBJIEHHS; YETKUE U
MocJe0BaTENbHbIE AEUCTBYS IEPCOHANA.

Hccnenosatenn YCTOMUHBOCTH 9KOHOMHUECKUX CUCTEM
paccMaTpuBalOT OOBIYHO Ba BHJA YCTOHYMBOCTH: PABHOBECHE M TOMEOCTA3HC
(ycroiiunBO€ AMHAMUYECKOE ITOBEJICHUE CUCTEMBI 110]] BO3/IEHCTBHEM BHEIIHEH
cpensl). Hac nHTEpecyeT Moens MHHOBALMOHHOTO Pa3BUTHUS IIPENPHUSITHS HA
OCHOBE SKOHOMHUYECKOT0 FOMEOCTa3UCa, T.€. YCTOWYUBOIO Pa3BUTUSL CUCTEMBI
B €€ B3aMMOJICHCTBUH C BHEIIHEN Cpesioi.

B paMmxax mpenmaraemMoil MOAENH paccMaTpUBAETCS 3KOHOMMYECKAs
cucTeMa ¢ N MepeMEHHBIMH, KOTOpBIE SIBIISIOTCS OCHOBHBIMH ITapaMeTpaMu
MOJIEJIM YCTONYMBOIO HMHHOBAIIMOHHOT'O Pa3BUTHUS IPEANPHUATHI — YpPOBEHb
NpOJak WHHOBAIMOHHOM TPOAYKIMH, 0N pBIHKA W JApYyrue IOKa3aTeln
WHHOBAIIMOHHOW M (PMHAHCOBO-XO3SHCTBEHHOM NESATENBHOCTH MPEIIPHSTHS,
KOTOpBIE OBUTH PacCMOTPEHBI BhIIIE (JaHHBIE TIEPEMEHHBIE MOTYT BBIOUPATHCS
B 3aBUCHUMOCTH OT 1IIeIM M CTpPaTerid WHHOBAIMOHHOTO pa3BHUTHSA).
[Ipeamnonaraercs, 4To CyIIecTBYeT >XeJaeMbIi ypOBEHb, WIHM ILIaHUpYyeMast
BEJMYMHA, JJIsl KAXKJI0H ITepeMEHHOM.

PykoBoACTBO TpeAnpuATHs HMMEET B CBOEM paclopsDKEHHH M
WHCTPYMEHTOB JIEIIeHTPaIN30BaHHON TTOJUTUKH YCTOHYUBOTO
WHHOBAIIMOHHOTO pa3BuTH - WHBECTUIINH, perynupoBaHue
KaIllMTaJIOBIIO)KEHUI B OPraHU3aIMI0 HOBBIX MPOU3BOJICTB, YPOBEHb 3aTpaT Ha
Hay4HBIE MCCIIEIOBAHUS U pa3pabOTKH U JIp. (B MOJIEITN MOT'YT HCIOJIB30BATHCS
TOKA3aTe, XapaKTepU3yIOUIUe 3TH IPOLECcChl). DTH IapaMeTpbl Ha30BEM
napaMeTpaMu yIpaBJIeHUsL.

VYpoBeHb KaxJIOH TNEepEeMEHHOW SBISETCS HEKOTOpOH (YHKIHMEH
YPOBHS pa3iMYHBIX ITapaMeTpoB yrpasieHus. OO0o03Hauask BEKTOP IJIAHOBBIX
nmapameTpoB uepe3 Y, a BEKTOp MapaMeTpoB ympaBieHHs udepe3 X MOXKHO
MOCTPOUTH BEKTOP-QYHKIHUIO, Takytro, uto Y=G(X) (Bce mapamerpsl
N3MEPSIIOTCSl B PABHOBECHBIX BEJIMYMHAX).
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YapoctuMm aHaim3, monaras, yto Mm=n. [Iycte G(X) — nuHeitHa wmu
JIOKAJIBHO JINHEapU3UpOBaHa BOJM3M IUIAHUPYEMBIX BeNWYMH. Torma cucrema
MOXeT OBITh 3alncaHa B BUje

y=AX, 1

rze A - KBaapaTHas MaTpuIa nopsiaka n.

[Ipeamnonaraercs, 4To B CHUCTEME MOTYT BO3HHMKATh CIIydaliHbIE
3atparsl. Cle0BaTeIbHO, CUCTEMA JOKHA OBITh YCTOMYMBON OTHOCHTEIBHO
pasHoBecus y=0.

B DONHOCTBIO  LEHTPaJIM30BAaHHOM  CUCTeME€  YIpaBIICHUS
WHHOBALIMOHHBIM DPAa3BUTHEM NPENNPHUITHS  CBA3b  MEXKAY IapaMeTpaMu
VIpaBieHUs] W TUIAHOBBIMH TapaMeTpaMd H3BecTHa. [loaTomy 3xmech He
BO3HMKAET 3aJ[a4M cTadmin3anuy (o0ecrieyeHnst yCTOMYMBOCTH).

Hac wuHTepecyeT JeLEHTpalM30BaHHAS CHUCTEMa  yIpPaBJICHUS

WHHOBAIlMUOHHBIM Pa3sBUTUEM OpeaAnpuATU: a) CyHIEeCTBYET n
MOJTYaBTOHOMHBIX KOHTPOJICPOB HHHOBaHHOHHOﬁ TIOJIMTUKH
(COOTB CTCTBYIOIIUEC HWHIKCHCPHO-TEXHUY €CKUH nepcoHall, PYKOBOJUTEIN

CTPYKTYPHBIX TIOIpa3JiefieHnid u T.1.). Kaxkaplli KOHTpoiep eAMHOINYHO
MIPOBO/IUT KOHTPOJIb HAJ OTIEIbHBIM IApaMETPOM YIIPaBIEHUS; 0) KaKIbli
KOHTpPOJIEp MOXET MEHATh MapaMeTp YIpAaBJeHUs] B OTBET Ha H3MEHEHHUE
€IMHCTBEHHOTO IUIAHOBOTO Mapamerpa, 3a KOTOPHIM €My IpeIHa3HadeHO
HaOM0aTh; B) BBICIIEE PYKOBOJCTBO IMPEATIPHATHS ONpEAENSeT HadalbHOEe
pacripezeneHue 3a1a4 (B 4aCTHOCTH, EHTPAIBHBIN OpTraH yIpaBlIeHUs pelaeT:
1) xakoi KOHTpOJEp JOJKEH NMPHUCIIOCcA0IMBATh CBOW ITapaMeTp yIpaBJIEHHS K
KakOMy M3 IUIAHOBBIX IIapaMeTpoB; 2) B KaKOM HalpaBJeHHH KOHTPOJIEp
MOXET MEHSATh IapaMeTp VIpaBjieHHs TIpU 3aJaHHOM HalpaBJICHUH
OTKJIIOHEHHs IUJIAaHOBOTO IIlapaMeTpa OT  IUIAaHWPYEeMOW BEJIWYHWHBI); T)
MIPEAIoJIaraercs, YTo KaXKIbli KOHTpOJEp pearupyeT Oe3 3ama3jbIBaHus U
MEHSIET CBOIO CTPATEruio0 CO CKOPOCTBIO, NMPOIOPIHOHAIHHONH OTKIOHEHHIO
TUIAHOBOT'O MapaMeTpa OT 3HAYECHUsI IUIAHUPYEMOH BEJIMUUHBEI.

IIpn monmxonsmem BbIOOpE €NMHMIl TIOBEJEHHWE KOHTPOJIEPa,
OTBEUAIOIIET0 3a - mapamerp, MOXET OBITh OIMCAHO CHCTEMOU
nmuddepeHIanbHbIX ypaBHEHUH BUa:

= 4y, @
dt

TJIe 3HAK Y M HOMEP | 3a/IaF0TCS BBICIIIMM PYKOBOJICTBOM.

Tak kxak Yj=Ajp(X), rne Aj - j-s cTpoka MaTpuubl A, TO MOBEJICHHE
BCEX KOHTPOJEPOB MOXET OBITh ONMUCAHO CUCTEMOH au(depeHINaTIbHBIX
YpaBHEHHN:

d=Cx, 3)
dt
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rae Matpuna C nomydeHa n3 MaTpHibl A HEKOTOPOW NMepecTaHOBKOM
CTPOK, IPHYEM 3HAKH BCEX MJIM HEKOTOPBIX CTPOK U3MEHEHBI.

OueBUIHO, 4YTO  MOJENb  JICHEHTPAJIM30BAHHOW  IMOJUTHUKH
WHHOBAIIMOHHOTO Pa3BUTHS DKOHOMHYECKOW CHCTEMBI YCTOMYMBAa TOTJa M
TOJIBKO TOTJa, Korja ycrodunBa matpuna C. PaccmaTtpuBaemas 37ech 3aiada
COCTOMT HE B HCCIIEOBAaHMM YCTOWYMBOCTH MaTpuubel A (TO ecTb He B
BBISICHEHUHM  BOIIPOCa, BCE JIM €€ KOpPHH WMEIOT OTPHLATEIbHYIO
JIeWCTBUTENBHYIO 4acTh). C IOMOLIBIO CIIEIMAaIbHON IEPECTAaHOBKU CTPOK
MaTpunbl 4 MoXHO mepeiitn k Mmatpune C, Koropas OyAeT yCToW4HMBa B
YKa3aHHOM BbIIIE cMbIcie. Takum oOpa3om, OymeT MOocTpoeHa ycTOHYMBas
chcTeMa, a 3Ha4YMT, MOJENb NEeIEHTPAIN30BAHHONW CHCTEMbI HHHOBAIMOHHOTO
pa3BUTHSI IPEANPUATUS OyIeT padoTOCOoCOOHOM, YTO OyIET CIIOCOOCTBOBATH
Haubomee 3(h(HEeKTHBHOMY HHHOBAIIMOHHOMY Pa3BUTHIO.

INNOVATIVENESS OF NATIONAL POSTAL
OPERATORS AS THE WAY FOR INCREASING
EFFICIENCY, RELIABILITY AND LONG-TERM
USABILITY OF TECHNOLOGICAL PROCESSES

Ing. Alena Chrenkova, PhD., prof. Ing. Maria Rostasova, PhD.
University of Zilina, Faculty of Operation and Economics of Transport and Communications,
Department of Communications, Univerzitna 1, 010 26 Zilina, Slovakia
tel.: +421415133118, e-mail: Alena.Chrenkova@fpedas.uniza.sk,
Maria.Rostasova@fpedas.uniza.sk

Most postal operators have had monopoly position in the market for a
long time. Their main aim was to allow public access to information exchange.
As postal services were important for development of society and economy,
monopolies have not change for a long time. Postal operators did not focus on
customer requirements and most of innovation has been implemented only as a
result of new  technologies, not the  customers' needs.
Nowadays, the situation is different and postal enterprises compete with other
companies providing postal services. Postal operators are interested to innovate
their services and so increase customer satisfaction and loyalty. Felisberto
(2008) proposed two indicators for evaluation of innovation - cumulative
number of innovations and Innovative Index.

Cumulative number of innovations reflects total number
of innovations that have implemented selected European postal operators in the
period from 1995 to 2007. Based on data from expert studies, annual reports of
postal operators and interviews with experts active in the postal sector,
Felisberto (2008) has set several key innovations, such as: optimization of
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routes collecting items, hybrid mail, digital sign, application of RFID
technology, automatic sorting line using Optical Character Recognition (OCR),
implementation of video encoders, etc.

Data for this analysis were collected in the survey in selected
countries — Bulgaria, Romania, Estonia, Latvia and Poland. Based on this
methodology, we have realized the calculation of cumulative number
of innovations and innovative index also for Slovak national postal operator
(Slovenska posta, a. s.) —illustrated on Fig. 1.

The second indicator for measuring innovativeness of postal operators
is Innovative Index. It expresses average advance or delay in implementation
of key innovations. Selected countries were compared with set benchmark —
the United States (US were based on evaluation of quality indicators directly
related to this area).

12 qrttm s ttstt sttt ttttttttttttsftsttsttssttsstcssscos-

Year
=)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Cumulative number of innovation

Slovakia — — Poland — - -Estonia - - - latvia ------- Romania

Bulgaria

Fig. 1: Cumulative number of innovations of selected national postal operators
(Source: own analysis based on internal materials of Slovenska posta, a. s. — according to:
FELISBERTO, C.: Evidence on the effect of liberalization on Innovation and Competition in the
Postal Sector. Lausanne: EPFL CDM, 2008)

If comparing country does not use the innovation, it deducts number
of years between the implementation of innovation in pioneering country and
the year in which the evaluation was realized. Conversely, when comparing
countries implement innovation before pioneering country, the number of years
between implementation and the year, in which the evaluation was realized, is
added. Obtained values for each key innovation in the country are averaged in
order to calculate the value of the Innovation Index for particular year.
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Innovative Index of postal operators in selected countries is displayed in Fig. 2.
(Felisberto, 2008)

Countries with the most technological lag are Estonia and Latvia.
Situation before 2001 in Bulgaria and also before 2004 in Romania had
negative trend, but then national postal operators have implemented
innovations which helped improved the service quality. Slovakia has realized
significant change in 1998 when Slovenska posta, a. s. implemented automatic
sorting using OCR technology which is able to read handwritten address side.
(Chrenkova, 2009)

Innovation Index compared with cumulative number of innovations
provides richer information, because it does not consist only of the sum of
implemented innovations, but also takes into account the period when they
were implemented.

0

24

e ——_—_

Year
&

1995 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Innovation Index

Slovakia — — Poland — - -Estonia - = = .latvia ------Romania ~ eme—— Bulgaria

Fig. 2: Innovative Index of selected national postal operators
(Source: own analysis based on internal materials of Slovenska posta, a. s. — according to:
FELISBERTO, C.: Evidence on the effect of liberalization on Innovation and Competition in the
Postal Sector. Lausanne: EPFL CDM, 2008)

Nowadays, postal operators work on development and implementation
of further innovation that will contribute not only to increasing efficiency,
reliability, but especially to increasing customer satisfaction.
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ON THE KNOWLEDGE TRANSFER AND DIFFUSION
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Knowledge — the word that is using by politicians and researchers in
many cases but the sense and content of this word is not always the same.
Both categories use it in the context of the changes of society and economy.
When we analyze the knowledge related to economy then we can discuss the
processes of creating, producing, sharing, protecting, transferring and using the
knowledge in production process but we can also deals with the knowledge as
a one of production factor. So we always have to define the context for
measuring the knowledge and its flows or transfer and diffusion processes. The
economics introduce the knowledge as a public or private good and today also
as a common good. Each of these possibilities reflect some features of
knowledge and some of them emphasis.

Definition of knowledge as a public good emphasizes that:

- it cannot be separate, eliminate, exhaust, owned, traded

- focus on science and research, unforeseeable results, top-
down approach and linear model of transfer innovations

- dominancy of large firms in using of knowledge including
their sources in the process of its creation, as well as the focus on patents,

- governments have to support public research, universities,
public demand

- main constraints are low stimuli, low transparency, poor
allocation, insufficient dissemination
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Definition of knowledge as a private good concentrates on:

- tacit knowledge, its limited trading, costs on imitation

- inductive approach to creation/producing the knowledge as
well as the ability to absorb or imitate

- firms as the key location where knowledge is created.
Dominating companies are large global corporations. Universities provide
knowledge services on a commercial basis

- companies are able to allocate enough finance, but the
optimum is not given by the market

- problems are connected with the concentration of knowledge
and exclusion some units on the market

Definition of knowledge as a common good is the concept that reflects
the different features of knowledge:

- characteristics knowledge like dispersion, fragmentability,
cumulativeness, indivisibility, complementarity

- complementarity of codified and tacit knowledge, internal
and external knowledge

- creation of knowledge networks, joint ventures, technology
platforms, outsourcing in business environment

- the role of intermediation institutions, non-exclusive
intellectual property, diffusion of knowledge — knowledge supporting
infrastructure

- level transaction and communication expenses and their
balance.

The transfer process includes definition of requirements and needs of
transfer and the answers on the main questions: why? what? how? who?
where? how much? Transfer process and diffusion process has to include:

- institutions — stakeholders, public administration, units in or off the
university or another academic institution [5]

- business model — investor, business angels or market acceptance

- resources:

= technology — new products, innovations, incremental or radical changes,
life-cycle of technology and product etc.

= finance — venture capital, public resources, grants etc.

= human — academicians, scientists, developers, entrepreneurs. They are also
drivers tacit knowledge

= social and culture — networking and partnerships, main users

For the reason of knowledge creation/production and diffusion
mapping, it is convenient to structure the activities more detailed, whereby, the
others activities enter the value chain. The standard value chain includes
infrastructure, human resources, technology development, procurement and
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logistics [4]. The realized activities scope, influence the form and economic
characteristics of the value chain. It is possible to assign some of the factors
influencing the value chain like level of wvertical, horizontal and lateral
diversification of knowledge creation/production or knowledge transfer, or
integration level/degree of knowledge institution, level of technology used,
customers segments or geographic aspect [2]. All factors mentioned have an
impact on value chain and also value chain has got an impact on all factors
mentioned. The basic tool for understanding the value chain structure is to
analyze all factors mentioned before.

The value chain of the knowledge creation process is determined by
external value chain attributes that contain socio-economic environment,
natural environment, level of information and communication platforms, and
other subjects of spatial economic and influence the size of value added [3].
They also present research institution opportunities and threats presenting
external situation analysis. Research institution can respond to changes and
tendencies in development of appropriate strategies and tactics and findings of
appropriate elements of knowledge. Infrastructure, law and finance, human
resources, information and communication technologies, information systems,
technical support, logistics fall under strengths and weaknesses, depending on
the degree of their effective allocation and implementation and final value
added. Internal value chain attributes include research institution infrastructure,
individual and industrial property rights to the knowledge, invention and
innovations, law and finance, consumer protection and fair trading, human
resource management, working environment, ICT, securing of resources,
logistics.

We can conclude that the way to the success in knowledge and
technology transfer and diffusion is to understand and react in time on demands
of firms, institutions, stakeholders and also to understand their way of thinking.
Complex of knowledge, experiences, and results of development project must
be given to partner in clear and understandable way.
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Increasing of efficiency, reliability and long-term usability
of technical systems and technological processes is very close connected
to enterprises’ activities in which they are implemented. Enterprises are
perceived as place where new knowledge is materializing into innovations
which lead to the development and competitiveness in business. Enterprise
with conscious application of knowledge in innovation of processes or products
is characterized as knowledge enterprise. University of Zilina cooperates in the
project “Regional dimensions of knowledge economy” (No. APVV 0230-07).
In one phase of the project, there were examined selected companies and was
mapped importance of knowledge and dynamics of its application. Through
such micro-approach it was possible to monitor how enterprises create,
process, utilize and disseminate new knowledge in different environments
(sectors and regions). Assumptions for creation of knowledge biography were:
regional and sectoral analysis, qualitative research (using personal questioning
by pre-selected scenario) and fulfillment of process steps according
the methodology of knowledge biography creation.

Main research questions, which were the subject of qualitative
research, were related to development of enterprises in terms of creation,
acquisition, usage and dissemination of knowledge; the role of individuals and
networks of experts in this process; and also role of external and internal
environment of the enterprise.
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The aim of creating knowledge biographies was to analyze dynamics
of knowledge, its relationships not only within enterprise but also between
enterprises themselves and to understand complex of events, participants and
flows that create knowledge dynamics which is necessary for ensuring product,
process or organization change. During solving the project, it was possible to
identify innovations as easily observable results of knowledge dynamics. It
means that innovation in a broader sense has become so-called "red thread" of
discovering the knowledge dynamics in enterprises. Conclusions from survey
showed different evolution of these processes in various sectors, in different
regions and different time periods. (Rostasova, 2010)

Example of knowledge biography processing and evaluation
is transport and logistics sector — on which are focused educational activities at
University of Zilina. In general, abilities of enterprises (know-how) in
development, processing, usage and dissemination of knowledge in this sector
are influenced by increasing pressure from customers on quality of services
and increasing advantages on the one hand and often also by pressure from
European Union to achieve systematic improvement of services on the other
hand. Holders of knowledge in selected companies (know-who) are mainly
management members, but impulses come from external environment of
enterprises - from business partners or similarly oriented foreign enterprises.
Negative point is low level of creation information networks and support
activities that help to create value through processing and using knowledge.
Only small number of enterprises have systematic approach to correct timing
and to choice of correct rhythm of new products development. Life time of
products is not managed and the correct time of entry is estimated more on
intuition than on the basis of detailed market analysis. Analyzed enterprises in
this sector often show ability to identify need of knowledge application (know-
where) for finding appropriate market places for new or existing products, for
understanding of market needs and for transforming enterprise knowledge into
solutions that meet customer needs, which will provide benefits for customer
and thus increase the competitiveness of enterprises. Knowing the context
of knowledge and innovation management in enterprises in this sector (know-
why) and background connections in business during creating, processing,
usage and dissemination of knowledge can be evaluated as average to good.
The spread of knowledge is realized through cooperation between enterprises
and academia and also by business presentations at scientific events and
conferences in Slovakia and abroad. Part of noticed project is compilation of
knowledge processes maps in individual enterprises. Example of time-spatial
representation of specific knowledge process in enterprise is in the figure 1.
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Realized research has pointed out the existence of distinct specifics of
knowledge processes in enterprises in transport and logistics sector.

For example, in one of case studies, there are identified two equally
important partners — enterprise of respondent (as a user of solution result) and
an external enterprise (as creator of innovative solution), whose leadership
alternate during different phases of knowledge/innovation process of
innovation.
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Time-spatial illustration of knowledge map

Specific feature of another case study is significantly centralized
process of large enterprise to implementation of change. Incentives, impulses
and the whole management process based on enterprise's headquarter were also
supported by results of externally and internally conducted regular
measurements (for example by University of Zilina). During research process it
was not possible to determine degree of acceptance of changes at all levels of
enterprise management. Also, it was not possible to alert on duration of the
first phase of change process, thereby the implementation of change was
significantly delayed.
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Another interesting aspect of case study is significant number
of participants. Internal participants have crucially contributed to final solution.
It was necessary to exactly define objectives and requirements to suppliers and
in appropriate time negotiate the best price terms or convince them about
perspective planned amount of transported goods. However, to a large extent it
was necessary to engage into innovation experience, knowledge, possibilities
of external suppliers, especially the operators of warehouses. Geographic
location of warehouse proved to be the most important factor in planning of the
whole distribution chain and optimization of pricing conditions throughout the
transport of one pallet of finished product from Slovakia to the customer in
Germany.

As it results from project's brief conclusions, change in the form
of innovation accompanies enterprises' activities and so as all indicated aspects,
as well increased efficiency, reliability and long-term usability of technical
systems and technological systems is directly linked to the creation, processing
and usage of knowledge in enterprises.
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Literature Review
Managing risk is an important concern in today’s global crisis
environment. In recent years a risk management paradigm shifts to strategic
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perspective. The trend is to take a holistic view of risk management. This
holistic approach toward managing an organization’s risk is commonly referred
to as enterprise risk management (ERM). In [3] ERM is defined as “a
structured and disciplined approach: it aligns strategy, processes, people,
technology and knowledge with the purpose of evaluating and managing the
uncertainties the enterprise faces as it creates value”. A general argument
gaining momentum in the literature is that the implementation of an ERM
system will improve firm performance and this to contribute for firm‘s value
[51, [1], [71, 81, [11], [2], [10]. These authors argue that ERM benefits firms
by decreasing earnings and stock-price volatility; reducing capital costs and
creating synergies between different risk management activities. The fact that
many firms have adopted ERM is also driven by key factor that there is a
competitive advantage in being risk aware and managing risk [9], [4]. Yet,
research indicates that six of ten senior executives “lack high confidence” that
their company’s risk management practices identify and manage all potentially
significant business risk. We also find in the empirical study that “ERM
premium is statistically and economically significant and approximately 17
percent of firm value” [6]. Many firms have embraced an ERM approach over
the past several years with the current financial crisis. The primary objective of
the article is to present the argument that ERM is related to firm*s value. This
paper deals the fundamental shortcomings of traditional risk management and
presents an ERM approach as the answer of today changes and is presented this
approach that is making risk management integral to creating value and
managing a business. We suggest that this approach is deliver significant
benefits to firms, while retaining the synergy of separate systems. This article
is originated as part of project VEGA — 1/ /0121/10 “Integration of risk
management into strategic management of non-financial enterprises”.
Why ERM Adds Value to the Firm

Most organizations view risk management primarily from the traditional
programs of managing selected financial and hazard exposures through
products and transactions and appropriate internal controls. The risks being
managed via products like insurance, derivatives and like are largely financial
in nature, but also in evidence are certain elements of operational risk
management — health and safety, for example. Often is applied a “risk as
downside” paradigm. The traditional risk management model uses derivatives,
embedded derivatives, insurance policies, contractual indemnities and the like
to mitigate the potentially negative effects of discrete or closely related events.

The new paradigm is presented an ERM that is making risk

management integral to creating value and managing a business, this risk is
both downside and upside. ERM adopts a new paradigm in redefining the value
proposition of risk management to business and equipping managers with
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needed tools and frameworks for evaluating the activities of the corporation.
This approach represents the state of the art for non-financial organizations,
with features such as sophisticated controls for extensive trading operations, a
capital allocation process driven by a rigorous and comprehensive risk
evaluation, and a culture that fosters rich dialogues among managers about
opportunities and risks.

With the heightened focus on risk management, it has become
increasingly clear that traditional risk management approaches do not
adequately identify, evaluate and manage risk. Traditional approaches tend to
be fragmented, treating risks as disparate and compartmentalized. These risk
management approaches often limit the focus to managing uncertainties around
physical and financial assets. Because they focus on loss prevention, rather
than adding value, traditional approaches do not provide the framework most
organizations need to redefine the risk management value proposition in this
rapidly changing world. Under enterprise risk management, the focus is on
integrating risk management with existing management processes, identifying
future events that can have both positive and negative effects, and evaluating
effective strategies for managing the firm’s exposure to those possible future
events. ERM transforms risk management to management to a proactive,
continuous, value-based, broadly focused and process-driven activity.

The underlying goal of ERM is that every entity exists to provide
value for its stakeholders. All entities face uncertainty and the challenge for
management is to determine how much uncertainty to accept as it strives to
grow firm’s value. Uncertainty presents both risk and opportunity, with the
potential to erode or enhance value. ERM enables management to effectively
deal with uncertainty and associated risk and opportunity, enhancing the
capacity to build value. Value is maximized when management sets strategy
and objectives to strike an optimal balance growth and return goals and related
risks, and efficiently and effectively deploys sources in pursuit of the entity’s
objectives.

Events can have negative impact, positive impact, or both. Events
with a negative impact represent risks, which can prevent value creation or
erode existing value. Events with positive impact may offset negative impacts
or represent opportunities. Opportunities are the possibility that an event will
occur and positively affect the achievement of objectives, supporting value
creation or preservation. Management channels opportunities back to its
strategy or objective-setting processes, formulating plans to seize the
opportunities. In sum, an ERM approach is anticipatory, proactive and supports
the business model for creating value.

Conclusion
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In sum, ERM helps an organizations that protecting shareholder value
to focus on those value drivers determining its long-term growth potential and
of the firm’s value. To help ensure success while the organization uses the
COSO ERM components as a framework against which to benchmark ERM
requirements. ERM provides a driver for strategic growth opportunities
estimate that a priority for any efficiently organized company. Because risks
and opportunities are inextricably linked, ERM is integrated the protect assets
and enhance firm’s value. In sum, the contribution of enterprise risk
management to establishing sustainable competitive advantage, improving
business performance and risk management costs optimising. Herein lays the
true value proposition of ERM to a business — wealth creation.
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Introduction

Performance management is the strategy and process for leveraging
best practices, methodologies and technologies to manage the performance of
an organization and its business network by leveraging assets to achieve a
common set of goals and objectives. Performance management focuses on
understanding, optimizing, and aligning actions and decisions and ensuring the
collaboration and empowerment of all individuals across the business network.
This enables all individuals to work strategic, tactical and operational levels to
align actions to ensure optimal performance [7].

Measures should be examined in wider perspective not as isolated
number, with connection to over whole enterprise strategy [1]. The conceptual
strategy should cascade goal of organization through tactical goals to
operational tasks. Since the era of performance prism and balanced scorecards
organizations nowadays force the new paradigm in their performance
management systems known as redesign and revision.

Acrticle is a part of fulfilment of research project VEGA — 1/ /0121/10
“Integration of risk management into strategic management of non-financial
enterprises”.

Performance management systems

Performance management systems known as strategic performance
management systems are used to produce positive change in organization — its
processes, system and culture [6]. Organizational performance is related to
setting goals to the firm’s actions, to allocation and definition of resources’
priorities, and to information flow from managers to lower levels and vice
versa. The flow of information is very important issue while without these
capabilities it is impossible to establish good performance management system
as a system of early alerts in performance improvement or failure. The
performance management system is responsible for implementation of
organization’s strategy and to control this process.

Upon given structure of performance management systems there is set
of recommended features such as structures and basics which should be taken
into account while designing companies’ performance improvement initiatives.
After definition of system requirements, recommendations, features,
functionalities such as strategic orientation, performance criteria to meet firm’s
objectives, evaluation of each business unit, the control of performance
measures on customers, suppliers, employees, managers. It is also necessary to
link horizontal and vertical dimensions as well as financial and non-financial
criteria, competing roles of managers, owners and workers in organization.
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Thus, performance management system should [6]:

- implement strategic management functionality in the strategic
operations management system providing the system with the jointly
improvement of operational efficiency and overall business effectiveness,

- be responsible for articulating strategy and monitoring business
results,

- produce positive change in organizational systems and processes,

- develop a continuous improvement capability through
implementation and management of an integrated operations strategic
management system,

- produce positive change in organizational culture,

- provide a closer understanding of market needs to create a perceived
value for customers,

- show how the system design requirements lead to desirable results,
and

- comply with external requirements, not directly managed by
organization.

Use of business intelligence in performance management systems
enable to communicate strategy and to monitor the achieved goals through
organization. All business intelligence enablers such as dashboards, scorecards,
alerts, reports [2], [3], [4] are used in strategic and operational performance
management systems.

For business intelligence in performance management systems it is
necessary to connect strategic, analytical and operational initiatives in a cycle
[5]. In a high-performance culture, strategic, analytical and operational cycles
work together. Strategic performance management initiatives set goals for
whole organization, analytical cycle provides issues and opportunities to
growth and operational cycle focuses on how to use this opportunities in
benefit of organization. Business intelligence is crucial for each cycle, on
strategic level monitors and communicates the strategy, promote the continued
improvement including middle management and front-line workers as well as
direct analytical business intelligence toward potential problems. Analytical
cycle isolates and identifies good and bad on historical trends as well as
forecasts future trends and directs the focus of operational initiatives.
Operational cycle implements operational initiatives to automate and accelerate
the processes, empower employees’ decisions and enhance relations with
customers as well as monitor performance initiatives.

In addition to meeting data access requirements for use of business
intelligence in strategic and operational performance measurement and
management systems it is necessary to distinguish between leading and lagging
factors. According to Kaplan and Norton concept [2], the lagging factor is main
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goal and leading factor is underlying. For example company’s main goal is
profitability and it is lagging factor. We are asking how to increase this factor.
It is possible by reduction of cost or increase in sales. So these two factors are
leading factors.

Results on research done in Slovak enterprises

The aim of research done in Slovak enterprises was to find out which
operational measures are commonly used and to map the situation to which
extend these companies use systems such as Balanced Scorecard and other
integrated performance measurement systems. The research sample consisted
of 11 % from food and brewery, 16 % textiles, 8 % wood and paper, 7 %
chemicals, 7 % non-metallic mineral products, 6 % metals, 14 % machinery, 13
% electronics, 6 % power supply, 6 % construction in comparison to 52
companies which underwent the hypothesis testing of which 12 % were food
and brewery, 18 % textiles, 8 % wood and paper, 8 % chemicals, 6 % other
non-metallic mineral products, 4 % metal, 15 % machinery, 13 % electronics, 6
% for power supply, 6 % construction industries. We could say that all the
representative industries of East Slovakia in which large companies operate
there were covered. We examined how many companies used any form of
integrated performance measurement system. From 52 East Slovak large
industrial, power supply and construction companies 17 had implemented some
kind of performance measurement system and 35 had not.

According to twelve characteristics on production process,
employment, procurement we concentrate on following: decision on new
product, budget setting, working methods and production principles, the choice
of used machinery and tools, requirement on subordinate workers, choice of
vendors and subcontractors, selection of machinery brand and type, the cost
control methods application, setting the sale price, job, task and role
descriptions, pays to subordinate workers. We also examined costs, work
force, prices, changes in production methods, in market and distribution chain.
Our findings were that firms still mostly relied on “hard” financial measures
and they used “soft” non-financial operational measures less. If there was
strategic performance system implemented and where companies more
concentrated on controlling issues the situation is better and improvement in
operational performance is more visible and tracking.
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Monepnizanis AIIC Ykpainu Ha OCHOBI aBTOMAaTH3aIll 11 JisUTBHOCTI
(SIK CyKyITHOCTI Oi3HEC-TIPOILIECIB) IUIIXOM BIPOBAKEHHS iH(QOpMAIiHHIX
CHCTEM MOB's13aHa i3 IEBHUMHU pu3nkamu [1].

Jls yHUKHEHHsI HEraTHBHUX HACIIJIKIB y)K€ Ha IOYaTKOBHX CTamIisix
BUKOHAHHS TIPOEKTYy 3 aBTOMaru3alii BiJOMCTBa, oprasizamii abo
miampueMcTBa BiamoBimHOo g0 crapmapry ICO  9001-2001 HeoOXimgHO
BH3HAYUTHU Oi3HEC-TIPOLECH 1 KEPYBATH HUMH SIK B3a€MO3AJIEKHOIO CHCTEMOIO 3
METO0 MiIBUIIEHHS €PEeKTUBHOCTI IX AISUIBHOCTI. SIKIIO MOUIMPHUTH BUMOTH
JIAHOTO CTAHJAPTy Ha MPOIEC aBTOMATH3allii JisUIBHOCTI BIiJIOMCTBa, y XOIi
SIKOT'0, SIK TIPaBHJIO, ICHYIOUYI O13HEC-ITPOIIECH TaK Y 1HAKIIE 3MiHIOIOTHCSI, CTAE
3pO3yMUINM, TI0, HAcaMIepe, HeOOXiqHO X BH3HAYUTH, TOOTO OIMHCATH TaKi
Horo atpudyTu, sK: aJMiHICTpaTOp, CIIOKHUBAYi, PErJIaMEHT 1 HOro MOJIENb.

BaxnmuBuM MOMEHTOM, IO CHPOIIYE 3aBJaHHS BHSBJICHHS 1
HACTYITHOTO OIHCY Oi3HEC-NPOIECiB, € TOH (axT, MO OLIBIIICTD MPOLECIB JUIs
OUTBIIOCTI TIPEMETHUX O0NacTel € "cTaHAapTHUMHU'" y MIEBHOMY CEHCI I[HOT'0
cioBa. Jlns mpomecy yHpaBIiHHS 3arajbHONOLIMPEHOI0 € KOHIIETITyallbHa
cxema "TIaHyBaTH — POOWUTH — KOHTPONIOBATH (TI€peBipsITH) — misTh", 110
mokyagicHa B ocHOBy ctaHmapty ICO 9001-2001 six TexHONOTIS —pearizarii
0i3HEC-TIpOIIEeCYy.

IIpn cTBOpeHHI CKJIaJHUX NPOrPaMHHUX CHCTEM, B TOMY YHCIHI
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iHpOpPMAIIfHUX CHCTEM, MOXXHA KOPUCTYBAaTHCS PI3HHUMH I1apagurMaMu
nporpamMyBaHHS, aHaimizy 1 mpoekryBaHHA. Crmig  BiAMITHTH, 1O
NporpaMyBaHHs HaIlPaBJICHO Ha MpaBWIbHE 1 €(QEKTHMBHE BHKOPHCTAHHS
KOHKPETHHX MOB, a IIPOEKTYBAaHHs HAIlpaBJeHI Ha NPAaBUIBHY i €pEKTHBHY
CTPYKTYpH3allifo CKJIaJHUX cucreM. OCHOBHUMH NapaJnrMaMH € HacTymnHi: 1)
MpoLEeAYypHO-Opi€EHTOBAaHA, IO  HalpaBjieHa Ha  IPEICTaBJICHHS
IPOrpaMHOi CUCTEMH MHOXHMHOIO IIPOLEAYP, AKI IO UYep3i BUKIUKAIOTHCS;
2) 00'eKTHO-Opi€HTOBAHA, [0 HANIPABJICHA HA MPEACTABICHHS NPOrPaMU SK
Ha0Opy B3aEMOJIIFOUMX 00'€KTIiB; 3) JIOT'iKO-Opi€HTOBaHA, 1[0 HANpaBJIcHA Ha
BUKOHAHHSI I[iJIeH, SIKI BUPa)XKarOThCsl B TEPMiHAX YUCIICHHS NpenuKaTis; 4)
Opi€HTOBAaHAa Ha TpaBWia, TOOTO BUKOHAHHS NpaBui "sKmo - To", i Ha
oomexenHs. [lpn 1pbOMY HEMOXIMBO BH3HATH SKYy-HEOyIb Napamurmy
MIPOEKTYBAaHHS apXiTEKTYpH CKJIaJHHX CHCTEM HaWKpallolo B yCiX 00JacTsix
MPAaKTHYHOT'O 3aCTOCYBAHHsI, IPOTE 00'€KTHO-OPIEHTOBAHUH MiJXiJ € OJHUM 3
HaKOLTBII MPUHHATHUX JJIs1 IIMPOKOTO KOJa 3a/1ay.

KosxHa mapaaurma nmpoeKTyBaHHS Ma€ CBOIO KOHLENTYaJbHY 0a3y.
Jns 00'eKTHO-OPIEHTOBAHOTO MIAXOMY KOHIICNTyaJibHa 0a3a - 00'€kTHa
Mojedb, SKa Ma€ YOTUpU OCHOBHI  BIIACTMBOCTI  (abcTparyBaHHS,
IHKaTCYJIsLisl, MONYJIBHICTH 1 iepapxis). Lli BIacTHBOCTI € TOJOBHUMH 1 32
BijicyTHOCTI Oynb-sKoi 3 HHX MoJeNb He Oyae 00'€KTHO-Opi€HTOBAHOIO.
BaxnuBe wMicne a1 00'€éKTHO-OPIEHTOBAHOTO IJIXOAY B aHawmi3i 1
MOJICTTIOBaHHI  Oi3HEC-TIpOleCiB  3aifiMa€ METOMOJIOTisI Ta CHCTEMH, IO
BHUKOPHUCTOBYIOTh yHiikoBaHy MoBy MozemoBanns (Unified Modeling
Language - UML). UML - wmoBa mis crenudikaiii, Bizyamizariiii,
KOHCTPYIOBaHHSA 1 JOKYMEHTYBaHHS CKJIaJHHUX iH(QOpMaIiiHO-HAIOBHEHUX
00'€EKTHHUX CHCTEM.

Jis ommcy Joriku mponemyp, Oi3Hec-TIporeciB 1 TOTOKIB poOiT
BHKOPUCTOBYIOThbCs miarpamu [fissienocmi (Activity Diagram) mosu UML.
Hiarpamu [isnibnocmi 103BOJNSAIOTH BiIOOPAa3UTH HE TITBKH caM TIPOIIEC, aie i
Kapkac mnpoekTy. Kpim Toro, nii, 10 CTAQHOBJISATH aHANli30BaHUH IPOLEC,
MOXYTh OyTH KiacudikoBaHi Ha miarpami JisibHocmi BIATIOBITHO O 1HIINX
KpUTEpiiB, HAOIp SKUX MOXE 3aJIeKATH SK Bif crerudiky aHami30BaHOI
MpeaMETHOI 00JIacTi, Tak 1 IJIeH, mependadyeHuX aHaTiTUKOM. J[o HaWOiLIbII
3araJbHUX KpUTEpiiB MOKHA BiJHECTH: Jiana3oH co0iBapTocTi abo BUTpAT Ha
BHKOHAHHS, YaCTOTY BUKOHAHHS a00 MEpiOJNYHICTh, Jiana3oH e(peKTHBHOCTI
(Hn3bKa, cepenHs, BUCOKA) 1 BHKOHABII (3aisHI miapo3aiig abo opraHizarii,
KOpHUCTYBayi, iH(QopMaIliiiHa cuctema abo cuctemu). SIKIO BUHUKHE TOTpeda
BiI0Opa3uTH Kiacudikamiio BUKOHYBaHUX /il y X0/ aHaJIi30BaHOTO MPOLECY
3a JIeKiTbKOMa KPUTEPISIMU, MOXKHA 300pa3uTH KUTbKa Jiarpam JisisHocmi s
TOr0 CaMOro MpolEecy, KOXHa 3 SIKuX Oyae OKpeMHUM MOAAHHSIM Ul JTAHOTO
nporecy. Horaris miarpamu /fisieHocmi Taka, mo 1 €IEMEHTH JTO3BOJISIOTH
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BHMKOHATH TOBHOIIIHHUK omuc Oi3Hec-mporeciB. biumbnr Toro, 3a J0moMoror
nmiarpam /[isibHocmi MOXKHA BiTOOpa3UTH BCIO HEOOXITHY IMOCIiIOBHICTD JIil 3
MOJICITIOBaHHS Oi3HEC-TIPOIECIB TMPEIMETHOI 00acTi 3 METOIH HACTYITHOI
aBTOMaTH3allii.

UML sx MOBa MOIENMIOBaHHS HE BU3HAYAE TEXHOJOTIYHO IPOIEC
peanizamnii npoekty. Cepen BiJIOMHX TEXHOJOTIH peaiiamii MOgen MOXKHA
BuaMTH Taki, sk Rational Unified Process (RUP), Agile process, eXtreme
Programming (XP) abo Microsoft's Services Oriented Architecture (SOA -
cepBic-opieHTOBaHa apxitekrypa). RUP € HaOopoM pi3HHX METOJIB,
3acHoBaHnx Ha UML, 1o Bu3Hauyae HEBENWKI ITOBTOPIOBaHI Makpogasu
MIPOEKTYBAHHS BOJOCIANHOI CTpaTerii, M0 BKIIOYAIOTh MOYATOK aHaJi3y,
MPOCKTYBAHHS, peaji3alifo i posropraHHs. XP - 16 KOHCTPYKTHBHO-
HECTaHIAapTHE TMporpaMyBaHHSA. Ixes B mijJoMy HomsAra€e B TEXHOJOTIT
PO3pOOKH, IO IPYHTYETHCS HA YSBHOMY CIIPHHHSTTI CHCTEMH PO3POOHHKOM,
Ha TOTOBHOCTI JIO ITOCTIHMX 3MiH y NPOEKTi, a TAaKO)XK Ha BUKOPUCTAaHHI TaKUX
METOJIMK, SIK peaKTOpUHT 1 IporpamMyBaHHS ABOMa (axiBISIMH OJZHOYACHO
JUIsS BHECEHHS 3MiH B Mipy IOTJIMOIEHHs pO3YMiHHsI 3aB/iaHHs. Agile - e HoBa
METOIOJNOTi, siKa moaioHa 10 XP, i 32 CBOEI0 KOHIIETIII€I0 TIepeOyBa€e ech Mixk
RUP i XP. SOA sBnsie co0010 apXiTeKTYpHHH CTHIIb CTBOPEHHS PO3MOAIIEHUX
CHCTEM 1 TPENCTaBISETHCS Yy BUIIIALL CEpBIiCiB (QYHKUIH HONATKIB IS
KIHIIEBOTO 3aCTOCYBaHHsS 4M JUIS CTBOpPEHHsS iHIMX cepsiciB. Lle mo3Bomse
KJII€HTaM IIBUJAKO i JIETKO CTBOPIOBATU CKJIQJHI TPOTpaMHU i DINICHHS 3a
JIOTIOMOT'OI0 IHTETPYBaHHsI HOBUX Ta ICHYIOUHMX cepBiciB. bymb-siky Oi3Hec-
(GyHKIII0 B KOMIIaHii MOXKHA peajli3yBaTH y BHIVISAI CEpBICY, KU MOXXHA
IHTErpyBaTH 3 IHIIUMH CEpBicaMH BIAIIOBIIHO 10 Oi3HEC-BUMOI KoMmaHii. Y
Oynb-sKii Ta;y3l TPOMHCIIOBOCTI KOMIIaHii NIYKalOTh CHOCOOM OibIn
IIBHAKOrO Ta €(QEeKTUBHOrO pearyBaHHS Ha 3MIiHHM PHHKOBHX YMOB. Jlis
JIOCSITHEHHSI Takoro piBHA THYYKOCTi Oi3Hecy 3acTocoByloTh SOA s
PO3pOOKH CEepBiC-OpiEHTOBAHUX JONATKIB.

ABTOMATH3aIII}0 MOJICITIOBAHHS Oi3HEC-TPOIIECY HA OCHOBI 00'€KTHO-
OpIEHTOBAHOTO Mi/IXO/Y JOCHTh €()EKTMBHO MOXKHA 3IMCHHTH 3a JIONOMOTOO
CASE-nakery IBM Rational Software Architect (RSA) [2]. CASE-naker RSA
JIO3BOJISIE  PO3POOHMKAM Bi3yaJIbHO MOJIETIOBATH 1 TIPOEKTYBATH THYYKY
apxiTekTypy cepsiciB 3a gomomororo UML i aBromaTn4HO 3acTOCOBYBaTH
mabsionu npoextyBanHst Juist SOA Bix aHami3y Ta po3poOKH 10 BIIPOBAKEHHS
npoekty. JlaHumi TakeT Ja€ MOMIJIMBICTH apXiTeKTopaM 1 aHaJiTHKam
CTBOPIOBATH pi3HI TONaHHS PO3POOIIIOBANBHOI iH(GOPMAIHHOI CHCTEMH 3
BuKOpucTaHHAIM MOBH UML 2.0, a po3po0OioBayaM - BUKOHYBATH PO3POOKY
J2EE, XML, Web-cepgicie Tomo. KpiM TOro, AOTpUMYIOUHCh TaKOX
npunounie RUP, CASE-naker RSA no3Bosnsie cTBoproBaTH HEOOXiqHI MOAENi
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B paMKax poOOYMX MPOIECIB TAKUX AUCUUILTIH, SIK YIPABIiHHS BHMOTaMH,
aHaJIi3 i MPOCKTYBaHHS, peai3allis.

Merozororisi 00'€eKTHO-OpPIEHTOBAHOTO aHATi3y 1 MPOEKTyBaHHS Oyna
yenimHo ampoboBaHa 3a jpormomorolo CASE-makery IBM RSA v.7.0.0.6. B
paMKax BUKOHAHHS HayKOBO-JOCIiIHOI poOoTH "KoMIT roTepHe MO/IETIOBaHHS
Ta aHani3 6i3Hec-mporeciB JI1IC Ykpainun".

Jliteparypa

1. Haxka3 JITTA VYkpaiau Nel60 Bix 7.04.2003p. "Crparterianuii
mwriaH po3Butky AIIC Ykpainu Ha nepiox mo 2013p.".

2. www.componentsourche/...rational-sowtware-architect.

KPUMIHOJIOT'TYHI ITPOBJIEMH 3ABE3IIEYEHHSA TA
HHOIIEPE/UKEHHSA HPO@ECIﬁHOi BE3ITEKU SAK
CRUIAJOBOI OXOPOHM ITPAINI

Lum6an I1.B., Menonux I1.B.,
Hayionanvnuti ynisepcumem JIIC Yipainu, m. Ipnine, men.04497-63464

B ymoBax pO3BHHEHOI €KOHOMIKM HAWBHIIMM IPIOPHUTETOM
IUSUTBHOCTI  JiepKaBH € 3a0e3ledeHHs HOPMalIbHOrO  (DYHKIIIOHYBaHHS
HaCeJIEHHS JeprKaBH 1 3710poB’s mozeil. OXopoHa Iparli — KJIIYOBUH IHCTUTYT
COLIaJIbHOI HOJNITHKH CYYacHOI AEp)KaBH 1 sBISiE COOOK CKIAAHY CHCTEMY
3axomiB 1 3aco0iB, CKepoBaHMX Ha 30€pEeKEHHS OIKUTTA, 3J0pOB’S 1
Mpane3aTHOCTI JIFOJAMHU Y IPOLEC] TPYIOBOI AisUIBHOCTI.

AKTyalbHICTh TOCTIPKEHHS CaMe KPUMiHOIOTIUHOI TTPOOIEMaTHKY
IOJI0 TIONEpeKeHHs MnpodeciiHuX pPHU3WMKIB HE BTPAdae CBOrO
3HAYCHHS Ta IHTEHCHBHO MiJABHUILYETbCS 3 KOXHHM pokoM. Lle
MOSICHIOETHCSL TPOTUPIYYSAMH MK MOTpeOOI0 JIOAUHM Ta CTaHOM
HABKOJIMIIIHBOTO BHPOOHWUYOTO CEPElOBHINA, MK MNCHUXO(I3UIHUMH
0COONMBOCTSIMH JIIO/Iell Ta O00'€KTHBHHMH pe3yjibTaTaMH HayKOBO-
TEXHIYHOIO MPOrpecy.

@axiBii 3 pi3HUX ramxy3ed Haykd Bce OUTbII HACTIHINBO
3BEpTAIMCh 1 3BEPTAIOTbCA 1O NPOOIEeMaTHKH  MOJIEITIOBaHHS
HeOe3MeuyHuX MPOLECiB Yy BITHOCHHAX IIOAWHHU, TEXHIKH, MPHPOAH.
3okpema, I1.I'. benoB, cTOCOBHO B3a€MUH 3 IPUPOAHUM CEPEIOBUIIIEM,
HAroJioUlyBaB, MO MEPHIONPUYMHA [UX THPOTUPIY  3yMOBIIEHA
CBOJIOLIHHOIO KPU30I0 JIIOJICTBA — 3aCTapiIMM CTAaBJICHHSM JIOJEH 110
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Oiochepu SK O HEBUUEPIHOTO 3amacy pecypciB, HEBIAMOBIIHICTIO
HOBHX 3ac00iB BUPOOHHUIITBA 1 TPAIUIIHHUX CIIOCOOIB 1X BUKOPUCTAaHHS
[2, 4].

ToMy BaXIMBO HAroJIOCUTH, IO BpPaxyBaHHS 3HAYEHHS KOXXHOTO
npoeciifHOro pU3UKY CIIPSIMOBaHE Ha IMiJBUINEHHS PEajbHOrO piBHS HOro
HeWTpanizanii (ycyHeHHs1). [Hakmie kaydu, HEOOXiIHO BUXOOUTH 3 TOTO, IO
"MUHYIIe HE MOXKHA 3MIHUTH, a MaiiOyTHe - moxxHa" [5, 16]. T'onoBHe mosnsrae B
TOMY, 11100 CBO€YaCHO BCTAHOBHUTH TOW UM 1HIIHMH NpoQeciiHui pU3UK, a ITOTIM
OllepaTMBHO Ha HBOI'O BIUIMBATH, HEHWTpamizyroun abo, SK MaKCHMYM,
3HEIIKODKYIOUH HOro.

Tobro mpodeciiiHe XUTTS CIIOBHEHE (aKkTopaMu IepeadadeHnx i
Herepen0ayeHnx PpU3WKiB, OaraTo 3 SKMX MaloTh TEHJAEHIII0  J10
KpHMiHauti3alii, 0co0JIMBO B yMOBax MEBHOI KpUMiHaIi3allii eKOHOMIKH B3araii
[4, 142].

[MonepemxyBanbHa i7ess CTOCOBHO OOpOTEOM 3 mpodeciiHuMU
pHU3MKAaMH{ TOJISITae i B TOMY, MIO0 TMCHXOJOTIYHA aJamnTallisi siBisuia Co00I0
€JHICTh ajanTallii iHauBiga 10 (I3UYHUX 1 TCUXIYHUX YMOB BHPOOHHYOTO
CepeIoBUINa, 0COOIMBO IO 3aCO0IB Mparli — JHKEPEIT MiABUIICHOT HeOEe3eKH, Ta
TUX YH IHIINUX CKJIQJHUX TEXHOJOTIYHUX MPOILECiB. "3araJbHIMH ITOKa3HUKaMHU
aJIalITOBAHOCTI € 33JI0BOJIEHHS 3MICTOM Ta YMOBaMH mpai", aje Toxi, KOJIH IIi
YMOBH CIIPOMOXKHI 3BOJIUTH PU3UKH JI0 IPUHHATHOrO MiHiMyMmy [3, 107].

3BUYaiiHO, 3BeleHHS TNPOQECiHHUX PHU3UKIB 0 TPUHHATHOTO
MIiHIMyMy Ta BMiHHS Oa4yWTH 1 BpaxOBYBAaTH 3aJMIIKOBI PH3MKU AKTHBHO
CIpHAIOTh aJanTaliiHAM TIpolecaMm 10 [il0YMX yMOB Tpami. B ocHOBI
afanTanii NpariBHUKAa O BHPOOHWYOTO CEpEOBHINA 3HAXOMUTHCS €IHICTH
MOYyTTs] O€3MEYHMX YMOB Ipalli Ta NMpodeciiiHoi KyJIbTypH, sika nependadae
(opmyBanHs npodeciiiHoi cBigoMoCTi, MOpaJTi.

B ocHOBI MeromonoriyHMX  po3poOOK  mogo  O6opoThOUM 3
npodeciiHUMH  pU3MKaMHu  3HaxomsAThest iHQopmaniiiHi migxoau. Ilpote
MIPaKTHKA CBIAYHTS, IO TPAJIULIHHI METOAN, TOJIOBHUM YHHOM, KUIBKICHOTO Ta
SKICHOTO aHalli3y CTaTHMKH 1 JAWHAMiKW TpodeciiHUX pPH3HUKIB HEpiAKo
CTpaKAaloTh Ha (opmaltizm.

. "
OTrxe, 3 MeTol0 3a0e3redeHHs] BHUKOHAHHS 3akoHy Ykpainum [Ipo

OXOpOHY Tpali ~ BaX/IMBE 3HAUCHHS MAe HAJaBaTHCS TPOMAJICHKOMY
KOHTpOJIIO, CTBOPEHHIO CIPHUATIMBUX YMOB Ui POOOTH 1 PpO3LIMPEHHS
HaBaHTa)XEHb NpPO(ECifHUX CIJIOK. 3aKOH BpPaXxoBye #W MOXIIUBOCTI
OesrocepeHiX MpAaLiBHUKIB BIJICTOIOBATH CBOi INpaBa Ha O€3NeYHi yMOBH
npai [1, ct. 6,7,24,41,42].

Oco0ivBe 3Ha4YeHHS TOBHHHO HAaJaBaTHCS CIBAPYKHOCTI HayKd i
MIPaKTHKH, HAYKOBOMY OOTPYHTYBaHHIO 3MicTy 3aKOHY Ta HOro HMPaKTHIHOTO
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3aCTOCYBaHHSA. 3a  HEOOXiJJHE BBAXKAE€ThCS CTBOPCHHS  BiJIIOBITHHUX
3arajJbHOJCPKABHUX  INPOrpaM  BIMNOBIAHMMH  "HAyKOBO-JOCIHIJHUMH
IHCTUTYTaMH, MPOEKTHO-KOHCTPYKTOPCHKMMH YCTAaHOBAMH Ta OpTaHi3allisIMH,
BUIIMMH HaBYAJILHUMHU 3aKJIaJaMu Ta QaxiBIsMH .

[MocninoBHu# Kypc YkpaiHum Ha €BpomnelcbKy Ta €BpOATIAHTHYHY
IHTErpaioo, CIPUHHATTS HE MIKHAPOAHUX HOPM Ta CTaHAAPTIB y raiysi
OXOpOHHM TIpaB i cBOOOA JroavHH, patudikamis KoHBeHIIT mpo 3aXucT npaB
JIIO/IMHY Ta OCHOBOIIOJIOKHUX CBOOOJI IOKJIAaf0Th Ha HAIly KpaiHy J0JaTKOBI
3000B’s13aHHS y cdepi rapaHTii KOHCTUTYHIHHHMX TIpaB i CBOOOX, SIKi BKe
BUXOJATH 32 MEXI CYTO BHYTPIIIHBbOJEPKaBHUX 3pa3KiB HOPMOTBOPYOCTI Ta
BHCYBAalOTh BHCOKI BHMOTM MIOJAO BiJMOBIAHOCTI HaWKpammM 3pasKam,
BUPOOJIEHNM y PO3BHHEHUX KpaiHaX CBITY.

Tomy, edekTUBHE TOTIEPEKCHHS TPOQPECIHHOT OE3MEKH K CKIIaI0BO1
OXOpOHHM TIpali TMOBHHHE CTBOPUTH YMOBH, IPH SIKUX JIIOAW MOXYTh OYTH
BUIBHUMH BiJI CTpaxy OTpuMartu npodeciiiHe 3aXBOPIOBaHHS i B KpaiHi Oyze
HaJIS)KHUM YMHOM 3a0e311evyBaTHCh IPaBo Ha OXOPOHY IIpalli.
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KPUMIHAJIICTUYHI ACIIEKTH
KOMII'IOTEPHUX 3JI0OYUHIB

Kozax Hamaniss Cmenanisua, Llumban Ilempo Bacurvosuu,
Hayionanvruii ynieepcumem JIIC Vkpainu, E-mail: postil.nata@mail.ru

Komn'roTepHi 3704YMHU - II¢ CYCHiIIBHO-HEOE3NEUHI MisTHHS, IO
3aBJIAIOTh KON CYCITIJIBHUM BiTHOCHHaM Yy cdepl KoMn 10TepHOi iHdopMmarii,
3HAPSIAM (3aCO00M) BUMHCHHS SIKMX € €JICKTPOHHO-00YHCITIOBAIBHI MAITMHU
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(xoMmIT’rOTEpH), CUCTEMH a00 KOMITTOTEpHI Mepexi. JlaHi 37I0YMHY mepeadadcHi
B crarTax Pozainy 16 KK Ykpainu.

Binpmricte  KOMIT'FOTEpHHX 3JIOYMHIB BUMHSETHCS B KPEIUTHO-
(iHaHCOBI cdepi; KOMIT'IOTEpHY iH(GOPMAIIIO 1 KOMIT FOTEpHI TEXHOJOTii
HEpIIKO BUKOPHCTOBYIOTh JJIsl BUMHEHHS! TAKUX «TPAJULIHHUX» 3JI0YHHIB, SIK
IaxpancTBo, (aabcudikamis IUIATIXHUX JIOKYMEHTIB, Bi]MHBAaHHS KOIITIB,
MpoJIaXx CEKpeTHOI iHpopmMarlii, mapodka paxyHKiB Ta INTATHKHUAX BiIOMOCTEH,
YXWICHHS BiJ[ CIUTATH MOMATKIB [1] 1 T.11.

CTpyKTypa OKpEeMHX KPUMiHAJIICTUYHUX METOJMK, Ha JYMKY BUCHHX,
Ma€e HACTYIHI elNeMEHTH: 1) KpUMiHAJiCTHYHA XapaKTepPUCTHKa 3JI0YHHIB; 2)
00CTaBMHY, 110 i UIATAI0Th BCTAHOBJICHHIO; 3) THITOBI CHTYalii Ta porpamu 3
METOI0 BUSIBJICHHS O3HAaK 3JIOYMHY Ha CTafil MOpYIIEHHS KpHUMiHAJIbHOL
crnpaBu; 4) TUMOBI CHif4i CUTyallii MOYATKOBOrO Ta HACTYITHOTO €TamiB i
MporpamMH pO3CIiyBaHHs; 5) OCOOIMBOCTI TAKTUKM OKPEMHX CIITUUX JiH,
MPOBEICHHSI 1HIIHMX 3aXO0/iB TOWIO [2].

KpuMminanmicTnuHa XapakTepuCTHKa 3JI0YMHIB — 1€ iHpopmariiiHa
MOJIEIb, IO CTaHOBHUTh COOOI0 CYKYIHICTH ICTOTHHX, CTIMKHX SIKiCHO-
KIJIBKICHUX CHCTEM OITUCY THIIOBHX O3HaK KOHKPETHOTO BHIYy (TpyIH)
3JI0YMHIB, 1110 MAIOTh 3HAYEHHS /ISl X BUSIBIICHHS Ta PO3KPUTTA. [0 OCHOBHHX
€JIEMEHTIB KPUMIHAJIICTUYHOI XapaKTepUCTHKMA BIAHOCATH Taki [HaHi, SK
CcrocoOu BYMHEHHS 1 NPUXOBYBAHHS IIEBHOI KaTeropii 3JI0YMHIB; CIiJOBa
KapTUHA IMX 3JI0YMHIB; 0c00a 3JIOYMHIS, MOTHBH 1 ME€Ta BUYMHEHHS 3JI0UHHIB;
Jiesiki 00CTaBUHM BUMHEHHSI 3JI0YHHIB Ta iH.

Posrnsmaroun crocoOM BYMHEHHS KOMITFOTEPHUX 3JIOYHHIB, JESKi
aBTOPU BH3HAYAIOTh XapaKTep MiArOTOBYMX Jii /10 iX BunHeHHs. [lo TakuXx mii,
30KpeMa, HaJIeXaTh: PO3MOBCIOJUKEHHS LIKIUIMBUX IMPOrpaM, IO KOMIIOKTH i
HANpaBISIOTh  JaHi 3aKOHHMX  KOPUCTYBAayiB  3JIOYMHIYO;  Bi3yasbHe
CTHIOCTEpeXEHHS; MiA0ip CIIBYYaCHUKIB; BHBYEHHS CHENialbHUX ITUTAHb;
TONTYK 00’ €KTa MOCATaHHS TOIIO [3, ¢.692].

CriocoOu BYMHEHHSI KOMIT IOTEPHHUX 3JIOYHMHIB IOAUIAIOTH Ha Taki
rpynu: 1) cocobu Ge3mocepeIHbOro AOCTYIY 0 KOMIT IOTEPHUX TEXHOJIOTIH
(omeparmiiiHoi cucremu) Ta KOMI ' 10TepHOI iH(OopMallii (BOHM TOB’s13aHi 3 AiIMH
3JI0YMHIIB 110 3HUINEHHIO, OJOKYBaHHIO, KOIIIOBAaHHIO KOMIT IOTEPHOL
inpopmariii); 2) cnocobu orocepeakoBaHoro (BimganeHoro) mgocrymy; 3)
3MillIaHi CrIOCOOH, SIKI MOXKYTh 3/IHCHIOBATHCS SIK LUISIXOM 0€3MocepeHboro,
TaKk 1  ONOCEPENKOBAHOrO  JOCTymy; 4) cmocoOW  BHUTOTOBJICHHS,
PO3IIOBCIO/DKEHHSI HAa TEXHIYHMX HOCISX IIKIJJIMBHX TOporpam  Juist
KOMIT FOTEPIiB.

OnocepeaxoBaHU TOCTYI JI0 KOMIT'IOTepHOI iHpopMarlii Moxe OyTu
3IHCHEHU JHIIe 3a JOMOMOTOI0 JIOKAJbHUX Mepex abo III00abHUX CHCTEM
tuny [HTepHeT. [0 cmocobiB TaKoOro MOCTYMy HalexaTh. 1) MiJKIIOYSHHS J0
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JiHIT 3B’S3Ky 3aKOHHOTO KOPHCTYyBaya, a TakoX 3a0e3nmedyeHHs JOCTYyIy /0
HOro TeJleKoOMyHiKaliiiHOi cucTemMu; 2) TPOHHMKHEHHS B 4yXi iH(pOpMaIiiiHi
Mepexi [UIIXOM aBTOMAaTWYHOro mig0opy aOOHEHTCHKHX HOMEpIB 3
MOMANTBIINM 3’€JIHAHHSIM 3 TUM YH IHIIMM KOMIT FOTepOM; 3) MPOHHKHEHHS B
IHIIy KOMIT'IOTEPHY Mepexy IIiJi BHUIVISJIOM 3aKOHHOTO KOPHCTYBaua,
BHUKOPHCTOBYIOUHM TIPH IIbOMY 4YyXi Koxu Ta mapomi. Jlo ymcnma cnoco6iB
OITOCEPEIKOBAHOTO JIOCTYIy [0 KOMIT FOTEpHOI iH(OpMamii BiIXHOCATHCS
croco0u 0e3MmocepeTHHOrO 1 eISKTPOMATHITHOT'O TIEPEXOIICHHS.

Crioco0u NpHUXOBYBaHHS KOMIT IOTEPHUX 3JIOYMHIB IIEBHOIO MipOIO
JIETepMiHOBaHI criocodamu X BUMHEHHS. B pa3i 6e3nmocepeHhoro TOCTYITY J0
KOMIT FOTepHOi iH(opManii NIPUXOBYBaHHS CIIJIB 3JI0YMHY 3BOAMTHCS JI0
BiJTHOBJICHHSI HOPMaJIHOT pOOOTH OIepaliiiHoi CHCTEMH Ta OKPEMUX Iporpam;
3HUILEHHS 3AJIUIIEHUX CITiIB (CIiIB MaJBIIB PYK, B3YTTS, MIKPOYACTOK Ta iH.)
tomo. [Ipu omocepeaKoBaHOMY JOCTYII MOMMPEHO NPOrpaMHe NPUXOBYBAHHS
CITIJIB, IO TOJISTaE Y 3a3HaYeHH] HENMpaBAMBUX Telae(OHHUX HOMEpIB, MapoiB
1 aHKETHUX JaHUX 0COOH, 110 BUMHSE 3IIOYHH.

CI1iJIOBOX0 KAPTHHOK KOMIT FOTEPHUX 3JI0YHHIB €, 30KpeMa, 3MiHH, 110
BinOynucst y camiii cuctemi, okpemomy aiimi, NOKyMEHTi (3HUILIEHHS,
MoAUDIKaIlisl Yd 3aMiHa KaTaJyoriB, (aiiiB TOIIO); 3MiHA TEPBUHHHUX IaHHUX
KaTajoriB i (aimiB, JaTH Ta 4acy IX CTBOPEHHS; 3MiHa pO3MIpy JOKYMEHTA;
MosiBa HOBHMX JaHHMX, 3aCTaBOK, KapTHHOK Ta iH.; HECHpAalIOBaHHI abo
YIIOBUIEHEHHSI POOOTH OKPEMO B3SITOI NMPOrpaMu; MOPYIIEHHS ITOCIII0BHOCTI
(YHKI[IOHYBaHHS CHCTEMH TOLIO.

Knacudikamiro cuimiB  BkazaHOi Tpynmu 3JIOYMHIB, a TaKOX
0COOJIMBOCTI BUSIBIIGHHS X HeTpamunidHux (iHdopmanidHux) cmigiB Oyrno
PO3IIISTHYTO B MOIEPEHIX JOCHIPKEHHIX aBTOpiB [4].

B komIr'toTepHy 3JI0YMHHICTH BTSATHYTO HIMPOKE KOJO 0Ci0 - Bif
npodecioHalliB 10 TWICTaHTiB. Bcix Cy0’€KTiB JaHUX 3JI0YUHIB MOXHA
MIOAIJIMTH Ha JABI TPYNH: OCOOH, SIKi MAlOTh 3 IOTEPIIMM TpyaoBi abo iHImI
ninoBi crocyHku (55%); ocoOu, siki He 3B’s3aHI MUIOBUMH CTOCYHKaMH 3
morepmianM  (45%) [3]. 3a Meroro Ta CcQepor 3JIOYUHHOI MisUTBHOCTI
KOMIT FOTEpHUX 3JIOYMHIIB MOAIISIOTE HA OKpEMi MiArpyNu: XaKkepH, KpakepH
(abo kpekepm), (pikepH, KoJeKumioHepH, KidepruryTH, mipaTtu (abo Topraii),
WIMUTryHH, Tepopuctd Ta iH. Cepex MOTHBIB IMX 3JIOYMHIB BUAUIAIOTH
KOPHUCIIMBI, TONITHYHI MOTHBH, XYJITAHCbKI MOTHUBU Ta OCIIKETHHUIITBO,
TIOMCTa, JIOCHIJHUIbKA I[IKaBiCTh. 3 HUMH IMOB’SI3aHi 1 it (Mera) 3JI0YMHHOL
nisuteHOCTi. Micle, Yac Ta iHII YMOBHM NPOTHUIPAaBHHUX i BHU3HAYAIOTHCS
Ccy0’€KTHBHMMH, OO €KTMBHUMH Ta IHIIUMH mapamerpamu. OOcTraHOBKa
BYMHEHHS 3JI0YMHY MOXKE 3HAXOAUTHCS Y B3aEMOJII i3 0co000 Ta criocoboM
BYMHEHHS 3JI0YHHY.

204



Ha mBHIKICTB 1 TOBHOTY PO3KPHUTTSI KOMIT FOTEPHUX 3JI0YMHIB, SIKICTh
ix  poscmigyBaHHs ~ BruMBae  psx  (dakropiB.  KpumiHamicTHuHMMU
OCOOJIMBOCTSIMU BHSIBJIEHHSI, PO3KPHUTTS 1 PpO3CIITYyBaHHS KOMII IOTEPHUX
3704MHIB €: 1) BUCOKa JIATEHTHICTb 1 CKJIQJIHICTh BCTaHOBJEHHS (aKTiB
BYMHEHHS KOMI'IOTEPHHUX 3JI0YMHIB, BUPILIEHHS MUTAHHS MO0 MOPYIICHHS
KpPUMiHAJIBHOI CIIpaBH Ta KBali(iKallii 3JI0YMHHUX A MPUYETHUX JI0 3JIIOYHHY
0ci0; 2) cierudiuyHiCTh KOHTUHTEHTY 0OCI0, SIKI BUMHSIOTH 3JI0YMHHU, a B ICIKUX
BUMAJKaX - IHTEPHAIIOHATBHICT B3JI0YMHY; 3) CKJIAJHICTh y miabopi
BIJIMOBITHUX CIHEIIANICTIB JUIs X 3aTydCHHS JO y4acTi B MPOBEACHHI TECBHUX
crmiayux aii; 3) 0coGMUBI BUMOTH 1100 BUOOPY, MiATOTOBKH Ta MPHU3HAYCHHSI
BIJIMIOBIIHUX CYJOBHX €KCIEpTU3; 4) JOIIbHICTh BUKOPHCTAHHS 3aC00iB
KOMITIOTEPHOI TEXHIKM IIiJ] Yac pO3CIiJyBaHHs 3JIOYMHIB 1 BOJHOUAC
BiJICYTHICTh HAJIS)KHOTO PiBHS 3HAHb y Taly3i KOMITIOTEPHUX TEXHOJIOTIH B
OLIBIIOCTI OMIEPATUBHUX MPAIIBHUKIB 1 CIIITUUX; 5) HEMOCTATHS PO3POOIIEHICT
METOJMKHM BUSIBJICHHS 1 pO3CIiNyBaHHS TaKWX 3JIOYMHIB Ta CKJIAIHICTh
30upaHHs ¥ GopMyBaHHS CUCTEMH JOKA3iB.
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HaBuanHs iH(pOpMATHKK CTYIEHTIB IEpPIIOr0 KypCy TEXHIYHHX
JUCIUILTIH, K JUCUUILTIHM i3 3HAYHOIO NMPHUKIIAJHOI CHPSIMOBAHICTIO, MOXKE
BUKOHYBAaTHCh 13 BHKOPHUCTAHHSM METO/AIB 1 TPUIOMIB  HaBYaHHS,
CHpsIMOBAaHMX Ha 30UTbLIEHHS HAaBYAJIFHOI AaKTUBHOCTI CTYIEHTIB IILIIXOM
SIKOMOT@ YacTIIIOl aKTyajli3alii OTPpMMaHHX 3HaHb, CTBOPEHHS YMOB IS
YCBIJOMJIEHHS HHMMH TIPaKTUYHOI 3HAYMMOCTI  COPMOBAaHMX  YMiHb.
Enextponni Tabmuni (ET), Ha BHBYEHHs SKUX 32 YHHHOIO IPOrPaMoro
BiJIBOANTHCS HEBENUMKUI 00'eM HAaBUAIBHOTO Yacy, € OJHMM 3 HalOiIbIn
MPaKTHYHO-3HAYUMHUX CTaHAAPTHHUX MPOTPAMHHUX 3ac00iB, ITOJI€ 3aCTOCYBaHHS
SIKOTO — Malike yci peasibHi 3ajadyi, sSIKi BUMaraloTh BUKOHaHHS OOYHCIIEHb Ta
Bisyanizamii pe3ynapTaTiB. 3 METOI HAHOLIbII e(EeKTHBHOTO BUKOPHUCTAHHS
HaBYAJIBHOTO Yacy Ta IOKpAIIeHHs pe3yNlbTaTiB HaBYaHHS HaBUaJIbHI 3a/adi,
SKi TIPOTOHYIOTHCSl CTYJEHTaM, IOBHHHI OyTH HAINlOBHEHI 3MICTOM, SIKHH
CIpusie aKTUBI3alii HABYANBHOI JisUTBHOCTI. JIOCHIIKEHHS MOKa3yITh, IO
(opMyBaHHS MIITHUX 3HAHb, yMIHb Ta HABUUOK JOCSTA€THCS TO/I, KOJIH 3HAHHS
YTBOPIOIOTH CHCTEMY, a c(hOpMOBaHi NP BUBUYEHHI 1HQOPMATUKH YMIHHS Ta
HaBUYKH BUKOPHUCTOBYIOTHCS HE TUIBKM JUIsS BHpIIIEHHS HaBYAIBHUX 3a7ad
OHOTO HAaBYAJBHOTO MPEIMETy, a CTaloTh THUM, YWM IIOBHHHI OyTH —
VHIBEpCAIFHUM  3aCO00M  MOJIENIOBAHHS SIBHIN, ONPAIfOBAHHS JaHMUX,
peamizauii ajdropuTMiB ONpAIfOBaHHS JIAaHWX TPH PO3B’S3yBaHHI 3ajad
TIPUKIIAJHOI CIIPSIMOBAHOCTI.

Haii6inpim gocTyrmHUMHU A7l PO3YMIHHSI CTYJEHTaMH 3aJadyaMH, SKi
MOTPeOYIOTh CTBOPEHHSI MAaTEeMaTHYHHUX MOJIeNied peaNbHUX SIBHII, € 3ajadi,
SIKi TIPOMOHYIOTHCS EPUIOKYPCHUKAM TpH BuBYeHHI (izuku [2]. st Oinbimol
€pEeKTUBHOCTI ~MDKIPEIMETHHX 3B’SI3KIiB BUBUEHHS TEM  HaBUAIBHHX
NPEAIMETIB, SIKi TMOB’S3YIOTbCS NpH  (OPMYJIIOBaHHI HaBUAIBHHX 3ajad,
MIOBUHHE OYTH CHHXPOHI30BaHE, 1[0 MOXJIMBE NMPHU OpraHi3amii iHTEerpOBaHUX
KypciB. IIpy HEMOXJIMBOCTI Takoro INOXOMdy, CIiJi O0OMpaTd TeMH, sIKi
BHBYAIOTHCS 32 HABYAJILHUMU IIJIAaHAMH Pi3HHUX TPEMETIB ad0 ofHOYacHoO, 60
3 BiJICTaBaHHSAM (BHIEpEPKEHHSAM) Ha 7...15 nmHIB, TOOTO Ha yac, MpPOTAroM
SIKOTO  3aKpIIUIEHHS 3aCBOEHOTO HABUAJIBHOTO Martepially € HalOiabin
e(pCKTHBHUM.

Kypcu ¢isukm ta indopMaTHKM Ha MepmIoMy Kypci MaroTh KiTbKa
noxiOHuUX "obyacTeil KOHTAKTy'", 30KpeMa BUBYEHHS EJIEKTPOHHHUX TaOIHIb Y
Kypci iH(pOPMaTHKU TOCUTh IPOCTO CHHXPOHI3YBAaTH 3 BUBUEHHSIM EJIEKTPHKH.

Jl1s mocSTHEHHsSI MaKCUMaJTbHOT e(peKTHBHOCTI HaBYAIEHOTO TPOLIECY
SK iHpopMaTHKU, Tak 1 (i3uky, 100ip HAaBYANBHUX 3a7ad ITOBUHEH
3MIHCHIOBAaTUCh TaKMM 4YMHOM, 1100 MAaKCUMajbHO MPOLIIOCTPYBATH
e(pCKTHBHICTh BHKOPHUCTaHHS 3aCO0IB OOYHCITIOBaIbHOI TexHikH. OmHHM 3
(GbyHIAMEHTAFHUX JTOCTIMIB, SKi PO3TJISANAIOTHCS B Kypci (Di3WKH, € JOCITia
HNodde-Mimmikena. He posrasaaroun TyT (i3sMYHOro 3MicTy IbOTO JOCTiAY,
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3a3HAYMMO, IO NPU HOro po3rsidi (Tak camo, SIK 1 TpH PO3MISIl JOCTiLy
Pesepdopna-Mepcena Ta iH.) Ha 3aHATTAX BHHUKAE MpPOOJIEMa TMOSCHEHHS
TOro, SIK 3 MAacHBY EKCIIEPUMEHTAJIBHHUX MaHUX OYJIO BWAIJICHO 3HAYEHHS
(i3MYHOT KOHCTAHTH, 30KpEeMa 3aps1y eIeKTPOoHa.

@dopmyntoBaHHS HaBYaJIBHOI 3ajadi, sSKE€ JOCTATHE Il 1JMrOCTparii
METOy BUIUIEHHS 3HAu€Hb, SKI CHCTEMAaTHYHO IIOBTOPIOIOTHCA Yy
EKCTIEpUMEHTAJIbHUX JaHUX, MOXKe OYTH HACTYITHUM.

VY pe3ynbTaTi OnpanoBaHHs eKCIEPUMEHTAIBHUX JaHUX OTPUMAHO N
3HAYCHB 3apsy Kparuti (3aps1 BUPaXeHo y KyinoHax). [lepenbadaeTbes, 1o 1
3HAYEHHs 3aps/y KpaTHi eJeMEHTapHOMY, SIKHH HEO0OX1IHO BU3HAUUTH.

lmoreTnyni 3HaYeHHs 3apsgiB Kpameiab CIiJ TMOAATH Y BHIJIII
HEYNOpsAKOBaHOI JiHIHHOI Tabnuii, sSKy npen’siBUTH y4HAM (Ha mamepi i y
BUTJISIII TEKCTOBOrO (hailiry), CTBOPHMBIIM THM CaMHM ITPOOJIEMHY CHTYAIIifo
(3anuTaHHs: SIK BUALIMTH KOPHCTHY iH(popManito?). ['enepyBaTH 1i 3HaUEHHS
(ximpkicTio, He MeHmor 3a 300..1000) cmin 3a gomomororo ET, 3
BukopuctanHsiM  dopmynun  =CJIIVUMEXAY(1;1000)*1,6022E-16, sy
KOMIIOIOTh y BIJNOBIJHY KUIBKICTH KOMIpPOK CTOBIYMKA. Pe3ymbrar poOoTH
(OpMYyIH CITiJ CKOMIIOBATH y HACTYITHUH CTOBIMYMK (Kpallle Ha HOBY CTODPIHKY)
3 BUKOpUCTaHHsAM Imigonuii "BcraBute ... 3HaueHuss" omuii "CnenuaibHas
BcraBka". Ili 3HaueHHs Ta OyayTh IMITYBaTH pPE3YJIbTaTH EKCIEPHUMEHTY.
@i3MyHMI 3MICT aNrOpUTMy TEHEPYBaHHS 3HAY€Hb MOJSIrae y TOMY, IO
JIOITYCKA€EThCS HE MEHIIIE OJIHOrO BUOWBAHHS 3 KpaIUli €JIeKTPOHY 1 He Oinblie
1000, mo He cynepeunTd Gi3uuHii Mozaeni sBUmIa. Pesynsrat poOboTH (TiIbKH
3HAUEHHS) CIIiJI eKCTIOPTYBATH y TeKcToBUHA (haitn (*.txt) abo yHiBepcanbHuit
¢aiin manux (*.csv - Coma Separated Values).

AJTOpUTM, KU MTPOIIOHYETHCS U1l HACTYITHOTO ONPAIIOBaHHS, 1HOJI
BHUKOPUCTOBYETHCS ISl OMPAIFOBAHHS AaHHX ekcriepuMeHTy [3]. CoporneHHs
JIOCSITAETBCST 32 PaxyHOK BIJIMOBH BiJ MONEPEIHHOrO CTATHCTHYHOTO
OITpalIfoBaHHs, aje Ha iMitanii Habopy eKCHepHUMEHTANbHUX JaHUX aJTOPUTM
npaIroe 6e3BiIMOBHO 1 € IOCTaTHIM JUIsl IOSICHEHHS CyTi MeToxy. Pasom 3 tum,
aJrOPUTM BHMAara€ BUKOPHUCTAHHSA OULTBIIOCTI Tepea0dadeHuX IMPOrpamMoro 3
iHpopMaTuKu npuiomiB podotu 3 ET.

Kpox 0. 3nauennsi 3untyrotbest sk croBmuuk ET (Jns ET Excel
"®aitn"..."OTKpbITE" ... "TekcToBbBIC (aimbr").

Kpox 1. BukonyeTbcsl ynopsiiKyBaHHs JIHIHHOT TaOnuimi (CTOBITYMKA
A) 3a 3pocrannsim ("annbie”... "CoptupoBka”... "'no Bo3pacranuio").

Kpox 2. O0UHCIIOIOTHCS 1 3aMUCYIOTHCSl y CTOBIUMK B pizHHII Mix
CyCIIHIMM 3HA4eHHSMH cTOBMUMKAa A (=A2-Al 3 HACTYNMHUM KOIIIOBaHHSM Y
m=n-1 KOMipOK).

Kpox 3. 3 Meroro BHKIIOUEHHS 13 pPO3MIISAAY OJHAKOBHX 3HAYEHb
3apsiB Kparuli, JaHi IepeHocIThCs Y cTOBMUMK C 3 BAKOPUCTAHHSM JIOT1YHOTO

207



Bupa3zy =ECJIM(B1>0;B1), sikuii komitoeThcs y M KOMIpOK, TOOTO jaHi
TIEPEHOCATHCS, SKIO 1Ie He HyI, iHaKiIe nepeHocuthes 3HaueHHs "JIOXKDb".

Kpox 4. 3naxonnTbest MiHIMabHE 3HaYEHHS B KOMipKax croBmumka C
(MHUH(C1:Cm)), sike i Oy/ie 3HAYCHHSAM €IEMEHTAPHOTO 3apsy.

OOuwncrieHHs, $IKI BUKOHYIOTBCS IIPH OIPALIOBaHHI PE3yJbTaTiB
BHMIpIOBaHb, IO IPOBOAATHCS B TpOIeCci BUKOHAHHS J1aOOpaTopHUX pPOOIT
TemMu "3aKOHM TMOCTiHHOTO cTpymMy" po3ainry "EnekrpoanHamika", Takox
MOXYTb OyTH BUKOpHCTaHi JuIsl 3aKpiruieHHs 3HaHb npo ET, uist miakpinieHHs
MOTHUBAIliT BUBYCHHSI Bi/IOBITHOIO HABYAIHHOTO MaTepiany 3 iHQOPMATHKH.

BaxnmuBUM MOMEHTOM Yy HaBYaJbHO-BUXOBHOMY TNPOLECi, SKHH
MOXXHa BHKOPHUCTAaTH JUIsl 3aKpiruieHHs yMiHb pobotu 3 ET e maboparopruii
MPaKTUKYM, SIKUH  TPOBOAUTHCS  IMPOTATOM  CHELiabHO  BHIIEHOTO
HaBYAIBHOrO 4Yacy. JlocWTh HECKIIQJAHO OpraHi3yBaTH NPAKTHKYM TaKHM
YHHOM, 1100 OIPAIfOBaHHS PE3YJbTaTiB BUMIPIOBAHb IPOBOJMIOCH Y KaOiHETI
inpopmatuky, a BuBYeHHS ET Ha 3aHATTIX 3 iHQOpMATHKM OpraHizyBaTH
TaKUM YHMHOM, OO0 cryneHTH rotyBanmu ET mis pobit npaktukymy. Cumig
3a3HAYMTH, 010 POOOTH MPOBOAATHCS 32 HABYAJIHHUM MaTepialioM, SKHH
BHBYAETHCS MPOTSATOM CEMECTpy, TOMY Ha 4ac BuBuUeHHS ET y B mpomeci
BUBYEHHS 1H()OPMATHUKU CTYJISHTH 3HAHOMI 3 TEOPETHYHHMH OCHOBaMH
MPAaKTHYHO YCIX POOIT MPaKTUKYMY.

TakuM uWHOM, peamizailiss MDKIPEAMETHHX 3B sI3KiB  (i3uKa-
iH(OpMaTHKa MOXE CTaTH IIO3UTUBHUM YHHHUKOM, SIKUH 3a0€31EUNTh CYTTEBE
TIOKPAIIEHHs Pe3YJIbTAaTIB HABYAHHSL.
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Introduction

The authors of this paper describe the main theoretic issues of micro-educative
analyses in education, which cannot be substituted in the pedagogical teaching
training.

Psychodidactic competences

Psychodidactic competences includes abilities how to plan a teaching/learning
process, how to carry out aplan of teaching, how to manage and support
a teaching/learning process according to a plan, evaluate learning process of
pupils. It is competence, which appear in ability to educate individuals, it
consists of: creating of favourable conditions for teaching/learning, it means to
motive towards cognition, to activate thinking, to create a positive social,
emotional and working climate, to manage teaching process of individuals.

Microteaching

We have been applying microteaching and microteaching analysis in the
educational process in terms of pregradual studies at UPJS Kosice for several
years (Bajtos, 2009 a; 2009 b). During active speech at the conference we will
present the DVD recordings of microteaching with concrete teaching methods
applied in various stages of a lesson.

Microteaching, according to authors of this contribution consists of three
phases: doing the activity, analysis of the activity, (microteaching analysis),
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; Bajtos,
Orosova 2009 b). A simulated situation gets a closer reality of teaching into the
classroom. During microteaching students evaluate their activity — it is their
self-reflexion. They analyse 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 (Zelina,
2006):

a) non-traditional way of teaching/learning

It is alearning in the practise by practical action and learning from own
mistakes.
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b) role-play

A student-teacher during micro-lesson has to put himself/herself into the role
of teacher and his/her peers (classmates) have to put themselves into the role of
younger students for which microteaching is given. During micro-lesson a real
teacher should be acting as a student. Later, during discussion (after micro-
lesson), should be acting as a 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 learning/teaching.

c) educational activity

Peers are in the role of the students who are taught. They learn how to use
innovative 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 the real activity of teaching. During evaluation is important to evaluate
understanding of particular teaching method, student’s creativity, the quality of
learned topic and overall impression from micro-lesson.

d) new approach for obtaining information

This way 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. Microteaching gives us different approach to obtain a pedagogical
proficiency.

Conclusion

Implementation of microteaching into pre-gradual preparation of preservice
teachers has a significant role mainly in increasing the quality of educational
process and psychodidactic preparation. Even thought students are often
influenced by concerns and fear of recording camera, in the third phase of
microteaching their concerns are vanishing and they are concentrating mainly
on the quality of their short lessons (micro-sessions), where it is possible to see
interaction between teacher — student, cooperation, communication,
management of work, timing of lesson, working style, a way of evaluation,
teaching methods and forms, using didactic and technical materials and aids.
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CHACTEMA OIIEHUBAHUSA MIPAKTHUYECKOHN
HOATI'OTOBKU bBY AYHIUX UHKEHEPOB-
HHEJAT'OI'OB

Veeunosa Jlenapa FOcygosHa,
PBY3 «Kpbiymckuil unicenepHo-nedazo2uieckuti yHugepcumeny,
2. Cumepepononw, nep. Yueonoui, 8, E-mail: memrel@mail.ru

B nHayuHOl memarorudeckoil JuTepaType, U B YACTHOCTH, B TpyAax
MIpeJCTaBUTENIE] KOMIIETEHTHOCTHOTO TOAXOJa HE YyHAENsIeTcs AOIKHOIO
BHUMAaHUS 3HAYUMOCTH TPOHU3BOJCTBEHHOW MPAKTUKU B TPOIECCE OOYyUCHHS
KaK OMHOTO W3 BaxXHEWMmX (HakTopoB (OPMHUPOBAHUS MPOGECCHOHATHHO-
MPaKTUYECKOW KOMIIETEHTHOCTU. VccaenoBaHusi, KOTOpPLIE MPOBOASTCS B
paMKax JaHHOW TPOOJIEMBI, KAcaroTCs B OCHOBHOM Y3KHX BOIPOCOB
opraHu3aluu MIPOU3BOJICTBEHHOM MIPaKTUKU mno ONpe/IENeHHBIM
CIIEUANBHOCTSIM W HAIpPAaBJICHUSM TOJTOTOBKH OTIEIBHO HHXXEHEPOB H
oTAeNbHO TmeparoroB. Jlo Hacrosimero BpeMeHM He 00OCHOBaHa W
TEOpEeTHYEeCKH He pa3paboTaHa IIENOCTHasi CHCTEMa ITOATOTOBKU HH)KEHEPOB-
MeJaroroB B YCJIOBUAX MPOU3BOJCTBEHHOW TMPAKTUKHM U OLEHKH €€
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pesynbraroB. OcratoTcst 6e3 BHUMaHUS MPOOJIEMBI ONIPE/IETICHUS POJIH U MecTa
MIPOM3BOJICTBEHHON TIPAaKTUKH ¥ METOAMKH OICHUBAHUS DE3YJIbTAaTOB ee
MIPOXOXJICHNS! B KPEIUTHO-MOAYJIBHOH CHCTEME OpraHM3alud OOydYeHHs B
BYy3ax.

B 02To# CBA3M CTAaHOBUTCS aKTyaJdbHON IpoOjieMa aJeKBaTHOT'O
OLIEHMBAHMS PE3YJIBTATOB ITPOXOXKICHHS OYIyIIMMHU HHXXEHEpaMU-TieJaroraMu
MIPOM3BOJICTBEHHON  NPAaKTUKK Ui BBISIBIEHUS  pEajJbHBIX  YPOBHEH
c(OpMUPOBAHHOCTH  NPO(ECCHOHATBHO-TIPAKTUYECKOH  KOMIIETEHTHOCTH.
Henpto  umcchnenoBanHus — siBisieTcss  pa3paboTKa  MOJAMMUIMPOBAHHBIX
METOJMYECKHX TIOIXOM0B K OIEHUBAHUIO PE3YJIbTATOB IPOXOKICHUS
cryseHTaMu  (OyAyIIMMH HH)XKEHEpaMU-TIEaroraMy) pas3jUYHbIX BHIOB
MIPOM3BOJICTBEHHON MpPAaKTHKK Kak ypoBHEW C(OpPMHUPOBAHHOCTH  HX
poeCCHOHANBHO-TIPAKTUY €CKON KOMITETEHTHOCTH.

Onenka  npodecCHOHANBHO-TIPAKTUYECKOH  KOMIIETEHTHOCTH Y
CTY/ICHTOB IO PE3yJbTaTaM MPOXOXKICHUS MPOM3BOACTBEHHOHN IMPAaKTHUKH, Ha
Hall B3IV, JIOJDKHA BKJIIOYAaTh JIBE B3aMMOCBSI3aHHBIE CHCTEMBI: CHCTEMY
OLIEHKH YPOBHSI OOy4YEeHHWS B YCJIOBUSIX MPAKTHKH M CUCTEMY OLEHKH YPOBHS
c(hOpMHUPOBAHHOCTH NMPOPECCHOHATHHO-TIPAKTHIECKOW KOMIIETEHTHOCTH.

Hmxe TIPE/ICTaBUM OCHOBHBIE pe3yabTaThl pa3paboTku
METOJIMYECKOr0 HMHCTPYMEHTapHs, O0ECIeunBAIONIEro MOIU(PUIMPOBAHHYIO
CHCTEMY OLICHUBAHUS PE3YJIbTATOB MPAKTUKUA Ha OCHOBE KOMIIETEHTHOCTHOTO
noaxona. OCHOBHBIMU OTJIMYHUTENIFHBIMH OCOOEHHOCTSIMH  MpeiaraeMoin
CHCTEMBI SIBJISIFOTCSL:

OLIEHKA YpOBHEi c(OpMUPOBAHHOCTH npodeccCHoHaIbHO-
MPAaKTHYECKOM KOMIIETEHTHOCTH B OTJIMYHME OT a0CTPAaKTHOW TpaJulMOHHOM
OLICHKH;

NIPUBJICYEHHE BCEX CYOBEKTOB NPOW3BOJICTBEHHOH NPAKTHKA K
OLICHMBAHHUIO €€ PEe3yJNbTaTOB (PYKOBOAWTENEH NPAKTHKH, CTYICHTOB WU
KOMHCCHH);

WCIIOJIb30BAHHUE YETKOTO IIEPEUYHSI KPUTEPHUEB M COOTBETCTBYIOUINX UM
YpOBHEi c(OpMUPOBAHHOCTH npodeccOHaIbHO-TIPAKTHYECKON
KOMITETEHTHOCTH JJIs aJISKBATHOCTH OLIEHUBAHUS (PEHTHHT CTYJeHTa);

y4eT 3HAYMMOCTH Ppa3jIMYHBIX KOMIIOHEHTOB MPOQeCcCHOHaIbHO-
MPAaKTHYECKOM KOMIIETEHTHOCTH, HAHIEHHBIX SKCHEPTHHIM IyTeM, IIpH
pacueTe nokasaTesnei;

HCTIONIb30BaHME HHTErpajIbHOTO ToKasaresns (unpekca)
c(OpMUPOBAHHOCTH TPO(HECCHOHANBEHO-TTPAKTHYECKOH KOMIIETEHTHOCTH KakK
UTOTOBOH OLIEHKH MO IPAKTHKE.

B cucremy oneHuBaHUS pE3yNbTAaTOB IPAKTHKH BXOIUT <JIHCT
KpUTEpHEB» OLEHKA ypOBHEH COOPMHUPOBAHHOCTH NpOodhecCHOHAIBHO-
MPAaKTHYECKOM KOMIIETEHTHOCTH OYyAyIero WHKeHepa-Tlieaarora —Iocie
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MPOXOXKIACHUSI TMPAKTUKH, B KOTOPOM TMPEJCTABICHA XapaKTepUCTHUKA
KPUTEPHEB B COOTBETCTBUH KAXKJOMY YPOBHIO chopmupoBaHHOCTH. OH MOXKET
HCIIOJIB30BAThCSI BCEMH CYOBEKTAMH OICHUBAHUS IO KaXJIOMY KOMIIOHCHTY
PO ECCUOHATHHO-TIPAKTHICCKON  KOMIIETCHTHOCTH, U eCTECTBEHHO,
yIOpomaer Nponeaypy oreHuBaHus. OTMETHM, YTO BBIOpAHHBIC YPOBHU
c(hOPMHUPOBAHHOCTH TPO(HECCHOHATBHO-TIPAKTUICCKOH KOMIIETCHTHOCTH OT
HU3KOr'0 JI0 BBICOKOTO XapaKTEPU3YIOT KOMIETEHTHOCTh MCKIIOUMTEIHHO Ha
COOTBETCTBYIOIIEM dTarle O0yYCHHS W MPOXOXKICHHUSI COOTBETCTBYIOIIECTO BHJIA
MIPAKTUKY.

Ilocne  xaxgoro  BuAaa MIPaKTUKU 3anOIHsIEeTCA KapTa
PO eCCUOHATHHO-TTPAKTHICCKON KOMIIETEHTHOCTH Ha KaXKJIOrO MIPAKTHKAHTA,
KOTOpasi TPEIOCTABISACT BO3MOXKHOCTh AKKyMYJIHUPOBATh WH(POPMAIHIO O
c(hOPMHUPOBAHHOCTH TPOGECCHOHATHFHO-TIPAKTUYCCKOH KOMIICTEHTHOCTH I10
pe3ynbTaTaM NPOXOXKICHUsS Ka)X0ro BUJIA IPOU3BOJCTBEHHON NMPAKTUKH, a TIO
3aBEPIICHUIO O0YYCHHUS U3YUUTh €¢ JUHAMUKY. Takke KapTa KOMIICTCHTHOCTH
JUISL KQXKIO0W TMOCHeayomed MPakTUKUA MPEACTABISET U JaeT PYKOBOJIUTEIIO
MPAKTUKA JIOTIOJHUTEIBHYI0 HH(QOPMAIMI0 O IEePBOHAYAIBHBIX YMCHHSIX
MIPaKTUKAHTA.

MUTAHHS TEOPII IIIPYYHUKA
3 IHO3EMHOI MOBH

Beporcancovra Onvea Muxonaisua, Jlacyma Temsana Muxonaiena
Xapkiecokuti Hayionanvhuti ynisepcumem imeni B.H. Kapa3zina,
Lenmp miscHapoonoi oceimu, kagedpa ykpaincvkoi ma pociicbkoi Mog sk

inozemuux, Yxpaina, Xapxie, Maiioan Ceoboou, 4,
Tenegon: (057)707-51-03, E-mail: Podfak@univer.kharkov.ua

IIpobGmema CTBOpEHHS MIAPYYHUKIB 3 MOBH JUISi  1HO3ZEMIIIB
3aJIMIIAETHCS BIAKPUTOIO U aKTYaJbHOI, OCKUIBKM Ma€ PIi3HI acleKTH —
THOCEOJIOTIYHHMN, OCBITHIHM, OpraHi3aiiiauii, comiansauid. CTBOPEHHS SIKICHOTO
MiIpyYHUKa 3 1HO3EMHOI MOBH B CYYaCHHX yMOBax 3aJIeKHTh BijJ 0aratbox
YUHHHKIB. [liJpy9HUK SIK OCOOIMBHIA )KaHpP TBOPUOI JISUIEHOCTI Bi3HAYA€THCS
B3a€MOBIUTMBOM DI3HMX YMHHHKIB, II€BHA YacCTHHA SKHX Yy NPUXOBaHId abo
HeNpuxoBaHii QopMi 0O0yMOBIIOE ycmix (4u HeBAady), OCOOJUBOCTI
(YHKI[IOHYBaHHS i JKUTTE3MATHICTD MiAPYIHUKA. Y Taly3i IHIIOMOBHOI OCBITH
¢axiBIi, sIKi MPAIIOIOTh HaJ CTBOPEHHSM IIPYYHHKIB 3 PI3HUX 1HO3EMHHX
MOB, 0OrOBOPIOIOTH Pi3HI ACMEKTH TEopii MiAPYYHHUKA, a TAKOX MEPEeIKoIy Ha
LIISXY 0 CTBOPEHHS SIKICHUX, €(EKTUBHUX MiJIPYYHHKIB.

213



VYCBIIOMIIEHHS Ba)JIMBOCTI IIAPYYHUKIB H BIiANOBIAAJIBHOCTI 3a
CTBOpPEHHS iX Ha JIep)KaBHOMY piBHI, a came: 1morpeda CTBOPEHHS OKpEMHX
IHCTUTYTIB, CIIEL[iajli30BaHUX Kadep 3i CTBOPEHHS MiJPYyYHHKIB 3 1HO3EMHHX
MOB; IATpUMKa 3 OOKy Jep)kaBu HEOoOXimHMX (1HOII He KOMEpLIiHHMX) s
CYCMIJILCTBA IPOEKTIB; YiTKa MOBHA MOJITHKA MiHICTEPCTBA, II0 MAa€ aKTUBHO
YIIPOBKYBATUCS 10 HABYAIBLHOrO Ipouecy. OqHI€0 3 MepenKoa Ha MUIsXY
JI0 CTBOPEHHS SIKICHUX, €(DEeKTHBHHUX IJPYYHUKIB € BIJICYTHICTb HaJIeKHOTO
Bi/ITIOBITHOTO CTaBJICHHS J0 CIIPaBH CTBOPEHHS MiJpYyYHHUKA — CIIPABH, IO MaE
OyTu Aep>KaBHO W CyCHUIBHO BaXJIMBOO. OCBITa € COLiaIbHUM 1HCTHTYTOM, 32
JIOTIOMOT'OI0 SIKOTO CTBOPIOETHCSI TPOCTIp, Y SKOMY JIIOAWHA MOXKE CTaTH HE
TIJIBKM KOMIIETEHTHOIO, ajie i KyJIbTYypHOIO, TyXOBHOIO. ITiipydHUK BUKOHYE
(GYHKIII0 HAaWBaKJIMBIMIONO 1HCTPYMEHTa IHOTO I1HCTHTYTY, CTPAaTEridHOTO
3Hapsans oceitum [3: 2004: 39]. Bin mae Oyru OararodyHKUiHHHUM, TOOTO
CIpsIMOBYBATHCSl HE TIIbKM HA NpPAaKTHYHI YMIHHS, ajle ¥ Ha Mi3HaHHS,
PO3BHTOK, BUXOBAaHHS CTYIEHTA.

Meroauka € OCOOJIMBOIO HAYKOIO IHTEPOBAHOTO THUILY, Y CHUCTEMi
MOHATH “METOJWKa — IMIJPYYHHK — BHKJIaJad — CTYAEHT caMe METOJHKa
BHKOHYE KJIFOUOBY POJIb i 00’€HYE iHIII KOMIIOHEHTH B CHCTEMY. MeTonuuHa
cucTeMa, IO TPYHTYEThCS Ha TEBHIA OCBiTHIN (imocodii, Mae CTaHOBHTHU
OCHOBY MiIpyYHHKA.

ITix wac cTBOpeHHS MIAPYYHUKIB CIiJ| ypaxOBYBaTH HOBI OCBITHI
napajurMyu, 3MiHy OCBITHBOI @ismocodii. HaykoBui 3a3Ha4yaroTh, IO Ha
Cy4acHOMY eTari BiJI0yBa€eThCsl 3aKOHOMIpHA 3MiHA TpaaULiHHOI mapaaurMu (y
LEeHTpi SKOi — HaBYAJIBHUHA TIPOLEC, OTPUMAHHSI 3HaHb) OCBITHHOIO
MapaJuTMol0; 3MICTOM OCTAHHBOI Ma€ CTaTH IHIIOMOBHA KynbTypa. He cimig
CIUTYyTYBaTH TEPMiH “IHIIOMOBHA KyJbTypa” 3 TEPMIHOM “iHO3eMHa KyJabTypa”
(To0TO KymbTypa KpaiHHM, MOBY SIKOI BHBYAIOTH), IO € JIMIIE OXHHUM i3
KOMITOHEHTIB (TIOpsi/1 i3 PO3BUBAIOYUM, BUXOBHUM, HaBYAJIGHUM) 1HIIOMOBHOL
KYJIbTYpH, ii mi3HaBaJbHUM acnekroM. [IoHATTS “iHIIOMOBHa KynbTypa”, 3a
Bu3HaueHHssM €.1.  TlaccoBa, CTAQHOBUTH CYKYIHICTh MpOLECIB, MIO
BiIOYBAIOTHCS 3 TEKCTAMH, OJIMHULIIMA MOBJICHHSI, MOBJICHHEBUMH YMiHHSMH,
yciM THUM, IO BHKOPHCTOBYETHCS B OCBITHIH TEeXHOJOrii, MpOILECIB, IO
XapaKTepU3ylOTh B3aEMOJIIO YCIX KOMIIOHEHTIB 1 MOPOXKYIOTh “BHYTPIIIHIH
cran” cucremu [3: 2004: 41]. KoxkeH acreKT iHIIOMOBHOI KYyJIbTypH Mae
NPaKTHYHY 3HAYYLIICTh, HANPHKIAJ, ITi3HABAJBHUN acleKT BIUIMBAE Ha
MOTHBAIIII0, PO3BHBAIOYMII IOJETIIyE OBOJOAIHHS, BHXOBHUH cIpusie 1
MIepIIOMY 1 IpyroMy Tomio. Y cucTeMi “MeTOAMKa — MiJPYYHUK — BUKIAgad —
CTY/IEHT” METOJUKa “PO3UMHSETHCA” B MAPYIHUKY i BUKIIQAAa4YeBi, MAPYIHUK
CTBOPIOE OCHOBY JUIsl 3a0€3TEUCHHS IHIIOMOBHOI OCBITH, BHKIIaJad (hopmye
cepeqoBUIlE 1 CTBOpIOE artMmocdepy OCBITH; CTYIEHT 3a JOMOMOTOIO
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MipydHUKa W BHUKJIAZa4ya OBOJIOJIBAE€ IHO3EMHOIO MOBOIO, 1HIIOMOBHOIO
KYJIbTYPOIO, HiJIBUIIYE 1HTENEKTYaJIbHUH 1 JyXOBHUH PiBHI.

[omo Teopii migpyyHHKa 3 iHO3EMHOI MOBH iCHYE 0araTo HayKOBHX
npaip (AL Bopucko, M.B. JlsxoBunpkuii, B.JI. Ckankin, J.JI. 3yes, 1.JL
Bim, P.JI. Cadapsia, H. [JoroHanse Ta iH.), OJHAK B YMOBaX COI[IQJIbHUX 3MiH,
3MiH }isocodii 0cBITH, OCBITHBOI ITApaAUTMH, TEOPii Ta TEXHOJIOTT METO/IMKH,
MOXIIUBOCTEH MYJIBTHMEAIHHUX 3aco0iB TOCTpPOIO € IMoTpeda HOBOi Teopii
MiApyYHHKa — Teopii HABYAIBHO-METOJMYHOTO KOMIUIEKCY, Y SKIH CIifg
OoOTpyHTYBaTH 0OaraToaclekTHI Ta CKJIaJHI MUTAHHSA: CTaTyC MiJpYYHHKA B
CYCMUJIbCTBI, BHXiJHI TPUHIOWIY, TPHU3HAYEHHS HaBYAJIHHO-METOIUIHOTO
KOMIUIEKCY, HOTO CKJIafl, CTPYKTYPY, 3MicT, (DyHKIiI KOMIIOHEHTIB, 000B’SI3KH
JIep>)KaBU IOAO0 CTBOPEHHS MiJIPYYHUKA, aBTOPCTBO TOm[0. MysibTUMEiiHe
CEepEIOBUINE YIICBHEHO MPOHUKAE JIO ChEpH OCBITH, CYTTEBO 3MIHIOIOUH (POPMY
W ¢yHkumii HaBYandbHUX MarepianiB. CrHocrepiraeTbcsi akTHBHA IHTErparlis
3HaHb Yy Taly3i Teopili BUKIAMAHHA 1HO3eMHHMX MOB. Llg iHTerparis
XapaKTepU3yeThCs 3ATy4EHHSIM 171l 13 IMPOKOro Koja Pi3HUX rary3el 3HaHb
(Hampuknaa, i3 KyJAbTYPHOI aHTPOIOJIOTii, PETiOHO3HABCTBA, COIIIOJIOTII,
MUCTEI[TBO3HABCTBA Ta iH.).

CyyacHi HayKOBIl JOCHI/DKYIOTH METaMOBHHM miaXixn y Teopil
Mipy9HUKa 3 MOBHM HaBYaHHA JUIS 1HO3EMHHX CTYJEHTIB, (hOpMYIIOIOTH
METO/IOJIOTIYHI BUMOTHU JI0 METaMOBHU SIK OJHOI'O 3 BHU3HAYaJbHUX YMHHHKIB
oprasi3aiiii po3BUBaJIbHOIO KOMYHIKATHBHO-KOTHITHBHOI'O MPOIIECY HABYAHHSI.

@dopmynioBaHHS ~ 3aBAaHb, IHCTPYKIii 70 BIpaB, Mo0yxoBa
HaBYAJIBHUX TEKCTiB Ta X METOAWYHE MOSCHEHHs, apXiTeKTOHiKa maparpadis,
TEM, MOJYNIB € MaTepialbkHUM BHPaXEHHSIM METONOJIOTIYHHX, NUIAKTHIHUX,
TEXHOJIOTIYHUX BHUMOT JIO MiJIpyYHUKA 3 MOBU HABYaHHS ISl 1HO3EMHHX
CTyJeHTIB. JIOCTiTHUKA 3/[IHCHIOIOTH CIIPOOU TONIYKY a/ICKBATHHUX 3aCO0IB JIIs
peamizamii IMX BUMOr. AKTyalbHUM 3aBJIaHHSIM € pO3pOOKa METaMOBHOI'O
oopmIIeHHS T IpYYHHUKA 3 1HO3EMHOI MOBH, TOOTO MOBH OIUCY CTPYKTYPHHX,
JIeyKTUBHUX, CEMAHTHYHUX SKOCTEH Ti€l MOBH, LIO0 € MPEAMETOM PO3TIIIILY
BIJIMIOBITHOT MeTaTeOii.

ITix yac MOBHOI MiArOTOBKH 1HO3EMIIIB Ba)KJIMBO, 1[0 MOBa HaBYaHHS
MOXe OyTH MeTaMOBOIO KepyBaHHS Ta 3aco00M ii 3acBOEHHsS. Y SKOCTI
METaMOBU JIOLIJIBHO BHUKOPHCTOBYBATH DPIiJHY MOBY CTyAeHTa abo MOBY-
nocepeHUK. EjleMeHTaMn METaMOBH € TEKCTH, CJIOBA, 3HAKH, 300pa’keHHSI.
MeramMoBa yTOYHIOE MOBHI 3Ha4yeHHsS KOJy cHinkyBaHHs. [l onmcy i
oprasizaiii Ipomecy 3acBOEHHS MOBM HaBYaHHS BUKOPHCTOBYETHCS BCS
METOJMYHa CUCTEMa IiPYyYHUKA: BIIPABH, TEKCTH, 3aBAAHHS 10 HUX, [TPAaBUIIA,
TaOJIUIl, BUHOCKH, JTOBIJTKOBI MaTepialid, MaTepiau Ui CaMOCTIHHOI PoOOTH.
ABTOp MiApyYHUKA MAE PO3POOUTH MPHUHIMITK B3a€EMO/IIT yCIX IUX CKJIAJIO0BHX,
CTBOPUTH MOBHY CHCTEMY, SIka BUKOHYE (DYHKIIO OITUCY B MiJIPYYHHKY Ta €
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poOOUOI0O MOBOIO MiJPYYHHWKA, @ TAKOXX CTBOPUTH CIICIiajibHy HaBYAJIBHY
TEPMIHOCUCTEMY. YCi Ii €IEMEHTH CTaHOBJISATH CBOEPIAHHUN KOMIUICKC ITiJT
Ha3BOIO MeTamoBa mifpydHuka. CydacHi HayKOBI[I HaMararoThCs OIUCATH il
0COOJIHUBOCTI.

J1y1s1 BUKOHAHHSI KOMYHIKATUBHOT'O 3aBJIaHHS CTYJIEHT 3BEPTAE€ThCS 10
TekcTy. JIIHIBICTMYHI Ta TICMXOJIOTiIYHI JIOCHI/DKEHHS OCTaHHIX pOKIB
3aCBIJUYIOTh, III0 TEKCT HA0yBa€ CTaTyCy OCHOBHOI KOMYHIKaTUBHOI OJUHUII,
SIKOIO JIFOZIMHA KOPHUCTYETHCS B MOBHIM misutbHOCTI. [ImibHa yBara 1o Tekcty
00yMOBJIOEThCSL HOro (PYHKLISIMH B HAaBYAILHOMY HPOILECi, Cepel SIKHX CIIif
0COOJIMBO BUALIMTH (YHKILIIO PpO3IIMPEHHS, IOMOBHEHHS MOBHHMX 3HaHb
CTy/IeHTa, NEPEBAXKHO JIEKCHYHUX, 1 (YHKIiI0 TpeHYBaHHS MOBHOTO Ta
MOBJICHHEBOT'O MaTepiaiy.

Tekcr y KOMYHIKaTUBHO-OPI€EHTOBAHOMY IIAPYYHUKY  3aBXKAM
BUKOHYE KiJIbKa (QYHKIIH:

1. MotuBylouy - BOHa 3a3BHYail peasi3yeThcs Yepe3 KOPOTKi TEKCTH,
SIKi JIMIIE BBOJSTH B IIEBHY MPOOJIEMY, MiKPECITIOIOTH 11 3HAYEHHSI.

2. IndopmarniiiHo-TIi3HABAIBHY - peali3yeThCcs Yepe3 TEKCTH, MI0
MOJJAI0Th OCHOBHY iHQopMmamiro. Came Taki TEKCTH JalOTh MOXIIUBICTh
(bopMyBaTH peanbHy KOMYHIKaTUBHY JisSUIBHICTB Y CTY/ICHTIB.

3. KomyHikaTuBHY - pealizyeTbcsi yepe3 TeKcT-Oeciqy (Takui TEKCT
mepenbadae Oecimy), IO pO3KpHBae akTyaidbHy mnpobiemy. Ili TekcTu
CHpHAIOTH (OPMYBAHHIO YMIiHb 1 HaBHYOK CIIEpeYaTucCsl, JUCKYTYBaTH,
JIOBOJIUTH, PEKJIaMyBaTH.

4. Crumymorouy (CIIOHYKQJNBHY) - peali3yeThCsl dYepe3 KOPOTKI
MpOOJIEMHI TEKCTH 3 PeaibHOI MIHCHOCTI, CKIAACHI CTYyJEeHTAMH CaMOCTIiHHO.
OcHOBHa iXHS MeTa - BHKJIHMKATH HEraiHy MOBHY peaklilo, c(hopMyBaTH
BMIHHSI i HABUUKH BiJICTOIOBATH BJIACHY TOUYKY 30pY YH ITO3HIIIIO.

ITix yac BimOOpy 1 CkIamaHHs HABYAJIBHUX TEKCTIB BEJUKY YBary CIiJ
NPUALIATH IXHBOMY 3MICTY: BOHM MOBUHHI OyTH, IEpIl 3a Bce, HIKaBUMH IS
CTY/ICHTIB, CTAHOBUTY NEBHY HOBHM3HY M MaTH TUCKYCIHHHMH Xapakrep. 3MicT
TEKCTIB Ma€ CHpPUSATH BHUHWKHEHHIO MHUCKYCiI, a BHKJIaJIad, BHCTYIIAIOUU
OpraHi3aTopoM IIMX JHUCKYCiH, Kepye IisuIbHICTIO cTy/deHTiB. [loTpiOHO
BiIMOBHUTHCS BiJl PENPOJAYKTHBHOI JIiSUIFHOCTI CTY/AEHTIB Ta MOJAAHHS TOTOBOL
iH(opmariii. BaxxiuBo, o0 TEKCT CTUMYITIOBAB BUHUKHEHHS TUTAHb, OaXKaHHS
BHCJIOBUTHCS, THM CaMUM aKTHBI3YIOUM MOBJIEHHS. AJDKE MONIMIIATH
MOBJICHHS ~ Kpalle 3a JOIIOMOIOI0 MOBHHX CHTYalliif, 3alpONOHOBAaHHUX Y
TEKCTi.

3MicT HaBYaJIBHUX TEKCTIiB, HAa HAII MOTJIsII, MA€ BiAMOBIJATH TAKUM
€KCTPaTiHI'BICTHYHIM BHMOT'aM:

1. Kpaino3HaBua npaBIuBicTh / JOCTOBIPHICTB;
2. CyyacHicTh / aJIeKBaTHICTb;
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3. TUmoBicTh 3MiCTy HABYATHHOTO MaTepiay;
4. AXTyaJIbHICTD BiZJOOpaKEHUX ICTOPUYHMX BiJoMocTel (SIK
3araJbHOBIJIOMHX, TaK 1 aKTyaJIbHUX JJISl HOCIIB MOBH).

Busnanns ocobnmBoi mpodecii — “aBrop minpyunuka”. daxisens,
SIKMH CTBOPIOE MiJPYYHWKH, IIOBHHEH MaTH CIeliajbHi yMIHHS, OTPUMaHi y
TIpoLIeCi CHeliabHO OpraHi3oBaHol cucreMu npodeciinoi miarorosku. Takuii
¢axiBenp Mae OyTH “KOHCTPYKTOPOM™, OCKIJbKHM HAaIllMCaHHS MiJpYYHHKA €
KOHCTPYIOBaHHSAM, sIK€ OOYMOBIIOETbCS 3aJyMOM IJPYYHHKA, HOro
KOHLIETIIIIEI0, OCHOBHMMH IIapaMeTpamH, 3MicToM Tomo. Ha Ham morsz,
aBTOp MiIPYYHUKA TAKOXK MOBUHEH MATH Pi3HOOIYHUI MPAKTHIHUHN JTOCBI, IO
0o0’eHY€e JOCBiA JIHTBiCTAa, METOAMCTAa, BHKIajada, Icuxoiora. Kpim
3arajJbHUX ()aXOBHX 3HAHb 1 CIIEIiaJIbHOIO TPEHIHTY, PealbHI MOMJIMBOCTI
aBTOpa YM KOJIEKTHBY aBTOpIB 3aJeXaTh BijJ HasABHOCTI TBOPYMX 3Ai0HOCTEH,
KPUTUYHOCTi,  THYYKOCTI  MHCJIEHHS,  BIJKPUTOCTI ~ MHCJEHHS  JI0
aJbTEepHATUBHUX 1JIel, JOCBilMy e(deKTHBHOI cmiBmpani B KOMaHi TOLIO.
CTBOpEHHSI MiJIpyYHHKa BUMAarae CIieliajJbHO CIIPSIMOBAHOI Ha L€ AisIBHOCTI
(axiBLs a00 KOJNEKTUBY (haxiBIIiB.

[TinpydHuk 3 iHO3eMHOi MOBH € OCOOJIMBHUM >XaHPOM HaBYAJIbHUX
MaTepiajiB, IO [IECTIPIMOBAHO CTBOPIOIOTh HABYAIBGHI YMOBH ISl CTYZICHTIB.
VYenix MpoekTy 3a1eXHTh BiJl pi3HUX YNHHUKIB, JIESIKi 3 SIKMX PO3TJISTHYTO B IiH
poborti. Ha nporiec i pe3ysapTaT CTBOPEHHS IMiAPYYHHUKA BIUTUBAIOTH IIPHHANMHI
TPU acIeKTH: CTaH PO3BUTKY METONy HABYaHHsS, TEXHOJOTIS PO3pOOKH
HaBYAJIBHUX MartepiaiiB i npodeciiiHa opraHizamis MPoeKTy. AKTHBHO IIOTh i
Taki YMHHUKH, SK TyoOasizamist iHGOpMaIiiHUX MpOLECiB, perioHatizamis
KYJBTYPH i MOJISApU3allis CIOKHUBYOro puHKy [2: 2005: 18] .
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