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METOJI ®OPMYBAHHS IPOMEHEM CO, JIASEPU
THO®OPMAIIMHOTI'O 3MICTY HA TBIPJOTIJIOBUX HOCISIX
IH®OPMALII 3 METOIO CUHTE3Y JOKYMEHTAIIII B
TH®OPMAIIMHUX TEXHOJIOTISIX OY 3C YKPAIHA

Cutnuk O.I'., I[Tommnucekuii O.B.

Jlazeprl [1] MOXXHO NPUMEHATH JJIA PELIEHUS CaMbIX Pa3HOOOpPA3HBIX 3ajad B
TEXHUYECKUX CPENCTBAaX, KOTOPbIE HAXOAAT NpUMEHEHUE B opranax ympasienus (OY) 3C
VYKpauHbI, HATPUMED, C IETHI0 ONTUKOAIEKTPOHHOTO aHaN3a, UG POBOH 00pabOTKH WIH
ANIEKTPOHHOI'O CHUHTE3a M300pa)K€HUM, K KOTOPBIM OTHOCSTCS NPAKTUYECKH BCE BHUIbI
nokymeHTanuu [2]. JlokymeHTanus B BHUIE: JOHECEHWH, IPHUKA30B, CIPABOK, KapT
paliOHOB PACIIOJIOXKEHUS MOJpa3eICHU BOMCK WIM MpPEArnojiaraeéMoro paiioHa 00eBBIX
NEUCTBUN, a’pOKOCMUYECKUX  (QoTorpaduii €O CIOYTHUKOB MOXET COAEpP)KaTh
uH(opMaIUIO: W3 TEKCTOB W WIUIIOCTpaIui, rpaduyecKux, 4YepHO-OeNbIX, IBETHHIX,
IITPUXOBBIX U TOJYTOHOBBIX PENPOAYKIIUH, KOTOPbIe POPMUPYIOTCS JIa3€PHBIM JTy4OM Ha
MOBEPXHOCTH PA3JIMYHOTO THUIA TBEPAOTENbHBIX HOCHUTeNel uHbopmaruu. 3aTeMm, ¢
UCIIOJIb30BaHUEM O()CETHOM, ITyOOKOM, BRICOKOU, UITU JPYTUX BUIOB MEYaTH MTPOUCXOIUT
tupaxkupoBanue penpoaykiuit B OV [3]. IlpsimpiM KomupoBaHueM HHGOPMAIMU C
MTOMOIUIBIO JIA3EPHOTO U3IIYYEHUSI MOYKHO MOJIYYUTh OPUTHHAT OKPY’KAaIOIIEro HaC MUPA.

Bomnpoc yaiie Bcero 3akiro4aeTcsi HE B TOM, MOKHO WJIM HEJb3sl KCIOJIb30BaTh
JIa3€pHOE M3JIyUYECHUE B TEXHUUECKUX cpeacTBax OV s pemeHusi KOHKPETHOM 3a1a4u B
JOKYMEHTHUPOBaHUU MH(OpMaLMKU. A B TOM, CIEAYET WU HE CJIeAyeT MPUMEHSTh TO WU
WHOE€ H3JIy4YE€HHUE, TaK KaK OTCYTCTBYET COBPEMEHHas Teopus [4], Kak O €ro rpaHUYHbIX
BO3MOYKHOCTSIX, TaK U KOPPEKTHAs TEOPUs YHPABICHUS Ja3epHbIM JiydoM. OO1as teopus
[S] He B monaHOW Mepe OOBACHSIET MNPOOJIEMHBIE BOMPOCH YIy4YlIEHUs KadecTBa
n300pakeHut (HOpPMUPYEMBIX JIA3€PHBIM JIydOM, KOTOpbI€ Obl OTBEUaiud TPEOOBAHUSIM
[IpukazoB Munuctpa OOCOpoHBI W HayaidbHUKa [eHepanbHOro mrabda. OTCYyTCTBYET U
JIOCTATOYHO KOPPEKTHass Teopusi [6] pa3pabOTKH CHCTEM M aBTOHOMHBIX KOMILUICKCOB
JOKYMEHTUPOBaHUS MHGOpMAIMK I UCTOoIb30BaHus B OY ¢ MpuUMEHEHHEM Jia3epoB,
KOTOpasi OIpeAessieT Ie1IeCO00pa3HOCTh HCIOJIB30BaHUS B J1a3€pPHO-KOMIBIOTEPHON
texHosoruu (JIKT) pa3nuuHbIX THUIIOB Ja3epoB, DJIEKTPOHHBIX YCTPOWCTB YIPaBICHUS
Ja3epoM, MPOTPAMMHOT0 WJTU almapaTHOro 00ECTICUCHHUSI.

[Ipepnaraercsi, Kak B aCIEKTE HAIIEro MCCIEJOBAaHUS W  IPOBOJUMBIX
AKCIIEPUMEHTOB, TaK U JUIsl pa3paOOTKH OJHOTO M3 JIEMEHTOB TEOpuH [3] 3JEKTPOHHO-
uudpoBoro pemnpoayuupoBanus uzoopaxenuit (ILIPU), npomonenupoBarh mpoiecc
JIA3€pHOI0 U3JIYYEHHUs], HA OCHOBE IIOJI0KEHUN THIIEPYACTOTHON MEXAHUKU B COBPEMEHHOU
¢dusuke [7]. DT0 HEOOXOAUMO IJIsI ONIPEACIICHUS 11E]1€CO00PA3HOCTH TPUMEHEHUST Pa3HbIX
TunoB JjazepoB B OV B mpoliecce NOKYMEHTUPOBAHUS M MX BIMAHHUS Ha KadecTBO
undopmaruu [3]. IIpouecc moaenupoBanus npu IIPU Oyner cocTosTh U3 Tpex 3TaroB:
MpeBapUTENbHON 00padoTKOM nH(pOpMAIMK B KOMIIBbIOTEpE MHPOPMAITMOHHO-PACUETHOM
cuctembl (MPC) mraba, B ¢opMupOBaHWU Ja3epHBIM Jy4doM OQCETHOTO penbeda Ha
TBEpJOTEILHOM HocutTene wuHpopManuu [3], B TUpaXHpoBaHWU HWHGHOPMAIIHH,



OTBEYAIOIICH KPUTEPUSM HE TOJHKO BBICOKOTO KadecTBa, HO W TpeOoBaHusMm [Ipuka3on
MO, unu KoMGOPTHOCTH BOCHPUSITHSI CHHTE3UPYEMOI0 U300paXKEHUS TJ1a30M YeJIOBEKa.

VYuuthiBas TJIaBHBIM 00pa30oM MPAKTUYECKYIO MOJIE3HOCTh PE3yJIbTaTOB padOT IO
NPUMEHEHUIO JIa3epoB Il 0O0pabOTKM uiM Bu3yanuzanuu uHopmanuu B OV [6],
npeajaraeTcsi HOBbI U HETPAAUIIMOHHBIN MOAXO0/ K PEIICHUIO TTPOOJIEM, UMEIOITUX MECTO
B Teopuu DIIPU, oOycnoBieHHbIX Ja3epHbIM u3NydeHueM. HMccinepgoBanue mporecca
U3Ny4YEeHUsS] TPOBOAMINCH HAa  MOJETM  JOKYMEHTHUPOBaHMS  HMHPOpMALMH  MpU
WCIIOJB30BaHUM KOHKpPETHOro Jsa3zepHoro wusnydenuss CO, nazepa [3], Ha KOTOpoM
MPOBOJMJIMCH  AKCIIEpUMEHTHI. lIpencraBieHHbIE Pe3ysbTaThl  AKCIEPUMEHTOB U
pacyeTHbIE JaHHBIE XapaKTEPHbI IPU UCIIOJIH30BAHUY J1a3€POB PA3HBIX TUIIOB U3TyUYCHUS B
TEXHOJIOTHH TIOJIyYCHHs BU3yallbHON nH(popManuu B OY, IpUMEHSIEMBIX MPAKTHICCKH BO
BCEX MOJEIIUPYEMBIX IIPOLIECCAX, IJI€ PEUYb HIET O MOJIYYEHUH C OPUTHHAIIA PENPOIYKIUH.
OpnHako, Bce TUIBI Ja3€pOB CEroJHA OOBEAUHSAIOT OCHOBHBIE MOJIOKEHUS KIIACCUYECKON
Teopuu [6], YTO W MO3BOJISET NPEMJIOKUTH IMYTH €€ COBEPIICHCTBOBAHUS HA OCHOBE
MOJIOKEHUN COBpeMeHHOM (u3uku [8] g pa3paboOTKH OMHOTO U3 DJIEMEHTOB TEOPUHU
OLPU. [Tonaraem, yto, He BhIpaOOTaB OOIIEH KOHIEMIMKA B MCIOJb30BAaHUH JIA3€POB B
TEXHUYECKUX CpeACTBaxX Mg JokyMeHTtupoBanus uHbopmamuu B OY 3CVY [9] Henb3s
pemarh UEeIbld KOMIUIEKC MPOOJEMHBIX BOMPOCOB. DTO BOIMPOCHI: COBEPIIEHCTBOBAHUE
MIPOrpaMMHO-aMNIapaTHBIX METOJIOB M CPEJICTB yNpaBlieHUs: pabOToil J1a3epoB, pa3padoTKa
METOJIOB U CPEJCTB YJIy4llIeHUs KadecTBa JOKyMeHTOB B OV, coriacHo TpeOoBaHUSIM
[IpukazoB MO, KOHCTPYKTOpPCKHE pa3pabOTKH CUCTEM U OTAEIbHBIX KOMIUIEKCOB 1 OY.
[Toromy uto coBepmieHcTBOBanue JIKT mius npumenenus B OY ABASE€TCS HEBO3MOXKHBIM
MPA KCIOJB30BAHUM KIIACCUYECKOM TeOpuH [2], TOpOM B HEKOTOPBIX BOIPOCAX
MPOTUBOPEYMBON M HEKOPPEKTHOM MO CYyTH, a TAKXE HE Jarouiedl B MOJHOM oObeMe
OOBSCHEHHS] TaKOro SABJIECHHUS Kak Ja3zepHoe wu3iydenue. CyniecTByromias Teopus
JAa3epHOrO0 M3Iy4dYeHUs [9] HE mNO3BOJMET MOJOWTH K TPaHUYHBIM BO3MOXKHOCTSIM
MCIIONIb3YEMbIX CBOMCTB Jiazepa [10], ero mapaMeTpoB M XapaKTEPUCTUK JJISI YBEIHMUYCHUS
kauecTBa AokymeHTauuu B OV [3]. DTo mpeAcTaBiIseTcsi BO3MOXKHBIM CIENIATh TOJIbKO Ha
OCHOBAaHHH TOJIOKEHUN COBpeMEHHON (pu3uku [7] OTHOCUTENIBHO HOBBIX CTPYKTYPHBIX
AJIEMEHTOB JII0OOTO BEIIECTBA B MPUPOJE, B TOM YHUCIIE W CTPYKTYPHI JIA3EPHOrO JIyda,
KOTOPBIE CYIIECTBEHHO BJIMSIOT HA OCHOBHBIE XapaKTEPUCTUKH U TMapaMETpbl KauecTBa
M300paKeHHI U Ha pacueTHbIE JaHHBIC TP pa3pabOTKE CUCTEM U KOMIUIEKCOB [3].

Kak wu3BectHO [9], BO MHOruMX cCiy4yasgxXx TI€HEpaTOpbl JAa3epHOIO W3IYUYEHUS
ucnonb3yrorcs B JIKT gng OY: kKak HMCTOYHMKHM 3aCBETKH, BMECTO HAKaJIbHBIX,
ra3opaspsiHbIX WIM TaJOTeHHBIX JaMIil. OTh npuMmeHeHus B OY 10CTaTOYHO MPOCTHI U
MPOJIMKTOBAaHbl, B OCHOBHOM, HEOOXOJUMOCTBIO OOJIbLIEH KOHIIEHTPALUU SHEpPruu 0e3
WCIIOJIb30BaHUs CIOXKHBIX oNTHYECKHX ycTpoucTB [10]. MHorma 3to onpasmano [3], npu
LBETOACICHUH, WM (PoToHAOOpEe, MpU MNPEIU3UOHHOM CUUTHIBAHUKM HUH(MOpPMAIUU C
OOJIBIION CKOPOCTBHIO B YMTAIOLIMX aBTOMAaTaxX, WM CHUCTEeMaxX TEXHUYECKOTO 3peHus, a
TaK)ke MOBCEMECTHO UCIOJIb3YETCsI B 3apyOEIKHBIX CKaHEPax WM IBETOKOPPEKTOPAX.

[Ipennaraercss pgaTh KpaTKyl TMEPBUYHYI0 TAaKCOHOMHIO IS  HEKOTOPBIX
MapaMeTpPOB M XapaKTEPUCTHUK, SIBIISIIOLIMXCS 3TAJIOHAMH IS JIa3€pOB. DTO MO3BOJUT
y4ecTh TUHAMUKY HECTAOMIBHBIX BEJIMYMH CaMOTO JIA3€pHOT0 M3IY4YCHHUS B TIpollecce
MozenupoBanusi. M1 ocoOEHHO TIPH UCIMOJIb30BAaHUU JIA3€PHOTO M3IYYEHUSI B CUCTEMax U
komruiekcax OVY, ¢ TOYKM 3peHHs] YIy4dlIeHHs KadecTBa penpoaykuuil. Jlazepwl, kak



cuMTaeT Kiaccuyeckas gusmka [1], Tak ke Kak M Bce ApPyrue reHeparopbl (YCUIUTENN)
ANEKTPOMATHUTHOTO M3Ty4Y€HHUs, MO CYLIECTBY SBJSIOTCS MpeoOpa3oBaTessiMH KaKoro-
aub0 JOCTYNMHOTO M YHOOHOro JUIsl MCIOJb30BaHUSI HA TMpPaKTUKE, WU B KaXIOM
KOHKPETHOM CJIy4ae BHJA dHEPTUH, B SJHEPTUIO KOTEpEeHTHOro u3iydueHus. [lo xapakrepy
NOJBOJUMON K Ja3epy HHepruu [2] OHM JAenATcs Ha NpUOOPBI € AIEKTPUUECKOMH,
ONTUYECKOU, AIEPHON HAKa4KoMH, ANEKTPOpPa3pPsIHBIE, ra3oJMHaMH4ECKHUE,
(OTOIMCCOIIMOHHBIE, XUMHUYECKMEe W Jp. Jazepbl. Ilpu wuccienoBaHuM MOJEIH,
MIPEACTABICHBl KaK PE3yJlbTaThl 3KCIEPUMEHTOB C HCIIOJIb30BaHHEM KOHKpeTHOro CO,
na3zepa B JIKT OV [3], Tak u TeopeTHUeCcKue MOJIOKEHUS, KOTOPBIE 3aT€M Mpeiaraercs
0000LTUTH HA PYTHUE TUIIBI Ja3€POB U pa3padaThIBAEMbIX CUCTEM.

B kauecTBe anropuTma pemieHus MPOOJIEMHBIX BOMPOCOB B JOKYMEHTHPOBAHUU
uHpopmanuu g OY ObUT UCIIOJIB30BaH CUCTEMHBIN MOAXO0/ B TIPOIECCE MOJETUPOBAHHUS
JA3epHOT0 M3IYyYEHHUs, KOTOPbIA MMEET HE TOJBKO TEOPETHUECKOE, HO M NMPAKTHYECKOE
3HaueHue [3], ubo Omaromapss HeMy MOXHO H30exaTh omuOOK. OAHUM M3 YCIOBUHI
perieHus: nMpoOJEMHBIX BOMPOCOB SIBISIETCS KJIACCHU(PUKALMS XapaKTEPUCTUK JIA3€pOB U
CUCTEMaTH3allMsl MX MapaMeTpoB, KOTOpas JOJDKHA OBbITh YHHMBEpPCAJbHA, XOTS MOKET
ObITh TpPENEeNbHO NPOCTa, HO 3TO OCHOBAa A pa3pabOTKM TEOPUM B IPOLECCE
MoaenupoBaHusa. M, HakoHel, pe3yibTaThbl, MOJIYYEHHBIE B MPOLECCE MOAECITUPOBAHUS
JA3€pHOTO0 M3JIYyYEHHs JOJKHBI BBITEKATh W3 MPHUHATOTO MOCTYJAaTa, T.€. OTPa)XKaTb HE
Cly4JailHple 4YepThl, a TIYOMHHYIO CYIIHOCTb TaKOrO SIBJICHHUS, C LEJbI0 BBIPAOOTKHU
PEKOMEHJAalMi ITPU UCTIOJIb30BAHUH JIa3€POB ISl JOKYMEHTHUpOBaHUs HHPpopmannu B OVY.
HeratuBHbIil pa300p acnekToB, HE YJIOBJIETBOPAIOMIMX MEPEUYHUCICHHBIM TPeOOBaHUSIM,
OBLI caeaH paHee B [3], 4TO 10 U3BECTHOM CTETICHU OOJIervyaeT 3a1auy.

CBeneHre HAKOIUIEHHOTO Marepuajia Io HMCIosb30BaHWIO JazepoB B JIKT mia
M3TOTOBIICHHS JOKyMeHTauuu B OV, a Taxke npu pacdere ux napamerpos npu SLPU nis
KJIacCU(pUKAIUU W CUCTEMAaTH3allMM C 1EJIbI0 MOCTPOEHUs KOoHIeniuu [3] B mpoiiecce
MOJICIUPOBAHUS, TIOJIAraeéM, €CTh CPEAHSS CTaJusi OCMBICICHHUS B PEIICHUU MPOOJIEMBI.
OTO omnpenesieHHe IPEABAapUTENBHOE, Ui  PACKPBITHS KOTOpPOro B IIpolecce
MOJIETUPOBaHus, Oyner naHo oOlee ONMCaHME CBOMCTB, NPUCYIIUX BCEM BUIAM
JA3€pHOT0 M3JTYyYEHUs, KOTOpPHIE HCIIOIB3YIOTCS B CUCTEMaX M KOMILUIEKCAaX aHalu3a,
o0paboTku wim cuHTe3a u3obpaxenuit B OY. Mmenno takum oOpa3oMm, B mporecce
MOJICIUPOBAHUs, OyJeT 3alloKeHa OCHOBA ISl Kiaccu(HKaIuu, T.€. 4TOOBl CPaBHUTH
M3y4yaeMblii MPEIMET C JAPYIHMM YK€ HM3BECTHBIM M OTMETUTh HMX CXOJCTBO WJIU HUX
paznuumne. CyutaeMm, 4TO 3TO MOCIEIHEE MOJOXKEHUE HE MOXET BbI3BaTh BO3paxeHus. B
caMoM JieJie, rmoJjiaraeM, 4To Juisl pa3padoTku anemenTta teopun DIPU Hamo nate noustue
JIA3€pHOTO M3IIyYEeHHMsI, OCHOBBIBASCHh HA MOJIETU ATOTO MPOLECCa U HEKOTOPbIE MOSICHEHNE
€ro peajlbHbIM OCHOBHBIM MapaMeTrpaM. A 3TO 3HAYUT, JaTh OIPEACIICHUE HTUM
rapaMeTpaM M yCTaHOBUTDH BCE UX CXOJICTBA U PA3JIMUUSI CO BCEMH ITPOUYUMU MOHATUSIMU U
nmapamerpamMu  [3], XapakTEepU3YIOIIUM JII00OO€ JIa3epHOE  UBJIyYeHHE U €ro
XapaKTEPUCTUKU. ITO SBJISETCS OJHUM M3 OCHOBHBIX TOJIOKEHHUM JIO00W Teopuu u
Mo3TOMYy pazpaboTaHHbId d1emMeHT Teopuu OI[PU He BhImamaer u3 3TOTO M3BECTHOTO
nonoxxenus [11] B Hayke.

Kak u3BectHO [3], 3ajaua HAy4YHOr0 aHAJIW3a MpoLiecca MOJETUPOBAHUS JTA3€PHOTO
M3IIy4eHHs] B TOM M COCTOUT, 4YTOOBI CHayamda KiaccHu(UIMpoOBaTh, a 3aTeM
CUCTEMATU3HPOBATH BCE €r0 MapaMeTPhl U XapaKTEPUCTUKU. DTO U MPEJIAraeTcs cleaaTh



Ha COBPEMEHHOM YPOBHE [JIsl J1a3€PHOI0 M3JIYUYCHHMS, U HCHOJIb3YIOIIUX HUX CUCTEM U
komiuiekcoB B OVY. Ilostomy, wucciemys "coctosiHuss" u "mporecchl”, Mpeajiaraem
IPUMEHSTh BCETJIa PA3HYI0 METOJUKY I OLICHKH Mpolecca MOACIUPOBAHUS JIA3EPHOTO
u3nydeHusa. g "cocTosHMil" — CUCTEM C HCMOJb30BAHHUEM JIA3€PHOIO M3IyYEHUS 3TO
KJaccu(UKauo Mo J000MY MPOU3BOJILHO MPUHSATOMY MPUHIMILY, YIAOOHOMY ISt
0003peHus siBiaeHus B 1esnoM. s "mporeccoB”, MpOUCXOASIIMX B MOJACIN MPHU JIA36PHOM
U3ITy4YeHUH, HEeoOXOoJMMa CHUCTEMAaTHhKa, OCHOBaHHAs Ha MEpPApXUUECKOM MPHUHIUIE —
COMNO/IYMHEHUU CXOJHBIX, XOTSI M HE UJICHTHUYHBIX, TPYMHI MapaMeTpPOB Pa3HOTO paHTa B
OPYrUX CUCTEMAaX MJIM KOMIUIEKCAaX. JTO 3HAYUT, YTO U3YUEHHUE POLECcCca MOAECIUPOBAHUS
TAKOTO SIBJICHUS Kak JiazepHoe u3inydeHue [3] u ero Biausiuue Ha DIPU u mpunsarteie 3a
KPUTEPUHM CUCTEMAaTUKU NMPU3HAKHU, TIOJHKHBI B PABHOM MEpe OTHOCUTHCS KO BCEM THUIIaAM
IIPOLIECCOB JIA3EPHOI0 M3IYYEHUSI U €r0 MCIOJIb30BaHUSA B cUcTeMax M Komiuiekcax OY.
Tonpko TOrga MOMKHO YTBEpXAaTh, 4YTO pa3padOTaHHbIM 3jeMeHT Teopun OLIPU
JNEUCTBUTEILHO OOBSCHSAET OSTOT (QeHoMeH [7] B TEXHUKE U JlaeT MPaKTUYECKUE
PEKOMEHAAIMA €ro  ONTUMAJIBHOTO MNPUMEHEHMSI Ha MPAKTUKE B  CUCTEMAX
JToKyMeHTUpoBanus uHpopManuu st OY. DTo U ABISETCS KPUTEpUEM KilacCU(PUKAILIUU,
CTOJIb JK€ YETKUM, KaK chucTeMartu3anusa. Beskoe neneHre uccieayeMoro Marepuana nmpu
KJaccu(pUKalMy U CUCTEMATU3AlMKU YCIOBHO, HO MMEHHO MOTOMY OHO KOHCTPYKTHBHO,
nbo ompenensieTcss 3ajayeil, IMOCTaBJICHHOW CHCTEMAaTHU3aTOPOM IIPU HCCIEIOBAHUU
IIPOLIECCOB JIA3€PHOT0 U3JyYEHHUs Ha MOJCIIN.

N3BecTtHO, yTO Hamboisiee oOmed sBisercs kiaccupukanus masepoB [11] mo
COCTOSIHUIO, B KOTOPOM HaxXOJMUTCS aKTHUBHOE BEIIECTBO JIazepa: ra3osele, Harpumep, CO,
Ja3epbl, Ha KOTOPBIX MPOBOJUIUCH JKCIEPUMEHTBI, >KUIKOCTHBIE, TBEPJOTEIbHBIE U
MOJyIPOBOAHUKOBBIE. B cBOIO ouepenn razosbie nazepsl [10] MOXKHO cucTeMaTU3UpOBAThH
10 TIapaMeTpaM Ha: aToMapHbIe (Teuli—HEOHOBbIE JIa3ephl), HOHHBIE (APTOHOBKIE Ja3ephl),
mosekyisipabie (CO, na3epsl), Jia3epbl Ha Napax METaJIOB, SKCUMEpHbIe U T.A4. OueHb
BAXKHBIM IS CUCTEMATHU3AIMU SIBIIIETCS JICJICHHUE JIa3€POB MO CBOMCTBAM I€HEPUPYEMOTO
m3nydennsi. OuHu [9] MoryT paboTarh B pa3IMUYHBIX pPEXKHUMAaX, Kak, HampUMep:
HETPEPBIBHOTO MU3JIYYEHUS, MOHOUMITYJIbCHOM, YaCTOTHO-UMITYJIbCHOM, CHHXPOHHU3AIUU
MO/, OJTHOMOJIOBOM (C MUHUMAJIHHOM PaCXOJAMMOCTBIO JTy4a), MHOTOMOJOBOM, C JIMHEHHO
MOJISIPU30BAaHHBIM HM3TydYeHUEM. boubilioe pa3HooOpasue j1a3epoB HE IMO3BOJIAET JIaKe
OYCHBb KPaTKO OXapakTepu3oBaTh Bce mX ocobeHHocTH [11]. Omnako, pa3paboTaHHBIN
anemeHT Teopuu OI[PU, mo3Bossier nath 0O0IIME MOJOKEHUS MPUCYIIHE BCEM BUIAM
Ja3epOB 3a CUET WCIOJb30BaHUA COBPEMEHHBIX JOCTIKeHUM B ¢usuke [7]. Takas
MOCTAaHOBKA 3a7ja4d MCCJIEIOBAaHUS TO3BOJSET PACHIMPUTh JAHANa3oH HCIOJIb30BaHUS
na3epoB B JIKT u noBbIcUTh KauecTBO 00pabaThiBaEMbIX JOKYMEHTOB B OV

DOpa na3epHOro Jyya, Kak u3BecTHO, Hadaiack B 1960 r. [1] u npeacTaBisier codboi
caMyl0 MOJIONYI0 OTpacib (usnueckol Hayku. A yxke coycts 20 JieT Hadanoch
MPOMBIIIUICHHOE HCIIOIb30BaHUE JIa3€pOB, B JOKYMEHTUpOBaHUU HHpopManuu ais OY
[3], B Tom umcrne, B nazepHoM ¢opmHoM aBtomare (JIDA), kotopselii cram 0Ga3oBOU
OCHOBOM MCCIIElyeEMOM MOJEIN 3a CYET CBOEM YHUBEPCAIBHOCTH, IOBTOPSIOLIEH
OCHOBHBIC HAIIPaBJICHUSI KOHCTPYKTOPCKOW MBICIH B aHAJIOTUYHBIX pa3pad0TKaxX YUEHBIX
BCEX CTPaH MUpA.

Pazpabotky snementa teopum OIIPU mocpeacTBoM MoAenIupoOBaHUS JIa3€pPHOTO
M3JIyYEHUs MpeaiaraeTcs HauaTh HE ¢ TPAAUIIMOHHOTIO COBEPILIEHCTBOBAHUS TPOTPAMMHO-



anmapaTHeix MeTonoB U cpencts, unn JIKT noxkymentupoBanus mnHpopmanuu B OV
OTOMY, YTO "HAarpoMoxaeHue" 3JEKTPOHHBIX OJIOKOB M CYHEPCIOXKHBIX MPOrpaMM, HE
ABJISIETCS TaHaIeH OT Bcex mpoouieM. [losTomy npesiaraercs B mpoliecce MOJAEIHUPOBAHNUS
JIA3€pPHOT0 U3JIYyYEHHUSI HA4YaTh C YTOYHEHHUS TAKUX MOHATHHN KaK, YTO K€ MPEICTABISAET U3
ce0sl Takoe TeXHUYECKOoe sBJICHHE [9] Kak Jia3epHOe U3NydyeHHue. DTO MO3BOJIUT Hauboliee
ONTUMAJIbHBIM 00pa3oM pemiaTh MNpoOJIeMbl YIY4YIIEHUS KadecTBA U OCYUIECTBISATh
pa3paboTKy CUCTEM U KOMILJIEKCOB IOKyMeHTUpoBaHus nHbopmanuu st OY.

K HactosmeMy BpeMeHU MPOBEACHO OOJIBIIOE KOJIMYECTBO IKCIIEPUMEHTAIBHBIX U
TEOPETUYECKUX HCCIeIOBaHUN B oOslacTu JiazepHOro manydeHus [10], u TeM He MeHee
U3JIOKEHHAs B KJAcCMUeCKOW Qu3uke [6] Teopus reHepaluu JIa3epHOTO CBETa HE B
MOJIHOM Mepe IMO3BOJISIET peniaTh MpoOJIeMHbIE BOIPOCH! BIMSHHS JIa3€pHOTO U3TYUYCHHS
Ha Ka4eCTBO JOKyMEHTAIlMU W ee cooTBeTcTBHE TpeboBanmsMm [Ipukazor MO. Torma
Bo3HMKIa Teopust DLIPU, koTtopast mocraBuiia cBepx3aiayy — J1OCTUYb BEPXHETO KPUTEPHUS
B OIlcHKe KauyecTBa jgokymeHtoB 1o H. JI. Hiolepry — momHOe COOTBETCTBHE
CUHTE3UPYEMON PENpPOAYKIMH OpUTHHANLY [3], MO KOTOPBIM IIOHUMAETCS OKPYKaroLUi
Hac Mup. Ho mpu 3TOM BO3HMKIO CTOJBKO MpoOJeM B 00JacTH JOKYMEHTHPOBAHUS
uHpopmanuu B OV, paspewmiuTh KOTOpble Kiaccudeckas ¢usuka [2] oka3anach HE B
COCTOSIHMM, MO3TOMY MNOTPeOOBalIOCh MCIIOJIb30BAHUE HOBBIX OTKPBITUH B (pusmke [7],
KOTOpBIE CyMenu Obl OOBSACHUTHh MHOTHME HAKOIMBIIWECS BOMPOCHI B JIAHHOM pasielie
BOCHHOM HAYKHU.

['ocymapcTBEHHBIM KOMUTET MEpP M BECOB 3apETHCTPUPOBAI B 1982 romy OoTKphITHE
BTOPOM M IIOCIEOHEW AJIEMEHTAPHOM YAaCTHULBI CTPYKTYPHBIX J3JEMEHTOB BELIECTBA —
ANEKTPUHO [8], SABIAIOMICHCS OCHOBHBIM HOCHUTENIEM 3apsia B JIA3€pHOM H3JIyYCHHH,
ANEKTPUYECKOM TOKE, MAarHUTHOM II0JI€ U B MPUPOJHOM CBETE, a €€ MapaMeTpbl ObLIU
3apeructpupoBansl pemennem XV11 'KMB ot 1983 roma. Bece paBHO nepexoauTs Ha
HOBBIE 3JIEMEHTapHbIE YACTHUIBl U ONEPUPOBATH TAKUMH IMOHATHUAMH KaK OCLHUIUIATOP U
rioOyna [8] BMecTO aroMoB, MOJIEKYJT M (POTOHOB, B pacyeTax, WIH MpU pa3paboTke
HOBBIX CHCTEM, Hay4YHbI MUP HE CHEIINT. A 3HAYNT U HET, KaK MoJlaraeM, KapJAHHAJIbHOTO
IIpOpbIBa B YJY4YIICHHMH KpUTEpPUEB KadecTBa JOKymMeHTOB B OV, oTBevaromero
KpUTEpUSIM KOM(OPTHOCTH BOCHIPUATHS [J1a30M YesloBeka U TpedoBanusM [Ipuka3os.

N3 [8] packpoem TOIBKO HEKOTOPBHIE OCHOBHBIE CBOWCTBA 3JIEKTPUHO B COCTaBE
Ja3epHOro Jiyda, 4yToObl B JajIbHEHIIEM U3JI0KEHUU TMOHATh CYIIHOCTh Ipoliecca
MOJCJINPOBAHUS JIA3€pHOTO M3JIydeHMs. J[BMOKEHHE JIJIEKTPUHO BJIOJb IPOBOJHHUKA
JIBYXBEKTOPHO, HOO €ro TPaeKTOpUs €CTh BUHTOBAs JIMHUA NEpPEMEHHOro paauyca [8] u
mara. [lepBbIil BEKTOp NpaKTUYECKU NEPICHAUKYIISIPEH OCH MPOBOJIHHUKA U XapaKTEPU3YET
OopOUTANbHOE JBUXKEHUE BJIEKTPUHO [8] B DJIEKTPUYECKOM II0JIE€ MPOBOJHMKA. BTopoi
BEKTOp TMapajuleJieH OCHM MPOBOAHMKA M TNPEACTaBlIAeT COOOM IIAaroBo€ JBMXKEHHE
AJIEKTPUHO [8] BIOJIb MPOBOAHUKA. TPACKTOPHUS PEaTbHOrO AJIEKTPUHO BUXPS [8] sBIISIET
co0Ol MepUOANYECKH HUCXOIAIIYI0O K MPOBOJHMKY M BOCXOJSIIYIO OT HEro CHUPAIb.
Ecnu ke B3STh MPOEKIMIO CEMEHCTBA TPACKTOPUN OJHOrO 3JIEKTPUHO [8], OT MOMEHTa
BBUIETA 3JIEKTPUHO U3 MEXATOMHOI'O KaHajla MPOBOJHUKA, 10 BO3BPALLEHUS B IPOBOJHUK,
TO yBHUIMM chupaib. OHa HAYMHAETCd HAa MAaKCUMaJIbHOM YAAIEHWH OT IOBEPXHOCTH
MPOBOJIHUKA U [8], MOCTENEHHO MPUOIMKASICh, TUOO BXOAUT B MPOBOJHUK U TPOXOJUT
HEKOTOPOE PACCTOSHUE M0 MEXATOMHOMY KaHajly, NEPHEHAMKYJSIPHO OCH IPOBOJHUKA,
1100 3aBepIIaeTCs y TOBEPXHOCTH MPOBOJIHUKA, €CIIH SJIEKTPUHO MOTYUUIIO PACCESTHUE OT



MOJIOKUTENBHOIO TIOJII TMOBEPXHOCTHOIO aToMa MNpoBOoAHMKA. M3 Takoro acmnekra
UCCJIEIOBAHUSI MOJIEIN MPU HCTOIb30BAaHUU U3 [8] HEKOTOPBIX MOJIOKEHUH (U3UKU 00
ANIEKTPUHO CJIEAYET, YTO €CIi Obl aHCaMOJIb 3JIEKTPUHO, OJJHOMOMEHTHO HAXOJSILIUNCS B
BUXPEBOM JBUKCHUM BOKPYT TMPOBOJAHMKA E€IUHUYHOM JJUHBI, ObUT OBl 3pUMO
HaOJI0jaeM, TO YBUJEIU Obl, UYTO BUXPb MMEET LMIUHAPUYECKYIO (popMy. CoBepLIEHHO
OUYEBHJIHO, YTO €CJIU TOJIOKHUTENIbHO 3apsKEHHBIE JIEKTPUHO COBEPINAIOT OpOUTAIBHOE
JBUYKEHUE BOKPYT MPOBOAHKMKA. TO 3TO BO3MOXKHO TOJHKO B TOM Cllydae, KOT/Ia aTOMbI
mpoBogHUKA [7] (MCHONIB3ysl KJIACCHYECKYI) TEPMUHOJOTHIO) OO0Jaaf0T HW30BITOYHBIM
OTPULATEIBHBIM  3apsSA0M, OOYCIABIMBAIOIIMM  OTPULATENIBHBIA  3JIEKTPUUECKUN
MOTEHIMAJ, 33 CYET TOrOo, YTO SAPO aTOMa COCTOMT M3 DJJIEKTPOHOB, KaK CUUTAET
coBpeMeHHas (pusuka [8]. A HEIOCTaTOK B aTOME AJIEKTPUHO C TOJIOKUTEIBHBIM 3apsI0M
HE TI03BOJISIET €My ObITh HEUTPaIbHBIM.

Ha ocHoBaHuM uccienoBaHus MOJENH JIA3€PHOTO U3ITYyYEHUsS CYUTAEM, YTO BCAKas
MOMBITKA PACCMOTPETh 3TO M3IyYy€HUE, TOK B MPOBOJHUKE, HA aTOMHOM U CyOaTOMHOM
YPOBHSIX, NPUPOJHBIA CBET, WJIM CBET OT HAaKaJbHBIX WM Ta30pa3psIHbIX JIaMIl,
UCIOJIb3YEMBI B aBTOHOMHBIX KoMIUIekcax uiaM cuctemax OV, B OTpbIBE OT CBOMCTB
AJIEKTPUHO, 3apaHee oOpedyeHa Ha npoBald [8] u3-3a HEKOPPEKTHOCTH pacyeToB
OCHOBaHHBIX Ha YCTapeBILUX MOJOXKEHHUSIX HEKOTOPBIX (U3NYECKUX 3aKOHOB [4,5].
OTtcroga ciemyer, 4To AJii TOrO 4TOObI BBIMTH Ha IpaHUYHBIE YCIOBHUS BO3MOXKHOCTEH
Ja3epHOT0 U3JIy4YEHHUS U B pacuerax 3TO MOJATBEPAMTD, a TAKXKE MPHU pa3pabOTKE CUCTEM U
KOMILUIEKCOB, ucnoyb3dyeMbix B JIKT, nmsa no0oro tuma jga3epHOro M3JIy4YeHUsl, C LEJIbI0
CYILLIECTBEHHOI'0 YJIYy4YlIEHUs KadecTBa J0KyMeHTOB B OV, mpemiaraercs NPUMEHSTH
HEW3BECTHBIE PAHEE 3HAYCHHUSI TapaMETPOB U XapAKTEPUCTHUK JIa3epoB u3 [7,8].

IIpencraBum u3 [8] HEKOTOpBIE M3 OCHOBHBIX MMAPAMETPOB JA3€PHOrO W3IYUYEHHS,
KOTOpbI€ OBLIM UCTIONIB30BaHbI ISl aHATUTHYECKUX PacyeTOB B MPOLECCE MOACIUPOBAHNUS
B COCTaBE JIa3epHO-KOMITbIOTepHOT0 KomIuiekca s OV, B Buje (Tadsm. 1).

Tabmauma 1
Ne [TapameTpsl AHanuTuueckoe Yucnennoe [Ipume-
n/n BBIpA)KEHUE 3HaueHue JaHUe
1 | DHeprus umnyinbca € 2 JIx
2 | [IponomKuTenbHOCTh UMITYJIbCA T 1,5-10°, ¢
3 | MourocTs uvmynsca w 1,333333-10 %, Bt
4 JInvuHa BOJIHBI U3Ty4YEeHUS A 1,06-10 '6, M
5 | Juametp nyua d 110 >, ™
6 [[IpocTtpaHcTBEHHas MPOTHKEHHOCTh I=c- 1 4,4968869, m
MMITYJIbCA
7 [MHucnmo  onexTpuHO-QOTOHOB B | Ny=¢/h Vg, 4,8654595-10% *
MMITYJIECE
8 |Uucmo osmextpuHO-poToHOB Ha| N =1/A 4,242461-10° *
OJTHOM DJIEMEHTAPHOM JTy4e
9 | Yucno osnementapHbix adydeir B | N = n,/n, 1,1468794-10% *
My4YKe JIA3ePHOTO JIyda
[TnotHocTr  nyuelr B myuke | A=N/ S=4N/nd’ 7,3012611-10%, M@ *




JIa3epHOTO JIy4ya
11 | Xapakrepuctuka COJIHEUHOT'O So 1360, Bt/ M° *
CBETa y IIOBEPXHOCTH 3eMJH,
COJTHEYHAs! MIOCTOSIHHAS

12 | CpenHsast 4acToTa  COJTHEYHOTO

W3JIy4EHUS B JWaNa3OHEe JUIMH BOJIH Y 5,99585- 10" , ¢t
4- 10'7,M—5- 10'6,M, OXBATBIBAIOIIEM
90% Sq
13 | MomHocTh omHOTO 35meMenTapHoro | AWy=h- v/ 1, 2,4646587- 10%°, Bt *
Ty4a
14 | Yucno osnementapHbix Jjyueil B | No= S/ S, 5,5180053-10% *

HOTOKE, MaJalonieM HOPMAaIbHO Ha
101 ab S\.m:lM2

15 | IlmotHocTh ndyweit B moToke | Ag= Ng/ S, 5,518-10%% , m™ *
COJTHEYHOI'O CBETa
[Ipumeyanue: * — OTCYTCTBOBAJIM aHAJIOTU B KJIACCHUYECKOW (PU3MKE U MOTOMY 3THU
napameTpbl HE UCIIOJIb30BAJIUCH B pacyeTax.

[Tonaraem, 4yTo J1a3epHBIN JTy4 MOKET ObITh OOBEKTUBHO ONUCAH U MOHST TOJIBKO Ha
OCHOBE 3aKOHOB HOBOW DJJEKTPOJMHAMHMKHM. Bce cCylecTByrolue THIIBI JIa3€pPHBIX
YCTAaHOBOK [9] MOXXHO pa3feluTh YCIOBHO Ha JABE TPYIIBI MO XAPAKTEPy HCTOYHHUKA
¢oTOHOB — mpeoOpa3zoBaTeNM CBETa B JIa3epHBIM Jyd (Ja3zepbl ¢ (OTOHAKAUKOW); U
sHepruM [10] akTuBHBIE Ja3epbl (MCTOUHUKOM AJIEKTPUHO JUIS JIA3€PHOIO JIyda CIYKUT
¢azoBbIil mepexo Beicuiero nopsaka). Ilostomy, yToObl AaTh O60JI€€ MOIHYIO, HACKOIBKO
N03BOJIAET 00beM pabOThl, OOBEKTUBHYIO U PEAIbHYI0 KapTHHY Ja3€pHOrO H3ITy4YeHUs,
(dbopMupyIOLIEro Ha TBEPAOTENbHOM HocuTese uHpopmauu B JIOA penponykuuio s
OV, npennaraercst UCHOJb30BaTh Npu pazpadotke Teopun DIIPU pe3ynbTaTbl OTKPBITUN
coBpeMeHHOM ¢(u3uku [7]. C 3TOMl LEeNbl0 CpaBHUM JIBa BHJA HU3IIYYECHHs, YTOOBI
onpenenuTh ux pasznuuus. Ecnu B mpouecce MOAEIMpPOBaHUS CPAaBHUM 3HAYE€HHUS] A 110
Ja3epHoMy Jyuy [7] co 3HaueHueM A, 1o COTHEUHOMY cBeTy [8] u3 (Tab:.1), To HaligeM

k=A/A,=132317037-10" (1)

N3 storo ¢akra ciemyeT, 4yTo AJi TOTO 4YTOOBI CKOHLEHTPUPOBATH SHEPTUIO
COJIHEYHOT'O CBETa JI0 YPOBHS JIa3€pHOrO Jiydya HEOOXOJIMMO MYYOK JIy4eld COJHEYHOTO
CBETa, CEYCHHUEM B S, , CXKaTh A0 CEYECHUS S;

Si =S/ k=17,55760617-10", M (2)

OpnHako HUKTO M3 ONTHUKOB Kak Kiaccuueckoul ¢u3uku [4,5], Tak U COBPEMEHHOMN
¢bu3uku [2] HUKOTA HE BO3BMET Ha ce0si CMEJIOCTh YTBEpXKIaTh, 4TO ycioBue (2)
BBIMIOJIHUMO XOTsI Obl TEOPETUYECKU, & YK MPO MPAKTUKYy U TOBOPUTH HE MPUXOJUTCA.
Otcronia ciieryeT HEKOPPEKTHOCTh MTOCTAHOBKM 33/1a4d: PEain30BaTh HA TBEPIOTEILHOM
HocuTeNle WHGOPMAIMK JIa3epHBIM JIy4OM KOIHUIO HM300paKEHHS, KOTOpOEe OBbLIO Obl
UJEHTUYHO OTPAXXEHHOMY MPUPOHBIM CBETOM OPUTHHAITY OKPY>KAIOIIEro HAC MUpA.

TaliHa CTOJb BBICOKOW KOHIEHTPALIMU DHEPIUU B IIYUYKE JIa3€PHOTO CBETA COCTOUT B
TOM, YTO COBPEMEHHON (DU3UKOW YCTaHOBJIEHO [8], YTO ATO BOBCE HE IMYYOK
AJIEMEHTApHBIX JIy4eil, a OJIMH KOMITAKTHBIN JIyd NPUHIMIHAIBHO WHON CTPYKTYpPBI, YEM
€CTECTBEHHBIN CBET, TaK KaK B MPUPOE BOOOIIE HE CYIIECTBYET TAKOTO U3IYUYEHHS KaK
JIA3€pHOE U OHO CO3/IaHO YEJIOBEKOM MCKYCCTBEHHO. A €ro napameTpbl U XapaKTepUCTUKU
[11] panee B pacyerax yaoOHO YKJIQAbIBAJHCh B MPOKPYCTOBO JIOXKE €IWHOM TEOPUHU




OTHOCUTENbHOCTH A. DiiHIITelHA. CeroaHs TeOpusi OTHOCUTENBHOCTH, KAK YCTaHOBHJIA
coBpeMeHHas ¢u3uka [8], B 3TOM ciyyae, NposBISeT ce0si B MOJEIM JIa3epHOIO
U3ITyYEHHUsI, TOJBKO KaK YacTHBIA cllydail, 4To OBbUIO HCIOJB30BAaHO B paboTe s
pa3paboTKu OJIHOTO U3 nemMeHToB Teopuu DIPU u npakTrueckux pacyeTos.

Takum o00pa3om, Ja3epHBIM JIyd 3TO HE CBETOBOM, a »JJEKTPUUECKUU JIyd,
OecrnpoBOJIOYHAsT JJIEKTPUUYECKAs] JIMHUSA, B KOTOPOM POJIb 3JIEKTPOIPOBOJIA BBIMOJIHSET
0CEBOE DJIEKTPOHHOE TOJIE JTy4a, KaK 3TO ObLIO YCTAHOBJIEHO COBpEeMEHHOM (du3ukoit [8] u
HCIIOJIb30BAHO B pacyeTax B mpouecce MoaenupoBaHusd. [lostomy Teopus JazepHOro
U3JIy4ECHHS] MOXET OBITh ONKMCAaHA TOJBKO HA OCHOBE 3aKOHOB T'MIIEPYACTOTHOW MEXaHUKU
[8], u60 cTpykTypa €ro HMYEM HE OTJIMYACTCS OT CTPYKTYPHI SJIEKTPUUECKOTO TOKa
MPOTEKAIOLIEr0 MO0 METALNIMYECKOMY MPOBOJHUKY, YTO MPEAJIAraeTcsl UCIOIb30BaTh IS
TOYHBIX MIPAKTHYECKUX PACUETOB CUCTEM U KOMIUIEKCOB 00paboTku nndopmammu B OVY.

Torga BO3HHMKAeT €CTECTBEHHBIM BOIPOC, a YTO K€ TAKOE SJIEKTPUUYECKHU TOK B
JIKT, Benp B akcniepuMente ¢ JIDA, rae ects u3nyuenue CO, nazepa, oH HEOOXOAUM JIJIst
dbopmupoBanust penbeda odcerHort ¢dopmbl Ha HocuTene wuHpopMmanuu. [loaTomy
3HaYeHUE TOKAa HEOOXOIMMO 3HATh HE TOJNBKO JUIsi OOJiee TOYHBIX pacueTroB, HO U
YUYHUTBIBaTh €r0 BJIMSHHUE HA KayecTBO penpoaykiuu. OaHa W3 3a1ady MOAEIHPOBAHUS
COCTOMT B TOM, YTOOBI JIEKTPUUECKUI TOK peoOpa3oBaTh B J1azepHoe uzinyueHue. C 31oil
uenplo npukiaapiBaercss HanpsbkeHue U=380v u momaetcs Tok I = 20a k pasbemy Ha
CTEKJIIHHOM Koj6e u3mywatenss tuna JII'-25(b,B,I), uro6sl mpeobpa3oBaTh OJIWH BHI
SHEprum B Apyrou. [loaTomy yTBEpkKIACHUE KIACCUUYECKOW AIEKTPOAMHAMUKH [2] O TOM,
YTO OAJIEKTPUYECKUI TOK OTO [BHKEHHE OJIIEKTPOHOB IO MEKAaTOMHBIM KaHajaam
MIPOBOJIHMKA, HAM Y€ HE KakeTcd Oe3ameUILHOHHBIM. B clipaBOYHHMKE yKa3bIBaeTCs
[11], uTo CcOOCTBEHHasi CKOPOCTb JBHKEHHUS DJICKTPOHOB COCTaBIISICT v=57-10"m/c, a
CKOPOCTb PACIPOCTPAHEHHUSI AIEKTPUUECKOT0 TOKA MO MPOBOJHUKY paBHa CKOPOCTH CBETa
¢ = 2,99792467-10° m/c. CoBpeMeHHasi (HU3MKA HAXOAUT TAKOE MOJOJKCHHE BELICH HE B
MIOJIHOM Mepe KOPPEKTHBIM [ 8], TOTOMY, UTO MOTPEOUTETHN IIIEKTPUUECKOTO TOKA HE MOTYT
pacxo0BaTh 3JEKTPOHBI KaK TOIIMBO. HU OMH 3KCHEpUMEHTATOp A0 CUX MOp MOKa He
J0Ka3ala, 4YTO NOTpeOUTeNH TOKa, 3aTE€M pPACCEMBajM CBOOOJHBIE 3JIEKTPOHBI Kak
oTpaboTaHHOe pabouee Teno, WIM HUX CKIAQAUPOBAIM KaK SJEpHbIE OTXOAbl IOCTE
YepuoOsinsckont ADC.

CoBpemenHas (pu3nka yTBepkaaeT [8], 4TO HUKTO HE MPOU3BOAWI MPEIU3NOHHOTO
U3MEPEHHSI CKOPOCTH paCHpOCTPAHEHUsl DSJIEKTPUYECKOrO TOKa IO NPOBOAHUKY. Bce
anpuopyd CYUTAIOT €€ PpaBHOM CKOPOCTH CBETa, YTO SBISAETCA HEKOPPEKTHBIM
YTBEpXKJIEHUEM Kiaccuuecko ¢usuku [11] W OpUBOAUT K MOSBICHUIO OIIHMOOK B
pacyerax. Taxke omMOOYHO NPUHUMATH 3a ABJIEKTPOJAMHAMHYECKYIO IMOCTOSHHYIO [§]
CKOPOCTh CBETa paBHYIO ¢=2,99792467 ‘10° m/c. UcruuHas AIEKTPOAMHAMHUYECKAS
MOCTOSIHHASL Vo €CTh (DYHKIMS TUPOMArHUTHOW MOCTOSIHHOM 3JeKTpUHO g, = 2,8992629
-10° ,Ki/ kr= Const # ¢, X0Ts 1 6:1H3Ka K Heif 1o Moaymo [8]. Takum 06pa3oM, Ta3epHbIil
Jyd, KaKk ObIJIO YCTAHOBIIEHO COBPEMEHHOU (pr3ukoi [8], 9T0 BUXPEBOI MOTOK JEKTPUHO
BJIOJIb OTPHLATEIBHOr0 0CeBOTo 1ot (— 1,9876643-10 %", Kir) ¢ maroBoif CKopocThio

Vo =3/m, Eq Ve, =0, EerTen =2,89926297-10°, wm/c = Const
3)

rae E., = 1, B/M — enuHnYHas HaNpsSKEHHOCTH SJIEKTPUUYECKOTO TOJISI IPOBOTHHKA.
N3BectHO, uTOo mosydyeHHbld B 1868r. [Ix. MakcBemiom pe3yibTaT BTOPOTO



M3MEpEHHs CKOpPOCTH cBeTa [7] ¢'=2,887-10° m/c, OKa3alicst MEHBIIE HCTHHHOTO 3HAYCHS
AIEKTPOAMHAMUYECKON TTOCTOSTHHOM V(, MOJYYeHHOW COBpeMeHHOU (pu3nkoit [8], TonMbKO
Ha 0,66885%, HO oTinmyaeTcsi oT ckopoctu cBeta Ha 4,0946%. CoBpemeHHas ¢u3nka
yTBepkJaeT [8], 4To mo cBoed (U3MUECKOW CYTH Vo €CTh CKOPOCTb PaCIpOCTPaHECHUS
BUXPSI BJIOJIb POBOJHUKA WIIM, YTO TOXKE CaMoOe, IaroBasi CKOpOCTh MPOOHOTO AJIEKTPUHO
BUXDsI, a €r0 MapaMeTpbl ObUIM UCIIOJIB30BAHBI B MPOIECCE MOJICTUPOBAHMS JIJIsl PACUETOB.

W3 atoro ciemyer, 4TO BUXPEBOE JBMXKEHHE aHCAMOJISL AJIIEKTPUHO CO3/1A€T BOKPYT
MPOBOJIHUKA TIOJIOKHUTEIIBHOE TII0Jie, KOTOpO€ COBpeMeHHas ¢u3nka [8] Ha3bIBaeT
KPYTOBBIM MarHUTHBIM IOJIEM MPOBOJIHHMKA, MO AHAJOTHM C KJIACCUYECKUMH MOHATUSIMU
ANIEKTPOTEXHUKU [9], HO C HOBBIM (PHUIUYECKUM COJEpKaHUEM, KOTOpoe ObLIO
UCIIOJIb30BAaHO B pacuerax. Torjga maroBoe MEPEMEIICHUE 3TOr0 MOJIOKHUTEIBHOIO MOJIS
BJIOJIb MPOBOJHUKA M €CTh €ro AJEKTpUYECKUi TOK Ij , KOTOPBIM MpEeaCTaBIeH HOBHIM
MaTeMaTUYECKUM ypaBHEHUEM

|i:3'Vi,KJI/C (4)

Tne 5=1,9876643-102" K — 3apsifl ANEKTPUHO;

Vj - 4acToTa MpOXOXKICHUS AIEKTPUHO YEPe3 CEUCHUE 1-TO MPOBOJTHUKA C TOKOM.

[TonTBEepKaE€HUEM  CIPABEAJIMBOCTU 3TUX YTBEPXKACHUM, SBJISETCS aHAIN3
JOTIOJIHUTENIbHBIX MapaMeTPOB M XapaKTEPUCTUK JIA3€PHOTO H3Iy4YeHUS U3 [8], KOTOpbIe
OBLITM MCTOJIb30BaHbl B pacyeTax MpHU MOJCIUPOBAHUN U MIPEACTABICHBI B BUJIE (Tab1.2).

Tabmuua 2
No [TapameTpsl AHanutuyeckoe Uucnennoe [Tpume
/11 BBIPKCHUE 3HaucHue -YJaHHE
1 | Yacrora na3zepHoro jgyua v=c/A 0,8282307-10" ¢t | *
2 | JlnvHa BOJHBI A=h
3 | CexTopHasi CKOPOCTh JJEKTPUHO B | Vg :Vo'dz/ 6,8379542- 10’ Mce | *
OCEBOM TI0JI€ JIy4a Vg, 4)=Const
4 [ToreHuman oceBoro moJs jJy4da P L =M," Vig "Wy /D -2,3585146- IO'l,B *
5 | 3apsa oceBoro moJs jgyda AQy= @/ A 12,2668277-10% Ko | *
6 | Yucno sneMeHTapHBIX OCeBBIX mo- Ng = Aqy / (I-3) 1,1404479-10° *
ne#t (-3), 00pa3yroux 0CeBOE MoJje
JIA3epHOTO Jyya
7 | Pammyc oceBoro mous ayda R,=V( ¢,'R,)o-(-) |5,9095539-10M M |*
8 MoMeHT wuMIysbca SJEKTPUHO B L, =M, Vg 4,6879353- 10%, *
110JI€ JIA3€PHOI0 Jy4a Kr-M2/c
9 |OpOuTanpHas CKOPOCTh JIEKTPUHO Umin= Vis/ T 1,3675908-10,m/ic | *
Iy BHEIITHETO Kpasi BUXPS
10 | Yncno BuxpeBbIX makeToB Ha | N, =Vot/h
HUMITYJIBCE TTPOTSHKEHHOCTRIO 1=voT
11 |Tlonnoe yncino snekpuHo umnyibca No =&/ 7y Mg, 4,2662704- 1077 *
12 | TlonHBII TOTOK UMITYJIbCA L=N, 3 0 8,4799133,A *
13 | Dueprus ummnynbca e=1I) Vi Tex
14 | Hanpsokenue nyya Vi=¢/1; " 1y 0,23585146, B *
15 | Yucno opbur, cocTapasgiomux BUX- | Nyp =V, /@y o n
pEBOI MaKeT




16 |CtpykrypHOE compoTuBieHue ayda | Ry =V, - I 2,7812956-107,0m | *

17 | Ilonnas >HEPrus UMILyIbCa, OTKYJA | € = " Ny Ny Ky *
omnpeneisiercss  HaceneHue oaHol | Kn=¢/L, ®° ny - 1,4006075- 10*
opouTsl ki Ny

18 | Bropoe pemenue cTpykTypHoro | Ry = Ry-Ky, 2,7812956-10%,0Mm | *

CONPOTUBIICHHS Jiy4da, Tae Rg —
MMOCTOSTHHASI COMIPOTUBIICHUS
19 | Dnekrponunamuyeckoe pemenue | W =1, Vy- 1.,/ 1 1,3333333-10°Br | *

MOIIIHOCTH
20 | Mexannueckoe pemenue mommuoc- W =L, o' ny ny- ki | 1,3333333- 108,BT *
TH UMITYJIbCa T

[Ipumeuanue: * - OTCYTCTBOBAJIM aHAJOTH B Kjaccuueckoil ¢usuke. Jlepununmu
napameTpoB U3 (Tadia. 1 u 2) He pacKpbIThI U3-32 OTPAHUYEHHOCTH Pa3MEPOB CTAThU.

[Tapamerpsl U3 (Tabis.2) MO3BOJISIIOT MPOM3BOAUTH 0OJiee TOYHBIE PACUEThl MpPHU
KOHCTPYMPOBAaHHM CUCTEM M KoMmIuliekcoB it OV, a Takke NOpH HUCIOIb30BAHUU
IPAaHUYHBIX BO3MOYKHOCTEH Jsa3zepoB B mpouecce OLIPU, nma yBenmueHus kadectsa
uHpopMaluu. ITO NOAKpeIIsieTcs: (yHIaMEeHTaIbHBIMU UCCIEI0BAaHUSIMU U PACUETHBIMU
JaHHBIMU W3 COBPEMEHHOW (u3uku [8], KOTOpble ObUIM HCIIOJIb30BAHBI B paboTe, IS
MIOATBEP)KIACHUS IIOIYYEHHBIX pe3yJbTaTOB B MpOLECCEe MOACIUPOBaHUA. Takoe
IIOJIOXKEHHUE BEIlEH B HAyKE JAaeT pa3bsCHEHUS HCIIOIb30BAHUIO JIA3€PHOIO M3IIyYEHHS B
JOKyMeHTupoBaHuu uHpopManuu At OY. A U3 3T0ro ciieyer, 4To MHOTHE poOIeMHbIE
Borpochkl B DIIPU 6e3 maneiiiieit HATSHKKU CTAHOBATCS TIPEACIBHO SICHBIMU, TIPOCTHIMU U
JOCTOBEPHBIMHU. A TMOJTYYEHHBIE PEIICHUs] TPOOJIEMHBIX BOIIPOCOB MOKHO HCIIOIb30BAThH
JUTS TIOBBIIIEHHS] TOYHOCTU M KadecTBa JoKymeHTauuu ais OV, a Takke B MPaKTHYECKUX
pacyeTax mpH pa3pabOTKe CUCTEM U KOMIUIEKCOB.

[IpoBeneHHbI OOUIMIT U KPaTKUK CPAaBHUTENIbHBIN aHAIM3 MapaMeTpPOB JIa3€PHOIO
W3JIy4EHUs, B TNPOLECCE MOJCIUPOBAHMSA, C MapaMeTpaMy JPYTUX BHJOB H3IyYECHUS
MO3BOJISIET BHIPA0OTATh MPEIIOKEHUS 110 €r0 UCMOJIb30BAHUIO MPU pa3pabOTKE OJHOTO U3
sanemeHToB Teopuu DLPU. OH mo3BojsieT peann3oBaTh Ha MpakTUKE U 0oJjiee TOUYHBIE
pacueTsl NpU KOHCTPYUPOBaHMM cucTteM MU KomiuiekcoB B JIKT mna nomydenus
BBICOKOKQYECTBEHHBIX HW300pakeHuid, oTBedaromux TpedoBanusm I[IpukazoB MO wu
KpUTEPUSIM KOM(OPTHOCTH BOCIIPUSITHS IJ1a30M YEJIOBEKA.

[Tonoxenust coBpeMeHHON (PU3UKH [8] MOTHOCTHIO MOATBEPHKIAIOT U TOT (HAKT, YTO
JakKe UMITYJIBC JIa3€pHOTO JIy4a, PacCTSHYTHINA B MPOCTPAHCTBE HA IIMHY 1=V 1=4,34889 M,
NpeJICTaBIsieT CO0OW HE CBETOBOM, a SJMEKTPUYECKHH JIyd, YTO AHAJOTUYHO MO CYTH
MPOBOJIHUKY C TOKOM. DTOT UMITYJIbC 00pa30BaH BUXPEBBIM MOTOKOM 3JIEKTPUHO BIOJIb
OTPHMLIATENILHOTO OCEBOIO IIOJIS JIyda M COCTOUT M3 N, BUXPEBBIX IAKETOB, PACCTOSHHUE
Mexay KotopsiMi h = A =1,06-10"°, m. IIpu 9TOM KasKblif akeT 06pa3oBaH Ny, OPOUTAMH,
a Mo Kaxjou opOute, cien B cieid, obpamaercs kny 3JeKTpUHO ¢ MPOCTPAHCTBEHHBIM
MHTEpBaIOM Mexkay HUMH Al =2 1/ Ky =2,2430214-107, m.

Jlaxke KpaTkuil TPOBEACHHBIM AHAIM3 BCEX BUAOB HW3JYYEHHH, B TOM YHUCIE U
JIa3€pPHBIX, BCTPEUYAIONIMXCS B MIPUPOAE U B TEXHUYECKUX cpencTBax [11], koTopeie MoryT
ObITh B Oynymiem ucnoipzoBanbl B OY 3C YkpauHbl, MO3BOJSIET CleiaTh CIEAYIOLIUe
BBIBOJIbI U3 PE3YJIBTATOB MCCIEAOBAHUN MOJIENH JIa3epHOro m3iydeHus. [lomumo akcruom
l u 2, yCTaHOBJICHHBIX COBpeMEHHOW (u3ukon [8], KOTOpble OBUIM HCIIOIH30BAaHBI B




OUPU, ansa pazpaboTKu CUCTEM U KOMILJIEKCOB JOKyMeHTHpoBaHus nHpopmaiuu B OY. B
pe3yJbTaTe MCCIEAOBAHUS TOJYYEHHBIX OJKCIIEPUMEHTAJIBHBIX JaHHBIX B IpOLECCEe
MOJENUPOBAHUS Ja3€PHOIO U3TYUYCHHS IIPEAJIOKEHBI €€ aKCUOMBI 3 U 4:

1-1 AKCMOMA: VY Bcex BUJIOB M3IyYCHHH, B JAMANa30HE OT JJIMHHOBOJIHOBOTO
PAaIUOUBIIYYEHUSI [I0 IKECTKOTO HW3JIY4YEHHs, MaTepUaIbHBIMH HOCHUTEISIMA SHEPTUU
BBICTYHAOT 3JIEKTPHUHO.

2-1 AKCUOMA: He cymecTtByeT HM OJAHOTO BHJIa M3Ty4Y€HHUS, KOTOPBIA ObLT Obl
BO3MOXKEH 0€3 y4acTHsl OTPHUIIATEIBLHOTO AIEKTPUUECKOTO TOJSL.

3-1 AKCUOMA: Tonpko mpH 3J€KTPOHHO-IKU(POBOM PENPOAYIIUIPOBAHUU YEPHO-
O0enpix M300paKeHUW CEeroAHs BO3MOXKEH OS(P(PEKT HIAESHTUYHOCTH CHUHTE3UPYEMOil
PENPOAYKIIMA OPUTHMHAIY OKPYXAIOIIEro Hac MHUpa MPU COBMECTUMOCTH IapaMeTpPOB
yepHOo-0e10ro (oHa CLEHBI ¢ TapaMeTpaMy Ja3epHOr0 U3ITyUEHUSI.

4-1 AKCHUOMA: HeBo3moxkHO ceromHsi nocturuyTth kputepuss H.J[. HroGepra —
100 % MAaEeHTUYHOCTU CUHTE3UPYEMOU LIBETHOM PENPOIYKIHH OPUTHHATY OKPY KAIOIIETO
HAac MHOIOLBETHOIO MHpA, OCHOBAaHHOTO Ha MPHUPOJHOM CBETE, C IMOMOIIBIO
UCIIOJIb30BAHUSL J1a3€pHOr0, JUOO KaKOro-iubo JApyroro U3JMy4eHHs, HCKYCCTBEHHO
CO3[ITaHHOT'0 YEJIOBEKOM, BBH1y HECOBMECTUMOCTH UX MTAPaMETPOB.

[Tomaraem, 4to 0e3 ydera 3THX BaXXKHBIX 4-X aKCHOM TPYJHO PaCCUUTHIBATH, KaK Ha
nporpecc B obmactu OIPU BooOmie, Tak u Ha coBepuieHcTBoBaHue JIKT B
nokymeHTupoBanun uHpopmanuu aiasi OY 3C VYkpaunbel. be3 ucnosib30BaHUSI HOBBIX
OTKpPBITUH B (usuke [7] HET y CHENHAIMCTOB HAYyYHO OOOCHOBAaHHOW TEOpUU IS
OTPE/ICJICHUs] TPAHUYHBIX OPUEHTHUPOB U BO3MOXKHOCTEH MpHU pacueTax MapamMeTpoB U
XapaKTEPUCTHK CUCTEM M KOMIUIEKCOB HCIOJB3YIONIMX JIA3€pHOE M3IyYEHUE B
TOKyMeHTHUpoBaHuH uH(GopManuu st OY.

TakoBa KpaTkas KapTHHA MPEJIOKEHHOTO MPUHIIMIIHAIBHO HOBOTO MOAXOJa K
OCBEIIEHUIO BOIMPOCOB TMOJIYYEHHUSI BBICOKOKAYECTBEHHBIX U JOCTOBEPHBIX JTOKYMEHTOB
st OY 3C VYkpauHbl, OTBEUAIONIMX KPUTEPUSIM KOMMDOPTHOCTH BOCTIPHUATUS TIA30M
yenoBeka u TpeboBanusiM [IpukazoB munuctpa OOOpOHBI W HavalbHUKA | eHepasbHOTO
mTaba, 3a CUET WCIOJb30BaHUS JIA3€PHOTO M3IYUYCHUS B AaCIEKTE HCCIEAOBaHUS U
pa3pabOTKH OJTHOTO U3 AJIeMeHTOB Teopuu DIIPU.
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