Jlexuuu no 1ucUUIUIMHE
«ndpoBrie TEXHOIOIMH B MATEPUATIOBEICHUM »

Tema Nel
Pa3zButne nudpoBoro MmaTepuaioBeIcHUs

[ToBcemecTHast ¢ POBU3AIIHSI 3aTPATUBAET BCE HOBBIC CEPHI JKU3HU M TUKTYET HOBBIN IMTOJXO/
K pe3ynbTataM Hay4HO-HCCIIEIOBAaTENbCKUX pa3paboTok. B  crmoxuBmmxcst oOcCTOsATENbCTBAX
HEOOXOAMMO pacIIMpsATh TOPU30HT (OPMUPOBAHUSA M PA3BUTHUS LUPPOBBIX TEXHOJIOTUH, BBISBIATH
YCII€IIHO BHCAPCHHBLIC MPAKTUKH, TUPAKHUPOBATH UX. (DYHI[aMCHTaJ'II)HI)Ie HAaY4YHBIC MCCJICJOBAHUA U
KOHLIENTyaJlbHbIE Pa3pabOTKM 3aTPOHYIM 00JacTh MOJEIMPOBAHUS HOBBIX MAaTEpPHAIOB C
NEePCIeKTUBHBIMU CBOMCTBAMHU U MHCTPYMEHTHI M (PPOBOT0 MaTEpUaIOBEICHUSI.

HudpoBoe maTepuaioBeleHUE CETOAHS — ATO HayKa, OOBEAMHSIONIAs MaTEepHAIOBEIECHUE U
BBIYHUCIIMTCIIbHBIC MCTOAbI JJII UCCIICAOBAHUS U IMIPOCKTUPOBAHHA HOBBIX MAaTCPHUAJIOB. I/ICCJ’IC}IOB&HI/IH
IPOBOJATCS MO HANPaBJICHUAM pPa3padOTKH HOBBIX MaTEpUaNIOB, YIYYIIEHHS CBOMCTB MaTEpHaIOB,
U3y4EHHs CTPYKTYpbl MATEpHAJIOB HA aTOMHOM YPOBHE M IIPOTHO3MPOBAHUE TTOBEJCHUSI MaTEPUAIIOB B
JKCTpEMAJbHBIX YCIOBHAX. VM3ydeHue CTpyKTypbl, CBOWCTB M IIOBEICHUS MaTEpUAIOB Ha
MOJICKYJIAPHOM U aTOMHOM YPOBHEC MPOUCXOAUT C UCIIOJIb30BAHUECM KOMIILIOTCPHOI'O MOACIIMPOBAHUA,
CUMYJSIIMKM MW aHaJIM3a JaHHBIX. KOMHBIOTCpHOG MOACIMPOBAHUC W CHUMYJIALUKU TIOMOIraroT
HpeCKa3blBaTh CBOWCTBA M IOBEICHUE MAaTEPUANIOB 10 MX (DU3UUECKOrO CO3JaHUS, YTO IO3BOJSCT
YCKOPHUTH MpOIEecC pa3paOOTKH HOBBIX MaTEpHAJIOB M COKPAaTUTh 3aTpaThl HA MX TECTHPOBAHHE.
B03MOXHOCTh MOIEIUPOBAHUS M3MEHEHHMH TaKMX XapaKTEPHUCTUK MAaTEepUajoB, KaK IPOYHOCTb,
3JIACTHYHOCTH, TEIIONPOBOAHOCT W IIP., CIHOCOOCTBYET CO3JaHHMIO OoJee MPOYHBIX M JIETKHX
MaTepUasoB /I aBUAIIMOHHOW M aBTOMOOMJIBHOM MPOMBIIIJIEHHOCTH, MOBBIIIEHUIO 3(()EeKTUBHOCTH
COJIHEYHBIX OaTapei. CUMyJISITOPBI TIO3BOJISIOT HCCIIEIOBATEISIM U3y4aTh U OIICHUBATh BO3/ICHCTBUE HA
MaTepuajibl BBICOKHX TCMIICPATYP, BLICOKOI'O AAaBJCHUA HWJIM XHMHYCCKUX BCIICCTB, IIOMOras B
pa3pa60TKe HOBBIX MATCPHUAJIOB, BBIACPKHUBAIOMIUX OKCTPEMAJbHBLIC YCIOBHUA JI1 IIPUMCHCHUA,
HalpuMep, B a9POKOCMUYECKOI, SHEpreTHuecKoi otpacisix. TexHomorus paboThl 10 CO3/1aHUI0 HOBBIX
MaTepuasoB BKIIOYaeT HECKOJbKO 3TanoB (Tadbuuna 1).

Tabmuna 1 — DTanbl co3aHus HOBBIX MaTEPHUAJIOB

Oran HaumenoBanue OCHOBHBIE JEHCTBHUS
Jramna
Ortanm  mpeamojiaraeT  HUCMOJb30BAaHUE  DKCIEPUMEHTANBHBIX  JIAHHBIX,
1. C6op naHLIX 0 MOJly4EeHHBIX B pe3ysbTaTe JAa0OpPaTOPHBIX HWCIBITAHWN, a TaKKe JTaHHBIX
Matepuarax MPEABITYIINX UCCICTOBAHNMN, CHMYJISIIIAN 1 MOACIUPOBAHMS
Coznmanue Jns aHanu3a ¥ U3y4eHHS] MATEPUATIOB CO3JAIOTCSI KOMITBIOTEPHBIC MOJIEIU
2. KOMITBIOTEPHBIX CTPYKTYpbI MaTepuraa, BKIIIOUasi aTOMbI, MOJIEKYJIbI U UX B3aUMOJICHCTBHE
Mozeen
Kowmmpsroreproe [TosBNIsIeTCST BO3MOYKHOCTH TPOBOAWTH DKCIEPUMEHTHl W aHAIM3HUPOBATH
3. MOJICJIMPOBAHUE U | TTOBEJACHUE MATEPUAJIOB MPHU PA3IMUYHBIX YCIOBHUSIX, HApUMeEp, U3MEHEHUE
CUMYJISIITUI TEeMIepaTyphl, JIaBJICHUS U JIPYTUX BHEITHUX ¥ BHYTPEHHUX (haKTOPOB
Ha stane mpoBosaTCs BEIMUCIICHUS (PU3UUYECKUX CBOHCTB MaTepHaJIOB, aHAIIN3
4, AHaim3 JaHHBIX CTPYKTYpBI, U3yUeHHE B3aWMOJEHCTBUS MEXAY aTOMaMHd M MOJEKylIaMH, a
TAKXE BBISIBIICHHE 3aKOHOMEPHOCTEN U TEHACHIIUM
B Pesynmbrarel, MmodydeHHBIE B XOJE MPEABIAYIIMX 3TaloB, IODKHBI OBITh
AIIAHA 1 MPOBEPEHBl W MOATBEPXKICHBI OKCIEPUMEHTAFHO, YTO IMpeAroiaraer
5. | BKCIIEpUMEHTAIbHOE N
- npoBeneHre PU3NIECKUX UCTIBITAHUN U TECTUPOBAHUE MATEPHAIIOB B PEATbHBIX
YCIIOBHUSAX
OnTtuMuzanuys u [Tocne Banunaruu pe3yabTaToOB UCCIEIOBAHUS, TOTYUCHHbIC 3HAHUS U JJAHHBIC
6. JanbHeuIIee MOTYT OBITh WCHOJB30BAaHBI JUIS ONTHMH3AIMA CBOWCTB MaTepHaioB,
HCCJIEI0BaHUE pa3paboOTKH HOBBIX MaT€pPUAJIOB HMITU JIJIS TAJBHEHIIIETO MCCIISIOBAHHUS




['maBHOE€ BHMMaHHME HCCIIEIOBATE]IC HANpaBIEHO HA TaKWe TPEHAbl B OTPACIU HOBBIX
MaTepUaIoB, KaK CaMOBOCCTAHABIMBAIOLIUECS, CYNEPKOHCTPYKIMOHHbIE MaTepuaibl, Lu(poBbIE
[acrnopTa MaTepuaioB U CO3/laHuE UH(PPaCTPyKTYphl YCKOPEHHOH pa3paboTku MaTepuainoB. Co3znatorcs
MaTepuaibl, KOTOPbIE CIIOCOOHBI CAMOBOCCTAHABJIMBATHCS, a ATO 3HAYUT, YTO HKpaH MOOHIIBHOTO
tenedoHa He OyIneT TpeckaThCs MpU MAJCHHUU, a HeyJayHas MapKoBKAa aBTOMOOWIS HE MPHUBENET K
nmoe3lke B aBTocepBUC. PaspabarbiBaroTcsi OOJErdeHHbIE MaTepuainbl — YIIEpOJAOHANOIHEHHbBIC
Marepuaibl Ha ocHoBe HOBbIX cBsBytommux [I90K, IIDKK wu np., Tak Has3piBaeMmble
CYNEpPKOHCTPYKLIMOHHBIE TEPMOILIACTBI, KOTOpbIE€ 3HAYMTEJBHO Jerde, 4YeM TpaJuLHOHHbIE
KOHCTPYKIMOHHBIE MaTepHaJbl CTallb, TUTAH WIM ATFOMUHUN. J{JI1 aBHAallMOHHOM IPOMBIIUIEHHOCTH
BHEJIPEHHE TAKUX MAaTEpUAJIOB MO3BOJIUT CHU3UTh CTOMMOCTb I'OTOBBIX M3JIE€NUHM 3a CYET COKpAILEHUs
KOJIMYECTBA KOMITOHEHTOB, YBEIUYUTh MEXKCEPBUCHBI MHTEPBAJ OOCITYKHMBaHUsS, CHU3UTHh BHIOPOCHI
yriekucioro rasza. Co3gaHue W MCHONB30BaHME IU(PPOBOrO MACIOPTa MATEPHAIOB — 3JIEKTPOHHOTO
JIOKYMEHTa, COAepXKallero HH(GOpPMAIMIO O CBOMCTBAX M XapaKTEPUCTUKAX KOHKPETHOTO MaTepuaa -
MIOMOTa€eT YJIyUYLIUTh KA4€CTBO U HAaJIKHOCTh MAaTEpPHAJIOB, YIPOCTUTh IIPOLIECCH KOHTPOJIS KauecTBa U
NOBBICUTH 3¢ (dekTHBHOCTS TMpou3BoacTBa. B Poccum nudpossie macmopra MaTepualioB aKTUBHO
pa3pabaThIBAIOTCS M BHEAPSIIOTCS B TAKUX OTPACIAX, KaK METaJLTyprusl, XUMHUYECKas IPOMBILIUIEHHOCTb,
CTPOUTEILCTBO U JIPYyTHUE.

OueBunHO, uTo B Poccun nudpoBoe maTepraioBeqeHIE UMEET OTPOMHBIN MMOTEHLHAN, OAHAKO
OCTAaHOBMMCSI Ha CYILIECTBYIOIIUX Oapbepax U orpaHu4eHusX. K HUIM MOXHO OTHECTH HEI0CTaTOYHBIH
WIA HU3KUH ypOBEHb LU(POBOr0 MOAEIUPOBAHMS C IMPUMEHEHHEM CYIEPKOMIIBIOTEpOB Ha 0aze
MCKYCCTBEHHOT' O MHTEJIIEKTa, OXBAaT (DyH/IaMEHTAIbHBIX HCCIEIOBAaHUI WM YPOBEHb aBTOMATHU3AIINH U
pobOoTH3aMK TPOU3BOJCTBEHHBIX TEXHOJIOTHI, KPOME TOT0, HEXBATKy MJIM OTCYTCTBUE YHHKAIbHOTO
HAy4YHO-TE€XHOJIOTMYECKOro 000pyIOBaHUs U IUIOLIAeil, KOMIIETEHIMII MUPOBOrO0 YPOBHS B 00J1acTH
XUMHUH, MEXaHUKU BEUIECTB HA HAHO-ME30YPOBHE, IOHUMAaHUS HYK/I IPOMBIIIECHHOCTH HAa TOPU30HTE
CTPAaTErn4eCcKoro MIaHUPOBAHMS.

[MudpoBoe MarepuanoBeneHne B Poccum — 3TO OTHOCHUTENBHO HOBas HCCIENOBATENbCKas
o0macth, KoTopass oObEAMHSET B ce0e 3HAHHMS M METOJbl MaTepHalOBEJICHUS C HCIOJIb30BAHUEM
COBpeMEeHHBIX HU(DPOBBIX TexHOoNOrui. OCHOBHBIC HANpaBIEHUS HCCIEIOBAHUN B ITOM oOIacTw
BKJIIOYAIOT B ce0sl pa3pabOTKy HOBBIX METOJIOB M MHCTPYMEHTOB [JIsl aHAlIW3a U MOJETHUPOBAHUS
CBOWCTB MaTepHaioB, CO3/1aHNue 0a3 JaHHBIX U HHOOPMALIMOHHBIX CHCTEM JJIsl XpaHEHUsI U 00pabOTKH
MaTepuanioBeaueckoi HHPOpMaINH, a TaKkKe MPUMEHEHHE HCKYCCTBEHHOI0 MHTEIJIEKTa U MaIIHHHOTO
oOydeHHMsl [JIs pelieHus 3anad  martepuanoBefeHus. K mmuepam, pas3paOaThiBalolluM HOBBIE
TEXHOJIOTHYECKUE PELICHUS JJIsl Pa3BUTUs HAYKOEMKHX OTpPACIEH, MOKHO OTHECTH TOCKOPIIOPALUIO
PocatoM u psn Apyrux NPOMBIIIJIEHHBIX YW WHHOBALIMOHHBIX MPEANPHUSATHH, HCCIEI0BATENhCKHE
uHctutytel PAH — WHctutyr MammHoBeneHuss uMm. A.A. braronpaBoBa, MHCTUTYT mnpoOiem
XUMHUYECKON (HU3UKH, Cpean 00pa3oBaTEeNbHBIX YHHUBEPCHUTETOB — MOCKOBCKUN TOCyIapCTBEHHBIN
TeXHHUYeCKui yauBepcuteT uM. H.D. baymana, Cankt-IlerepOyprckuii oI TEXHUUECKHH YHUBEPCUTET
[Terpa Bemukoro, Cankr-IleTepOyprckuil rocy1apcTBEHHbI MOPCKOW TEXHUYECKHI YHUBEPCHTET,
JanpHeBOCTOUHBIN (enepaibHbIil yHUBEpCUTET U ap. [lepen uccnenoBaTensiMu CTOUT 3a/1a4a CO3/IaHUS
NOJXO0/a K TPOEKTHPOBAHUIO, Pa3pabOTKe U IPUMEHEHUIO HOBBIX MAaTEPHUAJIOB U BELIECTB. J{J1s1 pereHus
3amaun Obul chopmupoBaH lLlentp kommerenuumii HTU «lludpoBoe maTepuanoBencHUE: HOBBIC
MaTepuaibl M BEIIECTBa», BBICTYMAIOIIMN ApaliBepoM pa3BUTHS HU(GPOBOro MaTepuajoBEICHHUS B
Poccun.

Bonpmioit moTreHnman 3ajoxeH B UU(PPOBOM MaTepHaJOBENCHHH, 3aKIIOYAIONIUNCT B
COKpAIllEHNHM BPEMEHHM M PAacXOJI0B Ha MCCIIEAOBAaHUS HOBBIX MAaTEPHAIIOB, YIYYIIEHUH UX CBOWCTB U
co3ganuu Oojee IPGEKTHUBHBIX TEXHOJIOTMH TPOM3BOJCTBA. YK€ CErofHs JOCTWKECHUS B
MaTepUATOBEACHHH B JIOMOJHEHUH C HOBBIC IHU(PPOBBIMH WHCTPYMEHTAMH U SI3BIKAMU TIO3BOISIOT
00O0WTH OrpaHUYCHUS MTPOSKTUPOBAHUS U CIOCOOCTBYIOT PA3BUTHIO COTPYAHUYECTBA MEXK Y HAYIHBIMU
U TIPOMBIIUICHHBIMUA OpraHU3allMsIMH, UYTO OOECIIEUYMBAECT IMOBBINIEHNE KOHKYPEHTOCIIOCOOHOCTH
POCCUICKONM MPOMBIIIJIEHHOCTH.



Tema Ne2
Hentp xomnerenunit HTU «L{udposoe maTepranoBeseHne: HOBbIE MaTEpHalIbl U BELLIECTBA»

Ientp xommerenuumii HamumonaneHoi TtexHonormueckoit wmuunuatussl (HTU) «udposoe
MaTepUaTOBEACHUE: HOBBIE MaTepualibl UM BellecTBa» Ha 0aze MOCKOBCKOT'O TOCYIapCTBEHHOTO
TeXHUYECKOTro yHHBepcutera wuMeHu H.D. baymana (HanuoOHaJdbHBIA  HUCCIEAOBATENIHCKUN
yauBepcuteT). KimroueBoit 1enbio paboThl pactpeneineHHoro LleHTpa sBisercs co3gaHue HOBOTO,
u(ppoBOro Moaxona K «ObICTPOMY» U «CKBO3HOMY» MPOEKTUPOBAHHUIO, Pa3padOTKe, UCHBITAHUIO U
MPUMEHEHUIO HOBBIX MAaTEPHAJIOB U BEIIECCTB.

eau u 3agaun:

B HayuyHO-HMcCClIEIOBaTEIbCKOM  HaIpaBJICHUU: CO3/aHME  KOHCTPYKIMOHHBIX U
(GYHKIIMOHATIBHBIX MAaTEPHAJIOB HOBOI'O TIOKOJIEHUS, IU(QPOBBIX JIBOWHHUKOB, MAaTepuaIoB U
KOHCTPYKIIMH Ha HMX OCHOBE, pa3pabOTKa TEXHOJOTMW MOJYYEHUsS HOBBIX MATEPHUAJTOB M BEIECTB,
CO3/IaHME U HaIlOJIHEeHUe IU(POBOil 0a3bl JaHHBIX 1O CBOMCTBAM MaTEpPHaOB U BELECTB.

B o6pa3oBarenbHOW neATeTbHOCTH (QOPMUPYETCSl BBICOKONpPOQecCHOHATbHBIN KaIpOBBIT
pe3epB A HYX/1 LU PPOBOH YKOHOMUKHU, O TUMHU3UPYIOIIUI KIIFOYEBbIE U 0CO00 OTBETCTBEHHBIE ATATIbI
TEXHOJIOTMYECKHUX IMPOI[ECCOB, YIYUIIAIOMMA MokazaTenu 3(G(EKTUBHOCTH U PEe3yJbTaTUBHOCTH HE
TOJIBKO OT/AENbHBIX MOJIPa3eIeHUu, HO U MIPEATPUSTUN B LIEJIOM.

B un¢pactpyktypHoMm  HampasieHuu — pabotel  Ilentpa HTU  Oyayr  cozpaHsl
CrelHaM3UPOBaHHbIE J1a00OpaTOpPUH, HaydHO-00pa3oBaTelbHbIC MoApasaeneHus LleHTpa kak [Is
MOJTOTOBKM HOBBIX CHEIHAIMCTOB JJIsS pealibHOro OM3HEca, TaK M MEPEernoATrOTOBKH CYLIECTBYIOIIUX
COTPYIHHUKOB.

Peanu3zanus moctaBiaeHHBIX LEJEd W 3ajlad NPUBEIET K CO3IaHUI0 HOBBIX BUAOB MPOAYKIUH
W/WIM  yCIIYT, OCHOBAHHBIX TJIABHBIM 00pa3oM Ha MPUMEHEHUH TEXHOJOTMUYECKHX pEeIICHUH,
paspaborannbix LleaTpom HTU B criexyronmx oTpaciasix 1 CEKTOPax SKOHOMUKH: B OTPACIIU SHEPT €THKU
(HTU «Ouepmxunet); B 6momenuuune (HTU «Xencuer»); B aspokocmuueckoir otpacan (HTU
«AspoHeTr»); B oTpaciu cyno- u apromodmnectpoenus (HTU «Mapuner» u «ABTOHET»); B 00IacTH
ugpposoro npoektupoBanus (HTU «TexHeT»); B CTpPOUTENHHOM OTPACITH U T.1I.

bonpmass vacte mnpoektoB lleHTpa He mHpuBsA3aHAa K OAHOM CYIIECTBYIOIIEH OTpaciu, a
OpUEHTHPOBAHA Ha Pa3BUTHE U NMPUMEHEHNE B HECKOJIBLKUX OTPACISAX Cpa3y, HapuMmep, pa3paboTKu B
00J1acTU TEPMOIIACTUYHBIX MTOJIMMEPOB U U3EIUN Ha UX OCHOBE.

Pe3yabTarsl 1€ATEIHHOCTH:

OcnoBHas 3anaya llentpa HTU 310 pa3zpaboTka moaxo0B K MUPPOBOMY MaTEpUaTIOBEICHUIO -
nporpamMMmHo-anmnapatHoro komriekca (IIAK), o6ecneunBaroiiero xpaHeHne JaHHBIX O MaTepuaax u
TEXHOJIOTHSIX UX MOJIY4EHUsI, CHHTE3a, IepepadOTKH, KOMIIbIOTEPHOE MOJIETHUPOBAHIE MATEPUATIOB U UX
WCIBITAHUM, a TaK)K€ CUCTEMBbl IPOrHO3MPOBAHMS CBOWCTB HOBBIX MarepuasnoB. Bce npoektsl LlenTpa
YUHUTBHIBAIOTCS KaK COCTaBHbIE A1eMeHThI JaHHOro [TAK.

Pa3paGorana cucremMa TPOYHOCTHBIX pACYETOB AHU3OTPOMHBIX MatepuasioB. Co3man
nporpaMMHbIid Monyib “LludpoBoil ABOMHUK® MaTepHasioB, MO3BOJSIONIMA TPOBOAUTH PaCUEThI
METOJIOM YHCIICHHOTO MOJEIHPOBAHMS MU(PPOBBIX JBOWHUKOB PEANbHBIX M3ICIUNA U3 aHU30TPOITHBIX
(MpeuMyIeCTBeHHO, KOMIIO3UIIMOHHBIX) MaTepUajoB, YTO MO3BOJMUT pelIaTh IIUPOKUNA KPYr 3aaad
MEXaHUKHU (CTaTUKH, AMHAMUKH), TEPMOMEXaHUKH, CBA3aHHBIX 3aJa4d, ONTUMM3ALUU CTPYKTYpPbI
kommo3uTta. IlpuMeHeHHe Moayist «UU(PPOBOH JTBOMHUK» MaTEpUAIOB CMOXET O00ECIIeUnBaTh
CHUKCHHE BPEMEHHBIX, (PMHAHCOBBIX, MAaTEPUAJIbHBIX, HHBIX PECYPCHBIX 3aTpaT HA MOPSAO0K U Ooiee,
YTO 0OECMEUHT MOCTAaBKY MPOAYKIMU ¢ KOHKYPEHTHBIMH XapaKTEepPUCTUKAMU B KpaTyalilie CPOKH B
3aBUCUMOCTU OT BO3HUKAIOIIEH KOHBIOHKTYPHI Ha T100aJIbHOM BBICOKOTEXHOJIOTUYHOM PHIHKE.

Pazpaborana 1udpoBas TEXHOJOTHs aBTOMATH3MPOBAaHHOTO TOAOOpa cocraBa U
MPOTHO3UPOBAHMSI  CBOMCTB  TMOJYMPOBOASIIMX  MATpPHUI, O00ECNEYMBAIOIINX  BO3MOXKHOCTb
CaMOPETYJIALIMKA DJIEKTPOCONMPOTUBIICHUS, UIsI CUCTEM O0OrpeBa pa3JM4HOro Ha3zHaueHuUs. JlaHHas
TEXHOJIOTHSI MO3BOJMUT COKPATUTh CTOMMOCTH pa3pabOTKH, KaK CIEACTBHE COKpPAILEHHUS KOJINYEeCTBa
W3rOTAaBIIMBACMBIX OMBITHBIX 00PA3Il0B U X UCIBITAHUN, COKPATHTh BPEMS Ha pa3padoTKy HOBO# U \vin
MOIU(HUKAIUIO CYHIECCTBYIOMIEH pEHEnTypbl Js H3TOTOBJICHUS TOJUMEPHOW MOIYIPOBOISAIICH



MaTpULbI U1 OAHOPOAHBIX CHCTEM 3JIEKTPOOOOrpeBa MU POKOro Kpyra ObITOBOro Ha3HaueHus. Bee ato
COKpaTUT BpeMs C Hauyajga pa3pabOTOK 10 CEpUHHOro BBINYCKAa, aJalTUBHOCTh MPOAYKLHU K
TpeOOBaHUSAM pBIHKA, CHU3UT CEOECTOMMOCTH BBITYCKA€MOW MNPONYKUUM 3a CHET ONTHUMH3ALUU
KOMITOHEHTHOI'O COCTaBa UCIOJIb3YEMbIX MATEPUAJIOB.

[IpoekTsr:

«udpoBas cucrema OLEHKH KauecTBa CBAPKH CTajlel» - IEJEBBIM PE3yJbTaTOM peasIn3alliu
IPOEKTa CTaHET MHTEPAaKTUBHAS CHCTEMa MPEIUKTHBHOTO HHU(POBOTO IBOMHMKA MOJEIUPOBAHUS U
IIpOrHO3a  TOKa3aTeJled  KayecTBa  CBApUBAEMOCTH  CTajeil, IPUMEHAEMBIX IIPU  CBapkKe
KPYNHOTra0apuTHBIX M3J€IMH TpH MPOU3BOACTBE OTBETCTBEHHBIX W3JAENHIl, B TOM 4YHUCIE
HSHEPreTUYECKOro ¥ AaTOMHOI'O MAIIMHOCTPOCHHUS.

«Matepuanbl CEIEeKTUBHOIO Ja3€pPHOIO IJIABICHMS» - LEJIEBBIM PE3yJbTaTOM peajM3aluu
npoeKTa OyAeT CO3[aHuEe MHTENJIEKTyaJbHOU 0a3bl JaHHBIX CBOMCTB MaTEpUasOB, MOJIyYEHHBIX IO
TEXHOJIOTMH CEJIEKTUBHOTO JiazepHoro miasieHus (SLM) Ha 6a3e cnenuann3upoBaHHOTO IPOrPaMMHO
— anmapaTHOro KOoMILIeKca, obecrneunBaroniero coop, XpaneHue, o0padoOTKy JaHHBIX, B TOM YHCIIE, C
IIOMOIIBIO AJITOPUTMOB HCKYCCTBEHHOIO MHTEUIEKTa M MO3BOJISIIOLIEH INPOrHO3MPOBATh CBOMCTBA
IIOJy4YEHHOI0 MaTepHuajla B 3aBUCUMOCTH OT COCTaBa MCXOJHBIX KOMIIOHEHTOB M TEXHOJOTMYECKHX
PEKUMOB.

«Hoseie 2D3D IIKM Ha ocHoBe rpageHa» - B HACTOSILIEM NPOEKTE MPEAIOIaraeTcsi peluTh
HECKOJIbKO 3aJ1a4 B 00JIACTH CO3JaHUSI KOMITO3ULIMOHHBIX MaTEPHAJIOB C ydacTueM rpadeHo -11oJ00HbIX
MmaTepuanoB (okcua rpadeHa, BOCCTAHOBJIEHHBIH OKcHJ rpadeHa, MHOTOCIOIHbIE TpadeHbl uim
TOHKOCIIOWHBIE Ipa)uTOBbIE HAHOIIACTUHKM). OJTHUM U3 MPUMEPOB MPOAYKTa OYyJIEeT KOMIO3UTHBIN
cOpOEHT Ha OCHOBE OKcuaa rpadeHa — cynepruipodoOHbIii a3porens A1 OUUCTKU BOJBI U BO3yXa OT
OpPraHUYECKUX 3arpsA3HECHUN.

«AIIUTUBHAs TEXHOJOTMM [JIsI KOCTHBIX HMIUIAHTOBY» - MpeAJiaraeMblii KOMIUIEKC Mep
BKJIOYAET pa3pabOTKy METOAOB MOIy4EHHs BCEX KOMIOHEHTOB, HEOOXOAUMBIX JIJIsl CO3AaHUSI U3/1eIHs
(comonumep ruAPOKCUKUCIOT, HAHOPa3MEPHBII MUHEPAIbHbI HATIOJIHUTENb, ONOJIOTHYECKU -AKTUBHOE
MOKPBITHE) B BHJIE JTAOOPATOPHBIX PETIIAMEHTOB, a TAKXKe TEXHOJIOTUH MOTYUYCHHS OCTEOMHTYKTHBHOT O
KOMIIO3UTHOI'O MaTepHaa, TeXHoJa0ruu 3D-neyaTu ¢ Mcnoib30BaHUEM 3TOT0 MaTepHalla U TEXHOJIOTUU
HAHECEHHUs JIBYX BUJIOB MOKPBITHH — MpeqoTBpallaoniero oopasoBane OUOMIEHOK U KEPaMUYECKOT0
C aKTUBHBIMHU (papMCyOCTaHIIUSIMH.

«JlazepHblil yIbTpa3ByK» - ILENEBBIM Ppe3yJbTaTOM peaTu3alllKi IMPOeKTa OylIeT SBISATbCS
pa3paboTka MeTOAa aBTOMATH3MPOBAHHOTO YJIbTPa3BYKOBOTrO Hepaspymatomero koHtpois (HK)
JeTajieil M DJIEMEHTOB KOHCTPYKIMH M3 MOJMMEPHBIX KOMIO3ULMOHHBIX MaTepuanoB (IIKM),
MOJyYEHHBIX C IOMOIIbIO aJJUTUBHBIX TEXHOJOrMil. IHHOBAalMOHHAs TEXHOJOIHUS YJIbTPa3ByKOBOI'O
KOHTpPOJIsI OyAeT peajan30BaHa ¢ MCIIOJIb30BaHUEM aBTOHOMHOI'O CKaHepa-Ie(eKTOCKomna, ClioCOOHOro
IepeMelaTbCd B Pa3IMYHBIX IPOCTPAHCTBEHHBIX IIOJOKEHUSAX M0 IIJIOCKMM HEMarHUTHBIM
IIOBEPXHOCTSIM U IIPOBOAMTH HEpa3pylIaOUMK YIbTPa3ByKOBOH KOHTPOJIb MOHOJIMTHBIX W3JEIHN U3
[TKM.

«TepmornnacT» - mpoekT OblI 3aBepied B 2022 roay U HampaBiieH Ha pa3pabOTKy HECKOJIbKUX
HOBBIX HEpa3pbIBHO CBSI3aHHBIX TEXHOJOTMH B TAaKMX BBICOKOTEXHOJIOTMYHBIX  OTpPacisix
MPOMBIIIJICHHOCTH KaK CHHTE3 HOBBIX TEIUIOCTOMKHX (TemmepaTypa skcryatanuu 200-250°C)
KOHCTPYKLMOHHBIX IIOJIMMEPOB, CO3[JaHHE BOJIOKHOHANOJHEHHBIX (TKAHEBBIX) KOMIIO3UIIMOHHBIX
MaTepUaloB U IPOU3BOJACTBO KOMIIO3MLIIMOHHBIX M3IEIUNA 10 TNPOrPECCUBHOM TEXHOJOIMH C
IPUMEHEHUEM TEPMOIIACTHYHBIX IIPENPEroB.

«ApMaTypa» - OCHOBHBIMHM 3aJladyaMH IPOEKTa SBJSIOTCA: MHUHHUMHU3ALUS PacXoJ0B Ha
TEXHOJIOTMUYECKYI0 OTpabOTKY M3MEHEHHOW TEXHOJOTMH, PELENTyphl, OTIAEIbHBIX TEXHOJIOIMYECKUX
[apaMeTpoB 3a CUET MPEABAPUTEIBHOIO IPOTHO3MPOBAHUS PE3YJbTATOB IPU IOMOIIM CO3JaHHUA
IpeIBAPUTENbHBIX IU(PPOBBIX MOJENEH MPOAYKTa, BUPTYAIbHBIX HUCIBITAHUH M T.1., UCKIIIOYECHUE
YeJIOBEYECKOro (hakTopa B KOHTPOJIE TEXHOJIOTMYECKUX MAapaMeTpoB IMpOLecca BHITYCKa MPOAYKIUH,
ONTUMM3ALMS TPOU3BOICTBEHHOIO IPOLECCa B pa3pe3e BO3MOKHOCTH KOHTPOJIS B PEKHUME «OJHOTO
OKHa».



«CHOXHBIM KOMITO3UT» - MPOEKT ObLT 3aBepineH B 2022 roay. DTo HOBBIM THUI TIpedopM Ha
OCHOBE HETKaHOW TPEXMEPHON CTPYKTYPHI, ITO3BOJISIOIIEH OBBICUTH (PU3NKO-MEXaHUUECKHE CBOWCTBA
kommo3uta. [IpoekT BKirovaeT pa3paboTKky 000pyAOBaHUS ISl CO3aHUS HETKAHBIX CTPYKTYp npedopm
C IPOCTPAHCTBEHHBIM aPMHUPOBAHMEM M MAaTEMAaTHYECKHE MOJEJH, MO3BOJISIOIIME IPOrHO3UPOBAThH
CBOICTBAa KOMIIO3UTOB, CO3/IaHHBIX Ha OCHOBE IpeopM TaKoro Tuma.

«IIponuTkay - mpoekT ObLI 3aBepiiieH B 2022 roay v HampaBJieH Ha BHEAPCHUE HHHOBAIIMOHHOM
TEXHOJIOTUM TPONMUTKUA U aHajiu3a NPOYHOCTH KOMIIO3UTHBIX wu3aenuil. lLleneBsiM pe3ynbTaToM
peanu3aluu MpoekTa OyaeT SBIAThCSA pa3paboTka IUGPOBOI MOJENN TEUYEHHs CBS3YIOLIEro Mpu
dopmoBanun uzgenuit u3 IIKM  wmertomamm mnponutku. Ilpennmaraemoe pemieHue 3aMeHseT
TPaJUIIMOHHbIE TEXHOJIOTUM B CYIIECTBYIOIIMX M BHOBbH CO3JaBaeMbIX IpoIleccax MPOU3BOJICTBA,
yrporast pa3paboTKy mpedopM U3IeNuil CI0KHON T€OMETPHH W/HIIM CIOXKHBIX CXEM apMHUPOBAHHS U
MOBBIIIEHNS CKOPOCTH OCBOEHMSI TEXHOJIOIMH U3TOTOBJIEHHSI HOBBIX M3/1EIUM, KaueCTBO (CTAOUIBHOCTh
U TIPEJCKa3yeMOCTh) IMpOIEecca MPOMUTKH, TOYHOCTh MPOEKTHBIX PAacYeTOB (PU3MKO-MEXaHUYECKUX
CBOMCTB U3/IEJIUM.

«buopasnaraemble MaTepuanbl» - OCHOBHOM 3a/1auel, Ha pelieHue KOTOPOW HaMpaBJIEH NPOEKT,
ABIISIETCS YIIIyOJIEHHOE M3YYeHHE 3aKOHOMEPHOCTEH Ipoliecca Aerpaialuy MOJIUMEpPHbIX KOMIO3UIIUN
Ha OCHOBE MOJHOJIEPUHOB C J00aBICHUEM IIPUPOIHBIX TOJIUMEPOB U/UIIM OMOpa3iaraeMbIX IOJIMMEPOB
pa3IMYHBIMU METOJlaMHU, B TOM YHCJIE paHEE HE MCIOJIb30BABILIUXCS [JI HCCIEJOBaHUS JAHHBIX
00BEKTOB.

«Anresuonnsie Bzaumosaerictsus [IKM» - nenbro nmpoekra Oyzaer coznanue nudpoBoi Moaen
MOJIMMEPHBIX KOMIIO3ULIMOHHBIX MaTE€pHallOB, B KOTOPOW YUMTBIBAETCS KOMILIEKC aJre€3MOHHBIX
B3aUMOJIEUCTBUII B CHCTEMax «BOJIOKHO-CIIELUAJIbHOE MOKPBITHUE» U «BOJOKHO C IOKPBITUEM —
nojJuMepHas Marpunay. Pazpadorka nudpoBoil Moieau MO03BOJIUT MOBBICUTh TOYHOCTh MPOYHOCTHBIX
pacyéToB KOMITO3UTHBIX KOHCTPYKILMH Ha OCHOBE BOJIOKOH, a Takke copmupoBaTh 0a3y 3HAHMIH IO
pacyeTHbIM CBOMCTBAM KOMIIO3UTOB Ha pa3HbIX MacUITa0HBIX YPOBHSAX, YTO B CBOIO Ouepelb
CYILIECTBEHHBIM 00pa3oM OOJEr4uT TNpPeABAPUTEIHHOE ITPOSKTUPOBAHHE HOBBIX KOMIIO3UTHBIX
MaTepHaoB.

«MKD-kommo3ut» - npoekt O0b11 3aBepuieH B 2022 roay. LleneBbIM pe3ynbTaToM peainu3aluu
MIPOEKTa CTajJo CO3JaHue MPOrPaMMHOI0 KOMILJIEKCA, I103BOJISIOIEr0 MPOBEIEHUE PACUETOB METOIOM
YUCJIEHHOTO MOJICIMPOBAHUS IHU(PPOBBIX JBOMHMKOB pEajbHBIX M3IEIUNH U3 aHU3O0TPOIHBIX
(mpenMy1ecTBEHHO, KOMITIO3UIIMOHHBIX ) MAaTEPHUAJIOB.

«udpoBast mmathpopma NOANEPKKH HHKEHEPHBIX pEIIEHH» - IEJIeBBIM pPe3yIbTaTOM
peanu3aluu MpoekTra OyAeT CO3JaHuEe IPOrpaMMHOr0 KOMIUIEKCA, OOECIEUMBAIOILETO IOJIyuYEeHUE
KOMIIO3UIIMOHHBIX MAaTEpUAJIOB C IPOTHO3UPYEMBIMH CBOWCTBAMU C HCIOJb30BAaHUEM METOOB
ONTUMU3ALMKA TIApaMETPOB COCTAaBHOTO KOMIMO3MTa Ha 0a3e aHaimm3a (U3MKO-MEXaHUYECKHX
XapaKTEPUCTUK, €r0 COCTABIISIONINX, U C YUETOM TEXHOJOTHYECKHUX IPOLIECCOB UX MONy4YECHHUS.

«CBeT» - IPOEKT HAIpPaBJIEH HAa CO3/1aHME CaMOBOCCTAHABJIMBAIOIIEHCS 3aIUTHON IUIEHKU U3
TEPMOIUIACTUYHOI O IIOJIUMEPA, KOTOpast «3aKUBIAET» 95% noBpexAeHU IPU HarpEBaHUU.

«["perommii kabenpby - EeNeBBIM PE3yJILTATOM PeaTH3aINH MPOEKTa, 3aBepiieHHoro B 2022 roxy,
CTaJl0  CO3/laHh€ WH(POPMAIMOHHO-BBIYUCIUTEILHOTO  KOMIUIEKCa (IU(GPOBOM  TEXHOJIOTHH)
ABTOMAaTU3HMPOBAHHOI'0 OJ00Pa cocTaBa (PELENTyphl) U MPOrHO3UPOBAHUS CBOMCTB MOIYIPOBOISIIUX
MaTpull, OOECIEUNBAIOIINX BO3MOXKHOCTh CAMOPETYJIIIHH 3JIEKTPOCOMPOTHBICHUS, AN CHUCTEM
o0orpeBa pa3IMYHOr0 HA3HAYCHUS.

«HoBble MOKPBHITHS» - LIENEBbIM PEe3yJbTaTOM peau3ally MpoeKTa OyAeT CO3J1aHHe HOBOTO
MaTepuaia U TEXHOJOTMU HAaHECEHUs 3alUTHOIO MOJMMEPHOro MOKPBITHS Ha OCHOBE ypPETaHOBOI'O
dopnonaumepa JJ1sl HOBBILIEHHUS] YPO3MOHHON U KOPPO3MOHHOM CTOMKOCTH TPYOOIIPOBOJHOMN 3alOpHOM
apMatypbl Tpu paboTe B IKCTpPEMallbHBIX YCIOBHUSAX DKCIIyaTalldd C TpUMEHEHHeM u(pOBOTro
MPOEKTUPOBaHUS (pa3pabOTKU M COMpoBOXKIeHHUS IHHQpoBbIXx nBoiHMKOB (Digital Twin, DT),
MOJIEIUPOBAHMsI U NPUMEHEHUS MHOTOYPOBHEBOH MAaTpHLbI LEIEBBIX MOKa3aTeNeld U PEeCypCHBIX
OTpaHUYECHHII.



«bymaronomo0HbpIe KOMITO3UTHI» - peanu3alys MPOCKTOB HalpaBlieHa Ha Pa3paboTKy IakeTa
TEXHOJIOTUYECKUX  PEIICHWH, OCHAIICHHBIX JJIEMEHTaMH [H(PPOBOTO  COMPOBOXKIACHUS U
MOJEIMPOBAHUS, KaK OCHOBBI Uil CO3JaHUS MEPBOr0 M €IUHCTBEHHOro B Poccuu mpeanpusatus mo
BBIMTYCKY CEMapallMOHHBIX U (DUIBTPOBAIBHBIX MAaTEpUATIOB (Jajee MO TEKCTy, OymaromojoOHbIe
KOMITO3UThI) IJISI OYMCTKHU BO3AyXa U KUIKUX CPEl TBOMHOI'O M CTPATErMYECKOI0 Ha3HAUCHHUS.

Ilepeyennb ckBO3HBIX TexHooruiit HTHU
Ne | HaumeHoBaHHMe CKBO3HOM TEXHOJIOTHHU
1 NcKkycCTBEHHBI MHTEIEKT
2
3

KBanTOBEIE TEXHOJIOTHH
Texuonornu CO3aHus HOBBIX U MMOPTATUBHBIX HCTOYHHUKOB 3HCPIrun

4 HoBble Ipon3BOACTBEHHBIE TEXHOJIOTUU

5 TexHoJioruu ynpasJjeHus cBoiicTBaMH OMOJIOTHYECKUX 00BEKTOB

6 HeitpoTexHonoruu, TEXHOJIOTUN BUPTYAIbHON U JIOMIOJHEHHOW peabHOCTEN
7

8

9

TexHoJIOrMY XpaHEHHsI U aHajM3a O0JIbIINX JaHHBIX

TexHOoJIOrMK KOMIIOHEHTOB pOOOTOTEXHUKH U MEXaTPOHUKH

TexXHOI0rnu CEHCOPUKHU

10 | TexHojOruM pacupeneneHHbIX PEECTPOB

11 | TexHOIOTMH KBAHTOBBIX KOMMYHUKAIIHI

12 | TexHOJOrHMHM TPAaHCHOPTUPOBKU DJICKTPOIHEPTHH M PACIIPENEICHHBIX HWHTEIUICKTYaIbHBIX
SHEProCUCTEM

13 | Texnonoruu 6E€CIPOBOAHON CBSI3U U «KMHTEPHETA BEIICH»

14 | TexHOIOrUU MAIIMHHOTO O0Y4YEHHS U KOTHUTUBHBIE TEXHOJIOTUU

15 | ®oToHUKA

16 | TexHOJOrMM MOACTHPOBAHMS U pa3pabOTKH MaTEpHAJIOB C 33JaHHBIMU CBOM CTBAMHU

17 | MonekynsipHas MHXEHEPHUS B HAYKaX O KHU3HU

18 | buoHnyeckas MH)KEHEPUs B METUIIHE

19 | BogoponHbie TEXHOIOTUH

20 | TexHOJIOTUHU TOBEPEHHOI O B3aUMO/IeHCTBUS

21 | TexHONMOTMHM MOJIECTUPOBAHUS W pa3pabOTKW HOBBIX (YHKIMOHAJIBHBIX MAaTEpHANIOB C
3aJJaHHBIMH CBOW CTBAMH

22 | I'eomaHHbIe U TEOMH(POPMAITMOHHBIE TEXHOJIOTUI

23 | TexHonmornu MOOMIIBHBIX HAKOMUTEJIEH YHEPTUU

24 | TexHOJIOTUY CHIKEHUS AaHTPOIIOT'C€HHOT'O BO3ICHCTBHS

CroBaps:

AIJUTUBHBIE TEXHOJIOI'MU Opurunan: additive manufacturing

M3BecTHBI Takke KaK TEXHOJOTMH IOCIOWHOrO CHHTE3a, OOBEIMHSIOT HCIOJIB30BaHNE
1 (GPOBOro NPOESKTHPOBAHUS H ITOJIyYEHUE CAMOT'0 U3/1EJMs [Ty TEM ITOCIONHOT0 J00aBICHUs MaTepralia
Ha CIIEIHaIbHOM 000PY/0BaHHUH C HCIIOJIb30BAHHEM Pa3IMYHBIX METO/IOB.

BMOHUKA Opurunan: bionics

[TpuknagHas Hayka O NPUMEHEHHMM B TEXHMYECKMX YCTPOMCTBAX M CHCTEMax IPUHIUIIOB
OpraHu3aliM, CBOMCTB, PYHKIUI U CTPYKTYp KMBOM IPUPOABI, TO €CTh (HOPMBI JKUBOTO B IIPUPOJE U
UX MPOMBILIUICHHbIE aHanoru. IIpomie roBopsi, OMOHHKA — 3TO COEJUHEHHWE OMOJIOTMM U TEXHUKU.
bronnka paccMatpuBaeT OMOJOTHIO M TEXHUKY COBCEM C HOBOW CTOPOHBI, OOBSCHSS, Kakue oOuue
YepThl U KaKHe Pa3nyus CyIIECTBYIOT B IPHUPO/IE U B TEXHHUKE.



BJIOKYENH

bosnbinas 6aza qaHHBIX, B KOTOPOH COJEpkKAaTCs BCE TPAH3aKLUHU, KOTOPbIE IPOU CXOAMIIN KOT 1A -
1100, U Bce JJaHHBIE CYIIECTBOBABIIMX KOI/a-1100 OUTKOMH-KOMIETbKOB. OHA COCTOUT U3 CBSI3aHHBIX
MeXy coboi 010koB myOnnyHBIX AaHHbIX. Ho mpuMensemas mudpaius HUKaK He MEIaeT YUTaTh
cofiep>)KUMoe OJIOKOB, MAaTEMaTUYECKH CBSA3BIBACT OJIOKH MEXy COOO0M, M IPU ATOM HH OJIHY 3aIllUCh HU
B OZHOM OJIOKE HMKAaK Hellb3s 3aMEHUTh, IOTOMY YTO BO3HHUKHYT HECTHIKOBKM B MAaTEMAaTHUKE MEXIY
O70KaMH 1 TOTpeOyeTCsl MEHATh CIENYIOIIUI 3a HUM OJIOK, 3aTeM CIEeIYIOIUI — U TaK BCIO EMb.

BOJIBIIINE JAHHBIE Opurunan: big data

Cepust TOAXONOB, HMHCTPYMEHTOB M METOJOB OOpPabOTKH CTPYKTYpPUPOBAaHHBIX U
HECTPYKTYPUPOBAaHHBIX JaHHBIX OYEHb OOJBUIMX OOBEMOB M 3HAUYMTEIBHOIO MHOI000paszus s
MOJyYEHHs] BOCHPHUHUMAEMBIX UYEJIOBEKOM PE3yJIbTaTOB, F(P(PEKTUBHBIX B YCIOBMSIX HENPEPHIBHOTO
NpHUpocCTa, paclpeAaACICHUA 110 MHOI'OYMU CIICHHBIM Yy3JIaM BBIUMCIINTEIbHON CETH.

I'EHOMHUKA OpuruHai: genomics

Paznen MONEKyJISpHOHW TEHETHKH, MOCBSIIECHHBIM W3YYEHHI0O T€HOMa W TEHOB JKUBBIX
opranu3moB. CHUHTeTHYeCKasi OMoJ0rus — 00J1acTh TEHHOM MHXKEHEpPUH, KOTOpast 00bEANHSET HayKy U
UH)XEHEPUIO C IIeJIbI0 MPOEKTUPOBAHUS U IOCTPOEHHUS HOBBIX (HE CYILECTBYIOLIMX B IPUPOE)
OMOJIOrNYECKUX QYHKIUNA U CUCTEM.

«IHTEPHET BELLE» Opurunai: internet of things, iot

Konnenmnus BBUUCIUTENBHOW CE€TH (PU3NUYECKUX OOBEKTOB («BEIICH»), OCHAIIEHHBIX
BCTPOCHHBIMU TEXHOJIOTUSAMHU JUI B3aUMOJCHCTBHS JpPyr C OpPYrOM WM C BHEUIHEH cpenoi,
paccMaTpHBaloiasi OpraHU3aIUIo0 TAKUX CeTell KakK sSBJIeHHE, COCOOHOE MEPECTPOUTh IKOHOMUYECKUE
1 O0IIECTBEHHBIE MTPOLIECCHI, MCKITIOYAIOIIee U3 YACTH JACUCTBUN U olepanuii HEOOXOIUMOCTh Y4acTUS
YyesioBeKa.

MCKYCCTBEHHbBIA UHTEJIJIEKT Opurunan: artificial intelligence

HayuHoe HampaBiieHHE, B paMKaX KOTOPOTO CTaBSATCS M PELIAIOTCS 3aJa4ydl anmnapaTHOrO MU
IIPOrpaMMHOI0 MOJENMPOBAHUS TEX BHUAOB UYEIOBEUECKOW AEATEIbHOCTH, KOTOpBIE TpPaJAUIIMOHHO
CUMTAIOTCS UHTENICKTYaJIbHBIMU.

KBAHTOBAS KOMMVYHUKAIIA OpuruHan: quantum communication
VMHHOBAaIIMOHHBIN BUJ] KOMMYHHMKAIlMH, OCHOBAaHHBIH Ha 3(QeKTe KBaHTOBOH 3allyTaHHOCTH
YaCTHII.

METOJI0JIOI' I ®OPCAUT (ot anrum.forsight — B3rmsin B Oyayiee)

CounanbHasi TexHOJOTMs, (opMaT KOMMYHHUKALlMM, KOTOPBIM IIO3BOJIAET Y4aCTHUKAM
JIOTOBOPUTHCSI IO MOBOJY OOpa3za Oyayllero, a Tak ke, ONPEAENUB XejlaeMblii o0pa3 Oyayuiero,
JIOTOBOPUTHCSI O IEUCTBUAX B €70 KOHTEKCTE.

HAIIMOHAJIbBHA S TEXHOJIOTMUYECKAA MHUILIMATHUBA (HTH)

[Iporpamma mep o popMUPOBAHUIO TPHUHITUTTNATIFHO HOBBIX PHIHKOB U CO3JJaHUIO YCIOBHM 151
riobanpHOro TexHosorndeckoro auaepcrsa Poceun x 2035 rogy. HTU Britowaer cucteMHble pelieHus
M0 OMNPEETECHUIO0 KIIFOUEBBIX TEXHOJIOTHH, HEOOXOAMMBIX M3MEHEHHMH B 0O0JACTH HOPM M TPaBHIL,
paboTaromux Mep GUHAHCOBOIO M KaJPOBOTO Pa3BUTHS, MEXaHU3MOB BOBJICUCHHS U BO3HATPAXKICHUS
HOCHUTEJIEH HEOOXOIMMBIX KOMIIETCHIIMNA. BBIOOp TEXHOJOrHMH NPOU3BOAMTCS C Y4E€TOM OCHOBHBIX
TPEHJIOB MHPOBOTI'O Pa3BUTHUs, UCXOS U3 MPUOPUTETA CETEBBIX TEXHOJIOTHH, CKOHIEHTPUPOBAHHBIX
BOKPYT Y€JIOBEKA KaK KOHEYHOI'O MOTPEOUTEIIS.

HENPOTEXHOJIOT' I Opurunai: neuro technology

HayuHoe HampaBiieHHe, B paMKaxX KOTOPOT'O CTaBSITCS M PEMIAOTCS 3aJadyMl arlapaTHOTO WIH
OporpaMMHOIr0O MOACIMPOBAHHA TEX BHOIOB YeJIOBEYECKOU ACATCIbHOCTH, KOTOPLIC TpaaAUIIHOHHO
CYUTAIOTCA MHTCIIJICKTYaJIbHBIMU.



CEHCOPHBIE CUCTEMBbI OpuruHai: sensory system
CucreMbl Ha OCHOBE YYBCTBUTEIBHBIX JJIEMEHTOB, MPEOOPa3yIOMIMX MapaMeTpbl CPeabl B
MIPUTOAHBIN JJIs1 TEXHUYECKOT'0 UCIIOJIb30BAHUS CUTHAJ, OOBIYHO AJIEKTPUY CCKH.

TEXHOJIOTUYECKHNI VKA Opurunan: technological paradigm
Heckonbko B3aMMOCBSI3aHHBIX M TIOCHEAOBATEIbHO CMEHSIIONIMX APYr Jpyra MOKOJIEHUM
TEXHUKH, IBOJIFOLIMOHHO PEAM3YIOLINX 00N TEXHOIOTMYECKUI MPUHIUI.

«YMHAS» CETbH Opurunain: smart grid

MozaepHHU3HpOBaHHBIE CETH JJIEKTPOCHAOKEHHSI, KOTOPhIE HCIOIB3YIOT MH(OPMAIMOHHBIE U
KOMMYHUKAIIHOHHBIE CETH W TEXHOJNOTMU Hais cOopa wHpOpManmuu 00 HSHEPrornpou3BOACTBE HU
SHEPronoTPeOICHUH, MO3BOJISIIONICH aBTOMATHYCCKH TOBBIMIATE 3 (PPEKTUBHOCTh, HAJICKHOCTb,
HSKOHOMHUYECKYIO BBITO/Y, @ TAK)KE YCTOHYMBOCTh ITPOM3BOICTBA U PACIIPEICIICHHS SJICKTPOIHEPTUH.

[MU®POBOE MO/JIEJIMPOBAHUE Opurunan: digital simulation
Criocob uccnenoBaHus peajbHBIX SIBJICHUM, IPOL[ECCOB, YCTPOUCTB, CUCTEM U 1., OCHOBAHHBIN
Ha U3YyYEHUH X MATEMAaTUYECKUX MOJEIEH C IOMOLIbIO KOMIIBIOTEPA.

[MN®POBBLIE TEXHOJIOT' A Opurunai: digital technology

OCHOBaHBI Ha IPEJICTABJICHHH CUTHAJIOB TUCKPETHBIMU TTOJI0OCAMHU aHAJIOTOBBIX YPOBHEH, a HE B
BHJIE HEMPEPBIBHOrO cCrekTpa. L{udpoBble TEXHOJOTMU TJIaBHBIM O0pa3oM HCIOJB3YIOTCS B
BBIYUCIMTEIBHON IHU(PPOBON 3JICKTPOHUKE, MPEXKIE BCEro KOMIBIOTEpaX, B Pa3IMYHBIX O00JIACTIX
AIIEKTPOTEXHHUKH, TAKMX KaK POOOTOTEXHUKA, aBTOMATU3allUsl, U3MEPUTEIbHBIC MPUOOPHI, pajHo- U
TEJIECKOMMYHHUKAIIMOHHBIC YCTPOMCTBA U MHOTHE IpyrUe U(POBbIC yCTPOICTBA.



Tema Ne3
Cucrema aHanusa n300paxeHUM

Pa3BuTHE BBHIYMCIUTENBHOM TEXHUKU W alapaTrypbl cOOpe NaHHBIX MO3BOJMJIO HNEPEUTH OT
BHU3YaJIbHON OLICHKH HAaOJI0AaeMoil B MUKPOCKON KapTHHKH K KOJMYECTBEHHBIM METOJaM aHaju3a
ctpykryp. KommberoTepHass o00paboTka NIpPenoCTaBJIIET BO3MOXKHOCTh OOBEKTHBHOTO KayecTBa
MaTEepUAJIOB, UTO B HTOT'€ TOBBIMIAET KOHEUHOU MPOTYKITHH.

Cucrema aHaim3a N300pa’keHUN COCTaBJIEHA U3 KOMIIOHEHTOB, YK€ UMEIOIIUXCS TPAKTUYE€CKU
B 000 1aboparopun U TpeOYIOUMX MUHUMAJIBHBIX 3aTpaT Ha UX compsbkeHue. TumuuHas cucrema
aHaiM3a H300paKeHHI COCTOMT U3 MHUKpPOCKONa, LHU(POBOW BUIEOKAMEpPbI, KOMIIBIOTEpa C
BHUJICOBXOJIOM U CIHEIHAJIBHOIO IPOrpaMMHOr0o oOecreueHus I 3axBaTa U aHalM3a MOJTyYEHHBIX
U300paXKeHUH.

Breibop MuKpockoma ompenensiercss B IEpBYIO Odepedb THUIOM pemaeMblx 3anad. Jlis
Metaorpaguu  HEoOXOAWM OTpaXarolUil MHKPOCKOM, a JUIsi MEAWIMHBI U OHOJOTHH —
npocBeunBaromui. [Ipu 3ToM ans meramiorpaduueckux 3anay Hanbonee yao0eH HHBEPTHPOBAaHHBIH
MHUKPOCKOII: TP HIKHEM PpACIOJIOKEHUH OOBEKTHBAa HET OrpaHMYEHHUN Ha BBICOTY o0Opasua, U
JIOCTATOYHO MOATOTOBUTH TOJIKO OJIHY pabouyro OBEPXHOCTh. Eciin MUKpPOCKON HE UMEET MOPTa IS
MOJKIIIOYEHHS BUIE€OKaMepbl, IOHAA00UTHCSI TEPEXOAHUK JIJIsl YyCTAaHOBKU KaMephl Ha MECTO OKYJIsIpa.

Jna nonydeHus n300pa)keHUl MOryT OBITh MCIOJb30BaHbl LK(poBas BUAECOKaMeEpa WU
nudpoBoil ¢oroannapar. [IpuHnunuansHoe paznuuve B TOM, 4TO IUdpoBoil (oToammapar Bceraa
MOCTaBJSIETCSl CO BCTPOEHHOW OINTHUKON W TpeaHa3HaueH [UIsl COXPaHEHUs OJUHOYHBIX KaJpoB
Oonpiioro paspemienus, a nugpposas CCD-Buneokamepa CIyKUT ISl MOTYyYEHHS] TTOTOKOBOT'O BHJIEO
OTHOCHUTEIBLHO HEOOJIBIIOr0 pa3pereHusl.

bonbiioe pasperieHre BaxkHO I KauecTBa Ie4aTd U MOJdydeHHs  ¢ororpaduit
MEJIKOAMCIIEPCHBIX CTPYKTYp 0e3 adpdexta Myapa, HO OHO yBEIMUUBAET BPEMs UUCICHHOIO aHanu3a. B
nnudpoBoii poTokamepe B MOOMIBHOM BapHaHTE KOMILICKCA aHAJIM3a M300paKEHUH J0CTaTOYHO 5...2
Meranukcenei. B Heil qomken 6e3 0co00ro Tpyaa U3BIEKaTHCS BCTPOSCHHBI O0BEKTUB JJIsl 3aMEHBI Ha
agantep KaMmepa-okyisp. OHa JODKHA MOAKIIOYATHCS K MOPTATHBHOMY KoMmmbioTepy udeped USB-
uHTepdeiic, TuTaThCs uepe3 3ToT nopt, uMeth | WAIN-gpaiiBep 17151 KOHTPOIIs, CbEMKH U MEepeKadKu
M300pa’keHUH HEMOCPEICTBEHHO B MPOrpaMMy aHalln3a U300 paKeHHH.

Tenexkamepa Ay CHUCTEMbl aHalN3a M300paKEHUIN ONTHMajbHAa 0€3 BCTPOSHHOW ONTHUKHU, C
paspeleHueM OT 2 Meramnukceled, ¢ BO3MOXHOCTBIO OTKJIIOYEHHsS aBTOMATHKH, IIMPOKUM
JUHAMUYECKUM JHMANa30HOM 3JIEKTPOHHOTO PETyJIMPOBAHUS IKCIO3ULINH.

CreunansHbIX TPEOOBAHMHM K KOMILIEKTAI[MU KOMITbIOTEPA HE HAKJIAIbIBAETCS, 38 UCKIIOUECHUEM
Buaeo3axBaTa. OObIUHO OBIBAET JOCTATOUHO KOMIIbIOTEpA CpeHEl MPON3BOAUTEIHLHOCTH.

Buneokamepa

Heocniopumbie mnpeumyiiectBa HUGPOBBIX BUIACOKAMEpP - BO3MOXHOCTh 3allMCH  KakK
BHICOITOCIIEAOBATEILHOCTH, TaK M OTAENbHBIX CHHUMKOB, ONTHMAaJIbLHOE JJIT YHCIICHHOIO aHaJiM3a
paspenieHue W HEBBICOKAas I1I€HA, OOBsCHSAEMas OTCYTCTBUEM HEHYXHBIX MPUCIOCOOICHUN U
aKceccyapoB, ¥, HAKOHEIl, BO3MOXKHOCTb MX JIETKOW WHCTAJUIAIMK Ha JIFOObIE MUKPOCKOIBI 0€3 KaKoii -
100 JOIMOJHUTEILHOMN ONTUKH.

CoBpemeHHbIe ITU(DPOBBIE BUICOKAMEPHI OCHAIIAIOTCS MOIIHBIMU BCTPOCHHBIMU ITU(MPOBBIMH
mporeccopamu st 00pabOTKH IBETHOCTH, KOMIIEH CAllUU 3aCBETKH, PET'yIMPOBKU YPOBHS O€JIOTO U T.1I.

doTokamepa
['maBHOe mnpeumymiecTBO LUGPOBBIX (QoTOKaMep JUIsI CHUCTEM aHajau3a H300paxKeHud —
MOOHMJIBHOCTh U HHEProHe3aBHCUMOCTh. [l cOopa mHpopmanmu B 1exe M Ha BbI€3JIE CYIIECTBYET
BO3MOXKHOCTb CO3JIaHHsI MOJHOCTHIO MOOWJIBHBIX CHCTEM aHalIM3a H300paKeHUH, COCTOSIIUX M3
MOPTAaTUBHOIO KoMIbIoTepa M ludpoBoro Qoroanmnapata. Her HeoOXoaumocTu mpuodOpeTaTh
YCTPOHCTBO BHJIEOBBOJIa B KOMITBIOTEp, TaK Kak y Bcex ¢orokamep ectb USB-kabenb ans ObicTpoit
nepeKkayky n300paKeHHil B KOMITBIOTEP.



['maBHOE MpEnsATCTBUE — TPYAHOCTb CONPSDKEHHsS (OTOTEXHMKHM C MUKpPOCKOmaMu. B crapbix
MHUKpPOCKOIIAX HET CIEMUAIBHBIX MOPTOB, a y OOJbIIMHCTBA HUQPPOBBIX (POTOKaMep HECMEHHBIN
00BEKTHB U HET Pe3bObl AJIs JOMOJHUTENbHBIX GuibTpoB. Heobxonum nepexonHoil Ty0yc, Kad4ecTBO
ONTHKH ¥ TOYHOCTh HACTPOMKH KOTOPOTO MOTYT CBECTH Ha HET BCE NPEHMMYIIECTBA KaMepbl H
MHKpPOCKOIIA, a IPUMEHEHHE KYCTapHBIX aJanTepoB NMPUBOJUT K HEOOXOAMMOCTH JIOMOJIHUTEIBLHON
HACTPOMKH Pe3KOCTH N300pa’keHHsI Ha SKpaHe KOMIIbIOTEPA.

Ecim Ha ¢oroanmapare He HCHONB3yeTCs PEKUM PYYHOH (POKYCHPOBKH, TO Hamboiee
CYILIECTBEHHAs] C TOUKHM 3pEHHS IMOJIb30BaTeNsl MpoliieMa MCIoIb30BaHUS (HOTOKaMephl AJIs aHaIu3a
M300paKeHUH - HTO HEBO3MOXXKHOCTh HAYaJlbHOM KaJMOpOBKM KOMILIEKCa Ha BEChb MEpHUOJ]
JKCIUTyaTallii. B oOiiee yBennueHue CHUCTEMBbl BXOIAUT COOCTBEHHOE yBeludeHue (oToamnmapata —
IUIAaBHO Bapbupyemoe 0e3 (puKCHpOBaHHBIX MPEAyCTaHOBOK. [Ipy BBIKIIOYEHHH ammapar MM JIOJITOM
Oe3neiicTBUM O0OBEKTHB BO3BPAINAETCS B HCXOIHOE IOJIOKEHHE. DTO O03HA4aeT, YTO KaJHMOpOBKY
KOMITJIEKCa TPUAETCS MPOU3BOAMUTH IPU KaXKJAOM BKIIOYEHHMHM armapara, paBHO Kak M IMpPU CMEHE
YBEJIUYECHHUS.

[TosTOomMy HenecoobpasHee npu paboTe Ha MUKPOCKOIIE UCIOIb30BaTh TeJle- UM BUJEOKaMephI,
€CIIM UX pa3pelIeHus 10CTaTOYHO AJis nosydeHust gportorpaduii.

[TakeTsl mporpamMm st KOJIMYECTBEHHOT O aHAJI3a

[Tocne momydyenust nzobOpaxkeHuss B MUGPOBOM BUIE TpeOyeTcs KOJIUYECTBEHHBINM aHanu3. B
nporpaMMax XyJoKeCTBEHHBIX (ortorpaduii, Hampumep, Adobe PhotoShop, 3amaua - yaydmmTh
CYOBEKTHBHOE BOCHpUATHE, 3agadya rpauUuecKuX aHaIu3aTOpPOB M HAYKH U TEXHUKH —
O00BEKTUBHOCTh OOpPa0OTKM C COXpaHEHHeM MOUIMHHOCTH u300pakeHus. J[laxe mpocto s
npeAcTaBieHus GoTorpaguu CTpyKTYphl B OTYETE WM MTyOJIMKALUY JOMYCKAeTCsl JIMIIb eMHO00pa3Has
o0paboTka Bcero kaapa menukom. Jrobas «ImpopucoBKay YacTu Kajpa cuuTaeTcs (aibcudukranuen.
VHuBepcanbHbie MaTematudeckue mnakerbl (MathCad, MathLab u Maple) nemaror HekoTopbie
CTaHJApTHBIE TpeoOpa3oBaHus W H3MEpeHus u3o0paxkeHuil. CrHenuamTu3upOBaHHBIE MO KJAcCy
O00BEKTOB TpaduuecKkue aHaIM3aTOphl HM300paKeHUW OOBEOUHSIOT  OoNblliee  KOJUYECTBO
«pororpaduuecknx» U MaTEMATHUECKUX MPOIIETYD.

IlepBoe, 4TO JOJKHBI J€NaTh 3TH MPOrpaMMbl — OCYIIECTBISTH BHAEO- U (DOTO3aXBaT U
COXPaHATh U300pakeHHEe Ha )KECTKOM JHMCKE KOMITbIOTEPA.

Bropoe — mnpoBoauTh mnpeaBapuTeNbHYI0 QoTorpaduueckyo 00paboTKy H300paXKeHHUs:
HOPMaJIM3alMI0 SPKOCTH, KOHTpAcTa M KOPPEKIHH IBETOB. B 3TOM doTorpaduyeckne mporpaMmmel,
takue kak Adobe PhotoShop, m rpaduueckue aHamm3aTopsl cxoxu. M3o0pakeHHe NMPUBOTUTCS K
JIONYCTUMOMY BUAY C MUHHUMAaJIbHOH MOTepei nH(opManuu.

Tperbe TpeOoOBaHHE K KOJWYECTBEHHOMY AaHAlN3aTOPy — YCTPAaHSTh OCHOBHBIE Je(eKTh
poOOMOATOTOBKY U IMOMyUEHHUs W300paxkeHus (LlapanuHbl, MbLIb, OJMKH, HIYMbI 3JIEKTPOMarHUTHON
HaBOJKH). [I71s1 3TOro MCHONB3YIOTCA KayeCTBEHHbIE H CIEKTpajbHbIe (UIBTPHI, a TaKXKe OMepaluu
cBEpTKU. OHU CTIIAXXHUBAIOT UIYMBI M Je(EKThl HCXOJHBIX N300paKEeHH, MOTYEPKUBAIOT TPAHUIBL. B
YaCTHOCTH, OT JE€(PEKTOB MOXHO M30aBUTHCSA C MOMOIIBIO T€OMETPUUECKUX (UILTPOB (Hampumep,
YCTPaHUTh U3 MOACYETa LIapanuHbl HU(a).

YerBepToe TpebOBaHUE — BBIACIATH HA UCXOAHOM LIBETHOM HM300Pa)KEHUH OTJEIbHBIM LIBETOM
TpeOyemble O0BEKThL. ITO MPOLEAYpbl CETMEHTAIMHM MO IBeTy W OuHapusauuu. [IpeoOpa3oBanue
MOJTHOLIBETHOTO WJIM Ceporo m3o0pakeHus B 4€pHO-0eroe: BCE TOYKU C SIPKOCTBHIO BBIIIE 33JaHHOTO
[OpOra OKpalIMBaOTCs O€IbIM, OCTAJIbHOE — UEPHBIM.

OOmiemaremMaTuueckue makeTbl 00paboTku u3obpaxenuit (MathCad, MathLab u Maple)
coaepkaT CTaHAApTHHIN HaOop nmpueMoB (punbTpanus, cCBEPTKa, OuHapu3anus). [IpuknagHpie makeThl
00pabOTKH M300paKEHUH OTIMYAIOTCSA OT HUX HAaOOPOM JTabHEHIINX MPOLeyp BIZCIEHUS 00BEKTOB
C 3aJaHHBIMU T'€OMETPUYECKHUMH CBOWCTBAMU, HAMPUMED, BBIICICHHE TPAaHUIIBl YaCTHIIBI 33aJaHHOU
bopmBI, pazMepa, OPUSHTUPOBKH, U MOP(OIOTHUECKUMHU PIIIBTPAMHE, KOTOPBIE Pa3IEIIOT CIAHIIIINECS
YaCTHIIBI, YTOHYAIOT «B HUTKY» TPaHHIIBI, COCTUHSIIOT Pa30pPBaHHBIC TPAHMIIBI, HCKIFOYAIOT 00BEKTHI,
cpezaHHble KpaeMm kazapa. Ilocme 3Toro mporpamMMbl BBIIAIOT KOJMYECTBEHHBIE XapaKTEpHCTUKH
AIIEMEHTOB CTPYKTYpBhl, HAKAIUIMBAIOT U 00pabaThIBalOT X MHOTOMEPHYIO CTATUCTHKY, TPYIITUPYIOT I10
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0a3aM, CONOCTAaBIAIOT KaJpbl MEXAy COOOH M C 3alaHHBIMH HOPMaMu. A Takxe (POPMHUPYIOT OTYET,
AKCIOPTUPYS BCE PE3YJbTaThl KOJIMYECTBEHHOI'O aHAIN3a, BKJIIOYAsl aHAIU3UPyeMble N300paKeHUs U
TEKCTOBBIC KOMMEHTAPHHU B TEKCTOBBII penakTop, Hanpumep, B Microsoft Office Word.

ImageExpert Pro - maker mnpukiagHbIX MOporpaMM o0OpabOTKH H300pakeHUs Makpo- U
MHUKpPOCTPYKTYp MarepuaioB. ITomumo ¢dororpadpuueckux U oOMEMaTeMAaTHYECKUX MPOLEAYpP OH
COZIEP)KUT MPOLEAYPHI Ul TEOMETPUUECKOr0 U MOP(OIOrHYEcKOro aHaau3a, Ipoueaypbl U3MEpeHUs
00wekToB U crannaptusupoBanusie (B [OCT, ISO, ASTM, DIM, G1S) Mmetoas! aHanu3a CTpyKTyp. J1a
porpamMma BXOJUT B COCTaB alnmapaTHO-IMIPOrpaMMHOI0 KOMIIJIEKca Ha 0a3e MUKPOCKOIOB U3BECTHBIX
npousBogutencii (JIOMO, Zeiss, Leica u 1.a.). Tak e OHa MOXET BXOJUTh B CTaHIAPTHYIO
KOMILTEKTAINI0 MeTautorpaduueckoit mabopatopun ¢pupmer Buehler (CIIA). IIporpaMMHBbIii makeT
ImageExpert Pro BbIIoMHSAET NPaKTUUECKU BCE ONEpaliM, COAEPKABLIMECS B MaKeTax APYyrux Gupm
(Zeiss, Leica, Opton, Hitachi) u mpenocrasisier 6Gosiee MIMPOKHE BO3MOXHOCTH IO TPEABAPUTEIILHON
00paboTKe N300 paxKeHUH, a TAK)KE CO3JaHHIO HOBBIX TPOEKTOB IO aJrOPHUTMAaM IOJIb30BATEIS.
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Tema Ne 4
Mudposoe nzobpaxenue

HuTepec k nuppoBoMy H300pa’keHUI0 BO3HUK 3a/10J1T0 JI0 MOSBICHUS KOMIIbIOTEpOB. B Hauane
1920-x romoB s mepemaud Tra3eTHbIX (orocHUMKOB u3 JIOHJOHA B Hbm-ﬁopK U o0paTHO
WCIIOJIb30BAJIH AJICKTPUUCCKUI Kabenb. M300pakeHue nmpeodpa3oBbiBaid B IMUPPOBYIO HWHGOPMAILIHIO,
HO ero KauecTBO ObLIO Ype3BbIYaifHO HU3KHM, a Tepesiaya 3aHuMala Tpy yaca. TeM He MeHee, 3TO ObLI0
OTPOMHBIM CKa4KOM BII€pE]l IO CPaBHEHHUIO C METOAOM J0CTaBKU (oTorpaduii 0ObIYHOMN MOYTOM, 4TO
TpeboBaio He MeHbIe Heaenu. Ceroaus mudpoBas mepeaada n300pakeHUs UCTIOJIb3YETCS B MEIUITUHE,
¢u3nKe, acCTpOHOMUM, OUOJIOTMM U APYTUX OTpacisaX HaykKu U TexHukH. [llupokxoe pacmpoctpaHeHue
NOJTYYMIIM U HeJOporue ObITOBBIE U (POBBIE (POTOKAM EpHI.

OO0paboTka M300pakeHHs] HCHONIB3YETCS B CaMbIX pa3IMYHBIX YcTpoiicTBax. Ee MoxHO
ONpeNeNUTh Kak Jo0oe mpeoOpa3oBaHME WM MHTEPIpPETAUI0 [U(POBOro HM300pakeHuUs
KOMIIBIOTEPOM. 3a7auu OMy4deHUs HUPPOBOro U300paKEHUS U ero Mpeodpa3oBaHMs TECHO CBSA3aHBbI.

ObpaboTka M300pakeHUs MOXKET OBbITh BechbMa CJIOXHOW, W IO ASTOM NPUYUHE MHOTHE
UCclieZioBaTeNH crapaioTcs ee m3beratb. OHaKO B MaTepUANOBEACHUM HM300pa)K€HHE 4YacTO MMEET
BBICOKMH KOHTPACT, 4TO YIpollaeT npeodpa3oBanue. Brie onncano nonyuenue uzodpaxenus [13C
(mpubop ¢ 3apsAOBOM CBS3BIO)-MATPHUIEH M ero mepenaya kommbioTepy. [lockombky n300pakeHHe
ABJIIE€TCS LMPPOBBIM, BCsl 00pabOTKa BBITOIHIETCS KOMIBIOTEPOM.

Crpykrypa uugpoBoro n3odpakeHus

B mukpockone ¢popmupyercs nsymeprnoe usodpaxenue f (X, y, B), rne f — uaTencuBHOCTS 11BETA
B B nkcene (X,y). HenpepbiBHYI0 QyHKIINIO MOXKHO IPEICTABUTH B AUCKPETHON 1IM(POBOIt hopme, Kak
MOKa3aHo Ha puc. 2.25. Puc. 2.26 wumocTpupyer npeacTaBieHue n3oopaxenus B uudpoBoit hopme.
MonoxpomHoe nuppoBoe H300paKeHHE MOXKHO NPEACTaBUTh KaK MAaTPUIly, MHIEKChl KOTOPOH
OIMCBHIBAIOT HOMEpa CTPOKM M KOJOHKH, a YHMCICHHbIE 3HAYEHUS JJIEMEHTOB XapaKTepu3yeT
MHTEHCHUBHOCTh THKCENS. DJIEMEHTHl 3TOW MaTpUIbl MO-aHTJIMICKM Ha3bIBAlOT picture elements
(3meMeHThI
n300pakeHus), 4To cokpamaroT a0 pixel (mukcens). Puc. 2.26 wnmocTpupyer JieBblil BepXHUM yrou
n3o0pakeHus B ocsix Xy. HampaBieHure ocu y MOXET MOKa3aTbCsl CTPAHHBIM, OJJHAKO OHO MPHUHSATO B
OONBIIMHCTBE KOMIBIOTEPHBIX IPOrpaMM (XOTS UMEIOTCS U uckmoueHus). KadectBo nmgposoro
U300paXEHUs ONpeneNsieTcsl KOJMYECTBOM IHUKCENed M BBICOTOM CTYINEHEH, XapaKTepU3YIOIINX
MUHUMAaJIbHYIO Pa3HUILY YPOBHSI IPKOCTH.

KonmuectBo nukceneil onpenensier paspeneHne n300paxeHusl.

F -

\ 7 i
/ 1
(a) (b)

Puc. 2.25. (a) — HenpepsiBHasI 3aBUCMOCTD OT BPEMEHH HAIPSHKEHHUSI HHTCHCUBHOCTH CBETA Ha
naturke; (b) — onudposka BxogHoro curnana npu nomoriu ALl xapakTepusyromas ero aMIimTyay
U BpeMsi.
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Puc. 2.26. Xpanenne nuudponoro nzodpaxenus. B 8-6utToBom ¢hopmaTe MOHOXPOMHOTO CEPOTO IIBETA
MHTEHCHUBHOCTb IMMKCEJIS XapaKTepu3yeTcs 3HaueHneM B quanaszone ot 0 1o 255, rae 0 cooTBeTCTBYET
YepHOMY, a 255 — OeJiomMy IBETY.

Yucio ypoBHEH HHTEHCUBHOCTH Ha3bIBAaIOT INIyOUHOI 11BeTa, yKa3biBaeMol B Outax. Hampumep,
nUKceNb 8-6uToBOrO N306paxkenus umeet 28 = 256 yposHeit spkocti. THTEpBa BO3MOKHBIX BEJIUYHMH
MHTEHCHUBHOCTH Ha3bIBAIOT JUHAMUYECKUM JHana3oHoM u3o00pakeHus. CTaHaapTHAsl €AMHULIA TAMSTH,
OaiiT, comepxut 8 O6uT MHPopmanuu. CregoBaTeNbHO, MUKCETh §-OMTOBOTO M300PAKEHHUS MOMXKHO
COXpaHHUTh B OfHOM OaiiTe mamsaTH (uiu B Tpex Oaiitax B ciaydae nBerHoro RGB n3obpakenus).
Yenoseueckuit raa3 pazauuyaeTr 20—30 ypoBHEH SpPKOCTH MOHOXPOMHOIO M300pa’keHUs, U MO3TOMY 8
OuToBas riryorHa 6osee yeM JOCTaTOuHA JUI BU3YyalbHOI'O BOCHPUSATHS n300pakeHus. Ha npoTspkeHnu
MHOTMX JIeT OAHOoOaliToBas NaMsATh W 8-OMTOBBIM JUana3oH MHTEHCHUBHOCTU SIBJISIFOTCS Hauboliee
HIMPOKO UCIOJIb3YeMbIM (popmaToM n3obpaskeHus. OHako 00paboTKa N300paKeHNs MOKET U3MEHUTh
ero auamna3oH. Hampumep, nuana3zoH M3MepeHHil MOXKET MU3MEHUTHCS B Pe3yjbTaTe IMpeodpa3oBaHus
MHTEHCUBHOCTH MJM HPUMEHEHHs NpOCTpaHCTBEeHHOro ¢uibTpa. [loaTromy mocie mpeoOpa3oBaHus
U300paKeHNs pa3HUIlA B YPOBHE SPKOCTH MOXET CTaTh 3aMETHOW, W HEKOTOPbIE COBPEMEHHBIC
BUJICOKAPTHI OJIYYaroT H300paXkeHne ¢ 0osiee BHICOKOM ITyOnHOMN 1IBETa.

B cBs13u ¢ npobaemoit XxpaHeHus: HUPpoBOro n300pakeHns BaXXHO ero paspemieHue. [1puunHel
3TOrO CTaJIM OYEBHUIHBIMM, KOTJ]a ObUIM N3Yy4EeHbI TPUUHUHBI TOJTYyYEHHS HEKaueCTBEHHOT0 U300 pak eHHUSL.
[Mudporoe nmpeodpazoBaHue CHUTHANA TPOBOAAT 10 TOCTPOCHUSI U300PKECHUS, U TTOITOMY ITPOOIEMBI
XpaHEHHs] CUTHAlla B aHAJIOroBoi W mnudpoBoi ¢opme nMeroT MHOro obmiero. CTpodoCcKOmuIecKuii
3dekT xapakTepeH 11 MHOTHX (OpPM AMCKPETHOH MH(OpMaIH, MPUMEPOM YEro SIBISETCS KOJIECOo
aBTOMOOMIIS,, KOTOpOE Ha (POTOIIICHKE MOXET KpyTUThCs Ha3aa. Kputepuii HaiikBucra yTBepxaaer, 4To
4yacToTa OUM(POBKHU MO KpaliHEell Mepe BABOE JOJHKHA MPEBHIIIATh YacTOTy CUTHala. B mpoTuBHOM
cllyuae  BBICOKOYACTOTHAsi KOMIIOHEHTa MOXXET TPHUBECTH K  MOSBJICHUIO  HMCKa)KEHUH.
Crpobockonnyeckuii 3¢GeKT COCTOUT B TOSBICHUH JIOXKHOW MHPOPMAIIUA HU3KON 4acToThl. Puc. 2.27
WUTIOCTPUPYET TOSBIEHUE PEryJSIPHBIX YEPHO-OENBIX IOJIOC NMPH PAa3IMUYHBIX MPOCTPAHCTBEHHBIX
paspemeHusix uudposoro wuzobpaxenus. Jnga nudposoro usoOpakeHus kpurtepuil HalikBucra
(dopMyIHpyeTcsl CIEAYIOIUM 00pa3oM: MPOCTPAHCTBEHHOE pa3pelIeHHE JODKHO MO0 KpailHeld mepe
BJIBOE IIPEBBILIATH pa3Mep U3ydaeMblx ocobenHocTel. [ToaTomy Ha puc. 2.27 a5 peleTku paspenieHue,
TO €CTh UIMPHUHA ITUKCEJIs, HE JOJKHA IPEBOCXOAUTH TOJOBUHBI IIUPUHBI ITOJIOCHL.

13



S\

Puc. 2.27. U306pakenue nudpakinOHHON pEIIETKH NpU Pa3InYHBIX paszperieHusx. Eciau
IIPOCTPAHCTBEHHOE pa3pelleHne (pa3mep MUKCeNs) O00bllie BEIMUYUHBL, ONPEAEIIeMON KPUTEPUEM
HaiixBucra, mosnoca Ha U300pa’keHUU KaxkeTcs 0oJiee MMPOKO, 4eM OHA €CTh Ha caMoM jene. B
pe3yJibTaTe TEPSAETCs BaskHasl HPOCTPaHCTBEHHAs HH(pOpMaLUs.

CylecTByeT HECKOJbKO (aKTOPOB, OrPaHMYMBAIOIIMX IPOCTPAHCTBEHHOE pa3pelIeHUeE.
Hanpumep, o6bem nHpopmanuu (XpaHUMON Ha )KECTKOM JIMCKE WM B OMEPATHUBHOM MaMATH) 3aBHCUT
0T pazpemieHusi. Pa3BuTHe KOMIIBIOTEpHOM TEXHUKH MPUBENIO K YBEJIMYEHHIO OObeMa MaMATH, U
MO3TOMY TeNepb OHa, KaKk IPaBUJIO, HE TUMUTUPYET pa3pelieHue. Pazpenienue u rimyOuHa 1BeTa Terepb
OrpaHN4MBarOTCA Xapakrepuctukamu 113C-maTpuIbl U BUIEOKAPTHI.

AHajan3 n300paxkeHust
KonnuecTBeHHbIE HM3MEPEHMsSI METOJOM KOMIIBIOTEPHOTO aHalM3a H300pa)kKeHUs HMEIOT
HECKOJIbKO ocoOeHHocTel. Puc. 2.28 wmiumocTpupyeT OAMH U3 METOAOB aHaiu3a H300pa)KeHHs.
Bo3MOXXHBI U IpyrHe METO/Ibl, HO X MCIOJb3YIOT 3HAUUTEIBHO PEKE.
CHayaJa Hy>KHO IPaBUJIbHO HACTPOUTh MUKPOCKOII. [ MOTy4eHHs KaYeCTBEHHBIX JJAHHBIX 3TO
OuYeHb BaXXHO. JIt000€ yBenrueHne CKOPOCTH CKAHUPOBAHUS B KOHEYHOM CUETe 0053aTeNIbHO IIPUBEIET
K MEHE€ TOUHBIM JIaHHBIM.

1 Mukpockon n Kkamepa

|

| IMpuem n3odbpaxeHUs:

[ VBennueHne n3oopaxeHus

|

l Bolaenenue

l

1
1
" XapakTepusaums
1

Lindposoe
n300paxkeHHue

l Knaccudmukauus

l

Crepeosiornyeckas
MHTEpripeTaumns

Puc. 2.28. IIpouenypa npeodpazoBanus U aHaiu3a HUGPOBOro H300pakeHU st
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[Tonyuenue nudpoBoro n300paxxeHUusi COCTOMT B MPEBPAIICHUH TOJYYCHHOTO OMTHYECKOTO
n300pakenus B uppoByo Gopmy. Paznuuune mudpoBoro u oNTHYECKOro H300pa’KeHU COCTOUT B TOM,
YTO TIEPBOE HE SBIsAETCA HempepbiBHBIM. L{udpoBoe m300pa’keHME COCTOMT U3 MACCHBAa MEJIKUX
nukcesned. Ero Mo)kKHO COXpaHUTh B MaMATh U 00pa0OTaTh IMPHU MOMOIUIM HEKOTOPOH KOMITHIOTEPHOit
IPOTPaMMBI.

[TpeobpazoBaHre N300 paKEHUSI BKITIOYACT IIENIBIN psijt onepaniuid. [l 00JierdeHus: aHaim3a OHO
MOJKET BKJIIOUATh U U3MEHEHHE pa3Mmepa nukcens. L{enpio mpeoOpa3oBaHusi MOXKET OBITh YBEITHUCHUE
KOHTpAaCTa, CHIDKEHUE ITyMa, UCHpaBicHHE Je()EeKTOB, OOYCIOBICHHBIX OINTUKOW MHKPOCKOMA WIIH
ycTpoiicTBa OLIM(PPOBKH N300paxKeHUsI, U T. 1.

Briienenre cOCTOMT B UACHTU(DUKAIMH PA3IMIHBIX OCOOCHHOCTEW W OIpENCIICHUU TPAHMUII
MEXKIy HUMHU. YeIoBeK MMeeT OOIBINON OMBIT BBIACICHUS B PEXKUME PEaTbHOrO0 BPEMEHH, OJTHAKO
KOMITBIOTEP TAKOU CIIOCOOHOCTH He uMeeT. [Ipu IBOnYHOI crucTeMe 3anucH H300pakeHHUs 3Ta Oneparus
COCTOMT B YCTaHOBKE IMOpPOra WHTEHCHUBHOCTH. SIpKMM OO0JAacCTSIM TPHUIHUCHIBAIOT 3HaueHue «1», a
MUKCEJIAM, UHTEHCUBHOCTh KOTOPBIX HUXKE TIOPOra, MPUMHUCHIBAIOT «0». Ycmex cToib MpoCcTOoro MeToaa
pa3neneHuss OOBEKTOB 3aBUCHUT OT MPEIUIECTBYIONIEH MOATOTOBKM o00pasla, TMOXy4YeHHs U
npeoOpa3zoBaHus U300paKEHUSI.

B mpormecce xapakrepuszanmuu OepyTcsi OOBEKTHI, BBIICICHHBIE HA CTaJHH CETMCHTAIlUU, H
MIPOM3BOIATCS U3MEPEHUS Ha KKIOM M3 HUX. DTH U3MEPCHHUS 3aBUCIT OT meiu padotsl. Hampumep,
MOKET U3MEPATHCS AJMHA, IJI0IAaAb, CTENEHb IIMITUYHOCTH BOJMIOKHA | T.1. [locie xapakTepuzanuu
nudpoBoe n3obpakeHue 00bIIe HE TPeOyeTCsl.

Eciu Ha n300pa’keHUM BBIAESIETCS HECKOJbKO OOBEKTOB PAa3IMYHOrO THIA, MX AENAT Ha
COOTBETCTBYIOIINE KJIACCHI. XapaKTEPHCTHKU BCEX OOBEKTOB, BBIICICHHBIX HA MPEIBIIYIIEM IIare,
JOJDKHBI JaTh TpeOyemyro nHpopManuio o HuX. Onepamnuio Kiaccupukanum MOXXHO HCIOJIb30BATh,
JaXXe eCIM U300paKeHHE COJACPKUT TOJIBKO OJIMH WHTEpEecyruil Tum o0bekToB. Hampumep, mist
yaaineHus apTedakToB, MOSBUBIIMXCSA MPHU MMOATOTOBKE 00pa3la WM Mpu 00pabOTKe M300parkeHUsI.
Hakonen, nnmsi moigy4eHHs] CTATHCTHYECKH OOBEKTUBHBIX JAHHBIX MPHUMEHSIOT CTEPEOJIOTHYECKHE
Metoabl. OTMETHM, YTO Ha H3MEpPEHHBIE XapaKTePUCTHKH BIHUSIOT KaK METOA MpeoOpa3oBaHHS
uH(pOpMaIUH, TaK U CIIOCO0 MOITY4YeHUS U300 paXKeHHUs.

IIpeoGpa3zoBanue u3006pakeHus
[Tocne BeIOOpa MeToaa TpeodpazoBaHus N300paKEeHHUSI HY>KHO MPUHSATH HECKOJIBKO PEIICHUI:
e lcnonb30BaTh JIM MOCIIEA0BATENFHOE HIIM TTapallIeNIbHOE ITpeo0pa3oBanue?
e Kakyro oneparuoHHy0 CHCTEMY HCITONIb30BaTh? \
e Bo3moxHO, Hanbosee CI0XKHOE PELICHUE COCTOUT B BBIOOPE A3bIKa IPOrpaMMHPOBAHMSL.

K cuactplo, OOKET HaydyHO-HMCCIEIOBaTENbCKUX Jaboparopuil oOjerdaer OTBET Ha 3TH
BONpockl. OTMETUM, YTO pe3yJIbTaT 3aBUCUT OT aJITOpUTMa IPpeoOpa30BaHus, a 3Ty 3aBUCUMOCTb HYKHO
CBECTH K MUHUMYMY.

[TporpaMMupoBaHie B MAlIMHHBIX KOAaX (Ha s3bIKe acceMOiep) O4YeHb TPyJOEMKas 3ajaya.
KonuuecTBo AOCTYNMHBIX TPOrPaMMUCTY MHAMBUAYAIbHBIX KOMaHJA 3aBUCUT OT THIA MpoLeccopa, HO
00pyHO OHO He mpesbimaer 100. bonee Toro, naxke mpocTeline MaTeMaTHYECKUE NEHCTBUS TUIA
YMHOXKEHHUSI U JICJIEHUSI COCTOSIT U3 HECKOJIBLKMX KOMaH] s3bIKa acceMoiep.

HeynobcTBa si3bIKa MpOrpaMMUpPOBAHUS HU3KOTO YPOBHSI ObLIIM OBICTPO MPEOOJICHBI, U TENeph
MMEETCS HECKOJIBKO SI3bIKOB MPOrpaMMH POBaHUs 00Jiee BEICOKOIO YPOBHS. DTHU SI3BIKU UMEIOT OOJIbIINI
BbIOOp komaHa. Ognako LIITY ux He mOHMMaeT, ¥ MOITOMY OHHM JOJDKHBI OBITh NPeoOpa3oOBaHbI B
MAaIIMHHBIE KOABL. DTO MOXET ObITh CIETaHO WIM KOMIMJISAIMEN, NepeBOoJsIleld BCIO IpOrpaMMy B
MalIMHHbIE KOABl 3a OAMH WIar, WIM HHTEepIpeTanuel, B KOTOPOH Kakaas CTpOKa OIEpaTopoB
MEepEeBOIUTCA B MOCIEI0BATENBHOCTh KOMaHA. O4eBUIHO, CKOPOCTh PabOThl MPOrpaMMbl 3aBUCUT OT
KauecTBa KOMIIUJISITOpA UJIM UHTEPIIPETATOpa COOTBETCTBEHHO.

[TepBblii mar mnpeoOpa3oBaHus HU300paKEHHS COCTOMT B BBI30BE OIMCBHIBAIOIIEH €ro
uHpopManui. BONBIIMHCTBO KOMMEPUECKHMX BHJICOKAPT HMeEeT OMOIMOTEeKy KOMaHJ, KOTOphIe
MO3BOJISIIOT BBI3BAaTh N300pakeHHE U MEPEBECTH €r0 B IByMEPHYIO MAaTPHILY.
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Tema Ne5
XpaHeHue U pelakTHPOBAHUE U300 paKEHHI

Jlo nosBieHus: nudpoBBIX METOJI0B MOTy4eHHEe MUKpOdoTOorpaduii mpu MOMOIIM MHUKPOCKONa
OBUIO JUIMTEILHBIM IIPOIIECCOM, BKJIOYAROIIMM (ororpadupoBanne W mposBKy QoromiaeHku. Ere
paHee, 10 M300peTeHus ¢oToarmaparta, Habar0gaeMOe 300paKEHUE 3apHCOBBIBANIM, YTO OBLIO €IIe
Oosiee TpyJq0eMKOIi 3a7auei, TpeOyroIel He TONbKO TEPIEeHUS, HO U Xy0KECTBEHHBIX CIIOCOOHOCTEMH
Mukpockonucta. B XIX cronetun pucyHKH OBLIN MIUTIOCTPATUBHBIMH, a KOJINYECTBEHHBIE NU3MEPEHUS
Ha X OCHOBE UMEJIU 3HAUUTEJIbHbIE OIINOKH.

[TosiBnenue 1 ppoBoil Kamepsbl B OCTIEIHEE AECITUIIETHE IPUBEIO K HACTOSIIEH PEBOIOINY B
NOJTYYEHUH W XpaHEHUHW YBEIMYEHHBIX H300paxkeHuid. LludpoBoe nzoOpaskeHHE CTPOMTCA IOUTH
MI'HOBEHHO, B PE3yJIbTATE YEro CTaJ0 BO3MOYKHO IOJIydyaThb COTHU HM300pa’kK€HUI B TEUEHHE OJHOTO
pabodyero nHs. OpHako Jnerkoctb QotorpadupoBaHus HMeEET W 00paTHylo cTopoHy. Wmeercs
MHOKECTBO I'paprueckux GopMaTOB XpaHEHUSI N300paXeHUs, HEMPABUILHBIM BHIOOP KOTOPOT'O MOXKET
cnenath M300paxkeHue ¢akTHuecku Oecrmoie3HbM. Kpome Toro, misi KOppeKTHOH HHTEpHpeTaluu
MOJyYEHHBIX JaHHBIX HEOOXOAMMO MOHMMATh MPHUHIIMIIBI XpaHeHUs UH(opManuu B crernuGuyeckom
¢dopmare.

Crtpykrypa (ailjioB JaHHBIX

YenoBeueckuil ria3z oTodpaxxkaer MUp criocooom, moxoxxuM Ha [13C-maTpuiy, B KOTOpoi posb
IUKCEJIs] HCHOJMHSIIOT NAJOYKU U KOJOOUKH, paclooKEeHHbIE Ha CeTYaTKe M MPECTaBIAI0LIME COO0M
3JIEMEHTapHble 4YYBCTBUTEIbHbIE sueiiku rnaza. Ha ceruatke Qopmupyercs mnepeBepHyTOe
n300pakeHUe U IepeJaercss ONTUYECKUMH HepBaMHM Mo3ry. s XpaHeHUs H300pakeHHsl MO3T
UCMOJb3yeT pasziauuHble adctpakuuu. TouHblil HBEeT U dopMa 00BbEKTa 3aMEHSIOTCS aOCTPaKTHBIMU
MOHATUSAMU TUIIA KKOPUYHEBBIN IIBET» U «c0OaKa, CUIbHO COKPAIIAIOIMMU KOJIMYECTBO HH(OpMaLuy,
TpeOyeMoi JUIsl 3allOMUHAHHUs oOnpeneieHHoW cueHbl. KoHientyaipHas MaHepa 3allOMHHAHUS
U300paKeHUS TO3BOJISET «IypaunThy YeJIOBEKa MPU MOMOIIM ONTHYECKUX MIII03uil. CoBpeMeHHbIE
KOMIIBIOTEPHBIE MPOrpaMMbl MIOKa HE HMMEIOT KOHUENTYaJbHBIX MOHATUM M HCHOJB3YIOT MpsMbIE
MeToAbl XpaHeHus: uHpopmaruu. Fimeercst 1Ba MeToa XpaHEHHsI U300paKeHH:

— pacTpoBBIA METOZ;

— OOBEKTHBIM METOJ], UCIOIBb3YIOLINI AIEMEHThl IMpocTeiell reoMeTpruueckoil Gopmbl (Miu
BEKTOPOB), U3 KOTOPBIX CTPOUTCS n3o0paxenue. Ilpu atoM MeTone nmoctpoeHus: N300paxKeHus JIUHNUS,
HaIpuMep, MOXKET OBITh OMTUCaHA BEKTOPOM, €ro OpUEHTALNEH, TOJIIMHON U [IBETOM.

PactpoBbie daiinpl XpaHIT U300pakeHHe B BUJE JHMHEHHOW IMOCIEAOBATEIbHOCTH MUKCENCH
HEKOTOpOH HMHTEHCUBHOCTH. IIpemmylectBa pacTpoBOrO METOJA XpPaHEHHUS  H300pakeHUs
obycinoBiensl TeMm, 4yTto II3C-mMaTpuna mnomydaeT H300pakeHME HMMEHHO B pacTpoBOil Qopme.
OOBeKTHBIII MeToJ| XpaHEHUs H300pa’keHUs OOBIYHO HCIHOJb3YIOT B Ipaduyeckux Mnporpammax,
CTPOSIIUX U300pakeHre U3 Habopa MPOCThIX 00BEKTOB TUIIA OTPE3KOB MPSIMBIX, KBAAPATOB U KPYrOB.
Opnaxo gake B 3TOM cllyyae U300pakeHHe UHOI'/1a IPUXOJUTCS IPeoOpa3OBbIBaTh B PaCTPOBOE, €CIIH,
HaIpUMep, €ro Hy)KHO OTIe4aTaTh Ha MPUHTEPE MM [TOKa3aTh HA MOHUTOPE KOMIIbIOTEPA.

CTpyKTypa KOMIBIOTEPHBIX (PAaiIOB JOCTATOYHO CIOXKHA M 3aBUCUT OT THUIIA ONEPALMOHHON
cuctembl. Dailiibl BKIIOYAIOT HE TOJIBKO HEMOCPEICTBEHHO JaHHbIE, HO M MH(OPMALIUIO, KOTOpas BaXKHA
JUISL OTIEPAaLlMOHHOM cucTeMbl. DTa MH(OPMAIMs ONUCHIBACT THUIl JAHHBIX (Hampumep, n300paskeHue,
TEKCT W T.JA.), MPOrpaMMHOE oOecriedeHue, HeoOXoaumoe sl OTKpbITUS (aiina, u uHbopManuo 00
aBTOpE. DTU KOMIIOHEHTHI (haiiina 00pabaThIBAIOTCS OMEPAIMOHHON CUCTEMOM U OOBIYHO HE IOCTABIISIOT
0€eCroKOoiCTBA IOJIb30BATEIO.
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14 Gaiir Hassanme daiina

40 6aiir | Ha3BaHUE BEKTOPHON
uHbopmaumi

> ] BBoaHbIE JaHHBIE

nepCMCHHﬂﬂ JUITUHA

nCpCMCHHaﬂ JUTUHA

| HaHHble | | |
b nmﬁpaxeﬂuﬂ -

Puc. 2.29. Ctpykrypa Buaeodaiina nporpammsl Windows, B KoTopoM nepseie 14 6aiiT npeacraBisior
co0oi1 3aronoBok (haiina, a cieayromme 40 6aiT ONUCHIBAIOT JIeTall WH(pOpMalnu 3arojoBka. Jlo
nH(popMauy 00 UHTEHCUBHOCTHU MUKCeENEH AaHa Tabaula, XapaKTepU3yIoLas [BET N300 parkeHUs

He BaaBasick B neTanu onepalliOHHON CUCTEMBI, CTPYKTYpPY Buaeodaiina MOXKHO pa3JeiuTh Ha
JIBE 4YaCTH, a UMEHHO BBOJIHBIE IaHHbIE M HH(POPMAIUIO, ONK CHIBAIOLIYIO MUKCENN N300paxenus. YToObl
IPOMJUTIOCTPUPOBATh CBSI3b 3THUX YacCTeH, B KauecTBEe MpuMepa OyneT MCIHOib30BaH (aiiy LBETHOIrO
n3zobpaxxenus Windows. Cxema BBojgHOU yactu Windows-(daiina mokasana Ha puc. 2.29. BBoausle
nanuble (Bitmap Info) cocrosT u3 AByX yacTeil, a MMEHHO 3arojoBKa BBOJHUMBIX JAHHBIX U 1IBETOBOM
Tabnuibl. BBogHBIC TaHHBIC IpencTaBiieHbl B Taomuie 2.4.

3a BBOAHBIMH AaHHBIMH cienyer tabmuna (LUT), ompenensromasi BeIOOp omHOro u3 256
BO3MOXKHBIX I[BETOB. B ciyuae m3o0pakeHus «ucTUHHOro 1Bera» tabnuna LUT orcytcrByeT, u
KQKJIBIM MMHUKCENTh XapaKTePU3yeTCs CBOMM I[BETOM. 3a BBOJIHBIMHU JAHHBIMH CIeAyeT WHMOpMaIus,
OIMKCHIBAIOIIAS HHTEHCUBHOCTh TTUKCEIICH.

BBonHbIe qaHHBIE OnepaliuoHHON cucteMbl Windows mpecTaBieHbl B OTHOCUTEIBHO MPOCTOM
dopmaTe, MU MO OSTOW MPUYMHE 3aroJIOBOK BeChbMa KpaToK. be3 BBOAHONH HHQPOpPMAIUU HENb3s
ONpENeNHNTh pa3Mep U TIyOmHy 1Bera. J{Jii MpaBMIIBHOTO W3BJICUEHHS] HHPOPMAIHH KOMIBIOTEP
JOJDKEH MOHUMAaTh nHpopMaIuio 3aroioBka. CTpyKTypa 3arojioBKa 3aBUCHT OT opmaTa H300pakeHus,
HO B JTFOOOM (popMaTe OHA COACPKHUT DIIEMEHTHI, aHAJIOTMYHBIE O CaHHOMY BhIIe popmary Windows.

Ta6numa 2.4. BBonHbIe naHHbBIE OnepanoHHOM cructeMbl Windows

[lepemennas

Omnucanne

biSize:

biWidth, biHight
biPlanes
biBitCount

biCompression
biSizelmage
biXPelsPerMeter
bi'YPelsPerMeter
biClrUsed
biClrimportant

Pa3mep pactpoBoii cTpykTypsl 3aronoska Uudopmannu

Pa3meps! n300paxeHUs B TTUKCENAX

KommuecTBo miockocTeil nenu, OHO TOIHKHO OBITh YCTAaHOBJIEHO Kak «1»
KonmuectBo OMT Ha MHUKCENh, B peenax oT 1 A7 MOHOXPOMHOTO H300pakeHus
110 32, 9TO COOTBETCTBYET MakCHUMyM 232 1BeTam

Tun cxxatust (ecim UMeeTcs) XpaHUMOTO U300paXKeHUsT

Pa3mep n3obpaxkenus B Oaiitax

Pa3mep n300pakeHNs B MUKCEIIX HA METP IIETH 10 X

Pazmep m300pakeHUs B MUKCEISIX HA METP TN 10 Y

KonngectBo 11BeTOB n300pakeHNs

KonmuaectBo nBeToB, TpedyeMbIX Ui TOKa3a BBOAHBIX AaHHBIX (Bitmap Info)
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®opmat u300pakeHHs

[Tu¢poBblie n300paXkeHUs! CTPOSIT 1L ABYX LEJIEH:

1. [ns 3puTenbHOro BOCHPUSATHS, HE TPEOYIOIIEro KOJIUYeCTBEHHOM HHpopMauu.

2. JIns KoauuecTBEHHOM XapaKTepu3alllH CTPYKTYypbl MaTepuana. Mi3MepeHus B 3ToM ciiydae

MOT'YT COCTOSITh KaK B IPOCTOM ONpPEECJIEHUH UIMHBI OCOOEHHOCTEH, TaK U B CIIOXKHBIX
MHOT'OCTaJIMMHBIX IPOLIESypax Mpeodpa3oBaHUsL.

B nepBom ciydae n306pakeHne JODKHO CO3/1aBaTh OLYIIEHN e HCTUHHOCTHU. M3ydaemas neTainb
MO’KET OBITh YMEHbIIIEHA, M TOTJIa MO3I MOKET HHTEPIPETUPOBATh H300pakeHNe, KaK OMUCAHO BhILIE.
Bo BTopoMm cityuae TpeboBaHus K H300paXKEHUIO 3aBUCAT OT METO0B U3MEepeHus 1 aHanu3a. Hampumep,
OaHKM 9acTo XpaHAT U 0OMEHUBAIOTCS U (POBBIMU N300 paskeHUsIMU YeKoB. Hanbomnee BayKHON 4acThIO
YyeKa SBISICTCS MEYaTHBIM WM PYKOMHCHBIA TEKCT YepHOro IBeTa Ha OexoM ¢oue. BTopocTenennsie
NIeYaTHBIE JIETANM YeKa UMEIOT MEHbIINN KOHTpacT. OHM HeCyT MeHbIIe HH(OpMAIUU, HO U UX MOXKHO
COXPaHHTh B COOTBETCTBYIOIEM (hopmaTe.

dopmat u300pakeHus: XapakTepru3yeTcs HA0OPOM JaHHBIX THUIA TIyOUHBI IIBeTa ¥ o0bema. OHuU
OIIpENeIIAI0T pa3Mep pacTpoBOro M3o0paxeHus (B O6alfTax) U mamsTh, TpeOyeMyro JJI UX XpaHEHUs.
Hamnpumep, eciu pasmep nzodpaxkenus pasen 1024 %1024 nukcensam, a TiyOuHa 1iBeTa paBHa 24 6utam,
TO JJIs1 XpaHEeHUsI u300pakeHus Tpedyercs namsath 3 M6. Celtuac THIIHYHBIA 00BEM NaMSITH KECTKOT O
nucka komnbroTepa paseH 20 ['0, u oH cnocoOeH xpaHuTh npudm3nurenbHo 6 000 n3odpaxenuit. Eciu
n300pa’keHne CHUMAEeTCs EPUOAMYECKH, 3TOr0 MOXKET OKa3aThbCs HepocTaTrouHo. Eciu ero nepenator
IIPY IOMOILM MOPTaTUBHOIO YCTPOICTBA MJIM IO JIMHUU CBS3U, OFPAaHUYEHUS Ha 00beM IepenaBaeMoin
UHGOpPMALMM MOTYT OKa3zaThCs emie Oosiee cTporumMu. Jlis yMmeHblleHHs oObeMa HH(pOpMaLuu
UCIIOJIB3YIOT MPOLEAYPY CHKATUSL.

CymiecTByeT HECKOJBKO METOJIOB CXaTHs oObeMa HHGOpPMAIMU H300pa)KeHUs, MOAPOOHO
onucaHHbiXx B 0030pe [14]. Korma cxxatoe m3o0paxeHWe BOCCTaHABIMBAETCS, €ro (opmaT HYXKHO
COXpaHUTH ewle pa3. [Ipu 3ToM MOXKET yXyAInThCs KaueCTBO M300pakeHHsI WU MOSIBUTHCS apTe(PaKThI.
MerToabl cxxaThs ATATCA HA IPUBOASILUE U HE IPUBOAIINE K IOTEPE KauecTBa U300 paxeHusl.

20um

(b
Puc. 2.30. DdhekTuBHOCTH MPOIIEAYPHI CKATHUS 3aBUCUT OT Xapakrepa nzoopaxenus. OobeMm
uHpopMauu n3odpaxenus (a) cxumaercs MerogoM RLE mums Ha 34%; a uzobpaxenue (b),
UMeroIIee Kpymmabie 001acTu oqHoro nsera — Ha 91%.
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C:xartue 0e3 noTepu KauecTBa

PactpoBoe u300pakeHHE 4YacTO CONEP)KUT IOCIEIO0BATEIbHOCTh HECKOIBKUX HJIEHTUYHBIX
nukceneid. Hanpumep, 8-6utoBoe n3odpakeHre ceporo LBETa MOKET COJEPHKATh M1OCIIEI0BATEILHOCTD
13 23 nuKcenel, THTEHCUBHOCTh KaX 100 U3 KOTOPBIX paBHA «186». BMecTo xpaHeHus 23 UIEHTHYHBIX
MUKCENIel, MOXKHO COXPaHUTh MH(POPMAIIHIO O KOJIMYECTBE OAMHAKOBBIX MTUKCENCH U UX MHTEHCUBHOCTH
(«186»), 9TO 3aHMMaeT MEHBIIMKH 00BEM HaMATH. DTy MPOIENYypy MOXHO MPUMEHUTH KO BCEMY
n3o0paxennto. OHa TO3BOJSIET CHWIBHO CHHU3UTh OOBEM MaMATH I HM300paKEHHH, HUMEIOIINX
3HAYUTEJIbHbIE O00JIACTH OJMHAKOBOM HWHTEHCHUBHOCTH. YUTOOBI pPAaCKpBITH CKaTOE H300pakeHue,
nporpamMma J10JKHa BOCCTAHOBUTh MHTEHCUBHOCTh MUKCENEH. DTO SABISETCS CTaHJApTHBIM METOAOM
ckatHsa, Ha3eiBaeMbIM RLE.

DddekTHBHOCTS TPOIEAYyPhl CXKATH OIICHHBAIOT OTHOIICHHEM OOBheMa IepPBOHAYAIBHOM
uHpopmaiuu K ee o0bemy mocie cxatus. D¢pdexkruBHOcTs RLE-cxaTus 3aBUCHUT OT XapakTepa
n3o0paxenus. M300pakeHns ¢ MJIaBHBIM M3MEHEHHEM I[BETa M WHTEHCHBHOCTH CKUMAIOTCS OYEHb
XO0pOoIIOo, @ U300pakeHUs C Pe3KUM M3MEHEHHUEM MHTEHCUBHOCTH COCEIHHMX IMHUKCeNed — mioxo (puc.
2.30). B takux cimydasx 6oinee
3(pPEKTUBHBIMH OKAa3bIBAIOTCA CJIOXKHBIE aJITOPUTMBI CXKATUS, OINEPUPYIONIME HE OTAEIbHBIMU
MUKCEJISIMHU, a IIOBTOPSIFOIIMMUCS OJIOKaMU Pa3JInYHOMN JJIMHBL.

Caxarue ¢ norepeit uHpopManuu

TouHoe Bocpou3BeneHNe N300pakeHus! TpeOyercs Jajlleko He BCerja, U 4acTo JOCTaTOYHOH
OKa3bIBaeTcs ero 6osee rpybas Bepcus. B aToM cilyuae BOCCTaHOBIIEHHOE H300pakeHUE OTIAMYACTCS OT
NepBOHAYAJILHOr 0. DTO HAa3bIBAIOT CKATHEM C ITOTepeil nHopmaruu.

B Unrepuere ouens mmpoko ucnonbdyercs JPEG-meron cxatus ¢ morepeit uapopmaruu [15].
On umeer nBe craguu. Ha mepBoit mH]opmamusi pasnensieTcss Ha CBENCHHS O SPKOCTH U IIBETE
n3o0paxenus. L[BeTroBoe paspelnieHne yMEHbIIAETCS BIBOE, MOTOMY UYTO YeJIOBEUECKHH TIia3 Ooinee
YyBCTBHUTEJIECH K H3MEHEHHUIO SPKOCTH, a He IBeTa. Ha BTOpOil cragmm paccMmaTpuBaroTcs OJIOKH
nukceneld pazmepom 8x8. ['ma3 He odeHb YYBCTBUTENEH K CHUTHANY BBICOKOW YacTOTBI, U MOITOMY
BBICOKOYACTOTHasi MHpopMmanus ynaisercs. KomudectBo moTepssHHONM WHGOpMAIUU OIpeenseTcs
CTETIeHbI0  CXKaTus, BbIOMpaeMol omepatropoM. CoBMECTHOE yMEHbIIEHHE IIBETOBOM WU
BBICOKOYACTOTHOM MH(OpMAIUU MTO3BOJISET MOIYYUTh ropa3io 6ojee KOMIIaKTHOE H300pakeHue.

Metozn JPEG-cxaTis OCHOBaH Ha IOHMMAaHUU MEXaHU3Ma BOCIPUATHS Y€JIOBEKOM 3PUTENIBHBIX
obpazoB. [ToaTomy oH Xxopomr s M300pakeHUi, UCMOIb3yEMBIX B MIUTIOCTPATHBHBIX Ienax. Ecim
ckaroe JPEG-uzo0paxenne nmpeobpasyercss A MOJIydEHUs KOJIMYECTBEHHOM MH(pOpMalUH, MOTYT
HOSBUTHCSI HEeXKenaTenbHble apredaktsl. Puc. 2.31 mumocTpupyer NpUMEHEHHE OIMHCAHHOIO HUXKeE
JanaacoBcKoro guiabTpa pazmepom 3x3 s onpeaeneHus rpaHullbl kpyra. [Ipumenenue ¢uibrpa K
UCXOJHOMY M300pa’keHHIO BBIABISIET IPaHUIly Kpyra, OfIHAaKo B ciaydae cxaroro JPEG-uzo0paxenus
IIPOUCXOIUT Pa3MbITHE I'PAHULIBL.
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Tema Neb
[IpeoGpazoBanue n3o0paxeHUs

Crnioco0 nmpeobpazoBaHus U BEIOOP hopMaTa M300PaKEHUS 3aBUCUT OT LIETTH €T0 UCTIOIb30BAHUS.
Ecnu n3o0pakeHue npenHa3HaueHo s BU3yalbHOH JeMOHCTpAIiH, IPE00pa30BaHNE MOKET BBISIBUTh
MeJKue 0co0eHHOCTH. [IpeoOpa3oBanne N300paKEHHs CTAJI0 OOBIYHOM oreparueii mocie MosSBICHUS
u(ppPOBBIX BUICOKAMEpP, CKAaHEPOB W HEJAOPOTHX JOMAIIHUX KOMIbIOTepoB. Omepanuu Tuma
YBEIMYCHUSI KOHTpAcTa, ynajieHusi 3(]dexra «KpacHbIX Tia3» W BOCCTaHOBIEHUs (ororpadmii
UCMOJB3YIOT JOBOJIBHO 4acTo. Eciu m3o0paxkeHue NMpeaHa3HAueHO IS BbLIAEIEHHS ONpeleseHHBIX
0COOEHHOCTEH, €ro mpeaBapuTebHas 00paboTKa MOXET OOJIErYUTh BBITIOJHEHUE MOCICTYIOIINX
ornepanuii. Paznuunbeie MeTobl TpeoOpa3oBaHus U300pakeHNss UMEIOT o01ue onepaunuu. Hanpumep,
OHHU 0043aTeNIbHO 3aKaHYMBAIOTCSI BO3BPATOM K HCXOJHOMY M300paKEHUIO.

ITpu oOcyxkaeHuHn MeETOAOB INpeoOpa3oBaHUs H300pa)xKeHUs OyAyT PpacCMOTPEHBI YETbIpe
Bonpoca. Bo-nepBbIx, BIMAHUE METO/a MPeoO0pa3oBaHUs Ha KOHEYHOE U300paxkeHue (Ba)HO, YTOOBI
KOHEYHBIH pe3yJbTaT ObLI OOBbEKTHBHBIM). BO-BTOpBIX, OYAyT paccMOTpPEHBI METOIbl M3MEHEHUs
WHTEHCUBHOCTH. B-TpeTbux, OyayT omucaHbl NMpOCTpaHCTBEHHbIE (uibTpbl. Hakonen, OynmeT nax
KpaTKHi 0030p 4aCTOTHBIX (PUILTPOB.

(b)

c) (d)

Puc. 2.31. T[TosiBnenue apredaxtos npu npeodpazopanuu JPEG-u3o00paxenus; (a) — mepBoHaYaIbHOE
n3zobpaxenue, (b) — To xe n3o0pakeHue nocie NpuMeHeHus IpoLeaypbl onpeaeaeHus kpad, (¢) —
cxaroe JPEG-uzobpaxenue u (d) — pe3ynbpTaT NprMEHEHHsI alrOpUTMa ONpPEIeNCHUs Kpasi K CKaTOMY
H300paKECHUIO.

Koppexkuus nzoépaxenus

N300paxeHne 00beKTa B MUKPOCKOIIE JIOJKHO ObITh IPOCTPAaHCTBEHHO MHBApUAaHTHBIM. MHBIMU
CJIOBaMH, HHTCHCHUBHOCTbD, q)opMa " pa3sMcp 0COOEHHOCTEN HE AOJDKHBI UBMCHATHCA ITPU IIEPEMEIICHU N
o0Opa3ua B npenenax nous 3peHus. ONTHKa COBPEMEHHOI0 MHKPOCKOIA BIIOJHE MO3BOJISAET PEIIUTD 3Ty
3anavy. OHaKO HENpPaBUIbHOE UCIOJIb30BAaHNE MUKPOCKOIIA MOKET MPUBECTH K YXYILICHUIO Ka4ecTBa
u3o0pakenus. Hampumep, npu HepaBHOMEPHOM OCBEIEHHU O0Opa3lia IepeMelleHne MPeaMETHOIO
CTOJIMKA TPHUBOJMT K H3MEHEHUI0O HMHTEHCUBHOCTH 00BbekTa. OmepaTop MHKPOCKOIA, HMEHOLIUI
MHTEJUIEKTYaJbHYI0 CHCTEMY IpeoOpa3oBaHus H300pakeHus (MO3T), TOHSI Obl, YTO 3TO 00YCJIOBIECHO
HEPaBHOMEPHOCTHIO OCBeneHMs. OJHAKO MAaIIMHHBIE aJITOPUTMBI TPe00pa3oBaHus U300PaKEHUSI STOTO
He moHnMaroT. ClemoBaTenbHO, MOMydaeMble XapaKTepHCTHUKH OO0BEeKTa OyqyT 3aBHCETh OT €ro
MOJIOKEHUSI HAa TMPEAMETHOM CTOJHMKE. JTO MMOJYEPKUBAET BAXHOCTh MPABHIBHOM HACTPONKU
MHUKPOCKOIIA.
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[TyTh OT CBETOBOr'O CHTHaja, OTPAXXEHHOI'0 OT MOBEPXHOCTU 00paslia, 10 KOHEYHOU HU(pOBOit
uH(opMaIu BKIIOYAET IepeIady U XpaHeHHe CUrHala B pa3ianuHbix opmax. Koneunoe nuzobpaxenne
uMeeT 1eEeKThl U, B YaCTHOCTH, OHO MPOCTPAHCTBEHHO HEMHBAPHAHTHO. K cuacThio, UMEIOTCSI METOIbI
yCTpaHeHUsl 1e(PEKTOB U300PaKECHHSI.

ITepBbIii crioco0 COCTOMT B yCpeIHEHHHM curHaia. IlonydueHHas HMHQPOpMAIUS COCTOUT H3
WCTUHHOTO CHUTHAJ]a W HAJOKEHHOI'O0 Ha HEro CcllyyaHoro myma. TepMHUHOM w/yM OINHCHIBAIOT
ciydaiiHple (DIyKTyallud WHTEHCHBHOCTH CUTHana. VckaxkeHusi, oOyCIOBIEHHBIC HENpPaBUIbHON
(OKYyCHPOBKOW MHKPOCKONA, UMEIOT MPUHIMIUAIBLHO WHYI Tpupony. M3o0paxeHne Ha MyTH OT
OTpa’karollel MOBEpXHOCTH 00pa3iia 10 I (POBOro CUrHaIa TPeodpa3yeTcss HECKOIbKO pa3 U U3MEHSET
cBoro ¢opmy. Ilpum kaxaoM mnpeoOpa3oBaHWM BO3HUKACT IIYM, B TOM YHCJIE M TPH OIU(PpPOBKE
aHaJIoroBoro curxajna. M xorst coBpeMeHHbIE METO/Ibl CIIOCOOHBI CHU3UThH YPOBEHB IIyMa, MOJTHOCTHIO
YCTPaHUTh €r0 HEBO3MOXKHO.

Tak Kak IIyM CTaTHUCTHYECKH CIYy4aeH, €r0 OTHOCHUTEIbHYIO BEJIMYHUHY MOXKHO YMEHBIIUTh
ycpennenueM. Crnoxenrne N MISHTUIHBIX W300paKeHUH yBEIMYMBAET HHTCHCUBHOCTh myma B N pas.
HHTEeHCUBHOCTH HCTUHHOT'O CUTHAJIA IIPU 3TOM Bo3pacTtaeT B N pa3, M TO3TOMY OTHOILIIEHHE CUTHAJ/IIyM
YBEJIMYUTCS COTTIACHO cienyroliel Gpopmyre:

S N 2

Puc. 2.32 nunocTpupyeT OTHOCUTENBHOE YMEHBIICHNE HHTEHCUBHOCTH IIIyMa IIPU HAKOIUIEHUH
curHaiga. BTopsIM MeTonOM yJyudlleHHsl KauecTBa M300pa)keHUs SBIIIETCS KOPPEKLHs YPOBHS (OHA.
TunuuneiM aedexkToM nuPpoBoro n300pakeHus sABiseTcs TeHb. OHa BO3HUKAET B 00JIACTAX CHIIBHOM
HEPAaBHOMEPHOCTH OCBEIICHHOCTH oOpa3ia. HepaBHOMEpPHOCTh OCBEIIEHHOCTH MOXKET BO3HUKHYTH
BCJIEJICTBHE HEUJI€AJIbHOCTH CUCTEMbI OCBEIIEHHUS, YTO WILTIOCTPUpPYET puc. 2.33.

Camoe mpocToe peleHne IToM MpoOIEMbl COCTOUT B KaTMOPOBKE CUCTEMBI OCBEIICHUS MTyTEeM
MOJIyYEHHs] KOHTPOJBHOIO (POHOBOrO M300pakeHHsl. MeTos moiaydeHus: KOHTPOJIbHOr0 U300pakeHus
3aBHCUT OT TUIIa MUKpoOcKora. [[i1s MuKpockorna npoxozsiiero cBeta poHoBas KapTHHA MOXKET ObITh
NoJTy4eHa B OTCYTCTBHE 00pasiia MMyTeM CO3JaHMs N300 paKeHUsI HCTOYHHMKA B (DOKAJIBHOHN MIOCKOCTH.
B Mukpockorne oTpa)keHHOI'0 CBETa MCHOJb3YIOT MJIOCKOE 3epKasio, U (DOHOBYIO KapTUHY HMCKAaXKaroT
HapanuHbel Ha 3epkane. VX BIMSHUE MOKHO YMEHBIIUTH, €CJIU CHeNlaTh HECKOJbKO H300pakeHHH,
nepeMenias 3epkajo nepes Kak10i cbeMKOH. Y cpelHeHNe MOJTy4YeHHOT 0 CUTHAJA 1aeT pacupesesieHue
MHTEHCHUBHOCTH ()OHOBOT'O OCBEIICHHUS.

MeToa KOppeKTHPOBKH MHTEHCUBHOCTU (POHA 3aBHCUT OT MPUYMHBI HepaBHOMepHOCTH. Ecnu
HEpaBHOMEPHOCTh (poHa OOYCIOBIEHA HEZOCTATOUYHBIM KOHTPACTOM H300pa’keHHs, JIyUIIUH METOJ
UCIPABJIEHHUsS] COCTOUT B BBIUMTAHUU CUTHaja. Ecnm ke nmpuuMHa oOyCIIOBIEHA MOTJIOIIEHUEM WIIU
OTpa’k€HHEM CBETa B 00pasiie, TyUIINM METOAOM KOPPEKLIUH SBIIIETCS IeJI€HIEe MUHTeHCUBHOCTU. YacTo
UMEIOTCs 00€ Mpu4rHbL. YpaBHeHue (2.19) onucbiBaeT KOPPEKTUPOBKY HHTEHCUBHOCTH MHUKCEIIEH:

IO(xJ’) - Be(ny)

Ic(x,y) = (o) (2.19)
¢ Br(x»y)_Be(x'y)
3nece  Io(x,y) — HavanbHas WHTEHCMBHOCTh MHKcens usobpaxenus, [.(x,y) —
OTKOPPEKTHPOBAaHHAs WHTEHCUBHOCTh, B,.(x,y) — wuHTeHCHBHOCTb ¢oHa, B,(x,y) — ¢doHoBas

WHTEHCHBHOCTh IIPU OTCYTCTBUHM OCBelieHus W ([,) — CpeaHsss MHTEHCHBHOCTH IE€PBOHAYAIBHOTO
H300paKCHHUSL.
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(d)

Puc. 2.32. Viy4menue kauecTBa H300pakeHUs MyTeM ycpeaHeHus curnana. (a) — Onun kaap; (b) —
ycpennenue 10 kaapos; (¢) — ycpennenue 100 kaapos; (d) — pacnpeaencHuss ”HTEHCUBHOCTH
nuKcenen Ay 9Tux cirydaeB. Pasmep nmomns 3penus 100x75 MM

Tperuil MeTon KOppEeKUMH W300paKeHHsI Ha3bIBAIOT FeOMETpUUYecKoil koppekuueid. OnHUM U3
HEepPBbIX I1aroB IpPU BBHINOJHEHUN KOJMYECTBEHHBIX HM3MEpPEHUIl sBIsETCS KaluOpOBKa IOJIS 3PEHUS.
OHa COCTOHMT B MOJYYEHUU HECKOJBKUX KAIMOPOBOYHBIX M300paXKECHUH, MO3BOJISIONIUX ONPENSIUTh
pa3Mep HMHIMBUAyaJbHOro mnuKcens. Ecnu onTudeckas cucremMa HcKaxaer ¢opMmy oOpasma, Ha
N300paXKEeHUH OCOOCHHOCTH OJMHAKOBOW JUIMHBI OYAYT MMETh Pa3JIM4HYyIO JUIMHY. | eoMeTpuueckoe
HCKa)XEHHE MOXKET NMPHUBECTH K CEpbe3HbIM MpodiemaM IpH AanbHeiniell o0paboTke M300pakeHusl.
Hanpumep, Henb3s OyneT MOJyYUTh MaHOpPAMy KPYMHOH 00JIaCTH MyTeM HaJIOKEHUs M300pakeHUM
COCEIHNX 00JIacTei.

Puc. 2.33. N300pakeHne OTpaXkaroIiero 3epKaja IeMOHCTPUPYET HEPAaBHOMEPHOCTh OCBEIICHHOCTH.
KoHTypbI COOTBETCTBYIOT pa3HOCTH MHTEHCUBHOCTH, paBHOM 10 eauHumiam

[eoMeTpryeCKUEe HCKAXKEHHUS, COCTOSIIHME KaK B PACTSDKECHUH/CKATHH, TaK U B U3SMEHEHUH YTJIOB,
O0BIYHO MMEIOT TJIaIKHi XapakTep. [Jagkoe mpeobpa3oBaHHE MOKET OBITh OMMCAHO ypPaBHEHHEM,
CBSI3BIBAIOIINM HCTHHHOE TOJIOKEHHE HCXOAHOW TOYKH S(X,y) C MOJOKeHHeM mHKceas t(X,y) Ha
n300pakKeHUH TIOCPEACTBOM ABYX hyHKIui i(X,y) u j(X,Y):
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t(x,y) = s[i(x,y),j (x,¥)] (2.20)
Ecmu dynkiuu i(X, ) u j(X, Y) ©3BECTHBI, MO’)KHO BOCCTAaHOBUTh HEUCKAXKEHHOE H300pakeHUE.
Ha npaktuke 5Ti QyHKIMH 3apaHee HEU3BECTHBI, U UX HYXKHO OMPEAEIIATh YKCIEPUMEHTAIBHO.

IIpeoGpa3oBanue pacnpeaeeHHs HHTEHCUBHOCTH

PacnipeneneHre WHTEHCHBHOCTH XapaKTEpU3YeT KOJIMYECTBO IHUKCEIEH omnpezesieHHOoM
uHTeHcUBHOCTH. [IpeoOpa3zoBanue pacnpeneneHusi ”THTEHCUBHOCTH COCTOMT B MOHOTOHHOM HM3MEHEHHUH
MHTEHCHBHOCTH THKceJed u3o0pakeHWs. B  pesynbraTe NOIy4arOT HOBOE paclpeleneHue
WHTEHCUBHOCTH MMKCENEH, NMpUYeM KOHEYHAas MHTEHCUBHOCTb IHUKCENIS 3aBUCUT TOJBKO OT €ro
HayaJbHOM MHTEHCHMBHOCTM M  (QYyHKUMU TpeoOpa3oBaHusa. HampotuB, mpu NpUMEHEHUHU
MPOCTPAHCTBEHHOI'O0 U YaCTOTHOTO (PMIBTPOB MHTEHCUBHOCTh IMHUKCENS 3aBUCUT U OT MHTEHCUBHOCTHU
€ro coceeil.

Puc. 2.34 unmoctpupyer pe3ysibTaT peodpa3oBaHusl HHTEHCUBHOCTH MUKcenel. B oTmuyme ot
pacnpenesieHHsi ”HTEHCUBHOCTH ONTHYECKOT0 H300paXKeHus!, THCTOrpaMMa pacipeesieH s ¢ poBoro
N300paKeHUs JUCKPETHA, IOCKOJIbKY HMHTEHCHBHOCTb IMKCEJ XapaKTEpU3YeTCsl HaTypajbHbIM
3HaueHueM. [locie mpeoOpa3oBaHUs MHTEHCUBHOCTb OKPYIJIAIOT JIO I€J0I0 3HAYEHUS, YTO MOXKET
IPUBECTU K NOSIBICHUIO Pa3pbIBOB HA THCTOI'PaMMe.

B npunnune nmpeoOpa3oBaHuMe MOXXHO ONHMCAaTh HMOYTH JH0OOH rinagkoil ¢yHKIued, HO Ha
IPAaKTUKE HCHOJB3YIOT JIMLIb HekoTopble ¢yHKiuu. Ha puc. 2.35 mokaszaHel HepBOHa4albHOE
n300pakeHHe U TPU M300paKEHUs, MOJyYEHHBIE B pe3yJibTaTe ClEAyIOLMX MpeoOpa3zoBaHuii: 1)
jorapudmuyeckoro, 2) oOpaTHoro U 3) BeIpaBHHUBaHMs paclpeaeneHuss nHTeHcuBHocTH. [locnennee
npeoOpa3oBaHWE COCTOUT B TMOJYYEHUH PABHOW YACTOTHl TOSBICHUS TMHUKCENEH pa3IudaHON
MHTEHCUBHOCTH (HACKOJIbKO 3TO BO3MOXHO). JleTanu naHHoro npeodpa3oBaHus MOKHO HAWTH B paboTe
[16].

(DVHKUHH npcoﬁpa‘sonamm
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”C.\'OJHRH rucrorpamMMa
Puc. 2.34. Paciipesienenne HHTEHCUBHOCTH MUKCEIEH A0 U ITocie peodpa3oBaHus BBIPABHUBAHUS
¢yHkuuu pacnpenenenus. OopaTuM BHUMaHUE Ha HAJIMYKME Pa3pbIBOB B IpeoOpa3oBaHHON
THCTOrpaMMe paclpeleeHus

L .A_._J

JHHIMM

IMpeobpazoBaHHas rHCTOrpaMMa
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Puc. 2.35. 300paxeHust BOJIOKHUCTOIO KOMITO3UTA MOCIIE MTPeoOpa30oBaHusi HHTEHCHBHOCTH
nukcenen. (a) — [lepponavanbHOe n300pakenue; (b) — mocie JorapudpMuyeckoro mpeodpaszoBanus; (¢)
— mociie 00paTHOro npeodpazoanus U (d) — mociie BRIpaBHUBAHUS PaCIPE/ICTICHNs HHTCHCUBHOCTH
nukceneit. Pazmep noss 3penust 150100 mxm

K m3o0paxeHuto ceporo 1nBeTa MOXXHO IPUMEHUTh MpPeoOpa3oBaHUE IMCEBIOOKpPALIMBAHUS,
IpUJAlolIee eMy KpacHble, 3€JICHble 1 CUHUE KOMIIOHEHTBL. DTOT METOA 0COOEHHO 3P (eKTHUBEH aJis
HOJYEPKUBAHMS IPaHUL] OcOOeHHOCTeH. YenoBeueckuil ria3 panuyaer npudausurensbio 30 ypoBHei
MHTEHCUBHOCTH, UTO TOpa3’0 MEHbIIE KOJMYECTBA YPOBHEW SPKOCTH COBPEMEHHBIX MOHUTOPOB.
COOTBETCTBEHHO, YENOBEYECKUI IJ1a3 MO/WKeH paszimyath 30° ypoBHed I1BeTa, M IO3TOMY
TMICEB/IOI[BETHOE N300 paXkeHNEe JIaeT ria3y OoJiblie nHpopManuu.

3MmeHeHne WHTEHCUBHOCTU THKCENIEH HE JODKHO HM3MEHATh oObema wuHpopmammu. K
COXAJICHHIO, pealibHO MpHU Mpeodpa3oBaHUM MH(OpMalLU MOXKET TepATbCs, HaIpuMep, BCIEICTBHE
NOSIBJICHHUS Pa3pbIBOB HA paclpeieleHuy HHTeHCUBHOCTH. U ecin n300pakeHue mpeiHa3HaueHo He IS
BU3YaJbHOM JE€MOHCTpPALUH, a A1 KOJINYECTBEHHOTO aHAJN3a, JKEJIaTEIbHO U3MEHATh METO/1 aHAJIN3a,
a He caMo M300pakeHue.
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Tema Ne 7
®uiabTpbl. [IpeobpazoBanue Xoyra. Boinenenue.

IIpocTpancTBeHHBIE QUIBTPBI
[TpocTpaHcTBeHHBIE (HIBTPHI OTIMYAKOTCS OT OMMCAHHBIX BBINIE TOUCYHBIX MPe0oOpa3oOBaHUIt
TEM, YTO KOHEYHAs] MHTCHCUBHOCTh MTUKCENS 3aBUCHT OT MHTEHCHMBHOCTU COCENHUX mukcenei. [Tocie
npeoOpa3oBaHus, omuckiBaeMoro sipoM h(X,y) pasmepom SxS, mHTeHCHBHOCTH f(X,y) mukcens (X,Y)
CTAaHOBUTCS PABHOM:

j=x+s j=y+s
g =an Y > hGx—iy-Df(xy), 221)
i=x—S i=y-s
IA€ Cp — MOCTOSIHHAs. OTOT MpOIEeCC NPUMEHSIOT KO BCeMy MaccuBy nukcesnel. Ilockonbky

MaTeMaTHYECKUE OIepanuu Tuna ypaBHeHUs (2.21) Ha3bpIBalOT CBEPTKAaMH, OMHUCHIBAEMBIC
npeoOpazoBaHuUs HA3bIBAIOT (PUIBTPAMU CBEPTKH.

Kaxnpiii anemenT siapa h(X, Y) sBasieTcss BECOBBIM KOA()OHUIIMEHTOM, OMPEACISIOIIUM BIUSHUC
CBEpPTKM Ha KOHE4YHOe Hu3o0pakeHue. B kauecTBe mpumepa paccMOTpuUM (UIBTP YCPEIHEHUS IO
OKPECTHOCTH:

11 1
h(xy)[1 1 1 (2.22)
11 1

OToT (PUIBTp ompenenser cpelHee 3HAUCHHE MHTEHCHUBHOCTH B Oimkallleld OKpPEeCTHOCTU
npeobpazyemoro nukcens. Hike onmcanbl HEKOTOPEIE sipa CBEPTKH pazMepoM 3%3 M MX BIHMSIHUE HA
nzo0pakenue. TunuuHbM (UIBTpOM pasMmepoM 3x3 sBisercss mpeodpazoBanue Jlamiaca, KoTopoe
4aCTO UCHOJb3YIOT AJIS HOJUYEPKUBAHMS I'PAHUI] 0COOEHHOCTEH, IPUMEPOM Yero ciayxuT puc. 2.36. Ilpu
IPUMEHEHUH HEKOTOPOro (GUIIbTpa CBEPTKH HY>KHO YUUTHIBAThH [BA MOMEHTA.

Bo-nepBbIX, Ha Kpai H300paKEHHsS MHUKCEIM HMEIOT MEHbIee KOJIMYECTBO COCeAeH, deM
LEHTpaJIbHbIE, BCIEJICTBUE YEro K HUM ypaBHeHHE (2.21) mpuMeHsTh Henb3s. VMeeTcss HeCKOJIbKO
peuienuit sToi npobaemsl. Hanpumep, kpaiiHue NUKCeNIn MOXHO UTHOPUPOBATH, B PE3YJbTaTe YEro
HEMHOI'0 YMEHBIIUTCS pa3Mep n3o0pakeHus. BTopoil croco6 cocTOUT B CO3/IaHUU JTOMOJHUTEIbHBIX
MUKCEJEeH, KOTOPBIM MPUIINCBIBAETCS HEKOTOpPasi MHTEHCUBHOCTh. Ellle 071Ha BO3MOKHOCTh COCTOUT B
U3MEHEHUHU s17Ipa, 9TOOBI OHO YYUTHIBANIO (PU3NUECKUN pa3Mep H300parkeHusl.

Bo-BTOpBIX, pu NMpUMEHEHHH (QUIBTpa CBEPTKH HYKHO YUHUTHIBATh, YTO BBIYUCICHHAS I10
ypaBHEHUIO (2.2]1) HMHTEHCHUBHOCTb MOXET BBIXOJUTH 3a IMpeAeNbl JTMHAMHYECKOro JIuamna3oHa
n3zobpaxenus. [locrosiHHas ¢ ompenenser M3MEHEHHE CpelHEeH WHTEHCHBHOCTH H300pa)KeHHUS.
Hanpumep, kaxnapiii sneMeHT sapa (2.22) paBeH €AMHMIIE, U €ro INPUMEHEHUE NPUBOAUT K
JEBATUKPATHOMY YBEJIMUYEHHUIO CPEIHEH MHTEHCUBHOCTU M300pa’keHUs. JTO 0OYCIOBIEHO TEM, UYTO
KOHEYHasl THTEHCUBHOCTB Ka)KJOT'0 TUKCEJIS paBHA CYMM € HHTEHCUBHOCTEHN JEBATH coceniel. CpeHIo0
WHTEHCUBHOCTh MOXKHO OCTaBUTh HEU3MEHHOM, €CIIM TOCTOSIHHYIO Cp, CleNaTh paBHOM 1/9.

(a) (b)

Puc. 2.36. (a) — IlepBonavaibHOE U300 paKEHHE BOJOKHHCTOr0 Kommo3uta; (b) — pe3ynbrat
MPUMEHEHUS TPOCTPAHCTBEHHOTO (PUIIbTpa pazMepoM 3 %3, yBEIUIUBAIOIIETO PE3KOCTh IPAHUIL
0COOEHHOCTEH.
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YacToTHBIA QUILTP
Pe3ynbTaThl NMpUMEHEHHUS MPOCTPAHCTBEHHOrO (UIBTPA ONPEACISIOTCS WHTEHCUBHOCTHIO
HECKOJIbKMX COCEIHUX muKceneid. Elne oMHUM IMHMPOKO UCIIOJIB3YeMbIM MPeoOpa3oBaHUEM SIBILSICTCSI
qacTOTHBIA (GuiabTp. OOBIMHO OH COIEPXKUT IpeodpaszoBanre Dypbe, XOTS UMEIOTCS M UCKIFOUYCHUS.
Wuterpansusiii @ypre-o6pa3 F(U,v) nzodpaxenwus f(X,y) onuceiBaercs hopmMyIioi:
co oo

F(u,v) = f f f(x,y)exp 2rx+vY)dxdy (2.23)
®ypbe-00pa3 AucKpeTHoro u3odpaxkenus, cocrosimiero 3 NxN nukcenelt, umeer BUI:
1 et [—Zni(ux+vy)]
F(u,v) = Fz Z f(x,y)exp N (2.24)
x=0 y=0

rnieu,v=20,1,2,...N - 1. dypre-o6pa3 F comepxxut Bcto naopmaiuo 00 n300pakeHHH, KOTOPOE
MOKET OBITh BOCCTaHOBJIEHO 0OpaTHbIM Dypre-npeodpa3zoBanueM. IIpocTpaHcTBeHHbIE YacTOThl F
SBIISIIOTCS  KOMIUICKCHBIMH ~ BEIMYMHAMH, COJACPXKAIMMMHU peajbHyl0 W MHUMYKO dactu. B
WUTIOCTPATUBHBIX [ENSAX BEIWYUHY F OOBIYHO TPEICTAaBISIOT B BHJE TPEXMEpPHOro rpaduka Ha
KOMILJIEKCHOM MIIOCKOCTH. HU3KOYacTOTHBIE TADMOHUKH MMEIOT BUJI TTMKOB, PACIOJIOKEHHBIX BOJIM3U
Havasa cucrembl koopauHat F(0,0), a BBICOKHE 4acTOThI — YAaJICHHBIX TTHKOB.

Boruncnenne ®ypbe-o0paza cocTouT B BbimoiaHenun N* omepanmii ¢ KOMIUIEKCHBIMH
BEIMYMHAMU, U MOITOMY IIPU YBEJIMYEHUHU pa3Mepa H300pakeHus BpeMsi IpeoOpa3oBaHUs CUIBHO
Bo3pacTtaeT. B OonplmIMHCTBE mporpaMm HCHOJB3YIOT ObicTpoe mnpeoOpazoBanue Dypwe (BIID),
YMEHbIIAKOMIEe BpeMs BbhUHMCIEHUH. OntumusupoBaHHble BIID-aaropuTtMsl onrvicaHbl BO MHOTHX
paborax u, Harpumep, B [7].

[TpeoOpa3zoBanue U300paXKCHHUsI IPH MOMOIIK IPOCTPaHCTBEHHOro (GuibTpa ¢ sapoM h(X,y)
OMKCaHO B MpeabiaylieM maparpade. Takyio ke CBEpTKY MOXHO HCIIOIB30BaTh U B MPOCTPAHCTBE
Y4acToT:

G(w,v) = H(u,v) » F(u,v), (2.25)
rae F, G u H — ®ypre-00pasbl HCXOAHOTO U300pakeHHsI, KOHEYHOT'O W300paKEHHS | siipa CBEPTKH
cooTrBeTcTBeHHO. YacrtorHoe Dyphe-npeodpa3oBaHHEe HAMHOIO IMPOIIE, YeM MPOCTPAHCTBEHHOE
npeobpazoBanue. [IpeobpaszoBanne M300pa)KEHUN YaCTO BKIFOYAET HECKOJIBKO (DUIIBTPOB CBEPTKH.
Ecnu ananu3upyeTrcss HECKONbKO H300paykeHUuM uim Tpedyercs oO0paboTka B peXuUME peallbHOTro
BpPEMEHH, YaCTOTHOE Mpeo0pa3oBaHue JaeT MPEBOCXOAHbIE PE3YIbTATHI.

Ha puc. 2.37 noka3ano uugpoBoe nzodpaxenue Mopasl Manapuia (a) u ero ®ypwe-crekrp (b).
N300pakeHne CONEPKHUT KaK BBICOKOYACTOTHYIO HH(popManuioo (BOJOCHI Ha MOpAE), TaKk U
HU3KOUYACTOTHYIO (00macTh Okoilo Hoca W Tia3). [ns ocnabiieHHss COOTBETCTBYIOIIMX JieTajieit
M300pakeHUs MOXKHO yIalUuTh WMJIM OCIAa0UTh pasziuyHble obnactu Dypwe-criektpa. Puc. 2.37c
WITIOCTPUPYET MPUMEHEHUE BICOKOYACTOTHOTO (PUIIBTPA, YJAIMBIIEr0 IIEHTPaIbHYI0 001acTh Dyphe-
o0pa3a B yKa3aHHOM Ha pPHCYHKE Kpyre. XOTd 3TO H300pa)K€HHE COXPAHMUIIO TOHKHUE JeTajH
[EepPBOHAYAJILHOIO H300pakeHMsI, MOTEeps HU3KOYACTOTHOW HHGOpMAIMU 3HAYMTEIBHO CHU3MIIA
KauecTBO u3o0paxkeHuss. Puc. 2.37d wwmoctpupyer mnpuUMEeHEHME (QUIBTpa,  yJAJIHUBILErO
BBICOKOYACTOTHYI0 HMH(pOpMallMI0O 3a I[pefeilaMu oOTMedeHHoro Kkpyra. Ha mnpeobpazoBaHHOM
M300paKeHUH OCOOEHHOCTH, COOTBETCTBYIOLIME HH3KOYACTOTHOM uHpoOpManuu (HOC U TIJ1asa),
COXPAHSAIOTCS JIOBOJIbHO XOpomno. OJHAKO MENKHE JeTald YTepsHbL. DTOT MPUMEp MOKA3bIBAET, YTO
ylaJeHne BHICOKHX YaCTOT B OOJIACTAX, T/Ie ONPENeISIOIeH ABIsSeTCs HU3K0OYacTOTHas nHpopManus,
MO3BOJIIET CHJIBHO YMEHBIIUTh OOBEM HEOOXOAMMOM MaMsTH, COXpPaHUB IpPU 3TOM KauecTBO
1300pakeHus, BIIOJIHE IPUEMIIEMOE VISl 3pUTEIbHOIO BOCIIPUSATHUS.

dypre-npeodpazoBanuss 0coOeHHO >(GEKTUBHBI sl aHaidM3a HM300pakeHUU, COAEpKAITIX
nepuoanyYecKue cTpykTypsl. Ha puc. 2.38a mokasan peryispHbIi MacCHB JaTEKCHBIX cep pazMepoM
npuMepHo 5 MKkM. OOpa3zell coep>KUT HECKOIbKO 1e(PEeKTOB, 3aTPYAHSIIOMINX BOCIPUSATHE PETYIISIPHON
CTPYKTyphl. Dypbe-criekTp 3Toro mu3odpaxkenus (puc. 2.38b) mmeer paamanbHbBIi HAOOp THKOB,
COOTBETCTBYIOIIUX 3TUM CTPYKTypaM. CreKkTpajbHble KOMIIOHEHTBI, HaXOIALIMECS 3a MpPEaeroM
HEHTPaJIbHOrO Kpyra, ObUIM YJalleHbl, a B pe3ylnbrate obpaTtHoro dypne-npeoOpa3oBaHus OBLIO
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HOJTy4eHO u300pakeHue, IpeiacTaBieHHoe Ha puc. 2.38c. IIpeobpazoBaHHOe u300paxeHue
MOIYEPKUBACT HAIMYKE JATEKCHBIX cep, a Dypbe-CreKTp MO3BOISIET ONPEIETUTh PACCTOSHUE MEKTY
NEepUOINYECKUMHU CTPYKTypaMu U ux opueHTauuo. Ha puc. 2.39 nokazano nzobpakeHue, nMeroliee
NEpUONYECKYIO TOMEXY. YaajeHHue COOTBETCTBYIOLIMX MUKOB Dypbe-CreKTpa SBUJIOCH OUYEHb
3¢ PEKTUBHBIM METOZIOM €€ YCTPaHEHHUS.

)

Puc. 2.37. lludpoBoe nzodbpaxenue Mopasl Manapuia (a) u ero @ypne-odpas (b). (¢) u (d) —
Pe3ynbTaThl MpUMEHEHHs BBICOKOUACTOTHOTO M HU3KOYACTOTHOTO Dyphe-PHIbTPOB COOTBETCTBEHHO

IIpeoGpa3zoBanune Xoyra

B 1962 Ilaynp Xoyr 3amaTeHTOBajd NpeoOpa3oBaHUE, MPEIHA3HAYCHHOE IS «MAIIMHHOTO
pacno3HaBaHUsl CIOXHBIX JUHUKA Ha Qororpadusax». Temeppr mnpeoOpazoBaHHe Xoyra IITUPOKO
OPUMEHSIOT JUIsl aBTOMATU3MPOBAHHOTO OOHAPYXKEHHs MPSMBIX JUHUN, KPYroB M 0OoJiee CIIOKHBIX
KpuBbIX. OHO 0COOEHHO Y(PPEKTUBHO ISl yCTPaHEHHS [ITyMa M BOCCTAaHOBJICHUS YACTUYHO yTpayueHHOM
UHpOPMaLIUH.

PaccmoTpuMm n mukcesei rpaHuIbl HEKOTOPOro oobekta. Eciny Mbl XOTUM HallTH MMOAMHOXKECTBO
NUKCeNIel, JeXaluMX Ha OJHOM MpAMOM, MOXHO ONPENENUTh YpPaBHEHUS, OMHCHIBAIOIIME BCE
BO3MOJKHBIE TIPSIMbIE, U BBIICHUTH, CKOJIBKO MUKCEeH yIOBIETBOPSIIOT KaXJIOMy M3 3TUX YPaBHEHUU.
C10XKHOCTb COCTOUT B TOM, YTO UMECTCA OIrpPOMHOC KOJIMYCCTBO BO3MOKHEIX ITPSAMBIX (nopﬂmca n,rae
N —konu4ecTBO nukcenei). [IpeodpazoBanne Xoyra pemaer 3Ty npobiemy naade. Bmecro Toro, 4To0s!
paccMaTpuBaTh MpsIMbBIE, COCAMHSAIOIINE BCE Napbl MUKCEIEH, MOCIEIO0BATEIFHO PAacCMATPHUBAIOT
Ka)KIbIH MTHKCENb, M ONPENCIISIIOTCS BCE BO3MOXKHBIC JTMHUU, TTPOXOSIINE Yepe3 Hero.
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Puc. 2.38. CnektpansHoe ¢punbTpoBanne Oypbe-o0pa3a moaUepKUBACT HAUTHUHUE TIEPHOTUIECCKUX
ocoOeHHOCTeH. (a) — PerynspHsblil MaccHB JTaTeKCHBIX cdep nuamerpoM 5 MkM. JlaTekc nmomyduim u3
pacTBOpa, cnapuB pacTBOputelb. (0) — @ypbe-CreKkTp BBISSBUI HATUYNE IEPUOAUIHOCTH,
JIeMOHCTpUPYEMO HaOOPOM ITUKOB, JISKAIINX Ha OKPY>KHOCTH. (¢) — BoccTaHOBIEHHOE N300paXeHne

nocie npuMeHenuss Oypbe-QuiIbTpa MoJIepKUBaCT HANNYHE TIEPUOTMIHOCTH.

B nmapamerpuueckoit ¢popme npsMas JMHHS ONUCHIBAETCS yPaBHEHUEM:
y-cosO —x-sinf =p, (2.26)
IJie p - JUIMHA HOPMAJIM U3 Hadaja KOOPAWHAT /10 MPAMOM, 6 — yroia MeXay NpsiMoil U ocbio X. B aToit
3a/1a4e KOOpAUHATHI MUKCceNs (X, Yi) ©U3BECTHBI U SIBJISIFOTCSI IOCTOSIHHBIMU YpaBHEHUS, a 0 1 p — NCKOMbIE
HEH3BECTHBIE.

Jlns BBIOpAaHHOTO TMHKCENs C HOMOLIbI0 ypaBHeHus (2.26) ompexpenstor BeanduHbl (6,p),
OIMCHIBAIOIIHME BCE BOSMOXKHBIE IPSIMBIE, TPOXOAIIIE uepe3 TOUKy (Xi, Yi). B koopnunarax napamerpos
Xoyra ux rpadguxk umeer Buj cuHycouabl. Ha puc. 2.40a mnokasansl Tpu nukcens, a puc. 2.40b
JEMOHCTPUPYET COOTBETCTBYIOIIME CHUHYCOMIbl B KOOpAMHATAaX MapamMeTpoB Xoyra. Tpu NuKcens
KOJIJIMHEApHbl, 1 UMEETCSl €UHCTBEHHas npsmMast (60i,pi), npoxoasiuas yepe3 Bce Tpu Touku. [loaTomy
BCE CHHYCOMIBI B IPOCTpaHCTBE XOyra Hpoxoasar yepe3 Touky (6i,pi). KonmneapHsle nukcenu Ha
M300paKEHUH MOT'YT ObITh HAaMICHBI TIOMCKOM IEPECCUCHHUI B IPOCTPAHCTBE XOYTa.
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(c)

Puc. 2.39. (a) — U300paxenue, conepxaiiee nepuoanyeckuii mym; (b) — uz dypbe-crekrpa
MOJKHO yJAJHMTh JBa MUKA; (C) — MEePUOANUYECKUHN IIIyM yCTPAaHIETCS, TTONABISSA 3TH MUKW U MPUMEHSSA
obpatHoe Dypbe-mpeodpa3oBaHue.

VYpaBHenue (2.26) onpeaenser HeMPephIBHYIO (QYHKITHIO, COOTBETCTBYIOIIYO mapamerpam (6,0)
JUIs ofHOrO NHKcens. Ha nmpakTuke mapameTpuueckoe NpOCTPaHCTBO AENSAT Ha KOHEUHBIE JIEMEHTBI, U
JUIL JIMHEHHOTrOo mpeoOpa3oBaHUs Xoyra 3TOMY COOTBETCTBYET IBYMEPHBIH MacCHUB HJIEMEHTOB B
npocTpaHcTBe napamerpoB (6,p). MaccuB mepBOHaYajIbHO 3aHYJAIOT. [1o Mepe paboThl anropuTMa
KXl TUKCETh U300pakeHHs MpeoOpa3yeTcsl B AUCKPETHYIO KpUBYIO (6,p), U B COOTBETCTBYIOIIUE
A4elKU NMapaMeTpHuecKoro npocTpaHcTBa fobasisercs equHuna. CoBnajaolnye CHHyCOUAbl, KaK Ha
puc. 2.40b, IpUBOJIAT K MOSIBICHUIO TUKOB B Maccuse (6,p), CBUACTEIbCTBYIOIIHX, YTO Ha N300 pasKeHUH
UMEIOTCS IPSAMBIE JTUHUU.

Puc. 2.41a nemonctpupyer mudpoBoe mzoOpaxenue kopnyca [lapkuHCcOHa yHUBepcuUTeTa
Junca. I'panu paznuusbix jeranedt (b) OblIM 0OHApYKEHbI IPU MOMOIIMU JAMJAaCOBCKOro (GuibTpa
cBepTkH pasmepoM 3x3. Kaxkablii nuKcesnb N300pakeHUsI C MHTEHCUBHOCTBIO BBILIE MOPOrOBON OBLI
npeo0pa3oBaH B KPHUBBIE B MapaMETPHUECKOM IIPOCTPAHCTBE. 3HAUEHUE KAXKAOM sSUeHKH B MaccuBe
napaMeTpHYecKoro mnpocrpaHcrsa (6,0) oTpaxaercss ee HMHTEHCHBHOCTBIO (C), 4YTO IO3BOJISIET
BU3yalM3UpoBaTh MaccuB. B mpocrpanctBe (0,0) BuaHa HeOomblias rpynmna nukoB. Puc. 2.41d
JNEMOHCTPUPYET JMHHUU TEPCHEKTUBBl MCXOJHOTO H300pa’keHUs, COOTBETCTBYIOLIME 3THUM IHKaM.
OTMeTHM, YTO NMUKH BBIABISIOT HAauOoJee UIMHHBIE OTPE3KH MPSIMBIX HA MCXOIHOM H300paK CHHH.
MeHee HHTEHCHBHBIC TUKU COOTBETCTBYIOT 00JIee KOPOTKUM OTpPE3KaM.
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Puc. 2.40. MimocTpanus uHelRHOro npeodpasoBanus Xoyra. (a) — Ha n3o6paxxenun BpiouparoTcs
TPU TOYKH, JIeKale Ha oJHoU npsiMoii; (b) — mpuMeHeHne npeodpa3oBaHus Xoyra KO BCEM MPSIMbIM,
KOTOpPbIE MOTYT IIPOXOIUTH Yepe3 KaxkIYI0 U3 3THX TPeX To4YeK, 00pa3yeT B MPOCTPAHCTBE MapaMeTpOB

(6,p) Tpu xpuBsie. Touka UX mepecedeHus onpeaesier napamerpsl (6i,pi) IpsIMOii Yepe3 Bce TpU
BBIOpaHHBIE TOUKH

Hauaino xoopauHat B ypaBHeHUH (2.26) MOKHO BbIOpaTh TPOU3BOIBHO. UTOOBI OHO COBIAJO C
HayajoM KOOpAMHAT LU(POBOro M300paXkeHHsl, €r0 MOKHO IIOMECTUTh B JIEBbIM BepxHuil yros. Bo
MHOTIMX Y4eOHHKaxX, ONMHUChIBAIOLIMX Tpeo0pa3oBaHue Xoyra, Tak u genaercsa. OQHaKo 3TO HaKJIaAbIBaeT
OrpaHUYCHHUE HA IAPAMETPUYECKOE IPOCTPAHCTBO, U HU OJHA CHMHYCOMJA HE IONAAACT B BEPXHUI
IpaBbIi KBaJpaHT, IPUBOJIS K HECUMMETPUUHOCTHU rpaduka. B mpumepe, nmnocrpupyemom puc. 2.41,
HAyajo CHUCTEeMbl KOOpAMHAT IOMECTWIM B LEHTPEe H300pakeHHUs, 4YTO JaeT pPaBHOMEPHO
pacrpeneeHHOe NapaMeTPUIECKOe IPOCTPAHCTBO.
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Puc. 2.41. Mnmoctpanust MeTo/1a MOMCKa MPSIMBIX JIMHUHA MPU TOMOIIY TpeoOpa3oBanus Xoyra.
[IpsiMble TuHUYM Ha U300paXkeHUU () 0OOHAPYKEHBI C UCII0JIb30BaHUEM MpeoOpazoBanus Jlamnaca
pa3mepom 3x3. (b) — PesynbraThl npuMeHeHus npeodpazoBanus Jlamnaca. (¢) — [Ipumenenue
npeoOpazoBanus Xoyra K (b). (d) — OTMeueHHbIe CTpenKol HanboJiee IIOTHBIC 00JIaCTH B
KOOpauHaTax rnapamerpoB (6,0) BBISBISIOT OCHOBHBIC IMHUU HA UCXOTHOM H300paK CHUH

ITpeoOpazoBanue Xoyra MOXHO MCIHOJIb30BaTh AJIsl ONPEIEIICHUS paclpeieseHus MPsSMBIX MO
opueHTanuu. B kauecTBe nmpuMepa MOKHO B3SITh PEHTTEHOBCKYIO MHKpoTOoMorpaduio u padoty [19].
Xots B maHHOM Taparpade omuchiBaeTcs NTHHEIHOe mpeodpa3oBaHne XOyra, 3TOT MOAXOI MOXKHO
MCI0JIb30BaTh U JJIsl aHalM3a KpUBBIX. Hanpumep, OKpyKHOCTh OMUCHIBAETCS YPAaBHEHUEM:

(x = x0)* + (y = ¥p)* =12, (2.27)
rze I — paanyc OKpyKHOCTH U (X0, Yo) — KOOPAUHATHI €€ [[EHTPa. DTO ypaBHEHHE HMEET TPH MapameTpa,
U TIapaMeTpuyecKoe IPOCTPAaHCTBO sABJIsSETCs TpexMepHbIM. Kaxknas Touka (X, Yi) B mapaMeTpu4ecKkoM
MpOCTpaHCTBE MpeodpasyeTcs B KoHyc. Puc. 2.42 ummocTpupyeT npuMeHeHue npeodpa3zoBanus Xoyra
K M300paXEHHWI0O MBUIBHBIX My3bIped. llomepeyHoe cedeHHE TPEXMEPHOrO MapaMeTpHyecKOro
MPOCTPaHCTBA JIJIsl TOCTOSIHHOT O 3HAYEeHHUs pajJryca I TTOKa3aHo Ha puc. 2.42b.

Hcxons W3 NpUBEACHHBIX IPUMEPOB, MOXHO IOAyMaTb, 4YTO IpeoOpa3oBaHue Xoyra
OPUMEHUMO JIMIIb B CIydasx, KOIJla HMEETCs ypaBHEHHE, ONuchbiBarolee (opMy HCKOMBIX
ocobeHHoCTel. B ciyyasix, korja Takoe ypaBHEHHE OTCYTCTBYET, MOKHO MPUMEHSATh 0000IEHHOE
npeoOpazoBaHue Xoyra, B KOTOPOM OCOOEHHOCTh ONMUCHIBACTCA TaOJHMIIAMHM PACCTOSHUN U HapaMu
Harnpasienuit [20].

Brigeaenue odJacrei

OnucanHple BbIIE NpeoOpa3oBaHWs MpEAHA3HAUYEHBl IS BBIACNCHUS  Pa3IUYHBIX
ocobeHHocTel. OpHAKO TakWe MPeoOpa3OBaHHUS HUYEr0 HE TOBOPIAT 00 WX XapakTepe. AHamm3
M300pakeHUs BCerja MpPOBOJIUTCSA C anpHOpPHBIM 3HAHMEM WX Hpupoabl. Hampumep, mpuMmeHeHue
Oypbe-puiibTpa K U300pa’KEHUIO, NMPUBEACHHOMY Ha puc. 2.38, ObUIO HAmpaBJICHO Ha BBISBICHUE
NEepUONYECKUX OCOOEHHOCTEH, HaJln4yue KOTOpBIX OBLIO YCTaHOBJIEHO BuU3yasbHO. Crenyroimui
JIOTMYECKUH 1Iar COCTOUT B UIEHTU(UKALIUN PAa3IUYHBIX 0COOCHHOCTE N300pakeH s U BBICICHUN X
u3 ¢ona. IIpomecc BbleneHUs SABISETCS OJAHMM M3 Hamboliee Ba)KHBIX IIaroB JIFOOOH MporpaMmsl
pacriozHaBaHusi 00pa3oB.

s BeiAeneHus: o0acTeld MOKHO HMCIIONB30BaTh Pa3NIMUHbIE CBOWCTBA M300paskeHus. CaMblii
IIPOCTOM METOJ COCTOMT B JCJICHWU H300pa)keHHWs Ha 00JIaCTH pa3NuYHOM HHTEeHCHBHOCTU. Jlns
BBISIBJICHUS O0JIacTell pa3jMyHOM MHTEHCHBHOCTH OY€Hb Ba)kKHA TIIATeJbHAs MOATOTOBKAa 00pasia,
BKJIIOYAIOIIAsi €ro pa3pe3aHue W MOIMPOBKY. B 3ToM cmbicie 3a1aua MaTepuasaoBea ropaszio Jierde,

31



YeM ero KoJUIer-OMoJIOroB, UMEIOIIUX JeJ0 ¢ 00BbeKTaMH, TPaHUIbl KOTOPBIX OMPEAENICHbl HACTOIBKO
IJI0XO0, YTO UX TPYJHO BBIICIUTH 1a)K€ YETIOBEUECKOMY IJ1a3y.

Hnst BeimeneHus obiacTed pa3iMiHOW WHTEHCHBHOCTH HEOOXOIMMO BBIOpATh MOPOT (eciu
MMeeTCsl HECKOJIBKO 001acTel, TO HECKOJIbKO TTOPOTOB), KOTOPBIM IETUT U300paKEHUE HA Pa3IMYHbIC
obsacTd. DTy oOmnepalnuio Ha3bIBAIOT OIpeIeNeHreM mopora. Bpibop mopora craHoBUTCS Ooiee
OUYEBUIHBIM, €CIM IOCTPOUTH PACIPENEICHUE NHTEHCUBHOCTU NHKcenel. Puc. 2.43 neMoHcTpupyer
U300paKeHUE BOJOKHUCTOIO KOMIIO3MTa M COOTBETCTBYIOIEE pACIpEeAeleHHe HHTEHCHUBHOCTU
nukceneid. Ha pacnpenenenuu BUAHBI TPH TUKA, COOTBETCTBYIOIIME IOPaM, BOJIOKHAM U Matpuue. Eciu
MHTEpeC MPEICTaBIAIOT BOJOKHA, BEIOMPAIOT JUana3oH HHTEHCUBHOCTH, COOTBETCTBYIOIIMNA UX MHKY.
Bcem mukcensiMm B 3TOM Juana3oHe MPUIHCHIBAIOT 3HaueHue «0» (YepHBIM LIBET), a OCTaJbHBIM —
WHTCHCUBHOCTH «1» (OembIii IBET). DTO MO3BOJSET BHIIEIUTH BOJIOKHA.

ITocne BblAENEHUA NUKCEIEH, COOTBETCTBYIOIIMX CEUEHHUIO BOJIOKOH, MOXXHO M3MEPUTh HX
OTHOCUTENBHYIO JIOJIO0, OJHAKO WHOr/Aa TpeOyeTcs ompenenuTh Oojee CIOXKHBIE XapaKTEePUCTHKH,
HampuMep, GopMy BOJIOKOH. Pa3ianuHble OOBEKTHI MOXHO ONPEAETUTh, KaK O0JACTH CBSI3aHHBIX
nukcened. Ecnu aBa mukcens NMpUHAANEKAT OIHOMY OOBEKTY, MEXAY HUMH MOXXHO HAMTH MYTh,
LENUKOM JISKalIui BHYTpH 3TOro oObekTa. s maeHTHUHKAIUU O0OBEKTOB MOXHO HCIIOJIb30BATh
IIPOLIECC, HA3bIBAEMBIH POCTOM 00JIACTH.

OmnwuieM anropuT™ pocTta obiactu. Bo-nepBrIX, B penenax BHIOpaHHOTO 00bEKTa BRIOMPACTCS
«3apoAbli». 3aTeM aHAIM3UPYIOT coceAHMe NMUKcenu. Kaxaplil U3 3TUX NUKCceneld OLEHHWBAETCS 110
CKPUTEPUIO YyieHCTBa». ECaM MHTEHCUBHOCTh NMUKcens paBHa «0», ero CUMTAIOT YWIEHOM CEMENCTBa.
Kputepuii unenctBa MoxeT ObITh U Oosiee CIOXKHBIM. JIF0OOW MUKCENb, YJOBJIETBOPSAIOMIUNA ITOMY
KPUTEPUIO, TAK)KE CTAHOBUTCS «3apOJBIIIEM», U MPOLIECC MOBTOPAETCS. DTa MpoLeaypa IPUBOIAUT K
«pacIIbIBaHUIO» 00JIACTH JI0 TEX OP, ITOKa He OYyT ONpe/eleHbl BCe MUKCEU I'paHULlbl BOJIOKHA. Puc.
2.44 ummocTpupyeT, Kak GopMupyeTcs 00iacTh B pe3ysbTare o0beauHeHus nukceneil. Ha mepsom
PUCYHKE IIOKa3aH 3apojbllll, a MOCIEAYIOIUE WUIIOCTPUPYIOT pocT obsacTh. YepHble MHKCETH
yKa3bIBaIOT HaIpaBjieHue pocta. Korja Bo Bcex HampaBiIeHUAX JOCTUTAeTCs TPAHULA, 00JIaCTh CYMTAIOT
ONPEIEIEHHOM..

Puc. 2.42. Oxkpy>XHOCTH Ha H300paK eHUH MOKHO UJECHTH(HUIIUPOBATH, UCIOJIB3Ys MPeoOpa3oBaHue
Xoyra. [1y3bIpssM Ha U300pa’keHUH (a) COOTBETCTBYIOT TEMHBIE MSATHA B TapaMETPUUIECKOM
npoctpanctse (b)
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Puc. 2.43. Brinenenue o0nacteil COCTOMT B JEJICHUH T1OJISI 3pEHUS HA 00JIaCTU Pa3TUIHON
WHTEHCUBHOCTH. (a) — J{J1s momy4YeHus: KOHTPACTHOTO U300pakeHus oopaser] ObUT TIATENBHO
otnonupoBad; (b) — pacnpenencHne HHTEHCUBHOCTH TUKCENEH MO3BOJISET BBICIUTD Pa3InYHbIE
0CO0EHHOCTH; (C) — ompenesisi IOPOr HHTEHCUBHOCTH, ACISIINN MaTPHILY U BOJIOKHA, OJIy4aeM
n3o0pakeHue, najapHeias 00paboTka KOTOPOro MO3BOJISET OMPENSIUTh 00 BEMHYIO OO BOJIOKOH

(@) (b) (¢)

(d) (e)

Puc. 2.44. MimocTtpanus aaroputMa «pocray 00y1acTu. AITOpUTM COCTOUT B IOCIIE0BATEILHOM
JBIDKEHUH OT () K (e). UepHble MUKCeNnn «aKTUBHBDY.

XapaxkTrepu3anus U Kiaccupuranus

[Tocne BbieneHust obOsacTel OOBEKTHI Ha H300paXKEHUM HACHTU(UIMPOBAHBI, OJHAKO HX
XapakTep HE YCTaHOBJIEH. XapaKTepu3alus COCTOUT B OMUCAHUM KaX/10il 0COOEHHOCTH HECKOJIbKUMHU
napaMmerpaMu. BpiOop xapakTepuCTUK 3aBUCUT OT mpupoabl oOpasia. Hanmpumep, npu uccienoBanuu
JUIMHBI BOJIOKOH MX XapaKTepu3yroT JIMHONU. IIpu nccienoBanuy OpUEeHTAlMKM BOJIOKOH UX CEYEHUE
XapaKTepU3yIOT KOOPAWHATAMU U CTENEHBIO AJIITMITHYHOCTH (YTOOBI MOXHO OBUIO pacCUUTATh YIIIbI
OpHUEHTAIUN).

Pemenne o mpupone KaxJIoro 0oObEKTa MOXET OBbITh CAENaHO Ha OCHOBAHMM aHaJIn3a
MOJTyYEHHBIX XapakTepucTuk. Hampumep, mpu ucciaeoBaHMM OPHEHTALMK BOJOKOH OCOOEHHOCTH
JENIAT Ha «CEYEHHE BOJIOKOH» U «IpYyrue OOBEKThD» (IMOphl M OCKOJIKM BOJIOKOH, MOSIBUBIIMECS B
MpoIecce pa3pe3aHus v MOJMPOBKU 00pasia).
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Tema Ne8
Omubku u crepeosiorus

XapakTep omuOOK 3aBHCUT OT TOT'O, KEM OHU cJieaHbl. [locMOoTpeB Ha OMMOKH, MOXKHO Y3HATh,
obagaeT i yeaoBek uenaoBekomoouem. (Kougyyuiu. Cysxcoenus u 6eceowvt 1V.7).

OKCIeprUMeHTa bHbIE XapaKTEPUCTUKH, TOTYYEHHBIE ITPH MTOMOIINM MHKPOCKOIIA, 0043aTeIbHO
JIOJDKHBI  COMPOBOXAATHCS YKAa3aHUEM UX TOYHOCTU. [IpuMepoM MOryT CIOyKWTh CIEIyHOIIUe
YTBEPKICHUSA:

1. HeBo3MOXHO cienath aOCOMOTHO TOYHOE U3MEPECHHE.

2. [ToaToMy Bce DKCIEPUMEHTAJIbHBIE PE3yJIbTaThl HETOUHBI.

3. CreneHb HETOYHOCTH 3aBHCUT OT OIIMOOK, JOMYLICHHBIX B AKCIEpUMEHTE. JlaHHbIE
YTBEP)KIAEHUS MOTYT IOKAa3aTbCsl M3JIMIIHE NMECCUMUCTUYHBIMU, HO OHM COOTBETCTBYIOT «IIPUHLIMITY
HeomnpeneaeHHocTn» ['elizenOepra, oqHOMY W3 KpaeyroJibHbIX KaMHEW coBpeMeHHOW ¢usuku [21].
[TorpemHocT M000r0 IKCOEPUMEHTA ACNATCA HA CIy4ailHble M CHCTeMaTHYeCKHe.

Cnyuaiinaa owubdbka — 3TO CilydaiiHas Bapualnus pe3yjbTaToB, KOTOPYIO IKCIEPUMEHTATOp He
MOKET KOHTPOJIMPOBaTh. Tak Kak OHMIMOKM PaBHOBEPOSITHO NMPUBOAST K 3aBBIILICHUIO U 3aHUKEHUIO
U3MEPAEMON BEJIMYMHBI, YCPEOHECHHE DPE3YIbTaTOB H3MEPEHHUM YIIydINaeT OLIEHKY «UCTUHHON»
BEJIMYHHBIL.

Cucmemamuueckas owubka — HechydailHass ommOKa, onpezaenseMas METOAOM H3MEPEHUS.
OmmoOKy 3TOro TUMA MPUBOMAAT K PETYJISIPHOMY 3aBBIIICHUIO MM 3aHUKECHUIO NCTUHHOTO 3HAYCHUS.
OHU HE MOTYT OBITh YMEHBIIIEHBI YBEJTMYCHUEM KOJUYECTBA M3MepeHui [22].

Hampumep, npu wHCIoNb30BaHUM JMHEHKK CiydaifHass ommOka OOyCIOBJIEHa HETOYHBIM
COOTBETCTBHEM KOHIIOB 00paslia U MeToK Hikaybl. Cucremarnyeckas oumMOKa MosBJseTCs, eciu Bbl
KyIIWIM IJIACTUKOBYIO JIMHEHKY, clellaHHylo B Kutae, a paccrosHue mexay Merkamu paBHO 0,9 Mm
BMECTO MOJIOKEHHOr0 MUJTMMeETpa. Minu ecnu u3MepeHus AeaaroTcs Mpy MOBBIIEHHOW TeMIeparype,
IIOTOMY 4YTO IIPH 2TOM PACIIUPSAIOTCS APEBECHHA WIN ILUIACTUK, U3 KOTOPOr'O CIElIaHa JTMHENKA.

MHorue M3MepeHus: OCYIIECTBISAIOT HECKOJIBKMMU NpuOopaMu. [l onpeneneHus TOYHOCTH
pe3yJsibTaTa JI0JDKHA OBITH OllEHEHa OIIMOKa KaXJ0ro u3MepeHus. Bollie ObUT0 onmmcaHo ycTpaHEeHHe
F€OMETPUYECKOT0 MCKa)KEHHS U TEpUOJMYECKUX IoMexX H3o00paxeHus. Bmecre ¢ mnpaBuibHOU
KaJMOpPOBKOW yBEJIMYEHHS MUKPOCKOIA 3TO TIOJDKHO FapaHTHUPOBATh MPaBUILHOE H3MEPEHUE Pa3MepOB.
OpnHako 3TO HE 3HAUUT, YTO DKCIEPUMEHTAJIbHBIE PE3YJbTaThl COBCEM HE MMEIOT OMMNOOK. Meron
M3MEpEHHU JJIMHBI U BEIOOp 00pa3a TakKe He JOJDKHBI 3HAUNUTENBHO BIMSTh Ha Pe3yIbTaT U3MEPEHNUS.
OTu BOHpPOCHl M3y4aeT CTEpPEOJIOTHs, OHAa JKE€ OO0ECIEeUMBAET «UHCTPYMEHTAIbHBIN HabOp»
MaTeMaTUYECKU KOPPEKTHBIX METOA0B M3MepeHus. OHa n3ydaeT MHOKECTBO BOIIPOCOB, B TOM UHCIIE
MeTOAbl BHIOOPKH Ce4YeHHs, MpaBuja IMOAcYeTa OOBEKTOB U CIOCOOBI OMpedesieHHs pa3MepoB
TPEXMEpPHBIX OCOOEHHOCTEI UCXO/IS U3 UX IBYMEPHBIX CEUEHUH.

BakHocTh BEIOOpa M3ydyaeMoi 001aCTH MILTIOCTPpUPYETCs clieayouM npuMmepoM. [1pu ananusze
IPO3PaYHOro MaTepuana oobeMoM 10 MM® Bech DKCIEPUMEHT MOKET BKIIOUYATh u3ydenue 10 monei
3peHust B 10 pa3iauuHbBIX cedeHHsX C riiyOmHoM pe3koctu 5 MxMm. Ecim ucronb3oBaTh THUIMMYHBIN
00BEKTHB, 00BEM OCMOTPEHHOT'0 MaTepuaia OyaeT paBeH NPUOIU3UTENFHO OJHON MUJUTMOHHOM YacTH
Bcero oobema oopasna. [Ipu BeiOope ceueHus HyKHO HCIOIb30BaTh CIEAYIONIUE paBuia. Bo-mepBoIx,
ceueHue MOJLKHBI BRIOMPAThCS clydaiiHo. B Haiem mpuMepe HYKHO CIy4aifHO BBIOMpATh CEYCHHS Ha
rinyoune oT 0 10 1 MM U noclieAyIoIUe ONTUYECKUE CeUEHUs Yepe3 Kax /bl MIIUTUMETp. Bo-BTOpBIX,
HayrajJ HY)XHO BbIOMpaThb M300pa)K€HUs, MOTY4YEHHbIe B BBHIOpaHHOM ceueHuu. K coxkaneHuio, B
IPUPOJIE YeNIOBEKa BhIOpaTh M300pa)KeHHe, KOTOPOEe BBINIAAUT WM Oojiee MHTEPECHBIM, UM UMEET
oxunaemMbiit Bua. [1oaToMy, 4TOOBI pe3ynbTaThl OBUIM KOPPEKTHBIMU, ITOJI€ 3PEHUS] HYKHO BBIOMpAThH
HayTraj, XOTsA U 3TO HE TapaHTUPYET IMOJIHYI0 KOPPEKTHOCTh U3MEPEHHUS.

DKCHEpUMEHT 4acTO COCTOHUT B MO/CYETE KOINYECTBA OCOOEHHOCTEHN B Mpeienax Mo 3peHus,
ecliu, K Mpumepy, TpeOyeTcsl ompenenuTh MX oO0Ilee YHMCIO WIM MJIOTHOCTh. Eciau Mbl ciydaifHO
BBIOpanM cedyeHue U o0JiacTh 00pasia, MOACYET OOBEKTOB B MpEenax IOJss 3PSHHS MPUBENET K
HekoTopol ommubOke. Ee mpuunny mmmoctpupyer puc.2.45, Ha KOTOPOM Mpe/cTaBleHbl JBa 00beKTa
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pasnuyHoro pasmepa. Jliis yuera 0ObEKT HOKEH MOMHOCTIO HAXOAUTHCS B Mpeenax Mo 3peHus, U
MIO3TOMY LIEHTP KPYNHOro o0beKTa JOJKEH HaXOAWUTHCS Aalblie OT Kpas Kajapa. BepostHocTh yueta
KPYITHOr0 00BEKTa MEHbIIE, YeM MEJKOro. JTO O3HayaeT, YTO Halll METOJ IojcyeTa IPUBOIUT K
ommMOKe M HYXXHO CKOMIICHCHPOBaTh €e. Puc. 2.46 nmeMoHCTpUpYeT pamMKy MojcyeTa, B Mpeaernax
KOTOPOM O0BEKT yUYUTHIBACTCS, €CIIM OH HAXOJIUTCS LIETMKOM B €€ MpeJieaX WU IepeceKaeT CIUIONIHYI0
«IMHHUIO TIpUeMa», HO HE IepeceKaeT <JIMHUI0 3ampera». Eciu B moje 3peHus HeT OOBEKTOB,
BBIXOJSIIIMX 3a IPEIENIbl pAMKHU MOACYETa, YTOT METOJ JA€T KOPPEKTHBIE PE3yJIbTAThl HE3aBUCUMO OT
pa3Mepa, GOpMBI U TIIOTHOCTH 00BEKTOB [23].

[Ipumensis mokazaHHBIA Ha puc. 2.28 Meroa TmpeoOpa3oBaHUs HM300paKeHUsi, 00bEeM
AHAJIM3UPYEMBIX HOAaHHBIX MOXET OLITh 3HAYHUTEIBLHO YMCHBIICH, a MHapaMEeTpbl H3y4YaCMbIX
0COOEHHOCTEH OIMCaHBbI JOCTATOYHO KOPPEKTHO.

Puc. 2.45. Nnnroctpanus omuOKy n3MepeHus, 00yCIOBICHHON KpaeBbIMU d(ddexTamMu. UToObI
MEHBIINN 00BEKT MOJHOCTHIO HAXOWIICS B TIpeenax MoJsl 3peHUs, ero HEHTP T0JDKEH ObITh B
npejieiax BHEIHEro MyHKTHPHOTO MPsMOYToJibHUKA. L[eHTp KpymHOro 00beKTa J0KeH ObITh B
npejieNiax BHYTPEHHET O MyHKTUPHOTO MPSIMOYTOJTbHUKA.

:'\

Puc. 2.46. Pamxa noacuye€ra KOJIM4YECTBa 00beKTOB. OOBEKT YUYUTBIBAKOT, €CJIN OH MMOMMaJgacT B IIPCACIIbL
PaMKH WA MIEPECCKACT MYHKTUPHBIC JIMHUHU, HO HC IICPECCKACT Kpaﬁ I/I306pa)KCHI/I}I HJIA CIIJIOIIHBIC
nuHUM. B 1anHOM CJIydac OOJLKHBI OBITh YYTCHEI TOJIBKO 00bekTh D 1 F.
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