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The invention pertains to the technology used to create two- or three-dimensional images inside a polymer material
using penetrating electromagnetic radiation and can be used for marking and for producing decorative articles and
souvenirs. In order to create an image inside an article or part thereof made from a polymer material, the material is exposed
to the action of focused penetrating electromagnetic radiation and an image is formed from those regions in which the
absorption of the electromagnetic radiation differs from that of the surrounding material. As a result of this, the radiation,
whose intensity is below the threshold value which would cause local ionisation in the material, triggers chemical reactions
at the focusing points which convert the polymer material to a composition different from the starting material. Specifically,
laser radiation is used as the penetrating radiation, and carbonising polymers are used as the polymer material. By these
means, it is possible to produce both black and half-tone images in the articles.

(67) Abstract




(57) Pedpepar

M3obpereHne OTHOCHTCA K TEXHONOTMM CO3NAHMA TUIOCKMX M
TPEXMEPHBIX H300paXeHMii BHYTPH TMOTMMEPHOTO MATEpHaNa C MOMOLLbIO
NMPOHHUKAIOMIETO  JJICKTPOMATHUTHOTO M3NYYEHUS MU MOXeT GhITh
HCMOJNIbL30BAHO [UIAL LEIeH MapKMPOBKHM M HM3rOTOBJICHMS JEKOPATUBHBIX
H3[EJIUA U CYBEHHPOB.

Jst cosmaHust M306paxeHHMS BHYTPH M3ENMA WIH €ro 4acTu,
BHIMOIHCHbIX M3 MNMOJIMMEPHOro MaTepuala, Ha MaTepUasl BO3AEHCTBYIOT
C(OKYCHPOBAHHBIM TPOHUKAIOWIMM 3JIEKTPOMATHUTHBIM HITyYeHHUEM M
CO3Mal0T  M30BpaxeHHWe M3 obnacTeil, B KOTOPbIX MOLJIOLICHHE
3JIEKTPOMArHUTHOIO HU3TYYEHHA OTINYaeTcs or TIOIJIOLLIE HHUSA
OKPYXalOLUCro MaTepuana, B pe3yJabTaTe TOro, YTO MCHOMb3yeMoe
MITTy4EHNE, WHTEHCUBHOCTh KOTOPOrO MEHBIUE MOPOrOBOro 3HAYEHMS,
BbI3bIBAIOIIErO  JIOKWIbHYIO MOHM3ALMK  MaTepuala, BbI3bIBAET B
NMONIMMEPHOM MATEPHAJIE B TOYKAX cboxycuposauml XHUMHYECKHNE PCAKLIMM,
KOTOpbIC NPEBPALIAIOT INOJUMEPHbIH MaTepUaT B KOMIIO3ULIMIO OTIHYHYIO
Mo CBOEMY COCTaBY OT MCXOQHOro Marepuana. B yactHocTH, B KauyecTBe
NIPOHHUKAIOLErO UINMYYCHUS MCNOJb3YIOT UITYYEHHUE Jladepa, a B KaYeCTBE

NOMMEPHOro MaTepHaia - KapOoHM3ylowmMecss mnonMMepsl. Takum
00pa3oM B HM3ICJMM CO3JAIOT KAaK 4YEpPHblE TaK M MOJIYTOHOBbIC
Hn306paxeHus.

HCKJIOYHTEJBHO IJIfl I{EJEH HHOOPMAIIHH

Komut, ncnomayemnie fas o6oanaqenns crpas-waesoB PCT Ha TuTyibHLIX jpactax 6pomop, B KOTOPRIX
OyGIEKYTCE MemAyHApOAHbIE 3asBKH B coorsercrsum ¢ PCT.

Asncrp 1 Ounnanpua MR  Maspurams
:'lrJ Ancrp::m g'll Dpasmms MW Manasn
BB  Bap6anoc GA Tabon NE  Hurep
BE Bemma GB  BemsxoGpuranas NL  Hunepaaugm
BF Bypxuma ®aco GN  TI'sumes NO Hopserus
BG Boarapus GR  TI'peius - NZ  Hosas 3eaaugua
BJ DBemum HU PL [lomma
BR  Bpasunus IE Hpaaumua PT  [lopryrama
CA Kasuaaa IT Hraxma RO  Pympms
CF llexrpammnoadpuxanckas JP  Snomms RU  Poccuiicxas Penepammsa
Pecrry6uuxa KP Kopeiicxas Halgomm-,lleuo- SD Cynan
BY Benapycs mmm SE Clli'umu
CG Konro KR miwu P SI JOBeHHS
CH [Iseimapus KZ Kasaxcran SK  Caopaxusa
Cl  Kor a'Hisyap Ll  JlaxTermrreitn SN Ceneran
CM epyH LK [lput Jlauxa ™D Yapn
G Gexocsosaxas LV T UA  ipesma
LV arsud
g g Pecuytmmxa MC Mouaxo US  Coemuméummnie HitaTu
DE Tlepmamus MG Maparacxap Amepuxu
DK aHug ML Mam uz gaﬁennmm
ES CIAHMS MN Mouromus VN BETHAM
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®OPMHUPOBAHUE U3OBPAXKEHHSA BHYTPH
[TOJIUMEPHOI'O MATEPHAIIA.

OBJIACTb TEXHHUKH.

Uso6peTeHne oTHOCUTCS K (OPpMMPOBaAHMIO M300paxXeHMH BHYTPH
H3nenus, No KpaiHell Mepe YacTb KOTOPOro BHIMOJHEHA W3 TOJIMMEPHOTO
MaTepHaJia, B YACTHOCTH, K (OPMHPOBAHMIO TPEXMEPHBIX WIH IUIOCKHX
H300paxXeHUii BHYTPY YyKa3aHHbIX M3JEJIMI C NMOMOIIBIO NPOHUKAIOUIETO
nanyyenusi. HM3obpereHue Moxer ObiTh HUCMNONb303aHO MU LENEH
MapKMpOBKH U M3rOTOBJICHHA ACKOPATMBHBIX U3IEIHA U CYBEHHPOB.

MPEILIECTBYIOLIUN YPOBEHb TEXHUKHU.

MapkupoBKy M3aeIusi WIM MU3rOTOBJICHHUE ACKOPATUBHOrO HM3ACIHSA
MOAYAC XEJATEJIbHO OCYLIECTRIATh, (OpMUpYs M300paxeHHe, HE Ha
NOBEPXHOCTU M3ICJIMA, a BHYTPM M3aeausa ( T.6. NOA IOBEPXHOCTHIO
WU3deNIUA) B CBA3M C TEM, YTO M300paXkeHMe BHYTPM M3ICIUs TpydHee
UCNOPTHUTb WIM pa3pyLUHUTb.

Hasecren [nar.CILLIA 4822973] cnoco6 co3naHuss MapKUPOBKM
BHYTPM MNpO3payHOW IS BMIMMOIO CBETA MOJIMMEPHOHW KOMIO3ULHH,
COCTOsILE M3 OBYX CJIOEB TEPMOIUIACTA, PaIIMYAIOLIMXCA IO CBOMM
ONTUYECKMUM XApAKTEPUCTMKaM, MpPH 4YEM MAapKHMPOBKY OCYIUECTBISAIOT
JasepHbiM nyvyoM. Jlyy npoxoauT uepe3 BepXHMH cClOH MarepHana,
KOTOPbIA HMMeEeT HMU3KHH KO3(P(PHMUMUEHET TNOIMOLEHN OTHOCHUTEIBHO
BO3AEHCTBYIOLLETO MITYYEHHUs], M Bbi3bIBacT B pe3y/lbTaTe KapOGOHHM3alLMH
MOTEMHEHHE COOTBETCTBYIOLIMX o6nacTe Ha MOBEPXHOCTM MaTepHala
HMXHEro cosi, K03 GULMEHT TNOrJIOLIEHNHs KOToporo npesbiaet 20cM-!.
YKa3zaHHbIH crocob orpaHuYeH TpeOOBaHMEM CO3OAHMS COOTBETCTBYIOLLUEH
KOMIIO3HLIMH, U KPOME TOro XECTKMMHU TpeOOBaHWSIMH K MaTepHalsiaM, M3
KOTOpbIX BBIMOJIHCHA KOMITO3ULIMSA, TO €CTb CNOCOO HEIb3sl TNPUMEHUTH
HEMoCpeACTBEHHO VIS CO31aHMUS NMOANOBEPXHOCTHON MAapKMPOBKHM BHYTPH
MaTepHasia NepBoro, WIH BTOPOro CJIOS.

ITon  peiictBMeM  nasepHoro HITy4YCHHUS OCYLUECTRIIAIOT
TOATIOBEPXHOCTHYIO  MapKMpOBKY  MaTepHaja C  OrpaHHY¢HHBbIM
NpPONYyCKaAHUEM CBETa, KOorjla B KayeCTBE€ Takoro Marcpuana NPUMCHALIOT
NoJMMED, COAEPXAIUMi CreUHaTIbHYI0 006aBKy - OUCYIbGHUI MoaMbaeHa
[mar.CILA 5075195]). CornacHo 3ToMy crnoco®y HMCIMOJB3YIOT Jla3epHOe
MITYy4YeHHE, MapaMeTpbl KOTOPOro He BbI3bIBAIOT JIOKAIBHOW HOHM3ALIMH,
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HO 06eCrneuYnBaloT NOJIyYEHHE YEpHOi METKM Ha cepoM (OHeE B pe3yJibTaTe
M3MEHEHMs pe(PPaKLMOHHBIX OMNTHYECKMX CBOMCTB TaKoOro MarepHana.
NpM4EM BBOAMMBIC YACTHUbI AMCYIbOUAa MOANOAEHA NOKHBI HMMETb
onpenaeseHHble pa3Mepbl. ChopMupoBaHHasi MeTKa Y€TKO Habmozaercs
TOJILKO TOA OfpedeJCHHBIM YIJIOM OCBELUCHUA, 4YTO OrpaHMYMBAeT
BO3MOXHOCTH HCNOJIb30BaHUS TaKOi MapKHPOBKH.

Ussecten [mar.CILIA 5206496] cnoco6 mnoarnoBepXHOCTHOM
MapKMpPOBKM  HM3I€NMsi, BBHIMOJIHEHHOr0O M3 MaTepyala, KOTOpbiH
npo3payeH MIA NIA3CPHOro M3INyuMEeHMsl, MyTeM CO3JaHHS METKM B BuUAC
00/1aCTH NOBbLILLIEHHOrO NOrJOWEHUSA AJICKTPOMArHUTHOIoO HMINTYYEHHUA 3a
cyeT JIOKQJIbHOM  HMOHM3alUMM  MaTepyana. JlazepHoe  manyueHMe
OCYLLUECTBIISIET MHOroakTopHOE BO3JEMCTBME Ha MaTepHal B pe3yJibTaTe
yero JIOKWIbHASE MOHM3aLUMA MaTepyasa B Touke (OKYCHMPOBKM
COMPOBOXAAETCS PE3KMM JIOKWIbHBIM HarpeBoM B (OKWIbHOM o00nacTH
6€e3 CylLLleCTBEHHOTrO pa3orpeBa OKPYXAIOLUEro MaTrepuaia. 3To MPUBOOUT
K TIOABJACHMIO MEXAHWYECKHX HanpsiKeHUH BHYTPM obbema U
BO3HWKHOBEHHUIO Ae(EKTOB CTPYKTYpbl (BIUIOTH OO NMOSBJICHWUS BUIMMbIX
TPEWIMH). YTO HAPYLIACT UEJOCTHOCTD MAaTepyajla M yXYALIAeT
3KCIUTyaTaLlMOHHbIE XapaKTepPHUCTHKH. Ilo 3TOM NMpUYKHE
HellelecooOpasHO  MCNOAb30BAaHME  JIOKAIbHOM  HMOHM3aUMM  UIA
MAapKMPOBKM  MaTepuala, MCXOOHO  ofnajalolluero  HEBbICOKUMM
NPOYHOCTHbLIMM ToOKa3areassMM. [pyruM orpaHMYeHHeM NPHUMEHHMOCTH
criocoba ABnsieTcss TpeOOBaHME NMPO3PAYHOCTH MaTepuaa.

PACKPbITUE U3OBPETEHHA.

B ocHoOBy M300peTeHMsi TMONOXEHA 3aJaya MOJYYEHHMs] YETKOro,
JIerKO  CYMTBIBAEMOro  M300paXeHMsi KaKk BHYTPM  MpO3payHOro
MOJMMEPHOTO MATEpHANa, TAK M BHYTPM MaTepHala C OrpaHHYEHHbIM
MpPOMYCKAHHEM OTHOCHTEJIBHO 3JIEKTPOMArHMTHOrO M3TyYeHMs.

CylHOCTh pellleHHs 3TOM 3aJayd 3aKIIoYaeTcsi B TOM, YTO I
GOPMMPOBAHMA M300paXeHMsT BHYTpPM M3ICJMS WIM €ro  4acTw,
BbIMOJHEHHbIX M3 MOJMMEPHOrO MATEPHAIA, HA MATEPHAT BO3JCHCTBYIOT
c(OKYCHMPOBAHHBIM  3JIEKTPOMArHMTHBIM  MITYYEHHMEM M CO3NAIOT
M306paxeHus1 U3 o6JIacTeii, B KOTOPbIX MOIVIOIUECHUE 3JIEKTPOMArHUTHOTO
MITyYeHHsi OTIMYAETCS OT TNOIJIOLIEHUS] OKPYXAlOllero Marepuana, mpu
YeM  BO3AEMCTBYIOT TNPOHMKAIOLIMM  HMITyYeHHEM, HMHTCHCHBHOCTb
KOTOpPOro MEHbLIE [MOPOrOBOro 3HAYEHMs, BbI3bIBAIOILETO JIOKATIbHYIO
MOHM3ALIMIO MaTepHala, M BbI3bIBAIOT B MOJMMEPHOM Marepyalle B TOYKAX
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(GoKyCHpPOBaHHMS  XMMMYECKHE  peaklinM,  KOTOpbleé  MpeBpallalOT
NOJIMMEPHBIN MaTepHall B KOMMO3ULIMIO OTVIMYHYIO N0 CBOEMY COCTaBYy OT
MCXOQHOro MaTepHala.

B HeKOTOpbIX BApHAHTAX OCYLUECTBICHUA M300peTeHUs YNOMsSIHyTast
Bbille Komnosvuus (“Mmarepuan, ¢opMHUpyOLLHiIi H300paxeHHne”) B
BUAMMOM CBeTe 00jiagaeT UBETOM, OT/IMYAIOLIMMCA OT  LBeTa
OKPYXAIOLIEro MOJMMEPHOro MaTepyHala, M TakKMM o0pa3oM co3gaer
n3obpaxeHue.

B npyrmx BapMaHTax OCYLIECTBIEHUS M300peTeHUss MaTepuai,
¢dopmupyloLLIMiI U3006paXeHHe, MOrNOLACT HEBUOUMOE HEBOOPYXEHHbIM
rJ1a30M M3JIyYEHHUE OT/IMYHO OT MOTNOLIEHUS NMOJIMMEPHBIM MATEPHAJIOM,
dopmupys TeM caMbiM H300paxeHMe, padiMyacMoe B HEBUAMMOM
HITYYEHHUH W HEPAITHYUMOE B BUOMMOM CBETE.

B  oraenbHbIX  BapMaHTaX  OCYILECTBJICHUS HU300peTeHNSA
NMPOHHKAalOLIee UANTyYEHHE TNPEACTaBIAET cO0010 UINTYYEeHHE Jla3epa.

B HeKoTOpbIX  BapHaHTAX  OCYIUECTRICHMA u3obpereHUs
NMPOHHKalollee  HITYYEHME  MNPEACTABNAET Cco0Ol  HEKOrepeHTHOe
H3NyYeHHe B BAOIUMOM WIH MH(ppPaKpacHOM IHArasoHe.

B  oTrmenbHbIX  BapMaHTax  OCYLUECTBICHUS H300peTeHHs
NOAMMEPHbBIM MATEpUaNl [JOCTATOMHO MNpo3payeH M o0sagaeT MaibiM
KO3(pdHUNEHTOM MOrJIOIIEHU IS TMNPOHMKAIOIIEr0 H3INY4YeHHUs, YTO
MO3BOJISIET MITYYEHHUIO TPaHCHOPMHMPOBATL MNOJMMEPHBIA MaTepual B
marepuan, GopMHUpYIOLLIMIi M300paXxeHHe, B TOYKE pacroiOXKEHHOW B
mobou MecTe BHYTPHM MOJMMEPHOrO MaTepHaa.

B HeKOTOpBIX BapHaHTaX OCYLIECTRICHMS M30OPETEHMS yNalcHHOE
OT MOBEPXHOCTH M300pPaXEeHHE CO3MAOT U B NMOJMMEPHBIX MaTepHallax C
TUIOXOM TNPO3payHOCTbIO MU HHU3KOM nponyckaiolie CnocoOHOCTbIO WA
NMPOHHKAIOLIETO HU3TYYCHHSA. 310 No3BOJISICT C03J1aBaTh
MOANOBEPXHOCTHYIO, Y€TKO BUAMMYIO MapKHMPOBKY B TaKMX HEMNpPO3payHbIX
MOJIMMEPHBIX MATEpHAlax KaK, HanpuMep, NMOJUIMPONWIEH, COMNOJUMEPDI
TeTpadTOP3TUIICHa C NepPTOPANKWINEpGTOPBUHUIIOBLIMU 3dDUpaMH.

B  oToenbHbIX  BapMaHTaX  OCYLUECTBICHHUS H300peTeHus
MOJMMEPHBIM  MATEPUATIOM SBJAECTCA KApOOHM3UPYIOUIMMHCA TMONMMeEPp,
MMEIOLUMIT MOKa3aTe/ib NOrNOLIEHHS MeHblte, yem 20 cm-l, To ects
NOrnowWAaoWMi Ha raybmHe 2 MM  MeHblue, 4YeM 80% wu3anyuyeHus.
[IpoHnkalomee uanyyeHne, CHOKYCHPOBAaHHOE B  TOYKE BHYTPH
KapOOHHM3HUpYIOLLIErocss MOJMMEPHOr0 MaTepHasl HarpeBaeT [OJIMMEpP B
obnacth dokycupoBaHms. B pesynabraTe, B 3TOM 00MaCTH MPOMCXOOMUT
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kapbonusaums. [padurononobHble 4YacTHLbI, oOpa3oBaHHble B 3TOM
o6s1acTH, NpeBpallaloT €€ B MECTO MNOBLILICHHOrO NMOIJIOWECHNUST BHAMMOro
ceeta. OO6nactb HayMHaeT CMOTpPETbCA KaK YEpHOE WIH cepoe
u306paxxeHHe BHYTPH NOJIHMMEPHOro MaTepHaa.

B psine BapuaHTOB M300peTeHHMs M306paxeHHMe BKINOYaeT obnacTH
padIMYHOWH HWHTCHCHBHOCTM LuBeTa M3o6paxeHus. Hanpumep, B
Kap6OHM3HPYEMOM MoOJMMepe M300paxeHHe BKIIOYaeT 00JacTH YepHOro
LUBeTa paIVIMYHOM MHTEHCUMBHOCTH, T.€. PaVIMYHBIE OTTEHKH CEPOro.
MHTEHCHBHOCTb M306paXeHMS BapbMPYIOT M3MEHEHHEM 3HEPIHHM My4Ka
M/WIM  NPOCTPAHCTBEHHOW IUIOTHOCTH  obnacteii  GOpMMPYIOLLMX
n3obpaxeHus. [Ipy yMeHbLIEHMH 3HEPruy BO3AEHCTBYIOLUEro MITyYCHUS
COOTBETCTBYIOLLIME OOJIACTH CTAHOBATCS MEHbIUE, HHTEHCHBHOCTb LIBETA B
HUX yMmeHbluaercd. TakuM o6pa3oM, B KapOOHM3MpYeMOM TMOJIMMEpE
M306paxeHHe CTAHOBMTCA MeHee 4epHbiM. [lono6HO 3TOMy, CHHXeHHE
MPOCTPAHCTBEHHON TNUIOTHOCTH obsacTer, GopMHpYIOLIMX H300paxeHue,
NPUBOAMT K CHMXEHMIO LIBETOBON MHTCHCMBHOCTH M300paXeHHs .

B psine BapHaHTOB OCYWUIECTBICHMS M300pETEHMS MITyYeHHE
cPOKYCMPOBAaHO B PAalIMYHbIX TOYKax I CO3JaHMSI MHOTOTOYEYHBIX
H300paXXeHUM.

CylllecTByeT UENbIH CNEKTP PAalIMYHBIX XMMMYECKHMX PpEaKLuH,
NPUBOASALLMX K JIOKATbHOMY MOTEMHEHHIO TMOJMMCPHOrO MaTepHala MpH
€ro JIOKUTbHOM HarpeBe C(POKYCMPOBAHHbIM MPOHHKAIOLIMM HIATYYECHUEM.

TMpouecchl, NpUBOASILME K OGPA3OBAHMIO TEMHbIX obnacteii, s
PalIMYHBIX TIOJIMMEPOB  OYyAyT BKIIIOYATh PadIMYHbiE XMMHYECKME
peakllMM, COBOKYMHOCTb KOTOpPbIX OOBIYHO OMPEAC/IAIOT TOHATHEM
"nupoans”.

B HexoTophlXx cCiayyasix HarpeB MOJIMMEPHOro  MaTepHaia
c(hOKYCMpOBaHHbIM  JIa3epHbIM MITYYEHHMEM  BbI3BIBACT HE  TOJIBKO
SHAOTEPMHMYECKHE PEAKLIMM, HO N 3K30TEPMUYECKHE peakUMH. DHEprus,
BblAE/sieMas MPH 3K30TEPMHUYECKMX PpeaKlUUsAX, KOMIICHCHPYET MOTEPH
HITYYCHMS B pe3yJbTaTe paccesiHHs, YTo M obecreuMBaeT NpOTEKaHHE
NMMPOIMTHYECKUX MPOLIECCOB B OTCYTCTBHH JIOKAJIbHOW MOHH3aLIKH.

Tak, HanpuMep, H3BECTHO, YTO TEPMHMUYECKOE PAIIOKCHHE
NOMMMEPHBIX MATEPHUAIOB Ha OCHOBE TETPAadTOP3TWICHA NPOUCXOIHT MO
PAOMKQIBHOMY MEXaHHU3My M COMpOBOXIaeTcs o06pa3oBaHMEM 3TOro
MoHOMepa. M3BecTHO TakXke, YTO [MpH TMOBBILCHHLIX NABJICHUAX U
TeMnepaType NPOUCXOAMT 3K3OTEPMHUUYECKHH pacrnal TeTpadTOp3TWICHA
n0 cBoGoaHOro yriepoaa M uerbipexdropucroro yraepoaa. [To-suanmomy,
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NpH BO3AEHCTBMM JIA3EPHOrO MANYYeHMss Ha H3ICJIME Ha OCHOBE
TeTpadTOPITHIEH pealM3yeTcsi COYETaHHWE 3THUX Ppeakuui, 4YTo M
MO3BOJISIET OCYLIECTBUTb TMOANOBEPXHOCTHYIO MapKMpPOBKY B TaKOM
u3nennu. He MckiIoyeHO OAHAKO, YTO AAHHbIA MEXaHH3M HeE SIB/ISACTCA
€IMHCTBEHHbIM.

B Bcex BapMaHTaX OCYLUECTBIICHHUSI H300pETEHMSI  3HEprud
NMPOHMKAIKOLLEro WUITYYEHHS, WUCMOJIb30BaHHOrO A CO3laHMA
M306paxeHHsA, MMEET MHTCHCUBHOCTD HHXE, Y€M MHTEHCHBHOCTb
Heob6XxoOMMasi 1A MWOHM3AUMM TOJIMMEpa. YCTpPaHEHHE MOHM3aLMH
MPUBOIMT K CHHXCHHIO — OCTATOMHbIX HamnpsXcHHWH B TNOJMMeEpE,
nojiyyeHUio 6ojiee MeEJIKMX TOYEK M3oOpaXeHMsA W ,CJIEAOBATENbHO,
MO3BOJIAET IOJIyYUTh OoJiee BBICOKYIO paspelialolyl0  CIOCOOHOCTD
U300paxeHns Ge3 HapylleHHUs CIUIOLIHOCTH MaTepHaia.

HU3o0peTeHHe BKIIOYAET TaKXkKe MU3deNuss WIM €ro  4acTh,
BbIMIOJIHEHHbIE W3  TIOJIMMEPHOro  MaTrepuala, BHYTPM  KOTOpOro
pacrnofioXeHO u300paxeHHe, cocTosiuiee M3 obyacreil, B KOTOPbIX
MOIJICLIEHHE 3JIEKTPOMArHUTHOTO MITYYEeHUs! OTJIMYAETCH OT MOrJOLICHUSA
OKpYXAalOlllero Marepuana, Npd 4YeM oOOJacTH, M3 KOTOPBIX COCTOMT
M300paXeHHe OTJIMYAIOTCA 10 CBOEMY COCTaBy OT OKpYXaloLlero
TIOJIMMEPHOT0 MATepHalia B pe3y/ibTaTe XMMHMUECKHMX PeaKLMM, BbI3BaHHbIX
BO3IeiCTBHEM C(OKYCHMPOBAHHOIO TMPOHUKAIOUIETO 3JEKTPOMArHUTHOrO
H3NYYEHUSI Ha MCXONHBIA TMONMMEPHBbIH MaTepHall HU3AC/INA TIpH
UHTEHCUBHOCTH HU3TYYEHMS MeHbllIe TIOpOroBOro 3Ha4YeHHUs
MHTEHCUBHOCTH, HE0OX0AUMOro U1 JIOKAUTbHON MOHH3ALIMH MATEpHAIA.

KPATKOE OIMUCAHHUE YEPTEXA.
Ha d¢wur. 1 npeacrarneHa 6Orok-cxeMa, WUIIOCTPHPYIOLLAsi

yCTpOiCTBO s criocoba popMUpoBaHMS U300paXeHUs1 B COOTBETCTBHM C
JAHHBIM U300peTeCHHEM.

OIMUCAHUE MNPEMUMYLIECTBEHHOI'O BAPUAHTA.

Ha ¢wur. 1 npencraBieHo mnondyyeHHe U300paXeHUs BHYTPHU
Manenus |, M3 monMMepHoOro Marepuana. MCTOUHMKOM MaTydyeHHs: 2
CO3JAIOT MNYYOK HIMYYEHMs], TNPOHMKAIOWIEro BHYTPb TMOJMMEpPHOro
MaTtepyana uaaenus 1. B HeKoTopbiX BapyMaHTaxX OCYLIECTBIICHMSI NTaHHOTO
M300peTCHUS MCTOYHMKOM M3INTyyeHHsl 2 SIBJISIETCS Jla3ep, FeHEPUPYIOLIHA
BHIOMMbBIH MM MHOPaKpacHBIH CBET.
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[Tydyok oTpaxaloT 3epkaioM 3 U (OKYCHPYIOT B 3aJaHHON Touke P
BHYTPM  TOJMMEPHOrO MAaTepMala ¢ MNOMOLILID 0ObekTHMBa 4,
BKJIIOYQIOLIEro OTACAbHBIE JIMH3bl MAM CHUCTEMY JIMH3. OObekTMB 4
NEpeMELLAIOT BAONb BEPTHKANILHON OCH Wi obecrieyeHNsT (POKYCHPOBKM
H3TYyYeHMS Ha 3aaHHY10 riyouHy h BHyTpu u3genms 1.

M3nenne 1| MOHTHPYIOT Ha MOABUXHOM CTO/ME 5 MaHMIyJIATOpA.
Cucrema  MaHMNynasiTopa  cnocobHa  NeEpeaBMraTh  M3IC/AME B
FTOPH3OHTAIBHOM TUIOCKOCTM C LLAroM KOpoye 3aJaHHOH CTeneHu
pa3pelueHUst H306paXKeHHU .

[pouecc dpopmrpoBaHnsi N306paxeHNs] KOHTPOJIMPYIOT GIOKOM 6,
KOTOPbIH YNpaBIAET NepeMelieHneM oO0beKTHBa 4 BAONbL BEPTUKANbHOIM
OCH M MEPEMELIEHHEM CTONIA 5 B FOPH3OHTANBHOM TUIOCKOCTH BIOJb ABYX
FOPU30OHTANIbHBIX OCcel. blok ympaBneHus Takxe ynpaBnsieT HCTOUHMKOM
HuTydeHust 2. B uactHocTH, 6noKkoM ympaBieHMss 6 KOHTPOJHPYIOT
SHEPrui0 MyuKa, HITYYAEMOTrO MCTOYHMUKOM 2. DHEPrul0 KOHTPOJIMPYIOT
NyTeéM NOAAYH CHMFHANA 3aNAHHON BEJMYMHBI B UCTOMHUK MATY4YeHMs 2, a
TakKXe NOJIOKEHUEM PYYHOro peryastopa ( He NokKa3aHo).

B HekOTOpbIX BapMaHTaX M3006pETEHMsi YNPABNEHHWE OCYLUECTBISIOT
KOMMbLIOTEPHO# NnporpamMmoii, HanpuMmep, Kak B nar.EI1B 0 624 421 A.

B HexoTopbix BapHaHTax M300peTEHHs] UCTOYHMKOM WITyuYeHUS 2,
00BEKTHBOM 4 /WM CTONOM 5 YNPABIIAIOT BPYYHYIO .

[locne ycraHOBKM M3menust 1 Ha cTosle MAaHMNYIATOPa S BKIIIOYAIOT
nporpaMMmy KoMrmbloTepa Ui 650ka ynpasneHuss 6. O6bekTUB 4 M CTON
MQHUIYJIATOPA S5 BBLIMOJHAIOT 3a0aHME MPOrpaMMbl, TMOCIENOBATENbHO
(GoKycHpysl My4YOK B TOYKax, TAe AOJXKHAa ObiTb co3gaHa o061acTb, B
KOTOpOH TMOIJIOEHNE 3INEKTPOMATHUTHOIO MITYYEHHS] OTIMYAETCS OT
MOrIoMIEHUA OKpPYXaloLIero Matepuaia (HanpuMep, obnactb
noBbIlieHHOro nornoweHus). Koraa nyyok ¢okycupyloT B 3aNaHHOM
Touke P, 6710k ynpaBneHua 6 nogaet KOMaHIy MCTOYHUKY MATYYEHHS 2, U
MCTOYHMK reHepmupyer WUMITYJbCHBIR nyyoK HTYYEeHHs c
3anporpaMMHUpOBaHHbIi 3Heprueii. [lornowasce B Touke GOKycHpoBaHUS
NMpOHUKAalIOLIee HATYYCHHUC OCYIUCCTRIACT JIOKANbHBIN Harpens
NOJIMMEpPHOro MarepHala B o0JacTH BOKpYr ToykKd P, Bbi3biBas
XHMHYECKHNE PpeakKlHH, [PeBpalialOlIMe MaTepyal B KOMITO3HWLIMIO,
KOTOpasi Mo CBOEMY COCTaBy OTJIMYHA OT McxoaHoro Marepuana. [locne
obpasoBaHMss B TOouKe P sokanusoBaHHOM 06JacTH, B  KOTOpOii
NOrJIOEHHE 3JIEKTPOMATHUTHOIO MITYYEHHUA OTIMYAETCH OT MOIJIOLEHUSs
OKpYXAalOLIEro MaTepHaIa, OOBEKTHB 4, M/MIM CTOJI MaHMNynsATOopa 5
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nepeMellaloT Uil TOro, 4YToObl COOKYCHMpPOBaTb IMYYOK HITYYCHHMS B
caeayouieri Touke. [lpouecc mnoBTrOpsieTcs 40 TMOJNYYEHHS MNOMHOro
u3obpaxeHusa. B 3aBMCHMOCTM OT 3aJaHHOI mnporpaMmbl H3o6paxeHue
OyaeT IUIOCKHM WM TPEXMEPHDIM.

B nonuMepHoM Marepuane nosiieHHe obsacred, B KOTOPbIX
MOIJIOLIEHHE 3NEKTPOMATHUTHOrO UITYYEHHUS OTIIMYAECTCH OT MOTrJIOLUEHUS
OKpYXAIOLIEro MaTepyaia, NPOUCXOOUT KaK TONbKO IUIOTHOCTb 3HEPruu
nmyuka (£;) B Touke ¢okyca P npesbnuaer penmuuny [(T,-T,) p c |/ k,

rne Tg - TeMIiepaTypa Hayajla XMMMYECKHX NMpeBpaLlieHHi B
NOJIMMEPHOM MaTepHuaJle,
T, - TEMNeEpaTypa NOJIHMMEPHOro MaTepuasa 0 Hayajla
BO3JCHCTBHUSA UINTyMCHUSA
p - TUIOTHOCTb MOJIMMEPA,
c - yaeabHasl TEIUI0EMKOCTb NOJIMMEpa,
k - K03 DHLUMEHT NOrNOLEHHA MONUMEPHbIM MaTepHaJIoOM

IUISl JUTMHBI BOJTHbI BO3IEMCTBYIOLIETO UATYYEHUS
[InotHocTh 3HepruM BosjelicTByowero nyuyka E, mnpeacrasnser

coboii 3Hepru1o uanyyeHus E, namawroulyio nepneHAUKYISAPHO Ha eAMHMLY
NMOBEPXHOCTH, T.€.

E, = E /(r r,?) [Ax/cM?],

TIe I - paguyc o6nacTH, B KOTOpoil chOKYCMpOBaHa 3Heprus myuka E.

ConocraBnfis nocjeqHee YpaBHEHME C YCJIOBMAMM NHUPOJHM3a
OYEBUAHO, YTO AN oObOecrneyeHWs  JIOKAAbHBIX  XHMMYECKHMX
npeobpa3oBaHMii mnonuMMepa BHYTpPM o6JacTM paguyca I 3Heprus
MTYYEHHs1 TOJIXHA OTBEYaTh CJIEAYIOLEMY HEPABEHCTBY:

E > |nt (T, -T,) p cl/k

[Io onpeneneHMio, HWHTEHCHUBHOCTL ITyyka ManyyeHus (I,)
NPEACTABNAET COOOK0 TUIOTHOCTh TNMOTOKA 3HEPrMM B €AMHULYY BpEMEHH,
T.e. lo= E /1, (T/cM® ), rae T, - TNPOROKMUTENBHOCTD MMIYJIbCa
vanyyeHus. [IpoaomXMTeNbHOCT MMITYyNIbCA HANTYYEHMS OrpaHHYeHa
CBEPXY, BPEMEHEM HEOOXOAMMBLIM [ YAAICHHMA TEIUIa W3  30HbI
B3aUMOACHCTBUA M3INMYYEHHUS] C PAOHYCOM [, 32 CYET TEIUIONPOBOAHOCTH
nonumepa. CHHU3Y NMpPOROIKUTENBHOCTb UMITYJIBCA UATYYEHHSI OrpaHHYEHA
IUTUTENIbHOCTbIO, TNPH KOTOPOH HTEHCHMBHOCTb HMITYYEHHS TMpEBbILLACT
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NOpPOroByl0 MHTEHCMBHOCTb Hayala MOHM3auMM Matepuana. [lostomy
UTMTEIbHOCTb MMIYJIbCA BO3NEHMCTBYIOLUErO HA NOJMMEP NPOHHKAKOLIEro

MUTyYEeHHUsI  JO/DKHA  YOOBOJICTBOPATb  CJICAYIOLUEMY  ABOMHOMY
HEpPABEHCTBY:

[E/(rr 2L, )] < 1, < [(r,2 ¢ p)/aA]

rae A - TerUIONPOBOAHOCTb MOJIMMEPA, A lion - MHTEHCHMBHOCTbL NYuKa,
COOTBETCTBYIOLIAs HAYaJly MOHU3ALUMM NMOJIMMEPHOTO MaTepHaa.

JleBass MonoBMHA ABOMHOIO HEPABEHCTBA COOTBETCTBYET YCJIOBMIO
NpeAOTBPALLICHUS HOHN3ALMH NOJIMMEpA.

[IpaBas nmosoBMHA IBOMHOrO HEpaBEHCTBA BbiBEA€Ha M3 (GOPMYIBI,
OMWCHIBaIOLIEN PacCIPOCTPAHEHHNE TEIUIOBOTO (pOHTA B MaTepHale:

X (4 D i,

rae X - paccTosiHue, KOTOpOE NMPOXOAUT TEMMEPATYPHBI DPOHT 3a BpeMs
t B mnonauMepe c KoadpuumeHToM auddysmn D, cBg3aHHOe C
TernIoPH3nYeCKUMHU napaMeTpaMu Marepuaia HU3BECTHBIM
COOTHOLUEHHEM:

DA /(cp)

[Tornowaemast B 30He B3aMMOACIHCTBUS 3HEPTUS BO3ACHCTBYIOLUETO
Ha TOJIMMEDP MINIYYeHHsl He OyleT CyleCTBEHHO OTBOAMTbLCA M3 06jacTH
MOIJIOLIEHUsA 32 CYET TEIUIONPOBOAHOCTH 3a BpeMsi B3aMMOEWCTBMA T,
ecIu

X = (4D1 )2 <1,
WIH
o < (C P roz)/ 4\

B HexoTOpLIX BapMaHTAX OCYIUECTRICHUS H300peTeHUs o6nacTb
TMOBBILICHHOTO TMOMIOIUCHNS ¢ paaMycom nopsnka 107 cM coamalor c
NOMOLUbIO HCTOYHHUKA MyJIbCUPYIOLLETO HITTy4YEeHHA C

MPOJO/IXHMTEIBHOCTBIO UMMNyabca ©Oojiee 1078 cexk, HO He MpeBbILIAIOLIEH
5107 cexk.
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PacxoanMocTb nMyykKa M3nydeHHst ( Y ), MOCLUIAEMOro HCTOYHHKOM
2, BHIOMPAIOT TAKMM 00pa3oM, 4TOObl CHPOKYCHUPOBATH HITYYEHHE BHYTPH

ofbeMa, HE NpEBbLILIAIOLIEro 3aJaHHBbIil aMametp ( 2ro ) ¢opMHpyeMoH
obnactu.

3TO HaNaraer ycJIOBHE:
¥ < 2ro/F,
rae F - ¢oKycHoe paccTosiHHE MCNOJIb3YyeMONH ONTHYECKOH CHCTEMBI.

[ToMuMo  abGeppauum, paccTosiHMe  ¢dokyca  OrpaHMYEHO
MaKCUMaNbHOM raybuHol h , Ha Kxoropok GOpMMPYIOT W300paxeHMe.
HanpuMep, ecin unsgenue | NOAHOCTBIO BbIMOJHEHO M3 NOAMMEpa C
K03(hGHLUMEHTOM TPEJIOMIEHHMS n , TO

F > h/n.

B KayecTBe MCTOYHMKAa WIIydeHMS BapHaHThl U300peTeHMs
BKJIIOYAIOT MMMyabcHble YAG Jadepbl, pa0boTaiolllMe KaK B peXHME C
MOOYIMPOBAHHON OOOPOTHOCTBIO, TaKk M B  PeXHMME cBobOOaHOMN
reHepallM¥, MMMYJbCHble, a TaKXe [OApyrue Jia3sepbl M MCTOYHHUKH
HEKOrepeHTHOro ¥ HEMOHOXPOMATHYECKOro HITy4YeHUs1 B BWAMMOM H UK
JMana3oHax CreKTpa.

B xauecTBe KapOOHW3UPYIOIUMXCA TOJMMEPHBIX MATEpPHAIOB B
OTHEC/IbHBIX BAapUAHTAX M300peTeHHs1 MCMOJb3YIOT MaTepHaibl Ha OCHOBCE
NoMMKap6oHATOB, CONOJIMMEPOB AKPWIOHHTPWIA € METUIMETAIKPHIATOM,
CONOJIMMEPOB  AaKpPWIOHMTpWIa ¢ OyraameHoM M CTHPOIIOM,
NMOJIMBUHHUIXIIOPUIA, STPOJIOB.

B HEeKOTOpbIX BApHAHTAX OCYLUECTRIEHMS M300PETCHHMA B KaueCTBE
APYTMX MNOJIMMEPHBIX MATEPUANOB MCMONb3YIOT MaTepHalbl Ha OCHOBE
nonvonedUHOB M MX CONOJIMMEPOB, [MOJIMMEPOB H  COMOIMMEDPOB
dTopcoaepXalMX ONeGUHOB, MOJIMBMHMIIOBbLIX 3GHPOB, MOJIHYPETAHOB,
aMMHOMNAcToB, PEHONbHBIX U MOKCHUAHBIX CMOI.

IMPUMEP 1

B KauecTBe MCTOYHMKA UATYYEHMs MCMONb3YIOT UMNYbcHbi YAG
Nasep ¢ MIMHON BOJHBL ManydeHusi 1, 06 MM, paboTaiolMii B pexnme
cBoboaHoM reHepauuu. PacxoaumocTh nydyka - 10° pan., yacrora
nosTopeHui umnynbca - 10 ', UTMTENBHOCTBIO MMIYJbCA - 10* cek.
DHepruio MIyyeHus1 Bapbupylot ot 1 no 10 mIX c NMoMolublO PyvyHOro
perynatopa. [lyyok GOKyCHpPYIOT C MOMOLUBIO 06bekTHBa ¢ (POKYCHBIM
paccrosiiieM F = 50 MM. MuHMManbHbIH IMAMETp nydyka B TOYKE
doxycnposauns P He npesbiiaer 70 MKM. Usnenue BbINOAHEHHO M3
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nonukapbonara ( Mapka Cyrolon) , wuMelouero Ko3p@HUHEHT
nornoweHus k = 0,25 cM™' npu anuHe BonHbl 1, 06 MKM.

B pesynbTate BO3OCHCTBMA CGHOKYCHPOBAHHOTO H3INIyYEHHS Ha
NOMMMEPHDBI MAaTepUal BHYTPU H3IENINS TONYYAKOT YETKO BHMIAHWMBIC
TeMHble 06nacTi ¢ paamepoM ot 70 no 200 MxM.

UHTEeHCMBHOCTD HMITYYeHMs B  OOJIACTM  B3AUMOACHCTBMA €
MaTepualloM cocTamisieT npubausurenbHo 105 - 106 BT/cM?, 4TO

HCKJTIOYAET BO3MOXHOCTh HOHU3AUHUH NOJIHMEPHOIo MarcpHalia JIQ3€EpHbIM
HITYYEHUCM.

[NTPUMEP 2

B kayecTBe MCTOYHMKA MIIYYECHMSI HCMONbL3YIOT OJIHOMOIOBbLIN
UMNYJIBCHO-TIEPUOAHUYECKHIA YAG nasep c MOIYJIMPOBaHHOM
A0OPOTHOCTBIO ¢ AUTMHOI BosiHbL 1,06 MKkM. PacxoxaeHune nytnca-SlO'*pan,
yacToTa noBTOpPeHMit uMnynbca - 10 [u, WIMTEJBHOCTL WMMNYJbCa
npumepHo 8 10° cex, sHeprua uanydyenus - 1-5 MIx ( 3Hepruio
MUTY4EeHMS] YCTAHABIMBAIOT C  MOMOLIbIO  PYYHOTO  pEryisTopa).
[MapameTpbl  (OKycHpYyIOleii CHUCTEMbl COOTBETCTBYIOT —MapaMeTpaM
npumepa 1. Usnenve BbinoNHeHHO M3 monukapboHara ( Mapka Cyrolon),
nMmelouiero Ko3dduumneHt noraoweHuns k = 0,25 cM’' npu WIMHE BOMHBI
1, 06 MKM.

B pe3synbrate BO3OCHCTBMS CGHOKYCHPOBAHHOIO HINMYyYEHMs Ha
MOJIMMEPHBI MaTepyasl B H3NENAMM MMOJYYaloT OTIAEJbHBIC TEMHbIC
obnactu ¢ pasmepoM ot 50 no 100MKkMm.

Co3naBasi Takue o6JacTM MO 3aNaHHOM TNporpaMMme NoJy4yaloT
YeTKO BHIMMOE HEBOOPYXCHHBbIM [71a30M H300paxeHue 6Oap-Koia.
pocpaHCTBEHHOE paspelieHNe B MPUBEACHHOM cniocobe (pOopMHPOBAHMSA
M306paxeHUsl COCTaBisieT He MeHee 250 Touek Ha MIOHM (He MeEHee 100
TOYEK Ha CAHTUMETP).

ITPUMEP 3.

Anmnaparypa, XapaKTEepUCTHKH BO3IENCTBYIOLLETO
MUTYYCHUS, MaTEPHAT U3AEJIUsE TE XKe, YTO M B npumepe 1.

Pacrniosiaras ToyeyHble TeMHble 00J1aCTH MO 3alaHHOK NporpaMme c
PAlIMYHOI TUIOTHOCTBIO W Ha pPailiM4HONM I1yOMHe oOpa3ua MoJayyaioT
TPEXMEPHOE M300paxeHWe NPEABAPUTENLHO CO3NAHHOrO B KOMMbIOTOPE
o6bekTa (opna) ¢ 60NbIUMM KONHYECTBOM PAdIMYHBIX MOJTYTOHOB.
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ITPUMEP 4.

B kayecTBe HCTOYHMKA H3NyYyeHHMs] MCHONB3YIOT OXHOMOIOBBIi
UMIynbCHO-NepnoanyeckHi YAG nasep pabortaloliMii Ha OCHOBHOIA
rapMoHuke  (1,06MKM),c  pacxomMMOCTBIO 10'3pa.n, C  yacToToi
NOBTOPCHUA MMMYNIbCOB 10 ru. DHepruio MaTydeHMS BapbUpYIOT OT 1 110
10 MIx ¢ nomMowbio ocnaburtens. Jlazep paboraeT B pexume c
MOZY/IMPOBAHHON NOGPOTHOCTBIO M IMTENIBHOCTbIO MMAyibca 10-8 cek.
DOoKYCMPOBKY MITYYeHHS OCYLUECTRISAIOT OOBEKTHBOM C doxycHbIM
paccrosineM F = 40 MM BHYTpM uagenms Ha raybuHe 1-2 MM or
obiryyaemoit MOBEPXHOCTH. MuHUMaTBHBIN pa3Mep nATHa
COKYCHPOBAHHOIO MANYYEHMS COCTAB/IsiET He 6ojee S0 MKM. Ob6nyyaior
M3MeNNe TONMUMHOM 5,2 MM M3 cononuMepa TeTpadTOp3THIeHa C
nepdropaikunnepTopBHHUNOBEIM 3 Mpom (Mapkn TednoH PFA) ¢
nponyckaHuem nanyuenmns 80% mnst anmHbl BonHbl 1,06MKkM M 85% mst
IUIMHBI BOJIHbI 0,53MKM.

B pesynbrate BosneiicTBUA nanyueHus c aHeprueit 3-SMIIx BHYTpH
MaTepHaia Moy4yaloT XOpPOLUO BHUAMMbIE TEMHBIE O6GJIACTH C pPa3MEpPOM OT
50 no 100 mxm. CoamaB MHOXeCTBO TAaKMX o6JacTeif mno 3aJaHHOM
NporpaMMe nojay4yaroT BHYTPY H3NEAMS YETKO BUOMMYIO HEBOOPYXECHHbIM
[Ia30M M YUTAEMYIO C NOMOLUbIO COBPEMEHHOro O0OPYIOBaHMSA METKY B
BUIc Gapkofa € NPOCTPAHCTBEHHbIM pAa3pelliCHHEM HeE XyXe, deM 250
TOYEK Ha IIONM.

C noBbilieHneM sHeprum oo ypoBus S5-10 MIX, a Takxe npu
npubaHxeHnn Qokyca Ha paccrosHue 0,5 MM OT NMOBEPXHOCTH obpasua
Habmoaancs onTMyeckuit npo6oii - MOHM3ALMA BHYTPH MaTepHajlla M Ha
€ro TIOBEPXHOCTH, CONPOBOXAAIOLIAACH PE3KMM YBEJIHYEHMEM pa3MEpOB
TEMHBIX oOOJacTeil, a TakkKe mNOABIEHMEM TPELUMH W  pa3pylleHHEM
TIOBEPXHOCTH M3MEINS.

[TPUMEP 5

B kauecTBe McTOUHMKA WaNyyeHMS MCHONB3YIOT OXHOMOIOBBII
UMnynbCHo-nepuoanyeckuii  YAG nasep pa6oraloliMii Ha OCHOBHO#
rapmoHuke(1,06MKkMm), ¢  pacxoaumocTtbio-10-3pax, ¢  vacroToi
NOBTOPEHMA UMMYNIbCOB - 10ru. 3Hepruio uamydeHus BapbHpPYIOT oT | 1o
10 MIx c nomowbio ocnaburens. Jlazep paboraer B pexuMme ¢
MONYJIWPOBAHHOW NOOPOTHOCTBIO, MUIMTENILHOCTh MMNyJbca - 10-8cek.
@OKYCHPOBKY MIIYYEHHS! OCYLIECTRIAIOT OGBEKTUBOM C  (DOKYCHBIM
paccrosiHieM F = 40 MM BHyTpM Mamenus Ha mIy6MHe 2 - 4 MM oT
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obnyyaeMoii TNTOBEPXHOCTH. MuHHUMaNbHBIH pasmep NATHa
C(hOKYCHPOBaHHOTO H3INyyeHHMsi - He Gonee 50 MxM. OGIY4alOT M3meTHe
U3 nonunponuicHa (Mapku Poly). B peaynbrate BoameicTBHA ManyueHus
C 3Heprueii 5 MIX nOMy4yaloT BHYTPM MaTepHana XOpowIO BHIOMMBbIE
TEMHbIE 06N1aCTH C pa3MepoM OKosIo 70MKM.

MHoXecTBO TaKMX TeMHbIX 06/1acTei, 06pa3oBaHHbIX MO 3aJaHHOM
nporpaMMe BHYTpH 06beMa o6pa3suia, cO3AaloT B M3NEIUH YETKO BUIHMYIO
HEBOOPYXCHHBIM TIJ1a30M MCETKY B BHAE CTaHIapTHoro 6apkoma ¢
pa3spelieHHeM He Xyxe, yeM 200 Toyek Ha MIOMM.

[MTPUMEP 6

B KkauectBe HCTOMHMKA MaNyyeHMsi HCNONB3YIOT OZHOMOJOBBII
UMIYJIbCHO-NEPHOOHYECKHU I YAG Ja3sep c MOJYJIMPOBAHHOM
AOOPOTHOCTBIO, paboTAlOWMIi Ha OCHOBHOH TapMOHHMKE (1,06 Mxm) B
PCXMME OAMHOYHBIX MWMITYNIbCOB. PacxomMMocThb HaTyyeHMsi -0KoOJO
510-4Mpan; AnMTENBHOCT MMMYNbCa WaNyYeHMs - S10-7cex. SHeprus
HITYy4YeHMs Jladepa BapbupyloT oT 1 go 15 MIX ¢ noMolubio ocnaburens.
(PoKYCHPOBKY HINTydEHMS OCYLIECTBASIOT Ha rmyébuHe 1 - 3 MM
00beKTHBOM ¢ (OKYCHBIM paccTosiHHeM 40 MM, $okycupyommm
JIa3CpHOC MITYMYEHHE B BO3AyXe B MNATHO ¢ pasmepoMm 40-50 mxm. B
Ka4€CTBE NOJIMMEPHOrO MaTepHasia UCMONB3YIOT TOT XK€ MaTepHall, YTO U B
npumepe 4. ‘

[Ipy 3xeprun uanyuenus Gonee 7 mIX B Touke dokyca MoJIy4yaloT
TEMHas xopouwlo BuaMMasa obnactb ¢ pasmepom S50 wmkm. [lpu
BO3paCTaHWH 3HEPTrUHM BO3IACHCTBYIOLIErO m.rryqeﬂun SIPKOCTb TOYKH M ee
pasmMep yBennuuBawrcs. [lpm sHepruum 6Gonmee 15 MIAXx u npu
NpUOMMXKEHHNN TOYKM GOKYCHPOBAHMSI K TOBEPXHOCTM Ha PacCTOSHUE
meHee 0,5 MM Ha nMoBepXHOCTH o6pa3slia HAYMHAETCS TIPHITOBEPXHOCTHBIIH
ONTHYECKUI TMpob6oil - HOHM3ALMA OKpYXKAlOLIEro rasa BOJIU3M
MOBEPXHOCTH MaTepHaia, conpoBoXAaaloLwascs pa3pylueHHEM
NMOBEPXHOCTH obpasua.

IMoMMMo npMBeaeHHBIX Bbillle TNPUMEPOB H306peTeHMs
BO3MOXHbBI TaKXKe W [ApPYTM€ BapMaHTbl OCYIUECTBIEHMS B paMKax
n300pereHnsi. M3obpereHne xapakTepusyercss TIpUBeNE€HHBIMM HHXeE
MYHKTaMU PopMyJibl U300peTeHHS.
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NMPOMbILWIEHHAA MTPUMEHHUMOCTD.

HN3o0peTteHue npeaycMaTpMBacT CO3daHME HIACHTUOULIMPYIOLLUX
MapKHpOBOK ( HanpHvMeEp, KONOB LIEH), TOProBbiX MapoK, AEKOPaTHBHbIX
H300paXeHHH WIM ApyrMX 3HakoB. M3obOpereHue Moxer ObITh
KCMOJIb30BAaHO ISl MAapKMpPOBKM M3[e€JIMii, KaK YyKa3aHO Bbillie, HO He
OrpaHUYMBaeTCs 3TUM YKadaHueM. M3genus Moryr npeacraBnstbh co6oio,
HanpuMep, IUIaCTUKOBbie KOHTCHHEpbl [UIA KPEMHHUEBBIX [IUIAaCTHMH,
KOHTeHHepbl U1 NMPOAYKTOB MarHMTHBIX Cpell, NOTPEOUTENILCKHE TOBAPHI,
KPEAWTHbIE KapTbl, KOTOpble MOryT ObITb MApPKHMpPOBaHbl KOAOBbLIMH

MHAEKCAMM LE€H, MATPUYHbIMM KOJaMH, albda uUMppOBBIMM KOAAMHU M
JIOTOTHIIAMH.
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®OPMYVYIJIA U3OBPETEHHUA

1. Cnoco6 ¢opMHUpoBaHUSI U300paXeHHMsA BHYTPM MaTephaaa
M3deJIMs WIM €ro 4acTH, BBIMONHEHHBIX M3 NOJMMEPHOro MarepHana,
3aKII0YQI0MIACHE B TOM, YTO HQ  MaTepUMal  BO3JEHCTBYIOT
chOKYCMPOBAHHbIM  3JIEKTPOMArHMTHbBIM  HIIyYeHMEM W CO3JANOT
HU300paxeHne U3 obsiacTeil, B KOTOPLIX MOIJIOLEHHE 3JIEKTPOMArHUTHOro
HITY4eHHs1 OTJIMYaeTcs OT TIOIIOLIEHUSI OKpYXalouero Marepuana,
OT/IMMAIOLIMICA TEM, YTO BO3OCHCTBMEM TNPOHHUKAIOLLUETOo HITYYEHMS,
MHTEHCUBHOCTb KOTOPOTro MEHbLUE MOPOroBOro 3HA4Y€HMsl, BbI3bIBAIOLIETO
JIOKQJIbHYI0 MOHH3ALMUIO Ma%cpuana, B MOJIMMEPHOM MAaTepHale B TOYKAX
G OKYyCHMpPOBAHUA Bbi3bIBAIOT XUMHUUYECKHUE PEAKLIMK, KOTOPbIE NPEBPALLAIOT
NONUMEPHBbIA MaTepUal B KOMMO3MUMIO OTJIWYHYIO NO CBOEMY COCTaBY OT
MCXOOHOro MaTepHaia.

2. Cnoco6 no n.l oTanyalowmiics TeM, YTO B KayecTBe
NPOHMKAIOLLErO 3JIEKTPOMATHUTHOTO HM3JTyYEeHUS] MCINOJb3YIOT U3NyYEeHMHeE
Jlasepa.

3. Cnoco® no mn.l ommyalomuMics TeM, 4YTO B KayecTBe
NPOHMKAIOLLEro 3JIEKTPOMArHUTHOIO M3NydYeHMs HCIOJIb3YIOT
HEKOrepEHTHOE M HEMOHOXpOMaTHYecKoe HuanydyeHue Buammoro u UK
JMana3oHOB CMEKTpA.

4. Cnoco6 mno n.l oTaMyalLUMHCA TEM, UYTO WCMOJb3YIOT
KapOOHM3MPYIOLLIMICA MOJMMEpP, MNpH uYeM [ony4YyaeMasi KOMIO3WLIMA
BKJIIOYAeT rpadUTONOA0OHbIE YACTULIBL.

5 Cnocob® no mn.4 OTIMYAIOLIMHCH TEM, YTO HCIMOJb3YIOT
KapOOHHU3MPYIOLMICA TMONMMEP, UMEIOIMA KO3(MGULIMEHT MOINOLEHUS
Huxe 20 cM' OTHOCHTENBbHO MPOHMKAIOLLETO HATYYeHMS.

6. Cnoco6 mno mn.l orTivyawoiMiics TeM, YTO TNoJy4yacMasi
KOMIO3MLMS BKJIIOYAaeT aMOpdhHbIN yriiepoa.

7. Cnoco6 mno n.l, omIMYaloLKHCS TeM, YTO KOMNO3ULINA oOpasyeT
yepHoe M300paxeHHe.

8. H3penve WM ero 4acTb, BbIMOJHEHHAd M3 TOJWMEDPHOro
MaTepHala, BHYTPH KOTOPOrO PacriojioXeHO H300paXeHMe,CocTosilee U3
obnacteit, B KOTOpPbIX TMOIJIOLMIEHHWE 3JEKTPOMATHUTHOrO HITyYECHMA
OT/IMYAETCSt OT TMOMIOLUEHUS OKPYXAalollero MaTepyaja OTIHvawollececs
TeM, YTO O06JaCTH, M3 KOTOPBIX COCTOMT H300paxeHHE OTIMYAIOTCS MO
CBOEMY COCTaBY OT OKPYXAalOLIEro MoJIMMEPHOro MaTepuasla B pe3y/bTaTe
XMMHYECKMX peakLMi, BbI3BAHHBIX BO3AEHCTBHEM C(HOKYCHPOBaHHOrO
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NPOHUKAIOLLEro  3/ICKTPOMAarHUTHOTO  MJNIyYeHHSI HAa  HCXOOHBIH
MONUMEPHbIA MaTepHal U3AeNNs NP UHTEHCUBHOCTH MITYYEHHUS MEHbllle
NMOpPOroBoro 3HA4Y€HMA MHTEHCMBHOCTH, HEOOXOAMMOro ISl JIOKAJIbHOM
MOHHM3ALUMH MATEPHANA.

9. Hanenne no n.8, omanyaloweecs TEM, UTO MNOJUMEPHbIH
MaTepHai SABJAETCA KapOOHM3MPYIOLIMMCS, B TO BpeMs KaK MaTepual
obnacreii ¢dopmupylolMe H300paxeHHe BKIIIOYaeT rpaduUTOnoao6HbIe
YacCTHLIbI.

10. M3nenue no n. 9, ormvalolleecs TeM, YTO MaTepHan nbnacreii
¢dopmHpyloLIMe U300paxKeHHE BKIIOYAET aMOPGHbBIH YI/Iepoa.

11. Hagenme no n.8, orauyaloweecs TeMm, uTo o6nacTu
dopmupyloLine H300paXeHHE COCTOSIT U3 TOYEK.

12. Hsgenne no n.8, oTanualouwieecss TeM, YTO 06JACTH
¢dopMupylomive M3oOpaxeHne CO3MAI0T NMONYTOHOBOE M306paXeHHe.

13. Hanenve mno n.8, ommuarouleecs TeM, YTO H306paxeHHe
ABIISACTCA TPEXMEPHDIM.
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