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YIAK 61.2+68.1:62.755

[oBeiieHNEe KayecTBa, HAAEKHOCTH M JIOJITOBEYHOCTH TEXHUYECKHX
CHCTEM M TEXHOJIOTHYECKHX TmporieccoB. COOPHUK TPYIOB MEXKTYHAPOIHOMH
Hay4YHO-TEXHWYECKOH KoHpepenuun, ¢ — 14 gexabps 2008 r. —
Xwmenpuuikuii: XHY, 2007. — 173 c.

B cOOpHHK BKIIFOYEHBI MaTepHajbl MEXKIYHAPOAHOH KOH(peEepEeHIUH
«[loBbIICHHE KayecTBa, HAJCKHOCTH M JIONTOBEYHOCTH TEXHHYECKUX
CHCTEM M TEXHOJOTHYECKUX IPOIIECCOB», MpOBeNeHHOH B Erunrte B
nexabpe 2008 r. B r. Hlapm-ens-11leiix.

PaccMoTpeHs! npoOIeMBbI MOBBIIICHUSI KauecTBa U
MPOU3BOMUTENIBHOCTA ~ TEXHHYECKHX  CHCTEM M TEXHOJOTHYECKUX
MPOLIECCOB, MPEACTaBICHBl JOKJIAJBI MO KOHTPONIO, IMArHOCTUKE U
MPOTHO3UPOBAHUIO COCTOSIHHSI OTHX CHCTEM, OCBEIICHBI HEKOTOPBIC
npoOJeMbl  BHOPALMOHHOM TEXHUKH, IUHAMHYECKOW W CTATHYECKOH
MPOYHOCTH, & TAKXKE MPABOBBIC U SKOHOMHYECKHE aCIEKThI TPOOIIEM.

COOpHHK paccuWTaH Ha HAy4YHbIX U HHKCHEPHBIX pPAOOTHUKOB,
ACMUPAHTOB, CIHEIHUANTU3UPYIONIMXCA B OOJNACTH MOBBILICHHUS KayecTBa,
HAJIOKHOCTH M JIONTOBEYHOCTH TEXHHYECKHX CHCTEM U TEXHOJIOTHYECKUX
HPOIIECCOB.

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

Omeemcmeennulil 3a ebinyck npogh. Poizman B.I1.

VYTBepKI€HO K Te4aTd COBMECTHBIM 3acenanueM Vcnomkoma
XMenpHUIKOW 00acTHOM opranm3anuu Coro3a HAyYHBIX U HWHKCHEPHBIX
o0beMUHEHUH YKpauHbl W YKpawHCKoro HanmoHampHOTO KOMHUTETa
IFTOMM. ITporokon Ne6 ot 22 Hos10ps 2008 .
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YBA’KAEMBIE YYACTHUKH KOH®EPEHIIHU!

Mbui padul 6 5-ii paz npusemcmeosams 6cex HAWIUX CIMAPLIX U HOBbIX Opy3ell
U3 PA3HLIX CMPAH MUpA, MACMUMBIX U MOIOObIX YUEHbIX U UHIICEHEPO8, KOMOopble,
Hecmompsi Ha npodomdcarowuecs 6 cmpanax ovisuweco CCCP  gunarncogbie
MpyoOHOCMU 8 HayKe U 00pazoeamuu u MUposou @QUHAHCOBLIL KPU3UC, 6ce dice
cymenu npeodonems ux u npuexams Ha Hauwy ouepeonyio Kougepenyuio ¢ Ecunem —
cmpany opesneliuieil yusunuzayuu, k meniomy Kpacnomy mopro!

Iepsas ecunemckas KOHepenyus no0 HA36aHUeM «JUHAMUKA POMOPHBIX
cucmem u ubpayuoruvix npoyeccosy npowna 12-19 oexabps 2004z. ¢ 2. Xypeaoe,
20e nocie 0012020 nepepuvisd, 3aNoIHEHH020 HeONpPedeleHHOCMbIO NEPecmpoeyHo20
nepuooa Hawleil JHCUsHU, Kak cmapule 0py3vs nocie 0020l PA3IYKU GCMPEemuIucy
yuenvle u3 Oviswux cmpan CCCP — axademuxu u uieHvl-KOppecnoHOeHmbl,
dokmopa Hayk u npogheccopa, uzgecmuvle CReYuanucmvl U Moaooblie yyeHvle U3
PA3IUYHBIX ompacieil HapOOHO2O XO3AUCMBA, U K HUM NPUCOCOUHUTUCH KONIe2U U3
Hzpauns, CLIA, Pymoinuu, [lonvwu.

Mui npodondicaem 6epumv, umo Rnocie KpUsucos, nepuooos YHAOKa u
Paspyxu  HapooHo2co  XO3AUCMeA, Kak Nocie GOUHbl, HAcmynaem nepuoo
80CcCMAanOGIenUs, KOMOpblil nepeiioem 8 nepuood npoysemanus HAWUX CMpaH, u
moeoa cHoga  OVOym yeHumvcsi mpyo U 3HAHUS UHICEHEPO8 U VUEHDbIX,
npexpamsamcs (QuHancogvle mMpyoHocmu U, Mbl KAK U npejcoe Oydem umemsv
WUPOKUE BO3MOICHOCIU OlsL GCMped, 0151 00CYHCOeHUsT AKMYATbHbIX HAYYHO-
MEXHUUECKUX NPOBIEM.

U, noocanyii, ceudemenbcmeom HA4ana CEEPULEHUS — HAWUX HAOEICO
aensemcss mom pakm, umo Hawiu esunemckue @Qopymvl, ¢ KaxicObIM 2000M
cmanosamces 6cé bonee npedcmasumenbHbIMU U PACUUPIEMCs KOTUYeCmeo CMpaH,
HAnpaeusiowux CGOUX YUEeHbIX HA MU KOHGepeHyuu, U, 4mo OHU NPOXoOam 60 6ce
bonee Kompopmuwix yciosusx, ede unmepechHas paboma coyemaemcs ¢ He meHee
unmepecuviMu  IKcKypcusmu  u - omovixom. Ce200Hs Mbl  paodbl  enepsbvie
npugemcmeosams 30ech yuenvix uz benopyccuu, I'pysuu u Monooswl.

Bezycnosro, xasxcoviii uz Bac ceoetl pabomoil, c8oell npedaHHOCMbI0 HAYKe
3ACAYIACUT  HEOeNbHYIO  padocmb  O00WeHUsl CO CBOUMU KOMIe2aMu 8 HSMOM
npekpacHom Mmecme. Mol bipadicaeM UCKPEHHIOW  O1A200APHOCMb  HAWUM
cnoncopam u npexcoe 6ce2o gupme « Humypucm-XwvenvHuykuily u pykogoocmey
XMmenvHuykoeo HAYUOHANLHO2O YHUBEPCUmMema, KOmopbie ¢ NOHUMAHUEM OMHECAUCh
K Hawum npobremam u 61a200aps KOMOPbIM PAcxoobl YYACMHUKA 3MOU
KOHGhepeHyuu 6 HecKONbKO paz Hudice pacxo0os HA NOOOOHBIX KOHMEPEeHYUsX,
NPOBOOUMBIX 3APYOENHCHLIMU OP2AHUSAYUAMU.

Lenv Hacmoswyeti KoHpeperyuu, Kax u npedbloyuux, cOCmoum 6 mom,
umodbl 06CcyOUmMb AKMyanibHble 8ONPOCHl NOBbIUECHUS KAYeCmed, HAOeICHOCTU U
0071208€4HOCIU MAWUH, MEXAHUZMOB, NPUOOPOE U3 CAMBIX PA3IUYHLIX OMpAaciel
HAPOOHO20  XO3AUCMEA, CMPOUMENbHBIX KOHCMPYKYUL, Opyeux MeXHU4ecKux
cucmem U MEXHONO2U UX NPOU3BOOCHBA, B80300HOBUMb U 3AKPENUMb HAYYHOE
compyoHuyecmeo yuyenvix uz cmpar ovisuieco CCCP, pacwupums e2o 3a pamxu
2MUX CMPaH, 00beOUHUMb YCUTUA YYEHBIX PA3TUYHLIX CMPAH MUPA HA peuleHul
aKmyanbHuix npooiem HapoOHO20 X03AUCMEa.
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B cenmsabpe 2008 200a Ha uspaunvckom xypopme Hemanus mor npogenu |1
Mesicoynapoonyro kongepenyuro na memy “Coepemennbvle OOCMUNCEHUS. 8 HAYKE U
obpazoeanuu’’, 8 komopou npunsau yuacmue oonee 140 yuenvix uz pasnvix cmpan u
KOMOpasi npouuia ¢ HeMeHvum ycnexom, yem Ecunemcxue.

Hawu xougpepenyuu 3a0ymansl Kak omxpoimpie O0isi YUEHbIX U UHICEHEPOS
6cex cmpan opymvl, NPU3BAHHBIE CKOOPOUHUPOBAMb U OO0BEOUHUNb YCULUSL
CHEYUanucmos Ha peuleHul OOWUX MEXHUYECKUX U IKOHOMUYECKUX Npobiem
He3a8UCUMO OM NOAUMUYECKUX NPOYECCO8, NPOUCXOOAUWUX 6 MUpe U OMOCTbHbIX
cmpauax.

B smom cbopnuxe «xpamko npedcmasienvl OO0KIAObL  YUACHHUKOS
KoHGhepenyuu. OHu 6e3 Npasok OnyoOnuUKO8aHvl 6 MAKOM Gude, 8 KaKom Obliu
npeocmasnenvl agmopamu. IIpu dcenanuu asmopos pAcCUWUpeHHble Cmamvll no
Mmamepuanam 00KIA008 Mo2ym Ovlmb OnyoOnuUKo8anvl 6 JicypHane «Bichuk
XMenbHuybK020 HAYIOHATLHO2O YHIGEPCUMEmMA».

Opexomumem Hadeemcsi, 4mo 3ma KoHepeHyuss npoudem He Xyoice
npeovloywux, u 6 Xxode OoQuUYUATLHO20, a, 2la8HOe — HeOPUYUATLHOZO
B0COMUOHEBHO20 — OOWeHUsi  Mbl  OOMEHAeMCA  HOBbIMU  UOesIMU,  HANAOUM
COmMpPYOHUYECMBO U 00LEOUHUM YCUNUSL HA PEULEHUU CILOJICHBIX HAYYHO-MEXHUYECKUX
npobnem Ha 61a20 HAWUX CIPAH.

JKenaem 6cem padocmu meopueckoco obujenus u ni000MeOPHOU paboml,
UHMEPECHBIX DKCKYPCULL U4 menio2o mops!

Jlobpo nosicanosams, dopocue 0py3vs, 6 conneunviii Lllapm snv [lletix |

Compencenareny:
;::: ) j ILT.H., 1pod. ,-'“l_,.- A _—-- n1H, npod.
SR -ty Cuiun P Ve, Poitzman B.IL
[Ipe3naent Hanponansuoro IIpencenarens XMenpHUIKON
CoBera YKpauHbI obmactHoi opranm3ammy Coro3a
1o MalmHOBEICHUIO HAYYHBIX ¥ WHKEHEPHBIX

00bCTUHEHUI Y KpanHbI

r. [llapm 3515 Ileiix, nexadps 2008 .



KOHCTPYKTOPCKO-TEXHOJIOITMYECKUE ITYTU
MOBBIIEHUS KAYECTBA M HAJIEJKHOCTH W3JIEJINIA

NIJIBUIEHHS HAIIMHOCTI TA JIOBIT'OBIYHOCTI
EJEMEHTIB BYPIJIbHOI KOJIOHHA 3A PAXYHOK
KOHCTPYKTUBHUX YNHHUKIB

Yepnoe bopuc Onexcanoposuu, Mapmunwok Tapac Aeézycmunoguu
Isano-DpenKiscoKkull HaYioHALHUT MeXHIYHUL YHIgepcumem Hagmu i 2azy 76019, m.
lsano-Dpanxiscok, eya. Kapnamcoxa, 15, men. (03422) 48090
e-mail: physics@ ifatung. if. ua

VY mnporneci OypiHHA OypwiibHa KOJIOHA IIpallOE B arpeCMBHOMY
KOpO3iHOMY CEpEeOBHUIII I HA HEl JIIOTh 3HAYHI CTATHYHI Ta JUHAMIYHI
HaBaHTa)KEHHS, SIKI YaCTO MPUBOAATH 0 KOPO3iHHO-BTOMHOTO PYHHYBaHHS
KOHIYHUX DPi3b0OBUX 3’€IHaHb OYpHIIbHUX 1 0OBaKHEHMX OYypHIBHUX TPYO
(OBT), xoprryciB i BaiiB TypO0OypiB Ta TBUHTOBUX BUOIMHUX JIBUTYHIB.

[IpakTiuHO BCi iCHYIOYI KOHCTPYKHii 3aMKOBUX pi3b0OBHX
3’€/IHaHb HEBPIBHOBAXKEHI I10 HIIENBHINA Ta MY(QTOBIH YacTUHAX 3’€JHAHH,
YUM 1 TOSICHIOETHCS HHU3bKA TPaHUIs BUTpHUBANOCTI. EkcnepuMeHTanbHi
JIOCITI/DKEHHST Ha omip BTOMHM HaTypHUX 3paskiB OBT-178 ta OBbT-203 3
pisb0Oot0 3-147 B TOBITPSIHOMY CEPEJOBHUIN IIOKA3alld, IO TPAHUIS
BHUTPHUBAJIOCTI CTaHOBUTH 37-41 MIla, a B xoposiiiHoMmy cepenosuii (7%
Boauuit posunH NaCl) —31-33 MIla [1].

B 3B’S3Ky 3 IIMM BENMKWIA TEOPETHYHWH 1 NPAaKTUYHHUHA iHTEpec
CTaHOBJATH pPOOOTH, SKI CHPSMOBaHI Ha IIABHIIEHHS MIIHOCTI Ta
JIOBIOBIYHOCTI KOHIYHUX pi3b0OBUX 3’€AHaHb. 3HAYHE YHUCIO pPOOIT
npucesiyeHe  omopy  BroMmn  3P3  3a  paxyHOok  3api3p0OBHX
po3BaHTaxyBasbHUX KaHaBOK (3PK) xoniuHoi ¢opmu. ExcriepumeHTtanbHi
JIOCITI/PKEHHS] HaTYpHHX 3pa3KiB 3 NPONOHOBAaHMMH KOHCTpyKuUismu 3PK
MOKa3aJy MiaBHIIEeHHs ornopy Bromu 3P3 muiie Ha 19?25% (B 3amexHOCTI
BiJI THITIOPO3MIpY).

Ha ocHOBi aHanmizy AaHMX aHAJITUYHUX 1 EKCIIEPUMEHTAIBHUX
JIOCITI/PKEHb 3aIllporoHOBaHO numiHApuyHy ¢Gopmy 3PK Ha HinenbHiil Ta
My(QTOBIH 4YacTMHAX 3’€IHAHHS, BHU3HAYEHO ONTHUMAaJIbHI NapaMeTpH, SKi
3a0e3meurmy MiIBUIIEHHS TPaHUI BUTPHUBAJOCTI 3aMKOBHX pi3bOOBUX
3’enHanb a0 80 % [2,3].

Pesynpratn gocnmimpkeHp mnpuBeneHo Ha puc. 1. Ha pue. 1
npuBenieHi kpuBi Bromu 3P3 3 3api3p0OBOI0 KaHABKOIO BHTOTOBJIEHOKO 110
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TV 38-076-74, sixa Oyna anamorom pexomennoBanoi AHI ta 3 3PK HoBoi
KOHCTPYKIIi.
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Puc. 1 - Kpusi Bromu 3aMKOBHX pi3p00BUX 3'€IHAHB
OBT-178 3 pizsdoro 3-147

@ - 3'eHanus 3i 36irom pispOU
O - mydrosuii kinenp 3 3PK no TY 39-076-74

© - Mydrosuii kineus 3 3PK HOBOI KOHCTPYKIIiT

[Tpu 3rBUHYYBaHHI 3aMKOBHX pi3bOOBUX 3’€HAaHb Ha HINENbHIH i
MyQTOBIi 9acTMHaX 3’€JHaHb BUHHWKAIOTh 3HAYHI  HANpPYKEHHS.
JlociimKeHHs! ToKa3aliy, 1o 1l Hanpy)KeHHs PO3IOiJIEHI HEpiBHOMIPHO MO
JIOBXKUHI pi3hOM 1 OCHOBHE HABAaHTAXKEHHS TMpHIAJae Ha mepmmx 3-4
poOOUMX BHTKH, IO € OCHOBHOIO NPUYMHOIO 3MEHIIEHHS HOro oropy
BTOMH.

Ha ocHoBi anani3y icHytoTh koHCTpyKuii 3P3 Ta anamiTHYHMX
JIOCHI/PKEeHb, HaMH OyJ0 3alporoOHOBaHO KOHCTPYKIIIO KOHIYHOTO
pi3bO0OBOTO 3’€JHAHHS  «TANTENBHOIO» THITYy, B SIKOTO Ha pi3bOOBHX
JUIHKaX Hinens Tta My(pTH 3 HEeHaBaHTAXXEHOI CTOPOHHM BHTKa BUKOHAHI
3arauOJICHHs 3MIHHOI BETMYHMHY, SKi 30UTBIIYIOTHCS BiJl TOPIIA i JOCATAIOTH
OINITUMAJBHOTO 3HAYEHHS B IUIOMMHI HEOE3MEYHOro Iepepizy Hirens.
[Tprudomy 3arnuOneHHs: Ha OJMH BUTOK BU3HAYAIOTHCS CITiBBIIHOIICHHSIM:
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ne D — 3oBHimmHi# miametp TpyOu; d — BHyTpilHiil niameTp TpyOu
B IUIOIIMHI HEOE3MEeYHOro Mepepisy; N — YUCJIO MOBHUX BHUTKIB Pi3bOH;
C: — xoepimient piBamii 0,011; a pagiyc 3arambnenHs (ranreni)
2
C,-S

BH3HAYAETHCS CIIBBiTHOIICHHIM [ = , e S — Kpok pi3sdu, hy —
Brcota npodins pizsou, C; — koedimienT pisauii 0,1.

JlocmimpKeHHs! TTOKa3ajy, 10 MPH 3rBUHYYBAHHI TaKOrO 3’ €JJHAHHS
MKp.3rB HaIlpyXXEHHsI PO3IOAUISAIOTECS OUTBII PIBHOMIPHO MiX BHTKaMH
pi3pOM, 3a paxyHOK pi3HOI mNoAamIMBOCTI BHTKIB. KpiM TOro Ttake
KOHCTPYKTHBHE PIllIEHHS IIPUBOJINTD JJO 3HAYHOT'O 3MEHIIEHHs KoedilieHTa
KOHLIEHTpalil HampyKeHHs B IUIONIMHI HeOe3neyHux repepisi. [lpu
JIOCITI/PKEHH1 KOJIOBUX HANpYXEHb MO JOBXKHHI 3rBHHYYBAHHS 3aMKOBHX
pi3bOoBHUX 3’€mHaHB KopmyciB TypooOypa 3TCII1-172 3 pissboro MK
156x5,5x1:32 Oyn0 BCTAaHOBIIEHO, IO KOJIOBI HANpY)KEHHS L0 BUHUKAIOTh
B TOB3JOBXXHIM KaHABI HileJs B IUIONIMHI MEPIIOro CHPSHKEHOrO BUTKA
3’enHaHHsg Ha 35% MeHII B pi3b0i «rajTeIbHOrO» THUIY B MOPIBHSHHI 3
pi3b0oro cepiitHOro THIY.

Koniuni pi3p0u, siki 3actocoBytorbest B OBT sk mpaBmiio, MaroTh
KOHYCHICTb 1:4 a0 1:6 Ta 3rBUHUYIOTbCS 3HAYHUMHU KPYTHUMH MOMEHTaMHU
, @ BIJIMIOBITHO Pi3h0U 3 3arIMOJICHHSIMA 3MiHHOI BEJTMYUHA 3a0e311edaTh e
OiIbII PIBHOMIPHMH PO3IIOJIIT HAIPYXKEHB T10 BCiil TOBXKMHI pi3bOH.

ExcriepumeHTanpHi  OCHIPKEHHST Ha OMIp BTOMH HAaTypHHUX
3paskie. OBT 3 pi3p00I0 «TalTeNbHOrO» THITY ITOKA3aly ITiIBHUIICHHS
rpanuii ButpuBaiocti A0 52%. KoHCTpykiis pi3s00BOro 3’€THaHHS
3axHIIeHa aBTOPCHKUM CBIIOLTBOM Ha BHHAXI.

TakuM YMHOM, 32 PaxyHOK KOHCTPYKTHBHHX UYWHHHUKIB, MOXKHa
MiJBUIIUTA TPAHUIFO BUTPUBAIOCTI 3aMKOBHX Pi3b0OBUX 3’€HAHB [0
130% Ta miIBUIMUTA HAIHHICTH 1 JOBIOBIYHICTH OYPWIIEHOI KOJIOHU TPHU
OypiHHI TTTMOOKMX HA(TOBUX 1 Ta30BUX CBEPJUIOBHH.

JITEPATYPA

1. Hleporox H.JA., YepunoB Bb.A., T'azanmuan 0.M. Meroauueckue
PEKOMEHIANMN [0 POCYETYy U OSKCIDIyaTallid 3aMKOBBIX PE3hOOBBIX
COCJIMHEHUI OypUIILHOM KOJIOHBI U 3a00MHbIX auratencii. — M.: BHUUBT,
1987, -37 c.
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2. A.C. 1810472 MKHU E21B17/042. Konudeckoe pe3p00BOE COCTUHCHUE
OypWJIBHOW KOJOHBL b.A. UYepno, B.FO. Orma6esx, M.E. Cumkus.
Ne4791285/03 — Onyom. 25.04.93. —Bron. Nel5 —4c.

3. YeproB b.O. Meromuka po3paxyHKy BpIBHOBRXEHHX pi3bOOBUX
3’€/IHaHb OOBAXXHEHHUX OYpHMIIBHUX TPYO 1 TypO0OypiB// Po3Binka i po3poOka
HagToBUX i razoBux pojosuil. PMHI'3. —urr. Ne31. — IBano-®paHKiBChK. —
IOATYHI. —1995. —c. 103-108.

HAJIEXHOCTH Y TUIPABJIMYECKASI
YCTOHMYUBOCTHh CUCTEM BOJSTHOTI' O
OTOILIEHUS 3JIAHUI

Agmanrok B.B., Mazypenko A.C. Odecckuil HayuOHANbHbIL NOJUMEXHUYECKUT YHUGEePCUmMen,
Vkpauna, np-m lesuenxo 1, 8-048-743-27-58, valera2187@rambler.ru

[Mupoko mpuMeHsBIIENCS y HAac BO BTOpOM momoBuMHe XX Beka,
CHCTEMBI BOJSIHOTO OTOIUIEHMsI 00JIaJlalii BEICOKOM CTENEHbI0 HAJEKHOCTH
W THIAPABIMYECKOW YCTOHMYMBOCTBIO Onaronmapsi NpOCTOTE€ KOHCTPYKIUHM U
MaJbIM KOJIMYECTBAM JBIKYMIMXCs dacTed. [IoHATHEM «ruapaBiIndecKas
YCTOWYMBOCTb» TPUMEHHUTENFHO K BOJSHBIM CHCTEMaM  OTOIUICHHUS
XapaKTepU3yIOT CIIOCOOHOCTh CHCTEMBI COXPAHSTH BEIMUUHY Pacxo/ia BOABI
B TpoLEcce SKCIUTyaTallud IpU BO3ACHCTBUM HAa CUCTEMY pAa3JIMYHBIX
BHENIHUX (haKTOPOB.

HenocratkoM  TpaJMIIMOHHBIX  CHCTEM  BOJSHOTO  OTOIUICHHS
SIBIISIETCSI HEBO3MOXXHOCTh WH/IMBUTYyaTbHOIO aBTOMAaTUYECKOI 0
TIOAJIEP)KUBAHMS TEITIOBOI'0 KOM(OPTA, M KaK CIEICTBUE HE PallIOHAIEHOE
HCMONB30BaHUE TEIUIOBOM SHEPrHM, 4TO TNPUBEIO K CO3JAHUI0 HOBBIX
CHCTEM OTOIUICHHS C ITEPEMEHHBIMH THAPABIUYECKUM PEKUMOM.

Jlns obecniedeHnst yCTOMYMBOM pabOTHI HOBBIX CHUCTEM OTOILICHUS
norpeboBanach pa3paboTKa CHENHUAJbHBIX YCTPOMCTB PaaMaTOPHBIX
tepmocratideckux kiamaHoB (PTK), perynsropoB mepemana JdaBieHUs! U
pacxoa, OalaHCUPOBOYHBIX BEHTWIEH, KOTOpblE PaboTaloT B YCIOBHAX
MIOCTOSIHHO ~ W3MEHSIOMINXCS  XapaKTepHCTHK  CHUCTEMBI  OTOIUICHHS,
obecrieunBast ee rHPaBINYECKYI0 YCTOMYMBOCTb.

OcHallleHHe CHUCTEM OTOIUIEHHA JUHAMHYECKUMHU YCTPONCTBaMHU
M3MEHSET MOKa3aTeIN HaJEeXKHOCTH CUCTEMBI OTOIUIEHUS B 1ieaoM. [loatomy
MOAXOA K CHCTEME OTOIUICHHS! TOJBKO C IO3WILUH THIPABIUKH SIBISETCS
HETIOJIHBIM.

Bce MHOrooOpasme pa3nuuHblX — (AKTOpOB, BIMAIOMINX HA
HaJEXKHOCTb CUCTEMBI OTOIUIEHUS, YCIOBHO MOXHO OTHECTH K JABYM
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rpynmaMm: oObeKTHBHBIE M cyObekTuBHblE. K 0OBEKTHBHBIM (hakTOopam
MOXXHO OTHECTH BO3JCHCTBUEC OKPYKAIOUICH CpeIpl. TeMIepaTypsl,
BJIQKHOCTH, JaBJICHUS U JIp., & TAKXKE CTapeHue, u3noc [1].

K cyObekTHBHBIM (paKTOpaM MOXHO OTHECTH (PaKTOPHI, CBSI3aHHEIEC,
HATpUMeEp, C JCATSIFHOCTHIO YETIOBEKA: KBATH(DUKAIIUS MPOCSKTUPOBIIHNKA,
BBIOOp  92JIEMEHTOB ~ OOOpYyMOBaHWS,  KBadU(UKANUsA  IEPCOHANa,
AKCIUTYaTUPYIOIIEr0 CUCTEMY OTOIUICHUS H JIp.

CHIKCHUE BIMSHUS CYOBCKTUBHBIX (DAKTOPOB HA  CHUCTEMY
OTOIUICHHS, a TAKKe MOM00p OOOpYHIOBaHHS TaKUM 00pa3oM, YTOOBI €ro
pabora  OCYIIECTBISUIACh HA  OOJETYCHHBIX  PEXKUMAX, IO3BOJSICT
3HAYUTEIBHO MTOBBICUTH HAJIC)KHOCTH MPOCKTHPYEMOU CHCTEMBI OTOIICHUS.

B kauecTBe mpuMepa WLTIOCTPUPYIONIETO MOBBIIICHAE HAIC)KHOCTU
COBPEMCHHBIX CHCTEM IIyTEM ONTHUMU3AIMH pPACCMOTPUM Ha MpHUMEpe
CHUCTEMBI OTOIUICHUS S5-TH 3TaxHOH roctuHUIBl B r. Opecca. Cucrema
OTOIUICHHS JIBYXTPYOHAsi TOPU3OHTANIbHAS C pacnpenenuresssmMu (puc.l) u
CKPBITOM TPOKIAJAKOH TpyOONpPOBOAOB, HAarpeBaTeNbHBIC MPHOOPHI —
cranpuble paguatopel KORADO, obGopymoannsie PTK T'EPI[ 7728 ¢
komruiektoM mnoxakimouenust ['EPL] 2000. Kak mpaBuio, Takve CUCTEMBI
OTOIUICHUS BBITIONHSIOTCS B BHUJE PA3JCIBHBIX CXEM: CXEMBI CHCTEMBI
TEIUTOCHAOKEHUS PACTIPEICITUTENICH W CXEMBl CHUCTEMBI OTOIUICHHS OT
pacnpenenurenei [2].

Y CTaHOBIICHHBIN TIepel paclpeleUTeNIIMU TUHAMUYCCKUN y3el B
BHJIC aBTOMATHUYECKOI'O PEryisTopa Tepenana JNaBJICHUS, U3MEHSICT CBOE
COTIPOTHUBJICHUE JUTSA CTAOWITN3AIIUH TABICHUS B PACIIPEICITUTEIIAX.

Va4

Aaeai ne?i ai ?i ue

Aaod i aoe?aneee
ai caooi i cai a?ee

Aao i ape?aneee
?aaoeyo ? aaaea ey

ad

Vo 4
Puc.1. Cxema noaK/II0ueHHs] H 00BSI3KH pacnpeaenTe s TOPU30HTATbHON’ CHCTEMBI
OTOIJICHHUSI.
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Eie opHMM 311€MEHTOM OKa3bIBAIONIMM CYIIECTBEHHOE 3HAa4YeHHE Ha
Ha/ISKHOCTh CUCTEM OTOIUIEHUS (TIPH CKPBITOH MpOKJaake TpyOOIpOBOIOB
B KOHCTPYKLIMM TIONA) SIBJISIIOTCS TPOMHUKH, KPECTOBWHBI, OTBOJBI. ODTH
JJIEMEHTHI, HaxomsCh B KOHCTPYKIMHM II0Ja, WMEIOT pa3beMHBIe
COE/IMHEHUSI, TTO/IBEPTAIOIINECs TEMIIEPATYPHOMY BO3JICHCTBHUIO U Harpy3Ke
KOHCTPYKIMH TOJIa.

Jis  onTMMHM3anMM  CHCTEMBI OTOIUIEHHS OBUIO  HCIIOJIB30BaHO
nporpammuoe obecriedenue ¢pupmsl I EPL] (ABcTpus).

MHoOroBapraHTHOE TPOBEAECHHE pPAacUEeTOB ITOTOKOPACIIPENENICHHUS M
nmoadopa MO3TaXHBIX TEIUIOBBIX HArpy30K, ITO3BOJIMJIO OTKa3aThCs OT
NIPUMEHEHNS] aBTOMATUYECKHX PETrYJISITOPOB IaBJICHUs, a KOMIIEHCAIUIO
N30BITOYHOTO AABJICHUSI B BETKAX T'OPH30HTAJIBHOW CHUCTEMBI OTOILICHUS
ocyuiecTBiATh ¢ noMotbio PTK I'EPI] 7728.

3a cyer palMOHAIFHOTO pa3MeIIeHHsT O0OpYJOBaHUS CHUCTEMBI
OTOIUICHMS, pacrpelienuTeneii U OTONHMTENBHBIX NPHOOPOB  yoajoch
COKPATHUTh KOJIUYECTBO MPUMEHIEMBIX OTBOMOB Ha 5 % (¢ 302 wr. mo 287
IIT.).

CyMMapHasi BeJIMYMHA WHTEHCUBHOCTH OTKa30B COCTaBISIET IS
paccMaTpuBaeMoi CHCTEMBI OTOIUICHHSI:

JI0 ONTUMH3aNnuH (BapuasT 1) Zn: A= 109,92?10° 1/1;

i=1

TIOCJIe ONITUMU3aNUH (BapuaHT 2) Zn: A= 83,91210° 1/u;
i=1
[IpousBeneM pacuer BEPOSITHOCTH OC30TKA3HOW pabOTHl CHUCTEMBI
OTOIUIEHHS B TEYEHHE OTOMHTENBHOro nepuoaa (mis r. Omecca — 162 mHs
mu 3888 wacoB) mo Gopmyie:

,[i %].t
P(t)=e"" D

re t- Bpemst pabOThI CHCTEMBI OTOILICHHUS, Y.

[ToncraBuB 3HaueHUs] CyMMapHOW MHTEHCHUBHOCTH OTKa30B Juist 1 u 2
BAapUAHTOB, U MPOJOJKUTEIBHOCTH OTOMUATELHOIO MEPUO/IA TIOTYUUM:

- papuant 1 —P; = 0,645

- Bapuanr 2 —P,= 0,721

VYBenuueHne BepOSTHOCTH O€30TKa3HOM padoThl MO BapuaHTy 2
cocrasut: ((0,721-0,645)/0,721) ?100 = 10,4 %.

[IpoBeneHHbIC UCCIIENOBAHUS MMOKA3BIBAIOT, YTO MPU MPOCKTUPOBAHUH
COBPEMCHHBIX CHCTEM OTOIUICHHS pAI[MOHAIFHO NPUHUMATh TaKyIO
KOHCTPYKIIUIO CUCTEMBI, B KOTOPON KOMITCHCANUS U30BITOYHOTO JTABICHUS
mpou3BoaWIaCh ObI ¢ moMonipio PTK, a komudecTBO 0TBOOB, TPOIHUKOB,
KPECTOBHH CBOIUTH K MHUHUMYMY. COKpaIllcHHE KOJIMYECTBA apMaTyphl U
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COCAMHUTCIIbHBIX DJJICMCHTOB TAKKC 3HAYUTCIBHO YACIICBIISACT CUCTEMY
OTOILICHUA.

Jluteparypa

1. Komapor A.A. HaaeXHOCTh THUAPABIMYECKHX CHCTEM. M.:
MammHocTpoenue, 1969. -236 c.

2. Iokorunos B.B. ITocobue no pacuery cucreM OTOIUIEHUs.. MHHCK:
I'EPL] Apmatypen I'.m.6.x., 2006. -144 c.

INOBBIINEHUE HAJJEZJKHOCTHU PABOTBI
ATIITAPATOB C BHYTPEHHEH IIUPKYJIAMUENR
AKUIKOCTH

Cnunos B.M., A¢pmanrok B.B., Bumiokog B.B. Odecckas 2ocy0apcmeeHHas akademust
cmpoumenbemea u apxumekmypwl, Ykpauna, ya. Jfuopuxcona, 4, 8-048-743-27-58,
valera2187@rambler.ru

B mnacrosimee BpeMsi B 0a30BBIX OTPACisAX HPOMBIIUICHHOCTH IS
MPOBEEHUST  NPOIECCOB  MBUICOUYUCTKH  MPUMEHSIOTCS  MOKpBIE
MIBUICYJIOBUTENN C BHYTpeHHeH wuupkyssiuuei skunkoctd (MIT BIDK).
KonctpyktuBno kaxkaeii u3 MII  BIDK cocrour wu3 uacTudHO
MOTPY)KEHHOTO B JKMJKOCTh KOHTAKTHOI'O KaHala U KaIUIeyJOBHTEINS,
00BbEAMHEHHBIX B OJJHOM Kopiryce. [IpuHIMIT qeliCTBHS anmmapaToB OCHOBaH
Ha crnoco0e WHTEHCHBHOM IPOMBIBKM Ta30B B KOHTAaKTHBIX KaHalaxX
pa3nu4HON KoHpHUTyparmu.

W3 nurtepaTypHBIX NaHHBIX cieayer [1], 4ro M3BeCTHbIE KOHCTPYKINHU
MII BIDK paboratorT B y3KOM Jauana3oHe M3MEHEHUs] CKOPOCTH Tasza B
KOHTAKTHBIX KaHajaX U UCMOJIb3YIOTCSl B MPOMBIIIJIEHHOM IPOU3BOCTBE B
OCHOBHOM Il OYUCTKHM Ta30B OT KPYNHOIUCIIEPCHON NBLIM B CHCTEMAax
acrupanyy BCIIOMOTaTelIbHOro o0opymoBaHus. VI3BecTHblE —ammapatsl
BECbMa YYBCTBUTEIbHBI K M3MEHEHHIO Ta30BOM HArpy3KM Ha KOHTAKTHBIN
KaHaJl W YPOBHIO JKHUIKOCTH, HE3HAUUTENbHBIE OTKJIOHEHUS JTHX
[apaMeTpoB OT ONTHUMAJbHBIX 3HAYEHHUN NPHUBOAAT K PacKauke ypOBHEH
KHUJKOCTH y KOHTaKTHBIX KaHAJIOB, HEYCTOMYMBOMY PEXHUMY pabOTHl U
CHIKEHUIO (G (EKTUBHOCTH TBUICYNaBiIuBaHus. M3-3a HU3KHX CKOpocTei
rasa B KOHTakTHHIX KaHaiax m3BecTHele MII BIDK wumeror OGombmme
rabapuTel. DTH HEJIOCTATKH, a TAKXKe c1adast N3y4eHHOCTh IIPOTEKAIOINX B
anmapaTax MpOLIECCOB, OTCYTCTBHE HAJEXKHBIX METOJ0B HUX pacyera
3aTPYAHSIOT Pa3pabOTKy HOBBIX DAIOHAIBHBIX KOHCTPYKIHH MOKPBIX
NBIICYIOBUTENEH JAHHOrO THUIIA M HMX I[IUPOKOE BHEApPEHHE B
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MIPOU3BOJICTBO. B CBs3M ¢ 3TUM Ha3perna He0OXOIUMOCTh OoJee IETAIEHOTr0
TEOPETUYECKOro M 3KcnepumeHTanbHoro usydenus MII BIDK ¢ nensro
CKOpEHIIIero HCIoNb30BaHuss Haunbonee 3(P(EeKTHBHBIX W HKOHOMHYHBIX
KOHCTPYKIUI B CUCTEMAaX OYUCTKH NPOMBIIIIEHHBIX Ta30B.

C menbto co3fgaHus panuoHanbHOM koHcTpykmmu MII BIDK ¢
BBICOKUMH SKCIUTYaTallMOHHBIX XapaKTEPUCTUKAMU HaMU TNPENTIO0KEHO
yCTpoicTBO [2].

Ha ocHoBaHMM MaTeMaTHM4YeCKOro MOJEIUPOBAHUS B ammapare
MOJy4YEHBl pallOHATIbHBIE KOHCTPYKTUBHBIE Pa3Mephl 3aBUXPUTENEH .

Jast AKCHEPUMEHTAIBHOT O HCCIIENOBAHUsA MIPeITI0KEHHOM
KOHCTPYKIIMH amnmapara pa3paboTaH sKCIIepUMEHTaIbHBIN cTeHy [3].

B pesynpraTe mnpoBeneHHS HKCIEPUMEHTAIBHBIX HUCCIIEAOBAaHUM
COIJIACHO METOJUKU U3JIOKEHHOM B [4] monydeHsl >MIUpHYECKUE
3aBUCHMOCTH MO3BOJISIOIINE OMPEAETUTh XapaKTEpPUCTUKH aIapaTa.

Bennuuny comporuBieHust BuxpeBoi Tapenku, APgr , Ila co cmoem
MKHUJIKOCTU MOXKHO OIPEAETUTH U3 BBIPAXKECHUS:

2
2 @,
AP,. = A .e_fe+ AP (1)
2f ‘
0
IJe @, — CKOPOCTh Ta3a B ammapare, M/C; P, — IJIOTHOCTb OYUIIAEMOrO
3 .
raza kr/m”, fg — oTHOcHTENbHAs BeaMUMHA KUBOIO CEYEHHS BHXPEBOM
2, 2.
Tapenku MM, AP, — 10N TUAPABIMYECKOrO CONPOTHMBIIEHHS ClIOf,
OIpEIENAIOMIAACS TOBEPXHOCTHLIM HATSHKEHHEM KUAKOCTH (o, H/M):
AP = 4o )
o 2
1,3d, +0,08d;
3nech Oy — AMaMeTp BHXPEBBIX DIEMEHTOB, M; A — mapamerp,
3aBUCALIMH OT peXXUMa B3aUMOJIEHCTBHS Ia3€ M KUIAKOCTH Ha TapeJKe:
_ 0,73 0,51 0,33

Kpurnueckass ckopocTh Tra3a THpH KOTOpPOH HaOoJaercst HpopbIB
ra30BO3/YIIHOW CMECH 4epe3 BUXPEBBIE DJIEMEHTHI MOXHO ONpPEACIUTH 10

dopmyre:

2
lgo,, = 1750%+0,128 0

Kputnueckast ckopocts paBHa 4,3-4,5 m/c, ynensHoe oponrenue 0,4-0,6
am/m° rasos.

[Iporecc mpoOICHUS JKUAKOCTH Ta30BBIM IIOTOKOM B KOHTAKTHOM
KaHaJe IBUICYTOBUTENS IMPOUCXOAUT 33 CUYET BBICOKHMX OTHOCHTEIBHBIX
CKOPOCTEHN MEX]Y JKUJIKOCTBIO U Fa30BBIM MOTOKOM. [j1s1 pacyera cpeaHero
JMaMeTpa Karemnb, MOJydaroluxcs B KOHTAKTHBIX kaHaimax MII BIDK,
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[eNecoo0pasHO  MCIONB30BaTh  OMIMPHYECKYI0  (opMmyny, KoTopas
MO3BOJSACT Y4ECTh HApsAy C (U3UYECKUMH XapaKTepucTukamu ¢a3
BJIMSTHUE PEKUMHbIX TapaMeTPOB:

\Y

-3
WF \)p oc O-m Vz

rne W, — oOTHOcuTENbHAsh CKOPOCTh Tra30B B KaHajle, M/C; G, —
KOO((GHUIMEHT TOBEPXHOCTHOIO HATSHKEHHs JKUIKOCTH, H/M; p, —
TUIOTHOCTD JKUJIKOCTH, KI/M3; i,— BSI3KOCTh xuakoctH, Ila/c; V,. —
00BEMHBIH PACXOJ KUIKOCTH, M/¢; V.—00BEMHBIN pacXoj rasa, M.

[lomyyeHHble  3aBUCHMOCTH  CBHJETEIBCTBYIOT O  TOM,  YTO
BaXHEHIIIMMHU PEKUMHBIMHU TapaMeTpaMH, OT KOTOPHIX 3aBUCHUT CPEIHHI
pasMep Karellb B KOHTaKTHBIX KaHajlaX pa3paboTaHHO# koHcTpykmmn MIT
BIDXK, sBisrorcs ckopocTh razoBoro moroka W, W ymeiapHBIA pacxon
KHUJKOCTH Ha OpolIeHHe raza M. VIMeHHO 3TH mapaMmerpbl OIpPEAeNsIoT
THIPOAMHAMHMYECKYIO  CTPYKTYpY 0O0pa3ylomerocs Tra30KHAKOCTHOTO
TIOTOKa.

VYBenmuueHne yIeNpHOrO pacxoja >KWAKOCTH Ha OpoOIIeHHe rasa
TIPUBOAMT K POCTY JHaMeTpa oOpa3yromuxcs Kanenb. Tak, Mpy yBeTNYeHUN
m ¢ 0,1-:10° no 3-10° m*m® cpemmmit pasmep kamens yBenuumBaeTcs
npumepHo Ha 150 mxm. [lns oOecrieueHHss MUHMMAJIBHOTO JAWaMeTpa
KarieJib B KOHTAKTHBIX KaHaJIaxX pa3pab0TaHHOTO MbIICYIOBUTENS YACIBHBIN
pacxos KHAKOCTH Ha OpOIIEHHWE Ta3a JOJKeH OBITh ONTUMH3MPOBAH B
mmarazone (0,1-1,5)-10° m¥m®. Heo6X0auMo OTMETHTH, 4TO B JaHHOM
JIMara3oHe YAEeNBHBIX PacxXxol0B C BBICOKOH 3¢ddekTHBHOCThIO paboraer
OOJIBIIMHCTBO CKOPOCTHBIX MOKPBIX IblIeyaoBuTEeH [1].

[IpakThka MOKa3bIBAET, YTO pasMep CKOATyIHPOBAHHBIX Kallelb Ha
BBIXOZIE M3 BHXPEBOTI'O YCTPOMCTBA COCTaBIIseT, Kak MpaBuio, Oomee 150
MKM. YacTHIBI TakKoro pasmepa JIETKO YJIABIMBAIOTCS B MPOCTEHIINX
yCTpolcTBax (MHEPIMOHHBIX, IPABUTAIIIOHHBIX, IIEHTPOOEKHBIX U JIP.)

B HMHEpUMOHHBIX KaluIeyJOBUTENSX OTIENeHHEe OCYIIECTBISIETCS 3a
CYeT W3MEHEHHWS HaIlpaBJCHUs Ta30kKHIKOCTHOTO TMOToKa. Karmm
KHUJKOCTH, IBIDKYIIMECS B Ta30BOM IIOTOKE, 00JaJaroT OINpEeAereHHO
KMHETUYECKOH  JHeprued, Onaromaps KOTOpPOH TIpH  U3MEHEHHH
HaIpaBJICHUs] TTOTOKA Ta3a OHU 0 WHEPUUH JBIDKYTCS NPSIMOJIMHEHHO U
BBIBOJISITCSL M3 TTOTOKA.

0,45

Jlutepatypa
1. TIpoekTupoBaHHUE ammapaToB MbUIEra3004UCTKU./ 3uranmmH M.T.,
Komnecnuk B.H., ITocoxun B.H./ M.: «39kcmpecc-3M», 1998. — 505 c.
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2. Adranmok B.B., CmmaoB B.M. BuxpoBa Tapinka s
TEIIOMAacCOOOMIHHUX amapartiB Ta MOKPOT'o MHJIOBIIOBIIOBaHH. [lat. 3615
VYxpaina, MIIK (2004) BO1D3/22. Ony6:1. 15.12.2004, Bro. Nel2.

3. A¢ranrok B.B., CnmnoB B.M. Pa3paborka >KCrieprMEHTaIEHOTO
CTeHJa JUIst HCCIIEIOBAHUS KOHCTPYKTUBHBIX XapaKTEePUCTUK
MBUICYIIOBUTENS ¢ BUXpeBoW Tapenkoi. Bichuk OJJABA. - Bum Nel7. —
Opneca: 3oBHimpekmamcepsic, 2005. —C. 8-12.

4. KoyzoB II.A. Enunas MeToAuKa CpPaBHUTENIBHBIX HCIBITAHUM
MBIICYIOBUTENEH AN OYMCTKHM BEHTWIALMOHHOro Bo3ayxa. —JI:., 1967.-
103c.

MMAPAMETPUUYECKHUM AHAJIN3 OBJIACTEN
YCTOMYHUBOCTHU U HAJIEXKHOCTH
®YHKIIMOHUPOBAHMSI TEXHUYECKNX CUCTEM

Hunuzencrkuit Huxonaii Braoumuposuy Epumos Anexcanop Iopgupvesuu
Camapcruil 20¢y0apCmeeHHbLil MeXHUYeCKuil YHusepcumemn,
443100, Camapa, yr.Monooozeéapoetickas,224,

8(846) 3324237,E-mail: usat@samgtu.ru

PeanbHble TEXHUYECKUE CHCTEMBI, TEXHOJIOTMYECKUE MPOIECCH U
NIPOU3BOJICTBA  XapaKTEPU3YIOTCS ~ CYIIECTBEHHOW  HECTaOMIbHOCTHIO
PEKUMOB pabOTHI ,3HAYUTENBHBIM pa30pocoM 3HAYCHUH XapaKTepUCTHK. B
9THX YCIIOBHSX IpoOiemMy obecreueHus! HaJexHOro (yHKIIMOHUPOBAHUS
TEXHUYECKUX CHCTEM dopManmzyeM Kak 3a7ady  JIOCTHIKEHUS
MaKCHUMAaJbHON yCTOMYMBOCTH POU3BOCTBEHHBIX MPOLECCOB.

Iloctpoum  Mopens MNpOTEKaHHA  JUHAMHUYECKUX  IPOLECCOB
JIeITENbHOCTH B INIPEAENbHO-arpEerMpOBaHHOM BuAe. B kauectBe
MaKpOIEPEMEHHBIX BO3BMEM YCPEAHEHHbIE JUHAMUYECKUE PSAJbl JAHHBIX
T10 IBYM BUIaM 0a30BBIX pecypcoB — KanuTajibHbIM K U TpynoBeIM L — 1 o
npon3BeAeHHOM npoaykuuu Y. Ha nx ocHOBe mpocTelnyro ANHAMHUYECKYIO
MaKpOIPOU3BOJCTBEHHYIO MOJENb OTHOCHTENBHO KAalHUTAJIBHBIX PECYpCOB
3anumeM B popme ypaBHeHus1 Pamces [1]

!

K'=@Q-wf (K)-aK +1 (1)
rae f L ( K ) -IPOU3BOZACTBEHHAs]  (QYHKIMSA  JestensHocTH  [2],
uaeHTuUIupyemas o CTaTUCTUYECKUM MOKAa3aTelsIM
(YHKIIMOHUPOBAHUS, M- IpeenbHas HOpMa HnoTpeOIeHus

HpOPI3BeI[eHHOI>i npoayKuuu, a - KO3(1)(1)I/IHI/IGHT peHoBalnu, OOHOBJIEHHS
KalmnuTaJbHBIX PECYPCOB, I - [IPUTOK BHCUIHUX I/IHBeCTI/IHI/Iﬁ B CUCTEMY.
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Hcnonp3yemMble CTATUCTUUECKHE JAHHBIE W3BECTHBI 1O OTYETHBIM
MOKAa3aTessIM JUTS TUCKPETHBIX MOMEHTOB Bpemenu t=0,1,2...n..., mostomy
ypaBHeHue (1) 1eecoo0pa3HoO 3amucaTh TakXKe B JUCKPETHOM BPEMEHU

K., =bf (K))-(@a-DK, +1I,n=012.. , (2
rae b=1- H.
VpaBHeHHE [MHAMHUKA MPOU3BOACTBA (2) HMEET CTAallMOHAPHBIE
pelieHus npH Nn— o0 Kn+1 = Kn =K” , OTBEUAIOIIHE

COOTHOIIEHHIO
(@-DK" =bf (K")+1 ©
B ypaBrennu (3) mpousBoacTBeHHas (QyHKIUSA f (K) 10 CBOEMY

COJIEpKaHMIO SBIISIETCSI CTPOro BOrHyTol (pyHkumeit napamerpa K m —— -

ok
cTporo yoOwBaromas Qyakius K. B atom ciydae mpu a)l u |>O

ypaBHeHHe (3) Bcerma UMeeT CTaloHapHoe perieHue. [lpu a(l u | <O
BOIMPOC O CYIIECTBOBAHUM CTAIlMOHAPHBIX COCTOSHUIA MPOM3BOACTBEHHOIO

Tpoliecca 3aBUCUT OT SIBHOI'O BUJIA TIPOM3BOICTBEHHON (QYHKIMU f (K) .

[lomyueHHsle craumoHapHBIE PELICHUS K*MOFyT ObITH  Kak
YCTOWYMBBIMH, TaK M HEYCTOWYMBBIMH. YCTOWYHMBOCTH CTallMOHAPHBIX
COCTOSIHMH OIIEHUM IIepBBIM TOKa3aTeieM JISmyHoBa, XapaKTepU3yIOIUM
CKOPOCTH 3KCHOHEHIMAJIBHOIO pa3deranus (WM CTSTHBAHUS) TPaeKTOPUI
JIMHAMHKH IPOU3BOJICTBEHHBIX ITPOIIECCOB.

[Nokazartens JIsrmyHOBa 11 pEKypPEHTHOTO YpaBHEHUS TUCKPETHON
JMUHAMUKH (2) Ompenensercs caeayronmM oopazoM [3]

L _n2e(K.ab.l)
K e
rae q)(K,a,b,I):bfL(K)—(a—l)K+I— GbyHKIHSA

IOoCJIICAOBaHUA.
HpI/I L<0 CTallMOHAPHBIC COCTOSAHUA MPOU3BOACTBEHHBIX CUCTEM

, (4)

SIBJIAKOTCA HGYCTOfIQHBBIMH, " 1ipu L>0- HGYCTOfIQHBBIMH.

COCTOHHI/IH, OTBCUHAKOLIUEC L = O COOTBETCTBYIOT I'PaHUIIAM IOTEPU
YCTOfIQHBOCTH. KOHerTHI)Ie YHCJICHHBIC 3HAYCHUS ITOKa3aTCIIsA HHHyHOBa
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XapaKTCpU3yroT KOJINYECTBCHHO CTCIICHb YCTOfIQHBOCTH NN
HGYCTOfIQHBOCTH CTallMOHAPHBIX cocrosHuii  K*.

HpI/I TIOJIOXKUTCIIbHBIX 3HAYCHUAX HpOPI3BOI[HOI>i oT (byHKHI/II/I
OCJICAOBAaHUA, JICKAIINX B I[I/IaHa30He

< <L (5)

Iloxaszatens JlsmyHoBa OTpI/IuaTenLHHﬁ, U €My COOTBETCTBYET
YCTOIUMBOE MPOTEKaHUE POU3BOACTBEHHBIX MTPOIECCOB.

MHOXECTBO  CTallMOHAPHBIX  pEIIeHUH,  OTBEYAOIUX B
PaCIIUPEHHOM MPOCTPAHCTBE COCTOSHUI {K ,a,bl }FI/IHepHOBerHOCTI/I

op(K,a,b,1)
aK ‘K:K*

OTBEYAET IpaHUIle NOTEPH YCTONUMBOCTU. IloBeaeHNE MPOU3BOACTBEHHBIX
CHCTEM B 3TOM Ciydae OTBeyaeT (ha30BOMY IOPTPETY THIA YCTOHUMBBIN

y3el.
IMporeccel BemyT cebs MOHOTOHHO, INIAAKO, IPEJCKa3syeMo U

XapaKTepU3ylTCs IPOrHO3UPYEMBIMU TPEHIAMU U MOBEACHUSAMU.
[Tpn n3MeHeHnN CTalMOHAPHOrO cOCTOSHUS K*, cOOTBETCTBYIOIIETO
TIepeMEIIEHHIO TPACKTOPHHX (YHKIIMHU ITOCIIEIOBAHHS go(K) oT

%0 1 k2 _g
oK oK

CTENEHb YCTOMYUBOCTH MPOLIECCOB MOHOTOHHO BO3PacTacT.
I'uneprioBepXxHOCTH

op(K,a,b,1)
aK ‘K:K*

=1, (6)

(")

=0, ®

OTBEYAET TOBEPXHOCTH CBEPXYCTOMYMBOCTU C MAKCUMAIBHOW CTEIICHBIO
ycToWuMBOCTH L — 0.
B rumepobiactu

op
—U—K =2/0, 9
( 8K< 9

NPUMBIKAIOIIEN K THIEPIOBEPXHOCTH CBEPXYCTOHUMBOCTU C ApYyroi
CTOPOHBI IT0 OTHOUIEHUIO K TUIIepo0IacTH (5) Mporeccs TOXKE YCTOWYMBHI,
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U CTENEHb YCTOMYMBOCTH B HEW M3MEHsIETCsl OT oo 10 Hyns. [IporexaHue
IPOU3BOJCTBEHHBIX MPOLECCOB B 3TOH runepodiacTu orBevyaeTr (azoBomy
MOPTPETY TUTIA YCTOHYMBBIN (OKYC.

1.IToBepxHocTh Oudypkranuii 2.IloBepxHocTh cBepxycToiiunpocTu 3.1ToBepxHOCTH
KaTacTpogd

IloBenenne  mpoumeccoB  UMeeT  KoineOaTeNbHBIE  Xapakrep ¢
MOCTE0BATENBHBIMA OTKJIOHEHUSIMM B Pa3HBIX HAIPABICHUSAX CBOHMX
XapaKTEePUCTUK OTHOCUTEIHHO CTAOMIBHBIX COCTOSTHHH.

Ha pucynke 1 mpuBeeHsl B INPOCTPAHCTBE MapaMeTpPOB
{a, b,1 }CprKTprI obmacteli yCTOHYMBBIX CTaOWJIBHBIX ITPOIIECCOB.

BunHbl HeTpuBHaNbHas KOHQUrypanusi X, y30CTh, XPYNKOCTb TAaKUX 30H
crabuiabHOCTH. HO TONBKO BHYTpPHM Takux 30H BO3MOXKHO oOecriedyeHne
Hauboiee HaJIeXHOI0 u YCTOWYHBOTO (yHKIMOHUPOBAaHUS
MIPOM3BOJICTBEHHBIX cUCTeM. Ha pasnuyHbIX IpaHMIax 30H CTAOMIBHOTO
NPOTEKaHMs!  NPOU3BOACTBEHHBIX  MPOIECCOB  MPOHMCXOMAT  IOTEpH
YCTOWYMBOCTH, BO3HMKAIOT OM(ypKalMu — OTCYTCTBHE €IUHCTBEHHOCTH
pelienuii, 0opa3yroTcst KaracTpodsl B cMbiciie ToMa-ApHOIbIa.

Jluteparypa
1.Ramsey F.P. A mathematical theory of saving. Rev.Economic Studies,
34(1967), p95-124.
2 Qunueencxkuti H.B. Taspunosa A.A. llanenxko M.B. I[locmpoenue u
UOeHMUPUKAYUSL MAMEMAMULECKUX MOOeiell NPOUZEOOCHIBEHHBIX CUCMEM.
Camapa, Oghopm, 2005, 126¢.
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3. Junueenckuit H.B.Epumos A.Il. Cucmemuviti ananuz u Mooeau
UHPOPMAYUOHHO20 — 63AUMOOCIICMBUSL  MEXAHUIMOB  IBOTIOYUOHHOO

paseumusi  //[Ipobnemvr  mMoOdenupoganus U YNPAGIeHUsi 6 CIONCHLIX
cucmemax. Camapa, CHI] PAH 2004, c.84-95.

AHAJIN3 DOPEKTUBHOCTHU YNCJIEHHBIX
METOAOB ITPU HCCJUIIEJOBAHHUU NTPOBJIEMbI
HAJEXXHOCTHU 3JIEMEHTOB
METAJUTYPTUTYECKUX KOHCTPYKITAM

Cmebnanko Ilagen Anexceesuu,
Jnenpoozeporcunckuil 20Cy0apcmeentblil mexnuyeckuil ynusepcumem, yi. [{nenpocmpoeeécras,
2, Jlnenpoosepacunck, 51918, men. 0569 551552, E-mail steblyanko@rambler.ru

Hane>xHOCTh ¥ JJONTOBEYHOCTH 3JIEMEHTOB METaTyprHYeCKUX
KOHCTPYKIMH (BaJIKOB CTAHOB T'OpsTYEi MPOKATKH, CTAKAHOB 3ar0TOBOYHBIX
KOJIECHBIX M3JIOKHHII) 3aBUCHT OT BEJIMYHMHBI U XapakTepa UX HarpyKeHHs.
OpHako, Hapsgy C YyKa3aHHBIMH (haKTOpamMH, 3HAYWTENBHOE BIIUSHHE
OKa3bIBAIOT TEMIIEPATyPHBIE YCIOBUS, B KOTOPHIX OHH PabOTaroT.

CrereHb HarpeBa BaJKOB B IIPOIECCE MPOKATKM 3aBHUCUT OT
BEIMYMHBI  00XKaTHs, MEXaHWYECKUX CBOWCTB NMPOKATHIBAEMOIO0 MeETalla,
TpeHus B odare Jedopmanuu, CKOPOCTH W BPEMEHH Mpoliecca MpOKaTKH,
MOAaYM  OXJAXKAAIOIIEH 3MYIbCUH, KOX(QQUIMEHTOB TEIIONPOBOIHOCTH,
KOHBEHIINM, M3Jy4eHus U T.1. HarpeB BaskoB ompezaessieT UX Npouib H,
CIIeOBATENIbHO, BIUSET Ha YCIOBUA Ae(opMaluy MeTalia, Kak o IJIHHE,
Tax ¥ 110 IUPUHE TTOJIOCHI.

B cBsi3u ¢ pa3BUTHEM HETPEPHIBHBIX CTAHOB U TEHJEHIIUEH poCcTa
CKOpOCTEH MPOKaTKH TEIIOBON OalaHC W TeMIlepaTypHBIH PEKUM pabOoTHI
BaJIKOB IpuoOpeTaer Oonbloe 3HaueHue. OCOOCHHOCThIO PAabOTHl BAJIKOB
CTaHOB TOpSYEH INPOKATKH SIBJISIETCS MEPHOAMYHOCTh HMX HarpeBa oOT
IPOKaThIBAEMOr0 MeTajlla U OXJaXkJeHHe BOJoi. B mporecce Harpesa u
OXJIXKJCHUSI B ITOBEPXHOCTHOM CJIO€ BAJIKOB BO3HHMKAET IEpEMEHHOE
TEMIIepaTypHOE  TMoje, IoJ  JACHCTBUEM  KOTOPOrO  HOSIBIISIOTCS
3HAYNTEIbHBIE IMKINYECKUE TEMITEpaTypHbIe HaNpsDKeHHs. Bennunna sTix
HAINPSDKEHUH, B 3aBHCHMOCTH OT PEXHMMOB Pa0OTHI IIPOKATHOI'O CTaHa,
MOXET B 3HAUNTEIBHON CTENEHH MPEBBIIATh NpeieN TeKY4eCTH MaTepraa
U SIBISTBCS OCHOBHOW NPUYMHON BO3HMKHOBEHHUS CETKH pasrapa H
HocIeyroel TepMUIECKOH yCTaloCTH.

[Tpu ropsiueii npokaTke HaMOOIbIIEE HANPSHKEHUE Ha TIOBEPXHOCTD
BaJIKa B 30HE KOHTAaKTa C IPOKAThIBaeMbIM MeTa/uioM. OJHAKO B 3TOH 30HE
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MaTepHal HaXOJWTCS B YCIOBHUSIX BCECTOPOHHETO CXKaTHs, a B TaKUX
cilydasix JIOITyCKaeMble HampsDKeHHsT NpakTHYeckn B 4 pasza MOryT
MIPEBBIIIATH MTPEAEN TEKYUECTH.

B mpomecce skcruryaTanmy KOJECHBIX H3JIOKHUIL BO3HUKAIOT
NIpOOJIEMBI, CBSI3aHHBIE C ONpPEAEICHUEM JIOJITOBEYHOCTH 3arOTOBOYHBIX
CTaKaHOB. 37eCh XapaKTepHbl HECTAIlMOHAPHBIE MUKINYECKUE ITPOIECCHI
HarpeBaHMsl CTakaHa (B XOJ€ 3aJIMBKM) M OXJIAXKJECHUs ( IPU 3aCTHIBAHUH U
OXJIQXKJICHUH 3arOoTOBKH). B mporiecce HarpeBa M OXJaXIeHHS B CTaKaHax
W3JIOKHUILl BOZHUKAET MIEPEMEHHOE BO BPEMEHU TEMIIEpaTypHOE ToJIe, IT0]
JIEWCTBHEM  KOTOPOTO  TOSBJISIIOTCS  3HAYMTENbHBIE  LUKJIMYECKHE
TeMIIepaTypHbIE HAPSDKEHUSI.

Takum o0Opa3om, pazpaborka Oojee TOYHBIX METOAOB pacyera
TEPMOHAIPSDKEHHOTO  COCTOSIHMSI TaKMX JIeTajJed MeTaIypru4ecKux
KOHCTPYKIUH SIBIII€TCA aKTyalbHOM 3aadeit.

B paborte [1] pemieH psiT HECTaIMOHAPHBIX 33]1a4 TEPMOMEXaHUKH,
rie TIPUMEHSUINCH ¢dusnueckne COOTHOIICHUS TEeopHuu
TEpPMOYIPYTOIUIACTUYHOCTH,  ITTO3BOJISIONINE  ONHUCHIBATH  IIPOCTBIE U
ONMM3KMe K IIPOCTBIM  IPOIEcChl  JeOpMUpOBaHHS ¥ IPOLECCH
neopMUpOBaHHS IO TPASKTOPUsIM Maslod KpuBHM3HEI [2]. OmHuMm u3
HanOosnee  D(PQPEKTUBHBIX  NPUEMOB IIPH  YUCICHHOM  pEIICHHH
MIPOCTPAHCTBEHHBIX HeCTalMOHAPHBIX 3a1a4 TEOpHUu
TEpPMOYIIPYTOIUIACTUYHOCTH  SIBJISI€TCS  TOJIXON,  OCHOBAaHHBIA  Ha
WCIIONIb30BAaHUM  JUISl  ONPEJENICHHUs HEM3BECTHBIX BEIIMYMH, METoJa
JIPOOHBIX IIaroB WIM METOJa ITOKOMIOHEHTHOrO pacuierienus [3] B
COYETaHUH C IPE/ICTaBICHNEM UCKOMBIX BEJIMUUH B BUJIE CILTAWH-()yYHKIHH.
[penmymiecTBo naHHOTO MoIX0na 00ycioBiIeHO TpeMs (akropamu. OH He
CIIO)KHEE B peayn3aliy, YeM KOHEUHO-pa3HOCTHBIA Meron [1, 3]. Pemenue
HaXOJIMTCSI B BUJIE CIUIaiiHa BO BCEH 00JIACTH ONpE/IENIEHHs], B TO BPEMS Kak
Pa3HOCTHOE pelIeHHE HIIEeTCs TOINbKO Ha ceTke. Jlaer Oomee BbICOKMIA
TIOPSZIOK ANIPOKCHMAIIMH, YTO TIO3BOJISIET BEIOMPATh OoJiee KPYITHYIO CETKY
M0 KOOpJHMHATaM MO CPaBHEHHIO C KOHEYHO-PA3HOCTHBIM METO/IOM IIpH
YCIIOBUM JOCTH)KEHHS OMHAKOBOW TOUHOCTH BBIYHCIICHH.

OcHoBHOH 3ajadeit HeCTal[IOHAPHOU TEOpuu
TEpPMOYIIPYTOIUIACTUYHOCTH  SIBJSIETCSL  OIIPEJeIeHHe  MepeMelIeHHH
(ckopocTell mepeMelieHHH) W KOMIIOHEHT TEH30pPOB HAINPSDKEHUH |
nedopmaryii, BO3HUKAIOUIMX B IPOCTPAHCTBEHHOM TeJjie B MPOLECCE €ro
Harpy>KeHHUH, KOrJla HEKOTOpBIE DJIEMEHTHI Tella padOoTaloT 3a MpenesoM
yrnpyroctu Marepuana. [Ipomecc HarpyxeHust OylneM paccMmaTpuBaTh
Pa3BUBAIOLIMMCSI BO BPEMEHHU, YTO MOXKET BBI3BATh JIBI)KEHHE OTJIEIBHBIX
yacrteill Tena.
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Hcxonst U3 mepevnciieHHBIX JaHHBIX, HEOOXOIMMO OIpEAeIUTh
TEMIEpaTypHOE MOJIe, COCTaBJISAIOIIME BEKTOpAa CKOPOCTH TEpeMEIeHUH,
KOMITOHEHTBI TEH30pa HANPSHKEHUH W KOMITOHEHTHI TeH30pa JedhopMariuii.
Jlis aToro HEeoOXOIMMO BOCIIONIB30BATHCS ~ YPaBHEHHSMHU JBIKEHHUS,
TE€OMETPUUECKUMH,  (DU3NUECKUMU YpaBHEHUSAMU U  ypaBHEHUEM
TEIUIONPOBOIHOCTH.

IIpu pemeHnn HeCTaMOHAPHOM 3aJaydl TEPMOMEXAHHMKH B TEX
YyacTsX Teda, TI/ieé BO3HUKAIOT HeoOpartumble naedopManuu,  Oyaem
MOJIB30BATECS  ONPENENAIOUIUMY  YPAaBHEHMSIMM,  ONHUCHIBAIOIIMMU
MIPOILIECCHl HArpYKEHUs! KaK MO MPSAMOJIMHENHHBIM TPAeKTOpHAM, TaK U IO
TpPaeKTOpUsIM Je(OPMHUPOBAHUS Majoi KPUBU3BL 31€Ch HCIOIb3YeTCs
¢dopma pu3HYecKUX ypaBHEHUI, IpUBEJeHHas B MOHOrpaduu [2].

[MonHast cucteMa ypaBHEHUI B OOIIEM CITydae HMEET BHT

aW:AiaW+A28W+A36W+A, )
ot ox 0 oz
rae W - BEKTOp, KOMIIOHEHTAMH KOTOPOTO OyIyT CKOPOCTH IepeMeleHHiA
V,,  COCTaBIIOIIME  TEH30pOB  HampsbkeHWd  u  aedopmanmii
G.,&, 1,] =123 . Cucrema (1) pemaercs npu onpeieSIeHHBIX HAYATBHBIX

ijr<ij»
1 T'PaHUYHBIX YCJIIOBHUAX.

HecranmonapHoe TpexMepHOe YpaBHEHHE TEIUIONPOBOIHOCTH,
HCIOJIB3YEMOC ITPU PCHICHUHN 3a/la4 MCXaHUKU I[e(l)OpMI/IpyeMOFO TBEpAOTO
TCIa, UMCCT BU]

oT _ _|o*T 1 oT 1 0°T  o°T

ot N arr Ty ar e op? PN

Pacuersl moOKa3bIBalOT, YTO MAaKCUMAaJbHbIE TEMIIEpaTypHbIE
HaIpsDKEHUSI B MOBEPXHOCTHOM CJIO€ BaJiKa, C YYETOM MPOMEKYTOUHOIO
CIIOS  OKAJIMHBI, HAOJIONAIOTCS TpH HauOoyee [UIMTEIHHOM BpPEMEHU
KOHTaKTa ¢ pa3orpeTsiM MeTayioM. IIpu 3ToM TemmepaTypa MOBEpXHOCTHU
BaJika B Mecte KoHTakTa jgocruraet 450°C. [Ipu ycTaHOBUBLIEMCS PEXUME

IIPOKATKH TeMIepaTypa MOBEPXHOCTH Bajika He mpesbimaer 300°C.
[Mlpumenum Kk BekTOpHOMY  ypaBHeHMro (1) B ciydae
OCECUMMETPUYHOTO HArPY)KE€HHsI METOJ MOKOMIIOHEHTHOTO PAacCIlEIUICHUS
[1]. Nnest meToga MOKOMIIOHEHTHOT'O PACHIEIUIEHUS! COCTOUT B TOM, YTO

W oW W
BMECTO BEKTOPHOTO ypaBHEHUs =A + A +A Ha
ot or 0z
MOJIHOM  IlIare€ WHTEIPUPOBAHMS 1O BPEMEHH T (te[ty,  toia])
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MOCICAOBATCIIBHO PCINAIOTCA JIBAa OSKBUBAJCHTHBIX €MY OJHOMCEPHBIX
BCKTOPHBIX YPABHCHUSA, KaKJOC HA CBOCM I[pO6HOM mare 1mo BpEMEHHU. OtH
YpaBHCHUA UMCIOT BU/J]

= Ai +¢1B! te[tp!thrl/Z]!

é\N ﬁ\N
- A’,_+¢2 te [ tp+l/2’tp+l]! ©)

rae ¢l + ¢2 = l, tp — MOMCHT BPEMCHHU, B KOTOpBIﬁ PCUHICHUC 3aJa4uH YKC

U3BECTHO, lp+1 - MOMEHT BPEMEHH, B KOTOPBIH pEIlIeHNEe Pa3bICKUBAETCSL.

Bce Hen3BecTHbIE BEMYMHBI PEICTABUM B BHE CIUIAHH-QYHKIWI.
[Mpumenenne ammapaTta crulalfH-QYHKIMH JaeT BO3MOXKHOCTb 3amHcaTh
HOBBIE OoOJiee TOYHBIE PA3HOCTHBIE BBIpaKeHMs ISl A epeHInaIbHbIX
OIepaTopoB, BXOJIIUX B COCTaB CXEMbI pacLIEMJIeHUs. ODTO MO3BOJSET
MOBBICUTH, KaK MHHHUMYM Ha TIIOpSJIOK, TOYHOCTH BBIYMCICHUH TI0
KOOpAUHATAM.

Pemena 3amaum 00 ompeneneHWH TEMIEPATypHOro IO |
CBA3aHHOIO C HHMM HECTAllMOHAPHOTO TEOPMO-YNPYro-IIacTUYECKOro
HaINpsDKEHHO-1eOPMUPYEMOTO  COCTOSIHMSI  IIWJIMHAPHYECKOTO  Tena

(MIMHAPUYECKUH  BAJIOK ~ CTaHAa  ropsiuedl  IPOKATKH, MOJIBIN
MWINHAPWYCCKUI CTakaH 3arOTOBOYHBIX H3JIOXKHHMIT). JIJIs ompeneneHus
KOMIIOHEHTOB TCH30POB HANPSKEHHA O ,0,,0,,0,, nedopManuu

€:,€,,&, 1 KOMIOHCHTOB BCKTOpA CKOPOCTH MNEPEMEIICHUM V,,V, Ha

MIOJTHOM IIIare MO BPEMEHHU HCIONB30BAMCh PACUCTHBIC (OPMYIIBI MEeTONa
MTOKOMIIOHEHTHOT'O PACHICIUICHUS MOBBIIICHHOW TOYHOCTU. Bce HMCKOMBIC
BEJIMYUHEI 33JITaBAHCh B (hOPME HANPSHKEHHOTO CIUIAfHA IO KOOPIHHATAM.
IIpu 3ToM Temmeparypa 7 B KaXIpli MOMCHT BPEMEHH OIPEICIIach U3
peIIeHHs YPaBHEHUS TEILIOMPOBOTHOCTH.

[Mony4yeHHBIC pe3yNbTATHI MO3BOJIUIIN CPABHUTH BBIYUCIHTEIHHYIO
3¢ (EKTHBHOCTH TPUMEHCHHBIX METOJIOB PACUeTa U CNIENIATh TAKUAE BBIBOJIBL.

Pacuersl MOKAa3BIBAIOT, YTO WMHTCHCUBHOCTH TEMIIEPATYPHBIX
HANPSDKCHUH B TMOBEPXHOCTHOM CJIO€ BAJIKOB 3HAYUTEIHHO IIPEBBINIACT
TIpe/ieNl TeKY4eCTH MarepHaja U, CIeJ0BaTelIbHO, SIBJISIETCS pelIalonuM B
MOSIBJICHUY CETKH TOBEPXHOCTHBIX TPEIIUH. Ballku BBIICPKUBAIOT
OONIBIIME HAMPSDKEHUS TMOTOMY, YTO OHHU SIBJIAIOTCS CXKUMAIOIIUMHU U
HANIPaBJICHBI BIOJIb OCH BajJKa, a TakKKe JCHCTBYIOT B TOHKOM
TIOBEPXHOCTHOM ciioe. TemmepaTypa HMOBEpXHOCTH BajKa IIpH HauOolee
JUTATENBHOM BpeMenu konrtakTa (t=0,165 ¢) nocruraer 450°C.

25



CpaBHEHHE pPE3Yy/IbTATOB C AHAJOTWYHBIMH  PE3YJIbTaTaMH,
TIONYYEeHHBIMH TIPY TOMOIIM METOJa IOKOMIIOHEHTHOTO pacIIeIIeHUs
TIOBBIIEHHOH TOYHOCTH W KOHEYHOPA3HOCTHOTO METOAA, II0Ka3alo
XOpOIlIee COBNAJICHUE PE3yNbTaTOB (PacXOKAEHHE II0 TeMIepaType 0
3,5%) B OKpEecTHOCTH CpEIMHBI Bajlka, a MO Mepe NMPHONIMKEHHs K Kpalo,
IJIE COCTOSHHE SIBJISIETCS 3aBEJOMO HEOJHOMEPHBIM 10 OCEBOH U
panuasbHOW KOOpIUHATAM, PE3YJIBTaThl MOTYT CYHIECTBEHHO OTIMYAIIBCS.
B oxpectHOCTH Kpast Bajika, Ul PacueToB TEMIEPAaTypHOI'O HAIpsHKEHHO-
nehOPMUPOBAHHOTO  COCTOSHMS — LIEI€COO0pa3’HO  IPUMEHATb  METOJ
TIOKOMITOHEHTHOT'O PACIIEIUICHHs ITOBBIIIEHHONW TOYHOCTH, MOCKOJNBKY OH
JaeT Oosee TOYHBIE PE3YNbTAaThl B y3JlaX HPOCTPAHCTBEHHOW CETKH, YeM
KOHEYHO-Pa3HOCTHBIA METO/.

[omyuensl pexkyppeHTHbIE (QOpPMYIBI HESIBHOW CXEMBI METOJa
paclleIuieHus A1 ONpeAeNIeHUs] TeMIIepaTyphl, CKOpPOCTel MepeMelleHuil,
HanpsDKeHWH ®  JedopMmanuif, MO3BOJSIOT MOJIYYHUTH COOTBETCTBEHHO
TPETHH ¥ YEeTBEPTHIH MOPSIOK arpoKCUMAIMX METO/IA 10 KOOPJHHATAM.
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PO3POBKA HAJUYTJIMBOI'O ITPUJIALLY JJIA
JIATHOCTUKHU TA BUMIPIOBAHHSA EJIEMEHTIB
MIKPOEJIEKTPOHIKH

Bozopouwr A.T.", Boponos C.A.%, Jlapxun C.FO.:, By6ynuc A2
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IpoBeneni JIOCITIPKEHHS CEHCOpiB Ha MarHiTHUX
NepeTBopioBavax. IOKa3ajld, M0 B TaKWX CEHCOpax cemapamis
JOCTI/DKYBAaHUX PEUOBHH (arcHTIB), B TOMY YHCIi 3 TOYOK JIOKAJIEHUX
nedekTiB, BiIOyBaeThcs 3a IOIMOMOIOI0 CEMapylouuX MarHiTHHUX MIKpo-
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(maHO-) yactuHOK (CMU), moOBepXHSl SKUX HMOKPHUBAETHCS CIICI[iaIbHUMH
pianHEUMH criodykamH [1].

HoBu3HOIO Hamoro maxoay € Te, 10 B HbOMY TMOEJHYIOTHCS 1Ba
MEXaHi3MH BHMIpPIOBAJILHOTO TIEPETBOPEHHSI — MarHiTHa —cemnapais
JIOCITI/PKYBAHOT PEYOBHHU Ta EMHICHE BUMIPIOBaHHS 00'eMy L€l PEYOBHHH,
oo BimoOpakae o0'eM nedekry. Take MoeqHAHHS, MO-TIEpIIS, 30UTBIIYE
iH()OpPMATHBHICTh CUTHATIB CEHCOpa, a TO-Ipyre, JMO3BOJSE pealizyBaTu
TaKui ceHcop 0e3 YHIKaJbHHUX TEXHOJIOTiH (opMyBaHHS BUMIipIOBAJIBHUX
MEPETBOPIOBAYIB  HAa OCHOBI  TiraHTchkoro Marditoormopy (IMO).
BpaxoBytoun, mo ocBoenHss MO HaHOTeXHONOTIH € 1Iyke (iHAHCOBO
3aTpaTHUM.

VY BIINOBITHOCTI 0 TEXHIYHOTO 3aBJAHHS B JaHid poOoTi Oymu
po3pobiieHi mMpHHIMIM  MOOYAOBHM  MIKPOKOHBEpPTEpIB, sKi  MAaloTh
3a0e3MeunTH poIeC BUMIPIOBAHHS JIOKAJIBHUX JE(EKTIB.

CrporieHa KOHCTPYKIlisi BUMIPIOBAIBHOI KaMEPH CEHCOpa HaBeJCHA

WY Y Y Y Y Y W Y

(@) (6)
Pucynox 1 KoHcTpykiiisi BUMiprOBaJbHOI Kamepu ceHcopa: (a) — 06e3
JOCTIKYBaHOT pedoBUHH, (6) — 3 JOCTIDKYBAHOK PEYOBHHOW; 1 -
migkIanka; 2 — 3yCTpiuHO-IUTHUPEBI EIEKTPOIM BIIKPHUTOI €MHOCTI; 3 -
JIeNeKTpUYHE TOKPUTTSL; 4 — CTIHKM KaMepH; 5 — cyOCTaHIis 3 YaCTHHKAMH
BIJIMOBITHUX MaTepiajiB 3 MOXKIUBUMH Jeekramu.

Ha migxmammi 1 ¢opMyroTe JBa TOHKOILTIBKOBI IDIaHAPHI 3YCTPIYHO-
IITUPEB] €JIEKTPOIU 2 BIJIKPUTOI EMHOCTI, SIKa CIYKUTb BHMIipIOBAIbHUM
nepeTBoOproBaueM 00'eMy JAociiKyBaHoi pedoBuHH (puc.1,a). Kpim Toro na
miakIan (opMyIOTh TOHKOIUIIBKOBUH  TEPMOPE3HCTHBHUI €JIeMEHT.
[ToBepx enexkTponiB (GOpMYIOTH JieNEKTPHUYHE IOKPUTTS 3, HANpPHUKIA,
MiPOMITHYHUM ocaJkeHHM Si0, TomuHOK mpubmmuzHo 0,05...0,1 Mxm. TTo
nepudepii BUMipIOBAIbHA Kamepa OTOYEHA CTIHKaMu 4, BUCOTA SKHX —
12 mm.

Ha nienexrpuyHe MOKPUTTS HAHOCATH CyOCTaHIIiI0 5 MO METONY
[2]. Lro cyOcTanIiro 3 YaCTHHKAMU BiIIOBITHUX MaTepialiB 3 MOKJIMBUMH
nedextaMu MOXKHa JOMOBHHUTH IU30KcUpuOOHYyKIeiHOBY kuciory (IHK,
DNA). B 3zaranpHOMYy BHNQAKy CYOCTaHISI BH3HAYAETHCSI THUIIOM
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JIOCITI/PKYBaHOT pedoBUHHU (pucC.1,0), sika pO3MILIYETHCS Y BUMIPIOBAIBHIH
kamepi. [loma kamepu 3anexuTh Bij 11 QYHKIIOHAIBHUX XapaKTEPHUCTUK,
30KpeMa, BiJ KUIBKOCTI BUMIpDIOBaJBHUX IEPETBOPIOBAYIiB B Kamepi, 1
TUIIOBO CTaHOBUTH JIeKLIbKa KBaJIpaTHUX MUTIMETpIB. B
OTHO(QYHKIIOHAJILHUX CEHCOpax JUIs BUSIBJICHHS OAHOTO JAe(eKTy IuIoma
KaMepu Mae OyTH He Ginbie 25 My,

[Mpomec BUMIpIOBaHHS MOYMHAETHCS LUIIXOM BBEJICHHS B
JIOCIIKyBaHy PEUOBHHY MeBHOI Kinbkocti CMY (puc.2,a).

MC
BC —

W Y Y Y Y

| N |
IIl] [M agnet SOUI‘CQ] I]Il]
(a) (6)

Pucynox 2 BumiproBajibpHa Kamepa ceHCOpa 3 JOCIiPKYBaHOIO PEYOBHHOIO
Ta BBEJICHUMH B HEl (hepOMATHITHUMH YacTHHKaMU: (@) — 6e3 30BHILIHBOTO
Mar”itTHoro mons, (6) — JOKepeno 3O0BHINIHBOrO MATHITHOTO —IOJNS
PO3TaIlIOBaHE IiJi KAMEPOIO.

Ha moBepxHi meranignoro ¢epomarnitHoro sizpa (Magnet Core —
MC) koxnoi CMU 3unaxoautbest mokpurtsa (Bio Cover — BC), sike, mo-
niepie, 3arodirae B3aemMHoMy 3nunaHHio CMY, a, mo-gpyre, 3abesneuye
TIPOTiKaHHS BiIIOBIIHUX XIMIYHUX PEaKIii, sKi 1 3a0e311e4yI0Th OAAIbITY
cenapanito mux CMY. [IpukinagomM pedoBHHU MOKPHUTTS ISl ineHTH]iKamii
nedektiB Moxxe Oytu Streptavidin [2].

Tun MoOKpUTTS B 3arajJbHOMY BHITQJIKy BHOMPAIOTH TaKUM YHHOM,
mo0 cyOcTaHIis Ha MOBEPXHI MiJKJIAJAKMA BCTyNala y XIMIUHY peakIiiio 3
nokputtiM CMY, 3uimmroroun ix goxynu. Cuia 34YeIUieHHs HOBHUHHA
3ajeXkaTu BiJ CTyreHs B3aemoii Mixk mokpurtsiMm CMU abo cyOcraHiii Ha
MAKIaA 3 JOCKYBAaHUM PO3YHHOM.

MoxiuBi  1Ba BapiaHTH B3aemonii. B mepmomy BapiaHTi
CEJIEKTUBHICTh MPOIECy BHMIPIOBaHHS 3a0€3MeUyeThcsl B3AEMOIIEI0 3
JIOCITI/PKYBaHUM PO3YMHOM CYOCTaHIii Ha MOBEpXHI MiAKIAIKH, B IPyroMy
— mokputTs Ha moBepxHi CMY. Taka B3aeMmofiss Mae Micle JUIIE NpPH
HasIBHOCTI B JOCITI[UKYBAaHOMY pO3YMHI NEBHOro areHra Jedekry, Ha
MPeJMET SKOrO i MPOBOMASATH II€ JOCHIHKeHHs. BHacHigok B3aeMomnii Ta B
3aJIC)KHOCTI BiJl IHTCHCHUBHOCTI ITi€l B3a€MOJIil, a OTXKE BiJl KOHIICHTpAIIii
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areHTa JeQeKTy, 3MIHIOIOThCS (hi3UKO-XIMIUHI BJIACTHBOCTI CyOcCTaHIii Ha
MOBEPXHI MiKnaaku i/a6o mokpurrs CMY.

3amaua MOJANBIINX BUMIpPIOBaHb 3BOJMTHCS 1O BU3HAUEHHS CTYIEHS
Takoi B3aemomii. J[s 1poro B KaMmepi CTBOPIOIOTH MarHiTHe moine. [lome
(hopMYeETBCS MOCTITHIM MarHiTOM 200 eIEKTPOMAarHiToM. B 3a1exHOCTI Bix
METOJly BHMIpIOBaHHs, TUIy Ta KoHueHTpauii CMY, BenuuynHa 1BOTO
Moyis  CTaHOBUTH BiX OAMHUIG A0 cra wminilecia. ExcriepumeHnt
nependavyae 3MiHy HANpsIMKY, BEJMYMHH Ta IMPOCTOPOBOI'O PO3MIIEHHS
JoKepelia MarHiTHOTO TTOJIS.

Bpaxopyroun, mo ¢epomeraniuai CMY BTATYIOTECS B MarHiTHE
TI0JIe He3aJIeKHO Bij HOro HaIpsSMKY, BUMIPIOBAJIbHUM POLIECOM KEPYIOTh,
3MIHIOIOUYM TPOCTOPOBE TOJIOKEHHS JpKepena MarHitHoro monst. Llio
TIpoLeAypY 3AIHCHIOIOTH HIISIXOM ITPOCTOPOBOTO MEPEMIIIEHHS TOCTIHHOTO
MarHity, abo TepeMHKaloYd CTPyM MK JBOMa  KOTYIIKaMH
enekrpomarHity. [lepma KoTymika 3HaXOJAWTHCS 3HH3Y BHUMIPIOBAJIBHOI
KaMepH CeHcopa, a JIpyra — 3Bepxy.

Ha mepmomy erami jpKepeiao MarHiTHOTO ITOJISt PO3MIIIYIOTh 3HU3Y
(puc.2,0). Ipu nbomy CMU npUTATYIOTHCS IO TIOBEPXHI i KKK HA Kl
3HAXOIUTKCS OiojoriyHa cyocraHmis. B TakoMy cTaHi po3unH BUTPUMYIOTh
MIEBHUH Yac, TAKUM YHHOM, III00 BiOyiacs XiMidHa peakifisi CyOCTaHII1 Ha
miakaan 3 mokpurram CMY.

Ha npyromy erami mKepeno MarHiTHOI'O IOJNS PO3MILLYIOTH 3BEpXY
po3uuny (puc.3).

I Vasneisonres IIDIN  THIN Vesnetsource TNNIT

(0)

Pucynoxk 3 JIxepeno 30BHIIIHBOIO MATHITHOTO TIOJISl PO3TAIIOBAHE Mijl
Kameporo (@) 1 3Bepxy po3unny (6).

IMpu npomy Ti CMY, NOKPUTTS SIKMX HE BCTYIHJIO Y B3a€EMOIIO 3
cyOcraHiero Ha MAKIAANI, IMAHIMAaeTbes BBepX. Posmominm  Mik
3YCIUICHUMU 3 TTiIKJIaIKOI0 Ta MTHATUMH Ha moBepxHi0o CMU 3anexuTh Bil
CTYICHsI B3a€MOJii, a OTXKE BiJ KOHIICHTpAamii B PO3YMHI TEBHOTO
OlOJIOTIYHOrO areHTa. Bu3HaueHHS KUIBKOCTI 34Y€IUIEHUX 3 MiJKJIaIKON
CMUY npoBoIsTh EMHICHUM CIIOCOOOM — €JICKTPHYHE T0JI€ KOHACHCATOPA,
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3aMUKarOyuch Ha MeTaiiyHi syapa CMY, 30imbIIye €MHICTH [BOTO
KOH/JIEHCATOpa.

B 3aranpHOMYy BHNaAKy Ha TIIOBEPXHI MiAKIAIKH MOXe Oyru
c¢(hOpMOBaHO MATPHIIO KOHJICHCATOPIB. B KOXKHOMY KOH/IEHCATOPI MATPHII
Ha TIOBEpPXHI JieJeKTpUYHOro mapy (GopMyeTbecsl iHIIMHA TUN cyOcTaHIil
(puc.4), mo 3abe3mnedyye OMHOYACHE CEICKTHBHE BHMIPIOBAHHS PIi3HUX
areHTiB Jie(heKTy pO3UHHY.

)l B (BN LN (B L5t A% 5%

C1l C2 C3 C4 C5

Pucynox 4 KoHCTpyKIIist KaMepu CEHCOpiB 3 MaTPHUIIEI0 KOHIEHCATOPIB.

BaxnuBoro  mepeBaroro  BUKOPUCTAHHS  €MHICHOIO — METOAY
BHUMIpPIOBAaHHS 1O BiJHOIIEHHIO J0 MarHiTHoro 3 pomomorolo I'MO e
MOXIIUBICTh OTpHMaTH OLNbII 1H()OPMATHUBHI CUTHAIIM, HANPHUKIAT Y BHII
3aJIeKHOCTI €MHOCTI BiJI BEJIMYMHU MarHiTHOT'O MOJIs (TIOJIEOBOI PO3TOPTKH
emHocti). [l mporo B mporeci BUMIPIOBAaHHS €MHOCTI MIXK 3YCTPidHO
IITUPOBUMH EJICKTPOIaMU KOHJICHCATOPIB CEHCOpa 30UIBIIYIOTh 1HAYKIIIIO
MAarHiTHOI'O TOJIsl, OOYMOBIIIOIOYH ITOCTYIOBE 30UIBIICHHS CHJIM PO3PHBY
Mk CMY Ta cybOcranmiero Ha migxianni. Taki MONBOBI  PO3TrOPTKH
OTpUMAaTH CYTO MAarHITHUM MeETOAOM BuMmipioBaHHs [2, 3] He
TIPE/ICTABISETCS MOMJIMBUM, aJ/pKE 3O0BHINIHE MAarHiTHe 1one Oyne
BIUIMBATH Ha Pe3yJbTaT BUMiproBaHHs MarHiTHoro moist CMY, otpumanoro
3 JIOIOMOrOI0 MarHiTHoro, Hamnpukiaa I'MO, cencopa. TakuM YMHOM B
TIOHSATTS “MarHiTHUX CEHCOPIiB” MU BKJIAJa€MO MIMPHIMI 3MICT — MarHiTHE
moJie 3abe3neuye cenapaiiro GepomaraitTaux CMY, ofHak BUMipIOBaHHS X
KiJIbKOCTi (iX 00'eMy) IPOBOJUTHCS EMHICHUM METOJIOM.

B nmaniii pobOTi TEOpETWYHO BHPILIYIOTHCS JIMIIE MUTAHHS,
MOB'si3aHl 3 TpoOJIeMaMH BHMipIOBAJIBHOTO TEPETBOPEHHS EIEKTPUYHHUX
curHaiiB. TuM He MeHIIe, NPOOJIEMH BHUMIPIOBAJIHLHOIO MEPETBOPEHHS
ENIEKTPUYHHUX CUTHAJIB JaJeKO0 HE € TPUBIAJBHUMH 1 BUXOIATH 33 MEXH
TpaJULIHHNX 1H)KEHEPHO-TIPOEKTHHUX POOIT.
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METOJAUKA CKIIAJAHHA YACTOTHO-
IMOYACOBOTI'O PO3KJIALY POBOTH
PAIIO3ACOBIB JIEKAMETPOBOI'O AIAITA30HY

Minouxin A.1., Kokomos O.B., Ko3yoyos I M.
Biiicbrosuil incmumym meaekoMmyHikayit ma ingpopmamusayii Hayionanbhozo mexuiuno2o
yuigepcumemy Ykpainu ,, Kuigscoxkuii nonimexuiunuii incmumym’”
Vkpaina, m. Kuis, eyn. Mockoscvra 45/1
kozubtsov@mail.ru

Meroauka TpU3Ha4Ye€Ha IS CKJIQJAAaHHS YacTOTHO-TI0YaCOBOTO
poskiany pobotu pamiozacobiB aekamerpoBoro (JIKM) miamazony, mio
MIPAIOIOTH 32 IITATHUM PO3KiIa oM. OCHOBHOIO BiJIMIHHICTIO 11 BiJl BiZJJOMHUX
[1-3] € HamaHHS PEKOMEHAYIOYMX TPaBWI IOAO BHOOPY Ta 3aKpilLICHHS
4acToT 3a pajio3zacobamu.

THoyamxosumu Oanumu TSI METOIMKH €: TeorpadivyHi KOOpIHHATH
MIX KOPECIIOHJICHTaMH; CE€30H Ta 4ac I00H; MOTYXHICTb, IiJBEAEHa IO
nepeaBajibHOI aHTEHHW, THII, DPIBEHb IIOPOrOBOi YYTJIMBOCTI 1 cMmyra
NIPOITyCKaHHs CHUTHANIB TpuWiiMaya; pix poOOTH, BHUA CHTHAJIY Ta CIOCIO
00pOOKM CUTHAJIIB; JOMyCTUMa IMOBIPHICTD MIOMUIIKU B TIPUIHOMI €JIeMEHTa
CUTHAJTY, JIOIYCTHMAa BTpaTa BipOTIHOCTI; HECOOXiJHA HAJIHHICTH 3B’S3KY;
yuco panioninid N B y rpymi 3 Q gacror; iHTepBan Kopensunii piBHIB 3aBaj
y 4aci.

Obmesicennsimu  TIPUHHATO: 3aMOBJICHHS Ha BHOIp 4YacToT JIs
pO3KJIaxy HaaXOIATh 32 HOPMAJBHHM 33aKOHOM a PO3IOJNIJ YacToT JUIs
panio3aco0iB 3/iHCHIOETCS 32 IIEHTPai30BaHIM MPUHIIUIIOM.

Aneopumm peanizayii MemooOuKu CKIadacmscs 3 HACMYNHUX emanis.

1. CxitaiaHHsI MPOTHO3Y CMYTH ONTUMAIBHUX pobounx vactot (OPY).

2. Bubip cmyru OPY.

3. BusHaueHHs HeoOXifHOI KinbkocTi Q-4acToT B Ipymi, NpU SKHX
3a0e3neuyeThest 3a/1aHa HMOBIPHICTh IPUHOMY B OZIHOMY HampsMKy [4].
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4. Po3paxyHOK 1 BUMip €EeKTHBHUX 3HAUEHb HAIIPYXEHOCTI MOJISL.

5. BusHayeHHs piBHIB HIyMYy.

6. BumiproBaHHs 1 po3paXxyHOK 3HAYEHb IIEPECBUIICHB (3a11acy) CUTHAIY
Ha yactotax OPY.

7. Po3paxyHOK HMOBIpHOCTI 3B’SI3Ky Ha TpYIli 4acToT.

8. Bubip 9acToT /I 9aCTOTHO-TIOYaCOBOTO PO3KIAY:

1) BuOGip rpymnu 4acToT 3a MAKCUMATbHUMH MTOKa3HUKAMU;

2) mepeBipKa Ha eJICKTPOMArHITHY CYMICHICTB;

3) apam)XyBaHHS 4aCTOT 3a MPHUJIATHICTIO Ta MOPSIKOM 3MiHU.

Ananiz  ompumanux pezyibmamie. AHAJTITHYHE MOJIEIIOBAHHS

TIOKa3ye MpsSIMY 3aJIKHICTh 3HAUYEHHS] HaMEHIIIE 3aCTOCOBHOI YacTOTH Bij

o TEXHIYHOTO (aKTopy
L] ‘ Ta MOPOTOBOi

’ = YYTIMBOCTI NpUiiMaya

‘ EEEN e puc. 1. XapaKTepyom

3 ¥ “*-10d8 B1IMIHHICTIO

s 3aIIPOIIOHOBAHOL
= [ Metoauku Bif [1-3, 5,

6] € BUKOpPUCTAaHHS

L2 5 4 5 6 7 5 o 10 112 13 10 15 16 7 1 19 20 2 20 23 24 ' PpO3paxyHKOBUX
Puc. 1. Moaens 3anexnocti H34 Bin 3amacy piBus curnamy hopmyn 3
Ta WyMiB Ha BXoAi mpuiiMaya Ta MOPOroBOi 4YyTJIMBOCTI BDaXYVBAHHSM
npuiiMaya paxys N
TIOPOroBOi

YyTJAMBOCTI panionpuiiMada [7]. BpaxyBaHHS mOpOroBOi 4YYTJIMBOCTI
npuiiMaya, TO3BOJISIE Ha €Tarli INPOEKTYBaHHS JIeKaMeTpOBOI pasiomiHii
CIPOTHO3YBaTH MOMEHTH 4acy BTpaTu ceaHcy 3B’s3Ky. ExcriepuMeHTanbHa
OImiHKa  €(EeKTUBHOCTI  JIIOYOr0  YaCTOTHO-TIOYACOBOTO  PO3KIIATY
KOMEpLIHHMX paj1io3acobiB Ta 3alpOIOHOBAHOTO PO3pPOOIEHOI0 METOJUKOI0
3nilicHioBanack B 1epion 3 5 mo 13 Gepesns 2007 poky 3a HacCTymHUMH
KPHUTEPISIMH: €JIEKTPOMArHiTHOI CyMICHOCTI, 3HaU€HHSM pIBHIB IIyMiB Ha
00paHMX 4YacTOTax TPHUBAIOCTI PATio3B’s3Ky Ta HafidHicTh JJKM
Pamio3B’s3Ky 10HOC(EPHOI XBHWICK. AHANI3 HaIiHHOCTI (KOeQillieHT
CIpaBHOI [Iii puC. 2) MiATBEP/DKYE BITHOCHY 3aJIeKHICTh HaiiHOCTI JJKM
pamio3B’si3Ky 10OHOC(EpPHOIO XBWJICIO BiJl CHEPreTHYHUX ITOKA3HUKIB
panioninii mpu podoTi Ha OJIHIN 3aKpiIUIEHIH YacTOTi.
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= 2221

. i s120f * . 5 X
4885]t - B g se7sy . 2

0,70 .4061

4051f. "

: 3852} -
3315f) - " 3529F . 5

0,00 YacToTw (k1)
1 2 3 4 5 6 7 8

B HapiiiricTs Ha fjlounx Yactotax 0,807 0,807 0831 0,793 0513 0,533 0,623 0,714
O HagpiibicTs Ha il yactotn 0,800 0,837 0841 0841 0,669 0,695 0,708 0,708

Puc. 2. Ouinka cnpaBHoi il Ha yacToTax

OpHak JOCATTH BHCOKOI HaJiHHOCTI pajio3B’si3Ky 3a pPaxyHOK

301IbIIEHHST PiBHS CUTHAJy B TOYIl NPUHOMY MiJBHIIEHHSIM MOTY>KHOCTI
nepeaBada i Koeili€eHTIB MiJCHIEHHS IepeqaBalibHOI Ta NpPUHAMaIbHOI
aHTeH He e(eKTHMBHA 1 He TpuBene A0 CYTTEBOrO ITOKpAIeHHS
paniosB’ sI3Ky.
OtpumManuii mporpam Ha 1 Ta 8 yacrorax OOYMOBIIEHO BpaxyBaHHIM
TIOPOroBOi YYTIMBOCTI INpHiiMaya, IO BPaXxOBYBaB KOPOTKOYACHI BTpaTH
3B’3Ky BHacHiiok (emiHry. B ckiagHMX CHUTHaJbHO-3aBaJIOBHX YMOBax
HaziiHui ninono6osuit JIKM pazio3s’si30k ioHOC(epHOIO XBHUIIECIO Ha OHIN
3aKpiIUIeHid 4acToTi, NMpPaKTHYHO, HE MOXHa 3abe3meunTtH. HeobOximHo
CBOEYACHO 3[IIMICHIOBATH NMPOTHO3YBAaHHS MEPEBHUIICHHS PiBHS CHTHATY Hal
MiHIMaJIBHO JIOTYCTHMUM piBHEM Z > Z,,, Ta 00UpaTH sl paaio3s’s3ky PU
Ti, IO 33JI0BOJILHAIOTE YMOBY Z = MaX (2). [laHa meToquka 3abe3mneunia
CIIPOTHO3YBaTHU Kpallly 4acTOTy Ta 00paTH i 6e3 BTpaTH CeaHcy 3B sA3KY.
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METOAOJOI'MYECKHUE OCHOBbI
NCCIEAOBAHUSA ITPOBJIEMBI JTOJITOBEYHOCTHU
CJOXHBIX TEXHUYECKUX CUCTEM

Kpwvioicnviit Apxkaouii Braoumuposuu
Hayuonanvhas axademusi 060ponsl Yrpauvl
03049, Kues-49, Bozoyxogromcekuii np., 28, men. 8-067-233-99-08
E-mail: vasgeovideo@naverex.kiev.ua

CucreMy 3KcIUTyaTalluu CIOXHBIX TexHuueckux cucrem (CTC)
MPUHATO PACCMATPUBATh KaK COBOKYIHOCTH PEXUMOB (TIOATOTOBKA K
NPUMEHEHNI0, TPUMEHEHHE I[I0 Ha3HAUYEHUIO, TPaHCIOPTUPOBAHUE,
XpaHCHWE) W MEpOIpHUITHH (TEXHUYECKOe OOCTY)KUBAHUE, PEMOHT,
YIpaBJICHUE), HAMIPABICHHBIX HA OOECICUCHUE 3aJ]AHHBIX WIH TPEOYEeMBIX
xapakTepucTuk CTC B K&XJIOM U3 PEKUMOB SKCILTyaTallUH.

B nponecce skcmnyatanuu CTC nocteneHHO TepsieT CBOM CBOWCTBA
B pe3yJibTaTe (PU3UUECKOro (TEXHHMYSCKOr0) U MOPATBHOTO CTAPSHUS TpU
HaJIOKEHUM DKOHOMHUYECKMM orpanmueHuid. Kaxnplii u3 pexumon
SKCIUTyaTalldd B TOW WJIM HWHOM CTENEHW OKAa3bIBAaeT BIUSHUE Ha
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WHTEHCUBHOCTH yTpaThl cBoMcTB CTC (¢pu3uyeckoe WM TEXHHUECKOE
CTapeHue); BMECTe C TeM B XOJe IPOU3BOJCTBA M DKCIUIyaTaluu
MIPOUCXOJUT yTpaTa CBOWCTB MTPAKTUUECKH HE3aBUCUMO OT CaMUX 00pa3IoB
CTC (mopanbsHoe crapenue). Oba mpoliecca CTapeHHsl ¢ Pa3HOW CTEIIEHBIO
000011IeHnsT 00BEIUHSET ONUH KOHEYHBIH pe3yNbTarT - MpeKpalleHue WIIN
Herenecoo0pa3HocTy npedbBanus o0pasno CTC B skcruryataruu. A Ha
CMeHy ycTapeBiieMy (M3HOIIEHHOMY ITOJTHOCTBIO MJIM YaCTHYHO, & MHOTIA 1
OTHOCHTEIIFHO HEJaBHO W3TOTOBJICHHOMY) TIPUXOMAT 00pasiel Oojee
COBEpIIEHHON KOHCTPYKUMH. [Ipy 3TOM HMeeT MecTO TEHAEHIHS K
yckopenuto ooHosnennst CTC.

DOKOHOMHYECKHE OrpaHMYeHHs, Hapigy ¢ (QU3HYECKUM U
MOpAaJIbHBIM CTapEeHHEM, TAK)Ke MOTYT SIBJISITHCSI IPUYMHOM MpeKpamieHus (B
OTZEJBHBIX CiTydasix - npoasienust) npedsiBanus CTC B sKcIuTyaTanuu.

Crnenyer 3aMEeTUTb, YTO OTAENBHBIE BOIPOCHI TEOPUH IKCILTYaTalllH
MONYYWSIM  JIOCTATOYHOE pa3BUTHE B TEOPHU HAAEKHOCTH, TEOPUHU
BOCCTAHOBJIGHUSI U TEOPHHM MAacCCOBOTO OOCITY)KMBaHWH, B TEXHUUYECKOH
JIMarHOCTHKE W TEOPHM YIpaBJIEHWs 3amacaMd. B CBs3M C  3TUM
CYIIECTBYIOIIIME B HACTOsIIee BpeMs pabOThl IO 3KCIUTyaTalnuOHHON
TEMaTHKe HaIlpaBJICHbl HA PEIIeHUE CIIEMYIONINX OCHOBHBIX 3aJ[ad: OLEHKH
TEXHMYECKOTO  COCTOSIHHSI,  YIPaBJICHUS TEXHUYECKHUM COCTOSTHHEM
(HacTpoiika, peryimpoBKa, 3aMeHa, IapaMeTpuiecKas KOppeKuust u T. 1.),
ONTHUMHU3AIMN OOCIY)KMBaHHS, NPOTHO3UPOBAHMS IIOBEICHUS CHUCTEM U
JpyTHe.

Bmectre ¢ Tem, Bompocsl Teopun HaaexHoctu CTC mnpu
9KCIUTyaTalliy He MOJYYWIH elle AOJDKHOIO Pa3BUTHS U, MPEXIE BCETO, B
IUTaHe penreHus mpooiemsl gonroseanocta CTC.

[MponsBens NEKOMIO3ULMIO TPOOJIEMBI JIOJNITOBEYHOCTH, BBIACITUM
OCHOBHBIE €€ KOMITOHEHTBI: TEXHUYECKYIO JOJITOBEYHOCTh, 00YCIIOBIEHHYIO
(U3MYECKNM HM3HOCOM; MOPAIBHYIO JIOJNTOBEYHOCTh, OOYCIOBIICHHYIO
MOpaJIbHBIM U3HOCOM U SKOHOMHUYECKH PALMOHAIBHYIO JOJITOBEYHOCTb.

Mexy KOMIOHEHTaMH CYIIECTBYET ONpEAEIEeHHAas B3aHMMOCBS3b U
B3aUMOO0OYCIIOBJICHHOCTb, UTO TpeOyer kak muddepeHIMpOBaHHOTO,
TaK ¥ KOMIUIEKCHOTO PACCMOTPEHUSI ITPOOIIEMBI.

BBenem ompenenenne TeOpuM JIOATOBEYHOCTH, KaKk HAYKH O
3aKOHOMEPHOCTSIX HM3MEHEHHSI MPOLECCOB Jerpaianuu ((pu3nIecKoro u
MOpPAJIbHOTO CTapeHHsi NPU HAJIOKEHWH SKOHOMHYECKHX OrpaHWYEHHN)
CTC wu wMeromax OLEHKH 3aJaHHOro (IMOTpeOHOro, MaKCHMaJbHO
BO3MOJKHOT'O, PallMOHAIILHOT0) CPOKa MPEOBIBAHUS B SKCILTyaTaIHH.

KiroueBoe Mecto B 3TOM  OIpeAeieHHE 3aHUMAaeT IIOHSTHE
«JIONITOBEYHOCTEY», OIPEAEIIEMOe HOPMAaTUBHO KaK «CBOWCTBO 00OBEKTa
COXpaHATh PabOTOCIIOCOOHOE COCTOSHHME N0 HACTYIUICHHS NpeesbHOro
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COCTOSIHUSI TIPU YCT@HOBJICHHOW CHCTEME TEXHHYECKOIo OOCIY)KHBaHHS U
PEMOHTa».

BeimenpuBeieHHbIE PACCYXKACHHS MTO3BOJISIIOT YBHIETh, UYTO TaKOE
orpezielieHue TPUMEHUMO MPEX/e BCEro K TEXHUYECKOH J0JITOBEUHOCTH U
HE 3aTparMBaeT MPOILECCOB MOPAIBLHOTO  CTapeHus U BIWSHUS
9KOHOMUUECKOTr0 (haKkTopa.

OTH cooOpaskeHHs] BBI3BAIM HEOOXOAMMOCTH (POPMYIHPOBKU TpeX
Ha3BaHBIX  KOMIIOHEHT, KOTOpble, Ha  Haml  B3NBIN,  SIBISATBCA
TEPMUHOJIOTUYECKOH OCHOBOM HCCIENOBaHMSA MPOOJIEMBbI JOITOBEUHOCTH
CTC.

TexHu4eckast JIOJITOBEYHOCTh CBOICTBO COXPAaHSITh
paboTOCIIOCOOHOCT IO ~ HACTYIUICHHS  HPEAENBHOTO  COCTOSHHS,
OIpEIENIEMOro BHYTPCHHUMH 9KCILTYaTAIMOHHO-TEXHUIECKHUMH
(akxTopamu.

MopanbHast J0IroBedHOCTh - cBOMCTBO CTC BBIMOMHATH 3aJlaHHBIE
(GYHKIMU 0 HACTYIUICHHS TPEACIBHOTO COCTOSHUS, OMNPEACIsIeMOro
BHEIIHUMH (pakTopamu.

OKOHOMUYECKH palMOHaJbHasl AOAroBe4HOCTh - cBoiictBo CTC
BBITIOJTHATH 3aJIaHHBIC (DYHKIMH J0 HACTYIUICHUS MPENCTHHOTO COCTOSHHUS,
OIPEICIIIEMOr0 SKOHOMHYCCKIUMHU (DaKTOPAMH.

B  cooTBercTBMHM ¢ MPEMIOKCHHBIMH  JCKOMIIO3HMIIMCH |
TepMHUHOJOTHEH (KaK HEOOXOMUMON OCHOBBI HCCICIOBAHUS MPOOIEMBI) B
JanbHeWieM B JIOKJIaJie  PacCMaTPUBAIOTCS,  BO-TIEPBBIX,  METOJbI
HCCIIEIOBAHUSI TEXHUYECKON JOJrOBEYHOCTH, IJ/I€ AaKIEHT JIeNaeTcs Ha
METO/aX OIICHKM W TPOrHO3UpOBaHUs TexHmdueckoro coctosHus CTC (B
YaCTHOCTH, O00O0OINAeTCs ONBIT NMPUMEHEHHS METoJa TPYIIIOBOr0 ydYera
apryMEHTOB); BO-BTOPBHIX, METOJMYCCKHE TMOAXOJBl K HCCICIOBAHUIO
npotieccoB  MopanbHoro crapernss CTC (B ocHOBe WCCIEAOBaHUS -
MPOIIEYPEl OICHKH W3MEHEHHS YPOBHSA S((EKTUBHOCTH TPUMEHCHUS
CTC); B-TpeTbHUX, METOABI OICHKH SKOHOMHUYCCKH palMOHAIBEHOU
JTOJITOBEYHOCTH  (KOHIICHTPUPYETCSI BHUMAHHE HA METONUKE OICHKU
OCTaTOYHOH CTOMMOCTH CHCTEM).

B uroroBoit yactu noknajna npeajaraercss KOMIUIEKCHBIM MOAX0A K
WCCIIEIOBAaHHIO TIPOOJIEM JIONTOBEYHOCTH, 3AKITIOYAIONIUHCS B COBMECTHOM
PACCMOTPEHHU C MTOMOIIBI0 TpadOaHATUTHUSCKUX MPOIEAYP TEXHUUCCKOM,
MOPAJTLHOH M YKOHOMHUYECKOW KOMIIOHEHT, YTO ITO3BOJSCT, B OTJIMYUE OT
M3BECTHBIX IMOJXOJI0B, BCECTOPOHHE MCCIEAO0BAaTh paccMaTpUBaeMbIil
MIPOIIECC ¥ BBIPA0OTaTh HAYYHO-00OCHOBAHHBIE PEKOMEH/IAIIHH 110 OI[CHKE U
MIPOTHO3UPOBAHUIO 3HaUEHUH nokasareneit nonroseunoctu CTC.
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METO/IbI CBEJJEHUS Y CIIUBKHU W30BPAKEHUWM,
MHOJYYAEMBIX ITPU TUCTAHIHMOHHOM
30HAUPOBAHHNHU 3EMJIN U3 KOCMOCA

I1.K. Kysueyos, b.B. Mapmemvsnos,, B.U.Cemasun
Camapcxuil 2ocydapemeennblii mexnuueckuil ynugepcumem, 443100, .Camapa,
Monoodoesapoeiickas, 0.244,
8-846-423882, kurhesov@mail.ru

B HacTosmiee BpeMs MPOAOIDKAIOT MPEICTABIATH OOJBIIONH
Hay4HBII M MIPAaKTHYECKUH MHTEpec 3a1aun 00pabOTKH M300paKeHui U, B
YaCTHOCTH, 3aJadyd 00paOOTKM n300pa)keHHH 3eMHOH IOBEPXHOCTH,
MONTyYaeMbIX C HEMUIIOTHPYEMBIX KOCMHYECKHX ammapatoB. COBpeMEHHbIC
METO/Ibl ¥ UH(POPMAIIMOHHBIE TEXHOIOIHH 00pa0OTKH TaKUX H300paKeHHI,
OPHUEHTHPOBAHHBIC HA PEIICHHE IIHUPOKOro KOMIUIEKCA B3aWMOCBS3aHHBIX
3aj1a4, N3JI0KEHBI, B YaCTHOCTH, B (hyHAaMeHTanbHoi padore [1]. HecmoTps
Ha OoJbIION 00beM MyOHMKAIMI 110 paccCMaTpUBaeMbIM IIpo0JieMaM, B TOM
qucie, B Internet, pa3pabaThIBalOTCsI HOBBIC U YIYUIIAIOTCS CYIIECTBYIOIIHE
aJrOpUTMBEI 00pabOTKK HM300pakeHUil. B craThe W3iararoTcs HEKOTOPHIC
pe3yabTaThl, TOMYYEHHbIE AaBTOpAMH B MPOIECCe HCCIENOBaHUSA |
pa3paboTKu COOCTBEHHBIX METOJOB M QITOPUTMOB pEIICHHUs 3aJad IO
MEepPBUYHOI 00paboTKe U300paKEeHUH 3¢MHOI MOBEPXHOCTH.

3aja4n, HA PELICHUH KOTOPBIX OBLIO COCPEAOTOYCHO BHUMAHHE,
MOPOXKICHBI OCOOCHHOCTAMH OOPTOBOH ammaparypbl, perHCTPUPYHOLICH
H300paXKeHHs 3eMHOM TTOBEPXHOCTH.

N306paxeHuss GopMHUPYIOTCS C MOMOIIBI0 MaTpPHIl TPHOOPOB C
3apsinoBoii cBs3bio (I13C marpur) (puc.1). Takast ctpykrypa dopMupyer
H300paXKEHHs TOCTPOYHO.

[r— | [e— e—
—_—m——— e— ——

Pucynok 1 — Crynenuaroe pacnoJiozkenne cexkumii I[13C marpuu.

OtnenbHbIe cekiuy, cocraBistomue [13C marpuiy, GopMUpYIOT
moiocel  m3o0pakenuit. Cekrmuu [13C  MaTpuibl pPacHoOOXKEHBI C
MIEPEKPBITHEM B HECKOJNBKO MHUKCENEeH (SYeeK MaTpuil) B 0O0JacTH
CMEXHOCTH UX KOHIIOB. B pe3ynbraTe, CMEXHBIC TOIOCH N300pasKeHUH
COJiepKaT MO0 CBOMM KpasM H300paKeHHS OIHUX U TEX YK€ Y4aCTKOB
MecTHOCTU. [lodTOMY mpH (OPMHPOBAHWUU OIHOTO OONBIIOTO Kamapa
HEOOXOAMMO  BBINOJHUTH  CKIeUGaHue  STHX  TONOC,  yHAJss
TTOBTOPSIONIHNECS (PParMEHTHI U300paKCHUI.
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B 3aBucMMOCTH OT HamnpaBICHUS BEKTOpAa JBWKCHHS JaHHOW
MaTpPHII OTHOCHUTEIHHO HOPMaJM K €€ CEKIUSAM IIUpUHA o0jacTel ¢
M300pKECHUSAMU ONHUX W TEX IKE YYaCTKOB MECTHOCTH MOXKET
U3MCHAThCSA B TpeAeiax HECKONBKUX THKcened. Takue mouTw
OJTMHAKOBEIC (hparMeHTHI M300paKECHUI MOTYT UMETh B3aUMHBIN CIIBUT
B BEPTHUKAJIHHOM HAIPABIICHUU, H3MEPSEMBIA TaK ¢ HECKOIbKUMHU
MMUKCENAMU. OJTU CIBHTH HEONPEACICHHOW BEIUYHMHBI IPEBPAAOT
3aJ1a4qy CKJICHMBAHUS TOJIOC H300pakKeHUI B HETPUBUAILHYIO 33]1a9y.

B mpomecce chemku mepen wmatpuriamu [13C  MokeT OBITh
YCTaHOBJICH [BETHOW CBeTOGWILTp. B pesymprate ¢ MaTpuil
CUMTBIBACTCS TaK HA3bIBAEMOE CHEKMPO30HAbHOe W300paKCHUE.
Moxer ObITh C(HOPMUPOBAHO OJTHOBPEMEHHO TPH CIIEKTPO30HAIHHBIX
n300paKeHHs JAHHOW MECTHOCTH. 3aJavy CBEICHUS TpPEX TaKuX
n300pakeHU B OJTHO I[BETHOE HA30BEM 3aJIaueii cosmeuyers.

3amaun CKJICUBAHHUS W COBMEIICHUS H300pPaKEHUH SBISIOTCS
MEPBOOYCPEIHBIMA B TEXHOJOTMYCCKOW  IICMOYKE  00pabOTKH
n3o0paxeHui. Jns pemeHust stux 3amad ObuiM pa3paboTaHbl CHELU-
aJTM3UPOBAHHBIC CPEIIBI, C MMOMOIIBI0 KOTOPHIX M3yYaTUCh 0COOCHHOCTH
M300paKeHUN, CTABWINCh BBIUUCIUTEIBHBIC JKCIICPUMEHTHI IO
0TpabOTKE METOIOB U aJITOPUTMOB.

O6pabaTeiBacMbie U300paXKEHUS B UCXOJHOM BHJIC TIPEICTaBICHBI
tif ¢daiimamu U umeroT pasmep Gonee 6 ThICSY MUKCENeil B CTpoke, a
KOJIMYECTBO CTPOK MoxkeT mpeBbimath 100 Thicsu. s 3amay
pa3pabOTKU H UCCICIOBAHUSA aNTOPUTMOB W3 OSTHX H300pasKeHUMA
BBIPE3aJIUCh (PPATMEHTHI, COJEpPXKAIIUEC XapaKTepPHBIC H300paKEHHUS
Pa3TUYHBIX OOBEKTOB MECTHOCTHU: MOJICH, TOPOJCKHX KBapTajoB, TOP,
00JTaKoB.

PaspabotanHast cpema COACPKUT B CBOEM COCTaBE CICTYIOIIHC
OCHOBHBIE KOMITOHEHTEHI:

- JBa TMONA C TOJNOCAMH BEPTHKAIBHONH TPOKPYTKH IS
oToOpakeHus (parMeHTOB CIEKTPO30HAIBHBIX H300paKEHUH pa3MepoM
500x3000 mmukceneit;

- OmHO TmoNe I OTOOpaKeHHs pe3ylnbraTa COBMECIICHUE

CIICKTPO30HAJIbHBIX H306pa)KeHPII>i B IIBCTHOC;

- YHCJIOBBIE MOJSI JJISl OTOOpaKEHHs KOOPIMHAT Kypcopa BHYTPH

KaXaoro m3 TpexX YKa3aHHBbIX H306pa)¥(eHHI>i, TIO3BOJIAIONINE BBIYHUCIIATH
PacCCTOSAHUA MEKIY 00BEeKTaMHU Ha I/I306pa)KeHI/II/I;

- YHUCJIOBBIC IIOJIA IJIs1 OTO6pa)KeHI/IH PE3YJIbTATOB BBI‘IPICJIeHPIfI,

OIMPCACIIAIOINX MTPOLECC MOMIAaroBoro CBEACHUA H306pa)¥(eHHﬁ;

- MOJA W KHOIIKM [UIA 3aJaHusA MapaMETpOB W HWHUIUUPOBAHUSA

MpOLecca PYYHOTrO CBEICHUS U300paKeHHUIA;
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- MHOYXECTBO KHOITOK U TTOJIEH BCIIOMOTaTEIbHOI'0 Ha3HAYEHHUST;

- ornenbHble (OPMBI Al OTOOpaKEHHsT B BHUIE H300pa)keHHH
KapKacHBbIX TPEXMEPHBIX  IIOBEPXHOCTEH  (YHKIUHA, IOPOXKIAEMBIX
UCCIIeyeMbIMH aJITOPUTMaMH  CBEJECHUs HW300pakeHWH, C KHOIKaMH,
MO3BOJISIIOIIMMH ~ [TI0OBOPAYMBATh OTH IIOBEPXHOCTH B  TPEXMEPHOM
MIPOCTPAHCTBE, U C MOJISIMH, OTOOpPaKAIOIIMMH TPEXMEPHbBIE KOOPANHATHI
TOYKH ITOBEPXHOCTH, YKa3aHHOH KypCOPOM.

HccnenoBanuch  MeTOAbl  pelIeHHMs — 3aJaud  COBMEUICHUS,
OCHOBaHHBIE HA BBIUMCICHUU KOPPEIALMHA M Pa3IUYHBIX BapHaHTOB
pasHoCTel MeXIy 3allaHHBIMU (hparMeHTaMH JIByX M300paxxeHuid. Bece onn
TIOKa3aJIi HECTIOCOOHOCTh K PEIICHHIO 3a/1auH, €CIH 3a/laHHbIe (hparMeHTHI
coJiepkaT HM300pa)keHUs] C BBIPAXXEHHOH NEPHOJUYHOCTHIO, HAlpHuMep,
n300pakeHHsl MallHW, M HCXOJHOE paccorjlacoBaHWe H300paKeHUH
COCTaBJIsIeT OoJiee TOJOBHHBI MEPUOJa TAKOW IEPUOJMUYECKOH CTPYKTYpHI
Ha u300pakeHMH. Takue MeTOAbl INIPH O3THX YCJIOBHAX HE HAXOISIT
MPaBWIBHOTO pEUIeHUs] H3-32 TMOMajaHusl B O0JAaCTH  JIOKaJBHOTO
JKCTpEMyMa HCIoiIb3yeMoi (yHkmu. OToOpakeHne 3TUX (YHKIUH B
BU/Ie M300pa)KeHUsI KapKacHBIX IMOBEPXHOCTEH HAINSAIHO II0KA3ajo, YTO
MepUOIMYHOCTh  TaKMX  JIOKAIBHBIX  OKCTPEMYMOB  COBMAJaeT C
MIEpHOIMYIHOCTHIO HAOII0JaeMOl Ha H300payKEHUH CTPYKTYPHI.

B pesynbraTe BEIMHCINTEIBHBIX SKCIEPUMEHTOB OBUTH BBISBIICHBI
BBICOKHME TIOKa3aTeldn Memoda @yHkyuonamuzayuu. MarteMaTndeckas
OCHOBA W KOHKPETHOE NPUMEHEHHE 3TOr0 METO/a U3JI0KEHO, B YaCTHOCTH,
B pabGore [3]. Hcnomp3yembiii B Merone (DYHKIMOHAT TOPOXKIAET
MIOBEPXHOCTH, HE HMEIOUIMe IEepUOANYECKOH CTPYKTYpHl Jaxe IpH
00paboTke  (parMeHTOB  W300paKEHWII C  SIBHO  BBIPAXKCHHOU
MIEPHUOANIHOCTBIO.

N300pakeHus1, 1151 KOTOPBIX HEOOXOMMO pelaTh 3aJaqy CIITUBKH
U COBMEIICHHS, 3aJal0Tcsl coaepxumbiM tif (aiinoB, 00beMbl KOTOPBIX
Moryr mnpeBsimath 1,5 ['0aiit. [lpuHnmas BO BHHMMaHWE TOIBKO OTY
0COOEHHOCTh UCXOJHBIX JaHHBIX, SICHO, YTO IPH BBHIYMCIICHUHU [TApPaMETPOB
COBMEIICHUSI WIJIM CIIUBKM HEOOXOoAMMO padoTaTth ¢  HeOOJIbIIMMHU
(parMeHTaM1 MCXOJHBIX M300pa)KeHUH, KOTOphIe jaanee OyaeM Ha3bIBaTh
«okHamu aHanuza» OA.

Ha pucynke 1 mpencraBieH ¢parMeHT HW300pakeHHs C
BBIPAXXEHHON MEepUOJUUECKON CTPYKTYpoil. bemnblil mpsAMOyroisHUK 3aJaeT
nonoxkeHne Ha u3o0paxeHnn OA, KOTOpPOE HCIIONB30BAJIOCh IS
TIOTYYeHHsT U300paXKeHUs, IPEICTaBIEHHOIO HAa PUCYHKE 2.
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Pucynoxk 1

Pucynok 2

3amaud  COBMEUIEHHWS M CIHIMBKM HWMEIOT CMBICH  TOJIBKO
OTHOCHTENIFHO JIByX H300pa)XeHH OJHOW W TOH JK€ MECTHOCTH.
[MosTomy OA 3amaercst Ha KaKA0M U3 3TUX U300pakeHuit. Conepxumoe
TIOJYTOHOBBIX M300pakKeHWH B Tpex KBajparax Ha pHUCYHKe 2
oToOpakaeT OCOOCHHOCTH TpeX IMOAXOJOB K PEIIeHHUIO paccMmat-
pUBaeMBIX 3aj1ad. B KakIoM M3 TOAXOAOB Iapa paccMaTpHBAEMBIX
n300paXeHWH  COBMEINANAach  BPY4YHYIO.  3aTeM,  H300pakeHus
WCKYCCTBEHHO DPa3BOIWJIUCH 10 OJHOW M JIByM KOOpJIMHATaM, W IpH
Ka)X/IOM M3 BapHaHTOB 3a/IaHHOIO PACCOIJIACOBAHMS HW300parkeHNH
BBIUMCIIIIACh (DYHKIUMS, HCIIONb3yeMas B KadecTBE OCHOBBI MeTona
peueHus 3afa4yd. B pe3ynpraTe Ka)KAOMY BapHaHTy paccOrIacOBaHMS
N300paXEHUH CTaBUTCS B COOTBETCTBHME 3HAU€HHWE 3TOW (YyHKIMU. B
SKCTIEpUMEHTaX N300pakeHHs1 Pa3BOAMINCH Ha paccTostHus ot -50 1o +
50 nukcenell mo kaxaoi u3 koopauHat. IloaTomy Ha pucyHke 2 g
KOKIOr0 W3 TpeX MoaxoJoB oroopaxkensl mo 10 000 3HaveHwit
cooTBeTCcTByIOIMX  (yHKumi.  bompmas  sipkocTh  MUKCENs
COOTBETCTBYET OonblieMy 3HadeHWIo (QyHKUuH. [IMkcensiM B LieHTpe
KBaJJpaTOB COOTBETCTBYET TOYHOE COBMELICHUE JIBYX U300paKeHUH.
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B nepBoM n3 moaxonoB (JIE€BbIH KBajapat) s 3aaHHOM mapsl OA
BBIUMCIISIIOCH  CpeHee 3Ha4yeHHe MOAYyJed pa3HOCTH SIpKOCTEH
MUKCeNell ¢ OJWHAKOBBIMU KoOpAuHaTamMu oTHocutensHo OA. B
BBIYMCIIUTEIHHOM OTHOIIEHHH JTOT MPOLECC 3HAYUTENIBHO IIPOIIEe
BBIYHMCIIEHUST KOd(pQUIIMEHTa KOppelsiuy (IpaBblii KBaJpar) MEXIY
comepxuMbiM  OA. BugHo, d4To mepuoamyeckas — CTPYKTypa
N300paKEHHs] TMOPOXKAAET TEPUOJUYECKUN XapaKTep BBIYUCISEMBIX
¢ynxmii. [ToaToMy, 00BIE METOBI PELIEHUS 3a/]aul, OCHOBAHHbBIE Ha
TPaJIMEHTHOM CITyCK€ TI0 COOTBETCTBYIOIIUM O3THUM  (YHKIUSM
TIOBEPXHOCTSIM, Ha IOJOOHBIX M300paskeHUsIX OyIyT JaBaTh HEBEpHbBIE
pemieHust  Jake P CPaBHUTENBHO  HEOONBIIMX  HMCXOIHBIX
paccoriacoBaHusIX OSTHX HW300paXEHWH 10 TPHUYMHE HEU30EKHOro
CTOJI3aHUSI WM TTOJIbeMa B TOUKH JIOKAJbHBIX 9KCTPEMYMOB.

Cpenuuii KBaapaT COOTBETCTBYET METOAY (YHKIMOHAIN3AINH,
npeaioxkeHHoMy B [1]. Pucynok 3 npencrasisier coboii BTopyto ¢popMmy
oToOpakeHHs: WH(POPMAIMK, COOTBETCTBYIOIIEH CpeIHEeMy KBaJpary.
Ha Hem moka3aHo mojie BEKTOPOB-pEIICHUI, T'€HEPUPYEMOE JTUM
METOJIOM:

- TIEPECeYCHUIO TOPH3OHTAIBHBIX M BEPTUKAIBHBIX JIMHUH CETKH
COOTBETCTBYET KOHKPETHOE PaCcCOIIacOBaHNE N300paKeHHIA;

- [EHTPY CETKH COOTBETCTBYET TOYHOE CBEJIEHHE H300paKeHWi
(HyJIeBOE paccoriiacoBaHuUE);

- KOpPOTKHME OTpE3KH OJIMHAKOBOW JUIMHBI 3aJal0T HalpaBliCHUE
BEKTOpa CIBHra MOJBHKHOTO N300pa)KeHHs; MOYJb 3TOI0 BEKTOpa Ha
PHCYHKE 2 0TOOpaXKeH SIPKOCTHIO MTHKCEJIS;

- TOYKH Ha OTpEe3Kax 3aJar0T Hayaja BEKTOPOB CIIBUTa;

- BBIOETICHHBIA  KBaapar 3amaer o0macTb, B  KOTOPOM
paccoriiacoBaHue HW300paKeHHWH HE TMPEBBIMACT 25 MUKCENeH 1o
Ka)JIOH U3 KOOp/IMHAT;

- JIoMaHas JIMHUS, CoAepKamias B JAHHOM Cilydae TOJbKO IBa
3BeHa, 33JaeT INard COBMEIIECHHUS, BBIYHCIAEMbIE [0 METOAY
(yHKIMOHATHN3AIIH.

Jlomanast Ha pUCyHKE 3 TOBOPHUT O TOM, YTO B JIAaHHOM CIydae
(BekTOp paccoriacoBaHus wu3o0pakeHwit paBeH (-20; +35)) 3amaua
COBMEIICHUS JIBYX HM300pa)keHHH Oy/eT pelieHa BCEro 3a JBE HUTEPalHH.
MeroaaM TpagreHTHOrO CIyCKa MOHAJA00MIOCh OBl B JydmieM ciydae 35
UTeparyi.
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Pucynok 3

OpueHTanusi BEKTOPOB Ha PUCYHKE 3 B HANpaBJICHUH LEHTPa CETKH
TOBODHUT O TOM, UYTO paccMaTpuBaeMbIii METOA XapaKTepu3yercs
CPaBHHUTENIBHO OONBIIONW «00JAaCThIO TNPHUTSHKEHHS» H300pakenuit. [Ipu
9TOM METO]] «HE 3aMeyaeT» NePHOJUUECKUX CTPYKTYpP Ha M300paKEeHHH.

Bubumnorpaduuecknii cnucok:
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2, c. 55-60.

42



CUIOBBIE XAPAKTEPUCTUKU ITUHAMUWYECKH
HEYPABHOBEIIEHHBIX BPAIIIAIOHINXCA
POTOPOB (MATEMATHYECKASA MO/IEJIb)

Cokon B.M., Hncmumym npocpeccusHbix uccied08anuil,
n.s. 5193, Apao 89151, Hspauns.
Ten.: +972 72 211 32 05; +972 776 56 58. E-mail: vmsokol @012.net.il

B pabotax [1, 2] wuccimemoBaHa BO3MOXXHOCTh OECKOHTAKTHOT'O
U3MEPCHUS TUHAMHYCCKAX IMApaMETPOB U, B YaCTHOCTH, OGCKOHTAKTHOU
JMUHAMOMETPHH Bpamiarmuxcs poropoB. OmHako B pabote [2] chmemaHo
MOJYAJINBOE JIOMYIIEHHE O TOM,
4TO OCh BpalleHHWs poTopa
napaJeabHa ero ocu
CUMMETpHH, a  KoJeOaHus
pOTOpa OTHOCHTENBHO JIPYTHX
ocelt KOOpJAHHAT HE
paccmarpuBatotcs.  O4eBHaHO,
YTO TaKO€ JOMYIIEHHE MOXKET
OBITh MPHHATO JIUIIL B MEPBOM
MPUOJIMKEHUU JUIT CTATHYCCKU
HEYPaBHOBEIIICHHBIX POTOPOB.

Ha puc. 1 B kauectBe

puMepa MIPUBEJICHO
CXeMaTH4ecKoe  U300paxkeHHe

Puc. 1. CHHXpOHHO-TUCTEPE3UCHBIN CHUHXPOHHO-TUCTEPE3UCHOTO
JJIEKTPOABHIATENb JJIEKTPOABUTATEIS c

C ra30MarHUTHBIM MOABECOM pOTOpa ra30MarHUTHLIM HoABECOM
(mponopiuK He COONIOAEHbI) MacCHBHOr0  06€300MOTOYHOIO

1 —crarop (0OMOTKa He MTOKa3aHa); KOHHM4eckoro poropa. Ilycts

2 — MaccHBHBIH 6e300MoTounblf porop 0507 — cBA3aHHAsA CO CTaTOPOM
1 HEMOABIKHAs cucTeMa

KoopauHAT, npudeM ock O& ecTh LeHTpanbHas OCb CUMMETPUM CTaTopa.
[Mycte Tawke G&''n' — xecTko cBsA3aHHAs C POTOPOM 2 TIOABMIKHAS

cucTeMa KoopauHaT, mpudeM ocb GE&' ecTh OCh BpAllleHHS pPOTOpa.
OueBUIHO, YTO JUHAMHYECKAS HEYPABHOBEIICHHOCTh POTOpPA MPUBOIUT K
MPOU3BOJILHOMY (B Mpeeax JAOMYCTUMBIX OTKIOHEHHIA) MONOKEHUI0 OCH
Bpamenuss G&' poropa  orHocuTenmbHO — ocu  cummerpun 08
anexTpoaBurareniss. OUEeBUIHO TaKKe, YTO MPOCTPAHCTBEHHOE JBUKEHUE
POTOpa AKBUBAJICHTHO JBIKCHHUIO JKECTKO CBA3aHHOM C POTOPOM CHUCTEMBI
koopauHaT G&''N’ OTHOCUTENBHO CBS3aHHOW CO CTATOPOM HEIOJBHKHOU
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cucremsl koopauHaT 0&Cn. M3 storo ciemyer, uTo NpU HCCIEIOBAHUU
JIMHAMHYECKUX XapaKTEPUCTUK POTOpa CIEIyeT YYUTHIBATH €rO JIBI)KEHHE
OTHOCHTEIJIFHO BCEX TpeX ocel koopanHat cucteMsl 0547.

B osrom cmyuae amnHammdeckast skectkoctb D [3] orHOCHTENBHO
Kaxoi u3 oceil koopauHat cucreMbl 0567 okas3pIBaeTcst pa3iaMyHON, U B

o011eM ciaydae MOXeT OBbITh OMCaHa MaTpuleil ||Di || :
Di
D=|D, (@D}
D,

CornmacHo [2, 3], muHaMmdeckas >ecTKocThb D; oTHocHTETBHO
KaXI0i u3 ocell koopauHaT cucteMbl 0501 MOKeT OBITH TMpENCTaBICHA B
BHJIC OTHOIICHUS TPOCKIIMU aMIUIUTYABl BBIHYKHaromel cuisl Fo Ha
COOTBETCTBYIOIIYIO OCh K aMIumUTyAe Ay KOJIeOaHUH OTHOCHTEIBHO ITOU

OCH:
D :%E @7 -0 ] + 4707 , 2

rne i=&,¢,m — OCH KOOpAWHAT, Fg — TMPOEKIUs aMILIUTYIbI

BBIHYXJatomen cuwisl Ha ocu &,¢,7n; Ag — ammuryaa KojeOaHWi
otHocurensHO ocedd  &,¢,nm; W — KoadduimeHnt pemndupoBaHus
OTHOCUTEJNBHO ocet &, 6,7 .

U3 (2) cnenyer, 4To NpOEKIMHU aMIUTATYbI BEIHYXIAIOIIEH CHITBI Ha
ocu &,G,n MOTYT OBITH OIpe/IeNiCHI B BHJIE:

o= A, {07 07 [ + 470 ®)

I[Ipu srom ammmutryma Fo BBIHYXKIAIOMIEH CHIBI MOXET OBITh
ornpeJiesieHa B BUJIE MaTPHUIIbI

Foe
Fo= FOg : 4

Fon
Kak cnenyer u3 (3) u (4), onpenenenue cuibl Fo u ee mpoeknuii Fy
CBOIUTCS B KOHCYHOM HTOre K ONPEJICICHHIO YIIIOBOW CKOPOCTH @ U
COOCTBEHHOM IUKIMYECKON YacTOTHI {) poTOpa, aMILUTUTY/IbI KojieOaHuil Ag;
OTHOCHUTEIIEHO ocell &, ¢, 1, a Takke KOI(D(UITMEHTOB NTeMI(pUPOBAHUS Li;

OTHOCHUTENLHO Ka)KI0H U3 3THX OCEH.
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B paborax [1, 4] npeanoxeH METOT ONIpEIeNICHUsI YTIIOBOH CKOPOCTH
® W COOCTBEHHOW NMKIMYECKOH 4YacToThl () poTopa, a TarKkKe MEeTOJ
OIpe/IeIeHUs] TPOCTPAHCTBEHHOTO IMOJOKEHHUS OCH CHUMMETPHHM W OCH
BpameHust poropa. HemnpepblBHOE OTCIIEKMBaHHWE IPOCTPAHCTBEHHOT'O
TIOJIOKEHUsT OCH CHUMMETPUM W OCH BpalleHHs pOTOpa IO3BOJISET
KOHTPOJMpOBaTh (B HENPEPbIBHOM  peXuMe)  aMimmryny — Ag
TapMOHMYECKUX KOJNEeOaHUH pOTOpa OTHOCHTEIBHO KaXIOH W3 ocei
cucreMbl koopauHat 0&4n.

Cunras mapamerpsl @, Q, Ay W3BECTHBIMH (B pe3yjibTaTe HX
u3MepeHus: cornmacHo [1, 4]), ompemenuM 3HAYCHUS KOIPPUIIMECHTOB
JeMIIpUpOBaHNUS ~ OTHOCHTENBHO ocell &, ¢, IpH  HCCIeI0BaHUU
3aTyXaroluX CBOOOTHBIX KOJIEOAHU pOTOpa OTHOCUTEIBHO ATHUX ocel [5].

MakcumanbHasi — TIOTEHIMANbHasi JHeprusi — KonebaHuid  poropa
OTHOCHTEJILHO KKIO0M 13 ocell | = &, ¢, 17 MOXKeET ObITh MPEJICTABIICHA B BHJIC:

D. A2
I, =22, ©
2
PaccessHue MOTEHIMANBHOW JHEPTHMHM CBOOOMHBIX 3aTyXAIOIIUX
kosnebanuii 3a nepuon T, =T (rae T — nepuon He3aTyxarommx KonebaHuUil)

OIpeaACINM B BUJIC:

.
AT, = [FydA, , (6)
0

dA,
rae Fy =2my, d_tl — CHJIBI CONPOTHBIIEHUsSI OTHOCUTENBHO ocedl &, 6,1 ,

2 " Ny o
T =—— — nepHo/1 HE3aTYXAIOIIUX KONeOaHHH C IUKINYECKON YaCTOTON .
w

C yuerom 3HaueHuii Fg , T U BBIHY)KIEHHBIX KOjneOaHuWii poropa
A,= A, Sinot otHOCHTENBHO KaxkIoH w3 ocell &, ¢, 7 BoIpaxenue (6)
npeoOpas3yeTcst K BUIY:

T T
d
ATl = .[Zmyi d_?dA =2my; .[A)z, o’ 008’ wtdt = 2rmu, A . (7)
0 0

W3 coornomenust BenuuuH (5) u (7) onpexenum Kod(huImeHT
paccesiHusI SHEPTHH TP 3aTyXaHUU KOJNeOaHUH (OTHOCHUTENBHO KaXKIO0H U3
oceit &,6,1):

AL Armp o

y = —_— (8)
l_li Di

VYuuteBas kpaliHe Majloe OTIMYUE MEPUOJOB IBYX IOCIEAYIOIINX

3aTyxamnmx konebaHuil [6] (HampuMmep, NPH YMEHBIIICHUH MOCICIYIOIIETO
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pa3maxa KoyeOaHuii BIBOE PO OCIEAyIomero konebanus 1,=1,024T,), a
TAKKE YYUTHIBAS JIMCCHIIATUBHYIO (YHKIMIO Payes, MOXXHO TNpEICTaBUTH
KOod((HHUIMEHT paccessHUs PHEPTHH 3aTyXaIONMX KoJeOaH i B BUIE:

v =25, ©)

rac J'IOFapI/I(l)MI/I‘IeCKI/Iﬁ JCKPEMCHT 3aTyXaHUs

5, = I 10
k =1n ) (10)
i,j+1
& j U &, j+1 — TOIypasMaxu MABYX TOCIEIO0BATENBHBIX KoNeOaHui,

pa3zeNeHHbIX MEPUOIOM T, OTHOCUTENBHO KaXI0H u3 oceit i =&, 6,7 .

CpasnuBas BeipakeHus (8) u (9), HaxomuMm:

D, = 2zma i . (12)
ki
CpasnuBas Boipakenus (2) u (11), Haxoaum:

2ﬂuiw—5ki\/((22—w2}2 +4u’w® =0. (12)
Pemras ypaBuenus (12) OTHOCHTENBHO L, HOMYdHM (OPMYIIEL,

TIO3BOJISIFOIIUE ONPENENUTh (BBIYUCIUTE) KOI(DPHUIUEHTH! AeMI(PHUPOBAHUS
Ll OTHOCHTENBHO oceit koopauHat i =&, 6,1 .

Q% —w® { 1
=05, . 13
Aul ki 260 7[2—5k2i ( )

IMoncrasnsist Beipakerne (13) B (3) ¥ BBINOJIHUB HEOOXOAWUMBIE
npeoOpa3oBaHUs, MONYYMM  (OPMYIBI, IO3BOJLIIOLINE  ONPEAENIUTH
(BBIYMCIINTG) TPOEKUNH Fgi aMIUIMTYIBl TapMOHHYECKOH BBIHYXIAIOIIEH
cuibl Fo Ha ocu &, ¢, cucremsl koopaunaaT 0&4T7:

1
Fy =mz A, 0% —0?) |——— . (14)
m" =8y
C yuerom (4) wu (14) HaligeM aMmIUIUTYIy TapMOHHYECKOU
BBEIHYXKaro1ei cubl Fo B BUIIE:

meA 0 -0?) |

7 =0

Fo=|mrA @2 -0?) 71-2% . (15)
ke

1

2 2

mz A, Q" - ) —
To= kn
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VuursiBas OPTOrOHAJIBHOCTDH ocel f 6,7 CUCTEMbI KOOpAWHAT

0&¢n, onpenenuM aMILUTUTYIy TapPMOHUYECKOW BBIHYXIArome cuibl Fo B

BHUC:
2 2 2
|F0|:mﬂ@2_w2)\/ zAg 2 Ag + 2A7 > |- (16)
° =0y

2 2
=0, 7 =0y,

W3 Bepaxenuit (13) — (16) crmemyer, 4to 3ajgada OmNpeCICHUS
ko3 dunmeHToB JaeMrUPOBaHUS L4 OTHOCHUTEIBLHO OCEH KOOpAMHAT
&,¢,m, a Takke 3amada ompeneneHus npoekuuit Fo u ammmatyner Fo
TApPMOHUYECKOW BBIHYXKJAIOIIEH CHIIBI CBOMSATCS, IO CYTH, K OMPENCIICHUIO
JOrapu(MUYCCKUX JICKPEMECHTOB 3aTyXaHHA O U TOCICAYIOIEMY
BBIUUCIICHUIO BeNWYHMH L, Fo u Fo mpu m3mepseMoil B HempepbIBHOM
pexume Benuumne @ [1, 4] u onpenensemoii cornacuo [1, 2] Benuuune Q.

Cuutas (¢ JTOCTAaTOYHOH CTENECHBIO TOYHOCTH) KOJEOaHUS pOTOpa
CBOOOIHBIMH BOJNHM3U COOCTBEHHOH IMKIMYECKOH YacTOTHI (), MOXKHO
OTPEJIENUTh COracHo pabotam [1, 4] momypasMaxu &, U & j+1 KonebaHuit
pOTOpa OTHOCHTENBHO KaXKJOH M3 oceil KoopauHaT &, ¢, 7, ONpeneiuTh

cornacHo (opmyne (10) morapudmMudeckue AEKPEMEHTHI 3aTyXaHUH Oy U,
CIIEZIOBATENIbHO, HalTH KOIPOHUIMEHTH JeMI(QUPOBAHUS L4 COTIIACHO
ypaBHenusMm (13), a taroke ompenenuts cornacHo ¢opmynam (14) — (16)
npoekimu Fo 1 ammuuryny Fo BRIHYKIAIOMIEH CHITBL.
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HOBBIE TEXHOJIOI'MYECKHE ITPOLECCHI,
BKJIIOYAS HAHOTEXHOJIOT MU

IHTEHCU®IKALIIA BUAOBYTKY HA®TU I T'A3Y 3A
PAXYHOK HOBITHIX TEXHOJIOT'TI TA
HAJAIMHOCTI OBJIA/ITHAHHA

Yepnoe bopuc Onexcanoposuy, Asopcokuii Bonooumup Mukonaiiosuu

Isano-DpenKiscokull HAYioOHALHUT MeXHIYHUL YHIgepcumem Hagmu i 2azy 76019, m.
lsano-Dpanxiscok, eya. Kapnamcoxa, 15, men. (03422) 48090
e-mail: physics@ ifatung. if. ua

OCHOBHOIO TIpOOJIEMOIO, sIKa IIOCTaja TepeA JIIOJCTBOM IIe
eHepro3abe3reueH sl Ta eHeproz0epeXxkeHHs. BHpilIeHHS HUX NMUTaHb He
Moxe OyTu gjocsrHyte Oe3 30inblieHHS 00’eMy OypoBHX poOIT Ta
MiJBUIICHHS TEMIIB i SKOCTI OYJIBHHUIITBA Ta SKCIUTyaTaIlii CBEp]JIOBHH.
Oco011BO BaXKJIMBOIO € TIPOOJIEMa ITiABUIIEHHS JOBIOBIYHOCTI CBEP/JIOBHH
Ta IX TEPMiHIB €KCILTyaTari.

ExcriepumenTanbHi Ta HAyKOBI JIOCTIJDKEHHS IIOKa3ayM, IO
OIHIEI0 13 NpPUYMH aBapii 3 00CaJHUMH KOJIIOHAMH € TIOpYLIeHHS
TePMETHYHOCTI pi3b00BHX 3’€IHaHb oOcagHuX TpyOd. B 3B’s3Ky 3 1MM
HAYKOBIIIMH PO3POOICHO MK psif KOHCTPYKIiN pizbboBuX 3’emHanb OT,
SKi 3HAYHO TMIJBUIMWIA iX TrepMeTH4HicTh. HaliOiapmr mmpokoro
BHKOPUCTaHHSA HaOymu T1pyom 3 pizsboro OTTI-1, B sKkux BHUCOKa
TepPMETHYHICTh ITOBUHHA 3a0€31Ie4yBaTUCh YIIUIEHIOIOUYMM IFepMETH3YIOUNM
MTOSICKOM IWJTIHAPWYIHOT (hOPMH.

Jly)xe yacTto eKkcrulyaTaliiiHi CBEp/UIOBUHH BHKOPHCTOBYIOTHCS B
SIKOCTI HarHiTaJIbHUX 1 TOMY iX JOBTOBIYHICTh Ta HaJIHHICTb B 3HAYHIN Mipi
3aJIeKUTh BiJl IX T€pMETHYHOCTI. BUXOASYM 3 I[bOro HaMH PO3POOJIECHO
BHCOKOT'€pMETHYHE 3’ €JHaHHA 00CaJHHUX TPYyO 3 pi3pOor0 TpamneueinaibHol
¢dopmu (OTTII), B sikOro repmMern3yrode YIIUIbHEHHS KOHIYHOI (opmu
BUTOTOBJIEHE 13 Marepialy 3 KOe(illieHTOM 00’€MHOr0o TEeMIIepaTypHOIro
pO3LIMpEHHsT OUTBIINM Hi>K MaTtepian TpyOou. Take KOHCTpYKTHBHE pilllEHHS
3a0e3MeumIo MiJBUIIEHHS TePMETUYHOCTI Pi3b00OBHX 3’€JHAHb 00CaIHHX
TpyO B 2 pasu B mopiBHsAHHI 3 pizbOoto OTTI-1. KoHcTpykuist 3axuiieHa
aBTOPCHKHMM CBIIOLITBOM Ha BHHAXI.
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Jaunit THn pi3pOoBoro 3’e€HaHHA OYB BUKOPHCTaHUH TIpH
PO3pOOII TEPMOI30NIOBAILHUX CEKIiN TpyO JUIs HATHITAHHS TEIUIOHOCIS B
cepmioBrHy (I'miguumi 201) mpu BHCOKHMX mapaMerpax THCKY Ta
TemriepaTypu. [IpoTsrom poky excruryararii He Oys10 BUSBICHO MOPYIICHHS
TePMETHYHOCTI Pi3bOOBHX 3’ €HAHb.

B mpomeci pO3KpUTTS TNPOAYKTHBHHX IUIACTIB, a TaKOX
eKCILTyarTalii BHAOOYBHUX 1 HarHITANbHUX CBEPJIOBHUH BiJOyBAETHCS
3HW)KEHHS! POHUKHOCTI NPUBHOIMHOI 30HU. {7151 yCIIITHOTO OCBOEHHS Ta
MATPUMaHHS Ha HEOOXIAHOMY pIBHI IPOIYKTUBHOCTI BHAOOYBHHX Ta
NPUIMaJIbHOCTI HATHITAJBHUX CBEPJIOBMH IIHPOKO 3aCTOCOBYIOTHCS
PI3HOMAaHITHI BUAM KUCIOTHHX OOpOOOK (IiHO-, COJEHO-, TEPMO-, a30TO-
TJIMHO-, Ta30-, IY’)KHO-, HAPTOKUCIIOTHI 00pOOKN).

Binpmricte 3 mmx BUAIB 0OpOOKHM NONATAIOTH Y 3aKadyyBaHHI
peareHTa IpH NEBHOMY THCKY Ha BMOIH Ta BUTPUMIII EBHUI Iepio]] dacy.
[Ipore, nmpakThka nokasana, Mo OiLTbI epEeKTHBHUMH METONAMH € Ti MpH
SKHX PpEareHTH IOJaloThCsl y BUOIHHY 30HY 3 3MIHHUMH IapamMeTpamu
THUCKY, TEMIIepaTypu, eHeprii (3 BHKOPHCTaHHSIM €Heprii KepoBaHOIro
BHOYXY, BHOYXOBO-peareHTHHUH, BiOpoceiCMIUHMM 1 T.11.)

3 Meror MiJBUIIEHHS QiIbTpaliiHUX XapaKTepUCTHK IOpia Y
npuBUOIMHIA 30HI IUIACTIB 3 BHUKOPHCTaHHSIM EHEpril TiJpOoaKyCTHYHHX
KOJIMBaHb PO3POOJICHO TiJAPOAKYCTHYHHI TEHEpaTop s 00poOKU
NpuBUOINHOT 30HH. AKYCTUUHHMH T'€HEpaToOp PO3MIMIyEThCS B CTaKaHi Ha
topui komonn HKT Ta ckimamaersest 3 1BOX HMIIHIPUYHHUX TTOPOXKHUH, SIKi
po3MimieHi 1O OOWABI CTOPOHM MPOXiJHOTO KaHAly. 3a paxyHOK
KOHCTPYKTUBHHMX OCOOJIMBOCTEH NMX IIOPOXXHWH BHUHHKAE TYpOYIEHTHHH
pyx pimmHu. B3aemonmis mux TypOYJIEHTHUX (BHXPOBHX) IOTOKIB CTBOPIOE
KOJIUBHHI PYX CTPYMHHH 3 PEry/iboBaHoro yacrororo v =2 +10 I

TakuM unHOM Ha BUOIN i€ piHA 3 aKYCTHYHUMH KOJWBaHHSIMHU
noTyxHicTio 1-2 kBrt, mo 3abe3neyye NpOHWKHEHHS! peareHTy Ha OiIbIIy
rubuny. Jns nii Ha npu BuOiliHY 30HY B HANPSIMKY TEPIEHIUKYIIPHOMY
JI0 OCi KOJIOHH, Ha BUXOJl aKyCTHYHOTO T'€HEpaTopa pO3MILIYeThCs KOHYC,
SIKMH HaIlpaBjIsie €HEpril0 BUIIPOMIHIOBAHHS B TOPH30HTANIBHIHM IIONIMHI.
MoxIuBe PO3MIIICHHS JCKIIBKOX TeHEPaTOpiB 3 PI3HOI OpIE€HTAIIIEI0
CHPSIMOBYIOYHX ITEITIOCTOK.

Bce mne mnpuBoanTh CcepenoBHMINE MPOXYKTUBHOTO IUTacta B
HEpIBHOB&)XHUH CTaH 3 HaBEAEHHAIM B HbOMY 3HAa4YHOI KIJIIBKOCTI
JoAaTKoBUX (uroigHMX KaHamiB. OKpiM I[bOro aKyCTHYHa [isi Ha IUIACT
BIUIMBAE TAKOX Ha (DI3UKO-XIMIUHI XapaKTEpUCTUKH (IIFOiiB, 30KpeMa
3HW)KYEThCS BeIMYMHA Mik(]azHOro Harary Ha Mexi HadTa-Boja,
PYHHYETbCS CTPYKTypa B’S3KOIJIACTHYHMX piauH 1 T. iH. B pesymbrati
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T IBUIITYETHCS ¢uoifoBiIaya MPOAYKTHBHOIO — IUIacTa, qUM
3a0e3neuyeThesl iIHTeHCU]iKanis BUTOOYTKY BYTJIEBOIHIB.

OCKIUTBKH Ti1pOaKyCTHUHI TeHEpaTOpu MpaIIOIOTh y CHIBHOMY
KOpO3iiHOMY CepeloBHIIli, TO 3 METOI0 BHOOPY Martepianry BUXpPOBUX KaMep
aKyCTHYHOr0 reHeparopa OyB NpOBEIEHHH KOMIUIEKC €KCHEePHUMEHTAIbHIX
JIOCITiJPKEHB.

Byrio BCTaHOBJIEHO, MO HAHOLIBIIOK JOBIOBIYHICTIO BOJIOMIIOTH

xamepH i3 crani 43XH2M®A 3 0, =950 +1100 MIla Ta 3 6ponsu OCII

—555.

OpepkaHo aHATITUYHI 3aJIEKHOCTI U1l BU3SHAYEHHSI ONTUMAaJIbHUAX
rapameTpiB TiJPOAKyCTHYHUX TEHEpPaTopiB Ta IPOBEJCHHO IPOMHCIOBI
BUNIPOOYBaHHS, SIKI MiITBEPIMIN BHCOKY €(QEKTHUBHICTH JAHOTO METOAY
OYHCTKH MPUBUOIIHOT 30HM IIIacTa.

OUYUCTKA IIUTBEBBIX 1 CTOYHBIX BOJ
HU3KOTEMIIEPATYPHbBIM IIVIASBMEHHBIM
IJIEKTPOJIN30OM

KVBJIAHOBCKHH Banepuii Cemenosuy, KPABYEHKO Anexcandp Bacunvesuu,
IIUBOBAPOB Anexcandp Anopeesuy, BEPCUPOBA Okcana Jleonuoogna
Hncmumym obweil u neopeanuueckoii xumuu um. B.1. Bepnadckoeo
Hayuonanvhoil akademuu Hayk Yrpautul
npocn. Axademuxa Iannaouna 32-34, 03680, Kues-142, YVkpauna,
e-mail: kublan@ukr.net

B nacrosimiee  Bpemsi  pe3koe  MOBCEMECTHOE  YXYAIIECHHE
9KOJIOTMY €CKOU CUTYyaIlluu MIPUBETIO K CYIIECTBEHHOMY
MHOTOKOMITOHCHTHOMY 3arpsS3HCHHUI0 BOIOCMOB W TMOBEPXHOCTHOTO CIIOS
3eMiid. B Bome W MOYBE B OMACHBIX KOHIICHTPAIWSX MOTYT COIEPIKATHCS
HE(TENPOAYKTHI, ITOBEPXHOCTHO-AaKTHUBHBIC BEIIECCTBA, HWOHBI TSDKEIIBIX
METAJIJIOB, TICCTUIIH/IBI, OPTaHNYECKUE BEIECTBA U JIp.

OCHOBHBIM UCTOYHUKOM 3arpsi3HCHUI BOIOCMOB W TIOUBEI SIBJISIFOTCS
CTOYHBIC BOJIBI, COMCPIKAIIIE 3arPSI3HCHUS B OMTACHBIX KOHIICHTPAITHUSIX.

Tak  kak  BOJOEMBI  SIBISIOTCS  OCHOBHBIM  HMCTOYHHKOM
BOJIOCHA0KEHUSI HacCeJeHMUs, a 3¢ PEKTUBHOCTH HMMEIOIIUXCS
BOJIONIPOBOIHBIX OYHCTHBIX COOPY)KECHHH B OTHOIICHUYA MHOTHX YKa3aHHBIX
BBIIIIC BENICCTB HE3HAYMTENBHA, TO OYCHb aKTYalbHO CTOHT BOIPOC
BBICOKOO(D()CKTHBHON OYMCTKH CTOYHBIX BON W OOCCIICUCHHUS HACCIICHUS
Ka4yeCTBEHHOU MMUTHEBOUW BOJIOM.

VY CYIIEeCTBYIONIMX PEAreHTHBIX METOIOB OYHUCTKHU JKUIKHX CTOKOB
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Hapsay C OOMIENPUHATBIMH  JOCTOMHCTBAaMH HMEIOTCSI HE MeHee
00IIer3BeCTHBIE HeOCTaTKU. [lepeurciiimM OCHOBHBIE:

- IIpY BBEAEHHM pPEareHTa B PAacTBOP TOIBKO HEKOTOpasi €ro 4acTh
SIBJISIETCS HEOOXOMMMOW JUIsl TIPOBEJNECHUSl PEakUUH, Opyras €ero 4acrb
SIBIISICTCS 0AJTACTOM, 3arpsI3HSIONMM 00padaThIBAEMEBI PacTBOD;

- IIpY peaxlyy JeWCTBYIOIIEro Havyaja peareHra C 3arps3HUTEIEeM B
BOJIE HAKATUTMBAIOTCS POAYKTHI PEaKIUK ASHCTBYIONIEro Hayalla peareHTa;

- TpU OYKHCTKE pa30aBIEHHBIX CTOYHBIX BOJ TEXHOJIOTHYECKH
HeoOXomuMmo, Juis  oOecriedeHus] TIOMHOTHI pEeaKiuH, IOAJepPKUBATh
N30BITOYHOE KOIMYECTBO pEeareHTa, 4YTO MOXKET SIBISATHCS BTOPUYHBIM
3arps3HUTENIEM BOJIBI.

Jlns pemienus TpoOJIEeMBl OYMCTKHM CTOYHBIX BOJ TpeJiaraercs
METOJ W YCTaHOBKa HHM3KOTEMIIEPAaTypHOIO IUTa3MEHHOTO 3JIEKTPOIU3a
(HTTID), xoropass oOecrieunBaeT OYUCTKY UM TOHKYIO JOOYHUCTKY
MPOMBINIICHHBIX CTOYHBIX BOJX OT OPraHUYECKHX W HEOPTaHUYCCKUX
3arps3HEHUH 10 CaHUTAapHBIX HOPM, IIO3BONISIOIIMX OOECHeYnBaTh WX
copoc.

[lpumenenne  MeToma  HU3KOTEMIEPATYPHOIO  IUIA3MEHHOT'O
(JTIOMUHECIIEHTHOT0) 3JICKTPONIM3a IO3BOJISIET OOCCICUUTh YMEHBIICHUE
Cofiep>KaHUs BpEHBIX BEIIECTB B BOAHOM pacTBope He MeHee 95-99% mpu
HCXOMHOM YpPOBHE KOHIICHTPAIMM 3arpsA3HCHUN MPHUCYTCTBYIONIAX B
peasbHBIX CTOYHBIX BOJAaX Ha ypOBHE OT 2 JIO 5 IpenesNbHO JIOMYCTUMBIX
KOHIICHTpAIHA:

VYuukansHocTh MeTona HTIID coctout B TOM, 4TO OH MO3BOJSIET
OKa3bIBaTh BO3/ICHCTBHE Ha JKUAKOCTH C TOMOIIBIO OJIEKTPUYECKOTO M
¢doToxuMuueckoro 3¢ QeKToB, a TaKKe 3IMEKTPOXUMHUYECKHX peaKIu,
NPOTEKAIONIMX  Ha  JJEKTPOAE  MOTPY)KEHHOM B  JKHUAKOCTh, W
MIPOJIOHTUPOBAaHHOTO BO3JEHCTBHEM MPOAYKTOB, 00pa3yOIIMX B BOIHOM
pacTBope IpH BO3JIEHCTBHU BCEX (DAaKTOPOB.
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N — brok-cxema YCTaHOBKH JUISL
1L J : — "' o6paGorku xuaKOCTEil B IPOTOYHOM

1z . ) pexume: 1 - peakrop; 2-¢hopcyHKa;
3 - aHom; 4 - Karom; S5-3NMEKTpPO-
MarHuT;  6-UCTOYHUK  NIHTaHHS
i s JNIEKTPOMAarHuTa; 7 - HCTOYHUK
oy} sl p
o
I

) |

F
L]

f MUTaHUS pa3psaaa; 8 - MOIIOTUTENb
BIarM TepBOH  cTymeHw; 9 -
i _ MOITIOTUTENb BIArM  BTOPOH

| ; ctynend; 10 - BakyyMHBIH Hacoc;

- 1 —_—

' b 11- HeoOpaborauHbIil pacTBOp; 12 -

-
]

1l— . ) IJIeHKa >Kuakoctd; 13 - pactBop
mociie 00padorku; 14 - GUIBTpEL

Ha pucynke mnpencraBieHa cxeMa YCTaHOBKU Ui pealu3aluu
Merona HTIID B mieHOYHOM pexume NMpoTekaHus XKuakocTH. Peaxtop 1
MIPENICTaBIsIET COO0M MONyI0 TPYOKY U3 JUIJIEKTPUUECKOTO MaTepuana ¢
KaTo/loM 4, BBIIIOJIHEHHBIM B BHJIE KOJBLIA U KOAKCHAIBHO PaClOIOKEHHBIM
aHomoM 3. OOpaOarbeiBaeMasi JKHJIKOCTh, PaBHOMEPHO paclpeaeisemMas c
TIOMOIIBIO (POPCYHKH 2 Ha CTEHKH PEaKTopa, B BUJE IUICHKU CTEKAaeT BHU3 U
TonajaeT B 30Hy 00pabOTKH TICIONMM PaspsiIoM, MOCIe Yero coOupaercs B
npueMHOl eMKocTH 13, oTKyza Ipy HEOOXOANMOCTH MoJaeTcst Ha (priIbTphI
14. B nanpHeiinieM oOpaboTaHHAas >KUAKOCTH MOXKET OBITH BO3BpallieHa B
TEXHOJIOTMUYECKUI Ipoliecc, HalmpaBieHa B CIUMB WJIM Ha IOBTOPHYIO
00pabOTKY C IETTBIO TOBBIIICHUS KA4eCTBa OYUCTKU.

IIpennaraemselil METOM U1 OYMCTKH CTOUHBIX BOJl OT MOHOB TSDKEJIBIX
METaJUIOB TIO3BOJISIIOT POU3BOANUTH OUYUCTKY M OT aHHOHOB CIIA0BIX KHCIIOT
0e3 BHeceHHsS CTOPOHHMX pEAaKTHBOB W OaJUIaCTHBIX 3JIEMEHTOB.
JleficTByroMM HavajoM TNpOLECCAa OYMCTKH SIBISIETCS CHEKTp (DU3UKO-
XUMHMYECKUX BO3ACUCTBUI, OKa3bIBAEMBIX METOIOM HHU3KOTEMIIEPaTypHOIO
IUTa3MEHHOTO AJIEKTPOIN3a, NMPOJIOHTUPOBAHHBIM XUMHUECKUM JAEHCTBHEM
MEPEeKUCHBIX M HAJINEPEKUCHBIX COEIUHEHUMH, KOPOTKOXKHBYIIUX HOHOB U
panuKaioB, oOpa3ylomuXcsl B BOJe IIPH KOHTAKTe ¢ IUIa3Moi. Pesymsrarom
9TOr0 KOMIUIEKCHOTO BO3JEWCTBUS Ha BOJAHBIA pacTBOp SABJISIOTCA
COeIMHEHUs, O00pa3ylomuecss MpH  OKUCIUTEIbHO-BOCCTAHOBHUTEIHHBIX
peakuusx ¢ 3JeMeHTaMH-3arps3HuTensMu. Hampumep: 1nuaHua-uoH
paspyiiaercs ¢ 0o0pa3oBaHHEM YIIEKUCIOrO ra3a M a30Ta; HOHBI MENu,
LMHKa, HUKENs, JKene3a o0pa3yloT COOTBETCTBYIOUIME THAPOKCHIBI
nepexo[sile Ha CTaguM  pasieieHus ¢a3 B 0OCaJoK; HOHBI
LIECTUBAJIEHTHOIO XPOMa BOCCTAHABIMBAIOTCS 10 TPEXBAJIEHTHOTO U MNpHU
KaTOZIHOM TO[IIEeNIaYMBaHUN 00Pa3yIoT THAPOOKHUCH XpoMa TPEXBAIEHTHOTO
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B Merome HHM3KOTEMIIEpaTypHOTO IUIA3MEHHOTO  JJIEKTPOIH3a
ANMEKTPOXUMHYECKUI (PaKTOp BO3AEHCTBUSI IPUCYTCTBYET B YHUBEPCAIEHOM
acriekTe. AHOJHBIE TPOLECCH IMPOTEKAIOT Ha TpPaHMIE Ta3-KUIKOCTB,
00pallleHHOW B CTOPOHY JXKHIKOCTH M 00pabaThIBalOT pacTBOpP MOHAMH U
pamuKasaMH JIECTPYKIMH BOJBI, KOTOpbIE BO3HHMKAIOT TMOJ JEHCTBHEM
ANIEKTpOpaspsiia Ha JKUIKOCTh. OTH BBICOKOPEAKIMOHHBIE COEIMHEHUS
MHHAIMHMPYIOT 00pa3oBaHHE PeaklHid JaBUHHOTO XapakTepa C IMPHUMECSIMU
MIPUCYTCTBYIOIIUMH B BOJIE.

Karonnble mpomeccsl MpOTEKaroT B OCHOBHOM B BHJIE 00pa3oBaHMs
aTOMapHOT0 U MOJIEKYJISIPHOTO BOJIOPO/a Ha MOBEPXHOCTH, MOTPY>KEHHOTO B
KHUJKOCTb, AJIEKTPONa. ATOMAapHBIA BONOPO[ SIBISETCS OJHUM W3 CaMbIX
CHJIBHBIX XUMHMYECKHMX BOCCTaHOBHUTEJEH. Takoe HampaBleHHOE C JIBYX
CTOpOH BO3JEWCTBHE Ha 00pabaThIBAEMYIO JKHUAKOCTb, IIPUBOJHUT K
MIPOTEKAHUIO  OKHCIIHMTEbHO-BOCCTAHOBUTENBHBIX — B3aMMOJCHCTBHHA  C
3arps3HEHUSIMU U, KaK CJIEACTBHE 3TOT0, BBICOKOM CTETIEHN OYNUCTKU BOJIBI.

[Tpu 5TOM B MCXONHBIM BOJHBIA pacTBOP HE BHOCSTCS KaKHe-THOO
XMMHUYECKHE BEIIECTBA, KOTOPbIE OBl B MOCIIEICTBUN, MOIIIM HAKAIJIMBATHCS
B BOAE M BbBI3BIBATH €€ JOMOJHHUTENBHOE 3arps3HEHHe, eJUHCTBEHHBIM
PacXOHBIM MaTepHajioM SIBJSIETCSI JIEKTPUUECKHH TOK, pacXofl KOTOPOro
pacrer IponOpLUHUOHAIEHO KOTHYECTBY HCXOIHBIX 3arps3HEHHUH.

Merton HTIID MoxeT NpUMEHATHCS JUIsl OYUCTKUA CTOYHBIX BOJA
MIPENNPUATHH KOMMYHAIIBHBIX XO3SIMCTB, MPEANPUSATHH XJIeOONeKapHOH,
MSICOMOJIOYHOH,  CaxapHOW  IPOMBINUICHHOCTH,  MPEANpPUSTHH  TO
MIPOU3BOJICTBY MeEJNpenaparoB ¥ OHONPOAYKTOB, CTaHIMH IHTHEBOIO
BOJIOCHAOXKEHUsI, MH(QEKINOHHBIX KIMHHUK, OOOTaTHTENBHBIX KOMOHMHATOB,
AQTOMHBIX DJIEKTPOCTAHIMH, CHEIUaJIbHBIX JICYeOHBIX 3aBEJCHHN, CTAaHINH
MUTHEBOTO0 BojocHaOXeHHs1. OcobeHHO Oombloe 3HaueHHs OyAeT UMETh
JUTSI DKOJIOTMYECKU OMACHBIX PETMOHOB U YpE3BBIUAHHBIX CHTYaIUH.

YMOBU 3ABE3INEYEHHA AKOCTI
BIMETAJITYHUX I BATATOITAPOBUX BIIVIMBOK

IHocmin Cmenan [{mumposuu
Hayionanenuti ynisepcumem JIIC Vipainu, 08200, m.Ipnins, Kuiscvkoi o6racmi,
6.Meunikosa, 37-F, men.8-04497-60442,

E-mail: sdp_irp@ukr.net

3HaYHUM pe3epBOM MiJBUIIECHHS €(EKTUBHOCTI BHKOPUCTaHHS
MeTaJy B MamIMHOOYAYBAaHHI € 3acCTOCYBaHHS B KOHCTPYKISIX MallnH
JUTUX OiMEeTaJiuHMX i OaraTomapoBHX BHPOOIB, Y TOMY YHCI OTPUMaHHX
Ha OCHOBI 3HOIIEHUX JieTael.
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BinHoBneHHst neranell 3aJMBaHHAM pIAKOTO METally Ha TBEPLY
OCHOBY B KOKUII 3JIHCHIOETBCS 3a HasBHOCTI HACTYITHHWX, IOB'S3aHUX 3
TEIJIOOOMIHOM, TPOIECIB: IONEPEIHHOr0 IMiAIrpiBy 3HOMIEHOI JeTaii
(MeTaJo0CHOBHM) 3a JOIMOMOIOI0 IHAYKIIIHHOTO HarpiBava; 3aTBEpAiHHS
3aJIMTOTO PIZKOTO MeETally; OXOJIO/KEHHSI OJEpXKaHoro OiMeTaliqHOro
BiJUIMBKA 1 KOKLJIIO.

BaxnuBoro ymoBol st (opMyBaHHS SIKICHOTO BiJUIMBKA €
ofiep)KaHHS METATIYHOro 3B'A3Ky MDX 3'€IHyI0ouMMH uyacTuHamu. [lix gac
B3a€EMOAii MeTally, IO 3aJMBAETHCSI, 3 METAIOOCHOBOIO IPOLECY
MUQY3IHHOTO PO3IUIABIIOBAHHS 3aBXKIU TMepeaye mporec audy3idHOro
HACHYEHHS MOBEPXHEBOro mapy. [licis JocArHEeHHs IEeBHOI KOHIEHTpAii
JIETYIOUOr0 €JEeMEHTa BiJOyBa€TbCs IUIABJICHHS ITOBEPXHEBOI'O IIapy
MerajoocHoBH. [nubuHy nudysiiHOro mapy s JaHOi TeMIlepaTypu
MOXKHa TPUONM3HO BHU3HAUUTH 32 YaCOM HACHYEHHS Ta Koe(dillieHTOM
nudys3ii Ierylo4oro eneMeHTa.

[Tix yac BiTHOBNIEHHS B KOKLJII 3HOIIEHHUX AETalled y BiJIMBKAaxX Mae
Miclie  iCTOTHa  HEpiBHOMIpHICTH momiB  Temmeparypu. CrymiHb
HEpIBHOMIPHOCTI TEMIlEpaTypyd BHU3HAYAETHCS TEIUIOBOIO B3AEMOJIIEI0
HAIUIaBJICHOIO MIapy 3 METaJOOCHOBOIO, YMOBAMH TEIUIOOOMIHY BiJJTUBKA 3
HaBKOJMIIHIM CEpPEJOBHUILEM, ITOYaTKOBHM TEIUIOBUM CTAHOM CHCTEMH
tomo. TepMmiuHI HampyXeHHs, [0 BHUHHUKAIOTH Yy pE3YJabTaTi IIi€l
HEpIBHOMIPHOCTI, MOXKYTh IPUBOJIUTH JIO YTBOPEHHS Pi3HOTO POAY TPIlHH.
Kpim Toro, Mixk HarulaBJIeHHM LIApOM 1 METaJOOCHOBOIO MOXXKE€ BHHHKATH
HeJocTaTHE MeTaniyne 3'eqHands. OTke, BIJTHOBIICHHS AeTaneil HeoOXiTHO
3MiHCHIOBAaTH 3a TaKMX 3HAa4eHb TEXHOJOTIYHMX IapaMeTpiB, SKi
3a0e3MeuyloTh 3BaprOBaHICTh OiMeTamiyHOI mHapu (HalUIaBJIEHWH Imap -
METaJOOCHOBA) 1 JOMYCTUMHI PiBEHb BUHUKAIOYMX TEPMIYHUX HANPYKEHb
y BiUMBKY. Y 3B“IBKY i3 MM BHHHUKIJIA HEOOXIJHICTH y MaTeMaTUYHOMY
MOJICTTIOBaHHI MPOIECIB TEIUIOOOMIHY B CHCTEMi B3a€MOMIIOUMX TiJl MPHU
(hopMyBaHHI OIMETAIIYHOTO BiJUTUBKA.

[lpomec BiAHOBIEHHS 3HOMIEHHX JAETaNed  CYIPOBOKYETHCS
TIepeMillieHHsIM T'paHHIb (Ha30BOrO IEPETBOPEHHS BHACHIJOK KpUCTaTi3amii
MeTajy 1 Ml yac MaTeMaTHYHOro ONMCY BiJHOCHTHCS /0 Kiacy 3ajad
Credana.

[lependavaeTbcsi, MmO 3 METOI OJEP)KaHHS SIKICHOIO BiJJIMBKA
TIPOLIEC BiTHOBJICHHS Y KOKIJIi, BHYTPIIIHS MOBEPXHS SIKOTO MTOKPHTA IIAPOM
TEIUI0I30MsMiT, 3/IHCHIOETBCS PIIKAM METalIOM, SIKMH Mae TeMmeparypy
nieperpiBy nopsinky 100-200K. ITpu npoMy npuiiMaeTsest, IO piAKAN MeTal
Yy MOMEHT 3aBepIIeHHS IIONEpPeNHbOro IAIrpiBy  METAJIOOCHOBH
3aJIMBAETHCS TOCUTH LIBHUIKO i TBEp/HE IPH IOCTiiHINA Temnepartypi Tt.
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Po3pobneni MaTemaTHYHa MOAENb 3ajadi TEIUIONPOBITHOCTI B
CHUCTEMI TiJI HaIIABKa—TEIUTO130JISIIIiI—KOKUTb-HABKOJIMIITHE CEPEIOBUIIE Ta
MIPOrpaMHUN KOMIUIEKC, 3a JIOIIOMOTOK0 SIKOTO TPOBECHI O0YHMCITIOBAIBHI
eKCIIEpUMEHTH 3 JOCII/DKEHHS TPOLECIB TEII0O0OMiHY 3 BiJHOBJIEHHS
JieTaneil 3aJMBaHHIM PiJIKOTO METay.

Jlo BH3HAYaNbHUX NapaMeTpiB TEXHOJIOTIYHOIO MPOLECY MOXKYTh
Oyrn BiZHECeHiI TeMIleparypa INONEpPEeJHbBO MiJIrpiToi  MOBEpXHi
MerajoocHoBH Tm, Temneparypa Tj piakoro mMerany Ta Kuiekicte G
3aJIMTOrO METajy, 0 BUTPAYAETHCS HA BiJHOBJIEHHS OJMHUYHOI IOBEPXHI
3HOIIIEHOI JIeTalli. 3 METOI PO3pOOKU ONTHMATBHUX PEKUMIB BiJTHOBIICHHS
3HOUIEHOI  TOBEPXHI  KaTka TyCEHHWYHOrO0  TpPakTopa  BHKOHAHO
o0uHMCITIOBAJIFHE  JIOCHI/DKEHHS TIpollecy B 3aJIKHOCTI  Big  Horo
BH3HAYAILHHX [TApaMeTpiB.

[Tix wac OOYMCITIOBANBHOIO AOCII/KEHHSI TPOLECY 3 BiIHOBIICHHS
KaTKa TYCEHHMYHOTO TPaKTOpa BU3HAYAIUCS: PO3MOALT TEMIEpaTypH B
chCTeMi TiT W KOOpJAWHATH TIpaHHIb (Ha30BOTO TEPETBOPEHHS, 3a30p i
KOe(iIlieHT Teruionepenadyi MiXK BiJJIMBKOM Ta KOKUIEM, a TaKOX
TeMIIepaTypa BUIBHOI IIOBEPXHI TETIO0130ISII1.

Xopommii 30ir po3paxyHKOBUX 1 E€KCIIEPUMEHTAIBHUX TEMIIEpaTyp
Ha 3OBHIIIHIA ITOBEPXHI METaJOOCHOBH W Yy CepeAuHI HaIUIaBKH, e
TeMIlepaTypa MakCHMalbHa, CBIAYUTH MpPO  JIOCTATHIO  TOYHICTH
BUKOPHCTaHOI MaTeMaTHyHOI Mozeni. ExcriepuMeHTanbHI JOCIiIKeHHS
BUKOHaHI y (Pi3MKO-TEXHOJOTIYHOMY IHCTUTYTI MertamiB i crmaBie HAH
VYkpainu.

Jns OIIHKK SIKOCTI MeTalliYHOro 3'€qHaHHA OiMeTayiyHoi mapu
JIOCIIKYyBatacsl KIHETHKA 3aTBEP/IIHHS PiJJKOr0 METaly Ha METaJOOCHOBI B
3aJIeKHOCTI BiJI BU3HAYAJIbHUX MapaMeTpiB TEXHOJIOTTYHOT'O MPOIIECY.

Pe3ynpraTt 00YHCITIOBAIEHOTO JTOCIIDKEHHS IIPOLIECY BiJHOBIICHHS
JleTaneil mokasanu, IO 3aJMTHH MeTan nepedyBae Oisisi 30BHILIHBOI
MTOBEPXHI METAJIOOCHOBH JISSIKUI 9ac y pigkomy craHi. llei wac Oymemo
Ha3WBaTH YacoOM 3BaprOBaHOCTI OimeraniyHoi mapu. IIporsrom mporo yacy
3iHCHIOEThCS AU(Y3iliHE PO3ILIABIIOBAHHS METAIOOCHOBH.

3a pe3yapTaTaMd  €KCIEPUMEHTAIBHUX JIOCHI/DKEHb TJIHOWHA
sIKicHOTO T (py3i1HHOTO apy CTAaHOBUTH BENWYMHY mopsiaky b= 0,2- 0,4 mm.
OueBUIHO  ONTHUMAJbHUM  piBeHb  ANUQY3IHHOrO  PO3IJIABIIIOBAHHS
METaJOOCHOBH  BIiJNOBifa€ TJIMOWHI TMOBEPXHEBUX HepiBHOCTEH i
MIKpOTpIiIMH. Maioun y CBOEMY pO3MOPSKEHHI 3Ha4eHHS b, MOKeMo
BHU3HAYMTH MiHIMaJbHUM dYac (Yac HAacHYeHHs), SKWUH MOTpidbeH s
YTBOPEHHS HEOOX1HOTO 3'€THAHHS.

Ha ocHOBI 3icTaBieHHs pO3paxyHKOBHX 1 €KCIIEPUMEHTAIBHUX JTaHUX
otpuMaHo criBBigHoureHHs S = (P*T*M)/(1-M), ne 6e3po3MipHi BeTHIHHH
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P=(Tj-Tt)/Tt, T=Tm/Tt i M=G/Gj; Gj - BuTpara PiKOr0 MeTaNy MpPH
MMOBHOMY 3HOIIEHHI 000ma nerani. JlaHe cHiBBiMHONICHHS MOXe OyTh
BUKOPHCTaHE ISl amlpiOpHOi OI[HKM IapaMeTpiB MpOIECy OfepKaHHS
0iMeTaTiYHOTO BiJJTUBKA 3aJMBAHHAM YaBYHY 3a CKiagoM (mo maci): 2,8 -
3,2C; 1,6 - 2,2Si; 0,7 - 09Mn; 0,2 - 0,4Cr; 0,2 - 0,4 Cu; menm 0,05 S;
menm 0,1 P Ha TBepy MeTaioocHOBY, 110 Buroroiiena 3i Cr45.

Konun Butpata pimkoro merany cranoButs M=0,22-0,57, meperpis
fioro nopisHroe P=0,1-0,25 i momepenHii miAirpiB 30BHIIIHBOI MOBEPXHI
METAJIOOCHOBU Jocsirae 3HaueHHs 1=0,74-0,97, To sKicHa 3BaprOBaHICTh
GiMeTaivHOl Mapy J0CATaeThCs NpH ocsirHenHl ymoBu: S >= 0,04.

Jocmimkena mnpobimema 1moao QOpMyBaHHS B OiMeTaTiuHHX
BiJUIMBKaX SKICHOro AMQY3iHHOrO IIapy € akTyalbHOI 1 B IIporecax
OTpUMaHHS 0araToIapoOBUX BiJUIMBOK IUISXOM 3aJIMBAHHS YEpProBoi MOpIii
piAKOro Metay Ha 3aTBEpAHEHUI MeETal Micisl MONepeJHbOI 3aJIUBKH.

Po3pobnena MeToanka [O3BONWJIA BHKOHATH OOYHCIIOBAJIbHI
JIOCITIJPKEHHS TEIUIOBOTO CTaHy 0araToniapoBOro Bi/UIMBKa, OEpKYBaHOTO
MOIIAPOBUM  3QJIUBAHHAM DIJKOr0 MeETaly Ha MONEepeIHbO 3alHuTy i
3aTBEpAHEHY OCHOBY Ta OTpPUMaTH IIPaKTUYHI pEKOMEHZAlii IIoA0
OINITUMAJBHUX PEXUMIB iX (hopMyBaHHS.

Jlns  MiOBUINEHHS — SIKOCTi,  HaAIMHOCTI 1 JOBLOBIYHOCTI
TEXHOJIOTIYHOI'O TMPOLECY OTPUMAaHHS OaraTomapoBUX, B TOMY YHCIi
OiMeTaiuHMX, BIJUIMBOK JIOIIJIBHO 3A1HCHUTH ITEPEeNpPOEKTYBaHHS 1CHYIOUO1
TEXHOJOTii 3a JOIMOMOIOI0 aBTOMAaTH30BaHUX 3acO0iB POEKTYBaHHS
(CASE—sacobiB). BpaxoByrourm CKIaIHICTh TEXHOJOTIYHOI'O MPOLECY
oTpuMaHHS BiJuIMBOK OaxaHo BukopucranHs CASE—=sacobu, o
peani3yloTh  pi3Hi CHOCOOM MOJENIOBAaHHS B XOAI IEPENpOEKTYBaHHS
ICHyIouoi YM TIDOEKTYBaHHS HOBOi TexHosorii. B  pganmii dac
CIIOCTEpIraeTbCsl  TEHICHIIS iHTerpamii  pi3HOMaHITHHUX METOMIB
MOJICTTIOBAHHSI 1 aHaJli3y CHCTeM, IO IpOSBISIETHCS Y (OpMi CTBOPEHHS
IHTErPOBaHMX 3aC001B MOJIEIIIOBAHHSI.

CUCTEMHOE MOJIEJIUPOBAHMUE ITPOLECCA
KPUCTAJVIMZALIUU ITAPA®UHOB

Kaowvipos JJmumpuii Bymmaesuy, Jluswuy Muxaun FOpvesuy
Camapcruil 20¢y0apcmeeHHblil MeXHUYecKuil yHugepcumem
443100, yn.Monodozeapoeiickas,244, 2. Camapa, Poccus
Ten.(846)332-11-06, E-mail.entcom@samgtu.ru

TexHonorndyeckuid mporecc HedremepepabOTKH MpPU aHAIU3E B
Ka4yeCTBe CJIOKHOU CHUCTEMBI MOXET OBITh MMOABEPTHYT JCKOMIO3UIMU HA
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PSI TOJCHUCTEM, THIWYHBIX JUII MHOTHX OTpaciieil NMpPOMBIIUICHHOCTH, a
MMEHHO TEXHOJIOTMYeCKylo, (PMHAHCOBYIO, COLHMAJIbHYIO, MPABOBYIO U [p.
TexHomornyeckast IOJCHCTEMa, B CBOIO O4Yepeab, BKIIOYaeT B ceOs
HECKOJIBKO TEXHOJIOTMYECKNX OJOKOB, B YHCJIE KOTOPHIX OJHHM U3
BOXHCHUIIIMX sBISCTCA OJIOK TPOW3BOACTBA Macen (MacioOnok). Ha
Maciio0JIOK, KOTOpPBIH HaXOAWTCS B KOHIE IMPOM3BOJACTBEHHOH IIEMOYKH,
CHJIBHO BIIHSIIOT Jpyrue TEXHOJIOTMYECKHUE MIOICUCTEMBI
HedrenepepabOTKH, a caM OH OKa3bIBAeT BIMSHHE HA CMEXKHBIE CHCTEMBI
(MammHOCTpOEHUE, aBTOMOOMIIbHASI NPOMBIIUIEHHOCTh U Jp.). B cocras
Macyo0JIoka BXOOUT PsAA  IPOM3BOACTBEHHBIX IIPOIIECCOB, a HMEHHO
CeJIeKTHBHAs OYMCTKa, neacanpTusanus u nenapadpunuzanus (Puc. 1).
CoplppeM Ul TIPOM3BOACTBA Macesd CIy)KaT TNPOJYKTHl IEpBUYHOMN
niepepa®oTku HeTH. OCHOBHBIM NPOAYKTOM SIBJISIETCS AEMIMAcio, KOTOpOoe
UCTIONB3YeTCsl Ul MPOM3BOJCTBA CMA304YHBIX MAaTEpUalioB Pa3IUYHOTO
Ha3HAYCHUSL.

MaraH ki PaduHar Oenmacns
TN _ P
Mannazakuii g g N Mannaasemi MAnnRaaEnA
——
[~ ®
CpeOHeERIKHH CpaHesAzKHH = P aHEEAIKGE
@© P S P 2 | cpeasesnmocs
T 2 _ g
T Eirsmmi Brarmi E Eireanuy
[=] 5 I
= L =
MaayT o = a
» ="l E Neacdansmiara S_ DIrTATOWHAS
® & @
w NeacrhamTraat = UEJ
T @ =
= o
=
el
=
m Fova = MNapadgunu
o RETRAKT
Meipunaiye —e  Uspeasn

JNeacdanstuzauns

|

Avalanb

Puc. 1. HpMHIIMIIMaJleaﬂ TEXHOJIOTHYECKAsA CXeMa NMPOu3BOJACTBA MaceJl

VYcraHoBka gemapaduHmMzamum  (puc.2) mpenHasHadeHa IS
TIOJTYYEHHsI MACJISTHBIX KOMITOHEHTOB C TEMIIEpaTypoOi 3acThIBaHUs /0 -55
°C 3a cuer ymameHus W3 OUMIIEHHOH MacistHON (pakuum (paduHaTa)
KpHCTAIH3aIIeil U (IIBTPOBAHHEM COeMUHEHH ¢ BEICOKOH (20-80 °C)
TemriepaTypoid miaBneHust — mnapduHa. Celppe W pacTBOPHTENb
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CMEUINBAIOTCS B 33JaHHOM COOTHOIIEHHWH, CMECh 4Yepe3 TeIUIOOOMEHHUKHU
MofaeTCcsl B  pEreHepaTMBHBIE KPUCTAUIM3AaTOpHl 2, a 3areM B
KPHUCTAJUTM3ATOPHI 3, MCMIONB3YIONIHE XJIaJareHT (aMMHaK, poraH, 3TaH). B
3aBHCHMOCTH OT BBHIOPAHHOT'O peXMMa pa30aBIIEHUs] PAaCTBOPHUTENIb MOXKET
HO/laBaThCAd HAa CMEIIEHUE C CHIPhEM HE TONBKO Iepe]] HadyaaoM
KPUCTaJUIN3alUK, HO U B XOJIe 3TOro Ipoliecca (IOPLUOHHOE pa30aBlIeHUE).
XonoaHas CycleH3usl BBICOKOILIABKUX YII€BOJOPOJOB B pacCTBOPE Macia U
pacTBOpHTENA IOCTylaeT Ha OapaGaHHble BakyyMHble (UIbTpel 5. Ocanok
TBEPIBIX YIJIEBOAOPOAOB Ha OapabaHe (HUIbTpa MPOMBIBAETCS XOJIOAHBIM
pacTBOpHTENIEM W BBIBOJUTCS B OTJNENIEHHE pereHepauuu 7. XOJOAHBIN
pactBop aenapaduHHpOBaHHOIO Macia ((GWIbTpaT) NPOXOJUT Yepe3
KPHUCTAJUTU3ATOPBI 2, T/Ie OH CIYKUT JUIS MEPBUYHOTO OXJaKACHHUS CMECH
CBIPbSI U PACTBOPUTEIIS, HOCIIE YEro MOCTYNAaeT B OT/ENEHUE PEereHepaluy
6.

OCHOBHBIMU (paKTOpPaMH, ONpPEEISIIONIMMHU MPOTEKaHHe Mpolecca
nenapaUHN3AIMN, SBISIFOTCS KAa4eCTBO CBIPbS; COCTAaB PaCTBOPHTEIIS;
KpaTHOCTb M PEeXHM pa30aBlIeHHs] CBHIPbS PACTBOPUTEIEM; CKOPOCTh
OXJIKJCHUST ~ CYCIIEH3WH;  TeMIeparypa  KOHEYHOTO  OXJIaXISHUS
(¢unbrpoBanust). I'MaBHBIM yCIOBHEM, ONPEACISIONINM pasMmep U (hopMmy
KPUCTAJUIOB, SBIISETCA COOTHOLIEHHE CKOPOCTeH o0pa3oBaHUs 3apoAblIel
U UX IOCIEAyIoero pocra. Eciu ckopocTh BOHHKHOBEHHMS 3apObIIIEH
3HAYMTEIBHO TIPEBBIIAET CKOPOCTh MX pPOCTa, IEPECHINIEHHE pPacTBopa
UCTIONB3YeTCsl IMPEUMYIIECTBEHHO JUIsI 00pa3oBaHMsS HOBBIX IIEHTPOB
KPHUCTAJUTM3AIMY, YTO TPUBOMUT K IOJYYEHHIO MEJKOKPHCTAIUIMYECKOTrO
ocagka. Ecnmum ke OCHOBHas Macca KPUCTAUIM3YIOIIETOCS BEIECTBA
omiaraercsi Ha OBEPXHOCTH NMEPBOHAYAIBHO BOHUKIIMX 3apoObIlIe, a B
HOCIEAYIOIEM HOBBIE IEHTPbl KPHUCTAIM3AlMU HE 00pa3yloTcs WU
o0pa3yroTcst B OY€Hb MaJOM KOJIMYECTBE, TO B pe3ylbTare Oyner
00pa30BHIBATHCS KPYMHOKPUCTAIUTMYECKUH POIYKT [1].

Menkue xpuctamisl napaduHa ObICTpee OCEeJaloT Ha BHYTPEHHEM
000pyJOBaHUM KpUCTaIU3aTOpa U 0o0pa3yroT Ha HeM Oonee IUIOTHBIH,
TpyIHOYyJalsieMblid ciaoi mapaduHa. OTO NPUBOAWT K YMEHBIIEHHUIO
BpPEMEHH MEXpereHepallioHHOro npobera kpucramiusaropa. Kpome roro,
W3MENbYEHHBI  TPaHYJIOMETPUYECKHH  cOoCcTaB  3aTpymHSeT  padoTy
(UIBTPOBAIILHOTO  OTHEJICHUS  YCTAaHOBKM  JenapauHU3alid, YTO
NPUBOANT K YMEHBIICHUIO BBIXOAa JenMacia (LeNeBOro MNpoayKTa
nporecca AenapaduHU3aNN).

[TpOMBINUIEHHBIX HHCTPYMEHTAIBHBIX CPEACTB OICHKH CPEIHEro
pa3Mepa KpHUCTAaJJIOB B IIOTOKE HE CYIIECTBYET, IOITOMY NpPaKTHUYECKH
€IMHCTBEHHBIM CITOCOOOM YIpaBJIeHHs YCTAaHOBKOW JenapadrHU3ALNN
ABJIAETCS  WUCIOJb30BAaHME  MAaTeMAaTHYeCKOH  MOAeNH  Ipolecca
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KpUCTaJUIM3alMy. MarteMaTnieckass MoOJeNb JODKHa — oOecriedyuBaTh
CIEYIOUIME TEXHOJIOTMYECKHE BO3MOKHOCTH:

1. pacueT KOHIICHTpAIMH TBEPIOH a3kl M TPAHYIOMETPHYECKOTO
COCTaBa B JIIOOOM CEYEHHH 110 JUTMHE KPUCTAIUIN3ATOPa;

2. Y4eT BIUSIHUS TEXHOJIOTHUYECKUX MapaMeTpOB U CBOMCTB CHIPbSl Ha
KUHETUKY KPUCTAJUIU3AIUHY;

3. MIPOTHO3 MOKa3aTeell KauecTBa U BBIXO/1a MOJy4aeMbIX MPOAYKTOB.

CBEFM PRCTEOPHTENE

FacTeopMTEns

Ha MPOMEIBKY
Map ad uH+ N ’/T\
(OfRTFALEE & N S

CEIpER
DunepaT
P ety e pMp OB aHHEIR IACT BODKT BNk Mapat wHoBaA
nenewka
Aenapad MHASA 0 ESHH IR Mapad 1H

Puc. 2. [IpunnunuanbHas cxema AenapaduHu3zanuu
HeTENnpOAYKTOB C MPUMEHEHNEM pacTBOpUTENei: 1 - HarpeBaTelb ChIphs;
2 - pereHepaTUBHBIA KPUCTAJUIN3ATOP; 3 — aMMUAYHbIH KpHUCTaIH3aTop; 4

- IPOMEXYTOYHBIH COOpPHHUK; 5 - GapabaHHBIN BaKyyM-(HIbTp; 6, 7 -
anmaparsl UIsE OTTOHKU PAaCTBOPHTEISI COOTBETCTBEHHO M3 (DMIIbTpaTa 1
napaguHOBOro ocaaka

B ocHOBy cucTeMHOH TpOOJIEMHO-OPHEHTUPOBAHHONH — MOENH
KPUCTAJUIM3AlMM B PETCHEPATHBHOM KPHCTAJUIM3aTOpE MOTYT OBITh
MOJIOKEHBl  CIEAYIOIUE CYIIECTBYIOUIME MAaTEeMAaTU4YeCKUe OMUCAHUSA
Ipolecca KpUucTalIu3alyu.

1. Knaccuueckass MaremaTuyeckas MOJEIb I'ETEPOr€HHOM Cpeasbl,
KOTOpasi BKJIIOYAeT B ce0si OCHOBHBIE YPaBHEHUsSI MEXaHHKU T'€T€POreHHBIX
Cpeni: ypaBHEHUWs HEpa3phIBHOCTH, YpaBHEHHMs OanaHca 4YHcia 4YacTHI,
YpaBHEHMs COXpPAaHEHMsS HMITyJlbca M 3Hepruu [2]. OTa Moenb HOCHUT
HaunOosiee oOMMII M yHUBEpCAJbHBIH XapakTep, HO SIBISETCS M HauOoiee
cnoxHoi. [lapamerpudeckast uaeHTUGHUKALUS Paa KOIPPHUIUEHTOB 3TOH
MOJIENN 3aTPy/JHEHA.

60



2. MaremaTHdeckasi MOZIeNb Tpoliecca KPUCTAIM3alui Ha OCHOBE
KMHETUUECKOTO  ypaBHEHHs  IIEpeHOca,  IO3BOJISIOMIAs  BBIPA3UTh
KMHETUYECKHE XapaKTEpPUCTUKHU TIpollecca Yepe3 IepechIlieHne pacTBopa
[3]. B ocHOBy onucaHusi 3TOM MaTeMaTH4YeCKOW MOJENHU TMOJ0XKEHO
TUINepOoIMYecKoe ypaBHEHHE B YaCTHBIX ITPOM3BOJHBIX 1-0ro mopsaka c
COOTBETCTBYIOIIMMH TPAHWYHBIMH W HAdaIbHBIMH YCIOBHSAMH. Monenb
OCHOBaHa Ha o0oOmarommx  koddduipeHTax, YTO Jenaer  ee
MaJIOYYBCTBUTEIBHON K CIy4YaiHBIM BO3MYIIEHUSIM Ipoliecca.

3. Maremathyeckass MOJENb 3apOABIIIEO0pa3OBaHUsI M POCTa
KPHCTAJUIOB, B OCHOBE KOTOpPOW JEXHUT Teopust nuddy3un, mosBoiser
OIIPEJIEINTh TEYEHWE W pe3ylbTaThl Npolecca KpUCTALIM3AalUuK B
3aBHCHMOCTH OT YCJIOBU ero mpoBeaeHus [4]. Ota Moaenb OTIHYAaeTcs OT
MOJIETIH KPUCTaJUTM3alMi Ha OCHOBE KHHETHUYECKOTO YPAaBHEHHS YYETOM
OoJbIIET0 YHCJIa KAa4YeCTBEHHBIX (aKTOPOB, BIMSIONIMX Ha IPOIECC
Kkpuctaumzanuy. OnHako, Kak M B Clydae C KJIaCCHYECKOM
MaTeMaTU4ecKoi MOJIENIbI0 TeTEpPOTeHHOW Cpelbl, B HEEe BXOIUT DAJ
K03(GHUIMEHTOB, TapaMeTpHUecKast HACHTH(UKAINS KOTOPBIX 3aTPY/IHEHA.

4. DMrpryeckast MojIeNlb KpUCTaUTU3alrH apa(uHOB, OCHOBaHHAs
Ha aHajmu3e ()a30BOrO0 PAaBHOBECHUSI CHCTEMBI '"CHIphE-pPAaCTBOPHUTENH" IO
KPHBOH MX B3aWMHOH pacTBOPUMOCTH [2]. DTa MoJeNb SIBIIsieTCsl Hanboee
TEXHOJIOTUYHOHN M3 BCEX pacCMaTPHUBAEMBIX MATEMAaTHYECKHX MOJIEIEH, Tak
KaK TMO03BOJISIET Y4YeCTh BIIMSIHUE OCHOBHBIX IIOKa3aTelel Iporecca Ha
Ka4ecTBO KOHEYHBIX MPOAYKTOB, HO OHAa HE YYHTHIBAET TUHAMUKY Tpoliecca
KPHUCTAJUTU3ALHH.

5. Croxacrtuueckas MOJENb KpPUCTAIM3AalMM, OCHOBaHHAs Ha
MpeICTaBlIeHUH TMpolecca B BHAE HEOJHOPOAHON uenn MapkoBa [5]
MO3BOJISIET PACCUUTATh NUHAMUKY MpONEcca KPHUCTAJUIN3AIMU C YYETOM
W3MEHEHHH BO BpPEMEHHM TeMIIepaTypbl M PAaBHOBECHOH KOHLEHTpPALMH.
OCHOBHOW CJIO)KHOCTBIO TIPH HCIOJIB30BAHUHM CTOXACTHYECKOH MOJIENN
SIBIISIETCS YHCIIEHHAS OIIEHKA MCIOJIb3YEMBIX BEPOSITHOCTEH.

OcHOBY omcaHus mporecca o0pa3oBaHUs M POCTa KPHCTAIIOB
nmapajguHa B paMKax MPOOJIECMHO-OPUCHTUPOBAHHON MO COCTABJISCT
KMHETUUECKOE YpaBHEHHE KPUCTAJUIN3AIMN JUIS ONpEeICHNs] YUCICHHOTO
pacrpesienieHuss KpHCTAUIOB mo uXx pasmepam f(r) mpu orcyrcTBum
WU3MENBYEHHsI M arjiioMepanud KpHUCTaJUIOB, HE3aBUCHMOCTH JIMHEHHOMN
CKOpPOCTH pOCTa KpPUCTAJUIOB 1| OT Pa3sMEpPOB M HE3HAUYNTEIBHOCTH €€
(IIyKTyalu BO BpEMEHH:

of (r,t)

> +§r[nf(r,t)]=0,re[r3;R],

1)
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rae t — Bpems; I' — ITMHEHHBIN pa3Mep KpuUCTajuia; I3 — JMHEHHBIN
pasmep 3aponsiiia; R — MakcUMasbHBIN JTMHEHHBIN pa3Mep Kpucraiia; 1 —
JIMHEHHAs CKOPOCTh POCTa KPUCTAIIA.

I'pannyHble U HavanbHbIe yeroBus st ¢pyHkuuun f(r, t) uMerot By

n-f(ry), _, =1,;
f(r0)_ = fo(r), 2)

rie |, — ckopocTs 00pa3oBaHUs 3apOABIIIEH KPUCTAIIIOB.
3aBHCHMOCTH ISl OHIPEIENICHUS CKOPOCTH POCTa 1 H CKOPOCTH
3apoblnieoopa3zoBanus |,

n=K,(c-c')" =K, I1%; 3

I, =K, (c-c )’ =K, 11", 2

rne K, — KoHCTaHTa CKOpOCTH pocTa KpHcTayuioB; K; — KoHCTaHTa
CKOPOCTH 3apofpliicodpa3oBanusi; a, b — koHCTaHTHI; ¢, ¢* - Tekymas u
paBHOBECHAsI KOHIICHTPAIHsI COOTBETCTBEHHO; 1 - mepeckienue.

VYpaBHEHHE CKOPOCTH M3MEHEHHWs] KOHIEHTpaluHu mapaduHa B
pacrBope:

R
o(t) =co+£m:)_|.(fo(r)— f(r,)r3dr |

r

3
TJIe Cop — HaYabHAasl KOHIIEHTPALUS; P — INIOTHOCTh KPUCTAJUTHYECKOH
¢assr; V - 00bem kpucrammzatopa; ¥ — daktop Gpopmbl kpucrana.
dopmyrna 115 OnpesiesieHus cpeiHero pasMepa kpuctauios R

R

jf(r)rdr
R="

_[f(r)dr

5)

6)

VYpaeuenue (1) st OAHOMN CEKIUM ¢ YUETOM MPUHATHIX JOMYICHHH
MOXeET OBITh 3aIMCaHO B BHJIE:

d(n-f(r))  f(r) _
dr i T =0 7)

rae T — CpeaHee BpeMsa Hpe6I>IBaHI/IH YacCTUllbl B anrapare.
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C nomomsto kputepust duinepa npoBezieHa OIEHKa JTOCTOBEPHOCTH
pe3yNbTaToB MOJEIHPOBaHMS Mpolecca KpHUCTAUIM3alMK TapaduHa B
TOPU30HTAJILHOM CKPEOKOBOM KPHCTaJIM3aTOpe, KOTOpasi OKa3bIBAET, YTO
TOYHOCTh KOJMYECTBEHHOH OIIEHKa BBIXOJA JernMaciia IpuemieMa s
MPaKTHYECKOT0 UCTIONIb30BAHMS.
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JEKTPOXUMHUYECKHUH METO/]
®OPMUPOBAHUSA HAHOCTPYKTYP
CEPEBPA U 30JI0TA

BEPCHPOBA Oxcana Jleonuoosna, KYb/IAHOBCKHH Banepuii Cemenosuu
Hucmumym oo6weit u neopzanuyeckoii xumuu um. B.U.Bepnaockozo, HAH Ykpaununi
npocn. Ilannaouna 32/34, 03680, Kues-142, YKPAHHA
e-mail: bersibol @ukr.net, kublanovsky@ionc.kar.net

[Iporpecc oOmecTBa BO MHOTOM 3aBUCHT OT YPOBHSI TEXHOJOTUH U
IIUPOTHl MPUMEHEHUSI U3JENUA MUKPOIJIEKTPOHUKHU. PocT sTol oTpacnu
HAYKA U TEXHUKHU HJCT OYpPHBIMH TeMIaMH. TakuX TEMIIOB HE 3HACT HU
OlHA Jpyras oOTpaciib NPOMBIIUIEHHOCTH. OBOJIOLHUS TEXHOJOTUH B
JJIEKTPOHHOM OTpaciu HabupaeT o0OpOTHI, 3acTaBisisl INPOTrPECCHBHBIE
KOMITAHUU MCKATh BCE HOBBIC PEHICHHUS, YTOOBI COOTBETCTBOBATH YKECTKHM
TpeOOBAHUAM KOHKYPEHIIMH COBPEMEHHOTO phiHKA. OMHAKO J[Ba MPHUHIUIIA
NP 3TOM OCTAIOTCS HEU3MEHHBIMHU: HET TaKOro IMOKPBITUSL, KOTOPOE
OIMHAKOBO XOPOIIO BHIMOJMHSUIO BCE BO3MOXHBIE (YHKIMUA, U HET
MaTepuaJioB € TMOJHOCTBIO COBMAJAIOUIMMM  cBOMcTBamu. IloTomy,
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nepexofisi Ha HOBBIE YCOBEPIICHCTBOBAHHBIE TEXHOJOTHMH, HEOOXOIUMO
BCEr/ia OIIEHMBATh MX COOTBETCTBHE TpPEOOBAHMSIM KOHEYHOH 3ajaun
00paboTkn TIOBEPXHOCTH, MTOCTaBJICHHOMN 3aKa34MKOM nepen
MIPOU3BOJICTBOM. BBHUIy OrpoMHOro pasHooOpas3us W3/ENHN 3JIEeKTPOHUKU
BO3HMKAEeT HEOOXOJMMOCTh B TOJYYEHWH IOKPHITHH CO CBOMM, CTPOTO
OIpE/IeTIeHHBIM KOMIIEKCOM CBOWCTB, OTJIMYAIOIIMMCS ISl  KaXKI0ro
OT/ZIENTBHO B3ATOr0 BHa u3aenui [1-2].

B xome pa3paboTku W3IENUi DJIEKTPOHMKH TpeOyeTcs peaTth
CIIOKHbIE HAayYHO-TEXHMYECKHE 3aJaud, Cpeau KOTOPBIX pa3paboTka
TEXHOJIOTHUH CO3/IaHNsI MHOTO(YHKIIMOHAIBHBIX METAITMYECKUX OKPHITHH.

Braronmapst BRICOKO# 3JIEKTPOIIPOBOTHOCTH, CTAOMITBHON BO BPEMEHU
B IIMPOKOM HWHTEpBajJe TEMIEpaTyp, 30JO0ThIE U cepeOpsiHbIe MOKPHITUS
IIMPOKO MCHONB3YIOTCS KaK (YHKIMOHAIBHBIE B MHKDPOIJIEKTPOHHOMN
MIPOMBIIIEHHOCTH. Ha ceromHsmHuil JeHp 30J0TO OCTaeTcs TEXHUYECKH
JYYIIAM MaTEepPHAIIOM JUISi MHUKPORJIEKTPOHHUKH. [yt m3menuii, KOTOpbIe
paboTaroT B TEPMETHYHBIX YCIIOBHSX, YCIIEIIHO TNpPHUMEHSETCS cepedpo.
Takum o00pa3zoM, NOKpHITHS cepedpa W 30J0Ta MOTYT 00ECHeYrBaTh
BBICOKYIO HaJ&KHOCTb M CTAOWJIBHOCTH TEXHOJOTMH M Ha JTare
MIPOM3BOJICTBA MUKPOAJIEKTPOHHBIX M3JEIUH M Ha 3Tale UX SKCILTyaTaluH.
BaxkHO Tarkke TO, UYTO TOKpPBITHS JparMeTajulaMd 00eCHeYrBaloT
HEM3MEHHOCTh CBOWCTB IPH JITUTEIILHOM XPaHEHHUH 3JIEKTPOHHBIX U3JIEITHH.

@OyHKIMOHABHBIE CBOMCTBA raJIbBAHOIIOKPBITHH 30710Ta U
cepeOpa OnpenesstoTCs COCTaBOM AJIEKTPOIIUTOB M YCIIOBHSIMHU
OCaKICHUSL.

PaccMOTpeHBI  3aKOHOMEPHOCTH  MPOLECCOB  ANIEKTPOOCAXKICHHS
cepeOpa ¥ 30J0Ta U HA OCHOBE 3TOr0 pa3paboraHa TeopHs (HOPMHUPOBAHHS
(YHKIMOHANBHBIX ~ MOKPBITHA.  [IpsiMas  CBSI3b ~ MEXIy KHHETHKOM
BOCCTAHOBJICHHs KOMIUIEKCA UM  CTPYKTYpOH TMOBEPXHOCTH  OCajKa
MOATBEPXK/IEHA HA MpUMEpe paspsiia KOOPAWHAIMOHHBIX COEIMHEHU I
cepedpa u 30moTta [3-7]. Komimeke Takux (akTopoB, Kak TOK HOJISIPH3AIIHY,
KOTOpBIH 00eCreYnBaeT CKOPOCTh POCTa OCA/IKA, U MOTCHIIHAT OCaXICHHS,
KOTOpPBIi ~ OTBEYAET  COOTBETCTBYIOLIEH  JHEPreTHKE  IOBEPXHOCTH,
MO3BOJISCT MONY4aTh HAHOCTPYKTYPY, 00CCIECUNBAIOLIYIO ()YHKIIHOHAIBHBIC
CBOMCTBA TIOKPBITHSL.

INoka3aHo, 4TO TpaBHIBHBIM BBIOOPOM COCTaBa pacTBopa, T.e.,
JNIEKTPOXUMHUYECKM aKTUBHOTO KOMILIEKCA, a 3aTeM MOa00pOM pexuMa
3NIEKTPOJIMN3a, MOXKHO MONYyYaTh YETKO OMPEIENCHHYIO CTPYKTYPY OCaIKOB
(B TOM 4HCIIE HAHOCTPYKTYPY), YIPABIATh TEKCTYPUPOBAHUEM, W, TAKUM
o0pa3oM, CO3IaBaTh YCJIOBHS OJEKTPOKPUCTAIUIM3AIMH ¥ 3apaHee
MPOrHO3UPOBAThH CTPYKTYPY MOKPBITHSI, U €ro CBolcTBa (puc.1).
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nporpamMmHbIA,

MMNYNbCHbI i \

COCTAB COCTAB MokpbITYS CBOWCTBA
SHEKTponMTa SAK —= PEXKUMbI 2NeKTponu3a 3afgaHHou — NOKPBITHUA
CTPYKTYPbI

/

cTaynoHapHbIA

Puc.1. Ilytu ynpaBiieHusi CBOMCTBaMH SJIEKTPOIUTHIECKUX MTOKPHITHH.

[TonmyueHHble 3aKOHOMEPHOCTH TO3BOJIMIIM B (hyHJaMEHTAIEHOM
aCIIeKTe CUCTEMaTU3UPOBAThH CTPYKTYPHBIE 3aBUCUMOCTH ()yHKIIMOHATIBHBIX
CBOWCTB OCaJIKOB OT MOTEHLIMAJIa OCAXKJCHUA, a B MIPUKIIAJAHOM - NONYy4aTh
HAHOCTPYKTYPHI ()YHKIIMOHAIBHOTO cepedpa 1 30J10Ta.

Hamu paspaboraHbl COBpEeMEHHBIE DJIEKTPOJIUTHI JUIsI OCAXKICHUS
30510Ta ¥ cepedpa, BBISBIEHBI OCOOCHHOCTH IMOTYYEHHs (CTAllMIOHAPHBIA U
UMIYIBCHBIA AeKTponu3) [8-9] u CBOMCTBAa MONYYEHHBIX IOKPHITUN
JIparoleHHbx MeTauioB [10] OTHOCHMTENBHO KOPIYCOB MHTErpalbHBIX
mukpocxeM (MMC) wu  MukpocGopok. PaccMOTpeHBI  CTPYKTYypbI
JJIEKTPOOCAXKICHHBIX TOKPHITUH B CBA3M C WX (PYHKIMOHAJIHHBIMHU
CBOMCTBaMH, CIIOCOOBI YIIPaBJIEHUS CTPYKTYpOH, HCXOAS M3 COCTaBa
9NEKTPOJINTOB U YCIOBUM 3IEKTPOIH3a.

Y cTaHOBNIEHHBIE 3aKOHOMEPHOCTH M3MEHEHUs] KHHETUKU IIPOLIECCOB,
MeXaHM3Ma KpHCTAJUIM3AlMd W CTPYKTYphl TOHKHMX IUIEHOK cepedpa |
30J10Ta, a TAKKE OCTPOEHHAs! HOBask MOZIEIb YIPABICHUS UMU CYILIECTBEHHO
pacmmpsieT Takue oONacTH 3HAaHWH, KaKk TEOpeTHYecKas W MPHKIAIHAS
JNIEKTPOXUMHUS, (HU3MKa TBEPIOrO Tella, MaTepUaJIOBEICHHE, TEXHOJOTHS
ANEKTPOHHBIX YCTPOUCTB, U ONpEAEIsIeT HOBbIE HANPABJIECHHS B NMOBBIIICHUU
3(pPEKTUBHOCTH  DIEKTPOXMMHYECKHX  IPOU3BOACTB.  Vcmonmb3oBaHue
CO3JJaHHOH  TEOpEeTHYecCKOH 0a3bl  MO3BOJNWIIO  ONTHMH3HPOBATH |
MIPOTHO3UPOBATh KaK CBOWCTBA TOHKOIJIEHOYHBIX CHUCTEM MeETaJlIU3alluy,
TaK U TEXHUKO-3KOHOMHUUYECKUE ITOKA3aTeNIN MPOLECCOB.
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SAIIIUTHBIE TOKPBITUS HAHOOBBEKTOB U UX
CBOMCTBA

bozcopow A.T., Boponos C.A., Jlapkun C.IO.
Hayuonanvuviii mexnuueckuil ynusepcumem Yrpaunuvl « Kuescxuii nonumexuuueckuil
UHCMUmMym»

Ten. +38(044) 241 68 65, E-mail: fondfti @ntu-kpi.kiev.ua

BaxxHoli npo06aeMOll COBPEMEHHOH 3JEKTPOHMKU BOOOLIE H
HAHOJJIEKTPOHUKH, B YaCTHOCTH, SIBJISIETCS COBEPLICHCTBOBAHNE 3aIUTHBIX
TOKPBITUH  C  3aJaHHBIMH ~ MEXaHHYECKUMH, (DU3UKO-XUMHUYECKUMH,
JNEeKTPUYECKUMHU U TepMHUUecKUMU cBoiicTBa. [1]. Takue cBolicTBa UMEOT
KOMITO3ULIMOHHBIE MaTEPHANIbl U3 OPraHMYECKUX MOJIUMEPOB, YTO YACTHYHO
obecrieunBaercst IMyTeM MOIU(UKAMKM  IONMMEPHOH  OpraHWYecKon
MaTpUIbl XUMHYECKM AKTUBHBIMH WJIM WHEPTHBIMH HEOPTaHUYECKHMHU
HamonHUTENsIMA.  boree 3 QEeKTUBHBIM ~ CcrocOOOM  sIBJISIETCS  ITYTh
COBMECTHOH MTOJIMMEpHU3aLN OpraHUYeCKUX OJIUTOMEPOB c
HEOpraHUYECKUMH, TaKUMH ~ KaK  CHJIMKATHI, aimroModocdarsl,
cunrkononudocdatel, cuukoanomodocdarsl u apyrue [2]. Ilpu stom B
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mporecce (OpPMHUPOBAaHUS OpraHoHeopraHmdeckux kommosummii (OHK)
MIPOUCXOJUT B3aUMOJIEUCTBHE MEXIY (YHKIMOHAIBHBIMH TpYyNIaMu
OpPraHWYecKO M HEOPraHWYECKOH COCTaBISIIONIMX C O0Opa3oBaHHEM
moauMepoB [3-9] mo crpykrype - k HaHokommosuTam [10], rme ¢ass
pa3HOro XHMMHUYECKOTO COCTaBa MEHSIOT MEXaHWYecKHe CBoOicTBa (OT
9JIACTUYHBIX JI0 KECTKMX XUMHYECKH cToikmx MatepuainoB [11]). Takoit
HOBBIH KJIacC MOJMMEPOB C 3a/JIaHHBIMU PETYJIHPYEMBIMH CBOWCTBAMHU
MOXET OBITh MCIIOJIB30BAH ISl CO3JJaHUSI MAaTEPHAJIOB MOKPHITUH TUIAT WK
MHUKpDOMOJYJIEH  HAaHORJIEKTPOHUKM  C  MOBBIIIEHHBIMH  (pusmko-
MEXaHWYECKHUMH, DJIEKTPUIECKUMH U TEXHOJIIOTHYECKHUMHU CBOMCTBAMHM IS
HCIONB30BaHUs B pa3INuHbIX ycnoBusx [4, 5,12 ].

Bce  BplmeykazaHHOe W OIpenenser  MEepCHeKTHBHOCTH
ucrionp3oBaHus paspadboraHHeix OHK HaHOKOMITO3WTOB, KOTOpBIE MOTYT
ObITh  WCIOJB30BaHbl KAaK TOHKHE TIOKPBITHS C  TOBBIIICHHBIMU
9KCILTYaTal[MOHHBIMU CBOHCTBAMHU.

[enbto paboTel OpuTa pa3padborka OHK HAaHOKOMITIO3UTOB Ha OCHOBE
MONMypeTaHa, M3ydeHHe PEXHMOB HMX CHHTe3a M pa3paboTKa METOIMKH,
HCCIIEIOBAaHHE UX DJIEKTPUUECKUX U MEXaHUUECKUX CBOMCTB.

OHK HaHOMOKPHITUSI HAHOCSATCSI 3JIEKTPOHHO-JTY4E€BBIM METOZIOM,
4yTo TpeOyeT mondopa COCTaBISIIONIMX JUIS OOecredeHHs HEeO0OXOJUMBIX
(PM3UKO-XMMHUYECKUX CBOWCTB, MCXOJsl M3 OCOOEHHOCTEH (hOPMUPOBAHUS
OHK, c¢ ncrnons30BaHHEM OpPraHMYECKOro IOJIMYPETaHOBOTO ITOJUMEpa -
Mmakpoauusorranaty (MJIN) u HeopraHH4ecKoil COCTaBNAIONICH Ha OCHOBE
CHJIMKATOB, WU reTepoCTPYKTYp. ONBITHBIM IIyTEM JI0OKa3aHa BO3MOXXHOCTh
PETYISIUA CBOHCTBAMH TaKHX KOMITO3MILIMHA B ITUPOKOM JHAaIla30He MyTeM
WCIIONIb30BAaHHUS ~ Pa3HBIX MO  CTPOGHHMIO  JKWJAKHX  CHJIMKATOB,
amomogpochaTtoB  (AD), MomUPHUKATOPOB, MOBEPXHOCTHO-AKTHBHBIX
Bemtects (ITAP), mmactudukaTopoB, HAMONHUTENEH, MOJO0POM Ppa3HBIX
COOTHONIEHHH  OpPraHMYecKOH W  HEOpraHWYecKOH  COCTaBIISIONIMX
KOMITO3HLIMH, B TOM yucne: nonunzonuanat (ITNL), cunukat vatpust (CH),
amomoxpompochar  (AXD), rexcameradochar Harpus (ITMDH),
cunkononudocdar Harpus (CP), nonmudocdar (I1D) u T.1.

Crpyktypel OHK mnonmywanu B peakiusX CHHTE3a U3 SKHIKUX
OpPraHUYEeCKUX M HEOPraHMYECKHX OJIMTOMEPOB, IPEICTABIISIONINX COOOM
TpexdaszHylo cucremy, 4TOo BKJIIOYAET (ha3bl OPraHMYECKOro IOJIMMEpaA,
HEOpraHuyecKkoro u (asy, Koropas SBISIETCS MTPOIYKTOM B3aMMOIEHCTBUS
MEXIy OpraHMYeCKUM M HEOPraHWYeCKUM KOMITOHEHTaMH. B 3aBHcUMOCTH
OT XMMHYECKOTO COCTaBa OPraHMYECKOW M HEOpraHm4eckod (a3 MOXKHO
nonyyats OHK ¢ mmpokum nmana3oHoMm cBoiicTB. M3BecTHO u3ydeHue
nporiecca Gopmuposanus u ceoiicte OHC na ocuose TTUIL] u CH [13-20].
[NomyueHHbIE KOMITO3UIMH OBUTH JKECTKUMH MaTepHajIaMH, KOTOPbIE NMENN
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BBICOKYIO CTOMKOCTh K arpeccUBHBIM cpelaM M y-paauanmu [21]. 3ameHa
HU3KOMOJICKYJISIPHOTO H30I[MaHATa Ha M30IMAHAT COJNEP AU OIUTOMEp
MOKET JaTh BO3MOXKHOCTB MOJNYYUTh DJIACTHYHBIE KOMIIO3HIIUH C JIPYTUM
KoMIuiekcoM cBoiicTB. Takue »siactuuneie OHK ¢ monmyperanoBoit
OpPraHWYECKOM COCTaBISAfONICH ObLTH  CHOPMHUPOBAHBI B  IpOIECCE
TIONMMEpH3alny cMecu yperanoBoro ¢opromumepa - MU u sxuaxoro CH.

®dopmupoBanue opranmdeckoil ¢aser OHK mpowmcxomur B xome
peakimu  cBoOOAHBIX u3ommaHaTHEIX NCO-rpymm ¢ BojoH, BBIACICHUC
nuokeuaa yriaepoma u ammHa, a ¢ NCO obpaszoBanue moueBuHbl NH, +
NCO — [NH-C-NH], a MoueBHHa B CBOIO 0Yepe/ib, MOXKET PEarupoBaTh C
npyrumu  NCO-rpymmamu — popmonumepa ¢ 00pa30BaHHEM — CIITUTHIX
ouyperoB [22]. Janee yperanowele rpymmsl -O-CO-NH- pearupyror c
NCO-rpymmamu ¢ 00pa3oBaHHUEM CIIMTOTO IOJIHMEpPA, IMMOKAa3biBasl MyTh
cuHTe3a opranndyeckoid wactu OHK, uto 0asupyercs Ha oOcHOBe
MOy peTaHa.

Heopranmueckumu xomnonenramu OHK, 4ro cymectByror B popme
OJIUTOMEPOB M CIIOCOOHBIC pPEarupoBaTh C OPraHUYECKUM YPETaHOBHM
KOMIOHeHTOM MoryT ObiTh: CH, AD, AX®, [TOH.

CurHTE3 HEeOpraHMYEeCKOTo coeuHeHus - cunukara Hatpust (CH), uro
siBIsieTcss MuHepanbHOW (azoir B OHK, Moker mpoxoauThs B pe3ysbraTe
peakuuit nonukoHAeHcauuu [23]. Bo3MOXHBIE peakUUMU TUAPOIIN3A
CUJIMKATa HATPHsl, YTO MPUBOIAT K €0 OTBEPJICHHUIO U BBHIJICIICHUE B BUJIC
nmucrepcHoi dassl [24]:

NaSiOs + 2H,0 — H,Si,05 + 2NaOH; NaOH + CO, — NaHCO; (1.3)
wim  NaO-nSO, + CO, + mH,0 = Na,CO; +nSIO,mH,0, (1.4)

IpU KOTOPOM CUJIMKAT HATPHUs HMMEET oOmuryro (GopMyday B BUJC
a-NaO-bSOyCc-H,0, rne b/a — cunuMkaTHBIA MOIYNb, ¢/a — BOJHOE
cootnomenue. Jnsg cunresa OHK HeoOXomMMoO HCITONB30BaTh CHIHMKAT
HaTpus ¢ MonyiaeM 2,8.

B xone uccienoBanus ObLT OpraHU30BaH CUHTE3 BOJHBIX PAaCTBOPOB
amomogochaTtoB (AD) NpoBONWIM IYTEM PACTBOPCHUS THIPOKCHIA
amroMunus B 85% oprodochopHoii kucnore mpu temmeparype (60—90)°C.
Beut monmyder A® pa3HOro KHCIOTHOrO MOy m (m — 3TO MOJSIPHOE
orHomenne P,Os/Al03), a umenno 1,8; 2,5; 3,0; 4,0. Cunre3upoBaHHbI
AD® c¢ wmonyneMm m = 1,8 sBisercs MeHee BCErO KHUCIBIM B
CHHTE3UPOBAHHOM DIy aTroM0o(pochaToB.

YCcTaHOBIIEHO, YTO BCE pacTBOpbl A® KHCIBI, BO BpPEMCHU HE
CTOMKHE, TOT/Ia KaK PacTBOPHI ¢ M < 2,5 ABISFOTCA MeracTaOmwibHbMU. Co
BpeMeHeM u3 pacTBOpoB AD BeIeNseTCs KpUCTaUIHIecKas (asa, KoTopas
cocrout u3 cMmecu BemiectB — Al(HyPOy)s, Alo(HPO,)3 u Al(H3PO,)-3H,0.
BrisiBiieHO, 94TO pacTBOpHl amoMo(ocdaToB UMEIOT BBICOKYIO BSI3KOCTH,

68



koropas nagaer oT A® ¢ m=1,8 x m=4. Beicokast BA3koCTb pacTBopoB AD
o0yciioBiieHa 00pa3oBaHMEM OJIMTOMEPHOH CTPYKTYPBI CO  CIOXXHOM
CHCTEMO# BOJIOPOIHBIX CBs3eil [25-27].

AmomoxpoMpochar (AXD) cHHTE3UpOBAIH B JIBE CTAUH: CHaYaIa
nonydanmu A®, norom k amomodocdary nobasisii okuch xpomy (VI),
naneme Bo3ooHoBmsu Cr (VI) 30% pactBopoM mepekucu Bogopona k Cr
(Im).

Jlna monmydeHuss MOAN(HUIMPOBAHHOI'O HEOPTAHUYECKOTO OJIUroMepa
CJIOKHOT'O CTpPOEHHUS Mcronb3oBain rekcameradocdar Hatpust (IMOPH) u
CH. Cunre3 cunukononudocdara Hatpus (CP) npoBoamin cieqyromum
obpazom: k 50%-nomy BomHOoMy pactBopy I'M®PH mnpum mnocrosHHOM
TepeMEIIMBaHNY TIPWIMBAIKM TMOPUUSMH CHIIMKAT HATPUS K TOJNYyYEHUIO
OMHOPOJHON MacChl. Peakimio TpOBOMWIM Ha BOASHOW OaHe Tmpu
temneparype 50°C, nis npegorBpainenus kpuctauzauuu CH. Koneunsrit
MPOIYKT 3a pacuetamu ckiazabiBajics: Na,O — 12,48%; SO, — 24,27%; P,Os
- 8,22%; H,0 —50-55%.

Uccnenopanne Biusuusg I MOH na Bsskue cBoiictee CH mokaszado,
YTO C MOBBIIIEHHMEM KOHIEHTPALUH MOAHM(HUKATOpa BA3KOCTH PACTBOPOB
3aKOHOMEpHO pacreT. Tak CHIMKAaT HaTpus ¢ MoxyieM m = 2,82 (m —
MoJsipHast yacth SiO, OTHEceHa K MOJISIPHOW YacTH IIETOYHOTO OKUCIIA B
cuiikare Hatpust) umeer 1 = 55,4 Tla-c, a cumkononugocpar — n = 77,9
[Ma-c. YBennueHne BSI3KOCTH MOXHO OOBSICHUTH TEM, YTO CHIIMKAT HATPUS
CTpYKTypHpyeTcst ochaTHBIM OJIUTOMEPOM H IPH ITOM PaCTEeT pasMep ero
CTPYKTYPHBIX COCTABIISIOIIHX.

DKCHEepUMEHTAIFHO — CHIIMKoantoModochar  HATpUsl  TONyYalIH
clefylonMM  00pa3oM: K HACBIIIEHHOMY BOJHOMY pacTBOPY —COJBI
JOOABJISITM, TPHU TOCTOSHHOM mnepememmBanuu, 50-55%-HbIi BOMHBIN
pactBop A®, no mpexpalieHusi BBIIENEHHs YrieKucioro rasa. Ilorom
pacTtBop (GMIBTPOBAIM HAa BOAOCTPYIHOM Hacoce. [lomyueHHbIiH ocagok Na-
aimoMoocdara, KOTOPBIA UMEN HEWTPAIBHYIO PEAKIMI0, CMEIINBAIH MPH
temneparype 50-60°C ¢ cunmkarom HaTtpust B coOTHomieHu: 1:1.
OO0pa3oBaHue CHIMKOATIOMOGOC(HATOB COMPOBOKIAIOCH MOBBINICHHEM
BSI3KOCTH PEAKIMOHHOW CMECH, a TaK)Ke He3HaYUTENbHBIM HOMYTHEHHEM
[28-29].

Uzyuenue peosorun HEOpraHUYEeCKHX CHUHTE3HPOBaHHBIX
COEIIMHEHUH JTaJl0 BO3MOXKHOCTh IPOAHAIU3UPOBATh, CTPYKTYpY U
MIPUHA/UISKHOCTh CHUCTEM K OJIMTOMEPHBIM WJIM BBICOKOMOJIEKYIISIPHBIM.
Hanbonee BaxXHBIM B TNPaKTUYECKOM 3HAYEHWH JUIS HAHO MOKPHITHUH
9JIEMEHTOB MHKPODJIEKTPOHHUKH SIBIISIETCS M3YYEHHE BSI3KOCTH, KOTOpas
n3MepsieTcsl NMpU TEYEHWH CHUCTEMBI II0J JeicTBHEM caBHra. Bsi3kocTh
TIPE/ICTaBIsieT COOO0M Mepy MHTEHCHBHOCTU JWCCHIIAIMU PadOTHI, KOTOpas
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pacxozyercst Ayl MTOJ/IEPKKH TEUEHUS KUIKOCTH. B OOBIYHBIX JKHAKOCTSIX
OHa YMEHBINAETCS C yBEIMUEHHEM TEMIIEpaTyphl U YBEIUUUBAETCA MNpU
BBICOKHMX T'HIPOCTaTUUECKHUX NaBJICHUSX. Takas 3aBUCUMOCTh XapaKTepHas
JUIsl HBIOTOHOBCKMX JKUJIKOCTEH, KOTOpBIE OTBEYaroT 3akoHaM HbroToHa,
Ohnmreiina,  [lyazeitna. g Takux — KHIKOCTeH — XapaKTepHa
MIPOMOPIIMOHATBFHOCTE MEXK Ty HampsykeHueM u aedopmarueii [30].

B pesynbrate nccnenoBanuii ObuM U3y4deHsl pexxumbl cuaTesa OHK
Ha OCHOBE ypETaHOBHIX (YOPIOIMMEPOB DPA3HOW MOJEKYJISPHOW Macchl
(oprannyeckuii KOMIIOHEHT), CWJIMKaTa HaTpus U cuwinkogochara
(HeopraHuueckue KOMITOHEHTHI). PazpaboraHa MeTOMKa IBYXCTaIHMIHOT O
cunreza OHK. Ha nepBoii cragnn ObUT CHHTE3UPOBAHEL:

a) OpraHMYecKMH  KOMITOHEHT:  YpPEeTaHOBBIH  (poproiaumep
(Makpomuusonuanat — MJIM) pa3Hoil MOJNEKYJSIPHON MacChl U JIHHEHHOM
WIN CHINTOHN CTPYKTYPBI, a TAKXKE

0) HeopraHW4YeCcKMe  KOMIIOHEHTBI:  CWJIMKaT  HaTpusi |
cummkononupocharer. Ha Bropoii cramuu cunTesupoBanHele OHK B
peaxIuax OpraHM4eCcKoro 1 HEOPraHNUECKOro KOMIIOHEHTOB.

Meroaom UK-cnexTtpockonuu uccieqoBaHbl XUMHUYECKUH COCTaB
MPOAYKTOB, 4To oOpasytorcst mpu mnomuMepusaunn OHK. Wzyuena
KMHETUKa IIpoliecca MOJUMEPU3AIMH B 3aBUCUMOCTU OT COOTHOILIEHUS
opraHuyveckasi/Heopranudeckas (aspl. YCTaHOBJIEHO, YTO XHMHYECKHH
mpouecc B3aumojeiictBus NCO-rpynn u  OH-rpynn  noguussgercs
peaxuu NepBoro nopsiaKa, Ipu4eM KOHCTAHTBI CKOPOCTH PEAKI[UU PACTYT
C YBENMYEHUEM cO/lepKaHus Heopranmdeckoi ¢assl B OHK.

WsroroBnennsle sKcriepuMeHTaibHble oOpasusl OHK Ha ocHoBe
YPETaHOBBIX (OPIOIMMEPOB C pasHOM MOJIEKYJISIPHOW Maccod W UX
HCCIIEIOBAHUE DJIEKTPUUYECKUX CBOWCTB II0Ka3ajlo, YTO C YBEJIWYECHUEM
MOJIEKYJISIPHOM MAacChl, TO €CTh JUIMHBI MOJIUMEPHOM LeNH, MPOBOAUMOCTh
OHK pacter B pe3yapTaTe YIydlIeHUS YCIOBHUI AJIEKTpoIepeHoca BAOJb
ueny. Hanudme noONepeyHbIX CIIMBOK CHHXKAET IPOBOJUMOCTb, XOTS
BEJIMUMHA MOJIEKYJIAPHOW Macchl sBIseTCs mnpeBanupytomeil. C apyroi
CTOpOHBI, BEIMYMHA JJEKTPONPOBOJHOCTU CBS3aHA C COJAEpXKaHUEM
HEeopraHuuecKoil (hasbl, KOTOpast CIOCOOCTBYET MEPEHOCY 3apsiia.

Mexannueckue mnokazatenu OHK na ocHoBe IIY- mnomumepoB
SIBJISTFOTCSL TUIIMYHBIMU JJIS1 DJIACTOMEPOB U 3aBHCAT oT MM opraHudeckoin
yacti. Haubonbiiee ymmmHeHue, xapakrepHoe mis OHK ¢ nmHelHBIM
CTPOEHHEM OpraHWYECKOH MAaTpUIIbl, HAJIMYUE IMONEPEYHBIX CIIUBOK M
CHIDKEHHE MOJEKYSIpHOH MacChl NPUBOIUT K PE3KOMY YMEHBIICHUIO
JJIACTUYHBIX XapakTepucTHK. [lo MeXxaHW4ecknM U (HU3UKO-XUMHYECKUM
CBOICTBAM CHUHTE3UPOBAHHBIE HAHO KOMIIO3MUTHI, CO3/JaHHbIE MIIa3MEHHBIM
HaIlBUIEHHEM Ha OOBEKTHl HAaHOIJIEKTPOHOI'O MPOM3BOJICTBA SIBIISETCS
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YCOBEPILIEHCTBOBAHHBIM 3aIUTHBIM MIOJIMMEPHBIM MTOKPBITHEM
MHUKPOMOJYJIEH, TJIaT U TOMY HoJ00HOe. B ycoBHsX MPOU3BOICTBA TaKNE
3alIUTHBIE ITOKPBITHS MOTYT MMETh 3a/laHHbIE MeXaHW4eckue, (puznko-
XMUMHUYECKHE, OJIIEKTPHYECKHe U TepMHuyeckue cBoiicTBa. [lokpeITus
BHOpOYyCTOMYMBBIE B MHMpoKoM jauamazone or 1,2 I'm mo 880 kI,
OKOJIOTMYECKH  YHUCTBIE W XapaKTepU3yIOTCS  TEXHOJIIOTHYECKHMH
rapameTpamMH, KOTOpble OTBe4YaroT MX 3((EeKTHBHOMY HCIIOIB30BAHUIO 110
pa3HBIM Ha3HAYEHHSIM.
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BJINSTHUE ITPOTPAMMHOM JE®OPMAIIMOHHO-
TEPMHUYECKOMN OBPABOTKH HA
®OPMHWPOBAHUE CTPYKTYPBI U CBOMCTB
JTETAJIEN

Paoxesuu (0.m.n.,npoh.CII6I'T1Y)

OnauM w3 (HaKTOPOB, OMPEACISIIONIAM CTCICHb YIPOYHEHHS TPU
Je(OpMAIIMOHHO-TEPMUIECKOM 00pabOTKE B YCIOBHAX ropsiueii o0beMHOU
IITAMITOBKE, SBJISICTCS HEOJIHOPOTHOCTh IUTACTHUCCKOW aedopmaru Imo
00beMy TIOKOBKM, T.€. HaJlWYWe ¥ BEJIUYMHA 30H 3aTPyJIHCHHOU
nedopmaryy.

B oaroii cBs3u, OONBIION WHTEpEC MPEICTABISIOT BOIPOCHI,
CBSI3aHHBIC C W3YYCHUEM 3aKOHOMEPHOCTH TEUCHHS MeTauia |
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0COOCHHOCTBIO (HOPMHUPOBAHHUS Oyara IIACTUYECKON IeopMalii MpH
HITAMIIOBKE MOKOBOK B OTKPBITHIX LITAMITAX C MPUMEHEHHEM MPOrpaMMHOI
Jie(OpPMAIIMOHHO-TEPMUIECKOH 00pabOTKH.

3HaunTenbHOE KonmuuectBo pador [1, 2, 3 u ap.], mocBsimeHO
u3yveHH0 (GopMHpOBaHMS ouara IUIACTHYECKOH Jaedopmanuu mpu
LITAMIIOBKE pAa3IMYHBIX I[OKOBOK B YCIIOBUSIX,  KOIJla TeMIeparypa
nehopMalMd  COOTBETCTBYET —TEMIIEpaType HarpeBa 3aroTOBOK U
NPUHUMAETCS PABHON BEpPXHEMY KOBOYHOMY HHTepBany. B atom ciyuae
MpenonaraeTcs, YTo0 MaTepHall 3arOTOBKM MMEET MaKCHMAIIbHOE 3HAUCHHUE
IUIACTUYHOCTH W MHHHMAIIbHOE 3HA4YCHHE TMpeneia CONMpPOTHBICHHS
(rexydyectn) npedopmammu. Kpome Toro, B pacuerax, CBA3aHHBIX C
mporeccaMu  ropsiueii oOpabOTKM METaloB [OaBJICHHEM  TeMIeparypa
3arOTOBKH TPHHUMAETCS OJIMHAKOBOM 10 BCEMY 00beMYy.

OnHako, W3BECTHO, 4YTO B IIEHTPAIBHOW 30HE 3arOTOBKH
TeMIepaTypa HECKOJIbKO MOJHUMAETCS 3a CYeT TeIUIoBOro 3ddekra
nedhopMaliuy, a B MOBEPXHOCTHBIX CIOSIX CHUXKACTCS BCICACTBHE OONBIIONHN
TEIUIOOTJaYM B HANPABJICHHH OT 3arOTOBKH K OTHOCHTENIHLHO XOJOJHOMY

WHCTPYMEHTY.
B cmydae ropsueii oObEMHOH IITAMIOBKM C NPUMEHEHHEM
neopMaIoOHHO-TePMHUYECKOMH 00paboTkn (ITATO), yCI0BHUSA

(bOpMOO6pa3OBaHI/IH IIOKOBKH OTJIHMYAKOTCA TEM, YTO AdaHHAs TCXHOJIOTI'Hs
H3TOTOBJICHUA ITOKOBOK TIIPEAIIOJIAract Havdaljlo I[e(l)OpMaHI/II/I HUCXOJHBIX

3arOTOBOK TIPH TEMIEpaTypax HECKOJIbKO HIKE OOIIENPHUHSATHIX,
COOTBETCTBYIOIMINX 3aBOJICKOH (CTAaHIAPTHOM) TEXHOJOTHH.
Tak,  Hampumep, TIpM  H3TOTOBJIEHHH  IOKOBOK W3

MaIIMHOCTPOUTENbHBIX cTane no texHonoruu [IJATO temneparypa Hauana
IITAMIIOBKH Haxomutest B mpezenax 900 - 1000°C B 3aBHCHMOCTH OT MapKu
cTanu. YKa3aHHBIA TeMIepaTypHbI WHTEpBAJN, Hapsay C JPYyrHMHU
neopMaOHHO-TepMUUECKUMU MapaMeTpaMu obecrieduBaeT HauOOoIbITHIA
3GQeKT yNpoyHEeHHs W3IENHH, T.e. TIOBBIIIEHUS BCEro  KOMILIEKCA
MEXaHUYECKUX CBOUCTB [ 4 ].

Jlns n3ydenust ocobeHHocTel hopMHUpOBaHMSI oyara HHTEHCUBHOMN
TUTACTUYECKON nedopMalyy U ONpeaeeHus] ero pa3MepoB HCIIOIb30BAIN
METOJl KOOPIMHATHOM CEeTKH, a TaKKe MHKpPO- W MaKpPOCKOIMMYECKUH
aHau3.

CpaBHeHHME o4ara WHTEHCHBHOM IUIaCTHUECKOH JedopMaryu
MPOBO/IMJIM 110 M3MEHEHWIO KOOPJWHATHOM CETKM Ha IIOKOBKaX,
W3TOTOBJICHHBIX IITAMIIOBKOW 110 CTAHJAPTHOW TEXHOJOTHMH W TEXHOJOTUHU
ATO.

B panmHmx paborax ObUIO TIOKa3aHO, YTO IUIACTHYECKas
nedopmanysi puM  JOIITAMIIOBKE OXBAaTHIBAET OTPaHUYEHHYIO 30HY,
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MIPUMBIKAIOIIYIO K IJIOCKOCTU pa3beMa INTaMIla, B TO BPeMs KaK OCTaJbHas
Macca MeTrajula ocTaercs ’  JKeCTKOM °°, T.e. TIIJJACTHYECKH He
Je(OpMHUPYETCS.

B oTnudume ot 3TOrO0, IpU TOpsYei 00hEMHON MITAMIIOBKE ITOKOBOK
MO0  TEXHOJOTMH  JAeOpPMALMOHHO-TEPMHUYECKOH  00paboTKM  30Ha
IUTACTHYECKON AehOpMaIluy 3HAYUTEITHHO YBEITUUUBACTCS.

Nzyuenne Makponuin()oB MOMEPEUHBIX CCUCHHNA TOKOBOK U3 CTaJH
45X, W3rOTOBJICHHBIX IO Pa3HBIM TEXHOJIOTHSAM IOKA3aJI0, YTO B TIOKOBKAX,
nojiydeHHbIX 1o pexumaM TtexHonoruu IIJITO owar wuHTEHCHBHOM
IUTACTHYECKOW NedopMalid  OXBaTHIBAET 3HAYUTEIBHO OONBIIHHA 00BEM
MeTallla, HAaxXOJIIIErocs B pPydbe INTaMIa, YeM MpU INTAMIIOBKE I10
CTaHJAPTHON TEXHOJIOTHU.

Uccnenys BITUSTHUC HEPaBHOMEPHOCTH pacnpenencHus
nedopMali Ha OJHOPOJHOCTh MOJYYaeMOM CTPYKTYPhI M MEXaHHUYECKHX
CBOICTB B CEUYEHMSIX IOKOBOK, HW3rOTOBJIEHHbIX Mo TexHonoruu I[TIATO
OBUTO YCTaHOBJICHO, YTO OJHUM M3 BaXKHBIX (PAKTOPOB, CKAa3BIBAIONIMMCS HA
a¢dexTe yIpoYHEHHs, ¥ B YaCTHOCTH, HA OIHOPOMHOCTU CTPYKTYpPHI U
MEXaHHYEeCKUX CBOWCTB  SBJSICTCS  BEJMYMHA 30H  3aTPYJAHCHHOU
nepopmarmu. Hanmavie 30H 3aTpyqHEHHOH JedopManuu B 3HAYUTEIBHOU
CTCIICHU  ONpEICNACTCS  HEOJHOPOJHOCTBIO  TEMIEPATYPHOTO  ITOJS
MaTepuayia 3arOTOBKH. Y CIIOBHSMH TOPSYCH IDIACTUYECKOHN Iedopmariuy,
€ BCIMYMHON W  CTCNCHBIO  PaBHOMEPHOCTH,  OJHOPOTHOCTHIO
TEMIEPATYpHOTO  MOJIA, PAaBHOMEPHOCTHIO  TPOTEKAHUS  MPOIIECCOB
JMUHAMHYCCKOTO  Pa3yNpOYHEHHs Mpemoonpeaeisercs (HopMUpOBaHUE
KOHEYHOM CTPYKTYPHI (BEIHMYUHA, YPOBCHb U OJTHOPOTHOCTh MEXaHUYICCKUX
CBOWCTB).

JedbopMmupoBaHue ¢ BBICOKUX TEMIIEpPaTyp, YTO COOTBETCTBYET
3aBOJICKOM TEXHOJOTHH, KOHTAKT TOpPSYCH 3aroTOBKU C  XOJOTHBIM
IITAMIIOM BBI3BIBACT PE3KUH TPAJUCHT TEMIIEPATYPHOT'O OIS MEXKIY
MTOBEPXHOCTHIO U IICHTPOM TMOKOBKU. BClecTBre 3TOro, o4ar MHTCHCUBHOU
IUTACTHYECKON JiehOpMaIiyl MOYTH TOTHOCTBIO JIOKATH3YETCs B cpemHei (
LIEHTPaJILHOM), TPUIIETatonield K O0OJOWHOW KaHABKE YaCTU IMOKOBKH, YTO
MPUBOAUT K OOpa30BaHMIO B TPUKOHTAKTHBIX OOJACTAX TOKOBKU
3HAYUTENBHBIX 10 00BEMY 30H 3aTpYyJAHEHHOH nedopmarmu (puc.la).

[pu nepopmupoBanum ¢ 00JIee HU3KUX TEMIIEPATYP, XapaKTePHBIX
nns texnonoruun IIJITO, xapTuHa TedeHus MeTajljla HECKOJIBKO HWHasl.
BenencrBue Toro, 4ro HavalbHas Temreparypa JIehOopMalid 3aroTOBKU
OTHOCHTEIIFHO HU3Kasl, METAJUT HAXOJAIIUICS B OOJIOMHOW KaHaBKE UMEET
OOJIBITICEe COMPOTHUBIICHUE TEKYYECTH U BBI3BIBACT POCT THIPOCTATUICCKOTO
JABJICHUS B pydbe I[ITaMIa, MPUBOMAIICTO K YBEIHUUCHHIO oOdYara
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WHTEHCUBHOM JeopMali TOKOBKHM OJjarofapsi BOBJICUYEHHIO (OXBaTy)
Gombiero oobemMa Meraiia B porecce aedpopmupoBanus (puc.10,puc.1B).

V3ydeHue pacrpe/ieneHnsi MEXaHHUECKUX CBOMCTB B TOMEPEUHBIX
U TMPOJONBHBIX CEUYECHSAX ITOKOBOK, MOATBEPAWIM HAIMYMe B HHUX Ooiee
OJIHOPOTHOM CTPYKTYPhl U MEXAHHYECKUX CBOMCTB, H3TOTOBJICHHBIX I10
TEXHOJIOTUH JIEOPMAIIMOHHO-TEPMUIECKON 00pabOTKH.

VYCTaHOBIIEHO, YTO B IOKOBKaX, M3TOTOBJIEHHBIX 10 TEXHOJOTHH
[NATO wHaGmomaercss MeHbIIAs HEPaBHOMEPHOCTH  PacCIpeeeHUs
TBEPJOCTH B CEUYEHHUSX IIOKOBKM, 4YTO COIJIACYEeTCS C pe3ylbTaTaMH
W3Y4YEHUsl paclpeielieHnss THTEHCUBHOCTH JieopMariyy.

Takum o00pa3oMm, pe3yabTaThl IPOBEJICHHBIX  HCCIEIOBAaHHUI
MTO3BOJISIFOT YTBEPXKNIaTh, U4To B pe3ynbrare [1J[TO, 6maronapst yBelInIeHUIO
oyara MHTEHCHBHOH JedopManyy, Ipoucxoaut Oosee moiHas npopaboTka
MeTajula MIOKOBKH U, KaK CJIEJCTBHE CHIKAETCS JIOKAIN3ays AehopMaIii.
DTO B CBOIO OUYepe/b SABIISIETCS ONMPEEISIONM (hakTopoM, obectie

)

Puc.1. Ouaru HHTEHCUBHOM IIACTHYECKOH AedopMalUU NPH IITAMIOBKeE 110
Pa3IHYHBIM peXuMam: a) 3aBojackoii - Tn = 1200 °c 50) ATO - Tn =900 °c ; B) ATO
- Ta = 850°C.

YUBAIOIIUM JOCTIDKEHUE Oolee OAHOPOJHOPOAHOIO CTPYKTYPHOI'O
COCTOSHHUSL M W30TPONHBIX CBOWCTB  M3JEIMH, MOITy4aeMbIX Tropsuei
mTaMIoBkoi ¢ mpumenenueM I1JITO.

CIIMCOK JIMTEPATYPBI:
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3. CropoxeB M.B.IlonmoB E.A. Teopuss oOpaboTknm MeTayioB
napnenueM. M.: Mammnoctpoenue.1971. 424 c.
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TPAJAIIMA CTENNIEHE KAUECTBA CBUHUHBI

Txauenxo B.I'., Pyoenxo A.®., Anexceesa H.B., 3a60onomnasn B.I1.
Jlyzanckuii HayuoHanbHbLil azpapuslii ynueepcumem, 2. Jlyeanck, 91008,
men. 80954290054

Pa3Butue  pHIHOUHBIX  OTHOIIEHWN,  TOBBIINIEHHE  TEMIIOB
MIPOU3BOJICTBA U OOBEMOB BBITYCKA MPOIYKIMHA MSICHOH MPOMBIIUICHHOCTH
HEpa3phlBHO  CBSI3aHO C  COBEPIIEHCTBOBAHUEM M CO3JaHHUEM
MPUHIMIIHATBHO  HOBBIX  pecypcocOeperaroiux  TEXHOJOTUH U
KOMILIEKCHBIM HCIIOJIb30BAHHEM YKHBOTHOBOIYECKOTO CHIPhS, Pa3paboTKON
HOBBIX BUJIOB MPOAYKIIUM C BBICOKUMHU IMOTPEOUTECIHCKUME CBOHCTBAMH.
JleduimT >KUBOTHOBOJYECKOTO CHIPhS, KOTOPHIA B TIOCICTHHE TOJBI
UCTBITHIBACT MSCHAs TPOMBIIUICHHOCTh, TpPeOyeT peIIeHus 3a1adu
CO3JIaHUsI TEXHOJOTUH W CPEACTB BHIPAOOTKH MPOTYKIIMU, OTBEYAFOIIIX
MEIUKO-OMOJIOTMYECKIUM  TPEOOBAHUSAM W3  CBIPhS C  PA3IAYHBIMH
OTKJIOHCHMSIMH ~ KQYeCTBCHHBIX W  (DYHKIMOHAIBHBIX  IOKa3aTeleH.
BeimonHeHMIO  3TOM  3ajauM  JIOJDKHO — CIIOCOOCTBOBATH — pPa3BUTHE
TEOPETHMYECKUX  HCCIIENOBAHUA  TPOIECCOB  CTPYKTypOOOpa30OBaHUs,
MPOTEKAIIIUX B MSCE MPH XPAHCHUH M TEXHOJIOTHYECKON 00paboTKe, B
TOM 4YHCIIE C HWCHOJh30BAHMEM  OHOTEXHOJOTMYCCKUX  MPHEMOB,
MTO3BOJISIFOIUX ~ MHTCHCH(DUIUPOBATh TPOIECC MPOM3BOJCTBA MSCHBIX
NPOJAYKTOB W  PAllMOHAJIILHO  HUCIOJB30BaTb  CBIPhE C  HU3KUMHU
(hYHKIIMOHATHHO-TEXHOJIOTHUECKUMHU CBOHCTBAMU.

Pemienne 3THX BONPOCOB HEPA3pHIBHO CBS3aHO C pa3pabOTKOH
KOMIUIEKCa TOKa3aTelae OOBCKTUBHONW W HAJCKHOW OICHKH KadyecTBa
ChIpbS U TOTOBOM MPOJYKIMM 32 CUET HUCHOJB30BAHUSI TPaJULMOHHBIX
MeTOIOB (OMOXUMIYECKHE, (U3UKO-XUMHYCCKHUE U JIP.), KOTOPBIC JTOJDKHBI
COOTBETCTBOBATH MEPEOBOMY YPOBHIO HAYKH U TEXHOJIOTHUH.

77



[enpro HAMIMX MCCIEIOBAaHUH SIBUJIOCH ITPOBEJCHUE Ipafalliy Msca
CcBUHEH mocTynaromux s yoos Ha 3AO «JIyraHckuii MsICOKOMOHHATY Ha
crenenn kadectBa PSE, DFD, NOR mno pe3ynbraTtaMm ONpenessiiolinx
MoKa3aTesen. UccnenoBanue TIPOBOJIMIIN c WCIIOJIb30BaHUEM
OpraHOJIENTHYECKOrO (BHEUIHWH BHA, IBET, 3amaxX, KOHCHUCTEHIIUS
MBIIIEYHOH TKaHW Ha pa3pe3e, COCTOSIHUE JKUpa, KOCTHOTO MO3Ta,
CYXOXXWIIMH, CYCTaBHBIX IIOBEPXHOCTE) M J1abOpaTOpHBIX METO/IOB
(MHKPOCKOITHYECKOT O, (PU3UKO-XMMHUYECKOTO, OMOXUMHYECKOTO,
MHUKpoOHonorudeckoro). OOBEKTaMU COPTHPOBKM II0 TPYIIAM CBOKCTB
CITYXKHJIM TTOJYTYIIN, OTpyOa M OT/ENbHBIE MBIIIIBI CBUHUHBI B MIAPHOM U
OXJIQXKJJIEHHOM COCTOSTHHH.

I'pamanmu kadecTBa Msica KOHTPOJIMPOBAIHM OPraHOJENTHUYECKUM
METOJIOM, KOTOpPBIH  TOATBEPXKJAJICS IMapayieIbHBIM  ONpeIeIeHIEM
MHUKPOCKOITUYECKHX, OMOXUMHYECKUX u 0aKTEpPHOIOTNIECKIX
uccneaoBanwii (Tad. 1).

Tabmuma 1.
OnpenesieHue KaYecTBa MACA 10 Pe3yJibTaTam
OPraHoJIeNTUYECKUX, MUKPOCKOMMYECKHX, OMOXUMHYECKHUX
uccje10BaHui

OprasonenTuieckoe K 2347
HK -
MuKpoCKoIuIecKoe K 2347
HK -
Peakuust aMrMHO-aMHavyHOTO a30Ta K 2347
HK -
Peakuus ¢ cepHOKuCION MEBIO K 2347
HK -
Peaxiust Msica Ha nepokcuaasy K 2347
HK -

HpI/IMe‘IaHI/IeZ K —Ka4YC€CTBCHHOC, HK — IIOHM>XKCHHOI'O Ka4y€CTBa

I'pamanmu  kadectBa cBunuHBl Ha crenenn NOR, PSE, DFD
MIPOBOJIWITH C MIPUMEHEHHUEM CIICYIOIINX TTOKa3aTeIeh: YPOBHS [[BETHOCTH,
YPOBHSI KOHCUCTCHITUH, YPOBHS BOJSHHCTOCTH U U3MEPECHUECM BEITUYUHBI
pH.

Hmnst Toro, YTOOBI OTIMYUTE MscO C TnpusHakamu PSE ot
HOPMAJIGHOTO Msica HeoOXomuMmo ObUTIO HW3MEpUTh BenmdyuHy pH;
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(M3MepeHHYIO Yepe3 dac mociie y0os), a 4TOOBI OTIMYUTH OT Msca C
npusHakamu DFD — pHp,,

[onyuennsle naHHbIE 3HAYEHUH YPOBHS IIBETHOCTHU, BOASHUCTOCTH,
KOHCUCTEHIMM U BennuuHbel pH, mnoxcrasmsmm B Qopmyny (1) u
pacCcUMThIBAIN KOJTMUYECTBEHHOE 3HAUEHUE CBOMCTB IO ypaBHEHUSM:!

YK =-5,4+ pH + 0,60*1 + 0,25*K + 0,15*B,

rae: YK — konmuuecTBeHHOe 3HadeHUE ypoBHeH kaudectBa, pH —
n3MepeHHoe 3HaueHue pH; Il — ypoBeHb IBeTHOCTH MO 9-ypOBHEBOMU
mxkane; K — ypoBeHb KOHCUCTEHIMH IO S5-ypoBHEBOW mikane; B —
YPOBEHb BOISTHUCTOCTHU TIO 5-YPOBHEBOM MIKase (Tadi.2).

[NomyueHnsle JaHHBIE 0 TPOBEACHUIO TPAJAlMK KauecTBa CBUHUHBI
nocrynatomieii Ha 3AO0  «JIyraHckuii  MSICOKOMOWHAT», TO3BOJIHIIH
BBIJIENINTE cieAytomue ypoBHn kadectBa: NOR — 818 tymr; PSE
cnaboBbIpakeHHble cBoicTBa — 191 Tym; PSE ymepenno BwIpaxkeHHbIE
cBoiictBa — 542 Tymr; PSE sipko BeIpaxxeHHbIe cBoiicTBa — 177 Tymr; PSE
9KCTpEMaNIbHO BBIpakeHHbIe cBoiictBa — 107 Ttym; DFD  ymepenno
BbIpakeHHBIe cBoiicTBa — 228 Tymr; DFD sipko BeIpaskeHHBIE CBOiicTBA —
284 tym.

Tabnuna 2
.Kpurtepun onpeneneHusi ypopHeii kayecTsa

1. Dxcrpemanshoe PSE <150

2. Slpxo BeipaxenHnoe PSE 1,51-2,50
3. VYmepennoe PSE 2,52-3,50
4. Cnab6oBsipaxxennoe PSE 3,51-4,50
5. HopmaibHoe 4,51-5,50
6. Cnabo BeipaxenHoe DFD 5,51-6,50
7. Ywmepennoe DFD 6,51-7,50
8. Slpxo Bripaxkernoe DFD 7,51-8,50
9. DOxcrpemansHoe DFD > 8,51

3akmouenue. IIpoBeneHo onpenenenue nokasarenei kagecTsa Msca
nocrynatomero Ha 3A0 «Jlyranckuii mMsicokomOuHaT» ropoza JlyraHcka,
IpU  3TOM  JIaHHBIE  OpPTraHOJENTHYECKUX  HCCIEeNOBaHWUH  ObUIM
9KCTIEPUMEHTAILHO MO TBEPKACHBI 71200paTOPHBIMU MeToJaMHu
nccieqoBaHui. J[aHHBIE MUKpPOCKONHHM, PEaKIHWU C MEIbI0 CEPHOKHCIION,
peakIuy Ha MepOKCUIa3y, aMUHO-aMUAYHOI0 a30Ta [I03BOIMIIM YCTAaHOBUTD
KayeCTBEHHOCTh Msca, a ONpeJesieHne YpPOBHEH IBETHOCTH, BOIHOCTH,
KOHCHCTEHIIMH, BEMUUHBI pH — pa3rpaHuuuTh Ha CTENEHH KadyecTBa: TakK
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ceunuHy ¢ npusHakamu kadectBa NOR peructpuposanu B 34,9%, PSE
43,3% u DFD 21,8% cmy4aes.

BITPOBA/I’KEHH KOMBIHO]éAHOi XIMIKO-
TEPMIYHOI OBPOBKU JAETAJIEN CIIELl. TEXHIKHA

IMucapenko Bikrop I'puropoBud, kKaHIUIAT TEXHITHUX HAYK
Kasenne HaykoBo-BHpoOHHUYe 00'enHanHs «Dopm» MBC Vkpainn
ten./pakc: (8-0432) 46-80-16, e-mail: siafort@ukr.net

BaxknuBuM  3aBIaHHSAM B TIEpioJl OCBOEHHS BUPOOHMIITBA
cremiayibHOI  TEXHIKM CTaB TOIMIYK E€KOJONiYHO YHCTOi TEeXHOJIOTil
ofep)KaHHA  TOBEPXHEBHX  IIApiB 3  BHCOKMMH  BJIACTUBOCTAMH
3HOCOCTIMKOCTI Ta KOpPO31MHOI CTIMKOCTI, SIKa HE NMOTpe0ye BHKOPHCTaHHS
neimUTHUX TEXHOJNOTIYHMX MaTepiasiB 1 € MaJlOGeHEPrOEMHOI0 B
TIOPiBHSIHHI 3 METOJIAMH TJIbBAaHIYHOTO TIOKPUTTSI.

Jlo nerameil cremiambHOI TEXHIKM II0 yMOBaM €KCILTyaTailii
CTaBIIATHCSI BUMOTH OJIEP)KaHHS HE TUIBKM BIAMOBITHUX MEXaHIYHUX
BJIACTHBOCTEH Ta HEOOXiJHOr0 OHOpy KOpo3ii Ta 3HOCY, ayje W He3HauyHOI
LIOPCTKOCTI MOBEPXHI BY3JIIB TEPTS Ta HU3BKOTO MOCTIHHOTO KOedillieHTy
TEpTSL.

Amnaniz 3apyOKHHUX JDKEpen IMOKasye, 10, B 3B'A3KYy 3 THUM, IO
BHUMOTH o (hi3uKO-MEeXaHIYHUX Ta XIMIYHUX BJIACTUBOCTEH
KOHCTPYKIIIHHUX MaTepialiB CTAIOTh BCE OiIBII JKOPCTKUMHU 1 TOYHUMH, BCE
Oinbllle yBarM NPUAUISAETHCS YOOCKOHAIEHHIO BigomMux crocobiB XTO
(a3oTyBaHHIO, KapOOHITPYBAHHIO).

HacrynHe 3a a30TyBaHHSIM OKHCIICHHS IIOBEPXHEBOTO MIAPY TAKOX
CHpHSE ITiIBUIICHHIO 3HOCOCTIHKOCTI 1 KOPO31HHOI CTIKOCTI. A30TyBaHHS B
coisHiM  BaHHI  (TeHidep-mpollec) 3 OKUCICHHSIM  audy3iitHOrO
TIOBEPXHEBOT'0 IIapy B Mpolieci Horo (opMyBaHHS I10YaJI0 3aCTOCOBYBATHCH
npomuciosicTio Himeuunnu 3 1981 poky. ®ipma “Jlerycca” 3apeectpyBaia
TOBapHMIl 3HAK Ta IO TEXHOJOri0 mijg Ha3owo “Tafftride’. Takox aemro
noAiOHI TEXHOJIOTIYHI TpOLECH 3anpornoHyBain BenukoOpuranis (dpipma
“Lucas Electrical Ltd") —“Nitrotec”, CLLIA (¢ipma “Kolene”) —“QPQ".

I[Ipu  po3pobui  TexHomorii  oOjepXaHHS  3HOCO- Ta
KoposiiHocTilikux mapiB mMerogom KXTO BuOpanuii BapiaHT oOpoOKH B
ra30BOMY CEpEOBHII, CKIaIa€ThCs 3 aMiaKy i J00aBOK BYTJIELIEBO MiCTKHX
ra3iB (mpomaH-OyraH, mnpupoanuii ras3). Bapiant KXTO B razoBomy
CepeoBUINi - HAWOUIBII MPUAATHUN JUIS 3aCTOCYBaHHS HOTO VISt ITUPOKOT
HOMEHKJIATYPH JieTajled Pi3HOMaHITHUX (OpM, SKi MarOTh TaKOX OTBOPH.
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Js ximiko-TepMidHOi OOpOOKHM 3pa3KiB Ta JOCHIAHUX TapTid
JleTaneil, a TakoX IS BIANPAILIOBaHHS TEXHOJOIIYHUX NapameTpiB B
yMoOBax ONM3BKMX [0 pEalbHOro BHPOOHHITBA, CIIPOEKTOBAHUH 1
BHUTOTOBJICHUN KOMIUIEKC JOCIIiHO-IIPOMUCIIOBOrO OOJIaJHAHHSI Ha 0Oas3i
enekrponedi I[-35, @m0 TakoX MO3BOJMIO TIEPEBIPUTH MOXKIMBICTH
BUKOPHCTAaHHS ICHYIOUMX LIaXTHUX ejiekrporeuedd tumy "I, "CLILIM",
UCHIAU’

ITpn po3pobii KOMIUIEKCY TakoX Oynia IOcTaBiieHa 3ajgada Io
CTBOPEHHIO OOJIafiHAHHS IS YTHJI3alii amiaky, SIKMA BHUKHIAETHCS B
HaBKOJMIIIHE CEPE/OBUIE, a TaKOX IIOBHE BHKOPHCTaHHS #HOro B
TEXHOJIOTIYHOMY TPOLIEC.

OpepxaHHS ~ 3HOCOCTIHKMX Ta  KOPO3IMHOCTIHKMX  MIapiB
JIOCSITAETHCS IUISIXOM (DOPMYBaHHS Ha MOBEPXHI KapOOHITPHIHOrO mapy i
HACTYITHOrO HACHYEHHsI HOro KHCHEM.

@®opmyBaHHSI KapOOHITPUIHOrO IIapy NPOBOIAMTHCS B T'a30BOMY
CepeNoBHINl, SKE CKIAaJaeThcs 3 amiaky 1 100aBOK BYIJICIIEBOMICTKHX
cyMimei, B iHTepBasi Temmeparyp 560 — 620°C. HacudveHHs KHCHEM
(oxucIeHHs) KapOOHITPUIHOTO IIapy MPOBOAMTHCS MpH TemrepaTypi 540 —
550°C nwrsgxoM mopadvi B poOoYii MPOCTip Mmedi BOASHOIO Mapy MpPOTAroM
30 — 40 xBuIHH.

3 MeTol BHUBYEHHS INBUJAKOCTI TNPOXOKEHHS Iudy3iiHMX
MIPOLIECIB, TPUBAIICTH XIMIKO-TEPMIUHOI OOpOOKM BCTaHOBIIOBAJIAch B
Mexax Bifl 2 10 8 roguH Yepe3 KOKHY OHY T'O/IMHY.

Ilepen ximiko-trepMiyHoi 00poOKOIO TemmepaTypa B Iiedi
migiimanace 300 — 350°C 1 HeraiiHO mpoBOJMIAch 3arpy3ka 3paskiB i
BHKOHYBaJIach MPOyBKa Ieyi IeperpiToro BOJASHOO mapoto. [1pu HasiBHOCTI
B medi HajMipHoro Tucky Oimbme 200 ITa (20 MM Bon. cT.) momaBaBcs
ra3zoo0pa3nuii amiak (NH3), a mogaua BoAsSHOI mapu npunuHsIack. [1otim
TeMIepaTypa B medi migiimManack 10 pododoi (560 — 620°C) i mogaBanach
BYIJICIIEBOMICTKa cyMiml (mponaH-OyTaH, npupoaHuii ra3). KijgpkicTs rasis,
IO ITOoJaBajiach B T4, PETyITIOBAJHCH 1 KOHTPOJIIOBAIACH 3a JIOMOMOTOI0
poramerpiB. Creminb Aucomianii amiaky BHMiproBajiach 3a JOIOMOTOIO
nconioMeTpa yepe3 KoxHi 30 xBuiuH. Binbip npoOu a1t aHaiizy ra3oBoi
aTMoc(epu 1edi MPOBOANBCS HE MEHIIE SK Yepe3 OIHY TOIUHY BiJl T0YaTKy
TIPOLIECY XIMIKO-TepMi4HOI 0OPOOKH.

TpuBasnicte nponecy XiMiko-TepMidHOI 00pOOKHM BiJpaxoByBaiach
BiJI IOYATKY ITOJ]avi B ITiY aMiaky.

MiHsI04H KiJIbKICTh TponaH-OyTaHy B ra3oBii cymimi Big 3% 1o
10% wdepe3 koxHi 2% JIOCTIPKYBald WOrO BIUIMB HA HACHYCHHS CTaJl
a30TOM.
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JlobaBka nponan-Oyrany Oinbrie 10% mnpuBoawiIa 10 3MEHIICHHS
ToBUIIMHU udy3iiiHoro mapy. [Ipu 30inbmIeHHS MiCTKOCTI NponaH-OyTaHy
noHan 15% B mewi yrBOproBanach caxa. B 1bOMy BUNAAKy 3MiIHEHOTO
mudysiiiHoro miapy He BHABISUIAcCh, IO 3aCBiAYYE MNP0 MPUIHHEHHS
npouecy nudysii a3oTy B crai.

Jis BUKITIOYEHHS BUINAAKOBUX pE3YNbTaTiB KOKHHUH MpOIEC
XIMIKO-TepMiUHOI 00pOOKHM 3 piBHO3HAYHHMMHU YMOBAaMH MOBTOPIOBABCS 10
TPH pa3H NPH HAsIBHOCTI HE MEHIIIE TPHOX 3pa3KiB 3 KOKHOT MApKH CTaJi.

ToBmmHa Ta BiacTUBOCTI mIApiB, SKi (QOPMYIOTBCS IPH
3actocyBaHHI TexHosoriyHoro mporecy KXTO Bu3Ha4aroThCs CKIag0oM
ra30BoOl CyMillli MApKOKO CTaJli, TEMIIEPATYPOIO Ta TPUBAJIICTIO 0OPOOKH.

B kiHmi mporecy TNpPOBOMUTHCS OKHCIEHHS IOBEPXHEBOTO
KapOOHITPHIHOTO IIapy BOISHOIO Mapolo, 110 3HAYHO MiJBHUIYE KOPO3IHHY
CTIMKICTh TTOBEPXHIi Ta 3a0e3Ieuye YOPHUI KOJip.

[epeBipka poOOTO3MATHOCTI PO3POOIICHOI CXEMHU perazodikaTopa
Ta YTWIi3aTOpa B CKJIaJi KOMIUIEKCY OOJIaJHAHHS IS XiMiKO-TEepMidHOI
00pOOKH JT03BOJISIE BUKOPUCTOBYBATH SIK Ta30MOIOHUIA TaK i BOAHUIN aMiak
0e3 BUKHIB Oro B HABKOJIMIIIHE CEPENIOBHUIIE, 1110 3a0e3Ieuye eKOJIOTIYHY
quCcTOTY po3pobsemoi rexnonorii KXTO.

Hesnauna tpuBanicte 00poOku MerogoM KXTO B mopiBHSHI 3
BimoMmumu  crmocobamu  XTO  (a30TyBaHHS,  HITPOIIEMCHTYBaHHS,
[IEMCHTYBaHHS) Ta MaibKe MMOBHA BiJICYTHICThH Me(POPMYBaHHS, POOJIATH IO
TEXHOJIOTII0 HaI3BHYAIHO YHIBEPCATHLHOIO.

Texuomnoriss KXTO BiAmnosigae BUMoraM ChLOrOA€HHS 110 €KOJIOT1I, €
O1JIBII TEXHOJIOTIYHOIO Ta THYYKOIO B ITOPIBHSHHI 3 TEXHOJIOTIEI0 HAHECEHHS
raJIbBaHIYHOTO IOKPUTTS 1 MOXe OYyTH peai3oBaHa B OUIBIIOCTI BUMAJIKIB 3
BUKOPHCTAHHSIM ICHYFOUOT'O TEPMIYHOI'O 00JIaTHAHHSL.

PABPABOTKA OCHOBHBIX ITPUHIIUITIOB
IHOCTPOEHUSA CUCTEMbBI OIPEJIEJIEHUSA
MOMEHTA 1 KOOPJIUHAT KACAHUA
NHCTPYMEHTA U IETAJIN

Ipog., Ocmagpves B.A., Juopouya U.H.
Hayuonanvnwiii mexnuueckuil ynusepcumem Yrkpaunvt “Kuesckuil
noaumexuuyeckui uncmumym”

B cnenctBue pocta HEOOXOAMMOCTH OOECIEUSHHUS BBICOKOI
TOYHOCTH, OJHOBPEMEHHO CBSI3aHHOW CO CHIDKEHHEM CeOECTOUMOCTH,
BO3HHMKAET HEOOXOAMMOCTh B  MPOMBIIIIEHHOM  00OpYIOBAaHMH  C
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BO3MOXHOCTBIO KOMIICHCAIIUN T'€OMETPUUCCKUX HOI’peHJHOCTeﬁ, KOTOpas
PETUCTPUPYCTCA H3MepHTeJ’IBHOI>i TEXHUKOH B PEKUME pCAJIbHOI'O BPpEMECHU.
HO3TOMy €CTh HeO6XOI[I/IMOCTI> CO3JaHusl CHUTEMbI aBTOMATUYCCKOI'O
OIMPCACIICHUA KOOPpANHAT KaCaHUS UHCTPYMCHTA U ACTAJIH.

CucremMa OCHOBBIBASTCS Ha (bPIKCI/IpOBaHI/II/I MOMCHTA KaCaHHuA (C

MaJloOi TOCTOSHHOM BpeMeHu - T I() M TIOKa3aHUHA JAaTYHKOB.

BricTpozelicTBUE U HAAEKHOCTb CUCTEMBI ONPEJETICHUS MOMEHTa KacaHUs
(raTymMka KacaHUs) ompenensercs 00ecHedMBaHUEeM psia KOMIIPOMHUCCHBIX
TpeOOBaHMH, MPEABSIBIIEMBIX K HEMY HCXOAsS M3 OCOOEHHOCTEW CIIeKTpa
OTKJIMKA Ha BUOPOaKyCTUYECKUI CHT'HAIL.

OCHOBHBIMU ~ TapaMeTpaMH  ONPEAENSIOIIMMU  HAJEKHOCTh
CKOpOCTb 00pabaThIBaHMs SIBIIIETCA: YyBCTBUTEIILHOCTh

IIbe30aKCeNepOMeTpa, HMX OCOOEHHBIE dyacToThl, mmpuHa monoc Af
(UIBETPOB M MONOXEHME MX LEHTPANBHEIX YacTOT (1, 3HAUYEHUs TIOPOroB

U, . Bribop 3HaueHuii Wy U MHUPUHBI IOIOC Af ocymecrBnsercs ncxons

us3 CHeK’I‘paJ’IBHOﬁ KapTHUHBI OTKJIMKA, or[pez[enﬂeMof/'I BXOOHBIM CIHEKTPOM
BI/I6pOaKyCTI/I‘IeCKOFO CUTrHajla U JUHaAMHUYCCKUMU CBOMCTBaMHM pryFOfI
CUCTEMbI MHCTPYMCHTA U 30HbI PE3aHUA.

HpI/I MMPOCKTUPOBAHUN CHUCTCMBI KaCcaHusAa JUIsL KaXXJ10ro
KOHKPETHOI'O CTaHKa HeO6XOI[I/IMO HUCCIICAOBAHUC CHeKTpaJ'II)HOf;I KapTHUHBI
OTKJIMKA U HTYMOBBIX CBOICTB CTaHKa.

3HavyeHus @, u Af BpiGuparor Takum oGpa3zom, uTOGHI OHH HE

OXBAaTbIBAJIM ITYMBI. OOBLIYHO 3TO HE TPYAHO OCYHICCTBUTH IMOCKOJIBKY JIsL
OOJILIIMHCTBA CTAHKOB BCPXHAA I'paHUlla LITyMa ONpeACIsAICTCA 4acToTOM 2-3
KTI'II. Bbrrme JJAHHBIX YaCTOT IOYMbI KaK HNPaBWIO OTCYTCTBYIOT. BBI60p

umpuael nonoc duaetpoB Af  ocymectsnsercs Takum o6pasom 4TOGHI

OHa ObUTa MIMpPE YaCTOTHBIX 30H, OIpeAesomux ynpyroi cucremoir TOC
TO €CTh, 4TOOBI IIOJIOCA YaCTOT (PHIIbTpa 3aXBaThIBAIA KAK MUHUMYM OJHY
30HY MNpONYCKaHUS M OJHY 30HY Hempomyckanus. OueBuaHO HamOoiee
OIITHUMAJBHBIM KOJIMYECTBOM 30H - SIBJISETCS 2 - 3 30HBI KOTOPBIE JTOJKHBI
pacrionaratsCsi B Mana3oHe 4acToT HanOOJbIe HMHTEHCUBHOCTH CHTHAJa
O - 20 krm yBenMYeHWE IIUPUHBI TOJIOC K YMEHBUIEHWIO BpPEMEHH
MIEPEXOHOTO Mporiecca. B To ke BpeMs CTporo HEOOXOAMMO, YTOOBI 30HBI
He mnepecekanuch. CKOpOCTh cpabaThIBaHMsI YCTPOMCTBA 3aBHCUT OT
BEJIMYMHBI CHTHAJIAa B YaCTOTHOW 30HE (WIBTpA M OT YYBCTBHUTEIHHOCTH
ITbE30aKCEIePOMETPOB.

Jis Toro 4ToObl M30aBUTHCS OT M3MEHUYMBOCTH JWHAMUYECKHX
CBOMCTB YNPYrol CHUCTEMBI 30HBI PE3aHUsI NpPEJIaraeTcs: yCTaHABINBAThH
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JIBa IIbE30aKcejIcpoMeTpa € COOCTBEHHBIMHU JacToTaMu, COBIIaJarOnIUMU C
HCHTPAJbHBIMHU 4YaCTOTaAaMU COO. B stom c1ydac  IIb€30aKeaJICPOMETPhI

paboraroT Kak IpruOOPHI PE30HAHCHOTO U IOIYPE30HAHCHOT'O THIIA, TO €CTh
YYBCTBUTEIBHOCTH NPE0OpPa30BaHMs yCHIIMBAETCS B HECKOJIBKO pas.
Koadduuent ycunenus O, -Onpeaenserca JacTOTHOH XapaKTepUCTHKOM
Ibe30aKcenepoMeTpa

P, = Ay (1)

N

rae € - Ko duuueHT neMnpupoBaHus,

& = Q/ w,-6e3paszmepnsiii mapamerp,
/01 - UYBCTBHTEIBHOCTS Mbe30akcenepomerpa B 3oue vactor 0+ @, , rue
(), - BEPXHSISL 4aCTOTHAS IPAHHLA Ibe30aKCEIePOMETpa,
Q) - Texymas 4actora
~ ’
o, = 0,30y .
CpaGaTbiBaHMe  JaT4dKa  KacaHWs — ONpPENENSAETcss  BEpPOSTHOCTBHIO
OTTHOBPEMEHHOTO TIPEBIIEHUS TTOPOroBbIX 3HaueHuit - U(t)

P{u, () >u,..ut)>u,} 2
rae
U (t), U (t)- nuxosble 3HaueHHMs HampsUKEHHMH HA BXOMAX MOPOrOBBIX
YCTPOICTB
U, U,,- 3Ha4eHUs IpU KOTOPHIX MPOHCXOTHUT cpabaThIBaHHE MOPOTOBBIX

YCTpPOMCTB.
3HaveHUs

U, (t) - onpenensirotes BbpakeHueM:

u (t) = In[G, (t) p.k, Jsin[wyi — ¢, (1)]

U () = In[G, () ok, JEn| [ p'(x)dz 3

e
G, (t) - moxymmpyromas GyHKIMs - 3HAYEHNE BUOPOYCKOPEHHii B MOJIOCE
gacrTor (mooce GUIbTpa),
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[0, - UyBCTBUTEIBHOCTD TbE30aKCEIEPEMETPA,

K, -xodddument ycunenus npeaBapuTENbHONO YCHIUTENS,
!

p'(t) - MmruoBennas wacrora,

CUO| - HICHTpaJIbHAaA 4aCTOTa MOJOCHI YaCTOT,

@, (t) - cnyqaiinprii yron capura $as B nonoce 4acTor.

B crnydyae korma ycTaHaBIMBAaeTCS JBa MbE30AKCENECPOMOTpa C
COOCTBEHHBIMU YACTOTAMH, PaBHBIMU IEHTPAJIbHBIM YacTOTaM Iojoc, 1-
MOBBINIAETCS HAJEKHOCTh CHUCTEMBI, 2- B HECKOJBKO pa3 TOBBIIIACTCS
YYBCTBUTEJIBHOCTh YCTPOMCTBA M MOAYIUPYIOIIast (YHKIIUS B BBIPAKEHUU
YMHOKAeTcd Ha O; a Ha P, cornacHo Gpopmynsl (1).

B pesympraTe TOro, YTO MONOCHl YACTOT SIBISIOTCS IOYTH
CMEXKHBIMH 3HAUCHHUs [EHTPAIBHBIX YACTOT MOJOC OTIMYAIOTCA APYT OT
Jpyra HEHaMHOT'O:

Wyl =C, 4

rae c- kodddunmeHT Mmoxxer umeTh 3HaueHus ot 0 70 2 + 3 U BEPOATHOCTH
COBMEILICHHUSI 3HAYCHHS IBYX MMITYJbCOB YTOOBI CpabOTaIl OMHOBPEMEHHO
JIBa TIOPOTOBBIX YCTPOWCTBA OMpPEAENACTCS PAa3HOCTAMH craBura a3 B
OJIHOH M IpYroii MoIoce YacToT ¢ yueToM KodddunueHTa - ¢

pip.(t) — o, (t) = 0} @

Jnist 3acevKku KOOpIMHAT KacaHus ¢ OONbIIeH TOYHOCTHIO HEOOXOAMMO KaK
MOXXHO MEHBIIIE BpeMsi cpabaTbiBaHWS JaTyvka Kacauus. Jlis 3toro

HeOoOXOJMMO  ONpEJENeHHON joneil  ycranoBuBwerocs curhana G
KoTopasi ompejensercs KodhduuueHToM ¢ Haubonee ILenecoodpa3HbIMU
snauennamu C, = 0,1+ 0,15

B srom ciywae G, (t)- B Bppaxennn samensercs na C,G,l a Bpems

Cpa6aTHBaHI/IH OIMpeaACIdCTCa BpPEMCHEM JOCTUIKCHHSA 3HAYCHUSA CZGOI y

KOTOpOe COCTaBISIET [JONM OT BPEMEHM IEPEXOJHOro Ipoliecca
ONpENeNAEMOr0 BPE3aHUEM U XapaKTepU3yeTcs KPYTU3HOM W3MEHEHUus
CUTHaJIa IIPU BPE3aHUU:

S=c,G,ji/Ar (5)
rne AT - Bpems, BbiGopa 3Hauenns C,G,i 0ObIYHO OHO cocTaBisteT OT

CAWHUIbI MUJIJIUCCKYHABI 10 z[onef/i MUWJIJIMCEKYH/IbI.
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Ho Takas Mepa CHIKAeT HaJIeJKHOCTh pabOThI CHCTEMBI MOCKOJIBKY Mablii
CHTHAJI TAKOrO 3HAYEHMS MOMKET OBITh BBI3BAH KAKUMHM JIHOO MOGOYHBIMU
s dexramu.
[osTomy st obecrieueHus HaJeKHOCTH HEeoOXOAMMAa MPOBEPKA BBIXOJA
3HaueHHs, BUOPOAKYCTHUECKOTO  CHTHAJa Ha  PEXKHM,  KOTOPBIH
OmpesIeNiseTcsl ¢ TMOMOIIBIO MOATBEPKIAIONIEN0 CHTHAIA MOCPEICTBOM
kodbpummenta c3~ 0,7 + 0,8u Tonpko mocne nonydenus noaTBepKACHUS
TIEPBOrO pe3ynbTaTa MOKHO CUMTATh €ro AeHCTBUTENbHBIM M BECTH C €ro
TIOMOIIBIO0 OTCUET MOMEHTA KACAHMS.
Bpems cpaGaThIBaHUs ONMPE/ENAeTcs BHIpaKeHHEM

t = C2_GOI + Zl:t.

cp S Lo

j=1
(6)

rac

t., - Bpems cpabatbiBanus
t, - Bpemst cpabaTbIBaHMs 2IEMEHTOB HJICKTPOHHOI CXeMBI (HE BENHKO 110

CPaBHCHUIO C BDEMCHEM T

¢, Gyl

= —5—— -Bpems cpabaThIBaHUSI.

cp)

p

OmnpeneneHne BpeMEHHM 3ama3fblBaHUsl MakeTa JaTddKa KacaHus
MIPOM3BOJIMIIOCH C MOMOMIBIO JIYUEBOTO 3allOMHUHAIONIEro ociuiorpada.
Hmnynsc ¢ reHepaTtopa MMITYJIbCOB I0JaBajiCs OIHOBPEMEHHO Ha BXO[
JlaTYMKa KacaHWs M Ha BXOJ BTOPOro KaHana ocuwuiorpada. Ha mepseiid
KaHaJl ocuuyuiorpada MmojaBajcs CUTHAN C BBIXOJA JaTdynka kacaHws. 1o
paccoriacoBaHMIO CHTHAJIOB M BPEMEHH pa3BEPTKU  OINPEIEIsINCh

S3HAUYCHUA Tcp

CucremMa TO3BOJSET OCYHIECTBIISATH IOCTOSIHHBIM — TEKYIIUI
KOHTpOJb '"eCTb pe3aHue", BBIABUTH aBapUUHOE COCTOSHHE IIpolecca
pe3anus, (MOJOMKAa WHCTPYMEHTA Bpe3aHHWE MHCTPYMEHTA B 3arOTOBKY C
OonbIION TOJaYe W T.A.), TpepBaTh IPOIECC pe3aHHs MU 3ampeTuTh
JATBHEHIITYI0 0TPabOTKY MPOrpamMMBl 10 CUTHAITY "aBapus'”. DTO MO3BOJIHT
YIY4IIUTh 00ecrieueHre BBICOKOW TOUHOCTH, OJTHOBPEMEHHO CBS3aHHOM CO
CHIDKEHHEM Ce0eCTOMMOCTH CHCTEMa  yHHMBEpcalbHa Juisi 00paboTKu
JOOBIX JieTaseil n3 M00BIX MaTePHaIoB M JIIOOBIM BUIOM HHCTPYMEHTOB.

Jlutepatypa
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1. Introduction

In the case of polymers and polymeric composites subjected to
degrading ageing processes, changes of surface appearance can not considered
as a measure of the degree of material degradation. Usually surface brightness
and colour changes occur within very thin outer layer and considerably precede
any inner degradation processes. When degradation occurs in a dispersive way
within the whole dement volume, without any visble substantial externa
changes of physical and geometrical properties or when surface changes do not
correspond to the degree of internal degradation processes, aclassical ingpection
of a gructure condition may not reveal any dangerous conditions. Therefore, in
these cases there is a srong need of searching non-destructive methods of
investigation of the degradation degree, which will be able to reveal these
dispersve changes. Authors made such an atempt using non-destructive
ultrasonic method with reference to thermaly aged polymer composites.
A hypothesis was made that acoustic properties and strength properties are
unambiguoudy related. Changes of strength properties due to thermal
degradation evoke changes of acoustic properties evaluated in ultrasonic
testing.

Application of ultrasonic methods for testing of polymers and
polymeric composites has a long-lasting tradition [2]. Taking into account
effects of wave reflection, refraction, absorption, dispersion or defraction,
diagnostic methods allow measurements of thickness, hydrol ocation or local
heterogeneities and discontinuities — flaw detection [3, 4]. Less information
is available on application of ultrasonic testing of degradation processes
resulting in dispersed micro-defects such as micro-cracks, polymer chain
scission, oxidation and many other. In the paper an attempt of this kind of
ultrasounds application is described
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2. Ultrasonic investigation of polymer composites degradation

In the experiment program the following methodology was applied:
a) Samples of epoxy-glass composite were subjected to thermal ageing;
b) Degraded composites were tested using ultrasonic methodol ogy;
c) Experimenta results of ultrasounds propagation characteristics were
compared with flexural strength deterioration dueto ageing.

2.1. Experimental investigation system

Epoxy-glass laminate (TSE-5, 1Z0-Erg, Poland) was subjected to
thermal ageing. Samples with dimensions 250x20x10mm were aged at three
temperatures: 200, 220 and 240°C. Samples were degraded up to 2600
hours. At defined intervals, the group of heated samples was subjected to
non-destructive tests on the ultrasonic test station, thus identifying the
values of diagnostic characteristics of ultrasounds wave propagation and to
destructive testsin static bending in order to evaluate the strength properties
deterioration. Ultrasonic tests were carried out with an ultrasonic
defectoscope UMT-16 (ULTRAMET S.c., Poland) hdp. Single 2,25 MHz
measuring head was used. The scheme of testing stand is shown in Fig.1. A

time of a sound wave transition through tested samples was measured.
The average sound wave propagation velocity through a
sample was next calculated taking into account measured time
and specimens thickness.

Fig. 1. Ultrasonic testing stand: 1) specimen, 2) ultrasonic head, 3) defectoscope, 4)
computer system with softwareto results registering and analysis

2.2. Results and discussion
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Results of ultrasonic tests for all aged samples are presented in Fig.2.
For all ageing temperatures increase of ultrasound velocity with ageing time
was observed. During aging composites became more stiff and it resulted in
higher ultrasound wave propagation veocity. For highest ageing
temperature and for longest ageing times brittleness of composite was
observed. Composites aged in these conditions exhibited the highest
velocities of ultrasounds propagation. It is in accordance with generally
observed relation between material stiffness and ultrasounds velocity in al
materials.

Fig. 3 presents results of flexural strength tests performed on aged
samples. As can be seen the higher was ageing temperature the lower was
flexural strength. It is generally observed tendency in thermal ageing
investigations. In thermal ageing process two main factors, heat and
oxygen, influence composites properties. Degrading processes results in
many defects not visible in macro-scale such as micro-cracks, polymer
chain scission, oxidation, free radicas formation and many other that
substantially decrease mechanica strength. Relationships between flexural
strength and ultrasounds propagation velocity are shown in Fig.4. Finally
the most interesting relation between flexura strength and ultrasounds
velocity for al samples together is given in Fig.5. Presented results proved
the possibility of applying non-destructive ultrasonic method to diagnosis of
the state of thermal degradation of polymeric composites. Strong correlation
between mechanica strength and ultrasonic wave propagation velocity was
observed. Together with strength lowering ultrasounds propagation vel ocity
decreased.
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Fig.2. Dependence of ultrasound wave propagation velocity on ageing time
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Elaborated method may be directly employed in the testing of degree
of strength degradation of construction e ements made of fibre reinforced
polymeric composites. However, for quantitative interpretation of ultrasonic
testing results, it is necessary to know diagnostic dependences individually
identified for each tested material. To trace degradation processes ultrasonic
tests have to be performed in defined time intervals from the beginning of
working period of a given construction.

4, Conclusions

» Ultrasonic tests results together with experimentally determined
unequivocal relation between wave propagation velocity and flexura
strength of the tested materia form the basis of the non-destructive
diagnostics method of plastic materialsload capacity.

* The method may be directly employed in the testing of
congtruction elements made of polymeric composites. However, for
quantitative interpretation of results, it is necessary to know diagnostic
dependences individually identified for each tested material.

*  Results presented in the paper and presented scope of the research
are of exemplary character. Real, individual problem defined for specific
material characteristics needs basic research in order to determine
diagnostic relation appropriate for searched material, searched material and
for given working and experimenta conditions.

* Results achieved in described research allow to expect that non-
destructive acoustic method may be effective relative to wide class of
polymeric performance materials.
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1. INTRODUCTION

The subject of this paper is the process of free PE pipe drawing. It is
used in renovation of pipelines with atight-fitting method, as well asin the
production of two-layer pipes. Such pipes are used mainly in the mining
industry for transportation of hydraulic filling, process water with high
concentration of volatile elements, etc. The supporting structure of such
pipeis made of stedl, with PE lining asthe anticorrosive layer [1,2].

The process of deposition of the PE lining is amost the same as in
digless renovation of pipelines. The main difference is in devices used for
the process. The drawing machine used in production of two-layer pipesis
similar in its construction to a carriage drawing machine.

The process of tight-fitting deposition of the PE lining is a
combination of free PE pipe drawing with later deposition of the lining in
the stedl coating shell of the external pipe [3,4]. The second phase utilizes
the viscodlastic return effect caused by elastic and rheological properties of
the plastic materia in the drawn pipe and technological conditions of the
process.

2. RESEARCH

93



The aim of the present study was to determine values and runs
substantial for the efficiency of the examined deposition method, after-
deformation circumferential and longitudinal returnsin connection with the
initial temperature of the drawn PE pipe. Included in the research were
high-density PE pipes (PE 80) with diameter of 63 mm and thickness of 5,6
mm. The temperature of the test section was assessed after pre-heating with
acylindrical electric heater in athermostable heating zone.

The research was conducted using a Fritz Heckert PFZ100 testing
machine. Pre-heating was performed with a circumferential heater situated
under the drawing zone- the initial temperatures of the pipe were: 252,
30+2, 40+2 i 50+2° C. The tools used were drawing dies with various
reduction degrees and approach angles.

Measurement of changes in the diameter in predetermined time
intervals was done using a digital dide caliper. Fig. 1 shows examples of
obtained runs in relationship with to the internal diameter reduction degree
of a pipe (R=10%) and a set angle value for the drawing die (12.5°). The
charts show changesin the diameter — runs with values of <1 and changesin
the length — runs with values of >1. Dimensions of the test section of pipes
are given in relative values — the initial diameter of the external pipe (D =
63 £ 1,5 mm) and the length of the test section (L = 50 + 1mm). The first
time interval (0 — 3 min), during which the pipe lengthens and its diameter
reduces, corresponds to the pipe drawing phase, that is |oad applied with an
axial force. In the remaining measurement period the pipe was not under
any load.

3. RESULTSANALYSIS

Analysis of the return runs indicates their similarity as far as
temperature range 20-40° C is concerned. Uniform decrease of the modulus
of dasticity and the yield point in the said temperature range [5,6], and in
the conditions in which the drawing speed and reduction level are constant,
may explain the deformation state after drawing. Moreover, the after-
deformation return has a similar course in balanced temperature conditions,
which indicates lack of significant and permanent changes in the
viscoelastic properties of the material. However, a process running in
conditions with the initial temperature of 50° C shows a significantly
different course. Local loss of pipe stability effect was observed during the
drawing in the section with increased temperature. Local reduction of
diameter occurred that can be called “formation” and which does not reflex
the assumed description method of the diameter change diagram (Fig.1).
Moreover, the lengthening value increased significantly, which means that
softening started and the sample plasticity increased considerably. On the
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basis of the determined properties of after-deformation returns, both
circumferential and longitudina, it was found that the temperature should
not exceed 40° C, as far as efficiency of the process is concerned.
Egtimation of the best temperature value requires assessment of other
properties of the process, such as the drawing force and changes of the
strength properties of the material. In order to examine even closer the
deformation mechanism which occurs in the drawing die zone and which is
essential for the latter pipe diameter and length reversion, it is necessary to
determine the thermal conditions in that zone. They depend on the initial
temperature of the material but aso on the drawing conditions — type of the
material, tools, drawing speed, etc. Further research of that issue is
anticipated, taking into consideration analysis of the actual temperature
profile in the drawing die zone measured with use of the infrared mapping
technique.
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Fig.1. Course of changes of pipe length and diameter during drawing and free viscoelastic
return for drawing dies with 12.5° angle and 10% reduction

3. CONCLUSIONS
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The functiond effect of the conducted research is a possibility of
rationa choice of conditions during a reverse drawing operation, as far as
the deposition effect of the drawn pipe in lining canals with considerable
rigidity is concerned. It isrealised with tight fitting of a drawn pipe after the
load of drawing ends and when the pipe temperature levels with the ambient
temperature.

The research proved necessity of individual design of operations for
particular geometrical and material conditions. In such cases, the
temperature of the material is an essentid value, yet — in some
circumstances - it may be altered asfit.
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1. INTRODUCTION

Carbon fibre reinforced composites are one of the most attractive
materials for high performance applications in the modern aerospace and
aircraft industry due to their widely described advantages [1, 2]. The
mechanical properties of fiber reinforced composites are very sensitive to
the local fiber content variations. This parameter is also considered as
quality criteria of composite products. Local reinforcement variations
arising during production process decide about out-of-control variations of
strength and stiffness in a given component, which is of a great importance
for the products with a high failure-free requirements. To improve
manufacturing quality it is necessary to develop a new reliable non-
destructive testing (NDT) methods which are suitable for the purpose of
reinforcement content evaluation.

In a wide range of different NDT techniques, thermography was
until recently considered as an emerging technology [3] and nowadays is
widely used in characterization of composite materials [4]. It is aso known
that infrared (IR) thermography is able to detect defects and anomalies in
many engineering materials [5,6]. In the case of polymer composite
materials, it is applicable to the detection of cracks, impact damages and
fatigue degradation [7]. Thermography also seems to be the promising
method for the purpose of fiber content evaluation because the total thermal
conductivity of composite material highly depends on the thermal
conductivity of congtituent materials and their relative volume fraction. In
the present paper, the authors made an attempt to apply transient
thermography for the fiber content evaluation in carbon/epoxy composite
materials.

2. EXPERIMENTAL

2.1. Materials

The composite specimens were made of cross - ply plain weave
[0/90] carbon fabric (“Sigratex”, Germany), epoxy resin (,Epidian 53",
Poland) and hardener (“Z-1", Poland). The properties of constituent
materials are shown in Table 1.

Table 1. Properties of constituent materials [8]
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Parameter Carbon fibre (* fabric) Epoxy resin
Areal weight / Density 240 [g/em?* 1.15 [g/em?]
Thermal conductivity coef. ~15.0 [W/mK] ~0.22 [W/mK]

Carbon fiber reinforced epoxy composites were fabricated by hand
lay-up with a variation of carbon content. The variation of fibre content was
achieved using different number of carbon layers with the same total
thickness of the specimens. The composites prepared in such away had 23,
30 and 37wt.% carbon content and 6 mm average thickness and 10 mm by
10 mm square shape [8].

2.2. IR-ther mogr aphy measur ements

The most important issue, when using transient thermography in the
case of present purpose, was to obtain the repeatability of the
measurements. This reason caused the application of a prototype testing
station (Fig. 1) which was designed and built specially to provide a uniform
heating conditions such as stable specimen mounting, constant distance
between heating source and specimen and also precise heating time for all
measurements [8].

The heating time of 2.0 seconds and distance between thermal wave
source and specimen (30 mm) was determined experimentally using a neat
resin specimen when the temperature difference between heated specimen
surface and neighbourhood (~21 C) was satisfactory for theinvestigations.
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Fig. 1. View of the ther mogr aphy testing station with IR camera (left) and thermal images
of the specimen (right) captured after 27 sec (a) and 67 sec (b)

The temperature variations on the opposite side of the heated
specimen surface was measured and recorded using IR camera
(“ThermaCAM™SC640”, made by “Flir Systems’, Sweden) with focal
plane array (FPA) detector. Infrared camera as well as testing station were
connected with PC system.

Each specimen was mounted vertically (parallel to the wave source)
in ahole of the thermal shied. Asathermal wave source a 1200 W ceramic
infrared radiator (“SHTS’, “Elgtein”, Germany) with wavelength range of
2+10 um was used.

3.RESULTS

Figure 3 shows the line profile plot of the temperature variation with
timefor al considered carbon/epoxy specimens. For al specimens the slope
of straight line (Fig. 2) as well as the highest obtained temperature on the
opposite side to the heated surface had different values. The dope of
straight line on the plot represents the temperature growth rate and it can be
correlated with carbon fiber content of the composite. Due to value
differences in second considered parameter, namely upper limit
temperature, it can be also correlated with fiber content.
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Fig. 2. Temperaturevariationsversustime for all three car bon/epoxy specimens
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4. CONCLUSIONS

In the present study, transient thermography was applied to evaluate
the carbon fiber content in CFRP composite materials. The investigation has
assessed the ability of thermography to carry out such a testing. The
experimental results have shown relationship between fiber content and
upper limit temperature and also between fiber content and temperature
growth rate,
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Abstract

This paper presents analysis of mechanical properties of polyamide 6
filled with hard coal. For making composite used two kind coals used as
powder filler. A content of filler
in probes was 7%, 14%, 21% in weight ratio. Mechanical test showed that,
properties of this composite compared with polyamide 6 without the coal
filler were worse. The most influence for deterioration analyzed properties
had content of filler, while kind of wused filler wasn't
SO important.

Introduction
Many of used polymer materials need to be modified because they have
insufficient mechanical, tribological, eectrical and other properties
which are needed to specific applications. Preparation of a composite
congtituting of polymer matrix and afiller isthe most popular method of
different properties changing. A content of filler usually used in
compositeisin the range of 10-60% by volume[1, 2].
It is not possible that any filler has only advantageous influence on al
properties. One of basic disadvantage of this material is that the filler
cause increase of viscosity of composite. Many powder filler results in
composites stiffening and strength and impact srength deterioration.
This is especially common effect for polymeric composite with large
addition of powder fillers[3, 4].
One of new fillers used to modify polymers is a hard, mined coal. The
review
of literature positions show that there is a little information abort that
kind of filler [5,6].
In this article a trial is described to evaluate the influence of hard coal
fine particles on some polyamide mechanical properties.

2. Experimental

2.1 Materials
Polyamide 6 with trade name Nevimid 6 MLD produced by Nevicolor
was used as a matrix. As afiller two types of hard coal were used: coal

101



33-34 from Bolestaw mine (Poland) designated as 1B, and a coal type
35 from Zofiowka mine marked as 2Z. Basic properties of fillers used
are presented in Table 1.

Table 1. Physical properties of coal 1B and 2Z [6].
Filler
Properties Coal 1B Coal 27
Density [g/cm?] 1,3 1,33
Content of C [%] 84,22-86,10 88,46
Cinder [%] 28,67 8,13

2.2 Composites and samples prepar ation

Fillers were incorporated into polymer matrix using extruding
press. Samples were injection molded on Krauss Maffel KM65 160C1
injection molding machine. Afterwards samples were subjected to 8
hours conditioning in water with temperature 70°C.

2.3 Resultsand their analysis.

Static tensile test

Tendle strength was taken as a measure of strength properties. For every
filler type and content five tests were performed and mean values
calculated. Figure 1 shows the influence of content and kind of filler on
tensile strength.
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Fig. 1 Influence of content and kind of filler on tensile strength.
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Asit isshown in Fig. 1 the most pronounced influence on composites
tensile strength of composites exhibited volume content of filler. The
highest decrease of tensile strength was observed for the highest content
of 27 coal. Kind of used filler has very small influence on this property.
Observed changes are typical for all thermoplastic composites filled
with fine solid particles.

Hard coal particles strongly influenced also elongationa properties of
polyamide (Fig. 2).
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Fig. 2 Influence of content and kind of filler on relative elongation at break.

Analysis of relative elongation results, shown in Fig. 2, leads to
conclusion that the most important influence on this property has, similar to
tensile strength, hard coa content. The decrease of relative eongation is
more pronounced than the decrease of tensile strength. Influence of kind of
filler on tested parameter is aso noticeable. Asit shown in Fig. 2, properties
of composites with 2Z-coal content are better than of composites with 1B-
coal content. Sharp elongation decrease observed for composite with 14%
coal 1B content have to be noticed. Additional experiments are planned
with coal coated with coupling agents to avoid such an effect.

Notched impact strength tests

Impact strength measurements were conducted using Charpy impact tester.
Hammer with 7,5[J] energy was applied. Five tests for every compound
were performed and mean values calculated. Relationships between impact
strength and filler content are presented in Figure 3.
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Fig.3. Relationship between impact strength and content of coal in
composites.

Achieved for PA6 - coal composites results demonstrate that
increased content of filler caused decrease in impact strength values are
shown in Fig.3. Therange of this change is only dightly dependent on the
coal type. For both composite with 1B and 2Z coal filler decrease of impact
strength value is the most pronounced between 7% and 14% by weight
content of filler. The change of impact strength between 14% and 21% by
weight content of filler isnot so significant and amounts about 6 [JYm?]. Itis
expected that coupling agents will also improve impact strength of hard coal
polymeric composites.

3. Summary
e Results of relative eongation and tensile strength showed
unfavorable influence of hard coal.
e Analysis of impact strength results show that this value decreased
with increase of coal content in polyamide.
e Type of coal has not significant influence on tested mechanical
properties.
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|. Introduction

Materias science devel opment cause continuous searching for new
solutions in technology and high performance materias. In this materials
usually occurs cooperation between two significantly different materials
that causes many problems with interfaces and adhesion. Gradient sructure
provide possibility to connect two or more materials with different
characteristics without such problems or at least with significantly
diminished interface problems. Gradient polymeric materials are two or
more components polymeric systems in which the concentration of one
component varies in a continuous way from point to the other. Such
systems can be obtained for example from an amorphous polymeric matrix
into which another monomer is diffusing creating a gradient of
concentration. Such system may be cured, for example, by photo-
polymerization. Properties of such systems with plane-parallel geometry are
discussed in [1-5].

Gradient of definite properties (mechanical, electrical, optical, etc.)
during the fabrication process of FGPM (Functionally Gradient Polymeric
Materials) can be controlled by suitable selection of preparation method,
matrix and reinforcement, but also by changes of process parameters,
properties, size, shape and quantity of filler. At the turn of XX and XXI
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century scientists elaborated many preparation methods and conceptions of
FGPM, for instance: diffusion solutions, corona discharge curing,
compression molding, sdlective laser sintering, in Situ polymerization,
gravitational or rotational casting, powder metallurgy techniques, reaction
bonding and other technologies. Gravity casting method of polymer
gradient materials preparation is one of the most effective methods. This
method of production allow to form concentration gradient of composite
components and continuous transition between different materials [5-9].

[1. Experimental

Materials

Gradient epoxy-graphite composites were searched. Epoxy resin
RE28A cured with RE28/B and produced by GPS CO. GENERAL CHEM
(Italy) were used as polymeric matrix. Graphite powder PV 60/65 produced
by DIMEX (Poland) was used as afiller. Four test specimens were prepared
with gravity casting method. Addition of respectively, 3, 6, 9 and 12%vol of
graphite was applied. The fifth specimen was prepared with 3% vol. of
graphite and 1,5% val. of silica Aerosil 200, applied as viscosity modifier.
In this research gravity casting as one of the most effective methods for
polymeric gradient materials creation was chosen. Figure 1 presents shape
and diameter of specimens.

M ethods

Surface resistivity was applied as a measure of electrical properties.
Measurements were performed according to Polish standard PN-88/E-
04405. The idea of the test was to define eectrical resistivity in sequential
layers with different content of conductive component (graphite). Firdt,
specimen’ sthickness was measured and surface resistivity tested.
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Next outer layer was removed by grinding. Next, following thickness
and resistivity measurements and grinding procedures were repeated. Five
layers in each specimen were researched. Scheme of measuring layers is
presented in Figure 2.

Fig.1. Shape and the diameter of specimen

Specimen thickness [mm]

w1l w2 w3 w4 w5
Sequential layers

Fig.2. Scheme of measuring layers

I11. Results and discussion

Sedimentation of graphite during casting produced composites with
different filler content throughout the thickness of specimens. On the basis
of electrical properties research results the dependence of surface resigtivity
on specimen thickness was determined (Fig.3).
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Fig.3. Relationship between surfaceresitivity and specimen thicknessfor 3-9% vol of
graphite

Ascan be seen in Fig.3, the lower was placed the layer the lower was
surface resigtivity. It isthe result of higher graphite content at the bottom of
sample due to sedimentation. The most pronounced resistivity decrease with
layer depth was observed for composite with 9%vol of graphite. For layer
placed 2mm above the bottom surface resistivity was 6,30-10° Q. At this
surface resistivity level static dectricity cummulation is not expected, what
is very important in many polimeric composites applications. Additionally
the influence of higher matrix viscosity on sedimentation process and thus
on graphite distribution was searched. The effect of changed graphite
distribution on surfaceresisitivty is shown in Fig.4. As can be seen viscosity
increase caused sedimentation retarded sedimentation of graphite. Obtained
differences in surface resigtivity are very minute and not greater than
experimental error. Viscosity modifiers may be applied to control
sedimentation process but applied amount was too high.
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Fig.4. Relationship between surfaceresistivity and specimen thicknessfor 3%vol of
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V. Conclusions

Addition of 3-6%vol. of graphite to epoxy resin caused limited, amost

linear, decrease of surface resistivity in depth direction of specimens
Higher content of filler (9-12%vol) in polymeric graded composite
caused rapid, non-linear with layer depth, decrease of surface resistivity.
Electric properties modification in polymeric graded composite with
graphite filler is possible through resin viscosity modification, for
example by silica powder addition.
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TRANSFORMATION PLASTICITY
OF STEEL DURING QUENCHING

Regita Bendikiene, Rasa Vitkeviciene
International Studies Centre, Kaunas University of Technology, Mickeviciaus 37, LT-44244
Kaunas, Lithuania

The paper presents the results of longitudinal investigations of
transformation plasticity of hot-die (high temperature-resistant used in high-
temperature deforming), stainless, high speed and ledeburitic steel during
hardening. A specia device was used to evaluate transformation plasticity
and determine the maximum norma bending dress, modulus of
transformation plasticity for medium alloyed and medium carbon sted.

The tests of the transformation plasticity were accomplished by
bending the stedl test pieces. The deflection of the test pieces, the content of
retained austenite, and the self-deformations after tempering were measured
as afunction of load.

Bending test pieces (6x8x100 mm) prepared from the hot-die steel
4X5MDC, stainless steel 40X13, 95X18, high speed stell P6M5 and
ledeburitic stedl X12d1 (e grades according to Russian sandard GOST)
were used for transformation plagticity analysis.

Bending test pieces, made of investigated stedls, were heated in the
electric furnace in the protective atmosphere for the hardening up to the
temperature of 950 °C, 975 °C, 1000 °C, 1025 °C, and 1050 °C.

Heated up to the defined temperature and held in the furnace for 15
min test pieces were placed into the special device, and at the temperature
of 560 °C — 580 °C were loaded by bending load (95 N/mm? 130 N/mm?,
and 165 N/mm?of normal bending stresses, not exceeding yield point of the
austenite at this temperature). Elastic and plastic deflections were measured
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at the accuracy of 10 ?m during defined time steps until complete cooling of
the test piece. Cooling curve of the test piece was registered by the strip-
chart recorder, using welded up thermocouple made of chromel —aumel.
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Fig. 1. Influence of hardening temperature on the kinetics of plastic
deformation of stainless steel

When test pieces cooled until the 600 °C — 550 °C they were
loaded by selected force (normal bending stresses: 10 N/mm? 80 N/mm?,
120 N/mm? 150 N/mm?) and were cooled at the room temperature (cooling
rate for investigated steed was sufficient to ensure martensitic
transformation. In the austenitic state test pieces were bended eagtically and
during martensitic transformation started deform plastically. Variation of
test piece deflection was measured at the accuracy of 0.01 mm every 15 s.
Kinetics curves of test pieces deflection are given in the Fig. 1.

Conclusions:

From the results of the present study, it can be concluded:

1. The hot-die steel during martensitic transformation in the temperature
range from 300 °C until 100 °C isin the state of transformation plasticity.
Heat resistance stainless steel during martensitic transformation isin a state
of transformation plasticity. Supposed yield point 6n, is lower than 10
N/mm?2
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2. Size of kinetic plasticity depends on chemical composition of steel and
hardening temperature.

3. Relative rate of kinetic plasticity of chromium geels (Cr content from
0.99 % until 18.20 %) reaches maximum (~ 11) when stedl is hardened at
the optimal hardening temperature.
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STRESS-STRAIN STATE CAUSED BY SIMULTANEOUS
ACTION OF CONTACT AND NON-CONTACT FORCES

SS Sherbakov
Department of Mechanics and Mathematics, Belarusian State University, Minsk, Belarus,
sersher @tut.by
In mechanics of a deformablerigid body a wide class of problemsis
devoted to the research of contact interaction of rigid bodies (see for
example [1,2]). The mog usud approach to the solution of contact problemsis
thetrangtion from the interaction of two bodies of the certain form to digtribution
of surface tractions on some area of half-space. The solution of such boundary
problem congds of deermination of digributions of stresses and grains in the
contact zone One of the mog essentia conditions accepted for the solution of
contact problems is fagt attenuation of stresses and grains if the disance between
the cond dered point and contact areaiincreases
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Figure 1. General loading scheme of an active system

In addition to the solutions for contact problems mechanics of a
deformable rigid body have well developed methods of studying of stress-
strain state without considering local effects in the areas of load application
(seefor example [3]).

Active systems studied in tribo-fatigue [4] are characterized by the
presence of both contact interaction between the e ements of these systems
and volume deformation caused by action of non-contact loads. Thus the
action of distributed norma p(x, y), tangential q(x, y) contact tractions and
non-contact M;, N;, Q loads (figure 1) [4] should be taken into account
while constructing mechanical and mathematical model of the stress state of
active systems. .

According to figure 1 stress state in any point M(X, y, 2) of an active
system is defined from the following general expression [4,5]

Cjj = Gi(jn) +of” +Gi(jb)1 Li=Xy.z, «y

i
where ci(j”) — stresses caused by normal contact traction, ci(j’)— stresses

caused by tangentid contact traction, ci(jb) — stresses caused by non-contact
loads.

Calculation of stresses o™ in any point of the half-space under the
surface when z< 0 caused by the action of normal contact tractions p(x, y)
is carried out numerically using Boussinesq problem solution o{® [1]

(determination of stress components in the half-space caused by unit normal
force) [5,6]:
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0P y.2)= [[pEnp{? €-xn-y,2Hdn. ®)
s(em)

It is necessary to consider that in a point of unit force application

stresses (P are not defined. Therefore calculation according to (3) does
]

not converge for points z= 0 of half-space surface.

Calculation of stresses in any point M(x, y, 0) on the half-space
surface under the action of normally distributed tractions p(x, y) is carried
out according to the following genera formula

of* (%, y,0)={ (x,y). 4
where o{>(x,y) — surface stresses on the half-space surface caused by

pressure digtributed over the contact area S, )
Thusstress o in (1) with the account of (3) and (4) is

(hs)
m_J)Si >
o\ = . (5
] {G(wrf)

Calculation of stress state o under the action of friction force

modeled by the distribution of tangential tractions q(x, y) isalso carried out
numerically using Cerruti problem solution c,c) [1] (determination of

stress components in the half-space caused by unit tangential force) [5,6]:

o) (xy.2)= [[aEmb{ €-xn-y z)edn. (6)
sem)
Stresses caused by non-contact |oads are defined applying particular
approaches (for example bending theory):

b M N
cs,(J ) = cs,(J ) 4+ cs,(J ) +cs,(JQ), @)

whereindexes M, N and Q correspond to internal moment, normal and shear
forces.

General dtress state defined by expression (1) is described by the
following model:
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+ cs,JM)(x y,2)+ o N)(x Y, 2)+ c(Q) xv.,2).

Since modd (8) is constructed as the superposition of components

n

(ci”, o (b)) of stressthereisapossibility of analysis of both general

solution and any of special cases.

Figure 3 shows the exampl e of stress fields calculation for the roller-
shaft active system. A roller and a shaft arein conditions of contact
interaction (a and b arethe greater and smaller semi-axes of contact ellipse)
and the shaft isalso bent by shear force Q. It is easy to see from the
distributions presented in figure 3 that the stress state in the active system
(figures 3.c and 2.d) strongly differs (qualitatively and quantitatively) from
traditionally studied stress states under contact or bending (figures 3.a and
3.brespectively).

Conclusion

Using (8) it is possible on the one hand to investigate how the field
of the stresses (strains) caused by volume deformation is disturbed in some
local areawherethefield of contact stresses (strains) Smultaneously occurs.
It essentially leads to the setting and solution of a special class of problems
in the theory of elasticity. On the other hand it is possible to investigate how
the field of local stresses (strains) changes when the field of the stresses
(strains) caused by volume deformation isimposed on it. It is essentially a
new class of problemsin contact mechanics[4-6].
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Figure 2. Distributions of stresses 6 (a), 62 (b), o +c{

(Q>0) (c),6W-c® (Q<0) (d), normalized by maximum Hertz stress

po in the neighborhood of contact area(y =0, a / b=0.5) (aand b arethe
greater and smaller semi-axes of contact elipse)
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DANGEROUSVOLUME ASTHE MEASURE
OF DAMAGE
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Variety of practically important systems such as toothings, whedl/
rail etc. work in conditions of complex stress-strain state conditioned by
local contact and general non-contact volume deformation. Such mechanical
sysems are called active sysems[1] and for them special analysis of surface
and subsurface deformation and damage is needed.

Generally the analysis of interaction and damage of elements of
active systems is based on statistical model of deformable rigid body with
dangerous volume that contains the criteria for limitation of dangerous
volumes and the general procedure of their calculation [1].

Definition of forms and sizes of dangerous volumes requires the
knowledge of function of distribution of fatigue limits for corresponding
element of a system and the stress state in considered aress of interacting
bodies. Dangerous volumes are finite three-dimensional areas where the
stresses exceeding the minimum values of fatigue limit (o_gmin)

distribution are present (figure 1).

A G > G.imin A-A
J4
G.-1min
Cpy
< b = P, ) @
Vi J
M | 1 J M T
I - a)
L1414 Ty
4 N o G'““l -4
]

1o




Figure 1. Scheme of formation of dangerous volume for pure bending of
a shaft (a) and console bending of athick plate (b).

Active system differs from a bent shaft because al six independent
components stress tensor are usually nonzero. Generaly the limiting state
according to the criterion of contact fatigue (formation of microcracks) in
some point of an active system may be reached by several various tensor
components. Thus fatigue limit for an active system is defined for every
independent tensor component as an extreme value of its distribution under

the action of limiting load F,;,,. For a homogeneous isotropic deformable
rigid body limiting normal and tangential stresses o{"™ and ¢{"™ and
also limiting main stress o{" "™ and limiting intensity of stresses o{,™ are
defined in the following way [2]:
oM = ré]va’?(“cii(lz*limv dV)‘ L 1=XYy.Z, oM = g\r)%“cij (Futim. dV)‘
LJ=XYzZ i#], (1)
i A ol Al
Gg lim) _ rg\&/lx“cl(F*“m, dV)‘ /,ci(nthm) — rg\?x(sim (F*“m’ dV)),

where dV - elementary volume of the loaded body.
Limiting stresses (™", i, j = x y, z o*"™, i =1, 2 3,
o™ are defined similarly for the general case of rigid body.
Then the conditions for limitation of dangerous volumes are
_ (*lim) ]___ _n,HpI/Ii=j,
Vi) = {dV/csij >op ™, dV cV i =xYyz k_{r, I 2
Viy = V7o, > o{ "™ dv <V, Ji=1,2,3,
“|i ] (3)
Vi = 10V /61 2 5™ Qv <V V= Y,

where V - working volume of a deformablerigid body.

Corresponding measures of damage are

(l)ij :Vij /Vk, Ot ZVT /Vk (4)

Since dangerous volumes may have arbitrary and complex form and
their analytical definition is difficult then they are calculated using Monte-
Carlo method.

Figure 5 shows the example of calculation of dangerous volumes for
the case of non-conforming elliptical Hertzian contact for the following

initid data: o{"™ =0.3p,, "™ =0.09p, (po is the maximum contact

pressure  in the centr of contact), friction  coefficient
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f = 0,05, ratio between smaller b and bigger a semi-axes of contact elipse
b/a = 0.813 [2]. It is visible from the given figures that the greatest by size
are Viz), Vi and V) dangerous volumes correspond to the greatest stresses
o0, 6 and o) .

VNV, V.nv.nv, V.\V.NV, NV,
zla 0

04
0,8
12

v =027a)
V.0V, V.NV_.NV,

yia[ A A

1
0,5

0
-0,5

-1
-1,5[(z=-0,31a)

-1,5-1-050 0,51 1,5

x/a

Figure 2. Union of danger ous volumes and its sections

Since dangerous volumes are the measures of damage of deformable
bodies then while analyzing figure 2 it is possible to specify concrete areas
where the origin and development of both surface and internal cracksis
possible. It isobvious, that occurrence of irreversible damages (primary
cracks) have higher probability where corresponding dangerous volumes
intersect.
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1. Introduction

The paper presents a case study for the comparison between TRD 301
regulations and PN-EN 12952-3:204/AP1:2005 standard. The main steam
valve SKS1 is selected as a base for an example calculations. The cooling
and heating rates calculation are presented for both methods: recommended
by TRD regulations and recommended by PN-EN standard. The gathered
results are visibly different. The additional parameters involved by PN-EN
standard are the reasons for these differences. Author provides step-by-step
andytical comparison for both methods and emphasises differences and
their reasons. The whole calculations, results and comprehensive discussion
are included in full text. The paper is primarily addressed to the designers,
developers and users interested in identification of cooling and heating rates
for elements of power plant.

2. TRD 301 based calculations

Allowabl e heating rate in the beginning of the starting phaseis
calculated from the formula

v, =V A, [%} V=3 361[%} )

Allowabl e heating rate in the end of the starting phase is calculated from
the formula:

_ K _ K
v, =V-a, | K] v, =5.230| K| @

Allowabl e cooling rate in the beginning of the stopping phaseis
calculated from the formula

v, =V A, [%} v, =3 361[%} @®)

Allowable cooling rate in the end of the stopping phase is caculated
from the formula

_ K - K
v =Vea,, K] v, =528 K| g

3. PN-EN 12952-3 standar d based calculations
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Allowabl e heating rate in the beginning of the starting phaseis
calculated from the formula

-t |thte§s [ ] v, =6,650 K| (5)

Allowabl e heating rate in the end of the starting phase is calculated from
the formula:

-at lmeis [%} v, :9,973[%} ©)

Allowabl e cooling rate in the beginning of the stopping phaseis
calculated from the formula

Yoy € [mﬁn} v, =6,659 [%} (7)

Allowable cooling rate in the end of the stopping phase is caculated
from the formula

. D, . [ e } v, :_9,973[%} 8)

)/cyiemS min

Vv, =At, -

3. Analyssof differences

TRD 301 regulations utilise a substituted wall thickness s, calculated
from the formula:

s, =115-s,, s, =94,875[mm , (9)

where s isareal wall thickness read from an engineering drawing. In
the mentioned case s. = 82,5 mm. In acontrast, PN-EN 12952-3 standard
utilises directly areal wall thickness e, read from an engineering drawing
or, if possible, measured. In the mentioned case e,s = 82,5 mm.

In the next step, the obtained wall thicknessis utilised for calculation
of an interna diameter d.. In the case of TRD 301 regulations the diameter
d is calculated from the formula d =d, —2s [mm]. The value of d; is

equal to 345,25 [mm]. In the case of PN-EN 12952-3 standard the diameter
d; isdirectly read from an engineering drawing or measured. In that case the
diameter d; was directly read from the drawing and its value is equa to
370 [mm]. It leads subsequently to the differences between values of
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caculated average body diameter d./d.s athough these values are
calculated from the same formula:

a) TRD 301

g =% ' d d,, = 440,125[mm], (10)
b) PN-EN 129523

g =% ' d d,. =425,5[mn. (11)

Stresses originated from pressure should be calculated from an
expression containing two variables: awall thickness and stress
concentration factor. TRD 301 regul ationsinvolve the substituted wall
thickness s, and stress concentration factor of value oy, = 3,2. PN-EN
12952-3 standard involves thereal wall thickness e and stress
concentration factor of value am = 2,499. Thus, the maximum stresses
originated from pressure are cal culated as following:

a) TRD 301
d
O-maxip :am(pmax). pmax.Z.r;J H O-maxip :1111336Mpa1 (12)
b) PN-EN 12952-3
Ao
o = % P T form =102,806MPa.  (13)

The next difference between TRD 301 and PN-EN 12952-3 standard is
stress concentration factor ¢, its value and the related formula. In the
case of TRD 301, the factor may be of value 1,5 or 2. In the case of PN-
EN 12952-3 standard, the factor value depends on two variables, a
mentioned element’ sdiameter and a heating penetration factor h:

2 2
_Ir, hs2700 h s oo 2 _ (14)
% {[2 h+1700 2" he1700 P72 1} +0.8lz } » o =143,

where z—aquotient of valve' s vertical part diameter to valve' s body
diameter:
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z=3—“b, z=1,514. (15)

TRD 301 regulation differ from PN-EN 12052-3 standard in the
approach to stresses calculation. PN-EN 12952-3 standard introduces

correction factor C{ adapting non-linear influence of atemperature.

The factor isnot considered by TRD 301 regulations. For the ferrite
stedl, thefactor is calculated from the formula:

C. =103-15-10" -t -1,5-10°t", C. =0,701. (16)
Dueto this difference, the extreme stresses are of the following values:
a) TRD 301

O i =199,131[MPa] , O i = 310,467[MPa] , (17)
b) PN-EN 12952-3

f.n = 206,56[MPa], f _ =309,366[MPa] . (18)

Allowabl e temperature differences based on TRD 301 are calcul ated
from the formula containing coefficient W:

0,35 K
W=—>"——, W=0,125| —>—|.

f.E. 0125 [ M Pa} (19
Analogically, allowable temperature differences based on PN-EN
12952-3 standard are cal culated from the formula containing similar but
inversed coefficient W:

wo b & W =5, 735[MTP3} . ()
1-v

If o in both cases had been of the same value, the notation above would

not have been of any influence on the following cal cul ations of

allowable temperature difference: coefficient Wof TRD 301lisa

multiplier, coefficient W of PN-EN 12952-3 isa divisor.

According to TRD 301, the allowabl e temperature differencein the
beginning of the starting phase equals to:

Ay =W-(1—0m), Ay =—24,89[K], (21)
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where: Ov'i —minimum stressin acycle, cvrip —element’ s stress originated
from the minimum pressure. In the end of the starting phase the
allowable temperature difference equalsto:

A, =W~(<;'i—<;ip) , A, =-38806[K], (22)

where: Ov'i —minimum stressin acycle, cArip —element’ s stress originated
from the maximum pressure. In the beginning of the sopping phase the
allowable temperature difference equalsto:

Ay, =W-(@1—0), Ay, = 24,89[K], (23)

where: OA'i —maximum stressin acycle, cArip —element’ s stress originated
from the maximum pressure. In the end of the stopping phase the
allowable temperature difference equalsto:

A, =W~(<;i—<;'ip) , A,, =38,806[K], (24)

A A\
where: o —maximum stressin acycle, oi, — element’s stress originated
from the minimum pressure.

According to PN-EN 12952-3, the allowable temperature differences are
equal to:

a) in the beginning of the starting phase
—Af .
trg, prin) , At =-36,029[K], (25)
w
b) in the end of the starting phase

(fm min
(p:pmin): At = =

(p _ pmax) . Atl _ (ftmg,min _V\?fmng pmax) , Atl — _53’ 961[K] , (26)
C) in the beginning of the stopping phase
(p _ pmax) . Atz _ ( ftang, max _V\?ftang Pmax) , Atz — 36, 029 [K] , (27)

d) in the end of the stopping phase
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(p _ pmin) . At'z _ (ftmg,max :A/Aftﬁngv Pmin) , At'z — 53’ 961[K] . (28)
The alowable cooling and heating rates are cal cul ated basing on the
allowable temperature differences. For better smplicity, TRD 301

introduces coefficient V:

Vo [L} 29)
@, -s%Lmin ’

where: a. — temperature equalization factor for substituted temperature,

@, — shape factor, s, — substituted wall thickness. The shape factor is
calculated from the formul a

1 (u?-1-@-u’-1)-4-u 4-In(u,)
‘8 (u? -1 (u’-1? ’

where: Uy — quotient of an external surface radiusto an internal surface
radius. PN-EN 12952 standard introduces anal ogous coefficient v:

()

D, =-0,416,  (30)

_ Dy, K
v, _At%}4 3 [m} (31)
where: Dy, — temperature equalization factor, y., —shape factor, emns—
average wall thickness of a valve horizontal part. The shape factor v is

calculated from the same formula as (30), but due to geometrical
differences mentioned above, it is equal to:

Yoy =—0,402. (32)

At lagt, it dlowsto calculate the alowable cooling and heating rates
cited at the beginning of this paper.

4. Summary

The case study for the comparison between TRD 301 regulations and PN-
EN 12952-3:204/AP1:2005 standard was presented in this paper basing on
the main steam valve SKS1 as an exemplar. The cooling and heating rates
calculations were presented with details for both methods: recommended by
TRD regulations and recommended by PN-EN standard. The differences
were emphaszed and commented. Author has provided step-by-step
andytical comparison for both methods.

125



References

[1] Taler J., DudaP., Solving direct and inverse heat conduction problems,
Springer Verlag, Berlin-Heidel berg, 2006.

[2] DudaP., Tder J., Roos E., Inverse Method for Temperature and Stress
Monitoring in Complex-Shape Bodies, Nuclear Engineering and Design
3960 (2003) 1-17.

[3] TRD 301, Technische Regeln fur Dampfkessel, Carl Heymans Verlag,
Koln und Beuth-Verlag, Berlin, 1986, 98-138.

[4] Richter F., Physkalische Eigenschaften von Sahlen und ihre
Temperatur-abhangigkeit, Mannesmann Forschungberichte 930/1983,
Dusseldorf.

THE COMPARISON OF TRD 301 REGULATIONS AND
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1. Introduction

The paper presents an analytical study of the TRD 301 regulations and PN-
EN 12952-3:204/AP1:2005 standard. Both engineering standards are related
to cooling and heating rates calculation process. Their specify particular
algorithms of execution and detailed described expressions. Unfortunately,
the standards provides different parameters denotation what leads into
misunderstandings. Additionally, the PN-EN standard involves parameters
not included in TRD regulations. It leads to visible differences between
results gathered from TRD and PN-EN standards. Author includes a table
containing all parameters involved in both standards with their descriptions
and denotations. Additionally, both methods are analysed step-by-step and
al formal differences are marked: for expressions and conceptual. The
comprehensive discussion of differences areincluded.

The paper is primarily addressed to the designers, developers and users
interested in identification of cooling and heating rates for elements of
power plant.

2. TRD 301 and PN-EN 12952-3 notations equivalence
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TRD 301 and PN-EN 12952-3 utilises difference notations for the same
physical and geometrical properties. It may lead to misunderstandings in
calculations of cooling and heating rates. In the Table 1. below, basic
parameters and their notationsin TRD 301 and PN-EN 12952-3 approaches
are presented.

Table 1. Geometrical parameters and their notationsin TRD 301 and PN-EN 12952-
3 approaches

Par ameter TRD PN-EN Parameter TRD PN-EN
301 12952-3 301 12952-3
. minimum pressure v
Externa diameter d61 do ina CyC| e p pmin
) maximum pressure A
Internal diameter d d in acycle p P
minimum
Wall thickness S, €, |temperatureina 9 t
cycle
maximum
Average diameter d, d, |temperatureina 9 to
cycle
stress .
concentration retio %m O | Working pressure Ps Po
substituted
Poisson’ s ratio 1% v temperature Ky t
(rlative)
minimum  tensile stressin element
strength o, R, | originated from i, frang pio
working pressure
- . stressin element
minimum  yield| Re s v f
N " originated from o tang p,min
strength gos minimal pressure ‘P
stressin element .
elastic modulus E,. E. | originated from S, Fiong pmex
maximum pressure
linear thermal B . B . minimum stressin v
expansion ratio Ls Lt cycle O tang p,min
thermal 1. 1. maximum stressin A f
conductivity g ! cycle O tang p, max
specific hest c. C.
capacity 9 t tempreaturerange | A9 At
density Py Py heating rate Vg, Vy
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Table 1. Geometrical parameters and their notationsin TRD 301 and PN-EN 12952-
3 approaches

TRD PN-EN TRD PN-EN
Parameter 301 12950-3 Parameter 301 12950.3
;arnegst;egf dlowable 20, 2f, | cooling rate vy, v,
temperature a. ’
equdization ratio 9 tht

3. Analysis of differences

Basing on TRD 301 regulations and PN-EN 12952-3 standard, one may
identify allowable heating and cooling rates for a power unit. Some
differences between mentioned regulations may be noticed while
caculating parameters related to geometrical properties. TRD 301
regulations utilize computational (substituted) wall thickness sh, which may
be calculated from one of three possible formulas:

§ =115-s, [mm] (1a)
s, =1+s, [mm] (1b)
S, =, [mm] (10)

where s, isareal wall thickness.

In the case of PN-EN 12952-3 standard, one may utilize awall thickness
emns read from an engineering drawing or — if possible — measured on ared
object. Obtained results will agree with TRD 301 only for (1c) formula
Analogous situation appears for an internal diameter d.. In the case of TRD
301, the diameter is calculated from formula:

d, =d, -2s, [mm] )

while — for PN-EN 12952-3 gsandard — the diameter is read from an
engineering drawing or measured. The obtained results may differ related to
chosen computational wall thickness case. It leads consequently to
differences while calculating average diameter of a body although both
standards utilize the same formulas.

a) TRD 301
g =% ; % (mmi (3a)

b) PN-EN 12952-3
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_d, +d
mo2

In the case of TRD 301, stresses in element originated from pressure
should be calculated from formula:

d [mm] (3b)

d,
O = n(P)- P & [MPal (@
where: p — pressure, d, — average diameter of valve body, s, —
computational (substituted) wall thickness of valve body, o, — stress
concentration ratio.
In the case of PN-EN 12952-3 standard, stresses in element originated
from pressure should be cal culated from formula:

f [MPa] ®)

tangp — &m p ﬁ
where: p — pressure, dys — average diameter of valve body, e, — wall
thickness of valve body, am — stress concentration ratio. In both variants,
there is stress concentration ratio oy, which is calculated by TRD 301 from
the formula:

am(p):amo'f4+2'fu(p) (6)

where: o — theoretical stress concentration ratio, f, — coefficient, fy(p) —
nonlinear correction dependent from pressure. This correction is defined by
aformula

d

f,(p) =15 % U 7

37100
1+ o,455~[p]~[dm]
Es’ S,

where: dy,, — average diameter of valve, s, — computational (substituted) wall
thickness, U — ovality, p — pressure, E,. — elastic modulus. The value of

m

fu(p) will equal to O, if it is assumed ovality U equal to 0. The value of
coefficient f, for machined surfaces is read from standards. It may be equal
to one of three values:

f4 =1 (83)
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. 1

05 & (@)
d

f4 = l: 2 (8C)

Theoretical stress concentration ratio is also get from standards. Standard
publish three values for thisratio:

a,, =26 (9a)
a,, =29 (9b)
a,, =32 (%)

| dentification of the stress concentration ratio oy, is more precise in the case
of PN-EN 129523. It owes to formula containing wall thickness variable. It
is described by formula:

a, -2,2+e"+¢° (10)
where:
2
A=—J,14-[ﬁ} —0,89-[ﬁj+1,43 (11a)
€ €
2
B =0,326- [ﬁJ ~0,59- [ﬁJ +1,08 (11b)
€ €
_ dmb . dms
¢= a9 \Ze. (11c)

Another difference between TRD 301 and PN-EN 12952-3 is a stress
concentration ratio ¢. In the case of TRD 301, it is arbitrary assigned to a
value of 2 or 1,5. In the case of PN-EN 12952-3, the ratio depends from a
diameter of mentioned element and heating penetration ratio h. It is
described by formula:

1
2 2
_J[5_h+2700 h . 7oA .72 12)
at—{[z h+ 1700 z+h+17oo (exp(-7-2) 1} +0,81-z }
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where: z — quotient of average diameter of vertical valve part to a diameter
of valve body.

dn‘b
z=—" 1
dms ( 3)

TRD 301 and PN-EN 12952-3 differ in the part related to stress
calculations. PN-EN 12952-3 introduces two coefficients not mentioned by
TRD 301. They are:

a) C. —correction factor adopting non-linear influence of a temperature,

b) C, —correction factor adopting notch effect.
Notch factor Ck describes influences from surface finish, notch effect and
welded joint effect. Correction factor C. adopts temperature effect and

depends from kind of material:
a) for ferritic steel: C. =1,03-1,5-10" -t -1,5-10°t",
b) for austenitic stedl: C. =1,043-4,3-10" -t

Taking into considerations differences presented above, one may expect that
heating and cooling rates obtained from TRD 301 and PN-EN 12952-3 will
differ among them.

4. Summary

The analytical study of TRD 301 regulations and PN-EN 12952-
3:204/AP1:2005 standard was presented in this paper. The process of
cooling and hesating rates calculations was presented with details for both
methods. recommended by TRD regulations and recommended by PN-EN
standard. The differences were emphasized and commented. Author has
provided step-by-step analytical comparison for both methods.
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SQL-BASED DYNAMIC FEATURE FILTERING
IN KNOWLEDGE DATABASE
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1. Introduction

The paper presents a concept of a dynamically created database filter for
filtering experimental design during a session with the DOE advising expert
system. Decision support for an investigator through the process of
experiment designing isthe main purpose of the system. The key e ement of
the system is a module transforming data gathered from the user into the
proper SQL sdlection filtering the system knowledge database.

The DAX system’s expertise is a set of recommended experimental
designs fitting users demands and assumptions. The selection is executed
over the database containing 720 experimental designs described by 16
attributes with values of number or text. It means that fitting process may
long and time-consuming.

The proper ordering of the defined features may decide whether search
process is dow or fast. The structure of query creation is presented in the
full text.

The paper is primarily addressed to developers and users of expert
systems. The second addressee are statisticians and knowledge engineers
preparing experimental designs and information for knowledge database.

2. Outline of DAX expert system

In general experimentd research are very expendive and their high costs should
be limited by a proper applied theory of experiments (Design of Experiments —
DOE) [1-3]. DOE methods guarantee valid experiments planning, proper
sdection of data analysis methods and mistake-free interpretation of results. The
modern DOE is so complex and mathematically formalised [4] that its
implementation into investigation process is very difficult. DOE requires too
narrow specialized experimenter’ s skills. An expert system [5] advising on each
of investigation’s stages is the solution of the deadl ock [6-8]. The expert system
collects an appropriate information about a planned experiment from a user,
trandforms the information during a data process driven by a knowledge
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database and subsequently offers a prepared expertise: suggested experimenta
design, recommended data analysi s methods and applicabl e software programs.
The advisng expert sysem DAX supports design of experiments process
(Fig.1). It was built in the years 2000-2002 in team leaded by Z. Polanski [6-7].
The system knowledge database contains 720 typical experimental designs and
inference rules for designs selection. During dialog session the system asks user
about planned experiment and then a sdection filter is constructed basing on
obtained answers (Fig.2.). An expertise is the results of the system’s work: list
of recommended experimental designs which fulfil formal requirements of
planned experiment. The user may subsequently choose one of the
recommended designs as a best fitting of his non-described requirements.

PLAR COTM PRIl 8 000 - -
=5 = ey Tl CEr Db o Gl

ARREERSE
T

fl95iE

H

Fig.1. Example screenshots of DAX expert system

_,| Dialog .| Conditions Process
with user d set conditions
\/
SELECT .| Database
Clause | filtering

Fig.2. Workflow of DAX expert syster
3. Experimental designs' attribute model

All experimenta designs collected in the knowledge database is described as
point in 16-dimensioned attribute space according to more important feature.
Thefeatures are asfollowing:
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a)

b)

©)

f)

gdar point value ALFA — describing podition of a star point in a design;
allowable values are: non applicable, real value greater than 1,
recommended programs ZP — suggesting software programs for further
data analyss, alowable values are non suggestion, STATISTICA,
Design-Expert, CADEX:ESDET, INDE-F, universal (Mathematica),
investigation am CB — describing intentional aim of invedtigation;
allowable values are non applicable, mode identification, screening
without moded identification, screening with modd identification,
empirical optimisation,

input factors characteristic XOB — classification of input factors; allowable
values are: lack of information, numerical and independent, numerical and
dependent, compound of both, categorical and numerical,

remarks COM — short verbal of coded remarks; allowable values are: lack
of remarks, verbal remarks, specialized design for empirical optimisation,
specialized intdligent (smart) design,

input factors quantification DWW — factors quantification characteristic;
alowable values are: lack of information, consstent with the design,
regular, Steinhauses, normative, orthogonal, Tschebyshev's, random,
intdligent, arbitrary,

composite feature KP — information of design ahility for saging; alowable
values are: non-composite design, composite design,

replication outside centre R — information about existence of outside centre
replications; allowable values are: non existed in design, existed in design,
redricting functions WM — information about additiona restrictions;
dlowable values are: lack of redrictions, congant sum condition
(mixtures), individual restricting functions,

number of centre cases NO — information about number of cases in the
centre of design; alowable values are: non-negative integers,

number of levels NX — number of input factors values, alowable values
are integersgreater than 1,

number of blocks B — maximum number of blocks which may be
considered in the design; dlowable values are: poditive integers,

different cases number ND — number typically equal to number of design
cases, it may be different in designs with explicitly specified replications;
allowable values are: positive integers,

design cases number N — number of all explicitly specified design cases
including explicitly specified replications, alowable values are: positive
integers,
0) approximating model FOB —recommended function for data

forecasting; allowable values are: lack of recommendation,

indeterminable, linear, full quadratic, linear with two-way interactions,
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linear-quadratic, particular polynomial, cubic spline, reduced
polynomial,

p) number of input factors | — number of factors considered in the
specified experimental design; allowable values are: positive integers.

4. Experimental designs filtering

The final descriptor obtained after the last question-answer pair processng is
transformed into selection filter. The filter sdects experimental designs into the
final expertise basing on the design features values included in the knowledge
database. The sdlection filter is created in SQL query language as very complex
WHERE phrase of SELECT dause. The WHERE phrase is constructed by a
conjunction of conditions related to particular design features. The conditions
may be defined in different forms as sdectors of particular values, ranged
values (for numerical features) or sets (for categorical features). Particular
WHERE phrases are sorted for fagter sdection (Fig.3.). The sorting criterion
depends on theinternal knowl edge database structure.

J|  Process Generate FWHERE
condition > WHERE ?
phrase phrases
L Sort Generate SELECT
WHERE » SELECT > clase ¥
phrases clause L

Fig.3. Detailed Sructure of filter generation process

There was tested aternative filtering system basing on active step-by-step
sdection driven directly by inference engine. It was found as ineffective due to
required temporary buffering database views. Congructing complete SELECT
clause with even large WHERE phrase was found as more effective because
specialized database engine is fager in processng SELECT dause and
temporary objects.

Currently, the system is transformed into fuzzy inference engine [5]. Asthe
firs sep, the inference process is described in rough systems terms [9]. It
allows, as the second step, to add fuzzy memberships [10] describing weighted
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upper and lower approximation of the expertise. Details of this transformation
aredescribed in [11].

5. Summary

An implementation of an experimental designs filter with simultaneous
constructing SELECT clause is presented in this paper. It allows to fast and
effective processing even large set of conditions collected during adialog
with a user. Obtained conditions are iteratively transformed into WHERE
phrases, sorted for more effectively searching and sent into the knowledge
database. Proposed filter was compared with alternative and it was found as
more effective.
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1. Introduction

The paper presents an implementation of a dynamically created database
filter for filtering experimental design during a session with the DOE
advising expert system [1,2]. Decision support for an investigator through
the process of experiment designing is the main purpose of the system. The
key element of the system is a module transforming data gathered from the
user into the proper SQL selection filtering the system knowledge database.

The selection is executed over the database containing 720 experimental
designs described by 16 attributes with values of number or text. It means
that fitting process may long and time-consuming. Each of attributes has
assigned an object describing behaviour of related WHERE sub-phrase of
SELECT clause. Some of actions are very similar and may be described as
an abstract of the same messages. The intersection of the objects set
defines aroot class: a general condition. The particular objects are defined
as a ingtantiation of the derived classes with specialised attributes and
behaviours.

The DAX system’s expertise is a set of recommended experimental
designsfitting users demands and assumptions. The proper structure of the
class implementation decides whether search process is slow or fast. The
structure and details of classes tree is presented in the full text.

The paper is primarily addressed to developers and users of expert
systems. The second addressee are statisticians and knowledge engineers
preparing experimental designs and information for knowledge database.

2. Filtering necessity — background

The expert sysem collects an appropriagte information about a planned
experiment from a user, transforms the information during a data process driven
by a knowledge database and subsequently offers a prepared expertise:
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suggested experimental design, recommended data andyss methods and
applicable software programs. The advisng expert sysem DAX supports
design of experiments process. The system knowledge database contains 720
typical experimental designs and inference rules for designs selection. Every
experimenta design is described by 16 attributes [3]. Attributes are qualitative
and quantitative. Qualitative attributes may be valued as one category or set of
categories. Quantitative attributes may be valued as one numeric value or range
of values.

During dialog sesson the system asks user about planned experiment and
then a sdection filter is congructed basing on obtained answers (Fig.1.). An
expertiseis the results of the sysem’s work: list of recommended experimental
designs which fulfil formal requirements of planned experiment. The user may
subsequently choose one of the recommended designs as a bet fitting of his
non-described requirements.

Dialog .| Conditions Process
P with user v set conditions
-
Expertise:
L SEILECT ,| Database recommended
Clause 7| filtering desians
L | S=gs—

Fig.1. Workflow of DAX expert syster

The final descriptor obtained after the last question-answer pair processing
is transformed into sdlection filter. The sdection filter is created in SQL query
language as very complex WHERE phrase of SELECT dause. There was tested
dternative filtering system basing on active step-by-step sdection driven
directly by inference engine. It was found as ineffective due to required
temporary buffering database views. Congructing complete SELECT dlause
with even large WHERE phrase was found as more effective because
secialized database engine is fager in processing SELECT dause and
temporary objects The dass dructure and workflow of WHERE phrases
generatorsare described in the next chapter utilizing UML formalism [5,6].

3. Class structure of WHERE phrases gener ator s

The base data structure is generic class clsDecision (Fig.2) holding answer
obtained from a dialog with a user. This class has attributes describing
position in decision sequence, chosen variant of possible answers and three
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numeric field: onereal and two integers. Obtained decisions are collected as
members of collection clsDecisionSequence. This hierarchic structure
allows to keep all states and makes possible to do backward step (undo
operation).

clsDecision

-decisionNumber : Integer clsCondition

-answerVariant : Integer
-realParameter : Double +SQL() ; String

-!ntParameter - Integer +TextValue() : String
-intParameter2 : Integer +Satisfied() : Boolean

Fig.2. dsDecision class holding Fig.3. cIsCondition class holding
informetion about user decison informetion gathered from user
decison

Ancther base data structure is generic abstract class clsCondition
(Fig.3). This class exposes basic functionality for more specialized
conditions related to experimental designs attributes. There are 20
specialized conditions derived from clsCondition, augmented with local
hidden fields and functions. As for clsDecision, there is collection
clsConditionsSet holding al defined conditions and exposing management
functionality: adding, deleting, iteration. The class exposes also the most
important functionality from filtering point of view: SQL clause generator.
The functionality is available through function SQL(). The function takes
iteratively all conditions contained in collection, processes their data and
generates individual WHERE phrase. Generated phrases are concatenated to
the SELECT clause. At last the complete SELECT clause is returned as a
result.

clsDecisionSequence clsConditionsSet
1 1
0..* 0..*
clsDecision clsCondition
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Fig.4. Aggregating structure of Fig.5. Aggregating structure of
clsDecisionSequence and clsConditionsSat and
clsDecison clsCondition

Obtained decision collected in clsDecisionSequence are processed by an
object instantiated from clsDecisonAnalyzer. The class exposes two basic
functionalities: CreateCondition taking a separate decision and producing
related condition, and the second — CreateConditionsSet taking a decisions
collection and producing related conditions collection. Auxiliary
functionality ConsolidateConditions is available for performing
concatenation of conditions collections. ClassAnalyzer is responsible for
precise transforming of data obtained from a user into conditions related to
experimental designs’ attributes.

cdsDedisionAnalyzer

+QresteCondition(wertoéé aDedision : dsDedsion) : disCondtion
+QresteConditionsSet(wertod¢ aDedisions : dsDedsionSequence) : dsDedsionSequence
+ConsolidateConditions(wertos¢ aSet1. : dsConditionsSet, wertodé aSet2 : dsConditionsSet) : dsCondiionsSet

Fig.6. Sructure of dsDecisionAnalyzer exposing basic functionality of dynamic filtering

4. Inter actions between gener ator internal objects

All objects being parts of generator interacts (Fig.7) in the process of
transforming decisons into conditions, and next, into SQL dause. All action
garts from a message CreateConditionS=t adressed to DecisonAnalyzer while
DecisonSequence is a paameter of this message. Next, DecisonAnalyzer
iterates its activity over al decision contained in DecisonSequence. In the body
of the loop, a decison is retrieved from a collection and processed in
polymoarphic action CreateCondition. Asaresult areated condition is obtained.
The condition is then stored in ConditionsSet. CreateConditionSet ends after
processing the last decison. All generated conditions are sored in
Conditionst.

The next activity is darted after recelving a message getSQLclaus()
addressed to ConditionsSet.  The collection iteratively processes all owned
conditions and generates related WHERE phrases. Each of generated WHERE
phraseis concatenated to the SELECT overhead and condtitutes more and more
complicated SQL query. After processng the last condition, the constructed
SQL dauseisreturned to the caller as a complex text string. The string may be
next sent to ADO Connection object — connection with the knowl edge database
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isgtill hold. Probably, in afuture implementations, ADO object will be replaced
with ADO.NET allowing off-line and not connected processing.

DecisionAnalyzer DecisionSequence ConditionsSet

CreateConditionsSet : :
N | s

]
|
-
*item

clone() Decision

~-§‘::) CreateCondition(decision)
" r‘1ew H Condition
addCondition(con;dition) |
getSd Lclause() :
*SQL()

Fig.7. Interaction diagram of WHERE phr asesgener ator

5. Summary

An implementation of an experimental designs filter with simultaneous
constructing SELECT clause is presented in this paper. It allows to fast and
effective processing even large set of conditions collected during adialog
with a user. Obtained conditions are iteratively transformed into WHERE
phrases, sorted for more effectively searching and sent into the knowledge
database. Structure of class hierarchy and sequence diagram are presented
with detailed discussion.

References

[1] Polanski Z., Pietraszek J., Gorecka-Polaniska R., 2003, An expert
system for the design and analysis of experiments, Computer aided
metrology, eds, Przybysz Cz. et d., 3 (2003) 11-16. [in Polish]

[2] Pietraszek J., Polanski Z., An expert system for computer aided
selection of experimental designs, Proc. of 7" World Congress on

141



Computational Mechanics (WCCM VII, 2006), Los Angeles,
Cdlifornia, July 16-22, 2006.

[3] Pietraszek J., Rough set formalization of an inference processin a DOE
supporting expert system, Computer Methods in Materids Science
(accepted).

[5] Fowler M., UML didtilled, Addison-Wesley, Reading 1997.

[6] Booch G., Rumbaugh J., Jacobson 1., The Unified Modeling Language,
User Guide, Addison-Wesley, Reading, 1999.

BU3HAYEHHS TEMIIEPATYPHOI'O PO3IIOALTY
B 'EPMOMOAYJISAX IIPU TEPMOY JAPAX

Iempawyx C.A., Kosmyn I.1.
Xmenvnuyvkuil HayionanrbHuil yHigepcumem

3Ha4Ha KiJIbKICTh KOHCTPYKIIH CyJYaCHUX €IeKTPOHHHUX IIPUCTPOIB
SIBIISIFOTH  COOOI0 3amoJliMepi3oBaHui OpyCOK KOMITayHAa 3 YHCEIbHUMHU
BKJIIOUEHHSIMH Y BUIJISAI PI3HOPIAHUX EJNEMEHTIB, IUIAT i3 KOHTAaKTHUMH
BuBogaMu (puc.l). I oxmHie0o 3 XapakTepMHUX NPUYMH BiJIMOB TaKUX
MIPUCTPOIB € BHCOKMH pIBEHb TEMIIEpAaTYpHUX HaBaHTa)XKeHb Ha eTarax
BHPOOHHUIITBA 1 eKcCIDTyaTarlii. ['0TOBI repMOMOIyJi y BilMOBiTHOCTI JO
TEXHIYHUX YMOB I Ha CTajii BMPOOHHMITBA MiIAAIOTh BUIIPOOYBAHHSIM.
Haii6inpmr  KOPCTKMMH ~ BUNPOOYBaHHSAMH  JUIi  T'epPMOMOAYJIIB €
BUNIPOOYBaHHS TepMOyJapaMH, KOJIM TpH UIBHIAKOMY OXOJOKEHHI
(HarpiBaHHI) BUHMKAaIOTh JOJATKOBI MEXaHIUHI HampyKeHHS, CHpHYMHEHI
HEpIBHOMIPHICTIO PpO3MOJiJIEHHS TeMneparypu. lIpHunHa BUHWUKHEHHS
TaKUX HaNpyXEHb MOSICHIOETHCS THM, IO OUIBII HATPITI JUITHKH MPAarHyTh
PO3LIMPHUTHCH, MPOTE€ MEHII HAarpiTi MepemKko[pKalTy IphoMmy. Ilpn
PIBHOMIpPHOMY pO3MOALTI TEMIEpPAaTypHOTro TMoisi MO 00’€éMy BCHOTO
repMoMonyist (TIIpy CTaloMy Nepenaji TeMmIlepaTryp) I TemIepaTypHi
HaNpy)XEHHS JOPiBHIOIOThH HYJIIO.

Puc. 1. 'epmomonynn
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HampyxeHHs Bif HEpiBHOMIPHOCTI PO3IOJIICHHS TEMIIEpPAaTypH
HaKJIQJAlOThCs  HAa HANpPYKEHHS, CIPUYMHEHI DPI3HUMH KoedillieHTaMu
JHIMHOTO pO3MIMPEHHS MaTepialmiB KOHCTPYKLIH, 1 MOXyTb OyTH
NPUYMHOI0 pYyHHYBaHHA. ToMy ©pM TOBHOMY aHajdi3i MEXaHIYHUX
Halpy)XeHb, [0 BHHUKAIOTH INPH TEpPMOYyHapi, HEOOXiJHO BpaxoBYBAaTH
PO3IIOAIJICHHS TEMIIEPATYp B eJIeMEHTaX KOHCTPYKITIH.

OCKIJIBKH JieTalti 1 BY3JIM paJliOCNEeKTPOHIKM B PEalbHUX YMOBaX
MPAIfOIOTh B YMOBaX HecTalmxX (TOOTO HECTal[lOHApHWX) TEMIIEpaTyp, Y
CTaTTi PO3MJIIHYTO PO3B'I3aHHS HECTAIIOHAPHOI 3a/1a4i TEIUIOMPOBITHOCTI B
00’eMi  BCBOrO  KOMIIAYHJOBAHOTO TE€PMOMOIYNA.  3alpollOHOBaHA
MaTeMaTuyHa MOJIEh pO3paxyHKy TeMIepaTypHHX TOJiB B 00’eMi
repMOMOJYJIsS Ha OCHOBI BBeJeHHs “‘edexTwBHHMX mapamerpiB” [1], ski
BPaXOBYIOTh HEOJHOPITHICTh MaTepialy repMOMOMIYIIS, IO CKIATAETHCS 3
MHO)KUHH ~ DI3HOPIIHUX KOMIIOHEHTIB: PI3HOMAHITHHX  EJIEKTPOHHHUX
eneMeHTiB i kommayHay. Tak, koedillieHT TemmeparypornpoBimgHocTi [2]
BCBOIO T'€PMOMONYJS, SK e(EeKTHBHMI mNapameTp, BH3HAYAETHCS 32
(dhopmyoro:

n
xX= 2 ViXi (1)
i=1
ne vy, Vi, (i=212 .., n),V,— o00em, skuii 3aiiMae i-THUl KOMIIOHEHT
\Y
repmomonyns (M%), V — 06’eM BCHOrO TepMOMOZYI, %i - KoedimieHT

TEMIIepaTyPONPOBIAHOCTI BiMOBITHOr0 KoMIOHeHTa (M2/4) .

Jliss KOMIayHIOBaHOTO TEPMOMOIYINS y BHIVISAI HPSMOKYTHOTO
rapaJieneninesia 3 Mo4YaTKOM KOOPJWHAT Y TOYI NEepeTHHy AiaroHajied i
KOOPJIMHATHUX OCEH B3J0BXK HOTrO T'OJOBHUX oOCel iHepIii, i po3MipaMu
-a<x<a, -b<y<b, -c<z<c (puc.2) po3B's3aHHI 3ajaui

TEIUTOMPOBITHOCTI Ma€ BUJI:

a- b- c—
t=(to—t) @ e ) b U k& iy @
2y 2yt 2yt
ne tg — IoYaTKoBa TeMIepaTypa Tina , t; — TeMIepaTypa HaBKOIUIIHEOTO
cepenoBuina, ®©,, @,, O3 - ¢pyskuii Jlamaca, 7 - gac.
MateMaTH4Ha MOJICNTb IA€ MOYKJIMBICTh BU3HAYATH TEMIICPATYPH B
Pi3HI MOMEHTH Yacy i y JIT0OMX TOYKax TBEPOro Tija.
Ha puwc. 3 nmokasanmii  TemmepaTypHUil  po3momin Yy
TOPU30HTAFHOMY mepepizi  repmomoxyns KY5.760.001 mpu  ¥oro
HEpeHOCi 3 MaKCHMallbHO JIOJaTHOI TeMIepaTypu ty y MaKCHMalbHY
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Bim'emny t; (y Hamomy Bumajaky 3 +70°C B -60°C). Isorepmu nodynosaHi B
Pi3HI MOMEHTH Yacy a [0 MOBHOI'O OCTUTAHHS T€PMOMOTYJISL.

Po3paxyHok mpoBoAMBCS IpU IMapliaibHOMY 00’€Mi KOMIayHJa
(mapkn E3K-25) V;=1576 MM® Ta 06’emi enekTpoHHHX eneMeHTiB V,=776

MM°.  Di3HKO-MeXaHiUHI XapaKTEPUCTHKH MaTepiamiB KoMIayHma i
KepaMiKu pe3ucTOpiB HaBezieHi B Tabmui 1.

Tabmmms 1
®uznko-MexaHIYHI XapaKTepUCTHKN MaTepualliB KOMIayHI0BaHOTO
TEpMOMOYJIS

Marepian | IlineHicTH [Tutoma Koeoimient | Koedimienr
P, kr/M° | TemnoemHicTh | TEmIOMpOBix- | TeMmepaTypompoBimHOCTI
C, HOCTI 2
Br-rog/kr-rpan K, X, MM'/c
Br/(M-Tpanx)
Kommayns 1600 0,395 0,33 0,414
E3K-25
Kepamika 2000 0,253 0,837 0,18
PE3NUCTOpPiB

Ha puc. 4 npencraBineHo rpadik 3MiHH TEeMIIEPaTypH 3 4acoM B
LIEHTP1 TePMOMOJTYJIS.

2c

Z

Puc. 2. CxemaTu4He 300pa’keHHsS] TePMOMOIYJIsI
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a) 0)
Puc. 3. [30TepMu U1 TOPH30HTAIBEHOTO IIEPEPi3y TEPMOMO/IYJIS B
MoMeHTH 4yacy t=8c (a), T=200c (0).

t°c
100 T T T

[ToyaTkoBa TeMmepaTypa 80 [—
repmomonyns  L,=+70°C  --1

60

40

20 [y

o L

20 — % —]

3oBHimHA TemMmepaTypa

t.= -60C

L L L L L L L L L
0 150 300 450 600 750 900 1050 1200 1350

150 T.c

T 1366 c - TpuBanicTh MOBHOrO

'
I
i
i
i
T
|
i
]
'
i
{
i OXOJIOJI)KECHH ST TEPMOM OJ1YJI st

Puc. 4 3mina TemMnepaTypu 3 4acoM B HEHTPi repMOMOy.Is1.

VY pe3ymbraTi pO3paxyHKIB OTPUMAHO, IO MPAKTUYHO ITOBHE
OCTUTAHHS TEPMOMOIYJS BimOyBaeTbcs uepe3 1366 ¢ abo 22,7 xs.
[IpoBeneHi excmepuMEHTH CBi4aTh, IO CEPEAHIN Yac OCTHIaHHS
repmomonynst - 1160 ¢ (19,33 xB.) i me Mano BiPi3HAETHCS BiX
po3paxoBaHOro. Ane y BHUPOOHHYOMY NPOLECI HPH TEXHOJIOTIYHOMY
TpeHyBaHHI T'€pMOMOAYIIIB TepMOyJIapaMH 4Yac OCTUTaHHs (HarpiBaHHS)
TepMOMOITYJIsl CKIIafae 1 TOMUHY: CITOYaTKy BUPIO MOMIMIAIOTh Y KaMepy
TeIlIa, a MOTIM MEPEHOCATh Yy KaMepy XOJIoAy (Jac ImepeHocy OOMEexXYeThCs
CeKyH/IaMH), BUTPUMKa BHUPOOIB y Kamepax NPOBOAWUTHCS A0 JOCSITHEHHS
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TerioBoi piBHoBarW (1 roa.). 3arambHa KUIBKICTH TEPMOIMKIIB, SIK
NPaBWIIO, JIOPIBHIOE TPHOM. BBaXaeTbcs, MmO B pe3yibTaTi ILBOTO
TPEHYBaHHS  BUSBIIIOTHCS  TPUXOBaHI  KOHCTPYKTHBHI  Jedextu i
BiIOPaKOBYIOTHCS TTOTEHIIHO HEHAIiiHI BUPOOH.

TakuM 4MHOM, PO3PaXOBYIOUHM TEMIIEpaTypHE MOJe TePMOMOMIYIIs, SKE
3MIHIOETBCS B Yaci, MOKHA ONTHMi3yBaTH TEXHOJIOTIYHUH Yac MTPOBEIECHHS
TepMoyaapy IpH BHpOOHHITBI repmMomoxayiniB. Tak, y HaBeIEHOMY BHIIE
BUIAJIKy, 3aMIiCTh TOIXMHHOI BUTPUMKH repmomonyiis npu +70°C i -60°C
MOJyJli MOKHA BUTpUMYBATH He Oiibiie 23-25 xB.

Jlitepartypa:

1. 3enppoBuu S.b. // Kypnan ¢uz. xumun. -1939. - T.13. -C. 163-
167.

2. Kamoypr B.J., Kosryn MW.M., Ilerpamyk C.A. Buusnue
TEMIIepaTypbl Ha MEXaHWYECKYI0 IPOYHOCTh MACCHUBHBIX AJIEKTPOHHBIX
KOMITOHEHTOB, T€pPMETH3HPYEMbIX KoMIayH1oM // HanexHocTh 1 KauecTBo.
Kuura tpynos mexayHapogHoro cumnosuyma. - Ilensa: Msn-so Ilens. roc.
ya-Ta. - 2000. - C. 348 - 351.

OCOBEHHOCTHU HAT'PYKEHHOCTHU "
MHHOBPEXKXJAEMOCTH KOJIECA U PEJIBCA

Tymanuweunu I'. 1., 3suadaypu B. C., Yeaudze M. A.
HUnemumym Mexanuku Mawun, ya. Canopo Dy, 8, 0186, Tounucu, I'py3us
Ten. 32-11-65, 987-002-073, 53-52-13; gtumanishvili@yahoo.com

Ilpn nBWKEHMM DSKUMaxa, KadyeHWe Kojieca M0  pebey
CONPOBOXKIAETCS IIPOCKAIb3bIBAHMEM, YTO CBS3aHO C IIOBBIIICHUEM
CHWJIOBOM M TEMJIOBOM HArpykKeHHOCTM KOHITakTa. XapaKTepHOU
0COOEHHOCTBIO B3aMMOAEHCTBUS IOBEPXHOCTEH KaTaHUS KoJleca U Pelibca
SIBJISIFOTCSL  TIOBBIIICHHBIE 3Ha4YeHUst koddduipenta Tperus (0OBIYHO
Boime 0,3). [Ipy HeycTaHOBUBIIEMCS! PeXXUME JABHKEHHSI 3TO ITPUBOJIHUT K
TIOBBIIIEHHBIM 3HAYEHUSM HANpPsDKEHUH C/ABHUTA NPUIIOBEPXHOCTHBIX
cnoéB. Ilpu oTCYTCTBUM KpPYTSIIEr0 MOMEHTA IPOCKAaIb3bIBaHUE KOJIEca
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e
Crermere

KO E RS
Puc. 1. I'paduku 3aBucumocTn ko3 puunenta Tpenus ckoabxenus (f) npu kaueHnn co
cxoabxkenneM el (1) u cuant Tsiru (2) (T) 0T OTHOCHTENBHOM CKOPOCTH CKOJTbKEH U (£)

MUHAMaNBHO. C IOBBIIIEHHEM KPYTSAIIEro MOMEHTA CHjia U KOd(pPHUIHEHT
TpeHus (CIeIUICHHnE MOBEpXHOCTE) Bo3pacrarot (puc. 1, 30Ha 1), mocturas
MaKCHMAaJIbHBIX 3HAYEHUH. DTOMY COOTBETCTBYET MaKCUMaJIbHAS CHIIA TSTH
(puc. 1, xpuBast 2). [lanbHeiiniee yBeJIWYeHHE OTHOCHUTEIHHOH CKOPOCTH
CKOJIb)KEHUSI TPUBOJHUT K yMEHBUICHHIO Kod(duuueHta Tpenus (puc. 1,
kpuBasgs 1,30Ha Il) w cuner Tarm. Ilpum  pacnpocTpaHeHHM  30HBI
MIPOCKaJIb3bIBaHMSl TI0 BCEH IMOBEPXHOCTH KOHTAaKkTa cuia (Kod(h(HuIueHT)
TPEeHHsT yMEHBIIAETCs, HAYMHAETCS CKOJNBKEHHE Kojleca II0 PpellbCy
(OoxcoBaHME) W TOCJIE Yero MOXKET IPOU3OUTH €ro Pe3Koe YBEINYeHHE,
COIPOBOXKAIONIEE MPU3HAKAMBI, XapaKTEPHBIMBI JIIS 3ae/IaHusl.

BakHyl0 poib B HAarpy)KeHHOCTH W TOBPEXIAEMOCTH PEIBCOB U
KOJIEC WrparoT KHHEMaTHYeCKHE M TeOMETPUYECKHE OCOOEHHOCTH HX
KOHTakTHpoBaHus. Ha puc.2 mnpuBeseHsl mnpodwin U  B3aUMHOE
PAacCIIONIOKEHHE PETBCOB U Koséc mo ctanmapty ObiBirero CCCP a Ha puc. 3
- xommyectBO CHATHIX (Ng) (1) m meperowennsix (Nmep.) (2) c
9JIEKTPOBO30B KOJECHBIX Map 10 MECsIaM H3-3a IpeesIbHOro u3Hoca pédep
konéc. Juga mmpuHsl Koned 1520 MM KOHTakT Kojeca C PelbcoM
OCYILIECTBIISIETCA B OCHOBHOM IO NEPEXOJHON KPUBOWH. DTO NMPUBOJUT K
KayeHHI0 C IIPOCKAJIb3bIBAHMEM IIOBEPXHOCTEH M K COOTBETCTBYIOIINM
HETaTUBHBIM SIBJICHUSIM.
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Puc.2. Ilpo¢unian u B3aUMHOE PacnoJiozkeHHe PeIbCcoB H KOJIéC

XapakTepHOi ~ OCOOCHHOCTBIO  B3aUMOJICHCTBUSL ~ KOHTaKTHBIX
TIOBEPXHOCTEH OOKOBOI IMOBEPXHOCTH TOJIOBKM peinbca M pedpa Kojeca
SIBIIICTCS TOHIKEHHOE 3HAUYeHUe kKodduimenTa Tpenus (He 6oiee 0,2). Ho
OTHOCHTEJIFHOE ITIPOCKaJb3bIBAHNE MPUBOAUT K TOBBIMICHHIO TEIJIOBOW U
CHJIOBOW Harpy>K€HHOCTH TIOBEPXHOCTHBIX CJIOEB KOHTAaKTa (TeMmeparypa B
30HE KOHTAaKTa MOXKET IIPEBBICUTH 800°C, a HAIIPSDKEHUE MOXET OCTUYb
HAaIpPSDKEHUS TEKYIECTH).

3aBucuMocTh paamyca koieca (R) or koopauHaTthl (X) Ha
MEepPEeXOJHOW KPUBOM, yria HakioHa KacaTelpHO# (B) Ha mepexomHoH
KpHBO# (I)OT KOOpAUHATHI KOHTaKTa (X) KOHTakTa u myTd TpeHus (L) mpu
OJTHOM 000pOTe KoJieca MMEIOT BUI:

R

2
R=R+k=R+r-+r-x L=2RarccosE-
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Puc. 3. I'paduxu moxaspIBarolfe KOJIMYECHBO CHSTBIX C DJIEKTPOBO30OB
konécHbix map (N.;) (1) mo Mecsnam mu3-3a mpeAeIbHOro U3HOca pédep B
2001 r. B TOMIHCCKOM JIOKOMOTHBHOM €m0, mepeTodeHHBIX (N,,) n3-3a
n3Hoca pébep (2) B Yman-baropckoii sxeneznoit gopore (1988 — 89 rr.
osBasi CCCP) u KonM4ecTBa COMIEANINX C PEIbCOB MOPOKHBIX BATOHOB
(3) mo mecsiam B 1999 — 2001 rr. Ha Poccuiickoit sxkene3Hoi qopore.

MODELLING OF CREEP PROCESS LEADING TO
RUPTURE FOR P91 STEEL MATERIAL

Przemystaw Osocha
Cracow University of Technology, Faculty of Mechanical Engineering
al. Jana Pawla II 37, PL-31-864 Krakow, Poland
e-mail: osocha@mech.pk.edu.pl

1. Introduction

Predicting the residual life of elements that have been in
service for many years is especially important for companies
that cannot replace existing installations for economical or
technological reasons [6]. Accurate residual life assessment is
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the key for optimization of expenses due to both unscheduled
outages caused by failures and too early unnecessary
replacements.

The following paper presents methods of residual life
prediction based on mathematical modeling of creep till failure.
To understand and describe creep processes a lot of material
experiments have been conducted, eg. the uniaxial creep strain
tests under constant stress or load. Mathematical creep process
description is more complicated than the one for elasticity or
plasticity. It depends not only on stress, (creep) strain and
temperature but also on time and creep rate. It is very important
to identify functions which would best fit creep strain test data
[5]. They are the fundament for creating theoretical
descriptions of wear process and the base for analyzing
complex stress states. The most valuable are creep equations,
which have connections with physical aspects of creep process [4]. Such
an equation describing creep strain depending on time and stress for chosen
temperature will be presented below.

2. Modelling all stages of creep

Soderberg equation and many other formulas model very well the |
and |1 creep stage. But it is important to model 111 stage as well. The third
stage of creep is the lagt one and leads directly to failure, and as such was
often not taken into consideration.

But the 11l creep stage should be taken into account for many
reasons. Firg of all, we have the creep strain experimental data which are
often rupture tests. Nowadays, it is much easier to analyze such data with

the computers help. What's more, the third stage creep not
necessarily leads to an immediate element failure. In thick
walled pressure elements, the third stage creep processes may
take part only in some fragments of the element. That
processes may lead even to the element life prolongation due to

reduction of maximum stresses.

For modelling creep strain in the all three stages of creep process
Eq.(1) is proposed [8]. The equation is based on Soderberg model
describing first and second creep stage. But it is extended by proposed in
this paper element describing third creep stage (Fig. 1).
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Creep strain ()

M

e = A (1— exp(— tLD + &t texp — (tij (1)

For the Eq.(1): &° iscreep strain, tistime, and A, ty, &, , tr, K, M
are experimental constants. Parameter t, describes approximate time (in
hours) when the second creep stage begins. Parameter ¢, (-) is minimum
creep rate, which means creep rate in second creep stage, when the process
is stable. Parameter t, (hours) represents time to rupture, which is well

described and relatively easy to obtain from rupture tests and data tables for
given material. Parameters K, M describe intensity of rupture process.
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Figure 1. Uniaxial creep strain test data Figure 2. Tested and fit uniaxial creep
and fitted curve, elements of fitting strain curves, T=600°C [7]

function are shown

Effects are presented in Fig.1, test data [7] and fitting curve [8]
calculated with proposed equations.

3. Sressinfluence

Creep processes take place in the materials exhibited to
high temperatures and loads in the long time period. In real
element calculations, the influence of stress and temperature
could not be neglected. In operating thick-walled vessel
element there is a range of stress values. Also at start-up and
shut down [3] processes there is a range of temperatures in the
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element [2]. So, the creep strain curve depends on all these
parameters. The creep takes place in long time period, when
the installation works at designed operating parameters, eg. at
given uniform temperature, so temperature change can be
ignored, and creep strain curve modelled only for that selected
operating temperature value. But stress influence cannot be
omitted in calculations.

Below in this paper it will be presented how to take into
account the stress influence on the creep strain curve. Eq.(1)
will be modified to describe three dimensional dependency of
the creep strain versus time and stress. Time to rupture depends
on the stress, this dependency could be modelled by Eq.(2).

Al
t = expla+b-In(+ 17, (2)

The minimal creep rate depends on the stress value,
Eq.(3) presents the proposed function describing this
dependency.

émin = eXp(C 0 — d) (3)

Parameters a, b, ¢, d are experimental constants and can be estimated
using computer calculations (Levenberg-Marquardt agorithm) based on
data from creep tests [8].

4. Creep strain function of time and stress

Time to rupture and the minimal creep rate calculated respectively
by Eg. (2) and Eg. (3) may be then used in Eq.(1) to describe the overall
change of the creep strain versus time and stress. This is the formula
proposed in that paper for FE cdculations of the creep wear and rupture.

Figure 2 presents uniaxial creep strain test data [7] for P91 sted
material and lines of function interpolating test data. As it can be seen, one
function quite well fits all creep strain test data for different stress values.
Table 1 contains parameters of Eq.(1) fitting test data for P91 steel at
temperature 600°C. The presented equation with these values can be used to
create FE model for complex creep anaysis.
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Table 1. Material constants of mode Egs.(1,2,3), o (MPa), T
=600(°C), t; (hours)

Cons A t M a b o d
tant K

Value 0.0056 80.0000 2.0000 4.0000 33.7800 -1.1040 0.1069 24.7346

The presented equation not only fits the test data very
well, but it also has a good interpolation characteristic, and
even extrapolation is congruent with expectable material
behavior (Fig.3).

0.06 —

}' @@ @ fitting func., 100 MPa
A—A——A iitting func., 120 MPa
T E—— i
C—C——0in
M—>¢—X extrapolation, 70 MPa
+——+——+ extrapolation, 160 MPa

Creep strain (-)

. Figure 4. Uniaxial creep strain ¢ (-)
D mm ao  aw e ae  surfaceversustimet (hours) and
Timetours) stressc (M Pa); uniaxial creep

Figure 3. Fitted, inter polated and gtrain test data points

extrapolated creep strain curves

Figure 4 shows 3 dimensiona surface created by the proposed
function and aso test data shown on the surface. The figure presents wide
extrapolation of ranges, for both time and stress axis'. It can be noticed that
for high stress values the creep strain surface becomes almost vertical, while
for lower stress values it is near a zero value. For long time and low stress
values, the creep strain does not rise. The function models the material
properties as expected.

5. Conclusions

The paper discuses several problems. The Equations
(1,2,3) describing the creep strain change depending on time
and stress for selected temperature were proposed. The
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parameters of equation are based on physical values taken from
uniaxial creep strain tests. Residual life prediction is possible
based on FE simulation of the element in 111 creep stage.

The approximation of material test data with
mathematical equations is useful and recommended, especially
if equation coefficients describe real physical material
parameters. Computer and FE software capabilities, which
have significantly increased recently, allow for a complicated
analysis. The implementation of FE methods [1] may give
faster and more accurate solutions than analytic methods,
especially for complex geometry.
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Abstract
The paper presents methods of low cycle worn calculation. Selection
of methods and in deep description will be shown. Application of
calculations to thick walled pressure pipeline system of power plant will be
discussed. Algorithm and especially prepared for cyclic worn calculations
software program will be demonstrated.

Keywords: Low cycle wear, Rain Flow method, Range Pair method,
residual life

1. Introduction

Thick-walled pressure elements working in high temperatures in
power stations, chemica and petrochemical industries are subject to damage
as a result of high temperature, mechanical loading and corrosive
environment. That factors cause low-cycle wear, thermal fatigue, creep-
fatigue and other processes leading to degradation.

For thick-walled pressure pipeline indallations working for years,
and for well designed new ones, creep process and low-cycle wear should
be analyzed. Real large impact on elements fatigue has creep process, but in
detailed anaysis low-cycle wear could not be neglected. Usually start-ups
and shut downs, are periods of operating process when that low-cycle wear
takes place.

2. Residual life assessment

Observation of temperature and stress distribution and its change
in time for the most temperature loaded elementsisimportant not only for
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proper conducting of start-up and shut down processes but also for residual
life assessment of pressure elements|[3].

Equation (1) proposed by Palmgren and Miner is used by US and
German design codes to asses residual life of dements. According to the
equation, wear factor iscalculated by rule of linear summation of low
cycle wear.

°( n
Z(N— < D, (1)
j=1 d/j

In Eq.(1) D, is damage from low cycle wear, n stands for cycle
count in j load conditions, and Ny is allowable cycle count in j load
conditions, seeFig. 1.

1. 3.Low cyclewear

Calculated cycle count is used to determine element durability. The
amplitude of stress change in one cycle in a stress concentration area have
not to exceed allowable value [6] read from charts of allowable stress (Fig.
1).

Allowable stress cycle count depends on stress amplitude and
temperature (Fig. 1). Knowing maximal and minimal stress in one load
cycle, the maximal alowable cycle number can be determined.

10000 + ++20c | Tablel RangePair
o o <o100c| counted cycletable;
X E—&—H 200°c | complete cycle marked
Sk\ E O—6E6—0O 300°C by "+” sgn
—_ NN M I—A—2A 400°C
n; w\\\ i J sooe| | R@NGE | Cycle | Load
£, 1000 ! e z & 600°C count
& ST T 6 0,5 C-H
a5 o
T \‘ﬁ: -
T 4 0 _
3 15 | D-
100 *n‘ Ny it E+,
1E+002 1E+003 1E+004 1E+005 1E+006 H-I
No 2 0 —
1 2 A-
B+,
F-G+

Fig. 1. Chart of allowable cycle count for given stress
and temperature for ferritic seel
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4. L oad cycle counting methods

Cycle counting is used to summarize, often long term and
irregular, history of load change in time. As an effect tabularized data of
cycle counts for given load values is prepared. Cycle count could be
determined on the base of selected |oads change in time history, e.g. forces,
stresses, strains, accelerations, bends or other parameters of load.

Different methods of cycle counting are used. Selection of
appropriate method depends on method complexity and accuracy of results
[2]. There are many different methods, e.g.: peak count, peak-between-mean
crossing count, level crossing count, fatigue meter count, range count,
range-mean count. Beside mentioned Smple methods, there are widdly used
Rain Flow method and Range Pair method.

4.1. Rain Flow method

Rain Flow method [5] is recognized and commonly used cycle
counting method. Its popularity comes from many factors. Method
algorithm is relatively simply to use in practical cases, and results of
calculations are congruent with observed real material wear.

Table 2. Rain Flow

A

"
counted cycletable;
5 complete cycle marked
by ,+" sign
Y Range | Cycle | L oad
\ F— Time count

5 / =" |6 |05 |cCH
1] y \H 5 0 _
A W o |-
2y 3 |15 |D-
E E+,

3 1 . H-1
2 |05 |BC

1 [15 |AB

F-G+

Fig. 2. Rain Flow cycle counting method chart
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The Rain Flow method was introduces for the firs time by M.
Matsuishi i T. Endo [2], they imagine the method as follows. If you rotate
chart of load higory (Fig. 2) clockwise, its shape is similar to chinese
pagoda roof. On rainy day, water flows off on subsequent roof parts and
drips on lower placed (tab. 2). That’ s where the methods name came from.

4.2. Range Pair method

Range Pair method is, close after Rain Flow method, the most widely
used load cycle counting method. For every load range, there should be
found the closest to it in time history range of equal value but of opposite
sense.

The essence of method is to pair load ranges of equal value but
opposite sense. That's where the methods name came from. The basic rules
of the method are as follow: load ranges has to be paired, some ranges are
continuous, but some may be interrupted by smaller ones (tab. 1).

5. Cycle counting software program

To review and analyze different counting methods
applied to range of load histories, we developed the special
software presented below in this paper: CCMet — Cyclic
Counting Methods (Fig. 3).
I

e

dagw

L

.....

Fig. 3. CCMet program main screen ' Fig. 4. CCMet program linear graph screer

The program reads different load history data. It uses the most
popular methods of Rain Flow, Range Pair and Range Count. Source
history data and cal culated ranges may be filtered by user adjustable filters.
Step by step analysis of data and ranges is possible with numerical values
and program generated charts. The program draws linear chart of load
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history data (Fig. 4) and bar chart of calculated ranges. Both charts have
many editing options allowing in deep cycle wear analysis.

Conclusion

Presented cycle counting methods, prepared software (Fig. 3) and

described Palmgren-Minner linear damage summation law Eq.(1) with
allowable cycle count (Wohler) chart (Fig. 1) for given material, all together
allow to determine pressure pipeline element wear. Undertaken steps are
key inreliable residual life assessment of power plant installations.
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IKOHOMMYECKHUE U YIIPABJIEHYECKHE
BOIIPOCHI TOBBIINIEHUSA KAYECTBA U
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YenoBek SBISACTCS KONJICKTHUBHBIM CO3JIAHUEM, T.C. JJIs BDKHBaHHS,
JUISL YITYYIICHUs JKU3HHU, UIS BBIIOJHEHHS CBOErO IMpPEIHA3HAYCHHUS OH
JIOJDKeH oOBbeIUHATCS ¢ ceOe MmomoOHBIMH. B Hacrosiiee Bpems, 1Mo Mepe
pa3BUTHS, YENOBEK BCe OONbIEe HAYMHACT MOHHUMATh, YTO BEK OJHHOYEK
mpomien M HEOOXOIMMO  CO3[aBaTh TPYNIBl WM OpraHU3aluu
BO3IJIABIISIEMbIE ABTOPUTETHBIMH JIH/ICPAMHU.

Jlns  ynpaBieHuWs TpynmaMM  JIIOJed, 1o OONBIIOMY — CUery,
YeJOBEYECTBO IPOILIO Psii COLUHMAIbHO OOLIECTBEHHBIX (hOpMAIIHA:
MIepBOOBITHO-OOIIMHHBIA CTPOH, paOOBIAETFYCCKUN CTPOH, (PeomaTbHBIN,
KaluTaJuCTU4ecKuid. VI3MeHeHHe CTposd IJI0 MOCTENEHHO C IIEeJIbI0
YBEIMYECHUS] IPOU3BOIUTENBHOCTH TPy/Ja IJISl OCYLIECTBICHHS MpOrpecca.
s opranuzanuu paboThl, COBEPIICHCTBOBAHMS, KaK CAMOro TPY/Aa, Tak U
MPOU3BOJICTBEHHBIX OTHOUICHHH B TMpOLECCe pPa3BUTUS YEIOBEYECTBO
MPOILTO Yepe3 Takhe CTHIM YIPABJICHHUS: aBTOPUTApPHBIN, JHOepaIbHBIi,
JIEMOKPATHYECKHH. Ux B3aUMOOTHOIICHUS MOTYT OBbITH
MPOWLTIOCTPUPOBAHBI TAKUM PHCYHKOM:

ABmoKpamuyHb Il TlubeparbHbIli

}— [LlemokpamuyHb i 4{

Puc.1. Cmunu ynpasnenus

[Ipu aBTOpHTapHOM CTHIIE TPHUHAMANl OKOHYATEJIbHOE pEIIeHHE U
HEC OTBETCTBEHHOCTH 3a BCE OJMH YEIOBEK (BOXKAb, KHS3b, KOPOJb, 11aph,
x03stmH). C pocTOM OpraHu3anuii (M rocyJapcTB) yrpaBieHHe CTAaHOBHUTCS
HEHaJIKHBIM U W3-32 CJIOXKHOCTU YIPABJICHWs, B MpOLECCE YIPaBIEHUS
TepsieTcsl 4acTh MH(POPMAaIMU, M CaM MpOLECC YIPaBICHUS yXYALIAETCs.
Jl1st MaJIbIX OpraHu3anyii STOT CTUIIb )KUBET U ITOHBIHE.
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[Tpu nubepanbHOM CTHIIE B NMPHUHITHU PELISHUS YJacTBYIOT BCE U
HECYT KOJUIEKTUBHYIO OTBETCTBEHHOCTb. 3JIEChb NPUHATh E€IUHOE BEPHOE
peleHre TPyJHO, Aa ¥ OTBETCTBEHHOCTH 3HAUYWTEIBHO oOciabjieHa, HO
MOyYeHHe ¥ HCHOJNb30BaHWe WH(OpManuu 3HA4YUTeNbHO Jyume. Jlis
OYEeHb MaJICHBKUX (B T.4. CEMEHHBIX) OpraHM3allMii TaKOW CTHIIb BIIOJHE
3¢ PeKTUBEH.

JleMOKpaTH4eCK1id CTHIIb YIpaBJIEeHHs IpeicTaBisieT coboi cMmech
aBTOPUTAPHOTO W JINOEPAJIHHOIO CTHIEH C pa3HBIMH COOTHOLICHUSIMH IS
pa3HeIXx opraHusaiuid. Taxoif cTunp Jydiie, IOCKOJIBKY IIOJNHEE
UCTIONB3yeTCs: MH(pOPMAIHs, YIy4IIaeTcs BBIOOp PEIICHWH, MOBBIIAETCSI
OTBETCTBEHHOCTH YIIPABJICHIIEB.

C ¢usnyeckoit TOUKH 3peHUst MPOCTPAHCTBO M BPEMsI €AMHBI U TOT/Ia
JUIs  OCYIIECTBJIIGHWSI  YIPaBJIEHHWS] HEOOXOJUMO COBEPIIEHCTBOBATH
OpPTraHU3aLMOHHYIO CTPYKTYPY U OCYILECTBIIATh YETKOE INIAHUPOBAHUE.

CeroHsHue TOTOKK MH(GOPMALIUH, KPYITHBIE 3aauyl MPEIIPHITHA
JUKTYIOT HEOOXOIMMOCTh CO3JaHHUs Pa3BUTOH CTPYKTYpPbI YIPaBIICHUS,
cxeMa KOTOpOU MOXKET OBITh MPEICTaBIICHA PUC.2.

3neck o0mas 3amava APOOUTCS Ha YAaCTHBIE 3a7aydl W TO/33Jaud, B
pesynbrare 4ero (GopMynIHpYIOTCS KOHKPETHBIE 3aJaHMsl ISl KaxIOoro
HCTIONHUTEIIS.

Puc.2. Cmpykmypa ynpaenenusn

[TmanupoBanue (BpeMEHHAs COCTABJISIONIAS VIIPABIICHUS) JTOJDKHO
peayCMaTpUBATh JUHAMUYHBIN TOPSIOK BBITOMHEHHS padoT (T.e. MyTh K
nenu). Ilpu  3TOM  pa3iMYarOT CTPATETHYeCKOe IUIAHUPOBAHUE U
OlepaTUBHOE IUIaHWpOoBaHUe. [lepBoe ompenenseT MOPSAA0K BBITOTHCHUS
3aaauu, T.e. onpeaenser, YTO u B kakod MOCIEA0BATEILHOCTH JTOJIKHO
OBITH CICIIAHO JUIS IOCTHXCHUS 1eNd. [Ipu onepaTHBHOM HITH TaKTUIECKOM
mwianupoBanun  ompenensercs, KAK u korma BBINONHATH — 3TaImbl
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CTpPAaTeTMUECKOro  IJlaHa. 3Jechb YKE€ MPOBOAUTCS  KaJleHAapHOE
IJIaHUPOBaHUE.

Cerogast g 3(QexkTuBHOW  OpraHu3almuu  MPOH3BOJCTBA
HEOOXOIUMO HCIOIB30BATh WHTEIUICKT OOJBINErO YMCiIa PabOTHHUKOB WU,
UCTONB3Yys JEMOKPATUYCCKUN CTHIb YIPABJICHUS, BBICTPOUTH padoTy,
coderas KOJJIEKTHMBHBIM MHTEIJIEKT ¢ eauHoHadanueM. OCHOBOM st
YIPaBJICHUS SIBJIICTCS pa3pabOTKa CTPaTeruy OPTaHU3aIH, T.€. pa3paboTKa
€¢ CTPaTEerMYeCKuX IUIaHOB. JIJis1 pa3paOOTKU CTPATETUUCCKUX TUIAHOB M MX
COTNPOBOXKJEHUSI MPU PYKOBOJUTENE — TJIABHOM MEHEIKEpEe — M3 4ucia
paboTamMxX B OpraHW3alMd CO3JAIOTCA TPYIIBl  CTPATETHYCCKOTO
IUTAHUPOBAHMS,  KOTOPBIC  pa3padaThIBAIOT  BapHaHTBl  CTPATETUU
TNPENPUSITHSA, a 3aTeM TJIaBHBI MEHEKEP OCYIIECTBIISICT BEIOOp U
MIPUHUMAET PEIlIEHUE, 3a Peau3alui0 KOTOPOro HECET caM MEPCOHAIbHYIO
OTBETCTBEHHOCTb.

I'pynma cTparernueckoro miaHuPOBaHUSI CO3JAETCS TUYHO TIIaBHBIM
MEHEIDKEPOM Ha OCHOBAaHMU TMOCITY)XHOTO CIHUCKa Wi Oecel ¢
BO3MOXHBIMU KaHJUJAaTaMUd W3 4YHCIa MEHEDKEpOB opranusanuu. [lpu
9TOM YYUTHIBAIOTCS CIEAYIOIIUE TJIABHBIC KPUTEPHUU JUTS ITOA00pa YICHOB
TPYIIIBI CTPATETUYCCKOrO MBIIUICHUS (TUTAHUPOBAHUSA )

e mpogeCCHOHAITU3M;

®  KOMMYHHKAOEIHHOCTD;

®  TBOPYECKOE MUPOBO33PEHUE;
®  paJUKaJIbHBIN KOHCEPBATHU3M.

OtoOpanHble W corjiacuBivecss paboraTb B 3TOW Tpymme
COTPYIHUKH O(POPMIISIOTCS FOPUIUYECKAM JTOKYMEHTOM, KaK MpPaBHJIO, B
BUJIE NIPUKA3a WIH PACTIOPSIKEHUSL.

UneHBl TPYHOIBI CTPATETMYCCKOTO IUIAHUPOBAHUS pPadOTarOT BO
BHepabodyee BpeMs Ha OCHOBe J00poBoibHOCTH. Kak mpaBmiio, 310
BBIXOJIHBIE JIHH, KOTOPBIE SBIISIOTCS JJIsl WIEHOB I'PYIIIBI CTPATETUYECKOr O
MBIIUICHUS JJOMOTHUTEIBHON O(PHUIIMATEHO HEOINTAYUBACMOM HATPY3KOU, HO
9TO TMOYETHAsE OO0SM3aHHOCTh, YKPEIUIAIONIAs ITOJIOKEHUE pPabOoTaromuX B
rpyIme.

Xopomuii pa3yMHbIH TJIaBHBIA MEHEIKEP W aKTHUBHAS Cla)KEHHas
paboTa TpymIbl CTPATETUYECKOrO IUIAHUPOBAHUS MPH B3aUMHOW padoTre
MOTYT YIaYyHO BHIOpATh WHHOBAIMOHHYIO TPOTPECCUBHYIO CTPATETHIO, YeM
o0ecreunBaeTCs JOJITOCPOUHBIN yCIIeX BCCH OpraHU3aIlU.
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HNEJIEHTAIIMOHHBIE XAPAKTEPUCTUKU
WHHOBAIIMOHHO-9KOHOMHWYECKOM MATPHUIIbBI
JJIA ITPUOPUTETHBIX HAITPABJIEHUU

bozopow Anexcandp Tepenmuvesuu
Hayuonanvuviii mexnuueckuil ynusepcumem Yrpaunul « Kuescxuii noaumexuuieckuil
uHcmumymy
Ten. +38(044) 241 68 65, E-mail: fondfti @ntu-kpi.kiev.ua

B ycioBusix 3aTsHyBIIErocs Kpu3uca B 3KOHOMUKE U HEaJIEKBATHOTO
MPaBUTEIILCTBEHHOT O HCTIOJIb30BaHUS Hay4HOr o HalMOHAJIBbHOT O
moreHnmana [1,2] mpemmaraercs ympolieHHas cxema 3(PQGEKTHBHOTO
BIIOXKCHUS OFOJDKETHBIX JICHET B KIFOUEBBIC OTPACITH HAPOJHOTO X035 CTRA.

Cxema paboTaeT aHAJIOTHYHO JIETCPMUHUPOBAHHON MaTeMaTHIECKON
MOJIETM 1IaroBol perpeccun [3], B Marpuile KOTOPOH OTpa’keHBI
MaKCUMaJIBHO BO3MOXKHOE KOJUYECTBO (DAKTOPOB, OKA3HIBAIOIIUX BITUSHUC
IS JIOCTH)KEHMS TOCTaBJICHHOW LENM C yYEeTOM MPUOPUTETHBIX
HampaBicHUH [4,5] W pErHOHANBHBIX OCOOCHHOCTEW WHHOBAIMOHHOU
MOJUTHKH [6, 7].

Dopmynuposka u Qopmanuzayusa 3adauu.Matpuna peanbHOU
CACTEMBI HMEET N-0€ KOJIMYECTBO DBJIEMEHTOB, COOTBETCTBYIOIINAX
KOJIMYECTBY (DAKTOPOB, MMEIONIMX CBOH OTKIHK B TOCTPOCHHOW MOJEIU.
Jlnst mpumepa paccMOTpUM 4YacTb MATpHIBI M3 JIEBATH DJIEMEHTOB
(TIpUOPUTETHRIX HATPABICHUI WM OTpPaciiell HapOTHOTO XO3SWCTBA), TIE
HaAMEYaeTcss BHENPCHWE WHHOBAIMK (CBETOBOE TIISITHO) WM IPUKOBAHO
BHUMAaHHE PYKOBOMANMX opraHoB (puc.l). [eBsTh oOiiacTeil BHENpEHUS
WHHOBAIMHA (KBaJIpaTHBIX 3JCMEHTOB MATPUIIBI) pasMEpoM a C 3a30pOM
(mpomexyTkoM) ty Meskay HuMuU. Toraa mar MaTpuiisl d paBHsIETCs
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Eciu  nawano
KOOpJIMHAT Pa3MECTHUTh
B I[EHTPE IEHTPATBHOIO
JIIeMEeHTa MATPHIIBI
BBIODAHHOW 30HBI, TO
oTJaya HSKOHOMHUKH B
MPOU3BOJIBHOM  TOYKE
6o KPYIJOro  CBETOBOTO
‘ mITHA C LEHTPOM B
TOYKE O c
KOOpIUHATaMH (Xo, Yo)
OITPEIETTUTCS
dhopmynoit:

I
E(x y)=E, ajZ e

(4)

Puc.1 Cxema BBIOOpOYHOH KOHIIEHTPAIMK BHUMAHUSL.
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W3 puc.1 BuaHO, YTO BHUMAHHE CBETJIOTO MsITHA (TIPaBUTENHCTBA)
CKOHIICHTPUPOBAHO HA OJHOHW OTpaciId M YaCTUYHO Ha YETHIpex
POZACTBEHHBIX MJIM BCIIOMOTaTeIbHBIX. HanpuMep, Ha sHepreTrke, BKIIOYast
MIOCTaBKH SHEPTOPECYPCOB, UX IMepepaboTKy, TPAHCIOPTHPOBKY U TPAH3UT.
OcranbHble 3JIEMEHTHl MaTpulbl (YIJIOBBIE) BHE IIONSI 3PEHHUS CBETIIOrO
MSITHA, KOTOpBIE HEMPOW3BOJIBHO HAXOIATCS BHE 30HBI BHUMAaHHS
PYKOBOISIINX OPraHOB M BBIHYXJIEHBI YXOAWTH B TEHb ISl oOecIiedeHus
CBOETO BEDKMBaHUS. ['eOMeTprHiecKoe NOCTPOSHNE 0XBaTa CBETIIBIM IISITHOM
BCEX AJIEMEHTOB MaTPHIIBI BO3MOXHO TOJIBKO B CITy4ae OCBEIEHUS IYCTHIX
MIPOCTPAHCTB MEX/Y YIJIOBBIMH O3JIEMEHTAMH, YTO HEBO3MOXHO, T.K.
3alONHAS 3TU I[POCTPAHCTBA -  3HAUUT HEIENecooOpa3HO (BILYCTYIO)
UCIIONIB30BaTh  CpencrBa. Kak ToOBOpUTCS, «IIycKaTh Ha  BETEpy.
EcrecTBeHHO, HMKTO HE MOXKET IMOWTH Ha Takoi miar. CienoBaTeNnbHO,
Bcerga OyayT HaOIIOJaThCs HEOCBEILEHHbIE YYacTKH HCCIEIyeMOro IOs
HKOHOMUKH, KOTOpHIE aBTOMAaTHYECKH OyIyT HaXxomuThcsi B TeHH. Ho B
KaKoW CTeneHH, Oy/leT 3aBHUCETh OT BHUMAaHUs PYKOBOSIIUX OPIaHOB WIIU
pacloinoXXeHus CBETIOro MfTHa Hamed wMopenu. Paccmorpum 31O
IPEION0KEeHNE Ha IPUMepe MOUCKA CUTHANIA-OTKIINKA.

3amaua COCTOMT B TOM, YTOOBI ONpPENENUTh BEJIMYMHY CHTHaja-

{ | { .
OTKJIMKA i j § (manpumep, npupoct BBII or BHeapeHns nHHOBALMI) Ha

KaXIOM M3 JIEBATH DJIEMEHTOB MATPHIIbI MPH MPOU3BOJIHHOM MOJOKEHUU
CBETOBOTO ISTHA, T.€. — MATPUILY U3 JAEBATH COOTBETCTBYIONUX 3HAUCHUH.

Ecnu cumrtath, 4TO BCE OTPACIH MOICPIKHBAIOTCSA M3 OrOJKETa
OMHAKOBO M CTa0HJIBHO MO BCEH IIIOMAAN 3JEMEHTOB MATpPHUIBI, TO
CHUTHAJ-OTKJIMK C  i,]  92JeMeHTa MaTpHIlbl OyAeT MNpOMOpIMOHATIEH
cJeyronle BeTuunHe:

(X P(y-vo ¥
e 20 dxdy. (5)

Y2 X2 1
=k [ [ E—=—
yLi; X4 o 271-
Ipu cMenenny (PUHAHCOBOM MOIIEPIKKU (CBETOBOTO TISITHA)
orpacinei (3seMenTsl) |y 2, 113, 122, |23 MaTpuna nprodperaer cnemyrommit
BUJ:
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HpI/I OTOM NpEAC/Ibl UHTCIPUPOBAHUA UIA KaKI0I0 U3 NCBATU
QJICMCHTOB ONPEACIAIOTCA CICAYIOUINM o6pa30M:

XL, = - %a+ta ,oxL =xt, + @+t i -1). ©)

rre XL =d(j—2)—%; X2i‘j = X]-|J +a;  araxxke

3 .
yl, | = - Ea+ta coyl =yl +@+t,)3-i0). ®
. a - —
rae yli,;:d(Z—')—E’ y2; ;= VYL +a.
JlanpHeummii XoJ, MOJEIUPOBAHUS s BBISIBIICHUS
MeJIEHTal[MOHHBIX XapaKTEPUCTUK MHHOBAIMOHHO-?KOHOMHYECKOH

MaTpullbl MOJbEMA MNPUOPUTETHBIX HAMpPABJICHUH 3aKIIOYaeTcs B
COCTaBJIGHUM aliTOPUTMa pEUICHUs 3a/laud, BKJIIOUAIOIIMK STambl BBOJA
JIAHHBIX, MPEIBAPUTENBHBIX BBIUMCICHUHN, BHIYUCIEHUS IEBITH UHTETPAJIOB
B LIUKJIE C MOCTIEAYIOINM BBIBOIOM U aHAJIU30B PE3YJILTATOB.

Ilo oTOl cxeme cocTaBisieTcs aIrOpUTM pELIeHus 3aJadu C
MOCJEAYIOIUM  PEIICHUEM, YUWUTHIBAsi HW3BECTHYIO CTATUCTHUKY H
MIPUOPUTETHBIC HAMPABJICHUS] Pa3BUTHs SKOHOMHUKH, a TaKKe B 00JacTu
TEHCBON JKOHOMHKH, CPEIM OCHOBHBIX (DAaKTOPOB, CJIEIyS W3BECTHOU
MeToauku [8], OTpakeHBI TaKKe (AKTOPHI, CHOCOOCTBYIOIIHE POCTY
TEHEBON 9KOHOMUKH.

B kauectBe mpumepa c UeNbIO ONpENENeHUs] MeeHrallMOHHBIX
XapaKTEPUCTHK HMHHOBAI[MOHHO-3KOHOMMY €CKOI MaTpHIIbI JUTSt
MIPUOPUTETHBIX HAMPABJICHUH M C YYETOM TEHEBBIX CXEM B JKOHOMUKE,
3a/lady pelIajd 10 BBINICIPUBECHHOMY aJrOpUTMy C Trpadudeckum
TPEXMEPHBIM IIOCTPOECHUEM IIpOIIECCa.

Penrenue 3aauu B yCIOBUSAX M3MEHEHHs OCBelleHHOCTH 25 ? 25
9JIEMEHTOB MATPHIIBI ITOKAa3aJH, 4YTO KOH(MHUTypamus TpadUIeCKUX
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MIOCTPOEHUH Ha OCHOBE ITOJYYEHHBIX PE3YNbTATOB MOXET MEHSEeTCs B
LIMPOKHX TIPEJIeax B 3aBUCUMOCTH OT BHEUTHUX (hakTopoB (puc.2):

- KOrJa OCHOBHYIO pPOJIb WIparoT (akTopbl MpPOTUBOJEWUCTBHUS
(pe3uzeHTa W TpEeMbepa, KOATMIUM M OMNIIO3MLUH, HECTaOWIBHOCTH
MEXIYHAPOIHOTO Jo0pococencrBa (ocobeHHO Ykpawnel u  Poccum),
nponswkenne rpann, HATO mnporuB Bomu Hapoga W T.IL), TOrjaa
TpPEXMEPHOE ITIOCTPOCHHUE 110 PE3yJbTaTaM WHTErPUPOBAHUS MMEET YETKYIO
TpaHMIly TPOTHBOJCHCTBHSA, BEIAYIIYI0O K packoly B  OOIIECTBe,
(denepanuzani M TafeHUs SKOHOMUKH, TJ€ TJABEHCTBYET TEHEBas
cocrasistronias (puc.2, a-r);

- KOrJja 4YacTo MEHSETCS BJAacTh M HA4YMHAETCS IepecTpoiKa
B3IUISJIOB M 3aMEHA MPUOPHUTETOB JPYTHUMHU C YI€TOM HenpoQecCHOoHaIn3Ma
«PYKOBOZAWTENEH OT MONWTHKW», BKJIIOYAs HaBS3BIBAHUS LEHTPAIBLHON
BJIACTHIO CBOETO KaJPOBOT0O COCTaBa (HaOMIOJaeTcs MepeKkoc He TOJBKO B
HKOHOMUKE, HO B OOIIECTBE, YTO MO3BOJISIET MIEPECMOTPETH B3I IIepe]
BEIOOpaMU B CTOPOHY YBEJIMUEHHS WIM PE3KOro MajeHus peHTHHTra
NPETeHICHTOB ~ Ha  KIIOYEBBIE IIOCTBI B TOCYAApCTBE,  pacTeT
B3SITOYHUYECTBO, KYMOBCTBO U IIPOYME HENOCTATKH, IPOIBETAET
TIPE3UICHTCKAsl BIIACTh, CPACTAIONIAsICSl C TEHEBBIMH CXeMaMHM (CM.pHC.2,K),
camas HeCTaOMJIbHASI CUTYalMsl C IEPETSTMBaHNEM TUIOCKOCTH Yepe3 LEHTP,
KOTOpBII B CBOIO O4Yepellb CaM IMOCTOSTHHO MEHSIET CBOE MojokeHune (puc.2
a-3);

- ONTUMH3ANUS TPOSBISIETCS, KOTa BCE BETBH BJIACTH B YCIIOBHUSIX
CTaOMJIBHBIX 3aKOHOB IPO(ECCHOHAIBHO BMECTE€ C HApOJOM IOAHUMAIOT
9KOHOMUKY, 3()(HEKTHUBHO MCTONB3YS HAIMOHAIBHBIN HAYYHBIH MOTEHIINAI
(vHHOBaWM) U OOKETHBIE cpeacTBa (puc. 2,u). Jledopmanus HauMHAET
TIPOSIBIISITBCSL TIPU NPOTHUBOJIEHCTBUM (PHC.2, K-0), MOBTOPSS ITOKA3aTelln
(puc.2, a-t, 1-3).
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Puc.2 Metamop¢o3bI nejleHrauOHHbIX XapaKTepPUCTHK HHHOBALMOHHO0-9)KOHOMHYECKOI
MATPHIBI JJIs1 IPUHOPUTETHHIX HANIPABJIEHHIA C Y4eTOM NMPOTHBOAEHCTBUS U TEHEBBIX
cXeM B IJKOHOMHUKE

BriBoabI

[Ipennoxena mneneHramuoHHass MOJeENb JJIi WHHOBAIMOHHO-
SKOHOMHMYECKOH c(epsl ¢ y4eToM TMPOTUBOICHCTBUS BETBEH BIACTU.
BroisiBnieHbI IPUUKHBI BOSHUKHOBEHUS M YIIPOUYHEHUS] TEHEBOM 9KOHOMUKU B
YCIIOBHUSX HECTAOWIBHOCTH JKOHOMHUKH, TOJUTHKH M 3aKOHOJNATEIHCTBA.
ITokazan BapuaHT oONTUMM3ALMM Tpolecca MNOoAbEMA HKOHOMUKU H
cra0win3anuu  OOIIECTBEHHOr0 MHCHHS B  IPEABBIOOPHBIN  MEPHOT
pa3BUTHA COLIMYMA.
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COMPETITIVENESS MANAGEMENT IN
ECONOMY BASED ON KNOWLEDGE

Grigore Belostecinic,

Ph.D.Hab, University Professor,Corneliu Gutu,
Ph.D., Senior Scientific Researcher,
Academy of Economic Studies of Moldova,
fax: (+373) 22 221968; E-mail: anticamera@ase.md

World experience tedtifies that at the decision of problems of radical
improvement of a social and economic situation in the country, alternatives
to an innovative way of development and economy based on knowledge
simply are not present. The essence of innovative development of economy
consists in activization of innovative activity on creation, introduction and
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wide distribution of new products, services and technological processes as
primary factors of qualitative growth of volumes of output, employment,
investments and the foreign trade turnover. First of all it concerns spheres of
the highly technological and high technology branches which are engines of
development of economy. Innovative development of economy
predetermines competitiveness of the country, including competitiveness of
the enterprises and competitive production let out by them, best-selling in
home market and allowing to win the new international markets.

In this plan we will notice that in construction of innovative economy, and
maintenance of competitiveness and national safety of the country
orientation to use of own competitive scientific knowledge and innovations
that strengthens and development national innovative system has the major
value also. The analysis of last researches of a problem of an estimation of
competitiveness of the countries and their innovative activity has shown that
in the world one of most verso world ratings of national competitivenessis
the complex of corresponding indexes and indicators of development of
competitiveness - Growth Competitiveness Index given by the World
Economic Forum in Reports on competitiveness (Global Competitiveness
Report), indexes and indicators in the internationa rating of innovative
activity of the countriesin European Innovation Scoreboard.

Until recently research and development has been synonymous with
technology and innovation in many discussions on science, technology and
innovation. Most support measures for innovation on the nationa and the
EU level are for research and development activities. The Lisbon strategy,
which aims to build Europe by 2010 the most competitive and dynamic
knowledge-based economy in the world, incorporates a policy goal that the
research and development expenditure in the European economies should
reach 3 percent of GDP by 2010. As emphasized in the Lisbon strategy,
research and development intensity is extensively used by scholars and
policy makers as a benchmark for measuring the innovativeness of a firm,
an industry, aregion and a country.

There is no doubt about the importance of research and development: it is
the source of many productivity enhancing innovations, it is essentid to
competitiveness in fast-growing high technology industries such as
pharmaceuticals, it is critical to the absorptive capacity of a firm or an
industry and is associated with terms of trade advantages of a country;
research and development activities create demand and supply for high
skilled people which give impetus to the development of the education
system in a country.

Although research and development is vital for many innovation activities
of firms and the competitiveness of an industry and a country. Such non-
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research and development innovation includes the purchase of advanced
machinery and computer hardware specifically purchased to implement new
or significantly improved products or processes, the purchase of rights to
use, patents and non-patented inventions, licenses, know-how, trademarks
and software, internal or externa training activities for firm's personne
aimed at the development or introduction of innovations, and interna and
externa marketing innovations aimed at the market introduction of new or
significantly improved products.

The indicators of the European Innovation Scoreboard summarise the main

elements of innovation performance;

e Innovation drivers - number science and engineering graduates per 1000
population aged 20-29; population with tertiary education per 100
population aged 25-64; broadband penetration rate (number of broadband
lines per 100 population); participation in life-long learning per 100
population aged 25-64; youth education attainment level (% of population
aged 20-24 having completed at least upper secondary education).

o Knowledge creation - public research and development expenditures (%
of GDP); business research and development expenditures (% of GDP);
share of medium-high-tech and high-tech research and development (%
of manufacturing research and development expenditures); share of
enterprises receiving public funding for innovation.

¢ Innovation and entrepreneurship - SMEs innovating in-house (% of al
SMES); innovative SMEs co-operating with others (% of al SMES);
innovation expenditures (% of total turnover); early-stage venture capital
(% of GDP); ICT expenditures (% of GDP); SMEs using organisational
innovation (% of all SMEs).

o Applications - employment in high-tech services (% of total workforce);
exports of high technology products as a share of total exports; sales of
new-to-market products (% of total turnover); sales of new-to-firm
products (% of total turnover); employment in medium-high and high-
tech manufacturing (% of total workforce).

o Intellectual property — number of patents applied for at the European
Patent Office per million population; number of patents granted by the
US Patent and Trademark Office per million population; number of triad
patents (a patent is a triad patent if, and only if, it isfiled at the European
Patent Office, the Japanese Patent Office and is granted by the US Patent
& Trademark Office per million population; new community trademarks
per million population; new community designs per million population.

171



60000

European_ Unio
2

S 50000 - Slovenia
:,5_, Slovakia 4
£ 40000 2 S Hungary ¢ Czech Republic
< S e @ Estonia
z Letonia * Lithuania
S 30000 - P
S Romania
é 20000 A * 'S .
a Republic of Bulgaria
1<) Moldova
< 10000 A
S [ |

0 T T T T

0,00 0,10 0,20 0,30 0,40 0,50

Summary Innovation Index

Figure1 Dependencelabor productivity GDP in Purchasing Power Standards (PPS) and
Summary I nnovation I ndex

In modern conditions for Republic of Moldova of an innovation become the
factor, capable it is essentia to influence formation of national
competitiveness. High-grade use of innovations for nationa development is
possible only under condition of the purposeful innovative policy spent on
the state level. This problem is especially actual for Republic of Moldova
possessing in innovative potential which is used obvioudy insufficiently, in
particular, in connection with absence of an adequate national innovative
policy. National competitiveness is the main indicator reflecting sate of the
economy of the country and prospect of its economic development. In
modern conditions of the accelerated development of scientific and
technical revolution and large-scale trans boundary moving of the capital,
globalization of the markets and manufactures competitiveness of the
goods, the enterprises and the countries all isin a greater degree defined by
ability of nationa economy to generate and introduce new technol ogies.

COMPETITIVENESS, CLUSTERS AND
INNOVATION IN REPUBLIC OF MOLDOVA
Corneliu Gutu,

Ph.D., Senior Scientific Researcher,

Academy of Economic Studies of Moldova,
fax: (+373) 22 221968; E-mail: anticamera@ase.md

Regional clusters, the geographic concentration of economic activities in a
specific field connected through different types of linkages, from

172



knowledge spill-overs to the use of a common labour market, are
increasingly viewed as an interesting conceptual tool to understand the
economic strength or competitiveness of a region. In recent years, this view
has also motivated more and more policy makers and economic
development practitioners to turn to cluster-based concept as new tools to
strengthen regiona economies.

While clusters are part of regional economies in countries across the globe
and at all stages of economic development, there are indications that they
might be particular important for understanding and addressing the
economic challenges that Europe is facing. Many Europeans are concerned
that their prosperity, productivity, and innovation levels fail to keep pace
with the United States and increasingly with competitors from other parts of
the world like Asia. While the overall levels of skills, infrastructure, and
institutional capacity in Europe seem to be on par or even better than
elsewhere in the world, many researchers have identified rules and
regulations that hamper flexibility, for example on the labour market, or
reduce incentives, for example through high tax rates, as potential reasons
for the European performance gap. The recent work on clusters and
competitiveness suggests that differences in regional specialization patterns
across cluster categories could be an additional, potentially very powerful
driver of this gap. Regional clusters enable companies to reach higher levels
of productivity and be more innovative — this is what the available research
indicates. If European regions suffer from weaker regional clusters and
cluster portfolios than their peers e sawhere in the world, this might be an
important factor keeping them behind in global competition.

Clugters, i.e. geographicaly co-located end producers, suppliers, services
providers, research laboratories, educational inditutions, and other
ingtitutions in a given economic field, are important drivers of
dynamicregional economies. Recent trends in management, such as the
focus on core activitiescompetencies and the move towards open
innovation have increased companies reliance on partners in close
proximity.

Cluster and the broader patterns of economic specialization across
geographies have become an important concern for European policy
makers. Europe tends to rank high on the quality of ingtitutions and many
factor conditions, but low on its ability to mobilize these inputs through
entrepreneurship, new firm formation and corporate renewal. Europe also
tends to rank high on R&D spending and scientific capacity but low on its
ability to turn research into economically valuable innovations.

Another motivation is the impact of globalization on the nature of
competition between regions. Falling transport and communication costs
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and the reduction of trade barriers have exposed larger segments of regional
economies to global competition. Improvements in business environments
and company practices in many parts of the world, too, have increased
competitive pressure. With an increasing number of locations providing
attractive conditions for investments, regions in Europe (as in other parts of
the world) need to define the unique value they are offering to companies
looking to locate business activities. Clusters have the potentia to be a key
dimension of a region’s value proposition: Healthy clusters provide higher
value for companies that are active in the economic fields in which they
operate. And, through aregion’s portfolio of clusters, they provide a unique
mix of skills and capabilities that are in its entirety very hard to match by
competing locations. As ardatively young field of systematic research, the
andysis of clusters and cluster-based policies il suffers from a significant
amount of confusion related to the use of key terms, uses a number of such
terms that are defined below:

» Cluster categories: Cluster categories are defined as lists of specific
industries that empirically tend to co-locate. In thisreport, we operationdize
this notion through the definition of 38 cluster categories, based on the
cluster category definitions developed at the Ingtitute for Strategy and
Competitiveness, Harvard Business Schoal.

* Cluster sector: The cluster sector includes all industries assigned to any of
the 38 cludter categories defined above. We use this term to differentiate
employment in this sector of an economy from local industries or other
economic activities.

* Regions: The region is the specific geographic area in which the different
types of externalities that give rise to the development of clusters are strong
enough to materially affect the location of economic activities.

» Regional cluster: Michael Porter defines cluster as “geographically co-
located end producers, suppliers, services providers, research laboratories,
educational ingtitutions, and other ingtitutions in a given economic field”. In
this report, we operationalize this notion as the presence of a cluster
category within a specific region.

* Cluster initiatives: Cluster initiatives are defined in the Cluster Initiative
Greenbook as “ organized efforts to increase the growth and competitiveness
of a cluster within aregion, involving cluster firms, government, and/or the
research community”. In this report, we do not make the existence of a
cluster initiative a precondition for calling the presence of co-located
economic activities within aregion a clugter.

A cluster of research ingtitutions of a large company and/or state research
ingtitute within an existing technopark can serve as an example of a
regionalized national innovation system. As arule, such organizations are
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located not far from technological colleges and laboratories or maintain
limited links with local manufacturing companies. On the whole,
technoparks are characterized by a low level of innovation interaction of
enterprises-participants, which explains the negligible scale of local
learning and engagement of external enterprises in the implementation of
individual projects of the basis of a sub-contractual system. But at the same
time, owing to the establishment of informal partnership relations among
economic subjects, the interrelationship in the research institute-enterprise-
state agency triangleis more stable in the clugters.

The innovation systems of the clusters are very inefficient because of the
lack of funding of research and development both by private companies
and, especially, the government; the venture mechanism of support
programs of innovation development is underdevel oped; and the interaction
of the private and state sectors in the implementation of promising scientific
and technological projectsisinadequate. It provides for the establishment of
«focal regions» (poles, prime movers of growth), in which are concentrated
financial, administrative, managerial, human and other resources to be used
for the subsequent invigoration of innovation activity in other regions. In
Republic of Moldova, in our opinion, among the promising territories for
setting up «focal regions» are the leading regions of Chisinau and Balti
who have enormous experience and traditions as well as a powerful
resource base for the development of high-tech sectorsand arein aposition
to set up highly efficient regional innovation systems.

The level of the development of clusters depends very much on the
efficiency of a regional innovation system, namely: the availability of a
developed mechanism for technologies transfer, an efficient innovation
infrastructure and ingtitutional gructure, as well as the establishment of
informal partnership relations between economic entities to promote the
diffusion of new knowledge. It is precisaly the devel opment of a clusters as
a powerful catalyst of local innovation activity that is a necessary
precondition for raising the international competitiveness of a region under
the conditions of knowledge economy creation.

3HAYEHME U3YYEHUSA MEXAHUKH ITPU
MOJATOTOBKE B BBICHIEN INKOJIE
CIIEHUAJIMCTOB 110 3JIEKTPOHUKE

Poiizman B.IT.*, Yonoeckuii P.I'Y, opowiko A.B.*, Bozopou A. T? By6ynuc A3
Y Xmenvnuykuit nayuonansuulii yHugepcumem, 2. XmenvHuyKuil,
(380-382-728743), roizman@mailhub.tup.km.ua
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2 N N
Hayuonanvnorit mexnuueckuii ynusepcumem KIIHU, 2. Kuee
3 . N
Kaynacckuii mexunonozuueckuii ynusepcumem, 2. Kaynac, JIumea

[Tpu 0OyueHnu CTYJIEHTOB HE ciieyeT 3a0bIBaTh, YTO MBI TOTOBUM HE
TOJBKO CHELUATUCTOB CErOJHSIIIHErO JHS, HO M CHENUAIUCTOB, KOTOPHIM
npuzieTcs padoTaTh M PYKOBOAWTH NMPOM3BOJCTBOM B CEPEAWHE BTOPOM
nonoBrHbl XX| Beka, Korga Hayka M TEXHHKa DPa3OBBIOTCS JIO TaKOH
CTEIeHH, YTO ceilvac Jaxe TPYAHO NPECTaBUTD.

B o9tmx ycnoBusX HEOOXOOMMBI IIHUPOKO  ITOJTrOTOBIICHHBIE
CHELUATNCThI,  BIajelolMe  IJIyOOKMMM  3HaHMSIMM B 00JacTu
(yHIAaMEHTaNbHBIX M  OOUIEWH)KEHEPHBIX  JUCHUIUIMH, W00  OHH
mpuOOpETalOT  CHOCOOHOCTh  OCBAaWBaTh HOBBIC  CIICIUAIBHOCTH B
CPaBHHUTEIBHO KOPOTKME CPOKM W  OpPHEHTHUPOBAThCS BO  BHOBB
BO3HMKAIOIIMX HANpaBJICHUSX HAayKW W TEXHUKH. OJTa MOOMIBHOCTh
peanuszyercsi HE TOJBKO B pabore (QyHIAMEHTAJIbHO IOATOTOBICHHOTO
crienuanucTa, Ho M B pabore camoro BVY3a, mnpusBanHOrO OBICTPO
pearupoBaTh Ha W3MEHEHHS! B O0JACTH HAayKH, TEXHUKHM M BCEro Hallero
XU3HEHHOTO YKJIaJa.

B nanHoM nokiaze Ha TNpUMepe IOATOTOBKH CIIEHHAJIMCTOB MO
JJIEKTPOHHUKE MOKAa3aHO K YeMY IPHBOJUT NpPEHEOpEeKEHHE H3yuYeHHEM
LUKJIa OOIIEHMH)KEHEPHBIX JUCHUIUIMH, OTHOCSIIMXCS K MEXaHUKe, B
YaCTHOCTH K MPOYHOCTH, a TaKXKe COJEpKaTcs NPEIOKEHHUsS, YKe
peanu3oBaHHBIE B XMEJIHHUIIKOM HAI[MOHAIBHOM YHHBEPCUTETE, IO
HCMPaBJICHUIO CO3JaBIIErOCs MOJI0KEHUS.

Mexanunueckue Bo3aeiicTBusa Be3EIBAIOT 0T 30 mo 50%, a B aBuanuu
10 80% Bcex OTKAa30B U3JENUM ANEKTPOHHONM TEXHUKH, YXYAIAlOT
TOYHOCTB U APYTUe MapaMeTphl almapaTyphl.

OTH OTKa3bl BBI3BaHBl HE TOJHKO HECOBEPIIEHCTBOM TEXHOJOTUHU
W3rOTOBJICHUS] HA CEPUHHBIX 3aBOJAaX, HO M OMIMOKaMH pa3padOTYMKOB, HE
YIENSABIIMX JOJDKHOTO BHHUMAHHUS BOIPOCAM MEXaHWYECKOH IPOYHOCTH
C03/1aBa€MbIX KOHCTPYKIUIL.

Boprba ¢ »trMu apedexramu okazajach 3aTpPyJHHUTEIBHON IS
CHELHUATMCTOB MO JJIEKTPOHHUKE, HE M3YYaBIIMX WIIM MaJl0 W3y4aBIIMX B
BVY3ax wMexannky. Mexnay TeM IleHa TaKMX OTKa30B ObIBaeT OYEHb
BbICOKOW. Tak, paspymeHue pesucropa crouMocteo B 0,5 momnapa,
nipusesnio B CHIA k rubenu pakersl cTOMMOCTBIO 140 MHJITHOHOB JI0JJIapOB.
INonomka BbIBOAA OAHOM M3 Hemoporux MukpocxeMm npusena B CCCP x
TIOTepe CBSI3M C OINYILIEHHBIM Ha BeHepy W paboTaBIIMM TaM anmapaToMm.
MOXHO TIPUBECTH M JpYyrHe NpUMepHl, KOrja M3-3a OTKa30B 3JIEKTPOHHOMH
TEXHUKH TO MPHUYHMHE PAa3pyHICHHS HEJOPOroro >JeMEHTa MPOUCXOIMIN
KaTacTpo(bl WM aBapHy CaMOJIETOB, CY[OB, aTOMHBIX SJIEKTPOCTAHIUI U
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JIPYrUX ~ OOBEKTOB, HACHIIIEHHBIX  COBPEMEHHBIMH  JIJIEKTPOHHBIMHU
cucreMamu. [Ipu 3TOM ymiepd HCUMCISUICS MWUIMOHAMHU JOJUIApOB, HE
TOBOPS YK€ O UeJIOBEUECKHUX KEePTBAX.

OT0 TpeOyeT OT CIIENHUANNCTOB 110 PAJANOIEKTPOHUKE 3HAHHS OCHOB
MEXaHUKH U1 IPaBUIBHOIO MPOEKTUPOBAHUS U UCHBITAHUS, CO3AaBAEMBIX
KOHCTPYKLIMHM,  yMEHHUs] HWCCIEeNOBaThb IPOYHOCTHBIE  Ae(EeKTHl U
BbIpa0aThIBaTh PEKOMEHJAIMHU JUIS WX ycTpaHeHus. K coxaieHuio, B
PaaAMO3IEKTPOHUKE 10 CUX MOp, B OTIMYUE OT APYTUX OTpaciedl TEeXHUKH,
He cymecTByeT «HopM npouHocTH Ha W3A€NHs AIIEKTPOHHON TEXHHUKH», B
KOTOpBIX OBUIM OBl COCPEIOTOYEHBI OCHOBHBIE TPEOOBaHUSI K MPOYHOCTH
CO3/1aBaE€MBbIX M3JIENIUI U MpaBUiIa IPETBOPEHUS UX B XKHU3Hb.

Ha npaktuke 9acTto NpuxoauTcs CTAIKUBATHCS C HETPAMOTHOCTBIO
HMH)KEHEPOB-PaIMOVIEKTPOHIINKOB B BONpocax MexaHuku. Hampumep,
HEKOTOpbIe MaTepualibl, NMPUMEHSIEMbIE B 3JIEKTPOHHUKE, UMEIOT pazopoc
(PU3MKO-MEXaHUIECKUX XapaKTEepUCTHUK, Aoxoasumid 10 500% mporus 10%
B OOIIEM MamIMHOCTPOEHHWH, KOHCTPYKIMH MPOCTBIX YCTPOMCTB 4YacTo
BBITMIOJIHEHBl CTAaTHMYECKH HEOIpeIeNnMa, H3-32 Yero B HHUX BO3HUKAIOT
OonbIlIie MOHT@)XKHBIE M TEMIEpaTypHbIE HAaNpsDKEHUs, KOHCTPYKLUH
KPETIe)KHBIX TPUCITOCOOJICHUH TS UCTIBITaHMSI Ha BUOPALIMIO U yAap U CaMu
WCIIBITAHUS TIPOBOJIIT O€3 ydeTa pe30HaHCHBIX COCTOSHUM U T.JI.

Ha ocnoBanmu 30-meTHero omelTa 1O MCCIEIOBAHHUIO U
YCTpaHEHUIO NPOYHOCTHBIX Je(PEKTOB HATYPHBIX H3JEIUI 3JIEKTPOHHOU
TEXHUKH WIM HX OTKAa30B U3-3a MEXaHWYECKHX BO3ICUCTBUI B
XMENbHUIIKOM HAllMOHAJIbHOM YHHMBEPCHUTETE COCTAaBJIEHA Iporpamma
Kypca «3ammra JJIEKTPOHHOTO OOOpYAOBaHMS OT MEXaHWYECKHX
BO3JICUCTBUID, KOTOPBIi n3JIaraercs CTyJeHTaM ¢axynbTeTa
PaZMOdIIEKTPOHUKNA TIOCHE H3YYEHHS HMMH IHKIa OOIIEMH)KEHEPHBIX
JCIUIUIMH o/ o0IMM Ha3BaHMeM «lIpukiagHas MexaHHKay, B KOTOPBIHA
BXOJIUT U KypC CONPOTHUBJIEHHS MaTepuanoB 1o 80 4acoBoil mporpamme.
Hwxe npuBoauTcs HaMEHOBAHUE TEM, U3y4aeMBIX 110 3TON NpOrpaMMe..

1.TIpobiemMa TIPOYHOCTH PAJMOIIEKTPOHHOW ammapatypel (PDA).
Knaccudukarnms BHEmHMX BO3AEHCTBHH M MX o0mias oneHka. OCHOBHbIE
BU/IbI TPOYHOCTHBIX A€(EKTOB JIEMEHTOB U KOHCTPYKIMi PDA.

2.TlonsATHE 00 yCTaJIOCTHOW MPOYHOCTH JIEMEHTOB U KOHCTPYKIMi PDA.
KpuBass Bennepa. Ilpenen ycramoctu. @DaxTopbl, BIUSIONIME Ha
YCTaJIOCTHYIO IPOYHOCTb. ManonMKIIOBas yCTaloCTh.

3.Pacyersl Ha NPOYHOCTH KOMIIAYHJAMPOBAHHBIX 3JIeMEHTOB PDA wu
repMOY3JIOB C IPOXOAHBIMU BEIBOJaMH. BnusHue Ttepmoynapa. BeiBog
YpaBHEHMI PaBHOBECHS. DMIOPHI paclpeesieHHs] HAIpsHKEHUN B JeTalsaX U
repMeTrke. MeponpHsTust 10 00ECIEeYeHHI0 POYHOCTH M T€PMETHYHOCTH
KOMIayHIUPOBAaHHBIX u3aenuil POA.
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4.PacueTsl TEpMOBBIBOJIOB M CTEKJIOCIaeB. AHANNW3 HaNpsSDKEHHH B
repMoBbIBofax. PopMyibl uIs  paguaibHOW gedopMany  U30IATOpaA,
Harpy>KeHHOTO BHYTPEHHHM U BHEIIHUM JaBiieHueM. CBsI3b MEX]ly HaTsATOM
Y KOHTaKTHBIM JJaBJIEHUEM B T€PMOBBIBOJIAX U CTEKIIOCTIASX.

5./lnHaMuyeckas NpoYHOCTh 31eMeHToB POA. OcHOBHBIE TpeOOBaHUS K
KOHCTpYKIUsIM PDA, SKCIITyaTHpyeMBbIM B YCIIOBHSX BHOpaIWi U yAapoB.

6.CBoOoHBIE KONMEOaHus aneMeHToB POA ¢ omHOl cTeneHblo cBOOOIbI.
CBoOoaHble KosebaHus ¢ yueroMm aemndupoBanusi u 0e3. CoOcTBeHHbIE
4yacToThl KosebaHuid. Pesonanc. JlnHamMnueckuii koaduipent.

7.BeIHYXJeHHBIE KOnebaHus »dieMeHTOB PDA ¢ opHOW cremneHbio
CBOOOJIBIL.

8.Konebanust snmemeHTOoB PDA C HECKONBKMMHU CTETIEHSMH CBOOOIBI.
Pacuer kackamHOi KOHCTpyKImu Onoka PDOA. Pacuer OnodHoi
KOHCTPYKUMH. J[MHAMUYeCKHU TracHTeh KojleOaHHH.

9.Bubposzammra POA. BubOpousonstopsl u TpeOOBaHUS K HHUM.
KoHcTpykimn BUOpOM30NISTOPOB. Y CIOBUS Pa3ieIbHOrO MOHTaXa.

10. Hepaspymarommii KOHTPOJb TNpouyHOCTH POA. Meronsl wu
CpeicTBa  HEpa3pylIAIoIIero  KOHTPOJIS, JIMaTHOCTUPOBAHUS |
TIPOTHO3UPOBAHMS MIPOYHOCTH POA. Ucnonb3oBanue SIBJIEHUSA
aKyCTHYECKOM AIMHUCCHH Il KOHTPOJISI IPOYHOCTH.

Kpome utenus JeKiuii U NpOBEICHUs NMPAKTUYECKUX PacyeToB B
porpaMme MIpEAyCMaTPUBAETCS MIPOBEJICHUE CIEQYIOIINX 14
Ja0OpaTOPHBIX PadoT:

1. OnpeneneHne MeXaHHMYECKUX XapaKTEPUCTUK PaJdOTEXHUYECKUX
MaTepHaoB (crais, AJFOMUHUEBBIE CIUIaBHI, Meib,
CTEKJIIOTEKCTOJIHT, KOMITAYH/IbI U T.11.)

2. V3mepeHue craTH4ecKux aedopmMaruii aneMeHToB POA.

3. Ormpenenenne TeMnepaTypHbIX HaNpsDKEHUH B aJeMeHTax POA.

4. Ormpenenenue AUHAMHYECKUX aedopManii M HaNpsDKEHUH B
anemenTax POA npu BuOpamusix.

5. Hcneitanue Ha yaap aneMeHToB POA.

6. MUccnenoanue GopM KoneOaHUM MIEUATHBIX TUIAT.

7. MWccnenoBanue paboThl JWHAMUYECKOTO TacUTeNsl KojeOaHui
6moka POA.

8. V3yueHue siBIeHUS pe30HaHCa.

9. Onpenencaue kodhdUIMIEHTa Tepeadyd BHOpAIUii ¢ Omop Ha
ruiathl Onoka POA.

10. HccnenoBaHue CBSI3HOCTH KojieOaHHH B KOHCTPYKIMSIX POA.

11. HccnenoBanne 3((HEeKTUBHOCTH yMEHBUICHHS BHOPOHArPY30K
9JIEMEHTHOH 6a3bl PDA THIIOBBIMH aMOPTH3aTOPaMH.

12. VcnbiTaHue Ha yCTAJIOCTh PAANOTEXHUIECKUX MaTEpHalIOB.
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13. OcHoBHble MeToAbl  3ammTel POA  OT  AMHAMHYECKHX
BO3JICHCTBUIA.

14. Meronsl ~ HepaspylIalomIEro  KOHTPOJIS  PaJAnOdIIEMEHTOB
(KOHJIEHCATOPOB, PE3UCTOPOB U T.II.) U KOHCTpYKIuii POA.
[Tonaraem, urto B HekoTopblx BY3ax mnemecooOpa3sHO OTKpHITH

CHeLUUaIbHOCTh «JlMHAMUKAa M TPOYHOCTb W3AENUH PaJMOIEKTPOHHON
TEXHHUKI.
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IMPOBJIEMbBI TECTUPOBAHMUSA

B.I1. Pousman, P.I'. Yonosckuti
Xmenvnuyxuii Hayuonanvbhulil yHugepcumem, Yxpauna

TeCTI/IpOBaHI/Ie — LCJICHAIIPABJICHHOC, OJWHAKOBOC I BCEX
HCHBITYCMbBIX O6CJ'IeI[OBaHI/Ie, IpoBOAMMOE B CTPOro KOHTPOJIHUPYEMBIX
YCJI10BUSAX, IIO3BOJIAIOIICE 00BEKTHBHO HU3MEPATH HN3y4acMbIC

XapaKTEePUCTUKH IeIarOrMYECKOro Mporecca.

[lepBbie TecThl /It OOBEKTHMBHOI'O KOHTPOJISI 3HAHWM, YyMEHHH M
HABHIKOB TMOSBWINCE B Havase XX Beka. OHH OBICTPO 3aBOEBaIA
MOMYJISIPHOCTh CPeNiU MpenojiaBaresieil By3oB u mkon B Aurauu u CIIA, a
no3xe B Poccuu u CCCP. Tlpumepno ¢ storo Bpemenu ux crainu B CLIA
Ha3plBaTh  NEJArOrMYeCKUMH.  VIMEHHO 9T TeCThl  BBI3BIBAIN
HAaCTOPO)KEHHOE K cebe OTHOLIEHWE Yy CTOPOHHHMKOB TPaJUIHOHHON,
"qucToii", 6e3 TecTOB, MeAarornuecKoil HayKN M MPaKTHKH.

B CCCP nmpaktuka  TECTMPOBAHUS  XapaKTepU30Bajach
CephE3HBIMU MPOTUBOPEUYMSIMH: IO MEpPE POCTa YMCIIa TECTOB M TECTOBBIX
HCCIIEIOBAaHUH MMEIM MECTO TIONBITKH TOPMOXKEHHs M Jake 3ampera. B
1936 roxy 6bu10 npunsaTo [locranoBnenne Cosera Hapoausix Komuccapos
nox HazBaHueM "O  IENOJOTMYECKHX  M3BpAIEHUSIX B  CHCTEME
HapxomnpoccoB", 4To Ha I0AT0e BpeMs IIOMEMIANIO MOIBITKAM pa3padoTKu
Y TIPUMCHEHUSI TECTOBBIX METOJIOB B cepe oOpa3oBanus, mpodordopa u
npodopueHTanuy. B medaTy mosiBHIICS psil MyOIHKALUMA, B KOTOPBIX TECTHI
OTBeprajuch. XOTd B TPUALATHIX rojlax MpakTHueckas padora Mo tecram
3aTOPMO3MJIAch, HAYYHOE M3y4YEeHHUE JIEHCTBUTENLHBIX BO3MOXHOCTEN STOT0
MeToJa B Hallel CTpaHe ITOJHOCTBIO HE TNpeKpamaiock. YacTb TecToB
TIPUMEHSIIACH T10J] BUIOM KOHTPOJIBHBIX 33aHHH, UCTIBITAHWUH; 1 HA000pOT,
pa3iMYHBIE WCHBITAaHUS HEPEeNKO Ha3bBAINCH TectamH. OduimaibHO
3aIrpeT Ha MPUMEHEHHE TECTOB TaK U He ObLT oTMeHeH. Ero ormenuna cama
KH3HB.

B CIIA npoTuB HUCHOJB30BaHUS TECTOB BBICTYHAIH
MPEJCTaBUTEIM OCHOBHBIX TPYI HACEJIEHUS - B3POCIBIE H
netH, Oenbie W Herphbl, pabodyue U YIpaBICHUYCCKHUIA ITEPCOHAT,
a TakkKe TMPEICTaBUTENHM HAIMOHAJIBHBIX  MEHBIIUHCTB.
HccnenoBanus 1o COIMAIBHBIM MOCTEICTBUSAM TECTUPOBAHUS
BBUSICHWIM, 4YTO 37% ONpOIIEHHBIX BO3paXkadd MPOTUB
WCIOJIb30BaHUS TECTOB MPHU TMOCTYIUIEHUU Ha padoty, 50% -
MIPU TIPOJBIKEHHUH TIO CiTyx0e, 25% - MPOTHUB MCIIOJIL30BAHUS
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TECTOB B IIKOJIC. CJIy‘-IaI/I HapyIICHUA 3TUKH B UCIIOJIb30BAHUHN
TECTOB OKa3aJIUCh CTOJIb 3JIO6OZ[H€BHBIMI/I, YTO MMHU BBIHYXXIACH
ObUI  3aHATBCS  KOHTPECC, YCTPOUBIIMK  CIIEIUAIbHBIC
CIlyIIaHWsS TO 3TOMYy JAely. B pesymbraTe OBUIO TPHUHATO
pelieHne, oCy)KIaroliee HeITHYHOE UCIOIb30BaHNe TeCTOB. B
aBrycte 1966r. B cenare CIIIA o0cyxnanoch mpemioKeHue o
MOJIHOM 3alpEeIIeHUH TECTOB, HO 3TO IMpeUIoKEeHUE He ObLIOo

MOIIEP>KaHO OOJIBITMHCTBOM.

®akruueckn B CHIA kpuTHKa TECTOB HE NpeKpallaiach HUKOT/a,
TakK xe, Kak paboTa HaJ MX YCOBEPIICHCTBOBAHUEM U MPUMEHEHUEM. XOTS,
MPAKTHKA, KaK 3TO YacTO ObIBACT, ONepekalia TeOPUI0. MacCOBBIC TECTOBBIC
oOcieIoBaHUsI HE TOJKPCIUBUTUCh CEPhEe3HOM MPOBEpPKOM KadecTBa
WHCTPYMEHTAPHS, PEHICHUS O MEPEBOJIC HEKOTOPBIX YUAIIMXCS B KJIACCHI
JUTSL YMCTBEHHO OTCTAJIBIX JICTeH MPUHUMAIIUCh HA OCHOBE HECOBEPIICHHBIX
TECTOB, 0e3 ydera JApyrux (haKkTOPOB, BIHUSAIONINX HA PE3YJIbTAT MPOBepKu. B
MPOMBINIJICHHOCTH Ha OCHOBE TaKUX JKE€ TECTOB JICNAJNUCHh IOMBITKA
KmaccuuKay  pabOTHUKOB 1O  pa3iUuHBIM  mpodeccusM,  Oe3
BHUMATEIHHOTO yYeTa JIMYHBIX CKIIOHHOCTEH W UHTEPECOB.

TecThl MPUMEHSUTUCH B JBYX OCHOBHBIX cpepax: B 00pa30BaHHUU U
B chepe mnpodordéopa-npodopueHTaMA. 3aTPOHYTHIE TECTAMH CTOJIb
BaXHBIE c(epbl JXKM3HM M TPSIMOE BIUSHHE pPE3YJIbTATOB TECTOBOTO
KOHTPOJISI Ha CyAh0bl MHJUIMOHOB JIOACH MOPOJWIN IMUPOKYI0 TaMMy
MHEHHI B TIOJNIB3y W TMPOTUB TECTOB. BONBIION 3HTY3HMa3M TeX, KTO HX
MPUMEHSJI, U HE MCHBIIMUA MECCUMU3M TEX, KTO BHUJIET HECOBEPIICHCTBO
3TOrO METOJla WM TOCTpajal B pe3ylbTare €ro HenpaBUIbLHOIO
HCIOJIb30BaHUs, MOPOJWIN BO MHOTUX CTpaHax, B ToM uucie u B CCCP,
MMUCbMa B MPAaBUTCIBCTBEHHBIC OPTaHBI M B Ta3€Thl ¢ TPEOOBAHUEM 3alpera
TECTOB.

Oco0oe pacrpocTpaHeHHE TECTHUPOBAHUE B YKpawWHE MOIYYHIIO B
CBS3M C TIEPEXOJOM Ha KPEAUTHO-TPAHCPEPHYIO CHUCTEMY OOpa3OBaHUS.
Crapast coBeTckas cucTeMa OOpa30BaHUS YK€ HENCeCIOCOOHa, a HOBOU
¢daktuuecku HeT. HaOmromaercss IMOBCEMECTHOE CHHXKCHHE —YPOBHS
TTOJITOTOBKU MOJIOZBIX CICIIHATHCTOB.,

MaccoBoe HCIOIB30BAHUE TECTHPOBAHUS B aAMCPUKAHCKUX H
3aIaTHO-eBPOIECHCKIX By3aX HAIpaBICHO B TMEPBYI OdYepeah Ha
MOJITOTOBKY Y3KOMPO(MILHOI'O CHEIUAINCTa C OINpEIeICHHBIM HabopoM
3HaHui. [Ipy 3TOM 3a4acTyr0 MpPU 3alOMUHAHUU OTPOMHOTO KOJWYECTBA
WH(POPMAIIUY, CTYJCHTHI IEMOHCTPUPYIOT TIOJTHOS HETOHUMAaHHE TIPe/IMETa.

OyHKIMST yHUBEPCUTETa HE B TOM, YTOOBI JaTh  y3KO
poQeCCHOHATBHBIC 3HAHUS. JTO 3a7adya MPO(TEXYUMIHI, TEXHHYSCKUX
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BY30B, KOTOpBIE TOTOBSIT, Hampumep, NPOQWIBHBIX  HHXEHEPOB.
YHHUBEpCUTETHl JIOJDKHBI J[aBaTh (yHJAMEHTAJIbHBIE 3HaHHS, KOTOpHIE
MO3BOJISIFOT YEJIOBEKY JIerue BOCIIPUHUMATh BCE HOBOBBE/IEHUS, IOTOMY UTO
OH T'OTOB K UX BOCIIPHSTHIO.

B crnoxuBmeiicss cutyanuu Obuto OBl HENMPAaBHIIBHO — OTPHLATH
3¢ PEKTUBHOCTH TIPUMEHEHUS TECTOB JIJISI ONPEIETICHHBIX YaCTHBIX IeJIel, B
KOHKPETHBIX CHUTYallMsiX, HamlpHMep, Ul KOHTPOJS M CTUMYJINPOBAHUS
CHCTEMAaTHYECKOM M paBHOMEPHOHW pabOThI CTYIAECHTOB Haj JIEKIIMOHHBIM
MaTepHaJioM B TeYeHHWEe Yy4eOHOro roja, /I 3allOMHHAHUS U
0€30r0BOPOYHOI0 MPUHSTHUS NPaBHi, GOpMYJI, OJIOKEHUH, HE TPEOYIOIIHX
OT y4alllerocst UX aHajau3a U KPUTUKU.

Hamu Obul mpoBeleH SKCMEPUMEHT MO TMpHEMY y CTYICHTOB
9K3aMEHOB I10 CONPOTHUBIIEHUIO MaTepuasioB B 10 ydaeOHBIX Tpynmax 1o 25-
30 4enoBex B KaxJIOM.

BHravane nmpoBoAMIICS TECTOBBINA KOHTPOJIb 3HAHUH CTYIEHTOB IO
KapTO4YKaM KOMIIBIOTEPHOI'O TECTOBOTO KOHTPOJS, COAEpKalumM 6
BONPOCOB U 4 3a/1auM, a MOCJI€ BBICTABIEHUS OLIEHOK TPU MpenojaBaTess B
(opme Oecepl ONpaIIMBalI CTYACHTOB IO MaTepuairy 3THX JK€ KapToueK U
BBICTaBIISUIN  CBOM  HEOOs3aTeNbHbIE OLEHKH. B memoM, OIeHKH
IpernojaBaTeNel OKa3ajJuch 3HAUUTENIBHO HUKE, Y€M NPH KOMIIBIOTEPHOM
TeCTOBOM KoHTpone. IlpenogaBaTenn OTMETWIM IOBEPXHOCTHOCTH
YCBOCHHUSI MaTepHasa, B YaCTHOCTH TOT (paKT, YTO HEKOTOPHIE CTYJIEHTHI,
MOJTYYUBIINE MPU TECTOBOM KOHTPOJIE XOpOLIUE OLEHKH, C TPYAOM
MIPOU3HOCWIN HIMPOKO PACHpPOCTPAHEHHBIE COMPOMATOBCKHE TEPMUHBI U
IUI0XO OOBSACHSIIN WU HE 3HAJIM PEelleHHe 3a4ay.

Ha mam B3rmsin Ui NpakTHYeCKOro NPUMEHEHUS B ydeOHBIX
3aBEICHUAX  TECTUPOBAaHMA,  LEJIeCOO0pa3’HO  Pa3yMHO  COYETaThb
JIOCTOUHCTBA TECTOBOTO METOa KOHTPOJIL 3HAHUH ¢ cobecenoBaHUEM AT
pPacKkpbITHs ~ TIyOWHBI ~ TOHMMAaHWS, TBOPYECKOT0  TOTEHIMANa,
COO0Opa3UTENBbHOCTH, CKJaJa yMa, PAcKpbITHS M CTUMYJIHPOBAHUS BCEX
TIOJIOKUTEJIBHBIX Ka4eCTB 00y4aeMoro.

Ha Konrpecce amMmepukaHckux ryoepHaTopoB BeicTynan bun eiin
— caMblif OoraThlii M yCTIEIIHBIN YeIOBeK MHpa, KOTOPBIHA CKasal BIPSIMYIO,
YTO CErOfHSl aMEPUKAHCKas IIKOJIA ITePEeXUBAET MOIIHBIH KPHU3HC, YTO OHA
oIrycTHach 10 ypoBHS KoHIa XI|X Beka, MOTOMY YTO BBITYCKHHUKH HE
YMEIOT MBICIIUTh, HE YMEIOT CONOCTaBJIATh (PaKkThl, B KOHEYHOM HTOTE OHU
HE yMEWT CcO3JaBaTb  HUHTEJJIEKTYaJbHBI  NPOAYKT,  IMO3TOMY
aMEPHUKAHCKYIO HIKOJY JKJIET Kpax.
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OYHIAMEHTAJIIBALIA AK ITPIOPUTETHA
CKIIAIOBA IH)KEHJEPHOi OCBITH B YMOBAX
OCBITHbOI €EBPOIHTEI PAIIIL

baxmina I'anuna Ilempiena
Hayionanonuit mexuiunuii ynisepcumem Yxpainu « Kuiecokuil norimexuivnui incmumympy,
Haykoeo-memoouunuti yenmp cucmemno2o ananizy i cmamucmuku HTVY « KTy,
03056, m. Kuis, Yxpaina, npocn. llepemoeu, 37, kopnyc 1, kimnama 304
Ten./¢paxc: +38 (044) 454-9923
E-mail: bakhtina_galina@mail.ru

B nam wac B yceoMmy CBIiTI Mae Micue 3pocraroua mHoTpeba B
IpaMOTHUX IH)KEHepaxX; Je(ilMT CHemialicTiB B Taly3l BHCOKHX
TEXHOJIOT1H; HeoOXiAHICTh (POPMYBaHHS B CUCTEMi OCBITHM HOBOI TeHeparii
npodecioHasiB CBITOBOTO PiBHS B rairy3i iHXeHepil, sIKi 37aTHI peai3yBaTu
CTIHKMI Ta JAWHAMIYHMH PO3BHTOK KOHKYPEHTOCIPOMOXHOI peasbHOI
€KOHOMIKH Ta MPOPHB B Pi3HUX 00JACTIX MPAKTHKU Ha OCHOBI HAYKOEMHHUX
TexHoNoril.  PiBeHb  iH)KEHEpHHMX  KaJpiB  TOBHICTIO  BHU3HAyae
«TEXHOJIOTIYHUI» CTaH CHOpaB B CBITi, TOMY KOHYE BaXIUBHM €
(opMyBaHHS KOHLEMIIT IX MiATOTOBKH, BU3HAUEHHS Ta pO3pOOKa CTpaTeri,
3MICTy MiJTOTOBKH TPO(ECiOHATIB HOBOI'O THIYy Ta «BHCOKHX» OCBITHIX
TEXHOJIOT1H, aJleKBaTHUX HOBOMY 3MicTy. «OCHOBOI 00pa30BaHUsI JTOKHBI
CTaTh HE CTOJIBKO Y4eOHBIE MPEIMETHI, CKOJIBKO CIIOCOOBI MBIIUICHUS U
JIeITeNIbHOCTH... 3HAaHUS W METOABl IO3HAHMS, a TaKXKe JeATeNbHOCTh
HEOO0XO0/IMMO COCJAMHUTD B OPraHUYECKYIO [IETOCTHOCTEY [1].

Are mepeOynoBa OCBITHBOI CTPYKTYpH NOBHHHa Oa3yBaTuCs Ha
MIPOTHOCTUYHUX, BHUIIEPE/DKAIOYMX oOliHKaX. lle BUIUIMBae 3 BHYTPIIIHBOI
MIPUPOJN OCBITH, SIKA 3aBXKIU 3BEPTAETHCS /10 MaiibyrHporo. Tomy mnpu
po3pod1i  OyAb-SIKMX ~ OCBITHIX IIPOEKTiB, SK IOTOYHHMX, TakK W
MIepCIIEKTUBHUX, TPHHIMIT BHUIEPEIKAIOUOr0 BilOOpakeHHs MiWCHOCTI,
SIKMH PO3MOBCIOJDKYETHCS HA OCBITHI CTPYKTYpPH, ITOBHHEH PO3TJISAATHCS
SIK OCHOBoOMoOJararounid. J[Jis ocBiTH B3araii, a A TEXHIYHOI OCBITH B
OIBIIOMY  CTYNEHi, TapaHTOM  BUIIEPE/KAIOYOTO  PO3BUTKY €
(dbyHmamMeHTammi3amis, sKa 3a Cy4acHMM YSBICHHSIM, BH3HAYaE€ThCS
CHCTEMHHUM IIiXOAOM [0 IIPOLECY HAaBYAHHS, IHTETPAIi€l0 AWUCIHIUIIH
HaBYAIBHOTO HHKIY, IHTEHCHU(]IKAlli€l0 CaMOCTIHHOI pOOOTH CTYIEHTIB
TOLIO.

«DyHaMeHTaIM3alusl  CO/Iep)KaHusi  00pa3oBaHMSl  JIOCTUTAETCs
pacmpeHreM M yIIyOJNeHHeM — MEKAWCHUIUTMHAPHBIX — 3HaHHWH
CHeLHaINCTa, OPUCHTHPOBAHHBIX Ha pEIICHHE NPOOJIEMHBIX CHUTYallui B
Hay4YHOH, NPOEKTHPOBOYHOW W MPEANPUHUMATEIBCKOH JIESITENbHOCTH;
TIOBBILIIEHUEM  ypOBHS  C(DOPMOBAHHOCTH METO/IOB  ITO3HABATEILHOM,
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npoeccCHOHANBHOH, KOMM YHUKAaTUBHOM u aKCEeOJIOTUIECKON
JIeITeNIbHOCTH; ~ OOEecliedeHHeM  CHHTe3a  E€CTECTBEHHOHAYYHOro U
TYMaHUTAPHOIO 3HaHUS M TIEPEXOJOM K KOMIUIEKCHBIM KpPUTEPUSIM
MPOAYKTUBHOCTH,  9((EKTUBHOCTH M  KayecTBa  JIEATEILHOCTH;
CIIOCOOHOCTBIO pacIupeHus HAaY4HOr'0 6a3uca COLIUAJIBHO-
npodeCcCHOHAIBHOM ~ IEATENBbHOCTH 3@ CYET €€ METOJOJIOTH3alluy,
reHepaiu3allid M pa3IM4YHBIX BHWJOB MOJEIHPOBaHMWU. BaXHbIMK
COCTaBJSIFOIIMMHU  COZIEPXKAaHUsI 00pa3oBaHMS JIOJDKEH CTaTh YdeOHbBIH
Marepual U 00pa30BaTeIbHbIE TEXHOJIOIUH, CO3/AOINUE YCIOBUS I
(bopMHUPOBaHKS HHHOBALMOHHOTO MBIIUICHHS. ..» [1].

@®opmyBaHHs TpodeciiiHOi KyIbTYypH TMOYHMHAETHCS Ha CTamil
BHBYEHHS IPUPOJHNYO-HAYKOBHX Ta MAaTEMAaTHYHUX JAMCIUILIIH SIK 0a30BUX
JUIs  TEXHIYHMX YHIBEPCUTETiB, TOOTO Ha eTami (yHIaMeHTaIbHOI
miaroroBkd. Came TyT BHpIIIYIOTBCS  NPOOJIEMH  B3aEMO3B’S3KY
(dyHIaMeHTaIbHOI Ta CIIEliajbHOI OCBITH Ta TpoOsieMH ii pepopmyBaHHS.
CBoro yacy aBTOp JaHOI CTAaTTi MONEPEIKaB MpO 3pOCTAIOUy AIaNEKTHIHY
CYNEPEYHICTh Mik (POPMOIO Ta 3MICTOM B CHCTEMi 1HXKEHEPHOI OCBITH;
BH3HAYaB TCHJCHIII JIO 3HIDKCHHS pONi (PyHAAMEHTAIBHOI, OCOOIHBO,
MaTeMaTU4HOI CKJIaJ0BOI B IIJrOTOBLI 1H)KEHEPHO-TEXHIYHUX KaJpiB;
MIPOTHO3YBaB iX TIOCTYIIOBE 3HHMIIEHHS (10 (AaKTUYHO BiNOYJIOCS B Hall
Yac); MPONOHYBAB IIUISIXH MO0 30epeKEeHHS Ta MATPUMKH MPIOPUTETIB Ta
Tpagullii B cUCTeMi IH)XKEHEpPHOI OCBITH TIpH YMOBI HaJ0aHHS HUMH
cydacHoro 3abapsieHHs. BuzHnauanocs, o po3B’s3aHHS [TPOOJIEMH JIEKHUTh
Ha [UISIXY MiX YHIBEpCaJIbHICTIO (DyHIaMEHTaJIbHUX 3HAHb (B MEPIIY Yepry,
MaTeMaTUYHUX) Ta MPAarMaTUYHOIO CHPSIMOBAHICTIO Ha peaibHI MOTpeOn
¢byHKIIOHYBaHHS (PaxiBIs B Cy4aCHOMY CYCIiJIbCTBI.

ABTOpPOM pO3po0JIEHI Ta pealli3oBaHi B HAaBYAIBHOMY IpOIECi Ha
6a3i HamionaneHoro TexHiyHOro yHiBepcurery Ykpainu «KuiBcbkuii
nomitexHiyHuH iHcTHTYT» (1978-2008 pokn):

- METOJI0JIOTiSI Ta MOJENb BUKJIAJAHHA KypciB (yHAaMEHTaTbHUX
JCIUILTIH, 30KpeMa MaTeMaTHKO-iHpopMaliiHOro npodisto, SK OCHOBH
I'PYHTOBHHX 3HaHb 1HKEHEPHO-TEXHIYHHUX CIIEIIaJIiCTiB Ta (haxXiBLiB B rairy3i
VIPaBIiHHA B CHCTEMi TEXHIYHOTO YHIBEPCHTETY, sIKa SBIIE COOOIO
NIPIOPUTETHY PO3POOKY 3 TOUKM 30py METOJOJNIOril BHKJIAIAaHHS Ta
B3a€EMHOTO  Yy3TO/KEHHS  (yHOaMeHTalbHUX,  3arajJbHO-TEXHIYHHX,
€KOHOMIKO-OpraHi3allifHuX Ta COLaJIbHUX AVCIMUILIIH;

- MeJlarorivHa  TEXHOJIOTiSt BUKJIQAAHHS KypCiB  MaTeMaThKo-
iH(popMaiiiHoro npo¢itro 3 ypaxyBaHHIM MaiiOyTHBOI npodecii cTyaeHTa,
sKa 3aCHOBaHAa HAa aBTOPCBHKiM inei «paHHBOI mpodimizamii» Kypcis, npu
30epeKeHH] CHCTEMOCTBOPIOIOYO] POl MaTEMAaTUYHHUX 3HAHB;
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- HaBYaJIbHO-METOJMYHMUN KOMIUIEKC HaBUAJIBHHX KypciB «MaTtemaTnyHa
IH)KEHEepish» JUISl CTY/ICHTIB, SIKi HABYAIOTHCS 33 HAIPSIMOM JEPXKaBHOIO Ta
COIIaJIbHOTO YIPABIIHHA Ta COIIOIHKEHEPiI B CHUCTEMI TEXHIYHOTO
YHIBEPCHUTETY;

- MOzeNb Ta MeJaroriyHa TEXHOJIOTIS peaji3allii «TPUKyTHUKa 3HaHBb»
(ocBita, Hayka, IHHOBalii) B CHCTEMi TEXHIYHOTO YHIBEPCHTETY
JIOCIITHUIIBKOTO THITY, SIKa € KPOKOM Ha NIISXY BHpIIIEHHS MpoOJIeMu
MIPOTUCTOSIHHSL ~ TIPUPOIHUYO-HAYKOBO-TEXHIYHOI, MaTeMaTHYHOI Ta
T'YMaHITapHOI KyJIbTYp;

- TejaroriyHa TEXHOJIOTis CTYIEHTCHKMX HAayKOBHX CeMiHapiB Ta
KoH(epeHIiii 3 TpobdieM  3acTOCyBaHb  CYYacHOI  MaTEMaTHKH
(MDKAMCHMILTIHAPHI JOCITIDKEHHS);

- MOzeNb Ta T[elaroriyHa TEeXHOJIOTIS HayKOBO-JOCIHiJHO-TIPAKTHIHOL
pobOTH CTYIEHTIB, Opi€EHTOBaHOI Ha BHpINIEHHS MiK-, MOJNi- Ta
TPAaHCIUCUUILTIHAPHUX MPOEKTIB B CHCTEMiI TEXHIYHOTO YHIBEPCHUTETY
JIOCITITHAIIBKOT'O THITY.

O3HaveHi METOMOJIOrisA, MOJIENl Ta TMedaroriyHi TEXHOJOTII,
aJlanToBaHi /ISl Pi3HUX HANpsIMIB Ta CIIEIiajbHOCTE! MiJAroTOBKU (haxiBiis,
BTiJIEHI B HaBYAJILHOMY IIPOIECi Ta AiSIBHOCTI MO PO3B’SI3aHHIO 3aB/aHb
HayKOBO-METOIMYHOrO ILEHTPY «CHCTEMHOro aHalizy 1 CTaTUCTHUKI»
HTYY «KIIl». Bci po3poOku cxBajeHi psjgoM By3iB, MiKHapOAHHX
HAyKOBHX, HAYKOBO-METOJIMYHHX Ta HAyKOBO-ITPAKTUYHHUX KOH(EpEHIIH IK
IHHOBAIlifHI Ta PEKOMEHAOBaHI I TOJAJBIIOr0 PO3BUTKY Ta
BITPOBAKEHHS Y CHCTEMI TEXHIYHOi OCBITH. BOHUM CIpHsIIOTH pO3B’sI3aHHIO
po0JIeMH SIKOCTI ITATOTOBKU Cy4acHOro (axiBI i, K HACIIIOK, SKOCTI Ta
HAAIHOCTI TEXHIYHUX CHCTEM Ta COIIAIbHUX MPOCKTIB MaHOYTHBOTO.
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