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PaccmarpuBaeTcst cucteMa CHHXPOHHU3ALUH PAO0Thl TEXHOJIOTHYECKUX CHCTEM, IMarHOCTHYECKOro 000pyIOBaHUS M U3MEPUTENIBHOI
annaparypbl pu MPOBEACHUH (HU3MYECKUX SKCIICPUMEHTOB B 00JaCTH (M3MKH IUIA3Mbl U YHPABISIEMOr0 TEPMOSIICPHOIO CHHTE3a
(YTC) na kpymHoit ucciienoBarensckoii ycranoBke «Yparan-2My (Uuctutyt ¢usuku miazmel HHI] XOTU r. Xapekos). Cucrema
coOpana Ha ocHoBe Moxynel B crangapre KAMAK. B ee cocras Bxoaut konTpouiep kpeiita CC02, momyns 3amycka MCO1 u mecth
Mofysel mporpaMmmupyeMbix TaiimepoB MDO1. CucremMa CHHXpOHH3AIMH MOJKIIOYCHA K IEPCOHATBHOMY KOMIBIOTEPY C ITOMOIIBIO
TaJbBaHUYECKH Pa3BSI3aHHOIO KaHala IOCIEJOBAaTEILHON CBS3H, paboTaromiero Ha ckopocTH mepegaun nHdopmamuu 10 Mbox.
Apnanrep TIocIeI0BaTeIbHON CBSI3M C KOHTPOJUIEPOM yCTaHaBIMBaeTCs B koMnbioTepe Ha mmHy PCI n obecrneunBaeT ynpasieHue
KpEHTOM, KOTOPBIIl MOXKET OBITh yJlaJIeH OT KOMIbIoTepa Ha paccTostaue 10 300 MeTpoB.

KJ/IFOYEBBIE CJIOBA: nna3ma, TopcaTpoH, KoMmibtoTep, cuaxponusanust, KAMAK, nporpaMmHoe obecrniedenue
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A system of synchronizing the operation of technology systems, diagnostic equipment and instrumentation for carrying out physical
experiments in plasma physics and controlled thermonuclear fusion (CTF) on a major research facility "Uragan-2M" (Institute of
Plasma Physics, NSC KIPT, Kharkov) are considered. The system is assembled on the basis of modules in the CAMAC standard. It
comprises a CC02 controller crate, MCO1 launcher and six modules MDO1 of programmable timers. Synchronization System is
connected to a personal computer using a galvanically isolated serial communication channel operating at data rates 10 Mbaud.
Adapter for serial communication with the controller is installed in the computer on the bus PCI and manages crate, which can be
removed from the computer to a distance of 300 meters.
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Posrisiiaerbest cucteMa CHHXPOHI3ALil POOOTH TEXHOJIOTIYHUX CHCTEM, JIarHOCTHYHOIO O0JIaJHaHHS Ta BUMIPIOBAIBEHUX IPHIIAJIiB
IiJ] 4ac MpoBeaeHHs (i3MYHUX EKCIIEPUMEHTIB B rajiy3i ¢i3uku rmia3mu Ta kepoBanoro tepmosineproro cunrtedy (KTC) na Benmukiii
nocnigHii ycranoBui «YparaH-2My» (Inctutyt ¢isuku rmasmu HHI[ XOTI m. Xapki). Cucrema 3i6pana Ha OCHOBI MOAYJIB B
crangapti KAMAK. [lo ii ckmagy BxonuTh koHTponep kpeiita CCO02, momyns 3amycky MCO1 Ta micTe MOAYJiB MpOrpaMOBaHUX
taiimepiB MDO1. CucteMa cCHHXpOHI3aIil MiIKII0OYeHa 10 IEPCOHAIBHOT0 KOMII I0Tepa 3a JA0TIOMOTO0 TaJIbBAHIYHOTO PO3B’A3aHOTO
KaHally TIOCHIZOBHOTO 3B’s3Ky, IO MpAIfo€ Ha IIBUAKOCTI mepenadi iHpopmanii 10 MOox. AmanTep MOCTIJOBHOTO 3B’S3KY 3
KOHTPOJIEPOM BCTAHOBIIOEThCS B KoM 1oTepi Ha mmHy PCI Ta 3a0e3nedye ynpaBiniHHS KpEHTOM, SIKUH MOXe OYTH BiIJJaJeHUM Bif
KOMII'I0Tepa Ha Bijcrasb 10 300 meTpiB.
KJIIOYOBI CJIOBA: nna3ma, TopcatpoH, KoMl 1otep, cuaxposizanis, KAMAK, nporpamose 3a0e3nedeHHs

UccnenoBanus ynepkaHus W PaBHOBECHs IUIa3Mbl, a TakKe HM3ydeHHE (U3MYECKHUX SBJICHUH M IPOLECCOB,
MIPOHUCXOSIINX B BBHICOKOTEMIICPATYpHOH IUIa3Me, MO3BOJIUT MOIYyYUTh MH(OPMALUIO, HEOOXOAUMYIO Ul pEIleHHUS
3aj7a4, CTOALIMX Ha IyTH K YIPaBIIeMOMY TEPMOSJICPHOMY CHHTE3y M OOECHEYCHHIO YeJIOBEUECTBA HEHCCSIKAEMBIM
HCTOYHHUKOM 3HEPTHUH.

Topcatpon «Yparan-2M» [1,2,3,4] sBusercs KpynHeilied TEpMOSAEPHON HCCIENOBATENbCKON YCTaHOBKOM B
EBpore. Orta ycraHOBKa mHpenHa3sHa4deHa JUIS W3y4YCHUS CIOCOOOB ynepKaHMs W HarpeBa BBICOKOTEMIICPATypHOMH
IUIa3MBl M TIPEACTABIsAET cOOOH 3aMKHYTYI0 MAarHUTHYIO JIOBYIIKY cTelulaparopHoro tuma. Ilmasma cosmaéres B
TOPOMAIBHON BaKyyMHOH KaMepe B CHJIbHOM MAarHWTHOM IIOJIE CIOXKHON KOH(HUrypauuu. BennmdunHa MarHUTHOTO
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OJIS1 BHYTPHU BaKyyMHOM KaMephl MOXeT JocTuraTs 2,5 Tecna.

OKkcnepyMeHTaNbHas yCTaHOBKa «YparaH-2M» BKiIouaeT B ceOs UENblil psiJl TEXHOJIOTMYECKHX CUCTEM H
KOMIUIEKCOB, 00€CIIeYHBaIOIINX NPOBeeHUE IKcriepuMenTa. OCHOBHBIMHU M3 HUX SIBJISIFOTCS:

- BaKyyMHas CUCTEMa, IIPEJICTABIIAIONIast COO0M TOPOHJaTIbHYIO BaKyyMHYIO KaMepy;

- KOMIUIEKC BaKyyMHOH OTKa4yKH 1 Halycka pabodero rasa;

- MaTHUTHAs CHCTEMa U CO3JaHUS YACP)KHBAIOUICTO IDIa3My MArHUTHOTO IIONISI M COCTOSIIAas W3 OOMOTOK
BHHTOBOTO TIOJISA, IIPOJJOTHHOTO M KOMIICHCHUPYIOIIETO TOJIeH;

- KOMIUTEKC BBICOKOYaCTOTHOTO HarpeBa IIa3Mbl;

- cucTeMa OJIOKMPOBOK M CHTHAJIM3AIIHN;

- SHEPTOKOPITyC JJIs SHEprooOeceyeHNs U MUTAaHMUs YCTaHOBKHY;

- CHCTEeMa OXJIaXIEHH SJIEMEHTOB MAarHUTHOM CHCTEMBI U 000PYIOBaHUS YCTaHOBKH.

DKCnepUMEHTaIbHAasl YCTAaHOBKA «Yparan-2M» paboTaeT B UMIYJbLCHOM PEXHUME C PETYIUPYEMOU 3aJlepiKKOn
MeXay pabounmu umiyiabcamu oT 10 c (B pexmmMe UYUCTKM BaKyyMHO#H Kamepbl) a0 5 MuHYT (B pabouem
IKCIIEPUMEHTAIBHOM PEXHME), HEOOXOJUMOMN /ISl TIPUBEICHUS] 000PYIOBaHUSI B UCXOIHOE COCTOSIHUE U OXJIaXKCHUS
2JIEMEHTOB MAaTHUTHOM CHUCTEMBI.

J1st muTaHus MarHUTHOM CUCTEMBI TOpcaTpoHa «YparaH-2M» CYILIECTBYET clielhajibHbIH dHEPrOKOpIyC, TIe
MIOMOIIBI0O MOTOP-T€HEPaTOpOB yJapHOTO THUIA CO3MAETCS MOIIHBIH HMMITYJbC TOKa. TOK B OOMOTKaX MarHUTHOH
CHCTEMBI YCTAaHOBKM MOXKeT octurath 50 kKA. J[nurenbHOCTh (a3bl HapacTaHUs M CHajia MarHUTHOTO OIS COCTABIISIET
HECKOJIBKO CeKyHA. KBasucrannoHapHas 4acTb MMITYJIbCA MarHUTHOTO 1ojist JocturaeT 4..6 cexyHn (puc 1.) Mmenno
Ha DTOH CTagu¥l WMITYJIbCA TPOBOIATCS (PU3MUECKUE DKCIEPHUMEHTHI IO YICPKAHUIO, HATPEBY W HCCIEIOBAHUIO
TUTa3MEI.
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Puc. 1. BpeMeHHbIe XapaKTepUCTHKH pabOThl THarHOCTUPYIOLIET0 U KOHTPOJIMPYOLIEro 060py10BaHusL.
Ts — BpeMs BBIXO/a YCTaHOBKU Ha pabouuii pexxuM. DTOT mapameTp ycTaHaBiauBaeTcsa B auamnasone 1..10 ¢ ¢ marom 1 Mkc s
BCEX KaHAJIOB OJMHAKOBBIM. Ty — BpeMs ympekaeHus. DTOT HapaMeTp HEOOXOIUM JIJIsl HECKONBKUX KaHAIOB, KOTOPBIE JOIKHBI
cpaboTaTh 10 WK mocie (B 3aBUCUMOCTH OT 3HaKa) OCHOBHOT'O CTapTa yCTAaHOBKHU. Y cTaHaBIMBaeTcs B Auana3oHe 0..3 ¢ ¢ marom
1 mkc.. Jlst Bcex octanbHbIX KaHaiuoB Ty=0. Tz — Bpems 3aJep>KKH CHHXPOCUTHANIA. DTO OCHOBHON BapbHPYEMBIi MapamMeTp Uis
oreparopa. Ycranasiupaercs B auanazone 0..999 mc ¢ marom 1 mMkc.

B cBsi3u ¢ TeM, 4TO reHepaTophl HE MOTYT JUITMTENILHOE BpeMsi 00eCeulTh TpeOyeMyto CTaOHIbHOCTh MAarHUTHOTO
MOJIS, BBHIOMpAETCs OINpelesIEHHBI BPEMEHHON WHTEpBaj, BHYTPH KOTOPOrO CTAaOMJIBHOCTh MOJS JOCTATOYHA IS
MIPOBEACHUS IKCIIEPUMEHTA. B 3T0 BpeMs mpoHCXOAUT BKIIIOUEHHE BEICOKOYACTOTHBIX T€HEPATOPOB HArpeBa IUIa3Mel, a
TaKKe Ppa3NUYHON JMAarHOCTUYECKOW ammapatypsl W o0opynoBaHus. TpeOyemass TOYHOCTH BKIIOYEHHUSI MOXKET
JIOCTUTaTh €IUHUI MUKPOCEKYH]I.

BBICOKOYAaCTOTHBI KOMIUIEKC TopcaTpoHa «YparaH-2M» ocymiecTBisieT ABe (YHKIHMH: CO3AaHHE IUIa3MBbl H
HarpeB IUIa3Mbl JI0 BBICOKMX TemriepaTyp. VoHu3ammst rasa NMpOM3BOAMTCS C IOMOINBIO CHEHHaIbHOTO aHTEHHOTO
yCTpOiicTBA MOIIHBIM BBICOKOYACTOTHBIM HMITYJIBCOM PETYJIMPYEMOH JUIMTENBHOCTH TPH ITIOMOINM TeHepaTopa
MOIITHOCTRIO 110 2 MBT, paboratomero Ha gactotax 10 20 MI'. BeicOKOYacTOTHBIN HAarpeB IUIa3Mbl OCYIIECTBIIACTCS
OT JPYyTOro reHepaTopa ¢ TAKMMH K€ NapaMeTpaMu. BBoa BRICOKOYACTOTHOH 3HEPIHH B IJIa3My OCYILIECTBISCTCS MPU
MIOMOIIN CIIEIUAIBHOTO BO30Y)KIAIOLIET0 YCTPOICTBA, IMO3BOJSIOIIETO BBOAWTH B IUIa3My OOJBIINE MOIIHOCTH.
[Tutanune cucTeMsl HarpeBa IUIa3Mbl OCYIIECTBISIETCS] OT MOIIHBIX KOHJCHCATOPHBIX OaTapen.

Cucrema OJIOKHPOBOK M CHTHAJIHM3ALUK NpeHa3HAa4YeHa Uil ONePaTUBHOTO MH(OPMHUPOBaHHS 00CITYKHUBAIOLIETO
MepcoHajla O COCTOSIHMM CHCTEM YCTAQaHOBKM M OJIOKMPOBAaHUS UX pabOThl B aBapUHHBIX CUTyalUsX, HApPUMeEp, NMpU
HEJIOCTaTOYHOM BaKyyMeé B Kamepe, NpH OTCYTCTBHM YACP)KHBAIOLIETO MAarHUTHOTO TOJIA WM HAJUYUH JAPYTHX
HEIUTaTHBIX CUTyaluH.

Kpome obecnieunBaromuyx 3KCIEPUMEHT CHCTEM, B COCTaB YCTaHOBKH BXOIMT WEINBIH sl AUArHOCTHYECKOTO
o0opynoBaHusi, NPUOOPOB M aNMapaTyphl I H3yUeHHsT (PU3MUECKUX MPOLIECCOB U SIBICHNH, MPOUCXOISIIUX B IIa3Me.

Ha Topcarpone «Yparan-2M» IIHPOKO HCHOIB3YHOTCA METOABl MArHUTHOM, ONTHYECKOW, MHKPOBOIHOBOM,
KOPIyCKYJISIpHOW W JAPYIMX BHUAOB JAMAarHOCTUKMA. MarHuTHas [AMArHOCTHKAa MpeJHAa3HAaYeHa Uil PErucTpaluu
MarHUTHOTO TTOJISl INTA3MEHHBIX TOKOB C IIEJIbIO ONIPEIETICHUS] OCHOBHBIX ITapaMeTPOB ILIa3MBl.

KopnyckymnsipHas IUarHOCTHKa PETHCTPHPYET IOTOK HEHTPadbHBIX aTOMOB M3 IUIA3MBI W CIIYXKHT JUIA
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oIpeneseHus TeMneparypsl HOHOB. C IOMOIIBIO ONTHYECKOM THAarHOCTUKU U3y4YaeTcs CBEUECHHUE TUIa3Mbl B BUJIUMOM U
yIbTpadHoIeTOBOM JHala3oHe. biaromaps SToMy ompezpensercss IoBegeHHe pabodero rasa u IpuMeceH,
MOCTYMAIOUIMX CO CTEHKH BaKyyMHOM Kamepbl. MUKpPOBOJIHOBasl IMarHOCTHKa OBIBa€T aKTHMBHOW M IIaCCHBHOM.
INaccuBHass MHKpPOBOJHOBAas AMArHOCTHUKA CIY>KUT ISl PETUCTPAllMM MHUKPOBOJHOBOTO H3Iy4YCHMs IUIa3MbI, 4TO
MO3BOJISIET CYAWTh O MHOTHMX IIpolieccax, MPOMCXOMAIIMX B Iula3Me. B dacTHOCTH, OHa HEcET HWHQOPMAIHIO O
TEeMIIepaType JIEKTPOHOB B IUIa3Me. AKTHBHAs MUKPOBOJIHOBAs JUArHOCTUKA U3y4aeT M3MEHEHHs, IPOUCXOMAIINE C
SNEKTPOMArHUTHBIM H3JIy4eHHEM, MpOLIEANMM dYepe3 IuIa3My. Bce BblllenepedrcIeHHblE METOAbl JUAarHOCTUKU
SIBIISIFOTCSL O€CKOHTAKTHBIMA. OJHAKO, ITUPOKO NMPUMEHSIOTCS B IUIa3MEHHBIX MCCICAOBAHUSAX M KOHTAKTHBIE METOIbI,
peanu3yeMble C TIOMOIIBIO IOJBIJKHBIX 30HIOB, HO OHM HCIOJB3YIOTCA ANl IUIa3Mbl HHU3KOH IITIOTHOCTH H
TeMIIepaTyphbl.

OO6opynoBaHne 3KCIEPUMEHTAIBHON YCTAaHOBKH TpeOyeT 4Y&TKOl CHHXpPOHHU3aIMU BCEX IPOIECCOB, U IIEIBIO
JaHHOM pabOTHI ABISIACH Pa3padOTKa annapaTHO-IPOrpaMMHOIO KOMIUIEKCA, IPEJHA3HAYEHHOIO AT CHHXPOHU3ALUH
pabOThl TEXHOJOTMYECKUX CHUCTEM,  JAWArHOCTHYECKOro OOOpYNOBaHUS M W3MEpUTENbHOH ammaparypbl IpH
MPOBENCHUH (U3MYECKUX DKCIIEPUMEHTOB B 00yacTH (U3MKH IUIa3Mbl U YIPaBIsIEMOr0 TEPMOSAEPHOrO CHHTE3a Ha
HCCIIeI0BATENBCKON yCTaHOBKE «Yparan-2M».

OINMMCAHUE NPUHLHUTNIA PABOTbI CUCTEMbI CUHXPOHU3ALIUN

Cucrema cunxponuzaimu [EC-SS50 noctpoena Ha ocHoBe anmaparHoro natepdetica KAMAK. Ee BHemHuit BUI
MOKa3aH Ha puc. 2. B cocTaB cuCTEMBI BXOAAT:

- KoHTposutep kperita CCO2 [5];

- Monyb 3amycka MCO1;

- MHOTOKaHaJbHBIE MOIyTH Talimepos MDO1.

Monyns MCO1 npenHa3zHaueH IS JTOTHYECKO 00padOTKH CUTHAIIOB 3aIlycKa U OIIOKMPOBOK, a TaKKe TeHepalun
CUTHajla YIpaBJIeHHUs TaiiMepaMHU CHCTEMbl CUHXPOHM3ALMH, KOTOPHIH BBIBEIEH HA PE3CPBHYIO JTHHHUIO MAarkcTpain
kpeifra P1 (wmu P2). Mogyns 3amycka MCO1 comepuT 1Ba IpOrpaMMHUpPYEMBIX TaliMepa M CXeMy 3aIlyCKa CHCTEMBI
CHUHXpOHU3alMU. MoOysib TO3BOJSIET BBIMOJHATH IyCK CHUCTEMBI OT BHEIIHETO CHrHaja, C IOMOIIbIO KHOIIKH,
pacrojoKeHHOH Ha MOJyJe, UM 10 KOMaHJe, MOCTYNHUBLICH ¢ KOMITbIOTEPa, IPH YCJIOBHU OTCYTCTBHUS KaKHX-THOO
anmapaTHBIX WM IPOrpaMMHBIX OJIOKMpPOBOK. OfnH U3 TaitMepoB MoAyJisi (KaHan A) paspemiaer paboTy OCTalbHBIX
TaiiMEpOB CHCTEMBI CHHXPOHHM3AIlMM M O00ECHEeYMBaET MX OJHOBPEMEHHBIH 3aIyck, a BTopoi (kaHan 0) — MoOXer
UCIIONI30BaThCS I (POPMUPOBAHUSI CHTHAJTA YIPABICHHS, 3aJJep>)KaHHOTO OTHOCHTEIILHO MOMEHTA 3aIlyCKa Ha BpeMs
10 100 cexynza. OGa TaiimMepa IT03BOJISIOT IIPOrPaMMHUPOBATH BPEMEHHBIE 33/IEPXKKH ¢ TOYHOCTBIO 10 | MKC.

— . " OCHOBOI  NPUHUUIMHUAIBHOM  CXEMBI
monynss MCO1 sBrsiercst mporpaMmupyemas
mormueckass  Marpuma  (IJIM)  dupmet
ALTERA EP1K50QC208 [6], Ha
BHYTPEHHHX JIEMEHTAX KOTOpOH
BBIIIOJIHEHBl BCE PETHCTPBI, CUCTYHKH H
YIPABISIIOIIUE CXEMbl KaHAIOB 3aepiKKH,
MYJBTUILIEKCOPBl IIMH JAaHHBIX, a TaKxke
cucteMHbld  geunmdpatop — uHTEpdeiica
KAMAK. Jlns cormacoBaHusi MaTpHIBl C
MarucTpanbio Kpeiita B MoJyIe
UCIONb3YIOTCS MAarucTpalbHble YCUINTENN a
Takxke MHBepTOpel 0T Texas Instruments.
Ilpn BKIIOYCHWM HANpPSDKEHUS MUTAHUA
MPOUCXOIUT KOH(UTypamusi MaTpuibl C

IIOMOLIBIO MHUKPOCXEMBI 3arpy34uka
Puc. 2. Kpeiit untepdeitca KAMAK ¢ MogynsiMu CHCTEMBbI CHHXPOHHU3AIMN AT17LVO10A. TaxkroBas wyacrtora IIJIM
¢dopmupyercs BHEITHUM KBapLEBbIM

reHepatopoM u cocraBasier 40 MI'm. [Ing XpaHeHHS [aHHBIX O KOJMYECTBE BBIIOJHEHHBIX 3KCIEPUMEHTOB
UCIIOJIB3YEeTCs ONepaTHBHAs MamsITh TaliMepa peanbHoro Bpemenu M48T35 STMicroelectronics. braronapst Hann4uunio
BCTPOCHHOTO B MUKPOCXEMY TIajbBaHHYECKOTO0 HCTOYHHMKA IMTaHMA 3HAYEHHE CYETYHKa COXpaHseTcs M Iocie
BBIKJTIOYEHHSI OCHOBHOTO IIMUTAHUS MOZYJIA.

Ha mnepenneli mnaHenn MOIyns YCTAQHOBJIEHBI pPa3beMbl, IpeAHA3HAYCHHBIC ISl TOAKIIOYEHHS CUTHAJIOB
0JIOKMPOBOK, BXOJTHOTO CHHXPOHMMITYJIbCA CHCTEMBI, a TAK)Ke BHIBOJIA 33/IEPKAHHOTO CHHXPOHMMITYJIbca. Bozie kaxaoro
BXOJ/IHOT'O Pa3beMa YCTAHOBJICHBI CBETOMMOBI JUIS BU3YaJbHOW MHIUKAIMK COCTOSHUS BXOJHBIX CHIHANOB Onoka. O
HaJIMYUK OJIOKUPOBKH CBHJECTENIBCTBYET KPAaCHOE CEYEHHE CBETOJHMO/OB, O HAIMYMUU BXOJHOTO CHHXPOMMITYJIbCA —
3esieHoe. Bee BHeNIHME cUrHaibl, KOTOpBIE BBIBEIICHBI Ha pa3beMbl nepeaneil nanenn moxayns MCO1, ranpBaHnyYeckn
pa3Bsi3aHbl OTHOCHUTENIFHO KOpITyca C IIOMOINBIO ONTPOHOB. [IMTaHNE ONTPOHOB OCYIIECTBIISIETCS COMAEPIKAIIUMHUCS B
MOJIyJIe U30JIMPOBAHHBIMH APYT OT APYra HCTOYHUKAMU HAIPSKEHUS.
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Jdns nutaHus ycuiauTess-QpOpMHUpOBaTeNsl BBIXOJHOIO CUTHAla IOMOJIHUTENBHOTO KaHajla TakKKe HMeeTcs
COOCTBEHHBII MCTOYHMK NHUTaHus HampsokeHueM S50 B. BpIXomHOW CHHXpOCHTHad TNPOXOIUT 4Yepe3 ONTPOH M
MOCTYIAeT B 3aTBOP IOJIEBOIO TPAH3MCTOPA, HA KOTOPOM COOpaH YCHIIMTENILHBIN Kackaj MO CXeMe C OOLIMM MCTOKOM.
Jlnst 3amuThl TpaH3UCTOpa MO TOKY (HampHMep, B Cilydae KOPOTKOT'O 3aMBIKaHUS) B YCHIINTENE COAEPIKUTCS cXeMa
3aIIMTHI, KOTOpasi OJIOKUPYET yIpaBIIsiollee HalpshKeHNE B CIIydae, eClI TOK BBIXOJHOTO Kackajaa mpeBbimaer 1,2 A.
Kackan ¢opmupyer mMOynbcHBIA curHan ammomutyaod 50 B u mmurenpHOCTEIO 10 MKC, KOTOpBIM MOCTymaeT Ha
BBIXOAHOW pazbeM. [l WHAMKAIMK TEKYIIETO COCTOSIHWS KaHala BO3JIE pa3beMa YCTaHOBJICH IBYXLBETHBIN
cBeronuon. Ecim kaHanm He 3amporpaMMHpOBaH — CBETOXMOA He cBeTHThCS. O TOTOBHOCTH KaHama K paborte
CBHUJICTEIBCTBYET 3€JIEHOE CBeUCHHE. Bo Bpems oTpabOTKH 3alporpaMMHpPOBAHHOM 3aJEPKKH CBETOIUOJ CBETUTHCS
OpaHXEBBbIM IIBETOM, a MIOCJIE €€ OKOHYaHUS — KpacHbIM. CxeMa o0ecredrBacT TalbBaHUYECKYI0 Pa3BA3Ky BHEIIHUX
curHainoB He MeHee 500 B.

Monyns MDO1 mpenHasHaueH [Uid TEHEpallM 3aJepXKaHHBIX CUTHAJIOB YIpaBIeHHA NpubOpaMu U
SKCIIEPUMEHTANIBHBIM 000pyoBaHueM. DYHKIIMOHAJIBHO MOIYJNb IPEJCTABISET COO0O0H BOCEMb IMPOrPaMMHPYEMbIX
TailMEpPOB C CHHXPOHHBIM 3allyCKOM M TaJbBAaHMYECKH DPa3BsI3aHHBIMH (HOPMHUPOBATENISIMH BBIXOJIHBIX CHUTHAJIOB,
AQHAJIOTUYHBIX JOMOJHUTEIbHOMY KaHaly Momynst MCO1. 3amyck Bcex TaiiMepoB Moxynsi MDO1 Mo)keT BBITONTHATHCS
OJTHMM W3 JIBYX MarucTpajbHbIX cHrHanoB — P1 wmm P2. BriOop mycKoBOTo curHajia OCYHIECTBISIETCS C TIOMOILBIO
nepekarodarens. Kpome TOro Bo3MOXeH 3allyck TailMepoB OT BHEIIHET0 CUTHANa HU3KOTO JOTMUYECKOrO YPOBHS,
KOTOPBIN MOXKET OBITh IOJIaH HA Pa3beM, pacliojIOKEHHBIN Ha 3a/IHeH CTeHKe MOoayIisl. [abBaHNYecKast pa3Bsi3Ka 3TOro
cUrHaja obecreynBaeTcss ONTPOHOM. BBIOOp MCTOYHMKA ITyCKOBOTO CHT'Hala (C MarvCTpasld KpelTa WM BHEIIHETO)
OCYIIECTBIISICTCS C TOMOIIBIO TIEPEKITIOUATENSI BHYTPH MOJTYJISL.

TexHMUeCKHe XapaKTEPUCTHUKN MOIYJICH PUBEICHBI B Ta0mmmax | u 2.

Tabnuma 1. Texandeckue xapakTepucTuku Moyt MCO1

Ne HaumeHoBaHue napamerpa 3HayeHne

1 KonmdecTBo nporpaMMupyeMBbIX KaHAIOB 3aJIEPIKKH 2
2 Bpewmst 3aepxkn 001mero kaHajua 3aimycka «Ay, ¢ 10°..10
3 JMCKpETHOCTh YCTAaHOBKM BPEMEHU 3aJEPXKKU KaHaja «A», ¢ 10"
4 Bpewmst 3anepxku kaHana «0», ¢ 10°..10°
5 JIMCKpEeTHOCTh YCTAaHOBKH BPEMEHH 3aI€PKKH KaHana «0», ¢ 10"
6 [MorpemHOCT BBHIIONHEHHUS 3aIIPOrPAMMHUPOBAHHOM 3a€PKKH, C 107
7 JUTNTENBbHOCTD BEIXOAHOTO UMITyJIbca KaHana «0», ¢ 10-10°+1%
8 AMIIMTY1a BBIXOAHOTO CUTHana kaHana «0», B +5015%
9 HommuHanbHOE conmpoTHBIIeHHE HATPY3KH KaHaia «0», Om 50
10 [ ITpouHOCTh raJpBaHUYECKOW pa3BA3KU BbIX0JAa KaHana «0», He MeHee, B 500
11 OnekTpuyeckas IPOYHOCTh KaHajla BHELIHErO 3alycka, He MeHee, B 500
12 | KonndecTBo BXOJIOB armnaparHoi OJIOKMPOBKH 3
13 | Jloruyeckuil ypOBEeHb pa3peIleHNs] CUTHAJIOB GJIOKHPOBOK joruy. 0
14 | Jlormueckuii ypoBeHb BHENIHETO CUTHAJIA 3aITyCKa qornd. 0
15 Tok, moTpebisgeMblii OT ICTOUYHUKA UTaHus +6 B, He Oonee, A 0,135
16 Tok, moTpebisseMblii OT NCTOYHNKA nuTaHus +24 B, He 6onee, A 0,085
17 | T'aGapuTHBIE pa3Mephl MOLYJIsA, He Oosiee, MM 325X222X34
18 Macca, He Oosee, KT 0,76

Bce momynm cuctembl ycTaHaBiIMBalOTCS B cTaHAapTHBIM kpeiit KAMAK, B3amMomeHcTBYIOT MEXIy coOoi
MMOCPEACTBOM KOMaHA YHPaBJICHUA, NMEPEAABACMBIX IO MarucTpaiv, U 00eCIeunBarOTCA MMUTAHUEM OT BCTPOCHHBIX
HMCTOYHUKOB KpeuTa.

VYopaBneHue CHUCTEMOM NPOU3BOAUTCA OT IEPCOHAIBHOIO KOMIBIOTEpA CO CHEIMAJIbHBIM HPOTrPaMMHBIM
obecrieueHUEM.

[IpyHuun necTBUS CHUCTEMBI 3aKJIIOYAeTCs B TOM, YTO INpPH IHOCTYIUIEHHM BHEIIHErO IyCKOBOT'O CHUTHANA,
Ha)KaTUI0 KHOMNKH «Ilyck» WM MO COOTBETCTBYIOLIEH KOMaHAEe, MOCTYNHUBIIEH OT KOMIIBbIOTEPA, MIPOU3BOAUTCS 3aIlyCK
oOero TaiiMepa ynpasieHus (KaHad 3a7ep>Kku A B Mogayine MCO1), BBIXOIHBIM CHUTHaJIOM KOTOPOTO OZHOBPEMEHHO
BKJIFOUAIOTCSl BCE MPOTpaMMHpyeMble TaliMepbl CHCTEMBI CHHXpOHHM3almu. [lo ncTedeHuto 3apaHee yCTaHOBICHHOTO
BPEMEHHN KaXKIbIil U3 TaiiMepoB BbIpaOaTHIBAECT MMITYIbCHBIN CUTHAIN YIIPABJICHUS, KOTOPBIH MCHONB3YETCS IS 3aITyCKa
WUTN BKJTFOYEHHSI TOH MIIM MHOW (DYHKIIMOHAIBHON CHCTEMBI B COCTaBE HKCIIEPUMEHTAILHON yCTaHOBKH.

3aIyCcK CHCTEMBI CHHXPOHM3AIH BO3MOKEH TOJIBKO B TOM CJIydae, €CIIM CHATHI BCE allllapaTHBIE OJOKUPOBKHU U
3allyCK pa3pelieH Ha MPOTrPaMMHOM YpPOBHE, TO €CTb, CHATa MporpaMMHas OJOKMpoBKa. BBIXOAHOW curHanm oOiiero
TaiiMepa yIpaBJeHHS OCTYIIaeT Ha BXOA Taiimepa HyseBoro kanaita moxyist MCO1 u Ha pe3epBHyro nuHHIO P1 mmu P2
MarucTpaim KpeiTa, a ¢ Hee — Ha COOTBETCTBYIOIIME BXOJIbI 3amycka Bcex Mmoayieit MDO1. Bo BpeMst mycka cHCTEMBI
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cursan P1 (P2) mepexoaut B HU3KHUIT TOTHYECKUI YPOBEHB, pa3pemnias paboTy OCTAIBHBIX TAHMEPOB, a UX CHHXPOHHBIN
3aMmycK MPOUCXOIUT MO craay (mepenHeMy (GpOHTY) 3TOro e curHana. JlmurenpHocThio curHana P1 (P2) orpanuueHo
obiee BpeMsi paboThl cucteMbl cuHXxpoHu3anuu. Ilo ero 3aBepuieHnto pabora Bcex TaiiMepoB OyAeT OCTaHOBIICHA.
Ecnu B TeyeHmMe BpeMEHM CYIIECTBOBAHMS JTOTO CUTHAJa KakoW-muOO TaiiMep BBIIOJNHSET  OTCYET
3alpOrpaMMHpPOBAHHOTO BpPEMEHH, TO IO (haKTy €ro OKOHYAHHMS B COOTBETCTBYIOIIEM KaHaje BBIPaOATBHIBAECTCS
BBIXOJTHOW UMITYJIBC, & OTPAOOTaHHOE TaiiMEepPOM BpEMsI 3alTUCHIBACTCS B CIICIIUATBHEIA PETUCTP H MOXKET OBITH CUUTAHO
MIPEyCMOTPEHHOM ISl 3TOTO KOMaHJIOM.

Tabnmma 2. Texanueckne XxapakTepucTuku Moyt MDO1

No HaumeHoBaHue mapamerpa 3naveHue

1 KonngecTBo nporpaMMHupyeMBIX KaHAJIOB 3aJEPKKHI 8
2 Bpewms 3anepxku kaHAIOB, C 10°..10°
3 JIMCKpEeTHOCTh YCTAHOBKH BpEMEHU 3aJIePXKKU KaHAJIOB, C 10°
4 ITorpenrHoCTh BHIMOIHEHUS 3apOrpaMMHUPOBAHHON 3aIEPHKKH, C 107
5 AMIUIMTY 12 BBIXOJHOTO CUTHAJIa KaHajoB, B +501+5%
6 JIMMTEeNbHOCTh BBIXOJHOTO UMITYJIbCa KaHAJIOB, C 10-10°4+1%
7 HomuHansHOe conpoTHBIIEHHE HAarpy3KH KaHaioB, OM 50
8 [IpouHOCTb rajibBAaHMUYECKOH pa3Bs3KH BBIXOJ1a KAHAJIOB, HE MeHee, B 500
9 IIpouHOCTb ragpBaHUYECKON pa3BA3KU BXOJla 3allyCKa, He MeHee, B 500
10 | Jlormueckuil ypoBeHb CHTHANA 3aIlyCKa IO BHEITHEMY BXOIY k.3. (0 B)
11 Jlornueckuil ypoBeHb curHana 3amycka no sxogy Pl 1(0B)
12 Toxk, moTpebsgeMbIii OT CTOUHUKA UTaHMs +6 B, He Oonee, A 0,2
13 Tok, moTpebisieMbIii OT HCTOYHUKA nuTaHus +24 B, He Oonee, A 0,26
14 | I'abaputHble pazmepsl, He Oosee, MM 325X222%X34
15 Macca, He 0osee, K 0,88

[IporpammupoBaHne, 3amycKk CHCTEMbl M KOHTPOJIb €€ COCTOSIHHS OCYIIECTBISIETCSI C MOMOLIBIO CTAHAAPTHBIX
komann wuHTepderica KAMAK, koTopple BbIpa0aThBarOTCs Ha MarucTpaiu Kkpedita KoHTpoiuiepom CCO02,
o0ecreunBarONM CBSI3b CHCTEMbI C NEPCOHAIBHBIM KOMIbIOTEpOM. KOHTpomiep MoAKIoYaeTcss K KOMIBIOTEPY C
MTOMOIIBIO TAIbBAHWYECKH PA3BSI3aHHOM JHMHUHM MOCIEI0BATENbHON CBsA3M uepe3 axantep mmHbl PCI n moxer ObITh
yaalieH OT KoMIbIoTepa Ha paccrosiaue 10 300 m.

Ilocne BeIMOIHEHUS 3alyCcka CHCTEMbl CHUHXpPOHU3ALWU 104 YIPABJICHUCM MNpOrpaMmbl IMPOU3BOAUTCA
CUYMUTBHIBAHUE COCTOSHUS BCEX KOHTPOJIBHBIX PETHCTPOB MOYJIEH, BXOAAILINX B COCTaB CUCTEMBI, U Ha 3KpaHe MOHUTOpa
(opmupyercs Tabnuna, coepikalias oT4eT o IpolreameM 3amnycke. [Iporpamma taxke obecrieynBaeT NepuoIHIecKuit
OIIPOC COCTOSIHUSI MOJYJIeH C 3aJlaHHBIM HHTEPBAJIOM BPEMEHHM M OOHOBISIET Ha SKpaHE BHJ OPraHOB WHAWKAIWH,
HaIpHMep, TEKYyIee COCTOSIHUE CUTHAJIOB OJIOKUPOBOK.

Kaxnplit 3amycK cHCTEMBI PETMCTPHUPYETCS MOA CBOMM WHIMBHIYAJIBHBIM HOMEPOM M XPAaHHUTCS B CUETUHKE,
pacIoIoKeHHOM B SHeproHe3zaBrucuMoi naMsati Moyt MCO1. Pe3ynapTaTel MpOX0oKAEHHUS BCEX CHHXPOCHUTHAJIOB MIPU
BBIITOJTHEHUH KaXKJJOTO 3KCIIEPUMEHTa MOTYT OBITh COXPaHEHBI B BH/E IPOTOKOJIA HA JKECTKHH ANCK KOMIBIOTEpPA IO
KETAHUIO OllepaTopa WM aBTOMaTH4Yeckd. IIporpaMma mo3BossieT M3MEHSITh HACTPOMKHN TaiMEPOB 1 COXPAHATh UX Ha
IUCK B BUe (aiila HACTPOEK C WHIMBHIYaJbHBIM HMEHEM, a Talke OOECHeuMBAeT MHHUMAJIbHBIE CEPBUCHBIC
(byHKIMH, HapUMep, BO3MOXKHOCTh MHOTOKPATHOTO MEPHOANIECKOTO 3aITyCKa.

MPOI'PAMMA YIIPABJEHUSI CHCTEMOM CUHXPOHU3ALIUU

Hacrpoiika, ynpaBieHHe ¥ MOHUTOPUHI pabOThl CHCTEMbl CHHXPOHHM3AIlMM C MOMOLIBIO MEPCOHAIBHOTO
KOMIBIOTEpPA OCYIIECTBJIAETCS C IIOMOIIBI0 MPOrpaMMbl CHHXPOHM3aLuMU. B cocraB mnporpamMmsl BXOAUT
HEToCpeICTBEHHO HCTIONHAeMBIH (aiin SyncPost.exe, ¢aiin HacTpoek SyncPost.ini, daiin konpurypanuun SyncPost.cfg.
IIporpamma B3auMOJEICTBYET ¢ anmapaTypoi CUCTEMBl CHHXPOHM3aLUU uepe3 apaiisep koHTpoiepa KAMAK CCO02.

[Ipu 3amycke paboueli nmporpammel SyncPost.exe oTkpbIBaeTcst pabodee OKHO, KOTOpOE OTOOpakaeT TeKyIue
HACTPOMKH, COCTOSIHAE CHCTEMBl CHHXPOHHM3AIMM W PE3yJbTaThl MOCIEAHEr0 SKCIeprMeHTa. BHemmHuii BHI OKHa
[IOKa3aH Ha puc. 3.

B BepxHelt qacTu pabodero okHa pacrmoyiokeHa cTpoka MeHto. OcTanpHas 4acTh OKHA YCJIIOBHO pa3/ielieHa Ha JBE
30HBL. B BepxHeil 30HE pacmoiOKeHBI SJIEMEHTH WHAWKAINN U yhpaieHus moxyiem MCO1, oObequHEHHBIE B IISATh
KoHTelHepoB. KoHTeHHEepHI OTINYAOTCS APYT OT ApyTra CBOEH CTPYKTYpOH M (PyHKIIMOHAIEHOCTHIO.

Konreitnep «Homep skcriepuMeHTa» BKJIFOYAET B c€0s MHAMKATOP, HA KOTOPOM OTOOpa)KaeTCst HOMEP MOCIEIHETO
pabodero HMIynbca YCTaHOBKH. IIpudéM S5TOT HOMEp XpaHHUTCS B OSHEPrOHE3aBUCHUMOM NaMATH IPH CHATOM
3NMEKTPONUTAHUU CHCTEMBI. DTO TI03BOJISIET BECTH €IMHYI0 HyMEpAIHio SKCIIEPIMEHTOB Ha YCTAHOBKE M HCIOIb30BaTh
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HOMCD 1Jid I/I,HCHTI/I(bI/IKaIII/II/I JaHHBbIX, MOJYYCHHBIX OT PAa3HbIX JAWMArHOCTUYCCKUX CUCTEM, IIPpU HOCJ’IC}IyIOLlIeﬁ ux
obOpabotke. Kpome 3TOro B KOHTEHHEpe COAEP)KUTCS OKHO MHIMKAIWM «Bpems mocie mociieHero UMITyJbcay», B
KOTOPOM OTOOpakaeTcsl BpeMs, MpOLIEAlIee ¢ MOMEHTAa 3aBEpLICHHs IIOCIENHEro SKCIEePUMEHTa. JTO OKHO IIPH
MIEPUOANYECKOM BBIITOJHEHHH OKCIIEPUMEHTOB IIOMOTaeT OINepaTropy OLEHHTh BpeMs, OCTaBIIeecs 10 Hadaja
CJIC/TYIOIIETO AKCIIEPUMEHTa. TpeThe OKHO MHIMKALMK B 3TOM KOHTEIHepe IpeIHa3HaueHO ISl OTOOpayKeHUsI BpeMEHH!
BBIXOJAa Ha pabounii pexxuM. [IporpamMMmoil mpenycMOTpeHO, 4To i BBIBOAA YCTAHOBKHM Ha pabovuil pexuM, HpH
KOTOPOM OYZET BBIOJHEH CICAYFOLINI SKCIEPUMEHT, MOXKET IMOHAIOOUTHCS JOCTATOYHO OONBINOE BpeMs (HECKOIBKO
cekyHn). Eciam oTcuer BpemeHH OyJeT BBHINONHATHECS C MOMEHTa IIPHXOJAa HMITYJbCa 3alycka, TO HeOONbIIHe
MHTEpBAJbl BPEMEHH (MUIUIMCEKYHIHBIE WM MUKPOCEKYHIHbIE), KOTOPBIE Pa3lelsf0T IMPOLECCHl MPH BHIOTHEHUH
IKCIEpUMEHTa, OyIayT oToOpakaThcs B (popMe He ymnoOHOM as BocupusThs. [1o3ToMy 3aaepKKH BO BCEX OCTAIbHBIX
KaHajax OTOOpaXaloTcs B MpOrpaMMe OTHOCHTEIBHO MOMEHTA BBIXOJAa YCTAHOBKM Ha pabO4Mil pexuMm, a Bpems
BBIXOJ/Ia Ha PEXKUM 3aJaeTcsi OTACIBHO B (haiiie KOHPUTypalul U 0TOOpaXKaeTcs B OKHE.
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Puc. 3. Bun untepdeiicHOro okHa mporpaMmel.

COOTBETCTBYIOUIMH  MHIHUKATOP

oTo0OpakaeTcsl KPaCHBIM IIBETOM, a MPH Pa3pelIaroiieM ypoBHE — 3eleHbIM. COCTOSIHUE OKOH JyOJHPYEeT COCTOSTHHE
TPeX CBETOIMOIOB, PACHONOKEHHBIX Ha Moxyine MCOl. Omepatop mMeeT BO3MOXHOCTh 3a0JOKHMPOBATH 3aAIyCK
CHCTEMbI CHHXPOHHU3AIINH, YCTAaHOBHB MIPOTPAMMHYIO OJIOKHPOBKY ITycKa. st 3Toro B KoHTeHHepe «PexuMsl 3amycka»
umeetrcs kHomka «Paspemienue»/«3anper». CocTosHHE NPOrpaMMHON OIOKUPOBKH OTOOpaXKaeTcsi ¢ TMOMOIIbIO
YETBEPTOr0 MHIUKATOPA.

B mporpamme 3anoxeHa BO3MOXKHOCTb COXPAHEHUs PE3y/IbTaTOB SKCIEPHMEHTa B BHJIE TEKCTOBOI'O IPOTOKOJIA.
[Tpu mepBoM 3amycke NMporpaMMbl aBTOMAaTH4eCKH co3paeTcs Aupekropus «OTHeTh», B KOTOPOH M (OpPMHUPYIOTCS
¢daiinel ¢ mpoTOKONaMM PabOThl CHCTEMBI. Pe3ynbpTaThl pabOThl CHCTEMBI CHHXPOHM3AIMHM TIPH IPOBEICHUU
9KCIEepUMEHTa 100aBisAtOTCs B (aiili ¢ Ha3BaHMEM, COOTBETCTBYIOUIMM TeKymied nate. CoxpaHEHHE pe3yJbTaToB
MOXKET MPOM3BOJUTHCA B JBYX pEKMMax: aBTOMATHYECKU WM MO pelleHuto omeparopa. [Ipu ycTaHoBke pexuma
«ABTOMaTHYECKH» PE3YNbTaThl OyIyT COXPAHSTHCS MPOrPaMMOM ITOCIe KaKIO0TO MPOBEAESHHOI0 dKcrepuMenTa. Ecim
e Oyner ycranoieH pexuM «Ilo 3ampocy», To Tociie OKOHYaHUsI SKCIEpHUMEHTa IporpaMMa OyIeT BBIBOJUTH OKHO C
3allpOCOM O COXPAaHEHHH Pe3yIbTAaTOB, a OMEPaTOp MOJDKEH MOATBEPAWTH WM OTMEHHTh COXpaHeHHe oTdera. Ilpum
BBIOOpE pexnuMa «BBIKIIIOUNTE» COXpaHEHNE OTYETOB IPONU3BOIUTHCS HE OyIeT.

Konreiinep «Pexum 3amycka» ONpeAesseT PeKUMBbl 3allyCKa CUCTEMBbl CHHXpOHM3auuu. Ilyck OT BHEIIHEro
CHUTHajia MOKET OBITh Pa3peIlIcH WM K€ 3alpelleH ¢ MOMOIIBIO OTACIBHOTO MEPEKITIOYATENS], KOTOPBIA pa3MeInacTcs B
BEPXHEM JIEBOM YTIJIy 3TOro KOoHTeiHepa. IIyCck OT BHEIIHEHl KHOIIKM, PACIONIOXKEHHONW HEMOCPEACTBEHHO HAa CaMOM
MOAyJie, MOXKET OBITh Pa3pellieH MM JKe 3alpelleH IPOrpaMMHO C IIOMOIIbI0 mepexmtouyarens «OT BHeIIHeH
kHONKM». Kpome Toro, onepaTop uMeeT BO3MOKHOCTh OCYIIIECTBUTH IIYCK CHCTEMBI HEIIOCPEACTBEHHO C KOMIIBIOTEPA.
Pexum «OgHOKpaTHO» MO3BOJISET ONEpaTopy HepefaBaTh ¢ KOMIIBIOTEpa KOMaHAy 3allycka CHCTEMbl CHHXPOHU3ALUU
OpU KaxJIoM HaxaTtuu KHonku «Ilyck», pacrnonoxxeHHOW B 3TOM ke KOHTelHepe. Ilpu axkTuBauum pexuma
«{nknnyeckn» mporpaMMoil OyJeT NMpOU3BOJAMTHCS MEPHOANYECKasl TeHepanusi KoMaH 3amycka. X KonmndectBo u
MepUOoJ TeHepallui MOKHO 3a/1aTh B COOTBETCTBYIOIIUX OKHaX KOHTeifHepa. OCTaHOBUThH NEPUOJUUECKOE BBIIIOIHEHUE
MOJKHO C NMOMOIIBI0 KHONKKM «CTtomy». OHa CTaHOBUTCS AOCTYMHOH TOJBKO B PEXKUME LUKIMYECKOro 3amycka. B atom
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pPEeXHME TaKXKe 3alpelnaeTcs 3aMyCcK CUCTEMBI OT APYTHMX HUCTOYHHMKOB (BHEIIHEro CHUTHala WM KHONKH) biokuposats
WIN pa3peluTh paboTy CHCTEMbl CHHXPOHHM3ALMH II03BOJISIET IMPOTpaMMHas OJIOKMPOBKA, YCTAaHOBKA KOTOPOH
OCYIIECTBIISICTCS 110 HAKATHIO KHOIKHU «3aIpeT», a CHATHE — I10 TIOBTOPHOMY Ha)KaTHIO 3TOM K€ KHOIIKH, Ha KOTOPOH
HaJIHCh «3anpeT» 3aMeHseTcs HalnuChio «Paspemenney.

O mycke cHCTEMBI OIlepaTopa OIOBEUIAeT 3BYKOBOW CHTHAJ CHCTEMHOTO AMHAMHKa KOMITbIOTepa. BeimonHeHue
SKCTIEPUMEHTOB MOJKET COIPOBOXK/IACTCS ONOIHUTENBHON 3BYKOBOM curHanmsanmeil. st aToro B aiine HacTpoek
HeoOxoanMo BeIOpaTh Qain B dopmare *.wav, KOTOpBIH OyIeT BOCIPOM3BOAUTHCS MYJIbTHMEIUIHBIMU CPEICTBAMHU
KOMITBIOTEPA ¥ MOXKET OBITh UCIIOJIB30BAH JUIS OTOBELICHHUS 00CITyKHBAOIIETO MIEPCOHANa B SKCIIEPUMEHTAIEHOM 3aJ1e
yepe3 rPOMKOTOBOPSIIYIO CBSI3b YCTAHOBKHU «Yparan-2M» B TeUeHHE BCErO BPEMEHH ITPOBEICHNUS SKCIIEPHMEHTA.

KonreiiHep B Buzme TaOmuipl, KOTOpas COCTOMT M3 JBYX CTPOK M HYETHIPEX CTOJOIOB, MpEAHA3HA4YEeH Ui
0TOOpakeHNsI TPOTPAMMHOM HACTPONKH M pe3ynbTaToB paboTHI ABYX TaiMepoB, Haxomsmmxcs B mMoxyie MCOL. B
MEepPBOM CTpOKe TaOIUIBl OTOOpakaeTcs COCTOSHHME KaHajga A. DTo KaHaln oOIero pasperieHusi paboThl BcexX
TaiiMepoB, OH MPOrPaMMHPYETCsl Ha MAaKCUMaJIbHOE BpeMsl BbITIOJIHEHNUs dKkcriepuMenTa. Kanan 0, cocTosiHue KOTOpOro
MOKa3aHO BO BTOPOW CTpOKE TaONHIbI, SBISETCS OMHUM U3 49 paboumx KaHAJIOB CUCTEMbI, KOTOPBIA pacrojokeH B
moayne MCOI. B HmkHeil 30He pabodero OKHa NpPOrpaMMbl HaxoAWTCs TalJiMIa COCTOSIHUSL TalMepoB,
pacmonoxeHHbx B MoAyisx MDO1. ITo cTpykType OHa aHAJOTMYHA TaOJIUMIE COCTOSIHUS TaiiMepoB Momynss MCOL.
Tabnuna comepXUT HacTpoliku 48 TaliMepoB, pacIloJOKEHHBIX B mecTH Moayisix MDO1 mo Bocemp kaHaloB B
kaxaoM. IlepBbiii cronmber Tabuuipl 0TOOpakaeT HOMEp KaHaua 3aJep)KKH U SBISIETCSl YCIOBHBIM HOMEDPOM, ISt
KOTOpOTro B (aiiie KoHPUTrypaluy IpoIicaH ero CUCTEMHBIN afpec. Bo BTopoM cronbie nmpuBeneHo BpeMst 3aJ1epKKH,
Ha KOTOpOE 3alporpaMMHUpOBaH TaliMep AaHHOTO KaHaya. B ciemyronieM cTosone mpy BHIOTHEHUH YKCIIEPHMEHTa 110
OKOHYaHMIO pabOTHl TaliMepa BBIBOIUTCSA YHCICHHOE 3HAYCHHE OTPaOOTAaHHOW 3alepKKM B MHKPOCEKyHIax.
[Mocnemuuii cronden B 3TOH TabNuMIe peaHa3HAYeH I TOTO, YTOOBI OTIepaTopy MOXKHO OBUIO BRIBECTH MH(OPMAITHIO
0 (hyHKIMOHAIPHOM Ha3HAYCHUH JAHHOTO KaHasla — KOMMeHTapui. TekcToBoe copepxanne KOMMEHTapHs 1 3HaUCHHE
MIPOTrPaMMHOTO BPEMEHH TaiiMepa Takxke XpaHsaTcs B (aiine KOHPUTYpaIHH.

IIporpamma cHaO)eHa YJOOHBIM HWHCTPYMEHTAapHeM IJIsi HACTPOWKM NapaMeTpoB KaHAJIOB CHHXPOHHU3AILMU U
paboThI ¢ anmaparypow.

3AK/IIOYEHUE
OrnucaHHas BbIllIe CUCTEMAa CHHXPOHHU3ALMU 3amylieHa B DKCIUTyaTallMio U MPOXOAUT BCECTOPOHHUE HCIBITAHUS
Ha ycraHoBke. [1o cpaBHEHHIO C paHee UCTIOIB3yeMOI CUCTEMOI OHa 00J1a/laeT PSAOM MPEUMYILECTB!

- Oarojapsi MPUMEHEHHUIO TaiMEPOB, PabOTAIONINX C TUCKPETHOCTHIO 1 MKC OT BBICOKOCTAOMIBHOTO KBAapIICBOTO
reHeparopa, odecreueHa BRICOKas TOYHOCTh CHHXPOHHU3AIMA BCEX TEXHOJIOTHUYCSCKIX MPOIIECCOB HA YCTAHOBKE

- CTaJl0 BO3MOXHBIM YAAJNIEHHOE VYIPABJIEHUE CHCTEMOHM M M3MEHEHHE MapaMeTpoB KaXKIOro KaHajla C
HCII0JIb30BAHUEM KOMITBIOTEPHOU CETH;

- MPEIOCTaBICHA BO3MOXKHOCTH 0Oojee THOKOWM W ONEpaTUBHONW HACTPOHKM TapaMeTpPOB CHCTEMBI C
HCTIOJIH30BaHNEM 3apaHee MOATOTOBICHHBIX (PaliIoB KOHPHUTYpAIIHK;

- peanu3oBaHa CHCTEMa PETUCTPALMU HKCIEPUMEHTOB C HCIOJIb30BAHUEM HWHAMBUIYAIbHBIX HOMEPOB U
BO3MO>KHOCTBIO BE/ICHUS CKBO3HOI HyMepaliy pabodux UMITYJIbCOB IIPH JTOJTOBPEMEHHOM XpaHEHUH 3HAUYCHHUH
B SHEPrOHE3aBUCUMON MamsTH;

- obecIieueH PeKUM aBTOMATHYSCKOTO M PYYHOT'O CO3/IaHUS U COXPAHCHHUS MPOTOKOJIOB MPOBEACHUSA (PU3NICCKUX
SKCIIEPUMEHTOB;

- IpelyCMOTPEHa BO3MOXKHOCTh OIOBELICHUS OOCITY’KMBAIOIIETO IEpCOHANa uepe3 TPOMKOTOBOPSILYIO CBSI3b O
HayaJle 04epeIHOr0 paboyero UMITyJIbca YCTaHOBKH;

- CHCTeMa TIOCTPOCHA C TIPUMCHCHHEM COBPEMCHHOW JJICMCHTHOW 0a3bl W COBPEMEHHBIX TEXHOJOTHH
NIPOEKTUPOBAHHS;

CoznaHHas crcTeMa MOXKET HCIIONB30BAThCA U CHHXPOHH3AIHUU Pa0OTB 00OPYIOBAaHHUS APYTHX YCTAaHOBOK

SKCIEPUMEHTAILHOTO WJIK TPOU3BOJACTBEHHOTO Ha3HAUEHUSI.
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