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Ob0mas xapakrepucTuka padoTbl

AKTYaJbHOCTb TEMbI.

B okcnepumenTax B oOnactu simepHOW (pu3MKH, (U3UKH DIEMEHTAPHBIX YaCTHI] U
acTpO(pHU3UKHN HCCIEAYIOTCS CBOMCTBA 3JIEMEHTAPHBIX YAaCTUIl U B3aUMOICHCTBUS MEKIY HUMHU.
Jist peanu3aniuy HAYYHBIX MPOrPAMM TaKUX AKCIEPUMEHTOB HEOOXOIMMBI NETEKTOPHI IS
oOHapy>KeHHUs YacTUIl U JUISl U3MEPEHUs UX Pa3IMYHBIX XapakTepucTUK. OOBIYHO AJIST 3TOro
HeoOXoauMa PEKOHCTPYKLHS TpaeKTopuu dYactui. [lo TpaekTopusM MOXKHO OIpPEAeTUTh
MIPOUCXOKJCHUE YACTUIIbI, HAIIPABJICHHE €€ ABUKEHUS U JIaxke 0oJiee CIIOKHBIE TapaMeTphl, TAKHE
KaK UMITYJIbC WK, TP HATMYUU MAarHUTHOTO TIOJIs, 3HAK 3apsiia YaCTUIIbl. TPeKOBbIE AETEKTOPHI
HIMPOKO UCIOJIB3YIOTCS B MOJOOHBIX dKCIEPUMEHTaX MO (PU3MKE YacTUIl Ha MPOTHKEHUHU YKe
MHOTUX JaecatuyieTdii [1—4]. B TpekoBBIX IETEKTOpax perucTpanusi 3JEMEHTAPHBIX YaCTHIL
COTIPOBOXKJIAETCSI TOSIBIICHUEM HAOIIOJaeMbIX CIIEJIOB (TPEKOB), MOBTOPSIONIMX TPAECKTOPUIO
JBUKEHUSI JIEMEHTapHOM yacTulibl. Takas MomysspHOCTh TPEKOBBIX JETEKTOPOB HE clydaiiHa U
o0ycloBJeHa LENbIM PSJIOM HX JOCTOMHCTB: HArJISIHOCTBIO PE3yNbTAaTOB HKCIIEPUMEHTA;
OTHOCHUTEIBHON IPOCTOTOM U AELIEBU3HOMN ; CTIOCOOHOCTHIO HAKAIJIMBATh MH(QOPMALIMIO B TEUEHHE
JUTUTEIBHOTO BPEMEHHU; BBICOKUM IPOCTPAHCTBEHHBIM pa3penieHueM. CToJib IPOI0JKUTENIbHAS
KU3Hb METOJIMKH, O€3yCIIOBHO, CBSi3aHA C YHUKAJIbHBIM MPOCTPAaHCTBEHHBIM Pa3pelIeHUEM U
BO3MOKHOCTBIO pa3ZiefieHHsl TPeKOB yacTUll. Hu oaMH M3 mpUMEHsSeMbIX ceiyac NeTEeKTOPOB
3JIEMEHTApPHBIX YaCTHI[ HE MOXXET 00eCIeYUTh MPOCTPAHCTBEHHOE paspelieHue, KOTopoe, B
YaCTHOCTH, AeT sAAcpHas SMyJsbcus: npu pasmepe 3epHa 0.3—1 MKM, OTKIOHEHHE 3€pEH OT
BOCCTAHOBJICHHOM TPACKTOPHUM JIBUKEHHS YaCTULBI B CpeaHEM He npeBblmaeT 0.8 MKM, a mpu
OTIPEIENIEHHBIX YCIOBUSAX MOXKET ObITh YMeHbIIeHO 10 0.2 MkM. Mcronp3oBaHue IBYXCTOPOHHEH
SMYJIbCHUU TO3BOJISIET OINPEICNSTh HAMPABJICHUE JBHKEHUS YAaCTHUI] C IOTPEHIHOCTBIO MEHEe
omHoro wmmmmupanuana [5]. Ilpocrora TPEeKOBBIX JETEKTOPOB TaKke OOCECIICUNBACT UM
CYILIECTBEHHOE MPEUMYLIECTBO MEepe] MHOITMMH JIPYTUMHU CUCTEMaMU JI€TEKTUpOBaHus. Meron
TPEKOBBIX JETEKTOPOB HEMPEPHIBHO PAa3BUBAETCS, COBEPILICHCTBYETCS €ro METOAuKa, U B
HaCTOsIIee BpeMs TPYIHO HalTH TaKyto 001acTh HAyKU U TEXHUKH, IJIe ObI OH HU HCTIOJIB30BAJICS.
OT0 M (u3MKa BBICOKUX JHEPTHM, W (U3MKa KOCMHUYECKHX JIyded, peakTopHas (H3UKa,
METAJUTYPTHs, TEOJIOTHS, apXeoJOorus, MEIUIINHA, OMOJOTHUS, HMCCIEAOBAHUS METECOPUTOB U
00pas1oB JIYyHHBIX TOPOJ [6].

Heaso paHHON paboThl OblTa MOJEPHH3AIMSA alMapaTHOr0 U MPOrPaMMHOIO
obecrieueHusi ckaHupytomero Mukpockona komiuiekca I[TABUKOM pans  oGecnedeHus
BBICOKOTEXHOJIOTHYHOW OOpabOTKM W aHalu3a JaHHBIX TPEKOBBIX JETEKTOPOB (SAEpPHOM
dotosmynbcuu U (HOCHATHBIX CTEKOJ) MPU PEATU3AIUH K CIIEPUMEHTAIBHBIX UCCIICOBAHUI B

(1)I/I3I/IKC QJICMCHTAPHBIX YaCTHII.



Jlist nocTrKEHUs TOCTAaBJIEHHOM L€ PELIATIUCH CIEAYIOLME 32 a4H:

1. Pa3zpaboTka u MHTErpanus HOBbIX MOAYJIEH yInpaBieHUs IBHKEHUEM MPELU3MOHHOIO

CTOJIMKA MUKPOCKOIA TPH aBTOMATU3UPOBAHHOM CKaHHUPOBAHHH;

2. Pa3paboTka u HHTErpalus HOBOro MOAYJIsl B IPOrpaMMHOM ITaKeTe [l KilacTepU3aluu
TpekoB B (hoTorpaduueckoit saepHoi SMyIbCUH;

3. CkaHMpOBaHHME M aHAIM3 JAHHBIX TPEKOBBIX NETEKTOPOB ((ochaTHBIX CTEKOT U
doTorpaduyeckoit suepHOI IMYJIbCHHI) Ha MOAECPHU3UPOBAHHOM 000pY/10BAaHUU;

4. U nentudukanus TsHKEIBIX HOHOB B AeTekTopax u3 (ocdarnoro crexiaa KHDC-3 mo
F€OMETPUYECKMM U JIMHAMHUYECKMM XapaKTEepUCTHKaM TPEKOB, I 3TOro mNoTpedoBasach
pa3paboTka HOBOI METOJUKH MOWCKA U UICHTU(PUKAIIUY TPEKOB THKEIIBIX HOHOB B (ochaTHBIX
CTEKJIax;

S.AHaMM3 W UHTEpPOpeTalus OSKCHEPUMEHTAIbHBIX JTaHHBIX, IOATBEPKIAOIINX
COCTOSATENILHOCTh BHIOPAHHBIX TEXHHYECKUX PEIICHUI B MIOOHOTpagUUECKOM IKCIIEPUMEHTE 110
uccinenopanuio Casro-Tpounkoro /laHuiaoBa MOHACTBIpS Ha OCHOBE IMOJYYEHHBIX YTJIOBBIX
pacnpenesieHui IOTOKOB MIOOHOB ISl U3BECTHBIX APXUTEKTYPHBIX 3JIEMEHTOB.

Hay4ynas HoBM3HA:

1. BnepBbie pa3paboTanbl HOBBIE ammapaTHble W MPOTPAMMHBIE MOMIYJIW  JUIS

00paboTKH SMYJIbCHOHHBIX I1acTH dKcniepuMenTa SND(@LHC Ha aBTOMaTH3MpOBAaHHOM

CKaHMPYIOUIEM MMKPOCKOIIE C JAMANa30HOM IEpPEMELIEHUsl CToJla B TOPU30HTAIBHON

mockocty 400 mm x 800 Mm.

2. PazpaboTran HOBBIN MeTO HIeHTHPHUKAITNY HOHOB B (pocpaTHOM cTekiie KHDC-3

Ha OCHOBE MOJTYYEHHOU IKCIIEPUMEHTAIBHO 3aBUCUMOCTH MEXK/Ty CKOPOCTHIO H3MEHEHU S

XapaKTEPUCTUK MPOTPABIECHHBIX TPEKOB U 3apsiIOM YaCTUIIBI.

3. Jlist MrooHOTrpadHUecKuX M3MEPEHU co3/1aHa HOBAas METOJMKA MOATBEPKIACHUSI

COCTOSITENIBHOCTH BBIOPAHHBIX TEXHUUYECKUX PEIIEHUNW U JJOCTOBEPHOCTH MOIYYEHHBIX

pE3YJIBTATOB HAa OCHOBE IOJYYEHHBIX YIJIOBBIX Paclpele/IeHU MOTOKOB MIOOHOB JUIS

M3BECTHBIX apXUTEKTYPHBIX JIEMEHTOB 37aHus 1epkBU B CBsTo-Tpoutikom JlanunoBom

MOHACTBIpE.

IIpakTuueckas 3HauMmocTb. Pa3paboTaHHOE MHpoOrpaMMHOE OOecleYeHUE YCHEIIHO
UCIIONIB3YETCsl, MPEXKAE BCEro, MpU CKAaHUPOBAHUU (POTOrpauuecKodl sAepHONW SMYJILCHHU B
skcriepumente SND@LHC. Ilo pesymsraram aHaigw3a JaHHBIX 3TOTO OSKCIIEPHMEHTA 110
M3YYEHHUIO HEHUTPUHO BBICOKMX JHEPrUi, BOSHUKAIOIIUX B pp-CTOJIKHOBEHUSX IPU DHEPrUU
\Vs=13.6 T5B na bomblmoM aIpoHHOM Koaiizepe, y’ke OOHApy’KEHbl BOCEMb COOBITHIA-
KaH/IMJIaTOB Ha B3aMO/ICHCTBUSI MIOOHHBIX HETPUHO C MPEBBILIEHNEM CUTHaNA HaJl QOHOM CEMb

CTaHJAPTHBIX OTKIOHEHHH 7o [7]. DTOT pe3ynabraT mnoATBepKIaeT 3(PHEeKTUBHOCTD



M CII0JIb30BAHM S BHICOKOTEXHOJIOTHYHOT'0 CKAHUPYIOIIET0 000pYI0BaHUSI ISl aHATIN3a TAHHBIX 00
YCKOPUTEIBHBIX HEUTPUHO BHICOKHUX YHEPTUU U OTKPHIBACT BO3MOXKHOCTH I X U3YUYEHUS HA
BBICOKOW CTAaTUCTHKE.

BrimmorHeHHAS aBTOpOM MOJIepHU3aI K ckaHupyrotero kommuiekca MIC1 B maboparoprn
yHuBepcutera uMm. Denepuko |l, Heamonp mo3Bonuna yBETMYHTh CKOPOCTh CKaHUPOBAHUS
JBYXCTOPOHHUX OMYJICHOHHBIX TIEHOK ¢o 180 10 500 cM? B vac [8].

Pa3paboTanHas MeToAMKa UACHTU(UKAIINY TSDKEJIBIX MOHOB B IETEKTOpax u3 GochaTHoro
CTeKJa cTaja OCHOBOM s NPOJODKEHHMS HCCIENOBaHUS BO3MOXHOCTU HCIOJIb30BAHUS
TBEPAOTENBHBIX TPEKOBBIX IETEKTOPOB ISl TEpPMOXpOMaTOrpadu Ha KOJOHKE C 30JI0THIM CIIOEM
MeHee JIeTyuux, 4em 112, anemeHToB (Harpumep, praepoBuii), Iuist KOTOPHIX TEPEX0]] OT COPOIIHH
HAa 30JI0TOM CJIO€ K IeCOPOLUH JISKUT B 00JIACTH BBICOKUX TEMIIEPATYP BBILIE JBYXCOT IPaycoB
Henbcus [9].

VHHOBAIIMOHHBI HEWHBA3WBHBIH METOJ] MIOOHOTpaUU TO3BOJSIET OCYIIECTBIISTH
UCCIIeIOBaHNE BHYTPEHHEH CTPYKTYphl HCTOPUKO-apXEOJOTHUECKUX OOBEKTOB 0€3 MpOBeIeHUs
PacKomnoK 1 0e3 MCIOJIb30BaHUS PaJOAKTUBHBIX HICTOYHUKOB. Pe3ynbraTel nepsoro B Poccun
COBPEMEHHOTI'0 YCIIEITHOT0 MIOOHOTpaduieckoro sxcnepumenTa B Caro-Tpounkom JlanunoBom
MOHACTBIDE B TIIOJHOH Mepe MpOJAEMOHCTPUPOBAIM BO3MOXXHOCTH MIOOHOTpapHH  Kak
YHUKAJIbHOTO METO/a HUCCIIEJOBAHUS C IEIbI0 COXpaHEHUsI OObEKTOB KYJIbTYPHOTO HAaCJeIus.
PazpaGoranHasi  aBTOpOM  METOAWMKA  MOATBEPXKICHHS  JOCTOBEPHOCTH  IOJYYEHHBIX
MIOOHOTpadUYEeCKUX pe3yIbTaTOB MO3BOJIMIIA PEAlM30BaTh CEpUI0 pabOT Ha MPOMBINUICHHBIX
o0BeKkTax M Ha 00BeKkTax KyibTypHOro Haciemus [10—13]. ABTopckue MrooHOrpadpudecKue
METOJMYECKUE TOIX0/Ibl U TEXHUYECKHE PEIICHHS C UCIOJIB30BAHHEM YMYIBCUOHHBIX TPEKOBBIX
JETEKTOPOB OTKPBIBAIOT HIMPOKHUE MEPCHEKTHUBBI JJIS UCCIENOBAHUM B 00JacTH apXeoyOTHH,
T'EOJIOTHUH, SIIEPHON SHEPTETUKHU, BYJTKAHOJIOTUHU, EEKTOCKOINY U P YTUX 00JaCTSIX Ha OCHOBE
3((eKTUBHOTO, 3KOHOMHYHOI'O W 3KOJOTMYecKH Oe30MacHOro MeTroja MIOOHOrpaduu,
HCIIOJI3YEMOT 0, B YaCTHOCTH, C LIETTBI0 COXPAaHEHUsI 00BEKTOB KYJIBTYPHOT'0 HACIIEIUS U CO3TaHUS
CHCTEM MOHHUTOPHHTA MPOOJIEMHBIX OOBEKTOB ISl MUHUMH3AIUU TTOCIEICTBUH BO3MOXKHBIX
NPUPOJHBIX M TEXHOTEHHBIX KaTacTpod sl HaceleHUs, WHOPACTPYKTYPhl M OKPYKaIOIICH
Cpe.bl.

OcHOBHbBI€ M0JI0KEHUsI, BLIHOCUMbIE HA 3aIUTY:

1. MonepHu3upoBaHHOEe  amnmaparHoe  oOecrledyeHHe  aBTOMAaTHU3UPOBAHHBIX

ckanupyronmx MukpockonoB [TABUKOM c umiuiemMeHTalmeld HOBBIX aJrOpUTMOB

CKaHHUpPOBAHUA B HpOFpaMMHBIﬁ naxker ajd 06pa6OTKI/I OMYJIbCUOHHBIX IIJIACTUH

skcnepumenta SND@LHC.



2. Metoanka uaeHTH(UKAITUY TSHKEIBIX HOHOB B IeTeKTopax u3 pochaTHOro cTeKna
KH®C-3 no reoMeTpu4eckiM 1 IMHAMHUYECKUM XapaKTEpUCTUKaM TPEKOB.

3. Wnentudukanus BUAUMBIX apXUTEKTYPHBIX 3JIEMEHTOB B MIOOHOTpadUYecKOM

uccienoBaHuu 3nanus B Cesaro-Tpounkoro JlanuioBa MOHACTBIpE.

JlocTOBepHOCTh BHEIPEHHS HOBOI'O alapaTHOTO M MPOTPaMMHOrO oOecreueHus
MOATBEPKAACTCA PabOTOCTIOCOOHOCTBIO  CKAHUPYIONIMX CTaHIHMH, a Takke HaIudueM
pe3yNbTaTOB, TMOJATBEPKIACHHBIX IPU NEPEKPECTHOM CKAaHMPOBAHMU HAa MHUKpPOCKONax B
Heamonbsckoii Jlaboparopuu MuctutyTta sinepuoii ¢usuku Mrtamum [13]. PesynbraTel paboThI
ObLTM OMYyOMMKOBAHBI B MEXKIyHAPOAHBIX PELIEH3UPYEMBIX KypHalaX C BBHICOKUM PEHTHHTOM.
JlocToBepHOCTH ClIeTaHHBIX BBHIBOJIOB HE BhI3Bajla COMHEHUHN Y PELIEH3EHTOB.

Anpobauusi padorbl. OCHOBHBIE pe3yJabTaThl  pabOTHl  JIOKJIAIBIBAINCH  Ha
MEXTyHApOJHBIX KOH(pEPEeHIHUIX

- TeV Particle Astrophysics (TeVPA) 2023,

- Fundamental and Applied Problems of Modern Physics 2023,

- MexnynaponHoii koHpepenunn namsatu akagemuka HAH PK Booca D. T'. 2023,

- ICHEPMS-2024.

PesynbraTel paboTsl aBTOpa Bouuiy B 0T4€THI 10 rpanTy Ne BR10965191 («KommuiekcHble
UCCIIeIOBaHUS B 00JacTu AAepHON M paaualiMoOHHOW (U3UKH, (GU3MKU BBICOKHUX SHEPruil U
KOCMOJIOTMH  JJIsl  pa3pabOTKH  KOHKYPEHTOCIIOCOOHBIX TEXHOJIOTHI») MuUHHUCTepCTBa
oOpa3zoBanus u Hayku PecmyOnuku Kazaxcran, a Takxe Poccuiickoro HayuyHoro goHaa B paMkax
nporpammsl "lIpoBenenre GyHaaMEHTaNbHBIX HAyUYHbBIX UCCIEAOBAHUI U MOUCKOBBIX HayUHbIX
MCCIIEIOBAHU I OTICTIbHBIMU HaydHbIMU TpymnaMu’ (mpoekT Ne 23-12-00054).

JInuHblil BKIag. ABTOp IPUHUMAJ HENOCPEACTBEHHOE aKTUBHOE y4acTue B pa3paboTke
OPOrpaMMHOI0 OOeCreueHUs: MOJIYJsl YIpaBiCHUsS MPELU3MOHHBIM CTOJOM CKAaHMUPYOILEH
cranunu MIC1 B Heanonie u B paboTe 1o CO3/1aHHI0 aITropyuTMa Kiactepu3anuu. ABTOPOM ObLITH
BBITIOJTHEHBI pabOThI 0 UMIIEMEHTALMH HOBOT'O IPOIPAMMHOT0 obecrieueHus 1 000py0BaHus
ckanupyronieit crannun [TABUKOM-1, a Takke SKCIEpUMEHTAIbHBIE MCCIEAOBAHUA I10
UCIONB30BaHMUIO (OCHATHBIX CTEKOJN Il PErHUCTPAIlUU OCKOJIKOB CBEPXTSDKENBIX sep U IO
MiooHOTrpaduu. Pe3ynbrarel, mpeacTaBieHHbIE K 3aIIUTe, TOTYUYEHbI IIPH ONPECIAIONIEM BKIae
JMCCEPTAHTA.

yoaukamuu. OOnmi crnucok myOauKanuidi aBTopa BKiIro4YaeT 25 crareil. OCHOBHBIC
pe3ysbTaThl 10 TEME AMCCEPTAllMM HM3JI0KEHBl B 5 CTaThsX, KOTOPBIE M3JAHBI B JKypHaax,
pekomeHn1oBaHHBIX BAK:

1. Burtebayev, N.; Chernyavskiy, M.; Gippius, A.; Kalinina, G.; Konovalova, N.;
Nassurlla, M.; Kvochkina, T.; Nassurlla, M.; Okateva, N.; Pan, A.; et al. Phosphate Glass



Detectors for Heavy lon Identification. Universe 2022, 8, 474.
https://doi.org/10.3390/universe8090474

2. Burtebayev, N., Argynova, K., Chernyavskiy, M.M. et al. Method for Determining the
Etching Rate in Phosphate Glass Detectors. Bull. Lebedev Phys. Inst. 49, 350-355 (2022).
https://d0i.org/10.3103/S1068335622100062

3. Alexandrov, A.B., Vasina, S.G., Galkin, V.I. et al. A Noninvasive Muonography-Based
Method for Exploration of Cultural Heritage Objects. Phys. Part. Nuclei 53, 1146-1175 (2022).
https://d0i.org/10.1134/S1063779622060028

4. Vasilev, V.T., Konovalova, N.S., Okateva, N.M. et al. Modernization of the Automated

Scanning Complex for Data Processing of the SND@LHC Experiment. Phys. Atom. Nuclei 86,
2251-2255 (2023). https://doi.org/10.1134/S1063778823090272

5. Apnanrtamus aBTOMAaTH3WPOBAHHON ckaHupyromier yctaHoBku [TABUKOM-1 ans
00paboTku smepHbIX AMynbcuit  dkcnepuMeHTa SND@LHC, M.M. UYepnssckuii, H.C.
KonogBanora, H.M. OxareeBa, H.I'. [Tonyxuna, )K.T. Canpikos, T.B.lllenpuna, H.U. Ctapkos,
E.H. CrapkoBa, KCD, Ne 9, 27-35, 2024

Conepxanne padorTbi:

Bo BBeneHuM 0OOCHOBBIBACTCS aKTyalbHOCTh MCCIICAOBAHUMU, MPOBOAMMBIX B paMKax
TAHHOM JMCcCepTallMOHHOW paboThl, QOpMyIHpyeTcsl Ielb, CTaBATCA 3agadyd  padoThI,
chopMyIMpOBaHbI HayYHAst HOBU3HA M MPAKTHYeCKasi 3HAYMMOCTb IIPECTAaBIsIEMOI pabOTHI.

IlepBasi r1aBa MOCBAIIEHA TPEKOBBIM JETEKTOpPaM, KOTOPbIE UCIOIB3YIOTCS B (H3UKE
9JIEMEHTAPHBIX YaCTHUII, B YACTHOCTH SIEPHON (HOTOTpaduuecKoi SMYITbCHH.

Cpenu Bcex NETEKTOPOB, HCIOIB3yeMbIX B (DM3HUKE SIEMEHTApHBIX YacTHIl, SIEPHO-
OMYJICHOHHBIC JETEKTOPBI YaCTHII O CHUX MOpP 00JIAAal0T CaMbIM BBHICOKUM IIPOCTPAHCTBEHHBIM
paspelieHrueM TpH HW3YYCHHH XapakTEePUCTUK HMOHHM3UPYRIUX dacTul. C  MOMOIIBI0
AMYJIECUOHHBIX JIETEKTOPOB OBLIH CJICJIAHBI MHOTHE OTKPBITHS B (PU3UKE DIIEMEHTAPHBIX YaCTHII
(OTKpBITHE PAIMOAKTUBHOCTH, ME30HOB, KOCMUYE€CKUX JTy4el, OCIIUIUTSIINN MIOOHHBIX HEHTPHHO
B TaoHHBIE U 1p. [1, 5, 6]). OOpaboTKa JaHHBIX TPEKOBBIX JCTEKTOPOB, MPOBOAUBIIANLCS paHee
OIepaTopoM Ha ONTHYECKMX MHKPOCKONAX BPYYHYIO, TpeOoBajla OTpPOMHBIX 3aTpaT TpyAa H
BpeMeHH. CKOPOCTh U3MEPEHHUI IIPU 3TOM OKa3bIBAJIACh HEBBICOKOW, UTO OMPENEISUIO HHU3KYHO
CTaTUCTHKY 00paboTaHHBIX COOBITUH. KpoMe TOro, mpu Takux M3MEpeHUsX ObLIa JTOCTATOYHO
BEJIMKa BEPOSTHOCTh IMOSBJICHUSA TPYAHO YJIABIMBAEMbIX OIIMOOK, IMOATOMY IOJy4Yaemble
pe3ysbTaThl IUI0XO MOAJABAJIMCh NPOBEPKE HAa BO3MOXKHBIE COOM, BO3HUKAIOLIME B IpOLlECCE
00paboTKu MaTepuana (Halpumep, MOTEPH U3MEPUTEIISIMU CJICIOB YACTHUIl M IPYTHE OIMIUOKH ).

B nocnenHue rojpl 3TOT HENOCTATOK B 3HAUMTENIBHOM Mepe ObUT IPeoIoNieH Oaroaaps

nporpeccy, KOTOpBIfI JOCTUTHYT B IIPOU3BOACTBC HpeHHSHOHHOﬁ TCXHUKHU, U CO3JaHHIO


https://doi.org/10.3103/S1068335622100062
https://doi.org/10.1134/S1063779622060028

ONTUYECKUX CTOJIOB C BBICOKOM TOYHOCTBIO IIEPEMEUICHMS IO KOMaHJIaM OT KOMIIBIOTEPOB,
MIMPOKOMY TPUMEHEHHUI0 COBPEMEHHBIX NMpHOOpoB ¢ 3apsnoBoi cBs3pio (CCD-kamepsl) st
perucTpanuy 1 ou(ppoBbIBAHUS ONTHYECKUX N300paKEHHUH U BBIYUCIUTETbHBIM BO3MOKHOCTIM
COBPEMEHHBIX KOMIIBIOTEpPOB. braromaps NPHUMEHEHUIO ATUX JOCTHUIKEHHH MpPEeHU3MOHHOU
MEXaHUKH, BO3MOYKHOCTSIM CPEICTB BBIYMCIUTENBHOW TEXHUKU U pa3paboTKe HE0O0X0IUMOro
IPOrpaMMHOI0 MaTEMaTHYECKOro OOECIEUeHHs CTajla PEaJIbHOCTBIO IOJIHAs aBTOMAaTH3alys
TpyAa MHKPOCKONUCTOB. [Ipy n3MepeHusx B TaKOM aBTOMaTHMYECKOM PEXHUME OLM(PPOBAHHbIC
U300paKEHUS CIIEI0B 3apsDKEHHBIX YACTHIl U SJep B TPEKOBBIX JAETEKTOpax, MOIy4YEHHbIE IIPU
nomomu CCD-kamep, BBOIATCA B KOMIIBIOTEPHI, MaTeMaTH4yecKoe obOecreueHue KOTOPBIX
MIO3BOJISIET MPOU3BOAMTH ITOMCK, PACIO3HABAHME M HM3YyYEHHE TPEKOB, BOCCTAaHABIMBATh UX
IIPOCTPAHCTBEHHOE MOJIOKEHNE. Takol aBTOMATU3UPOBAHHBIM METOJI U3MEPEHUN MPAKTUUYECKH
ITOJIHOCTBIO UCKIIIOYAET UCII0JIB30BAHUE U3HYPUTEIBHOT O BU3YAIBHOIO TPY1a MUKPOCKOITMCTOB U
yCKOpsieT mporecc oO0pabOoTKH NPUOIM3UTENBHO Ha TPU MOpsIKAa IO CPaBHEHHUIO C ee
JUIATEIILHOCTBIO IPU MCIIOJIB30BaHNH TaK HA3bIBAEMBIX ITOJIyaBTOMAaTOB. HOBBIN METO TO3BOJIAET
00pabaTeIBaTh OOJBIINE MACCHBBI SKCIIEPUMEHTAIBHBIX JAHHBIX M CYIIECTBEHHO yBEINYMBATH
CTaTUCTHKY COOBITMH, YTO paHblle ObUIO INpakTU4Yecku HepeanbHO. Co3gaHue MOJOOHBIX
AaBTOMAaTH3MPOBAHHBIX KOMILJICKCOB TIO3BOJIUJIO ITEPEUTH Ha O0JIee BRICOKUN YPOBEHB TPOBEICHNUS
JKCIIEPUMEHTOB, MCIOJB3YIOIMX TPEKOBYIO TEXHHMKY PErMCTPallMM YacTHUL, U CYIIECTBEHHO

pacImpuiIo KpyT 3aad, TJIe 3Ta TEXHUKA MOKET ObITh 3(p(PeKTHBHO UCTIOJIB30BAHA.

- ceGsMmes oo @ oo o Ss ©

Pucynok 1 — CneBa: kpuctamisl OpoMuia cepedpa (TuHeHbIN pazmep 0,2 MKM), BUIUMBIE C
MTOMOIIIBIO 3JIEKTPOHHOTO MUKpocKkoma. CrpaBa: ciie/l, OCTaBJICHHbI MUHUMAJIbHOMN
noHusupyromier yactureit (10 I'5B © —) B smepHBIX SMyJIbCUAX; 00HAPYKEHO 0KO0JIO 36 3epeH Ha
100 mxM. KoMriToHOBCKHE 37€KTPOHBI ¢ dHepruert npubdausutensHo 100 k3B takxe BUIHBI B

[IPaBOM HIIKHEM YTty u3o0pakeHus [6]

Bropasi rnaBa conepkuT WH(OPMAIUIO O TEXHOJIOTHSX CKAHHUPOBAHHS TPEKOBBIX

ACTCKTOPOB, O MOJACPHHU3AIUU CYHICCTBYIOIUX MCXAHUYCCKUX KOMIIOHCHTOB U O BHCAPCHUU



WHHOBAIIMOHHBIX METOJIOB CKaHUPOBaHUSA. B Hayane TriaBbl OMHMCBHIBACTCS MOJACPHU3ALIUS
ckanupytomniero kommiekca MIC1, Haxonsmierocs B 1aboparopuu yHHBepcuTeTa UM. Deieprko
Il B Heammone. ABTOpoM ObLITH BBHIMOJIHEHBI PA0OTHI 110 UMILJIEMEHTAIINN HOBOTO CKAaHUPYIOIIIETO
MPEIU3UOHHOT0 CTOJIMKA, cocTosimero u3 Kontposuiepa G 900K044, a raxxke npurareneit V-412
kommanuu Pl B coctaB 00opynoBanus Komiuiekca. [IoMUMO KaTmOPOBKY IBUIKEHUS IBUTATEIICH
noTpeOoBaIOCHh pa3padoTaTh MOIYJb YIPABJICHUS ABHKCHHEM CTOJA, BKIIOYAIONIMA B ceOs
byHKIMY, onucaHHble B Tabnuue 1.

Tabnuna 1 — OcHOBHBIE (PYHKITUM MOYJISI YIIPABIICHHS KOHTPOJIIIEPOM

Hanmenosanue Bxoannie Brixonabie Kpatkoe onucanue
byHKIHH napameTpbl napameTpbl
ReadCfg - - CuuThIBaHME apaMeTpoB,
nepeaBaeMbIX B KOHTPOJUIEP
U3 KOH(UTYpallMoHHOT O (haitna
IsConnected - Jlornueckue 0 mwm | Ompoc KOHTpoJIIepa Ha
1, Kak pe3yabTaT | HAIUYUE CBS3U
orpoca
Initialize - - [TpoBencHre omepanuii IO
MOArOTOBKE KOHTpoOJUIepa K
pabore
Finalize - - [IpoBenenne omepanuii 1O
OTKJIFOUEHUIO KOHTpOJIepa
SetVel [TopsiakoBbIT MaccuB ckopocreid, | BoictaBienue CKOPOCTH
HOMEpP ocH | rae WHJIEKC | ABUIKEHUS CTOJA
JIBUKEHUS, ABIISETCS
TIpebITyIIIas MOPSIKOBBIM
CKOPOCTb HOMEPOM OCH
SetAccel [TopsinkoBbIii Maccusn BricTaBienue yckopeHust
HOMEP OCH | YCKOPEHHUH, rue
JBUKEHUS, WHJEKC  SIBIISETCS
MpeabIIyIIee MOPSIKOBBIM
YCKOpEHHUE HOMEPOM OCH
SetDecel [TopsinkoBbIiA Maccus BricTaBienue 3amMeqiieHus
HOMED OCH | 3aMEIIJICHUH, TJe
JIBUKEHUS, WHJEKC  SIBJISIETCS
MpeabIIyIIee MOPSIKOBBIM
3aMeJJIeHUE HOMEPOM OCH
Zero ITopsinkoBbIi Texymras nosunusa | OOHyNneHnEe KOOpaUHAT
HOMEp OCH C  TIOCHEeayroLIen
3aMUCh B HUCTOPHIO
JIBUKEHUH




Stop

Texkymas no3uuus
C  TIOCHEeyHoLIEen
3alHUCh B HCTOPHIO

OcraHoBka JBUXXCHHSA Ha BCEX
0CAX

IBUKEHUH
QueryPos [TopsinkoBbIiA Texymass no3unus | @yHKIMS YTEHUS KOOPJIUHAT C
HOMEp OCH C  TOCHEAYIOUIEH | MOCIEAYIOMEH  3aluChi0 B
3alliCh B UCTOPUIO | UCTOPHUIO IBUKEHUS
NBYKEHU U
MoveTo Kunacc c | Texymass mno3unus | DyHkuus, OCyIIECTBIISIONIASL
KOOpJIUHATaMHU C  TOCIEeAyIoIIeH | IBHKEHHE B 3aJJaHHBIC
3alCh B MCTOPHIO | KOOPIUHATHI
IBUKEHUH
MoveStage Kiacc c | Texymass mo3urus | DyHKIUSA, OCYIIECTBIISIONIAS
rnapaMeTpamu: C  TIOCIEAYIOUIEH | IBUKEHUE B KOOPAMHATBI C
KOOPJIUHATHI, 3alliCh B MCTOPHIO | 3aJaHHOU CKOpOCTBIO,
CKOpPOCTb, TBYKCHU N YCKOpPEHUEM, 3aMeIJICHHEM, a
YCKOpEHHE, TaK)Ke C 3aIUChI0 KOOPAUHAT B
3aMe/JIeHue. HCTOPUIO IBUXKEHHUSL.
MoveStage? Ilsa  kmacca ¢ | Tekymass mo3urus | @yHKIOHS, OTBeyaromas 3a
rapaMeTpamu: ¢  mocnexaytomen | apuxenue Stop&Go. B nepeyro
KOOPIUHATHI, 3alUCh B MCTOPHIO | UTEpalnuio (DyHKIUS OXKHJIACT
CKOPOCTb, JBUKEHUM OKOHYAHHWS JIBMKCHHS, Jaee
YCKOpEHUE, 3a7laeT  CKaHUpPOBAaHHE  TIO
3aMeJJIeHue rIyouHe. Bo BTOPYIO
UTEpaluio (QYHKIUS OXHAAET
OKOHYAHHS CKaHHPOBAHHUS TIO
r1yOuHe, OTJAaeT KOMaHIy Ha
IBIOKEHHE K creayronein
MO3UIIHY ¥ Ha BBIXO].
StartMove [TopsiakoBbIi - Hauunaer IBUXKEHUE o
HOMeEp ocH, 3aJIaHHOM OCH C OMPEAECICHHON
CKOPOCTb CKOPOCTbIO
StopMove [TopsinkoBbIiA - [Ipekpamaer JaBUIKEHUE TIO
HOMEp OCH 3aJJaHHOU OCH

Beina Takke MHTErpUpOBaHA B CHCTEMY BHJEOKamepa HOBOro mokosenus (Microtron

EoSens 4CXP 2) ¢ 21 Mnukcu oobektuB 10x (Nikon CFI Plan Fluor 20X MI). Bce 310 mo3Bosmio

YBEIINYNUTE CKOPOCTh CKaHWPOBAHUA IBYXCTOPOHHHUX O3MYJIBCHOHHBIX CJIOCB, IO CPABHCHUIO C

IPELHU3MOHHBIM CTOJMKOM MPOILIOro TokoneHus, co ~180 cm?/a no 500 cm?/u ¢. TIpoduis

JABHKCHUA CKaHI/IpyIOI_I_[eﬁ CTaHIIMU B Pa30rHAaHHOM PCKUMC IIOKa3aH Ha PUCYHKC 2.
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Pucynok 2 — IIpo¢uib ABMXEHUS CKAaHUPYIOIIEH CTaHIMH. | — TOPU30HTAIBHOE IepeMeIIeHre
(X), 2 — ropusonTansHoe nepemenicaue (Y), 3 - BepTHKAIBHOE ITEPEMEIIICHHE.

[anee onuceiBaeTca MojaepHu3auus ckaHupymomeil cranuun [TABUKOM-1, rae
ocHOBHBIM oTiinureM oT MICL sBnsercs Gonpmas miomanps ckanupoBanus 400800 mm (o
cpaBHenwuto ¢ 400x400 mm Ha MIC1), a Takke Apyrou MOIX0/ K OTIPABKE KOMAaH]I Ha IBUKCHUE.

3areM ommchIBaeTCs pa3paboTaHHBII aBTOPOM HOBBIN aITOPUTM KJIACTEPU3ALIUH , KOTOPBINA
UCITOJIB3YET METOJI Pa3NeICHHUs] M300paKCHUs Ha OTACITbHBIC OOBEKTHI, KKIBIH M3 KOTOPBIX
COCTOMT U3 16 MUKceNnel, pacloIOKeHHBIX B BHJI€ KBaPaTHON MaTpUIIbI pazMepoM 4x4 (pUCYHOK
3 (1)). Kaxnast siueiika 3TOi MaTpUIIbI COOTBETCTBYET ONPEACICHHOMY MTUKCEIIO U YKa3bIBaeT Ha
€ro TOYHOE TOJIOKEHHE Ha HUCXOAHOM wu300paxkeHuu. OOIee KOIUYECTBO Pa3IMYHbBIX
KOMOWHAITUH pacIlOIOKEHUS TUKCENIeH BHYTPU TaKOW MAaTPHUIIBI COCTaBIIsAET 65536.

[Tukcenu MOTYT OBITh TPEICTABIICHBI B BUAE JBOMYHBIX YHCEI, T/I€ YPOBEHb YEPHOT'O UIH
6esoro onpenenster 3uadenue (1 myst yeproro u 0 s 6eoro, pucyHok 3 (2, 3)). Dtu OuHapHbIE
3HAUEHUS MOTYT OBITH MPEOOPa30BaHbBI B IECATHYHBIC YMCIA MTyTEM MPOCTOrO Mpeodpa3oBaHus
COBOKYITHOCTH OMTOB B €ro JECATHYHOE SKBUBaJCHT (pucyHOoK 3 (6, 7)). Matpunia 4x4 Moxer
OBITh MTPEJICTABJICHA OJHUM JICCATUYHBIM YUCIIOM B tuana3one ot 0 10 65535 (pucynok 3 (4)).

B nmanpnelimem Gopmupyercs 6a3a maHHBIX, TPEACTABIISAIONIAS COO0H MAacCUB CTPYKTYD,
KOTOPBIN CONEPXHUT MH(OPMALHMIO O KaKAOH sueiike. B 0aze maHHBIX XpaHATCS CIEAyIOIINe
JTAHHBIE O sUeKe: KOJIMYECTBO KJIACTepOB, Macka Ka)JI0Tro KilacTepa, ckaTas Macka BO3MOXHBIX
coceler KJacrtepa, a TakXKe KOJIMYECTBO IIMKcelned B KaxaoM kiacrepe. Iloxm mackon
o/ipa3yMeBaeTcs AeCATUYHOE YU CII0, XapaKkTepusyrollee Habop 3HaueHu OuTOB B MaTpuile. s

JOCTyTa K MH(OpMAIMK HCIIOIB3YeTCsl HHAEKC, COOTBETCTBYIOIIMI MaTpHIle pazmepoM 4x4.



ITocne pPa3aciICHUA I/I306pa)KCHI/I$I Ha OTACIIBHBIC O6’LCKTH, C IIOMOIIBIO 0a3bl JaHHBIX
ONPCACIIAIOTCA KJIACTCPhI. B nuxie IMPOU3BOAUTCA CHIMBKA KJIACTCPOB MMOCPCACTBOM CPaBHCHUA

MacCKH COCC)IGIZ C COCCIHUM KJIACTCPOM. KOFI[a HOCHG)IHI/Iﬁ KJIaCTep 6YI[CT CIINT AJITOPUTM I'OTOB.
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Pucynok 3 — Anroputwm knacrepusaruu Clustering 16. L{udpamu nmoka3ansl 3Tansl anroputma: 1
— BbIICTICHHAs sueiiKa KiacTepu3aluu, 2 — MUKCeNb, TPUHAIICKAIINN KiIacTepy (IIPOIIeIIInii
MOPOT MOYEPHEHUS), 3 — MUKCENb, HE MPUHAJICKANINHN Ki1acTepy (He MPOIIEIINN mTopor
NoYepHEeHus), 4 — JeCAITUYHOE YUCIIO0, COOTBETCTBYIOIIEE sSUeh Ke KIacTepa, S — HCXOHOe
n300paxkeHue, 6 — pa3jioKeHHas A4eiika ¢ MOYEPHEBIIMMH MUKCEISAMH, 7 — COOTBETCTBYIOIIAs

(6) pa3IoKCHHAad H‘leﬁKa, npcaAcTaBJICHHAsS B JBOMYHOHN CHCTEME

Tperbsi riIaBa nocpsileHa pa3paboTKe METOAMKHU IOMCKAa peAKUX COOBITHH pacraja

CBEPXTSDKEIBIX AP C MOMOIIBIO IETEKTOPOB U3 (PochaTHOTO CTEKIIA.

[TpoGnema cyiiecTBOBaHUS CBEPXTSIKENBIX TPAHC(EPMUEBBIX IJIEMEHTOB SIBJISIETCS. OHOU
U3 aKTyalIbHBIX TPO0JIeM coBpeMeHHO pu3nkn. KpynHeiinme skcriepuMeHTanbHbie PU3nIecKre
ngaboparopun MHpa paboTarOT HaJ CHHTE30M CBEpXTsoKenbix simep [14, 15]. ITosromy BechMa
aKTyaJbHOH SBJISIETCS 3a/1a4a co3AaHus d(P(PEeKTUBHBIX AETEKTOPHBIX CUCTEM Ul PETUCTPALUHN U
UJCHTH(UKAMK HOBBIX CHHTE3HMPOBAHHBIX CBEPXTSHKEIBIX D3JIEMEHTOB. JlMdAJeKTpuyeckue
TPCKOBBIC HACTCKTOPLI, B TOM YHCJIC H3rOTOBJCHHLIC M3 CTCKIIA, 06HaIlaIOT BBICOKOU
3(PEKTHBHOCTBIO PETUCTPAIIUU TSDKEJIBIX MOHOB M HU3KOH YYBCTBHUTEIBHOCTBIO K (POHOBOMY

HU3IYYCHHUIO U, CJICAOBATCIIbHO, IIMPOKO HCIIOJB3YIOTCA B 3KCH€pI/IMeHTaJIBHOﬁ (I)I/I?,I/IKG, B TOM



yuciae B ¢u3nke TsoKeIbiXx HOoHOB [16—20]. Mcmonb3oBaHHE TaKMX OMTHYCCKH MPO3PAvyHBIX
JeTeKTOPOB U3 (ochaTHBIX CTEKOJI MO3BOJISIET, MOCIE MPOLEAYPhl HX XUMHUYECKOTO TPABJICHUS,
BBITIOJIHATh CKAHUPOBAHHME CTEKJIAa HA ONTHYECKUX MHUKPOCKOMAX ¢ IIeJIbI0 TOHWCKa H
nJIeHTU (PUKAIIUA CIICTIOB sACP.

[TpuHUIMD IEeHCTBUS TUANEKTPUUECKOTrO JIETEKTOpa OCHOBaH Ha 3¢ QekTe paspylieHUs
JIOKaJIbHON KPUCTAJUIMYECKON CTPYKTYPBI MaTepHalia 1Mo TPACKTOPHH MPOHUKHOBEHUSI OBICTPOTO
TSHDKEJIOTO MOHA. DTO JIOKAIbHOE Pa3pylICHUE YCUIIMBACTCS MPHU MOCIEIYIOMEM CEIEKTHBHOM
TpaBIICHUH, KOT1a TOBPEKACHHBIC yYaCTKH MaTepraja BCTYNAIOT B PEAKIUIO C TpaBUTEJIeM OoJee
WHTEHCHUBHO (C OOJBIICH CKOPOCTHIO), YeM HEMOBPEKICHHBIE, YTO MPUBOAUT K 0Opa30BaHUIO
BHJIUMBIX IIPOTPABJICHHBIX KAHAJIOB pa3MEPOM JI0 HECKOJBKUX JIECATKOB MUKPOH. CBSI3b MEKIY
CKOPOCTBIO TPABJICHHS B 00JIACTH CKPBITOTO CJe/la U MOTEPSMH Ha MOHU3ALUIO SBIISIETCS OCHOBOM
JUTSL OTIPE/ICICHUSI XapaKTePUCTHK YacTUIIBI. TakuM 00pa3oM, HaeHTHU(QUKAIINS TSHKEIBIX sIep B
ONTUYECKH MPO3PAYHBIX AUDIEKTPUUYECKUX JETEKTOpaX OCHOBAHA HA aHAIM3€ T'€OMETPUUYECKUX
MapaMeTpOB BBITPABICHHBIX TPEKOB, IOCKOJIBKY MacmTad paguialliOHHOTO MOBPEKICHUS
JTUBJIEKTPUUECKOT0 MaTepraia IpornopIuoOHalIeH 3apsi1y YacTULIbI.

B peann30BaHHBIX TIPH OIPEIEISIONIEM YYacTHU aBTOPa TECTOBBIX OOJIYYCHHSX Ha
yckopurene gpochaTHeix crekon okoo 100 o6pa3ios pazmepamu 10x5x4 MM, oOecrieqrBarOIIX
ONTHUMAJIbHOE COYETAaHWE OMTHUYECKOW MPO3PayHOCTH M MEXaHMYECKOW IMPOYHOCTH, ObLIH
00nmydensl myukamu unoHoB 40Ard+ 84Kpl7+ y 132Xe26+ ¢ syeprueit 1,16 MaB/HykioH Tmpu

PA3IMYHBIX YTJIaX HAKJIOHA ITyYKa K IOBCPXHOCTH CTCKIJIA.
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Pucynoxk 4 — ®opma nmyHOK HOHOB Xe€, 00pa30BaBIIMXCs B pe3ysibTaTe TpaBieHus B HF
JUISL pa3HBIX BPEMEH TPABJICHHS: a) BEPTUKAILHOE BXOX/IEHUE, SHeprus noHoB E=65-68 M»B,
BpeMsi TpaBJICHUS YKa3aHO Ha pUCYHKe; 0) BXxoxaeHue noj yriaamu 30° u 45° k BepTHKaIH,

sHeprus noHoB E=160 M»aB, untepBan Mexay NoCaeAyOUMMHI TPAaBJICHUSIMU 5 MUH.

Ha pucynke 4 moka3anbl pe3ysbTaTbl TpaBieHus. IIpencraBnensl goTtorpaduu TpekoB
1oHOB 132Xe26* B cTeKIte, MONyYEHHBIE B TECTOBBIX OOIYUEHHUAX TP PA3IMYHBIX yIJIaX HAKJIOHA
Iy4YKa ¥ pPa3IMuHON MPOJOIHKUTENBHOCTH TPABICHUS.

Pesynbrarel TpaBnenus B 20% HF TpekoB siaep pasHoro 3apsiia ¢ yriiom Bxoja B
NoBepXHOCTh cTekia 30° mpencraBieHsl Ha rpadukax (PUCYHOK 5) 3aBHCHUMOCTH OT
MPOJIODKUTEIIBHOCTA TPABIICHHUST pa3MEpoOB OOJIBIION M Majol OCed JJuiunca — JyHKH,
oOpa3oBaBuIelics B CTEKJIE MPH MPOXOXKJICHUU HMOHA. Pa3Mepbl JIyHOK MPOTPaBJICHHBIX TPEKOB
U3MEpSIOTCs Ha aBToMatu3upoBaHHoM Komiuiekce [IABUKOM ¢ ucnonp3oBaHneM aBTOPCKHUX
IpOrpamm.

XapakTep IOJIyYEHHBIX 3aBHCHUMOCTEH ITOKA3blBae€T, YTO IPU BHIOPAHHOM pEXHME
00paboTKK Tpollecc TpaBIeHUS pacnagaercss Ha aBe 4yacTd. CHauana, mpu Oosee KOPOTKUX
BpEMEHaxX TPABJIEHUS, MPOUCXOIUT (POPMUPOBAHUE TPEKa TPaBJIECHMs 1O OCTAHOBKHU sjpa. B
obmactu mocine "uznoma" M3OMPATENBHOCTh TPABICHHS MPOIMATAET, MPOUCXOIUT HU30TPOITHOE
pacTpaBiuMBaHMe MaTepuana Oe3 JanbHeWmero yriayOsneHus Ttpeka. CKOpoCTh TpaBJIeHMS,
ornpenensemMas Kak yrioBod K03(p(UIIMEHT COOTBETCTBYIOUIEIO OTPE3Ka, CTAHOBUTCS 3aMETHO
Huxke. B o0macTd BTOpOro cerMeHTa CKOpPOCTb TpPAaBJIEHUs, OIpefenseMas Kak yrioBOH

KO3((UIIUEHT COOTBETCTBYIOIIETO CETMEHTA, 3aMETHO HHKE, YEM B TIEPBOM.
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Pucynoxk 5 — 3aBucuMocTb 00JIbII0N (KpacHbIE TOUKH) U MaJION (UepHBIE TOUKH) OCEH AJUINIICA
Ha MOBEPXHOCTH CTEKJIa OT NPOAODKUTENILHOCTH TPaBICHUS [T pa3IMYHbIX HOHOB ((a) —
aprosa, (0) — KpunToHa U (B) — KCEHOHA). YTOJI HaKJIOHA JIyda K IIOBEPXHOCTH CTEKJIa
(uBetHoro) cocraniser 30°.

Ha pucynke 6 npencraBiieHbI K03()(UITMEHTH HAKIIOHA CETMEHTOB (CKOPOCTH M3MEH CHUSI
ocell 3JUIMIICa) B 3aBUCHMOCTU OT 3apsAna MoHa. CpaBHEHHE MOKA3bIBACT, YTO NMPU KOPOTKUX
WHTEpBallaX TpaBlieHUs (puc. 6) 3Ta 3aBUCHMOCTH OoJjiee BBIpaXEHAa, B TO BpPEeMs Kak C
YBEITUYEHUEM MTPOJAOIDKUTEIFHOCTH TPABICHHS 1yBCTBUTEIBHOCTD K 3apsily CHUKaeTcs (puc. 6).
W13 sToro cnenyer, 4To IpH JAHHBIX YCIOBHUSAX MHTEPBANbl TpaBJieHHUs, IpeBblmatonme 50 MuH,

MCHECC HH(bOpMaTHBHLI UL OIPEACTICHUA XapaKTCPUCTUK NOHOB .



s o
] 92
v [==] o
1 1 1
Y,
N\
\.“
\\
Y

Slope value, pm/min
s o

15 20 25 30 35 40 45 50 55
Charge

(a)
0.20-
0.18-
0.16-
0.14-
0.12-
0.10- — I
0.08- pral | ™
0.06- -
0.04 r
0.02d /% ! ‘

0.00 T T T T T T T T
15 20 25 30 35 40 45 50 53

Charge
{b)

Slope value, pnymin

Pucynoxk 6 — 3aBucuMocTh KOA(UITUEHTOB HAKJIOHA (CKOPOCTH M3MEHEHHS pa3MepOB
JOPO’KKH ) OT 3apsijia MOHOB JJIs OOJIBINON (KpacHast TUHHKS) U MaJIOH (depHast JIMHUSI) OCEeH
3JUTMIICOB: () TPOAOIKUTENIBHOCTD TpaBieHus oT 30 10 45 MunyT; (6) IPOIOJKUTEIBHOCTD
TpasieHus 6onee 50 MUHYT. DKCIIepUMEHTAIbHBIE TOYKH alMPOKCUMUPYIOTCS MmapadboiamMu
(LBETHBIMH).

[IpencraBneHHbIN aHaTN3 3aBUCHMOCTH T€OMETPUYECKHUX MTapaMeTpOB TPEKa B CTEKJE OT
POAOIDKUTENTEHOCTH TPABJICHUS M CKOPOCTH 3TOTO M3MEHEHHM S IT03BOJISIET Pa3padoTaTh alrOpuT™
u7eHTU(puKanuu HOHOB B (ochaTHOM cTekse. 3aps] MOHAa MOXKET ObITh OLIEHEH Ha OCHOBE
3aBUCHMOCTEH, aHAJIOTUYHBIX TOJTYYCHHBIM B HAIIUX KATHOPOBOYHBIX dIKCIIEpUMEHTaX (puc. 7),
nyTeM WHTEpHonsanuu obOpaTHo QyHkuuu. TpaBneHwe ¢ HEOONBIIMMU WHTEpPBATAMU H
MOHHUTOPHUHT XapaKTEPUCTUK MPOTPABICHHBIX TPEKOB MOBBIIIAIOT HA/IEKHOCTh UICHTUQUKAIN
HMOHOB.

PesynbraThl  MpOBENEHHBIX  MCCIEAOBAHMI  MO3BOMMIIMA  MPEMIOKUTH  AITOPUTM
UJCHTU(PUKAIMKY MOHA MIPU €ro 3aMeyiecHuu B (pocaTHOM CTEkIie, B OCHOBE KOTOPOTO JIEKHUT

YCTaHOBJIEHHAsI CBSI3b 3aps/ia CO CKOPOCTHIO U3MEHEHHUS pa3MepoB JIYHKHU B (pa3e nu30upareabHoro



TpasieHus. [locnenoBarenbHOCTD A€W CTBUM IPU ONPEEIICHUH XapaKTEPUCTHK sIIPA 110 €r0 TPEKY
B CTEKJE MOXKHO OIHCaTh CJIEIYIOmMM o0Opa3oM. Paccmorpum ciydaii oOmydeHHs] CTEKIa
pa3sHBIMU HOHAMHU, UMEIOIIMMH pa3InyHble YIiibl BXOXKIeHHs. CHOpMHUPOBaHHBIE MU JATEHTHBIE
TPEKU UMEIOT KaXKIbI CBOM ONTHUMANbHBIA peXHUM TpaBiieHUs. UTOObI HE MPOMYCTUTH Apa C
HEeOOJIBIINM 3apsI0M MM UAYIIME O] MAJIBIM YIJIOM K MOBEPXHOCTU U YXOJSIIME B CTEKJIO Ha
HeOOJIbIIYI0 TIyOMHY, HEOOXOAWMO MPOBOAMTH TpPaBJICHHE C HEOONBIIMMHU HHTEPBATAMU
BpEMEHH (IIOps/IKa HECKOJIBKUX MUHYT), KXl pa3 u3Mepsis XapaKTepUCTUKH IPOTPABICHHBIX
KaHayoB. 110 KaxaOMy NPOTPaBIEHHOMY TPEKY CTPOUTCSA 3aBUCHMOCTb PAa3MEpPOB JIYHOK OT
BPEMEHU TpPaBJICHUS U OIPEAEIAIOTCS CKOPOCTH HM3MEHEHHsI 3TUX pa3MmepoB. [lo KpuseiMm,
AQHAJIOTMYHBIM TOJYYCHHBIM B HAIIMX KAIMOPOBOYHBIX OKCIEPUMEHTaxX (PUCYHOK 6),
IPOM3BOMTCSA OLIEHKA 3apsia HOHA METOJIOM HHTEPIOJSAINN 00paTHON (QYHKIUH.

Takum 00pa3zoB, 3aBUCHUMOCTh KOA(PPHUIITMEHTOB HAKJIOHA CETMEHTOB OT 3apsia HOHA,
MOKa3aHHasi Ha pUCYHKE 5, MO3BOJISET OLEHUTD 3apsi IPYTHX SAep, U KOTOPIX Obljia MpoBeIeHa
npoIieaypa TPaBJICHUS CO BpeMEHEM TpaByieHus 10 45—50 MuH u ObLI ornpeneneH Ko3hGUuIneHT
HakjoHa. Ha pucyHke 6 crpenkamu IOKa3aHa MpoLeaypa OIpenesieHus 3apsiaa siapa Mpu
3HaYeHUH HakjIoHa 20 MUKPOH B MUHYTY, onpeaeaseMoM Kak Z = 45. YToObl OLIEHUTh TOYHOCTb
OIpENENICHUs 3apsAaa, MOKHO UCIIOIb30BaTh BEIMUYMHY INOTPEIIHOCTH U3MEPEHUS HAKJIOHA IS
KpunToHa (Z = 36), onpenenss, Kakue 3apsAabl COOTBETCTBYIOT BEpXHEMY U HU)KHEMY IIpeenam
NOTPEeIIHOCTH. BcmomorarenbHble JIMHUM Ha TrpauKe IOKa3bIBAIOT, YTO OSTH T'PAHUIIBI
COOTBETCTBYIOT 3apsinaM Z = 33 u Z = 39. Takum ob6pa3zom, HakIoOH B 20 MUKPOH B MUHYTY
COOTBETCTBYET 3apsiny Z = 45+3. JlaHHBIN anropuT™ MO3BOJISET OIEHUTH TOUHOCTH ONPEIEICHUS

3apsia HOHOB IIO ITpeAjiaracMomMy METOAY.
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PucyHnok 6 — AnropuTm onpenesieHus 3apsaa HoHoB (0e3 I[BETa).
B nacrosmeii padore kaaumOpOBOYHBIE KPUBBIE MOIYYEHBI 11 HOHOB ¢ (pUKCHpOBaHHON
sHeprueit okono 1,1 MaB/aykion. B o6mem citydae, moBeeHHE 3TUX KPUBBIX JTODKHO 3aBUCETh

TaKXe OT YHEPTUU U YIJIa BXOXKJICHUS YaCTULIBI, M (PYHKIMS U1 ONpeaesieHus e€ XapaKTepPHCTUK



Oyzer 3a1aBaThcsl HE KPUBBIMH Ha IJIOCKOCTH, a MOBEPXHOCTHIO0. Toraa ass onpeaenaeHus 3apsaa
MOXeT OBITh IPUMEHEHA ABOWHAS MHTEPIOJISIIHUS.

YerBepTasi r1aBa MOCBSIIEHA MIOOHOTPa(QUUECKOMY 3KCIIEPUMEHTY, LIEJIbI0 KOTOPOTo
OBIJIO M3Yy4YEHHME CKPBITOM BHYTPEHHEW CTPYKTYphl 3AaHUil U Tepputopuu Casro-Tpouiikoro
JlanuiaoBa MOHaCTBIpSI.

[IpencraBieHHBIN SKCIIEPUMEHT SIBJISICTCSI COBMECTHOM PabOTON HECKOIBKHUX POCCHHCKHIX
unctutyroB (MUCHUC, DUAH, HUNAD MI'Y, OO0 «ABK CnaBuu»). 3a J0ATYHO UCTOPHUIO
KOMIIJIEKC MOHACTBIPSI HEOJHOKPAaTHO PEKOHCTPYMPOBAJICS, a MCTOPUYECKas ITOKYMEHTALIMS,
BKJIIOYAIOINAs TUIAHBI MOCTPOEK, Obli1a 6e3B03BpaTHO yTepsiHa. C MOMOILBIO «ITPOCBEUUBAHUDY
MIOOHAMHU 3[JaHUI M IMOA3EMHBIX 30H MOHACTBIpS IMPEAINONarajloch OOHAPYXKHUTb BO3MOKHBIE
CKPBITBIE HEOJHOPOJHOCTH (ITOABAJIbHBIE ITOMEIIECHHUS], 3aXOPOHEHMS WJIM CKJIEIBbI). YUUTHIBas
HEBO3MOXHOCTb NPOBEIEHUS PACKOIOK M3-3a CTAaTyca MOHACTBHIpsA KaKk 00bEKTa KYJIbTYPHOIO
Hacnenus ¢eaepalbHOro 3HAUYEHUs, NMPUMEHEHHE B JAaHHOM cly4yae HEWHBA3MBHOTO METOJa
MIOOHOTpaMu - €AMHCTBEHHO BO3MOXKHBIH MeTo[. OJHOBPEMEHHO 3Ta HCCIIENOBATENbCKAs
pabora crocoOCTBOBaJla HAayYHO-TEXHUYECKOMY OCBOCHHMIO M Pa3BUTHIO CaMOTO METOJa
MIOOHOIpaMu B HMCTOPUKO-apXEOJOTHYECKOH OO0JIaCTM M cTaja SIPKOM JEeMOHCTpaluel ero
BO3MOKHOCTEH.

ITpenmerom n3ydyeHus B JAHHOM dKcriepuMeHTe ctanu 3nanus Llepksu [Toxsans! boxbei

Marepu u l{epkBu Beex CBATBIX, a TaK)Ke TEPPUTOPHUS MEXKIY HUMHU (PHCYHOK 7).

- S A -
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Pucynok 7 — Tepputopust Csito-Tpoutikoro Jlanunosa monactsips. Lludpamu Ha

KpacHoM (poHe 0003HaueHBI 00sacTh ucciaenopanuii: 1 — moasainel 3nanus Llepksu [ToxBams

boxbeit Matepu (IIIBM) 1 npuseratomasi TeppuTopHs; 2 — BO3MOXKHBIE OCTATKH CTApOro



¢ynnamenTa 3nanus Llepksu Beex CBATBIX; 3 — y4acTOK TEPPUTOPUH MEXKITY 3JaHUSIMU

uepkBei; 4 - Tpoutkuii cobop.

OnHolt U3 3a7a4 SKCIIEPUMEHTA, UMEHHO B PELLICHUH KOTOPOIl ObLIT ONpeAesstonMil BKIIaa
aBTOpA, CTaJIa MPOBEPKA METOUKH, KOHKPETHO, €€ YyBCTBUTEIBHOCTH K M3MEHEHUSIM KOJIMUECTBA
Marepuaia Ha MYTH MIOOHHBIX MOTOKOB, IPUXOJAIIUX C pa3HbIX HaNpaBleHUH. DTa MpoBepka
MPOBOMIIACH Ha BUIMMBIX apXUTEKTYPHBIX 2JIEMEHTaX Mo ABaTbHBIX mometeHui [IITBM. Ananus
pe3yJbTaTOB M3MEpPEHMil MOoKa3aj, 4TO HCIOJB30BaHHBbIE B padoTe JETEKTOPhl «YYBCTBYIOT»
MYCTOTHl (OBEPHBIE U OKOHHBIE MPOEMBI, MEPEXOAbl MEXIy MOMEUICHUSIMH) pa3MepoM OT
50x50 cM Ha oHE OKpYXkAIOUIMX CTeH Ha paccTosHUU 10-15 M. DTOT pe3yabpTaT HILTIOCTPUPYIOT
JTaHHBIE TeTekTopa 6, Haxoausiierocs B moasaie [IIIBM (pucynok 8, a). Ha pucynke 8, 6 mokazan
(dparMeHT pacmpeneneHuss Ynucia MIOOHOB, IMOJTYYEHHOIO B JIETEKTOpE, Ha KOTOPOM BBICTYIIBI,
OTMEYEeHHbIe IU(pamMH, COOTBETCTBYIOT HANpaBJICHUSAM Ha IMYCTOTHI, 0003HAYEHHBIM TEMHU K€

nudpamMu Ha pUCYHKe &, a.
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Pucynok 8 — a) I1nan yactu noxasaina L{IIBM, npocMaTpuBaemMoil 1eTEKTOPOM 6.
VYKa3aHbl JIy4H, IEPECEKAIONINE JJIEMEHTBI CTPOCHUS: 1 — mepexo U3 MaJIEHBKOIO IOJABaIbHOTO
noMelleHus B 0ombiloe, 2 —BX0 B nojsaibHblie nomemeHus L{IIBM, 3 — nepexox mMexny
MaQJICHBKMMH ITOBAJIBHBIMU ITOMEIEHUSAMH, 4 — OKHO B MAJICHBKOM ITOIBAJIBHOM ITOMELICHUH.
0) JIunuu ypoBHS, MOTy4YEHHBIE 110 TaHHBIM JIeTeKTOpa 6 /IJIsl HalpaBJICHUS «HA3aI».
He6onbumm nokaabHbBIM 00BEKTaM, THIIA IBEPHBIX UJIM OKOHHBIX IPOEMOB, COOTBETCTBYIOT

HeOOJIBIINE TUKY Ha JIMHUIX YPOBHA.

JlaHHBIE ApYTMX  JIETEKTOPOB  TaKKE  JIEMOHCTPUPYIOT COOTBETCTBHE  MEXAY
0COOEHHOCTSIMH X0J1a TMHUW YPOBHS U HAaIIPAaBJICHUSIMH Ha peabHble (hparMeHTsl 31annii. Huke

9TO COOTBETCTBHE MPOUILTIOCTPUPOBAHO JaHHBIME JeTeKTOpOB 4 (pucyHok 9) u 5 (pucyHok 10).



L) T T T L T T T T
180 200 220 240 260 280 300 320 340 360

Yron ®

6)

Pucynok 9 — Pe3ynbraT 3KCIO3UIIUH IETEKTOpa 4: a — CXeMa yCTAaHOBKH JIETEKTOpa; 0 —
JMHHUH YPOBHS, TIOJTyYEHHBIE 110 TAaHHBIM JICTEKTOpa JJIsl HAalpaBJIeHUs «BIiepen» (Iudpamu
MOKa3aHbl 0COOEHHOCTHU pacmpeseneHus); B — GpoTorpadus 1Bepr 1 MACCUBHOM JIECTHHUIIHI,
«YBUJICHHBIX» JIETEKTOPOM, HaXOAMBIIEMCS B [10/IBaJIe Ha INIyOuHe 3 MeTpa Ha pacCTOSHUU

MPUMEPHO 7 METPOB OT KOMHATHI 32 ABephIo (1) u ecTHuIb (2).

Ha pucynke 10 npeacraBieH pe3ysibTaT U3MEpEHUs MOTOKOB MIOOHOB JIETEKTOPOM 5 B
HanpaBiieHuu Hazaa. Ha pucynke 10, a mudpamu 1 1 2 0603Ha4eHbI OKOHHBIE TPOEMBI B TTO/IBAJIE
LIIBM, a Ha pucynke 10, 0 npuBenén pe3yiabraT 00pabOTKH AaHHBIX AETEKTOpa B MEPEMEHHBIX

tx, ty, roe 3T mpoémMel, 0003HAYECHHBIE TEMH XKe IUppaMu, YETKO BUIHBI HA THCTOTPaAMME.



teTY:t.eTX {np!>2} DetS

Entres 97445
Mean x 0.0266
Mean y 003523
SdDevx 02177
S Devy 03052
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Pucynok 10 — Oxonnsie npoémsl B nogBaiie LIIIBM, «yBuaeHHbIS» JETEKTOPOM S: a —
(dororpadust OKOHHBIX TPOEMOB, O — paclpe/ie]ICHIE TOTOKOB MIOOHOB B IIEPEMEHHBIX tX U ty,
nudpamu 1 u 2 ykazaHbl «CUTHAJIBD OT OKOHHBIX MPOEMOB.

Takum 00pa3oM, perucTpamus METOJIOM MIOOHOTpaduu HAOIIOMaeMBIX apXUTEKTYPHBIX
snemMeHTOB 31aHus [{IIBM mno3Bonuia NOATBEPAUTH COCTOATEIBHOCTH 3TOTO METOAA C
MPUMEHEHHUEM dMYJIBCHOHHBIX JICTEKTOPOB U IOCTOBEPHOCTh MOJTy4aeMOi HH(OPMAIHH.

Yb6enutenbHble pe3yJbTaThl, TMOJYyYEHHbIE OMNHMCAHHBIM METOJIOM ISl BUIUMBIX
CTPYKTYpHBIX (parmMeHToB 3nanus [{IIBM, nanm ocHOBaHWE MCIIOIB30BATh €r0 JJIS IOUCKA U
HCCIIEIOBAaHUS HEJOCTYMHBIX 00JacTed, TaKMX KaK CKPBITbIE YacTH MOABAIOB, HEU3BECTHBIC
3aXOpOoHEHMs1, ucropudeckue pynmameHTsl u T.0. C 3TOH LENbIO MpU JaTbHEUIEM aHaIN3e
JTAHHBIX OBLTM PACCMOTPEHBI MOMAapHbIE MEPEeCeUeHHs] CEKTOPOB 0030pa (Jydeil) NEeTEeKTOpOB,
3apETHCTPUPOBABIINX OCOOCHHOCTH Ha JIMHHUAX YPOBHS (BBITYKJIOCTH, COOTBETCTBYIOIIHE MEHEE
MJIOTHBIM 00JIaCTSM HUIIH BIIaIUHBI, COOTBETCTB YIOIIUE OoJiee MIOTHBIM 001acTaM). B pesynbrate
ObLIIM BbIAENIEHBI 00J1acTU, B KOTOPBIX MPEINOI0KUTEIbHO MOTJIM HAXOIUTHCS (parMEeHTHl C
aHOMAaJIbHOM MJIOTHOCTHIO.

Htorom skcrnepumMeHTa cTajio oOHapy>XeHUE B 3aMypoBaHHOHN vactu moxasaioB [[ITBM
JIBYX MYCTHIX KOMHAT U 3HAYUTEIBHOTO YIUIOTHEHUS (CTEHBI, TIEPETOPOIKH ) IO HAPABJICHHIO K
rJ1aBHOMY BXOJY B MOHACThIpb. OOHapy eH HEM3BECTHBIN BO3YXOBO/I HAa yPOBHE IIEPBOI0 dTaXKa
HIIEM. Ha tepputopun MmoHacTsipss Mexay 3naHusMu LIIIBM u [IBC BwIsIBIE€HBI TPH MOJOCTH,
MPOUCXOXKJICHNE W Ha3HAYeHUE KOTOPBIX MOXKET MPEJCTaBATh OOJBIION HWHTEpec s
JaJbHEHIINX apXeOJOrHYeCKUX U3bIckanui [21; 22]

B 3akiaoueHun cooOmaercs, 4ro B pe3ynbrare paboThl Haj AuMccepranueil Oblia
OCYIIECTBIICHA MOJICPHU3AIMS aMapaTHOTO W TPOrPAMMHOI0 OOECIEUYCHHSI CKaHUPYIOIIETO
komiiekca [TABUKOM ans oGecriedueHnsi BHICOKOTEXHOJIOTUYHOM 00paOOTKH 1 aHAIIK3a IaHHBIX
TPEKOBBIX JIETEKTOPOB ((oTorpaduueckor saepHOW SMyIbCHH U (OCHATHBIX CTEKON) MpPH

peamm3ai SKCIIEPUMECHTAJIbHBIX I/ICCJ'Ie)IOBaHI/Iﬁ B (1)I/I3I/IK6 QJICMCHTAPHBIX YaCTHUII.



ITpu ompenensromieM ydacTMM aBTOpa MOAECPHU3MPOBAH U BBEIEH B JACHCTBUE CAMBII
OonpIIoN ckaHupyromuii Mukpockon komiuiekca, [IABUKOM-1, nist ckanupoBaHus AaepHOM
smynbcun dkcriepumenTa SND@LHC. IIpoBenénnas moaepau3anus odecnednia KOPPEeKTHYIO
HAaCTPONKY CIIO)KHOW ONTHYECKOW CUCTEMBI U BO3MOXHOCTb B IOJHOM OOBEME BBIMOJIHSATH
CKaHMPOBAHHE SMYIIbCUN IKCTIEPUMEHTA U IEPBUYHYIO 00pa0OTKY JaHHBIX.

OCHOBHBIMHU pe3yJIbTaTAMU JTUCCEPTALUH SIBIISIFOTCSL:

1. YcraHOBKa HOBBIX alIapaTHBIX U MPOrPaMMHBIX MOZYJIEH yNpPaBJIEHUS IBUKCHUEM
MPELU3UOHHOIO CTOJIMKA aBTOMAaTU3UPOBAHHOI0O CKaHupyroiero Mukpockona [TABUKOM-I1 ¢
JIMara30HOM IEePEMEILEHHUSI CTOJIa B TOPU3OHTANIbHOMU mtockocTd 400 MM x 800 MMm.

2. VImnieMeHTaluusi HOBBIX QJITOPUTMOB CKaHUPOBAaHUS B IPOrPAMMHBIN MakeT Jyis
00pabOTKN SMYITBCHOHHBIX IUIACTUH OOJBLION TUIOMAAN U 00ECTIEYeHHS] X COBMECTUMOCTH C
tpeboBanusMu skcrepumenta SND@LHC.

3. Mopepuu3anus ckanupytomero kommiekca MIC1 B nmaGopatopum yHHBEpCUTETa
um. @enepuko Il (Heamonp) ¢ ycraHoBKOW W BBOAOM B JICHCTBHE HOBEUIMX JIMHEWHBIX
neuratenei V-412 xomnanum Pl, mno3BonMBIIAs YBEIMYUTH CKOPOCTh CKAaHUPOBAHUS
JIBYXCTOPOHHHX 3MYJIbCHOHHBIX IIEHOK co 180 1o 500 cM?/4gac.

4. Pazpabotka u wuHTerpanus B mnporpammusbiii naker [TABUKOM HoBoro momyns
KJIaCTepU3alli TPEeKOoB B  Qororpaduyeckoil sAEpHONH HOMYIBCHHU, OOECIEUHUBAIOLIETO
3pPEeKTUBHYIO MEPBUYHYIO 00pabOTKY JaHHBIX MPH YBEIMYEHHOM I10J€ 3PEHHS U CKOPOCTH
CKaHMPOBAHMSL.

5. Unentudukanus TsSHKEIbIX HOHOB B AeTekTopax u3 ¢ochatHoro crexkiaa KHOC-3 mo
FEOMETPUYECKUM M IUHAMHYECKUM XapaKTepUCTUKAM TPEKOB.

6. Buenpenue st MIOOHOTpaUUYECKUX M3MEPEHUN HOBOW METOAMKU IOJATBEPIKICHUS
COCTOSAATENIbHOCTH  BBIOPAHHBIX TEXHUUYECKUX PpEHIEHUH M JOCTOBEPHOCTH MOJYyYEHHBIX
pe3yJIbTaTOB Ha OCHOBE MOJIYYEHHBIX YTJIOBBIX paCpeesIeHU TOTOKOB MIOOHOB JIJIsl U3BECTHBIX
apXUTEKTYpHBIX 3yeMeHTOB 371aHus LlepkBu IloxBansl boxbelt Marepu B CBsTo-Tponnkxom
JlaHWIIOBOM MOHACTBIpE.

7. CxkaHupoBaHME€ M TEPBUYHBIM aHAIM3 JIAHHBIX TPEKOBBIX JIETEKTOPOB
(bororpaduueckoit smepHON SMyIbCcHU U (GocPaTHBIX CTEKOJ) HAa MOJECPHU3UPOBAHHOM
koMmiiekce ITABHUKOM ¢ nmpuMeHeHHEM HOBBIX NMPOrPaMMHBIX M aHAIUTHUYECKUX METOJOB

00paboTKH.
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