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OO0mast xapakTepuCcTUKA pad0ThI

AKTYaJIbHOCTH TeMbI HCCJICIOBAHMSI.

CoBpeMeHHbIe MeTOIbI Hepazpyatomniero koutpoiis (HK) no3BosstoT pemarh
JMArHOCTUYECKUE 3aJ1a4d C BHICOKOM Ha/IEKHOCTBIO ISl 0OBEKTOB JIOCTATOYHO IMPO-
CTOU (pOPMBI, IMEIONTUX OJHOPOAHYIO CTPYKTYpPY U CBOMCTBa. BmecTe ¢ Tem cyie-
CTBYET pPsAI OOBEKTOB KOHTPOJS KOHCTPYKTHBHO CJIOKHBIX, HEOIHOPOJHBIX TIO
CTPYKTYpE U UMEIOIINX BHYTPEHHUE TOMYCTUMBIC MEe(DEKThI — JINTHIE METAJUTMUECKHE
W3JICNNS U1 TPAHCIIOPTA, TSKEIOT0 MAIIMHOCTPOECHUS, KOTOPBIE MUMEIOT HU3KYIO
KOHTPOJICTTPUTOAHOCTD JJIs1 OOJIBIIMHCTBA METO/IOB KOHTPOJIS.

JIuTbie neranu — 3T0 0OBEKTHI KOTOPHIE UMEIOT CIOXKHYIO (POpMY, HEOTHOPOI-
HOCTb CTPYKTYPBI, HEPETYIISIPHOE U HEPABHOMEPHOE HANPSKEHHO-Ae(hOPMUPOBAHHOE
COCTOSIHHE B Pa3HbBIX JIOKAJIbHBIX y4acTKaX 00beKTa U Apyrue ocooeHHoctu. [loato-
My, ¢ METOJMYECKOW TOYKHU 3pPEHUS, TAKUE OOBEKTHI OTHOCATCA K Hamboisiee 0000-
nieHHoMy cirydaro B npaktuke HK m onienkm pecypca n B 3TOM CBSI3U IPEACTABISIOT
Hay4YHbI MHTEpEC NMPHU PEUICHUHU 3aJlayd OLIEHKH TEXHUYECKOTO COCTOSIHHS Ha pa3-
HBIX 3Tanax UX KU3HEHHOTO LUKJIA.

OpnuM 13 Hanboliee MePCIeKTUBHBIX METOJ/IOB, TECHO CBSI3AHHBIX C OIpejelie-
HUEM JIMHAMHUKU Pa3BUTHA JE(PEKTOB SBISICTCS METOJ aKyCTHUeCKOW amuccuu (AD).
HccnenoBanus BO3MOKHOCTEH AD MeToAa ¢ MCHOJIb30BAHUEM COBPEMEHHOUM OBICT-
POACHCTBYIOIIEH amnmaparypbl MO3BOJISIOT MPUCTYIUTH K Pa3pabOoTKe METOA0JIOTYe-
CKHMX TIOJIXO0J/I0B, obecreunBaronux 3Q(PeKTuBHYI0 paboTy CUCTEM TEXHHUUECKOU JH-
arHOCTUKH, HAIPaBJICHHBIX Ha KOHTPOJb TEXHUYECKOIO COCTOSIHUS JETaleil B IMpo-
1[ecce WX >KM3HU, BKIIIOYAs OIIEHKY OCTaTOYHOTO pecypca WM CPOKa CIYKObI M3Je-
JIVH.

Pazpabotka moaxoaoB kK AD KOHTPOJIKO COCTOSIHUS OOBEKTOB JTUTEUHOTO MPO-
M3BOJICTBA B TEUCHHUE WX >KM3HEHHOTO IUKJIA TPeOyeT TEOPETUYECKUX, IKCIIEPUMEH-
TaJIbHBIX U TPUKIIAIHBIX UCCIEIOBAHUM HA TIPUMEpPE PacCIpOCTPAHEHHBIX TUIIOB JIH-
THIX OOBEKTOB MAaCCOBOTO IMPOM3BOCTBA, MO3BOJSIONUX OOOOIIUTH PE3yJabTaThl U
CTaTUCTHYECKHU OLEHUTH PE3yJIbTaThl UCCIICIOBAHUI.

Crenenb pa3padoTaHHOCTH TeMbI MCCJIET0BAHUSA

Uccnenosanus B obnactu nmpumeHumoct AD merona st HK texHuueckux
00BEKTOB Ha Pa3HbIX CTAIUAX UX >KU3HEHHOTO ITMKJIAa MPOBOIATCS JaBHO. B Hamiei
CTpaHe U 3a pyOeKOoM pelIeHHUEM 3TOr0 BOMPOCA 3aHMUMAIOTCS AOCTATOYHO OOJIBIIOE
YUCIO0 yyeHbIX. HEeCKOIbKO KPYIHBIX HAYYHBIX IIKOJ MPOBOJST AKTUBHBIE MCCIEN0-

BaHUs (PU3UUECKUX MpoIeccoB popmupoBanuss AD U METOIOB €€ PETUCTpaIui B Me-
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TaJUTMYECKUX O0BEKTax. YUeHbIe, BHECITNE HAMOOIBINNNA BKIIA] B 3HAHUS O SIBJICHUH
AD MeTauIMuecKX U Jpyrux MarepuanoB u o0bekToB: I'. A. buryc, C. . byitno, C.
I1. beikoB, 1. 3. Bnacos, B. A. I'pemaukos, B. A. I'ymentok, FO. b. JIpo6ot, B. .
NBanos, B. H. Kypanos, /I.JI. Mepcon, B. B. Mypasses, A. . Henoceka, B. B. Ho-
coB, C.B. ITanun, B. B. [Tonsikos, I'. A. Caperues, H. A. Cemamiko, A. H. Cepre3HoB,
JI. H. Crenanoga, B. A. Crpuxaiino, A. C. Tpunanun, B. M. [lluxman, A. A. FOqun
U MHOTHE JIpyrue. AKTUBHO 3aHMMAJIMCh UCCIEIOBaHUSIMU MeToAa AD Takue 3apy-
oexxuble yuensle, kak H. L. Dunegan, D. O. Harris, M. A. Hamstad, K. Ono, C. B.
Scruby, H. N. G. Wadley u muorue apyrue.

Merton AD aKTHUBHO HUCTIOIB3YETCS JJIsE KOHTPOJSL COCTOSIHUS COCYIIOB, TPyOO-
IIPOBOJIOB U aIapaToB, pabOTAIOIIKX MO/ IaBieHHeM. MHOTUE UCCIeI0BaTeNu Mpo-
BOJISIT COBEPIICHCTBOBAHME METOJUK KOHTPOJS JeTajeid M KOHCTPYKIHM Oosee
cioxxHoi gopmbl. B mpoiiecce paboThl ¢ TaAKUMU U3ACIUSAMUA U KOHCTPYKIIUSAMH UC-
CJIeZ0BaTEIU CTATKUBAIOTCS C PSAIOM MPOOIeM:

- pa3nu4Has KOHTPOJIENPUroAHOCTh MeTonoB HK mpuMeHuTEenbHO K KOHKpET-
HBIM O00BEKTaM JUArHOCTUKH M €€ HEPaBHOMEPHOCTDH MO 00BEMY CIIOKHOTO H3JIe-
T,

- Hu3Kag 3(QPEKTUBHOCTH OOJIBIIMHCTBA METOJOB KOHTPOJISI B CBSI3U C HEOOXO-
JMMOCTBIO CKAaHUPOBaHUS 00BEKTA, B TOM UHUCIIC, 10 TPYIHOJOCTYITHBIM YYaCTKaM;
- CJIOKHOCTH B perucTpainuu, 00paboTKe U MHTEPIPETALNU MOJTYYECHHBIX TAaHHBIX
BBUJy KOCBEHHOW CBA3U U3MEPSEMBIX MAPAMETPOB C XAPAKTEPUCTUKAMHU, BIIUSIO-
IIMMU Ha HaJISKHOCTh TEXHUUYECKOTO 00BEKTA;

- HHM3Kas COMOCTAaBHUMOCTh PE3yJIbTaTOB KOHTPOJIS pa3nuyHbiMu Metogamu HK.

[Ipumenenne metona AD 1JIsi onpenesieHus HeoOpaTUMBIX MPOIIECCOB B Me-
TAJUTMYECKUX 00BEKTAX CI0KHOU (DOPMBI SIBJISIETCS] OJTHUM U3 CaMbIX MEPCIEKTUBHBIX
B KOHTEKCTE 0003HAUYCHHBIX MPOOJIEM.

eas padoThl: pa3paboTKa METOJOJOTUYECKUX MPUHIMIOB AD KOHTPOJIS U
KPUTEPHUEB OIICHKUA COCTOSIHUS JIMTHIX JIeTajel CI0XHOW (OPMBI, C HU3KOW KOHTPO-
JICTIPUTOTHOCTHIO.

JIJist TOCTHKEHUS ATOU TIeJIM B pabOTe MOCTABJICHBI CIICTYIONINE OCHOBHBIC 3a-
Aaum:

— aHaJIU3 XapaKTEPUCTUK TEXHUYECKOTO COCTOSIHUS JIUTHIX CTAJIBbHBIX JETa-
Jiel CIOKHOM (DOPMBI U UX M3MEHEHUS B MPOIIECCE DKCILTyaTalliu, ONPEICICHHE OC-

HOBHBIX (1)aKTOpOB Pa3BUTHA OIIACHBIX I[C(l)eKTOB N MCTOOOB UX PACIIO3HABAHUAA,



— BBIACIIEHHE NapaMeTpoB AD, MO3BOJSIOIIKAX OMPEAEHATh TUI Pa3BUBAIO-
HIErOCsl UCTOYHHKA;

— HCCIEAOBAaHME CBSA3M CTAJMH PA3BUTHUS AKTUBHBIX HCTOYHHKOB B JIUTHIX JI€-
TaJsIX C XapaKTEPUCTUKAMU CUTHAJIOB AD IIPU MEXaHUYECKOM HATrPYKEHUU;

— OIpezeNieHUuE ONTUMANIBHBIX MapaMeTpoB AD KOHTPOJIA U pa3paboTka Me-
TOJIOB MOJYy4YeHUs U 00pabOoTKU AD JaHHBIX, CIOCOOHBIX MOBBICUTH JOCTOBEPHOCTH
KOHTPOJISI CTAIbHBIX 0OBEKTOB C HU3KOW KOHTPOJIEHPUTOTHOCTHIO U OOJIBIIUM KOJIH-
YECTBOM aKyCTHYECKHX ITOMEX;

— pa3paboTka aBTOMAaTHU3UPOBAHHOW METOIUKHU, TO3BOJISIONIEH UCIIOJIb30BATh
Han0oJiee TOUHBINA CIOCO0 OMPEACIICHUSI KOOPAUHAT UCTOYHUKOB B JIETAJISAX CI0KHOU
(OpMBI C HEOTHOPOJHOM CTPYKTYpPOH;

— DKCIEPHUMEHTAIIBHBIE HCCleoBaHusA AD IapaMeTpoB, ONHUCBHIBAIOLIUX CO-
CTOSITHUE MOTEHIMAIbHBIX NCTOYHUKOB Pa3pyILIEHU JINTHIX J€TajJel MOJBUKHOTO CO-
CTaBa U OIpe/esIeHUE JOCTOBEPHOCTH BEIOPAHHBIX 3HAUMMBIX KPUTEPUEB, CBSA3aHHBIX
¢ TexHuyeckum coctostnueM OK;

— pa3paboTKa METOJAMYECKUX MPUHILUIIOB NPOJJIEHUS CPOKA CIIYKObI U OIpe-
JICJIEHUs1 pecypca JUTHIX JeTallel CII0KHON (POPMBI ¢ UCIIOIB30BaHUEM MeToAa AD.

Hay4yHast HOBM3HA HCCJICOBAHMH.

B kauectBe mapamerpa AD BBEIEH TEOPETUYECKHM M DKCIIEPUMEHTAIBHO
000CHOBaHHBIN KO3(DPUIMEHT B3aUMHOW KOPPEISLUMU CUTHAJIIOB OT HCTOYHHUKA.
VYcraHoBiI€HO, 4TO KOA((UIMEHT B3aMMHOM KOPPEISLUU CUTHAJIOB OT MCTOYHHUKA
IIPY HA4aJbHOM M CTAlMOHAPHOM POCTE TPEIIMHBI NpeBblaeT 3HadeHue 0,5, a npu
YCKOPEHHOM pPOCTE TpPEUIMHBbI CHUXkaeTcs. [Ipu 3TOM HMCTOYHMKH HE CBSI3aHHBIE C
POCTOM TpEIIMH UMEIOT KOA(P(GUIMEHT B3aUMHON KOppesiiuu curianon Hike 0,25.

OOOCHOBaHO TPUMEHEHHE METOJUKH BEPOSITHOCTHOM OLIEHKM TOYHOCTH
JIOKAIlMM MCTOYHMKOB AD, OCHOBAHHOM Ha BbIOOpE croco0a ompenesieHus BpEeMEHH
npuxoja B 3aBUCMUMOCTH OT MaKCUMAJIbHOM aMIUIUTYAbl U BPEMEHH HapacTaHus AJis
KaXJIOr0 CUTHajia. YCTAaHOBJIEHO YTO IS CUTHAJIOB C OOJBIION aMIUIUTYIOW U
MaJIbIM BpE€MEHEM HapacTaHusi 0ojiee TOYHO OIpenaessieT KOOPAMHATHI MOPOTOBBIN
croco0, a JUisi CUTHAJIOB ¢ MaJIOM aMIUIUTYAON M OOJBIIMM BPEMEHEM HapacTaHUs —
JIBYXUHTEPBAJIbHBIN.

[IpeanokeHa MeToAMKAa U anmapatypa pErucTpalud  JUCKPETHOM U
HEeTMpephIBHON AD, KOTOpasi B COYETaHUU C 0053aTEIbHOM YCTaHOBKOW NMTPUEMHHUKOB B
HamOoJiee  HArpy>KEHHbIX  MECTaX C  HEpPaBHOMEPHO  pacCMpeeeHHbIMU

HCTIPAKCHUAMUA I/ISI[GHI/Iﬁ IIO3BOJACT ITIOBBICHUTD I/IH(i)OpMaTI/IBHOCTB "



YYBCTBUTENBHOCTh AD KOHTPOJIS.

VYcraHoBieHa AMIUpPUYECKass 3aBUCUMOCTh MEXKIY XapaKTEPUCTUKAMU
CUrHajJoB AD NIpH CTaTUYECKOM MU LUKIMYECKOM HArpyKEHUU HU3JEIUs U3 JUTOU
HU3KOJICTUPOBAHHOW CTaJli M TapaMeTpaMH pa3BUBarouierocs naedexra, dYTo
I03BOJISICT MACHTH(UIMPOBATh Pa3BUBAIOLINECS TPEIIMHBI pasMepoM oT 10 mMm” u
oomnee, cocrapiugronmx oT 0,1 % Iwiomaay ceyeHUs B JIMTHIX JIETAISAX CIOKHOM
KOHCTPYKIIUH.

VY CTaHOBIJIEHO, YTO Pa3HbIE TUIIBI HCTOUHUKOB AD MMEIOT Pa3JINYHbIC 3HAYCHUS
cpenHero kKodd@uimeHTa B3aMMHON KOPPEJSIIIMU CUTHAJIOB MPUHUMAEMBIX OJTHUM
MPUEMHUKOM, KOd(PUIIMEeHTa B3aUMHOM KOPPEJSIUU MaKCUMaIbHOM aMIUIUTYIbI
CUTHAJIOB MPUHUMAEMBIX pa3HbIMU MIPUEMHUKAMU u OTHOILICHHE
BBICOKOAMIUIMTY/IHBIX CHUTHAJIOB K OOIEMY YHCIYy CHUTHQJIOB OT HMCTOYHHKA, YTO
MO3BOJIAET MCIOJIb30BaTh O3TH MapamMeTpbl JJis HWICHTU(PUKAIIUU Pa3IAYHBIX
HMCTOYHUKOB.

OO0OCHOBaHO TMPUMEHEHHE CIOCcOo0a OMpEETICHHs] TEXHHUUYECKOTO COCTOSHUS
JUTBIX JIeTaliel CIOXHOW (PopMBbI Ha OCHOBE MOAMGMHUIIMPOBAHHOTO MHTETPAIBHOIO
METOJa OLEHKH MCTOYHHMKA C HCMIOJb30BAHUEM SHEPIUU CUTHAJIIOB OT MCTOYHUKA,
kod(ppunreHTa B3aUMHOW  KOppEISIUA  MEXKAY CHTHAJIAaMM M C  y4ETOM
Harpy>KeHHOTO COCTOSIHUSI 30HbI ICTOYHUKA.

OG6ocHOBaHa MOJIeNIb BEPOSITHOCTHOTO METOJa OLICHKH OCTAaTOYHOTO pecypca
U3JIeTUsl Ha OCHOBE pacrpejesieHus BelOyiia, 3KcriepuMeHTalbHbIE HCCIICIOBAHUS
MO3BOJIMJIM HMCIOJIB30BaTh TakKWe MapaMmeTpbl AD Kak CyMMapHbId KO3 UIIMEHT
KOPPEJSLUA MEXIYy CUTHAJIaMH, DHEPTUs W HANpsDKEHHS B O0JacTH MCTOYHHKA B
KAueCTBE KPUTEPUEB OLEHKA COCTOSHUSA JeTajed, UMEIIIMX CI0XKHOE H
HEPABHOMEPHOE HArpy>KEHHOE COCTOSIHUE.

Teopernueckasi M NIPaKTUYECKasi 3HAYUMOCTb.

TeopeTnuecku  OOOCHOBAaHO M OKCIHEPUMEHTAIIBHO  JOKa3aHO,  4TO
KOA(OPUIIMEHT B3aUMHOW KOPPENSAIMA CUTHAJIOB AD OT MCTOYHUKA, MPUHATHIX B
pa3HbIll MOMEHTHI BPEMEHU U KOY(PPUITUEHT KOPPEIAIUNA aMIUTUTYAHBIX TTapaMeTPOB
CUTHAJIOB TPHUHATHIX Pa3HBIMU MPUEMHUKAMU MOXXHO d(PPEKTHBHO HCIOIH30BAThH
JUISL UASHTU(PUKAIIMY UCTOYHUKOB.

[Ipennoxxena MeToaMKa M almaparypa perucTpalydd JAUCKPETHOW U
HeNpephIBHON AD, KOTOpasi B COUETaHUU C 0053aTEIbHOM YCTaHOBKON MTPUEMHHUKOB B
HanOoJiee HArpy>KEHHBIX MECTaX HEPaBHOMEPHO HATPY>KCHHBIX W3JIETUHN MO3BOJISET

ITIOBBICHUTD I/IH(I)OpMaTI/IBHOCTB " 9yBCTBUTCIIbBHOCTD AD KOHTPOJIA.
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Pa3paborana crarucruyeckass MOJENb OLEHKH NapaMmMeTpoB pecypca AD
METOJIOM JUIsl JeTajlell CI0XHOM (OopMBI Ha OCHOBE pacnpeneneHus BeiiOymia c
3aJIaHHOM BEPOSITHOCTBIO O€30TKa3HOU pabOThI.

Pa3paboTaHpl NpPUHIMNBI HCHOJB30BAHUS CTAaTUCTUYECKUX JAHHBIX IS
KOHTPOJISI TEXHHUYECKMX OOBEKTOB C HCIIOJIb30BAHUEM MapaMeTPOB CUTHAIOB AD,
NOJIy4a€MbIX B pE3yJbTaTe€ KOHTPOJIS C YYETOM HEPABHOMEPHO HArpyKEHHOIO
COCTOSTHUS JINTHIX JI€Tajei CI0KHOU (POpMBI.

B pabore mcnosb30BaH OOLIMPHBINA SKCIEPUMEHTAIBHBIA U CTAaTUCTUYECKHM
MaTepuain JUisl OnpeaeneHnus JePEKTHOCTH TEXHUYECKUX OOBEKTOB CII0KHON (POpPMBI
Ha I[pUMEPE JIUTBIX JETAJEel IOABMKHOIO cocTaBa. lIpuBeneHsl pe3ynbTaThl
HKCIEPUMEHTOB, JI0Ka3blBarolue 3()PEKTUBHOCTh MPUMEHEHHUS JOIMOJHUTEIbHBIX
apamMeTpoB JJiA OLIEHKH AD METOJIOM COCTOSIHUSI OOBEKTOB U3 HU3KOYIJIEPOIUCTHIX
Y HU3KOJErMPOBAaHHBIX CTajeil, a TaKKe METOAMKUA KOHTPOJS JIUTHIX JeTayeu
CJI0KHOM (POPMBI.

OKCNEPUMEHTAIBHO JTOKA3aHO, YTO UCIBITAHMSI C UCIIOJI30BAHUEM IIOBTOPHBIX
HarpykeHuil 00bekToB (10 10 1MKIOB), AaroT Oojee AOCTOBEPHBIE JAHHBIE O
COCTOSIHUM HCTOYHUKOB AD.

MeTom0J10TMsl 1 METOABI HCCICAOBAHUS.

[Ipy  BBINOJHEHWHM  AUCCEPTALMOHHOTO  MCCIENOBAHUS  HCIOJIb30BaHbI
TEOPETUYECKHE U OKCIEPUMEHTAIbHbIE METOJbl, BKJIIOYAas MOJIETUPOBAHHE
($u3NYECKUX MPOLECCOB, METObI CTATUCTUYECKOTO aHAIN3a, IMIIMPUUECKUE JaHHbIC
(Gu3NYeCKUX SKCIEPUMEHTOB Ha 00pa3lax W peajbHbIX TEXHUYECKUX H3ACTUIX.
[Tonapnsitoiee OONBIIMHCTBO 3KCIEPUMEHTAIBHBIX JaHHBIX IOJYyYE€HO B XOJ€
($U3MYECKOTO SKCIEpUMEHTa Ha OOBEKTaX C€ NPHUMEHEHUEM pa3pylIaAIUX U
HEpa3pyLIAIINUX METOI0B KOHTpoJisi. OO0paboTKa AaHHBIX MPOBEIEHA C MOMOIIBIO
MaTEMaTUYECKOr0 CTATUCTUYECKOIO ammapara, B TOM YHCJIE C MCIOJIb30BAHHEM
CHEUUAIN3UPOBAHHBIX MTPOTPamMM.

Ilos10:keHMsA, BBIHOCMMBIE HA 3AIIUTY.

1. IlpennoxkeHa  MeTOAWMKa  paclo3HaBaHHWsT ~ UCTOYHUKOB  AD ¢
UCIOJIb30BaHUEM KOJMUYECTBEHHOM OLIEHKH KO3(PQPHUIMEHTa B3aUMHOM KOpPpENSLUU
BOJIHOBBIX MTAKETOB CUTHAJIOB OT UCTOYHMKA, KOA(PPHUIIMEHTa B3aUMHON KOPPEIISLIMU
aMIUTUTYJ] CUTHAJIOB MPUHSATHIX PA3HBIMH NMPUEMHUKAMU WU JIOJH JIOKAJIW30BAaHHBIX
CUTHAJIOB OT UCTOYHUKA.

2. PaspaboTana mMeToJMKa BRIOOpA METOJa OMPEICICHHUS BPEMEHU MPHUXO0aa

curHaAIOB AD B 3aBHCHUMOCTH OT COOCTBEHHBIX IMapaMETPOB CHTHAJA, TAKUX Kak
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MaKkCUMajbHas aMIUIMTyla W BpeMs HapacTaHus, C HCIOJIb30BaHUEM (POPMYJIbI
baiieca.

3. Jlnms HepaBHOMEpPHO HarpyXaeMbIX OOBEKTOB MPEMJIOKEH CIIOCO0
pEerucTpalyy U NnapajjiesibHON 3alicH HENPEPBIBHOM U AUCKPETHON AD B Haubosee
Harpy>KeHHbIX y4acTKaxX KOHTPOJIS, MOBBIIIAIOIINI YyBCTBUTEIBHOCTh K AePEKTaM
Ha Ha4aJbHOMU CTaJUU UX Pa3BUTHS.

4. Meroauka NpoBEAEHUS UCIBITAHUHI, MTOBBIIAIONIAs HHPOPMATUBHOCTE AD
KOHTPOJII M JOCTOBEPHOCTh OLEHKH COCTOSIHMS JINTBIX JE€Taled HCIOJIb3YOIast
pEryJIupyeMyr0 CKOPOCTb HAarpyK€HMs Ui MUHHMH3ALUUU NOTEPh CUTHAIOB AD U
NOBTOPHBIE HArpykeHuss 10 10 HMKIOB JUIsl MOBBIIIEHUS TOYHOCTH OIPENEIICHUS
BEJIMYMHBI PA3BUBAIOILMXCS TPEILUH.

5. MoauduuupoBaHHbINA MHTETPaIbHbIN KpUTEpUI OIIpEAECIICHUS
TEXHUYECKOTO COCTOSHHMS JIMTBIX JETalled CIO0KHOM (DOPMBI C HCIOJb30BaHUEM
DHEPIUM W KOPPEIALMOHHOIO IapaMeTpa CUTHaJoOB AD C y4eTOM BEJIMYMHBI
Harpy3KH.

6. BeposTHOCTHas METOAMKA OLEHKH OCTaTOYHOTO pecypca CTaJbHBIX JIUTHIX
JeTaiedl  CII0KHOM (OpMbI HAa OCHOBE JHEPreTUUYECKHX U KOPPEJSLUOHHBIX
[IapaMeTPOB CUTHAJIOB AD C y4E€TOM UX HEPABHOMEPHOI'O HANIPSKEHHOTO COCTOSHUS.

JInyHbIi BKJaA. Bce OCHOBHBIE TEOPETHUYECKHE HCCIEHOBAHUS U BBIBOJBI
JUCCEPTALlMM  TIOJIyYEHBI COMCKATENEM CaMOCTOATENIBHO. OJKCIHEPUMEHTAJIBHBIC
JAHHBIE ITOJIYYEHBI B IPYIIIE IPU HEMOCPEACTBEHHOM y4aCTUU COMCKATEIIS.

CreneHp 10CTOBEPHOCTH M anipodanust pe3yJbTaTOB

JIOCTOBEpHOCTh ~ MOJIYYEHHBIX  pPE3yJbTaTOB  oOecliedeHa  OTKPBITOU
nyOnMKanuel HaydHbIX paboT, HA OCHOBAaHMM KOTOPBIX OHA HalMCaHa, MyOJUYHBIM
00CYX/IEHHEM  TEOPETHYECKMX W  JKCHEPUMEHTAIbHBIX  pEe3yJbTaTOB  Ha
KOH(pepeHUusX, CEMHHApAX, PELEH3UPOBAHUEM OOJIBIIMHCTBA CTaTew,
OonyOJIMKOBAaHHBIX B  Hay4HbIX M3JaHUsX. Kpome TOro, J0CTOBEPHOCTH
IIOATBEPKAACTCA  MCIOJIB30BAHUEM  YTBEP)KIACHHBIX  METOIMK  BBIIIOJHEHHUS
U3MEPEHU U KOHTPOJIS, HCIOJB30BaHMEM IIOBEPEHHOTO0  00OPYIOBaHMA,
IIPUMEHEHUEM IIPU TEOPETUYECKHUX UCCIETOBAHMUAX METOIOB U 3aKOHOB, IIPU3HAHHBIX
HAyYHBIM M TEXHUYECKHM COOOIIECTBOM, a TaKXe JOCTaTOYHBbIM O0BEMOM
DKCHEPUMEHTAJIBHBIX ~ MCCIECIOBAHMM W YJOBJETBOPUTEIBHOW  CXOJUMOCTBIO
TEOPETUYECKUX BBIKIAJOK W OJKCIEPUMEHTOB. B mpomecce pacyeToB MW aHaiIn3a
MaTEMaTUYECKUX 3aBUCHUMOCTEH NPHUMEHSUINCh CTAaHJAPTHBIE IAKEThl IPOrpam,

no3BoJIsttoe oopadateiBaTh nHGopMarmio (MathCad, Cosmos u ap.).
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OcHOBHBIE Pe3yNbTaThl AUCCEPTALNOHHON PaOOTHI TOKIAABIBATNCH U 00CYXK-
nanuck: Ha XVI poccuiickoil HaydHO-TexHHUecko KoHpepenuun «Hepaspymiaro-
M KOHTPOJb U nuarHoctukay (r. Cankrt-Ilerepoypr, centsiops 2002 r.); XVII poc-
CUHCKON Hay4YHO-TeXHHUECKON KoHpepeHuu «Hepaspymaromuii KOHTPOJIb U Juar-
Hoctuka» (r. ExatepunOypr, 5—11 centabps 2005 r.); VI Beepoccuiickoil HaydHo-
TexHnueckoi koHdpepenuuu «llomutpancnoptHsie cuctembl» (r. HoBocubupcek, 21—
22 ampens 2009 r.); MexayHapoIHON HaydyHO-TIpaKTHYecKo KoHpepenuun « HHO-
BallMOHHBIE (pakTOpbl pa3BuTusi Tpanccuba Ha coBpemeHHoM sTame» (r. HoBocu-
oupck, Hosi0pb 2012 1.); VI MexayHapoaHoi HaydHO-TEXHUUYECKON KOH(EepEeHIINH
«ITonBwxHoM coctaB XXI Beka: uneu, TpedoBanus, mpoekTed» (r. Cankt-IletepOypr,
3-7 urons 2013 r.); MexxayHapoaHOW Hay4HO-TIPAKTUYECKON KOH(pepeHIunu «IKC-
IJTyaTaluoOHHas HaJEKHOCTh MOJABUXKHOTO cocTaBay (OAO «HUUTK», r. OMmck,
18 oxtsa6ps 2013 r.), VIII Bcepoccuiickoil HayyHO-TEXHUYECKOM KOH(epeHIHUu
«[Tonmutpancnoptaeie cuctemb» (T. HoBocubupck, 21-22 nosiops 2014 r.); 111 Bee-
POCCHICKOM ¢ MEXIYHApOJHBIM Y4aCTHEM HAyYHO-TIPAKTUYECKON KOH(MEpeHIus 1Mo
WHHOBAIMAM B HepazpymiatomieM koHtpoiie «SibTest» (1. Tomck, 27-31 utons 2015
r.), IX Poccuiickoil HayuyHO-TeXHUYECKOU KOH(pepeHnn «MexaHuka, pecypc U Ju-
arHOCTUMKAa MaTepHaIOB U KOHCTpYKUUi» (T. ExatepunOypr, 12-14 nekabps 2015 r.),
XXI Bceepoccuiickoit kKOH(EPEHIIMU MO0 HEpa3pyIIAoIIEMy KOHTPOJIIO U TEeXHUYE-
ckoi nuar”Hoctuke (r. Mocksa, 28 ¢epans-2 mapta 2017 r.), IV MexaynapoaHoii
KOH(EPEHIIMK 10 MHHOBALIUAM B HepaspyiiaroieM kontposie «SibTest» (r. HoBocu-
oupck, 2730 utons 2017 r.) 1 Apyrux KOHGEPEHIUSAX.

Iyoankamuu. B 1nporiecce BBITIOJHEHUS]  JAUCCEPTAIMOHHOM  PabOTHI
ony0nrKoBaHO 48 HayuyHBIX TPYJOB, B TOM 4HUCJE: JABE MOHOorpaduu, 18 crareii B
BEIYIIUX PELEH3UPYEMBIX MEPUOJUUYECKUX HAYYHBIX U3AAHUSAX, PEKOMEHIOBAHHBIX
BAK, 14 crareii u noknanos, 10 Te3uCOB AOKIAIOB B APYTUX HAYYHBIX HU3JAHUSX;
IIOJIyY€HO 4eThIpe nareHra PO.

Ctpykrypa u o0bem paGorbl. [luccepramvonHas paboTa COCTOUT W3,
BBEJICHMSI, CEMU TJIaB, 3aKJIIOYCHUS, OMOIMOrpadueckoro Crmcka, BKIFOYAIOIIETO
299 wucrtounukoB. [uccepramus wuznoxxkeHa Ha 335 crpanunax, coxepxut 120
PUCYHKOB, 34 TaOJIULIBI.

OcHoBHOE coepxaHue padoThI
IlepBass rnaBa conepxut 0030p HCCIeNOBaHMA B oOmact AD KOHTPOJS

pa3iIM4YHbIX MCTAIUIMYCCKUX 00BEKTOB H MCTOAUK, IIPUMCHACMBIX IJIA IIOHMCKa H
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UACHTU(DUKAILIMY Pa3IHYHBIX 1€(PEKTOB.

CoBpeMeHHbIN YpOBEHb pa3pabOTKU TEXHUKHU W UCCIEeNOBaHUM B oOmactu AD
JUArHOCTUKU METAJUTMYECKUX U3JIEINN M KOHCTPYKIMM MOKa3bIBAET, YTO, HECMOTPS
Ha OOJIBIIIOE YMCJIO HAKOIUJIEHHOTO HAay4YHOrO M MPAKTHYECKOro MaTepuala, METOH
AD cnabo M3y4eH KaKk MHCTPYMEHT, MMEIOIIUI BIUSIOIINE MMapaMeTpbl KOHTPOJIS.
Jlnst peructpanmun AD w1 00paboTKM WH(OOPMAITUU MaJIO MCIOJB3YIOTCS METOIUKH,
KOTOpBIE TOBBIMIAIOT HAJEKHOCTh BBIBICHHS M WACHTU(DUKAIMHA pPa3BUBAIOIINXCS
nedeKToB B caMOM 00IIleM ciiydae, T. €. Korja Marepuail UMeeT HEOTHOPOIHBIEC aKy-
CTUYECKHE CBOMCTBA, IEPEMEHHYIO TOIIIUHY U OOJBIIOE YUCIO PA3HOOOPA3HBIX J10-
MYCTUMBIX J1e()eKTOB, MECTOIOJIOKEHHE KOTOPBIX Yallle UMEET CIly4ailHOe pacrpeje-
JIEHHE, CIO0KHYIO0 FEOMETPUUECKYIO (hopMy.

OngHuM M3 caMbIX CIOXKHBIX M OOOOIIEHHBIX CIydyaeB JUisl MpoBeAeHus AD
KOHTPOJISL SBJISIOTCS JIUThIE JETalu CI0XHOW (opmbl, 00JIafaone BCEMU
NEPEUNCICHHBIMU HEJOCTaTKaMH, 3aTPYAHSIOMIMMHA BbIOOP OCHOBHBIX MapamMeTpOB
HAaCTPOMKM JMAarHOCTUYECKUX CHUCTEM, BBIOOD KpPUTEPUEB OLIEHKH COCTOSHUSA
oObekra. Pa3paboTka U COBEPILIEHCTBOBAHHE METOJUYECKHX acleKTOB AD KOHTPOJIS
TaKuX JETal€il MO3BOJIUT CYIIECTBEHHO MPOABUHYTHCS B HAIPABICHUU MOBBIIICHUS
HaJAeKHOCTH AD METO/1a B IIEJIOM.

Bropas riaBa mocBsleHa aHanu3y (PAKTOPOB, ONPENENSIOMIUX TUHAMUKY
pa3BuTHs A€PEKTOB B JUTHIX JAeTanax. OCHOBHOW 1I€NIbI0 TJaBbl SIBISIETCS
olpeziesieHUue HampaBiIeHUM HcciaegoBaHUN 1O 3(PPEKTUBHOMY BHEIPEHUIO METO/A
AD 1 BBISBICHUS U UJICHTU(DHUKAIIMN pa3HBIX J1e(PEKTOB JMUTHIX JETaJEH CIOXKHOM
(dbopmbl — OOKOBBIX paM U HAJAPECCOPHBIX OATIOK IPY30BhIX BarOHOB.

Ha nepBom sTane ObUIO MPOBEIEHO MOEIHMPOBAHUE U SKCIIEPUMEHTAJILHBIC
UCCJIEIOBAHMS HAMPSYKEHHOTO COCTOSIHMS JIMTBIX JeTajed NMpu pa3iudHbIX BUAAX
Harpy3ku. st sSKCriepuMEHTaIbHBIX MCCIIEOBAHUN HANPSIKEHUN B JIUTHIX JETaJSIX
WCITIOJIB30BaIaCh MHKPOIIPOIIECCOpHasl TeH3oMeTpuueckass cucremMa MMTC-64.01
(xmacc tounoctu 0,2) U cepTUDHUIIMPOBAHHBIC MPOBOJIOYHBIC TEH30JATYMKU THUIIA
[IKC. PacueTHble U SKCINEPUMEHTAIbHBIE PE3yJIbTaThl MOKa3aldd, YTO BO3JCHCTBUE
KOMIIJIEKCA CWJI Ha JIUTHIE JI€Tajd TEJIEXKEK B MPOLECCe KCIUTyaTallHd BKIIFOYAET
yIapHbIE HATPYy3KH MPU HATUYUU Je(EeKTOB MOBEPXHOCTH KaTaHus Kojec. Toraa, mpu
HAJIMYUU JIONYCTUMBIX BHYTPEHHHUX JIMTEHHBIX NEe(DEKTOB M MEPEMEHHOU TOIIHUHE
CTEHOK JeTalleld, HampsDKeHUs B HaumOoJiee HarpyKeHHbIX Y4YacTKax (BHYTPEHHUU
yroi OyKCOBOro MpoemMa OOKOBOW pambl, KPOMKH TEXHOJOIMUECKHUX OTBEPCTH

HAJIPECCOPHBIX 0AT0K) MOT'YT MPEBBIIATH MPEL YCTATOCTH MaTepraia.
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Jlutble JfeTanyd TENeKEeK TPY30BbIX BaroHOB paboOTalOT B  CIOXKHOM
Harpy>keHHOM COCTOSIHUM M HMEIOT HCTOYHUKHA MOTEHLUUAIBHOIO Pa3BUTHUS
YCTaJIOCTHBIX TPEUINH, KOTOPBIE B pAJE CIy4yacB UMEIOT CIydyallHOE paclpeieiieHue.
OTO WUIIOCTPUPYETCS HAJIWYUEM OOJIBILIOTO YHUCJIAa 30H KOHTPOJIL C IOCTOSHHO

00HapyXKMBAaEMBIMU B HUX YCTAJIOCTHBIMU TPEIIMHAMU (PUCYHOK 1).

M OIIOpHAR MOEEPRHOCTE [TONIIATHIES
B EHYTPEHMIGT H HAPYAHBET OVpThI TOIIIATHIEA

Enepexofsl 0T HAPYAHOTO OYpTa MOOIATHIEA K
EEpXHEMY IIOACY

.HEPE}{D]:I;EI 0T BEPXHETDD ITOACA K OIIOpAamM
CHOMBIYHOE

B EepREIGT ITOAC

[ &p OMES TEXHOMOTHUECKIN OTEEPCTIIL B
EepiHeM II0ACE
O 0oKOEBIE CTEHKH

O EFDAEIE TT0AC

DRIJDB.-IRH TEXHQIOTITHeCEIX DTBEPCTI’!:E"I E HOLEHEM
IMoACE

O HAKTOHHAA [MIOCKOCTE ONA EIIFHA

O ¥TIBI Me#Iy OrPaiHTEIEHEIVGT OV PTAM H
HAKIOHHOH MIOCKOCTEED A EIIHA

3.6

1.7

PI/ICYHOK 1- PacnpeﬂeneHI/Ie YCTAJIOCTHBIX TPCHIUH B HAAPCCCOPHBIX Oajkax Io y4aCTKaM ACTaJIN B
% ot O6H.I6FO qucia O6H3py>KCHHLIX IIpU KOHTPOJIC MAarHUTHBIMHA METOJAaMU U BU3YaJIbHO

Vcrnomp3yst cTaTUCTUYECKHE JaHHBIC 00HAPYKUBAEMBIX YCTATOCTHBIX TPEIIIHH,
OBLIO YCTAHOBJICHO, YTO Yepe3 MHTEPBAJ BPEMEHH IKCILTyaTallud OOHAPYKUBACMBbIC
YCTAJIOCTHBIE TPEUIMHBI 0 pa3mMepaM (HampuMmep, MPOTSHKEHHOCTH) pacipe/e/iCHbI
II0 DKCIIOHEHIMAJIBHOMY 3aKOHY, 4TO cieayeT U u3 ucciaenoBannii A.K. I'ypsruua u
B.H. Bomxyenko.

[Tpu ananuze >pPpexTBHOCTU OOHAPYKEHUSI TPEIIMH UCXOIWIA U3 TOTO, YTO
WIOTHOCTh BeposTHOCTH P(I) oOHapykeHUs TpeluHbl OnpeaeieHHON aauHbI | B 1e-
TaJId, OTpabOTaBIIeH WHTEPBATI BpeMEHU Atl, SIBISETCS MPOU3BEACHHEM ILJIOTHOCTH
BEPOSTHOCTH €r0 CYIICCTBOBAaHUS B MOMEHT BpeMeHu kouTpois f(l) u BeposTHOCTH
HazexHocTH ero ooHapyxenus ((I) cucremoit «aeheKTOCKONMCT-CPeaCTBa KOHTPO-

JISD».

p() = 1(1)-g(). 1)
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B pesynpraTe cOopa 3KCHEPUMEHTANIbHBIX CTATUCTHUUYECKUX JAHHBIX MOXHO
nonyuuth mapameTp P(I) B Bume pacmpenenenus dactotshl coObiTuii. [Tapametp f(l)
yJIOBJICTBOPUTEIILHO OIUCHIBACTCS AKCIOHEHIMAIBHBIM 3aKoHOM, a mapametp g(l)
YIOBJIETBOPSIET YCIOBUSIM:

g(l) -0 1IpH | — Imin )
rae lnin — MUHUMAaNIBHBIA pa3Mep BBIABISIEMBIX JAe(DEKTOB CHCTEMON «IePEKTOCKO-
MUCT—CPEJICTBO KOHTPOJIS» — OTPAaHUYEHUE METOJ1a, U
g() = 1 aopu | - .
[Ipu nocTatouHo OOJBIINX 3HAYCHUSX |, €CliM crucTeMa KOHTPOJIS Ha/IeXkKHa, TO
gil) > 1opul -1,
rae |, — HekoTopas xapakTepHasl JUIMHA TPEIIMHBI, BBIIIE KOTOPOH 3TOT TUI AedeK-
TOB OOHApPY>KUBAETCS C BBICOKON HA/IEKHOCTBIO, UYTO PUBOAUT K TOMY, UTO
p(l) ~ (D). (2)

KocBeHHO cTemeHb HAAEKHOCTH KOHTPOJIA JAaHHOTO Tuma Jedekra
WLTIOCTPUPYET HU3KUM YPOBEHHb OTKA30B JIETAJICH B MPOLIECCE IKCILTyaTalluu MEXIY
peMonTamu — okojyio 0,014 % ot oOmiero ymciia NPOKOHTPOJUPOBAHHBIX 33 3TOT
nepuoj 6okoBeixX paM 1 0,001 % — ast HaIpecCOpHBIX OaJOK.

AHanu3 pacnpezesieHuss IJIOTHOCTH BEPOSTHOCTH Pa3BUBAIOUINXCSA TPEIIMH
HOPMHUPOBAHHOM JUIMHBI Ha NMpHUMEpE TPEIIUH HAKJIOHHOTO IOosica MOKa3bIBAET, YTO
pacdeTHas QyHKIMS ¢ HanOOIBIIMM KoddduimenTom koppemnsiuu 0,969 cormacyer-
Csl C DKCIIOHEHITMAIBHBIM pacnpenenienueM ¢ koaddummrentom o = 27. Kpome Toro,
U3 COBMEIICHMSI SKCIIEPUMEHTANbHBIX JTAHHBIX U TEOPETHYECKOI0 M3MEHEHHUS IIOT-
HOCTH BEPOSITHOCTU HA PUCYHKE 2 BUAHO, YTO YMCIO OOHAPYKEHHBIX U 3a0paKoBaH-
HBIX JAC(PEKTOB CYIIECTBEHHO MPEBBIMIAET IKCMOHEHIIMAIbHOE pacmnpeaeneHue. Crue-
JOBATEJNbHO, B ATOM 00JACTH MPU KOHTPOJIE OLIMOOYHO KaK TPEIIMHbI UACHTUPHUIHU-
PYIOTCSI IpyTHe, HE Pa3BUBAIOMINECS AEPEKTHI.

AHaJNOTHYHOE MPEACTABICHUE YaCTOThI paclpeAesieHUs] TPELIUH M0 JUIMHAM BO
BHYTPEHHEM YIIIy OYKCOBOTO MpoeMa OOKOBOM paMbl, KaK y4acTKa, UCTIBIThIBAIOIIETO
HauOOoJIbIINE HAMPSHKEHUS, TI0Ka3aj10, YTO MapaMeTp SKCIMOHEHIIUAIbHOTO pacipee-
JeHus: ¢ paBeH 16,5. DTo o03HayaeT, YTO BO BHYTPEHHEM YTy OYKCOBBIX MPOEMOB
OOKOBBIX paM CKOPOCTb POCTa TPEUIMH JEHCTBUTENBHO BBIIIE, YEM BO BCEX JIPYTHX
30Hax U, CJIE0BATENIbHO, TOATBEPIKIAETCS TUIIOTE3a O BIMSHUM Ha Pa3BUTUE TPEIIUH
KOMIUIEKCHOTO CJIOKHO Harpy>K€HHOTO COCTOSIHHMSI 3THX JeTaliell B IMpoliecce JKC-
TUTyaTaIH.
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I[J'Iﬂ KOHTPOJI JIMTBIX JCTa-

JIe C TENbI0 MOBBIIICHUS TEXHUYE-
CKOM M IKOHOMHUYECKOW 3(hPeKTHUB-
HOCTU KOHTpPOJSI HEO0OXOIUMO WUC-
MOJIb30BaTh METOJBI W METOIUKH,
MO3BOJISIONINE HUACHTU(DUIIUPOBATH

pasBUBAOIMCCA W  HCPA3BHUBAIO-

0 0,'05 0.1 015, 02 mmecs nedexTel, a B Haubosee Ha-

I'PYKCHHBIX YY4CTKaX 3TO HE00XO0-
Pucynok 2 — [IpencraBienre SKCriepuMEHTaIbHO

OTpe/IeJICHHON (CILIONIHAS JIMHUS ) YaCTOThI U pac- ~ AUMO ICJIAaTh Ha CaMbIX PaHHHMX CTa-

YETHOH (IIYHKTHP) YaCTOThl OOHAPYKEHUS YCTaNO- IUSIX PasBUTHS Ie(EKTOB, UTO MO-
CTHBIX TPEIIVH 33JaHHOU JJIMHBI B HAKIIOHHOM
10sice GOKOBBIX PaM TEHIUAJIBHO BO3MOKHO PEAIN30BaTh

TOJIBKO AD METOIOM.

AHanu3 pa3pyiieHnii OOKOBBIX paM U HaJpECCOPHBIX OalOK MOKa3aj, 4ToO U3-
JIOMBl HOCAT B TOJABJISIFOIIEM YHUCIIE CIy4aeB OAHOTUITHBIN xapakTtep. OOHapyXeH-
HbIE€ OYaru Pa3BUTHS YCTAIOCTHBIX TPEUIUH PA3IEIAIOTCA Ha TPU TPYIIIbI, KOTOPHIE
10 YOBIBAaHUIO YaCTOTHI MOSIBJICHUSI MOKHO KJIAaCCU(DUIIMPOBATH KaK:

— JIATEHOTO IPOUCXOKIEHUS — PAKOBUHBI, HEIOJIUBbI, HECIUTHUHBI U T.I1.;
— HE UMEIOIINE MAKPOCKOMMYECKUX BHEIIIHUX HCTOUYHUKOB MTOBPEKICHHUI;
— BHELIHET0 MEXaHUYECKOTO MOBPEKICHUSI.

Bce uznombr umerot ot 8 10 25 % muomiaau CTarMoHapHOM (a3el pa3BUTHS
TpeuHbl U oT 30 10 50 % da3bl ycKopeHHOro pocTta TpemuHbl. OCTaabHYIO TII0-
maab M3JoMa 3aHUMAaeT 00JacTh J10JIOMa
(pucyHok 3). ITockoabKy BCE H3JIOMBI HO-
CAT YCTAJIOCTHBIN XapaKTep C YETKO pa3iu-
‘ YUMBIMU CTaJMAMM YCTaJOCTHOM Jerpana-

. R 8 MU CTPYKTYPHOTO COCTOSIHUS, TO TaKOTO

d [10BEPXHOCTHbIGY % pona AedeKThl HA CTaJUM Pa3BUTHS MOTYT

s , g @;iKOBHHbI\\\ - ObITh 0OHapyxkeHbl MeTogamu HK.
< —n Hanbonee dYyBCTBUTEIBHBIM METO-
. JIOM KOHTPOJISI pa3BUBAIOLIUXCS Je(EKTOB

SBIsETCS AD METOJd, KOTOPBI MOXET pe-

TUCTPUPOBATh WH(OOPMAITUIO OT HCTOYHU-

Pucynox 3 — M3nom 60KOBOW paMbI
C UCTOUHUKOM — JIUTEUHBIM I[e(pCKTOM, KOB Ha PAa3HbIX, B TOM YHCJIC CaMBbIX PaH-

BBIXOZAIIMM Ha IIOBEPXHOCTH HUX CTaAMSX Jerpajallii Matepuana.
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B TpeTneii riiaBe paccMOTpEeHB METOAMYECKHE TTOAXObI K 00ECTICUCHHUIO BBI-
COKOTO YpOBHS YyBCTBUTEIHLHOCTH M TEOPETUYECKHE BOMPOCHI OOOCHOBAHMS 3HAYU-
MBIX KpUTEPUEB UICHTU(DUKAIIMN U OLIEHKH BEJIMYUHBI OOHAPYKUBAEMBIX J1€(PEKTOB.

JIJisl OBBIIIEHNS YYBCTBUTEIILHOCTH KOHTPOJIS MPEJJI0KEHO YacTh MPUEMHU-
KOB yCTaHABJIMBATh B 00JIacTH HamOOJee HAMPSHKEHHBIX yYYaCTKOB. JTO IMO3BOJIMIIO
MUHHAMH3UPOBATHh PACCESTHUE DHEPTUU M PETUCTPUPOBATH AD ¢ HU3KOW SHEPTHH U3
obnactu popmupoBaHusi Hanbosiee ObICTpO pa3BuBaromuxcs nedextoB. Ha ocramb-
HBIX Y4acTKax, TJie TPEUIMHBI Pa3BUBAIOTCS C MEHBIIEH CKOPOCTHIO, KX MOKHO BBISIB-
JSTH Ha OoJiee MO3AHEH cTaiuu.

Ucnonb3ys pabotsl I'.A. bynenkoa nu O.B. HenzBenkoit OblI paccMOTPEHBI
Mozend GOpMHUPOBAHUS JAUArpaMM HANPABJICHHOCTU TPEUIUH KaK MCTOYHUKOB CHUT-
HastoB AD. [puHiun ¢popMupoBaHUs CUTHAIA Ha TprueMHuKe (0e3 yuera kodpduim-

eHTa Peo0pPa30BaHUs U €r0 YaCTOTHOTO PACIIPE/ICIICHN ) IPUBEICH Ha PUCYHKE 4.

r

A
A 4

# Y -
.| . -._“--F’__-r ] - —_—— A [

} f.' t t ".1 '\

Pucynok 4 — JIlnarpamma HarpaBJICHHOCTH MPOI0JIBHOH | 1 momnepeyHoit t BOJIH OT mpHpalieHus
TPELIMHBI B HOPMAJIbHOM HalpaBJICHUHU U HalpaBiieHus Jiyueil npsimoro (0), 0THOKpaTHO OTpa)KeH-
HOTO OT CTeHKH (1) U AByKpaTHO OTPAKEHHOTO OT CTEHOK (2) 00BeKTa, JOCTUTIIUX MPUEMHOTO
npeobpasosareis (3)

OnwucaHue KaxI0ro OTACIBHOIO dJIeMEHTa aMIUTATY bl U(t) Kak TOYEUHOTro Hc-
TOYHHUKA OT Pa3BUBAIOLICHCS TPEIIMHBI NEPICHAUKYISIPHO MOBEPXHOCTH ISl MPO-

JOJTLHOM BOJTHBI MOYKHO TIPEICTABUTH B BUJIE:

u(®) = S [u®) - D222 (2)" - sin (6,067 ©

l

rae Ui(t) — ¢pyukmwms, orubaroriei BoHbl; Dj — K03()PHUIIMEHT TPOX0XKICHUS BOJIHBI
Ha rpaHuIax o0beKTa; | — HaTypanbHbIi psa uucen; f(AS) — yHkius, onuckBaromas
HaMpPsHKEHUS B BEPIIUHE OT IUIONIAIA TPUPAICHUS TPEITUHBI; 6 — yroJl OTKJIOHCHUS
MIPOJIOJIBHON BOJTHBI OTHOCUTENIPHO HAIMPABIEHUS PA3BUTHS TPEIIUHBI; [ — paccTos-
HUE, MPOMJICHHOE BOJHON 110 NMpUeMHUKA; ¥ — Kodhdunment 3aryxanus; Cy u C —

CKOPOCTH CABUIOBOU U ITPOJOJIBHOMN BOJIH.
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Konebanus, reHepupyeMbie eTUHHYHBIM BOJIHOBBIM MAKETOM | B TOYKE PEru-
CTpalliy Ha IPUEMHUKE, MO’KHO ONUCATh B BUJIE (DYHKIIMU OT CMEILIEHUSI BPEMEHH Ha

BCIIMYUHY:
ti =ty =+ 38 @)

IpU 3TOM tj — MOMEHT BpPEMEHM XapaKTEPU3YIOIIMI NEPBbI MAaKCUMyM KOJI€OaHUN
MOMEHTa BpEMEHHU OT Hayajla 3alucH, t, — amnmapatHoe BpeMs MpEeAbICTOPUH; 30—
Pa3HOCTh BPEMEH IPUX0/1A, KOTOPYIO MOKHO OTOKJIECTBUTH JUIS HJICAJIBHOTO IIPUEM-
HUKa 0€3 IIyMOB C TPOWHBIM CTaHJIAPTHBIM OTKJIOHEHUEM, YUUTHIBAIOIIUM HEOIpe-
JIEJIEHHOCTH 10 CKOPOCTH BOJIHBI.

Tor):[a Ui Ha IIPUCMHUKE HpI/I6J'H/I)K€HHO MOXHO 3a71aTb B BUAC HOPMAJIBbHOTO

2
exp _(t=ty)
25% | (5)
N2T
r7Ie O 3aBUCUT OT PACCTOSHUSA, TaK KaK AUCTICPCHSI pACTIPEIACIICHHs BOJIH 10 CKOPOCTH

PacipCacCiaICHusAd:

u; =

BOJIH BO3PACTAET IIPU yJIAJECHUU OT NCTOYHUKA J0 TPUEMHUKA.

[Iytu OoT MCTOYHMKA O MPUEMHUKA JJIsl pacyeTa no Gopmyse 3 OnUCHIBAIOTCS
U3 T€OMETPUYECKH 3a/IaHHBIX [1apaMEeTPOB 10 PUCYHKY 4 W OHM NPEACTABIISIOT CyM-
My HECYIIUX MapameTpoB I U &, MOJUUHSIOUIUXCS CIEIYIOUUM IOCIEeI0BATENbHO-
CTSIM.

JUIs IpsIMOTO JTy4a IO PUCYHKY 4 Ha ITyTH OT UCTOYHHKA J10 IPUEMHUKA:
h
o = Vr? + h?; 0, = arctg (;) (6)
rze I — pacCTOsIHUE OT MCTOYHUKA JI0 TpueMHHKa (pUcyHOK 4); h — rmyOuna Tpemu-

HBI.

JIns my4en, MMEIOIMX HEYETHOE KOJUYECTBO OTPAKEHUM OT CTEHOK:
. 2iH-h
1, =%+ (2iH — h)?%, 6; = arctg( . ) (7)

rae H — TonHa ydacTka 00beKTa.

J{nst myden, UMEIOIMX YETHOE KOJMYECTBO OTPAXKEHUMU OT CTEHOK:

r =12+ Qi + h)?; 0, = tan™* (252), (8)
ere3 AHAJIOTUYHBIC ITapaMETPhI MOXKHO BbIPA3UTH Uj IJIsI IOTICPECYHBIX BOJIH:
fas) . e
u(®) = Ty [wi(®) - D 2 sin(8))cos 2(6)e 77| ©)

[Ipu pacuerax He yUUTHIBAIM KO3(PPUIIMEHT TpeoOpa30BaHus Ha TPAHUIIE CPEL
«MeTaI-peodpazoBaTenby U (YHKIUIO, OMMCHIBAIOLIYIO aMIUIMTYAHO-4ACTOTHYIO

XapaKTCPUCTUKY IMPHUCMHHUKA. Torz:a BHA BOJHOBOI'O INIaK€Ta CHUTHAaJIa B TOYKE, OT-
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CTOSIIIEH OT MOTIEPEYHON TPEIIUHBI TITyOnHON h=5 MM Ha paccTosHum =150 MM mipu
HarnpspbkeHuu B BepiuHe Tperuabl 100 MIla u Tonmubae BotHOBosia H=15 MM (Tak
KaK TOJIIIMHA CTEHOK JIUTBIX JIeTajel B Cllydae UCCIEAYEMbIX JIUTHIX JeTaliel KoJieo-
netcs B auarasoHe 10...30 M) € yueroM koddduimenTa 3aTyxasus, paHoro | M u
Bpemen# ;=100 Mkc OyaeT UMeTh BU/, MPEACTABICHHBIN HA PUCYHKE 5.

Ut

0.02 T T T

0.01~ 1

— 0.01F 1

— 0.02
0 100 200 300 r

PucyHoxk 5 — PaccuntaHHblil BOJTHOBOM ITAKET HA IPUEMHMKE CUTHAJIA C YYETOM aKyCTUYECKOIO
TpaKTa BOJIH OT MCTOYHMKA TUIIA IONEPEUHON TPEIIMHBI, 3ajIeratoliell Ha ryOuHe 5 MM, Ha pac-
CTOSIHUU
150 MM

Bapbupys mapamerpbl h u I, MO)KHO YBUACTh Ka4eCTBEHHBIC U3MCHCHHS BOJI-
HOBBIX MAKETOB M MPOU3BECTH KOJUYECTBEHHYIO OIIEHKY UX mapaMmeTpoB. Tak, eciu
WCTOYHHK M3JIy9aeT HECKOJbKO CUTHAIOB A, BRI3BAHHBIX MPHUPAICHUEM TPCITUHBI,
TO OYEBMJIHO, UTO BCE OHU MEKIY COOOM OyayT MMETh JOCTATOYHO MOXOXKHUE BOJIHO-
BBIC TIAKETHI.

[Ipu Takom moaXoje MapaMeTpoM HauOoJiee TOYHO OTPAKAIOIIUM «IIOXO-
YKECTh» 3aIMMCAHHBIX BOJHOBBIX MAaKETOB CUTHAIOB AD OyneT Kod(pPUIueHT B3anuM-
HOM KOPPEJSIMKA Pa3HbIX CUTHAJIOB OT OJIHOTO MCTOYHUKA MPUHSTHIX OJJHUM TMPUEM-

HHUKOM:

k.. = ZE=1(aig_a_l)'(ajg_a_]) (10)

ij — )
\/zg_l(aig—a—l)Z-(a,-g—a—,)z

rae N — obmiee YUCIo JUCKPETHBIX 3HAYeHHWH OUM(POBAHHOIO CHTHANA (B HAIIeM
ciaydae ¢ yactoroit 2 MI'); ajg 1 jg — 3HAYCHHS aMIUIUTY/IbI CHTHAJIOB | U ] B KaXJ0H
TOYKE JMCKPETU3ALMM §, B OTHOCHTENBHBIX €IMHUIAX; @, U @, — CPEHHE 3HAYCHUS
CUTHAJIOB | M ] COOTBETCTBEHHO.

PacueTs! ko3¢ duirieHTa B3anMHON KOppessiiuu curHaios K mo ¢popmyste (10)
JUTSL TIPUPAIICHUS TPEIIMHBI Ha TIOPSIOK MEHBIIYIO BEJIMYMHY OTHOCHUTEIBHO TOJIIU-
HBI M3JIENTUS WK U3MEHEHHE HalpaBJIeHUs ee MPOJABWKEHUs Ha yroa 1o 10° mpuso-

IAT K m3MeHeHuio Ky, B mpenemax 0,8...1.
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Hcxons M3 MOpeacTaBIEHHBIX pPacyeTOB BUAHO, YTO PAa3BUTHE MONEPEYHBIX
TPELIMH NPUBOAUT K CIEAYIOIIUM OTIIMYUTENBHBIM MOCIEICTBUAM, KOTOPbIE MOYKHO
UCIOJIb30BaTh NPU UACHTU(PUKAIIMY TaKOTO POjia TPEIIHH:

— BBICOKOM CTENEHH KOPPEISLUUU MEKIY CUTHaIaMd AD MpUIIEAIIUMU OT UC-
TOYHUKOB HaXOJSIIUXCS Ha OJM3KOM APYT OT ApPYyra pacCTOSIHUM U Pa3BUBAIOLIUXCS
B OZIHOM HaIIpaBJICHUH, JaXK€ C YUETOM HEOOJbIINX U3MEHEHUN HarpaBieHus 1o 10°
WIN aHAJIOTMYHbIE HCKPUBJIEHUS IOBEPXHOCTH JIUTOM €T,

— HAJIUYMUIO TPOJIOJBHON COCTaBIISIIONICH BOJIHBI (OBICTPOl MOJBI) B Cllydae
pacnpocTpaHeHus: 00bEMHON BOJIHBI, KOTOPAasl C yUYETOM KOJICOaHUN 3aTyXaHUs U Ju-
($pakuuy Ha NPENATCTBUAX B BUJE JUTEHHBIX Je(EKTOB BHOCUT CYIIECTBEHHYIO I10O-
IPEIIHOCTh B TOYHOE OINPEAEIICHNE BPEMEHH MIPUX0/1a CUTHAJIA HA TPUEMHHUK;

— IIpU HAaXOXXACHUU NpUEMHUKA B obnactu dpeHerns akyCTUYECKOTo MoJIsl uc-
TOYHHMKA 3HAYEHUE KO3PQPUUMEHTAa KOPPEISUUUA MEXAY Pa3sHbIMH aKTaMu OyIeT
CHUKAThCA.

N3 npoBeNEHHBIX UCCIENOBAHUN CIEAYET, YTO KOPPEISLUUOHHBIE ITapaMeETPhl
CUTHaJIOB AD MOXKHO MCIIOJIb30BaTh I UACHTU(UKAIIMN HCTOYHUKOB, UTO TpeOyeT
DKCIIEPUMEHTAJILHOTO TIOATBEPKACHUS.

JI1s1 OLIEHKW TapaMeTpOB pa3BUBAIOIIMXCS JE(DEKTOB MOCHE UX HACHTU(DUKA-
LIMM MOYKHO HCIIOJIb30BaTh SMIMPUYECKHE CBSA3U MOTOKOBBIX MapaMeTpoB AD, TaKux
KaK CyMMapHbIi CYET, aKTUBHOCTb, YHEPTUs 3a MEPUO UCIIBITAHUNA B COOTBETCTBUHU C
Mozenblo Jlanerana. OCHOBHOM XapaKTEPUCTUKON HAMPSKEHHOTO COCTOSIHUS 00bEK-
Ta B JIOKAJIbHOM 0OJACTH Ha Ka)XJOM «CTAl[MOHApHOM» d3Tamle pa3BUTUS AedexTa
npeajiaraeTcsl MCIoyib30BaTh Ey — CyMMapHyr 3HEprur0 CUrHajioB AD OT pa3Bu-

BAaromicrocsa HCTOYHMUKaA 3a BpCMs HCIIBITAHUI:

N

Bs = Eo (2£), (11)
WA OJI1 UICTOYHHKA C KOHIICHTPATOPOM:

Ey = Eo(K)™ (12)

re omnpenensercs cBI3b Eyx C OTHOCHTEIBLHBIM HaIpsDKEHHEM IIpU AedopManum 6e3

(oF] )
KOHIIEHTpaTopa — WK ¢ K03()(UIIMEHTOM HHTEHCUBHOCTH HampspkeHui K mis wc-
OB

TOYHUKA C KOHLIEHTPATOPOM B BUJE Pa3BHUBAIOLIENCA TpelwnHbl. [Ipu 3TOM nmapamer-
PbI CTENEHHOM 3aBUCHUMOCTH JUJII CYMMApHOTro cueta AD M DHEPTHM Ha pa3HbIX CTa-
TUSIX pa3BUTUA Je(DEKTHBIX CTPYKTYP MOTYT UMETh XapaKTepHble ci1ab0 U3y4deHHbIC
TEHJEHIMU NIPU UX MPAKTUYECKOM MTPUMEHEHUU JJIsI KOHTPOJIS peaibHbIX OOBEKTOB.

B quBepTOﬁ rjiaBse OITHNCaHbI OKCIICPUMCHTAJILHBIC HCCJICOAO0BAHN],
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nojsydeHHble Mpu AD HCHBITaHUSAX O00pa3slloB U3 HUBKOYTIEPOAMCTHIX U
HU3KOJICTUPOBAHHBIX CTaJiel, HaMpaBlICHHbIE HAa YCTAHOBIIEHUE 3aBUCUMOCTEH
COCTOSIHUS J1Ie(DEKTHBIX YUYaCTKOB Pa3IMYHBIX TUIIOB IO IMapaMeTpaM CUTHAJIOB AD.
Taxk npu ucneITaHUsSX 00pa3loB 0e€3 KOHIIEHTPATOPOB YCTAHOBJIEHO, YTO,
JOCTaTOYHO YBEPEHHO MOXHO pPa3JClIUTh CTAJAWM YIPYrOM M IUIACTUYECKOU
nedopMaui M0 M3MEHEHHWIO SHEPTrUU M aKTUBHOCTH curHamoB AD. [lpu stom
YCTaHOBJICHO, YTO CTA0MJIBHO CUTHANBI AD TMOSABISAIOTCS MPH MPEBBIIICHUH Mpeerna
BBIHOCIMBOCTU MaTepuana. Ha cramuu ynpyroit nedopmaruu Ey HakarmmBaercs mo
HKCIOHEHIIMAILHOMY 3aKOHY (PUCYHOK 6) U yIOBJIETBOPUTEIHHO OMHCHIBACTCS
CTENIEHHOH  3aBHCHCMOCTBIO. AKTMBHOCTH Ny BO3pacTaeT C  yBeIHMUCHHEM
HanpsbkeHuil (pucyHok 7). Ha cramuu mactudeckoit nedopmanuu Es Bemer cebs
HECTAaOWJIBHO JJI1 pa3HbIX OOpa3IoB, a AaKTMBHOCTh yMeHbInaeTcs. llosromy Ha
CTaauu ympyroil nedopManud MOXKHO OIpPEeNeTuTh (PAKT MPEBHINICHUS G.; U C

BaﬂaHHOﬁ HCOIIPCACICHHOCTBIO OIIPCACIINTL BCIINUUHY HaHpH)KGHHﬁ.

Es N
10 A 150 2
1 .
100 - %
0,1 A L 4 P
50 - -
0,01 A o
0,001 ‘ ‘ ‘ 0+* : : :
0 100 200 300 400
5. MIa 0 100 200 300 4%(3 Ml_1300
Pucynok 6 — HpHpameHvHe Es curnanos AD Pucynok 7 — I3MeHeHHe akTHBHOCTH CUTHA-
Ha CTajiuu ynpyroit aeopmanuu 70B AD OT HanpspKeHus: B 0Opasle npu cra-
Y TIepexo0/ie B INIACTUYECKYIO 00JIaCTh MPH THYECKOM PaCTSUKEHHH

CTATUYCCKOM PACTAKCHUU

AHallM3 W3MEHEHHS! TMOTOKOBBIX MMAapaMETPOB CHUTHAIOB AD NpH HaIUYUHU
KOHIICHTpATOpa HANpPsKEHUU MOKAa3bIBAET, YTO CYMMAapHBIM CYET M CyMMapHas
HHEPIusi CUTHAJIOB AD MMEIOT CTENEHHYIO 3aBUCUMOCTh, U3MEHSIONIYIOCS Ha Pa3HbIX
craauax HarpyxeHud. [lokasarenp CTENEHU TaKOM 3aBUCHUMOCTH, ONPEAECICHHBIN U3
dbopmynsl (11) a1 HU3KOJIETUPOBAHHBIX M HU3KOYTJIEPOJUCTBHIX CTayied mna Ey
M3MEHSETCS B Ipeaenax ot 2,6 1o 7,21, a 1us yncia 3aperucTpupOBaHHbBIX CUTHAJIOB
Ny —1,75...3,5.

ITokazarenp cTeneHW JUisi CYMMapHOM DHHEPrUM JOCTUraeT MaKCUMyma

(pucyHok 8) eme B ynpyrod oOJacTu, Ha CTaJAUMd MNPUOJIMKEHUS K Mpenery
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YIPYyrocCTu. Iloka3arens CTENEHHOM 3aBUCUMOCTH JJIA Nz Ha BCEM IMPOTAXKCHHUU

HCIIBITAHUN HUKE ITOKA3aTEIs JJIA Ez.

Iloka3aTens cTeneHu JJIs1 CYMMapHOﬁ OQHCprun JOCTUIraCT MaKCHUMyMa

(pucyHok 8) eme B YNpyroi o01acTH, Ha CTaJAUM NPUOTHMIKEHUS K TMpeaety

YIIPYTOCTH. [Ioka3aTens CTENEHHOM 3aBUCUMOCTH JJIA Nz Ha BCCM IIPOTAXKCHHUH

8 n
6 - 2
4 g
2 O@M‘
0 ‘

0 0,5

1
GI/ICH/ GB

Pucynok 8 — 3aBUCHMOCTB TTOKa3aTeINsI CTENIEHHON

sapucumoctu 114 Ey (1) u Ny (2) or Bennuunsl
OTHOCHUTEIILHOTO MEXaHUYECKOTO HAIIPSDKECHUS B
00J1aCTH KOHIIEHTPATOpa PU CTATUYECKOM PacTsi-
YKEHHUHU TUIOCKOT0 00pasia u3 craiu 20

CUTHAJIOB M3 JpYruX o0nacteit

9.

al

«1-0%

D&

—ll‘]

L Eez. -t

T p— 3
N

i

[1]

o

WCOBITAHUN HIDKE IMOoKa3aTenad mid Es.

JLotst

MPOBOAMIIACH OlLICHKa Kod(dduiueHta

AMINIUTY IHO-BpCMCHHOTI'O

BCEX  KAaTerOpuMl  CHUTHAJIOB

Hux B3aMHOU KOppCisinuu

pacnpeesieHus: BOJHOBBIX TAKETOB.

Jlns

UCCIIE/IOBAHHOTO O0Opa3siia MpoBeACHA

aHaJn3a Ka)K70T0
00paboTKa BCEX CHTHAJIOB U3 00JIacTH

KOHICHTpPATOpPa u CHUI'HAJIOB n3

o0iacTn BSaHMOHCﬁCTBHH 06pa3ua C

Harpy>kKarumM YCTPOHCTBOM, a TAKXKe

. Pe3ynpTaThl 3TOM OLIEHKHU MPEICTABICHBI HA PUCYHKE

6)

Pucynok 9 — O6vemHas 001acTh U3MEHEHUH KO-

s¢dunrenHTa B3aMMHOM KOPPETSIUU MEXKY CUT-

HaslaMu AD 13 00J1aCcTH KOHLIEHTpaTOpa Npu yIi-

pyroii (a), miactudeckoi (6) Aegopmanuu 1 npu

5 ¢
T e 10

N;

BO3JICHICTBUY HArpyKaroIllero ycTpoicraa (6)

Kaxk BHUIHO M3 3KCIICPUMCHTOB CO CTAaTHYCCKOM PACTAKCHUCM MCTANINYCCKHUX

o0pasmoB — ns WICHTU(HUKAIMM WCTOYHUKOB CHUTHAJIOB AD THNA TpPEIIUH
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I1E€7I€CO00Pa3HO MCIOJIB30BaTh KOA(P(GUIIMEHT B3aMMHOW KOPPEJSIMA CUTHAJIOB W3
JIOKAJIbHOM 00JIaCTH — UCTOYHUKA.

[Ipy UWKIUYECKMX WCTOBITAHUSAX Tpu Harpyske 25 &H — uwmcno
3apEeTUCTPHPOBAHHBIX CHTHANOB Ny M aKkTHBHOCT, Ny MEHSINCh B IpoIecce

VICTIBITAHUS ¥ MMEJH TPU SPKO BEIPAXKEHHBIX MakcuMyMa Ny: B HAUalbHBIA ITEpPHOJ
(opMUpPOBaHMA MarucTpaJbHONM TPEUIMHBI Y HCKYCCTBEHHOTO KOHLIEHTPaTopa, B
NIEPUOJI IEPEXOAA CKOPOCTH POCTa TPEIIMHBI K ITOCTOSIHHOMY YBEJIMYEHHUIO U BO
BpEMs1, COOTBETCTBYIOIIEE CTAAUN IIPEAPA3PYLICHUS.

AHanu3 pe3ysbTaToOB CTaTUYECKUX HCIBITAHUMN C MOBBIIEHHOW Harpy3koi (30
kH), npoBoauMbIx mocie HapaOOTKH 7..15 ThICSY LMKIOB MOKa3ajl CBA3b SHEPIUU
curHaios ¢ Kj B ee BepuinHe (pucyHok 10).

OpHako mo4TH y Bcex o0pa3LoB E,, JUk
TePUOJNYECKM HPOUCXOAAT H3MeHe- 1
HUSl aKTUBHOCTH CUTHAJIOB AD M HUX
HEpruu. AHalIu3 CTPYKTYpPHOIO CO- 10
CTOsIHUSI OOpa3IoB IOKa3aja, 4To Ta-

104
KHE M3MEHEHMUS mapameTpoB AD CBs-

3aHbl C HAJUYHUEM JIMTCHHBIX Jc(eK- 106
TOB B BHJIC HApPYIICHUH CIUIONTHOCTH 108 K, Mxm0S

U HEOJHOPOJHOCTH CTPYKTYpHOTO cO-  PucyHOK 10 — 3aBECHMOCTH CyMMapHO YHEPTUU
CUrHasoB AD MpHU CTaTUYECKUX MCIIBITAHUSIX OT

CTOAHMA, KOTOPBIC BCTPCHAIOTCA Ha Koa(¢ (uLIeHTa MHTEHCUBHOCTH HaNPSLKEHUN

yTH TPELIUHBI.

[Tocnenyrommii aHaIM3 PE3yJAbTATOB CTATUYECKUX HCIBITAHUN TOKAa3bIBAET,
YTO Ha CTaAuu (OPMUPOBAHUS U OOJBIIEH YAaCTU POCTa TPEIIMHBI HAOMIOAaeTCs 3a-
BUCHMOCTb YHMCJa 3apETUCTPUPOBAHHBIX CUTHAIOB AD OT MOCIEAYIOIIEro YHucIia
LUKJIOB /10 Pa3pyLICHUS! Nyax IPU HUKIMYECKUX UCIBITaHUSAX 00pa3ioB. Kpome Toro,
3HAYEHHsI MMOTOKOBBIX NapameTpoB AD HHUKJIMYECKOTO MEPUOJa UCIBITAHUN Koppe-
JUPYIOT C AHAJOTMYHBIMH MapaMeTpaMy Ka)<J0ro MOCIEAYIOIIEro 3a HUM CTaThye-
CKOT'0 TIEpHUO/1a UCTIBITAHUM.

Takum oOpa3oM, yCTaHOBJIEHO, YTO HauOoJiee 3HAYUMBIMH TMapamerpamu AD
JUISL OTpENENeHUs] CTaAuu Pa3BUTHUSI M BEIUUYMHBI TPEUIUMHBI SIBISIOTCS CyMMapHas
SHEpPrusl UICTOYHHMKA 32 BPEMsI CTATUYECKUX MCIBITAaHUN, KOA(D(UIHEHT KOppesiuu
MEXJly CUTHAJIaMU M aKTUBHOCTh UCTOYHHUKA , KOTOPBIE MO3BOJISIIOT UASHTU(PHUIIPO-
BaTh YYaCTKW YIPYTOM M IUIACTUYECKOHN AedopMalii U Pa3BUBAOIICICS TPEIIUHBI.

[Ipu sToM Ha cTamamsx (opMuUpOBaHHS, PAaBHOMEPHOTO WJIM YCKOPEHHOTO pOCTa
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TpeluH cBsA3b Ey ¢ K,y YU IUIOMAAbI0 TPEUIMHBI Sy, CYIIECTBEHHO 3aBUCHT OT HAJIU-
YUsl CTPYKTYPHBIX U BHYTPEHHHX JC(PEKTOB HA IyTH TPEUTUHBI, YTO MMPUBOAMT K TIO-
BBIIIEHUIO TOTPEITHOCTH OMPEACIICHHS TapaMeTPOB TPEIIUHBI.

IIsaTas riuaBa nocesiieHa METOJMYECKUM acCleKTaM MOBBIIIECHUSI JOCTOBEPHO-
CcTU AD KOHTPOJISI METAILTMYECKUX OOBEKTOB CIOKHOU (hopmbl. Takue 0OBEKTHI 00-
JaJaloT BBICOKOM JucIiepcuei mapaMeTpoB AD U CYIIECTBEHHBIM BJIHMSHUEM pac-
CTOSIHUSI OT UCTOYHMKA JI0 MPUEMHBIX TIpeoOpazoBaTeneit. [1oaToMy 1isi OBBIIIEHHUS
HAJIS)KHOCTA KOHTPOJS TaKuX 0OBEKTOB HEOOXOAMMBI CIIOCOOBI 00paboTKH MH(OP-
MAaTHUBHBIX MMAPAMETPOB, MO3BOJISIONINE MOBBICUTH TOUHOCTH JIOKAIINH, YYBCTBUTEIb-
HOCTb KOHTPOJISI, TOUHOCTh OIPEEICHUS TUIIOB U CTENIEHU Pa3BUTHUA 1€(PEKTOB.

Kax moka3bIBalOT pacueTbl U SKCIIEpUMEHTAJIbHbIE JaHHBIE, B Pa3HbIX yCIOBU-
X KOHTPOJISI ¥ TIPU PA3JIMYHBIX XapaKTEPUCTHKaX CUTHAIOB AD (maxke TakuXx Ipo-
CTBIX, KaK MaKCHUMaJlbHasl aMILUIMTYy/la, BpeMs HapacTaHHs, CKOPOCTh HapacTaHUs) y
Pa3HBIX CIIOCOOOB OIpEACNICHHUs] BPEMEHH MPUX0Jia CUTHAIA HA MPUEMHUKH pa3Inuy-
Hasi TOUHOCTb OTpEJIeTICHUs] KOOPAUHAT UCTOYHUKOB. [103TOMY /1Sl TOBBIIIIEHUS TOY-
HOCTH JIOKAIlMd MCTOYHUKOB MPEJIOKEHA BEPOSITHOCTHASI OLICHKA OMpEACICHUsI KO-
OpJIMHAT B 3aBUCHUMOCTHU OT BIHUAIOIIUX HA TOYHOCTHh (PAKTOPOB HA OCHOBE TEOPEMBI
runores (popmyna baiteca):
P(t)P(AL)  P(t)P(AL)

B S eerer)

rae P(t) — BeposITHOCTB COOBITHSI, CBSI3aHHAs] C MOMEHTOM BPEMEHH MPHUX0Ja CUTHA-

P(t, |A) - (13)

na Ha i-i npueMHuk; P(t; |A) — BEPOSATHOCTh MOMEHTA BPEMEHH MPUXO0/a CUTHAJIA Ha
MPUEMHUK B 3aBUCUMOCTU OT COOBITHSI A, KOTOPBIM SIBJISIETCS] BIUSIOIIUN MapaMeTp
curHana; P(4) — BEpOSATHOCTh CIIyYMBIIETOCS COOBITUS A CPElU Pa3IUYHBIX OJHO-
TUIHBIX MCXOJOB PErMCTpaldu 3TOro mapamerpa; P(4 | t;) — BEpOSATHOCTh PErUCTpa-
IIUU COOBITUSL A B 3aBUCUMOCTH OT BO3MO>KHBIX HCXOJ/IOB BPEMEHHU MPUXO0JIa CUTHAJIOB
Ha PUEMHHUK.

DKCNEepUMEHTAIBHO MOJIYYEHHOE PACTPEACICHHE MaKCUMAJIbHBIX aMIUIUTY
curHasioB AD Ha pucyHke 11 mokasbIBaeT, 4TO BEPOSITHOCTb OINpPEAEIICHUs] KOOpIu-
HAThl UCTOYHUKA C BBICOKOW TOYHOCTBIO BBIIIE JIJISI CUTHAJIOB C OOJBIION aMIUIATY-
JoW. DTOT (akT cieayeT HCHOJb30BaTh IMPHU OIEHKE JIOCTOBEPHOCTH JIOKAIUH
UCTOYHUKOB AD Ha JUTHIX Aetanax. OOpaTHas CBSA3b MOTPEITHOCTU MPOCIICKUBACTCS
JUTs BpeMeHH HapactaHust curHaioB AD. TToatomy B posin coObitust A hopmyist (13)

MOXHO HCIIOJIBb30BATh U MAKCUMAJIbHYIO aMILINTYYy, U BpEMA HapaCTaHus.
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30,0 &, %
25,0 -
20,0
15,0
10,0
5,0 -
0,0

n 1NNN aNNN aNNN ANNN [=iaVaVa)
Pucynox 11 — Pacnipenenenue curnaino AD 1o
aAMIUTATY/IC U TIOTPEITHOCTH OTPECIICHUs KOOPIH-
HAT, IOJYYCHHOE IKCIIEPUMEHTAIBHO HA HaJIpeC-
COpHO¥ OaJyike NMpH BJIABJIMBAHUH WHICHTOPA

CyMmMapHasi BEpOSITHOCTb 3a-
JAHHOTO 3HAYEHUsl MOTPENTHOCTU OIl-
pezelieHnus] BpEMEHHU MPUX0Jia OJHOTO
CUTHAJIa Ha MPUEMHHUKH IbE30AHTEH-
HBI OTIpeenseTcs mo GopmyJie:

P(Zti) = H P(ti) : (14)
rae [[ P(t;) — npousBeneHne BEpOST-
HOCTEW ONpeAeseHrus BPEMEH NPUXO-
Jla Ha KaX]IbIi 1-ThIH IPUEMHUK.

TaK, HN3MCHCHHUA BCPOATHOCTH

OTPEICIICHUS] KOOPJIMHAT C MOTPEUTHOCTHIO O B 3aBUCUMOCTH OT MaKCUMaJIbHOW aM-

ININTYAbl 1 BPCMCHU HapaCTaHUA 3apCTUCTPUPOBAHHBIX CUTHAJIOB IIPUBCACHLI HA pU-

cynke 12. [Ipu 3TOM mOrpemniHoCTh OmnpeeeHus KOOPAUHAT O BBIUKCICHA 1O (op-

MyJI€:
2 . 2 L — 2
51' — \/(xl xO) +(yl yO) . 100 %’ (15)
(x+y)
a) F(5) rae X; 1 Yi — KOOpAUHATHI
| - 0 T WCTOYHNKA, BBHIUMCIIEHHBIE
0,8 - B et .

/3 —6-12 1b IS i-ro CHrHAja aHalu-

0,6 - s = =12-18 n1b
0.4 - -—- 1824 1B TUYECKHUM ITYyTEM C YUYETOM
0.2 - } seeees 24-30 1b BPEMEHHU MPHUX0Ja, OIpe-

! - - -30-36 16
0 éf” : : : , : 2 . JEJIEHHOI'0 OJHHUM H3 WC-

0 5 10 15 20 25

30 4,35 moIB3yeMBIX CIIOCOGOB; Xg

7 v

)1 E5) U Yo — UCTUHHBIE KOOpPIU-
08 | —t,=0...20 MKC HaTBl UICTOYHUKA AD; X 1 Y
06 = -t,=21...40 MKc | — pa3mepbl CTOPOH NPSIMO-
0,4 = T GEAL60MKE | e HOI IIbe30aHTEHHD.
02 - ===1=61...80 MKc

,0 _ — -t =81...100 mc PaccuuraB  BeposT-

' ' ' HOCTU JUIsl Pa3HBIX CIIOCO-
0 10 20 30 &, % AP

OOB orpe/eseHrss BpeMeH!

Pucynok 12 — I3MeHeHHE BEPOSTHOCTH OINPEIETIEHUS KOOP-
JMHAT UCTOYHMKA C TIOTPENIHOCTHIO & Ul CUTHANOB pasHoii ~ 1IPMXOJa  CHMI'HAJIOB AD,
MaKCHMAIIbHOM aMILIMTY0M IIPU ONpeIeIeHUH BPEMEHH MOKHO BBUICIHTH HaHOOJIEe

MPUX0/1a CUTHAJIOB IIOPOT'OBBIM METOOM (@) U pa3InYHbIM
BPEMEHEM HApaCTaHUs CUTHAJIOB IIPU OIIPEIEICHUN BpEMeE-

HaJCKHBIM W3 HUX I 3a-

HU TIPUXO0JIa METOJIOM C TUIABAOIITUM TTOpOTroM (0) JAHHBIX IapaMETpPOB, JUIA

pa3HbIX 00JIaCTe CUTHAJIOB
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C 3aJIaHHOM TOTPELTHOCTHIO OmpeaeneHus koopauHat. Kaptuna Haubomnee q0cTOBEp-
HBIX CIIOCOOOB OIpeesieHUs KOOPAMHAT UCTOYHUKOB AD Ha JIUTON JeTalu aHAIUTH-
4yeckd (C y4eToM KOOpAWHAT MPUEMHUKOB) JIJIsl IOTpelIHOCTH He MeHee 10 % mpuBe-
neHa Ha pucyHke 13. TlonyueHHoOe 1osie mo3BOoJIIET Ha OCHOBAHUM 3apPETUCTPUPOBAH-
HBIX MAaKCUMAJIbHOW aMIUTUTY/Abl CUTHAIOB AD M MX BPEMEHHM HapacTaHWs OMpeie-

Unppae B JISITh HambOosee AOCTOBECD-

36

HBI CIOCOO OIEHKH Bpe-

MCHH IIpUXoaa.

Cnocob ¢
| (IHE.CHp OB aHHEIM Ha CJICAYIOUICM
froporoM JTame TPOBETH  OICHKY
Crocob ¢ YyBCTBUTEIBHOCTH KaHa-

IIAE aHMITHM
' Toporom JOB K Pa3BUBAIOLINMCS
Jdevomrepeamreiii  TPCINMHAM  Ha o6pa3uax,

12 cnocob

BBIPE3aHHBIX W3 OTOpako-
: BaHHBIX OOKOBBIX paM.
0 20 40 60 80 00 120 O6pa31bl HarpyKaiu

Pucynok 13 — ITosne BbIGOpa crioco0OB OLIEHKH BPEMEH Mpuxoga  IUKIAYECKOM  aCHMMET-
cUrHaJIOB AD JuIs OlpesieeHnsl KOOPIMHAT C MOIPEIIHOCThIO He

6omee 10 % B 3aBUCUMOCTH OT WX aMIUTATY/bl M BpEMEHH Ha-
nacTaHus nazone 0...25 kH ¢ gacro-

PUYHOM HArpy3KOH B JIHa-

Toil 5 I'. B mpouecce HarpykeHus perucTpupoBaiv MIyOMHY IPOJBUKEHUS TPELIU-
HBI, a TIpY (PUKCUPOBAHHOM TOJIIMHE 00pa3LOB OINpeNessuld IJIOMAb €€ MpHuparie-
HUS 32 ONPEIEICHHOE YUCIIO [IUKJIOB KaK IPOCTOE MPOU3BENCHNUE NPUPALICHUS JIJIU-

HBI Ha TOJIIHUHY 00pa3IloB, KOTOpas BapbUpoOBajiachk B Auamna3zoHe ot 9 mo 12 mm. Ha

E.., Jx pucyHke 14 mpuBegeHa CBsI3b

i CyMMapHOM JHEPTrUH CUTHa-

10t o 0B AD IIpU LHMKINYECKHX

A A e S w2 WCOBITAHUAX OT  IUIOMIAIN

100 A %'@@' M, ' — Pa3BUBAIOIIEHCA  TPEIIUHEL
0 S :?3& 300 400 g

101 ‘.‘-e L R [Tony4eHHbI pe3yabTarT Io0-

W O o6paszen Ne 2 Ka3plBaeT, 4Tto Es wnMeer

102| A o M o6paszen Ne 3 CBSI3b C IUIOMIAJBIO YCTAJIO-

10_3‘ A oOpazen Ne 4 CTHOM TPEIIUHBI C BBICOKOM

Pucynok 14 — 3aBucumocts sHeprun AD Ejs MIPUHATHIX Heonpe/ienenHocThio.  Ilpu

CUTHAJIOB AD OT BEIWYHUHBI [UIOIIAIU TPEIIUHBI S,y 3ToM AD naHHBIE OOJIBIIETO
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Yyclia IIUKJIOB HArpy3Kd AaayT OoJjiee TOUHYIO OLCHKY IUIOH[aan TpeuuHbl. OxHaKo
IpUpalleHNUEe TPELUHBI BeJeT ce0s1 00jIee HEOAHO3HAYHO.

Taxum 00pa3zom, IKCIEPUMEHTATBHO ONPEIEIECHO, YTO JOKAJIM30BaHHBIE ITOTO-
KM CUTHAJIOB AD PETUCTPUPYIOTCS IIPU PA3BUTHUN TPEUIUH B JINTON HU3KOJIETUPOBAH-
HOM CTaiy miomapio 10 MM,

Kpome Toro, BBICOKHI ypOBEHb UyBCTBUTEIBHOCTH KaHAJIOB MOXHO oOecre-
YUTH 32 CUET BHIOOpA MECTa YCTAHOBKH MPUEMHUKOB. OCHOBHBIE MPUEMHBIE MPEOO-
pasoBaTenu AD ciefyeT yCTaHaBIMBaTh B MecTa Haubosee BEpOSITHOIO 00pa30BaHUs
ne(eKTOB B Mpoliecce IKCILTyaTalluu, a OCTaJIbHbIE peoOpa3oBaTein aHTEHHBI yCTa-
HaBJIMBaTh TaK, YTOOBI MOYXXHO OBLIO JIOKAJIM30BaTh UCTOUHUKU B OCTaJIbHBIX MMOTEH-
[IMAJIbHO ONIACHBIX y4YacTKax.

VYcTaHOBKAa MPUEMHUKOB M0 MPUBEACHHOMY MPABWILY TO3BOJISIET BBECTU TPH
YPOBHSI OLIEHKH COCTOSTHUS J€TaJICH:

— TEpBBI YpOBEHb PETUCTPUPYET HEMpEphIBHYIO AD B MecTax Hambosee Be-
POSITHOTO TOSIBJIEHUS] UICTOYHUKOB TEMU IIPE0Opa3zoBaTEIsIMU, KOTOPHIE YCTAHOBIIECHBI
Ha TUX y4acTKax;

— BTOpPOH YpOBEHb PETUCTPUPYET AUCKPETHBIE CUTHAJIBI HU3KOW SHEPTUH, KO-
TOPBIE 3aPETUCTPUPOBAHBI TEMH K€ CAMBIMU IIPEOOPA30BATEISIMU U 3aTyXalOT Ha Iy-
TH 710 O0Jiee y1aJeHHbIX IPUEMHUKOB,;

— TPETUH YpPOBEHb IMO3BOJSET PETUCTPUPOBATH JIHUCKPETHBbIE CHUTHANIBI Oosee
MOIIIHOM 3HEPIUH, KOTOPBIE BBIAECISAIOTCA U3 IIYyMOB IPYTMMHU IPUEMHHKAaMU U IO-
3BOJISIFOT YCTAHOBUThH KOOPJIMHATHI UICTOYHUKA HA JI€TANH.

B pesynbrare anig pa3feneHus pa3iuyHbIX HCTOYHUKOB AD MOKHO HCIOJIb30-
BaTh napameTp Ky — k03pdunmenT macmrada coOBITHI, KOTOPBIN SBIISETCS] OTHOIIE-
HUEM YHUClIa JOKAJIW30BAHHBIX OT UCTOYHUKA cUTHaJOB Ny K oOLiemMy 4ucily curHa-
J0B (BKJIOUYAsl HEJIOKAJIM30BaHHbBIC) MPUIIEIUINX HA OJMKANIINN K UCTOYHUKY MpU-

eMHHK Noy;:
__ Ny
kSC -

Nozi’
O10T KO3 HUIUESHT I MCTOYHUKOB C BBICOKMM COJACP)KAHHUEM CHTHAJIOB C

(16)

MaJIO¥ aMIUTUTYIO0N M SHEpruei OymeT BBHICOKMM, a K HAo0OpoT, BO Bcex HabIro-
naeMbix ciydasix — MeHee 0,2. K Takum MCTOYHHMKAM OTHOCSITCA YYaCTKH YIPYrou
nedopManuu 1 3apokaaronecs TpemuHbl (PUCYHOK 195, a).

JloJis1 TOKaIM30BaHHBIX CUTHAJIOB JIJIl YYaCTKOB IUIACTUYECKOUW nedopmaiuu,
JIOKAJIbHBIX pa3pylIieHuN MeEeKTHBIX CTPYKTYp U CTAOMIBLHO pa3BUBAIOIIEHCS yCTa-

JIOCTHOM TpemurHbI KosebeTcs B penenax 0,2...0,8 (pucynok 15, 6).
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JIns TpeluyHbl, NepeXoalen K CTaJui YCKOPEHHOTO pOCTa MEpe P3pyLICHHU-
€M JI0JIs1 JIOKQJIM30BaHHBIX CUTHAJIOB BO3pacTaeT (PUCYHOK 15, B) M B HEKOTOPBIX
ClIy4asix 10XoauT 1o 1.

a)

12 N °

10 - B HOH

g K,.=0,5 @@

HH
6 HOH
KA
4 HOH
HOH HIlH
2 - KA HIBH
KA HIBH
0 T T T T 1
0,2 0,4 0,6 08p. 1
8
4 N

12 -

10 - o Pucynok 15 — M3menenue maciraGHOro
g F.F_Im ko3 dunmenta Ksc B getanax ¢ popmupye-

M MOU yCTaJIOCTHOM TPEIIMHOM (),

6 - K =0.21 @FI.I nedeKTHOI HaIlIaBIEHHOU CTPYKTYpoii (0),
4 - sc ' HEH Y Pa3BUTON MaKpOCKOIMYECKON TPELIMHON
2 H (B) B 3aBUCMOCTHU OT OTHOCUTEIIbHOMI
0 HEH Harpy3Ku

0,0 0,2 04 0,6 08 p. 1,0

B mecroii riaBe npuBeleHbl pe3ysbTaThl AD KOHTPOJS JIMTHIX JAETAICH C
PAa3IMYHBIMHA NIACCUBHBIMU Y AKTUBHBIMM MCTOYHHUKAMH, BOSHUKAOIIMMU IIPU U3rO-
TOBJICHUW, PEMOHTE U B SKCILTyaTallUu.

AHanu3 3aperuCTPUPOBAHHBIX CUTHAJIOB OT PA3JIMYHBIX UCTOYHUKOB IMPHU CTa-
TUYECKUX UCHIBITAHUSIX PEATbHBIX JETAJCH MO3BOJSAET PA3JICINTh UCTOUYHUKUA HA TPH
TPYMIIBL:

— HWCTOYHMKH, U3ITYYAOIIME UMIYJIbChI AD PU HU3KUX HArpy3Kax;

— WCTOYHMKH, W3TYUYAIOIINE UMIYJIbChI AD Kak MPU HU3KUX, TaK U MIPU BBICO-
KUX Harpy3kax;

— WCTOYHMKH, U3JIYYaAIOIIUE MUMITYJIbChl AD MpU BBICOKMX HArpy3Kax, BBIIIE
0,8Pps6.

HcTtouHuku niepBoOi rpynibl U3Iy4alOT UMITYJIbCHl AD, SIBHO HE CBSI3aHHBIE C
npupamicHueM pa3BUBAOIIKMXCS Ie()EKTOB, a BbI3BaHbI JIMOO TPEHHEM OEpEeroB Tpe-
IIUH, MO0 IJIACTUYECKUMHU JedopManrsiMyi HEPOBHOCTEH Ha ydacTKaX BO3JACHCTBUS
Harpy>karmImuM yCTpPOUCTBOM, JUOO APYIMMU MPUYMHAMU, HE CBSI3aHHBIMH C JIO-

KaJIbHOW IMHAMHUYECKOU MEPECTPOMKON CTPYKTYPhI MaTepuania.
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HcTouHMKM BTOPOM IPYMIBI — 3TO PA3BUTHIE TPEIIWHBI, HCTOYUHUKOM CUTHAJIOB
AD KOTOpBIX CIYXUT U TpEeHUE OEperoB TPELIUH NPU HU3KUX Harpys3kax, U UX pa3Bu-
THUE MPU BBICOKUX HArpy3Kax.

VcTOYHUKN TpeThel TPYMIbl M3JIy4al0T UMITYJIbCHI NPU Harpyskax, MmpuOiu-
KEHHBIX K pabOYuM M BBIIIE, YTO MOXKET OBITH CBS3aHO C POCTOM TPEIIWH, JIOKATb-
HBIMU TJIACTUYECKUMHU JIeOpMaIisiMK, @ KPOME TOTO, C TOBEPXHOCTHBIMHU SIBJICHUSI-
MU OTCJIAaMBaHUSl MPOJYKTOB METaJUIyprHY€CKOro MPOU3BOJCTBA Ha IMOBEPXHOCTHU
00BEMHBIX J1€(DEKTOB TP TOCTUKEHUHN HATPY30K, IPEBBIIIAIOIINX paboyue.

ITo nnomaau, 3aHUMaeMOl HCTOYHUKOM, OHU OBLIIM pa3/IeJIeHbl Ha TPH THUIIA:

— KOMIIAKTHBIE, K KOTOPBIM OTHOCSITCS Pa3BUBAIOIIMECS TPEIIMHBI, YYaCTKU
IUIaCTUYECKON fedopManuy,

— pacrpezeneHHble B BUJe J1e(DEeKTHOM CTPYKTYpbl HAIUIABICHHOIO CJIOS WJIU
OTPEMOHTHPOBAHHOTO CBApKOW y4acTKa, 30HbI yIIpyrou nedopManuy;

— KOMITaKTHbIE Ha (pOHE pacmpelleleHHbIX, KOIJla BO3MOXKHbBI COUYETaHUsl HC-
TOYHUKOB O0OOUX THIIOB.

Koppensiinonnast o0paboTka CUTHAIOB MO3BOJIMIIA HA TaKUX Yy4acTKax B psje
ciny4aeB (okoJio 8,8 % oT 001ero yucna getanei ¢ akTMBHBIMA UCTOYHUKAMH B 00-
JacTU BO3JEHCTBUS HArpyXarolIMX yCTPOWMCTB, TaKUX KaK OIOpPHAsl MOBEPXHOCTb
OykcoBOro mpoema OOKOBOM pambl WJIM BEPXHSS 4YacTh HAKJIOHHBIX IIOCKOCTEH U
HNOJISATHUK HAJIPECCOPHBIX 0anOK) BBIACIUTH W3 MOTOKA JOXKHBIX CUTHAJIOB OT BO3-
NENUCTBHS HArpy»karoLero yCTPOMCTBA «IIOJIE3HBIE» CUTHAIIBI C OTHOCUTEIBHO BBICO-
KUM Koddduimentom xoppemsaiuu Kjj. AHamu3 M3I0MOB TOKa3ajd HaIU4due pa3BU-
BAIOIIMXCS YCTAIOCTHBIX TPEUIMH (pUCYHOK 16) B 00J1acTH 3aperucTpUPOBAHHOTO aK-
TUBHOIO MCTOYHMKA AD, cpenHuil Ko3ddu-
LUEHT B3aUMHOIN KOPPEJSIIUU MEXIy CUI'HA-
JaMHU OT KOoToporo npessimaet 0,7.

Ecnu Ha TUTENHBIX HECIUIOMIHOCTSAX HE
Pa3BUBAIOTCS YCTAJIOCTHbIE NE€(PEKThl U Je-
dbopmani MPOUCXOJAT B yNpyroi 00JacTu,

TO UX MOXHO OTHOCHUTDH K KJIACCY ITaCCHUBHBIX.

Kpome TOro, momy4eHsl pe3ysibTaThl HCCIe-

o N TN A,

PricyHoK 16 — Beisiensas mpu A Tpe- JIOBaHUI MOBEACHUS MapaMeTpoB AD Ha pas-
mmHa, x15 BUTBHIX HCTOYHUKAX, CBSI3aHHBIX C JIUTEHHBIMU
nedexramu. Ha pucynke 17 mokaszaHbl pe3ysibTaThl HAKOIJICHUS CyMMapHOTO CUETa

N aKTHBHBIX MCTOYHUKOB Ha JIMTEHHBIX )Ie(l)eKTaX. Pa3znuuue mokazaressi CTENEHU
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3aBUCUMOCTH CYyMMapHOTO Cu€Ta OT Harpy3KH MOKa3bIBAET PA3INIUe CTEIICHU Pa3BU-
tus nedexron. Tak, Ha OokoBoi pame Ne 18499, naapeccopnoii O6anke Ne 7441 (c ca-
MBIMH HU3KHUMH MTOKa3aTeISIMHU CTETICHN) BHIMMBIX Pa3BUBAIOIINXCS TPEIIWH HA JIH-
TeitHOM JiedekTe He ObUTIO OOHAPYKEHO, B TO BPEMsI KaK Ha OCTAIBHBIX JETAIIX ObLIH

oOHapyXeHbI B CEYCHUU TPEIIUHBI PA3TMYHBIX Pa3MEPOB.

N N
& 6p5
@ Jlet. Ne 95932 ’
27 : 20 | @HEB N 7441
20 - B Her. Ne 3113 EHB Ne 10320
15 - y
15 1 A JTer. Ne 18499 AHb Ne 26663
10 -
10 -
5 A M 5 - "
0 I-z‘ﬁ-rﬁ—' ‘ 0 A [ N‘ . . .
0 0.2 04 0,6 08 1
0 0,2 0,4 0,6 08 P /Pmnl .

. /P
Pucynoxk 17 — Jlunamudeckoe n3amenenne cymmapuoro cuera N AD u3 obnacteit pa3BuBaronifix-
cs1 1eeKTOB Ha TUTEHHBIX JeeKkTax B OOKOBBIX paMax (a) U HaAPEeCCOPHBIX Oayikax (6) mpu
YBEIUYCHUH HATPY3KU

Hcxons u3 pacueToB (OpMUPOBaHHUS BOJHOBOTO MAKETa HAa y4yacTKe, Ha KOTO-
POM HaXOIUTCSI MPUEMHHK, ONUCAHHBIA B TPEThEHl I1aBe, ObUIO YCTAaHOBJIEHO, YTO
pa3BHUBAIOIIMECS TPEIIMHBI HA Pa3HBIX CTAAMIX POCTa UMEIOT BHICOKHE 3HAYEHUS KO-
s dunreHTa KOppEAun M0 MaKCUMaIbHBIM aMIUTUTY/IaM CUTHAJIOB OT akTOB AD,
NPUHSATBHIX IBYMS OJIMKaWIIMMK K TAKOMY MCTOYHHKY TpeoOpaszoBarensmu Kyy (pu-
CyHOK 18, a). DTO CBSI3aHHO C Te€M, YTO HANPaBICHHOCTh MOJIS TAKOTO MCTOYHUKA U
MeXaHu3M (POPMUPOBAHUS TPEIIUHBI, MEHSIETCS CJ1a0o0.

Cramus rutacTHyeckoil aedopMaiiii CompoBOKAACTCS CHIXKEHUEM Kyy — KO-
s dunreHTa KOppesaIul MeXIy aMILTUTYIaMi akToB AD MPUHATHIX OmmKalmmMu
K UCTOYHMKY JIByMs PUEMHUKaMU (pUCyHOK 18, 0).

Cragum paspymieHust AedeKTHOW CTPYKTYphl (HampuMep, HAIUIaBJICHHOTO
clos) W ynpyroi medopMmanuyd UMeeT erie Ooyiee BhIpaKEHHBIN pa3opoc Kyy, KoTo-
pble pacnpeesieHbl Mo 00JacTH TaKOM CTPYKTYpbl B 3aBUCUMOCTH OT HamlpsKEHUH B
Hel (pucyHok 18, B).

Taxkum oOpaszom, ISl pa3HBIX Pa3BUBAIOIIMXCS HCTOUHHKOB MOKHO OOOOIINTH
TIOBEJICHHE TPeX BBEICHHBIX Kod(duuuentos Kij, Ky u Ks. 3111 pesynbraTsl npusese-
Hbl B Ta0uie 1. Ha ocHoBe mpuBeieHHBIX B Ta0uune 3HaYeHHH ko duimeHTos Ki,
Ku 1 K¢ MOXKHO TOCTPOHTH aITOPUTM UACHTU(DUKAIUK KKIOTO U3 MPUBEIACHHBIX

THUIIOB HCTOYHHKOB.
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350 1 Pucynok 18 — KoppernsitimonHnoe moje JaHHBIX
300 + ® ® kyu=0,03 MEXAY aMILTUTYIaMH CUTHAJIOB, 3aPErUCTPHU-
250 Y POBaHHBIX IBYMs MpeoOpa3oBaTeIIIMUA OT pa3-
200 - a a BHBAIOIIEHCS TPEIIMHBI (@), TIOKaIpHOM o0Jac-
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Tabmuna 1 — Kpurepun pacno3naBaHus TUIIA HCTOYHUKA 110 Kodddunuentam Kij, Ky 1 Ksc

XapakTepHble 3HAUEHUS Tapa-
THII HCTOUHUKA METPOB UCTOYHHKA
Kij Kuu Ksc

VYnpyras nedopmarius (JIOKaabHbINM HCTOYHUK) <0,3 0,5-09 |<0,3
Yupyras nedhopmanus (pacrpeaeneHHbI UICTOYHHK) | <0,3 0,5-09 |<0,3
[Tnactuueckas nedopmarus (3y0 u miomanka Teky- | <0,3 0,5-09 |<0,3
YEeCTH)
[Tnactuueckas aedopmanus (mepes papymenuem) | <0,3 0,5-0,9 [>03
VYcranoctHas TpemyHa (3apoKISHUE) >0,5 >0,9 <0,3
VYcranoctHas TpemyHa (CTaOMIBHBIA POCT) 0,3-0,5 |>0,9 0,1-0,3
VYcranoctHas TpenHa (YCKOPEHHBIN POCT) 0,3-0,5 |>0,9 0,3-1
Herpanamus neeKTHON CTPYKTYPbI <0,3 <0,5 0,2-0,8

B ceabMoii riiaBe pazpaboTaHa METOJMKA MEPUOAMIECKOTO KOHTPOJIS JIUTHIX
Jerajel Ha OCHOBE MOAU(MDUIIMPOBAHHOTO UHTEIPATIBHOTO KPUTEPHS OIIEHKU U METO-
JIMKa MPOJUICHUS pecypca C ONPEACICHUEM YHCIIa HUKJIOB 10 pa3pylICHHs] HA OCHOBE

BEPOSITHOCTHOM MOJIeNH pactpesencHus BeliOya.
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[Ipu cymecTByrome cucteMe OOCTYKMBAHUS JIUTHIX Jl€Taleld MOJBUKHOTO
COCTaBa, KOTJa OHAa MPOBOJIUTCS IOCJIE€ HOPMUPOBAHHON HapaOOTKH, MpeIaracTcs
UCIOJIb30BaTh METOANKY TU(P(HEepeHIINATBHON OLICHKH COCTOSIHUS Pa3HbIX C IpUMe-
HEHHUEM JIBYyXIapaMeTPOBOI OLIEHKHU COCTOSIHUS HanboJIee OMacHbIX UCTOUYHUKOB AD.
Kak mnokazanu npuBEIEHHBIE IKCIIEPUMEHTATIbHBIE PE3YNbTAThl, HAMOOJEE HaJEXk-
HBIM TapaMEeTPOM, OMPENEISIONINM BEIUYNHY JedeKTa mocie ero uaeHTuduKamm,
ABJIAEeTCs Ey ITOKaIbHOIO MCTOYHHUKA, a TIOKA3aTEJIEM Pa3BUTHS YCTAIIOCTHOW TpEUIu-
HbI — Kjj. KommiekcHolt BennunHol MaciuTaba paspylieHui 3a BpeMs HCIIBITAHUH B
UCTOYHMKE OyzaeT Eyy — npuBefeHHAss K OTHOCUTENBHON HArpy3Ke cyMMapHas SHep-
I'Msl CHTHAJIOB TIOJYYEHHBIX OT UICTOYHMKA, KOTOpas onpeaensercs GopMynon:

Pj
Esp = Xica B 5—, (17)

L=
Pmax

rine E; — sHeprus i-ro curnana; P; U Ppa — COOTBETCTBEHHO HArpyska MpH mpueme i-
ro CUrHaJIa 1 MaKCUMaJIbHAsl Harpy3Ka UCIbITAHUM; N — YUCIIO CUTHAJIOB AD.

Yem BhIllIe MTapaMeTpbl CTEINEHHOW 3aBUCHMOCTH BBICBOOOXIAIOIICIHCS IHEP-
ruu TeM Oombine Egy. DMnupuueckas cBsizb cymmapHoi 3Hepruu Esy ¢ K Ha cTtaauu
YCKOPEHHOI'0 pOCTa TPEIIUHBI ONPEAEICHA IKCIIEPUMEHTAIBHO:

Es = A- K", (18)
rae A — SHepreTUYeCKuil mapamMeTp, 3aBUCUMbIN OT UyBCTBUTEILHOCTH amnnapaTyphbl.

Bech 00beM neTanu nenuTcs Ha y4acTKH, B 3aBUCUMOCTH OT JIWaria3oHa Ha-
MPSKEHUN, UCTIBITBIBAEMBIX MPH 3KCILUTyaTallMd U CKOPOCTU pOCTa TpewuH. s ka-
JKJIOI0 y4acCTKa OIPENEISIIOTCS MOPOTOBbIE 3HAYEHUS Emin U Emax IHEPIETUUECKOIO
MHTETPAIBHOTO KPUTEPHUSL.

Koppensumronnsrit mapametp Q MO3BOMISIET ¢ YIETOM BECOBBIX KOI(PPHUITHEHTOB
Harpy3ku W 3HEPrUM CUTHAJIOB OMNPENENsATh HAJIMYUE OBICTPO Pa3BUBAIOIIMXCS HC-
TOYHUKOB. KoppessimoHHbIl apaMeTp HaXoAuTCs mo popmyre:

Q- X (ELE ) Py
Xy “ 2 P n’, (19)

max

=2
i#]
rae Qyy — MHTETpanbHas XapaKTEPUCTHKA KOPPEALNU X-TO MCTOYHHMKA curHayia AD B
y-# 30HE AeTanu I ABYX COCENHMX II0 BPEMEHH NPHUX0Ja CUTHAJIOB; Pj — Harpy3Ka
BO BpEMSI PETUCTPAIIUU CUTHAJIA ¢ OOJIBIIIEH HATPy3KOH.
B mpouecce pecypCHbIX UCHBITAHUA MHTETPAIBHBIE KPUTEPUH OIPEIACIISIOTCS
JUTsE BceX 3a()MKCUPOBAHHBIX UCTOYHUKOB AD, a O CTETICHU MOBPEKIECHHOCTH 00BEK-

Ta U, CJIICAOBATCIIbBHO, O BO3MOKHOCTH B BPCMCHH CI'O ,[[aJIBHefIIHCﬁ OKCILTyaTallun
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cynmar mo aedexTy, uMerIeMy HauOOoJIbIINe WHTETPATbHBIC XapaKTEPUCTUKU B CO-
OTBETCTBUHU C TAOJIULIEH 2.

[To pe3ympraraM HCIBITAHUK OOpA3IOB M JieTaliel yCTaHOBJICHBI ITOPOTOBHIC
3HAYEHUS KPUTEPUEB OLEHKH Enmin, Emax, Qminy Qmax-

Croco6 Ob11 0opoOOBaH HAa HECKOJBKHX JIECATKaX OOKOBBIX PaM U HaJIPECCOp-
HBIX 0aJIOK TPY30BBIX BarOHOB MPHU WX JKCIUTyaTaIllid B 3aMKHYTBIX MapiipyTax. I1o-
CJI€ WCTIBITAHUH JIeTaIu, JOMYIIEHHBIC K JadbHEHIIIeH dKCIUTyaTauy, ObUTH UCIIONTh-
30BaHBl B TCUCHUE HA3HAYECHHOTO IO pe3yjIbTaTaM IPOTHO3WPOBAHMSA CPOKA B 3aMK-
HyTOM MapmipyTe. [lociie ompITHOM 3KCILTyaTallid OBLT MIPOBEICH JOTOJTHUTEIBHBINA
KOHTPOJIb COCTOSTHUS AD METOJ0M, KOTOPBIH IMOKa3all, YTO HE3HAYMTEIIHbHBIC U MaJIO-
3HAYUTEIbHBIC HCTOYHUKH B JIAJIbHEHIIIEM He ObLIM MPOSBIIEHBI B pe3ysibTatax AD,

JeTany ObUIM BHOBB OTAAHBI B AKCILTyaTallUIo.

Tabmuua 2 — Kareropun onacHOCTH MCTOYHMKOB AD B 3aBUCHUMOCTH OT MOJYYEHHBIX 3HAYEHUH
VWHTEIPAJIBHBIX XapaKTEPUCTUK

EZk, MB
Qxy, mMB
Ezk < Emin Emin< EZk < Emax Ezk > Emax
Qxy < Qmin He3naunTenbHbIi Hes3nauntenbHbii | Mano3HayuTeIbHBIN
Qmin < Qxy < Qmax | Mano3HaYMTENBHBIA |  3HAYUTEIILHBINA 3HAUYNTEIbHBIN
Qxy> Qmax 3HAYUTECIBLHBIN Kputnueckunit Kpurnueckunit

Ha cnenyromeit ctaguu mcciienOBaHUN MPOAHAUIM3UPOBAIN BO3MOXKHOCTH MC-
MOJIb30BaHUSI BEPOSITHOCTHOM KOHUEIMIHUH OIEHKH OCTATOYHOIO pecypca JUTHIX Je-
tajneil. 3a 6a3y it pa3padOTKH METOJAMKHU OLIEHKH HCIOJIh30BAIM MOJIEIb pacrpeie-
nenust Beitbysuia, koTopasi 3aBUCUT OT ABYX HE3aBUCHUMBIX MapaMeTpoB. Torma ume-
pseMBII TapaMeTp, XapaKTepU3yoIIHil pecypc N, onpeaensiercs no popmyie:

n=¢-60-In(R,) , (20)

rae Py — BeposSTHOCTh 0€30TKa3HOW pabOTHl B TEUEHHUE 33JaHHOTO paboyero mpome-
KyTKa N; o 1 6 — mapamMeTpbl COCTOSTHUSI 00bEKTa, KOTOPbIE MOKHO ONMKCATh C OIpe-
JICJICHHBIM MPUOJIMKEHUEM B BUJIE 3aBUCUMOCTEN OT napameTpoB AD 00beKTa.
Anamu3 popmyiel (20) mokassiBaeT, 4TO MmapamMeTp O Ha CTaaUH JTOKPUTHYE-
CKOTO POCTa TPEIIMHBI MOKET OBITh CBs3aH C KOA(D(PHUIIMEHTOM B3aUMHOU KOppEs-
uu. [loaToMy 3aBUCHMOCTH CyMMAapHOTO, MPUBEIECHHOIO K IUJIOMIAAN TPEIIMHBI KO-
s puimenTa o 0T MaKCUMaJIbHOM Harpy3Kd HMCHBITAHUA HAmMOOJEe TOYHO MOYKHO

OIIKuCaThb B BUAC BKCHOHGHI_[I/IaJIBHOﬁ 3aBUCHUMOCTH, HOJ'Iy‘-IGHHOfI 3KCHCPHUMCHTAJIBHO.
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O'max)

a=0,0025- e8'3( o

rac op — npcaci IpOYHOCTH MAaTCpuaia UCCIICAOBAHHOI'O 06pa3ua.

(21)

JlaHHas 3aBHCUMOCTbD, IIpE/ICTaBICHHAs] HEPEPBIBHOW KpUBOH Ha prucyHke 19,
U UMeeT KO (OUIMEHT KOPPEIALUU C SKCIIepUMEHTAIbHBIME pe3ynbTratamu — 0,972.
[TpuBenennas Gopmyna (22) npuOIMKEHHO ONMKCHIBACT MOBEICHUE TTapaMeTpa
0. B MHTEpBaJIE JOKPUTHUYECKOTO HAMpPSKEHUS B OKPECTHOCTU Pa3BUBAIOLIECTOCS Jie-
¢exTa, KpuTUYECKOE 3HaUYE€HHE COOTBETCTBYET Mpeey Tekydectdu. Kpome toro, na-
paMmeTp oL U3MEHSETCsl B JOKpUTHUYECKOW obnactu B npeaenax 0...1 u mo ero 3Haue-

HHUIO MOJXHO OIIpCACIUTL COOTBCT-

a
1,2
’1 CTBYIOIIEE 3HAYEHHUE OTHOCHUTEIIb-
08 4 HOT'O HAIPSHKEHUS.
0,6 - Ha BTopom »srame mnposenu
0,4 - UCCIIEN0BAHUS JIJIsl IETaledl UCIIbI-
0.2 1 THIBAIOIINX M3TUOHbIE HANPSHKEHUS
0 T T T
Ha YYaCTKE C KOHIIEHTPATOPOM.
0 0,2 0,4 06_ 08 y HCHTPatop
Omax/ OB Kpome TOro, B 3KCHepHUMEHTE ObI-

Pucynok 19 — 3aBHCHMOCTh CyMMapHOTO IPUBEACH- 1 3a/1eICTBOBAHBI o0pasisl ¢ pas-
HOro KO3 (pULUEeHTa B3aUMHON KOPPEISLUU CUTHA-

710B K, N3Ty4aeMbIX HCTOYHUKOM, OT OTHOCHTEIIbHO-
r0 MaKCHMaJIbHOTO HAaNPsKEHHS B 00JaCTH KOHIIEH- ~ OJHOM M TOM K€ Harpys3ke IOJy-
TpaTopa IpH pacTsHKEHUU

HOM TOJILIMHOMW, YTO MO3BOJISIET ITPU

YUTh Pa3HOE HAIPSKEHHOE COCTOS-
HUE B BEpUIMHE KOHUEHTparopa. IIpoBeeHHbIE HCCIIeN0BaHUsS TOKA3BIBAOT, YTO 110
CPaBHEHUIO C MPOCTHIM PACTSKEHUEM MapaMeTp oL JOCTUraeT 0oyiee BBICOKMX 3Haye-
HUN 10 MEpe pa3BUTHUS TPELIMHBI, MPUBOASIIIETO K OKOHYATEIIbHOMY pa3pyLICHHUIO.
Kpome Toro, BUIHO, UTO yBEJIMYEHHE TOIIMHBI O0PA3LOB, a 3HAYUT U y4acCTBYIOIIle-
ro B aKTUBHOM JIETPAJAllMOHHOM IIpoliecce 00beMa MeTajla CONPOBOXKIACTCS yBe-
JUYEHUEM MapaMeTpa o.

OpHako MpakTUYECKH BCe 00paslibl MOKAa3bIBAIOT MEPUOINYECKUE CYLIECTBEH-
HbI€ OTKJIOHEHMS CBSI3M ATUX NAapaMeTPOB OT IUIABHON KPHUBOW, YTO NOATBEPKIAAECT
HEOJHOPOJHOCTh CTPYKTYPHOT'O COCTOSIHUSI METalljla, BCIEACTBUE HAIWYMUS JIUTEH-
HBIX J1€(QEKTOB CTPYKTYpbl WJIM B BUAE HECIUIOMHOCTEH. IMEHHO MO3TOMY OIlEHKa
COCTOSIHMSI MaTepuala J0HKHA HOCUTh BEPOSITHOCTHBIN XapakTep.

C mpakTH4ecKOM TOYKU 3peHHs mapaMeTp 0 MOKHO BBIHECTH H3-TIOJ] KOPHS
dopmysbl (20) Takum 00pa3oM, YTO BMECTO HEro OyJeT (UrypupoBaTh SHEPreTHUC-

CKUU IMapamerp:
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a
1=90. (22)
Iloce »Toro IMPON3BOANUTCA OLICHKA YMCJIa HUKJIOB 10 pa3spymIcHUA C HUCIIOJIb-

30BaHUEM KOPPEISIMOHHBIX 3aBUCUMOCTEN cUrHaioB AD o popmyie:
N=1-¢-In(l-P), (23)

re A — SHEPreTUUecKuii Ko3(PPHUIMEHT, YUUTHIBAIOIINA CYMMapHYIO SHEPTUIO CUT-

Haj10B AD U onpeaensieMslii o hopmyIie
0-1

A=t Ey, (24)

%
IJ€ O, — HallpsHKEHUE B 00J1aCTU MCTOYHUKA, PA3JIMYHOE Ul KaXKIOW 30HBI JHArHO-
CTHPOBAHUS, B KOTOPOU PETUCTPUPYIOTCS MOTEHIIMAIBLHO OMAaCHbIE UICTOYHUKH, a Ey —
IKCTIOHEHIIMATIbHA (DYHKIMS 3aBUCHMOCTH SHEPTHH OT HANpsDKEHHWH B 00JacTH HC-
TOYHHKA, TIOJTY4YEeHHAs! SKCIIEPUMEHTAIBHO I KOHTPOJIMPYEMOTO MaTepHaia U BUia
HarpyxeHus (pucyHok 20).
[Tonmy4yeHHbIE Pe3yNbTaThl IPUMEHIIIN MPH OLIEHKE TEXHHUYECKOTO COCTOSIHUS

JIUTHIX JieTaliel ¢ neexramu u 6€3 HUX.

E [ns mpoBepku pe3yJibTa-
5 K
10_14 TOB KOHTPOJI ACTAJIHU, IIPpH-
102 ° 3HAHHBIC T'OJAHBIMH, BKJIIOUYaA
L ® JeTaJId C HE3HAYUTCIBHBIMU H
10'00, 9% ¢ ** ob o
= o ® MaJIOZHAYHUTECIbHBIMH HCTOYHU-
104 L X ]
- ® : kaMu AD, OBIIM HCITOJIB30BaHBI
10° ° ® ®
i B TpY30BBIX BaroHax, KYypCH-
106 | L
, pyrommx I0 3aMKHYTBIM Map-
10- T T
11 aM C L0 MOHHMTOpPHHIA
1040 50000 100000 pyT p p
150:¢ TOSAHUS 4 MeECALEeB
Pucynok 20 — Omnupuueckas cBs3b Ey curHanoB AD oT cocTo cpes ceiane
pa3BUBAONIEHCS TPEIIUHBI C YUCIIOM ITUKIIOB JI0 pa3py- u | ron. Pesynaprarsl moBTOp-
HIEHHUSA

HBIX AD HCCIIEIOBaHUM ITOKa3a-
7, 9TO Ha 0e31e(PEKTHBIX METalsIX Pa3BUTHSI M BO3HUKHOBCHHS HOBBIX MCTOYHHUKOB
HE MPOU30NLUIO0. Y YaCTH MaJIO3HAYUTEIHHBIX UCTOUHUKOB OOHAPY KA TTOBBIIIICHHE
YpOBHSI TapaMeTpoB AD.
OcHOBHBIE BBIBO/JbI.
1. B aucceprannoHHO# paboTe OBUTH pacCMOTPEHBI U PEIICHBI 00IIHE TTOIXO0IBI K
METOMOJOTUH AD KOHTPOJS M3IEIUH C HU3KOH KOHTPOJCTPHUTOAHOCTBHIO — JIMTHIX

CTaJIbHBIX JCTaJeil CIOXKHOU (POPMBI, UMEIOIIUX pa3IUuYHbIe Je(EKThI, TPOU3BOJICT-
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BEHHOI'O U JKCIUTyaTallMOHHOIO MPOMCXOXKAECHHS U OO0JBIIOE YUCIIO IIYMOB Ha IpH-
Mepe JINTBIX JETaJeH TeJIEkKEK IPY30BbIX BAlOHOB.

2. llpennoxeHa M HKCIOJIB30BAHA METOJMKA aHAIU3a CTATUCTMYECKUX JaHHBIX
Ne(PEKTHOCTH U3EJIMN U OLEHKHU JOCTOBEPHOCTU CUCTEMBI KOHTPOJS M3JENIHH, MO-
3BOJISIIOIIAST OLIEHUTH JOJI0 MepeOpaKkoBKU U HEAOOPAKOBKU B BBHIOOPKE JUArHOCTH-
PYEMBIX U3IECITUM.

3. PazpabGoTtana MeTonuKa TPEeXypOBHEBOM OIIEHKH MCTOYHHMKA C YCTAaHOBKOHM OC-
HOBHBIX [IPUEMHHMKOB B LIEHTP y4aCTKOB C MAKCUMAJILHO HAIIPSHKEHHBIM COCTOSIHUEM
U BBICOKOI BEpOSTHOCTBIO 00pa30BaHuUsl yCTAIOCTHBIX TpeluH. Vcrnonb3oBanue 3Toi
METOJIMKH IMO3BOJIUIIM PETUCTPUPOBATh AD ¢ HU3KOM aMILIUTYI0M U SHEPTUEN U IO-
BBICUTB YyBCTBUTEJIBHOCTD K Pa3BUBAIOIIMMUCS HA PAHHEW CTaIuy UCTOYHHUKAM.

4. TeopeTuyeckne W 3KCINEPUMEHTANbHBIE HUCCIEAOBAHUS MO3BOJIWIA BBIIEIUTH
KPUTEPUHU UICHTU(PHUKAIMN PA3THYHBIX TUIIOB UCTOYHUKOB AD B JIUTHIX U3JEIUIX B
3aBUCUMOCTH OT BEJTUYHMHBI 3TUX MMapaMETPOB: KOIPPUIMEHT B3aUMHON KOPPEISILINH
CUTHAJIOB OT OJHOI'0 MCTOYHHMKA B IIPOLIECCE UCIIBITAHUM, IIPUHATBIX OJHUM IPHUEM-
HUKOM; KO3((UIMEHT B3aUMHON KOPPEISILIMY MaKCUMaIbHON aMIUIMTY/Abl CUTHAJIOB,
OPUHATHIX OMMKaWIIMMHM K MCTOYHUKY MPUEMHUKAMH; OTHOIIEHHUE BBICOKOAMILIH-
TYIHBIX JIOKAJIM30BAHHBIX CUTHAJIOB OT UICTOYHUKA K OOLIEMY YHUCITy CUTHAJIOB OT HC-
TOYHHUKA 32 BPEMsI UCIIBITAHU M.

5. B pabore paccMOTpeHO BIMSHHE HAJUYMs U TUIA KOHLUEHTPATOpa Ha MOTOKO-
BBIE XapAKTEPUCTHKU AD. YCTaHOBIEHBI SMIUPHUUECKUE 3aBUCUMOCTH CyMMapHOIO
YlClla CUTHAJIOB U UX 3HEPTUU OT BEJIMYMHBI HAMPSHKEHHOI'O COCTOSHUS WM KO3 (-
¢dueHTa UHTEHCUBHOCTH HAIPsDKEHUN 7S pa3BUBarouuxcs Tpeuud. Kpome toro,
YCTAHOBJICHO, YTO IIPU YBEJIWYCHUN HAMPSKEHHOI'O COCTOSIHUS B BEPLIMHE KOHILICH-
TpaTopa BO3PACTAET AUCIEPCHS IO 3HAYEHUSM MAKCHUMAJIbHOW aMIUIMTYIbl U DHEP-
MU CUTHAIOB AD, KO3(Q(PUIMEHT KOHUEHTPAMU MCTOYHHUKA CHavajla yMEHbIIAeTCs
Ha CTaguU CTAa0MJIBHOTO POCTa TPEIIMHBI, & 3aTEM YBEIMYMBAETCS HA CTAUU YCKO-
PEHHOI'0 pOCTa TPEIIUHBI.

6. Pa3paboTan crmoco0 OIEHKH JOCTOBEPHOCTH OMPEICICHUS KOOPAUHAT MUCTOY-
HUKOB AD B 3aBHCUMOCTH OT NapaMETPOB MPUHATBHIX PETUCTPUPYIOLIEH amnmapary-
poil curnanoB AD Ha ocHoBe (opmynbl baiieca. B xauecTBe mpumepa mpoBeqeHa
CTAaTUCTHYECKAsA OIIEHKA IMOTPEIIHOCTH ONPEAETEHUS KOOPIAUHAT UCTOYHUKOB AD C
IIEPBUYHBIMH ITAPAMETPAMU CUTHAJIOB, TAKUMHU KaK MaKCHUMaJbHas aMIUIMTYJa, Bpe-
Ms HapacCTaHHs CUTHAJIOB. Y CTaHOBJIEHO, YTO B 3aBUCUMOCTH OT BEJIMYMHBI MAKCH-

MaJlbHOM AMIUIUTYAbI 1 BPECMCHU HapaCTaHUA CHUTHAJIa CIICAYCT HCIIOJBb30BATH AJIA
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pacueTa KOOpJAMHAT MCTOYHHUKA BPEMs MPUXO0Ja CUTHaNa, OMNPENICICHHOE pPa3HbIMU
criocobamu.

7. DKCHEepUMEHTAIBHO MOATBEPKIEHO, UTO AD HCHBITAHUSA C HMCIOJIH30BAHUEM
HECKOJIbKHUX ITUKJIOB MCTBITATEILHON HArpy3KHU (IJIsl JIUTHIX J€Taneil TeNe KU ONTH-
MaJIbHOE 3HAYEHUE — OT CEMH JI0 JIECSITH IIUKIJIOB) MPUBOAUT K CHIXKEHUIO JUCTIEPCUU
MOJTy4aE€MbIX 3HAYEHUW aKTUBHOCTU M SHEPTUU PAa3BUBAIOIIUXCSA TPEIINH, YTO CyIIIe-
CTBEHHO IMOBBIIIAET JOCTOBEPHOCTH OIIEHKHU NapaMeTPOB Pa3BUBAIOIIUXCS TPEIIUH.

8. Ilpemnoxen cnocod nuddepeHnnanbHON OLIEHKH COCTOSHUS JIMTHIX JeTalei
0 pe3yJibTaTaM COBMECTHOTO MCIOJb30BaHUs AD U APYrHMX METOJOB IIPU UX MEPUO-
JUYECKOM KOHTpOJIE B Mpoliecce 3kciuryatanuu. [Ipu npumenenun AD merona uc-
MOJIb3yeTCsl MOAUGUIIMPOBAHHBIN UHTETPAIBHBIA KPUTEPUM OIIEHKU COCTOSIHUS 00b-
€KTOB JUArHOCTUKU MO SHEPreTUYECKOMY U KOPPEJSIMOHHOMY MapaMeTpaMm C yde-
TOM HaIpPS>KEHHOTO COCTOSIHUS B 00J1aCTH 0OHAPYKEHHOTO UCTOUHHMKA.

9. Pa3paboTaHa BepOSTHOCTHAs METOJHMKA OIEHKH pecypca C HCIOIb30BAHHEM
JTAHHBIX AD NHWarHOCTHKH, MPUMEHHMAasi U ONMpPOOOBaHHAS JJIs JUTHIX JETaliel Te-
JICKKH. DKCIIEPUMEHTAJIBHO OIPEIEICHbl MapaMeTpbl BEPOSATHOCTHOW OLIEHKH ISt
ONPENEIICHUS] MMApPAMETPOB JOJTOBEUYHOCTU SKCIUTyaTallUH AETal€i, YYUTHIBAIOLIUE
OCOOCHHOCTH Marepuaja U HaIMpsHKEHHOE COCTOSHHE B OOJACTH MOTEHIIUAIBHO
OTNIACHOTO MCTOYHUKA.

OCHOBHOE COJIepKAHUE U PE3YJIbTaThl UCCICAOBAHUS OTPAKEHBI B CIAEAYIOITUX
myOTUKaIHSIX.
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