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BBEQEHME

OT TOYHOCTH CPEICTB M3MEPEeHUs 3aBUCHUT 3(DEHEKTHUB-
HOCTb BBITIOJIHEHUSI Pa3IMYHbIX (DYHKIIMIA: TOTrPEeLlIHOCTH
CYETYMKOB IHEPTUM MPUBOIAT K HEONPENeJeHHOCTH B yde-
T€ 3JIEKTPO3HEPIUM; MOTPEITHOCTH BECOB BENYT K OOJIBILINM
0o0beMaM Hey4YTeHHOTo ToBapa. [loBbIllIeHWe TOYHOCTH W3-
MEPEeHUI TO3BOJISIET OMPEACTUTh HEAOCTaTKU TEXHOJOTUYe-
CKHX TPOLIECCOB M YCTPaHUTh UX. [IprMeHeHUe COBpeMeH-
HBIX METOJIOB MU3MEPEHUIA, CPEICTB U CUCTEM aBTOMAaTU3aLIMK1
MIPUBOIUT K TIOBBIIIEHWIO KayecTBa MPOAYKIINU, SKOHOMUU
SHEPreTUYECKMX U TEIUIOBBIX PECYPCOB, ChIPbS, MATEPUAJIOB.
NmioctpupytoT copMyaIupoBaHHbIe YTBEPXKICHUST CTaTbU
HalIMX aBTOPOB, MPENCTABICHHBIE B HACTOSIIEM paslee.

B nepBoii paboTe paccMaTpUBaeTCsl MPOSKT KOMIUIEKCHOM
aBTOMATH3allMM TEXHOJOTUYECKOTO yJacTKa MpPOU3BOICTBEH-
HOTO TMPEeaNpUITHS, KITIoueBasi 1eJib KOTOPOTO — TMOBBICUTh
TOYHOCTb MPOBOAMMBIX Ha TPEANPUSITUUA UCIIbITAaHUIA. BTO-
past cTaThsl TOCBSIIEHa CPABHEHHWIO METOIOB aBTOMATU3allN
J1abOpaTOPHBIX aHAIU30B (BUPTYaJbHbBIX U TIOTOUYHBIX aHAJIM-

3aTopoB). OT TOYHOCTH BBITIOJIHEHUS JJaOOPATOPHBIX aHAJM -
30B 3aBUCUT KayeCTBO BBIMYCKAEMOW TMPOIYKIIMW TIPEAPU-
SITUI, HAlIpUMep, HeTEXUMUYECKOI OTpaCIu.

TTpuMeHeH e BBICOKOTOYHBIX KOHTPOJIbHO-MU3MEPUTEIbHBIX
MPUOOPOB MOBBIIIAET PE3YIbTAThl TMATHOCTUYECKUX MEPOTIPH -
SITUI B TIPOMBIILIEHHBIX cucTemax. Clenytoliasi CTaThbsl pas3-
JieJia XXypHasia IocBsIIIeHa OTepaTUBHOM JIOKAIU3aLIMK OTKA30B
CJIOXXHBIX KOMMYHUKAIIMOHHBIX YCTPOMCTB B MOJIEBBIX YCIOBUSIX
Ha 6a3e obopynoBanus kommanun Keysight Technologies.

B Haureit noBcegHeBHOM XXU3HU 0OJIbIIIOE 3HAUEHNE UMEET
BpeMEHHasi TOYHOCTh. BbhIBaeT 0ueHb BasKHO yCTEeTh Ha BCTpe-
4y K Ha3HaYeHHOMY BPEMEHU, BOBPEMSI BBIHYTb ITUPOT U3 JIy-
XOBKU, KOPMUTbH IO YacaM HOBOPOXIEHHBIX U T.A. B mpo-
MBIIIJICHHOW aBTOMAaTU3allMu TpeOOBaHUS K BPEMEHHBIM
oTpe3KaM elle Oosiee KecTkue. 31ech MPUCYTCTBYET MOHSTHE
peaJIbHOTO BPEMEHM, OTCTYMaTh OT KOTOPOIO HEIOMYCTUMO
quisi MHOTuX TT1. O cambIX TOUHBIX Yacax B MUPE, O IPUHIIUIIE
1X pabOThI UAET peub B IMOCAEAHEN CTaThe pas3aea.

KomnnexkcHas MOLOEPHU3ALIUNA TEXHONOIMYECKOTO YYACTKA ONMPEQENEHNA CKOPOCTU TOPEHUSA
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Paccmarpusaercs nogxon k MOBEpHM3AUMM TEXHOMOMMYECKOTO YYaCTKA OMPERENeHUs CKOPOCTH FOPEHMS SHEPreTMyeckmx
koHgeHcuposaHHbix cuctem (IKC) Ha ocHoBe ero KoMnnekCHOM aBTOMATM3auMAM.
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Beepenue
BcecTopoHHSI 1 MHOTOTIIAHOBAsI MOIEPHU3ALIMS UCITbI-
TaTeIbHO-3KCIIEPUMEHTAIbHOM Oa3bl MPEANPUSATUIF BOGHHO-
npoMbinieHHoro komruiekca (BITK) Ha HacTosimiit MOMEHT
SIBJIIETCS TIepBooYepeaHOM 3amaueii. OCHOBHBIM TTPUOPH-
TETOM pa3BUTHUS SIBJSIETCS aBTOMAaTH3allvsl TTPOU3BOICTB
Y BBIBOJI JIIOZICH M3 OTTACHBIX M 0COO0OMACHBIX 30H. brIcTpoe
passutue BITK B mocnenHee Bpemst TpeOyeT COBpeMEHHOTO
MOAX0Aa, TMPEeIyCMaTPUBAIOIIEro KOMILJIEKCHYIO aBTOMATH -
3aunio ca0XHbIX TTI mpu mpou3BoACTBE M UCTIBITAHUSIX 00-
pasioB uzaenuii. CocTosiHue UCIIBITaTeIbHO-3KCIIEPUMEH -
TaJbHOI Oa3bl OCTABJISIIO XKeJIaTh Tyulero. B ocHOBHOM 3To
MOpaJbHO U (DU3NYECKU ycTapeBlee obopyaoBaHue 80-x
rogoB XX Beka, KOTOPOE YK€ He OTBeYaIO0 COBPEMEHHBIM
TpeOOBAaHUSM IO Pa3BUTHUIO U OTPAOOTKE 0OPa310B HOBOI
TeXHUKU U u3neauit. [IombITKY MPOBECTH MOAEPHU3AIIUIO
TOJIbKO 3aMEHOM yCTapeBIIEro M M3HOIIEHHOIo 000pyI0-
BaHUs Ha 00JIee COBpEMEHHOE MPUHIIMITUATBHO HE MEHSIET

TEXHOJIOTUIO MPOoLecca MPOBENEHUS UCTIBITAHNS, HE PACIlIM-
psieT GYHKIMOHATBHOCTb SKCIIEPUMEHTATbHON 0a3bl.

MoaepHu3anys UCIbITATeIbHOM 6a3bI TPeINMPUITUS —
9TO, MPEXJAe BCEero, MepeBoj e Ha KaYeCTBEHHO HOBbIM
YPOBEHB, CYIIECTBEHHOE paclIupeHre GYHKIIMOHATbHOCTH,
MO3BOJISIIONIEN BECTU OTPAOOTKY HOBBIX U3JETUIA.

Jns peumieHust 3TUX mpodyieM HEeoOXOAUM KOMILIEKC-
HBI TOAXOJ MO aBTOMAaTU3aLlMK MUCIBITATeIbHOTO 000-
PYIOBaHUS U eIMHas TEXHOJOTUSI MOCTPOCHUS U3MEpU-
TEJbHBIX CUCTEM U CUCTEM ymnpasieHUsl. HakornaeHHbI!
OMNBIT Pa3padOTOK U BHEAPEHUI MO3BOJWI BbIpAOOTATh
CTpaTerui0 TEXHUYECKOTO MEPEBOOPYKEHUSI U MOJAEPHU-
3alUU UCTIBITATEIbHON 0a3bl KPYIMHBIX MPOMBILLIEHHbIX
npeanpusatuii [1, 2].

Beinenvm aBa OCHOBHBIX HaMpaBieHUs padoT ISl «Ipa-
BWJIbHOI» MOJIEPHU3ALIMY UCTIBITATEIbHBIX KOMIUIEKCOB:

— ONpefiesieHe PalMOHAJIIbHOW OpraHu3aluu BbI-
MOJHEeHUs 3anady (yHKUUOHUPOBAHUS CAMOTO MCIIbITA-
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TeJbHOTO KoMruiekca. [IpoBoauTcs TyOOKuWiA aHaIu3
COCTOSIHUSI MCIBITATEJIBHOTO KOMIUIeKCa A0 Hayajga Mo-
nepHu3alu (GyHKIMOHATbHOE COCTOSIHUE MpOorpaMM-
HO-TEXHUYECKUX CPEACTB, CPEACTB aBTOMAaTHU3allUU,
YHUKaJBHOCTh O0OPYIOBaHMSI, CPABHEHUE C aHAJIOTAMMU,
cioxHocTh TIT). Mcxonst U3 aToro mpuHUMaeTcs pelie-
HUE M0 pabdoTe Haa MPOEKTOM: OCTAHETCS JU (PYHKIHO-
HaJl TAKUM K€ WU MOSIBATCS JOTOJHUTEIbHbIE BO3ZMOX-
HOCTHU, CJIEYET JIU MPOU3BECTU 3aMEHY O00PYIOBaHUS;

— pa3paboTka METONOB U CPEICTB MOCTPOSHUS WH-
CTPYMEHTAJIbHOW Cpefbl I CUHTE3a CUCTEM aBTOMAaTU-
3allUU UCTBITATEIbHO-9KCIIEPUMEHTATbHOW 0a3bl Mpei-
MpUSITUS B LeJoM [2].

Onucanme obbekta MOfEepPHU3ALMM U ABTOMATU3ALUKN

IIpemnoxeHHbIi Moaxon ObLI peanu3oBaH MPU MO-
JNEPHU3AIMU TEXHOJOTUYECKOTO YJyacTKa OMpeaeaeHust
CKOPOCTU FOPEHUsI SHEPreTUUEeCKUX KOHIEHCUPOBAHHBIX
cuctem (BKC).

AHanu3 paboThl TEXHOJOIMYECKOI0 YJacTKa 10 MoJIep-
HU3ALUK BBISIBUI Psii HEAOCTATKOB, K KOTOPbIM MOXHO
OTHECTU TIpUMEHEHHEe YCTapeBIIUX CPEeICTB U3MEPEHUI
U MIPOrPaMMHO-TEXHUUYECKUX CPEACTB (MHOTHUE U3 KOTOPBIX
YK€ He BBIITYCKAIOTCS1), BBICOKYIO0 MHCTPYMEHTAbHYIO MO~
IPELIHOCTD MPU OTPEACIEHUN CKOPOCTH TOPEHUS, CJIabyIo
3alUILEHHOCTb OT OMEX U3MEPUTEIbHBIX KAHAJIOB, HAJIU -
yue (pakTopa UBMEHEHUS HaYalbHOM TeMIiepaTyphl o0pasiia
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TTPY OTHEBOM MCITBITAHUY, @ TAK3KE BIMSTHUE YeJIOBEUYECKOTO
¢akTopa 1py MOArOTOBKE 1 MTPOBEICHUM UCITBITAHUS.

Jlo MoaepHM3aMy Ha yJ4acTKe CyIIeCTBOBAJIO MO~
JIyaBTOMaTU3MpPOBaHHOE pabouee MeCTO UCIThITATEe IS,
ITpu usMepeHU M JJTUHBI 00pa31ia UCTIOIb30BAJICS MeXa-
HUYECKUIA MTHOIUKATOP, U BCE TaHHBIE TT0 U3MEPEHUSIM
3aHOCWJIVMCh BPYYHYIO B 3KypHaJl. TepMocTaTupoBaHue
00pa3IoB MPOBOAMWIOCH B STYEMKOCTHBIX TEPMOCTaTaX
C BeJICHUEM XypHaJla TEpMOCTaTUPOBAHUS, Ky/ia Bpyd-
HYIO 4Yepe3 oIpee/ieHHbI MHTepBaJl BpEMEeHU 3aHO-
CWJIUCH TTOKa3aHUSI TEMIIEPaTypbl C CAMOTIUIIIYIIIETO
mocTa (tuna KCIT).

Kpome 3TOro, He06X0AUMMOCTh MOIEPHU3ALIUU YIACT-
Ka Obula OOycJIOBJieHa COBpeMEHHBIMM (0Oojiee <«XKecT-
KUMW») TpeOOBaHUSIMM K TIPOBEICHUIO HWCIBITAHUI
Ha oTpe/ie/IeHre CKOPOCTU TOPEHMSI.

Peanuzaums npoekra
IIpu pa3paboTKe M MPOESKTUPOBAHUM KOMILIEKCHOM
CHCTeMbI aBTOMATH3allMU TPUMEHSIIMCh COBPEMEHHBIE
MMOOXONBl K aBTOMATHM3allMd M MOICPHU3ALMU MCIThITa-
TeJIbHOU 0a3bl TpeanpusThs. Hemalo BHUMaHUS yie-
JISIOCh KOH(PUTYPUPOBAHUIO M TTPOSKTHUPOBAHMUIO OITH-
MaJIbHOI apXUTEKTYPhI OYIYIIEil CUCTEMEL.
Peanmmzanus KOMITJIEKCHOUM CHCTEMBI ITPOMCXOIMIIA
noatanHo. BHauasie pa3paboTaH 3CKU3HbIN MPOEKT CU-
CTEMBI, B KOTOPOM C(OpMyJIMpoBaHa 3amada CUCTEMBI

Puc. 1. CrpykrypHas cxema KOMMneKcHo# cuctembl gns onpegenenms ckopoctm roperms IKC
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B LIEJIOM, TILIATEIbHO UCCAEAOBaHA U JNETAJIbHO CIPOEK-
TUPOBaHA APXUTEKTYpa CUCTEMBI.

OcHoBHbIe 3ana4u aBToMatu3auuu TIT moaroroBku u
npoBeAeHust ucnbiTaHuii oopasuoB DKC (nmanee obpas-
1I0B) Ha CKOPOCTb TOPEHMUSI:

* ynpaBjieHue WHOOPMALUMOHHBIMU MOTOKAMMU KOM-
IUIEKCHOW CUCTEMBI, BKJIIOUAIOIIEH psia crenuaIu3nupo-
BaHHBIX APM;

* perucTpauus NepBUYHON WHGbOpMalMU MO 00pa3-
1am B 6a3e gaHHbIX (B);

* yIpaBlieHUE U MOHUTOPUHI MPOLIECCOM TEPMOCTa-
TUPOBAHUST 0OPA3LOB;

* yIpaBjieHUEe MPOLECCOM OMpeneSeHUsI CKOPOCTU TO-
peHUs B XO/i€ MPOBENEHNS OTHEBbIX MCIBITAHUI Ha yCcTa-
HOBKax noctostHHoro aasiaeHus (YI1/1);

* MepBUYHAs U BTOpUYHas 0O0paboTka uHbOopMaluu
10 3aKOHaM U TpeboBaHUsIM OTpacyieBOro CTaHAapTa;

* Katajoruzauusi (C pe3epBUpPOBaHUEM) U XpaHEHUE
perucTpupyemMoii u oopabdarbiBaeMoil HGOpPMaLIUK;

* MpeACTaBJIeHUE Pe3yIbTaTOB B BUIE YCTAHOBIEHHBIX
MeYaTHbBIX U rpacudeckux hopm;

* obecrieyeHue 0e30MaCHOCTU BBIMOJHEHUS PaboT;

* MOHUTOPUHT 3a BceMU APM KOMIIEKCHOI CUCTEMBI.

Ha cnenyroniem stane ObUTM BBIOpaHBI TPOTPAMMHO-
anmnapaTHble CpeACTBa, Haubojiee MOJHO OTBevalolue
MOCTaBJICHHBIM 3a1a4aM.

3ateM u3rotosjieH MakeT APM-TepMocTaTupoBaHUsI
1 0TpabOTaH Ha y4acTKe OIpeAeIeHUsI CKOPOCTH TOPEHUSI.
IMo3xe mperepren moxaepHuszauuro APM-ucnbiTaTesns.
Hns otaenpHoro sk3emiuisipa APM-ucnbitarens Obliv
pa3paboTaHbl HOBBIE MPOrPAMMHO-TEXHUYECKUE CPE-
CTBa, BKJIIOYAsl COBPEMEHHbBIE CpeCTBa u3MepeHus. BHe-
JIpEHa HOBasl MOMEXO3allUILEeHHas! cXemMa OINpeaeaeHUs
BpeMEHU CcpadaTbiBaHUSI TPOBOJOYHBIX CUTHAIU3ATO-
pOB IJIs1 ompeneaeHust BpeMeHu ropeHust. Ilocae atoro
APM-ucnbiTaTenss caaH B 3KCIUTyaTallMi0 Ha y4acTOK
IUUIS. BBISIBJIEHUSI HEIOCTAaTKOB U 3aMevyaHuil. B TeueHue
9KCIUTyaTalluu BeJICS XKypHajl ydyeTa HEUCIpPaBHOCTEM.
Ilo monydyeHHBIM pe3yabTaTaM dKCIUTyaTalluu CTajlo MO-
HSITHO, KaK TTPOBOJUTH KOMIUIEKTAIlI0 OCHOBHBIX APM
Y MHTErPUPOBATh UX B KOMILJIEKC.

Puc.2. APM ucnbitarens

Hanee ObLIO TPUOOPETEHO KJIMMATUYECKOEe 000pyIo-
BaHUE, TTOJIHOCTHIO 3aMEHEHBI BCEe CPEJCTBA U3MEPEHUS,
3aHOBO pa3paboTaHo MporpaMMHoe obecreyeHre APM.

OnucaHue CTpyKTYpbl KOMMIEKCHOM
CUCTeMbl aBTOMATU3ALIUMN

CTpyKTypHasi cxeMa KOMIUIEKCHOI CUCTeMbl aBTOMa-
TU3aLIUUY TIPECTaBlIeHa Ha puc. 1.

AnpoM cucteMbl CIYXUT BBIICICHHBIN cepBep, Ha
KOTOPOM co3/1aHa 0a3a JaHHbIX 00pa31oB, MPOrpaMM HUC-
MbITAHUI, TATYUKOB NABJICHUS U TeMIepaTyphbl, pe3yJib-
TaToB ucnbiTaHuii. Co3naHue KIMEeHT-CEPBEPHOI CUCTe-
MbI 0OecreurBaeT XpaHEeHUE B CTPYKTYPUPOBAHHOM BUIE
Bcell MH(oOpMaLIMK, TTOJIyYaeMOll B XOIe MOATOTOBKU U
MpoBeAeHUsI UCTTBITaHUI [2, 3].

K cepBepy monkiaoyaroTcs KJIMEHTbl — JEBSITh TeX-
Hojornyeckux APM (nBa APM-ucnbiTaTesnss Ha cxeme
HE yKa3aHbl), Ha KaXIOM U3 KOTOPBIX MpPeaycMOTpeHa
BO3MOXHOCTb MCIIOJIb30BaHUSI IITPUX-KOAa [UIsl OT-
CJIeXXMBaHUS TMpoliecca MPOXOXIeHUs obpaslia Mo Bce-
My TEXHOJOTMYECKOMY LMKy, HauuMHasl OT IOCTYILIe-
HUs o0paslia Ha Y4acTOK W 3aKaHUYMBasl MCIIbITAHUEM
ero B YIIJI. HaHeceHue TPUX-KOAOB MPeIyCMOTPEHO
TONbKO Ha nByX APM — peructpauuu U U3MepeHUs.
Ha ocrtanbHbix APM (kpome APM-HavanbHMKa ydacT-
Ka) TPOU3BOAMTCS TOJbKO cuMThiBaHUe. Kaxmomy 00-
paslly MpUCBaUBAETCsl YHUKAIbHbBIA HOMEp, MO KOTOPO-
My UAEHTUDULUPYETCS BCS HeoOxoauMasi MHGhOpMaLus
Ha kaxxaoM APM nocnie ero ckaHupoBaHUSI.

APM peeucmpayuu cay>XUT 1j151 BBOJAA C MapILIPYTHOTO
JIUCTA UCXOMHBIX TAHHBIX Ha 00pa3libl, BBOAA UH(OpMa-
LIMM O MporpaMMe U METOAMKE UCTbITAHUS, 3aHECEHUSI
CBEIIEHUI O TaTYMKax NaBJIeHUs, TEMIIEPaTyphbl U IPYTUM
U3MEPUTESIbHBIM Mpeodpa3oBaTeisiM, CBEACHUIN O Kau-
OpoBKax M MPOBENEHHbIX MOBEPKaX M3MEPUTEIbHON ar-
napartypsl B oouryto bJI.

APM uzmepenus obpaszuoé obdecrieunBaeT U3MepeHUe
JUTMHBI KOHTPOJIbHOTO yJyacTKa ropeHus odpasiia u map-
KHUPOBKY €ro ITPUX-KOIOM.

Ha APM peructpaiiuu 1 uamMepeHusi oopasnon Huk-
cupyetcsd MHbOpMalys o mapTuu obpasua, mpuHaIIexK-
HOCTh O0paslia K Cepuu, ero reoMeTpuIecKrue pa3mMephl,
TpeOOBaHUsI 110 TEPMOCTATUPOBAHUIO U UCTIBITAHUIO U JIP.
ITocne moarotoBku obpasua sl JajbHEeHIIUX MCTbITa-
HUIl OH MapKUPYETCsl ITPUX-KOIOM, KOTOPBI «ITPUBSI-
3pIBaeT» 0Opasell K ero onucanuio B b/I.

APMBbI peructpaniiu U U3BMepeHusl MpeaCTaBIsIOT MO~
CHUCTEMBI XpaHeHUs UH(opManu o6 obpasliax Ha UCIbI-
TaTeJIbHOU CTaHILIMU, a Takke UHMOPMALUU MO U3MEpPU-
TeJbHOMY O0OPYIOBAaHUIO. DTU TMOICUCTEMBI O0JIerYyaioT
paboTy omeparopa Mo BHECEHUIO JaHHbBIX 10 MapTUsIM, CE-
pusiM, obpasuaM B bJI, MO3BOJISIIOT MPEACTABISATh OTYETHI
0 3aIaHUsIX Ha UCIbITaHUs, coxpaHseMmbix B b/, omnpene-
JISIIOT MOC/Ie0BaTeIbHOCTh AEUCTBUIA onepaTopa.

APM  mepmocmamuposanuss  BBIMIOJHSET — CIENYyIOLIME
(DyHKIMU: TOATOTOBKY 3aMaHUs UISl paOOThl KITMMAaTUYECKON
KaMepbl; YIpaBleHUe TepMOCTATUPOBAHUEM; KOHTPOJIb, pe-
TUCTPALUIO U BU3YaATM3ALMIO MTApaMETPOB MPOLEcca TePMO-
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Puc. 3. OkHo nposenexHma MUCMLITAHWA HA ornpeneneHne CKopoCTn ropeHna

CTaTUPOBaHMsI 00PA3IIOB B KIMMAaTUIECKMX KaMepax U TEPMO-
cTaTax; CYMThIBAaHUE IITPUX-KO/Ia 00pasiia repes yCTaHOBKOM
B KJIMMAaTUYECKYI0 Kamepy, a Takke IMpU ero M3BJIeYCHUHN
13 KaMephl [UIs1 KOHTPOJISI BpeMEHH TePMOCTaTUPOBAHUSI.

OKoJIO KaXIoi KJIMMaTUYECKON Kamephl (TepMOCTa-
Ta) YCTaHABIMBAETCS CKaHEp INTPUX-KOMa M KJIEMMHBIN
OJIOK TSI TTOAKJTIOYEHUST TEPMOMETPOB COTIPOTUBIICHUS
U JATYMKOB 00pa3lLoB-cBUaeTeNel (1y0aepoB), MO KOTO-
DPBIM OTmpenessieTcsl TeMIepaTypa o0pas3lioB B Ipolecce
TEPMOCTATHUPOBAHMSI.

Hcnonp3oBaHre Takoro Habopa KOMIIOHEHT B COCTa-
Be APM 3HauuTeNbHO YMPOIIAET IMPOLIECC MOATOTOBKU
00pasloB ¢ TPeOYEeMBIMHM TEeMITEPAaTYPHBIMM XapaKTepH-
CTUKaMU, 00JierdaeT IMpOBeIeHUEe WCIBITAHUI, MCKITIO-
YaeT BO3MOXHOCThH BJIMSTHUSI UYeJIOBEYECKOTro (hakTopa.
BricokoTOUHBIE, CepTU(PUIIMPOBAHHEIE, BHECEHHBIC
B ['ocpeecTp cpencTBa M3MepeHMs MIO3BOJISTIOT TTPOBOANTH
KJIMMaTUYeCKHe UCIIBITAaHUS C 3adaHHOW BBICOKOW TOY-
HOCTBIO Y MOBBIIIIEHHOM HaeXKHOCTHIO.

APM ucnoimamens (puc. 2) MOJHOCTbIO aBTOMAaTH-
3upyeT paboty ucneitatenss Ha YII, ocBoboxmaaeT ero
OT BBIMIOJIHEHWS PYTUHHBIX OIEepaliii W MPaKTHYCCKU
TTOJTHOCTBIO YCTPAHSIET BIMSHUE YeJIOBEUeCKOoro (hakTopa
TIpU IpoBeneHNH padoT. [1pyr cKaHMPOBaHUY IITPUX-KOIA
obOpasua Ha APM c cepBepa aBTOMaTUUYECKM 3arpyKaeTcst
TporpaMMa WCIIBITAHUI JIJIST pacyeTa CKOPOCTU TOPEHMSI.
[poriecc onpeneneHrst CKOPOCTU TOPEHUST OCYIIECTBIISCT-
Cs1 TI0 CTaHIAPTHOMY METO/IY, IITUPOKO TTPUMEHSTIOIIEMYCSI
Ha MpeaNnpUusITUSIX oTpacau [4], a Takke Mo MOJAEPHU3U-
POBaAaHHOMY METOJY «YIJIOBBIX TOUEK» (ITATeHT Ha U300pe-
TeHne No 2494275, 2011). PaboTa ncobITaTesIsT CBOTUTCS
K ycTaHOBKe oOpasua B YT/ 1 «mmoaxKxury» ero KoMaHIaoi,
nogaBaeMoii yepe3 APM.

JlaTumKu 1aBjIeHuUsT (B TOM YHCIIE UCTIONb3YeMBbIe TSI HUX
M3MEPUTENIbHBIC KaHAJIbl) U TEMITEPATyphl BHIOMPAIOTCS TaK-
Ke IyTeM CKaHUPOBaHUST MX IITPUX-KOa M aBTOMAaTUYECKU
(ukcupyrorcst B mporpamme. 1o MOMeEHTa TIOIaYM KOMaH-
JIbI Ha «TTOJIKUT» UCITBITATETh BUIUT ITOJIHYI0 MH(OPMAITIIO
00 o0Opa3iie, U3MEPUTETbHBIX CUTHAJIOB U 000pPYIOBaHUMU.
B mporpamme TipemycMOTpeH psill IIPOBEPOK M CKBO3HOM
KOHTPOJIb UCTIBITAHUS, YTO CYIIECTBEHHO CHIDKAET OIINO-
Ky TIpY MPOBEACHUM MCITBITAHUS: KOHTPOJIb EJOCTHOCTH
LIENY TIOMKMTa, KOHTPOJIb HAJIM4UsSl TUTAIONIETo Harmpsi-
JKE€HUS1, KOHTPOJIb LieNn OJIOKUPOBKY ABepU KabuHbl YII/I,
pexxuMa paboThl TIPOTPaMMBI, IIPOBEPKA CPOKA OUEPETHOM
MTOBEPKU MCIIOJIb3YEeMOTO U3MEPUTETHLHOTO 000PYI0BaHMSI.
YpPOBHU U JOITyCKM Ha CUTHAJIBI YE€TKO OTPENeICHBI, B CITy-
Yae MPeBbIIICHKs] YPOBHS BO3HUKAET 3aTIpeT Ha MCITbITaHUE.
[Tpu HecobMONEeHNN KaKUX-T100 TpeOOBaHMIA, HAIIPUMeED,
TIPeBBIIICHNE BpEMEHU HaXOXIEHUsT 00pa3iia mocjie u3Bie-
YEHMS U3 KIMMaTUIYeCKOM Kamephbl UM BbIOOp 00pasLia aApy-
TOi1 ceprH, NCTTBITATE b OTIOBEIAETCS 00 STUX OTKJIOHEHUSIX
M BKJIIOYAETCS 3aIpeT Ha HAYao MCITBITAHUM — «TTO/DKUT»
obpasua. Ha puc. 3 npuseneH nntepdelic moap3oBartess npu
MPOBEICHUM UCTIBITAHKS Ha OTIpeieIeHUe CKOPOCTU TOPEHUSI.

IMocne mpoBeneHUsT OTHEBBIX MCTBITAHUI (hOpMUPY-
eTcsl OTYET O pe3yJibTaTax u3MepeHuit u pacyetoB. APM
MOXeT paboTaTh B PEXMME «MUMUTALIUN», YTO ITO3BOJISI-
€T MPOBOIUTH TECTUPOBAHWE CUCTEMBI M €€ OTIEIbHBIX
y3710B 110 Moaeau. APM wucnbiTaTesnsi mMo3BOJISIET MPOBO-
JIUTh Ha pabovyeM MecTe KaTMOPOBKY JaTYMKOB JaBICHUS
C WCITOJIb30BaHUEM 3TAJIOHHBIX I'PY30MOPITHEBBIX MaHO-
METPOB U TIPOBEPKY KaHajla U3MEPEHUST BPEMEHHOTO WH-
TepBaJia ¢ TOMOIIBIO YaCTOTOMepa.

AJITOPUTMBI U TIPOTPAMMBI OTIPEIEIEHUS CKOPOCTH
TOPEHUSI PEaIM3yIOT METO/IbI, 3alIUIIEHHBIC TTATEHTaAMU.
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B ®OKYCE

APM mexnonoea npenHa3HauyeHO JJIs aBTOMaTU3alUuU
paboT no (popMUPOBAHUIO MPOTOKOJA UCIIBITAHUS Map-
tun usnenuit. Ha APM TexHosiora nmpoBOAUTCSI BTOPUY-
Hast 00paboTKa pe3yabTaTOB UCIbITAHUI, (POPMUPYIOTCS
TeXHOJIOTUYecKue macnopta. Mcmonb3oBaHUue eauHON
B/ obsieryaet nouck uHMOpMaLIMU 151 pacueToB.

APM obpabomku (unxcenepa-uccredosamensi) MO3BO-
JISIeT MPOBOJAUTh aHAJIU3 PE3yJbTaTOB UCIbITAHUI, O0pa-
OaThIBaTh UCXOJHbBIE JTAHHBIE, MOJyYaeMble B XO/I€ UCTIbI-
TaHWA, IO JOTIOTHUTEIbHBIM aJITOPUTMAM U METOAUKAM.

Jns1 BU3yadbHOU 0O0paOOTKU JAHHBIX MPUMEHSIETCS
nporpammHbiii makeT ACTest-Analayzer, pa3paboTtaH-
HbIl B «JlabopaTopui aBTOMATU3WPOBAHHBIX CUCTEM
(AC)» [5]. Hanuume mIMPOKOrO WHCTPYMEHTapus Mpo-
rpaMMbl 00PabOTKM JaHHBIX 1a€T BO3MOXHOCTb MHXEHEe-
py-UCCIIeNOBATENIO INTyOOKO aHATM3UPOBATh PE3YJIbTAThI
WCTBITAHUNA CEPUMUHBIX U OTIBITHBIX U3JIETNMN.

APM nauanvnuka ywacmka TipeaHa3HAuY€HO JJIs1 KOH-
Tponst 3a coctosiHueM TII Ha Bcex TEXHOJOTMYECKUX
APM yuyacTka CKOPOCTU TOPEHMUSI, MMO3BOJISIET KOHTPOJIU-
poBaTb paboTy Kak oTaeabHOro APM, Tak 1 BClo cucTeMy
B LIEJIOM, OTCJEXMBATh MyTh ABMKEHUS oOpasla OT €ro
MOATOTOBKHU O UCTIBITAHUS, aHAJIM3UPOBATh OTUYETHI, T1O-
JlyueHHbIe Ha KaxxaoM APM.

Bce APM npenycMaTpuBaloT Hauuue KOHTPOJIST YPOB-
HS JOCTyna ISl MOJib3oBaTesieil, uTo obecrieunBaeT 0e3-
OMAaCHOCTb OT HECAHKIIMOHWPOBAHHOTO MOCTYIa: Hampu-
Mep, aAMUHMCTPATOPy AOCTYITHO W3MEHSTh HACTPOWKHU
MOIKJIIOYEHUS TPUOOPOB U YCTPONCTB, a TAKXKE HACTPOUKHU
MPOTpPaMMBbl; CTapilieMy OINEpaTopy MAOCTYIMHO W3MEHSThb
peXnMBI (DYHKIIMOHMNPOBAHUS TIPOTPaAMMBI.

OnekTponutaHnue Bcex APM u cepBepa 3auiuiieHo
HUCTOYHUKAMU OecriepeOoitHOro MuTaHus ABOMHOTO Tpe-
00pa3oBaHusl, KOTOPbIe 00eCeYnBalOT HE TOJIBKO PadboTy
MpU OTKa3e B MoJaye 3JeKTPOIHEePTUU, HO U 3(PpDeKTUB-
HYI0 QUIBTPALIMIO CETEBBIX TIOMEX.

BaxxHbIM MOMEHTOM KOMILUIEKCHO CUCTEMBI SIBJISIETCS €€
«MacIITadUPyEMOCTh»: CYIIIECTBYET BO3MOKHOCTh 3aMEHBI €€
KOMITOHEHTOB U N00aBIEHUSI B apXUTEKTYpPY NOTOJTHUTENb-
HBIX MOAyJieil. DTO MO3BOJIUT B OyIylIEeM, OCTaBasICh B paM-
Kax KOMIUIEKCHOTO MOJX0/a U eAVNHON apXUTEKTYPhl CUCTE-
Mbl, pelaTbh XOMOJHUTeAbHbIe 3amauu TII omnpeneneHus
ckopoctu ropeHuss DKC. Pa3Butue nmakeToB nporpamm, 3a-
UIUIIEHHBIX CBUIETEIbCTBOM O TOCYAAPCTBEHHON perucrpa-
uuu IO nas DBM, BBIMOJHEHHBIX MO MEXAYHAPOAHOMY
CTaHOApTy MPOrpaMMUPOBAHUS, U CEPUITHO BBITYCKAEMBIX
CPeACTB U3MepeHUil obecrneurBaeT 3(hHEKTUBHOE pa3BUTHUE
KOMITJIEKCHOM CUCTEMBI.

Pesynbrartel npoekta
Llenapto paccMaTpuBaeMOro MpoeKTa ObLIO TMPO-
BelleHWE KOMITJIEKCHOM MOJAEPHU3ALIMU C CO3TaHuEeM

APMoB 115 yBeJIMUEHUS MPOU3BOAUTEILHOCTU TPY-
J1a, UCKJIIOUEHUSI BJIMSHUS 4eJoBeYecKoro daxkropa
Ha ompeaesieHrue CKOPOCTU TopeHusl (MOoJydYeHUe pe-
3yJIbTAaTOB B MPOIIECCe UCTBITAHWS), TTOBBIIIIEHUE TOYU-
HOCTHM M3MEPEeHMI, a TaKXKe BBITTOJITHEHUE OCHOBHBIX
TpeboBaHUuil OTpacieBoro craHaapTa, JeCTBYIOLIETO
Ha TIPEeNPUSATUSIX OTPACIIH.

Ilo pe3ynbTaTaM NMpoekTa Ha y4acTKe TOpeHuUs pa3me-
pbl 00pasiia aBToMaTuuecku 3aHocsates B b/l ¢ momonipio
3JIEKTPOHHOTO WHAMKATOpa, MPU TePMOCTAaTUPOBAHUUN
MpUMEHSIeTCS KauMatuyeckoe obopynoBanue ¢ [THU/-
perynsitopamu. Ilporiecc TepMOCTaTUPOBAHUSI BENETCS
B aBTOMaTuyeckoM pexume. APM-TexHosora no gomnoJ-
HUTEJbHBIM QJITOPUTMaM M METOJMKAM TMepecYMThIBAeT
pe3yJibTaThl MUCTIBITAHUN W aBTOMaTU4YeCKH (hOpMUPYET
TEXHOJIOTMYECKUE TTacropTa.

Takum 00pa3oM, B pe3yiabTaTe MPOBEACHHBIX PaOOT
10 MOJIEPHU3ALIMU WCIBITATEIbHBIX CTEHIIOB PpElIeHbI
cinenytomue mpodysembl TII onpeneaeHus CKOpOCTU Tro-
penus OKC:

* TIOBBIIICHWE TTPOU3BOANTEILHOCTHY Tpy/a 3a CUET aB-
ToMaTu3anuu Bcero TII;

* CHUXXEHUe 0011eil MHCTPYMEHTAJIbHOM IMOTPEITHOCTH;

* yJIy4yllIeHUE KauyecTBa paboT 1 yMeHbIlIeHUe OpaKa npu
ornpenesieHU CKOPOCTU TOPEHMST 00pa31ioB, B TOM YKCIIE
3a CYET CHUKEHUS BIMSIHUS YeJ0BEUYeCKOro haktopa.

CucreMa ciaHa B OMNbBITHYIO 9KCIUTyaTalldl0 B JeKa-
o6pe 2014 r. 1 B HacTos1IEe BpeMs TTPOXOIUT OTPAOOTKY
Ha TEXHOJIOTMYECKOM yUYacTKe.
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